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XKene u 8pyey —
3. I'. Boaocosod

BecbMa GeicTpoe pacmpocTpaHeHHe MepBOTO M3JaHHA KHHTH SIBHJIOCH
, OCHOBaHHEM IS ee Mepensianus B KauecTse Noco6Hs Mo NpHKAaZHON om-
THKE CO CMElHaJH3HPOBAHHBIM YKJIOHOM B 06JIacTb ONTHKH (oTorpacdu-
yeckoil. Orle/bHBIE T/IaBHI KHHIM HOCAT MOHOrpaduueckuil XxapakTep,
4TO, MO-BHAHMOMY, TaK¥e CNOCOGCTBOBA/NIO PACUIHPEHHIO Kpyra ee uH-
Tartenei.

B oreuecTsenHofi AnuTepaType OTCYTCTBYIOT MoHOrpaduu mo ¢ortorpa-
(HyecKoll H MPOEKUHOHHOH ONTHKe I/ pPasJHYHHIX MPHEMHHKOB u3006pa-
xeHui. Kuura B HeKoTOpoOii Mepe BOCIIO/IHAET 3TOT NMpoGes B KayecTse Io-
COOHA KaK JIifl CTYAEHTOB H aclIHPaHTOB, TaK H [JIA HayYHbIX paGOTHHKOB
H HHXeHepOB, 3aHHMAIOILIHXCA NPOEKTHPOBaHHEM, pa3paboTKOH U MpHMe-
HEHHeM OOBEKTHBOB Pas/JHYHOTO HasHaYeHHA B ONTHKO-MeXaHHYECKOi,
(H3HKO-TEXHHYECKOH, HHIKeHepHO-(oTorpaduyecKod u Opyrux obsaacrax
TeXHHKH.

Bropoe u3zianne npencTaBHIOCh BO3MOXKHEIM JOMOMHUTD, K COXKAJEHHIO,
JIMIUb BeCbMa KpaTKHMH CBeJeHHSIMH M BCTaBKaMH: O HOBOM THne abeppa-
UHi, HCCJENOBAHHBIX aBTOPOM — TEPMOXPOMATHYECKHX abeppauusx,
BJIMAIOUHX HA XPOMaTH3M, B YaCTHOCTH allOXPOMAaTH3M OINTHYECKHX CHC-
TeM (rnaBa [I); cxemoii onpemenennss paGoyero auanasoHa MPOCT-
PaHCTBEHHBIX 4aCTOT, OToOpaXKaeMhuIX ONTHKO-(oTOrpadHyeckol CHCTEMOH
Ha OCHOBE YaCTOTHHIX XapaKTePHCTHK ee 3BeHbeB — OT 06BbeKTa 10 NpH-
€MHHKa u3o0paxenu#l (ryaBa V), HeKOTOPHIMH XapaKTepHCTHKaMH paspa-
GoTaHHBIX 32 MOC/IeAHHE rOlbl OOBEKTHBOB (raaBa V); KpaTKHMH CBelleHHA-
MH O JaJbHEHIIEM DPa3BHTHH MeTOJa aBTOMAaTH3HPOBaHHOH KOpPEKIHH Ha
OBM aGeppauuil ONTHYECKHX CHCTEM, OCHOBAHHOTO Ha aJTOpUTMaX, HC-
TIONBb3YIOWHX pas/IHYHbIe KPHTEDHH KauecTBa KOPpPEKLHH, B 9acTHOCTH
MHHHMH3AIMI0 BOJIHOBHIX abeppalliii, COMYTCTBYEMYIO OIpejesieHHeM
MOHOXpPOMaTHYECKHX M MOJHXPOMATHYECKHX YaCTOTHO-KOHTPACTHBIX Xa-
PaKkTepuCTHK CHGTeM B paboueM IMamasoHe NPOCTPAHCTBEHHBIX 4YacTOT
(rnapa [X). :

B KHure 06061eHE HEKOTOPLIE Pe3yJbTaThl HCCJAENOBaHHE U pa3pabo-
TOK, BHIIOJIHEHHLIX aBTOPOM H ero COTpyaHHKamu B ['ocylapcTBeHHOM on-
THYecKOM nwHCTHTYTe uMenH C. M. Bapuaopa (I"OH) u Jlennurpanckom He-
CTHTYTe KHHOHHMKeHepoB (J/IMKH).



ToBcenHeBHOE CONPYKECTBO C MPOMBIIJIEHHOCTBIO MMO3BOJIHJIO JOBO-
IHTh NOYTH BCE TEOPETHYECKHE 3aMBICJL H ONTHYeCKHe pa3paboTKH A0
KOHKDETHLIX pPe3yJ/bTaToB H MPOMBILJIEHHOr0 BHEJPEHHS; 5TH HOBLIE pas-
paGOTKH 3alHIIEHB CBBIIE CTA ABTOPCKHMH CBHAETEJbCTBAMH.

B pesysbraTe TBOPUECKHX YCHJIHH ONTHKOB W MaTeMaTHKOB, PH3HKOB H
(OTOTEXHHKOB, KOHCTPYKTOPOB H TEXHOJIOIOB OTEYeCTBEHHOEe OGBEKTHBO-
CTPOEHME 32 TIOC/IeHHE TPH ACCATHIETHS Pa3sBHJOCH H JOCTHIJIO IOCTaTOY-
HO BBHICOKOrO TEXHHYeCKOr0 YPOBHS.

B sTom Gosbluasn H o6lenpH3HaHHan 3acayra KojvlekTipa IocyZapcer-
BeHHOro onrthHyeckoro uucrutyta uMenn C. M. BapusoBa. Onpezenennsiit
BKJIaJl B Pa3BUTHe OTeYeCTBEHHOH KHHOONTHKH BHeceH Kadenpoi ¢usmuku
H ONTHKH H OTpacseBoil Ja6opaTopHel KHHOONTHKH JleHHHIpaLCKOro HH-
CTHTYTa KHHOMHIKEHEPOB.



" YACTb MNEPBASA

OcCHOBHBIE OMNTHYECKHE
CBOMCTBAa 00BEKTHBOB






OO6beKTHBOM Ha30BeM ONTHYECKYIO CHCTeMy, 06pasylollyi0 NpOeKTHB-
HOe H306pax<eHHe MJIOCKHX HJIH NPOTS2KEHHBIX NPEIMETOB Ha IJIOCKO,T
(MHOrIa MCKp HBJIEHHOI) NOBEp XHOCTH NpHEeMHHKa: (oTorpaHyecKoM cJog,
¢doToKaTole TeNeBH3HOHHOH TPYGKH HJH 31€KTPOHHO-ONTHYECKOro INpeos-
pasoBarens H T. 1.

OnTHyecKHe cHCTeMbl NPHGOPOB KaK BH3YaJbHBIX, MpeAHa3HaYeHHBIX
AJA COBMECTHOH paboThi ¢ ryia3oM HabJiofaTensi (MHKPOCKONbI, 3pHTeJb-
Hble TPyOHI), TaK H OGBEKTHBHBIX, NpeAHa3HauYeHHbIX Aa5 paboThl ¢ pasiny-
HBIMH NpHEMHHKaMH ONTHYECKHX H306paXKeHHH HJIH CBETOBBIX CHIHAJIOB,

CoziepKaT OOBEKTHB, ONTHYECKHE XapaKTEepHCTHKH KOTOPOro 3aBHCAT OT
' Ha3HayeHHA H YCJOBHH paboTH onTHYeCKoro mpu6opa.

PaspuTHe coBpeMeHHOH TeXHHKH aBTOMaTHYECKOro HaGJIOJieHHs, KOHT-
pons u puKcaluuH H306paxKeHHH HJIH CBETOBBIX CHI'HAJIOB HMeeT TeHIEHLIHIO
aBTOMaTH3HPOBATH ONTHYECKHe NpHOOPHI, 3aCTaBHB HX paboraTh Ge3 yyac-
THA IJ1a3a yesoBeKa. B nmoao6Hbix npH6Opax pellaloliHM ONTHYECKHM 3J1e-
MEHTOM Nojyac oKaskiBaeTcs 06beKTHB. TeM GoJbllee 3HayeHHe NpHOGpeTa-
TaloT NpobjeMbl CO3JIaHHSA W COBEPIIEHCTBOBAHHS 0GBLEKTHBOB Pa3jHYHOIO
HasHayeHHsl. OOBEKTHBOCTPOEHHE CTAHOBHTCA ONHHM H3 IEHTPaJbHBIX
pasnenos NpHKAaAHOH ONTHKH.

TpyznsocTH pa3pabGOTKH COBPEMEHHBIX BEICOKOKAYECTBEHHBIX OOBEKTH-
BOB OIpeje/IflOTCA NpexKae BCero TeM, UTo, B OTJIHYHE OT HEKOTOPHIX JApY-
THX KJIacCOB ONTHYECKHX CHCTeM, OOBEKTHB OOLIYHO KOpPHTHpYETCs B OT-
HOIIEHHH BceX abeppauunid. Koppurupyrorcs abeppalius, ONperesiollye
KauecTBO ONTHYECKOro H300pa)keHHs B WEHTPasJbHOH 06aacTH noas, —
chepuyeckast ¥ . XpomaTHyecKasi, C(epOXpOMaTHYeCKasi H BTOPHYHBIH
CnekTp, abeppailis Kombl; abeppallHH, BJHSIOLIHE Ha KayecTBO M306pa-
KEHHS B NpejesiaX BCETO NOJSA 3peHHA, — ACTHIMATH3M H KpHBH3Ha MO-
BEPXHOCTH H300pakeHHs, MOHOXPOMaTHYECKHe H XpOMaTHyecKHe abeppa-
IHH IHPOKHX HAKJIOHHBIX NMYYKOB JiydyeH, pacrloJiOKeHHbIX KaK B MepH-
IAHOHANLHOM, TaK H BO BHEMEPHAMOHAJbHOM ceyeHHAX. Pelienne mocJuea-
Heil 3ajayu, TpeGyiowieil BHINOJHEHHS GOJIbLIOrO O6beMa BLIYHCJECHHH,
OKasasiock 0c060 3()(EeKTHBHBIM H BO3MOXHBIM Guarojapsi NpHMEeHEHHIO

?;EK’I‘])OHH]:IX GEICTPOJEHCTBYIOIHX LH(PPOBEIX BHIYHCJHTEJNbHBIX MAalllHH
BM).



[NpeanosicxkuM, 4To OOBLEKTHB fABJAETCA HAeasJbHEIM, T. €. Oezabeppa-
uvoHHBIM. [laxe B 3TOM caydyae u3o6paxkeHHs OOBEKTHBOM B ILJIOCKOCTH
NpHEMHHKA pPasJIMYHHIX yacTell OpPOCTPAHCTBA MpPEIMETOB NPHBOAAT He
TOJIBKO K HEKOTOPOH HeyCTpaHHMOH Hepe3KOCTH u3ob6pakeHHH NpeaMeToB,
pacnoJIOKeHHBIX Ha pas/IMYHBEIX PACCTOSHHAX, HO H K CliellHpHYEeCKHM OCTa-
TOYHBIM HCKAXKEHHAM H306paKeHHH, ABJFAIOLIMMCH MPHYHHOH HEIOJIHOro
COOTBETCTBHA BIeYaT/IeHHH, MOJy4YaeMbIX OT PACCMOTPeHHA HU300parKeHui,
o6pa3yeMbiX 06BLeKTHBOM, H HelOCPEeACTBEHHOIO BH3YaJLHOrO Hab moleHns
TeX JKe NPeJIMeTOR B HAaType.

O6bekTHB 06pa3yeT Ha MJOCKOM CBETOYYBCTBHTEJNBHOM CJIO€ NPHEMHH-
Ka 0ObIYHO YMEeHbIIeHHOe epCleKTHBHOe H300paXeHHe yacTH NPOCTPaHCT-
Ba, B KOTOPOM PAaCIoJI0KeHb! O6BEKTE Pa3HbIX PasMEpOB H HA Pa3JIHYHBIX
paccrosHHAX. Y3 BO3MOXKHBIX cIOCOGOB H306paKeHHs POCTPaHCTBa 00b-
€KTHB JaeT, MO-BHAMMOMY, HauboJiee NPOCTOE H HarJAJHOE pellleHHe —
oH o6pa3syeT nepcnekTHBHOe H306paxenne npocTpaHcTsa. [1pn aToM xapak-
TEPHO yMeHbllleHHe MaciliTaba H306paxKeHH A [0 Mepe YBeJHYEeHHS PacCTos-
HMs 10 npeaMetoB. Kak H3BeCTHO, O pa3Mepax NpeAMETOB Mbl CYIHM IO
TOMy YTJ1y, TIOX KOTOPBIM OHH BHJHBI: IPeAMET BHJIEH MOJ GOJIBLIHM yTIJIOM,
KOrJa OH HaXOAMTCA BOJIH3H, H NOJ MaJbiM YIJIOM — IpH 3HAYHTEJNbHOM
ylaJieHHH.

Yro6bl MO MJOCKOMY NEPCNeKTHBHOMY H300paXkKeHHIO MOJYYHTH Npa-
BUJIbHOE MpejcTaBieHHe 00 H300paKaeMOM INPOCTPaHCTBE, HeOGXOAHMO
paccMaTpHBaTh PHCYHOK H3 TOH TOYKH, B KOTOPO# GBI PacnosIOKeH NMpH
ChEMKe LIEHTP BHIXOAHOIO 3payka OGbeKTHBA: B 3TOM CJ1y4yae YIJIOBHIE pas-
MepHl BCeX JeTasiell H3obpakeHHs OYAyT TaKHMH JKe, KaKHMH OHH OblIH
NpH HEMOCPEJACTBEHHOM HabJ/IIOIeHHH NPOCTPAHCTBA MpPEAMETOB H3 TaK Ha-
3BIBAEMOrO 1IEHTPa NMPOEKUHH — TOYKH, B KOTOPOH NpH CheMKe pacrosna-
raJicsl LIeHTP BXOJHOTO 3payKa o6beKTHBa. Ec/i Xe usobpaxenne ¢ HeraTu-
Ba, KaK 3TO YacTO HMeeT MeCTO B Mano(opMaTHOl ¢oTorpaduH, neyaTtaercs
C yBEJIHYEHHEM, TO PacCTOAHHE MO PHCYHKA NPH ero HaGJIIONeHMH JO/IK-
HO 6BbITh YBENHYEHO COOTBETCTBEHHO KPATHOCTH YBeJHYEHHs HeraTHBa
npH ne4yaTH. B npoTHBHOM cayuae 6yjeT HeKOTOpOe NMepCleKTHBHOR HCKa-
eHue H3oOpaXkaeMoro NMpoOCTPaHCTBA, T. €. HE BIOJIHE MpPaBHJbHOE BOC-
NPHATHE NPOCTPAHCTBEHHBIX COOTHOLIECHHH MEXIY OTAeJbHBIMH YacTAMH
H306paxkaeMOro MpocTpaHCTBA.

HetpyznHo coo6pasHTh, 4TO NMPH 3aaHHOM MOJIOXKEHHH LEHTpa NpoeK-
MM KaXKAOMY TNpeIMeTy COOTBETCTBYeT OnpejesieHHasi NepcleKTHBa, Of-
HAKO OIHOH M TOH JKe TIepCreKTHBE MOXKeT COOTBETCTBOBaTh He OIMH, a
HECKOJIbKO YAaJIeHHBIX MpPEeJMEeTOB, padjHyaolnxca hopMaMH H pasMmepa-
MH. ClienoBaTesIbHO, IPABHAbHOE NpPEACTABIEHHE O COOTHOLIEHHH BHAMMBIX
¢opM, pa3MepoB H B3aHMHOM PACIOJIOXKEHHH OTHeJIbHBIX YacTeHd uH3oGpa-
JKEHHOrO TNPOCTPAHCTBA MOMKHO TOJYYHTL NMPH PAaCCMOTPEHHH IJIOCKOTO
TIepCNeKTHBHOIO H306paXeHHs He TOJIBKO M3 IeHTpa NepCleKTHBH, HO
€CJIH TIPH 5TOM H3BecTeH XOTH Gbl OLHH H3 H300paMKeHHLIX IIpeJMETOB;
B TIOC/IelHEM CJIyuae NpeJCTaB/sAeTCs BO3MOMKHLIM OTTO3HATh HCTHHHBIE Pas3-
MephI H306p a:KeHHOr 0.



IJIABA 1
CBOHCTBA HUIEAJIbHOI'O OB BEKTHBA

PaccMOTpHM OCHOBHBIE ONTHYECKHE M (POTOMETpHYECKHe CBOHCTBa Me-
aJIbHOTO OGBbEKTHBA H 0COGeHHOCTH 06pa30BaHHA HM NEPCNEKTHBHOIO H30-
GpakeHus.

§ 1. OBJIACTb MAPAKCHAJIbHOH OITHKH

Teopusi ontThHyecKHX npHGOPOB B OCHOBHOM MOCTPOEHAa HA 3aKOHAaX
reoMeTpHYecKoil (Jyyesoil) onTHKH. ONHAKO OTAe/bHBIE BONPOCH MOTYT
6bITh NpaBHJIBHO OGBACHEHBI TOJBKO Ha OCHOBe (H3HYecKoH (BOJHOBOH)
ONTHKH; K HHM OTHOCATCS BONPOCH, CBA3aHHbLIE C SBJEHHAMH HHTep(e-
peHUHH U AH}paKLHH CBeTa, C NMOTJIOWEHHEM CBeTa B NPO3paYHEIX cpefax
HT A

3anaya reoMeTpHYECKOH ONTHKH B Y3KOM CMBbIC/IE SaKJio4aeTcs B yKa-
3aHMM NpPOCTeHIIHX CIOCO60B ONpeesieHHd X0[a JyyeH CBeTOBHIX NYUKOB
yepe3 ONTHYECKYIO CHCTEMY H NyTell pacyera H NPOeKTHPOBAHHA HOBBIX
ONTHYECKHX CHCTEM, yJOBJIETBOPSAIOUIHX NMOCTaB/JeHHble 3apaHee TpeboBa-
HHA; B MOCAeJHeM — MPAaKTHYeCKOe 3HaYeHHe STOH OTPAaciAH NMPHKJALHOH
u3HKH.

[Tonoxenyns u CAEACTBHS reOMETPHYECKOH ONTHKH OCHOBHIBAIOTCA Ha
M3BeCTHBIX TeopeMaxX FeOMETPHH M Ha NMATH 3KCIepPHMEHTaJbHO YCTaHOB-
JIEHHBIX (pH3HYecKHX 3aKoHaxX. [Tocsie/iHHe HCXOAAT U3 NMOHATHA CBETOBOrO
JIy4ya H KacaloTcsl 3aKOHOB €ro paclpocTpaHeHHs.

B reoMerpuyeckoil onTHKe CBETOBLIM JIYYOM HHOTAA HA3LIBAIOT JIMHHIO,
BJIOJIb KOTOPO# pacnpocTpansercs cBeTosas sHepryusa. ONHAKO ec/iy BBECTH
TaKoe NpeACTaB/eHHe, TO O6BEMHAs IJIOTHOCTb STOH SHEPTHH OKaXeTcs
GeckoHeuHO GOsIBILIOH H CBETOBOH Jiyd B TAKOM NOHHMAHHH B AefCTBHTEb-
HOCTH CYILIeCTBOBaTh HE MOXKET.

IMpouece nepeHoca CBETOBOH HEPTHH MPOTEKAeT B NPOCTPAHCTBE, KO-
TOpoe Ha30BeM CBETOBBIM NosieM. PH3HYeCKHH CBETOBOH Jiyd B CBETOBOM
NoJie HMeeT nonepeyHsle pasMepbl — ABJIAETCA HEKOTOPOH CBETOBOH TPYG-
Ko#. [lox ceroBoit TpyGKo# GyaeM NOHHMATh YacTh CBETOBOTO 10J1s, OTpa-
HHYeHHOro GOKOBOH JIHHEHYaTOH MOBEPXHOCTbI0O H GECKOHEUHO MaJbIMH
nonepeyHbIMH ceueHusAMH dS; 1 dS, B moGom mecte Tpy6KH, ob6pasoBaHHOH
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NyyaMH, COEJIHHAIOMMMH KaXIyio TOUKY ceyeHHs dS, ¢ Kaxnof Toukofi ce-
yenna dS, (puc. I, 1). SnemenrtapHbIMH ceyeHuaMHu dS,; u dS; MOTyT GHTb,
B YaCTHOCTH, MaJible OTBEPCTHA B SKpaHaX; HaKOHell, 3JieMeHT dS; MOXeT
NpHHAAJeXaTh HEKOTOPOH H3Jsydaiouled NoBepXHOCTH, a 3JeMeHT dS,; —
TMOBEPXHOCTH NMPHEMHHKA pafiHaluH, H HaoGopoT. CeeToBas TpyGKa obJsa-
JaeT NpeXIe BCEero TeM CBOHCTBOM, YTO HH OJMH M3 MOCTPOEHHBIX TaKHM
o6pa3oM Jiyueil He BHIXOAHT 32 Ipeieibl TPYOKH, OrpaHHYeHHOH JuHeHua-
TOH NIOBEPXHOCTBIO.

Puc. 1, 1, DnementapHas cseroBas TpyGka

310 cBOHCTBO TPYGKH B ONTHYECKH OJHOPOAHOH cpejie OMHCHIBAETCH CJie-
AyIOLUM HHBapHaHTOM:

dSi dQl cos ii = dSadga cos fs, (I,l)

T. €. TNPOH3BeJeHHe MJIOUIaJH HOPMaJIbHOIO CEeYeHHSI CBETOBOH TPYOKH
dS cos i 1 sneMeHTapHOro TesIeCHOro yraa dQ , MMelolllero BepluHHy B TOY-
K€ TOr0 CeYeHHs, OCTAaeTC HHBApHAHTHBIM AJifA JI0GOTO CeYeHHs CBETOBOH

TPYOKH.
310 BHIpaXKEHHE MOXKHO MOJY4uTb U3 puc. I, I, o6paTue BHUMaHHe, 4TO

in - ng cos l‘, : dQ’ s dS; cos f]_ , (l. ]r)
Rz R2
rle R — paccrosnHe Mexay Toukamu Oy # O,.

Ecau Tpy6Ka HMeeT Hcye3aiolle Majble NONepevHHle pasMepbl dS; H
dS; N0 CpaBHEHHIO C JJIMHOH, TO OHA M TpeJCTaBJsAeT cob0l PHIHUECKHI
ceeroBofi syu. Ocs 040, Takoit CBeTOBOM TPYOGKH NpeJCTaBHT CBETOBOH Jyy
B NOHHMaHHH T€OMETPHYECKOH ONTHKH.

OcHoBHbIE 3aKOHB! reoMeTpH4ecKOii onTHKH. Beakoe ceersimeecs Teio
SIBJIAETCA MCTOYHHKOM cBeTOBOH sHepruH. Ecam pasmephl H3nyyarouiero
TeJla MaJsibl 110 CPaBHEHHIO C TEMH PacCTOAHHAMH, Ha KOTOPHIX H3ydaercs
JEHCTBHE H3/1y9aeMOH 3THM TEJIOM SHEPTHH, TO €r0 MOXKHO NPHHSATDH 3a CBe-
Tauyoca To4ky. Hanpaenenne, no Koropomy pacnpocTpaHseTcs CBeTOBas
SHeprus OT HCTOYHHKA, ONpeaensiercs (IOCTPOSHHOMN Ha HeM) CBeToBoH Tpy6-
KOM, OCbiO KOTOpOH $IBJSieTCA CBETOBOH Jyd.

OnbIT noKaskIBaeT, YTO B OJJHOPOAHO#H NPO3payHOH cpejie CBETOBLIE JIYUH
pacnpocTpaHsoTCa NPAMOJHHEHHO; 3TO MepBbli 3aKOH TEOMETPHYeCKOH
ONTHKH — 3aKOH NPAMOAUHELIHO20 pacnpocmparerus céema. STOT 3aKOH
BEpEH JIHLIb B M3BECTHHIX TpaHHuax. Hampumep, oH oKasbiBaerca HenpH-
MEHHMBIM K CJIyyasiM MPOXOMAEHHs CBeTa Yepes OueHb MaJible OTBEpCTHA,
KOI'Jla HaUYHHAIOT NIPOSBJAATECH BOJIHOBbIE CBOKCTBA CBETa H BOSHHKAIOT JH-
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¢paKunoHHble ABNeHudA. [IHDpaKIHOHHEIE ABJEHHA NPHBOAAT K TEM MeHb-
IIHM OTKJIOHEHHAM OT 3aKOHa NpAMOJIMHEHHOCTH, 4eM KOpoue JJIHHa A
cBeToBOH BouHbL [TosTOMy nyueByio (reoMeTpHUECKYIO) ONTHKY MOXKHO pac-
CMaTpHBaTh KaK INpelesbHBIA Cayuall ONTHKH BOJHOBOH — NpH AJHHAX
BOJIH, 6s1M3KHX Hymo, A — 0.

[Ty4ok cBeTOBBIX JydyeH, HCIYCKaeMbIX CBETALIEHCA TOMKOH HJIH CXO-
JIAIIHXCSA B ONHOH TOYKE, Ha3bIBaeTCsA roMoLeHTpuyecKuM. Ecau nyukn ay-
yeil, ucxoaamue u3 Toyku A (puc. I, 2), nocse npoxoxieHns yepes ONTH-
yecKHH npubOp CHOBA CXOAATCA B ToUKe A’, TO mocJieAHAS Ha3bIBaeTCs H30-

r

A
\ J\V—‘ ; N \ ’
\ RN 8
‘tk\ 3' 8 " —
g ‘3{-\ A __:::_’_"
\ A l == —

A Onmuveckan Onmuyeckan
cucmema cucmema
Puc. I, 2. JleficTBHTeNbHBIE W MHHMBIE TOYKH OPEAMETOB H HX

@sofpamenns

GpaxkenneM TouKH A. 10 H306paKeHHe NeACTBHTEBLHOE, eCyiH B TouKe A’
HMEET MeCTO JIefiCTBHTE/IbHOE [lepecedeH e Jyyel; TouKa NpeaMera HiIH u3o-
OpakeHHA HA3LIBAGTCA MHHMOMH, eCJIH B HeH IepeceKaloTCs He CaMH JIyYH,
a JIHWb JIMHUK HX TPONO/IKEHHd.

BTopo#i 3aKOH reoMeTpHYeCKOH ONTHKH — 30KOH HE3aBUCLMO20 pac-
npocmpanenus ay4eidl — yTBepxKAaeT, YTO CBETOBLIE JIyYH PaclpoCTPaHs-
I0TCA He3aBHCHMO JAPYT OT Jpyra Tak, Kak 6yJATo ApYTHX Jyyeii, KpoMe pac-
CMaTpHBaeMbIX, He cyuiecTByeT. Hanpumep, ycTanapsiuBas Henpo3payHbifi
skpaH P (pHc. 1, 3) Ha nyTH y4YKa CBETOBBIX Jy4eH, Mbl HCKJIIOYaeM (3Kpa-
HHpYeM) H3 cocTaBa NyyKa HeKoTopylio uyacTh ero. Ilo ceoficTBy HesaBHCH-
MOCTH Jiyye# Mbl JIOJDKHBI CYHTATh, YTO AefiCTBHe JiydyeH, OCTaBIUHXCH He-
3a9KpaHHPOBaHHEIMH, OT 3TOro He H3MeHHTCs. [Ipeamonaraercs, yTo Jyun
He BJIHSAIOT APYT Ha APYTa H pacnpoCTPaHAIOTCH TaK, Kak ecau OBl ApYTHX
Jy4yeH U He CyLIeCTBOBaJIO. MeX Iy TeM H3 BOJHOBOH ONTHKH H3BECTHO, HTO
NpH onpele/ieHHHX YCJOBHAX HalJIOaloTCA CJIOXHEIE SABJIeHHA HHTepde-
PEHILIHH, IPH KOTOPHIX B3aHMOJEHACTBHE CBETOBBIX Jiyyed COMPOBOXKAAETCHA
ocnabneHueM HAH, HaO6OPOT, yCHIEHHEM JeHCTBHA HX BO MHOTHX TOYKaX
TPOCTPaHCTBA.

Tpernii 3aKOH reOMETPHYECKOH ONTHKH — 3QKOH OMPAXCEHUS cBema —
ONHCHIBaeT fABJEHHe, Habmojamolleecs NPH NajileHHH Jiyda Ha TpaHHIY
Pa3fiesia ABYX Cpel: Najaioluil a1y, OTpaKeHHBIH JAYY M NepneHanKy aap
K oTpaxatouei nopepxHocTH (puc. [, 4) nexxar B 0HOH NJIOCKOCTH, a yroJ
Najenus i paBeH i1y OTPaXKeHHs i N0 aGCOMOTHON BeHUHHE H OTJ HYaeT-

Cd U 3HAKOM: [ = —i.

B onTHKe ycTaHOBJIEHO NPABHJIO 3HAKOB JJIS YIJIOB: YIJIBI OTCYMTHEIBA-
I0TCAl OT KaKOH-HHOY Ib ONpee/IeHHOH OCH, HallpHMEP OT HOPMaJIH K NOBepX-
HOCTH pa3zfena ABYX Cpel, HJIH OT ONTHYECKOH OCH (CM. HHXKe); yros CYuTa-
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eTCA TMOJIOKHTEJbHBIM, €CJIH ero MOXHO 00pa3oBaTh BpallleHHEM NpAMOH
JIHHHH OT YKa3aHHON OCH B HanpasJIeHHH, COBNaJaiollieM C HallpaBJeHHEeM
NBHIKEHHA 4acOBOH CTpeJsiKH, H OTpPHIATeJbHEIM — B [IPOTHBONOJIOXKHOM
cayqae.

Ha Toft ke rpanuue, ecau cpeasl / u /] npospaunbie (cM. puc. I, 4),
HMEET MECTO ABAEHUE NPeroMAeHUR Ay4ell, OMUCHIBaeMOe YeTBEPTHIM 3aKo-
HOM F'eOMeTPHYECKOH ONTHKH: MajalolilHil Jiyy, TpeJIOMJIEHHBIH JyY H Tiep-
NeHIUKYJgp K NpeJioMasiolell MOBEPXHOCTH JieXkaT B OfHOH MJIOCKOCTH,

/

Pre. I, 3. HeaaBEcEMOE pac- Pre. I, 4. Orpaxenne m
npocTpaHene aydeft opeloMHeHHe Jayuqa

a OTHOLUEHHE CHHyCa yrJia MajeHus { K CHHYCY yrJyia mnpeJoMieHus i’ —
BEJIHUHHA TIOCTOSIHHAS, PaBHas 06PaTHOMY OTHOLIEHHIO NIOKa3aTesnielt npe-
JIOMJIEHHSI n ¥ n' 3THX Cpex:

sini n’
LA I
sind n (.2

SIBneHns oTpa)keHHS W MpeJIOMJIEHHSI CBeTa CBA3aHLI CO CKOPOCTHIO
pacnpocTpaHeHH s CBETOBLIX BOJIH B pas/IM4YHLIX cpefax. C npenesbHo 60ab-

o ckopocTeio (¢ = 3- 101"%) CBEeT pacnpocTpassieTcs B BaKyyMe.

OrHolueHHe CKOPOCTH PaclpOCTPaHEHHA CBETOBBIX BOJIH B BaKyyMme ¢ K
CKOPOCTH HX paclpoCTpaHeHHs B Hexo'ropou CPeAe v HasbiBaeTCs abcoJmoT-
HBIM TIOKa3aTeJieM NpeJiOMJIeHHS I{aHHOH CpeAsbl:
n= xS .
v
Ipenomnenne cBeTa B cpeax GyneT TeM CHJbHEe, 9eM GObIIE pa3HAT-

CA B HHX CKOPOCTH pacnpoCTpaHEHHA U H v H, cJieloBaTeJIbHO, COOTBETCT-

c
BYIOIlYe NOKa3aTtesayu Tp eJOMJEHHS n =-% Hn o=
3akon npesomaenus (I, 2) yno6xee nucats B 60/1e€ CHMMETPHYHOM BH-
le, uMeroleM GOpMy HHBapHAaHTa:

nsini = n'sini’. (1. 2

W3 3akona npesomnenns (I, 2) caenyer, yto ecin n > n', T. e. ecau
JIyd [PesIOMISeTC H3 Cpefisl ¢ GOJBbLIMM NMOKa3aTesleM TpeJsioMIeHHs, To
TIPEeJIOMJIEHHBIH JIyY yaansercs oT HopMmaJH (i' > i). IIpu HeKoTopo#t Besu-
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quHe yria MajeHHs f, yroa npesjomjenus Aocturaer ¢ = 90° Tak urto
TIPEJIOMJIEHHBIH J1yd HauMHaeT PacnpoCTPaHATLCA BAOJb MPAHHILI pasiena
IByX cpel. [Ipu manbHeiileM BO3pacTaHHH yriaa nageHus (i > i) Habuo-
IaeM siBJieHHe II0JIHOTO OTPaXkKeHUs CBeTOBOro Jyya B TY cpelly, 3 KOTOpo#
OH PpacnpoCTPaHAJCA, — SBAEHUE NOAHOZ0 BHYMPEHHE20 OMPANCCHUS.
Besinuuua yrJyia najieHus i, Ha3eBaeTCA NpelesibHbLIM YIJIOM IOJHOTO BHYT-
PEHHEro OTpaXKeHHs: '

’

. n
Sifl iy ==,

YTO, OYEBHIHO, BO3MOMHO TOJIBKO NpH n > n’.

OtpaeHue cBeTa MOXKHO pacCMaTpHBaTh KaK YacTHHIH cjiyyail npeJioM-
JIEHHA, MOCKOJIbKY OTPa)KeHHas OT MOBEPXHOCTH BOJIHA PacNpOCTpaHAeTCA
B TOi1 e cpelie, YTO H Najaiollast; ecJH NPHHATE NPH 9TOM, YTO 3HAK CKO-
POCTH HM3MeHsieTcs M, cheloBaresbHo, n' = —n, T0 H3 (I, 2') momyunm:

sini’ = —sinf.

OTo NO3BONHT HaM B HAanbHelmeM GopMyJIsl, BbiBelleHHbIE JJ/19 CJydas npe-
JIOMJIeHHS1 Jiyyefl, mpeoOpasoBBIBATh K CJAYYal0 OTpaXKeHMs, MOJIOXKHB B
HHX

n=—n. I1,2")

ITATEI 3aKOH TeOMeTpHYECKOl ONTHKH — 3aK0H obpamumocmu xoda
Ayderi: yTh CBETOBOIO JIyya He H3MEeHSeTCs NpH H3MEHEHHUH HallpaBjeHHd
€ro pacnpocTpaHeHHs Ha MpAMO npoTusonoJoxHoe. Hanpumep, myu na-
HaolHA 1 JayY npeJoMJeHHBH (cM. puc. [, 4) MOTYT «lIOMEHATbCH MeCTa-
MH»: JIyY, MafaloliKi B HanpaBaeHnu RO, npesoMuTCs B HanpasaeHuu OP.

3aKOHH OTpaXKeHHS M TPEJIOMJIEHHSI MOTYT ObITh PACCMOTPeHH Kak
crefncrBHe Gogsee oblero npuHunna @epma, yTBepKAaiOero MPHHIHI
9KCTPEMaJIbHOrO MyTH Jiyda MeXIy AByms ToukKamH — A u B (puc. L,5,
@): CBeT paclpoCTpaHAeTCA 110 NYTH, ONITHYECKas JJHHA KOTOPOro SKCTpe-
MasbHa. Kak H3BecTHO, ONTHYECKOMH A/HHOM dL NyTH Jiyda BAOJB SJIeMeHTa

B(zy;y,;0)
Y 8 Y
Alz;y;0) | /)
n L/
ds l|_£.|£// n
A
aJ
g X
z
a

Puc. I, 6. OGbAcHeHHe ABNEHAN OTpPANEAHN H OpeJOMJeHHA nydeft
Ha OCHOBe MpHHOMNa Pepma
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ds HasmiBaeTCA TIpOH3BeleHHe nds; CJeNOBaTeNbHO, ONTHYecKHi myTh L
Mexny Toukamu A u B, ecaiu 1yq IpOXOAHT ONTHYECKYIO CPEAY C HEMPEPhIB-
HO H3MEHSIOIHMCA MOKas3aTeJieM, BLIPASHTCA HHTETPaJoOM:

B
L= J nds. (1,3)

IIpH NpOXOXKAEHHH JIyYOM HECKOJBKHX OJIHOPOIHBIX ONTHYECKHX CPex
C NoKasaTeNAMH NpEJIOMJIEHHs, H3MEHSIOMMMHCH CKaYKOM Ha TIpaHuIe
Cpel, UMeeM:

k=p
L= 2 NySp, (I, 3')
k=1

rae n, — TOKasaTesb NMPEJOMJEHHS k-1 cpeisl, B KOTOPO#H NJIHHA xona ay-
4a S, HHAEKC p — HOMED l’IOCJle.ILHEﬁ CpEI[bI.

¥YcnoBue 3KCTPEMaJIbHOCTH ONTHYECKOH JJIHHBI MYTH Jiy4ya CBOJAHTCA K
TpeboBaHHMIO, YTOOK BapHalHsA OT HHTerpana L paBHasachk Hy/mo:

B i
3L =3 fnds=o. (1,3%)
i

CumMBoa1 BapHalHH & BrIpaxaeT oboblieHHe CHMBOJa TupdepeHHaNa;
HallHCAHHOE MOXHO TOJKOBaThb KaK MEPBYIO BapHallMI0 ONpeLeseHHOro
HHTerpana L; B 3aBHCHMOCTH OT 3HaKa BTOpPOM BapHaLlMM STOTO HHTErpana
¢yHKIHA L HMeeT MHHHMAaJIbHOE HJIM MaKCHMaJbHOE 3HaueHHe.

Hamoctpupyem npumenenue npunuuna Pepma K npocreiimemy ciy-
Yalo paclpOCTPaHEeHHs Jydyell HA TPaHUIE JBYX ONHOPOLHKIX CPel: MeXIy
Toukamu A u B (puc. 1, 5, 6) npu otpaxenuu syya 1 Toukamu A u C npu
ero npesaomaeHnd. O603HaUMM KoopAHHATH ToueK A(xy; yy; 0); B(xz; ys; 0)
u C(x3; ys; 0), T. e. pacnonoxkuM ux B maockoctu XO0Y. B atom cayuae
TouKa D, 4epe3 KOTOPYO NPOXOAHT HOPMaJjib K MOBEPXHOCTH pasjena
cpeln, Gyner siexaTh B To# ke nyockoctd XOY. Do caefyeT u3 Toro, 4To
ecsiu Gbl Touka D cMecTuJiach 3a Tpeesibl STOH MJIOCKOCTH H 3aHsAJa, Ha-
IpHMep, noJioxkeHnue Touku D’, To nyTu ayueit AD’, BD' u CD’ oka3anuchk
6bl IHHHee cooTBeTCTBeHHO nyTed AD, BD u CD, Kak THIOTEHY3H Nps-
MOYTOJIbHBIX Tpeyroabuukos ADD’, BDD' u CDD’. Takum o6pa3om,
BO3MOXKHHE MOJI0KEeHHA TOUKH D Ha ocu OX onpeflesifloTCA JIHIIL ORHOMN
TeKylleH KOOpAHHATOH X.

Hanucas nyte nyda mexny Toukamu A u B:

s= D+ DB+ Vo R+ Ve

H TOCJIe OTpeAesIeHHsl IPOH3BOAHOM, MOJIOXKHB ee PaBHOH HYJIO, NOJYYHM:

sin (— i) = sini,
HITH

[lpmuan K 3aKOHY OTpaKeHHS.
14



Hanucap anasornaso onTHYECKH# NyTh Jiyua Mexay Toukamu A u C:

8s=nAD+4+n"DC=n 'I/-(x,——x)’ +yi+n V(xa—x)’-i-y%
H TIOCJIE ONpejie/ieHHs IPOU3BOJHOMN, MOJIOXKHB €€ PaBHOH HYyJIO:

ds — (5, —x) ; (g — %)

n——2=5 . S
Y m—r+ i V e—o+ 4

= nsin(—i) —n'sin(—i’) =0,

—n

NOoNy4YHM:
nsini = n'sini’.

INpuuin x 3akony npenomaenns (I, 2°).

Ioab3ysck TeOPEMOH O CJIOKEHHH BapHa-
LUHHA, MOXHO pacnpoCTPaHHTb TMOJYYEHHBIH ¥
pe3yJbTaT Ha cJy4ail NPOH3BOJIBHOTO YHCJA
NpeJIOMJIEHHH H OoTpaxKeHHi.

U3 npunuuna @epma cieyer, YTO MEXAY
TOYKOH mpefMeTa H ee H306pa’KeHHEM OITH-
gecKHe JIMMHBI XOAa BCeX Jyueidl nydka,
oGpasyiollero u3obpaxeHne, ONHHAKOBBL. JTO .
MOoJIOXKeHHe HHOrJla OKa3kIBaeTcs ynoﬁﬂmm Puc. I, 6. TpaekTopus syqa B He-
HCIOJIB30BATh [/ ONpEJeJeHHA CJAONHOf ~ OMfOPoanoR ouriieckoR cpeie
dopMmbl OTpaxcaiouiedl WM TpeJOMJAONIEH
MOBEPXHOCTH B IPOCTEHIUHX ONTHYECKHX CHCTeMaX, O6ecrneuyHBaiomKX
Ge3abeppalHOHHOE H300paKeHHe CONPsKeHHOH Naphbl TOYeK.

PacnpocTtpanenue nyya B HeogHoponHoi cpene. Ecau ontHyeckas cpena,
B KOTODOH pacnpocTpaHsieTcsi Jy4, HeOJHOPOAHa, TO JIy4H pacmpocrTpa-
HSIIOTCS He NPAMOJIHHeHO, a 0 KPHBBIM JIHHHAM, KOTOPhIE MOXXHO HasBaThb
UX TpaeKTopHsMH. KpuBOiMHefiHOe pacnpocTpaHeHHe Jydedi cBeTa
MOXKeT BO3HHKHYTb B TOJILE CTEKJIa JIHH3 aspodoTo06HEKTHBA, €CJIH B HHX
YCTaHOBHJIHCH TeMIIEpaTyPHBIE I'PaJiHEHTHI, BhI3bIBAIOLIHE H3MEHEHHEe TIOKa-
3aTenn npesoMJeHHs. BriBemeM (opMyJbl, ONpefesioliHe TPaeKTOPHIO
Jayya. OrpaHHYHMCS «IJIOCKO#» 3afauel, T. . 6ylleM CUHTATh, YTO TPaeKTO-
pHsi ayua pacnosioxkena B niockoctr XY (puc. I,6). [lokasarens npesiom-
JieHAsl n ABUTCA (QYHKIHeH ABYX KOOpJAHHAT:

n=F(x, y).

Ha pucynke S;S; — TpaekTopus Jy4a; yepes HEKOTOpyio Touky M
TPaeKTOPHH TpPOXOXHT KpuBas MP paBHBIX MoOKasaTesNeH MpeJIOMJIEHHA
n; MG — rpaliMeHT g NOKa3aTeJs n B ToyKe M, HanpaBJIeHHbIA 1O HOpMa-
a4 K Kpusoi MP. I'pagneHT B JaHHOH TOYKE HamnpaeJjeH B CTOPOHY :au-

n
GoJibllero BO3pacTaHHA NMOKa3areis npesnomaenns. OG03HauHB yepes — H

dn :
-@- COCTaBJIAOIILHE TPAJHEHTA & NnokKa3arteJisi IpeJIOMJEHHA B TOYKE M, MOXK-

HO HanHcaTh BBEIpaXeHHE JIJii BEJHYHHBI rpajgHeHTa:
15.



VT

Kak u3pecTHO, 9JieMeHT ds, B34THI Ha KpHBOH S,S,, cielyiouiuM 06-
1
pa3oM cBs3aH ¢ KDHBH3HOH & 9TOro S/eMeHTa:

1 _ V (.d_x)“ 3 (d_v)“ (L 4)
R ds? ds?
rie R — paauyc KpHBH3HBI TPaeKTOPHH Jyda B TouKe M, npuyeM LEHTP
C KpHBH3HBI 3JIEMEHTa ds PacnosioXeH Ha HOpMaJiH, POBEIEHHOH B TOUKE
M B TOH ee 4yacTH, Tlie MOKa3aTeJb NpeJoMIeHHa 6oablle, T. €. Ay4 CBETa
MCKpPHBJIAETCA B HamlpaBJieHHH BO3pacTaHHs TpalMeHTa MOKa3aTess mpe-
JIOMJIEHH A,

MoxHo Bepa3uTh [18] snemeHT ds TpaeKTOPHH Jiyda Yepea COCTaBJIsIO-
IHe TpajiieHTa NOKa3aTess NMpPeJOMJIEHHS N0 OCAM KOOPAMHAT:

d dx dn d dy dn '
—n—=)=—; —(n—+=]=—. I, 4
ds( ds) de ' ds( ds) dy (4}

Otn nudipepeniiHanbHble YpaBHEHHS ONPeENAiOT TPAaeKTOPHIO Jyua,
€CJIH TOKa3aTeab MPEeJOMJEHHS NpeJcTaBjeH H3BeCTHOH dyHKIHeH Koop-
JAHHAT: ~ 0~ -

-

, n=F(x, y).
KpuBH3HY 5~ TPaeKTODHH MOMHO ONPENE/HTb, BOCMOJb30OBABLUHCH

- n
TeopeMOH, UTO BEJIHYHHA 7 PaBHA NPOGKIHH BEKTOPA rPajMeHTa g Ha Ha-
npaBJieHHe HOPMaJIH K Ayre KpHBOH ds:

— = g cosa, (1,47
R

TIe @ — YroJ MeXjAy BeKTOPOM TpajiHeHTa g H HOpMaJbio K TPaeKTOPHH
Jdyda B Touke M.

[Tycte mnokasaTesb mNpeJioMJieHHs CTeKsa H3MEHSeTCH BCJEJACTBHE,
HanpuMep, HaJIHYHA TeMNepaTypHOro TpajiHeHTa B Cpelie H BO3pacTaer B
HanpaB/JieHHH, NMEepNeHAHKYJAPHOM ONTHYECKOH OCH, BJOJb KOTOpOH Ha-
npaejaesa ocb X:

n=n,+ gy. (I, 5)

O6o3HaunB ¢ — Yyrosi MexAy KacaTeJIbHOH K TPAaeKTOPHH Jyda H
oceio X (cM. puc. I, 6), umeem:

dx x dy
COSPp = —; SINPp = —,
v ds ’ =3

HMurerpupys ypasuenns (I, 4'), NpHHAB BO BHHMaHMe, 4TO



HaxoaHuM. 3
X
N —— = ncos e = n, Cos
0s ¢ 0 Po> (I, 5,)

n-%’s— = nsin ¢ = n, sin ¢, 4 gs,

THe Ny ¥ Qo — 3HauYeHHs QYHKIMA 72 M @ B Ha4a/JbHOH TOYKe TPaeKTOPHH ,
Lna Kortopoit s = 0,
W3 nepeoro ypaBueuns (I, 5) umeem:

ng COs
cosp= 2% .
n
oTcionar
L/ £} W+ nieosie
ax g = N, COS 9, ’

3HaK paaHKaJsia foJkeH ObITh TakKHM, KaK M 3HaK tgo.
Hurerpuposanne ypasHeHHs JaeT:

x_S' My COS ¢,
'/ n*+u cos? ¢,

Iie n aBasercs Qpyskumed y (cm. I, 5). Pa,unyc KDHBH3HBI TPaeKTOPHH JIy-
Ya BO BCeX ee TOYKax ompedenutcs u3 (I, 4'), ecan MOJOXKUTL o = ¢@:

L A "
X = oS¢ (1, 5%

Sty ¢popmyay coemecTHo ¢ (1,5’) BecbMa yROGHO NPUMEHHTD, €CJIH BeJI -
4HHa TpajiHeHTa § = ﬁ Mana.

[Toxasaresb MpesOMJIEHHS CTEKJ1a n JHHEHHO H3MEHAETCH NPH U3MeHe-
HHH TEMIepaTypHl { B HEIUMPOKHX Npejeax:

n=n, -+ B*t,

rie B* — ykasbiBaeMasi B KaTaJlore ONTHYECKOTrO CTeKJia BeJHYHHA TeM-
TEPATyPHOro NpHpalleHHs [MOKa3aTessA MpeJoMJIeHHS.

[IpeanonoxuM, YTO TeMnepaTypa cTeKjia pPaBHOMEPHO BO3pacTaeT OT
ONTHYECKON OCH K Kpalo JIHH3BI:

di —
. T’

ny
Tlle Y — 3HaueHHe IPAJIMEHTa TeMNIepaTyphl.
Orclofla HaXxoAuM:

Y onTHYeCKHX CTEKOJ BeJHYHHA §* OYeHb MaJa; eciy TPajHeHT TeM-
NepaTypbl Y HeBEJIHK, TO MPafiMEHT NOKa3aTes MPeJOMIEHHS g TaKxKe MaJ
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’ rr
H, C/IeNOBATe/bHO, KPHBH3HA TPAeKTOPHH 5 HeGosblias (cm. I, 5') u

JOCTHTHET MaKCHMaJIbHOTO 3HaueHus npH ¢ = 0, T. e. KOrAa HampasJie-
HHe KacaTeJbHOH K TPaeKTOPHH Jiyya COCTaBJisieT IPAMO# yroJi K Hanpas-

JIeHHAM TPAIHENTa g NIOKa3aTesis MpenoMienns. Kpuuana - obpatutes

B HyJIb IPH HanpaBJIeHHH Jyya BIOJIb Hanpae/ieHus rpaauenta (¢ = 90°):
JIy4 NPOXOJAHT B 9TOM HaNpaBJieHHH Ge3 HCKPHBJIEHHS.

OnpeaenuM yros oTKJIOHeHHS A@ Jyya, NpOWEAIIEro AYTY S TPaeKTo-
pud. 3ra Ayra no ¢opme 6,u3Ka K OKPYKHOCTH QYEHb MaJIOH KPHBU3HBI,
TaK KakK pagdyc KpuBH3HH R Besuk (cm. I, 5") u ero BesnMunHa Mago Hs-
MEHSIeTCsl B Pa3HBIX TOYKaX TPaeKTOPHH:

Agp = = —is— cos @} (I, 5™

s
R

TaK KaK § COSQ = X BCJIEJCTBHE MaJsoH KPHBH3HBI Jyda, HAXOLHUM:

INpuxoauM K BHIBOAY, YTO yroJ OTKJIOHEHHS JlyyeH He 3aBHCHT OT HX
HalpaBJIeHHs; €c/ld JaHHAas TOMLA CTeKNa MPOXOAMTCH NYYKOM Jyded
Pas/IHYHOrO HanpaBJeHHsi, TO BCE JIy4H MyyKa [OBOPaYHBAIOTCA Ha OMIH-
HAKOBBIH yTOJI Ag -

= zpad
[Tycrs, Hanmpumep, TPafHeHT TemmepaTyphl B cTekne ¥ = 0,05 =

TEeMIepaTypHoe INpHpalleHHe  MoKasaTens
Al L mpenomnenus B* = 3-107% nocne npoxo-

T I 7 xnenust 100 cu TOJLIHMHBE! CTEKJA JIyd OTK/O-

,/ Hutcs Ha 1075 paguana, uau Ha 2''. 3ameTuM,

8.t & ,g;zi.,’y 7 YTO MYYKH Jy4eH, HAYLIHE HHXe ONTHYeCKOH
~ OCH, OTKJIOHATCSI HA TOT Xe yroJ, HO B Ipo-

e THBOIOJIOXKHYIO CTOPOHY, BCJIEACTBHE OCECHM-

N METPHYHOTO TeMIepaTypHOro TIpajHeHTa.
\ Ipenomnerne ny4ka ayyei uepes miIoOCKyio
noBepxHocTb. ['OMOLEHTPHYECKHH NyYyoK Jy-
Pac. 1. 7. Tpetouseaue iyua wa yeil mocje npeJioMyeHHs Yepe3 NMJIOCKYI0 Tpa-
poih Huuy pasgena AB (puc. 1,7) nByX cpen c
Pas/HYHBIMH = TOKA3aTeNIMH  IpeJIOMJIEHHS
(n u n’) nepecraer GhTh romouentpuyeckuM. M3 ceersmefica Toukn S,
Jexauleil Ha PacCTOSIHHH § OT MJIOCKOCTH, PaclpoCTPaHAETCA TOMOLEHTPH-
yeckHH nyyox siydeii. Ha pHcyHKe yriibl najieHus M npesiomJenus [ u i
OTpHIaTeJbHbI 10 3HaKy. OTpe3ok s Takxe oTpHUaTeaAbHEIH. BBenem axech

IPaBHJIO 3HAKOB JJISl OTPE3KOB, NPHHATOE B ONTHKE.

OTpe3skH nNpAMBIX OTCYUHTHIBAIOTCA OT BEpLIHHBI MpeJomJsitoliel
NOBEPXHOCTH (HJIH OT APYroH TOYKH, YKa3biBaeMOH B KaX<JIOM OTIE/bHOM
C/ly4ae) H CYHTAIOTCS MOJOMKHTENbHBIMH, €CJIH HAYT N0 HAaNPaBJIeHHIO pac-
NpOCTPpaHeHHs CBETa, H OTPHLATEJNbHHIMH — TNPH OOpPAaTHOM Hampasie-
HuH. [Ipu sTOM CBET Bcerza npejnosiaraeTca HAyLIHM CJleBa Hanpaso. Yc-
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JIOBHMCSl, KPOME TOro, OTMEYaTh Ha 4YepTexaXx H PHCYHKaxX ToJbKo abco-
JIOTHEIE 3HAUEHHS OTPe3KOB M, CJElOBAaTeJIbHO, €C/IH KaKas-HHGYLb Oyk-
Ba 03HAYaeT OTPHLATENbHYIO BEJHYHHY, TO Ha YepTeXe OHA JOJKHA GhITh
nocTaBJieHa CO 3HAKOM MHHYC.

Ha puc. I, 7 paccrosnue s' 6yJieT OTPHIATENbHBIM, TAK KaK MPOAOJKE-
HHe TpenomaerHoro ayya SA nepecekaer ock SO B TouKe S’, pacnosioxen-
Ho# cieBa or Toukd O, sBNAIONEHCA B JaHHOM CJy4Yae HadaJoM OTCYeTa
OTPE3KOB.

OnpeznenuM paccrosnde s’ oT npejomJsiomedi nosepxsoctd AB. Us
tpeyroibuukoB OSA u 0S’A umeem:

y=-stgi=s"tgi'.
Ha ocHosandu 3akoHa npesomaenus (I, 2) naxoaum:

O i (1, 6)

ncosi

CrieioBaTe/IbHO, BeIHYKHHA S He OyJeT NOCTOSHHOM, a 3aBHCHT OT yraa i
1

ﬂﬂﬂ napakKCHaJIbHbIX .uyqeﬁ OTHOLLeHHEe % 6/1M3K0 K €eJIHHHIIE H BeJIHYH-

Ha s’ OKa3LIBAaeTCH PABHOH:

’ n’
S =—8. (I: 6')
[To Mepe Bo3pacTanusa yraa i Touku S’ yaansercs oT TOukH S’g, KOTo-
pasi sBJISeTCs NapaKCHaJbHBIM H306paikeHHeM TOYKH S.
Pa3sHocTh
¥’ =5§"—3¢,

HasbiBaeTcsi npodoastoll cgepudeckoll abeppayueli. OHa onpesensieT INHHY

TOro oTpeska ocH S’yS’, B npejienax KOTOPOTO pacnosioxKeHbl TOUKH Nepe-

CeueHMsl Jyueil, COCTaBJAIOUMX KoHyc SAB, mocjie HX NpeJOMJeHHs.
M3 nocnemunx Tpex ¢opmyJs HaXomum:

' cos i’ n'
3 (cosi 1) = s. 17

B pesyabTaTe npesioM/ieHHs TOMOIEHTPHYECKOTO NydKa Yepes MJIOCKYI0
TpaHb B HeM MosiBAsieTCA He TOJbKO chepHyeckas abeppaunus, HO H TaK Ha-
SHIBA€MbIH aCTHIMATH3M.

Paccmotpum mapy Becema Ganskux ayued: SM; u SM, (puc. I, 8).
Ilpa Takux nyya mocse mpesioOMJIeHHs MepeceKaloTcs B TOYKe P, KoTopas
fBJIsieTcs M300parkeHHeM TOYKH S.°

O6o3naunm otpesok PM,, npﬂfmmxenuo paBHBIH PM,, yepes pm, a
OTpesox S’ M’,, npubnuxenHo pasuuii S’,M’,, uepes p’,. PasHocTs p’ y—
~pP'm (IPH BecbMa MasiblX Pa3HOCTAX BHICOT NajieHus Jaydel 8y) naswiBaer-
Cq acTHrmaTHUecKofl pa3HOCTBIO H, KaK HOKAasHIBaeTCs B Kypcax reOMeTpH-
YeCKoii onTHKH, BhIpaxaertcst (GOpMyJIoit:

ps'—pfn=p-% (1— °°s”')- (1.8)

cos?i
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AcTHrmMaTHyecKas pasHocTb obpauaercss B Hyab mpu { =i’ =0; B
3TOM caydae Touka P coBnajaer ¢ toukoit S',. [lpu Bospactauum yraa i
ACTUTMaTHYECKas Pa3HOCTh YBeJIHUHBAETCH.

[Mosepuem puc. 1, 8 Bokpyr ocu SO Ha Manwi yron @; ayuamu S, M,
H S';M, Boipaxaercs y3KMH HaKJIOHHBIH NYYOK B NPOCTPAHCTBe (pHC.
I, 9). Takum nyukoM TouKa S H306paKaeTCA yxKe HE B BUJie TOUKH, a B BUlle

Puc. 1, 8. ACTHrMaTH3M Y3KO-

Puc. [. 9. CarnrranbHoe a, H Me-
ro mydka

pUIHOHANBHOE @, H306paxeHusn
TOUKH S

NBYX OTPE3KOB: @4 H G, H3 KOTOPHIX NEpPBHIH pacnosioxeH B IJIOCKOCTH Yyep-
TeXa, a BTOPOH (@,) — NepneHIHKyJAPHO NJIOCKOCTH yeprexa.llepsbill
M3 3THX OTPE3KOB (@) Ha3biBAETCH CAarHTTaJbHBIM H300parKeHHeM TOYKH S,
BTOPOH (@,,) — MepHAHOHANLHEIM H306paiKeHH-
€M 3TOH TOYKH. ACTHrMaTHYecKasi pasHOCTb, HJH
aCTHIMAaTH3M, — €CTh PaCCTOSIHHE MEXKAY STHMH
OTpe3KaMH TO HaNpaBJIeHHIO XOfa Jyd4a.

Bce ckasaHHOe 10 CHX NIOP OTHOCHJIOCH K Gec-
KOHEYHO TOHKHM (S/IeMeHTapHbIM) NyYKaM; pac-
CMOTPHM MNpeJIOMJIEHHEe uepe3 IJIOCKOCTh My4KOB
Jy4elt, 3aNO/IHSIOMHX TeJeCHble YIJIbl KOHEYHBIX
pasmepoB. Ha puc. I, 10 nsobpaxeH IIHPOKHH
TOMOLIEHTPHYECKHH Ny40K JiyyeH, BHIXOAALIMX
H3 TOYKH S H NpesoMJsIOmMHUXCs Ha rpanHie OM.
Ecsin Ha npolo/IKeHHH KaXJI0ro NpeJioMJIeHHOro
pue. 1. 10, Kaycrnvecxne  °1Y'13 HaHECTH TOUKy (doKyca MepHIHOHAJBHOTO

NOBEpXHOCTH, 06pasoBaH-~ SJIEeMEHTapHOr0 ny4kKa, HAJii KOTOPOro JaHHBIA
e avven ap. VY CHYXHT OCbiO, a TaKiKe OTMEeTHTh TOYKY
pes MAoCKOCTS nepeceyeHHs STOro Jiyua ¢ ocbio SO, Ha KoTopo#
pacmosioXkeHsl TOYKH (HOKYCOB CarHTTaJbHEIX

3JIeMEHTapHBIX MYYKOB, TO TEOMETPHYECKOe Me-

CTO TOYeK B IJIOCKOCTH HepTexa obpasyer kpuByio MS'N u oTpesok
npamoi Ha ocH S'0. 'eoMeTpHUecKoe MeCTO BCEX TaKHX TOYeK B NpPOCT-
paHcTBe obpa3yeT MOBEPXHOCTb, HasblBaeMyio kaycmuueckod. Kaycthue-
CKasi MOBEPXHOCTb MepHJAHOHAJEBHEIX Jy4yeH eCcTb MNOBepPXHOCTh, 06pas3o-
BaHHaa BpallendeMm auuHun MS* Bokpyr ocu OS*; gpyras Kaycrudeckas
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NOBEPXHOCTb, 06pasyeMasi QOKaJbHbIMH TOYKAMH CATHTTANBHBIX NYYKOB,
B IaHHOM CJIyyae NpeBpamaercs B oTpesok ocu 0S’.

Mpenomnenke My4yKa yepes ILIOCKONApaMieNbHyl0 MIacTHHKY. M1 B sTOM
ciiyuae TOMOLEHTPHYECKHH INyYoK, NpOLIeNIHHA NJIacTHHKY, MepecTaer
66ITh roMoneHTpHUecKHM. OnHako chepuueckas abeppauud, NOABAAIOILAA-
csl TIPH MpeJIOMIeHUH y NepBoH rpaHH NIaCTHHKH, OTYAaCTH KOMIIEHCHpYyeTCs
MpH BTOPOM IIpeJIOMJIEHHH.

Beakuil najatomui yq BHIXOAMT H3 IVIACTHHKH NapajJieNlbHO CBOEMY
NpeXXHeMY HaNpaBJEHHIO, HO CMELIEHHBIM B HanpaB/IeHHH, neprneHHKYIsAp-
HOM TPaHAM NJACTHHKH, HA BeJIHUHHYA S' (puc. I, 11). [IpHmenus apaapt
3aKOH NPEJIOMJIEHHs Ha TPaHAX NUVIACTHHKH, MOJY4YHM:

siniy = nsini;; nsinig= sini,.
O6paTHB BHHMaHHe, YTO £’y = iy, HAXOMUM:
siniy =sinis; { =i,

T. €. JIY9 H3 TJMAaCTHHKH BBHIXOJHT NapaJuyieJIbHO Jy4y najarolieMy.
BennunHa cMmelleHHsi Jiyua AS’ 3aBHCHT OT yIJia MajeHHs Jayya i H
TOJILUMHE JIACTHHKY d; OHA BHIpa)aercs GopmyJnoi:

As’=d( _ig_"-). (1,9)
tg iy

rie d — TO/NUIMHA NVIACTHHKH, a i';—yToJ) NpeJIOMJIEeHHs HA TiepBofi rpaHH
nJacTHHKH. TOHKHH my4ok Jaydedl, HAywWHuX BIosb ocH OF, o6pasyer
MaJible YTJIbL { H i'; B 9TOM CJ/lyyae OTHOLIeHHe Taurencoa yTJI0B B mocJiefiHeH

¢dopmyJie MOKHO 3aMEHHTb OTHOLIEHHEM CHHYCO

sakoHa npesiomaends (I, 2) paBHO OTHOLIEHHIO noKasaTeJlei’i. T =—
2
Pagencrso (I, 9) npunumMaer Bua:

As) = it B . (1,99

nocJsie/iHee BbIpaKaeT BEJHYHHY CMeLIeHHSI NMapaKCHaJbHOrO MyuYKa.

Tak Kak BenMYHHA CMelleHHs Jy4ya A S, BbIUEAIEro U3 NJocKonapas-
JIeJIbHOH NIJIaCTHHKH, 3aBHCHT OT yrJia NafeHHs i, MVIaCTHHKA BHOCHT cde-
pHUECKyIo aﬁeppaumo B TOMOLIEHTPHYECKHH MyYOK; HaNpHMep, eciH JyuH
M'\S'y 1 M'yS’; (puc. I, 12) npono/mkuTh Hasall, MO BLHIXOJE H3 MJIACTHHKH
OHH nepecexy'r ocb SE B pasubix Toukax: Sy u S’,. Uepes S’ o603nauena
TouKa nepecevenuss ocd OF BuIeAUIAMH us MJIACTHHKH NapaKcHaJbHBIMH
JAyyamu. Bennunna nponosabHOH ceprueckoil aGeppalliH, T. €. pacCTOSTHHE
mexJay Toukamu S', u S’,, Boipaxaetcs GopMyioit:

2 =2 (1 o S ) {1, 10)

n cos i

Tl'omoneHTpHYecKHii My4oK Jiyyeid, NPeJOMHBLUIMXCA Yepe3 MJIAaCTHHKY,
npeBpalllaeTcs B IYYOK aCTHTMaTHYeCKHH. ACTHrMaTHYeCKas PpasHOCTb

21



Y3KOTO HaKJIOHHOTO MyuKa, MPEeJOMJEHHOrO Yepe3 MJoCKoNapalenbHylo
NJIaCTHHKY, BbpaxaeTca (GopmyJoi:

p;—p;,.= d (l_cos’!). 1,11

ncosi’ cos? i’

Ee anann3 nokasmiBaer, 4TO TIpH GonbLIOM yAaJIeHHH cBeTsAlLeHCs TOUKH,
KOTrjJia Ty4YoK Inajarolnx JIy'!El‘"i CTAaHOBHTCA NOYTH NMapaJJeJibHHM, Hapy-

— _._../E{‘
n Mf

n=1 ny=n ay=7 / z
N Vi
LA ; 7
; * / 8
MH’
- i
L
i
Al nf af
- E ﬂ S Sg Sf 52 E
\-_.v.d
as’ s’
Puc. 1, 11, MpeaoMaenne ayua vepes Puc. 1, 12. Cdepnueckan aGeppanns
NJAQCKONapanNenbHYI0) ODASCTHHKY ny4Yka nocjie ero npeJoMJeHHA 4yepes

ODAOCKONapaadenbHyd NAACTHHKY

IIeHHe TOMOLEHTPHYHOCTH NyYyKa He3HAuHTeJbHO, a IPH CTPOro MapaJiieb-
HOM MyuKe, HOPMaJIbHO NajalolleM Ha NIACTHHKY, NOCJEHASA He Bbi3hIBaeT
COBEpIIEHHO HHKAKHX MCKaeHHH. BiHsanue acTHrMaTH3Ma Ha u3oGpaxe-
HHE TOYKH MOMHO He YYHMTHIBAaTh BO BCeX TeX
C/lyyasX, KOTAa TOMIIMHBI IJIACTHHKH cpas-
HHTEJIbHO HeBeJIHKH (3alMUTHEIE CTeKJa, CBe-
TOQUABTPHL H T. A.).

MpenomaenHe nyuka uepes npusmy. Ilpe-
JOMJISIOWAs NpH3Ma INIpUMeHsieTcd B psale
ONTHYeCKHX, B 4YaCTHOCTH CIIEKTPaJNbHHIX,
npu6opoB B coYeTaHHH C obbexTHBOM. Ilpe-
JIOMJIEHHE CBETOBOTO MyyKa 4Yepe3 MPH3MY

BBISBIBAET He TOJbKO €ro OTKJIOHEHHe, HO H

Puc. 1 1 ana OMAMOME IHCnepCHIO MyuKa: Jyqd PasiHYHHX [BETOB

TipeTepneBaioT pa3HOe OTKJOHEHHE BCJIEeACT-

BHe pasiuyds [OKasaTesed TNpesOMJIeHHS

IJiA CBETOBbIX JiydeHl pa2HBIX JJIHH BOJIH, COOTBETCTBYIOULHX Pa3/IMYHBIM
1BeTaM CMeKTpa.

[Tpu3smMa onpenensieTcss YIioM ¢ MeXAy NPeJOMJSIOIHMH NIOCKOCTSMH
W moxasaTesieM MpeJOMJIEHHS N BEIeCTBa, H3 KOTOPOro OHA H3TrOTOBJEHA
(puc. 1, 13). Bocnoap3oBaBmmce 3akoHom npesomaens (I, 2°) n
puc. 1, 13, nonyunm GopMyJiel, Onpesesioniye nocneioBaTe/lbHoe NpeaoM-
JIEHHE Jlyya 4yepes MpH3My NPH 3alaHHOM yTJie MajJeHHs Jyua iy

sin iy

sini; = v dg=o4i; siniy= nsiniy
€= —iy +i,—o. (1,12)
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Kak Bunso u3 gopmyasl (I, 12), yron oTk/ioHenus e Jyua, npesoMHB-
1Uerocsi B MPH3Me, 3aBHCHT OT yraa najeHus i;. ClieloBaTe/bHO, FOMOLIEHT-
PHYECKHH NYYOK Jiyded nocje NPe/ioOMAeHHS 4epe3 NMPU3My NepecTaer ObiTh
FOMOLIEHTPHYECKHM.

YTOM OTKJOHEHHSI Nyya €, KaK IOKa3blBaeT aHaJ/H3, MMEEeT HaHMeHb-
1Iee 3HAYEHHE Eyuy, KOTAA XOJ JIyya BHYTPH NPH3MbI CHMMETPHYEH OTHOCH-
TeJIbHO INpeJIOMJAIOMHAX TpaHeH, T. e. Korma

) 1 o . e
—l, =lg= — —0, Sllij=—nsin—.
! 2 ' ! )

HaumeHbINHA yrol OTK/IOHEHHS By, ONpEJesieTCsi U3 BhIpaXKeHHs:

. O Egpg . @

sin —% = . I,13

| : . (1,13)
Ora dopMyna Hcnosaws3yercs B JabopaTop-
HOH NpaKTHKe LJsi OmNpele/ieHHA TOKa3a- ‘
TeJiedl TpesioM/IEHHs 7 CTEKOJ N0 H3BECT- -
HOH BeJIHYHHe ¢ W 10 H3MepseMOH yriioMep- e ¢
HbIM pHGOpOM (Hanpmuep, roﬂﬂome'rpom)_ — g
BENIHUHHE Eyyy. s’

B cnyuyae mpuambl € MaJsiBiM NpeJioM- d

JIAIOIMAM YIJIOM — ONTHYECKOTO KJIHHA —
BMecTO cHcTeMul dopmyat (I, 12) monyuaeM  Pue. I, 14, Orknonenne nysxa ay-
qupmy.ny, HEMOCPE/CTBEHHO  ONpeJIesiio- Yell ONTHYECKHM KAHHOM
IyI0 yTroJl OTKJOHEHHA Jiyya:

e=¢ [V B+ (@ —1)tg%, —1]. (1, 14)

IlpH MankIX yraax najeHus i; sTa dopmyJa MoxeT ObITh NpercTaBJieHa
NpPHOHKEHHO:

- - 2tl
e=a(n—1) (1+ = 11).
Ecau yroa i.l MaJl, TocJieJlHee BEIpaMKEeHHe JaJjiee ynpollaeTcs:
e=a(n—I). (1, 14%)

Kax BuzgHo u3 puc. I, 14, usobpaxenne Touku A’ B 3T0M Cayyae cmec-
THTCA OTHOCHTEJIbHO CaMOH TOUKH A Ha BEJHYHHY

y=se=s(n—1)a. - (1, 15)

PasHocTh yrJIOB OTKJIOHEHHS IJf JiyueH pasjiHYHBIX AJHH BOJIH, Ha-
TIpHMEp COOTBETCTBYIOWIMX ¢payurodepoBuiM JHHHAM F (A11Ha BOJIHBI

= 486,1 #m) n C(A = 656,3 #m), onpenensiercs u3 opmyant (I, 14")
OyTeM IBYKDATHOTO ee NMPHMeHEHHAA. DTa pa3HOCTh pPaBHa:

sp—ec=0(np—ng), (1,16)

TIe np—n¢ — Pa3sHOCTb MOKa3aTesell NpeJoMJIeH s, KOTOPYIO YC/IOBHIHCH
HaspIBaTh cpefiHedt qucnepcueit crekna. OT BeIMYHMHBI ITOH PA3HOCTH 3aBH-

23



CHT JHCNEpCHs CBETOBHIX MyYKOB NMPH3MOH H BooGuie J060H onTHYecKoil
CHCTEMOH.

Cpenusist qucnepens np—ne Hapsily C BEIHYHHOH NOKasaTesls mpesiom-
JIHHs CTeKJa np Aas (payHrodepoBoi JIHHHH CeKTpa D (cootBercryio-
el KeJATHM Jy4yaM ¢ JIMHOA BoHBl A = 589,3 1) nmosoxena B OCHOBY
KyaccuuKalHy ONTHYECKHX CTEKOJ: MapKH CTEKOJ, HMelolHe GOibuIyio
CPE/HIO AHCMEPCHIO, YCJIOBHJIHCH OTHOCHTh K KJacCy (VIHHTOB; CTeKJa,
o6najaiomue MaJoH NMCNiepCHell HaskLIBAIOT KpoHamH. [IpHMensomyecs B
HacTosillee BpeMs ONTHYECKHE CTeK/a 06/1a/iaioT ellle PAAOM APYTHX CrelH-
(HyeckHX ocobeHHOCTeH, PacCMaTPHBAEMBIX HHXKeE.

Ccepuueckas npeaomasiiomas nosepXHoctb. OCHOBHOH NeTaJbi0 ONTH-
YeCcKHX MPHOOPOB sIBASIETCS JIHH3A. JIMH30/ HAa3BIBA€TCH MPO3padHOe TeJo,
OrpaHHYEHHOE C JBYX CTOPOH Cde-
PHYECKHMH TIOBEPXHOCTAMH (mJioc-
KYIO [OBEPXHOCTb MOXKHO [IPH 3TOM
paccMaTpHBaTh TaK XKe, KakK cdepuye-
CKyl0 ¢ ouyeHp O6OJIbLUMM pajuycom
KpHBH3HEI). JIHH3BI MOTYT OHITH H3-
TOTOBJIEHbI H3 JIF0O60T0 ONTHYECKH NPO-

Pue, 1, 15, Ilpenomnenne nyda wuepes 3pa4yHOrO BellecTBa, HampHMmep M3
chepuseckylo moepxHocTh CTeKNa, KDHCTAJJIOB H Jp.; MOBepX-

HOCTH JIHH3 MOTYT GHITh TaK:Ke H 6o-

Jiee CJIOXHOH acepryeckoi Gopmbl, HaNpHUMeEp NHIHHIPHYECKHE, napabo-
JHYecKkHe H T. A. 3/lech PacCMOTPeHHI JIMUIb CHCTEMBl W3 CepHuECKHX

NpeJIOMJSAIONIHX MOBEpXHOCTell; TMPH 3TOM MNpeANoJaraeM, YTO NOCAeAHHEe
LEHTPHPOBaHbl. ONTHYeCKas CHCTeMa SBJSAETCH LEHTPHPOBAHHON, ecau
OHA CHMMETDHYHA OTHOCHTENbHO HEKOTOPOH OCH, TaK Ha3niBaeMOH ONTH-
yecKOH OCH CHCTeMBbI; Ha NOCJTelHeH pPacnoNOKeHbl LUEHTPhl KPHBH3HbI
BCEX TIPEJIOMJISIIOIIHX MOBepXHOCTeH JIMH3 ONTHYECKOH CHCTeMbl npHOopa.

Coepuyeckas MNOBEpXHOCTh, pasfieNsiollas IBe CPelbl C Pa3IHYHBIMH
TNoKa3aTesiMH TpeJomyenus n ¥ n' (puc. I, 15), aBnsercs npocreiiwed on-
THYeCKOH cuctemoil. [IpennonoxuM, 4To Ha TaKylo NOBEPXHOCTb C pafuy-
coM r najiaer Ny SM, ucxogsiuinii 3 cBeTsALIEHCA TOUKH S ¥ COCTABAIOLIHIT
yron u c ontHyeckoii eceio. [locie npenomsieHus 3TOT Ay4 6YAET HMETh
Hanpassenne MS’. YcraHOBHM 3aBHCHMOCTD MOJIOXKEHHs TOYKH S’ (oTpe-
30K s") OT ylasnieHHs CBeTaulelica TOYKH S (OTPe30K ) OT pajuyca r H NoKa-
3aTenell npesioMJIeHHs n H n'.

H3 1peyronbauka SMC naxopam:

sinf = I—%

sin u. (I, 17y
Bocnonb3oBaBlnuch 3aKOHOM MPEJIOMJIEHHS, MOJYYHM:

Y n = .

sini’ = — sini. (1,18)

Ws tpeyroasuuka S’ MC caenyer:

#=—i+i"+u (1, 19)
24



r—s sin i

- e’ (1,20)
oTcIoza: '
o sin i’
§=r—r——. (1,21)

[Nocnenoparenproe npuMenenHe dopmya (I, 17)—(I, 21) nossoaser
MpH 3aaHHBIX 3HAYEHHNAX N, n', r H HaYaJbHBIX KOOpIHHATAX JIyya S U &
BLIYHCJIHTb KOOPJHHATHI NPEJIOMJIEHHOTO Jyya s’ u u', ‘

Kak caenyer u3 (I, 21), nonoxenue n3obpakenus To4ku S’ Ha ONTH-
yeckod ocH (cM. puc. I, 15), onpemensemoe paccrosuuem §', siBJIfercs
¢yngnuer cuaycoB yrJyioB #  u'. [lna Toro uto6e Toyka S’ aBAANACH
HlleasbHBIM H306paxeHnHeM TOYKH S, Heo6XoAuMo, 4TOGB! OTPe3oK s’ ocTa-
BaJICA MOCTOSIHHBIM /15 JIIOGOTO 3HAYeHHs yIJia u.

Takoe ycaioBHe, B 4aCTHOCTH, GyleT BLINOJIHEHO B CJiy4ae, NPeACTaBsi-

IoLieM OCOOLIH MPaKTHYECKHH WHTEpec, a HMEHHO: TMpH 4 = —i' U3 dop-
myJst (I, 19) u* = —i; oTCI0Ofa NPHXOAMM K COOTHOLUIEHHIO: -
inu sin i’ n
22 =22 = 2 = conmst.
sinu sin ¢ n

Hs dopmya (I, 17)—(I, 20) nocsienoBaTebHO NOAYIHM:

s Bt s,=f_+7"._.,-_ (1,22)
n n

[TpH yKa3aHHBEIX PACCTOAHHAX S H S’ MOJyYaeM ONTHYECKH CONPSKEHHYIO
napy Tak Ha3biBaeMbiX allJIaHaTHUECKHX Touek S M S’: Touka S’ sBasercs
uaeanbHbiM (GesabeppanHoOHHbIM) H306paxKeHHeM ToukH S. s annaHaTh-
YEeCKOH mapel TO4eK COXpaHsieTcsi TOMOLEHTPHYHOCTh NMydyka JiyyeH A0 H
MoCJIe €r0 NMpeJIOMJIEHHS.

M3 dopmya (I, 22) caenyer, uto Tak Kak Bcerna n>0u n'>0, 10
OTPe3KH § H s" GYLyT OAHOrO 3HaKa. DTO SHAYMT, YTO €CJAH NPEAMETHas
ToyKa S JeHCTBHTeNbHAs, TO ee H3o6paxeHne S° — mHHMOE, H Hao6OpOT.

sin u
3aMeTHM, YTO yc/ioBHE —— = const 6yjer BhMOJHEHO TaKke elle B
IBYX OYEBHAHBIX C/IydasiX, a MMEHHO, Kak caeayet H3 (I, 21), npus = 0 n
s = 0; npus =s" =r, T. e. KOraa NpeJMeT U €ro U306paxeHHe pacno-

JIOXKEHBI B EHTPe KPHBH3HEI OBEpXHOCTH.
Insa napakcuanabHbIX Jyueit dopmyast (I, 17)—(I, 20) npHHAMAIOT BHA:

IO i B £’=—“,-i; ¢ =—it+i'"tu
r n
KL A 9 (1,23)
r @

B atix ¢opmynax Ml BBeH 0603HaueHHs NapaKCHAaJbHbBIX YIJIOB GYK-
BaMH @ H o’ COOTBETCTBEHHO BMECTO 0603HAYEHHH YIJIOB KOHEYHO BeJHuM-
Hel 4 H U,
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M3 cootrowennii (I, 23) HeTpyAHO MOJYYHTh H3BECTHLIN B ONTHKE HHBA-

pnaHT AGGe:
1 1 [ 1 1

WK
n' n n’—n r
rimeee — - (I, 24")

CrefioBaTe/IbHO, B IAPAKCHAJIbHOM 06G/IaCTH MOJIOXKEHHe M306paXkKeHHs Ol
HO3HAYHO 3aBHCHT TOJIBKO OT MOJIOXKEHHA S MPeAMeTa IJIs1 BCeX JyueH myy-
Ka, BHIIEAIHX H3 TOUKH NPEIMeTa.
dopmyna aas cepHueckoro sep-
Kana. M3 dopmyan (1,24') moxuo
NOJIyYHTb HENOCPEACTBEHHO 3aBHCH-
MOCTb MeXXJly OTPe3KaMH s i s, onpe-
AeJISTIOUHMH TIOJIOKEeHHE TOUKH [Npel-
MeTa U ee H306paKeHHA AJA ONHOH
Puc. 1, 16. K susoxy unsapuanta Jla-  OTPar<aiolled NOBepXHOCTH, T. €. IS

rpanxa — eAbMroabua sepkana. Bocnoab3oBaBmIHCH YC/IO-
Buem (I, 2'') u nosoxus n’ = —n,
HaXOAMM:
2
T S (1,247)
§ s r

Jns GecKoHeuHo ylaseHHOH TOUKM NpeaMeTa (s=— o) ee H3o6paxenne
noayuaercsa B (okyce 3epkana. Pokyc pacrnofiokeH HAa PACCTOAHHH S’ =
= [’ OT BepIIHHBI 3epKaJia; 3TO pacCTOsiHHe — TaK Ha3biBaemoe (OKycHOe

paccrosiHne f' 3epkana—onpenenntcs u3 (I, 24"’) npu s = —oo: f* = Lz-.
tdopmyna (I, 24’’) moxeT GuiTh Teneph NPEACTABJIEHA B BHJE:
e (1,24")
sl s ff

H3o0paxeHHe ajeMEHTapHOro OTpe3ka npejomasiomeii ceprHyecko i
noBepxHocTbio. PaccMoTpuM H3o6paxkenne dl', o6pasyeMoe NpesoMJasio-
uieil cepryeckod nosepxuHoctsio (puc. I,16) manoro orpeska dl, pacnoso-
EHHOTO MEepPTIeHIMKYJASPHO onTHuecKoH ocH B Touke S. Ecnu orpesku dl
uan dl’ HanpaB/ieHbl BBEPX OT ONTHYECKOH OCH, TO OHH CYHTAIOTCH MOJIO-
XHTEJIbHBIMH, @ eCJIH BHH3, — oTpHIaTenbHEIMH. OTHOILEHHE BeJHYHHBI
n3obpaxeHnus dl’ kK BeqMuHHe npeameTa d/ HA3bIBAETCA JHHEHHBIM, HJH IO-

nepeyHbiM, yBeJHYEHHEM fj:

_ dr
s (1,25)

Mpn B > 0 M3oGpaxenne HaspiBaeTcss NPAMBIM: mpH B << 0 — OG-
paTHbiM; mpH |B| << | — ymeHblueHHbIM; NpH |B[>> 1 — yBeqHueHHBIM.
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IMpoBenem u3s Touku A syu AC yepe3 uentp C MOBEPXHOCTH, KOTOPBIf
NPOHIET yepes MOBEPXHOCTL He Npesomasfchk. PaccMaTpuBas nofo6HBE
TpPeyrosibHHKH, 06Pa3s0BaHHbIE STHM JIYYOM, MOJY4HM:

B= ‘”' -t (1,26)

§—r

Bocnonssosaswncs (I, 24) u oﬁpa‘mB BHHMaHHe, YTO B MapaKCHa/b-
HOH o6macTH (cM. puc. I, 16) ;

h=sa=sd, (127

’
-5 2z o2 P P’ /4
5 -5 M.& 5 $ 9 [ % la
-d@._
Puc. 1, 17. nnmeuosa'reuhuue uaocpameuun. odpasyeuue cHCTeMOR npenommn-

WHX moBepxHocTefl

u3 (I, 26) npuxomum K HHBapHaHTy Jlarpahxka — [lenbmrosbna:
nadl = n'a"dl’. wo (1,28)

U3 zapucumocreit (I, 24) u (I, 28) caenyer, 4TO KaIAOMy MOJIOKEHHIO
TOYKH S mpeliMeTa COOTBETCTBYeT ONpeJieleHHOe MOJOXKEHKe ee H3oGpake-
Hus S’ ¥ KauaoMy sJieMeHTapHOMY OTpe3Ky dl, Nepnex Ky IsPHOMY K Ofl-
THUYECKOH OCH, COOTBETCTBYeT H300paXkeHHe B BHJe oTpe3ka dl’, Takxke nep-
TEeHIHKYIAPHOTO K OCH. OTciozia, O4EBHAHO, YTO 3JEMEHT MJIOCKOCTH, mep-
NeHAHKYIAPHEIA K ONTHYECKOH OCH, H306paxKaeTcs TAKXKe JIEMEHTOM TIIOC-
KOCTH, TEpNeHAHKYJAPHbIM K ToH ke ocH. Takwe mapel Touek S u §’,
otpeskoB dl u dI" u 371eMeHTOB MOCKOCTH dS 1 dS’ Ha3bIBAIOTCH ONTHYECKH
COnpsiXeHHBIMH.

MapakcuanbHble H300paxeHHs, o0pasyemble CHCTEMOI NPEJOMISAIOUIHX
noBepxHocteii. PaccMoTpHM o6pasoBanue H300pakeHH#H B [apaKCHAJbHOM
00/1aCTH OMTHYECKOH CHCTEMOH, COCTOSILEH M3 MNpeNOMJSIOLIHX [OBEpX-
HocTeH — ciepHYeCKHX HIH achepHUYeCKHX: B MapaKCHalbHOH 06JacTH
cdopma J1060H NOBEPXHOCTH ONpeleNseTCs ee KPABH3HOH B BepIUHHE.

ITycTe cHCTEMA COCTOMT H3 pPsilla noBepXHocTeH 1, 2, ..., p (puc. I, 17).
Hso6paxkenne npeaulecTByomeil TOYKH NMpeMETa SABJISETCS B CBOIO OYe-
pexar mpeameToM NS NOCJEAYyIOMeH NOBepXHOCTH:

Si=8, S$:=8;....5.1 =35,
dhy =db, db=dl, ..., dl,_ =di,
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Hs Toro e pHCyHKa CJefyeT:
r r r
ny = Ny, ”.2 = Ngy eeey Np—) = ﬂp;
r ’ r ’
Ay =0y, G=10g,...,0p ) = &p.

TIpumensas uuBapHanT (I, 28) K Kaxa0H H3 NMpeJOMJSIOIIAX MOBEPXHOC-
Te#l, NONyYHM:

naydly = nyaydly = ++« = nyaydl,. (1,29)

- Dra QopmyJia MO3BOJSAET ONPEAeHTh JHHEHHOe yBeJuYeHHe BCEH CHC-
TEeMEI:

- dl
s R (1,30)

d[] ﬂ;ﬂp

OJHAKO JUIs 9TOTO HeOOXONHMO PacCUMTAaTh NapaKCHAJIbHBIH YroJ N0 BbIXO-
Jle JIyya H3 CHCTEMHI.

3aiiMeMcs OmpefiesieHHEM YIJia o.'p, 8 TAKKE PacCTOsHHSA Sp (CM. pHC.
1, 17) usobpamenus oT nocsiefHefi NMOBEPXHOCTH ONTHYECKOH CHCTEMBI.

Bocrnosnb3oBaBitchk Gopmyaamu (1, 24) u (I, 27), MOXHO nNONY4YHTH
cJefyiolllee BhHIpPaXeHHe AJiA TpPeJIOMJIeHHs Jyya yepes J00yio, HanpHMep
k-10, NOBEPXHOCTD:

nadty — My, = hy ( ""; i ) . (1,31)
Hs puc. 1, 17 caenyer:
Apyy = hy — dyag,,. (1,32)

INTonyuennsie gopmyanr (I, 31) u (I, 32) asnsioTca gopMynamu pexyp-
PEHTHLIMH: IPHMEHss NOoCJeNOBATENbHO KaXKAYIO0 H3 STHX (HOPMYJN K KaX-
20ft H3 NPeJIOMJIAIOMMX TIOBEPXHOCTEN, Mbl, 3HAasi BXOAHBIE KOOPJHHATHI Jy-
ya @, H by = S04, HaHJieM Bce 3HaYeHHS YIJIOB H BEICOT:

’
a W hy, ag U hyy .o, @) MRy,

B sakniouenne pacueTa OnpejelsieTcsi NOJOXKeHHe W300paxeHus s,
JHHelHoe yBelHYeHHe B ¥ BeaHuHHA H306paxenus dl'p:

2 B n?:i s dl, = Bdi,. (1,33)

r h
. 3

a

o

3aMeTHM MpH 3TOM, YTO MapaKCHAJBHEIH YTOJ @; MOXET BBHIPaMKaThCs
B IPOH3BOJIbHBIX €JHHHLAX; NPH STOM BHICOTA fl; = @;5; TaKiKe BBIPA3HTCH
B YCJIOBHEIX €HHHLAX H TOJBKO OTPE3KH §; ... S'p MOJYYaTCA B PeasbHBIX
BbIOPaHHEIX eAMHHLAX ANHHBL. OGBYHO, eclH TOYKa NpeameTta S; (cM. pHC. |
I, 17) HaXonuTCS HAa KOHEYHOM PACCTOSIHMH, TO NPHHUMAKOT g = —1 (an
3aJ]aloT YToJ paBHLIM J060H Apyro# seanuune) u b, = q,s,. Ecan npex-
MeTHas TOYKa GecKOHEYHO yAaJieHa, MPHHHMAWT a3 = 0 H A, = 1 (uan
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sagaloT hy paBHbLIM /060 Apyro#l BeJHYHHE, HAaNpPHUMEP, KaK YBHAHM HH-
e, QOKYCHOMY pacCTosiHHIO f' cHCTeMbl).

Onpejenerne pagHycoB KPHBH3HB NPEJOMISIOIHMX NOBEPXHOCTEH MpH
3ajaHHOM XOJié napakcHajbHOro jyuda. MHorpa Ha mpakTHKe NpHXOAHMTCS
pewaTh 06paTHYIO 3a/iauy: 3allaH XOJi MapaKCHAJIBHOrO Jiyda Yepe3 CHCTe-
My NPeJOMJSIOMMX MNOBEPXHOCTEH H HEOOXOAMMO ONPENE/IMTh BEJHYHHY
pajHycoB KDHBH3HBEI MOBePXHOCTeH, 06eCHeYHBAIOIMUMX 3aj@HHBIH  XOA
Jyua.

Hrak, sanansl cienyioute napamerpsl (cM. puc. I, 17):

gy Ggyeeny G‘.:,;
hy h, ..., h,
[Tpu 3TOM, KOHeyHo, coGmoaaercs saBHcHMocTh (I, 32):
hppy = hy — dpayyy -
Ws (I, 31) monyyaem Qopmyny, peliaiollyio IaHHYIO 3ajauy:

r

nk—uk

ry = —/——— h
h ﬂkﬂ*—nkak k?
UMK B GoJiee CKaTOH 3anUCH:
Al’lk
ry = —— h;. 1,34
R A h (1,34)

§ 2. HMOIEANTbHAS OIITHYECKASl CHCTEMA

OnTtHyecKHe CHCTEMbl, JaXke CrelHaJbHO PacCYHTaHHE, HEH36eXHO
JaioT H3o6paKeHHe npeMeTa B Gonbluel HIH MeHblUeH CTENeHH HCKaXKeH-
HEIM, a OT/Ie/IbHBIE JIeTaJIH er0 — Pa3MBITBIMH. B 3aBHCHMOCTH OT CTPOrOCTH
TpeGoBaHUH, NPeAbABAAEMBIX K KayecTBY H300paKeHHs, YTO B CBOIO Oye-
pelb onpejessieTcs HasHauyeHHeM ONTHYECKOro npHGopa, HX ONTHYECKHe
KOHCTPYKIHHK 06/1alatoT pasaH4HON caoxHocThio. Ha morpemHocTsx uso-
OpaxkeHHH B peaJbHRIX ONTHYECKHX CHCTeMax OCTaHOBHMCS HHXKe (rsiaBa
I1). 3neck xe BBeneM MoHATHE 06 udearbHoL onmuueckot cucmeme, CBOGOJ-
HOH OT BceX HeJOCTAaTKOB peallbHBIX cHcTeM. IIpH sTOM npeanonaraercs,
YTO HJealbHas CHCTeMa oOpasyeT H300paKeHHA TOYEK CKOJb YIOIHO
Gonbiof YacTH MPOCTPAHCTBA MOCPEACTBOM LIHPOKHX TOMOLEHTPHYECKHX
Ny4yKoB JNyyed. dTta Hiea/Hu3HPOBaHHAA CHCTEMA NO3BOJISET TOCTPOUTE OG-
Y10 TEOPHIO /15 NPHOJHKEHHOro pellleHHs Pas/HYHBIX 3aJay NpaKkTHYec-
KOH ONTHKH.

CoBOKYMHOCTb BO3MOMKHBIX INOJIOXKEHHH TOYeK NpeiMeTOB — BepIIHH
TOMOLIEHTPHYECKHX TYYKOB JIyuel, BXOAAUIMX B ONTHYECKYIO CHCTEMY, —
Ha3oBeM npocmpaxcmeom npedmemos; TPOCTPAHCTBO, B KOTOPOM pacroJio-
HEHBl H300paXKeHHS TOYeK, — BepUIHHEI TOMOIEHTPHYECKHX MYYKOB Jy4eH,

BBHIIIEANIHX H3 ONTHYECKOH CHCTEMBI, — Ha30BeM npocmpaHcmeom usobpa-
Herud. :
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HneanbHas onTHuecKkas cHCTeMa YIOBJETBOPSET C/e/lYIOUIHM YCIOBHAM:

1. Kaxnoit Touke nMpocTpaHCTBa NPEAMETOB COOTBETCTBYET OflHA H TOJb-
KO OJHAa TOYKa MPOCTPAHCTBA H306paeHHH; o6e COOTBETCTBYIOLLHE TOYKH
Ha3bIBAIOTCS CONPANCEHHBIMU MOoYKamy OOOMX MpOCTPaHCTB.

2. Kaxnoit mpsiMoH JIMHHHH MPOCTPAaHCTBA MNpelIMETOB COOTBETCTBYET
OJlHA H TOJILKO OJlHA MpsAMas JHHUA NPOCTPaHCTBa H306paKeHHMH; COOTBETCT-
BeHHEIE JIHHHH HA3HIBAIOTCA CONPANEHHBIMLL,

3. Ecau Kakas-HHOYIb TOYKa B NPOCTPAHCTBE MpPEIMETOB JIEKHT HA
NpAMO#, TO CONpSXMEHHas ¢ Hell TOYKa JIEXKHT HAa NPAMOH, CONPSXKEHHOH ¢
niepeofi npsMoH.

H3 sTuX yCJIOBHi JIOTHYECKH CJIeLYEeT, YTO BCAKOH IJIOCKOCTH B MPOCT-

paHCTBe NpejMeTOB COOTBETCTBYET

p CONMpsi’KeHHas eHl MmIoCKOCT: B mpo-
/ \ , |.  cTpaHcTBe H300paxeHHI.

s Insa GONBIIMHCTBA  ONTHYECKHX

A
i
ly 0 0" I -/l " cucTeM MOXHO OrpPaHHUHTHCS pac-
Lg
P l/A p’ CMOTpEHHEM JIMIIb TAKHX CONPSIKEH-

HEIX NIPOCTPAHCTB, KOTOpble oObJiaza-

Puc. 1, 18. Jlugeflnoe yBeAHYEHHE ONTH- IOT.II,BYMH CONpAMEHHBEIMH OCIMH CHM-

qeckoll cHCTEMH meTpuH. [lJ0cKoCcTH B mpocTpaHcTBe

MpeIMeToB, MephneHIHKYAAPHOH ocH,

COOTBETCTBYET BCJEACTBHE YCJIOBHA CHMMETPHH IVIOCKOCTD, TAKIKE MEpeH-
JHUKYJIsipHas OCH B IPOCTPAHCTBE H300paXKeHHH,

[ns panpHefiwero ynpolleHHs GyAeM CYHTaTh, 4TO o6e CONpsXKeHHEHE
OCH CHMMETpPHH 06pa3yioT OiHy NPAMYIO — Onmu4eckyto oce. Besikyio nuoc-
KOCTh, MIPOXOMASAULYI0 Yepe3 ONTHYECKYI0 OCb, GyIeM HasblBaThb Mepuduo-
HaasHoU naockocmero. JIyuy, HaXOsIEMYCsl B MEPHAHOHAJBLHOH MJIOCKOCTH
MpEeIMETOB, COOTBETCTBYET Jlyd B CONPSiXKEHHOH MepHAHOHAIBHOH MJI0CKOC-
TH NPOCTPaHCTBa H306paxKeHHH.

Jloka/mu3oBaHHasA 8lech HIeasJbHAsA ONTHYECKas CHCTeMa o6nanaer,
TaKHM 06pa3oM, KpyroBoH CHMMeTpHeH: BCe ee NpesIOMJIAIOILHE WIH OTpa-
JKalolllie ONTHYECKHE MOBEPXHOCTH MMelT chepHYecKyio WJH acdepHyec-
Kyl0 aKCHaJIbHO-CHMMETPHYHYIO (JOPMy OTHOCHTEJIBHO ONTHYECKOH OCH, Ha
KOTOpO# pacmosIoxeHbl LeHTPbl KpHBH3HEI BCEX MOBEpXHOCTeH: TakKas CHC-
TeMa HA3bIBAETCH YEHMPUPOBAHHOL.

Hu omna peasbHasi ONTHYECKAas CHCTeMa, 32 HCKJOYEHHEM ILIOCKOTO
3epKaJia, He YIOBJETBOPSET YCJIOBHAM HIEabHOH CHCTEMEI BIOJIHE CTPOTO.
PeanbHbie onTHYecKHe cHCTeMbl 06/1a1a10T STHMH CBOMCTBaMH JIHLIb B Hapa-
KCHaJIbHOH 06J1aCTH.

doxychl, oKycHbIEe pACCTOSIHHS H IMIaBHBIE TOYKH HACAJNbHO /i ONTHYeC-
Kofi cucremsl. ITycTe Ha pHe. 1,18 OO’ usoGpaxkeHa HeKoTOpas ONTHYEC-
Kas cucrema. OGo3Ha4YHM BeJIHYHHY 06bekTa SA yepes [, a BeJIMYHHY ero
usobpaxenns S'A’ — uepes [

OrtHoleHne AuHEHHBIX Pa3MepPoB H3oGpaXkeHHs I’ K COOTBETCTBYIOLLKM
HM pasmepam oGbeKTa | HA3bIBAETCH AUHEUHbIM YBesuderuem ONTHYECKOH
CHCTEMBEL.

B= -’r . (1,35)



Jluneiinoe yBennyenue f HJlleaJIbHOH CHCTeMHl eCTh HEKOTOpas [IOCTOSH-
Has BeJIHYHHA ANA JAaHHOH Maphl CONPsKEHHBIX muockocted P u P’, pac-
NOJIOXKEHHBIX NMEepPNeHAHKYJISPHO OCH, B KOTOPHIX JiekaT oOTpe3kH SA u
S’A’. TMocTosHHaA BeJIHYHHA JIMHEHHOTO YBeJHUYEHHS SBJSETCH TaKiKe
CJIeACTBHEM KpyroBOH CHMMETPDHH ONTHYECKOH CHCTeMBl H ofecrieYHBaer
reoMeTpHuecKoe nono6He M300paKEHHs MPEIMETY.

ITepemeinas o6bEKT BAOJAbL ONTHYECKOH OCH, MHl GyneMm noay4arb pas-
JIMYHBEE 3HAYEHHA JIHHEHHOro yBesHYeHHs. B yacTHOM cayyae MOXKHO on-
penenuTh AJis BCAKOH ONTHYECKOH CHCTEMBl TAKyl0 Napy CONpPsiXKeHHBIX
IJI0CKOCTEH, 1711 KOTOpOH JiHHeHHOE yBeJlHYeHHe PaBHO eJiHHHIIE:

T. €. JHHeAHLIH 06BEKT B 9TOM CJlyyae paBeH O BeJIHUHHe cBOeMy H306pa-
JKEHMIO ¥ OJAVHAKOBO C HHM HAIpaBJeH OTHOCHTENLHO ONTHUYECKOH OCH.
3Ty mapy CONpsKeHHBIX TJIOCKOCTeH HAa3blBAIOT 2AAGHBIMU NAOCKOCTAMU
cucmemot.

Ha puc. I, 19 yKasano oqHO 13 BO3MOXKHBEIX OJIOKEHHH IMIaBHBIX M1J10C-
kocreit H u H' v rnapuux Todek H u H'. Ilna onpeneleHds NOJOMEHHS
STHX NJIOCKOCTEH MOXHO IOCTYNHTb s

T
caeayiouwumM o6pasom. Ipeanonoxnm, ¥yoa o, ,
YTO Ha ONTHYECKYIO CHCTeMy mnagaer 2 n/ir_ M \# - 2
ayuy PM, napanyieslbHBIH ONTHYECKOH /ﬁ*f h h’aﬁ{"r\ ’
ocu. Ilpofins uyepe3 cucremy, Jayy /,F\_'f’ o A« F\
GyaeT HMeTb HEKOTOpOe HampasJe- -F ! !
nue K'F’'. Ilpegnonoxum panblie, {

YTO B CHCTeMy BcTymaet Jayd Q'M’,
HAylinii CNPABa HAJIEBO 1aPa/IeNIbHO  Puc. I, 19 Taasuule naockocts onride-
OITHYECKOH OCH M Ha TOM JKe paccTo-

SIHHH OT Hee, uTo ¥ siyu P M. Ilpoiina

yepes CHCTEMY, 3TOT Jiyy GyaeT uMeTh HeKoTopoe HanpasJjenue KF.

Ecau 6b1 BoixonsueMy ayqy KF GbiIo 1aHO 00paTHOE HaNpaBJeHHE —
ot F x K, To oH npoiues 66 NyTh Yepe3 ONTHYECKYIO CHCTEMY B 06paTHO#
TOCJIeAOBATeILHOCTH H, BHIAA H3 CHCTEeMBI, HMeJs HanpaBaedne M’'Q’. Ta-
KM 06pa3oM, TOUKY R MOXHO pacCMaTPHBaTh KaK TOYKY MepeceyeHHs Jy-
yeit PM v FK, BCTYyNalOUIKX B CHCTEMY, T. €. OHa ABJIAeTCA BEPLUMHOM Ny4-
Ka ayyejl, BCTyNalollUX B CHCTeMy (cBeTsilledcs Toukoi). Mzo6paxennem
310/ TOYKH GyleT TouKa R’ mepeceyeHHA BBIXONAULHX H3 CHCTEMbI Jy4ed.
Ecin teneps u3 Toukn R onyCTHTh mepneHAMKyasap RH Ha onThHyecKyio
och 1 0Tpe30K R H cuutath 06beKTOM, TO 0TPe3ok R’'H’ Gymerero uaobpa-
xenneM. Ho RH = R'H’. CnenoBatenbHo, HalllleHHasi Tnapa CONpsiKeH-
HBIX OTpe3KoB yjosJsersopser ycioshio (I, 36). [Tlnockocru H u H', B Ko-
TOPBIX JIeXKaT 3TH OTpe3KH, H GyAyT COOTBETCTBEHHO MepefHeil H 3aaHel
TJIaBHBIMM [JIOCKOCTAMH CHCTeMbl. TOUKH HX NepeceyeHHs C ONTHYECKOH
OCbi0 Ha3hBalOTCA nepeane A u sanueil H' enasHoimu moikamu cucmemol.

Korza ceersliascs TOYKa, nepeMellasch BAOJb ONTHYECKOH OCH, yaa-
JsieTcsi B 6eCKOHEYHOCTb, TO ee M3o0paxkeHue mosiyyaetcss B Toyke F
(cM. puc. I, 19), nasuiBawoweiics 3adHum goxycom; B 3Tom (okyce nepece-
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KaloTCA 110 BHIXOJe M3 CHCTEMBI BCe JIY4H, BCTYMAlOLHe B CHCTeMy mapaJ-
JIEJIbHO ONTHYECKOH OCH.

Iepednum goxycosm HAEIBAIOT TY TOUKY, B KOTOPYIO HaJl0 TIOMECTHTD TO-
YyeyHBlH 06BEKT A/ TOro, 4ToOhl ero H3ofpaxkKeHHe HaXOAHJIOCh Ha GecKo-
Heunoctd. [IpH sTOM JyuH, BhilleAWKe H3 TOYKH F, Npoiijs Yepes cuctemy,
MOHAYT My4YKOM, MapaJjiieJibHbIM OCH. I1/0CKOCTH, MepneHAHKyAApHEIe Ofn-
THYECKOH OCH M TMpOoXosuiie yepes TouKH ¢GoxycoB F u F’, HasbBawTCA
COOTBETCTBEHHO nepedrel u 3adned goxarvHbimu naockocmanu. Paccroanune
HF = for nepenueii rnapnofi ToukH H 1o nepeanero goxyca F HOCHT Ha-
3BanHe TepeHero GoKycHoro paccrosinua. Ananoruywo H'F’ = [ ssasa-
ercsl 3aJlHHM (OKYCHEIM paccTosiHHeM. 3ameTuM, YTo okycel F u F’, B o1-
JIMYHe OT IyiaBHbIX ToyeK H W H', He SABASIOTCHA COMpPSIKEHHBIMH MEXAY
coboil.

H i
K [ =
A // R R ~
L il = r r
2o, 4 ~F ' & s
§| -z it ’
M }f 7
@ fa" ] A"
SRR ) vt

Pue. 1, 20. Onpepenetne NONONKEAHA H BeNHIHHB
H3oGpaXeHHA

Ecau Toukr QOKYCOB OT COOTBETCTBYIOUIHX F/IaBHBIX TOYEK pacmoJo-
MeHbl 10 HaNpaBJIEHHIO PAaCPOCTPAHEHH A CBETa, TO (POKYCHbIE pacCTOSHUSA
CYHTAIOTCH MOJIOKHTENbHBIMH, B MPOTHBHOM CJIy4ae — OTPHUATENbHBIMH.

Ecau na puc. I, 19 npuuare, uto RH =h, a R"H' = h’, To u3 jpauHo-
ro Bhillle OnpefiesieHusi (GOKYCHBIX PACCTOSAHHM CAeLyeT:

’ h h'
= g = . 1,3
f o f 0 (1,37)
O‘IEBHI[HO, B napaxcnanbnoﬁ OﬁJIaCTH COOTBETCTBEHHO:
h r
f'=_,; f=—. (1,38)
a a

Sti dopMyJibl B IpaKTHKe pacyeTa ONTHYECKHX CHCTEM CJYKarT A/ Ha-
XOXJeHHS (QOKYCHbIX PaCCTOSIHUH 1O M3BECTHLIM HANpPaBJIEHHAM XOJAa Jy-
yeit.

YBeauyeHHe onTHYECKOH CHCTeMbl; ¢OpMyaa COMpPAMEHHBIX OTPE3KOB.
Ecsin u3BecTHO MosoxeHHe INIaBHBIX TOUEK H (OKYCOB CHCTEMEl, TO MOXKHO
BHIMOJIHHTL NOCTPOEHKA H3006paxeHHH rpadHyecky.

Jlys AK, napannenbHuIH ONTHYECKOH OCH, MOCJIe TIPEJIOMJIEHHS TOHAET
yepes To4yKy 3aguero dokyca F' (puc. I, 20); onHOBpeMeHHO MO CBOHCTBY
[JIaBHBIX NMJIOCKOCTEf 9TOT 2Ke JIyY JJo/KeH epecedb BTOP yio IJIaBHYIO I1J10C-
KOCTb B TOYKe R’, pacnoJioXeHHO# OT ONTHYECKOH OCH Ha TaKoM e pac-
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CTOSIHHH, KaK H TOuKa R; TakuMm o6pa3oM, HampaBJIeHHE TpPeJOMJEHHOro
ayya K'A’ onpepesutcsa Toukamu R’ u F'.

Auanoruuno ayy A M, npoxoasuiuit yepe3s Touky F nepepuero ¢pokyca,
rnocJie MPeJIOMJIEHHSA Yepe3 CHCTeMy BhIfiZeT B HanpaeseHun M'A’, napan-
JIEJIbHOM OMTHYECKOH OCH, Ha paccTosiuuu Q'H’, pasHom paccroanuio HQ.
INepeceyenne nyueit K'A' 1 M'A’ onpenesnut Touky A’, KoTopasi SBHTCH
H306pamennem Toukd A. Tak KaK 1O yCJIOBHIO ONTHYECKas CHCTeMa Hie-
‘anbHas, TO BCE JYYH, BHILIEAIINE H3 TOYKH A, MOCJIe TPesIOMJIEHHS JOJIXKHBL
nepeceubcs B TouKe A’. Otpesok /', nposejieHHbIi yepe3 Toyky A’ nepnex-
JHKYJISPHO ONTHYECKOM OCH, IBHTCA H300paxKeHHeM OTpesKa [/, Take nep-
NeHIHKyaApHOH ocH. H3obpaxeHHe TOUKH S pacno/ioKeHO Ha ONTHYEC-
KOH ocH B Toyke S’'.

O6o3naunm paccrostHe H3obpaxeHns S oT Touku F' sapsero gokyca
gepe3 x’; COOTBETCTBEHHO PaCCTOAHHE NIpeaMeTa S oT nepeaxero goxyca F —

yepes x.
M3 nonobus tpeyroabuukoe ASF u HFQ cnenyer:
=~ sk (1,39)
—x l

AuaJIorHYHO H3 APYro# Mapel MONOGHBIX TpeyroysibHHKOB R'H'F' m
A’S'F' naxomum:

x — ’
i g (1,399
Conocraeus pasencrtsa (I, 39) u (I, 39’) ¢ Boipaxenuem (I, 35), nonyynm
[ S (1,40)
x f

Sra popmyJia NO3BONAET , 3HAA PACCTOSIHHE X HJIH X M POKYCHOe paccTos-
HHe CHCTEMBI, OTIPEeJeJIUTE JHHelHHoe yBeanyeHHe f.

dopmyant Helorona u laycca. M3 ¢opmyant (1,40) HemocpescTseHHO
ClIefyer:

xx'=ff'. (1,41)

IMonb3aysick 5THM BBIpaXKeHHEM, MOXKHO IO H3BECTHBIM (POKYCHBIM pac-
CTOSIHHSIM H TOJIOKEHHIO TIpeIMETa OTHOCHTENBHO NepelHero Gokyca HalTH
NONOKeHHe H306paXKeHHA HA ONTHYECKOH ocH cHereMbl IlosydyeHHOE BbI-
paxeHHe Ha3niBaeTcsi opmysoii HeioToHa.

ITonoxxenne o6beKTa H ero H3o6paKeHHsA HHOrJa ylo6Hee ONpeleATo
OTHOCHTEJIbHO TJIABHHIX IIJIOCKOCTEH.

[pon3ssens 3amenb nepeMeHHbix (cM. puc. 1, 20)

x=a—f, x'=a—F[, (1,42)
npuxoxuM K dopmyJe 'aycca:

L (1,43)
a a
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B3auM03aBHCHMOCTb MeXAY (DOKYCHbIMH PpACCTOAHHAMH CHCTeMbl.
TIpu6apasis K o6enm qactsam pasenctsa (I, 41) oHy H Ty XKe BEJIHYHHY 2l
TIONY YHM:

x(x'+F)=F &+
orciona H u3 (I, 40) umeem:

Bt __(FNP __ 1 & 44
P x ( x ) I roa’ (Lt}
H3 puc. 1, 20 HenmocpeACTBEHHO CJENyET:

atgu=a'tgu'. (1,45)

i

IMocne noncraHoBkH B (1, 44), npuHAB B = —%—, HaXOolHM BBIpaXKEeHHE,
KOTOpOE HHOTrJa HasbiBaloT Teopemoll Jlarpamxka — ['enbMronbua:
fltgu = —f'U' tgu'. (1, 46)

OueBHAHO, STO ypaBHEHHE HMEET MECTO H B NapaKCHaNbHOH 06J1acTH
NpH MaJbIX 3HAUEHHAX YIIOBU = a Hu' =a':

fla = —f'l'a’. (I, 46")
Ileas nounenHo pasexctsa (I, 46”) u (1, 28), naxonum:
L S ]
ft - n’ (1’47)

Bo MHOrMX cJy4asx Cpeloi NpOCTPaHCTBA NPEJMETOB H H300p aXeHHH
fIBJISIETCH BO3AYX H, clefoBaTeNbHO, n=n' = l. [IpH TakoM JonyIieHHH
nepefnee u 3agHee (OKyCHbIE pacCTOAHHA 6yAyT YHCAEHHO PAaBHB H OTIH-
YaThCsA TOJIBKO 3HAKAMHU:

ff=—F (1,48)
®opmyaa Heiotona (1, 41) npuHuMaeT BHA:
T - L (1,49)
®opmyana Maycea (1, 43):
1 1 1
a’ - ? - f—y . (l’m)
Bripaxenne auHeRHOro ypennuenns (1, 44):
-_— a’
f=—-. (1,51)

H3o0paxerine GecKOHEYHO yaJeHHOH TOYKH NpeAMeTa, PacloNoKeHHOM
BHe onTuueckoji ocu. M3 TOYKH mpeznMera B CHCTEMY MOCTYIHT NY4YOK
napaJiJiesIbHHX Jyveil, 06pa3ylouHX yroJ HaKJOHa @ OTHOCHTEJbHO ONTH-
yecKo# ocu (puc. I, 21).

Onpegnennm paccrosinue I Touku uaobpaxenns A’, pacnoJioKeHHOH B
sanHeH QoKasnbHO#H miockocTH F’ cuctembl. Cpefin Jiyyel HaKJIOHHOrO myy-
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Ka HaiiIeTcs 1y, NPOXoAsAlIni yepes nepeannii pokyc F u, cjeloBaTensHo,
HOYWMHA Tapajjie/lbHO ONTHYECKOH OCH MO BHIXOJAE H3 CHCTeMbI; IJ1d
STOrO Jyya HaXOIHM:

I' = figw. ‘ (1,52)

Cpenu siyyeit Toro e nyyka nHadgerca ny4y AH, npoxoasimui uepes
NepelHIon [VIaBHYIO TOYKY H H, CJIeIOBATEbHO, MO BHIXOZE H3 CHCTEMEI
NpoXonsauHit yepes SalHIOW IMaBHYIO TOYKY H'; Ans 3TOro Jyya MOXKHO
Hanucathb:

I'=—ftgu',.. (1,52
Ecan nepsas M nocjeRHss cpelsl, 7
OKpYyJKalOlllie ONTHUYECKYI0 CHCTEMY,
olMHaKoBE, Ton=n' uf = —f; co- < o
nocraeaas (I, 52) u'(1, 52'), naxonum: 1~
W, =w, aszy
A‘a’ﬁi-f

T. €. BCAKHH Jy4, BXOAAIMHA B ONTH-
UECKyIo CHCTEMy Yepes MepejHioio IiaB- Prc. I, 21. HaoGpaxenne GecKoHeuHoO
HYIO TOYKY NOJ HEKOTOPBIM YIJIOM, II0  ymaneHHOR TOYKH DpeaMeTa, pacmojo-
BLIXOJ€ H3 CHCTEMEI IPOXOAHT uepes BERRIR RS ORISR e
3ajHIOI0 TJIaBHYIO TOYKY MOJ TeM e

YIJIOM, €CJIH NOCJieHAA H NlepBasi ONTHYECKHe Cpelbl OAHHAKOBE. B 3TOM
cayyae I8 BeJIHYHHbI H300paxeHHs [” GeCKOHEYHO yaJIeHHOTO TpeaMeTa

MOJy4HM:
I'=—F tgw. (1,53)

s obuwero xe cayyas (n = n') uMeem:
| S HL f tgw. (1,53

Hanpumep, B IOGHTEILCKOM TVIEHOYHOM (OTOANNapaTe ¢ (opMaToM CHHM-
Ka 24 X 36 mm nonyaumarosansb Kaupa I’ = 21,6 mm. Ilpu dokycHom pac-
crosiHHH 06beKTHBa [ = 52 mm u3 (I,53) naxomum:

tgw = 2% _ 0,416; -w = 22,5°.

TMonnwiit yron nons spenns paseH 2w = 45° YroJa nmoss 3peHusi, COOT-
BETCTBYIOLIHH IIHPHHE Ka/ipa, paBeH: ,

tgw = % = 0,360; w = 20° 2w — 40°.

¥YrioBoe W NpofOAbHOE YBeJHYEHHSl ONTHYECKOfi CHCTeMBbl. YTJIOBBIM
YBe/IHyeHHeM ONTHYECKOH CHCTeMbl HAa3hIBAETCsl OTHOIIEHHE TaHTEHCOB YI-
J0B &’ ¥ u (cM. pHC. l 20):

— (1,54)
tgu
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tg u’
g u

puusis Bo BuuManne (I, 44) u (I, 47), a TaKxe, 4TO = E‘f_ , Ha-

XOIHM.:
LY '
B= . (1,54')

Ecau yIJI0BO€ yBEJHUYEHHE B IlaHHOl':l nape ConpsAXKeHHBIX TOYUeK paBHO
eaunnne (Yo = 1), TO TaKHe TOYKH Ha3bIBAIOTCA Y3106bIMU:

oTCroa:
uo = uo. ao = au ’

T. €. Jy4, BXOZALIKH B CHCTEMY Yepe3 NepPeHIO0 Y3JIOBYIO TOUKY O HEKo-
TOPLIM YIJIOM, 11O BHIXOJle H3 CHCTEMBbI NIPOXOIHT Yepe3 3aJHIO0 Y3JIOBYIO
TOUKY NOJ TAKHM JKe yrjioM. Ec/n nepBas u nocsienHss cpeibl OJHHAKOBEI
(n =n"), To npu y = | Bennunda =1 (cM. I, 54’) u, caenoparenbHo,
i y3JIOBBIE TOYKH COBNafaioT C
' IJIaBHBIMH TOYKAMH CHCTEMBI.
B3auMoconp sixeHHBIMH
ABJIAIOTCA TaKKe NpOoCTpaH-
CTBEHHBE INpPEIAMETHl H HX
H300paxKeHHns, HMEIoIHe
ray6uny. [lpsMonnnelubif
OTpe30K, NapaJJleIbHLH om-
Puc 1 2 K DRl . L% DPOROIMIOTO i eCKO oCH, H306paxKaercs
B BHE CONPAXEHHOTO eMy
NpPAMOMMHEHHOT0 OTpesKa, TaKXKe MapaJileIbHOro ONTHYeCKoH ocH. O6o-
3HayuM yepes dx M dx’ MaJible OTPE3KH ONTHYECKOH OCH BOJIM3H CONpSKeH-
HBIX JIocKocTedt (puc. I, 22) Su §'.

HpoaOJ!bH.blM yeeauteHuem g HasbIBaeTCs IPOH3BONHAS:

= dx’
= —_—, I,
a= 2 (1,55)

Juddepenuupys ypasuenne Heiotona (I, 41), nonyuum: xdx’ + x'dx =
= 0; orcioaa HaXOLHM:

x|
X

[
B -

F H H F
rz‘ af T’ z!

X

B T i,
dx
Hs (1, 40) u (1, 47) cnenyert:
a=_X I _g(_ft\"» _@m. .
i=—2 L=f(-L) 2 — (155

T. €. NPOJOJIbHOE yBeJHYeHHe MPONOPIHOHANBHO KBaApaTy MONEPEYHOro
YBEJIHYEHHS, a IPH 1 == n' PaBHO eMy.
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Ecan oceBbie 0Tpe3KH dx i dx’ He GECKOHEYHO MaJibl, a IMEIOT KOHEYHBIe
spayeHHs Ax = x,—x  HAx' = x'; —x',, TO, NIpHUMeHAS ABaXKALl GopMy-
ay (I, 40) K kaxa0# nape CONPAKEHHBIX [IJIOCKOCTEH H BOCIOJb30BABIUKCh
(I, 47), nonyuum:

BE o il g B (1,55")

rae Py ¥ B2 — NoNepeyHble yBeHUEHHS B IJIOCKOCTAX H306pakenuil 06enx
nap CONnpsKeHHBIX NJIOCKOCTeH, onpeje/isieMblX COOTBETCTBEHHO KOOP AHHa-
TaMH X, X'y ¥ X3, X's.

3aBHCHMOCTh MEKAY TpeMmMs BHAAMH onTHYecKMX yBeauueHui. [lome-
peyHoe, YIJIOBOE H NPOJAO/bHOE yBesaHueHns B3anMoceasdansl. M3 (I, 54") u
(I, 55") HemocpeACTBEHHO HAXOLHM:

fa =f. (1,56)
70 BHpaXKeHHe ABJAETCA 06GIIHM, MOJYYEeHHHIM 683 KaKHX-JH60 Zomy-
LIeHHH.
OnTHyeckasi CHIA CHCTEMbI; cXomMmocTh ayueil. MHorjaa nosbsyores
TepMHHOJIOTHEH H 0003HAYEHHAMH, MPENCTaBJAIOMIUMH B HEKOTOPHIX CJIY-
yasgx H3BecTHHIe yA06CTBa H yallle BCero NpHMeHseMble B 0TaAbMOJIOT HUec-

nl
Koil onTHKe. YMHOXHB 06e uactH ypaBHenus (I, 43) na i BOCIOJIb30-
paswuck (I, 47), nomyunm:

L SR S—" 3 (1,56")

¥YcnoBuMcs HasBIBaTh BEeJJHYHHY OTHOLUEHHA NMOoKa3aTeJsid [pPeJIOMJIeHHA
K OTpE3KY, OnpeleaaoleMy MoJIOKEeHHE NeHTpa TOMOLEHTPHYECKOro my4kKa
CXOIMMOCTbIO MY4YKa NO OTHOLUEHHIO K TOYKe, OT KDTOPOﬁ OTCYHTHIBAETCH

r

n n
oTpesok. OG03HaYHM CXOIMMOCTH —7 H — NPOMHCHBIMH GyKBaMH rpeyec-

Koro anjaBuTa — cootBereTBeHHO 2’ M X. OTHOIIEHHE NOKasaTesns Mpe-
JIOMJIEHHS CPellbl K COOTBETCTBYIOULEMY (POKYCHOMY DaCCTOSHHIO Ha30BEM
ONTHYECKOH CHJIOH CHCTEMHI @:

p=2 —— 1, (1,57)

[lpuuaB ykasaHuele 0603HauYeHHA, HanuweM ypaBHenue (I, 56') B Buae:
=%+4o, (1,57")

T. €. CXOZHMOCTb Ny4Ka Jiy4yel, Aaioilero H3obpaxeHHe TOYKH Ha OCH, paB-
Ha CyMMe CXOAMMOCTH MyuYKaJiyyeH, BHIXOAALIMX H3 H300paKaeMoH TOUKH
NpeAMEeTOB, H ONTHYECKOH CHJIBI CHCTEMEI; IPHYEM CXOIHMOCTH ONpe/ie IeHbl
N0 OTHOINEHHIO K I'JTaBHBIM TOYKaM CHCTEMEIL.

&
HMHorpa napsay ¢ moHaTHeM ONTHYECKOH CHJEI CHCTEMBl @ = +r BBO-
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1
JIAT TIOHSITHE CHJIEI ONTHUeCKOH cHcreMul @=—;. OyeBngHo, uTo ¢ = n'®;

JJIST CHCTEM, HaXOAALHXCA B Bo3ayxe, n' = 1 u ¢ = @,

3a eauHMIy ONTHYECKOH CHJBI CHCTEMBbI NPHHHMAIOT ONTHYECKYIO CHAY
CHCTEMBI, Y KOTOPOH BTOpOE (OKYCHOE PacCTOSSHHE MOJIOXKHTENBHO H PABHO
OINHOMY MeTpy B BO3ZyXe; 3Ta elHHMIIA Ha3kBaeTcs gHonTpHed. OueBnato,
YTO CXOZMMOCTH MOMHO TaK2Ke BhIpaXKaTb E JHONTPHAX. 3aMETHM,UYTO eC/H
BCE OTPE3KH OINpejeJIeHbl He MO OTHOIIEHHIO K IVIABHEIM TOUKaM CHCTEMEI,
a M0 OTHOLIEHHIO K BepIHHE NpPeJOMJISIONEH MOBEPXHOCTH, TO TNPHHATO
OTMeyaTh 3TO CJIOBOM «BepILIHHHBIH», HANpHMep: «BEepLIMHHOE (OKycHOe
paccTrosHHe», «BEpUIHHHASA ONTHYECKas CHJIa».

§ 3. ONITHKA Y3KHX HAKJIOHHBIX TIYYKOB
Brie GbliiH paccMOTPEHBL CBOMCTBA ONTHYECKHX CHCTEM MPH ABYX AHa-
MeTpPaJibHO [IPOTHBONOJIOMKHBIX JONMYIIEHHAX: CBOHCTBA CHCTEM MaJiOH anep-

TYPHl H MaJIOTO TOJISl 3pEeHHS — CHCTeM B NapaKCHaJbHOH 06/1acTH; CBO#-
CTBa CHCTEM GOJBIUMX anepTyp H LIHPOKOrO NMOJSA 3PEHHS — HIeasbHbIX

S,
u

Sf

Puc. 1, 23. IlpenomaeHnue SAeMeHTapHOrO ACTHrMATHYeCKOro
nyuka

ONTHYECKHX CHCTeM. PaccMoTpuM 3/iech CBOHCTBA IPOMEXKYTOYHBIX CHCTEM,
oOpasyioluX H300paXeHHs B Mpeje/ax MHPOKOro NOJsA, HO Y3KHMH Myy-
KaMH Jiydeil: H306paXKeHHs STHMH CHCTeMaMH (OPMHPYIOTCS GECKOHEYHO
TOHKHMH NyYKaMH, HAYUIHMH BOIH3H MOOBIX MEPHAHOHAJBHBIX, B 4aCTHOC-
TH, TJIaBHBIX Jy4e#l, 06pa3yIom X KOHEYHbIE YIIB 4 H 4’ C ONTHYECKOH 0ChbIo
M KOHeYHble YIJIbl NaJileHHs { ¥ TIPeJIOMJIEHHS { C IOBEPXHOCTSAMH ONTHYeC-
KOil CHCTEMBI.

Ilon mMepHAHOHA/NBHEIM JiydoM NOHHMaeM Jyd, JeXKallHH B MepHAHO-
HaJIbHOMH MJIOCKOCTH, T. €. MJIOCKOCTH, NpOoXo/siiel yepe3 ONTHYECKYIO OCh
CHCTEMbl M JaHHYIO TOUKY INpeJIMeTra.

Ha puc. I, 23 npeacrasnen MepuaHoHanbubifi Ayd SMS’, npenomasio-
uHCs yepes cepHIECKYIO IOBEPXHOCTb H MPOXOAALLHIT Yepe3 TOuKy Nnpel-
MeTa. Dtot Jiyd 6yZeM pacCMaTpHBAaTh KaK OCb HEKOTOPOro GeCKOHEYHO
y3Koro nydka. K TakoMy My4Ky MOTyT GbITh NPHMEHEHBl 3aKOHEI AP aKCH-
anbHOH onTHKH. ONHAKO NPH 3TOM TMOABJSAETCA H CYIIECTBEHHOE OTJHYHE.

B paccmMoTpeHHBIX BBILUE NapaKCHAJBHBIX YYKaX OCh 6ECKOHEYHO TOH-
KOro nyuka 6blsia HanpasJ/ieHa [0 HOpMaJii K cepHUECKHM MOBEPXHOCTAM
B TOYKaX NaJeHHs (ONTHYECKAs OChb); B ITHX CJyYasiX S/1€MEHTapHbIH roMo-
LIeHTPHYECKHH NMYYOK OCTaBaJCA romoneHTpHuecknM. Ecaiu ke och nmyuka
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(BBIOpaHHEIH MepHIHOHAIbHEIR Ny4) 06pasyeT KOHEUHBIH YToJ i C HOpMAaJbio
(panuycoM) B TOYKE NaleHHs, TO MNPENOMJEHHbIH 3/JeMEHTapHBIH MydoK
JIeN1aeTCs aCTHTMaTHYECKHM.

Ha MepuanoHanbHOM JTyue B3ATa TO4Ka T', pacnosioxeHHasi Ha paccTos-
HUH —f,, OT TOYUKH MafieHus Jyya M Ha chepHYecKyo mosepxHocTb. Eciu
HanpaBHTb H3 TOYKH T GecKoHeuHO GJIHSKHH syd, obpasywouui yron du
¢ MEpHAHOHAMBLHEIM JTyyoM T'M, To noc/ie npesloM/IeHHS Yepes MOBEPXHOCTh
STOT Jiy4 nepeceyeT ayd MS’ B HeKoTopoii Touke T, KOTOPYIO MOXKHO pac-
CMaTpHBaTh KaK MepHAMOHaJbHOe H306paxkeHue ToukH T, o6pasyemoe
y3KuM nyukom. Paccrosnne ¢', 9Toro n3o6pakeHHs oT To4KH M BeTpeyH ay-
4a C MOBEPXHOCTLIO onpenensercs gopmyJoi IOHra:

’ 9 27 ’ i
H.CO'SI _HHC(IJSI - n cosi ncosi . (l,58)

tn im r

3ameTHM, 4TO 5Ta (opMyJsia NPHHHMaeT BHJ, aHaJoOrHyHbllH Qopmyae (I,
24’), ecan nosokuTh { = i’ = 0, T. €. €CIH OCbIO Ny4YKa BHIGPATh ONTH-
YecKyio oChb.

INposeaeM 13 Toi e ToukH T 6eCKOHEYHO 6JIM3KHIt CarHTTaJbHBIA J1yY
(Ha pHCYHKe OH He NOKasaH), PacloJIOXKeHHbIH B CarHTTa/IbHOH IJIOCKOCTH,
npoxoasuiei yepes nyy 7'M W neprneHAHKYNSPHLIH MEPHAHOHAJIbHOH IJIOC-
KOCTH. STOT JIy4 1ocJie peJioMsieH s nepeceder ayy MS’ B HeKOTOpO# TOY-
Ke, pacro/ioxKeHHOH Ha PaCCTOAHHH £; OT TOUKH M 1 HasEIBaeMOH CaruTTallb-
HEIM H306pax<eHHeM Touku T; Bropas ¢opmyaa lOura nossosser on-
peesIuTh MoJIOXKeHHe H300paxeHHs, o6pasyeMOro sjeMeHTapHbLIM CaruTt-
TaJbHBIM TYYKOM;

n’ n’ cos i’ —ncosi

n ’
= ; (1,58")

s r

Ecau [ = i’ = 0, 1o 06e ¢opmyant JOHra naeHtTHusel H npu £y = f,,, pac-
cTosHuA H3o6paxeHH £, U {, GYAyT TakxKe paBHbl M, CJeAOBAaTE/bHO,
FOMOUEHTPHYHOCTh NMy4yKa COXPAHHTCS; B OOLIEM Ke cayyae (Koraa i == 0)
3/leMEHTapHbIH rOMOLIEHTPHYECKHH MYYOK IOCJIe NPeJIOMJIEHHA CTaHOBHTCA
acTHrMaTHyecKuM (¢, # t';), T. e. Touka npeaMeta T H306pa3uTCsi ABYMs
TOYKaMH: TOYKAMH MEpHIHOHAJBHOTO H CATHTTAJbHOTO H300paxeHHii,
pacrnoJioXeHHBIMH JAPYT OT IpYra Ha paccTosHuu (¢'y —¢%,), HasbiBaemoM
acTHrMaTHYeCKO# pasHOCTBIO, HJIH, KOpOYe, aCTHIMaTH3MOM.

K Takum myykam npHMeHHM Takxke uHBapHaHT Jlarpamxa — [enbM-
roneua (cm. 1,28), HO npH BIBOAE 3TOH (hOPMYJIEI NMpeANosaraiocs, 4YTO
aneMeHT u3obpaxkenus dl, nepneHAHKYJApeH OCH Iy4YKa; MOJNIOXHB @ =
=duua’ = du', nonyunm:

ndl du = n'dl’ du'. (1,59)
Kaxk caenyer us puc. I, 23, dl, =dlcos u u dl’ |, = dl’,, cos u'; npuxonnm

K XOpoIIO H3BECTHOMY B CBeToTexH#Ke [4] AnsA muiocKuXx 3sJeMeHTapHBIX
nyykos uHBapuaHTy LlTpaybens:

ndl,du cosu = n'dlmdu’ cosu’; (1,59")
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HO B JJaHHOM CJiy4ae 3/eMeHThHl dlp, H dl’,, ONTHYECKH COTPSIXKEHbl H HX OTHO-
IIEHHe BhIpaX<aeT JHHeHHOe MEPHIHOHAJbHOE YBeJHUYEeHHE B,

’

= dl
B = =2 (1,60)

[Mpoussenenue nd! cos u du octaeTcst HHBapHaHTHBIM H IPH BCEX MocJe-
AYIOUMX NPEJOMJIEHHAX Yepe3 CHCTeMY ONTHYECKHX MOBepXHOCTeH:
nydl, cos uyduy = - - - = n,dl, cos u,duy,

TaK KaK, OYeBHJIHO:

r 1l ’,
Moy = Mgy Up—y = Uy; dlpy=dl, B T. A

Puc. 1, 24. K PHBOAY 3aKOHOB MapakcHaiabHofl ONTHKH BAOJb I/iaB-
Horo ay4a

OcHoBHbIE COOTHOLIEHHSA NapaKCHAIbHOMN ONTHKH BAOJb TJABHOTO Jyya
HenocpeACTBeHHO caelyioT 43 puc. I, 24. Touku A,, u A’,, ONTHYECKH co-
npsikensl. [Ipy nepememenns ToukH A,, B IpocTpaHCTBe NpeaMeToB B Gec-
KOHEYHOCTb CONMpSKEHHaA C HeH TOYKa 3aHMeT MoJOXKeHHEe 3aJlHEr0 MepH-
IHOHaMbHOrO oKyca F’,, onTHueckoi cuctemst 00, [Tonaras n3obpaxenne
dl',, Ha TJIaBHOM Jiyye NepneHAHKyIApHbIM OnTHYecKoi oc 00 cucreMsl,
MOX@XHO HaHTH Ha TVIaBHOM Jiy4e IJiaBHble TOYKH Hp, 1 H';,, MepHIHOHA/NbHO
YBeJHYeHHe [,, B KOTOPHIX PaBHO elHHHIIE:

3 hm r
Bm=7!';'—‘ . (1,60

ot npeacraBjeHud MPHBOJAT K H3BECTHBIM COOTHOLUEHHAM IapaKCH-
3J'IbHOﬁ.Ol'lTHKH, HO BJ10J1b I'VIAaBHOT'O Jiy4a:

[T . N S X (L,61)

B carurraneHoil muockocthH npeamer dl, W ero wusobpaxkenne dl’,
MOXXHO 00pa3oBarh, MOBOpaYyHBas Ha HEGOJBLIOH YroJ BCIO MEPHIAHOHAJb-
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»

HY!O TJIOCKOCTb BOKPYT ONTHYECKOH OCH CHCTEMbI; IIPH STOM SJeMeHTH dl,
u dl'; 6yLyT NepneHAHKYJAApPHH K ryaBHoMy ayuy. Popmyna Heiotona
MMEET aHaJIOTHYHbIAl BUA H JISi CarHTTaJbHbIX MYYKOB:

’

R .. IR | (1,61%

Xg fs

He ocranaBauBasce 3jieck Ha Gosee moApo6HOM pacCMOTPEHHH COOTHO-
[DeHHH napaxcnanbﬂoﬁ OIITHKH BJ0JIb IVIABHOTIO Jiy4a, YKa)XKeM JIHIb, 4TO
HE BCe paHee BhIBeJleHHbIe (JOPMYJbl MAPAKCHANBHOH ONTHKH MOryT OBITH
nepeHeceHbl CIOfla aBTOMaTHuecKH. B wacTHocTH, dopMysia Ans yrioeoro
yBEeJHYEHHA, KaK CJelyeT U3 pHC. I, 24, NPHMET BHA.:

h.. cOs U v h:"cos u
du, =-—"2——; dup = —/——
" tmtim " x i
post st ln (1,62

cos u 2t F
Bocnosb3oBabiuuck ¢opmysoii Hetorona (1, 61), Haxomum:

Bt = — o SEE (1,627

fm cosu

COOTBETCTBEHHO ANSi CATHTTAJbHBIX 3JIEMEHTapHHIX NYYKOB MNOJYYHM:

J
—, (1,627
fs
YTO NPHBOAMT K HHBAPHAHTY B CATHTTAaJbHOMN IJIOCKOCTH:
fidldu, = — f.dl du,.
IlpyrHe COOTHOLIEHH 3JIEMEHTAPHOTO NyYKa BAOJb [JIaBHOrO Jy4a Gy-
AYT TaK»Ke HECKONbKO OTaHYHbMH [ 13].

E:Ts = s

§ 4. CJIO)KHASl ONTHYECKAS CHCTEMA

Besakuit onTHyeckdi npu6op NpeicTaBaseT CHCTEMY U3 IBYX WM Gosb-
Ilero yucaa KOMIOHEHTOB, IOHHMasA MOJ MOCJAeIHHMH KOMOHHALWM M3 He-
CKOJILKHX CKJIEEHHBIX HJIH 6JH3KO APYT K JPYTY PacrnoioXKeHHHIX JIHHS,
Ilns onpeesieHus ONTHYECKOrO AEHCTBHA TAKOH CHCTEMBI O/IKHO OBITh H3-
BECTHO NOJIOKeHHE (DOKYCOB M IJIaBHBEIX IJIOCKOCTEH B KaXKAOM KOMIIOHEHTe
H HX B3aMMHOe pacnoJioKeHHe, onpele/ieMoe pacCTOSHUAMH d; MeXAy 3a-
HeHl ryiaBHOH NJIOCKOCTBIO MpeABIAyLIEro (i-ro) KOMIOHEHTa W NepenHed
TJIaBHOH IJIOCKOCTBIO mocgeayiouiero (puc. 1, 25).

Pacuer xoma siyua yepe3 MHOTOKOMIIOHEHTHYI0 ONTHYECKYI0 CHCTEMY.
Bosbmem HekoTopmlil niyd, mpoxonsinuil yepes Touky Sy (puc. I, 25), —
OcHoBaHHe oTpe3Ka /y. [Ipesiomasasice BHYTpH CHCTEMBI, 3TOT J1yy 6yaeT npo-
XOIMTD yepes TOUKH S3,83 .. Si.. Sy, S’y COOTBETCTBYIONIHE H300paXKeHHIO
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ToukH Sy. [TosioxKeHne STHX TouyeK ANA HEKOTOPOro, HampuMep i-To, KOM-
NoHeHTa, onpegeautca dopmyoi (I, 43):

sl gl (1,63)

Puc. 1, 25. Xox nyua yepes MHOrOKOMOOHEHTHYIO ONTHYECKYK CHCTEMY

MOJMyYHM:

tgu;=—-$-tgu.+h;¢';=%tgu,+h,¢)1, (1,64)
i

4

I‘Jl.e q) — CHJ1a (-TO KOMIIOHEHTAa, HaﬂOMHHM CHMBOJIHKY, a HMEHHO: -
ni_ni+!:ui_ui+[HTn
.B.aﬂee H3 NPOCTOro reoMeTpHYECKOro MocTpoeHHs HaXOoHAHM:

Rigs = hy—dtgug,. (1,65)

[Nocnennne ape peKyppeHTHbie (OPMYJBI TO3BOJISIOT BHIIOJHHTH pacuer
XoJla Jiyya yepe3 MHOTOKOMIIOHEHTHYIO CHCTeMy, Onpefienias TocJeqoBa-
TeJIbHO KOOPAHHATHI JIy4a ¢; U A; IJ1A KaXKA0r0o H3 KOMIoHeHToB. i aToro
HeoOXOoMMO JIMIIL 3HATh HavaJbHLIE KOODAMHATHL BXOja Jy4a gy U Ay
(unu ay, TaK Kak Ay ~ d;tg u,) u rayccoBbl 3/7€MeHTH ONTHKH, T. €. BCE
3Hauenus f,, 'y, di. TlosoxenHe TOYKH u3oGpaxenns S’, ONpeNesHM u3
dopmyasL:

Ay = —Dm_ (1,66)

ig u:"

JluHeiiHoe, yrJjioBoe H TIPONOJNLHOE YBeJHYEHHS YCTAHOBHM H3 opMys
(I, 54), (I, 46) u (1, 58):

ig H;n — f tg Uy ny tg uy

—_— n'
= B 8 M W T Tmm
= P e S Rl T w6

OnTHYecKas cuia H MONOKeHHe (OKYCOB Y NBYXKOMMOHEHTHO CHCTe-
Mbl. B npaxkTHKe 06beKTHBOCTPOEHH 1 YAaCTO NPHMEHSAIOTCH JIBY XKOMIIOHEHT-

N
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HBIE CHCTEMHI (TesIe06beKTHBEI, CBETOCHJIbHEIE 06 beKTHBEI [leTiBansa u Ap.).
OGo3HauuB yepe3 d pacCTOSHHE MeXKAY IVIaBHEIMHU MJIOCKOCTAMU KOMIIOHEH-
TOB, a yepe3 @, u @, — ux cuasl, Bocnosb3oBaBluck (I, 64) u (I, 65) u
NON0XKMUB iy = 0, moNyYHM:

tg u’ = h"Dl; hg = h| P— d tg ug = hi (I - dd)’);
tg “3 - hl (_"r:'?'- @1 + ®3 — d(Di‘I’S) .
9

Orciofa HaXoAHM cHJaly onTHyecKoi cucteMul P u ee doxycHoe paccrosinne
[ :

s s SN PR O, (1,68)
F hy ng

INonioxenns 3anHero goxyca F’ u 3apueil rmaHo# Toukn H' onpenenstes
oTpe3KaMu @' g u b g

v hg l—dQ]_ 4 r. ’ '
e Bl el TR
rae b'yr — paccrosuue 3ajHel raasHoOi ToukH A’ Bcefi cHCTeMBl, OTCYH-

ThIBAaEMOE OT 3aj]Hell T/1aBHOH TOUKH BTOPOTO KOMMOHEHTA.

Ecau 06a KOMNOHEHTa CHCTEMBI HAXOASITCA B BO3LyXe, TO BMECTO CHJILL
ONTHYECKOH CHCTeMBl H ee KoMnoHeHToB (; MOXKHO NPHHATE ONTHUECKYIO
CHJIy CHCTEMBI H ee KOMIIOHEHTOB @;:

1 ” 1 —d
P= 5 =9t dpien ap, = —tie;
v (1,70)
by = ' — s Gy — L=, b pia,,

?

rae d — paccTosinHe MexAy 3afiHel TJIaBHOH TOYKOH MepBOro KOMIIOHEHTa
H epeHel TIaBHON TOYKOH BTOpOro KomnoHnenTa. MiHoraa Bmecto paccros-
HHA d BBOAAT TaK Ha3kIBaeMblil onmu4ecku i unmepeas A — paccTOsiHHe OT
3aaHero ¢oKyca nepBoro KOMIOHEHTa A0 NepenHero (oxKyca BTOPOro Kom-
noHenrta. B sToMm cayuyae HMeem:

d=fi+A—f (L,71)
ITocne noncranosku B (I, 70) ¥ HEKOTOPEIX npeoﬁpa:_aoaannﬁ, NOMYYHM:
r _ flf; My o '( fé).
[f=—F= = aP’—fz-l-l——A—,
r r r ’ f’
bH‘=f__apr; ap'—_'__fl (1+'—BL); bH='—f+aF- (1172)

Oco6riit HHTepec npencTapaseT KaacC ONTHUECKHX CHCTEM, Y KOTOPHIX
ONTHYeCKHH HHTepBaA A = (; BCe BEJIHUHHBDI, ONpeJie/ISeMble BbIPaXKeHHAMH
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(1, 72), cranossitcsi 6eCKOHEYHO GOJIBLIHMH, B TOM YHCIE H ' = —f —o00;
9TO TaK HasbiBaeMble aQOKaJbHBIE, HJIH TENECKOMHYECKHe, CHCTEMEL.

Jluu3sl KoHeyHoH Toaumuubl, [Tpumenum cdopmyaw (1,68) n (1,69)
JIMH3e KOHeYHOH TOJIIHUHEI, pACCMaTPHBas ee KaK CHCTEMY, COCTOSILILYIO H3
IBYX GECKOHEYHO TOHKHX KOMIOHEHTOB: KaXKAyi0 H3 NPesOMJSIOWMX To-
BepXHOCTeH IpHMeM B KaueCTBe KOMIIOHEHTa, Y KOTOPOro 06e rJiaBHbie TOYKH
COBMELIEHbl U PaclloJIOKeHbl B BeplIHHE ToBepXHOCTH. OxHOBpEMEHHO B
¢dopmyaax (1, 68) u (I, 69) mponsBenem sameHy GYKBeHHbIX 0003HaYeHHH
nosaoxenuit F' 1 H' npUMeHHTENBHO K JIHH3€E, Y KOTOPOH pacCTOSHHA TO-
yek F' u H’' 0GBIYHO OTCUHTHIBAIOTCSA OT BEPLIHHBI COOTBETCTBYIOUIEH MOBEpX-
HOCTH, a HMEHHO: @' pr = §'pr B b g = 'y (puc. 1, 26).

. 98

A=l 1, m=ny N2 =t £
‘ 4
‘F 7 H ”'az 'y F’ %

-S¢ \t,, 'na SEr H b A\ ¢

- \ g f’_..l '} J

a 2 ' 7 e

Prc. 1, 26. lpenomiaense aysa B Prc. I, 27, ITonoXeHHe TAaBHBX

AHH3e KOHEeYHOA TOJULKHLI nnockoctell B AHH3AX PASNHYHOrO

BHAA

Bocnosb3obasiucs uHBapuantoM A66e (I, 24), HanulieM BEpaKeHug
($OKyCHBIX paccTosiHHE 418 06eHX MOBEPXHOCTEH JIHH3BI, TPHHAB Ny = n
un'y = 1:

s
n—1

r_ nry . P
h=7=7ih=

INocse nopcranosky B (I, 68) u (I, 69), o6parue Buumanue, uro Oy =
— = 1 .
= H @, s OJyuHM:
LY ]
o — i Py ) (..1_ _L) 4. in—~l)d,

L£] £ nryry

(1,73)

s;,=f'(1— Lo d); tyy=—F2=14.

nry

He npusoas spech BbiBosia, HanHeM BHIpaXeHHA OTPE3KOB Sg H Iy, ONpe-
Je/FI0UIHX TI0JIOXKEeHHA nepefiHero GoKyca 1 nepeaHel IMaBHOH TOYKH JIHH-
3HI

Sp=—1" (1+ n=l d); tﬂ'=—f' ‘ud- (1,73

nrg nrg
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MonoxeHHe IIaBHBIX MJIOCKOCTeH B JIHH3aX pasjHUHOTrO BHNA. JIMH3H
JeNATCH Ha JBe TPYNNEL a) HMMeIolHe MOJIOKHTeNbHOe 3aiHee (OKYCHOoe
paccTosiHHe (NOJIOKHTEJbHEIE JIHH3E); 6) HMelollke OTPHIATebHOe 3ajiHee
(OKyCHOe pacCTOsiHHe (OTpHuaTesnbHbie JHH3L). [lo cBoemy onTHYecKoMy
JIeHCTBHIO MOJIOXHUTeNbHEIE JIMH3bI ABJFIOTCA COOHpATeNbHBIMH, 2 OTpPHLA-
TesibHEIe — pacceHBaiolldMH. [lo reomerpuyeckoil popMe npesoMaAOLINX
MOBEPXHOCTEH MOJIOKHTENbHBIE JHH3H GbiBaioT (puc. I, 27) ABOAKOBHIMYK-
JEMA (@), BHIMYKJO-MJIOCKHMH (6) H BBINYKJ/O-BOTHYTHIMH (ITOJIOXKHTEJIb-
HBIMH MEHHCKaMH) (8). ¥ BCeX 3THX JIMH3 TOJILHHA M0 OCH JIHH3HI GOJbIIE,
yeM Ha Kpaio. OTpHUaTenbHble JIHH3H OLIBAIOT JBOSKOBOTHYTHIMH (2),
BOTHYTO-TVIOCKHMH (G) M BOTHYTO-BHINYKJLIMH (OTpHLATEIbHBIMH MEHHC-
Kam ) (e). [TonoxeHHs rIaBHBIX MJIOCKOCTEH B JIHH3aX 3aBHCAT OT UX (op-
mel. Kak BHIHO 3 pHC. I, 27, npH HenpephHIBHOM H3MEHEHHH palHyca 7,
BTOPOH NMOBEPXHOCTH B OLHY CTODOHY Ge3 H3MEHEHHMs pajuyca ry nep-
BOM MOBEPXHOCTH TIJaBHblEe MJIOCKOCTH HENpPEpPLHIBHO IepeMellalnTes B
OIHOM H TOM JXe HalpaBJIeHHH; IPH STOM pacCTOfiHHE § MeXNy TIJiaBHbl-
MH TJIOCKOCTSMHM [IOYTH He H3MeHseTca H TPHOJH3HTEJbHO PaBHO:

P “:‘ d, (1,79

T. €. He 3aBHCHT OT PaUyCoOB ry H ;.
IeficTeuTenbHo, u3 puc. I, 26:

d=t,+8—{,.;
NOACTABJIAA BMECTO £y U I’ y» X 3uavenna u3 (I, 73) u (I, 73'), moayuum:

s=[1—r 2=t (L —L))a= (1 —-‘;—) d,  (L74)

n n rg 0

e f'y — oxycHoe paccTosinue TOHKOH JuH3b (d = 0) c TeMH XKe pajauy-
CaMH ry U rp, KaKHe HMeeT ToJicTas JHH3a (cM. popmyay I, 73).

Ecan Tonuusa 1HE3H d He CJIHILKOM BEJHKa, TO MOXKHO TNOJIOXKHTb, YTO
f’ =~ 'o; NnpHXoAMM K HanucaHHOH Bhie ¢popmyae (1,74). Ecau npunate

1
n = 1,5, nonyyum § ~= d He3aBHCHMO OT OPMEI JIMH3EL.

[Npencraenennsie va puc. I, 27 monoxenus IMaBHHIX TUIOCKOCTEH ompe-
HENSIOTCH TeMH JKe 3JieMeHTapHbLIMHM (OpMyJIaMH IJif BeNHYHH iy H g
(I, 73):

v , n—1
ty=—Ff

d; t}j’ _—— f' 1:.1 d_
nry nry .

Onpepenenne hOKyCHBIX pacCTOSHHMN, NMONOKEHHH IIaBHBIX MIOCKOCTedH
H (hOKyCOB B MHOTOKOMNOHEHTHO#i cucTeme. B 3TOM cayyae siyy moctynaer
B CHCTeMy NapaJlJieJibHO ONTHYECKOH ocH 4y = (0 Ha HEKOTOPOH BEICOTE A;.
3annee GOKyCHOe paCcCTOSiHHE BCeH CHCTEMEl f ONpejenuTes u3 (GopMyJHl

, 37):
f: 2 hl .

g u:n
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Ecau Npollo/ukuTh HanpasJ/ieHHsi BXONHOTO H BBHIXONHOTO Jyueit A0 HX
B3aHMHOro nepeceueHus (puc. [, 28) 1 yepes sTy TOYKY NPOBECTH NJIOCKOCTD,
NeprneHAuKyNAPHYI0 ONTHYECKOR OCH, TONYYHM [OJIOXKEHHEe 3ajHel
raapHO# nuiockocty H’ Beell CHCTEMBI, TAK KaK 0PH TaKOM IOCTPOEHHH
JIyYy TepeceKaloT TJIaBHble NJIOCKOCTH CHCTEMHE! Ha PaBHHIX BBICOTaX:

h' = k:l'
[Nonoxenne 3aanero okyca F’ Bcefi CHCTEMBI ONpeAeNHTCA OTPE3KOM:
' h
ap, = —m_ (1,75)
tgu,,

I[Tonoxenne nepexnero gokyca F

H nepelHel IJaBHOH IJIOCKOCTH H,
a TaKKe BeJHYHHA MepelHero ¢oky-
CHOrO PAacCTOAHHA [ onpeiensTcs B
peayabTaTe aHaJOTHYHOTO pacuera
Xoza Jay4a, HO B o6paTHOM HanpagJie-
HHH, TOJIOKHB Uy, = 0 M 3allaBUIHCh
_ NpPOH3BOJbHLIM 3HayeHHeM #A,,. B
Puc. 1, 28. OnpenenedHe NONOXMEHHA Kap- pesy.nb'ra're pacueTa 6y11yT OHPEJIEJIE-
ZRBAABHEIX TOYEK HBI A4 H 144,9TO TIO3BOJIMT BBIYHCJIHTH

HCKOMBEIE BEJHYHHBI:

fmtm_ g M (1,75")

tguy F tg u,

B dopmysax npH X npuMeHeHHH B 06J1aCTH MapaKCHaNbHON ONTHKM
BMECTO TaHI€HCOB KOHEYHBIX YIVIOB 4 H u’ cielyeT 6paTh MaJikie YT o 4 &’ .
YBe/uyeHHEe H ONTHYECKAsl CHJIA CHCTEMbI KOMNOHEHTOB, HaXOASWMUXCH
B Bosnyxe. B dopmyune (I, 64) MoxxHO npunsTh 1, = n, = 1 HCHAY i-TO KOM-

1 ..
TOHEeHTa (Di = f—,‘ CYHTATE PaBHOH ONTHYECKOH cHJie KOMIIOHEHTa P =
n’l
= T,". anXOH,HM K peKYPPEHTHBIM tpopmy.JIaM AJiIA TOoCaeN0BaTeJIbHOrQ
pactle'ra Jdyda '-lepe3 CJIOXKHYIO CHCTEMY!

tgu, =tgu; 4+ higoy hyy=h;—d;tgu;. (1,76)

[locnenopatenbHo TMPHMEHHB 5Ty GOPMyJy K KamAOMY H3 KOMIOHEH-
TOB, ONPEAEHM:

tgu, = tguy + hyo,,
tgus = tguy + hye,,

¢ + + ¢ = = a &

tg timys = gt -+ (1.77)

teuma =tgu, +2|m hioa
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JluneiiHoe yBesandeHHe f§ Bcel CHCTEMBI ONpeNle/INTCA U3 BBIpAXKEHUSA:

L (1,78)

?ig Um4

OnTryecKyio CHJY ¢ CHCTeMbl HaHzeM u3 (1, 77), nonoxus u, = 0.

_ tgumu =L
= o e (1,79)

~

31u dopMyJiel 6YAYT NPUMEHEHH B fajbHefilleM K MHOTOKOMIIOHEHTHEIM
06BEKTHBAM.

§ 5. OTPAHMUYEHHE IIYUYKOB JIYUYEH B OB BEKTHBAX

OnTHyecKas CHCTEMa MOXKET COCTOATb M3 JIHH3, NMPHU3M, 3epKaJi, BMOH-
THPOBaHHBIX B onpasbl. Kpome Toro, yacTo B onTHYeCKHX npH6Opax HMe-
f0TCA Henpo3payHule IKPaHul C OTBEPCTHAMH — AHa(parmMel, KOTOpHI®, Tak
e KaK H ONpaBhbl JIHH3, OTPaHHYHMBAIOT CBETOBLIE MYyYKH, BCTYMAMOLIHE H
NPOXOAAlHE CKBO3b cHcTeMy. Takum o6pa3oM, BO BCeX ONTHYECKHX INpPH-
6opax MMeeT MeCTO OrpaHHYEHHe MyYKOB JyyeH.

OT orpaHHYeHHS MYYKOB 3aBHCHT PSJl F€OMETPHYECKHX H (PH3HYECKHX
CBOMICTB ONTHYECKHX CHCTEM: 3HepreTHYeCKHe HX CBONCTBA — CBETOBOH
MOTOK, NMPOXONALIMH Yepe3 CHCTEMY, OCBEUICHHOCTh H300pameHHH, pac-
npejieJieHHe OCBEIleHHOCTH B IMJIOCKOCTH H300paxeHus; abeppallMOHHEBIE
CBOHCTBA — CTPYKTypa MYYKOB Jyuei, BEIXOAALIMX H3 ONTHYECKOH cHCTe-
Mbl; AH(pPaKIHOHHEIE CBOHCTBa, fBJAIOLIHECH HEH30EXKHBIM CJeJCTBHEM
BOJIHOBOH TMPHPOZBI CBETA H NMPHBOAAIINE K HCKaXKeHHI0 H300paKeHHH To-
yeK Jaxe B CHCTeMaX C BeCbMa MaJbIMH abeppalHfiMH; IeOMeTpHYeCKHe
CBOMCTBa H300paKeHHs «rJyOGHHBI» TPeXMEPHOTO NpPOCTPaHCTBA, CBA3aH-
Hble C BeJIMYUHAMH YIJIOB CXOJHMOCTH NPOXONSAUIHX CKBO3b CHCTEMY Myd4-
KOB; paspeluaiouias CnocoGHOCTb CHCTeMbI, ONpefessiouias BO3MOXHOCTE
n3obpakeHus ferasnefl 06BEKTOB MeNKOH CTPYKTYpPhl; KOHTpAcTHhIE CBOH-
cTBa H300paXKeHHH TOueK, 3aBHCALLHe oT abeppaluil MPOXOAAUIHX MYyYKOB
Jydeil, B 4aCTHOCTH TeX 4acTel NMYy4yKOB, KOTOpEIE CONEPIKAT CHJBbHO abep-
PHpOBaHHEIE JYYH, «Cpe3aHHe» (9KpaHHPOBaHHE) KOTOPHX IOBHILIAET pes-
KOCTb ONTHYECKOTO H300paKeHHsT TOYeK.

OnTHYecKHe CHCTeMBI, JiaXke CNelHaJbHO pacCyHTaHHbIE, MOTYT NaBaTh
YIOBJIETBOPHTE/IbHbIE H306paX<eHHsA TOJILKO OTPaHHYEHHBIX YacTeH mpoct-
PaHCTBa MOCPEACTBOM NYUKOB JiyyeH, 3aNOJHAIOMHUX OrpaHHYEHHBIE TeJslec-
Hble yribl. B onTHueckHX npH6opax pasiHyaloT IBa pojia JHadgparm, ume-
IOUHX yaule Becero GopMy KPyTibiX OTBEPCTHH C HEHTPOM, PACIO/IOKEHHBIM
Ha ONTHYECKOH OCH:

a) crneluxasbHO yCTAHOBJIEHHas AHadparma HJH onpaBsa OAHOH H3 JIHH3,
KoTopas OrpaHHYMBaeT NydYKH Jydedl, BLIXOAAIIHX H3 TOYEK INpelMera,
pacnosoxeHHsIX HAa ONTHYECKOH OCH H MPOXOASIHX Yepe3 ONTHUECKYIO
CHCTeMy, — TaK HaskiBaeMasi JeHCTBYIOUlasi, HIH anepTrypHas, Auadpar-
Ma;
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6) nuadparma, orpaHHYHBAIOIIASA YacTh NPOCTPAHCTBA, H300paxkaeMoro
ONTHYECKOH CHCTEMOH, T. €. N0Jie 3peHHA CHCTeMBI; 5Ta JHadparma Ha3blBa-
erca duagpaemoti noas 3perus, WIH NoneBol auagparmoi.

3pauku onrTu4eckoil cHcrembl. UTOOH! ONpefesIUTh CPellH HECKOJIBKHX
JauadparM HJAM ONpaB JIMH3 CJOXKHOH ONTHYECKOH CHCTeMbl Ty, KOoTOopas
orpaHHYMBaeT NPOXOAALIHE B CHCTEeMe NMy4YKH JiydeH, oObIYHO NMOCTYNaioT
caefyiomuM o6pasom. OnpeleIfioT NOJIOKEHHS H BeJIHYHHbI H300paXKeHH
BceX nuadparM H onpas JIHH3 CHCTEMBl, 06pa3yeMble TeMH YacTSMH OITH-
YecKOH CHCTEMBI, KaKHe NpeJLIeCTBYIOT KaxaoH Axadparme; HHbIMH CJO-
BaMH, ONpeJeJsoT HX H300paxKeHHA B NPOCTPAHCTBE NPEIMETOB.

AHaNOTHYHO HAaXOZAT M306pakeHHs TeX e AuadparM B MPOCTPAHCTEE
nao6paxennit. Ha puc. I, 29 orpesok A’'B’ apasiercs H3o6paxKeHHeM Npel-

Bzodnod  R— Suzoineg |
Bropups  PIYOK e oizoinod |
fpasns Fpavor
W % & 4 g
A
4
$ s’
4 ol
r
8 f A
K. 2Ma ; |
z cfﬂ.z‘gg#ﬂi ]

STHOR

Puc. I, 29. Orpanndenne Ny4YxoB Ayuell B onTHdecKofl cucTeme

meta AB. Ecau U3 ueHTpa npeaMera — TOYKH S — NPOBECTH JIyYH K Kpa-
fiM BCeX H300paxkeHHH AHadparm B NpOCTpPaHCTBe NMPeAMETOB, TO Cpenu
BCeX HM300paxeHHH OKaxercsi OQHO, AJS KOTOPOro Yros MeXAy STHMH Jy-
yamH 6yzeT HauMeHblHM. Ha pHCyHKe cXeMaTHuecKH NpeACcTaB/eHa CJIOXK-
Has ONTHYECKas CHCTEMA, COCTOALIAA M3 ABYX KOMIOHEHTOB: EPBOTO KOM-
nonenta L,, pacnosioykeHHOro Mexay npenMetroMm AB H mMatepHasibHOH IH-
apparmoit PP, (3T0T KOMIIOHEHT MOMeT ObiTb H MHOTOJIHH30BHIM, HO MEI
YCJIOBHO IpPEACTaBHJH €ro OLHOH JIHH30# L,;), H BTOPOro KOMIOHEHTa L,,
M3 uenrpa npeamera S noj HEKOTOPHIMH YIJIaMH MbI BHAHMM: ONpaBy JIHH-
sul L,, orBepctue P')P’,, aBasiomeecs H306paKeHHeM MaTepHaIbHOH guad-
parmul Py P, u otBeperHe M',M’,, aBnsioleecs H306paxKeHHeM ONpaBhl
JIMH3BI Ly, 0OpasyeMbIM JIHH30H L,.

[Mog HaumeHBLWIHM YIJIOM 2u H3 TOYKH S BHAHO oTBepcTHe P’ P’,.
OueBHHO, BCAKHH Jiyy, BHILIEAUIHH H3 TOYKH S TOJ YIJIOM C OCbIO, IPEBHI-
IIAIOLHM YIOJl &, He MOXKET NPOHTH CKBO3b CHCTEMY, TaK KaK Ha MyTH OH
BCTPETHT Henpo3payHylo yacTh AHadparmel Py P, (nocJe mpesoMienHs ny-
ua 4epe3 JHH3y L,). CrefoBaTenbHO, TOYKAa HAa ONTHYECKOH OCH CHCTEMBI
usobpaxaeTcs ny4ykoM Jydeid, 3aKJIOYEHHHIM BHYTPH TeJIECHOTO yrJja,
IVIOCKOE cedeHHe KOTOPOro paBHO 2u.

M3 nentpa uzobpaxenns S’ noj HEKOTOPEIMH YIJlaMH MBI BHIHM: ONpa-
BY JIMH3BI Ly, oTBepcTHe P’/ P"',, siBasiioweecsi H3o6parenem nuadparmel
P,P,, obpasyemuim smH30# L,, u orepctne K| K, sBAsiomeecs H3o-
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GpaiKeHHeM OMpaBbl JIHH3bI L, oﬁpasyembm’;nnm?oﬁ L. Tlox nanMeHBII AM
yrJioM 9u’ us ToukH S’ BugHO orBepctHe P'Y,P',. CiienoBarenbHo, AHad-
parMa P1Py (1306pax<eHHeM KOTOpOH sBJIseTCH Kak orBepcrHe P’y P’y
rak ¥ oTBepcTHe P’';P"';) orpannyHBaeT nyyKH Jyuyeil, NPOXONAUIHX Yepes
ONTHYECKYIO CHCTEMY; OHAa ONpefle/ifieT 3anOJHAEMBIE JyYaMH BEJHUHHbI
reJECHBIX YIJIOB, BEpIUHHbI KOTOPBHIX pacnoJioxeHbl B Toukax S u §’, a
[IOCKHE CeuYeHHS KOTOPbIX PaBHbI 24 — B NPOCTPAHCTBE MpPEIMETOB H
9y’ — B NMPOCTPAHCTBE H300paxKeHHH.

Iluagparma PP, HasbiBaercs deticmeyrowel, Wi anepTypHO#, axad-
parmoii. Ee Hso6pamenne npeiwecTByiouel YacTbio CHCTEME! B IIPOCTpaH-
cTBE MPEAMETOB Ha3HIBAETCS BXONHEIM 3paykoM P’y P’, onThuecko# cHcre-
Mbl; €e H300pakeHHe Noc/eayiolleif YacTbio ONTHYECKOH CHCTeMbl B NPOCT-
paHcTBe H306paxenuil Ha3HBAETCA BHIXOAHBIM 3paukom P’\P"', onTHuec-
KOI CHCTEMBI. ¥YTOJI U MEXIY ONTHYECKOH OCbIO H Jy4yOM, NPOBEIEHHBIM H3
LeHTpa npeaMeTa S K Kpaio BXOJZHOTO 3payKa, Has3biBaeTCsi amnepTypHLIM
yI/I0M B IPOCTPAHCTBE NPEAMETOB. YTO 4’ MEXNY ONTHYECKOH OCBIO H J1y-
yoM, MPOBEJEHHBIM H3 IeHTpPa H306paxceHHil S’ K Kpaio BEIXOJAHOrO 3pay-
Ka, Ha3bIBAeTCA anepTypHbIM YIJIOM B NPOCTPaHCTBE H306pameHHil.
BxoAHOH H BEHIXOZHOH 3pauykH ONTHYECKH compsxeHsl. Ecan auamerp
BxoZiHOro 3pauka Dy sp = 209, 2 BHIXOAHOTO Dyy.sp = 2a'y, TO

r

B =—:f-' (1,80)

Tie fsp — JMHENHOE yBeJHYeHHe B 3PaYKaX CHCTEMH. ANepTypHbie yIJIbI
u ¥ u' cBSI3aHBI 3aBHCHMOCTBIO:

’

u ='ru-= -—'5,- - = (I,81)
n B

IZie y M p — COOTBETCTBEHHO YIJIOBOE M JIHHEHHOE yBe/IMYeHHS B TOUKAX
Sus'.

CHHyC anepTypHOro yrJa 4, yMHOXEHHBIH Ha NIOKasaTeJlb NpeJIOMJIEHAS
N NpOCTPaHCTBa MPeIMETOB, HA3LIBAETCA YHCJIOBOH anepTypol ONTHYECKOH
cHcremel A = n sin u. Kak GyzeT nmoKasaHo HHXe, APKOCTb H300paxeHusd,
00pa3yeMoro cucTeMOH, NPONOPLHOHANBHA KBaJpaTy CHHyca yriaa u':

sinfu’ = 7*4%
Ecnn npemmer pacnosioxkeH Ha GeCKOHEYHO AaJEKOM PACCTOSIHHH, TO
anepTypHBIH yroa £ B NPOCTPAaHCTBE NPEAMETOB paBeH HyJso. B stom cay-

Hae, KaK 310, HanpHMep, NPHHATO B (otorpaduyecknx oGbEKTHBAX, anep-
TYPa xapakrepuayeTcsl OTHOIIEHHeM IHameTpa BXOAHOIC 3pauka Dy, K

Digx.
$oxycHOMy paccTosiHmIO 06beKTHBA: & — —252R D10 OTHOLIEHHE HA3BIBAET-

Ol OTHOCHTe/bHBIM OTBepcTHeM. OCBELIEHHOCTb H306PaKeHHs!, AaBaeMoro
BEKTHBOM, MPONOPLHOHAIbLHA KBAAPATy OTHOCHTEJBHOTO OTBepCTHs &%
T03TOMY mocsiefHee HA3HBAIOT reoMeTPHYecKoil CBETOCHJIOH:

Vi (2}_3'2)’ (1,82
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JliokH H none 3peHHs onTHYecKoi cucremnl. [TosieM 3peHns onTHYecKoik
CHCTEeMbl Ha3bIBAalOT H300pa)KaeMylO0 €l0 4acTb MPOCTPAHCTBA MpPEIMETOB,
Tak Kak raGapuThl ONTHYECKOH CHCTeMbI, B YACTHOCTH JHAMETPHI ONpPaB
JIHH3, BCETZa OTPaHHYeHbl, TO H NMOJIe 3peHHs CHCTEMbI HMeeT BIIOJIHE Ompe-
JieNIeHHYIO BeIHYHHY. DTO OrpaHHYeHHe MOJiA 3peHHs JOCTHraeTcss TakK Ha-
3pIBaeMOi nuadparMol NoJis 3peHHs, HJH NOJEBOH Auadparmoi.

[Mpennonoxum, 4to aneptypHas muajparma P P, (cm. puc. I, 29), a
clefoBaTesibHO, W 3pauku P’ P’, u P'',P’', UMelOT BecbMa MaJibie pa3Me-
pbi. Besikas Touka npeamera AB 6yneT u3o6paxaTbCA Y3KHMH NyYKaMmH B
OKDPECTHOCTSIX Yepe3 TaK HasbiBaeMBIX TVIaBHBIX Jiyyedl — nayuel, MpoXons-
IHX yepe3 HeHTp P aneprypHok nuadparmel. Ilpenmonoxkum nanee, uto
BCE OCTaJIbHble JHadparmel, B TOM YHCJe ONpaBekl JUH3 L, U Ly 1 HX H3o6pa-
xenus K' K’y u M';M’,, HMEIOT KOHEUHBIE Pa3MEPHL

[To oTHOILEHHIO K LIEHTPY BXOAHOTO 3payKa P’ onpaBa nepBOH JIHH3H
KK, u orBepctHe M';M’, (aBasioweecss H3oOpaxkenHem ompaBbl M;M,,
JlaBaeMbIM JIHH30H L;) HMEIOT pasHble yIVIOBBIE pasMephl: yroJ, NOJ KoTo-
puIM H3 ToukH P’ Buguwl kpas K,K, onpassl, Gosbiue yraa M’ ,P'M’y, =
= 2w. Orciofa OYeBHJHO, uTO oTBepcTHe M';M’, OrpaHHUHT BeJHUHHY
H3006paXkaeMoro onrtHyeckoil cucremo#i npeamera AB, HHBIMH CJIOBamH,
eclii pasmep BXoAHOTO 3pauka P’',P’, BecbMa MaJ, TO YroJ MoJiT 3PeHHs
CHCTEMBbI paBeH 2w, HO oTBepcTHe M'\M’, siBasieTcs u3o6pameHHeM AHag-
parMet M,;M,, cnenoeatenbHo, nuadparma MM, u asutca Axadparmoi
NoJis1 3peHHs.

Hao6paxenne gruacdparmel mosis 3peHus, JapaeMoe NpenliecTByomel ek
YaCThiO ONTHYECKOH CHCTEMEI B TIPOCTPAHCTBE MPEIMETOB, HAa3LIBAETCSH 8X00-
HbLM AOKOM, WJIH BXOIHEIM OKHOM; B HallleM CJIy4ae TaKOBLIM SIBJISIETCH OT-
BepcTHe M';M’,. Yron 2w MexKRy Ny4YamH, NPoBeeHHbBIMH H3 LIEHTpa BXOX-
HOTO 3payka K KpasiM BXOJHOrO JIIOKAa, Ha3bIBaeTCA YIVIOM NOJA 3PeHHs
B npocTtpaHcTBe npeaMetoB. H3sofpaxenue nuadparMbl nojsi 3peHus B
MpOCTpaHCTBe H306paKeHHH HAa3HIBAETCS 66IXO0HbIM Ar0KOM. B Haem
caydae nosajd Adadparmel noas 3pedus M;M, HeT HHKaKOH ONTHUECKOH
CHCTeMbI M, CJIeJOBATe/IbHO, 3Ta JHadparma OJHOBPEMEHHO SBHTCA H
BBIXOAHBIM JIIOKOM. BX0oIHO# H BLIXOIHOH JIIOKH ONTHYECKH COMpsMKEHDI.

Ilone 3peHHs: ONTHYECKOH CHCTEMBI M ee BHHbeTHpoBaHHe. IIpH Mamom
IJHaMeTpe BXOIHOTO 3pauka BXOXHOH JIIOK OIPaHHYMBAET 4yacThb IPOCTPAHCT-
Ea, H306pakaeMOro ONTHYECKOH CHCTEMOil.

[Tycte nuHefinble pasmepnl npenMera AS paeeul I, paccrosinne P'S
npeamera AB oT LeHTpa BXOAHOTO 3payka — p; NOJIOBHHA YIJa NOJisi 3pe-
HHUA W; OTCIOZA:

tgw = — . (1,83)
p

Pasmeprl n3oGparkenus [’ onpenensites U3 GOPMYJIBL:
I'=8l=—pBtgw, (1,84)

rIe Eb — JHMHeHAHOE yBe/NHYEHHE CHCTEMBI.
CJIH NpeJIMET PACNOJIOKEH Ha GeCKOHEeYHO GOMBIIOM PAaCCTOSIHHH, TO H3
TOYKH NPEJMeTa, PacrosioXKeHHOH BHE ONTHYECKOH OCH, MajaeT MydoK na-
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a//ieIBHBIX J1yuei, HalpaB/eHHEI! [0 HEKOTOPLIM yIVIOM W K ONTHYECKOH
oci (cm. puc. I, 21). TMocnie npoxoxieHns yepes CHCTEMY STOT MY4OK CO-
6epeTcs B Touke A’, pacniosioxeHHO# B JOKaJIbHOH IVIOCKOCTH H Ha Paccrosi-
qun I OT ocH, Kak Oblio nokasaxo Beuue (I, 53°):

I'=—=ftguw.
n

B AeHCTBHTENBHOCTH 3payKH ONTHYECKOH CHCTeMHl HMeloT He OecKoHeu-

HO MaJible, 2 KOHEYHble pasMephl H HHOTJa AOBOJIbHO 3HauHTeJbHble (Ha-
npHMEp, Y CBETOCHJbHBIX OGBbeKTHBOB). B sTom ciiyuae BXOAHOH JIOK He
BIIOJIHE OINPEleJISET MOoJe 3peHHs CHCTEMBI, TAK KaK HEKOTOpble TOUKH Npej-
MeTa, AJs KOTOPHIX TJaBHbIE JIYYH He NPOXOAAT CKBO3bL CHCTeMy, BCe e
MoryT H300paXkaThCsi IPyTHMH Jyyamu myyka. Ha puc. I, 29 rnasubie Jay-
qu AP’ v BP' onpezessiior nnHeHHble pasMephl o 3peHuss AB  H coor-
BETCTBYIOMIHH YToJl Tons 3peHHsi 2w npH OeCKOHEYHO MaJioM HHaMmeTpe
BXOZHOIO 3pauka; ofHako ay4 A,P’, BHIXOAAWHK U3 TOYKH A; H npoXo-
AAILHH Yepe3 BepXHHiE KpaH M, BXOJHOro JiloKa H HHXKHHMH Kpai P’
BXOJHOTO 3payKa, TOXe emle MOMKeT NPOATH CKBO3b CHCTEMY, XOTHA
TOJ 3TOTO Jlyya ¢ ONTHYECKOH ochio w Gonblle yria w, OMNpelessieMoro

u3 ¢opmynl (I, 83), H pasen:

tga=tgm_%, (1,85)
IJe @, — paiHyc BXOAHOTO 3payka; A — paccTOfHHe MJIOCKOCTH BXOIHOTO
JIIOKa OT NJIOCKOCTH BXOMHOTO 3payka. J10id KpaHHeH Touke noJas A, co-
oreetcTByeT yron A,P’'S = w, (cm. puc. I, 29), TaHreHc KOTOporo paseH:

1 1 = ’
tgw,=tgw+(-;——-1-)|ao|=tgw—t- -I—‘:%- (1,85%)

Ouepnnro, ayy A,P’, o6pasyiowuii yron w ¢ ONTHYECKOH OCbIO, GyneT
Tpefle/IbHEIM JIYYOM, NPONYyCKaeMbIM ONTHYeCKOH cHucreMoft. Paccmorpum
3T0 BecbMa Ba)KHOE B ONTHKE sIBJIEHHE MOAPOOHee.

Touka S Ha ocH 1 OKpyKaiOLIHE €€ TOYKH [0S, PACTIOJIOKEHHHE B IIpe-
Aenax papuyca mossi SA,, H306paKaloTCA Ny4YKamH JydyeiH, NOJHOCTBIO
SaNOJIHSAIOMMMH BXOAHOH 3pauyoK P',P’, cucTeMsl.

Toukn noss, pacnosoxennsie 3a npemesamu Kpyra paauyca SA,,
GyayT uso6pamarscs MyyKaMH Jyuei, yxe He LeTHKOM 3aNOJHSAIOMHMH
BXOAHO! 3payok: yacTe nyuell GyZeT SKPaHMPOBAThCA BXOAHLEIM JIIOKOM
CHCTeMbl. Hanpumep, Touka A 6yaeT H306pa)kaThcsi MydKOM Jydeil, 3a-
MOMHAMKMX /ML HHXKHIOK NOJOBHHY BXOJHOTO 3payKa: OT LEHTpa 3pau-
Xa " 110 ero kpas P’,. Takoe 4aCTHYHOe 3aTeHEHHe nmy4ka Jiyueil, BcTynaio-
f{l;li BO BXOJHO# 3pa40K CHCTeMbl, HOCHT Ha3BaHHe BHHbeTHPOBaHHSA. O6biy-
uemgpalcmpusym BeJIHYHHY BHHBETHPOBaHHA INy4Ka, Bblpaxas ee B Ipo-

X. B mamem ciyuae Bce TOUKH moas B mpefesiaX Kpyra pajmyca
KOﬂle?'OGPamamm Ge3 BHHLETHPOBaHHsI. TOUKH T0JIsl, PACTIOJIOKEHHEIE B
Haosuaem“ 30He, BHelHHHA paauyc Kotopoit SA, a BHyTpenuu#t SA,
iie g KAI0TCsl ¢ BHHBETHPOBaHHEM, He npesbiaromuM 50%; cTporo roso-

» © BHHbeTHpOBaHHeM, HocTHrawouiuM 50%, H306pasaTca JHIIbL TOYKH
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NPEeAMETOB, PacloJOXKeHHbIe Ha OKPYIKHOCTH paauyca SA, Bce xe ocTab-
Hble TOYKH 10Jf, PACloJoXKeHHble 6JIHKe K ONTHYECKOH OCH, H306pasaTca
¢ MeHbiunM yeMm 50% BHHBETHPOBaHHEM.

3oue noas, HMerolled BuHbeTHpPOBanHe 50%, cooTBeTcTBYeT yroa 2w,
KOTOPBIA M NPHHATO YCJIOBHO CUHTATb Y210M NOAA 3perus cucmemot. Hako-
Hell, TOYKH N0Jis 3peHHs, PACIOJIOKEHHBIE B KOJIbLEBOH 30He, BHYTPEHHHI
paauyc Kotopoii 6osbiue paguyca SA, 6yayT H3o6paxKaThCs ¢ BHHEETHPOBA-
HyeM 66abiHM yem 50 %; kpaliHe#i TodKOH moJig, B KOTOPOH BHHbETHPOBa-
mHe pocturaer 100%, aBuTca Touka A,. 3a npefenaMH NJOmAaAH, Orpa-
HHYeHHOH Kpyrom pajuyca SA,, HauMHaeTcs 30HA MOJHOTO 3aTEHEHHMs.

MoryT BCTPETHTbCH CJIyYyaH Pa3/IHYHOTO OTHOCHTEJNBHOTO PpacnoJioxe-
HHs 3payKoB H JIIOKOB ONTHYECKOH CHCTeMbl. B yacTHOCTH, B TeX caydasXx,
KOrla MJOCKOCTh BXOJHOTO JIIOKAa COBMelLeHa C IUIOCKOCTBIO NPEeIMETOB,
BCE TOYKH MOJIA 3peHHs CHCTeMbl H300paKalTCA MOJHEIMH NYYKaMH, T.€.
6e3 BHHbETHPOBaHHA.

HHorna B CNIOXKHEIX ONTHYECKHX CHCTEMAX HMEIOTCSH JIBa BXOAHBIX JIIOKA.
B stHX cay4asx NyykH Jydyei, BEIXOASLIHE H3 TOYEK NpeIMeTa, pacnoJo-
JKEHHBIX BHE LIEHTPA NOJIsi, 3aTeHSIOTCS JIIOKaMH C AByX CTOPOH, T. €. HMeeT
MECTO JBYCTOPDOHHee BHHBETHPOBaHHE. B momoGHEIX ciyyasX H3MeHEHHe
BHHLETHPOBAHHSA HAKJIOHHLIX TyYKOB C H3MeHeHHeM YIJia [0Jisi 3peHHs CHC-
TEMBI OKa3bIBAaeTCH NOBOJIBHO CJIONKHBIM. ‘

Bce wu3noxeHHOe O BHHBETHPOBAHHH NYYKOB B IOJIe NPOCTPaHCTBa
NpeAMETOB MOXeT GhITh MOJHOCTHIO NOBTOPEHO MPHMEHHTENBHO K I110JII0
NPOCTPaHCTBa H300paKeHHH.

Onpepenenye geACTBYOIEro OTBEPCTHS BXORHOro 3pauka. HacTb mio-
maa¥ BXOJHOTO 3payKa, 3amojiHsfeMasi JiydaMH HaKJIOHHOTO NMy4Ka, Mpo-
XOASLIEro yepes ONTHIECKYIO CHCTEMY, Ha30BeM Oelicmayioum 0meepcmue
8x00H020 3payxa. OTHOLIEHHe IJIOWIAAH MAEHCTBYIOLIETO OTBEPCTHA 3pauka
S» KoOweH nJowann ero S, Ha3oBeM ¢hyHkyuel surbemuposanusl K » 1na
JlaHHoTO yrJyia mosisi w:

Sm
Kw = _So_. g (lv86)

Onpenenenye GyHKIHH BHHLeTHPOBaHUA B O0LIEM BHIE He NpeNCTaB/as-
eTCsl BO3MOMKHBIM: 3Ta 33Jjaua OGBIYHO pelraeTcss Kak B CTalHH omNpenese-
HHS rabapHTOB CHCTEMBl — MPHONIHKEHHBIM cnoco60M, TaK H B NOCJEAyIO-
LleH cTafuy KOppeKuuH abeppaiui CHCTEMbI, KOTrJla BHHbETHPOBaHHe yTOY-
HAETCH Ha OCHOBaHHH HEMOCPEJCTBEHHOro pacueTa Xona ayuyeit. B moxasnsa-
IOllleM YHCsie cay4aeB BeHuHHy Ky M He TpeGyeTCs 3HATb C GOJIBLIOH TOY-
HOCTBIO; JIHIb B TeX CJay4Yadx, Korja 3paykH SIBJASAIOTCA BeCbMa CHJIbHO
abeppHpOBaHHBIMH, HEOOXOLHMO AJf KaXJAOTO YI/a NOJA W ONpeAeNfAThb
H300paXKeHHs anepTypHOH Anadparmbl ¢ yyeTom abeppaiuii B 3paykax Ha
OCHOBaHHH HENOCPeACTBEHHOrO pacyeTa Xo4a Jy4eH yepes ONTHYECKYIO CHC-
TeMy — JiyyeH KaK MepHIHOHAJbHBIX, TaK H KOCBIX (CM. ryiaBy II), KoToprie
(bakTHYeCKH npOXoAAT uepe3 TOUKH KOHTypa anepTypHoil auadparmul. [pu
DPHMEHEHHH SJIeKTPOHHBLIX BHUHCAMTENbHEIX MalIHH (DBM) sta 3anaua pe-
LaeTcst npocto H Geictpo. [TonobHyio 3afauy ¢ JOCTaTOYHOH TLIATENbHOCTHIO
TIPHXOIMTCS peliaTh MPH pa3paboTKe 0co60 CBETOCHJABHLIX M IUHPOKO-
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yrolibHbIX OOBEKTHBOB, B KOTOPBIX abeppaiit B 3paukax MOTyT AOCTHaTh
GoJNBIIHX BEJHYHH.

B o6bexkTHBaX ¢ OOHYHLIMH ONTHYECKHMH XaPaKTePHCTHKAMH, eCJIH
pe/lHUHHA BHHBETHpOBaHHA He mpeBbiaer 20—30% (1. e. BennunHa K
pe menbmre 0,8—0,7), MOXKHO CYHTATh, YTO Ky MPHOJHKEHHO PaBHO OTHO-
[IEHHIO COOTBETCTBYIOUIMX JIMHEHHBIX pasMepoB CeYeHHI HAKJIOHHBIX NMyy-
KOB JIydell B MepHAHOHAJbHOH NJIOCKOCTH:

- D
Kw = 'ﬁ - (1,87)
D,
Ecax e BesMYHHA OTHOLICHHSA 5‘3 ymeHbLiaetes o 0,5, To oTHoleHHe
(1}
naolazet, onpefensemoe H3 dopmyam (I, 86), p
MOXKET OKasaThCfi 3HAYHTENbHO MeHbIIMM 50%. p e
J

[Tpusenem Gopmysnbl NpPH TaK Ha3LIBAEMOM
ABYCTOPOHHEM BHHbETHPOBAHHH, HMEIOLIEM MECTO
B IBYKOMIOHEHTHHIX OOBEKTHBaX, B KOTOPBIX =
anepTypHas jadadparmMa pacloJIOKEHa MexAy L.
KOMMNOHEHTaMH CHCTEMBL. TaKoe JABYCTOpOHHee 4Z4° 1
BHHbETHPOBaHHe npexctaBieHo Ha puc. I, 30. g
[Tycts C;—ueHTp BXOAHOTO 3pauka OOBEKTHBA,

pamMyc KOTOpOTO @ = —;,—D.,; Co# C3 — neHTpHl

BXOJHBIX JIIOKOB — APYTHX AHadparM (onpas JHH3
WJIH X H306pakeHHH), 9KPaHHPYIOWIHX JyYH Ha-
KJIOHHBIX NMyYKOB NPH HX NPOXOXAEHHH dyepes
06bekTHB; CoAd = a; B C,E = a, — pannychy; ¢ L,
D, — MepHAHOHA/NBHOE CeueHHe [IPOXOASMLIEro

yepes o6BEKTHB HAKJOHHOrO My4yKa. 3alUTpH-  Pac. 1, 30. Cxema xsycropou-
XOBaHHBIE MJIOWAJH CErMEHTOB  ONPEAENSIOT NG PRRbSTEpoRRmES
BHHBETHPOBaHHE HAKJIOHHHIX NYYKOB JIIOKaMH.

IMnomane AHBL papHa miomand cekropa C,AHB MHHYC mJoumamsb Tpe-
yronbuuka C,AB, MHHyc nJomans cermenta ALB:

EXeS——12—2L¢
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AnanoruyHo sawrpuxoBanHas miowans EKGM papua:
T T e L. b . ag
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IMnomane cevenus nyuyka ALBGME, npoXoAslero yepe3 o6beKTHB:
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OrHowenne miomagd S, K MJolafH BXOAHOTO 3pauka S, = nal
onpeLenseT GyHKIHIO BHHETHPOBaHHA Ky (cM. I, 86):
'+ " siny, + sin )
L(2_ 4+ ¥ ¥ )+
n

2 180 +

K=

1 =) (- ) g o

B ciyuae ofIHOCTODOHHEro BHHbETHPOBaHHs Nydka s =0, ¢’y =0
HaXOJHM:

_ Lo b S._““’fi) L sings) G e
Ka 2( l80+ T +2(180 n)ag‘(l’ss)

Kak caepyet u3 puc. I, 29, xopaa AB = d pasha:

d = 2a, sin _q% = 2a, sin %’—‘-

Ecnia, = ag, 10"y = 2n—py; 13 (I, 88") nosyunm:

Ko =—t— — %, (1,88")

raeyp = 1. Mepuanonanbroe ceuenne nyuka Dy, B 9TOM cayuae GyfeT pas-
HO:

Dy=dtg -‘;ii- (1,89)
Orciofa HaXOXHM BEJIHUHHY Ko (I, 87):
7 D, o2 1.
Ko = e - 2sin® — (1,90)

OnpenennB H3 pacyeTa X0Ja JAyueil yepes cHCTEMY JHHEHHYIO QYHKIHIO
Ky, u3 nocnenneii Gopmy.nt Buyucasem ¢, a u3 (I, 88”) — dyHKuHIO BHHB"
eTHpoBaHuA Ky O TJIOLAAH 3payKa.

Orpanuuenuse nyukos ayveil B oobekTuBax. B ¢ororpadpuyeckux o6mn-
€KTHBaX anepTypHas auagparma PP, 4acTo pacnojioXeHa BHYTPH 00b-
€KTHBa B npocTpaHcTse Mexay nososHHKamu [ u I1 (puc. I, 31). Tak kak
Mvapparma P,P, pacnosioxeHa 61M3KO K 06eHM MOJIOBHHKAM CHCTEMEI, TO
ee H306pa)keHHs KaK yepes nosioBHHy [ (BXOAHOM 3pauyoK), Tak H yepe3
nonoBHHY [/ (BEIXOAHOH 3pavyoK) MHHMBIE, IPAMEIE, YBeAHYEHHHE H pacro-
JIOXKEHEI OOBIYHO BHYTPH OOBEKTHBA HeJasleKo OT auapparmbl P,P,: BXOA-
HOH 3payok P’,P’, pacnoJioxeH crnpapa OT anepTypHoll auadparmbl; Bbl-
XonHOH 3payok P’’ P'’, — csieBa oT Hee. [I/1s onpelie/ieHHsi MOJIOXKEHHUS
H BeJIHYHHbI 3PaYyKOB PACCUHTHIBAETCS NAPAKCHAJBHHIA TINIaBHHIE JydY,
npoxoAsmui yepes ueHtp P anepTypHoH AHadparMel, T. . BEIIOJHSIOT
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acueT TaK Ha3bIBAEMOrO BTOPOrO MapaKCHAJbHOIO Jiyua. YTJBl 3TOro
Jyda ¢ ONTHYECKOH OCBIO OOBLIYHO NPHHATO 0603HaYaTh GyKBaMH f, a BBICO-
TH TOYEK NIEpeceyeHHs Jyya ¢ NOBEPXHOCTAMH — GYKBaMH y; TakuM o6pa-
soM, Bmecto dopmya (1,31) u (I, 32°), npennasHaveHHBIX 4151 pacyeTa mep-
BOr0 NapaKCHaJbHOIO Jlyya (T. €. Jyya, MPOXOASALIETO Yepe3 LEHTP Npel-
meTa), NPHXOAHM K aHaJOTHYHBIM (opMyJsaM:

I n'—ﬂ
n&ﬁk—nhﬁk =Yy ("“""""“k £ );

Tk

Yret =Yp — thJu_.i- (1,91)

Puc. 1, 31. Orpaundende ny4ukoB aydeft B o6bexkTuse

M3 pacyera BTOpPOro nmapaKCHaJbHOINO Jiydya NOJy4aeM YTJIOBbIE yBelH-
4eHHA Yp' H Vp+ B 3pa4KaX CHCTEMbI:

B _ B 1.9
Tp‘__l Tp'_'_l (le
B Be
OTCIOfd BHIYHMCJAEM PajiiyChl BXOIHOIO @y H BbIXOILHOTO @," 3pavyKoB:
Gy = —; ay=-"2—, (1,929
‘]’p, Tp'

Tle a — paliyc anepTypHoil auadparmsl.

Hs paccmorpenns toro xe puc. I, 31 caenyer, yto Jiyun HaAKJIOHHOTO
NIyYyKa BHHLETHP YIOTCS ONPaBaMH JIHH3 06eHX MOJIOBHHOK OGBEKTHBA: HHXK-
HAifl YacTb HAKJIOHHOIO NMyYKa Jaydeit, pacnoJioKeHHBIX Hike Jyua BC, sk-
PaHHpyeTCs OnpaBOH KOMMOHEHTa /; BEPXHAA YacTb TOTO JKE€ HAKJOHHOrO
Nyyka nyyeH, pacnoJioeHHBIX Bbille jgy4a DE, sKpaHHpyeTcs ONpaBoil
komrionenra //. Taknm ofpa3oM, B 00beKTHBE HMeeT MECTO CJIOXKHOe JBY-
CToponHee BHHbeTHpPOBaHHe. [IpH 3TOM B 0OBEKTHBE OTCYTCTBYeT AHadpar-
Ma nojia 3peHHs Kak TaKoBasi: ee 3aMeHseT OoJiee CJIOXKHAA CHCTeMa JHa-
$parm — onpasel 3. Onpassl AH3 CG NepBOll MONOBHHKH OGBEKTHBA
BHINONHAIOT (QYHKUHH BXOAHOTO JIOKa B OTHOLUEHHH HMXHeH yacTH Jyveil
HakJIoHHOro my4YKa; MHHMOE yBeaHueHHe H3o0paxenus K'L' onpas siuu3

1, pacnonoxennoe npapee Komnonenta // o6beKTHBA, BHIOAHAET (BYHK-
IlHH BXOAHOTO JIIOKA B OTHOIIEHHH BepXHel YacTH JyyeH HAKJIOHHOTO NyYKa.
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OueBHaHO, mMOJMONKEHHE M BEJHYHHBI STHX H300pameHHH MOXHO ONpe-
NEeJTHTD aHAJIOTHYHO NMpeAbIAyIIeMy MTyTeM pacyeTa BCIOMOraTeAbHEIX J yueit,
NPOXONAIIHX Yepe3 LEeHTPbl COOTBETCTBYIOIMX JMH3 (onpaB) ¢ mo-
mouieio Tex ke dopmya (I, 91).

Cxema paccMOTPEHHOTO JBYCTOPOHHEro BHHbETHPOBaHHs MNpelcTaB/ieHa
Ha puc. I, 32. Kpyr P, P, npecTaB/isgeT BXOIAHOH 3pa4oK OGBEKTHBA; LIEHTD
3pauka — B Touke P. (Bce o6osHauennsi coxpaHeHBI 37ieCb TaKHMH IKe,
Kak Ha puc. I, 31.) OxpyxHoctb CG u3obpaxaer ceue-
HHE [HJIHHAPHYECKOH GOKOBOA MOBEPXHOCTH NYUKa,
NPOXOAALIETO 4Yepe3 BXopHoH ok CG, MJIOCKOCThIO
BXOJIHOTO 3payKa; OKpyxHocTh K'L* npencraBiser
CeueHHe LHJIHHAPHYECKOH GOKOBOH MOBEPXHOCTH Iyy-
Ka, NnpoXxojslllero yepe3 BTOpoH BxomHoH miok K'L’,
IJIOCKOCTbIO BXOAHOTO 3payka. YacTd ceyenus myu-
Ka HaKJIOHHBIX JiyyeH, SKpaHHpyeMble OGOHMH JIIOKAMH,
3alUTPHXOBaHBIL.

Takum o6Gpa3om, H3 BCero my4YKa, 3alOJHSIOLIETO
BXOJAHOH 3payoK, NPOXONHT TOJBKO 4YacTb ero, orpa-
f:férgéoﬁ'grﬁ*e;‘;. HHYEHHAsl AyramH JBYX OKpyxHocTedh. [Ipn manbix
HbEeTHPOBAHHA OGB- yriaax ¢ ONTHYECKOH OChbI0 HaAKJIOHHBIE Ny4YKH MOpoxo-

GHTHBOM JAT BXOJIHOH 3payoK NpH BeCbMa MaJioOM BHHBETHPO-

BaHHH. IIpH manbHefilleM BO3pacTaHWH yIJOB, o6pa-

3yeMbiX NMyYKaMH C ONTHYECKOH OCbIO, MOMKET MNOABHTHCH AONOJHHTENb-

HOe BHHbETHPOBaHHME, BbI3BaHHOE HOBOM NHadparMofi, meficTBHe KoTopoii Ha

MyYKH paHee He CKasbiBaJOCh; MOCJENHee YaCTO HMEET MECTO Y CBETOCH/Ib-
HbIX LIHPOKOYTOJBHBIX OGBEKTHBOB.

2,

§ 6. OMTPEOEJIEHHME TABAPHUTOB OBBEKTHBOB

3HaHHe OCHOBHBIX ONTHYECKHX XapaKTepHCTHK OOBbeKTHBa— (POKYCHO-
ro paccToAHHS, OTHOCHTEJILHOTO OTBEPCTHA H yIJia [0/ 3peHHA — JesaeT
BO3MOXHEIM B OOBEKTHBE 3aflaHHOH ONTHYECKOH CXeMHl ONpelesieHHe €ro
rabaputoB. B mepBo# cragMH pa3spaGoTKH OOBEKTHBA I/ OIpPelesieHHA
ero ra6apHTOB yie JNOCTaTOYHO, €CJIH H3BECTHO YHCJ/IU KOMIIOHEHTOB OINTH-
YeCKOH CHCTEMbI, HX ONTHYECKHE CHJIBI H XOTA Obl OpHEHTHPOBOYHBE pac-
CTOSIHHSA MEXAY KOMNOHeHTamH. UHC/IO JIHH3 B KaXJOM H3 KOMIIOHEHTOB H
KPHBH3HEI HX NPeJIOMJSAIOWIHX NOBEpPXHOCTEH B STOH CTaiuH pa3pabGoTKH
OCTalOTCSl BHE BHHMAaHHA H ONPEJeNIIOTCA NO3JHee.

IIpn yKasaHHEIX HCXONHBIX CBeJleHHAX NpPeACTaBJAETCS BO3MOMKHBLIM
onpejieJieHHe JHAMETPOB KOMIIOHEHTOB, OOLIEH NJIHHB O0BEeKTHBA, BEJIHYH-
HEI ero 3ajHero ¢oKaJ/JbHOIO OTpe3Ka, BHHLeTHPOBAHHA M0 NOJIO H JAPYTHX
BEJIHYHH, Heo6XOAHMOCTE ONpejie/ieHHs] KOTOPhIX BhITEKaeT H3 KOHKPETHBIX
Tpe6oBaHH# K paspabaThiBaeMOMy 06BeKTHBY.

OnHaKo B HEKOTOPHIX CJ1y4asiX He NPeACTaB/ASAETCH BOSMOXHEIM B nep-
BOH CTafH pa3paGOTKH ONpelesieHHe [axke STHX BHEIUIHHX 5J€MEHTOB: B
CTaZlHH KOppeKIHH abeppauvid O6BEKTHBAa OHH MOTYT H [PHTOM HHOrZAa
BecbMa CYIIECTBEHHO M3MEHHTLCHA; ONTHYECKHE CHJIBI KOMIOHEHTOB H pac-
CTOSHHSA MeX]Yy HHMH 4acTo ABJASIOTCSA TeMH HauGoJlee leHCTBEHHBIMH Napa-
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MeTpaMH, KOTOpbie B GOJIBIIOH CTeNeHH NPEAONPeAeNaioT BOSMOXKHOCTb KOp-
PeKIHH HeKOTOPHIX BHAOB abeppauuft (Hampumep, aGeppalMH KPHBH3HBI
NOBepXHOCTH H306paXKeHHs, NHCTOPCHH, XPOMAaTHYeCKOH aleppauuH yBe-
ANYeHuit) B CaeAyioulel cTaiuu pa3paboTKH.

O61eKTHE OOGLIYHO COAEPMKHT JIHLIbL ONHY AHa(parMy — anepTypHYIO;
JuadparMel NOJs SPEHHA B yCTAHOBJIEHHOM Bhillle MOHMMAHHH OOBEKTHB He
COZIepKHMT H OrPaHHYEHHe ero MNoJisi 3peHHs OCYLIECTBISETCA HECKONbKHMH
IHacdparMaMH, B YaCTHOCTH ONpaBaMH JIHH3. Berpeuaromeecs uHorAa B on-
THKe yKasaHHEe O TOM, 4TO noJie o6beKTHBa onpelnensercs GopMaToM MpH-
eMHHKa H306paykeHHs (HanmpuMmep, ¢opMaToM (OTONJIEHKH), MOMET IpH-
BECTH K JIOXKHOMY MNpelCTaBJieHHIO, YTO, MPUMEHHB K AAHHOMY OGLEKTHBY
CBETOUYBCTBHTEJIbHBIH NPHeMHHK 6oJiblIoro (opmaTta, MOMKHO PacUIHPHTH
nosie o6reKTHBa. 210, KoHeuHo, He Tak. [Tosie speHns o6beKTHBA onpenesisi-
eTCA KayeCTBOM H306paKeHHsA B LIHPOKOM CMBICJE H JIOCTHTAETCA 3TO He
TOJIbKO KoppeKiiHe#i abeppauuii, HO H BBeleHHeM pallHOHaJbHOTO BHHbETH-
POBaHHA HAKJOHHBIX MYYKOB.

CJlI03KHOCTb (MHOFOKOMNOHEHTHOCTb) CXeMBl pa3pafaTeiBaeMOro o6bek-
THBA OnpefiesiseTcd 3aJaHHbLIMH ONTHUECKHMH XapaKTepDHCTHKaMH H Tpebo-
BaHHAMHM K KauyeCTBy H3o0paxeHHA. [103TOMy cXema o6beKTHBa, KaK YBH-
JIHM B JanbHelIneM, yCTaHABJHBAeTCA Ha OCHOBe aHAJIH3a ee ONTHYECKHX
CBOMCTB H yueTa OTEYeCTBEHHOTO H 3apybexHoro onmta paspaboTok. Bo
BCEX CJydasX lieslecoo6pasHO NPH MHHHMAJIbHOH ANHHe OOBEKTHBA OmNpe-
Jie1ATh 06/1aCTH peLieHHH, B KOTOPhIX BEJIHYHHbI ONTHYECKHX CHJl KOMIIOHEH-
HEHTOB TaKiKe BO3MOXKHO Malbl.

O6uas nauHa OGBEKTHBOB SIB/AETCS OAHHM M3 CYLIECTBEHHBIX, a B
HEKOTOPHIX cJydadX (HanpHMmep, B OGbeKTHBAX C NepeMeHHbIM (POKYCHBIM
paccTosiHHeM) ONpee/AIOUHM NapaMeTpoM. ¥ JIHH30BbIX O6BEeKTHBOB pac-
CTOsIHHE OT MepelHero KOMNOHeHTa N0 3afHeH (OKaJbHOH IJIOCKOCTH H3Me-
HfieTc B JOBOJIbHO INHPOKHX NpeleiaX: OT BeJHYHHBI, COCTaBJsolel
50—60% or okycHoro paccrositus (y Tese0ObeKTHBOB MaJIoi CBETOCHJILL),
1o 150% u Gosee — y CBETOCHIbHBIX OGBEKTHBOB-aHACTHIMATOB H JIO
500—1000% u Gosiee — Y KOPOTKODOKYCHBIX CBETOCHIbHBIX IIHPOKOYTOJib-
HbIX OGBEKTHBOB, B YaCTHOCTH Yy OGBEKTHBOB C 0CO60 YBeJHYEHHBIM 3aAHHM
(oKaNbHLIM OTPE3KOM.

ITH npoNobHbIe FaGapHTh B CBOIO O4ePEb ONPENENAIOT JHaMeTPHI JIHH3
H KOMIIOHEHTOB, Pa3Mephl KOTOPLIX B pslle CJyyaeB CYLIECTBEHHO 3aBHCAT
OT JIonyCKaemoro BHHbeTHPOBaHHS HAKJOHHBIX MyyKoB. [1pH onpesenennn
3THX raGapHTHBIX Da3MePOB MOXXHO JONMYCKaTh BHHLETHPOBAHHE JIHILL C
yyeToM B KaXKJIOM KOHKPETHOM CJlyyae Ha3HAa4yeHHs M YCJOBHH NpHMeHe-
HHA o6bekTHBa. Hampumep, B 0ObuHLIX (oTorpaduyecKux 0oOBeKTHBaX
HIHpOKOTo NpHMeHeHHs (cm. riaBy V) donyckaercs BHHbeTHpoBaHHe 40—
90%; B HOpMaJbHBIX KHHONPOEKUHOHHKX 06beKTHBaX — He Gosee 20%;
B Crel[HaJIbHbIX IIHPOKOYTOJbHEIX OOBEKTHBAX B Le/iAX MOBLILIEHHS OCBe-
IEeHHOCTH Ha KPaio MoJisi BHHbeTHPOBaHHE He TOJBKO He JIOMyCKaeTcs, HO
BBoguTcH o6GpaTHH adhdeKkT: ceyeHHe HAKJOHHOrO nyyka, o6pasyiomero
H3o6paKeHHe, BO3PACTaeT M0 Mepe BO3PACTAHHA YIJa MOJis 3PEHHS.

[pu onpenesnennn ra6apuToB 0GBEKTHBA KOMIOHEHTHI NOC/EAHETO Yac-
TO He MOTYT CUMTATHECH TOHKHMH M YCJIOBHO 3aJIalOTC CBOMMM TJIaBHBIMH
IIOCKOCTAMH, PacCTOSHHA MeXLY KOTOPHIMH BHYTPH KOMIOHEHTOB 3aBH-
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CAT OT CTEMNEHH CJIOXKHOCTH KOMIIOHEHTOB H TOJIIHH BXOASLIHX B HETO JIMH3,
Pacuer xojia niyuell MeX)ly KOMNOHEHTAMH CHCTEMbl BHNOJHAETCS M0 op-
MyJiaM ONTHKH HIeasbHOH onTHuecko# cHcTemsl (I, 64) u (I, 65):

tgu;_:Tt’tgui'i'hi(Dt; hf.‘,i‘-——-hg'—ditgu;,

re ® = f’ — cusa i-ro KOMNOHEHTa; d; — pacCTOsiHHE MexAy IJiaB-

HBIMH IVIOCKOCTSIMH i-r0 4 i + 1-TO KOMIIOHEHTOB.

Jns onpejeneHns AeHCTBYIOMHX (CBETOBBIX) AHAMETPOB KOMIOHEHTOB
Heo6XOIMMO PacCYHTaTh 1O 3THM (OPMyJiaM BHICOTHI h; MepeceyeHHs C
rJaBHBIMH IUVIOCKOCTSIMH  KOMIIOHEH-
A ] | TOB anepTypHOro Jyya, BBIXOASILIETO
PN, , M3 TOUKH NpeiMeTa, pacnoJioKeHHOH
- ﬁd \ s 4, Ha onTnueckoit ocu. Kpome Toro, He-
Bty H £’ OGXONHMMO TaKXKe pacCUHTaTh 10.2e80L
4 \ \? Jlyy — TJIaBHBIHA J1y4, BHIXOAAUIMH H3
KpaiHeH TOYKHM 1OJA NPEIMETOB H
NpOXofsAlUMii Yepe3 LEeHTP BXOAHOTO
spadka P (puc. I, 33). OGuiuno pac-
Puc. 1, 33. Orpanmuenne myu- CTOSIHHSi OT ONTHYECKOH OCH TOUeK
Row ¥ oCerens ToTieum NepeceyeHHsi 3THM JIyYOM T/aBHBIX
IJIOCKOCTEH KOMIIOHEHTOB 0G03Haya-

10T GYKBaMH ¥, @ YIJbl Jy4a C ONTHYECKOH OChI0 — GyKBaMH w:

tgw;:%tgwl+yimf; Yra=y1—dtgw, (1,93)

Ecnu B 06beKTHBE OTCYTCTBYeT BHHbETHPOBaHHe, TO PaAHyCHL HelicTBY-
IOLIHX OTBEPCTHH KOMIOHEHTOB R; onpeleNATCA KaK cymMMa abCOJIOTHBIX
3HaueHHH BBICOT A; H y;:

Ri=h;+ y;. (1,94)

Ha puc. I, 33 BTopoii Benomoratesbibiil yy H',B no BhIX0oJe H3 nepBo-
ro KOMIOHEHTa MepeceKaeT [JIaBHYIO IUIOCKOCTb BTOPOTO KOMIIOHEHTa B
TouKe B Ha paccrosHHH BH,; = Yy, oT onTHyeckoit ocH. [lepBhiit Bcromora-
TeJbHBIH (anepTypHeiil) 1y4 AD nepecekaer nJoCKOCTh BTOPOTO KOMIIOHEH-
Ta B Touke D Ha paccrosinun DH, = h,. OueBnano, orpesok DH, = CB,
T. €. pagHyC OTBEPCTHA BTOPOro KOMNoHeHTa paBeH BH, + CB = y,+h,.

Pacuer 060HX BCIIOMOTATEJIBHBIX Jyyell HOJKEH OBIThb BBINMOJHEH NpH
COOTBETCTBYIOLIeH HOPMHPOBKE BEJIMYMH A; M Y;, @ HMEHHO:

a) ecJiM npejiMeT pacnoJsioxeH Ha GecKoHeYHO GOJIBIIOM PAaCCTOSHHH OT
06beKTHBa, TO CJlellyeT NPHHATS: .

=5 Dy y1=xtgwy (1,94)

rae D, — nuameTp BBOJHOTO 3payKa; X, — PacCTOSAHHE LEHTPa BXOIHOTO
3paYykKa OT NepPBOro KOMIOHEHTa, w; — MNOJIOBHHA yIJia moJis 3pEHHH. Ha
puc. I, 33 x; = 0, Tak Kak MJIOCKOCTh BXOJHOIO 3payka COBMELLEHA C IJIaB-

58



HO# MJIOCKOCTBIO NIEPBOrO KOMNOHEHTa, KaK 3TO OGLIYHO HMEET MeCTo B 00b-
ekrupe IletuBans;

6) eci NAOCKOCTh NPEIMETOB PAcCIoJiOXKeHa Ha PacCTOSHHH — §; OT
nepBOrO0 KOMIIOHEHTa, TO

h’_ = Si tg ui; ([,94”)

rjie 4, — anepTypHbIH Yrosl B NPOCTPAHCTBE NPEJMETOB, ONPEAeaseMbIi H3
BHIPAXKEHHA:

=_1 _ D
tguy = 2 (m—s)

rie X, — S, = —p; — PacCTOfiHHe IJIOCKOCTH MNpeIMETOB OT MJOCKOCTH
BXOJIHOTO 3pauka, AHaMeTp Kortoporo D,.

Koopannara y, Broporo BCIIOMOTATeJIbHOTO Jiy4a B MJIOCKOCTH NepBOro

KOMIIOHEHTa ONpejensAeTcs H3 COOTHOLUCHMS:
Y= xtgw,, (1,94)
L hL
. =P % —5
ONTHYECKOH OCH.

OpHako He Bcerjia BO3MOXKHO, BC/IEICTBHE orpaHHyYeHHsA rabapHToB 00b-
€KTHBa, 2 HHOTJAa H He pallHOHAJbHO (M3-3a HEeCOBEpPLIEHHOH KODPEKLHH
abeppaiHiil JyyeH IHPOKOro HAKJOHHOIO NY4YKa) yBeJHYHBATH AEHCTBYIO-
IIIHE OTBEPCTHA KOMIIOHEHTOR JI0 YCTAHOBJEHHBIX BhILE BEJIHYHH HX Pajuy-
coB R; = h; + y;. OnHako BenHynHa R; He MOXeT OLITh MeHblle BeJHYHHBI
h; Bo n3bexanHe AuapparMHPOBAHHS AaNepPTYPHOro Jydya, YTO NOBJEYET
YMeHBILEHHE 3aJ]JaHHOTO OTHOCHTEJNBHOTO OTBepcTHA 06BeKkTHBAa. EC/H ke
OnpelesiATh PajMyChl OTBEPCTHH KOMMOHEHTOB H3 YCJoBHA R; = Ay, ToO
BHHbETHPOBAHHE HAK/IOHHBIX NMy4KOB Jyuell GyleT HMeTb MeCTO yie AJsA
TOYyeK H306parkeHHH, pacno/oxKeHHbLIX BOMH3H LeHTpa nois. TakuM obpa-
30M, PallHOHAJLHEIM BHIOOPOM BEJNHYMH y; H PajHyCOB AeHCTBYIOUIHX OT-
BepcTHH R; KOMIOHEHTOB MOXKHO 3apaHee NPeAONpPeNesisiTh H BIAHATL Ha Be-
JIHYHHY BHHBETHPOBAaHHA OOBEKTHBA.

; |, —paccTosiHHe TOYKH mOpeamMeTa OT

§ 7. IEPCIIEKTHBA H TJIYBHHA TTPOCTPAHCTBA,
H30BPAXAEMOI'O OB BEKTHBOM

Paccmorpum o6pasoBanHe NPOEKTHBHBIX H306paKeHHH 0ObeMHbIX 00b-
€KTOB 1 HX OoTOOpaKeHHe 0ObeKTHBOM; YCTAaHOBHM ITIPH STOM YCJIOBHS Mpa-
BHJILHOrO PacCMOTPeHHA NepcneKTHBHBIX H300pakeHHH H onpejenkm ¢ax-
TOPEI, BJIHAIOLIHE HAa IyOGHHY NPOCTPAHCTBA, H306parKaeMOro 0GbeKTHBOM.

IpoexrusHoe M300paxenne oObeMHBIX nmpeameroB. OGBeKTHB OTOGpa-
HaeT Ha MJIOCKOM CBETOYYBCTBHTENLHOM CJIOE NpPHEMHHKA MPOEKTHBHEIE
H300pakeHHs1 NMPOCTPAHCTBA, PeXe — H306PaXKEHHs MJOCKHX NPEAMETOB.

¥ H306paKeHHs ABIAIOTCA JeHCTBHTEbHEIMU H OGLIYHO YMEHbIUEHHBIMH.
GosbiiHCTBe C1yuaeB H306paXkaeMble 06BEKTh HMEIOT HEKOTOPYIO TTy6H-
HY, HHBIMH CJIOBaAMH, OOBEKTHBOM HM300pa)aeTcs 4yacTb NpPOCTPAHCTBA, B
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KOTOPOM pacCroJIoKeHbl MPeIMEThl Pa3JHYHBIX Pa3MepoB H Ha pasHBIX pac-
crosgHHaX. Tem caMpiM OGBEKTHBOM NMPHBOAHMTCA K OAHOH NJIOCKOCTH H30-
GpakeHHe NPeIMETOB, PACIOJIOXKEHHBIX B TPEXMEPHOM IPOCTPAHCTBE.

Toueurvte H300parKEHHsT MOXKHO NOJYYHTD JIHIUB OT TeX TOYEK NpeaMera,
KOTOphHIE PaclOJIOKEHbI B IJIOCKOCTH HaBeJleHHs, ONTHYECKH CONpsKeHHOH
CO CBETOYYBCTBHTEJbHOH IUIOCKOCTBIO NMpHeMHHKa. [/ To4YeK MNpenmeTa,
PAaCIOJIOKEHHBIX BHE TJIOCKOCTH HaBeJleHHs, TOUKH HX M306paxeHHit obpa-
3YIOTCH TaKKe BHe IIOCKOCTH IPHEMHHKa; Ha nocieaHem Habmonaiorcs
JIHIIB CAENE], OCTABJsIEMble COOTBETCTBYIOUIHMH KOHyCaMH Jayueit, (opmu-
PYIOIIHX H306paxKeHHS TOYEK H Ha3blBaeMble KPYNKAMU pacceanus ayued.

Ins aHanusa obpa3oBanusa H306paxeHHH 06beMHBIX 06BEKTOB Heo6Xxo-
JIMMO PacCMOTpeTh ONTHYECKH CONPSMKEHHYIO ¢ IJIOCKOCThIO H306pameHHs
MJIOCKOCTb HaBeJieHHs, Ha KOTOpPYIO cipoenypoBad 06bekT. LleHTpom mpo-
EKLHH NPH 3TOM JOKeH OBIThH LIeHTP anepTypHOH AHadparmel, Yepe3 KOTo-
peil MpOXOAAT rJyaBHBIE Jy4H, GOpMHpyIOUIHe B IJIOCKOCTH NpHEMHHKA
cnennl H3obpaxkeHHH ToueK o6bekTa. Takas NMpOeKLHA HAsHIBAETCA npo-
eKmusHelM U306 padceruem TPoCTpaHCTBeHHOTO (06beMHOro) o6bekTa. Ero
1306pakeHHe B IVIOCKOCTH NPHEMHHKA ABISETCH, CJ€/l0BaTe/NbHO, MPOEK-
THBHBIM H300paKeHHeM, 06pa3yeMbiM HA OCHOBE PACCMOTPEHHHIX BhILIE 3a-
KOHOB ONTHKH HIeaNbHOM CHCTEMBI.

Takum o6pasoM, MpOeKTHBHOe H300paXceHHe ecTb NMPOeKIHS 06BEMHOro
0o0beKTa Ha IJIOCKOCTb HABOJKH, BEINOJHEHHAA Ha OCHOBAHHH 3aKOHOB LIeHT-
PAaNbHOF NepcneKTHBE], IPHYEM LEHTPOM NPOEKLHH ABJIAETCA LEHTP BXOJ-
HOro 3padyka, a pasMepkl 3payKa NpeAnosaraloTcs CToNb MalbIMH, UTO Clie-
Ibl Ha NJIOCKOCTH HABOLKH OT KOHYCOB Jy4ell, HAYLIHX OT ToueK o6beKTa,
He pacrnoJoxeHHbIX B MJIOCKOCTH HaBeJleHHs, MOTYT GHITh IPHHATHL 33 TOY-
Ku. Tem cambiM cpell BO3MOXKHBIX CIOCOGOB H306paKeHHs MPOCTPAHCTBA
06BeKTHB JlaeT HaHboJsiee npocToe H 6JH3Koe K BOCIPHATHAM HaTypHl nep-
CNeKTHBHOe H300pa)KeHHe TpPOCTPaHCTBA, NPHBOAA K ONHOH NJIOCKOCTH
H3006paKeHHs NPEIMETOB TPEXMepPHOTO NPOCTPaHCTBA.

3aBHCHMOCTb MPOEKTHBHOrO H300DAMEHHA OT MOJIOKEHHS BXOLHOrO
apauka. IIpoexkuus ofbeKkTa Ha NAOCKOCTH HABOAKH, BHINOJIHEHHAads Kak
LeHTpalbHaA MPOoeKNHs, LEHTPOM KOTOPOH CJYXKHT cepelHHa BXOIHOTO
3payka, a TNPOEKTHPYIOIWIHMH JIyyaMH SIBJISIIOTCA TJIaBHbIE JYy4YH, — eCTb
npoeKTHBHOE H3006paKeHHe o6beKTa. COOTBETCTBEHHO Pa3/IHYHEIM MOJIOKe-
HHSM LEHTpa NPOoeKUHH (BXOAHOro 3payKa) OTHOCHTENbHO OOBEKTa MPOeK-
THBHOE H300pakeHHe OOBEKTa M €ro H3o0paX<eHHe ONTHYECKOH CHCTeMO#
HMEIOT PasJIHYHbIA BHI.

3nech BO3MOXKHBI TPH MOJIOKEHH S BXOAHOTO 3payKa (LleHTpa NPOeKIHH):

a) BXONHOH 3payoK pacnojiokeH MeXay o0beKTOM H GeCKOHEYHOCTHIO
CO CTOPOHBI H300paKeHHA. ITOT CJy4yall COOTBETCTBYeT TakK Ha3bIBaeMOH
SHmoyermpuseckotl nepcnexmuee;

6) BXoaHO/ 3payoK pacnoJiokeH B GECKOHEYHOCTH; STO cayyad mene-
yexnmputeckoil nepcnexmusot;

B) BXOJHOH 3pa40K pacroJioXeH MeXAy 06BeKTOM H 6ecKOHeYHOCTbIO
CO CTOPOHH NPOCTPaHCTBa OGBEKTOB; 3TO CAyYaH 2aunepyenmpudeckodl
nepcnexmusgel.

Ha puc. I, 34 npeacrassieHs! COOTBETCTBEHHO STH TPH cJydyas ofpaso-
BaHUs NPOEKTHBHOIO H306paX{eHHSA NPOCTPAHCTBEHHOro NpeaMera MpH
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a3/MYHBIX MOJIOXKEHHSAX BXOXHOro 3payka. B caydae a crenka BC uso-
GpaXKEHHOTO Ha PHCYHKE JOMHKa, pacrnoJoxeHHas 6anxe K OObEKTHBY,
BLICIAAMT GoJibllieii: TOYKa B’ B NJIOCKOCTH HaBOJKH PaclOJIOXKeHa BhILIE,
ueMm Toyka E’. B cnyuae 6, Koria BXoIHOH 3pauoK pacnosioxkeH B GecKo-
HEYHOCTH, OJHHAKOBBIE IO BeJIHUMHE CTeHKH AoMuKa BC u ED umeroT B
NPOEKTHBHOM H306paKeHHH OAHHAKOBLHIE Pa3MEPHI HE3aBHCHMO OT HX pac-
cTossHHA OT o6bekTHBa. B caryyae ¢ creHKa nomnka BC, pacnonoxenHas
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Hi Lt ]
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Pnc, 1, 34. [IpoekTHBHO® H306paiKeHHe mPOCTPaHCTBeHHOro 0GBEKTa DpH
PasAHUHLIX DONOMKEHHAX BXOAHOro 3pauyKa

Gnuxe K 06BEKTHBY, BHIIVIANHT MeHbllel: Toyka B’ pacmoJioxkeHa B nJoc-
KOCTH IPOEKTHBHOTO H306pakKeHHs (3Ta e IJIOCKOCTE Ha PUCYHKe fBJsieT-
CAl MJIOCKOCTbIO HAaBOAKH) HIXKe, yeM Touka E’, SBAAOULAsACH NPOEKTHB-
HbIM H3o6pax<eHHeM TOYKH E (npH neHTtpe npoekunu P’), pacnosoxeHHoH
Aanbllle OT 06beKTHBA. DTa rUNepLueHTPHYECcKas NepCnekTHBa NpHAaeT H3o-
GpakeHHI0 COBEpIIEHHO HEOOBIUHEIH XapaKTep.

H3meHeHHe nepcrieKTHBBI NPH PacCMOTPEHHH NPOEKTHBHOrO H300pae-
HHS NpH pasAHYHbIX NONOXKEHHAX raas3a. [Ipn paccMoOTpeHHH MJIOCKHX H30-
OpaeHuil MPOCTPAHCTBA OHHHM IJ1a30M HaGJOJATesb BOCCTAHABJIHBAET
KapTHHY NMpOCTpaHCTBA MO IJIOCKOMY H306paKeHH:o, MPOELHPYH B NPOCT-
PaHCTBO H306p aXKeHHbIe Ha NIJIOCKOCTH TOYKH 3HaKOMBIX HabJ1toflaTeslio npel-
MeroB. Ilponecc BoccTaHOB/AEHHS NPOCTPAHCTBA NO MEPCNEKTHBHOMY H30-
GpaxeHHIO IPOHCXOMUT NOYTH BCETAa: NPH HaGMIONEHHH I71a30M (HEBOOPY-
HEHHBIM HJIH BOOPY:KEHHLIM ONTHYECKHM NPHGOPOM), MPH PaCCMOTPEHHH

orpaHYecKOro CHHMKa, NPH HaG/MONEeHHH TeJIeBH3HOHHBIX H300paxe-
HHH Ha 3KpaHe KMHECKONa H T. I

IIpu paccmorpenun npoexTHBHOrO H306paXKenus, 06pasyeMoro o6beK-
THBOM, NpaBHJBHOCTb OTHOCHTENHLHOIO PACHOJIONKEHHSI TOUEK MBICJIEHHO
BOCNPOH3BOAHMOrO NPOCTPAHCTBA — NPABHJABHOCTb BOCHPOH3BENEHHSA
NepCreKTHBEI — 3aBUCUT OT PACCTOSIHMSA IJ1a3a 10 HAG/MOLAEMOro H306pa-
XeHHs. Yr1o6el NpH PaCCMOTPEHMM NPOCTPAHCTBEHHHIX H306paxeHHil He
TPoKCXORMM0 HCKaXKeHHs NepCIeKTHBE], HEOGXOMHMO PacCMaTPHBATh H30-
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GpakeHHe C TAKOro paccrosiHus D, NpH KOTOPOM BCe YIJIOBBHIE PacCTOSHHA
MeXJy TOUKaMH H300paMeHHS PaBHBI YIJIOBHIM PAaCCTOSHHAM MEXAY COOT-
BETCTBEHHBLIMH TOYKaMH AEHCTBHTEJIbHOIO MPOCTPAHCTBA.

Onpegenum sto paccroanue. [Tycts S’A” — nockocTs, B KOTOpOI TO-
Ayyuaochk u3obpaxenue I’’ conpsxKeHHoro emy orpeska ! (puc. I, 35), pac-
TOJIOXKEHHOTr0 B IIJIOCKOCTH HaBelleHHs SA; B CBOIO ouepelb OTpe3oK [
ABJISETCS TP OEKTHBHBIM H306p axeHHeM JHHUH BC npu neHTpe NepCreKTH-
P BHI, PACNOJIOXKEHHOM B TOYKe P — leH-

Tpe BXOAHOro 3pauyka o6bekTHBa. Tak
| I KaK OTPe30K ! HMeeT YI/oBhie pa3Mephl
M f\ ., W, TO NpH HaGMOJeHH: ero H3oOpaxe-
o B S HHA [’ ¢ coXpaHeHueM TpaBUJILHOMA
& /"‘”\I-z’ NepCTIeKTHBEl HEOGXONHMO TIJia3 TOMe-
I | 4’ CTHTb Ha paccTosinuu D:
i’
P LS IR D=l (1,95)

B 3TOM CJIyuae yIJIOBble pa3Mephl H3o6paxenus I’ 6yLyT Takke paBHB .
Tak Kak tgw = — —p~» HaXOluM :

U =
D=—p=rf.

MoxHO BesiuurHy D BHIPa3HTb Yepe3 yI/IoBOe yBelTHUEHHE B 3paUKaX: Tgp =

tgw’
= tew’ o6paTHB BHUMaHHE, YTO
B e
] ptew ’
TOJTYUHM:
D = pB=p'Ysp. (1,95

3T0 yc/I0BHE MOJYYEHO B MPEAIIOJNOKEHHH, YTO [IJIOCKOCTh HaBeleHHs pac-
NOJIOXKEeHa HAa KOHEYHOM PacCTOSHHH. ¥ OGBEKTHBOB, HMEIOLIHX ONTHYeC-
KyiO CXeMy, CHMMETPHUHYIO HJX GJIH3KYI0O K CHMMETPHYHOH, Tsp = 1 H,
caejoBatenbHo, D = p'; B 3THX cayyasix AJis BOCHPHATHA H300Ppa)KEHHﬂ
C COXpaHeHHeM TNPaBHJIbHOH NMepCrneKTHBL He06X0AMMO P acloyIORKHTh IJ1a3
Ha PacCTOSHUH p’ OT MJIOCKOCTH H306paxeHHH, T. €. Ha TAKOM PaCCTOSHHH,
Ha KOTOpOM OT MOCJeAHeH HaXOIHJCH LEHTP BBHIXOZHOrO 3payka.

Ecnn paccrosinue rnasa Ha6mojgatens oT H3obpaxkeHHs 6yner MeHblue
paccrosuua D, TO NPaBHIBLHOCTL NMEpPCNEKTHBLH HapylLIaeTCd: MpeiMeThl
NpejcTaBaAlOTCA Hab/moNaTeNio CKaThiMH MO Iy6HHE, NpHYeM OGBEKTHI
HEONO3HaHHbIE (HCTHHHbIE (POPMBI KOTOPHIX HEH3BECTHbI) MPEACTABAAIOTCS
HabJioaTe 0 HCKaXKeHHEIMH 32 CYeT BOCTIPHSATHS JIHHEHHBIX pa3MepoB Je-
Tajeil 06bexTa, 6/1HKe pacloIoKEHHbIX K VIOCKOCTH HaBeleHHs, KaK JeTa-
Jiell YMeHbLIEHHBIX pa3MepOoB. '

Ecau xe paccrosinue raasa na6iogartens ot H3o6paxenus 60biue pac-
crosHAA D, NpOM3OHIYT NPOTHBOMNOJOMHBIE HCKAaXKEHHS MEePCEeKTHBAI:
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fpeAMeThl NPEICTaBJSAIOTCS BHITAHYTHIMH 110 TyGHHE, a OOBEKTH HEONO3-
paHHble (He3HaKOMBIE) IPeACTABAAIOTCS HCKaKeHHBIMH 32 CYeT BOCIIPHATHSA
nuHEAHBIX pa3Mepes feTasiell 06beKTa, PacnoIOKEHHBIX GJIHXKe K IJI0CKOC-
TH HaBeJeHHA, Kak JeTanell yBeJHYEHHBLIX pPa3MepoB.

YcjoBHe BOCMPHATHS NpPaBHJIbHOMN NEPCNeKTHBbE NPH HaGMoNeHHH u30-
GpaxeHHi 3HAYMTENBHO YlaNeHHBIX NPOCTPAHCTBEHHBIX Npeameros. YacTo
00BeKTHBLI H300paxaioT 06beKTEl, PacloJiOKeHHbIe Ha pPacCTOSHHAX, BO
MHOTO pa3 NpeBwIIalUHX GoKycHOe paccTosiHHe o6beKTHBa. B aTHX cay-
yasfX YIVIOBble pa3Mepbl H306paKaeMblX 0OBEKTOB, oNpejenseMble OT LEeHT-
pa BXOJHOrO 3payKa, Ma/io OTJIMYaiOTCH OT TAKOBBIX , ONpEZeJisieMbiX H3
mepelHed rnaBHOH TOYKH OObeKTHBa, H, caepoBaTenbHo, H3 (I, 53) u (I,
95) HaXOIHM:

D=F. (1,95") .

Takum o6pasom, I/ NONyYeHHS eCTeCTBeHHOH MepcrneKTHBH oGpasye-
Mble OOBEKTHBAMH NPOEKTHBHBIE H300paXKeHHs NPOCTPAHCTBEHHBIX NpeiMe-
TOB HYKHO pacCMaTpHBaTh C NPaBHJIbLHO BHIGPAHHOIO PaCCTOAHHS; AJA
6eCKOHEYHO yIaleHHbIX peIMeTOB OHO PABHO (DOKYCHOMY PACCTOSHHIO 06B-
€KTHBa, KOTOPHIM NOJayYeHo u3o6paxenue. [Tonobubie H306pakeHns AaroT
[IPaBHJIBHYIO IEPCIEKTHBY JIHIIbL NPH PaCCMOTPEHHH HX ONHHM IJIa3oM,
HaXOJALIHMCS B NeHTpe NMPOeKUHH H300paxeHHS.

ManodopmarHubie H300paxenus, ofpasyemble KOPOTKOGOKYCHLIMH 00b-
extHBamH. OnpeflesiedHoe suite paccrosHue D, neo6xopumoe aas Ha6uo-
IeHHSA eCTECTBEHHOH MepCcrneKTHBB H306paXKeHHH IPOCTPaHCTBEHHBIX NIpej-
MeTOB, YacTO 3HAYHTEJIbHO MeHbllle, 4eM pacCTOSHHe 0 OJHKHeH TOUKH
riasa sHabsognatens. [TocnenHee MMeeT MecTo NpH pacCMaTpHUBaHHH MaJo-
¢dopMaTHHIX (MeJKOMacliTabHBIX) H306paxKeHHH, 06pa3oBaHHBIX KOPOTKO-
(oKycHBIMH 00BeKTHBaMH, (POKYCHBIE PAaCCTOSHHS KOTOPHIX MeHbIle, 4eM
paccrosinde 0 OGMKHell TOYKH Ia3a, KOTOpoe y HOPMaJbHOrO IJ1a3a H3-
MeHseTcs ot 100 um B 20-netHeM Bo3pacre 10 npHO/H3HTEABHO 250 #M B
40—45 ner. B moao6HbIX cayyanX 6e3 NOMOJHHTENbHLIX MEp HEBO3MOMKHO
NONYYHTb TPH PacCMOTPEHHH H300paXKeHHH BNEYaT/IEHHS eCTeCTBeHHOMH
nepcrnekTHBHL. Takoe H306pakeHHe CJelyeT pacCMaTpHBaTh Yepes Jymy
COOTBETCTBYIOLIETO YBEJHYEHHS, JHO0 IpeBapHTENbHO YBeJHYUB MacluTab
H306pakeHHsI C MOMOLIBIO YBeJHYHTENbHOTO annapaTa (yBesindeHHe (OTo-
CHMMKOB), HJIH METOJIOM NPOEKLHH, HaNpuMep, TeJEBH3HOHHLIX H300paxe-
HHH ¢ KHHecKona Ha GOJIBIIOH 3KpaH.

Kaxk u3pecTHO M3 3/1eMeHTapHOH ONTHKH, yBesHueHue Ny Jynbl paBHO:

Ny, = —g rae 250 mm — paccTosHHE HaHJy4Ilero BHACHHA IJA HOp-
a

Ma/IbHOTO TJiasa B cpelieM Bospacre; f', — (OKyCHOe pacCTOSIHHE JIyIIHI,
BLIDaXKeHHOEe B MHJIJTHMETpaXx.

CrieoBaTesibHO, ecsii H306paXkeHHe MONyYeHO KOPOTKOGOKYCHEIM 06b-
€KTHBOM ¢ (OKYCHBIM pacCTOsiHHEM [, W LIEHTP NepCNeKTHBH H3o6paxe-
HHA pacnoniokeH Ha TOM Xe PacCTOSHHH [y, TO NOCAeLHEe N0JKHO OLITh

25 .
YBeuueno B f'o: pas, T. e. 10 BeHYHHEI HAHJYYIIero BineHus (~ 250 ma),

€ Kotoporo raias cnocobeH Ha6/0AaTh eCTECTBEHHYIO NIEPCNEeKTHBY H306pa-
EHHBIX OGBEKTOB. DTH YCJIOBHS GYAYT, OYEBHAHO, BHIOJHEHB! MPH [’y =
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= ['o6s T. €., IPHMEHHB JIYTy C GOKYCHBIM PaCCTOSTHHEM, PABHEIM GOKYCHO-
My pPacCTOSIHHIO O6bEKTHBA, HJIH, elile Jiydllle, BOCNOJb30BABIIHCH JJA pac-
CMaTpHBaHuA H306paXKeHHH STHM Ke OGBEKTHBOM.

Bo BTOpOM Cayuae —MpH yBeNHYEHHH MacluTaGa Haoﬁpameunx —

yBesHuenue f§ A0/KHO GHITh BHOPAHO PaBHBIM OTHOLIEHHIO

B= o, (1,95")
fos

rae D — (daKTHUeCKOe pacCTosiHHe HaGJuofeHus u3obpaxenusa. M3 artoit
(opMyJIHL MOXKHO NOJIYYHTb 3HAYEHHe MPABHJIBHOTO PacCTOAHHSA AJsl Hal-
i JIOfeHHS  Jo6Oro  yBeJHYEHHOro

Ezypund CHHMKa.

OcoGenHOCTH H306paxkkeHHs mpo-
CTPaHCTBEHHBIX mNpeAMETOB  0C000
CBeTOCHJALHBIMH 0GbekTHBamMu. Ilpn
YTOYHEHHH YCJIOBHH NOJyUeHHS NpO-
E€KTHBHHIX H300paKeHHH OBIIO yKa-
3aHO, YTO I[poeKL U 06beMHOro 06b-
eKTa Ha TIJIOCKOCTb HABOJAKH, BbINOJI-
HfieMassi OTHOCHTEJbHO HEKOTOpPOro
LIeHTpa MPOEKIHH, OCTABJNAET B ILJIO-
Puc. 1, 36. HaoGpaxenue o6bemuoro npes- CKOCTH HaBOJKH CJIeAbl OT KOHYCOB

MeTa 0c0G0 CBETOCHABHBIM 0GbEKTHBOM ﬂquﬁ, HAYLUIHX OT TOYeK Dﬁ'beKTa,

He PAaCroJIOXKEHHBIX B MJOCKOCTH Ha-

BeleHHs, H 3aMOJIHAIOIMUX BXOAHOM

3payoKk obbektHBa. [lns Toro 4ToObl pa3Mephl 9THX CJeJOB OBbLIH

BO3MOXHO MaJbIMH (H Morau OBITh TPHHATEL 32 TOYKH), Npenno-

Jlarajioch, YTO pa3Mephl BBOZHOIO 3payKa TaKike Majbl. B nporus-

HOM CJ1y4Yae MOABJAIOTCA HCKaXKeHHA, CBA3aHHbBIE He TOJBKO C MOJIOKEHHEM

3payKa, HO H C €ro BeJIMYHHOH. 310 sBJeHHe HabJofaeTcsa Y O4YeHb CBETO-
CHABHEIX O6BEKTHBOB.

Ha puc. I, 36 npeacraeseno Konycoo6pasHoe TeJsio, ock Kotoporo AB
HanpaBsJieHa B CTOPOHY 3paykKa 06beKTHBa. [IpenosIoxKHM, YTO anepTypHBIH
yros 06beKTHBa u 6oJibllie, YeM YroJ a Npu BepliuHe KoHyca. Ilycte D u
Dy — TOyKH nNepeceyeHHs MPOAOJIKEHHH, 06pasylomHX KOHYCH C MJOC
KOCTbIO BXOZHOTO 3pauka. OueBuAHO, €C/H HHaMeTp BXONHOTO' 3paukKa
Gonbiue guamerpa DDy, To 06bexTHB 6yneT H3obpaxaTb TaKikKe H 60KOBLIE
nosepxHocTH C 1 Cy KOHHYECKOro TeJsia, H306paKeHHsT KOTOPBIX HCYE3aloT
npH fnadparMHpOBRaHHH O6beKTHBA COOTBETCTBEHHO JI0 aNepTYPHOTo yIa a.

Takoe sBneHHe, B 4aCTHOCTH, Ha6JlOAAeTCs NPH MOPTPETHHIX ChEMK.X
¢ 6J1M3KOro pacCTosHHA OYeHb CBETOCHIbHBIMH OOBEKTHBAMH: 3HAKOMBIE JIH-
Ia CTaHOBATCA HEY3HaBAaGMbIMH BCJIE[JCTBHE TOSBJEHHA HCKaXeHHH.

FayGuHa npocTpaHCTBA, pe3KO H306paxaeMoro 06 bEKTHBOM. Y CTaHOL
JIeHHEIE BhIllle 3aKOHOMEDHOCTH H306paKeHHA NMPOCTPAHCTBEHHBIX MpeaMc
TOB OCTAIOTCA CpaBelIHBLIMA H B TOM CJiy4ae, KOTIa BBEJleHHOe OrpaHuye-
HHE B OTHOIUEHHH BeCbMa MaJbiX pa3MepOB BXOAHOTO 3payKa CHHMaeTcsd,
T. €. KOr/la 3pauoK o6beKTHBA HMeeT KoHeyHble pasmephl. M B aToM cayyae
TOYKH 00beKTa, pacnosioKeHHEIe B NIOCKOCTH HaBeJeHHs, OCTAIOTCA TOYKa-
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MH; YCJIOXKHSIOTCS YCJIOBHSI 00pa3OBaHHS INPOEKTHBHHIX H306paxeHHil
TOYEK, PaClOJIOXKEHHBEIX BHE IVIOCKOCTH HaBeleHHs: KOHYCHI Jydeil, HCXo-
AAUHX H3 3THX TOYEK H 3aNOJIHAIOUHX 3payoK 06beKTHBA KOHEUHBIX pasMe-
poB, 06pa3yioT B CEYEHHH C IUIOCKOCTbIO HABeJEHHS KPYXKKH PacCesHHus
Jiy4yeH, SIBASIOUINECS TPOEKTHBHBIMH H300parKeHMSMH TOYeK OGBLEMHBIX
OOBEKTOB B MJIOCKOCTH HaBeJECHHs. PasMepbl STHX KPYXKKOB, B YaCTHOCTH,
' 3aBHCAT OT PaCCTOAHHA TOYEK OOBEKTa [0 NJIOCKOCTH HaBeleHHs: 9TH pas-
Mepbl BO3pacCTaioT 10 MEPE yAaJeHHA TOYeK MpeAMeTa OT MJIOCKOCTH Hape-

. [IeHHH.
EcJain pasmepsl KPYyKKOB PaCCeiHHsi YBEJIHYHBAKOTCA HACTOJBKO, YTO
NpH AaHHOM crnocobe HaGMOAEHNS H300paKeHHsi OHH YXKe BHITANAT TOY-

KaMH, TO COOTBETCTBYIOLIAs YaCTb [IPOCTPAHCTBA NPEAMETOB H306paxaeTcs
Hepe3Ko. 310  06CTOATENBCTBO
OrpaHHYHBaeT NPOTSAKEHHOCTb MO,
ray6uHe pe3ko H306paxaeMbix |
06BEKTOB — O2paxutusaem 2aybu- b
HY pesKko usobpajcaemozo npocm- I
parcmea. I1a rny6uHa 3aBHCHT OT |
OTHOCHTEJIbHOrO OTBepecTHs (wnd |

anepTyphl) OGBEKTHBA H OT JONY- —=d, {4 j~—-f—m
CTHMBIX BEJIHYHH KDY2KKOB pac- | 7
CesiHMA Jiyyell B TJIOCKOCTH HaBe-
IieHHsI; THN OOBEKTHBAa HHKaKoro Puc. L 37 Onpexenenie rayGunii peaxo usoGpa-
BJHAHHS HE OKa3biBaeT. 3aMeTHM,

4T0  yKasaHHasd IpeANOCHUIKA

CripaBeflJIMBa B MOJIHOH Mepe JIHIUDb JJil HAeaJbHEX OOGBeKTHBOB. Peans-
Hble OOBbeKkTHBH, O6sanas abeppalHsaMH, JONOJHHTENLHO YMEHBIIAIOT
pe3KOCTb H300paXkeHHs Ja)ke TOYEK NpPeIMEeTOB, PACMOJIOXKEHHEIX B IJIO-
CKOCTH HaBelleHHA. BosmokHas JeoKycHpOBKAa H3o6paxeHHs1 6x’ oTHO-
CHTENIbHO TJIOCKOCTH TpHEMHHKa OYJNET CyLIeCTBEHHO 3aBHCETb OT Kaye-
CTBa KOpPPEKLHH. '

Onpenenenne reomeTpuyeckoil ryGuHb H3oOpakenus. TOuKH npenMe-
TOB, PAcMOJIOKEHHBIX BHE NIJIOCKOCTH HaBelleHHs, H306paxaioTcs JOCTaToy-
HO pe3Ko, ec/ii AHAMETPHl COOTBETCTBYIOUHX KPYXKKOB pacCesiHHA JiyueH
B IJIOCKOCTH NMPHEMHHKa H300paKeHHs He MPEBbIUAIOT ONpeleNeHHbIX Be-
VIHYHH., DTH BeJIHYHHBI OOBIYHO YCTAaHABJIHBAKOTCA, HCXOAS H3 YCJIOBHH Ha-
GniofieHnsi H300paKeHuH, NpHHHAMas BO BHHMaHHe, YTO YIJIOBOH Mpeen
Paspeiuenns ' (T. e. NpelesbHO MaJbi yroJ, NoA KOTOpLIM H306paxeHHs
JABYX 6/IH3KO pacloJioXKeHHLIX ToueK HaGJIoAaloTCs riasoM paslenbHO) Y
CpefHero raasa cocrasaser okoJo 1'.

Ecau 310 paccMoTpenye BeleTcs C DaCCTOAHHA HAWJYYILEro BHIEHHS
(/1M YC/IOBHOTO PACCTOAHHS 3peHHsA, KaK ero TakKike HasblBalOT), PaBHOTO
50 MM, TO IOMYCTHMbIE THAMETPHI KPYXKKOB DacCesHHA MOTYT JOCTHIaTh
Sesuyun Z' = 250 ¢’ mm. K Bonpocy ycraHOBJIeHHs JONYCTHMBIX Pa3MepoB
‘RPYXKOB paccesiHHs C/eLyeT MOAXOAMTL C yyeToM Tpe6yeMoro KauecTsa
H300pazkeHysi, 4aCTO 3aBHCALIETO HE TOJBKO OT JIHYHBIX OLLyUleHHH Hal-
JONaTeN1si, HO M OT H300paKaeMoro CIOXKera.

, Mlycts o6BekTHB H306pakaer miockocth A (puc. I, 37) B muockocTH

HEKOTOpOro NpHeMHHKa H306paKeHHH HIIH OTpaxalollero sKkpana. Bosb-
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MeM APYTYIO MJIOCKOCTb — Ay — B TOM e NPOCTPAHCTBE NPEIMETOB; Jy-
4H, BEIXOASILLHE H3 LEHTPaJbHOH TOYKH TOH MIOCKOCTH, 06pa3yioT B MJ0C-
KoctH A’ HepesKoe n3obpaxeHHe STOH TOYKH B BHJIE KPYXKa paccesHUs
AnamerpoMm 2. B mpocTpaHcTBe npeAmeToB HalJIeTca M TpeTbs  IJIOC-
KocTb — A,, paclofiokeHHas N0 JPYrylo CTOPOHY OT IWIOCKOCTH A H
Ha TAKOM PacCTOSTHHH, YTO H3o6paXkeHue IEeHTPaJbHOH TOUKH MJ10CKOCTH
A, obpasyeT B NJIOCKOCTH A’ KPYXKOK paccesiHHA TOTO Xe AHameTpa 2.

Ecau yraioBas BeJIMUHHA STOT'0 KPY3KKa NIPH ONpeJeIeHHOM PacCTOSHHH
rnasa HabaiofaTensi oT n3o6paxcenHs GyAeT COM3MEPHMA C BEJHYHHOH yr-
JIOBOTO Mpejesia paspeluenus Iyasa §’, To KPyKOK paccesiuusa GyzeT Boc-
NPUHUMATBCS B BHAE TOYKH H, CJIeJloBaTesbHO, H306paeHHs BCeX TOYEK
NpOCTPAHCTBAa MpeAMETOB, PAaCNOJIOXKEHHBIX MexIy NJocKocTaMH Ay H
A,, 6yIyT BOCIPHHHMATBCA B BHJAE TOYEK NpPHOIU3HTENBHO OLMHAKOBOMH
pe3kocTH. Paccrosinne Mexny nJjockocTsaMmu Ay v A, HaswiBaercsa 24ybu-
HOU pesKo usobpajlaemoz0 npocmparcmea, BeNHYMHA KoToporo A paBHa
anrefpaHyeckoil cyMMe paccTosiHMH NlocKocTH A, (mepeanero nnaua) H
IIOCKOCTH A, (3aIHero mJiaHa) OT IJIOCKOCTH HaBeleHHA A:

A = Ai e Az .
O6o3nauus yepes f§ AHHeHHOE YBeJHYEHHE B COMP AMEHHBIX MJIOCKOCTAX
A u A’, onpenienum JHaMeTp KpyKKa z B IJIOCKOCTH HaBelleHHs A, COOTBeT-
CTBYIOULHH uaMeTpy 2' Kpy»Ka paccesiHus Jiyyeil B IJIOCKOCTH H306paxe-
nua A’ (HHOTAa HashiBaeMOH TaKKe KApTHHHOH IJIOCKOCTBIO):
zf

E= —.

B

M3 nonobubix TpeyronbHHKOB (cM. puc. I, 37), noayyalomuxcs B ceye-
HHH TOMOLIEHTPHYECKHX NYYKOB B NPOCTPAHCTBE NpPEAMETOB, HaXOAHM:

pDo _ _pD,

Ps=—b:j+_"-z—': Py = Doz’ (1,96)
rie Dy = 2a, — nuamerp BXOJHOTO 3payKa o6bekTHBa. OTciofa HMeeM:
Ay=—L_; A =_F_, 1,96

Pacctosnua Ay u A onpejensioT Te KpaHHHe NOJIOXKEHHS IJIOCKOCTeH
Ay u A,, pacnosiOXeHHBIX COOTBETCTBEHHO BNEpeNH H C3aJH MNJIOCKOCTH
HaBelleHHs A, MpH KOTOPHIX TOYKH 3THX IIOCKOCTeH H3oGpaKaioTcs B
KapTHHHO# 1J0cKOCTH A’ KpyXKaMH paccesiHus C AHaMeTpamH 2 = zB,
HE MPEBBILIAIIIHMH HEKOTOPLIX Hanepej] 3allaHHbIX 3HaYeHHH, yCTaHaABJIH-
BaeMLIX, HCXOAA H3 yKa3aHHBIX BhIlle ()aKTOPOB.

U3 nocnennux Beipaxenuii onpefiesisieM IyGHHY Pe3Ko H306paxKaeMoro
NPOCTPaHCTBa:

AeB—Ay = — ;D_W; , (1,967
2_

Zz
HJIH, EOCHOJIbSOBaBlHHCb 4To 2 = —, HMeeM:
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A— _ 208D
Bog—7*

OGpaTHB BHHMaHHe, 4TO (D% >>>> 2%, HaXOAWM NPHOIHKEHHOE, HO
BIOJIHE MPHTOAHOE A/ IPAKTHKH BHIpaXKeHHe:

G _ S (1,96

H3 artofi ¢popMyJibl 0COGEHHO OTYET/NIHBO BhHITEKaeT XOPOLUIO H3BECTHBIH
dotorpadam (akT: ANA NOBBILUEHHA TIyOHHBI ClefnyeT JaHOO yAaJHThCA
oT H306paKaeMblX 06bEKTOB (YBEJHYHTb p), JHOO YMEHBLIHTL AHadparmy

Hauboabimas so3moxHas rayOHHa pe3koro H3o0pamenHs; runepgo-
kaabHoe paccrosinne. Popmyant (1,96) MoxxHO npeoGpas3oBaTh; ecyu npea-
TOJIOKHTD, YTO PAacCTOSHHE NO NJIOCKOCTH HAaBeIEHHS 3HAYHTeJbHO 6OJIb-
me (GOKYCHOTO pacCTOAHUA 00beKTHBa. IIpH TaKoM NpeANOIOKEHHH HMeeM:

Y IS SO B
x p—r P P
INocae 3amensl B (1, 96) BeJHYMHEL z = % ¥ IPHHATHA BO BHHMaHHe IOC-
JISHET'0 COOTHOIUEHHSA, MOJYYHM:
2 2
ef’ . ef’
p=—5t—i py=—5L—. (1,97)
ef —2'p eff +2'p

Amnanus sTHX GopMyJ NOKasbIBaeT, 4TO IMy6HHY pe3Ko H300paxaeMoro
NPOCTPAHCTBA MOXXHO CYLIECTBEHHO PAaCIIHPHThb, €CJH YCTAaHOBHTH 00BEK-
THB Ha TaK Ha3blBaeéMOe THNep(oKaJbHOE PacCTOsIHHE — TaKOe paccTos-
HHE p NJIOCKOCTH HaBeJleHHs OT OGBbEKTHBA, MPH KOTOPOM 3aJiHHiH nJjaH Gec-
KOHEYHO yjaJieH (p, = o0). B 3TOM cay4ae, moJIoXKHB BO BTOpo#H (opmyaie
(I, 97) saHameHaTe/1b paBHEIM HYJIIO, ONpeJiesIHM rHnepgoKanbLHOe paccTos-
HHe p:

af'a
o

[Mocne nopcraHoBKu B nepyio dopmyay (I, 97) Haxoaum monoxeHHe
NepejHero nJjaHa:

e

(1,97%)

!2 —_—
p=—L .2 __ L3 (1,97")

Takum obpasom, ecnu GoKycHpoBaTh OGBEKTHB Ha TIHNepdoKaibHOE
Paccrosnue p (a He Ha GECKOHEYHOCTD) , TO B KAPTHHHOM IJIOCKOCTH Pe3Ko
H300passTcs BCe MpeMeTHl, HayHHas OT 6eCKOHEYHOCTH M KOHYas paccTod-
HHEM p,, BBOE MEHBIIHM, YeM runepdoKanbHoe paccrosnue p. Takas ycra-

HOBKa 06beKTHBA Ha3hlBaeTCA TaKKe OJIMXKHel ycTaHOBKOH Ha GeCKOHey-
HOCTB.
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@opmyan (1, 97) MoXKHO NMpeAcTaBHTh, BBEJ B HHX NapaMeTp p:

p=-—LE_; p =L (1,97")
p+p p—rp

3apaBas pa3/iHiHbIE 3HAYEHHS BEJHYHHE p, ONpelensoed MoNoKeHHe
IJIOCKOCTH HaBEJEHHs, MbI H3 9THX (OPMYJ BEIYUCISAEM PaCCTOSHUA Nepel-
HETO p; H 3a/lHEro p, MJaHOB OT OGBEKTHBA. :

B npoBefieHHBIX 3/lech pacCyXIeHHsIX He Obl1 yuTeH paj (akTOpOB,
BJIHAIAX U Ha raybuHy H3o6paxaemMoro npocTpaHCTBa H HAa KayecTBO
nepcneKTHBHBIX u300paxkeHui. B yacTHOCTH, NMpH yBeJHYEHHH MeJIKOMac-
1Ta6GHBIX (OTOHEraTHBOB — 3TO abeppalH 06beKTHBAa, 3€PHHCTOCTDL CBe-
TOYYBCTBHTEJbHBIX CJIOEB JIIOOLIX MPHEMHHKOB H300paXkeHHH, 0COOEHHOCTH
CyYOBEeKTHBHEIX BOCIPHATHH NPOCTPAHCTBEHHBIX H300paM(eHHH M T. IL.

Mgl orpaHMYHIIMCE 34€Ch JIMIOb reoMeTpHed (JOpMHPOBaHHA CBETOBBIX
TYYKOB.

B 3akJjioyeHHe npuBeieM JEMEHTaPHO NOJyYaeMylo (opMy.ay MeTpax-
HOM (EMCTaHIMOHHOH) IIKaJbl, NPHMEHSAEMYIO /Il ONpeJleleHHsl PacCTos-
HMH x' TJIOCKOCTH NpHEMHHKa H300pax<eHHH (Hanpumep, (oTocn0si) OT
3ajHero (oKyca o6beKTHBA IPH Pa3/iMYHBIX PacCTOAHHAX L Mexay mnJoc-
KOCTAMH NpejJMeTa H H306paxKeHHs:

1 2
.t'——--—T m——“/%m”——-f' ’

rmem= L —2f — 8§, f/ —doKycHoe paccrosinne 06beKTHBA; 0 — pac-
CTOSIHHE MEXIy TJIaBHBIMH TJIOCKOCTSMH OOGBEKTHBA.
[Npubamxenno 3anaua pewaercs gopmysiolt HeloTona:

r
W

X

riae x~2f —L.

§ 8. OCBEILEHHOCTb H30BPA)XEHHS, OBPASYEMOI'O OBBEK-
TUBOM, U PACUET 3KCIIO3ULIUA

Bonpoc 0 pacnpeaeneHHd OCBELIEHHOCTH B IJIOCKOCTH H300paKeHHi
NpeACTaBJIseT KaK TeOPeTHYECKHH, TaK W NpHKJIagHO# HHTepec. HM306paxe-
HHe s/eMeHTa KOHEeYHBIX pasMEpOB fIBJISeTCA pe3yJbTaTOM HaJloKeHHS
H300paXkeHHH OTAENBHBIX Toyek. Ilo npexacraBneHHsM ¢(u3uyecKoi (BoJ-
HOBOH) ONTHKH Ja)ke copeplueHHas, 6esabeppallHOHHAs, ONTHYECKAS CHC-
TeMa H3o0paKaeT TOUKY B BHJE CBETJIONO MTHA MaJkiX Pa3MEpPOB CO CJIOXK-
HbIM pacnpefie/ieHHeM OCBELIEHHOCTH B Mpelesax TOro nsATHa. XapakTep
pacrnpe/ie/ieHHs OCBELEHHOCTH B STOM IISITHE ONpeJleNIAeTcst ABYMS NPHHIH-
NHaNbHEIMH (paKTOpaMH: BOJIHOBOH NPHPOJOH CBETa W HajJHYHeM abeppa-
uuid. B pesyabrare nelcTBHA 3THX (PakTOpPOB H300pa)KeHHE TOUKH OKa3hl-
BaeTCsl pa3MBLITHIM, MesKas CTPYKTYpa NpeIAMETOB He MOJIHOCTbIO BOCHPO-
M3BOIMTCA ONTHYECKOH CHCTEMOH, n306paxeHHs GJIH3KO PacnoJOXKEeHHBIX
TOYEK TIpeJMeTa CJIMBAIOTCHA B CIJIOILHOE CEpoe MATHO.
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3anaua pacyera pacrnpefiesieHHsl OCBEIEHHOCTH B H300paXKeHHH TOYeK
pellIaeTcsi NIO-pa3HOMY: B 3aBHCHMOCTH OT BeJHuMH abeppauuil B CHCTeme,
a c/1elOBaTebHO, B 3aBUCHMOCTH OT HEO6GXOIHMOCTH yyeTa HJlH BO3MOXKHOC:
TH HCHOPHPOBAHHA ABJIEHHS JH(QPaKIUHH CBeTa.

K stum Bonpocam B rsiase 111 mMel BepHeMca. 31ech orpaHHYHMCS pac-
CMOTDEHHEM OCBELIEHHOCTH B H306paXKeHHH sneMenTa AS KOHeuHbIX pasme-
pOB, KOI/la H306paXeHHe SBJAETCH Pe3y IbTAaTOM HaJIOXKEHHS H300paxenu#
OTAETbHBIX CBETJBIX IATEH C HEPaBHOMEPHBIM paclpe/lesieHHeM OCBELLEHHOC
Tell B KaXIOM MATHE. B pe3ysbTaTe, eciH 3/eMeHT AS HMeeT paBHOMep-
HYIO fIPKOCTb, TO H €ro H3oGpaxenne AS’
GyZLeT UMETh TaKxKe PaBHOMEPHYIO OCBe-
LIEHHOCTDb; €CJIH 3Ke ajeMeHT AS nmeeT
7 HENpPEPLIBHO W3MEHSMIOULYIOCST SPKOCTb,
8 7 To H 3aeMeHT AS’ 6yner ob.nagaTb Ta-

; KOT'O K€ XapaKTepa HelNpephIBHO H3Me-
,,;I . HAOUEHCH OCBeleHHOCTho. JIulb B
HelmocpeJCTBeHHOH GJIU3H KOHTYpa H30-
Gpaxenun AS’ xapaxrep pacnpenene-
HHA ocBellleHHOCTH Oyjer Gosiee CnoMX-
) ’ r HBIM; 3TO OGCTOSITEJIECTBO MBI 3JeCk
’ YYMTHIBATb He OyZeM.
OcpellleHHOCTb SJIEMEHTa H300paxe-
Pac. 1, 38, Ocsemennocts msofpaxe-  HHA AS’, Ha KOTOpHIH MajaeT CBETOBOW
HHR NP KPYIJIOM BHXORHOM 8P83K®  notok AF’, BHIXOAAWHIA H3 CHCTEME,

ONpeJiesIUTCA OTHOLICHHEM:

' o AR
B T (1,98)

Korza BrixogHo# 3payoK cucTeMbl HMeeT (OpMy Kpyra H 3aloJjiHeH
Ny4amH, SPKOCTb KOTOPBIX B’ 0CTaeTcs NOCTOAHHOM BO BCeX HAaNpPaBJEHHAX,
MOXHO NOJIYYHTh CJIeAYIOlllee BHIpaXKEHHe JJIsi CBETOBOrO MOTOKa:

AF' = =B’ AS' sin? -2‘;. ¥, (1,98

o~
~

h

F 4

h
v’
x\\.J

rie 8’ — yros MexAay KpaHHMH Jy4aMi BC MepHIHOHAJBHOTO KPYroBOPO
Ce4YeHHUA NMYyyKa, BRIXOAALIEro U3 ONTHYECKOH CHCTEMBI H COGHpAIOLIerocs B
Touke S’ (puc. I, 38); B’ — apKocTtb nyyKa Jyyeil, BEILIEAAX U3 ONTHYEC-
KOf cHCTeMEl, 3aBHCALIAA OT APKOCTH B BBOASWHX Jyuedl H TaK Ha3hlBae-
Moro Koa(pbHIHeHTa fIpONYyCKaHHS T CHCTEMEL:

B == (-“_'-)’B, (1,98")

n

Tle n ¥ n' — NOKa3aTeJH NPEJOMJEHHSA CpeJl MPOCTPAHCTBA NMPEAMETOB H
H306p aXkeHHH.
¥Yron 8 Moxer GhITh OmpejiesieH H3 BhIPaXKEeHHS:
%2a, p
tgd = 45—, (1,98")
pl + 4 —aﬂ
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roe a’o — paiHyC KpYroBOro ceyeHHsl MydKa (B YacTHOCTH, BEIXOJHOTO
3payka); p° — paccTOfiHHe MeXJy MJOCKOCTBIO CEYeHHs Mydyka M IJIoC-
KOCTbIO H300paxeHuil; I’ — paccTosiHHe s/ieMeHTa AS’ OT ONTHYECKO OCH.
Koopauunara ', ompezeasiiomlas MOJSOMKEHHE SJIEMEHTa M300paXKeHHs,
ONpeaesuTCA H3 BHIpAXKEHHA:
If _ p.l' tg wf’
rie w' — yros, o6Gpa30BAHHLIH C ONTHYECKOH OCBIO JIY4OM, COEXHHSAIOLLAM
ueHTp jeMeHTa AS’ ¢ TOUKOH nepeceyeHHs ONTHYECKOH OCH MJOCKOCTBIO
ceyeHHs NMyuKa Jyueil, GopMHUDYIOIHX 1300pakeHHe snementTa AS’.
OcBeleHHocTh H300paxKeHHs Ha onTHYecKoH ock cHcrembl. Ecim sze-

MeHT H300paxeHus AS’ pacnonoxeH Ha ontTHYecKoi ocu, To [’ = 0 u, cJe-
JIOBaTeJIbHO:
2a,0’
’2 2
r—a
T. €. i26' = u’, rae ' — anepTypHLI yroa B NPOCTPaHCTBE H30Gpae-
Hu#l (cm. puc. 1, 38). U3 (1, 98) u (1; 98") nonyunm opmys1y OCBelIEHHOCTH
1306paXKeHHH Ha OCH:

u‘|§.

th' = s tg %’8' =

Ey = =B’ sin®u’. (1,99)

Hanuwem 51y dpopmyay B HeckoJbKo apyrom Buje. OGpaTHB BHHMaHHue,
yTO

’

sinu’ = + "2' (1’100)
. P’ +a '
IOy YHM:
2

r — T4,
o Ty (R B, (1,101)

pf

1+ =7

p

Ecau p’ 3HauuresbHO GoJblie @'y, TO BhHIpaXEHHe, CTOAllee B CKOGKax,
GymeT 6IM3KO K e[HHHLE; B 3TOM CJyvae MOJNYYHM:

2
Ey=B =% (1,102)

p

12
rle ma, — oAb CBETALLEeroca KpyrJoro BbIXOJHOrO 3payka, 3anodi-

HEHHOrO JIy4aMH sIpKOCTbIO B’. Kak H3BECTHO, NPOH3BEJIEHHE APKOCTH CBe-
TAlLlleHCA NOBEPXHOCTH HA €€ NMJIOLLAaAb paBHO CHJIEe CBETa ['0 B HallpaBJIeHHH
HOPMAJIH K NOBEPXHOCTH:

’ ’ - 2
lp = B'=a, ;

70



oTCIoAa:
; 1o
Eo = =%+ (1,102
p
TakuM 06pa30M, CBETALLHACA 3padoK ONTHYECKOH CHCTEMbI MOXKHO paccMaT-
puBaTh LIS AOCTAaTOYHO GOJIBLIMX PACCTOSIHHA p’ Kak HCTOYHHK CBeTa,
HMeIoIHE cuay cBeta I’y B HanpaBJIeHHH ONTHYECKOH OCH.

Boabluofl norpeiHoCTH AONYUIEHO He GYNeT, eCslH CYHTaTh, YTO OCBE-
EHHOCTb Ha OCH GyAeT MaJo H3MeHATbCA NPH OTCTYMJEHHH OT Kpyrio#
¢OpMEI BHIXOHOTO 3payKa, HO NPH YCJIOBHH COXPaHEHHs MJIOWAlH 3payka
paBHOBEJNHKOH. IIpubaHKeHHO
noJy4HM:

Sgp

3 7
(1,102")
rae S'sp — MJOLLAAb BBIXOLHO-

ro 3payka NpOH3BOJILHOH (op-
MBI

!

. Iy
Eo = T2 —
p P

Inis nonyyeHHA pe3yJibTa-
TOB C GoJibliIeR TOYHOCTBIO MOXK-
HO pPEeKOMeHIOBaTb BOCIOJb-
30BaThCs CJELYIOWIHM O6LIHM
MEeToI0OM |4|, Pue. 1, 39. K pacaery ocBelleHHOCTH B o6ueM cay-
OGo6GuieHHoe  BbIpaXKeHHe aae

oceueHHocTH.  HeoGxomumo

onpenendTs ocBelieHHOCcTh B Touke A’ (pHe. I, 39),co3naBaemyio cpeTs-
meiics NOBEpXHOCTbIO S (HanpuMep, BHIXOAHLIM 3pauKOM) MPOH3BOJILHOM
¢opMbl 1 pa3mepoB. Beiesnnm Ha 3TOH MOBEPXHOCTH 3JeMeHT dS;, HoOp-
Maib K KOTOpOMy 06pa3yeT yroJ i ¢ JiyuoM, HanpaBJeHHbIM K Touke A’.
OGo3nayuB yepe3 B’; ipKOCTb 3JIEMEHTAPHOTO NMyYKa Jydyell B 3TOM XKe
HanpaBJIEHHH, [OJyYHM BhIpaXKeHHe, HENOCPEJACTBEHHO BhITEKalollee H3
onpefeneHds MOHATHA SPKOCTH:

dl; = B;dS, cos,, (1,103)

riedl’; — sneMeHTapHas CHJIa CBETa B TOM JKe HanmpasJieHHH, o6pasyloleM
YIOJl i Cc HOpMaJIbIo K CBeTsILIEMYCH aJeMeHTy dS;.

Ocgeentocts dE’; B Touke A’, cosnaBaeMas CBETALIHMCH 3JIEMEHTOM
nosepxHoctH dS;, 6yleT paBHa:

v

. dif
dE; = —- cosi’, (1,104)
r

Fie i’ — yron najienus ayyed Ha OCBellaeMbiH 3JIEMEHT NOBEPXHOCTH dS';
I' — paccrosiHMe BCTOYHHKA CBeTa dS; OT OCBellaeMOH NOBEpPXHOCTH.
Orciona naxofum:

dE; = B cost’ (ds‘%”)

r
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O6paTiB BHHMaHHKe, YTO BHpaXKeHHe, CTosilllee B CKOGKAX, PABHO TeJecHO-
My yraydQ ’;, of KOTOPHIM CBETSILLHACS S/1eMeHT dS; BHAEH H3 OCBellaeMof
ToukH A’, uMeeM:

dE;. = B; cost’dQ; . (1,105)

HuTterpupys 1o BCEMy TeJeCHOMY Yray Q ', MOJIyYHM OCBELIEHHOCTD B
NaHHOH TOUKe OT CBETALIEHCsS MOBepXHOCTH (3alOJHEHHOTO CBETOM BHIXOI-
110r0 3pauka) NPOH3BOJBHOH (OPMBI M pasMepoOB:

E'= { B, cosi’ dQy. (1,106)
QI

1o u Gyner 060ClIEHHBIM BbipaXceHHeM ocBellleHHOCTH. OHO NoO3BOJIAET

BBIYHCAHT £’ npH 1060M 3ajaHOM pacnpesiesieHHH ApKocTH B B mpesienax
TeJeCHOTO yryia Q. 3ajaya CyMEeCTBEHHO yNpollaercs, Korja sIPKOCTH
BCEX NYYKOB, 3aMOJIHAIOUWHX TeJECHbH yron Q°, onuHakoBsl. B sTux cay-
yasnx seipaxenue (I, 106) npuMer caenyoui BUAL:

E'=B" | cosi’dQu=B' 3. (1,107)
QJ

3apaua, TakKHM 06[)330M, CBOIHUTCH K ONpEAC/ICHHIO HHTErpaJia.

2 —_ g cosi’ dQ;a § (I,]OB)

OcseweHHocTb OT 3paukoB Goabwux pasmepos. Ilyctb noBepxHOCTB
3pauka S NOCTOAHHOH sipkocTH B’ oceeiaer asemeHt dS’ (puc. I, 40).
W3 nentpa ssnementa dS’ nporesieM NpsiMble JIMHHH K KOHTYDY, OTPaHHYH-
BaiOlLleMy CBETSILLYIOCS NOBEPXHOCTH 3payKa S, H BOKPYT 3TOH Ke LeHT-
pasibHOH TOYKH TOCTPOHM Noaychepy C paanycoMm, paBHbIM eauHHue. O6-
pa30BaHHBIi KOHYC Jiydyeil C 3aK/IOYEHHBIM BHYTPH TeJIeCHBIM yrjom Q'
TnepeceyeTcs C OBEP XHOCTHIO Chephl H BHIIG/THT YacThb ee, COOTBETCTBYIOULYIO
TeJECHOMY yraly Q'. D/ieMEeHT INOBEpXHOCTH, KOTOPYIO BBIAEJNHT Ha
cepe KaXKAbIH SJeMeHTapHEI TeJeCHHH yroa dQ ’, 6y1eT YHCIeHHO paBeH
dQ’, Tak Kak paiguyc noayceph papeH efHHHIE. DTOT 3JEMEHT MOBEpX-
HOCTH HaKJIOHEH OTHOCHTE/bHO IVIOCKOCTH OCHOBaHHs MoJaychephl Nox TeM
e yrJioM {’, KOTOpBI# COCTaBJIfeT Mafalouluii Jyd ¢ HOPMAJbIO K 3JIeMeH-
Ty dS’.

Takum o6pasoM, mpoussefeHHe cos {° dQ’ YHCJIEHHO PaBHO NJIOLIANH
OPTOrOHaNbHOMH NPOEKIHH 3IEMEHTa IOBEPXHOCTH noJycdepsl dQ ' Ha nyoc-
KOCTb OCHOBAaHHS MoJycdepsl, T. . Ha MJIOCKOCTb OCBEILaeMOTO 3JIeMeHTa
dS’. Orciona cnepyert, uro uuterpaa = (I, 108) uncieHHo paBeH nJomanH
NPOEKUHH Ha MJIOCKOCTb OCHOBAHHA TOH 4YacTH MOBEPXHOCTH noJiychepbi
(c'palmycom, PaBHEIM elHHHIE), KOTOpas «BbIPE33aeTCS» TeJIECHBIM YTJIOM

OcBemenHocTs H300paKeHHsl Ha ONTHYECKO OCH NPH PasIHYHBIX (op-
Max 3paukoB oGbek THBa. [IpHMEHHM nosyyeHHBlE 3aBHCHMOCTH K HEKOTO-
PHIM CJayyasM,
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1. Onpenennm oceleHHocTsb snemenTa dS’ (puc. I, 41) ot Geckoneyro

JMHHOTO LIEJIeBOro 3paykKa, WHPHHA KoToporo 26y, a apkocte B’. die-
MmeHT dS’ pacnosoeH napaJulesbHO NJIOCKOCTH 3payKa Ha PacCTOSHHH
! OT ero CepeJHHBI.

OueBHAHO, JHHHH, NIPOBeAeHHbIE H3 S’ KO BCceM TOUKaM NpsMbix AA u
CC, pacnonaraiorcs B niockoctax AAdS’ u CCdS’, nepecekaiomux no-
BEpPXHOCTb Mosychepbl eAHHHYHOTO pajauyca o AyraM GOAbLIHX KPYTOB:
DgF u DKF. Tlpoenupys 5Ty 4acTb NOBePXHOCTH NoJycdepsl Ha ee OCHO-
paHHe, MMOJIYUHM 3JUJIHIC, IUIOLIaAb KOTOPOrO paBHA NMPOH3BEJEHHIO €ro
nonyoceil Ha BeJAHYHHY m. Dosbluas mo/ayoch s/unca paBHa eNHHHIE,

Puc. I, 40. OcsemenHocts oT GOMBUIHX Puc. I, 41, OcpemennocTs oT AJAHH-
noBepxHocrell mocToAHHOA HAPKOCTH HOr0 WMEeNeBOro spavka

MaJiasi MoJIyoCh paBHa sin u’, Tie 4’ — yTroJl MeXay HOPMaJbio K /eMeH-
Ty dS’ ¥ KpaiHHM Jy4oM, NPOBEJECHHBIM B TOUKy L (uau M). Takum o6pa-
30M:

D ==siny’,
H u3 (I, 107) naxonum:

Ey = =B’ sinu’, (1,109)
rae
; b'
sinu’ = s S
Fl 3
bo +p

2. BuixomHOH 3payoK HMeeT (pOpMy NPAMOYroJbHHKA CO CTOPOHAMH
22’y u 20’y u nocrosinuyio spkoctTs B’. Ilnockuit snemeHT H30GpaeHHs
dS" pacnionioxen Ha pacCTOSIHHH p’ OT CepelHHBI NP AMOYTOJILHOTO 3payKa 1
NapannenbHO MJIOCKOCTH 3payka. MOXHO NOKas3aTh, YTO B 3TOM Cjydae

r r

b
2 =2 :" arctg -—:’-—— +
V &'+ v® V a+p?
b’ r
2 arctg 2 (1,110)

+ — r—
V by +p" V by +p"
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H, CJI€I0BaTeJJbHO:

Eo=FB"3.
IIpu 3pauke KBagpaTHOi (OpMBI HMEEM:

A P .. B (1,110")
2 2 2 2
Vg +e V g +0

3. Boixonno#t 3pauok (opMEl NPAMOYTOJNbHHKA, CTOPOHB KOTOPOro
2a’y 1 20’ ) He BeJIHKH IO CPaBHEHHIO C pacCTOSHHEM p’ 3pauKa OT J1eMeHTa
usoGpaxkenus dS’. DTo COOTBETCTBYET, HANpUMEp, CJyyal CBETOONTHYEC-
KHX CHCTEM JJIsl BOCTIDOH3BeIeHHSA 3ByKa (YHTAIOWas ONTHYECKas CHCTEMA).

Hs (1, 110) Haxonum npHOIHKEHHOE BHIpaMKEHHE:

[ r
> ~dsinuy, sinus,

rae u'p ¥ u'y — anepTypHbie YIJIbi B MEPHIHOHAJIbHOM H CarHTTaJbHOM
CeYeHHAX:
' o2 o .
L. OB ... . (I,111)
V 2 2 § ]/ 2 I}
by +pP a4 +p

Orciola HMeeM:
Ey = 4B’ sin up, sin us. (I,111%)

4, Yacto 3paukH o6beKTHBA HMEIOT GOpPMY KOJIblLia, T. €. LEHTpaJbHasf
yaCTb 3payKa OKashiBaeTcsi SKpanupoBaHHOH. [Tlocnennee umeer Mecro, Ha-
npHMep, y 3epKajbHBIX H 3epKaJIbHO-JIMH30BBIX 06beKTHBOB. O603HAYHB
yepe3 A’y BHEIUHHH paJiHyC BBIXOAHOrO 3payKa, a yepe3 @’y — pajiiyc 3K-
paHHPOBAaHHOM YacTH, MOJIYYHM CJeflyiollee BhipaXKeHHe OCBElIEHHOCTH Ha
ocH, BhiTeKaioulee H3 dopmyasl (I, 99):

Eo = =B’ (sin?U’ — sin®4’), (1,112
rae
Ars ln
sin?U’" = ',° ; sinu’ = :0 =
Ay + p 8 +p

Orciofia MOXKHO PacCUHTaTb amepTYPHBIH Yrosl U, I3KBHBAJEHTHOTO
00BeKTHBA, HMEIOIEro CIJIOIIHOH BHIXONHOH 3pauyoK KpyrJiod ¢dopMbl H
CO3[aI0lIET0 TAKYIO XKE€ OCBElEHHOCTh H300parKeHHS:

Sin Uoen = V SIRPU’ —sinta’ . (1,113)

Ecan niockocrs npeAMeTOB 6eCKOHEYHO yAaJieHa, TO H3 YCJIOBHA CHHY-
coB (cM. raaBy [1) naxomum:

Sin u;un = %sml' E&KB = = (I, 113')
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[Jie €4y — IKBHBAJIEHTHOE OTHOCHTE/IbHOE OTBEPCTHE 00BEKTHBA; Dy, —
9KBHMBAJIEHTHBIAI IHaMeTp BXOJAHOro 3pauka; f — 3aanee ¢OKycHOe pac-
cTOsIHHEe OGBEKTHBA.
5. Buixonnoii 3payok uMeeT (opMy sanunca (HanpHMmep, B aHaMopdoT-
HBIX KHHONPOEKIHOHHBIX 06beKTHBAX) € MOJyocsiMH 2a’y u 2b',.
OueBHAHO, IS 3TOTO CJIyYasi HMeeM:

L ==sinu, sinug,

rae sin 4’y ¥ sin 4’y — ananoruunst (I, 111).
Orciofa HaXoAHUM:

Ey — wB’ sin uy, sin us, (1, 114)

gro otauuaercs ot (1, 111’) auwe kosbdunuenToM.

OceemenHocTh H3o0paxeHHA MpPH pasHBIX YBEJHYEHHAX OOBEKTHBA.
Bripaxenue (I, 99) Moxer ObITh Npeo6pa3oBaHO K HECKOJILKO HHOMY BHAY
3aMEHOM B HEM BeJHYHHBI Sin 4’ NMPHOJIHXEHHbIM OTHOLIEHHEM:

sinu’zﬁ,- =—L, (1, 115)
¥ —xp,
rae x* — paccTosinie H306paXkeHus OT 3afHero ¢okyca F' 06beKTHBA (CM.
puc. I, 38); x'pr — paccrosnne nentpa P’ BHIXOIHOrO 3payka OT TOrO Xe
dokyca F’'. lanee nmeem:

’ r x" ’
p’=x'-—xp,=f (L—- Lz ).

Iz I
Taxk Kak JinHeliHOe yBeJIHYeHHe B IJIOCKOCTH M3006paxkeHHi paBHO
= x'
| F=—
HaxozuMm: :
pr=1F(—B+Bs), (1, 116)
rae Ep — nuHefiHOe yBesHYeHHe B 3paykaX o6beKTHBa:
a % ’
Bap = = (1, 116"
Ilocne noacranosku (I, 115) u (1, 116) B popmyay (I, 99) naxoaum:
r 1 _z P
Ey = —xB —2F_¢?, (1, 117)
1 G-

Mee = —j7- — OTHOCHTEJILHOE OTBepCTHE oGBeKTHBa.

Haa Pa3HBIX PAaCCTOAHHHA MJIOCKOCTH NpeAMeToB BeJiHynHa B Gyuer us-
MeHsaTbes,

leomerpuueckasn W ¢usnueckas cBerocuna obvektTHea. Hs Qopmysibi
(1, 117) cnenyer, uto ocsemenHocts E’q NpOMOpIHOHA/NbHA  KBaApary
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OTHOCHTEJIbHOrO oTBepcTus €2, Beanuuny e€? Ha3biBalOT reoMeTpHYECKO
CBeTOCH/I0H O00BEKTHRA, €ro (pakTHYeCKas CBETOCHJa OyIeT 3aBHCETh OT
KoaduuHeHTa NpoNyCKaHHS 00LEeKTHBA T:

2
- - (9&) ) (1, 118)
f
Besinuuny te? Ha3bIBAIOT (PU3HYECKOH CBETOCHJIOH OOBEKTHBA.
OcBeleHHOCTh H300paeHHs NMpH OeCKOHeYHO YNajJeHHOH IIOCKOCTH
npegmeTa. EcaH nyocKocTs npeMeToB pacnoJioxkeHa Ha 60JIbIIOM PaccTos-
HHH OT 00BEKTHBA, TO PACCTOSIHHE STOH IMJIOCKOCTH OT NepegHero (okyca
06BbeKTHBA TaKXKe BEJHKO (X — —oo) 4, CJefloBaTesbHo, § — 0; hopmysa
(I, 117) npunumaer BuA:

E; =% B e (1, 119)

OcpelleHHOCTb H300paXKeHHH B STOM CJlydae He 3aBHCHT OT YBEJIHUEHHS
fsp B 3paukax oObEKTHBA.

OcBenieHHOCTb H300paxkeHus npH penpoaykuuu. Onpenennm ocBelleH-
HOCTh H300pax<eHHs PenpoAyKIHOHHOro o6beKTHBa NpH (ororpaduposa-
HHH B OHOKpaTHOM Maciutabe. [Ipeamer pacrnoJioxeH cyieBa oT 06BeKTHBA

Ha pacCTOsAHHH X = —f' OT mepejaHero (oKyca H, CJeOBaTeNbHO:
R |
X
[Mocne noncranosku B (I, 117) naxonum:
Epmlp o o 1, 120)
4 (B + 1) '

CyuiecTByiolllHe penpofyKIHOHHblE OOBEKTHBH, KaK YBHAHM HHIKe,
0OBbIYHO HMEIOT CHMMETPHYHYIO (MJH OGJIH3KYI0 K CHMMETPHUYHOH) onTHYec-
KYIO CXeMy H, CJIEIOBATENbHO, Yy HHX BEeJIHUHHA BXOJHOTO H BHIXOIHOTO
3paukoB oauHaKoBa (Bs, = 1). IIpu Taxom monymennu nocneguee Boipa-
JeHHe NPHHUMaeT BHI:

Ey = —116— nB’ e, (1, 120

T. €. OCBEIIEHHOCTh H300paxeHHsi OKa3ajach B YEeTHpe pas3a MeHblUe,
ueM NpH ¢oTorpapupoBaHuK yAaNeHHBIX npeameToB (cM. gopMyay I, 119).
OG6wacusieTcs 3T0 TEM, YTO BEJIHYHHA aNepTypHOro yraa u’, Toysee sin u',
cTana NpHOAHSHTENIbHO B JIBa Pa3a MeHbIUE, a CJEAOBATeNbHO, TeJeCHbIH
YroJ, B ipejieJiaX KOTOPOro JIyYH H3 3payKa CXOAATCS B OCBEUIAEMYIO TOUKY
H306pakeHHs, YMEHBIIHJACS B YeThIpe pasa.

OcBeueHHOCTh GECKOHEYHO YAAJEHHOro H306paeHHs.. ITO cayyau
KHHOTIPOEKIUH, S1H- H AHANPOEKLHH, NPOEKIHH TeJIeBH3HOHHbIX H306p axe-
HHUH_C KMHeCKorna Ha 6oJibLIOH SKpaH W Ap.

ITycts npenmer (Hanpumep, KHHODHIbM) HAXOAHTCA BOIH3H (POKATbHOM
TJIOCKOCTH NpoeKUHOHHOro o6bekTHBa. Ero nsobpakenue okawkercs pac-
MOJIOXKEHHBIM Ha BecbMa OOJIBIIOM PacCTOAHHH OT OGBEeKTHBa.
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PaccyxneHus, aHaJOrHYHEIe IPOBeleHHBIM BEILLE, NPH NONYy4YeHHH ¢op-
myast (1, 102) _
== F
OPHBOAAT K BBIBOAY, YTO B OTHOLIEHHH CBOETC CBETOBOT'O JeficTBHA npoek-
LHOHHBIH 0OBEKTHB, 3payoK KOTOpPOro 3amnoJiHEH CBETOM, 3KBHBaJIEHTEH

usnyuaTesio ¢ ocesodi chiofl ceeta I’y = B’S’y, u spkocteio B
n' ’
=7 (7)=l B, rme §’;, —mnomwane BHIXOZAHOTO 3pauka OOBbeKTHBA.

OCBeLEeHHOCTh 3JEMEHTOB H306paKeHHH, pacnojiOKEeHHbIX BHE ONTH-
gecxoit ocH. OCBelleHHOCTb B KaKOH-HHOYb TOUKe IIJIOCKOCTH H306paXe-
HHil BHE ONTHUECKOil ocH ompejessieTcss H3 opMyas (1, 98°):

E; AF’ ' s 9 _1_3;
2 .

=K§-=1‘: sin

dopMysly MOXKHO HECKONBKO npeobpa3oBaTh A/A o0beKTHBA C He OYEeHb
GOJBIIHM OTHOCHTEIBHBIM OTBepcTHeM. M3 puc. I, 38 npubamkenHo Hmeem:

a, 121)

. a’ cos w’
B = oy OO
Pls!
rie yepes @’ (BMecTo ;) o6o3HaueH B 06O6LIEHHOM CMBICIE PalHyO KpY-
roBOro CeYeHHs My4yKa JyyeH, CXOAAUIHXCA Ha anemenTe AS'.
Tak kak .
Py - 2
_— L)

cos w’

NOJTYYHM:
g
i, ’:a’ B'
E ,=—5—cos'w'. (1, 122
pl
Ocpemennocts E'y B LeHTpe MoJs 3peHHs onpefenserca gopmyaoit (I,
99), B KOTOpO# C TOH K€ CTeNeHbIO NPHOIHKEHHS MOXKHO NOJIOXKHTb, YTO
’
0

: a
sin ' ~ —2:

.l'2 —
; B
Ep = 2, (1, 123)

p

rae a’'y — pafuyc ceueHHs B MJIOCKOCTH BBIXOAHOrO 3pauka myuka Jyuef,
CXOASIKXCA B TOUKe Ha ocH A’.
l23§)momeune ocsemennocreit E'yr u E'y onpenenurcs us (1, 122) u (1,

' . @

E._; S

—=— = 25 cos*u’, (1, 124)
E{) Ssp

T



rae S'Sy u 8’ — nnomanu ceuennil MyuKoB aydedl, BEIXOASMIHX H3 ONTH-
YeCKO#l CHCTEMBI H COGHPaIOLIMXCsl COOTBETCTBEHHO B LieHTpe aseMeHTa AS’
H B Touke A’.

Kak nokasasu ucciie/loBaHHsA 3TOH GOPMyJbl, OHA NMPHMEHHMA M B TeX
cayyasnx, Korla ceuenne S’y ' myyKa Jyuedl BC/eACTBHe abeppauuil HMeer
BHJ 3JUIHTICA WJIH oBana*.

Ecnin onTHuecKas CHCTEMa HMeeT MaJble abeppaiui B TJIOCKOCTH Bbi-
XOJIHOTO 3pauKa, TO NMPH OTCYTCTBHH BHHBLETHDPOBAHHS NJIOWAMH Soi®  H
S\ npubausuTenbHO PaBHE! LIS BCEX 3HaueHHMil yraia w'; HMeeM:

Eq = Egcostw'. (1, 125)

OT0 yCJIOBHE CTPOrO BHINOJHAET-
Cfl, BYAaCTHOCTH, KOrja amnepTypHas
IJuacparma ycTaHOBJIEHA T03a0H 00b-
- £ !’ eKTHBa M, CJIeZlOBaTeJbHO, ABJAETCH
= OIHOBPEMEHHO H BEIXOAHBIM 3P aYKQM.

1 ’ T~ [Mpu HanW4YHH BHHBETHPOBAHHA OC-
N 7 4r  BEUIEHHOCTb nsobpaxenus yOblBaeT
A K KpasM noJig 3peHHs GhicTpee, 4eM
& 9TO CJIEAYEeT U3 NOJy4yeHHOH (POpMYJIbl
(1, 125). ¥ peanpHBIX CHCTEM, OCO-
' -ul 6eHHO CBETOCHJIbHEIX OOBEKTHBOB,
R BHHbETHPOBaHHE HAaKJIOHHKIX IYyUYKOB
2 MOYTH HeH3GexHO. 3Has KOHCTPYK-

Puc. I, 42. K pacuery ocsemennocts HsoS- THBHEIE 3JIEMEHTH! ONTHYECKOMH cHCTe-
PAIKEHHS Bae ocm MBI, MO}XHO ONpEJeIHTh COOTBETCTBEH-

HYI0 QYHKIHIO BHHbETHPOBaHHA K '

E;’r = wa Eo COS" w’. (l. ]26)
Y no6HO BHIpa3HTH Cllaji OCBELIEHHOCTH M306paKeHHH IO MOJIO B BHAE

(QYHKIMH COOTBETCTBYIOUIEro NMOKa3aTess CTENeHH ! KOCHHyca yrJjia Nojs
3peHHs @ B NIPOCTPAHCTBE NIPEAMETOB, ONPENEHB STOT NOKa3aTe b CTENEHH
H3 ypaBHEHHS:

)45’

\
N
]

al

- 7147

,
/
]

%

L~

, (")

’ -

; S 7 :
E_Wr = P costw’ = cos w. (1, 127)
EO Sap

B ranaBax V u V1 6yayT paccMoTpeHbB BO3MOXKHEIE NTYTH CO3NaHHA 00b-

€KTHBOB C yMEeHBbIUEHHEIMH NOKa3aTeJiMH CTeleHH f, T. €. C NOBbIlIEHHOH
PaBHOMEPHOCTBIO pacnpe/iesieHHsi OCBELIEHHOCTH H300pakeHHH M0 NoJio.
Popmyna HemocpeaCTBEHHOr0 pacyeTa pacilpelesieHHsi OCBEIeHHOCTH
uzobpaxenud no nmomo.  Dopmyay (1,127) MOKHO NpPHBECTH K BHAY,
BeCbMa yJOGHOMY IJifi IPaKTHYECKOrQ NPHMEHEHHS, €CJIH H3BeCTHBI (H3
aGeppallMOHHBIX pacyeToB XOJa Jiydeit) yriibl KpafHHX Jyyell, OrpaHHyuH-

' BAIOUWIMX KOHTYDHI CeYeHHH NYYKOB, NPOXOAAIIUX Yepe3 06beKTHB H (POPMH-

* Ecnu nnpefHsle pasMepn 3pauyKa HeBeJHKH MO CPaBHeHHIO ¢ BeqHYHHOR p'.
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pYIOLIHX H300paeHHA. ¥ aKCHa/lbHO CHMMETPHUHBIX OGBEKTHBOB CeueHHe
BCDG (puc. 1, 42), umeromee nsowanb, o603uaveHnyio yepes S (" g
dopmyane (I, 127), MoxHO paccMaTpHBAThL COCTOSIHM H3 IBYX IJIOLLanei
MOJTY3JIIHTICOB, GOJbIIHE MOJIYOCH KOTOPHIX @' U @'’ OpHEHTHPOBaHbL B Me-
pHAHOHAJILHOM HANpPaBJIEHHH, 2 Majbie (OAMHAKOBHIE NO BEJIHYHHE) MOJY-
OCH — B CaTHTTaJIbHOM HalpaBJIeHHH.

[lpoctie mpeo6pasoBaHHfA NPHBOLAT K IPENJIOXKEHHOH 4aBTOPOM
(opmye:
Ey (tg Uy, —tgu_ ) gl
E, 21gtuy
rae 4’ ,m M W', — YTJIbI C ONTHYECKOH OCBIO KpafHHX Nyyed HaKJOHHOTO
Mep HIHOHAJIbHOrO Ny4YKa, KOOPAHHATH KOTOPBIX Ha BXOAHOM 3payKe COOT-
BETCTBEHHO paBHBl+m W — m; £’ — yroa KpaiHeroJiyua B [JIaBHOM CarHT-

TanbHOM CEYEHHH CO CBOeH NMpoeKIHeH Ha MEpHIHOHAJNbHYIO IJIOCKOCTH;
i’y — amepTypHBIK YroJ OCEeROro Ny4yKa. BEIYHC/IHB OTHOIIEHHE OCBELEH-

nocredt E i E’y, ompelieniseM NoKasaTesb CTENEHH 7, BXOAALLKI B hopmy-

ay (1, 127):
| (E, '
gl ——+
- E,
o —O (1, 129)

lg cos w

cos®w'’. (1, 128)

MoHsATHE 9KCNMO3MUWA W OCHOBHBIE CBOICTBA (oTorpaduyecKHx Ma-
TepHaJoB. 3HaHHE BeJWYHHBI OCBELIEHHOCTH H3o6paXkeHusi HeobXxo-
AMMO IS NIPaBHJBHOrO ompellesieHHsi sKcno3nuuu. Ilop skcmosnumed,
HJIH KOJIHYEeCTBOM OcBellleHus /1, 6yleM MOHHMaTh POH3BeleHHe OCBelleH-
HoctH E’, co3flaBaemoit 06beKTHBOM Ha (poTorpadryeckom cioe, Ha BpeMs ¢
ee JIeHCTBHA: =3

[ 4
H =§ E’dt. (1, 130)

Bpemsi { Ha3bIBAIOT 8peMeHem SKCRO3UYUL, WIIH BbidepicKoll.
Ecnu B TeueHne BpeMeHH { OCBElleHHOCTb Ha (OTOC/IoE He H3MEHseTCH,
1o BMmecTO (I, 130) MOXHO HanucaTk:

H = E't. (1, 131)

Bennuyuna H Bhipaxkaercs B JIOKC-CEKYHAAX (4K+C).

CroiicTBa dororpaduuecKHx MaTepHa/OB XapaKTepH3YIOTCA PANOM Ia-
PaMeTpOB. CBETOYYBCTBHTEJIBHOCTHIO S, KO3(HIHEHTOM KOHTPACTHOCTH ¥,
BesuunHON oTorpaduueckoil Byann Dy, MaKCHMaJibHOH ONTHYECKOH MJIOT-
HOCTBIO D, oy, (oTOrpadnueckoii mmporod L, paspewaiouiedi cnocob-
HocThio N, M CIEKTPaJIbHOM YyBCTBHTEJBHOCTBIO.

Ina xonuuecTBeHHOM OUEHKH NOYepHEHHs oCBellleHHOTo (oTorpaduyec-
KOrocJiosi mocJie ero MPOSIBJIEHHS MOJMb3YIOTCA BEJHYHHOH ONTHYECKOH
nnorHoctu. HasoseM KoaddHIlHeHTOM NpONyCKaHH:A T NPOsABJIeHHOro goTo-
rpaduyecKoro ¢Jos B MecTe ero noyepHeHHsl OTHOILEHHE CBETOBOTO NMOTOKa
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F, npoxopsllero yepes MeCTO MOYepHeHHS, K CBETOBOMY NOTOKY, Majaro-
eMy Ha Hero: ™

s F .
T= —PT . (I, 132)

IecaTnHuHbIf JIOTapH(pM BeJHYHHBI, 06paTHOH Kos(hdHiUHEeHTy npomyc-
KaHHs, Ha3LIBACTCH ONMUH4ECKOU NAOMHOCMbI0 novepHerus D:

D= lg Lo —1gr. (1, 133)
T

3aBHCHMOCTL ONTHYECKOH MJIOTHOCTH OT KOJIHYeCTBa ocBewieHusa H
0ObIYHO BbIpaXalOT XapaKTepHCTHYecKOH KpuBo# (puc. I, 43), skcnepH-
MEHTaJIbHO ONpeZeNfaeMoil Ha crelHab-

L33 | & HOM npHbope — JIEGHCHTOMETpE — H

2,4 5 /", ™ Npe/CTaBAAeMOl B NPAMOYTOJIbHON CH-

15 L cTemMe KOOpJAHHAT B BHe rpajuka D =
» 8l F(lgH).

? B s Ha XxapaKTepHCTHYeCKOH KpPHBOH

B3 LA HMeeTcs Np AMOMHHeH bl yyacTok BC—

A% 061aCTh HOPMasbHBIX SKCTIO3HIME, THe

600 ¢ om0 0 LW gyukums D numeitno 3asucut ot 1gH;
L yyacTok AB COOTBETCTBYET MaJibiM
Puc. [, 43. XapaxkrepHcTHuecKan KpH- KCNO3HIHAM — 006J1aCTH HeoJEpKEK;
Ll fu g s L yuactok CG — obnactH nepefiepkex.
XapakTepHcTHYeCKas KpHBag HMEET
MakcuMyM (Touka (), mocne KOTOpOrO ONTHYECKasd IJOTHOCTb yMEHb-
maeTcsi C yBeJHYEHHEM KOJMyecTBa ocpelleHns (o6racTb cosspH3a-
uun). [IpakTHueckH 310 03HaYaeT, YTO NIPH CJIHLIKOM JNMHTEIbHBIX BBIAEDK-
KaX HeFaTHBHOE U306parkeHHe MOXKET NPeBPaTHTLCA B Mo3uTHBHOE. Coesio-
BaTesIbHO, Mpele/bHON BepXHel TOYKOH XapaKTepHCTHYECKOH KPHUBOH fAB-
nsercss Touka G, COOTBETCTBYIOLLaS MAaKCHMaJlbHOH NMJIOTHOCTH TIOYEpHe-
HHA (Dyaye) IPH JaHHEIX YCJOBHAX TPOABJIEHHSA; IO3TOMY KPHBYIO
D = F(lgH) B aT10ii TouKe HJH YyTh NMpapee ee OOLYHO MPEpHIBAIOT.

B nposiBneHHOM ¢oTorpaduyeckoM MaTepHase, He MNOJBeprapiieMcs
OCBEIIEHHIO, BCE e 0OHApYKHBaeTCA HEKOTOpOe MOYEpHEHHE; OHO HOCHT
Has3BaHHe poTorpajuyeckoii yanu. OnTHyeckas MJIOTHOCTb ByalJlH BbIpa-
#aercs (opMy.JIoH:

o M o 1, 134)

To

rae To — KoapuuHeHT nponycKanus (ororpaduueckoil Byasd HaHHOrO
MaTepHaJja.

M3 xapakrepucTiyeckoil KpHBOH cyellyeT, 4TO Pa3/IHUHSA B NOYEPHEHH-
X, COCTaBJIAIOUIHX (poTorpaduueckoe H306paxKeHHe, MOryT GbiTh NIOyYEHE
JIMLb TIPH JefCTBHH Ha (OTOrpaHYecKuil cIOH ONpeAesIeHHEIX KOJHYECTB
OCBEUIEHUS — Pa3iHYHBIX A PasHeX (ororpadHyecKuX MaTepHasioB.
Uem Gosbllle CBETOUYBCTBHTEJILHOCTb MaTepHala, TEM XapaKTepHCTH-
yecKkasi KpHBas GoJiee CABHHYTA BJieBO 1o ocH abcuuce. das kaxaoi ¢oto-
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rpadHyeCcKOil SMYJIbCHH CYWIECTBYET NOPOroBoe SHaYeHHe KOJIMYECTBA OC-
BellleHHA, HHXXe KOTOPOro HHKAKOTO MOYEDHEHHA He MOJIy4aeTcs; ueM
GoJibllle YyBCTBHTEJIbHOCTb SMYJIbCHH, TEM MeHBbIlle MOPOroBoe 3HayeHHe
KoJaHuecTBa ocpelienHs. [ToaToMy B KayecTBe CBETOUYBCTBHTEJIBHOCTH (POTO-
rpanyeckoro cjios S (MJH YHCJIAa CBETOYYBCTBHTEJIBHOCTH) NPHHHMAIOT
BeJIHYHHY, 06PaTHO TPONOPIHOHANMbHYIO KOJHYECTBY ocBeuieHus £, cos-
JalollleMy Ha 3TOM CJIOE TIDH 3aJlaHHLIX YCJAOBHAX XHMHKO-(ortorpaduuec-
KOH 00paGoTKH omnpejenedHsidl (ororpaduyeckuit sddekT — HekoTOpOE
saflaHHOe 3HAYeHHE ONTHYECKOH NJIOTHOCTH MOYEPHEeHHH, HJH TpajHeHT
XapaKTepHCTHUeCKOH KpHBOH. IToT a(peKT Ha3kIBalOT Kpumepuem céemo-
4YECMBUMeNbHOCU:

S—_k

H, KpHTEpHS
rae & — Kos(ppHUHEHT NPONOPIHOHAILHOCTH.

IlpHHHMas TOT HWJIH HHOH KPHTEpHH, T. €. TY HJH HHYIO TOYKY Ha Xa-
PaKTEePHCTHYECKOH KPHBOH, MOXHO ONpEEe/IHTh TOUKY Ha FOPH30HTAIbHOM
OCH CEHCHTOMETPHYECKOro rpaHka, COOTBETCTBYIOLLYIO IPHHSATOMY KpH-
TepHio. B pas/HYHbIX CEHCHTOMETPHYECKHX CHCTEMaX HCINOJb3YIOTCS pas-
JIHYHbIE KPHTEPHH YYBCTBHTEJIbHOCTH.

B konne XI1X Beka B pesysbrare pabor Xéptepa u JIpuddrabia B Ka-
yecTBe KPHTEPHA CBETOYYBCTBHTEJIbHOCTH Obl/a TIpeJJIoKEeHa TOYKa MHep-
IMH { — TOYKa TepeceyeHHs NPOJOIKEHHA NPAMOJHHEHHOro yyacTKa Xa-
paKTepHCTHYeCKo#H KpuBoii ¢ ockio 1gH (cm. puc. I, 43). Ato Kpurepuit B
cucreme X u 1. \

Jpyrum BHIOM KPHTEPHS ABJNAIOTCA ONpee/IeHHBIM 06pa3oM BrIGp aHHbIE
3HAYEHHS IJIOTHOCTH nodYepHeHHA. OHH BHIGHPAOTCA JHG60 HA HAYaJbHOM
y4yacTKke KpHBO#H, Ja160, peKe, Ha MPAMOJIHHEHOM ee yyacTKe. ITH KpHTe-
PHH HCIIOJIB3YIOTCA B COBETCKHX CHCTeMaX CEHCHTOMETPHH KakK yepHo-Ge-
auix (FTOCT 2817—50 u 10691 —63), Tak ¥ upeTHbX MHOrocaOHHBIX (TOCT
9160—59) marepuasios, B nemenko#t (JAWH 4512), snouckoit (Ix UC x
7604) n amepukanckoit (ACA PH 2.5—1960) cucreMax CeHCHTOMETPHH Yep-
HO-GenbiX MaTepHaJsioB. [lono6ubiit KpuTepui npensoxen MexayHaponHoh
opranu3anueit no crauaaptusamun (MCO) B npoekTe ceHCHTOMETpPHYECKO-
TO CTaHJapTa.

B oreuectsenHoM 'OCTe 2817—50 B KauecTBe KpHTEpHA CBETOYYBCT-
BHTeJIbHOCTH (JOTOTEXHHYECKHX MATEPHAJIOB IPHHATA TOYKa Ha XapaKTepHce-
THYeCKO# KPHBOH, COOTBETCTBYIOULasi ONTHYECKOH IJIOTHOCTH, MpPEBHI-
Waromeit naoTHOCTL Byaau Ha 0,2 (D .= D, + 0,2), a B KayecTBe Koadu-
IMeHTa MPONOPUHOHANLHOCTH — eIHHHIA (B = 1): :

' 1
Sy = s (1, 136)

D=Dp+° 12

) (1, 135)

Tle H — KonnuecTBO ocBelieHHsi GenbIM CBETOM, BLIPaXKEHHOE B JAK:C.

PH 5TOM yKashiBaeTCA BpeMs NPOsBJEHHs fy,, HEOOXOLMMOE A/ AOCTH-
eHMs onpejlesieHHOro (peKOMeHAyeMoro) 3HadeHHs Koa(pduuHeHTa KOHT-
PaCTHOCTH Y ey, BHOPAHHBIN HCTOYHHK H3JYYEHHS H COCTaB NPHMEHEHHOIO
TpossuTeNs.
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Tort e NPHHUHKN NPOSBJIEHHUS 1O Ypex NPHHAT H B CTAHJAPTH30BaAHHOM
'OCTom 9160 — 59 Merozme obIieceHCUTOMETPUYECKOTO HCIEITAHHSA MHO-
roCJIOHHEIX BETHHIX MaTepHaJoB Ha Mpo3payHoi nognoxke. Kak yBuaum
B ruase VI, 1714 onpefie/ieHHs CBETOYYBCTBUTENbHOCTH aspodoTorpaduuec-
KHX MaTepHaJioB OOBIYHO BHIOHpaeTCA TaKas 9KCIOSHIMA, IPH KOTOpPO# no-
Jly4Yaercs MJOTHOCTD, PEBHILAIONIas BeJHYHHY NJIOTHOCTH Byanau Ha 0,85;
npuyeM B dpopmyse (I, 135) npunumaior £ = 10:

B o s, 1, 137)

HD=DD +0,85

3a nmocsie/lHHe TOALI B LE/AX YIOPALOUYEHHS M BO3SMOXKHOCTH CpaBHEHHS
CBONCTB KHHO- H (hOTOMaTepuasioB, B TOM YHCJE H a9podOTOMNeHOK, ObIIH
onpejesieHbl CBETOYYBCTBHTEIBHOCTH 110 0GOHM KpHTEPHAM (Sp2 H S g5)
IS COOTBETCTBYIOWIHX fyp, Ypex MPOSIBHTEJIEH H HCTOYHHKOB OCBELIEHHS.
K MX CpaBHHTeJIbHbIM XapaKTeDHCTHKaM BepHeMcs B rnase V.

B Ta6ua. 1,1 npuBeleHbl 3HaYeHHS CBETOYYBCTBHTELHOCTH Sp,2 H NJIOT-
HOCTH ByaJsu Dy THNHYHBEIX (oTOrpaHIECKHX CJIOEB.

Ta6auna 1,1

CeHCHTOMETpHYECKHE NOKA3aTeNH HEraTHBHBLIX NJACTHHOK H (OTONJEHOK
no ofuiefl CBETOYYBCTBUTEJLHOCTH S o H MJOTHOCTH Byaau D,

TMnoTHOCTL BYaNH Dy
$OTONNACTHHOK hoTONNEHOK
2
c .
e hocts Sy s | 2] 8 2l 2| B
TeNLHOCTH . |3 g 2 g g E 2
s | 5| 5| e | 5| 5| &
@ 3 ] =% g 3 @
3 3 5 ? 3 ¥ g
Huskan 11 8 16 0,120,121 0,15] 0,10|0,10] 0,12 | 0,15
Manasn 22 u 32 0,12(0,12] 0,15 0,10 | 0,10} 0,12 ] 0,15
Cpennsia 45 u 65 0,12{0,15]| 0,18 0,12 0,12 0,15 0,18
Bricokas 90 n 130 0,150,181 0,221 0,15} 0,15 0,18 | 0,22
Briciuas 180 u 250 0,22}10,24(0,30] 0,18 | 0, 0,24 | 0,
Hansricias Cruime 350 — —_ — — = -

®oroMaTepHalbl HaMBLICUIEH YYBCTBHTENBHOCTH HMEOT S »>> 350;
9TO 3HAYHT, YTO KOJHYECTBO ocBelleHHsi oKoao 3+ 1078 ix- ¢ okaxeTca Aoc-
TaTOYHBIM,YTOObI CO3/IaTh ONTHYECKYIO NJOTHOCTH MPOSIBJIEHHOTO cJIosl Ha
0,2 6osbluyio, yeM NJIOTHOCTL ByasiH. IIpu HocTaToyHO GOJBILOM BpeMeHH
BO3/IEACTBHS H3NyYEHHS [ HAa CBETOUYBCTBHTEJIBHEI CJIOH OCBEIIEHHOCTb Ha
HeM E MoXeT ObITb Co3llaHa Ype3BhIYaHHO MaJIoH.

B cucreme X u Il KpHTepHeM CBETOYYBCTBHTEJILHOCTH NPHHATA TOYKA
HHEPUHH i , a B KayecTBe KO3()pHIHEHTa NPONOpPUHOHANLHOCTH k = 10.

10 1 ’
S = ik (1, 137)

rae H; — 3KCNO3HUHA, COOTBETCTBYIOLLAA TOYKE HHEPLIHH.
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Kpurepuem cserouyBcrBHTesibHOCTH B cHereme JAWH (Deutsche In-
dustrie Normen) cayxut ontayeckas NJIOTHOCTb NOYEp HEHHS, NPEBBILIAIO-
mas maoTHocTh Byann Ha 0,1, T.e. D = 0,1 + D,.

B ta6a. I, 2 npuBeleHLl OPHEHTHPOBOYHLIE CPABHHTEJIbHEIE 3HAUEHHS.

Ta6aunma 1,2

CpaeHHTenbHas TaGaiua 3HAueHHA CBETOYYBCTBHTEJbHOCTH B Pa3JHYHHX CHCTEMax
IS HeraTHBHBIX GOTOMATEpPHANOB CpelHeli KOHTPACTHOCTH

(y=0,8—1,0)
30'2 1 16 22 32 45 65 90 130 180 250 350
Xnll 280 400 550 | 800 1100 |1600{ 2200 3200 4500 6500 9000
JHH 12—13 14 15—16 | 17 | 18—19 | 20 | 21—22 | 23 2425 26 2728
gﬁA 12—16 20 25—32 | 40 | 50—64 | 80 |100—120 160 |200—250| 320 400—500

Cnoco6HocTs ¢oTorpaduueckoro MaTepHasa nepefiaBaTb pa3HOCTH Ap-
KOCTell pasiaMYHbIX Yy4acTKOB (ororpagupyemMoro obheKTa HasbIBaeTCs
Konmpacmuocmeto. Y pas3nHYHBIX poTorpadHyecKHX MaTepHaJ/oB H3MeHe-
HHE ONTHYECKHX IJIOTHOCTEH NMPH ONHHAKOBHIX H3MEHEHHAX SKCINO3HIMH
Pa3JIMYHO; OHO ONpEeJeJIfeTCs CTENeHbI0 KOHTPACTHOCTH MaTepHaJa, KOTO-
pas YHCJIEHHO paBHa TPajHeHTy ONTHYECKOH NJOTHOCTH KaK (YHKIHH

d
KOJIHYECTBA OCBELIEHHS i B pas/iHuHBIX TOUKaX XapaKTepHCTHYECKOH

daD
KpuBo#i (cM. puc. I, 43) BennunHa AgH pa3JiHYHa ¥ JOCTHraeT NPH AAHHBIX

YC/I0BHAX TIPOSIBJIEHHS CBOETO Hauﬁo.ubmero 3HAUCHNS B TIp AMOJIHHEHHOM
yyacTKe KpHBO#:

L s
T_tgH,—-lng tga; (1,138)

BEJHYKHA Y Ha3biBaeTCa KOIPOHIHEHTOM KOHTPACTHOCTH, HHOTAA ee Ha3kl-
BaloT ()aKTOPOM MPOSMBJIEHHSA; 0. ~ YIOJl HAaKJIOHA NpSAMOJHHEHHOrO yyacT-
Ka KPHBOH OTHOCHTEJIbHO OCH abciuce.

H3 onpeznenenns BenHUHHH Y, KaK IpajHeHTa ONTHYECKOH IJIOTHOCTH
Ha NpAMOJIMHEHHOM yYyacTKe XapaKTepHCTHYeCKOH KpHBOM, caelyer:

dD =1d gH;
Nocie nuppepeHIIHPOBAHHA HAXOIHM:

& _ A
T H -
Tak Kak D = — lgr. Ecaim y = 1, To KoHTpacT (oTorpaduyecKoro Hso-

A
Opaxkenns ——— paBeH KOHTPACTY ONTHYECKOro H306p aXKeHHs — 3HaK M-
T
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HYC yKasbiBaeT, YTo 60Jlee TeMHOH JleTaJH COOTBETCTBYeT 0oJiee CBeTJioe
¢dororpacduyeckoe n3obpaxenHe ee. Ecin 7 << 1, To KOHTpacT y ¢ortorpa-
(duyecKoro H3o6paXkeHHs MeHbllle, YeM y ONTHYECKOro; ecsiH 7 = I, HMeeT
MecTo obpaTHoe.

[lpy u3MeHeHHH BPEeMEHH MPOSABJEHHA NOJOXKeHHe H GopMa XapaKTe-
PHCTHUECKOH KPHBOH M3MEHSIOTCA; MOMHO Nojo6paTh BPeMs NpOSIBJIEHHS
¢pp TaKHM, uTOGBl Y AaHHOH (OTOrpaduuecKOH SMyJIbCHH BeJHYMHA T HO-
CTHIJIa JOGOr0 3HAYEHHS Ypex; NPH JaJbHeHIIEM yBeJHYEHHH BPEMeHH
nposBJeHUs Ko3(pbHIHEHT KOHTPACTHOCTH AOCTHIaeT MaKCHMAaJIbHOTO 3Ha-
UEHHS Vyaxe- IAMETHM, 4TO 1151 hoTOMaTepHasioB HH3KOH (y = 0,5—0,7) u
oyeHb BHICOKOH (Y>> 1,3—I,5) KOHTPACTHOCTH COOTHOLUEHHs, NPHBEIEH-
Hule B Taba. I, 2, CTaHOBATCS CYLIECTBEHHO HHEIMH.

B 3aBHCHMOCTH OT COCTaBa CBETOYYBCTBHTEJNbHOM 3MYJIBCHH H METOAA
€€ H3TOTOBJICHHS, BEJHUYHHA Y,,c OKA35IBAETCH PasJIHYHOM; OHA OOLITHO
CBf32Ha CO CBETOYYBCTBHTEJILHOCTBIO S MaTepHasia H TEM BHILUE, YEM HHXKe
UyYBCTBHTENILHOCTH MaTepHaJa.

Ina opHeHTHPOBKH npuBoanM (Tabu. I, 3) uncieHnble sauenus Kosd-
(HLHEHTOB KOHTPACTHOCTH 7 (oTorpaduyecKux MaTepHaJsioB oOlEero Ha-
sHauerus. B riaBe V aTH BesIMYHHBI OYAYT YKa3aHbL.

CymecTBeHHOH S1BJISIeTCS CNIOCOGHOCTE poTOMaTepHaJia IPaBU/IbHO Mepe-
IaBaTb Becb WHTepBan ApKocTeH ¢Qortorpadupyemoro o06BeKTa, T. e.
pPasHOCTb MexkJy HaHOoJsiee CBETJIbIM H HaHOo/siee TEMHBIM y4aCTKaMH 00b-
eKTa; 3Ta Cnoco6HOCTL XapaKTepH3yeTcsi (oTorpaduyeckor muporoit L.
BesinyuHa L onpepesisieTcsi HHTEPBAJIOM 3KCHO3HIHH, OrpaHHYEHHBIX TOY-
KaMH HagaJia H KOHIla PSIMONHHEAHOr0 yyacTKa XapaKTep HCTHUECKOH KpH-
BOif, H OOBIYHO BHIpaXKaeTcs JIOTapH(PMOM OTHOLIEHHS:

L=lg _g:_ = lgH,—IgH,, (1, 139)

rae Hy v H, — 5KCNO3HUHH, COOTBETCTBYIOIIHE HAYally H KOHIY IPSIMOJIH-
HEHHOro yJacTKa XapaKTepHCTH4YeCKO# KpuBo#t (cM. puc. I, 43).

Ta6nuuna 1,3

KosjpHumenTsl KoHTpacTHOCTH H (oTorpaduueckas mWHpoTa
HEraTHBHBIX NMJACTHHOK H QoTonjeHoxk o6uiero HasHaueHHs

Perkomennyemuifi MakcuMansHBI KOadh-
KOShHUHEHT KOHT- |DHUHEHT KOHTpacTHOC- ®ororpaduueckan
PACTHOCTH Ypo. ™ Yyanc mHpoTa L

Crenens KOHTPACTHOCTH

MASCTHHOK MJAeHoK MJAacTHH OK NAeE0K NJACTHHOK TUJIEHOK

Oco6o MsaArkue — 0,65 — — — —
Msrxkue 0,8 0,80 10,9—1,15(0,7—0,88 1,5 2,1—1,8
Hopmanbane 1,2 1,2 |1,2—1,6 [0,9—1,15| 1,2 1,8—1,5
Kourpactane 1,7 1,7 1,7-2,0 |1,2—1,8 0,9 1,5—1,1
Oco60 KoHTpacTHuEe 2,5 2,5 —_ —_ —_ —
CeepxKoHTpacTHbIe =>3,0 - = s = -

BTa6a. 1, 3 npupeaens: BeudHHEL L y pasAHYHEX THIOB hoTOMaTepHa:
M0B. Y HEKOTOPHIX H3 HHX 3HaueHHe GoTorpaduyecKoll HPOTH AOCTHTaeT
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L = 2; 370 3Ha4HT, YTO HHTEPBaJ IKCTIO3HIHKHA Y AaHHOTO (poTOMaTepHaa
Hy —100:1
a ik

' ®otorpaduyeckue cJoH ABJIAIOTCA CeIEKTHBHBIMH HHAXKaTOpaMH. Mak-
CHMYM CNEeKTpasIbHOH YyBCTBHTEJLHOCTH 6pomMocepebpsaHoro dororpadu-
9eCKOro CJIofl HaXOLHTCA B yJbTpadHoeTOBOMH YacTH CleKTpa BOJIH3H BOJ-
Hbl A = 350 #u TpH BepXHell IPaHHIle CNEKTPaJbHOH YYBCTBHTE/NbHOCTH,
npocTupatomeiics 10 ~500 #u. BBeileHHEM B COCTaB IMYJILCHH HEGONBLUIAX
KOJIHYECTB HEKOTOPBIX OPraHHYECKHX KpacHTeJell , COOBLIAIOUIMX SMYIbCHH
YyBCTBHTEJIBHOCTE K TeM [IBETHBIM H3JIyUYEHHSM, KOTOPHIE 3TH KPaCHTeJNH
TIOrJIOLLAIOT, MOXHO CEHCHOHIN3HPOBATh SMYJILCHH HCKYCCTBEHHBIM O4yBCT-
BJIEHHEM HX K JJIHHHOBOJIHOBBIM H3JyyeHHusM. B Taba. I, 4 nana xknaccupu-
Kauus goTtorpapuyecKHX MaTepHaJOB N0 CNEKTPasibHOH YyBCTBHTEIbHOCTH.

Ta6nunma 1,4

CnekTpaJbHas 4YyBCTBHTENbHOCTb (hoTOrpadHuecKHX MaTepHaJoB

Bun dotoMaTepHanos MpanHEma ceHCRORAM3AUMH B AJHHAX BOJA

HeceHcnGunn3npoBaHHbIe EcrecrsenHas 4yBCTBHTEJNBHOCTb TaJIOHIHOTO Ce-
pebpa o 500 wm

OproxpomaTuuecKue 580—600 w##; DOHWKeHHAs UYBCTBHTEJIBHOCTb B
06aCTH H3NyueHHH C JUIHHOH BOJHHE  OKOJIO
500 um

Hsooproxpomarugeckue 580—600 Hm

HsoxpomaTrueckne 620—650 um

lNanxpomaTuueckHe 660—730 wM; MOHWKEHHASA YYBCTBHTIABLHOCTH B
06/1acTH H3Ay4eHRH ¢ AauHON BOMHH 490—540 am

HzonanxpomaTnyeckne 660—730 HM

IMomumo obLueii S 1 cneKTpaJibHOH CBETOYYBCTBHTEILHOCTH (oTOMaTep Ha-
J1a 9acTo HeOOXOAHMO 3HATh BEeJHYHHY S¢hhexmusrol caemouyscmsumensHoc-
mu Sg, NMOHHMas MOJ MOCJeJHeH YYBCTBHTEJIBLHOCTE (POTOC/HOS K CBETY,
npouenmweMy yepes 1BeTHOH cBeTopusibTp. Onpenpesnsercsa BeJHYHHA S
C MOMOIIbIO XapaKTEPHCTHYECKOH KPHBOH, NOJyyaeMOH NpPH YCTaHOBKe B
CEHCHTOMETpe COOTBETCTBYIOUIEro CBeTOMHIBbTPA.

BaxHO# 9KCn/IyaTalHOHHOH XapaKTepHCTHKOH (oToMaTepHana sBif-
€TCsi ero CnocoGHOCTD K BOCIIPOH3BEIeHHIO Me/ibYafilinX Jperanei ¢ortorpa-

PHueckoro o6beKTa — paspewarowas cnocobHocms. .
Ta6aunma 1,5

Paapematoman cnoco6HOCTh (OTONMAEHOK UWIHMPOKOro Ha3HaAueHHS

Mapka nieHks «doTo-32> «DoT0-653 «DoT0- 1302 «®oT0-250»
Ceerouyacreurensuocts S ' 32 65 130 250
Paspewaioman  cnoco6uocTs 116 92 75 70

¢ MY
)
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Paspewaiomas cnoco6HocTe ¢ororpaduyeckoro marepuana N, Xxa-
pakrepH3yeTcs HanGoJblIEH YaCTOTOH WITPHXOB B H306paXKeHHH aGCOJOT-
HO KOHTPACTHOH MHpBbI, COCTOSILIEH U3 pAjla Py NapaJ/iebHbIX LITPHXOB,
pasfie/leHHbIX MPOMEXYTKaMH TOH ke IIHPHHBI, YTO H CAMH LITPHXH, KOTO-
pas elle pa3fieNlbHO NepefaeTcs HCMbITYEMBIM MaTepHanoM. Paspeluaronias
CIIOCOGHOCTE ONpesieNAeTcs B CTPOro CTaHAAPTH3OBAHHBIX YCJOBHAX C IO-
MOIILIO CMelHa/NbHOro npubopa — pesosbBoMerpa. Kak npaBuio, paspe-
II3I0NLaA CNIOCOOHOCTE 3MYJIBCHH BHICOKOUYBCTBHTE/NbHBIX HHIKE, UEM MaJio-
YyBCTBHTEJIbHBIX.

B Taba. I, b npHBeJeHsl AaHHBE O pa3pelraionieil CIOCOGHOCTH YepHO-
GesbIX HeraTHBHBIX (poTOrpadHyecKHX NJIEHOK pasJ/iHYHOH CBEeTOUYBCTBH-
TeJBHOCTH, BBITYCKaOIIHXCA Hallefi NPOMBILIEHHOCTBIO /IS [IHPOKOro
npumenenns (mo 'OCTy 5554 —63).

B tabn. I, 6 npuBeneHbl 3TH JaHHLIE AJNA LBETHHIX (oTOrpapHyYecKux
NJIEHOK.

O61was cBeTOYYBCTBHTENbHOCTD S U 061as paspeliaonas CrnocoSHOCTb
onpejeseHsl B 6esioM cBete. HcenenoBanns NOKa3plBaloOT, YTO SKCIEPHMEH-
TaJbHO ONpejiesiAeMas BeJHYHHA paspellaollieli CIoCOGHOCTH CJIOA CHIIBHO
3aBHCHT OT BEJIHYHHEI anepTypH 00beKTHBA, IPHMEHSEMOT0 B Pe30JIbBOMET-
pe; 3nHauenus Nc OKa3pBalOTCA GOJBLUIMMH, eC/IH NPHMEHSITh BLICOKOANep-

TypHble 00bEKTHBEL.
Ta6auwna [,6
Paspemaromasn cnocoGrocTs
H CBETOYYBCTBHTEJbHOCTDL unemd:ororpadmuecxux NJAeHOK
(no TOCTy 5554—63)

Mapka nieHkn Aac-2 JIH-3 o-2
CBeTouyBCTBHTEMLHOCTE S, He MeHee 22 32 16
Pagpewaiowmasn cnoco6uocts N (™) ana 45 45 —
Gesioro cBeTa, He MeHee

Onpepenenne skcnosuuuu. Ilycts B — spkocte ¢ororpadupyemoro
obbekTa. [IpH 5TOM 06BEKT MOXKET ObITH CAMOCBETSILIMMCS HJIH CBETSAIIHMCS
B OTPaXXeHHOM CBeTe (TaK Ha3blBaeMuli BTOPHYHEIHA H3ay4YaTesb). B nocsesn-
HEM CJ1y4ae MOXKHO ONPENEJIHTh €ro APKOCTh, €CJIH U3BECTHA OCBEleHHOCThb
E, cosnaHHas Ha MOBEPXHOCTH 06beKTa, H ero KO(GHIHEHT OTpaXKeHHs p:

; (1, 140)
™
NPH 3TOM TpejnojaraeM, 4T0 OCBellaeMas NOBEPXHOCTE — AH(PY3HO-
pacceuBaroLLas.

Bocnonssopasumce (I, 127) u (I, 117), onpelesnM OCBelIeHHOCT H30-

GpaxeHus HA Kpaio MoJ: )
, (@
2
E, = wE_ Sw @ cost w' %a". (I, 141)
o s, (F— ) -




B yncne mMuHOXHTENEH — KpaTHOCTL CBeTopHABTpa Kg, NOHHMasA MOX
STHUM OTHOLIEHHe O6leH CBeTOYYBCTBHTEJILHOCTH (poTorpadHyeckoro mare-
pxana S K 5(ppeKTHBHOH CBETOUYBCTBHTEJBLHOCTH Sg, T. €. CBETOYYBCTBH-
TeJIbHOCTH (POTOC/]ION K CBeTy, MpollejlIeMy CBeTOhHIBTD:

3ameTHM TaKiKe, YTO B35Ta OCBElIEHHOCTh H306paKeHHsl Ha KPalo NOJ.
YuMuoxus BesinuuHy E'w Ha BpeMsi 9KCIO3HIIHH £, MOTydHM:

, (@") i

1 ! wpE ap ’ #39
PR C2® L costw’ — 2 e (I, 142)
So.2 “ 4Ko s W (F— Bap )?

3p

Psapn mMHOXHTeJIeH 3aBHCHT OT KOHCTPYKTHBHBIX ocoGeHHOCTeH OOBEKTH-
pa; 0003Ha4HM HX NpoH3BefeHHe 6ykBoH Cy:

, (")

costw’=C,. (I, 142"

BecbMa 4acTo chemKa Befietcsi ¢ 6obIHX paccrosunit (B = 0) u, cre-

g2
JIOBATEJIBHO, (—E,i—g—f—p-)—,_—. 1; nmeem:
j; U R N (1, 143)
- Sp2  4Kp e ;
WIH
fom B, (I, 143")
pESg 5 Cie?

Takum o6pa3som, BpeMs SKCNO3HIHH OGPATHO MPONOPLUHOHAJIBHO CBETHOCTH
¢ororpadupyembix 06beKTOB pE, 4YyBCTBHTeJNBHOCTH (oTOMaTepHana S
H 5(eKTHBHOH CBETOCHJIE ONTHKH Ha Kpalio moss 3penus C.e .

3ameTHM, uTO MHOXKHTe/eM C; yUHTHIBAETCS JHIUb NPONYCKaHHEe 06BeK-
THBa T H NaJieHHe OCBEleHHOCTH Ha KpasiX H3o0pakeHHs; lesecoobpasHo
BBeCTH MHOXHTenb C,, YYHTHIBAIOUIMH MoOJIe3HOE AeficTBHe 3aTBOpa ¢oTo-
annapara H oTKJoHeHHe GaKTHYecKOH BBIIEPIKKH 3aTBOpa OT HOMHHAJIBLHOM;
NoJIyyuMm:

PR a, 143"
PESy,2 Ke?
rae K = C,C,.

Bpemn 9KCMO3HUHH npH ¢oTorpagHpoBaHHH ABHXYILHXCA 00HEKTOB.
Beiwe npennonaranock, 4o 06beKT GotorpadupoBanus, a Clei0BaTeNBHO,
€ro n3obpakeHHe HEMOIBHMKHEL.

B psage cayuaes cnenmanbHoro (Hanpumep, aspooTochemka), pemnop-
TepcKoro, a HHOTAA H JioGHTeNbCKOro doTorpadHpoBaHus 06bEKThH CheMKH
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NepeMeIlaloTCs, YTO MOMKET NPHBECTH K HeXeJaTeJIbHOMY CHBHTY (pa3Mbl-
THI0) H306paKeHHs H moTepe paspeiuaiollefi cnoco6HocTH. Ecu npu atom
JKeJAaTeJbHO 10 BO3MOMKHOCTH COXPaHHTh (oTorpadHyeckyio paspelraio-
LyI0 CNOCOGHOCTb CHCTEMBI OOBEKTHB — (ororpapuyecknil cyioil (cm,
raasy V), BpeMs BHIIEPIKKH ! He NOJKHO OLITh GoJiblle BpeMeHH, P Teye-
HHe KOTOpOTo H306pajKeHHe MOMKET CMECTHTbCS Ha BequuuHy §’y, npeBbl-

IIAOLLYI0 TOJIOBHHY* JIMHEHAHOro npejena paspeLleHHs 5 o'y

’ | 1
B < 3 B
rae N — dororpaduyeckas paspeluaiomlasg CrnocoGHOCTh HENOABHMKHOH
cucTeMsl 06BEKTHB — (POTOC/ION NPH ONpelesleHHOM KOHTpacTe OOBeKTa
(cm. raasy V).
OueBHJIHO, €CJIH ¥ — CKOPOCTb OTHOCHTEJILHOI'O NepeMellieHHA 06beKTa
u ¢ororpadupyiomeii cicremul; L — RHCTaHIHSA cbeMKH; f° — dokycHoe
paccrosiHiHe 00BeKTHBa, TO CMelleHHe H3oGpaxeHus OyleT paBHO:

(1, 144)

7 V=g =T ® (1, 145)

rne_-%: T — Mmaciutab ¢ororpaupoBaHus.

ComnocrapJisisi OC/JAeAHHE 1Ba BbipaykeHHa W noaoxus &' = &'y, noay-
YHM:

i
2f'oN °

CrnenoBaTesIbHO, IPH CheMKe JIBHIKYIHXCA OOBLEKTOB BHIIEPHKKYf
esiecoobpa3Ho BHIGHpPaTh, HCXOAS TAKXKe H3 OINEHKH JOMYCTHMOIO CABHra
n306paKeHHs, a 3aTeM 10 BO3MOKHOCTH 00ECMIEUHTD 3TO BPeMA SKCIO3HIIHH
BLIGOPOM napaweTpoB, BXoaswHuX B ¢opmyay (I, 143"), B yacTHOCTH, Bbi-
60pOM COOTBETCTBYIOIIEH CBETOCHJIEI OOBEKTHBA &%, OMKHOM OCBeleHHOC-
TH E o6bekTa (oTorpadHpoBaHHs H MPHMeHeHHeM (POTOCI0EB BLICOKOH YyB-
CTBHTEJNBHOCTH S.

KoHe4HO, OTCyTCTBHE 06BEKTHBOB TPeOyeMOil CBETOCH/IbI HJIH HEBO3MOX-
HOCTb O6eclieueHHsl BEICOKHX OCBEIEHHOCTEH OOGBEKTOB MOMXKEeT IPHBECTH
K HeBuimonHuMocTH ycaosus (I, 146). MuwmMu cioBamH, npHXopurcs 3a-
YaCTyI0 BBOAHMTE OGJBIUHE BHIAEPAKKH { H IONYCKaTh CMelleHus H3obpaxe-
Hua &’ 66abiune, yem 8.

Ecnu xe nocnensee, npuBoAsilee K NoTepe HHPOPMALHH, HENpHEMIIE-
MO, To B dhoToannapare NpeLyCMaTPHBAIOT ClelHaJbHbIe YCTPOHCTBA, KOM-
NeHCHpYIOlHe cMemleHHe H3o0paxen Ha. OnHako moboe U3 STHX YCTPOHCTB

t<

(1, 146)

* Ycaosue (I. 144) Tpefyer, cTporo rosops, o6oGuieHHOro TonKoBauus. [Tox N
ClAeRyeT MOHHMATh paspellaeMylo MPOCTPAHCTBeHHYI0 9acToTy (cM. raasy I1I) muoro-
3BeHHOH CHCTeMH!, BKJIO9Yalomeli KaK ONMTHYECKYIO CHCTEMY H NMPHeMHHK H3oGpaxke-
HHSA, TaK W 3/JeMeHTH anmapaTypsl, BAHAIONlHe Ha KauecTBO H306paxeHHA (3aTeop,
MeXaHH3M CHHXDOHH3allHH JBHMKeHHS H306paXKeHHA H TPaHCMOPTHPOBKH doro-
MJeHKH), YCTPOHCTBa CTabH/IH3aLHH H OPHEHTALHH ONTHKO-NpHeMHONA ammaparypsl
H ee HOCHTeAd (neTaTeJbHOTO anmaparta, ABHXYyulefics naaTgopME).
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HEe B COCTOSHHH IOJIHOCTbIO KOMMEHCHPOBATb OTHOCHTENbHOE CMelleHHe
n300paxeHHsA: HeH36eKHO HMEeT MECTO OCTATOYHOe CMellleHHe H306paike-
HHMSA OTHOCHTEJIbHO CHHXPOHHO JBHXKYIllUe#csi GOTONNeHKH, BeJIHYHHA KOTO-
pOro OGLIYHO COCTABJISET HEKOTOPYIO NOJIO 1) OT BeJHYHHBI CKOPOCTH v

CMellleHHs! H300paxenns v’ = 0.

Takum obpa3om, NpH NPHMEHEHHH KOMIEHCALHH CIBHTa H300paXeHHs
smecTo & B dopmyae (I, 145) nomyuum:

g’ = _’. ke
T ut;
u coorBeTcTBeHHO BmecTo (I, 146) Haxomum:
L
27]"9N . (I! 147)

Yuer Bcex 3THX QJaK’FOPOB NPHBOAHT K CYIECTBEHHOMY IOBBILIEHHIO
KaueCTBa ONTHYECKOIo H306pa)KEHHH B 3KCII/IyaTallHOHHBIX YC/IOBHSX.



TJIABA 11
OINTHUYECKHME ABEPPALIMM OBBEKTHBOB

He cymecTByer HAealbHLIX ONTHYECKHX CHCTEM C yBeJHYeHHeM, OT-
JINYHBIM OT eAuHHUUEL. McKaroueHHe COCTABAAIOT JHUILIL ONpeAeseHHEIM 06pa-
30M YCTAHOBJIGHHBIE NIAPHI CONPSXKEHHKIX TOUEK B COYETAHHH CO CIelHalb-
HbIMH TIPeJIOMJISTIONIHME HMJH OTPaaloUlMMH MOBEPXHOCTSIMH, KOTOpHIe
ofecneyHBaloT HX aGeppallHOHHOCThL JJA OMNpelesieHHBIX NosnoxeHHd, On-
THYECKHE CHCTEMEI, NIPeJCTaBAAIOIHe IPaKTHUECKHH HHTepec, KaK IPaBHJIo,
obsianalor abeppallHaMH, T. €, OTCTYMJIEHHAMH OT CBOHCTB HIea/IbHOH CHe-
TeMHl. JIMIIb B BecbMa Y3KOH 06JacTH — mapaKCcHaJdbHOH, —
B KOTOpO# H300paKeHHsl TOYEK OCYLIECTBJIAIOTCA NyYKaMH JyueHd maJoH
anepTypsl H B NpefieiaX BeChbMa Y3KOrO NOJA 3PEHHsl, CBOHCTBA peasibHOH
CHCTEMBI TOXAECTBEHHbBI TAKOBBIM B HIealibHOH cHcTeme. OIHAKO NPH STOM
HCye3alollle MaJikl KaK ApKoCTh of6pa3yeMoro H3o6pajKeHus, Tak H pasMephl
H3o6pakaeMoro noJs.

Bcakas peanbHas onTHYeCKas CHCTeMa, NPHIOJHAs AJA MpaKTHYEC-
KOTO NpHMEHEHHSA, NOMKHA MMEeTh 3PayKH KOHEeuHBIX, a NoJyac H BecbMa
GoJIbILIHX pa3MepoB, ob6aafaTh GONBLIHM YIJIOM NoJis 3peHHs. BoamomxHoC-
TAMH CO3AaHHA NOJOOHBIX ONTHYECKH X CHCTEM 3aHHMAeTCATE O P H A O II-
THYEeCKHX npHGopoB. Ha ocHoBe NpakTHYECKOro HCNOJb30Ba-
HHAl Pa3BHTOrO B Hell pasjeia — Teopuw abeppaunui — cos
HAloTCH ONTHYECKHE CHCTEMHl Pa3JHYHBIX ONTHYECKHX XapaKTepHCTHK H
pasHoro HasHadyeHHs. JlocTHraeTcsi 310 myTeM ONpeAe/eHHs ONTHYECKHX
KOHCTPYKTHBHBIX 3JIEMEHTOB CHCTEMBEl — PaJHyCOB KPHBH3HEI Mpesiom/If-
IOUHX HJIH OTPaalolWlMX NOBePXHOCTEH, TOJIIHH M JHAMETPOB JIHH3,
paccTOAHHA MeXKAy JIHH3aMH, ONTHYECKHX MOCTOSTHHBIX CTEKOJ, a B HEKO-
TOPHIX CJy4YasiXx NPHMEHEHHEM ONTHYeCKHX NoBepXHocTel acdepHyecKoli
¢opMEI.

Onpenenenre KOHCTPYKTHBHBIX 3/IEMEHTOB ONTHYECKOH CHCTEMBI MPO-
H3BOJAHUTCST B NepBOM NMPHOIHKEHHH Ha OCHOBe NMPHMeHeHHs OOLIHX Teope-
THYECKHX NPEANOCHJIOK, B YaCTHOCTH HAa OCHOBE HCIIOJIb30BAHHS TEOPHH
abeppaunii TpeThero NOpsAAKa H NOCJEAYIOWEro TOYHOro pacyeTa XoAa Jy-
yeil, NO3BOJIAIOLIErO ONpPENENHTh TOUHEIE 3HaUeHHs abeppauuil, ¥ BHECEHHS
COOTBETCTBYIOUIHX KOPPEKTHBOB KOHCTPYKTHBHEIX SJIEMEHTOB CHCTEMEl C
Lesbio GoJiee COBepllleHHOH KOPPEKIHH OCTaToYHEIX abGeppaunit. 3a noc-
JICAHHE TO/Ibl MCC/IEIOBAHHS M PACyeThl OCYLIECTBSIOTCA ¢ GoJbllOH KO-
HOMMeH BpeMeHH H TPyfa ¢ momoubio DBM, KoTophie mo omnpeaesneHHOH
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. JIOTHYeCKOH CXeme BBINOJHAIOT NPOHECC aBTOMATHYECKOH KOpPeKIHH abep-
palHii CHCTeMbl 3a[laHHOM ONTHYECKOH CXEMHI.

CyuecTByeT MHEHHe, YTO NPH pa3paboTKe CJIOKHLIX COBPEMEHHEIX 00b-
eKTHBOB He palMOHAJBHO MPHMEHATh aHAJHTHYECKHE METONBl pacuera,
TaK Kak OHH 06eCneyHBaloT JHLbL NPHOMHMKEHHEIE pelIeHHd. DTO MHEHHe
[OPOJHJIOCH IBYMA O6CTOSITENIbCTBAMH: BO-NIEPBBIX, TEM, YTO caMa TeXHHKa
pelleHHsl 3aja4yd OKas3biBAaeTCsi HE MPOCTOH, M, BO-BTOPHIX TeM, YTO B pe-
3yJbTaTe OMNpeleJeHHsI BADHAHTOB BO3MOXHEIX PELUEHHH MPHXOAMM JHLIb
K MpelBapHTe/JbHbIM KOHCTPYKTHBHBIM 3J1eMeHTaM OOBEeKTHBA.

Ecnn u paHbille 3TH 10BOALI NMPEACTaBAANHCE HeyGeNUTeNbHLIMM, TO
Tellepb OHW AaKe MOTYT NPHBECTH K 3a6/yKJAEHUSM MeTOAOJIOTHYECKOTO
nopsifika: A8 nocsefyiolledl aBTOMaTHYECKOH KOppeKUHH abeppaunit,
B OBM nonxHa GeITh BBeleHa HCXOJHAA CHCTeMa (OTTpaBHasi TOYKa), NPH
pa3paboTKe KOTOPOH pauHOHAJbLHO PYKOBOACTBOBAThCA XOTs Obl MpHOJH-
sKeHHOH Teopueii. Tem GoJiee 111 HEKOTOPHIX KJIACCOB COBPEMEHHBIX CJIOMK-
HbIX OOBEKTHBOB (Hanpumep, 06BEKTHB C NepeMeHHbIM OKYCHBIM paccTos-
HHeM) BOODIIE HEMBICJHMBI JPYTHE MYTH PelIeHHH.

B 310il rnaBe u3sararoTcs JHIIb HEKOTOPblE pe3yJibTaThl TeOpHH abep-
pauuit B o6beme, HeoOX0AHMOM /151 IOHHMAHHA CBOHCTB 00BEKTHBOB. Pan
NPOMEXYTOUHBIX BHIKJIAJOK, €CTeCTBEHHO, OMYIIeH; 3aHHTepecoBaBLIEroCs
yuTaTess Mbl OTCEIaeM K Kuuram A. M. Tynoposckoro [18], I'. T'. Cimoca -
pesa [16] u aBropa [3]; nocnexuss cnennanpHO NOCBALIEHA METOAAM pac-
yeTa CJOXKHGLIX (oTorpauyecKHX CHCTEM.

§ 1. ABEPPALIMH ONTHYECKHX CHUCTEM

AGeppanyu XapakTepH3yioT Pa3/MUHOTO BHJA HAP yLLEeH!s TOMOLEHTPHY-
HOCTH B CTPYKTYpE My4YKOB Jiyuefl, BEIXOASIIUX H3 ONTHYECKOH CHCTEMBI.
B peanbHOH cHcTeMe HapylIalOTCsi BCE CBOMCTBA, NPHCYLIHE CHCTeMe MJe-
anbHo#t (cM. rmaBy I, § 2). B wactHocTH, H306pa)keHWeM mNpenMeT-
HOH MJIOCKOCTH, NepneHAuKYAspHOH K ONTHUECKOH OCH, He ABJfAeTCA TaKXKe
IJIOCKOCTb, 2 H300pakeHHe NpeaMeTa, PacrnosIOKeHHOTO B MVIOCKOCTH, mep-
MeHAHKYJ/SPHOH OCH, HE OCTAeTCA IEOMETPHYECKH MNOROGHEIM NpeaMery.

Bennyunbl aGeppauuil MOTyT GHITH NMOJYYEHBl CPaBHEHHEM KOOpAMHAT
Jiydefl, BHIIENIINX U3 ONTHYECKOH CHCTEME! H ONpele/eHHBIX NyTeM Henoc-
PencTBeHHOTO pacyeTa X0Ja Jiyyel [0 TOYHBIM TeoMeTpo-onTHYeCKHM (op-
MyJlam cO 3HAaYeHHSMH TeX JKe KOOpIHHAT, onpefie/leHHEIMH N0  GopMyJIaM
NapakcHaJbHOH ONTHKH.

Onuako 3Ta Xe 3ajaya NMPHOMHMKEHHO pelliaeTCsl C MOMOLIbIO GopMyda
Teopuu ab6eppauuit. [Ipu 3TOM BO3MOXKHO XapaKTepH30BaTh 3TH abeppanHu
KaK KpuTepHsMM JyueBOH ONTHKH, TAK H HA OCHOBE MpeICTaBJEHHH BOJ-
HOBOH ONTHKH: B [EPBOM CJiyyae BbIpaxKaeM OTCTYIMJI€HHS OT FTOMOLEHTPHY-
HOCTH NmyyYyKOB JyyeH, BBell NPeACTaBJEHHEe O reOMETPHIECKHX abeppaLns X
U purypax paccesHHa Jyueil B H306paKeHHsiX TOYeK; BO BTODOM Clydae
OlieHnBaem AedopmalnHio Npoluenieli yepes ONTHYECKYIO CHCTEMY CepHyec-
Kol cBeToBO#i BOJIHBI, BBOAS MpPEJACTABJEHHS O BOJIHOBBIX aleppauusx.

OueBuano, o6a crnocoGa onucanua aGeppallHOHHBIX CBOWCTB ONTHUEC-
KOl cHcTeMbl B3aMMOCBSI3aHBI H SIBJISIIOTCS JIMIUL PAasHBIMH (POpMaMH OMH-
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CaHHs OXHOTO H TOTO K€ COCTOAHHS, TaK KaK CBETOBbIe JTYYH NYYKOB SBJISA-
10TCS HOPMAJISIMH K NOBEPXHOCTAM CBETOBHIX BOJIH. OlHaKO, B 3aBHCHMOCTH
OT aHaJIH3HpPyeMOH 3a/layH, OKa3biBaeTCs YIOOHBIM MPHMEHATD Te HJIH WHbIe
KpaTepHu. Hanpumep, ecin o6beKTHB 061afaeT GOJBIIMME abeppalusaMHi,
TO HX NpOlIe XapaKTepPH30BaTh BEJHYHHAMH NeOMETPHYECKHX abeppalluil;
B IPHCYTCTBHH MaJkiX abeppalinii 3aflaqy yCneurHo MOXKHO PelIHTh Ha OCHO-
BE MpEJCTaBJeHHH BOJNHOBOH ONTHKH.

KauectBo H306pakeHHs o6beKTa NMyYKaMH MOHOXPOMAaTHYECKHX Jydelh
3aBHCHT OT COBEpIUEHCTBA KOPPeKLHH MOHOXPOMAaTHYeCKHX abeppamuH.
Bo3unkHOBeHHe 3THX abeppanuii oO6bsicHAETCS TeM, UTO NPeJOMJIAIOIIHE
TIOBEPXHOCTH He COGHPAIOT B TOYKY CKOJIBKO-HHOYIb IIHPOKHE FOMOLEHT-
PHYECKHe MyYKH Jy4yeH, NafaioulHX Ha HHX Mo GONBIIHM yTJIaMH. DTH 1o~
TPEelIHOCTH H306paxeHHHl NMPHHUHNHANBHO HeyCTPaHHMBI.

Hao6paxenne o6beKTa B 6e/ioM CBETe MOXKET 0Ka3aThCA OKpalUEHHHIM
(xpomaTHYHBIM), YTO GyAeT 3aBHUCEThb OT XPOMAaTHYECKHX abeppalui OnTH-
yecKoil CHCTEMBI; HX BOSHHKHOBeHHe 00bACHAeTCA AHCIIepCHeH ONTHYECKHX
cpesi, H3 KOTOPHIX 06pa30oBaHa ONTHYECKas CHCTeMa.

Ko MHOTHM onTHYeCKHM CHCTeMaM, paGoTaloLIuM B YCJIOBHAX NepeMeH-
HOH TeMnepaTypnl OKpy:aiouled cpelbl, NPeIbsABAAIOT TpeGoBaHHA HC-
npaBJ/ieHHA TePMOONTHYECKHX abeppauui. TemnepaTypHuie KoJieGaHHS Bbl-
3BIBAIOT M3MEeHeHHA ONTHYECKHX NOCTOAHHBIX CTeKOJ ([oOKasaTesieH npeJsioM-
JIEHHSI H JHCNEPCHH), H3MEHEHH s reoMeTPHYECKHX NapaMeTPOB ONTHYECKHX
H MeXaHHYeCKHX jieTaneH (KPHBH3HBI NPEJOMJIAIOLHX MOBepXHOCTEH, TOJM-
1y JuH3 K T . 1.). [Toc/ieiHee NpHBOAMT K CMEILEHHIO IJIOCKOCTH H306pa-
JKeHHS HJIH K H3MEHeHHIO JHHeHHHIX pa3aMepoBR H300paiKeHHs.

§ 2. MOHOXPOMATHYECKHE ABEPPAIIMH OBBEKTHBOB

OGbeKTHB 1O CBOHM aGeppalHOHHBIM CBOHCTBAM OTHOCHTCS K TpyIe
HaHnboJlee CJIOXKHBIX ONTHYECKHX CHCTEM, TAK KaK B HEM NPHCYTCTBYIOT OX-
HOBpeMeHHO abeppalnuH BceX BHJOB B NpelieiaX LIHPOKOro noJs i Go/binoi
anepTyphi.

leomerpHyeckne aGeppauuu ayua. PaccMoTpHM abeppanuio HEKOTOporo
Jlyya MIHPOKOTO MOHOXPOMATHYECKOTO ny4yKa. B mensx o6mHOCTH npeamno-
JIOXKHM, YTO JIYY HE JIEXKHT B MepHIHMOHAJbHON MJOCKOCTH, NOHHMAas MOJA
nocjenHefl MJOCKOCTb, NPOXOASAUIYIO Yepe3 ONTHYECKYIO OCb CHCTEMBI H
TOYKY MPOCTPAHCTBA INpPEIMETOB.

Takol BHeMepHIHOHaMbHbIH (KOCOi) Jiyd, BBIXOAAIMA H3. TOYKH A
IVIOCKOCTH NpeaMeToB, npeAcTaBseH Ha puc. II, 1. INonoxenne kocoro
Jiyda B NPOCTPAHCTBE MOKHO ONPEe/INTh 3aflaHHeM KOOpIAHMHATH TOYKH ne-
peceyeHHs Jyya ¢ MEPHIHOHAIBHOM IIOCKOCTBIO (TOuka A HMeeT KOOpAHHA-
Ty ;) ¥ KOOPAHHAT TOYKH NepeceueH s Jyya ¢ HeKOTOPO#H BCIoMOraTebHOM
IUIOCKOCTBIO, IEPINEHAHKYIAPHOH OCH CHCTEMBI (TOYKa Q¢ KOOpAHHATaMH
M; umy). B KayecTBe TaKOH BCIOMOraTeJbHOMH NJOCKOCTH OGLIYHO BHIGH-
paloT nyocKocTh P BXOIHOTO 3payKa, a i1 BCeX NOCJeIyIOIHX Ipe/ioMIIeH-
HHIX Jydefi — coOTBeTCTBEHHBIe H306paKeHHs IOCKOCTH BXOJLHOIO 3pad-
Ka. Ha puc. I1,1 Touku O 1 O° — BepiuHHBHI NEPBOii H NMOCJEAHEH npeaoM:
JISIOWAX NOBEPXHOCTEH CHCTEMB, onTHyeckass ock 00’ KoTopo#t npHHATA
3a oCh X-B.
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Buemeprauonanbhbiit sydy AQ npoXomut yepes ToukKy A, Jexaulyio B
MJOCKOCTH PHCYHKA M OnpelensieMylo IByMs KOOpAHHaTamu: [, — pac-
CTOSIHHEM TOYKH A OT ONTHYECKOH OCH H §; — PaACCTOSIHHEM IPOEKUHH S
ToukKH A Ha ocb oT BepmMHH O NepBoH NpeJOMJSAIONIEH NMOBEPXHOCTH.
KoopaMHaTH S, H [, onpenensior noJjoxkeHue Touku A. Jlpyras Touka Q
onpelesisieTcsl TepeceyeHHeM Jiyya C IUIOCKOCTbIO BXOIHOro 3pauka P.
[TosioJKeHHe MJIOCKOCTH 3payKa ONpejessieTcd pacCTOSHHEM X, LEHTpa
pxofHoro 3pauka P ot Touku O. Torga Q B nJIOCKOCTH BXOZHOrO 3paykKa
(HKCHPYETCA ABYMsl KOPAHHATaMu: m; — 0[O OCH y-B H M; — no ocu
z-B. MTak, BHeMepHAHOHANBHEH NyY AQ onpenensercs YeThipbMs BeJIHUM-

A
\ 56 i

z’ 4
__.---lT-"@r Tl ;
I -.r’}ﬂ’s' LS x

7T

Puc. II, 1. AGeppauus BHeMepHAHOHAAbHOrO Jayda

-

~

Hamu: Iy, s;, m; ¥ M; npu 3aganHoM x,. MiHorma Bmecto I, nmoabayioTcs
YIVIOM w; MEXAYy OCbiO M TJIaBHBIM JIy4YOM, MPOBEJEHHEIM H3 TOYKH A B
ueHTp P BXogHOro 3pauka:

gw =—2—, (11, 1)

5n—35

Ha Tom xe puc. 11, 1 npeacraesied xox Jiyya B npocTpaHcTBe H306pa-
xenuii. [TnockocTs H306paxeHns MPOXOAHT Yepe3 TOUKY S’, ABASIOLLYIOCS
rayccoBbiM (NapakcHaJbHEIM) H300pakeHHeM TOYKH S Ha OCH CHCTEMHL
[lnockocTh BHIXOAHOTO 3payka P’ omnpeiensieTcs paccTOsHHeM x° LeHTpa
BEIXOIHOTO 3pauyka P’ OT BepIIHHEI Noc/eHel MpeJoMasioLel moBep XHOC-
™ O’. Touka A’y — ecTb rayccoBo usobpaxenue To4ku A, T. e. A%y —
H306parkeHHe, KaKoe HMENH Obl, eC/id Obl peajbHyl0 ONTHYECKYIO CHCTEMY

0’ 3amennnu npeanssoil. Torna P'A’y — ectb a1y, cONpsKeHHbI I/1aB-
HoMy nyyy PA B cily4ae HfieaJIbHO#M CHCTEMBI; YTOJI @’ yAOBAETBOPSAET COOT-
HOleHHIO:

’

I
tgw ——2—, (I, 17

x —s

The I'y — upeanbHoe u3o6paxcenne otpeska I Eca Gul cucTema 6bl1a Hie-
af“’HOI_f"l_H ¥300pakana ¢ yBeJMYEHHEM f o, TO MBI JOKHBI ObLIH Obl HMETh

0 = Bol. Orcrynunenns I — B,/ = 8¢’ u 8G’ npexcrasnsior cooil npo-
;KHHH Ha OCH KOOpAMHAT momepeuHoil abeppaunu A'yA’, T. e. paccTosHHs
©XNy uneanbHbM H306paxennem A’y TouKM A U pealbHOM TOUKOH mepe-
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ceyeHus A’ siyua ¢ NVIOCKOCTBIO H306paXKeHHA; STH POEKIHH OGBIYHO NMPH-
HATO o06o3Hauath cHmBosamu 8g’ u 8G'.

[py 3agaHHOM NOJOXEHHH IVIOCKOCTeH NpeJMeTa H BXOLHOrO 3pauka
OHH ABJAIOTCA QYHKUHMAMH OT KOOPJAHHAT Najaolero jayya: l, m; ¥ M,
H 3aBHCAT TaKXe OT KOHCTPYKTHBHBHIX 5JIEMEHTOB ONTHYECKOH CHCTEMEI —
OT pajiyCoB ee NOBEPXHOCTeH, TOMIIHH H NoKasaTe/ell NPeJIOMJICHHS JIHH3
H BO3AyLIHBIX NMPOMEXYTKOB MEXIY JIHH3aMH.

Teopus abeppaudil ycraHaBjHBaeT (yHKUHOHaJbHYIO 3aBHCHMOCTB
cocraBaziomux abeppaunit 8¢’ u 6G’ or koopauHart ayya I, m,, My:

8¢’ = f(ly; my My, 8G' =F(l; mi M,).

BesiencTeHe CHMMETPHH CHCTEMBI OTHOCHTEJIBHO ONTHYECKOH OCH MOMKHO
anpHOpH yTBEPKAATh, YTO QYHKIUMH f H F He MOT'YT COAEPIKATH YJIEHOB YeT-
HEIX NOPAJKOB, T. €. TaAKHX, Kak ml, M?, mM, Mm® v 1p.; HHEIMH CJIOBa-
MH, QyHKUHH f H F HO/MKHBI YIOBJETBOPATb YCJOBHAM HEYETHOCTH:

(=l —mg —M,) =—[(l; my; My,
F(—1; —my —My) = —F(l; my; My).

Takum o6pasom, ecni yHKUHH f ¥ F pa3nokuTh B PAl, TO NOCAeNHHi Gy-
IeT CONEPKaTb YJEHBI JIHIb HEYETHHIX MOPAAKOB OTHOCHTENBHO BeJHYHH
l,, my u M,, 7. e. cymMmMa noKasaTeseii cTeneHH o + B -+ ¥ = x Ipon3se-
JIIeHHH Bujga K jl’i‘ m?M}, SBJISIOUIMXCA YJEeHaMH 3TOTO psifia, paBHa Heder-
HoMmy uyHcay. Teoprs abeppaunii TpeThero NopajaKa OrpaHHYHBAeTCH NPH-
GJIHMKEHHBIM TPeJCTaBJeHHeM cocTaBJsiomuX abeppauuii 6g’ u 6G' B BHIe
pAna , 4ieHbl KOTOPOTO COJAEPIKAT HEKOTOpbie KosphHLUHeHTH K ;, 3aBHCS-
IIIHE TOJMBKO OT KOHCTPYKTHBHHIX 3JIEMEHTOB ONTHYECKOH CHCTEMEI H OT I1O-
JIOXKeHHH NyIocKocTel 06beKTa S; H BXOJHOTO 3payKa X;, HO He 3aBHCALIHe
OT KOOpJHHAT Jyya; NOCJEIHHE ONMPeNesIOTC BeJHYHHaMH I, my; u M,,

BXOAALIHMH B KayecTBe COMHOMKHTesNeH UJeHOB psja CO CcTeneHsaMH [7,

m}, M}, cymma KoTophiXx ¢ +f + 7 = x = 3.

Ecau 31a cyMMa paBHa NSTH, CeMH H T. 1., IPHXOLHM COOTBETCTBEHHO
K psiiaM, BelpakalomuM aGeppailuy NSTOro, CeabMOro H T. A. NMOPSIKOB.
AHanu3 TNOKasbIBAET, YTO YHCJO HE3AaBHCHMBIX Kos(puumento K|
abeppauuii TpeThero NopsiKa paBHO NATH; YHCJO Koa(dHuMHeHTOB abeppa-
UMH NATOTO NMOPSAKA PABHO AEBATH. B o6uem caydae YHC/O He3aBHCHMBIX
Kosth¢duuneHToB abeppaliiéi x-ro MOpsiilka paBHO: -El—(x + 1) (x + 7).

Takum oGpasom, cocraBasiouide abeppauuit 8g'mm B 6G';n Tperbero
NOpsiiAKa MOTYT GbITh NMpPeACTaBJIEHB! PALOM:

dgin = Aym, (mi + M3) + A, (3m; + MY) +
+ Afim, + A ; (11, 2)
3G = AM, (m} + M3) + 24,0mM, + ABM,,
rae Ay, A,, ..., A; — natb KoadpdunHeHTOB abeppanuil, 3aBUCAILIMX TOMD-

KO OT KOHCTPYKTHBHEIX 5/IEMEHTOB ONTHYECKOH CHCTEMHl H OT TMOJOXKeHHH
MJIOCKOCTeH MpeJIMETOB H BXOJHOTO 3payKa.

94



[IpH KenaHHH MOMHO 3aMeHHTb KOOpPAMHaTHl my; W M, B niockoctH
BXOIHOTO 3payKa KoopaHHaTamMH m’ W M’ TOYKH TniepeceyeHHs Jyya C
MJIOCKOCTBIO BBIXOJJHOTO 3pauKa, NOJb3YsCh COOTHOLIEHHSIMH TayccoBOM
ONTHKH:

m'= Bypm; M’ = ByM,

rae I'? ap — YBeJHUeHHe B 3pauKaX CHCTEMBI.
pHuXoauM K dopmyJie, aHanorHyHok no ¢opme Buipaxenuio (II, 2):

dgm = Aym’ (m”™ + M) + A, (3m"* + M) +
+ As Bim’ + As &5 (11, 2')
3G =AM’ (m'™ + M) + 24, m'M’ + Ai BM'.
Kak 61110 cKa3aHo BHILLE, PALOM, COASPKALIUM AEBATh KO03(h(HIHEHTOB,

MOTYT GHITh NPENCTABJEHbl MEPHJHOHANbHASI H CATHTTaJbHAsi COCTaBJAIO-
mue abeppaunit 8g'v u 6G’'y nsTOro mopsnka:

3gy=6Bym’ (m"* +M" )*+Bs(m™ +M" ) (5m"* +M"* ) 1,+
+ [4Bam’ (m”™ +M"*) + 2Bem’ (2m” +M"*)] £ +
+ [Bs(8m™ + M) + 3Bem™ | £} +
+2(Bi+B)m'li + B2 ) ' (IL,3)
WGy = 6B:M’' (m"™ + M ) + 4Bs(m" + M YM’'m'l, +
+ [4BaM’ (m"™* + M"* ) + 2Bgm™ M’] £ + 2Bom’ M’} +
_ +2BM'14.
UneHnl pafa 3alech pacro/OXKeHH N0 BO3PACTAIOUWMM CTeneHaM ;.
Tounbie 3HavenHa cocTaBasAoOWHX abeppauuit 8¢’ n 8G’, oueBnaHo, Mo-

FYyT GhITh NpeACTaBJEHBI CYMMOH COCTaBAsIOLMX abeppauuil Tperbero,
nsaToro U GoJiee BRICOKHX MOPAAKOB:

8’ =3dgy, +3gy + -
3G’ = 3G + 3Gy + * - ]

3ameTHM, 9TO 3/ieChb OTCYTCTBYIOT COCTaBjsioline abeppauuii 8g’ u
8G' nepsoro nopsiaka, xots us dopmyabl % (x =+ 1) (x + 7) caenyer,

970 npd x = | nosyyaem 1Be abeppauHH NepBOro mopsijaka: sto abeppa-
UHH napakeHasJbHOM 06GJMACTH M HX, OUEBHUAHO, MOMKET GHITH TOJIBKO JBE —
aeppauns NONOXKEHHsI nsobpaxenns (medokycHpoBka) H abeppamus
B&IHYHHEI H306paKeHHs.

BoanoBas abeppauus nyua H ee cBA3b ¢ aGeppaLHAMH [eOMETPHUECKHMH.
Myers, us HEKOTOpOH TOuKH A mpenMera, pacnoJIOXeHHOH B MEPHIHOHAb-
BO#t njiockocTH BHe ONTHYECKOH OCH, MOCTYNAET B ONTHYECKYIO CHCTEMY
TOMonenTpuueckuit nyyoK Jyyeil, KOTOPOMY, CJIE/IOBATENBHO, COOTBETCTBY-
®T cepryeckas ceeroBas BosHA. [10 BEIXOJle H3 ONITHUECKO! CHCTEMBI 5Ta

95

(IL3")



BOJIHA BCJIEICTBHE aGeppaliil cHeTeMbl GoJblle He ABJsSeTCA cepHYECKOH.
Ee orcrynsienue ot chepHyeckod Gopmbl MOMXKeT ObITH XapaKTepH30BaHO
OTPE3KOM L — pacCTOsiHHEM MeXy peasibHOH H cepHYECKOH BOJHOBBIMH
NIOBEPXHOCTSAMH, OTCUHTHIBAEMbIM 0 HOPMaJH K cdepHyecKoi NnoBepxXHOC-
TH C LEeHTpoM B Touke A’y, ABJAAIOUIEACH HIEaJbHEIM H306paKeHHeM TOY-
ku A (puc. 11, 2).

Iycts P'X — onTHueckas och cHcteMbl; XP'Y — MmepHIHOHa/bHAs
TJIOCKOCTh, CONEPKalllas rayccoBo H3oGpaxenHe A’y TOUKH, PaClOOKEH-
HoH Ha paccrosuuu [y = A'S' or
onTHuecKoii ocH. [Tycrs S — upeann-
Hasi chepHyecKasi BOJIHOBas MNOBepX-
HOCTh pajuyca r’. [Tycts B — HeKo-
TOpas TOYKa 3TOH MOBEPXHOCTH;
BC — HopMasb K peasbHOH BOJIHO-
BOH IOBEPXHOCTH; L — BOJIHOBas
abeppaus.

YpaBHeHHe HIeaNbHOH BOJIHOBOH
MOBEPXHOCTH HMeeT BHI:

Prc. II, 2. K onpeaeneHHio BoaHOBOR R
aGeppauun x—xp+(y—b)+2—r" =0,

rae x, = p’ — abcuncca TOYKH nepeceyeHdst S’ MIIOCKOCTH H306paKeHHs
c oceio P'X, paBHas pacCTOAHHIO MEXKIY IJIOCKOCTbIO H306paxKeHHs H Bbl-
XOIHOrO 3payka, B LleHTpe P’ KoToporo pacnosoxkeHa BepuinHa cepHyec-
Koil BOJIHBI. MOXHO NpeJICTaBHThL ypaBHEHHE peaJibHOM BOJIHOBOH NMOBEPX-
HOCTH B OKpecTHOocTH TO4YKH C TaKie B BHle chepul paauyca r’ + Or':

Friy; d=@x—xl +(y— by +2— (" +3'»2=0,

Tle BoJIHOBasA abeppaunusi L sBnfeTcs HEKOTOpOi ()YHKIHEH OT y ¥ 2.
YpaBHenne Hopmann BC K pealbHOH BOJIHOBOH NOBEPXHOCTH B TOYKE
(x; y; 2) MMeeT BHA:
. X—x Y—y Z-—2

= = H

oF T ToF T aF
ox dy 0z
OTCIOfla MOJY4YHM, NpeHeGperas BeJH4YHHOH 8r' no cpaBHenHio ¢ r':
X—x Y —y _ Z—z
= - . aL oL °*
x r
*o y—1Iy—r Fy— z2—-r' 2

IMonoxuB X = Xx,, TMONyYHM 3HAuYeHHs KoopauHat Y = I’y + 6g’,
Z = 0G’ touku A’ nepeceyeHHs Jiyya (T. e. HopMaaH CA’ Kk peanbHoi#i no-
BEPXHOCTH BOJIHBI) C IUIOCKOCTBIO M306paxkeHusi S'; BrpoueMm mocjeaHed
MOXKeT ObiTh Jiio6as BHIGpaHHAas TaK HasblBaeMas IUIOCKOCTh YCTaHOBKH:
Agr? 2By WP aer” O, (11, 4)

oz
OTH ypaBHEHHA CBA3BIBAIOT IONEPEYHLIE reOMeTpHYIeCKHe aGeppauuu 8g’ ¥
6G’ c npoH3BONHEIMH BOJIHOBO# aGeppaliiH 1o NePEMEHHBIM ¥ H Z Ha NoBepX-
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HOCTH BOJIHEI; BBIPa3MM TMOCJeIHHe Yepe3 KoopAuHaTel m’ U M’ B
MJIOCKOCTH BBIXOJHOTO 3payka.

[Ipeanonoxum, yTo aGeppalliy CHCTEMbI HEBEJIHKH H HanpaBJieHHe pe-
a/NbHOTO Jiy4a, NPOXOAAIIero Yepes TOUKy B HIeaJbHOH BOJHOBOH NMOBEpPX-
HOCTH C KOOpAMHATaMH X, Y, 2, MaJIO OTJHYAETCSA OT HanpasJeHHs HOPMaJiH
BA’, (na pHcyHKe He yKa3aHHO#), npoXonsied depe3 Touky A’ ¢ Koop-
IHHaTaMH x,, [y, O. [Tyctb nyockoets Y P'Z coBnagaer ¢ m0CKOCTBIO BhI-
XOIHOTO 3payKa H, CJie0BaTeJbHO, KOOPAHHATHI NEePeceyeHHs Jyda ¢ STol
nockocteio 0, m’, M’. OueBHIHO, 3TH KOOPAMHATHI JOJDKHEI yIOBJETBO-
PATb YypaBHEHHIO NpAMOH, NpoXoAsmei yepes ToukH B u A'y:

m,=xﬂy"'xlf) s M = i 2z,
ro—x ' =

Tae

=x, l/xv",!——z"—(;,r—z:,)3 .

Honycrum nanbHeiillee NpHOJIHKEHHe, a HMEHHO, YTO X, = 7' W 9TO
BEJTHYHHE! ['y, § H 2 HEBEJIHKH 110 CPaBHEHHIO C BeIHUHHON X, = p"; 0ObIY-
HbIM TNIPHEMOM Pa3JIOKEHHS KOPHA KBaJpaTHOTO IOJYYHM:

24 .—l’
,,=,é_,,o(:3—n)’

H NaJiee MpeACTaBHM BhipaxeHHs i m’ 1 M’ npu6GauKeHHO:
’ X i ’ x
m=y+—y—1=5); M =z(l + -—)

X %
[Tocsie noncraHOBKM CiOAA MOC/ENHETO BbHIpaXKEHHs1 AJIS BEJHYHHBI X
HaXOJHM:

.
L]

24 22 947
P (s

1 P+2—2y
2 5

HIH, HAao60pOT, BHIPA3HM y W 2z uepe3 KoopauHaTel m’ U M':

M m® —2m g .

(m" —5);
5
M2 + m™ —2m’té)

5

Conocrapus nosmyyeHHble Gopmyssi ¢ Beipaxenuamu (I1, 4), ybemnaem-
C, 4TO nMpaKTHYECKOe MX NPHMEHEHHe CYJHT MaJo YHOGCTB M MOJb30-
BaTbCsl MMH PalLMOHAJBHO TOJNBKO B TeX CJyyasiX, KOTJa HYXXHA BLICOKas
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TOYHOCTh. [laf TOBCEIHEBHOH NMPAaKTHKH MOXHO IPHHATb, 4TO Y =
1 z = M’ u Bmecro (II, 4) HanHcaTb:

oL aL
3 = 2= . b i 11,
g=r om’ ' B e am’ (11, 6)

BoanoBasi abeppauus L mnpeicraB/ieHa 31ecb KaK (QyHKIHS KOOpIH-
HaT m’' 1 M'; oHa 3aBHCHT TaKiKe OTODIHMHATHI Y, = [; TOYKH A mpeame-
Ta, OT KOHCTPYKTHBHBIX 9/JIEMEHTOB ONTHYECKOH CHCTEMHI H OT NOJIOXKEHHS
IJIOCKOCTH INPEeAMETOB.

OGwue BoIpaxeHHs: BOJHOBOH abeppauun. Popmy sl ( 11,6) npnmeuﬂm-
cA A/A BHIYMC/IAEHHs] BeJIMYHHBEI BoMHOBOH abGeppauuu L. Ecan mepupno-
HaNbHAsA H CarHTTa/jbHAas COCTaBJAIOIIHE FreOMETPHYECKHX abeppauni 8g’ 1
8G’ npexncrapaeHsl B Bue ¢yHKuMi or m’ u M’, To BosHOBas abeppauus
L Moxer OnITb OnpefesieHa MyTeM HHTETPHPOBAHHA CHCTEMEl YpaBHEHHH
(11, 6).

Ecau cocTaBasioliie reoMeTpHYecKoi aﬁeppamm 6g'ur u 6G' 1 3a-
nausl pagamu (11, 2'), To BolpaxeHHe BOJHOBOH aGeppaluM TpPeThero no-
psinka Ljy 6yneT HMeTb CJelylOmHA BHI:

Ly =— ("™ + M P& A (" + M) m'1 45 +

B Ay M A 'l A (11,7)

O6pauiaem BHHMaHHE, YTO NMPH HHTErPHPOBAHHH MBI ONYCTHJH [O-
CTOSIHHBIM WieH psAja, TaK Kak Npeinojiaraercs, 4TO BOJIHOBasl NMOBEPX-
HOCTb CONMpPHKAacaeTcsi B ee BeplIMHe C HAeaJbHOH chepHyecKOR MoBepx-
HocThio (cepoit cpaBruenus). Kpome toro, B Beipaxenus (I1, 7) orcyrerBy-
IOT 4JIeHEl, COlepKalllie HeYeTHhIe CTeNeHH KoopAHHaThl M’, uTo siBNAeTcs
CJeICTBHEM HAJHYHsS B aKCHAJIbHO CHMMETPHUHBIX LIEeHTPHPOBAHHHX OIl-
THYECKHX CHCTeMaX [IJIOCKOCTH CHMMETDHH JJIA HaKJIOHHBIX Ny4koB. Ha-
KoHel, mocaefHuit uneH paga (II, 7) comepxut KoopauHaty m’ B nepsoii
CTemeHH; Kak GyleT iCHO B JaJjibHeHIlleM, JIHHeHHas 3aBHCHMOCTb abeppa-
IIHH OT HEKOTOPOro aprymeHTa (B IAaHHOM CJiyyae oT m’) He BJIHAET Ha
CTPYKTYPY H306paKeHHs TOYKH; MOCJEIHHHA 4jieH XapakTepHayer abeppa-
IIMIO TJIABHOTO Jyda.

,MoxHO BOCTIONIB30BATECS BHIPaXKEHHAMH aGeppallyii MATOTO MOPAAKA
6gv u 0Gy, HanucanHeIMM Boile (II, 3), H, NMPOHHTErpHPOBAaB CHCTEMY
ypaBHenu#t (1I, 6), monyuute caenyioilee BbIpaXKeHHE BOJHOBOH aGeppa-
mHH Ly nstoro nopsixa:

r'Lv = By (m’2 +Mm" )3 + B, (m" +Mm" )2m'l, +
+[(B+ B3 )™+ B M | (" + M) £ [(Bs + B ) m™ +
. 2 ' ’ 2 ' 2
+BM" | mR +[(Bi+ B )m” + BM” | i+ C. (11,9)



UneHbl psAna 34echb TaKiKe PACMOJIOXKeHHl 0 BO3PACTAIOMHM CTENeHaM [y,

M 3mech, KOHEYHO, OTCYTCTBYIOT WJIEHEBI, COZEpKALIHE HEUeTHLIE CTeleHH
napamerpa M’'; C' — nocTosiHHasi MHTETPHPOBAHHS.

Kak yBuaum B pasibHeiilieM, rpaguyeckoe npeactaBieHHe abGeppauuii

B Halleil NpakTHKe NPHHATO NPOBOMHTH MO aprymentam ' u U’ — anep-

TYPHBIM yIJaM B MEPHIHOHAJbHOM H CarHTTaJbHOM CEYEHMSX, KOTOphIE

[PH ONpENENIEHHOM PacCTOSHHH MeXAy IJIOCKOCTAMH BHIXOAHOTO 3payka

u uso6paxenus (x’—s’) nponopuHoHaNBHEI BenuudHam m’ u M':

e P

x —¢ x—g

(11,9)
Bonxoyio abeppaumio Li; MOXKHO HamucaTb B CJELYIOUIEM BHE:
[ " 3 22 2] P 2 '
PLy=4A " +0" V+ 4w + U7 )u' tgw+
A tew+ AU P+ A e w, (11, 10)

Tle @ — yroJ noJas 3peHus, onpenensiembiit u3 (II, 1).
AHaNOrHYHO MOMHO NPENCTaBHTb BOJIHOBYIO abeppaluio NATOrO Mo-
psaaka Ly (11, 8) kak pyHkuHio anepTypHbX yraoB 4’ u U':

r'L, =By (u'2 +u )3 + Bs (u'2 oy )zu’ tgw +
+[Bi+ B’ + BLU” | (0 + U )terw +
+[(Bo+ By u* + BU”] ' tgtw + (Bl + BY) u'’ +
+ BU tgtw+C". (11, 10°)

Mepemennsie Jlanre, ucnoabsyembie B Teopun aGeppaunit. Crenys
Jlanre, 0603Ha4HM Yepe3 @, YroJl MeXIy ONTHYECKOH OCBbIO CHCTEMBI H
MEepBLIM BCIOMOTATENbHBIM NapaKCHAJAbHBIM JIYYOM, INPOXONAULHM 4Yepes
LIEHTp NpeaMeTa IO NpEJOMJIEHHS Jiyya 4Yepe3 R-10 NOBEPXHOCTb; TaKOH
e yroJ nocJe npejomieHnss — GykBo# a’,. CoOTBETCTBEHHO YIJIBI C OChIO
BTOpOTO BCIIOMOTaTEeJIbHOTO MAapaKCHaJlbHOIO Jy4a, NMPOXOAsLIEro uepes
LeHTp BXOJHOTO 3pauka, HasoBeM OykBaMH fi, u B’

O6o03HayYeHHsA Uy H U',, W, H W', COOTBETCTBEHHO COXPAaHHM LIA KO-
HEYHBIX 3HAYEHMH YIVIOB TeX Xe Jyded C ONTHYECKOH OChIO.

BBefleM TakKe BBICOTHI NEpecedyeHHsi C k-H NpenoMasiolled TMOBepxX-
HOCTBIO 060MX BCIOMOraTe/NbHBIX NapaKCHANbHBIX Jyded — by U Y, OTH
Gopmyant umenn crenyromuit Bug (em. I, 31 u I, 32):

o n;—nk
Nplp — NGy = hk - »
&
The yrasl a W a’ yKasaHe Ha puc. I, 17:
h h '
2 —q; L= @, . (11, 11)
Sk s,
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Ilns nepexofa OT BBICOTH h, Ha NpejomJsiiome NOBEPXHOCTH & K BHI-
COTe Ha MOBEPXHOCTH C HOMepoM B -+ 1, pasfie/ieHHEIX IIPOMEXYTKOM d,,
MOXKHO BOCIIOJIb30BATbCA MPOCTOH 3aBHCHMOCTBIO:

hk-l-i = hh_—‘dﬁak-l-i’ (l], 12)

THE Ty, = G .
AHaNOTHYHBIE COOTHOLUEHHS MOXHO HaNHCaTh M JJiA BTOPOrO BCIOMO-
raTeAbHOrO IapakcHasibHoro Jyua (cm. I, 91):
v, nk—uk
Be — My = Yp - (I1, 13)
k

Ypet = Y — dpPrags (11, 14)

rie —;"—:=[3 8 z—f'k =Py uepes x, H x;' 0603HaYEHBI CONPSIKEHHbIE OTPe3-

KH, OnpeaesieHHble H3 (JOPMYJibl NMPeJOMJIEHHs BTOPOrO BCIIOMOraTesbHOTO
Jyua yepe3 k-i0 NMOBEPXHOCTb:

Takum o6pasoM, pacueT 060MX BCIHOMOTaTeNIbHBIX JyueH mocsenoBa-
TeJIbHO NMPOH3BOAMTCA MO peKyppeHTHhIM ¢opmyaam (II, 10)—(II, 14):

Amm=m%£;Am=—dwg (11, 15)
Rk

A '
Agnf =y, f:Aw=—qw (11, 16)

CuMBOJIOM A 37iech 0603HaYeHbl PA3HOCTH COOTBETCTBYIOLWIHX BeJHYHH.

¥Yrawt o, WP, H BHICOTH A, H Y, MOTYT IIPH 3TOM 3aJaBaThCs B JIIOGBIX
TNPOH3BOJIBHEIX €IMHHIAX; BaXKHO JIHIIb, YTOOLI NPH BHOGOpE STHX €NMHHIL
ObIIH YIOBJIETBOPEHbI CJIEAYIOUIHE COOTHOLICHHS:

hk = 50y = s;ak", Yp = xhﬁh = x; Bk' . (Il. 17)

Ec/n npeiMeT HIH BXOAHOH 3payoK HaXOAATCs Ha GECKOHEYHO JajeKoM
PacCTOAHMH, TO COOTBETCTBEHHO OHO H3 Bhipaxenu#t (II, 17) sameusercs
OIHHM H3 CJIELYIOWHX: '

§ = — o0, h1=f"‘;3
Xy =—o0; y,=[B, (11, 18)

rae f' — doKycHOe pacCTOsiHHE ONTHYECKOH CHCTEMBI.

ViMes wueThipe COBOKYNHOCTH BEJHYHH, PACCUHTAHHBIX NPH JIOGHIX
HaYa/bHBEIX 3HAYeHHAX: h, U Y, C HHIEKcOM OT 1 10 p (p — UHC/IO mpesioM-
JAIOUHX NOBEPXHOCTEH ONTHYECKOH CHCTEMBI) M G, Bp C HWHIAEKCAMH OT
1 no p + 1, — BHuMC/IfeM HX T4K HasbBaeMble NPHBEJEHHBIE 3HAYEHHH;
LTI STOTO AEJIHM KaXcIyIO H3 BEJHUHH Oz, B gy Rz, Y HA ONHO M3 3HAUEHHH
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Ka}KJIOﬂ COBOKYMHOCTH; STH BEJIHYHHEI Ha30BE€M NPHBEIECHHLIMH 3HAYEHHs-
MH TepeMeHHEIX JlaHre.

MoxHo nepedyHCJINTE HECKOJIBKO CHCTEM IPHBEAEHHBIX 3HAaYeHHH nepe-
MEHHBIX .Tlam‘e, HJIH, 4YTO TO XKe caMoe, CHCTeM Bm60pa Ha4daJibHBIX 3Haue-
HHil mepeMeHHHIX JlaHre, NpH NMOJIb30BAaHUH PeKYPPeHTHHIMH (PopMysiaMu
(11, 15) u (11, 16).

HaanMep. €CJIH MJIOCKOCTH NMpeJMeTOB H BXOAHOI'O 3payKa HaXoAsTCs
Ha KOHEYHBIX PAaCcCTOAHHAX COOTBETCTBEHHO §; H X;, MOXHO IIPDHHATHL OAHO
H3 CJIEOYIOUHX YCJIOBHH HOPMHPOBKH:

a) ay = Il hl = 8, } (Il, 19)
Bi=1 y=2xy
. 1
6 =] =—), hy= ’
) @ (ai T ) 1= §1% (11, 20)

Bi=1, y=x4

Iie y — YTJOBOE yBeJHYEHHE CHCTEMHL

Ecan nepeMeHHBIE @, fty WP 4, Y, BHIUHC/IEHB MPH KaKo# yroaHo cuc-
TeMe BO3MOXKHOTO BHIOOpA HX eIHHHL, TO MOMXHO COOTBETCTBEHHBIM JeJe-
HHMeM 3HayeHHH STHX BeJHYHH NPHBECTH HX H K TAKOH IIPHMEHAEMOH HHOTI-
J1a HOPMHPOBKe:

o = I, h| = li} (II, 21)

Bi=1 gy =1

Ecan nsocKocTh mpeaMeToB GecKoHeyHO yhajeHa (a, = 0), ynoGHee
BCEro BHINOJIHSATH BHIYHCJEHHS, nosaras [ = 1, T. e. Bupamkas Bce JLIHHE
B NOJAX Cl)OKYCHOI‘O pacCTOAHHSA CHCTEMBI; NIPH 3TOM NPHBEJCHHBIE 3Ha4Ye-
HHA mepeMeHHHIX JIaHre BHIMHC/AAIOTCH NPH eJelyIOWHX YCJAOBHAX:

d;=1, h‘=],l

Bi=1 y=x,.

Ecnu sajan JuHEAHbIA S/MeMeHT npeaMera l,, nepneHAHKYyJAspHEIA on-
THYECKOM OCH H PAaCNOJIOKEHHHIH Ha PAacCTOSHHH S, OT BepLIHHBI MepBOH
npeJloMyifiomEeN NOBEPXHOCTH, HMeeM:

hy = s Iy = (¥, —$y) By (11, 23)

B maneueiimem s KpaTKOCTH 0603HauaeMm B STOH T/aBe saeMeHT dl
4epes . !

Onpeneaus ¢ nomoupio Gopmyn (II, 15) koopauHATHI BHIXOAA Jyya H3
OnTHyecko#i cHcTeMhl h, H @,’, HaXoAHM TMOJIOXEHHe NAPAKCHAILHOTO
H306 parkeHHs:

(11, 22)

h
§ = —- (11, 24)
P cp

)

Hs pacueta BTOpPOro BCIOMOraTesIbHOTO Jiyya, BHIOJHEHHOTO € TO-
Momsio dopmya (11, 16), HaXolMM KOOPAMHATHI BBIXONA Y, H f %3 OTCIONA
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onpejneJisieM BEIHYHHY napakKcHaJibHOTO HSOﬁpElH(EHPIﬂ:
[y e (25— 85) Bp.s (11, 25)

JlunefiHplii SnemMeHT u3o6paxenus I,” MoXeT GbiTb H HENOCPEACTBEHHO
onpejesieH H3 HHBapHaHTa J]arpamua—l‘enbmronbua (I, 29):

nlog=nl'a, . (I1, 26)

H, CJIeIOBaTENbHO, pacyeT BTOPOTO BCIOMOTaTeJbHOTO Jiyya OKa3biBaeTC s,
HeoOX0oAuM, KaK YBHIAHM HHKe, JIJs yAOGHOro NpejicTaBjieHHs KO3(h(H-
IHEHTOB abeppauui TpeThero NnopsajKa yepes nepeMeHHble Op, iz, Bg Yp;
KOHTpOJIEM NPaBH/IbHOCTH BEINOJIHEHHBIX BHIYHCJEHHH 060HX NmapakcHab-
HBIX JiyueH, KaK HeTPYJAHO BHIETb, SIBUTCA TOMAECTBEHHOCThH CJENYIOUHX
BbIpAXKEHHH:

ny (agyy — Bihy) = 1, (“;yp'— 3;’1;;) , (IL, 27)

rae ny W n', —NOKa3aTe/u MPEJOMJIEHHs CPej MPOCTPAHCTBA MPEJIMETOB
H Haot‘)pameﬂuu

Bo mMHoOrnx cayyasix npeiBapHTeNbHbIX, B YaCTHOCTH, Ta0apHTHBIX pa-
CYETOB MOMKHO CUMTATH ONTHYECKYIO CHCTEMY COCTOsAlLeH M3 HeCKOJBKHX
6eCKOHEYHO TOHKHX JIHH3, PacnosoX<eHHBIX Ha HEKOTOPBIX PacCTOSHHAX
Ipyr OT JApyra; HHOIZa BMECTO NPOCTOH JIHH3BI BCTPEUAETCH CJIOXHbIH
KOMIOHEHT, COCTOSILLMI H3 HECKOJNBKHX OeCKOHEYHO TOHKHX CONpHKacaio-
I[HXCA MPOCTBIX JIHH3.

Ha3oBeMm onTuyecKylo CHAY OXZHOIO H3 TaKHX KOMIIOHEHTOB C HOMEpOM
i OYKBOH ;; ONTHYECKAas CHJIA KOMIIOHEHTa MOXKeT GbIThb OIpejesieHa B pe-
3yJbTaTe CAeLyIOLIero CYMMHPOBAHHA 110 BCEM P MPEJOMJSIOLIHM I0BepX-
HOCTAM:

k=p o —n
cp,=2 _%- (11, 28)
k=l

[lpn pacuere Xona mapaKCHaNbHBEIX JyyeH yepes MOZOGHYIO CHCTEMY, CO-
CTOSILLYIO H3 TOHKHX JINH3 HIIH KOMIIOHEHTOB, JJIsl BCEX JIHH3 {-TO KOMIIOHEH-
Ta BBICOTHl A; M y; NepeceyeHHs BCIIOMOTaTeNbHbIX Jyyel, OueBHAHO, OY-
AYT OAWHAKOBBI; mpuMenss dopmysn (II, 11)—(I1, 14) nocsenosarensHo
KO BCEM NOBEPXHOCTSAM KOMIOHEHTa, MOJMYYHM: |,

5~ = higo (11, 29)
hig = h;—da; '
ﬁ;_-ai =YiPsn» ] ) (II 30)
Y=y —difo

rae ag, B; na’y, B’y — YTJIBI C ONTHUECKOH OCBIO BCIIOMOTaTe/IbHBIX Tapak:
CHaNbHEIX Jiyyed Jo H mocje TpesioMJIeHHsA Yepes i{-# KOMnoHeHT, a d; —
paccTosiHHe MexAy HoMNoHeHTamy [ u { + 1.

Dopmyasi (IT, 29) u (11, 30) MOryT MpHMEHATLCS H B CHCTEME, cocTos
weH H3 NPOCTBIX JIMH3 HAH CJIOMKHBIX KOMIOHEHTOB KOHEYHOH TOJIIHHb.
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o NIPH STOMIIOA A; U Y; CNIeAyeT MOHHMATh BBICOTHI MepeceyeHHs BCIOMO-
raTeJBHBIX Jly4ed ¢ IaBHBIMH IIJIOCKOCTSIMH TOJICTOH JIMH3BI MJIH KOMIIO-
geHTa; KpoMe TOro, ONTHYeCKas CHJIa ; yXKe He MOXeT GhITh BHIYHCJIEHA
no Gopmyaie (11, 28), a nomxHa GbITh NOJyYeHa TOYHHIM PaACYETOM.

Onpenenenne (OKYCHBIX pPacCTOSAHHH ONTHYECKOH CHCTEMBI M MOJOXKe-
Huil ee KapIuHaJbHBIX TOYeK ((QOKycOB H IJIaBHBIX TO4YEK) MpOLle BCero
BLIMNOJIHHTE NIyTeM pacyeTa XoJa ABYX NapaKCHANBHBIX JyyeH, BXOASIMHX
p CHCTEMy NapaJl/ieJibHO ONTHYECKOH OCH: OLHOTO — B MOJIOXKHTE/NbHOM
HanpaBJIeHHH (NpAMOH XOA Jyya), APYroro — B NPOTHBOMNOJIOXKHOM Hall-
paBJeHHH (obpartuefi X014 Jyya).

Paccroanus s’ = O'F'(cm. puc. 1, 19) u sp = OF onpegneasior no-
snoxeHHe GokycoB — 3aguero F' u nepenmero F:

. R iy
Spa= T; Sp mrp' (“.31)
P ap

— —
rae h.p H @p — KOOpPAHHATEI NNPEJIOMJIEHHOI'0 IIapaKCHAJMbHOTO Jiy4a [ocJje
nepBOH TNOBEpXHOCTH B 00paTHOM XO[€; HYMEpalUHs  [peJOoMIsAI0-
LIHX TIOBEPXHOCTEH, ONTHYECKHX CPej H T. [I. BeleTCs TaKXKe B o6paTHOM
Xolle, 3HaKH paiHyCOB nosepxuocreﬁ MEHSAIIOTCA Ha NPOTHBONOJIOXKHEIE:

—, e —

fl=—fp; r: — R p-iHT' n.;
— —
Ny=MNpy MNy=n, T L

3nmech B3ATH GECKOHEYHO MaJible YIJbl 0. H @' BMECTO KOHEYHHIX YIJIOB
u ¥ 4, yKasaHHHX Ha puc. I, 19 nnsa npeasbHOH CHCTEMEL

BennyuHel (QOKYCHBIX pacCTOSIHHH ONpelensTCA H3 pacyera TeX Ke
aysedt (cm. I, 38):

=1

. (11, 32) .

w1

[Tonoxenna riaBHbX ToueK H H A’ COOTBETCTBEHHO OTHOCHTEJBHO IIO-
CriefiHeH M NMepBOH NPesoMJSIONHX NOBEPXHOCTEH CHCTEMbl ONPENENAIOTCH
oTpe3kaMH ['gy+ H fy (cMm. pHe. I, 26):

f;iu == S;;-r —-f': tH =SF—~— f, (II, 33)

Tl BeNHUYHHBI /gy H ! pyr CUMTAIOTCS TOJIOXKHTENbHBIMH, €CJIH IJ1aBHas TOUKa
PacniosioxeHa crpaBa OT COOTBETCTBEHHOH BepLUHHLI MOBEPXHOCTH.
Dopmysan aGeppaumii TpeTnero nopsuka. Kax yeuaum Humxe, yXe Ko-
SbbuupenTsl abeppalluii TpeTbero MNOPsSAKA HMMEIOT AOBOJBHO CJOXKHOE
alre6panyeckoe BeIpa)KeHHE; HECPABHHMO 6oJiee CJIOXKHBIMH MPENCTaBJIS-
0Tcs KoadpuuHeHTH abeppanuii naToro nopaaka. [Tlostomy nmpHMeHenne
B MeTosHueCKHX HCCJIEIOBAHHAX H B KOHKPETHHIX pa3paGoTKax OnTHye-
CKHX cXeM MOKa MOJy4Yu/a JHb TeopHs aGeppalliil TPeTbero nopsuka.
a ocneHHe FOAHl, B CBSA3H C mosiBjeHHeM DBM, HauHHaeT Bo3poxAaThes
HHTepec K COBepLIEHCTBOBAHHIO METONHKH NPHMEHEHHUS TEOPHH abeppaiuit
I8Toro nopsaka B NpakTHKe pacyeTa ONTHYECKHX CHCTEM.
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Onnako He fACHBI NTOKa NYTH NMpPHUMeHEeHWs TeopHH abeppauuil maTOro
nopalka AJA palHOHAJH3alHH Tpollecca BHIOOPa ONTHYECKOH CXEMBI M
aHasH3a ee abeppaLlHOHHBIX CBOHCTB. Pa3BHTHE METONHKH U IPHEMOB MNpOeK-
THPOBaHHS ONTHYECKHX CHCTeM JI0 CHX nop 6a3¥poBaJsioch Ha TEOpHH abep-
palHi TpeTbero rnopsaka.

[lpakTHyeckas 3HaYHMOCTb TeOpPHH abeppauHii TpeTbero mopsAlKa He
CTOJIEKO B BO3MOMKHOCTH HMCIOJIb30BAaHHA €e B Ka4YeCTBe aNnaparta A8 Kop-
pekunH abeppailuii, CKOJIbKO B KayecTBe BCIIOMOTaTeJIbHOrO anmapara
IJisi JIOTHYEeCKOro aHaJu3a abeppallUOHHBIX CBOHCTB ONTHYECKOH CXeMHl {
NOTEeHIHaJbHHX BO3MOXKHOCTeH mnocaenneid. KMenHo nostomy Teoprio
abeppalinii TpeTbero nopsaka cjeflyeT 3HaTb He MeHee COBEpIIEHHO, YeM
ONTHKY rayCcoBy, po/ib KOTOpo#l B npouecce NPOEKTHPOBAHHA ONTHYe-
CKHX CHCTEM IJIA BCEeX HeocnopHMa.

Hcnons3osanne Tex e DBM ans aBToMaTH3anHH KoppeKunH abeppa-
11ufl ONTHYECKHX CHCTeM 3aJaHHBIX ONTHYECKHX CXeM, BHIOOp H TIpelBapu-
Te/ibHbIM aHaJH3 KOTOPHIX Ha OCHOBE TeOpHH afeppalluil TpeThero nopsaka
B O0lleM OKa3hIBaeTCs NOCTATOYHO AEHCTBEHHBIM B CMBICJIE «Bbiauu» DBM
HCXOJAHOH ONTHYECKOH CXeMBbI.

He npuBozxs 31eck npoMeKyTOUHKIX BHIKJIANOK, JOBOJBHO 'POMO3JIKHX,
HO 3JIeMEHTapHBIX, NpHBeleM Bbipa)KeHHs abeppalluit TpeTbero nopsika,
lldhgemu{llmim BO BCEX JIOCTATOYHO NOJIHBIX KypcaX reOMeTpHYeCKOH ONTHKH

18}, L16]:

o ! my (m} + M) (g \8
3 g, WP AR A (S ¥ —_
2n Em® (r— )" (h;) SI
3m? 4+ M2 5 \2 x
- (x:—sl); . (h_x) -;I-S" ¥
mf; * MYEA
S S = W ] (i S —
+ (x.l""sl.}a (hl) (91) (3 W " PSW)
_(_’fl_)’ _‘?s S,; (11, 34)
th (£, —81) ‘
, M 2 2
208Gy’ = M (_s'_)" 8}
(5 — §)° h
_ 2m,M, 5 2 Y
(rn —5)° ; (hl) h Sn+

” (xlﬂtlzo’ (;_i) (ﬁ)n (Sin + PSw)-

3iech mo-npexHeMy NpednoJsaraercs, 4To To4Ka npeaMera A pacnoJioxe-
Ha B MepUAHOHaJbHON nyockocTH  (cm. puc. II, 1); x;—sy = —p; — pac-
CTOSIHHE MeXJy NJOCKOCTAMH NpeIMETOB ¥ BXOLHOrO 3payuKa.

Bce yneHbl BhipaKeHHH COJepKaT TaK Has3biBaeMble K03(bbHIHEHTH
abeppaunil TpeThero nopajKa, o6bYHO 0003HAYaeMble B OTEYECTBEHHO
nuTeparype 6yksamu Sy, Sn, ..., Sy ; 3TH Koa(pHIHEHTE NpH 3aKaHHOM
TOJIOXKEHUH TJIOCKOCTel MpeiMeTa H BXOAHOrO 3payKa 3aBMCAT OT KOHCT-
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pyKTHBHHX 9JIEMEHTOB ONTHYECKOH CHCTEMHI H BHpa)KaIOTCﬂ B NEpeMeEH-
peiX JlaHre caenyiomuM o6pasom:

k=p %
k=]

k=p
+ A
Sy=3 mPp
k=1

k Aﬂk
ke=p
A3, \2
Siu= E hkP;( Ai:) ’ (11, 35)
k=]
S N1 Aagmg
L hk n a' ’
k=| &
S kip h P‘( Aﬂk ) I Aaknk A_k
¥ _k-sl Rk Aap hy ngn, |Aag

rae

R s e

Pl — (ﬂf_)’ A2 y I = nal, = na,l, = const.
ng

Bemuynna / 3aBMCHT oT HOPMHPOBKH HayaJbHBIX 3HaueHHH NnepeMeHH biX
ﬂaHI‘E, a HMEHHO, OpJIHHaTa ll TOYKH NepeceyeHHsa BTOPOro BCIOMOraTeJib-
HOro Jiy4da € IJIOCKOCTBIO MPEJAMETOB paBHa:

I = (x,—s,)%‘—; npu HopMupogke (I1, 19) [ = ny(x;—s,); npu HOpMHpPOBKe
(!l, 20) I = nlai(x,—-si).
B TeopHH c/I0KHBIX aHACTHIMATOB, B YACTHOCTH NIPH NPOEKTHPOBAHHH

H paapaﬁorxe CBETOCHJIbHBIX IIIHPOKOYTOJbHBIX CHCTEM, HHOIJla HeNb3A
ocTaBnATh 6e3 BHUMaHHA abeppallMH B 3paykax o0beKTHBa. Bripaxkenus

s KospguuyveHToB abeppalldii B MJOCKOCTH BBIXOIHOTO 3pauka S,

Siix, Si1ix M T. L. MO BHAy aHajoruudbl BeipakenHsm (11, 35), HO
B [loc/IelHHX JOJ/KHA GBITH NPOH3BEEHA ClELYolasa 3aMeHa NepeMeHHEIX:

Gy = B x> Yy P;—)-P;,x; Iy = m,.

Ecau nepementbie o, By, fip H Yy BHIMHCACHE NPH KaKOH YTOIHO CHC-
TeMe BO3MOKHOTO BHIGOpA HX €AHHHIL, a 3aTeM COOTBETCTBEHHEIM Je/ICHHEM
SHayeyuii 9THX BEJIMUHH NPOH3BENEHO NPHBEIEHHE MOCJEIHHX K HOPMH-
Posge (11, 21), To aGeppalliK TPEThero MopsALKa B MJAOCKOCTH H306paxe-
HHA BhIpasaTCs C/EAYIOLIMM O6pasoM:
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4 ’ 1 1 2 2 ° o s
. Bgllt =1 T = 2n' (x, — 89)° [ml (m|+M1)siS[

— (31ym} + 1,M3) 5, Sy + 32 mys, Sy, +
nim
f

36;" S S [.Mi (mf -+ Mf) 8§ S —

2n'y (1 — 81)8

-+

(xi = Sl) SIV == FS, ] (”’ 36)

— QIimiMisi Sll + M l! Sislll +

(xi —s5)*S IV]

Bupaxenusa ais abeppallMil CHCTEME! B IIJIOCKOCTH BEIXOJHOTO 3padka
Om'mn ®w 6M'i;n mo BHAY aHaJoruuHsl BhipaxenHam (11, 36), HO B mo-
CJIeJHHX NOJDKHa OBITb NMpOH3BeleHa Cefyolllas 3aMeHa:

r r r r
8g = dmyy, 5 8y > My s T Tas
Xy Sy Si—>xq Lhomy mg—>l;

_S",—)--Sh; gu_"‘gux; S, —>S

I ix ?

3W= §nnc; §v_"SVx’

npHueM KoaddHIHeHTH abeppalliii BHYHCAsAOTCA NIpH HopMupoBKe (I1,21).
AGeppaunn GeckoHeyHO yAaJeHHO! NJOCKOCTH npegmeToB. B Becbma
pacnpoCTpaHEHHOM cllyyae GeCKOHEYHO YZAaJeHHOH IJIOCKOCTH NpeaMeToB
(sy—>—00, (xy—s8y)—>—00) hopmyari (II, 34) TepsioT cMBIC.
OGpaTHB BHHMaHHe, YTO

lim( L — —il

h
X3—5/ §§—=>r—00 o

lr = f’s

P
n3 (I1, 34), npenBapuTeNbHO 3aMeHHMB B STHX (popMynax

ly = (xy—sy) tgw, = (xy — sy) Wy,
¥ npu HopmuposKe (l1, 22) naxomum:

[my (m + M?) Steo + (373 + M) w, ' Streo +

’ 1
Bg‘”l == 2n.-f13

+ m,w?f'z (381[1 o H?Sw) + wif ° SVno] :

8G, = — ff,z [Mi (m, + M )SI & T
+ 2mMuw ' S, , + Miwf Fs (Sm o T "f SIV)] ’

rle wy — YroJ noJs 3peHHs, a f'—(poKyCHOe pacCTOsIHHE CHCTEeMEI; B BY'
. paxenuu Kosppuunentos abeppauui (11, 35) nuapuaut I npu stom cJ1€
AyeT NPHHATb paBHbIM | = —pn; — NOKasaTemo mNpejomaeHus cpel’
MPOCTPAHCTBA MPeJMETOB.

106

(11, 37




BoipaxeHHe aGeppalMii 1y4ya B pa3sHbiX KOOPAMHATAX, €ro onpepensio-
mux. He papymas o6muocru, GymeM CuMTaTth, 4TO TOYKa mnpeamera A
(pue. 11, 3) pacnonoxena B MepHIHOHAJIbHOM NJIOCKOCTH. B stoM cayuae
pHEMEPHIMOHAJNBHEIN yd AQ onpenenuTcss TpeMs KOOPAHHAaTAMH: KoOp-
AHHATO#, ONpelesiolleli MOJ0XKEeHHE TOYKH A B NJIOCKOCTH NpPEAMETOB, H
BYMsl KOOpAHHATaMH, ONPEAeNTIOUHMH I0JI0XKEHHE TOUKH @ B KaKo#i-1H60
[JIOCKOCTH, PacloJIOXKeHHOH Ha OlpelieleHHOM PacCTOSIHHH OT MJIOCKOCTH
peAMETOB, HANpHMep B NJIOCKOCTH BXOIHONO 3pauka.

Beriire Gblid  HaNHCAHBEI BHIPAXKEHHA
abeppainii, B KOTOPHIX IOJIOKEHHE Jydya 4
onpefensnoch KOOpAHHATaMM [y, my H
M; NIpH pacCTOSHHH X;—S; MEXIY ILJIO- =
CKOCTAMH NPEIMETOB H BXOAHOrO 3paw-  § % _ J/
Ka ==

Hrorzia Moer okasaTbcs Gosee ynoﬁ- Puc. 11, 3. HauanbsHHe KOODAHHATHL BHe-
HEIM KOOpIAHHATy TOYKH A OMnpeneNuTh MepHAHOHAAbHOrO Jyua
yrJioM w;, o6pasyeMelM C ONTHYECKOH

OCBIO JIYYOM, NMPOXONALIHM 4Yepe3 TOuKy npenMmera A u neutp P BXxomHoro
3payKa; KOOpAMHATY TOUKH Q ompelesHTsb yriaMu 4y H U; COOTBETCTBEHHO
B MEPHIHOHAJILHOH M SKBAaTOPHANbLHOH MJOCKocTAX. B mnpemenax gedcr-
BEHHOCTH TeOpHH abeppauuii TpeTbero MopsjKa, OYEBHIHO, MOXKHO MPH-
HATB:

Uy =— 5 ; Uy=— e y W= h H (11, 38)

n—5 n—8 X — 5§

BBHAY MaJIOCTH YIJIOB TAHTEHCHl YIJIOB 3aMEHEHHl AyTaMH.
Dopmyant (11, 34) u (I1, 35) npu Hopmuposxke (11, 19) npumyT BUA:

— 2n'3giia’ = u, (4} + UD) S + (3} + UD) w,Su +
+ uwt [331[1 + 1 (xy — 5)? Slv] + @iSv;
—2n"8Gya’ = Ui (uf + UD) S + 2u,U,w,Su +
+ U@} [Sm + 7 (%, — s)* Swv] -

Cornacuo wuuBapuauty Jlarpamka—[enbMronbua MOXKHO TakKe
HaMHCaThb:

(I1, 39)

st NIVl
nadg,, = n'a’dg;,; nadGy, =n'a'3G,,

I'le cocrapasiouie aGeppauuii 8¢ H 8G OTHECEHRBI K IJIOCKOCTH [PEAMETOB.
B nekaropeix ciyyasx yno6HO HMeTh BhpaeHus abeppaunit 6g'iy
48G'\;, kaK gynknuu KoopauHat 4’ u U’, oTHOCAmHXCA K MPOCTPaHCT-
BY usobparkeHui.
[lo ananoruu c (11, 38) Beegem yrum &’ u U':

ey W, (11, 40)

x'—s x'—¢g

Me x'__s' — paccTOsiHHe MEXJIy MJIOCKOCTSMH BBIXOIHOrO 3pavyka H Ma-
Pakcnanbaoro naobpamenns S’ (cM. puc. II, 1).
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O6o3naunB yepe3f; B 'p YIJIBI C ONTHYECKOH OChIO BTOPOro mNapa-
KCHaJIbHOTO Jiyya 0 H MocJie ero NpoXOXKAEHHs Yepe3 CHCTEMY, NOJYYHM:

[} ' r
Bi:xl.'l—'!:; ﬂ":m' (Il’ql)

YrasiB, Hp‘p cBA3AHB HHBapHaHTOM Jlarpanxka — leabMrosbua, Ha-
MHCaHHOIo IJis 3PavkKoOB:

n'm'B, =nmby; n'M'B, = nMpBy;
OTCIOZa HaXONMM:

n'm'l’ mmy . n'M

_ mMh
-8

= b ety
Paslle/IMB KaxIoe W3 STHX ypaBHEHHH Ha WHBapHAHTHOE BEIpaXKeHHe

ma,l, = n'a’l’, HanucaHHOe A NJIOCKOCTeH NpeameTa H H300paXeHHi,
nosyyum: .

ml’

’ = m ' ’ {A ’ = Ml s (II’ 42)
adl—=s) aln—s) a’ (x" —¢') a (x —s1)
O6paTHB BHHMaHHe, 4YTO
a' = L H af = h—l,
s 5
nocsie NMoACTAaHOBKH B Bhipaxkenus (II, 42) ompepenum:

( L4 ) ¥ - ('"_r) A

¥ —s ) K 0n—8) k'

( M ) raa ) 5 (11, 43)
):' . s’ h’ xl — 31 h] ’

OcyulecTBHB nepexol K yrsiam 4’ u U’, nonyunm:

( m )i=.__i. ( M, )i=_ U, a4
X — 8§ h, ¢ 5H— 5 hy a
IMoncraBnss sTH 3HaueHus B BoipaxeHus (I, 34) u BBOASA yron w, =
h
==

, TpHXOAMM K QopmMysiam abeppaunii cjefyoumero BHAa:
X —o

- 2n'5g;” =u (”'2 +u” )S, + (3" + Ut )wls]l +
+u'wi (38m + PSv ) + wiSv;
—9n'8Giy = U’ (u" LUt ) St + 24U’ w S + (I1, 45)
+ U'w} (Sm + PSw).

[Ipu BeIBOze STHX (opmys mpHHsATA HopmupoBKa (II, 20), a umenno, 410
o’ =1, B, =1 u, cenosatenbho, Ay, = a4, 1 = nya,(%,—8;).

)
YacTo BEIpaKaioT TaKkxke aGeppanuH, Kak QyHKUHH KoopauHat m' u M’
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B BHIXOIHOM 3pauke. BocnosbsoBaBiunck 3ameHo#l nepemeHHux (II, 43),
pnoche noiacraHoBkH B (11, 34), noayuum:

m’ (m’g -+ M” )S _ (3m” + m’ )

2""88."[ — (x.r _sl)s 1 (xr —S’)B lisll +
' 8
m l .
P i (38 +PSW)—(I'__3')3 »
m (m* £ m") om' M’ | (it
r ! m m
WMoy = g e O

ME

+ ey (Sw+ I Sw).

[Tpu sToMm H 3lech TaKxKe npHHATa HopmupoBka (II, 20).
leomeTpHueckoe npencTasnenne aGeppauuii Tperbero nopsaka. ['omo-

IIEHTPHYECKHH Iy4yoK Jydel mnocje TNPOXOXKAEHHA 4Yepe3 ONTHYECKYI

ciucreMy obpasyeT B ILIOCKOCTH H300pa<KEHHH pasMBITOE CBETOBOE IAT-

HO — (urypy paccesnus. @opmyast (11, 34) nan (11, 46) nmossoasior on-

pelleJIHTh TOUKY TIepeceyeHHA C IJIOCKOCTBIO H306paMKeHHH Kaxoro

Jy4a nydyka.

B uensix ynpollleHHs aHanH3a M3y4yaloT QHTYpbl paccesHHs Jydeli B
NpefnoJoXKeHHH, YTO B Ha3BaHHLIX OpPMyJiaX TOJBKO OZMH H3 NSTH KO3(-
¢unneHToB aGeppaluit He paBeH Hy/o0. Kaxpabili U3 nstH KoshduumeH-
TOB ONpelensieT COOTBETCTBylomyio abeppauuio. Abeppanus, obyc-
JoBJIeHHas KoapduuueHtom S, , HasniBaeTcs cgepHuYecKoil abepparues;
Koa(dunuent Sy onpereanseT Komy; S, — KPHBH3HY NOBEpPXHOCTH,
10 KOTOPOH pacrnoJsiararoTcsi MepHAHOHaJIbHBbiEe (POKYCBHI aCTHIMaTHYECKOro
sJleMeHTapHOro (6eCKOHEYHO TOHKOro) Nnyuka; Sy — KPHBH3HY MOBepX-
HOCTH, N0 KOTOPOH pacrnojaralorca caruTrajibHble (OKyca TOro e my4ra,
Sv — nHcTopcHIO H306parKeHHs.

M3 popmya (11, 39) uau (11, 45) HenocpencTBeHHO BHAHO, YTO BeJTHYHHA
nonepeyHoH cdepHyeckod abeppalli NpPOMOPLHOHAJNbHA TPeTbel cTemne-
HH anepTypsl; abeppalnisa KOMbI NPONOPLHOHa/JbHA BTOPOH CTeleHH BeJH-
UHHBI allepTYPHl H NepBOH CTENeHH yrJa NoJif 3peHHs; KPHBH3HA NOBepX-
HOCTH HM300paxeHHsi acCTHTMAaTHYECKOTO 3JIeMeHTAapHOTO Ny4YKa Iponop-
UHOHaNbHA MEePBOH CTENeHH anepTypHl H KBagpaTty yrJja noJs, H, HaKoHell,
IHCTOpCHSI H306pa)KeHHs NPONOPLHOHAJbHA TpeTbeH CTeNeHH YIJia MoJis
3peH#s.

B neficTBHTENBHOCTH ONTHYeCKas cucTeMa oG6/aafaeT ONHOBPEMEHHO
Bcemu abeppalHsMH H, TAKHM 06pa3oM, aHaJIH3 CJIOXKHOH abGeppallHOHHO#H
$burypel paccesnus Jydeil METONOM BbIAeJEHHs OTHAEJbHBIX BHIOB abep-
Pauuit — npueM HCKyCCTBeHHBIH, o6Jerqaloui aHajiH3 sIBJCHHS.

Uto6el HCCNenoBaTh paclpejie/ieHHe TOUEK MNepeceyeHHs ¢ MJIOCKOCThIO
H300paKeHHs OTHEJbHBIX JIyued TrOMOLEHTPHYECKOTo [yuYKa, BepIIHHA
KoToporo pacmo/iodkeHa B TOYKe NpeameTa A, MOJB3YIOTCS CAELYIOWHM
NpyeMoM: pacCMaTpHBAIOT NOCJEAOBaTeNbHO TPYNNH Jiyuel, nepecekao-
WHX nI0CKOCTh BEIXOZHOTO 3payka 0 OKPYXKHOCTH C LIEHTPOM Ha ONTHYe-
CKO/i OCH CHCTEMBI, H CONOCTaBASIOT GOPMBI «CJIEJIOBY [IEPECeUeHHs Jiyda-
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MH MJIOCKOCTH 3pauKa H IJIOCKOCTH H3oOpaxeHHH. Takum oOpasoM ycra-
HaBJIHBalOTCA GOpMBI PUIYp paccessHHs Jiydell B H300paKeHMH TOYEK IpH
HaJlHYMH TeX MJIH HHbIX abeppauuii onTHYecKod cHcrembl. Jlas nposene-
HUA aHaju3a yAoGHO BMECTO MPSIMDYTOJbHEIX KoopauHaT m' u M’ B maoc-
KOCTH BEIXOIHOTO 3pauKa NepeHTH K MOJIAPHBIM KoopAHHATaM. I1p HHuMag
3a noaspuyio ock P'Y’ (em. puc. II, 1), nonydum:

m' =p'cosb’; M’ =p'sinf’, (11, 47)

rae p’ 1 0’ — mosIsipHBEIE KOOPAHMHATH TOYKH (m’; M').
Beipaxxenus (II, 46) mMoryT GHITH NpeicTaBjieHH B CJEAYIOLIEM BHAE:

3g;“ = [P'3 cos 8’ S, —'P'z (2+

2n’ (' — s')®
+ cos 26") [,Su + p’ cos 6L} (38 + PSw) — £} Sv] ;

. 1 r2 .
Gy = —— 8’
Hi = P [P sin 6'S;

(11, 48)

— p's sin 26’ LSy + pl sin 6’ ﬁ (Sm 4 PSW) ¥

Beipaxenue BosHOBO# aGeppauuu Ly, Tpethero nopsizka (11, 7) mocse
BBefleHHsl Kodbhduunentos S, , Sy ,...,Sv (cm. II, 46) npumer Bux:

r'Llll fr— .-..; [L (',mul2 +M:I )281 _(mrﬁ +Mr2 )mfllsn +

20 (x' —s')4 | 4
+ 5 B (38w + PSw)+ - MPB(Syy, + I'Sy) —-m'ﬁ.sv]. (11, 49)
rie npexuue Koabpuuuentsl A*;, A'y, ..., A’ Bupaxenus (11, 7) cBasanu
C HOBHIMH CJEAYIOIIHM o6pasoM:
k! , k'

A =—'x,'—_;,"sl; A2=ﬁ3";
. k'
Ayem Y (38 + PSyy);

' k'
A= ———— (Sy; + PSyy);
’ -4 1
=—38,; K =0—,
As ¥ —g v 2n' (x' —&')®
Tlocne BBenenust monspHbX Koopaunat u3 (II, 49) nonyuum:
kl
x’ — sl

r'Ly,=— [';— P" S — P"3 cos 0’ [,Sy +
2 .
+ % p' cos® @’ i (S + FSI\’) +
+ % p’s sin20’ 1} (Suy + Spy) — o' cos®’ i Sv] (11, 50)
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PaccMOTpHM C/IEICTBHA STHX 3aBHCHMOCTEH.

Coeprueckas abeppaums Tperbero nopsagka. Ecin Bce kospduuuents,
KpoMe nepeoro S;, paBHbl HyMO (S =81 =Sv =Sy =0), 10
onTHYeCKas cHcTema ofsajaeT To/NbKO chepHyecKoil abeppanxed TpeThb-
ero nopszakxa.

Hs (11, 46) u (11, 48) naxomum:

dgin =k'm’(m"™* +M")S =kp"” cost' S ;
. (I1, 51)
3G = E'M' (m"” + M) S =k'p" sinb'S;,
rie
¥ — 1
T2 (¢ — )

Pesyactnpyiomas 6R'y; nomepeunas aGeppanHsi BHIPa3HTCA:
f_ r ’3
8Rm = V ag”e] +3Gyy, =k'p Sy (11, 52)

T. €. OKPYKHOCTH paguyca p’ B IJIOCKOCTH BHIXOZHOTO 3pauka COOTBETCT-
BYeT TaKXKe OKPYXHOCTb pajguyca 8R’;;; BeJlMUHHAa KpyXKKa pacCesHHs
Jiydye#l B IJIOCKOCTH H306pakeHHsi MPONOPIHOHAAbHA TPeThell CTeneHw p':

Kak caenyer u3 (II, 50), BonHOBas cepuueckas aGeppanusi TPETHErO
MopsiZIKa BO3pacTaeT NPONOPIHOHANBHO YeTBEPTOH CTeNeHH KOOPAHHATH p’

B4
(x:_s;) p ST' (II' 53)

’ 1
er=—T

Ha (11, 47) crenyer, yto —% = 1g0’; u3 (I, 51), naxomum:

g1y

TakHM 06pa3oM, KaxKnoli TOYKe MNepeceyeHHsl Jyua B IJIOCKOCTH BHIXOJ-
HOTO 3payKa COOTBETCTBYET TOYKa MepecedeHHs TOTo Ke Jiyua B IJIOCKOCTH
u3o6paxcenns; npHyeM obe TOYKH PpaCIOJIOKEHb! B OLHOM H TOH XKe ImJOC-
KOCTH, NpoXoAsilie#l Yepe3 ONTHYECKYIO OCh.

To o6CcTOATENLCTBO, YTO JIMHeHHOe BO3pacTaHHe paguyca BeKTOpa Ha
BLIXOJHOM 3payKe COOTBETCTBYET BO3PaCTaHHIO pajHyca KpyXKKa paccesi-
HHS Jydei B NJIOCKOCTH H3006paxKeHHsi NPONOPIHOHA/ILHO BesIHYHHE p'3,
NPHBOAHT K OTPOMHOH KOHUEHTPauHH JydyeH B cpefHeH 4acTH GQHIypHI
paccesHHs BeieCTBHE GLICTPOro H3MeHeHHs NJOLIaAu nocaenHel (mponop-
LHOHaMbHO BesHuHHe p’®). Ilna HAMOCTPalHH SBJIEHHS pasiesuM MJowaib
KpPyrJioro BHIXOJHOTO 3payKa Ha NATbh KOHIEHTPHYECKHX KOJell,pagHychl
Kotophix p” otHocsiTea Kak0,2:0,4:0,6: 0,8: 1, T. e. o6pasyior apudme-
THYecKyio nporpeccrio. COOTBeTCTBEHHO IJIOMIAAH STHX KpyroB GyayT
H3MeHATbCA [PONOPLHOHANBHO KBajgpaTry paiuycoB (p'?), T. e. B OTHOllle-
HHax 0,04 :0,16:0,36: 0,64 : 1; njomwagH KOJbLEBHX 30H OyAyT H3-
MEHATBbCS NMPONOPUHOHANBHO PasHOCTAM (A p'?) STHX BeJHYHH.
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B ta6a. 11, | npuBeseHH OTHOCHTeJbHbie BEJHYHHBI pamHycoB OR’
KDPYXXKOB paccesiHdsi, NPONOpPUHOHaJbHBle 0’3, H MJOMAAH KOJALLEBBIX
30H KPYKKOB paccesiHHs, NPONOPLHOHaIbHbIE pasHocTaAM A 8R™. B cron6-
e 8 npuBeleHb OTHOCHTENbHBIE BEJIHYHHBLI KOHLEHTPALHH JydeH B KOJb-
LeBBIX 30HaX KPYyXKa paccesiHMs. :

Ta6aunua II,1

KonueHTpauusa ayueii B ¢urype paccesins B njockoctu laycca
npu chepuyeckoi abeppalHH TpPeTbero mopsnka

Ap'2
m o 9'2 'hP'2 iR = Prs 3R'2 ABRlz ‘A_a_;"_2

| 2 3 4 5 6 7 8
1 0,2 0,04 0,04 0,008 [64-107° 64.107° 625
2 0,4 0,16 0,12 0,064 |[40,96-1074 |40,32-107% 29,8
3 0,6 0,36 0,20 0,216 |4,70-1072 |4,29-1072 4,7
4 0,8 0,64 0,28 0,512 |0,263 0,216 1,3
5 1,0 1,00 0,36 1,00 |1,000 0,737 0,5

Kak Buaum, B HeHTpe (HTYpHl paccesiHHs KOHLEHTPAaLHsi KoJoccasb-
Hasi, HO CO3JAI0T 5Ty KOHueHTpauHio JHIb 4% ayuelt (p2 = 0,04). Oxonao
%y TJIOWANH BBIXOJHONO 3paykKa, YTO COOTBETCTBYET MEPBBHIM YeTHIPEM
NOCTPOEHHBIM Ha HEM KOJIbLEBBIM 30HAM, 3aMOJIHEHBl JyYaMH, pacrpe-
IeNleHHbIMH JIHIIb Ha !/, nuolllaiH KpyKKa paccesiHHs, T. €. B npeaenax
BJBOE yMeHblueHHOTO paauyca (8R’ = 0,5) KpyXKa paccesHHS.

[TpuBenem pesysibTaThl pacyeTa KOHLUEHTpaLHH Jyyed B KPyxKe pac-
cesinua, soinosiHenHoro I'. I'. CimocapeeniM [16], pasgennBinM muomanb
KPYXXKa pacCesiHHs NATbIO KOHUEHTPHYECKHMH KpyramH, pafHychl KO-
TOPHIX PaBHOMEPHO BO3pPAacTalOT B TOH e apH(PMeTHUECKOH MpOrpeccHH:
0,2:0,4:0,6:0,8: 1. Okasasnoce, YTO B LEHTPaJBHOM (HaHMEHEILEM)
Kpyre cocpeioToueHo 34 % Jsyueit 3 YHCIa BeeX 3aNMOJIHSIOMIHX BbIXOIHOH
3payoK; Bo BTopoM Kousbue — 20%; B Tperbem — 17%, B yeTBepTOM —
15% u B nocnennem — 14%. Takum o6pasom, u IpH TakoM crmocobe moz-
C4eTa 0Ka3aJioCh, YTO B NpeliesiaX NJOWAAH KPYy2KKa PaccessHHsl, COOTBETCT-
Byloileid paauycy 0,6 oT mMakcHMasipHOro 3HayeHus (OR') cocpenoToueHo
71% Bcex ayued, T. e. Jydeil, 3anonHsOWHX 71% nJOWALH BHIXOIHOTO
3pauka. [losnyyeHHbIe pe3y/ibTaThl 6IH3KH K KDHTEPHIO, IPHMEHSIOIEMY CS
Ha mpakTHKe: oKoJO0 70% 3Hepruu GoOpMHPYeT «ALPO H306paxKeHH»
TOYKH.

PasMepbl KpyxKa paccesiHHs 3aBHCAT OT NOJIOMKEHHs IJIOCKOCTH yCTa-
HOBKH. KaK NMOKasbIBalOT 3/1eMEHTapHbIE BHKJALKH, MIMIOCKOCTh HaHMEHb-
LIETO KPYXXKa paccessHHA PacloJioxKeHa CJieBa OT IIOCKOCTH NapakCHaslb-
HOTO (rayccoBOro) H306pa)KeHHs Ha PACCTOSHHH Ap,, PABHOM

B -i_ 3, (11, 54)
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rae 8s'yp, — mponmonbHas cdepuueckas aGeppauus KpaHHero jyya, Ko-
TOpEIH OGpa3yeT anepTypHBIH yros 'y, C ONTHYECKOH OCHIO:
. g
Bsxp = - .

u!(p

BocnonbsosaBumck (11, 51) u (II, 40), momyunm:

r la I
bty = — e 4Ly (11, 54')

NpH 3TOM PajiyC HAHMEHBIIErO KPYXKKa paccesiHus (r'y,y) 6yLeT B ueThipe
pasa MeHblie pajHyca Kpy»KKa paccesiHusi 6R’ B rayccoBOH IJIOCKOCTH:
' 1 1 L
rm=TaR'=Tk'p' S[o (11155)
Touka O (puc. 11, 4), onpeneas-
ioast rpadHYeCKH BeJIHUHHY pajHy-
ca HaHMeHbIIETO KPYy>KKa paccesHHs

JyyeH, o€pasyeTcd nepeceyeHHeM
JIBYX JiyyeH: KpaiHero, HAyIIEro nox

&

YIJIOM Uy, K ONTHYECKOH OCH, H Jyua, S
1 '
06pa3yIoLIEro ¢ 0Chio yroa —— 'y - fé,;,{r‘\\‘_
H, CJIe[0BaTeJbHO, o6Jafalolero che- boy
pHueckod  abeppaunef, paBHoOIi -O5¢p
1 o

- T;-as Kp* Kax nokaseipaior Heceno- Prc. 1I, 4. IlaockocTs HamMeHbIUEro
BaHHsA, CBETOBas SHEPTrHA B KPYXKKe KPYAEY paccesunn aysel

HaHMeHBIETO paccestHusl pacrpeje-

JsieTcsl TaKMM 06pa3oM,yYTo H B IIEHTPE H Ha KPalo KPyKKa HMEIOTCS MaK-
CHMYMbI OcBeleHHOCTH. OYeBHIHO, TaKOe paclpefie/ieHHe He COOTBEeTCTBY-
. €T MaKCHMyMYy paspeluaolled CHJbI CHCTEMBI: 10 TEOPHH IH(PPaKUHH HaH-
Jyquiasi NJIOCKOCTb YCTAHOBKH NPH HaJHYHH B CHCTeMme JIHIUL abeppauui
TPeThero Mopsifka pacroJioXkeHa CJeBa OT raycCoBOH IJIOCKOCTH Ha pac-

CTOSIHHH — Tlﬁs'“p.

ITo npexncraBieHHsiIM BOJIHOBOH ONTHKH CyIIECTByeT CJeAy iolias
oflasi 3aBHCHMOCTb MeXAy BOJIHOBOH abeppauue#t L Hu  npojo/ibHOH
chepuueckoit abeppanuein Os’:

u u'2
oy ’ 1 ’ 2
L=f35udu =Tj‘asd(u ); (I1, 56)
0 0
5ta opmyana caenyet us (II, 6) u (I, 9), ecain o6paTHTL BHHMaHHE, YTO
’ ’

r

r = —(x'—s').
[Tponossuas chepuyeckas abeppauns Ha ocH MOXKeT ObiTb IpejCTaB-
JIeHa MHOTOYJIEHOM, COJEPXKalllHM YeTHhIe CTeMeHH mapamerpa m’ WJH u':
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’ (]
3s’ =—5§— —a'u" +out e, (11, 56")
e ' = 4=Si (oM. 11, 45) u b' = 6B's(x'—s). (em. 11, 3)
HenocpeAcTBEHHO MOXXHO BHIYHCJIHTD TOJIBKO Koadduuuent S; ; pacuer
Koahpuunenta b’ — 3anaya Gosee TpyaHas. Ilostomy mpote Bcero, uro
Ha MpaKTHKe H NENaeTcsi, TOCTPOHTH rpadK 3aBHCKMOCTH (yHKuHH 85’ Mo
aprymenty 4’ W peluHTb 3ajauy pacyera uHterpana L(II, 56) rpaduye-
CKHM MeTofoM. ['pa®HK (QYHKIHH CTPOHTCS Ha OCHOBAHHH Pe3yJibTaTOB
HEMOCPeACTBEHHOIO pacyeTa Jiyyeli uepes ONTHYECKYIO CHCTEMY.
B yacTHOM cilydae, Korja onTHYeckas cHcrema obsagaet JiHiub abeppa-
uxeit Tpersero nopsiaka, u3 (II, 55) u (II, 55°) umeewm: '

1 ”
Llll= “W SIH ’ (”, 57)
uwmn u3 (II, 54°):
A
Liy bsu’? 3
— I — 3 i’ »
- = 4508s'u (I1, 58)
rie ‘—L# — BoJIHOBasi abeppauys B JUIHHAX CBETOBHIX BOJIH; NIPH 3TOM

npuHATO, Y10 A = 0,00055 MM. B NJIOTHOCTH yCTAaHOBKH, CMelEHHOH OT-
HOCHTEJIbHO TIJIOCKOCTH NapaKkCHaJIbHOTO H300paXeHHs Ha HEKOTOPYIo
BeJMYMHY A , BMecto psza (11, 56°) moayuyaercsa passioxenue Buga 8s’ =

. Lur
=A -+ a'u’® 4+ ..., B BLpaKeHHH BOJIHOBOH abeppauHH —— MNOABJS-

A
eTcs ellle 4ieH, NPONOPIHOHAJBHEIA BTOPOH CTeneHH u':
2 i 5
Ly Au’ au Au’ s’
— = . I1, 59
Y 2\ + 4% 2\ £ 4 (L 550

= Ay’? z

S1oT 1062BOYHEI YJeH -5, BHI3BaHHBLIA AePOKYCHPOBKOH H306pae-
HHA, HMeeT 60JibIlIoe 3HAYeHHe: ONpe/ieJieHHBLIM BbIGOPOM BeJIHYHHbI CMellle-
HHA IJIOCKOCTH YCTAaHOBKH (A ) MOXKHO NOOGHTbCA NepepacnpenefeHHs Kak
reoMeTpHYECKHX, TaK H BOJIHOBHIX abeppanuil, a TeM CaMbiM YJIY4LIHTb
pacnpejesieHHe HEPTHH B Kpy:KKe paccedaHHs JiyyeH.

B yacTHOCTH B NJIOCKOCTH HaHMeHbIUeH BOJIHOBOH abeppallii BeJHYHHA
’%" OyzeT NpHONH3HTENLHO B YeThipe pa3a MeHblUeH, YyeM B NJIOCKOCTH
Taycca (II, 58):

Lin

(T)m ~ 11085 u”. (11,60)

ITo cpaBHeHHIO ¢ IPYrHMH MOHOXPOMaTHYECKHMH abeppalHfMH Xa-
pakTepHO# ocobGeHHOCTBIO chepHuecKoil afeppalluH sB/AeTCA ee He3aBH
CHMOCTb OT NOJIOXKEHHS TOYKH-060beKTa B JIOCKOCTH NpejMeTa; HHBIMH CJI0
BaMH, cepHueckas abeppallisi He 3aBHCHT OT yIva nojs @ (Hid w').

Ocratounbie aGeppalu ONTHYECKOH CHCTEMBI OGLIYHO NPEACTABJISIOT-
s He TOJIbKO B BHJE TaG/HI, HO H rpaduyeckn. O6bIYHO NpHBOASTCS Ipa”
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¢uKH npofosbHoi &s” H monepeuHoM 6g’ chepuueckoit abeppalnH, npes-
craB/leHHBle B BHIe OYHKUHH KOOpPAMHAT m, u’' WM igu’.

Ha puc. 11, 5, a npeacraBneHa KpHBas NPOAOJbHOH cdepHYecKOH
abeppalliy TPeTbero MOpsilKa, HMeouwlas BHIL OOHIYHOHM (KBaipaTHUYHOH)
napaboasi; Ha puc. II, 5, 6 nau rpaduk monepeyHo# ctepHuecKor abep-
pallHH TpeTbero nopsnka &g’, KOTopas NponopuMoHa/ibHA TPeThedl CTe-
neHH mapaMerpa 4’ (WM m) M, ClefoBaTeNbHO, H3MeHsieT CBOH 3HaK TpH
u3MEHeHHH 3HaKa napaMerpa u'; Ha puc. II, 5, e u II, 5, 2 nansl rpagukn

”I

17

Puc. I, 5, I'padrveckoe mnpeacraBieHHe
cteprueckofi aGeppanun

NpOLOJIbHOM H nmonepevHoH cepHuecKoH abeppalMi NPH HAJHYHH B ONTH-
4ecKO#l CHCTeMe He TONbKO abeppaniii TPeTbero nopsuka, Ho u aGeppauui
BLICLUMX NMOPAAKOB. JIJIsl MOCTPOGHHSA 3THX KPHMBBHIX OOBIYHO BLIYHC/SETCS
XOJIL HECKOJIBKHX JyueH (OT IBYX IO YeThipeX — B 3aBHCHMOCTH OT CJIOXK-
HOCTH KPHBOI1), nepeceKaiollHX BXOXHOH 3Pa40K, Ha Pa3HBIX PACCTOSHHAX
m, H OGBIYHO BHIOHPaeMbIX TaK, YTOOBI HX KBaJPaThl COCTABJIAJIH apH(Me-
THYECKYIO NIPOTPECCHIO; eC/IH PajHyC 3payka h,p, TO 6epyT m, paBHbIM JIHGO

V"g_hxp " hyp, 60 V%hxp. Vghm, ng.h,cp U hyp.

IOna ynoGcTBa OLEHKHM BEJHUMHBL MonepeyHoli abeppaunuu He TOJBKO
B raycCOBOH NJIOCKOCTH, HO B HEKOTOPOH NpearnosnaraeMol MJIOCKOCTH HaH-
Jy4ined yCTaHOBKH, CMelLIeHHOH OTHOCHTeNbHO MmiockoctH [aycca, pe-
KOMeHAyeTCs Ha rpaduke nonepeyHoH abeppauuy NPOBOIHTE HEKOTOPYIO
BCoMoraTeibHyl0 npsMylo aa’ (puc. II, 5, 2), HaKJIOH KOTOpOH OTHOCH-
TeJIBHO OCH OpAHHAT 6yeT TeM GOJbLIHH, YeMm GoJiblie CMellleHHe NJIOCKOCTH
YCTaHOBKH OTHOCHTENBHO IJOCKOCTH I'aycca. IlonepeyHsie abeppaunu ay-
9eH B CMelLleHHOH IJIOCKOCTH GYAyT Tenepb OTCUHTHIBATLCS HE OT BEpPTH-
KaJbHOM OCH, 2 OT HaK/IOHHOH NpaAMOl aa’. YToa ¢ HaK/MOHa MpsiMoi aa’,
OpoxoAAlIMH Yepe3 Hayasio KOOpJAHHAT, CBSI3aH C BEJHYHHOH CMeLIeHHA
IVIOCKOCTH YCTAHOBKH A OTHOCHTEJIbHO IJIOCKOCTH ['aycca 3aBHCHMOCTBIO:

bg, 3g,
o = gl A, (I1,61)

’

tgu, u,

The 8g’,, u’y — KoopaHHATH JOGOH TOYKH, B3ATOH Ha nmpsaMoi aa’. [1pH-
MeHeHHeM 3TOro cmoco6a HCK/IOYaeTcsi Heo6XOIMMOCTb ChelHasbHBIX
octpoennit rpadHKoB aGeppalHi JJisi HECKOJbKHX IJIOCKOCTEH yCTaHo-
BOK anis cyxpeHHs O pacnpenesieHHH KPYKKOB paccesiHHsi Jiyded B 9THX
locKoCTSIX; OPHEHTHPOBOYHAS! XK€ OLlEHKA BJHSHHS CMeLleHHs MJIOCKOCTH
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YCTaHOBKH OKa3hIBaeTCS BMECTe C TeM HeOOXOXHMOM, NOCKONBKY TMOJIOXKe-
HHE [JOCKOCTH HAHJyyllero H306paKeHHs BO3MOMKHO MPeABHYHCIHTE
nuibL BecbMa npuOsHxeHro. Hampumep, ecin cepuyeckas abeppaimus
IJis Kpas 3pauyka KOPpHIHpOBaHa, KaK MOKa3biBaeT ONLIT, BeNHYHHA A
JIOCTATOYHO TOYHO MOXKeT ObITb OIpeneneHa (OpMyJIOH:

A =kds]

o ?

(1L,61")

rae 08s’,,,, — NpONONbHAs cepuyecKas abeppauus AJs Jyda Ha 30He
spauka m =/ %h,m; Kosdpuunent & = 0,7—0,8.

B 3akJuiouenHe yKaxkeM, YTO Jaxe HIeaJsbHas B IpelcTaBJeHHH (H3Hue-
CKOH ONTHKH OMTHYECKas CHCTEMa MMeeT reoMeTpHYeckHe aGeppallHH, Be-
JIHIHHAM KOTOPHIX COOTBETCTBYIOT BOJIHOBLIE abeppalivH, He PeBbillalollHe
yeTBepTH BoJIHEL. [lo Mepe BospacTaHus cepHuecKoH abeppali APKOCTE
LleHTpPaJibHOro JHppaKiHoHHOrO msitHa (cM. ruaBy III) ymenbmiaercs u
CBETOBasi SHEPTHsA MEPEXOAHT B OKaHMJsIOMHe ero KoJblia, yBeNHYHBas
HX SIPKOCTb; NpH OoJsblIMX abeppalHax AH(paKIHOHHOe H3o6paxKeHHe
TOYKH pa3MbIBaeTCs U npHoGpeTaeT BHJ (HTYpHI paccesiHHs: NPHIOAHOCTH
TaKOTO H300pakeHHs 3aBHCHT OT BEJMYHHEI 3TOH QHTYPHI M OT Ha3HAYEHHs
ONTHYECKOH CHCTEMBI.

Koma; ycaosue cuuycoB. Hcnpaenenne chepuueckoii abeppauu
ABJISIeTCA HeOOXOAMMBIM YCJIOBHEM IJif NOJYYeHHS YJOBJETBOPHTENBHBIX
u3o6pakeHHil TOYEK, PacrnoJIOKeHHEIX KaK Ha OCH, TaK H BHe OCH ONTHYe-
cKoll cHcrembl. OnHaKO HenpapjeHHe 3TOH afeppalluy ellle He JOCTATOYHO
g obecrieyeHHs: XOPOIIEro H300paXkKeHHs JaXe ToueK, PacnoJIOMEeHHBIX
BONM3H ONTHYECKOH OCH, eC/H NPH STOM He KOPpPHTHPoBaHa abeppamnus
KoMa.

Ecau Bce Koa(pHiHeHTEl, KpOME BTOPOro Sy, , paBHBI HYJIO, TO ONTHYe-
CKasl cHCTeMa o6JiafaeT TOJIbKO KoMoH Tperbero nopsnka. Hs (11, 46) u
(I1, 48) Haxoaum cocTaBjsflolHe a6eppallHH KOMBEI:

gy =—* (3’"'. + M) 1y Sy=—F p"" (2 + cos 204, S5
3G, = — k' 2m"M' 1, S;; = —k'p""sin20" 1, S,, . (I1,69)

Takum o6pa3som, KOMa NPOMOPLHOHAJBLHA KBaJApaTy OTBEPCTHA H mep-
BO# CTENeHH ylaJieHHsi TOYKH-TIPe/iMeTa OT onTHYecKo# ocu. Jljist H3yyeHus
KOMBbI CHOBAa PacCMOTPHM COBOKYIHOCTH Jydel, OnpejessieMbiX OKPYKHOC-
TAMH B IWIOCKOCTH BBHIXOJHOTO 3pauka.

MoOXHO NOKasaTk, YTO KaKIOH OKPYXKHOCTH B MJOCKOCTH BHIXONHOTO
3payKa COOTBETCTBYET OKPYXXHOCTb B IJIOCKOCTH H300pakeHHsi; AeHCTBH-
TeapHo, H3 (II, 64) Haxomum:

gy, + 2%kp" 1,8, =—kp" l cos 20 Sy, ; 1L62)
3G, = —k'p" I;sin20" S,;;
OTCIOAa CJEAYeT:
(Baiy + 2 0" 1Sy ) +3Gy, = (#p" 1, S)" (I1,63)
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Takum obpasoM, Touka (8gin; OG'1n) oOmHCHIBaET OKpPYKHOCTh, pa-
auyc Kotopo# OR’ = k'p’2[,Sn npomopuuoHasieH KBaapaTy paaMyca
BEKTOpa p’ B IUVIOCKOCTH BBIXOAHOTO 3payka; LEHTP ee HaXOAMTCA Ha pac-
ctoaHHH 2&'p %S = 206R’ oT mojokeHHs rayccoBa H306paKeHHs, NpH-
yeM 3TOT LEHTP PacloJIOXKEH B MEPHIHOHAJBHON NJIOCKOCTH; €r0 paccros-
HHE OT rayccoBa H306pa)eHHsi, TAKHM 06DPasoM, [PONOPLHOHAIBHO KBaj-
pary p’. Hanpumep, ecnn p’ — pannycsl OKpyHOCTel B IJIOCKOCTH 3pay-
Ka BO3paCTalOT M0 3aKOHY apH(METHYeCKOH MNPOTPECCHH, TO PaLHyChl
OR’ — OKpyXHOCTe# B IVIOCKOCTH H306paKeHHsl PacTyT B FeOMETPHYECKO#
nporpeccHx (mponopuHoHasbHO p'?), a paccro-

SAHHA MeXIy UEHTPaMH OKPYMKHOCTeH pacTyT o %

B apl—lq:lwe'mqecxoi& nporpeccuu L% %
TIycTh p's: pa': Py’ P’ Py =0,2:0,4:0,6: A

0,8 : 1; Torna gR 6R',. 8R'3: 3R i 0R'y = 1% 20t 2

28 3F: 48 . b2 paCCTOHHHﬂ Y ueHTpaMH OK-
py2KHOCTeH BO3PACTAIOT B OTHOLICHAAX 86R'y: G P
(6R'y — B8R’;) : (6R's — 8R’,) : (8R'\—BR’s) : 4
(6R's—O8R’) =1:3:5:7:9, 1. e. B apup-
METHYECKOH npOorpeccuH. Puc. II, 6 usobpa-
KaeT (Urypy paccesiHHs NPH aGeppallHH  KOMbI
TPeThero nopsiKa.

Korza sy BhiYepYHBaeT OKPYKHOCTh Ha Bbl- ,
XOIHOM 3payKe, TOYKa €ro nepeceuyeHHs C ILIO- 9
CKOCTbIO 'aycca ONHCHIBAET OKPYMKHOCTb JBA- pu. 11 6 gurypa paccestns
XIBl, 9T0 cjefyeT u3 Boipaenuit (II, 62'), B upx aGeppaums xoms Tpe-
KOTOphle BXOAHT yABOeHHHIH yron 26" B apry- THEro Hopanka
MeHTH KOCHHYCa H CHHyca. Ec/iH ny4 IBHXKeTCS
BIOJIb pajiiyca p’ B NJIOCKOCTH BBHIXOJHOTO 3pauka (T. e. yroa 6’ He usme-
Hs€TCs), COOTBETCTBYIOLIAs TOYKA NepecedyeHHs Jiyda C IUIOCKOCTBIO H30-
OpakeHHd TAKXKe ONHChIBaeT npamylo. Bce sTH npsMble NPOXOXAT yepes
rayccoBo H306pakeHHe TOUKH.

Oru6aiomEMH BceX OKpyKHOCTeH, oGpasyomux GHryp Py paccesinus Ha
puc. I, 6, sBnseTcs napa npAMEIX, COCTaBAAOMMX yribl 30° ¢ OChI0 CHMMET-
pun usobpaxenns. dro caenyer us (I1, 63), ecan npeacraBHThL ceMelcTBO
OKpyIHOCTefl, 06pa3soBaHHLIX NPH NepeMeHHOM mapamerpe p’. duddepen-
OUpYys 3TO ypaBHEHHe, HaXONHM:

2(3gy + 2% p" LS, )4k' P LS, —2 (k’ A Sy )2”' Pl Sy =0,

oTclona
r r® 2 r
Rp" 1Sy = '—?Bgm .

[Tocne noacranoskn B (II, 63) nmeem:
l 3 2]
T Bg m—38G,; =0

(ﬁ Bg;" _BG'm ) (% Bg;" + BG') =0
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Takum 06pa3oM, OTHOAIOMIHE K OKPYIKHOCTAM NPEACTABJSAIOT NpsAMBbIe,
yPaBHEHHSI KOTOPHIX

dgy =V33G,, ndg, =—V3Gy,, (11,64)

T. €. npsiMbie 06pasyioT ¢ ocbio §g'1y,  yrasr +30° 1 —30°.
PacnpenesieHnie 3HepTHH B (HType pacCcesiHHS NPH KOMe HECHMMETPHY-
HO; BCA SHEPTHA COCPelOTOYeHa B Npejenax yraa 60°, HanpaejeHHOro, B
32BHCHMOCTH OT 3HaKa Ko3(dHLHeHTa S|, HIH B CTOPOHY ONITHYECKOH OCH
(nmpu Sy <<0), HIH B MPOTHBOMOJOXKHYIO cTOPOHY (npH S1;=>0); npH 3Tom
OCBEILIEHHOCTb H300pa’KeHMsi yObIBAa€T B HaNpaBJeHHH OT BeplIH-
HEl yrjla npHOJH3HTeNbHO OOpPaTHO NPOMOPHHOHAJBHO PACCTOSHHIO OT
BeplIHHEL. TakuM o6pasoM, urypa paccesiHHsi HMeeT BHJ SPKOTO MsATHA
C NIOCTENEHHO pacIUHpAIOMHMCSH «XBOCTOM», HAIOMHHAIOLIHM XBOCT KOMETHI.

Puc. 11, 7. CTPyKTypa IIHpOKOro MEepPHAHOHAJbLHOro mydka, obaa-
Aampoutero Kkomofl

O6o6uias npezcTaBjedHe 06 abeppalid KOMH Ha INHPOKHMH My4oK Jy-
yeH, (OpPMHPYIOUHX H300paXkeHHe TOYKH, PaclOJIOXKEHHOH BHe ONTHYe-
CKO# OCH, Ha30BeM KOMOJi B LIHPOKOM CMEIC/IE aCHMMETPHIO IUHPOKOIO Ha-
KJIOHHOTO Ny4Ka Jsiy4yeH, BeILIEAIMX M3 TOYKH NpeiAMeTa BHE OCH, N0 OT-
HOIUEHHIO K IJIaBHOMY JIy4y My4dkKa.’

Ha puc. II, 7 npexcraBnen mnpocredmHii ciayyadl MepHAHOHAJbHOMH
KOMBI, T. €. aCHMMETPHH Ny4Ka Jiyuyell, JeXalliX B MepHIHOHaJbHOH nJioc-
KOCTH.

M3 10ukn A NJIOCKOCTH NpEeIMETOB BHIXOAHUT NYYOK JyyeH, CHMMETpHY-
HBlil OTHOCHTENBHO TyiaBHOro ayua AP. B npocrpanctee H3oGpakenHit
3TOT MYYOK Jyyed OKasbiBaeTCs] HECUMMETPHYHBIM IO OTHOLUEHHIO K IJaB-
Homy ayuy P'A’.

Bokosrie iyun nyyka AB u AC ¢ KoopaMHaTamH Ha 3payke —+m 0 —m
06pa3yIoT Mo OTHOLIEHHIO K CpefiHemy (raBHOMY) Jiyuy A P npHbausurens-

HO TaKHe )Ke anepTypHbe YIMIB +U = F xtm;, KaKue o0pasyeT C 0Cbio
_J1yq, HAYWHA U3 TOYKH Ha OCH. Mepoil MepHaHOHAJEHOH KOMBI MOXET CJIy-
XKHTb BenHunHa K, onmpezensiemass ¢opmyJioii:
] . . .
K=—§—(l+m+l_m)——lo, (I1,65)

rae /'y — BbiCOTa, HA KOTOPOH T/IaBHEIA JIy4 C KOODAHHATOH B NJIOCKOCTH
BXOJHOro 3pauka m = 0 nepeceKaeT MJIOCKOCTb H3o6pamenus; 'y, H
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I'_ — TaKHe e BBICOTHI JUIA JBYX APYTHX Jiyuei c KOOpAHHATaMH -+ m
H —m.
HeTpynHo BHIETb, 4TO NpH H3MEHEHHH 3HaKa BeJHYHHB I’ (MIH w,)
Koma K ocTaHeTcs Mo BeJHYHHE HEHSMEHHOﬁ, HO H3MEHHT CBOH 3HAK.
Bo3aMmoxHE pa3JiH4HBIE CNYy4aH KOPPEKLHH KOMbBI B COUETAHHH CO C(l)E-
puyeckoii aGeppauneit. Ha puc. II, 8, a cXxemaTHueckH npejcTaB/ieHa

L‘”
'

Ao

S’

Puc. 11, 8. Pasaauunnle cnyuam MepHAMOHaAbLHOA KOMH B COYeTaHHR co cdepHue-
cxoft aGeppauueft

CTPYKTypa NyyKa Jiyyeidl B NPOCTPaHCTBe H306paxKeHH# NMPH HCIpaBJeH-
Ho# Kome (K = 0) u HcrpaBiieHHOH cepHuecKo# abeppauuu: ayun B'A’,
H C'A’, nepecekasorcs B TouKe A’y, pacnoJioXKeHHOH B IJIOCKOCTH H306pa-
xenusa. Puc. 11, 8, 6 coOTBETCTBYeT TaKKe HCIpaBJeHHO! KOMe, TaK Kak
ayuun B'B’'m C'C" pacnoJioxeHbl CHMMETPHYHO OTHOCHTEJIBHO TJIABHOTO
ayya P'A’y, HO chepHyecKas
abeppanus He ucnpabieHa: “

TOYKa nepeceyenns aydeit B'B”

u C'C” pacrnosioxkeHa BHe NJO- :

CKocTH H300paxennsi. Ha puc. ﬂ_,,’_. 7 7 - 7 U5 / 7
II, 8, ¢ mpencraeneHa Koma lm-a Ly, lﬂna\
I's

NpH HCIpaBleHHOH cdepHye-
CKOH abeppaiyy. “ 7

Becwa YHOGHO OHHEHBaTb Puc. II, 9. FpadHueckoe mpepcrasaenne aGeppauuu
CTPDYKTYypy IIy4Ka Jiy4eH rpa- MepHAHOHA/IBHOR KOMBI
(HYeCKH, OTKNaibiBasg MO OCH
abeunce Bennunubl I (um 8" = I'—1I'y), a no ocu opAMHAT — COOTBET-
cTBeHHbie 3Hauenus u', tgu’ wam m'. Tlogo6Hbie rpaduku, XapakTtepH-
dyioue aGeppaiiH Jiyyei IHPOKOTO HAKJOHHOTO MepPHAHOHAJbHOTO my-
YKa, CTPOATCA [ HEeCKOJbKHX YIVIOB MOJS @, HJAH IS HECKOJbKHX
3HayeHHH ;.

Ha puc. II, 9, a npeacrasnen rpaduk aGeppauuii Jyueit LWHPOKOro
HaKJIOHHOTO Ny4YKa, HMEIOIEro CTPyKTypy, H3o6pameHHyio Ha pHc. 1, 8,a.
Ipapuxu na puc. 11, 9, 6 u II, 9, 6 cOOTBETCTRBYIOT CTPYKTYpaM IyYKOB,
npeacrasaedHblX Ha puc. 11, 8, 6 u 11, 8, 6. I'padpuk Tana II, 9, 6 ykasu-
BaeT Ha NPHCYTCTBHE TOJIEBOH ChepHYecKol abeppaiuH, TaK KaK KoMa nyd-
Ka KoppurupoBana. Kpusas II, 9, ¢ ciMMeTpHYHA OTHOCHTENBHO abcCiMc-
cbi Ol', yto ykasmBaeT Ha To, yT0 aGeppauus 8!’ = I'—I'y coxpauser
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CBOIO BeJIMUMHY M JIMIUB H3MEHAET 3HAK NPH H3MEHEHHH 3HaKa y BeJNHUMHEL
m (UaH 4'); 5TO cayyai YHCTOH KOMEL.

AGeppauun Jiyyedi UIHPOKOrO HaKJOHHOTO Ny4yka OyAyT H3MEHAThbCS
NPH H3MEHEHHH NOJIOXKEHH A IIOCKOCTH ycTaHoBKH. Ha rpadukax puc. I1,9
npeAcTaBieHb abeppallHH Jyuell B NJIOCKOCTH NapaKCHaJbHOTO H306pa-
JKeHHA (rayccoBOH IJIOCKOCTH).

MoxxHO BOCNOJIBb30BaThCs KpHBOH abeppaiyi, MOCTPOEHHOH 114 rayc-
COBOH TJIOCKOCTH JIsl CYXKJEHHA O pacnpelle/ileHHH QHTyp paccesHHs Jy-

i yell B APYTHX IUIOCKOCTAX, €CJH

. | Mo ocH acbuuce OTKAaABIBATL 3HA-

tqu P o ! wens U (wm 8 =U' — 1),
b by | = LA i|l;  Ompele/IeHHbIE OTHOCHTEJIBHO IJIO-
irtl 1% ckoctd ['aycca, a mo ocu opam-

tqu/ -4l HaT— yMIBL &' Jly9a C ONTHYECKO#
OCBIO (a ellle JAy4uie — BEJHYHHE
tgu’); B Tako#l cHcTeMe KoopuH-
¢ & HaT HakJoH ¢ npsiMoit aa’ (pHc.
tgu! I, 10, @) oTHOCHTeNIBHO OCH  Op-
\ o JHHAT CBA3aH C BEJMYHHOH CMe-

e IEeHHs TJIOCKOCTH YCTaHOBKH (A )
Puc. 11, 10. AGeppauus mupokoro mawioR-  OTHOCHTEJIBHO IJIOCKOCTH [aycca

Bo!‘? nydKa B ﬂpOTﬂaSHB:BﬂKb;Dﬂ NJOCKOCTH Yc- CJIBJIYIOL[J.eﬁ 33aBHCHMOCTBIO:

L— 1
tgyp=—"—2— A, (11,66)

tgu,—1gu,
rae (I'y; tg u'y) n (I'y; tg u'y) — cyTe KoopauHaTH MOGOH naphl TOYeK,
B3ATHIX Ha NpAMOH aa’. AGeppauuy B CMeIIEHHO!H NJOCKOCTH MOTYT GhITh
HeNnoCPeNCTBEHHO OMNpeesieHbl, eC/IH OTCUHTHIBATEL BeJIHYHHBI abenuce [' He
OT BePTHKaJIbHOH OCH, a OT HAKJIOHHOH npsamol aa’.

T'eomeTpuyeckuit cMbica gopmyast (11, 66) nosicusercs puc. I1, 10, 6.
Ecnu cmecTHTh INJIOCKOCTB YCTAHOBKH HA BEJIMUHHY — A OTHOCHTEJBHO
njiockocTH 'aycea, To OpAMHATH MepeceyeH s STHX XKe JyyeH €O CMeleH-
HOH NJIOCKOCTBIO H3MEHATCH HA BEJIMYHHEI

L—U =Atgu,; L —1U=Atgy,,

rae I’ — opauHATH TOYKH NepecevyeHHsi JyyaMH HOBOH IJIOCKOCTH ycTa-
HOBKH; H3 9THX BHIDaXKEHHHl HaXOIHM:

l— I =A(tgu,—tgu));

otciofa noayyaem (II, 66).

Takas opueHTHPOBOYHAS OlEHKA BIHAHHA CMELEHHS NJIOCKOCTH yCTa-
HOBKH Ha H3MeHeHHe abeppalluifi Heo6XoAvMa /A OLEHKH KAa49ecTBa ONTH-
YeCKHX CHCTEM, NOCKOJbKY MOJIOXKEHHe MJIOCKOCTH HauJydmero Haopaxe-
HHSA MOXKHO BEIYHC/IHTD YCKOPeHHBIM CnocoGoM JIHILIb BecbMa NpUG/IHKEHHO.

Teopus aGeppauuii TpeThero nopsika OrpaHHYHBAETCs 061aCThIO MAJbIX
anepTyp ONTHYECKHX CHCTEM H HeGONLIIKX YIJIOB MoJs 3peHHs. Ecyu anep-
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Typa NyYKOB BeJIHKa, TO abeppallMH H300paMKeHHs TOYKH, PACIOJIOMKEH-
HOH JlaXKe B HerocCpeJICTBEHHOH GIM30CTH OT ONTHYECKOH OCH, OKas3biBaeTcs
BO3MOXKHBIM ONPEJIEJIHTh TOJNBKO NMyTeM HeNOCPeJCTBEHHOro pacyeTa Xoja
HECKOJIbKHX JIydeHd uyepes CHCTeMy.

OnHako B ONTHKE H3BECTHO BeCbMa MPOCTOE Mo dopme, HO riIyGoKoe 1o
CMBICTY YCJIOBHE CHHYCOB, SIBJSIOUleEC KPHTEPHEM KauecTBa H3oGpaxe-
HHS TOYeK, JeXalluX BecbMa G/M3KO K ONTHUECKOH OCH. YCJIOBHe CHHY-
COB SAIBJIfIETCA HEOOXONMMBIM H JOCTaTOYHBIM YCJIOBHEM CYIECTBOBaHHS
COBepIleHHOro H300pakKeHHs SJIEMEHTapHOro OTpeska dl, nepneHmMKyJsp-
HOTO ONMTHYECKOH OCH (a CJefoBaTe/NbHO, H BCEro 3JieMeHTa IUIOWajHu),
CKOJIb YTOJIHO LIHPOKHMH NMyYKaMH Jyyefi, eC/lH TOYKa TOTO 3/eMeHTa Ha
OCH HMeeT CoBeplueHHOe H300paxeHHe, T. e. H3o6paxkaercs Ge3 cdepuye-
cKoi abeppalluu.

Yc/oBHE CHHYCOB HMeeT NMPOCTYI0 (hOpMYJIHPOBKY:

n'dl'sinu’ = ndlsinu, (I1,67)

rie dl u dI’ — snemeHTHl npeaMeTa H H306pa}i{eHHﬂ, PacnosioxeHHbIe nep-

NeHJAHKYJAPHO ONTHYECKOH OCH; 4 M u' — amepTypHBIE YIVIH Jy4el, npo-
XOISIIHX COOTBETCTBEHHO yYepes OceBble TOYKH NpenMeTa H H300pameHHs;
n | n' — noKasaTe/H NpeJOMJEHHA Cpel MPOCTPAHCTBA NMPEAMETOB H H30-
GpaKeHHi.

INapa conpsKeHHBIX TOUEK HA OCH ONTHYECKOH CHCTeMH, JJii KOTOPHIX
BIIOJIHE HCTIpaB/eHa cepHuecKkas abeppalus H, KpOMEe TOro, BHINOJHEHO
YCJIOBHE CHHYCOB, HA3BIBAeTCA Mapof an/iaHATHYECKHX TOUEK.

PeanbHEle ONTHYECKHE CHCTeMHl C 0O/BIUHMH 3paykKaMH He HaloT Ta-
KHX COBEpIUEHHBIX H306paxeHuii: Aaxe NJs TOYKH HA OCH yJaeTcs HCIpa-
BHTb cepuyecKyio abeppalHio TONbKO AJA ABYX, PEIKO /1A Tpex Jyuyei;
OCTaJIbHBIE JIyYH LIHPOKOrO NyyKa HMEIOT HeyCTpaHHMylo cepHyecKyio
abeppanmio. B sToM ciyyae, ec/ii yCJIoBHE CHHYCOB BBINOJHEHO, KaueCTBO
H300paKeHHH TOYEK SJIEMEHTA MJOCKOCTH, NEepPNeHIHKYJSAPHOIO ONTHYe-
CKOH ocH, GyIeT ONHMHAKOBEIM C KA4eCTBOM H306par<€HHMS TOUKH Ha OCH.
Takoe nsoGpakeHHe SJieMEHTa IUVIOCKOCTH Ha3bIBAlOT H3OMJIaHATHYECKHM,
T. €. HMEIOLIHM OJIHHAKOBBIE NMOTPELIHOCTH HJIH HeloCTaTKH. B reomerpu-
geckoii onTHKe yxe B 1919 rony onnoBpemenno u HesaBucumo [lteGne u
Jlurouknm 6euio copMysIHPOBaHO HEOGXOZHMOE W AOCTATOYHOE YCJIOBHE
CyLIleCTBOBAHHA H30NJIaHATHYECKOro M300pa)KeHHs SJieMeHTa MJIOCKOCTH,
NepneHAHKYASPHOHR ONTHYECKOH OCH CHCTEMH,

®opmyaa Llre6ne—J/Tnroukoro uMeeT cieayiomui BAA:

3. — _nsinu I ds” 11,68
e Bon’ sinu’ k =5 " ( )
rie 8 — mpomosmbHas chepuyecKas abeppaums; B, = :Tl — napakcu-

albHoe yBeJsHyeHHe. 3ta opmyJia siBasercs 000OlIEHHEM YCIOBHSA CHHY-
CoB u mpespautaetca B bopmyay (II, 67) npu 8" = &, = 0.
Bripaxenue §,,, MoxKeT ObIT IPeACTaBJIEHO TAKKE B CeAyIoLiel popMe:

S LT . T b:',f ; (11,68")

Bon' sinu’ ﬁo
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rne

= nsinu =  an
) b= i P =
®opmyaam (11, 68) u (11, 68") moxer 6uITh npuana 06obiieHHas 3aNKCH
PP ST — (11,69)
ﬁo X —8

rie 1 — XapakTepH3yeT OTCTYIJIEHHe OT YCJIOBHS H3ONJaHaTH3Ma, TaK
Kak npu 1 = 0 npuxoauM K ycsosuio llre6ne—Jlnronxoro.

Wz Teopun abeppauuii TpeTbero MopsjKa BHITEKaeT NpHONHXKEHHasd
3aBHCHMOCTb MeX 1y aGeppauueil Mepuauonansnoii Komul K (I1, 65), 8¢’
(I, 62) 1 BesHYHHOH 7:

K =gy, =30, (11,70)
rae ' = ﬂ—ot, — paccTosiHue H300pakeHHsi TOUKH OT OCH CHCTEMHI.

Orpaunyuslunck obnacteio abeppali Tpersero nopsanka, us (11, 69),
(I1, 70) u (II, 46) u npu HopMuposke (11, 20) noayyum:

) ﬁ mtﬂ
B T T w—sp (125 —=5u), L7y
0
rne [ =n'l'a = —n'(xX'—s')f u vp = g—: = yIJIOBOE YyBeJHYeHHE B

3payKax CHCTEMEI.

Astopom [4] Goina nonyyena mpocras H yAo6Has JJis NPaKTHYECKOro

npuMeHeHns GopMyJsia, CBSISBIBAIOLIAS MepHIHOHAJbHOE NOMEepeyHoe yBe-
r r

JIHYEHHE B =g » CaTHTTATBHOE YBEHYEHHe Bs = a1 M MapaKcHanbHoe
na

yBesqHYeHHe By = T

B =3B, — 2B, (11,72)

3aMeTHM, YTO €CJIH YCJIOBHE CHHYCOB BHINOJHEHO, TO Bm = Bs = Bo =
= const.

dra dopMyJia cnpaBeHBa B npefiesaX abeppalldit TpeThero nopsaka.
Hs (11, 72) u (11, 71) Haxomum:

2 -
il sl o g SRS 1,73
2T —oy (125 = Su) = 33, @, 73)

Takum obpa3soM, BhipaxKeHHe, cTodlllee B npaBod wactu (II, 71), oka-
3bIBAE€TCA BO3MOXKHBIM OTpeNe/IHTb H3 pacueTa MepHIHOHAJbHOTO H Mapa-
KCHaJIbHOIO J1y4ei, HalpaBJEHHLIX COOTBETCTBEHHO NOJ YTI/IaMH & H ¢ K Of-
Tuyeckol ocu. Ilna carurranbHod Komel Konpamu [24] 6eina BoiBesena
caenyoman GopMysa, NPHBOAHMAS B NPHHATHIX HAMH 0003HAUEHUAX:

Ks = [anln + (1 + 8aln.) %] l;; (11,74)
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rae [, — MuHeHHBIAi SJEMEHT NpejaMeTa B CaCHTTAJbHOM HAanpaBJIeHHH.
3ameTHM, 4TO eciH chepHueckas aGeppallvsi NONHOCTBIO yeTpaHeHa (8s'=0)
H YCJIOBHE CHHYCOB BEINONHEHO (84, = 0), To caruTranbHas koma K, = 0,
Takum o6pa3oM, HclpaBieHHe KOMEL CBA3aHO C BEIMOMHEHHEM YCJIOBHSA
CHHYCOB; 3Ta CBfi3b HMEET MeCTO KaK B MepHIHOHAaJbHOM, TaK M B CaTHT-
TaJbHOM ceyeHHH. 1 OeCKOHEYHO yIaneHHOH MJIOCKOCTH npenmems

YCJIOBHE CHHYCOB npnnmaer BHI:
——=f" =const = f;. (I1,75)

sinu’

OTHoCcHTeIbHOE OTCTYNJIEHHe OT YCJOBHA CHHYCOB BBIDAa3HTCH B 3TOM
ciyyae GopmyJion:
1
asin = _'”'(

fo

Bf
- 7 ,7
fo) . (11,76)

sin u’

rze 6f = ['—f,.
Ycnosve usonnanatusMa Illre6ne—Jluroukoro (11, 68) sanuumerca B
BHJlE:

. |, .. S— ,76’
sln fo " s (H 76 }
HJIH
= g
. ¥ —s (IL,77)

Bo MHOrHX cHcTeMaX BHIXOZHOH 3payoOK COBNAJaeT C HX 3alHeil rJas-
HO# TIJIOCKOCTBIO HJIH pacnoJsioxeH G/IH3KO K Hell; Torgax'—s = — 'y u
¢dopmyaa (I1, 77) npuanmMaeT Gosiee npocToH BHA:

Bf" — bs’

fo
OTClofa AJA NonepeyHoH KOMBI MOJIYYHM:
gl =3'n, =—3tgw, Bf —3"), (11,79)

rjie w; — YroJ ¢ ONTHYECKOH OCbio IJIABHOrO Jiyya, ilepeceKaiouiero 3aji-
HIOI0 (POKaNbHYIO MJIOCKOCTb CHCTEMBI Ha BeicoTe /.

ACTHrMATH3M H KpDHBH3HA TOBEpPXHOCTH H306paxenusa. Ecau Bce
Kos(puuHenTol, kpoMe Sy ¥ Siy, paBHel Hymo (S; = Spy = Sy = 0),
TO OnTHYECKas CHCTeMa 00jajlaeT acTHIMaTH3MOM H KPHBH3HOH NoBepX-
HOCTH M300paKeHHs TPEThero mopsajKa:

Hs (I1, 46) u (I1, 48) naxoaum:

by = k' m R(3S), + I'Syy) =
=k'p" cosb’ [(3S;, + PSy)s
8y =k M1 (S +PS!V) =
=kp'sinb’ B(Sy + I*Sy).

(11,80)
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Bossens B KBajpaT 06e YaCTH STHX BHIPaXKEHHH H CJIOKHB HX, HaXOMHM:
ben + 3Gy,
[k' o { (88 + I*Syy )2] [k' P’ I’13(31|1‘1"”5-"'”1)]2

=1. (I1.81)

Monyunnn ypaBHeHHe siiunca ¢ moAyocamu a =k p' L (38 +
+PSy) nb=FKp RS, +Sy).

Besnuunne! @ u b pacTyT NponopHHOHa/NbHO NEpPBO# CTENEHH MapaMeTpa
o’ u Bropo# crenenu /. Ha puc. 11, 11 npeacrasnena durypa paccesnus
AJIfi HEKOTOPOH TOYKH NpeaMeToB (BenHuHHa [, (uKcHposana). CBeToBas

’ r
o zwj‘f'
e it
m’ -4 l.';
55" s
s j r’ o S;
-z §

I (z-s)=p"
Puc. 11, 11, ®urypa paccefsHus npm Puc. II, 12. Hameneuune aGeppa-
ACTHrMaTH3Me nee 0g' npu mepeMelleHHH mJo-

CKOCTH YCTAHOBKH

SHepTHA B 3TOH QHrype pacnpeliesieHa paBHOMEPHO, TaK KaK NJIOLIAaAH 3J-
JsiHncoB (rtab) GHrypHl pascesHHd BO3PACTAIOT NPONOPUHOHANBHO TJIOMW ALK
Kpyros mp’® Ha 3pauke.

PaccmoTpuM ceueHHe TOro Xe Nyuka Jydeil HEKOTOpOH MJIOCKOCTBIO
YCTaHOBKH, NapaJijie/lbHOl raycCOBOH MJIOCKOCTH, HO CMELIEHHOH Ha Be-
avgugy — A (puc. 11, 12). B rayccoBoit miockocTH, npoxofsumedi yepe3
Touky S'¢ NapakchHanbHOro HsobGpakenus, abeppauus pasua 8g’ii; B
nyockocTH S’ aGeppauusa paBHa 8¢ ui. M3 sneMeHTapHEIX reoMeTpHYECKHX
MOCTPOEHHH MOXKHO MNOJIYYHTE:

id A ‘ m’
3gy, = ( 1+ -)a —2 A
g o & p
rie p’ = —(x’'—s’); aHaNOrHYHO AJIA CATHTTAJBHOH COCTaBJsIOMmed

au A ' m
3G, =(1 + 7)30,“ —-A

3 A3G’
INpenebperas BeMuHHaMH BTOPOro MOpsAAKa, ——Apg' H :,G . HaxomuM:
yul v m' =r ’ M
8¢ = Sgm e A; 3Gy, = 3G, ———A. (11,82)

PaccMOTpHM HeKOTOphle THNHYHLIE CIyYaH BHIGOPa BEJHUHHBI CMeLle-
HHA [JIOCKOCTH YCTaHOBKH.
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1. Bribepem noJioKeHHe MJIOCKOCTH YCTaHOBKH, TPH KoTopoM 8¢’ = 0-
Hs (11, 82) u (11, 80) naxomum:

A= % dgiu =k p' B(3Sy, + PSy); (I1,83)

caruTTajbHas coctaBisiomas 6G’ ;1 B 9Toi MockocTH 6yleT paBHa:

B5;11 =—2'M lf St

Bsizodnod
Bxoduod Jpayox
Jpavok

! ,
8 7“V ¥

Pauc. 11, 13. CTpYKTypa acTHrMaTHYeCKOro nydka

T. €. QHTypa paccesiHHA JHNTHYECKOH OPMbI BLIPOXKAAETCA B JHHHIO M,
NepneHAHKyAPHYIO MEPHAHOHANbHOH TJIOCKOCTH; JJHHAa 3TOH JHMHHH
(puc. II, 13):

NGy, = 4" MBS, = 4k p" B Sy, (I1,83")
rae o' = M’ npu 6 = 90°.

2. Boi6epeM noJioxKeHHe TJIOCKOCTH YCTaHOBKH, NPH KOTOPOM 8G' =0.
M3 rex xe uipaxennii (11, 82) u (11, 80) naxoaum:

= 3Gy, =K p' B(Sy + PSyy). (I1,84)

Mepunuonanbras cocTapasiomas 6g 1 B 3To#f  NJIOCKOCTH OyAeT paBHa:
o | r ’
gy = 2k'm !TS!II'

T. €. PUrypa paccesiHHs BLIPOXKAAETCS B JMHHIO S, NEepHeH AHKYIAPHYIO OCH
(puc. II, 13) u nexaumyro B MepHIHOHAJNBHOH MJIOCKOCTH; HJIHHa 3TOR
JMMHHUH paBHa:

Bgyy =4k m' RS, = 4" " B Sy, (11,84")

Kak BHIMM, 3Ta JJIHHA NpPONOPLHOHAJbHAa PafHyCy BHIXOAHOIO 3padka.
3. BrifepeM mnosioXXeHHE IJIOCKOCTH YCTaHOBKH MeXJY ABYMs Npeibl- -
AYUHUMH, T. €.

- Bgo BG'
A=P 111 )
2 ( m’ + M
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Hs (11, 80) momyumm:
A=Fkp'E [28", + I? S,v] . (I1,85)
IMTocse noacranoeky B (11, 82) u yuera (11, 80) naxonum:
8 = k'm’ 1 Sy 3y, =—k M L Sy

Bosgens B KBaJipaT 3TH BHIpaXKeHHA H CJAOXKHB HX, IONYYHM:

—l"

3m + 6(—}‘;;1 = (k' i Sul)a (m"+ M’l) =(k' iy Sm)ﬂ' (I1,85)

Takum oGpasom, (HTypa pacCesiHHs B 3TOH NJOCKOCTH YCTaHOBKH Oyner
HMeTh BHZ OKpYxkHocTH (cMm. puc. 11, 13), paauyc Kotopoi §R’ paBen:

3R =k B o' Sy (11,86)

[

T. €. Be/IHYHHA SR’ NPONOPIHOHANbHA PaAHYCy BHIXONHOTO 3payKa p’.
4. OcoG6hbifi HHTEpeC NpeACTABJSET NPelbIAYIHi ciyyai IpHMEHHTEb-
HO K OOBEKTHBY, ¥ KOTOPOrO KOPpHIHPOBaH TpeTHH KosbhduuueHT abep-
pauu#t (Sin = 0); B stom cayuae 6R" = O (cm. II, 86). ®urypa pacces-
HHS, HMEBIUAs B 3TOH NJIOCKOCTH YCTAHOBKH (POPMy KpyTa, BHIPOAHJIACH
B TOYKY, T. €. IyYOK JiyyeH siBJIieTCH FOMOIEHTPHYECKHM, a BepIlHHa ero
pacrosoxeHa Ha paccrosiuud A = k'p'BI*Sy  (cm. II, 85) or nuoc-
KoctH ['aycca. Kak BuauM, 910 paccTosinde A pacTeT NponopUHOHAJBHO
B, 1. e. no npoctoMy nmapaboauyeckoMy 3akoHy. KpuBu3na moBepXHoOCTH
storo napaGosionsia, Kak caenyer u3 (11, 85) u (II, 85"), Oynmer paBHa:
1
=—=2%"p'PS,,, (I1,87)

1
R S

rae R, = R’y = R’ — paauycH KPHBH3HEI IIOBEPXHOCTH H300paxKeHus,
110 KOTOPO#i pacnonaraioTcst BepIUHHEL (LIeHTPH) TOMOLEHTPHYECKHX MYy4YKOB
JydyeH, BhIUEAWNX H3 00bEKTHBA, KaXJas H3 STHX BEPILUHH NMYYKOB fiB-
asfeTcs n3o0pa)KeHHeM COOTBETCTBEHHOH TOYKH npefimeTa. B miockocTsax
YCTAHOBOK, CMELIEHHBIX Ha MPOH3BOJIbHbIE BEJIHYHHB, H306paXkeHHsA ToYeK
6yAyT MMeTb BUA KPYTJbIX CBETVIBIX NATEH.

Bocnosnb3osasinch 06LIHMM BhIpaXXeHHeM BOAHOBO#H abeppauuy (11, 50)

TpeTbero nopsiika H moyoxue S; = Sy = Sy = 0, MoxkeM Hamucarh:
. 1 KT h 3
' Lz == -5 W_—_——s';;- [cos’B (8Syy + *Sy) +
+sin*0’ (S,,, + I*S,y)]» (11,88)

rae k' ETrF(L'_—s'Ts' T. €. BONHOBasa abeppallud IPU aCTHIMaTH3Me B LEHT-
pe noJis OTCYTCTBYeT M pacTeT MpPONOpLHHMOHANBHO KBajapaTy JHHeHHOTO

nons mpenMera /, uiH usobpaxkenua I’ = fly.
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Tlpu paccmoTperHoM Bbillle caydae, Korga Sin = 0, HaxomHM:

1 b’ P" l?

Pl =—5 w9

FS,.

(11,88")

Ortciojla O4EBHAHO, YTO BOMHOBaA abGeppauus GyneT OTCyTCTBOBaTh B TOY-
KaX n3obpaxeHus, CMellleHHBIX NPONOPLIHOHANLHO KBapaTaM HX paccTos-
aHuil OT onTHYecKoH ocH (I'? = f2/%,); sTuM onpenenurtca kpusHu3Ha (11, 87)
MOBEPXHOCTH, MO KOTOPOH PAacIo/oKATCs HEeHTPHl ChepHIECKHX BOJH, BBI-

[eAWHX H3 ONTHYECKOH CHCTEMBI.

Ha ocHoBaHHM H3/I0)KEHHOTO MOXKHO JaTb Obllee onpelefeHHe ACTHT-
MaTH3Ma KaK abeppallud, NPH KOTOPOH H3oOpameHwe TOYKH-NpeAMeTa,

HaXoAsilelca BHe OCH H o6pa3syeMoe Y3KHM NYyYKOM
nyvei (B Teopun abeppaunii  TpeTbero mnopsjKa
npeanoJaraercsi, 4to m ¥ M’ manui), okaskiBaercs
B BHJE JBYX JIHHHH, PacnoJIOXeHHbIX NepneHAHKY-
JSpHO JAPYT APYry H Ha pa3HBIX pPacCTOSAHHAX OT
naockoctH [Maycca. 310 sAB/NeHHe BO3HHKAeT BCJen-
CTBHE TOTO, YTO JYYH HAKJOHHOrO Myd4ka, pacmo-
JIOMEHHbIE B MEPHIHOHANLHOM H CarHTTaJbHOM Ce-
9eHHSX, HMEIOT PasjIHYHblE TOYKH CXOJAHMOCTH —
TOYKH MEPHAHOHAJBHOIO H CArHTTAJbHOIO (POKYCOB
GecKOHeYHO TOHKOINO HaKJIOHHOTO My4Ka.

OnpenenuM pacCTOSHHA 3THX aCTHIMaTHYECKHX
¢dokycoB or muaockoct Iaycca. Ha puc. 11, 14
NpeiCTaBJeHO MePHIHOHA/NbHOE CeueHHe NyuKa Jiy-
yell, BBIXOJAUIHX H3 3pauka cHcTeMzl P’ P’'s.

Puc. 11, 14. Onpenenenue

0O/IOMKEeHHA MEepPHAHOHANb-

HOro dokyca AaCTHrMaTH-
9ecKoro myuka

Onpegennm auHHO paccesiuus A'(A’, Nyyka B rayccoBOH IJIOCKOCTH
8’y. O6o3nauuB paccTosinue rayccoBa nzobpaxcesus A’ oT ocu Oyxsoii I',

Oy YHM:

S Ay =1I"+3g, u SjA, =I+3g,;

nunus paccesinus A'4A’, onpenenurca dopmyJoi:

A A =18g,—dg;
H3 TOJOOHSA TPEeyroJbHHKOB HaXOIMM:
by —tg  —2m’
—_ x:,, P+ x:n

Ipenebperas x, B 3HaMeHaTeJie NpaBoH 4aCTH, NOJyYaeM:

’

X, = JT(Bg;—- 3g)) -

(11,89)

BuiuncnsieM pasHocTb 8g'»—08g’y, ABam ALl NpHMeHAA NepPBYIO H3 ¢op-

Mya (11, 46):
Lt &
m 2“' (xl__sr)z

(Bsul + FSIV)' (I1,89")
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AHanorHYHO MONYYHM 1Ji PacCTOSHHA x', CarHTTajabHOro ¢oKyca:

: &

X =" 5w ey Cm T Sw)- (11,9

npOEKuHﬂ acCTHI'MaTHYeCKOH Pa3HOCTH Ha OCb, XapaKTepH3ymwollasa ac-
THFMaTH3M CHCTeMbl, IPONOPLHOHalbHAa Kos(uunenty Sii:

o
L r l r
xa - xm = n’ (xr _sr)g Sl" ¥ (11’90 )
Ins doTtorpaduyeckoro o6beKTHBa, KOrja MJOCKOCTh npeAMeToB Gec-
KOHEYHO YZAaJsieHa, NOJIOXKHB

u I = —ny, nONyUHM:
x;n=_7f w) (33111 + n} Sw)

’ 1 ’
X, =”‘Wf wf Sy +1n3 SIV);
x '—x —-n—f ”l (II,gl)

2TH GHOpMyJabl ONpelesifiOT KPHBLIE — reOMETpHYECKHe MeCTa MepH-
IMOHAJILHBIX M CAarHTTa/NbHLIX (OKYCOB C Pas/IMYHBIMH YIVIaMH HaKJOHA
K ONTHYECKOH OCH; 06e KpHBEEe HMeloT GopMy napaboJi ¢ pasIuYHbIMH Napa-
MeTpaMH, Kacalollnecs oiHa ApYrof B TOUKE Ha OCH CHCTeMbl. Pafuychi KpH-

BH3HH R, H R’ B BepluHHaX mapa6os onpelensTCs M3 COOTHOLIEHHH:
R r ; r (11,92

= H =—, :

m = ox s o

7
m

rie I' = Bof; Bo — NHHelHOE yBeJHUEHHE CHCTEMHI.

Beiitle 6bl1H paccMOTpeHbl BHAK GHIYP paccesHHs Jydel B H3obpake-
HHH TOYKH, oOpasyeMnle aCTHTMaTHYecKHM myukoM (cm. puc. II, 13). ITy-
40K (opmHpyeT H3o0paxkeHue TOYKH B B BHIe ABYX acTHrMaTH4YeCKHX (o-
KaJIbHBIX IMHUH: THHHH MEPHAHOHANbHBIX HOKYCOB M H JIHHHH CATHTTaJb-
HbiX (orycos S. CeueHHe NyYKa NJIOCKOCTbIO, PAacCMOJIOMEHHOH MEXIY
auHuaMH M u S, obpasyer Quryphbl paccesHHs Jydel, HMeIOLIHe BHJA -
JIMTICOB, ¢ Pa3NHYHOH OpHeHTalHeH HX oceH.

Paccrosnne SM MeXIy MepHIMOHAJNBHBEIM H CarHTTaJbHBIM H306paXe-
HHAAMH TOYKH B, oTcYnTaHHOE MO IJIaBHOMY JIy4y, Ha3LIBaeTCs acTHIMa-
THYECKOH Ppa3HOCTBIO; INPOeKUHI0 oTpe3ka SM Ha onTHyeckyio ocCb
Ha3bIBAIOT MpOoeKIHeH acTHrMaTHYeCKoH pasHOCTH. O4eBHIAHO, €C/IH aCTHT-
MaTHyecKasi pasHOCTb PaBHA HYJNO, TO aCTHIMaTHYECKHI MYUYOK <BLIpOXK/a-
eTcsi» B TOMOLEHTPHYECKHH.
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Ipn H30OpaxkeHHH NPOTSHKEHHOr0 O0BEKTa HEOOXOAHMO MOCJELHHMH
paccMaTpHBaTh KaK COBOKYMHOCTb CBETAIIHXCS TOYeK, Kax<Aas H3 KOTO-
pbiX H300paXaeTcs acTHTMaTHYecKHMH nyykamu. Hanpumep, ecan o6bex-
TOM sIBASIETCS OTPe30K AB npsiMOH JIHHHH, PaCroJIOXKEHHOH B MEpHIHO-
HaJbHO# nyockocTH (puc. II, 15), To Ana Kax[aoi M3 TOYEK 3TOH JHHHH
HAaXO[HM CarHTTajbHbie H MepHAHOHaJbHhle H300paX<eHHs COOTBETCTBYIO-
IHX TOYeK MpeAMeTa H OTMeYaeM Ha KaxJOM [JIaBHOM JIyuye NOJIOXKEHHE
3THX H306paxenuit. CoeiHHAS BCE ITH TOYKH, NMOJYYHM TeoMeTpHYECKoe
mecto SA” 1 MA’' caruTTaJbHBIX H MePHIHOHAJBHBIX H306paKeHHH SJle-
MEHTOB npsAMoii AB; npu 3ToM KaxJas TouKa oTpeska AB u3obpa3ntcs Me-
PHAHOHAJbHBIMH MyYKaMH B BHJIE CarHTTaJbHO PaClO/IOKEHHBIX OTPe3KOB,

— s
%A’ A'
a g

Puc. II, 15. IToBepxHocTn uaoGpaxkeHuft, Puc. II, 16. Hao-
ofpasyeMble ACTHIMATHYECKHMH MydKaMH GpaxkenHe OTpeska
npAMoi  acTHrma-
THYECKHMH OyuKa-

ME

AJMHA KOTOPHIX BO3pacTaeT NPONOPIHOHANLHO KBAJAPaTy PacCTOAHHA OT
uentpa (puc. I1, 16, a); ato u 6y et MepHIHOHANLHEIM H306paxkeHueM MA'
oobekTa AB. Kaxnasa tTouka orpeska AB 1u306pasuTCsi CarHTTaJbHB-
MH NyYKaMH B BHJIE 3JIeMEHTAPHHX OTPe3KOB, PaclO/IOMKEHHBIX B MEPHIHO-
HaJBHOM IJIOCKOCTH; HAKJaALIBasCh APYr Ha JApyra, OHH JaAyT pe3Koe
n3obpaxkenune (puc. II, 16, 6) SA" npamoii AB.

ITpoTHBONONOXKHYIO KapTHHY NOJYYHM, €cyiH 06beKkToM GyneT npsmas,
npoxojsllas Yepes TOYKY, JeXKallylo BHe OCH H PacloJIOXKEHHYIO CaruT-
tanbHo. OueBHAHO, HanOOMee pe3Koe H3obpakeHWe 3TOH TpsMoi GyneT
o6pa3oBaH0 MepHIMOHAJbHLEIMH Ny4YKaMH Jydell, pacHoJIOXKeHHBIMH Ha
KPHBOH MepHAHOHAMbHHEIX (POKYCOB.

CrnoxHee GyzeT KapTHHa, eCliH 00beKTOM fiBJIsieTCs ByMepHas (urypa,
HanpHMep, CHCTeMa KPyroB € LEHTPOM Ha ONTHYECKOH OCH H HX paiHycOB
(puc. 11, 17, a). O6beKTHB, HMEIOUHI aCTHIMATH3M, HE MOXKET AaTh OLHO-
BPeMeHHO Pe3Koro H3oGpaxeHHs oGenx cucreM nunuit. M3obpaxenns, o6-
Pa3soBaHHBIE 3JIEMEHTaPHBIMH MEPHIHOHAJbHBIMH NyuKaMH, GyAyT HMETb
BHJ, npejcTaBieHusiit Ha puc. II, 17, 6, T. e. oKpyxHOCTH H300passTcs
Pe3ko, TaK KaK 3/IeMEHTAapHBIE aCTHrMaTHYecKHe (oKanbHbe JIHHHH, Ha-
Jarasicb OfHAa Ha IPYryio, HE HCKa3AT PHCYHKa; H300paXKeHHS PalHyCOB
GyayT pasMbITBIMH; BMECTO TOYEK NOJYYaTCs JeMEHTAPHbIE JIHHHH, LJIHHA
KOTOpLIX BO3pacTaeT NpH yAajleHHH OT LeHTpa usobpaxenusa. Msobpaxe-
HHsl, 06pa3oBaHHEIE SJIEMEHTapHBIMH CaTHTTaJNbHBIMH NyYKaMH JydeH, mo-
Kasauwr wa puc. I, 17, s.
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PaBromepHoe pacmpeliesienne pesKocTH u3o6paxeHuil Konel u panuy-
COB MOJTYYHTCS Ha IOBEPXHOCTH H300paXKeHHH, KOTOpas MMeeT GopMy mo-
BEpXHOCTH Bpaimenns KpusoH K (cm. puc. II, 15), npoxonsimed mexny
MEpHHOHAJIbHOH H CaruTTanbHOH KpuBbiMu. Ha mosepxmoctn usoGpaxe-
HH#A TaKoH (OpMbI Kax/1asi To4Ka o6beKTa H306pa3uTCsi B BHAE KPY¥Ka,

Cpenusisi KPHBH3HA NOBEPXHOCTH —l%,-nﬁm{su LeHTPa Moas, KaK caedyer
u3 (11, 92), onpegeantes Qopmymnoii:

(11,93)

7

Puc. 11, 17, HaoGpaxenne maockoft GHryps acTurmaTHueckKHMH
nyuKamMu

ACTHIMaTH3M ONTHYECKOH CHCTEMBI OBBIYHO XapaKTepHusyioT rpaduue-
CKH — Ha OCHOBAHHH De3YJIbTaTOB pacyeTa NOJIOKEHHH aCTHIMATHYECKHX
(GOKYyCOB x's M X'y, MEMEHTAPHEIX MYYKOB.

OrknansiBasi MO OCH OPAMHAT YIVIbI HAKJIOHA W@ TJIABHBIX Jayyeidi, BHI-
XOMAIUKX H3 Pa3NHYHBIX TOYeK 06BeKTa /, a MO OCH OpAMHAT — PacCTOs-
HUSL X's U X'y ACTHIMAaTHYECKHX (POKYCOB OT MJIOCKOCTH l'aycca, nonyyum
Pa3JHYHBIE BO3MOXHEIE CIy4YaH aCTHIMaTHYeCKHX KpuBhX. Puc. 11, 18, a

ks v w w
M ] s o
\‘ 30 30 ”H\\ S
20°
n° 0° 70°
i L3k N ]
gt 1013 <10 Tz,
_4_ 'l': a F g
(2

Puc. 11, 18. Tpaduueckoe npencTaBieHHe acTHIMaTH3IMa

COOTBETCTBYET CJIy4alo, KOrA2 CHCTEMa MMEET aCTHIMAaTH3M W KPHBH3HY
MOBEPXHOCTH u300paKeHHs, MOHMMasi MOX MOCJELHEH NOBEPXHOCTH

(cM. puc. 11, 15), pacnonoxennyio MeXJy 06eHMH aCTHIMaTHYeCKMMH 110~
BEPXHOCTAMU M u S; BC/eACTBHe HaJWYHsA STOM abeppaluy jnaxe npH
OTCYTCTBHH aCTHIMaTH3Ma (x'y—x'y, = 0) H300paxkeHHe 110 OO OKaMXKeTCA
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Hepe3KHM Ha TIocKoM 3kpaHe. Puc. II, 18, 6 coorBerctByer cayuaio, Kor-
Aa KPHBHM3HAa TNOBEPXHOCTH H300pakeHHs HcrnpasJeHa (x'; =— x',,), HO
4CTHIMATH3M BECbMa 3HAYHUTEJIEH.

HMeroTcst ciioxHbIe ONTHYUECKHE CHCTEMEI, TAK Ha3BIBaeMEle aHa C T H I-
M aThl, oOnajaloUide MCIPaBJEHHBIM acTHrMaTH3MOM (x' ;—x',, = 0)
ZJ11 HEKOTOpOro yrJla Nojf @ M 3HAYHTeJbHO YMEHBIIEHHbIM aCTHIMaTH3-
MOM H KPHBM3HOH NOBEPXHOCTH B MpejesiaX BCEro MnoJjs; H3o6paKeHue
110 BCEMY IOJII0O HMeeT JOCTAaTOYHO Xopourywo pe3kocTb. Ha puc. I, 18, 8
NpeACTaBJeHLl aCTUTMaTHyecKHe KpHBble IIHPOKO PacnpocTpPaHeHHOro
o6beKTHBa — aHacTHrmara «MHAycrap», acTHIMaTH3M KOTOpOro moJ-
HOCTBIO HCTIPaBJieH AJsi yIJla w OKoslo 25° H HeBesNHK B mpejesiaX moJs
spenus 2w ~¥>5—56°.

Ecau dotorpaduyeckHil o6beKTHB He MMeeT abeppalluil BBICIIHX NOPSAA-
KOB (MAeaNH3HpPOBaHHBIH C/y4aH) H aCTHIMaTH3M TPeTbero Nopsika Kop-
puraposa (S =0),T0, Kak cienyer u3 (I1, 91) u (11, 92), o6e acturmaru-
yeCKHe NMOBepXHOCTH H300paxeHHs CAHBAIOTCS H PaJHyC KPHBH3HLI R’ mo-
BEPXHOCTH ONpEJeNHTCS H3 BHIPaKeHHS:

1 n’
+ =7 Sw- (11,94)
Hrak, kosdpduuneHT S;y onpelensieT KPHBH3HY OBEPXHOCTH H305paxe-
HHil, eC/IH CHCTEMa HCNpaBJieHa B OTHOIIEHHH acTHrMaThama (Sy1=0).

Hucropcus. IMocaegusas H3 MOHOXpoMaTHYeckKHX abeppauuii Tperbero
nopsiika — JAHCTOPCHS — onpelensercs BolpaxenneM (II, 46):

dg), = —k BS,. (I1,95)

IIpu onpenenennu Xoapduuuenta Sy npuusara Hopmupoeka (11, 20).

Orta abeppalus He 3aBHCHT OT KOOPAHHAT NePeceyeHHs Jyya C BhIXOJ-
HeIM 3paukoM m’ ¥ M’; 9TO 3HauYMT, 4TO NPH OTCYTCTBHH ApYrux abeppa-
LK BCe JyYH MYyYKa, BHIXOASIIIHE H3 HEKOTOPOH TOYKH o6beKTa, cobupa-
10TCA B OJHY TOYKY B MIocKoc TH I'aycca, OTCTOALLYIO OT OCH Ha paccTosi-
HAH [', He coBmajaiolleM c paccTosiuueM [’y = Boly, COOTBETCTBYIOUIHM

cryyaio H3oGpakeHHs oObekTa [; HealbHOH CHCTEMOH, oﬁ.nanalom.eﬁ JIH-

HefiHbIM yBenHueHHeM Bo. Pasuoctb Bemuunu [ — I, " sBnsercs

MuHeliHOW MepoH amcTopcuu, ecan: 8¢g' =0, To A = [’y npu Bcex
3Havenusx ! = Ply, T. e. yBeqMueHHe P ANA BCeX oTpe3KoB /; ocraercs
HEH3MeHHEIM:

Paie et TN nstnT (11,96)

L (0y —sy) tgwy

H3zobpaxenusi, y10BJETBOPAIOUIHE STOMY YCJIOBHIO, HA3BIBAOT O P T O-
CKOonMmHUYECKHMH; CBOHCTBO ONTHYECKOH CHCTEMbl JaBaTb OPTOCKO-
NMHyecKHe H306paXKeHHs Has3biBaeTcs Op TocC K om u e #. Takum obpa-
30M, aGeppalsi AHCTOPCHA SBJISETCS MEpOH HCKaXkeHHA H300paeHHH
BesieficTBHE HENOCTATOYHON opTocKonuH; ecan §g' = 0, HMeeM:

Ir = l'o + agl’
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WJIM, pa3fieJiHB o0e YacTH BHIPAXKEHHS Ha [j, MOMyYHM:

P+ Bt (11,97)

’

s (11, 95) u (11, 97) cnenyer:
$=—rES, (11,98)

T. €. U3MEHEHHe yBeJHYeHHs NMpPONOPIHOHANBHO BTOPOH CTemeHH [y Wiy

TaHreHCy yrJa w, NnoJs 3peHHd.
OnTHyecKasa CHCTEMa JaeT HEHCKaXEeHHOoe OpPTOCKONMHYECKOE Haoﬁpame.

nue, ecni 6f = 0; HEOGXOIMMBIM H AOCTATOYHBIM YCJOBHEM STOTO:
Sy =0. (11,98"
IIpn GeckoneuHo yaaneHHOMH NIOCKOCTH npeameToB Bhipaxenue (11, 98)

TepseT cMeics. Bennunny nunelnoi aucropeuu 8g’ = I'—/!'; HaxonuM u3
(11, 37):

. fo
3g), =— % tew, S, (11,99)

n
HJIH Tak Kak [’y = n: ' otgwy, monyuum:

bg ;ll tg? wy
—— T o it S . Il,gg’
l; 2”1 Voo ( )
OueBuziHO, €ClH Sy = 0, To 8¢y = 0 H, caeloBaTenbHo, [ =

= l'o; 3TO 3HAYHT, 4YTO AJIfA BCEX YTIJIOB I10J1 Wy IIPH BBINOJIHEHHH ycCJioBUs
OPTOCKONMHH I/ GECKOHEYHO yJaJIeHHOH NJIOCKOCTH NpPeAMETOB AOJIKHO
co6a0aThCsi NOCTOAHCTBO OTHOLUEHHH:

e const; (I1,100)

tgw,

MPHYEM, €CJIH 3TO OTHOLIEHHE OCTAeTCA PaBHLIM NapaKCHaJbHOMY (POKY-
CHOMY pPacCTOSHHIO f'g, TO HCNpaBJieHa ONTHYECKAs AHCTOPCHS; 3TO XKe
OTHOIUEHHE MOXKET C JOCTATOYHOH CTENeHbi0 TOYHOCTH OCTABATHCH HEH3-
MEHHBIM JJi BCEX YIVIOB Wi, HO HE OhITb PaBHBIM ['g, YTO COOTBETCTBYET
HCIPaBJIEHHIO TaK Ha3biBaeMOHR poTOrpaMMeTpPHUYECKOH A HC-
T O P C H H, KOrZla, HaipHMep, NPHMEHSIOT oTorpaduio B reofe3nH, aspo-
CbeMKe H T. A. H (oTorpadH4ecCKHMH CHMMKaMH MONB3YIOTCA AJA H3Mepe-
HHSI KOOPIHHAT ToYeK u300pameHHi.

IlpucyTcTBHe aGeppaliH AHCTOPCHH NPHBOAMT K HAPYUIEHHIO Nof06HA
Mex]ly npeamerom H ero usobpaxenueM. Kak caexpyer us (11, 99), B 3asH-
CHMOCTH OT 3HaKa Kos(ppunuenta Sy, BeJHYHHA g MOXKET GHITh MOJOXKH-
TeJbHOH HJIH OTPHIATeJbHOH; mepBblii cayuail (8g'=>0) npusoput K Tak
Ha3biBaeMo#i Moy IIKOo6pa3Hoi NUCTOPCHH, B Pe3yJibTaTe KOTOpOiH BMeCTO
kBagpara (puc. II, 19, @) wu3o6paxaercs ¢urypa, npuseienHas H3
puc. 11, 19, 6; Bropoit ciyuait (8g’<<0) npuBoxuT K GoukooGpasuoi AH*
cropcuu (puc. 19, ).
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B uncne rpapukoB aGeppauuii NPHBOLATCA TaKkKe H KPHBHIE ZRUCTOp-
cuu. Ilpn HX mocTpoenHH Mo ocH abeuuce OTKAAJLIBAIOT JHHEHHYIO AHC-

, I'—l,
TOpCHIO (I’ —Iy) HNH OTHOCHTENBHYIO AHCTOPCHIO T"’, KOTOpPYIO O6LIYHO

BHIPAXAIOT B IPOLEHTAX; IO OCH OPJMHAT HAHOCAT BEJHYMHH YTJIOB NOJA
3peHHs w.

PaccMoTpeHHBIMH NATHIO a6eppalHAMH 3aKaHYHBAETCH NepeyeHb MOHO-
XpOMaTHYeCKHX abeppauuit TpeTbero nopsaka. B peanbHBHIX CHCTeMax
OTe/bHEIE BHAEI MOHOXPOMaTHUECKHX abeppaiHii TPEThero nopsjaka noy-
TH HHKOTHa He BCTPEYaloTCA: OOBIYHO HaOMIONAIOTCH KOMOHHAIIMH BCEX
abeppanuii BMecTe H, KpoMe TOro, Ha
HUX HaJjaraioTcsi abeppalMH BEICLIMX
1Op ILKOB. :

Hannuue aGeppauuii BBICWIHX mO-
PALKOB CHJBHO YCJIOXKHSET KapTHHY

pacrpejieieHdss JyyeH B IIJIOCKOCTH a 7 s
H300paxKeHHs; 9TO pacnpeleieHue Ghi- N 4
CTPO MeHSieTC C H3MEHEHHEM MOJIoXKe- " " BEA aucropcher T

HHAA TOYKH OOBEeKTa [y H OTBEPCTHA CH-
creMbl my H M,. Benuuunbl aGeppaunii
BLICIIHX MOPALKOB YYHTHIBAIOTCA Ha OCHOBaHHMH TOYHOIO pacyeTa Xoja
nydeil yepe3 ONTHYECKYIO CHCTEMY C NMOC/EAYIOUIHM OTHeIeHHeM» H3BecT-
HBIX BeJNHYHH abeppauuit Tperbero mopsaka. Cneayer Aymath, 4TO BO3-
MOXHOCTH B 5TOM HaNpapBJ/ieHHH CYIIECTBEHHO pacIIHpATCA B GuxKaiiine
rofibl B CBA3H C NOSBJIEHHEM SJIEKTPOHHBIX UH(POBBIX CYETHHIX MAallHH.
Mpencrasaenue abeppaunit naroro nopsanka. Kak 6b10 yKasaHo Beilie,
YHCJIO HE3aBHCHMBIX MOHOXPOMAaTHYeCKHX abeppaluit MsATOro nopsiaka
paBHO neBATH. O6lee BhpaXkeHHe COCTaBJfOWHX abeppaunii §g’, u 6G',
npexcrasiero pajamu (11, 3), B kotopwix m’, M’ u l; ABnsioTCA napamer-
pamu, onpejensIOUHMH MOJIOKeHHe ay4a. BosnoBas abeppanus nsToro
nopagka Ly npexacraBnena psagom (II, 8) uam panmom (II, 10°) — B Ko-
?Iplnug;nax «',U'H w, cBA3aHHBIX C MEepBHIMH KOOpPAHHATaMH (opMysaamH
s B).
Takuu o6pasom, Kosdduunents: abeppaunit pagos (II, 10") u (11, 8)
NponopUHOHaNbHBL APYT APYTY:

By =(x'—5')*B,; By =(x'—5s')(x,—s))*By;

By = — (x' — ') (¥, —s,) B}

By + By = —(x" — s (% — 5,)* (By+ Bg) s

B, = (x' —s')* (x,—s,)* B, \ (I1,101)
Bl = (x" —s")?(xy — )" B};

B, + By =(x'—s")* (x; —s)? (B; -+ Bs) :

B+ B; = (x' — ') (x;—s,)* (Bl + B,) i
IMposepeM kaaccupuKaumio abeppaunit NATOro NOpAAKa.
Cgepuueckan aGeppauus nsitoro mopaaka. [IoJioxKHB B BhIpaXKeHHH
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(I1, 3) Bce KospdHLHEHTE, KpoMe B’y, paBHBIMH HYJIIO, NOJY4YHM:
bg, = 6Bym’ (m""+ M) = 6850 cos ',
3G, = 6B, M’ (m" + M"")" = 6B;p" sin 0, (11,102)

rie no-npexueMmy m’ = p’ cos®’; M’ = p’sin 6’.
Orciona HaxoauM:

=V 3g, + 3G, = 6Bp".

Takum 06pa3oM, OKPYXKHOCTH pajuyca p’ B MJIOCKOCTH BBHIXOJHOTO 3payka
COOTBETCTBYET OKPYXKHOCTb pajuyca SR’y B I/IOCKOCTH (PHIypHl pacces-
HHA; OAlIaKO pasMephl KPYIKKOB paccesHHs 4Ype3BbiyaHHO OGBICTPO BO3pac-
TalT — NPONOPLUHOHANBHO NATOH CTeNeHH p'®, UTO NPHBOAMT K BecbMa
OLICTPOMY NafieHHIO OCBEIIEHHOCTH OT LIEHTPa K KpasiM KPYXKKa pacCcesHHs.

Kak cnenyer u3 (II, 8), BonnoBas ciepuueckas aGeppallusi NATOrO
TopsfiKa qpessuqaﬁﬂo ,BO3pacTaeT — MpONOPUHOHANBHO IIECTOH CTeleHH
BeJIHUMHBI painyca p'é:

r'L, = B;(m"+M")’ = Byp". (I1,103)

[MpaKTHYecKHit HHTepec NMpPeACTaBAAET ONpejiesieHHe MOJIOXKEHHs MJIoC-
KOCTH YCTaHOBKH, B KOTOPOii BoJiHOBast abepparys 06beKTHBa HMEeT MHHH-
MaJibHOE 3HayeHHe H onpelle/ieHHe BeJHYHHbI STOH MHHHMAJbHOH BOJIHOBO#
abeppauui.

Ilpeanonoxum, 4To o6beKTHB 0bJiafaeT chepHyecKoH abeppallHelt TPeThb-
ero ¥ NATOro MOp#ALKOB:

aS’ =6Si” “!—55;, =—.2!TSI u'l'—ﬁ(x'—“sr)a B;u"=

= Au"" + Bu"". (I1,104)
Ilycts, Kak3TO Yacro GhiBaeT Ha NpakKTHKe, cpepryeckas abeppanus
Ha Kpaio 3pauka KOppHTHpOBaHa:
¥’ == Au,, + Bu,, =0;
oTciofa: .
A= —Bu;'p. (I1,105)
Bocnoas3osasiuck (11, 58) u (11, 103), nanuiueM BeIpaXKeHHe BOJHOBOH
cepuyeckolt abeppauuH Tpe1‘bEI‘0 H NATOro NOpsiiKOB:
'

L=—3%s, u" + %63{, u'.

B niocKocTH yCTaHOBKH, CMELIEHHOH HA BEJHYMHY A OTHOCHTEJIbHO
nnockocTn Iaycca, mocnenHee Bblpa)kenue NpHMeT BHI (cM. II, 59):

—;‘ Au. (11,106)

1 v ’ 1 ’ r2
L= TBsm Ut —6~st U+
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OnpefesnnM BeJMYHHY CMEUIEHHS IJIOCKOCTH YCTAHOBKH A, NOpPH KO-
TOPOM BOJIHOBasi aGeppalis Ha Kpawo 3payka ofpauiaercs B HYyJb:

1 ’ i 1 2 5
L =TBS[“ qu +-——-8 + -S_;_Am u“p =0,

KD

orcioAa, Bocnoss3oeasluck (11, 104) u (11, 105), nmeem:

A, =%3u;p. (11,107)

B 3Toffi NJIOCKOCTH YCTaHOBKH BBIpa)KeHHe BOJIHOBOH abeppauuu
(11, 106) npu yuere (II, 104) u (II, 105) npumeT BHA:

1 T a3 2 3 ‘e
- ?B (— Buy, ** + 2x° + u; x) , (11,108)
roge x = u'? .
OmnpenenuM HanboJsblllee 3HaUeHHe BOJHOBOH abeppamuu L,, B 3TOH
MJIOCKOCTH YCTaHOBKH, paccMaTpuBas L Kak ¢yHKUHIO napameTpa u'.

Onpenenns npousponnyto ¢yuxunio L (I1, 108) u nonoxus ee paBHo#
HYJIO, HaXOpHuM:

5 1 '3 ’
¥=— Hp(li?a—), (11,108")
TMoncraeue sTo sHauenue x B (11, 108), monyuum:
v g
L,=*—45=— 15 Kp.- (I1,109)

31y GOpMyJy MOKHO npeoﬁpaaona‘rb, BOCIOJIb30BABILIKCE H3BECTHHIM
CBOMACTBOM: IPH HCOpaBJIeHHOH Ha Kpaio 3paykKa cepuyeckol abeppalnH
TPETBEr0 M MATOrO NMOPAAKOB MaKCHMaJsbHOe 3HayeHHe abeppallHH HMeeT
MeCTO Ha 30He OTBEpCTHS

’ ﬁu'

u = p) Kp'

Hs dopmya (11, 104) u (II, 105) naxoaum:

25 g = — Bit, (Y- 1 ) + B(%- ) = —-L By . (L110)
Tlocne noacranoeku B (II, 109) umeem:
V3 8
Ly = & 88, Uy (IL,111)
HIH, BHIPa3HB BOJIHOBYIO abeppauuio L, B JTHHAX BOJIH A, TIOMYUHM:
L,,,~6083mu Kp, (IL111°)

npu stom npuusto A = 0,00055 ma. dra GopMmyna NpHMEHSETCS HAMH Ha
NpakTHKe AJsi npeapapuTenabHbX noacyeroB. Ha puc. 11, 20, a npuseen
rpaduk npoposibHOH chepHyecKod abeppalMi, Ha KOTOPOM MNYHKTHPOM
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NOKa3aHO MOJIOXKEHHE NJIOCKOCTH YCTaHOBKH, CMELeHHOH Ha BeJIHYHHY —
Am {cM. 11, 107) oTHOcHTesnbHO nJsockocTH I'aycca; H3 cCoOmocTaB/IeHHs
¢ (I, 110) cnenyer:

2 r
Ay=— Tﬁssom . (I1,112)
Ha puc. II, 20, 6 npupeaed rpagHK BOJIHOBOH adeppaurm L, npencras-
JIEHHBIH KaK cbyuxuua KBajipaTa anepTypHOro yraa u'?
Ha rpaduke npoBesiena suuua AO nop yriom ¢ K ocn OpAHHAT; TaH-
reHc yria HaKJOHa (¢ YHCJIEHHO PaBeH BeJIHYHHe CMellleHHA TJIOCKOCTH yC-
TaHOBKH:

tge =4,

Ilpu TakoM nNOCTPOEHHH OTCYET-
OCTaTOYyHOH BOJIHOBO# abeppauuu
NPOH3BOAMTCA OT npaMoit A0, Kak ot
HOBOH OCH; Ha TpadHKe NOKas3aHO
TaKXKe MaKCHMa/JlbHOoe 3HayeHHe BOJI-
HOBOH aGeppauuu L,, B CMelleHHOH
NJIOCKOCTH YCT2aHOBKH, JOCTHraeMoe
npH cnenyromgéi )anep‘ryp HBIX yriaax

u'?
Puc. I, 20. Cdepuueckan aGeppanus (CM ls
TPeThero H NATOro MOPALKOB

3 — 1 1 r’.
WX = (1 ) e

u; =0,788ul; uy = 0,212u7,

Onnako He cieiyeT AyMaTb, YTO HalleHHas IJIOCKOCTh HaHMeHbLIeH
BOJIHOBOH aeppallHi ABJAETCA I[JIOCKOCTBIO HaHJyYLIero H3o6paKeHHs.
Ecnu nonuMaTth noj nocneiHeid MJIOCKOCTe MAKCHMaJIbHOH paspeliaollel
CHJIBI, TO, KaK MOKa3bIBAeT aHaJIH3 pPe3yJbTaTOB IKCIEPHMEHTaNbHBEIX HC-
cJieoBaHUH 60JbLIOTO KOJIHYECTBA PA3JIHYHBIX 0OBEKTHBOB C HCIIPaBJIEHHOH
Ha Kpaio 3pauka ciepuyeckoi abeppanueH, y HHX 3Ta NJIOCKOCTh paclno-
JIOXKE€HA HECKOJIbKO JaJbllle OT IUIOCKOCTH ['aycea, yeM 3To crienyeT u3 ¢op-
myast (11, 112): sennunna A cocrasaser 0,7—0,8 OT BeMUHHEI  8S;0m.

Koma Briciiero nopsaaka. M3 seipaxenns (11,3) naxoaum:

bgy = By(m" +M")(5m” + M"”) |, =
=B;p" 3+ 2cos20") Iy ; (11,113)
3G, = 4B, (m" + M"" )M’ m’ I, —=2B;p" sin 20" ;

KOMa BbICIIEro NOpsjKa MPOMNOPUHOHANbHA YETBEPTOH CTENEHH OTBEPCTHS
M NMEepBOil CTemeHH yAaNeHHs [; TOUKH-TpeJAMETa OT ONTHYECKOH OCH.
Hs (11, 113) naxoaum:

3gy, —3p" 1, By = %" I, B} cos 26" ;
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3Gy, = 20" I, B; sin 26';
OTCIOfla CJEeAyeT:
(3gy — 3" I, By)" + 3Gy = (2" 1, B;)' 3R}, (1,114)

T. e.¢urypa paccesiHusi IpH KOMe BhICLIEro NOPsIAKa, KaK H IPH KOMe TPeTh-
ero mnopsiiika, NMpeJACTaBJiseT CHCTEMY OKpPYKHOCTeH, pafuyChl KOTOpPHIX
S8R, = 2p" l;B5 nponopuHOHaNbHEl YeTBEPTOH CTENeHH paiHyca-BeKTopa
p’'4; LEHTPH OKPYXKHOCTEH pacloJIOXeHHl Ha paccrosiguu 3p’¢ [,B’s ot
TIOJIOXKEHHSA T'ayCCOBOro H300paKeHHs, IPHYEM 3TH LEHTPH PACIIOJIOMKEHBI
B MepHAHOHaJbHOH mJocKocTH. Ecsin Jiyd BHYepYHBaeT OKPYIKHOCTL Ha
BHIXOJHOM 3payKe, TOYKa €ro mepeceyeHus C miaockocreio 'aycca omHchl-
BaeT OKPYXKHOCTb IBaXNhl, TaK KaK B Buipaxenus (II, 113) sxoaur yaso-
eHHbIA yros 20" B apryMeHThl KOCHHyCa W CHHYycCa.

OrnbaomyMyu BceX OKpYIKHOCTeH, obpasymioliux QHrypy paccesHHs,
ABJIAETCH KaK H NPH KOMe TPeThero nopsjka, napa npAMbIX, COCTaBJAO-
mux yroa 41°15° ¢ ockio cHMMeTpHH H306parkeHHsi. JleACTBHTENBHO, H3
(11, 114), paccmaTpHBas 3TO CeMEHCTBO OKPYKHOCTeH IIpH MepeMeHHOM p’
nocie auddepeHIHPOBaHHSA, HAXONHM:

—2(3gy — 3" L By) 120" 1y By—2 (2" 1, B;) 8" 1, By = 0.
Orciona

v ' 3 ’
P 1135 =?8g\"

IMocne noxcranosku B (II, 114) nmeem:

3G, —%‘Bg,'; =0

HJIH
(ao' +—2—_8g')(BG' -—Lag') =0.
’ v -'/‘5 v v ]/g v
Takum 06pa3oM, orubaioliie K OKPYXKHOCTSM NPEACTABAAIOT NPSMbIE,
YpaBHEHHA KOTOPLIX:

dg, =536, u 3g, =—X53G, (11,115)

T. . npameie 06pasyioT ¢ ocblo g’ yrae +41°15" 1 —41°15".
PacnpegneneHde 3HepTHH B ¢Hrype paccesHHs HECHMMETPHYHOe, BCH
SHeprus COCPeJOTOUEHa B mpezesax yraa 82°30°; mpu STOM paccesiHHe Jy-
yeit B QUrype no Mepe ynajeHusi OT rayccoBa H300paKeHHS NPOHCXOAHT
ropasio CHibHee, YeM NpPH KoMme TPeThero mopsaka: ¢urypa paccesHus
HMeeT BHJ MaJIeHbKOTO IPKOTO NATHA C 6BICTPO PaCIIH P AIOLIHMCS ¢XBOCTOMY.
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Ccepuueckas aGeppauus Buicumiero mopsaka. Hs soipaxenus (II,3)
HMeeM:

3g, = 4B,m’' (m" + M"") B = 4" BB, cosb’;

(I1,116)

3G, = 4B, M' (m"" +M'") [} =4’ F; B;sin0".
; Takum o6pa3soM, chepudeckas aGeppallusi BbIC-
Gy IIero mopsAjnka, B OTJHYHe OT chepHyeckod aGep-

pauMy TpeThero nopsiika, OTCYTCTBYeT B TOYKE Ha
onTHYecKo# ocH (npH l; = 0) u pacteT NpPoONopuH-
OHaJIbHO KBaJpaTy KOOpAMHaTHI /.

s 5 Purypa paccesHHs OT 9T0H aGeppaliy NPH H30-
pa)eHHH TOYKH HMeeT BHJ, aHaJIOTHUHHIA ¢urype
paccesiHHsl NpH cdepHyecKod abeppalHH TPETHEro
nopsiaka; a umenso, H3 (II, 116) umeem:

8g 2 +BG,: — (4Ppt th;)s =BR;:, (II,IIT)

puc. 1 21 AGeppa-  T. €. (HIypa paccesHHA NPEACTABJAET CHCTEMY

R e wopmnxa. . OKPYXHOCTeHt, paanych Kotopux (8R’y) nponop-

imonanbHbl KyGy napamerpa p’® (cM.takke II, 52).

BonHoBas abeppauus, TaK e Kak H NpH chepuyecko# abeppanuu

Tperbero nopsiaxa (II, 53), mpomopuHoHa/ibHAa YETBEPTOM CTENEHH KOOp-
aunatel p'* (cM. I, 8):

r'L,=B,(m"+M")E =By 1. (11,118)
KpususHa sbicmero nopsaka. M3 (I1,3) umeem:

3g, =2B;m’ (2m"" +M"") £} = 2B;p - (1 4+ cos?0) F},
1 (11,119)
3G, = 2B, m"” M’ l2 = 2Bp’ " cos?6’ sin @’ Zf

T. e. H 9Ta abeppalys, KaK U TOJbKO YTO PaCCMOTPEHHAs, NPONOPIHOHAb-
Ha KBaZpaTy KoopAuHaThl [;. Purypa paccesHus npeicraBisieT cemeiicTBO
KPBLIONIOAOGHbIX KPHBBIX, OMHCEIBAEMEIX TOUKOH NepeceyeHts Jiyuya C IJioc-
Kocteio ['aycca, ecnn aprymenty 0 sagaBaTh 3HaueHHS OTO Jo 2n; cHayaha
TOYKA NEPECEYEHHsl y4a MPH NOCTOSHHOM 3HAUEHHH p’ npoGeraeT KPHBYIO
(puc. II, 21) no BepxHef neTie (NpH NMOJIOKHTENBHOM Koshdunuente B'y),
a 3aTeM ONHCHIBAET 3epKaJbHOE OTPaXKeHHe NMeTJH HHMKE TFOPH30HTaJbHOH
ocH. B otsiMune or aGeppallii KPHBH3HBI TPETHETO MOPALKA, MPHBOASIIEH
K PaBHOMEPHOMY pacnpe/e/ieHHIo Jiydel B purype paccesHus, sta aGeppa-
LA BHI3BIBAET GLICTPOE PaCCefHHE JY4el 1O Mepe yHaleHHs OT IEeHTpa
Gurypel, Tak Kak cocrapasiouiue abeppawin 8g'y u 0G’ v IPONOPIHOHAND-
HEI TpeTheli cTeneHu mapamerpa p’s,
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N\
Koma Bbiciiero nopsagxa, onpenenseMass Temu xe ypasHeHuamu ([1,3):

3g, =By(3m" +M") ! =B p"" (2 + cos 20") £} ;
(11,120)
3G, = 2Bym’ M’ I} = Byp'"sin 26 I} .

W3 conocraBnenns ¢ Komo# Tperbero nopsika (11, 62) suaum, uro dop-
Ma (Hryphl paccessHHsi He M3MEHSeTCs H PasjHyaeTcs JIMLIbL pasMepamu:
coctapasiomue abeppauuii 8g’y u 6G'y nponopuHOHaNBHE Ky6y napamer-
pa P,, a He nepBoil crenend [;, Kak npu abeppalHH KOMBI TPETBETO
nopsiiKa. JT0O HeloCPeACTBEHHO BHAHO, €CJIH HaNHCaTh, BOCNOJb30BaBILUHCh
(I1, 120), ypaBHeHHe KpHBOH paccesHHA:

(3gy —2B, 0" I} ) +13Gy = (Bye £ ) =%Ry,

T. €. paguyc okpyxHoctH OR'y, onuceiBaemoit Touko# (8g’y; 6G’y), Bos-
pacTaeT NPONOPUHOHAJIBHO KyOy [, a He mepsoil ctenenn /(I1, 63). U B
5TOM CJyyae orHGalolHMH BCeX OKpPYKHOCTell, o6pasyowux Qurypy pac-
CesiHHS, ABJISETCH Napa NPsMbIX, COCTABASIOWHUX yrisl +30° ¢ OChI0 CHM-
MeTPHH H300paKeHHs.

Juctopcus Boicwero nopsiaka (no oTBepcTHio). AGeppanMsi JUCTOPCHH
BHICIIETO0 MOPSAKA MO OTBEPCTHIO ONMPENEJSSTCS yPABHEHHSAMH:

dg, =3B,m"" [} =8B.p" I} cos?6’, 3G, =0,  (IL,121)

T. €. 9Ta abeppauus He 3aBHCHT OT KOOPAHHATHL M’ M mponopuHoHa/JbHA
kBazpaty m'. ®urypa paccesHHs NpPeACTaBJAET NPAMYIO JIHHHIO, JJHHA
KOTOpPOH upe3BbiYaHHO OLICTPO BO3pACTaeT [0 Mepe yIaJleHHsl OT ONTHuYe-
CKOH ocH, TaK Kak abeppauMsa Ogy nponopuxoHaibHa KyOy yHajeHHs
TouKH-nipeaMera Iy.
BoKkoBasi KpHBH3HA C aCTHrMaTH3MOM. JTa abeppauys ONpeJeJisieTcs
YPpaBHEHHAMH:
gy =2 (B, + B))m'l} =2 (B, + B;)p’ I cost’;
(I1,121°)
3G, = 2B/M' I} = 2B}p’ [ sinb".
U3 conocrasnenns ¢ ypaBHenusimu (II, 80), onmucriBaiowumn abeppa-

UHIO KPHBH3HEI H ACTUTMATH3Ma TPETHEro NopsjKa, CJAeLyer, 4TO B 00OHX
cayyasX ¢urypa paccesiHHsi TNpeAcTaBisieT CoGOH cemeHCTBO 3JTHICOB:

3

bgy + BG;?‘
[2 (B, + B;) ¢’ Iﬂ 2 [231 o i)*

HO B JAHHOM CJyyae MOJAYOocH amaunca a = 2(B'y + B'j)p’lfiub =
= 2B’; p'l,* nponopuyoHaJbHLI YeTBePTOH cTenenu [f

Jucropcua Boiclero nopsiika (7o HakAoHy). AGeppalus JHCTOPCHH
BBICILIETO TOPAJKA TI0 HAKJOHY (6OKOBasi) omnpefiessieTcss ypaBHEHHSIMH:

by =B £, G, =0,

e i (11,1217)
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T. €. 31a abeppauysa IMIaBHOTO JIyya (He 3aBHCALLas OT KoopauHat m’ u M’),
NPONOpUHOHAJbHAS NATOM CTENEHH BEeJNHYHHLL /,°, B TO BpeMs Kak IHCTOp-
CHf TPeThero Mopsiika NponopuuoHanbHa I3,

ITpoBenenHoe 31ech pacujeHeHHe obuied abeppalnH NATOrO NOpPsKa,
Belpaxatoueiica psafamu (I1, 3), Ha oTaenbHbIe BHAN abeppanuii aBiseTcs
MCKYCCTBEHHEIM MaTeMaTH4eCKHM IMpHeMOM, OCJIeryaiolluM aHa/lus BHAA
¢uryp paccesiHus, o6pasyemMbiX KaxaeM uneHoMm psga (II, 3). B neficren-
TeJIbHOCTH NepeyHcIeHHble abeppallii B YHCTOM BHJIE He BCTpeyaloTesi: -
TypHl paccesiHHs HMEIOT CJIOXKHYIO CTPYKTYPy — pesyJ/bTaT OJHOBPEMeH-
HOTO JIeficTBHSI BceX aGeppallHH H He TOJIEKO TPeThero M NsAToro, Ho u GoJiee
BBICOKHX TIOPSIAKOB.

Hutepnoasaunonnbie ¢opmysabl abGeppauuii BbiCIHX nopsaakos. Kak
BHJIE/IH BhILIE, CPAaBHHTEJNBLHO NPOCTO MOTYT OHITh BBIYHCJ/EHB! JHIIEL abep-
pauxu Tperbero nopsaka. Bmecte ¢ Tem abeppauuio nioGoro nopsaka (ns-
TOrO, CEIBMOr0, H T. JI.) MOXHO NpPENCTaBHTh B BHIE psja, 4JeHbl KOTOPOro
conepxaT KoapduuHeHT abeppainui COOTBETCTBYIOUIHX NOPSIAKOB H KO-
OpIHHATHI, ONpelensioliHe NMOJOXKeHHe Jiyda H 3afaBaeMble OGLIYHO BeJsH-
YHHAMH, OTHOCAUIHMHCH K NMPOCTPAHCTBY TIPEAMETOB HJH H300pakKeHHH.

U3 pacuera xona syyeil yepes onTHYECKYIO CHCTEMY MOTYT GHITb onpe-
Jie/IeHEl Be/THYHHLL abeppalii, HO Ype3BbluaHHO 3aTPYIHHTENBHO OTAENHTD
B 3TOH pe3yJIbTHpYIOleH NopalikH abeppalHi, OTAe/bHbie HX COCTaBJIAN-
[He H COOTBETCTBYIOWHE Koa(pdHuHeHTh. KenaTe/bHOCTE IPOBEAEHHS '0-
JOo6HOTO aHaJIH3a Mbl yCMaTpPHBaeM B ABYX CJydafXx:

1) npH nocTpoeHHH abeppallHOHHEIX QUryp paccesHHs Jyyel IHPOKHX
HAKJIOHHBIX (KOCBIX) My4yKoB. OnpenesieHne COOTBETCTBYIOUIHX HHTEPNOJs-
LHOHHEIX (JOpMYJI, MO3BOJISIOUWHX OBICTPO H IPOCTO BBIYHCIHTL abeppaluH
Jaio6oro KosuyecTBa Jiyyei, BhIOpaHHBIX JioObiM 06pa3oM Ha 3paykax of-
THYECKOH CHCTEMbI, MOTJIO Obl IPHBECTH K 3KOHOMHH MaLUHHHOTO BPEMEHH.
Bmecte ¢ Tem HccsienoBaHue GUTyp paccesHHst aGCOMIOTHO HEOOXOAUMO NPH
aHaJiu3e mpexje Bcero HOBOTO pa3paGoTaHHOro o6beKTHBa, CBOMCTBA KO-
TOPOTO ellle MaJIOH3BeCTHH;

2) npu aHalH3e COCTOAHHS KOPPEKIHM BLICOKOKAUECTBEHHOTO OOBeK-
THBa, abeppanuH KOTOPOTO HACTOJNBKO Malkl, YTO He NOANAIOTCHA Halex-
HOMY ONpefefeHHI0 OOGBIMHBIMH METOAaMH JIyYyeBOH ONTHKH. MaJibie Benu-
YHHE abeppanHi MOTYT OKa3aThCA Ha INpejesie TOYHOCTH HX BBIYHCJEHHH;
STH MOT'PELIHOCTH BEIYHC/IEHAH CPaBHHTE/IBHO JIETKO OOHAPYKHBAIOTCA MPH
aHaJauTHYecKOH 06paboTKe NOJyyeHHBIX Pe3yJbTATOB PACYETOB.

BennuuHbl K03(h(HIHEHTOB HHTEPNONAUHOHHEIX (POPMYJ 3aBHCAT OT
BeI6Opa TeX ONOPHEIX Jyyed, 11 KOTOPHIX ObIIH ONpelesleHbl TOUHbIE 3Ha-
YeHHs1 abeppaudii  KoTopble OBVIH TPHHSATH B OCHOBY JJIft ONpeleseHHs
HEH3BeCTHHIX KO3(HIHeHTOB B O6LIHX BhipaKeHHAX abeppauuil.

Ham npencraBnsercss METONOJOTHYECKH OLIHGOYHEIM B CBETOCHJBHBIX
H IUMPOKOYTOJbHBIX OOBEKTHBAX, KAKOBBIMH H SIBJISIOTCA COBpEMEHHbBIE
O0BeKTHBEI, aHAJM3HPOBATh CTPYKTYpPYy WHMPOKHX MNYYKOB, ONMHPasCh Ha
topMyJel, K03(HIHEHTH B KOTOPHIX ONpeXeNieHHl Ha OCHOBaHHH aGeppa-
UMH OTAENbHBIX Jiyuell [y4YKa, €C/IH YMCJO ITHX Jiydyell Mano, a HHOraa
NPOCTO PaBHO YHCAY HCKOMBIX KO3(ODHIHEHTOB.

Kaxprit THI 0GbeKTHBa HMEET CBOKO CIIEH(HUYECKYIO CTPYKTYpPY My4KOB
JyyeH M, CJlefoBaTeJbHO, Ha NPaKTHKe 4YaCTo TPYAHO 3apaHee yKas3aThb
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Ha 3padKe CHCTEMEI JYYH, KOTOPhIE 11e/1eC006PasHO BLUIC/IHTh KaK ONOpHLIE
AJs onpefeneHus KoapduuxenTo. B nmpouecc onpenenenns BeJH4HH mo-
CJIeIHUX AOJKHO GbITh BKJIOYEHO BO3MOXKHO GoJibllee YyHCHO JiyyeH. Hau-
Gonee panHOHAJNBLHEIM METONOM JJif PellleHHs MOJOGHOH 3ajayH sBJAsieTcs
K/lacCHYeCKHil MeToJ HaHMeHbUIMX KBaxpaToB. IIpH npHMeHeHHH 3TOTO
MeTofa B Hauwefi 3ajjaye HeoOXOIHMMO 3HATh BEJHYHHEI aGeppalliil rpynmu
JAyyeil, MO KOTOPHIM OyILyT onpeje/ieHbl KO3((pHIHEHTH HHTepPNOJIsLHOH-
HO#M (opMysibl. B onTHYecKoH npakTHKe ¢ NOMOLIbIO TabaHN HAH Ha DBM
onpeesAIOTCs reoMeTpHYecKHe abeppauny Jayya — 8g” u 6G’.

HureprnoasinsonHsie GopMyJibl 6yayT QyHKIHOHANBHO BLIPaMKaTh Te XKe
pesinunnbl 8g’ u 8G'. B oramune ot dopmya (11, 2°) u (11, 3), kKosdduumen-
Tbl HHTEPNOJNALHOHHOH GopMyLl OyAYT pPasNHuYHbl JJA PasHHIX YTJIOB
nosiss. Yto6rl He MPHATH K HeXeJaTebHO GOJBIIOMY YHCTY Ko3ddHuueH-
TOB, OTPaHHUHMCS BEIpaMEHHeM, CONEpIKallHM KOOpAHHATHI m' U M’ me
BHIIE MATOH CTENEHH.

[TocKoabKY MNpejaraeMbiM HHXKE METOIOM Mbl KeJaeM INOJYYHTh He
TONBbKO GUTypy paccesiHHS, HO H pacnpejeiieHHe BOJIHOBOH abeppauniuy no
3payKy, Mpolle HayaTh ¢ OOlLero NpeAcTaBaeHHs QYyHKIHH BOJHOBOH abep-
paunn ns gauHo# (puKcHpoBaHHOH) ToukH noJss. B oranune or Bhipaxe-
uau#t (I, 7) u (11, 8) nurepnonanuonnas dopmyna He GyIeT comepmarb
KoOpAHHaTH l;. UseHbl psfa pasnioxeHHs QyHKUHH L, oyeBHIOHO, GyLyT
COZlepKAaTh COMHGXKHTEIAMH NpH KoaddHUHEHTaX psAxa Bce BO3MOXKHEBIE
COYETaHHs NMPOH3BeJeHHH KoopAuHAT m’ H M', 32 UCKIIOYEHHEM TeX, B KO-
TOpLIE BXOAAT HeyeTHble NOKasaTesH creneHd M’, 4To npoTHBOpeuHsO Gkl
oflieMy CBOHCTBY aKCHaJIbHO-CHMMETPHYHOH ONTHYECKOH CHCTeMBl, y KO-
TOpoli MepHJHMOHAJbHAS IUIOCKOCTb SABJAETCH NJOCKOCTHIO CHMMETPHH B
OTHOIIEHHH HAaKJOHHBIX My4ykoB sy4yeil. Kpome Toro, psan He Gyzer coxep-
JKaTh YIEHOB PAa3JIoKeHHs NePBOH CTeleHH, TaK KaK NpeanoJaraercs, Yyto
BOJIHOBasi MOBEPXHOCTb U cdepa CpaBHEHHsI CONPHKACAIOTCA, a He Iepece-
Kalores.

IIpuxoanM K oblieMy BhIPaKeHHIO CJIeyIOllero BHIA:

rL =% Am” + %A, m" M+ %Asm"M" 4
—{-%A‘M" s —;-B.m" 4+ Bym” M” + Bym’ M"* +

(11,122)
e %Cim" -1-%0,l m M+ —:_I-C,,M" i —;—-Dim" e

+Dym’ M” + E;m"-l-%E,M" + E,m’,

rae r’ — KOHCTaHTa, paBHas pajuycy chepbl CpaBHEHHs BOJIHOBOH mo-
sepxuocta (II, 6),1.e. r' =—(x"—s).

CMmbIC/T BBEIEHHBIX YHCJEHHBIX MHOXHTeJeH NpH KoaduuueHTax cra-
HeT siceH, ec/id BcnomMHHTh (11, 6); B3AB yacTHEIE MPOM3BOLHLIE OT YHKIHH
L mom' v M', nonyunm:
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3g’ = A,m" + 24, m" M" + Agm' M"*+ Bym" + 3B, m""M"*+ By M"* +
+Cym” +Com' M +Dym” +DyM" + E;m"" + (F); (11,123)

WG =A,m' M +24,m" M” + A,M" +2Bym” M’ +
+4Bym' M” +Com” M’ +CsM” 42D, m’' M’ + E, M'.

Takum o6pa3oM, MEpHIHOHAJNbHAs cocTaBsomas §g’ reoMeTpHyecKoin
aGeppalHu CONEPIKHT OAMHHAALATL KOI(PGHIHEHTOB; NpH 3TOM KOhdHIH-
et F, Mbl H3 NOJIcYeTa ONMyCKaeM, TAK KaK MPH HeM He COIEPMKHTCH MHOMXKH-
Teast m' W, CJEJOBATENLHO, OH HE BJIMSET Ha CTPYKTYpPy NyYyKa: OH Xapak-
Tepu3yeT aGeppallMio [VIaBHOTO Jyda; MOCKOJIEKY H3yuyaloTca abeppaluH
LIHPOKOTO Ny4YKa JaHHOIO HaKJIOHa, MOXKHO NOJIOXHTb F; = 0.

CaruTta/ibHas COCTaBJAIOLIAA MpPeCTaBJeHa PSIOM, COAepKAlLHM Jie-
BATb Koahduuyentor. OGmuMu Ais oboux Buipaxkenu# 8g’ n 8G' — as-
nsI0TCA wecTh Koadduuuentos: A,, Aj, By, Bs, C,, D,; nsth k03hdpHimu-
entoB (A,, By, Cy, D,, E,) cenuduyHEI TONBKO 118 psiaa 6g’ H TpH Kosh-
dunmenta (A, Cs, E,) cneundnunbl TonbKo Ansa paga 8G’. 3amernm, yro
ec/H Obl MBI OTPAHHUHJIMCL YETBEPTOH CTemeHBIO mapamerpoB m’' u M’,
TO YHCJIO KOI((QHUHEHTOB YMEHBIUIMJOCH OBl TOJBKO Ha YeThIpe
(A4, Ay, A3, AL), T. €. BMECTO ueTHIpHAAUATH KosddHuHenToB pazna (11, 122)
uMenH Gbl fecsiTh Ko3((HUIHEHTOB: BOCceMb, onpenensiouux GyHkuuo 8g';
wects — (yurunio 6G’; cpeau HUX gyeThipe KospPHIHEeHTa GbITH OB OOLIH-
mu. [Ipu HccnenoBaHHH HeCBETOCHJIBHEIX OGBEKTHBOB 3TO, NO-BHAMMOMY,
MOKHO 1e1aTh H 3T0 pekomeHayeT M. I'epuGeprep B cBoeil kuure [5], y Ko-
TOpPOT0 HHTEPMOJSLHOHHEE GOPMYJIBI CONEPKAT JBeHaAuaTh KoadpHIHeH-
TOB: MO IIeCTh Ko3(puumeHTOB 1Aa KaXao#l coctaBisioulefi abeppauny.

Jlerko BHzeThb, 4TO pasmepHOCTH Koapduuuentos psjor (I, 123) o6-
paTHE IMHEHHBIM B CTeNeHH, paBHO# nopsaxy BemuwyuH m’ u M’ cooTBer-
CTBYIOIIMX YJIEHOB PsiZia, YMEHbIIEHHOMY Ha €IHHHIY, NIOCKOJBKY B JIEBHIX
4acTsAX BblpaxKeHHH cToAT BennyHHbl 6g” H 8G’, nMmeiouye AuHEHHBIE pa3-
MEepHOCTH. PanuMoHaNbHO NPH OTHICKAHHH YHC/IEHHBIX pelleHHH HHTep-
nonsuHoHHbIX BeipaxeHHH (II, 123), uTo6bl H36exkaTh NMOABNEHHSA Ype3-
MepHO GOJIBLIHX HJIH MaJbiX YHCeJl, BBECTH HOPMHPOBKY BesiuyuH m’ u M’;
B YaCTHOCTH, HX MOXXHO BhIPaXKaTh B HONAX pajiyca ¢’ BHIXOIHOTO 3pauKa.

Jlas TOYKH Ha OCH, BCJIEACTBHE OCEBOH CHMMETPHH ONTHYECKOH CHCTe-
MBI, OpMyJia He CONEPIKHT YETHBIX cTeneHed KoopauHat m’ wau M’; mo-
nepeyHas chepHueckas abeppauMsi Bhpaxaerca GopMyJioi:

b = A,m" +Cym” + E,m’, (11,124)

rae xoshdumuent E, xapakrepusyer AedOKyCHPOBKY, T. e. TOJIOXKEHHE
MJIOCKOCTH YCTaHOBKH, B KOTOPOH onpejeneHa abeppauus 8g’; npu onpe-
IeneHuy cepuyeckol abeppanuu B miaockoctd [aycca E; = 0.
Onpepenum Kod(pUIHEHTEH HHTEPNONALHOHHOA (bOPMyJIbI.
CarutranpHas coctaBisoas 6G’ BepaxaeTcs AeBATHIO KO3h(DHIHEH-
TaMH Psja; BCe uieHwl paga npu M’ = 0 obpawaiorcs B Hyab. CiieoBa-
TEJIbHO, AJISl HEMOCPEeJCTBEHHOrO ONpelesIeHHs (He KOCBEHHEIM CrocoGoM)
3THX KO3(pHunenTOB HeOGXOAHM pacueT abeppaluii He MeHee NEBATH BHe-
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MepHIMOHAMBHEIX Jyyell. OfHaKo H 3TOro, Kak NMOKasaJsii ONBITH pacyera,
HEJIOCTaTOYHO: HHTEPNOJIANHOHHAsA (opMysa NOMMHA CIJIaXHBaThb pac-
npesesiende abeppanuil no BceMy 3pauky, T. €. JaTh KaKOe-TO KOMIIPOMHC-
CHoe (ycpenHeHHOe) ONHCaHHe pacrpeliesieHHs BeJHYHH abeppanHii no mio-
wand spayka. Haur oneiT no uaydenuio Guryp paccesHusi y o6beKTHBOB
PasHLIX THIOB M Pa3JIHYHLIX ONTHYECKHX XapaKTepHCTHK IMOKasaJ, 4To JJs
JAOCTaTOYHO HaJeXHOTO CYKIEHHS O BHEMePHIHOHAJbHLIX abeppanHsax He-
o6xoauM pacyeT He MeHee 14—21 syueil (B 3aBHCHMOCTH OT BeJIMYHHBI OT-
HOCHTEJILHOr0 OTBepCTHS O6BbeKTHBa M ero abeppanui), KOOpAHHATH KO-
TOPBIX MOTYT OGHITh CJefylomlHM o6pasoM pacnpefefieHbl 10 3padky
(puc. II, 22). Kak BHAuM, nosy3payok pasfieJieH Ha LIECTb CEKTOPOB MO
30° Kaxnplil; KOOPAHHATHL JyuyeH 3aflaHkl B TOYKaX NepecevyeHusi painycoB-
BEKTOPOB C OKDYMHOCTAMH, pa)mycu KOTOPHIX paBHm'

V.,Pm' =V 5enn o=V 3o

rzie p'y = a’ — pajuyc BHIXOIHOTO 3pay-
Ka. Koopaunarel nyuefi m’ u M" onpe-
HeNsIOTCA W3 BhIpaMKeHHI:

m'=p'cos® u M =p'sinb’,

rae 0° = 0; 30; 60; 90; 120; 150 u 180°.
3ameTuM, 4TO, KOHEYHO, HeT ocobofi He-
06X0MMOCTH CTPOTO H BO BCeX cJydasX
NPHIEPIKHBATECA 3afaHHOTO pachpele-
JIEHHs Jyyell; B YACTHOCTH, BEJIHYHHEI
pagMycoB p’ 3alaBajiHCh HaMH B Ipeje-
nax: p'y = 0,50 p’s =0,7 = 0,807
p’s =0,85--0,87p'n.

Ha ocHopanun pacyera aGeppanii
STHX Jydell ONpeleNisieM MeTofioM Hau-  oc: 11 2. Pachpexerense woopai-
MEHBIUINX  KBajpaToB Koa(pdHuHeHTH
Bripaxenuit 6g’° udG" (II, 123).

Io nosyyeHHbIM 3HaueHHsIM KO3(dHuHenToB cocTasasem psmsi (11, 123)
H CTPOMM c Jito6oH cTeneHbio MoApobHOCTH GUrypy paccesiHusi B JaHHOH
IJIOCKOCTH ycTaHOBKH. OGBIMHO MOJIOXKEeHHe 3TOH IJIOCKOCTH ONpelesisieTcs
3apaHee: HCXols M3 XapaKrepa cepuueckod aGeppaudM /s TOYKH Ha
ONTHYECKON OCH, ONpelesioT NOJIOXKEeHHe peAnoaraeMolf NJIOCKOCTH HaH-
Jyyuero nao6paxenus. Ec/iH ke oKaxercs HeOGXOAUMBIM PAacCYHTAaTh STH
aGeppauuy B HOBOH MJOCKOCTH YCTaHOBKH, CMEIEHHOH Ha BEeJHYHHY A OT-
HOCHTEJIBHO €€ NIepBOHAYaJIbHOTO MOJIOXKEHHS, TO BEIHYHHE abeppauuii 6g"

# 8G’ B cMelIeHHO# MIOCKOCTH 6yIyT CBAi3aubl ¢ abeppaunsmvu 8¢’ u 8G' B
HayaJbHOH nnockocTH dopmynamu (II, 82):

by =g + =" A W - aG'——f,'—A,
P

rne
V—m

Ml
=—tguy'; —=1tglU’;
P g g

!
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[Mpu nocTpoeHuH GUTYPH paccessHHsA PalHOHANbHO B BHIXOJHOM 3payke
06beKTHBa BHIOpaTh GOJIBILIOE YHCJO TOYEK, PABHOMEPHO paclpeie/leHHbIX
no jeficTBylomeli YaCTH BBIXOJHOrO 3pauKa.

Pa36uBky 3pauyka Ha DaBHOBEJHKHE 3JIEMEHTbl MOMHO IPOH3BECTH
pasarunbiMH criocobami. Ecan uHTepnonsnvonHas ¢opmysa HaiaeHa,
Kak GyuKuus napamerpoB m’ u M’, To, no-BHIHMOMY, NpOLle BCEro No-
CTPOMTH Ha 3payKe KBaJ[paTHYIO CETKY, CTOPOHEI KOTOpO#H 3afalorcs pas-
HLIMH HEKOTOPOH YacTH pajMyca BHIXOAHOrO 3payka a’. MoxHO mJouanb
3payka pa3Jie/IHTh Ha 3J1eMeHTHl, 06pasoBaHHbIe Je/leHHeM MJIOWaLH Kpyra
Ha paBHOBeJHKHE KOHIEHTPHYECKHe KOJIbIeBble 30HH, a NocjegHHe — pa-
QMYCaMH, NeNAULHMH 3TH 30HBI Ha PaBHBIE 1O MJIOULANH 3JieMeHThl. Painychl
p’ KOHLIEHTPHYECKHX KOJell BbIOHPaloTCA B IeOMETPHYECKOH IPOTPEeCcCHH:

. 5 7, b i '
P = V._t_.a : Py = ]/Ta yees Py =0, (11,125)

rae a® — paudyc BbixoaHoro spayka. OIHOBpEMEHHO MUIOMIaNb 3payKa Je-
JHTCA pajHycaMH Ha 7 PaBHBIX CEKTOpPOB. Pamuycel, nensiuue KpPyr Ha
CEKTOPE! H OKPYKHOCTH, OTPaHHYHBAIOLL}e KOJIbIeBbe 30HbI, MepeceKaloT-
csl B {n TOUKaX; KOHEYHO, H3 5TOrO YHCJ/IA TOYEK BBHINANAIOT JIYYH, BHHbETH-
pyembie OOBEKTHBOM, YTO aBTOMATHYECKH KOHTPOJHpYeTCs NPH pacyeTe
Ha DBM, Tak KaK B IporpaMMe pacuyeTa JiydeH NpeiyCMOTPeHEl onpeieJe-
HMsi KOOpJHHAT NepecevyeHHa JyuyeH ¢ KamIo# npesomJdiollell nopepx-
HOCTBIO 06BEKTHBA, a CBETOBbIE IHAMETPH! JIHH3 H3BECTHHI.

PaccMoTpHM MeTOJ HaHMeHBIUHX KBaAPATOB HA MPHMepe ONpele/eHHst
¢oyukuun 8g° (II, 123):

3¢’ = f(Ap Ag, ..., E)), (11,126)

NpH 3TOM Aasi k 3Hauenu#i Benwununl 6g'y, 8g',,...,0¢", H3BeCTHH M3 pa-
cyeTta xoza ayueii. TpeGyerca onpenesnThb HenpepuiBHYIO pyHKuHio (11, 126)
f(Ay,...,Ey), AN KoTOpO# pasHocTH 8g,"—f;; 08 s—fa; ...; 08— 5 OblIH OBl
BO3MOXKHO Majbl. TaKoro poja 3ajiaud HashIBAIOTCA CIVIQXKHBaHHEM, MO-
CKOJIBKY 3JeCh CTPEeMSTCH ONpefeJHTh (PYHKIHIO, KOTOpas IO BO3MOXK-
HOCTH YJOBJIeTBOpsiia Obl 3ailaHHbIM 3HaueHuaM 6g’y, 8g’s,... HAH, BO BCs-
KOM Cllyyae, HMeJla MHHHMAJbHbie OTKJIOHEHHS OT 3aJlaHHBIX 3HayeHHH
8¢y, 8g';,... KoHeuHO, TaKOH MyTh pelleHHsi UMEET CMBICJA TOJNbKO B TOM
clyyae, €CJIH YHCJIO H3BECTHBIX 3HaueHHH QyHKumi §g’ Gonblue yucaa Ko-
sdhdpunmenros A,, A,,...,E;, NOANEKAIHUX ONPEAEJNEHHI0 B BHIPaXKEHUH
(I1, 123). IIpu HCONB30BaHHH METOJA HAHMEHBINHX KBAJPaTOB HEH3BECT-
Hble Koa(puunents Gpyukuuu f(A,,...,E,) Bubupaiorca TakK, 4Tobbl CymMMa
KBafpaToB pa3uocted &, = 8g,'—f,(A,,...,E;) OKa3anach MHHHMAJbHOH:

=k

-3 & = > [bg —Fi(As . E)' =F (A, E).  (IL127)

i=l

Bajaua HMMeeT MpocToe pellleHHe, eCH TaK Ha3biBaeMBE YCJIOBHBIE ypaB-
HeHHsA JIMHEHHBI, KaK 9TO HMeeT MecTO B HaweM caydae (cm. II, 123):
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Am) +24,m M} + Aym, M + ...+ E,m| = 3g];

HJH, ]IS KPaTKOCTH, 3aluIleM:
Agay + 245b, + Agey + ... + Eyly = 3g(;
Aias + 2A=ba + Asc, + ees + Eils = agé;

(11,129)
Aia,,, + 2Agbh + A,ch + ... + El!k =8g;‘,
rpe
a1=m;'; a,=m;; a,=m;;... ; Gy=m;
by=m| My by=m, M)}; by=ms My;...; by =m, M;';
o (11,130)

’ vt ' rd ’ r I
Co=m M ; ca=m,M ;co=m;My ;...; c=m,M, ;

L=m; L=my; L=mg;..; h=m,.

TpeGoBanHe MHHHMYMa CYMMH KBaJpaToB OTKJIOHeHHH Ze;? mpuBoguT
K CHCTeMme JIMHEHHHX, TaK Ha3bIBaeMbiX HOPMaJIbHLHIX ypaBHEHHiH, B KOTO-
puix mo layccy BBemeHbl oGo3HayeHus laal Bmecto

Zaf = af +a) + a: o e ai; [ab] BMecTO
zaibf = albl + agbg + aee + akbk H T. I
[aa] A, + [ab] A, + [ac) As + ... + [al] Ey = [adg)] ;

[bal A, + [66] 4y + [bc) A + . + [6] E = [hg) s | 1y 13y

[la) A, + [16) Ay + [Ic) Ay + ... + [ E, = [Pg]] .

HerpyznHo BHzaeTb, 4TO A/ MOJYYEHHA R-TO HOPMAaJIbHOIO ypPaBHEHMS
HeoGXOJIMMO KaK/ioe YCJIOBHOE ypaBHEeHHe YMHOXHTb Ha BeJHYHHY, CTOS-
myio NpH k-M HCKOMOM Kos(hduIMeHTe, H BCe YPaBHEHHS CJIOXHTb.

M3 cucremu nuHefAnnIX anre6panyecknx ypabsenni (II, 131) onpenens-
€M HCKOMBIE KoapHuueHnth A;, A, Ai,....Eq.

AHaNOrHYHO M OJHOBPEMEHHO oONpeneNAloTcs KospduuueHTH psana
(IT, 123), Brpaxariomero abeppaunio 8G'(4,, A,...,E,).

Hurepnonannonnas c¢opmyna (11, 123) ompenenstercs mns Kamnio-
To yria mojis 3peHHsi: ¥ OGBEKTHBOB C MaJbiM YrJoM NOJs 3pe-
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HHst (0Koso 20—30°) DOCTaTOYHO ee OMpeNesATh AJS OJHOrO 3HaYyeHHs
yrila NMofs 3peHHs; y HOpMaJbHHIX OGBEKTHBOB C noJsieM 3penns 50—60° —
L7l BYX YTJIOB TOJIsl; Y LIMPOKOYTOJBHBIX 06beKTHBOB 90—120° — mns
TPeX YIJVIOB NOJS 3peHHd.

HaiijenHas cHCTEMa HHTEPNONANHOHHHIX (OPMyJl H IOCTPOEHHbIE IO
HHM QHrypbl paccesiHHs Jyded Ja0T MoJHyl0 aeppallHOHHYIO XapaKTe-
pHcTHKY o6bekTHBa. He MeHee HHTepecHO TiyGe NMpoaHaNH3HPOBaTh (H-
3M4ecKHe CBOHCTBAa OGLEKTHBA, INOCTPOHB €ro «(pH3HyecKyio» MoJesb. Mel
B351JIH CJIOBO «(pH3NYECKYI0» B KaBLIYKH, TaK KakK peyb HIeT He 0 (H3Hyec-
KOM M3TOTOBJIEHHH 06pasia o6beKTHBA, a IPeICKasaHHH ero (PH3HYECKHX
cBoficTB. JloCTaTOUHO MOJIHO 3TH CBOHCTBAa ONHCHIBaloTCs (opMOH moBepXx-
HOCTH CBeTOBOH BOJIHBI, BBIXOASIEH H3 OOBEKTHBA.

VYpaBHenue BoMIHOBOH abGeppauud npexactasiexo pagom (II, 122), see
KO3(pHIIHEHTEl KOTOPOTO TeNepb yXKe HaM H3BECTHbI, TaK KaK OHH BXOAAT
B Boipaxenns (11, 123). Bece onucanHelfl nponece pacyeTa CpaBHHTENLHO
NPOCTO NPOrpaMMHPYETCsi H BHINOJHSETcH C momouisio DBM.

B kayecTBe mpHMepa npHBeeM pe3yJbTaTHl pacyeTa Koa(pHIHEHTOB
uHTepnonauHonHbix Gopmya (11, 123) mas Buipaxenust 6g' u 6G' u ansa
BosntHOBO# abGeppauun L (I1, 122) ansa o6vekTHBa «dpa-7» ¢ f' = 105 mum;
1:2,8; 2w = 11°. 3toT 06BeKTHB omucaH B riaee VI; oH npepHasHaueH
IJISi H3TOTOBJIEHHS] MHKPOSJIEKTPOHHBIX CXeM H 03TOMY 06J1ajiaeT npeesib-
HO BBICOKHM Ka4yecTBOM ONTHYeCKOro usobpakenus. B ta6a. II, 2 npuse-
JIeHBl 3HaYeHHsT KOS(pHIHEHTOB HHTEPNO/NANHOHHBIX Bepaxenni (11, 123)
u (11, 122), onpenenennsie NpH pa3HOM 4YHCJe Jiyuyel Ha 3pauke: npH 15
Jiy4yax, KOrja nosy3padok oObeKTHBa pa3jiesieH Ha YeTbipe PaBHBIX CeK-
TOpa, a KOHUEHTPHYECKHE OKPYKHOCTH HMeloT pamuycsl p'y = 0,5 p'p;
p'a = 0,77p", u p'3 = 0,85 p’; mpu 21 asiyve, Korma moJiy3padok pasie-
JieH Ha LIeCTb CEKTOPOB NpH TeX JKe pafHycaX KOHLEHTPHYECKHX OKPYXK-
HOCTeH.

Kak BuguM, BeIHYHHEL KoddduunentoB Ay, Az, ...,Es (YBeJIHUEHHEHIE
B 10° pa3) UMeIOT NOYTH OJMHAKOBHIE 3HAYEHHs KaK 1as 15, Tak u ans 21
Jlyya, B3AATHIX Ha N0Jy3payke OOBEKTHBA; MPH ITOM BeJIHYHHbBI CaMHX abep-

Puc. II. 23. KpuBble paBHbiX BOJHOBBIX aGeppaunfi o0bekTHBa «3pa-T» ¢
=105 suu (a); xpHBHIe PaBHBIX BONHOBHIX abeppaunft o6bexTHBa <Mape-1»
c f=500 mm (6)
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pauuit 6g' u 3G’ oTanyaloTCsi B TpeThel (M JIMIUb HHOTJAA BO BTOPO#) 3Ha-
yauled muppe OT COOTBETCTBYIOWETO BHIYHCJIEHHOTO TOYHOTO 3HAYEHHS.

Ta6aunuga I1,2

Yucaennsle snavenus xospdpuunentos A,, Ay, ..., E; (yseanuennnvie 8 10° pas)
HHTEPNIONAUHOHHKX (HOPMYJ, BHPamKalOWHX FEOMETPHUYECKHE
(3¢’ w 8G’) u BoanoBwe (L) abeppaunn o6bekTHBOB «3Jpa-7» m Mapc-1»

O6beKTHBbI «3pa-T» «Mapc- 1>
Uncao aywelt wa mosnyspauke 15 21 15 21
o’ 0,50 0,50 0,50 0,50
Suavenus —— 0,77 0,77 0,77 0,77
Pm 0,85 0,85 0,85 0,85
Yueno cekTopoB Ha  mosys- 4 6 4 6
pauke
Ay 1,097 1,097 11,000 11,857
Ay 1,013 1,020 11,000 11,740
A, 0,949 0,941 11,000 11,626
A,y 0,861 0,859 11,000 11,507
B, 0,228 0,228 1,100 1,161
B, 0,089 0,089 0,430 0,432
By 0,044 0,043 0,190 0,199
C, 0,288 0,288 0,079 0,081
C, 0,169 0,170 —3,400 —3,462
Cy 0,045 0,046 —7,000 —7,022
D, 0,163 0,163 —6,300 —6,344
D, —0,002 —0,001 —2,200 —2,275
E, —0,098 —0,099 0,620 0,626
E, —0,580 —0,579 —3,200 —3,294

Ha puc. 11, 23, a npuBeneHs! KpHBbe paBHEIX BOJIHOBBIX abeppauni L,
onpejiesieHHble A8 00beKTHRA «Dpa-7» B miockocty ['aycca a4 yraa noas
w = 5°. Kax Buaum, BosHoBas aGeppaunsi GpoHTa BOJIHEI (IS MOHOXpPO-
MaTHYecKOH CreKTpa/bHOH JHHHKH e) He npesbuuaer 0,025) B npefenax sce-
ro spayka. Kak yxe ykaswiBasoch , B mporpammy pacdeTa Ha 9BM Bae-
IleHa HOPMHPOBKA BeJHYHH m’ H M’, a HMEeHHO, CYET NPOH3BOAHUTCSA CO 3Ha-

mr r

eHHAMH =——u =", rAe @’ = Makc {{m',; |m'_J; IM" M.}, am’y, m'_,
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u M', — naubonbline 3HayeHusi BeJHYHH m’ H M'; oueBHIHO, NPH 3TOM
mt M < ke (|mp |5 |mgls | My]s | Ma])]

B kauecTBe BTOPOTO npnmepa NIPHBOIHM OJIHH H3 BapHaHTOB 06beKTHBA
«Mapc-1» ¢ f* = 500 mm; 1:4,5; 2w = 17°. B To#t xe taba. I, 2 nanbl
qHCJIeHHBIE 3HAYEHHSA Kostp(pnuneuros Ay, A,, ..., E; (yBennyenube B 103
pas) aaa 15 u 21 nyua, pacnpefeseHHBIX Ha NOJy3payke TaK e, KaK H B
npeAblAylLeM cayyae. PacyeThl BHINONHEHH A/ yIiia noas w = 2° B ILI0C-
KOCTH HauJsiy4llleH YCTAHOBKH IO LEHTPY MOoJs, CMELIeHHOH OTHOCHTENBHO
nnockocTH l'aycca B cropony obbektHBa Ha —0,013 mm. Kax Bumum,
BCaeACcTBHe 6OMBIIHX abeppauuit 00beKTHBA (110 CPaBHEHHIO C IEPBHIM NPH-
MepOM) BO3POCJIH YHCJIEHHBIE 3HaYeHHA KO3((HIHEHTOB, XOTA NPH 3TOM
OHH HMEIOT JOBOJIbHO GJIH3KHEe BeJHYHHBI Kak aas 15, Tak u gas 21 syua,
B3ATHIX Ha NOJy3payKe.

Ha puc. 11, 23, 6 npuBejeH:s KpUBEIE PaBHLIX BOJHOBHIX abeppaunii L,
ompejesieHHsle 1as cnekTpaabHod JHHHH C (A = 656,3 wm). Jluwe
B6JIM3H Kpas 3payka BoJHOBas abeppais Bo3pacraet no 0,25\ u Ha Ma-
JIOM y4acTKe 3payka MsMeHseT cBod sHak va —0,25M, T. e. cymMmapHas
BOJMIHOBan abeppauua nocturaer 0,5\, Xors B BLIOpaHHOH IJIOCKOCTH yC-
TAaHOBKH He NpeBHIlIaeT peseeBcKoro npepenaa 0,25A.

Knaccupuxauns KoaghhpHuueHTOB HHTEPNONALHOHHO i dhopmyast. Knac-
cHbHKaIHIO 0 BHjaM abeppalunil HarsAagHee MPOBECTH, NOMb3YACh PAAOM
passioxenHs BoJHOBOH abeppamun L (I, 122). Tak kak HHTepNONSIHOHHbIE
(OpMyJiBl ONHCHIBAIOT CTPYKTYpPY IUHPOKOro NMyyKa Jyue#, (OpMHPYIO-
uiero H3o6paXkeHHe TOUKH AJ8 NaHHOTNO yrJia Tojs 3peHus, TO colepikaTr
3TH (OpMYJibI MHWD NapaMeTpEl, XapaKTepH3yiollHe amlepTypy myuKa:
anepTypHbie yrasl 4’ u U’ uau Koopauuathl m’ 0 M’.

Koad¢dHuHeHTE HHTEPIONAHOHHOR GOPMYNLL JeNATCA Ha TPH TPYIIH,
OXBATHIBAIOUIHE TPH OCHOBHHIE abeppalliH IHPOKOIrO HAKJOHHOTO MyyKa.
Haspannsa stux abeppamui COXpaHHM NpPEeXKHHMH, XOTH KO3dpHIHEHTHI
HHTEPTIONALHOHHOH (OPMYJIBl OTHIONB He SABAAIOTCS KoadduuHeHTaMH
abeppalHil COOTBETCTBYIOUIMX NOPSAIAKOB.

epBas Ipynna uJieHos psia (II 122), copeprkalmux IecTsle H YeT-
BepThie IOpPAAKH napaMeTpoB m’ 1 M’, ONHCBIBaeT BOJIHOBYIO CepHYECKYIO
abeppallMi0 IUMPOKOTO HAKJOHHOrO MydKa:

P Legep =~ Am” +——Aym M” 4+ Aym” M + — A M +
+%ct m" + %C;m" M” + % C,M"; (11,132

COOTBETCTBEHHO KoahdHuuentol Ay, Ay, Az U Ay BXOAAT B MHTEPIOJNALH-
ouuble opmyau (LI, 123) u onucsiBalot cocrasasiomye 8g° u G’ reomer-
pHYeCKOH ciepHyecKoil abeppaluH NSATOTO MOPAAKA, a KoapHUHEHTH
Cy, Ca u C3 — TpeThero mopsilka IIMPOKOTO My4Ka NaHHOTO HAKJOHA.

Bropas rpynna uysnenos psana (I1, 122), conepxamux nsathie H TPeTbH
nopsilkH napamerpoB m’ W M’, onuchiBaeT BOJHOBYIO afeppauuio KoMbl
IIHPOKOTO HAKJIOHHOrO myykKa:
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P -%-Blm" + Bym” M” +Bym’'M" +

+?[Dlm’°+Dzm’M",; (11,133)

COOTBETCTBEHHO KoadpuuueHTol By, B, u B; onHceiBaioT B (opMynax
(11, 123) reomeTpuueckyio abeppanuio KOMBI NSATOrO NOpsijKa, a Koxpdu-
uuentsl Dy 1 Dy — KOMY TpeThero nopsijika IHPOKOro HaKJIOHHOIO MyyYKa.

Tperbs rpynna unenoB paga (II, 122) onuceiBaer acTHrMaTusMm Ha-
KJIOHHOTO Ny4YKa:

7 Lyes =—%—E£m" + ——;—ESM". (I1,134)

XapakTepu3yeMulii Koapduuuentamu Eq u E,, OTHOCAWHMUCH COOTBETCT-
BEHHO K MepHAHOoHanbHOH 6g’ W carutranbHoil 8G’ cocrasnsiomuM abep-
pauui Beipamenuit (1I, 123).

INpakTiyeckyu uesnecoobpa3HO BLIAENHTD elle TPYNNY YJEHOB, Xapak-
TepusyouwHXx aGeppalud TOJNbKO MEpPHIAHOHAJIBHOrO CEYEHHS LIHPOKOro
HaKJIOHHOTO NMYYKa; 3TH YJeHbl COAEPIKAT TOJNIbKO KOOPAHHATY m’:

' Luggy = %A, m" + %Bi m” + —;—C, m" +%D, m” +

+%Eim"+F1ml- (I1,135)

AGeppaunio HasoBeM 0006uIafoUMM TEPMHHOM «BOJIHOBas abeppa-
UHs WHPOKOTO MEpPHIHOHAJBHOTO MyuKa», a Koapduumuents Ay, By, Cy,
Dy, Ey n F; —xo3dpduunenTamu nutepnonsunonHo# dopmyan (11, 123),
ONpejeNIAIOMUMH MEPHAHOHANbHYIO -COCTARJAIOMLYIO HAKJIOHHOrO MydKa.

. Mepexox ot reomerpHyeckux aGeppaumii Kk BoanoBHIM. HauGosbinee
BHHMaHHE B CHJY CJIOXKHBLIHXCS TpajHIHH NPH olleHKe abeppalHOHHBIX
KayecTB OOBEKTHBA YHAEJSETCH aHa/u3y KOPPeKLUHH IUHPOKHX MepHIHO-
HaJbHEIX HaKJOHHHIX My4ykoB. C ocofoi TILaTeJBHOCTBIO aHAIH3HPYIOTCA
IIAPOKHE TyYKH CBETOCHJBHBIX [IHPOKOYTOJBHEIX OO BEKTHBOB, KOTAa NpH-
XONUTCS ONPENEJNATh XOJ HECKOJbKHX MepHIHOHaJbHbIX jyded. [lomuMo
KpalHHX JyYyeH NyYyKa, KOOPAHMHATHL KOTOPHIX B ILIOCKOCTH BBIXOJHOTO
3pauKa paBHH +m’,, (WIH B yriioBoit Mepe +u’y,), llenecoobpasHo onpe-

T 3
Jensith abeppaunuH Jydedl ¢ KOOpAHHaTaMH —+ V—-lé—m“ H+ V—Z-m'm.

ITo pesyabraTtaM onpenesieHHi i MEpHAHOHANBHBIX COCTaBJIAIOMHX abep-
pauuit 8¢’ cTpoaT o6uuHbIA rpaduK 3aBHCHMOCTH 8¢’ OT KOOpAMHATH m’.
Bocnonb3osasuuuce (I1, 6) MetogoM rpaguueckoro HHTErpHpOBaHHH, OI-
pefienisieM BOJHOBYIO abeppauMio L IHPOKOrO HAKJOHHOrO MydKa:

r

y o | *r
= r r=____-___ 3 :8 r-
L=— j‘ 8¢’ dm = 2 g’ ¥m (11,136)
~Mp —Mep

310 camblii POCTOH NPUMEHAEMBIH Ha NPAKTHKE METOL,
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Moxuo no paccunTaHHbIM abeppalHaM 1IeCTH Jiyyeil (He CYHTas IJaB-
Horo ayva): xm,, £ - m,un ) —-m, —onpereauts Koappu-
LIMEHTHI HHTEPMONALHOHHOA GopMyanl Ana 8g’, monyyeHHo# nyTeM Haxo-
XJeHHsa yacTHOH npouseognoi paja (I, 135) no nepemennoit m’ (cm. 11, 6):

3’ = r'—:;[',- — Aym"+Bym"+Cym” +D,m"+ E,m' + Fy, (11,137
T. €. 10 WwecTH 3HaueHusaM 6g’y, 8g’s,...,0gs" — onpenensiem xoadduien-
e A, Bi,...,E;, a nanelie snemenTapHeiM HuTerpupoBanueMm (I1,136)
HaXOoJUM BoJHOBYIO abeppaumio L; 8g’g = F; — abeppauus riaBHoro Jy-
ya, He BJIMAIOLLAA HAa CTPYKTYPY NIyYKa.

Hakonen, MOXHO NpPHMEHHTb CJEIYIOUIMH, CYIIECTBEHHO MEHee Tod-
HbIH, HO NPaKTHYECKH IPOCTOM NMpPHEM, €C/H OTPaHHYHTBCA JIHLIL YeTBep-
TOH CTENeHBIO pasnoenus BosHoBo# abGeppaunu L (11, 135) H, cnenora-
TEJIbHO, TPEThel CTeNeHbio pasnokenus abeppauun 6g’ (11, 137) u nanu-
caThb 3TH abeppalliyi B BUAE CYMM OTHENbHBIX CJlaraeMbiX:

=-l——("l—cjm’.+ 'LDim'.‘i‘—lEim"‘FFim’):
ro\ 4 3 2
=L, +Lp +Lg +Lg;

3¢’ =Cym" +D,m"* + E,m' + F, = }

; i , , (I1,138)
= Bgcl + 8ng + SgE’ + Bgo,

rae 8g’y = F; — abeppauusi ri1aBHOrO Jyua.
M3 conocTaBienHs 3THX PSJOB MOXKHO HalmHCaTh:

m' r

m’ ’ m’ ’
L, =7",Tagc.; LDl = ?Bgn,; LE, =‘273g.'3.‘

ClieoBaTeNIbHO, CyMMapHasi BosiHOBast abeppanusi L MomxeT ObITh BhIpa-
JKeHa uepe3 CJaraeMbie nonepeqHofi abeppaluuu:

; (1 o . 1 g . g '
L=(;e, +TBgDI+—§-8gEJ)tgu, (11,139)

’ m’ : ’
rae tgu’ = —7 = — 7 abeppauns raasHoro Jyya 8g,’ onymena,
TaK KaK He BJIMSAET Ha CTPYKTYpYy NyuKa Jyue.

Onpenennm caaraemeie nonepedHoil abeppauuu 8g’cy, 8g'p, 8¢’k
n Koa(puuuentsl Cy, Dy u £; Ha ocHOBaHUM pacyeTa XOia Jiyuyedl. B aToM
C/ydae, OYeBHAHO, AOCTATOYEH pacyeT MEHbLIEro YHCJa JydeH; HanpHMep,
KaK 3T0 OGBIYHO Jie/1aeTCs, pacueT ABYX Jyded (+m',,) BOnusH Kpas 3pal-

Ka, IBYyX Jiydelf Ha 30He OTBepCTHA (+ ]/_%m’,\.p) ¥ IJ1aBHOTO Jiyya (m'=

=0). O603HauuB abeppamuu 3THX Jyuyeii COOTBETCTBEHHO 4epe3
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’

agm.w, - Eg’_m,m. _Sgi/%, Bg:_ ]/%_ Bg,;!.
6= Gl ) + ol ) +
2
+ E, (]/—_;— m;p) + 3g,:
¢z = 0V T 40V T
(

1
2
+E (=Y Tm,)+ 5.
CJIOKHB 3TH BBIpAXEHHSA, HAXOJHM!

' 5 T . 2 , ) '
Bg'/:;_l‘ag-'/; =2D‘( _2—mup) +28ga=28g0|+23g0.

NOJIyqHM:

(I1,140)

QTCIofa [oJy4aeMm Be.nuqﬂﬂy caaraemoit abeppauuu 8g’py,:
3gp, = (ﬁg'/_ +3g’ ]/_) 8g,

26gD‘
¥ 3HayeHue Kospduuuenta: Dy = —*.

(IL,141)

[MonyuenHoe BuIpaKeHHE HMEET MPOCTOE reoMeTPHUYECKOe TOJKOBaHHE,
€CJIH YCJIOBHTHCA monepeyHyio abeppauuio LIHPOKOrO MepHAHOHaJbHOTo
nyyKa pacCMaTPHBATh B IIOCKOCTH, NEPNEHAHKY/IAPHOA [IaBHOMY Jydy:
abeppaunsi 6g’p, — cyTh TonepeyHas MepHIHOHAJbHAs KOMa Ny4Ka

dsg’
(cm. Gopmyny II, 65). Onpenenus w3 (II, 138) nponssopmyio 75 n
nonoxus m = 0, HaXoZUM:

dvg’ bag
=E, = L :
=By (IL142)
OTCIOJIa TIONYYHM BhIPaXKe€HHE LA cJaraemon aﬁeppaunu Bg,EI.
agé‘ = m' dbg" = mr i:f;' _ m, fg o, (11,1421)

r7e, OYEBHHO, OTHOIEHHe NpHpalleHusa ddg’ K NpHpaleHHI0 OPAHHATHI
dm’ uMCJIEHHO paBHO TaHTeHCY yIa Hak/oua tge KacarenbHolt AB, mnpo-
BeJleHHOM K KpHBoH aGeppanun &g’ (puc. 11, 24, a) B Touke m’,, onpene-
nsiemMoit rJiaBHBIM JydoM. M3 conmocrasaenust dopmya (11, 142) u (11, 89)
HeTpyAHO BHIeTb, yTo npu 8g’y = —Og’y = 6g" (cm. 11, 89)

’
r p ’ r .
xm = -m_’sg npe m —}0,
HIH

5 ! -
AR . ST (11,143)
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Takum o6pasoM, csaraemasi Nonepeunoit abeppauuu 8g’g, nponopus-
OHaJIbHa NPOAOJbHOM MEPHIAHOHANBHOH aCTHrMaTHYECKOH KDHBH3HE H30-
6pakeHus X, .

Cnaraemasi nonepeuHoii abeppanun 8g.,, onpeneasemas cdepHyecKoi
abeppanuedl HaKJOHHOrO MNy4yKa, MoxeT ObiTb HaiileHa H3 TeX Ke
Buipaxennit (11, 140),ecnn namucaTh UX pasHOCTH:

agi/% =’ VT = 2C, (]/; m;p)a + 2E, (]/_-;:- m;p) -

=2(%¢,, +%,);
OTCIHOAa

r

o 5y )
g2 V7

3
Bl Tg‘ - (11,144)
(V- 7o)
Bl W 06y By, 55

r r 4 LY C
m‘,’ —tgaaT—7J A ”Kp —tg% 4 5’

| 9l =

my |- tguy . ,

‘ e L)

s F

‘mkp L'tsf‘:"v M tgl(’

m’ tgft' a F

Puc. 11, 24. T'padsk nonepeunofl aGeppamHu WHPOKOro MepuAHOHalbHO-
ro nyuka (a) u carutTaibHoro myuka (6)

Kak Buaum, ana onpenenenus Koaddunuenta E, HeoOxomum pacyer
BEJHYHHBI X', WJIH 3HaHHE BHJAa KPHBOH nonepeyHoH aGeppauuu IIMPO-
KOro NmyyKa JJjid NOCTPOEGHHA KacaTelbHOH K HeH; 3Ty KPHBYIO MOMHO
MOCTPOHTh He MeHee YeM Mo MATH ToukaM. Mmes Tako#l pacuer, MOXHO
comocTaBHTh abeppaudH STHX JydeH ¢ MOAYYeHHBIMH IO (hopMmyJiam THNA
(I1, 141) u (11, 144); ecnu BennuuHe! 3THX abeppauuit 6yAyT CylIeCTBEH-
HO pa3/HYaThCs, 3HAYUT, OObeKTHB o6sagaeT GoabliuMH abeppalHAMH
BBHICLUHX NOPAAKOB H HeJb3d OFPaHMYHMBATbCA MpeNCTaBJIEHHEM ToNepey-
Hoi abeppanun 8¢’ B BuAe npocroii Tpexunentuodl dopmyant (11, 138).

AHaNOrHYHO MOXKHO TNPEACTaBHTh aGeppalHio IHPOKOro HaKJIOHHOTO
Nyyka B TJIaBHOM CalHTTaJbHOM CedeHHH, BOCMOJb30BABLIMCH pAJAMH
(I1, 122) u (11, 123); orpaHHYHBLIKCH JHLIb YIEHAMH TPETHErO MOpsAKa B
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nonoxus m’ = 0, AN BONHOBOH aGeppalUH NONYYHM:
rL = %C,,M" + %EaM"- (11,145)

Ins nomepeyHBIX COCTaBJISIIONIMX TeoMeTpHuecko# abeppaunu 8g’ u 86G’
HaXOIHM:

3¢’ =D,M" = 3¢gp;
g =DM =%, (I1,146)
3G =CyM" + E; M’ =1G,, + 3G,
rae 8g, = (3g),,.,, —MNONepeyHass CaruTTaJbHas KoMa.
e dbG’ , :
B3sB npouseoguyio <7 1 TOJIOXKHB M’'—0, nonyunm:
. 3G,
B By —EL,
dMp g o
OTCIOZa HAXOAHM BEIpaXKeHHe JUIs claraeMoi abeppauuu 8G'g:
. diG’ r ABG ’
3G, =M’ ~M = . )
AHa/IOTHYHO BBHILIEH3/IOXKEHHOMY CJELYeT:
v o dbG’ 3G
X = =—2=1geo.
ALl Ll L (I1,148)

Takum obpasom, ciaraemas nonepeyHod aGeppaunH 8G’g, mnponopuuo-
Ha/lbHa TPOJIOJIBHOH CATHTTaJbHOH ACTHIMaTHYECKOH KpHBH3He H306pa-
WMEHHS X, .

3nas cnaraemyio 8G'g, u3 ¢opmyan (II, 146), Haxogum 6G'c; =
6G'—6G'e,, a 3artem BosHOBYIO aGeppaumio (II, 145) wmpokoro carur-
TaABHOIO MNyYKa:

4 2 '] '
L =,L(% CoM” + %EZM' ) — (%acﬁ P -—;-865!)th', (I1,149)
- ’ r
rae tgu' =4 = — M
r x —3s

Ha puc. 1, 24, 6 nanecena kpupass EOF aGeppauun 8G’ wmpokoro
Nyyka B TJIaBHOM CaruTTaJlbHOM CEYEHHH; 3Ta KPHBas, OYEBHJHO, CHM-
MeTpHYHa OTHOCHTeNbHO Toukd O. TaHreHc yriia HakJ/oHa KacaTesbHOH
K KpHBOI YHCJIEHHO paBeH aGeppauuu x',. Ha Tom ke rpaduxe HaHeceHa
Kpusass COD; «crtpena nporu6a» srolf Kpusoil paBHa 0Og'p, — mnonepey-
HOH CarHTTaJbHOH KOMe.

Eme pa3 ormeruM, uTo aGeppaimHH MYYKOB MOTYT OLITb BBhIpaXKeHbI
npocteiMu opmysamu (11, 138) u (11, 146) noBoabHO peAKo — JHIIB Y
O0BEKTHBOB HEOOJBLIIOTO OTHOCHTENBHOTO OTBepCTHS. MOXKHO, KOHEdHO,
npumennts Gopmyay (11, 137), comepxkamywo naTh Ko3((HLUHEHTOB, YTO
SHAYHTEJIbHO Jy4llle COOTBETCTBYeT AeHCTBHTEJLHOCTH, HO IPH STOM MO-
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HaoOHTCS NPOBECTH AOBOJILHO TPYAOEMKYlo paboTy Mo «OTAeJeHHIo» ca-
raembix nornepeuHo abeppaiiu O0g’ M, KoHeYHo, rpadHuecKoe UHTErpHpPO-
BaHHe AJIfi MepHIHOHaJbHOro nyuyxa no dopmyse (11, 136) okasmiBaercs
GoJsiee MPOCTEIM H YAOGHEBIM.

§ 3. XPOMATHYECKHE ABEPPAIIMM OB BEKTHUBOB

[Ipu npoxoXneHHH uyepes CHCTeMy Gesloro CBETOBOTO IydYKa, COCTOsi-
LEro M3 JyyeH pasiHYHbIX JJIMH BOJIH, SBJIEHHE OCJOXKHAETCH NUCIEpCHel
Ayuyed, T.e. 3aBHCHMOCTbIO MOKasaTelsi NPEJOMJEHHS CPeibl OT JJIHHBIL
NpOXOAfAIIEeH CBETOBOH BOJHEL. 2TO fBJeHHe OOHapy:KHBaeTCss yxe B 06-
JIaCTH TraycCOBOH ONTHKH: Jake B HMJeaJbHOH CHCTeMe MOryT IPHCYTCTBO-
BaTh JBe 3JleMEHTapHble XpOMaTHYeCKHe abeppaiuH, OCKOJbKY MOJIOKEHHE
1306paxKeHHsT ONMpeJIeSAeTCa ABYMSl KOODAHHAaTAMH — pPACCTOSIHHEM H30-
GpakeHHs: s’ OT ONTHYECKOH CHCTEMBbI H paccTosiHHeM I’ TOuKH H306paxe-
HHA OT oNTHYeCKOH ocH. COOTBETCTBEHHO Pa3/IHYaloT XpOMaTHUeCKy:o abep-
pauxio noJjioxenus 8s’y, Kak paskocTb pacCTOsHHH OT nocJefiseil nosepx-
HOCTH ONTHYECKOH CHCTEMBbI MapaKcHajbHbIX H306pakeHHH TOUKH, o6pa-
3yeMbiX JIyYaMH Pas3/IH4HbIX 1IBETOB, H XPOMAaTHYECKYl0 abeppalHio yBe-
anuenHsi 0Ly, KaK pasHOCTP OpJAMHAT TOYEK MEPECEUEHHs IJIOCKOCTH
Hs00paXkeHHsl TJIaBHBIMH JIy4YaMH Pas3jH4HbIX AJHH BosiH. CHcrema, y Ko-
TOPOH HCOpaBJIeHBl XpOMaTHYecKHe abeppalyy s ABYX IIBETOB, Ha3bl-
BaeTCi a XPOMAaTH3HPOBAaHHOHM

Jins KonuyeCTBEHHOHM OLEHKH XPOMaTHYeCKHX abeppauuifi OGBIUHO
GepyT JBe IJIMHBI BOJIHBL A; H Ay, JIeXKalllHe N0 06e CTOPOHbI OTHOCHTENBLHO
CpefiHeH IJTHHEI BOJIHH Ay, AN KOTOPOH KOPPHTHPOBaHbI MOHOXpPOMATHYE-
ckde abeppalluH; HampuMep, NPH cpegHel IJIHHE BOJHBI Ay = 589,3 wa,
cooTBeTCTBY oLl XKenTol AHHHKM D natpus GepyT A, = 656,3 Hm (MHHHS
C — Boziopona) H A, = 486,1 wm (nuuus F — Bogoposa). Xpomaruue-
ckue abeppalluH OnpeessioTcs Pa3HOCThIO KOOPAHHAT BBILUEAUIAX H3 CHC-
TeMBI JIy4eH, COOTBETCTBYIOIIMX JJIHHAM BOJH A, H A,

’ r r r r r
U, =95,—8, 0L, =L —L,.

Bribop sTHX syyeit onpesensiercs HasHaueHHeM o6bekTHBa (dororpa-
¢dupoBaHue B onpelesieHHOH 06JlacTH CneKTpa, BH3yaJibHbie HabGJoIeHHsd,
npoekuuss H T. A.). Hanpumep, o6beKTHBBI (pOTOANMapaToB LHPOKOTO
NpHMEHEHHsl, NpeJHasHAYeHHbIE I8 NPHMEHEHHs KaK C YepHO-GesbIMH,
TaK H IBETHBIMH (OTOrpaMyeCKHMH MaTepHaJaMH, aXPOMaTH3YIOTCH s
ILJHH BOJH Agr = 434,1 Hm B A, = 656,3 HM, a MOHOXpOMaTHYECKHE
abeppallHd KOPPHIHPYIOTCA AJs IJHHBI BOJHBI A, = 546,1 #m — coot-
BETCTBEHHO CHHell, KpacHOH M 3eseHol o6GnacTeil ClleKTpa, KOTOPHIM COOT-
BETCTBYIOT MaKCHMYMBl MOHOXPOMaTHUYeCKHX (POTOAKTHHHYHHIX NMOTOKOB
TPEXCJIOHHBIX LBETHBIX HeraTHBOB (C yYeTOM CNEKTPasibHOrO MpOMycKaHHs
00BbeKTHBOB). A3popoTOOGBEKTHBEI M aSPOCHEMKH, KaK NpaBWJO, NpH-
MeHsiloTCsE co cBeTopuabTpamH: KenthiM (XKC), opamxesem (OC) uau
kpacHbM (KC); B coueTaHuH ¢ NaHXpOMaTHYeCKHMH H H30MaHXpoMaTH4e:
CKHMH (oToMaTepHanaMH 5TO TpeGyeT axpoMaTH3alHH O6beKTHBOB B 00-
JIaCTH chekTtpa ot ~590—620 xu ao ~660—680 #m cooTBeTCTBEHHO-
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XpomarHuecKas aGeppauHsa noaoxexusn. Jra abeppauus onpeaensercs
paccroanuem 8s'y, = Sip—8S, MeXIy IBYMS MJIOCKOCTAMH H300pae-
Huii (puc. 11, 25) onHo#t ¥ TOH e NJIOCKOCTH MPEAMETOB Jy9aMH ABYX AJIMH
BOJIH: A, H A,. Kak nokaswiBaer TeopHsi aGeppallufi, NpoJoJbHasi XpOMaTH-
yecKas abeppanus 8s'y,, BhpaxeHHas B MepeMeHHbIX JIaHre, WMeeT BMI:

k=p
B I Ad.k Bﬂk
BSKP—WE Hy—= =y (I1,150)
k=1 Au_k

The 8n = nyy,—ny; — Pa3HOCTh NOKasaTeled NpPeJIOMJeHHs, COOTBETCTBY-
IOIHX JIBYM AJIHHAM BOJIH, Bmﬁpaunmm ISl onipelesyieHH s XpOMaTK‘IECKOﬁ
abeppalfH; BeJHYHHEI @ H 1 COOTBETCTBYIOT HEKOTOPOH cpeliHeit A/11He BOJI-

/'-"ﬂ I &, “

S -5 P p’ g r '
S
Puc. 11, 25. XpomaTHueckan aGeppamHa moaoXeHHA H306pa-
KeHut

Hbl Ay B JaHHOM CheKTpaibHoM HHTepBaje. B dopmyse (II, 150) BriGop
CHCTeMbl eHHHIL 115 o Ge3pasinueH; HeOOXOMAHMO JIHLIb COG/IONATH HOP-
MHPOBKY i; = $;a,, TJle S;— PAacCTOsiHHE ILJIOCKOCTH NPEIMETOB OT NepBOW
TNpeJoM/ISIOLIEl MOBEPXHOCTH CHCTEMBI.

Ilns GeckoHeyHO ynaJieHHOH mJockocTH mpexnmeroB (opmyaa (I1, 150)
NPHHEMAET BH:

Bl s f_ (11,151)

xp 1, oo'

BeJIHYHHEI A ¥ g HOpMUpYIoTCs 3aeck ycaoBueM (11, 22); Cy . — mNepBhIH
Koa(bpHLHEHT XpomaTHYecKoH abeppalidH, BblpaXKeHHe KOTOPOTO JaHO B
Buze cyMmbul B dopmyase (I1, 150).

Hexotopsie cnenctsus dopmyast (11,150) 6ynyT paccMOTpeHBl HHKE.

X pomarHueckas aﬁeppauna YBENHYEHHS. Ora abeppauus onpepeJser-
¢ BeaHuMHOM otpeska OL'y, = L';, —L’;,; — pasHOCTbIO  OpAMHAT
(puc. II, 26) Touek nepeceuenus AByX Jyueit Pa3JIHYHBIX [BETOB (HanpH-
Mep, € IJIHHAMH BOJH A, H Ap), MAYUIMX u3 ONHOH H TOH JKe TOYKH 0ObeK-
Ta, ¢ IJIOCKOCTBIO Hmﬁpameuuﬂ HEKOTOpPOro OCHOBHOTO 11BeTa (KOTOpOMY
COOTBETCTBYeT AJIHHA BOJIHBI Ay, PACNOJIOKEHHas B cepeliiHe CNeKTPaJibHOH
06:1ac'm Ay—A;), A1 KOTOPOro OpAMHATa TOUKH NepeceueHHs Jyya paBHa

I'yo. B obluem clydae MpOH3BOJIBHOTO MOJOMKEHHS MJIOCKOCTH NPEAMETOB
¢opmyna, onpenensromas BemuunHy OL’,, MMeeT BHI:

’ k=p
oL, 5 Ny L‘l’* A2ne (I1,152)
I A2 np
k=1 ng
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rae | — obo3HaueHHe WHBapHaHTa Jlarpawxa—Iensmronbua ! = nya,

(1—s1)B1-
' ﬂnﬂﬂéecxoneqﬂo yAasieHHOH nuiockocTH npeameros ¢opmyna (11, 152)

Han#AwWeTcss B BHAE:
3L, =ftgw,C, . (11,153)

rie w, — yroJ nojs 3peHHs; Cy; — BTOPOH Ko3(dpHUHEHT XpomaTHye-
CKoil abGeppallHH, BbIpaXKeHHe KOTOPOro laeTcs B BHIEe CyMMbl B (opmyJie

(11, 152).
HHO[‘I.[a NPHBOJUTCA OTHOCHTEJIbHAS BEJIHYHHA xpomamqecxoﬁ aéep-
W'yp .
pamHH  yBEJHYECHHA 7 L ; OHA BHIpaxaeTcsa o6bIYHO B npoueHTax.
Ao
A
Ay
2 4
A %
r
% %%
Puc. 11, 26. XpomaTHueckan abeppanms yse- Puc. 11, 27.
anvenun nsobpaxenu T'pacduk BTOpHY-

HOro CchnekTpa

Bropuwunbiit cnektp. [Ipn Ha/iHuMu He MeHee JBYX CTeKOJ] — KpOHA H
(yIHHTa — B ONTHYECKOH cHCTeMe BCerZa MOXKHO noubopom POKyCHBIX pac-
CTOAHHA OTHENBHBIX JIHH3 CHCTEMbl COBMECTHTD B OAHY TOYKY B IJIOCKOCTH
H306paKeHHH J1Ba Jyya C JUIHHAMH BOJIH Ay H A,, HO TIPH 3TOM JIYYH APYTHX
JJIHH BOJIH He MepeceKyT OCh B TOi JKe TOYKe. ITY OCTATOUHYIO BTOPHYHYIO
XpoMaTHyecKyio abeppalHio HasHBAaIOT BTOPHYHEIM CIEKTPOM.

IOna xapaKTepHCTHKH NOJIOMXeHHH H300paxeHHH, o6pasoBaHHBIX JIy-
YaMH pas3iMYHBIX IJIHH BOJIH, CTPOAT TpadHK BTOpHYHOro cnekrpa. Ha
puc. 11, 27 nonobGnas kpuBas mpexacraBaeHa. CHCTeMa XpOMaTHYECKH HC-
npasjeHa AAA AJHH BOJIH Ay H Ayl

8, — &, =0
YcJsoBUMCS HashiBaTh MEPOH BTOPHYHOIO CNEKTpa BEJHYHHY
Ay, =S5, — 8, (I1,1549)

rle Ay — HEKOTOpas CpPelHss B 06J1aCTH CNEKTPa Ay—A, AJIHHA BOJIHMI, A5
KOTOPOH HCNpaB/ISIOTCS MOHOXPOMaTHYecKHe abeppalMH CHCTeMBbl H pac-
NI0JI0KEHHas! B TOYKe nepern6a (Hau B6IH3H Hee) KpHBOH BTOPHYHOTO CHIeKT-
pa. Takum obGpasom, BeJHYHHA A ),, YHCJIEHHO PaBHA «CTpeJe mporxGa’
KpHBO# (puc. II, 27) Bropuusoro cnekrpa. Besinunna BTopHYHOTO CeKTpa
SaBHCHT OT TOrO, AJIi KaKHX ABYX JyyeH ycTpaHeHa XpomaTHyecKasi abep-

156



pauHs TONOMEHUS; PH 5TOM NPeANoJaraeTca, YTo0 KOHCTPYKIHS ONTHYe-
CKOH cHcTeMbl OOblyHasi, T. €. He TIPEANPHHATH CNElHaJbHBEIE MEPHl MO
yMeHBIUEHHIO BeJIHYHHEL BTOPHYHOTO cnekTpa. BeiGop AByX JydeH, mon-
JieallHX aXpoMaTH3alluH, ONpeleideTcs Ha3HayeHHeM OOBEKTHBA.

CylecTByeT HeCKOJIbKO cnoco6oB axpomaTtusauvMu. B oGbekTHBax BH-
3yaJbHOTO Ha3HayeHHs (NPOEKLHOHHBIE OOBEKTHBBI, OOGBEKTHBH OMHOK-
Nell, reofiesHYeCKHX TPyO M T. A.) «coenuHsio™ ayun C (A = 656,3 nn)
u F(A = 486,]1 #a) U KpHBas s’ JOCTHraeT MHHHMyMa Aas A, = 560 Hu;
BEJIHYHHA BTOPHYHOTO CIEKTPa A ri, IPH 3TOM paBHa:

' 1§
Apy, =S8, = 5500 (I1,155)

3aMeTHM, UTO eCJIH IJIOCKOCTh NpeIMeToB GecKOHeYHo yrajeHa, 1o s'=~f',
rae f° — ¢oKycHoe paccTosiHHe 0GBHEKTHBa.

B obwexTHBax aas oTorpadHpoBaHHsa ¢ BH3yaJbHOH yCTaHOBKOH Ha
dokyc (croma BXomaT «cTaphie» (HOTOOOBEKTHBEI H HEKOTOPHIE aCTPOHOMH-
YyeCKHe OGBEKTHBL) BTOPDHUHEIH CIIEKTP HMEET MHHHMYM §' Aas usera F,
a coepnuensl ayun D u G'; ato cayuai GoToBH3yasIbHOH KOPpEKIHH; Be-
JIHYHHA BTOPHYHOTrO crnekTpa Ag'r paBHa:

Bgip = — 8y = =L (11,156)

Y coBpeMeHHEIX 06BEKTHBOB JUJIsA LBeTHOH oTorpadui, aXxpoMaTH3HPOBaH-
HBIX B o6aactH cnektpa oT G 1o C, «HOpMa/bHbIH» BTOPHYHBIH CIEKTP
paBeH:

Mgy = S — ==L (I1,157)

Jns Bceit BHauMMoH o6GaacTH cnekTpa OT (payHropepoBoOH JHHHH
h (A =404 #n) o A’ (A = 768 Hu) BTODHYHBLIHA CIIEKTDP HMEET BeJIHYHHY:

.

Bup = —p = L= (11,158)
Mmgmym KPHBOH BTOPHYHOTO CIIEKTPa IPH 5TOM PAaCIoJIOKeH BOIH3H 1Be-
Ta D.

CyuiecTBY10T 06BbEKTHBbI C YMEHbIIIEHHOH BeJHYHHOH BTOPHYHOTO CIEKT-
pa (HeKOTOpHE THNBI ACTPOHOMHYECKHX OOBEKTHBOB, BLICOKCKayecTBeH-
HEI€ KOJVIHMATOPHbIE 06 BEKTHEbI); OHH HOCAT Ha3BaHHE allOXPOMATOB, eClH
BTOPHUYHBIH CIIEKTP HCNpaBJeH, H IOJyaloXpOMaTOB, €C/IH BTOPHYHEIH
CNeKTpP cyulecTBeHHO yMeHbuleH. Huxe (rnasa 1X) ocraHoBHMCA Ha
BO3MOJKHBIX NyTSAX HX CO3JaHHA.

XpomaTHyeckaa pasHoCTh ctepHueckHX aleppaumii. Y CBETOCHJIBHBIX
00beKTHBOB cepHyeckas abeppalva HacTO OKa3blBaeTCA Pa3/HYHOH AJs
Jyyeil pasiHYHEIX JJAUH BOJIH: OHa MOXET ObITH XOpOLIO KOPPHTHpOBaHa
AN OCHOBHOH JJIMHEI BOJHEI Aq W NMPHMHHMATb HEJONMYCTHMO 6GOJIbILME 3Ha-
YEeHMA ANA JJHH BOJH A; H Ay, AJIA KOTOPHIX HCIPaB/ieHa XpoMaTHYec-
Kasi abeppauHs TNOJIOKEHHS.
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O303HauuB gepes 8's), u 8s'y, mpononbuble chepHyecKHe abeppauuu
Jyveil ANs JNJAHH BOJH A; U Ay, MOXHO NMPEACTABHTL UX KaK (QYHKLUHU amep-
TYpHOTO yrsia #’. OrpaHHYHBILHCH NEPBEIM YJIEHOM Pas3JsIoXeHHs psjia, YTo
cooTBeTcTBYeT 06aacTH abeppaiMH TPeTbero Mopsiika, MOXHO HaMHCATh:

3, =0 —ds = (8 —8)—(s, —5), =(Sn,—Su, )" (11,159

rae (s'ag—S 51)o — Pa3HOCTh NapaKCHANbHHIX OTPE3KOB; ('3 — 8'3;) —
Pa3HOCTb OTPe3KOB, O6pa30BaHHBIX JIyYaMH, COCTAaBJSIOMHMH yroa u’ ¢
onTHueckoi oceio; (Sp,— Si,) — pasHocTh KosdduuueHToB chephuecKoi
abeppallHH TpeThero Mopsika [/ AJHH BOJMH A, H A,. Beauuuna 8, _,
ompefie/isieT XPOMAaTHYECKYyl0 pasHOCTh c(epHyeckKHx abeppaunit. Ira
afeppauus NPHBOIHT K TOMY, YTO €CJH NOJIHOCTHIO KOPPHIHPOBATh Xpo-
MATHYECKYI0 aGeppanHio NapaKCHAJbHBIX Jyueil, TO PasHOCTb OTPE3KOB,
§'30—58"y; NS NyYei, NocTynalwKX B OOEKTHB Ha Kpalo BXOXHOTO 3payuKa
okaxercs MakKcumaabHO#. TTosTomy uwesecoobpasHee, Kak M JiesaeTcsi Ha
NpaKTHKE, KOPPHTHPOBATL PA3HOCTh OTPE3KOB §'p,—s’;, AJA Jyuedl, mo-
cTynawuux B 0O6beKTHB Ha HEKOTOPOi 30HEe OTBepCTHS BXOAHONO 3pavka.
X poMaTHYECKyl0 pasHOCTb cepHYeCKHX abeppallHii, HJIH, KOpoue, chepo-
XpoMaTHuecKylo abeppauHio o6beKTHBa, B oflleM CJyyae ONpefeJisiioT

H3 QopMyJIHL:
Bn = (8, =) uy, — (5, =5, (11,160)

rae u'yp — anepTypHEIH yros KpaidHero Jyda.

XpomaTHyecKass pasHocTh abeppauMii HakaohHbiX nyuxos. 1o mepe
BO3pACTaHHA anepTypH 0ObEKTHBA H YI/1a NOJA 3peHHs HAYHHAIOT CKa3H-
BaThCA XPOMaTHYeCKHe Pa3sHOCTH BCeX PAaCCMOTPEHHHIX Bhille abeppanmii:
KOMBI, aCTHTMaTH3Ma, AHCTOPCHH H T. A.

CylecTBOBaHHe XpoMaTHYecKOH pasHocTH abeppaluil 3acraBiser
OTpaHHYHBATHECA HCIPaBJEHHEM TOJbLKO TeX XPOMaTHUecKHX abeppanumf,
KOTophle 0cO6EHHO BpPeIHEI NIPH M0JAb30BaHHH 00beKTHBOM [ ONpejesieH-
HBIX LeJed, HCIPaBJAA HX B Npejenax JIMUIb TOH 00/1acTH CreKkTpa, B KO-
TOpOii 00BEKTHB GyJeT NMPeHMyILeCTBEHHO NpHMeHATbesi. HanGonee Tpya-
HO paspeluuMol siBaseTcs npobjeMa KOPPeKIMH XPOMaTHYeCKHX pasHOC-
Tell aGeppaniit HAKJIOHHBIX MYYKOB. Jl1s1 HX XapaKTepHCTHKH OOLIYHO CTPO-
AT rpaduky abeppauHil IAsi TPeX IJIHH BOJH: Ay M Ay — AJS KOTOPHIX
06BEKTHR XpOMaTHYECKH KOPPHTHpPYyeTcsi, H Ay — ISl «OCHOBHOH» IJIHHBI
BOJIHEI, JJIi KOTOpPOH HCTpaBJSIOTCA MOHOXpPOMaTHYecKHe aGeppailuu.
Hannune storo «cemeiicTBa» KpPHBBIX MO3BOJISIET JenaTh BEIBOAH 06
H3MeHeHHH ctepuuecKOH abeppalliH, KOMBI, aCTHIMaTH3Ma H KDHBH3HEI
MIOBEP XHOCTH H300pakeHHs1 N0 CNeKTpy.

B 1HpoKoyrosibHeIX OPTOCKOMHYECKHX OObeKTHBAX, B YACTHOCTH Npej-
Ha3HaYeHHBIX JJ151 paboTel CO CMEHHBIMH CBeTO(HJIbTPAMH, HeJb3sl He CYH-
TaThCSl C XPOMATHUECKOH Pa3HOCTBIO yBeJHYeHHH BhICITHX nmopsnkos. Pop-
Mmyanr (11, 1562) u (I1, 153) BepHbI AHLb B NapaKcHaNbHOH 00J1aCTH; ¢ BO3-
pacrauvem opauHaThl [’ (WM yraa noss w) BemHunHa 8Ly, oKaspiBaeTcs
NPONOPIUHOHANBHON BBICIIAM HEYeTHHIM CTeneHsm [':

3L, =al’' + bl +cl"” .
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TouHoe 3HayeHHe XpoOMATHUECKOH PA3HOCTH YBeJHYEHHH MOXKET OHTh
Npolle BCEro ONpelesieHO Ha OCHOBAHHH pacyeTa XoJa IVIaBHHIX Jyuyeld.
Bospocume 3a mocsiefHHe roisl TpeGOBaHHA K KadyecTBY H306pakeHuil
IIHPOKOYTOJMBHEIX 06BEKTHBOB NPH OZHOBPEMEHHOM YCJIOBHH MOBHILIEHHSA
MX ONTHYECKHX XapaKTepHCTHK MOCTABHJHM Mepej ONTHKAMH 3ajady Kop-
PeKLUHH M 3THX abeppauHi. ‘

§ 4. ABEPPAIIHH OBBEKTHBOB
C AC®EPHYECKHMH TIOBEPXHOCTAMH

Msn1 paccMOTpUM 3JIeCh 9TO YPe3BBIYaMHO NEPCNeKTHBHOE HanpaBlieHHe
pasBHTHSA OOBEKTHBOCTPOEHHS JIHIUb C Y3KOH, METOIHYECKOH, CTOPOHEL
Ananus HanpaB/ieHH#i PalHOHAJBHOTO NPHMEHEHHs acepHKH B 0GBEKTH-
BOCTPOEHHH H PAaCCMOTPEHHE HOBBLIX BO3MOXHOCTEH, NOABJSIOMHAXCA B
pesyJibTaTe NPHMEHEHHS STHX TEXHOJIOTHUECKHX CpeACTB, GyAyT AaHH
npH ;Eﬁcyx(}leunn pe3yJbTaTOR KOHKPETHHIX Ppa3paboToK 06HEKTHBOB (IJia-
Ba [X).

3zech MBI MpeABApPHTENBbHO PacCMOTPHM HEKOTOphe CBOHACTBa acdepH-
YeCKHX NOBEPXHOCTEH aKCHaJBHO-CHMMeTpHYHOH ¢opmbl. CroicTBa acde-
PHYECKHX MOBePXHOCTEH, HMEIOLHX MJIOCKOCTh CHMMeTpuH, GyayT pac-
CMOTpeHbl HHXKe, MPH H3JI0XKEHHH Pe3yJbTaTOB HalUHX pa3paloToK aHa-
MOP(OTHBIX 0OBEeKTHBOB-aHACTHIMaTOB (raaBa V).

[TycTe aKcHaJIbHO-CHMMETPHYHASI TIOBEDPXHOCTb NPOH3BOJIBHON (hOpPMEI
3ajaHa NOJHHOMOM:

P+ 2 =ax + ax® +agx® + ... +a, x5 (I1,161)

HayaJi0 KOOpAHHAT pachoJiOXKeHO B BepIUHHe .NOBEPXHOCTH; OCh X HalpaB-
JieHa N0 ONTHYECKOH OCH CHCTEMBI.

B o6nactu abeppanuit TpeTbero nopsiika HMeeT BiHAHHe (opma mno-
BepxHocTeil BOJM3H ee BepUIHHBI H, caexopatenbHo, psan (II, 161) orpa-
HHYHBaeTCH JIHIIb [EPBBIMH ABYMS 4JeHaMH:

P+ 2 =ax +axt (I1,162)

Ipu cepuyeckoil NOBEPXHOCTH @; = 2r H @y = —| ypaBHeHHe NpH-
HHMaeT BHI:

Y+ 2 =2rx —x%,

Tle r — pajMyC NOBEPXHOCTH. ¥ NoBepXHOCTeH BTOporo nopsika a, =
2r u a, = —(1—e®) H, cuenoBaTeNbHO:

P +22=2rx — (1 —e?) x?, (I1,163)

TZe e — SKCLEHTPHCHTET I0BEPXHOCTH.
B o6uiem Bune ypaprenue (II, 163) moxuo HamHhcaTh clepyioumum o6-
pasom:

P+2=2x—(1+b)s (11,164)
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rie b moxer GuITb Ha3sBaH KoshdHuHeHTOM Aedopmaiuu. B nosepXHoCTAX,
HMeIOIMX NPopHAb KOHHYECKHX CEYEHHH:

_1-

a2

Toe a ¥ b — NoJNyocH KPHBOH KOHHYECKOTO CeyeHHs; CJelloBaTeJbHO,
ecad e = 0, ceyeHHe NpeACTaBAsgeT COGOH OKPYMKHOCTh; mpH O<le<<l —
ceyeHHe SJUTHITHYECKOe; NPH e = | — ceyeHHe mnapaGo/HyecKoe; TpH
e>1 — ceyeHHe runepbosHyeckoe. KoHHYecKHe ceyeHHs (C BelleCTBEHHBIM
3HaUYeHHEM e) NaloT 1151 KoadhHIHeHTa b TONIbKO OTPHLATENbHbIE 3HAYEHHS
H, CJeJOBaTe/NbHO, KOHHYECKHMH CeUeHHAAMH HeJb3s 3aMeHHThb Jio6yio
3allaHHyI0 KPHBYIO, HMEIOUIYI0 OCh CHMMETPHH, HaxXe BOJH3H ee Bep-
LIHHEL

Bce nanucansse Britte (§ 2) dopmyas: abeppanuit coxpaHsaioT CBOH BHE
H B ONTHYeCKO# cHcTeMe, cOcTOsileH M3 ac(epHYeCKHX M eJIOMJISIOIAX
NOBEpPXHOCTEH, MMEIOWHX OChb CHMMeTpuH. MaMeHsieTcsi JIHILL BbipaXKeHHe
KoappuuuenToB abeppaunii; Bmecro dopmya (II, 35) coorBercTBeHHEIE
KOaDHUHEHTH OYAyT HMETh B NMepeMeHHbIX JlaHre ciexylomuit BHA:

k=p ‘
_ (A npap)®]
(S)aco = ; i [P; + o R ] '
k=p
. A3 (Anpap)®AngB
El)wb 2 hy [P k_ | b, h(:nk)’ kPe ] :
k-—p
A nyay (A ngBg)?
(Stit)ace = hu | P ( t0 ]
a 2 [ Aay ) : (Bng)* (11,165)
’E’ An’ k“k .
he  npn,
k=p
. « [ ABp e Anrae | ABx
(Sv)aco —kgl[[hhp ( “k) + he  npmy ] Az, N
(A ngBr)®
+ hk bk (Aﬂk)g } 2

A L np
ng
nepemeHHbIX Jlanre ocratorcs Te xe: ana dopmya (II, 39) — HOPMHpOBKa
(I, 19); mna cdopmyn (II, 45)~—Hopmnpomca (11,
Ilna GeckoHeyHO ylaJIeHHOH MJIOCKOCTH NPEIMETOB cnpaaemnnm TE Xe
dopmyasi (I1, 37), Ho BhHipaeHnus KoapuuuentoB abeppamuit (11, 165)
l(albiqngg)mmcn NPH YCJIOBHH HOPMHPOBKHM BXOASIUIMX B HHX NMepeMeHHBIX
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B Bripaxkenusx Kosdpuunentos aGeppauuit (11, 165) yersepras cymma
Siv — eauHCTBeHHasg M3 CyMM, He cofiepxKamasi Kosdduuuenta nedop-
mauuu b. KpuBusHa H306pakeHHS He 3aBHCHT OT (JOPMBI IPesIOMJISIOIIHX
nosepxHocTefl, a JHUIIb OT PafHyCOB KPHBH3HEI STHX NMOBEPXHOCTeH B HX -
BepILKHE, _ .

ITpn pacuere onTHuecKoH cucTemMbl B o6nacTH aGeppalldil TpeTbero
NOpsiiKa KOHCTPYKTHBHLIE SJIEMEHTHI CHCTEMBI 4ACTO MOJYYaloTes B YCJIOB-
HBIX €IMHHLAX, HaNpUMep NpPH (POKYCHOM PACCTOSHHH CHCTEMBbI, PaBHOM
enunuue (f* = 1); oueBnnno, kosbduunentsi ypasuenus (II, 161) acoe-
PHYECKOH MOBEPXHOCTH TaKiKe TNOJYYaTCs INPH STOM (POKYCHOM paccros-
Hun.' [1pn mepexofie K HEKOTOpOMY APYroMy sHaueHHi0 (GOKYCHOTO pag-
crosuua (f') ypasuenne (II, 161) npumer Bun:

P2 =27 Fx—(1+ 0% + 22 +2oid+ .+ s, (I1166)
flle T — TNpHUBeJEHHOe SHaueHHe PajAHyca KPHBHSHEI B BepLUHHE KPHBOH
achepHyecKod  TOBEPXHOCTH MpH
=1

B obuem ciydae, ecsin achepHye-
€Kas NoBepXHOCTh 3aj/laHa ypaBHEHH-
em (II, 161), pacyer BLINOJNHAETCHA

cnenyioum obpasom. [Ipexne Bcero s 7 st z
onpenensirtoTCsA KOOPAHHATH X H iy TOY- Pme. I, 28. TpenoMnenne ayua wee
kiR nepecedeHns najaiollero Jyda PO0 SCHIPENOCKYI0 NOBOPXROCTS

~ C MEepPHIHOHAJIbHBEIM CeYeHHeM NoBepX-
HoctH (puc. II, 28), nna 4yero pemaioTe COBMECTHO ABa YPAaBHEHHS —
ypaBHeHHEe KpHBO# W Jyuva:

y'=F(x), g=@E—x)tguy
U3 STHX YypaBHeHHA HMeeM: ' ,
(s—=x)*tg?u—F (x) =0. (11,167)
310 ypaBHeHHe OGLINHO MPHXOAMTCS PelliaTbh ENOCOGOM MOCTENeHHELX

npHGIHKeHHHA, OnpelesyB B NepsBoM MPHOIHKEHHH KOOPAHHATY X HS pe-
LIEHHS KBAJpaTHOTO ypaBHEHHSA: .

(s — x)* tg?u — (2rx — a,x?) =0, (11,167")

INponece urepauuH CyLIECTBEHHO COKpalllaeTest, €CAH BOCIO/Nb30BaThCH eJie-
Iytouteli dopmyofi, cBasbiBaloieli BBEIeHHe (HJH H3MEHEHHe BEJHUMHBI)
k-ro Koatduurenta a, achepuueckoit nosepxuocts (11, 161) ¢ HaMeHeHHeM
KOOpAHHATH A X:

Ar = — Moinpcosu o, (11,1677
2y cosi

[Nocne onpepenenns KOOPAMHAT TOYKH BCTPeuH (X; y) BBIYHCHAsETCA YIos
¢ HOpMaJiH C ONTHYECKOH OChIO:
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tgo = é. (11,168)

ox

Yron nazends i nydya Ha NOBEPXHOCTb H JanbHeHwmi pacueT Xoza Jyua
BBHINOJIHAECTCA N0 (opMyJiam: :

l. i=u—uv; 3. ' =u+i —i;
P S , V , - (I1.169)
2. sini =--n—,s1m; 4, 8  =x+yctgu'. .

. Tlepexox K KoOpAHHAaTaM BTOpOA NOBEPXHOCTH MPOHCXOAHT 1O
OGHIYHBIM (popMyJiaM pacyeTa Jiyya yepes cepHYECKYIO NOBEPXHOCTB:

Shet =s’ __dh; Upt =u;- (113170)
Pacyer Xona .nyqa CylLleCTBEeHHO yMpollaeTrcsa, Korja MepHAHOHAJIbHEIE
KpHBBIE HOBEPXHOCTEH — KOHHYECKHe CeyeHH4. KOOPI[HH&TH Y H X TOYKH

NEpeceyerHs Na/lAILIEro Jyya i NOBEPXHOCTH ONPEAC/IAIOTCH H3 COBMECT-
HOTQO pEeLIeHHsA YpaBHeHHI:

y=(s—x)tgu
Y =2rx — (1 —e’) x%
NPUXOJHM K KBaJPaTHOMY YPAaBHEHHIO OTHOCHTENBHO X: _ .
(secu —e?) x?—2(r 4+ stg?u) x + s tgu = 0. (11,171)

YpaBHeHHe Npolle BCEro pellaeTcs MeTONOM BBEJeHHS BCNOMOraTefib-
Horo yriaa. OGo3HauuM JJisi KpaTKOCTH: '

secty —e? —a,;
r+stgtu=a,;
stgu = ag,

HaXO[(MM HeKOTOphIl BCHOMOTraTe/IbHBIf yros, YAOBJETBOPAIOLIHE yc/o-
BHIO: ‘

a) ecnu @;>0, moabayemcs GopMysamu:

sina=BVE ., 0@ gue
“:' . a4 2
6) ecnn a;<<0, noub3ayemcs GopmynaMu:
|
- = . sin*—§
(el =t el f
|a | 3 a, cosf

3nak 1l ykasbiBaet, 410 HyKHO 6paTh aGCOMIOTHOE 3HAYEHHE BeJIHYH-
Hel @;. Ecii sin @>>1, To Jlyu He mepeceKaeT nOBEpPXHOCTH.
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Beiuncnug X, @ 3aTeM y, HaXoMHM yroJ¢ IO ‘QJOPM)IJ'IE:

W y :
tgq»_.a_y —i— (11, 172)

ox

JanbHeNHe BHIYHCIEHHS npor3soaaTes no gopmynaam (I1, 169) u (11,170).

PacueT HECKO/IbKO yIIpOLL@eTcsl B Cyyae napaGo/iHyeckoi OBEpXHOCTH
(e =1); mns Kosdpduumenra a, umeeM: a, = tg®u; yron o ® x ompene-
astea U3 dopmy.:

sine = Z-tgu, x=2 2 sin* =,
as 4 2
yros ¢ OnpeieautTcss H3 GopMyJIsl: .
tge=-2L." (11, 172"

r

Pacuer nosioxeHns GoKycoB GeCKOHEYHO TOHKHX CATHTTAaJbHLIX H Me-
PHAMOHANBHEIX MYYKOB B CHCTEMaX C ac(epHYeCKHMH IIOBEpXHOCTAMH
NPOM3BOAHMTCA N0 HECKOJABKO BHIOH3MeHeHHBIM (opmynaM IOnra—AGGe.
Paccrosinne #'; (oKyca CarHTTaJbHOTO MNy4yKa NPEJOMJEHHBIX Jyued
CBSI3aHO C'PacCTOSIHHEM #, JI0 BEepLIHHBI NYyYyKa (opMyJIOH:

n' n n'cosi’ —ncosi

LA R , (11, 173)

t ls s

I'lle 7, — IHHA HOpPMaJH, paBHas otpesky MC, (puc. 11, 29). Hanomuum,
yTo mpH cepuyeckoit nosepxHocTH dopmyaa (11, 173) uMeeT TOT e BUA,
HO BMeCTO r, Gepercs pamuyc r cepuueckoil noBepxHoctH. V3 pucynka

SICHO, YTO ry = ‘s_iyEE ; TaK Kak

sing = Vﬂi_ = = _..j...._......._r
14 tg 2
RES

s=y‘]/l + (%)“ ; (11, 174)

. N & N\
I KOHHUeCKHX ceueHHH, Bocnosb3oBaBiucek (II, 172), nHaxomum:

s l/l—e‘[(l—e") -2 (11, 174')

Paccrosinue #, oKyca MepHIHOHAJLHOTO NMyYKa NpPEJOMJEHHHX Jy-
yeft cienyouum o6pasomM CBA3AHO C PACCTOSHHEM I N0 BEPIUMHBI MyyKa:

OKOHYaTeJIbHO HMeeM!:

’ 2 2 ! f — {
n'cost# _ mcosti _ m'cosi —nmcosi (I1, 175)
!

Im m

’
m
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rie rm — Pajnye KPHBH3HbH MEPHAHOHA/JbLHOTO CEYeHH§ MOBEPXHOCTH B
touke M (cm. puc. 11, 29), paBHeiit oTpesky MC,,. Kak n3BecTHo H3 Andxpe-
peHLMaNbHOH [EOMETPHH: ;

dy \2]° .
[l + (Fy) ] " 1
s - -— (11, 176)
, dx? P
Jlns KOHHYECKHX cedyeHH#, Bocnoab3oBabuuch (II, 172) u npuusB Bo
d%y r? .
BHHMaHHe, UTO -5 = — g B IID:Ily‘{HM. |
2 2x])
B ‘/[I—e” [(1——3’) - Tx]] . (1L, 176")
¥ -
IM My 4,
Y 5 Uyus .”‘W
’.z'_ NG, S et
PN
Puc. II, 20. K pacuery Puc. [I, 30. Onpenenenne
BCTHrMATHYECKOro oyuka <Kocofl» TOJNUHHB

gepes acdepHuecKyl nOo-
BepXHOCTb

Ll

3ameTHm, YTO €CJH IVIaBHBIH Jy4 PAcCYHTaH H, CJIEJOBATENbHO, BEJH-,
YHHbI Y H ¢ u3BecTHsl, BMecto (II, 174°) u (II, 176”) yno6uee Bocrons3o-
BaTbCsl (OpMyJIaMH, NPHTOIHBIMH JJIsi JIOTapH(QMHPOBAHHSA :

i e BB
s = sing ' m risinby 3 (s 177)

11pumenenne gopmyn AGGe TpeGyer elwe pacueta <Kocoii» TOMMUHMHBI dy,
T. €. paccrosiuus MpM,,; (cm. puc. II, 30): T

dy = (Yn— Ynet) COSECUpy . (11, 178)

[TonoxeHne BepIUHHBI ACTHIMATHYECKOTo (MEpPHAMOHAJBHOTO HJIH
CaruTTaJIbHOTO) MyYyKa OTHOCHTEJbHO Cliefyiomed (kB + 1-#l) moBepxHOCTH
OMpefenuTcs H3 (OPMYJIEL: o

tk-l-l:tk—_dh' ([1, 179)

Pacuer cucréms! B 06s1actd abeppaniii TpeThero nopsafka AB/AsSETCA pe-
IIEHHeM 3aJla4yd B IEPBOM NPHOJMKEHHH: B 3TOH CTafiMM pacyera psi
(11, 161) o6priBaércs KoapdHUHEHTOM @y Mexxy TeM cHCTEMa HMeeT abep-
panuy BHICUIHX NOPAAKOB H ANs 6ojlee COBEPIIEHHOrO HX HCIPABJEHHS MO-
JKeT 0Kas3aThCs 1eN1eco06pasHbIM BBecTH ac(epHuecKylo MOBepXHOCTL BhiC-
IUKX MOPSANKOB, COAEPXKallyio BbICOKHE CTENeHH apTyMeHTa X.

Anddepenunansupifi Meton uccaenoBaunnit. Haubosbunii Teopernyec-
KHH M NpaKTHYeCKHH HHTepec NpeACTaBJsieT pa3paboTKa obiied METONHKH,
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no3BoJiAollel, He npuberas K MoApPoOHEIM H BecbMa TPyJAOeMKHM pacyeTam
xoza Jayuell yepe3 acepHyecKHe NOBEPXHOCTH (Tenepb yCNelIHO BLINOJHsAe-
MbIM C nomoukio 9BM), yke B HayaJIbHOH CTaAMH HCCJIENOBAHHH pellaTh
cnenymm.ne BONPOCHI:

. Kakoit W3 chepuueckHx noBepxHocTedi OOBEKTHBA PallHOHAJbLHO
annaTh acdepuyeckyio ¢opmy, HCXOAsA H3 aHaNu3a CTPYKTYPhl MY4KOB
aAydyedl KakK OCeBbIX, TaK H HAKJOHHBIX?

2. Kak, Hcxonsi M3 aHajM3a CTPYKTYPH NYYKOB, ompefesisaiTk Heo6xo-
numyo hopMy Hecd)epHUECKO#H NOBEPXHOCTH, He MpHOeras K HENOCPEACT-
BEHHBIM pacyeTam KOOPAHMHAT Jyyed, MPEJOMJEHHBIX uepes 3Ty acepH-
4ecKyH NOBEpXHOCTb?

3. Kax omnenusath, XoTs Gbl H npnﬁnnmeﬂﬂo, BIHAHHE BBOIHMOH ac-
". (epHYECKOI JIOBEDPXHOCTH HA OCTaJIbHBlE (HE KOPPHTHpyeMble) aGeppaiHu
CHCTEMBI? .

He ocranasnuBasicb Ha MOAPOGHOM H3JIOXKEHHHH pa3paGoTaHHOro as-
topom [3] obwero muddepeHuuasHOTO MeToAa BBeieHHs achepHuecKux
MOBEPXHOCTEH B LENAX OJAHOBPEMEHHOH KOPPEKIHH HECKOJbKHX abeppa-
uufl, OTPaHHYMMCS 3JeCh JHLIb H3/0XKEHHEM OCHOBHOM HIEH MeToja.

Hmea cuctemy chepHuecKHX M acdepHYeCKHX MOBEpXHOCTEH BTO-
poro mopsika, KOppHTHPOBaHHYIO B 06JacTH aGeppaunit TpeTbero nopsa-
Ka, Ml TeM CaMbIM HMeeM (HKCHPOBaHHBLIMH MepBHIX ABa Koa(dHIHeHTa:
ay v a,— psapa (I, 161). O6o3nayum yepes I* OpAHHATY TOYKH NEpeceyeHus
HEKOTOPOH INIOCKOCTH YCTAaHOBKH B MPOCTPaHCTBe H300paKeHHH JyuoM,
BBILIEJIIAM H3 OOBEeKTHBA.

Onpellensis ONHAM H3 M3JaraeMbIX HHXE COCOG0B YaCTHbE POH3BOL-

ar
HBle 57— OT KOOPAMHAT MPEJIOMJEHHOTO Jiya N0 NapaMeTpaM as, du,...fx

psaza (11, 161) u Bripaxkasn satem Bapuauuu di* opaunaTs [’ B npocrpascT-
Be H306paxkeHUH yepes BapHauMH das, dag,... chepHYecKOH MOBEPXHOCTH,
. yCTaHaB/AHBaeM NPAMYI0 3aBHCHMOCTb MEXAYy H3MEeHEHHAMH OpAMHAThl I,
a cJefloBaTes1bHO, H abeppalli¥ Jiyya (IIOCKOJIBKY XOJ Jiyda B NapaKcH-
aJbHOH 00JIACTH OCTAaeTCsi HEeH3MEeHHEIM) H H3MeHeHHAMH Koa(pdHuueHTOB
psza (II, 161):

far ) w s BE L
dlﬂ. = —a;" daa, dl‘ == _'aa' da4. s -',

. L i’

Onpejie/iuB YACTHBIE POH3BOAHBIE 3a; A7 HECKOJIBKHX Jyuyell myuka,
MOAMEXAUHX KOPPEKUHH, H aHA/JH3MPYs MHOJYYEeHHBIE BEJHYHHBI MPOHS-
BOJIHBIX, MMEEM BO3MOMKHOCThb pelliaTh oGpaTHYIO 3ajauy: sajaBas Kela-
Te/IbHbE H3MEHeHHs dI. 1iis Pa3/IMUHBLIX Jyyed B POCTPAHCTBE H306pake-
HHHA, BBHIUMCJAATBH COOTBETCTBYIOLUIHE BeJIHYHHEI KOS(ODHIHEHTOB @, (k =
= 3, 4, 5) ypaehenus (II, 161).

ITOT METOA AaeT BO3MOMKHOCTH HENOCPEJCTeHHO M0JyyaTh OTBETH Ha
Te TPH OCHOBHHIX BOIIpOCa, KOTOpBle OLIH HaMH chHOPMYJ/HPOBAaHEI; NPH-
YyeM BHISICHEHHE HX OKa3biBAGTCS BO3MOXHBIM B pe3yJibTaTe NpoBeJeHHS
CpaBHHUTe/JIbHO HeGOJBIIHX HCCJe/oBaHHM.

Huddepennyanbrpiit METOL HCC/IGAOBaHHHA OKa3biBaeTCs cpaBHu'le.nbno
MaJio 'rpynoemxnm 6aarofaps ‘pHMEHeHHIO NOKa3aHHOH aBTOPOM CJielyro-
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el TEOPEMBI: €C/H M3BECTHEI IBE€ YacTHEHIE hpouaaonnue oT abeppauufi
Jdyya B mnpocTpaHcTBe H300pardeHH#H % He— a‘:: ; T0, He npuGeras K Ka-
KHM-1H60 cHemHaJJbHEIM pacyeTaM JiydeH, MOMHO ONpele/lHTh HEKOTOpYIo

YacCTHYIO HpOH3BO}1HYIO_E H3 BbIpaxKE€HHA:

al’ n—p _p—m Ol p—m _p—n OU
_— — X X . I1, 180
cap n—m 0 da,, + n—m da, ( )

rae dan, da,, da, — Bapuauuu m-ro, n-ro, p-ro KoshbHuHeHTa psja
(I1, 161); x, — abcurcca TOYKH NepeceyeHHsi Jyya C MOBEPXHOCTHIO.
Ecnn BapeHpPYIOT, 470 NpaKTHYECKH HauboJiee HHTepecHO, Kakue-JH6o
TpH coceliine Kos(pdunuenra paaa (I1, 161), nanpumep c nagekcamu k—I1,
kuk+1, 10, nonoxus m= k—I1, n==k, p =k-+1, u3 (II, 180) naxonum:

. ar' - 2 ol
=2%) — —x, —.. I, 181
O0ap,, . dap 0 dap_, ‘ (1L )

. AHaquTHyeckas (opMmyaHpoBKa nHpdepeHunanbHoro meropa. Ilycth
0OBEKTHB, COCTOSIIHA U3 C(PepHUECKHX HJIH JPYTHX MOBEpXHOCTEH BTOPOTO
nopsAaKa, HCCJAEAYETCS AN BHICHEHHS PalHOHANLHOCTH BBENEHHS OLHOI
HJIH HECKOJIbKHX acepHYeCKHX MOBepXHOCTeil GoJiee BHICOKHX TNOPALKOB.

[Nyctb BBogHMAas acepHyecKas NOBEPXHOCTh MpeJHA3HAUAETCA IJIf
¥3MeHeHHs KOOpIHHAT BHIXOZa ONpeesieHHbIX Jiyyell B POCTPaHCTBE H30-
GpaxeHu#, Hanpumep Jayueid Ne 1, 2, 3 ¥ T. K., IpHYEM 3TH JY4YH MOTYT
NpHHAAJIEKATh Pa3/HYHBIM NyYKaM PasHBIX YTJIOB HAKJIOHA.

O6osnayum yepes dl’,, dl,’, dls',... 1 T. 4. uaMeHeHns Koopauuart [y,
Uy, U's,... iyueit Ne 1, 2, 3,... B mpocTpaHcTBe H300paxeHni. OG03HaAUHM
yepes D}, D'?, DY u t. 1. yacTble npon3BoAHEIE OT KOOPAHHATH [, 1O
KeahDHIMEHTaM a,, @y, @3, OTHOCAIMecsH K Jayuy Ne 1; uepes DY, D'P,
D?... — 10 xe nns ayya Ne 2 u T. &

Ilpuxomum K cucreMe JMHEHHBIX YpaBHeHHH:

dly = D{"da, + D§"da, + D{"das + - - - ;
412 = Dmm + D§ ’da, + D§"da, oo | (11, 182)

. L R T T R R S S . e

le = D.‘N’dai u D;"”araz 4 DiMday 4

Wmes B Bupy, uto usmeHenus dl’y, dl’,, dl’s,... 06bIYHO HOMKHBI GHITE
NoJIyYeHbl He C BHICOKOH TOYHOCTBIO, @ JIHIIb TPHO/IHIKEHHO, CJIeIyeT CUM-
TaTh HE BCErJa pallHOHAJbHLIM CBeJEHHE 3allaud ONpele/]eHHs BapHauuil
da,, da,, das,... K pelieHHI0 cHCTeMBl JHHeHHbIX ypaBenud (II, 182).
Llenecoobpa3snee, HCXOAS M3 OHEHKH BeJHYMH YACTHEIX IIPOH3BOJHBIX
DY, DD, DD,... ncnonb3osath AHwb Te u3 KosdduuuenTos paga (11, 161),
KOTOpBle fBJAIOTCA HauGo/lee AKTHBHLIMH [ApaMeTpPaMH /I peLIeHHsi
3aflau¥ KOPPeKLHH B KaXXIOM KOHKPETHOM CJyyae, YTOUHSIA TMPH 3TOM Bbi-
6op Be/MYHH BapHaumii Kos¢duuuentos da,, da,, das,... NpH KOTOPHIX C
HOCTATOYHBIM NPHOGJIHIKEHHEM NOCTHTAIOTCS - TpeGyeMble H3MEHEHHS Koop-
JAMHAT a‘!1 , dly’, dly',... B cucreme ypaBuennit (II, 182):
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B cayuae oTCyTCTBHSA pelieHHs NPH BBeJeHUH achepHYHOCTH Yy JaHHOM
NOBEPXHOCTH OGLEKTHBA HCC/e[OBaHHE NPOACKAETCS AJs BbIACHEHHs
uesecoo6pa3HocTH achepH3anuH KaKoi-1u60 Apyro# H3 noBepXxHocTeH 06b-

" ekTuBa. CBeJleHHsI O TOM, KaKyio M3 IoBepXHoOCTell LesiecoobpasHo B mep-
BYIO OYepellb HCCJIENOBATh Ha acepHYHOCTh, Mbl MOJyYaeM yXKe B CTaJHH
NpeABapHTeNbHBIX HCCJIEIOBAaHHH AAHHOH ONTHYECKOH cXeMbl OGBbEKTHBA.
D10 clefyeT H3 aHaJIH3a COCTaBIAIOWIMX Kos(duneHTOB abeppaluii TpeThb-
€ro TMopsAJKa Ha OTIENbHHIX IOBEPXHOCTAX OOBEKTHBa, H3 aHANH3a X0ja
Jyueit pa3nHyHbIX MyYKOB Yepe3 OOBEKTHB JaHHOTO THIMA, H3 OLEHKH Be-
JIMYHH YTJIOB NAajieHHsl H IIpeJIOMJIeHHs Jiyuell Ha MOBEPXHOCTAX CHCTEMBI.

Ecnn okaswiBaercs HeoGXOAHMBIM BBEEHHE B CHCTeMy GoJiee OXHOH ac-
¢epHuecKOH NOBEPXHOCTH, BMecTo cHcTembl ypaBHeHHH (LI, 182) npuxoaum
K ypaBHeHHAM BHJA:

k n .
“ diy = D" da, + Y E" db, + ---;
7} 1

k

. 2 < o2 .
iy =3 D? day+ N E dby+ - (11, 183)
1 1

LI T T R T R T R R Y

k n
‘diy =¥, DVda,+ ¥ EN db, +-- -,
1 1

rje yepe3 D, E U T. A. C COOTBETCTBYIOUIUMH HHAEKCAMH 0603HaUeHB YacT-
Hble MPOH3BOAHLIE OT KOOPAMHAT Jy4yeH B IPOCTPAHCTBE H306paKeHHH,
onpee/eHHEe COOTBETCTBEHHO N0 Kos(hHuueHTaM @ H b U T. A. PANOB:

g’+z’=a,x+a,x3+asx3+.--;
: Y+ 22 = byx + bpx® + bgx® + - -

B npennaraeMoM MeTole CPaBHHTENBHO HaHOOJbLIEH BBIYHCIHTEJb-
HOH paboThl TpeGyeT onpeesieHHe BEeJHYHHBI JBYX OTNpPaBHHIX YaCTHHIX
NPOH3BOAHKIX OT KOOPAHHAT Jyda B NPOCTPaHCTBe H3006paxieHHH mo Ka-
KHM-2160 AByM Koadduuuentam paga (II, 161), nockonbKy 4acTHBIE MpoO-
M3BOIHbIE N0 OCTaJbHBIM KOS((DHLHEHTaM Psilla 3aTeM Yxe BHIUHC/IAIOTCA
no pekyppentHo#t gopmyne (II, 181): '

] Co,184)

D,y = 2%,Dy — %Dy,
rae yepes D,_y, D, u D,,, 0603HayeHBl COOTBETCTBYIOLIHE YACTHHIE IIPOH3-
BOJIHLIE, ONpee/eHHbe N0 KoapduuuenTaM k—I1-ro, k-ro v k-+-1-ro unedam
psama (II, 161). .

OnpepeneHne OTNpPABHBIX YacTHBIX npou3BoinbiX. OCTaHOBHMCH 3jech
JUIIL HAa OAHOM CrocoGe ompeznesieHHs OTNPaBHBLIX YAaCTHBIX MPOH3BOAHBIX
D, , u D,; uMeiorcs pasiHyHble CHOCOGH WX ONPEAe]eHHS — NPHMEHH-
TeJIbHO K pasHbIM YCJOBHMsM peliaemoit 3agauu [3].

HanGoslee HemocpeACTBEHHBIM, HO H HaHGOJee TPYNOEMKHM SIBJAETCS
crnoco6 pacyeTa Xoja Jyded; MPH 3TOM ONpefensioTCH BapHamHH A l° Ko-
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L3 .
opauHar !’ mpd H3MEHEHHH KO3PPHUHEHTOB Aa, ¥ NPHOIHKEHHO NMPHHH-
Maercd, YTo

ar __ Ar

day Agy '

KOOpAHHATH TOYeK mepeceueHHs Jyyed o acepuueckoli MmosepXHOCTbIO
HaXOAATCA crnoco6oM nocJefoBaTe/bHBIX NPHOMHMKEHHH; IJA YCKOPeHHA

STOTO NpoLecca PeKOMEH/yeTCs NPH pellleHHH ypaBHEHHs (I1,” 167) Boc-
noab3oBaThes Gopmysoi (11, 1677):

Ax = — sinpcosu

x*Aa
2y cos i ke

re A X — H3MeHeHHe abCLHCCHI X TOYKH BCTPeYM Jyda H acdepuyeckon
MOBEPXHOCTH, HafjeHHok mpuGarienHo us (II, 167"); orcioma nanee Ha-

xomm BTOpOE npnﬁnumeune X npu pewennu ypaBuenusi (II, 167):

x—x+Ax

OnHaKo GoJsiee SKOHOMHUHBIM ABAAETCA €NOCO6 HCMONB30BaHHA AaHHBIX
0ObiYHOM TaGMHIEl BAHAHHS H3MEHEHHs MapameTpoB CpepHuecKoro oGe-
eKTHBa Ha ero aGeppauui.

[MyeTh Aas HcChelyemMoro 06beKTHBA, COGTOALIEro H3 CHepHYECKHX
TIOBEpXHOCTeH, cocTaB/ieHa TaGJMIa BAMSHHA H3MEHEHHs ero KOHCTPYK-
THBHBIX 3JieMeHTOB Ha abeppauuu. OG6GO3HauHM 4Yepes 4, , k-# Koad-
dunuent pafa (11, 161), orHocaueroca K n-# HecsenyeMofi MOBepXHOCTH
o6bekTHBa. OKasa/oCh BOSMOXKHBIM HENOCPEICTBEHHO ONMPENe/IHThL HacT-

di
HYI0 [IPOH3BOAHYIO s €CJIM U3BECTHB! BEJIHUHHBI HEKOTOPBIX IBYX YacT-

HBIX NPOU3BOAHHIX OT I” N0 KakuM-a1HGO ABYM mapamerpam OOBEKTHBa; B
YaCTHOCTH, TAaKHMH MapaMmeTpamH, no-BHAMMOMY, yAoGHee Bcero usbparth
pamnyc r, HccienyeMpH MNOBEPXHOCTH H paccTOsiHHe d, MeXAy BepIuu-
Hamu n-fi n-+1-#t noBepxHocrefi. CoOTBeTETByIOAs 3aBHCHMOCTL MMeeT
BHL:

al (k+E) xk_, _,ﬂ_r._ (k—l)xﬁéin%sln(u;#un) .QL

da, , 2(0+E) ™ oy - 2 (1 4 E) yn cos i sin u,, ad, '
' g (1, 185)

rae

Em— S0 (314gy, cosg, 4+ sing, P (5, (1. 185)

Takum ofpasoM, MOJb3ysCh TabJHUEH BJAHSHHA H3MEHEHHA mnapa-
METPOBAT, HAd, Ha H3MeHeHHe KOOPAHHATHI Jyda H BOCHOJIb30BaBIIHCH
NpHOJIHXEHHEIMH PaBeHCTBAMH

or . & oor  Ar
. arn Arp od,  Ad, '

r

u3 opmyan (I1, 185) onpenensieres Bennunna o, &3%ateM ¢ MOMOILBIO
. n»
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peKkyppenTHo# ¢opmyant (II, 181) — ocraneneie mpousBoHbIe:
dl’ al’

da,, 441 " da,, k42 d
B cnyuae nedopmanuu chepuyecKor noBepXHOCTH,AM5 KOTOpPol F”(x) =

=—2, u3 (II, 185’) naxonum: )

. (11, 185"

HT. I

E=Ecq,,p=—-ftg£.

[Mpu BeAKoro pola mpefBapHTeNbHBIX INOACYETaX BMeCTO (GOPMyJIBI
(11, 185) moxHO, KaKk NOKa3plBaeT aHa/IH3, npeHeOperas BTOPLIM CJarae-
MbIM TpaBoH YacTH, NPHHATH:

.“l' e k_'__E - -2.{:‘
O2, p° 2(14+E) " Oy’

Sra dopmyna — npuGAHKeHHAsi, MOJydYeHHAs B pe3yJsibTate npeHeGpe-
XeHHs BJIHSIHMEM BapHAlMH KOOPAMHAT dx M dy HAa H3MeHeHHEe KOOPIH-
-HaT TPEJIOMJIEHHOTO Jlyda H yueTa BJMSIHHA JHIUb BapHauUuH dp — yria
noBopoTa HopMaau (cM. puc. II, 29). .

. B sakuoueHue 3amMeTHM, YTO B KayeCTBe KOOPAMHATH Jiyya, BapHalus
xompoﬁ B mpocTpaHcTBe H306pakeHHi onpepessieTcsi, MOXeT ObiTb BhI-
GpaHa He TOAbKO opauHaTa I', HO H .moﬁaﬂ ApyTas BeJH4YHHA, ONpenesio-
uias NMOJIOXKEHHe Jyua, HampHMep yroa 4’ Jyda ¢ omuqecxon OCbI0 HJIH

OTpe3oK §’; B YaCTHOCTH, ONpeJesieHHe npousaonuoﬁ — HeoGXONUMO 115

BLIYMC/IEHHA H3MEHEHHA OTCTYNJEHHA OT yc.uoaua [II'reGJIe—JIHrou-
Koro (1I, 69):

(11, 186)

! !
dy Ny . Ou o e 1 : DAs
aak ‘ap xo — q) aak

; (11, 187)

rie A s’ — Bapuauns npoaoabHo#t chepuuecko abeppamun As* myuxa.

du "
YacrHas MpoH3BOAHASA g MOKET ONpelesATbEA H3 TOH XKe peKyppeHT-

. Ho# opmyant (11, 181), ecain B nocsienHeil KoopAKHATy I’ 3aMEHHTb KOOP-
AuHaTOH 1.

Mel uanoxuau 3fech obuiyio nieto metofia [3). OnHcanne KOHKPETHHIX
pe3ysbTaToB pa3paboTOK OGBLEKTHBOB — JIMH30BHIX H 8€PKajbHO-JIHH-
80BbIX —.C ac(epHYeCKHMH MOBEPXHOCTAMH MPHBOAHTCA B MOCAERYIOUHX
rnasgx. Sra safaya MoxKeT ObITh €YLIECTBEHHO yNpoLUleHa OpPH NPHMEHe-
HHu DBM.

-

§ 6. ABEPPALIHH CJIO)KHbIX MHOTOKOMITOHEHTHBIX
OBBEKTHBOB

O6beKTHBH NPHMEHAIOTEA ANA H300pameHHs OOBEKTOB, HAXOLALLHX-
€ Ha pasiMYHBIX paceTosiHUAX. HeoOGxolHmo sHaTh H3MeHEHHs abeppa-
UHH npy nepeMelieHMH IJIOCKOCTH npenmeroB. HMuoraa no KoHCTpyKTHB-

. HeIM cooGpaKeHHAM B oﬁbeKTHBq H3MEeHS 0T MeGTONOJIOKEHHEe anepTypHOh
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AuadparMel, a caeJoBaTeNbHO, H MOJOXKEHHE 3PayKoB; HEOOXOAHMMO 3HATh
H3MeHeHHs1 abeppauniil o0beKTHBA NPH H3MEHEHHH TIOJIOXKEHHS 3PauKosB,

Ewe 5o pa3uTHsa TeopHH abeppalHil IpH pacyeTe ONTHYECKHX CHCTeM
6LLTI0 3aMeYeHO CYLIECTBOBAaHHE CBA3el Mexay abeppalMsaMH B IJIOCKOCTH
H3o6paxennii 1 abeppalHsIMH B IVIOCKOCTH 3payKa; 3TH H NepeYHC/IeHHLIe
BhIIIIE BOIIPOCHI PaCCMOTPHM 3/ieCh Ha OCHOBe NpHMeHeHHs TeopHH abeppa-
LHA TpeTbero nopsika.

1. Hamenenue aGeppaumii 06bEKTHBA NPH NepeMellleHHH NJOCKOCTH npex-
MeToB. Y CTaHOBJIeHHE 3aBHCHMOCTH MeXay aleppauHsMH, COOTBETCTBYIO-
UMH KaKHM-THO0 ByM INPOH3BOJIbHEIM MOJIOKEHHAM NJOCKocTed npej-
MeTOB, NPHBOAHT K CJIOXKHBLIM BHIDaXKeHHSIM, PalHOHAJbHOE NPHMEHEHHe
* KOTOPHIX BCJEACTBHE HX TPOMO3JAKOCTH CJefyeT NPH3HATH COMHHTENbHBIM.
3apaua cymecTBEHHO YNPOUIAETCS, €C/IH IPEANOJIOMKHTD, YTO OlHA H3 TJIOC-
KocteHl npenmeToB GeCKOHeWHO ynaJsieHa, a Apyras pacnoJiodKeHa Ha He-
KOTOPOM PacCTOSIHHH S OT OGBEKTHBA. 3aBHCHMOCTH MeXIy KosdduiueH-
TaMH aeppauuH B 9TOM Cjyyae MMelOT caeayiowuil Bug [3]:  °

51 () [ St (2 |

+ 6 (xf__’s) SHI oo+ 2 (xT_;s) Sl\'f — 4SV oo +

+ (57 o (5572 + 3 (2= 1))
S St (59 [ (55 Sut
() St () S,
—Tx(x;s)+2(13—1)];

S = s (S5 [5) S

sl

(11, 188)

oo

_2SVm+(TE_ l)];

SV =%Slx_(x_s-)s\’oo’

s

rae St , Su , S ,... — KoadunueHTH abeppauuii 115 MJIOCKOCTH mpel-

MeTOB, pacroJ/IoXeHHOH Ha PacCTOsHHH § OT o0beKTHBa, (hoKycHoe pac-

CTosiHME KoToporo f’, W onpeaenennbie npu HopmupoBke (II, 21); Siw,

Siiws  Siltee  ,.:» — K03hOdHUKHEHTE abeppaumuit 06beKTHBa -HasT Gec-

KOHEYHO yJAaJeHHON IJIOCKOCTH MPEeIMETOB, ONpejesieHHbIe NMPH HOPMH-

poske (II, 22); 7, — yrJoBoe yBesqHyeHHe B BBHIXOLHOM 3paukKe:
1 m M X —8g nf’

Tx:=._:—=——’-=-—=: =

B, m' M [ _n’(x'—-s;;.);

(11, 188")
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Ko3puLHEHT cepuyeckoi abeppaunn 06beKTHBA Si; B BHIXOAHOM 3pau-
Ke: 3

k=p

lx 2 !lh( APy ) ABpvy; v = —l': '(II» 188")

n
k=1 &

BLIYHCJEHHEIH npu Hopmuposke (II, 21).

U3 ananusa dopmy.a (ll 188) MOXHO CenaTh NPAaKTHYECKH BaXKHbiil
BLIBOZ, OCOGEHHO BaXKHBIH J/1 CO3NaHHs PENpONYKLHOHHLIX M APYTHX
06beKTHBOB, PpaboTaloOUHX C PasAHYHBIMH YBEJHYEHHSAMH, — O MPHHIH-
MHaJbHOH HEBO3MOXHOCTH COBepIueHHOH KoppekuHH abeppauufi pns
IUHPOKHX MpefieoB H3MEHEHHS PAcCTOAHHH N0 H306paKaeMbIX mpeaMe-
TOB; HHBIMH CJIOBaMH, VI paGoTbl 06BEKTHBA C PA3/HYHBIME YBEIHYEHHS -
MH. :

HefictBurenpio, mnycTb KodpduuueHTBl abeppaudfi - Sie, Silcos
Silicw,... AN OECKOHEYHO yJAaNeHHOH NJOCKOCTH TIPEAMETOB, a TaKkKe
roappuunent S;, paBHnl  Hymo; B dopmynax (II, 188) ocrtaloTes
cBoGOJIHBIE YJIeHbl B BhIpaXKEHHAX 14 KoahdHIHeHTOR cepHuecKoi aGeppa-
uun S;, KoMel S;; ¥ acturmMatuama Sy ; TOABKO Ko3(pHIHEHT Amc-
TopcHH Sy H KoapHuHeHT Siv, onpenelsiomHii KDHBH3HY NOBEPXHOCTH
H300pakeHHsA, OKAa3LIBAIOTCS HE3aBHCALMMH OT THCTAHIHH S (IOSTOMY BHI-
paxenue Sy B cucreme dopmya (II, 188) He npusoaures).

Ecan npeanonoxute, KaK 3To yaule Beero GuBaeT B PeNpOLYKIHOHHEIX
aHaCTHrMaTaXx, YTo yBeJHueHHe B 3pauyKaX O6mH3Ko K efuHHue (y,=1), 10
MHOXHTeJNb ¥,° —1 npx cBoGopHOM usleHe KoaddHumHeHTa S;;; oOpamaer-
ca B HYJb H, CJIeIOBaTe/JIbHO, aCTHTMATH3M IepecTaeT 3aBHCeThb OT pac-
CTOSIHHS 1O NpeIMera S, HO YCJOBHA KOppeKUHH ciepHyecKoH abeppainuu
H Kombl (S; = S;; = 0) oxa3miBaioTCa NPH 3TOM HECOBMECTHMBIMH. Bosee
TOro, NpH Y, = | Koshduuuent Sy He MoKeT GBITH paBeH HYJIO HH NPH
KaKHX 3HaYeHHAX S (HCKJIOYas NpaKTHYeCKHM HeHHTepecHBIR caydail, Kor-
na x—s=10), a kospuunent S; obpailaeTcs B Hy/b IPH YCJIOBHH, €CJIH -
Yz = I: T

X—8

ff
T. €. €CJIH PacCTOsHHE IJIOCKOCTH NpeAMeTa OT BXOJHOTO 3payka. PaBHO
YTPOoeHHOMY (OKYCHOMY PacCTOSiHHIO OGBEKTHBA; B STOM Clyyae JHHe-

: = 1
HOe yBeJHYeHHe H300paxeHHsi NPHOIH3HTENBHO PaBHO B = —, TaK Kak

paccTosiiHe BXOJHOTO 3payKa OT mepeiHero ¢okyca MPHOIH3HTEBHO paB-
HO (POKYCHOMY DacCTOSHHIO OOBEKTHBA.

2. 3aBHCUMOCTH abeppaluii 00bEKTHBA OT MOJIOXKEHHS BXOLHOr0 3payKa.
3a nocaefHHe TOAB MOABHJHCHL (oTorpaduyeckHe annaparhl PasnHYHbLIX
CXeM H KOHCTPYKIHH (OOGbIYHBIE H aBTOMaTHYECKHE C LEHTPAaJbHBIM H 3a-
JIHH30BLIM 3aTBOPOM H T. [1.) C pa3MelleHHeM anepTypHoH Auadparmel H
3aTBOpa B MecTe, YAOGHOM 110 KOHCTPYKTHBHBIM coobpaxenusaM. IIpu atom
Heo6XoaHMa HJM pa3paboTKa HOBOTO 06beKTHBa, HJIH HEKOTODOEe. BHJO-
H3MeHeHHe M MPHCNOCO6/IeHHe OIHOrO H3 OOBEKTHBOB CYILIECTBYIOUIHX TH-
noB. Ilpn peleHHH NOAOGHBIX 3ajay HHTepec NPEACTAaBJAAET HCCJENOBa-

—37,=0; x—s=3f,
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HHe 3aBHCHMOCTH abeppauuii 06beKTHBA OT BHIGOPa MOJIOXKEHHS BXOAHOrO
spauka. Teopus aGeppauuii NPHBOLHT K caelylomel sapucumocty [18, 3]:

Sf? = s
(x) x— X3\ o(*o) x—38 (o)
Sy = —_(x,,—s)s‘ o (x‘,—-s)s" :
(x) — % \? (%) 2 (x—x) (x—35) oixd
s = (L) - Hematemn g
x—5\2 ol |
+(x,—s) Sm ’
(%) (x9) '
_ SI; = Sl:'. i
S\‘;:) — (x—xn)s S:x‘) + 3(1—10)2 (x —15) Sf-'o' —
. Xp—S (%, — 5)° U
_Bx—x)(x—8)? oz (x—x)(x—9)? g
(ro—s8)?® S (x—s9)sf’ +
+ ( x_s)aS\(f”;

Xo—8

. S;:)=(x—s)“sgd Ea (x—xo)f SS#%,—-

29—8 x,-s

(11, 189)

_A(x—x)* (x—3) s olo) | 6(x— xp)? (x—5)?5 o(x0)
Gt oMt g om t
2(x—x) (x—8)2 (%) 4 (x—x) (x—5)°s o¥)

T eV PerTE

= x) (=8 a4 3(x— )% (x—39)?
(x0—8)* (v T (% —5)°
3 (x — xp) (x —4)°
—j—SEALECE (3 1),
ree S, SY ..., — kosdduumentst aGeppaumii  npu  mo-
noxennn  spauka xo; S, 8%, ..., S¥ — kosbdummenTs  abep-
pauufi Toro ke o6beKTHBAa MPH HOBOM TOJIOXEHHHM 3payka x. B umenax
HEKOTOPOTO YIPOIIEHHs BHAA 3aBHCHMOCTeH 3/leCh MPEINOJIONKEHO, YTO

Kos(HIHenT cepuueckoli abeppauun B BhixoaHoM  spauke ST Bmec-
1o (II, 21) HOpMHpYyeTCa ClENYIONHMH HaYaJIbHbIMH S3HAYEHHAMH KOOp/H-
HAT BCMOMOTATEJILHBIX JIyUe#: - :

dl=l, himl. }
Bi=1, yy=x,.

Kostbt.‘pnu(:ﬁmr;l) s, 8%7,...,8% — no-nmpexuemy HopmupyloTCa
yenouama (II, 21).

172

(11—

(11, 190)



Jlns GecKOHEeYHO yJa/ieHHOH MJIOCKOCTH MpPeIMETOB HMEIOT MecTo 3a-

BHCHMOCTH:
S(Z) = ?%l .

Sty = (£55) 5% + 552

1T oo

(x) — X (xq) (%0) (%)
d Sll]m =(x__f'_x0) Sloo + 2( f: )Sllm+ Sll]ue;

S:,-xl.,= (x ) Stx.l +3 ( = ) Sltf:, +3 (x—xn)Sif;}&_{*

- F
F(E55) e+ 532 |
@ (gt e (e %o
S[.l = S!x + = fl’xn) + 4 o f,lxo} S"ou+
+6 LS+ 2 E2BE S 4 a8V —
(’?—,f“”- 31,, -("—'-;x—“’- 3(x —x9 (12,—1),

Xo)

(11, 191)

rie kospduumentnt abeppauui S, SFY ,...,8¢Y  mo-npexuemy

Hopmupyiorcsa ycaosusamu (II, 22).
Jaa yacTHoro ciayyas, Korma x, =0, us (II,_191) HaXOIHM:

5% = S
St = Sie. + S
SR (B)SR 2 ()t shs

S () s s (B st s i

+ ; Sw +S:?L;

0
S:f —Sl(:’ F =5 - S:O:n + 4 ,.n S,‘?L e G S:,;_,+
(0) (0) P 2 '

+2~[-s + 4xS,, — . —i3 -;’,—1.,—,

—3x (15— 1).

(11, 192)
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O6parum BHHMaHue, yTo BO BceX Bhpaxenuax (II, 189)—(1I, 191),
ecn S =0, To Kosdduument S He samHCHT OT mosOKeHHs 3pay-
Ka; ecin SUP =0u SY =0, 1o cnenyiomuit  koabduument (S{P)
TaK:Ke He 3aBHCHT OT NOJIOXXEHHA 3pauka. B TeopuH abeppauuii HOKa3bl-
BaeTcsi obliasi TeopeMa: NPH HCNPaBJEHHH NepBbIX j abeppaunil TPeThero
nopsiaka ab6eppauHsi C HOMEPOM j-1 He 3aBHCHT OT MOJIOKEHHS BXOJHOIO
apauka. Hanpumep, ecau ucnpabjieHa cepuHyeckas abeppauus, TO Helb-
351 HCNOJIb30BATh MOJIOXKEHHE BXOAHONO 3payka JJisi HCIPABJIEHHS KOMEI;
ecau ucnpas/ieHH cdepHyeckas abeppaunHa H KoMma, TO acTHIMarhsM He
3aBHCHT OT TOJIOXKEHHA BXOIHOIO 3payka.

Ora TeopeMa HMeeT 6OJbIIOE NMPAKTHYECKOE 3HAUEHME, XOTA OHa JoKa-
3aHa JHlWb B o6nacTH aGeppaunyil TpeTbero MOpsiAKa; Ae/0 B TOM, YTO Y
BCEX XOPOILO KOPPHTHPOBAaHHBIX OGBEKTHBOB Mallbl HE TOJILKO aGeppauyy
TPETLErO NMOPSAKA, HO M abeppalHH BHICIIHX NOPSAAKOB H, CJELOBATENLHO,
H3MeHeHHe I0JIOXeHHsS ‘BXOJHOTO 3payKa JIHIIb H3MEHfeT KOODAHHATHI
rJIaBHOTO Jiyya Ha rpagukax abeppalHii LIHPOKHX HAKJIOHHHIX MYYKOB, HO
€C/IH ToC/elHHe XOpOIIO KOPPHTHPOBaHH, TO TaKoe MNepeMellleHHe IJaB-
HOTO JIyya OKa3blBaeTCHi HeCYIeCTBEHHBIM.

Takum o6pasoM, y XOpOLIO HCNPaBJIECHHBIX OOBEKTHBOB aNepTypHYIO
IHadparmMy MOXKHO NepemellaTh, CJIH 5TO HeO6XOXHMO N0 KOHCTP YKTHBHBIM
coobpaxkeHHsaM, HE Hapylias COCTOAHHA KOppeKUHH HX abeppauuii. Ko-
HEYHO, OJIHOBPEMEHHO HEOOXOAHMO CJIEIMTh 32 H3MEHEHHEM XapakTepa -
BHHbETHPOBAaHHS HAKJOHHBIX NMYYKOB NPH H3MEHEHHH AHAMETPA HDPHCOBOH
nvagparmel. . :

3. U3menenune aGeppauuii 06HEKTHBA NPH €ro HCNOAb30BAHUH B 06paT-
HoM xope aydeli. MHorja, HanpHMep, KaK YBHIHM HHIKE, NIPH KOMIJIEKTO-
BaHHH CJIOXKHOTO MHOTOKOMIIOHEHTHOro OObeKTHBAa H3 OTHE/bHBIX, Gosee
NPOCTHIX, KOMIIOHEHTOB OKa3hIBaeTCA HeOGXOAHMBIM HCCJIEOBATL H3Me-
HeHHe abeppanuifi oO6beKTHBa NPH H300paxKeHHH HM JBYX GECKOHEYHO
ylaNeHHbIX NPEeIMETOB, PaCroJOXeHHBX B NPAMOM (C/ieBa OT O6BEKTHBA)
H obGpaTHoM (cripaBa OT O0BeKTHBA) Xode Jyueil.

O6o3HayHM CHMBOJIAMH

- e
‘§loo' S[ion’ Sll]m""'

Kos(ppuuHenTH aGeppaunfi Jyya, HAyLIEro cnpasa HaneBo (06paTHEIA XOX
Ny4ya) U3 GeCKOHEYHO yJlaleHHOH TOYKH MpeIMeTa, PaclQJIoMkKeHHOH crpa-
—

Ba (5, = 00). [IpennonoxuB, YTO MOJIOKEHHE MIOCKOCTEH BXOJHOIO H BHI-

XOJHOTO 3pPayKOB OCTAeTCS HEH3MEHHBIM, YTO MMOKa3aTelH NpPEJOMJIEHHS

Cpel MpoCTPaHCTBa NpegMeToB H H306paxeHHl n = n'=1 u 4yr0 cobmo-
—

IeHa HOpMH‘{ilOBKa yriaoBB; =f; = |, MOXHO TONYYHTE CJEAYIOLIHE Bbl-
paxenns [3], cBaspiBalolmye BeTHYHHLL Koa(duurenToB abeppauuit B nps-
MOM M o6paTHOM Xofe Jyudefi:
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’ Slm fI Slx+T.tSoo-_—4TSSlloo+

3+BTE'S|:1==+2T:: v — xSy, +Tx(7x'—3)

< 1
.Suc_n s g szlleo + 31, Sie +

P
+ 1Sy — 38y o + (12— 2)5 (11, 193)
— 1 2 1
Sttt = oz Slx+Smw'__'SVou+(T=""_) '
I'e T
+—
Sw=3Sy;
— 1 1
Svm= f'Tf Slx"""'é" V oo

M3 paccmoTpenHs 39THX 3aBHCHMOCTER MOXHO ClesaTh CJELYIOULHH
BeCbMa BaXKHEIl BLIBOA: €CJIH OOBEKTHB KOPPHTHPOBAaH B OTHOLIEHHH BCeX
" abeppaumit B npsamom xoze JaydeH (Six = 0; Siw= 0; Sit=D0; Si1100 = 0;
Siv =0; Sv@ =0), 0 OH OyzeT KOPPHTHPOBaH H B 0OGPaTHOM-
Xolle JyyeH, ec/H yBeJHYeHHe B 3paykax oOBeKTHBA y, = l.

4. 3aBHCHMOCTb MeX1y a0EppalHsIMH OGBEKTHBA B MJIOCKOCTH H306pa-
XeHuit U BeIXogHOro 3pauka. IlpH anannse cBOMCTB peNpoOnyKIHOHHBIX -
0OBEKTHBOB, paGOTAIOMIMX NpPH Pa3JHYHEIX YBeJHYeHHAX H306pakeHHit
¥ CBOHCTB IIHPOKOYTOJNBHEIX OPTOCKONHYECKHX OGBEKTHBOB OYEHb BaXKHO
3HaTh abGeppauHy B BBIXOZHOM 3payKe; TEOPHSA HaeT OJHO3HAYHOE COOTBET-
CTBHE MeX1y abeppalHsMH B MJOCKOCTH H300paKeHHH H abeppaulusiMH
B IJIOCKOCTH BLIXOHHOTO 3payka. Mexny KosphHIHEHTaMH YyKa3aHHBIX
abeppauuil cymecTByeT caenyrollas 3aBucuMocTs [18, 3]:

Sie =88 +(x—9 (13— 1); ’
Sie =88y +(x—9) (yr.— 1)+ (11, 194)
Sy, =s8; +(x—s)(1*—1),
rae xosdhdunuentsr abeppauuit B mIocKocTH HaoGpamenuét Sy, Sy u
Sy onpegenedn npu HopmupoBke (II, 21), a KospduuHeHTH abeppanuit
B IJIOCKOCTH BHIXOJHOTO 3pauykKa Sy, Sie H Svx ONpeaeseHbl NpH
Hopmuposke (II, 190).

Insi o6beKTHBOB, H300paxKaromux GeCKOHeUHO yAaJeHHYIO ILJIOCKOCTh
npeameros, Buipaxenus (II, 194) npunumaloT eme 6osee NPOCTO# BHA:

Sie.w =Sy — (12— 1):
Stttx, 0= St o™ Ta3 (I1, 195)
S =8y =1

Vx, oo
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rie KoI(QPHUMEHTH Siixyep Silix,e B SVi,o ONpefeJieHbl MPH  HOPMH-
POBKe:

@ =1, hy=1,
, ' ~ (I1, 196)
=1, !{1='%"-' ;

3asucumocty (II, 194) u (11, 195) nanucaHel B NpeANOJIOXKEHHH, YTO NO-
KasaTe/H TNpeJOMJIEHHs cpej, NMPOCTPAHCTBA NPEAMETOB H H306paKeHHH
OIMHAKOBH (n = n'). '

5. AGeppauun Tonkoro o6bexTnBa. B psjie ciyuaes HaXofaT npHMeHe-
HHE TOHKHE 00BEKTHBH, ¥ KOTOPHX CyMMapHas TOJIUHHA JHH3 H BO3LYLI-
HEIX [POMEXYTKOB MEXAY JIHH3dMH 3HAa4YHTEJbHO MeHbLIe (OKYCHOTO
paccTosiHusa o6bekTHBa. K HHM OTHOCATCA aXpoMaTHYeCKHE IBYXJHH30BbIE
IJMHHHO(MOKYCHble OGBEKTHBH JJ CBEMOK yIaJleHHbIX 00BeKTOB, acTpo-
HOMHYECKHE OOBEKTHBLI, OOBEKTHBH KOJJIHMATOPOB, 3PHTENBHBIX TPYO,
GHHOKJEH, H T. .- ¥ TOHKHX OGBEKTHBOB BBICOTHI NepeceyeHHs NOBepX-
Hocte# JHH3 h H y OGOHMH BCIIOMOTATEJbHBIMH JyYaMH OZHHAKOBHI IJisi
BceX Mpe/IOM/SIOUIHX MOBepXHOCTEM, YTO NO3BOJAET BEIPA3HTh PA3HOCTH
yrioB AP uepesA o H HCKJIOUHTE nepBrie B popmyaax (11, 35). Ilas atoro
npeo6pasyem HHBapHaHT I:

1 =na1=n¢(yups);n %(y——-{— )= -

o (b =)ot )= (-] -

= hy @Q:— Q) (11, 197)
rae
1 1 1 1
Q=n (T“T)i Q:=n ('r—"";)
Ilocne mpocThIX BHIKJANOK HaXOAHM:
I=y A’[ . “‘] ; T (11, 197)
A — A —
n n
‘oTcioAa
.—Apl_=-£-(y A“; _1). (11, 198)
&— A—
n n

ﬁgcugg)bsosanmncr, (II, 198), uckmouMM BeJHYHHHI AP B BbIpaKeHHAX
}
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k=p .
Sl =2 hkpk;

k=]
Sy —2 ykPh_‘!Eth
k=]
k=p y2 k=p
Siw=, —--Ph—zl 2 -"kwr +1“E — A 2R -
= : } (11, 199)
_2 Aaknk - .
hk ﬂkl‘lk '
ke=p
= ——P — 37
=3 En-u¥ 4
k=p k=p
P ak+Aakﬂ'k)__[ss‘_l__A,_l__’
g ( npny / ’ k‘__'_‘, hﬁ "g

rae : .
2
P, = Ban \TA % . g A%\ A % (11, 199)
Al | m LN
ny ng )
O6osnaunm yepes P* u W* snauenns cymm-P* u W,* no BceM nipe-
JIOMJIAOLIIHM HOBerHOCTﬂM TOHKOro OObeKTHBa:

k=p

—2 Ph, W"—Z W (I1, 200)

O6patuM BHHMaHHe, YTO BHICOTHI A, H Y, OCTAlOTCS OJAHHAKOBBIMH JIf
BCeX p NPeNOMIAIOLIHX NOBepXHOCTEN TOHKOTO 06beKTHBA; KPOME TOTO, 3a-
METHM, YTO y TOHKOTO OGBEKTHBa HMeeM:

~ 1 ap 1 a a a ’
I—A—=T(_s.—a" ...l.——g—+-n-+ap)=
el hp o mp ng ny M ,
a, — a;
= r —?,

Tle ¢ — onTHyecKas cHJIa OGbeKTHBA.

Ynpomaeres Takike Bupasene 3 —- 2%
P P “«~ h nn’ °*
P )
Zp 1 Aapnp Eﬂ Ank .1 2 1 .
. — M, ey —_—— =
=R — B A ™
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AAA NPOCTOH JNHH3H B BO3LYyXe:
k=p
-1 1 1 1 1
. SN W W
gl ("k ng,) rn [( n r
1 1
(=241
n ra n
CnefoBaTe/lbHO, JJ1 TOHKOTO OGBEKTHBA MOJYUHM:
kio_l_ Aapny E‘p 1 Jl iia'?;
: oo T ¢ b I S e
= M gy =i\% ™) JY

rjle CyMMHpPOBAaHHE paclnpocTpaHserca no Bcem O nHH3aM 06GHEKTHBA.
Beenem o6o3HaueHHe:

¢
:r=2 =L, _ (I1,201),
j=1 ny ‘.
rae q) — TaK Ha3blBaemasi PHBelleHHAaA ONTHYeCKas CHJ/A JIMH3b 00beK-

THBA, T. €. OTHOLIEHHE ONTHYECKOH CHJIbI @ j-# JIMH3LI K ONTHYECKOH CHule
@ BCero o6beKTHBA:

oy oLi (11, 202)

.=
rA€ OYEBHAHO: ¢ = E 5.

i=l1
a5 Bcero TOHKOro OGbEKTHBA MOJNYYHM:

L A S
g: hi npw, B g 2 ny o

[NpunAB Bo BHHMaHHe BHINOJHEHHEE Bhille ynpomeHHns, BMecto (11, 199)
HaXOAMM BhIpa:KeHHs KoapdHuHeHTOB abeppaunii TOHKOro o6beKTHBA:

S, = hP*;
S“=yp*_,w*;
sm-—P"'-—2l we -+ (11, 203)
Sw="q’;
B yp*_sl ~ WL - (3+7) 9.

= : 1, 1
3aMeTHM,YTO B BbIpaXKeHHH A5 Sy NponafaeT NoceIHui uieH (!’EE;A -
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TaK KaK BCe JIHH3BI HJIH KOMHOHEHTH TQHKOI'O 06BEKTHBA Opr}KeHH BO3-
JAYXOM H JAJisl KaXXJIoro KOMIIOHEHTa %y 2 A = PaBHO HYJIO.

HanomuuM, 4To ecyi nepeMeHHbe @, A H y, BXOAfIME B BhIPAXKEHHSA
(11, 203), uopmupytorcsi ycnouamu (II, 19), 1o abeppanusu o6bexkTHBa
poipaxaioress dopmynamu (11, 39). Ecan st nmepemeHHBle HOPMHPYIOTCS
ycaosusivu (I1, 20), To aGeppaluH BbIPaXaloTCs POpMyJIaMH (I1, 45).
B cayyae 6ecKoHedHO ynajieHHOH NJIOCKOCTH NpeIMETOB NepeMeHHEE a, f§,
h u y, Bxonsuue B (11, 203), Hopmupytorca ycaosuamu (11, 22), a aﬁeppa
nuH oO6BbeKTHBa Bhipamatorcs Gopmysamu (11, 37).

Hs (II, 203) BoiTeKalOT ABa BaXKHEIX CJEACTBHS, KacaloulHecs onpene-
JenHus KoshdHnHeHTOB abeppanHii TpeTHEro NOPAAKa TOHKOIO KOMIOHEHTa:

A. IlnockocTh mpegmMeTOB Ha KOHeyHOM paccTosHHH (a+0):

S'[ = Siﬁ)P*;
Sy = x,P*— By (x, —s) W*;
C
Pr—2(r =) 2 W +
5130

s To (%1 —54)? (1___5;);
I (11, 204)

Sin=

8, = s;i p*‘_3 —8) (x—‘)’W‘-l-

+m—w“w+ﬂ1 Bo) >

rie P* u W* onpenenersr Bupaxennamu (11, 193°) npu yc.noﬁuu (I1, 20)

Bo — nHiiefiHOE YBE/NHYEHHEe CHCTEMBI.
B. TaockocTs mpeameToB Geckoneuno ypanena (a, = 0):

. Sie=h
 Sp.=xP+W,
S =XP+2¢W+1; (11, 205)
Sy =r; .

Sy =% P+35, W+ x,(3+ ),

z‘lle P w W onpenenenst upaxenuamu (11, 199 ) pH YCJIOBHH HOPMHPOBKH
I1, 22).

Taxum o6pasom, napameTphl ToHKoro o6sekta P u W, nogoGuo na-
Pamerpam P* u W*, onpenennmn TaK)Ke BhIPaKeHHAMH (II 199'), no
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nepBbie 3 HUX (P u W) XapakTepHsyioT abeppaliy KOMIIOHEHTa B Cllyyae
GeCKOHEYHO yJaJdeHHOH IVIOCKOCTH NMPEeIMEeTOB, T. €. KOTAA B BhIPaMEHHsx
(11, 199') B3saTo @y =0, Ay =1l ua’ =1.

3ameTdM, YTO NPH 3aJaHHOM IOJIOXKEHHH IJIOCKOCTH NPEeIMETOB §; u
3aJlaHHOM M0JIOXKEHHH BXOAHOrO 3pa4yka x; aGeppailuH TPeTbero Nopsixa
TOHKOro OGBEKTHBA ONpeNeJAIOTCA He NATbI0 KoapdHLueHTaMu (S;, Sy,
Si, Siv u Sy), a, kKak 310 caenyer u3 (II, 204) u (II, 205), nuwe
. Tpems napamerpamu: P*, W* U m — npH npoH3BOJIbHOM MOJIOXKEHHH TLI0C-
KocTH npeameToB U P, W u t — npH GeCKOHEYHO yHajleHHOH IJIOCKOCTH
npegMeToB; MapaMeTp N He 3aBHCHT OT TMOJIOXKEHHS IIOCKOCTH TIpej-
METOB. .,

H3 dopmyn (II, 205) cnepyer Takxke, YTO €CAH MJOCKOCTb BXOAHOTO
3pauKka COBMelleHa C TOHKHM KOMMOHeHTOM (x; = 0), To:

S|m= P: ;g”m=w; S||1m=l; SIV=1C; SVcn :‘0, (“,205')

T. €. acTHTMaTH3M, omnpelenseMbli KoshdHiuHeHTOM Sy, COBepIIEHHO
He NOJNAETCS HCIPAaBJIEHHIO; IHCTOPCHS OKa3bBaeTCsi HCIpaBJIeHHOH aBTo-
MaTHYecKH; cepuueckas abeppailks W KOMa, ONpefiesiseMble COOTBETCTBEH-
HO KoahpduuneHTamu S, # Sy, OKa3LIBAIOTCHA 3aBHCALIHMH QT MapaMeT-
poB P u W KomnoHeHTa W, KaK YBHIMM HHXKe, 5TH aGeppalluH NOAAaloTCs
HCNIpaBAeHHI0; Ko3dpduuueHT Sy, onpeaensioliufi KPHBH3HY NOBEPXHOC-

TH H300pa)ceHHs, 3aBHCHT OT mapaMerpa i = Zl, KOTOpbIH He SIBJIsIET-
. n )

CA NnapamMeTpoM INOJIHOLEHHBIM, TaK KaK OH He MOXeT H3MEHATBHCA B LIHPO-
KHX npefiesiaX BCJIE[ICTBHE OrPaHHYEHHOCTH NPENe/oB YHCJIEHHBIX 3HAYeHH
noKasaTesiedl NpPeJIOMJIEHHA CTEKOA n H TaK KaK NpHBeJeHHbIe ONTHYeC-
KHEe CHJIBI JIHHS Komnonemaff 10 CYyTH CBoed HOPMHPOBaHH YCJOBHEM
ZQ‘T = l. . *

Mapamerpsi P* u W* u napamerpsi P u W B3aHMOCBsiI3aHBI ApyT ¢ ApY-
rOM JIHHEHHBIMM 33aBUCHMOCTAMM. 3TH 33aBHCHMOCTH, BIEpPBbie BHIBEIEH-
ueie T'. Cmocapesbiv, Hmelor caenyiomuit Bug [16]:

P*=(a'—a)®P + 4a(a'—-a)2W—|—a(a' —a)[22(2 + =) —a'];
W*=(@—a)})W+a@ —a)(2+x), (11, 206)

rae napametpul P u W—xparkas sanucs Bripaxenuit (I1, 199’), nanucas-
HBIX MpH HOpMHpOBKe a; =0, a* = 1, 4, = 1, a caegoBaressHo, f' = 1;
P* v W* — kpatkas sanuch TeX xe Buipamenuit (H, 199’) npu npous-
BOJIbHBIX @ H @’ yIJIaX C ONTHYECKOH OCBIO NEPBOTO BCMOMOTaTeJILHOTO Na-
PaKCHaJIbLHOTO J1y4a, BHIXOASUIEr0 H3 TOYKH MpeJMeTa HAa ONTHYECKOH OCH,
PacroJIoxeHHOH Ha PacCTOAHHH § OT KOMIOHEHTa, H, CJIeJloBaTeNbHO:

.ar - h? .
BbIﬁ('Jp’ YCIOBHOR elHHUIE o, (H/IH o.') onpeensieT HOPMHPOBKY h: b =sa =
=S§'a, TaK KaK y TOHKoro o6beKkTHBa i = h’; napamerpul P* u W*, 12

KHM 06pa3oM, XapaKTepu3yioT abeppaiuii TOHKOro o6beKTHBA mpH J060M
MOJIOKEHHH S NpeaMera. : :
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6. Boipaxenue aGeppauuii C10XKHOr0 00bEKTHBA 4Yepe3 KOI((phHIHEHTb
abeppaunii ero TOHKHX KOMMOHeHTOB. MHOrHe onTHYecKHe CXeMBl COBpe-
MeHHBIX 06BEKTHBOB Pas/IHYHOTO HasHAYEHHSI COCTOSIT H3 OTHEJbHEIX TOH-
KHX JIHH3 HJH KOMIIOHEHTOB, KaX[blH M3 KOTOPBIX 006JiajiaeT TOJIIHHOH,
BeCbMa MaJIOH N0 CpaBHEHHIO C QOKYCHBIM PacCTOSIHHEM; 3TO — YHHBED-
cafibHble TPEXKOMIOHEHTHBIE aHacTHIMaThl THNA «Tpunaer» u «HMuaycrapy,
JiBY XKOMNOHeHTHble Tesneob6beKTHBb THNMa «Tenemap» M «JIeHHHTpam»,
yeThIpeXJIHH30Bble 00beKTHBB THHa «OpTOro3» H «CupHyC», LIECTHAHH30-
Bble aHACTHrMAaThl «CeKCTap» W MHOTHe ApyrHe. ¥ KaXkIoro TOHKOTO KOM-
MOHeHTa NOAOGHOrO OGBEKTHBA BeJIHUHHLI A M i OJIHHAKOBBI A/l BCEX Tpe-
JIOMJISIOIIMX NIOBEPXHOCTEH, YTO H NO3B0JAET OOOGIHTD NONYYEHHEIE Bhillie
BhipaxkenHs Koapduurentos abeppaunii (11, 203) Ha caoxuyI0 onTHYECKYIO
CXeMy MHOTOKOMIIOHEHTHOTO O0beKTHBA, COCTOSIILIETO H3 /11 TOHKHX KOMIIO-

HEHTOB:
=m £
Sl = 2 h!P‘ -
i=| ‘
I=m * I=m *
Sy= 9P, —1Q W
i=| fe=1
{=m

I=m yﬂ {=m )
S”I=2 —‘P!—'212 ':—:‘W:"FF 2?12
=1 i=l ' i=1

hy
i (11,207)
Sy= 2 Ti®1s ’
=1 )
(=m ? - .I=m y‘i .
= N =1
i=m '
+PY B+,

{=1

rhe B cBOIO Quepenb napametpel P*; u W*, i-ro KomnoHeHTa CBSI3aHbI C €ro
ocHoBHbIMM napamerpamu P n W ypaBuenusmu (11, 206).

3asucumoctu (I, 207) u (I, 206) BepaxkaioT KospdHuHeHTH abeppa-
Uufi CIOXKHOTO MHOTOKOMIIOHEHTHOrO O0beKTHBa JIHHEHHO OTHOCHTENBHO
OCHOBHLIX napameTpoB Py, W H %; €ro KOMIIOHEHTOB, 4TO NO3BOJISIET OMNpe-
HeNSTh KOHCTPYKTHBHbIE SJIEMEHTHI ONTHKH KaXKIOTO H3 KOMIIOHEHTOB
MO M3BECTHHIM YHC/IEHHBIM 3HAYEHHSIM €ro OCHOBHBLIX MapaMeTpoB, YcCTa-
HABJIMBAEMbIM B pe3y/bTaTe PeLleHHsi CHCTEMbI [IPOCTHIX JIMHEHHBIX ajire6-
panueckux ypasuenuufi (I1, 207) npu Hanepen sajaHHBIX YHC/IEHHEIX 3Ha-
9eHHax Kospduuuentos abeppaumit S, S;;, S ,... 0oOGbeKTHBa
H [IPH H3BeCTHHIX 3HAUEHHAX €ro rayCCOBBIX SJEMEHTOB: ai, iy H Y.

[To-npexxueMy, eciu mepeMeHHble a, i H'Y, BXOAfLIHE B BBIPaMEHHSA
(11, 207) u (II, 206), Hopmupyiotca ycaosuamu (II, 19), To aGeppauuu
o6bekTHBa BhIpaxkaiorcst (opmysiamu (I1, 39); ecsiu 9TH mapamMeTpnl Hop-
mupyiorcs ycsioBaamu (II, 20), 10 abéppanui oGBbeKTHBA BHIPAXKAIOTCA
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tdopmyanamu (II, 45). B cayyae GeckoHeuHO ynasieHHO# IJIOCKOCTH mpej-
METOB mapameTphl a, i ¥ y, Bxoxauue B (11, 207) u (11, 206), HopMHDYIOT-
ca yeaousamu (11, 22), a aﬁeppaunn o6bekTHBa BhIpaxaiorcs (opmyaa-
mu (II, 37). -

Sta BecbMa NelfiCTBEHHAs MeTONHKa pacuera, passutas I'. Cmocape-
BhIM, HAXOOHT NpPaKTHYeCKOe NpHMEeHEHHe NPH pa3paboTKe ONTHYECKHX
CHCTeM, COCTOMIIIHX H3 TOHKHX KOMIOHEHTOB. '

XpomaTHyecKHe abeppauyH NONOOHBIX OGBEKTHBOB TaKike BecbMa
IPOCTO BEIpaxalorca yepe3 Ko3ddHuHeHTh abeppalufi OTAENbHBIX KOMIO-
nHeuToB. Hanumem Qopmyny xpomaTHdyeckoH abeppallMH IOJIOMKEHHS
(II, 150) B caemylomiem BHAe: -

r k=p — )
ra’asxp — 2 hk Ch' . _(II, 208)
==
rae
o S ... PR . (11, 208")
1 ng .
A m——
ng

CYMMHPOBaHHE pacnpoCTPaHfeTCs N0 BCEM p TNOBEPXHOCTAM OODBEKTHBA.
[Tycte 06BeKTHB €OCTOHT H3 GeCKOHEYHO TOHKHX KOMMOHEHTOB; IJsf
[{-r0 KOMIIOHEHTa BBHIpaKeHHe NOJ 3HAKOM CYMMBI NPHHHMAaeT BHJ:

: k=l i .
; hy 2 C,= h:z " A =2,
k=l k=1 A— i
ny

Ina kaxnoit mpocroit Jmnsu, BXOJALIEH B COCTaB KOMMNOHeHTa {, BLIpaxe-
HHe NOJ 3HaKOM CYMMbl MPHBOAHTCA K BHAY:
k=2 ' ,
Day xlny L ErEy. —a My
k=1 A L Mk
ny

1—n v ) v

>

HOns i-ro KOMIOHEHTa (B BO3IYyXe), COCTOSUIEro H3 O JIHH3, MOXHO
HalMmucaThb: ’

;=0

RiCy e 12 =1 (11, 209)
=1
r,ue.
C* =5, Y Ampbm (11, 209')
1= 20 =2 Al '
ny

BBelleM H 37ieCh NpHBEIEHHYIO ONTHYECKYIO CHIY @, =${L j-# muH3BL
{-ro KOMNOHeHTa, ONTHYeCKas CHJIa KoToporog; (cM. Beiwme 11, 202); Toraa
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Bvecto (II, 209) momyunm:

= = 7 .
hC} =—ho, .1"1. =k} oCh (11, 210)
j=1 .
rae
‘ 2 -
C,=-—fﬂ2l b (11, 210")

Jns cHCTeMEl, cocTosiLIeH M3 m TOHKHX KOMIIOHEHTOB, XpoMaTHYecKas
abeppallusl NOJIOXKEHHs1 ONpeneauTcs ¢opmyJoii:

i=m ° i=m )
g T 3 nc;=3 {:fcp,-c‘._ (11, 211)

[] =]

Ha (II, 210) BuiTeKaeT OueBHJHOE COOTHOILUEHHE:
€ =hoC,=(uy—a,)C,. - (1L, 212)

Mo>KHO NOKa3aTh, YTO TAKOE K& COOTHOLUEHHE MEXIY OCHOBHBIMH XPO-
MaTHYeCKHMH NapaMeTpaMH TOHKOro KommoHeHta C* u C nosnyuyum, eciau
ABaxapl comocTaBHTh BhipaxkeHHe (II,-210°): oguH pa3 — BeIMHCJIEHHOE
Inisi GeCKOHeYyHO YynajeHHOH nJocKocTH mnpeametoB (a; =0, o =1),
& Ipyro#l pas — AJs NpEAMETa HA KOHEYHOM PACCTOSHHH (o1 =0, 0 =
= @'); NepBoe 3HaueHHe onpeaenHT seanynHy C, a BTopoe — C* u coort-
HOLIEHHE MeXAy HHMH Oygmer paBHO: C* = (o'—a)C. ITapamerp C 3a-
BHCHT TOJIbKO OT BHYTPEHHHMX KOHCTPYKTHBHBIX 3JIEMEHTOB KOMIIOHEHTa,
OTHOCHTEJIbHBIX ONTHYECKHX CHA JHH3 Komnomenta (II, 210°) =
ONTHYECKHX CTEKOJ STHX JIHH3; NapaMerp C* 3aBHCHT TaKiKe H OT BHELIHHX
FayCCOBLIX 3JIEMEHTOB, B 4aCTHOCTH OT ONTHYECKOH CHJ/IbI KOMIIOHEHTa
(I1, 212) u ero paccTosiHHs IO MJIOCKOCTH NpPEIMETOB h; = S;q;. -

XpoMmaTHyecKas abeppaunus NOJNOMEHHS CHCTeMHl, COCTOsILeH- H3 npo-
CTBIX JIHH3,. corniacHo (II, 211) onpenenntcs u3 dopmyJnt:

2, Ko, 2 om
L (I, 213)
1 2 s m

NpH HOpMHPOBKe Ay = 8, (WIH Ay = S'ma'm).
" B cnyuae GeckoHeuHo yAaneHHOH mnuockoctH npeametoB 13 (11, 151)
u (11, 210) umeem:

i=m i=m .
(as'xp)ua == f' 2 hic:‘ = f, 2 h??icl. ([l, 214)

=] =1

Jnsa cacreMbl H3 [ NPOCTHIX JIMH3 Q)op:;ay.ua (11, 214) npuHHMaer BHA:
. " 1oy

(3sxp)oo = —f' (.?.’.1._|_ S0 s +_ﬂ) (11, 214°)
- V1 Vg Vi
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[Tpeo6pasyem anasoruuno ¢opmyay (II, 152), BeIpaxalomyio xpoma-
THYeCKYyl0 abeppallHio yBeJHUYeHMS:

3 L '
yp = —— *~ Zy,,ch. ‘ . (11, 215)

Ina GecKOHEYHO TOHKOTO i-TO KOMMNOHEHTAa CHCTEMBl, MPHHSAB BO BHH-
maunue (11, 209 ) u (II, 212), MmoxHO HanHcaThb:

k=l

2 yhck. =Y 2 Cy --y,C = hy,9,Cy.

anMeHHTeJleO K CHCTEME H3 6ecKOHEYHO TOHKHX KOMI]OHEH'FOB NoNny4Hm:

' I
8Lyp = ‘% E hiyi9iCy. (11, 216)

Ec/iM NIpeAMeT Ha KOHEYHOM PacCTOSHHH (a, = (), NPHHAB HOPMHPOBKY
(11, 20), nmeem / = q,(x,—s,) npu h; = s;a,. Ecin npeamer na GeckoHey-
HOCTH (g, = 0), npn HOpMHpOBKe (11, 22) maxomwm [ = —1; orciona:

I=m

(Spr)m =1 Y hy9iCe. ' (11, 217)

=1

XpoMaTHuecKas aGeppauus yBeJHueHHsi OGbeKTHBa, COCTOSLIETO H3
I mpocteix nnsi3, coraacuo (11, 217) onpemenntcs dopmynoi:

‘ (BLipho £/ (P00 - Jalile oo 2O (1, 218)

7. OGwee BbipameHnHe KoagpHUHeHTOB abeppauMii 00bEKTHBA yepes
K03 (hpHIHEHTbI a0eppauHik ero CIOKHBIX KOMIIOHEHTOB KOHEYHOH TOMIMHDI.
[TycTh ca0XHBIH 0OBEKTHB 06pa3oBaH | KOMIOHEHTaMH TakHM o6pasoM,
YTO IJIOCKOCTb H306paMKeHHH KaIOoro Mpeibliyllero KOMIOHEHTa sIBJSET-
Csi BMeCTe C TeM IUIOCKOCTBIO MPEAMETOB IO OTHOLIEHHIO K COOTBErcT-
BYIOIEMY MOC/IeAyIOIEMy KOMIOHEHTY, a IUIOCKOCTb BHIXOAHOTO 3payka
NpesBIAYIIEro KOMIOHEHTA SIBASETCS BMECTE C TeM IIOCKOCTBIO BXOJHOTO
3pauka MNOCJeLyIOLLero.

ITycth yepea Takoii 06BEKTHB pacCYHTaHBI 06a Bcnomora'renbuux na-

P aKCHasbHBIX Jiyya, o6pasylolluX ¢ ONTHYECKOH OChIO yr.nu. 0,1, ﬂl — e
NpeJIOMJIEHHS Yepes NepBhLIH KOMNOHEHT 00beKTHBA; YTJIhl Gas 5,-— B npo-

CTPAHCTBE MEXAy NepBLIM B BTOPHIM KOMNOHEHTaMH OOBeKTHBA; a3 ps—

B IPOCTPAHCTBE MeXKY BTOPHIM H TPETbHM KOMMNOHEHTaMH H T. A. W BBICOTH
naZieHns: h;, Yy, — Ha NepBOil TOBEPXHOGTH NEPBOTO KOMIOHEHTa; [
yz— Ha nepBoﬁ NOBEPXHOCTH BTOPOTO KOMMOHeHTa H T. A. [lapamerpst

@, B, ft 1y nycTs onpezenenst npy yenosusx Hopmuposky (11, 20). Yera-
HOBMM 3aBHCHMOCTH MeXIy Kos(duuueHTamu abeppaluil cjoxHoro 06
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ektuBa: S, Sy, Sy, Swv, Sv ¥ Kosdpduumentamn  abeppanmii
€ro KOMIOHEHTOB:

SO, SO, SO, sy, sP;
8P, S, s s s

{ i 1 i i
S s, s st sp.

IIpn stom mpeamnosiaraercs, 9T0 STH K03hdHIHeHTH abeppaunii Ansa Kaxk-
, JIOTO M3 KOMIOHEHTOB OnpeJesieHel NpH ycjaoBHsix HopmupoBku (II, 21).

M3 obumux Beipaxkenu#i Kosdpuunentos abeppauuii (II, 35) Henocpen-
GTBEHHO eJleflyeT:

Sy = @h S + BRSSP +- -+ 2FhSP
C Su=TRSY + GBS +- -+ WRESE 5
. Sin = ayhy Sﬂl’ + ;leﬁsﬁi Rl EIEI-E?S;:)[ ’ (11, 219)

Siy=— Stv + L Sy 4+ oo+ - SIV;

I f2 f

Sy = SYP + hyBSY +ooe RSP

Ins GecKoHewHO YyJaJieHHOA TJIOCKOCTH npeaMeToB BMecTo dopMyJ
(I1, 219), npunsB mas Kos(bunueHTOB afeppauuii cJOXKHOTO 06BEKTHBA
M 1y KosppunuenTos abeppauuii rnepBoro KOMIOHEHTAa YCJOBHA HOPMH-
poeku (II, 22), nmeem:

Siw=03S8'% + @ 728" + a3 7S + 4+ + G 1S ;
Sit oo = 858\ 4 G h2 P2 S + W3h PS4+« + T By ptséf’ :

= = =9

Sm o= 2sS{l] o + arhz 28] + a3 hs Bsth +

. se e +a£hlai [“l . . (Il' 2m)
Sy=L- 80 + L s+ B s o4 £ s
f] ’2 3 f‘
sv,,,=ss,' + mBSP + mBSY + ZE

Ilns yacTo BCTpevalolierocsi ABYXKOMIIOHEHTHOIO OOBEKTHBA, cocros-
uiero U3 KOMIOHEHTOB KOHE'IHOH mnmﬂnu, nonaoxus B (II, 220) s =0
H HMes BBHLY, YTO hy =a 8 ¥ B, =v, , HaXonum:
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S, =S +35,59);
S“ o = P (S(D +a SBT("Séz) );

(1)# (2)

S = “(Smw + e s S ! (11, 221)
S[v 8‘1!3 + _'-"' Sﬁf) ’
hy f2
)

1
S S(l) + ES T(l} S(E)

8. Bripaxenue koathpuupenTor abeppauuii 06 beKTHBA yepes Koadpuuu-
enThbl abeppauHii ero CJOKHLIX «NOJOBHHOK®» KOHeYHOH TOJWHHBI. MHo-
rHe COBpPEMEHHLIE CJIOXKHbIE aHACTHTMAThl, KAK CBETOCHJbHEIE H IIHPOKO-

Pue, 1I, 31. CXema onTHKH aHAacTHrMaTOB THma <YpaH» (a), «Oprorons»
(6), «Pexopa» (8)

yroJbHbIe, TAK H CHCTEMBI C HOPMAJbHBIMH ONTHYECKHMH XapaKTepHCTH-
KaMH, COAEPKAaT KOMIOHEHTHl KOHEYHOH TOJIIMHBI, YTO CYLIECTBEHHO Yyc-
NOXKHAET TEOPHIO U METONHKY HX paspaboTku. K mociemuum oTHocsTes,
HamlpHMepP, CBETOCHJbHblE ILIHPOKOYTOJNbHbIE OOBEKTHBHI THMA «YpaH?
(puc. 11, 31, a), wHpoOKOyroAbHEe OPTOCKONHYECKHE aHACTUIMAThI «OpTO-
rOH» (pﬂc I, 31, 6), ocobo cBerocuabHble OOBEKTHBH «Pexopa»
(puc. 11, 31, 6) u np.

ONTHYECKHE CXEMEl STHX 06BEKTHBOB NPeACTaBAsIOT KOMOGHHALHH, CO-
CTOsIiHE H3 JBYX CJOXKHBIX KOMIIOHEHTOB (CNOJIOBHHOK»), pasjielleHHbIX
HEKOTOPLIM BO3AYLIHBIM TPOMEXYTKOM, B KOTOPOM PacnoJioXeHa anepTyp-
‘Hasa puadparma. He orpaHHuHBasch, 3iech KaKoH-H00 KOHKPETHOH ONTH-
yecKoil cXeMOMH «IOJIOBMHKH», SBJSIOLIEHCS YacThio CNOXHOMO OOBeKTHBa,
Ha30BeM ee AJIf KpaTKOCTH KoMGHHanue# X. 3ajaua paspaGoTKU CJIOMHBIX
aHaCTHrMaToB H o6sacTH abeppaumni TPeTero MOPAAKA, —MO-BHAHMOMY,
Mpolle BCEro MOXET pelaThCs:
, 1) pasnenenrem Kos(pHUHEHTOB aGeppalyil Bcedl CHCTEMBI IO €e CO-

CTABJAIONIUM «IIOJIOBHHKaM», T. €. BhIpaxeHHeM KosddHiHeHTOB abeppa-

uMi Bcero o6beKTHBa Yyepe3-Koa(puuHeHTH abeppannii ero nepsol (Kom-
Gunanusa X;) u Bropoii (KomGuHanus X,) «NOJOBHHOK»;

2) paspabotkoii KomOuHauui X; H X, CaMOCTOATENBHO H HE3aBHCHMO
¢ TIOCJIEAYIOIMM YKOMINJIEKTOBaHHEM CJIOXHOTO OOBEKTHBA.

Psili coBpeMeHHBIX CJIOXHBIX aHAaCTHIMaTOB MO HX ONTHYECKHM CXeMaM
nofipasjensercss Ha. e TPYyNNBL
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a) CHCTeMBl TPHOJH3HTENBHO CHMMETPHYHBIE H KBa3HCHMMETPUUHbIE
(cuMMeTpHYHO-TIOZO6HBIE), MOHHMas MNOJ, NMOCJeAHHMMH KOMOHHAUMH, 06e
«MOJNIOBHHKH» KOTOPHIX (X; H X;) HMEIOT TOXAECTBEHHLIE HJIH MOAOGHBIE
B FeOMETPHYECKOM CMEIC/IEe ONTHYECKHE CXeMbl; T. €. aGCOOTHbIE BETHYHHEL
COOTBETCTBEHHBIX KOHCTPYKTHBHLIX 5JIEMEHTOB «IIOJIOBHHOK» CHCTEMbI paB-
HBl APYT APYTY HJH OTJIHYAIOTCH JIMIUL HEKOTOPHIM MHOXKHTeJIeM Npomnop-
UHOHAJIbHOCTH;

6) cHCTeMbl HeCHMMETleIHblE y KOTOphIX obe nosioBuHKH (X; B X,)
HMEIOT Pa3jIHYHBE ONTHYECKHE CXEMBl.  _

Kak nokasann uccilenoBanus apropa [3], B 3aBHCHMOCTH OT onTHue-
CKHX CBOHCTB KOMOHHALHA X; H X, BOSMOXHBI 1Ba C/lydyasi HX NPHMEHeRHsI
NpH YKOMMJIEKTOBAHHH M3 HHX CJIOKHOH CHCTEMB:

1) xoraa kos(dunHeHTHI abeppalHil CJOXKHOH CHCTEMBI BHIPAXKAIOTCH
yepe3 KoapruHeHTs abeppaunii KombuHauud X; u X,, BbIYHC/IEHHbIE B
MpAMOM XoJle JiyyeHl B NPeanoJIOXKEeHHH, YTO IJIOCKOCTH TpPEeIMETOB pacro-
JIOXKeHEl B GECKOHEUHOCTH, cJeBa OT KomMOMHauui X; u X,. YcaoBuMcs
_ 9TOT cayyall YKOMIIEKTOBAHHSI CJIOMHOM CHCTEMbI CHMBOJIHYECKH 3allH-
CHIBaTh CJERYIOLHM 0o6pa3om:

— —
X Xa (11, 222)

2) xorza KosdduuHeHTH abeppalliii 'CJIOXKHOH CHCTEMBI BBIPaXKEHbI
yepe3 Ko3pduuveHTH abeppauuii KomMOHHauui X; u X, onpenesneHHbie
1715 6eCKOHEYHO yJaJIeHHBIX IJIOCKOCTEH NpejMeToB, NPpHYEM A KOMGH-
Hauuu X, KO3(HIHEHTH NO-NpeXHeMY ONpeje/eHH B NpAMOM xo,u.e Jay-
yeil, a Ana KombuHauuu X; — B 00paTHOM XoJie Jyuei:

X; X,. - o (11,223)

O6oznayum yepes f'; H ', doKycHBIE paccTosHHSA KoMGHHauui X, u X,,
KOTOpHIE B LENAX YNPOUEHHS NPHMEM PaBHbIMH EIHHHIE:

fi=fo=1. (I1, 224)

TlycTb npH 3TOM X; H X, — PACCTOAHHS NJOCKOCTeH BXOIHBIX 3PaYKOB
OT BeplIMH MepBHX MoBepXHocTeH KoMGuHamui X, u X, (puc. II, 32}

[Tpu ykomnaexroanny cuctemu no cxeme (11, 223) ans komGunanun Xl,
IJI0CKOCTh TPEIMETOB PacnooxkeHa B GeCKOHEYHOCTH CrpaBa H, CJIefoBa-
TeJlbHO, Yepe3 X; 6yneM 0603HAYaTh PacCTOSIHME BXOAHOTO 3payKa OT nep-
BOH MOBEPXHOCTH NepeBepHyTOH KoMOHHanuu X,, NpoBOAs HyMepauHio ro-
BepXHoCTel B oﬁpa’rnom Xofie Ayuel, T. €. CO CTOPOHKI anepTypHoil Juadpar-
MBI, PacMmoJIOXKeHHOH mo3aid XomMOHHAUHH X,.

Uepes x'; # 1’y 0603HaYUM PACCTOSIHHSA NJIOCKOCTEH BRIXOAHBIX 3pauyKOB
OT BEpIUHH MOCJEHHX MoBepXHocTell KomGHHauuit X, H X, dy u ) —
PaccTOsiHAS OT BTOPOH T'JIaBHOM MJIOCKOCTH KOMOGMHAUHH X; COOTBETCTBEH-
HO JI0 MJIOCKOCTH BBIXOJHOTO 3payKa H JO BepLIHHB! nocjelHed noBepXHOC-
TH; dy H f; — PacCTOAHHA NepBOH IJIABHOH NJIOCKOCTH KOMOMHanmHH X,
COOTBETCTBEHHO OT, IJIOCKOCTH BXOJHOTO 3payKa H OT BepLIMHBI MepBOH
NOBEp XHOCTH. )
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CloxHyl0 cHCTeMy YKOMILIEKTyeM, NpUMeHss Kombunaunn X, u X,
IDPH YCJIOBHAX, 4TO: '

a) KomM6uHauug X, Mocje ee NpHBeJeHHs K HEKOTOPOMY (OKyCHOMY
'aCCTOSIHHIO [’y MCNOJIb3yeTCs B KayecTBe NEePBOH «NOJIOBHHKHY CJIOXKHOM
HCTEMBI; COOTBETCTBEHHO KOMOHMHAlHs X, moc/ie ee MpHBeleHHs K HEKOTO-
oMy GOKYCHOMY paccTOsiHHIO f['; HCIO/IB3yeTCsi B KayeCTBe BTOPOH «Ilo-
IOBHHKH» CJIOXKHOH CHCTEMBI; :

X

/ﬂ"} ¥ Ia ) & I"""’ % i, \

L

I
L == = I = ﬁ‘.:d b:-_-.._t !

™

| ]
I
SAPIG I B A
z, | F ~Z,
T ! 2
Puc. 11, 32, Kom6unauus X; 8 X,

6) GOKyCHOe pacCTOsiHHME CJIOXHOH CHCTeMbl paBHO eguHuue (F* =1);
B) OTHOlLIeHHe (OKYCHBIX PACCTOAHHH «NOJIOBHHOK» CJIOXKHOH CHCTEMHI
>aBHO é: ’

=t -e, ' (11, 225)

.

e [, U [y — oKyCHbIE PACCTOSIHHS ¢IOJOBHHOK?, NPHBEIEHHEE K (o-
{YCHOMY PacCTOAHHIO BCeHl CHCTEMBbI, PaBHOMY eIHHHIE:

Fir = kefi = ke;
4, fo = kfy =&, - (11,226)
/ rzie k — HEeKOTOphIi MHOMHTE/b NPHBE-

JeHHs;
- _ r) MJIOCKOCTb H30GpaXKeHHs NepBoM
,...._d,_'.l_—d,_.. «MIOJIOBHHKH» CHCTEMBI fBJSETCH ILIO-
7 CKOCTBIO NPeJMETOB Ui BTOPOH H IIIO-
Puc. 1I, 33. Cxema xomnaextosanus CKOCThH BBIXOJHOI'O 3padyKa nepaoﬁ CcoB-
£aoMIIG CONMKEHRE MeIlaeTcsi ¢ MJIOCKOCTBIO BXOAHOTO 3pay-
Ka BTOpOIii. .

Ha puc. 11, 33 npeicTaBjeHa cXeMa KOMILIEKTOBAaHHS TAKOH CHCTEMBL
HanuepkuyTthie 6ykBeHHble 0603HayeHus (dy, dy W T. A.) yKasbiBaioT, 4T0
ZOOTBETCTBYIOUIHE BEJIHYHHEL OTHOCATCSA yXe K CHCTeMme, NPHBENEHHOH K
pokycHomy paccrosmuio F' = 1.

Ias o6pa3oBanus TaKOi CHCTEMEHl, OYEBHIHO, HEOGXONHMO BCE KOHCT-
PYKTHBHBIE 3/IEMEHTH ONTHKH KOMOHHauuH X, YMHOXHTb Ha HEKOTOPHIMA
MHOXHTENb [pPHBEJEHHA k, COOTBETCTBEHHO KOHCTDYKTHBHBIE 3JIEMEHTH
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KoMGuHaHH X, YMHOXKHTDb Ha BeJIHUHHY ek; ONpeJieIHM TOT MHOMKHTEJb k.
doxycHoe paccTosiiie F' BceHl CHCTEMBI BHIPaXK@€TCH COOTHOIIEHHEM:

e =ty o=t U (11, 227)
Fooq 2 ity
rae o
d=dl+d3=ekd‘+kds- - (11,228)
Ha nocaeguux Tpex ¢opmyJs HaxoAum:
= sl scd J —5— (1 —dy). (11, 229)

O603HauuM 4epe3 Yy, H Yx, YIJIOBbE YBEJHYEHHSI B BHIXOAHBIX 3pau-
Kax Kom6uHauuil X; U X,; H3 H3BecTHoro coortHowenns (11, 188'):

_ x=s nf’ ,
Te = f W (x’ — s;,.) :
NpHMEHeHHOTO K paccmaTpuBaeMeM caydasMm (puc. II, 32), ‘Haxomum:
‘ : I ' f 1
= — & - = — " = . == H (II, 230)
T X — 8, p n—f—t 1—d,
g, e BE, o ] iy, (11, 231)
2 fz
IMocae moacranoskH B (I1, 229) moayuum: _
1 Tx
— — —e
k= Tr, += (I1,232)

\

YcTaHOBHM 3aBHCHMOCTh MEXIY Kosbduuuentamu abeppaunfi cioxHol
CHCTEMBL: :

S[w’s S SIV'SVoo

Mo?® “qpoo? .

H COOTBETCTBEHHBIMH KoaddHUHeHTaMH aGeppaumit KomOuuauuit X, u X,
S, Sid, SGte SISt ]

. (11, 233)
SR, sy, siite, S, SV,
KOTOpbie Onpejesiensl 18 GecKOHEYHO yZasleHHOH MJIOCKOCTH NpeAMEeToB,
NpHyem MPH KOMIJIEKTOBaHHH cHcTeMel mo cxeme (II, 222) — B nmpsamom -
Xome nyyeH Kak Jis KOMOHHAUMH X;, TaK H Aaa KOMOHHaUHH X,; OpH
KOoMIJIeKTOBaHHH cHCTembl o cxeme (II, 223) koadpuunenTel abGeppaumit
(I1, 233) onpenesenst B npsiMomM Xoze nyuell Aas KomGHHAUMH X, H B 06-
PaTHoM Xoge Jyueil ans KomGuHauuu X,

Onyckas npoMeXyTouHble BbIKJAAKH M OTChIAsl 3aMHTEPEecoBaBIle:
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rocsi YyuTaTesds K yKasaHHOMY Builie HCTOYHHMKY [3], HanueM okoHua-
TeJIbHbIE Pe3yJIbTAaThE

1. lna yKOMI/IEKTOBaHHSA c.lloxmoﬁ CHCTEMBL 10 CHMBOJIHYECKOH cXe-
me (II, 222):

(RS . = -2 Si” + (Si’;’ + S‘””) + 2= sfin +

T;: 7:;,
+ 25 (38 SI) + - SV — S — Sy, — (1= 1)
X3 %1 Xy x.

: (a) (11,234

ek Sy o, 1., Sis + (sﬁ"; ot sﬁ’::i) + -

X1
4 —;;-(3331'2 +SI) +38Vn — = —2(R =) ©
2 ( .)
< (€R) Sy = —?' ; . + (Sie, + S:fl')w) P

+ 21, S¥2 —1, (5, —1); (8)
(ek) Sty = SIP + €SIV ; )
Syt 1, Si+ (S¥2+ 12,52), ()

rae koapduuventn abeppaunit (II; 233) onpepeneHsl mpH HOpPMHPOBKe
(11, 22), a Ko3pdHHLHEHTHI S;,—npu Hopmuposke (II, 21). -

‘2. Jlns YKOMIJIEKTOBAHHS CJIOXKHOH CHCTEMbI N0 CHMBOJIHYECKOH cxe-
me (I1, 223) umeem:

(ek'S, . (x,si,f" T3 Sii") + (st )

— 4%, (St —e si}":,) + 672, (St + eSiii) +
+ 2:(_,'-': (SK;) + eSKr')) — 4‘{, (S{f’; —Sﬁ‘;’,) + __ea)‘}g' _
—3(Toe+1,) T T | (@)

(*1)

(ek)* Sy = ( %,Ste i
Tx,

+2 5i) =, (Sire —etsiim) +

(11, 235)
+37,, (Sl + eStite) + 7, (SIV +eSiv’) — 3( SV — Sv'a) +

| =2 — e, Ty (6
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(k) Sy . = = (x,sii" +5 Sii") + (St —eSiirn) —

—
T b
- (Si‘i~83'2)+——(‘i,—~r~.) (®)
Tx, Txl -
(k) Sty = s%:'?’ + eStY; ()
Syw=-m (0SE + 2807 ) - (SVA—5%). @
Tz, Tx,

-
TIe Yx, — YTJIOBOE YBeJHYeHHe B 3payKaX KomGuHauuu X,;, onpegeseH-
Hoe B 0OpaTHOM Xofe JiydeH H, OYeBHIHO, paBHoe 06paTHOH BeaHuHHE
1= (cM. II, 230):
— l .
Tey=—- (11, 236)
Ty .

®opmyJsi (11, 235) CylecTBEHHO YNPOIIAIOTCS B CAyYae CHMMETPHYHEIX
WJIH KBa3HCHMMETPHYHBIX CHCTEM; B 3THX CAydYasX HMeeM:

Ss-‘ﬂ :s) : S(-"l) {::) : S(Xx) — S(i"o’o .
Siite = Siiw; S =S[; SP=5VL;l (1,287
L5 %y D
16~ ek’ J"l_l-!-e'

Bupaxenns (II, 235) npuHHMaloT cienyiomui BHA:

Sjew= le;"e xS %;)4& @ %%,_-T?S{f’w—]—
+ i e aaTs Y T e
R
P S S (1, 238)
S =L S L0 S
Syy= L5 s :
Syo = (l:k:)‘ S"" )

Ilns cHMMETPHYHLIX CHCTeM € = |, 4T0 NPHBOAMT K JaJbHEHIuemy
ynpouensio ¢opmya (II, 238).

>
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H3 obuux coornowenu#t (II, 235, 6, B, r, 1) ciaenyer: .
(Ek) Su o — €k (38, o + Siy) + 27, Tay Sv oo =

Tx.
+— (x1) (x.) %y A
=— T,l(Suw - II°°) + T_ (S{,“’, —S(Vu:) +
TS T, e
+E =97, + k. (11, 239)
Tx,

"Ora dopmyna npHobpeTaeT 0c060 WHTEPECHHIl CMEICA B Cydae KBasH-
CHMMETPHYHBIX cucTem (cu. II, 237):

(1+e)S 3 —Sy+—38,, . =—1; (11,239

e 1 + e
9TO comnomeﬂue, HaJlaraeT onpeje/eHHEe OorpaHHYeHHA. Ko3p(OHIHEHTOB
TPeTbero nopsifka, OonpeleNsioUIHX «IoJieBble» abeppauHH o6beKTHBA, -

Jns yno6erBa MpakTHYeCKHX NpHMeHeHHH obujue Bhipaxenus (11, 235)

MOT'YT GbITh NpeACTaB/eHHl B crlellylomem BHze:

- 2
S} o= 12(?1') [4*6—— St o — 20k (38,1 o+ Siy)+ 31, va+

\

+ (S 4 enfy) — 1 (st — s‘(;i;,) s

2 'fx,. ) -
e 2
+B—eN1, +&,— = ] ;- (@)
: e ,
St o Tx. ( ) I:ek (3Sm w Sw) R g ™
—.. (sfie, eﬂsif'rl,) + (S —S¢e) +
s _
2 - 13', ' 2 i -
+E—2) 7, + 2 —e%|; (©)
. " 11_‘

Sur = 5| TS - (Sl - esfite) -

- 2 .
— (St —5) + &, — 2= ] . (8)  (I1,240)
Tx, Tx,

3 =le (SI% + eSE); (r)
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1 (m X qlxs) 1 (x1) (xs)
- - ) %,

Y xopolo KOPpPHTHPOBAaHHBIX aHACTHIMATOBR abeppauuM BeeX nopsAKOB,
a crenopaTesibHO, W abeppalMH TPEThEro MOPSAKAa HEBENHKH; [OJIOMKHB

S .~0 §,.~0 §,.=~0 S, =0 S, _ =~0

00 Il co
u3 Beipaxenu# (II, 240) HaxomuM 3aBHCHMOCTH MexKAy KoshdUIHEHTaMH
abeppauHii nepBoH W BTOPOH «NOJIOBHHOK» GHGTEMEL:

Sfe—sVe =2; (a)

1 Xy 1
S{fl)eo e eS:"’m = TZ_ 1. +
T

x.

Sffs, — €S, =5 z—2+ % — T
T % (11, 241)
Cop R g P i L
1, T
_ ejf' + "lz—': (r)
14 %

rae
Z=

( lslffxl + S(h))‘

Takum ofpasom, 3aBHCHMOCTH Mexly KosbduIHeHTamMu abeppauui
«[OJIOBHHOK» CJIOXKHOTO AHACTHIMaTa ONpelessiOTCA BeJHYHHAMH Kosd-
¢uuneHTOB chepHyeckofi abeppaliy B 3payKaxX ero <INOJIOBHHOK» W UHETO
BHELUHUMH 3JIEMEHTaMH:

T;.

-
€ e Tz
Ypapuenns (II, 241) npuBOAAT K HEKOTOPEIM €JeNCTBHSM:
1. TlycTb ,; = 7x,; STOMY YCJOBHIO yIOBJeTBOpsieT GoJsiblias rpymnmna

aHACTHTMATOB, MMEIOWHX He TOJNBKO NPHONH3HTENbHO €HMMETPHUHBIE, HO
H HeCHMMeTpHYHEIe onTHYecKHe cxembl; M3 (II, 241) maxommm:

SV —SVe=2; (a)
“oo +3S:J|‘1’)w = Tx. Z 6)
Sl gt 1 21, (@ ((,292
T,
(xq) sQlxad __ P
Sie +€814 '-T Z+ L @—e—2. ©
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-
2. TIyCTh Y41 = Yoz € = | 1 Z = 0, 4TO MPHONHKEHHO HMEET MECTO
Yy HEKOTODEIX COBPEMEHHBIX CBETOCHJIBHBIX IIHPOKOYTOJNbHBLIX aHACTHIMa-
TOB; HaXOAHM:
v
S¥L —8iL =0; (2)

Sifte + Siite =0;  (6)
Sif, — Sif. = —2;  (p)

8P S e, ()

Xy

Bo MHOrHX KOHKDETHBIX ONTHYECKMX CXeMaX yKasaHHble OrpaHHYEHHS
U BRITEKalollWe H3 HHX CJEACTBHS CJeIYeT HMETb B BHAY INPH NPOEKTHPO-
BaHHH CJOXHEIX aHACTHIMATOB, TOYHEE, NPH CHHTe3e HX ONTHYECKHX CXEM
B NEpPBOM NPHOIHIKEHHH.

9. Buipamenue Koah(pHIHEHTOB XPOMATHYECKHX adeppauHii CAOMHOro
00 beKTHBA uepe3 Koa(pHUHEHTH XPOMaTHYECKHX abeppallHil ero «nojoBH-
HOK>» .

Kak 6bu10 ckasano sbuue (11, 150) u (11, 152), kosdxpuitneHTH YNeHOB
[IepBOTO NOPAJKA B Pa3/IOXKEHHAX NPOJOJbHOH XpoMaTHYeCKOH abeppauiu
H XpOMaTHYeCKOH Pa3sHOCTH yBesH4YeHHH B nepemeHHEX Jlanre HMelOT Che-

(11, 243)

AylowHi BHA:
znh A (11, 244)
s B
C N, A A 11,245
n= Yn 1 -;:_. (11, )
1 AE A

YeraHOBHM 32BHCHMOCTb MeXAYy Kos(ppHUHEeHTaMH XPOMaTHYECKHX
abeppauyi cJ10xHOro 06beKTHBA, OTHOCALMXCA K Cyyalo GecKOHEYHO yha-
JIEHHOH IJIOCKOCTH npeaMETOB:

iy ¥ Ciy (11, 246)

¥ COOTBETCTBEHHBIMH KO3(HIHEHTaMH XpOMaTHYECKHX abeppaiuii KOMGH-
Hamud X; u X, 06pasyiollHX CNOXKHYIO CHCTEMY:
Cie® u Citl; Cfd n Cfia, (11, 247)

THe X; ¥ X, — PAcCTOAHHA BXOAHBLIX 3PAaYKOB OT MEPBLIX NPEJOMJISIOUIHX
noBepxHocTed KomOMHamuid X, u X,.

BesnunHbl XpoMaTHYeCKHX abeppauuit cyenyiouidM o6pasom Bbipaxa-
10TCsL 4yepe3 uX KO3(pHUHEHTHI:

¥sxp = F'C 0} ¥Lyp=—1"Cyj o (11, 248)

[Tono6Ho TOMY, KaK 3TO 6LLIO CHeNaHo BEHILLE IIpH CHHTE3€ MOHOXpoMa-
THYECKHX abeppalliit C/102KHOTO O6BbEKTHBA, paccucrrpm IiBe CXeMbl KOMII-
JIEKTOBAHHSA CHCTEMEI:
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% %),

I. Cxema (Xi; X,
II. Cxema ((f,; F{.g)

Jns nepBoii cXembl oOpa3oBaHHs cJOXKHOTO o6beKkrnBa u3 (II, 244)
HeNoCpeNCTBEHHO CJIeNyeT:

C o= aC{Y + haC™, (11, 249)

rle 4epe3 @ no-npexxkHeMy 0603HayeH yroJl € ONTHYECKOH OChbi0 NEPBOra
BCIIOMOTaTe/IbHOTO NapaKCHa/IbHOIO Jy4ya B IPOCTPAHCTBE MEXKAY «IIOJIOBHH.
KamH» 00beKTHBa; i — BBICOTA NepeceyeHHs TeM K€ JIyYoM IepBoii mpe-
JoMasioled OBEPXHOCTH BTOPO# <IIOJIOBHHKH» 00beKTHBAa. X poMarTide-
ckuii Kosdpuument C{X 1na nepsoit «ONOBHHKH» OGBEKTHBA HOPMHpY-
erca ycaopusmu (11, 22); kospdumuent C{™ nas BTOPOR «IOJOBHHKHY
00BeKTHBAa HOPMHDYETCSl YCJIOBHAMH g = 1, h; = 1.
Boipaxenue (II, 249) MoxHO NPHBECTH K BHLY:

_ ‘_l_ (x4) Sy (%3)
C = pry Clw + " C! ’ (111250)

Ocraerca BHPa3uTh KO3pdHLHEHT C"{", OTHOCSALIMACA KO BTOpOI «I1o-
JIOBHHKE» OOBEKTHBA H Oﬂpe.lle.ﬂEHthﬁ A KOHEUYHOT'0 pacCTOAHHA MJOC-
KOCTH MpPEeAMETOB Yepe3 XpPOMaTHYeCKHe KO3(dHIHEHTHl, COOTBETCTBYIO-
mHe GECKOHEYHO y[JaJsieHHOH MJIOCKOCTH NpeaMeToB. MoXKHO NOKasaThb, 4TO
5TO BhlpakeHHe HMeeT CJIeYIOWHi BHA:

o = (ot r i al). | anm)
Sg .ﬁ:; 131 '

rre  CY{? — xkosdpdunuenT XpomaTHyeckol aGeppalHH B BHIXOZHOM
3pauyKke BTOPOH <«MNOJIOBHHKH» 06BbEKTHBa, BhIpaXKaloUMHCA CyMMOH BHZa:
5

k=p
C, = 2: gp2BE_ A . (11, 252)
1 ny

nepemeHHble J1aHTe Y, H B ,, OTHOCSALLMECS KO BTOPOMY BCIOMOTATeJlbHOMY
JIyYyy, HOPMHPYIOTCSl HauaJlbHBIMH YCJOBHAMH: B; = 1, 4 = X,.
M3 nocneguux ABYX BbIpaXKeHHH HaXOJHM HCKOMYIO 3aBHCHMOCTb NpPH

— —
KOMIJIeKTOBaHHH 06BeKTHBa Nocxeme (X;; X,):

i, , =Ci+ 5 Clu+ -1-"’— R | )
Xy X
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3aMeTHM, YTO y MHOTMX OGBEKTHBOB BeJHYHHA KO3(pdHuUHEHTa o d
3HAYNTEJBHO MeHblUe BeJHUHHBI Koshduuuenta C{i.

Ins sTofi e CXeMB KOMIJIEKTOBaHHS OOBEKTHBA BbIpaKeHHe BTO-
poro xpomatuyeckoro kospduuuenta (Cij) CNOXKHOM CHCTEMBI HMEET
BHI;

W) o Ta e
Chw=Cii'n + —-Cy". (11,254)
Kosppuunent C'§P, onpenesnenHeli Js KOHEYHOTO DACCTOSIHMS NJOC-

KOCTH MpPEIMETOB, MOXeT OHTh BLHIPaXKEH Yepe3 TaKOBOi, onpele/eHHbIH
s GeCKOHEYHO YZaJieHHOH IJIOCKOCTH MpPeIMeTOB:

Cppo = C, +CY, +—2C. (11,255)

— —

KosbuiHeHTs XpoMaTHUeCKH X abeppaunit kom6nHaunit X; u X, onpe-
JAeJIEHBI AJ1A TEX MOJIOXKEHHH X; H X3 BXOOHBIX 3pa4yKoOB, AJi KOTOPHIX BhHILIE
KOpPHMIHpPOBaJHCh MOHOXpOMAaTHYeCKHe abeppaunu OO6beKTHBa. 3aMeTHM
MPH STOM, YTO IllepemellleHHe IVIOCKOCTH BXOIHOTO 3payka AX = X—%X
BBI3BIBAET CJIENYIOLIHE H3MEHEHHA KOS(‘])QJHU.HGHTOB:

x X
Cf o)o =W .

loo ?

C:-:’w o (x — xg) C(I-) + C(xn, . ) (111256)

11 o Hoo?

Cﬁi) =(x__xu)2 CcW¥o + 2(x —x,) C(-\?u) 3 C %)

loo 11 e Ix?*

rae X, — INEPBOHAYAJIBEHOE MNOJIOMEHHE NJOCKOCTH BXOZHOTO 3payka, Ko-

TopoMy COOTBeTCTByIoT Kosppuumentsr Ciim u CY?. Bo sropoii

+— —_
cxeme o6pasoBaHHfA cJoxHOTO o6bekTHBa (X;; X,) npeanonaraercs, yTo
KoapunreHnTsl abeppanui 118 KomMOHHAUHH X; BHYHCIAEHB B OOpaTHOM
Xole siyyeH, T. e. Ans GeCKOHEYHO JaJieKOH MJIOCKOCTH MpPeAMEeTOoB, pacro-
JIOXKEHHBbIX CIIpaBa OT KOMOHHaLHH X, ABNsaouefics NepBOH «10JOBHHKOH»
o0BbeKTHBA:
Cw W pl.

Joo? Iloo? 1x?*
yepes x; NO-NpeXHEMY 0603HauyHM pacCTOSHHE [EeHTPa BXONHOrO
—

3payKa OT BEpIUHHBI NEPBOH (HyMepalHs MOBepXHOCTeH KOMOHHALHH X,

BeJleTcsl TaKxe B 06paTHOM IOpsafiKe) NOBEPXHOCTH KoM6GuHAuMH X,.
[Ipuxoaum K 3aBHCHMOCTSM:

(=) _ 52 70 < o) P

Cia= TxlC,w —2 1xlC +C

1l oo Ix?

11,257)

Xy ‘_‘xl l ‘—23 (

G, = —aCi oo O,
X

rie C{% u C{f) — KosbdHUHEHTH XpoMaTHUeCKHX abGeppauii KoM-
GuHanun X,, ompefeseHHble B NPAMOM Xoje Jyyeit H NPH HOPMHPOBKE
Bi =1lwmu Yy = Xy.
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[Tocne noncranosku (II, 257) B Bupaxenns (11, 2563) u (11, 255) Ha-
XOIHM:

ekC,,, = 10 (C0 +eC) —2%_(Ci —
_lx AR Pt AN
CIluo)+(ch + p Clx)' (11,258)

IT co

- 1 X3 1 - 1 1 2
Cno=—(Clu—Cli0) + = (Ci + 2.

X3

@opmyasi (11, 258) cyliecTBeHHO yNpOLIAIOTCA, €CH MOJOXKHTD:

e _ kR R ), Rl (%) .
e=1, Tx,_1x,=?' Cl;—cto’o’ Clllcn=cuoo'
HaXoJHM:
kR Axg) 2 ~ixy)
Ci o =_2C"Ixm +TC:”
o (11,259)
C'ilut::TC]K"

nocjielHee HMeeT MeCTo, HallpUMep, B CJyYyae CHMMETPHYHBIX OGBEKTHBOB
HJIH 00BEKTHBOB, 6JIM3KHX K CHMMETPHYHBIM.

[Nonyyenusie 31ech 3aBHCHMOCTH YNPOIIAIOT aHAJIH3 ONTHYECKHX CXeM
CJIOXHEIX aHACTHIMATOB, a TaKe 3allayy CHHTEe3a HOBBHIX CXEM MO «IoJio-
BHHKaM» CHCTEMHI.

§ 6. TEPMOOINITHYECKHE H TEPMOBAPHUYECKHE ABEPPAIIHH
OBBEKTHBOB

3a mocsenHHe roOAbl YCNEIHO Pellajuch 3alauH CO3aHHA ONTHYECKHX,
B YaCTHOCTH (poTorpadHyecKHX, CHCTeM, COXPaHSIOWNX CBOH ONTHYECKHe
KayecTBa NPH H3MEHEHHH TeMIepaTyphl.

Taxue TpeGoBaHHA NPeABSABASIOTCA K IPYMNNaM TOYUHBIX H ONTHYECKH
COBepIIEHHbIX NPHOOPOB TNPHMEHSIOMMUXCA B NEPeMEHHBIX METeOPOJIOTH-
YeCcKHMX ¥ KJHMaTHYECKHX YCJIOBUSAX, — K (oTorpadryeckuM o6beKTHBaAM,
NP HMEHSTIOUMMEs [IJIsT a3pOChEMKH, K acTpodoTorpadryeckum o6beKTHBaM
Il aCTPOHOMHYECKHX HCCJIeIOBaHHH M T. II.

TenuioBbie KoseGaHHA BbI3BIBAIOT U3MEHEHHs ONTHYECKHX MOCTOSHHBIX
CTeKOJ, reOMeTPHYeCKHX MapaMeTPOB ONTHYECKUX H MEXaHHYECKMX JeTa-
sefi. Huskas TensonpoBOAHOCTH ONTHYECKHX MaTepHasoB 00yC/OBAMBaET
NOsIBJIEHHE B JIHH3aX TEMIIepPaTyPHEIX TPajHEHTOB.

YKasaHHBIE TEIUIOBEIE KoseGaHHA NPHBOAAT K Ae(OKYCHPOBKE TJIOC-
KOCTH H306pa)KeHHs H M3MEHEHHIO BeJHUYHHH H300paxcenns. OueBHAHO,
TenJioBkie KoneGaHHsA, BEI3BIBAOIHME HepaBHOMEpPHOe pachnpefieNleHHe TeM-
nepaTyphl i H3MEHSIOLHECA CO BpeMeHeM, NMPHBOAAT K TaKOro popa Ha-
PYLUEHUAM ONTHYECKHX CBOHCTB OGBEKTHBA, KOTOpHIE HE MOTYT GLITH YCT-
PaHeHB NPH ero KOpPEeKLHH.
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3anaua paspaboTkH 00beKTHBa, He PacCTPaHBAaIOLIErocs NMPH H3MeHe-
HHM TeMNepaTyphl, CTAaHOBUTCS pa3pelIHMOH, €CJIH NPEANON0XKUTh,4TO [1po-
LeCcC H3MEHEHHS TeMIepaTyphl MPOTeKaeT BeCbMa MEeLJIEHHO; B 3TOM CJy-
Yae BO3HHKAIOLIKe TeMIepaTypHbe FpafineHTsl B 0GbEKTHBE BeCbMa MaJlbl.

3ajauya ONTHYECKOro pacyeTa CBOAHTCH K YCTPaHEHHIO CMellleHHs TMJIoC-
KOCTH H300paKeHH — K HCIPaBJIeHHIO, KaK Mbl ee Ha3BasH, TEPMOONTH-
yecKoi abeppallMH MOJNOXKEHHA U300paKeHHs, a HHOrJa M K YCTPaHEHHIO
Kone6Gauuii pasmepoB U300paKeHHss — K UCNIPABJIEHHIO TEPMOONTHUECKOH
aGeppalliH YBeJqHYeHHs*,

Ha nepBylo u3 yKasaHHBIX TepMoonTHYecKHX abeppannii ciexyer
ofpaulaTe BHHMaHHe NpH pa3paboTKe NJIMHHOPOKYCHBIX a3podoToobbex-
THUBOB; BTOpasi abeppanus A0JMKHA YYHTHIBATHCSA B BEICOKOOPTOCKOMHYECKHX
H BBICOKOpA3pelIJioIHX annapaTax AJA TolnorpapHyecKod aspocheMKH,
a TaKXe NIPH HEKOTOPbIX TOYHBIX ACTPOHOMHYECKHX HJIH Feofe3HdYeCKHX
onpejeseHHAX, CBA3aHHBIX C YCTAHOBJICHHEM KOOPIWHAT TeX HJH HHBIX
06BEKTOB.

Ecan 0o6BeKTHB NOCTeNeHHO TMPHHUMAaeT pa3JidyHble TeMIepaTyphl, TO
HCIpaBJeHHE TEPMOONTHYECKHX abeppauui NO/KHO TNPOBOAMTHCH MAJIA
3aJaHHOTO TeMIepaTypPHOro HHTepBasa. Bo n3bexxaHue BO3MOXKHOCTH BO3-
HHUKHOBEHHSI ORICTPBIX TeMNepaTypHbBIX Konebaxuii Kopnyc o6beKTHBa 3a-
LIMLAI0T TEPMOH3OJIALHOHHEIM MaTepHaJIoM.

Hanoxum 3ech pa3BHTYIO HAMH TEOPHIO TePMOONTHYECKHX abeppaunii,
HCIIOJIb30BaHHYIO B fanbHeiitiem (TnaBst [V u VI) ana npoekTHpoBanHsa Tak
Ha3bIBa€MbIX HepaccTpaHBaloLIHXcs aspodoToo6beKTHBOB, B YaCTHOCTH OTe-
YECTBEHHBIX CEPHHHBIX TeNe00BbEKTHBOB «/IeHHHrpan».

1. TepmoonTHueckasi aGeppauus nosoxeHHs H3oGpaxenus. Tepmoon-
THYecKas abeppallsi MOJNOXKEHHS SBISETCS CJAEACTBHEM: a) 3aBHCHMOCTH
NoKasareseH NpesoMJIeHHs CTEKOJ OT TeMIepaTyphl; 6) H3MEeHeHHs pajH-
YCOB KDHBH3HBI NPEJIOMJISIOLIHX TOBEPXHOCTEH JIHH3 H HX TOJUIHH NPH
KoJie6aHHH TeMIlepaTyphl; B) H3MEHEHHs PacCTOSAHHA MeXy JHH3aMH H3-3a
TENJIOBOIO PaclIHpeHHs MaTepHasla KOphyca H ONpaB JIHH3 ONTHYECKOH
cuctembl. [lpeamonokuM, uTo yKasaHHble H3MEHEHHS SIBJAIOTCS JIHHeH-
HEIMH (YHKIHAMH TeMIlepaTyphl.

Koad¢dunuent nunelfikoro paciuvipeHHs cTeKaa a«* XOTS H He3HauYH-
TeJbHO, HO 3aBHCHT OT TeMIepaTyphl, OJHAKO B 3aJJaHHOM HHTEpBaJje u3Me-
HEHHS TEMNepaTyp MOMHO NPHHATH HEKOTOPYIO CPEIHIOI BeIHYHHY Ko3d-
¢unuenta a*. TewmmepaTypHoe npHpallleHue TNOKasarens npeJiomie-
HUA f* 3aBHCHT OT AJIHHEI BOJIHBI A; MpPH pacyeTax Koapduuuent f* cie-
JyeT OTHECTH K TOH IJIHHE BOJHBI, JJ KOTOPOH HCOPABJSIOTCH MOHO-
XpoMaTuyeckue abeppaluH . o6beKTHBA.

3anaua cosfanus HepaccTpauBatouierocs o6beKTHBa, Eoobule roeops,
MoXXeT OHITH pellleHa BLIGOPOM COOTBETCTBYIOLIEIO MaTepHajia M THIA KOH-

* 3a nocnennue roasl aBTOpoM Gblla pa3BHTa TaK¥ke TEOPHA TE P M O X p O-
MaTHYecKHX abGeppalnii — Kak CleACTBHe 3aBHCHMOCTH TeMNepaTyp-
HOTO NpHpalieHHs NoKa3areseil npenoMiedns crekoa f; oT AauHH BoaHb (d); =
= P,df). Tlokasana BO3MOXKHOCTE KOpPeKLHH STHX abeppaurfi mpH pacueTe ONTHYe-
CKO#i cHcTeMbl. B wacTHoCTH, B ANHHHODOKYCHBIX anoXxpoMaTaX NpH HeGraronpuAar-
HOM BHI6OpPE MapOK CTeKON NPOABJEHHE TepMOXpoMaTHYecKMX abGeppaunii MOXKeT
NPHBECTH K CYUIeCTBEHHOMY HapyUIeHHI0 XPOMaTHYeCKO# KOppPeKIHH.
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CTPYKLIHH ONpaB JHH3 H Kopnyca o0beKTHBa, NPH KOTOPHIX KOMIEHCHpY-
eTc 3apaHee pacCuuTaHHOe cMellenHe H300paxenus. OLHAKO 3TO MpH-
BOAHT K NPHMEHEHHI0O KOHCTPYKTHBHO CJIOKHBIX ONpaB, CIEIHaJbHO NOo-
No6paHHEIX MaTepHaJOB Kophyca o0beKTHBa H ero 0co60f KOHCTPYKIHH,
YTO JOMYCTHMO B YHHKaJIbHbIX npubopax, HO NO/IKHO GBITh MCKJIOYEHO
B npubopax CepHHHBIX.

PanyonanbHee y)ke B mpouecce paspalbOTKH ONTHKH 06beKTHBA KOp-
PHTHpOBaTh TepMOONTHYECKYIO abeppalHio NOJIOXKEHHS H300paXKeHus IJs
3aJlaHHOI'0 MHTEpBaJia H3MEHEeHHS TeMmeparyphl. DTO pellleHHe 3aJayd He
TpebyeT KakKHX-qH60 chenHalbHEIX MaTepHaJIOB Kopmyca oObeKTHBa,
KOHCTPYKTHBHO CJIOKHBIX MeXaHHYeCKHX KOMMEHCALUHOHHBIX yCTPOHCTB
H T. 1. Bonee Toro, Takoi 06BEKTHE MOXKET OBITh PACCUMTAH NPHMEHHTE/b-
HO K Ji060My Hanepej 3alaHHOMY MaTepHaJjly Kopnyca o6beKTHBa (CTaJb,
CHJIYMHH, THTaH H T.I.).

B ocHOBY moc/eAyioLHX BLIBOJIOB TOJIOXXKHM HYJIeBOH HHBapHaHT Ipe-
JIOMJIEHHS Jiyya yepe3 NOBEPXHOCTb:

Q=n (L —l) - n'(—]-——l,-) . (11,260)

r. s r s

PaccMaTtpuBasi BeHYHHBL 1, n', 7, S ©S' KaK QYHKUHH TeMIepaTypsl
t, nocne nudpepenunposanus (11, 260) monyyum:

n' ds n_ds 1 dn’ 1 dn
i Ear i ey
+55 = (11,261)

OGo3nayus uyepes h, OpAHHATY TOUYKH IpeJIOMJEHHS NapaKCHaJbHOro
Ayda Ha k-i nosepxnocry, u3 (11, 261) naitnem:

i ds, 1 dn, 1 d
B o2 O 2( £ my ) o

k% g T MG Ty T el T W m
( ".; — nh) hz dry

2 LT
rje d@, U a, — YIJibl 1apaKCHAJLHOrO Jyya C ONTHYECKOH OChIO.

Iepexon or k—1-i x k-it npesoMisIOLIEH TOBEPXHOCTH CBA3aH COOT-
HOLICHHEM:

+

(I1,262)

S;_I —Sh = dh—i » (11.263)

rie d,, — paccTosiHHe MeXAy BepliMHamM# k—I-i ¥ k-ii NpeJOMJSIOUHX
NoBep XHOCTeH.
W3 nocnenuux AByX BhIpaKeHHH HaXOIHM:

s . dn,
n;a; ds, —n, “: dsp_y = —Q,, kh: ( 'k - Tk ) +
"k B
pAmom) e dd, (I1,264)
e
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ds" dn
NNA COKpalleHu 3aIHCH 3HAKH NPOH3BOIHBIX — - H T. I. Mbl 3aMEHHJH

dr di
spakamu AHddepeHunanos ds’, dn u T. A
Hanucas ypaeuenne (II, 264) nas Kaxno# npesomasiouleii nosepx-
HOCTH CHCTEMbI, MPHXOAHM K CJe/lyioleMy BbIPaXKeHHIO 15 BCeH CHCTEeMBI:

v 12 g 2 ~ 2 dﬂ; dny
npﬂ'.p dsp =nlal dsl—z Qs.k hk e—————— =
k=1 n

k h
r — =p
= O dru] — N, ddy ;. (11,265)
4 =
[TpuHsAB BO BHHMAHHE, YTO Q) = f—: na, = ?T.kk’ us (11, 265) naxonum:
I ] ’ k=p- ]
P _"ﬁ(j’ﬁ_[q ( M an, )_
# nphﬁs? ! hin) | &= 6|\ ny g
’ d"k = hg ny
—(m—m)—-|+ > st (I1,266)
k =2 M %

Benuyuny ds’p Ha3oBeM TepMoOONTHYeCKO#H abeppann-
efi nonoXeHHN H3006p axKeHHd. Bolpaxkedus cymm B npaso#
yacti opMyasl (I1, 266) He 3aBucAT OT BrIGOpPa NMPOH3BONbBHOM E€IHHHILEI
u3MepeHus BhICOT h, HasoBem 3TH cymmbl KOosppHUHEeHTOM
TepMoONTHYecKO#d abeppal¥Wi NONOXEeHHS H30-
OpaxeHHs, HWIH NMepBbIM Ko3ppHumenTom T, TepMoOONTH-
yecKoHh abeppalliu:

b=y 2 dn,
k R dnpy, , dr
Tl= 2 _— [Qs.b( — n )(nl—nh) r:]‘i'
=1 M g k k

+ A e gy (11,267)
2 h? 32 k-1 ¥
k=2 1 3

Buipaxenne (11, 266) moxuo npeobpasosarhb:

rie 7 — YIVIOBOE YBEJMYEHHE CHCTEMBI; BHIPA3uB Yepe3 Hel'o NPOAOJBLHOE
yBeJIHYeHHe @, HaileM:

2 1]

= T n hy s,
r a T— ’ 2 o

n,1 n, k2 5



Tlocne noacranosky B (11, 266) nomyunm:
7

ny

ds, = ads, — Ty (11,268)

Ecan abeppanuy B MPOCTPaHCTBE NIPeIMETOB OTCY TCTBYIOT, To ds;=0

&
a8 - ——L.T, (11,269)

1

Jlnsi GeCKOHEYHO YNaJeHHOH MJIOCKOCTH NPEJMeTOB, HanmpuMep Ans
¢oTorpaduyeckoro o6beKkTHBa, NPHHAB BO BHHMAaHHE, 4TO

lim (E sf): lim (-f"—Fas'f)='%"f",
n P

Sy=>—0c0 8§ =+—00

rae f — auHeHHOE yBeJHYEHHE CHCTEMbl, NOJYYHM:

ds, = —L-T, . (11,270
np .

Ecsiu nuHeliHbIe BeIHYHHBI 7'y, Sy H dy_y — 0] 3HAKOM CyMMEL T B dopmy-

sie (11, 267) Bripaxkensl B AoasX GOKycHOro paccrosuud ', T0

’
ds’ = —L-1, . (I1,271)
. P

2. BoipaxeHHe nepBoro KoagHUHeHTa TepMoonTHYecKoji aGeppauuu
B dopme, ynoGHoii g seiuucaenuii. Boipaxkenue (11, 267) npepcraBneno
B (popme, HeyNoOHOH N5 BHIYHCJEH Hii; peobpa3yeM ero, BBels Cefyio-
e JONyILLeHHus:

a) TeMnepaTypHOe mpupallleHue NoKa3aTe/s NpesoMieHus crekon f*
AIBJSETCA (PyHKI HeH AJ1HbL BOJHBL; 1P HMEM NPH pacuerax sHaueHue Ko3¢-
¢uunenta f* aaa TOH LIHHBI BOJHBI, 4151 KOTOPOH HCTIPaBJIeHbI Moaoxpo-
Marnyeckue abeppallud CHCTEMbL:

ng = nm "l" B* (t_" 20)’ (115272)

rle nyy — OTHOCHTEJbHBI MMOKa3aresb NPeJOMJECHHA CTeKJa NPH TeMie-
patype 20° C u npu HOpMaNbHOM aTMOCGHEPHOM JaBJAEHHH, T. €. NPH TeX
YCJIOBHAX, MPH KOTOPBIX B OTEYeCTBEHHBIX KaTaJoraX CTeKOJ AaHbl Bee
BEeJHYHHbI ONTHYECKHX [OCTOSIHHBIX.

HMs (11, 272) nmonyunm:

dn, = B* dt, (11,273)

rne di~At = (—20°

6) TemnepaTypHblfi KO3((QHILHEHT pacuiupeHHs CTEKoJ a* sABasercs
¢yukuuei Temnepatypel. [1puMem npu pacyetax cpeiHee 3HaYeHHE KO3(¢-
(b uupenTa a* B 3a1aHHOM HHTEpBaJie U3MEeHeHHs TeMneparyp. B oreuect-
BEHHOM KaTaJiore ONTHYECKHX CTEKOJ yKa3aHBl iBa yCPeJHEHHHIX 3Haye-
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Huf KO3puumenTa a*: 1uisi nuTepBaia Temnepatyp or +20 no —60°C u
AAs paTepBana or +20 mo +120°.

B) M3MeHenue BeJHuHHBI PaiHyca KPHBH3HBI NPEJOMISIOLIEH TIOBEpX-
HOCTH CJieAyeT JIHHEHHOMY 3aKOHY:

re=ro (1 + a*d). (11,274)

Ecau Bapuauusa dr onpejlesiseTcsi A/ TOBEPXHOCTH CKJEHKH IBYX
CTEKOJ, TO 3HaYeHHE a* COOTBETCTBYeT CPe/lHEMY apH(pMeTHYeCKOMY Be-
JHYHH KO3(QOhHIHEHTOB paclIHpPeHHsA 3THX CTeKOJ.

ny'—
r) Bennunnn Q, , krk %k pxonsmue B Brpaxenne (II, 267), npe-
obpa3yeM, BOCIOJIb30BABINHCh H3BECTHBIMH COOTHOLUEHHAMH:
o — ap Ay hh(n;—"h)
—hQ, = o r = Anya,. (11,275)
— e — A—
n, ny n
1) Bxopsumue B dopmyay (II, 267)
777777777 777777777 BeJIHUHHBL d,_; BHIPAXKAIOT PaCCTOSHHSA
A - (= MeXJAy BeplUMHAMH  MPeJOMJISIOUIUX
.l & AAN TOBEDXHOCTEH  ONTHYECKOH CHCTEMHL.
/ 4 TepMuyecKHe H3MeHeHHA dd, , 3THX
~—
PacCcTOsIHHH BechkMa TIPOCTO ONpejens-
/////f/////////" IOTCH JIS TOMIUHH JIHH3 H HECKOJBKO

CJIOKHEE IJi BO3AYIIHBIX ITPOMEXKYTKOB.

Pue. 11, 34. K onpepenentio Tepmudecko- Temneparypaoe H3MEHEHHE TOJILHH

n 33"!‘”51’“""“3::::';':;:' BosaywHoro  JIHH3 npnﬁnnmenﬂo onpenesercsa Bbl-
PaxeHHeM: ¥

ddh_! ~ a;b—-l dk-i. dt- (11,276)

TemnepaTypHoe H3MeHeHHEe BO3AYIUHHIX MPOMEXYTKOB 3aBHCHT OT
Ko3pdunHeHTa pacllipeHHsa MaTepHaJja Kopmyca y* 1 OT XapakTepa Kpen-
JIEHHA JIHH3 B OIIpaBaX H KpenJieHHA CaMHX OIIpaB B KopIlyce 00BeKTHBA.
B npocreiituem cayuae (puc. 11, 34), ecan NMPpHHATH, YTO KOJBLO ONpPaBhI
NJIOTHO MpHJeraeT K NMOBEPXHOCTH JHH3BI, MOXHO HAaMHCaTh BhIpaXKeHHe:

d=L+e —e,, (IL277)

rge e; H €; — BeJIHUHHH «CTPEJIOK», OTCUHTBIBAEMBEIX OT BEDPIIHH NpEJIOM-
JIAOL HX ﬂOBerHOCTEﬁ C y4eToOM HX 3HaKa CorjlaCHO MPHHATOMY B ONTHKE
NpaBHJY 3HAKOB INS OTPE3KOB.

Bennuuna «CTpEeJIKH» IIpHﬁJIH)KEHHO onpepeJifgeTca palHyCOM KDHBH3-
Hbl 7 M «CBETOBBLIM AHaMeTpom» D mpesioMJsioliell OBepXHOCTH:

D2
e~ —.
8r
TemneparypHoe uaMeHenHe de «CTpesKu» et
de de
de =——dr +—dD,
o Yt 4B,
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OoTCIona
; de — e (21* — a*) dt.

[lpunsB Bo BHHMaHHe 3Ty 3aBHCHMOCTb, Mocse AH(depeHUHPOBaHHS
(IT, 277) naxomum: .

dd = [(d + &, — &) 1* — e, + €36}] dt. (I1,278)

Sta GopMyaa No3BOJSEeT ONPefe]HTh H3MEHEHHe BeJHYHH BO3IYLIHBIX
npoMexyTkoB dd;_;, BXomsux B Bhipamenue (II, 267). 3amernm, uro
B KOHKPETHBIX KOHCTPYKILHSX O6BEKTHBOB MOT'YT BCTPETHTbCH Pas/HYHbIe
CJIOXKHBIE CJYy4YaH KpelJIeHHA JIHH3 B ONpaBax pPasJ/IHYHBIX MaTepHaJIOB
C pasHbIMH TeMmepaTypHbIMH KO3(PHIHEHTaMH PacCLUHPEHHS, OTJIHUHBIMH
oT KoaduuHeHTa paclIHpeHHs MaTepHasna Kopnyca. B 3THX cayyasx
¢dopmyna (I1, 278) HeCKONBKO YCIOMHHTCA.

TlpuusiB Bo Buumaunne (11, 273)—(11, 278), uipaxenne (11, 267) npu
HOPMHPOBKE Ay = S;04 MOXKHO NPHBECTH K CJeIyIOIEMY BHIY:

k=p -
le_.(“‘f“") 2 b2 A g0} Aay ) —
ki Al T
k=1 np
=,
.._2 nja; a; d_,:l-l—ATl, (11,279)

=

rae d; — TOMUIHHEL TOJIBKO JIMH3 H, C/IELOBATENbHO, B BBIPAXKEHHN n; o
a* dj, CTOAULEM TIOA 3HAKOM BTOPOH CYMMBI, Yroi @; — Cy7h Yroi
B CTeKJe, a n; — TNoKasaTe/b NPEJOMJIEHHS CTEKJa JIMH3B j.

Besuyuna AT, B dopmyasie (I1, 279) pasua:

m=N

1 2 4
ATI=.h_2.. 3 o, dd,, (11,::80)
1 m=l

rie CYMMHPOBaHHE pacnpocTpausiercs Ha Bce N BO3JylIHBE npOMe-
JKYTKH CHCTEMEL. 3Zech a, — YroJ Jyuya C ONTHYeCKOH ocblo ANS JaH-
HOro BO3/YLUHOTO IPOMeXKYTKa; dd,, — u3MeHeHHe BeJHYHHEl BO3/YIIHOIO
npoMexyTka. B mnpocreiiiueM cayyae usmeHenue dd, MOMKeT ObITb
onpezneneno u3 Gopmyan (II, 278).

Ilnsi 6oAbLUOH IPYNNbI ONTHYECKHX CHCTEM, Hanpumep A1a (oTo06Db-
eKTHBOB, KOrjia IJIOCKOCTh NpeaMeToB GeckoHedHo ynanena ay = 0, ecan
TIPHHATD HOPMHPOBKY hy = 1 u [ = |, BhpaxceHHe Ans KoadHuHeHTa
T:, Kone4yno, coxpanser cBo Bui (II, 279), HO HeOOXOAHMO JHIIB
NPHBECTH BCe YIJIbl @, K HOPMHPOBKE a,’ = 1, a Bce BBICOTHI iy — K HOp-
MHpOBKe Ay = 1. Beawuuusl h%; B dopmyaax (11, 279) n (11, 280) Takxe
Heo6XOIHMO TPHHATH PABHBIMH €AMHHIE, PacCTOAHHA d CHIeLyeT B3ATb
NpUBEJEHHBIMH K HOpMHpOBKe [’ = 1. TepMoonThueckas abeppauus no-
JIOMEHHS onpejeasercsa npu stom k3 dpopmyast (11, 271), B koTopoit f* —
peanbHOe (OKYCHOE PacCTOSAHHE CHCTEMBI.
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3. Mepsaa TepmoonTHuecKass abeppauus 00beKTHBA, COCTOSILETO H3
TOHKHX JIHH3.

JIHH3a ¢ HOMepoM | orpaHHyeHa JABYMs NPEJOMISIONIHMY TIOBEpPXHO-
cTaAMH, HoMepa KoTophiX 2j—I 1 2f. ITox 3nakoM 2 1/ JIHH3BI C HOMEPOM j,
Kak cnenyet u3 (II, 267), cTOHT BhipaxeHHe:

= ( I 1 )d"z.r dryj q
o et 8 — T, | i 3 S
g |\ nn T T, T TS
hgi 1 1\ dny, dry,
—_] — s + =] 4+
[ [ nﬂ( £y Sa1 ) o (s —1) 3

T
+_!21 —2k1 ddy;_y .
Boog
Tak Kak y TOHKOH JIHH3bI
’ h —
hojos = hajs 8 =Sass My = L2 —ay,,
S3i-1

Tl @y;_y — YIoJ ¢ ONTHYECKOH OChO Jy4Ya, BCTYNAIOWEro B JHH3Y C HO-
MepOM ], TO IOJ 3HAKOM 2 NOJYYHM BbIpaXKEHHE:

h2 . dn dr dr
22 nﬁ( 1 __'_)_21_.(,;2}_1) Zam . T ) |
K Toj-1 fa1 ] nyy rg!—l rﬁ,

2

hyy  ddyy_y

AP

rae di; » — BO3AYLUHBIA MPOMEXKYTOK, NPEALIECTBYIOUIHH -H JHH3e, nep-

Bas MpeJIOMJISAIOULasA TIOBEPXHOCTE KOTOPOi HMeeT HoMmep 2j —I; oueBHIHO,

IJ15 JIMH3BL C HOMEPOM j Npe/ecTBYIOUHA BO3AYUIHbIH NPOMEXYTOK 6y-

Iet umMeTb HoMmep | —I (B 5Ty HyMepalHIO TONIMHBI JHH3 HE BKJIOYEHEI).
Hrak, pas j-fi JHH3E BHpaXKEHHE NOJ 3HAKOM 2 MPHMET BHA:

h2 dn K ad

i ( ] [
—— ?:——+d?:)+—2 s
ki Byl hos
rue n,. — [I0OKa3aTeJib [IPEJIOMJIEHHH Ma'repna.na JIHH3EI, d(pj — H3MEHeHue
ONTHYECKOH CHJBI TOHKOH JIHH3BI, BbBI3BAHHOE€ H3MEHEHHEM paJ.'LHyCOB ee

noBepX HOCTei:

hr dr.
g = s D et ) 11,281)
P ) ( rf rg (
Jns cucTeMmel, cocrosled H3 0 TOHKHX JIHH3, HMeeM:
j= hﬁ dn =9 az
— i ] il
T, = 2 — [‘PJ a1 . d%] + E 2 ddy_y. (11,282)
=1 M = M



OG6parus BHHMaHHeE, 4TO
doy= —aj¢;dt = —ajp; (t —20°),

MOy YuM:

-

= a By
T, =(t-—20)£7?q>, (n,—r —a,) +AT,, (11.283)

rae
=0 2
AT, = 3 —L-dd; .
= h
Has sbaucaenns AT| CyMMHpPOBaHHe PacnpoOCTpPaHsSeTCs O BCEM
BO3YIUHBIM [IPOMEXYTKAM MeXIy 0 JIHH3aMH.
st 6ecKoHeYHO yHasieHHOH NJOCKOCTH Tpenmera a, = 0; eciu Be-
JIMYHMHBL NIO] 3HAKOM X NPHBECTH K HOpMHpoBKe f' = lwuh, =1, wu3
(II, 283) moayuum:

j=b .
T\ p=(t—20) ) H; (n ﬁ_’”l —a, ) +AT,.  (11,284)
=1 ! .
Bosaymnele npoMexyTKH GepyTes A
TaKXe NpPHBEJEHHBIMH K MaclTaby 8
f' = 1. Bennunna TepMOONTHYECKOH
abeppalliM CHCTEMBI ONpeAensercs
us (II, 271). == w—f—s—v’—«ws
4. Tepmoontuueckas aGeppauus 4 e} % e
yBeauuenus. IIpu TouHOM (ororpa- 7 5w

.¢uH, B YaCTHOCTH NPH Tonorpacduye-
CKOH aspodoTochbeMKe, uenaecoobpa-  Puc. IL i g
3HO YYMTHIBATE TEPMOONTHYECKHE

abeppanuy o6beKTUBa, BHI3LIBAIOLIHE

M3MEHEHHS JIHHEHHBIX pasMepoB H300parkeHHs B HEKOTOPLIX MJIOCKOCTAX,
HanpHMep Ha NOBEPXHOCTH NMPHeMHHKa H3obpaxeHnHid. It abeppauun
MOTyT OBITH HCIpaBJieHbl B MNpolecce pa3paboTKH OGBEKTHBA.

[Tycts, nanpumep, npu Temnepaype 20° C nuHeilHEe pasmepsl H306pa-
JeHHs Ha NMOBEPXHOCTH NPHEMHHKA GynyT L'jy nmpH JHHeHHOM yBejHue-
HHH 00BeKTHBa fa.

Beniencrere TepMoonTHYeckod abeppalii o6BbeKTHBa H3MeHEHHe JiH-
HeHHBIX pa3MepoB H300paKeHHs Ha (HKCHpyoUleH NOBEPXHOCTH NpHEM-

' HHKa TPH H3MeHeHHH TeMnepaTypht oT 20° C 1o £ Beipa3uTca npubamxken-
HOH ¢opMyJoii:
v . =y ’
L,—L,=ABI+Attgw’, (11,285)

rae | — unefinuiit pasmep o6bekTa; AR = f,—P2 — H3MeHeHHe NHHERH-
HOrO yBeJHYeHHsS, BbI3BaHHOE H3MEHEHHEM TeMIepaTyphl o6beKTHBa;
At = As,’ — Aa —TeMnepaTypHOe CMelleHHE TJIOCKOCTH H306paMKeHHs
OTHOCHTENbHO (HKCHPYIOULEH NJIOCKOCTH NMpHEMHHKA, BEI3SBAHHOE TEPMO-
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onTHueckod abeppauued As,” = s'—s'y) MoJIOKEHHsI H30OpaXKeHHs 00b-
€KTHBA M TEPMHYECKHM H3MeHeHHeM Aa pa3sMepOB HEKOTOPOTO MeXaHHYe-
CKOrO yCTpONCTBa, CBf3LIBAIOLIETO ONTHYECKYIO CHCTeMy ¢ (ukcupyio-
el naockocTeio npueManka (puc, II, 35). Ha pucynke S — mosoxenne
tuKcHpyoLWel NJIOCKOCTH MPHEeMHHKA NPH HayasbHO# Temneparype 20° C,
pacnosioxkeHHOH Ha paccTogHHH OS = s’ 0T mocnepHe# NOBEPXHOCTH
06BbeKTHBa; S’ — MOJIOXKEeHHEe MJIOCKOCTH H306paXenus NMPH TeMIepaType
obbektuBa ; AS = L'y; BS=L/; BA =L, —L'5 0'S’'=35s/;
Ap’ — cMelneHHe NeHTpa BBIXOJHOTO 3payKa, PacCTOAHHE KOTOPOro OT
NJIOCKOCTH NMpHeMHHKa npH TemnepaType 20° C pasao PS = p'y.
®opmyay (I1, 285) MoxHO NpeACTaBHTL B BHAE:
Li— Ly AT
1 —lo AP L A (11,286)
Ly Bao Loy _

OT TepMOONTHYECKHX CBOHCTB 06BEKTHBA 3aBHCHT BEJIHUHHA ;—B, BXOAALLAs

20
B 3Ty ¢opMyay. OdeBunHo, aTa abeppalis onpejensieT H3MEHEHHe pa3-

MepoB H300paKeHHs, BbI3BAHHOE M3MEHEHHEM TeMIMepaTyphl, ecH Npej-
TNOJIOKHUTD, 4YTO abeppalus B NPOCTPAHCTBE NPEIAMETOB OTCYTCTBYET:

i’
o, BT (I1,287)
B J
roe Al = 1/ —L’'y, — H3MeHeHHe JHHEAHEIX pa3MepoB H306paXKeHHs.
OnpenennuM BeNHYKHY 3TOH abeppauun, Kotopas Heo6XoauMa LIS To-
CHENYIOUWEr0 HAaXOX/EHHs TePMOONTHYeCKOH abeppauMH yBeJMYEHHsi Ha
NOBEPXHOCTH NPHEMHHKAa MJIH BTODOH TEPMOONTHYEeCKOH abeppamuu, u3
dopmyasr (11, 286).
JluneiiHoe yBe/JIHYEHHE ONTHYECKOH CHCTEMbI MOXKeT OBITh BHIPaMKEHO
3aBHCHMOCTEIO:

w E A = &
=" =21 n _, (11,288)
1 - Sk

TIe ny H n'p — NOKa3aTeNH NpPeJIOMJIEHHS CPell B IPOCTPAHCTBE NPEAMETOB
H u300paxeHHH COOTBETCTBEHHO.

Jlorapupmuyeckoe nnpdepenurpoBanye 310l (GOPMYJE MPHBORHT K
BEIPaXKeHHIO:

4 dsy
et e B BT P e A =k, 11,289
i & 2 s ( )

P P k=1

Indpdepennnanbl BLIPAXKAIOT H3MEHEHHS COOTBETCTBYIOLIHX BeJIMUHH
NpH M3MEHEHHH TeMIepaTypsl 00beKTHBa.

[IpuusB Bo BHHMaHHe, YTO NIPH NEpPeXoje OT NpesoMIsiolel noBepx-
HOCTH C HOMepoM k& —I K k-if MOBEpXHOCTH MMEEeT MEeCTO 3aBHCHMOCTb:

Sp =58, —dp1, (11,290)
206



nocsie HeKoTophix ipeo6pasosaunii (11, 289) nHaxonnm:

. ’

s ST
B m PO +2(

P P

)dsk , =+

sk—l
ddy_,
+ 2 o (11,291)
k=2

[Npunsie Bo Buumaunue (11, 290), monyuyum:
k;ﬁp 1 | o= dp ‘
. R T (—-,—")ds'_ . (1,292)
g(sk—l s*) - gz Sp—1 Sk e
Bripaxcenne 1 dj_ Mome'r GBbIThH NpeACTaBJeHO B BHIE:
dpy= 7 (nk_,, - 19‘&“"‘".,._1 by yk-l) (11,293)

rieh H y — OpAMHATH TOYEK MepeceyeHHs MPeJIOMJSIOLIHX OBep XHOCTei
06beKTHBA TIEPBLIM H BTOPLIM MapaKCHaJbHLIMKU JyyaMHu. Yepe3 / o6o3ua-
yeHa HHBapHaHTHas BeJHYHHA, yCTaHaBJHBaeMasn opmyJoi Jlarpamxka—
FenbMroJqibna:

I — ny hl Y1 (xl = sl) —_ np h’k Yr (xk— Sh) —_ n‘; h’h yh;( 'T; = 3;) . (11’294)
8§ X1 Sp Xp
HUs (11, 292) u (11, 293) numeem:

sk xk
= k=
e 1 1 ds’ _ 1 y nk_] hp_1 y.h
2 = B =1 _TE

= e—1 h k=2 Ski Sk

h
S -‘”‘-‘) ds,_,. (11,295)

St S
D1y dopmyay MoxkHO npeobpasoBaTh K BHAY:
~ 1 dS 2 __“L kip ny hy yp dsy _ ﬂ; hy yn d.!; 4
2 s;__, Y = / s o

k=2 k=I Sk

IE]
s, 5

n hy,ypds, k=p
+ =2 pYplSp  mihyrds ]++ nphp yg ddp_, . (11,296)
k=2 5%

Bmecto (11, 291) monyuum:

dp dn dn, ds, ds i s ny ds,
e s B e E—’Wh(_’
B n n, 5, 51 f= S,
__m dsh) k] ",;hp Yp d’.; _Mmhyds, |
'3
q : :
k=p ¢ n, h dd, dd,
- ( L "-'). (11,297)
k=2 S *
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Bocnoabsosasmuce (11, 294) u (11, 261), moxHO HanmucaTh:

_@_du; __ dn, doy ds, _
F B n ﬂ-‘; XH—5 x;—s'
k=p
..__[ 2 hy Y (Q,,, A—— drk) +1/ 2 r:‘{'i ;k ] . (11,298)

O603nauuB Yepes Ty BHIPaKeHHA CyMM, 3aKIIOYEHHBIX B P SAMBIX CKOO -
Kax, HMeeM:

B _dm W dw % Lp o q1999)
I n n; X3 —5; x;, — s; - '
roe
d d
2 hy U (Qs A :'2" dr,.) +1 2 d"*"h (11,300)

HaszopeM T}, K030 pHOHEHTOM TEpPMOONTHYECKOH
abeppallHH yBeJHYEeHHA HJIH BTOPHM Ko3ddu-
LHEHTOM -repmoon'ruqecxon abeppaluu

Benuunna ds’, B popmyaie (11, 299), oueBuznHO, BBIpaXKaeT TePMOONTH-
YeCKYIo aﬁeppaumo moJioXeHHs1 u3obpaxenus. Bocnosb3osasiiuch
(11, 268), nonyuyum:

dB dn’ 1 e
p— dul — 'p + — 0 2 7 d‘si +
X — 8 xn — Sp

T =iy s (11,301)

m(m—5) |

[MpuMenne u3BecTHble NpeobpasoBaHHA:

xl_si=__ nf: (ﬁp—ﬂ) x;__s;=_ff ('Ep__'{-a)’ (11;301')

nF ﬁ' ﬂp
OKOHYAaTeJbHO HaXOOHM:
dF an, F 2
-_i—_—ﬂ— i +iozsi + %T, —L7.,. (11,302
ﬁ L np f nlf ( ﬂp — !

rie f, u B —auHeHAHbIE YBeJIHYEHHSI COOTBETCTBEHHO AJIS1 MJIOCKOCTH 3pay-
KOB M IJIOCKOCTH TPEeAMETOB.

U3 dopmyant (11, 286), npunsis % ~48 | onpenensiem ornocutensryio

20
TepMoonTHYecKyio abeppaluio MHHEHHBIX pasMepoB H3o0paxeHus B n.oc-

KOCTH npuemHuka S (cM. puc. 11, 35), ocralomefics HenoABHXKHOH npH
U3MEHEHHH TEeMIepaTypHI.
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Paccmorpum Hekoropuie caeacteua topmya (11, 302) u (11, 286).

a) Ona OGecKOHeYyHO YyHaJieHHOH NJIOCKOCTH TPeAMEeTOB (s = — oo)
HMeeM:
- — h
B=0; lim (Ps)=—rf5 liml =——"2_ (11,303
§y—>—00 ﬂp 8§y =»—o00 X3
ITocne noacranosky B (11, 302) u (11, 286) nomyunm:
Ly L2 ’ An’
t . 0 _ __ Aatgw a3 An, _ ',, X T“m’ (11'304)
Ly Loy ny n, ny hy y,

rie T — RO(DHUHEHT TepPMOONTHYECKOH abeppallul  yBesMYEHHA
ana 6eCKOHEYHO YAAJEHHOH MJIOCKOCTH NpeIMETOB.

6) Ecnau nmpesiomsistiolllHe Cpelibl POCTPAHCTBA NpefIMETOB H H3o0pa-
XMeHHH 06/1a/lal0T OAMHAKOBHIMHM TEMIEepaTypHLIMH H3MEHEHHSIMH NOKa3a-
Tesiell npesiomnenns (dny = dn’p) H paBHEIMH TIOKa3aTeNAMH NpeJIOMJICHHS
(ny =n'p), a TemnepaTypHbie abeppaunH B NMPOCTPAHCTBE MPEAMETOB OT-
cyTeTBYyIOT (dsy = 0), To u3 (11, 302) naxomum:

= E— 7 R
B mi(B—F) =%
B) Ecau onrnyeckas cucTeMa NMOMHMO YCJIOBHH, OTOBOpPEHHBIX B IIpe-
JIBIyIIeM TYHKTe, HCIpaBJ/ieHa B OTHOLIEHHH TEPMOONTHYeCKO#H abeppaiuu
noaoxenus As'p = 0, T0

SN . W SR . . —%T" . (11,305)

T 1
L0 S (11,306)

B cayyae GecKoHEYHO YAasieHHOH MJIOCKOCTH MpPeAMETOB H3 (opMy.Jsl
(11, 304) naxomum:

' I1 0o

Ly— L,
e B S, (11,307)
Log nhy oy Lgy
r) TemnepatypHoe u3MeHeHHe (QOKYCHOrO PaCCTOSIHHS CHCTEMBI Mo-
xeT ObITk onpefeneHo u3 GopMyJbi:
df’ N f’ T[ - + LT“ w® (Il,308)

F n; E, ny by yy

1) OnpenenuM TemnepaTypHOe H3MeHeHHe dy YIJIOBOrO yBEJHYEHHs Y
ONTHYECKOH CHCTEMBl. YTJIOBOE yBeJHYEHHE ONTHYECKOH CHCTEMBI, COCTO-
AlleHd U3 p TMPEJOMJSIOIHX TOBEPXHOCTEH, ONpeje/serTcs BhIpaXKeHHEM

k=p

1= 1 2. (11,309)
k=1 Se

Jlorapudmuyeckoe audpdepeHUHPoOBaKHe 3TOTO BhIPaXKeHHS NPHUBOAUT
K 3aBHCHMOCTH:
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_T__ dsh
1T EA )

Hs dopmyn (11, 289) u (II, 302) naxomum:

d i g
H_ A F o 3_7! +L7, . (11310
1 L f nlf(sp_ﬁ) !

Ilnsi GeCKOHeYHO YHaJIeHHOH NJIOCKOCTH TMPEAMETOB, BOCHNOJb3OBaB-
wuee (11, 303), umeem:

A = ;ff— T, o - Thos (11,311)
A ny, By ny by 4

IPH 3TOM NpeAnoJarajioch, YTo TepMOONTHYECKasl abeppalius B NpOCTPaH-
CTBe mpeiameToB oTcyTcTBYyeT (dl; = 0).

e) TemneparypHoe u3MeHenHe do NMPOJOJBLHOTO YBEJHYEHHS ONTHYe-
CKoll cHCTEMBl NMPEACTABHTCH 3aBHCHMOCTHIO:

d d ¥ k=p
P S +22A—ds—", (11,312)
a M n, =1 .
OTCHOJIa
o _ dny _ dm o dt (11,313)
T n, n’ U

rlie 3HaueHHe £ onpenenserca u3 gopmya (11, 310) u (II, 311).

5. BeipaxenHe BTOpOro KoagwpuuuenTa TepMOONTHYECKHX aleppauni
B ¢opMe, yxoGHO# aaa pacyeroB. Bens ponyiueHHs, H3JOXKEHHEIE B Ha-
YaJie 3TOro naparpaga, nepeyo CyMMy, CTOsLLYI0 B Npasoi 4yacTH ¢op-
myan (II, 300), MO>KHO NpHUBECTH K BHAY:

= Aa ﬁk
_.(t—20)§](yk :‘ —+y,,akAaknh).
A";'k—

Ina B'ropoi—i CyMMBI TOH Ke (opmyasl, ¢ yuerom (I, 294), monyunm:

ddk =} nghyy =
I 1 = -——-—-—k’ = dd . i
2 Xp — Sp 22 Sx 0 ddy_ kgz ny ay B dd,_y. (11,314)
T — p, OBrnn

aK Kak Yp=h ot

suipaxkenne (I1, 300) npeobGpasyercs Tak:
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k=p

A A B .
T, = — (t—20) Bnte (p,—BB A2 By Aaymy |+
LR & k
k=1 ny
k=p
-+ Z ny ap By ddy_y . (11,315)
k=2

Bce Bxopsumue B 3Ty GOpMysy BeJIHUHHBI H3BECTHBI H3 pacueTa mapakcH-
aJbHOrO Jyya.

Ilnsi 6eCKOHEYHO yZIaJeHHON IJIOCKOCTH MPEAMETOB Sy = —o0; eCJsH
NPHHATL HOPMHPOBKY

Ay = 0, hi = l: (11!316)
fi=1 wn=2x,
¢opmyaa (II, 307) npuauMaeT BHA:
Ly— Ly
e e (PR 3TN, T (I1,317)
Lao Lo

Kostppuuuent T Takxke onpenensercs npu sHopmupoeke (II, 316).

6. Bropas tepMoonTHueckas alGeppauHs 00beKTHBAa, COCTOAIIEro H3
TOHKHX JMH3. BripaxeHue kosdpuumenra Ty, NpeiacTaBeHHOE B BHJE
(II, 300), mMoxuo mpeobpa3oBaTh NPHMEHHTENBHO K ONTHYECKOH CXeme
06 beKTHBA, COCTOsALIEH U3 OTAEJNbHBIX JIHH3: BHIMONHHE YNpOLIEHNs, aHa-
JIOTHYHBIE T€M, KOTOPbIe OLI/IH OCYLIECTBEHH B TyHKTe 3 3TOro naparpada
npH npeobpasoBaHHu Nepsoro Kosdduuuenta T, nonyyum:

= B}
Ti= (t_QO)E hjy; o, (n_Ll _a;) + AT, (I1,318)
=l , 4
rae
i=0
AT“ = 2 tlj ﬂj ddj_t-
j=2

Ina seraucnenna AT cyMMHpOBaHHe NPOH3BOAMTCS TO BCEM BO3-
AYWHBIM NPOMEXYTKaM Mexay 0 JHH3aMH.

7. YCAOBHSI HEpacCTPaHBAEMOCTH ONTHYECKO{ CHCTEMbl, B HaCTHOCTH
00beKTHBA, MpH H3MeHeHHH Temmnepatypsl. [lycTe Touka S (cm. puc. II,
35) onpezessieT NO/IOKEHHE HEKOTOPOH IJIOCKOCTH NPHMEMHHKA, HaNpHMep,
TMOJIOXKEHHE MJIOCKOCTH (oTorpaduyecKol NJeHKH, KOTOpoe NOKHO OCTa-
BaThCA HEH3MEHHHIM NPH H3MeHeHHH Temnepartypsi ot 20° C 1o £

Ipexnonoxum Takxe, uro npu 20°C nuockocTb H306paxKeHHs COBMe-
IleHa C MJIOCKOCTBIO MPHEMHHKA.

TemnepatypHoe cMelienne (AedoKyCHpOBKa) NJIOCKOCTH H300paXKeHHs
OTHOCHTEJbHO TNJIOCKOCTH NpPHEMHHKa BBISbIBAETCS JABYMA NPHYHHAMH:
HaJHYHeM TepMOONTHYeCKO# abeppalHy NOJOXKeHHA H300paxenHs As'p
H TepMHYECKHM H3MeHEeHHeM JIHHEelHbIX Pa3sMepoB MeXaHHYECKOro ycTpoil-
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CTBa, CBA3LIBAIOLIETO ONTHYECKYIO CHCTEMY C IJIOCKOCTbIO NPHUEMHHKa
H BBI3BIBAIOLIEro H3MeHEHHE PAaCCTOAHHA AaoT HOC.HE‘.)IHeﬁ HPEJiOMJIﬁiOH.lel’l
HOBEPXHOCTH ONTHYECKOH CHCTEMBI [0 MJIOCKOCTH MPHEMHHKa*.

a) Jlaus ycrpanenusi 3(dekTa TeMoepaTypHOro CMelleHHs! MJOCKOCTH
uaoﬁpa}xeﬁﬂﬂ OTHOCHT &JIbHO IIJIOCKOCTH NP HEMHHKa H&OGXOJIHMO BBIIOJI-
HHTh caelytomee yciaopue (cM. puc. II, 35):

At = As, — Aa =0; (11,319)
orciona
As! = Aa. (I1,320)

[

Takum 06pa3oM, ec/iH TepMHYECKOe H3MEHEHHe JIHHEHHEIX pa3MepoB
MeXaHHYeCKOro yC TPoHCTBa, CBA3HBAIONLETO ONTHYECKYIO CHCTEMY C IIpHeM-
HHKOM, KOMIEHCHDYET H3MeHeHHe PaCcCTOsiHHA OT MOCJeNHel MpesoMAsio-
el MOBepXHOCTH ONTHYECKOH CHCTEMbI JO NMJIOCKOCTH NMpHEMHHKa*, To,
oueBuAHO, ycaosue (1, 319) Gyner BrinosHeHo. DT0 ¥ ABUTCA OOLMM yC-
JIOBHEM HEepacCTPauBaeMOCTH ONMTHYECKOro MpHGOpa B OTHOLIEHHH TeMme-
paTypHO# Ie(OKYCHPOBKH H300paXceHHA OTHOCHTEJNbHO MJIOCKOCTH NpH-
eMHHKa; B YaCTHOCTH, €CJIH JOCTHTHYTO, 4T0o Aa = 0, To Takke HeoOXo-
AHMO, uTOGH! As’p = 0.

6) YcioBHe HepacCTpaHBaeMOCTH ONTHYECKOro npubGopa B OTHOLIEHHH
TeMnepaTypHOrO M3MeHEHHsA pa3MepoB H3o0OpaxenHs Ha QuKcHpyiouied
NOBEpPXHOCTH NpHEMHHKa onpelenntcs u3 ¢popmyan (11, 286):

L, —Lj=0.

H3 popmya (11, 286) u (I1, 305) cnenyer, 4TO MAA ONTHYECKOTrO MPH-
6opa, y koroporo cMellienHe AE = 0, BHINOJIHAETCA yCJIOBHE:

Li—Ly AP
v —lw A __ M _1p .0 (11,321)
Loy B — % I

3amernM, uto eci AY = As’p—Aa =0 u, ciesioBaTesibHO, ASy = A 4,
YCJIOBHE HepacCTpanBaeMoCTH 6yneT BhpakaThca TOH ke (opmyJioi
(I1, 321); u3 sToit hopMy bl HAXOAHM:

I
T" =———Aaq. (11,322)
xp -— Sp

JIlns GeCKOHeYHO YAaJIeHHOH TNJOCKOCTH NpeIMEeTOB, HanpuMmep AJs
doroobrexkTuBa, ycaosue (11, 322) npunumaer BHA:

ny by 4y

51 (%, — 5p)

T Aa. (I1,323)

Moo =

* HeoOxogumo Takxe yyecTh pacllHpeHHe Koprnyca OGBeKTHBA OT OMOPHON
MJIOCKOCTH 0 OonpaBul 3afHedl JHHSH.
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Ilpu nmopmuposke (II, 316)
T“ o= T (11,323')
2

EcmAa = 0, 10
Ty =0. (11,323")

ITonyyennbie GopMyJbl TEPMOONTHUECKHX abeppanuil HapaLy ¢ obbiy-
HBIMH QOPMYJIaMH MOHOXPOMaTHYECKHX H XpOMaTHYeCKHX abepparuii npu-
HHMAIOTC NPH NPOEKTHPOBaHHH a3p0dOTOOGHEKTHBOB, HE PacCTPaHBal0-
HIUXCS MPH H3MEHEHHH TEMIIepaTyphl.

8. TepmoonTHueckue aGeppalHH CHCTEM, COCTOSILUHX H3 TOHKHX KOMMO-
HenToB. Ha ocHoBe mocTpoeHHOH HaMH TEOPHH TEPMOONTHYECKHX abeppa-
uHi paccMOTpHM (hOpMyJibl, OTHOCALIMECH K HepacCTPaHBAIOMMMCH MpH
¥3MEHEHHH TEMMepaTyphl ONTHYECKHM CHCTEMaM, COCTOSIIHM M3 TOHKHX
KOMIIOHEHTOB.

Koaduuments: TepMoonTHYeCKHX abeppaunuH NOJOXKEHUS H YBeJH-
yenua T) u T, onTHYeCcKoH CHCTEMEI, CocTOoALLeH H3 O TOHKHMX JIHH3, MO-
ryT GHITH MPeJACTaBJIeHbl BLIPaXMEHHAMH:

o0 1= .
T ———Z H; @ ( s a;)-[-AT,;
noE " (11,324)
Ty=t—203 hure) (,.—L,—“: ) +ary,
i=! 1

rae
L S
2 "
& %94
1 =2
=0 (11,325)
AT” =E CC_' Bj dd}_l.
=2
Jans onpenenenns AT u AT cymMMHpoBaHHE HeOOXOJAMMO MPOH3BECTH
no BceMm 6 —1 BO3AYWHBIM MPOMEKYTKAM MeXAY 8 nuH3aMH.
O606uum dopmyaser (11, 324) s onTHYeCKOH CHCTEMBI, COCTOSUIEH
H3 TOHKHX KOMIOHeHTOB. IlycTh HeROTODBIH i-H KOMIOHEHT CHCTEMBI,
cocToAMWMH U3 6 conpHKacawlUMXca HAH 6JIH3KO APYT K APYTY pacnoJio-
MEHHBIX JIHH3, HMeeT ONTHYECKYIO CHAY @;. JIJa 3TOro KOMIOHEHTa (op-
“myan (I, 324) sanuwyrca B BHAE:

T 20 h? - ﬁ; *].
e=0— )h_22 s (ﬁ"'“l)'

1 j=l

|=b B; .
Ty = E—200hy5; Y o (—~—a, .
f)

f=1

(11,326)
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rae Q) — ONTHYeCKas CHJA j-H JIHH3BL {-TO KOMIIOHEHTa cuc*remu, CHJa
i

xmoporo it s

P1= ¢s- (11,327)

I=1

O6o3HayuM yepes tp OTHOCHTENIbHYIO (IPHBEACHHYIO) CHATY [-i JIMH3EI,
T. e. OTHOLIEHHE OTITHUCCKON CHJIBL JIMH3EL @; K ONTHYECKOH CHJe BCEro
KOMIIOHEHTa @;:

- ?
7= (11,328)

[Tocne moacranoeku B (II, 326) monyynm:

h2 =0 ﬁf
“—-(t—zo)Tl‘Pi% ?J( Py —a;);

(11,329)

=0 .
_ g .
oo == ko 3 & (2 —-a,-) .
i=1 i

rie CyYMMHpPOBaHHe pacnpocTpaHseTcs 1o BceM 0 JiHH3aM i-TO TOHKOrO
KOMIOHeHTa. TakuM o6pa3oM, Beipa)eHHe KOI(QPHLUHEHTOB TEPMOONTH-
yecKHX abeppallHii CHCTeMEl, COCTOSIIIEH M3 /M TOHKHX KOMIIOHEHTOB,
pasneneunmx m—1 BO3LyUIHBIMH npOMemymamu, HMeeT BHI:

j=h ,
Esz?;( “;)-FAT[;
i A ; (11,330)
T,=(—20) 2 hiy: e 2 ?j (Tj'i—l' —a}) + AT,,.
i=1 i=l

Iona obouX KoahdHUHEHTOB TepMoonTHYeCKUX abeppauuit moj 3HakaMmu
BTOPBIX CYMM OKa3aJoCh OJIHO H TO K€ BBIpaXKeHHe, OTHOCALLeEeCH K i-My

KOMIIOHEHTY: st
2 ?; ( - a;) . (11,331)

Bennuuny V; Ha30BEM OCHOBHBIM TEPMOONTHYECKHM m a-
PaMeTpoOM TOHKOFO KOMNOHEHTA.

B sToM cayyae BolpaxkeHue KoshhHIIHEHTOB TEPMOONTHYECKHX abeppa-
UMK CHCTEeMbI, COCTOsIIIEH H3 /7 TOHKHX KOMIIOHEHTOB, Pa3jleJIeHHBIX m—I
BO3IYIIHbLIMH NPOMeXYTKaMH, MoXeT GLITb MpeJiCTaBJIeHO B BHJle:

i=m
T, _Tzh; ¢V, + AT}

1 {==]

il (I1,332)
T“ = (t —20) 2 hjyi cng; + AT":

i=1
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rae

{=m i {=m
1
AT' = —hT E Gf ddi_i; AT“ = E @ pi ddi-i . (I1,333)
1 i=2 i=2
BeauuuHBl TEpMOONTHYECKUX aGeppalluii CHCTeMB! ONpPeAesTCs H3 To-
JIyUeHHBIX BhiLle (popMyJI:

- as’
ds, = wds, — :' 74 (11,334)
1
Lgg ‘gm '
_ . . 11,335
4P _am _my (F o, 1, (I1, 335)
I S Y f—s, 1

Ecnu aGeppauua B NpOCTPaHCTBE NMpeAMETOB OTCyTCTBYeT (ds; = 0),
a NJIOCKOCTh NpeaAMeTOB 6ECKOHEUHO YylaseHa, GOPMYJbl IPHHHMAIOT BHI:

ds,=—f"T\ ,;
dL’ d ) 1336
L, L'a tgw’ + Ty o5 (%)
20 2

TIPH 3TOM TIPEANOJIOKEHO, 4To ny = n'p = 1, a kKosdpduuHeHTH TEpMo-
onTHYeCKHX abeppauuit T o H T ONpEAeNeHbl NPH cAeAyloueil HopMu-
POBKe Haya/JIbHBIX KOOPAHHAT BCIIOMOTATeJbHBIX MapaKCHAJbHbIX JIy4ed :

"=l =0 K=1;
Bi=1 y=x.

9. Boipaxenue K0agHUHEHTOB TEPMOONTHYECKHX abeppauuii ClIOKHOro
00BbEeKTHBA Yepe3 OCHOBHbIE TEPMOONTHYECKHE MapaMeTpsl ero KOMIIOHEH-
ToB. ONTHYECKAA CHJIA TOHKOTO KOMIIOHEHTA BBIPAXKaeTCsi H3BECTHON 3a-
BHCHMOCTBIO:

’
ﬂ‘ —aj

h;
[Mocne noacranoBku (11, 337) B Bepaxenns (11, 332) naxopum:

o= (11,337)

—20 &
T, = = > hiVi+ AT, ;
| =1

i=m
T\, =(—20) 2 y.Vi+ ATy,

i=1

rae cumBosioM V;* 0603HayeHO BLIpaXKEHHE:
Vi=(2,—a,)V,. (11,339)
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[ns1 6ecKoHEUHO yJaJieHHOH IJIOCKOCTH NpeAmeToB (a; = 0) 3aBmucu-
mocts (11, 339) npuHHMaeT BHA:

Vi=2aV,y. . (11,339")
OGpaTuB BHHMaHHe, YTO a;' = hjp;, HaXomum:
V: = hg Py Vg . ([1.339”)

Kak cnenyer u3 (II, 327) u (II, 328):

CrenopatesibHO, OCHOBHOH TepMmoonTHyecKHit napamerp V i-ro komno-
HeHTa onpejiefiieTcss NPH YCJIOBHH, YTO OTHOCHTE/JbHAsl ONTHYECKAs CHJIa
KOMIOHEHTa paBHA eJHHHIIE.

Bocnoassosasumcs (11, 338) u (11, 339), mMoxHO BhIpasuth Kosddu-
IHEHTEl TePMOONTHYecKHX abeppaunit Ty u T, cioxHOro 06beKTHBA, CO-
CTOSILETO H3 /M TOHKHX KOMIIOHEHTOB, Yepe3 HX OCHOBHBIE MapameTpnl V:

t—20 '
T] == h2 Zhi(a;_a‘)vi+ AT];
il (11,340)

Ty=—20) Y y:(% —a))Vi+ AT,

(=1

rae napaMerpel V KOMIOHEHTOB onpejejeHbl NMPH YCJIOBHH GeCKOHeYHO
yAaJieHHO# MJIOCKOCTH MpPeIMETOB H IIPH HOPMHpoBKe A, =1 u f'=1.

10. OcHoBHOIf TepMOONTHYECKHH MapameTp NpOCTOfi JAHH3bl W JByX-
JHH30BOrO KomnoneHta. Kak caemyer s (II, 331), ocHoBHO# TepMmoonTH-
YeCKHH napameTp npocToii JNHH3LL, (POKYCHOe pacCTosiHHEe KOTOPOH paBHO:
eNHHHUIIE, MOXHO TNpEJCTABUTL B BHIE:

A e L (11.341)

ﬂl—]

TOT napameTp, 3aBHCAMIMA OT NOCTOSIHHBIX CTeKMa M ; B 1* ¥ a*, pamwo-
HaJIbHO NMPHHATH B KayecTBe OCHOBHOH XapaKTEPHCTHKH TEPMOONTHYECKHX
CBOHCTB ONTHYECKHX CTEKOJ. DTO H 6bI0 BrepBble BBEJIEHO M0 NpPe/JIoXKe-
HHIO aBTOpPa B OTeyecTBeHHBIH KaTaJsor crekoa B 1957 r. (TOCT 3514—57).

Bennuuna napamerpa Vi pasnuyHa Ans aydeH pasiHuHBIX JJIHH BOJIH
A. Y ontHyecKux CTEKOJ Pa3HBIX MapoK BeJHYHHA Napametpa V) B BHIH-
MOH 06JlacTH CleKTpa H3MeHseTcs NPHO/IH3HTENbHO B Mpefesaax

— 10 <V, <107 (11,341°)

Y HEKOTODHIX ONTHYECKHX CTEKOJ BeJMYHHa napamerpa V, Gauska
K HyJ/o. [Ipocras JMH3a, H3roTOBJEHHAA H3 NOJOOGHEIX cTeKoJ, Gyler cBo-
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GogHa OT TepMoonTHUeCKHX abeppamlHil; y 5THX CTeKoJ, KaK CJefyeT H3
(I1, 341):, .
B

T_“T— ~~a*, (",342)

HHTepec KaK TeopeTHUECKHH, TaK H NpaKTHYECKHH NpeicTaBJfAeT NpocTas

CHCTeMa, COCTOSIIasA M3 ABYX GJIH3KO pacroJioXKeHHHIX APYT K APYTry JIHH3,

PaccmoTpyM BHayaJie 3alayy IIPOEKTHPOBaHHA IBYXJHH30BOH HECKJIe-
€HHOH CHCTEMBI.

JBy X1HH30Basi HeCKJeeHHAas CHCTeMa, KaK H3BeCTHO, aeT BO3MOXKHOCTh
KOPPHIrHpoBaTh TPH abeppaluH: cepHYeCKylo, KOMY H XpOMarTHaM Io-
JIOXeHHUs. ITH abeppaliH MOT'YT OHITh HCIOpaBJeHB! AJA J060H KoMGHHa-
LHH ONTHYECKHX CTEKOJ THNa KPOH-(JIHHT.

Ilo6aBouHOE yC/JIOBHE yCTpaHEHHS TEPMOONTHYECKOH abeppaunHu moJio-
JeHHS AR IJHHBI BOJIHBI A NMPHBOAHMT K CHCTEME YPaBHeHHH:

.‘Fi +;a=]i

BB _ o
b =G (I1,343)
- s T
V* =Py Vi.l + Pq Vl.! = f__-— %0 °
rne Vx "—OCHOBHOII"I ‘I‘epmoonmqecxm'l napaMETp TOHKOIo KOMIIOHEHTAa,

Hs (11, 343) Haxonum BeipaxKeHHd IJIf @, H yCJI0BHe Bbi6opa AHCIepPCHit
H TepMOONTHYECKHX MapaMeTpoB CTeKOJI:

= Vy—Y ",C V,‘ — Vl.?
P4 = =

(I1,344)

Vi— Vg N Yin—Yyu .

Tak kak ana axpomatHyeckoro o6bekTHBa C= 0, u3 (11, 344) monyyum:

vV, =V
PN SR, | A . (11,345)
o Y1 — Y Yia=—¥ia
Ecan tepmoonTuyeckas abeppauus nosoxeHus ycrpaneHa (I, = Vi =
= 0), 1o ycnosue (II, 345) npunumaer BuA:
?i Vl.l _ Vs Vl..2 . (111346)

[Nonyynau ycaosHe Ana BhI6Opa TePMOONTHYECKHX NapaMeTpoB CTEKOJ,
ofecneyHBaol[HX HCNpaB/JeHHe TEPMOONTHYeCKOH abeppauuH ANS JJIHHBI
BOMHBI A aXpPOMaTHYECKOro JIBYXJIHH30BOTO 0OGBLEKTHBA.

Ecau npu H3MeHEHHM TeMIepaTyphl MPOHCXOAHT H3MEHEHHE PacCTosi-
HHA OT OOBEKTHBA O HEKOTOpPOH (PHKCHPOBaHHOH (HEMOABHXKHOH) mJoc-
KOCTH NpHeMHHKa H300paXKeHus, TO BJIHSIHHE H3MEHEHHs 3TOr0 paccros-
HHSA JIO/DKHO GBITH KOMIIEHCHDOBAaHO BBEJEHHEM COOTBETCTBYIOWIEH Tepmo-
onTHyecKo#i aGeppauuu o6bekTHBa. OueBHAHO, B 3TOM ciaydae T, == 0 u,
caenoBaTesnbHO, BesnanHa V) B ¢opmyde (11, 345) ne paBHa nyJno.

[TycTe paccTosiHie @ 06BbeKTHBA HO MJOCKOCTH NpPHEMHHKA H306pae-
HHSl H3MEHHJIOCh Ha BEJIHYHHY da B pe3yJ/ibTaTe M3MEHEHHs TeMIepaTypsl
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or 20°C 1o #
da = (t—20)1*a. ’ (11,347)

Bennuuna TepMoonTHYecKoi abGeppanHH oGBHEKTHBA AJA GECKOHEYHO
ylIaleHHOH NJIOCKOCTH MNpelMeTOB BEIpasHTCA (op MyJoi:

ds,=—f'T, .

Ins ycTpaHenus 3ddeKTa TeMIepaTypHOrO CMeLleHHs IJOCKOCTH H30-
Gpa<eHHsi OTHOCHTE/IbHO NJOCKOCTH NPHEMHHKa HEOGXOLMMO BHINOJIHHTH
ycaosue (11, 320):

da = ds,.
Bocrnoab30BaBIIMCE TIOCAEAHHMH TPEMs BhIPAXKEHHAMH M II0JIOXKHB
a = [, Haxopum:
V, =—1% (11,348)

Mocne noxcranosku B (11, 345) moayumm:

= ___( Vi =%V )

V1— Vg

(11,349)

210 — ywIoBHe ANA BhIOOpa AHCNEPCHH H TEPMOONTHYECKHX MOCTOSHHBIX
cTeKoJs, obecneunBalolInX TEMIIEPATYpPHYIO HepacCTpaHBaeEMOCTb axpoma-
THYECKOTO JIBYXJIMH30BOr0 OOBEKTHBa, eC/H KO3((HIHEHT pacluHpeHHs
MaTepHasa Kopnyca y* 3amau®.

* Kak noxasain sccelOBaHMA aBTOpa, TepMOXpoMaThHuecKas aGeppauHs IM0JOMe-
HES A ., PaBHas PasHOCTH TePMOONTHUeCKHX abeppainii /s HEKOTOPHIX ATHH BOJH

A on Ag(A, . =0s,— As, ) ABYXKOMMOHeHTHOR CHCTeMb ONpelensieTcs CeNylOULHM
BLIPAXKEHHeM:

A e [(Vu.z - Vi )"(Vx..z—va.m)] 35— ¢ (Vi 2 Vi — Vs Vlo.z)
TeXe —
Vo= Ya.i
4
rie ?:-—T—-couuo:xmm npy koadduunenre T . B dopmyne (II, 271) B
P
a s

¢ =

— COMHOXKHTENb nPH Kosdpduuuente T B dopmyne (II, 269).
ny

Ipu wuenpaenennoii TepMoonTHuecKol aGeppaunn ﬁsi.=0 ANl OCHOBHOH JAJHHEI
BOJIHLI Ay HMeeM;

Vi2 Via

.- ho»2 Agsl
Brx=¢—7 1

iz Vi

Orciofia criellyer yca0BHe KOPPEKUHMH TePMOXPOMATHYeCKoil aGeppatuu (A'r-x = 0)
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Takas samava, Kak NoKasaHO HHiKe, peluaeTcs BecbMa npocto. Bmecre
C TeM OHa HMeeT OOLIHHA HHTepec, MOCKOJBKY K pacueTy ABYXJAHH30BOTO
o6beKTHBa CBOAMTCA GoJIbllasl IPYNNa 3ajia4 NPOeKTHPOBaHKA GOJee CI0XK-
HEIX ONTHYeCKHX chcreM. [IpepnaraeTcs caenyoluii rpadoanaiHTHYECKH i
crnoco6 pelueHHs.

Ilo ocu abcuuce npAMOYroJbHOM CHCTEMBI KOOPAMHAT OTKJA/BIBAIOTCS
TOKa3aTe/H IHCIEPCHH v = ni;-’_% (puc. 11, 36) onTHUECKHX CTEKOJ, MO
ocH opauHaT — npoussefenns N = vVp -10°%. Himes nocTpoeHHBIH Takum
obpasom rpaHK, Kaxaas TOYKa KOTOPOTO XapaKTepPH3YeT COOTBETCTBYIO-
lHe KOHCTaHTBI CTeKJ1a, MOXKHO BeCbMa NMPOCTO ONpeNeJsTh Mapy CTeKoJ,
orBevyatowux ypasHenuam (II, 346) u (II, 349) unu ux o6o6iieHHOMY Bbi-
?ameﬂmo, ABJAIONIEMYCS HEKOTOPHIM BHIOH3MEHEHHEM  ypaBHEHHS

I1, 344):

Vi VA". — Yo VA.Z

Ve e
—-’-‘-—'—-*—?—) (11,350)

V1— Vg

Vy—Vs =VA—-V,\!3C(
Ha puc. II, 36 anuus, coenuusitomas Ape JoOke TOYKH C KOOpAMHATAMM
(vi; % Vb,1) H (va; ¥,V p,2), 0Gpasyer ¢ ocbio abeuuce yros 0, Tanresc Koro-
pOro paBeH:

. 108 (11,351)

INpu € =0 u V), = —p* ycnosue (II, 350) npuHuMaer Bux:
‘ tg0 = —1* - 105 (11,351")

Hanpumep, ecnu Kopnyc Oo6BeKTHBa H3roTOBJEeH H3 cTaad (y* =
= 11,5-107%), 1o u3 (11, 351") maxomum:

tgb =—1,15; 6 =—49°

Ha puc. 11, 36 npoBenena nnuus A B, o6pasyiomas yroa —49° ¢ ockio
abcuyuce H NMpoXoAsilasi yepe3 TOYKH, KOOPAHHATHI KOTOPHIX MPHOJIH3H-
TeJIbHO COOTBETCTBYIOT KOHCTaHTaM crekon @1 (v =36,9; v Vp 10° =
=5,2) 1 TKI5 (v = 60,2; vWp10® = —23). OueBuaro, n0bas napa To-
4eK, pPacloJioKeHHBIX Ha npsiMofl AB uiu efl mapaJuiesbHOH, ONPENeNHT

NpPH RCNPaBJeHHOH TePMOONTHYeCKOH aGeppalHy bs;’ =
Vi.2 %

0 v
e —

Vi Vi
STo ycJ0OBHe BHLIMOJHHMO MNPH CYLECTBYIOIHX cTeknax, Jlas yckopenns smiGopa
COOTBeTCTBYIOILEH Mmapbl ¢KPOH — GauHT» YAOGHO NOCTPOHTL AHATPAMMY, OTJIONKHB IO
1 X

OCH abCLHCC BeJHYHHEI V_ , 4 10 OCH OPAHHAT — BEJHYHHEI v—; T. €. KaxJaas
A N
A
Mapka CTeKJa MnpeacrabJjeHa TOYKOf "F‘"; T . ['lapa CTEKON MOXeT 06ecneyuTh
N N,

HCTpaBJIeHHe TEPMOXPOMATHUECKOH aGeppalun, ecIH Y COOTBETCTBYIOUHX CTeKOJ OpiH-
HaTB HA JAHarpamme MPHOJIH3HTEJBHO PAaBHBI.
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KOMOHHAIHIO CTeKOJ, KOHCTAHTH KOTOPbIX YHOBJIETBOPSIOT YCJOBHIO
(11, 351%).
Ecsin kxopnyc o6bekTHBa cliesnad M3 HHBapa (y = 1,6-107%), u3 (I1,351")

HaXoauMm:
tgh =—0,16; 06~ —09°.

D10 yc/0OBHE BHINOJIHSAETCH TaKKe MHOTHMH KOMGHHAaLHAMH Nap CTEKoJ,

B yactHocTH napo# crekoa BKI10 u Td5; KoHcTaHTam 3THX CTEKOJ COOT-

BETCTBYIOT KOOPAHHATHI TOYEK; NMPHOJHIHTENLHO JexalluX Ha JHHHH CD.
'Ecan kopnyc o6beKTHBa CHeJaH H3 cHAyMHHa Mapku AJI8, umelowero
* —24,5-10"% 7o u3 (II, 351") Haxogum:

tgh = —2,45; 6 =67°48".

Sromy TpeGoBaHHIO yIOBJeTBOpseT napa crekoa B®26 u JIK6, pacnoJo-
KeHHas Ha npsamoi EF.

Jlio6asi mapa Touek, HaXOAAUWIMXCSH HAa NPAMOH, MapaJJiesbHOH JIHHHE
EF, Takixe onpefesHT KOMOGHHALHIO CTEKOJ, KOHCTaHThl KOTOPHIX YIOB-
nerBopsioT yeaoBHio (II, 3517). CeTka KOHCTAaHT CTEKOJ, NpeACTaBJAeHHAs
Ha pHc. II, 36, mocTpoeHa Ha OCHOBAHHH JNAHHBIX, NPHBEJEHHEIX B HOBOM
KaTaJiore CTeKoJ.

OueBHJHO, €C/H KOppeKIHs MOHOXpOMaTHYeCKHX aeppauuii ocy-
wecTeaseTca He aia JHHHM D (A = 589,3 #m), a ana Apyro# AJHHBI BoJI-
Hbi (Hanpumep, 17 JuHuH C B ciydae a3pohoTo06BEKTHBOB, paGoTaloUIMX
C OpaHXKeBBIM HJH KPacHBIM CBeTO(HJIBTPOM), TO BMecTo mapamerpa Vp,
[PHHATOTO B OCHOBY NOCTPOEHHs HOMOTrpammul Ha pHc. II, 36, mprHuMa-
10T COOTBETCTBYIOLIHH 'repmoonmt:ecxﬂﬁ napamerp V¢; COOTBETCTByIOLLHE
KO03(pHIHEHTEl CTEKOJ Bc. ﬁ p ¥ fr MO peKOMEHIALHH aBTOpa GHLIH
BIEPBbIE BKJIIOYEHBI B OTEYECTBEHHBIN KaTaJIOr ONTHYECKHX CTEKOJ elle B
1957 romy (I'OCT . 3514—57).

Pacuer HBYXJIHH30BOTO OGBEKTHBA HECKOJBLKO YCHOXKHAETCH, €CJR
xpoMaThyeckuii napamerp C B dopmyae (11, 350) He paBser Hymo. B stom
cayvae 3ajaqy CJelyeT pellaTh MeTOAOM MOCJeNOoBaTesbHHIX NpHOIHKe-
Hui. O6GpaTHB BHHMaHHe, 4YTO BeJHYHHA XpoMaTHyecKoro napamerpa C
OGLIYHO HEeBeJIHKa, cJefyeT B epBoM NpHOGAMKeHHH B (opmyae (II, 350)
noa0kHTh C=0 H onpeleNHThL N0 METOAY, H3JIOXKEHHOMY BHILe, apaMeT-
pul ¥y, Vp, 1 H vy, Vp, 2, COOTBETCTBYIOLLHE HEKOTOPOH Nape cTeKkos. To ZacT
BO3MOXHOCTb BBIYHC/IHTL NPH 3ajaHHOM C 3HayeHHe BHIPAMEHHS, CTOA-
wero B npaeoi yactH ¢opMyanl (II, 350), u onpenennTs 3aTeM BO BTOPOM
NpHO/IHKEHHH COOTBETCTBYIOIIYIO HOByiO (6/H3Kyl0 K nepBoi) KomGHHa-
uHio crekos. Takux npHOAHKEHHH JOCTaTOYRS BHINOJIHHTDL He Gosee ABYX.

Heckonbko GoJiee CJIOKHOH fIBIseTCs 3ajaya pacyeTa JBYXJIHH30BOTO
CKJIEEHHOTO KOMIIOHEHTa. TeMnepaTypHble H3MEHEHHA Y TaKOH CHCTEMBI,
OYEBHIHO, MOT'YT COMPOBOMJAATHCA MeXaHHYeCKHMH JedopMaunHaMH Inpe-
JIOMJIFIOLIMX NOBEPXHOCTeH JIMH3. XapaKTep H3MeHeHHS KPHBH3HEHI CKJie-
€HHBIX NPeJOMJAIOIIHX NOBEPXHOCTEH NPH BO3PACTAHHH HJIH  yGbIBaHHH
TEMNepaTypsl B 3HAUHTENbLHOH CTEMEHH 3aBHCHT OT (H3HYeCKHX CBOHCTB
CKJIEHBAIOLIEro BELIECTBA M OT YNPYTHX CBOHCTB ONTHYECKHX Cpef.

Bosunkaiomas mpH TeMmnepaTypHHIX H3MeHEHHAX PasHOCTb pagHycoB
KPHBH3HBI CKJIEEHHBIX NIOBEPXHOCTEH SABHCHT OT Pa3HOCTH KO3(HIHEHTOB
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pacCILIMpeHHs CKJIEHBAEMbIX CTEKOJ, OT KPHBH3HBI CKJIEHBAEMBIX NPEJIOMJIs-
IOIHX HOBEPXHOC’I‘eﬁ JIHH3, AHaMeTpa JIHH3 H HHTepBaJia H3MEHEHHA TeM-
nepaTypsl.
IlycTe r — paguyc ck/JeHBaeMHIX NOBepXHocTefl; D — nuamerp JHH3;
D2
e~y — — BEJHYHHA (CTPENKH»; a*; H a¥; — KOIpOHUHEHTH paciHpe-

HH3A ONTHYECKHX cpell. [IpH H3MEHEHHH TeMNepaTyphbl HAa BeJIHYHHY A [ pas-
HOCTb H3MeHEHHH pajHycOB BhIpasHTCa (opMmyJioi:

Adr =r (@; —al) At (I1,352) .

=" Ny .p¥
(77me) %

3

o bPLE

o JIKY

20 3

o @8

-30 X

~50

SIKE ﬂA’f‘

=60

Puc. 11, 36. HomorpaMMa n/ifi pacyera HepacCTPaHBAaKUIHX-
Al ABYXNHH3OBHIX OGbEKTHBOB
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STOMy COOTBETCTBYET Cjiefyiollass pPa3HOCTb H3MEHEHHS «CTPEJIOK»:
Ade = —e(a;—a]) At. (I1,352")

Yem MeHbllle BeJIHYHHA «CTDEJIKH», e, T. €. YeM MEHBLUIC KDHBH3HA CKJleHBae-
MBIX TIOBEpXHOCTeH, Tem GoJibLUe MOTYT QTJIMYAThCS APYT OT APyra 3Haue-
HHA Ko3b(hHUHEHTOB paciuHpeHHs o*; H a*; CKIeuBaeMeiX cTeKo.. Bi-
pasuM H3MeHeHHe A Oe B uncie HHTephepeHUHOHHBIX Kojel A N:

—% (ay—a}) At
NA = A:"’ _ =% : )4 (11,353)

2

Kak u3BeCTHO H3 MNpPaKTHKH ONTHYECKOrO MNPHOOPOCTPOEHHS, NPH
CKJiefiKe noBepXHocTeH Masnoro u cpejnero auamerpa (mo 100—150 am)
JONYyCTHMA MOTPeLIHOCTh MOATOHKH 00paboTaHHOH ONTHYECKOH NOBEepX-
HOCTH JIHH3H MOJ NPOGHOE CTeKJO B Npelesiax J0 NATH HHTep(epeHIHOH-
HBIX Kosiell. EcsiH NpHHATS, YTO /1 ABYX CKJIEHBAaEMBIX NMOBEPXHOCTEH MO-
nyctHMa pasHocTb A N = 10, Bo3HHKalollasi NPH H3IMEHEHHH TeMIepaTy-
phi io —100°C, u nonoxuB A = 600 #mx = 6-107* mm, us (II, 353) Ha-
XOZIHM:

P AAN 3.1078
dz— 1 = — —
2eAt .
Ecnu jpanee npuHATH, YTO y JIHH3 cpelHero Auamerpa (~ 150 mm) Be-

1
JIHYHHA «CTPEJIKH» € HE IIPEBRIIIAET T ™% JHaMeTpa JIHH3BI, [OJYYHM:

@ —al =110 (11,354)

ITo-BupHMOMY, NpHMEHEHHe B CKJIEMBAaeMbIX KOMIOHEHTaX CTEKOJ,
HMEIOIHX pa3HOCTh KO3(QOHIHEHTOB pacLIHPEHHs, He MPEeBHIUAOLLYIO
BeqnunHel 1-107%, cieayer mpH3HATR AOMyCTHMBIM. BEimosiHeHue 3TOro
yCJIOBHSI B KOHKPETHHIX pa3spaboTKax ocoforo Tpyjda He TNpeACTaBJIserT,
B YeM HEeTPYAHO yOEIHTHCH, CONOCTABHB BeJHYHHBI TEMIIEPATYPHHIX KOHC-
TaHT pa3nnyHbIX cTeKos. Ha pue. 1, 37 nmpuBeneHa ceTka, XapaKTepH3ylo-
1asi TEPMOONTHYECKHE KOHCTAHTHI Pa3JHYHBIX MAapOK CTEKOJ. ¥ GOJBLIHH-
CTBa ONTHYECKHX CTeKOJl pasiHyHe B KoadduuueHTax o* He npesniuaer
Besn4HHEL 1 -107°—2-107%, B To BpeMs KaK pasinyue B BeJHYHHAX OCHOB-
HOTO TepMOONTHYeCKOro napamerpa V y pasHBIX MapoK CTEKOJ HOCTHraeT
4.10%—6-107%. Orcioza cnexnyer, uto ycaosue (II, 354) Bo MHOrHX ciy-
YagX KOHKPETHHIX pa3paboTOK MOMKeT ObITh BEIMOJIHEHO.

Takum o6pasoM, K 06leH3BECTHBIM OCHOBHBIM mapamerpam P, W u C
IBY XJIHH30BOTO KOMIIOHEHT2 JIONOJHHUTE/bHO NOAKMIOYaeTCd TepPMOOINTH-
yeckHit mapamerp V. 3anauya pacueta ABYXJHH30BOTO CKJIEEHHOTO KOMIIO-
HEHTa B CBOEH NMPHHUMNHAJLHOH YacTH CBOOHTCH K ONpelesIeHHI0 TaKoH
KOMOMHAUMH ONTHYECKHX CTEKOJ, KOHCTAHTH KOTOPHIX O6eCneyHBaioT
BO3MOXKHOCTDb IOJIyUeHHs Hanepes 3ajaHHBEIX YHCAEHHBIX 3HAUYEHHI OCHOB-
HBIX MapameTpoB HepaccTpaHBalollerocs Komnoxenra P, W, C u V. Huxe,
OPH PacCMOTPEHHH TPHHIHMIOB NPOEKTHPOBaHHS HepacCTpaHBAICUIHXCSH
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Teneo6beKTHBOB (cM. raaBy VI), GyZeT KpaTKO H3JIOXKeH MeTOl pacyera
CKJIEEHHBIX KOMIOHEHTOB HepacCTPaHBAIOMIHXCA OOBEKTHBOB.

11. O Gapuueckoii nedoKycHpoBKe H300paxeHHs. Pa3BHTas Bbllle Teo-
pHsl TEpMOONTHYECKHX abeppalHil paccMaTpHBaeT, B YaCTHOCTH, YCJIOBHs
COXPaAHEHHS TIOJIOXKEHHSI MJAOCKOCTH H306paxKeHHs TNPH H3MEHEHHH TeM-
nepaTypbl oOBEKTHBa, HO IPH HOpPMaJbHOM aTMoc(epHOM HaBJIeHHH.

HedokycHpoBKY H300pakeHHs, BHISBIBAEMYIO H3MEHEHHEM MoKa3aTels
npesioMJIeHHs BO3JyXa NIPH H3MeHEHHH ero JaBJIeHHs, HalpuMep NpH aspo-
ChEMKE Ha pasHBIX BHICOTAX, HasopeM 6apHYyecKo il nedoKycCH-
POBKOH H306paxXeHHH.

Ilpu onpenesnenHn Gapuueckoi AeOKyCHPOBKH OOBEKTHBa NMPHHHMA-
eTCsl 3aKOH H3MeHeHHA JaBJIeHHs BO3JyXa H €ro TeMIepaTyphl HA PasHBIX
BBHICOTaX COOTBETCTBEHHO H3MEHEHHIO STHX NapaMeTpoB Yy TaK HasbiBae-
MOH CTaHZAapTHOH aTtMoctephi: B npefenax Ttpomochepu (mo 11 k)
TemnepaTypa CHHxKaercsi Ha 6,5° C Ha KamJbill KHJIOMETP BBICOTBI, @ TEM-
nepatypa Ha 3emHoH nosepxHocTH paBHa 288 K. Ilpu mpyrux Temmnepa-
Typax Ha 3eMHOH NMOBEPXHOCTH BONPOC O TeMNepaTypHOM TpaigHeHTe TPoro-
ceprl CTAHOBUTCA MeHee ONpefesieHHbIM, TAK KaK B STHX CJAydYasX B HHXK-
HHX C10siX Tponochepnr HeH3OeXKHb OTCTYIUVIEHHS OT  JIHHEHHOH
3aBHCHMOCTH TEMINEepaTypPhl OT BLICOTH (ABJIEHHE TeMNepaTypHOH HHBEPCHH).

Takum o6pasoM, IJs CTaHIApTHOH aTMmoc(ephl NpHMEM cCJefyIoUHH
32KOH H3MEHeHHs JaBJICHHA:

a) B mpefienax Tponocthepu (H<<11 xkm):

= 5,256
L=(__"'5-5” ) " (11,355)

Po T

rae H — Beicota B km; T = 288° K:
6) B mpepenax crpatochepu (H>11 xu):

p _ H—1
lgL i (11,356)

3HaHHe NaBJEHHS BO3AyXa p Ha PasHbIX BEICOTaX MO3BOJISET OMpe-
HeNuTb aGCOJMIOTHLIA NMOKasaTeNlb NPEJIOMJIEHHA BO3AyXa 1, Kak (QyHKIHIO
JaBJIeHHs1 p U TemnepaTyphl { o obiieH3BecTHOH (dopmyJie:

n,o—1

rae ng, = 1,0002919 — abconoTHBIA NMOKa3aTesb NMpPeNOMJEHHA BO3JyXa
npu 0°C u HopmasnbHOM at™mocdepHOM AaBieHHH p, = | af; B, =%

GHHOM pacClUHpEeHHA BO3AYXa, tn P — COOTBETCTBEHHO TeMNepartypa H
JaBJIEHHE BO3JyXa B MCHKJIHH30BBEIX [IPOMEXYTKaX 0OBeKTHREA,

B camoM Hauase oTMeTHM TPYAHOCTH, BO3HHKAlOLlHWE BCJIEJICTBHE He-
ONpeNesIeHHOCTH XapaKTepa H3MEHeHHS TeMmIepaTypel BO3iyXa B MeEX-
JIHH30BBIX MMPOMEXYTKaXx 06beKTHBa (I]O CPaBHEHHIO C H3MEHEHHEM TeM-
nepaTypsl aTMocepsl Ha PasHBIX BLICOTaX); mocjenHee 6yleT onpenessTsb-
CAd XapaKTepoM repMmeTH3alHH OG'I:EKTHBa, COCTOAHHEM €ro TepMOH30Jifl-
HH, BJIHH%OIJ.leﬁ Ha CKOPOCTb IIDOTEKaHHsA IIpolecca YPaBHHBAHHA TeEM-
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nepaTypnl 06BbeKTHBa M Okpyxaiowe#h atmocdepu. OueBHaHO, NaBieHue
BO3ZlyXa NOPH HE repMeTHIHOA KOHCTPYKIHH oGbeKTHBa OYAeT ypaBHH-
BaTbCsl 3HAYHTENbHO OLICTpee.

Bapunueckas AedokycHpoBka H3o6paxeHHs OOGBEKTHBA BHUHCJsETCH

COOTBETCTBEHHO Pa3/IHYHEIM OTHOCHTE/bHEIM MOKA3aTeNsIM BO3AyXa (n.):.,
B MeX/IMH30BHX NPOMEKYTKAX OGBEKTHBA NPH H3MEHEHHH JABJIEHHS p
BO3AyXa:

Re.0 =] p

_ 14 Do — 7
(7 g = —EF0l Lo, (11,358)
M TR

3ameTHM, 9TO npH p% = | OTHOCHTeALHEIA NOKa3aTe/b NPEJOMIECHHS BOS-

ayxa (ng), = 1 mpH BceX TemmepaTypax {, KaK STO OGLIYHO MPHHHMaeTCs
NpH ONTHYECKHX pacueraX, MOCKOJbKY B KaTaJiore ONTHYECKHX CTeKOJI
NpHBeJeHH BeJIMYHHLI OTHOCHTEJbHHIX MOKasaTeslell NMpeJOMJICHHs CTEKOJ
OTHOCHTeJILHO  BO3JyXa.

12, TepmoGapuyeckas pedoKycHpoBka H3o0paxenus. PaccmoTpuM
ofllee pelleHHe 3afilaqyd o0 TepMoGaprdeckof AepOKYCHPOBKe H306paXKeHHs
0OBEKTHBA,

Paccrosinne nJIoCKOCTH H306pakeHHst 8’ OT mocJeiHefl TOBepXHOCTH
OGBEKTHBA ABJISETCH, B 9aCTHOCTH, dyHkuHell NokasaTeell npesoMaeHHs
BO3ZlyXa N, MEMXJHH30BHIX [POMEKYTKOB:

’
s = F(un.l ’ n'.2. ﬂn.s. sen 9 nn'h)o
‘Hamenenne ds’, BhI3BaHHOE H3MEHEHHEM [MOKasaTeefi mpeJOMJEHHs
dn, MeX/JHH30BHX NMPOMEXKYTKOB, BhIpasHTCs QopmyJof:
’ oF oF dF
ds' = Ta';;dn"l + mdna" + ..+ -a;;:dﬂn'k-
Ecii  BO  BceX  MEXJIMH30BHX INPOMEXKYTKaX HMEOT MecTo
OJAMHAKOBLIE H3MEHeHHsl MOKasaTeJiell MpeJoMAeHHsA BOSAyXa:
dna.l == dnn‘ﬂ = s = dns'k = dn-.
TO MOMHO HANHMCaTh:

ds' = (e + oy + o+ oy ) A (11359)

a"‘n.l ‘7“3.2

T. €. BeJHYHHa TepMoGapuueckoli nedoKycHpoBKH ds’ mponopuHOHAJIbHA
H3MEHEHHIO NOoKasaTeJs NpeJOMJIeHHs BO3fyXa dng, KOTOpoe sBJseTcH
¢yukuuesi T u p (M. II, 357):

dn, = —“% dp + -90"? dT, (11,360)

rae T = {+273 u Ty = 273; Bupamxenue (II, 357) MoxeT GHTH mpeacTas-
JIeHO B BHIe:
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: no_'l Ty
(), =1 _I_("_-T_.).._L

: Po
H CJIefIOBATE/ILHO!
ong (Pso—1) To. 9mg  (%,0—!) P
@~ P T ToT T T T*  p
Ha (11, 360) naxomum:
dry =20 0 (4p £ a7). (11,361)

Takum o6pasoM, BenHuuHa TepMoGapHuyecKoH JedOKyCHPOBKH ds’
(11, 359) nponopunoHanasHa Bapuauuu dng (11, 361). M3 dopmya (11, 359)
u (II, 361) caenytoT obuiHe CBOHCTBAa OGBEKTHBOB, NPEACTAB/AIOLIHE IPAK-
THUYECKHH HHTEpeC NPH MPOEKTHPOBAHHH H 3KCIJyaTallMH aspodoToo0D-
€KTHBOB.

A. ConocraBuM BeJIHYHHBI GapHYeCKHX He(OKYCHPOBOK, BEI3BAHHHIX
OINHMHAKOBLIM M3MEHEeHHEeM JaBJeHHs Bo3iyXa (HampHMep, NpH ORUHAKO-
BOM H3MEHEHHH BhICOTHI a3POChEMKH) IPpH HeKoTopo#H Temnepatype T u npH
temnepatype T = 293 K (coorBetctByloume# ¢ = 20° C). [Tonoxus B dop-
myae (II, 361) dT = 0, onpexesnum oTHOUeHHe 6apHyecKMX (OKycHpoO-
BOK:

(fo=1) To
(ds")r—g93 293 Po T
= = . 1,362
(ds")p (freo—1) To 293 a )
T Po

TakuM 06pa3oM, JOCTATOYHO BEIYHCJIHTB GapHyecKyio AedOKyCHPOBKY
JAaHHOTO 06beKTHBA NIPH H3MEHEHHH JaBJIeHHA BO3lyXa B €10 MeXK/JIHH30BLIX
TIPOMEXYTKaX OT Py IO HEKOTOPOI'o JaBJieHHs p (COOTBETCTBYIOLETO BHICOTE
atMoctepsl ), Bocmoab3oBaBiuKch (opmynamu (I, 355), (II, 356) =
(I1, 358); mpuyeM 3TOT pacyeT AOCTATOYHO BHIMOJHHTDL JHLIb AJA OLHON
Kakof-nu60o TemnepaTyphi, HanpuMep, aas { = 20° C (uau T = 293 K).
Hns nobof npyroi Temnepatypel T BeliHuHHA 6apHYeCKO# Ne(OKyCHPOBKH
onpegesnHTcs H3 npocroi npomopunx (11, 362).

B. ConocraBuM BeJHYMHEI TepMoGapHuecKHX Ae(OKYyCHPOBOK, BHI3BaH-
HBIX OJHHAKOBLIM H3MeHEHHeM TeMIepaTyphl BO3AyXa B MEXKJIHH3OBHIX
IIPOMEXYTKaX OOBEKTHBA NPH HEKOTOPOM JNABJIEHHH p M NPH HOPMaJILHOM
JIaBJEHHH p,.

[Toaoxus B popmyae (11, 361) dp = 0, onpenesuM OTHOLIEHHE TEpPMO-
GapHuecKHX He(POKyCHPOBOK:

(fso—1) P
@ T  m __ P (11,363)
(ds')p. (ne0—1) Po
T2



Takum 06pasoM, BEIYHCIHB NeOKYCHPOBKY H306parKeHHsl, BHI3BaH-
HYIO H3MeHeHHeM Temnepatypnl dT BO3JyXa B MEXJIHH30BBIX IPOMEKYTKaX
06beKTHBA NPH HOPMaJIbHOM aTMOCHEPHOM NaBJIEHUH p,, H3 NPOCTOM mpo-
nopuun (II, 363) MoxHO onpenenuTe NePOKYCHPOBKY H30OPaXKEHHS, BEI-
3BAHHYIO TeM Ke H3MeHeHHeM TeMnepaTypul dT” BO3AyXa, HO NPH JaBJe-
HuH p. TToayyeHusie 31ech GopMysbi GbLIH MPOBEPEHLl H NPHMEHEHBI NPH
pa3paboTKe psiia KOHKPETHBIX HEPacCTPAaHBAIOMMXCH OOBEKTHBOB (rJia-
Ba VI). Bo/bluyio nomMolib aBToOpy NpH BLINOJIHEHHH 3TOH paGOTHI OKa3asH
B. Marsees u IIl. ITeyaTHHKOBa.

13. Bausinne TeMNepaTypHOro rpaiHEHTa B CTEK/E JIMH3bI HA H3MEHeHHe
ee ¢opmbl. Bhille GBUIH PACCMOTPeHH SIBJIEHHS, CONYTCTBYIOLUIHE H3MEHe-
HHIO TeMnepaTypsl 06bEeKTHBOB HJIH aTMOC(HEpHOro [JABJIEHHS B MEXJIHH-
30BBIX npoMexyTKaX. [Ipu sTom nmpeanonaraniock, 4T0 B KaKAH NaHHBI
MOMEHT ONTHYECKas CHCTeMa 00JsiajiaeT onpejieJIeHHOM TeMnepaTypoil, oau-
HAaKOBOH y BCeXx ee Jeralei. '

HanGosbluee BiusiHHE Ha H3MEHEHHE KayecTBa ONTHYECKOro H306pa-
MeHHs] OKaseiBaeT Ne(OKYCHPOBKa H300paxKeHHs OTHOCHTEJBHO mJoC-
KOCTH NpHEMHHKa, BHI3bIBA€Mash H3MEHEHHEM TeMIepaTyphl HJM HaBJle-
HHsA. D70 BAHsAHME GOJbllee, YeM BJHsHHE aGeppauuil CHCTEMBI, HanpH-
Mep, ceprueckort abeppaunn. Kak Gblio MoKasaHo BHIILE, BOJHOBas cde-
puyeckas aGeppalHsi TPETBETO H NATOrO MNOPSAKOB B INIOCKOCTH HAHMJTYY-
IueH ycTaHOBKH Boipaxaercs dopmysoi (II, 111°):

L, 7603 u

b Kp'?
B TO BpeMsi KaK BOJIHOBasi aGeppauus npH Ae(OKyCHPOBKE A BBIPAasHTCS
dopmyaoi (II, 59):
-

L A
—_———q
A 22

1
Benaununna xosdduunenta gy Oojlee YeM Ha TOPANOK NPEBHILAET Be-

JHYHHY MHOXHTens «60» y mpenmimyuie#i popmyJst.

Ha mpakThHke He Bcerja yaaercs obecne-
YHTE PaBHOMEPHOE paclpelesieHHe TeMIepaTypkl
B OTHEJNBHEIX ONTHYECKHX 3JIEMEHTaX H B CHCTe-
Me B ue/ioM. Ecain He NpeAnpHHATL CnenHaNbHbie  Af
MEpEHI, B CTEKJ/Ie JIHH3 H 3epKaJjl ONTHYECKOH CH-
CTeMbl MOTYT BO3HHKHYTb TeMIepaTypHbe TIpa-
IMEeHThl, 4YTO IPHBOJHT K H3MeHeHHIO (OpPMBI
ONTHYECKHX JeTasiell, K BO3HHKHOBEHHIO Tpaju- '
€HTOB NoKasaTejell IpeJoOMJEHHs, BbI3HIBAOLIHX 5

o ue. II, 38. K onpepene-

HCKPDHBJIEHHE TPAeKTOPDHH H OTKJOHEHHE XoJa HHIO HM3MEHEeHHR opMbl
JNydedl B onTHueCKOH cucTeme. Ilns ynpoUleHHst — soriieckol eraas upa ce
3ajiauy NpenosokHM, YTO B JHH3aX 0OBEKTHBA HHH
YCTaHOBHJICS ONpefe/leHHBId DPeXHM, He MeHso-
IHACS €O BpeMeHeM; MNPeANOJNIOKAM TaKiKe,
YTO B MaTepHaJIe IMH3 OTCYTCTBYIOT YIIpyrHe HAaTAXKEHH A, T. €. TeMIepaTtyp-
Hble Je(opMallUH JIMH3 ONpPENesIOTCS JIHIIB HAa OCHOBAHHH JIMHEHHOTO 3aKO-
Ha paciuupenss. KpoMe Toro, nmpeanoJsioxHm, YTo TeMNEpPaTypHle rpajHeH-
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Thl HanpaBJeHH NepneHAHKY/APHO OCH CHMMeTpHH JuHSH. Ecan ke och
CHMMETPHH OTCYTCTBYET, TO HampaBjieHHe TPajMeHTa B Kax/JOM KOHKpeT-
HOM CJyyae yKashiBaercsi. HaKOHell, NpeAnoJsioXuM, 4TO Jy4H B CHCTeMe
pacrnpocTpansiioTesi, 06pasysi CPaBHHTENBHO MaJible YIVIH & C ONTHYECKOH
OCbIO, KOCHHYCHI KOTOPHIX (COS &) MOXKHO NMPHHATH PaBHHIMH eJiHHHuLe. [IpH
TaKuX JonylleHHsX s3afaya Owia peiena I'. CiocapeBhiM.

Iycts AB = l(h) — To/mHMHA JieTanu HA PACCTOSIHHH A OT OCH HJH
OT HEKOTOpO# JApyroi npsiMo#i, KOTOpas NPH HarpeBaHUW He MoABepraeTcs
cmewennio (puc. II, 38). IIpHmem yCJIOBHO, 4TO Ha onTHyecKod ocu 00’
TemnepaTypa paBHa HYJIO (f, = 0); Ha paccTOsiHHH A OT OCH TemmepaTypa
paBna #(h). Hamenenne 8/ orpeska ! pasHo:

3 = a*l (h) ¢ (h).

OxnnoBpeMeHHO € H3MEHEHHEM JIMHEHHLIX pasMepoB oTpesok AB
nep eMeLLaeTcs 0 BLICOTE. DieMeHTapHEIH 0Tpe3oK dh H3MeHseTCs Ha BeJiH-
auny a*dh t(h); cnepoBatesibHO, oOliee NepeMellenne Ak Ha BeicoTe &
paBHO:

h
Ah = a* a[ t(h) dh. ' (11,364)

Takum obpasom, Jyd, najalomufl Ha ONTHYECKYIO NeTajlb HAa PaccTos-
HHH i OT ONTHYECKOH OCH, KOTOPHIH A0 H3MEHEeHHs TeMIIepaTyphl ynaa Ol
Ha anemedT A B, BcJieACTBHE H3MeHEeHHs TEMNepaTyphl B ASHCTBHTENLHOCTH
npoiner yepe3 anement A,B; (cM. puc. 11, 38), pacnosoxkenusiit na pac-
CTOSIHHH A b OT 3;1eMenTa AB. PasHOCTb TOMIIHH, BHI3HIBaeMasl pa3HOCTHIO

BHCOT Ah, paBHa ‘%Ah; CJIe/loBaTeNbHO, MOJIHOE H3MeHeHHe Al JIHHB
oTpe3ka ! paBHoO:

h
Al=a* () ¢ (k) —”‘T"l"lAh - [z (1) (h) __dfﬂ(;ﬂ § t (k) dh] . (11,365)

OnpesnennM Tenepb OTKJIOHEHHE Jy4ya OT €ro NepBOHAYaNbHOrO Hanpas-
NeHHs.

ITycete pponT BosHEL (pHc. 11, 39) npoxonuT yepes onNTHYeCKHH 3JIeMEHT
Al cooTseTcTBylOUlee H3MeHeHHe ¢poHTa BoanH paeno (n — 1) Al Ilpu
H3MeHeHHH Ha di pPacCTOAHHA ONTHYECKOro 3/eMeHTa OT ONTHYEeCKOH OCH
TOJILHHA 3/eMeHTa Al H3MeHseTcs Ha Be/IHUHHY dA/; COOTBETCTBYIOIEE H3-
MeHeHHe NoJIoXKeHus (HpoHTa Bosukl paBHO (n — 1) (Al + dAl). Caenosa-
TeJIbHO, MOBEPXHOCTh BOJIHEI H3MEHSIET CBOH HAKJIOH HAa BeJHYHHY (n—I)

A
d?h-‘ H OTKJIOHEHHE JIyya &;, HaNpaBJieHHOE BBEpX, PaBHO.
dAl
g=0n—1)——.
(= —1-L

BocnonssoBasumck (11, 365), naxoaum ypaBnenne, onpezesiomee or-
KJIOHeHHe Jlyga: _ N
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h
e -—-(n—l)a*%[l(h) t(h)—f-%‘;f}'lbf t(h)dh]-

IlpousBens nudxbepenurpoBanie BhIpaXKEHHS B KBaJpaTHHIX CKoOKax,
HaXOJHM OKOHYaTeJbHOE BHIDAXKEHHE &4}

h
¢ = (n—1)a* [% 1 () — %’E‘,ﬁ’- a}‘ t(h) dh ] . (11,366)

STHM BhIpaXXeHHEM BOCTIONIb3YEMCH HUXKE.

14. Bangnue rpajHeHTa noKasare/is NpeJOMIEHHS Ha H3MeHeHHe Tpa-
exTopuH ayya. PaccMoTpHM SjeMeHT of6beMa ONTHYECKH HEOJHOPOAHOM
Cpejibl, TOKa3aTeNb NPeJIOMASHHA KOTOPOH H3MEHAETCA OT TOYKH K TOuKe.
[NpennonoxuM, 4TO STO H3MEHEHHE MOKasaTe/1s NPEJOMJICHHS POUCXOAUT
no JuHeAHOMYy 3aKoHy. Eciii nokasaresb npe/ioM/IeHHs MAJIO H TIJIABHO H3-
MEeHSIeTCs, TO B&JINYHHY pafiHeHTa MOXKHO CYHTATh IOCTOAHHOMH AaxKe B npe-
Jenax Goablunx o6beMOB Cpelibl, €CJH TpajHeHT ToKasaTesls HalpaBsJieH
nepneHAHKYJsIPHO ONTHYECKOH OCH, a JIYYH CBeTa pacnpoCTPaHAIOTCA MOJ
MaJbIMH YTJIaMH K OCH.

ITycts ABCD — ceuenne Maoro o0beMa MepHAHOHAJIBHOH NJIOCKOCTBIO
(puc. 11, 40); GG' — rpajgueHT NnokasaTejs, KOTODHIA CYHTaeM NOCTOSHe
HEIM; { — yron najaioliero Ay4a LM ¢ nanpaBjieHHeM TpaJHeHTa.

Kak 6s110 nokasano seimie (rsasa I, gopmyaa I, 5°), npumenutesnsuo K
paccMaTpHBaeMOMY CJayyalo, NMOJOXKHB ¢ = 90—i, moayuuM:

1y
F sini, (11,367)

an
rie R — paauyc KpHBH3HbI TPAa€KTOPHH Jyua; § = — — IPajlHeHT mo-
KasaTeJis Npe/OMIEHHS B HAMpaBJIeHHH, Napajie/ibHOM ocH A.

3 “
dAL 5\ 2
:B—ré\‘-“—m‘—“i& & L
=1 13
§ i
al % ’éﬁ 5 Jn
| 4e -NAL = &1 4 ¢
— kg |3 ——
E\ S " o 2
< g ¢
Puc. 1, 39. Moeopot ¢ponTa cee- Puc. II, 40. Hcxpus-
TOBOA BOJMHH OpH HEPABHOMEPHOM JAeuHe TPaeKTOpHH Jay-
HarpeBaHHH CTeKAa qYa B cpeae C nocTo=

AHHBIM rPaAHeHTOM
pokasaTtens  OpejoM-
NeHHs

Hs nonyuenno# TaM e obmedt dopmyasi (1, 5’) HaxoAuM (B NPHHATHIX
Slechb 0603HaueHHAX) YroJ OTKJOHEHHs Jayda A¢ = §, npouenuwero B
CTekae nyTsb s = l(h):
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3 L) 1(h) dn

NpH 3TOM NPHHATO, 4TO0 @ = 90—i = 0, T. e. 4TO Jy4d PacOpPoOCTPaHs-
0TCS MPHOIU3HTENLHO HOPMAJMbHO K HanpasJieHHIO TpajHeHTa MoKa3a-
Teqs.

I[lpu nepexolie OT CTeKJa B BO3AYX YroJ OTKJOHEHHS § yBe/HYHBaeTCs

B 1 pa3 U yros OTK/IOHEHHS €;, BLI3BIBAEMbIHl HEMOCTOSTHCTBOM NOKa3aTesst
(peNoMIeHHs, onpefeauTes GopMyJIoi:

5 = DO T,

: dh di dh

IMpuHsAB NuyeHHbIH 3aKOH HM3MEHEHHS TeMIepaTypsl

“dn
ne=n 4B S,

dt
MOJIYYHM:

o =I(h)B* - (I1,368)

~ Ouesnpio, obLiee OTKIOHEHHE JIyYa & PaBHO CyMMe: & +&;. 3aMeTHM,
'YTO eCJIH I'PagHUEHT TeMIIEPaTyphl HANIPABJIEH KBEPXY, 4 Ko3hdHIHERT a* H
"f* nonoxuTeNnbHB, TO 062 OTKJIOHEHHS HMEIOT OLHH H TOT JKe 3HaK: Jyy
_OTKJIOHSAeTCS KBepXY, TOUHee, B CTOPOHY BO3pacTalollUX [ToKa3aTeJseH mpe-
"JIOMJIEHHsI, TAKO€ OTKJOHEHHE Jyda (NpOTHB YacOBO#l CTPENKH) Cleayer
CYMTaTh OTPHLATEbHBIM; NOJYUHM:

a h
e=ei+ez=—(n—l)a*[l(h)%——d—di‘—(:l—)J t(h)dh:l—-

— ax 4t
I(h)? T

Y pocTHM 3aMHCh 3TOTO BhIPAXKEHHS, MOJI0XKHB NO-npexHeMy (cM. raasy 1)

%ﬁ- =9, uByecto [(h) u t(h) — cooTBeTcTBEHHO [ U £:

h
_ L - = d2l _ —_—
- (1) [11 = §tdh] 18*7,

HJIH

2 h
e=—17[(n—1)a* +p*] + (n—I)a*%j tdh. (11,369)
0

15. Hsmerenke HanpasJeHHs JyueH MPOCTEAIHMH ONTHYECKH HEONHO-
ponHbIMH netaasmu. PaccMoTpHM onThyeckyio jeranb, OrpaHHYEHHYIO
NJIOCKHMH TOBEPXHOCTAMH, — [apajJie/IbHYI0 MJACTHHKY HJH CTeKJfH-
HBEIH KJIMH C MaJIbIM TIPEJIOMJISIOIIMM YIJIOM, PACTOJIONKEHHbIe TaK, YT0oGb!
HX rpaHH o0pa30BbIBaJH HEGO/bIIAE YIVBI C HAaNpaBJeHHEM IpafHeHTa.

B sTom cayuae ::: = 0 u dopmyaa (I1, 369) npunumaer BuA:

230



e=—I17[(n—1)a* 4+ §*]. (11,370)

Ecan onTHyeckaa Aerasnb M3roToB/ieHa H3 MaTepHaJja, IJifi KOTOPOro
(n—I1)a* 4 p* = 0, oTKnOHeHue & Jy4a PaBHO HYJIO W JeTallb MOMHO
Ha3BaTb HepacCcTpaHBalolleHca (MpH 3TOM He YUHThIBaeTCs BJIHSHHE TeMne-
paTypHblX HanpskeHuil). YKasaHHBIM CBOHCTBOM, Hanpumep, obsagaet
KpHCTaJ1 QaIoopHTa.

B cnyyae nsockonapansesibHO# NJAaCTHHKH MYTh Jyya, obpasyrouiero
MaJible YIJIbl MafieHHsA i, paBeH TOJLLHHE MJIaCTHHKH [ H OTKJIOHEHHe Jy4Ya
MPONOPIHOHANbHO TPafHEHTY; eCcJIH NOCJefHHH NOCTOSIHEH, OTKJOHEHHE
TaKiKe MOCTOSHHO H MJIOCKONapaJiyiesibHas NJIaCTHHKA AeHCTBYeT KaK KJHH.

Hanpumep, naactuuka u3 crekna K8 (np = 1,5163; o* = 7,2-107%;

p* = 2,8.107%) Tomuuuoi 10 cu npu rpanuente Temneparyps y =1 22 ;?
OTKJIOHHT JIYY Ha yroJ '
e=—10[0,516 - 7,2 + 2,8] 10" = — 65 - 10~* pad, umu — 13".

Ecau ontuyeckas netasb SBASETCS KJAHHOM, OTKJIOHEHHE JiydYa pacTer
MPONOPUHOHAJNBHO ToMLHHE. Bo3HHKaeT pacoKycHPOBKa myuKa: ecyid ny-
YOK Obl/1 NMapaJiiesibHBIM, TO CTAHOBHTCS CXOASMIMMCS, KOrJa IpajHeHT
HanpasJjieH KBepxy. Hanpumep, nycTe Kanu AxametrpoM 200 #m H3roTOB-
JieH u3 Toro ke creksaa K8. ToJnna KaHHa y BeDXHEro Kpasi paBHa HyJo,

y HuxkHero 50 mm; rpagHeHT no-npexxHeMy 1 %. INonb3ysck BEYHCIEHH-

SIMH [pPeJBLIAYLIEro NpuMepa, NoJyYHM: OTKJIOHEHHE Jiy4ya Ha BePXHEM Kpae
KJIHHA PaBHO HYJIO, Ha HKHXHeM — 6,5”. Takasi pasHocTe OTKJIOHEHHH IPH
AuameTtpe Kauna 200 mm COOTBETCTBYET paiHyCy KPHBH3HBI R NOBEPXHOCTH
BHIXOAsiLIEH BOJIHBL '

200 mm

— = b kM.
6,5” - 0,5 1078

Ries

16. Bosblunil npaKTHYECKHH HHTEpec NPeACTABJIAET cay4al onTHyec-
Koii simu3el. [Ipennosio:uM, 4TO MpH HAarpeBaHHH TEMIEpaTypa Ha OCH
JIMH3EL HE MeHAeTCH. 3aBHCHMOCTD TOJIMHEI / OT BLICOTHI # HMEET BHA!

L] 5 (11,371

=hb—%a—n7 ,371)

riel, — TONIHHA JHH3EI B LeHTpE; [ — ee dorycHoe paccrosiuue. [pen-

TOJIOXKHM, YTO TPajHeHT y = ;Ttnocmsmeu. Coraacuo dgopmyae (II,369),
NOJNyYHM:

h? 3*

¢ =—hln—1)e* +P17 + 357 (11,372)

Ieperifi usien BoipaXkeHHa NOCTOSAHEH; BTOPOIi, 3aBucskil oT f*, — npo-
nopiuronanex A2 CnenoBaTesbHO, OTKJIOHEHHE Jiyya € BO3pacTaeT Mponop-
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UHOHAJNbHO KBaJpaTy KOOPAHHATH /; OYEBHIHO, SHeCh MOABJAETCA abep-
palus THMa KOMBI.
ITycts, Hanpumep, Auamerp JuHsH 500 sux, f' — 1000 mm, crekno —

K8; pasHocTh TeMnepaTyp Ha Kpato u ocu 10°, T. e. y = -%-epc;‘f-. AGep-
pals KOMH B yIJIOBOH Mepe paBHa:
BT i o0aa. 10
K= -2(’1—_1)'}';—’1: =0,34-10 'paa, uan 0,77,

B dokansHOfl miockocTH momepedyHast Koma coctasuT 0,003 mam, T. e.
BeNnMYHHa oYeHb Masas. OAHAaKO B HEKOTOPHIX CHCcTeMaX (Hampumep, B
BBICOKOpa3pellaiolHX 0GbEKTHBAX) ee XKeJIaTeIbHO HCIPaBHThb. DTO MOXKHO
C/les1aTh COOTBETCTBYIOLHM BEIOOPOM MapOK ONTHYECKHX cTeKos. [as AByX-
JHH30BOT0 TOHKOro O6BEKTHBA KOMa BHIPA3sHTCA (OpMY.Jioii:

Y1 K o h2
Bi1 ki o B 1 Hp .
2(mp—1)f, 2(ng—1) [y

rae unjexcsl 1 u 2 coorBeTcTBYIOT HOMepaM JuH3. Ecau hy = h,, yciioBue
KOpPEeKIMH KOME BRIPA3HTCS ypaBHEHHeM:

- L]

S
(ng=—1) f, (ng—1) fy

Beuay Toro, 4yTo B JABYXJHHSOBHIX OOBEKTHBAX OCYILECTBJAETCA TakKxe
yCJIOBHE aXpoMaTH3Ma:

=0.

re vy 1 vo — KO3HIUHEHTH AHCNEPCHH CTEKOJ, TO AOMMKHO OHTh cOBMIO-
IEHO YCJIOBHE:

ﬁ: T1 ﬂ; Ts
n, — 1 - ng — 1 ’
HJIH
Bl B2
YR e (11,373)

rie An — JHcmepcHsl CTekJa.

370 ycsioBHE MOXKET H JIOJIKHO OHITh BHIMOJHEHO NMPH NMPOCKTHPOBAHHH
BhICOKOpaspelaouux 00beKTHBOB (HanpHMep, aCTPOHOMHYECKHX pedpak-
TOpPOB H BoOOIIE AMHHHOPOKYCHHIX KOMJIMMAaTOPHHIX O0BLEKTHBOB).

17. MpoxoxaeHHe ayuedl B JHH3AX C aKCHAJAbHO-CHMMETPHYHBIM pacnpe-
neqennem temnepatypbl. Bonbmas TenaonpoBOJHOCTb METAJIHYECKOH OIl-
PaBhl O0BEKTHBA 10 CPABHEHHIO C TEIJIONPOBOAHOCTHIO CTEK/a MPHBOJHT K
TOMY, 4TO ONpaBEl CPaBHHUTEJbHO OLICTPO NMPHHHMAIOT TEMMEpaTypy OK-
pyXalolwei cpe/il, OTIHYHYIO OT TeMnepaTypHl CTeKJa, BCJEACTBHE Yero B
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CTeK/ie YCTaHAaBJAHBaeTC NPHUONH3HTENHHO CHMMETPHYHOE OTHOCHTENLHO
ONTHYECKOR OCH pacmpejie/ieHHe TeMmepatypul. [lpeanosioxum, 9T0 9TO
pacnpejesieHne NPONOPUHOHANAbHO KBajpaTy paccTosiHus A paccMaTpHBae-
MOTO 3J€MEeHTa ONTHYECKOH AeTajH OT OCH: -

t=ch® (11,374)
Orciofia onpefieuTcss FPaiHEHT TeMIepaTyphL

1= -‘%— = 2¢h. (11,374%)

PaccmoTpuM npocTefilinii caygalt NockonapajneabHOH MJaCTHHKH,
HOpMaJb K KoTopofi o6pa3yeT ¢ rpafiuenToM yriel, Gauskue x 90°.
Hs dopmyam (11, 369) caenyer:

e=—I7[(n—1)a* 4 p*] = —2chl[(n— 1)'a* + B*).  (11,375)
Jlas naockonapaineabHO# NJIaCTHHKH / MOCTOAHHO H, CJIeI0BaTeNbHO, OT-
KJIOHEHHE Jiyya & NMPONOPIUHOHAALHO BeJIHYHHE /i, STO COOTBETCTBYET pac-
(OKyCHPOBKe HJIH CMELIEHHIO NVIOCKOCTH H300paXKeHHs.

B cayuae onthueckoro k.aHHa BeqHuHHa [(h) MenseTcs mo JHHEAHO-
My 3aKOHY,a & — MO KBaApaTHuHoMy. Ha onTHuecKoA OCH BOSHHKaeT
abeppanus KoMa. :

Hanpumep, ecan MakcHManbHas ToMIMHAa KianHa W3 crekaa K8
paBna: [ = 100 mx u h = 250 mm, a pasHOCTb TeMmepaTyp B LEHTPe H
Ha Kpaiwo paBHa 10°, nonyyum:

10 2pad _ o
g (25)2 cm? » Bh_aso-o (Tak Kak l=0);

& o5 = 0,2+ 107 pad, wm 10”.

Orciona HaXOAXM BeJIHYHHY KOMEI (B YI/IOBO# Mepe):

K = Sh=20 4‘2‘11-—50

TNPH STOM 849 = 0, Nockoabky h = 0.

Kak 6bu10 yKasaHO BHILE, NIPHMEHEHAe ONTHYECKOro MarepHana, y Ko-
Toporo (n — 1)a* + §* = 0, ycTpansieT BCe NOGNE/CTBHS HEPAaBHOMEP-
HOTO Harpepa, TaK Kak NpH JMoObX FpaaueHTax y BeauunHa & = 0.

s npocToii JHHSH cNpaBef/IHBa SaBUCHMOCTb TOMIUHHK / OT BHICOTH
h Bupa (11, 371). Ilpeanonoxkus, yTo pacnpefie/ieHHe TeMnepaTyphl OMHCHI-
Baetca ¢opmysoi (11, 374), unrerpan, BXxoasmuii B Bupaxenue (11, 369),
HMeeT CJejylolee SHayeHHe:

h h 1
Jt(h) dh =c§ h* dh = —ch®,

— & =r5”;

OGpatHM BHHMaHHE, YTO
o I
it~ 2(r—1)f
nocJsie noacTanoBKH B (I1, 369) naxoaum:

n y=2ch,



ca*h?
6f
O6o3nauuB yepes 8s’ NPoOAOILHYIO chepHyecKyio abeppaltio, COOTBETCT-

BYIOILYIO yI71y OTKJIOHEHHS € JIy4a, NPOXOALIEro yepes3 NHH3y Ha BLICOTE
h u 06pa3yioliero ¢ ONTHYECKOA OChI0O anepTyPHBIA yroa &', HaXOMHM:

¢ = —2lch[(n— 1)a* + B*] — . (11,376)

Os' = —
sin?u’ '
TaK KaK sin 4’ = fi,l-, HMeeM: ,
R (11,377)

3ra ¢opMyana onpezensieT npoAoJabayio chepuieckyio abeppannio, COOTBET-
CTBYIOULYIO0 OTKJOHEHHIO JIyya Ha YroJ &, OnpejessieMblii U3 BbIpaXKeHHS
(11, 376).

PaccMoTpeHHEBIe B 3TOfl IylaBe ONTHYECKHE H TepMoonTHYecKHe abeppa-
IHH O0BEKTHBA ONPENEJSIOT B COBOKYNMHOCTH KayeCTBO ONTHYECKOro H30-
Opaxkeuus, obpazyeMoro 0GbEKTHBOM.
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TJIABA 111

KAYECTBO OIITHYECKOI'O HM3OBPA)KEHHS
OBBEKTHBOB '

OcHoOBHBIM 3/1eMeHTOM NPH 06pa3oBaHHK H300paXkeHHs JAI060rQ 06beKTa
ABJisieTcs U3o0paxkerike ToukKH. OJHaKo ONTHYecKass CHCTeMa HHKOTZA He
n3obpaxkaeT TOUKy B BHAe TOYKH. C O/JHOH CTOPOHEI, 3TOMY NPENSTCTBYIOT
aGeppallii ONTHYECKO! CHCTeMBI, C APYTof, — BOJHOBas NPHPOJA CBETA.
JeficTBre 9THX (PaKTOPOB NMPHBOAMT K TOMY, YTO H300paKeHHe TOUKH OKa-
3bIBAETCA HEPE3KUM, PACIJIBIBUATHIM; MeJKas CTPYKTYpa ofbeKTos nepeja-
eTCsl HelpaBHJbHO: H300paxKeHHs ABYX ouekb 6/iH3KO PACMOJNOKEHHBIX TO-
yeK CJHMBAIOTCH B OAKO MATHO; H305paXeHus PelIeTOK pacljibiBaOTCs B Ce-
poiii don u T. 0. [To 3THM cBeleHUAM NONyYaIOT rpy6oe KauecTBEHHOE Npel-
cTaBsenune 00 H300pa3uTeNbHLIX CBOHCTBAX OGBEKTHBA.

Yem meHblue aCeppanun o6beKTHBA, TEM Bhillle KayecTBO 00pa3yemoro
UM H306paxerus. ONHAKO 5TO OYEBHEHOE COOTEETCTBHE HYMKIAeTCA B Mpo-
BefeHHH Oosiee ry6OKOro aHanusa, yCTaHABJHBAIOLIETO CBA3b MEXKIY He-
KOTOPBIMH KOJIMYECTBEHHBIMH OlLleHKAMH H300pa)<eHHs H €ro NCHXO(H3H-
osioruyeckuM socnpusaTHeM. Ha npoTsiKeHHH MHOTHX AeCATHJETHH OCHOB-
HBIM KpHTepHeM KayecTBa ONTHYecKoro H3obparkeHus siBjsijach pa3pelia-
jonias cuJjia o6beKTHBA.

-.§ 1. PASPEIIAIOIIASl CHJIA COBEPUIEHHOI'O OB BEKTHBA

Cniox Hblii 060BEKT Tpe/ICTaB/sAeT COBOKYTHOCTh GECKOHEYHO MaJIbIX 3J1e-
MeHTOB 06beMa HJIH OBEPXHOCTH, T. €. B fpejJiesie To4eK. 3HaHHE CTPYKTY-
pHl H300paxKeHHs TOUKH, AaBaeMOro o6BEeKTHBOM, NO03B0JifeT MOCTPOHTb
usobpaxkenne Joboro Gosiee CJAOKHOTO ONTHUYECKOTO OOBEKTa.

1. H3oGpaxenne TO4KH COBEpIICHHbIM 06HEKTHEOM. Teopus JHPPaKIHE
MoKas3biBaeT, 4To Jaxe NPH coBepiueHHoM (6e3abeppauroHHoM) 00LEKTHEE
n3o6paxeHHe TOYKH HMeeT BiJlI HEKOTOPOro CBETJIOro NATHa, 00Jajalolero
onpejeneHHbIMH TabapHTaMH H XapaKTepHLIM pacnpejeleHHeM IHEPIrHH B
HEeM: NATHO HMeeT LEHTPaJbHBIH MaKCHMYM OCBeLleHHOCTH, INOCTEN€HHO
CHMKaloLlelica 1o Hyas, o0pa3ys BOKPYT LEHTPajJbHOrO MaKCHMyMa TeM-
HOE KOJIbIIO; KOHIIEHTPHYHO K MOCJIeIHEMY PacroaraeTcs CBeTyIoe KosibLo,
MaKCHMYM OCBELIEHHOCTH B KOTOPOM He MpEeBLILI2eT HECKOJbKHX COThIX A0-
JieHl OT BeJIMYHHBI OCBELIEHHOCTH LEHTPAJbHOrO MaKCHMyMa, H T. A.
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Ipumenenne knaccuyeckoro npuuuuna lofirenca — @pexens K aHa-
nusy aBsenus GopMHpOBaHHA H300paXKeHHs TOYKH MOKas3bBaeT, 4TO JH-
¢dpaKIUHs 3aBHCHT OT BeJIHUHHBI BOJHOBBIX abeppaluil, onpeaessiomux pas-
HOCTH Xojfia uHTepdepupyIOUHX Jydel, H OT GOpMbI OTBEPCTHS, OrpaHHYH-
Baiomero (ppoHT BOJIHBI, BHIUEAUICH H3 00BbEKTHBA.

TTpexnosioKuM, YTO MEXKNY HCTOUHHKOM KoJieGaHuii (HCTOYHHKOM cBeTa)
Q u Toukolt Q' mpoCTpaHCTBa MOMeIlaeTcs MJOCKHHA 9KpaH M, B KOTOpOM
HMeeTcs OoTBepCTHE S MPOH3BOJNbLHOH (OpMbI, MaJsioe 1o CpaBHEHHIO C pac-
CTOAHHEM § OT HCTOUHMKA cBeTa Q M ¢ paccTosinHeM s” oT ToukH Q. Hanumem
BhIpaXEHHe A/ CBETOBOTO BO3MylleHHs U B HEKOTOPO# MPOH3BOJIbHOM
toyke Q' mpoctpanctsa (puc. III, 1):

U=_;1__cos(n.s)—eos(n.s')J‘Sm%(}‘__.”'_"')ds, (1L, 1)

ss’ A

rae (n, s) v (n, s’) — yraol HOpMaJiu K MJOCKOCTH
OTBEPCTHS C HANpaBJeHHAMH K HCTOUHHKY cBeTa Q
M paccmaTpuBaemoit Touke Q; T — mepuHoL KoJe-
Ganuil; A — AJMHA BOJHBL, S HS — pacCTOAHHSA
COOTBETCTBEHHO OT HCTOYHHKa CBeTa Q IO HEKOTO-
pO# TOUKH OTBepcTHS P M OT 3TOH TOYKH MO pac-
CMaTpHBaeMOH MPOH3BOJIbHOM ToukH Q'; £ — Bpems,
B TeyeHHe KOTOPOTOo CBET INpoLIes PacCTOSHHE S OT
HcTounHKa Q 1o Touku P; A — Koa(pduunenT, 3aBu-
puc. 1, 1. Muppax- CAULHH TOJIBKO OT CBOACTB HCTOYHHKA CBETa: CHJIa

nus or orsepcras CBeTa HCTOYHHKA B JIAHHOM HaNpaBJIeHHH NPOMop-

IlHOHaJIbHA KBaJpary 9Toro Kos(duuuenra A2

Ec/H HOpMaJ/ib K NJIOCKOCTH OTBEPCTHS COCTaBJIAET MaJble YIJbl € Ha-

npaBJIeHHAMH Ha HCTOYHHK cBeTa Q u Touky Q', mosyuynm:

Up=-2- 5 sin 2 (-1 — =) s, (1.2

A
rae A = -é'. 210 BhIpaX€HHE MOXKHO NpEeICTaBHTb B CJIEAYIOLIEM BHIE:
gl {
U°=.A_ sin 27 — C082ﬁ—s;i-;"—ds_00521c_t, sin 2= s4 ¢ dS .
As’ T % A T I\

CaeToBoe Bo3MylleHHe U, MOXKHO paccMaTpHBaTh KaK pe3yJ/bTaT HaJioxe-
HHA ABYX BOJIH, aMIUIHTYJE KOTOPHIX MPONOPLUHOHAJBHEL!

C°=£cos2w ke as; S°=jsin21c 245 auy

¢ pasHocThbIo a3 % Takum o6pasoM, OcBellleHHOCTb B Touke Q' Gyaer npo-
NOpUHOHAJbHA CYyMMe KBaJpaToOB 9THX aMIVIMTYA:

B =i (G +5)- (111L,4)



Huorza yno6Hee NpHHATL B Ka4ecTBe MCTOYHHKA CBETOBHIX KosieGaHHR
NOBEP XHOCTb CBETOBOH BOJIHEL, MPOXOAAIIEH yepes oTBepcTHe S (CM. pHc.
I11, 1). Ilpu sTom pesyJssTHpYIOmee KonebGanue B Touke Q' GyAeT BH3BaHO
SJieMeHTapHLIMH KosieGaHHAMH, MPHXONALIMMHA B TOuKy Q' OT GeCKOHeuHO
GoJibLIOro 9HC/Ia GECKOHEYHO MaJIbiX 9/1eMeHTOB dS MOBEPXHOCTH BOJIHH S,
pacrnoJioxeHHuX Ha paccrosHuax s’ or Touku Q'; Bmecro (111, 3) moayuum:

g, _—.J cos 2 Lk ds; S,= J sin 2« 'T ds. (111,5)
IMycre S (puc. III, 2) — coepu- .
qecKas BOJHOBas MOBEPXHOCTh MocJe M ;
BLIXOZA H3 ONTHUECKOH CHCTEMH C s £ e

HeHTPoM B Touke Q ' u pamuycom r'.
OnpenenuM ocBemeHHoCTs TOYKH C,
HaxoJifllelcs HAa PacCTOAHHH ¢ OT
OCH BOJIHOBO# MOBEPXHOCTH H Ha pac-
CTOSIHHH A OT rayCCoBO# TJIOCKOCTH
usobpaxkenus 0'. [lonsprrie koopau-  Pue. I 2. Judpaxnax or coepaecrod
HaTh sniementa M’ paBunp’ H O', rae

p' — paccTosiHHe S/eMeHTa BOJHH JI0 OCH, a §' — yros Mexay paauy-
COM-BEKTOpOM TO4KH M’ M MepHAHOHAALHOA MJIOCKOCTHIO.

PasHocts Xxoia Mexay aydamu M'C u T'C

{ L]
- 2 . ”’
/r/h.lf

MC —TC =V (¢ +A—a®) + (' cosd’ —a) +p" sin?0’ —
— (R+A)’+°’n

rie a = T'K' — crpenka, omnpefensieMas W3 ypaBuenHs a(2r’ —a) =
= p’% YMHOXHM H pPa3fie/IHM PasHOCTb PAJIUKAJIOB HA HX CyMMY:

W_TW: —2(r'+A)a+p"—2up'cosﬂ'+a‘+a‘ .
MC +TC

D70 BHIpaXeHHe MOXKHO YNIPOCTHTh, TaK KaK BeJHYIHHH o H A BeCbMa Ma-
Abl IO CPAaBHEHHMIO C r'} CYMMY B SHAMEHaTeJie MOXHO SaMEeHHTh uepes 2r';
B YHCJHTeJe, mpenebperas o?, mosnygaem: -

==L o cos, .6

Hanuwem wunterpanst  (III, 5), npumss, 90 M'C’ =5
(cm. puc. 111, 2):

Cy= i cos 2= (T'C' - %-u" —aou'’ cos B’) ds;
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2 (A ;
Sn —: i sin T (T'C' — -'2"'u’. —_— Uu' sin 6’ ) ds.
. 2nT'C’ .
Tak KaK npuCyTCTBHE IOCTOSHHON —— TIOZ 3HAKOM Sin HJIH COS He BIHAET
Ha Beanunny Co® + S, MoKHO ee oT6pPOCHTB:.

Co Sy = j_cos, sin--ii (—-%u" —ou’ cosB') ds. (11,7

I[TpeanonioxuM cHayana, 4To AeOKYCHPOBKa H306paXKeHHS OTCYTCTBY-
eT (A = 0), T.e. uto Touka C’ HAXOAWTCA B rayCccoBOH NJIOCKOCTH yCTa-
HOBKH; TOrja:

5, i cos, sin% (ou’ cos 6%) dS; (111,8)

3HaK MHHYC NpPH apryMeHTe sin U cos oTOpollUeH, TaK KaK OH He BJHSAET Ha
cymmy (111, 4).

Kak yBuaum, B JasbHeflleM, Ha OCBeUeHHOCTh H3o6paxenus E' Bau-
AeT (jopMa KOHTypa, OrpaHHYHBAIOLIET0 BOJHOBYIO MoBepxHocTh S. Pac-
CMOTPHM 3JleCh NPaKTHYeCKH HauboJsiee BaXHBIH CayyaH, KOrla IOBEPX-
HOCTb S OrpaHHYeHa OKPYXKHOCTBIO pajuyca p'y, LEHTP KOTOPOH pacrnono-
JeH Ha onTHYecKoit ocH. Ilpunsg, 4ro

dS =o' dp’ db’, ‘ (111,8")
P; : a;-ﬂu : ' .
Co So = 5 5‘ cos, sin (%au' cos 9') de’p’dp’.  (111,8")
[ a:_—ﬁ .

BenienctBHe cHMMETPHH BOJIHBI OTHOCHTEJIBHO MEPHAHOHAJIbHOMN NJIOCKOCTH
unTerpan S, = 0, Tak KaK KaXJIOMY NOJIOMHTEIbHOMY 3JIEMEHTY HHTErpH-
POBaHH$ COOTBETCTBYET 3/IEMEHT C TEM K€ 3HAYEHHEM, HO C OTPHILIATE/IbHbIM
anakoM. Murerpan Cy MOXHO 3anucaTb B BHIE:

r v

Pt Oage
C, = 5' 5 cos (%a-fﬁ;—- cos 9‘)p' dp’ db’ =
r
& o,
= j p' dp' 5 cos (ap’ cos ") db’, (111,9)
0 B'd)

2ng
r

rjge e« =

2n
Hurerpansl Buza bf cos (ap’'cos 0") dO’ xopollo ucC/eIOBaHbl U B LenAX
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yao6cTBa mpaKkTHYeCKOro NpHMeHeHHA OHH TabyaupoBanel. CJoienyioinas
GyuKuus oT2 = ap’, ob6o3Hauaemas cHMBOJIOM Iy(z), HasbIBaeTcs yHKLH-
eit Beccens HyJieBoro nopsgka: :

2
ln(z)=-2l—“j‘ cos (z cos 6") df’. (I11,10)
0

Ara pyuKuHA MoxKeT ObITh [IpeJCTaBeHa CJaelyIOMUM PAaoM:
= . 2z 2 ’
VT + .o .30 + .. (111,10%)

INpu GosbluMX 3HAYEHHAX 2 MOMXKHO TMPHMEHATH I/ BBUHCAEHHA [o(2)
caepyiolLyio npuéanxennyo Gopmyay:

cos (e— )
Iy(2) = ——. (111,107)
Ve
PaccmoTpuMm etile oaHy QYHKIHIO, KOTOpas NOHAaNOOUTCA HHXKe, — (QYHK-
uuio Beccesns nepsoro nopsanka I;(z), onpenesseMyio BhIpaXKeHHEM:

I(@=1—5

2= .
L2 =—2‘“—  cos(zsin’ —0)do’". (I11,11)
0 .

dra ¢yHKUHA pa3siaraeTcs B CJAEAYIOWHH psl:

2t 24
22.1.2 * 2.1.2.2.3

i l r
_2“-[.2.3.2,3_4_'_"'! ([llnll)

a npu GOJIBIIHX 3HAYEHHAX 2

[,(2) = -%-Z(l ——

1,(2) =i"£-;—7—)- . ‘ (111,117
VT"Z

Oyukuuu Beccens I(ap’) v Ii(ap’) cBA3aHE COOTHOILEHHEM:

o
5 p' Iy (ep") dp” = Pj} 1y (apy) . (111,12)
0
Takum 06pa3oM, COr/acHo onpeleseHuio pynkuun lap’) umeem:
P
Co=2r j 1, (@p")p’ dp’. (111,13)
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[puuse so Banumanne (111, 12), Haxonnm:

. ’ = ’ -
C,= 21:% 1y (apy) =21rp;'——£-u(fL)-. (111,13%)
1

r
BBezenHyio BhHIlIe NepeMeHHYI0 z = ap’ = 2x ;fr-; yAo6HO BBECTH B

¢dopMysbl AMDPAKIKK; ee BHPaXaloT B TAK Ha3hIBa€MbIX ONTHYECKHX e[H-
HHLLAX.

Iaa ocsemenuoctd E;' B Touke C' (cm. puc. III, 2) Haxomum
(cm. III, 4): _

4x? p;‘ I“; (2)

A2 2 23

E = A? . (111,14)
OcsemenHocTs E’y B UeHTpe AHUPPAKIHOHHOTO NATHA NOJYyYHM, NOJO-

*uB 0 = 0, 2 = 0 u o6paTHB BHHMaHHe, 9TO NPH STOM ’_lii) = _%.;
o

n?p

a2 et

E;=A" (111,14%)

OrHoCHTe/bHAA OCBelleHHOCTh £, B TOuKe H306paKeHHs Ha paccTos-
HWH O OT TOUKH FeOMeTPHIECKOro H3o0paenHs (LEHTPAJILHOTO MaKCHMY-
Ma), PacIoJIOKEHHOH Ha ONTHYECKOH OCH, BHIPasHTCA (POpPMYJIOH:

L =—=-"fe (I11,15)
& 4
Jns GecKOHeuHO yJAaneHHOHM TOUKH-NIpeIMeTa MOXHO NPHHSATH
’
Pl ’ D
— =siny =—
r of '
TaK Kak B 06beKTHBE YCJIOBHE CHHYCOB BHINMOJHEHO; f° — (oKycHoe pac-
cTosiHHe 06beKTHBa; D — JuaMeTp ero BXOIHOTO 3payka; u’ — amepTtyp-

HEBIHl YroJ1 B POCTp aHCTBe H30oOpaxenHui. Bennunna z, Bupasurcs gopmy-
J0#:

D
e (111,16)

2y ==

Ins nanxoro o6beKTHBA ¥ AaHHON JJIHMHBI BOJHBE BEJHUHHA Z NPONOP-
LIMOHAJIbHA PACCTOSIHHIO O.

BocnosnibaoBaBumich Tabanuamu GeccesieBEIX (yHKIHH, MOXKHO YOeIHTD-
csl, YTO B IHPPAKUHOHHOM NATHE OCBellen HOCTH E ;' o6paimaiorcs B HyJab
Npu CIeAYIOIHX 3HaYeHHAX apryMenTa 24: 3,83; 7,02; 10,17; 13,32; 16,47,
T. €. 3TH 3HAYeHHS apTYMEHTA 2; ONPEeAEJAIOT MOJOKEHHS COOTBETCTBEHHO
I-ro, 2-ro, 3-r0 U T. A, MHHMMYMOB OCBElLlEHHOCTH.
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MaxcaMyM B OCBEIEHHOCTH E’ HMEIOT MecTo PH CAELYIOMUX 3HAYeHHAX
aprymenTa z;: 5,13; 8,42;11,62; 14,80; 17,96; 3TUM 3HaueHHAM z; COOTBeT-
CTBYIOT CJIeAlylomiHe BeJHYHHR MakcumymoB B %: 1,75; 0,416; 0,160;
0,078; 0,044, T. e. ApKOCTh NEPBOrO CBETJOT0 AMGDPAKLHOHHOTO KOJBLA
cocTaBiseT Merbiue 2% OT BeIHYHHE APKOCTH UEHTPANbHOTO MaKCHMYMa.

Takum o6pa3oM, H3o6pakeHHe TOYKH, JaBAEMOE HAEaNbHLIM OOBEKTH-
BOM B MOHOXPOMaTHYeCKOM CBeTe, HMeeT BHJ CBETJIOrO IsiTHa AHAMETPOM
2 X 3,83 onTHUECKHX eAHHMI, OKPYXKEHHOTO KOHUEHTPHYECKHMH Yepeay-
IOMHMMHCA TEMHBIMH H CBETJIBIMH KoJbllaMH YyOhiBalomieH spKOCTH. D10
IeHTPaJbHOE CBETJIOE MATHO HA3hiBaeTCs K P Y XK KOM D p H, BNepBHe
HceseioBaBllero 3to sssende B 1834 roay.

Pacnpeliesieniie SHEPTHHE B 3THX KOJbLaX NpPONOPIHOHANbHO BeJHYHHE

£ (2y)

dF’ = 217 2y dz, = 81: dz”

L1 i
raedF’ — sHeprus, NpoOXoAsias Yepes GECKOHEYHO TOHKOE KOJIbIO IHPH-
HOW dzy M PajiAyCOM 24, IEHTP KOTOPOro COBNANAeT C UEHTPOM AH(DpaKIH-
OHHOTIO MATHA.

Oueprus F’, npoxoasmas gepes KosbLO KOHEYHO IMHPHHEL, ¥ K OTOPOTO
BHYTPeHHHH pajAHyC paBeH 2;, a BHelUHHH 2;, Belpaxkaerca ¢opMyJoi:
(2
F' — 8« j- 1(21)

2
23

B Teopun GeccesieBhIX ¢YHKIKA A0KaSEIBaeTCA CJEAYIOWAsa HHTErpaib-
Has 3aBHCHMOCTh:

2
25' Jild dz=1—[1§ (z.)—lf(z,)]. (111,18)

F

dz,. (111,17)

[MpumennresnpHo K Bupaxenuio (111, 17) nonyunm:
F' = 4= [lg(2) + 1} @) — g @) — I} @)];

KOJIHYECTBO SHEPTHH 3/leCh BHIPaXKeHO B MPOH3BOJIbHLIX eMHHIaX. Beenem
K03(QHIHEHT NPONOPUHOHANLHOCTH /M, NMPH KOTOPOM TNOJIHAas SHEpPTHd,
pacmpesieseHHass MO BceMy AH(PPaKUHOHHOMY TSATHY, paBHA elHHHIE:

F' = dxm[I5 (0) + I} (0) — I () — I} ()] = 13

npu STOM BEJHYHHBL 2 B3ATH OT 0 0 oo, CYMMHDOBaHHE BHIPAXEHHS B
CKoOKax MpOHSBOAMTCH corsacHo ¢opmyaam (111, 107), (111, 10), (I,
11°) u (I11, 11’). Orciona, oueBHAHO, KOIDDHILHEHT m = -;:; H SHeprus

—

F' B KOnbIaxX ONpefie/IATCs H3 BHIPAXKEHHA:
F' =1 (2) + I} (20 — I3 (22) — I (20). (111,19)

H3 ¢popMybi HaXofHM, YTO B LeHTPaAbHOM HHOPaKIHOHHOM MaKCHMYMe
cocpenotoueno 83,8% Bceil sSHEPrHH; B MEPBOM CBETJIOM Koabue — 7,2%
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BCEH HEprHH; Bo BTOpoM Koablle — 2,8%; B Tpetbem Kosbue — 1,5%;
BO BCEX OCTA/NbHbIX CBETJIBIX KOJIbLAaX COCPeoTOYeHO JHWb 4,7% Bced
sHepruH. B 3akmouenue 3aMeTHM, 4To corsiacHo opmyae (111, 14’) ocge-
meHHocTb £’y B meHTpe AH(paKIHOHHOrO KPy:KKa NpONOPIMOHa/ibHa 4-i
CTeleHH pafuyca p’y BEIXOAHOTO 3pauka; u3 dopmyan (111, 16) caeayer:

o i z;" _2_ (111,20)

T. €. JHaMeTPHI KOJIell TeM MeHbllle, YeMm Gosibiue Auametp D BXoAHOTO 3pau-
Ka OGBEKTHBA NPH HEH3MEHHOM ero (JOKYyCHOM paccTosnuH. BesHuHHA o
3aBHCHT OT JJIHHBI BOJIHBL A, a CJIel0BaTeJbHO, MAKCHMYMbI OCBELeHHOCTH
s iydedl ¢ Pa3JIHYHbIMH AJIHHAMH BOJIH HACTYNAIOT NPH PasJIHYHBIX pac-
CTOSIHHSIX o OT ONTHYECKOH OCH: IHaMeTphl KOJsell B KpacHOM cBeTe GoJibLie,
yeM B CHHEM; AH(paKLHOHHASA KaPTHHA H300paKeHUs TOUKH B 6eJioM cBeTe
npejcraB/sieTcs B BHJe 6en0ro naTHa C KPaCHOH KaiMOH W BHYTPEHHHMH
I[BETHLIMH KOJbIlAaMH.

2. Paspemaiomasi cHjia COBEPLIEHHOr0 06 BLEKTHBA B Cay4yae JBYX CBe-
TAMMUXCA Touek. J[InA OlEHKH KayecTBa H306pameHHs, o6pasyeMoro
00GBEKTHBOM, YaCTO PacCMaTPHBAIOT BOCIPOH3BeIeHHe H300paxKeHHs Mpoc-
Telillero 06b€KTa, COCTOSAIIEr0 H3 JBYX OIXHHAKOBHIX CBETHAIIHXCH TOYEK,
PAacroJIOXKeHHLIX Ha HeGOJIBIIOM PAacCTOAHHH APYT OT Apyra. 3TH TOYKH
C6JIHKAIOT IO TeX NMOp, MOoKa X H3o6parkeHHs o6beKTHBOM HA JJaHHOM NPH-
eMH}Ke (HanpuMep, (oTocsI0e) nepecTaloT pasinyaTh pasjenbHo. Haumenn-
llee pacCTOSIHHE 0y, HAYHHAsA C KOTOpPOro H3oOpaxeHHs IBYX TOYEK CJIHBa-
10TCH, Ha3hiBaeTCAH A HMEHBIWI HM pa3peliaeMBM paccTo-
AHHEM HIH NHHeHHBM TNpelreNoM pas3pelleHH .
UacTo B KayecTBe Mephl TaK Has3bBaeMOH pasperuarouiei CHIbI 0O6beKTHBA
[IpMHHMAIOT BeJIHYHHY N, 06paTHYIO Gy:

N, = un1, (111,21)

%

ONpeNensiiolyl0 YHCJIO H300paKeHHH MNpocTeHIHX saeMeHTOB (TOYek,
meseH, MoaocC ¥ T. I.), pasjiH4aeMblX PasfieIbHO Ha OTPe3Ke H306paKeHKs
eIMHHIHON AJNHHBI, HanpuMep Ha | amm.

JubpakuronHas Teopus H306paXKeHHs [103BOJIIET TEOPETHYECKH Ompe-
JEJHTH HaHMEHbIIIee pa3peLiaeMoe paccTosiHHe, ecllH H3BECTHO, IPH KaKHuX
pacnpejesneHysix OCBElIeHHOCTH NIPHeMHHK (In1as, hoToc0i) BOCIpHHHMAET
H306paxkeHHs pasgenabHo. B yactHocTH, eute B 1879 rony Paneit mpuusa,
yTO ABa AM(pPAKUHOHHBIX MATHA, COOTBETCTBYIOLIHE H300paXKEHHAM IBYX
TOYEK, pa3peliaioTca [J1a30M, eciH LeHTD OJHOro MATHA COBNajaeT C ce-
pelHHOH NepBoro TeMHOro AH(PaKIHOHHOTO Ko/blla BToOpOro natua. Ecau
TOYKH NPEeAMETa CaMOCBETAILHECH H H3Jy4alOoT HEKOTepPeHTHble (He MOry-
mHe HHTepdepHPOBaTh) Jy4H, paclnpeliesieHHe OCBEeLIEHHOCTH B KapTHHE
H300paxKeHHsT IBYX ONMHAKOBHIX TOYeK NOJYYaeTcs MPOCTHIM CJIOKEeHHEM
OCBellleHHOCTeH H306paXKeHHH, ONYYEHHBIX OT KamIOH TOYKH B OTHeNb-
HOCTH.

Ipunstoe Bhime ponylieHne Panes COOTBETCTBYET PAacCTOAHHIO O
MeXJy HEeHTPaMH nsTeH, paBHoMy 2; = 3,83 ONTHYECKHX ENMHHLLL B
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STOM CiyYae MaKCHMYyM OJHOTO H300paX<eHHS COBMAJaeT C MHHHMYMOM
npyroro usobpaxenust (puc. 111, 3). Ornowenne E’ ¢ E’yay COCTaB-
Jaser 74 %, T. e. Basnocn: OCBELIleHHOCTEH B IABYX PsJOM pPaclojoXeHHbIX
Toukax pasHa 26%. Takoe nonymenne Pasiess 10 HEKOTOPOH CTeNEHH ABJISA-
eTCs MPOM3BOJIEHEIM H YCJIOBHBIM: (PaKTHUECKH [J1asd yXe pa3JsiMyaeT JBa
usobpaxenus, ecan orHowenue E' .0 E'.,, He menee 95—97%, uTo
COOTBETCTBYeT BeJIHUMHE 2y, paBHo#l 3,25, T. e. Ha 20% oTnmyarowefics or
NPHHATOH P3neem,

Ecau xe npuuath z; = 3,83 u nmono-
xuthb B popmyae (I1I, 20), yto ¢ = o
JIHHEHHOMY TNpejesly paspellleHHs H A =
556 M, monyuum:

1,224 1
gy = — = MM I11,2
’ ( D ) 1475¢ (111,22)
ff
HJIH
1 - . 111 3. "
Ny = — = 1475e mn7, A R s S
9 CaMOCBETAWHXCS TOYeK

D
TAee = - — OTHOCHTENLHOE OTBEpCTHE obbekTHEa. Popmyna nonyuena

IS TOUKH H300p axKeHHs, PacloJioKeHHOH na onTHUecKoil ocH. Hetpynuo
coobpa3nth, 4TO NHHEHHLIH Npejies1 pa3pellleHHs NPH H300paxKeHHH ABYX
TOYeK, pacrnosIOKeHHEIX BHE CIITHYECKOH OCH — B TOYKe rayccoBoH IJoc-
KOCTH, OMpeJie/IfieMOl IVIaBHBIM JIY4OM, 06pa3yIolHM YroJ w' C onTHYec-
KOH 0OCbhiO, OnpeAe/IHTCA:

a, qa,

g, =

m 9 =

cos*w’ ’ 4 cosw’ ’
rae OmHO; — J!P[Heﬁﬂble Hpe;.‘l.e.ﬂbl paspemEHHH COOTBETCTBEHHO B MepHI[H-
OHAJIbHOM H CarHTTaJIbHOM HaIllpaBJIEHHAX. OTC]OJla HaXoIdHM:

N, = -1 —N, cos*w’; N,=-1=N,cosw'. (II[,23)
Sm s

Taxkum o6pa3om, paspeluaiouias CHJia HAeaJbHOro o0beKTHBa HMEeT HaH-
6oab1yio BennunHy N, B LleHTpe NnoJid 3peHnsi. B Toukax BHe HeHTpa MoJsd
paspeluaiollas CHJia B MEpHAMOHAJIbHOM HaNpaBJeHHH B cos’w’ pa3 MeHb-
lile, yeM B HaNpaBJeHHH caruTTanbuoM. Hanpumep, y HaeanbHOro o6beKTH-
Ba C yIJ/IOM 0Jisi B IPOCTPAHCTBe H3o6paxennd 2w’ = 60° paspewaiouias
CHJIa Ha KPalo oJIsi B CarHTTaJlbHCM HanpaBJenuy Ha 14%, a B Mepuuo-
HaJbHOM HanpasjeHdd Ha 35% MeHblue, YeM B LIEHTPE NOJS.

Y peanbHbIX 06BEKTHBOB BCJIEJCTBHE HaJlH4YHsA abeppalluii 3TH COOTHO-
IUEHHS MOTYT ObITh HHBIMH, HO paspellziolllas CHJia B LleHTPe MoJiA BCerja
Haubosbluas.

3. Bausanue neoOKyCHpPOBKH HA NH(PAKLHOHHYIO KAPTHHY H300paxenus
Toukd. EcC/IM 32 NJIOCKOCTh YCTAHOBKH NPHHATH HE rayccoBy IJIOCKOCTD
H306paXKeHHs, a KaKylo-TO MHYIO, CMEILIEHHYIO OTHOCHTE/IBHO rayCCOBOi

243



Ha paccrosHue A, TO AMPPaKUHOHHAA KAaPTHHA B CMELIEHHON MIOCKOCTH
H3MEHHTCH; OCBeLleHHOCTb E'§ B LIEHTPe YMEHBbLUINTCS, a Paspeliaonas chaa
cuusutcsa. Bocmosnksopapuncs (I11, 7) u (111, 8°) u oOpatnB BHHMaHHe,
YTO BCJEJCTBHE CHMMETPHH CBETOBOH BOJIHBI OTHOCHTEJBHO MEpPHAMOHA/b-

HOH NJIOCKOCTH HHTErpalg
S 2
j sin (Tau' cos 9') ds

paBeH HYJIO, HAXOIHM:

P"'P; 0" =2 . , o
Co = j' cos— Au' cos (T ou’ cos 9') p’ dp' db’;
p'=0 6" =0

P'”F; =2
o T " 2n ’ AP ’ ’
Sy = P 5 j‘ sin— Au t:os(—-—)L au’ cos )p dp’ do’.

'=0 0'=0

IMonbsyschk nMpuMeHsBIINMHACA BHIIE 0603HAYCHHAMH, MOJMYYHM!

]
Co=2r J cos——Au" Iy (2p’) ¢’ dp’;
K } (111,24)
’ 2
Sy = 2= J sin % Au" 1, (ap")p’ dp’,

e MO-NPEKHeMY: & = —°; g = 2_
p Y- = A ’ r .

BBenss HOByl0 nepeMeHHyl &k = -Er = TAe u; — BBIXOXHO M
] 1

anepTypHufi yroa o6beKTHBa, HaX0MHM:
- =]
Cp» Sp=2r 5’ cos, sin (Pk?) I, (zk) kdk, (I11,25)
k=0

L] o2 Ine .
rape I-’=-)‘—£h..:l i Z2=ap’ -
B uentpe auppaxunonsoro nstua z = 0 u BeneacTsHe Toro, uro [((0)=1,
HMeeM:
- =t
Cy(0), S5 (0) = 2n 5 cos, sin (Pk®) kdk;
k=0
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NOJIOKHB k* = X, MOMYUHM:

'c“:.,(0)=:°f cos (Px) dx = = s‘;";

1
S, 0)=r= bf sin(Px)dx == ﬂ-:;ﬁﬂ )
Ecan painyc BHIXOAHOTO 3p a4Ka OGBEKTHBA BHIPA3HTb He B OTHOCHTEJb-

Holt Mepe (B = 1), a ero aGCOMOTHON BeJIHYHHOM p’y, NOMYUHM:

Co0) ==1E o' S0 == 0=22B ot am26)

OcBeleHHOCTh B IeHTpe AH(PaKIHOHHOTO NMATHA B TJIOCKOCTH, CMeIleH-
HOH Ha BeJIHYHHY A OTHOCHTEJbHO MJocKocTH I'aycca, Bhipasutcs Gopmy-
aoit (I11, 4), B KoTopoit ciefyeT MONOKHTL 8’ = r':

' Al’ : .t ngp" sin "é"P
B GO+ SO =a" 0|2 ).
r —P
2

OcBellleHHOCTb B LEHTpe CeYeHHs FaycCOBOM MUVIOCKOCTH MOJYqHM,
noioxxHB A =0n P = 0:

ﬂ:'pl

At

Ej=A"

MPUULUIH, ecTecTBeHHO, K dopmyne (111, 14°).
Hs nocneannx AByX BhIpaxKeHHH HMeeM:

1 2
Ei ﬂn-E-P
= -\ (111,27)
TP

rie P = ;—A Hu'h= 2:1%; L — Bennyuna BosnHoso# abeppanum,

cooTBeTcTBYIOUasn fedokycupoke A (cm. I1, 59). Kak BiaHO, OCBELIEHHOCTD
B LEHTPe AHPPAKIHOHHOH KapTHHEI 3aBHUCHT OT BeJIHYHHEL P, KoTopas npo-
NOpIHOHAJNbHA PAaCCTOAHHIO TJIOCKOCTH pacCMaTpHBaeMOH KapTHHH OT
HeHTpa chepHIeCKoll CBETOBOH BOJIHBI, T. €. NMPOMOPIHOHAJIBHA BeJHYHHE
NeOKyCHPOBKH A HJM COOTBETCTBYIOIEH MocsefHel BOJHOBOH abeppa-

1
win L = —< Au"

@opmyaa (111, 27) onpenenser oTHOWEHHe OCBelleHHOCTEH B mEHTpaXx
AuppaKUHOHHEIX MaKCHMyMOB, 06pasyeMbiX HA€aJbHbIM OOBEKTHBOM, —
TaK HaswBaemoe ¥ M oJio llTpesnsn, HAHONMPpEeNENHTENbHY IO
ApKoCTh — B ciydae AedokycupoBkH. Ecan sKpaH, Ha KOTOPOM Ha-
Gmonaercst AubpaKUHOHHOE MATHO, NepeMellaTh BAOJAb ONTHYeCKOHA ocH,
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TO OCBEleHHOCTb B LEeHTpe OyAeT NepHOAHYECKH MEHSATHCA, NPOXOAs Yepes
MAaKCHMYMBI H MHHHMYMEI; STH axcrpemanbﬂue 3HaYeHHsl OCBELIEHHOCTEH
noayvatorcs, Korga P = 2nn, raen = 1, 2, 3..., T. e. nepBhiii MHHUMYM
NosiyyaeTc Ha PacCTOSHHH, LJiA Komporo n =1uP = 2mn, caenyio-
wHid — Koraga n =2 1 P = 4x.

B ta6a. I1I, 1 npusenensl BennyHHel yuces Lltpens nia pasnuuHbIX
3HaueHWH aprymenTa P u COOTBETCTBYIOLIHX €My 3HaueHHH BOJHOBO#H abep-

pauHH LT = -21—;- Ha Kpaiw KpyrJoro spadka.

Kak BuiHM H3 TabJIHIE], OCBEUIEHHOCTH B TOUKE Ha ONTHYECKOH ocH 06b-
eKTHBa OLICTPO MajaloT Mo Mepe ylajeHHus oT hoKyca HaeanbHOro 06beKTH-
Ba. Hanpumep, y o6beKTHBa C OTHOCHTEJNbHHIM oTBepcTHem 1 : 10 (&' =
= 0,05) pas anuHbI BOAHB A = 555- 107 M nepBbili MHHHMYM OCBEIIEH-
HOCTH HacTynaeT NpH P = 2m, 4TO COOTBETCTBYET JedOKYCHPOBKE A =
= 0,44 mm ¥ He 23aBHCHT OT (POKYCHOTO PacCTOSTHHSI OGBHEKTHBA.

Ta6auua 11,1

PE.CIIPCJIEJICHHE OCBEUEHHOCTH BAOJAbL ONTHYECKOH OCH

P 0,00 |05= [1,0x 1.5 |20= |25 |[3.0x 3.5 4,0 =
L

- 0,00 0,25 |0,50|0,75]|1,00]1,25|1,50| 1,75 2,00
AR 1,00 | 0,81 | 0,40 | 0,09 { 0,00 | 0,03 | 0,04 | 0,02 0,00

Besnnunnoit yncaa LTpesist HHOTAA MOJIB3YIOTCSA B KayeCTBe KPHTEPUs
KauecTBa M306pazKeHHs TOYKH, AaBaeMOTo peaJsibHEIM OOBEKTHBOM 110 OTHO-
IIEHHIO K M300pa)KeHHIO TOYKH, 06pa3yeMoMy HIeaNbHbIM OGBEKTHBOM.

ITpH yObIBaHHH OCBEIIEHHOCTH B ILEHTPaJIbHOM MaKCHMyMe OCBelleH-
HOCTb CBET/IBIX AH(PPAaKilHOHHBIX KOJel yBeJHYHBaeTcs, a TeMHble KOJbla
TaKKe 3aNoJHAITCS cBetoM. Hanpumep, npu AepoKyCHPOBKe, COOTBETCT-

Bylolled BOJHOBOH abeppauuu il — noaropel BoaHEL (P = 3m), Kak
y 5 p

cefyeT H3 TaG/IHLbI, OCBELleHHOCThL B LEHTPe COocTaBnseT TogbKo 4% Toi
OCBeleHHOCTH, KaKas MMoJy4yaeTcss B IeHTPe B IIJIOCKOCTH HMAEaJbHOTO K30-
Gpa:KeHus; MUHHHMYM OCBel€HHOCTH, KaK IOKA3LIBAlOT PacyeThl, B NE€PBOM
IApPaKIHOHHOM KOJbLE BbiPaXKeH OTYETJIHBO, HO OCBELIEHHOCTh B HEM He
HYyJb, a 0,4 %; 4em Gosiblue AehOKYCHPOBKA, TEM PaBHOMEPHee paclpefielie-
HHe OCBEL@HHOCTH 110 BCeMY NATHY paccesHHs. Paspeluaoliasi CHia o6b-
eKTHBa M0 cpaBHeHHIO ¢ TeopeTnyecKoi (I1I, 22) npu 3ToM cymecTBeHHO
CHHIKaeTcs.

4. Paspewaomas CHAA H KOHTpACT M300paKeHHs pellieTKH coseplueH-
HbIM of6bekTuBoM. Omnpenenenne paspeliarooiied Cuabl H3 HaGMONEHHA
HaHMEeHBIIero pacCTOSHHSA MeXIy H306pakeHHsIMH ABY X TO4YeK (HampHMep,
JIBOHHBIX 3Be3]1) NPHHSATO IVIaBHBEIM06pa3oM B acTpoHOMHH. I1pu ucneiTaHiH
dororpapHyecKHX HNPOEKIHOHHBIX OGBLEKTHBOB Pa3JHYHOTO Ha3HAYEHHS
MPeANOYHTAIOT ONpPeAeATh PaspellaiGiilyio CHlY, PACCMAaTPHBAaA BU3YaJbHO
HJH GoTorpadHpys H306pakeHHs He TOUEK, a MOJOC OAHH2KOBOH TOJILLH-
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HEI, pa3JieJIeHHBIX TPOMEXYTKaMH TOMH 2Ke TOJIIKHBI. DTH MOJOCH PA3JIHYHO
opuentHpoBaHnbl (puc. II1,4), o6pasys HenbiTaTenbHBIH TeCTOGBEKT (Mu-
PY), MO3BOJSAIOIHHA OINEHHBAThL PaspelIalollyl0 CHJY HCIBITYEMOTO 0GbeK-
THBa MPH H300pax<eHHH HM Pas3JHYHO OPHEHTHPOBAHHLIX MOJIOC — B Me-
PHIHOHANBHOM, CaTHTTAJbHOM H JAPYTHX HanpaBjeHHAX.

Kak nokaspiBaeT TeOPEeTHYECKHH aHaJiH3, HaHMeHbluee paspeliaeMoe
paccTosgHHe MeXJy cepeXHMHaMH H300pameHHH NBYX CBeTJHX I0JOC OKa-
abiBaeTcs Gosiee HIH MeHee GIH3KHM K TOMY 3HAYeHHIO, KaKoe MoJydyaercs
IS OBYyX CBETSALIHXCS TOYeK.

20 25 Vso

IIIIIIII %
N=
WAL

/NINYTR

o

ENENE’

85 A 90 95

%
< Tl NN [

Pui

n

111, 4. CxemMa mTpEXOBOR MHpPHI

AHanu3 CylecTBEHHO YMpOLIAeTCsH B CJyyae ONpelesieHHs JHIIb HaH-
GonbHX (E' ) B HauMeHblwuX (E'y,,) 3HaueHHH oCBellleHHOCTeH B Ce-
penHHax u3006paMKeHHH TEMHBIX H CBET/LIX MOJIOC PABHOMEPHOH PEIIETKH C
GeCKOHeYHO GOJIbIIHM YHCIOM GeCKOHEYHO NJHHHEIX IIOJIOC, PaccTosiiie a
MeXIy COOTBETCTBEHHLIMH TOUKaMM H306pakeHHH, HampHMED MEXIY cepe-
KMHAMH JBYX NOCJIEOBATEJNbHLIX CBETJILIX HJIH TEeMHBIX [0JIOC, Ha30BeM
NEpPHOJOM PELIeTKH: WHPHHA TeMHOH (WM cBerJioll) nmosockl paBHa b =

= ==(q.
2
3a eauHuLy AJIHHEL 115 H3MEPEHHS paccrosiuuii a # b yno6HO NPHHATH

AJHHY, paBHYIO FP 7y T. €. JOJIIO ,H,J'lHHhI BOJIHHI, OIIPpENENAEMYIO OTHOCH-

TeJIbHbLIM OTBEpCTHEM 00beKTHBA: 25’_ 1 f—,=s HJiH, B GoJlee oblemM cayyae,
. 2
YABOEHHbIM anepTypHbM ynciaoM: 24 = 2sinu’ = P‘ B MNpPOCTpPaHCTBE
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nso6paxennii. Corsaacuo dopmyae (I11, 16), BcAKkasa AMHHA ¢ B MJIOCKOCTH
n306paxkeHH# , ©3aMepPeHHas B TAKHX eIMHHLAX, YHCJEHHO PaBHA apryMeH-
Ty 2,, ONPEAEAIOLIEMY OCBEIIeHHOCTh B TOUKE Ha PACCTOSIHHH O OT LIEHTpa
KpPYyXKa DpH.

IeficteurensHo, 0GO3HAYHB Mepy JJMHH O B HOBHIX €JIHHH-

uax GyKBoOil O, HMeeM:

o= =2, (111, 28)

e e
Af
(55)
ITpu TakoM BeiGOpe eAHHMIL AJIHHE, Pas/IMYHBIX AJS PasHEIX OGBLEKTH-

BOB, BhIPaXXeHHsl A/1fl OCBElleHHOCTe! B COOTBETCTBEHHBIX TOYKAX OCTAIOTCS
HEH3MEHHEIMH Y BCeX HAea/IbHHX 00beKTHBOB, M3 Teopun audpakumuy ce-

AyeT, YTO eC/IH MEePHOJ, H300paXKeHHsA pelleTKH @ B YKasaHHEIX eJHHHIAX
PaeeH v, TO OCBELIEHHOCTH BO BCEX TOYKaAX HBOGpﬂ}KeHHH pelueTkH, AaBae-
MOTO H€aJbHBIM O0GBEKTHBOM, OAHHAKOBELI; B 3TOM CJIy¥ae IJIOCKOCTb H30-
OpaKeHHS pellleTKH paBHOMEPHO OCBellleHa ¥ He OTJIHYaeTcsi OT H3obpaxe-
HHSI paBHOMEPHO CBeTAllelcA MaocKocTH. Jlas sToro mpesiesHOrO Cllydas
HAaXOJHM SHaueHHe MePHOJA DEleTKH g, TMOJIOXKHB B ¢opmyse (I11, 28)
0 =a =%

LIS

- = (111, 29)

PPN I -
* D
TaKUM 06pasoM, Hame Tako# HAeaNbHEIA OGBEKTHB @ OTHOCHTEJABHEIM OT-
pepcTHeM & = 1 : 1 He MOXeT JAaThb paspellaeMoro H3oGpaKeHHs pe-
IIeTKH, €CJIH MepHOX H306pajKeHHA pelleTKH @ MeHblle JJIHHB BOJHHI
a<h
Ins cOOTBETCTBEHHOTO NpeJie/IbHOTO 3HauenHsi N, paspelnaiomef CHIB
HAEaJbHOTO 00BEKTHBA — YHCJIA pasiHyaeMbIX JHHHA Ha 1 mm H300paxe-
HHSl pellleTKH — HaXOLHM:

HJIH, ONOXKHUB A = 555-107% mm, nMeem:
N,=2A-1800 = 1800e mu1, (I11, 30)

Ins pacno3HaBaHHUA OTAEJIBHBEIX M0JIOC B H300paXKeHHH PEIleTKH HMeeT
3HaueHHE PasHUHe MeXXJly yKa3saHHBIMH Bhillle BeJIHAHHaMH OCBellleHHOCTe
E’ axe B E'yux M CBA3AHHBIH C HUMH KOHTPACT H306paXKeHHs, TaK KaK BO3-
MOXHOCTh Da3/IHYEHHsl OINpeje]feTcs KOHTPACTHOH YYBCTBHTEJIbHOCTBIO
npHeMHHKa W3oGpaxenns (ryasa, gorosnemenra, ¢orocaon).

Benuunny xoHTpacra H306paXeHHA MOXKHO XapaKTepH30BaTh BLIpaxKe-
HHeM el

E = M_ (111, 31)



B nanvuefimem mMbl 6yieM M0/b30BaThCA APYTOf XapaKTepHCTHKOMN BeJH-
YHHH KOHTpacTa:

E E

B T e (111, 32)
Emltc + Em
OueBH/IHO, BeIHIHHKL k' H k' B3aHMOCBSI3aHH IPOCTHIMH COOTHOICHHSIMH:
4 -, 2k’
k' = i R = . I11, 33
2—F L+ ¥ 159

B caygae uaeanbHOTro OGBEKTHBA BE/IMYMHA KOHTPACTa k' siBasiercs
npocToil GyHKuMed TONbKO NepHoIa @ H300paXKeHHs pelleTKH:

8
are

(I11, 34)

I

4
1+ M@)

rae M(a) — HeKoTopas QyHKuMA, onpeleNsiomas SKCTpeMalbHble sHaye-
HHsl OCBEIICHHOCTeH B CPEJIHHX TOYKaX H306paXeHHH CBETJION H TeMHOl ro-
JIOC pellleTKH OXMHaKOBOM umplmu (@ = 2b):

Elane= [1 + LM
Eloes =— [I—-—;;-M(a)];

I11, 35
M(a)=M,——;-M,+—;-M5— { )
T sl e
7M1+ . Py My
rae
Mypis = Papes —SiN Pgppy s
c0S —- Paput =(27 + 1) = (111, 36

a>(2p-|—l)1r; p=091l2.--

Yucno anedos pynkuuu M(a) saBHCHT OT 3HayeHHs @ — MepHoAa pe-
IIeTKH — H PaBHO p + 1, NpHYEM p MOMKET MMETb Le/bie 3HAYeHHS OT

a
HYJIsi 10 6eCKOHEYHOCTH; NPH 3alaHHOM NepHoe a yucao 2p + 1 <o T.e
8HaYoK QyHKUHH M,,,, paBeH GJHKafilueMy HEUETHOMY UeJIOMY 9HCIY,
a a
MeHbIeMY, 9eM ApoGb —, HJH DaBHOMY €My, eC/IH — — HeueTHoe ueJjioe

a
quca0; 2p + 1 He MoxeT GbiTh GoJblle, YeM —, TaK KaK B TaKoM CJyyae

ypaBHeHHe, onpeleasioulee cos-;-q; aps1» TEPSIET CMBICIL.
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B sakiiouenne ykaxewm, uto ¢pynxuus (111, 34), onpenensiomas KoHT-
pacT usobpaxenus k', He COJEPKHT BEJIHYHH, XapaKTepPH3YIOUIHX 0GbeK-

THB; 3TO CBOMCTBO QYHKUMH &’ SBNSETCH CJeACTBHEM 0COGOrO BHIGOpA ey~

HHLBI H3MepeHHs MepHoia pemweTkH a. O603HAaYHM BeJHYHEY NepHoia pe-

IIETKH B MHJUIHMeTpax GykBofi a,; corsacuo dopmyse (I111,28), naxomum:
A A a AN a

ay=— — i i e

D T € ::-2—;'

OGo3HaYHM YHCJIO CBETJIBIX HJIH TEMHEIX I0JIGC, NPHXOLAMUXCs Ha | um
nonepeuHoi LIHHLI H300paXKeHHs pelleTKH, OyKBo#i N; oTciofa

1 noe 2nA
gy A a Aa

[IpHHEHMas To-npeXHeMy IJMHHY BOMHBI A = 555-107% mm, HaXomuMm:

LA .. . (111, 37)

N = 5660 T MuL - (111, 37)

3aMeTuM, 4TO B NpejeJbHOM Cjayyae npH a = m ¢opmyna (II1,37)
nepexoxut B ¢dopmyay (111, 30), npuuem N — N a
Monbaysice Beipaxenusmu (111, 35), (I11, 36) n (IIl 37), MoXKHO omnpe-

IEeNUTL 3HAYEHHA K KOHTPAcTa B H306paKeHHH HIEaNbHHIM OGBEKTHBOM
6eCKOHEYHO GOMBILOH PEIleTKH CO CBETALLUMHCA NMOJIOCaMH, pas3ie/ieHHEIMH
COBEpLIEHHO TEMHBIMH NPOMEXYTKAMH TOH XKe LIHPHHB, KaK (QyHKUHH Be-

JIHYHHEI -‘:1 U nepHoZa @ u3o6paxKeHHs pellieTKH, BHIPaKEHHOTO B ONTHYEC-
KHX enuauuax. OTHenbHble HX 3HAUEHHsA TpHBeneHsl B Taba. I, 2.
-Ta6nuua I11,2

N = N =
—_ a & —_ a k'

E [ 3

100 18 = 0,977 1000 1,8 = 0,593
200 9= 0,952 1200 1,b = 0.436
300 6w 0,924 1500 1,2 = 0,184
600 I=n 0,853 1700 1,06 = 0,044
900 2w 0,665 1800 T 0,000

Bosnukaer Bonpoc, B KakoH Mepe NoJyyeHHuIe pe3yJbTaThl IPHMEHHMBI
K JIeACTBHTE/IbHBIM pellleTKaM, HeCBeTALHMCA H OCBElllaeMbIM paccesiHHbIM
CBETOM, HMEIOWHM KOHEeYHbIe Pa3Mephl H OrpaHHYeHHOe YHC/I0 nojoc. AHa-
/I3 MOKa3blBaer, YTO NPH ONpeleNeHHLIX YCJIOBHSIX OCBeLIeHHs MpeicTaB-
JI€TCA BO3MOXKHOCTb NPH HCMEITAHHM paspeliaioliell CHJbl 06BeKTHBOB
110/1b30BATECS MHPAMH, NIPEACTaBJISIIOLIHMH PHCYHOK C YePHBIMH H Oe/IbIMH,
gaie npospayHuiMH nosocamu (cM. puc. 111, 4) pasavuHolt mHpPUHEL, pac-
[OJIOKEHHBIMH HA PACCTOSIHHSIX, PaBHBIX HX LIMPHHE. BuluncieHHe 3Haye-
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HHI KOHTpacTa k' y u3o6pakeHHH CaAMOCBETSAMHUXCHA PELIeTOK.C HeGOBIIHM
gHCIOM Todioc (5—15) AaeT pesyJbTaThl, MaJo oTaHvawouuecsa (Ha 2—3 %)
OT TAaKOBBIX [/l PellleTOK ¢ 6eCKOHEUHBIM YHCJIOM 10J10C. DTO MO3BOJSET He-
N0JIb30BaTh Ha NPAaKTHKE pe3yJbTaThl K PelieTKaMm C OrpaHHYEHHBIM YHC-
JIOM TOJIOC.

5. Paspewaomas chia 06beKTHBA NPH HecaMocBeTsleMcsi 0GbEKTe.
Beie 6bl1 paccMOTpeH BOMpoc O pasperuarouled CHJe NpH H300paXeHHH
CBeTsIHXCsA ToYeK H WTPHXoB. OZHaKO Ha NpaKTHKE 4acTo MPH HCcle0Ba-
HHMH paspeuaroliefi Cuibl 06beKTHBA MOJMb3YIOTCA KHCKYCCTBEHHBIMH 3Be3-
IaMH», T. €. OCBellaeMbIMH
MalbIMH  OTBEPCTHAMH B
9KpaHaX, pacroJoxKeH-

r
v
-2/ .
eKTaMH (MHpaMmH), COCTO- J[Az
SIHMH U3 YEPHEIX H CBET-
JbIX (Npo3payHBIX) TNO-
JIOC, OCBELIaeMBIX MPOX0o- Pue. 111, 5. Pacnpenenende ocBeuieHHocTH B H3oGpaxe-
'HHAX OGBEKTHBOB, OKasbiBAlOTCHA JOCTaTOYHO OJHSKHMH K TaKOBEIM,
MOJIyYeHHEIM BHILIE JJ1A CBETALIMXCA TOYEK.
CornacHo uanoxexHomy Boie (cM. III, 15), pacnpenenenﬂe OCBellleH-
"HOCTH B H306paKeHHH IBYX GJH3KO DAcCMOJIOXCHHBIX CBETSUIHXCS TOYEK,

HeIX B (oKanbHOH IO
CKOCTH KOJIJTHMAaTopa, HJIH

HHH HABYX HecaMoCBeTHALlHXCH TO4YeK
IAUHM CBeTOM. Teopus
NoKa3bLiBaeT, 4TO NPH Npa-
NOCHLIAIOUIMX BMOJIHE HeKoTepeHTHble JIY4YH, BEIPA3HICS chaefywomei dop-
MYJIOH:

creuHaJbHEIMHE - TecToOb-
BHJIbHOM OCBELIEHHH Pe3yJbTaThl, [OJy4YaeMbie NMPH NoAOGHKIX HCCJIeNoBa-

’ 2 L4 2
o)) (LG V] (111, 38)
g g

rae 2, 1 2''; — paccTosiHHS (B ONTHYECKHX eMHHIAX) TOYKH, B KOTOpOi
OMNpefie/IsIeTCs] OCBEUIEHHOCTh OT IEHTPOB ABYX AH(PPaKIHOHHLIX H300paxKe-
HHH.

PaccMotpum Tenephb cayyait, Koraa otBepctus A, u A, B Henpo3payHoM
skpaHe (puc. III, 5) ocmemalorcsa nuaocko#t soaHo# S, foxoasmen ot Gec-
KOHEYHO yJaJIeHHO# CB2Tsueiica TOUKH (HJIH H3 CBeTAllelicAa TOYKH, ycTa-
HoBJieHHO# B oKyce of6beKTHBa Kossumartopa). [TyceTs paccrosnie Mexay
OTBEPCTHSIMH B 9KpaHe PaBHO e, a ayun S;4; u S,A, 06pasyioT yroa g c
MJIOCKOCTbIO 3KpaHa. B 3ToM ciiyyae mapa KorepeHTHBIX .nyqel-l (S,A, n
S,A,) umeeT B Toukax A; H A, NOCTOSHHYIO pa3HocTb a3 §, onpenense-

Myto GopMyJIoii:
3 =2n -;- oS @ . (111, 39)

OcpetienHocTs £’ B KaKOH-HUSYIb TOuKe A’ NIOCKOCTH H306paKeHH o,
obpasyemoro o6bekTiBoM P’ (cm. puc. 111, 5), onpelneuTca BuipaKeH HeM:

251



I‘E-.‘“’::;[( 1,(,;))=+( 1,(2;))=+ 21,( ) 11 ( 7) cos3
J ] 47
(111, 40)
Herpyaso BHAe TS, 9TO IIPH PasHOCTH XoJia Jiydefi e COsQ = e:?u pasHOCTB

¢as 6 _—;—; B 3TOM CJIyyae nocjefHsas GopMyJa jaeT TOT XkKe pPesyJbTar

Kag 1 fopmyna (I11, 38), 1. e. npH TakoM cnocobe OCBeleHHA Npeaenl pas-
pelueHHs JABYX CBETAIIHXCH H HECAMOCBETAILHXCA ToueK copnajaior. Hs-
MeHss HeNpepLIBHO SHAYEHHS YIVIa @, a CJIEOBATE/IbHO BEIHIHHY € COS @,
MBI TIOJIy9HM TIEPHOAHYECKHE H3MEHEHHs] MHOXHTeNs cos § B mpenenax or
+1 no —1; npu sToM ocBemerHocTs E’ B fannoii Touke nsobpaxenns A’
GyJieT H3MEHATbCA B Npelresax oT

- I (z L(z) T
E =4[ (2) | f(=) (111, 40")
Z g i
A0 3Ha4YE€HHA
’ [ ] -|’
E'=4["(f') — "(_") " (111,407
) 5

rie, OYEBHAHO, 2’y H 2,"" — paccTosiHusA TOYKH A’ OT LeHTPOB ABYX aud-
PaKIHOHHBIX H306pakeHH#i; B CBOIO 09eP2/ib PACCTOSAHHE MEXY STHMH LEeHT-
TPaMH paBHo (2'y—2"'4).

ITonoxuM Aadiee, 4TO Te ke oTBepCTHs A3 B A4 (cM. puc. 111, 5) ocema-
10TCA Kpyrjo# cBeTslencs MIaCTHHKON, pacnoJioxkeHnHol Ha TakoM 60Jib-
IIOM PaCCTOSIHHH OT SKpaHa Q, 4To JyuH, HAYyIiHe H3 KaKOA-HHOYIb TOYKH
MJIAaCTHHKH, MOJKHO CYHTaTh Napajlyie/IbHBIMH, @ COOTBETCTBEHHbIE BOJHbI—
MVIOCKHMH.

Jlns 3TOTO CJydas TEOpHS AaeT cJeAylollee BEpaMeHHe OCBEUEHHOCTH

E’ B xakoft-uu6YAB Touke A’ IIOCKOCTH H306paXkeHus, o6pasyemoro o6b-

eKTHBOM: —_ [ ( _;,_iz,_) )’ + (i‘ﬁ)_)‘ +

J

R '“1( z; ) "1 (.z;) l“ (c (.z; - z:)) ] ; ("I, 40)
The ¢ = %; AO n A — anepTyprle YHCJIa COOTBETCTBEHHO OCBETHTEJIA H

006beKTHBa,
B mpenensHOM caydae IUIOCKOR BOJIHH, KOrZa BMeCTO cBeTsilieics yza-
JICHHOR IJIACTHHKH MMeeM yJlajeHHylo Touky, A =0,c =04u

o [L2eL=D ] 1

¢(z—2)
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BripaenHe, crosilllee B NpsIMEIX cKo6Kax dopmyast (111, 40’"’), o6pa-
uaercs B KBajpaT CyMMEI, T. €. COBIAJIa€T CO 3HaueHHeM CKOGKH B dopmyie
(11, 40"). MuoxuTeab MIEpe CKOGKo#H o6palmaerca B HyJIb, T. €. JUIs TJIOC-
Koii BosiHbl opmyaia Ager E' = 0, Tak Kak My40K CTPOro mapajeJbHHX
Jyuedl He MOXeT o6/1afaTh 3HepTHeH: OCBellleHHOCTb CO3JaeTcsi MyYKaMH
napaJieNbHBIX Jyyel, 3anoJMHAIOIMX BECbMa MaJIblii TeJIeCHbIH yroJ.

Ilna Geckonewno GosbLIOro cBeTsUlerocs SKpaHa (A, = 1) Ttperuft
useH B cKoGKax opmyJsl (111, 40°'") umeer Manbie 3HAUEHHS H TeM MEHb-
mue, gem Gosbme 2’y —2''; — pacTosiHHe MeXNIy H306paKeHHSIMH OTBepc-
THH; NPaKTHYECKH OCBellleHHOCTb NPH 3TOM MaJio OTJIHYAETCSA OT OCBelleH-
HOCTH, CO3/iaBaeMOH CBETHUIHMHCS HEKOTepeHTHRIMH TOUKaMH, KaK 9T0O BHJA-
HO H3 cpaBHeHus ¢ (opmyuoit (111, 38).

Taxum o6pasom, MeHss yCIOBHA OCBellleHHs 0GOHX OTBEPCTHH B Hempo-
3payHOM 3KPaHe, MOXHO H3MEeHSTh OCBElleHHOCTh B TOYKaX MeX1y H3o6pa-
JKEHHAMH OTBEPCTHH, a cJIefloBaTe/IbHO, H Tpelie] pa3pellieHHs; OT TaKoro,
KaKoH MOJIy4aeTcs TpPH KOTePEeHTHOM OCBElUIEHHH HEeCaMOCBETALIMXCS TO-
yeK, MOYTH JI0 TAKOro mpejesa, Kakofi COOTBETCTBYET CJYYal0 CBETAMHUXCA
TOueK, H3JMYy4alolHX HeKorepeHTHHH cer. [losiHOro mpHGAMMKEHHS B Tou-
HOM MaTeMaTHYeCKOM CMEIC/IE K HEKOTePEHTHOMY OCBElIeHHIO MOJNYYHThb
HeJb3sl; CTeNeHb NPHOMHKEHHST K HeMy Onpejie/iseTcs BeJIHYHHOM OTHOLIe-
HHSl anepTypHLIX yHcea — ocBeTHTenAsA A, U o6beKTHBa A.

H. C. PoxaecTBeHCKHH, 3aHHMaBIIHACA 3Tok Npo6seMo, Ha3BaJ OTHO-

A
IIeHHe ¢ = T!"" K03bdHIHEHTOM HEKOrepeHTHOCTH H NOKasaJ, YTO INpH

CTPOrOM MaTeMaTHYeCKOM aHa/u3e siBJlenns oba uncsa (A, 0 A) BXoAsT B
BEIpaXKeHHe OCBellleHHOCTH B BH/ie OTHOLUEHHHA: OCBETHTEJb C anepTypoil A,
MOXET JlaBaTh KOTePEHTHOE OCBellleHHe H, CJIeJloBaTe/bHO, CHHXKAaTh pas3-
pelaoilyio cHJny OOBEKTHBa, ecH amneptypa A, CIHIIKOM Maja Mo
CpaBHEHHIO C anepTypoi A o6bEKTHBA, H B TO e BpeMs MOXKeT 06eCeuHTs
NoJIHOE HCIIO/Ib30BaHHE paspelaloed CHJIB Apyroro o0beKTHBa, C MEHb-
IIHM anepTypHuEM yHcIOM A. IIpH HenEITaHHAX OGBEKTHBOB MOXKHO MOJB-
80BaTbCH TAKXKE H HECaMOCBeTAIIMMHCA TecToGbeKTaMH (MHpamH), o6e-
creyHBas HX MpaBHJbHOE OCBellleHHe B MpefiesiaX IUHPOKOA anepTyphl

§ 2. PASPELIAIOIIAS CHJIA PEAJIBHOTO OB BEKTHBA

Cdepryeckasn cBeToBasi BOJMIHA MOC/Ie NPOXOXKACHHS dYepe3 OGBEKTHB
npHobpeTaer CJIOKHYI0 HechepHuecKylo (opMy; MY4YKH Jydei, OPTOrOHa/b-
Hble K BOJIHOBOH NMOBEPXHOCTH, NePecTaloT GLITh rOMOLEHTPHYECKHMH. Boa-
HOBas MOBEPXHOCTb NPHOGpeTaeT onpefie/ieHHkie OTCTY/IEHHS OT HACANbHOH
cepuyeckofi NMOBEPXHOCTH BOJIHE, H3MepseMbIe [0 HOpPMaJAM K Mocse-
Hel M HasbBalolUIHecs BOJHOBLIMH aGeppalHAMH; OHH OJHO3HAYHO CBf-
3aHbl ¢ abeppaluHsMH IeOMETPHYEeCKHMH, PacCMOTpeHHHIMH B Truase II.
Kak Tam Gbl10 NMOKasaHo, BoMHOBasi aGeppauns L aBnserca QpyHKuHe#d oT
m’ 1 M’ KoopAHHAT mepeceyeHHs Jyda € MJIOCKOCTBIO BHIXOAHOIO 3pavKa.

1. OcBeleHHOCTH B TOYKE Ha OCH MpH cepHyeckoll aGeppauun. 3Has
SaBHCHMOCTb MeXJy chepHueckoii aGeppauueli H BOJHOBOH aGeppaunei
L, Buipaxkaomefica gopmyaoi (11, 6): . '
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| .;!‘_ j 3g'dm’ (111, 41)

uau dopmyaoi (II, 56):
L=jas'u'du', (111, 417
rIe ana o6beKTHBa i’ ='f"—,' ur’ =f', MOXHO BLIBECTH BhIPaXKeHHe AJSA

BBIYHCJIEHHS OCBEIEHHOCTH B TOYKE Ha OCH CHCTeMbl, 06afaoled ocraToy-
Ho#l cepuueckor abGeppanneit. Ilocse npocThix npeoGpasoBaHHii, aHaJo-
THYHBIX TeM, KOTOpbIe OLIIM BBLINOJHEHB! NPH BbiBoAe (GopMy.nl JedoKycH-
poBkH (II, 7), monyunm:

e, 8 e 5 cos, sin l;‘— (L + ou’ cos§") dS. (I11, 42)

3amernm, 4To K 310t popmyane npuxonum H3 (111, 7) u HemocpencTBeH-
1
HO, €C/IH BMECTO BHIPaMEHHS A #'%, cOOTBETCTBYIOLIETO BesHuuHe Jedo-

KyCHPOBKH B BOJIHOBO#i Mepe, HalHLIeM BOJHOBYI0 abeppauuio L BooGiue
1 nepemenuM B (II1, 7) 3HaK y apryMenTa, 4TO He MOBJHSAET HA BEJHUHHY
OCBellleHHOCTH, NPONOPILHOHANbHYIO0 cymMMe KBaipaToB: Cy? 4 Sg2.

Ecan cerswascs To4yKka o0beKTa pacnoJiokeHa Ha OCH H ONTHYECKast
CHCTeMa LEHTPHpPOBaHa, TO NocjegHAsd (opmysa NPHHHMAET CJeRyOLIHE
BHI: )

2

Cyr Sy = 2n j cos, sin (27“ L) Iy de's (111, 43)
0

2na
Tle NO-NPEKHEMY @ = -

B nenrpanbHo#i Touke naudpakunHoHHOTO NsATHa a = 0 H [,(0) = 1
HaXOIHM: r
Py
. 2n ’ ’
Cop So=2r j cos, sin (T L) p'dp’. (111, 44)
0

BosnHoBasi aGeppauusi L onpenensierca (III, 41°) u nna o6bekTHBa

!
W =fH= ;—, BEIPaKaeTcs hopMyJIoit:

o
L= [awar.
F s
Ilnsi BonHOBOM aGeppauHH TpeTbero MOpAAKa, Kak ObIIO NMOKa3aHO B
raase I (cm. II, 57), umeem:
S
1 uf‘

Ly=—+~

vy
8n’ I=MP1’
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rae

;T

8“1":6

~ BeeZlem BcniomoraresibHyo NepeMEHHYIO:
zi‘._—..4-£i-=4-i:—p". (111, 45)

IMocne snementapuux npeobpasosanuii .u3 (111, 44) Haxomum:
—_— v
= A . EOF
Cor So= = ‘/ = oj cos, sin == do; (111, 46)

MPHLLIY K H3BECTHHIM B TeOPHH AH(paKuuu HHTerpanaM PpeHens, Tabiau-
bl YHCJIEHHBIX 3HaYeHHA KOTODEIX MOXKHO HaHTH B pas/HYHBIX MecCTaX, B
YaCTHOCTH B H3BeCTHHIX TabaHuax flHxe u dMze.

Hs (I11, 4) u (111, 14’) nonyynm yao6Hoe /s YHCIEHHKEIX PACYETOB BEI-
paXkeHHe OTHOIUEHHS OcCBelleHHOcTeH — Benuuuny uuciaa Hlrpeas —
NpH HaJIHYHH cepHUeCKoH abeppalHH:

’ v 2 v 2
E.L 1 a0t . m
—-E[; e [(j cos —— dv) + (Jsm — dv) ]. (I11, 47)

0

rae v* = 4-%. 3a1aBasch 3HAYEHHAMH BOJIHOBOM abeppanuu % H onpe-

IeNMB BEJIHYHHY BCOMOTaTesIbHOH mepeMeHHOH v, HaXOIUM H3 TabJIHLL YMC-
JIeHHBIX 3HaYeHHH HHTerpaJyioB Ppenesis BeJIHUHHEL, BXOAsAUINE B GopMyay
(111, 47), npuBenennne B Tabu. 111, 3.

; Ta6aunna III,3

OcBewenHoCcTs HA OCH NPH .HAJAH4YMH cepHueckoii aGeppauun

L

— 0 0.25 | 0,50 | 0,75 0,90 1,00 | 1,50 1,96

v 0 1,00 | 1,41 ] 1,73 1,90 2,00 | 2,50 2,80

£ E 1,00 | 0,80 | 0,40 | 0,13 0,08 0,09 | 0,09 0,05

L*™0 nepshifi BTOpO#
MHHHAMYM MHHHMYM

M3 conoctapnenns NaHHBIX 3TOH TaGJHIbI C MOJyYeHHEIMH BhIlle (r/a-
Ba IlIl,§ 1) snavenusmu kKoadpduunentor [ITpens npH nedoKyCHPOBKE BHI-

HO, 4TO B 006J1aCTH MaJIbiX BOJHOBHX aGeppamuii (mo il- = 0,5) sHayeHHs

yucen [llTpesns coBmanaioT Kak B pe3ynbTaTe AeOKYCHPOBKH, TaK H NPH
HaJIHYHH chepHYecKok abeppalliy; JHIIb NPH GOJMBILHX BOJHOBEIX abeppa-

LHAX (% = | u Gonee) BennunHbl yncen [ltpens npu chepHyecKoi abep-
palHH OKA3LIBAIOTCS HECKOJIBKO GOMBLIMMH, YeM NPH AedoKyCHpOBKe; Ha-
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npHMep, NpH BOJHOBONH aleppauuu B MOATOPH somm—f = 1,5 guncao

Lltpens npu medoxycHpoBKe cocTasJser okoso 4%, a npu chepugeckoi
abeppauun — 9%.
U3 conocraBnenns nannnx taba. I11,1 u I11,3 crenyert, 910 ecsin Boal-

HoBas abeppalus He NPEBHIIAET YeTBEPTH BOJHE (—’i— = 0,25), To KaK npH

nepoKycHPOBKe, TaK H NpH cepuyeckoh abeppauun gucaa llrpens cpas-
HHTE/BHO MaJ0 OTJ/IHYAIOTCA OT eQHHHMIK: eCJH MPHHATH OCBEleHHOCTDb
B LIEHTpPe rayccoBoro HsoOGpaKeHHs coBepiueHHoro o6wextnna 3a 100%,
TO B 0GOHX paccMaTPHBAEMbIX CJIyJasX OCBEIIEHHOCTH MOHH3ATCS JHIIbL RO
80%. 2710 NOCAYKHIO OCHOBAHHEM CYHTATH PealibHuIi 06beKTHB GIH3KHM K
ONTHYECKHM CBOHCTBAM HAeaJbHOr0 OGbeKTHBA, eC/IH BOJHOBLIE abeppaluu
nepsoro He npesbimaior 0,25M (ycaosue Panes).

Onuako Gonee moApoOHLIA aHaMH3 pacnpefie/ieHHs OCBEIEHHOCTH B
IMbpaKIHOHHOM NATHE MOKA3bIBaeT, YTO KAaK NPH Ae(OKycHPOBKe, TaK H
npH HaJauuHH cepudeckoii aGeppauus, a Tem GoJsiee aGeppauuii jApyroro
BHJA (aCTHIMATH3Ma, KOMH H T. 1.), HH YHcaa IlItpens, Hu kputepuit Pases
He Jal0T HCYEpMBHBaMolel OUEHKH KadecTBa W3oGpamenus. [Ipu ogunaxo-
BBIX BEJIHIHHAX BOIHOBEIX afeppaliuii H JaiKe NPH OAHHAKOBHIX BeJIHYHHAX
quces [lTpens, HO Npu HaAHYHK abeppanHil pa3/IHIHOrO BHJA pacnpeneJe-
HHE OCBEIEHHOCTH B 1,300paXKeHUH TOUKH OKa3hBaeTCA pasiHUHbM. B
paccMOTpeHHHIX NpHMepax npH cosnajaiomux Kpurepuax llrpens kavecr-
BO H300paxkeHHA NMpPH AeOKyCHPOBKe GYAET HECKOJNbKO HHXKe, 9eM NpH Ha-
auaHH chepuueckoi aGeppaunu. [Ipu ofHHAKOBHIX BOJHOBHIX abeppauHsx

(nanpumep, Aaxe npu + = 0,25) aucna Illtpens npu acrurmarnsme Gy-

AYT MeHbllie, 9eM NpH cepHUecKoil abeppallHH: B NEPBOM CJaydae BeJIHIHHBI
E’,: E*y cauxaiores 1o 70—60%, a Bo BTOpoM cilydae, KaK BHAENH BHI-
me, — 0 80%.

Hnrnmu cioBamu, npusHak [tpens BnosHe KocTaTodeH IS OUEHKH
KagyecTBa OYeHb XOPOIIHX OGBEKTHBOB C GOJILIIMMH YHCJICHHBIMH SHAYeHHs -
MH sT10r0 KoahduuHenTa (80% u Gonee). O6beKTHBAM YAOBJIETBOPHTENBHO-
ro KayecTea cooTBeTcTBYOT uyncaa [ltpenss okono 70—60%. Ilpu cpen-
HHX H MaJbiX (MeHbMX 50%) sHauenusx gucen llrpens nocnennue yxe
NepecTaioT XapaKTepPH30BaTh KauyeCTBO H306paM(eHHs TOYKH, TaK KakK pac-
npefieJieHHe 3HEPrHH B H306paXKeHHH OKasbiBaeTcsl CJOXKHOH (yHKumed
BHJa aGeppauuil; Bo BHeIHHe AH(PAKIHOHHLIE KOJbIA HAYHHAET Mepexo-
OHTH H3 LEHTPAAbHOrO MAKCHMyMa GOJIbIIAA 9acTb SHEPTHH H OCBEIleHHOCTh
STHX KOJIell JeslaeTCSl CPaBHHMOH C OCBElIEHHOCTHIO LEHTPaJbHOIO
MaKCHMyMa.

Kax nokasniBaer aHa/In3, B IJIOCKOCTH HaHMeHbILe# BOJIHOBO# abeppa-
WHH, AOCTHramlel ABYX AAHH BojH, 9ucyo [ltpeas He npesuimaer 20%;
OJHAKO Jake NPH TaKHX MaiuX gxcaax Illrpess paspewaiomwas cuia aas
BBLICOKOKOHTPACTHHIX 0GBEKTOB OCTaeTcsi MPAaKTHYeCKH TaKo# ke, KakK y
HIeaJIbHOTO OGBeKTHBa, HO H306GpaXkeHHe MoJydaercs Ha (oHe paccesHHO-
ro CBeTa, BCJIEACTBHE Yero Ma/IOKOHTPACTHHIE JETalH He H3obpaxKalores.

2. Pacnpenenenne OCBEUIEHHOCTH B H3006paKeHHH ToukH B obmem
cayuae. [lepBHYHEIM KPHTEPHEM KauecTBa H306paXKeHHs ABJAETCA pacnpe-
Jile/ieHHe OCBellleHHOCTH B H306paXkeHHH TOYKH, HA OCHOBE KOTOPOro MOryT
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6HITH YCTaHOBJIEHH! OMTHCHIBAEMBIE HHIKE CNOCO0bl OLEHKH KadecTBa u306pa-
JKeHHA — paspeluamoulass cHJa, NOrpaHHYHas KpHBas, 4YaCTOTHO-KOHT-
pacTHasi XapaKTepHCTHKa H Jp. BmecTe ¢ TeM, KaK NOKasuBalOT HCCJIE0BA-
HHf, HaHOoJee MOJHBIA H CTPOrHil cnocob, yYHTHBAIOUHA SBJAEHHE IH-
¢pakunH H abeppalliH CHUCTeMBI, OCHOBAH Ha NpeIBapHTe]IbHOM OIpenesie-
HHH BOJIHOBBIX aGeppalui.

Ina obmero cnayuasi, Korfa BosHoBas aGeppauus L Jyua sB/isieTca
yuxunelt koopauHar m' u M’ (mau p’ u 6') TOUKM mepeceyeHHs nyua
€ IJIOCKOCTBIO BHIXOJHOIO 3payka, a IeHTP cdeph CpaBHeHHA C
TNOBEPXHOCTDbIO PealibHOf BOJIHEI PACNOJIOXKEH B HEKOTOPOH PHKCHPOBaHHOM
TOYKe BHE ONTHYecKoi ocH, BMecTo HHTerpana (I11, 42) moxuo HanHeaTs:

)8, s 3{ cos, sin i;‘- L', 9)dS

WJIH B BHJie JBOHHOrO HHTErpaJja:

P=ry oran
Cpr Sy = j cos, sin (21: %) o'dp’db’. (111, 48)
p'=0 0'=0
BoanoBas aGeppauus L A5 HeKOTOpo# TOYKH P BOJMHOBOH NOBEPXHOG-

TH B JIOCKOCTH BbIXOJHOI'O SpaykKa onpeaesserca AOCTaTOYHO TOYHO H3 BHI-
paxceHus:

P
L= °°:p‘f’ S ®g’dm’ +3G'dM’), (111, 49)
0

rae
m'=p'sinf"; dm' =p'cosb’ db’ 4 sinb’dp’;
M =p'cosb’'; dM’' = —p’'sin6'dd’ 4+ cosb’ dp’,
rlie @' — yros [JIaBHOTO JIy4a C ONTHYECKOH OCbIO; p* — pacCTOSIHHE OT
BBLIXOJIHOTO 3pauka A0 rayccoBo# MJOCKOCTH. ‘

[MoncraBue Beipaxenusn Auddepenuuanos dm* u dM’ B popmyay (111,
49), nonyqHm:

} (111, 50)

r

6

P
el S (3¢’ cos 8’ —8G" sin ") db’ +
0

o
+5 ®g'sin6’ 4 3G’ cos6") dp’ |,
0

rae pp' B 0p* — mossipHbIe KOOPAMHATH TOYKH P.
Pas6uB BTOpoil HHTerpaJ Ha /jBa H NPHHSB BO BHHMaHHe, 4TO cos 0',=
=l usin 0’y = 0, HaxoauM: :
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P te
[ _cosw P}j (g’ cos b’ — 3G’ sine')d9'+f 8G'dp’ |. (111, 51)
0 0

1n’

Ap

B 3T0M BhipaxkeHHH BoJIHOBas aGeppauus L onpefenena B miockoctd ayc-
ca. :
BosnoBas aGeppaus B IJIOCKOCTH, CMEIIEHHOA Ha BEJHYHHY A OTHO-
cutesibHO miockoctH laycca, onpefe/lHTCA BhlpaX{eHHEM, AHAJOTHYHBIM
(II1, 51), HO mpH HOBHLIX SHAYEHHAX COCTABAAIOWMX abeppauHi 8g's n
6G’,, onpefiensieMbx OGBYHBIM CHIOCOGOM H MpH p's = p + A. Hurer-
pupoBanue Buipaxenus (III, 51) npoBoaHTCSE Mo pamuycy-BeKTOpPY H MO
Ilyre OKPYXHOCTH 0 ToukH P(p’p; 0'p), pacnonoxkenHo#t B MJIOCKOCTH
BbIXOAHOTO 3padka. C MOMOIIBIO 3/JEKTPOHHBIX BLIYHCAHTENBHLIX MaIUHH
(9BM) uncieHHOe onpejesieHHe BeJIHYHH BOJHOBLIX aGeppauuif mpoule Bce-
ro BHIMOJIHAETCS NMyTeM BHYHCJIEHHA nepsoro uHTerpana (111, 51) no npu6-
JuxkeHHok (opmye:

(]

P k=p
j’ (g’ cos 8" —3G’ sin 0') db’ ~ 2 (bgjcos 6, — 3G, sin 6;) AB; .
0 k=1

s Beucaenus Broporo uurerpania (111, 51) ymo6Ho BocnosibsoBaThest
dopmysioii Cammncona.

BennunHbl cocTaBisiomux aGeppauuit 8g’ u 8G’ onpenensiorca nyrem
HEeMoCpeACTBEHHHIX pacueToB Ha DBM nyuka Jiyueit, BRIXOAALULHX U3 JaHHOH
TOYKH NpelMeTa H 3aNOJHAIOMHX BXOAHOH 3padoK.

KoopauHaThl TOYeK nepecedyeHHs NJIOCKOCTH 3padka Jy4aMmH NMy4Ka Mo-
ryT GHITh 3ajlaHbl Pa3JHYHLEIMH clloco6aMu; BaXXHO JIHIIbL 3afiaThCsl MOCTa-
TOYHO GOJBLIUHM YHCJOM JydeH A0CTaTOYHO PaBHOMEPHO pacnpefie/leHHBIX
Mo NJICLIafH 3payka o6 beKTHBA. Bﬁlnoxasanu ONBITH MOJAOGHBIX PacyeToB,
3TO JOJLKHA ObITh COBOKYNMHOCTS H3 HecKoJbKHX coT (300—600) myueir.

Moxno, HanpuMep, SajaThCsl KBaAPATHOH pelneTKo#, B BepLIHHAX KO-
TOpo# pacnosIoXeHsl TOYKH INepecedeHHs Jy4edl Ny4YKa € IJIOCKOCTHIO
BXoAHoro 3pauka. OueBuano, cama DBM B npouecce pacuera onpeesuT
JefCTBYIONLYIO YacTb BXOAHOTO 3payKa, IPONYCTHB Yepe3 CHCTEMY JIHLIb Te
Jy4H, KOODAHHATH KOTOPHIX m U M B njlocKocTH JAeicrBylolled Auad-
parMbl YIOBJETBOPSIOT YCJIOBHIO

m? + M < ¢, (111, 52)
rie p — pamuyc AeficTBylomefi AnadparMbl; NpHOIMKEHHO HMeeM:
o~ Bapps 01 Papps mafapm; m'mPpm;  (111,53)
My M; M Bl

rae Bap H'E'ap — JIHHeHHble YBeJIMYeHHS COOTBETCTBEHHO BO BXOAHOM H
BHIXONHOM 3pavKaXx.

CiieloBaTeNIbHO: ) : ;
m' = Bopm; M' = PpM; p’ = Bapp; (111, 53")
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TAe Psp ——b3P — yBesuueHHe B 3pauKax Bcell CHCTEMHL.

3p
MoxHo sajaTbCl MYYKOM Jydel, nepeceKalomlHX MJAOCKOCTb BXOAHOrO
spauka B TOYKaX, KOOPAHHATHI KOTOPHIX ONpeflesleHbl Bhipa:KeHHSIMH:

k..
20

raek =1,2,...,,10un =1, 2, ..., 10.

[Tocne onpenenenus 3HadeHHit BoNHOBOH abeppauHuy L ofHHM H3 MeTo-
JOB YHCJIEHHOTO HHTErPHPOBAHHSA ONpPENeNsIOTCA 3HAYeHHs MHTErpasoB
@penens (111, 48), nosBoasiolm e BHIYHCAHTL pacnpejesieHHe OCBeleHHOC-
TH B usobpaxennu (111, 4).

s suiuucnenns Cy 1 S, ABofiHOE HHTETPHPOBAaHHE 3AMEHSIEM CYMMHPO-
BaHHeM, BblnoJHsieMbiM DBM:

Co =~ 2 p; Ap; 2 cos 2T”LA9; :

. M=op X cos 2, (III,59)

m==p X sin
10 10 20

. (111, 55)
r r . ® I3
S, = Z p‘Aptz sin ~=— LABi . .

[Ipn pacuere AHGPaKUHOHHOrO pacnpeneseHHs OCBEIeHHOCTH B H30-
GpaxkeHHH MHpbI BeauudHa E’(2,"’; y,'') paccMaTpuBaeTcs Kak QyHKUHs
pasHOCTH KoopauHat (2''—z,"’) m (y''—y,"’), rhe 2’ u y'' — Tekywmne
KOOpJAMHATHI B IJIOCKOCTH H306paxenus (cM. puc. 11, 1), a 2", y''y — Koop-
IMHaThl HeKOTOpoH (PHKCHPOBaHHOH TOYKH H300pakeHHS TeCToObeKTa
(MHpLI), B KOTOPOH OMNpefessieTcs: OCBELIEHHOCTh:

E' (20 40) L5 E; [(Z —2), (" —wo)] AZ’Ay”. (111, 56)

B srofi dopMysie HHTErpHpOBaHHE 3aMeHeHO TaKike ABOHHLIM CYMMHpOBa-
HHEM.

OnucaHuplfl 3nech B OGIHX YepTax MeTOJ pacyera BeCcbMa MNPOCT IO
HJlee, HO NpeJICTABJS B CBoe BpeMs GoJibliKe TPYAHOCTH YHCTO TEXHHYECKO-
KOro XapakTepa, TakK Kak Tpe6oBaJ BHIMIOJHeHHs GoJbIIOro o6beMa BhIYHC-
aennii. [Tosgaenue 3BM nosBoJn/O NOBCEMECTHO — H Y Hac, M 3a pybe-
JOM — pelllaTh 3TH 3ajlaud B MOBCEJHEBHOH NpaKTHKe oNnTHKa-pa3pabor-
ynka. [IpuMeHeHne TeopHH AH(PaKIHK AJis onpefe/eHHs OCBEIleHHOCTH B
H306paxKeHHH TOYKH aGCOJIIOTHO HEOGXONHMO B ONTHYECKHX CHCTeMaX, 06-

1
MajialomyUX MaJIbIMHE abeppautHsaMy (MeHbIIUMH——A); 5Ta TEODHS NPHUMEHHMA

TaKe B cHcTeMaX ¢ aGeppauusMu o 3—5A; BIpoyeM, NOCTEAHHE BeJHYH-
Hbl CJIelyeT CYHTaTh OPHEHTHPOBOUHKLIMH. K onTHueckum cHcTeMaM, o0Ja-
AAiOHM GONBIHME abeppauusiMi — OGOJBIIMME 5A, — yXKe MOTYT ObiTb
NpHUMeHeHHl YHCTO FeOMeTpHYecKHe (JyyeBble) METO/bl onpele/eHHs OcBe-
IeHHOCTH B H300paKeHHH. .

[NMpumerenne IBM no3Bo/IMT HaKOMHThb MOCTAaTOYHBIA MaTepHan
I YTOUHEHHS YCJAOBUH M IDaHHI, NMPHMeHeHHS AHDPaKUHOHHBIX H Jyde-
BHIX METOJIOB.

Hanoxum Kpatko HzAelo ayueBoro MeroAa. [1ycTb H3 HEKOTOPOH TOUKH
npeaMeTa MOCTYMaeT NYYOK Jyded BO BXOJHOH 3pa40K ONTHYECKOH CHCTe-
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Mbl. PasfieliM ofHHM H3 BOSMOXKHHIX CNOCOGOB 3pa4oK CHCTEMHl Ha AOCTa-
ToYHO 60JbLIOe YHCJO 3MEMEHTAPHBIX PaBHOBEJAHKHX nJuolanoK. Eciu guc-
JIO 3THX MJIOLLAJ0K BEJIHKO, a CJIefloBaTeJbHO, HX IUIOMAAH MaJbl, TO MOX-
HO CYMTATb, 4TO BCe JYYH, MPHHAJAJEKalHe ONHOH NJolllafiKe, NepeceKaloT
NJIOCKOCTh M300paxKeHHs B OfHOM Touke. HaHecs Ha yepTexe Bce 3TH TOY-
KH, KOODAHHATHI KOTOPLIX ONpENesIeHbl B pesyJibTaTe HeNoCPEICTBEHHOTo
pacuera ¢ nomombio 9BM xoja syueit myuka yepes ONTHYECKYIO CHCTEMY,
noay4uM QUrypy paccesHus Jiyded — reoMeTpuyeckoe H3o0paxenue
TOUKH.

Ecau ofiiee 4ucIo ToyeK B (HType paccessHHA ObIO B3ATO GOJIBIIHM
(HeCKOJIBKO COT TOYEK), TO YHCJIO TOYEK, PAcNOJIOKEeHHEIX B npeesaX BeCh-
Ma MaJioil IJolWanKH H3o0paxeHHsa A S’, le/leHHoe Ha oflee YHC/I0 TOYeK,
OYEeBHJHO, NMPONOPLUHOHAILHO OCBElEHHOCTH B JaHHOM 3JjeMeHTe (QHIyphI
paccesHHs.

Jlns 5KOHOMHH MAIIMHHOIO BPeMeHH MOMXKHO H36exaTh HeoGXOIHMOCTH
pacueta DBM coreH Jsydeii, a BOCNOJIb30BaTLCSl HHTEPTIOJALHOHHEIME (op-
MyJIaMH, B YaCTHOCTH, PEKOMeH/I0BaHHLIMH HaMH B ryiase I1 1asa onpenene-
HHSl COCTABJIAIIOUMX PeOMETPHIECKHX abeppaunii §g' u 6G’ n BoHoBO# aGep-
paunu L.

3. Paspemaiomas cHaa peanbHoro o6nexTHBa. Pacnpenenenne smep-
rHH B H3o0paKeHHH NpeaMeTa JIOGOA CTPYKTYPH! ABJSAETCS Pe3yJLTaTOM
CJIOJKEHHS OCBelleHHOCTel, NoJyyaeMblX B JAHHOA TouKe H300paxceHHSA
OT BCEX SJIEMEHTapHEIX ToYeK, o6pasylollHX CTPYKTYPY NpeaMeTa.

MeTtoa onpefienieHHs: ocBellleHHOCTefi HeCKOJBKO ynpoliaercs, Koraa
ABJEHHAMH NHPPAKUHM MOXKHO NpeHeOpedb M ONpENesATh OCBEIEHHOCTH
pas/HUHBIX 9/1eMeHTOB H3006paKeHHs Mo MJIOTHOCTH pacnpele/leHls Jydef.
Takoii ananns npumennM: 1) ecsin 06veKTHB 0o6safaer Go/bIIHMH abeppa-
HusAMH; 2) ecau npeaMer o6aanaer rpy6Goi CTPYKTYpOH, TO4HEe, COCTOHT U3
3JIEeMEHTOB, pasMephl KOTOPEIX B HECKOJIBKO Pa3 MpeBHIIAIOT pasMephl AHC-
Ka Dpu. B nocaenneMm ciydyae HaJloXKeHHe APYT Ha Apyra AHPPaKIHOHHHIX
NATEeH NPHBOAMT K CTJaXKHBaHHIO TOHKOH CTPYKTYPHI M300paxeHusd, T. €.
K TakoMy paclpelle/leHHIO CBETOBOH 3HEPrHH, KaK ec/qH Owl Audpakuus
OTCYTCTBOBaJa.

TeM He MeHee B Le/AX YNpPOLIEHHA aHaJu3a fBJEHHSA 0ObIYHO BHIOHpa-
IOTCH 3JIeMeHTapHbie 00beKThl NPOCTOH CTPYKTYPHl; B YacCTHOCTH, OYeHb
pacnpocTpaHeHb! pellleTKH, COCTOsIIHe H3 NapaJijie/ibHbIX CBET/IbIX H TeM-
HBIX MOJIOC Pa3/IMYHOH IIHPHHL! H PasHOM OPHEHTHPOBKH: NapaJlieJIbHO Me-
PHAHOHANBHOM W CATMTTaJbHOM NJIOCKOCTSM H B HanpaBJieHHAX, o6pa3yio-
mwux yroa B 45° ¢ npeauinymum (cm. puc. II1, 4).

[MocTpous, Kak 6blIO OnMKcaHO Bhillle, PUTYPY paccesHHs, HAJOXHUM Ha
9Ty ¢Gurypy KoHTYp (hopMbl NpSIMOYToOJIbHHKa, OfHa H3 CTOPOH KOTOPOroO
GecKoHeYHa, a ipyraa — IIHPHHOI 0. Tako# KOHTYpP COOTBETCTBYET y3KOH
noJioce WJIH wmesan GeckoHeuHo Gosbioi AauHLL. [ToncuuTeiBas 9HCI0 TOUEK
$urypsl paccesiuusi, pacnoJiOXKeHHHIX Ha MUIOMA/H, OTPAHHYEHHOH KOHTY-
POM, H nepemelnast KOHTYP 1o Beeii GUrype paccesHHs, MOJNYYHM pacnpene-.
JIEHHE OCBEIlEHHOCTH N0 NSATHY paccessHuA. [Tepe/iBHras STOT KOHTYP (L1esb)
napajniefibHO camoMy cefe B JKeJlaeMOM HaNpaBJIeHHH, MOXHO ONpPeJe/IHTh
pacrnpejeieHHe OCBEILIEHHOCTH, a 3aTeM — paspellalollylo CHIY ofbeKTH-
Ba /I MHPHI B BHI€ PEleTKH.
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Jas sToro Heo6XOAHMO onpeneuTh (MeTomoM MojcYeTa YHC/IA TOYEK)
3aBHCHMOCTb OCBeILleHHOCTH £'(x) KaK QYHKUMY X IPH Pa3AH4HON WKpHHE
o weau (puc. III, 6). HauepTus BTOpyio Kpusyio E’(x), oTcrosulyio ot
nepBo# Ha PACCTOSTHUH G, MyTeM CJIOXKeHHs OPHHAT ONpeieIHM CyMMapHYIO
OCBeLIEeHHOCTb OT ABYX menef. Ecain Mmuuumym stoit kpuso#t E’'y,, Ha 5—
10% menbiue, yem ee MaKCUMYM E', .., TO MOXKHO CYHTaTh, YTO oﬁ'hex'ms,
paspeluaer ABe MOJIOCH PeLIeTKH LIHPHHON ¢. STOT JaBHO H3BEeCTHLIH MeTOL
JIMIIB B HAIH JHH HAYHHAeT HaXOJHTb MOBCEJIHEBHOE NpPHMEHEeHHe, TaK KaK
OCHOBHas TPyZAoeMKas pabora — pacyer GOJIBILOrO YHCJIA Jydeil WHPOKOro
myuyKa — BHINOJHAETCA ¢ noMmouikio 3BM.

Hccnenosanue pacnpesiesienus ocBelleHHocTed H306pakeHuii B pasiny-
HBEIX CeYeHHSX NYYKOB MJOCKOCTSIMH, MepNeHINKYASPHEIMH ONTHYECKOH OCH
o6BbeKTHBa, AaeT BO3MOXKHOCTh BRIGpPATh TaKHe
CeUeHHsi, B KOTOPEHIX OCBEIIEHHOCTH KakK B ,
LIeHTpe Mo/d, TaK H LI pasHBIX YIVIOB NOJs ElRy TN £ T\ E e
HMeloT HauGospinue 3HaueHUss. OOBIYHO 3TH \ 7/
NJOCKOCTH HE COBNAJAloT APYT ¢ APYroM, HO B
XOpOLLIO KOppPHTHpOBaHHOM 00BbEKTHBE pacno-

JloXeHbl GJHSKO APYr K Apyry. - ~ z
B o6bekTHBax, obJagaiomiiXx OGoJbIIMMH © 6
abeppaudsMH, HanpuMep Yy CBETOCH/BHBIX pue. 111, 6, Onpenenesne

o6beKTHBOB, abeppallM{ KOTOPHIX MpEBhIllla-  Paspewaiomed = cuasi oGuex-
10T TPH-NSTh BOJH B HAWJY4YllleH IMJIOCKOCTH

yCTAHOBKH, KapTHHAa pacnpefefieHHsl 3Hep-

FHH B QUrype paccesiHMs SHAYHTeNbHO OTJMYAaeTCS OT HAEaJIbHOro
pacmpefieJieHHsl:  OCBEIlEHHOCTH B  LeHTpe Quryp He  mpeBhllla-
ior 15—20% or ocBelleHHOCTeH B CcOBepieHHOM OOBEKTHBE
H OCHOBHasi 4YaCTh SHEPrHM  nepepaclpeieNsieTcss BO  BHELEHT-
pa/ibHbIe 30HBI (PHCYPHI paccesiHHSA; Y Moc/eHell NOsBJAEeTCS OpeoJ 3HaYH-
TeJIbHOH HHTEHCHBHOCTH,  4TO  CJAYXHT  NPHYHHOH  CHHXKEHHSA
KOHTpAacTa ONTHYeCKOro H3obpaeHHus. 3TO HMeeT nepBoCTeNeHHOe 3Haye-
Hue npu  (QoTorpadHpoBaHHH OOGLEKTOB MaJOr0 KOHTPACTa, IPKOCTH KO-
TOPBIX MaJIO OTJIHYAOTCS OT fApKocTeH joHa. DTH ke GaKTOpbl NPUBOAAT K
CHHXXEHHIO paspellalolledl CHJbI CHCTeMbl OOBEKTHB — NPHEMHHK, KOTO-
pasi OKa3biBaeTCsl B HECKOJIbKO pa3 MeHbllle TeopeTHUYeCKOo, a y CBeTOCHAb-
HbIX OOBEKTHBOB — HHOIJIa Ha MOPSAOK MeHbIlle, 4eM Y HIeaJbHbIX CHCTEM
TOH 3Ke amepTypHl.

4. O noBbilleHHH paspeinailomedi cuabl o6bexkTHBA anojH3auMed. 3a
nocjefHHe AecsiTUJIeTHs OblI0 BhINOJIHEHO OoJbllioe yucao pafoT, MOCBA-
IEHHBIX HCCJAEI0BAHHSIM BO3MOXKHOCTEH yMeHbLIEHHS pa3MepoB LEHTPasib-
HOro AuGpPaKIHOHHOIO NATHA C LE/bI0 MOBLIIEHHs] TeopeTHYeCKOH paspe-
alolel CHJbl Y NOHHXKEHHs OCBElleHHOCTel B AHGPaKUHOHHEIX KOJbUaX
IJ1s TIOBRILIEHHS KOHTpacTa H3obpakKeHHs cjaboro TOYeYHOrO HCTOYHHKA,
PacnoJIoKeHHOro Mo COCEACTBY €O CBeTsleHcs ToYKo# 60/bIIOH SPKOCTH.
Bo3mokHble HCKYCCTBEHHbIe NPHEeMbl, IPHHILHMHAJIBHO NPHBOASIILHE K STHM
s¢pdexTaM, MOJYYH/IH Ha3BaHHE AMOAM3aUHMH AMPPAKUHOHHOA QHUTYpPHL.

pdeKTsl anofHsalHH BOSMOXHBI B pesyJjibTaTe MPHMEHEHHs aMIUIH-
TyAHO-(a30BbiX QHJBTPOB B IIJIOCKOCTH anepTypHo# NHadparmel (HJaH OXHO-
ro H3 3pa4KoB) HJIH SKPAHOB C OTBEPCTHAMH, OTPaHHYEHHBIMH KOHTYpaMH
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onpezeneHHo#t popmel. ONlHaKO, KaK noKasaJlH aHaJIM3H, BO BCeX CAyYasXx
anoju3auua NPHBOAMT K GoJiblUOH MoTepe CBETOCHJBLI ONTHYECKOH CHCTe-
ME. YMeHbIlleHHe HHTeHCHBHOCTH JH(MDAKUHMOHHHX KoJell NPHBOJHT K He-
KOTOPOMY pacIlHMpPeHHIO LEeHTPaJbHOr0 AH(PAKIMOHHOIO MaKCHMyma, B
pe3yJibTaTe Yero BHIHTPHIL B OOHapYXKeHHH CJ1a6oro HCTOYHHKA, pacmnoJio-
KEeHHOro Ha GJIMSKOM PacCTOSHHMH OT HCTOYHHKa GoJbILON SPKOCTH, CONpPO-
BOXKJaeTca yBeJIHueHHeM Tpefleia paspellieHHd ¢ ABYX HCTOYHHKOB OJIHHA-
KoBO# HHTeHCHBHOCTH. HaoGopoT, ymeHbllieHHe B pesysibTaTe anoAH3alHH
pasMepoB LeHTPaNbHOR AHDpaKIHOHHOA QHIYDBI NPHBOAHT K HEKOTOPOMY
YBEJIHUEHHIO OCBELIEHHOCTH KOJIell, B pesyJbTaTe 4ero MOBHILIEHHE paspe-
arome# CHJIB /1A TOYeHbIX HCTOUHHKOB JOCTHTAeTCs LIEHOIO MOTEPH KOH-
TpacTa H306p aXKeHHs NPOTAHKEHHbIX 0GBEKTOB. ITH Pe3y IbTaThl B3AHMOCBS-
SaHHl: yMEeHbIIEHHE npefiesla pa3pellleHHs CONPOBOKAAETCA NOTepeii CBeTa H
KOHTPAacTa: BHIHTPHILI OTPAHHYHBAETCSA 3/lech ABYMS-TPeMsl AecATKAMH Mpo-
IIEHTOB.

Hurepecen paccmorpennsifi 1. l'anbneproM npepesbHbiil cayvaii Bos-
MOXKHOTO YMEHbIleHHs AHaMeTpa AHCKa JpH B pesyJbTaTe BBelleHHS B
3padoK o0beKTHBa aMIJIHTYAHO-(asoBoro GpuabTpa, 06JaaoWero COOTBET-
CTBYIOIMUMH 3HaYeHHAMH Kos(xpHlIMEeHTa MpomycKaHHs B PAsIMYHLIX TOY-
Kax. Takofi QuibTp BBOAHT onpejie/ieHHYIO BOJHOBYIO abeppauuio H Tpe-
Gyemoe pacnpesesenne aMminTys. Hurerpanst ®pesens S uC, cymma Kpaj-
PaToB KOTOPHIX oNpefe/sieT ocBellleHHOCTb H300paxenusa £’ TOUKH Ha on-
THYeCKOH OCH, NMpe/lcTaBATCA BHIpaXeHHeM, aHajoruunbiM (I11, 43):

p'=r,

C,S =2 5 A (o) cos, sin (i—“L) I,(ap)p'dp’, (I11,57)
p'=0

rjae ﬁ(p') — Kos{puiHeHT mnponycKaHHA (HJIAbTPa B JaHHOH TOYKe
3pagkKa.

Monarass, 4To OGBEKTHB HAeaibHbI (L << —;?») uuto A(")> 0,

MOXHO MOKasaTh, YTO HHKAKHM (QHILTPOM HEJAb3sl YMEHBIUHTb LEHT-
pajibHoe AudpakuuoHHOe NATHO GoJiee ueMm B 1,6 pasa.

Ha ocHoBanuu TeopeMsl 0 cpefiHeM, BoipaxeHue (III, 57) moxHo 3a-
MHcaThb:

7
C=I(a p')j?l (p") cos (-215- L) p'dp’ ;
; (111, 58)
S=1I, (a;")J A(p') sin (27“ L) p'dp’,
I‘.ILE_p-" If!np?=F — BeNIMuMHBL, JAexampe B mpetenax 0 < p' < ph 0 <

<0 <o
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Hs (111, 57) nna To4KM Ha OCH HMeeM:

P
CO) = A cos (3 L)o'dy';
' 0

) (I1I, 59)
1
5 : 2n
S@0) =\ A(pf)sin (— L)p'dp’.
J Aeran (31)

Conocrasnenre (111, 58) u (111, 59) naer:

C* = B(ap’)C2(0); §*=13(ap’)S20) (111, 60)
rjge a = ﬂ = E.
n - A’l - lfl

[Npeano/noxuM, YTO HaMMeHbllee paspelllaeMOe PACCTOSIHHE O MeHblle
paauyca aucka dpu (em. III, 20), T. e. uTo

L (111, 61)
2u,
rae
4 f _ 38 1 _ 12 o _ bk _ D
= D 3.14 o , ' F op °

BuiGpaB uncsio p’, paBHOe HaHMEHbLIEMY H3 gucesl p' H p’, KaXJoe H3
KOTOPBIX MeHbllle p,’, HMeeM:

C+8*> 3« d')[C* ) + S* O)].

0’1‘01'0113 JJis1 OTHOCHTE/IbHOH OCBEIlleHHOCTH E HaXxoAnm:

ol Cr 4+ 52 2 ~
F—_C+8 .
CO+50 > 15 (o)

3aMeHHB B 3TOM BhIpaXeHUH p' Ha p’y, MBI TOJABLKO YCHJIHM HepaBeH-
CTBO:

E'> f3(ap)). _ (111,62

[IpuBeneHHBIA BHIBOX, OYEBHAHO, CIPaBeAJHB TOJLKO IJis 3HAYeHHH
Gy, MEHBIIHX BeJIHYHHBI '

XA

g, <<

. P
2mu,

rae x, = 2,40 — mnepsBuifi KopeHb QyHKuUH# Beccens /, HyseBoro nopsa-
Ka, TAK KaK TOJIbKO [IPH STHX 3HaYeHHsX QYHKIHSA /o MOJOKHUTENbHAS.
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U3 (111, 62) cielyeT, UTO OCBEWIEHHOCTb £’ MPU HSMEHEHHH G OT HyJst
IO 0, He MeHbIlle KBajpaTa QyHKUHH /,* Ans TeX Xe 3HaueHHH 0.

TakuM 06pa3oM, PajHyC LEHTPaJbHOro AH(PPAKLHOHHOTO AHCKA MpH
moGHLIX 3HaueHHsiX Kosdduunenta nponyckaumsi ¢uastpa A(p’), onpele-
JIFIOIIEro pacrnpeeseHne aMIMTYAbl B 3pauKke, H NpH BOJHOBLIX abeppa-

uMax meHpmmx L < T?\. He MOXeT OhITb MeHbllle BeJHYHHKI

= XA
az—l—.

2:ru;
IOas pucka Dpu, moJjydyaeMoro B CoBepIIeHHOM ofGbeKTHBe, L << -l— A
C NpOo3payHbBIM 3paYKOM ;f(p') = 1, kak Bunenu Boune (111, 20):

Z\
— 7
211:1:l

.TAe2, — Kopenb pyHkuu Beccens nepeoro nopsjaxa; orcioaa:

Fal o AR (111, 63)

CrefioBaTe/IbHO, NIPH YKa3aHHBLIX BHIILIE YCJIOBHAX HEeHTPaJbHbIA AHDPaK-
LHOHHBIA HCK MOXKHO amnoiM3auHedl YMeHbIIHTh HHKaK He GoJiee yeM B
1,6 pa3sa. [Ipu 5TOM HYXKHO y4ecTb, YTO CBETOCHJIa 0GBEKTHBa BCJENCTBHE
BBeJICHHS aMNJHTYAHO-(a3oBoro (uabTpa OBICTPO MajiaeT, SHAYHTENbLHO
GuICTpee, YeM YMeHbllleHHe JHamMeTpa LieHTPaJbHOro AH(PaKIHOHHOTO JHC-
Ka;, CHHIKAeTCHi TaKKe KOHTPacT H300paikeHUs B pe3y/ibTaTe HeKOTOPOro
.MlepeXxofia 5HepTHH B nH(pakuHonHsle Koabla. [To Muennio A. Mapemansn
u M. ®pasucona [9], yayuimenre npefiesia paspelleHds Bceria CONPoBOXKMa-
eTcsi BeCbMa CYLIeCTBEHHLIMH NOTEPSIMH CBeTa H KOHTPAcTa, OrpaHHYHBaIO-
IIMMH BHIMTPBII B paspellleHHH BeJIHYMHAMH JIHIIb nopaaka 25%.

[TosiBneHHe Na3epoB H BO3MOXHOCTD NOJy4YeHHs KOrepeHTHOro M JocTa-
TOYHO MOIIHOTO HSJyYeHHs CTHMYJHPOBAJH MNOSBJEHHE NPHHLHNHAJLHO
HOBBIX paGOT MO paCIUMPeHHI0O BO3MOXKHOCTeH, OrpaHHYHBAaeMbIX JH-
(pakuueii ceera; sTH paGoThl, ¢ OAHOH CTOPOHEI, MO-NPeXHeMYy Hampas-
JIieHbl Ha MOBBILIEHHe Paspellalomed CHIIbl CHCTeM, C APYTroi CTOPOHBl, — Ha
NOBHIIEHHe KOHTPACTa ONTHYECKOro H3o0paXkeHHs MeJKHX Jeraleit; Gojee
TOrO, BelyTcs PaboThl MO MOBLILIEHHIO KayecTBa H306paXkeHHs NEePBHYHBIX
(hOTOCHHMKOB METOJIOM MOCJ/eyloleli HX crenHabHONR BTOpHYHOH 06paboT-
KH; NOsIBJIeHHe BbICOKOpa3pelalomnX HoToc/10eB, KOrepeHTHOrO H3/Iy4YeHHs
H MeTOAOB aBTOMATHYECKOTO YNpaBJieHHsl MPOLECCaMH CTHMYJHpPOBAJH
nosiBjieHHe paGoT ITOro HaMpaBJ/eHHS! B Pa3/IHYHLIX BAPHAHTAX H Ha HOBRIX
OCHOBaX, pesyJbTaThl KOTOPHIX MOKa elle TPYAHO MpPeIBHAETh.

§ 3. XAPAKTEPUCTHKH KAYECTBA H30BPAXXEHHS OBBEKTHBA

Ha nporsaxeHun MHOTHX AeCATH/ETHI OJHHM H3 OCHOBHEIX KPHTEpHEB
KayecTBa 0ObEKTHBA ABJISJIOCH SKCNepHMeHTaJ/JIbHOE OolNpeJesyleHHe ero pas-
peluarollleii CHabl. MeTofloM JiH HenocpeACTBEHHOTO HaG/IONEHHSA ¢ MOMOLIBIO
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MHKpOCKONa H300paKeHH#H TecTOGBEKTOB (MHMP) ONpejesleHHBIX CTPYKTYp'
Wi nyteM ¢dororpadHpoBaHHs STHX MHP ONpefe/siii COOTBETCTBEHHO BH-
3yaJIbHYIO HJIH (oTorpadHuecKyio paspellalomlyio CHAY, T. €. HJIH CaMoro
HCMBITYeMOT0 00BeKTHBA, HJH CHCTeMbl 00BeKTHB — (oTOoCJIOH.

[Nocnenyromee pa3puTHe 0OBEKTHBOCTPOEHHS H paciuvpeHue oGsacrei
npuMeHeHHs QotorpaduyecKodl M NPOeKUHOHHOH ONTHKH MOKAa3a/o, 4To'
KpHUTepHit KauecTBa 00bEKTHBA Ha OCHOBaHHH OMpelesieHHsi ero pa3peuia-
I0illefl CHJILL HE Beer/ia ABJAETCS OLEHKOH HCyepnuIBalollell H yHUBepCab-
HOH J/151 OGBbeKTHBOB Pa3/IHYHOrO Ha3Ha4eHHs. 34ech JO/KHA OBbITh YYHTHI-
BaeMa He TOJbKO creunpHka paboThl BH3yaJbHHIX, (oTorpaduuecKHx W
NPOeKIHOHHBIX CHCTeM, HCMOJb3YIOMHX NDHEMHHKH H306paKeHH# pas-
HbIX THIOB, HO H GoJiee TOHKHE Pa3/HYHs, HMEIOLLKeCs B npeenax Kaxaol
M3 Ha3BaHHBIX TPynm.

Hanpumep, He HAEHTHYHHI YCJOBHS PaGoThl 0GBEKTHBOB, MPHMEHSIO-
IHXCcA AisA aspodororpauu, XyHOxKecTBeHHOR JaHAA(THOA CheMKH H
noprpeTHo# (ororpaduH.

B nepBoM cayuae riyOGHHa H3o00pa’kaeMOTo MPOCTPAHCTBAa OGLIYHO He-
BeJIHKa, HO HEOOXOAHMO BBICOKOE pa3pelLieHHe 00beKTOB CHeMKH, 00Janaio-
KX MaJbIM KOHTpacToM. Bo BTopoM cilydae BecbMa CYIIECTBEHHA [J1ACTH-
Ka cHHMKa. B TpeTbeM ciyuae Heo6XoAHMO NoJydeHHe MATKOro Hsobpaxe-
HHUSA MOHHKEHHOTrO pa3pelieHHs H yOblBarolleli pe3KOCTH OT LIEHTPA K Kpaio
cHumKa. K TeM He Menee Bce 5TH (aKkThl He JAlOT OCHOBAHHMN LIS HCKJIIOYe-
HHSl KPHTEPHS paspelialoiledl CHJbI, KaK OJlHOH M3 BaXKHHIX XapaKTepHc-
THK KauyecTBa OOBEKTHBA.

3a nocsenHue oL, B CBA3H C pasBUTHeM GOTO3/JIEKTPHYECKHX, Teje-
BH3HOHHBIX H 3JIeKTPOHHO-ONTHYECKHX NPHEMHHKOB, OBLIH pa3paGoTaHbl
M JpYrHe CNoCOOH OLEHKH ONTHYeCKHX KauecTB 0GbeKTHBOB.

B caMoM Hauale yKaxeM, YTO KPHTHKA KPHTePHS paspelialomeii CHJL
Obia Obl GecnouBeHHOM, ecd Ohl He NMOSABHJHCH NMPUHIHNHAJBHO HOBhIE
SKCINEPHMEHTaMbHEIE H BBIYHCJAHTE/bHEE cpeAcTBa. M3o6pereHne passny-
HEIX (DOTONPHEMHHKOB, B 4aCTHOCTH BLICOKOYYBCTBHTEJBHEIX (DOTO3JEKT-
POHHBIX YMHOMHTeJIeH, H BHLICOKHH ypOBeHb 3JIeKTPOHHON TeXHHMKH MO3BO-
JIHJIH cO3[aTh MeTOARl H aNnapaTypy AJs peTHCTPaLHH CJ1abLIX CBETOBHIX
NOTOKOB,YTO CAeJa/Io BO3MOMKHBIM HENOCPEACTBEHHOE H3MEPEHHE pacnpese-
JIeHHsl OCBElleHHOCTH H KOHTPAacTa B ONTHYECKOM H306pa)keHHH 3SJeMeH-
TapHBIX OOBEKTOB.

OneKTPOHHLIE BLIYHCJHTE/NbHbIE MAIIHHBL JAlOT BO3MOMHOCTH BBINOJ-
HSITb PacueThl ThICAY KOCHIX Jyuefl, 4TO NO3BOJsET ONpeleasiTh B Npolecce
pa3paboTKH 06BbeKTHBA He TOJIbKO pachpelesieHHe OCBelleHHOCTH B ¢mry-
pax paccesiHHsi, HO H KOHTPacCT ONTHYeCKOro H3006paikeHHS.

B pesyabTaTe HapsAy O CTaphIMH KJacCHUeCKHMH MeTOMAMH HCCJeNo-
BaHHil 06BeKTHBOB Ob/IM MpeloXeHsl HOBble cnocoGul oueHKH. Bee atu
cnoco6el MOTYT GBITh O0BLeAHHEHLI B ABE TPYNMbI:

A. Cnoco6bl, OCHOBaHHBIE Ha pacueTHLIX HCCJAeZOBaHHSAX abeppaunf
0o0beKTHBA, T. €. JI0 M3TOTOBJIEHHS 00pa3LoB.

B. Cnoco6nl, ocHOBaHHBIe HAa Pe3yJibTaTaX J1aGOPaTOPHEIX HCC/eN0Ba-
HUH H3TOTOBJIEHHBIX 3KCNEePHMEHTANbHEIX 06pasiloB OOBbEKTHBA.

Cnoco6el, oTHOCAUIMECS K rpynne A, npeanosaraioT, YT0 HMEIOTCA KOH-
CTPYKTHBHLIE 3/IeMEHTHl ONTHKH 00BbEeKTHBA H JOCTaTOYHO MOAPOGHEIA pac-
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yeT BceX ero aGeppaunii. CooTBeTCTBYyOMLAan 06paGoTKa STHX pesyJ/bTaToB
(cM. raaBy 11) npuBOAHT K HEKOTOpoH a6CTparHpoBaHHON MOJie/TH OGBEKTH-
Ba; PH 3TOM MOXXHO HasBaTb TPH crnocoba OleHKH KadyecTBa 3TOH MOJEJH:
1) uucro reomeTpHyeckas MHTeprpeTalHsi, OCHOBaHHAs Ha aHa/lMse pac-
npejesenus aydei B abeppaunoHHo# (urype paccessHHs B H306pakeHHH
TOYKH. DTH NPeACTaB/eHHA NPHBOLAT K MaTeMaTH4YeCKOi MOJEJH OGBEKTH-
Ba; 2) onpejie/ieHHe BOJNHOBLIX abeppalii H GOPMbI BRILIEAIIETO H3 06beK-
THBa Je(opMHpOBaHHOrO QPOHTa BOJIHEI; 3) aHaJNHM3 pacnpejieJieHHs: ocBe-
LIeHHOCTH B H306paxeHHH ToukH. [Tocaeauue fBa cnoco6a OLUEHKH NMO3BO-
JASIOT NOCTPOHTh (PH3HYECKYI0 MOAeJb 0GBLEeKTHBA.

Crnoco6Hl, oTHocsiKecs K rpynne B, npeanonaraior nccaefosanue o6-
pasua oOBbeKTHBA SKCMepHMEHTaJbHBIM MyTeM. MoXHO M 3flech YCJIOBHO
Ha3BaTb TaKxke TPH cnocoba: 1) cnocoGbl onpefieieHHs] TreOMETPHYECKHX
nyTel Jy4el, TOUHee, pacnpe/ie/ieHus «CJIeNOB» Ayuell B H306paXKeHHH ToY-
KH; STH METO/Ihl, B CYIHOCTH, SKCIePHMEHTAJILHO IPOBEPSIOT TEOPETHYECKH
IOCTPOEHHYI0 MaTeMaTHYeCKYyI0 Mojesb o0bekTHBa; 2) uurtepdepomerpu-
yecKHe crnocoObl onpefeserHs GopMbl Ae(popMHPOBaHHONH CBETOBOH BOJIHBI,
BRILUE/IeH H3 HCIBITYeMOro 00beKTHBa; 3) cnocobbl HCCIENOBaHHS CHIBLHO
yBeJIHUeHHOTO H300paKeHHsT TOYKH M pacnpefefieHHs: SHepruH (C HCNOJ/b-
soBaHHeM (OTOYMHOMHTe/Ns1) B AH(PPAKUHOHHOM NsATHe. AHaJOTHUHEIE XKe
H3MepeHUsl MOTYT ObiTb NPOBeNeHb! M IJA H300pameHHH APYrUX mpocTefi-
mHX 00BEKTOB — JIMHHHU, TPaHHILL MOJYIJIOCKOCTH, «CTYNeHYaToi» ITpH-
XOBOH pellleTKH, CHHYCOHJAAJbHOH pewieTkH H T. n. OueBHAHO, moc/eAHHe
cnocoOsl fal0T 3KCNepHMeHTa/bHBIA MaTepHaJ A/ GOPMHPOBaHHS NpeACTaB-
JIeHH s 0 QU3HgecKoii Mofen O6BEKTHBA.

B pesyabTaTe 06paGoTKH MOJy4eHHbIX JaHHBIX (aHAJAHTHYECKOH, rpadH-
YyecKOi MM rpadoaHaJMTHYECKOR), OMpefe/ieHHBIX PacueTHbIM HJIH 9KC-
NepHMEHTaJbHBIM MYTeM, MOT'YT GbITb MOJYyYeHH pa3Hble CNOCOOBbI OLEHKH,
npejcTaB/sieMple 06bIYHO B opMe HeKOTOPOH PYHKLHH, XapaKTepH3yIOIHe
B pas/MYHbIX HHTepNpeTalHsX CBOHCTBA H306pax<eHH# 3JeMeHTapHBIX
06 BeKTOB.

1. CnocoGBl OLEHKH KauecTBa ONTHYECKOro Wsobpaxenusi. ClOKHOCTD
npo6JieMbl OLEHKH KayeCTBa ONTHUECKOTO H300palKeHHs 3acTaB/sieT Ha
npakTHKe Mpu6eratb K HEKOTOPHIM YNPOILEHHbIM KPHTEPHAM, KOTOPHIE XOTS
H H2 yHHBEpPCaJbHbI, HO BIOJHE NPHIOAHBI V1 CPAaBHHTENbHOH OLEHKH
Ka1eCTB 0OBEKTHBOB B KOHKPEeTHHIX 06/1acTAX HX npumeHerns. OtnpaBHoe
CBOHCTBO J10GOro 06BEKTHBA 3aKJHOYaeTCs B TOM, YTO CBeTHILASCH TOYKA
H300paxaeTcs UM B BHJle NMATHA KOHEYHLIX Pa3MepPOB H CJIOXKHOTO pacmpe-
JleleHHs1 OCBElIeHHOCTH.

OO0BbeKTsl caMOCBeTSIHECS HJIH HEKOTepPEeHTHOrO OCBEIIEHHS MOXKHO
paccMaTpHBaTh KaK COBOKYMHOCTH CBETAIUMXCA TOYeK, SPKOCTH KOTODPBIX
MOTYT 3aBHCeTb JIloGbiM 06pa3oM OT KOOPAMHAT TOYeK B MJOCKOCTH OGBeK-
ToB. B pesysbTaTe MOXeT HapyumHThCs GoTOMEeTPHUECKOE MOAOGHe MeXAY
pacnpefiefieHHeM OCBellleHHOCTH B H300paXKeHHH U pacnpefieJieHHeM sipKoc-
TH B 06beKTe: OCBEIUEHHOCTh B H306paxKeHHH H3MeHseTcs GoJiee MJIABHO;
pe3KHe KOHTYphl O0BbeKTa OKasblBalOTC B H300pPaXKEHMH pa3MbITHIMH.
B stom cmbicsie mepo#t KauecTBa onTHYeCKOro H3o6paykeHHs OGBEKTHBA
MOXeT C/IYXHTh CTeleHb HECOOTBETCTBHSI paclpefie/ieHHst OCBellleHHOCTH
B H300paXeHHH paclpele/leHHIO IPKOCTH B 0OBEKTE.
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Ha nporsxeHHH MHOT'HX JeCATHJIETHH acTPOHOMHUYeCKHe O0BeKTHBEHI,
o6nafaomue BOJHOBLIMH abeppalHsAMH, He NPeBHIUAIOMIHMH HeGOJBIIHX
JloJiedl JJIHHBEL CBETOBOH BOJIHBI, OLEHHBAJIHCh [0 HX paspellalomies cHJe;
BeJMUHHA NocJefHeil NpubaHMkKaiach K TAKOBOH y HealbHbIX cHcTeM. Jlas
nofo6HBIX 0OBEKTHBOB KPHTEPHH paspeluaroinel CHJIBI MOJHOCTHIO cebs on-
paBzbiBaeT. HenosHOUEHHOCTL 3TOr0 KPHTEPHS HadaJja CKa3blBaThbC NPH
€ro MpHMeHeHHH K OLEHKe He Mpele/IbHO paspelaioliux o6beKTHBOB pas-
JIHYHOrO Ha3HaYeHHs, T. €. MPefHa3HaYeHHBIX 119 paboTH ¢ pasHLIMH NPH-
eMHHKaMH H300paxeHH.

[TpennoxeHsl pasaHdHLIe ApyrHe enocobbl OLEHKH KadecTBa H300paxe-
uus. Mx conocras/iiedne NoKasbiBaeT, YT0 BO
BCeX CIyYasX 0 KauecTBe OOBEKTHBA MOXHO 4
CYAMTh MO aHAJM3Y H306paKeHHs J060ro ' w\\s
npeaMeTa; ONHAKO AJA YNpPOLIEHHS BO3MO- \\\\\
HHOCTH NPOBEJIEHHSA KOJHYeCTBeHHON OLEH- o

7234a

KM npejJjiaraeTcsl aHaJMsHpoBaThb H3o0pa-
JKeHHs1 NpocTeHIUMX o6BeKTOB: cBeTsllel-
csl TOYKH, JIMHHM, TPAaHHLBI MOJYIJIOCKO-
CTH, pemreTkH ¢ [1-06pa3HbIM HJIH CHHYCO- > trsenmus
HIaJBHEIM pacnpe/ie/ieHHeM OCBell@HHOCTH
HT. N

Kak 6yner nokasaHo HHKe, (yHKUHSA, E(z)
OMHCHIBAIONIAsl pacnpenesieHHe OCBellleHHO- iz 21 ,
CTH B H300paKeHHMH TOYKH HJIH JIHHHH A(Z)
(byHKuHS paccesiHHs), fIBJIeTCA Toft aJe-
MEHTApHOH XapaKTepHCTHKOH o0O6BeKTHBa,
Ha OCHOBe KOTOPOH MOryT OBbITb YyCTaHOB- 7 z
JieHbl J1I00ble BO3MOXKHBIE CNOCOOB! OLUEHKH  pyc. [11. 7. Pacnpereseine ocses
KauecTBa ONTHYECKOTO H300pasKeHHs —  UleHHoCTH B usoOpaennn  Kpas

NoNYNAOCKOCTH

paspellalomasi CHJa, KOHUeNUHWs morpa-
HHYHOrO TrpajHeHTa, 4YacTOTHO-KOHTpacT-
Hasl XapaKTepHCTHKa H Jp.

2. PYHKUHA paccesiHHs H pacmpejesieHHe OCBeIeHHOCTH B H306pakeHHH
noaynaockocTH. PYHKIUHA paccesHHA OMHCHIBAET H306paXKeHHe OMHOYHOH
TOYKH HJIH IHHHH; H300paeHHe HEKOTOpOro o6beKTa MoXeT ObiTL omnpeje-
JIEHO MyTeM COOTBETCTBYIOIIEro CJAOXKeHHs QYHKUMH paccesHHsi ANS BCexX
ToueK HJIH JIHHHH, KOTOPBIe B COBOKYMHOCTH 06pa3yloT 06BbekKT.

PaccmoTpuM npocTeAlHi caydafi u3o6pakeHHs MOJYIIOCKOCTH (PHC.
I11,7). Kaxpeifi cBeramuiics siement /, 2, 3, 4, ... IaeT CBOIO SJleMeHTap-
HYI0 GYHKIHIO paccesiHHA, KOTOpble B pesy/ibTaTe CyMMHpOBaHHSA 0o6pa3y-
10T H306paxkeHHe Kpas NoJyMJIocKocTH ab. Ha pucyHKe Takoe CyMMHPOBa-
HHe TPOH3BeNeHO JJIS TOYKH Xo. OueBHAHO, CyMMa OpAHHAT BCeX SJeMeH-
TapHBIX QyHKIMHA paccessHHs B JaHHOH TOUKe paBHAa CyMMe BCeX pacroJio-
JEHHBIX JieBee X, OpAMHAT oflHON (yHKuuu paccesuus. Ecau A’(x) Beipa-
M#aeT JJis JaHHOro 06beKTHBa PYHKIMIO paccesiHHsl B H300ParKeHHH JIHHHUH,
ocBellleHHOCTh £E(Xy) B TOUKe X, M300pa)keHHs1 Kpas BbIPa3HTCsI MHTErpa-

X,

om E(x) = f A (x)dx. (111, 64)
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Huxnuft npenes1 HHTerpHPOBaHHA B3AT paBHBIM — oo, TaK KaK QyHK-
{1 paccesiHHs, CTPOro roBops, 6eCKOHEYHO NMPOCTHPaeTcs B 06e CTOPOHBI;
NpaKTHYECKH 32 HIXKHUK Npelesl IPHHUMaeTCs TOYKA, B KOTOPOH OpAMHATa
CTAHOBHTCS JOCTATOYHO MaJloH BeJHUYHHOH.

M3 mocaepnero BblpaKeHHs clefyeT o6paTHoe COOTHOLLUEHHe:

dE (x)

A'(x) = -

(I11, 65)
T. €. ecJIH u3BecTHa QYHKLHA pacrnpefiesleHHsi ocBelleHHocTH E(x) B Hso-
6paeHHH MOJIyTJOCKOCTH, TO NPOH3BOAHAS OT 3Tofi QYHKUMH NpeicTaB-
aseT coboft sMeMeHTapHYI0 QYHKIHIO pacCesHHA.

3HaHHe QYHKUHMH pacCesHUs MO3BOJSAET
_—  OCOGEHHO NMPOCTO YCTaHOBHTh pacnpenese-
R(z)  HuHe OCBELEHHOCTH B H300paxeHHH JI0OOro
OlIHOMEepPHOro o0beKTa, KaK 5TO HMEeT Me-
cTo, HanpeMep, B MHpe (cMm. pwc. III, 4)
ANs onpefie/leHHA pa3pellalomieil CHJBL.

OuesunHo, yeM GoJsibllle KPYTH3HA KPH-
Boft E(x), Tem Gosblue BesMuuHa A’(x), a
cJIeloBaTeNIbHO, TeM GyAeT pesde H3obpaxke-
HHe TOYKH HJIH JIHHHH.

o - e 7 3. OGpaszoBanne H30GpaXKeHHS HeKore-

.rE Z-§ =" PeHTHO Hanyuaowero o6bexTa. OrpaHHYHM-

csl 3liecb paccMOTPeHHeM mpotecca obpaso-

e i) PO nePmes  BaHHA  H306paxkeHHsi, KOrAa S/IeMeHThI

CBETHOCTH B o00bBeKTe ¢ dyHKuu- oObeKTa H3J1y4aloT HEeKOrepeHTHbIH CBeT.

o8 paccesand. A0 Kak 6bl0 CcKasaHO Bhlllie, OCBEMIEHHOCTD

B KaXK/ofi M3 TOYeK MJIOCKOCTH H306paxe-

HHS OnpefieJisieTcss KaK pe3yJbTaT CYMMHPOBAHHSI OCBEIIEHHOCTH 9SJleMeH-
TapHBIX H306paxKeHHH OT pasjHYHbLIX TOYeK oObeKTa.

Hanee mpennosoxuMm, 4To NpH Mepejiade OCBellleHHOCTeH ONTHYecKas
cHcTema ofJjiafiaeT CBOACTBOM JIHHeHHOCTH (K Hell NpUMEHHM NMPHHIMO Cy-
nepnosuuuH). Hakonel, npeanosioxkuM, 4To o6beKTHB 06/afaeT CBOMACTBa-
MH H3onJaHaTH3ma (cM. raaey II), Korja B conpsiKeHHBIX MJOCKOCTAX
CyILIeCTBYIOT XOTs1 Gbl HeGOJbIIHE, HO KOHEYHblE YYacCTKH, B Mpeeaax Ko-
TOPBIX BHI (YHKIIHH paccesiHus He H3MeHsieTcs. B wmejsix ynpomeHus sa-
THCH MaTeMaTHYECKHX BbIpax<eHHH OrpaHHYHMCS aHaJ/JH3OM pacrnpene/ieH s
OCBelIleHHOCTH B H3006paKeHHH OJIHOMEePHOTro 0GbeKTa, HalnpHMep LITPHXO-
BOH MHPBI, Y KOTOPOH sIDKOCTb H3MEHSeTCs JIHIIb B HalpaBJieHHsX, IO-
nepeyHLIX HampaB/JeHHAM LITPHXOB.

YuuThiBas cliefiaHHbIe BhIlle 3aMeYaHHs!, MOXXHO NMPeACTaBHTD, YTO Kax-
Iomy suHe#HOMY sseMeHTy ofbekta P, Q, R (puc. III, 8) coorsercrByer
HeKoTopast yHKuMs paccesnus A’(E), npuuem E oTcuMThiBaeTcs oT TO#
TOYKH H300pakeHus, B KOTOPOH onpelensiercs ocBelleHHOCTb. [TycTs dyHK-
IHs R(x) onuchbiBaeT pacrnpefiesieHHe CBETHOCTH BJOJIb OCH X B MJOCKOCTH
ofHOMepHoro o6eeKkTa. OueBHIHO, apTYMEHTY X B MPOCTPAHCTBe MpeAMETOB
GyleT COOTBETCTBOBAaTh BeJIHYHHA P X, Te f — MONepeyHoe yBeJHUEHHe
00BEKTHEA; B la/bHelllleM B LeJsAX YNPOLIEHHs 3aNHCH MaciuTal u3obpa-
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HEeHHA E onyctuM. Jl;1s onpefe/ieHHs: OCBelIeHHOCTH B TOYKaX H306paxe-
HHs C KOOPAHHATOMR X BCe 3jleMeHTapHule QYHKUNH paccesHus A’ (E) mok-
Hbl GBITh CYMMHPOBaHHI, HO C NpeiBapHTe/bHBIM HX YMHOMEHHEM Ha COOT-
BETCTBYIOI[HE SHaYeHHs1 QyHKUMA pacnpeleseHHs Ha npeaMere R(x—E):

Ex) = T A®RE—DAE. - (111, 66)

STOT HHTerpaJ omnpejeisieT cBepTKy O(YHKUHH R(x) pacnpeneneHus
cBeTa B o6beKTe ¢ PyHkuMedt paccesus A’ (E). D10 BHpaxkKeHye ONKCHIBaeT
npouecc opMHpPOBaHHs H300paXKeHHs, eC/IN SJIeMEeHThl OOBEKTa H3JTydaloT
HeKorepeHTHHIH cBeT. TaKolt JHHeHHEI MpoLlece 3aNHCHBAETCA MeTOAOM
npeo6pasoBannss Pypbe H NPHBOAMT K HAesAM O AeHcTBHH 0OBeKTHBa (H
J060# ONTHYECKOH CHCTEMH), KaK (HJIBTPa MPOCTPAaHCTBEHHEIX 4acToT.

dynkuus A’'(f) wHOrAa HasweiBaeTcsl TaKxke (yHKiUHe# npuGopa, HIH
annapatHod ¢yHKuMell, KoTopas MO CYTH Jela SBJSETCH MaTeMaTHYECKOH
MOJEJIbIO ONTHYeCKof cHcTeMbl. 3ta (QYHKUHS OToOpaxaeT BJHSHHE
TaKHX (aKkTopoB, KaK abeppalHs, AHpaKuHs, cBeTopaccesiHHe B MJOCKOC-
TH NMpPHEMHHKa H300paxKeHHsl; HHBIMHM CJIOBaMH, BJHSHHe TeX sBJEHHH, K
KOTOPBEIM MOXHO NPHMEHHTb 3aKOH aJfHTHBHOCTH B OTHOLIEHHH NEHCTBHS
OTHEJIbHLIX 37IeMEHTOB OOBEKTa.

4, YacrorHo-KoHTpacTHas xapakrepuctHka* (UKX) oGbvekTHBa. Kak
6bLJI0 CKa3aHO BHILIE, O KauecTBe 0O0BbEKTHBA MOXKHO CyIHTh 10 H306paKEHHIO
moGoro npeaMera; ONHAKO AJis KOJIHUECTBEHHOH OLEHKH y/oOHee npume-
HSITh TeCTOObEKTHI mpocTredmeii reomerpHyeckoil dopmbl. Ocoboe moJsoxe-
HHe CpellH STHX TeCTOGBEKTOB 3aHMMaeT KOCHHYCOHAA/bHAS DelleTKa, ¥y
KOTOpPOil CBETHOCTb paclpefie/leHa MO 3aKOHY

R(x) = Ry + R, cos 2rNx, (111, 67)

rie R, — cBeTHoCTb paBHOMepHOro ona; R, — ammnJnTyAa KoJeGaHHs
CBETHOCTH B MJIOCKOCTH MpeiMeTa BAOJAb ocH x; N — 4acToTa pelUeTKH,
T.e. YHCJIO MEPHOJOB PEIleTKH B efHHHIE AJHHB. OueBHIHO, NpelesbHLIE
3HAYEHHs] CBETHOCTH peWeTKH OYyAYT: Ryae = Ry + Ry ¥ Ry =
= Ry — R,; oTciona nonyduM BEJHUYHHY KOHTPACTa B MJIOCKOCTH Mpei-
meta (em. III, 32):

k _— RMJRC_RIHH o= ,E_a_ ; (II!. 58)
Ryaxe + Ruun Ry

OTHOILEHHe k aMIUIKTYAHOrO 3HaYeHHs CBETHOCTH R, K ee Cpe[lHeMy 3Ha-
yeHHlo (poHy) R, HashIBAalOT TaKke KOI(PHUHEHTOM MOMYJISILHH.

[TpumMeHsia onepauHio CBEPTKH A/ KOCHHYCOHAJBHOTO pacnpele/ieHHs
ceeta B ofbekre, u3 (I1I, 66) Haxonum pacnpelie/ieHHe OCBEIEeHHOCTH B
IJIOCKOCTH H300paeHus: '

* Unn dyukuua nepepaun mopynsaunn (PIIM).



E(9)=Ry | A/ @dt+ R, | A'®cos2eN (x—8dt=
= E, T A’ () dt+ E, cos2zNx T A’ (&) cos 2zNEdE -

+ E,sin2xNx ]’o A’ () sin 2zNEdE. (111, 69)

Bruipaxenne (II1, 69) mMoxer 6mTL 3amucaHo Gojiee KpaTKo:
E(x) =Ry~ R, | T (N)| cos[2=Nx — ¢ (N)], (111, 70)

|T(N) P =[Tc (NP + [Ts(N)F;

T A’ (€) cos 2nNEdE
Tc(N)=——< :
j' A’ (§) dE

rae

’ in 2zN
I A’ (§) sin 2xNEdE (III,?I)

Ts(N)=—"— -
[ a@a
_ Tsty) _ TcN) |
sine@) =1z stW =17
Ts(N)
mﬂm=7ﬁw-

H3 conocrapnenus peipaxenufi (111, 67) u (111, 70) caenyer, uto kocu-
HYCOHJa/IbHasl pellleTKa H3o0pakaeTcss 06 eKTHBOM TaKKe B BHJE KOCHHY-
coufanbHol pewerkH. M3o6paxkeHue oT/IHYaeTCa OT OpUrHHAJia B By X OT-
HOILIEHHAX: BO-NEPBLIX, AMIVIUTYAA KoJeOaHHii OCBEUIEHHOCTH B H300paxke-
HuH B |T(N)| pas MeHblue, YeM B caMOH pellleTKe, H, BO-BTOPBIX, BHE ONTH-
YeCKO# oCH H300paxkeHHe pelleTKH MOXeT He COBNAcTb C  ero MoJIOXKeHHeM,
PacCYHTAHHLIM 1O 3aKOHAM ONTHKH HJeaJIbHOH CHCTEMbl, Ha YTO YKashIBaeT
npucyrctere cmellenus ¢aswul @ (N) B dopmyae (111, 70).

HeficTBuTenbHO, ecad GyHKuHs paccesHns A’(5) ueTHas, T.e. eciH
A’ (—£)=A'(£), uTO, OUEBHHO, BCeria UMeeT MeCTO JJIsi TOYKH Ha OrTHYeC-
KOH OCH, TO TpeTHil MHTerpasa B Bhipaxenuu (III, 69) BBHAY HeueTHOCTH
¢yHxuun cuHyca obpailaeTcs B HyJb H, CIeA0BaTeNbHO, sing (N) =T (N)=
=.0 — cmewenus ¢a3spl He 6yner. CMellenHe (asbl yKasblBaeT Ha HECOOT-
BETCTBHE KOOPJHHATH TOUKH H306paKeHus OTHOCHTEJbHO HACHTHYHOH TOU-
Ku o0beKTa. OHO MOMeT GhiTh BbI3BaHO ABYMsSI NPHYHHAMH:

1) BLI3BaBIHMHE NepeMellleHHe LeHTPa NATHA PACCESIHHSA U He 3aBUCSILH-
MH OT YacTOTHl N, ¥ 2) BLI3BaBILIHMH BOSHHKHOBEHHE aCHMMEeTPHYHOTO pacrpe-
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JileJIeHHs1 OCBEeleHHOCTH B (DHrype paccesiHHs, BCAEACTBHe 4ero QYHKIHA
paccesiHusl OKasaJiach HeueTHoH (A'(—E) 5= A'(§)).

OueBnano, CMellleHHe, He 3aBHCSIEe OT 4acTOTh N, MOXKeT GHITh BhI-
3BaHO AHMCTOpCHell; cMemeHHe (asbl, BCJIeACTBHE BOSHHKHOBEHHSI aCHMMeT-
puH B QHrype paccesiHHA M 3aBHCSAILEE OT 4aCTOThl, — abeppalMsaMH KOMbI
H aCTHFMATH3MOM.

Hs (111, 70) cnenyer, 4To KOHTpacT H300paykeHHs PeLIeTKH paBeH:

Eyage — E R
b =-Marc iR __ A T (N)|=E|T(N
Eyaxe + Evun Ry 7™ ITM)

HJIH
|T(N)|="T', (111, 72)

T. e. dyukuus |T(N)|, Bxoasmas B dopmyny (III, 70), xapakrepusyer
OTHOLIEHHe KOHTpacTa H3o0pameHHs pellieTKH K KOHTPACTY CaMOi pelleTKH;
3Ty GYHKUHIO, 3aBHCAIMLYIO OT NMPOCTPAHCTBEHHOH yacToThl N pelleTkH,
HashHIBAlOT YaCTOTHO-KOHTpPacTHOH XapaKTepHCTH-
kol (UKX) o6bexTnBa. Ee HasmBaOT TakKe QYyHKUHed
nepefauu MoAyasauuu (OPIIM).

N3 paccmotpennsi cootHowenuit (III, 71) HerpyaHo 3aMeTuTb, uTO
¢yukuns nepenaun Mopyaauus |T(N)| u cmemenune dassig(N) apasior-
Cs1 COOTBETCTBEHHO MOAYJIEM H apI'yMEHTOM KOMIJIEKCHOH (yHKuHH:

T(N) = nf A’ (®) e Mgg, (111,73)

Kotopylo B o6o3nadenHax (111, 71) MoxxHo sanucaTe H TaK:
T(N)=|TN)|e™*™. (11, 74)

®yukunio T(N) HaspBaloT KomMnJaeKcHOH ¢ yHKuued
nepejfayd KOHTpPpacTa, HIH ONTHYECKOH NMepelaTOYHOW
dyuxkuneit (OIID); monyab srofi pyrxumun |T(N)| Obn HasBaH Bhl-
me YKX, nan QyHkuneit nepefaun Mmopynasumu; ¢yHxuus ¢(N) Hasbl-
BaeTci Y aCTOTHO-(pas3oBOH XapaKTepHCTHEKOH®*
(U®X), nockoJbKy OHa XapaKTepH3yeT cMellleHHe (asel B H300paXkenuu
KOCHHYCOHJa/IbHON pelleTKH NpPH H3MeHEHHH NPOCTPAHCTBEHHOH YaCTOTHI.

B sakiioyenne 3ameTuM, uto npu HanucaHuu Qopmyan (III, 70) ne
yuTeHHl HH FeOMeTPHUecKHi, HH (oToMeTpHUeCKH# MaciuTalbl, YTO OGBIYHO
AesiaeTcs /s YTPOIUIEHHS 3anHcH. B aeficTBATEIbHOCTH PaBHOMEPHLIH (OH
u3obpaxkenns Eg, M aMnauTyAa KosieOaHHsi OCBELEHHOCTH B IJIOCKOCTH
usobpaxenus E, BLIpasaTCcs ceyIONHMH 3aBHCHMOCTSIMH, CpaBeIHBhI-
MH MpPH YCJOBHH BHINOJHeHHs 3aKoHa JlamGepra:

Ey=2L Z Ry E,=X ZITW)|R,  (IIL75)
n B n B

¥ Win dynxumed nepemaun dasm (OI1D)
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raet — KoohduuHeHT nponycKaHHsi OOBEKTHBA; n W n' — MOKasaTesk
NpeJioMJIeHHs Cpell MPOCTPAHCTBa NpelAMeToB H H3o0paxeHHH; f — 'Rfﬂ-
HeMlHOE yBe/HuyeHHe; reoMeTpHYecKHe Maciutalui: ¥' = fx H N* = =,:-

[pu yuere stux macmraGoB BMecto Buipaxenus (11, 70) noayunm QakTu-
yecKoe paclnpele/ieHHe OCBEUeHHOCTH B MJOCKOCTH H300paXKeHHs:

E'(x")=Ey+ E,cos[2=N'x" — ¢ (N')], (I11, 76)

rae Ey u E, Bupaxkaiorcs saBHcuMoctamu (II1, 75).

§ 4. ABEPPALIHKM OBBEKTHBA H KOHTPACT
OIITHYECKOI'O H30BPAJKEHHSA

Yixe 6osee 30 JieT co BpeMeHH MosiBJeHHs1 B cBeT MoHorpaduu opbe
B 1947 rogy MHOrHe HecJiefOBaTesH OLLEHHBAIOT H300paiKalolmHe CHCTEMBI
4aCTOTHO-KOHTPACTHOH XapaKTepHCTHKOH. DTH MOHATHS ObiJIH NMepeHeceHu!
B ONTHKY H3o0uiefi TeopHH cBsidH. OHH MOCJYKH/JH OCHOBOH A/l HOBOTO
MOAX0Ja K OlleHKe ONTHYeCKOro H300paxeHHs H NeHCTBHSA ONTHYECKHX MpH-
Gopos. Crapbifi KpHTepHil, HAXONHUBIUHI IIHPOKOe pPaclpocTpaHeHHe B ON-
THKe ® (Qororpa¢puy — KpuTepHH paspemalomed CHIB, — He-
yao6GeH mo ABYM NpPHYHHAM: BO-NEPBBIX, pa3pellaoillasg CHJa 3aBHCHT OT
KOHTpacTa TecToOBeKTa H, BO-BTOPLIX, 3TOH OLIEHKOHA TPYJHO MOJIb30BaTh-
Cs OIS aHaJ/i3a CJAOXKHHIX ONTHYECKHX CHCTeM, PabOTalOIHX C PasHHIMH
npueMHHKamH H3obpaxkenufi. Kak yBuauM B nanbHefilieM, OT 3THX HeJlo-
CTaTKOB CBOGO/IeH KPHTEepPHH YaCTOTHO-KOHTPACTHLIX XapaKTepHCTHK. [Ipu-
MeHeHHe oflleli TeOPHH CBSI3H B ONTHKe MO3BOJHMJO B HECKOJBKO JPYroM
acneKTe mofiofiTH K mpobieMe o6HApYKeHHs H ONO3HABaHHS OOBEKTOB B
n3o0paxKeHHH H HECKOJIbKO T0-HOBOMY MPOH3BOAHTEL OLEHKY ONTHYECKHX
CHCTEM B fpoluecce HX paspabOTKH.

C TOUKH 3peHHs TEOPHH CBSISH ONTHYEeCKas CHCTeMa H NPHeMHHK H300pa-
MEHHs ABIAIOTCA KaHaJOM AJA mepefadyd HHpopmanuu. ITpn HekorepeHt-
HOM OCBellleHHH pacnpejieJieHHe sipKocTH o0beKTa MOMXeT paccMaTpHBAThCA
KaK pesyJ/bTaT HaJloxeHHs OecKOHeYHO GOJIBIIOTO YHC/AA CHHYCOMAA/BHEIX
pacnpeziefieHHii IPKOCTH, OTJIHYAIOIKXCA MO aMNJAHTYJe, dactore, dase H
a3HMYTY, T. €. OPHEHTHPOBKe B NJIOCKOCTH 00BeKTa. [Ipu KorepeHTHOM HAW
YaCTHYHO KOTEDEHTHOM OCBEIleHHH PacCMaTpHBAIOTCH He SIPKOCTH (OcRe-
ILIeHHOCTH) TOYeK, a aMIIUTY/bl M (pasbl KonebaHMH.

Pacnpesieniense oCBeIEHHOCTH B MJIOCKOCTH H300paX<eHHs1 HEKOT€PeHT-
HOI'O HCTOYHHKA MoJy4aeTcss B peayJ/ibTaTe HaJIOXeHHs 3JeMEHTapHLIX
H306paKeHHH COOTBETCTBYIOLIHX OOBEKTOB, O4eHb YaCTO — HCKYCCTBEH-
HLIX 06BbeKToB — pelleroK ¢ [1-o6pasHeiM HJIM CHHYCOHJANbHLIM pacrpe-
IesleHyeM sipKocTH. Miso6paxenne peleTKH, KaK BHAeAH Bhlllle, XapaKTepH-
8yeTcs OTHOLUEHHEM ee KOHTPacTa K KOHTPacTy caMoil pellleTKH* H cMe-
[eHHeM ee MaKCHMYMOB OTHOCHTEJbHO HX MOJIOXKEeHHS B MapaKCHaJbHOM

- u306paxeHnH pemerkd. Ha ouenb maanix wactoraX usoOpamennii KIIM

* Tak HasmBaembM Kos(duumentom nepefaun koutpacta (KIIK) wam  kosdduum-
eHTOM nepenaun moay/suuu (KITM).
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6ausok K exuuuue. C ypennuennem dactoTnl KIIM ymenbmaercs u npu
HeKoTopoi#i npefenbHOA YacToTe ofpalnaercs B HyJib. JTa npefelibHas yac-
TOTa Onpejie/isieT paspeluaronlyo cuay ofsexkTHBa. B cere HOBBIX mpeAcTaB-
JieHu#t 06BEKTHB MOXKHO paccMaTPHBaTh KaK (QHALTP H300paxKeHHH HH3KHX
9acToT, TaK KaK OH crnoco0eH JaBaThb H3o0paxKeHHe peleToK ¢ qac'roroﬁ He
BbliLIe YaCTOTHI, COOTBETCTBYIOLIEH paspeltaioiled cuie,

1. A6eppauun 1 YKX (nm ®IIM). Kak nokasslBaioT pacueTHe HCcie-
NoBaHH#A, abeppauMH BceX BHJOB C/1a00 BJIHSIOT KaK Ha KOHTpacT H306pa-
MeHHA MaJIkIX 4acToT, TaK H 4acToT, GJIM3KHX K npefie/ibHeM. OHH OKaskIBa-
10T CU/IbHOE BJHMSHHE HAa KOHTPACT [IPH NPOMEXYTOYHHIX YacTOTaxX, MOHHMAA
NOJA NOCJIeHHMH 9aCTOThI, NPHOJHSHTENbHO B 1Ba pa3a MeHbILHE Npe/ieb-
HeiX. B o6/1acTH HEBBHICOKHX YacTOT, COOTBETCTBYIOUIHX, B YaCTHOCTH, 4ac-
ToraM 00beKTHBOB, PafoTalOMHX C TeIeBH3HOHHBIMH NMPHEMHHKaMH H3o0pa-
JKeHu i, SJIEKTPOHHO-ONTHIECKHMH npeoGpasoBaTeiiMH H T. M., BHI QYHK-
uuu paccesuus A’(f) cpaBHHTeNBHO MaJiO BAHSET Ha YacCTOTHO-KOHTpacT-
Hyl0 XapaKTepHCTHKY o6beKTHBa. B sTomM MoxHO yGenuTbesi, HccClenys
NpH HEeBHICOKHX YacTOTaX KOHTPACT H300paXKeHHsl pa3JIHYHBIM 06pasoM
KOPPHIHPOBAaHHHX OGBEKTHBOB M BbINOJHSAS YHCJEHHOE WHTEIPHPOBaHHE
Bupamenuﬁ (111, 71), sapaBasicb pasnuuHbIMH Popmamu QyHKuul paccesi-
Hus A’(E). CoorserctByiomue dopmysam (111, 71) seipaxenns aas Te (N)
unH Ts(N) ans nocliefoBaTeIbHOTO CyMMHDPOBAaHHS HMEIOT BHA! '

i=n
> A’ (5) cos 2uNEAG, ,
To(N) = =" . (111,77)
> A () Ag
i=—m

e i U3MeHseTCs OT —m MO OJHY CTOPOHY OT MaKcHMyMa dyukunu A’(E)
IO n Mo APYTYIO CTOPOHY, OXBaThIBas JHama3oH, B KOTOpOM (yHKIHs pac-
CesiHHA 3aMeTHO OTJIHYaeTcs oT HyJs. [Ipollecc BHYHC/IEHHS NMOBTOPSETCA
AJ1s HeCKOJIbKO NOCJ/Ie/loBaTe/IbHO BO3pacTalolHX YyacToT N, npHyeM 3HaMme-
HaTeJlb JOJIKeH OuITh onpejesieH Bcero ofHH pa3. B pesysbraTe monyuaior
KocHHyc-npeoOpasoBanue T ¢(N) (111, 77). B nauane pacuera onpenensiercs
pennurHa A'(%,), T. . 3HaueHue B TOUKe, B KOTOPOH MOMEILEHO HAaYaJio OT-
cuera §;, = 0; 3Ta BeJIHYHHA YMHOXKaeTCs Ha COOTBETCTBYlolLlee 3HaueHHe
¢dyuxuHd cos 2nNE (kotopoe npu §, = 0 paBHO ennnuue} Tak:ke onpe-
IeAsioT CHHYC-npeobpasoBanue T's (N), komGuuupys A’(§;) usin 2rNE,.

Ecun pynkuus paccesinus A’(E) cuMMeTpHYHa, YTO, B YaCTHOCTH, BCer-
Aa MMeeT MeCTO NpH H300paxKeHHH TOYKH (MM JIMHHH), PAacno/IOXKeHHO#A Ha
onTHYeCKo# oCH COBEKTHBA, TO CHHYC-NpeofpasoBaHue NPH BCeX YacToTax
oKaxerca paBHEIM HyMo: Ts(N) = 0, mnockojbKy oOTpHIATedbHbE H
TNOJIOKHTEIbHEIE YJEHLI CyMMHPYEMOTo psiia B3aHMHO YHHUTOXalOTCs, a
sin2n N, =0 npuky=0. B stom cayuae |T(N)| =V [Tc(N)P+ [Ts (N)=
= T¢(N), T. e. KocuHyc-npeoGpasoBaHHe yKe caMo 1o cebe paBHO KI'IM
a cmemleHHe (asel npu Beex N wactotax ¢(N) = 0, TaKk Kak Ts(N) =
IOns mnonyyenus Bcedt UKX pacuer no/mkeH ObiTh BHINOJHEH AJist He-
CKOJILKHX TMOC/Ie0BAaTeNbHO BO3PACTAIOMHX YACTOT.

Huorna yno6uee onpenennts KIIM Ha ocHOBe H3BECTHOH AJisi JAHHOTO
o6beKkTHBa (OpMEI BoaHOBO#H moBepxHocTH L(m', M') Kak dyHKiHH Koop-
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auHat m’ @ M’ B ero BeixonHoM 3pauke (cM. raasy II). Ilpu pemennn atoi
3ajlaud HMCMONb3YIOTCA Te XKe mpeobpasoBaHns Dypbe, MepeBojsllHe HA
MaTeMaTH4YeCKH# 3K MPHPOAY siBJeHHs AHPPaKUHH: nepeXof OT pacnpe-
JeJleHHs] aMIVIATYJ Ha 3pauke K pacnpeZesleHHIO aMIIMTY[ Ha H3oOpae-
HHH mpeAcTaBiseT co60H sajayy rapMOHHYeCKOro aHaJjlH3a, CBOAAILYIOCH
K pasJoeHHIO aMIUIMTYJ Ha 3pauKe Ha CHHYCOHJAJbHbIE COCTaBJISIOLIHE.
B oTsIHYHe OT NPHBeJeHHHBIX BhIIlie 3aBHCHMOCTEHl HAMHILEM BhIPaXKeHHe
IJs IBYyXMEPHOTO OGBEKTa 4aCTOTHO-KOHTPACTHOH XapaKTepPHCTHKH, KOTO-
poe MoxeT GbiTh MpeACTaBJIEHO MOAYJEM cJeAyioero HHTerpana [9]:

ITWN) = fJF@, 1). F*[(F' —\Vm); (' —\N)]dp'dy’],

(111, 78)
ml
~.
~ M*
~, ~ r 4
A
L P
’ ) ’ ’
f I § 7 ueosd
N~ TS
7 1 4
ks % u'sind”
- r \ ]
7 d L/
AN
Puc. 111, 9. K onopenenenunio | PHe. III, 10. K samene mepemers
npenesa HHTErPHPOBAHHA Npo- HbIX B mpeoGpa3oBaHHH Dypbe
H3BELEHHA KOMOJEKCHbIX
dynxouft
r,ueﬂ’ H '?' — HanpasJislOllHe KOCHHYCEI pajnyca CQJepr BOJIHBEI CpaBHe-

HHsl, TNepeceKaiollero MJOCKOCTh BLIXOJHOrO 3payKa B HEKOTOPOH Touke
(m'; M'); N;, 1 N'y — npocTpaHCTBeHHbIe 4acTOThi MEPHAHOHAJBHO- H
CaruTTaJbHO-OPHEHTHPOBAHHLIX H306paMKeHHi WITPHXOB MHPH, F u F*—
KommJleKcHble QYHKUHMH pacnpeie/ieHHsl aMIVIHTY/L Ha BRIXOJslle# U3 3pay-
Ka 06beKTHBa BOJIHOBO#H NoBePXHOCTH. O6J1aCTh HHTETPHPOBAHHUSA PaclpoCT-
paHsieTcst JIMLIb Ha 4acTh MJoulafu spauka [9]. HdeficTBurtesbHO, PYHKUHS
F paBHa HyJ/10 BHe KOHTypa 3padka W npousBefieHHe FF* MoXeT HMeTh He
paBHOe HYJII0 3HaueHHWe, ecJIH [iBa KOHTYpa , NpejcTaBJieHHble Ha pHC.
II1, 9, umetor o6uLyI0 (3alUTPHXOBAHHYIO Ha PHCYHKe) 06/1acTh: ONMH H3
HHX fIBJIfieTc KOHTYPOM 3payka, Apyrofi — TaKxKe KOHTYPOM 3padka,Ho
CMELIEeHHBIM COOTBETCTBEHHO Ha BeJHUMHE AN, u AN', ®yukuwun F n F*
MOXKHO MPeACTaBHTh CJefYyIOMHM 06pa3oM, eC/IH OTHOCHTEJIbHbIE OTBEPCTHA
O00bEKTHBOB HeBeJHKH H mpHHATb HOpMHpOBKY F(0,0) = lnpu L = O:

FO\ 1) =exp [ L@ 7]

P [(3 =205 (1 —AN)] = exp [— 2L (B—AN
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¥ =), (111, 79)

rae L — BoaHOBas aGeppauus Jiyda, KOOPAHHATH KOTOPOrO B BHIXOJHOM
spauke m' u M’ crenyomum o6pasoM CBA3aHHEIC BelHUMHAMH B ¥ y’
panuycoM 7° cdepsl cpaBHeHHs (cM. puc. 111, 10):

o
-
[«]
(=)
(7]
=3
~
-

=u'sind’' =7, (111, 80)

CumBosiom exp ¢ ueabto yaoGcTBa 3anucH ofosHadeHa «DyHKIMS-BHHTY
e* = exp(ix).
B pesyabTaTe noayqum:

o= | e[ (21 £

r r

- [_ a L(':‘_,’_w;,; %—w;)]dm'dm'l. (111, 81)

B cooTBeTCTBHH C BhillleCKa3aHHHIM HeOOXONHMO, 4YTOGLI HHTeIPHPOBaHHe
NPOBOJAMJIOCH N0 BCeM 3HadeHHaM m' H M’, NpH KOTOPHIX BHINOJHSIOTCS
HepaBeHCTBA:

m" M <A (=P (=TT <

e m' = ANpr' 1 M' = AN's'; p’y — pajuyc BeIXogHOTO 3padka
o6BbeKTHBA,

B cayuae ofiHOMepHO# CTPYKTYphI 06b€KTa, HanpHMep NPOCTOH IITPHXO-
BO# pellleTKH M KBaJpaTHOro 3payka oGbeKTHBa CO cTopoHo# 2p’,, u3 (III,
81) noayuum:

u
2xni

|T(N’)|=C E exp{ : [L(u')—L(u'—m;,)]}du',

=)+

(111, 82)
roe u' = -?,—' nu ;= ’:% — anepTypHuifi yrosl o6BeKTHBa, CTOpPOHA

3pauka Kotoporo 2p‘;; C — HeKOTOpbifi MHOXHTE/b, ONpejeseMbifi NpH
KOHKPETHbIX BHIYHC/ACHHAX H3 YCJIOBHs HOpMHpoBKH: |T(N')| = 1 mpu
Nom — 0.
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Kak H3BECTHO, MOAYJIb 3TOr0 BLHIpAXKEHHA pPAaBEH:

“l .
|T(N)|=C [ 5' sin%’iq)(u')du']-}—

[ r
—u|+mm

“y
+[ 5 cosz—:-d)(u')du':l i (111, 83)

r ’
—u l+mm

tne dyuruus @(u') = L(u') — L(u' — AND).

Ecau BelpakeHHe BOJIHOBOH aGeppallHd NpeacTaB/sieT CHMMETPHUHYIO
¢yuxunio L(u') = L(—u'), TO nepBulfi HHTerpaJ, CTOSLMA NOJ 3HAKOM
pajgHKasa, obGpaiiaercss B Hy/b ¥ Boipaxenue (III, 83) npunumaer Bua:

a
IT(N)| =C j cos2—:¢i(u')du’. (111, 83")
— U AN,

OtH dopmyJbl YIOOHHE A NMPUMEHEHHs, eCJIH H3BeCTHHl BhipaXKeHHs
IJisi BoJIHOBO# aGeppaumu L(u') o6beKTHBa.

2. MpubanxkenHas oueHka eanaHua aGeppauuii na YKX (mm ®IIM).
PaccmoTpum npuMepsl npumerenns gopmya (111, 71) u (111 83), neppas u3
KOTOpHIX npHcnocobJieHa, ec/H H3BecTHa (YHKUMS paccesiHusi, a BTO-
pasi — eCJIM H3BECTHO pacnpelieleHHe BOJHOBOH abeppalud B spauke 0Gb-
€KTHBa.

ITycte 06BEeKTHB ¢ OCTaTOYHBIMH (KaK MOHOXPOMAaTHYECKHMH, TaK H
XpoMaTHUYecKHMH) abeppalHsaMH H306pa)kaeT CBETALLYIOCS FeoOMeTpHduec-
KYIO TOUKY B BHJIe KPYTJIOTO AHCKa JHaMeTpoM d’', OCBELIEHHOCTb B KOTOPOM
pacnpenenena paBHoMepHo. [Ipn TakoM mnpeanosioxeHuH pacnpejesieHHe
OCBEIeHHOCTH B H306paXKeHHH JIMHHM BhIpaxKaeTcs (opmyJiofi:

A® =% Vr—g, (111, 84)

i’

d 2
melLt<sr =7 - Muoxurenn =73 B BHpaXeHHH (YHKUHH pacces-
uusa A'(E) BBeseH Ans Toro, YToObl BHIMOJHAJOCH YC/JIOBHE HOPMHPOBKH:

jrA' ®dE=1. (111, 84")

Kospduument nepeaayn Mopyasuvu (KIIM) npu n3o6paxeHu cHHy-
COHlla/IbHO! MUpHI onpefenntess opmyaok (111, 71):

|TN) | =[Te(N)] +[Ts(N)F.
Tak kak A'(f) — ¢yHKuMs ueTHasi, TO, KaK OBIO CKa3aHO BHIILe,
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T(N’') = 0 u, caenopateabHo, npu HopmupoBke (III, 84’) umeem:

IT0N) | =TcW)= (4@ cos?wN'§d§=2[+wl, (111, 85)
roe N' — mpocTPaHCTBEHHasi 4acToTa B H306paXKeHHH CHHYCOHAAJBHOM
mupel; /y — ¢ynkuua Beccens nepporo mopsiika. OrpaHHYHBLIHCE ABY-
Msl MEepBBIMH U/JIeHaMM psifla pas3nioxenus stoi ¢ynkuuu (I1I, 11°), nomy-

YHM:
dn ~ W Vea—=TWY). (111, 86)

Sta npubauxeHHas ¢opmysa, obaajaomas HeGOJBILOH MOTPElIHOCTHIO
TNPH JOCTaTOYHO BLICOKHX KOHTpacTax usobpaxenus T(T > 0,5), nossoas-
eT OLEHHUTh HAONMYCTHMble raGapHThl (QHTYPH paccesHHs d' NPH 3ajaHHOH
npocTpaHcTBeHHO# yactote N' u TpeGyeMoit Beauunune T(N').

PaccmorprM BTOpoit npuMep, Korza o6beKTHB ¢ abeppauusMu H3obpa-
3aeT CBeTAULYIOCsS TOUKY B BHJe KPYIJIOrO AHCKa AHaMeTpoM d’, OCBelleH-
HOCTb B H300paXXeHHH KOTOPOTO PaBHOMEPHO (INHeHHO) CHHIKAeTcsl OT He-
KOTOpPOro MakcHMyMa J0 HyJs. [IpH TakoM npennonioxeHHH pacnpeseieHHe
OCBellleHHOCTH B H300paKeHHH JIHHHH BbIpasuTcs (opMmyJaol («pyHKIHI—
TPeyToJIbHHK»): '

A'(g)=+(1—,%|), (111,87)

r

mel<st<r = dT- MuoxHTeJIb ri B BeipaxkenuH A'(E) BBefeH Ans

npusenenus K HopmupoBke (111, 84"). U spece pynkuns A’'(E) veTHas m,
CJIeloBaTelIbHO:

T =Te@) = § L (1 —| ) cos 22" et =
= (S

sineN’r
s ) ) (111, 88)

Orciona npHOAHKEHHO HMeeM:
dan _fv_ V3T—=T®), (111, 89)

rae dy = 2r.

Conocrapass Benuuunn dy,' (111, 86) u d, * (111, 89), mpUXOAHM K BHBO-
Ly, 4TO MpPH OJAHHAKOBBIX BEJIHYHHAX MPOCTPAHCTBEHHLIX YacToOT B H306pa-
XeHHH CHHYCOH/IaIbHOH MEPLI N’ H OlHHAKOBBIX BeJIHYHHAX KO(DDHIIHEeHTOB
nepefaun Moayasund | T(N') | rabaputsl Gurypsl paccessHHs CpaBHHTE/b-
HO MaJl0 H3MEeHAIOTCA NPH PasJHYHOM XapaKTepe pacrnpejie/ieHHs] OCBelleH-
HOCTH B H300pakeHHH — Kak [1-o6pasHoM, TaK H paBHOMEPHO CHajaloieM
(«pyHKUHS — TpeyroabHHK»). MIHEIMH c/l0BamMH, XapaKTep pacnpelie/ieHHs
aGeppauuii B npejie/lax safilaHHbIX raGaputoB d’ QHIYypHl paccessHHs Jydel
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CPaBHHTeJIbHO MaJi0 BJIHSIET Ha BeJHYHHY Koa(dHIHeHTa Mepesayu MOAY-
asunu usobpaxenua T. IefcrBureanto, u3 (II1, 86) u (III, 89) nHaxomum:

d, =
S =1/ 2 =12
dy 2
T. e. rabapuThl QUTyp paccesHHs OTJIHYAIOTCS JHwb Ha ~20%.

Jlna npakTHYeCKHX PacuyeTOB MOXKHO NPHHATH CpeliHee KBafipaTHYHOE
3THX BeJIM9HH:

2 r2
’ dp +dy” 2 Vasi=17)

d = = —— 25(1—T). (IT1, 90)
a'm Ha puc. 111, 11 npeacras/ieHsl KpH-
207 reas Bhie 3aBHCHMOCTH pa3mepoB ¢Hryp pac-
L 3; cessHHs aydedi d' OT NMpPOCTPaHCTBEHHBIX
g5} 47\ gyactoT N’ M BeJHYHH Ko3(XDHLHEHTOB
| 48\ nepefaun MOpyJasuHu T wu3oGpameHuit

Y PTIANN CHHYCOHJA/NLHON  PeIleTKH.
i RN 311 npubiaviKeHHble 3aBHCHMOCTH
q0rl- I~ PaUHOHA/NBHO HCHOJBL30BATh AJIs Tpef-
BapHTe/ILHOH OLEHKH KauecTBa OGBEKTH-

W 30 4 %  BaHa OCHOBaHHH aHaJu3a ero aGeppa-

-1
W, nrt M, YTO BaJKHO KaK pa3spaGOTYHKY, TaK
P 11T, 11 Koiiiie sasachiio- H notpebuTeM0 obbeKTHBa. BoJsee Tou-
et pashepon & Guryp pacces- Hele onpefenenda KIIM npousBopsaTtcs
HHS Jaydefl OT DpPOCTPaHCTBEHHBIX
sacror N’ u kosbduugenton ne- Ha OCHOBe MPHBEJAECHHBIX BhIIlIE TOYHHIX
T ) wote- ¢opmy.1, pacyeT N0 KOTOPEIM BHINOJHSAET-

s ¢ noMotbio IBM.

Ha puc. 111, 12 npuBefiensl Npumepst nonepeunsix abeppauuii B ueHTpe

noJisi U aGeppauuil IIMPOKUX HAKJIOHHHIX MYYKOB B MEPHAHOHANbHOM M H
[JIABHOM CAaTHTTaJbHOM S CeYeHusX.
[TyHKTUPHBIMH KPHBBIMH OTPaHHYeHbl 3(beKTHBHbE raGaputsl d' QUTYDHI
paccesiHHs; 3TH KPHBbIe NPOBe/leHbl MapaJebHO JHHHH aa’, onpejessio-
Lled MOJIOXKEHHe MpeAnoJaraeMoli MJOCKOCTH HaWJydileldl YCTAHOBKH
(cm. raasy II).

3. Xpomathueckue aGeppauun u YKX (PIM). Boime 6biio pacemor-
peHo onpenenenne OIIM oGbekTHBa B MOHOXpoMaTHueckoM cBere. Onpe-
nenuM @IIM npu uwsnyyeHHH oGbeKTOM GeJIOTO CBeTa MJIHM H3JIY4YeHHH B
CNeKTpajibHOH 06/1acTH OT Ay N0 A, NPH HaJHUKK XpOMaTHYECKOH abeppa-
IHH 0OBEKTHBA.

[lycTs pacnpelenienre cneKTpaabHOM CBETHOCTH B IJIOCKOCTH MpeiMeTa
nonpeHeMy 8ajlaHO KOCHHYCOHJAJIbHOH 3aBHCHMOCTbIO:

Ry (x) = R, » + Ra, rcos2zNx, (111, 91)
rae Rd).l H Ra,l — COOTBETCTBEHHO CIIeKTpaJibHasA CBETHOCThb QJOHa H aMIl-

JIMTYAa KoJsiebaHus CHeKTpaJ'leOﬁ CBETHOCTH B IIJIOCKOCTH IpeAMeTa BAOJIb
OCH X.
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leerpanhnue 3HaYeHHs 3THX BeJIHUMH B JAHHOH TOYKe X GYJIYT PaBHHIL:

A A
R(x) = JRA (x) d); R¢=IR¢.AdM RQ=FR4.AdA° (I11, 92)

Kak 66110 nokasaHo Bbillle, pacrnpefie/ieHHe CNeKTPaJbHOH OCBellleHHO-
CTH B MJOCKOCTH H300paKeHHs BHIPA3HTCA TaKiKe KOCHHYCOHJAAJbHOW 3a-
BHCHMOCTbIO:

E\(x") = Ep, »+ Ea 2 cos [21:N'x‘ — 9 (N’)] .

o
-t
F e TP

Puc. II1, 12. 3ddexrusunie pasmepn d’ (uryp paccesHua ay-
q9efl B ONOCKOCTH YCTAHOBKH 4d’

; _ _—
r/ie NPHOJIHKEHHO MOXHO MOJNOXHTD, YT0 X' = Bx U N’ =—; B — Jm-

B
HefiHOe yBe/IHYeHHE ONTHYECKOH CHCTEMBI.
PacnpefieieHrse OCBeIeHHOCTH H300pakeHHs AJs INHPOKO#H obsiacTw
CNeKTpa, 0YeBH/IHO, BbIPA3HTCH 3aBHCHMOCTBIO:

A,
E(x') = 5

A
Egxdh+ | Eo,scos (26N'x’ —g;) dh = Eq +
A

Y Ay
4+ cos2xN'x’ 5 E,, a cos ¢ d\ -+ sin 2z=N"x" 5 E,, asineg, dA,

1 ]
A,
rae E,= é'E.b,;d).. Ilocneanee BHpaxeHWe MOXHO 3anucaTb B CJe-
AyolLem npacmm BHJEL
E(x') =Egy+ E,cos(2eN'x" —9'), (111, 93)
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rae

py 7 " 3
£-) (!E.,lcos o cu) +( Jﬂ.asin?{dl) ;L4
T ,a Sin gk

tgy’ = P (111, 95)

f 1 €08 5 A

AHanoruyHo HanHcaHHOMY BHIlle Boipaxenuio (111, 75), aas cnekTpanbHBIX
BeJIHUYHH HAXOAHM:

3
Ear=—= 5 |Ty (V)| R, (111, 95")

nk‘ gl
rie T, — chneKTpaibHulfl KosdHuHeHT nponycKanHs o6beKTHBA H CBETo-

¢uabTpa.
IMoacraBuB 3t0 BhipaxkeHue B (I1I, 94), noayunm:

A 2 = 2
E“=‘/[S ..} ; [ T2 (N')| R, ;coscpldl]-]-
n

A

A 2 - 3
+U 22, (N')lRa,xsincp;dl] . a9
X ;

L

Bocnonb3oBaBmHch TeM ke BuipaxenneM (111, 75), onpenenum unrterpann-
Hoe, T. . AJA o6nacTu cneKTpa A, — A, Bupaxenune OIIM:
2 T
IT(V)| = 2 B 2o

n? =t R,

[TpuusB Bo BHUMaHHe Buipaxenus pas E, (I1I, 95") u R, (111, 92) n
MOJIOXHB, UTO 1, = n'y = n = const Ana BceX JIHH BONH H YTOR, =
= f = const, HaXoquM:

A 2
]/ [{'tlm (N’}|R,.Acos¢;d1] +

1
l!
I ,:l. Ra‘ Adl

1

TN =

A 3
+ [I, T |T,l (N’)lRa. L sin ¢, dA ]
1

e . (111, 96)
J T Ry, adh
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Sra dopMyJa N03BOJAET ONpeNeHTh HHTErpaJbHylo BeanunHy OIIM o6nb-
€KTHBAa B CMEKTPaJbHOM MHTEpBaJe OT A, N0 A,.

Ecnu ob6bekTHB 06NajiaeT CHMMETPHUHHIMH aGeppalusiMH, TO H3o6pa-
XeHHe peieTKH He Gyner umersb asooro capura ('’ = 0). Hs (I11, 96)

noJyqHM: .
A,

{ | Ta (V)| Ry, hdh
IT V)| =2 . (111, 97)
[ Ra,ah

Hanvuefiee ynpoulenue noayduM, eclid NpeAnoNoxuTb, 4To R, ) ~
= const (Hanpumep, AHeBHOH co/MHEeYHBIN cBET) H K03(pHUHEHT mpomyc-
KaHHA OﬁbeKTHBﬂtl TaKe MOoCTossHeH JJisi BCeX JAJIHH BOJIH:

ll
I | Ty (V") | dh
I'x'"(l\f)l=—l“_7t1 . (111, 97"
Kak 6bu10 nokasaso Buime (111, 83’), npu KBajpaTHOoM spauke H cHM-
MeTpPHUYHOH (UIype paccesHHs: .

4y
|75 (V)| =C 5 cosz—r-tb(u')du’,
—t +AN"

rae ®(u’) = L(u') — L(u" — AN').

3Hasi BepaX<eHHe BOJIHOBOH abeppaunu L(x’), MOXHO H3 mochefHen
¢dopmyasl onpepennts GITM.

PaccmorpuM npocrefiiinifi ciyda#, Korna ¢yukums L(u') deTHas H
BbIpaXaeTcsi OAHHM WICHOM:

e
L) = ‘“; i (111, 98)
Tie A — npoloibHasi aGeppallHs OCEBOro My4Ka, KOTOpas MOXET HMeTb

PasNHYHEIA CMBIC/I: OHAa MOXKET BBIPAXKaTh BeJIHUHHY Ae(OKYCHPOBKH, Xpo-
MaTH4eCKy1o aGeppaliyio NoJioXKeHHs, BeJIHYHHY BTOPHYHOTO CNEKTPa HJH,
HaKoHell, cepoXpomaTHUecKylo aGeppalHio.

[Tycts, Hanpumep, A (A) BbipaxkaerT XpoMaTHyecKylo abeppailuio:

AQ) =s—s], (111, 98")

rae s’ — paccTosiHHE MapaKCHaJbHOTO H306paXKeHHs, COOTBETCTBYIOMIEro
JJIHHE BOJIHBI A OT mocnefHell MOBePXHOCTH 06BbEKTHBA; Ay — MIJHHA BOJ-
Hbl, NIPUHATAs 32 OCHOBHYIO.

Orciona Haxonum:

2
(D(u')= A: -%(ul_w1)5= ~;—)&N’ (%'—lN‘).
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IMocae noacranoBku B (I11, 83’) u mHTerpHpoBaHMA moMyunM:
.
|7y (N)| =C 5 cos AN’ (2u’ —\N")du’ =
—u AN
sin [=N’A (AN’ — 2u4,)]
=N’A ’
Ilpu N' - 0, |T(N')| = 1 umeem:

2!1'
oTCiofa:
' in [=N’A (2u; — AN’
| Ty (V)] = st | (”', )l (111, 99)
2eN’Au,
[Tocne moacranoeku (II1, 99) B (111, 97') naxonum*:
sin [¢; (1 —¢g) A (M)]
5 A (R) e
ITWN) == " i (111, 100)
1= M
rae
¢y =2rN'u; c,=% l,-

!

* Kak nssectyo, UKX upeansHoro o6BexTHBa ¢ KPYIJIHM BXOJHEIM 3PAYKOM BH-
paxaerca Qopmynon:

2 N, AN’ VR
T, (N'y= —{ arccos ,1 _— [l —( = ’
T 2uxp 2uxp 2uup

riae u;p—anep‘rypnmﬁ yron o6wexktuea. Kak Buaum, ¢opmyna He yao6ua Aas mpH-
MeHeHHs NMPH aHaJH3e MHOTO3BeHHOR cHcremu. HcecsenoBanua aBTOpa MOKasaiH, 9To
npH npHOAMKeHHHIX pacueTax YAOGHO NPHMEHATb GOPMYJH (lI!, 100) u (III, 101)

2u,
A

ANA mpocTpaHcTBeHHHX dacror N’ <0'7N::pe,w rie N:me.n: E , OPH YCJ/IOBHH,
qTO MIOWAAN KPYIJIOro H KBaJAPaTHOrO SpaukoB PaBHOBeNHKH:
2 2
.2 o, r e
U =4l,(x . u‘p = u,

Kp V;" 1

rlle u; — amepTypHmii Yro;, COOTBETCTBYIOWMH KBaIpaTHOMY Spauky B (hopMyJe
(111, 100):

01=2nN‘ui=u]/:_:—N'u;;p. Qe — — =



Takum o6pasoM, UMest IJisi OGBEKTHBA ¢ anepTypoi &', rpaduk npoaob-
HOTO XpoMaTH3Ma A (A) ¥ 3aliaBUIHCh HHTepecylomeR Hac l:acromﬁ H3o0pa-
JKenus pemetkH N’ (npH ycioBuH, uto N' < Ny’ = eI 611 npeaeasHOM
YacTOTHI, paspellaeMoii HieaJbHbIM 00beKTHBOM), K3 (III, 100) BBIYHCIIEM
®IIM, cooTBeTcTBYyIOULYIO AaHHOH wactore N'. DTOT pacyeT BHIMOJHAETCH
SJIeMEHTaPHO MPOCTO (3AeCh AOCTaTOYHA TOYHOCTH JiorapH(MHIeCcKo# JHHel-
KH); CIEKTPaJbHBI HHTEPBAX Ay, — Ay AEHAHMTCS Ha R 30HAA = % (Ag—

—»M\;) u cymmupyetrcs £ + 1 cOOTBeTCTBYIOMMUX OpJAHHAT:

i=k4-1

_ 1 sin[ ;A () (1 — ¢gh)]
TN il k41 ( A (A)

)t- (111, 100°)

3ameruM, uto PIIM Gesabeppaunonnoro obvektusa (A (A) = 0) ompene-

JINTCS U3 BBIPUKEHHSA:
i=k+1

\T (V)| —T 2 (1 —ca),. (111, 101)
i=]

ITpH c/I0KHOM CEKTPalbHOM H3JIYy4eHHH 00beKTa R, i H CeIeKTHBHOM Mpo-
nyckaHud ob6wvekTuBa M3 (I11,97) u (111, 99) naxonum*:

A
sin [e; (1 — cgh) A (V)]
511 R {,'1A (1) dA
IT(N)| =~ T . (111, 101%)

Stl Ra. ldl

Kak nokasanu gHCJEHHBlE HCCJIEI0BAHUA, TOYHOCTh ANNPOKCHMAUHH NOBBICHTCA,
€C/IH B BHIpaXKeHHe Cy; BBECTH MONPaBOYHHIA COMHOXHTENb C:

e e N’
Cg = CCg=——"
V= Uyp

rfie A7 HAEAJLHOTO B AM(PaKUHOHHOM CMHC/Ae oGbeKTHBA ¢ = 1,06 NpH KPyraoM
3pauKe:

" Ty(N)=1—Ch=1—

T W
Ve ul, )
Jns peansHoro, HO JOCTAaTOYHO XOPOMIO KOPPHTHPOBaHHOro o6mexTHBa ¢ > 1,06.
B Gosee ofuem cayuae Ajsi peansHOro 0GBeKTHBA
T(N')=1—AN' +BN",

rie
ch
—_— .

V= g

¥ ECJ[H KaK ONTH4YeCKasg CHCTeMa, TaK H NPpHEMHHK HSOGPE)KQHH’I CeJlIeKTHB-

A=

HOro JefiCTBHSA, TO BMECTO Ty, ClIeAyeT NPHHATDE Ty, (§6T)' rge ﬁl_ OTHOCHTeJIbHble

BeJIHYHHH CeKTPaJbHOH YyBCTBHTENLHOCTH IPHEMHHKA, NPHBEeHHNEe K MaKCHMaJb-
HOH HX BenHuYHHe So,A B HHTepBane oT My KO
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PaccmotpemM npumep pacuera ®OIIM oGbekTHBa axpomara ¢ (POKYCHBIM
paccrosindeM 500 mm H OTHOCHTeJIbHEIM oTBepcTHeM 1 : 5 (u’; = 0,1), 06-
JIaJIalOIer0 HOPMaJbHBIM BTODHYHBIM CNEKTPOM, B 06JacTH oT JuHHH G’
zo auHud C. B KauecTBe OCHOBHOH JHHHH, BOJIH3H KOTOPO# HaXomuTcs
ToyKa meperuGa KpHBOH BTOpPHYHOTrO CEKTpa, npumeM Ay =0,560- 103 un;
creKTpaJbHbiii MHTepBald of A, = 0,440-10° mm no Ay = 0,660X
X 107% mm pasfie/lMM Ha paBHble 30HHAA = 0,020-107% mm.

B Ta6a. 111, 4 npuBelleHn! pe3yJbTaThl pPacyeTOB, BBIMOJAHEHHEIX IJIS
yactor usobpaxeHudi N' = 50 mu™ u N’y = 293 um™* Ge3 cBetrodu/ibTpa
H co caoxubiM ceeropuabTpom C3C10 + JKC18 npn paBHOSHepreTHuec-
KOM HCTOYHHKe CBeTa.

PaccmoTperHe JaHHbIX TaGHLbI ¥ Pe3yALTHPYIOMKX 3HaYeHU A, npuBe-
IeHHBIX B mocseliHedi cTpoKe, nokaseiBaeT, 4to KIIM GesaGeppauuonuo#
cuctemsl B Gesiom cBete pased |[T(N')| = 0,86 (cronGeu 3 Tabauius) npw
yactote N' = 50 ux%; npu gactore N’y = 293 mm™ Besuunna |[T(N')| =
= 0,19 (cron6ew 5 Tabauusl). B cron6uax 4 u 6 npHBefeHH COOTBETCTBYIO-
mye 3HadeHds PIIM npu HopMaJIbHOM BTOPHUHOM CrieKTpe axpomaTa (1aH-
Hble CMEeKTpa mpHBeleHHl B crTo/i6ue 2 Ta6Gauubl). Kak Buaum, XpoMa-
THYecKas aGeppauns o6beKTHBA NPH OCBeleHHH GeJIbIM CBETOM NPHBOJIHT K
sHayHTe/IbHOMY cHuzkenuio PITM o6rekTHBa: 0 SHAUEHHs JT(N ) = 0,33
nmpi N’ =50 ™ u no |T(N')| .= 0,06 npu N’y = 293 umt.
B Hamem npHmepe B3AT OOBbeKTHB C OTHOCHTeJbHbIM OTBepcTHeM | : 5;
OYEeBHJHO, JJISl CBETOCH/JIBHBIX OOBEKTHBOB BJIHSIHHE XPOMaTH3Ma OKa3biBa-
eTcs ellle OoJiee cymecTBeHHBIM. KapTHHa SHa4MTeJbHO yJydllLiaeTCs MPH
npHMeHeHHH cBeToduAbTpa: BesnuuHa PIIM npu yacrorax N’ = 50 mmu™?
B nocaefiHeM chaydae aocruraet [T(N')] = 0,68.

I. F'anbnepH, pemaBiuyii 9Ty 3afiady AJIs BH3yaJbHBIX CHCTEM, NOKasaJ,
YTO BCJIE/ICTBHE CeJIEKTHBHOCTH IJ1a3a XpoMaTHuecKHe abeppalMH O6beKTH-
Ba MeHbllle BJHsIOT Ha PIIM.

4. PyHKuMH nepefayd MOAYJAUMH peanbHuX o6bexkTHBoB. Ha OIIM
peajbHBIX OOBEKTHBOB BJHSIOT He TOJBKO HX MOHOXPOMATHYECKHe
H XpoMaTHUecKHe abeppallii, HO H psl (aKTOpoB, CBA3aHHBIX C TEXHOJIO-
rveli H3roToBJEHHs, COOPKH H TOYHOCTbIO YCTAHOBKH B COOTBETCTBYIOLLEH
amnmnaparype.

HeonHopoaHOCTE ONTHYECKHX CTEKOJ, MEeCTHble MOTPEMIHOCTH YHCTOTEI
06paGoTKH NpeJOM/SIOIHX M OTpaxaloluX MOBepXHOCTel, HapyllleHue
MHKPOTEOMETPHH MOBEPXHOCTH B pe3yJbTaTe ee MPOCBETJAEHHS, «[apasHT-
HOe» CBeTOpaccestHHe OT ONTHYECKHX MOBEPXHOCTeH, TOPLOB K PacoK JIHHS,
NOTPellHOCTH LeHTPHPOBKH MNoBepXHocTel 06beKTHBOB NpH HX cOopke
HT. II. — BCe 5TO BHI3bIBaeT AONOJHHTeabHOe cHHXKeHHe PIIM 00beKTHBOB,
a ciefioBaTe/ibHO, KauecTBa OINTHUeCKoro H3o0paxeHHS.

Ham onuit B 06/1acTH 06beKTHBOCTPOEHHS MOKa3aJ, 4TO MNpH Nepexofe
K MPOMBIILJIEHHOMY BRINYCKY ¢oTorpaduueckas paspeluaiolias cHia ofb-
eKTHBa OOBIYHO CHH)KaeTcsl B JyullleM cjydae mpHOJH3HTeNBHO Ha 10%
N0 CpaBHEHHI0 ¢ pa3pelllalolled CHJOH STaJIOHHBIX OMNBITHBIX 06paslOB.
Ilpn HemocTaTOUHO CTPOroM KOHTpOJe BCero Mpollecca H3rOTOBJEHHS H
cGOpPKH OTK/IOHeHHe MoxeT nocturath 20% u Gonee. OueHKa KauecTsa ce-
PHHHBIX OGBEKTHBOB M HX OTOGpaKoBKa MeTofioM HaMeperust PITM npen-
CTapJfeTCs HaM BechbMa pallHOHAJbHOH M MeHee TPYJIOEMKOH, ueM onpeje-
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JeHHe HX ¢ororpaduyeckoli paspelnaromedi CHABL. ITa METOAHKA OLEHKH
ABJSIETCA TaKxe BeCcbMa JAeHCTBEHHOH NPH yCTaHOBJEHHH TpeOyeMEIX TOY-
HocTefi GoKycHpOBKM 00beKTHBOB B (oroannaparax. I[lomoGuuie 3ajpauu
BO3HHKAIOT, HamnpHMep, MpPH HeoOXOAMMOCTH KOHTPOJISI TeMMepaTypHOH H
Gapuueckoli AeOKYCHPOBOK H300paxceHHH OTHOCHTEJNbHO MPHEMHHKA.

3agaua pemaercs npumeHenHeM dopmya (111,83) u (111, 83'). INocsen-
HAS ¥MeeT 0cOGEHHO MPOCTOH BHJ NMPH CUMMeTPHYHOH (PYHKUHH BOJHOBOM
aGeppaumu L(u"), 4T0, B YaCTHOCTH, COOTBETCTBYET H306paKeHHIO TOUKH Ha
onTHYecKo# ocH. HanpruMep, B IJIOCKOCTH NpHEeMHHKA, CMELIEHHOTO Ha Be-
JIHYHHY A OTHOCHTeJIbHO TJIocKocTH I'aycca, BosiHOBas abGeppauus oGbeK-
THBa L BhipaXaercs c/eiyiomei gopmyJioii (cM. raasy II, gopmyay (II,
106) n nocnefyiomue npu cheprdeckoit abeppauuu Tpethero 8s'y; U nATOrO
8sy') nopsankos:

1 2 1 . 2 1 't
L-_?Au -+ n 8‘Slllu +—-é*68\;u .
BocnosbsoBaBurnch 3Toii opMyioit 1 noctpons Qynkunio ® (u') = L(u')—
L (u—iN'), u3 Beipaxenus (III, 83’) HemocpeacTBeHHO omnpegessieM
BeqnunHy PIIM obwvexkTHBa.
Ins npoctoft fedOKYCHPOBKH A HMeeM:
L % Au”; ©@) = % AN’ (2u' —AN') ;

nocie noacraHoBkH B (111, 83’) u uurerpupoBanus npuxonuM K dopmyJe,
ananoruunoit (111, 99):

Tyl = Sl ACHW)] sl G—ab) g 49

2rAN’u, A
Ny’ - L N
rae ¢, =2xN'u;; ¢y = T KoHeuyHo, ¥ B 9THX cJayyasix cnpa-
1

BeJUIHBO 3aMeuaHHe, MpPHBefeHHOe Ha cTp. 282—283.

Hanpumep, npu oTHOcHTeNbHOM OTBepeTHH o6bekTHBa 1 : 5 (1’ = 0,1)
HA = 560 mrm pst npocTpaHCTBeHHOM YacToThl N’ = 50 ML u npHA =
= 0 mn3 (III, 102) naxopum KIIM: |T(N’)| = 0,86; npu A = 0,1 mm
yxe umeem |T(N')| = 0,13 (!).

CymecTByeT MHOI'O SKCNEPHUMEHTAJNbLHBIX Croco6oB HENOCPeICTBEHHOrO
u KoceenHoro onpefienienusi ®IIM peanbubix o6bekTHBOB. [1pamoii skcre-
pHMeHTaJbHBIE MeTol onpefeneHna OIIM sakmouaercss B ToM, 4ToOH 06-
pasoBaTh H300paKeHHe CHHYCOWJAJbHOH MHMDHI M 3aTeM CKaHHPOBaTh Mo-
JIydeHHOe CHHYCOHAaJbHOe H300paikeHHe C MOMOIIbI0 MHKpogoTOMETpa;
GyHKUMA nepejaud MOAYJSUMH oONpefessieTcs B pesyibTate (oTo-
METPHPOBaHHs M3 OTHOIIEHHH KOo3(uureHTOB MOAYISALHH H300paKeHHs H
obrekra (cM. III, 68 u III, 72).

YcraHoBKa IS NPOBeJieH s TAKMX H3MePeHH COJlePIKHT CHHYCOHAAb-
HYIO MHDY, HCNBITYeMBIH OOBEKTHB H CKaHHPYIOILYIO Lie/b, nepeMmelaio-
WYIOCS B MJAOCKOCTH H300paKeHHs CHHYCOHAANbHOH MHDH HCHBITYEMOIO
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o6bextBa. CBeT, npollefnil yepes iesb, perHCTPHPYeETCa (GOTO3/IEMEH-
TOM, COeHMHEHHBIM ¢ camonucueM. [TocKonbKy npoxoAsiiui yepes CKaHH-
pyiolULyIO Ilelb CBeT HHTEIpHpYeTcs MO BeeH AJMHe IIEJH, 3eCh MOXET
6LITh NpUMeHeHa MHpa, BHIOJHeHHasi B BHJle MACKH C MPO3pavyHOH AOpOX-
Ko mepeMeHHOH IIHPHHBI. OdeBHAHO, ec/iH B IOAOGHOR YCTaHOBKe CHHYCO-
HIaJbHYI0 MHDY 3aMeHHTb Y3KOH llesblo, camMonucel, OyAeT BbIYEPYHBATH
dyHKuHIo paccesHus o6beKTHBA.

Hpyro# cnoco6 onpenenenus PIIM COCTOHT B TOM, YTO Ha HENMOABHXK-
Hbifi CHHyCOHAa/JbE % TecTOOBEKT TNpoelHpyeTcs H3oGpaxkeHHe Y3KOMH
LeJIH ¥ H3MepsieTCs Ch NpoluelHii CBeTOBOH MOTOK; 3aTeM TecT C/BHra-

eTCsl Ha 12- M MpoLIeAH# CBETOBOH NMOTOK H3Mepsercs BTOPHYHO; MO pe-

3yJbTaTaM onpeaensiorca GpyHKUHa nepefadn Moayasaunu [T(N')| u pyuxk-
uus nepepaud Gaswe [p(N’)|. Oanako Bee STH cnocobl, AaBast XOPOIIHe
pesyJabTaTH, 06/1ajialoT HEBLICOKOH NPOH3BOAHTENBHOCTBIO.

Bonee pacnpocrpanerHble cnocoGbl OCHOBAaHB! Ha ABHXKEHHH psila CH-
HYCOHJAJILHBIX TeCTOOBEKTOB C TaKOH CKOPOCThIO, 9TOGR! CHHYCOHIa/IbHbIe
KpHBbIe, NMpPeICTaBJsIOUlHe pacrnpefieJieHHe OCBEUIEHHOCTH B H300paKeHHH,
HJIH JlaXKe CaMa YacTOTHO-KOHTPacTHas XapakrepHcruka (PIIM) wmorau
6LITH 3aMHCaHBI C MOMOLIBIO OCUMIOrPada.

Boabiloe BAHAHHE HAa TOYHOCTb Pe3yJIbTaTOB OKA3LIBAIOT MOrPElIHOCTH
M3TOTOBJ/IEHHS] CHHYcOHJAaNbHBIX MHP. [losTomMy Gosiee mpemnouTHTeNLHBI
H3MepeHHs, B KOTOPEIX BMECTO CHHYCOHJAJbHHIX MHP MPHMEHSIOT NpaMo-
YroJIbHEIE MHPEI, H3TOTOBJIeHHEe KOTOPHX HE BHI3LIBA€T 3aTPYAHeHHi. Dtu
MHPHI TAKJKe MOTYT OhITh HCHOJb30BaHH! AAs onpenesenus OIIM.

B pesyabrate GuicTporo ABHkeHHs [1-06pa3Horo Tecta ¢ (oToanemenTa,
CTOSILIEN0 MO3afiH CKaHHpYIOUleH LIeNH, CHHMAeTCsl CHIHaJl MepeMeHHOro
ToKa. Bricilne rapMOHHKH ero Moryt GHTb OTHHJIBTPOBaHBI C MOMOIIbIO
Y3KONOJIOCHBIX 9/IeKTPHYECKHX QHIBLTPOB, BKJIOYaeMBIX Nepej| OCLHIIOrpa-
(hoM; pe3syabTHpPYIOWIMA CHrHal Ha 39KpaHe ocuu/Jorpada oKasbiBaéTcs
TaKHM 3Ke, KaK ecjqu Obl GBI MPHMEHEH CHHYCOHJANLHEIAL TeCTOGBEKT.

YcTaHOBKH TaKOro THIMA MOAYAC HMEIOT CJOKHYIO KOHCTPYKIIHIO, CJAOXK-
HYIO 3JIEKTPHYECKYIO cXeMy (Y3KONOJOCHHH QHJABTP, yCHJHTENb H T. 1),
COAEPIKAT MOMHMO HCIBITYeMOro 0GbeKTHBA JOMNOJAHHTEJNbHBE ONTHYECKHE
KOMTOHEHTH! (KOJIMMaTop AJs H300paXKeHHS TectoGbekTa B GeCKOHeu-
HOCTh, MHKPOOOBEKTHB /Il yBeJIHdeHHs H300paxeHHA, CHCTEMY NpH3M)
H OOLIHO TPeGYIOT CNEUHAJIbHOTO H3IOTOBJIEHHA BbICOKOKaueCTBEHHHIX
TeCTOGBEKTOB,

Hanbonee nopxoasimuMm tecToOBEKTOM sABJASETCA pafHaibHas [1-o6-
pasHas npsimoyroabHasi (cM. puc. II1, 4) uau paguan.uas Mupa (cM. pmc.
I11, 13). Ona moxer GbiTh NPHBeleHa BO BpallleHHe, NOCJe 4ero ToK ¢oro-
3/leMeHTa MOXKHO NPOdHILTPOBATh 3eKTPHIECKHMH MeTofaMH. MoxkHoO Tak-
Xe Mojy4arb TpeGyeMble NPOCTPAHCTBEHHBIE YaCTOTHI, H3MEHAS CKOPOCTh
HXBHIKEHHS OJJHOTO H TOrO e TecToObeKTa TaK, uTOOBI HACTOTa HACTPOWKH
¢$uABTPa COOTBETCTBOBaJIAa CHa4aJsla OCHOBHOH NMPOCTPAaHCTBEHHOH uacToTe,
3aTeM BTOPOH rapMOHHYECKOH cocTaBisiouwed H T. [.

Taxum o6pasoM, 3/1eKTPHYECKHE COCOGH B MPHHILKIE MO3BOJSIOT MOJb-
30BaTECA NMPAMOYToNbHEIMH MHPaMH, a Ha BHIXOJle NMOJYy4aTh CHTHaJMbI, 9K-
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BHBaJIeHTHEIE TaKHM, KaK ecJIH Gnl ObJI NMPHMEHEeH CHHYCOHAAJBbHHLIA TecT-
00beKT.

Ecau nosb3oBatbesi NPsAMOYToJbHOH MHDOMH, TO Ha BBIXOJE 3JIEKTPOH-
HOTO yCTpOfiCTBa MOJMydYaeTcsi CHHYCOHNAJIbHEIR CHIHAJ B pesyJibTare ABOf-
HOTO HHTerpHpoBaHHA (PoTOTOKA. [[eHCTBHTENILHO, PA3/IOKHB NPAMOYTO/Ib-
Hble HMNYJbCH GoToToKa B paj Pypee (puc. 111, 14, a), MoxHO 3anucaTh:

rJy

Puc. III, 13. Mupa panmaasuas Puc. III, 14, Tlonygenne cHRycon-
. BalbHOrO CHrHafla M3 NpAMo-
yroabHOro mnyTeM JABORHOIO HH-

TerpEpoBagHs (GOTOTOKA

&H
—>bE
SR

| 3

8 &

FWN', ) == [cos 21~:N’x'—-—3-cos(3 2nN'x') +

<

-|——cos(5-21=N'x')—----]—_—.

2

w 2n—1
n=l

(— 1) cos[(2n — 1) 22N x"].

INocsie nepBoro uu'rerpupoaauuﬁ noay4aercsa (puc. III, 14, 6):

F V', x') = [sm %N'x’ 551“(3'2“‘"”')"‘

+5l, sin(5-2-r:N’x’)-—----]=

__1 N L o o o _ -
- 2‘ G (= Dsin[2n — 1) 2eN"x').
==



Haxkonen, nociie BTOPOro HWHTEIDHPOBAaHHs MNOJY4YaeM CHHYCOMIAJbHBIMH

curuan (puc. III, 14, 6): .
FyV', ) = ——
2n3N'"

—-5— cos (5 - 21:N'x).._] =

[— cos 2xN'x" 4- 3%— cos(3 + 2nN'x") —

)
1

I -
- g 2 o osl@n—12eN"x].
= -

2n3N’

He ocraHaB/iHBasick Ha JAPYTHX BO3MOXHBIX Clocofax ompefesieHHs
®IIM 06beKTHBOB, YKaXeM JIHIIb, YTO B HEKOTOPLIX C/ydasiX, HampHMep
npH ucnbitaHud GororpaduyecKHX MaTepHAJIOB, NOJAB3YIOTCS CrocoGoM
HerocpejcTBeHHoro onpefienenus PIIM, mukpodoromerpupoBanneM H3o-
Opaxenuit I1-o6pa3HbiX (MPSIMOYTO/NLHEIX) pPeIlieToK PasHbIX 4acToT C mo-
C/IEAYIOIHM NEPepacyeToM IMOJy4YeHHOro 3HadeHus Tp,(N') mas npsmo-
yronbHOH pemeTKH AJls 3HauYeHHs Tc,,m (N’), cooTBeTCTBYIOWETO, cuuyco-
HJaNLHON pelleTKe:

Teun(N') = - [T.,p (N') + Ty (3N') — - T (5N') +
+L T,,,,(m J—— - | (111, 103)

310 BhIpaXKeHHe HHOTJAa HA3EIBAIOT tpopmy.uoﬁ KonbTmana.

! 3a noc/ieiHNe rojibl HAKOMHUJICS PACYETHBIH U SKCIIePHMEHTAaIbHEIN MaTe-
puaa no onpefenenuio OIIM 06beKTHBOB Pas/iHYHBIX ONTHYECKHX Xapak-
TEPHCTHK H Pa3HOTO HasHayeHHs. 3TH JlaHHble GyJyT HaMH NMPHBOAMTLCS
NpH ONHCAaHHH CBOHCTB "CKOTOPHIX KOHKPETHHIX 06beKTHBOB. [IpHBemeM
3flecb IS HJMOCTPAUMH (QYHKUHIO mnepefayd MOAYJSILHKH ORHOTO
U3 JIydmuX MOOHTeNbCKHX ¢oTOOOBeKTHBOB — 0ObekTHBa «Mup-1» (cm.
puc. III, 15) (F = 37 mm; 1 :2,8; 2w ="60°) mna Touek noas 0; 10 u
20 um. Hpe.mcraaneuuue KpHBble SIBJISIOTCS WIVIIOCTPALMeH JIMLIb ONHOM M3
BO3MOXHEIX (OPM MpeCcTaBJeHHS pe3yJ/bTATOB H3MepeHHil.

MoryTt npuMeHAThC H Apyrie (GopMbl NpejcTaB/eHHs, M03BOJSIOIHE
BBIZENHTh HeKOTOpbie BhiOpaHHbIe CBOHCTBAa 00beKTHBA NPH npeHebpexKeHNH
APYTHMH, MeHee HHTepecHHIMH. Hanpumep, ec/iH paccMaTpHBaTh CBOHCTBa
u3obpaXkeHust A1 ONHOH YaCTOThI PeIleTKH, TO MOXKHO MOCTPOHUTH rpaduky,
'yCTaHaBJWBAlOLIME KOOPAHHATHI TOYeK B INpOCTPaHCTBE H300paiKeHHH,
B KoTopbix BequunHa |T(N')| uMeeT MakcHMaZbHOe 3HaueHHe; Mo ocH abc-
IIHCC OTKJIaALIBAIOTCA PACCTOAHHA OT HYJEBOH MJIOCKOCTH, a 10 OCH OpPJAH-
HAT — OT LIEHTPa NOJisl; KPHBLie CTPOSTCA AJisi MepHAHOHaabHOrO M H ca-
rurrajibHoro C cevenuil oTaesnbHO. [Tofo6Hbe rpaduky yI00HB I/ OLEHKH
aCTHrMaTH3Ma H KPHBH3HBI N10JIs, HO HHYEro He TOBOPSAT O Be/IMYHHAX KOHT-
pacta H raybune peskoctu (puc. III, 16).

5. KauecrBo H3oGpaxeHHs CHCTeMbi 00beKTHB—rnpHeMHHK. [lonarue
«Kayec TBO ONTHYECKOT 0 H306paKeHus» ABJIAETCS BeCbMa LIMPOKHM H eMKHM,
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B PaMKaX KOTOPOTO He yKJaJblBaeTcs HH OfHH M3 NpelJIOKeHHbIX KPHTepH-
eB. Bosee 30 ner Hasaz, KOrAa B ONTHKY OLLIH NMepeHeCeHL! MOHATHS H Me-
TOJbI 06LIel TEOPHH CBA3H, Ka3aJloch, YTO HOBLIH NMOAXOJ K OlleHKe ONTHYeC-
KOro H3o00paKeHHs H AeHCTBHA ONTHYeCKHX NpPHOOPOB paaMKaJibHO NpPH-
6JIH3HT HAC K YCTAHOBJIEHHIO YHHBEpCAJbHbIX H OGBLEKTHBHBIX KPHTEpHEB
aTuX KauecTs. OfiHaKo npHMeHeHHe oOlleil TeOpHH CBfISH B ONTHKe JIHIIb
PacIMpHJO Halle NMOHHMaHHe Mpo6JeMbl OOHAPYXKEHHA M ONO3HABAHHS
06BbeKTOB H feTalsefl B H300paxeHHH, a B OCHOBY OLEHKH nocJefHero 6bia
nosioxeHa (PyHKIMA Nepefiaud MOAYJIANHH ONTHYECKOH CHCTEMBI.

TN

2 Ll N it
)5 2
7
4 I 7 M
w10
LA 11, \ ol
0 0 40 60 80 1mwons -4 [ 41 A .
.
- Puec. III, 15. ®yHKUHH nepe- Pac. 111, 16. 3aBHCHMOCTD
AaYH Moayaanuit oOObeKTHBA noNoXeHHs NAOCKOCTH
«Mup-1> pas  Todek moas MAKCHM8JbHOIO KOHTpAC=~
0. 10 20 mm ( — Mepu- T8 Tyage (N) oT pac-
AMoHANLHOE cedeHHe, - - -« - cTosnus I' OT LeHTpa mo-

— CATHTTANBHOE CeyeHHe) 8

OnTHyeckasi CHCTEMa CTajla pacCMaTPHBATHCH KaK (HABTP HEBBICOKHX
NPOCTPAHCTBEHHBIX YACTOT, TaK KaK OHa JiaeT H300paXkeHHe PeIleToK ¢ yac-
TOTO}i, He NMPEBHILAIOIENR YacTOTh, COOTBETCTBYIOWEH paspeluaiouei cune
CHCTEMEI. C :

Ceoiicta ¢oTorpaduyeckoro c/ios, 3/1eKTPOHHO-ONTHYECKOTO npeoGpa-
30BaTeis M IPYTHX NMPHEMHHUKOB H300paxeHH TaKiKe 0KasaJoCh BO3MOX-
HbIM (NpH BBEJCHHH HEKOTODPHIX OrpaHHYeHHH) pacCMaTPHBATh NPH MO~
MOWH (YHKUMA nepeaayn MOAYAAUHMH. 3epHHCTasi CTPYKTypa ¢ororpa-
¢uyecKoro c/1os ¥ APYTHX NMPHEMHHKOB M300paMKeHHii paccmaTpHBaeTcs
KaK ONMTHYECKH# IIyM. B KauecTBe XapaKTEPHCTHKH 3ePHHCTOCTH MOMeT
C/IyHTb €€ CIEKTP NPOCTPAHCTBEHHBIX YacToT. CylecTBeHHO YIIPOCTHIACh
OLEHKAa ONTHYECKOro AEHCTBHMA CJIOXHOH (MHOrO3BEHHOM) CHCTEMbI: €CJH
u3BeCTHE GYHKUHH nepejlain MOLYJALHH ee 3/eMeHTOB, HANPUMep CHCTe-
Mbl 06BbEKTHB — MPHEMHHK, To obwas PIIM Bceli CHCTEMBI MOXKeT GHITh MMO-
JlydeHa NMPOCTHIM NepeMHOXKEHHeM OPAHHAT 3JleMeHTapHEIX XapaKTepHCTHK:

IT (N =Ty (V)| - | Ta (V). | T (V)] (I11, 104)

B nocsniennem cBoiicTBe NposB/SeTCd OCHOBHOE JOCTOMHCTBO STOFO Me-
TOJAA. !

B cBete HOBBHIX npenmahneuuﬁ 6LIIH JaxKe clieNlaHkbl NOMBITKH «pa3BeH-
4aTbh? KJIaCCHYeCKHH KpHTepHH — paspelualoulyl0 CHJIy, — HTHOpHpY A

290



TOT PaKT, 9TO MOC/AEAHASA OTHIOAb HE npo'ruaopeqn'r STHM HOBEIM NPEACTaB-
JIEHHSIM: paspemiamilas cuia o6beKTHBa ABJseTCs Tol npelelbHOMN NPoOCT-
paHCTBEHHOM yacToToH, NMPH Kotopoi BesHuMHa KoddHlMeHTa nepefadu
MOAY/ANHM AOCTHTaeT MpeAeabHO MaJbiX sHauennii. TakuM obpasom, Kiac-
cuuecKHfi KpHTepHH KadecTBa H3o0paXKeHHs — paspelliaiomlasi CHJla —
no-npexHeMy OKa3aJiCi MPHTOAHBIM AJIsi XapaKTepHCTHK pa3/iHYeHHS H
pacrnosHaBaHHA NpeJeJbHO MaJbiX AeTajeli 06beKToB. [l OlleHKH BO3SMOK-
HOCTH pacno3HaBaHHA 0OBeKTOB pa3HBIX pasMepoB HeoOXOJHMO SHaHHe
ONTHYECKHX CBONCTB OOBEKTHBA B LUMPOKOM CHNEKTPe NpPOCTPaHCTBEHHBIX
gacToT — HeoOXolnMo 3HaHHe ero OIIM.

BMecre ¢ TeM H 3TOT KpHTepHii He ABJIAETCHA OJHO3HAYHBIM: MOXCHO HMETD
ABa 00beKTHBA C GNH3KHMH H Jaxe OAMHAKOBhIMH KpHBeIMH ®IIM, Ho c
CYLIECTBEHHO pa3/iIMYHbIMHM ONTHYeCKHMH KavecTBamu. Hanpumep, aBa ku-
- HOMPOEKLHOHHbIX 0O BEKTHBA C PA3JIHYHBIM Ka4eCTBOM XPOMaTHUECKOH Kop-
pekuuu ux aGeppauuii moryT obaajaTe ofHHakoBbiMH PIIM B GesoM cBeTe;
MeX]ly TeM BH3yaJIbHOE PaCCMOTPeHHe MPOEeKLUHH H300paXKeHH! MHPEl STH-
MK 0GbeKTHBaMH OOHApYKHT Pa3/iMuue B XpOMaTHUeCKo# oKpacKe W3o0pa-
JKaeMuIX JieTaJsed.

U Bce e nocraTouno ray6oKHe BLIBOALI MOrYT OHITh CHeNaHH HeNo-
Cpe/CTBEHHO H3 aHa/n3a QyHKUHH mepefaud MoAysasauud. Ecau, Hanpu-
Mep, XapaKTepHCTHKa o0beKTHBa A Ha HH3KHX 4aCTOTax BBIllle Xapakre-
pHCTHKH 06bekTHBa B, To 06beKTHB A GyeT Gonee pesko, 4eM oﬁ'bexmn B,
BOCMPOH3BOJAUThL KpYNHbIe AeTaJlH.

HHorzna o6a o6bekTHBa MOryT o6j1aiaTh OAMHAKOBO#H paspemalomeﬁ cu-
JIOH, HO UMETh CymecTBeHHO pas3nnuHbiil Buj rpadukos OIIM, 1. e. obna-
JaTh pasHbLIMH KOHTpacTaMH H3o0paxeHHH B JIMaNasoHe 4acTOT, MEHbIIHX
npejie/ibHBIX.

Hanpainusaercs ecr<. rBeHHOe H HeoOXOAHMOE YCJIOBHE, KOTOPOMY J0J1-
JeH yJ0BJeTBOPATh O0beKTHB: 00beKTHB J0JKeH 06/aaTh BO3MOKHO Bhl-
COKHMMH Ko3(puuHeHTaMH nepejlady MOAYAAUHI B pefiesiaX TOro AHanaso-
Ha YacToT, B KOTOPOM OH paboTaeT ¢ laHHBIM NpHEMHHKOM H300paeHHH.

IMpennoxensl pa3jiHyHble cnocoGbl KOJHYECTBEHHOH OLEHKH KauecTBa
ofbekTHBa OAHMM uHcsoM. HanpuMep, Gbiio NMpeisoxKeHO NMPOH3BOMHTb
OLEHKY ONTHYEeCKOH CHCTEMH! C MOMOILLI0 NmpelesbHol yacToThl N’y (pHC.
111, 17), onpenensemoit nuuuedit T,C, orpaHMYHBalOLleil TaKyl0 e NJO-
mwane TyCN'y, uto 1 AeficTBuTEIbHAsA KpHBas A; Kpupas C HMeeT NOCTOSIH-
HbIf Ko3(pHLHEeHT nepefauyn MOAYJAALWH, PABHBIA ero 3HaueHHo T NpH
HyJeBoii gacrore. OfiHaKo TaKoil crioco6 OlEHKH B MpHHIMMNE, OYEBHAHO,
TaK)Ke HEJOCTaTOYeH; HAa TOM e PHCyHKe mposefeHa Kpusas PIIM, otho-
cAmasncsa K HEKOTOPOMY ApyroMy o6beKTHBY B, KOTOpas OrpaHHYMBaeT
TaKylo e MJomaAb, Kak H KpuBsle A u C, H, cllefioBaTe/IbHO, AaeT Ty
xe caMmyio BeanunHy N’y BMecTe ¢ TeM, ouesuaHo, kpusble A W B xapak-
TepH3YIOT pasHbie Kaqecma 06BeKTHBOB: A 4acToT 66abliux N’y Ko-
sbpuLHeHTH Nepelauyd MOAYJAAUMil, onpelenseMbie KpuBofi B, oKa3biBa-
1oTcs GoJiee BRICOKHMH.

Briio mpesiokeHO HCMOJAB30BATH B KayecTBe KPHTEPHST MPOCTPAHCT-
BeHHYIO yacToTy N',, npu KoTOpo#t KosdpHUHEeHT nepefiadu KOHTPacTa 06b-
eKTHBAa CHMXKaeTca 10 NpejeibHOro sHaueHus Ty, eie obeCneuHBaIOLIETO
COBMECTHO € NPHEeMHHKOM BO3MOXHOCTb BOCNIPOH3BEJIeHHS JieTajiell o0beKTa
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B paboueM AHana3oHe 4acTOT. DTOT KpHTepHH HECKOJIBKO Jydllle COOTBETCT-
ByeT Tpe6GoBanusam npakTuky. He ocTanaBinBasch Ha APYTHX MpelJioXKeH-
HbIX YHCJCHHBIX KPHTEPHSAX, yKaXeM, 4TO J0 CHX MOp He yAaJloch YHOB-
JIeTBOpHTe/IbHO XapaKTepusoBaTh Kpusyio ®IIM oauum napametpom.
[Mo-Bua¥MoOMY, YAOGHO ISl MPAKTHYECKOro NOJIb30BaHHA XapaKTepH3o0-
BaTh 00beKTHB ceMeiicTBoM KpHBbIX PIIM, nocTpoeHHBIX /ISt Pa3HEIX YIJIOB
noas speHus, — nofio6HO TOMy, KaK 3TO JeslaeTcsl MpH MOCTPOEHHH KPH-
BBIX pa3pellalolleil CHJIbI: OTKJIa/IbIBas M0 0CH aGCIKCC YIJIbl MOJIS 3peHHs W
WJIH JUHeliHEle pasMeprl H3o0paxenns /', a Mo ocH OpAHHAT — MPOCTPaH-
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Puc. II1, 17. K Bonpocy oOLeHKH Puc. III, 18. Xapak-
GTIM oaHHM uHCNOM repucTHKa O0OBEKTHBE
no noaw cemefcTBOM

kpusbix ©IIM

cTBeHHBIe yacToThl N’ A5 AanHbX 3HayeHuit KIIM. [Tpuuem wenecooGpas-
HO CTPOMTH CeMefiCTBO KPHMBLIX /Il HeCKoMbKHX 3Hauenndt |T(N')| * pyuk-
uuit nepepaun mopyasuuia — 10, 20, 30% u 1. a. (puc. 111, 18). IToxoGHo
TOMY, KaK 5TO JleJlaeTcsl IPH NOCTPOEHHH KPHBOH pa3peluaoue CHbI, cie-
AyeT NpHHHMATh HaHMeHblllee 3 3HaueHuHd PIIM pns caruTTaNbHOrO H Me-
PHAHOHANBLHOTO HaNpaBJIeHHH, onpejeseHHBIX KaK cpefHee apupMeTHYec-
Koe M3 H3MepeHHH Mo yeThIpeM pajHycaM moJs.

Sta e MeTOAHKa OlleHKH COXpaHseTcs H AJs obofi cioxnoi naobpa-
3HTEJILHOM CHCTEMEI: eCJIH BCe 9JIeMEeHThI, COCTABJISIONLHE CIOKHYIO CHCTEMY,
JIMHEMHDL, T. €. €CJIH CHTHaJl Ha BHIXOJe KaX/Ioro 3/eMeHTa NpOoNoplUHOHa-
JIeH CHI'HaNy Ha'BXofie, To cyMMapHbifi KIIM cucreMsl onpeaensiercs nepe-
muoxenuem (111, 104) KIIM scex snemeHTOB. °



IJIABA 1V

CBOMCTBA OIITUYECKMX CXEM OBBEKTHBOB
PA3JIMUHbLIX OINTHYECKUX XAPAKTEPHCTHUK

. Kaxpoli ontuyeckoii cxeme o6beKTHBa MpHCYlla ONpefesieHHass 00-
J1aCTh BOSMOXHBIX ONTHYECKHX XapaKTepHCTHK. [IpaBu/bHLIH BHIGOp ONTH-
YeCKo# CXeMbl IpH pa3paboTKe KOHKPeTHOro o0beKTHBa HMeeT peluaiouiee
‘8HaYeHHe AN YCIEeIUHOro pellleHHs MOCTaBJeHHOH 3aa4H.

JloruueckH 060CHOBaHHEI BLIOOP CXeMbl COOTBETCTBEHHO 3alaHHBIM OIl-
THYECKHMM XapaKTepHCTHKaM nmpHobperaeT ocoboe 3HaueHHe NMPH NpHMeHe-
HUM aBTOMAaTH3HPOBAHHBIX MeETOJAOB KoppeKumu aGeppaunii Ha IBM:
CUeTHas MallHHA BHAACT yAOBJETBOPHTENbHOE pellleHHe TOJNbKO, eCJIH B Hee
Gyner BBelleHa yllauHas OTNpaBHas onTHyecKass cxeMa. OueBHAHO, pOJb
ONTHKa-pa3paGoTyHKa CTAHOBHTCSI MPH 3TOM OCOGEHHO OTBETCTBEHHOMH:
TeopeTHYecKasl NOATOTOBKA, WHTYHLHS H ONBIT B 06/IaCTH 3HAHHS ONTHYE-
CKHX CBOHCTB Pa3/IHUHBIX CXeM 0OBbeKTHBOB NPHOOPeTatoT 0coboe 3HaUeHHe.

BMmecre ¢ TeM pa3spaboTKa KOHKpPETHOro OGBeKTHBA C ONpeje/ieHHLIMH
ONTHYEeCKHMH XapaKTepHCTHKaMH He SBJISeTCs 3ajaveil, pellaiomeiica of-
HO3HAYHO: pa3paboTKa MOXKET BBIMOJNHATHCS HA OCHOBE MPHMEHeHHs pas-
JHYHBIX ONTHYecKHX cXeM. [Ipu 3TOM ClleflycT HCXONUTE H3 PSAJa YCJOBHMH: |
«[IaTEHTHOH YHCTOTBLI Gyaymero oObeKTHBa, KOHCTPYKTHBHOH NPOCTOTHI,
TeXHOJIOTHYeCKHX 0COBeHHOCTeH ero H3roTOBJIEHHS, YTO 0COGEHHO BaXKHO NPH
MacCoBOM IPOH3BOACTBE OOBEKTHBA, KOTla TeXHHKO-9KOHOMHYeCKas 3¢-
(eKTHBHOCTb €ro NpOMLIILIEHHOrO H3TOTORJIEHHs HMeeT ocofoe 3HaYeHHE,

U sapyGexHasi H oTeyeCTBeHHas JHTepaTypa 3Tol 06/1aCTH MOCBALIEHA
JIMILb BOTIPOCaM TEOPHH H METOlaM pacyeTa ONTHYECKHX CHCTeM, MOHHMas
noj NocaefHHMH MeTOAbl KoppeKuuw abeppauuit. PaspaGoTka ynauHoi
ONTHYECKOH CXeMHl MO-TpeXKHeMy ocTaeTcsl 06JacThio u3oOpeTaTesbCTBa,
e 31eMEeHThl HHTYHIMH H Yla9H HMEIOT pellalollee 3HaueHHe.

§ 1. KIACCH®HKALIHMA QBBEKTHBOB

KnaccnpuKanuio 06beKTHBOB MOMKHO NPOBOAMTH MO TPeM OCHOBHLIM
npH3HaKaM:

A. ITo onTHyeckuM cXeMaM 00beKTHBbI PasiHYalOTCA YHC/IOM BXOASALLHX
B HUX JIHH3 H KOMOOHEHTOB (IP YN CKJIeeHHbIX HJIH O/IH3KO PacnosIoKeHHBIX
JIHH3), pasfie/IeHHbIX BO3AYUIHBIMH NPOMEXYTKAaMH, MOCIEA0BATeNbHOCTHIO
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Pacho/iOXKeHHs MOJLOKHTENbHEIX H OTPHIATE/IbHbIX JIHH3 H KOMIIOHEHTOB H
topmoii mporuba (KoHurypalHil) TeX H3 JHH3, KOTOPbIE ONPCALISIOT Clie-
undpuueckue aGeppallHOHHbIE CBOHCTBA OGbeKTHBA.

Jlns nosficHeHHs CKa3aHHOTO COMOCTaBHM ONTHYECKHe CXeMbl MPOCTHIX
YeThipeXJIHH30BbIX 06beKTHBOB «OpHon» H «Opraros» (puc. IV, 1). B o6oux
CAy4anX CHCTEMBl COCTOSIT M3 ABYX MOJIOXKHTeJbHEIX M ABYX OTPHUATeb-
HBIX JIHH3, B O0eHX CXeMaX TOXIeCTBEHHa [0C/]e/l0BaTe/]bHOCTb pac-
MOJNIOMEHHs] [OJOXKHTEJbHBIX M  OTPHLATENBHBIX JIHH3:  CHapyXH
PacnooXeHbl IMOJNOXKHTENbHbIE JHHSB, BHYFPH — OTpPHUATeJbHHE; B
o6eHXx KOHCTPYKLUHAX anepTypHas AHadparma pacrnoJ/ioxeHa BHYTPH CHCTe-
Mbl MeXAy €€ MOJOBHHKaMH; 06e CHCTeMbI OTHOCATCSA K KJaccy aHacTHr-
MaToB, GJH3KHX K CHMMeTPHYHBIM, H Tem
He MeHee X ONTHYeCKHe cXeMbl NpPHHIH-
NHaJbHO Pa3HYAlOTCA  KOHpHrypauuei
JnHH3, ¢opMoii ux mnporuba; B «OpHOHE®
JIHH3bI HMelOT GOPMY MEHHCKOB, Y KOTOpBIX
PafHychl KpPHUBH3HLI MNPEJOMJSIOMHUX TMO0-
BepXHOCTeil HanpaBJieHs! B CTOPOHY amnep-
TypHo#t nHadparmel; y «Oprarosa» JHH3H

Puc. IV, 1. OnTHyYeckne cXems
06BEKTHBOB cO;:mmnr'5 (a) u «Opra- HMEIOT ABOSAKOBBINYKAYI0O H ABOAKOBOLHY-

o= 10 TyI0 opMbl. B nepBoM ca1yuae — OTYET/IH-

BO BEIpa}KeHHEIE aHaCTHIMaTHYeCKHe CBOH-
CTBA UIHPOKOYTONBHON CHCTEMBI, JOMYyCKalomell MNpPH CPABHHTEJBHO He-
BLICOKO# CBETOCH/IE Xopolllee HenpaBaeHHe abeppalikii IO NOJIO; BO BTOPOM
c/lyyae — CBOHCTBA HOPMAaJIbHOTO aHACTHTMATa, AOMYCKaloOlero noJyye-
HHe HEeBLICOKOrO OTHOCHTEJIbHOrO OTBEPCTHS MPH CPEJHHX BeJHYHHAX Y-
JIOB nouis 3penuss — 50—55°,

Hns kpaTkocTH H yaoGeTBa IKGPOBKH THNa o6beKTHBa (ero onTHYec-
KOH CXeMnl) nocjieJilHeMy OOLIYHO TPHUCBAHBAETCH YCJIOBHOE HaHMeHOBaHHe.
Hanpumep, o61eH3BECTHBI YETHIPEXIHH30BbIE TPEXKOMIIOHEHTHBIE HOPMAaJlb-
Hble aHaCTHrMaThi Tuna «MHAycrap»; IIeCTH/IHH30BhIE YeThipeXKOoMMo-
HEHTHbIE CBETOCHJIbHBIE OOBEKTHBBI THNA «I'€NHOCY; CeMHJIMH30Bble MATH-
KOMIIOHEHTHBIE CBETOCHJIbHbIE LLIHP OKOYTOJIbHbIE AHACTHIMAThI THIIA « Y paH»
HT. M.

B. Ilo onTHyeckuM XapaKTepHCTHKAM — OTHOCHTEJ]bLHOMY OTBEPCTHIO
&, yray noas 3pexus 2w u QoKyCcHOMY paccTosiHHIO [° — pa3nn4aioT 00b-
€KTHBBI: -

CBETOCHJbHBL € y KOTOPBIX OTHOCHTE/IbHEIE OTBEPCTHSA NIPEBHI-
watoT Bennyuny 1 : 2,8 (e>1:2,8); :

IH POKOYT OJbHBH e, Y KOTOPbIX YIJIb NIQJIeH 3peHHs NPeBbillia-
10T 60° (2w > 60°); .

ANHHHOGOKYCHBI €, Y KOTOPHIX (JOKYCHbIE PAaCCTOSHHS TNpe-
BBILIAIOT NPHOIM3HTEBHO TPE X KP a T H Y 10 BeJHYHHY JIHHEAHHIX TO-
neit (D' = 2/') usobpaxenus (f' > 3D');

HOpMaJabHB e (YHHBepCaJbHBE), Y KOTOPHIX BCE TPH XapakKTe-
pHCTHKH (g; 2w; f') He MOCTHralOT YKa3aHHLIX 3HaYeHHH.

HMuorna o6bekTuBbl, CoYeTalomlHe OAHY M3 YKa3aHHBIX BEJHYHH ONTH-
YEeCKHX XapaKTeDPHCTHK CO CPABHHTENLHO BEICOKOH BTODOI XapaKTepHCTH-
KOH, COOTBETCTBEHHO HA3bIBAIOT CBETOCHJbHLIMH ILHPOKOYrOJbHLIMH, CBE-
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TOCHJbHBLIMH  JIHHHOPOKYCHBIMH, IIHPOKOYTONbHBIMH CBETOCHJbLHBIMH,
ANHHHODOKYCHEIMH CBETOCHJIBHEIMH H T. I.

Koneuno, npeanaraemas KinaccHuKaums YCJOBHA H ee BBeJleHHE OIl-
paBAbiBaeT cefs JHIIL B TOM OTHOLIEHWH, YTO YNpPOLLAET COMOCTaBJEHHE
XapaKTePHCTHK Pa3/IHYHLIX OGBHEKTHBOB.

B. o nasunauenuio, T. e. oBaacTsM NpUMeHeHNd, pa3J1anlo'r 00 BeKTH-
BH: (oTorpapuyeckde, KHHOCHEMOUYHBIE, a3p0(oTOCHEMOYHbIE, TEAEBH3H-
OHHble, PpenpoAyKUHOHHLIE, SMH-, 13- H KHHONPOEKUHOHHEE , (uoopo-
rpajpuueckre, actpodororpaduyeckue H T. A., a TaKxkKe 0ObEKTHBBL JJIs1 He-
~ BHIMMBIX o6/iacTeli cnekTpa — HHQPaKpPacHOH H yJbTPadHONETOBOH.

Koneuno, 3ToT nepeueHb HH B KaKofi Mepe He NpeTeHAYET Ha- NONHOTY:
3/leCb YNOMSAHYTH JIHIUIb HanOosiee pacrpocTpaHeHHBle 00/acTH MpHMeHe-
Hus ofbektupoB. [lonobuas KaaccupuKalHs, Mo-BHAUMOMY, HaHGosee
ynobHa ans ux notpebureneil. Knaccudukauus no onTHYECKHM cxeMmaM
npeANOYTUTENIbHEE I/ ONTHKOB-pPa3paboTYHKOB.

O6BbeKTHBBl Pa3jIHYHOrO Ha3HAUeHHs MOTYT HMeTb HAEHTHYHLIE ONTH-
YyecKHe eXeMbl, HO OTJIHYAThCA ClelHpHIeCKHMY ONTHYECKHMH H abeppaiu-
OHHbIMH cBO#cTBamu. Hanpumep, axpoMarTH3oBaHHLIMH JAJisi Pas/IHYHBLIX
obnacteli CNeKTpa NpUMEHUTEbHO K IPHeMHHKaM Das/IHYHOH CreKTpalb-
HOH YYBCTBHTE/NbHOCTH; KODPHIHDOBAaHHBIMH AJi paboThl B NepeMeHHbIX
MeTeOpOJIOTHYECKHX YCJOBHAX H HE pacCcTPaHBAIOUIHMHCS NPH H3MEHeHHH
TeMIepaTypsi H T.J.

Takum ob6pa3oM, paccMOTpeHHbLIe Bhillle MPH3HAKH KnacCHpHKalUH OKa-
3bIBAIOTCA MOAYAC B3aHMOCBA3aHHBIMH. '

§ 2. BOBMO)XHBIE OINITHYECKHE XAPAKTEPHCTHKH
OBBEKTHBOB

Jaxke onbiTHBIA ONTHK-pa3paboTUHK He MOMET € MOJHOH JoCTOoBep-
HOCTbIO NpeiBHIETh, OCYILECTBHMBI JIH ONTHYECKHE XapaKTePHCTHKH CHCTe-
Mbl, eCJiH OHH GJIH3KH K Npefe/IbHO BOSMOXHBIM, H MOXXHO JIH [IPH 3TOM J0-
CTHTHYTb TpeGyeMOro KayecTBa ONTHYECKOrO M3~ upameunﬂ

Kak y Hac, Tak H 3a py6GexoM HakonjeH B 3TOH 06JacTH OrpOMHEIH
OMNEIT. CDSﬂ.ath pasHoobpa3Hbie ¢oTorpadHYecKHe CHCTeMHl pPa3/IHYHOH
CTeleHH CJIOXKHOCTH, PasHBIX ONTHYECKHX cXeM, ofJajaroliye ONTHYeCKHMH
XapaKTepHCTHKaMH, H3MeHSIONIHMHCA B LIMPOKHX Npejenax.

YiKe Ha4YWHAOWEMY ONTHKY-paspabOTYHKY H3BECTHO, 4YTO OCHOBHELIE
ONTHYECKHE XapaKTePHCTHKH o0beKTHBA HAXONATCA B HEKOTOPOM MpOTH-
BOpedHH APYT K APYTY: MONBITKA MOBLILUEHHS CBETOCHJIbI CHCTEMbI NMPUBO-
JIMT K HeOGXOMMOCTH YMeHbILeiiHs ee nois 3penust. ¥YBeauuenue GoxkycHo-
T'O pACCTOSIHUS BLI3LIBAET HEOOXOAUMOCTb OTPaHHUYEHHS IBYX APYTHX ONTH-
YeCKHX XapaKTEePHCTHK, eCJIH NpH 3ToM cobaoflaeTcst TpeboBaHHe COXpaHe-
HHS MPOYHX BHLICOKHX ONTHYECKHX KauecTB 0OBEKTHBA.

C HeKOTOpHIM TPHOMMKEHHEM M YCJOBHOCTBIO MOXKHO 0600HTE HAG-
JIOAAIOLLYIOCH B3aMMO3aBHCHMOCTD MeXY ONTHYECKHMH XapaKTepHCTHKA-
MH Hauay4dwux ororpaduyecknx o0beKTHBOB. ITY B3aHMO3aBHCHMOCTb,
yCTaHOBJIeHHYIO aBTopoM ele B 40-X ropax 3], HasoBeM cBOHCTBOM
HHBADHAHTHOCTH ONTHUYECKHX XAapPaKTepHCTHK
(pororpapuyeCKUX CHCTeM.
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ConocTtaBnieHne ONTHYECKHX XaPaKTePHCTHK 3apeKOMEeHA0BaBIUHX ce6s
dororpapHuecKuX CHCTEM MO3BOJIHJIO aBTOPY PYKOBOACTBOBATLCA NPH Of-
peliefleHHH BO3MOXHBIX XapaKTePHCTHK CJeAyioulefi 3aBHCHMOCTHIO:

. I
: tgwl/ L_—c,, vy

rae C,, ocTaeTcs NOCTOAHHOMH Ans Gonblioi rpynnul 06bEKTHBOB.

Benuunna C,, 3aBHCHT OT (oTorpadHuecKoil paspeltatouleii cnocobHoc-.
TH CHCTeMh! 00BeKTHE — (oTorpadHyecKHil coi, OT ZONYIIEHHOrO Nnaje-
HHA OCBeUieHHOCTH H300paXKeHHs MO MOJIO, OT CTENeHH CJIOMHOCTH (MHO-
TOJIHH30BOCTH) ONTHYECKOH CXeMbl CHCTeMbl H psjia APYTHX YCJIOBHH.

ConocTaB/ieHHe ONTHYECKHX XapaKTepuCTHK (f' smMm, € H 2w°) y coBpe-
MEeHHBIX aHACTHIMaTOB MOKa3blBaeT, YTO BelH4HHa C,, KonebneTcs BOIH3H
snayenuii 0,22—0,24, ecan okycHile paccTosiHHs ' BeIpaXKaTh B MHJLIH-
merpax. [Ipu aTom doTorpadrueckas paspelnaiomas crnocoGHOCTb B Npele-
JiaX OCHOBHOH 4aCTH M0J151 COCTaB/AAeT 0K0N0 25 #m™* npu npumeHeHuu ab-
" COMIOTHO KOHTpacTHO# Muphl M (oTOMaTepHaNOB C pa3pellieHHEM OKOJO
90 mm™'; najieHHe OCBEIIEHHOCTH H300paiKeHHd MO MO0 AOCTHIAeT [BY-
KpaTHOH BeJHYHHBI, 8 Y 0c060 WIHPOKOYToJbHbIX OOBEKTHBOB — TpeX-
YeTHLIPEXKPATHOTO 3HAYEHHS; ONTHYECKHE CXeMbl. — CJIOXKHBIE, COCTOSIIHE

H3 CeMH-JeBATH, a HHoOrJa H GoJsee JHHS.

C pa3BuTHEM H COBepIUEHCTBOBaHHeM OOBEKTHBOCTPOSHHS BeJHUHMHA
C,, 6yner BospacTaTh. PallnoHa/ bHOE NPUMEHEHHEe HOBLIX ONTHYECKHX CTe-
KONl H KPHCTa/JIoB, MPeNOMJAIOWINX NoBepxHOCTeH achepHyeckolt GopMEl
N03BONUT GOPCHPOBATD ONTHYECKHE XapaKTEPHCTHKH 00beKTHBOB 6e3 CHH-
JKeHHUs KayecTBa H300paKeHHsl, 4TO H MPHBeJIeT K BO3paCTaHHIO YHCJIEHHOTO
aHauennn Cp,,. B stom cMbicne BeanuyuHy C,, MOXKHO Ha3sBaTh KpHTepHeM
J06pOTHOCTH ONTHYECKOH CXeMbl 06bEKTHBA.

. ’
Ecnu onTHueckne XapaKTepHCTHKH 00BEKTHBA TAKOBHI,UTO €+ tgw lfﬁ

<< 0,24, To'ero paspaborka ocoObIX TPYAHOCTell He BBISLIBAET, [IPH 5TOM He
JOJUKHBL OLITH [peAbABJIeHE KakHe-JHOO AONOJHHTENbHEIE KOHCTPYKTHB-
Hbl¢ TpeGoBaHHA, HanpuMep, K rafapHTaM HJIH K BeJIHUHHaM 3aJHHX ¢o-
KaJIbHbIX OTPe3KOB 00beKTHBOB.

B Ta6n. IV, | npuBeeHB XapaKTepPHCTHKH DAJa IIMPOKOYTONbHBIX,
CBETOCHJBLHBLIX H AJNHHHOPOKYCHBIX aHacTHrmaToB. OHH H3MEHSIOTCA B
INTHPOKHX Tpefenax: ¢oKycHble paccTosHHa — oT 50 no 750 mMM; oTHOCH-
TenbHble oTBepCTHs — Jo BesuuuH 1:0,6; yraw nonefi 3penus — 1o
120°. KomeuHo, npeaenbl U3MeHeHHS WHCJEHHBIX 3HaYeHHH B QopmyJe
(IV, 1) He crepyer HOBOAMTH A0 abCypia; He 3aJaBaThCsl BeCbMa MaJbIMH
HJH BecbMa GoJIbIUMMH 3HAUEHHAHM &, W H [,

Ha puc. 1V, 2 npuBefieHo ceMeiCTBO KPHBbIX, IOCTPOEHHbLIX Ha OCHOBa-
HHH ¢apmyas (IV, 1). Ha KpuBEIX HaHeceHbl MPOHYMepOBaHHbIe B Tabu.

» 1, TOUKH, COOTBETCTBYyIOLIHE Pa3JIHYHLIM ONTHYECKHM XapaKTepHCTH-
KaM pea.l'thbe 00BEKTHBOB. ;
Mg paccMoTpesid onTHUECKHe XapaKTepHCTHKH oﬁxemuson obpasyio-

KX H300paxeHHe Ha M/I0CKOM NPHEMHYKe, B YaCTHOCTH Ha ¢oTorpa¢quC-
KOM cJioe.
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‘ Ta6auna 1V,1
OnTHuYeCKHe XAPAKTEPHCTHKH "PasiHuYHBIX 00beKTHBOB

. .
p ; @ é
& 4108, |8
g HasBaune 06LeKTHBOB ®npma, crpana 52 g% %55— Cm
8 g5 | g8 | 59
= 88 | 55 | £¢
; dif)nu'rep—& Fl(f[;, CC?‘E[P 50 |1:1,5] 46 | 0,21
«Buorap» «Lleficen, 50 (1:1,4| 46 | 0,22
3 | «Ypan-27» I'OH, CCCP 100 (1:2,5| 60 | 0,24
4 | «Opuocrap» «JpHemann», OPI 100 {1:1,8| 42 | 0,22
5 | «3xkcnpece» «Pocc», Anraun 100 |1:4 80 | 0,22
6 | «Taxon» «Actpo», I'IIP 100 (1:0,95| 22 | 0,21
7 | F95 Aurauns 102 |1:2 45 | 0,21-
8 | P®-102 rou, cccp - 100 |1:6,3 ] 102 | 0,20
9 | «Kcenap» «Ulpefineps, OPT 210 |1:3,5] 55 | 0,22
10 | «AnacTHrmar» «Kozak», CIIIA 300 (1:4,5| 60 | 0,22
11 «Jlarop» «Uefice», TOP . 300 |1:6,8] 78 | 0,21
12 | «Pyccap-25» OHHHTAHK, CCCP 100 |1:6,3 | 110 | 0,23
13 | «CnyTauk-1» I'OH, CCCP 200 [1:6,3| 90 | 0,22
= | «Opnon-1» I'OH, CCCP 200 |[1:6,3] S0 | 0,22
14 | «Tonap» :DI.;.Je[i_icc—-OOepxoxen», 210 |1:4 62 | 0,22
— | «ABuoTap» «Brabas, Ipeiinapus 210 |1:4 62 | 0,22 -
15 | «Apkryp» I'OH, CCCP 210 (1:4,5] 70 | 0,23
16 | «Auryaon» «Illneiinep», OPT 210 (1:6,8] 92 | 0,22
17 | «MonTtap» «leficcs, TP 500 |1:3,5| 40 | 0,23
.18 | «Asuarou» «Buan», Ilsefinapus 115 |1:5,6 | 95 | 0,21
. — | «Hndparon» «Briba», lleeiinapus 115 [1:5,6| 95 | 0,21
— | «Ilneoron» Elllser@cc—o&pxoxem . 115 |1:5,6 | 495 | 0,21
19 | «¥Ypan-12» roU, CCCP 500 (1:2,5] 30 | 0,24
20 | «Ypau-16» T'OH, CCCp 750 . {1:3,5] 31 | 0,22
21 | «Papon-2» o, CCCP 600 |1:7 61 | 0,21
22 | «Hckpa-2» I'OH, CCCp 145 }».0,60f 13 | 0,23
2 !ﬁﬂ? . «@eRpuafiapa», CIIA | 152 (1:6,3 | 93 | 0,21
24 | «Aspo-3krap» «Konak», CIIA 178 {1:2,5| 52 | 0,24
25 | «Kcenon» «ueiinep», OPT 125 |1:2,5| 48 | 0,24
26 | «Oprorok-13 I'OH, P 75 |1:6,8| 119 | 0,22
27 | «Kyk-cnuji-nanxpo» . | «Tefinop—Io6con», Anr-| 17 |[1:1,7| 80 | 0,21
- : A . -

3a nocnefHHe TOAb NOJYYHIH Pa3BHTHe OGBEKTHBEI CHCTEM aBTOMAaTH-
YecKOro C/IeXeHHs, YAaBJIHBaOIHe H31yyaeMble 00 beKTaMU CBETOBLIE CHT-
Ha/bl C NOMOIIbIO NPHEMHAKOB PajJiHallHH, YYBCTBHTENbHHIX B Pa3sHbIX 06-
JIaCTAX ONTHYECKOro CNeKTPalbHOrO AuanasoHa. B mofoOHBIX ONTHYECKHX
cHCTeMaX, KaK H B CBETOONTHYECKHX CHCTEMaX HHONO Ha3HayeHHs, oOLIYHO
He TpebyeTcsa popMHpoBaHHs H300paKeHUi 06beKTOB, a HeoOX0oAHMa JIHLIb
nepefiaya (KaHa/lH3alua) Ha NPHEeMHHK CBETOBOTO [10TOKA, NOCTYNAIOMETO
BO BXOJHOH 3pauyoK o0beKTHBa. HXx BO3MOXKHBIE ONTHYECKHE XapaKTepHuc-
THKH ONpefe/sioTcs Ha ocHOBe OOIIHX CBOACTB CBETOBBIX TPy6oK (rnaBa 1),
B cepeaune 50-x rosos aBTopoM Gbina copmyauposana TeopeMa [4] —
0006LIeHHbIA HHBADHAHT A CBETOBBIX TPYOOK KOHEUHBIX pa3MepoB, IBHB-
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mascs o6ob6mendeM uuHBapHanTa IltpayGensa (1902) ana Tpy6ok Gecko-
HeuHo MaJjoro ceyenus (cM. puc. I, 1):

n? cos iyd8,dQ = n2cos iydSydQy = - - =d?I, (IV,2)

1 S
Bz Tgs 5 2q . 10 lfz W 1 Jye
w°  w®  w° we oy 55° 50°w

Puc. IV, 2. IlnarpaMMa BO3MOXHBIX ONTHYECKHX XaPAKTePHCTHK 00beKTHBOB

The ny, Ny, ... — MOKa3aTesd NpeJioMleHHs ONTHIeCKHX cpel; B opmyJe
(I, 1) oun OTCYTCTBOBa/H, TaK KaK q:opMy.na Oblyia HamHcaHa JAJs ONHOH
ONTHYECKOMH CpefbL. .

OcHOBHOE CBOICTBO CBETOBON TpYGKH — COXpaHATb Ha BCeM ee Mpo-
TAXKEeHHH CBETOBOH MMOTOK, €CJ/IH He CIHTATh NOTeph MOTOKA BCJeACTBHE I10-
IJIGLEHHA H paccessHHA cpenoﬁ, B Koropoii Tpy6ka obpa3soBaHa.

OTH npejACTaBJeHHA MO-
JKHO pacnpocTpaHHTh Ha CBe-
TOBYl0' TpYOKY KOHEYHBIX
pa3mepoB; OHa AOJIKHA
HMeThb KOHEYHbIEe BEJHYHHBI
ceuennit AS v AS’ u Koneu-
HElEe TelecHble Yrabl AQ H
AQ' (puc. 1V, 3); mmupokue
Ny4YKkH Jydeidl, Mpoxopsuiue
yepes Bce ToukH 0y, 0, 0s ...
ceyennss AS, Hurge He
JOJUKHEL  SKPaHHPOBAThCA
(BHHBETHPOBATLCA)  CBETO-
nposoAsinedi cHcreMoil. 3a-
KOH COXpaHeHHs NoToKa 10J-
Puc. 1V, 9. Ceerosas Tpy6Ka KOHESHHX DPASMepOB JKeH BHIMOJNHATHCA ONA Jobo-
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rocegenun AA’ unu BB’ cBeToBOli TpyOKM; HEKOTOPHIE PALIUOHAIbHO Pas-
MelleHHble 9KpaHbl ¢ otBepcTHaMH CC’, DD', M T. n. RONKHBI UCKAKOYATH
BO3MOXXHOCTb NONaflaHHs Ha MOBEPXHOCTb AS" NOCTOPOHHHX Jyuel, e
H3Jly9aeMbiX MOBEPXHOCTHIO AS. :
Taxoe onpejeneHne, O4eBHAHO, NO3BONAET PACCMAaTPHBATE ONTHYECKYIO
CHCTEeMY KaK pPa3sHOBHJHOCTb CBETOBOH TPYOKH KOHEYHbIX pa3MepoB, y Ko-
Topoit ceuenuss AS u AS’ — onTuueckn compsikennsie, PaccmatpuBas
CBETOBOH JIyd KaK OCb 5/1eMeHTapHOH CBeTOBOH TPYOKH, MOJKHO K KaXA0H u3 -
HHX npuMeHHTb uHBapHauT lltpayGena (I1V, 2). [lycTb B OKpecTHOCTAX
Toukn A, BIOpaHHOI Ha moeepxHocTH AS, pacrionoxena sjieMeHTapHas
nJiowaaka dS 4 (puc. 1V, 4), o6pasyiomas ¢ snemeHToM dS’ 5/, pacno/oxeH-

Puc. IV, 4. K dopuyauposxe 06OGIIEHHOro RHBADHARTA LAA CBETOBMX TPYCSH &Oe
HedHHX pasmepoB

HBIM Ha MOBEPXHOCTH AS’, s/leMeHTapHYIO cBeToBYIO TPYGKy. Bocnonsso-
BaBumce (1V, 2), umeem:

By, g0 =1dS,dQ, 4 0081y 40 =" dS, (Q, 4 cosl, 4

Jlns COBOKYNHOCTH 3JIeMEHTAapHEIX CBeTOBHIX TPYOoK, oOpasylouiHx
TPYOKY KOHeuHHIX pasMepoB, HeoOGXonumo QYyHKUHIO [ HHTerpupoBaTh No
Bcell noBepXHocTH AS ¥ B npefesax KOHEYHOro TeslecHOro yraa AQ:

-

[ =n? idS £cosld$2;
A A

Hupekcsl A u A’ npu Tako#l 3anucH NHCaTh H3JHIIHE,

Ha ocuoBanuu npunuuna o6paTuMocTH Xofa Jyuyed, paccMmaTpuBas
noBepXHOCTh A S’ KaK H3JIy4alollyio, MOXHO HanucaTh aHaJlorHYHOE BLIpa-
XeHue; B pesyJibTaTe MOJTyuHM:

I=n? S dS&{cos idQ = n" 5 ds’ i cos i'dQ’ . (Iv,3)
AS Q ‘. AS’ AR

He ocranaBnuBasich 8fech Ha aHaJ/iH3e 3TOrO BuipaxeHus (4], ykaxem,
YTO IJA JWIOCKHX NMYYKOB KOHEYHOH LIMPHHEE MOXHO HalHCaTb:
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nfdi{cosidu=n' {ar § cosiaw, — (V,3)

Al Au Al' Au’

riie ceuenns Al u Al’ ceeToBofi TpYGKH MOryT OBITh KaK ONTHYECKH COMpsi-

JKEHHBIMH, TaK H He COMNpPSKEeHHBLIMH.
IpumepoM Takoii TPyGKH sIBIsSieTCA CBETOONTHYECKas cxeMa (pHc.
IV, 5), Hawepas IIHPOKoe pacrnpocTpaHeHHe BO MHOTHX MPOEKLHOHHO
- OCBETHTeNbHEIX npubGopax. Hc-

JeBemumensnas gf"gzgz TOYHHK cBeTa Al u3obpaxaercs
cucmema Mpoexquonnoe Mﬁxma_la BO BXO/JHOH 3pa4oK oOBeKTHBaA.

, OKHO Ceuenne Al He conpsiKeHO € ce-

geHueM Al npoeKLHOHHOrO
p Okua. Hepes Kaxayio Touky ce-

al yeHus Al’ npoxopaT Jy4H, BHi-
HIeAIIHe W3 BCEX TOYEK CEUEHHS

. Al,T. e. 3iecb cobJiofensl Bce

Hemovwuk clema YCJIOBHA NOCTPOEHHSA CBETOBOH

Puc. IV, 5 °C npumep TPYOKH.
uc. IV, 5. CeroonTHueckas CHCTEMa —
CBeTOBOA TPYGKH KOHeYHHX DasMepoB MoxHo nokasats [4], urto

Ans cBeTOBOH TPYOKH aKCHalb-
HO-CHMMETPHYHOH CTPYKTYpHI,
y Koropoi ceqennst Al u Al MaJIbl o CpaBHEHHIO € JJIHHOH TPYOKH H pac-
NOJioXKeHbl NepleHAHKYAAPHO OCH CHMMeTpuH (onTH4ecKoi ocH), u3 (IV,
3') cienyer:

n-Al-sinu=n"-Al'-sinu’. - (IV,9)

YacTHeIM C/IE[ICTBHEM Halllero HHBapHaHTa SABJAsSETCS YCJIOBHe CHHYCOB
AGGe (cM. raasy 11), B koropoM ssieMenTsl Al 1 Al’ ONTHYECKH COMPSIKEHBI.
CeeroBasi TpyOKa, uocTpupyloulass HHBapuauT (IV, 4), npuBelena
Ha puc. IV, 6. 31ech npeAcTaBieHa cxeMa cyefsmed cucTeMbl. EciiH B3ATs

Bzodnod ;
ube Poransnag
JpE arvenm nngckocms obzexmuba

[ T
mﬂmﬂ‘l il e
=

Mpuermur
paduaquu

Puc. IV, 6. OnTudeckad cxema chegsiief CHCTeMBl

cedenve A/ = @ B MJOCKOCTH BXOZHOrO 3payka C NPOXOAALIHM Yepes ero
LEHTP MJIaBHbIM JIy4oM, 06pa3yIoniM yron @ ¢ ONTHIECKOH OCbio, H BTOpOE
ceyenne A/’ = [';, B IVIOCKOCTH MPHEMHHKa pajHauuu, u3 (IV, 4) nmeem:

asinw = [y sinuyp. _(1V, 4)
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Dopmyna ycTaHaBNHBaeT Npefie/ibHYI0 B3aHMO3aBHCHMOCTb MexXJy Ofl-
THYECKHMH XapaKTePHCTHKaMH MPOEKLHOHHBIX CHCTeM: JAHaMeTpoM (2a)
BXOJIHOTO 3payKa, No/eM 3peHus (2w) oSbekTuBa u pasMepamu (2!, ) npu-
eMHHKa (HJH npoeuHpyemoro ¢uiabma). [Ipu sToM 06bIYHO NPHHUMAIOT, YTO
yHcJOBas anepTypa sin u’'y, = 0,7—0,8, Tak Kak gajbHefilllee yBejHue-
HHe 3HaueHHA sinl &', BHI3bIBAET NPAKTHYECKH HENPEeOAOJIHMEIE TPY AHOCTH.
Hanpuwmep, anoiickui ananpoektop «Kabumat» («Cabimat») umeer Gosib-
10A MoJe3HblH cBeTOBO# MOTOK (500 2M) MPH HCTOUHMKE CBeTa — 3JIeKT-
prueckoii Jamne 110 B 300 Bm ¢ pa3MepoM CBeTALlerocss Te-
na 9,5 X 9,5 mm; kagpooe OKHO 35 X 23 mm. DoKycHOe paccTosiHHE
o6bekTHBa 75 Mm; OTHOCHTesabHOoe oTBepctHe 1 : 2,5. Hetpyano suzets,
YTO BCe MapaMeTPhl CBETOONTHYECKOH CHCTeMbl AManpOeKTOpa BecbMa pa-
IIHOHAJILHO COTJlacyloTcs; Kak caenyer u3 (IV, 4):

: §ox ot
lugr SINUyen = I sinu g,

rie lig, = —9-'2-5— e St =07 I'= % - 35 = 17,5 mm.
Orciofa HaXxoAUM YHC/0BYIO anepTypy MpPOeKUHOHHOTO OGBbEeKTHBA:
sin ”;s =0,19, wm 1:2,6.

e

§ 3. YHHBEPCAJIbHBIE OB BEKTHBBI

910 — HauGosiee o6IIMPHAS TPYIHIa 0OBEKTHBOB, ONTHYECKHE XapaKTe-
- PHCTHKH KOTODBIX HMEIOT CPeflHHe 3HAYeHHS: OTHOCHTeJbHble OTBepPCTHS
He npeBbinatoT 1 : 2,8 npu yraax noneit aperusi okoao 50—60°,

Pue. IV, 7. Cxema anacturmata «Tpunier»

H3 o6vektuBoB atofi rpynnel HauGosbllee pacnpocTpaHeHHe MOJY4H-
JIH TPeXJIHH30BbIE 06beKTHBbI « T pHIIeT», H300peTeHHbIe aHTJIHACKHM ONTH-
KoM I'. Teitnopom B 1894 rony, u ux MoZupuKauun — 4eThpeXJIHH3OBbie
o6bekTHBH «Teccap», HsobpeTeHHble HeMeuKHM onTuKoM I1. Pyaonsdom B
1902 rony.

3a nocneanue noiBeka o6bekTHBnl «Tpunaer» (puc. IV, 7, a) nop pas-
HEIMHM Ha3BaHMAMH H B pas/IHYHLIX BapHaHTaX CTaJH NPeiIMeTOM MacCoBOro
NPOK3BOJICTBA MOYTH BeeX onTHuecKuXx ¢upm mupa. [Ipu ucKmouutenbHol
NpPOCTOTE ONTHYECKOH CXeMbl — INeCTb MNPEeJIOMJAIONIHX MNOBePXHOCTeH U
JABa BO3AYIUHbIX MPOMEXYTKa MeXJy JHH3aMH — OKa3hlBaeTcsl BO3MOX-
HBIM CO3JlaHWe MNpOCTeHIllero aHaCTHIrMaTa, B KOTOPOM HCNpaBJeHHl BCe
abeppallMH: KaK MOHOXPOMAaTHYeCKHe, TaK H XpOMaTHYeCKHe, a NpH Heol-
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XOIHMOCTH, KaK MOKa3alH HCCAeJOBaHHS aBTOPa, MOTYT OLITh ORHOBpe-
MeHHO KoppHrHpoBaHbl H abeppaumun TepMoonTHueckHe. [loaGop mapox
ONTHYECKHX CTeKoJi MpH pa3pabOoTKe TPHMJETa HMeeT OYeHb BaXKHOE 3Ha-
yeHHe: BLIGOP cTeKoJ B GOJBLIOH cTeneHH mpejonpefesieT npeiesl NoJs
3peHHsl H CBETOCHJIB 00beKTHBA. : : .

Jlo nosBnenus cBepXTsKedbiX KpoHos (CTK) Tuna JaHTaHOBBEIX CTEKON
CYHTaJIOCh BO3MOXHLIM CO3JaHHE TPHIJIETOB ¢ oTBepcTHAMH jo 1 :4—
1 : 3,5 npu yraax noss speHus coorsercTBenHo 55—50°. C mosp/ennem
onthHuecKHX crekon THna CTK OblIH cO3ZaHBl TPHMJETH € OTBEPCTHAMH 10
1 : 3—1 : 2,8 npu Tex xe yraax noas spenus. OfHaKo paspelnaronias cuia
5THX 06beKTHBOB Ha CTaHAapTHOM (oTorpapuuecKkoM MaTepuaje (paspe-
watomem okono 90 mm™') 06LIYHO HEBEJNHMKa: COCTABAsIET oKoJo 30 MM~ B
uenTpe nous co cuuKenneMm 1o 15—10 44! no noao npu PoKycHHX pac-
cToaHuAX 00beKTHBa oKoso 100 mm.

CpaBHHTe/IbHAas NMPOCTOTa ONTHYECKOH CXEeMHl TPHIIETa Clejlajla BO3-
MQXKHOI1 paspaGoTKy TeopHH 3Toro obbexTHBa. MsBecTHo HecKo/bKo Teo-
puit pacyeTa TPHMJIETa, MPeJIOKEHHBIX, B 4acTHocTH, I'. Cmocapesrim [16],
M. Bepekom [2], A. Kep6epom, II. BosiocoBsiM K ApyruMH. Teopus TpunJe-
Ta sBAsieTcs: TeM OoJee obuiedi, yem GoJibllee YHCIO YC/IOBHA OKashHIBaeTCs
BLINOJIHEHHEIM [IPH BHIOOPE OCHOBHBIX KOHCTPYKTHBHEIX MapaMeTpOB CHC-
TeMHI.

3ajaua pacyera TPHIIIETA CBOAHTCS HAMM K pellleHHIO eCATH ypaBHe-
HHH, BHIpAXKAIOIMHX YCJOBHA HCNpPaBJEHHS MATH MOHOXPOMAaTHYECKHX
abGeppauMii TpeTbero nopsiika, ABYX XpoMaTHueCKHX aleppalluii, OXHOH
TepMoonTHuecKoli aGeppauuy (NoJNoXKeHHs1 n300paxeHns) H ABYX YCJIOBHE
rabGapuTHoro Xapaktepa. Iliq BhiNo/IHEHHSA ITHX YCJIOBHHA B TPHIJIETE HMe-
ercs 17 mapaMeTpoB: NATh BHEIUHHX 3/JeMEHTOB (Py, P2, Ps, dy, dz), TPH pa-
Auyca KpABH3HbI PEJIOMISIOULNX [TOBEPXHOCTEH TOHKHX JIHHS, IIeCThb ONTH-
4ecKHX (ny, fa, N3, ¥4, V3, ¥3) H TpH TepmoonTHuecKHX (Vo,1, Vo, Vo,s)
NoCTOSAHHBIX cTeKoa (cMm. I1, 341).

Cnenyer yuyecTb, 4To NapaMeTpsl CTeKoa 1, ¥ H Vo He MOJNHOLEHHH B Ma-
TeMaTHYECKOM CMbICJIe, TaK KaK OHH He MOT'YT HMeTb JIio0ble THC/IEHHBIE 3Ha-
veHus. Kpome Toro, peilileHHe 3ajjaun Ha ©CHOBe TeopuH abeppaluit TpeThb-
€ro nopsAKa ABJSAEeTCSA JIHIIb NepBbIM NPHO/IHKeHHeM, IPHBOAALIHM K BapH-
aHTaM cucTeM, ofnafalomux pasauyHEIMH abeppallHfiMH " BHICIIHX MOPSAA-
xoB. [IpeacTraBasieTca pallHOHANBHBIM JIHIIB CEMb KOHCTaHT CT€KOJ NPHHATH
?, KayeCTBEe HESABHCHMBIX IapaMeTPOB CHCTEMBI fly, Ng, Ng, V4, ¥3, Vo 4 H

0,3

@opMyHpyeM CeMb HS HaSBAHHBLIX BHILIE AEeCATH YCHAOBHH;, OCTaJbHBIE
.TPH, MpeAyCMaTpPHBaIOlHe HCNpaBJeHHe chepudeckoi abeppalliH, KOMBI
H aCTHrMaTH3Ma TPeTbero NopsfiKa, PalMOHAJbHO BHAENHTb ocoGo, mo-
CKO/NBKY BBLINOJHEHHE MX NPH ONpejeIeHHHIX YyXKe BeJHYHHAX BHEIIHHX
3JIEMEHTOB TPHIJIETa JOCTHTaeTcs MPOrHGOM JIMH3 TPHIJETa, T. €. HaX0XK-
AeHHeM pajJHyCOB KPHBH3HBI MpPEJOMJSIOMHUX NoBepXHOCTEH,

YnomauyTeie Bbillle CéMb YCJOBHH, HAaNHCAHHHE B MpPeANONOXKEHHH,
4To POKYCHOe pacCTOsIHHE TPHIIETa paBHO eaunule (f' = 1), caenyrompue:

1. Ycnoshe MmaciuraGa:

Py + haPs + haty =‘1- (Iv, 5)
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rae hy W hy — BHICOTH [epeceueHHS TMEPBLIM NapaKCHANbHEIM JIYYOM
IJIaBHbIX TJIOCKOCTell BTOpO# M TpeThel MHH3 (cM. puc. IV, 7, 6); npu stom
nojioXxeHo, utro hy = 1.

2. YcnoBHe HcrnpaB/ieHHsi KDHBH3HBI OBEPXHOCTH H3oGpameHHs (yc-
sosue [etusans):

? ? '
:1 42 B_g. (IV, 6)
1 fig ng P
3. Ycnoeue, npejycMaTpHBaloiiee BO3MOMKHOCT NpHOGJIHIKEHHOrO HC-
npaBJieHHs] AUCTOPCHH TPHIJeTa:

dypy —dap; =6, (Iv,7)

rae 0 — mapameTp , BeJHYMHa KoToporo G/lH3Ka K HYJIO H BapHalHs
KOTOPOro H3MeHAeT BeJHYHHY AHCTOPCHH.
4. YcaoBue HcnpaBjieHHsl XpoMaTHuecKoi abGeppalldH NMOJIOXKeHHs:

hzqa ﬁzﬁo
f—:+.ia+%=._sl_“_ (V.8

5. ¥YcioBue, npeAycMaTpHBalelLlee BO3MOXKHOCTb HCIPaBJIEHHS XpoMa-
TH3Ma yBe/IHYeHHS B NpPeANoJoXeHHH, 4YTO anepTypHas Auapparma pacno-
JioKeHa BOJIM3H BTOPOH JIHH3BL

. P .
y:'h o alsPs _ _S", s (IV,9)

; B Va .
6. Ycnopue (He Bceraia o6s3arenibHoe) 3alaHHOro paGouero pacCTosHAA
00BEKTHBA, T. €. PACCTOSIHHSA OT NMocsiefiHed JIMH3bI Jo (oKalbHOH mJIOC-

KOCTH:
. s =h,. k (1V, 10)

7. YcnoBue uCHIpaBJieHHS TePMOONTHYECKOH abeppalldd MOJOXEeHHS
(cm. 11, 332):

T : .
— = 0Vor + K eVoo + K @aVos +A=0,  (IV,11)

rae
A= [‘P?di + (oy + hz‘?n)’ds] ™.

3mech 7* — TepmuueckHH KoadulUHEeHT JHHEAHONO pacIIHPEeHHs Ma-
Tepuasa Kopryca o6bekTuBa. EciiH MexanHuecKoe ¥ CTPOHCTBO, CBA3LIBAIO-
mee o6BEKTHB C MIJIOCKOCThIO MpHeMHHKa u3obpaxenui, obecneyuBaeT He-
M3MEeHHOCTb PaccTOAHKS 00BeKTHBA OT NPHeMHUKA NPH H3MEHeHHH TeMnepa-
TYpPH, TO AAA ocyulecTpieHus 3bhdeKkTa TeMnepaTypHOH HepaccTpaHBae-
MOCTH cjelyeT noioxurb Ty = 0.
Pewnm cucremy ypasuenuii (IV, 5)—(IV, 11).

Bocnonp3oBasiics opMysiofi napakcHalbHOH ONTHKH:

oy = ‘_:ﬁ (v, 12)
1
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H MPHHSAB BO BHHMAaHHE, 4YTO
“he— hgy
dy = —2—38 1V, 13
*Tat hytpg : ( )

nocsie noAcraHoBku B (IV, 7) Haxoaum:
(1 —hy—0) ¢g =+ hy (1 — hy —0) 3 — (hy — hy) 95 = 0. (IV, 14)

Ypasuenue (IV, 14) yno6uo pemaercs copMectno c (IV,5) u (IV,6)
OTHOCHTEJIBHO @y, P2, H Ps. Onpenenme.nb CHCTEMBI STHX TPeX YpaBHeHHH
npeobpa3syerca K BHLY:

D=h,(l—h—9 "_8) (_’h-L). (IV, 14)
. 3 ny ng
CooTBeTCTBEHHO HaXONHM:
D?.-—_(l—-hg‘—e)(-hi‘—“l'); \ (\Iv'l4”)
ny ng
orciona .
D 1—h,—0
Pt = L=t . (IV, 15)
hyg [l —hy—0 —
! ( . h.)

3uasn @3, MoCJeA0BaTE/ILHO HMeeM!
L

n
lunisw“( == _1) Pa

n ;
Qg == - 2 : (IV, 16)
2 ny
@1 = 1 — hy@y — 5% (IV, 17)
Hs (IV, 12) u (1V, 7) onpeaensiem: )
di= 1=, L av,1g
%1 ’
dy= 1=l—=0 (1V, 19)
Y3

Urak, nats BHeunmx 97IeMEHTOB TPHIJIETA: Qy, Pz, Pg, dy U dy (UIH hy H
h3) — ynoBneTBopsioT YeThipeM yciosuam: (1V,5) (IV, 6), (IV, 7) u (IV,
10). Ocraercst yaoBaersoputs ycnoBuam (IV, 8), (IV, 9) u (IV, 11).

M3 snemenTapubix npeo6pa3soBaHuil HaXOAUM BBICOTHL Yy H Y3 Nepeceye-
HHS BTOPBIM aPaKCHAbHEIM JIY4OM IJIaBHBIX mlocxocreﬁ nepBoOi U TpPeThb-
el nun3 (cM. puc. 1V, 7, 6):

U Y 1V, 20
Y " Ys ra (1v, 20)
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I[Tocne noacTanoBKy B (IV 9) u npunsaTus so suiManne (IV, 7) u (IV,10)
HAXOMHM: ;

; (]
s (11— i
Y 191
* = 1h. " : (IV, 21)
+ Sll, xp
-

- QopMmyJsia yKa3klBaeT, 4To nocnenanﬁ oTpe3okK s’ Tpumiera onpeness-
eTcs T/IaBHBIM 06pa3oM OTHOLIEHHeM MoKasaTesleli JucnepcHit CTEKON ¥s H
vy, TaK KaK BeJIHYHHBI OH Syy xp, Bcerla 6au3KH K Hymo. @opmyay (IV, 21)
MOXXHO HECKOJIbKO Ipeo0pa3soBaTb, Bocrno/b3osaiuuce (IV, 18):

b RN 4 1, N (v, 22)
Vi 1— hs + Ylh'S“ xp
Orciona Bunﬁo. YTO K 3aBHCHMOCTH §' = L NPHXOAMM KaK npn ycJio-

Bud 0 = 0 u Sy1,xp = 0, Tax u ecan HpHHS{Tb 4TO
hy = — — . (1V, 23)
V;S“' xp

TakuM 06pa3oM, OGLINHO BEIMOMHAEMOE B TPHIJETE ycaoBHe by >0 MoxeT
ObiTh COGMOAEHO, ecIy BeJHYUHBI 0 H Sy1,xp, BXOAALLHE B tpopmyny (v, 23),
MMEIOT Pa3Hble 3HAKH.

Uz ycaosus (IV, 8) uaxoxum:

:—f s n 3% . (1V, 24)

-3

= S
3
Ilonoxus s’ = %, MOJNYYHM
2

. 2
e = 1v, 24’
vy hatps — I_"“"ISL xp : (v, )

O6pamaem BEuManue, yTo npu 0 = 0; S;xp = 0 H Sy1,xp = 0 BH-
60p BeJIMYHHBI ¥4 OKA3bIBAETCSA ﬂpOHSBOﬂbHHM H, xaK cnepyer us (IV, 22) u

(1V, 24'), BaxXHbI AHILbL OTHOIEHHS BeJHYHH — n —2; pesHuHHa hg B STOM

CJIydae OKa3EIBAeTCH He3aBHCHMEIM napame’rpou B oﬁmeu Caydae npH 6=
5= 0, S1.xp 5= 0¥ Sj1.xp ¥ 0 He3aBUCHMOMH nepeMeHHOH ABJIAETCH BEJIH-
YHHa v4; 3HaUeHHe MapaMeTpa h, onpeleasercs u3 dopmyan (IV, 22),
I[Ipu BEINOJHEHHH pacyeTOB NOJNyYaeMble B NEPBOM NPHOJIHMKEHHH YHC-
JICHHbIE 3HaYeHHS Vo H3 (opmyan (IV, 24’) B GoJiblllell WM MeHbIlel cTe-
TeHH OTJIHYAIOTCS OT BeJIMYHH NOKa3aTesel AHCIIePCHH ONTHIECKHX CTEKOd,
(dakTHYeCKH UMelOWHXCA B KaTaore. JIns NOATOHKH NONYyIeHHOrO YHCJIeH-
HOTO 3HaUeHHA BeJHYHHEI vz 10 COBMAJeHHs C oKasaTeJieM AHCTepCHH OJIH- -
JKaflillero cTeKJia y06HO BOCMOJ/Ib30BATECA CleAYIOlUleH HHTePNOoAsAUHOHHOH
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¢dopmy.ioft, mpuBoAMMOi 31eck Ge3 BhIBOAA:

Y m 1 — hip ]
Ay, ~ (1— hypa)? [ Aa— 1 + hops (hava — 2) | Ahy, (IV,25)
rie Ahy u Av; — COOTBETCTBEHHBIE BapHALHM BeJHUHH fig H vy, [l 06biy-
HO BCTpevaloluXca HA NPaKTHKe BapHaluii TPHMJETa YMeeM ClelylolLHe
sHaueHHs BeJHUMH: hp ~ 0,7—0,8; ¢, = —3,5—4,5; v =~ 50—60.

HurtepnonaunoHHOH qupMnyoﬁ MOKeT CJYXKHTb NpocTasd 3aBHCHMOCTb,
nonydennas u3 (IV, 25):

Av, = 80Ah,. (1V, 25')

OcraeTcsi BBINOJHHTH Mocseluee CPOPMYJIHPOBAHHOE Bhillle YCJIOBHE
(Iv, 11):

T[ =0.

Y IoBnieTBOpeHHe STOTO YCJIOBHSA NMPH BO3MOXKHOCTH BBEIOOpa TpeX KOH-
cranT cTeKod (Vo,1, Vo2 4 Vo, 3) 0COGLIX 3aTpyAHeHH# He BhI3bIBaeT, TeM Go-
Jiee, 9TO 3TO YCJIOBHE JIOJIKHO OBITh BHINOJHEHO JHIIb npubanxenno. Jef-
CTBHTe/IbHO, BeJIHIHHA TepMoonTHYeCKofi abeppallHi noJjioxkeHHs npH Gec-
KOHEYHO YHaJeHHOW MJOCKOCTH NMPEeJMETOB Bhipaxaetcsa (opMmysof:

’

- " bs
Ilnst oueHKH AONYCTHMO# BeJHYHHBI -~ HalOMHWM, 9TO, HamphMep,

BTOPHYHBIH CTNEKTp JHMH30BOH CHCTeMbl 00bluHO cocraBiasier 0,05—0,1%
ee QOKYCHOTO pacCTOSIHMS, a OCTaTOYHble MOHOXPOMaTHYecKue abeppaunu
uHOrJa 4 Toro GosbLie.

PaccMoTpuM npon3BOJ/IbHO BLIGPaHHbIH YHC/IEHHbIH NPUMep, HJLIOCTPH-
pyiomufl Xoj BHINOJHEHHS pacyeTa TPHIJIETA.

[TorpeGyem, 4To6bl TPHIAET ABAS/ICA axpoMaToM Sy yp = 0 H Spjxp=
= (, HUMeJ HCMpaBJeHHYI0 KPHBH3HY NMOBepPXHOCTH H3obpakeHHsa (Siy= -
= 0,25), ucnpaBneHHyio AxcTopcHio (6= 0) H HCIpaBJeHHYIO TepMOOIl-
TH4ecKyio abeppauuio nosnoxenus (T = 0) B npenenax temnepatyp Af~s
~ IIOO"C. Ero BHeluHHEe KOHCTPYKTHBHBIE SJIEMEHTHI ONMpPeAe/IHM NpH [ ==

HesapncuMpiMu nepeMeHHuIME 6YAYT: ny, na, ns, ¥4, ¥3, Vo1, Vo 3, 2.

[lyctb ny = 1,6126, v, = 58,3, V,, = —2,6-107° (T. e. cTeR/0
TK6); n, = 1,67 (C'rexno rpynnel TsXKenbx ¢aunToB); ng = 1,6079;
vg = 46,2, Voa = 3,3- 10“’ (CTeKJio B®17).

Hs (1V, 22) HHXO,[[HM

§ =—2 —0,793.

Vi

I'Ipmmn hy = 0,75, us (IV 15) naxopum, oﬁpams BHHMaHHe, 4TO
hy = s’ = 0,793:

= 1,61,
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ns (IV,16) noayuum:

i i cpa- = - 4,35;
H3 (IV, 24') onpenensaeM MOKasaTeab AHCNEPCHH BTOPOI"I JIHH3BI:
v, = 33,6.

Bauxafiwee creksno, KoHCTaHThl KoToporo Gojiee HJiM MeHee corjacy-
IOTCA C NOAYYEHHBEIM 3HaueHHeM v; H BbIOpaHHbLIM 3HAuYeHHEM Mz, — 5TO
crekno T®2 (n = 1,6725, v = 32,2, V, = 3,8-107%). Opuako mpexae
YeM BHECTH KOPPEKLHWI0 B pacyeT NMPHMEHHTEJbHO K TOYHBLIM 3HAYEHHSM
KOHCTaHT 3TOro CTeK/a, Npoc/elluM, B KaKoi Mepe YIOBJETBOPSIETCH YCJIO-
sue (IV, 11).

Hs (IV, 17) umeem: : . .

e =298
n3 (IV, 18) u (1V, 19) naxonnm:
d, = 0,084; d, = 0,155.

[Tpunss y* = 11,56-107® (Matepnan kopnyca — craas), us (IV, 11) Ha-
XOAHM: ?

| . .
A=87-10"% —— = Vo +h Vo2 + K5 o5Vos + A=

=P Bl BB I o 10,

T. e. crekna TK6, T®2 u BP17 priGpansl HeyAOBJeTBOPHTEAbHO: OOBEKTHB
6yfeT HMeTh HemeJaTeNbHO GOJBIIYIO TEPMOONTHYECKYIO abeppallHIO No-
JIoKeHusi. PaccMaTpHBas KaTaJlol CTeKOJl, HETPYAHO 3aMeTHTb, YTO CTe-
KOJ1, KOHCTaHTbl KOTOPLIX 7 U v 61H3KH K KoHcTautaM T®2 ' B®17, B ka-
TaJlore HET, HO MOXKHO B3ATh BMecTo crekyaa TK6\crekno TK9 (n = 1,6171,
v = 54,0, V, = —1,0-107%), uto, oueBHAHO, NpHBeJeT K YMEHBIISHHIO
TepMoonTHueckoii abeppaunu. M3 tex xe dopMys nonyuum:
s' =0,856; 93 = 2,32 (mpu hy =0,75); ¢,=—4,34; v, =230,9;
¢, =228 d;=0,110; dy3=0,108 A=7,7-107
v T
—L —=1,65- 107,
At -
Ty

Besxunna -5 Aaxe H3MeHHNIa CBOM 3HaK; Ha NOJIyUYeHHOH BeJIHUHHE

T
TIE MOHO OCTaHOBHTBCSI; HanpHMep, NpH POKYCHOM PAaCCTOSAHHH TPHILIE-

Ta 500 MM H noHHKeHHH TeMnepaTypsl Ha Af = —100° nosyanM Tepmoon-
THYeCKylo abeppallHio:

3’ = — f'T| =500 - 1,65 - 1070 - 100 =0,08 M.

OcTaeTcs HECKOILKO H3MEHHTh BEJTHUHHY Vg, YT00bl HMETh BO3MOMHOCTD
NpHHATL ANs BTOpo# JuH3bl crekio TP2, y koroporo v = 32,2, Ilna
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3TOro HeoOGX0AHMO 3aaThCA HECKOJBKO APYTHM 3HaueHHeM MapaMeTpa f,.
B Hawewm ciy4ae AAA YBeJHUYEHHS V3 Ha Ay, = 1,3 HeoGXOAHMO B COOTBET-
CTBHH C HHTEpHoJslHOHHOH (opmynoir (IV, 25') yBennunuts hy Ha Ahy =
= 0,016. ITonyuus 0,766, HaxoAMM OKOHuaTeJbHbie BeJJHUHHbI BHELIHHX
s/leMeHTOB TpHUNJera, umemomero crekiaa TK9, T2 u BPI17:

s ==0,856; @5=212, ¢,=—4,53; v,=232,2 ¢, =265

T -
d, =0,088; d,=0,110; A=7,95-107% Tlt =0,19. 1078,

Ha ocHose npuMeHeHHS HOBBIX MapOK ONTHYECKHX CTEKOJ NPOCTeHLIHM
aHacTHrMaT «TpUnJeT» Npojo/XKaeT COBEPLIEHCTBOBATECH; €ro NPHUMEHSIOT
B JlellleBLIX JOOUTeNbCKHX (oTorpadHyecKUX amnmaparax
pasHuIX opMaToB, BLITYCKAeMbIX KPYMHBIMH CepHSIMH.

K yHHBepcaJbHLIM aHACTHIMATaM OTHOCATCS pa3/iny-
Hble MOZAHDHKAIHH YCAOKHEHHOIO TPHIJIETA, ONTHYECKHE
CXeMbl 'KOTOPLIX COJep2KaT ueThipe-NATh JUH3 (HanpHMep,
yeTHIpeXJHH30BbIe «Teccaphl», NATHAHH30BHIE «[ eaHaphI»

Puc. 1v, 8. on- HJp.). CpeiH OOBEKTHBOB TaKOro YCJIOXXHEHHOIO THIa
ecktma  iTew CaMbIM pacnpoCTPaHEHHEIM ABJsETCH 06beKTHB «Teccap,
cap» paspaborauusiii B 1902 ropy corpyanukoM o¢upmer «K.
‘ Lefice» n-pom I1. Pynonspom (puc. 1V, 8). OOLeKTHBEI
3TOH ONTHYECKOA CXEeMHEl HENMpPEpPHIBHO COBEDIUEHCTBYIOTCS M BBIMYCKa-
I0TCA B pa3HBIX CTPaHaxX MoJ pasHbIMH Ha3BaHHsMH: «Huaycrap» (CCCP),
«krap» (CIIA, «Konak»), «dnemap» (OPT, «Jlefitu»), «Kcenap» (DPT,
«[Iuefinep») u ap. :

Ilo cpaBHeHHIO ¢ TPHNJIETOM 0OBEKTHB 9TOTO THNa o6nafiaeT GoJee co-
BeplIeHHOH Koppeknueil Bcex abeppanufi, YTo NPHBOAHT K TIOBLILIEHHOMY
KadecTBY ontuyeckoro usoGpaxenns. Ha ocHoBe npuMeHeHnHs cBepXTsixKe-
JILIX JJaHTAHOBBIX KDOHOB OTHOCHTE/NbHOE OTBEpCTHe OOBEKTHBOB YAaloCh
NOBLICHTE 10 1 : 2,8 npu yraax noss spedus go 55—58°. Cpean oTeyect-
BeHHBIX OGBEKTHBOB MOMeT ObiTb HasaH «Huaycrap-6l» (f' = 52 mm,
1 : 2,8), paspewmaiomuii B ienTpe nous okoso 50 #m™! n Ha Kpato PoToKaa-
pa 24 X 36 mm — oxono 27 mm™1.Pa3BHTHEM ONTHYECKOH CXeMbl TPHILIET
ABJSIOTCA 0600IIEHHbIE TPHIIETH, KaXKIbiH H3 KOMIOHEHTOB KOTOPHIX MO-
JKeT NpeCTaBJATh KOMOHHALHIO U3 TOHKHUX JIHH3. B H3/10:KeHHOH BhlLle Teo-
PHH MPOCTOro TPHO/ETAa KOHCTAHTHI CTeKOJ (1, v, V) BRICTYNAIOT KaK napa-
MeTpHl HpH pacyeTe o6bekTHBa. OYeBHJHO, 3aMeHa NMPOCTOH JIHH3bI TPH-
nieta 6oJjiee CIOKHBIM KOMIIOHEHTOM PACLIHPSIET BO3MOMCHOCTH, A0 TOTQ
OrpaHHYHBaBLIHECS] CPAaBHHTEJIbHO Y3KHMH MpejieslaMH 3Ha4eHHH KOHCTaHT

-.crekon. O6o6mas napameTpsl n, v # V, nenecoobpa3no BBeCTH NoHATHE 00
SKBHBAJICHTHEIX 3HaYeHUAX 3THX BeJHYHH.

[TonsiTHe 06 9KBHBANIEHTHOM 3HAUEHHH MOKa3aTe/s MPEJOMJEeHHs yCTa-
HOBHM Ha OCHOBE 3aBHCHMOCTH MeTlBaJeBOH KPHBH3HBI JAH3Bl OT ee OT-
HOCHTeJIbHOH ONTHYeCKOH CHJILI W MOKas3aTe/s npejoMieHus crekna. O6-
paTHB BHHMaHHe, YTO NeTiBaseB KOo3(dHIHeHT i-ro KOMIIOHeHTa, cocTosle-

]
ro u3 0 n1uH3, BhIpaXKaeTcs CyMMOo# ;};Z %‘-. rie oNnTHYeCKasl CHla TOHKOro
j
KOMMOHeHTa paBHa ¢; = 2° , @;, TMPHXOIHUM K MOHATHIO SKBHBAJEHTHOIO
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3HaueHHs NOKa3aTes NPeNOMIECHHS:
' j=0

15'1?" ‘ '
(= ' (1V, 26)
. = M
HJIH

s, (IV, 26")
= g
. > —”

rae Ej — NpHBeJCHHAs ONTHYECKAsl CHJIA IMH3bI, PaBHAs OTHOLIEHHIO Ofl-
THYECKOH CHJIbI JIMH3BI K CHJIe BCero {-ro KoMnowexnTta. CyMMYy, CTOALILYIO B
sHaMeHareJse Buipaxenus (IV, 26'), o6osHaunM yepes s ;; MONYHHM:

1
ny=—.
L

INonatue o6 SKBHBaJIEHTHOM 3HAYEHHH NOKa3aTessd AMCIIEPCHH YCTa-
HaBJIHBAE€TCHA H3 ClJaKTa NnponopuHOHaNbHOCTH KOB({)(pHLlHEHTa XpomaTHyec-

Koii abeppallvi IPOCTON JIHH3bl BeJHUHHE %; OTCIOJla MPHXOAHM K BhIpa-

MeHHIO 9KBHBAJIEHTHOTO 3HaYE€HHS v;; AJIA i{-TO KOMIMOHEHTA:

E‘FJ e

Vi =T§§T’_ : (v, 27
=] '
HJIH
vy e . \ v, 27)
i= 3, ‘

CymMmy, cTosilnyio B 3HameHaTee Buipaxkenus (I1V, 27°), mMu 0603nauuan
Boite (11, 210°) yepes —C;; nony4um:
g |
’ ="
[ousiTne 06 5KBHBaJICHTHOM 3HAYEHHH TePMOONTHYECKOH KOHCTAHTHI
creknia V' ycraHOBHM H3 (paKTa NpoOnmoOpLHOHANLHOCTH KO3(ppHIHEHTa Tep-
MoonTHYecKo# abeppalnu NpocToi JIHH3E MpousBeAeHHI0 @,V orciofa .
NIPHXOAHMM K BEIPQXKEHHUIO IKBUBAJIEHTHOrO 3HaYeyua V; A i-ro KOMIOHEeH-
Ta: i :

j=0
Z ¢ Yy
_ 1=

==
- ¥

i=l

V, , (1V, 28)



HJIH
[=ﬂ‘

Vi= 3 by (1V, 28')

i=

BBelienne S5KBHBaJIEHTHbIX 3Ha4YeHHH n;, v; B V;, O4eBHAHO, MO3BOJsIET
‘0006LIHTL TEOPHIO NIPOCTOrO TPUMNJIETA HA BOBMOMXKHEIE CJAYYaH ero YC/IoXK-
nenun*. KoxeuHo, BCe 9TO OCTaeTcs CNpaBeJiNBLIM B 06/1acTH aGeppauui
TPeTbero nopsjAka ¥ No3poJisieT NPOEKTHPOBATh JIHIIb HCXOAHbIE BAP HAHTEI
cHCTeM AAs Moc/efykolero HX aGeppallHOHHOrO MCCJAE0BAHHA C LEbIo
«oT/lesieHHs» abeppaluii BLICLUHX NOPAAKOB H YCTaHOBJEHUS ONTHMaJbHBIX
peLleHHH,

§ 4. CBETOCHJIbHBIE OB'BEKTHBBI

CBeTOCHILHBIMH yCJIOBHMCS Ha3bIBaThb OGBEKTHBLI, OTHOCHTE/bLHLIE OT-
BEPCTHs KOTOPBIX MPeBBIIAIOT Beqnunny € = 1 : 2,8, Kpome Toro, ceeTo-
CHJIbHBE OOBEKTHBBI YCJIOBHMCS K/IacCH(HUHPOBATh COOTBETCTBEHHO HX
ABYM JpDYTHM ONTHYECKHM XapaKTepPHCTHKaM — BeJIHYHHAaM (OKYCHBIX
paccTosAHHME W yriiam nosei 3penus. Takas KJaccHOHMKalUUs HaM NpeACTaB-
JIIETCS pallHOHANbHOM Mo KpaliHell Mepe A/l NPABHALHON OLlEHKH BOSMOXK-
HocTel paspaboTKu NofoGHbIX 00BeKTHBOB. [ToBHAHMOMY, NOCTaTOYHO BBE-
JieHHs TpeX rpajanuii: :

1. KopoTkodokycHbie cBeTOCH/IbHbIE OGBEKTHBbI, Y KOTOPLIX &:oxycuoe
paccTosinue f' Menbllle JHHeHHOro noas u3obpaxenus (D' = 2I'):

f<D.
2, O6beKTHBbl CpeHHX (OKYCHBIX PacCTOsHHUI, Y Ko‘rbpux
D' < f <3D.
3. HnuuHodoKycHble CBETOCH/IbHBIE 0OBeKTHBBI, Y KOTOPHIX (hOKycHbIEe

paccTOsIHHA NPEBLILAIOT TPeXKPATHYIO BEJHYHHY JHHEHHOro noJs u3obpa~
JKEeHHs: :

f'>3D".
CoOTBeTCTBEHHO 3TH OGBEKTHBLI MOXHO KJaCCHOHIHPOBATD M0 BEJIHUH- -
HaM YTJIOB MoJjieH 3peHus:
1. [llnpokoyroJybHele CBETOCHAbHEIE OOBEKTHBEI, Y KOTOPHIX
2w > 60°.

’

* [pu nmpoeKTHpPOBaHWH W pacueTe aNOXpPOMaTOB LenecooGpPasHO TakKe BBECTH.
NOHATHe 06 3KBHBANEHTHOM 3HAYeHHH OTHOCHTEeJAbHOH JHCHDepCHR
Pi AN HEKOTOpOR cnekTpanbHOM o6aacTH Ay u Agl

5 By =y
P1=Vf22pj: rie P_n—l-—_'_—not
=1 i A Ay
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2. CeTocH/bHBIE O0BEKTHBBI CPeflHHX MOJIeH 3peHHd, Y KOTOPHIX
20° << 2w << 60°.
3. CBeTocH/IbHEE 00BEKTHBLI Ma/bIX MoJell 3peHns, Y KOTOPHIX
2w << 20°. . ®

OTHoCHTeNbHBIE OTBEPCTHSI CBETOCH/IBHLIX OOBEKTHBOB NPH 3TOM H3Me-
Hstorcs ot 1: 0,6 no 1: 2,8, OGbeKTUBBIC OTBEPCTHAMH, OOJBIIHMH 4eM
1: 1,5, ycnoBumcs HaseiBaTh 0c060 cBeTOCHABHBIMH. OleHKa NOBHILIEHHOH
CBETOCHJIBI CPaBHHTEJIbHO JJIHHHO(OKYCHBIX O0BEKTHBOB MOXKeT OLITh CO-
XpaHeHa H JAJI7 OTHOCHTENILHBIX OTBepPCTHH, MeHblHX yem. 1 : 2,8, Hanpu-
Mep, accMaTpHBaeMble HHXKe aHACTHIMAaTel «Ypai-16» (f' = 750 mau,

3,9, 30 X 30 cm) MOXKHO TaK¥Ke CYHTATb CBETOCHJbHBLIMH.

Puc. 1V, 9. Ontmueckas cxema o6bextuBos: a — [lerupans;
6 — «Kyk-anacturmara»; 8 — «[lnanapa» — «lennoca»

OnTHyecKHe CXeMH COBPEMEHHLIX CBETOCHJIBHAIX 0GBEKTHBOB ABJSIOTCS
JIOTHYECKHM pa3BHTHEM OLHOH H3 CIEAYIONHX TPeX CXeM: [BYXKOMIIOHEHT-
HOro nopTpeTHoro o6bekTHBa (1840) a-pa Iletusans, TpexanH3GBOrO 06BEK-
TiBa «Tpunser» (1894) n-pa Telisopa W LeCTHIHH30BOrG aHaCTHIMaTa
«[1nanap» (1896) n-pa Pyronbga. X

PazpaGotka ontnueckoit cxeMsl [lerusans (puc. 1V, 9, a) npueena k
LIHPOKO PaClpPOCTPAHEHHEIM CBETOCH/IbHBIM 00BEKTHBAM C MaJIbIMH MOJAMU
3peHHsi; 3TH ONTHUECKHEe CXeMEl 0 CHX Mop HaXOAST MpHMeHeHHe MpeXTe
Bcero Onarofapsi cBoei KOHCTPYKTHBHOI#I NpPOCTOTE.

Passutre tTpuniera Tefiopa nyTeM yClOXKHEHHS OAHOTO HJH HECKOJIb-
KHX €ro KOMIIOHEHTOB MPHBENO K CO3JaHHI0 YHHBEPCAJbHHIX OOBEKTHBOB

' MOBBLIIIEHHOTO KayecTBa H3o0paxkeHWs H OGBbEKTHEOB MOBLILIEHHON CBETO-
CHJIBI MaJIblX H CPeIHHX QOKYCHBIX PacCTOAHHHA H CPeJHHX NoJeH 3peHHs.

Cucremsr Tina «[lnanap» Pynonsda u ux nosguefiline MoaudpHKauuH
TIO3BOJIH/IH O/IHOBPEMEHHO TIOBLICHTb KaK CBETOCHIY 06beKTHBOB, TaK H Ka-
yecTBO 006pa3yemMoro HMH H300paxkeHHs.

1. O6mue CBO/ACTBA ONTHYECKHX CXEM CBETOCHJbLHBIX OOBEKTHBOB.
Pa3paGoTKi CBETOCHJbHLIX aHacTurmartoB Hadanuck B CCCP B cepesuue
30-x rogos. CTuMysnoM AJsi pa3BHTHs THX paboT mocayxyna aspodoro-
CheMKa: HeoOXO0AHMOCTb BeIEHHS CheMKH He TOJLKO B IHEBHHIX YCJIOBHSAX,
HO M [IPH MaJIblX OCBeleHHOCTAX o6bekToB. Jlpyroii o6nacTeio, CTHMYJ/iHpo-
BaBlUell pa3BuTHe paboT 3TOr0 HampaBJeHHs, fABAAJACh KHHOTEXHHKa.
Passutrie kunematorpapuu B CCCP norpeboBajio OCHallleHHSI OTe4eCTBeH-
HOH KHHOTEXHHMKH CBETOCHJBLHOM OoNTHKoH. PoXaBllasicsl B Te TOJLI LBET-
Hasi KHHeMaTorpadus BbIABHTaJa AONOJHHTE/bHbIe TpeboBaHHs K MOBHILLE-
HMIO CBETOCHJIbI OOBEKTHBOB.
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Hannyuiume cperocH/bHEE aHACTHIMATBLTeX JIeT, IPHMEHABILUECS B $o-
Torpadui ¥ KMHOTEXHHKE, HMEJIH YeThIpeX- H IIeCTHAHH30Bble ONTHYECKHE
CXeMbl. TO YeThIpeX/HH30Bble cXeMbl «KyK-aHaCTHrMaroB» aHIJIHACKOH
dupmst «Teitnop —Io6eon» (puc. 1V, 9, 6); HeMeukue o6bexTHBbl «[TaH-
Taxap» Toil ke ONTHYECKO#H CXeMbl; aHTJIHACKHE IeCTH/IHH30Bble 00 BEKTHBBI
«KyK-cnua-nanxpo», HMeBLiKe onTHYecKylo cxemy «[Lnanapa» (puc. IV, 98).

C cHcTeMaTHUECKOTO  H3Y9YeHHS ONTHUECKHX ¥ abeppallHOHHBIX
CBONCTB H BO3MOXHOCTEH 3THX CHCTEM Hadajia paGoTy rpynma. CBETOCHJIb-
Hofi (DOTOONTHKH MNOJ, PYKOBOACTBOM aBTOpa. Ml CTpEMHJIHCh CO3[aTh

AIHHHO(OKYCHEIE CHCTEMBI ¢ GOKycHBIMH paccTossHussME 200—250 mm npu
oTBepCcTHAX Jo 1 : 2,5 1 noasiMu 3peHHUA 45—50°.Ha ochoBe mpHMeHEHHs

. ONHCAHHBIX BbIlle CXeM MpHHUMIIH-
. aJbHO BO3MOXHO paspaboTaTh aHa-

CTHTMaThbl C YKa3aHHBIMH ONTHYECKH-

MU XapaKtepucTuKamu. Ho npu stom

cucTeMbl 00/M1ajaloT HexenaTelbHO

GonbLIMMH abeppallHAMH, KaTacTpo-

(HyeckH BO3pacTaOMMH MO MOJIO.

He npuBozns 3geck HX noapoGHLIX

Puc. 1V, 10. OnTuueckue cxemm ofbex- abeppalHOHHBIX XapaKTepHUCTHK, OT-

Tukop: @— «Kaxeinaps; G- «3xmatap>  yortyM, yTo paspaGoranmubie B 1938 ro-

Ly NpoCTbie YeThipeXJHH30Bble 00b-

" extuBH «CaTypH-1» (f' = 250 mn, 1 : 2,5, 2w = 48°) obnagann Heycrpa-
nuMo OosbliHMH  abeppauusiMi Jyded IIHPOKHX MEPHAHOHAJbHBLIX MydY-
KOB, BeJUYHHLI KOTOPHIX A/l KPaHHHX SOH IIHPOKHX HAKJOHHBIX NYYKOB
pocturanau 1 mam. D10 NPHBOAKIO K TOMY, YTO PH HH3KOM KOHTPACTE OIl-
THYeCKOro H3obpaxeHus ¢ororpadudeckas paspemaroinasi cHia o6beKTH-
Ba CHH)XKaJlach 1o moJo a0 3—4 mm™, ;

* TlapannesnnHo B Te ropsl Bo BeecoiosHoM obbeJWHEHHH ONTHKO-MeXa-
- pnveckux npeanpuatuit (BOOMII) neGoabiiias rpynna ontukoe paGora-
Jia HaJl ABYMsl ONTHYECKHMH CXEMaMH: 4eThipeXJIMH30BO# cxemoii «Kaneii-
uap» (puc. IV, 10, a) 1 narununsosoit «Ixeurap» (puc. IV, 10, 6). Ha
OCHOBe MepBOfi CXeMbl HaMeyasoch CO3ZaHHe CBETOCHJBHEIX KOPOTKO(O-
' KYCHBIX 00BeKTHBOB IJIi KHHOChEMKH; BTOpasi cXeMa Obljia IPHHATA B OC«
HOBY pa3paboTKH CBETOCHJ/IbHBIX aspodoTooGbekTHBOB. B 00enx cxemax
0Ka3aJloCh HEBO3MOMKHBIM KOPPHTHPOBaTh CArHTTaJbHYIO KDPHBH3HY IO-
BEPXHOCTH H306paxkeHus: yeTBepThifi Koadduuuent 3edgens Sy B 3THX
CHCTeMax JIOCTHraeT YHCJeHHBIX 3HadeHu# 0,55—0,6, uto fenaer Heo6xo¥!
ZIMMBIM U1 KOPPEKLHH cpefHefi KpHBU3HHI NOJISI BBOAHTD B CHCTEMY HEAQe
nycTHMO GonbLIoH aCTHTMaTH3M.

- JIumb cnycTs HeCKOJNBKO JIeT Mocje MPOBeJleHHS COOTBETCTBYIOMIHX
HCCJIeIOBAHHH CTallo AAICHO, YTO ONTHYECKasi CXeMa CBETOCHJbHOH H JOCTa-
TOYHO IIHPOKOY FOJIbHOH CHCTEeMBI IO/KHA 00/1a/laTh PAJOM HCXOAHBIX KOH-
CTPYKTHBHLIX 0COGEHHOCTeH, BHINOJIHEHHE KOTOPLIX HEOOXOAUMO Jifl yCelll
HOro pemrexusi npodaemst [3]. ’

YKe B CTallHHM NpPeJBapHTENbHOTO MPOEKTHPOBAHHA NpPH pa3paGoTKe
ONTHYECKOH CXEeMBI CHCTEMbI TOJIESHO PYKOBOACTBOBATbCA CJENYIOLIHMK

NOJIOXEHHAMH, BbITEKAIOUWHMH H3 TEOPHH H OMNLITa CO3JaHH:-aHACTHIMATOR,
THNa «Ypau», «<Mapc» u Ap.
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1. Ipu cywecTtsyioieMm MHOrooOpa3HH ONTHYECKHX cpel (PasiHYHBIX
MapOK CTeKOJ i KPHCTaJIIOB) HCTpaB/eHHe XPOMaTHYeCKHX abeppauuil B
MHOTO/TMH30BbIX CHCTeMaX MpPHHUMMHANLHBIX 3aTPYAHEHHH BCTPETHTb He
MOXKeT: B [IpeBap HTeJIbHOMH CTaJlHH pacyeTa pallHOHaJbHO 3aHHMAThLCsA KOp-

* pekuHediiHIL abeppalHit MOHOXPOMATHYECKHX H PH HeOOXOAUMOCTH Tep-
MOONTHYECKHX. i

2. OnTHyeckue Cpelkbl, B YaCTHQCTH MapKH ONTHYECKHX CTeKOJ, CielyeT
BLIOHpATh C TAKHMH BeJIHUMHAMH NOKa3areefi IpeJIoMJIeHHs1, KOTOPbIM COOT-
BETCTBYeT TpyIMNa APYTHX CTEKOJ, MMEIOUHX NPHOIH3UTENbHO TAKHE XKe
BeJIHYHHL TOKasaTeJel JIPpEJIOMJIEHHS, HO OTJIHYHbIE NHCIIEPCHH.

B03MOXXHOCTH BHINOJIHEHHSA STOrO YCJIOBHA TEM Gosee pacIIHpHJIHCE
TioCJie MnosBJIEHHS TPYMNNbL CBer'I:H)KeJIHX KpPOHOB THIA JIAHTAHOBHIX CTe-
KO -

.3. Ilpubemennnie BeJHYMHEI ONTHUECKHX CHJI KOMIIOHEHTOB ¢, T. €.
BEIYHC/ICHHBIX TIPH GOKYCHOM PACCTOSHHH BCeil CHCTEeMbl, pABHOM eHHHLE
(Zh;p; = 1), Y CBeTOCH/IbHBIX CHCTEM He IO/ HbI MPEeBbILIATb YHCAEHHBIX
SHayeHWH nopsaka efuHuUel. Heprinonnenue sToro ycnoBust oGLIYHO MPH-
BOIHT K HEXKeJaTeJbHO GOJIbIIHM KPHBH3HAM MPEJIOMJISIOUHX MOBEPXHOC-
TeH, YTO ABJAETCH NPHYHHOH Bo3pacTaHHsa abeppaluil BEICIIHX MOPSAAKOB.
Orto TpeGoBaHHe HapSAY C ONHOBPEMEHHBIM BbilloJHEHHeM ycoBHa [lerusa-
Jis (BenHuMHa Spy ¥ CBETOCHJBHEIX M JOCTATOYHO LIHPOKOYTONbLHBIX aHa-
CTHTMaTOB XOJIXKHA OCTaBaThCs B Npefenax 3HaueHni 0,2—0,25, a npu npu-
MEHEHHH CBepPXTsKeNbX KpoHoB — 0,156—0,20) MoryT yaoBIeTBOPATH
JILIb CHCTEMB! MHOTOJIMH30BbIE, B YaCTHOCTH COAEPIKAUIHC He MeHee ABYyX
OTPHLATENIbHBIX JIHH3 HJIH KOMITOHEHTOB.

C sToft TOYKH 3peHHs], HEJIOyMeHHe Ha NMepBbill B3rJIAA MOTYT BBI3BaTh
cHCTeMbl, THNa «3oHHap» A-pa JI. BepTese, y KOTOPBIX JIHLIb OAHH KOMIIO-
HeHT oTpHuaTeNbHbiH.. OTHaKo Gosee MOAPOOHBIA HX aHA\TH3 MOKAa3bIBAeT,
4TO GOJIbLIKE TOMIHHLI KOMIIOHEHTOB 3/16Ch HEMO/Ib30BaHH, ¥ aK apaMeTphl,
MO3BOJIHBIIHE YMEHBbIUIHTb BeJHYHHY 4eTBeproro Kosdduuuenra eiinens
Siv. AHaJOrH4YHOe CBOHCTBO HMeET MeCTO H B JIPYTHX CHCTEMax STOTrO XKe
aBTopa — «BHOroHax»; y STHX CHCTEM TOJIIHHBI OTJENbHBLIX KOMIIOHEHTOB
nocturaior 30—40% oT BeamuuHB (QOKYCHOrO DPAcCTOSHHS OOBEKTHBA.
[Ipu naznexaiieM BriGOpe TOJMILHH Jaxe MOJOXKHTeJbHAA JHH3a MOXeT
HMeTb OTPHLATEJbHYIO COCTaBJSIOMLYIO Koscpcpuuuema Siv.

Hanpumep, mycTh pafuychl £y ¥ ry JHH3B KOHEYHOH TOMIMHLL d B3a-
‘MMOCBSI3aHBl 3aBHCHMOCTBIO:

P TR ("—’)d. (Iv. 29)

n

rie m — HEKOTOPBIH MHOXHTe b, BeJHYHHA KOTOpPOro MOXET H3MEHATbCH
B WIHPOKHX Mpellenax. Bocnonb3oBaBIIHCh BBIpaXKeHHEM ONTHYECKOH CHJIBI
* JIHH3EI KOHeUHOH TOMUIHHBL, [OJYYHM:

’ : ¢=>1—m)oy Sy =_h%_ Por ‘ (IV, 30)

(n—12d

Las ?0 = nrirg
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Ecnu @p > 0 u eciu napaMeTp m W3MEHseTCA B mpefenax
- o<m<l,

us (1V, 30) CHeAyeT, 4T0
‘P>0 npu SIV <0 (IV' 31) =

Takum o06pa3oM, NpH HajJjiexalieM BeiGope TOMLHHEL [TOJOKUTEIbHOTO
KOMINOHEHTa NocJieAHH# cnocobeH HapaLy C OTpHUATENbHEIM KOMIOHEHTOM
y4acTBOBaTh B KOppeKIHH Ko3dduuuenta [lerusans, 49ro cmocoGerByer
YMeHBLIEHHIO KPHBU3HbI NPEJIOMASIOLHMX NOBEPXHOCTeH CHCTEMbI H OKas3bl-
BaeTcs 0coGeHHO M0Je3HLIM B KOPOTKO(OKYCHBIX CBETOCHJIBHAEIX CHCTEMAX, |

4. O6wasn ANHHA aHacTHIMaTa 2 d TaKKe SIBJISI€TCH CyLIeCTBEHHBIM Mapa-
MeTPOM, MpaBHJbHBIN BEIGOP KOTOPOro HeoOXOAHM YXKe B CTallMH npejBa-
PHTENLHOrO NPOEKTHPOBAHHA ONTHYeCKOH cXeMbl cHcTeMbl. OpHOBpeMeH-
HOe BhINONHEeHHe ycJoBua Maciutaba, [letusanst u BeIGOp BO3MOXKHO Ma-
JIBIX ONTHYECKHX CHJl IMH3 H KOMIOHEHTOB TPeGyloT nepexofa K GO/MbIIHM
cymMMapHeiM ToniHaM (Zd) cucrem. YeM Bbillle OTHOCHTE/IbHOE OTBEPCTHE
cHcTeMul, TeM GoJbllleil JomkHa ObTh ee AnuHa. Kak nokaskpiBaeT ommiT,
CHCTeMhbl C OTHOCHTeIbHBIME oTBepcTHaME | : 2—1 ¢ 2,5 uMeioT cobcTBen-
HYKO AaHHY, He Menbilylo 0,6—0,5 oT Be/HYHHBI QOKYCHOrO pacCTOAHHSA;
3Ta BeJIHYMHA Bo3pacTaeT npubausurensho po 0,8 —0,7 B cucreMax ¢ oT-
HOCHTeNbHBIM oTBepcTHeM 1 @ 1,5. KoneuHo, Mel HMeeM 3/lech B BHAY JHIIb
CHCTEMBI C AOCTAaTOYHO Xopollel KoppeKuHe# aGeppauuii.

5. Pa3pa6oTKa CBeTOCHAbHKIX LWIMPOKOYTOJbHEIX aHAaCTUIMATOB ¢ 60Nb-
uwikiM OKYCHBIM paccTosi HHeM TpebyeT NMpuUMeHeHHs Mo KpafHe# Mepe ye-
ThIPeX-MATHKOMIOHEHTHBIX ONTHYecKHX cXeM. [TonbiTka cokpauenus gncaa
KOMIIOHEHTOB MPHBOJMT 'K HEOGXOAHMMOCTH YBEeJHYEHHS HX TONLLHH, YTO
IeJiaeT NMPaKTHYeCKH HEBO3MOXKHBIM PeasiH3allHI0 CHCTEMbI ANA GOJbIIMX
(OKYCHBEIX pacCTOsSHHI.

6. YcaoBus HCTpaB/eHHS KPHBH3HbI MOBEPXHOCTH H300paKeHHs NPH
OAHOBPEMeHHOM TpPeGOBaHHH YMEHbLIEHHS ONTHYECKHX CHJ JIHH3 C LEJbIo
yMeHblUEHHS KPHBH3HBI MpPEJOMASIOIHX MNOBEPXHOCTEH B CBETOCHJb-
HbIX CHCTeMaX 4acTO JAeJaloT pallHOHAJbHBIM NPHMEHeHHe aHOMaJbHOM
KOMOMHALHH CTEKOJ/I: TAXKENbIX H CBEPXTAXKE/bIX KPOHOB — B NOJIOKHUTE/b-
HbIX JIHH3aX M JIeTKHX (QJHHTOB “— B OTPHUATeNbHBIX JHH3ax [3].

7.. Pauronasien Bbi6Op KOHCTPYKTHBHOH CXeMb! ONTHYECKOH CHCTEMEI,
B KOTODOH UEHTPbl KPHBH3Hbl MPEJOMJSIOLHX [OBEPXHOCTEH H LEHTP
anepTypHOH AHa pparMel OKa3bIBAIOTCA PAClONOKEHHBIMH 110 OHY CTOPOHY
OT BepIUHH COOTBETCTBYIOUWMX NMpeNoMASIOIHX noBepxHocTei. Takas KOH-
dburypauus cucTeMsl obecriedHBaeT B CBETOCH/bHBIX ITHPOKOYTOJbHbIX CXe-
MaX CpaBHHTE/bHO MaJbie YI/bl MajJileHHsl H NpeJoM/IeHHsl yyed IHPOKUX
HaKJIOHHBIX MYYKOB Ha MOBEPXHOCTSIX CHCTEMBI, UTO ABAsieTcsl GJaronpu-
ATHBIM YCJIOBHEM Xopolleii KOppeKUHH nojeBbiX abeppalluii.

2. CeerocHabibie 00BLEKTHBB MaabiX noJeii spenns. K stoit rpynmne
Mbl OTHOCHM CHCTeMbI, MO/ 3peHHsl KOTOPBIX He mpeBbillaoT 20°,

Teopus, meron pacuera u onTH4YecKue CBOHCTBA 3TOH IPYNNBI CHCTEM
3JIEMEHTAPHBI H JaBHO H3YYeHHI. ‘

[Mpocreitinas onTuyeckasi cXxemMa oObEKTHBOB STOH Ipynnsl —CHCTEMa,
COCTOAIlaA M3 ABYX MONOXKHUTENbHEIX KOMMOHEHTOB, PACMoJOXKEeHHBX Ha
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GoNbLIOM PacCTOSTHHH APYT ot Apyra (cM. puc. IV, 9, a). Kaxautit us xKom-
MOHEHTOB B CBOI Ouepelb NpeJCcTaBAseT ABYXJHH30BYI0 KOMOHHAUMIO M3
TIONIOXKHTENBHOH (KPOHOBOH) M OTpHUAaTeNbHOH ‘(GpnHHTOBOH) JnH3. Jas
MOBBIIEHHS] OTHOCHTENLHOIO OTBEPCTHA ONTHYECKHE CHJIbI KOMIOHEHTOB
@, H @, OObIYHO HEBEJHKH, BC/IeACTBHE Yero obmasn AJHHa Bcero 00beKTH-
Ba, T. €. pacCTOSSHHE OT MepBOH NOBEPXHOCTH J10 3afiHeH POKaNbHOH MmJoc-
Koct, npubausutenbHo Ha 30--50% npeBbiaer BEJIHYIHHY (oKycHOro
paccTosiHua O0beKTHBa.

CucTeMs! IPeACTaBAAIOT cO00H THIHYHbIE an.uaua"ru Y KOTOPHIX BIJIOTb
JI0 BHICOKMX OTHOCHTeJbHbIX oTBepcThit | : 2—1 : 1,5 Beinonnena koppex-
i1s cpepHYECKOH H XpoMaTHYeCKOH a6eppaunﬁ n YZAOBJETBOPEHO YCJIOBHE
usonnautu3Ma. OlHOBPEMEHHO BhLIMONIHEHA KOPPEeKIIHA acTHIMaTH3Ma, 9TO
JIOCTHTaeTCsi COOTBETCTBYIOLLHM BLIOOPOM PaCCTOAHHA MeXAy KOMIIOHEHTa-
mu. CoBeplueHHO He KOPPHTHPOBAHHOH OKasblBaeTcsl KPHBH3Ha NOBepX-
HOCTH u300paxceHHs: BelHYHHA Kod(duuHeHTa [lerupans focruraer 3Ha-
yenuit S;yv &~ 0,9—1,1 u Gosee.

Xon ocHOBHHIX Jiydefi 6/IH30K K TeJielleHTPHUECKOMY B NpPOCTPaHCTBe
#306pakeHu#: MIOCKOCTb BXOJXHOIO 3pauka pacrosioxena B6H3H nepBoro
KOMIOHEHTa, PacCTosiHHe ero OT BTOPOro KOMIOHEHTa NPHOM3HTENLHO

. paBHO QOKYCHOMY PacCTOSIHHIO MOCJENHEro, BCJIACTBHE Yero [JIaBHbIe Jy-
YyH B IPOCTPaHCTBe H300paKeHH# 00pa3yIoT MaJible YIJIbl C ONTHYECKOH OChI0
Cxema OGbEKTHBOB OMNpEJENSETCS M3 SJIEMEHTapHBLIX COOTHOLIEHHH.

M3 ycnoBus macwraba:

=01+ Pa—deps=1 (IV, 32)

u ycaousa. [erusans: '
Sty =79y + m9s X ® (9 + ¢/) (IV,33)

HaXOAHM: o |
Siv = (1 + dosy) =, _
rle §; M Qo — ONTHYECKHE CHJILI KOMIOHEHTOB, a d — pacc‘rbaane MEXKAY
sumu. TIpuGamxento npunss, uto d = fy= %, u3 ycaosuit (1V, 32) u
(IV, 33) umeem: .
' t'ﬁg=1: S|v=(l+€fi)1'-'; d=1.
. BesnnunHa 3ajHero oKaJibHOrO OTPe3Ka BHIPA3UTCS H3 COOTHOIICHHS:

s'=1—de,=1—g;

OTCIO/a OYEBHAHO, YTO YHC/IEHHBIE 3HAUCHHS (y MOTYT H3MEHSATHCS JIHLIL B
npefenax .

I<e<l,
O6uwas aauHa o6bektHBa 2d = d -+ s Bepasurcs ¢opMyJoir
Sd=1+1—g)d, (IV, 34)
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Tak kakd = 1 U NONOKUB @y = l, OPHXOAHM K BHICKa3aHHLIM BhILLIE
@ g I

YTBepKACHHUAM:

.

GHHaLHH CTEKOJI.

.

Nd=15 Sya~l5zal. (IV, 35)

B o6bekTHBax ABYXJHH30BbI€ KOMINOHEHTHI GLIBAIOT CKJEEHHBIMH H He-
CKJIeeHHEIMH; 3TO 3aBHCHT OT ONTHYECKHX MOCTOAHHBIX NPHMEHEHHBIX KOM-

.KoncTpyKruBHas npocrora anJjiaHaToB ofecreyusia HM LIHPOKoe pacnpo-
CTpaHeHHe NpeXJe BCero B KauecTBe MOPTPeTHHIX (ororpapuuecknx obn-

Puc. 1V, 11. OnTHY9ecKH
ThHBOB: a — «[exTop»;
8 — «3onap-lOnutep»;

e cXéMu o0bek-
6 — «3pHocTap»;
2 — «3pa»

eKTHBOB — Kak H Obu10 3aaymano I[ler-
usaneM. eficTBuTENbHO, AJS MOPTPET-
HOH ¢oTorpaduH BaXXHO MONYYEeHHe
pe3koro u3oOpaiKeHHs MHIIb B LEHTPE
nonst u abCOMOTHO HE BaXeH (M Jaxe
NPHATEH) PasMbITLIH MO NoMo (oH, BbI-
3BaHHBIA HeHcrnpaBJieHHOH aGeppalueil
KPHBH3HbI MOBEPXHOCTH H300paxeHus,

OTH JelleBbie alJlaHaThl ~HAXOAST
NpHMEeHeHHe M BO MHOIHX APYTHX CJY-
yasix, Koria HeoOXOMMbI CBETOCH/IbHEIE
CHCTeMbI C HeGOJIbILIHM 1TOJIEM 3pEHHA: B
KayecTBe KHHONMPOEKIHOHHBIX O0BEeKTH-
BOB Ji/151 POEKUHH OOBIYHBIX 35- 1 16-mn
¢unabMoB, npocTeHlINX  OOBEKTHBOB
CBETOCH/IbHBIX HAG/IOAATEIbHBIX NpHGO-
poB, HanpuMep NpuGoOpPoOB HOYHOTO BHe-

HHUAC anMeHeHHEM 3/IeKTPOHHO-ONTHYECKHX npeobpasoBareneii (90ITos).

BerpevaioTea pasinyHbie MOAH(HKALHE CHCTEM: C TPEXJIHH30BBIMH KOM-
NOHEHTaMH, MO3BOJISIOIIHMH TOBBICHTH OTHOCHTEJIBHBIE OTBEPCTHA JO
1:1,4—1: 1,3 c npumMeHeHHeM 0co00 TsIKeJbIX ONTHYECKHX CTEKOJI C LeJIbIO
YJYUIIeHHS KOPPEKIHH KPHBH3HBI NOBEPXHOCTH H300paxenus. CoorBeTcT-
BEHHO HMelOT MeCTO BapHallMH HX CXeM B HELUMPOKHX npejenax no rabapur-
HbIM pa3MepaM H BHEIIHHM [ayCCOBBIM 3JIEMEHTaM.

3. CeerocunbHble 0GBEKTHBH CpejdHMX BeJH4HH nojeii spenus. Kak
6b110 YKa3aHo BBILLE, STO 00beKTHBbI, Y KOTOPHIX YIJIbl MONA 3peHHs Gollb-
aue 20°, Ho'He mpesblmaoT 60°. Cpeiu NPOCTEHIINX ONTHYECKHX CXEM
HA30BEM YeTHIPeXJIHH30BLIE CHCTeME! «CHpHyC», «CaTypu» (cM. puc. IV, 9,
6) u «<Kaneiinap» (cm. puc. 1V, 10, @), a TakKe NATHIMH30BbIE CHCTEMbI Ax-
BHTap» (cM. puc. IV, 10, 6). Kﬁo.nee CJIOJKHBIM CHCTEMaM OTHOCATCS ILEeCTH-
JIHH30BbIe cucTeMsbl «['ennoc» (cM. puc. IV, 19, ), «[exrop» (puc. IV, 11, a),

«3pHocTap» (pHc,
(puc. IV, 11, 2).

v, 11, 6),

«lOnutep» (puc. 1V, 11, g), «Spa»

Cucremer «Cupuyc», «CatypH» i «Kanefinap», SBJASIOMHECH Pa3BHTHEM
ONTHYECKO# CXeMbl TPHIJIETAa, HMET JHIUb OfHY OTpHLATe/NbHYIO JHH3Y,
BCJIEJICTBHE 4ero RaxKe MPH NMPHMEHEHHH TSXKeNBIX H CBePXTSXKeJnlX Kpo-
HOB OHH 06/1aJa10T OCTAaTOYHON KPHBH3HOH IOBEPXHOCTH H300paxeHHs, B
YaCTHOCTH HEHCIIPaBHMOH CarHTTaJbHOH KPHBH3HOMW, MPHBOAsAULEH K pes-
KOMY NaJieHHIO pa3pellialowieli CHJIBI MO Moo, 3710 fABJsAETCSA CJeACTBHEM
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TOrO, 4TO Y HHX BeJHYHHA YeTBepToro Kospduumenra 3eiinens Siy ocra-
eTcsl HexeJaTeJbHO GosbIION W RocTHraer 3Hauenui 0,4, a WHOTAa Jaxe
0,5, uTo JenaeT HepallHOHAJNbHLIM IPHMEHEHHe 9STHX CXeM IPH [POeKTHPO- -
BaHHH IJIHHHOPOKYCHBIX CHCTeM; JIHIIb MPH pa3paboTKe NPOCTEIX H JAelle-
BbIX KOPOTKODOKYCHBIX OGBEKTHBOB AJisi JIOOHTENbCKHX 8-MM KHHOKamep
OHH HHOTJa MOrYT HaHTH NpHMeHEeHHe.

STH npocTeliiline BAPHAHTHI YCJIOXKHEHHOTO « T pHINIETa» OKa3aJIHCh HaH-
€onee yAaYHBIMH AJis MoJydeHHs GO/MBIIHX OTHOCHTE/BLHEIX OTBEpCTHI:
y KopoTKodoKycHEIX 00heKTHBOB «CupHyc» — fo orsepecruii 1: 1,8, a
y «Kaneiinapos» — po 1 : 1,5.-TlepBriMu 13 HHX B Hauase 20-X rOAOB BeCh-
Ma ycnemso 3aHuMadics I'. CalocapeB, noKa3aBIUH#i BO3MOXHOCTb MOBbILIE-
HHS OTBEPCTHI1 cHcTeM sToro THma A0 1 : 2 npw moasx spenus 40—45°,
- JIuub 3HAUUTENLHO NO3/IHEe HeMellKol ¢HpMe «AcTpo» yAanoCh MOBEICHTh

?Tatipé:'rue o0BeKTHBOB TOro e THna «Taxap», «[lanTaxap» mo sHaueHuii

: 1,8,

HenocpeacTBeHHBIM pasBHTHEM CXeMhl YCHAOMHEHHONO TPHIIETa SBJS-
etcst anacturmar «['ektop» M. Bepeka (cM. puc. IV, 11, @), cocrosmui us
TpeX ABYXJHH3OBBIX aXpOMaTHUYeCKHX KoMNoHeHTOB. Creksa nofoGpaHsl
TaK, YTO BTOPOH U TPeTHi KOMINOHEHThI COCTABJIAIOT «aHOMAaJbHEIE» KOMOH-
HalUKU: B MOJIOXHTENbHBIX JHH3aX KOMIIOHEHTOB MpPHMEHEHbI CTeKJa, Mo-
KasaTeJIH [peJOMJIeHHs] KOTOPBIX MPeBbIAlOT TAaKOBBIE CTEKOJ OTPHILATe/Tb-
HBIX JIMH3, YTO oOJeryaet BeinoaneHne yciobuii [letusansa. B o6vekruBax
OTHOCHTeJIbHOE OTBepcTHe He mpeBbnuaer 1 : 2,5 npu nonsx spenns 25—
30°; BeJIMYUHBI OCAEAHHX-OT'PAHHYHBAIHUCE TJIOX0 KOPPHTHPOBAHHON KPH-
BU3HO# NoJisi: yeTBepThiii KosduuueHnT 3efifens Sy AOCTHraeT 3HaUeHHH
0,4.

[Iipokoro pacnpocTpaHeHHsi oOBEKTHBbI He MOJYUYHJIH, TaK KaK MO
CBOHM ONTHYECKHM CBOMCTBAM OHH YCTYNalOT LIECTHJHH30BBIM CHCTEMaM
«lOnurep» (cM. puc. IV. 11, 8) u «[Laanap» (cm. puc. IV, 9, 8). Ilpexne uem
nepedTH K ONIHCAHHIO MOCJAEAHHX, OCTAHOBHMCSH TaKXKe Ha IUeCTHJAHH30BOH
cxeme, Tellepb yXe CTapllel «HCTOpHeH», — Ha OOBeKTHBe «IpHOCTapy,
paccuntanHoM Beprene u BhinymenHoM ¢upmoii «dpHemanu» B 1924 rony
(cm. puc. 1V, 11, 6). O6rekTuB umen orBeperue 1 : 1,8 u yron mons 3pe-
HHA 10 350—40°; OH yCrelIHo NPUMEHSJICS AJs CIIOPTHBHLIX CHEMOK U AJSt
ChEMOK B MOHM)XEHHBIX YCJIOBHSX OCBemleHHs. BTopo# KoMmoHeHT «DpHo-
CTapa» CKJleeH H3 TPeX JIHH3 C MpHMeHeHHeM BO BHYTPeHHE# NOJIOXKHTeIbHON
JIHH3€ TPeXJIHH30BOTO KOMIIOHEHTA THXKEJIOro ¢WIHHTA.

370 N03BOJIK/IO XOPOLIO KOPPHTHPOBATL BCE 3JieMeHTapHuie abeppalyH,
HO HaKJIOHHbIE NYYKH IIHPOKOH anepTyphl 06/1aaaloT 6GonbnMy abeppaiu-
SIMH BBICIIHX MOPSAAKOB, 4Ype3BblYafiHO GLICTPO BO3PACTAIOIHMH YXe AJf
yraioB nosef spenusi 30—35°.

Bonbluas xKypHanbHas ¥ NaTeHTHast JIHTepaTypa 3a nocaeaune 30—40
JIeT MOCBSALIEHA pe3yJbTaTaM HCC/E0OBAHHHA H COBEpLIEHCTBOBAHHIO CBETO-
CHJIbHBIX IUECTH/IMH3OBHIX AHACTHTMATOB, ONTHYECKHE CXeMbl KOTOpDHIX .
ABJSAIOTCA NpoToTHnaMu o6bekTHBOB «[lnanap» u «3onHap» (B CCCP onn
HOCAT MapKHPOBKH «['ennoc» u «lOnurep»). OnTHyecKue cBOACTBA H NOTEH-
LiHaJIbHbIe BO3MOKHOCTH GLLIH B MOJIHOHA Mepe pacKphITHI He CAMHM aBTOPOM

- «[Inanapa» a-pom Pynosnbdom, a anrianiickum ontukoM I'. JIu, nonyuyusimmm’
B 1920 rogy o6vekTHB «Onuk» (pupMmut «Teitnop —I'obcon»), o6nanasmuii

317



nioBuimeHHBIM oTBepcTHeM (1 : 2,5 Bmecto 1 : 3,3 y «llnanapa»). Vron
noas 3peHHsi oGbekTHBa AoctHran 50°. INoaaueiiee coBepilieHCTBOBaHHe
ONTHYECKOA CXeMbl, B YACTHOCTH NPHMEHEHHE B MNOJIONKHTEJbHBIX JHH3aX
CBepXTsiKeJIbIX KPOHOB M aHOMaJbHbIX KOMGHHAUHHA CTEKOJ B CKJEEHHbIX
KOMIMOHEHTAaX, O3BOJIHJIH NOBLICHTb OTBepCTHS 00BbeKTHBOB 10 | : 2 u naxe
1o 1 : 1,8. ¥YBesnueHue TOJUMH JIHH3 U BO3AYIIHLIX MPOMEXYTKOB, a CJie-
JoBaTellbHO, H obIel AAMHEL 06BEKTHBA MO3BOJAHIO B AajbHeHIleM [0Bbl- -
CHTb ero OTHOCHTeJIbHOe oTBepcTHe 70 1 : 1, 5. 9TH KOHCTPYKTHBHbIE OCO-
GenHocTH OblIH HaMH peaJyin3oBaHbl B 1950 rogy npu paspaGoTke o6beKTHBa
«Tennoc-40» pna moburenbckuX oToannapatos 24 X 36 mm.

Jpyram BapHaHTOM pa3sBHTHA 5TOH CXeMbl SBHJCH OOBEKTHB «Jpa»
(cMm. puc. IV, 11, 2), B kotopom J1. Bonocosy u P. ®@axperannopoit yaanoch
COXPaHHThb He TONBKO 60JIbIIOe OTHOCHTENILHOE OTBEPCTHE, HO U NOCTHTHYTh
Goablioro 3afHero okKajlbHOrO OTPe3Ka, cocTaBjsomero 75% or Belu-
YHHBI (POKYCHOrO paccTosigus, 4To pbecneynBaeT BO3MOXKHOCTD €ro npHMe-
HeHHSA B 3epKaJibHbIX (oToannaparax, B KHHOCBEMOYHBIX Kamepax ¢ 3ep-
KaJlbHBIM 00TIOpaTOpoM H T. M. O6BeKTHBLI «Jpa» NO3BOJAIOT AOCTHIHYTh
orsepctuit 1 :1,8—I1 :1,6 npu noasx sperus jpo 45—46°.

Muoro Bapuauuii 6bl10 3apHKCHPOBAHO B NMaTeHTHOM JUTEpaType, OT-
HOCALIUXCA K MOAHDHKALHAM ONTHYECKOH cXeMbl «3oHHap» A-pa.Jl. Bep-
Teqne (cM. puc. IV. 11, 6). 3ta cxeMa — THNHYHBIH DPeACTaBUTENb «0600-
IIEHHOTO TPHIJIETa» H MpHYeM HanboJsiee YAauyHOe pellleHHe 3ajlayH STOTO
HanpapJieHHsl. AHaCTHTMaT HMeeT JIHIb LIeCTh NPeJOMAIOLIHX MOBEPXHOC,
Teil, rpaHHYalMX ¢ Bo3AyXoM. OGbeKTHBLI 3TOTO THNA, H3BecTHHIe B CCCP
nox Mapko# «lOnutep», o6rasaloT Xxopoiueil Koppekuuei abeppauuii lWHpo-
KHX HaK/IOHHBIX Iy4KOB, B YaCTHOCTH XOPOLIO HCIPaBJeHHOH noJjeBoi che-
pudeckoii abeppanHeft, 4To o6ecneyHBaeT CPaBHHTEJIbHO BEICOKH I KOHTPACT
onTuyecKoro u3obpaxenus. [IpeacraBuresieM 5Tof Ipynnbl. aHACTUIMATOB
asnsiercs «lOnutep-8», BhINycKaomuics KPYNHOCEPHIAHO B KaUeCTBe IUTAaT-
HOro ofbekTHBa psifia JOOHTENLCKHX ¢oToannapaToB 24 X 36 mm.

PaGora Haj COBeplIeHCTBOBaHHEM ONTHYECKHX KAauecTB LIECTHAMH3OBHIX
cxeM O0GBeKTHBOB H NMOHCKH PallHOHAJBHLIX KOHCTPYKUHE GoJee CJIOMKHBIX
(B YaCTHOCTH, CEMHJIMH30BLIX) CXeM CBETOCHJIbHBIX CHCTEM C OTBEpPCTHAMH
1:2—1:1,8 v nonsamMu 3peHHs 0KoJNo 45° BelleTcst KAK y HAacC, TaK H MHO-
ruMH (GHpPMaMH B Das/MUHLIX CTpaHax. OTH pa3paGOTKH HMEIOT LEeJblo
IalbHefilllee MOBLILIEHHe He CTOJILKO paspellialomled CHJLI, CKOJNbKO KOHT-
pacra onTHYecKoro H3obpaienus. M3 sapyGexHbIX paspaboTok ocoGhlii
HHTepec NpPeACTaBJseT CeMHJMH30BbIA aHacTHrMaT «CymMuKpoH» (f* =
= 50, 1 : 2) dupmu «JTefiTi» 1 wecTuuu3oBuH «[1nanap» (f' = 50,1 : 2)
¢upmer «Muefinep» (PPI'), paspaboTaHHble Ha OCHOBE TIPHMeHEeHHS CBEpX-
TAXKeJIbIX JJaHTAHOBLIX KPOHOB (cM. ryiaBy V). B yacTHocTH, B mocnefHeM -
00BeKTHBe YAaJOCh NMOBLICHT (OTOrpadHueckyio paspellaloumyio CHIy Ha
5—10 MM~ o moutio, AoBeas ee o 40—30 mu™ npH nosb3oBaHKK doTorpa-
¢uyeckuMH MaTepHuasamH, paspemaromumu 120—130 m#x™. DTH naHHBE
XapaKTepH3YIOT TPYAHOCTH COBEpIUIEHCTBOBAHHMsS ONTHYECKHX KayecTB 00-
eKTHBa flaxe Ha 15—20% ¥ coXpaHeHHs WX B CEPHHHOM TNPOH3BOACTBE.

4. CeeToCHJbHbIE IIHPOKOYTOJbHBIE OGBHEKTHBb. ITO OGBEKTHBHI, Y
KOTODHIX yruibi moJiell spenus npepbiualor 50—60° npu oTHOCHTENBHBIX
OTBepCTHAX He HHMxke 1 : 2,8.
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Jlo cux nop 3ajayd STOrO HanpaBJieHHs PelliajiiCh Ha OCHOBe MpHMe-
HeHHsl MpPEJOMJSIOMHEX MoBepXHOCTedl Cdepudeckoi ¢opmbl. Mel noxa
ONMyCTHM PAacCMOTPeHHe BOSMOXKHBLIX ONTHYECKHX CXeM CBETOCHJbHBIX
IIHPOKOYTONbHEIX O0BbeKTHBOB HCKJIIOUHTENbHO GOMbIIHX raGapHToB, NpH
KOTOPBIX J/IHHA OOBEKTHBA B NATb-AeCATh H 60Jiee pas NpeBhILIAeT BEAHUHHY
ero (okycHoro paccrosHusi. OueBHAHO, TaKHe pellleHHS MPeAETaBASOT
orpaHHuYeHHLIH HHTepec, TaK KaK MOTYT HadTH NPHMeHeHHe JIHLIL B MaJio-
¢opmaTtHo#t dororpaduu (sanpumep, B 8-um KuHemaTorpaduu). tu Bon-
pockl Gy AyT OCBellleHEI B I/iaBe V. 3XeCh Mbl PACCMOTPHM BO3MOXHbIE pellie-
HHS Ha OCHOBe NMpPHMEHeHHs ONTHYECKHX CXeM HOPMaJbHHX raGapHTOB,
T.e. CPAaBHHMBIX C BeJIHYHHAMH (QOKYCHBIX paccTosiHHii 0GBeKTHBOB.

Bhime GbUIH MepedHcIeHbl HeKOTopbie OOIIHe MOJIOXKEHHs, KOTOPhIMH
MoJie3HO0 PYKOBOACTBOBATbCSA MPH MPOEKTHPOBAHHH CBETOCHJBHEIX aHA-
CTHrMATOB. 3ajaua TeM GoJiee YC/NOXKHSETCA NMPH paspaboTKe CBETOCHJb-
HbIX CHCTEM C TOBBIILIEHHBIMH NOJSAMH 3peHus. Teopusi abeppauuii jaer
AU ofmpe yKa3aHHsl, KOTOPHIX CJielyeT MPHAEPIKHBATLCS Ha BTOPOM
sTane NPOeKTHPOBAHHS ONTHYeCKHX cxeM [3], a HMenHo Ha sTame cpaBuu-
TeJIbHOTO H3y4YeHHsl Pas/IHYHbIX BOSMOXKHLIX BapHaHTOB JaHHOH onTHyec-
Koii cXeMsl C 1[e/ibio 0TOOpa ONTHMAJIBHOTO pellleHHsl B IAHHOM JIOKAJbHOM
o6acTH.

1. ¥Yrabl £ v i Ha NpeJIOM/IAIOMX NOBEPXHOCTAX KakK I Jydeit oce-
BOrO NMydYKa, TaK JJjsi Jydefi IIMPOKHX HAKJOHHBIX My4YKOB JOJIKHBI OCTa-
BATHCA MO BO3MOMKHOCTH MHHHMaJbHEIMH. ONBIT pacyeTa moKasbiBaeT, 4TO
OHHM He JIO/KHEI NpeBrIuaTh ~50—b5°. OTcTynseHue OT STOrO yC/I0BUS MO-
JKeT NPHBECTH K Bo3pacTaHHIO abeppalyii BHICIUMX MOPSAKOB.

9. BesMYMHLI ‘OTHOLEHHH —— W

A4 A%

pacyeTa BCMOMOFaTeJbHBIX NapaKCHANbHBIX Jydei, JMOJKHBI OCTaBATHCA

0 BO3MOXHOCTH MaJIbIMH.3TO yTBepXJeHHe cjlelyeT H3 (JOpMyJsl Mpo-

MOPLUMOHANBLHOCTH STHX OTHOLIEHHH BeJHYHHAM MapaKCHAJNbHBIX YIJIOB

Aa Aj
u A

» OJlyYyaeMele B pe3yJkTaTe

ip ¥ i'y. Jls CBETOCHJ/IBHBIX CHCTeM BeJIHUHHE! OTHOIIERHH

1 1
A A

He JIOJDKHBI TNPeBbIILATh HECKOJIbKHX eAHHHIL.

3. BequuMHBI cocTaBAslOWMX cyMM 3elifiein Ha NPEJOMJASAIOUWHUX M0-
BEPXHOCTAX CHCTeMbl JOJUKHBI OCTaBaThCs BO3MOXHO MaJibiMH. OMNLIT NoKa-
3LIBAET, YTO 5TH COCTaBJSIOMIHE Y CBETOCHAbLHBIX CHCTEM He JOJIKHBI Npe-
BHILIATH HECKOJIBKHX eJHHHIL.

[Tocne nepBoit cTaiuH npeABapHTENbLHOrO MPOEKTHPOBAHHA CJOXHOM
ONTHYeCKOH CHCTeMBI, COCTOAIMIEH H3 IBYX 9TanoB: Bei6Opa onTHYeCKOH cXe-
MBI H CPaBHHTEJIbHOTO H3YYeHHs BapHaHTOB HaMeueHHOH cXeMsl, paspaboT-
Ka MepeXo[HMT BO BTOPYIO CTaJIHIO, CONepKallyl0 TpH STana:

a) KOppPeKIHIO Pas/IHYHbLIX BADHAHTOB CHCTEeMbI BIOPAHHOrO THNA B 06-
nacTH aGeppauuil TpeThbero nopsjka;

6) BhIYMC/EHHE TOYHLIX 3HaueHHH aGeppallHii H BLIGOP ONTHMAJBHOIO
BapHaHTa;

B) OKOHYaTeNAbHYIO KOPPEKIHIO (I0BOAKY) OCHOBHOrO BapHaHTa.
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HsnoxeHHas B obuwed (opme mociefoBaTe/IbHOCTh pa3paGoTKH (oTo-
rpaduueckoro oGbeKTHBa SBJAAJACh KJacCHYecKol (JOMaILMHHON) mocJe-
JOBaTeJIbHOCTbIO MPOSKTHPOBAHHS M PacyeTa, KOTOPas KOHKPETH3HpYeTCs
y2Ke MPHMEHHTE/BHO K OTAeJbHBIM rpynnam gotorpaduyeckux cuctem (cae-
TOCHJIbHBIE CHCTEME], ITHPOKOYTOJIbHEIE 0GBbeKTHBbI, Tele00heKTHBLI U T. 11.).
INosBaeHHe aBTOMaTH3HPOBaHHBLIX MeTONOB KoppeKIMH abeppauHfi Ha oc-
Hoee npumeHeHus IBM (cm. raaBy 1X) usamenuno xapaktep BTOpoi cTafiuu
paspaGoTkH. TeM He MeHee, MPH ONpe/leJIieHHH OTIPaBHBIX BaDHAHTOB CHC-
TeM MoJie3eH NPeABapHTENbHEIH NPOCMOTP HECKOIBKHX BAPHAHTOB PeLIeHHH
(c nomombio Tex xe IBM) B o6nacTH abeppauuii TpeThero Nopsifika ¢ Prk-
CHPOBAaHHBIMH WYHC/JEHHBIMH 3HAaYeHHAMH Ko3(pduuueHTOB abeppalmii.
Hanpumep, A/l CBETOCHJBHEIX ITHPOKOYTOJLHBIX CHCTEM OGLIMHO 33Jal0T-
ca ClefyIOIHMH 3HaYeHHAMH KoaddHureHToB 3efinens:

St ®0,2—0,3; Sie= 10,05 Suw=—0,05
Siv~0,15—0,20; Sy =~ +0,1—0,2. (v, 36)

B npouecce nocieaylomux aGeppalHOHHEIX PacyeToOB YHUCJIEHHbLIE 3Ha-
ueHus Kos(dHIHeHTOB 3efilesisl JIOKaNH3YIOTCS C YYeTOM BelMYHH abeppa-
iH# BBICLIHX NOPSAKOB; yTOUHEHHE H NIOBOAKA MPOH3BOAATCS ONTHKOM-pas-
paGOTYHKOM HJIH aBTOMaTHUYeCKH DBM.

3ameTHM, 4TO yikKe B 3TOH CTaJiHH pacueTa CBOEBPEMeHHO onpene.neﬂue
cepoxpomaTHUecKo# abeppallii H BTOPHYHOTO CMEKTPa B LENAX YTOYHe-
HHS XPOMaTH4YeCKOH KOpPeKUHH CHCTeMBI.

Tun axpoMaTH3alHK YCTaHABJIMBAETCS B pe3yJibTaTe OLEHKH cnex-rpanb-
HOTO pacrpejie/leHHsl SHEPTHH: B HCTOUHHKE. OCBEUICHHS, OTPAXKATEbHOM
cnocobHocTH ¢oTorpad¢Hpyemoro o6bekTa (COEKTPa/ibHBIX CBONCTB O6beK-
Ta), CMEKTPaJIbHOH YyBCTBHTE/IbHOCTH NMPHEMHHKa H300paXkeHHs, rnpomyc-
KaeMOCTH CBeTO(HJIbTPa, NMPHMEHSEMOrQ B JAHHHIX YCJOBHAX ChEMKH, H
CNEeKTPaJIbHOTO MPONYCKaHHs 0GbEKTHEA. :

Crporoe peiueHye 3TOi 3ajaud — mpouecc JOBOJIbHO TPYAOEMKHIA;
npubnHKeHHOe 2Ke pellleHHe, BIOJHE JOCTaTOYHOe AJIS NpeABapHTe/bHOM
KOPpPeKIHH, MpPolle BCero BLIMOJHSAETCH rpadHyeCcKUM MeTONOM — Ha Oc-
HOBe 4KR4/IH3a CNMeKTPaJbHOTO pacnpefe/leHHss aKTHHHYHOTO MOTOKa.

B nocnenHe# cragMu pacyera M3 abeppalMOHHBIX (QHTYp paccesHHs
(cm. rnaby II), mocTpoeHHBIX A/ HeCKOALKHX AJIHH BOJH B 3aJaHHOM
CNIeKTPaJIbHOM HHTepBaJie, ONpeJe/ifioTCs KPHBbIE OCBEIEHHOCTH B PUrype
paccesiHHs C Y4eTOM OTHOCHTENbLHBIX BeJHYHH OPAHHAT AIS KaXKJoH H3
KPHBBIX COOTBETCTBEHHO AKTHHHUHBIM mnotokaM. HHrerpaibHas Kpusas
pacrpefefieHHsl OCBellleHHOCTH B (UType paccesiHHs onpeflesisieTCsi MyTeM
NepeMHOXeHHS OPAHHAT MpHBEJEHHbLIX KPUBBIX, NMOCTPOEHHBIX AJA COOT-
BETCTBYIOUIMX JAJIHH BOJH. ‘

B pesyabrate uayueHns BapHauui GopMblI HHTErpaJsbHON KPHBOM pac-
npefle/ieH s NP H3MeHeHHH 061acTH aXpoMaTH3alHH 00beKTHBa MNPOH3BO-
JUTCS” YTOYHEHHE M OKOHYaTesIbHBIA BHIGOD THNAa aXpOMaTH3allMH.

[TpoexTHpoBaHHe ONTHYECKOH CXeMbI CJIOXHOTO aHACTHIMaTa, OGBIYHO
COCTOALILET'0 H3 IBYX TOJIOBHHOK, pasielieHHLIX alepTypHO#H JHadparmoi,
MO2KHO NPOBOJHTL METONOM pa3fiesleHHst KoaddHuHeHTOB aGeppaLuii TpeTk- -
€ro nopsAaKa Mo noJOBHHKaM CJOXKHOH cHcTeMbl. Bocno/ib3oBaBIuHch H3J0-
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*eHnHo# B raase II (§ 5, nynkr 8) MeToauKO# BhipaMeHHs KO3(pOHIHEHTOB
abeppalui CJI0XKHOIO ABY XKOMIOHEHTHOI0 00beKTHBA Yepes KospduurenTal
abeppallHil ero NnoJIOBHHOK KOHEYHOH TOJIUIHHEI, MOMXKHO Hamucathb (cM. 1I,
242):

S(xll o S(ls) NO; (3)
S + €St & 0; (6)
Sif, — e”Sﬁ",Lw —e—1; ® [ (1v, 37)

SI2 + osfm @ —e—2,

Tie VI YNpOUIEHHA PacyeToB B NEPBOM NpPHG/IHIKEHHH npexebGperaem Be-
AnyuHami 2. YerBepToifi Koa(dpuuuent 3efiiens CAOKHON CHCTEMbI onpe-
JeJIHTCA H3 BhIPaMKEHHS:

S{Y +esfy

SIV= —_{l To 1‘. .

(v, 379

OcranibHble YC/JIOBHA YCTAaHOBJIEHHE! B NPEANOJIOXKEHHH, YTO BEJHYHHHE KO-
‘sppuiHeHTOB 3efifieis CJIOKHOH CHCTEMBI HMEIOT 3HAUeHHs, OJHSKHe K
nymo. [Nocnenyoline aGeppauHoHHbIe PacYeThl YTOUHAT Npee/sl BOSMOX-
HBIX BapHAUHUHA BeHYHH Sics Sileo, Silleoy... B CHCTEME JAHHOH ONTHYECKOH
CXEMEI.

HauGonee ycroiiumBriM sBAsieTcs 4eTBepswifi Koadpdruument 3eiimens
Sy, CyIIeCTBEHHO BJHSIOUWHI Ha KPHBH3HY MOBSPXHOCTH H306paKeHus.
Y4uThIBask OMBIT pacyeTa MHPOKOYTOJbHEIX CBETOCHJBHBIX CHCTEM, BeJIH-
gHHa S|y Jo/KHA (PHKCHPOBATHCA B JOBOJIBHO Y3KHX npene.nax: €CJIH MOJIb-
30BaThCAl OOBIMHBIMH TsKeJbIMH KpoHamd, To Siv =~ 0,20—0,25; ecau
MPUMEHSATb CBEPXTAXKeJ/Ible KPOHLI, TO BeJIHYHHY Spy c.uenye'r YMEHbILHTh
npudausutensio Ha 20%, npuuas Siv &~ 0,15—0 2

YryioBoe yBeqHueHHe B 3paukaX MOJOBHHOK Y., cumme‘rpnqnsx HIH
GJIH3KHX K CHMMETPHYHBIM CBETOCHJ/IbHBIX aHACTHI'MATOB, H3MEHAETCA TaK-
e B CPAaBHHTe/bHO HEIIHPOKHX MpejeJsax:

1 T, ~0,6—0,8. (1v, 38)

HeckosbKo Gosiee IHPOKHE BO3MOXHOCTH NPeAOCTaBJASIOTCS NPH BhIGO-
pe oTHOLIEHHST POKYCHBIX PaCCTOSTHHI e MOJIOBHHOK CHCTeMul. YeM Goabiie
OTHOCHTEJIbHOE OTBEPCTHE H YTOJI NMOJIsl 3peHHsl CHCTeMB, TeM 06buHO Gosee

- Tr
BLIFOfeH Bbi6op Go/bIueli BeMHUHHHEL KoshdHuHenTa ¢ — 11 Hanpume .
) = pHMEp

2
‘B CHCTeMaX ¢ OTHOCHTE/bHbLIM OTBEPCTHEM Mopsiika 1 : 2 BelnyuHa e =~ 2;
B CHCTeMaX C HecKoJbKo MeHblinM orBepctHeM (I : 2,5—1 : 3) Benuwunna
e ~ 1,5. B nocneptem caygae u3 (IV, 37) nonyunwm: '
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8§, «— S, & 0; () |
St + 1,580t =05 (6) ;
SiF), —2,258(7), &~ 0 ®) t (1v, 39)

SP® + 3,481~ — 2; (r)
SI%¥ + 1,586 ~0,4; (x)

NpH 3TOM MPHHATO, 4TO y;, = 0,66 m Sy = 0,25.

®opmyasl (1V, 39) ycraHoBIeHb B IPEANOJIOKEHHH, 9T0 KOMDPHLUHEHTH
aGeppalLHfi C/I0XKHOM CHCTEMbl HMEIOT YHCJIeHHbIE 3HaYeHHs, 6JIH3KHe K HY-
JI0,.YTO B pe3yJbTaTe H NoJYydYaercs Y XOpolllo KOPPHTHPOBAHHON CHCTEMB
¢ MaJibiIMH abeppalusiMH BHICIIHX NOPSAKOB.

Jloia pacueTa BapHaHTa CHCTEMbI BO BTOPOM NPHOJIHXKEeHHH 00bIYHO OKa-
SkEIBaeTcA HeoOXOAMMEIM MOcJie onpelesieHHA BeJHYHH aGeppalHil BRICIUMX
NopsJIKOB 8aflaBaTh HasBaHHEIM KosbhdullHeHTam abeppauuii cJOMHOH CHC-
TeMbl YHCJIEHHbIE 3HAUEHHsI, HECKO/NIBKO OT/IHUHEIE OT HyAsA. a5 Beipaxe-
Hus BapHauui KosbduuneHToB abeppauuii CI0XKHOH CHCTEMEI Yepe3 BapHa-
e Ko3(QpHIHEeHTOB abeppauuii ee MOJOBHHOK BOCNoJIb3yeMcs dopMyaamMu
(11, 235) rnaeu II. OnpeaenHB YacTHbIE NPOH3BOAHMLIE OT BEIHUHH Sco,
Siie H T. 1. 0 aprymentam S{5Y, S{%2, Sif2, Sif¥ u 1.4., NPHXOIHM K HH-
TepnoJALHOHHEM dopMyaam: '

e —
1
— Tx, (x) [CAR

AS! 00 = m AS| o k’ erw, (a)

T ) A
ssna (B st - (5 ases
ASun o= — ASHY, = - ASHL; @ (V.40
asw =L ase = L asg; o
ASV 86 =.'-—_. AS("';} l AS{:;:. (}U

X3 Til L

STH mpocThle 3aBHCHMOCTH MO3BOJSIOT NPEJABHIYHCAHTE HEOGXOAHMEIE
H3MEHeHHUs BeJIHUHH Ko3(pdHUHeHTOB abeppanuii NOJOBHHOK CHCTEMBI AJIS
yTouHeHHs TpefyeMbiX HaMeHeHHH KospduiuenToB efieNs cOKHOMH cHc-
TEMH.

[TpuMenuTeIbHO K paccmarpnnaemomy YHCJEeHHOMY NPHMepy pacdera
aHacTurmaToB THna «Ypan» u3 (IV, 40) naxopum:
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ASio=0,0256A8(F =0,120A8{%;  (a)
ASi o« = — 0,16ASf%, = 0,36AS{{2, ; ()
ASiniw = 0,615A8f{P = 0,923A8fitw; (8 { (V. 4D
ASiy = 0,615A8{} =0,923 ASH¥ ; ()

ASy o = — 2,37 ASY), = 2,37 ASY). . ()

Muoxurenb k, Bxofsuuii B popmyast (IV, 40), Beruncasercs us uipa-
senua (II, 232) rnaewt II. :

IlycTe B BapuaHTe cHCTeMbl BTOpasi ee NOJOBMHKA HMeeT cJeAyioulue
BeJHYHHBEI Koa(pdHiHeHTOB abeppauwmii:

Sim=—1; 8% =—02 S =01; S{’=02
S&i = —0,7- . ([V' 41,)

Ias yroenersopenus yciosusm (IV, 39) nepsas nonosHHKa cucTembt
ROJIKHa HMEThb MPHGIH3HTEIbHO, C/IeAYIOUIHe BeNHYHHB KosdduuHeHTOB
abeppauuit: :

SH~—07; (3
Siite = —015; (6
Sie~—29; (9 TV, 49

S x4+ 1,45 ()
S & +0,1. ()

[Tpu sToM BenuuuHbl Ko3ddHuueHToB abeppamutt Beell cCHCTeMBl GyLyT
GJH3KH K HYJIO, a BesiHuuHa Sy = 0,25.

[Tyctb B pesysbTaTe aHa/nu3a aGeppaumit nydell BoIACHHJACh HEOGXO-
AMMOCTb MOJY4YEHHs CJAeAYIOMHX BeJHYHH Kos(puuHeHTOB abeppauuit
CJ0XKHOH CHCTEMBI «¥paH»:

S, ~025; S, ~—003; S, ~—004;

S,y ~0,26. (IV, 43)

Crporoe Bbino/HeHHe YCJOBHSI OPTOCKONHH B JAHHOM BapHaHTe pacyeTa
«Ypana» Gynem cautaTh He oGsi3aTesbHbIM. Y3 nHTepnoasumonnsix dop-
mya (IV, 41) Haxomum: E
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ASt®) — _{_‘?_11__ 9,7: ’ (a)

oo 0,0256
AS
—0,16 : (IV, 44)
AS
(xl), — _"]_W == - e i )
AS\ie 0,615 0.06; (=)
AS
‘xl) — _.i —
ASY = 515 = 002 (r)

T. €. BMECTO YHCJEHHbIX 3HayeHW# KosdpHuueHToB aGeppaumit (IV, 42)
nepBas NOJOBHHKA CHCTEMbl JIO/DKHA Tenepb HMeThb CJAeAYIOmHe 3HaueHHs

S aILL ()
S~ —31; (6)
St —0,21; () { (1V, 45)
St ~0,12; )
Sfm—07. ()

Ilnsa 3apaHHBIX 3HaueHH#H KoadduunentoB 3eiillenss BHINOJHAETCA pac-
YeT HECKOJIbKHX BapHAHTOB CHCTeM, KOTOpbIe NMOABEPraloTcsl CPaBHHUTENbHO-
MY aHaJau3y A4 BhIOpa ONTHMaJbHOIO pellleHhsl ¢ TOUKH 3peHHs abeppa-
UMH BBHICUIMX NOPSIAKOB. BriGpaHHLIA BADHAHT CHCTEMEI SIBJSIETCS HCXOM-
HBIM AJisl Ioc/eAyiomel OKOHYaTebHOM IOBOJIKH abeppanuii OOGBIYHBEIM CITO-
co60oM MJIH aBTOMaTH3HPOBAHHLIM CTIOCO60M KOpPpeKUHH ¢ momollsio DBM.

BolyuciuTe/bHan NpaKTHKA NPH OleHKe pas/HYHbIX BapHAHTOB pellle-

HHH B CTaJHH KOpPeKLUHH OrpaHHYMBAeTCs OLIEHKOH pasMepOB KaK Bcel
(durypel paccesHHs, TaK M IJiaBHbIM 06pasoM Toil ee 4acCTH, Ile OCBelleH-
HOCTb JIOCTaTO4YHO BesHka. [locnenHiolo HasobeM 3G P e K THBHB MH
pasmMepamMu GUryps paccesHHS aAydei.
" B mpocrpaHcTBe H300pameHHiH oNpefesisieTcsi BEPOSTHOE MOJIOXKEHHE
[JIOCKOCTH, OTHOCHTeJIbHO KOTOpO#H MMeeT MecTo HauGoJiee GjlaronpusTHoe
pacnpejiesieHHe aydueit B ¢urypax paccesHus, oO6pa3oBaHHEIX ILIHPOKHMH
NydKaMH, HCXOAAIUHMH H3 Pa3jHYHBIX TOYeK MJIOCKOCTH MpeAMeToB. ITY
NJIOCKOCTh YCJIOBHMCSI Has3hlBaTh NJAOCKOCTbHI0 HaHJA YUYW ero
H3o6paxXeHHHd.

ITnockocTh HanAyyIero H3o0paXkeHHsl BCJAEACTBHE HaJH4Hs abeppanuit
cMellleHa OTHOCHTEJIbHO NJIOCKOCTH NapaKCHaJbLHOro H3o0pakeHHs (nJoc-
KocTH ["aycca). HM3-3a sToro Heo6xoauMo KoppHrHpoOBaTh CHCTEMY VIS BCeX
YTJIOB MoJis 3peHHs1 He OTHOCHTeJIbHO TJlocKocTH [aycca, a oTHOCHTesbHO
YNOMAHYTOH MJIOCKOCTH HaHJy4Llero H3o0paKeHHs, YTOUHAA B Mpolecce
pacuerta HauGosiee BepOATHOE ee MOJIOKEHHe C y4eToM abeppaiuil He TONbKO
MEPHAHOHANbHbIX, HO H «KOCHIX» NYYKOB.

¥xe B HauaJie 40-X roioB NpH paspaboTKe CBETOCHJILHBIX aHACTHTMATOB
«YpaH» BBIACHHJIOCH, 4TO il Go/iee MOJIHOTG M YBEPEHHOrO CYXKIEHHs O
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CTPYKTYpe NMYYKOB Jyyeif, odpasyloumx H300pakeHHe, HEAOCTATOMHO OT-
PaHHYHTHCS BHINOJHEHHEM PAaCYeTOB H OlleHKO#H abeppaluii CHCTEMBI JIMLIL B
B MepHIHOHAJILHOM cedeHHH. KaK B cTafiHH KOPPEKLHH CHCTEMBI, TaK H NPH
COTIOCTABJIEHHH MOJYUeHHEX BADHAHTOB pacyeta HeoOXONHMa OlleHKa abep-
pauuii BHeMepHAHOHAJbHBIX Jydei.

EcJin e CBOACTBa PacCYHTLIBAEMOrO THMA aHACTHIMATa YiKe H3BeCTHEI,
TO, KaK NMOKa3blBaeT Halll ONbIT CONOCTaBJIeHHS MaTepHAJIOB pacyeTa H JlaH-
HBIX J1a6OpaTOPHLIX HCMLITAHHNA, BO MHOIHX CAYyYasX JOCTATOYHO OTPaHH-
YHBAThCH pacdyeTaMH JiydeH IMMPOKHX BHEMEDPHJHOHAJbHLIX MYYKOB JIMLIb
B TJIABHOM CarHTTAaJbHOM CEYEHHH IJI Pas/MUHLIX YTJIOB MOJSL 3pEeHHs
3THX ke JaHHBIX OOLIYHO JIOCTATOYHO JJI CPaBHeHHs aGeppauuit paccuu-
TaHHOrO BapHaHTa 00beKTHBa ¢ abeppalHaMH ykKe CYWEeCTBYIOIHX o6pas-
noB. KoHeuHo, 1o Mepe MoBhIlIeHHA TPeGOBaHHA K ONTHYECKKHM KauecTBaM
co3flaBaeMbIX OOBEKTHBOB YKa3aHHbIH 06beM CBelleHHH MoAYac OKa3blBaer-
Csl HeJAOCTAaTOYHBIM.

B uyacTHOCTH, cO3fiaHHe COBPeMEeHHHIX BLICOKOOPTOCKONHYECKHX TOIMO-
rpaduyecKHX LIHPOKOYTOJNbHLIX 06bekTHBOB «OpToron» (cM. raasy VI),
JIMCTOPCHSI KOTOPbIX He MpeBblllaeT HeCKOALKHX MHKPOMETPOB, noTpeGoBa-
JIo TilaTe/IbHOH KoppeKUMH abeppauuii WIHPOKHX HAKJOHHBIX MY4KOB A
Jiydefl HECKOJILKHX JUIHH BOJIH — B MpejiesiaX o6JacTH CNeKTpaJbHOMH YyB-
CTBHTEJIbHOCTH NMpHeMHHKa H300paxKeHHH.

Haxkoneu, nosiBaeane DBM cliesiajio BO3MOMKHBIM HE TOJIBKO BBHINOJIHE-
HHe afeppallHOHHBIX PacyeToB, HO H BEIYHC/eHHe KOX(p(hHIHEeHTOB nepeadyn
MOJLY/ISillH# AN TOTO AManasoHa 4acToT, B MpejiesiaX KOTOPLIX MpelHasHa-
yeHa pa6oTaTh QNTHYECKAas CHCTeMa. A

Pesyibrathl pacdera aGeppaiiii oOblYHO JAlOTCS B BHIE TabJHI H rpa-
¢ukoB, Ans npeicTaBleHHs KOTOPLIX HeMaJIOBaXKHOe 3HaYeHHe MM eT Co-
oTBeTcTBylol M BuOOp Maciuraba. Heypmaunbifi BeiGop Maciuraa moxer
HHOTJZIa OKa3aThCA NMPHYHHOHA HETOYHLIX BEIBOJIOB O COCTOSIHHH KOPPEeKIHH
CHCTEMBI.

Kak nokasbiBaet onhu-, B 3aBUCHMOCTH OT BeJIMYHH bl OCTaTOYH BIX MoMNe-
peuynuix aGeppauuii o6beKTHBa, peKoMeHAyeTca macmTta6 100: 1, T.e.
1 cM cooTBeTCTBYeT nonepeyHoit abeppauuu 0,1 mu B 0O6bEKTHBaX CO CpaB-
HHUTEJBHO HEBLICOKOH Koppekuue# aGeppaunit; maciitab 200 : 1,1.e. 1 cu
cOooTBeTCTBYeT mnonepeyHofi aGeppauun 0,05 mm B 06peKTHBaX ¢ OGBIYHOM
(HopMaJsibHOI) KoppeKuMeit W, HakoHeu, macmTab 500 : 1 (a HHorAa M
1000 : 1) B BLICOKOKOPPHTHPOBAHHBIX CHCTEMAX, B KOTOPLIX 1 cM COOTBETCT-
ByeT nonepeyHoii abeppauuu 0,02 um (a uHoraa u 0,01 mm).

B obsactu abeppannit TpeThero nopsaka Koppekuus o0beKTHBa Xapak-
TepH3yeTcsl NPHBOAHMBIMH B TabNHIAX BeJIHYHHAMH Kos(puumrenTos abep-
pauuii. UeM Jyume KOpPHrHpPOBaHa CHCTeMa, TeM MeHbllie YHCJIEHHLIE 3Ha-
YeHHs 3THX Ko3(PHIHEHTOB.

CocTosiHHe KOPpeKIHH OCeBOTO MydYKa XapaKTepH3YeTCsi UHC/IeHHBIMH
3HaYeHHsIMH W rpaduKaMu NMPoAOJbLHOM H nonepeyHoil chepHyecKoi abep-
-pauuH, npoAoNLHOR XpoMaTHUecKo# abeppalii, BeIHUMHAMH OTCTYTIJIEHHS
OT 0606IEHHOTO YCJIOBHS CHHYCOB, BEJIH4HHAMH XPOMaTHYECKHX pa3HoCTel
cepHyeckHX abeppalHii ¥ JaHHBIMH O BTOPHYHOM CNEKTpe.

Coeprueckan aGeppauus W OTCTYMJeHHe OT 0000MIEHHOTO YC/IOBHS CH-
HycoB (Illte6ne—/JIuroukoro) B 06beKTHBaX AOCT3TOUHO GOJBLIOrO OTHOCH-
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TEALHOTO OTBEPCTHA OOGBIMHO BHIYHCHASIOTCS JJISi YEThIpeX JydeH mydka:¢'
KOOp/AAHHaTaMH:

3 T T
hxp) I/T hkp) V? hxp, “/T th.

X pomMaTHYeCKHe PasHOCTH cepHuecKHX abeppaiiHii 0GbIYHO BHMHCIIAIOTCS
IS Tpex Jydvedl ¢ KOOpAHHATaMM My, ]/_12.)‘!,‘1, ¥ 0 aas TexX AJIMH BOJH,

AMsi KOTOPHIX MPOM3BOJAMTCS aXpPOMaTH3alHs OGBEKTHBA.
Jns  XapaKTepHCTHKH  KOp-
1040 wr0® W0tgu’ wy=-20° PEeKUHH BHEOCEBHIX MYyYKOB MNPH-
L4050 4o5 _ g  BOAATCA TaGiHUbl H rpadHKH MO-
JoxeHu# (oKycoB GeCKOHEYHO
TOHKHX aCTHTMaTHYeCKHX MY4YKOB
IS pasiHUHBIX YIVIOB NoJis 3pe-
HHS, laHHbIE O IUCTOPCHH OOBeK-
THBa, abeppauHH IIMPOKHX Ha-
KJIOHHBIX MYYKOB B MEPHIHOHAJb-
HOM H CarMTTajbHOM CeyeHHsX,
XpoMaTHdeCKHe Pa3HOCTH BeJHYHH-
Puc, IV, 12, Tpapuxu aGeppaunk wHpoxux  H300payKeHHH M XpOMaTHYeCKHe
nydxos Jaydel
- abeppauuy JyyeHl - IUHDOKHX Ha-
KJIOHHBIX MY4YKOB  HECKOJbKHX
HAK/JOHOB (B SaBHCHMOCTH OT BeJIHUMHBI MOJS  3peHHA OOBEKTH-
Ba): JIS yYKOB IBYX HAaKJOHOB — Y OGBEKTHBOB C MaJibiM [I0J1eM 3PeHHS;
ABYX-TPeX HaKJOHOB — Y OOBEKTHBOB, MoJie 3peHHsi KoTopeix 60—70°,
qeThlpeX-NsATH HAKJOHOB — Y LIHPOKOYTOJIbHBIX CHCTEM.

AGeppauuH IMPOKOro HAKJOHHOIO My4Ka ONpeAe/sIoTCs Ha OCHOBAaHHH
pacyeTra NATH-CeMH Jydell I/ MEDHIHOHAJbHOTO CeueHHs H JBYX (MHOTJa
Tpex) Jiydeli — CaTHTTANLHOTO CeYeHHs.

Ins yaoGerBa oleHKH abeppaunfi IIHPOKHX HAKJIOHHBIX MYYKOB B He-
KOTOpO#i npennoJaraeMoi MJAOCKOCTH HauJy4lleHd yCTAHOBKH peKOMeHAy-
ercs Ha rpadHKax mnomepeyHnX abeppandii HaKJIOHHBIX IYYKOB (Onpene-
JIEHHHIX OTHOCHTeJIbHO MJOCKOCTH ["aycca) nmpoBOAHTH BCroMOraTelbHEbIe
HaKJjoHHBle npameie aa’ (puc. 1V, 12), napananenbHuie npsamofi aa’, HaHe-
ceHHOMH Ha rpadHKe monepeuHol cdepHueckoli abeppaunH 0CeBOro Myuyka
(w, = 0°), onpeaensiomeil BepOSITHOE MOJOXKEHHe IVIOCKOCTH HaWAydileh
YCTaHOBKH IJis TOYKH Ha ocH. Ecam chepuyeckas abeppauus Ads Kpas
3pauka KOpPHI'HPOBaHa, KaK NOKa3biBaeT OMLIT, BeJHYHHA CMellleHHs 3ToH
MJIOCKOCTH A JAOCTATOYHO TOYHO MOXKET ObiTh onpejeneHa U3 GopmyJibi:

A=08A4s,,.,, (IV,46)
rae As,  —npofiofbHas cdepHueckasi aGeppauusi AJs 30HBI 3pagka
N :
V £ -
Ilns ymo6cTBa oTcuera abeppauil B CMellleHHO! MJIOCKOCTH MPOBOAM-
Mas npsimasi aa’ JOJKHa NepeceKaTh KPHBYIO abeppauuii HAaKJIOHHOTO MyY-
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Ka. OTK/1aibiBas no ocH abeuce 3navenus 6g’ (uan 8G' Ans caruTTanbHoro
ceqennﬂ), omnpefeJeHHble B MJIocKocTH laycca, a Mo ocH OpAHMHAT -— yTJIbI
u' (unu, ewe ayue, tg u') ayveii ¢ on'ruqecxoﬁ OCblO, JIEFKO BHAETH, YTO
B TaKo/ cHCTeMe KOOpJAMHAT HAKJIOH NMPSMOH aa’ OTHOCHTENLHO OCH OpJH-
HAT CBSI3aH C BeJIMYHHOM CMelleHHs NVIOCKOCTH YCTaHOBKH A OTHOCHTEJIbHO
mjocKoctd Iaycca caefyloiefi 3aBHCHMOCTBIO:

3g, — g

A= ’ [
tgu, —1tguy

(1V,47)

rxe 8¢g’'y; tgu's; 3g,’;tg u'y — xoopauHaTH Mmoo Mapbl ToueK, BIATHIX Ha
‘npsamoit aa’. AGeppanuu 8g’, oTHeCeHHble K HEKOTOPOH CMellleHHOM MJoC-
KOCTH, MOT'YT ObITb NOJIy4eHbl, eCJ/d OTCUHTHIBATD BEJNHUHHEL a6cuuce Bg
He OT BePTHKAJLHOH OCH, a OT npsiMolt aa’.

TakuMm npHeMOM HCKJIOYaeTcsl HeOOXOAHMOCTb CHellHaNbHEIX MOCTpPoe-
Huil rpadukoB afeppalHii A HeCKOJbKHX MJIOCKOCTeH YCTaHOBKH IS
CyXJeHHs 0 pacnpe/ieJieHHH abeppallHOHHBIX QHTYP paccesiHHA B ITHX IUIO-
cKocTaX, OpHeHTHPOBOYHAS e OlUeHKa BAHSHHUS CMELIeHHs NMJIOCKOCTH yc-
TAHOBKH OKa3bIBAeTCs, BMECTE C TeM, HeoOXOAMMOH, NOCKOJbKY BEPOATHOE
NoJIoXeHHe IVIOCKOCTH HAaHJydIlelo H3o0paKeHHsi BO3MOXKHO YKa3aHHBIM
crnocofoM ONpeAesHTh JIHIL NPHOIHKEHHO.

Metox pacueta W cnocoObl olleHKH abeppauuit pasiHYHBEIX BapHAHTOB
PAacCUHThLIBaeMbIX 06BeKTHBOB GbI/IH BriepBble NPHMEHEHH aBTOPOM B HavaJe
40-X rofios npu pa3paGoTKe CBeTOCHJABHBIX IIHPOKOYTOMLHEIX aHACTHTMATOB
‘«Ypau». Boabmas noMollb aBTOPy NpPH pasBHTHH MeTOAHKH H aHajiuse
pe3yJIbTaToB Ja60PaTOPHLIX HCIBLITAHAA MHOCTPAHHEIX H CO3[A 9EMBIX OTe-

_ YeCTBEHHBIX OGBEKTHBOB Oblia OKasaHa B Te rofil E. §1XOHTOBBIM.

o cHX nop aHaCTHIMATHI «Y paH», HMes BecbMa FHOKYIO H YHHBepCaJlb-
HYIO ONTHYECKYIO CXeMy, NPHMEHSIOTCA BO MHOrHX obnactaXx. OuH Gblau
pa3paboTaHbl 33 MCTeKIUMe rofbl B Pa3/IHYHLIX BapHAHTaX — COOTBETCT-
BEHHO Pa3/IMYHEIM ONTHYECKHM XapaKTepHCTHKaM: OT «YpaHa» ¢ (OKYCHEIM
paccrosiniem 13 mm, oTBepcTHeM | : 2,5 u nosiem 3penus 56°, Macca KoTopo-
ro okoJsio 20 2, I0 aHACTHIMaTa TOH e CXeMhl «YpaH» ¢ QOKYCHEIM pac-
crosigueM 750 ma, oTBepctreM 1 : 3,5 W nmonem 3spenus 30°, uTo CooTBeT-
cTByeT (opmary cHuMKa 30 X 30 cu; Macca oGbekTHBa npessiuaer 30 xa.

Pasnoo6pasHoe npHMeHeHHe Ha NpoTsikeHHH 30 JleT HAXOAMT BapHaHT
CBETOCHJILHOTO IUHPOKOYTOJBHOTO «YpaHa» ¢ (OKYCHBIM PacCTOSIHHEM
100 mm, orBepcTHeM 1 : 2,5 H nosiem 3peHus 0KoJo 62°, UTO COOTBETCTBYET
tdopmaTy cHnMKa 8 X 8 cu. Dot 06beKTHB Gblsl pa3paboTaH B ABYX pasHo-
BUAHOCTSIX: «YpaH-10», KOpPHTHPOBaHHLIA ISl OpaH:KeBO-KpacHo# obaac-
TH, HMesl B BHAY ero npHMeHeHHe TO cne‘rOQ)HJIthaMH Kd-18, OC-12 u
KC-14 , u «¥Ypan-27», xoppumponaﬂnbm L7191 LIHPOKOH CHHe-KpacHo# 06-
JIACTH CMeKTPa H MOTYIIHH MpUMeHsATbca Ge3 cBeTodHALTPA.

B Te roaml, Koraa Bejuch pa3paGoTKH STHX 06bEKTHBOB, OTe4eCTBEHHbIM
KaTaJIor ONTHYECKHX CTEKOJ ellle He coAepxaJl NPOMBILIIEHHO OCBOEHHBIX
CBEPXTAKeJbIX KPOHOB THIMA JIAHTAHOBLIX. IJTO OGCTOATENLCTBO JeNaJo
Heo6XOAUMBIM TIPH paspaboTKe ONTHYECKHX cXeM «YpPaHOB» NPHMEHATh B
HUX OOblYHEIE THAMKeJble KPOHHL.
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Heob6xonuMocTb cO30aHHA CBETOCHJBHLIX BLICOKOOPTOCKOMHUECKHX TO-
norpaHYecKHX aHacTHrMaToB mobyauaa Hac B 1965—1966 romax paspa-
GotaTh «YpaHE» C BbICOKOOPTOCKONHYECKHMH cBofictBaMH — «OpTo-¥Ypa-
HBI», ¥ KOTOPBIX YAaJOCh COXPAHHTb TY e CEMHJIHH30BYIO ONTHYECKYIO CXe-
MY H NpH BRICOKHX oTBepcTHaX (1 : 2,5—1 : 3) ycTpaHHTh acCHMMeTpHYHEE
NOrPEIIHOCTH IHPOKHX HAK/IOHHBIX IY4KOB, 4YTO MOSBOJHJO KOPPHIHPO-
BaTh AHCTOPCHIO C TOYHOCTHIO JI0 HECKOJIBKHX MHKPOMETPOB IS noJiefi 3pe-
HHs 30—40°. DoKycHbie PacCTOSHHS OGBEKTHBOB NPH STOM AOCTHralOT
300—400 mm. B nosOKHTEJNBHBIX JIHH3aX OGBEKTHBOB ObiJIH IPHUMEHEHBI
ceepxTaxensie Kpousl (CTK).

B I'epmanuu B Korue 30-x roaos A-pom J1. Beptessne GulH co3naHbl Bechb-
‘M@ WHTEPeCcHbIe 'CBETOCHJIbHLIE HIHPOKOYTOJIbHbIE aHACTHIMAThl ¢«DHOTOH»

D8, LFY  DF? ER32
1600 45725 16170 ﬁw
S8~ 415 366 458 LR3I

Puc, IV, 13. OnTAveckre cXeMM aRacTErMaTos: a — ¢Buorou»; 6 — «Aspo-
Sxtap»; @ = «Teorons

M03BOJIMBIIHE NPH oTBepeTHAX 1 : 2,8 mocTHrHYTh monedt spenus 62—63°.
210 — wecTHAHH30BEIe cHcTeMbl (puc. IV, 13, a), y KOTOPHIX TOJIIHHMLI
TPeThero U O0CoGEHHO MNOoC/efHero KOMIOHEHTOB NOCTHTAIOT GOJILILHX BeJH-
YUH — COH3MEPHMBIX C BeJIHYHHOH (JOKYCHOrO paccTosiHHA OOGBeKTHBA.
Taxoe cBOHCTBO ONTHYECKOH CXeMEI CPa3y e OrpaHHYHBaeT 06JIacTH BO3-
MOXKHOTO TIpHMeHeHHs «DBHOroHoB»; Ha HX OCHOBe MOI'YT GBITh CO3JaHBI
JHLb KOPOTKOGoKycHbie 06beKTHBbl. O6beKkTHB «BHOroH» npu GoxycHom
paccTosHHH 35 ma BbINYCKAJCsi B KOMIJIEKTE CMEHHEIX OOBEKTHBOB A/
(oroannapatoB 24 X 36 mm, B gacTHocTH a5 oroannapata «KouTakcs.
[[Inpokyto H3BECTHOCTDb MOJIYYHJH CBETOCHJIbHLIE aHACTHTMAaThI (PHPMBL
«HMctmen—Kopnak» (CILIA), BrinyckaBiuHecs Ansi pasHbIX uesefi mos map-
KamH «JKTap» i «Aspo-dkrap» (puc. IV, 13, 6). B nosoxuresbHbIX JHH3AX -
BTOPO# «NOJIOBHHKH» OOBeKTHBOB NPHMEHEeHb! CBepPXTMKe/ble KPoHul. O6b-
€KTHBLI IPHMEHSAIOTCA BO MHOrMX (ororpadudyecKux ycraHoBkax. B uact-
HOCTH, B aspodoToannapaTax aMepHKaHCKHX TsKeJLIX CaMoJeToB («IeTalo-
WHX KPenocTsix») ObI/IH YCTaHOBJIEHbI OGBEKTHBLI C (JOKYCHBIM PACCTOAHHEM
7" (oxosio 178 mm) npx oTHOCHTEIbHOM OTBepcTHH 1 : 2,5 W mone spenus
okoJsio 50°. O6beKkTHB «A3po-DKTap» pa3peluaeT ¢ OPaHIKEBHIM CBETOPHIIBLT-
poM HecKoabko GoJiee 30 mu™: B enTpe nosia ¥ okoso 11—I12 mm™? no
noJo. . ’
Kaxk nokasanu uccnenosanus [3], BuimonHeHHble BO BTOpoii NoJNOBHHE
40-X rozios, B 06beKTHBE «A3p0-DKTap» He Y/aJoCh NPeOAOJeTh OCHOBHOTO
HEloCTaTKa, MPHCYIIEro aHacTHrMaTaM THna «[lnaHap», pasBuTHEM KOTo-
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poro paccMaTprBaeMblil OGbeKTHB ABAsAeTCA: «A3p0-DKTap» HMeeT GoJIbILYI0
cepryeckyio abeppanHio B LIMPOKHX HAKJIOHHBIX NMy4KaX. Sta aGeppauus
COXpaHSeTCs /st BCeX HAKJIOHOB — KaK JUJisi CPeAHHX YIJIOB [0JIsl 3pEeHHs,
TaK M Ha Kpalo, NoJIA, YTO CHHXKAeT KOHTPACT ONTHYeCKOro H3o0pakeHHs .

MoxHO yTBepXaaTh, YTO OCHOBHasi TPYAHOCTb 3alauyH pa3paGoTKH
CBETOCHJIbHOT'O IIHPOKOYTOJIbHOIO AHACTUIMATA WMEHHO H 3aKJ/04aeTcss B
XopolleM HcnpasJieHHH abeppaunii INMPOKHX HaKJIOHHbIX myukoB. [locien-

, Hee B 5ToM oObeKTHBe He ObLIO NOCTHTHYTO, HECMOTPs Ha NPHMEHEHHe B
HeM ocobpix crekon EK32 (np= 1,7445, v = 45,8) u EK33 (np =
= 1,7551, v=47,2). Cnennasnbusie HccaelloBaHUs aBTopa [3], noBeleHHbIe
JI0 SKCTIEPHMEHTAJIbHO# NPOBEPKH Ha OMBITHBIX .06pa3lax H3roTOBJEHHHIX
o6bexTHBOB OP233, nokasaJiH, 4To B CHcTeMaXx «Aspo-DKTap»,He oNpaBiaHo
NpHMeHeHHe JJAaHTaHOBBIX CTEKOJI H YTO MOXKHO NOJIYYHTh Te JKe Pe3yJbTaThl,
npuMeHssi oObluHBIe Tsxesasle KpoHel TKI1 (np = 1,6677, v = 51,2).
[Mpu sTom Kak no BceM abeppallHOHHBIM XapaKTePHCTHKaM, TaK H Mo pas-
peLuarolleii cHJIe U KOHTPACTy ONTHYeCKOro u3obpaxeHus o6reKTHB OP233
He ycTynaeT o6bekTHBY «Aspo-OkTap». Ha puc. 1V, 13, 6 Buu3y npusene-
HEI OTeueCcTBEHHEIE cTeK/a 00bekTHBa OP233. 3aMeTHM TaKkKe, 4TO 0GBEK-
THB «A3p0-IKTap» HH B KaKOM OTHOLIEHHH He NPEeBOCXOAHT OTeYeCTBeHHO-
ro aHactTHrMata «¥Ypau-11» (f' = 250; 1 : 2,5; 2w = 54°), B KoTOpOM mpH-
MeHeHbl OOBIYHbIE TSXKeNbie KPOHbI. .

HanGonee HHTepecHHIMH paboTaMH 3TOrO HanpaBJieHHs ABJSIOTCA aHa-
crurmaThl «[eoron» amepuxanckoro ontuka Jlxefimca Beiixepa (Am. ma-
teHT Ne 3039361 1962 r.), o6nanaromye yr/iom noJs speHHs okoJso 94° npu
oreepctHH 1 : 2,5. OnTHueckas cxeMa o0beKTHBA — CJIOXKHas JBeHajlla-
THAHH30Bad (puc. 1V, 13, 6), B xoropofi ABa BHYTPEHHHX KOMNOHEHTa —
YeTHIPEXJIMH30BLIE CKJEEHHHS; JBe MpeJOMJSIOIHe MOBEPXHOCTH, pac-
noJioXKeHHbIe 1Mo 00e CTOPOHBI OT anepTypHO#l AHadparmel, HMEIOT CJQXKHYIO
actepuueckyio ¢opmy. Kpome Toro, B 4eThipeX NOJIOKHTENbHBIX JIHH3AX
cHcTeMbl (/, 6, 7 u 12) npuMeHeH oco6o TsxeJblt KpoH THNa 788505 (np=
= 1,78832; v = 50,45), a B wernpex aunsax (3, 5, 8 n 10) — ocobuiii
¢uunT THNA 880411 (np = 1,8804; v = 41,1). K stomy BecbMa HHTepec-
HOMY OOBEKTHBY MHI ellle BepHemcs B raasax VI u IX.

_§ 5. LIMPOKOYTOJIbHBIE NUCTOP3HPYIOMHE
OBBEKTHBEI

IlupokoyrofibHbE 00LEKTHBH NOAPA3ENAIOT Ha ABE MPYIIILL AHCTOP3H-
pywooiiie u oprockonuyeckne. OGbeKTHBH NepBofl rpynnul o6aanaioT He-
MCTpaB/JeHHOH AMCTOPCHeH, BeJIHUMHA KOTOpO#H MHOCTHraeT HeCKOJIbKHX, a
HHOIJa JecATKOB MPOLEHTOB. D10 06CTOATENILCTBO OrpaHHYMBaeT 06aacTH
. BO3MOXHBIX MPHMeHEHH# NOJOGHHIX HMIHPOKOYTOJBHBIX CHCTEM: HX HCIOJb-
S0BaHHe BO3MOXKHO JIMILB B TeX c/ydasX HabaiofeHus Han dororpaduposa-
HHS, KOTAA AONYCTHMBI MaciiTabHble HCKaxeHHs H3o0paxeHuii. Hanpumep,
0c060 MHPOKOYroJibHblE AHCTOP3UpYIOUlHe OGBbeKTHBE C MOJSAMH 3peHHs,
AOCTHIalOUWMMH (a MHOrAa H npesbiwatomumu) 180°, npuMensioTes s me-
TEOPOJIOTHYECKHX HaGJiofieHHH, M1 (oTorpapupoBaHHA COCTOSHHA 00-
JIaYHOCTH HebGa H T. M.
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3ajaua paspaGoTku JUCTOP3HPYWOUIUX OOBEKTHBOB SHAYMTEJHHO
Goslee mpocTas MO CPaBHEHHIO C Npo6JeMoi cosfaHUA O0OBLEKTHBOB CTPOro
OPTOCKOMHYECKHX, UeM MOMXHO OGBSCHHTD NOsABJAeHHe HECKOJbKHX CPaBHH-
TeJIbHO NPOCTHIX ONTHYECKHX cXeM nOAOOHHIX o6bekTHBOB. HanomuuM
o6beKkTHB ['Miia, HMeloWuil noJse speHHsi oKoJio 180° npH OTHOCHTE/NLHOM
oreepctun 1 : 22. B sToM mpocreiieM TpexJHH30BOM oObeKTHBe (pHC.
1V, 14, a) oTueTyIHBO peasiH30BaHa OCHOBHASA HIes KOHCTPYKLHH MOAOOHLIX
CHCTeM, 3aKJIo4alollascs B TOM, YTO BePelH MOJIOXKHTeNbHOrO KOMIOHeH-

Puc. IV, 14. Cxema AHCTOP3HPYIOULHX oﬁaexrulon:%—l"un-
aa; 6 — llyabua; 6 — «l[lneon» (dbupma «lleficcr); & —
«Cdeporons ('OH)

Ta yCTAHABJHBaeTCH Ha JOCTAaTOYHO GOJILLIOM PACCTOSHHH OTPHIaTeNbHas
AuH3a. CooTHolIeHHe MeXXAy ONTHYECKOH CHJIOH ¢, OTPHilaTe/IbHOH JIHHSLL,
€e paccTosiHHeM d OT BTOPOTO KOMMOHeHTa 06beKTHBa H ONTHYeCKOH CHJION
Py MOCJIEAHETrO O6LIYHO BLIGHPAIOT TaKHM 00pa3oM, 4TOGLI ONTHYECKas CHIa
@ Bcero o6beKTHBA Gbla MOJOXHTENLHOH M MeHblllell ONTHYECKOH CHJIBL
BTOPOro KOMIMOHEHTa. DT0 aBTOMaTHYeCKH MPHBOAHT K BLINOJHEHHIO YCJIO- .
BHsA [Tetusans. IleficTBUTENAbHO:

? =9+ ¢s—do; ¢y, (IV,48)

eciig > OHgy > @, 2 d< Lo CyMMa ONTHYECKHX CHJl KOMIIOHEHTOB
@1 + @2 Beeraa 6yner manof Be:l;l‘lHHOﬁ, 4T0 0GecrneynT BHINOJHEHHE yC-
nosus [lerusans. [lycrs, Hanpumep, @, = 2p,ad = 5;—’ yus (IV, 48)
HaXONlHM:

- =—29
330



-

a ClIeloBaTeNbHO, @1 + @2 = 0, T. €. ONTHYECKHEe CHJIBI 060HX KOMIOHEH-
TOB pPaBHHI 110 a6COMIIOTHOH BeJIHYMHE (p; = —q3), PacCTOsHHe d MEXAY HX
[VIaBHBIMH TJIOCKOCTSIMH PaBHO MOJIOBHHE (POKYCHOIO PACCTOSIHHS BTOPOrO
KomnoHeHTa. [IpunaBas oTpuuaTesbHOM JHH3e MeHHCKooGpa3nyio dopmy ¢
BOTHYTOCTbIO, 06palleHHoil K 00beKTHBY, MOMHO MOJYYHTb moje Ao 180°.
-OnHako AMCTOpPCHsI 9TOro. o0beKTHBa He MOMeT ObITb XapaKTepH30BaHa
O6bIYHBIM 06pa3oM: OHa CTAHOBHTCA GeCKOHedHO GOJIBIIOH Yy KpaeB noJs.

PaspuBast uzeio I'nijis H yC/NOXHAS BTOPOA KOMIOHEHT CHCTEMHI, B
1932 ropy Llynsn onmcas ONTHYECKYIO CXeMY MSATHJIHH30BOIO OOBeKTHBA
(puc. 1V, 14, 6), nmeBmero yroa nojs 3peHHs 135° mpH oTHOCHTENBHOM
orBepcTHH 1. 5,6. O6vexTHB lllynbua 6b11 HaroTosaen npu GokycHoMm pac-
CTOSIHUH 35 MM M Halle]l NPHMeHeHHe B METeOpOJIOrHH AJs ¢oTorpadupo-
BaHHs HeGeCHOTO CBOJA C Lie/Ibl0 PETHCTPAUHH H H3MepeHHs oOGJa4yHOCTH.
3aMeTHM, Y4TO HCKaKeHHe KOHTYPOB H300paKkeHHil, laBaeMbIX TaKHMH 00b-
eKTHBaMH, HACTOJIbKO BeJHKO, 4YTO Pacro3HaBaHHe NpPeIMETOB Ha TAKOM
CHHMKe 3aTpyAHHTeJbHO. HeCKOJbKO RHCTOP3HPYIOmMX OGBEKTHBOB C
MEHBIUMM YTJIOM MOJsi, HO C JydlIWM HChpaBjeHHeM abeppaumnit B 30-X
.ropax Obuin ycremHo paccuyuradbl B. UypuaosckuM. ITo stum pacyeram
GbIIH H3TOTOBJIEHE! 06PasIlk.

Jucropaupyiolne o6beKTHBb 006J]1afal0T OrpOMHOM OTpHLATENbHOH
IHCTOPCHel, BCJIEACTBHE Yero BeJIHMYHHBI YIVIOB W@’ [VIaBHBIX Jydell C ONTH-
4ecKoi ochi0 B IPOCTPaHCTBe H306pax<eHHil 3HAYHTENILHO MeHblle YIJIOB W,
06pa30BaHHBIX 9THMH e JYYaMH B NPOCTPAHCTBE MPEAMETOB. DTO CBOMCT-
BO MPHBOAMT K GoJiee PaBHOMEDHOMY pachpelle/ieHHIO OCBellleHHOCTH H30-
OpakeHH#A Mo MOJIO, YTO HEMOCPeACTBEHHO caenyeT H3 dopmyanl (I, 124):

B +(0) .
' 2 =3 costw, (IV,49)
E, s
3p <
’ ’
rae Ey u E'y — oCBellleHHOCTH 3JieMeHTOB M300paxceHHH COOTBETCTBEHHO

B LIEHTpe MOJis U B TOUKe BHE OCH, ompefe/sieMoll yIjiom ©'; S’s",,' H Sé‘:. —_
TJIOMIAH CeUeHHH MJIOCKOCTBIO BBLIXOZHOIO 3paukKa Jyuedl OCeBOro M Ha-
KJIOHHBIX NyYKOB, CXO[SIIHXCS COOTBETCTBEHHO B TOYKe Ha OCH H BHe ONTH-
YyeCKOH ocH.

B HauaJsie 40-X ronoB BHOBb NpofyAuJicss HHTepec K 0c060 IHPOKOYTOJb-
HbIM JHCTOP3HPYIOIIHM OOBEKTHBAM B CBSI3H C BbiSICHHBILEHCS BO3MOX-
HOCTBIO TOBHILIEHHST HX ONTHYECKHX KauecTB, B YaCTHOCTH paspeluaiomed
cnoco6HocTH. OHAKO ONHOBPEMEHHO H MapaJijieNbHo ¢ pa3paboTkoii ca-
Moro o6BeKTHBA NMPOH3BOAHJACh pa3spaGoTKa ONTHYECKOH PenpoAyKIHOH-
HOM cHCTeMB! JJis KaMepaJibHoH 06paboTKH HeraTHBa, ofJajlalollei B CBOIO
oyepelib COOTBETCTBYIOULEH AHCTOpCHEelH, BOCCTaHABJHBaollefi NpPH penpo-
ILYLHPOBAHHH MaciTaOHLIe HCKaXKeHHs HeraTHBA.

B uyacrrocTH, U3BeCTHB! paGoThl B 9TOM HalpaBJieHHH HeMelUKHX ONTH-
KoB ¢upmel «lleiiccy, npuBeAKe K CO3[aHHIO LIMPOKOYTONbHOTO aspodoro-
o6BekTHBa «[1/1€0H» ¢ GOKYCHBIM paccTosHHeM 72,5 MM, OTHOCHTebHBIM
orBepcTHeM 1 : 8 u yriiom nosist 3penus Gosee 130°. O6BeKTHB HMmeeT cpas-
HUTEJILHO TPOCTYIO ONTHYecKylo cxemy (puc. IV, 14, @), cocrosmyto Ha
YeTHIPEXJIMH30BOT0 KOMIIOHEHTA THIA « TONOrOH» M PACMOJIOKEHHOTO AaJeKo
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Brepefy OTPHUATEJBLHOTO [BYXJHH30BOTO KOMIOHEHTa; no3ag# 06b-
eKTHBa MOMellleHa TMJOCKOMapajjesibHasd MAacCTHHKA, ABJAIOMASACA
ceetoduabTpoM. B 1pOCTPaHCTBE H3o6paxkeHHit yros noJs speuus «[liaeo-
Ha» He npeBbliaeT 84°; COOTBETCTBEHHO STOMY JAOCTHIAeTCs -NOBbILLEHHAS
PaBHOMEPHOCTb pacnpefie/ieHHsl OCBelleHHOCTH H300pakeHHsl 1O MOJIO.
®otorpaduyeckas paspellaollas CHla B EHTPe M0JIs COCTABJAET HECKOJIb-.
Ko Gosee 80 mm™' ¢ MNJABHLIM CHHXKeHHMeM Jo 18 mx™ Ha Kpaio noas.
Onuako mpH NocjiefyiolleM TpaHCHOPMHPOBaHHHM aspOCHHMKa penpojyK-
LMOHHOH KamepoH yJOBJIETBODHTeNILHLIX Pe3yJ/IbTaTOB MOJYYHTH He Yaa-
Jloch; paGoOTLl 3TOTO HaMpaBleHHA JalbHeHIlero PasBHUTHSA He MOJYYHJIH.

HeoXXHJaHHEIH MHTEpEC MOSBHJICH K LIHPOKOYIOJNBHEIM JHCTOP3HPYIO-
MM O6BeKTHBaM BLICOKOH CBETOCHJIBI B CBA3H € BO3HUKIIHMH 3aJayaMHy KH-
HOCBEMKH IIHPOKodopMaTHBIX 70-Mm QHUIBEMOB (cM. TaaBy V).

CheMKka IHPOKOMOPMATHBIX KHHODHABMOB OPTOCKOMHYeCKHMH OOBeK-
THBaMH ¢ noJisamMu 3perns 90—100° u Gosiee NPHBOAKT K HEMPHATHO BOCTPH-
HHMaeMbIM HabJoJaTeIAMH HCKaXKeHHAM ecTeCTBeHHOM NepcnekTHBLl. Hau-
GoJiee TIPOCTRIM pellieHHeM, HO JIMIIb YaCTHYHO HCNPaBJIAOIINM 3TOT fAedfeKT,
ABJIAeTCA BBeJleHHe OTPHLATEJbHOH AHCTOPCHH B pa3pabaThiBaeMble Che-
MOYHble OOBEeKTHBLI: NPUGAH3HTeNLHO 5% B CHCTeMbI C MoJieM 3peHHst AO
90° u okono 8—10% B cucremsr ¢ nonem 3penns 100°. Beenerine Gonbiuedt
JIMCTOPCHH TPHBOAHMT K HENOMYCTHMOMY HCKDPHBJIEHHIO .mmnﬁ KOHTYpOB
HabmojaeMelX H300paKeHHH B IIEJIOM.

B sak/ioyesive yNOMsiHEM TPyNNy IIHPOKOYTOJBHEIX CBETOCHJbHBIX
KOHIEHTPHYECKHX O0LeKTHBOB, 00sajalouinx chepHyeCcKol MoBepXHOCTHIO
H3obpaxceHusi. ITH 00BbEKTHBLI HMEIOT eIMHYIO TOYKY Ha ONTHYeCKOH ocH,
B KOTOpO# PAcMoJioMKeHbl LEHTPbI KPHBH3HbI BCeX NPeJIOMIISIOMHX (a TaKie
OTpAaKaIOUIHX, eCIH TaKoBble HMEIOTCS) NOBepXHOCTeH OOBbeKTHBa H depes
KOTOPYIO MPOXOAAT [JIaBHBIE JIyYH HAKJOHHLIX NMYYKOB pAasjIMYHBIX Ha-
KJIOHOB. 3T0 CBOMHCTBO JIe/1aeT BO3MOXKHEIM H JOCTATOYHLIM KOPPEKLHIO B
chcTeme JMLIb abeppaiuii oceBoro nyuka: chepuyeckoit aGeppauuu u xpo-
MaTH3Ma nosioxeHHs1. [IpH 9TOM noJieBbie aGeppaiHH BCIEACTBHE CHMMETDHH
CHCTEMBI OKa3blBalOTC KOPPHTHPOBAHHBIMH aBTOMAaTHYECKH JJIa cepHuec-
KOi MOBepXHOCTH H3006pakeHHi, pajHyc KoTopoii paBeH oOKyCcHOMY pac-
CTOSIHHIO O6bEKTHBA. STH CHCTEMBI TO3BOJIAIOT JOCTHTHYTh BeCbMa XOpOLLeH
KOppeKuuH afeppauuii JAAs CJAEAYOUHX ONTHYECKHX XapaKTePHCTHK:
no oteepeTHii 1 : 2,5 npu nose apenus 120° — y JHH30BLIX OGBEKTHBOB H
no 1:0,7—1:0,8 npu noje sperus 25—30° — y 3epKaJbHO JIHH30BBIX
CHUCTEM.

B yacrHocTH, HaMH pa3spaboransl o6beKTHBE «Cdeporon» (puc. IV,
14, 2), uMeloIIHe MPOCTYIO IECTHAMH30BYIO ONTHYECKYIO cXeMy. PokycHoe
paccrosinne o6pasuos o6wekTHBa 100 MM, OTHOCHTe/BHOE OTBEpCTHe 1 : 3
u yros noas 3perHs 120°. KoHuenTpuuecKue cBoficTBa o6beKTHBa OBLIH
YaCcTHYHO HapYLIeHbl BBelleHHeM BHYTPb CHCTEMbl LeHTPaJbHOrO 3aTBapa,
PacroJIoXKeHHOTO B HMMEPCHH, 3aMoJIHAOLIeH MPOCTPaHCTBO MEXKAY BHYT-
PeHHHMH JiHH3aMH. B aTol ke HMMepCHH HaXopuTCs HpHCOBad AHadparma.
Onnako KOHIEHTPHYHOCTbH CHCTEMbI OblJIa STHM He3HaUHTE/IbHO HapylleHa,

_4TO 06eCreyHJIo MaJioe CHHXKeHHe paspeluaiollel CHIIEI 00BbEeKTHBA OT LEHT-
pa K KpasM MoJisi 3peHHs.

Kak nokasanu gotorpaduyeckne ucnsiTanus o6beKTHBA Ha (oTOoMaTe-
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puanetuna 17 (N =120 #u™"), 0OGBEKTHB paspellaeT B UeHTPe Nosst 65 um™
'C MOCTeNEHHLIM H NJAaBHLIM CHHXKEHHEM paspeluaiomedl CHIL 10 50 mm™
Ha Kpaiononsi 3penHsa 120°. OcpellleHHOCTE H3006paXKeHHH CHHMKaeTcs
OT HeHTPa K Kpalo 1oJisi NTPONOPIHOHA/BHO JHIIb ePBOR CTeNeHH KOCHHYCa
yryia noJisi 3peHHs H, ClleloBaTeJibHO, AOCTHTaeT Ha Kpato noas 50% ot
BeJIHYHHB! OCBEIIEHHOCTH B LeHTpe noss. Oco0eHHOCThIO STHX 0OBEKTHBOB,
orpaHHWYHBalomei 06JIaCTH MX BO3MOXKHOTO NMpPHMEHeHHs, fABJSIOTCH Mac-
ITaGHEIe HCKaXKeHHs H3o6paeHH, 'BOSHHKAIONMe BCJIeACTBHE oToGpaxKe-
HHSA TJIOCKOCTH O0BEKTOB Ha cepHUecKyl0 MOBEPXHOCTb H306paKeHH,
OnHaKo BO3MOXHO COYeTaThb MOAOGHBIE OGBEKTHBHL C MJIOCKO-BOTHYTHIMH
JIHH3aMH, COCTOSILUMMH H3 KOHHYECKHX BOJIOKOHHBIX 3JIEMEHTOB. TaKue
BOJIOKOHHBIE JIHH3bI ((POKOHEI) MCTIPABJSIOT He TOJLKO KPHBH3HY MOBepX-
HOCTH H300pa)KeHHsl, HO, B 3aBHCHMOCTH OT 33aJaHHOTO OTHOCHTE&JbHOTO
PacnoioXKeHHs BOJIOKOHHBIX 3J1eMEHTOB, 06pasyloIIHX JHH3Y, MO3BOJIAIOT
JIOCTHTHYTB J1060ro HenpaeieHUs JUCTOPCHH, a clIefloBaTe/IbHO, H MaciuTaba
n300paXkeHHs MO ToJio. B gacTHOCTH, BO3MOXXHa MOJIHAs KOpPeKIHs Mac-
ITaOHBIX HCKaXKeHHH, HO MaJileHHe OCBellleHHOCTH H300paKeHH cTaHeT npo-
NOPLHOHAMbHBIM TPETbed CTeNeHd KOCHHYCa yrJ/ia MoJisi 3peHHs.

Mgl oKa OCTaBHJIH B CTOPOHE BTOPYIO H IPHTOM NPaKTHYeCKH HauGoee
HHTEePECHYIO TPYNNy LIHPOKOYTOJBHBIX CHCTEM—OPTOCKOMHYECKHX O0BeK-
THBOB, OTBes HM MecTO B rjiaBe VI, NoCKoJbLKY 5TH 00BeKTHBEI B HacTOS-
11ee BpeMsl SIBJSIOTCS eJHHCTBEHHBIMH, anMeHmomuMucn B a9pooTOCHEM-
Ke JJig npoBeleHHs1 Tonorpaduueckux pa6or.

-§ 6. HOPMAJIbHBIE H CBETOCHJIbHBIE :
TEJIEOBBEKTHBBI

Tesieo6beKTHBOM Ha30BeM ONTHYECKYIO CHCTeMy, Y KOTOpo#l paccrosi-
HHe L oT nepBo# npesoMas10LIell NOBePXHOCTH JI0 3afiHel (oKaJbHOH mJoc-
KOCTH MeHblile GOKYCHOrO pacCTOsiHUs f’ o6beKTHBA.

Benuuyuna L claraercsl U3 cymapuou TONMUHHLL Zd cOGCTBEHHO O6BEK-
THBa H PacCTOSIHHA §' OT MoOCJeJHel MOBEPXHOCTH [0 (OKaabHOH mJioC-

KOCTH: _
L=3d+5s" (1V,50)

PauuonaibHo BBeCTH BejiHuMHy T — KosduuueHT TelleyKopoueHHs,
MOHHMas MOJ MOCAeJHHM OTHOLIEHHE:

(IV,51)

BBOAMMOe HEKOTOPHIMH aBTOpPaMH MOHATHe TesnedoToyBenHueHus I
KaK OTHOLIeHHS (OKYCHOTO paccrosiHus f' cHCTeMbl K ee 3aHeMy (QOKalb-
HOMY OTpe3Ky s’, c/leflyeT CYUHTATh HeyAauHbIM, TaK KaK NPH 5TOM He y4H-
ThIBaeTcsi coOcTBeHHasi MiHHa Zd 0OBEeKTHBA.

Insa HauBGonee YacTO IPHMEHAIIUXCA HA MPAKTHKE ABYXKOMIIOHEHT-
HBIX TEJECHCTEM, OBO3HAUHB yepes d paccrosiiue MeX1y FIaBHLIMH muloC-
KOCTSIMH KOMIMOHEHTOB, MOJY4YHM:

P=¢1+ 92— de pa=1, (1V,52)
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TIe @, H g — TNpHBEJeHHLIE ONTHYECKHE CHJILI KOMMNOHEHTOB, T. €. ompe-
neneHHele npug = 1.

B mpenBapHTe/IbHEIX HCCJIEIOBAaHHAX ONTHYECKHX CBOHCTB Tesle00BeK-
THBOB MOJIOXHM, YTO KOMIIOHEHTH TOHKHE; B 3ToM ciiyyae 2d = d M Bhipa-
xenue (IV, 51) npumer BuA:

! F
Y SR 1V,53
d4 s L " ( )
BenuunHa ykopoueHus T TesieoGbeKTHBa 3aBHCHT OT Ko3(dHUHeHTa
[MetuBans Siy. YCTaHOBHM 3Ty 3aBHCHMOCTb.
Teopus paer (cM. raaBy II) caenyioliee BhipaxeHue A5 Ko3@duIHeH-
Ta Sty CHCTEMEI, COCTOsAIIEH M3 { TOHKHX KOMIOHEHTOB:

SIV =X T Pis (IV,54)

rie MHOMKHTeJIb Tt; [-r0 KOMIIOHEHTa B CBOIO OYepelib SaBHCHT OT ONTHYECKHX
CHJI @ ; JIHH3 H noKasaTesied TpeJoMJIeHHS n; CTEKOJA JIHH3, BXOAALLHX B
i-i KOMIIOHEHT: :

. _
"y = 2 -é; (IV,55)

CyMMHpOBaHHE TNPOH3BOAMTCH AN BeeX O JIHH3 I-rO KOMINOHEHTa.
Ilns a8y XKoMnoHeHTHOH TeJiecHcTeMbl M3 (IV, 54) noayuaem caenyiouee
COOTHOILIEHHE MeXAY ONTHYECKHMH CHJIAMH KOMIOHEHTOB:

Siv—=
Py = WR—.”‘ . (1V,56)

Hs paBencrra (IV, 52) nmeem:
(Fa — ™) o1t Spy — 7y

d =
#1( Sy — ®191)

(IV,57)

Paccrosinne s* Bripaxkaercs ciepyiomefi popmyJioi:

ro__ ﬂ(l-—?) .
e ——d S

Hs (1V, 53), (IV, 57) u (1V, 58) HaxoauM HcKoMoe:

T = %1 (S1v— ™1%1)
(Siyv—m191) — (1 — )2,

(Iv,59)

Takum o6pasoMm, KoadpdHiHeHT yKopoueHHs TesieoGbekTHBa T siBAseT-
¢l QyHKuHedA Sty H ONTHYECKOH CHJIBI ; MEPBOro KOMIOHEHTa.

OnpefiensmM MHHHMaJNbHO BO3MOXHble rabGapHThl TesJeolbeKTHBa. Pac-
cMaTpuBas BeIMUHHY T KakK (QyHKuHIO @, NPH 3allaHHOf 4eTBepTOi CyMme

3efinens Sy, us (IV, 59) nafinem npoussoanyio = H, MOJIOXKHB ee PaBHOMH
1
HYJIIO, HAXOJMMM 3KCTpeMaJIbHOoe SHaueHHe ¢i:
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()t
(=)=

910 3HayeHHe @, onpejesiseT MHHHMaJbHbE aGapHTH TeJeCHCTEeMbI:
T

(IV,60)

Piogerp =

(®g — ™) Progerp+ Sjy — ™ .

e
sxrerP Praxerp (Siv — ™1 Prexcrp)

- r

smc-rp = l - d’lC'rp ?l'lcl‘p ; (IV'GI)

1
T T e————
sECTD daxcrp ik Sacerp

Kak caenyer u3 (IV, 60), BelHUHHA @ youerp ABJAAETCH BELIECTBEHHON,
ecin Spv << Ty, Kak usBecTHO, npH CYylIECTBYOMHUX KOHCTaHTaX ONTHYEC-
KHX CTEKOJl MapaMeTp 7 MOMKeT NMPHHUMATDb JIHIUb MOJIOKHTE/bHbIe SHade-
HHSA.

Ecii nofoXuth f; = 7, = n, Bupaxenus (IV, 60) u (IV, 61) npu-
HHMAIOF NpOCTOH BHA:

\

Proxerp = 1 + m;
m
dst'l'D - (l+_m)’- H
, 1 (Iv,62)
Socors = T
1 12
Ttlc-rp = (l_:——;;z '

—

*rhe m =V|_ S;V .

Ecan Sw ==, u3 (IV,62) nmeem: m =0; @ gperp =1; dogerp=0;
Sxcep = 13 Toxerp =1, T. € TejecucTeMa BHIPOXKJIAETCH B OOGBIMHBIA
TOHKHI OJNHOKOMNOHEHTHHIH OGBEKTHB.

Y coBpemeHHEIX ONTHYECKH HaHGoJiee GOBEPILEHHHX TeJle06beKTHBOB 8
GoabIHM YrJioM foss speHus (okoso 30°) BesiMunHa Sy HMeEeT SHaueHHe
OKOJIO HyJisi, 9TO oGecrneduBaeT BO3MOMKHOGTb HEIPABNEHHS KPHBHSHBI
NOBEPXHOCTH H3o0paXeHHs. [laa nonoGHbIX TeseoGbeKTHBOB H3 (IV, 62)
HaXOmHM:

1
m=1; Puexcrp =2 dogerp= i §

w|w

(IV,63)

Talc-rp -

T. . JNHHA JuH30BoM TenecucteMbl L =d 4 s' B sKcTpemanbHOM eay-
yae cocTasJsieT 75% OT BeJHIHHH! (JOKYGHOTO pPaCCTOSHHSA NMpH JJHHE €a-
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MOro TeneoGbeKTHBa 0K0J0 25% OT BeJIHYHHBI eT0 $OKYCHOTO pacCTOSHHSA
3aMeTHM, YTO NpHMEHEHHe CXeM SePKaJ/IbHO-JHH30BbIX TeJe00beKTHBOB
(cM. § 7 sTofi rnaBH) mo3BoJsieT NMPHOJIH3HTENLHO B [iBa pas3a COKPATHThb *
o6ULYIO IJIHHY CHCTEMBI, HO MPH 3TOM B TPH-YeThipe Pa3a yMeHbILAEeTCs yrod
noss 3pedus: emecto 26—30° y JIHHSOBBIX Tese0OBEKTHBOB MOJy4aeM He
Gosiee 6—7° y TeJieOObEKTHBOB 3epPKaJbHO-JIHH3OBhIX. "

[Ip¥ oueHb MAJBIX YIJIaX MOJS 3PeHHS HET HeOGXOAMMOCTH CTPOro Kop-
PHTHpPOBaTh TETLBaJieBy KDHBH3HY NOBeP XHOCTH H306paXKeHHs H, CJIeloBa-
TeJIbHO, OKa3LIBAaeTCSl BO3MOXKHBIM JONYCTHTb CYLIECTBEHHOE OTKJIOHEHHe
Kos(anuenTa Sy OT HYJIeBhIX 3HaueHHH; NPH 5ToM raGapuThl TeNneoOnbeK-
THBa MpeTepreBaloT JajibHeMHllee COKpalleHHe.

B ta6a. 1V, 2 nprBefeHs oNTHMAaJIbHblE 3HAYEHHS FayCCOBBIX 3JeMeH-
TOB JIHH30BOTO TeJieOOBEKTHBA, COOTBETCTBYIOIIHE Pa3JHYHBIM BeJHYHHAM
Siv, BouncaeHHsle us (IV, 62).

Ta6auna IV,2

9KCcTpeMaNbHBlE SHAYEHWA TAYCCOBLIX 9/EMEHTOB KaK QYHKUHH Sy

SIV = 0 —x —2= —3= —Ar —5n —6=
- 1,000 | 2,000 | 2,414 | 2,730 | 3,000 |3,24 3,45 | 3,64
d 0,000 | .0,250 0,243 0,232 0,222 | 0,21 (0,21 | 0,20
s 1,000 0,500 0,414 0,366 0,333 {0,31(0,29]0,28
T 1,000 1,333 1,520 1,672 1,802 | 1,92 | 2,02 | 2,11
L 1,000 0,75 0,657 0,598 0,555 | 0,52 0,50 | 0,47

4 - -

OG6patiaem BHHMaHHE, YTO Jax<e NOJHbIA OTKa3 OT KOPPEKUHH KPHBH3HEI
nons (4T0 JOMYCTHMO y TeJeoGbeKTHBOB JIHIIb NMPH MojasAX spenus 1—2°
W TPH OTHOCHTJbHHX OTBEPCTHAX OKoslo 1: 15—1 : 20) nosBoase? FAdy
i aq e T B - = =k I e et - §ore
&pourn TeneobberTHB, y KOTOpSFo obman Anina L =d 4 s’ cocTaBjiser
uib oKosio 50% 6T BerurHb OKYCHOro paccTosiHus. K18 Tabuisl TakKe
C/lelyeT, uTo nepexojl K TeJieoGbeKTHBaM C HCNPaBJIeHHOH KPHBH3HOH noJIs,
(Siv = 0) NpHBOAMT K BO3PACTaHMIO MX ra6apuToB 10 75% OT BE/IHYHHEL
(poKycHOrO pacCTOSIHHA.- -

IleficTBUTeIbHO, MHOTOJIETHHE Pa3spaGOTKH H HCC/eloBaHHS Tesaeols:
eKTHBOB, BHIMOJHEHHBIE Y Hac M 3a pyGexoM, MOATBEPAMJH STOT (aKT.
ONHAKO 5TH e HeceloBaHHs NOKa3ajH, YTo Y NOJOGHBIX Te/le00beKTHBOR
He MOXeT GLITh HCnpaBJeHa aGep pauns AMCTOPCHH. B HAHIYUIIHX H3BECT-
HBIX CTapbiX TeJeaHacTHIMaTaX JQHCTOPCHS JOCTHrajia 5—7% npH yriaax
nons spenus 26—30°. OnHO Bpemsi Jake Kas3aJioch, YTO MPHHUMOHAJIBHO,
HEBO3MOXKHO B NMPOCTEAIUMX ABYXKOMNOHEHTHHIX TeJeOGBEKTHBAX KOPpPH-
THpOBaTh KPHBH3HY NOJIS H JHCTOPCHIO OHOBPEMEHHO.

Pauvona/ibHEIE NYTH CO3JaHHS OPTOCKONHYECKHX H aHACTHFMaTH4eC-
KHX TeJeCHCTEM C HCNPaBJeHHOH KPHBHSHON NMOBEPXHOCTH H30fpaxeHus
6uaM B HauaJe 40-X rO0B HaMeueHHl HeMelKHM ONTHKOM JA-poM PuxTepowm,
pa3paGoTaBIIMM OpTOCKONHUeCKHe TeneoGbekTHBbl «Tenukon» (pupma
«lekicc») 1 aBTOPOM, paspaboTaBIIHM TEOPHIO H METO/L pacyeTa OPTOCKONH-
yeCKHX M NMJaHAHACTHIMATHYeCKHX TeseoGbeKTHBOB [3] H BRINOAHMBLIEM B
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1940—1943 roaax cosmectHo c IlI. TTesaruukoBoft u M. [lepcunoii paspa-
GoTKy rpynnul Tesieo6beKTHBOB «Tesemaps, a B nanbHefiwem (1954—1956)
rpynnsl emle GoJiee COBEPIIEHHBIX «HePaCCTPaHBAIOMIAXCA? TeleOGbEKTHBOB
«/IeHHHTpaj» /i a9POCHEMKH. -

JleACTBEHHOCTD STOH TEOPHH M METONHKH pacueTa Gbila MOATBEPXJeHa
HaMH NpH paspaboTke GoJiee COBepIIEHHHIX ABYXKOMIOHEHTHHIX ILECTH-
JIMH30BLIX TesieoOBbeKTHBOB «Teseronp». HeKoTopule pesysbTaThi STHX
pa3paGoToK H3JjioxkeHHl B raaBe VI. 3gech e KpaTKO OCTaHOBHMCS Ha
pe3iOMHPYIOIIAX pesyJbTaTaX Hccaenopanui [3]. Buuio nokasauo, 9To BhI-
6op NpH NPOEKTHPOBAHMH TeJeOGHEKTHBOB OTNPABHBIX SKCTPeMAaJbHEIX
SHauYeHHH rayccoBuX sjemenToB (1V, 63) sBifeTcs OWLIMGOYHBIM, TaAK KaK
MPHBOJHUT K ONTHYECKOH cXeMe TeleoGbEKTHBA, B KOTOPOM, B 4ACTHOCTH,
HEBO3MOXXHO KOPPHIHpOBaTh abeppalHio JUCTOPCHIO.

Jns mocTHeHHMsi BHICOKOA KOPpeKUWH BceX aGeppaunii, BKJIOuas

IHUCTOPCHIO, HEOGXOAMM MNpexie BCero pallHOHAJNbHBIA BHIGOP OTHpPaBHEIX
rayCCOBBIX 3JIeMEHTOB TeJIECHCTEME! C OTCTYIJIEeHHeM OT HX SKCTPeMaJbHbIX
snavennit (IV, 63); cymecTBeHHHIM MapaMeTpoM NpH peLIEHHH 5TOil 3aja-
YH SABJISETCS NPaBHJbHLIA BHIGOD ONTHYECKOR CHJBI @, MepBoro Kommo-
HeHTa. ‘
Teopus aGeppaunii nokasmiBaer, 4TO NPH YCIOBHH KOPPEKIHA BCEX
MOHOXPOMaTHYeCKHX abeppauuit Tpethero nopsaka (S; =Sy = S =
Stv = Sy = 0) ocHOBHble nmapaMeTpsl KOMIOHEHTOB OKa3blBAIOTCH Clie-
NYIOWHMH QYHKUMSAMH NapaMeTpa qq: —

Py =203+ (@ — )% l
Wy {8t (=1,
_—2(3.4'.,55@1_:5)‘??4-[2(2+ﬂ]71+]]?l \

: (IV,64)
(p1 —1)°

Py

Wy =224 c—@+m) gl

o
Insi skcrpemanbroro pewenus (IV, 63), T. e. NPH @youcrp = 2, HMeeM:

. P =2(x+3); Wy=—(x+3); P,=2(4n+9);
Wy=—2(x + 4). o (IV,65)

TpeGoBaHHsI K OCHOBHOMY NapaMeTpy BTOPOrO KOMNOHeHTa P, mpH
npocToil ero onTHYecKof cxeme NPaKTHYECKH Hepeasiu3yeMbl; OJHAKO JOC-
TATOYHO HECKOJIbKO YMEHbIUHTb YHCJIEHHOE SHaueHHWe @,, H BeJIHYHHa P,
GuicTpo yMeHbIIHTCS. [IpH 5TOM HeCKOJIbKO BO3PacTeT AJHHA TeJeCHCTEMbI.
OcranoBuMcst mofipoGHee Ha pauHOHAJbHON 06GJacTH pelleHHH — oONTH-
MaJIbHOH He TOJIKO C TOYKH 3PEHHs NapaKCHAJbHOH ONTHKH, HO H TEOPHH
abeppauuit TpeTbero nopsiaxa. _

Hs dopmya (IV 57) u (IV, 58) Haxonum BeipaxeHHe L JVIHHBI TeJecuc-
TeMBl NIPH YCJOBHH Siy = O:

L= (?f— 1 )2+p‘P1

e}

(1V,66)
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e p.= 1. MuHHMANbHAS MIHHA TeNOGBeKTHBA L., onpexeautcs

us (IV, 61):
Lyap=1——p. ~ (VD)

OnpenenuM yATHHEHHE TeJIeCHCTEMBl IPH OTKa3e OT BLIGOPa 9KCTPeMaJibHO-
ro 3Ha4eHHA ANA BAHYHHOL Qrocqp. K3 (IV, 66) u (IV, 67) naxomum:

27
— o
_ L—lewew _ [(p M ?1] . (IV,68)

L 1
SKCTP ' 4P[1—TP]

Mpu =, = 7, = BeMuMHAa p =1 M OTHOCHTENbHOE YyAaHHeHWe O
onpefeaurcss U3 GHOpMyJILL:

N % (1 = i)’ 100% . (IV,69)

1

B Ta6n. IV, 3 npuBeneHs 3Hauenus §, onpenenéHHble s psia 3Hade-
HHil 4 (BOJIHM3H 3KCTPeMabHOrO SHAUeHHA ¢ = 2).

Ta6nuna IV,3
3Ha4eHHa napameTpa & KaKk QYHKUHH @

?1 | 1,50 - 1,60 : 1,7 2,00 2,50 3,00
1
5 9% 3,70 2,08 0,67 0 1,33 3,70
0,444 0,391 0,327 0,250 0,160 0,111
s’ 0,333 0,375 0,428 0,500 0,600 0,667
L 0,777 0,766 0,755 0,750 0,760 0,778

Paccmorpenue TabJHIbI TOKA3LIBAET, YTO NPH H3MEHEHHH onmqecxo]fl
CHJIbI IePBOrO KOMMOHEHTA ¢ B IOBOJIbHO HIHPOKHX Mpefiesax obuias AJaH-
Ha cucTembl L = d 4 s’ Bo3pacraer He Gosiee uyem Ha 3—4%. Mexny tem
B CHCTEME CYMIECTBEHHO H3MEHSIETCH PacnoJioKeHHe KOMIIOHEHTOB OTHOCH-
TeJIbHO (OKaJIbHOM MJIOCKOCTH H APYT Apyra.

Kak cnenyer u3 popmyini (IV, 64), eciin npHHATL YHC/ICHHBIE SHAYSHHS
@1 (BMECTO SKCTPEMA/IbHOH BE/IMYHHB @ 1oxcep = 2) B Mpefesax

1,b<e,<1,7, (1v,69)

TO Bce BesiHYHHEI P 1 W OCHOBHBIX MapaMeTpoB KOMIOHEHTOB TeJle00beK TH-
Ba OKa3LIBAIOTCH B NpefleslaX NMpaKTHYeCKH peasiM3yeMbiX SHaueHHH, 410 H
ofecneqynBaeT BO3MOXKHOCTb CO3laHHSI HE TOJIBKO alJIaHATHYECKHX H aHa-
CTHIMaTHYECKHX, HO H OPTOCKONHYeCKHX TesleoObeKTHBOB; MPH STOM BO3-
pacTaHHe JLJHHEI TeJeCHCTeMBl He npeBbiaeT 2% OT SKCTpeMaJbHOrQ 3Ha-
YEHHSA Lygonp. '

dra obsiacTh peileHHil, KaK MoKasaJi Hall¥ MCCJEIOBaHMA NpPH pa3pa-
GoTke TeNeoObeKTHBOB «Tesemap», a Mo3jHee HePaCCTPAHBAIOUHXGH TeJe-
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06bekTHBOB «/Ienunrpan» u «Teneroup», ABAseTCs 06/IACTHIO ONTHMAJbLHO
He TONbKO C TOYKH 3PeHHs NapaKCHaJbHOH ONTHKH, HO M TeOPHH aleppa-
uuii. Tam xe [3] npuBoaHTCS aHANN3 XPOMATHUECKUX CBOWCTB TesleoObeK-
THBOB, a TaKXe MaJoraGapHTHHIX TeJeCHCTeM C HeHCNPaBJeHHOH KPHBH3-
HOM TOJfl M acTUrMaTH3MOM. _

He menbinee sHauyeHHe M BeCbMa IUHPOKOE PACPOCTPAHEHHE MOJYUHJIH
TeNle00BeKTHBLI MaJIOTO TesleyKopodeHHs T, HO NOBBLIILEHHOH CBETOCHJBI.
THOHYHEIM NpeJICTaBHTeIeM STHX CHCTEM SIBASIETCS FPyIna Tesieo6beKTHBOB
«Taup», HalleAIINX NpHMeHeHHe B JIIOGHTeJNbCKOR M mpodeccHOHaNbHOMR
(ororpaHH, KHHeMaTOrpaHH, TeJIeBHACHHH H JAPYTHX objacTax.

HopManbHble JHH30BEIE TeNeOOBEKTHBE — AaHACTHIMATHI HMMEIOT 06-
myio JHHY, He npesbilatomyio 80—86 % ot Be/lnuHHB HX (OKYCHOrO pac-
o ' PR — CTOSIHHSI; IJIHHA CBETOCMJILHBIX TeJe-

i 00beKTHBOB jocTHraeT 90—95% ot Be-

JAHYHHBL KX QOKYCHOTO paccTosinus. [1pu

| , 9TOM BeJMYMHbl OTHOCHTE/ILHBIX OTBEp-
Hor IF cruii 1 : 4—1: 3, a B HEKOTOpHIX cJy-
# yasx 1 :2,8—1:25, B To Bpems Kak
Twiii [Ancaad OTBEPCTHSI HOPMAJIbHBIX TeslecO'beKTH-
KOMROKENTT\KGHRENCTmEN BOB OCTalOTCA B mnpefiesiax 1:7—1:5
Ty H JHIb MHOTAA JOCTHUTAIOT SHAYEHHH

.L a 1:4,5.

I/iccne,tl.onaﬂne H paspaboTKa Tese-

PHe IV non e <Tanps 0™ O6THEKTHBOB NOBBIIEHHON CBETOCHIb Gbi-

Jau Hauatohl B 1941—1942 ropax, xorga

peluajuck 3ajiauyM CO3NAaHHsA HaseMHOH (oToamnapatypsl ANs (OTOperu-

CTPallHH BechbMa yJaJieHHBIX OGBEKTOB B YCJOBHAX MOHHMKEHHBIX OCBElleH-

HocTH B cymepKaX. Ocenbio 1943 rona aBTopoM GOwiia paspaborana onT-
yecKasi cXeMa CBETOCHJILHOH TesiecHCTeMBl «TaHp».

Bosbluas rpynna coBpeMeHHHX aHACTHIMATOB NO CBOHM ONTHUECKHM
cXemaM MO:KeT ObITh pacCMaTpHBaeMa KaK CJIOXHble KOMOHHAUWH H3 IBYX
MOJIOBHHOK, KaXK/lasi H3 KOTOPLIX Yallle BCero NpeACTaBJsieT B CBOIO 0Yepe/ib
ABY XKOMIOHEHTHYIO CHCTEMY, OAHH H3 KOMMOHEHTOB KOTOPOH sIBJsieTCS
TOHKHM, a.APYroii — KOMMOHEHTOM GOJbILOH TOMIHHEI, KOMIOHEHT GOJb-
1IOH TOJIIIHHEI, YAacTO HMelomHH GopMy MPOCTOro HJH CJAOKHOIO MEHHCKa,
CHYXKHT B CHCTeMé IJIaHAHACTHIMATHYECKHM KOMIIEHCATOPOM KPHBH3HKI
MoJis M acTHrMaTH3Ma. KakK TOHKHH KOMMOHEHT TaKoro AyMJeTa, Tak H
[JIaHAHACTHIMAaTHYeCKHH KOMMEHCAaTOp MOTYT ObITh CNOXHBIMH KOMGHHa-
OMAMH H3 HeCKOJBKHMX CKJEeHHBIX HWJIH HeCKJeeHHLIX JIHH3.

Tako#t 0606iennslil AynJeT, KaK MoKa3ajau ucchaefoBaHus [3], moxer
OLITb KOPPHI'MPOBaH B OTHOLIEHHH BCEX MOHOXpOMATHYeCKHX abepparuii
(nckmouas gucropcuio). [IpHXoaUM K ONTHYECKOH CXeme CHCTEMBI «[aup»
(puc. IV. 15).

Cucrema THna «Taup» onpejensieTcs AecATbIO MapaMeTpaMH: Tpems
BHEIIHHMH S/leMeHTaMH (ONTHYECKHMH CHJIAaMH TOHKOIO KOMIMOHEHTa g,
MeHHCKa @ » U paccTosiHHeM d MeXAy HX [JIaBHBIMH IJIOCKOCTSIMH); Tpemst
ONTHYECKHMH KOHCTPYKTHBHLIMH 3JileMeHTaMH MEHHCKa (ero TOJIUIMHOH da,
TNoKasaTteJeM [MpeJOMJeHWs MaTepHaja n, PajHycoM MnpeJoMJsiolledn
TMOBEPXHOCTH Iy, TAK KaK BTOPOH pafiMycC 7y CJAeAyeT H3 3HAUYEHHA gum ) H
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ueThlpbMsi ~ aGeppalHOHHHIMH  MapaMeTPaMH TOHKONO  KOMINOHEHTa

TesieoGbEKTHBA.
3’1'!»! napaMeTphl B3aHMOCBSi3aHbl BOCEMLIO yCJ]OBHHMH:

1. Ycnosue maciuraba:

Pt oy —dey =1 (IV,70)
2. Ycnosue [Tetusans:
Sy=me+ 1o, av.,7

3. Ycnoue BHIGOpa ONTHYECKHX KOHCTAHT CTEKOJI TOHKOTO KOMIOHEHTa
H HX CBSI3H C napametpamH m, u Ci:

(v‘ v') ”(1 I)C

— |7 Ve V| T 1

Ty o=l e Bl .y (IV,72)
Vg— Vg

TAe Ny Vg H 1) ¥, — NOKasaTe/H MPEJOMJIEHHS H JHCIEPCHH COOTBETCT-
BEHHO MepBOH H BTOPOH JIHH3 TOHKOrO KOMIOHEHTa.
4. YcnoBue axpomarH3auud menucka {3l:

r—ry X L’;g__l_ s - (Iv,73)

MPH BLINOJHEHHH KOTOpOro, a TaKxe NPH aXxpoMaTH3allHH TOHKOIo KOMIIO-
HeHTa (C; = 0) cucremMa B Ue/ioM cTaGHJIBHO aXxpoMaTH3YeTcs.
5. BoipakeHHe ONTHYECKOH CHJILL @ aXPOMATHUECKOrO MEHHCKa:

oy~ —-(KL)’ A (IV,74)

n ry7g

6. YcnoBHe HcnpaBiieHHs chepHdyeckol aGeppallHH CHCTeMbl JJia Gec-
KOHEUHO YAAaJIeHHOH TUIOCKOCTH MPEIMETOB:

S,,=5" 437 —ofp, +3% =4. (1\/,75)I
7. YcnoBHe HCNPaBJEHHS KOMBI:
Siw=Sy +37 =¢ W, +8) =B. (1V,76)
8. YcaoBue HCMpaBJICHHA aCTHIrMaTH3Ma.
Sie =S +Sii =¢+ S:?l) +C. (Iv,77)

B 4HcJ/I0 9THX yCIOBH# Mbl He BK/IIOYH/IH KOPPEKUHIO RHCTOPCHH (Sve =
=0), TaK Kak B cHcTeMe «Taup» OTCYTCTBYIOT mapaMeTpHI, MOTYLIHe ee
MOJIHOCTBIO KOPPHTHPOBaTh, H 5Ta afeppaums, NOJOKHTENbHAA MO 3HAKY,
HeH30eKHO NPHCYTCTBYET.

JlBa ocraBiIMXCs CBOGOAHBIMH MapaMeTpa MOXHO HCIOJL30BaTh B Ka-
YecTBe He3aBHCHMEIX NepeMeHHEBIX; TAKOBBHIMH MPHHATHI NepeMeHHkbe n | d.

[Ipeanosioxus, 4To MJIOCKOCTb NpeaMeToB GECKOHEYHO yAaleHa (5, =
= —00), a IJIOCKOCTb BXOJHOIO 3padyKa COBMeLIEHA C TOHKHM KOMIMOHEH-

340



TOM (x; = 0), DPUXOAUM K CJENYIOUIHM BhIpaXKeHHAM A5 Ko3pHUHEHTOB
abeppauri (cM. raasy II) Bceft cucTeMbi:

Stw = Py+emf,[m* S' — 4m S 4 238 +
+SW)y+m—381=4; (a)
11m=‘P?W1+em[m2d3““)—m(4d_f;)sl(:'§:.+

+@d—f) GBS, + S )—@d—F) =B; (9

S

(IV,77")
S P [1 +dimte "((" +,;: K* + 2dm (2d —

f:)% K+[(6d—f)m+d=9uf,]—-—+

n(n—1)

+ 2dm (21 "'+ D a1 —m)g, — 2md},=c, ®)

Il o0

r 1 r
rae f, ] fu—=— ? ; Sim . simh - SUM) __ wospdunmentr aGeppa-

uMit MeHHMCKa TNpH GeCKOHeYHO YAaJeHHOM TIJIOCKOCTH NpeAMeTOB M
NpH BXONHOM 3payKe, COBMEILEHHOM C MNepefHell IJIaBHOH MNJOCKOCTBIO
MeHHCKa (x; = fm):

nry . d—f; * 1 .
= I fi—(d=ty)"
v/ =
K= 2 .

MoxHo nokasath [3] cymecTBoBanHe npPHOAHIKEHHBIX 3aBHCHMOCTe:

M) o n(nt1) (M) oy 1 ;
Slw (n_ l}z Kﬁ Sllm ~ (l‘l—— l)’ K'

M) 1 . Sitm _ n+ 1
1l n(n—1) ' v 5

[Mpu BuiBoAe dopmya (IV, 77') xospduunent cqaepnqecxoﬁ abeppaliHu
B BEIXOJIHOM 3pauKe S(x’"’ 6bLL1 IPHHAT PaBHLIM HYJIO, B JONYCTHMOCTH Yero
MOXHO YOENHTbCA M3 aHA/NH3a BHIPAXEHHA:

ngm) (n+ 1) (1 4+ n—n? d

nd (n— 1)?

Kpome Toro, Bhpaxenue AJMA Sie (IV, 77', 8) — npubiukeHHoe;
OHO KBaJ[paTHYHO OTHOCHTEJbLHO mapameTpa K H, TakHM oGpasoM, pacyer
cHcTeMbl «TaHp» BRIMONHAETCS B\Cefylolleli MPOCTOH NOC/IeN0BaTeIbHOCTH:

1. [Ipu BHIGpPaHHBLIX CTEK/JaX TOHKOrO KOMIIOHEHTa, 3aJaBIUIHCh He3aBH-
CHMbIMH mapameTpamH n u d, Haxogum nt (1V, 72) npu 3apaunbix C, (06bM-
Ho Cl = 0) H Sy,
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2. Us yenosuit maciura6a (1V, 70) u INerusana (IV  71) onpenensitores
Pr1HPy- e
3. 3apaBasch Sme = C, H3 KBaapaTHOro ypasHenus (IV, 77', )
onpegnensierc K, -a saTem TOMIHHA MeHHCKa dpy. :
4. W3 coBMecTHoro petleusi ypasuennii (IV, 73) u (I1V, 74) onpenens-
1o pafiMyChl OBePXHOCTeH MEHHCKa 7y U 1y, a M3 (IV, 77° a) u (1V, 77,
6) — ocHoBHbie NapameTpsl Py H Wy TOHKOTO KOMIIOHEHTa, COOTBETCTBEHHO
3a/laBaeMbIM B nepBoM NpuG/nxKeHHH BesuunHaM A B ¢ yueTom onTHuec-
KHX XapaKTepHCTHK CHCTEMbl; 3TH BeJHYHHBEI YTOUHSAIOTCS BO BTOPOil cTa-
AMM pacyeTa — TIocJle onpejiesieHus1 abeppanuil BHICIUKMX NMOPSAKOB HA OC-
HOBaHHM pacyeTa Xofa JydeH:

S, . =~02 S, ~—005 §,_  ~003 S,=0l

Jns ymeHblIeHHs aGeppalinii BHICIIHX MOPAJKOB PaLM@HAJLHO B TOH-
KOM KOMIOHEeHTe MPHMEeHATh TAXeJible KPOHEI B COYETAHHH C TAKENbIMH
(GaMHTaMH HaM, Hao6opoT, JlerkHe KPOHBI B KOMOHHALMH C JIeTKMMH GJIHH-
TaMH. MapKH cTeKoJl, MpHMeHAeMble B MEHHCKe, TOJIXKHBI HMETh BOSMOMHO
MaJiblii TOKa3aTeb MpeJIOMJIEHHs 7. YBelHueHHe pacCTosHHsS d Mexny
TJIaBHBIMH TMJIOCKOCTSIMH KOMIMOHEHTOB NPHBOAMT K Jydiied KoppeKuHH
OCeBbIX NMYYKOB, HO MPH 3TOM BO3pacTaloT aGeppauud KOMBI H acTHIMa-
TH3Ma. :

Ontuyeckas cxema «Taupa», o6afias HCKJIIOUHTEIBHOMA MPOCTOTOH, obec-
ne4uBaeT clefyionue 06J1acTH BO3MOXKHBIX ONTHYECKHX XapaKTePUCTHK: Y
AuHHODOKYCHBIX cHCTeM ¢ (hoKycHbIM paccTostHHeM A0 1000 #.um OTHOCHTe b=
Hble OTBepCTHA He npesbimaior 1 :5—1:4 mnpu nonsx spenns okoJo
-10°; y 0OBeKTHBOB cpellHHX (oKyCHBIX paccrosiiuit (200—300 ) oTpepc-
THSL MOTYT AOCTHIaTh 3HadeHu# 1 :3,5—I1 : 3 npu noasx spenus fo 15°
H Yy KOpoTKOoGoKYCHbIX cHcreM (50 — 150 u) — 3Hauenwmit 1 : 2,5 npu no-
Jaax 3penuit go 20°
. Tlpu ycnoxueHHH (POHTaALHONO KOMIOHEHTa — TIPUMEHEHHH TpeX-
H YeTHIPeX/JIHH30BOH KOMOWHAUWH, a TaKiKe NMPH TNepeXofie OT MPOCTOro
OTPHLIATE/ILHOrO MeHHCKa K GoJiee CJIOXKHOMY KOMOOHEHTY OTHOCHTE/bHOE
OTBEpCTHE CHCTeMbI MOXeT ObiTh MoBEIleHO oT 1 : 1,5 u Gosee. ’

3a nocjiefiHHe TOALI ‘HA OCHOBe 3TOH ONTHYeCKOH cXeMbl GLUIO CO31aHO
MHOT'O BapHaHTOB OOBEKTHBOB Pa3/IHYHBIX XapaKTePHCTHK AIa doTorpadu,
KHHemaTorpaduH H TelieBjenus (cM. raaeel V 1 VIII), a passurue koHeT-
PYKTHBHOH HJeH 5TOH CXeMbI PHBE/NO K BLICOKOKauecTBEHHBIM anoxpoma-
tam «Ano-Taup» (cM. raaBy IX).

§ 7. 3EPKA/IBHO-JIMH30BBIE OB BEKTHBbBI —
CBETOCHUJIBHBIE H OJIHHHO®OKYCHBLIE
¥YMecTHO NpHMeHeHHe 3epPKaJbHBIX HJIH 3ePKaJIbHO-JHH30BLIX CHCTEM
B JBYX CJy4asX: 4
1) ans cospanus 0co60 CBETOCHJBHEIX 3epPKaJIbHEIX OOBEKTHBOB C Ma-
JIBIMH noJ1siMH 3peHHs (1—2°) W 3epKaJIbHO-THH30BBEIX CHCTEM CO CpeiHHMH
(5—6°) u Gosnbmumu (25—30°) nosnsiMH 3PeHHS;
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2) aas cosfanus 0co6o ATHHHOPOKYCHBIX 3epKa/lbHBIX Te/Ie0GBEeKTHBOB
¢ MaJeiME nosisiMd 3penns (0,5—1°) H 3epKaJIbHO-IHH30BEIX CHCTEM C MO-
JAsMH 3SpeHHs jo 4—5°.

Me! ocTaB/IsieM B CTOPOHE PacCMOTPeHHe YHCTO 3epKasibHBIX CXeM 00b-
eKTHBOB, TaK KaK NPaKTHYECKH He PealH30BaHbl BO3MOMHOCTH CO3JIaHHSA
Ha HX OCHOBe OGBEKTHBOB-aHACTHI'MATOB C JOCTATOYHO GOJBLIMM MOJieM;

- laXKe Ha OCHOBE MPHMEeHEHHs CXeMbl By X3ePKaJIbHOH CHCTeMB!, COCTOsIIeH
M3 BOTHYTHIX acepuuecKHX 3epKan (cucteMa Tuna I'peropu), B 1905 roxy
IllBapnmuibaoM GBIl PACCYHTAH anJiaHaTHYeCKHH O0BbeKTHB C OTHOCHTE/b-
HbIM_OTBepCcTHeM | : 3 M C MaJjbiM MOJIEM 3peHHs (mmwb okono 2°), ¢ H30-
GpaXkeHHEeM, PACIOJIOMEHHBIM BHYTPH CHCTeMbl, T. €. MeXAy 3epKaJiaMH.

Puc, IV, 16. OntuueckHe cxeMBl OCOGOCBETOCHAbHBIX 3@PKAJILHO-THHIOBBIX
cHcTeM: a — limuara; 6 — Bayspca; @ — Boaocopa— BaGumuuesa

B HecKoJibKO Jy4illeM pelleHHH TaKiKe JIBYX3epKaJbHOA CHCTEMBI,
cocTosilled W3 ABYX acepHYeCKHX 3epKaJ — MaJIoro BHIMYKJIOro U GoJib-
woro BorHyToro (cucrema tHna Kaccerpena), — yaanoch A. KpeTbeny
(Tapux) B 1922 rony A06GHTLCS MOJS 3pEHHSI OKOJIO 4° NPH OTHOCHTENLHOM
OTBEpCTHH OKoJio 1 : 7. .

CosjlanHe aHAaCTHIMAaTHYECKHX CHCTeM TpeGyeT BBeIeHHs JIHH30BHX KOM-
MeHCcaTopoB, Ha3HaYeHHe KOTOPbIX — KOMIIEHCHPOBaTbh OCTaTOYHbe abep-
palliy 3epPKaJbHON YacTH CHCTEMBI.

C HEKOTOpOIii YCJIOBHOCTBIO MOXKHO YKa3aTh TPH OCHOBHBIE PYMMbI 3ep-
KaJ/IbHO-JIHH30BBIX CHCTEM:

1. Cacremsl, HMelONHe PACTIOJOXKEHHYIO B lieHTpe cepHYecKoro 3epKa-
Jia, KOPPeKUHOHHYI0 achepHuecKylo miacTHHKY (cucrembl B. IHMupra,
puc. IV, 16, a), uIH KOHHYECKYIO JIMH3Y, DACIOJOXEHHYIO MO3aiH KOH-
LEHTPHYECKOTO BHINYKJIOro MeHHcKa (cuctembl A. Bayspca, puc. 1V, 16,
6), WM KOHMYECKYIO JIHH3Y BHepelH BOTHYTOTO KOHUEHTPHYECKOTO MEHHC-
Ka (cucremnb [1. BonocoBa — B. Babunuesa, puc. 1V, 16, 6).

Bce 3TH cHCTeMbl 03BOJISIIOT JOCTHTHYTh 0CO60 GOJILIUHX OTHOCHTEJb-
HbiX OTBEpPCcTHH — Jo 1 : 0,7, npH noasx spexus 25—30°; Bo Bcex cHcTe-
Max MNOBePXHOCTh H300paXkeHHs — BLIMYKJas chepHyecKass ¢ pafuycom
KPHBH3HbI, paBHbIM GOKYCHOMY paccTosHHIo o6bekTHBa, CHcrema B. Ilmua-
Ta o6/lajiaeT XopouleHd KoppeKlHeH B IeHTpe MoJisi H 3HaUHTeJNbHbIMH abep-
pauMsMH Jyyeldl IIMPOKUX HAKJIOHHBIX MYyYKOB, GHLICTPO BO3PACTAIOWIMMH MO
nosio. OcrajbHEe iBe CHCTeMbl COXPAHAIOT BLICOKOE KauecTBO H3o6paike-
HH$ MO MO0 H MO ONTHYECKHM CBOFCTBAM MOYTH SKBHBaJeHTHHI. Cyliect-
BeHHO MeHbIIHX raapuros cucTema JI. BosocoBa — B. Ba6uunesa,
AJIHHA KOTOPOH npHOJHSHTENbHO Ha Y/, MeHblie cHcTemul A. Bayspca.
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- 2. Cuctembl, y KOTOPHIX B MapaJjule/lbHOM Ny4Ke Jydeil Bnepeny chepH-
YEeCKQro 3epKaJjia PacrnoJioxeHhl JJHH30BbIe a(hoKabHble KOMIIEHCATOPHI Che-
puyeckoit (opmbl. JIBYX/IHH30BLIH adOKaNbHBIA KOMNEHCATOpP, MPHMeHeH-
HBIM B cCHCTeMaX pas/iH4YHBLIX BapHaHTOB B 1942—1943 roxax II. BosiocossiM,
I. Taasnepuom u III. INevatuukosoii [3].

<"t Adoka/bHbIi KOMIEHCATOp, B IHH3aX KOTOPOrO NMPHMEHEHH OAWHAKO-
Bhie MapKH ONTHYECKHX CTEKOJ, COXpaHsSeT anoXpoMaTHYecKue CBOHACTBa
M XOpollo KOppHTHpyeT chepuyeckyo abeppauuio H KoMy cdepuyecKoro
3epKasa 0 OTHOCHTeJbHEIX oTBepcTHil 1 @ 1—1: 1,4; pa3memenne B6IH3H
MJ0CKOCTH H300paXKeH s NOJIOKHTEIbHOM JIMH3bI I03BO/IAET IPH COOTBETCT-

g Doranshas
ﬂM.‘.;a:mM'm

¢ Pac. IV, 17. 3epKanLHO-NHH3OBHE CHCTEMH €O cdepHuecKHMH NOBEPXHOCTAMH]
a — Boaocopa — I'anvnepna — [NewaTHHkoBofl; 6 — MakcyToBa; & — Buna

ByloleM paccTossHuu adoKanibHOrO KOMMEHCaTopa OT 3epKajia KOpPHIHPO-
BaTh aCTHrMATH3M MPH MJIOCKOH NOBEPXHOCTH H300paxKeHHs 10 YIJIOB MoJst
13—14°; npu 9ToM . obumias ANMHA CHCTEMBI HECKOJLKO NMpeBHIaeT ee
(okycHoe paccTosiHHe. ‘ ’
- CHeTeMbl ¢ axpoMaTHYeCKHM MEHHCKOBBHIM KOMIMEHCAaTOpOM, PacnoJio- .
MeHHLIM BrepeAy chepHdecKoro sepKaja H KOppHrHpYIOIIHM chepHUecKylo
abeppauuio H KoMy nocnennero (puc. 1V, 17, 6). Cucrema Ouia npeano-
xena JI. MakcytoBriM B 1941 roay. [IpaMeHenue MeHHCKOBOrO KOMIIEHCa-
TOpa CJeflyeT CYHTATh PAllHOHAJIBLHEIM B CHCTeMaX ¢ (OKYCHBIMH pPaccTos-
HHAMH 10 1—2 M npu oTHOcHTeNbHHIX OTBepcTHAX Ao 1:2—1 : 3 u Gonee
JNHHHOMOKYCHBIX — MpPH COOTBETETBYIOIUX MEHBIIHX OTHOCHTEJIbHBIX
- OTBEPCTHAX.

®ororpaduueckue o6nvektnsr THNa MTO u 3M (cm. raasy V) sBasioT-
€ Pa3sHOBMHOCTHIO MEHHCKOBBIX CHCTEM.

K cxemam 5T0ii e rpynnel MoxeT ObiTh OTHECeHa KaTaJHONTPHIeCcKas
cucrema Buna (puc. 1V, 17, 6), Bce nMoBepXHOCTH KOTOPOH HMEIOT TaKxke
chepuueckyio dopmy.

3. CucTeMEl, B KOTOPHIX JHH30Bble KOMIEHCATODPE PaclosiokKeHbl B
CXOAsMUXCs mydKaxX Jydeil mocse 3epKaabHoi wactH. B 1933 rony Pocc
ycTaHoBHA adoKa/ibHBIN ABYXJIMH30BbIA axpoMaTHYeCKHH KoMmeHcaTop B
CXOAALIEMCA NMyYKe Jydel, OTpaXKeHHHX OT napaboJiHuecKoro sepkasa Ans
UcnpaB/ieHHs KoMel Mocaefnero; B 1934 roxy B. UypusioBckuii momecTua
. ABYXJIHH30BbIf aoKasibHBI KOMIEHCATOpP B MyuKe Jiy4deH, OTpaXKeHHbIX
ot chepHyecKoro 3epKaJia HiH ABYX cheprueckux sepkan (B cxeme Kacce-
rpena), Ans ucnpasieHus Bcex aGeppaumii cucreMs (puc. IV, 18, a).

pHUMeHeHHe 3ToH CXeMbl PALHOHAJbHO B ANHHHOQOKYCHBIX CHCTeMax ¢
(OKYCHBIMH DACCTOSHUAAMH B HECKOJIbKO METPOB H OTHOCHTEJIbHBIMH OTBEp-
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cruami 1 :7—1:5, HO MpH cpaBHHTE/NbHO HEBHICOKHX TpeGOBaHHAX K
Ka4ecTBY ONTHYECKOro H306paMeHHs. -

CucreMbl, B KOTOPHIX JIMH30BLIA He adoKa/bHBIA KOMIEHCATOp pacro-
JIO}KEH B CXOAsAIIEMCs MydKe JydeH nocse AByx acepHUeCcKHX 3epKaJ THlla
Kaccerpena (puc. 1V, 18, 6), MOryT GbiTh NpHMeHeHB! /11 BeCbMa COBEp LIeH-
HOTO HcnpaBsieHuss cdepudeckoli abeppaLuH, KOMbl, aCTHIMaTH3Ma H
KPHBH3HBI MOBEPXHOCTH H300paeHHA. 3JTa ONTHYECKasd CXeMa PalHo-
"HaJibHa B JJIHHHOQOKYCHBIX CHCTEMaX C TMOBBILEHHBIMH OTHOCHTENbHBIMH
oreepcTHaMH (no | :6—I : 5) npu BbICOKHX TpeGOBaHMAX K KayecTBy
ONTHYeCKOro H3obGpaKeHHs.

K cxemam sToit rpynnsl B KaKoH-To Mepe MOXeT ObiTh OTHeCeHa TaKke
8epKaJibHO-/IHH30Bas cucTeMa Buna (puc. IV, 18, 6), B Kotopoit npumenexo

A\ fapabonuvecxoe
sepRano

i
| Bowanm

Acpepaveckue M= R0C) A R
JEPKANE # ~ m;m m%.;
)

Puc, 1V, 18, Cxemm 3SepKaibHO-THH30BBMX CcHCTeM: a — Yypuaosckoro—Pocca;
6 — Kaccerpena ¢ achepHyecKHMH sepkanamu; 8 — Buua

.

napaGonndyeckoe 3epKajo, achepHuecKas KOppPeKUHOHHAs NJaCTHHA H
JIHH30BBIA KOMIIEHCATOp B CXOAslleMcs ny4yKe, B cucreme Buna Takxke npo-
CTHraeTCsi y/OBJIETBOPHTeJIbHAS KOppeKUHs Bcex aGeppaluii.

Ocoboe MecTo 3aHHMaeT creuudHIeckas rpynna AUCTOP3UPYIOWIKX 3ep-
KaJIbHO-JINH30BbIX WIHPOKOYTFOJNbHBIX CHCTEM, Y KOTOPHIX YTJIEl MOJs 3pe-
HuA pocruraioT 240° u Gonee. OnTHuecKHe cXeMbl MOZOGHBLIX CHCTEM BO3-
MOXHBI B pa3/iHuHbIX BapuaHTax (puc. IV, 19), Ho Bo Bcex cayuaax raGa-

Sunzobsrd
KOMRONEHM

Jeprana Q‘% Mnockocms 2@
uzofpascenun

a b

Puc. IV, 19. OnTHYecKHe CXeMbl WHPOKOYTOABHHIX AHCTOP3HDPYIOUIHX 3EPKANb-
HO-NHHSOBBIX OGDBEKTHBOB: @ — ¢ MaJAbIM CcdepHuecKum 3epkanoMm; 6 —c ma-
NBIM MAOCKHM SEpKajioM

PHTHl TAKHX OOBEKTHBOB MCK/IOUHTE/NbHO BE/NHKH: KaK MNonepeyHble, Tak H
NpPOAOJIbHLEIE HX Pa3Mepbl BO MHOTO Pa3 (MHOTAa B AeCATKH pas) NpeBbilIaioT
BEJIHYHHY (bOKYCHOI‘O paccTofAHHA, a AMCTOPCHA AOCTHraeT HECKOJbKHX
AeCATKOB, [IPOUEHTOB, YTO OrpaHHYHBaeT BOSMOXKHEIE o0J1acTH HX NnpaKTH-
YeCKoro npyUMeHeHHA.
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OnTtHyecKue CBO/CTBa H cnienuduyeckne ocobeHHOCTH Hanbosee pacnpo-
CTpaHeHHBIX MepeuCcJeHHbIX Bhillle CHCTeM GYAyT noapobHee pacCMOTpPeHb
B coorBercTBylomux raasax V, VI u VIII npu onucanus o6beKTHBOB A5
‘ororpadun, ¢meoporpaduu u TeJeBHACHHS.

OcTaHOBHMCA JIHIIL HA COMOCTABJIEHMH HX BO3MOXHHIX ONTHYECKHX
XapaKTepHCTHK.

B 3epKaJIbHO-JTHH30BHIX 00bEKTHBaAX YIJIHI MO/ 3peHHs 2w orpaHH4H-
‘BAIOTCA HE CTOJBKO KOPPEKUHOHHBLIMH BO3SMOXHOCTSIMH, CKOJIbKO GLICTPO
‘HAPACTAIOUIUM BHUHbETHPOBAHHEM HAKJOHHBIX MyYKoB. [LJisl yMeHbIIEHHS
BHHBLETHPOBaHHsSI HeOOXOAUMO YBeJIHYHBATh OTHOCHTEJIbHOE OTBEPCTHE & CH-
-cteMbl. C/lefioBaTesIbHO, B 3epKaJIbHO-JIHH30BBIX CHCTeMaX HeoOXOoAuMO Of-
.HOBPEMEHHO C pacllHpeHHeM YIJia NoJis 3peHHs 2w NOoBBLILATb H OTHOCH-
TeJbHOE OTBEpCTHE &.

Bo Bcex cayuanx, Korla HeoO0XoJHMMO BTOPYI0 (oKasibHYIO MJIOCKOCTD
BolBeCTH 3a Npefensl o0beKTHBa, AO/IXKHa ObiTh NpPHMEHEHa ABYX3epKalb-
Hasl CXeMa, UTo ‘Hen30exHO TpeOyeT YCTaHOBKH CHellHaJdbHBIX IHJIHHIPH-
YeCKHX MJIH KOHHYECKHX IHadparM, NpenaTCTBYIOLULHX NOABJIEHHIO NPSIMOM
3acBeTKH H300paKeHHs .

DTH JONOJHHTeNIbHble AHadparMbl HapALY € LEHTPAJbHEIM 3KpaHHPOBa-
HHeM BXOJHOTO 3pauka MaJIbiM 3ePKaJioM BhI3LIBAIOT 60/1blL0e BHHLETHPOBa-
HHe HAKJOHHBX NMYyYKOB M OTPAaHHYMBAIOT MoJie 3peHHs chcteMnl [3]. Taxe
upu gonywmenny 50% BHHbETHPOBaHHS Ha Kpalo NOJs JHHefHble pasMephl
u300paxkeHHs He MOryT GITh noayyens! 6dabmumu 0,5—0,6 Anamerpa BXoJ-
HOTo 3payka oObeKTHBa.

10 orpaHuYeHHe HMeeT JOBOJIbHO OOLIMIT XapakTep H pacnpocTpaHsieT-
Cs1 MOYTH Ha BCe TPYNNbI 3epKAJIbHO-JHH30BBHIX CHCTEM (32 HCKJIOYEeHHEM
CcHCTeM 0c000 ANCTOP3HPYIOIIKX); OHO MOXKET ObITh MPeJICTaB/IEHO HepaBeH-
CTBOM:

tgw<—e. (IV,78)

Takum o6pasoM, npH pa3paboTKe 3epKalbHO-JHH3OBbIX CHCTEM yXKe B
NepBOi CTafHK onpejesieHHs HX raGapHTOB AO/MKHBHI GBITh MOJYHYEHB! BCe
TaycCOBHI TapaMeTPhl CHCTEMbI, CBI3aHHbIE C ee [10JIeM 3peHHS OTHOCHTEJIb-
HBEIM OTBEpPCTHeM, IONYCTHMEIM SKpaHHPOBaHHEM BXOJHOr0 3pauka H BHHbe-
THPOBaHHEM HaKJOHHEIX Ny4KoB. Jlo/xkeH GbiTh KOPPHIHPOBAH YETBEPTHIH
Koapduunent abeppaunit Syy, SaBHCAMNHA JHIIL OT ayCCOBBIX 3/1EMEHTOB
CHCTEeMBI:

Sy =—91+ @2+ 7 5 (1V,79)

e @y, P2 H ¢3 — MPHBEJeHHbIe ONTHYECKHE CHJIBI COOTBETCTBEHHO 3epKaJ
¥ JIMH30BOrO KOMMeHCaTopa, T. €. NPH (OKYCHOM PaCCTOSAHHH CHCTEMEHI,
paBHOM eJMHHIE: :

j=b
< 1 2 2
Py e v Pa= y Tg =

f1 T3 Tu.s gt
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e

]
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L€ Fg.s M Iy.s — BEPUIMHHBIE PafMyChi GOMBLIOTO H MAJIOTO 3ePKaT; 9, —
NpHBEEeHHbIE ONTHYECKHE CHJIbI O JIMH3 TPEThero KOMIIOHEHTa (KoMIleHca-
TOpa) 3epKaJIbHO-JIHH30BOH CHCTeMbl (JOKYyCHOTO paccTosus F' = 1,
AJis1 KOTOPO#H BbIMOJIHEHA HOPMHMPOBKA

i==3

2 hyp,=1.

f=|

Ilnsa npocTo#t AByX3epKaJbHOH CHCTeMBl, a TaKxe NMpH adoKaJbHOCTH

JIMH30BOTO KOMMeHcaTopa, MonoXkus @z = 0, Haxomum:

S[v =—¢;+ Pa. (IVDBO)

O6o3sHauuB 4epe3 6 OTHOIIEHHE BBHICOT MEPECEYLHHA KPaHHHM Jydom
oceBoro nyuka (cM. puc: IV, 18, a) nosepxHocteit Manoro u GosbLioro
3epKaJi: '

 J (IV.81)

hy
sl pacCMaTpUBaeMoOro pelieHns MoJy4YHM:
1438y
Ilpu Sjy = 0 umeem:

1
1—8

=

['aGapuThl 3epKajdbHO-JHH30BBIX CHCTEM TaK¥e CYLIECTBEHHO 3aBHCAT

OT_ JIONYCTHMOTO 3KPaHHWPOBAHHS BXOJHOTO 3payka; B PacCMaTpPHUBAEMOM
npumMepe

(1—3)
T+35 Sy °

ried — npHBEJeHHOE pacCTOSHHE MEXKAY 3epKajiaMH. B IByX3epKaiibubix
CHCTeMaX 5TO 9KpaHHPOBAHHEe HHOTAA OnpejessieTCs He TONBKO BeTHIHHON-
6, Ho HyacTHYHO BO3pacTaeT B pe3y/ibTaTe BBEJEHHS AOMOJHHTENbHBIX JHU-
adparM, yCTpaHAIOMHUX NapasHTHYIO 3aCBETKY W306paKeHHs.

B onHo3epKa/bHBIX CHCTeMaX SKPaHHPOBaHHE BHIHIBAETCS CAMHM MpH-
€MHMKOM H300paX<eHHH, KOTOpbIil pacrnosaraeTcsi BHyTPH 00BbeKTHBa. Be-
JHYHHA JONYCTHMOro 3KpaHHPOBAaHHA 3pauka BHIGHPAeTCs B 3aBHCHMOCTH
OT OTHOCHTEJIBHOTO OTBEPCTHS CHCTEMBI: B CBETOCHJIBHBEIX cHcTeMax (1 @ 1 —
1:1,5), B Korophix BeqHuMHa AHGPaKUHOHHON pa3pellaiolleii CHJLI Cy-
IeCTBEHHO MPEBOCXOAUT TAKOBYIO NPHEMHHKA, MOMHO AONYCTHTD SKpaHH-
posanue fo 0,7 nHaMeTpa BXOJHOrO 3pauKa; B CHCTEMaX CPe/lHell CBeTOCH-
Jet (1 : 3—1 : 4) — no 0,5—0,6 nuaMeTpa 3pauka; B CHCTEMAX HEBLICOKOI
cBeTocH/bl (1 : 6—1 : 8) sKkpanupoBanme oOwbuHO AonycKaercs 0,3—0,5
AuameTpa BXOAHOrO 3pauyka. ¥ Ka3aHHOe 9KPAHHPOBAHHE BBISLIBRET YCHJIE-
HHe SIPKOCTH NIepBOT0, BTOPOTO U T. /. AMPPAaKUHOHHBEIX KOJEI H COOTBETCT-
BeHHO BO3pacTaioT 3(ppekTuBHbIE AHaMeTPhl AHPPAKIHOHHLIX NMATeH, KOTOo-
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pble JOMKHEI OCTaBaTECS MEHbIUMMH JIHHeHHOTO Npejesa paspelleHHs
HCMONB3YEeMOro Tl pHeMHHKA H300paXKeHHH.

OcranoBuMCs Ha raGapHTaXx OCHOBHBIX THIIOB PaCCMOTPEHHBIX CHCTEM —
BeCbMa BaXKHOM MX SKCIJIYyaTalHOHHOH XapaKTepHCTHKE.

Oco6o ceeTocuabHbIe cHcTeMbl THNa B, IlImMuara, A. Bayspca u namnx
paspa6otok (cM. puc. 1V, 16) ¢ oTHocHTenbHbIMH oTBepcTHAMH 1 : 0,7 —
I:1 u nonamu 256—30° umeroT Gonbiive ANHHE, — B JBa, a HHOTJA H B
TpH pasa (B cucreMax A, Bayspca) npeBocxoasmue BeHYHHB POKYCHBIX
paccTosHHii 00beKTHBOB. CBETOCH/IbHbIE CHCTEMbI C PACNONOKEHEBIMH Blle-
pelu adokalbLHEIMH KoMneHcaTtopamu (cM. puc. 1V, 17, a) npu oTHocHTeb-
HbX orBepctHax 1 : 1—1: 1,4 u noasamu spenns 10—15° uMeloT AJHHHI,
HecKosbKo Gosblune (Ha 20—30%) BenuunH GOKYCHBIX paccTosiHHI 06B-
€KTHBOB.

. .3epKaJbHO-MeHHCKOBbLIe cHcTeMbl MakcyToBa (cM. puc. 1V, 17, 6) npn
MaKCHMaJIbHO BO3MOXKHBIX JJISi HUX OTHOCHTeJbHbIX OTBepcTHaX F:1,2—
1: 1,4 unonsx spennss 8—10° uMeloT Anuuwl, B 1,6—2 pasa npeBocxozsmue
HX (OKYCHBIE PacCTOSIHHSI. DTH rabGapHThl YMeHbIIAIOTCS NpH paspaboTke
CHCTEM C YMEeHbIIEHHbBIM OTHOCHTEJIbHBIM OFBEPCTHEM: HaMpHMEp, 3epKaJb-
HO-MEHHCKOBAsi CHCTeMa ¢ OTHOCHTEJbHBIM OTBepcTHeM 1 : 3 GyleT uMeTh
Lnuny auwb Ha 20—30% 66abiyio, yem ee GOKycHOe paccTosiHHe.

- CyllleCTBEHHO MeHblHe raGapHThl HMEKOT JBYX3epKalJbHble CHCTEMBI
tina Kaccerpena, KoTophie MosTOMy MOryT ObiThb Ha3BaHbI 3ep KaJbHBIMH
TeneobbekTHBaMH. Mix pauun B 1,5—2 pasa Menbllie AJHH JTHH3OBBIX TeJle-
00beKTHBOB-aHACTHIMATOB (cM. § 6 aTol raaehw). B coueTaHuHd ¢ ABYX3ep-
KaJIbHOM CHCTeMOM MOTYT YCNelHO NPHMEHATHCS JIHH30Bbe KOMIIEHCATOPbI
aGeppauuil pas/HYHOTO THIIA; B YaCTHOCTH, XOpolllee pellieHHe faeT MEeHHC;
KOBbIH KomnencaTop Jl. MakcyToBa B COYETaHHH C ABY X3epKaibHOH CHCTe-
Moit Kaccerpera v TIHH30BbIM KOMIIOHEHTOM, PACTOIOKEHHBIM B CXOSAIIEM-
Cs1 My4Ke Jyyeli, OTpaXKEHHBIX OT MaJIOTO 3epKaJia, H KOpPHTHPYIOIHM KPH-
BH3HY MOJS ¥ acTUrMaTh3M. CXema TaKoro 3epKaJbHO-JIHH30BOTO MEHHC-
KoBoro Teneo6bektuBa (MTO) Gynet pacecmorpera B raase V.

" 3ajiaua cosfianusi AAHHHODOKYCHBIX 3epKaJjibHO-JIHH30BBIX Te/eo0bek-
THBOB-aHACTHTMATOB C BBICOKHM Ka4yeCTBOM ONTHYECKOTo H300paKeHHs
peluaeTcss IBYX3epKaJbHOH cXeMOH ¢ acepHyecKHMH 3epKaJiaMH, N03ajH
KOTOPBIX PaclofiOXeH JHH30BbIH HeadokaibHEIA KoMmeHcaTop (CM. pHC.
IV, 18, 6). O6masn annHa 5THX CHCTEM, T. €, PacCTOSHHe OT MaJIOro 3epKana
J10 MJIOCKOCTH H300paXkenus, cocTaBasier okono 45—50% ot Benuuuns do-
KYCHOTI'0 PaCCTOSIHHSA Y 0GBEKTHBOB C OTHOCHTE/IbHBIMH OTBepCTHAMHU | | 7—
1: 8 u nonsmu spenuss 5—6° u HecKoaAbKO BospacTaeT (1o 50—55%) y
06BEKTHBOB ¢ OTHOCHTE/IbHEIMH OTBepcTHAMH 1 @ 6—1 : 5.

* § 8. OBBEKTUBbBI C IEPEMEHHBIM ®OKYCHbBIM
.. PACCTOSIHHEM

Oxkono 35 net Ha3aj HaMu BIiepBEe GblH pa3paboTanbl TEOPHS H METON
pacyeTa ONTHYECKHX aHACTHTMATHYECKHX CHCTEM C NepPeMEHHBIMH ONTHYeC-
KUMH XapaKTepHCTHKAMH, B 94aCTHOCTH 0OBbEKTHBOB C NepeMeHHLIM QOKycC-
HbIM paccrosHueM [3]. BTe rogs nogoOHbie CHCTEMBI JHWB HayaJH MOsB-.
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JAATbCA. B oTaMYMe OT paHee CYIeCTBOBABIUHX anJaHATHYECKHX MaHKpa-
THYECKHX CHCTEM 3DHTENbHHIX TPYG6, Y KOTOPHIX OTHOCHTEJbHHE OTBEPCTHA
H 10J151 3peHHs ObLIH MaJIbIMH, HOBbIE CHCTEMbI IO/ HBI OBITH NP HMEHAThCS
B KauectBe (pororpaduuecKux, B 4aCTHOCTH KHHOCHEMOUHBIX OOBEKTHBOB,
a CJie[loBaTe/bHO, JAO/KHBL ObIIH ObITh AHACTHIMATHUYECKHMH C JOCTATOYHO
GoJIbIIUMHE NOJISIMH 3PEHHS H BHICOKOH CBETOCHJIOH.

KoHeqHo, nepBbie BaApHAHThI paCCYHTAHHbLIX OGBEKTHBOB GBITH HECOBEp-
LIeHHB! KaK 110 CBOMM ONTHYECKHM KauecTBaM, TakK H [10 3KCIJyaTallHOHHHIM
napamerpaM. OrpaHH4yeHHasi 06/1aCTh HX BO3MOXKHOTO MpHUMeHeHHs (KHHO-
CheMKa),B KOTOPOiH K TOMY e CYIIeCTBOBaJI BIIOJIHe KOHKYPeHTHOCNoco0-
HHIH cnocol ChEMKH «Hae3lOM», CTaBHJla NOJ COMHeHHe LeieccobpasHOCTh
KOHUEHTPALHH GONbIIUX YCHJHN AJA pellueHUs STOH COXHOH ONTHYECKOH
3aflaun. Hayapmascs Bo#iHa oToaBHHYJ1a 5TH paboTbl Ha BTOPOMH IMJaH.

Byphoe passuTHe TeleBHACHHS H TeJIEBELLAHUS B MOC/JEBOCHHBIE Obl
CTHMYJIHPOBAJIO BO3POXK/ieHHe HHTepeca K 00beKTHBaM C MepeMeHkbiM ¢o-
KYCHBIM paccrosiiieM. B oTo# o6nacTH, rje cnocob «Hae3oB» NPpakTHYECKH
HeMpUMeHUM, co3lanue 3ddeKTa HenpepbIBHOro H3MeHeHHs MacliTaba H3o-
OGpakeHHs1 C MOMOLULbI0 MaHKPAaTHYECKOH ONTHKH 0COOEHHO YMECTHO Kak B
YCAOBHAX CTYAHMHHBIX, TaK TeéM OoJiee BHECTYNHHHBIX TeJEeBH3HOHHBIX
nepeaau. [losBuBuMiicA BCKope 3a py0exoM MacCOBBIH HHTEpPEC K
y3KonseHouHoH 8-mm mobuTenbCKol KHHeMaTorpadun emle B GoJibluei
Mepe CTHMYJIHPOBaJ pasBHTHe 00beKTHBOB C MepeMeHHbIM (OKyCHbIM pac-
CTOSIHHEM, TaK KaK AJisl MajoopMaTHOfi KHHOCBEMKH, Korfla HeoOXolHMa
KOpOTKO(OKYCHAs1 ONTHKAa, MONoOHble OGBEKTHBHI HMEIOT CPaBHHTEJIbHO
MaJibie rabapHThl H MacChl, @ Clel0BaTe/bHO, He BLISBIBAIOT 3aTPYAHEHHI
NPH HX NOBCeIHEBHOH SKCIIIyaTallHH. .

Pa3BuTHe 3THX o6sacTeli TEXHHKH B NOCJAEBOEHHBIE F'OLI Y HAC HECKOJIb-
KO 3a/iepKajioch; CO3Jianach 0cajiHasi CHTyal(Hs: TaM, rje BlepBbie Hada-
JINChb TeOpeTHYeCKHe H MeToJiHYecKHe PaboTel B 3TO# 00/1aCTH, He HMEJOCh
COOTBETCTBYIOIHX BO3MOXKHOCTeH /1l MX MpPaKTHYeCKOH peasiH3allHH.

B Hacrosinee BpeMs: 00bEKTHBbI C NepeMeHHBIM (OKYCHBIM PacCTOHHEM
NPOYHO BOLIIK B ONTHYECKYIO TeXHHKY M HaXOAAT BCe Goubliee NpHMEHe-
HHe B npodeccHoHanbHOH M MOOGHTENbCKON KHHeMaTorpaduH, QoToTeXHH-
Ke, TeJIEBHAEHHH H B pPsjle OTpacJeil crenHanbHoi TeXHUKH. [ToyTn BO Bcex
3apyGelKHBIX CTPaHaX C Pa3sBHTOH ONTHKO-MeXaHHYECKOH NpPOMBILLJIEHHO-
CTbIO BeLyTCsl pa3spaboTkH o6beKTHBOB 3TOTO THNA.

Op HrHHaJbHbIE ONTHYECKHE CXeMbl H pa3paboTKh 06beKTHBOB NepeMeH-
HbIX (OKYCHBIX DPacCTOSIHMH Pa3/MYHBIX ONTHYECKHX XapaKTEPHCTHK H
pasHoro Ha3HaueHHs HadaJH OCOOEHHO 4acTO NOABAATECA HaYyHHAs CO -
BTOpO# MnosiopHHbl 50-X rofos, Koraa BHeAperHe DBM mo3BosH/IO BhHINOJ-
HATH BCE TPYJOEMKHEe YHCJIEHHble HCCJIENOBAHHA U pacyeThl.

I1o cBOHM ONTHKO-KOP peKLIHOHHEIM CBOFACTBaM OGBEKTHBHI C [IepeMeHHbIM
(okycHbIM paccTosiHHeM, KOTOphie AJisi KpaTKOCTH Ha3oBeM MaHKpaTHYec-
KHMH O0OBbeKTHBaMH-aHaCTHIMAaTaMH, MOXHO YCJIOBHO MOApPasfie/luTh Ha
ABe TPYMNIE: .

1) BapHOOOBLEKTHBEI, ONTHYECKAas CHCTeMa KOTOPHIX KOPPHIHPOBaHa B
OTHOILIEHHH BceX abeppauuii Kak eluHoe LeJoe;

2) cucteMbl Hacajka — OObeKTHB, WJH TPaHCOKATOPLI, B KOTOPBIX
coGcTBEHHO OOBEKTHB H PacroJiOKeHHasi Bepefn Hero aokanbHas Ha-
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CaJika NepeMEHHOro yBeJHUYeHHS KOPPHUIHPYIOTCA He3aBHCHMO M CaMOCTOS-
TeJIbHO B OTHOIUGHHH MOYTH BceX abeppaliuii, 3a HCKJIOUeHHEM OCTATOYHOM
NOJIOXHTeJbHOH KPHBH3HH 10Js COGCTBEHHO 06BEKTHBA, KOTOpPAs KOMIEH-
cHpYeTCs OTpHUATEeNbHOH KPHBH3HOM noJsi, BHOCHMO# adoKanabHOH 'Hacal-
KOH. ‘

C ToukH 3peHHs SKCIIYaTauHOHHO#H, obe rpynnu 06beKTHBOB TOXAECT-
BEHHBI, TOYHEE, MOYTH TOMAECTBEHHHBI: JIHIIb B OTAEJbHBIX C/ydasX, Kak
YBHIMM HHXKe, adoKalbHaA HACALKA MOKET PHMEHSATHCH CO CMEHHbIM 00b-
eKTHBOM, PaCloJIoKeHHBIM No3ajin Hee. g 3Toro Heo6XoAMMO coBMellle-
HHe BBIXOJIHOrO 3payKa Haca/lKH cO BXOAHLIM 3payKoM oOBEKTHBA.

[To onTHKO-KHHEMaTHYECKO! CXeMe rnepeMellleHHs] KOMINOHEHTOB CHCTe-
MBI MAHKpaTHYeCKHe 00BEeKTHBbI-aHACTHIMAThl MOAPa3fe/sIOTC TakXkKe Ha
ABe TPYIIBbL:

1) o6beKkTHBH € ONTHYECKOH KOMNeHcalue#H CABHra MJIOCKOCTH H3o0pa-
MEeHHs, B KOTOPBIX KOMIIOHEHTBI ONTHYECKOH CHCTEMbI MepeMellaloTcsl Mo
NpOCThIM (NHHEAHbIM) 3aKOHAM; NOJIOXKEeHHe MJIOCKOCTH M300paXKeHHs [IPH
3TOM ocTaeTcs C AO/KHOH TOYHOCTBIO (PHKCHD OBAHHBIM;

2) o6beKTHBH C MeXaHHYeCKOH KOMIeHCalMel CABHra NMJOCKOCTH H30-
OpaxkenHsi, B KOTOpbIX XOTs Ol ONHH, a HHOTAa H Gojiee 3 KOMMOHEHTOB
OMNTHYECKOH CHCTeMbI NEPeMelLaloTCs 0 CIoKHOMY (HeHHelHOMY) 3aKoHY,
HeoOXOIMMOMY A/l COXPAaHEHHS MONOMEHHA NJOCKOCTH H300paXeHHs.
Croxnas KHHeMaTHKa NepeMelleHHsl KOMIOHeHTa OOBIYHO OCYLIeCTB/SeT s
KY/1ayKOBbIM MeXaHH3MOM.

B adokanbHbiX HacaJKaX NepeMEeHHOro yBeJHYEeHHs, NOCTPOEHHBIX Ha
TP HHILHIIe ONITHYEeCKOH KOMIIEHCALHH, JIHIIb JUJIsi HEKOTOPBIX ONpefesieHHEIX
3HaueHHH TelleCKONMUeCKUX yseauueruii I’ HacalKa spaseTcs cTporo ado-
KaJIbHOM; 3TO YHCJIO 3HaYeHHH, npH KoTopuix I' = 0, Ha eHHHLY MeHbIlE
4HC/la ONTHYECKHX KOMMOHEHTOB, BXOASIIMX B cXeMy Hacaiku. [as Bcex
npoMeXXyTouyHbix 3HaveHuii I' oTcTymnenus oT adoKaJbHOCTH He JOJDKHH
npesbIllaTh AONYCTHMBIX BEJHYHH.

I'pynnupoBka naHKpaTHYeCKHX OOBEKTHBOB Ha BapHOOOBEKTHBHI H
TPpaHCc(OKaTOphl BeCbMa YCJIOBHA H, KaK YKa3bBaJOCh Bbillie, OHa NpoBejie-
Ha HCXOJA JIMIIb H3 NPHHIUHNA ONTHYECKOH KOPPEKUHH; B NapaKCHaJAbHOH
o6nacTH cxeMmy TpaHcoKaTopa MOXHO BCeriia npeoGpa3oBarth B BapHooGb-
eKTHB H obpaTHo. [leficTBHTe/bHO, MpelcTaBuM cebGe BapHOOGHEKTHB, COC-
TOsAIHA U3 { KoMnoHeHToB. [TycTb mepshiii KoMNOHeHT, GoKyCcHOe paccTos-
HHE KOTOoporo [’, OCTaeTcst HEMOABHMKHBIM M CAYYKHT AJS AMCTAHIMOHHOM
¢oKycHpOBKH Ha KOHEUHbIe PAaCCTOSTHHS; BTOPOM, TPETHH H BCe OCTajibHbIE.
KOMIIOHeHTHI, BIJIOTh A0 i —1-ro, nepeMelaloTcsl OTHOCHTEJILHO APYT APYra
TakuM 06pasoM, 4TO MJIOCKOCTb H300pameHus 3a { —I1-M KOMNOHEHTOM OC-
TaeTCs HeNOABHIKHOM, a i-# HeNOABHXHbIK KOMIOHEHT ABJSAETCH KOPPeKTo-
pom ocTaToyHblx abeppauHit Bceft npesiAymedi 4acTH CHCTEMHL. - PoKycHoe
paccTosiHHe TaKo# {-KOMIOHEHTHOH CHCTeMb! BhIpasHTCa dopMy.ioii:

f' = f; Fz Fs e Fi—i B—lop ’ (IV’B"*)

TAie AuHelHbie yBeNHqeHHs Pz, Bs, ..., Piy — NEpeMeHHble, a f,,p,— yBe-
JIMYEHHe, C KOTOpPhiM paboTaeT i-# KoMNOHEHT (KOppeKTop), ocratouieecs
HEeH3MEeHHbIM,
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Jns cucTeMsl THNAa Hacafika: — o0beKTHB (TpaHC(OKaTop) HmeeM:
F=Tf (IV,85)

rae I' — nepemenHoe TesecKonWyecKoe yBéandenne aoKaabHOHA HaCaAKH:
['os — GOKycHOe paccTosiHMe C3afiM PacroJioKeHHOr6 oGbeKTHBa.
Ecan nacaaka cocToMT B3 i—l| KOMNOHEHTOB, TO:

AN

fi

T = (1V,86)

OTCHOJIa HaXOJlHM:

Pousrf, B By o Bia i, (1.87)

-1

Hs (IV, 84) u«IV, 87) caenyer, uto B napakcuaiabHo#l ofnacTH obe
rpynnsl CHCTeM CTaHOBATCH SKBHBaJEHTHBIMH, eCJiH MOJOXKHTb, YTO JIH-

HeflHoe yBeJIHYeHHEe KoppeKTopa ﬁ_,mp BapHOOOBEKTHBa CJeAYIOIHM obpa-
30M CBSI3aHO ¢ BeJHYHHOM [’ 5 PoOKyCHOro paccrosiuns o6beKTHBA TpaHC-
(okaTopa H POKyCHBIM paccTosiHHeM [ ;_y IOCAEAHEr0 KOMIIOHEHTa HaCaKu:

_ﬂlop e foc (IV.SS)

r L]
by .

Kak ypuznm Huxke (rnaBa VIII), nHorsia B Lensx ynHBepcaNu3allHH
BO3MOXHOCTH NpHMeHeHHs o0beKTHBA, Mo3aay apoKaJbHOH HacaliKu nepe-
MEHHOTO YBeJ/IHYeHHs yCTaHaBJ/HBaIOT CHCTEMY H3 ABYX MepeKJIoYalollnxcs
CMeHHbIX OOBeKTHBOB Pas/IHYHBIX (POKYCHBIX pacCTOsHHH — KOpoTKodo-
KYycHOro H AnuHHodokycHoro. TeM caMBIM MOJY4aloT BO3MOXKHOCTD NIPOBO-
AHTb CBEMKH C MJABHO HSMEHSIOIHMCS MacluTaboM H300pa)ieHHs Kak
GIH3KMX, TaK M yJalleHHbIX 00beKTOB (HanpuMep, TeJleBH3HOHHasA CheMKa
CTyauitHast H BHeCTYAMHHAA), KaK 3TO OCYILECTBJEHO B HalleM 00beKTHBe
«AsnbKop-6».

Yacro 8a 06beKTHBOM NMepeMeHHOro GOKYCHOro paccTosiHHA YCTaHaBJIH-
BAlOT CMEHHble JOMOJHHTeNbHble KOMIOHEHTH — YJUIHHHTeNH, paGoTaio-
IHe C JHHeAHbLIMH MOJyTOpa-TpeXKpaTHBEIMH YBeJHUEHHAMH, YTO TaKKe
pvacILImeﬂeT onTHYeCKHe XapaKTePHCTHKH Habopa o6beKTHBOB (CM. FyiaBy

ITI).

3a nocsienne roAu BnepeAn MajorabapHTHEIX 06beKTHBOB (HaNpHMep,
8-MM KHHOCHEMOUHLIX KaMep) HHOIla Ha4yaJiH yCTaHaBJHBaTh adoKa/ibHbe
HACa/IKH MepeMeHHOro yBeJHUYeHHs, NJaBHO H3MeHsoWerocs B 2,5—3 pa-
3a, a Takxe adoKalbHEe HACAJKH NMOCTOAHHOIO YBeJlHYeHHS, YCTaHaBJH-
BaeMble BrepelH MaJoraGapHTHHIX OGBEKTHBOB NepeMeHHOro (oKycHoro
paccTosinus (HanpuMmep, B TeX e 8-mm KMHOKaMepax) H COOTBETCTBEHHO

— CABHTalOllHe — YKOpauyHBaiollHe HJH YAJIHHsOLUHe — a0COoMIOTHEIe 3Ha-
YeHHS MSMeHsIOIHXCS GOKYCHHX paccTOHHMH, COXpanfs NPH 3TOM KpaT-
HOCTb 3THX HSMeHeHHH (cM. raiaBy V). ’
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B sakmouenHe yKaxeM, 4TO ONTHUYeCKHe XapaKTePHCTHKH MaHKpATH-
YyeCKHX 00BEKTOB — KpAaTHOCTb M mpefeinl aGCOJNIOTHBIX 3HAYeHH u3Me-
HeHHsi GOKYCHBIX PacCTOSIHMil, OTHOCHTe/ibHble OTBEPCTHS H YIJIbl MOJSA
3pEHHSl — IeJIHKOM 3aBHCST OT YHCJIa KOMIIOHEHTOB, BXOASLLHX B CHCTEMY,
u ee raGaputoB. Hanpumep, eciiu cBeToCHIbHEE MasioraGapHTHBIE CHCTEMbI
¢ ABYX-TpeXKpaTHHIM H3MeHeHHeM QOKYCHBIX paccTosHHi coflepxar 10—
13 nuu3, TO 0OBEKTHBH C IIHPOKHM HHTEpBaJoM H3MeHeHHs (JOKYCHBIX
pacctosiHuii (BOCbMH-AECATHKPaTHLIM) cofiepxaT 16—I18 u Gonee JuH3,
B 3aBHCHMOCTH OT TpeGOBaHHii K KadecTBY KoppeKiuH aGeppauuii.

Ananus JydIuX cOBpPeMEHHLIX NMAHKPATHYECKHX 0GBEKTHBOB, BHINOJ-
Henublft M. IlInsakuHEIM, MOKa3as, 4TO MeX/Jy HX ONTHYECKHMH XapakTe-
PUCTHKAMH U rabapuTaMu cyllecTByeT NpubanKeHHas 3aBUCHMOCTD:

’

fmmc g )
2 C, (Iv,89)

i ]/.E

re [’ yaxe. — MAaKCHMaNbHOe (POKYCHOE pacCTOSIHHE CHCTeMbl; & — OTHO-
CHTeJIbHOE OTBEPCTHE; M — KPAaTHOCTh H3MEHeHHS (JOKYCHBIX PacCTOSHHH;
L. — ofmas AnuHa cHcTeMsl . Koncranta C B H3BeCTHO! Mepe XapaKTepH-
3yeT ROOPOTHOCTH CHCTeMbl H y HAHJAYYIINX COBPEMEHHHIX OGBEKTHBOB
HMeeT 3HauenHe okoJ10 0,4. Buipaxcenue (VI, 89) nossonser B nepsom npH-
GHXKEHHH PYKOBOACTBOBATHCA BLIOOPOM ONTHYECKHX XapaKTepHCTHK H
ra6apHToB NaHKPaTHYeCKHX 00BeKTHBOB C pOpCHPOBAHHEIMU NapaMeTPaMH.

Mui onyckaeM 3jiech 66/1ee noAPOGHBIH aHANH3 H ONMHCAHHE ONTHYECKHX
¥ KHHEMaTHYeCKHX CXeM COBPeMeHHbIX TaHKpaTHYeCKHX OObeKTHBOB H NPH-
BOAMM HX B COOTBETCTBYIOIIHX IVlaBaX BTOPOH YacTH KHHIH B CBA3H c Gosez
noapobHON XapaKTePUCTHKOR HaHJyUINHX H3BECTHHIX 00pa3ioB OOBEKTH-
BOB 5TOrO THNA.
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[JIABA V

@®OTOIPA®HYECKASI U KHHOCBEMOYHAS]
OINTHKA

PaccMoTpHM onTHYECKHe XapaKTePHCTHKH H CBOHCTBa 00BEKTHBOB pas-
JIHYHOTO Ha3HayeHHdA. M3 Bcero MHorooGpa3us o6beKTHBOB OTpaHHYHMCS
HauGosiee MHTEPECHBHIMH OTeYeCTBEHHBIMH H 3apy6exHBbIMH o6pasiaMmu.

Tax kak pasHble OGBEKTHBEI HCCJIEOBANIMCE B Pa3/IHYHbIE TOALI (Ha Mpo-
TAXKEHHH NOCAeAHHX ABYX AECATHIETHH), TO H NPHMEHSBIUMECS MPH UCIbI-
TaHusX QororpadudeckHe MaTepHaJbl ObLIH PAa3HbIX CBOHACTB, B YaCTHOCTH
pa3sHoii pa3pellalome CHJLL.

B Taba. V, 1 npuBefeHbl OCHOBHLIE XapaKTePHCTHKH HEKOTOPLIX THIIOB
OTe4eCTBEHHBIX KHHO- H (OTOMNEHOK, a TaKe aspodoTrorpadpuueckHx Mma-
TepHaJoB: HX paspeluaionias cuaa N (), cBeTOUYBCTBHTEIbHOCTb S MO ABYM
kpurepuaMm: D = D, 4+ 0,2 — npu KoadHLHeHTe NpONOpUHOHAILHOCTH
K =1uD =D, + 0,86 — npu kospHuHeHTe IPONOPLHOHANBHOCTH
K = 10; pekomenzoBanHble KOSPHHUILHEHTH KOHTPACTHOCTH Yo H BPEMSI
NPOSIBNEHUS B MHHYTaX /5.

IKCNOHHPOBaHHE BCeX MaTePHANOB (3a HCKIOYeHHeM POTOTEXHHYECKHX
IJIEHOK) MPOH3BOAHJIOCH 33 CBETO(GHALTPOM HCKYCCTBEHHOrO COJIHEYHOIO
cBeTa; OTOTeXHHYECKHe MaTepHaJ bl SKCIIOHHPOBAHCh NIPH UBETOBOI TeM-
nepatype T, = 2850 K.

B Ta6aune yKkasaHo BpeMs NPOSABJIEHHS £, HeoOXOHMOe 415 10CTHXKe-
HHA: a) LA KHHOINIEHOK — pekoMenaoBannele TOCTom 5554 —63 3Ha-
yeHHsl KOIpPULMEeHTa KOHTPACTHOCTH Ype, = 0,65; 6) aaa aspogoror.e-
HOK — MaKCHMaJIbHOH cBeTo4yBCTBHTEeNbHOCTH No T'OCTy  2817—50;
B) A QOTON/IEHOK — MpPH BPEMEHH MPOMABJEHHSA, OTBEYaloleM Y, =
= 0,8. B TabnHue npuBeJeHs! pe3yabTaThl HCcAeAoBaHH# 06pa3ioB ¢oTo-
MaTepHanoB, nposefeHHuX 0. I'opoxoBckuM u ero coTpyJHHKaMH, 3aMe-
THM, YTO HEKOTOpble AanHble Tabnuusl oTsmyaiorTcss or [OCTa 5554 —63
(cMm. Taba. I, 5).

SKCTOHHPOBaHHE OCYLIECTBJANOCH HA PE30JbBOMETPE C anepTypoit 06b-
exktHBa 0,2,

MakcuManbHas BeIHUHHA paspellialoniedi CHABI fJaHHOrO (poTorpaduyec-

koromarepnana N ‘) onpenensierca KouTpacTom TecTo6beKTa K, ¥ yciosus-
MH 3KCMIOHHPOBAaHHS H NposBJeHHs. [Ins JaHHBIX YC/IOBHH S9KCIOHHPOBA-

HHS H POSIBJIEHHS MEXXIY pa3pemmaloieli cuioii dotoMatepuana N, nony-
YeHHOH I/l TecToOBEKTa € MaKCHMaJbHbIM KOHTpacToM K, = 1, u pas-
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Ta6auna V,1

HekoTopbie XapaKTepHCTHKH (oToMaTepHalioB

1
T
DoToMaTe pHanbl Trn Mpossurens § ;-
2| al Blg
‘.g R P
Herarusuaa kuuonaed- | KH-1 Ne 2 6,0 [0,65]| 16| 16 | 130
Ka HM (N3 | 5,0 | 0,65 11| 11| 140
roct
10691—63)
HeraTtusnas knwomiaen- | KH-2 o 2 5,0 |0,65]321|32] 130
Ka HM 8,0 |0,65]32|32]125
HeraruBHas KHHOMNJEH- KH-3 Ne 2 5,0 |0,65]|9 | 90| 105
Ka HM 7,5 | 0,65| 90| 90| 105
doronsenka «®oro-32» Ne 2 7,0 | 0,80 | 22 | 32 | 150
dortonaeHka «®oto-65» Ne 2 6,0 |0,80]|65 |65 110
dortonaeska «Qoto-130» Ne 2 11 0,80 {180 | 250| 105
doronnenka «Poto-250» Ne 2 11 0,80 {350 | 500, 70
doToTexHHuecKan «Mukpar-200» Ne 1 1,6 | 2,0 | 2,0/5,5| 170
nJjaeHka
DOoTOTeXHHYECKAA «Mukpar-300» Ne 1 2,5 3,0 [2,0] 11] 290
naeHKa
AspodoTonsenka «[Tanxpom No 1 8 1,7 {350 |1000] 60
10 H-1000» yI-2 8 2,0 |350 |1400{ 65
Aspogoronnenka «HM3sonanxpom YI1-2 12 1,9 |250| 700, &5
i5 TT-800»
Aspodoronenka «HM3sonanxpom Ne 1 16 1,9 130| 350 120
T. 17» YII-2 16 | 1,6 | 180 500} 115
AspodoTonnenka «Hsonarxpom Ne 1 8 | 1,7 90{ 350{ 140
T. 20» VI1-2 10 1,8 130 500{ 125
AspodoTonaenka «H3onauxpom Ne 1 6 | 1,3 [500/1400{ 64
T. 13» YI1-2 8 |2,2 | 700[2000, 70
Aspodoromnenka «H3onauxpom Ne 1 13 2,3 221 90§ 250
T. 18-100» YI1-2 14 | 2,3 22| 90} 260

petuatoleii cunof N ) 1is TecToObeKkTa ¢ HEKOTOPLIM APYTHM KOHTPAacTOM
CyllecTBYeT cjeayrouas HpHﬁJlH}KEHHaﬂ 3aBHCHMOCTb.

N — N© VE,, V. 1)

rae K, — KoHTpacT TecTobbeKTa:

B — B
K = MAKC MWH . V’2
‘ Buare + Buun et

Ecnn npunsaTh paspewaomyio cuny gortorpapuyeckoro cios npu K, =1
3a e[IHHHUILY, TO U3MeHeHHe paspeluatouieli cuasl no dopmyae (V, 1) npu
ApYTHX 3HaYeHHsIX KOHTPACTHOCTH TecToObeKkTa OyleT XapaKTepu3oBaTh-
Cf CNAeAYIOIHMH NaHHBIMH:
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K, I I IO.Q 0,8 '0,7 06 (05 |04 {03 |0,2 |01

Nc

3O 1 0,95 | 0,90 | 0,84 6,77 0,71 | 0,63 | 0,55 | 0,45 | 0,32
§ :

Oco6uiit npaKTHYECKHH MHTepec NMpejcTaB/seT onpelesneHHe paspella-
IoLle CHJBI CHCTeMbI 00BbEKTHB — (oTocaoit. Bbiio npeanpunsito MHOTO
MONLITOK MOAYYHTb (OPMYJBI, BhIpaxalollHe paspelllaloulyio cuay Bcefi
cHcTeMbl N (o) yepes paspeluaronite CHIbI 00beKTHBa N ©) U dotocaon N©,
Hna npocreiillero caydas Ge3aGeppannoHHOro (MAeanbHoro) o6beKTHBa
JI. Moposom Grina pekoMeHAOBaHa cieflytomas Gopmy.a:

N© .
N(OCJ =N€Cl Kt [I—EIP(‘—K“)T)]. (V|3)
rae N = 1500 & — paspewaiomas cuaa HAealbHOro OOBEKTHBA NPH
E;m«:_ E;mn
Ky =———— (cm. rnasy III). dra dopmyna npubnuxeHHas

EH.QKB
JMIIb Ka4yeCTBEHHO XapaKTepH3yeT XOJi 3aBHCHMOCTH paspeluaionied
cuabl  cucteMmbl: N9 pacrer ¢ yBeauuenueM K;, N uN®©, Ecau

(c)
exp (_L“ pPasNoOXHTh B paJ M OpaHUYHTBCA MepBLIMH JABY-
Ky N'©
MSl Y/JeHaMH pasJioxeHHs, To npu K; = | moayuyum u3BecTHyr ¢op-
myay Katia, peKoMeHIOBaHHYI0O WM H A/ peasibHbIX 06BLEKTHBOB:
1 ’ 1

1
Ntoc) = N0 + N©

(V.4

T. €. THHeHBIH Npefiesl pa3pellleHHs Ha MPHEeMHHKe (B YaCTHOCTH, Ha (oTo-
cJoe) paBeH CyMMe JIHHEHHBIX MPeAesIoB paspellieHHs, JaBaeMbIX B OT/EJb-
HOCTH OOBEKTHBOM M npHeMHHKOM. IloaTomy wuesiecoofpasHoO MpHMEHATh
0o6beKTHBb! H MPHEMHHKH, BeJIHUYHHbBI Pa3pelIalolHX CHJI KOTOPHX OJAHOro
nopsjKa. :

Paspeluatoiass cujia CHCTeMBl C peaslbHbIMH 00beKTHBAMH OTJIHYAeTCs
(¥HOTAA CYLIECTBEHHO) OT 3HaYeHHs, onpefensemoro u3 dopmyast (V, 4),
BO-TIEPBEIX, BC/AEACTBHE TOro, 4TO BeJAHYHHA N {© 8aBHCHT OT cnocoba ee
onpejleleHds, B YaCTHOCTH OT amepTypbi OGBLEKTHBAa pe30JIbBOMETpa, OT
yc/IoBHIl OCBelleHHs ¢JIos (CeKTPaibHOrO COCTaBa H3JyYeHHS, SKCIO3H-
IIHH); BO-BTOPHIX, BeludHHa N () peanbHOro 06beKTHBA TaKXKe 3aBHCHT OT
psifa GakTOpOB: OT XapakTepa Koppekuuu abeppauuit oGbeKTHBa, OT OpH-
€HTallHH IITPHXOB MHpLI B NAHHON TOYKe Moas M T. M.

3a mocneanne roibl, KaKk M NPH OLleHKe KayecTBa ONTHYECKOro u3obpa-
skenus (cM. raasy 111), metonom @ypre-anannsa Haua | HCC/e IOBATh CBOH-
crBa ¢ororpadpuyecKoro H3oGparkeHHs.

Metox @ypre-anannsa NpHMEHHM K JIMHEHHBIM (QH3HUECKHM CHCTEMaM,
T. €. KOT/la CHrHaJ Ha BbIXOJle NPOMNopIHOHalleH CHTHANY Ha BXofle. Poro-
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rpaduyecKHnii Xe cJOH, CTPOro TOBOpA, HE SIBJSETCS CHCTEMOH JIHHEeHHOH,
OJIHAKO OH TaKMe MOKeT ObiTb NPHOIHKEeHHO MPHHAT 3a JHHEHHYIO CHCTe-
MY, ec/ii BbIYHC/AATL HE pacnpejie/ieHHe MJIOTHOCTH NOYepHeHHus, a AeHcT-
BYyIOlllee pacrpefie/ieHHe OCBelleHHOCTH BHYTPH CJIOSl NPH SKCMO3HILHH.
[Mocnenyromuii nepexof oT pacnpefiesieHHsi OCBELIEHHOCTH K pacnpefe-
JIEHHIO MJIOTHOCTH OCYIIECTBJSAETCS, KaK H3BeCTHO, C MOMOIILIO XapaKre-
pucTuueckolt KpuBoi#i. [IpHMEHHB B KauecTBe BXOJHOTO CHTHaJa 0GBEKT C
CHHYCOHJAJbHEIM pacrpejiejieHHeM SPKOCTH, MOXHO MOKa3aTh, 4TO H B

LN AW
10 10
N\ Jkcnowupobanue cunurt Jkcnonupobanue Kpac-
cBemor HoiM chemor
g8 98-
g6+ g5+
Q4 5 Jut- :;.‘
g2 I g -
# 7
] ! L1 2 1 1 4 :
20 4 60 80 100 N mmt 20 40 60 80 100 NmmT
Pue. V, 1. YacTOTHO-KOHTpaACTHbie X8PAKTEPHCTHKH IWHPOKOGOpPMATHHX H JIO-

GHTeNbCKHX (hoTonaeHoK: | — spauxpom 10» 2 — «usonanxpom 13»; 3 — eHso-
nmaHxpom 18»; 44— cusouauxpou1 20]21._I 35— «doTo-32»; 6 — «doTo-250»

tdoTorpaduueckoM cioe H3o6paKeHHE OCTa/JOCh CHHYCOMAAJNBHBIM, HO
CTaJlo MeHee KOHTpacTHuIM. OTHOLIeHHe KOHTpacTa ¢oTorpadHueCcKoro
H306paKeHHs PeleTKH K KOHTPACTy ONTHYECKOro H306pakeHHs Ha30BeM
Ko3(puuHeHTOM mNepelauyd KoHTpacra (oTorpaduueckoro cios T (N'),
a ero 3aBHCHMOCTb OT YaCTOThI INTPHXOB N’ H300paKeHus pellieTKM — uac-
TOTHO-KOHTpacTHOH Xapakrepucthkoi (UKX) cios.

He ocranasaupasch Ha BO3MOXHHIX cmocobax onpefenenus UKX,
npuseieM pe3yabTathl HeenefoBannid YK X HekoTophIx mHpokodopMaTHBIX
v Jo6uTeNbcKHX (ortonsenok (puc. V, 1). Kpusble 3Hauennit T (N')
NpHBEJIEeHb! JJI5 MJIEHOK, SKCIOHHPOBAHHBEIX B CHHEM H KDaCHOM CBETe.

CpenH MOMBITOK Pa3jIHYHLEIX aBTOPOB YCTAHOBHTh aHAJHTHYECKOE BhIpa-
Kerue byuxunu T (N') HauGonblunit HHTepec npeActasiset Gopmyna Ppu-
aepa™:

N P 1—p
Ry ey
In 10 ) ( In 10 )

* Kak nokasans HccienoBaHHs, MpH aHaAH3e MHOTO3BEHHON CHCTEMHl B HHTep-
BaJe NpoCTPaHCTBEHHBIX 9acToT N’, He mpeBwmaromux sHavennit 0,4—0,5 ot n p e-
I eﬂn b H B X (N'ppes) YacToT cHCTEMBI, MOXKHO MOJNB30OBATLCA OXHOUNEHHOM (GOPMY-
noit: r st

1

14+aN" "

rae Koscb(bn'uuen'r @ MoXeT GbITh BHIYHCIEH, ecaH H3BecTeH Koshduuuenr T(N',) mas
yacToTH N’y B6au3M BHCOKHX 4acTor paGouero AHanasoa.
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cojlepxallass TPH NapaMeTpa: KoabbHUHeHT oTpameHHMs doTocion p H
KOHCTaHTH K; U K, XapaKTepH3yiollHe CJOH H HMelollHe pasMepHOCTH
JUIHHBI (BeIpaXkeHHble ®@pH3epoM B MKM); BeJHYHHbI STHX KOHCTaHT ompe-
JleJISIIOT paccesiHHe W MOTJIOIIEHHe CBeTa B SMYJIbCHOHHOM CJoe H IJis pas-
JIMYHBIX 3MYJbCHH KONeGNATCA OT CPABHHTE/IbHO MallbiX 3HaYeHHH y Malio-
YyBCTBHTEJILHLIX CJIOEB 0 3HaYeHHil, B HECKOJIBKO pa3 GOJIBIINX Y SMYJIb-
CHit BBICOKOYYBCTBHTeJNbHHIX. Ha BeJHUHHBI STHX KOS(pHIHEHTOB MOXKHO
CYLECTBEHHO BJIMATH BBeJleHHeM B CJI0H BelleCTB, pacCeHBalOWKUX HIIH  Tor-
JIOIAIOWUX CBeT, YTO Noflo6HO 3(eKTy, ONHCEHIBAEMOMY KJ1aCCHYECKHM 3a-
KoHom Byrepa.

[Tpu ouenke onTuko-tororpaduyeckoit cHCTeMbl OOBEKTHB — CJIOH Me-
tofiom UKX pesyabrupylomue Koshduuuents: T, (N') Beeil cucrems pas-
Hbl pou3BefieHHio KoadduuuenTos To(N') obbekTiBa B (oTocnost T(N'):

Toc (N') = To(N") T (N'). (V,6)

IMpumenennem metona UKX (PIIM) MoKHO cCHHTe3sHpOBaTb MHOIO-

3BEHHYIO CHCTEMY onpefie/leHus paGouero MHTepBasja 4acToT N* CHCTeMbI.
Hanpumep, npeacraBuB ¢yHkuHio To(N’) o6beKTHBa NMOJHHOMOM (CM.
npumedanue x 111, 100)

To(N)=1—AN'+ BN" .7
u dynkuuio T(N') dorocnos ofHouneHHoH PopMyJioit (CM. MpHMeYaHHe K
y O
B sl e

TeV') = s (V.8)

NPHXONHM K KBaJpaTHOMY YPaBHEHHIO:

*mop _ B\ are? ’ Bnop

(a-"-,'\:':— )N — AN —1 + X =0, (V,Q)

Tlle kyop — MOPOTOBLHIH KOHTPACT M300paXkeHHWsi CHHYCOHJAJIbHOTO Tee-
Ta Ha MPOCTPAaHCTBEHHOH YacToTe pa3pelllaeMoro BH3yaJibHOTO moJis ¢oro-
rpaduyeckoro (mposiBieHHOro) u3obpakenus; K, — pesyJbTHPYIOLIH#H
KOHTpacT o0beKkTa, OTOGpaXKaeMOro ONTHKO-(oTorpadHyecKkol CHCTEMOMH:

Ki = Koﬁ Tar (N‘) Toﬁecn (N’)- (V,IO)

rie K,; — coOcTBeHHblHi KOHTpacT 06bexTa; T, (N') — Kospduuuent
nepefadd KOHTpacTa aTMOCHepol; Togecn (N') — KOS(DOHUHEHT mepenayu
KOHTpacTa 00ecrneyuBalOMMH CHCTemMaMmH: (oToanmapaToM (MeXaHH3MOM
KOMIIEHCALIHH CIBUTa H306paKeHHs, 3aTBOPa W Jp.) H CHCTeMaMH CTaGHJIH-
salMH H OPHEHTALlMH JABHXKYIIeHCs, B YaCTHOCTH JieTaTesIbHOH, (oToanna-
paTypHl. _

Hs (V, 9) onpenensiercs npoctpaHcTBeHHas dactota N* paGouero ina-
na3oHa, MPonyckaemasi MHOTO3BEHHOH CHCTeMO#:

N Kt."' knop
N = D+]/D’+,akuop_sx,' v,11)
AK ¢
2(aknop_BKt);

rne D=
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®Oyukuuio T, (N'), mo-BHAHMOMY, PalHOHAJbHO MNPEACTaBHTb B BH-
ne:
Ta'r (N') = KA T'rypﬁ (N,)! (V,12)

rae T.ype (N') — xapakTepusyer TypGyJennuio atMocdeps, T. e. GuyK-
TyallMio MOKa3aTe/si MPeJOMIeHHs; MPH KOPOTKHX BHIAEPKKAX H OTHOCH-
TEJbHO MaJbiX 3paukax o0beKTHBOB (QYHKUMA Tryp6 (N') He H3MeHAET-
ca npu u3MeHeHHH N'; kosdduunenT K, onpesenser CHHKeHHe KOHTpacTa
06BEKTOB BO3/YIIHOH JBIMKOF:
1
Ks = ! ’ (V,IS)
1+ P“ (1 + Ko6)
1

rie P — KO9(pHUHEHT APKOCTH IBMKH; p; — KO03(hdHLUHEHT SpPKOCTH

o6bekTa, o6Jsajaiomero KoHTpacToM Kys = PP:}__PP’; py — Kos(uumeHT
1 2

sapkocTH (ona. Kak H3BecTHO, K03(hpHUHEHT IPKOCTH ALIMKH p, CYIIeCTBeH-
HO 3aBHMCHT OT BBICOTBI COJIHLA.

Taxum obpa3oM, 3ajaua onpefelieHHs NpeAe/bHO NPoNycKaemoi yac-
TOTH N’ pemaetcs ypasrenueM (V, 11), B KOTOpoM B iepBoM NpPHO/HKEHHH
NpH 3alaHHOM MOPOroBoil BelHuHHe K., GoTOMaTepHana, 3alaHHOM KOHT-
pacre o6beKTa Ko M VIt MHHHMAJIBHBIX BBICOT COJIHIA OUCHHBAIOTCS BelH-

YHHbI Py, Ky B Tyr (N'). 3aTem BenuunHa N’ YTOUHSAETCS  BTOPHYHBIM
npumerenneM (V, 11) npu yTouHEeHHOM 3HA4YEHHH Rpo, (N'). I1pu sToM ne-
TANM3UPYIOTCA HeoOXOAHMBIe NapameTphl (oTomMaTepHasla, B YaCTHOCTH
Kospdunrent a B (V, 8) u dynxunsa To(N'), onuchiBaomas KayecTBo 06b-
eKTHBA.

Hanpumep, ans Xopolllo KOPPHTHPOBaHHOTO OGBEKTHBA MOMKHO MpH-
HATb B = 0. [Ins o6bekTHBa, GJIM3KOro K HAeaJibHOMY B JAH(PPaKIIHOH-
HOM cMbicsle, B = 0, a BeanynHa A paBHa: ‘

Ao B (V,14)
=C— ’
Vre

rae ¢ = 1,06 (cM. npumeuanne K 111, 100); € — oTHocHTeJbHOE OTBepcC-
THe 06BEKTHBa.

PaccMoTpHM XapaKTepHCTHKH 00beKTHBOB (oToannaparoB IIHPOKOTO
NpHMeHeHHs, KHHOCHEMOYHEIX OGBEKTHBOB s JIIOOHTE/IbCKOH KHHeMaTo-
rpaduu u 118 BceX BHAOB npodeccHoHabHOrO KHHeMaTorpada.

§ 1. OBBEKTHBH <®OTOAIINAPATOB
IMHPOKOT0 NPHUMEHEHHA

PasHoo6pasHbl ONTHYECKHE XapPaKTEPHCTHKH H CXeMbl OGBEKTHBOB
A pasHuiX $opMaTOB CHHMKOB M THUNOB (oToannmapaTtoB — 3epKaJbHBIX
H JaJbHOMEepPHEIX ¢ YaCTHYHOMR M MOJIHOH aBTOMaTH3allHeHd CheMOYHOrO Mpo-
liecca, ¢ MOCTOSTHHO BMOHTHpOBaHHOH M cMeHHOH onTHKOH. BoJee copoka
thoToannapaToB cHaGKeHbl 0GBEKTHBaMH C NepeMeHHbIM POKYCHBIM paccTosi-

360



HHEM Pa3/IHYHLIX ONTHYECKHX XapaKTepHCTHK. KX paspaGorkoil sanuma-
I0TC BO MHOTHX cTpaHaXx — B $lmonmu (¢pupmer «Kanow», «Hunmomn»,
«Munonsta»), B ®PI" — («/lefitu», «Doiixtnenneps, «[uefigep», «Lleficc—
O6epkoxen», «Ponenutok»), B CIIIA («Kopak», «Bonnensak», «Baym u
Jlom6»), B TIP («Lleficc—Hena»), B UexocnoBakuu («Meonta») u ap. Pac-
CMOTPHM ONTHKY TpeX rpynn ¢oToannapaTos, pasiuyatomuxcs GopMaTamMu:

1) o6beKTHBBI MaO(OPMATHBIX H MHHHATIOPHHIX (oToanmapaToB ¢ pas-
Mepamu KaapoB 24 X 36, 28 X 28 u 18 X 24 mm;

2) 06beKTHBEL cpeHe(opMaTHLEIX KaMep ¢ pa3MepaMH CHHMKOB 6 X 6,
6 X 9u9 X 12cm;

3) obvekTHBLI KPYNHOQOPMATHLIX KaMep C pa3MepaMH CHHMKoB 13 X
X 18 n 18 X 24 cu.

1. O6bekTHBb ManodiopMaTHBIX M MHHHATIOpPHBIX (hoToannapaTos.
Cratucruka, nposefienHas M. UepupiM Ha ocHoBaHMH HHQOPMauWH Bedy-
mux xypHanos CILIA, ®PI" u fInoHuu B o6aacTH GOTOTEXHUKH, MOKa3LIBa-
eT, 4TO JIHLIb ANs 3epKaabHbIX GoToKamep 24 X 36 mm B KoHue 1966 ropa
BBITNYCKAaJIOCh OKOJIO MATHCOT PA3JIHYHBIX CMEHHBIX OGBEKTHBOB PasHbIX ¢o-
KycHbIX paccrosiHdii oT 18 o 2000 M H OTHOCHTEJNbHBIX OTBEPCTHI — OT
1:1,2 no1: 15. Umenno opmar 24 X 36 mm — cambifi pacnpocTpaHes-
HbIfi ¥ MMEHHO 3epKajibHble (POTOKamepbl HauGoJee MepCreKTHBHBL.

Ta e cTaTHCTHKa MOKa3piBaeT, YTO BCe IUTATHbIE OGHEKTHBH 3epKaJlb-
HBIX oToannapaToB HMeOT BeJHYHHBl (POKYCHBIX paccTosHHH OT 45 0
58 mm.

Ha rpynny cMeHHBIX NIHPOKOYTOJbHBIX O6BeKTHROB ¢ QOKYCHBIMH pac-
CTOHHAMH 28 H 35 MM NPHXOAUTCA MO TOH JKe CTATHCTHKe 93 pa3HbIX THMA,
T. e. oKolo 20 % BceX BBIMYCKaeMbIX AJsl 3epKaJbHBIX amfapatoB 24 X
X 36 mm. dnuuHopoKycHble OOBEKTHBLI B OCHOBHO# CBOEH Macce HMEIOT
¢okycHbie paccrosaus 85—90; 100—105; 135; 200; 300; 400 u 600 mm;
Ha 9Ty rpynny NpHxofHTcs 288 pasHLIX THNOB OOBEKTHEOB, T. e. GoJjee
60% Bcex BhIyCKaeMbiX AJIsi yKa3aHHBIX (OTOKaMmep.

[To BenvyHHaM OTHOCHTEJIbHBIX OTBEPCTHH IUTaTHble OGBEKTHBBI B OC-
HOBHO# cBoe#l Macce umetoT oTBepetsa 1 : 1,8—1,9u 1 : 2; nekoropas rpyn-
na (¢ GOKyCHbIMH PACCTOAHHAMH 52—58 MaM) HMeeT MOBhLILEHHYIO CBETOCH-
ay — go 1:1,4. IInpokoyrofibkHHKH ¢ GOKYCHBIMH pacCTOAHHAMH 28 n
35 mm uMeloT npeHMyulecTBeHHO oTBepeTHs 1 @ 2,8—1 : 3,5; Takne xe or-
BepCTHs1 Y 06BbeKTHBOB ¢ POKyCHbIMH paccTosiHusaMH 100 u 135 mu. daunHo-
doKkycHble ¢ GoKycHbIMH paccTosHHAMH 200 u 300 ms HMEIOT OTHOCHTEJIb-
Hble oteepetdst oT 1:1:3,5 no 1:4,6, a TeneoGrektusnl ¢ ' = 400,
500 u 600 mm — oTBepcTHsT cooTBeTcTBeHHO oT 1:4,5 mo 1:6,3.
Koneuno, no kaxjol rpynne oGbeKTHBOB HMEIOTCH «peKOpACMEHbI» C
NOBHIIIEHHLIMH ONTHYECKHMH XapaKTepHCTHKaMH.

YKazaHHble ONTHYECKHE XAPAKTEPHCTHKH 3apyGerkHbIX OOBEeKTHBOB
AAI0T MpejcTaBjeHHe O JOCTHTHYTOM TEXHHYECKOM yPOBHE JIHIIb N0 BHell-
HHM mnapameTpaM. OCTaHOBHMCS Ha KauecTBe ONTHYECKOro H306paKeHus
JYYLIHX COBPEMEHHBIX 00paslLoB, B YaCTHOCTH OTeYeCTBEHHbIX OOBEKTHBOB.

OnbiT OTeYeCTBEHHOTO H 3apy6eXHOro 0GBeKTHBOCTPOEHMS TMOKasaJ,
uTO B ipefie/iaX ONTHYECKHX CXeM onpelefeHHOH CJOXHOCTH H NPH JOCTa-
TOYHO OJIM3KHX IPYT APYTY ONTHYECKHX XapaKTepHCTHKaX 00beKTHBLI CpaB-
HHTEJIBHO MaJio pas3/IiH4aloTcsl Nno cBoelf paspeluaromed cuie, HO 3TO,
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KasaJiocChk 6]:[, «MaJioe» pasjIHdHe BCe 2Ke JaeT OCHOBaHHe JOBOJILHO OJHO-
3HayHO HX JM(PepeHLHPOBATD.

Ta6auua V,2

ltaTHee cBeTOCHAbHbIE 00beKTHBH 1A ¢oToamnapaTos 2436 mm

_— 3 Pororpaduueckan
nTHIeCKHe 8 o paspeuwaiomas
XapaKTepPHCTHKR 2. & cuna, Mu™!

£5 | 22

Mapka o6BbEKTHBA e 2 E 3 :
= =32

f.oum | e 20°, |s'.am| 29° | 8= | T 2 8

geg| gz |2 |0 |0
cEE| T A ~ b

1. CeerochibHbie 0GBeKTHBBI AJIR 3epKaJbHEIX Kamep

«[lnanap» (PPI) 52 | 1:2 45 | 37,2| B3 |5/6 |52 |42 |32
«Cymmukpon» (PPI) 52 | 1:2 45 | 37,6 | 68 |5/6 |50 |45 | 39
¢Ayto-Tonkap» (fno- 58 1:1,8 40 | 38,2 | 61 5/6 |52 |38 |27
HHA)

«Bosina-1» («3enunrap»), 52 |1:1,8 4 | 38,0 60 |5/6 |52 |38 |28
(CCCP)

«[ennoc-81» (CCCP) 52 1:2 45 |39,0| 52 | 4/6 |52 |37 |27
«lennoc-97» (CCCP) 52 1:2 45 (39,0 50 |5/6 |50 |43 |33
«Cynep- KanomaTnk» 50 | 1:1,8/ 46 |35,4| 68 |4/6 |46 |33 |28
(SAnonus)

«Tennoc-44» (CCCP, 58 | 1:2 4 |39,0| 58 [4/6 |46 |33 |26
«Bpayn-Pedaekc Ksu- 50 (1:1,99 46 |37,8| 62 |46 |52 |35 |22
HoH» (OPT)

¢Ayto-Takymap» (Slno- 55 | 1:1,8| 43 |39,2| 52 |[5/6 |42 |29 |26
HHSA)

«Ayro-flunuon» (fmo- 50 1:2 46 | 37,1 48 | 4/6 47 | 34 24
HHS

¢I‘e1)(canam (SInonus) 52 | 1:1,8| 45 |33,8| 55 |5/6 |43 |33 | 24
«UV-Tonkap»  (HAno- 53 1:2 44 | 38,0 52 |6/6 [49 |25 |28
HHA)

2. CeeTOCH/IbHEE OGBEKTHBH A/ BH3HP HO-AAJLHOMEPHBIX Kamep
«Cymmukpot» (DPT) 50 | 1:2 46 | 32,4| 70 |5/6 |50 |40 |27
«Pokkop PF» (SInonus) 45 | 1:2 51 30,1 — — |50 |3 |29
«fmunon» (SAmorus) 45 | 1:1,8 51 | 28,2 75 — |67 | — |26
«Tennoc-94» {CCCP) 50 | 1:1,8] 46 |[32,7| 75 | 4/6 |46 |33 |25
«lOnurep-8» (CCCP) 52 | 1:2 45 | 28,0 56 |3/6 |39 |29 |24
uPtlanzi_enmrox-HJloxan 50 1:1,8) 46 [ 38,4| 60 |4/6 (43 | — |29
(®PT)

«G-3yiiko» (SInonus) 42 | 1:1,8 54 |253| 75 |4/7 |50 |39 |20
«TekcanoH» (Snouns) 47 | 1:1,9) 49 | 27,0| 50 |5/5 |41 |29 |23
«[ennoc-79» (CCCP) 45 | 1:2 51 [33,6| 64 |4/6 |44 |27 |35
«Kanon SE» (Hnouns) 45 | 1:1,9] 51 |23,0| 36 — |43 | 28 15
«Pokkop PFs (fnouns) 46 | 1:2 51 |21,0| 55 |5/6 |43 |34 |18

B 1abs. V, 2 npuBeseHbl JaHHbIE O HEKOTOPLIX CBETOCHAbHBLIX OGBEKTH-
BaX, HCMOJIb3YeMbIX B KayecTBe IUTATHHIX B 3epPKaJbHbIX M BH3HPHO-
IanbHOMepHHIX oToannapatax 24 X 36 mm, OHH Xe NPHTOAHEL /g dop-
maToB 28X 28 mm. PaccMoTpeHHe TaG/HIbI NOKA3LIBAET, YTO OGBEKTHBLI XO-
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PoILIEro KayecTBa pa3pellatoT okoJo 50 #u™ B UeHTpe noas, 6oJiblue 35 mm™
no noJio ¥ 30—35 mm™! Ha Kpalo MoJA; BCTPEYAlOTCs CPeld HHX M paspe-
w1 aowpe no noJio oxkoso 40 um™* u Gonee 35 mm~' Ha Kpalo Dons, T. e.
HMelOIIHe PaBHOMEPHOE pacrlpele/ieHHe pa3pelieHHs; Ha30BeM HX OOBbeKTH-
BaMH OTJIHYHOIO KayecTBa.

Y HekoTopofi rpynmnbl, HasoBeM HX YCJOBHO OGBEKTHBAMH CpPeIHEro
KayecTBa, yKa3aHHble BeJIHUHHBI Paspelialolled CHJIbI MPHGIH3UTENBHO HA
5 mm™! MeHbLIe IPH CPeHHX YraaX MoJisi 3peHHs ¥ Ha Kpato noas. Jlanb-
Hefilllee CHHXKeHHMe paspemwatollieii caasl nNpubau3uTeNbHO Ha 5 mMu™ B
LIeHTpe MoJisk HJIH MO MOJIO aeT OCHOBaHHe OTHECTH HX K Fpynne yJAOBJAeTBO-
PHTeNBHOTO (MOCPEACTBEHHOIO) KadecTBa.

Hakonell, BcTpeyaloTcs 0GBEKTHBBI, HMEIOLIHE JaJibHeHIlee CHHIKEHHe
(Ha 3—5 mm™) paspellenus no mnoJio H Goablioil cnaj paspellieHHs Ha
Kpaio noJiss (ao 15—18 ux™); B mocnefHeM cayyae NPHYHCIHM HX K rpynne
MOHHXXEHHOTO KayecTBa. JTa yCJOBHas OLleHKa KayecTBa MOXeT ObiThb Ipo-
BelleHa MpH caedyloweli rpagaliu:

dororpacdryeckas paspelaouias cuaa, Mm—t
KauecTBo o6beKkTHBa
B LEHTpE noJsa no noJix Ha Kpaw noas
Oranunoe >50 >35 >35
Xopouee >50 >35 30—25
Cpennee 50—45 35—30 25—22
¥ NoBJIeTBOPHTENbHOE 45—40 30—25 ~ 20
TloHuKeHHOe — 25—20 < 20

[Tpu sTOM npepnosnaraercs, YTO CPABHHTE/bHEIE HCIILITAHHS MPOBEJEHE
OIFO3peMeHHO Ha OJHHAKOBOM (oToMaTepHasie, pa3pellalomeM OKOJIO
120 mu™ ¥ B OAMHAKOBBIX YCJOBHAX ero obpaGoTku. [ToBTOpHLIE HCNbITa-
HHS, IPOBeJieHHbIe Ha APYTOl 1aGopaToOpHOH ycTaHOBKe, APYTHM HCIBITA-
TeJleM M T. M., KOHEYHO, MOT'YT AaTh HECKOJNbKO HHbIe pe3yJbTaThbl, HO OT-
HOCHTEJIbHOE pacrpelie/ieHHe BeJHYHH pa3peliawouieil CHAbI H, CJefoBa-
TeJbHO, OLEHKAa KayecTBa AaHHOTO OOBEKTHBa BpsJ JIH H3MEHATCHA. DTy
rpajauHio Mo KayecTBY Mbl NMPHBOAHMM [JIaBHbIM 00pa3om ¢ LEbI0 MOA-
YepKHYTb, HACKOJBLKO MaJl pa3bpoc MO BeJHYHHAM paspelialolled CHJILH .
KoneuHo, npy oKoHuaTe/bHOH OllEHKe KauyecTBa OObEKTHBAa HeJOCTATOYHO
YUYHTEIBATD TOJIKO €r0 pa3pelliaiollylo CHAY; B HacTosllee BPeMs M, KaK
MpaBH/IO, HCCJELyeM H YaCTOTHO-KOHTPACTHYIO XapaKTepHCTHKY.

JIMIIL B HCKJIIOYHTEILHO PEIKHX C/ydasiX, KOT[a B MOroHe 3a MoJydye-
HHEM HeONpaBJAHHO 3aBHILIEHHLIX BHEIIHHX ONTHYECKHX XapaKTepPHCTHK
B 00beKTHBe AonylueHbl GoJblire abeppallil, ero paspeluaiolias cujia Mo-
eT OKa3aThCA CPABHHUTEJIbHO HEBLICOKOH MPH HH3KOM KOHTpacTe H3o0pa-
xeHus. HccrenoBanns mokasajld, 4TO XOpOILHe OGBbeKTHBbI HMEIOT BeJiH-
yHHbl Koa(puunenToB mepenaun Koutpacta T(N') B uLeHTpe moJisi 0K0JiO
45—50 % npu yactorax N' = 50 um™* u okono 65—70% npwu yactorax
N’ = 25 um™, a Ha Kpaio MoJsi COOTBETCTBEHHO OK0Jo 20 u 40—45 %.
Y 0GBEeKTHBOB YOBJIETBOPHTE/NLHOTO KayecTBa BeNIHYMHBEI KOI((HIIHEHTOB
T(N') cunxatorcs B uentpe noas 1o 30% npu yactrorax N' = 50 ux™ 1o
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50% npu N' = 25 ux!, a Ha KpaIO M10JI51 COOTBETCTBEHHO 1o 25 % npu N'=
=20 um~L. KoHeuHo, 3TH BEeJIHYHHBI TaKiKe SBJAAIOTCA OPHEHTHPOBOYHBIMH.
U3 taba. V, 2 caeayer, 4To OAHHMH H3 JIYYLIHX H3BECTHBIX HaM 3sapy-
GexXHBIX 06beKTHBOB sABAAITCA «CyMMHKPoH» (f = 50 mm; 1 : 2) pupmu
Jleiitup (OPT) u «[lnanap» (f' = 50 mm; 1:2) ¢upmut «lllHeiinep»
(®PT). Toro xe KadecTBa oTedecTBeHHbifi anacturMaT «['enmoc-97». Ha
puc. V, 2 npHBelieHH MX onTHuecKHe cXeMbl. Kak BHAHMM, CXeMa HOBOTO
«[171aHapa» HeCKOJIBKO OT/IHYaeTCs OT KiaccHueckoit cxemsl [1. Pyznonsga:
B HoBO# cxeme «[InaHapa» TpeTHii KOMIOHEHT HeCKJIeeHHBIH; KpoMe TOro,
B 9TOil CHCTeMe MpHMeHeHb! CBepXTsiiKeJlble JaHTaHOBble KPOHbI. CeMH/IMH-
30Basg onTHyeckasg cxema «CymMH-
KpoHa» 6blIa TIaTeLHO HCCJ/IEI0BaHa
aBTOPOM. JTOT 00LeKTHB oOJajaeT
BecbMa XOPOLIHM HCIpaBJieHHeM ac-
THFMaTH3Ma H KPHBH3HbI MOBepPXHO-
cTH H3obpaxkeHus, obpasyemoro IH-
POKHMH HaKJIOHHBIMH NMy4YKaMH Jiydei
Puc. V, 2. OnTHueckHe cxemm OGBEKTHBOB: KaK B MEPUIHOHA/LHOM, TaK H B Ca-
a — «[laaunap»; 6 = «CyMMuKpOH> THTTaJIbHOM CEYEHHAX; NPH 5TOM OCO-
OeHHO XOpowo HcmpaBJieHH abGeppa-
UMM JiydeH, 3aMOJHSIOMMX UEHTPasbHYIO YacTh 3pauka, YTo MPHBENO K
yMeHbleHHI0 3QdeKTHBHBIX pasMepoB aGeppauHOHHBIX QUIYD paccesHHs
ayueii. Takoe HcnpaBjienHe aGeppaunii ofecrnieyHBaeT MOBLILIEHHYIO pas-
peluaiomyio cnocobHocTh ¢GoTorpapuyeckoit cHcTembl 00BbeKTHB — (oTO-
c/oii nMpH NpHMeHeHHH BLICOKOpaspelllalomuX (oToMaTepHaJIoB.
Ha puc. V, 3 npuBeneHa paspeluatomias cHiia o0b-

o \ | ekTHBa «CYMMHKpOH» ANl HaJbHOMepHHX (oToanna-
- Micrecapy|  paToB 24 X 36 mm, onpelle/ieHHas Ha «NaHXpOMe» THN
10, umetomemM co6cTBeHHOe paspelleHue okoJo 70 um™t,

b7 "\ H Ha ¢oTomaTepHase mukpokomu (300 mml). Kax
\_ \ BH/IMM, paspeluaiollas CHJAa ONTHKO-oTorpaduuecKoi
) “\ CHCTeMEl H B lIeHTpPe M0Jid H MO0 TOJIO MOBBICHIAChH
uﬁ’fﬁ,‘w noutd B ABa pasa. OAHAKO Ha HHU3KopaspeLiaiomem
b/ 1 «nanxpome» THN 10 paspelaiouiaa cHaa oOBEeKTHBA

2 & ,,‘f.f oCTajach HEeBBICOKOH; T. €. 00beKTHB «CyMMHKDPOH»
Pre. V. 3. ®oro- ocobeHHO 3aMeTHBIH 3(peKT HaeT JHIUL MPH HCIOJb-

rpaduveckan paspe- SOBAHHH BLICOKOpaspellaroliHX (oTomMaTepHaJIOB.

N c“fgy:::j Ha puc. V, 4 npuBeleHnl YacTOTHO-KOHTPAaCTHBIE
Kpous XapaKTepHCTHKH 3TOro 06LeKTHBa AN LeHTpa (a) nosis

(I = 0) u ans kpas (6) moast 3penuss (I = 20 mn).

Beanunnbl Ko3(hHIHEHTOB Mepefayl KOHTPAcTa omnpe-

nenenst jas ' =20 mm 01 pas/HYHO OPHEHTHPOBAHHBLIX LITPHXOB CHHY-

COHJANbLHOH MHPEHI: CIUIOLIHOH JIMHHEeH — 118 MEPHIHOHANBHOrO CeueHHs,
NYHKTHPHOH JIHHHeH — JANSl CarHTTaJbHOTO CeYeHHMs.

3aMeTHM, YTO BesIMYHMHbI KO3(D(dHLHEHTOB nepefadn KOHTpacTa COCTaB-

JAOT B UeHTPe NoJjisi okoso 45 % mnpu gactorax N’ =50 mm™ u okoso

67 % — npu vactotax 25 mm™, Ha Kpaio MoJisi COOTBETCTBEHHO OKoJo 20
u 35 %.
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Oxosno 20 ner Hasajy Hamu Obi1 pa3pabotaH oObekTHB «Opxuues-1»
(f = 50 mm; 1:2; 2w = 46°) (puc. V, 5) ans AanbHOMEPHBIX Kamep,
HMeIOLHH ONTHYeCKYIO CXeMy, aHAaJIOTHYHYI0 PaccMaTpHBaeMOH (CM. puc.
V, 2, 6). OnTHueckue KauecTBa 3TOro oObeKTHBa OJH3KH K CBOMCTBaM

o, ) T %
fgﬂlo féﬂ L””
L"‘ﬂ g \ aiud
a0 &N
0
60 -
: S w
W <. i -\_::%
20 2 .
)
W 20 30 W 50 G0N ! n 20 3 W 5,60
& g N

PHc. V, 4. YacTOTHO-KOHTPAcCTHHE XapaKTePHCTHKH 0GbexkTHBa <«CymM-
MHKPOH»

«Cymmukpona». Ha puc. V, 4, a npeacrasiena nyuxkTupoM Kpupasg UKX
o6bekTHBa «OpxHjes-1». [IpombiienHoro npou3BoAcTBa 06BbEKTHB HE MO-
ayuun. dupma «Jlefitu» ycuneHHo pexnaMmHpyeT 06beKTHB «CyMMHKDOH»
Ans uBeTHo# ¢otorpaduu, ORHAKO MmO
pacnpezesieHHIO OCBElleHHOCTH H306pa-
3EHH$ 110 MOJIIO (BC/IEACTBHE BHHBETHPO-
BaHHA) OH Jaxe HeCKOJIbKO XyiKe Apy-
rux oGbekTHBOB (cM. Taba. V, 2).

Orciona csenyer, 9To OGBEKTHB, IO-
BHAUMOMY, 00JIajiaeT IOCTATOYHO PABHO-
MepPHBIM CHEKTPaJbHLIM MPONMYyCKaHHEM
T, B BHAMMOH 4YacTH CmeKTpa, JOCTHTae-
MbIM, B YacCTHOCTH, COOTBETCTBYMOLIHM
BRIOOPOM THIA TMPOCBET/IEHHA ONTHKH ©
ydeToM (PaKTHYECKOrO CNEeKTPaJbHOTO
NpoNnycKaHHs ONTHYECKHX cTeKoJ. Ecan
3TOr0 He YYHTBHIBATh, TO CEJEKTHBHOE
CreKTpaJibHOe [IPONYCKAaHHe MOXKET Cy-
IIECTBEHHO MCKa3uTh LBeTomepelayy, ..
YTO 0COGEHHO HENOMYCTHMO NPH TNOJb-
30BAHHH UBETHOH HeoOpaTHMOH WJeH- — PHe. V.5  Obvextis —«Opxinesi»
KoM, napatoB 24X36 mm

B 1970 rony mamu paspaGoraH Go-
Jlee CBETOCHJIBHBIH LITATHBIH OGBHEKTHB
«I'ennoc-94» (cm. Tabn. V, 2) c¢ oTHocHTeNbHEIM OTBepcTHeM 1 :1,8.
B nofioKHTENbHBIX JHH3aX OOBEKTHBA INpPHMEHEHbI JIaHTaHOBhIE KPOHBI
(CTK), yTo mosSBOJH/IO MOBLICHTH KayeCTBO OINTHYECKOTO H306parKeHHs
OOBEKTHBA MO CPaBHEHHIO ¢ cepHiiHbIM o6beKkTHBOM «ICnHTep-8» mnpH
OIHOBPEMEHHO NOBLIILIEHHOH cBeTocHJe «[enHoca-94».
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ITo rpynne mraTHEIX 06BEKTHBOB ¢ HOpMaJbHo# cBeTocHaof 1 : 2,8 Bo
BCeX CTpaHaX J0 CHX MOp BechbMa WIMPOKO MPHMEHSIOTCH aHaCTHIMAThl THIA
«Teccap» (cM. puc. 1V, 8), ananoramMu KOTOPbIX 10 ONTHYECKOH CXeMe sIBsA-
10Tcs1 06beKTHBB! «MHAycTap». JIHUIL B Goslee peAKHX cJaydyasaX MPHMEHSIOT
3lech MPOCTHIe TPeXJHH30BbIe « TpunJets». B Taba. V, 3 npHBelieHb 1aHHbIE
O HEKOTOphIX OGBEeKTHBaX HOPMaJIbHOH CBETOCHJbI, HCMOJb3YeMbIX KaK B
3epKaJbHEIX, TAK H B BH3HPHO-JaJlbHOMEPHEIX KaMepax 24 X 36 mm. Hx
MCMBITAHHS TNPOBOAHJMCH Ha toTomartepHanax tuna KH, paspewaromux
okoJio 120—130 am™.

Ta6nuna V,3
IlltaTHble 06bEKTHBB C HOpMaJbHOH CBETOCHJOM

Ontaueckue xapaktepucruxy (g€ | § ®@oTorpaduueckas pas.
§ § § pelnalollan CHaa, MM
2 ]

Mapka 0GbeKTHBa . §_§- E% - 3 3

el o 2w o|s, wn ';.?E HEIBEAR:

b Bl 72| o .“. =

«Hupycrap-81» (CCCP) 38 | 1:2,8] 59 | 30 59 | 3/4| 45 25 19
«Teccap» (OPI) 52 | 1:2,8] 45 | 43,7 | 40 | 3/4 | 50 37 31
«Kanou-Jlens S» (Anouus)| 48 | 1:2,8| 47 | 42,0 | 60 | 3/3 | 55 33 32
«Huaycrap-26» (CCCP) 52 1 1:2,8| 45 | 41,0 | 50 | 3/4 | 27 23 18
«Hnnycrap-61» (CCCP) 52 11:2,8| 45 | 40,7 | 48 | 3/4| 46 37 27
«Konop-Cronap» (®PT) 50 | 1:2,8] 46 | 40,7 | 48 | 3/4| 49 29 28
«Teccap» ([P) 52 | 1:2,8| 45 | 41,8 | 38 | 3/4| 48 | 34 32
«DymKuHoH»  (SnoHHR) 47 | 1:2,8| 46 | 38,8 | 50 | 3/4 | 40 27 27
«HMuayctap-70» (CCCP) 52 | 1:2,8| 45 | 39,2 | 65 | 3/4| 50 | 26 22
«Bera-3» (CCCP) 52 | 1:2,8| 45 | 38,0 59 | 4/5| 55 | 38 21
«Mnnycrap-50» (CCCP) | 52 | 1:3)5] 45 | 390 60 | 3/4| 43 | 27 | 25

W3 Tabnuubl BUAHO, HACKOJLKO ellle He HCYepnaHbl BO3MOKHOCTH Mpoc-
TelilIero YyeTelpeXJAHH30Boro aHacTurmara «Huaycrap». Ero coBepiuencTeo-
BaHHe YCNeLIHO MpPoJIoJIXKAeTCsi MPHMEeHeHHEM B HeM JIaHTAHOBBIX CTEKOJI.
[IpoMeitiIeHHOE OCBOEHHe elle GoJiee TSKeJbIX KPOHOB — THMA TOpHe-
BBIX CTEKOJ1 — TI03BOJIHT CO3/1aTh B 6/KxKalillHe rofipl ellle GoJiee BRICOKOKA-
yecTBEHHBIE OGBEKTHBEI 3TOH cXembl. BMecTe ¢ Tem comocraBieHue Ta6il.
V,2uV, 3 MOXKeT HaBeCTH YHTaTeJis Ha HeNPaBHJIbHELIE BLIBOALL: MIECTHIHH-
3oBbifl «[Inanap» u 4ernipexaunsoBbiil «Teccap» (I'’IP) umetor npuGau3u-
TeJIbHO OXHHAKOBYIO paspeluaiolllyl0 CHJY KaK B LeHTpe moas (48 u 52
mm7t), Tak v Ha Kpaiw mnoasa " = 20 um (32 n 32 um™'). Kasanocw Gbl,
CTOMT JI¥ M3-32 MOBLIILIEHHS] CBETOCHJILI NPUGIH3HTeIbHO B ABa pasa (2,8%
: 2%) npumMeHaTH GoJiee CJIOXKHBIE ONTHYeCKHe cXeMbl? OHAKO [TpeHMyLecT-
Ba o0bekTHBa «[11aHap» He TOJBKO B CBETOCHJIe, OHO H B KOHTpacTe JaBae-
MOTO HM onTH4YecKoro usobpaxenusi. Ha puc. V, 6 npusesennl UKX stux
ABYX 0GBEKTHBOB s UeHTpa moas I’ = 0 u Kpas mons I' = 20 mm;
CIJIOIIHbIE KPHBEIE COOTBETCTBYIOT JAHHBIM JJI MEPHAHOHAJIbHOTO CeYeHHH,
MYHKTHPDHBIE — IJIS1 CATHTTAJIbHOTO CeYeHHS.

O6pamiaem BHHMaHHe, HACKOJBLKO BeJMYHHE KO3((HIHEHTOB NepeauH
KOHTpacTa y obbekTHBOB «[lsaHap» Bhie, yem y «Teccapa» — ocoGeHHO
I MEPHAHOHAJLHOTO CeYeHHsi Ha Kpalo moJis.
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Ms naunbix Tabn. V, 3 Takxe cjefyeT, 4To OTeYeCTBeHHLIH OGBEKTHB
«Hunycrap-61» HaXoAHTCS Ha YPOBHe JIyYlIMX COBPEMEHHbLIX 06PasIOB 3T0-
ro THoa. Pacyer ero BeinosineH I'. Cmocapesbiv ¥ B. CokosoBoii.

[Tepexons k rpynmne oco60 CBETOCHJIbHBIX OGBEKTHBOB C OTHOCHTEIbHbIM
oTBepcTHeM 1 : 1,5 U Bhillle, 06paTHM Npexze BCero BHHMAHUE HA Te ONTH-
YeCKHe CXeMbl, KOTOphie ofecneydBaloT GoJAbLIOA 3afHuil (OKaAbHBLIA OT-
pesokK (35—38 mm), 4TO NO3BOJIAET MPHMEHATH HX B 3ePKaJIbHLIX PoToanna-
parax.

B Tta6n. V, 4 npuBeieHsl JaHHBIE 0 HEKOTOPHIX 0COGO CBETOCHJBHBIX
00beKTHBAX, MPHTOMHBIX TaKxKe W VI HOPMATOB CHHMKOB 28 X 28 mum,
NpUMeHsIEeMBIX B COOTBETCTBYIOIHX (oToannapaTax. HMurepecen achepuyec-
KHi 06BeKTHB «2pa-18».

7
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Puc. V, 6. YacTOTHO-KOHTPACTHLE XAPAKTEPHCTHKH OGbLEKTHBOB
«llnanap» (F=50 mm) m «Teccap» (=50 aem)

[Tpu oneHKe KayecTBa ONTHYECKOro H306paxeHHsi 0c060 CBETOCHABHLIX
aHaCTUrMaTOB HeoOXOAHMO HECKOJIBKO CHU3HThL Te TpeGoBaHHs, KOTOpLie
6bLTH YCTAHOBJIEHH! Bhillle TPH MPOBeNEHHH TpajalMH (M0 KauyecTBY) 06b-
€KTHBOB CBEeTOCHJIbHLIX H HOPMaJibHOMH cBeToCHJbI. [10 KauecTBY H3obpaxe-
HHSA HAUAYYIIHM CPENH HCCJIeTOBaHHLIX B 3TOH rpynne sBjiseTcs 06bEKTHB
«Cymmunoke» ¢upmul «Jlefituy (PPIT), onHaKo OH HMeeT MaJbiii 3aJHHH
(okasbHBIH O0Tpe3oK (s* = 28,3 mm) H, clefoBaTe/bHO, NPHTONEH TONBKO
IJ15 BU3MPHO-AaJIbHOMEPHBIX (oToannaparos.

Ilna 3epKa/bHBIX Kamep HaWJAY4YIUHM SBJAsETCA pa3paGoTaHHLIA HaMH
OPHMI'HHaJIbHEIA OOBEKTHB «Dpa-6», HMEIOUIHH NpPM LIECTHIAMH30BOH cXeme
GoJbLioi 3aaHuit 0TpesoK (' = 39,6 mm).

[To cBOHM KOHCTPYKTHBHBIM NapaMeTpam H ONTHYeCKHM KadecTBaM 00b-
eKTHB «Jpa-6» MoKeT ObITb PEKOMEHIOBAH He TOJIbKO B KadyecTBe CMEHHOTO
3epKaJbHLIX (OTOANNapaToB, HO H LITATHEIM OOBEKTHBOM 3epKaJIbHBIX an-
NapaToB BLICILEro KJacca; ero onTHyecKas cxema Obljia yKe HaMH NpHBeJe-
Ha Bbille (cM. puc. IV, 11, &).

[Momeennbiit psiziom ¢ HEM 06bekTHB «Cynep-Takymap» Gupmbr «Acaxu»
(SInonus) uMeeT npu npuGIH3HTEIbHO OLHHAKOBOM KayecTBe H300paKeHHs
BOCEMb JIHH3, T. . Ha JiBe JHH3bI Goabiie. Peksama Gblla co3iaHa PeKopil-
HOMY 10 CBETOCHJIe ANOHCKOMY 06beKTHBY «KaHoH-JIeH3», uMerolleMy OTHO-
curesnbHoe oteepctHe 1 : 0,95, Kak nokasa/H Mcc/leloOBaHHS MPOMBILLIIEH-
HOro odpasia, OGBEKTHB O6JafiaeT NMOHHMKEHHBIM KaueCTBOM ONTHYECKOro
H306pakeHHsa Mo MOJIIO.
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Ta6auna V,4
Ocofo cBeTocHAbHbe 06beKTHBB AJn QoToannapaTtos 24X 36 su

OnTHYeCKHEe XapaKTepPHCTHKH § g § ‘::Jgg&?:qg::’a ;:3;
o

25 |52 z 3

Mapka o6beKTHBA i “g gE - 3 3

’ e ' (=3 (=]

o e 2w, °|s', uu g 5 E: I 1 S

LE|Fe| = S %

«Bocxoa-3» (C(xl?, 52 | 1:1,4 | 45| 37,6 | 62 |6/7| 45 25 28

«Cymmunioke»  (OPT) 50 | 1:1,4 | 46 | 28,3 | 70 |5/7| 46 33 32

«3pa-6» (CCCP) 52 | 1:1,6 [ 45| 39,6 | 63 [5/6]| 40 28 21

«Cynep-Takymaps (flmo- | 50 | 1:1,4 | 46 | 36,4 | 58 |6/8| 42 | 32 22
HHS

«Tekcanon» (fnouns) 52 | 1:1,4 | 45| 34,5 | 66 [5/6] 41 31 18

«IOnutep-3» (CCCP) 52 {1:1,6 | 45| 23,5| 68 |3/7| 37 28 24

«Kanon-Jlena» (fAnounus) 50 | 1:0,95] 46 | 20,1 | 82 |5/7| 41 25 11

«Pekopa-4» (CCCP) 52 | 1:0,9 | 45| 22,3 | 82 |6/9]| 42 27 15

«Kanou-Jlens» (fInonus) 50 | 1:1,4 | 46 | 36,6 | 69 16/7| 40 31 23

«Ayrto-Tonkap» (Sinouus) 58 | 1:1,4 | 41 | 36,9| 72 |5/7| 39 30 24

«Kanou-Jlena» (fnouusn) | 58 | 1:1,2 | 41 | 36,0 | 60 |5/7| 30 23 14

«3pa-18» (CCCP) 49 | 1:1,2 | 50| 38,0 | 61 |5/6| 50 39 18

KoneuHo, 3ajiaya CO3JlaHHSl CTOJIb CBETOCHJBLHOTO IIMPOKOYTOJLHOTO
aHaCTHTMaTa SBJAETCS HCKJOYHTENbHO TPYRHOH.

B sToM Mbl y6enuianch npH paspaborke o6beKTHBa «Pekopa» (cM. puc.
11, 31, ). dror anacturmar, paspaborannsiii J1. BonocosbiM, H. XmenbHu-

Puc. V, 7. OnTHYeckue cxeMbl ANOHCKHX 0ObexkTHBOB: a—«Kanon—
Jlens» (=50 ma; 1:095); 6 — «Kauon-Jlens» (F'=58 ma; 1:1.2)

KoBoii u M. [Ipuauxoii, B Bapuante «Pekopa-4», npuBefieHHOM B Tabn. V, 4,
MMeeT OTHOCHTeNbHoe oTBepctHe 1 : 0,9 mpu nosie 3penus 45°; npu cpas-
HHTeJIbHO GOJIbLIOM 3a/iHeM GOKaNbHOM oTpeske (s = 22,3 mm) OH HMeeT
JAuHY JHb 67,5 mm; cXemMa o6BEKTHBa — JeBATHJHH30Baf.

3ajaya CyUeCTBEHHO YMPOLLAeTCs NMPH yMeHbIIEHHH OTHOCHTEJBbHOro
ortBepcTHs. Hanpumep, B o6bektuBe «Kanou-Jlens» (f° = 58 mm; 1:1,2)
yXe O0Ka3aJoCcb BO3MOMKHBIM YBeJHYHTh 3afHHH (OKaibHBIA OTpe3oK 1O
36 mMm; KOHeuHO, 3ajlaya TeM OoJiee YNPOCTHJACh, 4TO TNpPH 3TOM YroJ
noJsisi 3peHus GblI TaKKe yMeHblueH X0 41°.

Ha puc. V, 7 npuBefieHbl onTHYeCKHe CXeMbl STHX JBYX OGBEKTHBOB,
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ITo nyTH RanbHeHIIErO YCJAOXKHEHHA CNTHYECKOH CXeMBl CHCTEMBI —
NpHMeHEeHHsT JEBATHIHH30BOH KOHCTPYKUMH — mnoumia ¢upma «Hunmon
Koraky» (§lmonus), BuinycTHB 06beKTHB ¢Hukkop» (f° = 50 ma; 1: 1,1,
2w = 46°) (puc. V 8). CBesieHHH O ero ONTHYECKHX KauecTBaX Mbl He Hme-
eM. CyAst o naTeHTHbIM AaHHBIM, B YEThIPeX MOJIOXKHUTeAbHBIX JHH3aX 3TOro
0o0beKTHBa NPHMEHEHbI TAKeJble JaHTaHOBble KpoHbl. Kpome Toro, Bo MHO-
THX CBETOCHJBbHbIX, B YAaCTHOCTH B 0C0G0 CBETOCHJBLHLIX, OOBEKTHBAaX C
11eJIbI0 Y MeHbIIeHHs1 Macchl, Fra6apHTOB B BHHBETHPOBAHHS 1O IOJIO MPH-
MeHeHbl HeOOblYHO MaJibie TOJIIHHLL JIHH3 10 OCH H MO Kpalo.

OTH TeXHOJIOTHYeCKHe OCOGEHHOCTH MoAYac
o6ecrneyHBaloT NPHHUHMHAJBHYIO BO3MOMXKHOCTD
KOHCTPYKTHBHOH peasM3allMH JaHHOH ONTHYe-
cKofi cxembl. B 3akmoueHHe yKaxeM, 4TO B pac-
cmaTpuBaeMoil npobaeme co3faHua ocofo CBeTo-
CHJIbHBIX H JOCTAaTOYHO LIHPOKOYTOJbHLIX 06BeK-
THBOB Opilo 6Bl BecbMa YMECTHHIM TPHMEHEHHe
acepHUeCKHX MOBEPXHOCTEH, YTO MO3BOJIUJIO Gbl
GoJiee COBepliEHHO pelllaTh MOAOGHBIE 3aauH.
Pa6oTel B 5TOM HampaBJieHHH BefyTCs MOBCEMECT-  Puc. V, 8. Onruveckan

cXeMa_ SMNOHCKOro o6bexkTH-
HO — KaK y Hac, TaK H 3a pyGekoM. sa <Huxkop> (/=50 MM;

[TepexofiuM K rpynne CMEHHbIX OGBEKTHBOB L1
K (ortoannmapatam 28 X 28 u24 X 36 mm. U
3flecb OOCYAHM JHIIL Te OOBEKTHBB, 00pa3ubl KOTOPEIX ObIH B Ha-
IIeM paclopsiKeHHH M ObIH MOABEPTHYThI JOCTATOYHO MOJHBIM HCCJe-
noBaHHsAM. Cpeid IIHPOKOYTOJbHHIX CMEHHEIX aHACTHIMATOB HaHGOJIb-
Iyl0 TPYAHOCTb Bbi3blBaeT HMX pa3paGoTKa A/ 3epKaJbHBIX Kamep;
B 9THX CJy4asX BeJIHYHHBI 3aJHHX (OKAJILHBIX OTPE3KOB AOCTHTAIOT,
a B Gosiee KOPOTKO(OKYCHEIX CHCTEMaX H MPEBOCXOAAT 3HaUeHHS POKYCHEIX
paccrosHuii. B tabia. V, 5 npuBeaeHsl JaHHbIE O IIHPOKOYTOJIbLHBIX OGBEKTH-
Bax JJIA 3epKallbHbIX M AaJIbHOMEPHBIX Kamep.

OtinyHbIM 0GbeKTHBOM siBasieTcss «Mup-1». OH Gui1 paspaGoTan HamH
B 1954 rony Ha ocHoBe onTHYecKoH cxembl «PexToron» n-pa I'. LiénpHepa
(T'DP). B oramnune or o6bekTnBa «DJEeKTOrOH», B KOTOPOM NpPHMEHEHH
JIAHTaHOBbIE THe/bie KPOHbI, Mbl IPHMEHHJIA NPOCThIE ONTHYECKHE CTeKJIa.
Bmecte c TeM HaM yzxajoch GoJsiee COBEPLIEHHO KOpPHIHpOBaTh ctepHuec-
KYyIo abeppaiyio BLICIIHX MOPSAJAKOB H BCe XpoMaTHUecKHe aGeppaliu B 06~
nactu cnektpa ot G (A = 434,1 #m) no C(A = 656,3 Hm), B YACTHOCTH
XpomaTH4ecKHe afeppalHy Jdyyeli INHPOKHX HAaKJOHHBIX MY4YKOB, 4TO NpPH-
BeJIO K TOBBILIEHHIO KayecTBa ONTHYecKoro u3obpaxenns. Ha puc. V, 9, a
NpHBeAieHa ONTHuYecKas cXema OGBEKTHBA H YKa3aHbl NPHMeHeHHble B HeM
MapKH onTHyeckHX crekos. Ha puec. V, 9, 6 yxasana paspemalomas CHia
o6beKTHBa, omnpejeneHHas Ha (otomartepuase M3 m UKX o6nekTHBOB
«Mup-1» u «®aekTorow» B ueHTpe noas (puc. V, 9, 8).

3aMeTHM, 4TO JYYilHe COBpeMeHHble KOPOTKO(OKYCHEIE IIHPOKOYTOJb-
Hble CBETOCHJ/IbHbIE OGBEKTHBbI HMEIOT KO3(h(HIIHEeHTbI Nepefiadd KOHTpacTa
50—60 % B uentpe noas npH yactorax N° = 507 n 70—80% — mnpH vac-
ToTax 25 mm~'; Ha Kpaiw noas (I’ = 20 mm) COOTBETCTBEHHO HMeIOT 15 —
20% npu N* = 50 mu™ u 30—40% — npu N’ = 25 unu™, Otn Bennun-
Hbl Mbl Ha3biBaeM, 06o6llasi 3KCMepHMEHTaJbHble AaHHBI, NOJYuYeHHEIE
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A. AweysoBeim H ero corpyanukamd (H. Bepesunwsim, H. CoxosoBoil,
T.IMapanuyk, M. XyxpusHoi u Apyrumu), a nosaxee H. Ebreesoii, T. Jle-
CHHOH W JAPYTHMH, HCMBITHIBABIIHMH G0JIbIOE KOMIHYECTBO 33apyGeXHBIX H
OTedYeCTBEHHLIX JIOOHTEIbCKHX OOBEKTHBOB.

XOopolMMH MO Ka4yeCTBY ONTHYeCKOro u3o0paieHHs, MOYTH JOCTHTao-
IWHMH KauecTBa oObekTHBa «Mup-1», aBasiorca «dnbmapuT R» u «Cynep-
Takymap» (cM. Ta6a1. V, 5); onHako B nepBoM U3 HHX MPHMEHEHa CeMHJIHH-
%
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Puc. V, 9, XEpangncmnn WwHpoKkoyroasHoro c6vekTHBa «Mup-1» [6—8) m cxema
0 WHPOKOYIroNsHOro obbekTHna <«Mup-20» (2)

30Bas ONTHYeCKas CXeMa, a BTOPOH 06BeKTHB HMeeT MeHblllee OTHOCHTE/b-
Hoe oTBepcTHe (1 : 3,5), npu Gonee cJioXHOH BOCbMHJIHH30BOH ONTHYECKOH
cxeme. M3 nareHTHO#, KypHa/NbHOH H peKJaMHOM JHTepaTypbl H3BECTHO
Gonee 60 06BEKTHBOB PA3HEIX THIMOB C (OKYCHEIMH PacCTOSSHHSIMH OKOJIO
35 MM M OTHOCHTEJNBHHIMH OTBepcTHsMH 1 : 2—1 : 2,8 pa3uuix ¢upm H
crpan — S$lmonun, OPT, CIIA, Anranu, Ppanuun, I'IP w np. Onxako
HOCTAaTOYHOE OAHO3HA4HOe MpeAcTaBJeHHe O AOCTUTHYTOM 3Jech TeXHHdYec-
KOM YpOBHe JlaeT OTeueCTBeHHas M SMOHCKas ONTHKa, BOMJIOTHBLIAA B Ce-
Oe (C MCnONb30BaHHEM LUMPOKOH MOKYNMKH HHOCTPAHHBIX JIHUEH3HH) BCe
HanGoJlee HHTepeCHOe H 3aKpelJIeHHOe NMaTeHTHOH AOKYMeHTalHei.

K rpynne mHpoKOyro/ibHbIX OTe4eCTBeHHbLIX OOBEKTHBOB ISl 3epKalib-
HBIX KaMep OTHOCHTCS NpPHBeleHHbIH B TOH e Tabauue 06beKTHB «Mup-14»
(f" = 24 mm; 1:3,5; 2w = 84°). B 1968 roay [1. Bosocosbim, H. X menn-
HukoBo# u T. [llamanuno# paspaGoTan eile Gosiee IUHPOKOYTONBLHEIH 06Db-
ekTHB «Mup-20» (f' = 20 mm; 1 : 3,5; 20 = 94°). On uMeeT OpHTHHANb-
HYIO JIeBATHJIHH30BYIO ONTHUECKYIO cxemy (puc. V, 9, 2). Haspauuslii 06n-
eKTHB fABJsIeTCH CPaBHHTEJbLHO MaJora0apHTHbIM; IJIMHA ONTHKH 60 mm
npH AHameTpe (HauGoJibiueM) MepBO# JAHH3BI 62 mm*.

* BecbMa uHTepecen 06beKTHB «3ofHak-2», paccunTaHHui B. B. TapaGykn-
HEIM.
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Ta6auua V,5
LInpokoyronbHbie cMeHHble 06bexTHBH 1as doToannapaToB 24X 36 mx

OnTHYECKHE XapaKTePHCTHKH gg é dotorpagpuieckasn pas-
= = peluanuas cHaa, Mu—!
Mapka of6bexTHBa §§- 3;‘ 3 3
Bl o fow o|sun88 |e=| S| = | s
gs £8 Il Il
a3l TR = = =
1. O6beKTHBH K 3eDKaJbHBLIM Kamepam
«3oauak-2» (CCCP) 15 | 1:3,5/180 | 41,9 — |5/9| 50 | 25 12
«Mup-32» (CCCP) 24 | 1:2,5) 84 139,3| —|8/9| 53 | 36 18
«Mup-20» (CCCP) 20 | 1:3,5] 94 | 38,0| 40|8/9| 50 | 35 30
«Mnp-14» (CCCP) 24 | 1:3,5| 84 | 38,65 | 45| 7/8 | 52 34 25
«Mup-10» (CCCP) 28 | 1:3,5( 75 | 38,3 41 |7/8| 40 | 30 35
«Mup-1» (CCCP 37 | 1:2,8| 62 | 36,7| 58 | 5/6 | 55 | 36 35
«®aekTorod» ( llPlg 37 | 1:2,8] 62 | 36,8 | 52| 5/6 | 50 33 30
«Anemaput R»  (OPT) 35 | 1:2,8| 64 | 38,3| 57|5/7| 50 37 27
«Cynep-Takymap» (flmo-| 35 | 1:3,5| 64 [37,5| 57 [ 6/8 | 50 | 4l 26
HHA)
;Bpayn-Pec]mexc Jlararou» | 35 | 1:3,5) 64 [ 42,1 | 47| — | 44 30 20
®PT)
«Wnoka-Epuron Pogen- 35 | 1:4 64 | 37,2| 60| — | 57 32 26
wrok» (PPT)
2. O6reKTHBH K AanbHOMEDHBIM Kamepam
«Cnythuk-4» (CCCP) 20 | 1:4,5] 92 [ 12,6 0(5/8| 52 30 23
MP-2 (CCCP 19 | 1:5,6( 95 | 11,0 0] 4/6| 40 36 18
«OpHou-15» (CCCP) 28 | 1:6 75 | 21,8 67| 4/4| 55 | 34 26
«Cynep-Aurynon» (®PT)| 21 | 1:4 9 | 7,4 44| 4/9| 67 | 40 26
«Kanou» (Slnounus) 28 | 1:2,8( 75 | 20,0 80| — | 55 36 17
«lOmurep»-12» (CCCP) 35 | 1:2,8]| 62 7,6 | 70| 3/5| 60 | 27 23
«Cymmukpon» (®PT) 35 | 1:2 62 |1 22,7| 73| 6/8| 50 | 37 27
«Kanou» (SImonns) 35 | 1:1,6( 62 | 19,8 75| — | 39 25 21

H3 rpynnsl WUHPOKOYTONBHBIX O6bEKTHBOB /A JaJbHOMEPHBIX KaMep
BecbMa HHTepeceH 06beKTHB «Cynep-AurynoH» ¢upmu «llueiinep» (®PI')
(f" = 21 mm; 1 : 4; 20 = 90°), uMeloUIUA BBICOKHE ONTHYECKHE XapaKTe-
PHCTHKH H Xopolllee KauecTBO H300pakeHHA. JIOCTHTHYTO 9TO NMPHMEHeHH-
eM CJIOXHOH JeBATHIMH30BOH onTHYecKo# cXembl. [IpuGamKaeTcs K Hemy
TIOYTH MO BCEM CBOMM XapaKTepHCTHKaM Haml 06beKTHB «CnyTHHK-4» (f* =
= 20; 1:4,5; 2w = 92° — cm. Taba. V, 5), obnaparomui NOBLILIEHHOR
PaBHOMEPHOCTBLIO paclpelle/leHHsi OCBElleHHOCTH H306pa<eHHs Mo MoJio;
OCBellleHHOCTh yObIBaeT MPONOPLHOHAJBHO 2,5-fi cTeneHH KOCHHYCa yria
noas 3peHus. O6beKTHB PopMHPYeT pe3Koe KOHTPacTHOe H3oGpaxeHHe Mo
Bcemy noJsifo. Hecko/IbKO yCTynaeT eMy [0 CBETOCHJIE H Ka4ecTBY ONTHYEC-
Koro u3obpaxenusa o0beKTHB MP-2, HMerolui IeCTHIHH30BYIO ONTHYECKYIO
cxemy «Pyccap» (puc.V, 10, a). Cpein 06beKTHBOB C (POKYCHBIM pac-
cTosiHHeM 35 Mm AJ9 AabHOMEPHBIX KaMep HHTepeceH 00BbeKTHB MOBHILIEH-
Hoit cBerocuanl «Cymmukpon» (f' = 35mm;1:2;2w =62°) oupmel
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«/Tefitu» (PPT’). HecMoTps Ha MOBLIIIEHHYIO CBETOCHJY, B HeM YAaJoch
JAOCTHTHYTb XOPOIIETr0 KayecTBa ONTHYECKOro H3o0paxeHHA NPH BOCHMH-
JIHH30BOH ONTHUECKOH cXeMe.

B sakmioyeHHe Ha3oBeM OpHTHHalbHyi0 pa3paboTky ¢upmer «llefice-
O6epkoxen» (PPI') ocobo mmMpokoyronbHoro o6beKTHBa «X0JIOTOHY,
(f* = 15mm; 1:8; 2w = 110°). O6pasen storo 0GbeKTHBA MbI He HCCJe-
noBaJiH, a pacnoJaraeM JHIb XKYPHaJbHEIMH JaHHBIMH. OGbeKTHB, AKOGH,
COCTOMT TOJIbKO M3 TPeX JIHH3, HMelolluX HeoObiuHyl0 popmy (puc.V, 10, 6);
B 4aCTHOCTH, HeoObiuHa ¢opMa BHyTpeHHe#i JHH3HI. [To TeM e cBege-

J

Puc. V, 10. OnTHdeckue cxeMbl: @ — UWHPOKOYroNbHOro 06bex=
THBa MP-2 Thna «Pyccap»; 6 — 0co60 UWIHPOKOYToNbHOTO OGbEK-
TuBa s«Xonoron» (pupma «lleficc — OGepkoxen»)

HUAM, 00BeKTHB 006J1afilaeT MOBLIEHHOA PaBHOMEPHOCTHIO pacnpesiesieHHs
OCBelIleHHOCTH H3006pax{eHHs 10 MOJI: OCBeLeHHOCTb Ha Kpalo MoJs MpH-
MepHO BJ{BOe Bbillle, YeM 9TO cJefyeT H3 3aKOHa KOCHHYyca YeTBepTO#H cTene-
HH. OGBeKTHB B JIOCTaTOYHOH Mepe SIBJISIETCS OPTOCKONMHYECKHM.

PaccMoTpuM rpynny cMeHHbIX JJiHHHOPOKYCHBIX 06BeKTHBOB K doToarn-
napatam 24 X 36 mm. Y 3pgech o6eyauM auinb Te OGBEKTHBLI, OOpasiubl
KOTOpHIX ObIIM Y HAaC B pacnopsXXeHHH M ObIIM NOABEPTHYTHI JabopaTop-
HEIM  HCMBITAHHSAM.

B tabn. V,6 npueefieHb! flaHHEIe O ANTHHHO(OKYCHBIX OOGBEKTHBAaX IJif
Kamep 24 X 36 mm.

ITo sTofi rpynmne Mpl HMeeM Pl OTAHYHLIX 00BeKTHBOB. OTIHYHEIM ABJIA-
erca «3ouHap» (f' =85 mm; 1 : 2). Ha ocHoBe mpuMeHeHHs 0cO00 TAMXKebIX
KPOHOB B HeM IMpH TOH e ONTHYeCKOH cXeme CYINECTBEHHO MOBbIlEHa pas-
peluaolas CHJIa Ha Kpaio nosisi — GoJsiee yem Ha 10 Mm™ mo cpaBHeHHIO ¢
o6bekTHBoM «lOnutep-9». OTIAHYHBIM SIBJsSieTC OGBEKTHB «DJIbMapHT»
(f* =90 mm) dupmnbl «/IeHTU», B KOTOPOM MPH MPOCTOH NSATHIHH30BOK
cXeMe yJaJioch NOCTHTHYTb BeCbMa BBICOKOTO KayecTBa ONTHYECKOro H30-
GparkeHHsl, COXPaHMB MpPH 3TOM OGOJbILOE OTHOCHTENMbHOE OTBEPCTHE —
1:2,8. OrnuuebiM IBASeTCSl pas3paGoTaHHBIH HamH 00beKTHB «Bera-13»
(f' = 100 mm; 1 :2,8 — ucnonuutenb pacuera JI. MBanosa), umeromuii
NpoCTyIO NATHIHH30BYIO cxeMy (puc. V,11).

[To rpynne o6®beKkTHBOB ¢ QOKYCHbIMH paccTossHHAMH 135—150 mm u
TOBBLIIICHHOH CBETOCH/IBI HAWIYYIUHM SIBJAAETCH MATHIHH30BLIH O0OGBEKTHB
«nbmapu™ (f' = 135 mm; 1: 2,8) dupmer «Jlefiti> (PPT).
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Ta6auna V,6

NavunodoKycHsle 00BEKTHRN AAs Kamep 24X 36 smu

ONTHYECKHE XapAKTEPHCTHKH § E E mgfguiml:;:’n;;ﬂ
Mapka o6beKkTHBA S gs 3 3
£ ow. © | s* 6 o= | © e o
MM & b S MMz 5a 1 'i =IT
EL\‘ 52 | o = =
«3ounap» (PPl 85| 1:2 28| 41,3| 37| 3/7 | 50| 36 36
«lOnurep-9» | ) 85| 1:2 28| 40,7 35| 3/7 | 44| 35 23
«[ennoc-40» (CCCP) 85| 1:1,5| 28| 45,0| 50| 4/6 | 48| 20 34
«Aavmaput» (OPT) 90| 1:2,8( 27| 50,1| 33| 4/5 | 60| 46 37
«Ammap» (®PT) 9| 1:4 | 27| 76,5| 43| 3/4 | 52| 45 | 20
«Bera-13» (CCCP) 100| 1:2,8] 24| 52,7| 30| 5/5 | 50| 36 36
«Cynep-Takymap» (fno- | 105f 1:2,8| 23 | 59,9| 32| 4/5 | 42| 87 31
HHsA
¢Fel)c'rop: (tbli’l"g 125 1:2,5| 20| 90,7| 20| 3/4 | 46| 32 17
«dnemapur» (OPT) 135| 1:2,8] 18| 64,9| 33| 4/5 | 46| 39 35
«Taup-11» (CCCP) 135) 1:2,8| 18| 78,6| 44| 3/4 | 39| 32 26
zPonenm'rox-Pomapp 135] 1:4 18] 36,91 53| — | 48| 36 30
OPI
dOnH)'rep-Ih (CCCP) 135] 1:4 18] 62,2| 50| 3/4 | 52| 45 35
«IOnutep-6» (CCCP 180 1:2,8| 14| 79,4| 40| 3/5 | 35| 24 18
«Cynep-/IHHa peKc» ICDPI‘) 200] 1:4 12 | 38,3| 61 — | 35| 28 22
«Tenut» (OPT 200| 1:4 12 1103,1] 26 | 4,4 | 38| 33 28
«Opecrorop» (I'IP) 200| 1:4 12| 50,6| 42| 5/5 | 50 | 44 38
«Hukkop-Q-Ayto» (SImo- | 200| 1:4 12| 48,8] 49| 4/4 | 54| 41 33
HHS
cIOI)mTep-2h (CCCP 200] 1:4 12| 94,1| 35| 3/4 | 54| 45 36
«Tenemap-22» (CCCP) 200( 1:5,6| 12| 80,4 27| 3/4 | 52| 36 31
«Tanp-3» (CCCP)! 300) 1:4,5| 8 |142,0] 40| 3/3 | 45| 43 38
«Tenesenurap» (CCCP 300| 1:4,5 8] 66,3 20| 4/6 | 42| 36 32
«Ano-Tenekc-1» (CCCP) 400] 1:5 6 |117 15| 5/6 | 64| 60 55
MTO-500 (CCCP) 500] 1:8 5| 40,0 — | 3ep- | 38| 26 18
- KaJlb-
HOMHH-
30BBIil
3M-1 (CCCPJ: 500| 1:8 |5 40,0 — |To xe| 42| 34 25
MTO-1000 (CCCP) 1000( 1:10 | 2,5 | 61,0 — | » »| 34| 27 18

[To rpynme o6beKTHBOB ¢ oKycHEIM paccTosiHnem 200 mm u oTBEpCTH-
em | : 4 HaHJTYYIIAM MO CBOHM ONTHYECKHM KauecTBaM MPH HaHNpoCTeHILeH
TPEXKOMIOHEHTHOA YeThIPeXJIMH30BOH cXeme sBJisercs o6bekTHB «lOmnH-
Tep-21». OTJIHYHBIM MO0 KAa4yecTBY ONTHYEeCKOro H3obpa-
JKEHHS H HellPeB3OHJAEHHLIM [0 MPOCTOTe CBOei Tpex-
JIHH30BOH ONTHYECKOH CXeMbl ABJsAeTCs pa3paboTaHHbIH
aBTopoM Gonee 35 JleT Ha3ajJl CBETOCHJILHBIH Teneols-
ekTHB «Taup-3» (f' = 300 mm; 1 : 4,5), ymocToeHHBIH
COBMECTHO C HallMMH o6beKTHBamu «Taup-11», «€Mup-1»
u apyrumu ob6wvektuBamu (MP-2 u MTO-500 II. Mak-
cyToBa) Bbicilieii Harpaisl Ha BcemupHO# BbICTaBKe B Puc. V, 11. Onu-
Bpioccene 1958 rona «[pan npu». Ha puc. V, 12,a  geoean cxegya oo

extuBa «Bera-13»
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NpHBeZieHa ONTHYECKasa CXeMa 3Toro TeJleoGbeKTHBa H ero ¢gortorpaduyec-
Kas paspeluaroniasi cHJja. . ’

Hs 1oil xe rpynmnsl Tene06beKTHBOB HA30BEM 3epKaJIbHO-JTHH30BLIH 065-
eKTHB ¢ MeHHCKOBbIM Kommencatopom MTO-500 (f = 500 mm; 1 : 8).
Ha puc. V, 12 ¢ npuBeseHa ero ontHuecKas cxema H ¢otorpadudeckas pas-
pemaiomas CHJa.

ST0T OOBEKTHB y2Ke MHOTO JIET BblllycKaeTcs cepritHO (OH Gbla paspa6o-
taH H. MakcyTtoBriM B 1953 rony).

B 1958 rogy Ha OCHOBaHHWH HCCJIEAOBAaHHA 3TOH ONTHYECKOHA CXeMhl aB-
TOP NpHILeJ K BbIBOJY O BO3MOMXHOCTH MOBbILIEHHS KadeCTBa ONTHYECKOTO

M~
50
4 g T — -
™ Su,
7w 70 \: -
I!-\‘- JM-1
o 2 l MTO-500
1
fﬂa 0 20 30mm 00 n 2mm
] 2

Puec. V, 12. XapaxkTepncTukh Teneo6beKTHBOB: a, 6 — anuzosoro «Ta-
np-3»; 8, & — 3ePKANLHO-AHH30BbLIX MTO-500 n 3M-1

u3obpaxKeHHs] MEHHCKOBBIX CHCTEM B pe3yJibTaTe YJAYUIIEHHS KOPPeKLHH
acTurMaTHaMa Oe3 YCJIOXKHEHHs HX ONTHYecKOH cXembl. Ha ocHoBe 3THX
HccaenoBaHuil GEIT pa3paboTaH 3epKajbHO-MEHHCKOBHI o6beKTHB (3M-1)
¢ GoJiee BLICOKHM pa3pelleHHeM M0 NoJo—IpHGAH3HTeNbHO Ha 7—8 mm™!.
B orarune ot o6vekTHBa MTO, B HOBOIi cXeMe JIBY X1HH30BLIH KOMIeHcaTop
BHINOJIHEH HeCKJIEeHHBIM, UTO H MO3BOJIHJIO NyYllle KOPPUTHPOBATh NOJEBYIC
abeppanuio acrurmatuama. Ha puc. V, 12, 2 nyHKTHpOM yKasaHa KpHBas
paspeluaionteit CHJILL TeNeo6beKkTHBa 3M-1*,

Ocraercsi paccMOTpeTb MPynNny naHKpPaTHYeCKUX, ObICTPO COBEPILEHCT-
BYIOIIHXCA OGBEKTHBOB.

B KoHue ranase IV Mbl onucann HEKOTOpPhIE OOUIHE ONTHYECKHE CBOMCT-
Ba nofo6HBIX 06beKTHBEOB. Elile HECKOBKO JIeT Hasall oGCyXKAalics Bompoc
06 ocHamenun QoToannapaToB NaHKpaTHueCKHMH oObeKTHBaMH. OfHako
BO3MOXHOCTb NOJIy4eHHs MPOH3BONBHOTO MepeMeHHoro Maciutaba HaoGpa-
MEHHS, YTO MO3BOJIAET BIHCHIBATDL CIOKET MPH €ro CheMKe HaWy4iuM ob-
pasoM, ocoGeHHo BaxHa npu QororpadupoBaHnH Ha LBeTHOH o6paTHMOI
NJeHKe, Tleé H3MeHEHHe KOMIOHOBKHM Kajipa NMpH MeyaTH HEBO3MOXHO, a
TaKXKe ¥ HeKOTOphie APyTHe MpeumyliecTBa oGecneynH GbiCTpoe MPOHHK-
HOBEHHe MaHKpaTHYecKoi onTMKH B ¢oroannaparypy. OnuH H3 mepBbIX
MaHKpaTHYeCKHX (OTOOGBEKTHBOB, TaK Ha3biBaeMblii «QoiixTiennep-3y-

* Oco6oro BHHMaHHS 3acay:;KMBaet anoxpomar «Amo-Teneke-l» (Taba. V, 6).
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map», Obi1 paspabotad B 1959 roay ¢upmoii «@olixtaennep» (PPI). On
HMeeT OTHOCHTeJIbHOe oTBepcTHe | : 2,8 ¢ nyaBHBIM H3MeHeHHeM (OK yCHO-
ro paccrosHusa or 36 no 82 mm npu dopMaTte usoGpaxenus 24 X 36 mm.

Co3nanne naHKpaTHYeCKHX o6BeKTHBOB JJis1 (hOTOAmmapaToB BCTpeyaeT
pAA cnenHpHYeCKHX TPYAHOCTEH M0 CPaBHEHHIO ¢ HX pa3paboTKo# JJis Tene-
BHJeHHs Hau npodeccHoHaNbHOR KHHeMaTorpaduu; OCHOBHBIMH H3 HHX SIB-
qsoTes . Gosee XKecTKHe TpeGoBaHHA K rabapHTaM; HeoGXoAUMOCTh GopcH-
pOBaHHA BeJIHYHH Nojed 3peHHst o6beKTHBOB. 3epKaabHbli ¢oTOannapaTt
24 X 36 mm HMeeT Maccy OKoJio | ke, ecTecTBeHHO, OOBEKTHB K HeMy AOJ-
3eH ObITh CPaBHHM M0 Macce H pa3MepaM ¢ 3THM annapartom. [ose spenus
OCHOBHOTO (IUTaTHOro) o6beKTHBA poToannapata COOTBETCTBYET ero PoKyc-
HOMY PacCTOSHHIO, KOoTopoe MPHOJH3HTENLHO PaBHO NHAroHa/M Kajpa, H,
CJ1efioBaTeNbHO, YTOJ M0JIS 3peHHSl OCHOBHOTO OOBeKTHBa AOCTHraeT 45—
50°. OTn TpH mapaMeTpa — IIHPOKOYTOJIbHOCTb, MaJibie FaGapuThl H He-
GonblIe MAacChl — SIBJSIOTCA B3aHMHO NPOTHBOPEYHMBBHIMH.

Ilenanuce NOMBITKH STH BHYTPeHHe NMPOTHBOPEYHBLIE NapaMeTpHl B Ka-
KOli-TO Mepe COBMECTHTb, BOCMOJIb30BAaBILKChL BO3MOXKHOCTBIO CO3NaHHA
ans potorpaduyu oOBEKTHBOB C JAHCKDETHO H3MEHSIOLIUMHCH (POKYCHBLIMH
paccTOSHHAMH, MOCKOJIbKY B JaHHOM CJydae, B OTJIHUHE OT KMHOCBHEMKH,
He TpebyeTrca sddexTa «nnaBHoro Haesga». ONHaKO mocaelylollHe paspa-
GOTKH NOKasaJiH, YTO TaKoe JONYIIeHHe He NPHBOIMT K CYLIECTBEHHOMY
YTPOLIEHHIO MeXaHHYeCKOH KOHCTPYKLHH OGBEKTHBA H TEXHOJOTHH H3ro-
TOBJIEHHsI. STH BbIBOJABI MOATBEPHIEHL! TAaK}Ke H ONEITOM MHOTHX OpraHu-
3auMii-pa3paGoTUHKOB, CO3/ABILNX CBbIlIE COPOKA Pa3/IMYHBIX MaHKpaTHYe-
CKHX OOBEKTHBOB.

[Toutn Bce oHH pa3pabGoTaHbl A8 3epKaJbHEIX OXHOOGBLEKTHBHEIX (OTO-
annapaToB ¢ OTKHAHHIM 3€PKaJjioM, PaclOJIOXEHHBIM No3ajH OGBbeKTHBa,
yto TpebyeT cpaBHHTeJbHO OoJiblloro 3ajHero (OKaJbHOrO OTpe3ka —
He MeHee 39—36 mm y Kamep 24 X 36 mm. 3TO coO3/laeT DOMOJHHUTENBHbIE
TPYAHOCTH NMPH HX ONTHYECKHX pacueTax, H, KOHEYHO, BCAKHe KOHCTDPYK-
THBHbIE MEPONPHATHSA, AONYCKAOLHe NPHMEeHeHHe OOBEKTHBOB C YMEHb-
IIeHHbIM 32aHHM (POKaJbHLIM OTPE3KOM, YNPOIILAIOT pellleHHe 310l onTHyec-
KU CJI0XHOH 3ajayH.

IlepeunciieHHble TPYAHOCTH ONTHKO-MEXaHHYECKOTO H SKCNJyaTallHOH-
HOTO XapaKTepa NPHBEJIH K OrPaHHYEHHIO NPaKTHYeCKH peaJslH3yeMbIX napa-
MeTPOB MaHKpaTHYeCKHX 00BbeKTHBOB /sl poTOrpahuy: BCe OHH HMEIOT He-
6onbline orBepetss — 1:3,5—1 : 5,6, H, BO BCAKOM CJyyae, He Bhillle
1 : 2,8; KpaTHOCTb H3MEHEHHS HX (POKYCHBIX PACCTOSTHHH TaKe HeBeJIHKa—
1,6—2-xpaTHoe, pexe 2,5 — 3-KpaTHOe; MacChl OOBEKTHBOB COCTaBJAIOT
0,6—1 ke, pexe 2—3 k2 — y ANHHHO(POKYCHBIX OOBLEKTHBOB H B CHCTEMaX
C MOBHIIEHHOH KPaTHOCTHIO H3MeHeHHs! (OKYCHBIX PAcCTOSSHHA — B 3—
3,5 kpar.

[Topo6uo kKaaccuduraumn GOTOOGBEKTHBOB C MOCTOSHHBIM (DOKYCHEIM
paccTosiHHeM, NaHKpaTHYeCKHe OOGDBEKTHBBI YAOOHO KJacCHPHLHPOBATH,
HCXOIf M3 BeJIMYHH HX MHHHMaJbHBIX (POKYCHBIX PaCCTOSIHHMH:

1) mmpokoyrosbHelE MaHKpPaTHYeCKHe OOBEKTHBBI, Y KOTOPBLIX MHHH-
MaJsibHoe (QoKyCHOe paccTosiHHe [, He mpeBbillaeT 45 mum;

2) HopmaJbHble (YHHBepcaJbHble) NaHKpaTHYeCKHe OOBeKTHBH, Y KOTO-
PBIX MHHHMaJIbHBle GOKYCHBIE PACCTOSTHHSA OT 45 o 60 mM;
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3) nnuHHOGOKYCHble MaHKPaTHUYECKHe OOBEKTHBBI, ¥ KOTOPbIX MHHH-
MasibHble QoKycHble paccTosiHHa oT 70 o 100 mm;
4) oco6o pnuHHOGOKYCHble NaHKpaTHYecKHe OOGBEKTHBEI, Y KOTOPHIX
MHHHMa/ibHbIE (POKYCHble PACCTOAHHA nNpeBbilialoT 150 ma.
B ta6a. V, 7 npuBe/leHbl HEKOTOPbIE CBeZIeHHsI O LIHPOKOYTOJIbHBIX NaH-
KpaTHyeckHX 00 beKTHBaX.
Ta6auuma V,7

IInpokoyroabnsie mMaHKpaTH4eckHe 00beKTHBH A9 (OToannapaTos

-0 é‘ la6apurh,
§ g E MM
£& =] E
28 3 g Tun =
Mapka o6bexTHBa e 5 s KOMMeHcauuu 2 g 2
Zox= E 8 E =%
5 g% 3 “ = =] @ E B o
{2?@ g | & g| (23| 8
c8E | 65 | = F| 2|28 | =
«$SIurape-5» (CCCP) 40—80 |[1:2,8|2 Mexanunveckas | 12 | 120 41 |0,6
«tboﬁxmenm:x-Symap» 36—82 |1:2,8|2,3| OnTHyeckas 14 | 120( 78 |0,8
(OPT — CUIA)
«Ayro-Hukkop-3ym» (fno-| 35—85 |1:2,8]2,4 — B| —| —| —
HHZ)
«3ymanuk» (PpaHuus) 35—75 |1:2,8|2,1| Mexanmnueckas | 15 | —| — | —
«Py6un-1» (CCCP) 37—80 |1:2,8|2,2| OnrHueckas 14 | 120 78 |0,8
Eugﬂcc-Bapno-Sonuapr 40—120 | 1:2,8(3,0 — 13 |175| 90 (1,8
®PT).
e¢Ayro-Hukkop-3ym» (no-| 43—86 |[1:3,5]|2,0| Mexanuueckas 91100| 67 |0,4
HHSA)
«Py6un-2a» (CCCP) 45—80 |1:3,5|1,8| Mexannueckas | 10 [110| 64 |0,4

Kaxaplit u3 3THX 06bEKTHBOB 3aMeHsAeT OOBIUHLIA HAaGOp C MOCTOSHHLIM
dokycHbIM paccTosHuem 35—40; 50—55 u 80—85 mm.

HecmoTpsi Ha Malyl0 KpPaTHOCTb M3MeHeHHs (OKYCHBIX pPacCTOsHHIA,
HMeIOTCSl KOHCTPYKIHH KaK C ONTHYeCKoMH, TaK H ¢ MeXaHHYeCKOH KoMreHca-
nHeid CABHTa MJOCKOCTH H300paxeHHH; 3T0 3aMeyaHHe KacaeTcs M mocie-
LYIOWMX TPyn.

ITocKonbKy y 5THX 06EKTHBOB YIJibl MOJeH 3peHHA H3MEHAIOTCH B Ha-
nasoHe ot 63—53 no0 30—20° , To npH cTo/b GOJMBLIKHX OTHOCHTENBHEIX OT-
BepcTuax (1 : 2,8—1 : 3,5) Hx onTHYeCKHe CXeMEI He MOTYT «BbIPOMKAAThCS»
B TeJleoObEeKTHBbI Jaxe MPpH 60JbIIHX (OKYCHBIX PACCTOSTHHAX; HHBIMH CJIO-
BaMH HX ONTHYeCKHe CXeMbl JOJ/KHEI HMETh CBOHCTBa aHACTHIMATOB C YBe-
JIMYeHHBIM 3afIHUM (POKaIbHBIM OTPEe3KOM IPH BceX POKYCHBIX PACCTOSIHUAX,
a cJefloBaTe/lbHO, HX OOULHe AJHHEI JOJIKHLI [IPEBLILIATD BEIHYHHBI MAKCH-
MaNbHBIX POKYCHBIX paccTosiHui. [leficTBHTEeNbHO, y 6osee LIHPOKOYrob-
HbIX CHCTeM JJIMHBL B 1,5 pasa npeBbllialoT MaKcHMaJbHbIE 3HadeHHs ¢o-
KYCHBIX PaCCTOSIHHI; y MeHee IUHPOKOYrosbHOH cHcTeMbl «Ayto-Hukkop-
3ym» (f = 43—86 ma) ee AnuHa AHLb B 1,2 pa3a Gosblue MAKCHMaJIbHOTO
(GOKYCHOTO PacCTOAHHA; UMEHHO CTpPeMJleHHe TaKoro COKpailleHus rabapu-
TOB, a CJIE[IOBaTe/IbHO, H MacC H SBHJIOCh OCHOBHOM MPHYHHON nepexoja K
ee MeHee LIHPOKOYTONbHbIM XapaKTepHCTHKaM, 4TO MOBJEKJOo 3a coboii cy-
1IeCTBEHHOE YMeHbILleHHe AHaMeTpa MepBOro KOMIIOHEHTa H COOTBETCTBeH-
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HO JIHaMeTPOB OCTa/IbHLIX JHH3. BoJslee Toro, Takoe coKpalleHHe YIioB Mo-
Jif 3peHHs MO3BOJIMJIO YNPOCTHTL H ONTHYECKYIO CXeMY CHCTEMEI: BMeCTo
yeThIPHAAUATH-TPHHAAUATH JIHIIb AEBSATH JIHH3. :

Ha puc. V, 13 npuBefieHa onTHYecKas cXema 0OObeKTHBA, BbIMYCKdeMOro
sinoncko# ¢upmoit «<Hunnou-Koraky K. K.». OH xecTko BCTpoeH B 3ep-
XajbHbifi poroannapar «HukKopekc-3ym-35»; HMeeT ONTHYECKYIO KQMIeH-
CAaLlHIO; COCTOHT H3 TpPeX KOMMOHEHTOB, H3 KOTOPHIX / u //] XecTKo cBs-
3aHbl MeXAY co60H H COBMECTHO MepeMellaloOTCsl, H3MeHsisi POKYCHOe pac-
cTosinHe; KomrnoHeHT /] HenoxsuxeH. Bmecre ¢ Komnoxentom //] nepeme-
maeTcs H anepTypHas AHadparma, 9To TpeOyeT HelpepHIBHOTO H3MEeHeHHs
ee JlHaMeTpa — CHHXPOHHO C M3MeHeHHeM (OKYCHOTO PACCTOAHHA 00beK-

I !
E " 2 F=86mm
HE = \\
My 20 '
Ve L 1w 1
- ! w205
a 7

Puc. V, 13. Ontugeckan cxeMa W KpuBbie paspewawouefl cu
Al 00bexTHBa «AyTo-Hukkop-3yms (f'=43—86 ms)

THBA AJIs1 TOrO, YTOOh! OTHOCHTENILHOE OTBEPCTHE BCeH CHCTEMbI OCTaBaJoCh
noctosiHHbIM. POKYCHPOBKa CHCTeMbl Ha KOHe4yHoe paccTosinue (oT 1,2
A0 «6ECKOHEeYHOCTH») OCYLIECTBJSETCS MOABHXXKOH MEPBOr0 KOMIOHEHTA.

Kak suaum us tabnuust V, 7, 06beKTHB HMEeT CPaBHUTENLHO MaJible ra-
6aputbl ¥ Maccy. to JIOCTHTHYTO B Pe3yJIbTaTe YMEHBIlEHHs yIJa MoJs
3penus (mo 53° Bmecto 63—60°) u orBepcTHs (Ao 1 : 3,5 Bmecto 1 : 2,8).
Ha ToMm xe puc. V, 13, 6 npuBesens rpaduky doTorpaduyeckoi paspella-
I0lIeH CHJIBI, ompefieJieHHO!H (KaK M /s APYTHX ONMHChIBaeMBIX 3/leCh MaH-
KpaTHYeCKHX O0BbeKTHBOB) Ha KHHOMAeHKe THNa M3 ¢ paspelueHHeM OKOJ0
120 mm™ Ge3 ceeropunbTpa. Paspewaiomas cuia yKasaHa Ans AByX
KpaHHHX 3HaYeHHH QOKYCHBIX paccTofsHHH. X 0TS Be/HYHHBL pa3peliarom e
CHJILI He CHMJKAlOTCs B MpejieNiaX BCero Moas 3peHus HHxe 15—13 mu™l,
HO, KaK YBH/IHM HHKe, Y BCeX MaHKPATHYECKHX CHCTeM KOHTPACT ONTHYeC-
KOro W306pa){eHHsI MOHHIKEH: BecbMa TPYAHO KOPPHTHpOBaTh abeppauuy
JiyueH LIHPOKHX HaKJOHHBIX MYYKOB AJs BceX (POKYCHBIX PAaCCTOSHHH H
JJs OfHOH (HKCHPOBaHHOH MJIOCKOCTH H300paKeHuH.

JlononHuTeNbHbIE TPYAHOCTH, BO3HHKAIOLIHE MPH pa3paboTKe LIMPOKO-
YTOJLHBIX MAaHKPATHYECKHX AHACTHTMATOB, — JOCTHXKEHHe JOCTaTOYHO
YIAOBJIETBOPHTEJLHOTO HCIPaBJIEHHsA NHCTOPCHH, KoTopas Mo abcosioTHof
BeJIHYHHE NPH BeeX (POKYCHLIX PACCTOSHHAX JIOJKHA OCTAaBAaThCs MO MOJI0
B npefenax 4—5% u He 6onee 6—7 %, NPH KOTOPLIX HCKaXeHHs H306paxe-
HUH ellle 3aMeTHO He CKasHBaloTCs. TPYAHOCTH KOPPEeKUMH JHCTOPCHH elle
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ycyrybisiioTes Heo6X0AUMOCTbIO IOCTHIKEHHSA GONMbIINX 3aXHHX (POKAJBHBIX
OTPE3KOB. ,

Hasoeem M3 rpynnsl naHKpaTHYecKHX (poTooGbeKTHBOB «DolixTIeHAep-
3ymap», paspaboTaHHbIi eille B 1959 rony u usrotoBasiomuiics pupmMamu
«®onxtnennep» (PPT) n «3ymap» (CIUA). ¥ o6bexTHBa Yyros noJisi SpeHHs
usmensercs or 62 10 29° (f' = 36—82 mm) npH OTHOCHTEILHOM OTBEPCTHH
1 : 2,8. OnrHueckas cxema u rpaduku paspeluaiouleli CHJEI NPeACTABJIEHB
ua puc. V, 14. Komnencauns caBHra njocKOCTH H300paKeHHsi — OINTH-
yecKasi. MamMeHeHHe (POKYCHOrO PacCTOSIHHS OCYLIECTBSETCS NepeMelleH -
eM KeCTKO cBfi3aHHbIX KoMnoHeHToB 11 u IV; koMnoneutsi I u 111 Henoapux-
Hbl PH H3MeHeHHH (POKYCHOrO pacCTOSHHSA, HO A1s AHCTaHUHOHHOH (oKy-
CHPOBKH 00beKkTHBa (0T 1,34 U 10 «6ECKOHEYHOCTH») MPeLyCMOTPEHO nepe-

0 Wt mm
f

Puc. V, 14. OnTHueckas cxema w KpuBble paspelnaiomed cuibl 06beKTHBA
«QoixTnenaep — 3ymap® (/' =36—82 mM)

meleHHe KomnonedTta 1. CeellenHs o rabapuTtax W Macce o6beKTHBa yKasa-
Hbl B Tabn. V,7.

[MepBeifi OTeyecTBeHHbIHi NaHKpaTHYecKHA (oTooObeKTHB «Py6HH-1»>
On1 paspaboTal apTopom H B. JIeBHTHHO#M A ManohopMaTHOrO 3epKajlb-
Horo doTtoannaparta «3eHuT-6». OnTHYecKas cxeMa o6beKTHBA NpejCTaBJle-
Ha Ha puc. V,15. Ilpu pacuere o6beKTHBa Gbliio 06paleHo ocoboe BHHMA-
HHE Ha COBepIIIeHCTBOBaHHE KOPPEKIHH XPOMaTHUeCKHX abeppaluii mupo-
KHX HaKJIOHHBIX MYYKOB C LeJblO MOBLIIEHHA KayecTBa H300paXeHHs NpH
uBeTHOH dororpaduu, Korja naHKpaTHUecKHH OGBEKTHB MOMET OKasaThCH
ocobeHHO ymecTHBIM. PaspaGoTaHubiil y Hac HeJaBHO 06beKTHB «PyOuH-2a»
uMeeT MaJlbie TaGapHuThl M BeC M paspeiliaeT B LeHTpPe oKoso 50 mm™ H no
nono 22 um™*,

3ameTHM, 4TO BCS IpYyIMNa WHPOKOYTOJNbHBIX NaHKPAaTHYECKHX OOBEKTH-
BOB pa3paGoTaHa mo cXxeMe BapHooOBeKTHBOB (cM. § 8 raasel IV), Tak
Kak He Obl10 HHKAKOH — HH ONTHYECKOH, HH KOHCTPYKTHBHOH — HeoG-
XOAHMOCTH OCYIIECTB/ATH MapaJljieJIbHbI X0 Jiyyeil B MPOCTPAHCTBe Brie-
penH KoppekTopa (cM. puc. V, 15, a), KoMneHCHpYIOILEero ocTaTouHble aGep-
pauHHu npeAllecTBYOWeH 4acTH ONTHYECKOH CHCTeMbl, H3MeHsomeH ¢o-
KyCHOe pacCTOsSIHHe CHCTEME! B LleJIoM.

HexkoToprle BHemHHe MapameTpbl FPyNnbl HOPMaJbHBIX (YHHBepcasb-
HbIX) NMaHKPaTHYECKHX GOTOO6BEKTHBOB MaHul B Taba. V,8.

* Cnenyer ormeTHTs 0ObexTnB  «fluTapp-5» (Taba. V, 7), paspaGoTaHHul
H. I'panoGoesoit n 3. Ilo6pocepnosoii.
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Ta6anua V,8
HopmansHble (yHHBepcaNbHbIE) NMaHKpaTH4YecKHe (OTOOGBEKTHBH

E&E g I‘aia:uru.

£2 © =

53 = E Tun 3

Mapka o6bexTHBa =5 5 a KOMMeHCaunn 3 a8

go; = g g sa| ¥

$3% | 8- | & o g |88 3

¥ = 9 2a

288 | 65| < 5| &38| 2
«Kanon-3ym» (SImomuns) | 45—200 | 1:2,8)4,5 — —| — —
<IlInefinep-BapHoron» 45—100 | 1:2,8]2,2 — —| — —
{®PIN)
«Kounxka-T'ekcanon» (fino-| 47—100 |1:3,5(2,1 — —|100| 58 | —
HHSA)
«Pokkop-Ayro-3ym» (SIno-| 50—100 | 1:3,5(2,0 — 14]125] 78 | 0,85
HHS)
«Anxenne-3ym» THn LB3 | 50—200 | 1:3 | 4,0| Mexanuueckas |—| —| — | 2,75
{®panuns) ’
«3ym-Brokop» (SInouns) | 50—100 [1:3 |2,0| To xe —|{1oy — 1,2
«Ayro-Hukxop-3ym» (fno-| 50—300[1:4,5]6,0 - 1413001103 | 2,1
HHA)
«Tampon-3ym» (fnonus) | 55—90 |[1:4 |1,6 — 7{115| 70 [0,60
«KanonMaTuk-3ym» (Anmo- | 55—135 |1:3,5]2,4| Mexannueckan |13|140| 85 10,77
HHA)

4

B oTiHuHe OT HIMPOKOYTOJIbHBLIX NMaHKpPaTHYeCKHX 0OBEKTHBOB, 3/leCh
HeCKOJIbKO YMeHbIIAIOTCS YTJIbl Mol 3peHHA, a NPH ONHOBPEMEHHOM Xo-
Ts1 O6bl HeGOJIbIIOM YMEHbIUEHHH OTHOCHTEJIbHEIX OTBEPCTHH BO3MOXHO CO-

rad

020 L
;24

Pue. V, 15. OnTtuyeckan cxema ® Kpusnle paspeawweft cuasl o6bekTuBa
«Py6un-1» (F'=37—80 ats)

KpaTHTb raGapHTHl CHCTEM: ANHHA OObeKTHBA MPHGJIH3UTEJNBHO PaBHAa WJIH
JIMIIb HECKOJIbKO GoJiblie BeJHYHHBLI MaKCHMalbHOrO (OKYCHOrO paccros-
HUA ['yaic-

BecbMa HHTepecHO coMocTaBJieHHe SIMOHCKHX 0GBeKTHBOB: «Pokop-
AyTto-3ym», BeinylenHoro B 1963 roay, u «3ym-Brokop», BhIMYIIEHHOTO B
1962 roay. O6a uMelOT OAHMHAKOBLIE Mpelesbl H3MeHeHHs] (OKYCHBIX pac-
crosiiuit (50—100 sx), HO NepBLIfi H3 HUX HECKOJIbLKO MeHee CBETOCHJbHBIH
(1 : 3,5 BMecto 1 : 3), aKcIyaTallMOHHBIE MPEHMYIIECTBA NEPBOro 06bEeKTH-
Ba HeCOMHeHHhLI, B YaCTHOCTH ero Macca B 1,5 pasa menbiue. Mutepecen
o6rekTHB «Kanoumatuk-3ym» (f' = 55—135 mm; 1 : 3,5), Buinmyuwenusiit
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Ta6aunua V,9
ll.unnuomdxycuue NaHKpaTH4YeCKHe (PoT000beKTHBH
- e TaGaputw,
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«Cynep-Takymap-3ym» 70—150(1:4,5]2,1 — 15|1225| 70 | 1,1
(ﬂnonnnA
«Pokop-Ayto-3ym» (Sno- | 80—160(1:3,5(2,0| Mexanuueckaa |15|210| 80 |1,3
HHA)
«Coaurop-Mupauna-3ym» | 90—140|1:2,8/1,6 — —|165] — [1,02
(HAnouns)
«ITerpu-Ayto-3ym» (flmo- | 80—200|1:4,5|2,5| Mexanuueckan 11| —| — | —
HHA) .
Emgfﬁnep-Bapuorom 80—240(1:4 |3,0] To xe 141200 97 | 1,65
(e
«Tampon-3ym» (fImouns) | 80—250|1:3,8(3,2 — 14(240| 72 | 1,26
«Can-Xu-Tene-3ym» (Ano- | 85—210|1:4,8|2,5| Mexauuueckan |13|164| 58 | 0,67
HHA)
(l_leiIi‘cc-Bapuo-3ouHap: 85—250|1:4 (2,9 —_ 151260| 90 |2,3
(®PT)
«Jnna-Tene-3ym» (PPI) [ 85—250(1:4 (2,9 - 121190| 83 (1,2
E}?y-roml-[uxkop-Tene-sym 85—250|1:4 |2,9]| OnTHueckas 151300|105 | 1,8
NOHHA)
«Kanon-3ym»  (fAnouus) | 85—300|1:5 |3,5 — 151270| 78 | 1,77
«fcuka-fcHHon-3ym» 90—190( 1:5,8]2,1 — 9{170]| 56 |0,55
(S nonus)
«Acrponap-3ym» (flnonus) | 95—205(1:6,3|2,1| Onrhueckas 71175| 59 |0,63
«2aukcap-3ym» (Snonua) | 95—205(1:6,3]2,1 — 71185| 61 |0,63
«Tampon-3ym» (fnonus) | 95—205|1:5,6]2,1 - 9]|185| 56 | 0,56
«Tampon-3ym» (Huouun; 95—250(1:5,612,6 — 91200 62 |0,72
«Kanurap-3ym» (Anonus) [ 100—200(1:5,6(2,0 - 71180| 658 | 0,63
«Munonsra-Pokkop-3ym» |100—200(1:5,6(2,0 - 8|175| 55 |0,54
(SInonua)
«Baysp-Tene-3ym» (fnmo- | 100—200]1:5,6]2,0 — 8|190| 70 (0,9
HHSA)
«Bapuo-3enntap» (CCCP) | 100—200(1:5,6 [2,0| OnThueckas 11| 195| 62 |0,67
«Maka-Tene-3ym» (SImo- | 100—200| 1:5,6 | 2,0| Mexanuueckas | 8| —| — |0,86
HHA)
«{Onnes-3ym» (SAnonus) | 100—200(1:4,5(2,0 —_ 8|190| 70 (0,9
«Acaxn-Cynep-Takymap- |100—270|1:4,5|2,7 — 151300 70| —
3ym» (fnonns)
«Cen-Tene-3ym» (Slnouns) |110—180|1:4,5[1,6 —_ 91180 — |1,1

snoxcko# ¢pupmoit «Kanon-Kamepa Ko.» B 1964 rony. O6beKTHB oxBaThIBa~
eT Habop ¢okycHsiX paccrosuuit: 55, 85 u 135 mm; npu 5TOM ero ontHuec-
KHe KadyecTBa TaKKe BNOJIHE Y/0BAeTBOPHTE/NbHbIE; A/ KPaHHHX 3HaUeHH
(OKYCHBIX pacCTOstHHi OH pa3pemaer okKoJsio 40 mx™ B lleHTpe mosis U He
meHee 20 mu no nomo npuf = 55 mm wHe meHee 15 mmPnmpuf =
= 135 mm™!. [ucraHunoHHass HOKYCHPOBKA OCYLIECTBJSETCH mNepemele-
HHEM NepBOH JHH3bLI, HAHMeHbllUas AUCTAHLHS CbeMKH — 2,1 mu. Ilo-BH-

380



IUMOMY, ONTHYECKHe XapaKTePHCTHKH 5Toro 00BbeKTHBa G/H3KH K OMNTH-
MaJIbHBEIM [0 FpYIIe YHHBepCaJbHLIX MaHKpaTHYeCKHX (DOTOOGHEKTHBOB;
MoxKeT ObiThb, CJIefyeT, COXPaHHB Te e HOpeJiesibl H3MeHEHHs (POKYCHBIX
paccrosHH# (55—135 mm), HECKONBKO yMeHBIUHTb oTBepcTHe — fo 1 : 4
Bmecto 1 @ 3,5, yTO CHH3HT Maccy o6bekTHBa npuGauauTeabHo po 0,6 xe
H COKPATHT ero AMHHY 1o 120—125 ma.

Bonbune pa3paboTKH Gbl/IH BHINOJHERb! IM1aBHBIM 06pascM SIMOHCKHMH
ONTHKaMH O CO3[aHHI0 OGIIMPHOH IpyNnbl AJTHHHCQOKYCHBIX MAHKPaTH-
YyecKHX ¢0TO0OBEKTHROB (Ta6a. V,9), y KCTOPBIX Be/IHYHHBE MHHHMaJbHBIX
(oKycublX paccTosHui B mpefenax 70—100 am.

3a mocJ/leflHHe TOIbl HaMeTH/ach ONpelefieHHas TeHAEHLHA: CHHXKATb
OTHOCHTE/IbHbIE OTBEPCTHS CHCTEM, YTO MPHBOAHT K E€CbMa 3HAYHTEJILHOMY
COKpallleHHI0 TabapHTOB H Macc 00b-
eKTHBOB. YXe NpH OTBepcTHAX 1 :
4,5—1 : 5,6 rabapHTel H Macchl 06b-
eKTHBOB JOCTATOYHO MaJjbli JJIHHA
NaHKPaTHYECKOTO TesIe00beKTHBA
paBHa M Jlaxe HeCKOJIbKO MeHblle Be-
JIHYHHBl MaKCHMaJbHOTO (POKYCHOTO
PACCTORHHS CHCTEMH fupee KpaT- it Vylf, Ormeeres cxous ctney
HOCTb H3MeHeHHs (POKYCHEIX pPaccTo-

SIHHH O0ObIYHO OrpaHHYHBAaeTCs Be-
quunHamu  2—2,5. [Ipy ykasaHHBHIX nmapameTpax Macchl OGBEKTHBOB He
npeBLIAOT 1 K.

[Tepexon oT MHHHMalbHBIX QOKYCHEIX paccTosiHuit 80—85 mm K Benn-
YHHAM [\ TOpaAKa 90—95 MM TPH COOTBETCTBEHHOM CHHIKEHHM OTEep-
crufior1:3,5—1:4 101 : 5,6—1 : 6,3 no3BONISIET YNIPOCTHTL ONTHYECKY 1O
CXeMy CHCTEMbI: BMECTO MSATHAALATH-ABEeHAJUATH JHH3 3ajaya pellaeTcs
JleBATH-CEeMHJINH30BOH CXeMOH, 4TO, KOHEUHO, He TOJBKO YMeHEIlaeT Mac-
cy 00beKTHBa, HO H YIpPOIlUaeT TeXHOJIOTHIO ero H3rotos:eHus. Hanpumep,
BeCbMa HHTepeceH ANOHCKHHA 06BbeKTHB «AcTpoHap-3ym» (f = 95—205 mm).
Ero otHocuTenbHoe oTBepetHe | : 6,3 B HHTepBane (POKYCHBIX PacCTOSHHHA
95—180 mm u ymenbuiaerca Ao 1 : 7 npu nepexosie K QOKyCHBHIM paccTos-
HusM 180—205 mu. O6beKTHB HMEeT NPOCTYIO CEMHJIHH30BYIO ONTHYECKYIO
cxemy (puc. V, 16) u siBAsieTcs OZHHM H3 caMbX Jerkux (macca 630 2).
KomneHcaluns  casura NJOCKOCTH  HM300paXkeHHsi — OMNTHYecKas,
NpH H3MEHEHHH (OKYCHOTO PAaCCTOfHHS NBHXKYTCA KeCTKO CBA3aHHBIE
mexny coboit komnoneutsl I u 111 npu HenoxsrxkubiX II B IV KoMnoHeH-
tax. JlucraHuHoHHas ¢okycHpoBka — oT 1,8 # o «6eCKOHEYHOCTH» —
OCYIIECTBAsIETCS MepBbiM KomnoHeHToM. [Ipu HaMeHeHHH (OKYyCHOTO pac-
CTOSHHS JJIHHA OOGBeKTHBAa HM3MeHsieTcs: OT HaubGoJsblued ANHHBL 244 mMm
(mpu f* = 205 mm ¥ IpH AMCTAHUMH CbeMKH 1,8 #) 10 HAaHMeHbLIeH NJIHHBI
175 mm (npu f° = 95 mm B AUCTAHUHH «GECKOHEYHOCTHY).

Oco60 AnMHHHODOKYCHLIe NaHKpaTHYeCKHe (PoTOOGbeKTHBBI OblIH pa3pa-
GoraHpl TaBHBIM 00pa3oM 3a MocJeHHE AecATb JeT SNOHCKHMH OITH-
kKamu. B taba. V, 10 npuBeaeHb! HEKOTOPHIE CBEJIEHHS M0 3TOH Tpynne 06b-
€KTHBOB. 3Jech He YJaJoch CO3[aTh CHCTEM IOCTAaTOYHO KOMMAKTHBIX H
JIEFKHX: 06beKTHBEI HMeloT AAHHY okoso 0,5 m, a maccy 2—3 xe. Ilytu
COBEPLUCHCTBOBAHHS 3THX MapaMeTPOB MOKa He SACHHI.
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Ta6bauna V,I10
Ocofo panuHodoKycHble nNaHKpaTHHeCKHe (PoToOOHEKTHBH
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«Pokop-Ayro-3ym» (fnmo- | 160—500 | 1:8,0 3,1 — 16/ 490| 90(2,75
HHA)
«Can-Xn-Tene-3ym» (Slno-| 190—430 | 1:5,8 2,3 — 11430 862,55
HHS)
«Tampon-3ym» (fmonus) | 200—400 1:6,3 2,0 — 8|350 811,28
«Ayro-Hukkop-Tene-3ym» | 200—600 | 1:9,5— |[3,0] Onrnueckas | 13| 490 105 |2,80
(S nonus) 1:10,5
«Tampou-3ym» (fnonus) [1000—4000{1:16—1:64 4,0 — 14| 447 | — 11,4

Taknm ofpa3om, H3 Bcero MHOroo6pasusi PacCMOTPEHHEIX MaHKpaTH-
YyecKHX 06BbeKTHBOB J71a (opMara 24 X 36 Mm MOXKHO CUH14Th Lesecoobpas-
HBIM, €CJIH Y4eCTh BO3MOXXHbIE ONTHYECKHEe XapaKTePHCTHKH H TEXHHYECKH
npuemjeMble SKCMJIyaTallHOHHEIe TapaMeTphl, Pa3paboTKy ABYX MaHKpaTH-
YeCKHX aHaCTHIMAaTOB C GOJILIUMM 3aJIHUM (OKAJIbHBIM OTPE3KOM (He MeHee
38 mm) 1ns sepKaNbHbIX (OTOANNapaToB: OAHOTO — MO IPyINe HIHPOKO-
YTOJIbHBIX NaHKPAaTHYeCKHX OOGBEeKTHBOB* ¢ mpefenaMH H3MeHeHHs (oKyc-
HBIX paccToaHMi mnpubGausutensHo ot 35 go 100 mm npH oOTBepcTHAX
1:3,5 (cM. Tabn. V, 7) 1 oqHOr0o — maHKpaTHYECKOro JANHMHHOPOKYCHOrO
0o0BEKTHBA C MpefielaMH U3MeHeHHs1 QOKYCHBIX paccrosHu# oT 90—95 no
250 mm nNpH OTBepCTHAX oKoJo 1 : 5,6 (cMm. Taba. V, 9). B sTux Hanpasie-
HUSIX M MPOBOAATCA HALUH pPa3paboTKH. ‘

ITo MHOrHM rpynnaM o6beKTHBOB Mor Gnl ObITh OCYILECTBJIEH AaJjibHei-
IUMH IUar KaK B HalNpaBJieHHH COBEPLUEHCTBOBAHHS HX ONMTHYECKHX H 3KC-
NJyaTalHOHHBIX XapaKTeDHCTHK, TAK W MOBLHIEHHS KayecTBa ONTHYECKOTO
Hsobpaxenns, ecii Oblia Gbl OCBOEHA TEXHOJIOTHS MAcCOBOIO H3FOTOBJIEHHS
TOYHBIX acepHUECKHX MOBepXHOCTeH.

IlepexoiuM K pacCMOTPEHHIO ONTHKH IS JIIOOMTeNbCKHX (oToanmnapa-
ToB ¢opmata Kajpa 18 X 24 mm.

3a nocyiefiH¥e oAl HeyKJOHHO BO3pacTaeT HHTepec K MHHHATIOPHBIM
toroannaparam. LlenecoobpasHocTb pa3BHTHsA MeJKomaciutabHo# doro-
rpaduu GyHeT Bo3pacTaTh MO Mepe COBEPILEHCTBOBAHHS paspeliaioued
CrnocoGHOCTH ONTHKO-oTOrpadHyeckoii cHcTeMbi 06GBeKTHB — dorocoi
H, C/leloBaTeJbHO, BOSMOXKHOCTH OCYIIeCTB/IeHHS GOMBIIMX MOCAENYIOUHX
yBeJIHYeHHH H300paKeHH# C HeraTHsa.

B taba. V, 11 npusesens! faHHble 06 OT€YeCTBEHHBIX H HEKOTOPbIX HHO-
CTpPaHHbIX 06pasuax o6bLeKTHBOB Aas ¢oToannapartoB 18 X 24 mm.

[Tpy oueHKe ONTHYECKHX KayeCTB OGBEKTHBOB CJAEAYET YUHTHIBATh, 4TO

* Pacuer o6vexkTuBa ¢Bapuo-Tonp-17» ([ =35 — 100 mux, 1:3,5) Bunoases B
1977 r. M. lnakuuem.
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KOJIHYeCTBO H306paKaeMuIX AeTasefl Ha eAHHHLE MJIOMANN HETaTHBA Y MH-
HHATIOPHHIX (oToannapaToB A0JNKHO ObiTh GoJibllle, Yem y annapatos GoJee
KpynHoMacluTabHBIX; HO JJIsi STOrO ONTHKO-(oTorpadmueckas cHCTeMa
JloJKHa MMeTh CylllecTBeHHO 60MBLIYIO paspeluaiomyto cuity. K coxanenuio,
HHM B HHOCTPAHHOH, HH B OTeYeCTBEHHON ONTHKe MbI 3TOro He HabJofaeMm:
no rpynmne o6beKTHBOB ¢ HOpMaJsibHOH cBetochaofi (1 : 2,8—1 : 3,5) Mol
BbIHY)K/leHbl NPH3HATh XOPOIIMMH OOBEKTHBLI, pa3pelualomue B npelenax
Bcero monas oxojo 30 mm™l; npaBma, TpPH 3TOM
NpHMeHeHbl NPOCTeALIHE ONTHYECKHE CXEMbl; YeThl-
pex- M MSTHIAHH30BLIE.

[lo rpynne CBeTOCHJLHEIX OGBEKTHBOB HMHTEpeC
npeicTaBiseT OOGbEKTHB MOBBIILEHHOH CBETOCHJILI
«Bocxop-2» (' =32mm; 1 : 1,6), umelomuii yBe-
JIHYeHHHIA 3aHHH QoKanbHbIH oTpe3oK 26,3 MM nNpH
CPaBHHTEJIbHO BHICOKOM ANiSl €ro CBETOCHJIbl Kaye-  Puc. V. 17. ~ Ontude-

eTOCHIb~
CTBe ONTHYeCKoro H3oOpaeHHs. OOBEKTHB pa3pa-  moro_obvextusa «Boc-
6oTaH HaMM A 3ePKaNbHHIX (oToanmapatos. Ha &% (o3 am
puc. V, 17 npuBelieHa ero onTHYecKas cxema.

Ta6auumwa V,I11
O6bexTHBn Aga doToannapatoe 18X24 mm

OnTHuecKHe XapaKTepucTHKM | § g i @otorpadueckas pas-
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1. O6BeKTHBE € HOPMaNbHOR CBETOCHJIOMN
«Phken» (A nonus) 25 . — 57 32 27

35| a8 | 2 | 22
35|58 | 50 | 32 -

34|60 | 37 | 25
34| 50 | 39 | 32
60| 29 | 4

23,5| 60 | 3/4| 50 | 37 23

«Kanon-SH»  (SInouus) 28
«Kanou-SF» (Slnonus) 28
«Swnnon» (ﬂnmgtg& 28
«HUnnycrap-69» (CCCP 28
«Hunycrap-65» (CCCP) 28
«Omumnyc D 3yiiko» (Amo- | 28
HHA

«JTupa-4» (CCCP) 30

[y N —

¢ FREREGS
-

%] mt\:w_wmtow
00 OO0 000000 oo

2. CeerocuibHbie 06bEKTHBH

«lexkcanony (fnouns) 30 (1:1,9] 53 | 23,2 | 60 | 5/6 | 53 35 22
«flmuanon» (SInoHHs) 32 | 1:1,7] 50 | 19,2 | 68 | 6/6 | 57 42 32
«®ymxkuHoH» (S noHus) 33 (1:1,9| 49 | 19,6 | 50 | — | 58 49 39
«F-3y#iko-Ayto S» (fno- | 38 | 1:1,9| 43 | 26,8 | 55 | 5/6 | 51 36 29
HHA)

«Tennoc-89» (CCCP) 30 | 1:1,9| 53 |21,5| — | 4/6| 46 | 33 22
«Bocxoa-2» (CCCP) 32 | 1:1,6| 50 | 26,3 — | 6/7]| 48 | 30 26
OKC-8-35-1 (CCCP) 35 | 1:2 46 — 60 | 5/7| 52 45 36
«Pexopa-5» (CCCP) 36 | 1:0,9] 45 | 15,0 80 | 6/9| — —_— -—



PekopIHbIM no cBeTocHJIe ABJAsfeTcs 06beKTHB «Pekopa-5», paccuuran-
uuiit B 1967 rony . BosocoebiM ¥ H. XMeNbLHHKOEOH C OTHOCHTE/LHBIM
orBepctHeM 1 : 0,9, ero 3aauui ¢oka/nbHEIR OTPe30K paBeH 15 mm, 4TO MO3-
BOJISIET €r0 NPHMEHHUTDb B JaJbHOMepHBIX KamepaX. OGBeKTHB HMEET ONTH-
uecKylo cxeMy, NpuBefeHHY0 Ha puc. 11, 31, 6.

Mz nomectisin B Tabnuue V, 11 o6bextus OKC-8-35-1, npeanasxayen-
HEIA A1 npodeccHoHaNbHOH 35-uM KUHOCBEMKH, KOTOphIH GYAeT onHcaH B
caefytoleM naparpade 9TOH r/aBbi; KOHEYHO, HECOXOAMMO COOTBETCTBYIO-
muM o6pasoM COTracoBaTh NOCA0YHLIE pasMephl.

B KauecTBe CMeHHOH ONTHKH HeOOXONHMMbI ellie MO KpaiHel Mepe OIHH
IUMPOKOYTOJbHEIH H ABa-TPH AJHHHODOKYCHBIX OGBEKTHBA.

Beiie MBI OMHCAJH ONTHYECKH BbICOKOKAUeCTBEHHbIH 06heKTHB «Mup-14»
(FF =28 mm; 1 : 3,5; 2w = 84°) c 3aaHuUM POKaNLHBIM OTpe3KOM 38,5 M.
Ilenecoo6pa3sHo nmepepaccYHTATh 3TOT OOBEKTHB A1t POKYCHOTO PacCTOSTHHS
17 mm; 1: 3,5; 2w = 84°, 4ro cooTBEeTCTBYeT Kaipy 18 X 24 mm; npu
aToM 3ajHH# ¢okanbHbIH OTpesoK Oyner paBeH 27 ma. O6GbexTHB Gyner
MasoraGapHTHLIM: €T0 AJIHHA COCTABHT OKOJIO 45 MM MpPH MaKCHMAaJbHOM
JHaMeTpe MEPBOH JIHH3BI OKOJIO 34 MM.

B xayecTBe ATHHHOPOKYCHEIX O6BEKTHBOB llelecoo0pa3Ho MpHMeHeHHe
MPOCTHIX H JIeTKHX 00beKTHBOB «Taup» ¢ poKycHbIM paccTosiHrem 85—90 mm
H OTHOCHTeJIbHBIM OTBepcTHeM 1 : 2,8, mnepepaccyuTaHHBIM H3 OGBEKTH-
Ba «Taup-11», u o6beKTHBa ¢ (OKYCHLIM paccTosiHHeM 150 mm ¥ TeM xe
oreepcTHeM | : 2,8, Asist yero no CBOMM ONTHYECKHM CBOHCTBAM BITOJIHE MOA-
XONUT KHHOCBEMOUHbIH OGBEKTHB A 35-mm GuALMOB TOTO XKe THNa «Ta-
up» — OKC-1-150 (' =150 mn; 1:2,8), umelomuii OTIIHYHOE ONTHYECKOE
u3obpakeHHe H paspellaloluil B npefenax Bcero nojia 18 X 24 um ue
meHee 45 mm™. B KauecTse TpeThero oco6o AIMHHO(DOKYCHOTO OGBEKTH-
Ba peKoMeHJyeTcsl paspaboTaHHBIH HaMH 3epKaJIbHO-MEHHCKOBBIH 0GbeK-
B 3M-2 ¢ QoKycHnM paccrosiHHem 350 mm u oTBepcTHeM 1 : 5,6, umeto-
i ONTHYECKYIO cXemy, 6iH3Kylo K cxeme MTO (cm. puc. V, 12, a).

Dta cXema OT/IHYAeTCA TeM, YTO JIMH30BBIH KOMIEHCATOp, PacloJoXeH-
HEIfl B CXOASAMLIEMCA NyUKe JiyueH, sIBJISIETCS ABYXJIHH30BBIM HECKJIEEHHBIM,
yeM DOCTHTHYTa Jy4lliasi KOPpPeKIHs BCEX MOJIeBbIX abeppauuil.

B sak/oyeHHe yKaMeM, YTO H B MHHHATIOPHBIX (oTOanmnapatax Hauu-
HAlOT NPHMEHATbCS OOBEKTHBLI C MepeMeHHbIM (DPOKYCHBIM pacCTOSIHHEM.
BeinmonxeH y Hac pacyeT MaHKpaTHUeCKoro o0bekTHBa «Py6uH-3», y KoTo-
poro GoKycHoe paccTosiHHe H3meHAeTcs OT 28 10 56 mm MPH OTHOCHTE/Nb-
HoM oTBepcTHH | @ 3,5; 06BeKTHB HMeeT 3ajHHH GoKaMbHbIH OTPe30K 32 mu,
4TO MO3BOJIMT [IPH HEOOXOAHMOCTH NIPHMEHATH €r0 B 3epKa/lbHbIX Kamepax.

WHorna xamepn 18 X 24 um ocHalaloTcs M IIHHHOPOKYCHBIMH MaH-
KpaTHyeckHMH oObekTuBamu. Hanpumep, sinonckas dupma «Oanmmnuyc»
B 1963 r. paspaGorana 06seKTHB «3y#iKo-AyT0o-3yM», ¥ KOTOpOro doKycHoe
paccrosinve H3MeHsieTcst oT 50 10 90 MM NPH OTHOCHTENILHOM OTBEPCTHH
1 : 3,5. Onnako, HecMOTPSl Ha NPHMEHEHHYIO 31eCh JeCATHIHH30BYIO ONTH-
yeckywo cxemy (puc. V, 18), dororpadmuueckas paspemaiomass cuna npu
MalbiX GOKYCHBIX pPacCTOSIHHAX CHIKaeTcs 1o 15—14 mu™ Ha Kpalo mons.
[Tpu 5TOM 06BEKTHB HMeeT MeXaHHYeCKYIO KOMIEHCALHIO CABUTA MJIOCKOCTH
H300paXKeHHsi, NOCTHraeMyl0 BO3BPaTHO-MOCTYMATe/bHLIM MepeMelieHHeM
KomnoHenTa //] mo c/NOXKHOMY 3aKOHY.
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H3menenre (HOKYCHOTO pacCTOAHHSA OCYIIECTBJISAETCS MNepeMelleHHeM
KommnioneHTa // no JsvHefiHOMYy 3aKoHy. JIMCTaHUHOHHas HaBOAKAa — OT
«6ecKOHeUHOCTH» J0 paccTosaHuss 1,5 M — NpPOH3BOAMTCA mepemelne-
HHeM [NepBOro KoMMNoHeHTa. MHHHMaJlbHasg IJiMHa O0ObeKTHBa MpH
ycraHoBKe Ha «0ECKOHEYHOCTb» paBHa
82 mm; mpu ycraHoBKe Ha 1,5 u nep-
BbIfi_KOMIOHEHT BhUIBHTraeTCs Ha 10 mu.

OnTHKa MHHHATIOPHBIX (oTOanmapa-
TOB, B YaCTHOCTH THNA 3ePKaJIbHbIX,
HMelomMX pasMep.Kaipa 14 X 21 um,
O6LIYHO KOMMJIEKTYETCSI OCHOBHbLIM (ILTa-
THbIM) OGBEKTHBOM C HOPMAJIbHBIM OTHO-
cHuTenbHBIM oTBepcTHeM (1 : 2,8) m cmeH- 4
HBIMH ITHPOKOYTOJIBHEIMH H JAJIHHHOGO-

I Jbzermul

KycHuMH. B Ta6n. V, 12 npusenens He- /[ Lo

KoTopble JaHHble 06 OOBEKTHBAX, B 4a- g} o

CTHOCTH Ji/ISi MHHHATIODHOTO OTe4ecTBeH- P

Horo annapata «Hapuuce» 14 X 21 um. [ .

Benununnel paspemnaiome#t cHJbl yKasa- g 3

HBl ISl CePHIiHO BBIMYCKAeMBIX OObeK- 0 L

THBOB, KoTophie Ha 20 —15% Huxe, g

HeM Y GBITHEIX 0GPSIIOB. DAL, Stn oot Kmes
Bo Bcex o6BeKTHBaX NpHMEHEHH Ko-AyTo-3ym»> (J'=50—00 sx)

oObluYHbIE ONTHYECKHe CTeKJa — Mpoc- .
Thle TsKeJible KPOHBI. KpoMe nepeunciieHHbIX B Ta6JHile B MHHHATIOPHBIX
KaMepax MoryT GLITh TaKXKe HCNOJIb30BaHbI (C MOMOILbIO ePeX0AHOI0 KOJIb-
a) Bce 00BEKTHBBI Aaa ¢oroannapatoB 18 X 24 mm.
: ’ ’ Ta6auna V,12

O6GnektnBw aaa doroannapata 14X21 mu

dortorpadumeckas pas-

OnTHYecKHe XapaKTepHCTHKH pewatomas cina,

~ Mapka eGbexTHBa p CGELT Dl
o [ 2w, °|s', mm “plélzle;g“. =0 '=212 mu

Yucne KOMITGHEH-
TOB W JIHES

«Mnp-5» 28 |1:2 48 | 27,2 0,8 6/7 35 20
¢Mup-6» - 28 |1:2,8] 48 | 26,4 0,8 4/5 35 20
<Bera M-1» 35 |1:2,8| 40 | 28,8 0,8 4/5. 35 20
«IOnurep-17» 52 [1:2 27 | 26,2 0,8 4/5 30 16

2. O6bekTnBbl Aas cpepHedopmaTHeiXx oToannapatroB6 X6, 6 X9 n
9 X 12 cm. OcHOBHEIMH OGBEKTHBAMH A/l yKa3aHHbIX (OPMAaTOB CHHUM-
KOB AIBJISIIOTCSl yHHBepcaJsbHBIE YeThIpeXJIMH30Bhie aHacTHrMathl «MHayc-
Tap» ¥ NATHAHH30BLIE cUcTeMbl «Bera». B Gosiee JelueBhIX KaMepaX HHOTAA
NPHMEHSIOT NpocTefillie TPeX/AHH30Bble 06bekTHBHI «TpunJyer» (T). Crons
e MpPOCThie YeTHIPEXJHH30Bbie CXeMbl THNa «TaHp» HCNOJb30BaHI MpPH
pa3paboTKe IJIHHHOPOKYCHEIX TesleoOBEKTHBOB H JIHIIL B IIHPOKOYTOJb-
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HBEIX CBETOCH/IbHBIX CHCTeMaX HeoGXoJAHMO NpHMeHeHHe GoJjlee CJIOKHBIX
IUeCTH-, @ HHOTAA H CEMHJIMH30BBIX ONTHYeCKHX cXxeM. IlcckosbKy He-
raTUBel 3THX (JOpMATOB NOABEpraloT HeGOJBIUHM MNOCJAEAYIOUHM YBeJH-
YeHHsAM — By X-TPeXKPaTHbIM, —a HHOIJa mevaTaioT ¥ Ge3 yBe/HUYeHHS,
TO paspelnalolllas CHJa ONTHKO-GoTOorpadHueckofl CHCTEMBI 31eCh MOXKET
ObITh "CHHXX€Ha NPHOJH3HTEJILHO B JBa Pasa 0 CPaBHEHHIO ¢ Paspelliaio-
weil cuaoi cucTeM MasoGOPMaTHHIX aNnapaToB, COCTABJAS B LIEHTpPE MoJIs
25 — 30 mm™! c nIaBHLIM CHHXXeHHeM Jo 12 — 15 ym™ Ha xpaio mons 3pe-
uusi. B Ttaba. V,13 npusesienn cBeflenns o6 o6beKTHBax AJs cpeaHedop-
""MaTHBIX (OTOANMNapaToB; MbI MOMECTHJIH B TaGJHle TaKKe HEeKOTOphe 06b-
€KTHBBI HecepHitHble, HO B CBoe BpeMsl pa3paboTaHHBle H H3TOTOBJIEHHBIE.

Hexkoropsle #3 06beKTHBOB, XOTS H BLIIYCKAIOTCSl CEPHHHO, CIELHAJIBHO
-He npucnocoGeHsl A/ TOrO HJIH HHOTO cpeaHedopMaTHOro doToanmapara,

° Ta6auna V,13
OteuecTBeRHbie 00bEKTHBH cpeaHedopmaTHeIX (PoToannapaTor
dotorpadpHueckas
Onrtryeckne aspemalomas
XapaKTEePHCTHKH g Yneno pcngl. Mf‘m‘
Mapka ofbexTHBa 5 o KOMINOHEHTOB
F's MM ¢ | %2w,® %E o B o
’ ’ SF uesTpe | gpaio

«Mup-22» ) 45 | 1:3,5| 84 ‘| 6x6 7/8 48 20
«Mup-38» 65 | 1:3,5| 66 | 6x6 5/6 47 21
«¥Ypau-13» 70 | 1:2,5| 61 | 6x6 5/7 33 20
T-22 75 | 1:4,5| 59 | 6x6 33 24 12
«UHAycTap-58» 75 | 1:3,5| 59 | 6x6 3/4 35 15
T-35 75 | 1:4 59 | 6x6 3/3 24 10
«HuAycrap-29» 80 | 1:2,8 55 | 6x6 3/4 30

T-21 80 | 1:6,3] 55 | 6x6 3/3 28 }g
«Bera-12» : 90 | 1:2,8 46 | 6x6 4/5 50 18
«Hunyctap-56» 110 |- 1:2,8 42 | 6x6 3/4 25 12
«lOnutep-36» 250 | 1:3,5] 19 | 6x6 3/4 50 25
«Tanp-33» 300 | 1:4,5| 16 | 66 3/4 25 18
3M-3 600 | 1:8 8 | 6X6 | 3epxanbHO-THH- 50 35

SOBHI

MP-3 35 | 1:6,8) 112 | 6x9 4/6 35 10
¢Aprou- | » 90 [ 1:3,5/ 62 | 6x9 517 30 24
«Ypan-27» 100 | 1:2,5 57 |6x9 5/7 45 13
«Huaycrap-24» 105 | 1:3,5( 54 | 6x9 3/4 23 13
«Hupycrap-23» 110 | 1:4,5] 52 | 6x9 3/4 30 16
«Hunycrap-27» 113 | 1:3,5 51 | 6x9 3/4 . A 14
«Ypaun-25» 200 | 1:3,5{ 30 | 6x9 5/7 43 30
«Taup-30» . 300 | 1:4,5 20 | 6x9 3/4 27 12
T-26 135 | 1:6,8] 52 |8x10,5 3/3 22 11
«CrnyTHHK-T» 75 | 1:4,5 88 [|9x12 . 5/8 — —
«HMuaycrap-2» 135 | 1:4,5| 55 [9x12 3/4 25 7
«Oprarog» 135 | 1:4,5| 55 [9x12- 4/4 25 12
«Hnaycrap-55» 140 | 1:4,5] 56 [9x12 3/4 38 8
«Hunycrap-36» 150 | 1:4,5| 55 [9x12 3/4 38 10
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nanpumep , «Huaycrap-23» u «Munycrap-55» Beimyckalores ais dotoyse-
JHYuTeNIeH; B 9THX CJIydaax noTpebyercs HX MOHTHPOBKa B (oToannapare.

Hurepec mpeacraBisiioT HOBbie ABa 00BeKTHBa 1t Kamep 6 X 6 cu
C mpefie/IbHBIMH XapaKTePHCTHKaMH: LIHPOKOYTOJIbHEIA OOBEKTHB «Mup-
" 22», COCTOSILIMI M3 BOCBMH JIMH3 H HMeloIHi Gonblioil sajHull hoKaIbHEIH
orpesok (s* = 61 mm) npu Manofi nnuHe oGbekTuBa (87 mm), ¥ BecbMa
KOMNaKTHEIH 3epKaJlbHO-JHH30BLIH JANMHHHOPOKYCHBIH o06BekTHB 3M-3
(f' = 600 mm), umeromuit coGcTBEHHYIO JMHHY JHIbL 150 MM NpH 3agHeM
(oxanbHOM OTpeske 79 mm. Takum o6pasom, 06a 06beKTHBA SaBepILAIOT
JOCTaTOYHO NMOJIHOE OCHAIlleHHe ONTHKOH 3epKaJsibHEIE (oToannapate 6 X
X 6 cm. O6vekTHBbl pa3pabotakbl [I. BosocoriM, H. XMeibHHKOBOR M
I'. [IpaaunoBoA,

P ad
50
.
20—
20
w : nl
70 20 30 49 50 60 70

g Ll mm

Puc. V, 19. OntHgeckan cxema H rpa%uim paspewawlief cHaH
o0bekTHBa «BHoron» (f'=75 mx)

Bousee CKpOMHO Npe/icTaBJieHa ONTHKA 115l HOpMATOB CHHMKOB 9 X 12 ca.
3nech HeoO6XoAuM OGBEKTHB C OCHOBHBIM (PORYCHBLIM PacCTOSIHHEM OKOJIO
150 mm v oTHOCHTEeNbLHBIM oTBepcTHeM 1 : 2,8—1 : 3,5. Heo6xoaum npo-
MBILUIEHHBIA BRIMYCK AJIS 9TOro XKe QopMara WIHPOKOYroJibHHKA ¢ QoOKyc-
HbIM paccrosiHueM 70—80 mm, oTHoCHTeNbLHEIM OTBepeTHem 1 : 4 — 1:6 1
noJiem 3peHHst okoso 90°. 3TH mapaMeTpPsl HMeeT pacCUHTaHHEIH OOBEKTHB
«CnyTHHK-7». Y3 HHOECTpaHHEIX OOBEKTHBOB C YKA3aHHLIMH XapaKTepHCTH-

. KamMu H3BecTeH 06bekTHB A-pa [I. Beprene «<Buoron» (f' = 75 mm; 1 : 4,5;
2w = 90°). 31oT O6BEKTHB Ha «H30MaHXpoMe» THN 17 pa3peluaeT OKOJIO
40 »m~! BUEHTPe MOJA C NJIABHBIM CHUXEHHeM paspeltienus 10 12 —11 uu?
Ha Kpaio mojig. O6beKTHB HMeeT BOCbMH/IHH30BYIO ONTHYECKYIO CXeMy
(puc. V, 19) u anuny okono 148 mm, T. e. B Ba pasa npeBhilaeT ero ¢o-
KycHoe paccTosinie. OTCyTCTBYeT i KaMep 3Toro xe opmarta Tesleo6bek-
THB ¢ GOKYCHHIM pacCTOHHEM 0K0J10 250 MM H OTHOCHTe/IbHLIM OTBEPCTHEM
1:5,6—1 : 6,3, paspaGoTka KOTOpPOro 0COGBIX TPYAHOCTEH He BCTPETHT.

PacueTsl 00BbeKTHBOB ¢ YKa3aHHbIMH XapaKTepHCTHKaMH y HaC TaKxke
BHINOJIHEHb! ¥ HX NPOMBIILIIEHHOE OCBOEHHE MOMOJHHT aCCOPTHMEHT ONTHKH
Kamep 9 X 12 cm. »

. 3. O6nbexTHBHl KpynHodopMaTHHIX ¢oToannaparo 13 X18 u 18 24
c#. B xamepax sTHX GOpMATOB CHHMKOB B KaueCTBe OCHOBHBEIX 00beKTHBOB
00bIYHO NPHMEHSIOTCS YHHBepcaJbHbie aHacTHrMarthl «HMHAycTap», y Koto-
PHIX MaKCHMallbHO JOCTHXXHMEIl Yrol nojs He npesbiuaer 55—56° ux
toxycHrie pacctosinust okoJio 200 1 300 mm cOOTBEeTCTBEHHO AJia  GopMaTOB
cuumMkoB 13 X 18 u 18 X 24 cu. B tabn. V, 14 npuBeleHnl HeKoTophie
cBefieHHs1 00 00BEKTHBAX A/ STHX (oToanmapaTos.
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Ta6aunua V,14

O6bexkTHBH RAA KpynHodopMaTHHX ¢oToannapaTos

‘Qotorpadudeckas
S T R
. 3
Mapka o6beKTHBa g
®GopMar 2 .
F'e mm ' 2w, °| cHHMKa, - B ueHTpe | Ha Kpan
Tx
«Huaycrap-4» 210 | 1:4,5| 56 13X18 3/4 20 5
«Huaycrap-51» 210 | 1:4,5| 56 13x18 3/4 21 8
«Ypan-9» 250 | 1:2,5| 54 18x 18 5/7 30 10
«Huaycrap-13» 300 | I:4,5| 53 18 24 3/4 15 5
«Huaycrap-37» 300 | 1:4,5| 53 18 24 3/4 20 6 -

CepuiiHo B HacTosllIee BpeMst BRITycKaloTcs ABa o6beKTHBa: «Muaycrap-
51» (f' = 210 xx) u «Munycrap-37» (f' = 300 um), Gonee uiM MeHee Ha-

- XoAsAUypecs Ha COBpeMeHHOM TeXHHYECKOM YpOBHE; €ClH no#iTH Ha napaJi-

Ne/IbHBIA BEIMYCK BapHaHTOB GoJiee JOPOTHX U COBEPINEHHbIX OGBEKTHBOB G
JIaHTaHOBBIMH CTeKJlaMH,TO pa3pellalollasi CHJIa Ha Kpalo NMoJisi Y HHX MOBbI-
cures ¢ 6—8 mm™t coorBercTBeHHO 70 9—11 MM, ~

§ 2. KHHOCBEMOYHBIE OB BEKTHBEI
IoJ1s1 36-um TIJIEHKH

OrevecTBeHHAas KHHOONTHKA Hayajla pasBHBaTbecA B KoHUe 30-X rogos.
B Jlennnrpage 6bi10 co3faHo HeGoJibilioe NpeAnpHATHe KHHoonTHKH. Ha-
Y4HO-TEXHHYECKOe PYKOBOJCTBOU ONTHYECKHMH Pa3paGOTKaMH OCYILECTBAAM
aBTOp, coBMemas ero ¢ pa6oto#t B [ocyiapcTBeHHOM ONTHYECKOM HHCTHTYTE,
Takum o6pasom, oTedecTBeHHasi KHHOONTHKA HMeJla BO3MOXHOCTb PallHO-
HaJbHO MCNOJB30BaTh PAJ ONTHYECKHX CXeM, CO3JAHHBIX AN CMEXHBIX
o6aacreft dotorpaduyeckoii otituku. B 1941 ropy npeanpusTHe npekpaTH-
Jio cBoe cymecTBoBaHHe. B KoHue 40-X rofoB Bo306HOBH/IHCh KHHOONTHYEE-
KHe pa3paloTKH B ONTHYeCKoH JaGopaTopuu Ha JIeHHHTPaACKOM 3aBOAg
KuHoannapatypsl («/Ienkunan»). Beckope Gbisl co3faH OT/e]l KHHOONTHYEC-
Koro npuGopocTpoeHns B cocTaBe JeHuHrpaackoro [IKB kunoannapary-
poi. OnTHyeckne pa3paGoOTKH B STHX OPraHHM3alMsAX MO-NPeXHeMy MPOBO-
AuaMch B TBopueckoM cofpyxkectBe ¢ I'OM u kadenpo#t ontuku JIMKH.

Boinyckaembllf B HacTosillee Bpems KOMIVIEKT «OGBEeKTHBOB KHHOCHe-
mounbix» (OKC) nocratouno o6luKpeH MO CBOMM ONTHYECKHM XapaKTepHC-
THKaM M HaBOAHTCS MOYTH MO BCeM MapaMeTpaM Ha COBPEMEHHOM TeXHHYec-
KOM YypOBHe.

O6beKTHBEL KOMIJIEKTa HMeloT (POKyCHBie paccTosthust ot 12 go 300 s,
®TO COOTBETCTBYET YIJaM MoJisi 3peHHs oT 97 1o 5°. B Taba. V, 15 npusene-
Hbl HEKOTOpbIe XapaKTepHCTHKH OGBEKTHBOB 5TOr0 KOMIJIEKTA.
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_ Ta6auuna V,15
XapaKTepHCTHKH KHHOCHEMOYHBIX OGBEKTHBOB AAd 35-MM MACHKH
} @ dororpadHueckds -
o paspewaionjad cu- |=
o -] ‘é na, mm! i
28 | o8 |pe| 2 s,
HaHmenoBanne 06beKTHBOB pﬂcg:,'gf&o.e” §§u §5 Eui 5 Eq
ELE Egg £g| & B uentpe | 9 (B2
532l E5RIE7| g | rmoms | & |.E
522 g2 8| o9& ¥z 5%
~E8| @E5|8%| F= e |
«JInkap-2» (OKCI-12-1) 12 1:2,5] 1:2,9( 40| 4/8 70 2% |97
«/Inkap-10» (OKCI-14-1) 14 . [1:2,8] 1:3,1] 22| 7/9 65 30 |90
OKCl1-16-1 16 1:3 | 1:4,2] 22| 6/9 62 30 | 82
«Jlukap-1» (OKC2-16-1) 16 1:2,8] 1:3,2| 22| 6/9 67 35 | 82
OKCl1-18-1 18 +(1:2,8] 1:3,2] 24| 6/8 63 28 | 74
OKC1-22-1 22 1:2,8] 1:3,4] 27| 5/6 65 35 | 63
OKC1-28-1 28 1:2,5| 1:2,9| 34| 4/6 65 20 | 51
OKC4-28-1 28 1:2 | 1:2,5| 35| 4/6 60 28 |51
OKC1-32-1. 32 1:2,5{ 1:2,9] 40| 4/6 62 24 | 46
OKCI-35-1 35 1:2 | 1:2,3| 25| 5/7 57 27 | 42
OKC8-35-1 35 1:2 | 1:2,3| 30| 5/7 52 43 | 42
OKC1-40-1 40 1:2,5| 1:2,9] 40| 4/6 67 24 | 37
OKC1-50-1 50 1:2 | 1:2,4| 40| 4/6 60 40 | 30
OKCl1-75-1 75 1:2 | 1:2,4 50| 4/6 50 30 |20
OKC1-80-1 - 80 1:2 | 1:2,4| 60| 4/6 52 32 |19
OKC1-100-1 100 . |1:2 | 1:2,4] 70| 4/6 53 35\ 18
OKC1-150-1 150 1:2,8] 1:3,2( 80| 3/4 50 35 M 10
OKCl1-200-1 200 1:2,8] 1:3,2| 80| 3/4 45 30 7
OKC1-300-1 300 1:3,5| 1:4 | 90| 3/4 33 27 B
«Jlenap» Tlepemennoe |1:3,8| 1:4,7| 68| 12/16 62 30 | 37
. ot 40 no 66 40 20 |10
160 mm §
«DoTOH>» INepemennoe |1:3,5] 1:3,9| 66| 7/12 52 24 | 42
or 37 mo 52 50 22 |11
140 mm

OcHoBHas rpynna o6beKTHBOB, KOTOPBIMH OCHAILAIOTCH BCE OTeYeCTBeH-
Hble KHHOChEMOUYHbIE annapaThbl, HMeeT QOKycHble paccTosuus 28, 32, 35,

40, 50, 75 u 100 mm. Bce 3TH 06BEKTHBBI (33 HCKJIOUeHHEM [’

= 32

npefycMOTpPeHBl rocyAapcTBeHHbIM cTangaptom 'OCT 10728—64.

OGBeKTHBLI pa3paGoTaHbl HA OCHOBe, TPeX ONTHYe-
CKHX CXeM: LIIeCTHJIHH30Bo#H cxemnl «['elHOCY; CeMMJIMH-
30BOH OPHTHHAJILHOM cXeMbl «¥YpaH» (cMm. pHc. I, 31,
Q) M CeMHJIHH30BOH CXeMbl aHTJIHHCKOro OOGBeKTHBa

. «Kyx Criup ITanxpo» ¢upmer «Teltnop—I'o6con» (pHc.
V, 20). Best sTa rpynna o6beKTHBOB N0 CBOHM OITH-
4YeCKHM KayecTBaM HAaXOJNHTCA HA YDOBHe JIYYIIHX 3a-
py0GexHEIX 06pa3ioB,r B YAaCTHOCTH aHTJIHHCKHX aHa-
crurmatoB «Kyk Cnup ITauxpo» ¢upmel «Te#tsop—
T'o6con».

B rpynny cBeTOCH/IbHBIX LIHPOKOYTOJ/bHBIX OOBEK-
THBOB BXOJIT aHACTHIMaThi C POKYCHLIMH PACCTOSHHS -

MM)

Pue. V, 20."On-

THYECKas

Cxe-

Ma dfRpauficko-

Tro
«Kyk

'beKTHBA
Cnun

Manxpo» (dup-

Ma <Teflnop
To6cok» )
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mu 12, 16, 22 u 28 mm. M3 stoii rpynnst ynomsinyteiM I'OCTom He npeny-
CMOTPeH PeKopAHbi 006beKTHB ' =12 mM; B peKOMeHAyeMOM psilie GoKy-
CHBIX paccTosHuil ykasaHel f =10 u 14 mm, o paspaGoTKe KOTOphIX
6yfeT ckasaHo HHxe. Bce o6pasubl 3TOro KOMIUIEKTa CO3JaHBI Ha
OCHOBE OPHTHHAJBHBLIX ONTHYECKHX CXeM, pa3paboTKa KOTOphIX aBTO-
pom u ero corpyanukamH (3. Kontoporuu -u H. JleGenesoit) npogosxa-

8

Prc. V. 21. OnrrueckHe cXembl oO6BeKTHBGB: 4 — <Jlukap-l»
(OKC2-16-1); 6 — achepuueckoro ob6bexktHBa «JIukap«2»;
68— pHewHHA Bua o6bvexTHBOB OKCI-16 H «JInkap-1» (OKC2-16-1)

Jlach OKOJIO IecTH JieT. HanGoablunil HHTepec NpeJCTaBJsIoOT 1Ba 00 BeKTH-
Ba: «/Iukap-1» (OKC2-16-1) u «J/lukap-2» (OKC-12-1), paspaGoTanHble B
oTpac/ieBoii 1aGoparopuu kKunoontuku JIMKH u usroropnennsie B IIKBK.
[TepBhift H3 HUX HMeeT AEBATHIHH3OBYIO CXeMY, B KOTOPOH BCe NPEJIOM/ISAI0-
IHe MOBEPXHOCTH YAaJoCh COXpaHHTh chepuueckumu (puc. V, 21, a).
OH umeeT MaJsible rabapHuTEl H MacCy: AJMHHA 65 mm; CBETOBOH AHAMETP HaH-
Gosbimedi mepBoil MHH3LI 62 Mm, Macca 355 e, JIs cOMOCTAB/ICHHS YKaXeM,
uTo nepBeiil BapHaHT o6bekTHBa OKCl1-16-1 nmen maccy 1400 2 H Hecpas-
HHMMO 60abluxe raGaputel. Ha pue. V, 21, 8 nomelleHbl Cp aBHHTe/bHbIE
¢dotorpaduu 3THX 0OGBEKTHBOB.

Ipu BrIcOKOM OTHOCHTeALHOM OTBepcTHH (1 @ 2,8) H nosie 3peHHs OKO-
70 82° oH paspewaer okoso 67 mm~' B LieHTpe MO CO CHHMKEHHEM pas-
pemeHHss Jo 35 mm™! mo nmosmo. Bropo# ob6bekTHB — «JIHKap-2» —
HMeeT yroa noss spenust 97° npu Bhicoko# cBetocuie 1 : 2,5. On cocrout
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U3 BOCbMH JIHH3, H3 KOTOPLIX BOTHYTAasl MOBEPXHOCTb QPOHTANBLHON JIHH3M

aBasercs: acheprueckoi 1 umeeT GopMy clerka leopMHPOBaHHOrO 3JHM-

CcoHJia BPAllleHHs; MEPUAHOHA/IbHOE CeUeHHe STOK NOBEPXHOCTH BhIpaXaeT-
csl ypaBHEHHeM:

y* = 26,918x — 0,48x% 4 0,0027x°. (V,14°)

Onruyeckas cxema o6vekTHBa (pHc. V, 21, 6) CONepKHT JIHILIbL BOCEMb
NOBEPXHOCTeH, IPAHHYAIIKX C BO3MYXOM; iBa KOMIIOHEHTa — TPEeXJIHH30-
Bble CKJIeeHHule. B Tabn. V, 16 npuBeneHbl KOHCTPYKTHBHBIE SJ€MEHTH! ON-"
THYECKOH CHCTEMBI.

-

Ta6nuua V,16
KoHcTpyKTHBHBIE 8/leMEHTH ONTHKH o6bekTHBa «JIMKap-2»

(OKC1-12-1)
OnTH4YeCKHEe NOCTOSHHbIE ' i
Tonuuub cTeKon
Papuycun JIHHS H BOS3- G Mapkn | 2
noBepxHocTefl, MM |AymHble Nnpome- cTeKon 8%
KYTKH, MM a, np 4 §§
- Q
= 16,74
dy = 4,0 1,615506 1,6130 | 60,6 | TK14 65,0
ry = 13,459*
. ds = 58,0 1,0 1,0 - - - | 38,2
rg = 64,86
d, = 3,2 1,615506 1,6130 | 60,6 | TK14 27,8
rg = — 235,0
dg = 0,8 1,0 1,0 -_ | - 27,4
rs = 20,56 :
ds = 15,4 1,578326 1,5747 | 41,3 | JI®5 24,1
re = 11,614
de = 1,7 1,761712 1,7550 | 27,5 | Td5 12,0
r, = 9,908
d; = 3,4 1,489118 1,4874 | 70,0 | JIK3 10,6
rg = 458,1
: dg = 2,0 1,0 1,0 - - 9,8
g = 696,6 _
SiEi dy = 5,2 1,489118 1,4874 | 70,0 | JIK3 1 9,2
fip = — ¢,
d = 11,1]| 1,761712 1,7550 | 27,5 | TP5 8,3
g = — 20,56 )
d, = 3,0 | 1,659961 | 1,6568 | 51,1 | TK2I 8,6
rg = — 16,672 | Zd = 94,8 f' = 12,48 |s'=19,55| — | s = 18,59 | 10,6

3aMeTHM, UTO TPeTHH 4YieH ypaBHeHHs achepHuecKoro NpoQHJs BhIpa-
XaeT OTCTYIJIEHHE OT.3JJIMICOHAANBHOH MOBEPXHOCTH, OJAHAKO MOMLITKA
HCKJIIOYHTD €r0, T. €. OTPAHHYHTbCs achepHYeCKOH NOBEPXHOCTbIO BTOPOro
nopsfikd, MPHBOAHT K CYINECTBEHHOMY CHHXEHHIO KayecTBa KOPpPEKUHH
abeppaunii Jyyell IIMPOKHX HAKJOHHEIX NyukoB. B o6bekTHBe «/IMkap-2»

* [ToBepxHocTs acgepHuecKas.
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3TH aGeppalHH XOpOIIO KOPPHTHPOBaHb! KAK B OTHOLLEHHH BEJHYHH A y"_—_.
= Og’' B MepnaHOHANLHOM CeYeHHH; TaK H B OTHOIIeHHH abeppauuii 6G’ B
T/IaBHOM earuTTalibHOM ceyeHHHM (puc. V, 22). B uenax moctuxkeHus GoJee
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-005 | 405 -g05| 905 -005) 405 -q05| 405 -005| 405
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—zy—/ @ ~gplha’ -god\a’ -g04la’ 20112’

aa’-paman, coomBememByruUaR Hauyveed RAOCKOCmY
. Yemanobe, crewena ampocumensiy nagckocme [ageca
Ha G08mm 6 cmopory obsexmuba

Puc. V, 22, AGeppanus aydefi HaKJOHHBIX MYYKOB B MEPHAHOHANbe
HOM H CATHTTANbHOM cedYeHHAX oObekTHBa «JIHKapP-2»

PaBHOMEPHOTO pacrpejiesieHHs OCBElEHHOCTH H300pakKeHHs Mo Moo ocy-
LLeCTBJIEH XOJ TJIaBHBIX Jydell, GMH3KHA K TeJeleHTPHUECKOMY; TOUHee,
[JlaBHBIE JIYYH COCTaBJAIOT MaJible YIJbl @' C ONTHYECKOH ocblo (Ha pHC.
V, 22 yrabl nyyeit 0603uagens yepes o’ u 8', Kak NPHHATO B OTEYECTBEHHBIX
ONTHKO-pacyeTHuIX opranusanuax). Kak caenyer u3 ¢opmyan (I, 129, B
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9TOM CJyuae BeJMYHHA cos’w’ G/H3Ka K elMHHLE H MajJeHue OCBellleHHOCTH
no noJsito 6yAeT saBHCeTh OT pPasHOCTH A tgu’ = A tgo’ u yrnos &' = §'.
B ob6wekTHBe «/IMKap-2» oCBellleHHOCTb Ha Kpato nojs cocTaBnsier 40%
OT OCBelIleHHOCTH B LIEHTPe NoJisA, YTO COOTBETCTBYET NaleHHIO OCBeleHHOC-
TH, NponopuHoHaabHOMY 2,6-# crenenn (I, 128 u I, 130) kocuHyca yraa w
noJis B npocTpaHcTBe npeameToB (! = 2,6). 2To ynajoch IOCTHTHYTH BBe-
JieHreM ac(epHYeCKOli NOBEPXHOCTH, KOTOpas NO3BOJIMJIA CYIIECTBEHHO
YMEHBIIHTL YIJIbl [IaBHLIX Jy4yell B nmpocTpaHCTBe H3o6pakeHHi w' Ges
BBeJIeHHS MPH STOM HEAOMYCTHMOH BeJIHYHHBI JHCTOPCHH: B OGLEKTHBE JHC-
. TOpCHs BBefieHa 0KoJio —4 % ¢ 1esbio HeKOTOPOH KOMMEHCAlMH HCKaXKeHH
€CTeCTBEeHHOH MepcneKTHBb, HMelWUX MecTo npH doTorpadupoBaHHH WIH-
pOKOyronbHbIMH 06beKTHBaMH. LleHHas paGoTa Gblia BhinosHeHa A. anoM
H ero cCOTPyAHHKaMH IO H3TOTOBJIEHHIO 3TOro 06BHEKTHBA.

¥Yike nepBrie 06pasibl NOKa3aJjH ero BEICOKHE KayecTBa: OOBeKTHB pas-
peruaeT oKoJ1o 70 #M™! B LIEHTPE NOJIsS CO CHHXXEHHEM paspelleHus 10 25 uu™
Ha Kpaio nois. JTH YCNelIHbie PesyJbTaThl MNO3BOJHJH HaM BbINOJ-
HHTB B OTpacnepoil sabaopatopHH kKuHoonTHkH JIMKH paspaGotku eue
6osiee IIHPOKOYTOJMbHOrO achepHYeCKOro 06 beKTHBA «ﬂﬂxap-lh 8 dokye-
HeiM paccrosiineM 10 mam, oTHOCHTENbHBIM OTBepcTHeM 1 : 2,5 M moaem
spens 110° u o6wextHBa «/Iukap-10» (OKCl-14-1) co c(pepnqecxnmu no-
BEPXHOCTSAIMH C (JOKYCHBIM paccTosiHHeM 14 MM, OTHOCHTEJIbHBIM OTBEPCTH-
em 1:2,8 u yryiom noast spenuss 90°.

ITHMH pa3p3boTKaMM 3aBeplIaeTCs OCHOBHOW KOMIUIEKT CBETOCHJBHBIX
LIHPOKOYrOJIbHBIX 0GBbeKTHBOB, IPeAyCMOTpeHHbi oTedecTBeHHBIM ['OCToMm

B rpynny anuHHOPOKYCHBIX KMHOCBEMOYHLIX CHCTEM BXOAAT Teseolb-
eKTHBbI C QOKYCHEIMH. paccTosiuuaMH 150, 200 u 300 mm, paspaGoTaHHble
1. BosocoBeiM, H A. IllaxHOBHY Ha OCHOBe YeThIPEXJIMH30BOH CXeMHl THNA
«Tanp». OTH CBETOCHJIbHbIE Te/1e0GBLEKTHBL HMEIOT MaJjible raGapHTHI: NMpH
ofuelt asmHe, He npeocxofsued 90—95% BennunHbl POKyCHOro paccros-
HHS, HX 3aJHui QoKanbHEIA oTpesok He mpessiuaer 60% gokycHoro pac-
CTOsiHKSA 06beKTHBa; 06JIaAal0T XOPOLIHM KadecTBOM OMNTHYECKOro H306pa-
‘JeHH H DaBHOMEPHBIM pacnpeie/ieHHeM paspeluaollled CHJBl N0 NoJo.

Ilenecoobpasna paspaGoTka u Gosee NIHHHOPOKYCHBIX OGBEKTHBOB ¢
(okycHbiMu paccrosHHAME 500, 750 1 1000 Mm, UTO pacLUHPHT TBOpYECKHE
BO3MOXKHOCTH KHHOOINEPaTopoB.

B konue Ta6n. V, 15 npuBejieHbl ONTHYECKHe XapPAKTePUCTHKH /IS ABYX
KpaHHHX 3HaueHHH cbor{ycuux paccTOsSHHi NMaHKpaTHYeCKHX OOBEKTHBOB
«/ledap» u «®@otoH». IIpH KHHOCBeMKe 4acTO BO3HHKaeT HeoOXOIHMOCTb
NJIaBHOTO Mepexolia OT oOllero mjaHa K KpPymHOMY: TaKHe aqnqsex'rm «Ha-
€3fla» B KaKoH-TO Mepe MOTYT ObITh HMHTHPOBAHH KHHOCBEMKOH MaHKpaTH-
9eCKHM O0BeKTHBOM.

B pagme cTpaH BepyTcs pa3spaGoTKH TakHX o0beKTHBOB: BO PpaHIHH
(bupmamu «Com—BepTtee», «AnxeHnbe»), B Auranu («Teitnop», «Teiop-
l'o6con»), B HAnonunu (<kHukkon», «Kanou»), B ®PI («Mlnedipep»), 8 I'IP
(«<Kamepa yun Kunosepke»), B CIIA («Bousensak»), B HexocnoBakun
(«MeonTa») u 1p.

H3pecTHbli 06bekTHB «[TaH-CHHOp» («Com — BepThe») sBIsETCA NaHKpa-
THYeCKHM OGBeKTHBOM THIIA TpaHcdokaTop (cM. § 8 raaBwu IV), cocrosimum
H3 NATHKOMIIOHEHTHOH adoKaJbHOH HaCaJKH NMepeMeHHOro YBeJIHYeHHS OT
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T = 0,5 10 Tyaxe = 2,0 ¥ pacnosioxenHoro nosafx Hee oGbeKTHBa C
¢dokycHbiM paccrositHHeM okoJo 80 mm. KoMnoHeHTsl BTOpo#i H ueTBepThIf
HacaJKM JHHelHO MepeMelilalOTCA BAOJb ONTHYECKOH ocH, ofecneuHBasi
KOMMEeHCALHIO CABHTa NJOCKOCTH H3o6pameHus. AdokalbHasa Hacalka lo-
CTAaTOYHO XOPOLIO KOPPHTHPOBaHa H, TAKHM 06pa3oM, NO3BOJISeT IPHMEHATh
cMe HHBle OOBEKTHBBI, yCTaHaB/HBaeMbie o3aH Hacaaky. Hanpumep, ycra-
HOBMB [1033/l1 HacaJlkH 06beKTHB ¢ GOKycHbIM paccTosHHem 100 mm, mno-
Jly4uM NaHKPATHUYECKYIO CHCTEMY C (POKYCHBIM PACCTOSHHEM, H3MEHAIOLIHM-
cs ot 50 no 200 mm, HO MPH COOTBETCTBEHHO MEHBILIEM OTBEPCTHH — OKO-
go 1:4,5 emecto 1 : 3,8. KoHeuHo, npu 3TOM Heo6XOAHMO COBMeEUIEHHE
BHIXOAHOTO 3pauykKa Hacalkd CO BXOAHBIM 3paykoM OOGBEKTHBA.

[To onucaunoii cxeme IIKBK paspaGotanbl ABa BapHaHTa 0GBeKTHBOB
«JleHap», MO3BOJIAIOUIHE HX IPHMEHSATL B KHHOKaMepe C 3epKaJibHEIM 00TiO-
patopoM («/lenap-1») u Ge3 Takosoro («/lenap-2»). B mociiegHem cayyae
00beKTHB CHaGeH BH3HDHLIM YCTPOHCTBOM /i HabnlofeHWs 3a CHHMae-
MbiM 06beKToM. OfHaKO OOBEKTHBLEI 3TOTO THMA HeH3GeXKHO HMMelOT 60Jib-
wye raGapuTsl ¥ Maccy; Hampumep, Madta oObeKTHBa «JleHap» — OKoJ0
1,6 ke, niuHa ero — okojo 230 mm M AMaMeTpP TIEPBOTO KOMIOHEHTa
86 cu. -

BoJsiee KoMnakTeH naHKpaTHYecKHi o06beKTHB QHPMBI «AHKEHbe», MOo-
CTPOeHHLIH Mo cXeMe BapHooGbeKTHBa (CM. r1aBy I1V) c MexaHHuecKo# KoM-
neHcauueH cABHra nJockocTH H3ofpaxkenus. K o6bekTHBaM 3TOf yaauHoH
CcXeMbl OTHOCHTCS 06bekTHB «PoToH» (cM. Taba. V, 15), pacuer Kotoporo
.Bomonunaa A. [laxuosuu.

B noc/lefiHee BpeMs BefleTCsl HHTEHCHBHAs PaGoTa Mo paspaGoTKe HOBHIX
ONTHYEeCKHX CXeM H CO3JaHHIO MAHKPATHUECKHX KHHOCBEMOYHLIX GOBeKTH-
BOB MOBHIIIEHHEIX MOJiell SPeHHA H PaCIUMPEHHBIMH MpefesiaMH H3MeHeHHH

. boKyCHBIX paccTosiHHfi. 3a rpaHHUel HHTepecHble Pe3ybTaThl NOJYYeHbl
ToH xe hHpMOH «AHXKeHbe», paspaborabiuefi 1na 35-mm KMHOKaMep o6bex-
THB «AHXKeHbe-3ym 10 X 25» C JecATHKpaTHbIM H3MeHeHHeM (OKYCHOro
paccTostHus (0T 25 1o 250 mam) npH oTHOCHTeILHOM oTBepetud 1 : 3,2. O6s-
€KTHB HMeeT CPaBHUTe/NbHO MaJibie raGapHThl ¥ Maccy: ero AMuHa 326 mm
npu nauamerpe (HanGoJiblliero) mepporo KommoseHTa 100 mm; wmacca
2,4 ke.

OnTHKO-KHHEMaTHYecKass CXeMa OcCTaeTci HAeHTHYHO# (cm. pHe. V,
38) mas paja paspaGoTaHHbX GHpMOH 0GbeKTHBOB, B YaCTHOCTH OMHCHI-
Baemoro Huxe (§ 5) o6bekTHBa «AHKeHbe-3yM 10 X 12 BMC» mna 16-mm
KHHOKaMep, SIBHBILErocs NepPBLIM B MHpe MaHKPAaTHUeCKHM 0GBHEKTHBOM CO
CTOJIb LIMPOKHMH NpejesiaMH H3MeHeHHH (OKYCHEIX pacCTOSHHH.

OrpacneBoii saGopaTopHeii kuHoonTHKH JIMKH BhinonHeH M nepefan
LLKBK BapuanT pa3paGoTKH naHKpaTHYeckoro o6bekTHBa «Bapuo-Jlu-
Kap-1», PoKycHOe paccTosiHHe KOToporq HameHsiercs ot 26 no 260 mum npu
OTHOCHTeJIbHOM oTBepcTHH | @ 3,5. [TepBeiit KoMNoHeHT OGBEKTHBA (YeTHIpEX-
JIHH30BEIfI) OCTaeTC HeNOABHXKHBEIM NpPH H3MeHeHHH (POKycHoro pac-
CTOSIHHSI CHCTeMbl H CJIYIKHT AJIfl AHCTAHLHOHHOH HaBOAKH 00beKTHBa; BTO-
pPOH KOMIOHEHT (TaKxke YeTbIPEXJIHH30BLIH) NMepemelaeTcss Mo mpocTomy
JIMHeHHOMY 3aKOHY; TPeTHH KOMNOHEHT (ABYXJIHH30BBI) Mepemelnaercs
COOTBETCTBEHHO YPaBHEHHIO BTOPOTO MOpsijKa; MOCHENHHA — YeTBepThil
KOMIIOHEHT (BOCbMHJIMH30BLIf) — OCTaeTCs HEeNMOABHXKHBIM H KOPPHTHDYeT
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ocTaTouHble abeppalHH NpelllecTBYloleli 4acTH CHcTeMbl. Takum oBpasom,
CHCTEMa B LeJIOM COliep:KHT 18 JHH3. -

Kaxk noxasaju HcclelloBaHHA, Lenecoo6pasHa W MepcrneKTHBHA AaJlb-
Heiimas paboTa Mo CoKpalleHHIo rabapHTOB H MOBLIMIEHHIO ONTHUYECKHX Ka-
YyecTB MOJOGHBIX CHCTEM. '

§ 3. KHHOCbEMOYHBIE AHACTHIMATbI-AHAMOP®OTBI
OJ151 LIHPOKO3KPAHHONM KWUHEMATOIPA®HH

B nepgoit mosoBuke 50-X rofoB nmoJydnsa pasBHTHe TeXHHKA LIHPOKO-
9KpaHHOA KuHemaTorpaduu, OCHOBaHHAasf Ha NPHMeHeHHWM aHamopdoT-
HbIX “adoKaJbHBIX HACANOK, COCTOALIMX H3 LHJIHHADHYECKHX JIMH3
¢ mnapajyiesIbHBIMH .00pasylouHMH UHMJAHHAPHYECKHX MPeJoOMJSIOMHAX
NoBEpPXHOCTefi, ycTaHaBJHBaeMEIX BnepeAH OOLIYHLIX (CepHYeCKHX) KHHO-
ChEMOYHLIX 00BEKTHBOB.

Paspa6oTkoil onTHYeCKHX CHCTeM /ISl IIAPOKOSKPaHHOro KHHeMaTorpa-
(ha 3aHMMalOTCA MHOTHe (PHPMEI B psifie cTpaH: «CaTek», «ToTa/lbBH3HOH» H
«@panckon» Bo Ppanunu; «ApHoaba u Puxrep», «Mcxo» u «Ménnep» B
®PT; «<Bayw u Jlom6» B CLLIA; «Ara» B Llseunu; «Jaiisii» B Inounsu u gp.
Ilo cBOMM onTHUECKHM H TeXHHYECKHM NapaMeTpaM OTeueCTBEHHbI® aHa-
Mop(OTHEIE CHCTEMbI HAXOAATCA Ha YPOBHe JYYIUHX HHOCTPaHHBIX o0pas-
OB, a MO HEKOTOPbIM XapaKTepHCTHKaM MX MPeBOCXOAAT. ’

AnamopdoTHEIE ONTHUECKHE CHCTEMBl, KaK H3BECTHO, HMEIOT JBe
B33aHMHO TIEPNEeHAHKYJAPHEIE MJIOCKOCTH CHMMeTpuH. PoKycHEHIE paccTo-
AHusA (CNefoBAaTeNbHO, H MacwiTaGbl H306pakeHu#), a TakKe YrJsl no-
JIsl 3peHHsI B 3THX ABYX MJVIOCKOCTAX PasHYHbI.

OGosHaunM JHHeliHOe yBeJHUeHHe H (POKYCHOe pacCTOsIHHe B OJHOH H3
njockocTeli aHamopdoTa, KOTOPYKO Ha30BeM IOPH30HTaJIbHOH, Yepes f. H
[’ cooTBeTcTBeHHO uepes B, M [’y — JHHeHHOe yBeiHueHHe M (OKyCHoe

paccTosiHHe B Jpyrofi, BepTHKaJbHON NJIOCKOCTH cHCTeMbl. OTHOIIEHHE -EL
B
Ha30BeM aHaMop(o30H CHCTEMBI:

A=t o (V,15)
Be
Ilna GeckoHeuHO yjaJieHHOH NMJIOCKOCTH mpeiMeToB aHaMopcdosa BHpa-
SHTCs1 OTHOLIEHHEM (POKYCHBIX pacCTOsHH#A, T. e.

A =%. (V,16)

310 cBo#ACTBO aHAMOP(OTOB faeT BO3MOMKHOCTb NMPH CHEMKe «CHHUMATh»
u3o6paxeHie B OJHOM H3 HampaBJieHHH, a NPH NPOEKUHH BOCCTAHABJIHBATh
Ha 3KpaHe HOPMAaJjibHble TPOMOPLHH H300paxkaeMbIX MPEAMETOB, YTO CO3-
haet s(peKT LIMPOKOro KHHOSKpaHa NpH 35-mm KHHOMJEHKE.

B oTeyecTBeHHBIX HIHPOKOSKPAHHEIX CHCTeMaX OTHOIIEHHE IUMPHHBI KH-
HOSKPaHa K ero BeicoTe paBHO 2,35 : 1, 4To At MPHHATOTO opMaTa KHHO-
Kanpa 22,0 X 18,67 um TpeGyeT AByKpaTHOro aHamop¢HpoBaHus H3o6pa-

meHHA (A = % ). npu KMHOCHeMKe. B r1aBHOM FOPH3OHTAJILHOM CeYeHHH:
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onTHUecKoe feHcTBHe adoKalbHOH aHaMOPQOTHO!H HacajKH, yCTaHaBJHBa-
eMo#i BrepelH KHHOCHEMOYHOTO 06beKTHBA, SKBHBAJIEHTHO AeHCTBHIO TeJe-
CKOMHYECKOH CHCTeMbl THMNA «mepeBepHYTOro I'anusies»: B 3TOM CeyeHHH
HacajKa yMeHbllaeT (JOKyCHoe paccTosHHe oOBeKTHBa B JBa pasa H COOT-
BETCTBEHHO pacIHpPSeT ero YroJ nojs 3peHus. B mpyroM (BepTHKaJib-
HOM) CeueHHH HacaJlka He BbI3blBaeT H3MeHeHHH ONTHYeCKHX XapaKTe-
PHCTHK OOBEKTHBA. .

Kak cnenyer u3 Boipaxenus (V, 9), anamopdosa B ueHTpe nois Ap, e
Ins GecKOHeYHO YJHaJieHHOH MNJIOCKOCTH NpeIMeTOB paBHa YBeJHYEHHIO
Te/eCKONHYeCKOH CHCTeMbl B TOpPH3OHTaJbHOM CEYEHHH HAcajKH, T.e.

fl i
Ape= —E—— =T, =7 (V.17)
(1] 2

rie f, — samHee (oKycHOe paccTOsiHHe —CQepHueCKOro oGbexkTHBa;
[, — Teneckonuyeckoe ysenuuexHe B uedtpe moas: f u f, — sanune

¢GOKyCHple PacCTOSIHHA MEepBOro H BTOPOro KOMIOHEHTOB agopKaJibHOM
aHaMOp(OTHOH HacajKd B ee TOPH3OHTAJLHOM CEUEHHH: OYeBHAHO, B
1

3TOM CeYeHHH l'.‘,--:;-

PaccMoTpHm 3/iech HEKOTOPhIe Pe3yJsbTaThl TeOpeTHUeCKHX HCCaeo-
BaHHA aHaMOPGQOTHEIX  AHACTHIMATHYECKMX  CHCTEM, BHIMOJHEHHBIX
II. BonocoBoiM H III. [TevaTHnkoBo#t B 1954—1956 rojax M mnpumeHeH-
HEIX aBTOpaMH INPH NPOEKTHPOBAHHH H pacyeTaXx OCHOBHHIX (6a30BBIX)
BapHaHTOB aHaMopoTHbIX cHcTeM «Budokatop», BemyckaeMbIX Haluef
npomeiiLieHHocThio nof wHdpamu HAC (sacagka anamopdoTHas Chbe-
mouHas)) # BAC (6siok aHamMOpP(OTHBIH CHLEMOUHLIH).

1. B anamopdoTHBIX adOKaJbHbIX LMJAHHADHYECKHX CHCTeMax ofec-
UeYHBaeTCs COMPSAKEHHOCTb (CTHIMATHYHOCTb) M300paXKeHH# TO/NbKO JJisi
OMHOH napbi NMJOCKOCTeH — GeCKOHeYHO YZaJleHHHX MJIOCKOCTed mpejame-
TOB M H300paxeHH#i. EC/IH ke NJIOCKOCTb NMpeAMETOB HaXOAMTCA Ha KO-
He4HOM paccTosHHH D, To B ueasix obecrnedyeHHsi COMPSIKEHHOCTH MJOC-
KocTeii npeiMeToB H H300paieHHH No/KHA ObITb HapymeHa adoKaJb-
HOCTh HacaZku. [Jljs sTOro Hapsily C AMCTAHUHOHHBIM MepeMelleHHeM
cepuyeckoro o6LeKTHBa nepemelllaeTcsi OIMH H3 KOMIOHEHTOB HAaCajKu;
B pe3ysbTaTe M3MeHseTcs aHamopdosa cHcTeMbl B ueHTpe moas. OtHo-
ueHHe aHamopo3sl Ag, pB UEHTPE MOJs MPH HEKOTOpOH AHcTaHUHH D
1pefiMeTa K BeJHYHHe aHaMOpdosbl Ag, o MPHOIHIKEHHO MOXeT OhiTb Bhi-
paxeHo QopmyJioil:

A Ad
adhda (V.18)
1

AO, 00

ra¢ Adp — u3meHeHHe pacCTOSIHMS MeXAY KOMIOHETAMH TeJIeCKONH-

YeCKO# CHCTeMbl PH H3MEHEHHH JHCTAHLHH NpelMeTa OT «GeCKOHEYHOCTH»
J0 BeJTH4HHE D.
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Tak KaK B paccMaTpHBaeMBIX HacallkaX BeJIHUHHBIA dp H f*; HMeloT opu-
HaKOBLIe 3HAKH, TO HAa ocHoBaHHH dopmyJinl (V, 18) H Ay, << Ay,p, T. €.
c ymeHbIeHHeM AHCTaHUHH N0 QoTorpadupyemoro npeaMera anamopgosa
cHCTeMbl yBeJlH4YHBaeTcsl. JIHCTaHUHOHHOe H3MeHeHHe aHaMOPQO3El HMeeT
MeCTO BO BCeX CYLIECTBYIOIIHX aHaMOpGOTHHIX cHcTeMax. [IpH cheMmke c
6aH3KHX AHCTaHIHA OHO BHOCHT HellOTlyCTHMbIE OCTaTOUHbIE aHAMOPOTHEIE
MCKaXXeHHA n306paxenuii. UToObl yMEHBIUHTE STO siBJIeHHe, HAMH TPH pas-
paboTKe ONTHKH ONHCHIBAEMBIX HHXKe aHaMOP(OTHLIX HAcalioK BeJHYHHE
aHamopdo3sl A4, 6110 3afiaHO 3HaueHHe He 0,50, a 0,48, 4to obecneynBa-
JIO DM CpPeNHHX AMCTaHUHAX cheMkH (D ~ 5 M) 3Ha4YeHHe aHAMOP(O3BI
paBHOe oOpaTHoH BeJIHYHHE aHaMOp(o3bl MPOEKUHOHHOH cHcTeMbl (A =
= 2); NpPH AUCTAHUHUSAX MeHbLIe 5 # 3HaYeHHe aHaMOP(O3kI OCTABAJIOCH He-
CKoJbKO 66J1binM 0,5.

2. Bennuuna anamopdo3bl H3MeHSETCA TaKiKe C H3MEHeHHEM yIria o
noJsisi, T. €. 0 Mepe nepemelleHHs NpeJMeTa oOT LEHTpa K Kpato nosd. das
yrila o BeJHuHHA aHaMOP(ho3bl A ; MOXKET CYIIeCTBEHHO OTJIHYATHCS OT BeJIH-
YyHHE aHaMopdoabl A, B LEHTpe MoJs, KaK 5TO HMeeT MeCTO B HeKOTOPBIX

Gurz. 3p. iy T
bz.3p. -dé’ ,
8\ g
Iy o3 ay’ I
1V, "
-z a

\
Puc. V, 23. CxemaTndeckoe H30GpaKeHHe 9/1EMEHTa MIOCKOCTH, PACMOJNONKEHHO=
ro BHe onTHYecKoA ocH aHaMopdoTHOA cHcTeMbl

.

HeyAauyHo pa3paboTaHHLIX HHOCTpaHHbIX H OTeYeCTBEHHLIX aHaMOP(HOTHHIX
HacajiKax.

Ha puc. V, 23 cxeMaTHUeCKH NpeAcTaBjieHO TOPH30HTaJIbHOE (MepHAHO-
Ha/bHOe) cedyeHHe aHaMOP(OTHOH CHCTeMbI; MVIABHEIA JIVY COCTaBJIAET C Of-
THYECKOH OCbiO B MPOCTPaHCTBE MPeIMETOB yroa —o, a B NPOCTPaHCTBe
H3o6paxeHuii — yran — o'.

Ins onpenenenns aHamopgossl A, paccMaTpHBaeM sJeMeHTHl dy H d2
B MJOCKOCTH MpeAMeToB BGJHM3H [JIABHOFO Jiyua H COOTBETCTBYIOUIHE HM

snementsl dy’ u dz’ B n.nocxocm u300paKeHHI: .
dy—(x—a) cos, pody' = ——a)cos,a. ;
- , “(V.19)
dz = ( x-—a) : dz'=(x'—a')L

cos a cosa’
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Ecan anamoppoTHas CHCTeMa COCTOHMT H3 IMJMHAPHYECKHX JIHH3 C Na~
pansieibHEIMH 00pasyONHMH UHIHHAPOB, To dy = dy’ H, clefloBaTebHOL

B __£= (x — a’) cosa

P dz (x—a) cosd’’ (V,20)
B, = dy’ (¥ —a') cos?ec do
r - .

< dy (x—a) cos?d’ da

[Moacrasus Bripaxkenue (V, 19) B dopmyay (V, 15) , nonxyyaem, 9ro aHa-
Mopdo3a CHCTEMEI

_ By _ coss do .
4, = Ba cosa’ ds " (%)

Ha obobuiennoro uHBapHaHnTa JlarpaHxka — lenbMrosbua (npu n =
= n') BHITEKaeT COOTHOILUEHHE: ‘

dm cosodo = dm' cos o’ d¥’, (V,22) -
rae dm u dm’ — GeCKOHEUHO MaJlble S/1EMeHTH B TMJOCKOCTIX BXOAHOIO H
BLIXOJIHOTO 3PauKOB TOPM30HTAJLHOTO CEYeHHs.
s d
IMocne noncranosku B dopmyay (V, 21) sHaueHus T";. onpejeJeHHOro
g
u3 papeHctBa (V, 22), monyunm ofiee BbIpaxKeHHe:

dm cos?a
P dm' costa’ "

- (V,23)

Bmecto oTHoIeHHA 66CKOHEYHO MaJIbiX 3JIEMEHTOB ad—nﬁ MO2KHO l'lpHGJ'IH-
m

HEHHO MPHHATH (ECJIH JHCTOPCHsI B 3pavyKaXx CHCTeMbl He- OUeHb Benuxa)
OTHOILEHHe KOHEYHbIX 3HAYeHHH A—"‘,, H3BeCTHOE M3 pacueTa Jyuefi HpOoKo-
m
ro HaKJIOHHOI'O ny4ykKa, T. €.
1]
Am cos?es .
A gD (V,23")

a Am' cos?a’ "

310 npocrtoe BhipaxeHHe Gbi10 Henosb3oBaHo . Bosocosem 1 1. [Te-
YaTHHKOBOH NMpH pa3paGoTKe ONTHKH OTedeCTBeHHLIX aHaMOP(OTHHIX Haca-
JOK ]IS KOJIHYeCTBeHHOH OLeHKH H3MeHeHHs aHaMop(o3bl Mo MOoJIO.

3. Hamu Torja »xe Obula ycTaHOBJIeHa 3aBHCHMOCTh MeX/y BeJIHYHHOH
H XapaKTepoM HCIpPaBJeHHS JHCTOPCHH B TOPH30HTaJbHOM (MEDPHAHOHAJb-
HOM) CeYyeHHH HacallkH H H3MeHeHHeM aHamopdo3wl Mo nmoJio. Bripaxenue
ANl NMCTOPCHH A, TeJIECKONHYECKOH CHCTEeMB! MOXHO HAlHCaTh B BUIE:

tgo’=Tytga (4, + 1). (V.24)

[Tyrem audpepeHEpOBaHAS TOTO BhIpaXKeHHs HETPYAHO MOJYYHTb CO-
OTHOILIEHHE:

% ‘ , dA,
' T-—_—I‘,,[(Acr + l)“;f,: +tgo cos’u'-a;—]- (V,25)
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IloactaBuB B 5Ty (OpPMyJy OTHOIIEHHE %, HaliileHHOe W3 BBIPAXKEHHSA
v, 21), uo.nyqaeu ypaBHeHHe:

A =T, [(A 1) — CCT:G +—— dﬂ sing’ cosa] (V,26)

yc‘l‘aHaBJIHBalOUJ.Ee CBSA3b MeXAy BEJ'[HllHHOﬂ AHCTOPCHH A, y €€ HPOHSBO}I-
Hoﬁ u aHamopdosoft A,.

Ananus 9TOr0 BhbIpax<eHHs MOKa3biBaeT, YTO JJ/IA COXPaHeHHs MOCTOSIH-
cTBa aHaMOPGO3El MO MOJIO AHCTOPCHS CHCTeMBI HE JIOJMKHA PaBHATHCA
HyJio (KaK 3To paHee oWIHG0YHO MoarajiH HeKOTOpHIe aBTOPE aHaMopdoT-
HbIX CHCTEM), a JIOJDKHA MMEThb OnpeleJieHHYIO BeJIHYHHY (OTPHUATENbHYIO
No 3HaKy) NpH HefoJbLIOH BeMHYHHe aGeppauHH AUCTOPCHH BBICIIHX TO-
psaaxoB B cooTBercTBHH ¢ (V, 26).

PesynbTaThl 3THX Hcc/leoBaHHH OBUVIH TaKie HCNOJb30BaHHI HaMH B
npouecce .paspaGoTKH ONTHKH BCceX BapuaHToB cHcrem «Budokatop»
(HAC 1 BAC).

4. AGeppauni FOPH3OHTANLHOIO CEUeHHUs, BEIPaXKaeMble B yIJIOBHIX Me-
pax, pacCYHTHIBAIOTCA MO OOBIYHLIM opMyJiaM, NPHMEHAEMbIM NPH pacyeTe

-

Mnockocms *
npedrema

Al
mull““a |

on océ

Puc. V, 24. Xoa xocoro aAy4a B aHaMopdOTHBIX CHcTeMax

Te/leCKONHYECKHX UEHTPUPOBaHHBIX cHcTeM. OUeHKY N0MyCTHMbIX BeJHIHH
" abeppari NpH 3ToM YHOGHO MPOH3BOAHTh, OTHOCA HX K MJOCKOCTH H30-
GpaxkeHHit OGBbEKTHBA, YCTaHOBJIEHHOrO MO3ajH aHaMOP(HOTHOH HacalKu;
noJiyyaeMble BeJHYMHBI MoMepedHbiX aGeppauuii HacajKd aiareGpaHuyecKH
CYMMHDYIOTCS C BeJIHUHHAMH MONEPEYHbIX abeppatinii 06 BEKTHBA.

Il OLEHKH W MocleAyioulell KOppeKUHH abeppaluuil aydeil, He Jexa-

IIHX B MJIOCKOCTAX CHMMETPHH aHaMopdoTa, HeOOXOLHM pacyeT KOCHIX Jy- .

geft. Ha puc. V, 24 uso6paxen ofuH U3 Takux ayuyeit AB, BbIXOAAULHA H3
ToukH A nJjocKocTH npeametoB; DE — nmpoeKiHs STOrO Jiy4a Ha TOPH30H-
TanbHOe (MepHIHOHa/IbHOE) ceyeHHe; AF — mnpoeKuHs TOro e Jyda Ha
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BEPTHKa/JbHOE (CarHTTaJbHOE) CeYeHHe; Oy — YroJ MexJy npoeKuHed
DE xocoro jiy4a ¥ onTHYeCKOH ocbio; 6, — yron mexxay aydom AB u ero
npoekuneit DE; 8, — yroa mexay npoexkuueit A F u onTHuecKoit ochic.

B cucreMax ¢ ABYMsi MJIOCKOCTSIMH CHMMETPHH 3aJaHHBIM JIHHEHHBIM
pa3Mepam u3oGpaxenuss G6YAYT COOTBeTCTBOBATh Pa3Hble YIJIBI MOJIs 3pe-
HusA; 0603HAYHM STH YIJIBl B IPOCTPAHCTBE NpeAMeTOoB Yepes o, AJIA TOpH-
30HTAJIbHOTO CEUEHHS M uepes u;— A/ NepneHAHKYAAPHOro eMy CedeHH .

YroJ1 Kocoro Jiyda ¢ ONTHYECKO# OChIO B IPOCTPaHCTBE NPe/IMETOB onpe-

JelsieTCs ero COCTAaBJAIOMUMH — Gy H 0y, O4EBHAHO, UTO

o, =0, 6, =u,. ’ V,27)
3Has yrael oy 1 0y, onpejenseM yroa 6, no gopmyue:
" tgh, = g, cosa;. (V.27

[pn npesomaenun Kocoro nyuda v-tepes N0BepXHOCThb yroJ onpepens-
eTcsi COOTHOLLEHHEM: .

ny sin O, = ny sin 0,. . . (V,28)

¥Yrabl najleHus iy ¥ NpenoMIeHHs i 1ipoekuun DE Kocoro nyya B riias-
HOM (B HalleM Cilyyae — TOPH3OHTAJbHOM) CeYeHHH CBS3aHbl HHBAapHaH-
TOM: - ;

ny cos B, sini, = n, cos 0, sini,. . (V,29)

Ecniu BMecTO ny ¥ 71, BBeCTH HeKOTOpble «(PHKTHBHBIE» NOKa3aTesH mpe-
JIOMJIEHHS:

Ny=nycos0;; N, = n,cos0,, (V,29
To Bbipaxenue (V, 22) npuMeT GopMy 06bIMHOrO HHBAPHAHTA NPEJIOMIICHHS:
N sini, = Ny siniy, (V,30)

HJIK B oO1IeM BHJE: -
- N sini = N'sin/{’. .(V,S'O')

Taknm o6pasomM, pacyeT Xo/la KOCOro Jiy4ya CBOAHTCSA K pacyeTy MpeJsioM-
JIeHHS €ro NPoeKIlHH Ha TJaBHOEe CeYeHHe Mo OObIYHBIM CXEMaM pacyeTa
npe/ioMIeHHs. MEPHAHOHAJNIBHOTO Jiyya Yepe3 IEHTPHPOBAHHYIO CHCTeMY
nosepxuoc*reﬁ HO NP 9TOM BBOAATCH (HKTHBHLIE NOKa3aTesH npe.nom.ne-
uus N u N'.

9. PacueT KOCBIX s1yqeii N03BOJIAIET ONpeleINTh abeppallni NydKa Jyyed,
He JIeXamux B MJOCKOCTAX CHMMeTPHH aHaMopdoTa, B 4aCTHOCTH BeJIHUH-
HY MCKPHBJIEHHs1 H306paXKeHHH BePTHKAJIbHBIX H FOPH3OHTaJbHBIX JTHHHI
npeameTa, T. e. abeppauuio, cneunuuHyio A ONTHYECKHX CHCTEM, He.
HMEIOLHX OCH CHMMETPHH.

Pacuer Kocoro siywa onpefliensieT yriasl oz4; H 0p41 B mpocrpancTse
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1

n3obpaxkenuit nocne k- nosepxnocTd. Eciin nokasatenu npenomienns
cpell MPOCTPAHCTBa NPeAMeTOB H H300paxKeHHH ONHHAKOBHI, TO

Ox41 = 0y . V,31)

B pesyabTate pacueTa I{eHTpPaIbHOrO JIy4a, HMEIOmero Ha BXOXHOM 3pay-
Ke KoopAuHatei m = 0 u M = 0, onpezensieM pa3HOCTb YIJIOB:

—_—

A:0-' = Gk+l "—'O"_H ’ (V,32)

TAE Ok41 — YroJ MeXAY ONTHYECKOH OChI0 H TJIaBHLIM Jy4OM TOpH30H-
TaJIbHOT'O CeYeHHs B NPOCTPAHCTBe MocJe k- i MpeJioMIsioLLe i NOBepXHOCTH.
Besuunna Ac’ onpefensieT yrioByio aGeppanuio, XapakTepH3yOmyw Hc-
KpHBJIeHHe H300pameHHH BepTHKaJbHBLIX JIHHHH.

" HckpuBnenne usobpa)keHH} FOPH3OHTaJbHLIX JIHHHH B NPOCTPaHCTBE
nocJje k-ii MOBePXHOCTH ONpeJlesIHTCS YrJyioBOH abeppanueii:

A® = By, — g = By, — 8y, (V.33
TaK KaK Upy = Uy = "6y; yrom 0, onpeAeaserca no ¢opmyie:
a tg Op1 )
g0y = o0 (V.34)

6. YTOYHHM YCJOBHS, BJHMSIOLIHE HAa MCKPHBJIEHHE TOPH3OHTAJIbHBIX
Junuil. [lpuuss Bo BuuManue Bbipaxenus (V, 27), (V, 27') u (V, 31), no-
AYIHM:

= tgu, cos g, ,

B By, (V,35)
; . Cos °h+l . =

a TaK KaK B pacCMaTPHBaeMOM Cjiydyae YIJIbl Uy H Uy, PaBHBI MeXAy CO-

6oii, TO

tg By = gUnyy cos oy (V,35')

COS G40

O6paTuM BHMMaHHe, 4To eciu [y 5% 1, T0 Gy 5% Gy, @ Cllefi0BaTelb-

HO, B4, 7= U,,(, YTO OGBSCHSET HeH3GexHOe HCKPHBJeHHE H306paKeHHH
FOPH3OHTAJIBHBIX JHHUA. DTO HCKPHB/IEHHE B 3HAUUTENbHOM CTENeHH 3aBu-
CHT OT YIJIOB Oy H Gp,q, T. €. OT YBeJHYEeHHS HACAaJKH H OT BeJIHUHHLI YIJa
NoAA 3peHHs, H MaJjio 3aBHCHT OT ONTHYECKHX KOHCTPYKTHBHBIX 3JIeMEHTOB
LHJIMHPHYECKOH aHaMOpP(pOTHO! HACaKH C mapajielbHbIMH 00pa3yiomiH-
MH LHJIHHAPOB, HMeOLUX KPYroBo# NpodHb B CBOHX I'VIaBHBIX CeYeHHsAX.
Ha puc. V, 25 cxemaTHuecKH NpelCTaB/ieHO SABJIEHHE HCKPHBJIEHHS H30-
GpaeHuii BepTHKaJbHHIX M FOPH3OHTAJIBHBIX JIHHHH aHaMOPHOTOM.

7, Pa3Mephl CBETOBBIX OTBEPCTHH HHIHHAPHIECKHX JIHH3 onpelensoTca
caenyiouuM o6pasoM. M3 mpuBesieHHbIX Bbliie GopMyJI ONpEAEsIOT Ykl
KOCOro Jyda, MpOXOASWEro CKBo3b cucTemy. OnpefesnM KoopAHHATHI
TOYeK mepeceyeHHs Jyya C NPEJOMJSIOIMMH TioBepXHocTsAMH. Ha puc.
.V, 24 BUJIHO, YTO STHMH KOOPAHHATAMH MOTYT GbITh BBIGPAHbLI BeJHUHHEL /i
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H {, onpefensiomye Touky B nepeceyeHus Kocoro ayda AB ¢ npesomsio-
wiedl HHAHHAPHYeCKoH MoBepXHOCTbIO. [lasi HeKoTopoi k- npesoMisioueit
NoBep XHOCTH
hy = rysine,, - (V,36)

rae h, — BHICOTa MepecedyeHHs Jiyya C MOBEPXHOCTbIO B FOPH30H Ta/bHOM
CEYEeHHH; r, — PaAHyC KPHBH3HLI NOBEP XHOCTH B TOM K€ FOPM30HTAJbHOM
CeYeHHH; P, — YTOJ MEXJy ONTHYECKOH OChIO H PafHYCOM r,, NMPOBEJEH-
HBEIM B TOYKY NaJleHHs JIyda. 7

Ins sToi XKe k-ii MOBEPXHOCTH KOOPAUHATA onpefensierca no Gopmyie:

b=ty + A1, (V,37)

npuyem " .
At, = (dpoy + p — Gp_y) tgh,, (V,38)

COS oy

Tie anrebpauyeckasn cymmad, y + a, — @,y — €CTh pacCTOSHHE MeX-
Ay ABYMsi TJIOCKOCTSIMH, MPOBelleHHBIMH TMepPMeHAHKYJAPHO onTHYecKoi

- me of
z g™

AAGCKICTI

Puc. V, 25. HckpuBieHue BePTHKaAbNbIX W TOPH3OHTAMALHBIX JHHHA nnnuoﬁdwmu

OCH H MPOXOJSUHMH Yepe3 TOUKH MepeceyeHHsT KOCHIM JyuoM B-it u k—I1-i
UHIHHAPHYECKUX NOBePXHOCTel; dyy — pacCTOsSHHEe MeX/y BeplIHHAMH
3THX NOBEPXHOCTeH, OTCYUThIBAEMOE BAOJIb ONTHYECKOH OCH.

Havanbuble 3HaueHus BennuuH ¢y U Afy, BXOASIMIHX B PeKyppeHTHEIE
dopmyan (V, 37) u (V, 38), onpefensioTcs H3 BblpaxieHHA:

t=M, + Aty -, (V.39
npuueMm |
_ =%+ a) AN
Ay = —H——L s tg 0, V.39
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rjeS,; — PacCTOfHHe MJIOCKOCTH BXOJHOr0 3padKa OT NepBo# npesoMis-
" jomelt NOBEPXHOCTH; @y — «CTpeJKa» Ha MepBOH MOBEPXHOCTH.

Bhiunc/ieHHe KOODJAMHAT TOUeK nepecedeHHsl KOCHIX Jiydeil ¢ mpejoM-
JISIOMHMH NOBEPXHOCTSIMH [03BOJIIET TOYHO ONpefeaHTh CBeTOBble pasMme-
phl LHJIHHAPHYECKUX JIHH3 aHAMOP(OTHBIX HacafoK.

8. AnamopdoTrHbie cucTeMbl 06/1aal0T elile OAHHM cneumpuqecxnm CBOH-
CTBOM, SHaUMTEJIbHO CHIDKAIOIUM KauecTBo H306pakeHus cucreM, — pas-
HOCTBIO ITyOHH H300pax<aeMOro NPOCTPAHCTBA B Pas/IHYHLIX CEUeHHAX aHa-
Mopdora.

CmemenHio dx NJIOCKOCTH NPeAMETOB BAOJb ONTHYECKOMH ocH 6yner co-
OTBETCTBOBATh CMelleHHe dx’ MIocKocTH u3obpaikeHHH, pa3HyHoe AN I'o-
PH3OHTaJIbHOTO H BepPTHKaJbHOrO ceyeHHit aHamopdoTa BCieACTBHe pas-
JIH9HA QOKYCHHIX PACCTOAHHH B 9THX CEYEHHAX:

'3

dx, = ’ —-dx; dx,= —iz- dx. (V,40)
IMonepeuHsie pasMepbl KPYKKOB pacCesiHHA Jy4el NpeiCTaBATCA B BH-
Ae: : ‘

dy, = eedx; dy, =+, d, (V.40)

rlie &, H &, OTHOCHTE/]bHBE OTBEpCTHA aHaMopdoTa B FOPH3OHTAJIBLHOM H
BEPTHKA/IbHOM CeYeHHsSX; YTJIOBBE pa3MepPhl KPYKKOB pacCesiHHsi B COOT-
BETCTBYIOLIHX CeueHHX aHaMopdoTa BEIPa3ATCHA COOTHOLICHHSAMH:

dy:. _ ‘rf:- . dy; _ % f; ’ r oA
f; = ,ti dx. f; = x’= dx. (V|40'}

Ecnu oTHOCHTe/IbHBIE OTBepCTHS B 000HX ceueHHsAX anaMopdoTa paBHEI,
TO OTHOIIeHHe YIJIOBHX PasMePOB KPYXKOB pacCesiHMSl B JIBYX CeYEHHSX
‘PaBHO OTHOIIEHHIO (POKYCHBIX PacCTOsiHHMA. 3TO Co3/laeT Pa3HOCTh FyGHH
pe3ko H3o6pakaeMoro NpocTPaHCTBA B ABYX HamnpaBJIeHHAX; 9TOT a(deKT
TeM GoJlee HENpPHATEH AJisi BOCMPHATHs, YTO OH HaOMiofaeTCs y»Ke B LUEHT-
pe u3obpaxkenus. PalnonasbHO coO/IOCTH YCJIOBHE paBeHCTBA MAKCHMaJIb-
HO JIONYCTHMBIX SHAYeHHA YIJIOBLIX PasMepOB KPYKKOB pacCesHus B o6o-
HX cegeHHAX aHamopdoTa, T. e.

dye _ Ay (V,41)
[
Torpa u3s ypasuenus (V, 40°') HaXonuM, 4To
efi=cf,, (V,42)
OTKyla
6y I ’
=" (V'42 )
€p fa .
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HJHM Ha OCHOBaHHH (opMyJnl (V, 9):

. ‘ =4, "(V,42")

Takum o6pa3soM, Mt yCTPaHEHHs PasHOCTH IJIyGHH pesKo u3obpakae-
MOTO MpPOCTPAHCTBA B PasHbIX CeyeHHsX aHaMop(oTa OTHOCHTeJbHbE OT-
- BepcTHA oOBEKTHBA B BEPTUKAJIBHOM H FOPH30HTAJLHOM CeYeHHSX AOJKHbI
GBITh Pa3/IHYHBIMH: OTHOIUEHHE HX BEJIMYHH JIOMMKHO GbiTh PaBHLIM aHaMOp-
¢o3se cucrembl. B Tom ceuennn anaMopdora, B KoTopoM GoKycHoe paccTos-
HHe 6oJibilie, OTHOCHTE/IbHOE OTBePCTHE JIOMKHO GHITh MeHblie, H Ha060pOT.
OcymecTBHTE 5TO BO3MOXKHO NyTeM YCTAHOBKH B LIEHTPHPOBAaHHOM 00BeK-
'&')une anepTypHO# upucoBoit AuadparMel He KPYIJIOH, a S/UIHNCOMAAIBHON

OPMBI. :

Ha ocHoBanuu HccsieioBanHil cnenuduydecKHX CBONCTB aHaMOPHOTHBIX
cucreM BHayajne B TOH, a c 1959 ropa — Ha kadeape QU3HKH M ONTHKH
JIUKH 1. BonocoseiM 1 III. TlegarunkoBoit 6biiH pa3paboTaHbl ONTHYEC-
KHe CXeMbl H poBefieHbl pacyeTs (B BBIMOAHEHHH KOTOPBIX MM MOMOTaJH
A. lllaxnoBuu u P. ®axperannoBa) Bcex oTedecTBeHHbIX aHaMopdortos. B
IIKBK 6ninn u3roroBsienbl Bee onbiTHbie 06pasubl. B Taba. V, 17 npusese-

) Hbl BCE OCHOBHbIE ONTHYECKHE XapaKTepH-
CTHKH aHaMOp(OTHLIX KHHOCEEMOYHBIX CH-
CTeM, BBHTYCKAaeMBIX Halllefi MpOMbIILJIEH-
HocThlo. OHH HSTOTOBJISIIOTCS B BHAE Haca-
ok HAC v 6s10koB BAC K o6beKTHBaM LiH-
poKoro nuanasoHa (OKYCHEIX paccTos-
it — ot 22 1o 200 um*.

Anaroppomman
: ng’dm Cg?uvecmd

sexmul

Puc, V. 26, Cxema aHamopdoTHOA Ha- 5
canku «Bndoxarop-4» {I?IPAC-'I) B ro- Oﬁ‘bPKTHBH Cpennux ClJOKYCHblx pac
PH3OHTENBLHOM (MEpHAHOHAAbLHOM) ce- CTOSHHH — D0 MM, 1 :2; 75 MM, 1: 2;

Y9eHHH

80 mm, 1:2 n 100 mm, 1:2,8 — ocua-

: LlAl0TC HacafKaMu (MJM BEINYCKAIOTCA B
BHfle 6sokoB) ¢ adokanbHON anaMopdoTHoH cugremoli «Budokarop-4»
(HAC-4 unu BAC-4). 310 yeThlpexJIHH30Basi ABYXKOMNOHEHTHas CHCTe-
Ma, y KOTOpO# 06a KOMNOHEHTA CKJleeHbl M3 ABYX LUHJIMHADHUECKHX JIHH3
(puc. V, 26). Cucrema manorabGaputuas: ee Anuxa 100 mm, JIucTaHUHOH-
Has (OKYCHpOBKAa OCYLIECTBJISIETCS NepeMemeHseM BTOPOro KOMIIOHEeH-
Ta, 4YTO, MO-BHAMMOMY, HECKOJIbKO yjaoOHee Mt opOPMIIeHHS] KOHCTPYK-
IIHH Hacallki, 4eM MepeMelleHHe NepBoro KOMIOHeHTa, KaK GblIo B HallHX
panHuXx pa3paboTkax. B npegenax usmeHenus aucranuuuor 1,5 4 mo «Gec-
KOHEYHOCTH» BTOPOil KOMNOHEHT nepeasuraercs Ha 11 mu. Paccrosuueup
MeX [y TJIaBHBIMH NIAOCKOCTSIMM HEIO/BHKHOIO NepBOro KOMIOHEHTa U ABH-
JKYIIErocss BTOPOro KOMIOHEHTA MPH PasjHYHBIX JHCTAHUMAX CHEMKH
onpeneasieTcs: no opmy.e:

_praAVo—s(i+0) (V.43)
b 2(f;+D) '

* CM. cHocky Ha ctp. 408,



raeD — paccTosiHHe TJIOCKOCTH MPeAMeTOB OT IJIaBHO# MJIOCKOCTH MepBo-
TO KOMINOHEHTa. 3aMeTHM, 4TO BeJIHYHHA aHaMopdo3bl Ag,p ocTaeTcs pas-
Ho#t BestnuuHe 0,50 A AHCTaHIHA CheMOK OT 5 10 8 # H yMeHblllaeTcs 10
0,487 ansi AuCTaHUMH «GECKOHEYHOCTLY; BeHuMHa A g, p NOCTENeHHO yBe/H-
unBaetcs fo 0,537 (T. e. Ha. 7% ) npu cpeMKe ¢ AucTaHumit 1,5 M. -

B nacaznke Gs1arofaps BBeeHHIO NIJIaBHO HapacTaiollel oTpuuaTebHON
AMCTOPCHH, AOCTHralomed Ha Kpato noas (o, = —28°) —5%, sesnuuna
anaMopdo3kl N0 MO0 OCTaeTcs MOCTOAHHOM, TOUHee, HAa Kpalo moist 3pe-
HHSA BelH4HHa aHaMOP(}o3kl A , OT/IHYAETCA OT ee 3HaYeHHs B LLeHTpe Mo
(mnst pucTannHi oKono 4—D5 ) He Gosiee ueM Ha 4 %, yTo HabmojaTenb Co-
BepLIeHHO He 3aMeyaeT; B 3TOM OJIHO M3 3aMeyaTe/IbHLIX KaueCTs OTeyecT-
BeHHBIX aHaMOP(OTHBIX CHCTeM.

Anamopdor «bndokarop-4» HMeeT Xxopolllee HCIpaBleHHe MOHOXPOMATH-
YeCKHX H XpOMaTHYeCKHX abeppalHii sydeil IIHPOKHX HAKJIOHHBEIX MYYKOB
KaK B FOPH3OHTAJIbHOM CeYEeHWH, TaK M KOChX Jydyell. Stu aGeppauuu B
LleHTpa/bHOH 06J1acTH MOJA He mpesblualoT 1’ (yryioBas MHHYTa), a Mo
nomo —2'. Iocnennee onpefennso BLICOKYIO pa3pellaloulyio CHJy STHX
CHCTeM; COBMECTHO C COOTBETCTBY IOIIHMHE chepHUeCKHMH 0GhEeKTHBAMH (CM.
Taba. V, 17) anamopdoTHble HaCaAKH pa3pellaloT JHIIb HEMHOTHM MeHbllie,
geM paspellasii caMu chepHueckne oObeKTHBbLI: 0K0JIO 45—60 mu™! (c pa3-
HbIMH 00beKTHBaMH M0-pa3HOMY) B LIEHTpe MOJA C NJIaBHBIM CHHXKEHHEM 10
24—26 mu™! ua Kpaio nons. HMckpusienne Ac’ BepTHKaNbHBIX JHHHIA HA
Kpalo MoJsi, BbipaXKeHHOe B YIJIOBO#i Mepe, paBHO 7’; HCKpHBIeHHe A6’
TrOPH3OHTAJBHEIX JIMHHE AOCTHTaeT Ha Kpaio noas 50°.

- OnbiTHbie 06pasiubl anamopdoToB Gbiin u3rotosiensl LIKBK. JlaGopa-
TOPHBIE W SKCIIyaTauHoHHble uenbiTanusa nposofuauck HHK®H u kuno-
crypuaMu «Jlenpuapm» u «Mocunbm». IlepBole 06pa3iibl oTedeCTBEHHBIX
anaMopoToB OLIIH MOABEPrHYTH BeCbMa TLIATEJbHBIM H KBaJHQHLHPO-
BaHHBIM KCIJy aTAlHOHHLIM HCMBITAHHAM KHHoomepaTopoM «Jlendnibmay
A. MoOCKBHHBLIM NpPH CbeMKe IIHpPOKoSKpaHHoro ¢uiabMma «Jlon Kuxom,
Pe3ysibTaThl HCNLITaHH{.OBCEIHEBHO aHAJIM3HPOBAIHCh H OGCYXKAAJNHCh C
aBTOPOM, 4TO CNIOCOGCTBOBAJIO COBEP LIIEHCTBOBAHHIO aHaMOP(OTOB B Ipollec-
ce HX CO3JaHHA. :

Torpa e BO3HHKIA Hies co3jaHus anaMopdoTHol Hacanku, obaanaio-
el HeM3SMeHHOH BeJIMYHHOM aHaMopo3bl MPH /MO0 AMCTAHUMH CheMKH:

Y RET X V.44

Jlns sToro HaMu Gbla paspa6oTana ABYXKOMTIOHeHTHas aHaMopdoTHas
HacaflKa, ¥ KOTOpPO#l OIHOBPEMEHHO C H3MEHEHHEM PacCTOfHHA dp MexAy
KoMroHeHTaMH (npu QOKYCHpPOBKe CHCTeMbl HA pas3sindyHble AHCTaHOUK D)
H3MehseTcs BeJIHYHHA (POKYCHOrO pacCTOSIHHS OMAHOTO H3 KOMITOHEHTOB
HacaZki. MccnenoBanns nokasanu, 4to Gojiee palHOHAJbHO H3MeHATDh (o-
KyCcHoe paccrosinue f', BToporo KoMrnonenTa. [lepeMennble BeHYHHBl dp B -
D cBasaHbl ypaBHEHHEM:

d +2Dd: +D(f, +D)yd, + D*f, =0, - (V.45)
rjae f 'g iy QJOKYCHOE paccTosiHHE NepBOro KOMIOHEHTa, OCTamlleecsas HeH3-
406



MeHHEIM. 3aZiHee GOKYCHOe pacCcTOsiHHE BTOPOro KOMIOHEHTa JOJDKHO H3Me-
HATBCA N0 3aKOHY: 3
. 2Ddp

fo = By (V.46)

AGeppanuoHHble PaCUeThl ¥ KOPPEKIHs TAKOH CHCTeMEI GbL1H BHIO/HE-
uol [11. [TeyaTHukoBoii. [IpHinaoce yC/I0KHHTE ONTHYECKYIO CXEMY CHCTEMBL,
ClieNiaB TEPBBIAl KOMMOHEHT HacCalKH YeThiPeXJHMH30BbIM, COCTOAIIMM K3
JBYXJIHH30BbIX CKJIEeHHbIX KOMNOHeHTOB (puc. V, 27). BTopo#t KOMNoHeHT,
COCTOSILIIHHA H3 ABYX NPOCTHIX JIHH3, HMeeT MepeMeHHoe OKYCHOe paccTos-
HHe, UTO OCYLIECTBJAETCA MyTeM H3MEHEHHs PacCTOSHHS MeXAY JIMH3aMH;
TouHee, C LEJbI0 YNpPOIIEHHS KHHEMAaTHKH O0Ka3aJoCh BOSMOMKHEIM MpPH
CbeMKe ¢ AHCTaHUM oT 2,25 # 10 «GeCKOHEYHOCTH? He H3MeHSTb POKYyCHOro
pacCTOsIHHSI BTOPOrO KOMIIOHEHTa: KOMIOHEHT NepeMellaeTcs LeJHKOM,
obecneunBas o6HYHYI0 AHCTAHIHOHHYIO (OKYCHPOBKY; NPH KOPOTKHX Ke
IucTaHuuax — ot 1,2 10 2,25 ¥ — ofHOBpeMeHHO ¢ nepeMelleHHeM BTO-
pOro KOMMOHEHTa POUCX OANT COMMmKeHHE ero JIHH3, YTO H3MeHseT PoKyCHoe
paccTosiHie KOMIOHEeHTa ¥ ofecneunBaeT TeM CaMbIM HEH3MEHHOCTb aHaMop-
¢o3bt Ay,p NPH ChEMKE C MaJIbIX AHCTAHIUHE.

B cucreme, BuinyuleHHo# noA Mapko# «Budokatop-5» (HACS), yranoce
JOCTHFHYTBH XOpOLIEro HcrmpasjenHst Bcex aGeppauuit. AnamopdorHas Ha-

A y D=2,15

W

|.ﬂ-f,Z
Puc. V, 27. Cxema onTHka aHamopdoTnoft Puc. V, 28. Cxema onTH-

wrpokoyroasHofl nacaaxu HAC-5 B rnas- kH «Budokatop-8»
HOM MEpHOHOHAJLHOM (ropHSOHTAABHOM) .
ceqeHHH

cajlka KOppHrHpOBaHa JJIsl yTJia MoJisi 3peHHst o ropusoHty 67° u no sep-
TuKaJaHu 26° ANs BEIXOAHOrO 3payKa 25 mm. DT mapaMeTpsl MO3BOJSIOT YC-
TaHaBJIMBATh N03aH HaCaAKH 06BEKTHBLI ¢ HOKYCHBIME paccTosinuaMH 40 1
50 mm npu orBepcTHaAX 1 -2, a TakkKe 06BEKTHBH C QOKYCHBIMH paccTos-
HuaMd 80 u 100 mm npH orBepctuax 1 : 2,8 u 1 : 3,5. K coxanennio, sta
pa3paboTKa NpOMBHUJIEHHOTO MPOX3BOACTBA HE MOJYYHJIA.
. Oco6uiit MHTepec mpencraBasior (cM. Taba. V, 17) wmHpoKoyronbHbe
anaMop(oTHBIE aHaCTHTMaTHYecKHe HacaJlku «Budokarop-7» (35HACI10-1)
n «Budoxrarop-8» (36HACI12-1), obecneunBaromipe BO3MOXHOCTE KHHOCHEM-
KH C o0bekTHBaMH (OKYCHbIX paccrosinuii 35 u 30 mm. Ilna storo Ham
NPHILIOCE H3MEHHTb ONTHYECKYIO CXeMy HacalkH, PHMEHHB B ee NepBoM
' 407



KOMMOHeHTe KOMOHHALMIO U3 ABYX HeCKJeeHHHIX JHH3 (pHc. V, 28). Ipu
STOM YAa/0Ch COXPAHHTD MaJlble FaGap HThI CHCTEMBI: ee UIMHA He NPeBbillla-
er 87 mm. DTa nacallKa, ONTHKA KOTOpoii pa3paboTana MOL MapKoi «Budpo-
KaTop-8», uMeeT yroJl noJis 3pexus no ropusontanu 87,5°, no BepTHKanH
34,5° nuameTp BLIXOAHOrO 3pauka 12 MM, 4TO COOTBETCTBYET OTHOCHTE)Ibs
HOMy oTBepcTHIO o6beKTHBa | : 2,5 npu dpokycHoM paccToanun 30 mu. dto
camasi INHPOKOYTOJIBHASI H CBETOCHJIbHAS CHCTEMA CPEAM H3BeCTHHIX aHa-
MOp(OTHbIX aHACTHIMaTHYeCKHX cHcTeM*. Ona o6JlajlaeT XOPOLIHM HCnpaB-
neHueM BcexX aGeppauHii M, cllefloBaTe/bHO, BBICOKHM KaueCTBOM ONTHYeC-
Koro H3o0paXKeHHs: COBMECTHO €O chepruecKHM obbekTHBOM (f' = 30 mm
npu oreeperh 1 @ 2,8) cucrema 35HACI2-1 pa3apemaer 68 uu™' 8 LeHTpe
TOJISI C NJIABHBIM CHHXKEHHEM paspeinenusi 10 35 #u™! na kpaio mons.
[locnenyiomue TeopeTHYECKHe MCC/AENOBAHHA M KOHKPETHble pacueThl,
BHINIOJIHEHHbIE B OTpacyieBoit JaGopatopu KunoonTHk JIMKH, npusesn
K elne OGosee IIMPOKOYTo/bHOM CHcTeme — «Budokarop-9» ¢ yrnom noss
3penus Mo MIHPHHE KaJipa B MPOCTpaHCTBe NMpeiMeros 92°, yto nosBonser
NPUMEHUTb COBMECTHO C HacalKo# cepuilHbIH 00BeKTHB C QOKYCHHIM pac-
crossnueM 28 Mm u OTHOCHTeNbHbIM oTeepcTueM 1 : 2,5, Ilpu ero pacuere
(Bemonuennom LI, TleyaTHuKoBO#) NepBofi LHIHHAPHIECKOH NOBEPXHOCTH
HacajAKu GBIH 3aJlaH HeKPYroBoH Npodu/b B ee T/IaBHOM CeYeHHM; TaKas
3aMmeHa KpyroBoro npouiis acpepuueckum norpeGoBanach AJist COXpaHeHHST
NOCTOSIHCTBA BEIMYHHE aHaMopdosbi A ; 1o nosno. Hacanka «<Budoxarop-9»
HMeeT raGapuThl, aHaJIOTHUHbIE NPeABIAYIIeH CHCTeMe; ypaBHeHHe KPHBOH
HEKPYTroBOro npoduns LHIHHAPHYECKOH MOBEPXHOCTH HMeeT BHA:

y¥* =520x — x* 4 0,25x°, (V,47)

T. €. BBeJleHa JledopMaliusi Kpyroeoro npobums**, )

OcBoenHe TeXHOJOTHH H3TOTOBJIEHHS UMJIMHAPHYECKHX °ONTHYECKHX
noBepXHOCTEH C HEKPYToBLIM NpodHIeM B HX TJIaBHOM CeYeHHH MpejCTa-
BUJIO Obl HHTEPEC, TaK KaK I103B0oJIHI0 Obl PaCIIMPHTH NOJle aHaMOPHOTHBIX
CHCTeM o KpaiHeit Mepe 110 120°, Pelllenre TaKofi npoGaeMsl B CBOIO o4epeib
no3ponuo Gbl CO3JaTh IIHPOKOYTOJNbHbIe aHAMOP(OTHBIE CHCTEMHI C nepe-
MeHHBIM (OKYCHBIM paccTOsTHHeM NMYTeM YCTaHOBKH BlepelH oObYHOrO
(chepuyeckoro) o6beKTHBA C MepeMeHHbIM (OKYCHBIM PaCCTOSTHHEM IUHPOKO-
Yro/IbHOH H JOCTaTOYHO CBETOCHNbHOH axaMopdoTHo# Hacaiku. Tako#t
KOMOHHHPOBaHHbIH OJIOK, COCTOSIIMA H3 OMHCAHHOrO BhIlE KHHOCHEMOY-
Horo o6bekTHBa «PoTOH» ¢ mepeMeHHBIM (OKYCHHIM paccTosiHHeM (f' =
= 37—140 mun, 1 : 3,5) v ycTanoB/IeHHO# Bnepelid HEro IKPOKOYrONLHOM
nacaaku «Bugokarop» (HAC), 6bin usrorosnen LIKBK.

* B 1976 r. aBTOpoM mpeiOKeHH ¢MOHOAHAMOP(pOTH®, B KOTOPLIX COUETAIOTCH
cepHuecKHe H LNHAHHADHYECKHE NOBEPXHOCTH. ’

** B 1974 rogy . Bonocosum, H. JleGenesolt u 3. Jlososckofi Guna paspa6o-
TaHa cHcreMa «Budokarop» ¢ yraoM noas speHHs Mo WHpHHE KHHOKalpa 106°, uro
M0o3BOMAET NPHMEHAThL ee C CepHAHBIM OGBEKTHBOM C QOKYCHHIM paccrosiHHeM 22 mMm
B OTHOCHTeJIbHEIM oTBepcTHeM 1:2,8. CHcTeMa COCTOHT H3 MPOCTHX LHJAHHIAPHYECKHX
noBepXHOCTed KPYrosoro mnpodpuas.
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Cospanne MajnorabapuTHBIX CBETOCHJAbHBLIX ChepHUeCKHX 0GBeKTHBOB C
HIHPOKHMH MNpe/iejiaMH H3MeHEeHHsA q:oxycﬂmx paCCTOHHHﬁ nosBoJIHJIO Obl B
CBOIO OUepe/lb yCoBepIUeHCTBOBATh NMapaMeTpbl aHaMOP(OTHBIX CHCTeM C
nepeMeHHLIMH XapaKTePHCTHKAMH: MOBBICHTL HX IUMPOKOYTOJIbHOCTb, CBE-
TOCHJIy H TIpefesibl H3MeHeHHA QOKYCHBIX PacCTOSTHHI.

§ 4. OBBEKTHBBI J11 CbEMKH HIMPOKO®OPMATHBIX
: 70-u# KHHO®HJIbMOB

OnHo U3 OCHOBHBIX HampaBJleHHi Pa3BHTHA KMHOTeXHHKH — ILHPOKO-
dopmaTHan KuHeMaTorpagus. B stoii cucTeme cheMKa KHHODHJIBMOB NPOH3-
BOANTCS Ha IIHPOKYI0 70-mm NueHKY ¢ ¢opMaToM Kajpa 52,5 X 23 mm
-0 focnefytomel npoeKuued Ha IHPOKHH (0OBIYHO MCKPHBJEHHBIA MO UH-
JIHHAPHYECKOH TIOBEPXHOCTH) KHHO9KpPAH C COOTHOLIEHHEM IIMPHHBL K Bhl-
core 2,2 : 1, NOCKOJbKY pa3Mephl MPOEKIHOHHOTO OKHA KHHOMPOeKTopa
48,6 X 22 mm. ’

Hosas cucrema notpeGosaJia co3flanns CrellHa/ibHOH KHHOTEX HHIECKO#
CheMo4HO#, 06pabaThlBalomen ¥ NpoeKIHOHHOH annaparyphl, B YaCTHOCTH
KOMIIEKTa MIHPOKOYTOJIbHBIX CBETOCHJBHBIX CheMOYHBIX 00bekTHBOB. MX
paspaboTke W CoBepIeHCTBOBAHHMIO YAeJssijioch GoJbliioe BHHMaHue. B pe-
8YyJIbTaTe OCHOBHOH KOMIJIEKT 00LeKTHBOB JJ/Is1 CheMKH Ha IHHPOKYI0 70-mu
KHHOMJIEHKY 110 BCEM NapaMeTpaM HaXOJHTCH Ha COBPEMEHHOM TeX HHYeCKOM
ypoBHe. Pa3paboTKa oNTHUeCKHX CXEM,pacdeThi H H3TOTOBJIEHHE STOH ONTH-
x# 6ol Buinonnenbl JIMKH. (kadeapoi 1. Bosocosa) u LIKBK (oTnenom,
pykoBopumeiMm A. 'aHoM), a B HeKOTOpo# yacTH
JIMTMO (kadenpoit M. Pycunosa).

[Noka ewe TpyAHO 060CHOBaTh HeoOXoAMMbIe
ONTHYECKHe XapaKTepHCTHKH OGBLEeKTHBOB AJIS
ChEMKH Ha WHPOKHM Kazap (52,5 X 23 mx). Ilo-
BHAMMOMY, HauGoJiee pacnpoCcTPaHeHHBLIMH OKa-
KYTCa @OBeKTHBbI C mojisMu 3penus 50—90°.
Oco6o untepecen o6bexTHs OKC4-40-1 pocbMu-
JIHH30BOH onTHYeCKO# cxeMbl THIa «Mup» (pHc.
oo s Onrudeckas V, 29); ero paspaboTka sBJISI€TCA peSYJbTaTOM

OKC4-40-1 (F=40 %) . Hallero JaJibHeHIEro pajHKaJbHOrO YcoBep-

mwencteoBanua oobekrupa OKC2-40-1, uMesinero
menbiee orseperye (1 : 3,5) n 66ablHe raGapHTHL. ‘HoBuiit 06beKTHB HMe-
eT oBILYIO ANHHY JIHIIb 75,5 MM IPH CBETOBOM AHaMeTpe HauGOMblLeH rnep-
Bofi ME3El 69 mm u npu GosbliioM 3afiHeM (OKaTpHOM OTpe3Ke 39 mm, uto
1103BO/IsieT P HMEHNTh 00BEKTHB B 3epPKasbHLIX (hoToannapaTax H KHHOChe-
MOYHBIX KaMepax C 3epKaJbHbIM 06TIOpaTopoM.

KOHCTPYKTHBHBIE 3/1eMeHTH onTHKH 00bekTHsa OKC-4-40-1 npuBenensl
B Tabxn. V, 18. i

B o6BbeKTHBaX CTOJIb aCHMMETPHYHOH ONTHUECKOH CXeMbl, KaK H3BECTHO
(cM. raaBy 1V), BecbMa TpyJHO KOppHrHpoBaTh aGeppalHio ANCTOPCHH, B
YaCTHOCTH JHCTOPCHIO BBICLIHX MOpPsAKOB, GLICTPO HAPACTAIOWYIO 1O MOJIO.
B o6bexTHBe abeppalio AHCTOPCHH BHICIIHX MOPAAKOB YAAJIOCh XOPOIIO
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KOpPPHI'HPOBaTh NPH OJHOBPEMEHHOH KOPPEeKUHH XpOMaTH3Ma yBeJHIeH S
B pe3yibTaTe NMPHMEHEHHA B JIHH3aX MEPBOro CKJEEHHOro KOMIOHEHTa
ONTHYECKHX CTEKOJl, HMelomuX GosbLIyI0 pasHOCTb NOKa3aTesel npeJiome-
HHS NPH CPABHHTEJIBHO HEGOIBILOM PasHOCTH NoKasaresefi AUCNepCHit (Y-
ces AGGe). lncTopcHs e TpeTbero nopsjika, BeJIHYHHA KOTOPOH HapacTaer
MpONOpUKOHAJBbHO KBaJpaTy TaHTe€HCa yrJla MoJis 3peHus, Obina npelHa-
MepeHHO BBe/ieHa 0Kosio —4% Ha Kpato noas (1 oTpHIaTelbHas N0 3HAKY)
C LleJIbI0 YaCTHYHOH KOoMIeHCallHH MepPCMeKTHBHEIX HCKaX<eHHH H300parke-
HHH, BO3HHKAIOMHUX MPH CheMKe IIHPOKOYTOJbHEIM 00beKTHBOM,
O6bexTus OKC4-40-1 paspewiser B uexTpe noas 62 mu™ ¢ njaBHEIM
CHH2KEeHHeM pas3pelleHHs 10 35 Mu ™! Ha Kpaio noas. IToT aHaCTUIMaT, Kak
0CHOBHOH 06BEKTHB KOMIJIEKTa, OBl MOABEPTHYT NOAPOGHEIM CPABHHTE/b-
HHIM HCMBITAHHSIM B OTHOIIEHHH Ka4yecTBa ONTHYECKOIo M300paXKeHHs Ofi-
HOBPEMEHHO C AHTJIMACKHM OGBEKTHEOM C aHAJOTHYHBIMH ONTHYECKHMH
XapakTepucTHKaMH @upmb  «Teitiop — I'oGeon». Conocrabnienne pas-
peluaroieli CHJIb OOBEKTHBOB, KOHTpacTa H3o0paxeHHs, pachpejele-

Ta6auuna V,18
KOHCTPYKTHBHBE BJeMeHTH onTHKU oO6bexTHRa 0KC4-40-1

OrnTHYeCKHe NOCTOSHHbLIE
Paguycnl, moBepxHo- Toammni aHEs -~ crewox Mapkn | Ceerosme
crell, uu H BO3LYMHBE cTekon | AMaMeTpuL
MPOMEIKYTKH. MM - , MM
rn = 209,4 S .
4= 9,3 1,658 | 51,1 | TK21 | 69,4
fg == — l224,6
dy = 6,0 1,504 | 66,0 | K2 | 63,9
rg = 77.62 - 3
: dy = 1,9 1,0 - - 52,4
ri = 49,20 F
dy = 2,72 1,5004 66,0 | K2 47,9
ry = 25,89
dg = 29,1 1,0 - -— 40,5
rg = 27. 10 ~ % -
de = 4,4 1,6725 32,2 | To2 24,5
Fq == 0 E
& w1, 1,0 - e 23,3
ry = 14,093
o | dy = 4,2 1,616 | 58,3 | TKi6 | 16,2
l'-. = 87,9 =
d, = 1,1 1,7550 27,5 T®5 14,5
Mo = 10,591
dlﬂ Lo 9,3 l,O - — 12,7
fp = — 10, 139
dyy = 0,92 1,7550 27,5 | T®s 12,6
Flg = = 12'66
d]_s = 0,21 1,0 - -_— 14.2 :
rs=—80,35 | 4 47 1,6140 | 55,1 | TKs 17,7
ryy = — 18,293‘ ]3,7
Z d = 75,66
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HHsl OCBeleHHOCTH H300paXKeHU# Mo MOJIO H T. . MOATBEPAHJIO BLICOKHMI
TeXHHYeCKHH YpOBeHb HAIIHX pa3paGoTOK H BOSMOXHOCTb MPHMEHEHHS
OTeyeCTBEHHON KHMHOONTHKH NPH JOOBIX OTBETCTBEHHBIX CBEMKaX.
Cpeay 00BEKTHBOB, He BOIIEJUIHX B IPYNNY CEPHHHBIX, OCTAHOBHMCH
npexje Bcero Ha 0co00 IUMPOKOYTONbHBIX 00beKTHBaX, pa3paGoTaHHBIX
B JIUTMO (xadeapa M. Pycunosa) u JIMKH (kadenpa L. Bosocosa).
B JIMTMO paspa6oranbl «KuHOpyccapbi» ¢ pOKYCHBIMH PacCTOSHHAMH
15 n 22 mm. OGbHEKTHBbI HMEIOT JAEBATHIMH3OBbIE ONTHYECKHe CXeMbl
(puc. V,30) c onHONHH30BLIM H ABYXJIMH30BbIM OTPHIIATEIbHEIMH [EPELHHMH
KOMIMOHEHTaMH, CYIIeCTBeHHO PacIlHPSIOUMMH. 10JIe 3PeHHsI CHCTEMbI, HO
ONHOBPEMEHHO BHOCSIIMMH GOJIBINYIO OTPHIATENBHYIO AHCTOPCHIO; HC-
npaBJieHHe NoclelHel TpeOGyeT HIH YCIOXKHEHHs NepeAHero KOMIOHEHTa,
uan achepHsalnu ero BOrHyTolt npenomasiomes nopepxuoctd, Kak noka-
SHIBAIOT HCCJIEOBAaHHs, pallHOHasbHA acepusaiys BOrHYTOH MOBEpPXHOC-
TH OTpHLaTe/IbHOH MeHHCKOBOM JHH3bI: Ha pHC. V, 30, a BorHyTas noBepXx-
HOCTb nepeHeii NTHH3bI HMeeT PopMy r1y6OKOro S//IMNCONAA BPaILEHHs, T €.
NOBEPXHOCTH, MEPH/IHOHAJIbHOE CeYeHHe KOTOPOH BLIpAXaeTCsl YpaBHEHH-
em Broporo nopsika. [lpu monsx 3speunsi, He mpemocxopsmux 100°, ve-
JIOXKHEeHHe NepejiHero oTPHIATeLHOrO KOMNOHeHTa 6oJiee HIH MeHee yJI0B-
JIETBOPHTEJILHO 3aMeHsieT BBefieHHe B HeM achepudeckoit nosepxHocTH. On-
HaKo NpH MOJAX 3peHHs, NOCTHrallmuX, a TeM Gonee NpeBOCXOASIIHX
100°, naxke BBenenHe achepHuecKoi NOBEPXHOCTH BTOPOro MOPAAKA He MO-
)KeT ofecrneynTh Xopoillel KoppeKiuuH abeppallMil IIHPOKHX HAKJIOHHBIX
NYYKOB Y CBETOCHJILHBIX OGBEKTHBOB acHMMETPHYHON ONTHYECKOH CXeMH,
€CJIH He MOHTH NMPH 3TOM Ha oueHb GoJibiliHe TabapHThI CHCTEMBI, B 4aCTHOC-
TH Ha JlonyuieHnHe AauH cucreM, B 15—20 u Gonee pa3s npeBocX OAIHX BeJH-
4yHHY (POKYCHOrO paccTossHHA 00beKTHBa (cM. IaBy IV). MMenHo no stomy
MYTH Nolk (paHiy3cKHe onTHKH GHpMbI « KHHOONTHK», Co3laBast 0ObeK-
TuB «Cynep-Texea» (cM. puc. V, 35) ¢ oTHocHTeIbHEIM oTBepcTHEM | : 1,8 1

Puc, V, 30, OnTuueckue cxembl o6bekTHBOB: a — «Kunopyccap-8» (['=
15 mm); 6 — «Kunopyccap-7» (['=22 mm)

’

nosem 3penusi okosno 112°, y xoroporo BoruyTasi MoBepXHOCTb NepeaHef
IJIOCKOBOTHYTOH OTPHLATENbHOA JIHH3bI HMeeT opMy npocToro napatGo-
JIOH/ia BpAIUEHHs, HO IIPH 3TOM JAJHHa oObeKTHBa npesbimaeT 150 mu npu
doKycHOMpaccTOAHHH 5,7 MM.

Onnako B cxemax «Knnopyccap» He yan0Ch JOCTHIHYTb Xopollei Kop-
peKuuH abeppaunii INUPOKUX HAKJIOHHBIX MYYKOB NPH GONBIIKX yraaX noas
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SpeHHst B MEDHJIHOHAJBHOM CEeUYeHHH M A/ BHeMepHIAHOHAaJbHbIX KOCHIX
ayueli. O6beKTHBE HMelOT HeoOBIYHO HH3KYI0 paspellaliyio CHay Io
MO0 H NIOSTOMY MOT'YT IPHMEHATHCA JIHILD LIS STTH30IHYECKO!H ChEMKH OT-
LlesbHBIX KHHOKapos. Kpome Toro, oObeKTHBBI BC/IEACTBHE  IUHPOKO-
YrONBHOCTH [al0T CHHMKH, B KOTOPbIX OCOGEHHO OTYeTJIHBO [pOSBJHI-
I0TCA1 MepCneKTHBHble HCKa)kenusi u3oOpaxeHuii. [Joka He ACHHI ONTH-
. gecKHe criocolbl KoppeKTHpPoBKH 5Toro Jedexta. UTo Kacaercsa mosbime-
HHSL KadecTBa ONTHYeCKoro u3obpaxkeHHs, To 3Ty 3ajauy Mbl CYHTaeM
paspelunMoii.

B JIMKHW (O. BonocoBuM H
H. JleGenesoii) BrinosHena paspaboT-
Ka IIMPOKOYTOJIbHOrO acdepHyeckoro
obbektuBa «J/Iukap-3» (OKC2-22-1),
COCTOSILLIETO M3 [eBATH JIHH3, Y KOTO-
pOro mepBbIfi KOMIOHEHT ABYXJIHH30-
BBIH, CKJIeeHHbIH ¢ GoJblloll pasHo-
CTbIO MOKa3areJiell IPeJIOMIIeHHs CTe-
KOJI; BOTHYTasi IOBEPXHOCTh BTOPOTro
a{)ounouema HMeeT achepHueckyio

opMy, sBJslowyocs AedbopManuei
S/NMNCOMAA BPAIEHHS M BLIDANAIO-  pusccusrs ooventans slwnapds. (Fe
IYIOC YpaBHEHHEM, COAEpPKaIHuM - -
NoKasaTeJIH . TpeTbei H ueTBepTOH
CTeleHH NPH apryMeHTe X:

y’—}-z’:a,x—]—dsx’-l-aaxn'{“a;x'» (V'48)
rae a; = 40,84; a; = —0,46; a3 = 0,3465-107, q, = 0,23-10™.

O6vexTus «JIukap-3» umeeT GoKycHoe paccTosiue 22 MM, OTHOCHTENb-
Hoe oTBepcrue 1 : 3,5, yron noss 3penus 106° u 3aguuil pokanbHeli oTpe-
80K 34 mm. Jlnuna o6bexTHBa 131 mm; AHaMeTp CBETOBOrO OTBEPCTHA Hau-
Gonblieii mepBo#l JHH3BI cocTaBasieT 95 mm.

BBenlenne GosbILIOHA PasHOCTH An MoKasaTesieHl MpeJOMJIEHHs, NpeBbl-
maiomefi 25 e AHHHLL TPeTbero 3HaKa, ¥ achepryecKoil OBEPXHOCTH YeTBep-
TOro mopsjiKa Mo3BOJHKJIO A0CTaTOYHO XOPOLIO KOPPHTHPOBaTh abeppaiuu
Jyded IIHPOKHX HAKJIOHHBIX MYYKOB KaK B MepHIHOHAJBHOM, TaK H B TJiaB-
HOM CaruTTaJbHOM CeyeHHsX BceX HakJoHoB. Ha puc. V, 32 npuBesens
rpaduku abeppauuit Ay’ = 8¢’ B MepuanoHasbHOM H abGeppauuu 6G' B
TJIaBHOM caCHTTaJIbHOM cedeHHsX. PaccMoTpenue sTux aGeppaliluii H cono-
CTaBJIeHHe HX C TAKOBLIMH PaHee H3TOTOBJIEHHBIX 06pa3ioB KHHOCHEMOYHBIX
00BbEeKTHBOB NMOKa3bIBaeT, YTO OGBEKTHB N0 CBOHM ONTHYECKHM NapaMeTpaM
Ha YPOBHE COBpeMeHHbIX KHHOCHEMOYHHIX 00BeKTHBOB Anf 70-ma nueu-
KH, 06b4HO paspermatomux 50 — 65 ux™ B eHTpe NoJs C NJIaBHBEIM CHHIKe-
HueM paspemienus A0 25—30 #x~! Ha Kpaio noJs.

BapuauT 1wHpoKoyronbHoro oobektusa «Kunopyccap-10» (f' = 28 mm;
1:3,5; 2w = 91°), paspaboraunniii B JINTMO M. PycuHoBbIM, BXOAHT B
KOMIJIEKT 'ChbeMOYHBIX 0OBEKTHBOB AN 70-MM NJEHKH; OCHOBHbIE NapaMeT-
pbl ero yKasaubl B Ta6s1. V,19. O6bekTHB 06/1a1aeT NOBLILIEHHOA paBHOMep-
HOCTBIO pacnpefesieHHsi OCBELIeHHOCTH u306pazkeHHs MO MOJIO H OCBe-

a
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IMEeHHOCTh Ha Kpaio coctaBaseT 50% OT ocBeIIEHHOCTH H300pa)eHHs B
uentpe nosis. OgHako NOBbIIEHHAs OCBEUIEHHOCTb Ha KPAlo MoJist AOCTHI-
HyTa NPu OAHOBPEMEHHOM CHHXKEHHH paspelliaioulefi CHJH MO MO0 A0
20 mm7l, HauuHAs CO CPEAHHX YTIJIOB MOJIS 3PEHHS.
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YemanodRY, CHEWERT omHOcumensio naockoeme [aycce
Ha Q10mre 8 cmopony ofsexmuba

Puc. V, 32. AGeppauun WHPOKHX HAKJOHHMX NYYKOB oGbexTHBa «JInKap-3»

[lo rpynne o6bekTrBOB cpefuux GoKyCHBIX paccTOAHHH (CM. Tabua. V,
19) ocraHOBMMCS Ha cHCTeMaX ¢ (OKYCHBIMH paccTOSHHAMH 56 u 75 mm.

O6bekrueet OKC1-56-1 (f' = 56 mm) u OKC4-75-1 (f' = 756 mm)
HMEIOT CeMHJIHH30BYIO ONTHYECKYIo cxemy (puc. V, 33, @) Tuna «Aspo-Ok-
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tap». Ha ocnoBe anasn3a stoit cxemsl aBTopy [3] yxe oxoso 35 ner nasan
yaanoch paspaforaTbh Ge3/laHTAHOBLIH BapPHAHT CHCTEMEl, MPHHATOR HaMu
npu 3THX pacdeTax. B aByx BapuauTax pacuetoB (OKC2-56-1 1 OKC3-56-1)
NpHMeHeHa TaKXe CeMHJIMH30Bas, HO MNATHKOMIOHeHTHas cXeMa (puc. V,
33, 6). Otn pa3pabOTKH Mbl He CYHTAaeM ONTHMA/IbHLIMH: BO3MOXHO JajibHel-
Iee ycoBeplLIeHCTBOBaHHe oObeKkTHBa [° = 56 MM Ha OCHOBe MpHMeHe-
HHS CBepXTSKe/bIX KPOHOB THNa TopHeBbiX. llenecooGpasno Takxke no-
NoJiHeHHEe KOMMJIeKTa ANHHHOPOKYCHEIM 06BEKTHBOM ¢ (OKYCHEIM paccTos-

HueM 500 mm.

Puc. V, 33. Ontrueckne cxemm ofvextnBoB: a—OKC-56-1
(=66 mm) m OKC-78-1 (f'=76 mm); 6 — OKC2-66-1 m
OKC3-56-1 (F'=56 mu)

B sax/mouenne ocTaHOBHMCS Ha pa3paloTKe NepBOro BAPHAHTA MIaHKpa-
THYeckoro ofbektHBa 70-OI1®1 ¢ npegenamMu u3MeHeHHs: (POKYCHEIX pac-
crosauit ot 60 10 240 MM c OTHOCHTeILHEIM oTBepcTHeM 1: 3,5 11 CheMKH
mupoKodopMaTHLEIX PHALMOB Ha 70-Mm NJIEHKe C pa3MepaMH Kajpa 52,5 X
X 23 mm. PacueThl 3Toro ofbexTusa (BuinonHenHsie A. Hlaxuouu npm
KOHCYJIbTAllHH aBTOpa) He Obijin AoBEieHH 0 ONTHMAJIBHOTO ONTHYECKOro
pelleHHs BCIEACTBHE KPaiiHe C2KaThIX CPOKOB. BHINMYCKa 9TOro 00beKTHBA B

LKBK.

Ha puc. V, 34 npuBenens rpadukn paspemaiommesi CHIEI SToro oGbek-
+THBa. [l Havyana NOJNYyeHs! HenJioXHe pe3yabTaThl. KoHeuHo, paspaGoTka

P

50, r T
W -

K7 N
2 240 ‘\:
”

9 & & 17 15 w
L mre

Puc. V, 34. 'paduxu pas-

pewaiomed cHabl O6BEKTH-

pa 70-OT®1 (' =60—

240 mm npH  GHOKYCHHX

paccroaHuax 60, 100 w
240 mm)

npefcraBusia 6bl GONbIIKMA NpPaKTHYECKHA HHTe-
pec, ecin Obl MaHKpaTHYeCKHH OOBLEKTHE HMeJ
GoJiee KOpPOTKOe MHHHMAa bHOE (POKYCHOR paccTo-

-AHHe—HauuHas ¢ 40—45 um, HO Npu STOM yroa

nons 3penus Aocturan Obl 68—62°, yTo moka
OCYIIeCTBHMO JIWIIb NpH o4eHb GosblIKHX raba-
pHTax H Macce 00beKTHBa, HeOObIUHBIX L/ KHHO-
CHEMOYHOI'0, ’

AKTyasrbHOM H ONTHYECKH BO3MOXKHOH sBJA-
eTcs Sajiaya Co3JlaHMs MAHKPAaTHYeCKOro o0beK-
THBA A1 KHHOCheMKH 70-#M QHIBMOB C IIHPOKH-
MH TpefesaMd M3MeHeHHs (OKYCHBIX paccTo-
siuuit, HanpuMep ot 50—55 no 500 s#m, uTO, B
YaCTHOCTH, BO3MOMKHO Ha OCHOBE HCMOJIb30BaHHSA
ONTHYECKON CXeMbl YNIOMAHYTOro Bbillle OObeK-

tupa «Bapuo-Jlukap-1» (f = 26—260 mm; 1 : 3,5), paspaboTannoro s
KHHOCBEMKH 35-ms (HIBMOB.
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§ 5. OBBEKTHUBBI ISl KUHOCHEMKH Y3KOIJIEHOUHBIX
16-xs ®UJIbMOB

Co3zaHuIo CrelMaJbHOT0 KOMIJIEKTa BLICOKOKa4eCTBEHHBIX H CBETOCH b-
HBEIX 00BEeKTHBOB JUISL CheMKH MpodeCcCHOHANbHBIX H JHOOHTENbCKUX 16-mm
KHHO(HJIbMOB CJIeflyeT YAeJIUTh I0JKHOe BHMMaHHe. Pa3mepsl Kajpa 16-um
nneskH (7,45 X 10 mm) npu npHMeHeHHH BhICOKOpa3pemwalomero GoroMa-
TepHasia U ONTHKH BIOJIHE NPHIOAHEI HE TOMBKO AJS JIOGHTENbCKOMH, HO H
Jas npodecCHoHaJbHOH KHHOCBEMKH.

, Dxcnayartauus yskux 16-mm GpuabMoB HMeeT psif oOIeH3BECTHBIX Mpe-

HMYLIeCTB: MeHblLINe BeC MJIEHKH H annapaTypsl, raGapuThl, AJHHA H MJO-

. magb ¢HuabMa, CTOUMOCTh oToMaTepHana M H3TOTOBJEHHS MO3HTHBA AN

KOMHH, MeHbIlIas CKOPOCTb MepPeABHKEHHS Y3KOTO puibMa B MpoeKTOpe,
a cjiefioBaTe/IbHO, ero MeHbIUHH H3HOC H T. A.

Ta6baunpma V,20

0O6bexTHBH JAJfA KHHOCHEMKH HAa 16-MM naenxe

= 5 . ®ororpaduueckas
& o = e paspelaiomas
E ° EB = = -1 cHna, MM~
g |83 |e8 [E | F | =
Hanumen oBanve a 3;.- gE A E E y
06BEKTHBOB g EEel @ : E J 3 =8 -
g &rg Eg xn 3% B UEHTpe Kpaio
SRHHE R I
ey '| 255|880 =8 | F= | 8%
«Jlukap-8» _(OKCI1-7-1)| 7,0 1:2,5 |1:2,8 188 4/8 |72 67 35
OKCI1-10 10 1:2,8 [1:3,1 |64 6/9 |60 65 35
OKC3-10-1 10 1:1,8 |1:2,2 |64 8/10 |25 58 35
«Mup-11» 12,5 1:2 1:2,7 (83,5 | 6/7 |50 57 27
OKC2-15 15 2:2,8 [1:3,4 5/6 (58 65 45
OKC3-15-1 15 1:1,8 |1:2,1 |45 5/6 |35 68 40
«Bera-7» 20 1:2 |1:2,4 |35 4/5 145 64 36
PO-51 - 20 1:2,8 [1:3,6 |35 4/6 |60 40 35
OKC2-20-1 20 1:1,8 |1:2,2 |35 5/6 |50 56 36
OKC1-25 25 1:2,5 [1:3,4 |28 4/6 |60 60 34
OKC4-50 50 1:2 1:2,5 |14 4/6 |68 59 40
«Bera-9» 50 1:2 [1:2,4 |14 4/5 |50 37 32
-« Taup-41» 50 1:2,2 |1:2,6 |14 3/4 |58 44 34
«Hunycrap-50» 52 1:3,5 |1:4,1 113 3/4 |60 38 22
OKC2-75 75 1:2,8 11:3,6 19,5 3/4 |88 55 50
«Meteop-5» 17—69 |1:1,9 (1:2,4 |40—10| 13/18|40—50] 72—50 |33—37
«Bapuo-T'oup-1» 12—120]1:2,4 |1:2,9 |55—6 | 10/15/30—35| 70—50 (25—30
«Bapunoramma-3» 12—240]1:3,5 | — [56—3 | 4/18 |30—40/ 60—50 |25—30

B 1950 rony npu BeIMycKe mosiynpodeccHOHaJIbHOIO KHHOCheMOYHOrO
annapara 16C-1 g 'OH 6ein paspaGoTan HaMu nepBLIfi KOMIJIEKT U3 ILECTH
06'bex'runon ¢ pokycHbIMH paccTosHusMHE oT 15 1o 250 mu.OnHako annapaT
BhIMyCKaiCs ¢ ofAHHM obbekTuBom «Muaycrap» (f = 20 mm; 1:2,8).
Bropoii BapHauT KuHOChEMOYHOrO annapara 16C-2 KOMIIJIEKTOBaJ'[CH IBYMsl
obbekTuBamu «Huaycrap» ¢ ¢pokycHbiMH paccTosiHuAMH 20 1 50 Mm u OT-
HOCHTeNIbHBIMH OTBEPCTHSIMH cooTBeTcTBeHHO 1: 2,8 u 1: 3,5. B Hawane
60-x romoB npw co3jaHUKM HOBOM KOHCTPYKLHH KHHOChEMOYHOro anmnaparta
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16-CI1 JIMKH B conpyxectse ¢ LIKBK 6bin pazpaboraH HOBLIfi KOMIJIEKT
o6vekTHBOB OKC ¢ dokycHbiMH paccTosiuuaMu oT 10 10 75 mm; 3a nocaen-
HHe TOHl Ha ocHoBe paspaboranubiXx B I'OM cxem ob6bekTHBOB «Mup»,
«Tanp», «Bera» u «Jpa» KOMIIEKT ObL NONONHEeH O6BEKTHBAMH STOTO THIA.
HexoTopele xapakTepHcTHKH OOBEKTHBOB KOMILJIEKTa MpUBEAeHH B TabJ.
V, 20 B nopsiake Bo3pactaomux GOKYCHEIX PacCTOSHHE.
I'OCTom 9695—61 Ha ocHOBe H3y4eHHS OTE€UeCTBEHHBIX H HHOCTPAHHBIX
' 00pa3ioB 00bEKTHBOB YCTAaHOBJEH PAA POKYCHBIX paccTOAHMi, NpeacTas-
. nenHblX B Tabauue. IToka orcyTcTByiOT paspaGoTKH CleAYIOMHX 06beKTH-
BOB, npejycMoTpeHHEIX HaspaHHbIM 'OCToM: mIHpOKOyro/bHbEI OGBEKTHB
f* = 8 mmc nonem spexnst 80° n ANHHHODOKYCHEIE OGBEKTHBbI € (POKYCHBIMH
paccrosuusamu 100, 125 u 150 mm; KpoMe TOro, OTCYTCTBYeT OOBEKTHB
co cpefiHEM QokycHbiM paccrosiiueM (32 #am). Ha ocHoBe cpaBHuMTenBHBIX
HCCJIEIOBAaHHA HHOCTPAaHHBIX H OTeyeCTBEHHBIX 06paslioB GbIM ompefe-
JIeHbl MHHEMaJibHble TpeOGOBaHHs K paspeluaioliefl cHse o6BbeKTHBOB: He
meHee 55 ux™ B neHTpe nosist ¥ 35—40 um™ Ha Kpasix NoJist Kajipa Ha KHHO-
nJieHKe, paspeinaoie okoJso 80 #m~l. STHM yc/IOBHSAM OTBeuaeT psj o6b-
€KTHBOB, IDHBeJEHHBIX B Tabauie.

Hurepec npeacraBasier o6vektne OKCI-10 (' = 10 mm; 1:2,8),
of1afalomHuii MOBLILIEHHOH OCBEllleHHOCThIO Ha Kpalo noas (60%); nepexox
K MNOBBIIIEHHOMY OTHOCHTeJIbHOMY oTBepcTHIO (1 : 1,8) B o6bekTHBe OKC3-
10 npuBea K pe3ynbTaTy, TpebylomemMy AajibHeHIero coBepILeHCTBOBAHHA:
cnaji ocBemeHHOCTH (10 25%) n306pakeHus Ha Kpalo NoJist HEAONMYCTHMO
BEJIHK.

O6wektuBol OKC3-156 (f' = 15 mm; 1 : 1,8) 1 OKC2-20 (f' = 20 mx;
1: 1,8) aBasiorcs BapHaHTaMH CHCTeMmbl «Jpa» (cm. puc. IV, 11, &), ontu-
yecKasi cXemMa KOTOpOH IeCTHJIHH30Bas, HO oOsiajaloimlasi OGOJIBIIHMH Kop-
PEKIHOHHLIMH BO3MOXHOCTAIMH MO CPaBHEHHIO C M3BECTHOM, TaAKXKe LIEeCTH-
nuH30BoH cxemol dlaanap» (cm. puc. IV, 9, 6). Kak nokaseBalot Hccae-
loBaHHs1 (HanpHmep, o6bekTHBa «3pa-6» ¢ [' = 50 mm; 1:1,5; 20 =
= 45°), paunoHa/bHO 6bl0 Gbl H 42151 16-um KamMep pa3paboTaTb OGBEKTH-
BLI TOTO Xe THha «Jpa» ¢ orBepctusamu 1 : 1,6—1 :1,6. Takoii nepepacuer
BeCbMa MPOCTO MOXKeT ObITh BHIMOJHEH M JJIT KHHOCHEMOUHBIX 06BeKTHBOB
OKC ¢ dokycHbiMH paccTosHuaMH 15 u 20 uu. Han npo6aemoii noBkILeH S
CBETOCHJIbI OOBEKTHBOB BCero Habopa — OT KOPOTKOHOKYCHHIX A0 AJIHHHO-
($oKyCcHBIX — paboTaeT MHOTO HHOCTPaHHBLIX (QHPM, HellpePLIBHO COBEpPIIEH-

“CTBY S KOMIJIEKThI BHIMTYyCKaeMbiX QObeKTHBOB NMOA MapKaMH: «CHHEroH»
(dupma «llluefinep»), «Kuneranp» («Teitnop—Io6Gcon»), «Cune-Panrap»
(«Bonensax»), «Cune Hasurap» u «longen Hasurap» («Qarunt»), «Chne
Okrap» («Komak»), «[enurapon» («Popeniutok»), «Csurap» («Kepu»,)
«Onenap» («Meonra») v Ap.

B ta6n. V,21 npuBeneHbl HeKOTOpbie CBeileHUst 06 HCCJIeIOBAHHBIX HHO-
cTpaHHHIX o6pasuax o6BeKTHBOB,

[To KagecTBY onTHYecKOro H3o6paxeHHs BCe STH OGBbeKTHBbI OJH3KH K
TAKOBLIM OTeYeCTBEHHOTO MPOH3BOJCTBA.

[ToMHMO COBepIlEHCTBOBAHHS OCHOBHOTO KOMIJIeKTa 00beKTHBOB Heol-
XOZIMMa NOBCeJHeBHAs U CHCTeMaTHYecKas paGoTa Mo CO3/IaHHIO CBETOCHJIb-
HHIX LIHPOKOYrOJIbHBIX aHACTHIMaTOB C (OPCHPOBAHHLIMH ONTHYECKHMH
XapaKTepHCTHKaMH.
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Ta6auna V,21
HexoTopsie MHOCTpaHHble 06heKTHBH A48 16-MM KHHONJEHKH

Pororpaduyeckas
OnTHyecKHe XapaKTepPHCTHKH ® |a paspemaiouias
. | E cuna, mMm—!

HanMenoBpanue O0bEKTHBA g3 | & 3 g

H dupma 58 |2 L 8

'y mm s 2w,® | ', MM E‘§ 2 o é‘ 5

$2 |28 § g

SE |8z - 3

«Kuneranp» (« Tefimop— | 12,5 | 1:1,8] 53 | 19,4 | 17 | 7/9 60 35
To6eon»)

«Jlaprop» (eMeonTanr) 12,56 | 1:1,8{ 53 | 15,1 | 34 | — 67 32

«HBap» («Kepu») 12,5 | 1:1,5 53 — - | — 41 35

«Cpurap» («Kepn») 13 1:1,9] 51 — — |—/8 50 43

«Onenap» («MeonTax) 20 1:1,8) 34 | 14,6 | 47 | — 63 36

«Kuneranp» («Teftmop — | 25 1:1,8 28 14,5 33 | 4/6 66 35
T'oGcon»)

«HBap» («Kepu») 25 1:2,5| 28 — - | = 44 38

«OneHap» («Meonrar) 40 1:1,8] 17 | 24,6 | 33 | — 63 40

«Hpap» («Kepn_:l-_) 36 1:2,8 20 — el 4] 35

«Kuieranby («Tefinop — .| 50 1:1,8] 14 | 28,2 13 4/6 46 38
I'o6cony)

«Onenap» («MeonTas) 80 1:2,8) 9 |21,6] 15 | — 48 33

B 5TOM HampaBJIeHHH H3BECTHOCTb MOJIYYHJIM HIHPOKOYTOJIbHBIE CHCTE-
mbl upMbl «BoaneHsak» u o6bekTuBEl «Texea» v «Cynep-Texea» (upmsl
«Kunoontuk» ([Tapuxk). Ha puc. V, 35 npencraBneHa onTHuecKas cxema
HeoGeiuHoro o6bekTHBa «Cynep-Texea», Hmetowero GOKycHOe pacCTOsHHE

flapabenoudansnar
nofeprnocme

Puc. V, 45. Onrtuueckan cxema ob6bekTHBa «Cynep-Texeas (['=
=5,7 Ma)

5,7 mm, oTHOCHTesIBHOE OTBepcTHe 1 : 1,8 ¥ yroa nons 3penus 112°. Boruy-
Tasi MOBepXHOCTb (PPOHTAJBHOM JIHH3bI HMEET NMPOCTYIO NapaGoNoHAaIbLHY IO
dopMy, HO TaKoe pellieHHe 0Ka3aJI0Ch BO3SMOXKHLIM N0OJYYHTb NPH HEOOGLIYHO
GoablLof AnvHe 06beKTHBa, npesrimatomei 150 mm, T. e. B 25 pas Godbiued
BeJUYHHBI PoKycHOro paccrosiuus. [1pH coKpaleHHH raGapHTOB CHCTEMb
¢dopma actepuueckofi npesomisiomeii NOBEPXHOCTH YCJIOMKHSAETCS, a NPH
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-xopolleld KoppeKUHH abeppalMi IIHPOKHX MYYKOB Jydell CoJblmMX Ha-
KJIOHOB OKa3hiBaeTcsi HeOOXOAHMBIM BBelieHHe acepH4ecKON NMOBepXHOCTH
BBICLIHX MOPSAAKOB, T. €. YpaBHeHHe KOTOPOH COJePIKHT BHLICOKHE CTeNeHd
-aprymesra x:

P+2=2rx+ayx*+ ...+ a, x*. (V,49)

B na6oparopun kunoontuku JIMKH pns cvemkn 16-mm KnHOGHALMOB
paspaboTaHbl 06bEKTHBBI, HMEIOlHe BOCbMHJIHH3OBYIO ONTHUECKYIO CXeMy,
npelcTaBjieHHYIO Ha pHc. V, 21 , 6, dokycHble paccTosiHus 7,0 mm, YriBl
noJieli 3penus 88°, HO HeCKOJNBKO pasiHyHele oTBepcTHss — 1 : 2 («JIukap-
4) u 1 : 2,5 («/Tukap-8»). Borayras achepuyeckas noBepXHOCTb JLIHICO-
uiajabHOl (OpMBI H BhIpamaeTcss ypaBHeHHeM (06BeKTHB «JIHMKap-8»):

¥ + 2 = 14,69x —0,403x% (V,50)

OGBEeKTHB HMeeT MaJikie raGapHThI: AJHHY 50 Mu NPH CBETOBOM AHaMeTpe
nepeoit anH3b! 30 Ma; 3anHui GoKanbHbIf oTpe3ok paseH 11,0 »u. Ha puc.
V, 36 npuBefieHsl rpagukH nonepedHbix aGeppaudit Jydye# LUIMPOKHX Ha-
KJIOHHBIX MYYKOB B MepPHAHOHAJILHOM M I'VIABHOM CarHTTa/lbHOM CeYeHHsX.
O6BbeKTHB 006/1aflaeT CYLIECTBEHHO MOBBILIEHHOH PaBHOMEPHOCTBIO pacrpe-
JeleHHs OCBellleHHOCTH HM300pa{eHHs MO MOJIIO OPH Xopolled KoppeKUHH
Bcex abeppauuii: CHHXKeHHe OCBEeLEHHOCTH POHCXOJHT MPONOPIHOHANBHO
NepBoii cTeNeHH KOCHHYCA yrJia NoJif 3peHHs H, CJiefloBaTeJIbHO, OCBelleH-
HOCTB H306paXkeHHs COCTaBJseT Ha Kpalo noJis 3penus 72% oT TaKoBoii B
uentpe noJsi. O6pasusl sToro o6bektHBa nox wudpom OKC1-7-1 Goinu us-
rotoBsieHnl B IIKBK # moxasanu XopoiliHe pe3ynbTaThi: (oTorpadudeckas
paspeluaromas cHjia o6beKTHBa cocTaBnaeT 67 #mu™ B ueHTpe noas, 40 um™
no noJio ¥ 35 um™ Ha Kpaio noas.

B ta6a. V, 20 paubl cBenenusi 06 o6beKTHBe € NepeMeHHBIM (OKYCHBIM
paccrosiineM «Meteop-5» (f° = 17—69 xa; 1 :1,9). 310 BOCEMHaAuaTH-
JIHH30BLI/I OOBEKTHB C ONTHYECKOHW KOMIeHCalHeHd CABHIA NJIOCKOCTH H30-
Gpaxenus. Ha puc. V, 37 npeacTaBieHa onTHYecKas cXeMa CHCTeMBI Ha-
cajlka — OOBeKTHB M rpadHKH paspeluarolieii CHJIbI TPH TpeX (POKYCHBHIX
paccTosHHsX o0bekTHBa — 17, 35 ¥ 69 mm. HM3menenne oxycHoro pac-
CTOSIHHS NMPOHCXOAHT B pe3yJ/bTaTe NepeMelleHHs BIOJbL ONTHYECKOH OCH
JKECTKO CBSI3aHHBIX MeXAy coboi KomnoneHToB [/ u IV no npocToMy JHHEH-
HoMy 3aKkony. [I1HHA BCeli CHCTeMbl — OT MepBO# NMpeJoMJIsiolle# noBepX-
HOCTH OOBEKTHBA J0 MJIOCKOCTH NJieHKH — 163 mm.~JucranunonHasa do-
KyCHPOBKa OCYIIECTBJISIETCSl COOTBETCTBYIOULE# yCTaHOBKON KOMNOHeHTa /.

Kak 6bi10 ykasaHo B riase [V, 3a nocsiesune roaul 6u1d paspaboTaibl
TaKXe NaHKpaTHYeCKHe OGBEKTHBBI C IUHPOKMMH MNpejie/laMH H3MEHEHHH
(GOKYCHBIX paccTOsiHHII: CBeTOCHJ/IbHbIE CHeTeMnl 1 : 2—1 : 2,4 ¢ cooTBeTCT-
BEHHO BOCbMH-JECATHKPATHLIMH NpeleNaMH H3MeHeHHH (QOKYCHBIX pac-
CTOsIHMH; OOBEKTHBbI C OTHOCHTeJbHbIMH oTBepcTHaMH 1 :3,5—1 :6 ¢
6osiee IUHPOKMMH — JBeHaNlaTH-ABaAUATHKPATHEIMH TNpeAeJaMH H3Me-
HeHMH (OKycHBIX paccroaHuil, BosbIIHHCTBO STHX OOBEKTHBOB mpefi-
CTaBJfET ONTHYeCKHE CHCTeMbl C MeXaHH4YeCKOH KOMIeHcaluMWeH cIBHra
IJIOCKOCTH M300pakeHHsi, HMEIOIIHe MOoJIOKUTeNbHbIA | H oTpHUATeNb-
Huil /] KoMMoHeHTHI 60/IbLION ONTHYECKOH CHJIBL. TaKas ONTHKO-KHHEeMa-
THYeCKasi CXeMa fiaeT BO3MOXKHOCTb MOJY4YHTb GOJBLIOH YroJ moJs spe-
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HHA NPH MaJioM GOKYCHOM PacCTOSIHMH H AOCTATOYHO BHICOKOE OTHOCHTE/Ib-
HOe OTBEpCTHe MpPH CPaBHHTeJbHO HeGoabINOH AnuHe cucremel. Ha puc.
V, 38 nokasaHa NpPHHIHNHAJNbHAs ONTHKO-MEXaHHYECKas CXEMa CHCTeM
TAaKOTO THIMA H OTHOCHTE/IbHbIE MOJIOXKeHHS! KOMIIOHEHTOB NPH ABYX Kpaii-
HHX H HEKOTOPOM CPeliHeM 3HaYeHHAX (OKycHbIX paccrosnui. Koppek-

60" op-B3°LW" &=-11°511" &I W10 a4 23 27" 643 T 02"

o Jrae | prlississprtye e ae g ots tgel)
L 20 2 B i a ar.
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Puc. V, 36. AGeppanus IWHPOKHX HAKAOHHBIX NY4YKOB OGBEKTHBA
«Jlakap-8» (= 7 mm)

T0p (KomnoHeHT V) cucTeMB oOCTaeTcsi HenoJBHMKHBIM; AHCTAHLHUOHHAS
("0KYCHPOBKa OCYIIECTBJISIETCSI COOTBETCTBYIOMEN YCTAHOBKOH KOMIOHEH-
7a I; u3MeHeHHe QOKYCHHLIX PaCCTOAHMII IOCTHTAeTCH MepeMelieHHeM KOM-
t:.oneHTOB /I n I11 Bronb onTuueckodi ock. [To sToft cXeMe, B YaCTHOCTH, .
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paspaboTanel 6asoBbie 06beKTHBBI PHPM «AHKeHbe» H «Tefilop—Iobcons,
Ha OCHOBE KOTOPLIX MMH Obl/IM BBHIMYLIEHbl KOMNJEKTbl MNaHKPaTHYECKHX
06BeKTHBOB JJif NmpodecCHOHAaNbHOH H MmoGHTebCKOH KHHemaTorpaduu
H TelleBHICHHS.

Cpenu 00beKTHBOB A 16-#m KHHOKaMep ¢ MIHPOKHMM MpeaeiaMH H3-
MeHeHHH (OKYCHEIX PacCTOAHHA ocoOBIf HHTepec INpPeiCTaBAAIOT OOBEKTH-
Bbl «AHxenbe», «Anxenbe-3ym 10X 12 BMC», umerompue npenensi pokyc-

P rad

=17

z%-s%

, Ofsexmub gp l

r 23 456
Agpoxansnas wacadre nepertennoze ySenuvenus L pra

SE’

Puc. V, 37. OnTuyeckas cxema oGbexTHBa ¢Merteop-5» (f'=17—69 Auc) U ero pas-
pewaomas cuia OpH GoKycHmX paccrosHuax 17, 35 u 69

HeIX paccrosiHui oT 12 1o 120 mm npw otBeperun 1 : 2,2, ¥ «AHXeHbe-3yM
20 X 12» c GoKycHBIMH paccTossHHAMH oT 12 1o 240 mm, HO ¢ MEHSAIOMHMCS
OTHOCHTeJIbHBIM oTBepcTHeM oT 1 : 3,6 o 1 : 4,8 npu paGore ¢ GoJbIIHMH
GOKyCHEIMH paccTosiHHAMH. [lepBhiii u3

3THX 06BEKTHBOB HMMeeT MaJjible rabapH- LI nr
ThI: AJHHY 196 Mu, AMaMeTp KOMMOHeHTa TT T’F Koppex-
72 mm B Gonbluok saiHHM GOKANbHBI M M ,&L’ map
orpe3oK (31 mm), nosponsiomMi ycra- N\ g
HOBKY 3epKaJsbHOro o6tiopaTopa. OGb- N f
eKTHB COCTOHT 3 15 smH3. A l\\ AL

Y Hac MpOBOJATCA MHCCJAENOBAHHA H T N 1
pacyeTsl NaHKPATHYECKHX OGBEKTHBOB C gk 1L
ITHPOKHM HHTEpPBaJIOM H3MeHeHHH ¢o- A e

KYCHBEIX PacCTOSHHHA KaK C ONTHYeCKoH,

TaK H C MEXaHHYeCKOA KoMmeHcallhed . Pue. V. 35 Ommikoncknenatioeceen
CABHI'a NJIOCKOCTH HBOﬁpa}KEHHH. Xors pa C Mexanuueckofi KoMmeHcalmeft
CHCTeMBI C ONTHYECKOH KoMMNeHcauuedn CEEETS NKKETE. ReCOpARNR
TpebyioT npoBefieHns GoJiee TILATENBHEIX

pa3paboToK B 06JIaCTH MapaKCHAJBLHOH ONTHKH H YCJOXHSAWOT 3ajady B
CTaJHH KOPPeKUHH HX abeppauufi, 4To TpelGyeT npumeHenus GoJblUero
YHCJIa JIMH3 H YBeJIHYeHHsi rabapuTOB CHCTEMBI, HO TeXHOJIOTHS H3rOTOB-
JeHus U cOGOPKH CHCTeM C ONTHYECKOH KoMmneHcauwell, MO-BHAHMOMY,
npolie, YeMm ¢ MeXaHHIeCKOH, H, BO BCAKOM cjlydae, NONYCKH Ha MnepeMelie-
HHe KOMIOHEHTOB B TaKOH CHCTeMe ILHpe, YeM B CHCTeMe C MeXaHHYeCKOH
KoMmmeHcauueli. Mol cuMTaeM nO3TOMy MNOKa IpeXIEeBPEMEHHBIM OrpaHH-
YHTHCS KaKOH-JH60 OfHOH ONTHKO-KHHEMaTHYeCKOH cXeMoH.

B 3ak/ii0YeHHe ymoMsHeM rpynny Hamux o6beKTHBOB «Bapuo-I'omp»,
paspa6Gotanueix B [OH B pasnnyHblX BapHaHTaX ISl TEJIEBHACHHS M KH-
Hemartorpaduu. B ta6a. V, 20 npHBeJieHb! CBe/IeHHs 0 AeCATHKOMITOHEHTHOM
(MATHAALATHIMH30BOM) BapHaHTe 16-um KHHOCBheMOUYHOro o6beKTHBa «Ba-
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puo-Toup-1», paccuntaniom M. IInakuupim. O6bekTHB 06N1ajaeT Xopolueh
KOpPeKuHel Bcex abeppauuii B npefilelaX AeCATHKPaTHOrO H3MeHeHHs (o-
KYCHBIX paccTosiiMit — ot 12 1o 120 um — u otBepcruax 1 : 2,4. Cucre-
Ma HMeeT HeGoJblUHe rabapuTel: AJHHY 150 mm npH 3ajgHeM (oKaJbHOM
- oTpeske 36 mm H AHameTpe (HauGosbiem) nepBoi JauH3bl 60 mu. [To sToit
JKe ONTHYeCKOH cxeme paspa6oTaH onuchiBaemuiii B I'ape VIII teneBusu-
ounulil o6vektHB (cM. puc. VIII, 10) ans mepenalomux kamep ¢ TpyoS-
kamMu BHIHKOH. M. IllnakuHbiM paspaGotan TakKe 0GBeKTHB «Bapuo-
ramma» (taba. V, 20).

§ 6. OBBEKTHUBBHI IJi51 JIIOBUTEJIBCKON KHHOCBEMKH
HA 8-mm IJIEHKY H ®OPMAT «CYIIEP-8»

Kak 3a rpanuuefi, Tak Hy Hac HAXOLHT IIHPOKOE PACMPOCTPAHEHHE JI0-
GuTenbcKan KuHemaTorpadus. [1ia 3Toro HCMoAb3yeTcs y3Kas KHHOMJIEHKa,
Ha KOTOpOH KHHOH300paXeHHI0 OTBelleHE! popMaThi Kanpa 4,9X 3,55 mam —
Ha TaK HasbiBaeMoH 8-mm mieHke H 5,69 X 4,21 mm — Ha nJeHke
TOH 2Ke LUMPHHBI, HO ¢ YBeJHYeHHBIM dopMaToM KHHOKazpa «Cymnep-8».

B 3aBHCHMOCTH OT KJ1acca CJIOKHOCTH JIIOOHTEIbCKHX KHHOKaMep TpHMe-
HAETC H ONTHKA: B MPOCTBIX KaMepax YCTaHaBJIMBAIOTCA MpOCThHiE Tpex-,
yeThipeX- H MATHIHH30Bhie 0OGbeKTHBH ¢ GOKYCHBIMH paccTOsiHUAMH 10—
13 mm u oTHOCHTEebHBIMHM oTBepcTHsIMH OT 1 : 2,81 1 : 1,8; mpu ¢dopmaTax
«Cynep-8» ¢(oKycHble pacCTOAHHS HHOTAA yBenuuuBaloT Ao 14—15 mm.
Bnepenn o6beKTHBA YacTO MPefyCMAaTPUBAETCS BO3MOXKHOCTb NPHUMEHEeHHs
CMeHHBIX 2(OKa/NbHEIX HacaloK: ILIMPOKOYTOJNIbHOH ¢ yBenuueHuem 0,5,
yMeHbLUallel BABoe (OKYCHOe pacCTOsiHHe OOBEKTHBA H COOTBETCTBEHHO
yBeJHYHBalolel B ABa pasa yroJl NOJs 3PeHHs], H HACAJKH C yBeJIHYeHHEM
2, yBenuuuBalole#t BaBoe (OKyCHOe PacCTOsiIHHe H COOTBETCTBEHHO CO-
Kpaluaomel yroj nojs 3peHHs.

B xuHOKaMepax cpefiHero Kjaacca CJIOXKHOCTH NpHMeHsAeTcs Goftee cBeTo-
CHJIbHAsl ONTHKa — C OTHOCHTeJNbHbIMH oTBepcTHamu 1:1,1—1: 1,2,
Huorza st KMHOKaMeph! BhINYCKAIOTCS ¢ 06 BEKTHBOM MOCTOSTHHOrO oKy c-
HOTO pacCTOSIHHA W PacnoJjioXKeHHo# BrepejH Hero chbeMHOH adoKasbHOH
HacaJlKo# MepeMeHHOTO yBeJHUeHHs, H3MeHSAIOMmEe HenpephIBHO TeJeCKOMNHU-
yeckoe ypensuuenne B 3,0—2,5 pasa, nanpumep ot 0,6—0,7 mno 1,7—1,8;
COOTBETCTBEHHO (DOKYCHOE pacCTOsiHHe BCeH cHCTeMul OOBeKTHB — Hacaj-
Ka npH (OKYCHOM pacCTOSHHH OCHOBHOIO 0OGbeKkTHBa OKOJO 13 mm He-
npepuiBHO H3MeHseTcs oT 8—9 po 22—23 mm.

BuinyckaoTes mMoaenH yHUBEpPCaJbHBIX KMHOKaMep C® CMeHHBIMH 00b-
€KTHBAMH: IIHMPOKOYTOJbHBIM C (POKYCHEIM paccTosiHHeM OKoJo 6 mam, oc-
HOBHEIM ¢ f' = 12—13 mm ¥ AByMs-TpeMs AJHHHODOKYCHBIMHM OOBEKTH-
BamH, Harnpumep ¢ GoKycHbIMH pacctosHusmH 25, 50 v 100 mu. Huorna
9Ta 3aflaya pellaeTcs NPUMEHeHHeM ABYX a(oKasbHBIX HacaloK NaaBHOMe-
PEeMeHHBIX YBeJUYeHHH, HMEIOMHUX NPHOIH3HTeIbHO TPEXKPAaTHLIe Tpejielisl
M3MeHeHHH TesleCKOMHYeCcKHX yBesndeHui. OnnHa Hacallka npefHasHayeHa
AJIl YCTAHOBKH BMEPeAH OCHOBHOrO OGBEeKTHBa, HMelollero GokycHoe pac-
CTOsiHHe oKoso 13 mm, H, clefoBaTesIbHO, H3MeHeHHe (OKYCHOro paccrosi-
HHUS Beeil cucTeMbl ocymectBasiercst oT 9—10 po 27—30 mm. Bropas nacan-
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Ka yCTaHaBJIHBaeTcsl Brepelld Golee AIMHHOPOKYCHOTO 00beKTHBa, HaMNpH-
mep ¢ GOKYCHBIM paccTosiHHeM okoJo 50—45 mm, u, crenoBaTeslbHO, QoOKyC-
HOE pacCTOSIHHE CHCTeMbl H3MeHsieTcsl mpuGau3uTensHo ot 30 o 90 mm.

CroxHble H COOTBETCTBEHHO HauGoJlee JoporHe JiioOHTeNbCKHe KHHOKAa-
MepHI BBIMYCKAKOTCA CO CBETOCH/IbHBIMH MaHKPAaTHYECKHMH OOBEKTHBAMH,
MMEIOIHMH CPaBHHTEJIbHO LIHPOKKE Tpefeibl H3MeHeHu# GOKYCHBIX pac-
CTOSIHHI: TMPH OTHOCHTeNbHbIX oTBepcTHsXx 1:1,8—1:1,4, a BHOTHA H
1:1,2 kpaTHOCTb HM3MeHeHHH (OKYCHHIX paccTOSIHHMI HJocTuraer 4—5, a
HHOrJa u 6—7 Kpar.

B Ta6un. V, 22 npuBefieHbl HEKOTOPLIE CBeleHHS 00 oTeuecTBeHHbIX 00b-
eKTHBaX H pe3yJIbTaThl HCCJeNOBaHHH MHOCTPaHHLIX 00pa3loB.

Ta6auna V, 22
06bexTHBH AAs 8-MM KuHOKamep

OnTHYECKHe XapaKTepPHCTHKH = E S(g:(’;ggg’::]i:
vg i} omas cuaa,
gz | & il
Hanmenosanne o6BeKTHBa ga g
=8 g 8 o
B, MM e [2w °|s um| EE o | E s

$3 | 82 | 85 | &

e | 2% | %2 | <1

[ E = - oae -] g
«Jlukap-7»* (OKC1-5-1) | 4,5 - 1:1,8) 75 7.0 0 |7/8 60 30
«3yHop-JneMo-CHuer 6,5 1:1,1] 52 — — | 8/8 43 25
TAndhns)
T-40 (CCCP) 10 - 1:2,8| 33 7,9 38 |3/3 88 44
T-51 (CCCP) 10 - 1:2,8) 33 6,9 37 |3/3 60 44
«®oboc-1>* (CCCP) 12 1:1,1] 32 8,1 | 55 |5/7 82 52
«Catypu-5» (CCCP) 12,5 - | 1:1,8] 27 9.4 40 | 4/4 60 30
«Mapt-1»* (CCCP 12,5 1:1,8, 31 7,4 40 | 5/5 70 50
« Tpunter» (CCCP 12,5 1:2,8 27 — 35 | 3/3 60 25
«lOnurep-24» (CCCP) 12,5 1:1,9] 27 7,0 58 |3/5 63 44
-1 (CCCP) 13,0 1:1,9] 26 8,6 34 | 4/4 76 36
«®aextoron» (I'IP) 12,5 1:2 27 10,1 37 — 71 51
«3yHoe-3npMo-CHHes 13 1:1,1] 26 — — | 4/5 53 22
(A nonnus
«3yHop-nemo-Cunes 38 1:1,1 9 — — | 4/5 47 25
(SImouns)
«Meteop-2» (CCCP) 9—36| 1:2,4/37—9 | 14,7 | 74 | 12/16/68—60{55—40
«Mereop-4» (CCCP) 9—36] 1:1,7137—9 | 11,2 | — | 13/18|65—50}33—31
IIp-2 (CCCP) 9—37| 1:1,7]137—9 | 11,2 | 85 | 13/1867—57|33—15
«I'panut-3»* (CCCP) 7,5—32| 1:1,4/51—13 5,2 | — 9/ 13|60—50(38—27
«Auxkenve-3ym  8%6,5» | 6,5—52| 1:1,8{56—7 | 11,0 | 73 | 10/13|70—50{39—35
®panuus)
EKpauon-3yu-ﬂenc C8» | 8,5—42 1:1,2/139—8 | 10,8 | 70 | 12/17{54—4544—40
(A nonus)
«Hux-Kopekc» $Snouwus 8—20| 1:1,8/41—17| — — | 8/9 |50—49(18—26
«Arar-6A»* (CCCP) 9—23( 1:1,8{43—17| 7,4 |60—60| 9/12 |65—65/43—42
«Bapuo-T'onp-2»* (CCCP) | 6,6—66| 1/1,8/58—6 | 12,2 |50—35| 11/14|/65—75(35—45

[IpuMeuaHne 3Be3alOUKOl  OTMEUEHH OTedecTBEHHHE OOGBLEKTHBH ia (opmaTa
«Cynep-8»
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Kak BuAauM, HeKOTOpbIe 0GbeKTHBBI HMEIOT MOHHKEHHYIO pPaspellaiomyo
CHJY; B YaCTHOCTH Ha Kpalo MoJis OHM paspeluatoT MeHblue 40, a HHOTZa
30 mm™'. Paj o6BbeKTHBOB HMeeT NMOHHKeHHYI0 cBeTocHay. KoneuHo, oT
TPUIJieTa H HeJb3s TpeGoBaTh GONblIEro OTHOCHTEJNbHONO OTBepCTHS,
gem 1 : 2,8—1 : 2,5, HO Mbl CYHTaeM, YTO pallHOHaJibHee MOHTH Ha yCJIOXK-
HeHHe ONTHYeCKOH CXeMbl Ha OIHY JIHH3Y H MOBLICHTb OTBepCTHE
mo 1:1,9—1:18.

B na6Gopatopun kuHoontHkM JIMKH paspaGorannl 1Ba BapHaHTa cBe-
TOCHJIBHBIX 0C060 IIHPOKOYTOJbHbIX 0OBEKTHBOB: «/IHKap-6» ¢ QoKycHEIM
paccrosinneM 3,5 mm, OTHOCHTeNbHBIM oTBepcTHem 1 : 1,8 W yrjom noas
apennus 96°, copepxauuii BOTHYTYIO SJJIHICOMAAJIBHYIO MPEeJOMJISIOULYIO
NoBepPXHOCThb, H 06beKTHB Jlukap-7» (OKC1-5-1) ¢ dokycHbiM paccTosiHH-
em 4,5 um, OTHOCHTeILHBLIM OTBepcTHeM 1 : 1,8 M nosem spenus 75°, y Ko-
TOPOro BCe MpeJIOMJSIOIIHE MOBEPXHOCTH cepHyeckue,

84
e

0

Puc. V, 39. OnTaueckne cxembl OGbEKTHBOB JAA B-MaM naeHkuw: @ -- achepuge-
ckoro o6bekTHBa «Jlukap-6» w 6 == cdepHueckoro o6beKTHBA «Jlukap-7»

Ha puc. V, 39 npeacraBiieHbl ONTHYeCKHe CXeMbli STHX OGBeKTHBOB;
TaM JKe YKasaHbl raGapHTbl, KOTopble ¥ 00BbeKTHBa «/IuKap-7» ocoGeHHO
MaJibl; 062 06beKTHBa HMelOT GoJibliiHe 3afiHKe QoKallbHbIe OTPe3KH — 7 MM.
Actepuuecknit 00beKTHB «JIMKap-6» CONEPXKHT BTOPYIO MOBEpPXHOCTh
3JUITMIICOHAANILHOH (OpMEI, YpaBHeHHe KOTOpO#:

4 + 2* = 8,338x — 0,087x2, (V,51)

O6bekTHBbl 00/1afalOT XOPOLIMM HCIpaBlieHHeM BceX abGeppaumii. Ha
puc. V, 40 npuBefieHsl rpadrku abeppaluuii IHPOKHX HAKJIOHHBIX NMYYKOB
o6beKTHBa «JIuKap-6» B MepuliuoHaNbHOM (Ay' = Og’) W ryaBHOM carut-
TaJbHOM (A G') ceueHHSIX; CTO/Ib 3Ke COBEPIIEHHO KOPPHTHPOBaH OGbEKTHB
«/Tukap-7». OGa ob6beKTHBa paspaGoranml Aas (popmaTa H300paxkeHui
«Cynep-8».

OGBeKTHBL HMEIOT MOBLILIEHHYIO PABHOMEPHOCTb paclpefesleHHst oc-
BelleHHOCTH H300pakeHHH MO momo: y o6GbekTHBa «JInKap-6» CHHXeHHe
OCBellleHHOCTH MPOHCXOAMT NMPOMOPUHOHANBHO NEpBOH CTENeHH KOCHHYca
yriia noss sSpeHHs H, ClelloBaTeNbHO, OCBEIleHHOCTh HM300pakeHHs Ha
Kpaio focturaer 67 % OT OCBelLUeHHOCTH B LeHTpe nossi. ¥ o6beKTHBa «/lu-
Kap-7» CHHXeHHe OCBEeLIEHHOCTH IPOMCXOIHT NpPONMOPUHOHAMbHO 1,2-#
cTeneHH KOCHHYCa YIJia MoJis 3peHHs H, CJAel0oBaTesbHO, OCBELIEHHOCTD Ha
Kpalo cocTaBJisgeT okoJio 70% OT OCBeLIeHHOCTH B LEHTpPe MoJisf. DTO oKa-
3aJ10Ch BO3MOXKHEBIM 6s1aroflaps NPHMeHEHHIO ONTHUYECKHX CXeM 0GBEeKTHBA,
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B KOTOPHIX I'IaBHBEIE JIY9H B MPOCTPaHCTBE MpeiMeToB 06pasyloT MaJibie yr-
Al @' © ONTHYECKOH OChIO.

Kak 6u110 nokasaxo B raase I (popmyaa 1, 128), B sTom enyuae ocee-
ILeHHOCTh BHE onTHYecKofi ocH E,+ OyIeT riiaBHHM 06pasoM onpeessTh-
csl anepTypoli INMPOKHX HAKJOHHBIX MYYKOB Jydyeli B MEpHAHOHAJBLHOM ce-
YeHHH, TOUHEee, PasHOCTBIO TaHTreHcoB: tg u', — tgu'_,, , yrsios ¢ ontuyec-
KOH OCbIO KPaHHHX JydYeH MIHPOKHX MEePH/HOHAIbHBIX HaKJIOHHLIX NYYKOB,
npoxoisuiHx 4epes o6beKTHB (cM. puc. I, 42). Ecau sta passocts 6au3Ka
(usH JaXkKe HECKOJIbKO MeHbllle) K YABOGHHOMY TaHIeHGY anepTypHOIO yria
IJs TOYKH Ha ocH 2tg u',, To oTHoleHHe f 6yner OJNH3KHM K elH-
HHlle, TAaK KaK BeJIHYMHBL yIJIoB £’ M 4’y npHOIMSHTENLHO OAHHAKOBHI,
a BesinumHa cos’@’ B gopmyie (I, 128) npu xoze nydedt, 6I1M3KOM K TeselieHT-

a=-20° 6=-39° 6, =-48°
tge’  latgs” ftgd”  latge’ Atgd”  |Atge” Ntgs”
43 43 -3 43 -43 -4 &

/

g2 g2 Lg2 gz \Lgz \lgz Lg2

?

Laf g7 g7 a7 I_tz/ Lgr i
’ r ! r r ’ r

‘ 49 | 4y | 46 4" | A6 4y ac

~q05 | go5 =405 | 40s-q05 | 405 ~q05| 405 -q05| 405 -05| gos-gos | 405
=g  -grd  -qr4 -4 -or4 -4/ -1

g2 -gef| -4z gz -erll -4z -2

—crs-}J g\ -4#| -q3 -e.( -9 -

Pue. V, 40, AGeppauns mHpPOKHX nmouuu;) nydgos ofnexrasa xJluxap-6» (=
MM

=35

pHyecKoMy, GiusKa K efuHHue. OJIHAKO OCYIIECTBHTb TaKoH XOJ| IV1aBHHIX
Jiydeil BO3MOXXHO JIHILIb B ONTHYECKHX CHCTEMaX JOCTAaTOYHO GOJBILIHX ra-
GapHTOB; B IPOTHBHOM GJly4ae HeH30eXKHO NPHXOAHM K HeAOMyCTHMO 6oJib-
IIMM ONTHYECKHM CHJIaM KoMMoHeHTOB. OGLIYHO ONTHYECKas CXeMa TaKoro
0o0BeKTHBa NPOEKTHpYeTCs YCTAHOBKOH BhepelH OCHOBHOIO KOMIOHEHTa
00BEKTHBA CJIOXKHOTO OTPHUATENBHOTO KOMMOHEHTa (cM. puc. V, 29) uan
adokanbHOH HacajKH (cM. pHC. V, 39) ¢ TesleCKONMHYECKHM YBeJHUeHHeM,

B IIBa-TPH pa3a MeHbIIHM eAHHHLH (I =% -— ?l).
B nepBoM ciyyae ofpasyeM ABYXKOMIOHEHTHYIO CHCTEMY, Y KOTOpOH
NepBbIA KOMINOHEHT, HMEIOULH# ONTHYECKYIO CHIY ¢, — OTPHLATE/bHEIH, a

BTOPOH KOMIMOHEHT, HMEIOUIHH ONTHUECKYIO CHJIY g, SBJACTCA CJIONKHBIM
OCHOBHLIM KOMIIOHEHTOM 0GBbeKTHBa; 0603HaYuB yeped d PAaCCTOSHHE MEX-
Iy TIaBHEIMH IJIOGKOCTSIMH KOMMOHEHTOB, MOJYYHM:

=0+ ¢ —do, o5 § =(1—do)F’, (V,52)
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1
rie F' = e = (GOKYyCHOe paccTOsiHHe BCefl CHCTeMbl; s° — pacCcTosiHHe

3afiHero GOKyca OT T/IaBHOH TOYKH BTOpPOro KommoHeHTa. Ecsin pacnoJio-
MHTb OTPHLATENbHBIH KOMIOHEHT BOAN3H nepefHero ¢oKyca BTOPOro KoM-
nonenta (d = f';), noayuum:

P = P3. (v’53)

OnTHuecKas cHJia NnepBoro KOMIOHEHTa ﬁyRET BJIMATH JIHIEL HAa BO3pacTaHHe
yrjia noJis 3peHHsl @ H Ha B&JHYHHY 3aJHET0 cboxam:noro OTpe3Ka:

# o ’f_i : (V.54)

Pacuet Tako#i cucTeMbl B o6JacTH aGeppauuii TpeThero nopsjika npoie
Bcero BeimosnHsieTces mo ¢opmysam (11, 221) rnaent 11 B mpeanosioxenns,
YTO MepBbLIH KOMIOHEHT CHCTEMB! TOHKHH, 2 BTODOH — KOHEYHO# TOJIIIHHBI.

KosuinenTs abeppaunit BToporo KommoHenta S{”, Sf, ... onmpele-
nieHsl npu ycnoeun HopmupoBkH (11, 21). Huorna npeanouuraior noJib3o-
BaThCs HOPMHPOBKOIi:

a;=l; h' =S' =1; }Q-i:l; ylle; (V,55)

P p
B 3TOM CJiyyae BhIpakeHHs Ko3pduuneHTOB abeppauuii MPpHMYT BHA:

R W 0))] = Q(2) -
Si o= Sl P + s Sl »
s (1) o (1) Q2) ,
Siw @S+ 857, Syt s

Sy =S8N LW,

 + (V,56)

IT o0
I oo

F’ F'
Sy = Tsﬂz' +TS{? ;
1 2

__ (b = L) o)
Sy =S £SO,

r

- K
rae ' = g — TpHBeleHHbIH 3aAHu# OKaNbHE OTPE30K BCOH CHCTEMEL.

CHCTeMLI ONITHYECKOH cXeMbI adoKaNbHasa HacajKka — OGBEKTHB HMEIOT
sbdekTHBHO® (POKYCHOE pacCTOSHHE:

F"——"‘Ff;ﬁ’ (Vv57)

rae f'os — GoKycHoe paccTosiHHe KOMNOHeHTa (06beKTHBA), PacroJOKeH-
HOTO M03ajH HacaakH. PauHoHa/JLHOCTh PHMEHEHHA HacalKH 3aKJioyaer-
€Al B PacCIIHPEHHH C ee MOMOLLbIO YIJ1a TOJs 3PEeHHs w:

tgw = ‘glf”' ) (V,58)

rae I' — TeneckomHueckoe yBeJiHYeHHe HacaJKH, MeEHbIlee eIHHHLbI:
yeM MeHblle I', TeM GoJiblilee BO3pacTaHHe YTIJIOB & MPOUCXONHT, TeM Kopoye
CHCTeMa, HO MPH 3TOM BospacTaeT abGeppalHs LHCTOPCHH, KOPPeKUHS KO-
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TOpOH BhI3bIBaeT HaHOOJIbIIHE TPYAHOCTH Y aCHMMETPHUYHBIX CHCTEM 3TOro
THna. B craguu Koppekuuu aGeppanuii 5TOT BapHaHT ONTHYECKOH CXeMel,
OUEBH/IHO, CBOIMTCA K MpelbiAylleMy, T. €. 3ajaua Mo-IpexHeMy CBOAHTCA
K KOppPeKIIHH JBYXKOMNOHEHTHOH cHcTeMbl. HcnpaBnienne pucTopeuu Tpe-
GyeT HJIH YCJIOXHeHHs NepPBOro KOMINOHeHTa (CM., HampuMep, puc. V, 39, 6),
uiH acepH3aluy ONHOH H3 ero MpeJOMJAIOMHX NoBepXHOCTeH (CM. pHC.
V, 39, a).

Kak noxasbiBaloT HCC/leloBaHHsl, pallHOHa/lbHA acepu3aums BOTHYTOH
NOBepXHOCTH OTPHLATEJbHOH MEHHCKOBOH (MJIH IJIOCKO-BOTHYTOM) JIMHSBI.
B paccmarpuBaemoii cucteme «/IuKap-6» acheprueckasi noBepXHOCTb HMeeT
(opMy S/JIHNCOHJA BPALIEHHs: MPH 9TOM ANHHA OOBEKTHBA (OKOJIO 45 M)
B 13 pa3 npesbiaet ero Qokycroe paccrosiuue (f° = 3,5 ua). [Ipumenenne
acdepHyecKod NOBEPXHOCTH TeXHOJIOTHYECKH Oojiee mnpoctofi ¢opmbl —
napaGo/ioH/ia BpalleHuss — noTpeGoBasio Obl AajbHEHIIEr0 yBeJSuYeHHs
rabapuToB 06bEKTHBa, YTO H OCYIIECTBJIEHO BO (paHIy3CKOM OOGbeKTHBe
«Cynep-Texea» (cM. puc. V, 35), miuHa Koroporo B 25 pas npepmimaer
BeJIHYHHY (POKYCHOTO PacCTOSHHS.

Koneuno, y AJHHHODOKYCHBIX 00beKTHBOB HATH IO 9TOMY NYTH HeBO3-
moxxHo. Hanpumep, y KHHOCheMouHOTo 06beKTHBA «JIukap-2» (f' = 12 mm:
1:2,5; 2w = 97°) (cm. puc. V, 21, 6) anuna o6bekTHBa (0KOMO 95 Mm)
JIHILb B BOCEMb Pa3 peBbiilaeT ero GoKycHoe paccTosiHKe, HO NPH 3ToM dop-
Ma acthepuueckKoll MOBEPXHOCTH YcJIOXKHeHa: BBeleHa acthepuuecKas mo-
BEPXHOCTb TPeTbero mopsiika (AedopmMHpOBaHHLIH JIHICOMA), obecneuus-
IIas XOPOWIYI0 KOPPEeKUHIO IUMPOKHX HAKJOHHLIX NYYKOB GOMBIIHX Ha-
KJIOHOB.

[To rpynne naHKpaTHYeCKHX 06BEKTHBOB (CM. Taba. V, 22) ocobbiit uu-
Tepec npejcTaBiseT o0beKTHB «AHxKeHbe-3yM 8 X 6,5», aBnsomutics ox-
HMM M3 [epBbIX OGBEKTHBOB C BOCHMHKPATHBHIM HHTEPBAajiOM H3MeHeHHH
(OKyCHEIX PACCTOsIHHH; ero JJIHHA He MpeBwllUaeT 125 mm npu auamerpe
nepeoro (HauGoJbiuero) Komnonenta 32 um. ONTHKO-KHHeMaTHYeCKas cXe-

Koppexmap

Puc. V, 4. OnTudeckas cXeMa MAHKPATHYECKOro oOGBEKTHBA
«AuxeHbe-3yMm 8X6,5»

Ma JaHa Ha pHc. V, 38, a onTHyecKas cxema — Ha puc. V, 41. IlepBsiit
MOJIOMHUTE/IbHEIA KOMMOHEHT OCTAeTCH HEeMOABHXKHBIM MPH H3MeHeHHH do-
KYCHOTO paccTosiHus oOOBEeKTHBA H COOTBETCTBYIOIIEH €ro yCTaHOBKOH ocy-
IIECTBASETCA NHCTAHIHOHHAA HaBOAKa 0OBEKTHBA; OTPHUATe/bHble KOMMO-
HeHTsl /] u /1] nmepememiaiorcss nMpH H3MeHeHHH (POKYCHBIX PacCTOSHHM.
CHcTeMa B 11J10M HMeeT CXeMy HacaJilka — OOGBEKTHB, T. €. ABJISeTCs TPaHe-
tdokatopom (cM. raasy IV, § 8): mocnepHuit HeMOABHXHEIA KOMIOHEHT —
KOPPEKTOp — pasjelieH Ha JBe YacTH: Ha MOJIOXKUTeNbHbIH Kommonent /V
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U «00BEeKTHBY, MEXAY KOTOPEIMH pacroJioXKeHa NpH3Ma, OTBOAAILAA 4acTh
cBeTa B BH3HMD; adoKaNbHYIO HacallKy o6pa3yioT YeThipe KOMIOHeHTa, pac-
NOJIOXKEeHHbIe BHepelid MPH3MbL.

Koppexmap

Bapuamep P
Y
Pue. V, 42. OnTuueckan cxema oGbekTnsa «Bapuo-Tonp-2» (F=6,6—66 mus)

He MeHee uHTepecHbiM OOBeKTHBOM sBJisierca «Bapuo-T'omp-2», pac-
cuntaHHelf M. [lInakuueiM (puc. V, 42). CeeToaennTenbHas NpH3Ma, OTBO-
AsLIAs YacTh CBETa B BU3HP, PacnoJioxeHa no3ain oGbeKTHBa, 4TO YNPOCTH-
JIO 3ajayy COBMelleHHsI 3paykoB BapHarTopa M Koppekropa. [Tociennuit
COJIEP2KHT MEePBYIO JIHH3Y OTPHLATEbHYIO, YTO MO3BOJHJIO YBeJIHYHTb 3all-
HHA (POKaJIbHBIA OTPe30K OOBEKTHBA H PA3MECTHTh B HeM CBEeTOJEJIHTE/b-
Hyio npusmy. O6BEKTHB HMeeT Majibie raGapuTel — HJHHY 118 mm mpu
safaueM dokanbHOM orpeske 12 mm. Hamenenve doKycHoro paccrosuus
JOCTHTaeTcs B pPe3yJibTaTe MOCTYNaTeJNbHOTO NepeMelleHHs KomnoHenTa [/
BapHaTopa H CHHXPOHHOTO BO3BPaTHO-NOCTYNATEJbHOrO NepeMelleHHs KOM-
noHenrta ///; nuMcTaHUMOHHAs HABOAKA OCYIIECTBJISIETCS COOTBETCTBYIOLIEH
MOJIBHIKKOH KOMIOHeHTa [/ BapHaTopa. ,

Murepec npeAcTaBAsIOT MpPOCTHiE MO KOHCTPYKUWH OPHIHHAJIEMbIE
cucremn «Arat-5» u «Arar-6A». Ha puc. V, 43 npuBeneHH HX ONTH-
yeckune cxembl. CucTeMa «Arar-5» npeAcraBisieT KOMOMHAUMIO OOBEKTH-

Apoxensnan necadwa  Obsexmub  APOKEASHIA ""‘“‘7}4 Osexmus
. i

Puc. V, 43. OnTudeckne cxembl 06bekTHBOB: @ — «Arat-5» (f'=30—90 Mu) n
6 — <Arat-6A» (f'=9-—23 mm)

Ba THma «Taup» ¢ QoKycHbIM paccTosiHHeM 50 mam C OTHOCHTEJBHLIM
orBepctHeM 1 : 2, 8, paspaGoranHeiM Ansi KuHOKajapa «Cynep-8»,
ycTaHaBNHBaeMO#l BrepeH OGBEKTHBa TPEXKOMMNOHEHTHOH aoKasb-
HOM HacalKH nNepemeHHOro yBeduuyeHHsl OT [y = 0,606 10 Dyppe =
= 1,840, 49T0 NpUBOAMT K H3MeHEeHHIO (POKYCHOTO pPacCTOAHHs BCel CHCTe-
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mbl oT 30 a0 90 mm npu oTHocHTeslbHOM otBepcTHH 1 : 2,8. Iocturaercs
5TO MepeMellleHHeM BJIOJIb ONTHYECKOH OCH OOOHX KOMIIOHEHTOB HacalKH.
JlnuHa Bcefi CHCTEMBI OT NePBOH MOBEPXHOCTH A0 IJIOCKOCTH H306parKeHus
123 sm npu AuameTpe KomnoHenta [ 33 mm.

Cucrema «Arat-6A» npescTaBisieT KOMGHHALHIO NATHIAHH30BOIO 00BEK-
tHBa «Mapt-1» (f' = 12,56 mm; 1 : 1,9), paspaGoranHoro AJist KHHOKajpa
«Cynep-8», H TPeXKOMNOHEHTHOH adoKaNLHON HAacalKH, yBeJlHUeHHEe KOTO-
poii HenpepbIBHO H3meHseTest OT [Ny = 0,72 10 I, = 1,84, uto 0Gec-
neYHBaeT H3MeHeHHe (JOKYCHOTO paccTOsiHMs BceH cHcTeMsl OT 9 o 23 mm
NPH OTHOCHTeNIbHOM oTBepcTHH 1 : 1,8. Jlns sToro mepeMemarorcs BROJB
ONTHYeCKOH OCH NepBbie ZiBa KOMMNOHeHTa HacaikH. JlJiHHA BCefl CHCTEMBI
OT [epBOA NMOBEPXHOCTH J0 NJIOCKOCTH H300paXkeHHa 72 mm. ITO Hanpas-
JieHHe pa3pabGoToK MpeACTaB/AseTcss HaM MepCrneKTHBHEIM.



TNABA VI

®OTOrPA®HYECKHE OBBEKTHMBHI CIIEIMAJIBHOI'O
[MPUMEHEHHSA

Kpatko paccMoTpuM ¢OTOONTHKY AJisi 0030pPHOH H TomorpagHuyeckKoi
aspodoTocheMKH, (PoTOpenpoayKUHH, MHKPODHIBMHPOBAHHSA H T. M.

§ 1. OBBEKTHBbHI JIJI1 OB30PHOH A3PO®OTOCHEMKH

AspodoToonTHKa MO CBOEMY Ha3HA4YEeHHIO NEJIHTCA Ha ONTHKY AJd
Tonorpaduuecko# H 0630pHO# PoTocheMOK. B 3aBHCHMOCTH OT MpOCTpPaHCT-
BEHHOTO MOJIOXKEeHHS ONTHYECKOH OCH NPH as3pocheMKe pasiuyaloT aspodo-
TOCBEMKY MJIAHOBYIO, MEpPCreKTHBHYIO H MJIAaHOBO-NMEPCNeKTHBHYIO.

INnanoBo#i, WK NpuHO/IMIKEHHO BepTHKaJbHOH, Ha3biBaeTcsi aspodoTo-
cheMKa, pH KoTopoii 3aflaHHLIfl YTOJ1 OTKJIOHEHHS ONTHYECKOH OCH OT Bep-
THKalu a, = 0°, a cayuafiHble ero KoneGanua Aa < 2—3° M, cieloBa-
TeJbHO, PaKTHYECKHH YToJ . OTKJOHEHHS OCH pPaBeH:

@ = a, &+ Aa. (VL1)

AspocbeMKa NpH HanpasJieHHH ONTHYECKOH OCH NoA KaKHM-JIH60 yriioM
OTKJIOHEHHA OT BePTHKaJH Ha3BIBAaeTCA MepPCNeKTHBHOM, MJIH HaKJOHHOH,
aspooToCcheMKoii:

o,5%=0° Aa2—3".

C reoMeTpHuYecKoll »Xe TOYKH 3peHHs M [JIAHOBHIN M IN€PCNEeKTHBHLIH
a9pOCHHMKH sBJAIOTCA pe3yJIbTaTOM LUEHTPaJbHOIO IMPOEKTHPOBAHHA H,
c/iefioBaTeNIbHO, 06a OHH MepCleKTHBHBI.

AspocbemKa ¢ OJHOBpPeMEHHEIM NpPHMeHeHHeM 060HX BHAOB QoTorpadu-
pOBaHHA Ha3kBaeTCs NMJaHOBO-NepcneKTHBHOM . K aspocbemKe Takoro BH-
Ja, B YaCTHOCTH, OTHOCHTCA IMMaHOpaMHas CbeMKa, AOCTHraeMasl pasjiH9HbI-
MH criocobaMH: BpalleHHEM 061:ex’r1~15a, pacrnoJioxeHHneM BlEPEAH o6beKTHBA
BpalawiHXCcsd NPH3M HJH 3epKal H T. M.

OcoGHsikOM OT NepeuyHclieHHbIX BHAOB CheMKH CTOHT IeJieBas aspodoro-
cbeMKa, MOCTpPOeHHas Ha NPHHIMNE HenpepuiBHOro ¢oTorpadpupoBanus Ha
IBHXYILEHCS aBHaNJeHKe MoJIOChl MECTHOCTH, KOTOpas Mpoenupyetcs 06b-
eKTHBOM €KBO3b y3KYIO Liesib B (OKaJIbHOH MJIOCKOCTH KaMephl, MeprneH/ -
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KyJASipHYIO HanpasJ/eHHIO nmoJseta. [Ipu meneBoifi cheMKe aBHamJieHKa 10
Mepe NepeMOTKH MOoJBepraeTcs CNJIONIHOMY 3KCIIOHHpOBaHH. Iljs moay-
yeHHs pe3Koro oTonsobpakeHHs HeOOXOAUMO COGMIOCTH YCJIOBHE PABEHCT-
Ba CKOpOCTeH [BHKEHHs MJIEHKH U, M NepeMelleHHA H3oOpaxkeHHs v'; B
¢oKaNbHOM MJIOCKOCTH KaMephbl:

v“=0;..—_u s (VL,2)

rlie U — CKOpPOCTb JABHIKEHHS] KaMepHl.

BaxkHeiM nmapaMeTpoM NpH aspocheMKe, KOTophil TpeGyer cosfaHus
HOCTaTOYHO IIHPOKOTO acCCOPTHMEHTa OOBEKTHBOB Pa3JIHUHBIX (POKYCHBIX
paccTosHui, apasetca Maciutab ¢otorpaduposanus. [1Ipu nnaHoBo# cheM-
Ke OH fiBJIsieTcs QYHKUHeH BHICOTH L CheMOYHOro noJeta H POKycHOro pac-
cTosiHus [', Kamepsl aspodoToanmapaTta, a NMPH NepPCNeKTHBHOH CheMKe,
KpoMe Toro, H QyHKIHe# yryia OTKJIOHEHHS g ONTHYECKOH OCH a3pOKaMephl
OT BePTHKAJIH H NOJIOXKeHHs H306paMeHHs] KAKOH-THOO TOYKH MECTHOCTH
Ha CHHMKe, onpefie/iieMOro OpAHHaTOH y 5TOH TOUKH Ha HeM (MPHHHMas 3a
OCh OPAMHAT IVIABHYIO BePTHKAJIb):

% =F (L' f; 2 & y)- (\”;3)

[Tpu menepoii aspochemke MacmTab H3o6paXkeHHs B HamlpaBJieHHH 0-
Jeta (npoflosibHEIE MaciutaG) GyaeT:

N S T

M, T ! (VI'4)

nonepeyHeld MaciuTab onpefenurca oObMHOA (opMyioi:
1 A . ’
W = L' (VL4 )

u3 ycaoBus (VI, 2) GyneM HMeTb paBeHCTBO MaciuTaGoB:
L_ 1w %S 15
M, M. o v L’ (V1.9)

B 3aBHCHMOCTH OT Ha3HaueHHs H NPeAnoJaraeMoro Xxapakrepa HCHOJb-
30BaHHA pe3yJIbTaTOB aspOCheMKH, (oTorpaHpoBaHHE BLINOJHSAETCS B
KPYIHOM, CPEJiHeM H MeJIKOM cheMoYHoM MacmTabax. Macwrabel dortorpa-
¢uposanus 1 : 10 000 u GoJiee OTHOCATCSA K KPYyNHHIM MaciuTabaM; macluTa-
661 oT 1:10000 go 1:30000 — K cpefHHM cheMOYHBIM MacuiTabam;
aspocheMKa NpPH MeHBIUHMX MacluTabax — MeJKomaciutabHomy ¢otorpa-
¢duposanuio. OueBHAHO, MO CHEMOYHBIM MacuTabaM MOXHO pasrpaHHYHTb
TOJILKO TUIAHOBYIO H LIEJIeBYI0 aspoCheMKY, TaK KaK MpH MepcreKTHBHOH
CheMKe pasHOMAacIuTaGHOCTb Ha JajibHeM W MepeiHeM MJaHaX CHHMKa Hc-
KJIoYaeT 3Ty BOSMOMHOCTb. JlJIi yCTpaHeHHsi pasHOMACIUTaGHOCTH MpPHH-
IMIHAJBHO MOXeT ObiTh NpPHMeHeH MaHKPaTHYECKHH 00BeKTHB, GOKyCHOe
paccTosiHHe KOTOPOro NMJIaBHO H3MEHAETCs CHHXPOHHO C H3MeHeHHeM AHC-
TaHUHKH [PH NePCreKTUBHOM (naHopaMHOH) chbeMKe.
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[Tpumenenne KpynaomaciiTabHoll a9pocheMKH OYeHb IIHPOKO H pasHo-
o6pasHo B pasjIMYHLIX Clydasx 0630pHOH POTOCHEMKH: MPH MPOEKTHPOBa-
HHH H HSBICKAHHH Pa3JIMYHBIX COOPYXeHHH W nyTeil coolulenus, AJIs 3eM-
JeycTpoficTBa H JlecoycTpoiicTBa, IS TIJIaHAPOBKH NOPOJIOB H HaceJieHHBIX
NYHKTOB H T. n. Il 3Toro HeoOXomHMBI AJIHHHO(DOKYCHbIE OGBEKTHBHI,
3aTBOp, OGecneYyHBAOUIUH AOCTATOYHO MaJibie BBIIEPXKH, HCKJIOYaloLlHe
nosiBJieHHe Hepe3KOCTH H300pakeHHs B pe3yJibTaTe CABHra €ro 3a Bpems
SKCIO3HIHH, CBeTOCHJbHbIH OOBEKTHB IJIA COKpalleHHS BbillepXKH. B
aspodoTOYCTAHOBKE JOJXKHBI OhITb yCTpaHeHbl BHOpalHH aspoKaMephl;
aspooToannapar A0JKeH HMeThb YCTPONCTBAa, KOMIEHCHpYIOIIHe CABHT
n306paxkeHHs NpH noJieTe HOCHTeNs, 4TO 0coOeHHO HeoGXoAHMO NpPH JBH-
KeHHH JIeTHBIX CPeACTB ¢ GOJIBLIHMH CKOPOCTSIMH, H T. 0.

B kaxaoM aspotoToannaparte ¢ onpefeneHHbBIM GOpMaTOM a3pOCHHMKA
npefycMaTPHBaeTCAd BO3MOMKHOCTb YCTAHOBKH Psifia OOBEKTHBOB — OT KO-
POTKOOKYCHBIX 0 ANTHHHODOKYCHBIX — B 3aBHCHMOCTH OT BBICOTHI N0JIETa
u Tpeb6yemoro maciuraba (ororpadupoBaHHs.

He MeHee BajKHOH XapaKTepHCTHKOH OGbEKTHBOB ABJIAETCA HX CBETOCH-
sa. B rnase | 6bi nonydenst dopmyasi (I, 143") u (1, 146), onpenensioiye
BHJEPKKH 0OpH ¢doTorpaHpOBaHHH HEMOABHXKHHEIX H JBHKYIIHXCH
o6bekToB. [IpEMEHUTENIBHO K CheMKe aspoJiaHAmAdTOB 3aMeTHM CJeAyio-
Iee.

Ilo HeKoTOPBIM CoOGpaXkeHHAM /15 ONpefesieHHs] CBeTOYY BCTBHTEJIbHOC-
TH aspomJyieHKH* 3lech BhIGHpaeTcs TaKas 9KCMO3HIHS, NMPH KOTOpOH Mo-
Jy4daercs IVIOTHOCTb, MNpeBbIlAOIIas BeNHYNHY TJIOTHOCTH ByaslH Ha
0,85, npHYeM CBETOYYBCTBHTEJBHOCTb BhipaXkaercsi (opmysofi:

10
Spes=7—"7"7"7""—. 1.6
0= T V1)

Kpome Toro, Bmecto Kosdduuuenta p B Toit xe dopmyne (I, 143')
BBeJleM CPelHui Ko3(UIIHEHT SPKOCTH aspoJaHAmadTa r., KakK OTHOIIe-
HHe cpeiHefl sipKocTH JaHAwagTa B, K ero 0CBeleHHOCTH:

B
Fep = fj ' (VL7)
B pesyabtate Bmecto (I, 143'') B naHHOM clyyae Hmeem:
. - (VL8)

rep EKSg g5

3ameTHM, 4TO cpelHHH Ko3(p@HUHEHT SpKOCTH asposaHimiadTa r,
MoxkeT GHITb 3alaH JOBOJLHO MPHOJHIKEHHO: KaK MOKa3blBaeT OfHT, elle
npuemJeMbiit AJ1s1 AelUH(PHPOBAHHSA a3POHEraTHB MOXKeT ObIThb MOJy4YeH H
NpH OCBELIEHHOCTAX B TPH-ueThipe pasa MeHbLIMX. Pemawilum dakTopoM
npH BEIOOpE Iy, SBJAAETCA BeJIHUHHA OCBelleHHOCTH E, cosjlaBaemas He-
MOCPeACTBEHHO JIY4aMH COJIHIA, NPoIleAIKMH aTMochepy, H JiydamH, pac-
CessHHEIMH aTMOC(epoii.

* JroT KpHTepHA CBETOUYBCTBHTENLHOCTH CTaJ NMPHMEHATBCS H Ans BCeX A%K-
rux QotoMartepuanoB (3a HcKatouenueM ¢ororexHnuecknx) mo I'OCTy 10691—63.
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B ta6n. VI, 1 B rpade «OcpellesHocTs Ha COJIHLE» llaHa CyMMapHas
OCBEIIEHHOCTh NMPSMBIM H PaccesiHHHIM cBeToM; B I'pade «OcBelleHHOCTh B
TEHH» YKa3aHH BeJIHYHHBI OCBEIEHHOCTEH, CO3aBaeMbIX PacCesTHHLIMH aT-
mochepoii iyuaMH NpPH pasHbIX BbicoTax coJHua. M3 tabaunus cieayer, uto
B Ge306sauHLIfl IeHb OCBEIIEHHOCTh HAa COJIHIE 3HAUHTEJBHO MpeBhIllaeT
OCBelIEHHOCTh B TEHH, YTO NPHMBOAHT K pPaclUHPeHHIO HHTEepPBaJa sipKocTeli
asposianamadTa B cpeliHeM B YeThipe pasa. AOGCOJIOTHLIE BeJIHUHHEI OCBe-
LIleHHOCTel Ha COJIHIle MPH BO3pacTaHHH BhICOT cosHia ot 10 xo 50° Bospac-
Tal0T NPHOIH3HTENIBHO B AECATD Pa3. ITo 06CTOATE/ILCTBO YUHTHIBAETCS NPa-
BHJbHBIM BHIOODOM CBETOCHJLI OOBEKTHBa €* i BPeMeHM SKCIO3HIHH.

B npunusne xenaTelbHO HMeTb CTOJIb e LIHPOKHil IHANAa30H CBETOCH-
JIH 00beKTHBOB, HalpHMep: OT HOPMaJbHbIX OTHOCHTEJIbHBIX OTBEpCTHii
1:7—1:8101:2—1:2,5, uro cooTBeTCTBYeT NPUOIHSHUTENBHO AECATH-
KPaTHOMY COOTHOILEHHIO HX cBeTocHJbl. OlHAKO, KaK YBHAHM HHXe, CTOJb
CBETOCHJIbHBIE H NpPH 3TOM MJIHHHOPOKYCHHE a3pohoTooGBeKTHBE COZlaTh
BecbMa TPYJZHO.

Ta6auua VI,I1
OcBeueHAOCT 3eMHON TNOBEPXHOCTH NPH PasiIHYHOA BbICOTe cOJHUA (B moKcax)
OcBemeHHoCTs B 6e306- OcCBeIlleHHOCTh NPH BHICOKO- OcBemeHHOCTh NpRA
Buicota nayAefl neHn KyueBnlX o6aakax CNNOWIHLIX CJIOH-
connua,” CTHIX OGJaaKax
Ha COJHLe B TeHH Ha coJHLe B TeHH (““r"g';:)“' no-
10 9 000 4000 11 000 6 000 3 000
20 23000 7000 31000 15 000 6 000
30 39 000 9000 54 000 24 000 9000
40 58 000 12 000 76 000 30 000 12 000
50 76 000 14 000 96 000 34 000 15 000

B Gosee y3kux npefielaX H3MeHsieTCA BeJIHIHHA KPAaTHOCTH CBETODUIIBT-
pa Ky, Bxofsmas B Ty xe ¢opmyay (VI, 8). B HopManbHbifi KOMIEKT
CBETO(HJIBTPOB NPH BO3AYLIHOM QoTorpahupoBaHHM BXOAAT TPH: IKeJThIf
(PKC-18), morsomaompii KOPOTKOBOJHOBYIO 9acTh CMeKTpa C AJIHHAMH
BOJH, MeHbIIMME 500—518 Aa, TeMHo-opanXKeBhifi (OC-14), —MeHblInMH
570—585 #m u ceerno-KpacHbiff (KC-14),—mMenbiiumu 632—650 nu.
HX KpaTHOCTh 3aBHCHT OT THNa aSPOIJIEHKH; HaNpHMep, AJf aSPONJIEHKH
«nanxpom» Tin 10 KpaTHOCTH YKa3aHHLIX CBeTOPHIBTPOB GYAYT paBHbI Co-
oreercTBeHHO 1,8; 2,8 14,0, T. e. H3MeHsIOTCS NPHONH3UTENBHO B IBa pa3a.

B 3aBHCHMOCTH OT BBICOTHI COJIHILA H BLICOTH (pororpadHpoBaHus pe-
KOMEHAYIOTCS pa3JIHYHble THIILI CBeTO(HJBTPOB C YUETOM XapaKTepPHCTHK
npuMensieMoro ¢oroMarepnasa. O6piuHO yeM Gosibille BriCOTa GoTOrpadu-
poBaHHs, TeM Gosiee JMHHHOBOJHOBEIA QHILTP JO/DKeH NpHMeHATbCA. as
ONTHKOB-pa3paGOTYHKOB OTCIOfla CJaelyeT BHBOA: a3podoToOGLEKTHBHI
JIO/DKHBI KOPPHTHPOBAThCS B 3KeJITO-KpaCHOMN YacTH clleKTpa, a AauHHodo-
KYyCHBle — B opaHXKeBo-KpacHofi o6/1aCcTH CeKTpa.

Heckonbko B Gonee IMHPOKHX npelenax (B yeThpe-NATb pa3) H3MeHs-
JOTCA BEJIHYHMHBI CPeAHHX KO03QQHUHEHTOB SAAPKOCTH r.p AJS Pa3/IHYHBIX
THNOB aspoiianfmadros (Tabn. VI, 2):
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Ta6aupa VI,2

Cpeanne Ko3(ppHUHENTH SAPKOCTH NAA HEKOTOPHX THNOB
a3posanawadTOR NpH NAAHOBOM BO3AYLIHOM

dotorpadrposannn

Tun aspoaasgmadra Besrannbt r cp
3umuuil asponaHawadT NPH CPeAHHX BHICO- 0,69
Tax comHua (25°
3uMHHA asposlanfuadT OPH MAJHX BEICOTAX 0,30
coniua (1—7°)
Cpentee 3HayeHHe LIS 3HMHEro asposnani- 0,50
wadpra
JleTunii asponanimagt 0,14
Becennnii aspoaanamagr 0,12

®opmyana (VI, 8) onpenensier Bpems 3KCNOSHIMH Ha OCHOBE YHCTO SKC-
TIOHOMETPHYECKHX COOTHOLIEHHH 6e3 yueTa BJIHSHHS NepeMemeHHs aspo-
¢oroannapara 3a BpeMs SKCNO3HUHHM H COOTBETCTBEHHOrO CABHra H300pa-
xenus. B rnase | Obina Hanucana opmyaa (I, 146), onpesensiomas spe-
Ms1 SKCMO3HLIHH, HCXOAS H3 MAKCHMAJIbHO HOMYCTHMOrO CJIBHIa ABHXYLIEro-
ca H3o0paxKeHHsl, He BJHSIOWLETO Ha PoTorpadHUecKyIO paspellalolLyio CH-
Jy cucTeMbl 00beKTHB — (OTOCIIOM.

B yue6HbIX Kypcax aspooTorpadun NpHBOASAT NPefesIbHO AOMYCTHMEIE
BeJIHYHHBI CABHTOB, CBf3biBas MX ¢ MacmTabaMu CheMKH: NpH Maciutabax
1 : 10 000 1 Mesibye peKOMEHAYIOT IPHHUMATD NPeieIbHYIO BeJIHYHHY CJIBH-
ra 0,1mxxm, npu Macwrabe 1:4000— go 0,17 mm, a mpu Macmrabe
1:2000— no 0,36 xm. Bce 3T0 B Kako#-To Mepe cripaBe/IHBO NpH  Aeurnd-
PHPOBAHHH 23POCHHMKOB C HEBLICOKHM paspelleHHeM H HEeBOOPYKeHHEIM
r71a30M H CTAaHOBHTCS HeNpPaBHJbLHBIM NPH NPHMeHeHHH ONTHKO-GOTO-
rpapHuecKHX CHCTeM MOBLILEHHOH paspellalomed CHJIbL.

Muorumu aBTopaMu GbIJIO HCC/IEJIOBAHO BJIMSIHHE CABHIA M300paKeHUs
Ha ero onTH4Yeckne KadectBa. Ha puc. VI, 1 npuBoanm pesynbratsl, noay-
YeHHBIE IO.‘ Pa6ymkuusiM. [To ocH opAKHAT OT/IOKeHbl OTHOCHTEJIbHEIE H3-

N
MeHEHHS -, Paspellalomefi CHJIbI, a 10 0CH abCUHCe — BeJIMYHHbI IPOH3Be-
0

neunit N'o6’. I'paduKy mocTpoeHs! A1 TPeX 3Ha9eHHii | K. N. A. 3aTBopa:
0,5, 0,75, u 1,0. U3 rpadukoB ciefyeT, uTo NpH Beex K. M. 1. 3aTBOpa pas-
peluaioias CHJia NPaKTHYECKH He H3MeHAeTCs*, eCliM BeJJHUHHA IPOH3Bee-
Hust No'8’ He npesbnuaer snauenust 0,5, uTo Ml W NPHHSJIH NPH BHIBOJE
dopmyaut (I, 146).

3ameTnM, uto Ha puc. VI, 1 npeacraBieHn! JBe rpynnbl KPUBHIX —
CIJIOIIHBIMM M TYHKTHPHBIMH JIMHHSMH, — COOTBETCTBYIOLIHE HECKOJbKO
pa3/MYHLIM MCXOAHLIM 3aBHCHMOCTSIM, TPHHSATHIM NPH aHAJIH3e SBJEHHS;

* Crporo rosops, Takofi mogXoj K OlUeHKe QONYCTHMOrO CHHIKEHHS paspemalio-
mel CHJIE BO3MOMEH JHUIb Yy ONTHKO-poTorpadryecKHX CHCTEM HEBHICOKOTO paspe-
meHAs (cM. npuMmecyanue K dopmyne I, 144); Heo6XoAHMO BHINIOJNHEHHE YCJIOBHSH

N8 G%H COOTBETCTBEHHO JonycTHMasn Bujgepxka ¢ (I, 146) 6yaer Basoe MeHbedi.
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ollHaKoO, KaK BHAUM, IpH N'¢8" << 0,5 npakTHYecku 3aMeTHOro pas/inuns B
Xoze KpHMBbIX o6eHX rpynn He oOHapyXuBaeTcs. I3 ajleMeHTapHHX coo6-
paxeHH#l MOXHO TaKxke MOJYUHThb BJHSAHHE CABHTa H306paXKeHHs pellieTKH
Ha BeJIHUHHY KosddHiyenTa nepejaun KOHTpacTa:

T =215 V1.9

QopmyJia MO3BONSET OLEHHTh MafeHHe KOHTPacTa H306paXKeHHs PellieTKH
NpH 3aJlaHHON NPOCTPAHCTBeHHOMN 4acToTe N’ M Pas/MuHBIX BelHYHHAX
CABHI'OB.

- —
7 I e R
Nolgs e R e
e L 74450
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41 4 Q% 45080 z J 456 4N
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Puec. VI, 1. KpuBbie OTHOCHTENLHOTO H3MEHEHHS paspe-

maioulefl cnocoGHOCTH NUPH CABHre H3oGpaXKeHHsa ana
Tpex sHavenHfi K. m. A. dorosateopa: 1,0, 0,75 u 0,5

o Ias aspocheMKH y Hac npuMeHsOTcs (oTonneHKH wupuHo# 8, 19 u
cM.

PaccMoTpuM oTedecTBeHHble OGBEKTHBBH NMPHMEHHTENBHO K a3pPOCHHM-
KaMm Manbix ¢opmatos (8 X 8 cu), cpenunx ¢opmaros (18 X 18 m 18 X
X 24 cm) u Goabiuux ¢opmMaros (30 X 30 ca).

B taba. VI, 3 npuselieHs! HeKOTOpble NapaMeTpPbl 0GbeKTHBOB, JHHEH-
Hoe noJie H3o0paxXeHHs KOTOPBIX COOTBETCTBYeT popmaTy cHHMKa 8 X 8ca.

OnTHuecKHe CXeMbl IIHPOKOYTObHBIX 00bekTHBOB MP-3 u P®-102 ana-
JIOTHYHBI CXeMaM, npejcTaB/ieHHbIM Ha puc.V,10, a. CxeMbl CBETOCHIbHBIX
IIHPOKOYTONMbHLIX 06beKTHBOB «Ypan», «Apron» u «[oup» npuBejleHsl Ha
puc. 11,31, a u na puc. VI, 2. O6beKTHBE HMEIOT ONTHYECKHE CXEMBl C Ha-
pPYllieHHOH CHMMeTpHeil, 4eM AOCTHIHYTO Jydlliee HCnpaBJiieHHe abeppauuii
Jiydell ITHPOKUX HAKJOHHBLIX NyuKoB. [IpuHuMn uX npoeKTHpoBaHUs Kpart-
KO M3J0XeH B ryaBe IV (§ 4).

Taxk xak o6beKTuBbI, MpUBeAeHHbIe B TalJHLE, NIPUMEHSIOTCS B HEOAH-
HAKOBLIX YCJIOBHAX OCBEUICHHOCTEH, JUIA CheMKH C Pas/JHYHBIX BHICOT H
T. 0., TO HCHONB3YIOTCS pas/M4Hble THNBbl (oTOMaTepHaloB C PasHLIMH
ceeTopuabTpaMu. BcesieAcTBue 3TOro onTHYecKWe KavecTBa OOGBEKTHBOB,
B TOM YHCJ/Ie HX paspellalomiasi CHJia, MEHFIOTCS B 3aBHCHMOCTH OT YCJIOBHH
¢ororpadupoBanns. He npuBoas B Tab/nlle BeJIHYHH PaspelllalomuX CHJ
OTAe/IbHBIX OOBEKTHBOB, YKaKeM, 4TO oHa pas/iuuHa: oT 60—40 umx™ B
uenTpe nous Ao 50—30 ux™! no moo Co CHIXKeHHeM paspellienns 1o 30—
15mm™! Ha Kpato nosis. B yacTHOCTH, leCTHIBH30BbIA aHaCTHIMaT «Mapc-1»
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Ta6auua VI,3
O6bexTHBn Aas GopmaTa cHHMKa 8X8 cm

OnTHYECKHe XapaKTepHCTHKH | PO ———
Hanmen oBaHH ’ -
o6beKTHBA § fro an . 2o YHCMO KOMPIO-
8" mm HEeHTOB H JIHH3
MP-3 35 1:6,8 117 16 4/6
P®-102 50 1:6,3 96 31 4/6
¢Apron-I» 9 1:3,5 63 71 5/7
¢Ypau-27» 100 1:2,5 61 65 5/7
«lonp-3» 100 1:3 61 0 6/8
«Hunycrap-23» 110 1:4,5 53 92 3/4
«¥Ypan-25» 200 1:2,5 34 120 5/7
«Tanp-30» 300 1:4,5 22 186 3/4
«Tenemap-11» 300 1:4,5 22 127 4/4
«Taup-16» 500 1:4,5 13 300 3/4
«Mapc-1» 500 1:4,5 13 300 5/6
«Taup-10» 750 1:4,5 9 430 3/4

(puc. VI, 2, 6) naxe na nuskopaspemaiomem GoroMaTepuase NaHxpoM THI
10 (N© =~ 70—80 mm™') paspemaer okosno 60 #x#™' B wuenTpe mnons,
50 ux™ — mno moso u okoso 40 mu™ — Ha Kpaio noss.

Puc. VI, 2. OnruveckHe cxeMol OOBeKTHBOB! @ — «AproHs; 6 —
«loup»; 8 — «Mapc-1»

Pa6otsi o coBepiueHCTBOBaHHIO 06BEKTHBOB AJs MalohOpMaTHOH aspo-
CBEMKH NPOBOAATCA NoBceMecTHO. M3 o6IUHpHO# naTeHTHON H JKYpHAaJIbHOM
JIUTEPaTypel HHTEepPeC MPeACTaBJA0T paGoThl NO CO3JaHHIO CBETOCHIbHBLIX
IIHPOKOYTOIbHEIX OGbeKTHBOB ¢ oTBepcTusMH 1 :2,5—1 : 2 u Beume, c
nossiMu spenns 90° u Gosee. Pemienne 3THX 3afad TpeGyeT MpHMeHEHHs
CJIOXKHBIX eCATH-/IBeHA/ILIaTH JIMH30BBIX ONTHYECKHX CXEM, B KOTOPbIX BBe-
AeHHe acepHUeCKHX MPeJIOMJSIOUIHX NoBepXHocTefi abcomoTHo Heobxo-
AuMo. MspecTHwl, nanpumep, paGoTsl Komnauuu «@edpuaitnny (CILUA) no
COo3JaHHIO GLICTpoAeficTBYyioWero aspodoToannapaTa ¢ pasMepoM Kajpa
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2,5 x 2,5moima (6 X 6 ci), CoCKOPOCTHBIM 3aTBOPOM, OGeCTIeuHBAIOMIMM

1
BBUIEPHKKH OT [oon= A0 g500- € PH NPHMEHEHHH CBETOCHIBHBIX OGBEKTHBOB,

BMelomux QoKycHbIe PacCTOAHHS 75 MM NPH OTHOCHTEJIBHBIX OTBEPCTHSAX
1:1,5 u nonsx spenus 60°.

HHTepec mpeAcTaBAfIOT aMepHKaHCKHE CBETOCHJIbHBIE LIMPOKOYFOJIb-
Hble 00beKTHBbI, paspaGoranHbie A-poM JIx. BefikkepoM, «[eoron-I1I» u
«leorou-111», nmetomue QoxycHbie paccTosinus 3’ (okoso 75 mm) H nons
speHus oKojo 92°; oTHocHTesqbHOEe OTBepCTHe NepBoro obbektHsa | : 3,5,
BToporo — 1 :2,5. O6BeKTHBEl HMEIOT CJOXKHYIO ABEHAALATHIHH3OBYIO
onTHYecKylo cxemy (cM. puc. IV, 13, 6) u Gosbiline raGapuThi: ANHHA 00BEK-
THBOB B TPH Pa3a NpeBhLilliaeT BeJHYHHY (OKYCHOTO paccTosiHHsS. B HekoTo-
PHIX BapHaHTaX 00beKTHBOB «['€0roH» C IeJIbio MOBhIILIeHHS KayecTBa ONTH-
YecKoro H3oOpaKeHHs NMPeJOMJSAIOIIHEe NOBEPXHOCTH, Paclo/OXKeHHbIe Mo
o0e CTOpPOHHI OT anepTypHo#i AxHadparMel, HMEIOT CIOKHYI0 achepHUecKyio
¢opMy, BHIpaXKalOIYIOCS YpPaBHEHHEM BBICIIHX MNOpPsAAKoB. B ofbekTHpe
NpHMeHeHbl 0COOble MapKH ONTHYECKHX CTEKOJI.

Ilns dopmaroB cuuMkoB 13 X 18; 18 X 18 u 18 X 24 cu, pasmeraio-
IHXCA HA a9ponJieHKe HpHHOMH 19 ca, BTa6.1. IV,4 npuBefieHsl HeKoTopble
napaMeTpH o6bEKTHBOB, JHeAHbIe MoJIs1 H306paXKeHHs KOTOPBIX COOTBETCT-
BeHHO paBHH: 222, 254 u 300 mu.

Ta6nuua VI,4

O6bexTHBH aas dopmaToB cHHMKOB 13X 18; 18X 18; 18x24 cm

OnTHYecK#e XapaKTepHCTHKH Tlapamerps onrivecxol
X e MEl
HanMeHnoBanue
O6beKTHBA . dopmar

froomm . 2w, ° CHHMKA, , HACO KOMMO-

ox §y M HEHTOB H JIHH3
«Opuon 16» 100 1:6 96 13x18 76 4/4
«Huaycrap-51» 210 1:4,5 56 13%18 183 3/4
0d-233 210 1:2,6 54 13x18 147 4/7
-3 400 1:4,5 30 13x18 180 3/5
«Tenemap-17» 400 1:6,3 30 13x18 164 4/4
r-10 210 1:4 62 18x18 174 4/6
«Ypan-9» 250 1:2,5 54 18x18 160 5/7
«Teneroup-9» 1000 1:7 15 18x18 413 4/6
<Hunycrap-37» 300 1:4,5 53 18% 24 265 3/4
«Hupycrap-17» 500 1:5 38 18x 24 443 3/4
¢Ypau-12» 500 1:2,56 38 1824 300 5/7
«Poron la» 1350 1:8 13 1824 1200 6/6

Mel noMecTH M B Ta6J/Mlle TaKXKe M CTapblie 00K THBE! TPOCTEHIINX TH-
noB («HMunycrap», ®-3), Moryimue HafiTu npUMeHeHHe B CJydasnX, Koria He
TpebyeTCsl BHICOKOr0 paspelleHusi; MOMeCTHJIH TaKiKe YclelllHo NpomeAiHe
HCMBITAHHA BpeMeHeM CBETOCHJbHBIE aHACTHIMaThl «Ypau» (cM. puc. II,
31, a) n obvexTuBn OP-233; nocnenne HMEIOT ONTHYECKYIO cXeMy, 6au3-
Kyl0 K TaKOBOA y aMepHKaHCKHX «Aspo-dxrapos» (cM. pue. IV, 13, 6)
M TOX/eCTBEHHOe NMOoCJAeIHHM KadecTBO ONTHYECKOro usobpaxkenus, MNo-
CTHTHYTOE Npu Gosiee MPOCTHIX ONTHYECKHX CTeKJaX. 3/ech Xe MoMelleHbl!
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IeCTHJIHH30BhIe Tesleo0beKTHBLL THNa «Teneroup» (puc. VI, 3, a), paspe-
watomue Ha Goromarepuanax He6osbiioro paspemerns (100 — 110mu-1)
Gonee 50 #xu™! B uenTpe noss u okono 40 mu™ — Ha Kpalo noJss, H npoc-
Thie MajioraGapHTHble LIECTHINH3OBbIe aHacTHrMaThl «Poron» (puc. VI, 3,
6), paspemaiomye Ha Tex xe (Qorocnoax okoso 40 #x™ mo Bcemy mnomo;
nociefiHHit 0ObEKTHB HMeeT MaJible TaGapuThl; ero AJuHa — okoJo 20 %
BeJHYHHBI POKYCHOrO pacCTOAHHA 00BbeKTHBaA.

OGnbeKTHBBI C MPHGAH3UTENbHO aHANOTHUHBIME ONTHYECKHMH XapaKTe-
PHCTHKaMH HMEIOTCS H 3a pYGeoM.

Puc. VI, 3. OnTHyeckHe cXembl TeneoGbekTHBa «lene-
roup» (a) u o6vextuna «dorou» (6)

Bo MHorux crpanax Beflytcss paGoThl [0 COBEPIIEHCTBOBAHHIO HX ONTH-
4eCKHX KayecTB M (DOpPCHPOBAHHIO MOBbILIEHHBIX ONTHYECKHX XapaKTepHC-
THK — paclllipeHHIO N0AS 3peHusl H MoBbIleHHo cBeTocuAbl. Hanpumep,
Ha BRICTaBKe <«ABHalls ¥ KocMoc» B [Tapuike B 1965 rofly ieMoHCTpHpOBa-
JHch 06bexTuBsl pupMbl S. F. O. M. ¢ pokycHbiM paccTosiuneM 150 #am, or-
HOCHTeJIbHBIM oTBepcTHeM | : 5,6 u moneM 3penus okono 90° ans ¢opmara
cHuMKa 17 X 24 cu u cBeTocuabHbiil 06bekTuB f° = 360 mm, 1:2 ans
CHHMKa 24 X 24 cu, 9TO COOTBETCTBYeT yray moas 3penus 50°. .

Hns dpopmara aspocHumka 30 X 30 cm, pa3MelnaeMoro Ha CTaHAapTHOH
asponieHke WHPHHOI 32 cx, MOTYT GHITh HCMONL30BAHbl OOBEKTHBEI, HEKO-
TOpble CBeJleHHsI 0 KOTOpbIX npuBefensl B Taba. VI,5.

Ta6aunua VI,5
O6GbexTHBH Aan dopmaTa cHHMKa 30X 30 cm

OnTHYecKHe XapaKkTepHCTHKH Hapa. p—
cxemnl
HaumenobpaHHe O05beKTHBA
' un x 2w, ° $', mm | YHCJIO KOMMO-
HEHTOBR H JIHH3
«OpHoH 1a» 200 1:6,3 92 151 4/4
«Hunycrap-52» 500 1:5 46 400 3/4
«ApKTHK-A» 500 1:5 46 425 4/6
«Ypau-24» 500 1:3 46 270 5/7
«Tenemap-2» 750 1:6,3 30 310 4/4
«Ypan-16» 750 1:3,5 30 480 5/7
« Tenremap-Tm» 1000 1:7 24 410 4/4
«Pagon-1»* 500 1:5 46 360 4/6
«Jleuunrpan-8»* 750 1:6,3 30 310 4/4
«T-¥Ypan-1»* 750 1:3,5 30 480 5/7
«Jlenunrpas-7»* 1000 1:7 24 420 4/4
«Mapc-6»* 1000 1:4 24 650 6/6
«Teneroup-11»* 1200 1:8 20 470 " 4/6
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B nepso#i nmoJioBuHe TabyMlb! MoMemeHbl 06beKTHBE, KOPPHTHPOBAH-
Hbi€ B OTHOIlEHHH MOHOXPOMAaTHYECKHX H XpoMaTHuecKuX abeppauuit. O6b-
€KTHBBI, [IOMeYeHHble 3Be3/I0UKOil, KOPpHIHPOBaHbl TaK¥Ke ¥ B OTHOILEHHH
TepMoonTHYeCKHX abeppauwmii (cM. raasy 11, §,6), 1. e. HepaccTpanBatowLHe-
¢s NpH u3Menenuu Temneparypsl. O6bekTus «Teseroup-11» Koppuruposau
C Y4YeTOM BJIMSIHHS M3MEHEeHMs TeMIlepaTyphl H aTMoc(epHOro AaBJEHHS.
3amMeTHM, UTO ONTHUECKHE CXeMul OOBEKTHBOB He MNoTpefoBalu YC/NOXHe-
HHA: HX TeMnepaTypHasi HepacCTpaMBaeMOCTh Gblia JAOCTHTHYTA YkKe B
CTalMH ONTHYECKHX pacyeTOB pallHOHAJbHBIM BbIGOPOM TEpPMOONTHYECKOH
KOHCTAHTHI, NPHMEHEHHBIX ONTH-
geCKHX CTeKoJ] — mapametpaV:

=3 L——-a*.
n—1

Bmecto 0ObIYHOTG YeThipex-
Jinn3oBoro obwvekTHBa «HHAyc-
Tap-52» u ontHyeckn Gosee co-
BepILeHHOro IIeCTHJIKH30BOrO
obbekTnBa «ApKTHK-A» (puc. VI,
4,a) paspaboTaH TaKiKe LIECTHIHH-
30BbIfi, HO HePacCTPaHBAIOLIHHACS
obvextue «Papon-1» (puc. VI,
4, 6).

Co3paH HepacCTpaHBalOLHHCS Puc. VI, 4. OnTudeckue cxeMi 0GDbEKTHBOB:
CBETOCHJIbHBIY OOBEKTHB «T-YpaH- S ypmr i A o ey A ot
I», uMeloluii onTHYeCKHe Xapak-

TEpHCTHKH, aHaJOTHUYHBlE Xapak-
TepHCTHKaM 00beKTHBa «YpaH-16», u ontuueckyio cxeMmy, BecbMa OJH3-
Kyl0 K cXxeMaM oOBeKTHBOB THIIa «Ypan» (puc. VI, 4, g).

Ha Gase onThyecKoi CxeMbl IByXKOMIIOHEHTHBIX TeleoGbeKTHBoB «Te-
JieMap» Co3/laHbI CepHiHbIE HePaccTpanBaomuecs o0beKTHBbI «/leHHHTpajly,
HMelOll He aHaJIOTHYHYIO ONTHYECKYIO CXeMY, HO CYILeCTBEHHO OTIHYH bie Ofl-
THYeckHe cTeknaa (puc. V1,4, o).

B pesyiibTaTe 06beKTHB «JleHnHrpan-7» paspeliaeT B LeHTPe TIONS KaK
npu temneparype 20°C, Tak u npu = —56°C (TemnepaTypa HHKHHX
cJloeB cTparocdepsi) — okono 42 um™l; y o6bekTuBa «Tenemap-7» npu
TeX e TeMIepaTyPHbIX KoneGaHusX paspellieHue NMajaeT COOTBETCTBEHHO
ot 40 1o 8 uu™*, TaK KaK y nepporo o0beKTHBA TepMOONTHUECKas abeppa-
IHs KOPPUTHPOBAHa, a Y o0beKTHBa «TeneMap-7» NPH YKa3aHHOM HHTEpPBa-
Jie W3MEeHeHHsl TeMnepaTyp sTa aGeppauus gocturaet 1,4 mm.

B rnape IV (§ 6) Gbu1n paccMOTpeHB! NPUHLMML POEKTHPOBAHHA aHAC-
THTMaTHYECKHX OPTOCKOMHYECKHX TeseCHCTEM. IDTH YCJOBHS TPHBENH K
¢pyuxuHoHa bHOH 3aBucHMOCTH (IV, 64) oCHOBHBIX aGeppallMOHHBIX napa-
MeTPOB KOMMOHEHTOB TeJIeOObEeKTHBA OT ONTHYECKOfi CHJbI @y €ro MepBoro
komnonenTa. Tam xe Grlna ycraHoB/eHa 06/1acThb PAalHOHABbHBIX 3HAUeHH
napameTpa @,, onpefensaeMas HepasenctsoM (IV, 69°). 3ra nokannsosan-
Had 06J1acTb siBAseTCA GM3KOI K ONTHMAJBHOM He TOJBKO C TOUKH 3PeHHS
NapakcuajibHO# ONTHKH, HO ¥ TEOPHH MOHOXPOMAaTHYeCKHX abeppaimil.

| &
THIE TPy
Lmexne ,Lﬂe#urﬁp?z”
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Hannimewm Boipaxenus KoaddHIEeHTa XpOMATHYECKHX H TePMOONTHYEC-
Kux abeppauuii npy oOblYHO NpHMenseMoi y Hac HopMuposke (11, 22) koop-
AMHAT MapaKCHaJbHBIX BCIIOMOraTeNbHBIX Jyder H mpu g, = 0 (puc.
VI, 5):

— o\
S, =9C—d=tc. @
» P1
; G
naxp 1 _1“ ' (6)
(1 — g)? (V1,10)
T, = At[v VysemmBl, +v*]. ()
1
{
T" = - 1 A (Vl+ '\’*). (I')
=%
e % OTH BLHIPaXEHHSi COBMECTHO C
‘ (IV,64) nosBossloT yxe B Haya/ibHON
&g = + CTajlMH NPOEKTHPOBAHHS TEJECHCTEMHI,

= B 4YaCTHOCTH Ha OCHOBe BhIGOpa 3Ha-

d YeHHs @y, ONpelesiTh OCHOBHbIE Mapa-

A metpu: P, W, C u V —KOMNOHEHTOB,
7 NocKosbKy Kosdduunentsl abeppauui S

Prc. VI, 5. K npoexrsposanmo asyx- H 1 OOBIYHO HMEIOT 3HaueHus, OJH3KHe K

KOMICHEHTHOTO TeAeolbeKTHBA HYJIO, H WX BeJIMYMHbl YTOYHSIOTCH
JIHIIB B INOCTeAYIOIel CTafHu pacuera.
Takum o6pasoM, mNONOKHB Sixp=0, Six=0, Ti1=0 u Ty = 0,
MONYYHM;
Ci=0; .C’——_O; V‘= —T*; V’= ——?l I T*- (VI,]I)
L

[peanonaraercs, 4To TepMOONTHYeCKHe abeppallH¥ HCNPaBAAIOTCH
I KaKoH-TO OMpe/lle/IeHHOR Be/MHYIHHBl aTMOCHEpPHOro AaBJIEHHA, COOT-
BETCTBYIOIEl'0 HeKOTOpoi GapoMeTpHIeCKoi BhiCoTe (HanGosiee BepOATHOM
NPH a3poChEMKe); KpoMe TOro, NpeAnonaraercs, YTo TeMnepaTypHoe H3Me-
HEHHe JIHHeAHBIX pa3MepoB MeXaHWYeCKOro YCTPOHCTBa, CBS3HIBAIOILEr0
00BEKTHB C NJIOCKOCTHIO NMPHEMHHKa M3o0paxenuii (Hanpumep, ¢oTorpa-
(HYECKHM CJIoeM), KOMNEHCHPYeT H3MeHeHHe PacCTOSHHA*® OT MocjefHel
npenoMisiomefi MOBEPXHOCTH o0beKTHBA A0 MJOCKOCTH NPHEMHHMKa H30-
Opa)keHHil NPH MOBLILEHHH HJH MOHIKEHHH TemneparypH, T. e.Aa = 0
B dopmyne (11, 320).

PemleHne 3aflauyd CyLieCTBEHHO YNPOIlaeTCs, €CJAHM NPHHATL yClOBHe

HCMpaBJieHHs TOJLKO TepMOONTHYeCKOi abeppaunu nosoxenus 71 = 0;
B 5ToM cayyae u3 (VI, 10, ) nomyuum:
V, = 1 ((1 —?‘))’V,. (V1L,12)
F1 31

* C yueToMm H3MeHeHHS NJIHHBH KOpnyca o6beKTHBa Ha YUacTKe OT OnopHOR naoc-
KOCTH J10 ONpaBH nochefuefdl AHH3H.
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Tak kak uyHC/NeHHble 3HayeHHs napameTpoB V M Kospduuuentop y*
OOLIYHO SIBJIIOTCS BeJIHUHHAMHE OAWHAKOBOTO NOPSIKa, a MHOJKHTEb (lq,i)2
1

COCTaBJSIET JOJH (-El—; —-gl;) eAHHHMIBI, TO, OYeBHAHO, MapaMeTp V BToporo

KOMIIOHEHTa TeJIECHCTEMbl MOXET NpaKTHYeCKH HMeTb Juobble 3HaYeHHs.
HubiMn cnoBamu, BHIGOp MapOK CTeKOs HJISi JIHHS BTOPOro KOMIOHEHTa
MOXeT ObITb NPOH3BE/leH B CPaBHHTEJNbHO IIHPOKHX MpejliesiaX, HO BeChbMa
OTBeTCTBEHEeH BLIGOP CTeKOJ JIHH3 NIePBOrO KOMIOHEHTa, OnpeAesIsiounHX
SHaveHHe nmapameTpa Vy B cooTBeTcTBHH C ycaoBreM (VI, 12),

B raage 11, § 6 Gbin H3n0XKeH MeTop onpefesieHHs KOMOMHAUMEA ONTH-
YecKHX CTeKOJ, HMeloIUX Heo6X0ANMEIe KOHCTAHTH 1, vH V, obecneunBa-
I0LIHe BO3MOXHOCTb IOJIyYeHHS OCHOBHBLIX aGeppalHOHHBIX NapaMeTpoB
P, W, C n V y nByXIMH30BOr0 HeCKJIeeHHOTO KoMnoHeHTa. Kak H3pecTHO
[16], y Tonkoro ABYX/IHH30BOTO KOMIOHEHTa MOHOXPOMAaTHYECKHE apaMeT-
pot P u W onpeznensior pyukuuio Py:

rie Wy = 0,1 — pas KomGuHauwmii «kpoH Bnepefmw» u Wy, = 0,2 — maa
KoMOGHHauu# «pauHT Boepeaus.

Jlns pasnuuHLIX BO3MOXKHBIX KOMOHHALMI Nap CTeKOJ HaMH COCTaBlle-
Hbl Tab/HIbI, B KOTOPLIX apryMeHTOM CJYKHT napametp C, npHHHMAIOWH it
psa sHavennii: +0,0025; 0; —0,0025 n—0,0050. CooTBeTCTBEHHO STHM 3Ha-
vennsiM us (I, 350) onpenenenst Benmunnn V, a Py — Mo MeToAmKe
I'. Cmocapesa [16]. Ha ocHoBe 3TX Tab/HI COCTaBJIEHEl HOMOTPaMMBI, 1O
0CM KOOPJAHMHAT KOTOPHIX OTJIOXKeHB! 3HaueHHs V u Py, nospoJsioHe Mo
3aflaHHBIM MapaMmeTpaM P,, C ¥ V onpeflensTh Napy CTeKoJ KPOH — (JIMHT,
HMEImKUX 3afaHHble 3HaueHHsT STHX mapaMeTpoB. CooTBeTcTBYIomue
TaG/HUB H  HOMOrpaMMbl COCTaBJEHb! AJIl BCEX BO3MOMKHBIX KOMOHMHaLHii
CTeKOJI: «KPOH Brepeju» ¥ «pJHHT Bnepelu». ,

OnrHuecKHe CTeK/a OTeUeCTBEHHOTO KaTaJora MO3BOJISIIOT OCYIIECTBHTD
KoMOHMHAUMH Map CTeKOJ C LIMPOKHMH [pefie/laMH H3MeHEeHHs NapaMeTpa
V: or —17-107® no +17-107%, Takum o6pa3oM, ONHCAHHLIM SJeCh H B I'Jla-
Be 1] MeronoMm paspesenusi mepeMeHHBIX MOXHO BBHIIIOJIHATH pacueThl He-
paccTpaHBalOMMXCA TeNeoOBEKTHBOB H CJOXKHEIX MHOIOKOMIOHEHTHBIX
CHCTEM, KODPHTHPOBAHHBIX B OTHOIIEHHH MOHOXpOMaTHYeCKHX, XpOMaTH-
9eCKHX H TepMOONTHYeCKHX abeppalHil.

§ 2. OPTOCKOINHYECKHE OBBEKTHBUI
IJ1 TOINOIrPAOHUYECKON ASPOCHEMKH

O6vekTHBEI ANs TOmorpadH4ecKoi ChEMKH JAOIKHBI 06/1aliaTh Npexae
BCero CBOHCTBOM OPTOCKONHMYHOCTH. 3a MOCJeJHHEe TOAbl BbINOJHEHbI
Gosbiuve paboTel, B pe3yjbTaTe KOTOPHIX OPTOCKONHYHOCTH OO0BEKTHBOB
CYILECTBEHHO MOBbICHJAch. EcJu HECKONBKO JIeT Hasal 00BeKTHBHL 06Jia-
JaJiH JHCTOpCHel, BhipaXatomencs COTBIMH JI0/ISIMH MHJIIAMETDA, TO B HaH-
JY4LIHX COBPeMeHHbIX 00pa3uax BeJHYHHA AHCTOPCHH HCUHCIAETCS MHKpPO-
MeTpaMH H, BO BCSIKOM cJlyyae, He BHIXOAHT 3a NpeJieJibl COTOH J0MH MUJLIH-
MeTpa.
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Onnako coxpaHeHHe STOTO KauyecTBa Yy OGBEKTHBOB MPOMBIILIEHHbIX
BHINYCKOB TPeOyeT BLICOKOH TEXHOJOTHYeCKOH KYJ/bTYpPbl MPOH3BOACTBA H
HHAHBUAYaJIbHOH KOMIJIEKTaUMH ONTHKH 00beKTHBa, ero cOOpKH C yye-
TOM MOTPEelIHOCTEH MSTOTOBJEHHS JIHH3, B YaCTHOCTH HX TOJIIHH H
nocjefyowen ero HOBOAKH, T. €. TMOJY4YeHHS 3aJlaHHOTO pacyeToM
pacnpejieleHHst AHCTOPCHH MO MOJIO B pe3yJ/ibTaTe COOTBETCTBYIOLIHX H3-
MeHeHHI PacCTOSHHH MeXAY JIHH3aMH (BO3AYLUHBIX MPOMEXYTKOB).

BbICOKHE OPTOCKONHYECKHEe KaueCTBa 06beKTHBa HeOTAeTHMO CBA3aHbI C
001 HM KayeCTBOM €ro ONTHYECKOro H300paXKeHHs: XOTs AHCTOPCHS B reo-
MeTpO-ONTHYECKOM NOHHMAaHHH eCTh abeppailus JHIIb TJIaBHOTO Jy4a, HO
ecsii u3o6paxkeHHe TOYKH BCJIeICTBHE HAMMYAS APYrUX abeppauuii (B 4acT-
HOCTH, KOMbI ¥ aCTHI'MaTH3Ma) OKa3bIBaeTCs HECOBEPILEHHbIM, TO, O4EBHIHO,
KOppeKUHsa AHCTOPCHH T[JIaBHOrO Jy4Ya HH B
KaKoH Mepe He ofecrednBaeT HCIPaBJEHHsA
peanbHON AMCTOPCHH, oONpejessieMoOi MoJ0-
XeHHeM 3HepreTHYeCKOro MaKCHMyMa B pac-
npefleleHHH OCBEIIEHHOCTH B H300paXKeHHH
TOYKH.

MubiMp cioBamu, K TomorpaHyecKuM
00beKTHBAM BLICOKHX METPOJIOTHYECKHX Ka-
YecTB MPH HX pa3paboTKe AOMKHO MpelbsB-
NAThCA TpeGoBaHHe NOCTHXKEHHS BBICOKOrO
KayecTBa ONTHYECKOro H300paXkeHHs M COXpa-
HeHHs 3TOrO KayecTBa B Npouecce HX MPOMHI-
LIJIEHHOr O TMPOH3BOACTBA.

Pue, VI, 6. U - =
oAl i st [NoBbllleHHe TpeGoOBaHHS K ONTHYECKHM
KOYTONbHBIX  0GTeKTHBOB KaJyecTBaM COBPeMeHHLIX ToOTorpadpH4YecKHX

00BeKTHBOB BHIShIB2eT He0OGXOAHMOCTL NpHMe-
HEHHS CJIOXKHBIX AeBATH-OAHHHANLATHINHIOBLIX ONTHYECKHX CXeM, MO3BO-
JISIOLIMX JIydiie KOppHrupoBaTh abeppalluu Jydeii INHPOKHX HaKJIOHHBIX
NYYKOB H MPHTOM He TOJNbKO B MEPHAHOHAJbHOM, HO H B CaTHTTAJIbHOM Ce-
YeHHH, 9TO IPHBOAHT K MOBbILIEHHIO KOHTpacTa H300paxeHHA.

Ha puc. VI, 6 npusenensl rpaduxu Bennuus KosbuuueHTOB nepesauu
KouTpacta T(N') B LieHTpe NoJisi OTeYeCTBEHHBIX 06beKTHBOB «OpTOroH-4»,
«Pyccap-29, , «Pyccap-44» u uHocTpanHbix 00pasuos «Asuoron» (Illeeiina-
pus) u «[Lneorou» (®PI'). Kak Bupum, o6beKkTHBL THNA «Pyccap» yxe npu
ManbiX yactoTaX (20 mm™) HMeloT BesHUHHBI KO3P(HUHEHTOB Nepenayud
KOHTpacTa B IBa Pa3a MeHbllHe, YeM y 06beKTHBOB «ABHOTOH» H «OpTOron»,
a npu 4acrorax 40 mx ™! 3TH BeMUHHBI Y OGBEKTHBOB «Pyccap» OKasblBaloT-
Csl B TPH pa3a MeHbIIHMH. IT0 00bsICHAETCS HaNH9IHeM GOJIbLINX H HEeYCTpa-
HHUMBIX abeppauui JydyeH WHPOKHX HAKJOHHBIX MYYKOB Y O0beKTHBOB
«Pyccap».

Ha puc. VI, 7 npeacrassiens rpaduky cpaBHenus abeppalliii o6beKTHBa
«Oproron-4» (f' = 75 mm; 1:6,8; 2w = 119°) u obvexkTHBa «Pyccap-
29 (f' = TOmm; 1 : 6,8; 2w = 122°). AGeppaunn npuBeAeHHI AJd Jydei
ITHPOKHX MePHAHOHANbHBIX H CAaTHTTaIbHBIX MyuKoB. KaK BuauM, pasmepsl
abeppaluHOHHBIX GUrYp paccesiHusi Jydedi — CYIIECTBEHHO pa3jiHYHble
HayMHasi yXe C LleHTpa NoJA; OTCIOAa — pa3nuyue B Besmuunax T(N'),
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KaK 570 Oblo noscuexo B ryape 111 npubavxeHHBIMH KPHBBIMH Ha pHC.

III, 11.
Sucnepumeu'rbl MOATBEPKAAIOT STH NPOTHO3bI.
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Puc. VI, 7.Tpadnkn aGeppauufl o6pextnsa «Oproroun-4» (cnaomnsie
KpuBnle) H o6GbexkTHBa <Pyccap-29» (nyHKTHPHbIE KpPHBhle)
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Ha puc. VI, 8 npuBeieHBI YaCTOTHO-KOHTPACTHbIE XapPaKTEPHCTHKH STHX
e o0beKTHBOB; KaK BHAHM, BeJJHYHHBI KOHTPACTOB H300paxKeHHA MO MO-

o y obbekTHBa «Pyccap-29 Tak-
JKe OKa3bIBalOTCA B JiBa-TPH pasa
MeHbIUUMH, YeM y «OpToroHa-4».
BmecTe ¢ TeM yjaeTcsi COXpaHMTb
TIOBRILIEHHYIO PaBHOMEPHOCTh OC-
BellleHHOCTH H300paxenus: y obo-
HX 0OBbEeKTHBOB OCBELIeHHOCThL MO

r
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Puc. VI, 8. YacToTHo-KOHTpacTHbe XapakTe- < —
PHCTHKH 0O6%bekTHBOB «Oproron-4» u «Pyc- Pyced _23“
cap-29» A CATHTTaNAbHOTO  (MYHKTHDHbIe L phyecapned
KpHBBlE) H MEpHAHOHanbHOro (cmAoWHBIE 20 4 N
KpHBbie) cedeHHR B TOYKax moxs: @ — 0n a
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noaio yGeIBaeT MPONOPIHOHANBHO TPEThel CTeNeHH KOCHHYCa yraa MoJs
BPeHHA. -

ITpoBoas oLeHKY ONTHYECKHX Ka4yeCTB COBPEMEHHBIX OpPTOCKOMHYECKHX
00beKTHBOB N0 KPHTEPHIO pa3pelliaioiefi CHJIBI, YKaXKeM, UTO OHa COCTaB-
JsieT y HauaydliuX HHOCTPaHHEIX H OTeYecTBeHHBIX o6pasloB OKOJIO
50 mm ™' B LeHTpe mona co cHHKeHHeM Ao 30—20 xu~' mo nomo u 1o
15 mmu™! 653K Kpas mons. ONTHYECKHe XapaKTepHCTHKH STHX OGBEKTH-
BOB CJIeZylollHe: NIPH NOJNSX 3peHHs, H3MeHsomwuxcsa ot 60 xo 120° orno-
(iuT%ﬂgume OTBEPCTHsI COOTBETCTBEHHO CHMXKawoTes or 1 :4 mo 1:5,6—

B ta6n. VI, 6 npuBeaeHsl ONTHYECKHE XapaKTePHCTHKH HEKOTOPHIX
HHOCTPAHHBIX OPTOCKONMMYECKHX OOBEKTHBOB; TaM e YKa3aHbl BeIHYHHB
AHCTOPCHH 00bEKTHBOB (MO JIHTEPaTyPHHIM CBEACHHAM).

0 0 30 W
a 1]

Puc. V1, 9. YacToTHO-KOHTpACTHbE XAPAKTEPHCTHKH OOBeK-
THBa «Jlameron» (IOP) ana pasuwX YrJIOB OO SPEeHHA NMPH
OTHOCHTENIbHWX OTBEPCTHAX: @ — 1:4,5; 6 — 1:56

O6nextuBe «ABnoron» M «Cynep-ABHOron», paspaGoTaHHEE I-POM
J1. Beprene, 6b1u oTMedeHbl CTOKTOBMCKHM (OTOrpaMMETPHYECKHM KOH-
rpeccoM Kak 6oJblloe JocTHXeHHe B 06J1acTH 06beKTHBOCTPOEHHSA,; H Aefi-
CTBHTEJIbHO, 9TH 00beKTHBLI IPH AOCTAaTOYHO BBICOKOM KadecTBe H300paxe-
HHs obnapatoT AncTopcreii okono 0,01 #m. PeknamupoBaics B cBoe BpeMst
o6bektuB «Tonap», paspaGoranHbifi A-poM Puxtepom u Koxom (pupma
«leficc—Asporonorpa») , o6nafalomui, N0 JHTEPATYPHLIM CBEIEHHSIM,
auctopcuelt B 0,005 ux. Ha ynomsauyTo#t Bhile BrcTaBKe «ABHaUMs U
kocmoc» (IMapux, 19651.) pupmoii S.F.O. M. no rpynne MHPOKOYroib-
HbIX OOBEKTHBOB 9SKCNOHHpoOBaJCcA obpasell ¢ (POKYCHHIM pacCTOSIHHEM
166 mm, oTHOcHTenbHBIM oTBepcTHeM 1 : 5,6 M monem 3penHs okoso 90°
ans popmara cuuMKa 24 X 24 cu. Murepec npeacrapasiet paspaboTka He-
menkux ontukos (I'IP, Hena), cospaBunx B 1967 roay obbektus «Jla-
meron» (f' = 150 mu; 1 : 4,5; 2w = 92°). Ha puc. VI, 9 npusenens ero
4aCTOTHO-KOHTPACTHbIE XapaKTePHCTHKH NMpPH NMOJHOM OTHOCHTENbHOM OT-
BepcTuH 1 : 4,5 u npu orBepcruu 1 : 5,6. Kak BuauM, AnadpparMmuposanue
00beKTHBA JIHIIbL He3HauuTesabHO mosbitiaeT ero YKX B uentpe mons u
BOJIH3H HETO H COBEPIIEHHO He BJIHsIET Ha KaueCTBO ONTHYECKOro u3obpaxe-
HUSA NPH GONBIIHX Yriax MOJs 3PeHHs.
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Ha puc. VI, 10 npuBenens onTHyeckue cxeMel o6beKTHBOB «['eorow- 19,
«ABnotap», «[lunarap», «ABuaron», «Tonap» u «/lameron». OGbekTus
«['eoron-11» nMeer ontHueckylo cxemy, npeACTaBiaeHHYlO Ha puc. IV, 13, u,
B OTJIHYHE OT OCTa/bHhIX 00BEeKTHBOB, KOPPHIHPOBAH C MPHIKHMHON MJloc-
KOMapaJilefibHOH CTeKJsIHHOH NJAacTHHKOH, ycTaHoB/eHHOH B (oKaibHOH
NJ0CKOCTH 00beKTHBa JJ1s BHIpaBHUBaHHsA asponsienku. Hanwume Takoro
CTeK/1a TMO3BOJSET XOPOLIO BHIPABHHBATh a9POMJIEHKY, 4TO OCOGEHHO Heob-
XOJHMO B BBICOKOOPTOCKONHYECKHX 00beKTHBAX; BMECTE C TeM 3TO MO3BOJIs-

Puc. VI, 10, Ontugeckne cxembl Tonorpaduieckux oGbeKTHBOB: a — «[eoron-1»;
6 — «ABHoTap»; & — «[THHaTap»; 2 — «ABHarom»; 0 -— «Tonap»; e— «Jla-
MeroH»

€T BECTH a39pOChEMKY C JiI0OLIX BEICOT, B 4aCTHOCTH TaKHX, KOrjla BHIPaBHH-
BaHHe a3PONJIeHKH BaKyYMHOH CHCTeMOH CTAHOBHTCH HeHaJeXKHLIM BCJeJ-
CTBHe MaJloro aTMoctepHoro JlaBJienHs. PaspaGoranHble HaMH 3a mnocnef-
HHE TOJbl OTeYeCTBeHHblE BHICOKOOPTOCKONHYeCKHe 00beKTHBbI «OpTOron»
KOPPHTHDOBAHEI COBMECTHO CO CTEKJSHHLIMH MJIACTHHAMH, BbIpaBHHBAIO-
IHMH aspomieHKy. B sTom ciydae KoppeKiusi AHCTOPCHH B ipefiesiaX He-
CKOJIbKHX MHKpoMeTpoB (u He Gosee 0,01 xa) siBasieTca sanayei HCKIIOYH-
TeJIbHO TPYAHOH, OCoGeHHO ecNH moisA 3peHHs OOBEKTHBOB MpeBhl-
wator 100°.

Kak yxe 6b10 yKa3aHo, JOCTHXKEHHE CTOJIb MaJiofi AMCTOPCHH Y 06bek-
THBOB TeXHOJIOTHYECKH BeCbMa CJI0}KHO, TpebyeT HHAMBHAY a/lbHOH KOMILIEK-
TallHH, IOBOJIKH H IOCTHPOBKH K2 loro o6pa3iia, a TaKKe COOTBETCTBY[OLIEekH
KOHTPOJIbHO-H3MepHTe/IbHOH annapartypsl. B tabn. VI,7 npuseliens HeKo-
TOpble XapaKTepPHCTHKH OTedeCTBEHHbIX 06beKTHBOB THma «Opmon», «Op-
Toron» 1 MPO, pa3spaGoTanHBIX aBTOpOM H ero coTrpyAunKamu (E. T'aren-
TopH, B. Jleutunoi, H. Censuyk, M. Ilepcunoit u npyruMu). Bee sTH 06%-
eKTHBbI KOPPHTHPOBaHK € MJIOCKONApa/IebHbIMH CTeKJ/ISIHHBIMH NJIaCTHH-
KaM¥, BhIPaBHHMBAIOLIMMH asponieHKy. OJIHOBpeMeHHO HX KOHCTPYKTHBHOE
pellieHHe TMO3BOJIsIeT pa3MelnaTh B YBeJHYeHHOM BO3AYILIHOM MPOMEXYTKe
(o6BlYHO BeCbMa MaJloM B APYIHX OGbEeKTHBAX) MeXKAY NMONOBHHKaMH 00b-
eKTHBa HPUCOBYIO AuadparMy u UeHTpasbHblil 3aTBOp. B Taba. VI, 7 npu-
BeJieHbl TaKxKe 00BeKTHBE THNa «Pyccap», paspa6oranublie M. PycruHoBEIM H
€ro COTpyAHKHKaMH, H 00keKTHB «PofnHa» , paccuuTaHHbli B. Poauneim; B
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Ta6nuna VI,G6

HHocTpaHAble OpTOCKONH4ecKHe 0GbeXTHBH

: ®oxycuoe | OrnocH- Yron Dopmar Uucao
HanmesoBanne paccTos- | TelbHOe noas CHHMKa KoMnoHen-| AHCTOP-
0GbeKTHBA BRe f', oreepcrHe| spenms axb, cu TOB H appg| CHA, MM
MM e 2w,®

«l'eoron-11» (CIIA) 76 1:3,5 94 — 6/12 —_
«Anbrap» (PpaHuns) 85 1:5,6 92 —_ — 0,003
«Cynep-ABuaros» 88 1:5,6 120 . 23x23 - 0,01
(ILIsefinapus)
«Apnarons (Ilseii-{ 115 1:5,6 90 18x18 6/10 0,01
uapus)
«[lneoron» (®PT) 115 :5,6 90 18x 18 — i
«Hndparon» (Meeii-{ 115 :5,6 90 18x 18 — —
napus)
«Jlameron» (I'IP) 150 1:4,5 92 22,8x22,8 5/11 ‘| 0,006
«[lnannron» (CILA) 152 1:8 92 22,8x22,8 —_ —
«Teoros-1» (CIIA) 152 1:5,6 94 23x23 8/10
«Ilneoron» (®PT) 153 1:5,6 80 18x18 — —
<Aswotap» (Llsei-| 170 1:4 64 15x 15 4/9 —
napns) :
«Apnorap» (IlIsest-| 210 1:4 62 18x 18 4/9 0,01
LapHs)
«Tonap» (®PI) 210 1:4 62 18x18 6/8 0,005
«IMunarap» (FIP) 210 1:4 62 18x 18 6/10 —

3THX OOBEKTHBAX He/b3sl PHMEHSATH BHIPaBHHBAIOILHE a3POMJIEHKY CTeK-
JIAHHBIE MJACTHHBI.

Ha puc. 11, 31, 6 npusenena ontuueckas cxeMa o6beKTHBOB «OpTOron-
4 (f = 75mm;1:6,8) u «Oproron-5 (f' = 100 mx; 1 :6,3). Ha puc.

Ta6auwua VI,7
OTeyecTBeHHBIE OPTOCKOMHYECKHE 06 BEKTHBH

dokycHoe | Ornocu- | ¥Yron no- dopmar Uncno
HaumenopanHe paccTo 8- TeNbHOe A 3pe- cHHMKA | kommoHeH-| Muctop-
o6beKTHBA uue f', mm| orsepcrue | Hum 2w,° | a’Xb’, cum TOB CHH, MM
e H JHH3
«OpHon-20» 200 1:6,3 65 18x18 4/6 0,04
«Opuou-26» 200 1:5,6 65 1818 4/6 0,005
«OpTOron-7» 140 1:5,6 85 18x%18 7/8 0,003
«Optoron-10» 140 1:5 85 18x18 | 6/8 0,007
«Pyccap-43» 140 1:6,8 85 1818 5/9 —
MPO-2 100 1:8 102 1818 4/6 0,04
«Oprorou-5» 100 1:6,3 102 18x 18 4/11 0,003
«Pyccap-496» 100 1:6,8 102 18x18 — —
«Oproron-4» 75 1:6,8 119 18x 18 7/11 0,01
MPO-1 70 1:6,8 122 18x 18 5/8 0,03
«Pyccap-49» 70 1:6,8 122 1818 5/8 —
«PoinHa-26» 55 1:8,2 133 18x 18 6/9 —
«Oprorou-83 55 1:7 133 1818 6/10 0,02
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VI, 11 nononnuTeNbHO NpHBEAEHH HEKOTOPhIE CXeMbl OTeUeCTBEHHBIX 06b-
eKTHBOB. M3 conocTaB/ieHHs ONTHYECKHX XapaKTePHCTHK MHOCTPAHHBIX H
OTeyecTBEHHbIX OOBEKTHBOB BH/IHM, UTO 3apyGeXKHEIE ONTHKH CO3JAIOT CHC-
TEMHI C NOJISIMH 3peHHs, He npeBblatlomumMu 90—94°; uckmodenweM sBag-
etcst o6bekTHB «Cynep-ABnaron», nojie speHusi KOToporo jgocturaer 120°,
YiKe NpH TaKHX NOJAX 3peHHs OCBEIEHHOCTh H300paXKeHHs Ha Kpalo MoJs
HeJIoNyCTHMO CHHXKaeTCsl. DTOT Cnaji OCBEIleHHOCTH OKAashIBAaeTCs HexeJsla-

Puc. VI, 11. OnTHueckne CXeMBl OTeYeCTBEHHHIX OGBLEKTHBOB! @ — <OpHOH-20»}
~— «OpTOron-10»; 8 ~—~ «Pyccap-29»; 2 — «Poauna-26»

TeJbHO OoOJLIIMM JaXe B TeX KOHCTPYKUHAX 00BeKTHBOB, B KOTOPBIX JOC-
THI'HYTO CHHXKeHHe OCBElIeHHOCTH H300paX<eHHs NMPONOPIUHOHANBHO Tpe-
TheH CTeneHH KOCHHYCa YrIJia MoJis 3peHHs. YKe NMpH yIJjax nojs 3pe-
HHs1 120° 1 y6bIBaHHH OCBEIEHHOCTH H300paXkeHns Mo 3aKoHY cos’w ocBe-
IeHHOCTb Ha Kpalo cocTaBaset 0,125 or ocBelmeHHOCTH B LleHTPe MOJIS; OHa
KaTacTpoHYecKH NajaeT MPH JajibHeHIlleM BO3pacTaHHH MOJS 3PEHHS
o6beKkTHBa. BMecTe ¢ TeM OTMETHM, YTO B H3BECTHBIX JIYYIIHX 3apyGeKHbIX
o0beKTHBaX He YJaloch NOHH3HTh MOKasaTesb CTeneHH !y KOCHHYca
MeHbllle BeJHYHMHBI 3—2,7.

Janbhefiiee pacuiipenne nonas 3peHus cucreM 1o 130—140° TpeGyer
AOCTHXeHHs ellle Gosiee paBHOMEPHOr0 pacnpefiesieHHs] OCBEIEHHOCTH H30-
6paxeHHs MO MOJIO — MNPONOPLHOHAJBHOTO BTOPOH CTeneHH KOCHHyca
yriia nojs spenus. 3toro 3(deKta moka He yAanoch AOCTHTHYTh NpH Joc-
TaTOYHO BLICOKOM KayecTBe ONTHYeCKoro u3obpakenus: abeppalluu Jsydeii
IIHPOKHX HAKJIOHHBIX MYYKOB OKa3bIBAlOTCH HENONYCTHMO GONBIIAMH IJiaB-
HbIM 06pa3oM B MepHAHOHAIbHOM ceyeHHH. Cnaj ocBellleHHOCTH u3obpaxe-
HH3 10 NOJTIO eltle B Gobliel CTeleHH YCKOPAeTCs NP NpHMEHEeHHH BLIpaB-
HHBAIOLIMX a3PONJIeHKY CTeKJSHHBIX NJacTHH.
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Bcee sTu paKTOpH YKa3HBAIOT HA TO, YTO PACIIHPATH TMOJIe 3PeHHUsT BBICO-
KOOPTOCKONHYECKHX O0BEKTHBOB CJie1yeT C 60/bLIOH OCMOTP HTEeIBHOCTbI0 —
He B yuiep6 KaueCTBY ONTHYECKOrO H306paXKkeHHs.

Haunyunmne oredecTBeHHble oObekTHBbI THma «OpTorom» (cM. Tab..
VI, 7) obaanaloT B npefenax novei speHus okoyo 120° pacnpenenennem
OCBELIeHHOCTH H300paXeHHs NPONOPLHOHA/IbHEIM TPEeThell CTeNeHH KOCH-
HYCa yrJja nojisi 3peHHs ¢ Y4eTOM BJIHAHHS MPHXKHUMHOHN MJACTHHEL,

[NpuBeneunsiit B Taba. VI, 7 o6bekTHB «OpTOron-8» paccuntan A5 noas
spenus 133°; oH comepXHT achepHUeCKYIO MOBEPXHOCTh CJAOKHOIO NpodH-
Jisl, H3rOTOBHTb KOTOPYIO ¢ TpeOyeMoi TOYHOCTBIO He YJAAeTCsl; K ero onu-
caHHiO BepHeMcs B I'aaee [X (§ 2).

§ 3. OBBEKTHBbLI OJ1 PEITPOOY KLIUH,
MHKPO®HJ/IbMHPOBAHHA H MUKPO3JIEKTPOHHUKH

Penpoaykunonnsle 06beKTHBB AaloT H3o0paxKeHHe IJIOCKMX npejaMe-
TOB (DHCYHKOB, KapT, yepTexei, QOTOCHHMKOB, TeKCTa H T. I.), pacnoJo-
XeHHBIX Ha KOHEYHOM PacCTOSHHH.

INoa penpoayKuHOHHEIMH O0bEeKTHBAMH, CTPOTO FOBOPSI, TOHMMAIOT 06b-
€KTHBBl KaMep (ororpadHdeckoil penpoAyKUHH pasJHYHBEIX OPHTHHAJOB:
IITPUXOBBIX (OIHOKPACOUHBIX KapT, CXeM, 4epTexell TYILIbIO, PHCYHKOB Me-
POM H p. IUTPHXOB Ha (oHe — Ge/IOM HJM HHOIO IBETa), NOJYTOHOBLIX
(doronnanos, hoTocxeM u T. II., HMEIOIHX HE TOJALKO YEPHRBINA U GeJbll, HO
H NPOMEXYTOYHBIE Cephle TOHA), MHOMOKPACOYHBIX IUTPHXOBLIX H MOJYTOHO-
BbIX (IIBETHBIX KapT), NPO3pauHbIX (ANaNO3SHTHBOB, PHCYHKOB Ha npo3pad-
HOH MOoAJIOXKKe, (oTorpadHpyeMuIX B MPOXOASAIIEM CBeTe).

B yc/ioBHOM CMBIC/Ie MBI BK/IIOYaeM B TPYNNY penpoAyKIHOHHBIX TaKxkKe
Bce oTorpaduyeckne OGbEKTHBbI, PaCCUHTAHHbIE JJISi CHEMOK PH KOHEeY-
HBIX pacCTOSHHAX mpeAMeToB. K HHM OTHOCATCH OGBEKTHBBHI AJISI MHKpPO-
($uIbMHpPOBaHHA (AN151 PENnpoONYLHPOBAHHSA YepTexel, TEKCTOB KHHT H KYp-
HaJIOB Ha KHHOIJIEHKY B CHJIbHO yMeHbIIeHHOM MacliTabe), OOBEKTHBH
ISl U3rOTOBJIEHHS MHKPOSJIEKTPOHHBIX ¢XeM (MeTOJIOM penpoAyUHPOBaHHS
COOTBETCTBYIOMIHX «MacoK AJiS HalblneHHs» ¢ POoTOHeraTHBoB ¢ GOJIbIIHM
yMeHbIlleHHeM), o6beKTHBEI QoToyBenyHTeNeH H T. M.

Pa3snuyaioT penpoAyKUHIO TOUHYIO H MaccoBywo. IIpu MaccoBoii penpo-
AYKUHH TlaBHOEe BHHMaHMe obpalllaeTcsi Ha NPOH3BOAHTENbHOCTh KaMeph;
[PV TOYHOH penpoAyKuuH ocoboe 3HayeHHe HMeeT TOYHOCTD, C KOTOPOH BoC-
IPOH3BOAHTCS OPHTHHAJ; BCe TOYHO paGoTalolne KaMephl MaJONpoOH3BO-
JAHTENbHHL.

PenpolyKuHoHHbIe KaMepbl paboTaloT NpH pasjiHYHLIX YBEJIHYEHHAX, Ha-
npuMep, Goblilke penpoAyKIHOHHBIE KaMepbl NONYCKAlOT H3MeHeHHe Mac-
mTabop u3obpamenuit B npefenax 2 : 1—1 : 5; npx HaJu4HH HaGopa 06b-
€KTHBOB Mpelle/ibl H3MEHEeHHs] MaclTaboB MOr'YT ObITh PacIlHpeHHI.

K penpoaykiuHoHHBIM 00BeKTHBaM OOBIYHO NPEAbABJAWTCS CTPOTHe
TpeOOBaHHS B OTHOLIEHWH KauecTBa M300paXkeHHsl, TAK Kak MPH penpomy-
IMPOBAHHH CTPeMATCs o6ecrneyuTh paspelrenne N’ 3/eMeHTOB H300paxe-

HHS COOTBETCTBEHHO paspeluenkio N o0beKTa H JHHeAHOMY YBeJHYeHHIo f
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o06BbeKTHBa:

N' = ?:’ V1, 13)

Iocturaetcs BbLICOKOe Ka4yeCTBO ONTHYECKOrO H306paKeHHs Npexie
BCETO B pe3yJ/IbTaTe yMeHbIUEHHS MOJsl 3peHHs OGBEKTHBA H ero CBeTOCHJIbI.
IMonnmocienHefi B NaHHOM CJy4Yae NOHHMAIOT BeJHYHHY, OMpejeiseMyio
KBaJIpaTOM 4HCJIOBOH amepTypbl 00beKTHBA B MIPOCTPAHCTBE H300paXKEeHHIl:

A" = sin®u’.
DneMenTapHbie NPeo6PasOBaHMs MPHUBOAAT K CJENylouel 3aBHCHMOCTH:
- A SN G - — (V1, 14)
2(1—f)"

rlie ¢ — OTHOIeHHe uaMeTpa BXOJAHOro 3pauka D, ., K GoKycHOMY pac-
crosinuio [ o6BeKTHBa:

_ Dex.sp
-

B pszne ciyyaeB TOYHOTO PenpoAyLHPOBAHHS 0COGEHHO BaXKHO CTpOroe
HCIpaBJieHHe AHCTOPCHH, BeJIHYHHA KOTOPOH He JOJKHA MpeBbIlaTh CO-
TBIX JoJiefi MHJJIHMETpa B NpefieslaX NoJist H306paKeHHs, a TaKxKe Xopollee
HCIpaB/JeHHe XpomaTHYeCKOH DasHOCTH yBesiHueHHs. EciH penpopyKuu-
OHHBIH 0OBeKTHB pafoTaeT MPH Ppa3IHYHEIX YBeJHYEHHSX, TO, KakK
NOoKa3hiBaeT TeOpHsl, HeOOXOZMMLIMH H  JIOCTATOYHBIMH  YCJIOBH-
AMH, 4ToOBl AHCTOPCHA OBlIa HCMpaBJeHa MPH J0O0M MOJIOKEHHH npelaMe-
Ta, SIBJSAIOTCSH:

1) paBeHcTBO HYJIO abeppauuii rlaBHLIX Jyd4ei B 3paukax y oGenx rno-
JIOBHHOK OGBEKTHBA:

Ax=0 n Ax"' =0; (V1, 15)

2) oTCTYNJIEHHSA OT 3aKOHA TAHTeHCOB Y 00eHX MNOJIOBHHOK 00beKTHBa
JO/DKHEI OLITE paBHEI MexAy cobGoi:

P § B8
tg w w
A 1. (V1, 16)
Wy o
W, Wo

rae
r wr
ARY _Bw B, , e e =,
tgw tgw W, ‘gw tg w W,

WH W@, — YIbl G ONTHYECKOH OChIO TJIABHOTO H BTOPOTO MapaKCHaJIbHOTO
Ayuyell B mMpocTpaHcTBe AWadparMbl; @ H W, — COOTBETCTBeHHbIE YIJILI B
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NPOCTPaHCTBE NPeAMETOB; @’ H W," — TO XKe B IPOCTPAHCTBe H300PaKeHHH.
YcnoBHsi CTaGHJIBHONK KOppeKLMH XpOMaTHYeCKOH PasHOCTH yBeJHYeHHH
NpH H3MEHEHHH MOJIOXKEHHsA MNpelAMeTa TaKxke CBOAATCA K HCIpaBJIEHHIO
xpomartuuecKoil abeppallii B 3pauKax AJjas oGeHX MOJIOBHHOK 00beKTHBA H
K PaBeHCTBY XPOMaTHYeCKHX Pa3HOCTell yBeJHUYeHHH JJisi TeX Ke MOJIOBH-

HOK OINTHYECKOH CHCTEMBI: _ _ B B
B, — Ba =Bu — B (V1 17)

riie Ay M A, — JLJIMHBI BOJIH, /1 KOTOPLIX aXpOMaTH30BaH OGBEKTHB.

Bemonuenne ynosuii (VI, 15) — (VI, 17) npn oaHoBpeMeHHOH KOp-
PEKLMH BceX OCTaJbHeIX abeppauuii He BCerfla BO3MOXHO, BCJIEACTBHE Yero
AHanasoH yBeJHYeHHI, IPH KOTOpbiX 0fecneynBaloTCs AOCTaTOYHO BICOKHE
ONTHYeCKHEe KauecTBa, MOAYAC OKAa3biBAETCH OrPaHHYEHHBIM.

Puc. VI, 12, OnTHueckHe CXeMbl PelNpoAYKUMOHHBbIX CHMMETDPHI-
HbiIX OGBEeKTHBOB: @ — <«Anoxpomar-Kosianwneaps»; — «Opto-
nporap»; 8 — «<Aprap»; & — «Ilaanap»; @ — M-I

3azaya CyIECTBEHHO YNPOIIAETCs IPH PenpoiyUHPOBAHHH B HATYPallb-
HYIO Be/IHuuHY (B = —I1) HaH, BO BCAKOM Ciydae, C yBeJHUEHHAMH, MaJlo
OT/IVYALIMMHCS OT eIHHHIE. B 9THX clyuasix npuMeHeHHe CHMMETPHUHBIX
ONTHUYECKHX CXeM OOBEKTHBOB aBTOMAaTHYeCKH obecleyHBaeT KOPpPeKUHIO
KOMEI, NHCTOPCHH H XpoMaTH4YecKOH pasHocTH yBennueHHH. Koppurupy-
eTCs JIHIb NOJIOBHHKA CHCTeMbl B OTHOIIEHHH cepHyecKol abeppaiuu
aCTHTMaTH3Ma, KPHBH3HBI, XPOMATHYeCKOH abeppalldi MOJIOMKEHHS H Mo
BO3MOXKHOCTH HCNpaBaseTcs chepHyeckass H XpoMmaTHuecKas abeppauuy B
3paukax. M3 KjaccHYeCKHX cXeM CHMMEeTPHYHLIX OGBEeKTHBOB, BIOJIHE MpH-
FOAHLIX AN Ueneii pefpOAYKIMH, MOTYT GhITh Ha3BaHel «AmoxpomMaT—
Konnuneap» (puc. VI, 12, a), nmelomuit oTHOCHTenbHOe oOTBepcTHe | : 7
u noae 3penus 60° u «Opronporap» (puc. VI, 12, 6) ¢ OTHOCHTEJNbHEIM
otBepctHeM 1 : 8 nnonem 3penns 60°. O6Ga o6BbeKTHBa COCTOAT H3 IBYX
TPeXJIHH30BbIX CKJ/IeeHHBEIX KOMIOHEHTOB CTPOTO CHMMETPHUYHON KOHCTPYK-
und. [Tosanee mosBH/INCH CHMMETPHUHbIE PeNPOAYKLUHOHHbIE YeTHIPEXJIHH-
30BEIe 00BeKTHBLL «ApTap» dupMel [epu (puc. VI, 12, 6) H wecTHIHH30BEE
«[Tnanape Lleficca (puc. VI, 12, 2).

Inpoxoe npumeHeHHe KaK y Hac, TaK ¥ 3a rpaHuuedl Noayuynsan npoc-
Thle HeCHMMETPHUHble pPeNpoAYKUHOHHbIE 0OGbeKTHBEI THma «HMuAycTap»
B YaCTHOCTH [MPHMEHSIOWHECS B MNOJHTrpaduyecKod NpPOMBILIEHHOCTH.
Brnepsule anist aTHX Uedeii 6b11H paspaGorannl «Teccapri» Lleficca ¢ oTHOCH-
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TenbHBIM oTBepcTHeM 1 : 9. B o6eHx oTpHUaTeNbHBIX JIMH3aX 3TOr0 0OBEK-
THBa ObIIH NpHMeHeHHl ocobble CTeKNa, TaK  HasbiBaeMble KypudJIHHTEI,
BCJIEACTBHE Yero BTOPHYHHIH creKTp 6kl yMeHbllleH Ha 15% no cpaBHeHHIO
C er0 HOpPMaJIbHbIM 3HaYeHHeM MpPH HCNOJIb30BAaHHH OOBIYHBEIX MapOK OITH-
yecKHX crekoJ. KoHeyHo, CKO/bKO-HHOYAb CYIeCTBEHHOTO W MPaKTHYECKH
OLLYTHMOTO 3HAYEHHA 3TO He HMeeT, W pa3paboTaHHble OGBEKTHBH «Aro-
Teccaprl», SKOGbI HMelolHe anoXpoMaTHYeCKHe CBOMCTBa, GLUIH Ha3BaHEI
TaK ¢ peKJaMHOH UeJblo.

Y Hac Ha NpOTSAKEeHHH MHOTHX JIeT BelycKaeTcsi HaGop GoTopenpoayK-
UHOHHEIX 00bekTHBOB «MHAycTap-11M» c OTHOCHTE/IBHEIMH OTBEpPCTHAMH
1 : 9 u pokycHeiMH paccTosiHHaME 300, 450, 600, 750, 900 n 1200 mx. Han-
Gonbluas pe3KOCTb H3006paKeHHsl MO BCeMY MOJIO AOCTHTaeTcs NpH audad-
parmax ot 1:22 no 1:32. [lpn chbemxe B macwrabe | : 1 yron noas
3peHHsi 9THX 0GBEKTHBOB cocTaBisieT okoJio 40°. [Ipn cheMKax ¢ ymeHb-
IIEHHEM MO/l Pe3KHX H306pa)KeHHH COOTBeTCTBEHHO YMeHBINAIOTCH.

B ta6n. VI, 8 npusefeHsl npHOAH3HTENbHbIE 3HAUeHHS JIHHEHHRIX Mo-
neii usobpaenuii o6bekTHBOB ¢HHAycTap-11M» pasiH4HBIX (OKYCHBIX
paccTOSIHHHA MpPH NMOJIHBIX OTBepcTuaX 1 :9; nuadparmupoBanne 06beKTH-
poB o] : 16 — 1 : 22 HecKOJIbKO paclIupsieT MOJs Pe3KHX H3oOpaKeHHi
npubausuTensHo Ha 10—20%.

Ta6asnma VI,8
Jlunednsie pasmepsl HaoGpameHHi (B M4) 06HeKTHBOB

«Hnnycrap-11M>» npH cbemke B pasHeix macuTabax
# npH nojaHom oTeepctun 1:9

Jiunefinoe mose psoGpaxieHHsn (B MM) npH CheMmKe
doKychoe 8 wmacwradax
PpaccTOSHHe
SULOKTHRE, XX 11 1:2 1:3 1:5 1110
300 500 350 300 260 240
450 700 490 420 370 330
600 900 650 550 500 400
750 1100 800 650 550 500
900 1300 950 750 650 600
1200 1700 1200 1000 850 700

B pesyJbTate noBbilleHHst TpeGoBaHH# MOJHrpadHIECKOH MPOMBILIIEH-
HOCTH, a TaK:Ke JJIs MPOBENEHHS PasJHYHBIX HaYYHO-TeXHHUECKHX penpo-
AYKUHOHHEIX PaGoT Gbl/l CO3laH HECKOJIbKO Gosiee COBePLIeHHbIH KOMILIEKT
obbektuBoB (taba. VI, 9).

Paspewaiomas cuna oGbeKTHBOB yKasaHa NMpd MOAHOH Auapparme;
Hau6oJIblasi PE3KOCThb MO MOJ0 NOCTHTaeTCs MPH OTHOCHTENbHBIX OTBepC-
tusix ot 1 : 22 no 1 : 32. Benwuunsl AHHeHHBIX mojel H306paXKeHHH NpH
chemMKaX B Pa2JHUHBIX MacluTabaX OCTalOTCA TaKMMH Xe, Kak U y «Huaycra-
pa-11M» (ta6a. V1, 8); 5Tn BeJHUMHBLI BO3PACTAlOT NPHOIH3HTEJBHO Ha Te
xe 10—20% npu AnapparMupoBaHKM OGBEKTHBOB 10 OTHOCHTEJBHBIX OT-
sepctuit 1 : 22. Ha puc. VI, 12, 0 npHBeneHa onTHYECKas cXxeMa 00BbeKTH-
Ba [IM-1; P® u O-2 umeior cooTBeTCTBeHHO cXeMbl «[1nanapa» u «Aprapa.
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Ta6muuna VI,9
Hosuie cepnfinbie penpolyKuvoHHble 06beKTHBbI

dokycHoe | Oruocm- ¥Yroa Uncao Dotorpadnueckas
HanmenoBan ne paccTos- TesIbAoe nons KOMmo- paspemalomas CHJAa
OGBEKTHBOB dne [', oTBepCcTHe s?euas HEHTOB
MM ] w. ° H JHHS B UeHTpe | Ha Kpaw
noasn nons
P®-3 300 1:10 43 4/6 35 18
Pd-4 360 1:10 43 4/6 35 17
P®-5 450 1:10 43 4/6 35 15
0-2 600 1:10 40 4/4 30 13
0-2 750 1:10 40 4/4 30 13
IM-1 900 1:15 38 4/6 25 14
TIM-1 1200 1:15 38 4/6 25 14

Crnoxuple 3alaui HAYAJIH PemiaThcsl 3a MOCJefHHEe TONLl B CBSI3H C HIH-
POKHM pacnpoCTPaHEHHEM YCTAHOBOK JJIi MHKPOGH/JIbMHPOBaHHSA (MHKpO-
¢orony 61HpoBaHHA) YepTexKel, TEKCTOB KHHT H XYpPHaJIOB, a TaKxe (oTo-
rpadupoBaHusi deprexefl M NOKYMEHTOB, BbIMOJHEHHBIX HA MPO3PayHBIX
MaTepHasiaX B MPOXOHsllleM CBeTe. TakHe PenpoOAyKUHOHHbIE YCTAHOBKH
(PYCT) naxonsart Bce 6oJiee LUIHPOKOe NPHMEHEHHe B POEKTHLIX OpraHu3a-
UHAX, KOHCTPYKTOPCKHX 6lopo, 6MbAHOTEKaX, My3edX, apXHBax H T. IL

Hanuune penpopykunonuslXx (PYCT) u yBeqHuHTeNIbHEIX YCTAHOBOK
(YY) nosBoasieT apXHBEI FPOMajlHOTO KOJIHYECTBa YepTexeld W KalieK B KO-
POTKHI1 CPOK NpeBPaTHTb B YA06HO XpaHUMBIE H S3aHHMAIOILHE OYEHb MaJio
MecTa MJIeHOYHble HEeraTHBbI-MHKPOQH/bMBE, a M3 MOCJAEAHHX MOJYy4aTh
(oTOKaNbKH N8 pasMHOXKeHHs uepTexel Tpebyembix ¢opmaros. K co-
XaJIeHHIO, aCCOPTHMEHT MOAOGHHIX YCTPOHCTB H ONMTHKA K HUM OrPaHHYEHHI.
HasoseMm mecTHinH30BHI 065eKTHB «OpHoH-18P» , paspaGoraHHblfi aBTO-
POM H ero cOTpyAHHKaMH okoao 25 net Hasal. O6BbeKTHB HMeeT OTHOCHTe/b-
Hoe oTBepctHe 1 : 6,3 1 mose 3penns 55°. s Goslee paBHOMEPHOTO paspe-
IIEHHs 10 NoJiio oH nprmeHsieTcss B PYCTax H yBe/IHUMTENLHEIX YCTAHOB-
Kax (YY) npu otHocutesibHOM otBepcTHH 1 : 11. ITpu dokycHom paccros-
HuH 100 ma OH no3BOJNSAET MHKPOPHILMHPOBATh Ha MJIEHKH IWHPHHOH 35 mm
(bopmat kappa 32 X 45,5 mm) u 70 mm (bopmar 64 X 91 mm), paspewasn
B ueHTpe 60 ##™! u no nomio 70-um nnenku 40 mumt.

O6bekTuB pabotaer ¢ ymeHbinenusmMd ot —0,3 g0 —0,078, no3sousis
tdoTorpadupoBaTh OpHrHHa/abl pa3mepamy 420 X 594 mm Ha 35-mm mieH-
Ky n 841 X 1189 mm — Ha 70-um nneHky. OnTHYecKas cXeMa oObeKTHBa
6uina mpHBeneHa Ha puc, VI, 11, a.

3a nociiefiHue rofibl B CBA3H €O CTPeMJieHHeM K JlajibHeHIeMy COKpalle-
HHIO raGapuTOB XpPaHHMBIX MHKPO(DH/IBMOB, a TaKxe BCJEACTBHE PasSBHTHA
MHKPO3/IeKTPOHHKH BCTAJIH 3aJa4H CO3JaHHs MpejesbHO BhICOKOpaspella-
IOUIHX PenpOLYKUHOHHBIX OOBEKTHBOB, MO KauecTBY H300paKkeHHs mpHO-
JIHKAOWUXCA K IHQPAKIHOHHOMY.

Paspelnaromas cHiia HAealbHOrO PenpoayKLUHOHHOIO OOBEKTHBA MOXeET
ObiTh OpefcTaBiieHa (opmyJiof:

(V) €

TR, . S—— (V1, 18)
1,222 (1—p)



rle &€ — OTHOCHTeJIbHOE OTBepcTHe OObeKTHBa; f — JMHefiHoe yBenu-
qeHHe; A — JJHHA BOJNHH €BeTa, MPHMeHseMoro s ¢ororpadHpoBaHHs.

Hanpumep, ana seneHol pTyTHol iuHuK e (A = 546,1 vt = 0,0005461
MM) MOJNYyTHM:

N ﬂfs o, V1, 19)
1 —

B ta6a. VI, 10 npuBenens BeAHUHHE paspelualolueli eHsbl HAEaJLHOTO
penpoayKuHOHHOro OGbeKTHBA NMPH Pa3JHYHBIX OTHOGHTENbHLIX OTBEPGTHS X
& U yBeJHYEHHAX f.

Ta6anuwna V1,10
Paspewaiomasn cuia alealbHoro 06bexTHBA (B MM 1)

1 1 '
-1 —-5_ _‘ﬁ "ﬁ
375 625 682 728
268 446 488 520
188 312 341 364
134 223 244 260

STH BeJIHYHHH paspeluaoulel CHAN MOPYT OEITh MOJIy9eHEl, ec/ii BOJ-
HOBLIe abeppallid OOBEKTHBA He MpeBHILAIOT —;—L. Kak usBecTHO, 5TOMY Yyu-

JIOBHIO yJIOBJIETBOPAIOT 06bEKTHBE MHKDOGKOINOB; OJIHAKO OHH_HMEIOT O4eHb
MaJlble MoJis SpeHHs M, cJeloBaTesibHO, HX OpHMeHeHHe noTpefoBano
6bl MHOrOKpDaTHOrO SKCMOHHPOBAHHA, YTO 4YpesBbUaHHO YCJOKHWIO Ohl
npouece MHKpoduabMHpoBaHus. CheloBaTesbHO, HeOGXOAMMO CO3JaHHe
oco6o Bricokopaspematomelt goTorpadudeckofi ONTHKH € 0CTATOYHO 6Odb-
IIHM NoJieM SpeHHs.

H3BecTHORTBIO NONB3yeTes ANOHCKHE O06BEKTHB «Y ibTpa-MrKpo-Huk-
Kop>» ¢upmbl ¢Hunon— Koraku», paspa6oranuuii npogeceopom Toxkufickoro
yuuBepcuteTa A-pom KonHa. 10T O6BEKTHB MpH CEMHJIHHSOBON cXeme
umeeT QokycHoe paestossnue 105 cu, oTHoeHTeabHOe oTBepeTHe | : 2,8 M
yron noasi spes 11°. [lo iuTepaTypHEIM ¢BeeHHAM, OH BH3YasBHO pas-
peluaeT B MOHOXPOMATHYECKOM seseHoM eBere (A = 546,1 nam) v opwH yBe-

JHYEHHH B = — -313 0K0JI0 475 Mm™ B UeHTpE NOJs (NPH OTHOGHTEJBHOM

orsepetil | : 3,06) ¢ nnaBHLIM enuxKennem a0 300 mm™ BOAHSH Kpas no-
as.
B Ta6a. VI, 11 npHBeseHH ONTHuYeCKHe XapaKTEPHCTHKH BHICOKOpas-
pellatoliiX 06beKTHBOB, Pa3paboOTaHHbLIX HAa OCHOBE NPHMEHEHHS ILeGTH-
nHH30BOH cXembl «dpa» (cm. pue. IV, 11, &) o cxembl «['esiHoc»; pacueTs
ux sunosguau E. [puropseBa, M. Ipunaukas v C. ®ponosa.

453



Tab6auwnma VI.11

O6beKkTHBH A8 MHKPODHALMHPOBAHHSA

2 . Pororpaduueckas
o | 3R | g3 | g2 | UG EEre | eecpemsonss i
HaunmeHoBanHe S g £ E n: éi
o6bexTHBA ;‘Ei § §: 2= B ueHTpe | Ha kpalo | B uentpe | ma Kpawo
8 &1 & § & :,." 5 S| nomn noas noas noast
«3pa-5» 25 | 1:3,5| 26 slo 450 420 360 280
«[enuoc-91» 40 | 1:4,5 19 5 330 300 285 255
«3pa-T» 105 | 1:2,8 11 :; 480 420 440 400
0
«3pa-12» 125 | 1:4 16 | 1 350 . 300 330 260
40
«3pa-15» 125 | 1:4,5/ 21 | ! 320 300 280 260
50
«3pa-14» 135 | 1:2,8 12 | éo 500 450 440 400
«3pa-13» 150 | 1:4,5| 17 l 320 300 280 260
30
«Masik-1» 100 | 1:2,8 21 éﬁ 480 420 440 400

HcnbiTanns BceX oGBbeKTHBOB MPOBOAMJIHCH Ha ¢oTomnacTHHKax «Ko-
dak HR», paspewaiomnx 1800—2000 smm™*. OGbexTHBE «dpa-5» u «le-
auoc-91» nenwiThiBasHeh Ha «Mukpat-BP» 6es cBeTodHILTPa C HCTOUHHKOM
OCBELIeHHs — 3JIeKTPHUecKo# Jlamno#t HakanuBanua. OOBeKTHB «3pa-7»
HCTBITHIBAJICA TaK Ke Ha (oTomatepunate «Mukpat-BP» co ceetoduanTpom

N, 1m
| -7
400 3 -
P— 2 O 5T
300 |
200 L Jenuoc-91
190

Z 4 & & n
L

Pre. VI, 13. ®ororpadudeckas
paspemaioulas Cula OGBHEKTH-
BOB mi1a MHKpodHABMHPOBA-
HHA <«3pa-5», «Jpa-T» n «le-
Anoc-91» wHa (oTomarepnane
«Muxkpar-BP»
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JKC-18 ¢ HCTOYHHKOM OCBElLeHHS — HMIYJIb-
CHOHM JlaMno# BCNBILKOM H paspewuns 440 uxu™t
B ueHTpe H 400 ux™ Ha Kpaw noss.

Ha puc. VI, 13 npuBenenst rpadukn do-
Torpaduueckoll paspeluaiolied CHIABL 3THX
06 LEKTHBOB.

OnHoBpemeHHO ObL1 HCNBITAH SMNOHCKHH
006beKTHB  «Mukpo-Hukkop» (o6pasen No
182516) (f' = 106 mm; 1:2,8; 2w = 11°)

NpH YBE/IHYEHUH f = — ;T Ha  (oToMaTe-

puasne «Mukpat-BP». On paspewma i
230 mx™ B uenrtpe nons u oKosio 150 mm™ Ha
Kpato. CToNb Majioe paspellleHHe Mbl MPHIIH-
cbiBaeM JieheKTamM COOPKH HCNbITaHHOTO 06pas-



na. Unrtepec npeacraBisier o6beKTHB «Masik-1», oGaamaomufi no cpas-
HEHHIO ¢ SMOHCKHM O0beKTHBOM ¢MHKpO-HUKKOp» pacClIMpeHHbIM BIBOE
noJieM 3peHHs; pacueT o6beKTHBa BhIMOJNHEH A. MoHaCTHIPCKHM.
ConocraBifisi AaHHBE BH3yaJbHOH pa3peluaiomedl CHAbl 00BEKTHBOB
tabs. VI, 11 c BelMuMHAMH paspelualomled CHJIbL HAeaJbHOro 0ObeKTHBa
(traba. VI, 10) npH cooTBeTCTBYIOLlEM YBeNHYEHHH H OTBEPCTHH, NPHXOIHM
K BLIBOJlY, YTO OTeyecTBeHHble OOBEKTHBLI HAaXONATCA Ha BLICOKOM COBpe-
. MEHHOM TeXHHYecKoM ypoBHe. BoJee Toro, pacueTsl NoKasmBaloT, 4TO NPH
NpaBHJIbHOM BbIGOpe ONTHYECKOH CXeMbl CTOJb e XOPOLIHX pe3yJ/ibTaToB—
GMH3KHX K TMpelebHbIM (TEOpPeTHYECKHM) — MOMKHO NOGHTbCS H TPH
GoJiee BLICOKHX OTHOCHTEIBHBIX OTBEPCTHAX O6beKTHBOE — 1 : 2—1 : 1,56—
C COOTBETCTBYIOLIHM MOBLILIEHHBIM MX paspelieHHeM Ao 700—1000 mx™?,
HO C MEHbIIHM [oJieM 3peHHsa*.
Ta6auua VI,I12

O6GbeKTHBH AJA MOGHTENbCKHX (oTOyBeaHUHTeNER

- . % ° g'% dotorpadHgeckas
a5 ¢ 28 . & paspeuiaiomas cuaa
3 gz 38 | 58 | &= )
HanmenoBan He PR =3 tEm g o
Snesrne 2Edg ?:"Q; § : 5% 5 E B ueHTpe | Ha Kpaw
§EE% |5 | gu. | B | |TwR R
«Unnycrap-26M» 24 36 52 1:2,8 45 | 3/4 30 19
«HUunycrap-50¥ » 24 % 36 52,4 1:3,5 45 3/4 45 20
«Bera-11¥» 24% 36 54 1:2,8 43 4/5 45 25
«UHAycTap-58Y » 6060 75 1:3,5 56 | 3/4 36 19
«Bera-6Y » 6060 75 1:4 56 4/5 — —
«Hunycrap-23» 6090 110 1:4,5 52 | 3/4 40 13
«Bera-5¥» 6090 105 1:4 54 4/5 = -

[IpuBoAMM CBelleHH O MaccoBbiX O0GBeKTHBaX (horoyBenmuuTesneir. B
HHX YacTO NpHMeHseTcs ONTHKa ¢oTorpaduyecKHX o06BbeKTHBOB, KOPPHTH-
POBaHHBIX AJs «GeckoHewHocTH». B Ttaba. VI, 12 npuseleHnl HEKOTOpbie
CBelleHHsl O CepHHHO BHLIMYCKAMOWHXCA OGBeKTHBAX.

Crpem/leHHe K CHHXXEHHIO CTOHMOCTH (oToyBeaHuHTens noGyxAaer
NPOMBIILIEHHOCTh YHH(UIHPOBaTh ONTHKY 00BeKTHBOB ¢(oTOanmnapartos,
BbiNycKasi ee Lis (OTOyBeJHUHTeJeH JIHIIb B COOTBETCTBYIOUIHX ONMpaBax.

§ 4. OB BEKTHUBbI-AHACTUIMATHI /IS YJIbTPA®HOJIETOBOH
OBJIACTH CIIEKTPA

OGBeKTHBLI-AMJIZHATEL AAA  yJbTpadHoNeToBOH 00JacTH CYLIECTBYIOT
yxe nasxo. Cnoxna paspa6oTka o6beK THBOB-aHACTHIMATOB, IPO3payHbIX
B yJabTpadHosieToBoH 06/1acTH CNeKTpa, MOCKOJbKY BCe MPHUTOAHLIE IJis
3TOrO ONTHYECKHe cpelbl (KBapll, (JIIOOPHT H AP.) HMEIOT MaJlble BeJIHIHHbI
nokasatesefl mpesIoMJIeHHs, YTO NPHHIHNHAJALHO 3aTPYAHAET KOppeKuUHIo
KPHBH3HLI TNOBEPXHOCTH H300paKeHHs MPH GOJLLIOM OTHOCHTENbHOM OT-
BEPCTHH aHacTHrMaTta. 3apyOexHbiMH (upMamu (B 4acCTHOCTH, (HpMOH

* Yenewnsle paGoTH STOr0 HanpaBJieHHs BHIoJAHeHH A. ['paMMaTHHHIM d ero
COTPY AHHKaMH.
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«K. Leficer), a Takke y Hac ObiiH pa3paboTaHbl MPOCThIE aHACTHIMAThI
tuna «Teccap» («MuAycTap») U3 ONTHYECKHX CTEKOJ MMOBBILIEHHOH NMpo3pay-
HOCTH B Gn1u3KoM yJabTpaduosiere. OnHaKo 9TH 06beKTHBEI 06/1a1a/H HeBbI-
cokumu oteepcTHsimMu (1 : 6,3—1 : 4,5) n paGotanu B o6nacTH CreKTpa He
Kopoue AnHH BoaH 350—340 nm.

Ins nponpHxeHHs B Gojlee KOPOTKOBOJIHOBYIO 0OJacTb cnekrpa —
1o 260—250 A — cosAaBaNu TPHIJETHI, B MOJOMXKHTEJIbHbIX JHH3aX KOTO-
pbIX NpPHMeHsJICA KBapll, a B OTPHLATE/NbHBIX JHH3aX — KaMeHHasl COJlb,
3alHllaemMas BCJeNCTBHe cBoel GONbIIOA MMTPOCKONMHYHOCTH ¢ 06eHX cTo-
POH MJIACTHHAMH H3 TOTO Ke KBapua. [losiyyeHHe HCKYyCCTBEHHOTO (J1i00-
PHTa LOCTATOYHO OGOMBLINHX Pa3MEPOB M XOpolleH NPo3payHOCTH (MO Kpai-
Hed mepe, 10 250 HM) MO3BOJHJO HCNOJbB30BaTh €0 B MOJNOMXKHTENbHBIX
nuH3ax (np = 1,43385; v = 95,1) B KOMOGHHAUNH C IJIAaBJAEHBIM KBaplieM
(np = 1,45860; v = 68,0), urpatomum posb GauHTa.

3a nocaennue rofst . BonocossiM, H. Xmeabuukosoi#t u T. [Hlama-
HWHO# OblIH pa3paboTaHbl CBETOCHJILHBIE JIMH30BLIE aHACTHIMATHI «Ydap»
ans yabTpacguonetosoil obnactH cnektpa oT 230 mo 410 Hux v ANHHHOGO-
KYCHble 3epKaJibHO-/IHH30Bble 00BbeKTHBH «3ydap» I/ TOH XKe CreKTpalb-
HO# 06s1acTH. OTH OOGBEKTHBBI MOTYT GbITh YCTAaHOBJIEHEI B OGBIYHLIX ILIe-
HOYHBIX (poToanmapaTax THna «3opKuii», «JlennHrpan» ¢ popmaTom H3o6pa-
xeHHa 24 X 36 mm. OObeKTHBH «Y(ap» B ClEKTpPaJbHOH 30He A =250 HuM
ofsafialoT CcBeTonponyckannem He HHxKe 50%, H, cienoBatenabHo, dak-
THYeCKH pa6oTaloT B ellle GoJjlee KOPOTKOBOJHOBOH 06JacTH — mnpubiu-
auTesbHO fo 230 Ham.

B ta6a. VI, 13 npuBeneHbl HEKOTOPHIE CBelleHHs 00 3THX OOBEKTHBaX.

Ta6amua VI1,13

O6beKTHBH-aHACTHIMATH A5 yabTpatduoseTosofi o6aacTH cnekTpa
(230—410 wr)

A E o, ®otorpaduueckas pas-
g - 5 B3 Upcno kom- | PEWaiomas cuna, su~'
Haumer oBanne SF % a g: [OHeHTOB H Ma;;:;uan
ofbeKTHBA 283 8 8 == J1HH 3 s
x4 = -] ;-‘ B UEHTpe Ha Kpaio
g 8:° 5 § . & E noas noas
«Y dap-4» 52,4 |1,2,8 45 5/8 85 15 DaIOOPHT;
nJasJeHnlii
KBapu
«¥Yap-1» 100 1:4 24 5/7 63 15 To xe
«3ydap-2» 350 1:4 6 | 3epkaanHo- 57 47 > »
JIHH30BBIR
«3ydap-1» 500 | 1:4 4" | To xe 50 44 > »

Ha puc. VI, 14 npeacraBiieHB onTHYecKHe cXeMbl 06beKTHBOB. Paspe-
IIAIOWIAS CHJIa JIMH30BBIX OOBEKTHBOB JOBOJBHO GBICTPO CHHXKaeTcsl (CM.
tabn. VI, 13) oT wedtpa moas K Kpasm Hsobpamenns. OObscHseTCs 3TO
HEBO3MOXKHOCThIO MOJIHOTO HCMPABJeHHS KPHBH3HEI T10JIS NPH MallblX BeJsH-
YHHaX MOKasaTeJed NpeJoMJAeHHsT ONTHYECKHX cpel.

OnucanHble OGBEKTHBbl MPEACTABJAIOT HHTEPEC /sl KPHUMHHAJHCTH-
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yecKHX HCcliefloBaHHH, doTorpagHpoBaHHs HCKPOBEIX PaspsifioB H pasJiHy-

HLIX TPOLECCOB B YJbTpadHONeTOBOH 061aCTH CeKTpa.
3epKaJIbHO-IMH30BEIE AHACTHIMATH  «3ydap» ABJIAIOTCA anoXpoMaTaMH

B LIMPOKO# o6sactu cnektpa — oT 230 o 700 #m — W MOTYT HAWTH Npu-

Prwgpum Prrospum

fnabrensid  kbapy finabrensi xbapy g
a 5

Puc. VI, 14. OnTHYeCKHe CXeMbl JHHSOBbLIX OG'BEKTHBOB ANs YAbTpadHone-
TOBOR oO6aacTH: a= «Ydap-l»; g—q,«Ynhnp-b; 8 — 8epKaJbHO-JIHH3OBLIE
«3ydap»

MeHeHHe NpH ¢oTorpadHpoBaHHH yAaleHHEIX 06beKTOB 663 CBeTODHILTPOB,
HanpHMep NMpH CbeMKe MoBepXHOCTH JIyHEI M Ge3aTMOC(EpHBIX MJiaHeT.

§ 5. OCOBO CBETOCHJIbHBIE AHACTHUIMATBHI IJIS1 ®JIIOOPOTPA®HH
U I0J1s1 PABOTbl COBMECTHO C 3JIEKTPOHHO-/IYYEBLIMH
TPYBKAMH

Insa ¢ororpadupoBanus MaloApPKHX H300paxkeHHH c duroopecuHpyio-
IHX 3KPaHOB PEHTIeHOBCKHX YCTaHOBOK ((uooporpadupoBaHus) HJIH
KHHOCHEMKH ABHIKYLIHXCA H300paKeHHH C SKPAHOB 3JIeKTPOHHO-JYyYeBhIX
Tpy6ok (JIT) nokaTopHBIX M ocUHJNOrpadHYeCKHX YCTaHOBOK, H300paxe-
HUH C 3KPaHOB 2JIEKTPOHHO-ONTHYeCKHX npeoGpasoBatenedi (SOIT) u 1. n.,
a TaKKe JJA NPOeIlHPOBaHHsA H30OpaxeHHH ¢ npocBeuHBaeMHX (oOTOHera-
THBOB Ha Te xe DJIT, HeoGxoanMbl 0c060 CBETOCHJIBHBIE H BHICOKOKAUYECT-
BeHHble 00BeKTHBbI, pacCYHTaHHLIE AJif KOHEYHEIX pPacCTOSHHH MpeIMEeTOB.
M x Bbicokas cBeToCcH/Ia HEOGXOAHMMA JII COKpPAIleHHs BpeMeHH SKCNO3HLHH
npu ¢uiooporpaduu, npu ¢ororpadHpoBaHHH ABHKYIHXCS H300paXKeHHH
Ha skpane JIT 4 yMeHbLIEHHS «cMa3a» H300pax<eHHsi B MJIOCKOCTH NpHeM-
HHKa H T.0.

B saBucHMOCTH OT pasmepoB ¢oTorpadupyembix 06beKTOB (PEHTTEHOB-
CKMX 3KpaHOB, GOTOHeraTHBOB, 3KpaHoB DJIT) u pa3MepoB NMPHEMHHKOB
Hso6paxkeHH# BoIOMpaeTca yBe/HUeHHe f§; CNeKTpasibHbIe XapaKTePHCTHKH
06beKTOB H IPHEMHHKOB H300paXkeHU il onpenessiioT XapaKTep XpoMaTHyec-
Ko#l KoppeKIHH o0bekTHBa. Hanpumep, cnekTpaiibHOe H3JIyYeHHE 9KPAHOB
PEeHTreHOBCKHX yCTAHOBOK OKasbiBaeTcsi BOJIH3H 3esieHOH JMHHM ¢ (A =
= 546,1 nm), cneKkTpa/bHblE XapaKTeDHCTHKH NepelalOliHX TeJIeBH3HOH-
HbIX TPYOOK HMEIOT MAKCHMYM UYBCTBHTENbHOCTH BOMH3H A = 470 Hm
y Tpy6oK Thna «Koke» (cm. puc. VIII, 1) n BGiusn nunuu e(h = 546,1 nu)
y Tpy6ok THna «KoaGa». CoOTBETCTBEHHO 3TH JUIMHBEI BOJIH MPHHHMAIOTCH
B KayecTBe OCHOBHBIX MPH KOPPEKIHH MOHOXpPOMaTHYeCKHX abeppauui
O6bEKTHBOB, €CJIH HCTOYHHK OCBelleHWsl NPH STOM HmeeT Gesbiii uBer E
(PaBHOHHTEHCHBHOE H3JlyueHHE).
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Ec/in Xe HCTOUHHK OCBellleHHs THMa A, T. €. HMeeT 1IBeTOBYIO Temnepa-
Typy 2854 K, COOTBETCTBYIOLLYIO H3JIy4eHHIO BOJILPPaMOBOH JlaMNbl HaKa-
JIMBaHHUs, TPeX1BeTHbIe KO3hpHIHeHTb KoTopoii ¥ = 0,44757, y= 0,40745
nz = 0,14498, To MaKCHMYMEI aKTHHHYHOTO NoToKa A, = S\ /), oKa3u-
BalOTCSl CMEIIEHHBIMH B KeJTO-KpacHYI0 06JiacTh cnekTpa W NMPHXOAATCH
BOMH3H A = 620 #m Yy TelleBH3HOHHLIX TPYOok THna «Konba» (cM. pHc.
VIII, 1) u B6am3n A = 570 #m y Tpybok «Koker. _

MakcHMyMbI CIeKTpaJbHOH 4yBCTBHTEJLHOCTH (POTOKATONOB Mepenaro-
KX TeJieBH3HOHHBIX TPYGok JIM-17 u JIM-7 npuxomatcs cooTBeTCTBEHHO
Ha AauHbl BosiH e (A = 546,1 #m) u 460 #u (cm. puc. VIII, 2); ans nepsoi
Tpy6KH Heo6XoaAHMa axpoMaTH3alus B o6sacTH ot h (404,7 #m) no F (486,1
HM), a s BTOpoH TPYyOKH — B oOiacTH
npu6nusuTesbHo ot ki 1o 500 #u. KoHedHo,
nepexoz ot 6GeJioro HCTOYHHKA OCBellleHHs E
K KakoMy-JMH60 XpoMaTHYeCKOMY OCBelle-
HHIO MpHBEJET K H3MEHEHHIO CNeKTpalib-
HBIX BeJIHUHH aKTHHHYHBIX NOTOKOB A, H,
cJlefloBaTesIbHO, MoTpebyeT Apyro# axpoma-
TH3aunu o6bexkrupa. He Menbiee sHauenwe 07— — 7 — o _?m.,
HMeeT KayecTBO ONTHYECKOTO H3o6paKeHHs ’
OGBEeKTHBa, MPUMEHSEMOTO C TeM HJIH HHBIM o u1 1o gacrorao-xonTpacTase
NPHEMHHKOM. XapPAKTEPHCTHKH  SBEHLEB  CHCTEMH

Ha puc. VI, 15 NpHBENeHH DeSY/ITa- Sumessoro sovecrass OBeiiis 3 on
Tbl nceefioBannii E. CeMeHOBbIM YACTOTHO-  Yuencporuouesiteore — dotoxatons:
KOHTPACTHBIX XapPaKTEPHCTHK BCE€X 3BEHbEB  auHAbl; 4 — KaTOROAIOMHHECUERTHOrO
3JIEKTPOHHO-ONTHYECKOTO NpeobpasoBaTelis Sepsues:B = NIpIOPARETAR
[THMM-3 B uentpe nossi, a Takke UKX o6b-
eKT#HBa, Mpoelypyiouero n3obpaxenue Ha orokarof J0I1 u MHKPoOOBEK-
THBa MHKPOCKOMNA, NpelHa3HAYEHHOro JJisi HabJofleHHs H300paKeHHHA Ha
skpane JOI1. Kak BHAMM, BiIHsIHHE FOJIOBHOTO 0GbeKTHBa OrpoMHO. 3a mo-
caennne roast [1. Bosocosbim, E. TarentopH, [II. [evarnukosoit, M. [Tepcu-
Hoit, B. CmupHoBo# ¥ Apyrumu Gbia paspaGotaHa rpynna oGbeKTHBOB yKa-
3aHHOTO Ha3HAYeHHsI C Pa3IHYHBIMH OTITHYECKHMH XapaKTepHCTHKaMH (Tabi1.
V1,14). Us rpynnsi oGbEKTHBOB, NpelHasHauYeHHBIX s (oTorpaduposa-
HHA u3o6paxenuii ¢ skpaHoB DJIT ¢ nATH-ceMHKpaTHLIM YMeHbILEHHEM Ha
35-mM KMHOIJIHKY WHTepec MpeicTaBjiseT o0beKTHB «DJekTpoH-1». Ha
puc. VI, 16 npuBefieHa onTudecKas cxeMa o0beKTHBa H rpagukH ero pas-

oad

N
60 \a
5
o2
70 \N
20

a " P

Prc. VI, 16. OnTudeckan cxema of6beKTHBa «DJeKTpPoR-1»

B r%d)mm ero paspemawilefl CHIN Ha KHHOMIEHKe

TEn 20: @ — CO cne‘rocpu;upon 3C-8 u 6 — Ges ceero-
HALTPA
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peluatoulel ¢ubl Ha KnHONMieHke Tun 20 (N & = 155 Mmm7t), onpeliesieHHOR
¢ sesieHEIM cBeTodHabTpoM 3C-8 1 Ges Takosoro. [IpHGAHSHTENLHO G TAKHM
Xe yBesiHueHHeM padoTaeT 06beKTHB «P-I'ennoc», HMeIOUWHA NPOCTYIO ONTH-
geckylo ¢xemy (pue. VI, 17, a). Ilo rpynne o6bexTHBOB, H300paXKarollHX
G OJlHOKPATHBIM yBeJHUYeHHeM, OTMETHM, BLICOKOANMepPTYPHBIAi aHacTHIMaT

Puc. VI. 17, OnTHueCkHe CXeMB CBETOCHJBHLIX PenpoAYKIHOHEWX ofbex-
THBOB An8 paGorw coBmecTHo ¢ OJIT: @ = «P-leauccr; 6 — «Cenena»;
@ — <ABpopa»: & — OB-136

«Cenena» (pua. VI, 17, 6). [1pu ancnoso#t aneprype A* = 0,2 ero yBesnuue-
HHe E' = —1, 9TO COOTBETCTBYEeT OTHOCHTEJBHOMY OTBepcTHio 1 : 1,25;
NpH 5TOM paspellieHHe B npelesax Bcelo NOJS OCTAaeTCs AOCTAaTOYHO paB-
HoMepHEIM (puc. VI, 18).

OnTHyecKHe cXeMbl OOBLEKTHBOB THIa «ABpopa» H «Kanp» ornugaiorcs
TeM, YTO B nocJiefHeM 00 beK1 HBE JONOJHHTENbHO NPUMEeHeHa NPHKaApPoBas

OTpHLaTeJIbHAS MJIOCKO-BOTHYTasi JIHH3a, 06-

'l Jlerdaiolnas 3aja4y KOppeKIHH KpPHBH3HHI 10~
BEPXHOCTH H300paXKeHHs.

5 \ Bosbine paGoThi 3a noc/iefiHke rofk! GblTH

@ npoBe/ieHB BO MHOTHX CTpaHax MO CO3AaHHIO

NG ¢uooporpaduueckoii anmapaTypul: dupmo#

- X ——75 Onenbka»—s Tomnanauu, «Puuiunc — B

N e Beabrun, «K. Leficc» — B [P u gp. B

20~ Ya@THOCTH, MJif LHPOKOKAAPOBOH ¢uioopo-

” | . rpaduu Guliu paspaboTaHbl 0COG0 CBETOCH/b-

7 7] 20 ;Tmy HBIE JIHH30Bbie H 3eDKaJ/IbHO-JIHH30BbiE CHC-

ol i s TeMHl ¢ MJOCKOR W chepHyecKoli noBEpXHO-
. . Hi -

el 3.,,,'.‘,'}1J£:,?§ CTAMH H300paxeHHH; B NMOC/TefHeM CJydae
npH  YCAOBHAX OTO!

Banus, yean wboTorpadupe-  (OTOMJIEHKA, NPHXKHMAeMasi ClelHATbHbIM
14 223 06ekTHsoB: @ — «Ces  YCTPOMCTBOM, HCKDHBJISieTCS mnpH (oTorpa-

nena-l»; 6 — <A a3} B
gy ¢upoBanuH.
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Tonnannckam ontHkom A. Bayspcom GbiniM pa3pa6oTaHbl pasjHuHble
BapHaHTH 3epPKa/lbHO-IMH30BBIX OGBEKTHBOB, MPHMEHseMBIX B duitoopo-
rpaduueckoii annaparype ¢upme «Onesnbka». Oco6eHHO HHTEPECHH CHETe-
MBI, B KOTOPHIX cepHyecKas abeppaliHs BOrHYToro cepHuecKoro sepKaja
npHOJIHIKEHHO KOPPHTHPYeTCA KOHIEHTPHYECKHM CTeKJSHHEIM MEHHCKOM
(puc. VI, 19, a). Bonee TmaTenbHas (TOHKas) KOPPEKUHs! BHIMOJHSETCS
KOHHYeCKOH MNJacTHHKOH, pacmoJioeHHOH B OOMEM LeHTpe KPHBH3HbI
sepkaia u MeHHcKa. [Ipu sToM B cHCTeMe He HapyIIaeTCs CHMMETPHuYHAsA
CTPYKTYpa Jlyuell IIMPOKHX HAKJIOHHBIX MYYKOB, a TeM caMeM oGecrneyHBa-

§ ﬂa 8 ﬁmm

u3ohpaxcenun
Konuyeckan Jeprang

Puec. VI, 19. Oningeckne cxemm 0c000 CBETOCHAbHBIX CHCTEM
ans ¢nawooporpadmu- @ — A. Bayspca; 6 — dupmu «Kasou»;
68— T, LlénvHepa; & — Il. Boaocopa — B. BaGunruesa

eTcsi Xopouwlasi Koppekuus aGeppauuy Komml. [loBepxHocTh m3o6pakenns
HMeeT BEIMYKJy10 chepHuecKyio ¢opmy, paauyc KoTopoH paBeH (OKyCHOMY
PacCTOSIHHIO CHCTEMBI.

HHrepecHa 3epKa/bHO-JHH30Basi CHCTeMa, pa3paboTaHHas sAMOHCKOMN
¢dnpmoit «KaHoH» 11 IIHPOKOKanposoH duooporpadHu ¢ GopMaToM CHHM-
Ka 64 X 64 mm. CucreMa uMeeT GoJibllIOe OTHOCHTeNbHOE oTBepcTHe (1 :
: 0,63) u porycuoe paccrostive 186 mm. Bee ee noBepxuocTh — cdepuuec-
Koit popmul (pHe. VI, 19, 6). Chepryeckas abeppauus H KoMa BOTHYTOrO
3epKaJia KOPPHTHPYIOTCS NBYMsl JIHH3aMH-MeHHCKaMM; KPHBH3HA MOJf H
aCTHIMaTH3M — CJIOXKHBIM KOMIIOHEHTOM, DacloJIOXKeHHEIM BOJIH3H MJloc-
KocTH H3o006paxeHus. CHcTema MoxeT o6ecrneydTb GOJbILOH Yroa Mos
apenus — Jo 24°.

®upma «lleiice» (CIP) paspaborana ans ¢arooporpadHH NHH3OBBIE
o6bekTHBE. Mx aBrop — n-p I'. LlénpHep — cuHTaer, 4TO MpeHMYIIeCTBa
JIHH30BBIX CHCTEM HEOCMOPHMBbI: 3epKaJibHO-MHH30Bble CHGTEMbl NPOCTOH
cxembl 00/1a71al0T KDHBH3HOH MOBEPXHOCTH M300paxeHHs, OONbLIIMUM H
NPHHUHNHAJBLHO HeyCTPaHHMBIM BHHBETHPOBaHHEM MO M0JI0 H CBeTopacces-
HHEM, CHHIKAIOUWEM H 6e3 TOro HH3KHH KOHTpacT H3o6paxaemofi Ha dJroo-
peclHpYIOIleM 9KpaHe KapTHHbL. MBI He CTOJIb KaTerOPpHYHHLI B BHIBOJAX,
XOTsl JIMH30Basi CHCTeMa NEHCTBHUTENBHO 00JiaflaeT HEKOTOPHIMHM TpeHMy-
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mectBamMH. 1 COMOCTaBJieHHS H CPaBHHTE/NbHOH OLEHKH BO3MOMXKHBEIX
BapHaHTOB pellieHHH aBTOPOM H ero COTpyAHMKaMH OblIM pa3paboTaHbl Al
LIHPOKOKaApoBo# ¢urooporpaduy KaK JHH30BLIE AaHACTHIMATHI THNA «DJIeK-
Tpou» (pactetnl M. [lepcunoit u P. QaxperanHoBofi), TaK H 3epKajibHO-
JIMH30BLIe cHCTeMbl «AHTapec» (pacuetst B. BaGunuesa).

OGBeKTHB «DNEKTPOH-3» HMeeT NeBATHJIMH30BYIO ONTHYECKYIO CXeMy,
tokycHoe paccrosine 100 um 1 oTHOCHTeabHOe oTBepcTHe | : 0,75. O6BeK-

THB H300paxaeT skpaH ¢opmata 390 X 390 mm C ymeHblUeHHeM B =
= —0,159; pasmeprl n3obpaxenns 63 X 63 um; obllasg ANHHA CHCTEMEI,
T.e. PAacCTOsIHHKE OT MJIOCKOCTH SKpaHa J0 usobpaxeHua, — 960 mu. O6B-
eKTHB KOPPHTHPOBaH JJis cnex'rpanbuon auHuM e (A = 546,1 HM) B mpe-
Aesax yrjoeoro moas 33°.

I-pom I'. LIgnbHepoM H ero coTpyAHHKamHu Gbln paspaboTaH Ajsi Tex
Ke Uee BOCbMHJIHH30BLIH 06bekTHB (pHc. VI, 19, 6) ¢ oTHocHTenbHBIM
orsepctHem 1 : 0,73 u nonem 3penus okoso 33°. Ipu pokycHoM paccros-
Huu 100 mm uw ysennuenun B = —O0,159 on H3oGpaxaer skpan 390 X
390 mm Ha doromneHKy 63X63 mm. W Hama nHH30Basm CHCTEMa M
cucrema I'. LlénbHepa HMEIOT MJIOCKYIO MOBEPXHOCTh H306paKeHHS.

HccnenoBaHus onTHYECKHX CBOMCTB  3ePKaJIbHO-JIHH30BOH  CHCTeMEl
A. Bayspca (puc. VI, 19, a) nokasanu ee npeMMyIlecTBa — KaK ONTHYEC-
KHe, TaK H TeXHOJOrHYeCKHe — [0 CPaBHEHHIO C M3BeCTHOH CHCTeMO#
B. llImunra. B cucreme A. Bayspca B sHauHTesIbHO GoJibLief CTeNneHH coXpa-
HSIETCS CHMMeTpPHYHasi CTPYKTypa IUHPOKHX HAKJIOHHBIX MYYKOB OTHOCH-
TeJIbHO [J1aBHOTO JIy4a, MPOXOAAIIEro Yepe3 OO HeHTP KPHBH3HLI ONTH-
YeCKHX MOBepXHOCTeH CHCTEeMBL.

B cucreme B. llMuara xopollo KOppHTHpOBaHa JIHLIbL chepHUecKas
aGeppanusi OCeBOro NMy4yKa NpPH HAJIHYHH OCTATOUYHLIX abeppaumil Jydei
LIHPOKH X HAKJIOHHEIX my4KoB. OtHaKo no cpaBHeHHIO ¢ cucremoit B. [1Imua-
Ta, 3epKaJbHO-THH30BBIH 06BbeKTHB A. Bayspca mmeeT npuGinsuTe/bHO B
1,5 pa3sa Goabiuyto anuny. Oxono 15 aer Hasan aBropom u B. BaGunuessim
6eiyia paspaboTaHa onTHYecKas cxeMa (puc. VI, 19, 2) sepkanibHO-THH30BOM
cucTeMel «AHTapec», coueTaiolllas cBOHCTBAa MaJibiX raGapHTOB CHCTEMbI
b. IllIMuATa W BBEICOKHE KOPPEKIHOHHBle (ONTHYECKHE) Ka4yecTBa CXeMbl
A. Bayspca. JlnuHa Hallefl cHCTeMbl NPHOIH3UTENLHO PaBHA ee YIBOEHHO-
My (OKYCHOMY PacCCTOSIHHIO; KOPPEKLLHOHHBIE BO3MOXKHOCTH NIPH 3TOM BeCh-
Ma bGsaronpuaTHLI— TaKHe e, Kak B ccteme A. Bayspca. Ocralowmascs
HEHCNPaBJeHHOH KPHBH3HA MOBEPXHOCTH H300paXKeHHs MMeeT BHINYKJYIO
cepuueckyio dopMy, yTo NPHUBOAHT K HeobxoxuMocTH ¢oTorpadHpoBaHus
Ha HCKPHB/EHHOH NOBEpXHOCTH (oTonjieHKH. [IpH niocko#t noBepXHOCTH
pEHTreHOBCKOro sKpaHa oTonseHKe HoJuKHA GuiITh npuiaaHa dopma code-
PBIL, 3 NPH UHAHHAPHYECKOH MOBEPXHOCTH PEHTTeHOBCKOTO 3KpaHa — dop-
Ma Topa, 4To TeXHHYecKH GoJiee JIETKO OCYLIECTBHMO.

Onun us BapuaHTOB 0GbeKTHBA «AHTapec-3» umeeT (OKYCHOE paccTosi-
HHe 81 mm v oTHocHTesnbHOoe oTBepcTHe 1 : 0,75.I1pu yBenHueHHH ﬁ =
= — 0,16 on n3obpaxaer skpaH 400 X 400 um Ha doTonneHky 64 X 64 mm.
Paccroaﬂne npeaMeTa OT MepBOH MOBEPXHOCTH (KOHHYECKOH MJIaCTHHKH)
o6beKTHBa 947 mm; A/HHA OOBEKTHBA, T. €. PaCCTOsIHHE OT nepBoii MoBepXx-
HOCTH /10 BepPIUHHBI BOTHYTOTO 3epKaJsia, paBHa 407 mm npu ninamerpe 3ep-
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KaJja 450 mm. OGbeKTHB paspelnaeT oKoso 35 uu™ B LleHTPe NOJISI H OKOJIO
25 mm™ — no nmomo. Kak Geio yka3aHO Bhillle, CHCTeMa ¢ 06BbeKTHBOM
AnektpoH-3» (f* = 100 mm) umeeT obuLyi0 ZAuHY 960 MM, T. e. NHH3OBAs
CHCTeMa HMeeT MeHbilMe raGapHThl, 4eM 3epKaJ/bHO-JHH30Basl.

3a nocnennue ropsl HecKoJbKHMH (upmamu («Punnuncy, «CHMmeHc» H
Ap.) GulH co3aHb! (uiooporpaduueckHe yCTaHOBKH, B KOTOPHIX NMpHMeHe-
HHI 3/IeKTPOHHO-ONTHYECKHe Npeofpa3oBaTesln sl YCHICHHS IPKOCTH PeHT-
TreHOBCKHX H300paxkeHHH. [Tono6HEIe yCHIHTENH SIPKOCTH MO3BOJISIOT 3Ha-
YHTENbHO COKPATHTb BpeMs SKCMNO3HUMM npH ¢uitooporpadHpoBaHHH, a
TaKxe (PHKCHPOBAaTh OOBEKThI BecbMa MaJloll pKocTH. [IpHmeHenHe KHHO-
CheMOYHO/ KaMephl, TeJIeBH3HOHHOMA KaMephl, a TaKKe ONTHYECKOTrO BHSHp-
HOTO yCTpO#iCTBa NMO3BOJIsieT NMPOBOAMTL KAaK BH3yaJsibHOe HaGJioleHHe, TaK
H KHHOCheMKy oObeKTa, a MpH KeJlaHHH — Mepefady H3o0paKeHHS MO
TeJieBH3HOHHOMY KaHaJgy. [IpuMeHsommpecs s sTHX uenell 0GbEeKTHBHI
HMEIOT CJIOXKHYIO MHOTOJIMH30BYIO cXeMy, 00ecneqHBalOLLYIO BO3MOMKHOCTD
JOCTHIKeHHsI OOJbIIMX OTHOCHTeNbHHIX orBepcTd# (1 :0,8—1:0,7) w
nosieii 3perns no 25—30°. [lomo6Hbie ONTHYECKHe CHCTEMbl H yCTAHOB-
KM paspaboTaHbl M Yy Hac.



rnasavn

[MTPOEKIUMOHHLIE CHCTEMBI
IMMPOKOI'0 INMPHUMEHEHHS

Cpeni npoeKHHOHHBIX OOBEKTHBOB DPa3/IHYHOTO Ha3HAUeHHs HaHGOJb-
lee pacnpocTpaHeHHe MOJNYYHJIH OOBEKTHBBI JUIsi MPOEKUHH HOPMaJbHBIX
H LIHPOKOSKPaHHBIX 35-mm QUIBMOB, a TaKkKe KHHODHILMOB APYTrHX ¢op-
MaTOB — Y3 KonJjleHOYHHIX |6-mm, JMo6HTeNbCKHX 8-MM B mIMpOKodopMaT-
Hbix 70-#x. JlocTaTOYHO LIKPOK MPOMBILIIEHHBIH BBIMYCK OGBHEKTHBOB AJS
SIHCKONHYeCKOH H AHACKONHYeCKOH NPOeKUHH JHANO3HTHBOB Pa3HbIX ¢op-
MarToB.

§ 1. OB BEKTHBEI OJ15 NMPOEKIIHH HOPMAJIbHBIX
H IIHPOKO2KPAHHBIX 35-us ®HUJIbMOB

KauecTBo KHHONOKAa3a CHCTeMaTHYeCKH COBEepIIEHCTBOBAJOCH BO BCeX
TeXHHYECKHX 3BEHbSIX — Ha4YHHas OT KHHOCBEMOYHOH KaMephl, HeraTHB-
HOH NJIEHKH, KOMHPOBaJbLHOIO annapaTa, NO3HTHBHOH MJEHKH H KOHYas
KHHOMPOEKUHOHHBIM alnapaToM H €ro CBeTOONTHYEeCKOH CHCTEMOH.
JIMlIb MPOEKUMOHHBIA OOBEKTHB Ha  MPOTAXEHHH MHOTHX Jecd-
THJIETHI 0CTaBaJICA MPOCTHLIM aNJiaHATOM TJlaBHBIM o6pasom Thna [letupans
HJIH BapHanHe#l 5TOH KOHCTPYKLUHH, B KOTOPOM MOTJIH GbITh HCIpaBJIEHh!
cepryeckan abeppalius, XpoMaTH3M, KOMa H aCTHIMATH3M HaKJOHHEIX
nyukoB. KpHBH3Ha MOBEPXHOCTH H306pa)ieHHWsi M abeppauuH IHMPOKHX
HaKJIOHHBIX MYYKOB B CarHTTajbHOM CEYEeHHH OCTaBaJIMCh HEHCIIPABJIeH-
HBIMH, 9YTO MPHBOAHJIO K Pe3KOMYy CHHXKEHHIO paspeluaiolieil CHJbI 06beK-
THBa 10 MOJIO.

CoBepiueHcTBOBaHHe BeeX APYTHX 3/€MEHTOB, BJHSIOWHX HA KayecTBO
KHHOMOKa3a, MOMXEeT OKasaTbCsl Majiod(GeKTHBHLIM, eClH OIXHOBPeMEHHO
He Co3/laBaTh JOCTaTOYHO COBepIUEHHBIX MPOEKUHOHHBIX aHaCTHFMaTHuYec-
KHX cucTeM. Tpe6GoBaHMA K paspelliaiouiedi CHJe H KOHTPACTy ONTHYECKOTO
H306parkeHHs! NPOEKLIHOHHBIX 0ObeKTHBOB JaXe B CllyyasaX oObYHON KHHO-
NPOEeKUHH OTHIOAb He MaJible; STH TpeGOBaHHsA BO3pacTaloT B Cly4asX IUH-
POKO3KpaHHOH, a TeM GoJlee MHPOKOGOPMATHOH KHHONPOEKIHH.

INMpoekuuonuslii 06BHEKTHB N0/7KeH 06ecreyHBaTh:

1) nosnyio nepejauy onTHYECKHX KauyeCTB MPOELHPYeMOH KapTHHB —
COXpaHeHHe KOHTpacTa M300pa)keHHH H paspelllaeMOCTH BceX JieTaJe Kap-

464



THHBI B IHaNa3oHe TeX MPOCTPAHCTBEHHHIX YacTOT, KOTOPbE OKa3blBAIOTCA
paspellHMbIMH B TpoLlecCce NMPOH3BOACTBA KHHOGH/IBMA, Ha KaxJOM 3Tane
KOTOPOTO TNPOHCXOAHT HeH30eXHOoe CHH)KeHHe KOHTPAcTHGCTH H3006pa-
EHHA: KHHOCBEMOYHBIM OOBEKTHBOM, HEFaTHBHOH (OTONJEHKOM, ONTHKOM
KHHOKONHPOBAJIbHOTO annapata H, HaKOHell, NO3HTHBHOH NJeHKOH;

2) pacnpenejieHHe OCBellleHHOCTH HM300pa)keHHH Ha 3KpaHe COOTBETCT-
EEHHO OCBEIUEHHOCTH B IJIOCKOCTH MPOELHPYEMON KapPTHHBI; HHBIMH CJIO-
BaMH, OOBEKTHB HoJxeH o0/ajaTh MHHHMaJIbHBIM BHHLETHDOBAHHEM;

3) coxpaHeHHe reoMeTPHYeCKOTO NMOAcOHs NpoelHpyeMol KapTHHBL ee
SKpaHHOMY H300paxkeHHIo, 970 TpeGyeT HMCNpaBJeHHs AMCTOPCHH C TOY-
HOCTBIO He HHxe 1—2%.

Jlns BRINOJHeHHs MePBOTO YCJOBHA HY}KHA TIaTelbHAas KOPPEeKUHS
Bcex abeppaumit o6bekTHRa. ONTHYECKasi CXeMa CHCTEMb! NPH 3TOM HEHs3-
Gex<HO OKa3blBaeTcs CJOXHOH — MHOronuH3oBo#. Toabko B 3ToM ciydae
BO3MOMHa, B YaCTHOCTH, XOpolLasi KOPPeKIHs acTHTMaTH3Ma H KPHEHW3HH
NOBEPXHOCTH H3cOpaXkeHHs.

OcHOBHBIMH XapaKTePHCTHKAMH ONTHYECKHX KayecTB NPOEKIHOHHOro
0o6BeKTHBA ABJAIOTCS €r0 Pa3peIlaKcliasi CHJAa H UACTOTHO-KOHTpacTHas
XapaKTepHCTHKa, onpele/isieMas s pafoyero AManasoHa NpoCTPaHCTBEH-
HBIX 4acTOT.

CoBpeMeHHBIE CBETOCH/IbHEIE KHEONPOEKIIHOHHbIE aHACTHIMaThl 0ObIYHO
BH3yaJbHO paspewalor okoso 100 #x™ B ueHTpe noas H okojo 80 mm™
Ha Kpaio noss. KHHONpPoeKUHOHHbIe anJlaHaThl C HEHCNPaBJIeHHOW KPHBH3-
HOH NoBepXHOCTH H3c6paKeHHsi 0OBIYHO MMEIOT Ha KPalo nmoJis npHbJausu-
TeJbHO B JBa pa3a MeHbLUIYIO BeJIHYHHY paspeluaiowelf cuabl. Ouerka pas-
pelarolieit CHJIbI M OH3BOAHTCS BH3yalbHO — NYyTeM HaGJIONEHHA yBeJH-
YeHHOTO H306paXkKeHHs MHpBI, CO3ZaBaeMoro c6LeKTHEOM H paccMaTpHBae-
MOTO uepe3 JIyny HJA¥ B MHKDPGCKOIN, a ellie Jiyylle — Ha 3KpaHe, H3o0pa-
JKEHHEe Ha KoTopoM oGpasyeTcsi HCIbITYeMbiM OGBEKTHEOM.

KonTpacTt uzobpaxkenuss o6beKTHBAa M €ro OPTOCKOMHYECKHe KayecTBa
NpOBepPSIOTCA TaKiKe BH3YaJJbHO — MyTeM HabJIIOIeHHs TIpoelHpyeMoro
Ha 3KpaH TeCcToOBEeKTa, HaNpHMep INTPHXOB MPSMOJHHEHHOH CETKH, HMe-
fowei ¢opMy KsBaxpaTHKoB. CTeneHb pe2KoCTH H3oGpakeHHH pasjIHYHO
OpHEHTHPOBaHHBIX IITPHXOB B MpejieiaX BCEro noJis, OTCYTCTBHE HCKPHBJIe-
HHS KpafiHHX JHHHA H HX OKPaCKH, OTCYTCTBHEe Pa3MBITOCTH 3THX LITPHXOB
SIBJISIOTCS KPHTEPHEM KauyecTBa, ONHAKG KPHTepHeM CyOLeKTHBHLIM.

AsTopcm B M. OabeoBcKOH npeanckeH COBLEKTHBHBIM METOJ OLEHKH
ONTHYeCKHX YCTPOHCTB KHHONPOEKUHOKEBLIX 06beKTHEOB. Ha npocToi ycra-
HOBKe H3MepsieTCsl pacnpefie/leHHe OCEELIEHHOCTH B H300PaXeHHAX MOJy-
NJIOCKOCTH B MEPH/AHCHAJILHOM H CaTHTT2J/IbHCM CeYeHHAX, NPHYeM yCTaHOB-
Ka He CCIePKHT HHKAaKHX ONTHYECKHX 3JIEMEHTOB, KPCMe HCNEITYEMOro
cGreKTHBa, KOTOPbIH H2306p2XKaeT NeAyNJIoCKOCTh € ACCTATOSHO GOJIBIIKM
yBesnuenneM. PacnpenesieHHe OCEEIIEHHGCTH B H306PaXKeHHH MNOJYILIOC-
KOCTH H3MepsieTcsi MyTeM MepeMellienHs lesH BMecTe ¢ ®IJY nonepek mo-
JyyeHHoro HzobpaxenHs. I'pa¢oaHanHTHYeCKHM cnocoGoM onpeensercs
YaCTOTHO-KOHTPACTHAsl XapaKTePHCTHKA [/ LEHTPa ¥ Kpas H306paKeHHs .
JIlns oueHKH XpoMaTHYeCKOH KOppeKUHH 0OBeKTHBA H3MEDEHHS BBHIMOJHSA-
10TCA KaK B GeJioM CBeTe, TaK H C IBETHBIMH CBeTO(QHJIBTPaMH.

OKcnepHMeHTa/lbHLIE HCC/ENOBaHHS TIOATBEPAHJIH HAJ/IHYHE KOPpenauH-
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OHHOH 3aBHCHMOCTH MeXJly YaCTOTHO-KOHTPACTHOH XapaKTepPHCTHKOH 06b-
eKTHBA ¥ BH3YyaJibHOH (CyOBeKTHBHOI) OlleHKO# KaueCTBa ONTHYECKOTO H30-
GpaxeHHs MOJYMJOCKOCTH Ha 9KpaHe. OUeHKa ONTHYeCKHX CBOHCTB 00b-
eKTHBa MPOH3BOAHTCS B 3aBHCHMOCTH  OT BellHUMH mJomagell moz
KPHBEIMH YaCTOTHO-KOHTPACTHBIX XapaKTePHCTHK, OrPaHHYEHHLIX AMANaso-
HOM MPOCTPaHCTBEHHLIX YacToT ot 0 no 40 mm™.

HcnbiTaHHe KHHONPOGKIHOHHOTO OGBEKTHBAa NpH GoJiee BLICOKHX Hac-
TOTaX He MMeeT CMbIC/]a B CBSI3H CO CHHXKEHHeM KOHTPACTHOCTH 00beKTa
KHHONPOEKIUHMH Ha KaX/OM 3Talle MHOMOCTYNeH4aToro Mnpolecca npoH3Bol-
cTtBa ¢uabma. [IpH onHHAKOBHIX OUEHKAaX ONTHYECKHX CBOMCTB OOBEKTHBA
B 6eJIoM, KPaCHOM H CHHeM CBeTe H3oGpaxKeHHe Kpas MOJYIJIOCKOCTH Ha
SKpaHe He HMeeT BHAMMOMH BETHOH KafiMBl O KOHTYDY. DKCHepUMeHTalb-
Hble HCCJIEIOBAHHSI YCTAHOBHJIM CJIelylollee COOTBETCTBHE MeXAy CyGbhek-
THBHOH OLIEHKOH KadyecTBa M300paxeHHs 06BEKTHBOM MOJYMJOCKOCTH MO
naTHGa/IbHOM CHCTeMe M Be/IMYMHAMH Muiomafeit S uu™! noj KpUBLIMH Yac-
TOTHO-KOHTPACTHBLIX XapaKTepHCTHK B MHTepBaJie 4acToT oT 0 no 40 mm™l.

S, mu >16 | 16—14,6 | 14,6—12 | 12—10.5 | 10,5—9.5 | 9,6—8,6 | <8,5
Cy6rexTuBHan 5 44+ 4 3+ 3 3— 2
OlLleHKa

Takas rpajanus npuMeHuMa KaK K IBETHbIM, TaK W YePHO-GeJbIM Tec-
To6bekTaM. [las OUEHKH BH3Ya/lbHOTO BOCNPHATHS KOHKPETHBIX THIHY-
HLIX W300pakeHH# (MopTpeT, mefizax H

TN) np.) GbIH BBEJEHBI COOTBETCTBYIOLIHE
10 Konupobamran OLICHOYHbIE li)YH KIIHH, Y4YHTHIBAlOIIHE
24 naape BeCOBble KO((QHUHEHTH IJA pa3HHX
Ciivarvisid YacTOT, MMEIOIUHX Pa3/IHYHbIE SHaYeHUA

g6 afsexmul B rpouecce 3PHT/NbHOIO BOCHPHATHS.
gul S amubnan M B sTOM ciiyuae GBUIO YCTaHOBJIEHO,
22l nAeHKE YTO BBelleHHe BECOBLIX Ko3(pHumneHTOB
wmmfmu | Mlosumubved naesk@  POCTPAHCTBEHHBIX YACTOT /s H300pa-

0 7 40 N,mw~? _ KeHHH KOHKDETHbIX THIHYHbIX 00BEKTOB

He M3MeHsieT KOppeJsIHOHHOH 3aBHCH-

B aphchior STTMO-KOITPACTINS  MOCTH MEXKAY CYGLEKTHBHBIMH H OGBeK-

TIPOHSBOACTBA KHHOGUILMA THBHbIMH OLEHKaMH KadeCTBa H300pa-
JKEHHS.

Eme pa3 oTMeTHM, YTO BBHAY OrpaHHYeHHOH KOHTPAcTHOCTH ofbeKTa
KHHOMpPOeKUHH ((PHIBMOKOMHH) Hcc/lefoBaHHE KHHONPOEKUHOHHOro o0BbeK-
THBa Ha yacToTax Gosee 40 um™ JNHIIEHO CMBICTA.

Ha pue. VII, | ana nosicHeHHs CKasaHHOro NpHBEJEHBl YaCTOTHO-
KOHTPACTHEIE XapaKTEPHCTHKH THIHYHOTO KHHOCHEMOYHOTO o0beKTHBa B
HeHTpe MoJisl, 4aCcTOTHO-KOHTPACTHEIE XapaKTepUCTHKH HeraTHBHOH H mo-
SHTHBHOH MJIEHOK, KONMMPOBAJbHON ONTHKH M, HaKoHell, PHJIbMOKONHH KaK
pesyJabTaT nepemuoxenus opauHat YKX Bcex 3penbeB. Takum ofpasom,
NPOEKIHOHHEH O0BEKTHB NO/DKEeH NPOelHpoBaTh C JOCTATOYHO BHICOKHM
Koa(puurenTom nepenaun Kontpacta T(N') mHTEpBal 4acToT (HUILMOKO-
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oud ot 0 jgo 40 mm™. CinemoBaTellbHO, paspeliamonias CHIa o6GbeKTHBA
JOJKHA ObiTh MPHGIH3HTENLHO B TPH pasa GoJibiledi, T.e. COCTaBIATL OKO-
20 100 mm™t. K sToMy xe pe3y/bTaTy MOMKHO NPHATH, UCXOAS M3 HeCKOJb-
KO APYrHX cooOpameHHil.

TpeGyemas paspeluaiollas ciiia o6bekTHBa N's' onpeneasiercs yciosus-

MM MPOEKIMH — YBeJH4YeHHeM [} H PaccTOsHHeM L OT 3pHTess 10 KHHOSK-
paHa. ¥YTJioBoH npelesl paspellieHHs1 H300paXKeHHs Ha KMHO3KpaHe paBeH:

B
P FS)T- (VIL 1)
Ecan ¢ — yraoBoit npepies paspeleHHs ryasa Habmonartens, T0 06b-
eKTHB JloJXeH ofecrieyHBaTh YCJOBHE ¢ < ¢, OTClOfa:

N > B (V11,2)
$Lyyn

rie L,,, — HaHMeHblllee pacCTOsiHHe OT 5KpaHa N0 GJHXKafilllero psafa
sputesieh. [1pH focTaToyHOH APKOCTH H306paKeHHs H BHICOKOM KOHTpacTe
netajieil 3TOro M3o6paxKeHHs YrJIOBOH Npeles paspellleHHs IJasa MOXKHO
NPHHATL PaBHBIM ONHOM yrnoBOH MHHYTe, T. e. $ = 0,00029 pad. ITo cy-
LIECTBYIOMUM HOPMAM KHHOMPOEKUMH Ly, = 1,5 a', rie @' — wHpHHA

- a
KHHO3KpaHa; ﬂ = = rlie a — IIHPHHa KaJApoBOI'O OKHa, OTCHOAa:

) 1

0 > (V1I, 3)

Ilns nopmanbHoro 35-mm duasma a = 20,9 mm; 910 maer N§' = 110
MM, 3aMeTHM, 4TO BCJIEACTBHE ABHMKEHHS H300pa)kaeMblX OGBHEKTOB, He-
JOCTaTOYHOH yCTOHYMBOCTH H300paKeHMH KHHOKAApOB H T. M. BeJHYHHA

N§ MOMKET ObiTb HECKOMbKO MeHbLef.

BrinosHeHHe BTOpPOro W3 MePeUHCJEHHHIX BhIIe YCJIOBHH CBOJRMTCA K
yCTPaHeHHIO BHHbETHDOBaHHs Jydeil HAKJIOHHBIX NMy4YKOB. 3ajaya OKAasHl-
BaeTcsl TeM TpPyJAHee, YeM CBeTOCHJbHee CHCTeMa. ¥ COBpPeMeHHHIX MPOoeKIH-
OHHBIX aHACTHTMATOB C OTHOCHTeJbHbIM oTBepcTHeM | : 2—I1 : 1,8 BuHbe-
THPOBaHHe Ha Kpaio noas obbiyHOo He mpeBbimaeT 10—20%; y GoJee
CBETOCHJbHBIX cHeTeM (1 : 1,5—1 : 1,4) BeaMYHHA MOCNEAHEro MOXeT Jo-
crurath 30%, a y CHCTeM C MOBbIILEHHLIM YI/IOM NoJs 3peHus (30—40°) —
H Toro GoJblue.

Tperbe ycnoeue TpeGyeT cOXpaHeHHs! YBeJIHYEHHSI CHCTeMbl B Npefiesiax
Beero nojs. ['y1as HaGnofaTens 0OGLIYHO HE 3aMeyaeT HCKaxeHHH H3o6paxe-
HHIH BCNe[ICTBHE AMCTOPCHH, €CJIH BeJHUYHMHA MocJenHed He npeBbilaeT 4—
5%. Tak Kak y cbeMOYHBIX OOBEKTHBOB AHCTOPCHA MOXeET AoCTHraTh 3%
u Gonee, clenyeT OrpaHHUYHTLCS I KHHOMPOEKUHOHHBIX aHaCTHIMAaTOB
yKasaHHO#H Bpilie BeanynHoH 1—2%.

CoBpeMeHHbIe 0OGBEKTHBEI, KaK NPABHJIO, NPOCBETAAIOTCH HE TOJLKO IJid
NOBLILIEHHS] SIPKOCTH H306paXKeHHs, HO M JUI8 YMeHbIUEHHs paccesiHHs
CBETa ONTHYECKHMH MOBEPXHOCTSIMH H MOBHIIIEHHs KOHTpacTa H3oGpaike-
HHA. B o6pekTHBaX, npeiHa3HayeHHLIX A MPOEKIMH UBETHLIX (PHJIBMOB,
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#€06X0lMMO MHOTOCJIOMHOE, B YaCTHOCTH TPEXCJOHHOEe WJIM ABYXCJIOHHOE,
axpoMmaTHYeckoe XHMHYecKoe® npocBeTJieHHe, ofecneuyrBaloliee COXpaHeHHe
KOJIODHMETPHYECKHX XapaKTePHCTHK NPOXOAsIlero CBETOBOrO NMOTOKA H,
c/lefloBaTesIbHO, He HCKaxaioulee LBeTonepefauy. Muorna npumenenne
0co60 TAXeNbIX (JIMHTOB, 06JaNalolMX MOBLILEHHBIM MOIJIOMEHHEM B
KOPOTKOBOJIHOBO# 06JIaCTH CHEKTpa, NPHBOAHMT K 3aMEeTHOMY H3MEHEHHIO
UBETHOCTH MPOXOASIIETO cBeTa (Ha HECKOJbKO LBETOBEIX MOPOroB), KOTO-
phiii IpHOOPETaeT 3aMETHYIO XKeJITH3HY, KOPDHTHPYEM Y10 COOTBETCTBYIOIHM
8bI60pOM THNA MPOCBETIEHHS.

CoBpemeHHbIH ypoBeHb 00BEKTHBOCTPOEGHHS MO3BOJSET CO3AaBaTh Mpo-
eKIHOHHLIe 0GBEKTHBLI NI060H cBeTOCH/B. ONHaKo npH 3ToM T1y6HHA H30-
GpaxeHHd CyLIeCTBEHHO YMeHbIlaeTcsi H OObeKTHB pearupyer Ha MaJefilrne
NpofoJibHBIE NepeMellleHHs npoelupyemoro ¢uabpma. [losTomy HanGonee
CBETOCHJIbHBIE KHHONPOEKIHOHHbe OOBEKTHBbl HMEIOT OTBEPCTHA He
Buime 1:1,8—1 : 1,6 npy npoekuuu HOpMadbHBIX 35-#s (GHIEMOB H
1:1,4—1:1,2 — npu npoekuuu 16-usu GUILMOB.

OteuecTBeHHEIE CepHIEHbIe 0OBbEKTHBE! U1l NPOEKLHH HOpMaJjibHOro 35-
MM DHABMA 11O CBOHM ONTHYECKHM CXeMaM MOAPAa3leNAIOTCA Ha alJlaHaThl
H aHacCTHIMaThl.

O6bekTHBbI-annaHaTe (cM. pHue. 1V, 9, a) cocToaT U3 AByX axpomaTu-
YeCKHMX Map JIMH3,IPHYEM CKJeeHHEIMH MOTYT ObITh 00€e Naphbl JINH3 HJH TO-
JIbKO OJIHa Mapa H3 HHX. ITH JIBY XKOMIOHEHTHbIE CHCTEMBI HaXOIST MpH-
MeHeHHe B KayeCTBe MPOCThIX H NelleBbIX KHHOMNPOEKUHOHHEIX 0ObeKTHBOB.
O6nafasi XOpPOLIMM HCNIpaBJieHHEM SJIeMEeHTapHHIX abeppauuii — cepu-
yecKo#i aGcppaliy, XpOMaTH3Ma H KOMBl, — OHH HMEIOT NPHHIHIHAILHO
HEYCTPaHHMYI0 KDHBH3HY MOBePXHOCTH H306paxkeHHs. COOTBETCTBEHHO
yTroJ NoJisl 3peHHY anJiaHaToOB HeBeJIHK H JlaXe NPH MOHHXXEHHOM KayeeTse
n3o6paKeHHs Ha KpasX 9KpaHa He npeBsbiiaeT 15—20°. B nacrosmee Bpe-
MsI al/aHaThl STOTO THMA MPOAOJKAIOT BRIMYyCKaTbcsl MoA MapKamu [1-4 u
[1-5 nna KuHOMpoeKuMH 35-mm GUABMOB MpH POKYCHEIX PACCTOSIHHAX OT
90 no 180 mm v OTHOCHTEJNbHHIX OoTBepcTHsX | : 2 (cM. Taba. VII, 1) u mox
mapkoit [1-6 — ans Tex e GOKyCHBIX pacCTOSIHUH, HO IPH OTHOCHTENbLHEIX
orBepcTHsix 1 : 1,6. Y 3THX 06BeKTHBOB OAMH KOMIOHEHT COCTOMT M3 ABYX
HECKJIeeHHBIX JHH3. Bce OHH BH3yanbHO paspemaioT okono 90 mm™ B
UeHTPe SKPaHa ¢ PaBHOMEPHLIM CHHXeHHeM Jio 40—35 mm™ Ha Kpaio.

Ty xe onThHuecKylo cxemy umeloT anyiaHatel PO-108 v HeckoJibKO OT-
Au4Hylo cxeMy anaanatel PO-106, PO-107 u KO, y kotophix 06a KOMNOHeH-
Ta — JBYXJ/HH30BLIE€ CKJICEHHBIE.

Bonee coBepieHHBIM KadecTBOM H306paKeHHsi B Mpelenax BCero moJis
006J1aialoT 00beKTHBbI-aHACTHIMATEI, MMEIOlMe [LEeCTHIHH30BYIO ONTHYEC-
Kylo cxemy «[ennoc» (cm. puc. IV, 9, ). Bce o6beKTHBEI, NPHBEAEHHbIE B
pasnene B tabn. VII, 1, umeior sTy onTHueckyio cxemy. OHH BH3ya/bHO
paspemaioT okoJio 100 #x™ B LleHTpPe MOJIA ¢ NJIaBHBIM CHHIXeHHeM paspe-
weHHs J0 65—b5 mm™ Ha Kpaio.

ITo 310/ e LECTHAKH30BO! cXeMe HaMH OBLIH paspaboTaHkl aHaCTHIMa-
Thl A1 MaHOPaMHOH KHHONpoeKuHHu 35-mm GHABMOB NPH pasMepax Kaj-
posoro okua 27,5 X 24,5 um — o6bekTHBE OKI1-76 u OITK-97; oun nme-

* Eme ay4mwe — ¢H3nyecKoe, MHOroc/aofHoe,
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10T GOKYCHbIE PACCTOSIHHS COOTBETCTEEHHO 76 H 97 MM H OTHOCHTE/IbHBIE OT-
sepctua 1 : 2 . Ilas cornacoBanus MaciuTaGoB H306paxeHHsa NPH OJHOBpe-
MEHHOH IPOeKUHH KHHOMAHOpPaMBl TpeMsi OOBEKTHBAMH MpelyCMOTpeHa
BO3MOXKHOCTh H3MeHeHHsl HX (OKYCHOTO paccTosiHHs Ha —+1,5 ma, 4TO no-
CTHraeTcs fepemellleHHemM nepeoil JHH3bl 06beKTHBa Ha =+2,5 mm. O6bek-
THBH 06,12 1a10T MaJ/IkIM BHHbLETH poBaHHeM, He Bbile 20% ua Kpaio noas.

Briepean o6beKTHBOB npH WIHPOKOSKPAHHOK KHHONPOEKIIHH aHaMopgH-
poBaHHbLIX (HJIBMOB yCTaHaB/MBaeTCi aHaMOPOTHas MPOeKUHOHHAS Ha-
canka (HAII), cocTosias H3 NHIHHAPHYECKHX JIMH3 C apaJlie/IbHBIMH 06-
pasyiousMH UHJIHHAPHUYeCKHX moBepxHocTed. Ha puc. VII, 2 npuselena
ONTHYECKas CXeMa CHCTeMEl aHaMOpPQOTHasA Hacajlka — cdepHueckuii 06b-
€KTHB B MEPHIHOHAJbHOM (TOPH30H-

TalbHOM) ceueHHH. Takoi CJIOMHBIH Bz. spavor
00beKTHB-aHaMOP(OT JI0/KeH Tpoe- watemals
LHpOBaThb Ha 5KpaH H300pa)keHHe C
Pas/HYHLEIMH YBEJHYEHHSIMH 110 BbICO-
Te u wHpHHe. CooTBeTCTBEHHO (OKY-
CHBIE PAaCCTOSIHHA 0GBEKTHBA NO/IKHI
OLITb pa3sNHYHEI B TFOPH3OHTAJILHOM
f." v BepTukanbHOM f,’ ceuennsx. Kak 14z 57

6bI0 MoKa3aHo B ryaee V, ¢ nomo-

Puc. VII, 2. Cxema anamopioTHOR

b0 aHaMOp(OTHOH ONTHYECKOH CH- Hacagkh HAIM2-2 B MepuAHOnaibHOM
cTemMbl IPH KHHOCHEMKE MPOUCXOLHT CEuPmHE
«C2KaTHEe» H300paxKeHHs TOJBKO B ro-
PHSOHTAJIbHOM HalpaBJieHHH oObIYHO B 1Ba pasa. [Ipu KHHOMpoeKuxu npo-
HCXOIMT o6paTHOoe sIBJieHHe: aHaMOPGhOTHas NMPOeKIHOHHAA CHCTeMa «pac-
TAHBaeT» H306paxeHHe MO FOPH3OHTY, B pe3yJ/ibTaTe Yero BOCCTaHaBJIMBa-
eTcsl reoMeTpHYeCKoe NojilofHe MeX1y NMpeIMEeTOM H ero H3obpaKeHHeM Ha
3KpaHe.

AHnamopgoTHas cHCTeMa pacCYMTaHa Ha HCMOJb30BaHHe 0OBIYHOM (hoTo-
rpaduyeckoi goHorpammel (6e3 cTepeodOHHYECKOro 3BYKOBOTO COMPOBOX-
JleHusn), obecneudBaeT COOTHOILEHHE Da3MepoB H306paKeHHA HA KHHOSK-
pane 2,35 : 1 npH Hcnosib30BaHWH 35-MM TIEHKH ¢ pa3MepPaMH NO3HTHBHOTO
kajpa 22X 18,67 mm ¥ COOTBETCTBEHHO KaapoBoro okHa 21,2 X 18,1 ma.

Takum obGpasoM, npu KHHONPOEKIHH aHaMOP(HPOBAHHOTO Kajpa Mpo-
€KUHOHHBIM aHaMop(OTOM JIHHeHHOe yBeJHYeHHe B rOPH3OHTAJbHOM Cceue-
HHH B, AOJKHO OBIThb B 1iBa pasa GO/IbIIAM, YeM yBeJHYEHHE B BEPTHKaJb-

HOM CeYEHHH f, H, CJeAOBaTe/IbHO: '

K .?ﬂpdﬂ.J]'

e B V11, 9

oTCloia
r

Br'zzan H f,-=-2l_ fo .

CoOTBETCTBEHHO YIVILL NOJISi 3PEHHs OTpelle/IsioTCA M3 COOTHOLIeHHH:
A ly
tgw, = —; tgw, = —, (VI1, 4%)
[r fB
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rae I, u l,' — pasMepsl MOJIOBHHEI KHHOKaJApa 10 TOPH30HTAMH H BepTH-
KaJlH; KOHeYHO, 9TH GOpMY Jibi TPHO/IMKEHHBIE, TAK KaK He YUHTHIBAIOT JHC-
TOPCHH CHCTEM.

Jns mupoKosKpaHHOH KHHOMPOeKUHuH 35-um QHIBMOB Halla MPOMEIII-
JIEHHOCTb BHIMYCKAeT BhICOKOKAUeCTBEHHbE OGBEKTHBBLI-AHACTHIMATHI (CM.
pasnen B, Ta6a. VII, 1) n anamopdorubie Hacanku 356HAI2-2 u 35HAI2-3.
OTH HacalKH IBYXKOMMOHEHTHble: KaKIbIH KOMIOHEHT COCTOMT M3 JBYX
CKJIeEHHBIX LHJHMHAPHYeCKHX JHH3. ONTHYeCKas CHJIa NepBOro KOMMOHEH-
Ta (CO CTOPOHBI KHHO3KpaHa) OTpHUATe/bHasi; BTOPOrO — MOJIOKHTE/b-

[apusonma nsnoe ceverue

ldenmpupo-
Sanksid

ofsexmul

—— ""-E'—, =
. A /56;0 w

X
\ PR
wlZ AN g /ﬂ | —
g 5 A
B AN

r
= ﬂjgp =]
Puc. VII, 3. Cxema npusmennofi anamopdorsofl nacanxkn

Hasi. DoKycHpoBKa H306paxieHHs1 Ha KHHOIKPaHe BHayase NMPOH3BOMHTCS
nepeMellleHHeM Bcero o0beKTHBa-aHamopdora, B pesyJbTarte 4ero LoGHBa-
I0TCS Pe3Koro u3obpax<eHHsi rOPH3OHTAJNbHBIX NHHHHA, a 3aTeM — nepeMe-
IeHHeM MepBoro (OTPHILATENbHOTO) KOMMOHeHTa aHaMopOTHOA HacalKH,
B pe3yJibTaTe Yero A0OHBAIOTCA Pe3KOro H300pa)KeHHS BepTHKAa/JbHBIX JIH-
HHil. MakcuMasibHOe noJie 3peHus Hacafiok HAIT cocraBisieT no mupuxe
kaapa 33°, a mo BeicoTe Kajpa — 13°.

. Panee npumensaBmascsa Hacagka HAIT1-1 6una paspaborana B LLKBK
C. I'epuropunbiv. OHa ofecrneyrBaiia Xopollee Ka4ecTBO H300paxkeHHs C
o6beKTHBaMH GoKYCHBIX paccTosHHil oT 80 10 130 MM NpH OTHOCHTENbLHBIX
otBepcTHaX | : 2. Hacanka umena GoJibiune raGapHThl H Maccy: JVIHHA Ha-
cafiKu goctHrana 185 mm mpH CBETOBOM OTBEPCTHHM NepBoH JHH3B 85 X
X 92 MM ¥ MaKCHMAJILHOM JHAMeTpe BbIXOJHOTO 3padka (COBMEIaeMoro
CO BXOIHBIM 3PauKOM MPOEKIHOHHOTO OGBEKTHBa), paBHOM 65 mm.

B 1961 rony B JIMKH 6una paspaGorana ([1. Bosocoseim u III. [levat-
HHKOBOH) MaJorabapHTHas aHaMOp(OTHas HacalKa, BHITYCKawIlascs C
TOro BpeMeHH CepHfiHO B pasjIMYHBLIX BapHaHTax Moj mMapkamH 35HAIN2-2,
35HAII2-3 u Ap.; MMeeT CTOJIb JKe COBeplleHHOe KayecTBO ONTHYECKOro H3o-
OpaXeHHsi NPH 3HAYHTENBLHO MEHbIIHX rabapuTax: AJIHHA Hacanku 142 um
NPH CBETOBOM OTBEPCTHH MNepBoit Juu3bl 68 X 88 mm. Ona npeguasnHayeHa
Ans paboTel ¢ o6beKTHBaMH (GOKYCHEIX paccrosnuil or 80 o 130 mm npu
OTHOCHTEJIbHBIX OTBepcTHAX 1 : 2 u ¢ obvexkruBamu ot 80 no 110 mm npu
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OTHOCHTeJIbHBIX oTBepcTHAX 1:1,8. B uacTHoCTH, BapHaHT Hacaaku HAIT 2-3
npuMensercs ¢ o6vexTHBaMn OKI14-80, OKI15-90 u OKI14-110, umeomumu
oTHOCcHTe/bHble oTBeperHsa 1 : 1,8 (cm. taba. VII, 1).

Jlns nepelBHXHBIX M cTallMOHapHBIX KHHOycTaHoBoK KH-11 BeImycka-
ercsl Ta Xe aHaMopdoTHas Hacalka noj Mapkoit 35HAIT4-1 ¢ o6beKTUBOM
PO-108 (f' = 93 um; 1 : 2).

Hacanku tTuna HAIT2 umetoT BricOKH# KO3DHIIMEHT CBeTONPONYCKAHKS
(87%) npu masiom cBeTopaccesiHuH (0Koso 3%). Benununna anamopdorhoro
dakropa A u3MeHsieTCs MO MOJIO BeChbMa He3HAYHTENbHO — He GoJiee YyeM
Ha 2% (or 1,93 mo 1,96). ;

B saknioueHHe 3aMeTHM, 4TO aHaMOP(OTHbIE HACAJAKH C MaJbiM M0OJEM
3peHHs MOT'YT GLITh MOCTPOEHbI He TOMBLKO H3 NHJIHHADHYECKHX JIMH3, HO H
H3 LUHJAHHJPHYECKHX (BOTHYTOTO H BBINYKJIOr0) 3ePKaJl, H3 MPeJOMJISIONHX
aXxpoMaTHYeCKHX MPH3M, a TaKxKe OTpaxaTeNbHbIX NPH3M C LUHJIHHAPHYEC-
KHMH rpansiMH. Ha puc. VII, 3 npuBesieHa onTHYecKas cxeMa NpH3MeHHoH
aHamMop(oTHOH HacaJKH, MPHMeHseMOH B YeXOCJOBAIKOM KHHOIPOEKTope
«MeonTton IV-C». Ha pHcyHKe clieBa pacrnoJioxeH LeHTPHPOBaHHBIH (che-
PHYECKHH) MPOEKUHOHHBIH OOBEKTHB.

§ 2. OB BEKTHBbBI NJi1 KHMHOITPOEKIHWH Y3KOMJEHOYHbIX
16-## ®HUJIbMOB

¥Y3KkonaenouyHasi 16-um KuHOmpoeKuMs (KajapoBoe okHO 9,45 x 7,05
MM) HAXOIHT 3HAUHTE/IbHOE paclpocTpaHeHHe KaK B BHJe CTaUHOHADHBIX
TaK M nepelBHKHbIX ycTaHOBOK. [To oreuectBennomy 'OCTy 3840—61 aas
3THX YCTAHOBOK NpPeNyCMOTPEHbl NMPOeKUHOHHLIE OOBEKTHBbI ¢ (POKYCHBIMH
paccrossHusMH oT 20 fo 80 mm (c uHTepBasamMH NPHGIH3HTENbHO Yepes 5
MM) U OTHOCHTeNbHBIMH oTBepcTHsiMuoT 1 : 1 mo 1: 1,5. OcHOBHBIME 06B-
eKTHBaMH 3TOro HaGopa SBMSIOTCS 00beKTHBEI C POKYCHEIMH PacCTOSiHHSIMH
35; 50 1 65 mm. OnTHUECKHE CXEMBI TPHMEHSIEMBIX JJIA 9THX Leieil 0ObeKTH-
BOB N0/Ipa3e/IfioTcs Ha MPOCThie , OGLIYHO YeThLIPeXJIHH30BLIe, ANJIAHATE! U
Gontee ciIOXKHBIE, OOBIYHO INIECTHJHH30BBIE, aHACTHTMaThl. [lepBble H3 HHX
MMEIOT ONHCAHHYIO Bblllie 1BY XKOMIIOHEHTHYIO CXeMy. DTH alJIaHaThl HMEIOT
OTHOCHTEJIbHBIe OTBepcTHA Ao 1 : 1,5 — y cHcTeM co cpaBHHTENBHO GoJlb-
mHM QOKYCHEIM PacCTOSHHEM H, CJIeJoBaTeJlbHO, MaJkiM YIJIOM TOJS 3pe-
HHS M OTBEPCTHA MeHbllle, 4em 3T0 pekoMeHjoBaHo I'OCTom, — no 1 :
: 1,65 — y annanatoB Gosee KopoTKodoKycHbiX (cM. Taba. VII,2).

Oxono 25 ner nasag J1. Bosocoewim, M. [Tepcunoii u A. laxHoBHY Gbl-
JM pa3paboTaHbl 0cO60 CBETOCHJ/IbHbIE LICCTHIHH30BbIE aHACTHIMaTHl (PHC.
VI1, 4) nns kuHONpoekTopa «Ykpausa» ¢ namnod K-22. B nensax cospanus
onpenesieHHBIX yIOGCTB TPH SKCIOAyaTauHWH MpoekTopa (NpH 3apsjke
¢uabMa M T. 1.) GbI0 NOCTaBJEHO JAONOMHHTENLHOe TpefoBaHHEe — JHOCTa-
To4HO 6ob1IOrO 3aHero GpoKalbHOrO oTpe3ka. B paspaboTaHHbIX OGBEKTH-
BaX BeJHYHHa 3ajaHero orpeska jgocturaeT 50% (oKycHOTO paccTOsHHMS.
IlBa o6bekTHBa (PO-110 u PO-109) umetor oteepctus 1 : 1,2 0 dokycHsie
paccroanns 35 u 50 mm. O6bekTnB PO-111 umeer orseperre 1 : 1,4 1 do-
KycHoe paccrosiihe 65 mm. OkoJo 25 /et OHH BeINyCKalOTCs CepHiiHo. 3a-
meTHM, uto no HoBomy ['OCTy mpeaycMoTpeHo paccTosiHHe OT 3afiHETO
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TOplla onpaBn OOBEKTHBA A0 MJOCKOCTH (HJIBMa JHIIB He MeHee 10 mm.
Takasi BOSMOKHOCTb YMeHbLUEHHS 3ajHero (QoKaJbHOrO OTPe3Ka MO3BO-
JIHT CO3/aTh ONTHYeCKH OoJjiee coBepllieHHbIE AHACTHIMATHL.

Puc. VII, 4, Cxema Puc. VII, 5. OG6bekTuB «BapHo-Jlu-
0co60  CBETOCHJABHBIX kap-JI» ¢ nepemMeHHnIM  (hOKYCHBIM
NPOEKUHOHHKLIX AHACTH- paccrosHueM [} =35—65 mu
I'MaToB Pg(-)wlg'l PO-110

] -11

Ta6aunua VII,2

OtedecTBennbie 06beKTHBH N8 Npoekuun 16-ss drabmos

. iy & |58 BE.|§
TAHARIEENEHE R
Mapea | SELIEE | ga | o3| <3 |23 [E2E g
ofBeKTHBa o6beKTHBa ;’«‘3; gi:: a8 fg 53‘. %2‘ a g g&&
o . a o 2
§5.-| 58| 38 | 3 | A8 | SB|835¢| 22
PO-102 Annanar 35 |1:1,65| 34 63 16,7 | 80 [100/40| 32
PO-101 Ananar 50 |1:1,65| 34 63 20,3 | 85 |100/40 18
PO-104 Annanar 65 |1:1,6| 34 [102,5]| 30,4 | 83 — —
PO-110 Anacturmar | 35 |[I:1,2 ] 38 52 17,7 | 67 [90/50 | 36
OKIT1-35 Apacturmar| 35 |(1:1,2 ] — — — 68 190/50 | 35
PO-109 Anacturmar| 50 |1:1,2| 38 78 ,2 78 (90745 | 17
OKII3-50 Anactarmar | 50 (1:1,2 ]| 44 70 4,6 | 72 [90/45| 15
PO-111 Anacturmar| 65 |[1:1,4 | 38 |108 34,3| 76 [90/50 10
«Bapno-Jln- Anactarmar [35—65(1:1,4 | — |170 | 32 70 |100/50| 25
kap-IT»
(160I1®I1-1-1)

Bo ®paunuuu ¢upmoii «BepTeé» pa3paboTaH LIeCTHIHH3O0BLIA aHAaCTHI-
MaT C TeM e OTHOCHTeJbHEIM OTBepcTHeM | : 1,2, Ho uMelowmil npH Qokyc-
HOM paccTosiHHH 50 mm 3afHuii OTpesoK 4 um, BMecTO 26,2 mm y 06beKTHBA
PO-109 (f* = 50 mm). DTa onTHUECKas cXeMa NPHMeHEeHa B MPOEKLHOHHOM
o6vexruBe OKII3-50 (f = 50; 1 : 1,2), KpaTKHe cBeJleHHS O KOTOPOM NpH-
pefieHsl B Ta6a. VII,2. Bce 3TH aHacTHrMaTsl BH3yaJbHO Pa3peLlaloT OKoJio
90 m#™' B UEHTPe NOJA C MJIABHEIM CHHXKeHHeM pa3pelueHHs A0 50 uu™ Ha
Kpalo noJis.

B 1967 rony . Bosocosriv u H. JleGenepoit 6bi paspaGoran B JIMKH
CPaBHHTe/ILHO NPOCTOH JeBATHAMH30BbIH 0OBbeKTHB <«Bapuo-Jlukap-Il»,
usrorosnenusifi noa wugpom 160I1PI1-1-1, dokycroe paccTosHHe KoTopo-
ro HempepLIBHO WaMeHseTcs OT 35 10 65 mm PH OTHOCHTENLHOM OTBEPCTHH
1:1,4. OGbexTHB o6najaeT XopolleH KoppeKuued BceX aGeppanuil —
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Gonee coBepiueHHoH, yem o6bekTHBE PO-110, PO-109 u PO-111 npu coor-
BETCTBYIOMMX POKYCHEIX paccTosiHHAX 35, 50 u 65 um. ONTHKO-KHHEMATH-
YecKasi CXeMa CHCTeMbl MpocTa: H3MeHeHHe (OKYCHOrO PacCTOSIHMS JOCTH-
raercsi NyTeM NepeMelleHHs JIHIIbL BTOPOro KomnoHeHTa. OGbeKTHB HmeeT
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Puc. VII, 6. AGeppauns NaHKPATHYECKOTO NMPOEKUHOHHOrO OGbEeKTHBA «Ba-

pHo-Jlnkap-IT» npu GOKYCHHIX PacCTORHHAX: @ —

f'=35 mu; 6 — ['=65

MM

CPaBHHTEJLHO MaJible rabapuThl: NpH obel anuHe 170 um AnaMeTp ero nep-
Bo#t simH3bl 70 mm. Ha puc. VII, 5 npeacrapieHo nojoxeHHe KOMIOHEHTa

I npu f’

= 35 mm; mpH [’

= 65 mm XomnoreHT /] npubamkaeTcs BNJIOT-

HYI0 K KomnoHenTy [/1; npy atom 3aguuii GokanbHE! OTPE30K H3MEHsETCS
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BecbMa He3HaYHTeNbHO M paBeH okKoJio 32 um. Ha pue. VII, 6 npuseneHu
aGeppalluy IHPOKKHX MEPHAHOHAJIBHLIX H CATHTTAJAbHBIX MYyYKOB STOro 06b-
€KTHBA NpH JBYX KpaHHHX 3HaueHHsX ero (oKycHbIX paccTossHHi — 35 H
65 mm. AGeppaunH, KaK BHIHM, KOPPHTHPOBAaHEl BeCbMa COBEPILEHHO.

§ 3. OBBEKTHUBBI O/ KHHOIMPOEKIIHH
MHPOKO®OPMATHBIX 70-usx ©®HJIbMOB

[Monesuwiii cBETOBOH MOTOK KHHOMPOEKTOPOB AJs LIHPOKO(OPMATHBIX
70-mm punbmor pocturaer 30 000—40 000 2x, a nHorAa H Gonee. Ilocnen-
Hee onpeJesisieT GOJBIIYIO MJIOTHOCTb CBETOBOrO MOTOKA, MPOXOASMLIEro de-
pe3 NpoeKUHOHHLIH 00beKTHB. JleACTBHTENbHO, (OKYCHBIE PACCTOAHHS H
OTHOCHTEJIbHBIE OTBEPCTHS NPOEKLHOHHEIX 0GbeKTHBOB /15l IIHPOKOdopMaT-
HOM KHHOMPOEKILHH HMEelOT NPHOJH3HTENBbHO Te e SHayeHus, 4TO M NpH
npoekuny o6LMHEIX 35-mm GuabMoB. Clle[loBaTeJIbHO, MOJe3HLIE CBETOBLIe
MOTOKH BO3PacTaloT NPONOPLUHOHAIBHO NOMLA/IAM KaJPOBHIX OKOH — TMpH-
6au3HTEIBHO B TPH pa3a. Bo3HMKalOT onaceHHsa obfpasoBaHus OoJbILHX
TeMrepaTypPHEIX 'Pa/IHEHTOB B JIHH3aX, ONAaCHOCTb PacTPeCKHBAHHS CTEKOJ
JAMH3 H T. N. 3To MoGyAuI0 HAC NPH'MPOEKTHPOBAHHH ONTHUECKHX CXeM
MepBbLIX BAPHAHTOB MPOEKIHOHHLIX 06beKTHBOB M36paTh TaKHe pelleHHs,
[pH KOTOPHIX AHAMETPHI JIHH3 CYMeCTBEHHO MPEBHILAIOT Teé BeJHYHHEI, KO-
TOpEIE MOJYYaloTCsi Y OObIYHBIX 00GBbeKTHBOB NaHHOTO (POKYCHOTO paceros-
HHSI W OTHOCHTEJIbHOTO OTBEpCTHS.

Kak u3BecTHO, AMaMeTprl JIMH3 OOBIMHLIX OOBEKTHBOB NPHOIHSHTENBHG
PaBHEl AHaMeTPYy BXOJAHOTO 3pauka. B npeisioKeHHHIX HaMH ONTHYECKHX
cXeMmaXx JHaMeTpHl BceX JIHHS B 1,5—2 pasa Godbllle, a eslefoBaTeNbHO, NJ0T-
HOCTH CBETOBHIX TOTOKOB B JIHH3aX YMEHbIIAIOTCS NPHO/NH3HTENBHC B TPH
pasa. OnTHYecKyio cXeMy TaKoro o0beKTHBa MH 00pa30BaJjH OyTeM yCTa-
HOBKH Bliepefidl CJIOKHOTO LJHHHO(DOKYCHOTO CBETOCHJBHOIO KOMIIOHEHTa
¢ hoKyCHEIM paccrosHHeM oKoJo 180—200 s#m H OTHOCHTENbHEIM OTBEPCTH-
em 1:1,8—1:2 apoxanpHo#t Hacaiku npUGAUSHTE]BHO MABYKPaTHOTO
yMEHbIIIEHHSl, YTO MPHBEJO K SKBHBAJEHTHOMY (POKYCHOMY PDasETOSIHHIO
npoekuHoHHOTO o6beKTHBa 90 — 100 MM PH TOM e OTHOGHTEJLHOM OT-
pepctud 1:1,8 —1:2. CnpoekTHpoBaHHasi MO TaKoH CXeMe CHCTeMa
umeeT JHH3E Gosbiuoro Auametpa (okoso 100 mam) u anuny Gonee 300 mau.

TpyaHocTh pemaeMol 3aayd 3aKJioyaJach B AOCTHIKEHHH HNOCTaTOYHO
coBepLICHHOH KoppeKuuu aleppauHii mpH paclIHPeHHHIX NMOJAX 3PeHHd
(30—40°) ¥ MHHHMaJIbHOM BHHbETHPOBAHHH JiydeH INMPOKHX HAKJIOHHBIX
ny4ykoB. Paspa6oranunie aBTopom u 3. KoHTOpPOBHY NpoeKUHOHHbLIE aHAC-
rurmatel OKI12 1 OKI13 (ra6a. VII, 3) npu BHHbeTHpOBAHHH, He NpeBhIla-
towem 20% Ha Kpaio noas, paspemaiot okoJso 100 #u™ B 1leHTpe @ n/aB-
HbIM CHU2KeHHeM paspellieHus 10 60—55 uu™ Ha kpaio nons. Ha pue. VII,
7 npelcTaBjieHa ONTHYecKas CXeMa CHCTeMbl, 06pasoBaHHOH W3 OCHOB-
HOro MATHJAHHS0BOTO OOBEKTHBA H JIBy XKOMNOHEHTHOH adokaabHOH Ha-
CALKH

B 1966 rony B JIMKH Grinu paspaboranbl MasioraGapHTHbIE IECTHAHH-
30Bble 2aHACTHTMATHI THNa «Dpax (cm. puc. IV, 11, 2), HMelolHe HOpMaabHbIE
rabapuThi OOLIYHEIX O6BEKTHBOB H TaKXKe MpellHasHAYeHHbIe 1A MPOeKUHH
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70-mnm GuibmoB. O6bekTHBE «JInkap-[T-1» (f' = 90 mm, 1 : 2), «Jlukap-
I1-2» (f = 100 mm, 1 : 2) uMerOT ONTHYECKHE XaPAKTEPHCTHKH H Ka4yecTBO
ONTHYECKOTO H300paXKeHHS , aHaJIOTHUHEIe OGBEKTHBAM, NPHBEICHHBIM B
Taba. VII, 3.

Ta6auwua VI3

OGbeKTHBB 148 KHHONPOEKUHH wHpoKodopmaTRuX 70-um (PHIAbMOB

z i |2
g3 8 g TR s 88 |g=

- = ’
Mapka Tun o5 Ho s g . é E: EEQ 28
O6BLEKTHBa 0GBbEKTHBa gg EE. e 3 <3 S g9g |z¢

o @ =

cg| 8% | 3 g2 | B [RE| 22sr [0
sg| 5 | &3 | 58 | 58 |28 83cys8
OKI12-70 Anacrurmar | 70| 1:1,8 | 104 | 344 |52,2 |74 90750 | 0
QKI12-75 AnacTurmar 75 1:2 82,5 | 354 54,8 | 73] 100/55 | 28
OKI12-80 AHacTHrMar 80| 1:2 82,5 373,51 59,4 | 70| 100/60 | 27
OKTI13-90 AHacTurmar 91| 1:1,8| 104 386 73,1 | 75| 90/55 | 28
QKII12-100 AnacTurmar 100 | 1:2 82,5 | 454 82,0 | 721 100/65 | 26
OKII2-110 Anacturmar | 110 | 1:2 82,5 90 69,1 |75| 80/50 | —
OKII2-120 AxacTHrmat 120 | 1:2 82,5 | 112 78,8 |85| 90/55 | 30

3TH 06BEKTHBLl MOTYT NPHMEHATHCA B LWIHPOKOGOPMATHHIX KHHOMpPOEK-
TopaX MOHHXKEHHOH cBeToBOH MomHocTH. B 1968 roay Grina uarotossena
nepBasi mapTHs o6beKTHBOB noj wndpamu OKII-90-1 u OKII8-100-1.

Hacadrva O sexmul
A A

Puc. VII, 7. Cxema kpynHoraGapur- Puc. VII, 8. Cxema manoraGapHTHHIX
HHX [AeCATHJHH3OBBIX AHACTHIMAaTOB AGCATHNHHIOBBLIX &4HACTHIMaToOB  AAA
Ang wupokopopMaTHOA KHHONPOEKIHH npoekuHd 70-mx PpuabLMOB

70-mm duALMOB

OnxoBpeMeHHO HaMH Gbl/IH BbINOJIHEHBI Pa3paGoTKH TaKikKe NAECATHAHH-
s0BbIX cHcTeM (pHc. VII, 8), HO sHauHTe/IbHO MEHBIIHX rabapHTOB H Macc.
B yactHocTH, paspaGotaH o6bekTHB «JIukap-I1-6» (OKII8-70-1) ¢ f' =
= 70 um; 1 : 2, umetomuit anuny 212 um 1 Maccy 3,5 K2, BMECTO JJIMHE
344 mm u maccel 6,8 ke y cepuitnoro o6bektHBa OKI12-70. B npyrux Bapwm-
aHTaX MpPoeKLHOHHLIX 06beKTUBOB: «/TnKap-I1-7» (OKI18-80-1)cf’ =80 mm
v «/Iukap-I1-9» (OKII8-100-1) ¢ f = 100 mm, 1:2, ynanoce
COXPaHHTb TAKXKE BHICOKHe ONnTHYecKve Kavecta. [Tocnennuit U3 sTux o6b-
eKTHBOB pa3pafoTaH HaMmH JAAs cBepxiuHpoKodopMaTHOro KHHoTeaTpa Co-
BetcKoro nasuaboHa «DKCIIO—70» B SinoHHM AAs NpoeKuHMH NBOHHOTO
70-mm kanpa. B saknioueHue ynomsatem o paspaboranusix JIMKH, HUK®HU
u LUIKBK npoekuHosHsIX BapHoaHaMOp(OTax pa3IHuHbIX ONTHYECKHX CXeM,
npelHa3HaYeHHLIX LJs NpPOeKUHH aHaMopdupoBaHHEIX (uabmoB 21,3 X
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x 18,1 mm, nonydyeHHbIX U3 35-MM KHHOIJIEHKe C Pa3HbIMH NepeMeHHLIMHA
Ko3(duuHeHTaMH aHaMmop¢HpoBanns — oT 0,5 0 2 KpaT. 3Tta CHCTEMa Mos3-
BOJISIET OCYLIeCTBHTb BaDHOCKONHYeCKHH KHHemaTorpad, y KOToporo B 3a-
BHCHMOCTH OT H300paKaeMbIX CHOKeTOB OyJeT CHHXPOHHO H3MEHATHLCH KOH-
¢urypauus KHHOH300paKeHHH Ha 9KPaHe C epeMeHHbIM COOTHOILEHHEM ero
CTOPOH: OT KBaJipaTHOTO J0 BRITAHYTOTO MO BePTHKAJH HJIH MO FOPH30HTa-
JIH C COOTHOILIEHHEM, NJIaBHO H3MEHAIOUHUMCH COOTBETCTBEHHO CONEepKaHHIO
H300paKaeMoro CI0KeTa, UTo 3anporpaMMHEPOBAHO B [Ipolecce CheMKH KHHO-
¢uIBMOB (HJIH TPH NeYaTH BapHOCKONHYECKHX (HIbMOKONHH) C pas/IMYHbI-
MH BeJIHYHHaMH Ko3thdHLIHeHTOB aHaMOp(HpPOBaHHS.

§ 4. OBBEKTHBBI /i1 TNMPOEKIHH JIIOBHUTEJIbCKHUX 8-mm
KHHO®HWJIbMOB H ®OPMATA «CYITEP-8»

Jna npoekunH 8-mm KHHOQHIEMOB ¢ OpMAaTOM NMPOEKIHOHHOTO Kajpa
4,5 X 3,3 mm u puabmoB dopmaTa «Cynep-8» (mpoeKLHOHHbIH Kaap 5,36 X
4,01 mam) 0ObIYHO MPHMEHSIOTCA 0CO00 CBETOCH/IbHbIE OOBEKTHBE! C OTHOCH-
TesbHLIMH oTBepcTHamH 1 : 1,4—1 : 1,2, OHW ROMKHB HMETh (POKYCHBHIE
paccTosiHHs, NPHOJIH3HTENBHO B fiBa pasa GoJibliHe GOKYCHBIX PacCTOfHHI
INTATHBIX CHEeMOYHBIX 00beKTHBOB — OKo/10 20 mm. M3 dopmyant (VII,3)
onpefieasercs Tpebyemas paspeluaiomias cuia o6beKkTHBa. JIs NpoeKIHOH-
Horo Kazipa «Cynep-8», MOJIOXHB /U1 HEBLICOKHX YPOBHEH SPKOCTH 3KPaHa
Y = 3—4" =~ 0,001 pad, nonyunm N'P>100 mmx™. StuM TpeGoBaHHAM
orBedaeT paspabotauHuiii . BosnocoBeiM 8 M. [lepcHHo# cBeTOCHMBHBIN
aHaCTHrMar «JKpaH-1», B KOTOpOM NpHMeHeHa OPHIHHa/lbHas LUECTHJIHH-
30Baf onmTHYecKas cxema (cM. puc. VII,4). [Ipy doxycHoM paccTosiHuH

18 »M M OTHOCHTe/NIbHOM OTBepCTHH | : 1,2 06beKTHB paspeluaeT OKOJIO
120 mx™ B UEHTpe MOJIA C TMJABHLIM CHH)KeHHeM paspelleHHs 10 70 mm™
Ha Kpalo.

Becbma yno6eH s JOGHTENBCKHX KHHOMPOEKTOPOB OOBEKTHB € nepe-
MeHHbIM QOKYCHEIM paccTosiHHeM. Y Hac u 3a py6exxom paspaGoTaHhl Npo-
eKI{HOHHBIE AHACTHIMAThl C OTHOCHTe/NbHBIMH OTBepCTHsIMH | : 1,4 W Bhbille
npH QOKYCHBIX PacCTOSHUAX, H3MeHAoUKXca or 15 10 25 mm, 4TO M AaeT
BO3MOXHOCTb U3MEHATh IIPOEKIIHOHHBIE PACCTOSIHHA B AOCTATOYHO LIHPOKHX

npenenax.
K uucny aHeymayHbix pa3paboToK cliellyeT OTHECTH BHINYLIEHHbIA K Npo-
ekTopy «KBaut» nankpatuyeckuii obbektuB [1®-1 (f = 15—25 mm)

Gosnpnx ra6aputoB. OH COCTOMT W3 eCATH JIHH3, HMeeT IHHY 91 mum npu
AuaMeTpe nepBo#t HH3B 37 mm. ITHM 06CTOATENLCTBOM BOCIOJ/L30BAJIHCh
SIMOHCKHE ONTHKH, OCHACTHB SKCIOPTHPyeMble B AHT/IHIO HALH KHHONpPOEK-
Topul «JIyu-2» MajoraGapHTHBIM MPOCTHIM IIECTHJHH30BBIM OOBEKTHBOM
«JIyu-3ym» (f* = 15-—25 ma), uMelolmHM ANTHHY OKOJIO 64MM TpH JuameT-
pe HauGoablued nepsoi JuH3bI 27 mm. OZlHaKO npu 5TOM Obl1a CO3HATEbHO
AonyuieHa peKsiamHasi Mepa: oOBEKTHB MapKHpYeTCsl OTHOCHTE/NbHbIM OT-
BepctHeM | : 1,4, B TO BpeMs Kak (aKTHUeCKOe ero oTBepCTHe, KaK MoKasa-
JIM KOHTPOJIbHEIE H3MepeHHs, He npesbiaer 1 : 1,66.

Bousee ynaunoe pewenne nonydexo B IMKH (1. Bonocosrim 1 H. JleGe-
Genepoit), rae Aas ypesnyeHHoro gopmara «Cynep-8» paspaboran H nepe-
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AaH MPOMBILIJIEHHOCTH NMaHKpaTHYeCKHH BOCbMHJIMH30BLIH 06GbeKTHB «Ba-
puo-Jlukap-I» (f = 18—30 ma), ¢ oTHOCHTENbHLIM OTBepcTHeM 1 : 1,2,
uT0 ofecrneynBaeT CBeTOCHY, B IBa pasa GoJbIIYIO, YeM Y ANOHCKOro ofs-
€KTHBa; ero obiuas anuHa 60 #x npH anameTpe nepBoi JHH3H 30 sm. ItoT
OOBeKTHB ABASETCA pe3yJIbTaTOM YIMpOIleHHs ONUCAHHOH BhIllle CXeMBl
«Bapuo-JIukap-IT», ero o6pasusl uaroroBneHs nox mwudpom [1P-6.

§ 5. OB BEKTHBBI OJI5 3ITH- U JHATTPOEKLIHH

s NpoeKLHH Ha SKpaH NPO3pauHbIX (AHANMO3HTHBOB) H HEMPO3PadHbIX
(puCYHKOB, uepTexeifi), NJOCKHX 0OBEKTOB NPUMEHSIOTCH pasJjiHuHble 06b-
€KTHBBI, KaK CIellHa/bHO A/IS STHX lesiell paspaboTaHHble, TaK H BbiyCKa-
IolHecs CepHAHO AJIf KOMIJIeKTallHH JAPYTHX NpHOOPOB, HO HCMOJbE3yeMbIe
TaKXe W B IPOEKIIHOHHLIX YCTAHOBKaX.

HauGousee wnpokoe pacnpocTpaneHHe MOJYYHJ aHACTHIMAT « T pHNeTs.
OH mpuMeHsieTCi KaK B MacCOBHIX MaJloOpMaTHBIX AHaNpoeKTopax (Kan-
ponpoekTopax) 24 X 36 mm, Tak ¥ B SMHAHACKONaXx ¢ GonbluMH popMaTa-
MH NpoelHpyeMblX KaApOB.

B oTeuecTBeHHHIX KajpomnpoeKTopax «CBeT» € TM0Je3HbIM MOTOKOM
150 2m wu «lopu3oH™ ¢ noTokoM 350 4M MPHMEHSIOTCS TPHIIETHI C
(OKYCHBIMH pacCTOSIHHUAMU 78 MM H OTHOCHTE/IbHBIMH OTBEPCTHAMH

I: 2¥B. B xanponpoekTopax Tex xe ¢opMaToB «3TioN> ¢ MOJIE3HBIM TOTOKOM
85 am u «[IpoToH» ¢ noTokom 350 M MPHMEHSIOTCH TPHMJETH! TeX e OT-
Bepcruit | @ 2,8, HO HECKONIBKO MeHbIIMX (OKYCHbIX paccTosHHH (75mm);
NpHYEM B MOC/IeHEM KaAApONPoeKTope NPelyCMOTPeHbl TaKXKe CMeHHble TPH-
nJetsl ¢ pokycHeiMu paccrosiuusiMi 100 u 150 MM H OTHOCHTENLHLIMH OT-
BepCTHsIMH cooTBercTBenno 1 :2,8ul: 3.

[ koabuo# snuauackon 100 X 100 #m Komnaektyercs AByMs OO0bek-
THBaMH: TPUIIETOM 15 SMHUCKOMHYECKOH mpoeKuHH [ = 442 mm; 1:5
H o6beKTHBOM — mepuckon [ = 206 mm; 1 :5 Ana nnacKonuyeckoi
NpOeKLHH.

[Tepenocnoll HacTonbuuil 3nufuackon I1[-452, paccuuTaHHbIf Ha Ma-
Jbie aynutopuu (mo 30 uwes.), mpu pacCTOAHHAX OT Npubopa A0 SKpaHa
3 —6 m# komnnekTyercs TpumaeroM f' = 365 mm (cm. Taba. VII,4) nns
SMHCKOMHYECKOi NMPOEKUHH HeNpOo3pauyHbiX OGBEKTOB C yBEJHUEHHSIMH OT
7 po 15 kpar. droT ke 0oOBeKTHB coxpaHeH B Oosee MosjHed MoOAeNH
IlI-455.

Heckonbko 6ojee CAOKHBIM (4eThIpeXJIHH30BbIM) aHacTHrMatoM «HH-
ayctap-51» komnaektyercs snuauackon S11-452 u ycoBepiieHCTROBaHHAS
mozens I1-455 Ansa NpoeKUHH JHAanoO3HTHBOB A0 9—I12 cx ¢ yBenuyeHu-
smu oT 13 no 27 kpat. 3710T Ke 06beKTHB NPHMEHEH B NEPEHOCHOM HACTOJIb-
HoMm npubope D[1M-454 15 npoeKUHH Ha 3KpaH 3anuced IPH YTEHHH JIeK-
uMit, a Takxke B 6osee mosaueit monenn DJIM-459, B KOTOPHIX HCNOAL3Y-
ercs 19-cx npospaunas nieHka ¢ popmatoMm Kafpa 17 x 14 cu, npoeuunpy-
eMas c yBeauueHusiMd otT 9 no 20 Kpart.

YetbipexninH30Bbi#i aHacTHrmar «CaTypH-2» ofecne4HBaeT HECKOIbKO
Jydlliee KauecTBO H300paMKeHus, yem oObeKTuB TpHNJeT f° = 494 mm, KO-
TOPBIM TaKxkKe KoMmnaeKTyercs snuiuackon 3SI1/1-451 B3amen obbekTHBA
«Ypaun-12»,
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[Mlectnnnusosbifl o6bekTHB THIA «[enuoc» (ff = 92 mu; 1 : 2) npumens-
erca B Kanponpoektope JI9TH-60, obecneunsas c mamnoii K-22 npu
dopmare kanpa 24 X 36 mm nonesuuiit cBeToBoi notoxk 500 am.

O6bekTHB TOro xKe THNa «['esnoc», BEIMycKalomuics nox Mapkoi JK-26
(cM. Taba. VI1,4), npumensercs B kunonpoexrope CKI1-34 nas npoeunpo-
BaHHA HOpMajbHOrO 35-Mm Kajpa Ha MO3aMKY TeJIEBH3HOHHOH TPYOKH
9 X 12 em ¢ yBennueHnem 5,75 Kpar.

[[lecTHNHH30BLI BLICOKOpa3pellalolHii OPTOCKOMHYECKHH aHaCTHIMAT
«Opuon-18» nospossieT npoeuHpoBaThb ¢ JIOGLIMH YBEJNHYEHHAMH — OT
1 : 1 u Gonee. MiMeeT xopoluo HCIpaBieHHYIO AHCTOPCHIO, YTO Ae/iaeT BO3-
MOXXHBIM ero mpHMeHeHHe B IPOEKLHOHHBIX YCTaHOBKaX, riae HeobXoauMo
cTporoe cobaofeHHe Macilitaba mpoellupyeMblX o6bekToB. Busyanbras
paspelaioinas cnocoGHOCTh 06BbeKTHBA B LeHTPe Mosis Gu3Ka K TeopeTH-
qecKHd mpelenbHodl — okoa0 200 mm™ ¥ NaBHO CHHMKAETCs MO MOJK A0
130 mm~t.

CeMH/IHH30BbIH BbICOKOKAYeCTBEHHLIH aHacTHrMar «Ypau-12» (cm.
Taban. VII, 4) ycranoBnen B snuanackome II1I-451 ans smHckonugec-
koit mnpoekuuu Kaiapoe 20 X 20 cm c ypenuuenusmu ot 10 mo 18 kaprt.
IIO-451 — Goabluo# SNUAMACKON, PACCUYHMTAHHBIA Ha O06CIYyXHBaHHE
ayautopuii 1o 100 yesnoBek u Goabllle (IPH MPHMeHeHHH SKPAaHOB HaNpaB-
JIEHHOTO OTPaXKeHHMs) NPH PacCTOAHHAX OT npubopa Ko 3KkpaHa 5—I10 .

Ta6nuua VII,4

O6beKTHBH ANA SMH- H NHANPOEKUHH

- =
& L mED x [onoxkenne Ci B
| RN BEEEEE-
Hassanue (Mapka) | ¢ 33 5 g g E 3 4] THHS. H
06beKTHBA e £F RS Rz
g g:.. § § :ﬁgg,‘é g % F S'F' nepsoft | moc-
«Tpunaer» 365,0( 1:3,7 15x 15 121,5| —269,1 |315,0| 100,0] 90,0
«Hunyerap-51» |210,2| 1:4,5 9x12 48,1 —191,0 | 183,5| 46,7| 41,6
«¥Ypau-12» 496,0( 1:2,5 20x20 293,0| —343,0 |302,2]196,0| 146,0
¢« Ypan-9» 255,01 1:2,5 9% 12 169,5| —146,9 | 165,6|133,6| 121,4
«TpHmrer» 494,0] 1:3,5 2020 169,4| —360,1 |422,4)141,1| 133,1
«Carypu-2» 501,0( 1:3,5 1818 268,1| —234,0 | 367,8]143,0] 160,5
PO-116 149,4| 1:3,5 9x12 72,5| —119,3 | 104,1| 57,6| 55,5
PO-117 199,6| 1:3,5 9x 12 96,9 —159,4 | 140,2| 65,4| 61,1
K-26 180 1:2,5 (%,52)(2,09 132,4| — 80,5 |106,8| 83,5 70,0
3=—5,75)
«OpHon-18» 100 1:6,3 8x8 46,01 — 70,2 | 73,4| .31,2| 32,0

B sroii ke ycranoske 3I1/1-451 mcnoabsyercs anacTHrmat «Ypau-9»
IS TpoeKUuu Auano3uTBoB 9 X 12 cu npu ysenuuenusx or 20 po 35
Kpar.

Anacturmatet PO-116 1 PO-117 ceMUHH30BOM ONTHYECKOH CXeMbl NIpei-
HasHadyeHbl /i NHAPUPNPOEKUHY AuanosuTueoB dopMaTta 9 X 12 cu Ha
pHp3KpaH pa3mepoM 10 3—4 xm. O6beKTHBH 006/1a4alOT XOPOIUKM KayecT-
BoM H300paKeHHS B NpejenaX BCEro joJs.
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TJIABA VIII
OBBEKTHKBbI [IJid TEJIEBUIEHUSA

OnTtuyeckHe XapakTepPHCTHKM H CBOficTB2a OOBEKTHBOB, MpOelH-
PYIOILHX H300paXKeHHSI Ha CBEeTOYYBCTBHTEJbHEIE MOBEPXHOCTH pasJiHy-
HEIX NPHEMHHKOB, ONpeNeJSoTcs PAAOM (akTopoB, a C SHEPreTHYECKOH
TOYKH 3peHHs — ABYMS: CHeKTpaJbHbIMH H SAPKOCTHEIMH XapaKTepHC-
THKaMH H300paXkaeMblX OOBEeKTOB (CaMOCBETAULHXCS HJIM OCBEIlaeMbIX) H
CHeKTpaJbHOH YyBCTBHTEJBHOCTBIO MPHEMHHKOB H300paxenuil. Bonbmyio
TPYNNy MpeacTaBJsiioT o6bEKTHBE, MpoelHpylomue H3o0paxeHusa Ha (o-
TOKaTOJ TeJIeBH3HOHHBIX Mepelalomux TpyOOK.

HM3pecTHO MHOTO THMOB Te/€BH3HOHHHIX TPYOOK KaK 3apyGexXHbIX, Tak
H OTeYeCTBEHHHIX OOWEro H ChelHa/JLHOrO HasHA4YeHWs, pasnuvyalollixes
1o psilly MapaMeTPoB H MpexJe BCero no HHrepecylolleil Hac B JaHHOM @J1y-
4ae CIeKTPaJbHOH 4yBCTBHTEJIbHOCTH.

Ha puc. VIII, 1 npuBelienbl crnekTpasbHbIE XapaKTEePHCTHKH oOTedect-
BeHHbIX Tpy6ok «Kokc» u «Konba», MakCHMYMBl CIEKTPAJbHOH YYBCTBH-
TeJIbHOCTH KOTOPBIX MPHXOAATCS COOTBETGT-

BEHHO HA AJAHHHI BoNH A = 470 nm ue (A= W0 7 R
=546,1 nm). PoToKaToAK APYrHX TPYGOK R\
(nanpumep, JIU-7 u JIW-17) umetor makcumy- | I v \
Mbl HyBCTBUTEJIbBHOCTH B HECKOJIbKO Gonee 'l v' \\
| 1
;:?‘ ke A o 7 ﬁ’)
Ka
> o 0., Konba IR\ \ %f-g
/ o w L
Ip. ., Ko Toybra
G5~ N \\ - ’ \ |\
1., Kowc "+ N N \ |
vurm.Ar I/(” P \ z \ | Tpylra
/) l | ﬁ’ur R * Tpybra Y (_ﬂ}f-?
1 ﬂ -
w0 6w 7w am g LU NS
,z’,q” 4an 600 800 wrs
Puc, VIII, 1. CnexTtpaiabable XapakTepuc- Pue. VIII, 2. OTHocHTeAL-
THKH TeNeBH3IHOHHBIX TPYGOK <«KOKC® # H¥fl CNeKTpaJbHads YYBCT-
<«KonGa» W @KTHHHYHWE (IOTOKH MOPH HC= BHTEABHOCTL (HOTOKATOROB
Tounuke A Te/IEBH3HOHHBIX  Mepesaio-

uitHx Tpv6ox JIH-7, JIH-17,
JIK-23 u JIKU-13

16—921 481



KOpOTKOBOJNIHOBOH 06sactu — BOMn3H 440—450 wm (puc. VIII, 2), a
Tpy6Ka JIU-13 — B ANMHHOBOJIHOBOH 06sacTH — BOJIH3HM CIIEKTPaJibHOR
AUl A = 730 #m. Ha puc. VIII, 1 npuBelieHH TaKXe OTHOCHTe/NbHbIE
BeJIHYHHBI aKTHHHYHBIX [TOTOKOB AJst Tpy6ok «Koke» u «Konba» npu ncrou-
nuke ocseuleHnsi A. COOTBETCTBEHHO JOJIKHA BBLINMOJHSATHCA XpOMaTHYeC-
Kas KoppeKLHs pa3paGaThbiBaeMbIX AJisi HHX OOBEKTHBOB.

§ 1. OB BEKTUBBI TEJIEBU3HOHHBIX TEPEJAIOIIHMX
KAMEP

KauecTBo TeleBH3HOHHOrO H300paXKeHHs ompeleJisieTcss MHOTHMH (dak-
TOpaMH: YeTKOCThIO, JIHHEAHOCTBIO CTPOUHOH H KaJpoBO#l pa3BepTOK, reo-
MeTPHYECKHMH H TPaJalHOHHBIMH HCKaXKeHHsMH, lymaMu u ap. Onrtuuec-
Kasi 4aCTb TeJIeBH3HOHHOH CHCTeMbI BJIHAET [VIaBHEIM 00pasoM Ha UYeTKOCTb
TeJIeBH3HOHHON KapTHHEL. OueHKa 4eTKOCTH H300paxeHHs, [0o-BHAUMOMY,
HaHGoJlee NOSHO MPOBOAKTCA onHcaHHbIMH B raaBe 111 mMetopamu @ypoe-
aHa/lH3a, MO3BOJISIIOUIHMH pasfelbHO MONYYHTh YaCTOTHO-KOHTPACTHEIE
XapaKTepHCTHKH Bcero TeJEeBH3HOHHOrO KaHana: o0beKTHBa, mepeiaiouiei
Te/IeBH3HOHHOH TPYOKH, BHACOYCHJIHTe/sl, KHHECKOIa H T. . Pe3ysbTaThl
noAOOHLIX OLIEHOK NMO3BOJAIOT YCTaHABJAHBATh TpeGOBaHHs K KaueCcTBy 00b-
€KTHBOB, YYacTBYIOIIHX B POPMHPOBAHHH TeJIeBU3HOHHOTO H300paKeHHS.

HanoMHHM, 4TO 4aCTOTHO-KOHTpPACTHblE XapaKTEePHCTHKH OObEeKTHBOB
B 6eJIOM HJIH KaKOM-JIHGO APYTOM CJIOXKHOM CBETE 3aBHCAT TaKiKe OT CIeKT-
pa/bHOM YYBCTBHTE/NbHOCTH NPHEMHHKA, BCJIEACTBHE YEr0 MOMKHO B KayecT-
Be TAKOBOrO HCMOJIb30BATh HENOCPEACTBEHHO TY TeJIEBH3HOHHYIO Nepejalo-
myio TpybKy, ¢ KOTOPOii OGBEKTHB CONpPSIKEH B TeJIeBU3HOHHOH CHCTEMe.
[lpumeHenHe KaKoro-aH60 APYroro mpueMHHKa TpeOyeT KOppeKIHH ero
CMeKTpalbHOH 4YyBCTBHTEJNBHOCTH COOTBETCTBEHHO YYBCTBHTEJbHOCTH
¢doToKaToAa nepeaoilei TpyOGKH.

Heo6xonuMo npoeunpoBaTh H300paXkeHHs WITPHXOB MHPHI Ha (oToKa-
TOJ Te/ieBH3HOHHOH TPYOKH, MCNOJIb3yeMOil B KauecTBe NPHEMHHKa, G JI0-
CTaTOYHO GONIbLIMM yBeJIHYeHHEM — TaKHM, YToGLl YaCTOTHO-KOHTpAacTHas
XapaKTGPHCTHKA TeJeBH3HOHHOTO TPAKTa HE BJIHAJA Ha M3MepsIeMBIH KO-
apdHIUHeHT Nepelayl KOH:pacTa MCMEITYeMoro o6bekTHBa. HsobpameHus
BBICOKOYACTOTHBIX IITPHXOB MHMPHI Ha (oToKaToAe TPYOKH NO/MKHBI OBITh
NpuOJH3HTENbHO B JlecATh pa3 IIHpe, YeM IUHPHHA CTPOKH TPYOKH, uTO
JAOCTHraeTCs, HanpHMep, MpHMeHeHHeM MHKPOCKONa B KauecTBe MpOeKIlH-
OHHOH CHCTeMbl, NpoelUpYylolleli H300paxKeHHA LITPHXOB MHPbI HEMBITYe-
MbIM O0BEKTHBOM B IJIOCKOCTh (POTOKATOJa TeJeBH3HOHHOH TPYOKH.

Hccneposanus nokasanu, 4To XOpOWHM OGBEKTHBOM, NPAaKTHUECKH He
CHH)KAIOWMM YeTKOCTH TeJIeBH3HOHHOTO H306pamennus, (Popmupyemoro
TeJIeBH3HOHHbIM TPAKTOM, fBJseTC O0BEKTHB, ofecnedYHBAlOLIMI Ha rpa-
HHYHBIX TeJeBHSHOHHBIX uacToTax N’ Besnunny koadduunenrta nepena-
9H KOHTpacTa He MeHee 0,70 KaK B IleHTpe , TaK W Ha Kpalo pacTpa:

Nrp =L'2;1“—‘”—. (VIIL, 1)

rie n — YHCJO CTPOK pasjioxeHHs; I — BhiCOTa paboyeil MoBepXHOGTH
(oToKaTONa B MM; ¢ —OTHOCHTE/IbHOE BpeMst 0OGpaTHOro Xofia pasBepTKH,
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YioBNeTBOPHTe/bHBIH OGBEKTHB HMEET BeJHYHHbI KONpPHHUIHEHTa nepe-
Aadil KOHTpacTa He Mexee 0,5 B npeenax Beero pacrpa. O5beKTHBEI, Y KO-
TOPRIX BeJIHYHHBL STHX K03G(HUILHEHTOB Ha TPaHUYHBIX YacTeTax MeHee 0,5,
cJle/lyeT CYHTAaTh HEYIOBJIETBOPHTeNbHbIMH. K TeNeRH3MOHRBIM €HGTeMaM
TaKxe JO/KHO OHITb nmpelbsBjeHO TpeGoBaHue, YToObl BesHYMHA HX pe-
syJabTHpYlOLero KoaddHulluenTa nepefilayl KOHTpacTa (6e3 o6beKkTHBa) Ohlsa
He MeHee 0,2 — 1as npefenbHBIX YacTOT TpaKTa u ue Mexee 0,1 — ans
BGeli TeJleBU3HOHHOH CHCTeMHl B uesoM. KoHeuHo, yKasaHHbIe 3[leeb BeJIH-
9HHbl ABJAIOTCA BeCbMa OpPHEHTHPOBOYHLIMH, NPHHUMAeMbIMH HaMH ANA
OlleHKH Ka4ecTBa ONHChIBaeMBIX HHKe 00b-
eKTHBOB. [ln1f1 CyX/IeHHs © KauecTBe OAHO- T
FO U3 OCHOBHLIX 3BEHbEB TeJeBU3HOHHOrO  /
KaHala — nepefaiomed Tpy6KH — mnpH-
BOJHM BeJIHUHHEI Ko3(pHIIHEeHTOB Mepenayn
KOHTPAGTOB B UEHTpe pactpa Anas Tpy6ox 4f
THNa eynepopTukon JIU-13 u JIU-17 (pas- 4l
Mepsl MacKH (orokaTofa 32 X 24 mm) u
Tpy6ku THNa BuAukoH JIU-23 c pasmepa- 4%
MH macku 12,7 X 9,5 mm (pue. VIII, 3). Lt 1)

-r
DTH HeCTeNoBaHHA eJeAyeT MpONoJ- w0 f””m"”’; 4o S0 GHtnm
KHUTb U AJsi TPYOOK APYTHX Te/eBH3HOH- e ar
HBIX @HGTEM, B YaCTHOCTH IUHPOKOBEINA- Pyuc. VITl, 3. YacroTHo-KouTpacr-
bié XapaKTepHCT nepenalolunx
TenbHbIX. OHAKO yKe W3 STHX MaTepHa- ey Toke n s
JIOB cJeAyeT, 4YTO il NPHHATOrO Y Hac pactpa: cymepopTukonn JIH-13,

JIH-17 JIH-23
oranapTa 625 €TPOK passoKeHHs NPH Bhi- U BuAHKOR

core pafouefi nNOBepXHOETH (OTOKaTOAA

24 mm BN nepefaiomleli TPYOKH UWIMPOKOTO BelllaHHA (HampHMep, THMa
«Koke») nMeem koo 12 onTHYeCKHX NHHUI HA MUJIHMETP; NMpPY STOM NPH-
HATO, YTO 0K0JIO 7% GTPOK He HCMOJB3YIOTCH ANA Nepefad H3oOparKeHHd
M NpefHa3HavyaloTes /18 BO3BpalleHUs pa3BepTHIBAIOLIErO MSATHA B HGXO[-
HOe MOoJIoXKeHHe, *. e. ¢ = 0,07. laxe npu 3THX 4acToTax HauGosee ys3-
KHM 3BeHOM, onpefeasitomuM UKX Bceft cucremsl, siBasieTcss nepefatolasn
Te/leBH3HOHHAS TPYOKa, KO3(QHUHEHT Mepelaun KOHTpacTa KOTOpO# OKa-
seiBaeTest He BEIe 0,15—0,2 npu npeflesnbHBIX Yactrotax. [Ipu 3TOM MBI,
€CTeCTBEHHO, CYHTaeM, YTO MO Mepe YMeHbIUeHHS NPOCTPaHCTBEHHBIX 4Ya-
€TOT H3oOparkeHHH BenHduHa Ko3(p(dHIUeHTa Nepellayd KOHTpacTa BO3Na-
eraeT; no Kpafinefi Mepe, 00BLEKTHB MpeacTaBAseT cobof X@DomHi hUIBLTP
PlaBHBIM 00pa30M HH3KHX MPOGTPAHCTBEHHBIX YaGTOT, MNPONMYCKAIOMHHA
BEICOKHE YaGTO7H PV MOHHMXEeHHEIX KOHTpacTraX.

Kak cnepyer us ¢opmyan (111, 90):

2 T ———
s Va5 —1),

npu 4Yacrotrax N' = 12 um™' u gosdhduuMeHTaX neperaun KoHTpacTta T
nopsazaka 0,7—0,8 pasmepn! 4’ aGeppallHOHHEIX DUFYp paccesinus ayveit
(em. pue. [11, 11) He nosuxnsl npessimath 0,04—0,05 mm — yenoewe, Ko-
TOPOE JOJKHO OLITH BBIMOJNHEHO MPH paspaGoTKe TeJIeBH3HOHHEIX 0OBEKTH-
BOB H KOTOpOe He BCeP/ia yAaeTes NPH pacueTe [IHPOKOY FOJILHEIX CBETOCHIb-
HEIX 00beKTHBOB, B YACTHOCTH C NepeMeHHEIM (OKYCHEIM PacCTOSTHHEM.
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Pa6orsl sToro Hanpap/ieHHs BHIMOJMHANKCE y Hac B 1965—1967 roaax.
B pesyabTaTte 6B CO3AaH HOBLIH KOMIIEKT O0bEKTHBOB /15 OT€4eCTBEHHBIX
TeJIeBHSHOHHLIX CTYAMH, B 4YacTHOCTH AJis OOGILECOI03HOTO TeJeleHTpa
(OTIL) B OcrankuHe (MockBa). Paspa6Gorano 13 THMOB 06BEKTHBOB — OT
KOpOTKO(OKYCHOr0 IHpOoKoyroabHoro («Mup-10-Trc f' = 27 mm; 1 : 3,5)
Ao anuaHopokycHoro («Taup-52-T» ¢ f' = 1000 mm; 1 : 8), npenycmartpu-

Puc. VIII, 5. CxemMa Te/leBU3IHOHHOr0 NAHKPATHUECKOro OGbEKTHBA
«Bapuo-Toup-1T» (F'=40—400 sm)

BaOUIHX BO3MOXHOCTb BelleHHs KaK CTYRHHAHBIX, TaK U BHECTYAHHAHBIX TeJe-
BH3HOHHBIX nepefiady. OGBEeKTHBH CO3JaHbl Ha OCHOBE OMMCAHHBIX BHIIE Ha-
IIMX OPUTHHAJBHLIX ONTHYECKHX cXeM THna «Mup» (cM. puc. V, 9), Spa»
(cMm. puc. 1V, 11, &) u «Taup» (cMm. puc. V, 12).

s BHeCTYAMHAHBIX nepefad pa3paGoTaH oGbekTHB «AJbKOpP-6» ¢ me-
peMeHHBIM (pOKYCHBEIM paccrosinueM (puc. VIII 4), usmensiomumcs ot 80
Ao 800 #m B ABYX MepeKJIOYaOIMUXCs AHaNna3soHaX HenpepbiBHOTO H3MeHe-
HH GoKyCHbIX paccTossHuii: oT 80 o 400 MM — NPH OTHOCHTENLHOM OT-
Bepctud 1 : 4 ¥ or 160 50.800 mx — nmpu 1 : 8. Kak and CTyAHHHBIX,
TaK W BHECTYAMAHBIX Nepefad paspaboraH o6bekTHB «Bapuo-Ioup-1T»
¢ QOKYCHBIM pacCTOSIHMEM, HelpepbiBHO HaMmensiomumcs oT 40 xo 400 mm
MPH NOCTOAHHOM OTHOCHTEJbHOM OTBepcTHH 1 : 4.

OGBEeKTHB COAEPXKHT ONTHUECKHe IpesOMJsoLLHe NOBep XHOCTH JHIIb
chepuyeckoit Gopmei (puc. VIII, 5), B oT/iHdHe OT H3BECTHOrO aHTAHACKOrO
o6bekTHBa «BapoTtan-5» pupmsl «Tefinop—Iobcon», HMeiomero ananoruy-
Hble ONTHYECKHe XapaKTePHCTHKH ¥ rabapHThl, B KOTOPOM NpHMeHeHa ac-
(epHyeckas TNOBEPXHOCTb CJOXKHOH (POPMEI.
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Jns oUeHKH ONTHYECKHX Ka4yecTB 0OBeKTHBOB Obljia NpMMEHEHa MeTo-
IMKa 4YaCTOTHO-KOHTPAaCTHLIX XapakTepHcTHK. [Ipu npuustom B CCCP cran-
napte B 625 TesleBH3HOHHLIX CTPOK pa3/loKeHHs, Bech KaK N0Ka3aJ/d ucee-
nopanvsa . Cokonosckoro u M. XyxpHHO#, Bech KOMIJIEKT 0OBEKTHBOB C
NOCTOSIHHBIMH (QOKYCHBIMH PacCTOSIHHAAMH B LI€HTPaJIbHOMN 4acTH Mos obna-
naeT BHICOKHMH Ko3bbHIHEeHTaMH NepefayH KOHTpacra —nopsiaka 0,8 —
0,85, — KkoTophie N0 Mo/ NJaBHO cHHMKaroTcs ao 0,45—0,55 y mupoxko-
yronbHelx 00bekTHBoB M 10 0,6—0,7 — y ANMHHODOKYCHBIX CHCTEM.

B tabn. VIII, 1 npuBeneHbl HX HEKOTOpPble XapaKTEPHCTHKH; Bce 00b-
eKTHBbI paccudTaHbl Aasi opMara dorokarosa 24 X 32 mm. Beawuunsi
Kos(xpHIIHeHTOB NepejiadH KOHTPacTa nJjas-
HO CHHMXKAIOTCA OT LIEHTPa K Kpalo NoJis; OHH
3aBHCSAT OT aKTHHHUHBLIX MOTOKOB:

Ag
10

dP
A=ad = T; S (VIIL, 2) i

Hanpumep, rpynny cryaufineix oObek- w0 S0 600 700 A4m
THBOB, K KOTOPbLIM OTHeceM OOBeKTHBBI C :
dokycHuiME paccrosHuaMH 27—210 mm,  Phe VI, 6 Akmhusinwe moro-
€CTeCTBEHHO HCMbITHIBATh INPH MCTOYHHKE  «Koker; 6 — ucrounmka A, doro-

YMHOXHTeAs @®3Y-27 u  CcBeTo=

OCBellleHHA A; rpynny BHECTynHﬁHHx —_— dunetpa C3C-17 (2 MM)
fosiee AMHHHOGOKYCHBIX 00BbekTHBOB (300

Mm n Gosee) —pallHOHaJIbHEe HCMLITHIBATDH

¢ HcTouHHKOM AHeBHoro cBera. Ha puc. VIII, 1 npuBeseHa KpuBas akTH-
HUYHOTO NOTOKa A, Ana Tpy6ku «Kokc» u HCTOuHMKa A, ¢ KOTOPHIMH
uccaenoBanuce UKX crymufiHeiX OOBEKTHBOB, MpPHBEJEHHBIX B Tabil.
VIII, 1. 3amerum, uto BecbMa 6s1H3Koe pacnpefiefieHHe aKTHHHYHOTO NOTO-
Ka MMeeT HCTOYHHK A B COYETaHHH C CHHe-3e/eHbIM cBeToduasTpoM C3C-
17 (tonmunoi 2 mm) u poroymuokutesem ®IY-27. Ha puc. VIII, 6 npu-
BelieHb! 3TH KPHUBble aKTHHHYHBIX [IOTOKOB.

ComnocraBnas BeAHYHHB KO3(OHIHEHTOB Hepefadyd KOHTpacra AJs
pa3HYHBIX OGBEKTHBOB C BBEeJIEHHBIMH Bhillle FPajallHAMH KauecTBa M0 Be-
JAUYHHAM STHX KO3(DHUHEHTOB, BHAMM, 4TO Y oObekTHBa «Mup-1-T» 3Ta
BeJIHUMHA MO Kpalo moJs cHuxkKaerca o 0,35; sToT 06beKTHB XKesaTeJbHO
yCOBEpIIEHCTBOBATh.

M3 rpynnel KOpoTKODOKYyCHBIX OOBEKTHBOB BBICOKMM KOHTPacTOM, B
npexenax Bcero nois o6aanaot o6bekTusbl «Mup-10-T» u «Tesnoc-95A-T».
ITpu paspaGoTke nocienHero ocoboe BHHMaHHe ObLJIO yJesJeHO KOPPeKIHH
abeppauuit no nomo B ueasx noesienus YKX obbekrusa. Ha puc. VIII,
7 npuBefieHkl pe3ybTaThl pacyeTa BeJHYHH K03 dHIlHeHTOB nepejladu KOH-
TpacTa J/ist OCHOBHOTO LBeta ¢ (A = 546, #x) B nentpe noas (a) U ans
yraa noas 3penus 10° (6), 4To cOOTBETCTBYET pafHycCy noJis H3o0paXKeHHs
1" = 8,5 mn. ®aKkTHUecKH H3MepeHHble BeJUYHHBl T Yy TIATEJBHO H3ro-
TOBJIEHHBIX 00pa3uoB OOBEKTHBA OKas3aauch JjHlb Ha 0,05 MeHbLIHMH
NpHBEJEHHLIX Ha PHCYHKE PpacyeTHbIX JaHHBIX B Mpejejsax 4acToT
a0 40 mmt.

CosjlauHbIll KOMIIEKT 0OBbEKTHBOB HaXOJUTCA Ha COBPEMEHHOM TEXHH-
YeCKOM YpOBHE.
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Illupokoe npuMeHeHHe 3a MoCJeAHHe TOMbI MONYYHJH MaHKpaTHIECKHE
aHaCTUIMaTH, pa3paGoTaHHble KaK A TPYGOK BHAHKOH, TaK M A1s TpyGOK
OPTHKOH H cynepopTukoH. OcobbIX ycneXoB B sToft o6nacTH gocturin ¢up-

T

1
0w 20 30 4

e

Puc. VIII, 7. Pace
geTHnle YKX o06b
eKTHBA «lenus
0c-95A-T»: a — B
LeHTpe mnons; 6 —
ans  yrna  noas
spenus 10° (nymx-
THPOM YK83AaHO Me-
PHOHOHANBHOE Ha«
npaBliedue  WITpH-
XOB MHPBI, COJOLI=
HOll auHmeR — ca-
rUTTaabHOR Ha-
npaBneHue)

Mol «Amwxkenbe» (Ppanumus), «Tefinop—Iobcon»
(Auraus), «<Kanou» (Slmonus u ap.)

[Tpumepom ynayHo cosfaHHOA CHCTeMBl C MeXa-
HHYeCKOH KOMMeHCalHeH H IIHPOKUMH MpelesiaMH
H3MeHeHHs (JOKYCHOTO PacCTOSIHHSA ABJgeTcs (paH-
LLy3CKHH Te/leBH3HOHHbIH NaHKpaTHYeCKHH oObek-
THB «Amxenbe-3yM 10 X 35B» pia TpyOKH OPTHKOH
(24 x 32 mm), y koToporo (okycHoe pacCTOAHHE
HemnpepLIBHO H3MeHsieTes oT 35 Ao 350 mm TpH Ho-
MHHaJbHOM (peKJaMHPYeMOM) OTHOCHTEJNbHOM OT-
Bepctui 1 : 3,8. Innna o6bekTHBa 370 MM NpPH AMA-
MmeTpe HauGoablieil nepBoi JHH3B 150 mam, GoJib-
moM 3aaHem (okaabHoM oTpeske (90 mm) B Macce
9,1 k2. OGbeKTHB OB MOXBEPrHYT SKCIEPHMEH-
TaJlbHOMY HcclefoBaHHIO. PaKTHYECKH OH HMeeT
NpHOAU3HTENILHO JIMIIL JeBATHKpPaTHbie MNpenesbl
H3MeHeHHs (poKycHoro paccrosHus (ot 35 70
325 mm) npH OTBepCTHH | : 4 Ha yyacTKe KOPOTKHX
(OKYCHBIX paccTofinui, cHHXKatowemMcsa 1o 1: 4,2
npH GOnbIIHX GOKYCHBIX paccTosHusX. OnTwko-
KHHeMaTHYeCKasi CXeMa TPeXKOMMNOHEHTHOIMo BapH-
aTopa (GOKYCHOro paccTossHHa OJH3Ka K CXxeMe,
npefcTaBieHHON Ha puc. V, 38, H oTiH4aeTcs OT
nocjenHei 3HaAKOM ONTHYECKON CHJIBI TPETBETO KOM-
NoHeHTa, y «AHxKeHbe-3yM» MOJIOXKHTE I bHBIH.

Ta6auna VIII,1

KoMnaekT oTeuecTBEHHHX TeJNeBH3HOHHLIX 06bEXTHBOB

Kosdduuuent
-] . nepefayH KoH-
= ) S TpacTa npH
] § é é’. B o N'=I13 sun~! Macca
HaspanHe 0GbeKTHBA 37_.. 2a w §o E o °ﬁ,‘.‘,°.’f'
Su EE 3 £ | 22 | o nen- Ha 2
o= 38 = o &8 Tpe Kpato
€8 | 28 | 5% | 85 | BE | gem |w=v
86 | 85 | &3 [58 | S |¢=0| ™
tMup-10-T» 27 1:3,5 71 7/8 75 0,85 0,55 750
tMup-1-T» 37 1:2,8 58 5/6 75 0,85 0,35 610
«Tennoc-95A-T» 50 1:2 44 5/6 80 0,85 0,65 —_
13pa-4-T» : 85 1:1,56 27 5/6 80 0,80 0,55 | 1400
t3pa-2-T» 100 | '1:2 23 5/6 80 0,85 0,53 | 1980
«Tanp-51-T» 135 1:3 17 3/4 75 0,80 0,64 | 1290
tTaup-45-T» 180 | 1:2,8| 13 | 3/4| 75 | 0,8 | 0,70 | 2400
:Taup-48-T» 210 | 1:3.5| 10 | 3/4| 8 | 0,80 | 0,70 | 2500
«Taup-44-T» 300 1:4,5 7.5 3/3 75 0,80 0,60 | 2550
«Taup-47-T» 400 1:4,5 6 3/3 70 0,80 0,65 | 4680
«Tanp-46-T» 500 1:5,6 5 3/3 75 0,80 0,65 | 4800
« Taup-50-T» 750 1:6,3 3 3/3 — 0,70 0,60 | 6200
«Taup-52-T» 1000 1:8 2°20" | 3/3 65 0,65 0,60 | 7200
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IlepBriit (HenmoABHKHBIH) KOMIOHEHT BapHaTopa CJYMHT JJs AHCTaH-
LHOHHOH (OKYCHPOBKHM OO0BeKTHBa; MepeMellaloliyecss BTOPOH M TpeTHH
KOMIMOHEHTHl HeJMHeHHO CBA3aHbl APYT C APYroM, YTO JaeT BOSMOXHOCThb
Hapsify ¢ H3MeHeHHeM (POKYCHOrO PacCTOSIHHA NoJjy4aTh H300paikeHHs B
HENOJBHXKHOM NJIOCKOCTH MOC/e TPeThbero KOMIOHeHTa. PacnosioeHHBIH
nosajii BapHaTopa 4eTBepThiil HEeNOABHKHbBIH KOMIOHEHT (KOPPeKTop) KoM-
NeHCHpYeT OCTaTouHLle afeppalMH BapuaTopa. Takas ONTHKO-KHHEMaTH-
yecKas CXeMa MMeeT 3JleMEHTapHO MpOoCToe pellieHHe B MapaKcHaJbHOH 06-
JIaCTH. A HMeHHO, NPH 3afaHHbIX (POKYCHLIX PacCTOSHHAX (MJH ONTHYEC-
KHX CHJIaX) KOMIIOHEHTOB BapHaTopa:

1 1 1

Pi=—7F P2=——"7">H P3= —,

T; f2 : fg

3allaBas psj 3HaueHHH d; MepBOMY MPOMEXYTKY MEXAYy TJIaBHBIMH MJOC-
KOCTSIMH T€PBOr0 ¥ BTOPOTO KOMIOHEHTOB, ONpejie/iieM BTOPOi MpoMexy-
TOK d; U3 YCJIOBHSI HEMOJABHMKHOCTH MOJIOKEHHs H306paXkeHHs NocJie TPeTh-
ero KOMIOHEHTa:

’ 1 4 3 ke
dy=s+f—7 (A+205) = ]/% (A+ 20 —f» (VIIL3)

roe

. 1— ?ldl ’
§H = —— A = — b I1 l, 4

* 1+ 2 — @170 | Ls (dl +5) v )
s’y — paccTosiHHe MapaKCHaJbLHOTO H300paKeHUs OT 3ajHell I/IaBHOH TOY-
KH BTOPOTO KOMNOHeHTa; Ly — paccTOsHHe OT 3ajiHel [JIaBHOH TOYKH mep-
BOTO HEMOJBHIKHOTO KOMIOHEHTA JI0 H306paXkeHHsA Mocjie TPeThero KOMIIO-
HEHTa — BeJIMYMHA NOCTOSIHHAsl JUIsi JaHHO# cHCTeMbl. I3 mByX 3HakoB
nepex pagukanoM B popmyae (VIII, 3) 6eperca ToT, NpH KOTOPOM BeJIHYHHA
d, vMeeT HaHMeHbIllee 3HaueHHe. TpeTHH NMPoMEXYTOK d; — pacCTOsIHHE
MeXJy TNIaBHEIMH TOYKAMH TPeThero H YeTBePTOro KOMIOHEHTOB — olpe-
JlelifieTCs M3 YCJOBHA:

Byl sl (V111, 5)

rie L — paccrosinve OT 3ajiHefi IJIaBHOH TOYKH NepBOro KOMINOHEHTa [0
nepefiHeil [J1aBHOM TOUKH YeTBEPTOTro KOMMOHEHTa (KOppeKTopa) — TaKke
BeJIHUHHA MocTosiHHas. TakuMm o6pasoM, BeNHYHHL dy, dp, d3 ONpenesioT
paccTosiHHe MeXJAy FJIaBHbIMH MJIOCKOCTAMH KOMIIOHEHTOB.

O6bekTHB «AHxKenbe-3yMm 10 X 35B» comepxur 19 nuH3: ceMb JIHH3
NepBOro KOMIOHEHTa, TPH JIHH3bl BTOPOrO KOMIOHEHTa, YeTbIpe JIHH3bI
TPEThEro KOMIOHEHTa H MATh JIHH3 KoppekTopa. OGbeKTHB cHabXeH TpeMs
YIJHHUTENAME (OKYCHEIX PacCTOsiHHi, yCTaHaBJHBaeMbIMH M03alH 00b-

€KTHBAa H HMEIOUIUMH JIMHelHoe yBenuveHusaf = 1,6; 2,6 u 4 kpat. Coor-
BETCTBEHHO YBeJHUHBAIOTCS aGCOJIOTHbIE 3HAYEHHS H3MeHAIomHuXCA PoKyc-
HbIX PACCTOSIHHM, HO NMPH STOM YMEHbIIAIOTCA OTHOCHTEJbHbIE OTBEPCTHSA:
f* = 56—560 mm npu otBepcTHH 1 : 6,3; /' = 90—900 ss NpH OTBEPCTHH
1:10uf* = 140—1400 mm npu orBeperuu 1 : 16 (cm. Taba. VIII, 2).
OnuH 0GBEKTHB C TpeMsl YAIHHHTENSIMH JaeT BO3MOKHOCTb BECTH M CTY-
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IOMHAHBlEe ¥ BHeCTYJHiHbIe Nepellayd NMPH MOHMKEHHLIX TpPeGoBaHHAX K No-
CJIelHMM, TaK KaK, KOHeYHO, KayecTBO ONTHYECKOro H306pakeHHsl OCTaeTCA
npH sToM HeBhicOKHM. Hccnenopanus ¢ororpadmueckoit paspelnaromest
CHJILI OOBeKTHBa LJIST OCHOBHBIX (POKYCHHIX paccTosiHH# 35, 200 u 325 mm
TOKasaJ/ii, 4TO €C/IH B LIeHTPe N0Jig ee BeJHUMHA He CHHXKAaeTcs HHXKe
35 mm™, TO yxKe Ana nons usobpaxenns I’ = 17 mm paspelleHHe majaer
1o 6—8 um™ pnsa dokycHoro paccrosuus 35 mm, Jo 12 um™ — npu f' =
= 200 mm ¥ go 20—18 mm™ — mpu ' = 325 mm.

Hurepec npencraBnsiorT pesynbTaTthl HccnepoBanuii UKX oGbekTuBa,
BHIMOJIHEHHEIE JJ1s MPOCTPaHCTBeHHOH YacToTel 12 mam™ u3oOpaxkeHHs CH-
HyCOMJa/lbHOH peleTKH MNpPH aKTHHHYHOM MOTOKe Ha ypoBHe 0,5 oT Mak-
CHMaJIbHOTO 8HaueHHs B npefienax cnektpa 500—700 nu. [Tpu ykasanHo#
YyacToTe BeJIHYHHB Koah{HIHeHTa Nepelaud KOHTPACTa COCTaBJISIOT B LIeHT-
pe nons okosio 0,78 Anst GOKYCHOTO PACCTOAHHSL 35 MM CO CHHIKEHHEM 10
0,55 1 no 0,58 cooTBeTcTBEHHO AN POKYCHBIX paccrosHHE 200 u 325 mm.
Ilns Touek nossi I' = 12 mm BenuunHbl Ko3QHIHEHTOB CHHIKAIOTCS MPH-
6ausurensHo Ko 0,28 npr dokycHom paccrosHun 35 um u 1o 0,42 u 0,35—
COOTBETCTBEHHO AN POKYCHLIX paccTosaHui 200 u 325 um. [nsa Gonee yha-
JIEHHBIX TOYeK NoJis HsobpaxeHus !’ = 17 mm BenuyuHbl KO3PPHIHEHTOB
nepelayn KOHTpacTa KaTacTpoduueckH cHmkatores 10 0,10—0,05 ans do-
KycHoro paccrosiius 35 mu 1 10 0,14 1 0,20 — cooTseTcTBEHHO 1151 OKYyC-
HbX paccTostHui 200 1 325 mm. DTH undpPLI MBI PHBEJIH AJISl MOC/EAYIOLETO
COMOCTABJIeHHS C APYTHMH 0GBeKTHBAMH TOrO Ke Ha3HAYeHHS.

He MeHBILIY10 H3BECTHOCTb MOJIYYHJI AHTVIHHCKUH TeJeBH3HOHHBIH 06b-
eKkTHB «Baporan-5», ABIAIOMHUACA OAHHM H3 JIYYILMX BapHaHTOB OOBEKTH-
BOB, pa3paboraHHbix pupMoi «Tefinop—Io6con», crnelHaan3upoBaBLIefics
nocjefHde rofibl B o6NacTH CO3AaHHS TeNeBH3HOHHOH OMTHKH.

OGBeKTHB paccuMTaH Ha TPYOKY OpTHKOH (24 X 32 mm). Ero onTuuec-
Kas CXeMa COCTOHT H3 TPeXKOMIIOHEHTHOTO BapHaTOpa H CJOXKHOTO KOPpeK-
TOpa, ONTHKO-KHHEMAaTH4YecKas CXeMa BapHaTopa MpeAcTaB/ieHa Ha DHC.
V, 38. O6bexkTHBE HMeeT NeCATHKPATHOe H3MeHeHHe (GOKYCHOrO paccTosi-
Hus — oT 40 no 400 MM — mpH MaKCHMaJbHOM OTHOCHTEJNHHOM OTBEp-
crum 1 : 4 (cm. Taba. VIII, 2) u cHaGxkeH TpeMs MPUCTABKAMH — YIJIHHH-
TenssMH  (GOKyCHbIX paccrosiiHil. OObeKTHB HMeeT yAoOHOe A ome-
paTopa py4yHOe M 3JIeKTpONpPHBOLHOE YMpaBJieHHe, a TaKiKe IIHPOKHE Ipe-
Jesisl IHCTaHUMOHHONH HaBOAKM — J0 OsiHxkailled guctaHuuH 1,8 m.

OnHa W3 mpeyoMJIAIOMHAX TNOBEPXHOCTeH CJIOMKHOTO IUECTHJIHH30BOTO
KoppekTopa o6bekTHBa «Baporan-5» (Ha puc. VIII, 9, a ata noBepxHocTh
nomedeHa MyHKTHPOM) HMeeT achepHUYeCKylo GopMy € MaJIbIMH OTCTYIIJICHH-
SIMH OT cepbl, HO CJIOAKHOTO NPOUs, ONHCHIBAEMOTO YPaBHEHHEM BLICOKO-
ro Nopsifika, NPHBeAeHHEIM K (OKYCHOMY pacCTOSIHHMIO f'y,n = l:

x =— 4,077 + /' 16,62193 — 5* — 0,02459203¢* +
+ 0,088991724% — 0,02440590y® — 0,007442454%,  (VIII, 6)

Beenenne acepuKH MO3BOJIHJO CYLIECTBEHHO YJYYIIHTb KOPPEKIHIO
chepuueckoii abeppaniH, B YaCTHOCTH IPH KPaHHHX 3HaYe HHAX POKYCHBIX
paccroanuil, Koppekuuio aeppauuii CHCTeMBb Ha ydacTKe MaJbix (okyc-
HbIX PacCTOSIHHA PalHOHANBHO NPOBOAMTD, HCMOJb3YSI KOPPEKIHOHHbIE Ma-
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paMeTphl MOC/eAHEro KOMIOHEHTa CHCTEMbI — KOpPPeKTopa, a UclpaBJieHHe
abeppanuii Ha yyacTke GosbIIMX (POKYCHBIX PacCTOSHHA Lenecoo6pasHo
NPOBOJAHTD, HCMOMb3YS MapaMeTPHl MEPBLIX KOMIOHEHTOB CHCTEMEI, TaK KaK
npH 6oNbIIHX QOKYCHBIX PAaCCTOSHHAX MepBbie KOMMOHEHTHl CHCTEMH pa-
GoTaloT npH GOJIbIIHX OTHOCHTEJbHBIX OTBEPCTHAX M HX KOPPEKUHOHHLIE
napaMeTpel fIBJSIOTCA HauboJiee aKTHBHEIMH; MPH 3ToM abGeppaunH mpu
MaJsibiX QOKYCHBIX PacCTOSHHUAX NMOYTH He H3MEHSIOTCA.

Ynauna B o6beKkTHBe «BapoTan-5» BHyTpeHHss GOKYCHPOBKA Ha KOHeY-
Hble pacCTOSIHHA OOBEKTOB, JOCTHTaeMasi TeM, UTO [epBHIl KOMIOHEHT

Pl r E;:/E; .
. 44 | Fl=186
30 4 a5 - - 48
[~ N7 =200 =100 f=up
14 G4—z 1 46+
4 =/200
TSN~ | =%
V4 7 - g2 Q4
=77
7 I ot 7 U s i L U
70 Z0 b//4 VN 1/ 20
a ' g
Puc. VIII, 8. XapakrepucTuku ontuuecknx cpoficTs o6bexTHBa <«Baporan-5»:

@ — paspemarnoutefi cunbl; 6 — kosddHOHEHTOR NepenadH KOHTPAcTa; 8 — OCBes
LWEeHHOCTH H3o6paxeHufi No moaio

o0beKTHBA pasjie/ieH Ha JBe 9aCTH: OTPHUATEbHYIO CK/IeeHHYIO JIHH3Y, Oc-
TaloIlyloCs HENOABHIKHOH, M IOJIOXHUTEJbHYIO ABYXJHH30BYI0O KOMOHWHa-
1IHI0, MepeMellieHHe KOTOPOH H OCYIIeCTBJIAET AUCTAHIHOHHYIO HaBOAKY 06B-
eKkTHBa, TaKoe pelleHHe NMOMHMO ONTHYeCKOro o0/ajaeT MeXaHHKO-3KC-
IJIyaTalHOHHEIMH TPEHMYIIECTBAMH: COKpallaeT AJMHHY OGBEKTHBa, AaeT
BO3MOXKHOCTb €ro repMeTH3alluH, YTO HpeJOXpaHsieT OT 3arps3HeHHs H
NOPYH BHYTPEHHIOI MEXaHHUYECKYHI0 KOHCTPYKLHIO CHCTEMEL.

KauecTBo onTHYeckoro u3o6paxeHHs, B YaCTHOCTH KOS((HIUHEHT nepe-
Ja4H KoHTpacTa o6beKTHBa «BapoTa-5», HeCKOJ/bKO BhIlle, YeM y 06 BeKTH-
Ba «AHxenbe-3ym 10 X 35B». PesynbraThl n3MmepeHuii Gororpadpuueckoi
paspemiatoiiefi cunsl 06beKTHBA npejcTaBiedsl Ha puc. VIII, 8, a; usmepe-
HHS IPOBOZHJIMCH MPH MOJHOM OTHOCHTENLHOM OTBepcTHH 1 : 4 Ans dokyc-
HeX pacctosuuil 40, 200 u 400 mm ¥ Jaa MaKCHMaJbHOTO OTBEPCTHS
1 : 12 npu dokycnom paccrosuuu 1200 mm, KOTOpoe noJydaem NpH MpHMe-

HeHHMM YJUIHHHTeNS C yBeludeHHeM B . = 3 (cm. taba. VIII, 2). Ha pmc.
VIII, 8, 6 npuBeeHb! TaKKe KPHBLIe K09(dHIHEHTOB Mepefiad KOHTpacTa
s dactoTel N' = 12 mu™t. Kak BUANM, N0 Moo BeJHUHHBL T He HHXKe
sHaueauii 0,4—0,3 ¥ TOJMBKO /I MAKCHMAJNBHOTO JOKYCHOTO PaCCTOAHHA
1200 mm cuuxalores jo 0,2.

OGDBeKTHB H3rOTOBJIAETCS W3 ONTHYECKHX CTEKOJI MOBLILEHHOH Mpo3pay-
HOCTH, B YaCTHOCTH B cHHelt obsacTH®, a npenoMJSIOHE MOBEPXHOCTH
NPOCBeT/IeHbl B IIHPOKOH 06JacTH cmeKTpa, 4To obecleyHBaeT BLICOKHH

* Uro penaer BO3MOXKHHM ero npHMeHeHHe HE TOJBKO IAsA gepHO-6esoro, HO
H /8 UBEeTHOrO TeJeBHIEHHA.
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MHTerpaJibHbit Ko3dduuKeHT mponycKaHus B Geiaom ceeTe okoso 80%
NpH PaBHOMEPHOM pacnpelieflieHHH BeJMYHH CHeKTPaJbHbIX Ko3hdHIHEeH-
TOB MpONyCKaHHSA T: HeCKOJNBbKO Gosee 85% — I KpacHBIX Jyyel, OKO-
a0 80% — nsis seJieHbIX M HecKoJIbKO MeHee 70% — 1751 cHHe-rosy6nix
ayueit. JlocTaTouHO paBHOMEpPHa OCBeIlleHHOCTh H300paXKeHHH no moJo
NpH pasJnYHbIX GOKYCHHX paccrosHusX (cM. puc. VIII, 8, 6): Ha camom
Kpaio nods (I’ = 20 um) ans GonbinX GOKYCHBIX PACCTOSHHE OTHOCHTEJNb-
Hble BeJIMUHHEI OCBellleHHOCTeH H300paKeHHs 0Ka3biBaloTC He MeHbIIHMH

0,5—0,6 u nuwWb Ha y4acTKe Masbix QOKYyCHBIX paccrosHuii (f' = 40—
60 mm) oun ymenbmatotca jgo 0,4—0,3.

Puc. VIII, 9. Ontuaeckue cxemb Koppektopos (@, 6, 6) H NPHCTABOK-YANHHHTE«
nefl (2) k oO6vekTHBaM Tuna <«<Baportan»

Ha ocHoBe 310t BecbMa yauHOH onTH4yecKo# cxeMul pupmoit «Telnop—
I'o6con» paspaGoran psf ApPYTHX OGBEKTHBOB AJIs TeJEBH3HOHHBLIX TPYOOK
OPTHKOH H JUIa MaJiohopMaTHLIX THNa BHAMKOH (Taba. VIII, 3), B 9acTHOC-
TH 00BeKTHBH «Baporan-7» u «Baporan-6». Bce oHH HMelT OflMHaKOBbIE
TPeXKOMIIOHEHTHEIE BADHATOPHI H OTJIHYAIOTCSI KOHCTPYKIIHEH 3alHEro Kom-
nmoHeHTa — KoppekTtopa. Takum o6pasoM, ofiHH H TOT Xe BapHaTop, cHab-
JMEeHHBbIH CMEHHBIMM KODPEKTOPaMH JOBOJILHO CJIOMKHOH ONTHYECKOH cXe-
MbI M IPOCTEIMH JIBY XJIHH30BLIMH aXPOMATHYECKHMH OTPHLATENIbHBIMH YAJIH-
HHTEJISIMH, JlaeT BO3MOXKHOCTb MOJIYYHTb BAPHAHTBHI TEJEBH3HOHHHIX 00b-
€KTHBOB Pa3HBIX ONTHYECKHX XaPaKTEePHCTHK — CPaBHHTEJbHO CBETOCH/Ib-
HbIX KOPOTKO(OKYCHBIX AJIf CTYAHHHLIX CBEMOK H JJIHHHO(QOKYCHBIX Aff
BHECTYIHHHEIX TeJlenepenad.

Ha puc. VIII, 9 npeacraBieHsl cXeMbl KOppeKTOpoB K 00BeKTHBaM
«Baporan-5» (a), «<Bapotan-7» (6) u «Baportan-6» (); NyHKTHPOM yKa3aHhl
NpHMeHeHHEIe B HHX achepHyecKue nosepxHoctH. Ha puc. VIII, 9, 2 mpu-
BelleHH CXeMbl NMpPHUCTaBOK-yIJHHUTeNedi K ob6bekTHBy «Baporan-5». Ha-
npuMep, U3 0OBEKTHBA C OTHOCHTE/bHBIM OTBEDCTHEM €; H NpeeslaMH H3-
MeHeHHE QOKYCHBIX pacCTOAHMHM OT (f'yuu)s HO (F'yaxe)s B Pe3yJbTaTe cMe-
HBbI KOpPeKTOopa MOKHO NOJIYYHTb 00BEKTHB C HOBBLIMH 3HaUeHHAMH KPaHHHX

doxycHbIX pacCTOAHHA (f'yaxc)s ¥ ([ waxc)e H COOTBETCTBEHHO HOBBIM 3Ha-
YeHHeM OTHOCHTE/NBHOTO OTBEPCTHS £,

_ ( f;iauc )1
Rl (VIIL7)

B uacrHocTH, u3 o6wvekTnBa «Baporan-5» (f'; = 40—400 .r.‘m; g =

= 1 : 4) nonyyen o6vekTHB «Baporan-7» (taba. VIII, 3)c f3 = 16 —
160 mm ¥ OTHOCHTE/IbHBIM OTBEPCTHEM

e,=(1:4)%= : 1,6.
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ConocraBnsis ofliMe ANHHBI CHCTeM (BKJIOYaioUlHe BEJNHYHHBI 3aJHHX
(oKaJibHBIX OTpe3KoB) «Baportan-5» u «Amxenve-3ym 10 X 35B», Buaum
(cm. Tabn. VIII, 2), uTo B mepBom cilydae AJHHA caMOro o6beKTHBA OKOJIO
294 mm, a BO BTOPOM Caydae OHa jocTuraeT 423 mm, B TO BpeMsi KaK Ka-
yeCTBO MepBoro oObEKTHBA NPEBOCXOAHT KauecTBO BToporo. OnTHKo-mexa-
HHYecKass CXeMa TPeXKOMMOHEHTHOrO BapHaTopa 0GbeKTHBOB «BapoTtan»
6/1u3Ka K cXeme, NpeAcTaBJeHHOH Ha puc. V, 38; y BapuaTopoB 00BeKTH-
BOB «AHjKeHbe», KaK GhIJIO YKa3aHO BLIllle, CXeMa OTJIHYaeTCs TeM, 4To Tpe-
THH KOMIOHEHT HMeeT MOJIOKHTENbHYIO onTHYecKyto cuiy. OfHakKo npuH-
IIMOHa/lbHAsE OOWHOCTh OOeHX cXeM 3aKJ/o4YaeTcsi B TOM, YTO NpPH MHHH-
MaJbHBIX (OKYCHBIX PACCTOSIHHSIX K MepBOMY (MOJIOKHTENBHOMY) KOMIO-
HEHTY BILIOTHYIO MOAXOAHT BTOPO# (OTPHIATe/NbHBI) KOMIOHEHT GoJbLIOMN
ONTHYECKOH CHJIBI, 00pasys CJIOKHEIH OTPHUATeNIbHBIH KOMIIOHEHT, Aaio-
HH BO3MOMKHOCTH PACIIHPHTL MoJie 3PEHHsS CHCTEMH MpPH BeJHYMHE JHC-
TOPCHH, OcTawolllefici B AONYCTHMBIX NpejeJax. .

Cunefyioliasi OTJIMUHTENbHAsE OCOOGEHHOCTb ONTHKO-KHHeMaTHYeCKHX
cxem 06beKTHBOB «BapoTasi» M «AHKeHbe» 3aKJI04aeTcst B TOM, YTO MpH
6oabIMHX GOKYCHBIX PACCTOSHHAX H MPH MalblX AJHHAX CHCTEMbl BapHaToO-
Pa ONTHYECKH CHJIbHBIE BTOPOH M TPeTHi KOMMNOHEHTHI pacnoJsiaraloTcs Ha
GoNbLIMX PACCTOSHHSX OT NEepBOro (NOJOXKHTEJNbHOT0) KOMIOHEHTa, YTO
NPHBOJKT K YMEHBIUEHHIO BEICOT NMajleHHs Jiyyell 0CeBOro NMyyka Ha STH KOM-
TNIOHEHTHI, a CJIefoBaTeNbHO, H K yMEHbIUEHHI0 OTHOCHTEJIBHBIX OTBEPCTHH,
NpH KOTOPhIX OHH paboTaloT, uTo obecneyHBaeT BO3MOMHOCTH XOpoluef
Koppekuuu abeppanuii. OnucaHHeie 06beKTHBEI HMEIOT PAJl NPeHMYIIecTB
MO CPABHEHHIO C IPYTHMH H3BECTHbIMH CHCTEMAMH (HEMELKHMH, ATIOHCKHMH)
KaK [0 CBOMM ONTHYECKHM XapaKTepHCTHKaM, TaK H 0 SKCMJlyaTalHOHHEIM
H TeXHOJIOTHYeCKHM MapaMeTpaM (MaJible rabapHThI, CpaBHHTeJbHAsI MpoC-
TOTa ONTHYECKOH KOHCTPYKIHH H T. I.).

B ta6n. VIII, 3 npuBeneHsl MoxupHKauuu cHcreM «Baporan» u ¢An-
JKeHbe-3yM», BHINOJHEHHbIE 110 ONHCAHHOMY BblIlie TPHHIHMNY NPHMEHHTE Nb-
HO K TeJIeBH3HOHHHIM TpyGKaM ¢ MeHbIHMMH (popMaTamH (OTOKaTOMOB;
COOTBETCTBEHHO YMeHbIlleHbl BeJHYHHbI (POKYCHBIX PACCTOSHHA NMpPH OJHO-
BpPeMEHHO TOBBIIIEHHBIX OTHOCHTeNLHEIX OTBepcTHAX. [lo cpaBHeHHIO C
o6beKTHBaMH «AmkeHbe-3yM» o6beKTHBE «BapoTtan» a/s TpyOOK BHAMKOH
oT/IHYaloTC GONbIIMME TabGapHTaMu, HO M GoJsiee Bhicoko#i cBeTocHiof. C
3Tofi TOUKH 3peHHs YJAauHbIM fBAseTcA 00BeKTHB «Bapuo-I'onp-3T», coue-
TaloWHH MaJible raGapHTHL IPH CPAaBHHTEJBLHO BBICOKHX ONTHYECKHX Xapak-
TEPUCTHKAX; ONTHYECKasi cXeMa oObeKkTHBa nmpuBefeHa Ha pHc. VIII, 10.
Of6uwas gnuHa cucteMsl 230 mu npu 3aaHeM QOKaJbHOM oTpe3Ke 45 muu, T. e.
AnuHa o6bekTHBa 185 mm. (Pacuer M. T. Ilnsaxuua.)

AHanus nyumux coBpeMeHHBIX MaHKPaTHYeCKHX o0beKTHBOB MOKasall,
YTO MEXAY HX ONTHYECKHMH XapaKTepHCTHKAMH: KPaTHOCTbIO H3MEHEHHS
hOKYCHBLIX PaccTOSIHUMA /M, OTHOCHTEJIbHBIM OTBepCTHEM e—H rabapHTaMy,
B YaCTHOCEH INHHOM cHcTeMbl L, cyliecTByeT mpuOJHKeHHAasds B3auMO3a-
BHCHMOCTb:

vare : =C, (VIILS)
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rae f'yaxe — MAKCHMaJbHOE 3HaueHHe (POKYCHOTO PACCTOSHHA CHCTeMb;
C — HeKoTOpas KOHCTaHTa, BeJHYHHA KOTOPOH B H3BeCTHO!H Mepe Xapak-
Tepu3yeT AOGPOTHOCTb CHCTEMBL Yy HAaHJNYyYUIHX 00BEKTHBOB C OpCHpO-
BaHHBIMH ONTHYECKHMH XapaKTepHCTHKaMM BeJIHUHHA STOH KOHCTAHTHI OKa-
sbiBaeTCsl JAOCTaTO4HO onpejeneHHoli. Hanpumep, Kak mnokasan ananus,
npoeejenHbiit M. [lnAkuHBIM ANs pasnHYHBIX Tpynn o6beKTHBOB, Tejle-
BH3HOHHBIe CHCTeMbl «BapoTtan-5» u «Bapuo-Toup-1T» (f' = 40—400 mm;
1: 4), o6vexThBbl «AHXenbe 10 X 40» (f = 40—400 mm; 1:6; L, =
= 342 un), «<Baporan-7»(f' = 16—160 mm; 1:1,6), «Bapuo-T'oup-3T»
(f = 15—150 mm; 1: 2,4), «cAnxenbe-3ym 20 X 15B» (f' = 15—300 mun
1 : 4,5) n Apyrue HaWNydIIHe TeJIeBH3SHOHHbIE OGBEKTHBBI [Jif Pa3HBIX
¢dopMaToB H3o6paxkeHHH UMEIOT 3HaueHHs BeaHunH C = 0,4,

Puc, VIII, 10. OnTHuecKas cXeMa NaHKPATHYECKOro 06beKTHBa
«Bapuo-Toup-3T» (F=16—150 amx)

Koneuno, He cieflyeT cauTaTh, 4To BequuHHa C ycTaHaBJIMBaeT mpefe-
Jibl BO3MOXXHOI'0, B YaCTHOCTH yJa4Hoe NpHUMeHeHHe achepHIeCKHX MOBepX-
HOCTe#i MOXET NMPHBECTH K JajibHeHIleMy MOBBIILIEHHIO ONTHYECKHX Xapak-
TEpPHCTHK, K COKpallleHHIO AJMHHE L, CHCTeMH, a CJiefloBaTe/IbHO, K BO3pac-
TaHHIO YHCJIEHHOro 3HaueHHs1 Koadduimenta nobporHocTn C Ge3 noHHKe-
HHS KadeCTBa KoppeKlUHH abeppallHii CHCTEMEL. ;

Buipaxkenue (VIII, 8) nossossier B nepsoM npuONHKEHHH P YKOBOJACTBO-
BaTbCA BBIGOPOM ONTHYECKHX XapaKTePHCTHK M rabapHToB 0OBEKTHBA:
€CJIH COOTHOLIeHHE STHX NapaMeTPOB NPHBOAHT K MOHHIKEHHBIM YHCJIEHHBIM
sHauenusM C, To pa3paboTka 00BbEKTHBA G TAKHMH MapaMeTpaMH 0coGbIX
SaTPYJAHeHHH He BbI30BeT; NPH GOJbINMX YHCJIEHHBIX SHaYeHHAX KO3(PH-
nuenTa C BO3MOXKHa CHCTEMA TOJIBKO MNOHHXKEHHOI0 KagecTBa H300p aXKeHH .

[Toxka eme npexaeBpeMeHHO OTAABATh NPeANOYTEHHE OJIHOH M3 NMpPHHIH-
NHaJbHbIX KHHEMaTHYeCKHX CXeM — G MeXaHHYeCKOH HJIM ONTHYeCKOH
KOMMeHCallHel CIBHTa IJIOCKOCTH M300paXKeHHus.

[TpumepoM ymauHOro ¢conep HHUECTBa» ABYX BeCbMa HHTePeCHBIX 00beK-
THBOB ¢ Pa3HbBIMH ONTHKO-KHHEMaTHYeGKHMH CXeMaMH — ONTHYEeCKOH H Me-
XaHHYEeCKOH CXeMaMH KOMIMEeHCaUHH — SABJAKTCSH 00beKTHBLI AJISi BHECTY-
AHAHEIX CBhEéMOK — «Baporan-3» (Aurausi, «Tefiiop — ['o6com») H «Aub-
Kop-6» (CCCP, I'OH), nekoTopEie XapaKTEPHCTHKHM KOTODHIX MPHBENEHHI B
taba. VIII, 2. [TepBuiii u3 Ha3BaHHBIX 00BEKTHBOB HMEET MeXaHHYeCKYIo,
BTOPOfi — OMNTHYECKYI0 KOMIEHCALHIO CABHIa MJOCKOCTH H300paMKeHH:.
Xots 06bekTHB «AnbKOp-6» HMeeT Ha JBe JIHH3H Goablle, 4eM «Baporan-3»,
OXHAKO MOCJIENHHI CONEPIKHUT B KOppeKTope achepHyeCKyl0 NOBEpXHOCThb
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caoxHoro npoduas (puc. VIII, 11) u, crenosaresibHO, B ONTHKO-TEXHOJO-
rHYeCKOM OTHOILEHHH He ABJsgeTca 6osee NpOCThIM OGBEKTHBOM, 4eM «AJb-
Kop-6», '

O6a o6bekTHBa GbUIH HCC/IE0BaHbl B OTHOLNIEHHH HX ONTHYeCKHX Ka-
dectB, DHIM M3MepeHH BeJHYHHBI KO3(pHLIUEHTOB mepejladdH KOHTPacTa
npu u300paXKeHHWH CHHYCOMAAJNbHOH MHPHI ¢ 4acToTOH 12 mu™t,

a5 Bcex QOKYCHBIX paccTOsIHHIA NMepBoro AHAMa3soHa BEIHUHHBI KO3(}-
¢uumenTOB mepefiayl KOHTpPacTa oGbekTHBa «AJsibKop-6» (npu f' = 80—
400 mm; 1 : 4) oxaswiBaloTCs B npefenax 3Havenuii 0,7 —0,8 B uentpe nons,
y o6bekTHBa «Baporas-3» B nepBoM AuanasoHe H3MeHeHHA (OKYCHBIX pac-

Acpepuy. nofepzs.

Puc, VIII, 11. CxeMa maHKPaTHYECKOro TeAeBH3HOHHOrO o6beKTHBa <Baporan-3»

crosumit (npu f' = 100—500 mu; 1 : 4) BeHUHHBI STHX KOS(P(HIHEHTOB
cHHxKaloTca 10 3Havenuii 0,5—0,6. Jasa GokycHbIX pacCTOSAHHH BTOpPOro
Inanasona, T. €. npu f° = 160—800 um y o6beKTHBa «ANbKOp-6» W TpH
f' = 200—1000 #» y obbekTHBa «Baporan-3», KoapQHIHEHTH Mepeaadyn
KOHTpPacTa NPH MOJHLIX OTHOCHTENbHBIX OTBEpPCTHAX OOBEeKTHBOB 1 : 8
NPHONH3HTENbHO OJMHAKOBEHL

Ceeronponyckanue ofbeKTHBa «AJbKOp-6» npu TpexcsiofiHOM ero mpo-
CBeTJIEHHH cocTaBjsieT 66% u paBHO TakoBoMY y o6mekTHBa «BapoTtan-3».
PacnpeaesieHne OCBEIEHHOCTH MO MOJIO HECKOJIBKO GoJiee paBHOMEpPHOe Y
o6bekTHBa «AJIbKOP-6» ¥ JnIlb Ha Kpalo u3obpaxenus (I = 20 mm) oc-
BelIeHHOCTH BEIPABHHUBAIOTCS Y 060HX 06beKTHBOB — 0Kou10 60% oT ocBe-
IeHHOCTH H300paXKeHHs B LIEHTpe NOJSH.

KoHeuHO, MPHHUKN ONTHYECKOH KOMMEHCALHMH BCTpeyaeT TPYAHOCTH
MpH Np HMEHEeHHH B CHCTeMaX C IIHPOKHM Hana30HOM H3MeHeHHA (QOKYCHBIX
PacCTOAHHH, HO MPHBOAMUT K HEMJIOXUM pelleHHs M B CHCTeMaX MaJiol (m =
= 2—3) u cpenueit (mn = 4—6) KpaTHocTaX. [IpuMepOM MOXKET CITYXHTb
(cm. Taba. VIII, 3) cucrema «Mereop-7», paspaboraHHasi MO ONTHYECKOH
cxeMme, npuBelleHHO! Ha puc. V, 37 ans ¢popMara ¢oTokaTona TPYOKH BH-
JukoH. Ilo cpaBHemmio ¢ sinoHckHM of6bekTHBOM «KanoH-3ym TV-16»
(f = 256—100 mm; 1:1,8), nocTpoeHHBIM Ha NPHHLHNE MeXaHUYECKOH
KoMMeHcallid, o0beKTHB «MeTeop-7» HMEET HECKOJNbKO TOBLILEHHOE Ka-
YECTBO ONTHYEeCKOro HsobpakeHus. BeJHunHB KO3((HLHEHTOB nepefayx
KOHTpacTa H300paXKe€HHSI CHHYCOMJAJbHOH MHDBI A/ POCTPAHCTBEHHOM
uacToTH 30 Mm~ cocTaBaSIOT AN 06BeKTHBA «MeTeop-7» BLUEeHTpenoas Anst
¢oxycuux paccrosuuit 25, 50 u 100 sum cooTBeTCTBeHHble BesHuuHbl 0,8,
0,33 u 0,38; B6aH3K Kpas noas usobpamenus (" = 6,7 mu) 3Tu Kosddu-
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LIMeHTEL JJ151 TeX e (OKYCHBIX pacCTOsHHH cooTBeTCTBeHHO paBHH 0,3, 0,17
u 0,33. ¥V obbekTnBa «KaHOH-3ymM» BeJIMYHHBE KOXPPHILHEHTOB mnepefayn
KOHTpAcTa B LIeHTpe noJs A1s GoKycHbiX paccroauui 25, 50 1 100 s pas-
HEl coorBercTBenHo 0,35, 0,35 u 0,60; B6nusH Kpas u3obpakenus (I' =
= 6,7 mm) 3TH Ko3pbUUHEHTH AJ5 TeX XKe POKYCHBIX pacCTOSHHH COOT-
BeTcTBEeHHO paBHH 0,25, 0,20 u 0,25 npu nepepaye tex xe yactor 30 mm™t,
OTH H3MepeHHs BHIMOJHEHbl C HCTOYHHKOM cBeTa A, cBeTopunbtpom C3C-
15 (3 m#) v npuemunkom PIY-27, T. e. ofecneyeH aKTHHHYHEIN NOTOK Ha
ypoBHe 0,5 MakcHMyMa B mpefenaX o6JiacTH CHeKTpa MPUGIH3HTENbHO
500—700 Hm.

Co3paHHBIH HaMH 32 NOCJIEAHHE TObI KOMIJIEKT TEJEBH3HOHHBIX 0OBEK-
THBOB HaXOAMTCA Ha COBPEMEHHOM TeXHHYEeCKOM YpoBHe*. DToT HaGop o6b-
€KTHBOB JIOJIXKeH CHCTEMaTHYeCKH MOMOJHATHCA H COBEpPIIEHCTBOBATHLCH.
ITepcrneKTHBHLIM ABJAETCA CO3AaHHE CHCTEM C GOJIbLIONH KPaTHOCTbIO H3Me-
HeHHA POKYCHBIX PacCTOSHHA MPH YCIOBHH, €CNH rabapHThl cucteM OyRyT
HEBEJIMKH, a Ka4ecTBO H300paXkeHH A PHOJIHKATHCS K TAKOBOMY ¥ OOBEKTH-
BOB MocTosiHHOTO (hoKycHOTo paccrosius. [IpuMepoM nepBeix paspaGoTok

3TOrO HampaBJeHHs SBAAIOTCA 00beKTHBH «Bapuo-Toup-1T» v «AHKeHbe-

3ym 10 X 35B» (cM. Taba. VIII, 2). Menee ynauna paspaGoTka SINOHCKO#M
cucrembl pupMbt «Kanon» «Kanon CTZ-LF-1V», uMelomas uersipe Auckper-
HEIX AWana3soHa HM3MeHeHus GOKYCHEIX paccrosmuit: f' = 55—370 ma,
1:4—1:5; f/ = 80—540 mm, 1:5,6—1:7,3;, f/ = 150—1000 mn,
1:11—1:14; f/ = 300—2000 mm, 1:22—] : 28, Kpaiine HeynoGHo,
€CJIH B Mpejesiax KaxAoro AuanasoHa H3MeHeHHs (QOKYCHOIO pacCTOSHHS
H3MEHSIeTCsl OTHOCHTEJIbHOE OTBEPCTHE, a CJIeloBATENbHO, H APKOCTE H3006-
paxKeHHsI.

§ 2. OBBEKTHBHI IOJi MPOEKLHH H30BPAXXEHHA
C KHHECKOIIOB HA BOJIBIIHE 3KPAHBI

Tpy6KH (KHHECKONH) B TeJleBH3HOHHEIX NMPHEMHHKAX HMMEIOT SKpaHBbI
pa3smepoM o 70—80 cu. SpkocTk n3obpaxeHus Ha SKpaHe, paBHaa 100—
250 ac6, BuiosiHe JOCTAaTOYHA /s HaOMOAeHHA H300paxeHHH B YCJOBHAX
HOpPMaJIbHO OCBelleHHoro momeilenus. ONHaKo (opMaThl H300paXKeHHH,
KOTOpEIe MOTYT OLITE MOJIyUeHbl HeMOCPeACTBEHHO Ha 9KpaHaX 3JEKTPOHHO-
JIy4eBHIX TPYOOK, OrpaHHUHBAIOTCA MpaKTHYECKH LienecooOpasHbIMH H TeX-
HOJIOTHYeCKH BO3MOXKHLHIMH DasMepaMH caMHX TpYyGoK.

3a nocnefHHe Tofibl OBIJIO NPEJIOKEHO H peai30BaHO HECKOJIBKO CIO-
coGOB MOJIydeHHS TeNeBUSHOHHbIX H300paxeHHit Gonbiux ¢(opMaTOB.
Mul paccMOTPHM SJeCh JIHLIb NYTh HCNOJB30BaHHA 0COG0 CBETOCHJIbLHBIX
NMPOeKIHOHHBIX OOBEKTHBOB B COYETAaHHH C TNPHEMHBIMH TeJIeBH3HOHHBIMH
TpyOKaMH MaJiblX JHaMeTPOB S5KpaHa, HO GOJIBILOH APKOCTH, NP OELLHP YIOmHX
u3obpaxkeHHe C 9KpaHa TPYOKM Ha GOJbLIOH 3KpaH. TaKue CHCTEMBI MOTYT
NPUMEHATbCS HE TONBKO AJIs TPYNNOBHIX MPOCMOTPOB TeJIeBH3HOHHBIX

¢

* Jlna upetroro TtenesufenAs I'OM paspaGotanm B 1975—1977 rr. Ans TpyGok
omoMGHKOH 06beKkTHBH «Bapuoramma-IITo», }3 = 18—540mm, 1:2—1:6; «Coxoa>,

f’ =27—540 mm, 1:2—1:4 u «Panyras, f = 21—210 mn, 1:2,2. Hx pacuern es-
noqHenn M. IInakuuem, P. Kapac6pyn n B. Cokososoii.
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n3oOpaxkeHHH B KNy6ax u TesieTeaTpax, HO H B CMIELlHAJIbHBIX TeJIEBH3HOH-
HbIX NPOEKUHOHHALIX NMPOCMOTPOBLIX YCTAHOBKAX JUIi KOHTPOJIA M Habatofe-
HHA H300paxKeHHil, nepenaBaeMbIX 110 TeJeBH3HOHHBIM KaHaJiaM H BOCHp 4-
HHAMaeMbIX OXHOBpeMeHHO Gosblloli rpynnoi HabGJoxareseii.
[TpoeknuOHHBIE CHCTEMEI HCIONB3YIOT B TeaTPasibHBIX TeJeBH3HOHHBIX
NpHeMHHKaX, Ile pa3Mepsl H300paXKkeHHA Ha 9KpaHaX AOCTHIalOT 6X 4,5 u
u Gosiee. [las mpoexilHy NPHMEHAIOT 0cO60 CBETOCHJIbHbIE CHCTEMH C AHa-
MeTpamH 3pauykoB 500 —600 mm H NPOEKIHOHHBIE KHHECKONBI, paboTatone
npu HanpsxeHHAX 10 80 kB ¢ AuameTpamu sKpaHoB 10 180 mm u pasmepa-
MH pacTpa, B npejiesiaXx KOTOPOro noJy4aeTcsi A0CTATOYHO XOopolllee KayecT-
BO BOCMPOH3BeJeHHS KapTHHH NpubausutesnbHo 9,5 X 13 cm. Spkrocts
sKkpana Tpy6ku pocturaet 300 000 ac6. Ilpu maciutaGe nMpoeKLHH OKOJO
50 Kpat sipkocTh H306paxKeHHs Ha SKpaHe cocraBisieT okoso 100 ac6, uro

Cpepuvecnoe Aunza Urudma u sxpaw don
Jeprane Jawums: om peHM2ENOSLkuT
AYyed

Jkpan
Kuneckona

DBIYE M
I Chemoboi duaremp '

IKpan §x45m
e 7621121 T8 3m

Puc. VIII, 12. Cxema TenenpoeKnHoHAOR CHCTeMB Ha
Goabwoft skpaH

COUTBETCTBYET HOPMaM, YCTaHOBJIEHHBIM JJis GOJBLUIHX KHHOTeaTpoB. Cxe-
Ma nofo6HOl TenenpoeKIHOHHOM YCTaHOBKH NpuBeieHa Ha puc. VIII, 12,
[Npoekunonxoe paccrosHue npesbimaeT 18 #. DKpanaM KHHECKONOB NpH-
RaeTcsl KPUBH3HA C PafHyCOM, NPHOIH3UTENBHO PABHBIM MOJIOBHHE Paluy-
car KpHBH3HBI BOTHYTOrO chep HUECKOro 3epKaJia, HCNOJIb3yeMOoro B IPOeK-
IHOHHOM ycraHoBKe. TeM caMbiM KpHBH3HA M300pamenus K Ha sKpaue
KHHeCKOra COBMaJiaeT C ecTecTBeHHOH KP HBH3HOM H306paKeHus, NPHCYILeR
Jio60oMy 3epKasy ¥ paBHOH

2 _ 1
K=T—- ;

rae f — dokycHoe paccTosaHHe 3epKana.

B usoOpaxenHo# cXeMe npuBeJieHa KOPPEKTHPYIOUlAs JIHH3a-KOM-
nencarop b. [lIMuara, pacnonoxenHas B LeHTpe KPHBU3HHI chepHyecKoro
sepkasia, Gnarofapsa 4eMy JIHH3a NOYTH HE BHOCHT aGeppalliH KOMEI, KOp-
purupys cheprdeckyio abeppailio saepKananpy BecbMa GoJIbIIOM reoMeT-
PHYECKOM OTHOCHTEeNbHOM OTBEPCTHH, AOCTHramomeM BeaHydHH 1 : 0,6;
3TO Ges yveTa SKPaHHPOBaHHs OTPaXKEHHHIX OT 3epKaja NMyUKOB Jydei
TpYOKON KHHecKoIa.

Onna w3 nosepxHocredl auu3el [lIMuara HMeer CJOXKHBIE NPOdHIBL
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(cm. puc. IV, 16, a); ypaBHeHHe MEP HAHOHANBLHOTO CEYEHHS TAKOH NOBEpX-
HOCTH COJEPMKHT YJIeHL! pPsifia BHICOKHX CTeneHeH.

Kak 6bi10 ykasaHo Beite (cM. raaBy 1V), sunsa lllmuara, wupeannno
HCrpaBJsisi cpepHUecKyio abeppaiHio, He MOJHOCTBIO KOPPHTHPYeT aGep-
palnH nydeii MINPOKUX HAKJIOHHEIX MYYKOB, YTO B pe3yJibTaTe NPHBOAHT K
CHHXKEHHIO KauecTBa H300paX<eHHS MO Mepe YAaJeHHS OT OCH CHCTeMbl:
koMnencatop llIMunra oGecneunBaeT cpaBHHTEIBHO XOpoLliee KA4eCTBO KOp-
peKiuy B npejenax noas 2w ~ 10—I15°,

Hennoxue pesyabTaThl, HO IPH CPaBHUTEJNb HO HEGOJBILHX OTHOCHTENb-
HEIX oTBepcTHAX — Jo 1: 0,9 — Moryr OHITh mosydyeHBl NMPHMEHEHHeM
ynpoilenHo# cxemsl Bayspca (pue. VIII, 13), cocrosneii n3 cdepuyeckoro
8epKajla ¥ KOHLIEHTPHYECKOr0 MeHHCKa, He MOJHOCThI0 KOPPHIHP YIOIIEro
chepuueckylo abeppaiHio 3epkasa. BciiecTBHe CHMMETPHH XOAa Jydeil
IUIHPOKHX HAKJIOHHBIX NMyYKOB B CHCTeMe aBTOMaTHYecKH obecneunBaercs

b ;
I
'J
K Poxansnan
nobepzwocms ¥

Konuenmpuy. Cpepuy.
TUHIE 3epkang '

a b
Puc. VIII, 13. 3epkanbHo-NIWH30BbE CXeMbl: a4 — o6beKTHBa

A. Bayspca; 6 — o6vekTuBa <Auntapec» Jl. Bonocosa — B. Ba-
Gunnesa

KOppeKIllHsi KOME B Ipefieiax Beero moss. Hekoropseiii ocraTounsifi xpoma-
TH3M, BHOCHMBIH MEHHCKOM, HECKOJIbKO CHHXaeT KauecTBO H300paKeHHs.

CyecTBeHHO NyYlliHe Pe3yJbTaThl JJIsl JOCTATOYHO GOJBIIHX OTHOCH-
TeJbHHEIX oTBepeTHii — g0l : 0,7 — paer yenoxuennas cucreMa Bayspcea
(cM. puc. IV, 16, 6), B KoTopOfi npMeHeHa KOHHYECKas JHH3a. E IHHCTBeH-
HBIM ONTHYECKHM NapaMeTPOM, BJHSIONIUM Ha CTPOEHHe NMyuKa Jydefi, na-
JalolKuX Ha KOHHYECKHH KOMIEeHCATop, ABJAAETCH YroJ g NPH BeplUHHE
nocjiefHero. B MepuuoHanpHOM Ce4eHHH BAHSHHE KOMIIEHCAaTOPa 3KBHBa-
JIGHTHO OOLITHOMY KJIHHY.

¥Yroa a KOHHUECKO# JIHH3B! BJAHAET Ha ITOJI0KEeHHe TOUeK IepecedyeHus
Jiydeii ¢ NOBEpXHOCTHIO 3epKaJia, a CJleJoBaTe/IbHO, H Ha «TOHKYIO» KOppeK-
IHI0 CTPYKTYPhI IIHPOKOTO Ny4YKa: KOHHYeCKas JIHHAA, pacnoJioxeHHas B
ofieM LeHTPe Kp MBH3HbI TOBEP XHOCTEH, KOPPHTHPYET OCTaTOYHYIO CdhepH-
4ecKyo abeppaiuio 3epkaja (HeZOMCNPABJEHHYIO KOHLUEHTPHYECKHM Me-
-“HHCKOM), He BHOCS MTPH STOM CYIIeCTBEHHOH aCHMMETPHH B CTPYKTYpe IlIn-
POKHX HaKJIOHHBIX 1YYKOB B npejienax noas ao 25—30°. HepocraTkoM sToil
CHCTEMBI SIBJISIIOTCS ee raGapuThl: AJHHA CHCTeMbl NpuGausuteabHo B 1,5
pasa Gonbiie aauabl caereMsl [Imuara.

Aot HexoctaTok yctpansercs B cucreMe Jl. BomocoBa — B. BaGuh-
uesa (cM. puc. VI, 16, 8), B KOTOPO#l KoHLEHTPHYECKHH MEHHCK pacmoJo-
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XeH MeX]y KOHHYeCKOH JIHH30H M 3epKasoM, uTo B 1,5 pasa cokpamaer
rabapuThl 0GBEKTHBA, HE CHHXKAs ero ONTHYECKHX XapaKTepHCTHK.

Ind cnenHanbHBIX TeJIeNPOEKUHOHHbIX YCTaHOBOK, KOTAa HeoGX04HMO
BLICOKOE KaueCTBO ONTHYeCKOro u3obpaxkeHWsi NpH GOJIBIIOH CBETOCH.e,
HaMH pa3paboTaHbl 0GBEKTUBbI STOH ONTHYECKON CXeMbI, BHIMYLLEHHbIE MO/,
MapKoii «AHTapec», C aXpoMaTHYeCKOH KoHuYeCKOH auu3o# (pmc. VIII,
13, 6), obecneunBalollie BLICOKOe KaueCTBO H300paXKeHHs B IIHPOKOi 06-
JIaCTH CNeKTpa.

Kak Buaenu Bhillle, 00beKTHBLI He TPeGYIOT TIlaTeNbLHONR aXpoMaTH3a-
unH (cM. prc. VI, 19, 2) npr uX npHMeHeHHH B Y3KOH cleKTpaiabHOH 06-
JAacTH, HanpuMep Bo Qurooporpadpuyecknx ycraHoBkax, TexHosorus uaro-
TOBJIEHHS] KOHHYECKHX KOMIIEHCATOPOB 3HAYHTEJIbHO MPollle, 4eM KOp PEKI[H-
ounbix naactu lIMuaTa, NpH cyimecTBeHHO MOBHILEHHBIX ONTHYECKHX Ka-
yecTBaX, AOCTHCaeMbIX B CHCTeMaX ¢ KOHMYEeCKMMM JHH3aMH. Hamu 6bun
paspaboTaH A5l BLICOKOKaueCTBEHHOF TeIENPOEKIHOHHOH YCTaHOBKH 06b-
ekTuB «Antapec-4» (f* = 200m; 1 : 0,7) cnonem 3penus 34°. IIpu npo-
eKIlHH Ha 9KpaH HaMeTpoM 3 # C yBesiHYeHHeM B 25 pas oH pa3pelraeT Ha
KuHeckorne 0kKos10 30 #x™! B UeHTPe MOJS C MJaBHLHIM CHHXEHHeM 10 25—
20 m#~! no nomo. Cucrema [lImuara, paspaboranHas 1) TeX xKe ONTHYEC-
KHX XapaKTepHCTHK H YCJOBHiI NPOeKLHH, pa3peLlinia Mo NoJI0 3HaYHTe b~
HO MeHbllle — OKoJIO 3—5 mu ™' BO/IH3U Kpasi MOt — MPH HU3KOM KOH-
Tpacre. .

KoHuyeckHe KOMMEHCATOPHl CPABHHTEJNBHO MNPOCTO H3TOTOBJAIOTCA
KaK H3 CHJIHKaTHBIX, TaK ¥ H3 OPTraHWYeCKHX CTEKOJ AHaMeTpaMH O
500 mm; yrabl NpH BepUIHHAX KOHYCA Y Pa3HbIX BAPHAHTOB CHCTeM 00BLIYHO
cocraBasiiotT 178 —179° 1. e. oGpasyioliHe KOHyCa COCTaBJAIOT ¢ MJAOCKOH
NIOBEPXHOCTHIO JIMH3H! yriikt 0,5—1°,



TJIABA 1X

[MEPCIIEKTHUBEI PA3BHUTHSA OBBEKTHBOCTPOEHHUS
HA OCHOBE INPHUMEHEHHS
HOBBIX TEXHHMYECKHMX MU TEXHOJ/IOTMYECKHUX CPEICTB

OcHoBHBIMH H HauGoJlee TPYAHO pa3pelIUMBIME ONTHYECKHMH Npobiie-
MaMu B 00J1aCTH co3fiaHuA Gosee COBEpLIEHHEIX OOBEKTHBOB Pa3jIHIHOTO
Ha3HAUeHHH ABJAIOTCHA He CTOJIbKO NMpobJeMbl, CBA3aHHble C JaJbHeHIIHM
NOBLIIEHHEM HX ONTHYECKHX XapaKTePHCTHK (OTHOCHTEJIbHBIX OTBEPCTHI,
nosieft 3peHHs), CKONbKO COXpaHeHHe NIPH STOM BLICOKOH paspelialoilei CH-
JIbl H KOHTPacTa onTHYecKoro n3obpaxenus. OHOBpeMeHHO pelialoTes 3a-
JlauH IOCTHIKeHHS ONTHMAJbHBIX 3KCIJyaTallHOHHBIX NapaMeTPoB — J0CTa-
TOYHO MaJibiX ra6apHTOB M BeCOB. TOJ/IbKO yCNEIIHOe pellieHHe 3TOro KOMII-
JieKCa B3aHMOCBSI3aHHLIX 3a/lay O3BOJIMT OTeYeCTBEHHOMY 00beKTHBOCTPO-
€HHIO, H Npex/ie BCero KpynHocepHiHHOMY, H BIpeb COXPaHHTh JOCTOHHOE
MeCTO, B YaCTHOCTH W Ha BHEIUHHX PbIHKaX. JIisg STOro HMeloTcs BCe npef-
NIOCBIJIKH: Hallla CHCTeMa NPOH3BOACTBA NPUHIHIIHANLHO NMO3BOJSAET OpTa-
HH30BaTh pa3paboTKy W NPOMKIILIEHHEIH BHITYCK 00BEKTHBOB Ha T XHOJIO-
THYECKH H KOHCTPYKTHBHO OoJiee COBepIIeHHOM YDOBHE NPH HEBLICOKOH
NpoNaXKHOH lleHe H3JeJH.

M3 n3noxeHHOro B [IpeIIECTBYIOUIHX T/1aBaX CAelyeT, 4To AabHeRIIHi
CYLIeCTBEHHbIA MpOrpecc 00beKTHBOCTPOEHHsA, MOTYUIHH NPHBECTH K Ka-
YecTBEHHO OTJHYHLIM pe3yJ/ibTaTaM, BO3MOXEH JIMIIb Ha OCHOBE NpHMeHe-
HHS HOBHIX TeXHHYECKHX H TeXHOJIOTHYeCKHX CpejCTB, H NpexJe BCEro
Ha OCHOBe JIefiCTBEHHOT 0 (PallHOHa/IbHOT0) NP HMEHEHHU 1 HOBHIX ONTHYECKHX
MaTepHaJloOB — ONTHYECKHX CTEKOJ M KPHCTaJJIOB MOBHILEHHOH Npo3pad-
HOCTH H C OCOGBIMH AHCNEPCHOHHBIMH CBOHCTBAMH H BbICOKOTOMHBIX acde-
pHYECKHX ONTHYeCKHX moBepXHocTed. He MeHblllee 3HayeHHe NPH paspa-
GOTKe CJOXHBEIX MHOroNapaMeTpoBbiX 06beKTHBOB C MOCTOSHHBEIMH H OCO-
GeHHO ¢ MepeMeHHLIMH ONTHYECKHMH XapaKTepHCTHKaMH GyI1yT HMETb aB-
TOMaTH3HPOBAHHBIE METOMbI NMOHCKA ONTHMAJILHBIX pellleHHi H CIOCOObI
-aBTOMaTHYECKOH KOppeKiHH abeppalluii Ha OCHOBe NP HMeHeHHS 3JIEKTPOH-
HBIX I[H(P OBLIX BLIYHCIHTENBHBIX MalIKHH (OBM).
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§ 1. O PAITHOHAJIbHOCTH TTPUMEHEHHS HOBBIX
ONTHYECKHX CPEIlL B OBBEKTHBAX

C1940—1942 rosoB B aMepHKaHCKOH JMTepaType Hada/H MOSBJAATh-
cs1 coobLLeHHs 0 HOBbIX paboTax B 06/1aCTH CTEK/IOBapEHHS U CBSI3aHHEIX C
nocjieAHHMH pa3paboTKax NPHK/AaAHOH ONTHKH.

310 62 HHPOPMAIIHA 06 ONTHUECKHX CTeKJ/IaX HOBLIX MapoOK, ONTHYeC-
KHe NOCTOSIHHbIe KOTOPLIX CYLIECTBEHHO OTJIHYAIOTCS OT paHee H3BECTHBIX
crexo). ViMesin npexjie BCcero B BUAY CBepXTsKeJ/ble KPOHBI, CoJiepKallue
OKHCJIBl 3/1EMEHTOB PeIKHX 3eMeJsib —JIaHTaH, TaHTaa H Ap. XOTA NaTeHt-
Hble 3afIBKH Ha pellenTypy MoAoOHBIX CTEKOJ Hayaju NOABJSTHCA elle B
Konue 30-X roJioB, NpOMbILLIEHHbIE NABKH JAaHTAHOBLIX CTEKOJ OLLTH NMPO-
ussenensl B CIIIA ¢pupmoit «<Mcrmen-Konak», no-sunumomy, B 1941 romy.

HecMoTpst Ha BBICOKYIO CTOHMOCTb 3THX CTEKOJ, BO MHOTO pa3 MpeBkhl-
LIAIOILYIO CTOHMOCTb OGBIMHBIX TAXKEJLIX KPOHOB, HHTEPEC K HUM CO CTOPO-
HbI ONTHKOB-Pa3paGOTUYHKOB MPOSIBHJCA MOBCEMECTHO: pallHOHAJIbHOE HX
NpHMeHeHHe B ONTHYECKHX, B YaCTHOCTH (oTorpadHyecKHX cucTeMax, Kak
YBHAHM HHXe, IPHBOAHT K AaJibHelillleMy COBEpLIEHCTBOBaHHUIO MOC/AeIHHX.

Benoch H3yuyeHHe KJacCHYECKHX M paspaboTkKa HOBHIX cxeM ¢ororpa-
(hMYeCKHX M MPOeKIHOHHBIX aHACTHTMATOB C MPHMEHEHHEM CTeKOJI.

HoBEle BOSMOXKHOCTH, OTKPBIBAIOLLHECS Nepel IPHKAaAHOA ONTHKOH B
pesyJbTaTe OCBOEHHS CTEKJIa C CYlleCTBEHHO OTIHYHBIMH ONTHYECKHMH NOC-
TOSIHHLIMH, HE Cpa3y OYeBHAHBI: HCC/IeOBaHHE STHX BO3MOXKHOCTel noavac
TpebyeT npoBejieHust GOMBIIOH TeOPETHYECKOH H BhHIYHCIHTENbHOH paboThl,
mpexJie YeM HOBOe CTeKJIO HalieT MpaKTHYeCKOe MpHMeHeHHe H BOHJET B
HOpMaJIbHEI KaTalor ONTHYeCKHX CTeKOJl.

[Nox HoBBIMH cTekaaMH, nosiBuBlIUMKCH B 40-X romax, mpexie Bcerc
MMeIOTCS B BHAY 0COGOTsIKe/lble KDOHBI, Y KOTOPBIX [IOKa3aTe Iy npejoMe-
HHS Np HMMEIOT YHC/IeHHBle 3HaueHHs NPUOGIH3HTENbHO B Npefenax ot 1,69
101,76, a nokasaresn cpelHHX AUCNepCHH (Yucna AGGe) — CoOOTBETCTBEH-
Ho oT 56 10 48. By co3anbl ocobble GIHHTDI, Y KOTOPLIX np HMEOT 3Ha-
yeHus B npeaenax or 1,7 no 1,88 npu nokasaTtensix cpeAHHX AMCIepCHH B
npefenax BenHuHH oT 48 mo 41.

HawnGonee pa3noobpa3Hbiii cOpTaMeHT cTeKoa Obln B Te rofnl paspabo-
taH B CIIIA Hauuonanbueim 61opo crangaptos (NBS), ¢upmamu ¢<Mcrmen-
Konak» (EK), «Kopuuur» (Corning) u «[osapa» (Hay).

Ha puc. 1X, 1 npuBelena AnarpaMMa ONTHUECHX MOCTOSIHHBIX (1, V)
PasJHYHBLIX MapOK CTeKOJ — OTeYeCTBEHHHIX M aMepHKaHCKHX — Mo
COCTOsIHHIO Ha Ha4aJso 50-x ronos. Ha auarpamme Hanecen TakXKe OJHMH H3
nepBHIX OTedecTBeHHHIX cpepXTaxennx kpowos — CTKI (np = 1,7170;
v = 47,0). O6pamaem BHUMaHHe Ha MOJ0XKeHHe 0coObix pnuHTOB «HeTmen-
Kopak» — EK-448 u EK-450.

He ocranaBnuBasicb Ha MOCJAEAYIOUIHX 3Tamax pasBHTHA COpTaMeHTa
ONTHYECKHX CTEKOJ, YKaXKeM JHIlb, YTO 3a NOC/AeLHee AECATHIAETHE OblIH
co3jiaHkl eile Gosiee HHTEPECHLIE CTEKJIa, B YaCTHOCTH TOPHEBble CBEPXTs-
XKeJisle KPOHbI, Y KOTOPHIX BEeJHYHHBI N NOCTUFAIOT 3HaYeHHi or 1,76 1o
1,82 npu nokasaTesx AHCHEpPCHil COOTBeTCTBEHHO OT 53 J0 47. Bulnn yco-
BepLIeHCTBOBaHbl 0co0bie PAIMHTH ¢ BeJAHYHHAMH np =~ 1,84——1,88 npu
3HaueHHsX v coorBeTcTBeHHO 43—41. CoBpeMeHHEIH COPTaMEeHT MPOMBILI-
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Puc, IX, 1. IlnarpaMma OnNTHYECKHX MOCTOAHHBIX (V; n) oTeyecTBEHHHIX
H AMEDPHKAHCKHX CTexoa B Hadvdne §50-x romos
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JIEHHEIX ONTHYECKHX CTEKOJ XOPOILIO HJIIOCTPHPYETCs AINAarp aMMolt (v; 1)
creKos sinoHcKoit dupMel «Kanon» (puc. 1X, 2). Kak Bugum, Hajl 30HaMH
nautaHoBuiX crekas LaK u LaF nossunuce HoBhlie 30Hbl crekon LaSK u
LaSF, T. e. ocoboTsiKeNble KPOHH H (PJIHHTEL

PaccMaTpuBas ONTHYeCKHe MOCTOSHHBIE CTEKOJ KaK NapaMeTphl NpH
pacyere ONTHYECKHX CHCTEM, YKaXXeM, 4TO HX NPpHMEHEeHHe MOXeT NpHBec-
TH K OLHOMY M3 CJIefyIOllHX Pe3yjibTaToB:
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Puc. IX, 2. Quarpamma (v, n4) ONTHYecKHX cTekon,
NPHMEHAOWMNXCA ANOHCKOR $upmoft «Kanon»

a) K BO3MOXKHOCTH NOCTHXKeHHs 6ojiee COBepIIEHHOr0 HCOpAaBJIEHHA
abeppallHii CHCTeMbl JaHHO! ONTHYECKOH CXeME;

6) K NOBBIILIEHHIO ONTHYECKHX XapaKTePHCTHK, B YaCTHOCTH OTHOCHTEJIb-
HOTO OTBEPCTHSA CHCTeMEI Ge3 YCJIOKHEHHs ee ONTHYeCKOH CXeMbl.

3aMeTuM, 4TO KaueCTBEHHO-HOBble Pe3y/bTaThl OKa3aJHch Obl, eCJH 6n1
CTeKJia HMesiH 0cobble 3aKOHOMEPHOCTH YaCTHBIX OTHOCHTEJBHBIX AHCIEp-
cuii, oGecneunBatoL e B KOMOHHAILHY C OOLIYHBIMH CTeKJIaMH BOSMOXHOCTD
Co3ZaHus cucTeM, 00J1aflalo KX aOXPOMATHYECKHMH HJIH TOJIyanpoxpoma-
THUECKHMH CBO#CTBaMH. Kak ciieflyeT M3 TeopHH XpoMaTHyecKuX abeppa-
Wi, /IS 3TOTO NpeX/ie BCero cefiyeT 06paTuThes K Auarpamme (ve.c; Pr.p)s
XapakTepu3ylolleli X0I YaCTHBIX OTHOCHTeJbHbIX AucnepcHii crekos. Ha
puc. I1X, 3 Takas nuarpamMma npupefiesa Ans crekosn Haumnonanbroro 6io-
po craraaptos (NBS), «Mcrmen — Koaak» (EK) u «Tosapaa» (Hay) B 06-
nactu cnektpa F—C; TaM e npuBeleHBl HEKOTOphle 0TeYeCTBEeHHbIe CTEK-
na. Kak BuAHM, OTKJIOHEHHS OT IHHEHHOH 3aBHCHMOCTH B PAaCMoOJIOXKEHHH
CBEp XTSXKEJIBIX HOBBIX cTeKoa (uckmouas crekoa Tuna O® u OK) Becbma
HEBEJIMKH, YTO yKasblBaeT Ha OTCYTCTBHe KOMOHHAlMi CTeKOJ, NPHBOLS-
LWHX K NPOCTHIM anoXpoMaTHYecKHM cucTeMaM*. Bosiee nozpobuo k sTO-
MYy BONpOCY BepHeMCsi HHKe. :

* [Ips yc/oBMH AOCTHKEHWS NPH STOM JAOCTATOYHO MAIBIX ONTHYECKHX CHI JIHHS
CHCTEMH H WIHPOKOH 06GJacTH amoXpoMaTHSAal(HH. :
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OnTHyeckHe MOCTOSIHHbIE CTEKOJ KaK MapaMeTphl NMPH HCMpPaBJeHHH
abeppauuii ONTHYECKHX CHCTEM MPOSABASIOTCH OCOGEHHO OTYET/IMBO MpPH
pacyere NpOCTeHLIHX ONTHYECKUX CHCTEM, HMEIOUHX MaJoe YHCJIO KOppek-
ILHOHHBIX apaMeTpOB.

B ABYXJIHH30BbIX KOMOHHALHSAX BJHSHME KOHCTAHT CTEKOJ OCOGEHHO
OTYETJIHBO MNPOSIBJIAETCSH.

Kak ussectuo [3], moxkuo npexncraButh Kospduuuent Iletupans n
TaKOil KOMOWHALUH, KaK QYHKHHIO XpoMaTHyecKoro napamerpa C W KOHC-
TaHT (1, v) CTEXOJ:

N ¥ i vy G

Vg — V1

IMpuMeHeHne ocOGOTAXKENOrO KPOHA B COYETAHHH C JIETKHM (JIHHTOM
NPUBOAHT K yMeHbleHnio Kosdduunenra [letusans x : BMecTo o6uYHOM Be-
anauebl 0,6—0,7 B ABYyX/iHH30BOH KOMOWHALMH NpU NPHMeHEeHHH HOBBIX
CTEKOJI TI0J1y4aeM 3HaueHHe 3Toro Kosdxpuunenta Ha 20—25% MeHbluee;
NpH STOM BEJHYHHbl ONTHYECKHX JIHH3 OCTAlOTCH MOYTH TaKHUMH Xe,
KaKHMH OHH OBLITH B ABYXJIHH30BOH CHCTeMe, COAepXKaBllel OObIYHbIE CTEK-
na. TeM caMbiM MpPeACTaBAAETCS BO3MOXKHBIM YMEHBUIHTb KPHUBH3HY MO-
BEPXHOCTH H300paxceHHa 6e3 CHHXKEHHS NPH 3TOM OTHOCHTENBHOTO OTBEpPC-
THS CHCTEMBL.

B npocrefinx anacturmMatax «TpHnser» B ero BapuauHsaX (CM. IJiaBy
[V), B ueThipexsinusoBeix cucremax «Mumycrap», «Cupuyc», «Opraros» u
T. M., B KOTOPHIX YHCJIO KOPPEKLUHOHHbIX NapaMeTPOB HEBEJHKO, BJIHAHHE
ONTHYECKHX MOCTOSIHHLIX CTeKoJ ocofeHHO JeHcTBeHHO. KaK H3BecTHO,
B CHCTEMaX, COCTOSILIMX M3 TOHKHX JIHH3, Ko3pduuueHt Sy, onpenensio-
mHUH# KPUBH3HY MOBEPXHOCTH M306paX{eHHsA, 3aBHCHT TOJLKO OT ONTHYEC-
KHX CHJ @; JIWH3 ¥ NIOKa3aTeJieil NPeJIOMIICHHSI n; CTEKOJI:

i=9 P
Sy = LU (I1X,2)
i=l "
IMpumenenne crekon Tuna CTK no3ponsier u B 9THX cucTeMax Ha 15—
20% yMeHbILHTL KPHBH3HY NOBEPXHOCTH H3006paKeHHS; COOTBETCTBEHHO
OKa3biBAeTCs BO3MOMHBIM YMEHbLIHTh BeIHIHHY Ko3ddHLueHTa Sy, BaH-
SIIOIIETO HA acTHTMaTH3M cucTeMbl. [Ipu HeOGXOAHMOCTH MOXKHO MOBBICHTH
ONTHYECKHe XapaKTePHCTHKH CHCTeMbl (Hanpumep, OTHOCHTEJIBHOE OTBepC-
THe), Tak Kak npuMeHeHne CT K npHBOAUT TaKxke K yMeHbIIEHHIO cdhepHuec-

KoA H cdepoxpomaTHuecKO# abGeppallHi.

¥ [a4HbIM IPHMEPOM NPHMEHEHHS HOBbIX CTEKOJ B IPOCTEHIUIHX aHaCTHI-
Matax «Huaycrap» sBasercs oredectBeHHbIi o6bekTHB «MHaycrap-61»
(f = 52 mm; 1:2,8; 20w = 45°% 24 X 36 mm), B KOTOPOM MPHMEHEHO
crekno CTK6 (np = 1,7468; v = 50,9) B 06eHX MOMOMKHTENLHBIX JHH3AX.
Cucrema umeer Kosduuuent abeppaumnii S;y= 0,235, Sy = —0,076
¥ XOpolllee UCMpaBJIeHHe aCTHIMaTH3Ma H KPHBH3HEI 110J15, KOTOpbLIe 00bIY-
HO HE YJaeTcs XOpOILO KOppHIHpPOBaTh B 00beKTHBaX 3Toro Tna. Ha puc.
IX, 4 npuBelieHsl cpaBHHTe/bHbIe rPauKH abeppaliHil IUMPOKHX HAKJIOH-
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HBIX IYYKOB B MEP UAHOHAJbHOM H I'NIaBHOM CarHTTaJbHOM CEUEHHAX 00beK-
THBA U3 06bIYHBIX cTeKoJ «MHaycrap-26»,06beKTHBA U3 IAHTAHOBBIX CTEKOJ
«Uunycrap-61» u Bapuanrta nocaennero (¢«Munycrap-61A»), comepxanute-
ro acepHuecKyl TMOBEPXHOCTk (CM. HHXe). Bce 3TH 0OBEeKTHBH HMeloT
aHaJIOTHYHEIEe ONTHYECKHe XapaKTepucTHKH (f = 52 mm; 1:2,8; 2 p=
= 45°). AGeppauuu npuse/ieHt! B MJIOCKOCTAX, CMEIEHHBLIX OTHOCHTEJIbHO
nyockocTH [aycca B ctopoHy o6bekTuBa: Ha 0,34 um — y «<Munycrapa-26»
Ha 0,24 um — y «HMunycrapa-61» u na 0,20 — y «HMuaycrapa-61A». Kak
BHAHM, OOGBEKTHB C JIAHTAHOBBIMH CTEKJaMH HMeeT Jydillee HCIIpasp-

w,=0°

Jndycmap-L26 920
| Hrdycmap-61 Lg==

1 1 G’
‘;-qaf, 0005-405)0 qw‘f
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Puc. IX, 4. I'padukn aGeppauuft o6vexTupos «Huaycrap-61» (cnaownbe
KpuBble); «Muaycrap-26» (ONYHKTHPHBIE KpPHBBIE);
«Hunycrap-61A» (ToueyHble Kpusbie)

JieHHe, B 4aCTHOCTH abeppalliii KPHUBH3HBI [IHPOKHX CalHTTAa/LHBIX My4-
koB. Ha KuHonmneHke manxpomaThyeckoilt Tun 9 o6bekTuB «HMunycrap-26»
paspeliaeT OKoI0 28 Mm™' B LeHTpe MoJs C NafeHHEM pas3pellieHHd A0
17mm~ npu cpeannx yraax noas (/' = 18 mm); o6bektus «HMuaycrap-61»
B TeX XKe TOYKaX MoJis pa3pellaeT cOOTBeTCTBeHHO 35 mm™t u 27 mm™, 1. e.
Ha 8—I10 mum™ Gonbiue. Jlnub BOMIH3M Kpas moas wu3obpaxenus (' =
= 19—21,5 mm) paspeutenne obbekTHBa «HMHAycTap-26» nopwlllaeTc RO
18 —17 mm™, a y «<Munycrapa-61» npogomxaer cuuxatbes g0 17 mm™.

OG6blYHO MpHMeHEHHe CBepXTAMeNbiX KPOHOB B OOBEKTHBaX AaHHOM
ONTHYECKOH CXeMbl H TOXIECTBEHHbIX XapaKTePHCTHK (OAHHAKOBBIX (PoKyc-
HBIX PacCTOSAHH, OTBEPCTHH H MoJieH 3peHHs) MPHBOAMT K MOBHIIEHHIO (o-
TorpaduuecKoro paspelllenus MpubausuTesqbHo Ha 25% B UeHTpe Moss H
Ha 15—20% mo moato. B pannom cayyae 3pdeKT NONyYH/ICS 3HAYHTEIBHO
ayumuit B nonn3y «Muaycrapa-61», Tak kak o6bekrus «HMuaycrap-26» 6ui1
KOPPHTHPOBaH AJAl CPeAHHX YTJIOB MOJS HE HaHJYYIIHM OOpas3oM.

B Gosiee C/OXHBIX, MHOTONApaMeTPOBLIX (MHOTOJNHH30BLIX) CHCTeMax
BNIMSHYE ONTHYECKHX MOCTOSHHBIX CTEKOJ Ha pacIIHPeHHe KOPPEKIHOHHEIX
BO3MOXKHOCTeH OKa3hLIBaeTCsl He CTOJb OYeBHAHLIM: TpeGyercs GoJblnas pa-
60Ta Mo HaXOXKAEHHIO ONTHMAaALHBIX pelleHHi, HO H 3iech 3¢peKT He npe-
BbIlIaeT YKa3aHHLIX Bhbillle TpaHHL. PaccMOTpHM, HanpuMep, IHPOKO NPH-
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MeH SIIOILYIOCS CXeMY CBETOCHJbHOTO IeCTHAHH30BOT0 00beKTHBa «I ennoc»
B cBoe BpeMsi 115 JIOOUTEIbCKHX 3epKalbHbIX (oToannapatos 24 X 36 um,
B KOTODBIX BO3MOXHO NpHMeHeHHe JHllb 00BbEKTHBOB C GOJIBIIMM 3a/HHM
(oKaNbLHLIM OTPe3KoM, Obl paspaboTan o6bekTHB «['ennoc-44»; Tpebyemasn
BeJIHYMHA 3aJHero otpe3ka s’ = 39 mm Gblia moJydeHa NpH HOKYCHOM
paccrosiiui 58 mm. B 06beKTHBE HCNO/L30BANUCh OObIYHbIE TAXKEJbIe KPO-
HBI; MOJIy4eHbl HellJIoXHe pe3yJbTaThl (Taba. 1X, 1).

Ta6auna IX,1

O6bexkTHBH THna «leanoc» AAs 3epKadbHBIX Kamep 24X 36 mm

TnruyecKie XapaKTepHCTHKH gE °°T°rl;;u4;“:$‘;f”xf“_’_§l’em“"
Haspanue ‘ g=
of0beKTHBA , o8
. MM e 2w’ Spry MM ;E =0 | I'=10 mm | I'=20 mm
Te
«Tennoc-44» 58 1:2 | 45° 39,0 |[4/6| 46 33 26
«Teanoc-81» 52 1:2 | 45° 39,0 |4/6| 52 37 27
«[Tnanap» (DPT) 52 1:2 | 45° 37,2 |5/6| 52 42 32

[pomeiuiienHoe ocBoeHHe cBepxTsxkeanx kKpoHoB (CTK) nossoauso
HaM CO3/laTh BapHaHT 00beKTHBa TOro xe tHna — «leanoc-81». Kak Bua-
HO U3 TabaHlBl, OOBEKTHB UMEET JHIIb YeThIpe KOMIOHEHTa, ABa M3 KOTo-
pbiX cKjeenHbie. TaM >Xe NpHBe/leHbl XapaKTeDHCTHKH HaHJYYIero M3
M3BECTHLIX BapHaHTOB o6bekTHBa «[lnanap» (OPI), y KoToporo He To/bKO
NpHMEHEeHbl CBePXTsKeJble KPOHBI, HO JIHIIbL OHH H3 KOMIOHEHTOB OCTaB-
JeH CKJIeeHHBbIM, T. €. TMOSIBHJICH NOMNOJHHTEJbHbIA painyc NOBEPXHOCTH B
KadecTBe KOpPeKIHOHHOro napaMerpa. Kak BuAHM, 3TOT OOBEKTHB B LI€HT-
pajibHOM YaCTH MOJIS pa3pellaeT CTONbKO XKe, CKONIbKO H 00beKTHB «['ennoc-
81», HO npuGausuTenbHO Ha 5 mmu™ Gosabme no momo. [lo cpaBHeHHIO €
o6beKTHBOM «['ennoc-44» o6bekTus «[Inanap» paspeliaet aMiub Ha 6 um™t
B LIEHTPE H Ha Kpalo noJisi 1 Ha 9 mau™ B cpepeit yacTh nosa. M sTw, kasa-
noch Obl, «CKPOMHEIE» pe3ysbTaThl obecneunBaioT oObekTHBY «[lnanap»
BBICOKYIO OLIEHKY Ha BCeX BbICTAaBKaX.

Bonee cnoxiuble onTHUecKHe CXeMbl 00BEKTHBOB B Goabluefi Mepe Bya-
JHMPYIOT BAHAHHE ONTHYECKHX KOHCTaHT CTeKOJ Ha abeppallHOHHbIE CBOHCT-
Ba 3THX CHCTEM: HHOTJA B HUX MOXKHO MOJIyYHTb MOYTH TOXAECTBEHHOE HC-
npasjeHue abeppauuil Npy NpUMEHEHHH KaK CBEPXTsXKeJbIX, TaK H oObly-
HBIX TSDKeJIbIX KpOHOB. B cBoe BpeMs Takue cjydyau ObIH OMHCAHBI  aBTO-
pom [3].

OnHako Torja, Korja onTHYeCKHe MOCTOSHHbIE CTeKOJ ABJISAIOTCA JeHCT-
BeHHbIMM  (3(QpeKTHBHLIMH) KOpPeKIHOHHBIMH MapaMeTpaMH, nepecyer
CHCTEMBI C 3aMeHO#1 CBEPXTSXKeJIbIX KPOHOB OOBIYHBIMH TAMEJILIMH KDOHaMH
MOXeT noTpe6oBarh NMPHMEHEHHA AONOJHHTEJbLHON JHH3bI, HHOTa 3aMEeHBI
NpocToil JIMH3LI JABYXJIHH30BOH CKJeeHHOH KOMOWHallHed, BOCCTaHaB/HBa-
Iollefi HCMpaB/eHHe XpoMaTHYecKuX abeppauuii. B sTux ciydasx peluaercs
BONPOC TeXHHKO-3KOHOMHYECKOTO XapaKkrepa: [PHMEHATb JIH CHCTEMY H3
j -+ 1 nuH3, comepxamux obblYHBIE ONTHYECKHE CTEKJa, WJIH NepeiTH K
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CHCTEME M3 j JIHH3, HEKOTOpbie H3 KOTOPHIX COAEpXKaT CBepXTHAMkKelnle
KPOHHI.

Jlns BRISIBJIEHHS! ONTHMAJIbHBIX BAPHAHTOB pellleHHil NPH NPHMEHEHHH
0co6blX KPOHOB H ()JIMHTOB B aHHOM ONTHYeCKOH cXxeMe 00BEKTHBA Heo0Xo-
JMMO TPOBOXHTL CHCTEMaTHYECKHEe HCCJefOBaHMsA; TaKas paGoTa cpaBHH-
TeJbHO JIETKO BHINOJHsAeTCS NpHMeHeRHeM IBM (cMm. Huxe).

B uaeii npakThke GBI C/1ydaH, KOTAa ¥ B OYEHb CJIOXKHBIX, JECATH-
IBeHaAlaTHINR30BHIX CHCTEMAX NMpPHMeHeHHe OCOGEIX CTeKOJ OKa3biBaJoCh
Heo6xofuMbIM. B KavecTBe NMpHMepa MOXHO Ha3BaTh IHPOKOYTOJIbHbIE
cerocusibHbie cucTeMbl «[eoron IlD» (F = 75 mu; 1:25; 20w = 94°),
paspa6oraunbie B CIIIA JK. Befikepom (cM. raaBy IV). OnThueckas cxeMa
sToro o6beKTHBa Ghljia pHBeieHa Ha puc. IV, 13; ona copepxut 12 nuus.
B 1-fi, 6-1, 7-1 w 12-fi juHSax mNpHMeHeHO cTekao THn 788505 (np
= 1,78832; v = 50,45); B snuusax 3-#, 5-#, 8-f u 10-1 — crekno THn
880411 (np = 1,8804; v=41,1). [NonuiTka 3aMeHHTL 9TH CTekJa GoJee
NPOCTLIMHM HE MpHBeJa K MOJIOKHTEJbHOMY Pe3yJbTaTy, HeCMOTPs Ha To,
YTO B CHCTEME MMEETCsi MHOTO KOPPeKIHOHHBIX NapaMeTpoB, a JiBe MoBepX-
HOCTH CHCTEMEI, pacro/ioxeHHbie o 06e CTOPOHLI OT anepTypHOi AHadpar-
MBI, KaK YBHAHM HHXKe (cM. § 2 5TOf ry1aBbl), HMEIOT CJIOXKHYIO achepHuec-
Kyto opmy. Crekna tuna 788505 u 880411 npencraBasior GonblIoi HHTe-
pec npu pa3paboTKe 0COGOCBETOCHJBHBIX H IHPOKOYTOJIbHBLIX OGbEKTHBOB.

Bosblune TpyAHOCTH, 0COGEHHO MPH CO3JaHHH JJIHHHOPOKYCHBIX CBETO-
CHJIBHBIX CHCTEM, TPENCTaBJseT KOPpeKlUHs BTOPHYHBIX XPOMAaTHUECKHX
abeppauvii — BTOPHYHOTO CNeKTpa, c¢epoxpomartHyecKoii abeppallu,
XpoMaTHYeCKOl abeppallHH Jiyyeli IIMPOKHMX HAKJOHHBIX HYYKOB.

BesHuHHA BTOPHUHOTO cneKTpa (cM. raaBy 11) saBicHT oT oTHOCHTENB-
HBIX 9aCTHBIX AMCNEPCHIH ONTHYECKHX CTEKOJ; AJNS OObIYHBIX CTEKOJa Napa-
MeTpBl p H ¥ CBfi3aHbl JHHEHHOH 3aBHCHMOCTbIO:

p= E—E\'. (IX,3)

Ha puc. 1X, 3 3Ta 3aBHCHMOCTb NMOATBEPIKAAETCS TEM, YTO OCHOBHAs
Macca CTeKOJi, XapaKTepH3YeMHIX KOODIHHATaMH v; p, PacHONaraercs
B6/K3K nposefeHHof npamoi. Hanpumep, ans aByxinH30Bo#H GeCKOHEYHO
TOHKOH CHCTEMBI, aXpOMaTH30BaHHOH MJf CHeKTpasibHbiX JauHHHA F u C,
BeJIHYMHA BTOPUYHOTO CIeKTpa Ap p MpOMOPLUHOHAJAbHA OTHOLIEHHIO pas-
HOCTH YaCTHBIX OTHOCHTeJbHBIX JHCNepCHH BLIOpaHHOH Napel cTekos K
Pa3HOCTH MOKa3aTesiel CPelHHX AHCHEPCHH 3THX CTeKOJ:

' P#,p )2 — (Pr,D )4 ]

A = —Ff (P, " (1X,4

F0 [ (vFlc)a—(YFIC)‘ )
np—np . np — 1

P = np—ng ' s np—ng

Takum 06pa3oM, 4ToObl ONPe/Ie/TUTE BEJIHYHHY BTOPHYHOrO CIEKTpa CHC-
TeMbl, O0pa30BaHHOM ABYMA KaKHMH-HHOY b CTEKJIAMH, JOCTAaTOMHO COEMH-
HHTh NMPAMON TOYKH AHArPaMMEl, OTHOCAUIHECS K 3THM CTeKJ/iaM; TaHTeHC
yraia @, o6pa3oBanHOro 3Toi NpsAMoii ¢ ocklo abeiuce, onpefenuT BeIHYHHY
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B, paBHYIO BEIpaXeHHIO,3aKMIO9EHHOMY B TpsiMble cKoOKkH (opmyasi (1X,4):
App=—F'B. (IX,4")

Ins GoNbUIHHCTBA NMap CTeKOJ BeJHYHHA B konebnercs B HeGOMBLINX
npejenax; HanpuMmep, AN CHCTEM, aXPOMaTH3HPOBAHHbIX B 00J1aCTH €NEKT-

pa F—C, senuuuna B uaMensieTcs ot -@:)—0 i (e} 5510—0; ansa dororpaduueeKux
06BeKTHBOB, aXpPOMATH3HPOBAHHBIX AJs AHHHA G’ u C H KOpp HTHPOBaHHLIX
AN OCHOBHOH JIHHHHM e, BelMuYHHA B paBHa MPHOGIH3HTEJbHO ol (cm.

1200
dopmyay (11, 157).
OnTHYeCKHE CTeKJa, NOCTOSIHHBIE KOTOPBIX ¥ H p HE YAOBJETBOP SIOT JIH-
neiinyio 3aBucumoctsb (IX, 3), HasoBeM OCOGBIMH.

Benuuuna B MoxeT ObIThb 3HAYHTENBHO YMEHbILEHA JIHIIbL B Cjlyyae pa-
BEHCTBAa OTHOCHTEJBbHBIX YACTHBIX AMCNepCHH NMPHMEeHseMOi MNaphl €TeKOJ
[PH HepaBHBIX 3HAYEHHAX v, T. €., eC/IH XOTA Obl ONHO €TeKJ0 — ocoboe.
OnHaKo, KaK NOKa3blBalOT YHUC/EHHble HCCJAEJOBAaHHS, ONTHUYECKHE CHJIBI
JIHH3 TAKOH anoXpoMaTH3HPOBaHHOH Mapkl OKa3bIBalOTCs O4eHb GONBILHMH,
YTO MO3BOMSAET CO3AABaTh 00BbEKTHBL! JIHIIL BeCbMa MaJikiX OTHOGHTEIBHBIX
OTBEPCTHH,

BMecTe ¢TeM yKe DaBHO H3BeCTHH 0OBEKTHBHI, COlepKaliHe OOLIYHEIE
¢TeK/a ¥ HMEIOIHE YMEHbIIeHHbIHI BTOPHYHBIH COEKTP. 1aKHe OOBEKTHBH
€OCTOST H3 JABYX NMOJIOXHTEJBHEIX KOMIIOHEHTOB, CHJIbI KOTOPHIX @y H @y
pasfiesieHbl BO3AYIIHBIM POMEKYTKOM d. B 4aeTHOCTH, TAKYIO ONTHYEEKYIO
cxeMmy uMeloT oOwbekTHBbl Tuna [lernpana (cm.pue. IV,9,a). Ilo mepe
yMeHbIIIeHHS! BTOPHYHOTO CIeKTpa A Yy 3THX 00BbeKTHBOB (B pe3yJibTaTe yBe-
JHueHHn d H ¢,) BecbMa ObICTPO Bo3pacTaeT BeJtHuuHa Kospduunenra [etu-
Baas Sy, Kotopas H Ge3 TOro y HHX BeJIHKa.

sl 3HAYHTENIBHOTO YMEHBIIEHHs BeJIHUHHLL BTOPHYHOIO eHeKTpa ¢
OJHOBPEMEHHbIM JOCTHXX€HHEM NOCTATOYHO GOJBIIHX OTHOCHTE/NbHEIX OT-
BepCTHi HeOOXOIHMO NP HMEHEHHE ONTHYECKHX CPeJi, Y KOTOPHIX BeIHYHHHI
YaCTHEIX OTHOCHTENBHBIX AHcnepcHii GJIH3KH K TAKOBLIM Y OGLIYHBIX GTEKOJ
NpH BO3MOXKHO Gonbilled pa3HOCTH Be/IHYMH NOKasareseli CpeAHHX AHENep-
cu#t. TakuMH 0cOGLIMH AHCIIEPCHOHHBIMH CBOHCTBaMH 00J1aflal0T HEeKOTOpEe
kpuctamibl. Ha Tom ke puc. 1X, 3 Hanecensl KoopauHathl (p, v) ¢Topue-
Tore Gapusa (PB), datoopura, dropucroro autua (PJI) u ocobEIX KpoHOB
tuna OK. B ta6a. IX, 2 npuperens HeKoTOpLie cBefleHHs: 06 ONTIYEEKHX
MOGTOSIHHBIX 5THX MaTepHaJsoB. [1o onTHUECKUM MOCTOAHHBIM 0COOBIH HHTe-
pee MpeAcTaBJAIOT QTOPUCTHINH GapHil ¥ (QJIIOOPHT, Y KOTOPBIX BEJHYHHH
YaCTHEIX OTHOCHTEJbHBIX AMCIepCHH pr p paBHB cooTBeTeTBeHHO 0,709 1
0,704 u KOTOPBIM GOOTBETCTBYeT AOBOJIbLHO 0OJiblllasi FPYNMNA ONTHYEEKHUX
€TeKOJ1, HMEIOIHX TOXKAeCTBeHHble BeJIHYHHBI Pr p, HO GHJIHO OTIHYHBIE
3HAYeHHA Y.

Hanpumep, komGunaunu ¢aroopura @ TsxkeabiMH KpoHamu tuna TKI13,
TK14, TK15 u TK23 oGecneuuBaloT OYTH IOJHOE HCNPaBJIeHHe BTOPHI-
HOTO CMeKTpa MPH CPaBHHTENBHO MajoH ONTHYECKOH CHJIe MOJOXKHTENb-
HOH (KPOHOBO#1) JIHH3bl aXpoMaTHYeCKOH napel ¢y = 2,7.
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Eule 6Gonee BHIFOAHBIM OKa3bIBaeTcsa codeTaHHe (propucToro Gapus u
crekyga O®3 (ra6n. IX, 2), KoTopoe MPUBOAHT K ONTHYECKOH CHJe Kpo-
HOBOI#i JIMH3H ¢y = 2,18.

Ta6auna IX,2
OnTHYeCKHe MOCTOAHHLIE 0cOOLIX CTEKOA H HEKOTOPHIX KPHCTAJJOB

Onrhueckue cpens D np ¢ re | "FeD | PDc
OKI1 1,52220 | 1,52701 | 1,52018 | 76,3 | 0,704 | 0,296
OK2 1,55100 | 1,55633 | 1,54876 72,8 0,704 0,296
OK3 1,49615 | 1,50085 | 1,49419 74,5 0,706 0,294
O3 1,59880 | 1,60768 | 1,59510 47,6 0,706 0,294
Od4 1,65050 | 1,66110 | 1,64614 43,4 0,708 0,292
0d6 1,60110 | 1,60940 | 1,59762 51,0 0,704 0,296
dTOpHCTHI JHTRIL 1,39200 | 1,39476 | 1,39081 99,2 0,698 0,301
OropHcTl Gapaii 1,47461 | 1,47874 | 1,47292 81,6 0,709 0,290
Ga0opHT 1,43384 | 1,43705 | 1,43294 95,3 0,704 0,296

B KadecTBe npumepa npuBejeM pa3paboTaHHBIH HaMH anoXpoMaTHYec-
KHii 00beKTHB—aHacTHrMaT Tuna «Taup», mepeelli KOMIIOHEHT KOTOPOTO

TK23 Puoopum

o Y, g[/ TKL3 . rxsz el

AR\ 800k p

gé k/?] + €

B E gﬂ \{g 500 &= £
vt l a wo am
s

Puc. IX, 5. O6bexTuB-anoxpomar «<Anoraup-l»: a — on-
THYecKas cxema, 6 — KPHBAs BTOPHYHOrO CNEKTPa

BCJIEJCTBHE MaJsloH BeJIHYHHBL NTOKa3ares [peJoMieHHs QuoopHuTa (np =
= 1,43384) npumiock yenoxHuTh (prc. 1X, 5). Sror 06bekTHB OBl BHINY-
WeH no HasBanue «Amortaup-1» (pacueTero BeinosHen A.MoHaCTLEIPCKHM).
Kak BHAMM, NMepBblii KOMIOHEHT CHCTEMbI CONEPKHT JABE MOJIOXKHUTEbHbIE
¢u100p HTOBBIE JIMH3bI; NJ1aH — AHACTHTMATHYECKHM KOMIIEHCATOPOM acTHT-
MaTH3Ma H KPHBH3HHEI NOBEPXHOCTH H300paXKeHHs SBASETCHA TOJCTas Me-
HHCKOBasl JIHH3a NOJOGHO TOMY, KaK 9TO B CBOe BpeMsi ObLIO BBIOJHEHO
Hamu B erereme «Taup». O6bekTHB «Anoraup-1» uMeeT onTHYECKHE XapaK-
TEPHCTHKH, aHAJOTHYHBEIE cCepUHHOMY oObeKTHBY «Taup-3»: PoKyCHoe pac-
crosinue 300 mm, oTHOCHTeNbHOE oTBepeTHe | : 4,5, popmar usobparkenus
24 X 36 mm; nnuHa obbekTHBa 140 mm, 3aguuil ¢oKaJbHBIA OTpe30K
156 mm. DroT O6BEKTHB SABJSETCH ANOXPOMAaTOM: B Mpejesax CHeKTpa OT
400 no 650 #m BenMYHHa BTOPHYHOrO €MEKTPa OKasbiBaeTesi B mpejesax
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+0,03 mm (cM. puc. [X, 5, 6); npu aTOM XpoMaTHUecKHe aGeppamuH Jyuei
IMIHPOKHX HAKJ/OHHBIX NMYYKOB B yKa3aHHOH 00JlacTH CHeKTpPa OKa3klBa-
torcs B npefenax 0,01 mm ans shbexkTHBHON 9acTH 3pauka CHCTEMBI.

OueBuziHO, TaKOfi anoxpomar, KOPPHTHDOBaHHHIH B CTOJb IIHDPOKOM
obsacTH cneKkTpa, NpelcTaBisieT oCOObIH HHTEped JJs MHOTHX CJyuaeB Ha-
Y4HOH W npuKnanHo# gororpaduu U KunematorpadHu.

Cpean oreyecTBeHHBIX OCOOBIX cTekon oTmeTHM €TeKio OKl (np =
= 1,52220,v = 76,3, pr.p = 0,704), KoTOpOE B KOMOHHAIHH & HJTHHTOM
O®6 (np = 1,60110, v = 51,0, pp.p = 0,704) OpHBOLHT K IOJHOMY
HCTIpaBJIEHHIO BTOPHYHOIO CIIeKTpPa MpPH CJeAyIomel ONTHIECKOH €HJIe KPO-
HOBOH JIHH3H aXpoMaTHuecKoit mapel ¢, = 3,02. Oxnaxo onTHYecKas enJa
oKa3biBaercs B 1,4 pasa Goubliel, ueM B caydae fpHMeHeHHA (TOpHCTOrO
Gapusi; MPH 3TOM MOKa3aTesib MpesoMIeHHs np erekaa OK1 aumb Ha 6%
GoJblue, yeM y ¢aiooputa, H npubaustitesibHo Ha 3% Gosblie, geM y ¢ro-
pucroro 6apus. OcoObifi HHTepes NMpeACTaBHJO Gbl MOJyYeHHe ONTHYECKOTO
MarepHasa, 6JIH3KOro 1o IHCNepPCHOHHLIM CBOACTBaM K (rrop HeTOMY GapHIo,
HO € BO3MOXXHO 6O/IBUIHM MOKa3aTeNeM NpeJIOMJIEHHS H @ MeHbIIelH TeMme-
pPaTypHOIi paccTpauBaeMOCThIO, 4TO [I03BOJHJIO Obl [IPOEKTHPOBATh NOGTa-
TOYHO CBETOCHJIbHBIE alOXPOMAaTHYECKHE CHCTEMEI §€3 Ype3MepHOro yCJIOxK-
HEHHs] MX ONTHUYECKOH CXEMEL.

Ecau npumMenerne ocoboro onTHYECKOro MaTepHasa (€TeKsa HAH KpHe-
Talsa) NPHBOMUT K HeKeJaTeJbHO GQJbIIOH ONTHYEGKOH CHJe JIHH3HI, TO
1eJIeco00pa3Ho «pacileniATh? 3TY JHH3Y Ha JABe (KakK 6510 clesaHo B 00b-
ektuBe «Anoraup-l» Ha puc. 1X, 5, a).

Jas co3panus Gonee WIMPOKOYIOJBHOTO AHAGTHTrMaTa-amoXpoMarta
HeoOXoAMMa ONTHYeckasi cHcreMa Gojiee CJIOXKHONA €XeMEl — THHa 0600-
wenHoro Tpumnnera. OnrHvyeckasi cxeMa oGOOIIEHHOF® TPHIJIeTa o0eeney -
BaeT BO3MOMKHOCTb CO3JaHHsl BLICOKOpa3pelIalOMIHX aHaCTUFMATOB B pe-
3yJIbTaTe YCJIOKHEHHS! KaMKAOrO U3 KOMIOHEHTOB CHGTEMEI.

OG6o3HauuB yepes @y, P, U 3 IP HBEACHHBIE ONTHYCSKHE CHJIIEI KOMIIOHEH-
TOB [PH ClJie BCell CHCTeMbl, PaBHOH eIHHHIe, 3 YRJIOBHH MaciuTaba, Kop-
PeKIHH XpOMaTH3Ma H KPHBH3HBI MOJIS, HMeeM:

¢=hyo+ Ay + hyps =1,
Sy="2+2 5y
V= T, + o 1X.5)

o hjey | k3o, | A3
o I | L. . B Y

Y1 Va Vs

md

THe Ny V4 Ny ve; Ngvs — ynoMmsnyTsie Bule (IV, 26)—(1V, 27) skBupasent-
Hble (0000LIeHHble) 3HAUEHHS ONTHYEGKHX KOHGTAHT KOMIIOHEHTOB, ¥ JIHLIb
B YaCTHOM €Jy4ae — KOHCTAHTH €TeKOJ JHH3; O8scp — NpoAe/bHAas
XpoMaTHuecKas abeppallusi Aaf Jydedl HEKOTOPHIX NBYX MAJIHH BOJIH, Ha-
npumep aygeit F u C; m — MHOXHTe/b NPOINOPIHOHAIBHOGTH.

Ora cueTeMa MOXET HMeTb pellleHHe NPH YINOBJIETBODSHHH ellle ABYM
[OTIO/THATEJIbHBIM YCJIOBHSIM HCIpaBJieHHA MNPOJOJbHbIX XPOMaTHYECKHX
abeppauuii:
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h? P1 hg P2 h§

' Ps

m8s,, = " (ptF)l i T(peﬂ)2+ o (Per)=0s
W 2o, &£ (X5

’ 191 2 P2 3 Ps

mds,x = (Pex) + == (Pex)e + = (Pe)s = 0
rie
_ np—n, __ ng—n,
Per = By —tig B Peg™ np—ng

‘OquHnHo. YAOBJNIETBOPEHHE [€PBOMY JONOJIHHTEJBHOMY  YCJOBHIO
(8s,r, = 0) mpuBOAMT K €HCTeMe amoxpomara; YAOBJETBOPEHHE YEJIO-
BusM (I1X, 5) u (1X,5") NnpHBOAMT K aHAaCTUrMaTHYeCKO#l CHCTeMe cymep-
anoxpomara, MOHHMas ION MOCJHEJHeH CHCTeMy, y KOTOPOH BTODHYHHIH
CNEKTP B LIMPOKOH CreKTpasibHOH 00/1aCTH KOPpHTHDPOBaH A/ 4YeThIpex
IJIHH BOJIH.

OcynecTsiense TpeXKOMIIOHEHTHOM CynepanoXpoMaTHYeEKOH CHCTeMB!
BO3MOXKHO MPH BLIMOJHEHHH CJEAYIOMEr0 YCJAOBUA:

1 1 1
D= (Pee)y  (Per):  (Per)s|=0O. 1X,5"

(Pek)i  (Pek)e  (Pex)s

CucreMa THNa 0606IeHHOTO TP HIJIeTa 06afaeT HPOKHMH BO3MOXKHOCTSMH
NOJIy4eHHA JIOKAJbHBIX pellieHHH, K KOTOPhIM MNPHXOLHM, BapbHPYH HE
TOIBKO KOHCTAHTOH CTEKOJ CJIOMHOIO KOMIOHEHTa, HO H mapaMeTpoM h.

Onpezennrens D=0 (IX, 5'") moxer GbiTb OpeiCTaBJ/ieH BhIPaXKeHHeM:

[(pex)a _(pe!()l] [(peF)2"'(per)|] - [(paF)S-__(peK)l] [(pef()?_

—(p eK)l] =0,
ONHCHIBAIOIHM NPSMYIO, TPOXOAAILYIO Yepe3 TPH TOUKH:

[(Pee)ir (Pexch]s [(Per)er (Pex)e] s [(Per)ss (Pex)s] s

NpeACTaBISIOLLHe TPH MaPKH CTeKJIa B P IMOYTOJILHOH CHCTEMe KOOpIHHAT
l(per )i (Peg)l. B uacTHOCTH, mocnefHee ycnoBHe GyAer BHIIOJHEHO H B
TOM CJy4ae, e€CJH y ABYX CTEKOJ BEJHYHHbI OTHOCHTEJbHBEIX NHMCIepCHH
OIHMHAKOBH /1A ABYX aKTHHHYHKIX CHEKTPa/bHBEIX SOH; IPH STOM BeAHYHHBI
noKasarenefi nucnepcHii (uncna A66e) goyKHE 6bITH 10 BO3MOXHOCTH pas-
JINYHBIMH. :
B sak/oyerHe yKaxkeM, 4TO MOrPELIHOITH H3MEePeHHH IUCIIepCHH H TeM-
nepaTypHBIX NpHpallleHHHA MOKa3aTesed NpeNOMJIEHIIA MaTepHaJIOB SHa-
UHTEJIbHO BJAMAIOT Ha OLEHKY BO3MOXKHBIX HSMEHFPHHH XpOMaTHYeCKHX, H
TEepMOONTHUECKHX aGeppallHii amoxpoMaTHyecKo# ciHcteMul. Jlis Gonee yBe-
PEHHOrO onpejeseHHs BapHalHfi XpoMaTH3Ma B TaKHX CHCTeMax, B dacT-
HOCTH B LJHHHODOKYCHBIX, AHCIHEPCHH ONTHYECKHX Cpel MOJ/KHHE GHTb
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13MePEeHEl € TOYHOCTBIO 0 ONHOH-ABYX eIHHHMLL IIeCTOro SHaka, a TeMmnepa-
TYPHble MpHpallleHHs MOKa3aTeseH MpeJioMJeHHs Ui Pas/HYHBIX JJIHH
BOJIH — @ TOYHOGTEHIO J0 OJHOH-ABYX eJHHHIL CeIbMOro S38HaKa y KPOHOB H
J0 IBYX-TpexX eAHHHI — Yy (DJIHHTOB @ MOCJedyIoMHM [lepepacyeToM CHCTe-
Mbl MPHUMEHHTENBHO K ONTHYECKHM IMOCTOAHHBIM MJ/1aBOK.

§ 2. MIPUMEHEHHE AC®EPUYECKHX IMOBEPXHOCTEH
B OB'BEKTHBOCTPOEHHH

Mgl paceMaTpHBaeM SleCh JIMLIb BBICOKOTOYHbIE acepHYeCKHe MOoBepxX-
HOEGTH, HMes B BHLY HMX IpHMeHEHHE B 00beKTHBORTPOeHHH; achepHUYeCKHe
MOBEPXHOGTH CPelHeil TOYHOGTH, HCHOJb3yeMble B HEKOTOPhIX OdTasbMo-
CKONHYEeCKHX, KOHJEHCODHHIX M OGBETHTEJbHBIX CHCTEMax, OCTaBJisieM B
OTOpOHE.

B rsiaBe V ObUIH ONHCaHLI CBETOCHJLHEIE ITHPOKOYTOJBHEIE KHHOCHE-
MOYHBIE GHCTeMbl, COIep:KalllHe achepHYeCKHe TNOBEPXHOCTH, He HMelo-
IIlHe OCH 8HMMETPHH, K KaKOBbIM, B 9aCTHOETH, OTHOCATCA aHaMOp(OTHHIE
CHCTeMbI, 06J1a/ialol He ABYMS IJIOGKOCTAMH CHMMETPHH. 3/1eCh Mbl PaCCMOT-
PHM BO3MOXHBEIe [pHMeHeHHs acepHYEGKHX MOBepXHoCTei,00/1a0al0HX
aKCHaAJIbHO-CHMMETPHYHOH (PopMOH; OOBIYHO OCBIO CHMMETPHH TaKHX Mo-
BepXHOGTell AAsAeTCH oNTHYecKas ocb. K rpymnne npocredIHX akCHaJbHO-
CHMMETPHYHEIX achepHYeCKHX MOBEPXHOCTeH OTHOCHATCH NMOBEPXHOCTH BTO-
poro nopsika — napa6o/ion/ibl, 3/JHICOHAB H THNep6OJIOHAL], OMHChIBae-
Mble ypaBHeHHeM (cM. raasy Il):

P+22=2rx—(1 e e®) x2. (IX,6)

AcdepHueckHe MOBEPXHOCTH, OIHCHIBaeMble ypaBHEHHEM, COJAepKallHM
GoJiee BHICOKHE CTElEHH apTyMeHTa X, HasoBeM acthep HIeCKHMH NOBEPXHOC-
TAMH BHICHIHX TODSIAKOB:

P+2=ax+a,x*+ ... +apx*, (IX,7)

rie @, = 2r; r — pajMyC KPHBH3HH IOBEPXHOCTH B ee BeplUHHe.

Kak nokasniBaeT IpaKTHKa ONTHYECKHX DPacyeTOB, €CJIH KPHBH3Ha I10-
BEPXHOGTH MaJia, T. €. ecJu dopMa MOBepXHOCTH GJHSKAa K IJIOCKOH, TO
npejcraBJieHHe ee ypaBHeHueM B BuZle (I X, 7) npuBoAMT K noTepe TOYHOCTH
opu abeppalHMOHHHEIX BHIMHGJIEHHAX XOJa Jydel; B STHX eaydasdX palluo-
Ha/lbHEee ONHEHBaTh MOBEPXHOCTh QyHKIHeH BuAa x = F(y, 2):

X =by (P + 2+ b, (f + 2%+ ... + by (y** + 2*), (1X.8)

Tlle HeYeTHEIE €TelleHH OTEYTGTBYIOT BMJICACTBHE @HMMETPHH IIOBEDXHOCTH
OTHOCHTEJIbHO ONTHYERKOH OCH.

Cpenn Berpevatomuxes (opM achepHyeGKHX NOBePXHOCTeH BBICUIHX
NOPAAKOB MOXKHO BBHIEIHTh NOBEPXHOCTH, sBJsIOLIHECS JedopMalivedr
chepul. TakHe MOBEPXHOCTH OMHCHIBAIOTCA TeM e ypaBHeHueM (IX, 7)
HO Q4 = 2r, a3 = —1:

PH+2=2x—2 4 agx" +.... +a, 3% (IX,9)
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[IpencraBass x, Kak QyHKUHIO y AJIs chepHuecKoii IOBEPXHOCTH, NOaY-

9YHM: !
e=r(1- Y 1-££E). (1X,10)

[IpunucaB K 5TOMy BbIpa)<€HHIO WiEHb!, COlepiKalllie BLICOKHE ETeNeHH
apryMeHTa, [PHXOAHM K YpaBHeHHIO JedopMHpOBaHHOH CdepHuyecKoil no-
BEPXHOCTH:

em (1 - TCEEE

TE) bbb 10+

+8(y“+z’)+...‘ (IX,11)
[Mpencrasus Boipaxkenue (IX, 10) B BHae psga: -~
_ 9+ ! v+ 1-3 y»+2
= 2r +2-4 ) ” +2-4-6.‘ -5 +
1.3-5 y® + 28 : ;
+2-4»6-8 ;e + ... _ (IX,12)

H COTOCTaBHB 5TOT psif ¢ psmamu (1X, 8) u (IX, 11), moxHe HallHCcaTh:

_ it s ' 1.3 1
=Ty ( ﬁ)(y‘+z‘)+(?+ 2.4-6 ,a)(y'"}‘.
1-3-5 1

+z‘)+(s+m-;—)(yﬂ+z“)+..., (IX,13)
rae
1 1 1 1-3 1
b= =Pt b=Vt
_ 1:.83.5 1 :
by =3+ 28 L (IX,14)
HT. I

TaxuM obpazom, HMes NpodHbL aedhepHUEGKOH NOBEPXHOSTH, NPENCTAB-
JeHHOM B BHIe QyHKIHH X = F(y) v SHas, uTed, r=—l-} , MoesIeloBaTebHO

a3 seipaxennil (1X, 14) ornensiem Kos¢qmuuenm B, ¥, 6 B T. A HTeM ea-
MEIM ONpeJiesisieM OTGTYIJeHHe acdep HueCKOH MOBepXHOGTH OT BepIIHHHON
edepsl. 3aMeTHM, 9TO e@JIH KPHBHSHA acdepHUeCKOH [I0BepXHOGTH B BepILH-
He paBHa HYJIO(f = oo), To u3 (IX,14)vaxooum:

by=0; ba=0; bs=7v; by=3;..
u psx (I1X,11) npunamaer BuA:
=B+ +10*'+)+3F+ )+ ... (IX,15)

[TpumeHeHnne achepHUeCKHX NMOBepXHOETeH B OOBEKTHBAX INpecenyer
OIHY H3 CleAyIOIIHX TpeX Hesefi: a) MOBLIIIEHHE KadeCTBa ONTHYEECKOrd
usobpakeHuss — paspeluaioledi eusbl, KOHTpaeTa H300paXeHHsa W T. IL.;
6) paciuHpeHHe ONTHYECKHX XapaKTePHETHK — MOBBIIEHHE OTHOCHTENbHG
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I'0 OTBEPCTHA, paCllHPeHHE NOJIA 3PEHH; B) YAYUIIEHHEe KOHCTPYKTHBHbBIX
HJIH SKCIyaTallHOHHBIX XapaKTePHCTHK — YNPOILEHHe ONTHYECKOH CcXe-
MBI CJIOXKHOI1 CHCTEMHI (YCTpaHEHHe ee MHOIOJHH30BOCTH), YMEHbIUEHHE €€
raGapuToB H COOTBETCTBEHHO BeCOB M T. IL.

Korza npumenenue achepHuecKHX moBepXHOCTeii obecleyHBaeT BO3-
MOXHOCTb JOCTHXEHH A MOBHILIEHHOTrO KayecTBa ONTHYECKOT0 H300paXKeHNs,
KOTOpO€e HeJIOCTHXKHMO HHBIMH CpPeJICTBaMH, acepHyeCKasl ONTHKA JOJIKHA
pa3BHBATLCSA NPH JIIOG0H CTOHMOCTH €e H3rOTOBJIEHHS H CJIOXHOCTH TEXHONIO0-
ruu. [Tocneanee, oiHaKo, IPaKTHYECKH BO3MOXKHO B YHHKa/bHBIX MpHOopax
HJAH B MpHGOpax MeJIKOH CepHH.

Kpynxocepuiinoe NpoH3BoAcTBO 06BEKTHBOB ¢ achepH4eCKOil ONTHKOM,
B KOTOPBIX JIOCTHTHYTO YIPOLIEHHE ONTHYECKOH CXeMbl, OKaXKeTCA SKOHOMH-
YecKH ONpaBJaHHBEIM TOJIbKO TOTAa, KOTAa CTOHMOCTb H3TOTOBJIEHHS OXHON
achepHYeCKO# NOBEPXHOCTH He Oy/JeT NpeBLIaTh CTOHMOCTH H3lOTOBJICHHSA
NpHOIH3HTENLHO ONHOH-ABYX JIMH3. B 4acTHOCTH, B 3TOM CJyuae MaccoBble
YeTHpeXJIHH30Bble 06beKTHBE «HMHIyCTap» ¢ AByMsA acepHyeCKHMH MO-
BEPXHOCTAMH OKaXXyTCSl SKBHBAJIEHTHHIMH ILECTHIHH30BBIM OObEKTHBAM
tuna «['eanocr.

3a cuer ype/H4CHHS OTHOCHTEJ/IbHBIX OTBEPCTHH KOMIOHEHTOB 60J1bIIOMH
ONTHYECKO!H CHJIbL IPH BBeAeHHHU achepHUeCKHX MoBepXHOCTell HHOrAa BO3-
MOXHO COKpaTHTb ralapHTHl ONTHYECKOH CHCTEeMbl, 9TO OYeHb BAaXKHO, Ha-
npumep, B OGBbEKTHBaX C MepeMeHHEIM (POKYCHHIM PacCTOSTHHEM.

BMmecre ¢ TeM achepu3allis MOBePXHOCTEH He BCer/ia N03BoJsAeT HCMpaBs-
JIATh JI06kle abeppauuu. Hanpumep, KpuBu3Ha NOBEpXHOCTH H300paxeHus,
sapHCAlllas OT yeTBepToro (Siv) KoaddHUHeHTa abeppalHnii, He MeHAeTCH
npu acdepH3allHH MOBEPXHOCTH; MOC/TeHEE HE MOXKET TaKike 00eCneyHTb
KOPPEKIIHIO MMEepBHYHBLIX XPOMaTHYeCcKHX abeppauuii ¥ T. I.

B JuTepatype JocTaTOYHO NOAPOGHO OCBEllEeHbl BONPOCH, OTHOCALLHECS
K TeXHHKe pacueTa Jyuel uepe3 nopepxHocTH achepuyeckoii popmul. B 3na-
YHTEJNLHO MeHbIIel CTelleHH H3Y4eHbl BOMPOCHI, OTHOCALIHECA K MeTOAuKe
MPOEKTHPOBaHHS ONTHYECKHX CXeM C BBeJleHHeM B HHX acepHUeCKHX Mo-
sepxHocrell. [Tox Takoit MeToIMKO# MBI TOHHMaeM pa3paboTKy AOCTaTOYHO
NPOCTHX AJsi IPAKTHKH KPHUTepHEB, H3J0XeHHBbIX B riase 11, mossonsio-
KX, He Npuberasg K TPYHIOEMKHM pacyeTam JjiydeH gepe3 acdepHueckde
MOBEPXHOCTH, YXKe B HayaJAbHOH CTaJjuH pacyeTa XOTs Obl OpPHEHTHPOBOYHO
ollpe/ie/iiTh ONTHYECKYIO CXeMy CHCTeMHl, TaK KaK MOCJeAylollas ee Kop-
DeKLHsi aBTOMAaTHYeCKH BHINOJHsAETCS € noMoulbio IBM.

Ham npeacrasasieTcs, 4To STH MeTOAHYeCKHe BOMPOCH! TPOLIE BCEro pe-
1UAIOTCA Ha MPaKTHKe Ha OCHOBe NPHUMeHEHHA TeOpPHH abeppallnil TpeTbero
nopsaka ¢ OXHOBPEMeHHBIM KOHTPOJIeM abeppalluii BLICUIHX [10P AKOB NpH-
MEeHHTE/IbHO K CHCTeMaM C actepHueCKHMH [OBePXHOCTSAMH M pa3paboTaH-
Horo HaMH AH(pdepeHUHAaNBHOTO MeTofa, Gosee JeTa/JbHOE H3JIOXKEHHE KO-
TOporo jAaHo B MoHorpaduu [3].

Hccnenobanus 1 paspaGoTKH KOHKPETHBIX 00beKTHBOB, 8 TaKXKe aHaJIH3
TMaTeHTHOH JIUTEpPaTypPLI IOKA3LIBAIOT, YTO B OOBEKTHBOCTPOCHHH B GJiKaii-
IIHEe TOJbl MONYYaT NPHMeHEeHHe IVIaBHBIM 06pa3oM CJIeAyIOIIHe THIILI BRICO-
KOTOUHBIX acdepHUeCKHX MOBepXHOCTeil:

1) cnoXKHEI TPOdHAL MOBEPXHOCTH C MaJbIM OTCTYIVIEHHEM OT GaHKal-
ureii cephl MJIH TIOCKOCTH B npenenax ao 10—20 mxx;
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2) cnoxHbIA NPOPHAbL NOBEPXHOCTH C GOJILUTEM OTCTYIJIEHHEM OT cdpe-
PHl WJIH TJIOCKOCTH B Ipefenax 0 1 —2 mu;

3) moBEPXHOCTH, MPOPH/IL KOTOPLIX BbipaXKaeTcsi YPaBHEHHAMH BTOPO-
ro nopsnka (napaGoOJOMAL], SJJIHICOHAE H THNMepGONOHAB), a TaKike ux
HeGoNbUMH JleOpMaIlHAMH, BLIpaXKalOIUMHCA YJeHaMH YpPaBHeHHH Go-
Jiee BHICOKHX NOPSIAKOE.

B 3aBHCHMOCTH OT 3aJlaHHBIX ONTHYECKHX XapaKTepHCTHK, TpeGoBaHHi
K KaueCTBY ONTHYECKOro H300pakKeHHs H Ha3sHaYeHHA paspabaThiBaeMofi
ONTHYECKOA CHCTEMBl YCTaHaBJIMBAeTCHA ONTHYECKas CxeMa OOBeKTHBA H

. Cpepuveckan node)
Acpepes.spesmp - Coepsccnse waehe usalpasmeeius

oR 4
01 Nl
25

4 Az

UYECKTR
nobeprocms

a
Poranswan nobepzrocme

Pue. IX, 6. KoHueHTpHYECKHE CHCTEMBI: — SepKaNLHO-
aunsopans «Cynep-lImuaTt»; 6 — nunsosas Cdeporons»

onpefiesisieTcs PallHOHAJLHOE PacloJiokKeHHe B Hell achepHUECKHX MoBepX-
HOCTeH — ONHOH HJH HECKOJBbKHX.

Mbl MMeeM 3lieCh CJeLyIOIIHE KOHCTPYKTHBHbBIE BO3MOXHOCTH.

1. Pacnionoxenue achepuyecKkoil MOBEPXHOCTH BOINSH anepTyPHOH JH-
adpparmul Ans GoJsee coBeplleHHOH KoppeKUHH cepuueckofi abeppalluH
KaK OCeBOro, TakK H IIMPOKHX HaKJIOHHBIX NYYKOB Jyueii H, clegoBaTeJb-
HO, 4715 TIOBBIIIEHHS OTHOCHTENbHOIO OTBEDCTHS CHCTEMb.

Takoe KOHCTPYKTHBHOE pellieHHe PallHOHAJIbHO, BO-NEPBLIX, €C/IH Npej-
BapHTEJIbHO PAacCYMTaHa TaKas ONTHYeCKas CHCTEMa, B KOTOPOH HCIpaBJe-
Ha KOMa H IPHCYTCTBYeT JIHLIL «4He1as» nosepas chepuueckan abeppalns.
Bo-BTOpHIX, B CHCTeMaX, B KOTOPbIX Ha acepH30BaHHHIX MPeJOMJSIOIHX
(dnH OTpaXalolHX) MOBEPXHOCTAX HET Pe3KO BHIPAKEHHOTO pa3fiesleHHA
MYy4KOB JiydeH OCEBOT0 H HaKJOHHHIX.

DTH yCJIOBHS CDaBHHTEJBHO 9aCTO BHIMOMHAIOTCA B JNHHHOPOKYCHBIX
CBETOCHJIbHLIX 00beKTHBaX ¢ HeGOJ/BLIHM YTJIOM NOJAfA 3PEHHS, B KOHIEHT-
pPHYECKHX CHCTeMaX, HMEIOUIHX MOBepXHOCTh H300pakeHHs chepHUeCKOH
(opMBI, B CBETOCH/ILHBLIX MIHPOKOYTOJbHBIX 00bekTHBaX. Cioa oTHOCATCA
JBYyX3epKaJibHble AMHHHOPOKYCHBle eucreMbl Kaceerpena @ achepHyeCKHMH
(vacto runepGosnonfanbHEIME) 3epKasamu (cM. puc. 1V,1 8, 6), 8 KOTOpHX
yAaeTcs XOPOLIO KOPPHTHPOBaTh Bce abeppalliu, KpoMe AuctropcHH. Oco-
6GocBeTocH/IbHBIE 3epKaabHble cHeTeMbl b. [IMuara (em. puc. 1V, 16, a)
4 «Cynep-IIImuar» §( Beiikepa , B KOTOpHIX mpHMeHeHbl achepHIeCKHe
KoppeKiHoHHbse miacTausl (puc. [X, 6, a), pacnonoxeHHble B 3payKe CHe-
TeMbl. K TO# e rpynmne KOHUEHTPHUYECKHX 3epKaJ/IbHO-JWH30BbIX E€HCTEM
IpHHaAJIeXaT cBeToCcH/AbHble chcTeMbl A. Bayspca (em. puc. 1V, 19, a)
H «AnTaper» [1. BonocoBa — B. Ba6uuuesa (cM. puc. VIII, 13, 6), ko-
TOpHle CoZiep:KaT MpeJIOMJSAIONIHE NOBEPXHOCTH KOHHUSCKOH (OpMBI.
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CpenH KouleHTPHYECKHX JHH30BBIX 06beKTHBOB HasoBem «Cdeporom»
(cm. pue. 1V, 14, 2), nospoastouuf AOCTHTHYTHL NoJas 3peHnn 120° u Gojee
IpH OTHOCHTEJbHBIX oTBepcTuax 1 : 2,6—1 : 3. [IpuMenenne B 3THX CHCTe-
Mmax acepHUeCKOd MOBePXHOCTH, PacnosioKeHHOH BOJH3H amepTypHOH
nuadparmsl (puc. 1X, 6, 6), n03B0AHO Gbl MOBLICHTb HX OTHOCHTEJIbHOE
orseperre jo 1:2—1: 1,5.

CeeTocHABHEIN MHPOKOYyTroabHEIf 00bekTHB «[eorou» (cM. puc. IV, 13,
8) uMeeT HeoObI9HO GoJsibllioe oTBepcTHe H mose (1 : 2,5 npu noJe 3peHus
94°) Gnaromapsi IpHMEHEHHIO ABYX acepHYECKHX TOBEPXHOCTEH BBHICLUHMX
NOpAJKOB, PACIOJIOXKEHHBIX Mo ofe CTOPOHBI OT anepTYpPHOH AHadparmei.

acpepus. .

Puc. IX, 7. Acdepudeckne KuHOCHEMOYHbLIE 06beKTHBL «Kyxk-
coun-nanxpo-nensr» («Tefinop — lFoBcour): a — ['=18 mum;
s 6 — f'-25 MM :

O6e nosepxnoctu (9-7 u 10-a ua puc. IV, 13, 6) MOryT GbITh BHIpaXKeHH!
ypaBuenuamu Buaa (1X, 11) npu dokycHoM paccrosnun o6bekTuBaf’ = 1:

o 0,055y + 2% +0,39530 (4* + 2%) —
14 V' T—=10,055% (y* + 29
—0,83499 (4° + 2°;

0,013685 (42 + 2?)
14+ JY'1—0,0136852 (42 X 29)
-+ 3,83707 (y® + 2°) + 33,849 (1 + 28). _

dupmoit «Teitmop—Tobcou» (Aurnus) Oulnn paspaboTaHbl CBETOCH/Ib-
Hble [IHPOKOYyTo/bHEe 00bekTHBE! (pHC. 1X, 7) «Kyk-cnua-naHxpo-sens»,
B KOTOPBIX Gjiarofiapst IpHMEHEeHHIO acepHUECKHX NOBEPXHOCTeH CJIOXKHO-
ro npodHAsA yRaJOCh MOBLICHTb OTHOCHTENbHBIE oTBepeTHs M0 1 @ 2 ¥y KHHO-
ChEMOYHBIX 0OBEKTHBOB C QOKYCHBIMH pacCcTOAHHAMH 18 u 25 mum 1as cbeM-
KH 35-mm DHIBMOB.

Kak Bugesnn B rnase V, y aHa/JIOTHYHBIX OTE4eCTBEHHBIX OOBbEKTHBOB CO
edep HYECKHMH MOBEPXHOCTSIMH OTBEPGTHA He MpeBBINIAOT BeJHYHH | : 2,8
n 1 : 2,5 coorBeTerBeHHO.

Bo BGex npHBeJeHHLIX ONTHUECKHX CXeMaX, KaK 3epKaJibHO-JTHH30BbLIX,
TaK H JIHH3OBHIX, acepH3allusi NOBepPXHOCTel, pacroJIOXeHHbIX BOJH3H
anepTypHoH Auadparmel, obecrneyHBaeT MOBHIUEHHE OTHOCHTEJbHBIX OT-
BepCTHH Ge3 CHHXKEHHs KadecTBa KOppeKIHH abeppallHil.

2. Actdepusaiys noBepXHOCTH, PacHONOXeHHOH BIAJNH OT anepTypHOMH
AxadparMel, rjie HMEeT MECTO 9eTKOE Pa3Jie/ieHHe YYKOB Nyuel pasIHYHbIX
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HaKJIOHOB A/ GoJiee COBEPIUEHHON KOPPeKIHH NMOJeBBX abeppaiuii nyyefi
LIHPOKHX HAKJIOHHBIX MYYKOB HJ/IH JMCTOPCHH /IS YBeJHYEHHS [10J151 3peHUs
cucteMsl. Takoe KOHCTPYKTHBHOe pellenne 0coGeHHO S(XPEKTHBHO B MWHpPO-
KOYTO/IbHbIX o0beKTHBax. UaCTHBIM pellleHHeM 3TOTO THIA SBJSETCS pac-
noJyioxenue achepHyeckoil NOBEPXHOCTH BO/H3H IJIOCKOCTH H300paXKeHus,
HanpuMep acepusanus M HCOPaBJIEHHS JHCTOPCHH NEPBOi NPEJOMIISIO-
e/ IOBEPXHOCTH NP HAKHMHOH IIaCTHHBI, BHIpaBHuBatoulell GoTorpaduuec-

/

Acpepuveckag
nofiepz nocms
acpepuy.
Puc. IX, 8. Oco60 WHPOKOYrodbHBIA Puc. IX, 9. Acdepuueckan
opTtockonudeckufl o6bekTHs  «OpTo- KOpPpeKUHOHHARA NAACTHHA
rou-8» ¢-acheprieckofi NOBEPXHOCTLIO ANR  COBEpLIEHHOrO0 HCApasB-

JIEHHA JAHCTOPCHH LIHPOKO-
YroabHoro O06BbeKTHBA

KYIO ILIEHKY B ILIHPOKOYTOJbHBIX TOMOrpadHuYecKHX annaparax BbICOKOH
OPTOCKOIHUH.

Ilpumepamu npuMeHeHHA 3TOH KOHCTPYKTHBHOM CXeMbl sBJsieTes LIHPO-
KoyrosibHas cuctema «Cynep-Texea» , B KOTOpO# NMPHMeHeHa Ipoeras Ia-
paGosonaanbHasi NMoBepxHOCTb (cM. pHe. V, 3b); mHpoKoyrosbHble cBe-
TOCHJIbHble KHHOChEMOYHbIe OObeKTHBBl «/IHKap», colepiKallHe BOTHYTHIE
9JI/IHIICOMAAIbHEIE MOBepXHOETH (cM. pue. V. 39); 0cobo MHPOKOYroNbHbIH
tonorpaduyeckuii o6bekTHB «OpToron-8» (pue. 1X, 8), B xotropom yaanock
NpH HaJHYHH OPHAKHMHOIO MJOCKOMapaJljie/IbHOTO CTeK/sa, BbipaBHHBalO-
Wero aspolieHKY KOppHrHpoBaTh AucTopcHio B npefenax 0,02 mum. Pop-
Ma acepHUECKOH MOBEDPXHOCTH HECKOJIbKO HeoObluHa: cpepuyecKas B Bep-
IIKHE € [OCJeNYIOULHM MOABJeHHEeM GOCTaBJAAOMIHX MOJHHOMA MPH BLICO-
KHX CTENeHAX X: '

P+ 2= — 144,220 —x* 4 3,971 - 1075 2® + 1,64125 - 108 x5 +
+ 1,7052 - 10718 x10, (IX,17)

YpaBHeHHe HamHcaHO A acep HUeCKOl MOBepXHOCTH OObeKTHBa ['=
= 55 mm; 1: 7; 2w = 133°% orcTynseHHe MoBePXHOCTH AHAMETPa OKOJIO
115 mm or 6mmxkaiieii chepet gocruraer 0,3 mu.

[lepcnekTHBHbIM NMpescTaBiseTcs acpepHsallHs MOBEPXHOCTH B MePBLIX
KOMIIOHEHTaX MaHKPaTHYeEKHX O0bEeKTHBOB B LEJAX KOPPEKLUHH NHCTOp-
CHH H 4CTHIMATH3Ma MPH MaJblX GOKYCHBIX PACCTOAHHAX,YTO I1OSBOJIHJIO
66l pacIUMPUTH UX NOJS 3PeHHT, BEJJHIHHEI KOTOPHIX B COBPEMEHHBIX CHCTe-
Max He mpesbiaior 66—70°.

B sakiiouenne ykaxeM, 4To acdepHsallHs NePBOH NOBEPXHOCTH NP HKHM-
HOHl NNaCTHHBI, BhIpaBHHBaiomeH asponsenky (puc.IX, 9), ma koropoit
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MIPOHCXOMUT YeTKOe pasjieJieHHe Jydell Pa3JIHYHBIX HaKJIOHOB, MO3BOJISET
NOJHOCTBIO KOPPHIHPOBATh AHCTOPCHIO, XOTS 3TOT CIOCOG KOPPEKLHH HaM
npejCTaBJsAeTCs He PAllHOHAJbHBIM, TAK KaK JOCTHIaeTCs CAHIIKOM CJIOXK-
HbIMH CPeNCTBaMH.

3. Beenenue achepruecKHX MOBEPXHOCTel B CJAOKHBIX MHOTOJHH30BbIX
KOMIIOHEHTaX CHCTeMHb! 15 YNPOLIEHHA ONTHYECKOH CXeMbl KOMIOHEHTOB H
Ansi YMeHblIeHHsi rabapHToB H Beca OOBeKTHBa. :

Kak nokasbiBalOT 4HCJeHHLIe HCCJAEeJOBaHHA, BeleHHe OJHON acepn-
YeCKOH MOBEPXHOCTH MO3BOJIAET YCTPAaHHTh B CHCTeMe MpPHO/H3UTENbHO
OIHY-/IBe JHH3H; B OTAeJbHBIX CNy4asaX 3ToT adekT okasuiBaeTcs U Gosee
OILYTHMEIM, HAPUMep B YIIOMAHYTHIX Bbillle 0COO0CBETOCHJAbHBIX CHCTEMax
B. Ulmuara.

B komnonenTax GONbLIOH ONTHYECKOR CHJIBI BBeJleHHe acdepHUYeCKHX
MoBEPXHOCTeH M03BOJISET NOBLICHTL OTHOCHTE/IbHOE OTBEPCTHE, CJIEACTBH-
€M 4ero fIBJSIeTCA BO3MOXCHOCTL COKpAUleHHs! rabapHTOB H Beca OOBEKTH-
BOB.
Onxo#t W3 CHCTeM, B KOTOPHIX MpaKTHYeCKH MOXKeT ObiTb peajiH30saHa
9Ta KOHCTPYKTHBHAsA CXeMa, sIBJIfieTCA KJacCHYecKoH TpumJer. Acdepusa-
IlHA OAHOH H3 [OBEPXHOCTeH BCeX TPeX JIWH3 CHCTeMbl IPHBOAUT K BeCbMa
COBepILIEHHOMY HCMpaBJeHHI0 abeppalluii 1yyeil OCeBOro H UIMPOKHX Hak-
JIOHHBIX MYYKOB B mpefeJax nojei 3perus 15—20°. Orcrynienus achepu-
YeCKHX MOBepXHOCTe# oT 6ixKaiiiuuxX chep ocTaloTcs B npefenax 3—5 Mam
npH AHameTpax ToBepXHOcTed okoao 70 mm. AGeppaunH OKasHiBaeTCs
BO3MOKHBIM XOPOILO KOPPHIHPOBATh A OTHOCHTEJNbHBIX oTBepcTHH | : 5
— 1: 4,5 npu GokycHbIX paccTossHHAX 06beKTHBOB 300—500 MM. [TpHMe-
HeHHe €pepHYecKHX MOBEPXHOCTEH IMPH TOXKIECTBEHHLIX ONTHYECKHX Xa-
PaKTEPHETHKAX H KayecTBe ONTHYECKOTO H300paxkeHHs NoTpeGoBasio Oul
BBEJICHHS [IATH-LIECTH JIMH30BLIX ONTHYECKHX CXeM, YTO MPHOJIH3UTENbHO
#a 30% ysesHuHJO OBl INHHY OGBEKTHBA.

HspectHbl nonbiTkH achepH3allHi NepBOl MOBEPXHOCTH B ABYXKOMIG-
HEHTHOH CXeMe CBeTOCHJbHOro amjaHnara Ilerusans (cM. puc. 1V, 9, a),
B pe3yJsibTare Yero OTHOCHTEJIbHOE OTBEPCTHE CHCTeMbl YAaeTcsl MOBBICHThb
o 1:1,2 1 naxe po 1 : 1. Ilpu 3TOM, ecTecTBeHHO, BCJEACTBHE HEKOpPpH-
THPOBaHHOH KPHBH3HBI IO/ HCIOJB3yeMoe 10Jie 3peHHsA CHCTEMBL B IIOJITO-
pa-IBa pa3a coKpallaeTcs.

[IIHpOKY!0 H3BECTHOCTb IMOJYYHJIH aHIVIHACKHE TeNeBH3HOHHBIE 00Db-
ektuBul «Baporan-3» (cm. puc. VIII, 11) u «Baporan-5» (em. puc. VIII,
9,6), B KOppeKTOpax KOTODhIX NpHMeHeHbl acdepHdyecKHe MOBEPXHOCTH
CJIOKHOTO NPoHIs, HO C HEOOMBIIHM OTCTYIIEHHEM OT cdepbl. 3TO N03BO-
JIHJIO BeChbMa COBepILIEHHO KOPP HIHPOBATh Npexke Beero cepHyecKyio abep-
pallHIO NAHKPaTHYSCKOH CHCTeMBl NMPH BCeX (POKYCHBIX PaCCTOAHHAX, NO-
CKOJIbKY acdepHKa pacnoJioxkeHa BOJIH3H anepTypHOH AHapparMel, H, Kak
NoKa3aJlH HallH YHCJIeHHble HCC/IeIOBAHHSA, YIPOCTHTD ONTHYECKYIO CXeMy
KOppeKTopa: saMeHa actepHuecKoli MOBepXHOCTH edepHUYECKHMH TpebyeT
NONOJIHHTENBHOTO YCJIOXKHEHHS KOMIIOHEHTa OAHOM-ABYMA JTHH3aMH.

Hexkoropslii nonoxurenbHbill 3ddekT AaeT achepHr3al U neppoH noeepx-
HOCTH npocTtoro anacturmara «Huaycrap». Ha puc. 1X, 4 npuseznens! rpa-
¢ukn abeppauuii (0603Ha4YeHHbIE TOUEYHbLIMH KpHBBLIMH) ofbekTnBa «HH-
Aycrap-61A», HMeOlEro ONTHYECKHE XapaKTEPUCTHKH TaKHe XKe, Kak B
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obbekTue «Munycrap-61»; B oTniHYHe OT MocsiefHero MepBas MOBEPXHOCTh
«HMunycrapa-61 A» uMeeT 3SAMHMNCOMAANbHYIO (OPMY, BhIpaNKalOMLYIOCS
ypaBHeHHEM:

# + 2* = 40,862x — 0,9269x°. (IX,18)

Kak Bunum, KosddpuuueHT npu x? 6/H30K K eIUHHUE, T. €. SJJIHICOH-
JanbHasi IOBEPXHOCTh G/1H3Ka K cpepHUECKOil; OJIHAKO Y2Ke STO NO3BOJIHJIO
HECKOJIbKO yMeHbUIHTb abeppalliH BBICIUHX MOPAIKOB LIHPOKHX HAKJIOH-
HBIX YYKOB KaK B MepHJHOHAJbHOM, TAK H CalMTTa/IbHOM CeYeHHSX H He-
CKOJILKO TOBBICHTb MpONyCKaHHe Jy4eH MepHIHOHAJbHBIX IMYYKOB MO
noJo.

Mgl orpaHHYHMCS 3/1eCh IPHBeleHHBIMH KOHKPETHBIMH I1p HMEp aMu, Aalo-
LIHMH [IpeACTaBIeHHe 0 GopMaX NpHMeHAeMbIX acepHYeCKHX NOBep XHOCTeH
M HX pacnosiodeHHH B ONTHYECKHX CXeMaX B 3aBHCHMOCTH OT pellaeMbIX
KODPeKIHOHHKIX 3ajiay. Ham npejacTaB/ifeTcs, YTO 5TH IpUMEPH! ABJSAIOTCA
THITHYHBIMH H JOJ/DKHH aTh IPEACTaBJeHHe O BOSMOXHOCTAX H MEepPCIEKTH-
BaX NpHMeHeHHs acdepuKkH B OnHKallliie TOMBL.

BMecTte ¢ TeM BO BceX pa3paboTkax Obljik npHMeHeHbl He GoJiee OAHOM-
IBYX acdepHyeCKHX MOBepXHOCTeH, YUHTbIBass 6oJbllIHe TeXHOJIOTHUECKHE
TPYAHOCTH MX H3TOTOBJIeHHA. Mexny Tem cymecTBeHHBIH 3dekT, KaK no-
KashlBaeT aHaJsu3, MOXeT ObiTb JOCTHTHYT actepH3allHed B CHCTeMe Hec-
KOJIbKHX [OBepXHOCTeH, YTo, KOHEYHO, ABnsdercs npobiemoi Gosee oTaa-
JIEHHOTO BPEMeHH.

4, Mcnpasnenne xpoMaruueckux abeppaunfi BBelleHHeM achepHueCKHX
NIOBEepPXHOCTeH,

B Menbllleii cTeNeHH HCNIO/Ab3yeTcs Noka achepH3allud A KOpPEKIHH
Xpomaruuecknx abeppauniti. OueBHIAHO, SneMeHTapHbIE XpOMaTHYECKHE
abeppaliii He Iesecoo0pa3sHO KOPPHTHPOBAaTh CTOJb CJIOXKHKEIMH CpeJICTBa-
MH.
IIpumenenue acdepuuecKHx MoBepXHOCTEl MO3BOJISeT KOPPHIHPOBATh
Takue abeppallud, KakK CPHepoXpoMaTHYeCKYIO Y CBETOCHJIbHEIX CHCTEM H
XPOMATHYECKYIO Pa3HOCTb YBeJIHUeHHI BHICIIHX NOPAAKOB Y LIHP OKOYTOJb-
HbIX OGBbEKTHBOB. B 3THX c/lyyasX npocTeHLIHM pelUeHHEM SBJAETCHA ac-
(epH3allis NOBEPXHOCTH CKJEHKH, W3rOTOBJEeHHe KOTOpOH TpeGyeT B He-
CKOJIbKO pa3 MeHbLIeH TOYHOCTH, YeM H3TOTOBJIeHHe NloBepXHocTel, rpaHy-
yauux c Bo3fyXxom. [locsiennum ceoiicTeoM Godee 40 JieT Ha3al BOCNONB30-
Baacsa Baunepcae6 («K. Llefice») npu paspabGoTke anacTurMaros THna «Tec-
cap» NOBBILIEHHOH! CBETOCH/IBI, Y KOTOPEIX TIOBEPXHOCTh CKJIeHK H I0C/AeRHEr0
KOMIOHeHTa HMMeJa acdepHyeckyio GopMy NPH pa3JUYHHIX MOKa3aTesadax
MpeJIOMJIEHHST CTEKON B UeAAX KOppeKUuH abeppauui Jyuyed UIHPOKHUX
IY4YKOB H acTurmatu3ma. B 1963 rony B. J1. Hedenosbim Gbisia HCronb3oBaHa
acdepH3alHA MOBEPXHOCTH CKJEHKH, pa3fiejifiolell ABe cpelibl C OAHHAKO-
BBIMH TIOKa3aTeJsIMH MpesOMJeHHs U Pas/JHUHEIMM AUCTIEPCHAMH JJIsi KOp-
pekluy chepoxpoMaTHueCKOH abeppanuH, a NpH HeoOX0JHMOCTH XPOMaTHS-
Ma IOJIoKeHHs; NPU 9ToM achepHyecKas NOBepXHOCTb CKAeHKH pacHosnara-
ercs BOJH3H BXOIHOTO 3pauKa MCIpaBJiieMOH CHCTEMBbI KaK B MapaJJiesb-
HBIX, TaK U B CXOLALLHXCA My4YKax JyueH. ITOT cocO6 MOKET NIPEACTABHTD,
B YaCTHOCTH, HHTepeC NPH HeOOXOAHMOCTH H3MEHeHHS KOpPeKLHH XpoMa-
TH3Ma H cepoxpomaTHYecKO#H abeppallii ONTHIECKHX IpHOOPOB, yiKe HaXO-
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AALLMXCA B ynoTpeGieHHH, BBOAA AJs STHX Uesedl ABYXJHH30BBIH KOMIO-
HEHT C Hap Y HBIMHA NJIOCKONapai/ie/IbHbIMH MJIOCKOCTAMH H acQ)epuqecxoﬁ
TMOBEPXHOCThIO CKJeHKH. JIoMycKH J/1A H3roToBJIEHHs TakKofi acdepuyec-
KOii MOBEPXHOCTH MOTYT OBITE B HECSITKH pa3 pacuIHpeHsL.

Ecnu acdepHueckasi MOBepXHOCTb CKJEHKH pacllofioXKeHa HaJjieKo OT
BXOJIHOrO 3pa4Ka, TO OHa MOXeT KODPHIHPOBAaTh XPOMaTHYECK yi0 pasnocrb
yBeJHYeHHH BLICIUIHX OPSAKOB.

§ 3. ABTOMATH3ALIHS KOPPEKLIMH ABEPPALIMH
CUJIO)KHBIX ONTHYECKHX CHCTEM C INOMOULBIO 3BM

3a nocliefinHe rofisl crasna ocoGeHHO aKTyasbHO npoGieMa co3gaHus
YCKOPEHHBIX aBTOMATH3HPOBAHHBIX METOJOB pacyeTa ONTHYECKHX CHCTEM.
Kax B oreyecTBeHHO#H, TaK H B HHOCTPAHHOM JIHTEpaType HOCTaTOYHO IOJ-
po6HO ocBellleHbl METO/IB! TIPe/IBaP HTENbHOTO NPOSKTHPOBaHUA H abeppaliu-
OHHLIX PacyeTOB ONTHYECKHX CHCTeM Jo6oil cnoxuoctd. B gacTrocTH, B
monorpaduu I'. I'. Cmocapesa [16] n3noxens! MeTolbl pacuera OmnTHYeC-
KHX CHCTEM, COCTOSAIHX M3 OECKOHEYHO TOHKHX KOMIIOHEHTOB; 3TH METO/bI
OMHPAIOTCs B OCHOBHOM Ha TeOPHIO aGeppalliii TpeTbero Nopsika W Npu
JIOCTaTOYHOM OIIBITE ONTHKa-pa3paboTynKa NO3BOJIAIOT Op HEHTHPOBAThCA B
BOMpOCaX MPOEKTHPOBAHHA ONTHYECKHX CXEM HCXOAHHIX CHCTeM. B Momo-
rpadun [3] u3naraioTcs MeToAbl pacyeTa CJOMKHBIX aHACTHTMATHYECKHX
CHCTEM, COCTOMILIHX M3 KOMIIOHEHTOB KOHe4HOH (GOJbIUOH) TOMILHHBL, B
MOHOrpaduy NaHbl TAKKE OCHOBbI TEODHH H METOIHKH pacyeTa OGbeKTHBOB
€ nepeMeHHBIM (QOKYCHBIM PaCCTOSTHHEM.

BecbMa TpyJNOeMKHM ocTaBaJICH Npollecc KoppekilnH abGeppalluil CioxK-
HBIX MHOTOJIMH30BHIX 00beKTHBOB. ONTHYECKHE CXeMbl HCXONHBIX BapHaH-
TOB CHCTeM II0/iBepTraiiCh CHCTeMaTHIECKHM HCCJIeIOBAHHSAM C LIeJIbio onpe-
JleleHHs ONTHMAaJIbHOrO pellleHHs (B NAHHOH JIOKanbHOH 06/1aCTH) C TOUKH
speHHs aGeppallHii BEICIIHX NOPAAKOB. B X0polLIo KOPPHTHPOBaHHOH ONTH-
YeCKOH CHCTeMe BeJNHYMHBI abeppaliMil TpeTbero NOpsiKa OKa3hBaJIHCh
BeCbMa MaJILIMH H PallHOHaJbHLIM 00pa3oM cOaslaHCHPOBAHHBLIMH CO CTOJb
e MaJibIMH abepparusamMu GoJiee BHICOKHX MOPALKOB; TOJBKO IIPH 9THX yC-
JIOBHAIX pa3paboraHublil 06beKTHB 006/1aja/l BLICOKHM Ka4eCTBOM ONTHUed-
Koro usobpameHus.

[Tpo6Gaema Koppekiuu abeppalliii H OTHICKaHHA ONTHMaJbHBIX 06sacTel
pellleHHH yC/IOXKHAACh NMPH MepeXoie K CBETOCHJIBHBIM HIHPOKOYIOJbHBIM
cucTeMaM, CoIepXKauiuM, B YaCTHOCTH, NpeJyioMisiomue achepuyecKue no-
BEPXHOCTH CJIOXKHOH (OpMBI, a TaKiKe IPH pacyeTe 00BEKTHBOB C MepeMeH-
HbIM (POKYCHBEIM paccTosiueM. B 9THX cayuasix KoppekIlusi, KaK IIpaBHIIO,
MPOBOAHTCA IJiA LeJo# rpynnel aydeli — uHoraa fo 100 1 Gosbluero Ko-
JIM4eCTBa: OAHOBPEMEHHO A Nyyell INHPOKHX NYYKOB HECKOJNbKHX HaK/Io-
HOB, MPHYEM KakK Jyueil MepHAHOHAJIBHOTO, TaK H CaTHTTaJbHOIO CeYeHHH,
H B TO Xe BpeMs AJs COOTBETCTBEHHBIX NyYKOB JydeH MO KpaiHed Mepe
IBYX CNeKTPaJbHBIX LBETOB, a B C/iy4ae 00beKTHBOB C NlepeMeHHbIM QoKyc-
HBIM PaCCTOSHHEM — JJ1s1 HECKOJIBKHX (He MeHee TpeX) 3HaueHHii ¢okyc-

' HBIX PacCTOSTHMH OJHOBPEMEHHO.

prﬂ.oeMKHM Gula faxke NpeJABapHTENLHLIH aHaMu3, KaKol H3 IpesoM-

AAOMHX TOBepXHOCTell CHCTEMbl DPalHOHAJbHO NPHAATh acdepHuecKy:o
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¢opmy 1 XoTa Obl NpUOGIHIKEHHO OLIEHHTb BJIHAHHE BBOINHMOH acdepHhuec-
KOH MOBEPXHOCTH HA H3MEHeHHe CTPYKTYDbl MYYKOB Jyyel KaK oCeBHIX,
TaK H HAKJIOHHBIX.

Ha nporsixeHHH MHOTHX eCATHJIETH pacyeThl ONTHYECKHX CHCTEM HPO-
M3BOHJINCH KOMOHHHPOBaHHbBIM MeTonoM (3], KoTOpHIf 3aKMOYaeTcs B Kop-
peKunHn abeppauuii TpeTbero MopsjaKka H MOCHAENYIOUIEM pacyeTe TOYHBIX
abeppaunii nyueii. OnHaKO CHCTeMa C MaJBIMH abeppalusiMH TPeThero no-
PsilKa laJieKo He Bcerja o6/1ajlaeT y10BJIeTBOP HTE/IbHOH Koppekiue# abep-
Pauui BHICUIMX MOPSJKOB, BCIeACTBHe yero TpeGyercs Goabllas CHCTeMa-
THYecKasi paboTa MO OTHICKaHHIO ONTHMAJIbHBLIX pellleHHH H COBepIIeHCTBO-
BaHHIO abeppalHOHHBIX CBOMCTB CHCTEMBI. TOJIbKO OMNBIT, HabJsiofaTesb-
HOCTh H MHTYHIHS [IOMOTalOT ONTHKY ONpeAessTh Aa/bHeflllee HanpaBie-
HHe paboThl. : :

[NosBnenne 3MeKTPOHHBIX LM(PPOBHIX BHIYHCIHTENbHBIX MalluH (OBM)
NO3BOJIMJIO BeCbMa CYLILeCTBEHHO YCKOPHTD pellleHHe TaKHX Sajad H, Gosee
TOrO, CJieN1aJI0 MOYTH eAHHBIM MMOAXOJ K KOp PeKIlHH abeppalHH JIOGhIX CJI0K-
HBIX ONTHYECKHX, B YaCTHOCTH (poTorpaduuecKHx, CHCTeM KaK C [OCTOSH-
HbIMH, TaK W MepeMeHHbIMH ONTHYECKHMH XapaKTepHCTHKaMH. Bmecre ¢
TeM CO3JlaHHe aBTOMATH3HPOBAHHLIX METOJOB KOPPEKLHH MO3BOJHJO Cy-
lleCTBEHHO PaCIIHPHThL KPYT obcaeAyeMbIX JIOKAaJbHBIX pellieHHii B Hanpas-
JIEHHH OTbICKaHHfl ONTHMAaNbHBIX pellleHHH AN HeCKOJNbKHX M3 BHIOpaH-
HHIX JIOKaJIBHBIX oOsiacTefi.
+. Onnako npumenenne IBM cylecTBeHHO U3MeHAET OAXOA K paspabor-
Ke ONTHYeCKHX CHCTEM M K aHA/H3y KOHEYHbIX BapHAHTOB pacdeTa.

Buauane 3BM BocnpruHuMaiach Kak 6oJblIofi apHpMOMeTp, MO3BOJIS-
IOmHA 9pe3BbyaiHO ObICTPO NPOH3BOAHTE BBIYHC/IEHHS, H 3TO 06CTOATEND-
CTBO caMo 10 cebe OblIO yae oueHb BaXKHbiM. [lo3fiHee BbIsICHH/IOCH, 4TO
OBM obecneynsaeT BOSMOXKHOCTb BBEJIEHHS HOBOH TEXHOMOMHH epepaboT-
KH uHbpopMaluu H, CJeJoBaTe/IbHO, HOBOLO YPOBHS MPHHATHA pellleHHH.

Kak u3BectHo, OHHM 13 HauOosiee POMO3AKHX H TPYZOEMKHX STamoB
paspaboTku 00beKTHBa ABJAETCA HAXOXKIEHHE TaKOH KOMOHHALHH YHC/IEH-
HBIX 3HayeHHH KOHCTPYKTHBHBIX [1apaMeTpOB, N1pH KOTOpOH abeppallHOHHbBIE
CBOHCTBA ONTHYECKOH CHCTeMBI, HaubGosee 6iu3KH K TpeGyeMbiM. OcobGeHHo
CJIOXXeH 3TOT 3Tal NMPH pacyeTe 0OLEKTHBOB C MOBLIIIEHHBIMH ONTHYECKHMH
XapaKTepHCTHKaMH H KauecTBOM ONTHYeCKOro HsobpaXeHHs, TaK KaK OHH
MOTYT GbITb ObecneyeHn! TOJBKO NPHMEHEHHEM CJIOXKHBIX MHOTOJHHSOBBIX
(MHOTOMapamMeTpOBLIX) CXeM, a HHOTJA H achepHYeCKHX MOBepXHOCTeH.

Pemwatoinee 3nauenne npH paspaborke o6beKTHBA HMeeT BHIGOP OonTHYEC-
KOH cXeMbl, KOTOpHIH TpeGyeT riy0OKOro SHaHHWA BO3MOXKHOCTeH pasJ/iHu-
HBIX THNOB OObeKTHBOB, YMeHHSl coyeTaTb H KOMOHHHpOBaTb H3BECTHBIE .
CBOHCTBaA CYIIECTBYIOIHX ONTHYECKHX CHCTEM, NMpelABHAETh, KaKas H3 BO3-
MOXHBIX KOMOMHALHH OKaxercs Hauaydwedl, 3TOT sTan pa3paGOTKH 00%b-
eKTHBa MOKa He JOMYCKaeT (JOPMaJLHOTO ONMHCAHHA BBHIY OTCYTCTBHSA J0-
CTaTOYHO OOLiell TeOpPHH, HAa OCHOBAHHH KOTOPO# Obla 6bI BO3MOXKEH elHHBIA
NoAXoJ K ee pelenHio. Bes oreyecTBeHnasn u 3apy6GexkHas JauTepaTypa no
TEOpUH H MeTolaM pacyeTa ONTHYECKHX CHCTeM, KaK YKe TOBODHJIOCH B
raaBe [V, nocesiexa B OCHOBHOM MeToaM KOpPeKIHH abeppallkid, H BP sl
JIH 3TO NOJIOXKEHHE PalHKa/bHO U3MeHHTCA B Gamkaluue roasl. [Tostomy
BCEe aBTOMaTHYeCKHEe MeTOAbl MOHCKa aGeppallHOHHOro pellleHHs NpeAmNo-
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JaratoT GHKCHPOBAHHOH ONTHYECKYIO CXEMY, a BO MHOTHX cJydYasx H map-
KH ONTHYECKHX CTEeKOJI.

O6was mMaTeMaTHUECKas MOCTAHOBKA 3aflayH KOppeKIHH abeppaunii
o0beKTHBa CBOAMTCA K peLIeHHIO CHCTeMBbl HeJHHeHHHIX ajareSpaHuecKHx
ypaBHeHH#:

Foles X v Xy 5o B — 1 =05 - (1X,19)
i= l’ 2' see m,

rie f; — abeppalliH HJIH HEKOTOphle MapaMeTPHl ONTHYECKOH CHCTe-
MbI; F; — HX XeJjiaeMble SHaYeHHA (KOTOPHE MOryT ¥ He 3aJlaBaTb-
cfl); X; — KOpPeKUHOHHbIEe NapaMeTpHL.

[pu pemenuu cucremsl (1X, 19) B o6imeM caydae JONKHBI YYHTBIBATLCH
YCJIOBHSI COXpaHEeHHsT KOHCTPYKTHBHOCTH ONTHYECKOH CXeMbl, T. €. OJKHBI
BBINOJIHATBCA HEKOTOPbI€ 3alaHHble 'DaHHYHbIe YCJIOBHA Ha KOHCTPYKTHB-
Hble lapaMeTphl HJH Ha HEKOTOpble QyHKIHH OT HHX, HallpHMep PacCTOSHHA
MeXAy JIHH3aMH, TOJIIHHBI TOJIOXKHTEJIbHEIX JIHH3 Ha Kpaio u T. 1.

PaccMmaTpuBaemasi npo6ieMa S5KBHBaJIEHTHA MHHHMH3allH¥ KBalpaTH4-

m —
Horo ¢yHkiuuonana @ = zp;’(h—f,)‘ B MPOCTPAaHCTBE MEPEMEHHBIX X,

{=]
TIPH Ha/JHYHH OrPaHHYeHHH B BHJAE HEPaBEHCTB:

A, <x;<B; 1 gp(xy, Xy, . X,) > 05 (IX,20)

Pi1 — BeCcoBhle MHOXXHTEJIH, [103BOJIsIONHe C6a/laHCHPOBaTh MeXNY CoGoio
Bxoasuue B cucremy (1 X, 19) otnennurie ypaBHeHHS Bis GoJee PpaBHO-
MEpHOrO HCIOJIb30BaHHSA 3aKJIOYeHHOH B HHX HHOOpMallHH.

B TeuenHe psja neT y Hac H 3a py6exoM IPOBOAHJIHCH HCCJIEAOBAHHS O
MIOHCKY AOCTaTO4HO 3()peKTHBHBIX METOXOB MEHHMH3alluH (yHKIHOHaNna D,
Beutin mpuBsieyeHB! pas/HYHBIE HTEPAUHOHHBIE METONbl HAXOX/EHHS JIO-
Ka/lbHOTO MHHHMyMa: TPafiHeHTHbIH, CONPAMEHHOrO I'paliHeHTa, HaHMEHb-
IIHX KBAaJPATOB H HEKOTOpHIe HX MoAudHKaluu. Bce 3TH MeTOB OCHOBaHbI
Ha JIHHeHHOH annpOKCHMAallHH KOPPHTHPYyeMbIX QyHKUHH f; OKOMO TeKylIeh
HTepallHOHHOH TOYKH:

(k) o 9 (k o AP (k) .
f,zf,. +E de;ﬁfl -+ EFM;’ ’ (IX,2])
=1 " i=l

HJIH B MaTpH4YHO# (opme:
faf®+4AX%. (1X,21%)

Kak nokasann ucc/ieoBaHHSA, METOABl I'DaJHEHTHBIH, COMNpSKEHHOTO
rpajieHTa ¥ HaHMeHbUIHX KBajpaToB MaJo3(eKTHBHbl H3-3a CHJBLHOH
HEJHHeHHOCTH QYHKUHH f; H MPaBOMOYHOCTH JIHHEHHOH ANMPOKCHMAUHH
TOJIbKO B OY€Hb MaJ/IOH OKDPeCTHOCTH TeKyuleil TOUKH X%, DTO npHBOAHT K
njaoxoi o6ycnoBneHHOCTH MaTpHUL AT A W, KaK C/le[ICTBHe, K NJOX0# CXo-
AUMOCTH STHX METOJOB.

Bosiee npeanoutaTe/ibHBIM AN5 pelueHHa AaHHOW aGeppallHOHHON 3aja-
9H ABJAETCH CAepKHBAOLIHA METOJ HaHMEHBIIHX KBafipaToB JlesenGepra,
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npejnoxenHblii uM B 1944 rofly Ans peliieHusi CHCTeM ypaBHeHHI B Ciyqae
CHJIIbHOH HenHHefHocTH yHKuu# f;. B HacTosALIee BpeMs HMEHHO 3TOT Me-
TOJ C TEMH HJIH HHHIMH MOAHGHKAIUHAMH CHYXKHT MaTeMaTHYeCKOH OCHOBOH
GosblIHHCTBA POrpaMM aBTOMaTHYeCKO# Koppekuuu abeppauui. OcraHo-
BHMCS Ha HEM HeCKOJIbKO mojpobHee.

Hnes cpepxuBatolero MerTola HaHMeHbIIHX KBaJpaToB 3aKJ/04aeTCs B
TOM, 4YTO MHHHMH3aLHf QyHKuHOHaNa @ NMPOH3BOAUTCA OJHOBPEMEHHO C
OrpaHMYeHHeM JJIKHBL Ilara HTepallAOHHOro mNpolecca. 3ajaya CBOJAMT-

Csl K MUHHMH3anu# Gyukuuonasa @ = @ + g|A X|*, rme ¢>0 — Beco-
BO# Ko3()pHIHEHT, ONpeNeNAIONHI CTeNeHb CHEPKHBAHHA JJIHHH lia-

ra urepauuit AX. YcaoBue MHHHMyMa£= 0 ¢ yuetom (1X, 21") mpu-
BOAHT K HOPMaJIbHOM CHCTeMe ypaBHEeHHi:

(AT A4 gN)AX + AT(f—T ) =0. (1X,22)

Tak kak Matpuua AT A 00/10XKHTE/NBHO ONPeieieHa, TO BCe ee COOCTBEHHbIE
3HaueHus P ; NosoKuTebHb. OueBHAHO, y Matpuusl ATA + g/ cobetsen-
HBle 3HaYeHHA p, = p; + ¢g. Takum obpasom, B ocHOBe CHlepIKHBaIOIIEro
MeTolia HAHMEHEIIHX KBa,IlpaTOB JIEKHT pelleHHe HOPMaJbHOH CHCTeMbI
ypaBHeHuii ¢ MatpHue# AT A--gl, o6yc/IOBJIEHHOCTh KOTOPO# J1ydiiie, 4eM
MatpHus AT A.

Xora MareMaTHYeCKOH OCHOBOH GOJIBIIHHCTBA NMporpaMM aBTOMaTH4Ye-
CKOrO pacyeTa ABJSIETCS CAepXHBAIOMKI MeTOJ HaHMEHbLIHX KBaApaToB,
KaXJIoMy W3 pa3paGoTYHKOB NporpaMM IJs YJydlleHHd ero CXOZHMOCTH
TNpH pellleHHH CBOHX KOHKPeTHBIX 3ajad (npHMeHHTenbHO K 9BM) notpe-
60BasioCh BHeCEHHe HEKOTOPHIX MOAH(HKaLHE.

U3 nureparypel H3BECTHO O NPHMEHEHHH CAepIKHBalolero MeToAa Hau-
menbmux ksaapatoB: B CCCP — H. Lleno u C. PoauounoseiM; B CIIA —
II. ®enepom, k. Meiiponom, P. XonkuucoM, B. Bpukcaepom u apy-
rume; B Aeriad — Y. JIxx. Buanom, M. Kuugepowm, IIx. Baekom H apy-
rumu; B0 ®panunn — A. )Kupapom; B SInounn — T. Cyayku, K. Manym,
P. Xupose.

Huxe kpaTko onHcaH aaropHTM MeToJa, [TOJIOKEHHBIH B OCHOBY aBTO-
MaTHYeCKo#i riporpammel, paspa6orannoit H. Lleno npuMenureasto k 9BM
B3CM-2, B3CM-4 u B3CM-6.

l'IepBonatla.ano OBl HCMONb3BaH B <YHCTOM» BHJE METOA, NpelsoxeH-
Hulii JleBenGeproM. OnHako H3 NpoBeleHHHIX pacyeToB CTajNO SICHO, 4TO
IIPHUHIAN BbI6OPa CAEPIKHBAOLIEro napaMeTpa ¢ no ycaosuio @(g) = min
TNpH pellleHHH JaHHOH ONTHYeCKOH 3aJjauH NPHBOAHUT K CAHIIKOM CHAbHOMY
orpaHHYEHHIO0 JIJIHHBI llara MTepallui, BCJIeJCTBHE 4ero NpoUCXodHuT dak-
THYECKH OrpaHHYeHHe YHCJIA He3aBHCHMBIX IepeMeHHBIX (KOppeKUHOH-
HbIX mapaMetpoB). HanpaeJsienne Bektop — petledust AX oT 1ara K wwary
MeHfieTCsl JOBOJBHO MaJjo, JJIHHA HX TaKxke Maja H3-3a HeJOCTaTOUHOH
3(ppeKTHBHOCTH 3THX HamnpasjeHHi. CXOAUMOCTb MeTOAa 3aMeTHO CHHXKa-
eTcs 10 Mepe MpHONHKeHHA K MHHEMYMY @. TlpoBeenHble HCCAe0BAHHSA
MPHBEJH K cliefylomedi Joruueckoit cxeMe Bhibopa ¢. 3a HauaJibHOe 3Haye-
HHE § IPHHHMAEeTCsl HeKOTopoe MaJloe YHCJIO, NpaKTHYeCKH He OrpaHHuYH-
Baioiee pemenus AX(*+1), 3aTeM NPOH3BOAHTCA €ro yBeJHueHHe B ¥ pas lo
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TeX 1op, MOKa He 6y JieT yA0BJIETBOPAThCS HepaBeHCTBO DX (x+1)<(M(X (%)),
Ilpu 3TOM 3HaueHHH § M BbiOHpaercs pelleHHe AX(<+1) Ha nanHoM mare
urepauuil. Buifop & Takxe B CHJBHOH CTeneHH BJHAET Ha CXOAMMOCTh
W Jame Ha KOHeuHulfl pesyabTaT.  [Ipu caumkoM Gosbmiom SHaveHHH #
NPOHCXOAMT CHJIbHOE orpaHuuenHe petledus AX s+  H, Kak cnelcTBue,
3aMejl/ieHHe CXOJMMOCTH HTepallHoHHOro npotecca. [Ipu Maniom 3sHaueHun
% npubamkaemca k npuuuuny P(g) = min, o HeJoCTaTKaX KOTOPOroO
roBopusioch Buiile. [IpH HaXOXAeHHH ¢ MO JaHHOMY aJrOPHTMY BHIGOp
l1ara MPOM3BOAMTCS BCEra MPH MEHbLIEM 3HAYEHHH ¢, YeM MO YCJIOBHIO
®(g) = min.

Pacyer HexoTOpHIX onmuecnnx CHCTEM JaHHBIM METOOM MHOTJA NpH-
BOJHT 'K CHJBHOM HEDaBHOMEDHOCTH W3MEHEHHs KOPDEKUHOHHBIX Mapa-
MeTpoB (pajHycoB, TOJINHH JIHH3, Ko3(ullHeHTOB acdepHyeCKHX o-
BepXHOCTell W [p.) H3-3a HECOM3MEPHMOCTH HX YHCJEHHBIX 3HaYeHHH MeX-
Ry cobGoit. CnecTBHEM STOrO MOXeT ObITb HapylleHHe KOHCTPYKTHBHOCTH
ONTHYECKOH CXeMbl. 3HAUHTEJNbHO JyylllHe Pe3y/bTaThl MMOJYYAlOTCHA NPH
AupdepeHIHPOBAHHOM OrpaHHYEHHH 3THX KOPPeKIHOHHLIX TNapaMeTpoB,
T. €. IpH BuIGOpe nu(btbepennuponaﬂumx 3Ha4YeHHH CllepKHBAIOLEro napa-
Metpa ¢:q; = 9 __ = , TAe T — MpPOIEHTHOE H3MEHEeHHe He3a-

[rx;(0) ]2 h2 ) ‘
BHCHMOH MepeMeHHOH mNpH cqem NPOH3BOAHOH MO xoueqﬂo-pasnocmoﬁ
¢opmyse. Beenenue nupdepeHUHPOBAHHBIX 3HAYEHHH ¢, PaBHOCHJbHO
M3MEHEHHI0O METPHKH NpPOCTPAHCTBA MEPEMEHHbIX X, rak’ Kak CHCTEMa
(IX,22) nepexoaut B CHCTeMy

< (B"B+ql)AY +B"(f —F )= (1X,23)
rae B— MatpHia, cocTaB/ieHHas U3 MEPBBIX pasuom'eﬁ t}lynmmn fi: Ay, =

= ft INpunuun BLIGOpa g coXpaHsercs.

J'If)ruqecxan cXeMa KOHTPOJIA M YJOBJIETBOPEHHA HEOOXOAHMBIX yC/IO-
BHfl COXpDaHEHHN KOHCTPYKTHBHOCTH ONTHYeCKOH CXeMhl, HCIIOJb3yeMas
B NporpaMme, pasjiHYHa B 3aBHCHMOCTH OT STHX YCJIOBHH.

HanoMu#M, 9TO B rpynny rpaHHYHBIX YCJIOBHH BKJIIOYAIOTCH, BO-Mep-
BhIX YCJIOBHS HAXOMJEHHA KODPEKUHOHHEIX MapaMeTpoB x; B 3aJlaHHOM
HHTepBaJe MX BOSMOXKHBIX H3MeHeHWH A, < x; <B; (ABHble FpaHHYHblE
yCJIOBKS), BO-BTODHIX, YCJIOBHS, onpenenmom.ne ONTHKO-KOHCTPYKTHB-
HYIO peaJH3yeMOCTb CHCTEMB! COXpAHEHHe TeXHOJIOTHYECKH AONYCTHMBIX
TOJIMH TMOJIOKHTEJILHEIX JIHHS Ha Kpalo, JONYCTHMEIX OCeBhIX TOJIUIHH OT-
PHUATeJNbHEIX JHH3, KOHCTPYKTHBHO IPHEMJIEMBIX PacCTOSIHHI H BO3AYI-
HBIX 3a30POB MeXIY JIHH3aMH: @(Xy, X3,...X,) >0 (HesBHbEIE DaHHYHbIe YC-
aoBusi). McxoaHas cucremMa [O/MMHA YIOBJETBOPSATH BCEM 3aJlaHHBIM
TPaHHYHBIM YCJIOBHSM.

IMpu HapymleHHH Ha R-M INary uTepallHOHHOTO MpPOLECCa CPaHHYHBIX
YC/IOBHI Ha KOPPEKIHOHHEIE MapaMeTpsl X; NPOH3BOAHTCH YBEJHUEHHE
COOTBETCTBYIOILHX HM CAEPHKHBAIOMHX napame’rpoa q;» A06aBAEMBIX K AHa-
TrOHaJIbHLIM 9JleMeHTaM Marpulsl BT B, B % pas 1o 'rex nop, MoKa x ; (vtl=

x49+Ax,® Gyner ynoBaersopsits HepaperctsaMm A,<x;*+!V<B; Oue-
BHIHO, s'm NpoH30HAeT, TaK KaK NpPH JAOCTaTOYHO GOJBIIOM ¢; pelieHHE
Ax; MaJi0, a x,(® HaXOAUTCs B 3ajlaHHOM HHTEPBaJ/ie MSMEHEHHS.
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[lpn mapymwenwH rpaHWYHBIX . yCIOBHH, 3alaBaeMbiX Ha HEKOTOPLIE
QYHKUMH OT KODPEKLHOHHBIX [apaMeTpoB @;(Xi, X3,...,%,), OblIO OpH-
HATO BO BHHMaHHE, YTO HaPYLIEHHE HX MPOHCXOAHT H3-3a CJIHINKOM CHJb-
HOTO H3MeHEeHHsl LeJIoro psifla MnapameTpoB, MpeIECTBYIOMIHX IOJIOXKe-
HHIO JIHH3bl B ONTHYECKOH cHCTeMe. B 3TOM ciyyae MpoH3BOAMTCA OAHO-
BpeMeHHOe H OJHHaKOBOE ysenmeuue BCEX CHEPMHBAIOWHUX [apaMeT-
PoB g;.

Clhep:xuBalolnit MeTOJl HaHMEHbLIHX KBaJApaToB NpUroJeH AJIA pelue-
HHS 3ajlay C JoObIM COOTHOLIEHHEM YHC/Ia YDaBHEHHHl W YHC/Ia HEH3BECT
HBIX.

CxonHMOCTe MeTOJla SIBJISETCH BIOJIHE YAOBJIETBOPHTEJBHOH NpPH HC-
NOJIb30BaHHH Pa3/IHYHBIX KOPPEKLUHOHHEIX IMMapaMeTpoB H KOpPHTHpYe-
MBIX QyHKUHii. B paspabGoranHoii mporpaMMe B KauecTBe KOppPEKUHOHHBIX
napaMeTpoB MOT'YT GbITh BhIOpaHbl PafHyChl H TOJIIHHBI JHH3, BO3AYLIHbIE
NPOMEXKYTKH, Ko3(ppuLUHenTs achepHyecKUX NOBEpXHOCTEH, YrJbl mepBo-
ro mapakcHaJbHOTO Jly4ya C ONTHYECKO# OChio, MOJIOXKeHHe JeHCTBYIOleH
Iua@parmbl, NOKasaTe/NH NpeJOMJIEHHA CTeKOa K Ap. KpurepueM OueHKH
KauyecTBa KOPPeKLHH MOTYT CJYKHTb aGeppallui TpeTbero nopsjka, BoJ-
HOBLIE H reoMeTpHYeCKHe abeppalliH ayyeH (MOHOXpOMaTHYECKHE H XpOMa-
THYECKHEe), B YaCTHOCTH JHCTOPCHs, YCJIOBHe H3oMJaHaTH3Ma. Kpome Toro,
KODDHTHPYEeMbIMH MOT'YT ObITh TaKHe NapaMeTphl, Kak QOKyCHbIE paccTosi-
HHA ONTHYEeCKOH CHCTeMbl H OTAEJBbHLIX ee KOMIIOHEHTOB, (JOKasbHEIE OT-
Pe3KH, PaCCTOAHUA MY /IaBHHIMH IVIOCKOCTAMH COCENHHX KOMIOHeH-
TOB M JIp.

Ilns onTHYeCKHX CHCTeM C NepeMeHHBLIMHM ONTHYEeCKHMH XapaKTepHC-
THKaMH KoppeKilHsa abeppan i, Kak IpaBHJI0, IPOH3BOAHTCS LIS HECKOJb-
KHX (GHUKCHPOBAHHBIX SHaYeHHH (OKYCHOro pacCTOAHHSA.

Ilpu aBTOMaTHUEeCKOH KOppEeKIHH BOJHOBBEIX abeppauuii L Aas uX Bbl-
YHCJIEHHS] C JROCTaTOYHOH TOYHOCTBHIO NMPH CPaBHHTEJLHO MaJoH sarpare
MallHHHOTO BPEeMEHH NpelNoYTHTeNbHee HCIIOJNb30BaHHE CleAYIOMHX dop-
MyJl, OCHOBAHHLIX Ha OMNpeJeJeHHH pa3sHOCTeH NJIMH ONTHYeCKHX MyTei:

L=(lLx—1)—(—T7), (1X,24)

K
rae I = Yin,d; — AnMHa ONTHYECKOrO MyTH Jyda BAO/B ONTHYECKOH OCH

i-1
CHCTEMbl MEXJY BepLIHHaMH ee HapyXubX (l-#i H k-#) npeaoMasiomux
noBepXHocre#; [, , — AJHHA ONTHYECKOrO MYyTH BAOJb IJaBHOrO Jiyda;
l,., — ANUHA ONTHYECKOro MYTH BAOJb HEKOTOPOrO ¢TeKYIIero Jyda» mnyg-
Ka. OgeBHIHO, IJIMHA ONTHYECKOro NyTH {, BAOJB JoGoro Jiyya (raaBHOro
HJIH CTEKYILEro») NpeicTaBHTCA Bupamennem.

k

L—1 =% nA,, (1X,25)
¥ ; 2
. 2
rue: o b ;:1.1—-1-;‘
A= - <o I (1X.26)

Xi, Wi ¥, Ay — KOODAHHATHI JIy4a Ha i-ifi NMOBEPXHOCTH.
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Insi GeCKOHeUHO YHaJeHHOH MJOCKOCTH MPeIMEeTOB
A= %’ + By Yo+ V12,
1

TAe Yo, 29 — KOOPAHMHATHL TOYKH NEpeceyeHHA Jydya ¢ MJIOCKOCTBIO Kaca-
TeJIbHOH K BeplIHHe [epBOi MOBEPXHOCTH CHCTEMH.

[pu nosnoKeHHH NMPEAMETOB HAa KOHEYHOM PAaCCTOAHHH Sy, OT ONTHYe-
CKOil cHCTeMbl

% . B
X1 — Smp _P;‘ +;l
A = . T (IX,27)
A
Ias k-i (nocsenuedl) cocraBJsiomed
2 2
[Tl o
Xep — Xp + Spux. ap#
Ay = A, (IX,28)

Ap

TIe X4 — abCuucca TOYKH MepecedyeHHs Jyda co cepoi cpaBHeHHs, Bep-
IIHHA KOTODO# pacro/ioXeHa Ha ONTHYECKOH OCH H COBMellleHa C HadyaJioM
KOOPAMHAT; Spyy.ap — PACCTOSIHHE IEHTPa BHIXOJAHOrO 3pauka OT Bep-
UIKHBI MOcJefHeH NpeJOMJAIONIeH MOBEPXHOCTH ONTHYECKOH CHCTEMBI.

KpuTepueM KauecTBa KOPPEKUMH ONTHYECKOH CHCTEMBI KPOMe reoMeT-
pUYECKHX HJIH BOJHOBBIX abeppalldil ABAAIOTCA (YHKIHH, XapaKTepH-
3yiollHe ee (pH3HYeCKHe CBOHCTBA; TAKOBOH, B YaCTHOCTH, sIBJSIeTCH Yac-
TOTHO-KOHTpacTHass XxapakrepucTuka (UKX) omruueckoil cucrembi*. YBe-
nuuenune GoicTpofefictBuss DBM 1aji0 BO3MOXKHOCTb LNHPOKOrO MpHBJEYe-
uun kputepuss UKX 1, aHanHsa pas3/iHuHBIX BapHaHTOB DACCUHTHIBae-
moro oObekTnBa. HemocpeacrsenHas ontuMusailus UKX no nanHoi
nporpaMme, Kak TOKasaJM HCCJeJOBaHHA, HefocTaToyHO SbdeKTHBHA.
Manaa o6nacTb JHHeAHOCTH STHX (PYHKIHA MPUBOAMT K CYLIECTBEHHOMY
YXYIIIEHHIO CXONHMOCTH CJEPIKHBAIOUIEr0 MeTOJa HaWMEHbIIHX KBaJpa-
ToB. [lostomy kpurepuii UKX oObiuHO MOAK/OYAETCs Ha NOCJAEAHHX
sTanax KOpPPeKIlHH ONTHYECKOH CHCTeMbl. B CTaluH «TOHKOH» KOP peKILHH pa-
IlMOHa/lbHa MHHHMH3allHs BOJHOBHIX abeppalui, 4to ocobeHHO 3¢ deKTHB-
HO NPH pacyeTe ONTHYECKHX CHCTEM NpelesIbHO BHICOKOTO pa3peluenns. Omn-
TUMH3aluA nojuxpoMaTudeckuX UKX mocruraercs onHoBpeMeHHOH Kop-
pexuueit abeppauuit ns NATH—CEMH JJIHH BOJH, BHIOpAHHBIX B aKTHHHY-
Holl obsacTH chexTpa.

[IpuMeHeHne cpelHEKBaApPaTHYHOIO KPHTEpPHsi TNPH MOHCKe aGeppa-
LHOHHOTO pellleHHsI 0 aBTOMaTHYeCKOi porpaMme He BCerja MO3BOJsieT
MOJIYYHTb ONTHYECKYIO CHCTEMY TpeOyeMOro KauecTsa KOppeKUnu. B onrtu-
YeCKO# CHCTeMe, COOTBETCTBYIOUleH MHUHHMYMY ¢yHKIHOHata @ =

m

= Y'p% (f,—fi)? HekoTopHe M3 NOCTAaBNeHHBLIX YCJOBH HHOTLAa OKa-
i=1

SHIBAIOTCA HEBBHIIOJHEHHHIMH BCJEACTBHe TOrO, 4TO OTpaMkaiollHe

* Han ¢ysxkuns nepenausn mopyasumii (OTIM).
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9TH ycsioBHSi QYHKUMM f; HMEIOT CJHIIKOM MaJblii BeC B ofiuem maccy-
Be KOppMrHpyeMblX abeppalliii H MOYTH HE Y4acCTBYIOT B 06pa3oBapum
HOpManbHOH cucTeMsl ypasHenuit (IX, 23), T. e. HEKOTOpas Baxmas g
JaHHOH ONTHYECKOH CHCTeMbl HH(pOpMAllUA He YYHTHIBAETCH Ipy BbiGope
HampaB/JieHHs MHHHMH3aluu abeppauuit. Urtobsl npuaate Gosnbmuii pec
310l uHpopMauuy, HeOOXOAMMO BBeJ€HHE COOTBETCTBYIOWIHX BeCOBHIX
kos¢duunentos. IlpakTuka mokasana, 4to «rubKoe», JIOTHYECKH npa-
BHJILHOE BBeJeHHe YCJIOBHH NepebasaHCHPOBKH abeppalitii BCeTa mnosso-
NISeT MOJNy4uTb YJIOBJIETBOPHTE/bHOE MO abeppallHOHHOH KapTHHe perue-
HHe (eC/IH TOJIbKO MPH BHIOpaHHOH ONTHYECKOH CXeMe 3TO MPHHIHNHAJBHO
BO3MOXKHO), XOTs AJIfl MIOJyYeHHS STOrO pelileHHsl HHOTAA HeoOXOAHMO BbI-
NoNHHTh ~ 15—20 BaphaHTOB pacyeTa MO aBTOMATHYECKOH mporpamme.

CoBpemMeHHbIe IPOrpaMMEl aBTOMaTHYECKOH KOPpeKUHH abeppaunii, yy-
POKO BHeJIpeHHble B NMPAaKTHKY paboThl ONTHYECKHX LUEHTPOB KaK Y Hac,
TaK H 3a py6exxoM, M03BOJIHJIH He TOIbKO COKPaTHTh CPOKH Pa3paboTKH 00b-
€KTHBOB, HO B psJe C/IyyaeB NOBLICHTb HX KaueCTBO, OCOGEHHO NpH eo3fa-
HHH ONITHYECKHX CHCTEM C MOBHILIEHHBIMH OITHYECKHMH XapaKTep HCTHKaMH.
OnHako Bonpoc 06 ONTHMaJAbHOCTH [TOJY4eHHOTO pellleHHs A0 CHX TOp 0CTa-
€TCA OTKPLITHIM. BeJie/icTBHe HEYKJIOHHOTO IOBbILleHHs TpeGoBaHuil K on-
THYeCKHM XapPaKTePHCTHKaM H Ka4yeCTBY ONTHYeCKOro H3oOpaxeHus paspa-
6aTpiBaeMbIX 00BbeKTHBOB NP obJieMa IIOHCKa ONTHMaJIbHOTO abeppalitHOHHOTO
pelueHus WM HauGosee NPeANOYTHTENBLHOrO 3KCTpeMyMa QyHKIHOHaNa D -
OCTaeTcs BeCbMa aKTyaJsbHOH. BHOOp HauaJlbHBIX SHAYEHHH KOHCTDYKTHB-
HbIX TapaMeTPOB /ISl aBBTOMaTHYECKOro pacueTa NoJHOCTBIO pelonpeaess-
€T TIoJIyUeHHe pellieHHs] B HeKOTOPOH JIOKaJIbHO! 00J1aCTH H ABJISIeTCH BeCh-
Ma CYIIeCTBEH HEIM MOMEHTOM, ONpeleisioliM 3hPeKTHBHOCTh aBTOMaTHYEC-
Koro npotecca. [Touck xopolliero HauaJIbHOrO MPHOJIHKEHHS HHOTAA CTaHO-
BHTCH TJIaBHBIM 3BEHOM MPH pelleHHH NMocTaBjexHol 3anauH. [IpuMenenue
Ipyrux abeppallHOHHLIX KPHTepHeB OIleHKH KadueCTBa KOPPEKIIHH, BKJIO-
yeHHe MNONOJHHTEbHBIX, ellle He HCIO/L30BaHHBIX KOPPEKIIHOHHBIX Mapa-
METPOB H Jaxke NOAKIIOYeHHe JAPYTHX HTepallHOHHBIX METONOB IOHCKa
pellleHHs B HEKOTOPHIX CJ1yyasiX He [I03BOJISieT BEIATH H3 JIOKaJAbHO#H obJiac-
TH BHIOpaHHON HavYa/NLHOH TOYKH. 3aMeTHM TaKXKe, 4TO HHOTJA ONTHYECKas
cHcTeMa ¢ MaJbiMH abeppallHsIMH TpeTber0O MopsiKa He sBJSeTCs XOpo-
LIHM HadaJbHBHIM IPHOIHIKEeHHeM AJIA KODPeKIHH peasibHbIX abeppaluit
H He fBJISIETCS HaJEXHBIM KPHTEDPHEM CYLIeCTBOBaHHSA YIOBJIETBOPHTENb-
HOTO pelleHHs NMPH BbIGpaHHOH onTHgecKoi cxeMe. OauuM u3 myTeii pe-
mieHHA npobGyeMbl BhIOOpa HayaJbHBIX 3HaUeHHH KOHCTPYKTHBHHIX Napa-
MEeTPOB [J/ifi aBTOMATHYECKOH KOppeKLHH fABJAeTCs IpHMeHeHHe KaKoro-
Jin60 aNrOpHTMa CHHTE3a Ha4ya/bHHIX TOYEK B 3allaHHOM 00/1acTH MPOCTPaH-
cTBa nepeMeHHbIX. C 9TOMH IeJIbIO K IpOrpaMMe aBTOMaTHIECKOH KOPPeKIHH
abeppalluft AJii CHHTe3a HCXONHBIX CHCTEM MOMHO NMOAKJIOYHTL METOHBI
HeJIOKaJIbHOrO MOHCKa, KOTOpble pafoTaloT B COYeTaHHH € JIOKaJbHBIM
CHEepXKHBaOUIHM METOAIOM HaHMeHBbIIHX KBaapatoB. Hanpumep, sddekTHB-
HBIM NPH pacueTe AJHHHOPOKYCHBIX BHICOKOpa3pellalolMX CHCTEM ABJA-
eTCA MeTOoJ, «CJIeNoi» cny4yaiHOH BHIGOPKH, B KOTOPOM KOHCTPYKTHBHbIE
napameTphbl «ciydaiiHO» CHCTeMBI Haxomarcs mo dopmyne: x; = A; +
+ (B;—Aj)p;, rie p; — COBOKYNHOCTb n TceBRocaydalnbx yucen. On-
HaKO HaXOXI[eHHe ONTHMaJNbHBIX oBsacrefi pelleH# s C IOMOLIBIO HeJIOKaJlb-
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HBIX MeTol0B TpebyeT npuMeHeHHS odeHb GuicTpogencTBytomux SBM. Io-
3TOMY BeCbMa aKTyaJIbHEIM SIBASIETCH MpOBeleHHe HCC/AeNOBaHHH Mo pas-
paoTKe aBTOMaTH3HPOBAaHHHIX METONOB IIOHCKa ONTHMaJIbHbIX obJacTei
pellleHHs, OCHOBAaHHBIX Ha TeopHH abeppauuii. CyllleCTBeHHYIO MOMOLIb
B 3THX HCCNEJOBAHHAX MOTYT OKa3aTh MMHTALHOHHBbIE JHUAJIOTOBHIE CHCTe-
Mbl «yeJIOBeK—MallHHa» C OoraTbiMH BO3MOXXHOCTAMH He(OpMaJbHCro
aHaJH3a.

Pa3pa6oTka onTHYeCKOH CHCTEMH! SABJISAETCA KOMILIEKCHOH rpobieMoi,
yIOBJIETBOpAIOLIeH COBOKYNMHOCTH TeXHHYeCKHX MapaMeTpOB: ONTHKO-
(H3HYeCKHX, TEXHOJIOTHYECKHX, MeXaHHYECKHX, KNIUMaTHYeCKHX H APYTHX,

. YUHTHIBAlOWIWX YCJOBHS 3KCIJyaTa-

ﬁ;'ﬂ" ﬁ'l?f IIHH ONTHYecKoli cucremnul. Ilpouecc
KOHCTPYHPOBaHHA 00be KTHBA COCTO-

\ HT U3 psijla 3B€HbEB pa3JIHYHBIX Oll-
THMM3alLHOHHBIX 3aflay. Tak Kak pas-

4585y" \ 455" paborka 00OOLIEHHOIO aJropHTMa,
e P nospoasiomero ¢gopMann3oBarth H 3a-
TeM aBTOMaTH3HPOBaTh 3ajady IMOH-

CKa  ONTHMAaJbHO-KOMIPOMHCCHOTO

Act ec,
a m%‘;m:fgf I pelleHHsI Ha OCHOBE MOJIHOI'O H30MOp-

(pHoro onucauusa BCedl COBOKYIHOCTH
Puc. IX, 10. Ontuveckas cxema (a) u pe- NpeAbABJAEMbIX Tp86OBHHHﬁ. HHO-
3YJAbTaThl aBTOMaTHYeCKOR KOpPpeKUHH
abeppaunft  achepudeckoro  oOGBEKTHBA rila NMpoTHBOPeYHBHIX, IIOKa IpaKTH-

«Teanyp» (6) YeCKH HEBO3MOXKHa, TO B HacToslllee
BpeMs BLIOOD TaK Ha3hIBAEMOI'O OITH-

MaJIbHOTO BapHAHTa CBOJAMTCHA K aHAa/JH3y HEKOTOPOH NOBOJIbHO CJIOMHOM

CHTYallHH H 3aHHMaeT 3HAYHTeJIbHOe MeCTO B Mpolecce MPOEKTHPOBaHHMS.

ILns Gosbiieli aBTOMaTH3allHH 3TOMO BeCbMa OTBETCTBEHHOI'O 3Talla pas-

paboTkiH oObeKTHBA MpOrpaMMa aBTOMAaTHYECKOrO pacyera HelpephiBHO

pasBHBaeTCsl B HalpaBJieHHH JajbHe#Llero roBeUeHAs HHQOPMaTHBHO-

CTH NPH CHCTEMHOM aHa/iu3e MoJy4aeMbIX BapHAHTOB pelleHHS.

B 3ak/io4eHHe MpHBEIEM NPHMePbl aBTOMaTH3HPOBAHHOTO pacyera He-
CKOJIbLKUX OOBEKTHBOB pasjHYHOH C/IOXKHOCTH: CBETOCHJIbHBIX H IIHPOKO-
YrOJBHBIX €O chepHyeCKHMH H achepHISCKHMH NOBEPXHOCTAMH, a TaKxe
CHCTeMbl C NepeMeHHbIM (OKYCHBIM PacCTOSHHEM.

Mpumep 1. Pororpaduuecknii o6rekTHB «Tennyp» c QOKYCHEM pac-
crosHueM 250 mm, oTHoCHTesIbHBIM oTBepcTHeM 1 : 1,5 m yraom moas spe-
uusa 5°. [lo KOHCTPYKTHBHBIM cooOpaxeHuAM Obljla 3aflaHa BeJIHYHHA 3all-
Hero dbokanbHOro oTpe3ka oObeKkTHBa s = 120 mm, KoTopas A0/KHa Oblia
6BITh MOJIy4eHa B NPOLECCe aBTOMaTHYECKOro pacyeTa H KOppPeKUHH abep-
pauui. :

Ha puc. 1X, 10, @ npeacrasnena onTHYecKas cxeMa OObeKTHBa, B KO-
TOpO# C Wenbi0 Gojiee COBEPLIEHHOTO HCIpaBieHHs abeppaunii syden
OCEBOTO H. IIMPOKHX HAKJOHHBIX MyyKoB Oblia acdepusoBaHa TpeTbs MO-
BEPXHOCTb:

l k=h ¢
P+22 =Y a,xt
2
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B Tabn. I1X, 3 naHel KOHCTPYKTHUBHEIE S/IeMEHTHI ONTHKH HCXONHOM
CHCTEMBI, Y KOTODO# TpeTbsl MOBEPXHOCTDb MOKa 6blna chepuyecKoi (rs =
= 106,75), a abeppanuu a6CoOMOTHO He HCNPaBJeHHBIMH: Ha puc, [X, 10,6
npHBeleHl NMYHKTHDHBIE KDHBHle TNOMepedHbIX abeppalluéi B MacuiTaGe
0,5 mm (!) B oguom aemenuu. [lpu wcnpabienun abeppauuiéi B KayecTse
KOppPEKUHOHHBIX MapaMeTPOB MCNO/Mb30BAJHCh PaAUyChl IOBEpXHOCTeH
ry, r3, Is, I, BCe KOIPDHIHEHTH @, TOJMUIHHA JHH3B dy, BOSNYILHBI Ipo-
MeXYTOK d;; MOCJeAHHE MapaMeTphl NpefHa3sHaualHChb B OCHOBHOM /s
KOppeKIHH aCTHIMaTH3Ma H KPHBH3HbI NOJI. OnNTHYeCKHe MOCTOAHHEBIE
yKa3saHHBIX MapOK CTeKOJ1 ofecrieqHBajid KOPPEKIHIO XpOMaTHYECKHX abep-
pauHi yxe B HCXOJHOH CHCTEMe H COXPaHHJIHCh B CHCTeMe OKOHYAaTeNbHOH,
Bo BropoM crosiflie npuBefieHbl KOHCTPYKTHBHBIE '3/IeMEHTHI ONTHKY OKOH-
YaTeJbHOH CHCTEMbI, Y KOTOPOH abeppallii aBTOMaTHYeCKH KOpDHTHpOBa-
Hbl BecbMa CoBepIIeHHO; Ha ToM ke puc. 1X, 10, 6 cniomHEIMHE Kp UBEIME
HaHeceHH Te JKe [oNepeyHble abeppalldH, HO yXe B MacliTa-
6e 0,05 mx B oxauom penenun. KospduUHEHTHI ypaBHEHHS TpeTh-
eil acdepuyeckoir noepxnocty IBM TakKe onpejenusia aBTOMaTHYECKH:

y* + 22 =192,0740x — 0,92543x* — 1,2540 - 1072 x®* — 0,42629 - 107% x*
4 0,99796 - 107* x5 —0,10452 - 1077 x8, (IX,29)

Ta6auna I1X,3

KOHCTpYKTHBHHE 5/EMEHTH ONTHKH HCXORHOA H OKOHYATEBHON CHCTEMB <Teanyp»,
ABTOMATHYECKH KOPPHrHpOBaHHOM

-P
no:gj;':::- CueTerns Tonmuuun Cacrems
creft, do- JHH3 H
KyCcHOe BOSAYW- Mapku
paccTosnne . HHE npo- J CTeKod
B saguuil OKOHuYaTeNb- | MEXYTKH, OKOHYATE b~
OTpesoK, HCXOAHARA Has Priv HCXOAHaS nas
n 189,75 239,05 ;
Iy 937,50 937,50 d, 26,25 26,25 TK20
ry 105,75 96,037* dy 1,5 1,5
rs —352,50 | —352,50 ds 60,0 51,34 TK3
rs 69,00 70,58 ds 22,5 22,5 Td3
rg 187,50 167,95 ds 52,5 52,58
ry —510,00 —510,00 dg 18,75 18,75 Bol12
F 240,0 250,0
s 109,4 120,0

[Ilpumeuanne. 3HakoM* nomevena acgepHuecKas NOBEPXHOCTD.

Mpumep Il. Pacyer TeneBH3nOHHOrO OGBEKTHBa ¢AJbKOpP-7» C nepe-
MEHHBLIM (QOKYCHBLIM PacCTOAHHEM, H3MeHSWHUMCA oT 60 ao 357 mm npu
NOCTOSIHHOM OTHOCHTEJIBHOM OTBepCTHH & = 1:4, OnTHueckas cXema 06b-
eKTuBa NpefcTasieHa Ha puc. [X, 11. B 1abn. 1X, 4 nann BeJHUUHE Me-
PeMeHHBIX BO3JAYLUHBLIX NMPOMEKYTKOB MEXAY KOMIOHEHTaMmH dg, dyo, dis,
dig AN TPeX 3HaueHHH QOKYCHBIX PaCCTOAHMM [’ CHCTEMBI: MHHHMAJBHOTO,
MaKCHMaJIbHOTO H HEKOTOPOro CpelHero SHaueHHS.
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Ta6auua IX,4

PaccTosiHHS MeXny KOMNOHEHTAMH CHCTeMB ¢AJbKop-7»
Aas Tpex 3Havennii GOKyCHBIX paccTOSHH

. mn
4, uu 60 131 357
dy 6,28 b 43,18 80,38
dio 149,92 76,12 1,72
dis 14,66 41,99 87,87
dip 6,0 15,57 6,89

Puc. IX, IL.

Ontuveckan cxema 06beKTHBA <AJbKOD-T»

B kauectBe HCXoAHOH Oblna BeIOpaHa ONTHYECKas CHCTeMa, YXKe pej-
BapHTeJIbHO HCIpPaBJIeHHAas ONTHKOM OOBLIYHEIM (HE aBTOMaTH3HPOBAHHEIM)

Mepaﬁaana.nmae ceyenue
f‘-m B5mm £'=356,96mm

0‘-0 a--.?’ozah-?'zﬂ a'-ﬂ c--r'zn'
m

f‘ 5§?Mn
o=0"a=- 752

005 005 005 905

~\
aap.mmntﬂmoe camm r

rs‘sa o-sy'a-rzu' a-ff-m'&-z 43’
\.l
! /4
/
66' o6’ s6'\l &¢'

005 905 qas 005 q05 qo5

aleppayue wcxodnol cucmemsi; .

————- abeppayuu cuc , £0om| ] tgw
MurlmMymy zcomempudecrux abeppayed;

—_— i cucmemst, coombemembyromed
Mmgﬁ?" ymy Bonnoluz abdeppayul o

‘Pre, IX, 12, AGeppamim oO0mbexTHBa <AabKOD-T».
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metonoM. Brlia nocraBsena
3a/laya: BHIICHHTH BO3MOX-
HOCThb X0TA OBl HEKOTOpOro
AajbHeHIlero  yJyudlleHHs
KOpPeKIHH ¢ noMomsio 9BM
IPH TeX e ONTHYECKHX Xa-
PaKTepHCTHKaX OGBEKTHBA.
Koppuruposanuch abeppa-
[HH Jyyedl — MOHOXpOMATH-
yeCKHe H XpoMaTHyecKue —
M JMCTOPCHSA ANA TpeX TIo-
JaoxeHuit GoxycHoro paccro-
auusa f': 60, 131 u 357 mau.
[loHck pelleHHst MPOH3BO-
JHJCS [pH YCJIOBHH COXpa-
HeHHs 3THX 3HaueHUH (oxy-
CHBIX paccTOsiHHH OOBEeKTH-
Ba H ONTHYECKHX CHA OT-
NeJbHBIX KOMIIOHEHTOB, a
TaKKe NpH COXPaHEeHHH IJIO-
CKOCTH H300paXKeHHs Ha 3a-
JAaHHOM DAaCCTOSIHHH OT Ofl-
THYECKOH cuCTeMbl. B Kaue-
cTBe JAEHCTBYIOIIHX Mapa-
METPOB HCIOJb30BaJHCh pa-
IHyChl MOBEPXHOCTEH JIHH3.



Ipu aBTOMaTH4eCKOM pacyeTe KOHTPOJIHPOBAJHCH YCJOBHS COXPaHEHHS
KOHCTPYKTHBHOCTH ONTHYECKOH CXeMbl, a HMEHHO MHHHMAJIbHO JOMYCTH-
MBle 3HAYEHHS TOJIHH JIHH3 H PACCTOAHHMA MeX1y HUMH. KpuTepuem ouen-
KH KaueCTBa KOPPEKIHH CAYXHJIH B OJHOM CjydYae TreOMeTpPHYECKHe, B
JApyroM—BOJIHOBbIE abeppallHH Jyyed.

Ha puc. 1X, 12 npeacrasJens rpapHKH reoMeTpuuecKux abeppauui
Jyyeii MCXOHHOM CHCTEMBI H OKOHYATeJIbHBIX CHCTEM, PaCCYHTaHHBIX Ha
9BM aproMaTHUeCKOH MHHHMH3alHeli FeOMETPHUECKHX H BOJIHOBBIX abep-
pauui.

B Tabn. IX, 5 npHBeleHE KOHCTPYKTHBHbIE 5/IEMEHTHI ONTHKH: CHCTe-
Mbl | (HCXonHOH), cHcTeMul 11 (paccunTaHHOM Ha OCHOBE MHHHMH3allHH
reoMetpHuecKux abeppauuii) u cucremsl I11 (paccunrantofl Ha ocHoBe MH-
HHMH3allHH BOJIHOBHIX abeppalluii).

Ta6auga IX,5

KoHcTpyKTHBHBIE SA€MEHTH ONTHKH NaHKPATHYECKOH CHCTeMBl cAJAbKOP-T»
RO H mocae ee aBTOMATHYECKOM KOppeKuHH Ha IBM

PagnaycH Cucrema [l— | Cycrema I11—

NoBepx- | Cherema | — MHHHMYM MHHEMYM ToAwHHB AAK3 H Mokasatesw
"ocTeft, HeXo AR reoMeTpHye- BOMHOBHX | BOSAYUIHbE nPOMEXYT-| NpesoMaeHHs
o cKuxua“ﬂ eppa- aGeppaunt KH, MM creKo
rn 787,0 1031,32 838,19 dy 6,67 1,7550
re 183,23 197,63 184,73 ds 12,22 1,5163

ra —295,1 | —251,82 | —316,70 d, 0,05

ry 106,91 109,39 101,78 dy 8,89 1,5163
rg 302,7 290,79 283,37 dg 6,28,

re —155,6 —155,83 —188,17 dg 5,0 1,5163
ry 41,88 42,803 42,647 dy 8,0 N 11,7550
re 74,47 77,726 78,374 | dy 7,56

ry —196,34 —160, 14 —180,23 dy 4,0 1,5163
10 116,95 125,23 99,745 dyo 149,92

rua 172,19 261,61 194,11 dn 5,5 1,5163
g "'"214,3 '—'243,04 ""'230.91 dig 0,05

ris 117,22 92,304 100,40 dys 3,7 1,7550
ri 55,72 50,777 52,595 dyq 9,2 1,5163
ris —145,88 | —147,67 | —157.81 dys 14,66

[ —114,02 | —150,49 | —147,85 ds 2,34 1,5163
rye 58,08 57,360 57,342 dys 0,15

s 60,53 62,061 61,347 dyg 2,5 1,7550
P 100,93 92,633 91,738 | dyy 6,0

pom 54,58 61,357 62,410 | dyy 11,16 | 1,617
a1 00 ol o0 dsy 22,44

P —62,23 | —85,815 | —80,585 | 18,06 | 11,7172
oy 69, 18 81,131 84,992 day 17,54

ray 508,2 498,61 500, 16 dy, 6,91 1,6222
ros —63,68 | —76,937 | —78,322 | 4y 1,27

ras 202,8 212,98 191,52 das 4,57 1,6222
ra —202,8 | —212,22 | —200,9 dsr 71.55

rgs o0 o0 o0 dgg 2.0 1,5163
r” 00 [e ] o0 dﬂ) 4,5 1,4800
I30 oo o] o0
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* Ilpu ncnonb3oBaHHH KPHTEPHs MHHHMHSAllMH IeOMETpHUeCKHX abep-

pauufi norpe6oBaiocCh NAThH 3TANOB pacyeTa MOCAEA0BATENHHOIO BBEAEHHSA
ycaoBuil nepebanancuposku abeppaliuii; B pesysbTaTe GbIO HOCTHIHYTO
yMeHblueHHe abeppallHoHHBIX (PUTyp paccesHHs Jyuedl s BCEX TpeX 3Ha-
yeHH# (POKYCHOro paccTOsiHHA IO CPaBHEHMIO ¢ HCXORHOM CHCTeMO# (CM.
puc. 1X, 12).
" TlpumeneHHe «BOJHOBOTO» KDHTEpHsi OKasaJoch Gosee 3(deKTHs-
HBIM: NEPBBIH )Xe 3Tall pacyeTa MO aBTOMATHYECKOH MpOrpaMMe C MHUHH-
MH3allHel BOJHOBLIX abeppaluii MpHBeJ K ONTHYECKOH -CHCTEME C JAYYLIHM
KauecTBOM KOPDEKUHH, YeM 5T0 6le10 JOCTHHYTO Ha OCHOBE KPHTepHus
E MUHMMH3aLHH TeoMeTpHYeCKHX abep-
4 pauud. [Ilo-BHAMMOMY B 0OJacTH
¢TOHKOH» KOPpeKUHH pallHOHAJIbHO
BBOIMTb ¢BOJIHOBOH» KpHTepHi.

Tpumep 111. TlpuBegem pacuer
UIHPOKOYTro/NbHOr0 00BbeKTHBa ¢ (ho-
KyCHbIM paccrosauueMm 150 mm, ot-
HOCHTEJIbHBIM  OTBepCTHEM 1:5,6
H yraoM noas spenns 80°. B
9acTHOCTH, HeoOXOAHMO KOPpHTHPO-

* BaTb JIHCTOPCHIO JI0 HECKOJBKHX MH-

Puc. IX, 13. OnTuueckas cxeMa WMPOKO- KpOMETpPOB B IpelesiaXx BCEro IoJja

V’°‘“‘"°'{gpp"';‘:;§;:::g;o h:"g’n";i""'“““ NPH HaJAWYHH [JIOCKONapaJ/iesbHOM

ILJIACTHHE! TOJLHHOHA 7,2 MM, BbIpaB-
HuBatomedt horonnenky. Ha puc. IX 13 npuBesena onrTHYecKas CXema
NeBATH/IHH30BOro O0beKTHBA, y KOTOporo cnabasi JauHsa [V sBasiach
MOCTOSIHHEIM OpaHXkeBbiM cBeTopuabTpoM OC-14. MonoxpomaTuyeckue
abeppallii UCIIPaBJSAJHCh AJ1S CIEKTPAJNbHOH JHHEH C; XpoMaTHYeCKHe—
aaa aupauit D . C. O6miee 4Hcoro OAHOBpeMEHHO KOPPHIHpyeMuIX abep-
pauuit aydei npesumano 90. KoppeKIHOHHBIME MapaMeTpaMi fABJSAJHCH
BCE PAaAMYCHI, TOJMIHHBI JHH3 H BO3LYLUHbIE TPOMEXYTKH MEXAY JIMH3aMH,
KpOMe TOJILLHHEI dyg TIPHAKHMHOH IJIACTHHBI.

B ta6a. 1X, 6 npuBeseHb! KOHCTPYKTHBHHE S/IEMEHTH ONTHKH HCXOX-
HOH M OKOHYATENbHOH CHCTEM.

Ha puc. 1X, 14 npeacraBnens rpaq;nxn aﬁeppauﬂﬁ HCXOLHOH W OKOH-
yaTeJabHOH cucTeM; aGeppallHH MCXOAHOHM CHCTeMbl 0603Ha4YeHbl [IyHKTHP-
HHIMH KpuBhIMH. Koppekinus BHINOJAHANACH IJIA LeHTPa MOJA H YeThlpeX
IIMPOKHX HAKJAOHHBIX NMYYKOB B MepMAHOHAJBHOM H [JIABHOM CalrHTTalb-
HOM CedeHHSX.

[Mpocneanm H3MeHeHHe Be/HIHHbI AHCTOPCHH B pe3yJbTaTe KOPPeK-
LHH: B HCXOAHOM CHCTEMEe AHCTOPCHA Ha Kpaw moas (cM. Taba. 1X, 7)
pocrurana 0,5 mm; B - OKOHYATeNbHOM BapHaHTe CHCTeMHl ee BeIH-
9HHA He MpeBhlllaeT 3 MKm B NpeJiefaX BCero mos.




Tabauua 1X,6

KOHCTPYKTHBHbIE 9JeMEHTH ONTHKH HCXOAHOR H OKOHUATEJbHOA CHCTeM
IUMPOKOYroALHOro 06heKTHBA, aBTOMATHYECKH KOPPHrHPOBAHHOrO Ha 3BM

% CHcTem! ¢ CucTeMu “““";g:ﬂr’lipemn-
& 28
] ;? 5]
a o F
23 HCXOZHAR OK::":; g E & HCXOAHAR l?: ::“q:; nc np
?é TeJibH EI:E
£t 28%
r 733,32 739,74 dq 5,93 5,92 1,60085 | 1,6038
ra 172,64 | 174276 | & 58,18 | 53,40 |1 I
ra 80.274| 79,014 | d, 5.40 | 5.399 | 1,60273 | 1,6067
r, 44, 195 45,609 d, 24,23 24,16 | 1,60085 | 1,6038
rs 274,392 268,19 ds 1,79 1,79 | 1 |
re 37,312 37,523 de 5,45 5,47 1,79716 | 1,8060
r 31,949 31,837 dy 34,74 34,07 | 1
rs —37,595 —37,802 dyg 3,54 3,48 | 1,79716 | 1,8060
re —43,037 —43,520 do 1,80 1,79 | |
1o —885,42 | —899,22 dyo 6,0 5,9 | 1,52085 | 1,52357
> | Tsssi42 | —888,24 dn 25.21 |- 24,50 | 1.61001 | 1.61300
rig —41,263] —39,648 dy2 5,25 5,199 | 1,60907 | 1,61380
re | —74.496) —72,49% | 4y, 119,15 | 116,52 | 1
r | —98.748] —95,556 | dy, 614 | 6,095 | 1,60907 | I,61380
ry  |—207.77 | —282.03 dys 6.38 | 6,34 |1
fit e oo dys 7.20 | 7,20 | 1,51390 | 1,51630
riz o o0 .
Sepuduonansnoe cevenue
wzl®  w=N° w=-20° w=-30° w=-4°
1tge’ Atgu’ Atge’ .
409, wt 009 403

——,

i
/
!

| - 4?’ 1 4?’ 1 4?’ 1 4?’
4205 q05 q05 905 A
f’ /}’ / ’
/ S ~ r /
Cazumma nsnoe cevewue
tgd” 94" tgd”  yeg8”
. 409 409 q09 409
,' I/ /
'
’
/
N . A
T g0s 405 a05 405

« "Pue. IX, 14. AGeppaunyn IMUPOKHX HAKJIOHHBIX MYyYKOB JO H
nocjle aBTOMATHYECKQA KOPPEKUHH WHPOKOYTOJLHOTO O6bexs

THBa
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Ta6aununa 1X,7
BeaWynHa JAHCTOPCHH IWHPOKOYroAbHOro 0GbEXKTHBA J0 M MOCAE ero KOPpeKuHH

¥rau ponefl spcHns 10° 20° 30° 40°
MCxoAHOM —0,0072 —0,0564 —0,0018 | —0,4980
Benpyusn Au- | CHCTEMH
CTOPCHH, MM ‘
OKOHUATEAbHOM —0,0006 —0,0030 —0,0011 0,0009
CHCTEMH

NMpumep V. B paHee pa3paGoTaHHOM TEJIEBU3HOHHOM OGBEKTHBE
«Mup-10T», umetoutem ¢okycHoe paccrosinue 27 MM, OTHOCHTeJNbHOE OT-
sepctue 1:3,5 1 yros nons spenus 73° (bopmat u3obpaxenns 24 X 32 ux),
TpeboBaJoCh MOBHICHTL MO-
auxpoMatiyeckylo UKX B
00nacTH MaiblX NPOCTPaH-
CTBEHHBIX uactoT g0 N =
13 mm~. OnTHueckas cxema
o0beKTHBA IpejCTaBJieHa Ha
puc. 1X, 15.

[ns DOBHIIEHHA MOJMHX-
pomarnueckoii UKX abep-
pPalliH KOpPPHTHPOBAJIHCh B

Puc. IX, 15. OnThieckan cxema TeNeBAINOHHOrO 0GB LEeHTpe NOJIsA U IO MOJIO OA-

exTuBa «Mup-10T» HOBpPEMEHHO A JyueH ce-

MH JUIHH BOJIH, paBHOMEpHO

pacnpefe/eHHblX B aKTHHHYHOH CNeKTpaJibHOH 30HE, B OCHOBHOM IIPOCTH-
paBlleica MeXAy JHHHAMH A u D.

B kauecTBe KOppeKIHOHHBIX apaMETPOB HCIOJb30BaJHCh BCe KOHCT-
PYKTHBHbIE 3JIEMEHTHI ONTHYECKOM CHCTEMBI: PaliMyChl MPENOMJISIOMIKHX
MOBepXHOCTeH, TOMIIHHBI JIMH3 H BO3AYIIHbIE MPOMEXYTKH MeXJAY HHMH,

B Ttabn. 1X, 8 npuBefieHbl KOHCTPYKTHBHEIE 3JIEMEHTBI ONITHKH HCXOA-
HOM CHCTEMHI H CHCTEMbI, NOJYUYEHHO! IIOC/Ie aBTOMAaTHYECKOH ee KOppeK-
unn Ha DBM. 3amernM, 4TO YHC/IEHHBIE 3HAYEHHS PaAHYCOB I U TOJNUHH d
MoKa ellle He «OKPYIVIEHb» H OCTaBJIeHB C TAKHM YHCJIOM 3HAKOB Iocje
3anAToOl, Kak HX «BhJana» SBM.

Ha puc. 1X, 16 npencrapsieds rpadguku aGeppaltifi STHX CHCTEM B Me-
PHAHOHAJBHOM H I'7aBHOM CardTTaJbHOM CedeHHsX. AGeppallui HCXOXHOM
CHCTEMB! NpeACTaBJeHbl NYHKTHPHBIMH KDHBBIMH; abeppallHH ycoBep-
LIeHCTBOBAHHON CHCTEMbl — CIJIOLIHEIMH KPHBEIMH, TIPepLIBAeMBIMH KPYK-
KaMH.

Ha puc. 1X, 17 naun nonuxpomatudeckune UKX ncxoanofi u okonua-
TenbHOH (ycoBepiuencrBoBanHO#H) cucreM. Kpusnie UKX npusepenst aas
LieHTpa moad W Ans yryos noas 10°, 20°, 30° u 36°30' (xpait nons). Kak Bu~
IHM, NOCTHTHYTO cyllecTBeHHoe mosuilllenne UKX B paGoyeM Juana3oue
MPOCTPAHCTBEHHBIX YacToT 10 N = 13 mm™ u ocoGeHHO HaUHHAsA CO Cpel-
HHX YIJIOB MOJA 3PeHHA.
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Ta6auna IX,8

KOHCTpYKTHBHBIE SJEMEHTH ONTHKH TeJeBH3HOHHOro o6bexTHBa «Mmup-10T»
A0 H NOCJe ee AaBTOMATHYECKOM KOppEKUHH

-T— Cuctems T";H";i“;“: Cucremn
:';::g;. = ::,senynl:;_ Mapku crexon
e HCXOaHaAR OKOHYATEe bHaY Mel:‘):ﬂ(ﬁ. HCXONHaY ::g:::;!
n 62,67 64,566 dy 3,34 3,492 TK21
ra 27,5 - 32,787 dy 10,0 8,100
ry 140,78 ‘141,26 dy 10,33 10,00 Tds
rs —100,046 | —169,73 dy 0,11 0,11
s —529,3 —541,70 dy 3,34 3,358 TK21
re 32,77 63,994 dy 23,19 19,79
ry 23,22 25,611 d, 3,0 3,062 T®5
rg 199,857 182,63 dy 1,0 0,9762
ry 10,71 9,7569 dy 3,0 3,090 TK21
o 71,9 88,572 dig 0,79 0,8126 T®10
M 8,87 8,06]9 d“ 6,7 6,967
ria —9,772 —7,3336 dig 1,13 1,153 Td5
ris —11,453 —8,8158 dig 0,15 0, 1460
14 —195,19 —217,30 dis 4,3 2,518 Bd6
2T —17,546 —13,282 dhg 32,5 22,69
re ") ) dies 2,0 2,0 K8
r12 =) ) dyy 0,1 0,1
ris oo ) dis 4.5 4,5 Crexkno tenesu-
rig o oo SHOHHOH TPYyOKH

B 3ak/noueHHe ellle pa3 OTMeTHM, 9TO HE pPellleHHOH [MoKa oCTaeTcs Npo6-
JieMa ONITHMH3allHH PacyeToB PH CHCTEMHOM (KOMIIJIEKCHOM) aHaJk3e B He-
JIOKaNbHOH 06/M1acTH, — Korjla BCe MapaMeTphl, ONpefesiollHe ONTHKO-
(usnueckne, MexaHHYeCKHe, raGapHTHO-BECOBblE H APYrHe XapakTepHc-
THKH pa3pabaThiBaeMOH ONTHYECKOH CHCTeMbl, H3MeHSIOTCH B IIHPOKHX
npegenax. DTa npobieMa CMOMXKeT GbITh pelleHa JIMIIL Ha OCHOBe pas-
BUTHS TEOPETHKO-METOAHYECKHX HCCJAeNOBaHMH npuMeHuTesbHo K OBM,
OuictpogefictBue Kotopuix B 50—I100 pas mpeBHICHT CKOpOCTb CYeTa

Mawud tHna bACM —6.
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