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NMPEXHCJIOBHE

OnTryeckue npHOOPH M CHCTEMBl B 3HAUMTEALHOH CTENEHH
OINPENESIOT HayuHO-TeXHUUECKHH Tporpecc BO BceX 06acTsX HalueH
IesTenpHOCTH. MIX HCnoJb3yloT A5 HCCIeNOBaHHS NPHUPOAHHIX pe-
CYPCOB, B 3KOJIOTHH, MeAHLUHE M T'eHHOH HHXKeHepHH, MeTa/JypTHH,
B MAallMHO- H NDPHOOPOCTPOEHHH, KHHEMATOTpa(uH, TeleBHICHUH
H CBSI3H, KOCMOH4BTHKE M aCTPOHOMHH, CEJIbCKOM XO3SIUCTBE H IHIIE-
BOH NPOMBILIJIEHHOCTH, B XHMHH, SIEDPHOH SHepTerHKe, NOJHIpadbuu
H B Apyrux orpacisax. OnTHueckHe CHCTeMBl IIHPOKO HNPHMEHSIOTCS
B YCTPOHCTBAX NOJYYeHHs H NepepaCoTKH HHOOPMANUH, yNpaBJAEHHS
COBPEMEHHOH TeXHHKOH H TexXHoJoTHeHd. 3ajaud aBTOMATH3ALMH,
NOBLILIEHHS] TOYHOCTH H OBICTPOLGHCTBHSA, a TaKXKe PaACIIMPEHHs [Ha-
rasoHa JeHCTBHS BO MHOTHX CJAYYasiX YCHENIHO PEIIaloTcst ¢ MOMOILbI0
ONTHYECKHX CHCTEM.

Coszanue ¥ COBEpPIIEHCTBOBAHHE ONTHYECKHX DJIEKTPOHHEIX TIPH-
60pOB M CHCTEM Pa3BHBAIOTCA IO MYTH HCIOJb30BAHHS aBTOMAaTH3ALUH
Ha OCHOBE CDPEACTB MHKPOSJEKTDOHHKH M BLIYHCAUTENbHBIX MAIINH;
IIMPOKOTO HCNONL30BAHHSA Ja3epHOH TeXHHUKH; NPUMEHEHUS TepCrek-
THBHOH 5/JeMeHTHOH 0aspl (IPHEMHUKOB H3JYUYeHUS, HOBBIX ONTHUE-
CKHMX MarepuagoB, HechepHyecKHX, HHGDAKUHOHHBIX, TPANMEHTHHIX,
BOJIOKOHHO-ONTHUECKUX H ONTHKO-aKYCTHYECKHX 3JIEMEHTOB, MOAYJS-
TOPOB Ha TBEPABIX H XHUAKHX KPHCTa/JaX, IJIEHOUHHIX NOJASPH3ATO-
pOB ¥ Ap.); IWIHPOKOrO BHEAPEHHS aBTOMATH3HPOBAHHOIO TNPOEKTUDO-
BAHMS H arperaTHO-MoAYJbHOH CTPYKTYDHI IIPHOOPOB; aBTOMATU3AINH
c60pPKH H IOCTHPOBKH NpPHUOOPOB; COBEPIIEHCTBOBAHHS CAMOHACTDaH-
BaOIIMXCA cucTeM (aJanTHBHOH ONTHKH); Pa3paGOTKH H HCIOJb30-
BaHHA [POTPECCHBHBIX TEXHOJOTHYECKHX HPOIECCOB.

CnenuasiucTsl, CrOCOGHBIE TBOPUECKH OOECHEYHTb BHITIOJHEHHE
Jaseko He HOJHOIO TNEePeYHs YKa3aHHBIX HanpaBJeHUdl COBeplIeH-
CTBOBAHHSI ONTHYECKHX TPHOOPOB M CHCTEM, AOJIKHEI 06jafaTh GhyH-
LaMEeHTaJbHBIMK SHAHHAMH [0 IHCLUIIHHAM, ONpENeNsIONMM Hayuy-
HYI0 OCHOBY cNenHaJbHOCTH. K HHUM B NIepByio ouepelb OTHOCHTCS
KYPC TEODHHU ONTHUECKHX CHCTEM.

Ilpu or6ope marepHasta A5 yueGHHKa B COOTBETCTBHH C Tpo-
rpaMMOH Kypca TeODHH ONTHYECKHX CHCTEM OBLIH IIOCTABJIEHH CJe-
Jyolye 3axauu:

H3JIOXKHTh OCHOBHbIE MOHATHA M JaTh 3aBHCHMOCTH, HeOOXOAMMEIE
Inss 000CHOBAHHS JEHCTBHSA ONTHYECKHX CHCTEM;

onHcaTb BaXKHedIlMe JeTand H Yy3Jbl, BXOASIIHE B COCTaB 3THX
CHCTEM;



O3HAKOMHTb C TeopHeH OCHOBHLIX BHJLOB ONTHYECKHX CHCTeM (MH-
KPOCKOINOB, TEJECKOMHYECKHX CHCTeM, (GoTorpadHyecKHX OGLEKTHBOB
H NpPOEKIMOHHBIX CHCTEM);

HOATOTOBHTh YHTaTe/si K BHIGODY NPHHIMNHAJILHOA CXEMBl ONTH-
9eCKOH CHCTEMBl H K OGOCHOBAaHHIO HCXOAHHIX JaHHHX AJS €e pacuera
(raxkHx, HanpuMep, Kak yBeJHuYeHHe, YTJIOBOE HJM JHHeHHOe IoJe,
paspemaromasi criocobHocTh, raGapHTHHIE pasmepsl). EcrecTBewnHo,
YTO KPOME OCHOBHBIX BHIOB ONTHYUECKHX CHCTEM pacCMaTpHBAIOTCA
TaKHe CHCTeMbl, KaK (OTO3JEeKTPHUYECKHEe OINTHYECKHE CHCTEMEI, CH-
cTeMbl AJs Ja3epoB M rosiorpaduH, CHCTeMbl LBOSAKOH CHMMETPHH
H Ap.;

NOKa3aTh YHTATENIO METCAHKY BHIIOJHEHHS raGapHTHOTO ¥ 3Hep-
TeTHUECKOTO DACYETOB ONTHYECKHX CHCTEM, B pe3YJbTATE KOTOPHIX
onpeleasiiorcs QOKYCHBIE pPAcCTOSIHUS OTAENbHBIX KOMIIOHEHTOB, HX
B3aHMHOE DPAaCIlOJNOXKeHHe ¥ CBEeTOBble NHaMeTphl, MOJOXKEHHe H Da3-
MepHl BXOAHBIX H BBIXOLHKEIX 3paukoB. [losiyueHHbIe napaMeTpsl TO3BO-
JISTIOT TIIPHCTYNHTh K IOCHeAYIoIEeMY abeppaliMOHHOMY pacueTy C yde-
TOM TpeGOBaHHA K KauecTBY H300paxKeHHsi MJH, YTO HHOrAa OpiBaeT
testecoobpasHo, NoJoOparb KOMIOHEHTH! (Y3Jbl) CHCTEMBI, a 3aTeM
IIDOBEPHTh HX B3aHMHOE COIJIACOBAHUe JUJIS YIOBJETBODPEHHS Tpebo-
BaHHH TEXHHUYECKOTro 3ajaHHs (B TOM uHcJe H IO KauyeCTBY H3olpa-
KeHud);

NOMOYb YHTATENI0 OCBOMTb OCHOBH aleppaudoHHOIO pacuera
(abeppallMOHHYI0 KOpPPEKIHIO) ONTHYECKHX CHCTEM {(C HCHOJb30Ba-
Huem DBM).

Jna npuoOpereHusl NPaKTHYECKHX HABHIKOB MO NPOEKTHPOBAHHUIO
ONTHYECKHX CHCTEM IIOMHMO IPHMEpPOB, NMPHUBELEHHBIX B TEKCTe yuel-
HUKA, uTaTe] 10 OyAeT 0J1e3HO HCI0AL30BaTh yuebHoe nocobue «Céop-
HUK 3aJad 110 TeopHH onTHueckKHX cucrem» (JI. H. Amnnpees,
A. TI. I'pammatug, C. M. Kuptowns u B. Y. Kysnues. M.: MamuHo-
crpoenune, 1987).

ABrophl BRIpaxawT ray0okyio npusHatenbHocts B. B. Hekpa-
coy, B. H. Poxpecreeny, A. B. CamyiinoBy 3a momoiib, OKa3aH-
HYIO NPH H3DaHHH HACTOSINEro y4YeGHUKA.

[Ipenucnosue, BeBemenwne, ra. [—VII, XI, XII, XVII, XX,
npuna. | wanucanm H. Il. 3akasnoBemm, ra. VIII, X, XIV—XVI
uon. 112—117, 125, 127, 129 ra. XXI, npua. 2, 4 — C. U. Kupro-
wunabM; ra. 1X, XIII, XVIII, XIX, o, 118—124, 126, 128 ra. XXI1
n npusi. 3 — B. H. Kysuuesnim.



BBEJEHHE

Onmuueckod cucmemod Ha3BIBAIOT COBOKYIHOCTb ONTH-
YyecKHX Jeranedl (AMH3, 3epKaJ/, NPHU3M, IJIOCKoNapajfenbHBIX MJa-
CTHH, KJHHbEB ¥ Ap.), 0GecHeuHBaoIyI0 ONpeleneHHoe GopMupORa-
HHEe NMYYKOB CBETOBHIX Jyuefi. TeopHA ONTHUECKUX CHCTEM OGBACHSET
HX LeHCTBHE, METOJbl CO3JaHUS U ONTHMH3ALMH, HCHOJb3YS apceHas
CPEICTB COBPEMEHHO¥ OINTHYECKOH TEXHUKH H TEXHOJOLHH, (DH3UKH,
BBIUHCJUTEAbHON TEeXHHKH M APYTHUX obJgacrTel HAYKH H TEXHUKH.

B pasniuuHbX objacTaX HalleH JesiTeJbHOCTH NMPUMEHSIOT CaMble
pasHoo0pasHbie ONTHYECKHE NPUOOPHI: MHKPOCKOMLI, (hoToanmapare,
FeORe3HYeCcKHe U aCTPOHOMHYECKHe NPUBOPHI, POEKTOPHl, KOHTPOJb-
HO-H3MEPHTE/bHbIE NPUOOPHl IS JHHeHHBIX H YIVIOBHIX M3MEDEHHi,
HHTEP(pEPOMETPEl, KHHOCBHEMOYHYIO M KHHONMPOEKUHOHHYIO ammnapa-
TYPY, CHEKTpajbHble NpH6OPbl H pedpaKTOMETPH, MEIMIHHCKHE
onTHyeckue npubopel u Ap. Kpome Toro, onTHYecKHe CHCTEMBI C Jia-
3epaMH IIHPOKO HCHOJL3YIOT B roJorpaduy, TeXHOJOIMYecKoM 060-
pYIOBAHWY, MENUIHHE, AJs 06pa30BaHHA I1a3MBl, B JIOKALMH,
CBS3H, JUISl 3allHCH H BOCIPOH3BElIeHHs BuIeouHDOpMALMH H T. 1.

OnTHYeCKHe CHCTEeMBl, SBJISIOUIHECS] OCHOBHOH YacTblo KaxIOro
ONTHYECKOTO MNpHbopa, Ienecoo6pasHo pasfenTb Ha CJeAyroulne
BHJBL:

MHKDOCKON®! (Mpe/IMET HaXOAMTCH Ha KOHEUHOM pAaCCTOSHHH,
a M3obpakeHHe — B GeCKOHEUHOCTH);

TeJeCKOTIHYECKHe CHCTeMbi (IPeAMET H ero K3oGpakeHHe Haxo-
AATCH B OECKOHEUHOCTH);

00beKTHBBl (MpeIMeT HAXOAHTCS B GECKOHEUHOCTH, a ero Hao-
fpakeHHe — Ha KOHEYHOM pPacCTORHHM);

NpOSKIMOHHBIE CHCTEMB (IPEAMET H ero H306paKeHue pacroJo-
JKeHB! Ha KOHEUHOM DACCTOSHHH OT ONTHUECKOH CHCTEMBI).

3aMeTuM, YTO COBOKYNMHOCTh H3006paxenHH TOYeK IpeiMera —
H300paxkeHne TNpeIMeTa — 3aNOJHAET MNPOCTPAHCTBO, KOTOpoe Ha-
3BIBAIOT NPOCMPAHCMBOM U306paicerull, a caM TpPeIMET B BHIE COBO-
KYMHOCTH TOUYEK 3anoJHseT npocmpancmso npedmemos. Kak mpo-
CTPAHCTBO NPEAMETOB, TAK H MPOCTPAHCTBO H300paxkeHHUH 3amnoIHAIT
BCE MPOCTPAHCTBO.

CywecTBYIOT H TaKHe ONTHYECKHE CHCTEMBI, KOTOPble He CO37ai0T
n300paXkeHHe, B KakoH-TO cTeneH# noAcOHOe TNpPEAMeTy, a 3a CueT
nepepacrnpeneseHus Jyded obpasyroT, HanpHMED, HEKOTOPYIO pas-
HOMEPHO OCBeIIeHHYI0 TNJIOMWalKy, KOTOpas SBJAETCS HHTerpab-
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HbIM H30o6pa)kenHeM npeaMera. K TaKHM CHCTEMaM OTHOCSITCS OINTH-
yecKHe CHCTeMbl OCBETHTEJNLHBIX, (POTOMETPHUECKHX H HEKOTOPHIX (ho-
TOsNeKTpHuecKuX npuGopos. OIHAKC H B 3THX CHCTEMaX HMeEIOTCH
y3Jbl, HanpuMmep, B BHIE 0O0bEKTHBOB.

Ilzrpokoe mpumeHeHHe DPa3HOOODPA3HBIX ONTHYECKHX NPHOGOPOB H
IPYTUX OITHUECKHX YCTPOHCTB CONPOBOXKAAeTCS! COBepIIeHCTBOBA-
HYEM OCHOBHBIX XapaKTePHCTHK, TaKUX, KaK CBETOCHJA, JHHeHHoe
WJH yryoBoe moJie B MacmTab n3obpaxkeHusi, NPH YCJIOBHH HOJyye-
HHfl XOpOLIEro KauyecTBa H300paxeHHsd.

Jas nporpecca ONTHYECKOTO IPHUGOPOCTPOEHHS BeChbMa BAXKHBIM
aBuJoCh BHepeHHe DBM B npakTHKy pacyera ONTHUECKUX CHCTEM.

B cosjlaHie ONTHYECKHX CHCTEM H HX TeOpeTHueckoe 0GOCHOBAHHE
6o/IbLIOK BKJIAJ BHECJU MHOTHE YUYeHBle, MMEHa KOTOPBIX IpPHCBOEHBI
ONTHYECKHM SIBJECHHAM, CHCTEMaM H AHaJHUTHYECKUM 3aBUCHMOCTHAM
treopuu ontHueckux cuctem: [anunesr n Kenaep, CHeanmuyc u [le-
kaprt, Hsioton, Tiofirenc, I'peropu, Jlomonocos, 3iinep, Tayec,
3eijens, [lerupans, A66e, Panelt, Mannenswtam, PoxnecTBenckuii,
Basunos, MakcytoB, JleGeleB W MHOTHe ApyrHe.

KanuranbHeIM TPYZOM, B KOTOPOM H3JI0KeHA TEOPHS ONTHYECKHX
cHcTeM, sBJAsiOTCH JekuuH . A66e «OCHOBBHI TEODHU ONTHYECKHX
HECTPYMEHTOB», 3allHCaHHble M H3JaHHBIE €ro YYeHHKaMH Yanckum
u dnnenurefinoMm B KoHue XIX — Hawvame XX B. Hamu cooreue-
creennuku H. M. Kucaor u A. Y. TynopoBcKuii sIBHIMCH HHHIMATO-
paMi NOJATOTOBKH KBaMW(HIHPOBAHHBIX CIIEHHaJNNCTOB IO pa3paboTke
onTuyecKUX npubopos. Mx KamuraJbHBEIE TPYAB AOJTOE BpPEMs CJay-
KUK QyHAaMeHTaNbHOH 06as3ol Aas ofydeHHs KalApoB Hamedl ONTH-
YeCKOH NIPOMBILLIEHHOCTH.

CopeTckasl BelClWIasi IIKOJA [0 TOATOTOBKE HHKEHEPOB-ONTHKOB
B MOCKOBCKOM TOCYJApCTBEHHOM TeXHMUYeCKOM YHHBEDCHTETe HMMeHH
H. 2. baymana, Uucruryre Tounofl mexanuku H ontdxu (CankTt-Ile-
Tep6ypr), MoOCKOBCKOM HHCTHTYTe HH)KEHEDOB TeOfe3HH, aspodoro-
cheMKkH M Kaprorpaduu, KuHeBCKOM NOJIHTEXHHYECKOM HHCTHTYTE
W B IPYTHX BYy3ax NoJA PYKOBOACTBOM yueHnx-nenaroros Il1. C. BoJo-
copa, M. 1O. Tanbnepna, B. C. HMrnarosckoro, M. M. PycuHosa,
H. A. Typerruna, b. B. ®@edpunosa, C. M. ®peiibepra, B. H. Uypu-
JIOBCKOTO ¥ JAPYTHX B TECHOH CBSI3H C IPOH3BOJCTBOM BOCHHTANA GOJb-
oA OTPSAJ CHENHMAJIUCTOB MO ONTHYECKOMY HNPHOOPOCTPOEHHIO.

OteuecTBeHHAs ONTHKA IIPOJOJIKAET PAa3BHBATLCS W OTKDLIBAET
IWHPOKOE MOJe JesiTeJbHOCTH HHXKEHEPHO-TEXHHUYECKHM H HayYHbIM
pabOTHHKAM ONTHYECKOr0 NpHOOPOCTPOEHHS.



T'arasa I

OCHOBHBLIE MNOJIO)KEHHST H 3AKOHbI
TEOMETPHYECKON ONTHUKH

1. Npunuun depma

Ceemom, uau onmuseckum usryderuem, SBJISETCsS SJIEKTPO-
MarHUTHOE H3JIyUEHHE C JIMHON BOJHLL | HM ... | MM (9TH TrpaHuIH,
KOHEUYHO, YCJIOBHBI), HMeIoIlee BOJHOBOH XapaKTep paclHpoCTpaHeHHS.

Ecau auHefiHple pasmepbl QPOHTA CBETOBOH BOJHBI 3HAUMTENBHO
TIPEBHIUAIOT LJIUHY BOJHBL, YTO OCBIUHO H HMEeT MecTO, TO HalpaBJle-
HHE PAaclnpoCTpaHeHUsi CBETOBOH BOJHLI B OXHOPOIHON Cpelie MOXKHO
CYHTAThb IPAMOJHHEHHBIM.

PacnpoctpaneHve CcBETOBOH BOJIHEI B OIHODOZHOH cpeje OT To-
yeyHoro uanyuarens A uamoctpupyer prc. 1 Cdepuueckuit dhposT
CBETOBOH BOJIHBI JOCTHTHET TOYKH B MO KpaTdyaBieMy DaccTOSHHUIO,
T. €. N0 NpsIMOH, MpoXoAsimed yepes ToukH A u B. Ecau Ha nyTu
CBETOBOH BOJIHBI BCTPeYaeTcsi cpelld ¢ APYTUMH CBOHWCTBAMH, TO B 3a-
BHCHMOCTH OT 3THX CBOHCTB M BHJA FPaHMUB Dasjena cpex (ppoHT
BOJIHH  JedopMHpyeTCs.

s mosyueHHs! Pe3KOTO H306pa)KeHHsi TOUKU C TNOMOIILI0 MHO-
KeCTBA céemogoix aydeli (HopMasedl K (QPOHTY CBETOBOH BOJHEI) He-
06XouMO Tak cHOPMHPOBATH 3TO MHOMKECTBO, YTOOH BHOBb NOJYYHTh
chepHUECKYIO BOJIHY, LEHTP KOTOPOH M OYIeT Pe3KHM H306parkeHueM
toukd. Hanpumep, touka A’ (puc. 2) Gyzer peskuM H300paxKeHHeM
toukd A NpPH ONHOBPEMEHHOM HOCTHIKEHWH BCEMW JYuaMH, HCXOAS-
IYMH U3 ToukH A, Touku A’. Bpems xoxa sist Bcex Jyuyell NOMKHO
6bITh OJMHAKOBBIM H 0613aTe€JhHO MHHHMAJbHBIM, TaK KaK ONUH M3
JIyuelt, HCXOASIIKX U3 TOUKH A, nonanaeT B TouKy A’ mo KpaTuaiuiemy
paccrosnuio — no npsamolt AA’. CnefoBarte/ibHO, €CJM HA NYTH CBe-
TOBBIX JIyYeH BCTPETSITCH pasHble OJHOpoNHBle cpedw 1, 2, 3, ..., g,
g + 1 c peskuMu rpanunaMmu pasfena l, 2, 3, ..., ¢, To LIS KaxIOro
H3 Jyueidl, o6pa3ylomuX K306paxKEeHHe TOUYKH B BHAE TOYKH, MOXKHO
HanuCcaTh:

Tmiu:t1+t2+t3+“’+th+--°—{—tq+1=COI’ISt, (1)

rie T mn — MUHHMaJbHOE BPeMsl XOJa JIy4a OT TOUYKH IO ee H306paKe-
Husl; tp = dp/v, — BpeMs Xoja STOTO Xe Jyua B k-# cpene; d, —
ANHHA Jy4Ya B mpefiesax k-§ cpeibl; U, — CKOPOCTb PACHPOCTPAHEHHS
ayda B 3TOM cpelie; ¢ — UHCJIO TpaHMl pasieta cpex.

Ha ocroBauuH paBeHcrBa (1) moayyum:

dyjvy -+ do/Vy -+ dyfvs = « oo A dy/Ug 4 oo 0 - dy,1/0q,4 = const
i1



\ Puc. 1. PacnpoctpaseBne cBeToBOR BOJHH B
\ \\ OJHOPOAHO# Cpefe OT TOUEYHOT'O HIJNYYaTeNst
} \
\ \
Ay | 18
o 1 T 9
/ | /
! / /
/ /I Puc. 2. YcnoBHe nonyueHHs Pe3KOro H3o6pa-
/ MEHHS TOUKH
4 q
/
v / /
\ \\ \ ! ! /
AN Vool ! I Iy A
o—1 | } ! { °
J ] J I | \ \ \
N \ \ \
l; 1 !
/I \ \
/ \
UJH
1 d vl d 01 d
—vl— + + 3, + -+ h + c4d e+l T =
== const.

OTHoIlEeHHe CKOPOCTH PAacIpOCTPaHEHHS] MOHOXPOMAMUMECKO20 Ce-
mosoeo ay4a (ay4a, XapaKTepH3yeMOTo oNpefe/eHHoH NJIUHOH BOJHBI)
B OLHOH cpelle K CKOPOCTH PacipoCTpaHeHus 3TOTO XKe Jyuya B APpYTOoH
Cpele Ha3bIBAOT NoOKaA3ameseM NPeAOMACHUA W 0003HA4alOT 7.

Takum ofpasow,

ding + doftyy + - -+ dphgp -+ - o+ -+ dgaftyq, = const,
HJIH, yInpomiasa O603HaquHﬂ MOXHO 3aIHCaTh:

dyny - dyng 4+« -+ dunp -+ -+ - dguafge, = const

k=g+1!
Y dpny = const. (2)
k=1

HJIH

Cymmy, omnpepensieMmyio no cdopmyse (2), HasbIBAIOT ORMUHECKOL
Oaunoti ay4a. Ona npeactasaser cob0H CyMMy npousBeleHHMH pac-
CTOSHHH, OCAe]0BATeNbHO TPOXOAUMBIX JYUOM B Pa3/IMUYHBIX Cpelax,
Ha MOKasaTejJd NpPEJOMJEHHS COOTBETCTBYIOIUX cpef.

Touka npegmera u3obpakaercsi B BHIE TOYKM (C MO3MILMH Treo-
METPHUYECKOH ONTHKM), €CJH ONTHYeCKHe IJUHB AJS BCex Jyuef,
CBSI3LIBAOIIMX TOYKY MNpeAMeTa M ee H3o0paKeHHe, MHHHUMAJbHbL H
OIKHAKOBBI. JTO ycJoBHE HasbiBaeTcs npunyunom Pepma (1601—
1665) u siBnsieTcst OCHOBOH 3aKOHOB M 33aBHCHMOCTEH reOMETPHYECKOH
ONTHKH.
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2. MNokasaTtenabp npeaoMicHus

CKopoCTb pacnpocTpaHeHHS! CBeTa B BaKyyMe HE 3aBUCHT
OT JJIMHBI BOJIHBI H IO NOCJAENHHM NaHHBIM paBHa (299 792 458,7 +
+ 1,1) m/c. CKopocTb CBeTa B rasax, XUIKOCTSX U TBEPABIX TeJIax
MeHbllle, YeM B BaKyyMe, H 3aBHCHUT KaK OT MJIHHBl BOJHBI, TaK H OT
COCTOSIHHSI Cpefsl.

Llenecoo6pasno moKasaTesnb NpegoMJaeHHs J000H cpelbl ompene-
JATb OTHOCHTEJNbHO Bakyyma, AIs Kotoporo n = 1. Ilokasarenn
IpeJIoM/IEHAs] JaHHOH cpefibl OTHOCHTENbHO BaKyyMa paBeH OTHOLIe-
HHUIO CKODOCTH pacnpoCTpaHeHHs cBeTa B BaKyyMe K CKOPOCTH pac-
IpOCTPaHEHHs CBeTa C ONpeAeeHHOH NINHOHM BOJIHEL B paccMatplBae-
Mo# cpepe.

[Tokasatesnr mnpesnoM/ieHHss BO3AyXa npH temneparype 15°C u
naBnenuu 101 325 Ila pasen 1,00029, sto no3BoJ/sieT B GOJILIUMHCTBE
cjyyaeB CYHTaTh, YTO IJA BO3AYyXa I[PH HOPMAJbHHIX YCJIOBHSX
n =1 H He 3aBHCHT OT JJHHBE BOJHB A.

st GOJIbIIMHCTBA ONTHYECKHX cpefi OblJ NPHUHSAT OCHOBHOH IO-
KazaTesJb NpeJOMJAEHHs AIA AJHHH BOJHH A = 0,58929 mxM, uTo
coOTBeTCTBYeT JMHHHH D no mkaje ®payHrodpepa (KeaTO-opaHKEBOH
JHHUHA HaTpus), obo3HayaeMblfi 7, (MHIEKC D OOBIUHO OmyCKaercs).
B pslle cTpaH OCHOBHOH NOKa3aTesNb NPEJOMJIEHHS NMPHHAT JJid A =
= (0,58756 MKM, YTO COOTBETCTBYeT JHHHH d (KeJTO-CPaHKeBOH
JHHUH Tejus), H ero o6osnavaior ng. B ['OCT 3514—76 «Crerio
ontuueckoe GecuperHoe. Texnuueckue yciaoBhs», ['OCT 13659—78 -
«CrexJio ontuyeckoe OecriBeTHoe. DPH3HKO-XMMHUECKHE XapaKTepH-
cTukH. OCHOBHBIE apaMerphbi» B COBETCKO-HEMEIKOM KaTtaJore ONTH-
YeCKOro OeCUBETHOIO CTEKJa OCHOBHOH NOKa3aresb NPEJIOMJIEHHS
B3ar A1 A = 0,54607 MkM (3eJeHas JUHHS DTYTH — JIUHHS &)
U 0003HAUEH 11,.

3. MpaBuaa 3HakoB

[Mocnenytoniee H3IOXKeHHE MEOMETPHUECKOH ONTHKH BBHINOJ-
HseTC NpH INPHHSTOM HANpaBJIeHHH DacOpPOCTpaHEHHs CBeTa CJeBa
HaOpaBo, KOTOPOE CUHTAETCH IOJOXKHTEIbHBIM,

HcnoapsyloTes caelyoliye npaBuja 3HaKOB JJIS OUEHKH BEJHYHH
orpe3koB H yraos (cm. ['OCT 7427—76).

J1s OnTHYECKHX CHCTEM C OCEBOH CHMMeTpHeH OoCbh. CHMMETPHH
(onmuueckan oco) npuruMaercs 3a ock OZ, a 1JOCKOCTb CHMMETPHH,
B KOTOPOH JIEXXHT ONTHYECKas OCb W KOTOpasi, HalpHMep, COBHAjAeT
€ IJIOCKOCTBIO uUepTexa (MepulucHaibHas NAOCKOCMb), NPHHUMAETCS
8a nJjockoctb YOZ B npaBof cucTeMe KOOpAHHAT.

JIuHeliHrle OTpe3KH B HANpaBJAEHHH pPaclpPOCTPAHEHHS CBeTa OT-
HOCHTE/JBHO YCTAHOBJIEHHOTO (BHIOpAaHHOIO) HayaJjla OTCyera — IOJIO-
KHTeJbHHE (IOJIOXKUTEeNbHOe HanpabiaeHune ocH OZ). Ecaum stu or-
pesKky HampaBJIeHh HaBCTPeuy pacHpOCTpaHEHHIO CBeTa, TO OHH OT-
pHUATE/bHEI.
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Pagnycsl XpHBH3HBI MOBEPXHOCTEH, OrDAHHUUBAIOUIHX CPeAH,
NOJICXKHTENbHBIE, €C/IH NEHTPH KPHBH3HBI HaXOAsiTCA CNpaBa OT MO-
BEPXHOCTEH, M OTpHLATENbHBIE, €CJH LEHTPH KPHBHU3HE HAXOAATCH
CJieBa OT MOoBepXHOCTeH.

Tak Kak nonoxutenbHoe Hanpas/enue ocu OY coBmajaer ¢ Ha-
IpaBJieHHeM CHH3Y BBEPX, TO OTPE3KH, NepNeHAUKYJAsPHble K ONTH-
4eCKOH OCH (BBICOTHI TOYEK BCTPeuH Jyded ¢ NOBEPXHOCTSAMH, OTPE3KH
NpeAMeTa H €ro H300paKeHHs H JAp.) H PACHOJOXKEHHHE BHIIE 3TOMH
OCH, CYHTAIOTCSl IOJIOKHUTENbHBIMH.

YToa ABJASETCH NOJOXKHTENLHBIM, €CJIH, JJIS TOre yToOR ONHCATh
4acTh MJIOCKOCTH MEX[IY €ro CTOPOHaMH, OCb, OT KOTODOH Bemercs
OTCYU€T, HYXHO BpamaTb BOKPYr BePIIHHB! yIJa B HaNpaBJeHHH
IBUXKEHHA YaCOBOH CTPesKH, M OTPHIATEJNbHBIM B IIPOTHBOIOJNOXK-
HOM CJIydae.

4. 3akoHbl npenomiieHHs H OTPAXEHHSH

PaccMoTpHM DPOXOMIEHHE MHOXKECTBA Napaliie/bHbIX CBe-
TOBBIX JIyyeHl 4Yepe3 IJIOCKYIO TpaHHIy pasfienida IBYX OZHOPOXHBIX
cpel (puc. 3) ¢ mokasatensiMu npesomnedus n u n’. [Togoxum, uTo
n’ > n, T.e€. CBeT U3 Cpelbl MeHee ONTHYECKH ILIOTHOH NPOXOLHUT
B cpely c GoJibllefl ONTHYECKOH IJIOTHOCTBIO.
Cornacro npunuuny ®epma [cm. dpopmyay (2)] miockuit Boamo-
BOH (POHT NoC/Ie NPEJOMJIeHUs OCTaHETCs NJIOCKUM [PH BHITIOJHEHHH
CJIeAYIOLIET0 paBeHCTBaA:

CAn = BDn'. 3)
U3 puc. 3 caenyer, uro
CA = ABsine u BD = ABsineg’. 4)

Hcnonsays paeercrBa (3) u (4), NmoJayuaeM 3ak0H RpelOMACHUR,
otkpaiThii CHemnumycom (1591—1626) u Jekaprom (1596—1650):

nsine = n' sine’, (5)

TAe € — YyroJ najeHus Jgyda (yrol MexZy HOPMAaJbio K II0BEepXHOCTH
B TOYKEe NaleHusl M NajalomluM JYYyoM); & — YIroJ IpeJoMJEeHHS
aydya (yron Mexny TOH e HODMaJblo H IpPEJOMJIEHHBIM JYYOM).

K maremaThueckofl 3anucu 3akoHa mnpejomienust (opmysol ()
c/leiyer NONOJIHEHHE O TOM, YTO NAJaoliMH U TNPEJOMJAEHHBIH Jyud
BMECTe C HOPMAaJblo K IOBEPXHOCTH pa3lesla B TOUKE NAJAEHHA JieXaT
B OJHOH IIJIOCKOCTH.

PaccmoTpuM najieHde Jyua, HalpHMep, Ha IJIOCKYIO 3ePKaJbHYIO
nosepxHocTb (puc. 4). Jlyd oTpasurcs oT 3TOH HOBEPXHOCTH, T. e.
OCTaHEeTC B Cpefle C TeM 3Ke IoKa3aTeseM HPEeJOMJEHHS M.

C yuetoMm mpapuJia 3HAKOB M3 3aKoHA NpejoMieHus (5) caefyer:

sin & = sin (—e&’), (6)
9TO BO3MOXKHO, €cqad n' = —i.
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Puc. 3. Ilpenomienne napaaieasubix Puc. 4. Cxema 3epKalbHOTO OTPaxKeHHS
nydell yepes HJIOCKYIO TPAHULY pasiena
aBYX cpel

CMmena sHaKa y NoKasaTena NpejoM/eHust o0yC/JoB/eHA TEM, 4TO
HanpasJjieHHe PacHPOCTPaHeHUs Jyua IOC/Ie OTPaXKEHHS H3MeHAeTCSH
Ha HNPOTHBOIOJIOKHOE.

U3 Bripaxenus (6) BeTEKaeT eJHHCTBEHHO BO3MOXHOE B JaHHOM
cJydae paBeHCTBO: & == —g, T. €. YIOJ OTpaxeHHA & paBeH YIray
najiedust € (Mo aGCOMOTHOMY 3HAUEHMHIO).

3To M eCTb 3aKOH OmpaxCerusi, K KOTOPOMY CllefyeT NONONHEHHE
O TOM, 4TO NafalolMA U OTPaXKEHHBIH JYYH BMECTE C HOPMAJbIO K I10-
BEPXHOCTH B TOUKEe NAAEHHUS JIEKAT B ONHOH IJIOCKOCTH.

3aKOHHl IIPEIOMIEHUS M OTPaxeHus JEHCTBYIOT M IPH o6paTHOM
HalpaBJeHHH XOJa JyueH, T. e, UMeeT MECTO BBHINOJHEHHE NpUHyuUna
obpamumocmu: JIy4 NPeJOMJIEHHBIH 3aMeHsieTcsl aJaiomuM, a najao-
MuH — NpeIOMICHHBIM, JYY OTPAXKEHHBIH 34aMeHSeTCs] MNalaloliuM,
a nafapomyil — OTpaxKeHHbBIM.,

K 3aKkoHam HpSAMOJHHEHHOIO pacnpoCTPaHEHUS CBeTa, NPEesIOM-
JEHH H OTPaxkeHHs HOO4BJSIETCH 34KOH HE3aBHCHMOCTH pacrpo-
CTPaHeHHS JyueH, NEHCTBYIOIHE B reoMeTpHYECKO# ONTHKe.

5. Iloavoe BHyTpeHHee OTpaKeHHe
W3 Mmaremardyeckofi sanucH 3akoHa npedomaeHus [cm.
dopmyay (5)]1 caenyer, uro mpu n>n' yroa [e'| > |el.
Ilpu BospacTanuu aGCOMOTHOrC 3HAUEHHsT YrJia MajleHds & pacTer
H yroJ npenoMJeHusi &, JOCTHTas MaKCHMaJbHOTO 3HaueHus 90°,
T. €. JIyY NOCJIe najeHusi Ha TOBepXHOCTb pasfena cpel OyfeT pac-
NPOCTPAHATbCH [0 KacaTeJbHOH K IOBEDXHOCTH B TOYKe NaleHHS.
INpu & = 90°
sin e, = n’/n. (7
[ocaenyiomee yBenuueHue yraa nafieHus OPABEAET K OTPaKEHHUIO
Jyda N0 3aKOHY OTPaxKeHHSH.
OnucaHHOe siBJIeHUE HA3BIBAIOT MOAHbLM BHYMPEHHUM OMPGHCEHUEM,
a Yroj &, OnpeienseMmbii paBeHCTBOM (7), — npedeivHoim yeaiom
NOAHO20 BHYMpPeHHe20 OMmpPaNCeHUus.
Hanpuwmep, anst n, = 1,5183 (crersno mapku K8) u n” = 1 (os-
AyX) e, ~ 41° 12’,
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6. MNpeaoMasioniHe H OTPaxaiollHe NOBEPXHOCTH

Ontryeckofi cuctemolt Gblla HasBaHA COBOKYIHOCTb ONTH-
YeCKUX JeTasted, nNpefHasHauyeHHas AJA OnpeleseHHOro GopMupo-
BaHMA MYYKOB CBETOBBIX Jyued, 3aK/IOUEHHBIX B OTPaHMYEHHOM Te-
JeCHOM yIje. OTH JAeTajdHd, KOTOpBle HUCIMOJAb3YIOTCH B ONTHYECKUX
CHCTEMAX, OrPAHMUHBAIOTCH IJOCKHMH, cepHYecKHMH U Hecdepuue-
CKHMH MNOBEDXHOCTAMH (UMJIHHADHUUCCKHMH, OCECHMMETPHUYHBIMH mHO-
BEPXHCCTSMH BTOPOT'O H BBICLIErO HOPSAKOB H T. IN.).

IToBepxHOCTH MOTYT OBITh KaK NPENOMISIONIHMH, TaK K OTPaXaio-
HIMMH  (3epKaNIbHBIMH).

OnTHYECKYIO CHCTEMY HAa3hIBAIOT YeHMPUPOBAHHOU, eClH HEeHTpHI
cepruecKHX TOBEePXHOCTeA M OCH CHMMETPHH ADYTHX NOBEPXHOCTEH
JieXaT Ha OINHO# npsMOR (COBNAAaroT ¢ 3TOH npaAMO#H), KOTOpasi Haskl-
BaeTCS  ONIMuUYecKol 0CbIo.

[IpuHATHe NpaBHJa 3HAKOB MO3BOJISIOT IPEACTABHTL ONTHUECKHE
CHCTEMBI COCTOSIIIEMHE H3 JeTasell ¢ IPesIOMIIAIOIMME U OTPAaXKAWUMU
NOBePXHOCTAMH. [IpHMepE TAKOrO NpPEeRCTABJIEHHS NOKa3aHbl Ha
puc. 5—8. CielyeT OTMETHTb, YTO PaJUuyChi CHEepPHUECKHX I1OBEPXHO-
cTtefl NoJKEBI ObITh, Kak npasuao, coraacoapnl ¢ T'OCT 1807—75.

n, =1
ry = 54,88
dy= 12 ng= 1,5713
rg= —74,82
dy= 1,2 ng=1
rg= —74,43
dg= 2,5 ng= 1,7232
7y = 304,8
ny =1
Puc. 5. JlusscBas cucreMa
#
”/ #
Z ny= 1
\ ry = —125,31
N d= —42,80 n,= —1
. -4 ry = —59,43
- Vi ng= 1

Puc. 6. 3epka/nbHad CHCTeMa



n;=1

ry = —88,31 7 2 3
dy = ng= 15183
rs = —90,78 A
dy = 56 ng=1 ALY 56
rg = —264,2 p 7
dg= —52 ng= —1 7 !
rg= —83,18 /) U I
dy= 15 ng=1 7 /
ry = 84,72 y
dg=6 ng = 1,5713
re = —90,36

n,=1

Puc. 7. 3epkainHO-JHH30Bag CHCTeMa

n1=1

ri= —72,15 7 )
dy= 595 ng= 1,5783 5 :
ra = 384,17
: dy= 14,01 g = 1,5713
ros * = —137,84
ds et —'14,01 ng = —1,5713
ry = 384,17 ;
¢ dy= —595  ng= —1,5783
ry= —72,15 ,
ng = —1
* [loBepXHOCTb PAgHYCOM KDHBH3HH TpPH BEpIIHHE

res Hechepuueckas: y, -+ xp 1+ 275,682 = 0

Puc. 8. 3epxanbHo-IHH30Bas CHCTeMa ¢ Hec(epHUECKOH NOBEPXHOCTBIO



T'aasa 11
IPEJIOMJIEHUE U OTPAXEHMUE JIYUYEH

7. TipenomaenHe Jyyefl NAOCKOH MMOBEPXHOCTbIO

B onTuyecKHX CHCTEMaX HCIOJB3YIOTCS JETANH ¢ IVIOCKHMH
NOBepXHOCTSAMH. K TaKHM ONTHYECKHM JETaJfM OTHOCATCH IMJIOCKO-
BHIIYKJIble (BBINYKJIO-IVIOCKHE) H MJOCKOBOTHYTHE (BOIHYTO-IJIOCKHE)
JIHH3bI, NIPH3MBI, KJIHHbR, INIOCKONAapaJJejbHble NJ1aCTHHEI (3alHTHBIE
CTeKJa, CeTKH, 3epKaja C BHYTPEHHHM OTpaXalOl{HM INOKpHLITHEM,
CBeTODOHIBLTPE) H AP.

PaccmoTpHM mpesoMsIeHHe Jyda NJIOCKOH TIpaHHIEH ABYX cpel
(puc. 9) mpu ycJIOBHH, 4TO 11y < Ny (1 U Ny — HOKa3aTesd Ipeaomie-
HUs 3THX cpel). JIyy u3 ToukH A Ha ocH nagaeT B TOUKY M nJocKoit
noBepxHOCTH Ha BoicoTe h. CorJiacHO 3aKOHY mnpenomieHHs [cwm.
dopmyay (5)1 sin e’ = (ny/n,) sine. Onnako e=0 H & = ¢,
TI03TOMY

sin o’ = (ny/n,) sin o.

Ilpu 3anaHHOM NOJIOXEHHH TOYKM A Ha ocH (OTpesok s)
h =stgo.

Kpome Toro, no puc. 9 Haxoaum, 49T0

h=5stgao.
CrefoBaTesbHO,
s =stgo/tga’.

Orpesok s” ¥ yroa ¢’ onpefensiioT NOJOKEHHe H306paXKeRHs TO4-
Kk A — Toury A’.

Ilpy e =0 0 =0, T.e. JayYHu, NepHeHAHKYJSPDHBHE K IJIOCKOH
NOBEPXHOCTH, IPOXOAAT uepe3 Hee 6e3 H3MeHEeHHsl HaNpaBJeHus.

Ecau nyun (4nM MX NPONOJMKEHHUs) BHIXOAST H3 OAHOH TOYKH
HJIH COeJHHSIIOTCS B OXHOH TOYKe, TO MY4YOK TAKHX Jyuell Ha3hIBAalOT
eomoyenmpudeckum. IIpH CO3JaHHH ONTHYECKHX CHCTEM CTPeMSITCSH
COXPaHHThb F'OMOLIEHTPUYHOCTb BEIXOASMIMX HYUKOB Jyuell (cM. m. 1).

PaccmoTpum, coxpaHsieTcst JIH FOMOUEHTDPHYHOCTh HydKa Jayded
IPH MpPeJIOMJIEHUH €ro IJIOCKOH MmoBepxHocThlo. Jlisi aToro HaijgeM
OTPEe30K s’ NpH H3MEHEHMH A, T. €. IPH PAa3HHX Yriax o.

ITo puc. 9 maxomum:

sino=h/YVh* s usina’ =h/Y h* +5"
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IloacTaBuB 3TH 8HAUYEHHS

cunycos B ¢opmyay (5) 3a- m M 4,/ "
KOHA DPEJOMJEHHS, MOJY- - S
qHM, qTO’ ///// /
s = (ng/ﬂ.l) X /// F h
~
xVsa+ (0 =nnd)r 8 G A e

4
s dopmyan (8) caenyer, T ee=s

YTO TOMOLEHTPHYHOCTb NYYKa =
JyueH He COXpaHsieTcsl, TaK Puc. 9. [IpenomiaeHHe ay4a nacckol rpaHu-
Kak [oJiokeHHe H3o0paxe- Uedl IBYX cpen

HHSl, ONpefesisieMOe OTDE3KOM

§’, siBaserca HeJHHEHHOH (yHKIMeR BEICOTBI A NajleHHs Jyyell Ha
NJIOCKYIO IPEJOMJSIONIYI0 TIOBEpXHOCTb.

U3 dopmynnr (8) TakxKe BhITEKaeT, UTO, uyeM GOJbINE BEICOTA Na-
IeHus Jnyya (no aGcoJIIOTHOMY 3HAUEHHIO), TeM 60JIbllle N0 aGCOMOTHOMY
3HAUEHHIO OTPe30K S’, ONpeleNsiomuB MOJOXKEHHe u306paKenHs
TOYKH Ha OCH.

Takum o6pasoM, H3o6paxeHue TOUKH, o6pa3yeMoe MYYKOM Jyuei,
NpPEJOMJIEHHBIM TUIOCKOH MOBEPXHOCThIO, OyIeT Hepe3KuM, TakK Kak
3TOH IpelMeTHOH TOUYKe COOTBETCTBYET MHOXKEeCTBO TOUeK-u3o6pa-
KeHHH.

8. Tpenomaenune Jdyued chepuyeckoi NMoBEPXHOCTbIO

MspecTHO cresyiomee rpabuyeckoe NpelcTasileHue (op-
MyJsl (5) Ans cayvas, KOrja rpaHHued MexLy JABYMsi CDelaMH C IO-
KasaTeJsIMH NpPeJOMJEHHS Ny H n, siBjserca cdepuueckasi NOBEPX-
HOCTb paguycoM r (puc. 10). IlycTs myu B3 cpensl ¢ MoKasaTenem npe-
JIOMJIEHHSI n; TonajaeT B CPeRy C NOKasaTejieM NPeJOMJIEHUS 1,
(ny > n;) uepes tTouky M Ha rpamune cpei. [loctpoum mBe chepw,
KOHIeHTpHUecKHe cheprl paguycoM r. Mx pamuycw OYRYT rny/n,
H rig/n,.

Puc. 10. Tlpenomiense nyua ctheprHueckofi NOBEPXHOCTHIO
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JOas nonyueHHs HanpaBJeHUS IPEJOMJEHHOIO Jydya Clelyer
NpPOJO/IKHTh NAJAONUH Jy4Y A0 NepeceyeHHs cO chepoH paJHycoM
rf,/n, B Touke B, sarem Touky B coeauruts ¢ unertpoM C. Touka D
nepeceuenuss npsmoii BC co cthepoit paluycoM rni/n, onpenenser
HanpasJeHne npesomiesHoro Jayda MD. [lokaxem sro.

Ha moctpoenus umeem:

CD _r(myny) _my, CM r ny
cM r n.’' CB r(ng/ny) ~ ng

CnenoBaTtesabHO, A MCD o A BCM. Orcropa caepyer, 4To
/. MBC =/ CMD = —¢'.

[To noctpoennro / CMB = —e.

Hcnoabays Teopemy cuHHycoB, H3 A BCM noayuuwm:

CM/CB = sin €'Jsin e = ny/n,.

HUrak, onucanHoe nocrpoeHHe ofecneunBaeT BHIIOJHEHHe 3aKOHA
[PEJOMJIEeHHS, T, €. TpaduuecKoe oIy e e H306paXKe s TOUKH A —
TOukH A’ — 6e3 HCHOJb30BaHHS BHICOTH A NMafeHHd Jydya Ha chepH-
4eCKYIO NOBEPXHOCTD.

Hcnoabsysi o6o3naueHus, npuHsTele HA puc. 10, u3 A AMC
HaXoJuM:

sine = [(r — s)/r] sin o. )
Ilo 3akoHy npenoMJeHHS
sin ¢’ = (n,/n,) sin e. (10)

Hs A AMC u A CMA’ caenyer, 910 —e =@ —0C H @ =
= ¢ —¢', oTKyZla
o =0—e-t¢. (11)

Hanee us A CMA’ no rteopeMe CHHYCOB TNOJYYHUM 7 — § =

== rsin &'/sin ¢’ uau
s’ = r (1 — sin &’/sin ¢’). (12)

Gopmyan (9)—(12) ompenensior noJoxesHe H306paxeHHH oce-
BOH TOUKY NpPH JfeHCTBHE cPepPHUECKON NpeJOMASIOMEeR NOBEPXHOCTH.
H3o6paxenuii ofHo/ oceBO TOUKH OYJIeT MHOXKECTBO, TaK Kak OTpe-
30K §' sBISETCH EeNuHefHOR OYHKIHeH yria o, ONpelensiomero
NOJIOKEHHNE Jy4a, BHIXOASIIEro H3 oceBOof TOUKH. B ofmeM ciayuae
H3o6paxeHHe OCEBOH TOYKH IpefcTaBjisieT coboll GecKOHeUYHoe MHO-
JKeCTBO TOUEK, JIEXKaIHX Ha ONTHYECKOH OCH.

Taxkum o6pasoM, B NpH AeficTBHH chepHYecKOA mpeJoMJsiomen
MIOBEPXHOCTH T'OMOLIEHTPHUHOCTh IIyyKa Jyded B obmeM cjayyae He
COXpaHsercs.

OnTHuecKas cucTeMa OOHIUHO MMEeT HEeCKOJbKO TPeJOMJSIOmMHUX
nosepxHocreft. Jlas oneRKH HX ZHefictBus ¢opmyas (9)—(12) cie-
JyeT HCHOJb30BaTh HAJISl KaXJOR NOBEPXHOCTH B OTAEIbHOCTH, NPH-
HUMas BO BHHMaHHe TO, YTO H3o00paxkeHHe, NMOJYUEHHOe NoOcJjie mep-
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Puc. 11. Ilpenomnenne nyda AByMs COePHYECKHMH MNOBEPXHOCTAMH

BOA IOBEPXHOCTH, ABJAETCH INPEIMETOM IO OTHOIUEHHIO KO BTODPOH
MOBEPXHOCTH M T. A. [103TOMY Oy = O}, O3 = 03, «uoy Opp1 = Ok .oe
Kpome Toro, u3 puc. 11 criepyer, urto

Sp41 = S;, —_ dk, (13)
rae d, — paccTosHHE MeXRy BepminHamH k-B H (k 4 1)-B nosepx-
HoCTe#.

OpHo#l W3 TPHYHH YCJAOKHEHHS ONTHUYECKHX CHCTEM SBJfETCH

Tpe6oBaHHe MOJYUYEHHS T'OMOIEHTPHYECKOrO IyuKa JIyuei Ha BBIXoAe
ONTHYECKOH CHUCTEMH.

9. Otpaxenne Jy4ed NJIOCKOA NOBEPXHOCThIO

HefictBHe NJOCKOTO 3€pKaja WLIOCTpHPyer pHc. 12.

Hsobpaxenne A’ ToukH A COryacHO 3aKOHY oTpaxenus (e = —¢e')
NoJyuaercst MHUMbIM, T. €. 00Da3yeTcsl B NePeceyeHrd NPOAO/IKEHHS
OTPaXEHHHIX Jyuell Ha PacCTOSHHH §' = —s.

AHasoruyHo crpouTcst M usobpamenune A'B’ orpesxa AB.

ITnockoe sepkaso obecneyHBaer noJyyeHHe HieaJbHOro H3oGpaxe-
HHsSl C pasMepamH, PaBHEIMH pasmepaMm Ipelmera.

Bce 3aBMCHMOCTH, OTHOCSUIMECS K IIDEJOMJICHHIO Jydeld, HMEIOT
MECTO H TPH OTPaXKeHHH, TAaK KaK 3aKOH OTPaXKeHHs MOXKHO pac-
CMaTpPHBATh K4K YaCTHHIH CJayyall 3aKOHA NPENOMJEHHS INPH ny =

= —n,.

= 1

Puc. 12, Cxema flefictBus njockoro 3ep- Puc. 13. Bpawenne nnockoro sepkana
xaja 21



Ona n3MeHeHHS mNOJOXEHHS OT-
paxeHHOro Jyda OTpa)amopas [no-
BEDXHOCTb IIJIOCKOTO 3epKaja IOBO-
pauMBaeTcs M3 TNO3HUHH [ B NO3H-
muio // Ha HekoTODHIA yros @ (pHc.
13). Mexzay yrioM ¢ mnoBopoTra 3ep-
KaJa H yIrJoM \) OTKJIOHEHHS OTpaXeH-
HOTO JIy4a CYINECTBYeT CJefyiomas 3a-
BHCHMOCTb: ¢ == 2, T. €. OTPAXKEHHBIH
Jyd IIOBepHeTCs Ha YIroJ, paBHhf
YABOGHHOMY YIJIy NOBOpOTa 3epKaja.

Iyt cHcTeMBbl H3 IBYX IUIOCKHX 3epkaa I u 2 (puc. 14) ¢ yriom vy
MEXJy HUMH OTDaXKeHHBIH JIYY [0 OTHOILIEHHIO K TMAalalolieMy Jaydy
ofpasyer yroa o. M3 puc. 14 caenyer, uto & — &{ = @ + & — €
u 90° —ef = 90° 4 & + y. Orkyzna

© = 2y. (14)

Hs puc. 14 u dopmyas (14) caepyer, 4To yrosi ® He 3aBHCHT OT
HanpapJieHHs najalomero gyya. Taxkum o6pasoM, BpalleHHe CHCTEME
H3 IBYX 3epKaJ BOKPYTr JIUHEHH IlepeceueHy sl HX NMJOCKOCTeHl He H3Me-
HSI€T TMOJIOXKEHHS H300paxKeHus.

Hsobpaxenne, monyyaemMoe OT ONHOrO IJIOCKOTO 3epKaja, SiB-
JAeTCs 3epKanbHEIM. JlJIs TOro yToGk! MOJTYUHTh NPsIMOe H306p aXKeHHe,
HEeOOXOAHMO, OYEBHJHO, HCIOJIbL30BaTh €lMe ONHO 3epKajio. Ecad
K CHCTEME M3 JBYX 3epKaJ ZOGaBHTb TPEThe, TO HOJYYaeTcsl CHCTEMa,
Jalomas ongTh 3epKajbHoe H3o6paxkeHHe, T. €. CHCTEMa, SKBHBAJEHT-
Hasl OJMHOUHOMY 3epKaJsy.

CrefoBaTesbHO, CHCTEMA, COCTOSIIAS H3 HEUETHOrO YMCJa ILJIO-
CKHX 3epKaJ, He JaeT NpPsAMOTO H300paKeHHUs.

Puc. 14. Crcrema M3 1syx mioc-
KHX sepKad

10. Otpamenue gyueii chepuyeckoi NOBEPXHOCTHIO

Bornyras cdepuueckasi moBepXHOCTb pajiuycoM s MNOKa-
3aHa Ha puc. 15. Hafinem nosioxesne oTpaxKeHHOTO Jyya (yroJ ¢’ H oT-
Pe30K §'), ec/lk NOJOKEHHE Ta-

JAIOLIETO 1y4Ya 331aHO YIJIOM O M
H OTPE3KOM s MEXK]y BepIIMHOMN
O coepuueckoil IOBEPXHOCTH
H OceBOH TOUKOH A. . <
Hs A AMC (touka M — )
TOYKA BCTPeYH Majalwuiero 4 0 - ¢
Jyua co chepHUeCcKOH NOBepX-
HOCTbIO Ha BhIcoTE ki, TOUKa C— ' '

LEHTD KPHBH3HBE cepbl) Cle- /

AyeT, 4TO
sine = (g/r)sing,  (15)

Puc. 15. Otpaxenue nyya BOrHyTOft Chep-
rpe ¢ =r —s. 4eCKOf TOBEPXHOCTHIO
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Puc. 16. OTpaxeHue ayya BHNYKJIOR chepHueCKOR NOBEPXHOCTHIO

[To sakoHy orpamenus & == —e. M3 A AMA’ umeem
o =0+ 2 (16)
Hs A CMA’' nonyuum
¢ =rsine/sing’. an

Hasi BHIUHC/IEHHST OTpe3Ka §', ONpeXe/sIONlero MHOJoXKeHHe Tou-
KH A’ — n3obpaxenus TOukH A, HCIOJb3yeM PaBEHCTBO

S=r—g¢q. (18)

HUs dopmya (15)—(18) cienyer, 4to oTpesoK s’ sBJsieTcs HeJAUHeH-
Hoit dyHkuue#d yraa o. CrenoBaTennHO, chepuueckas OTpaKaromas
NOBEPXHOCTL He COXPaHsieT IOMOLEHTPHYHOCTH MyYKa JydYyeH nocie
€ro OTpa’KeHH.

BricoTy A nagenus jqyua HaxoIsT no Gopmyiie

h =rsin¢ = rsin (¢/ — ¢').

B Ttex ke o603HaueHHsAX, UTO M Ha puc. 15, Ha pHuc. 16 nokasaHo
OTpa)KeHHe Jyya OT BBIIYKJOH chepHueckoi moBepxHocTH. Omnpene-
asiemble dopmynamu (15)—(18) sHauenns o’ U s ABASIOTCH HCXOLHBIMH
L5 pacyeTa XOia Jyuel yepe3 INOCJEAYIOMYIO OTpaikalollyl HJH
NPETOMJIAIONYIO MOBEPXHOCTL. [IpH 3ToM 0y = of, a s = si —d
(puc. 17). Jlna BbIUHCNEHHUS S, pacCTOsSIHMe d COrJIaCHO NMPaBHJAY 3Ha-
KOB JOJXHO ORITh B3SITO CO 3HAKOM MHHYC.

Puc. 17. Orpaxenue Jyya cHCTeMOR H3 IBYX 3epKaa
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11. Ilpenomaenne ayyeit HecdeprHyecKoH NMOBEPXHOCTLIO

[TpeumymmecTBa, KOTODHIMH O0JARaIOT ONTHYECKHE CHCTEMh! C He-
chepHUECKKMH NTOBEPXHOCTAMH BCJEJCTBHE HaJNHYHS Yy HHX JONOJHH-
TEJbHBIX N0 CPaBHEHHIO ¢ OObIuHOH chepHUIeCKOH ONTHKOH pacyeTHHIX
napaMerpoB, LOCTATOYHO INHPOKO M JABHO H3BeCTHH. TPYHHOCTH H3-
TOTOBJIEHHS H KOHTPOJS Hec)epPHYECKHX IIOBEPXHOCTEH YCHEUIHO
npeogonesatorest [11, 271].

HaunGosiee npocTHIMH B H3TOTOBJEHHH H NOSTOMY ualie APYTHX
NPUMEHSAEMEIME B ONTHYECKHX CHCTEMaX SBJSIOTCHA NMOBEPXHOCTH BTO-
poro mopsiika (nmapaGoJoul, SJAJHICOHA, rHnepbosonn). PacecmoTpum
IpEeJOMJIeHHE JyueH MOBEPXHOCTHIO BTOPOrO MOpPSiAKa, MEDPHAHOHANb-
HOe CeyeHHe KOTOPO¥ IOKasaHo Ha puc. 18.

M. M. PycuHoB 145 onpefefeHHs XORa Jyda IIocJe €ro npeaoM-
JIEHUSI IOBEPXHOCTbIO BTOPOTO NOPSAKA NPEJIOXU/I Crocol, OCHOBAH-
HHIH Ha pelleHHH CHCTeMbl M3 XBYX ypaBHenu#t [30]. Onunm H3 ypas-
HEeHH} CHCTeMbl SIBJseTcH ypaBHeHHe NpOdHU/Ig MNOBEDPXHOCTH, APY-
THM — ypaBHeHHE NpsAMOfH — Jyya, Najalollero Ha 3Ty IOBEPXHOCTh.

Ecan ypaBHeHHe npothuisi noBepxHocTH, BepmHHa O KoTOpo#t
COBTIafiaeT C HayajoM KOOPIMHAT, 3ajaHO B BHJE

¥t = a2z + a,2* (19)

(cnydalt @, <{ 0 COOTBETCTBYeT SJJIHNCY, @ > 0 — runepboie H
a, = 0 — napabone), a ypaBHEHHe Jyua — B BHJIE

y=az+ b, (20)
TO TOCJTE HMCKJIOUEHHs OPIAHHATHL INOJydYaeM
a*2? + 2abz + b? = a2z + 0,22,

a NpH HCKJAIYEHHUU abCciuccH 2 —
b —b\2
y=a it 4o (42). @1

Tak kax aScumcca z TOukKM M BCTpeuH Jyya C NOBEPXHOCTBIO
o6bluHo Mana (o abCcOMIOTHOMY 3HAUeHHIO), TO I/s BGoJblleH Toy-

Puc. 18. [MpesoMmaetue Jyua NOBEPXHOCTBIO BTOPOTO NOPSAKA
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HOCTH BLIUHCJIEHHA Uelecoo6pa3HO OPAHHATY y ONpelessiTb H3 ypas-
nenus (21):

a6 —2a,b + a Val — 46 (a,a — ayb)
y - 2 2 (az__l__az) 1 2 . (22)

Kosdopumuentn a u b, Bxoasmue B ypaBHeHHe Jayua (20), coot-
BETCTBEHHO pAaBHHI

a= —tga = s tgo. (23)

3xauenue Koshdunuenta a, B ypaBreHHH (19) paBHO yABOEHHOMY
pafHycy KDHBOH MEpHAHOHAJLHOI'O CEUeHHs B ee BeplIHHe:

a; = 2r,. (24)

YuutniBas (23) u (24), ypaBHeHHe (22) MOXHO 3amHcaTh B cJe-
IyiomeM BHAE:

14 (s/ro) aa = VT (s]r) [2 F (7o) Ga] 1820
y = o} G2 a,/tgo—otgo o) @3 . (25)

A6ciicca 2 TOUKH BCTpeud onpefesseTcs no ypaBHeHHIo ayya (20).
Ecuan mepuanoHanbHOe ceyeHHe NMOBEDPXHOCTH NMPEACTaBIsAET COGOH
napa6oay, 1o pewenue (25) Oyner 6oJjiee NMPOCTHIM, 8 HMEHHO:

y=—(ro/tgo)(1 £ V1 + 2 (s/ro) tg20)-

Tlpy H3BeCTHBIX KOOPAMHATAX Z H Yy TOYKH BCTpeuH M yroua ¢
MeXIy HOPMaJibIo K NOBEPXHOCTH B 3TOH Touke H ochio OZ mosydaercs
43 BeipaxeHus tg ¢ = 0z/Jy, xoTopoe B ofiieM ciydae GYAET HMETb
BHX:

tg ¢ = y/(ay/2 + a52) = ylro + a52). (26)
Us puc. 18 Haxonum, 4TO
gE=0—q, (27)

B cooTBercTBUM C 3aKOHOM NPEJOMJEHHS YroJ IpeJoMJeHHs &
pacCUHTHIBAIOT mo ¢GopmyJe

sing’ = (ny/ny) sine. (28)
Yroa o' MeXAy NPEJOMIEHHBIM JYYOM H ONTHYECKOH OCbIO
o =¢+¢. (29)

Orpesok §’, onpeleisiomuii noJyoxeHue H3o6paxkeHHs A’ Tou-
k1 A, Oyler paseH
s =yitgo’ +z. (30)

Takum of6pasoM, nocneloBaTe]bHOE HCNOJb30BaHHE MOJYYeHHBIX
¢dopMyJ LaeT BO3MOXKHOCTb PElIHTb 3aayy pacyeTa Xoja Jyya nocje
ero IpeJOMJEHHS TOBEPXHOCTHIO BTOPOro NOPSNKAa. JTOT XKe Crnocob

25



Puc. 19. OrpaxeHue nyua no-
BEPXHOCTBIO BTOPOro NOPRAKA

NPHMEHHM H JJIs1 HOBerHOCTeﬁ BBICILIHX NOPAILKOB. HCXO}IHBIMH JAaH-
HBIMH A/l TIOCJTEAYIOImE# IOBEPXHOCTH SBJSAIOTCA NOJYYeHHHE 3Ha-
UEHHS Op H Sp; Opg1 == Ok H Sppy = Sp — dp.

12. Orpaxenne oT HecdePUYECKHX NOBePXHOCTeH

Jns pewmeHHs 3afaud onpefeseHHs NOJOXKEHHS Jyua,
OTpaKeHHOTo OT HecthepHUecKO# IOBeDXHOCTH, B INEPBYIO Ouepelb
cIefyeT HaHTH KOODJAHHATHl TOUKH BCTPEUYH STOIO JyYa C 3afaHHOM
HechepHUYECKOH IMOBEPXHOCTbIO, HaNpHUMep, CIOCO60M, H3JIOMKEHHBIM
B 1. 11. 3areM ucnoab3yior popmyan (26)—(30), npu stoM dopmyay
(28), oTHOCsAMYIOCS K CJY4Yal0 NpeJIOMJIEHHS, HeOOXOLMMO 3aMEeHUTh
PaBEHCTBOM &' = —&.

PaccmoTpuM oOTpaxkeHHe Jyuya IIOBEPXHOCTBIO BTOPOro MOPSIAKA,
MepHAHOHAJbHOE CeYeHHe KOTOPOH NOKas3aHO Ha pHc. 19. YpaBHeHHe
5TOTO CEUEHHS HMeeT BHA:

Yy = a;z + a2

Jlyu AM Bcrpeyaercs ¢ noBepXHOCThIO B TouKe M ¢ KoopaMHa-
TaMH 2 4 y. [locsie oTpaxeHHs STOT JyY B NEPECEYeHHH ¢ ONTHYECKOH
ocbio (ocs OZ) naer touky A’ — usobpaxenue Toukd A. ¥Yroa ¢
MEXIy HOpMaJbio B TouKe M KpuBO# H ocbio OZ BHYHCJASIOT 1O (op-
Mye (26). Yroa namesHs Jyua € = G -— Q. Yroa OTPaXeHUs J1yua
g = —s. yI‘OJI MEX]Y OTDAXXEHHbIM JIYYOM H OCbIO o =¢+ ¢.

Orpesok s’, ONpefensOMUi NOJNOKEHHE TOUKH A’ OTHOCHTE/IBHO
BepiunHel O OTpaxaiouied MOBEpXHOCTH, paBeH

! = y/tg o’ + 2. 31
®opmy.a (31) no BHemHeMy BHIY TaKasl Xe, Kak H ¢opmyJa (30).

Koopannatel z ¥ y Aas ¢opmyas (31) onpenensioTcs Beipaxe-
Husamu (20) u (25).



T'aasa IIl
UAEAJIbBHAS ONTUYECKAS CHCTEMA

13. TlonsaTHe 06 HjeaJbHOH ONTHUECKOM CHCTeme
H ee cBofcTBa. JlMHeHHoe yBeiHueHMe

Hoearvrnotl onmuueckoll cucmemoti Ha3bIBAIOT ONTHYECKYIO
CHCTEMY, 0TOOPaXKaoMyl0 KaXaylo TOUKY NmpeiMera TOYKOH H coXpa-
HAMYIO 3ajaHHbll Maciitab H3o6paxkeHHs. B jpeficTBHTENBHOCTH
jaxe 6e3 yuera IM(QpPaKUHH, KaK IPaBUJIO, peasbHbIE ONTHYECKHE CH-
crembl He ofecrneunBalOT 00pa3oBaHHsi abCOJIOTHO peskoro Haobpa-
JKEHHS W €ro IOJHOIG COOTBETCTBHS IIpeiMery.

IIpH cO31aHMH ONTHYECKOH CHCTEMBI C JONYCTHMBIMH OTCTYILJE-
HHSIMH OT HJCaJbHOH HCIIOJIb3YEeTCH NpeACTaBJeHHe 06 HIAealbHOM
Hu300paxKeHHH, I0Jy4aeMOM MHpH JHeHCTBHH HIOEaJbHOH ONTHYECKOH
cucrembl. UTo6pl Takag cHcTeMa IpeBpalilasia FOMOLEHTPHUYEeCKHH Iy-
YOK Jy4eH NMpocTpaHCTBa NPEAMETOB B IOMOLEHTPHYECKHH NYYCK Jy-
uyefl mpocTpaHcTBa H300paKeHuH, HEOOXOAHMO BHINOJHUTHL CJELYIO-
ImHe YCJIOBHA:

Kaxlo# TOYKe INpPOCTPAHCTBA HPEAMETOB [OJIXKHAa COOTBETCTBO-
BaThb TOUKa IPOCTPaHCTBA H300paKeHHH;

KaxJaoH NpsAMOH NPOCTPAHCTBA NPEAMETOB [OJKHA COOTBETCTBO-
BaTh MNpsMasi NPOCTPAHCTBA H306paxeHHH.

Taxne COOTBETCTBYIOMmIHE APYI APYry TOYKH H npsMbie (B TOM
yHCJe H JYUYH), HaXoAsiiuecs B Pas3HbIX NPOCTPAHCTBAX, HA3bIBAIOT
CONDPANCEHHBIMU.

Cnenyer HanoMHHTb, YTO H NPOCTPAHCTBO IPEAMETOB H NMPOCTPAH-
CTBO H300paxKeHUH 3ano/HSIOT BCEe NPOCTPaHCTBO.

Junelnon yeeauneruem  ONTHYECKOH CHCTEMBI HA3LIBAIOT OTHO-
HIeHHe JHHeHHOro pasMepa H3oOpaxkeHHUd, NEepHeHJHKYJIsPHOro K ofl-
THUYECKOH OCH, K COOTBETCTBYIOLIEMY pasMepy NpeiMeTa, Takxe Iep-
NeHIUKYJAAPHOTO K ONTHYECKOH OCH;

B=y'ly.
Jns HueanbHBIX ONTHYECKHX CHCTEM C KPYroBOA CHMMETpHel
JIHHEHHOE yBeJHYeHHe NMOCTOSIHHO B IpefesaX Bcero moJs H3obpaxe-
Hus. JI15 ONTHYECKHX CHCTEM JIBOSKOH CHMMETPHH JHHeHHOe yBesu-

YEeHHE DA3JIHYHO B IBYX B3aUMHO MEPHNEHAUKYJAPHBIX HANPaBJACHHAX
MJIOCKOCTH H306pa)K€HHH.

14. KapauHajbhble 3JeMEHTH HAeajJbHOR
ONTHYECKOH CHCTEMB

Cpenyt MHOXKECTBA TOYEK NMPOCTPAHCTBA MPEJMETOB HMEIOTCH
feckoHeuHO yJajeHHble TOukH. Kaxjgas O6eCKOHeyHO ygpaneHHas
TOYKa NPHHAAJEXHT NMYYKy MapajjeibHbiX NPAMBIX (MYYOK napalt-
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Puc. 20. KapaxHanbHble 371eMEHTH ONTHYECKOA CHCTeMhl

JeJbHBIX TPAMBIX Tnepecekaercs B OeCKOHEYHO YAaN€HHOH TOdY-
Ke).

MuoxecTBoM 0€CKOHEYHO YJaJIeHHBIX TOYeK fiB/sieTcs GeCKOHEYHO
ylaseHHas! IJOCKOCTb. BosbMeM B 3ToM NMJIOCKOCTH TOUKY S, npHHan-
Jexamyio onrtuyecko#t ock (puc. 20). M3 ToukH S HCXOAMT NyyoK
napanJeJbHBIX JyuyeH, KaXIblf H3 KOTOPLIX NapaJsjieseH ONTHYeCKOH
OCH, MNajarmMx, HanpuMep, Ha NPEeJOMJSIONLYIO TOBEPXHOCTb I
OCeCHMMETPHYHOH ONTHUECKOH CHCTeMbl. DTa CHCTeMa, €eCHH OHa
HleatbHa, B NMPOCTPaHCTBe H306paxkeHuil obecrneyuT noJayyeHue oce-
BO# ToukH F', conpsixkeHHOH ¢ GeCKOHEUHO YAaleHHOH 0CeBOH TOUKOH.
Touky F’ HasbBAIOT 320MuUM HOKYCOM ONTHYECKOH CHCTEMBL.

[TiockocTh, MpoxoAsuIyo uepes 3afHK# HOKYC NMepneHAUKYIsPHO
K ONTHUYECKOH OCH, Ha3bBalOT 3a0Hell (oKaibHoll nAOCKOCMbIO ONTHU-
YeCKOH CHCTeMBI.

JelficTBHe ONTHUECKOH CHCTEMbI M3 ¢ NpPeJOMJAAIOUIMX H OTpa)xalo-
IIHX MOBEPXHOCTEH MOXKHO paccMaTpHBAaTh KakK JAeHCTBHE HEKOTOPOH
napbl  YCJOBHBIX CONPSKEHHBIX ILIOCKOCTeH, IepleHAUKYJISPHBIX
K ONTHYEeCKOH OCH, JIHHeHHOe YyBeJHYeHHe B KOTOPHIX P = -1
(puc. 20). OnHy M3 3THX MJIOCKOCTEH HAa3BIBAIOT 3adHell 2Aa8HOL nAo-
CKOCMbI0 ONTUYECKOH CHCTeMBbl, a TOUKY [’ ee mepeceueHusi ¢ onTHye-
CKOH OCbI0 — 3a0Heil 24a8HOU mO4KOU ONTHYECKON CHCTEMBI.

[Nonoxerne 3anHel raaBHON IVIOCKOCTH onpefessiercs Toukoid D'
nepeceueHnsl NPOAOJIKEHHS Jyda WM CaMoro Jyya, HAymero na-
paljieNbHO ONTHYECKOH OCH B MPOCTPAHCTBe MpeaMeToB, € NpoO-
JOJIKEHHEeM 3TOro e Jydya HJH CaMoro Jyua, NpOWIeAiiero ONnTHYe-
CKYIO CHCTEMY H 00pasylomero B MNepeceyeHHH C ONTHYECKOH OChbIO
saguuit doryc F’.

Paccrosinue [ Mexay sazdell riaBHolt Toukodt H' ¥ 3agsum doky-
coM F' HasblBAIOT 3a0HUM (DOKYCHbIM pPACCMOAKUCM ONTHYECKOH CH-
CTEMBI.

[IpuBefieHHbIE ONpENeJeHHsT MOXHO OTHECTH H K cayyawo obpar-
HOTO Xo0jJa Jyua yepe3 ONTHYECKYIO CHCTeMy, T. €. Jydelf, HAYWIHX
cnpaBa HaneBo. B 3TOM ciyuae APYTYIO MJIOCKOCTb, CONPSXKEHHYIO
¢ 3anHelt TJIaBHOH T/IOCKOCTBIO (B Oo6paTHOM Xole Jydel), Ha3bBAOT
nepedretl eraeroti naockocmeto, a Touky [l ee nepeceuenus ¢ onrtuue-
cKofl ocbhlo — nepedneti eaasnotl moukod. IlonoxeHnue nepeaHei riae-
HOH TNJIOCKOCTH ONpEefesisieTcsl TOYKOH nepeceyeHHsl MPOAOJIKeHHS
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Jyya WIH caMoro Jiyya B OOpaTHOM Xofie (CHpaBa HaJseBoO), HAYIEro
napalie/lbHO ONTUYECKOH OCH, C NMPOAOJKEHHEM 3TOTO XKe Jyda HJH
CaMoro Jydya, NPOWIEAIIErO ONTHYECKYIO CHCTeMY H 00pasymolero
B IIePECEYEHHH C ONTHYECKOH OChbI0 nepexnuil okyc F B NpOCTPaHCTBE
npenMeros. C dokycom F conpsixeHa GeCKOHEUHO yAajeHHas Touka S’
ONTHYECKOH OCH B NPOCTPAHCTBE H306pakeHHH.

IliockocTb, NpPOXOASAHIYIO 4Yepe3 NepeZHHH (POKYC NepNeHAHKY-
JISPHO K ONITHYECKOH OCH, Ha3mIBaIOT nepednel (hokarbrot nA0CKOCMbI0.
Paccrosigue f oT nepennefi riaBHOH TOYKH 10 mnepeiHero Qokyca
ABJACTCS NEepPeOHuUM (POKYCHbIM PACCMOAHUEsM ONTHUECKOH CHCTEMHI.

Doxycnl, GokaabHHE IJIOCKOCTH, IVIaBHLIE IJIOCKOCTH, IJaBHbIE
TOUKH M (OKYCHEHIE PACCTOSHHS HA3BIBAIOT KAPOUHAAOHOIMU INCMEH-
mamis ONTHYECKOH CHCTEMBI.

Ha puc. 20 mokasanul 1Be napel CONPSAKEHHBIX JydYeHd M HX NpoO-
Jonxenusi: SD u D'F’; FD u D'S’. CnenoBatenbHo, ToukH D u D',
HaXoIAIMecs Ha IVIaBHBIX IJIOCKOCTSIX H PacloJoXeHHbie Ha ORHOM
H TOM K€ PacCTOSHHH B OT ONTHYECKOR OCH, MOJyUEHHbIE KaK nepece-
UeHMS Haphl Jyyel, CONpAKEHHBIX C APyro#f mapoH, Taxxe SBJASIOTCH
conpsxenHeiMH. OTCI0ja c/JeRyeT NOATBEPKIEHHE TOTro, YTO JHHEHHOoe
yBeJHUEHHe B IVIaBHLIX IJIockocTsX B = -1, cienosaresbHo, 3afHAsA
rnaBHas Toyka [’ saBnsercs wu3o6paxeHueM repeiHel TIJaBHOH
ToukH H.

TakuMm o6pasoM, riaBHHE MJOCKOCTH MOXKHO ONpPENENHTb Kax
IIOCKOCTH, B KOTOpHX P = 1.

ITpu BrICOTE h MajeHus Jyueld B npsmMoM 1 o6paTHoM xoxe (puc. 20)
nonyyaem cienylouue GOpMyJn I onpefeaeHHst (QOKYCHBIX pac-
CTOSIHHE:

f*=hitgoy f=~h/tgoy, (32)

rie O — yroJ MexAy JyuyoM, NpPOIIEAIIMM ONTHYECKYIO CHCTEMY,
H ONTHYECKOH OChbl0 B IpPOCTPAHCTBe H300paxeHu# (HpAMOH Xof
Jyua); G — YroJ MexLy JY4oM, NPOIIEAINIHM ONTHYECKYIO CHCTEMY,
H ONTHYECKOH OChIO B IPOCTPAHCTBE NpeaMeToB (0OpaTHBIH XOf Jayua).

Ilpu manoff BeicOTE h MajieHHs Jyuel NPH NPSMOM H oOpaTHOM
Xole ¢opMyJan AJasi pacueTa HOKYCHEIX PacCTOSHUH NPUHUMAIOT BHA:

f=hiog [=hor (33)

HeasbHYI0 ONTHUECKYIO CHCTEMY MOXKHO HPEACTaBHTb GeCKOHEYHO
TOHKO#l. B aTOM cayyae nepenssii M 3aJHsAsl TIJIaBHBIE IVIOCKOCTH
COBIANalOT, YTO OTBEYaeT YCJOBHIO paBeHCTBa -1 JiHHEHHOro yse-
JIMUEHHS B TJIaBHBIX IJIOCKOCTSIX. Ha BXoA Takofi HAealbHOH oNTH-
4eCKOH CHCTEMBl, 3aflaHHOH COBMEIeHHHIMH TIJIaBHHIMH IJIOCKOCTSMH,
nepefHEM f u 3anHUM f' DOKYCHBIMH DACCTOSHHSIMM H pasfeisiomeit
CPelBl C MNOKasaTesJIMH NPEJOMJIEHHS fy H fg,, MOCTYNaeT NY4YoK
napajJeJbHBX Jyuell noJ MaJbiM YIVIOM O K ofTHYeCKoH ocH (puc. 21).
STOT NYYOK BHIXOAHT H3 ORHOH G6eCKOHEUHO YjAasleHHOH Touku B
NPOCTpaHCcTBa npesnMeToB. Jlyu ] myyka NpOXOAMT yepes mepenHHH
toxyc F. Tlocne pmeficTBHS ONTHYECKOH CHCTEMBl OH IMOHAET napal-
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JEeNbHO ONTHYECKONW OCH H me-
pecever 3ajHIOI (OKaJbHYIO
NJOCKOCTs B Touke B', aBjsn-
woueAcst usobpaxenuem Oec-
KOHEYHO yJHaneHHOH TOoukH B.

Jlyy 2 npoXonuTt uepes cos-
MelleHHble TJaBHbHE TOYKH
(Touxky H), 06paays ¢ onThuec-
Puc. 21. Xon napanneasnoro nyuka nyseli ~KOH OCbIO yroq MNajicHus e,
Yepes HIEAABHYI0 ONTHYECKYIO CHCTEMY paBHbf yray o. OtmeTuMm, 4TO

OTITHYECKAs] OCb SIBJseTCS HOp-

MaJibio KO BCEM MOBEPXHOCTSAM UEHTPHPOBAHHOH ONTHUYECKOH CUCTe-
Mbl, BEPILHHBI KOTOPHIX B cJyuae GecKOHeYHO TOHKOH CHCTEMBI COB-
napaot ¢ Touko#d H. Tlocae neficTBHa ONTHYECKOH cHCTEMBl Jyd 2
npofizeT uepes Touky B’, o6pasys ¢ ONTHYECKON OCbIO YroJ IpesoM-
saeHust &',

M3 nocrpoennit, BeinosHeHHbIX Ha puc. 21, Haxopum, uto | FB;| =
= |HK| = |F'B’|, cnenoBarensHo, — ftge = f tge'.

[Tpu & — 0 yroa &' —> 0, M NO3TOMY HpPH MajblX yrjiax & u &'
—fsineaf sine’. Tak Kak no sakony npesoMmiesus sin e/sin e’ =
= fga/th, TO

—fif = nyfg.. (34)

[losyyeHHOe paBeHCTBO MO3BOJseT cle/aThb CJELYIOUIHH BHIBOJ:
OTHOMIeHHe (QOKYCHBIX pAacCTOSHHMH HAealbHON ONTHUUECKOH CHCTEMB
C NPeNOM/ISIOMMMH NMOBEPXHOCTSAMH PaBHO OTHOIIEHMIO MOKasaTeseH
IIpEJIOMJIEHHS] COOTBETCTBYIOIIHX cpell, HaXOAAIIHXCS Mo ofe CTOPOHH
OT ONTHYECKOH CHCTEMBbI, B3ITOMY CO 3HAaKOM «MHHYC», KOTOPHH
yKasblBaeT Ha pacnosoxenue PokycoB F u F' 1o pasHele CTOPOHB! OT
COBMEIIEHHOro MOJIOXKEeHHS TIJIaBHBIX IIJIOCKOCTEH 3TOH CHCTEMBHL.

B Tex cayuyasx, Korja onTHyecKas cucTeMa HaXONMTCH B ONHO-
ponHofi cpepe, Hampumep B BO3RyXe (3 = fgy = 1), [ = —f,
T. €. 3ajHee H nepexHee GOKyCHBE PACCTOSHUS PaBHBI 110 a6COMIOTHOMY
3HAYEHHIO.

15. 3aBHCHMOCTH MEXLY MOJOKEHHSIMH
¥ pa3MepaMH npeaMeTa M H300paKeHHs

Ona nonyuenus saBucuMocTeff, [0 KOTOPBHIM ONpPEALJSIOT
MoJICKEHHS! H300paxeHHH TOUeK, JIeXaluX Ha ONTHUYECKOH OCH, pac-
CMOTPHM BHITONHEHHOE Ha pHC. 22 MOCTPOeHHE NOJOKEHHs Toukd A,
ABJsIomelica u3obpakeHHeM oceBodl Toukd A, o6pasyeMblM Hiealb-
HOH ONTHYECKOH CHCTEMOH, 3aJaHHOR KapAUHAJbHBIMH 3JIEMEHTAMH.
Ilpenmer (oTpe3ok y), NMeplneHIHKYJISPHBIA K ONTHYECKOH OCH, HMEET
ocHoBaHHeM Touky A. Msobpaxenue toukd B, mpeacraBasiomen
co6oil pasMep npegmera y, mosayuaercs B Touke B’ nepeceuenus AByX
Jydeit B INPOCTPaHCTBe H300paXKeHHH, CONPAXKEHHHX ¢ Jydamu
B NPOCTPAHCTBE NpPEAMETOB H NDPOXOAAUHX uepea Touky B,
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Puc. 22. Cxema ans BmBoAa Gopmys HbloTOHa H 0Tpe3KOB

Jlya I’ B mpocTpaHCTBE NPEAMETOB MapasiieseH ONTHYECKOH OCH.
Ha saguei riaBHO# miockocTH B Touke M’ OH MeHser cBoe Hanpas-
JleHHe, H B NPOCTPAHCTBE H300paKEHHH CONPAXKEHHBIH C HUM Jy4 [
npoxonut uepes Goxyc F’. Jlyd 2 B npoCTpaHCTBE NIPEIMETOB NPOXO-
IHT yepes Touxy B u nepeanuit poxyc F. B rouke K 3TOT J1y4 MeHsET
CBOe HanpaBJeHHe, H B NPOCTPAHCTBe H306paxeHHH ¢ HEM Oyjer
conpsiKed ayu 2', napaniebHeli onTHueckoH ocd. TaxuM oGpasom
nosnyyaercss Toyka B’ — H3o6paxkenne Touku B.

Jlyun 1 # 2, Xo& KOTOPHIX uepe3 CHCTeMY H3BECTeH, Ha3blBaioT
BCIIOMOTaTe/IbHBIMH.

Tak Kak NpeaMeT NepHeHIHKYJsipeH K ONTHYECKOH OcH, TO ero
MPONOJIKEHHE TepeceKaeTcs ¢ NepefHell raBHOM MJIOCKOCTBIO B Gec-
KOHEYHO YAaJeHHOH TOuKe, H300paKeHHe KOTOPOH pacrosiaraercs
TaKXe B OeCKOHEUHO YyJaJeHHOH TOuKe 3afHeH TIJIaBHOH NJIOCKOCTH
(B = +1). CrenosatenbHo, H3oOpaxkeHHe NpeIMeTa JIEXKHT Ha Nps-
MO#, NpOXOoZAsilell uepe3 3Ty OeCKOHEYHO YyJasleHHYyI0 TOUKYy H TO4-
Ky B’, 1. e. Ha npsMoli, nmapajsespbHOR 3aiHel IJABHOH IJIOCKOCTH
H COOTBETCTBEHHO NMEpNeHAHKYJNAPHOH K onTuyeckol ocu. Takum oG-
pasoM, uaobpaxenue orpeska y (orpesok —y' = A’B') nepmes-
IHKYJISPHO K ONTHYECKOH OCH, a TouKa A’ sBasercs usobpaxenneM
ToukH A

[Tonoxenue ToukH A OTHOCHTeJbHO mepenHero doxyca F ompe-
JleNIsieTcsl OTPe3KOM —z, NOJOMeHHe ToukH A’ OTHOCHTENbHO 3af-
Hero ¢okyca F’ — orpeskoM 2.

U3 paccMoTpeHHs JBYX Nap NOAOCHBIX NMPSIMOYTOJIbHBIX TPEYToMb-
HHKOB chepyer: —y'/y = —f/—z = 2'/f’. Orciopa noaydyaem BhH-

paxeHue
22 = ff, (35)

KoTopoe HaswiBawor gopmyroid Hewomona.
Ecau onTHyeckas cHCTeMa HaXONMTCS B OJHOPOAHOH cpefne, TO
f' = —f lcM. paBencrso (34)] u dopmyna HbioTOHA MOMYYHT BHA:

(36)
31

22 = — f’z.



Tlonoxenne Touek A H A’ OTHOCHTEJNBLHO TJAABHLIX IJIOCKOCTEH
OTpelesHM OTPE3KaMH a H a4’ COOTBETCTBEHHo. Tora 43 pHc. 22 Ha-
XomauM, uto z =a —f ¥ 2’ = a’ — f’. TloAcraBasis 3TH paBeHCTBa
B dopmyny (35), NOAYyUHM BhIpa)KeHHe IJIs1 ONpeleseHHs IOJIOXKEHHS
CONPSAXKEHHEIX TOYEK ONTHYECKOH OCH:

fla"+fla=1, (37)

KOTOpOe HasblBAIOT Popmysol ompeskos, WM ¢opmyrol Iaycca.
Ilpu f = —f’ dopmyna (37) umeer BHA:

l/a’ — lja = 1/f". (38)

Kaxpasa us dopmyan (35)—(38) npH COOTBETCTBYIOMUX HCXOMHBIX

JaHHBIX [O3BOJISIET ONDENeJHTh I[OJOXKeHHe H300paXeHHd OCeBOH

TOUKH. DTa e 3ajaya pellaeTcss IPH HCHONb30BAHHH BhIpaXKeHHS
JuHelHoro ysenuuenusi P. M3 puc. 22 caenyer, uto

B=y'ly=—fz=—2If. (39)
3amenum B dopmy.e (39) zm 2" Haa — f u a’ — f' cooTBercTBEHHO.
Torna
a=(p—1)f/P=(n/ng.) (1 —B)f/B: (40)
a =(1-p)f. (41)
Ipu 7, = nga ,
a=(1—pB)f'/p. (42)
Ecini noJioxeHue TpejMera — OTPe3Ka y, HepHeHJHKYJISIPHOTO
K ONTHYECKOH OCH, — 3ajJaHO, HampUMep OTPe3KoM d, To H3 dop-

myanl (40) uiu (42) nosyuaeM 3HaueHHe JHHefiHOro yBesauueHus f,
a u3 dopmysn (39) — 3HaueHue y’, T.e. pasMep H300paKeHHS.
O603RauuM pacCTOSHHE MEXIY NJOCKOCTAMH NpeaMeTra # usobpa-
xenusa (Mexny ToukaMd A u A’) uepes L, MeXIy IVIaBHBIMH IJI0CKO-
ctamu (Mexnay toukamu H u H') uepes Apy-. Torga npu H3BeCTHHX
3naueHuax L, Ayy- 1 B = y'/y npu n; = ng,; NONYUHM:

fr=-~(L—Axzu)BIl —B)% (43)
@' =— (L — Ann’)B/(1 —B); (44)
a=—(L—Axg’)/(l —B). (45)

16. ¥YraoBoe ypeiHueHHe., Y3J0Bble TOUKH

Yerosoum yeeruveruem Yy ONTHYECKOH CHCTEMBl Ha3blBAIOT
OTHOIlIEHHE TaHIeHCa yrJa MeXAy JY4OM H ONTHYeCKOH OCbi0 B NpO-
CTPaHCTBe H300paXKeHHH K TaHI'EHCY CONPSAKEHHOTo C HHM yTJia B Ipo-
CTPaHCTBE NpefMeTOB:

v =tg og/tg 1. (46)
st GecKOHEYHO TOHKOH HMJEaJbHOM ONTHUECKOHM CHCTEMBI
(puc. 23) y = a/a’.
Hcnonpsys dopmyan (40) u (41), moayuaem

Y = (ni/ng.) (1/B)- (47)
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Puc. 23. Cxema 21 BHBOAA HOPMYS YIIOBOTO yBeJHUEHHS

Iia ontuueckod cHcTeMel, Haxoxsmiefica B OLHOPOZHOH cpele
(ny = ng.), yraoBoe ysesnnueHHe 0GPATHO MPONOPLUHOHANLHO JIHHEH-
HOMY YBEJIHYEHHIO.

Touku npexvera ¥ M300pa)keHus, JeXaliye Ha ONTHYECKOHR OCH,
AJsl KOTOPHIX y = -}1, HasblBaOT Y3406biMU MOYKAMU ONTHYECKOH
CHCTEMBI.

W3 dopmyasl (47) BeiTeKaeT, uTO Y3J0BblE TOYKH COBMNAfAIOT
¢ raaBHeMH (B = -+1) B ToM cayuyae, KOrja OnTHUeCcKasi cHCTeMa
HaXxoJMTCS B OJLHOPOJLHOH cpeje.

Ecau onTuueckas cucrema pasfensieT cpelbl ¢ PasHbIMU T0Kasa-
TEJSIMH HPEJOMJIEHUS Ny M Mgy, TO IpH B = -f1, T. e. B IVIaBHHIX
IJIOCKOCTAX (CM. pHC. 22), W MajBX yrjax ¢ 4 @’

Vanr = 1€ 0 g 0 & nyfngyy = — fiF'. (48)

[lnockoctH, NPOXOAsIME Yepe3 Y3JIOBHE TOUKH NEPHEeHAMKYJISAPHO
K ONTHYECKOH OCH, HashIBAIOT Yy3406biMU NMAOCKOCHAMU.

Hailinem noJioxkeHHe 5THX IVIOCKOCTEN IJsi ciaydasi, Korja f, =
7+ ng41-

Ha puc. 24 nokasano mosoxenue (okycoB F ¥ F' OTHOCHTENbHO
rIaBHBIX Touek H u H'.

[Monoxenre ysnoBbix Towek N (mepenaneit) u N’ (3amHeit) oTHOCH-
TeNbHO (DOKYCOB ONMpefesieTCs OTPe3KaMH zy ¥ zZi-.

Vs ¢opmyner (47) mpu y = +1 caenyer: PBwn- = —f/f’; Kpome
Toro, u3 QopMyJnl (39) Haxomum:

Byn- = —2zn/f = — [lzn.

[ostomy 2y =f u 2y = ['.

Ayy!
m ”qfl
F H I F’
—-ﬁ*lq)——o—-fi

Zy -Zy!

-F £/
-
Aww’
Puc. 24. Y3n0BHe TOukH onTHYECKORN CH-

CTEMH
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Paccrosinue Ayny: MeXAy Y3/IOBHIMH TOYKaMH OMNpENeNseTcs M3
paBeHcTBa (CM. DHC. 24)

— [+ Anpr+f =2n 4+ Buwr — 2ie,

rie App+ — paccTrosHHe MeXAY TIJIaBHRIMH TOYKAaMH (TJIaBHBIMH
NJOCKOCTSIMH).
Taxk Kak zy = f', a 2y» = f, 10 Ayn- = Aggr, T. €. pacCTOsiHHE

MeXJy Y3JOBBIMH TOUYKAaMH PaBHO pacCTOAHHIO MeEXNY TIJaBHbIMH
TOUKaMHu.

17. IlpomoanHoE yBeJHYEHHE

IlpodorvHoin yeeruveruem o ONTHYECKOH CHCTEMBl Hashl-
BAlOT OTHOIIeHHe GECKOHEYHO MaJsoTo OTpe3Ka, B3ATOro BAOJb OMNTH-
yecKo# OCH B NpOCTpaHcTBe M300pa*KeHHH, K CONDPSIXMEHHOMY C HHM
OTpe3Ky B MNpPOCTPAaHCTBE NpenMeroB: o = 0z’/0z.

Ha puc. 25 mokasaHel compsieHHble oTpeskH Az’ u Az, mpenen
OTHOIIEHHS KOTOpeIX npH Az—> 0 M ecTb NPOAOJBHOE YBeJanye-
HHE O,

Ilns HaxoxJeHus oTHoweHHus 0z'/0z npopuddepenunupyeMm ¢op-
myay Hetotona z2' = ff’ mo 2’ u 2

2AZ +2Az=0,
OTKYZa
a = AZ'/Az = —2/a.

Tak xkak 2’ = ff'[z, To

a = —ff'[%,
re —ffz = B; ['fz = —ngafl(me) = ngabn.
Takum o6pasom,
a = nqpn. (49)

CBs3b MeXAy JHHEHHBIM M YIVIOBBIM YBeJHYeHHeM YCTaHaBJIH-
Baetcs GopmyJsioi (47), nosromy us dopmyan (49) nosyuaem ay = f.
JlJIsi ONTHYECKUX CHCTEM, HAXOASIIMXCHA B ORHOPOZHOH cpefe (fg, =
= nl)v a = 52'

] Mg+t

4 F H L_w’ £l 8’
4z |8 f AT 4z’
'f’

Puc. 25. Cxema Ans BLHIBOAA (OPMYJHI NPOAOALHOIO YBEeJHYCHHN
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18. TlocTpoense xona Jy4eilt yepe3d OnTHYECKYIO
cHCTeMy, 3aJaHHYI0 KapAHHAJbHBIMH 3JEMEHTaMH

[Toctpoenne xoma ayuefl Mi1s mojydeduss H3o6paKeHHS
TOYUKH H OTpesKa IpsaMoH, o6pasyeMoro HjiealbHOH ONTHYECKOH CH-
CTeMOH, MOXHO BHIIOJNHHTb, HCHOJB3YySi Pe3y/bTaThl BBHIYHCAEHHH IO
dopmynam (35)—(45).

PaccmorpuM rpaduyeckoe pellleHHe 3afayud onpefejeHHs MOJO-
JKEHUS W pasMmepa H306paxKeHHsi, 06Pa3yeMOoro ONTHYECKOH CHCTEMOH,
3aJaHHOH TIVIaBHBIMH IIJIOCKOCTSIMH M (POKYCHEIMH PACCTOSIHHSIMH U Ha-
Xozsuiefics B ofHoponHo# cpene. I'paduyeckoe nocrpoenue u3obpaxe-
HUi fIBJAsleTCS HATJSJHBIM M BO MHOTHX Ciayuasx ofecrneudBaeT NpH
H3MEHEHWH YCJIOBMH 3aJayd IIPOCTOE TOJNYYeHHE ONTHMAaJbHOTO
peLIeHHs.

[TpuBeneM HECKOJbKO BAPHAHTOB MOCTPOEHHsI H300paXKeHHH, OC-
HOBAHHBIX Ha IOCTPOEHHH Xoja Jyuei. [IpenBapuresbHo OTMETHM,
uto U3 dopmyasl (48) ciaenyer paBeHCTBO YIJOB 0 U O (cM. pHC. 22),
obpasoBanubiX sysamyu BH u H'B’ 1 onTHYecKo# oCbio, IPH YCAOBUH,
4TO CHCTEMa HaXOAMTCS B ORHOPORHOH cpefe (Mg, = n,).

Tpu BapuanTa MOCTPOEHHS H300paKEHHs] TOYKH MNpH AeHCTBHH
ONITHUECKOH CHCTeMbl, HaXOAsIleHcs B OZHOPONHOH cpejie, NMOKAa3aHbI
Ha puc. 26.

llonoxenue usobpaxkeruss B’ Touku B onpepensiercst Kak Touka
niepeceueHust ABYX Jy4ell B IPOCTPAHCTBE H300paKeHHH, NPOXOASIINX
uepe3 Touky B npexaMera. TakuMu JiydyaMH B IIPOCTPAHCTBE IpeIMe-
TOB MOrI'YT ObITh JiydyH ! H 2 H COOTBETCTBYIOI[HE UM B IPOCTPAHCTBE
usobpaxenuft qiyun I° u 2’. D1oT BapHaHT, NOKA3aHHBIE Takxke Ha
puc. 22, He uHMeeT OrpaHHYEHHH B BHJe coOMIOAEHHS PaBeHCTBA INO-
KasarteJqell MPeNOMJEHUS Ay H Ngg.

BTopoli BapHaHT NOCTPOEHHS BHIIOJIHAETCS NpeBeJeHHeM ayueft [
H 8 B nPOCTPAHCTBE NpeJIMETOB H CONpSIXEHHBIX ¢ HuMU Jyuedt [’
u 3’ B npocTpaHcTBe H306paxeHu, npuueM Jyun 3 ¥ 3’ mapanjesbHsl,
TaK Kak YIJoBoe yBeJHyeHHe B [JIaBHBIX TOYKAaX, COBMAJAIONINX
C Y3J0BLIMH, PaBHO €NHHHIE, T.e. 0’ == 0.

B Tperbem BapHaHTE IIOCTPOEHHS HCMOJb3YyIOTCs aydn 2,2 u 8, 3.

Hsobpaxenue oceBoH Touku A, sBAsOmElcs OCHOBAHHEM Iep-

NeRAUKY5pa, ONYIIEHHOro H3 TOYKH B Ha ONTHUECKyI0 oCb, — TOY-
Ka A' — nonyuaercsi Kak OCHOBaHHE NEpPHEHAMKYJSPA, ONYLIEHHOTO
u3 Touku B’ Ha onrtHueckyio ocb (cM. m. 15).
8 1
J '
G 7
2 Al y F’ 4
FNLN W v Tk
Puc. 26. Tpu BapmaHTa nOCTPOERMHS 77
H306paKeHHs] TOYKH INIPH HeHCTBHH
ONTHYECKOR CHCTeMHI, HaxXOoAdiledcs 77 Y

B OZHOPOARHOM cpelle



5 Prc. 27. Ilocrpoemnme

5’ H300paxeHHd TOYKH
D 5 —_ 1 _1__ q IJIs cAydas, KOrjia HMe-
N 7 ~! eTcsl MOCTPOEHBOE H30-
L:‘, N T P 4 Opaxenue Ipyrok ToukR
)7 >
ANFIN ] 7 I
2 N
4 N A 8
fr e o - ——27— _——

3Has nojoxeHHe H300paxeHUst TouKH B (Toukd B’), MoXHO
NOCTPOUTh H306pakeHue Jobo# Toukd. Ha puc. 27 nokasaso mo-
JoxeHHe TOYKH B', MONTyuyeHHOH NepBHIM BapHAHTOM IOCTPOEHHS,
T. €. npoBejeHHeM Jayuedt | u 2, npu [’ %= —f (cMm. puc. 26). OceBbie
Toukt A H A’ ABASIOTCA OCHOBAHHAMH COOTBETCTBYIOIUX IEpPHEHMH-
Ky/a1apoB. BosbMem oceByro touky C. C jyuoM 3, NpoXoAsiuM yepes
Touky C, conpsi:keH J1yd 3', MPONOJIKEHHE KOTOPOro B NEpeceyeHHH
C ONTHYECKOH OCBIO onpefenser HCKoMyio Touky C’, sBJSIOUIYIOCA
HaobpaxenneM Touku C.

Hasa noayyenns usobpaxeHust Touku D TpeGyercsi npoBecTH ykKe
ABa syva (mi1s Toukd C BTODHIM JyyoMm Obl1a ONTHUECKas 0Chb), uepes
npeMeTHble TOYKH H COOTBETCTBYIOUHE HM H300paKeHHS. DTHMH
JyyamH Ha puc. 27 Oynyt Jyudu 4 u §, nepeceyeHHe KOTOPHIX B IIPO-
cTpaHcTBe H306paxeHuH Aaer Touky D’ — u3oGpaxenue Touku D.

Ecan dokyc F' asnasercss uzoOpaxenueM GeCKGHEUHO yAaleHHOH
TOYKH, NpPHHAjJeXRaleH IYuKy Jyuell, mapasJesbHbIX ONTHYECKOH
OCH, TO 3aJHsAs QoKaJbHAs IJOCKOCTb OyIeT MHOMXECTBOM H300paxe-
HUA OECKOHEUHO YJAAJEeHHBIX TOUEK NPCCTPAHCTBA IIPEJMETOB, T. €.
H3obpaxenueM GeCKOHEYHO yJa/eHHOH MJIOCKOCTH. AHAJOTHYHO Ofpe-
nejsieTcss ¥ nepefHss QokaibHasl IMJIOCKOCTb, KOTOPAS HCIOJNb3yeTcs
TIpY NOCTPOEHHH H300paxKeHHH NpH oOpaTHOM Xole Jayded.

Ha puc. 28 mnokasano nocrpoenue wusoGpaxenuss y' = A'B’
oTpeska y = AB, nepuneHAHKYJsPHOro K omrHyeckoll ocH. Msobpa-
xeHue OecKoHeYHO yaaneHHOH Touky G, npuHamjexamei napasiiens-
HpIM Jy9am 1 v 2, 6yzer B Touke G', sexamel Ha 3aiHeli (poKaJbHOR
nnockoctd. Msobpaxenne A’ touku A HaXofMTCA HA NEpECEUCHHH
ayya 2° c ontHuecko#l ocblo. Touka B’ NeHT Ha nepHeHAUKYJspe

8
G8oo p
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F N VA A’

A niow 50 \yls 2! ’

2 Y
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17 8’

Puc. 28. IlocTpoense HaoGpaxenus OTpe3ka, NePneHAHKYASPHOTO K ONTHUECKOH OCH
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Puc. 29. INocTpoeHne H306paxeHHs! BHEOCEBOH TOUKH

K ONTHYECKOM OCH H OIpejessiercs MEpECeYeHHEM ero C JIy4oM !,

NapasesbHEM Jyqy 1 (0’ = o, TaK Kak f —f).
Paccrosinue ypr TOuKH G OT ONTHYECKOH ocH B (hoKaJbHOH 1JI0-
CKOCTH C YUETOM TOTO, YTO 0’ = G, ONpele/sierTcs CAeIYIOMHM paBeH-

cTBoM: |yr-| = f' tg o.

Ha puc. 29 usobpaxenune A'B’ orpeska AB nojiyueHo no nepsomy
BapHaHTy nmoctpoeHus (cM. puc. 26), T. e. ripoBefeHueM Jyued ] u 2.
Ecau ng,; 5= ny, To yriel 6° ¥ O HUMEIOT DasHbie 3HaueHHs, H B 3TOM
clyuae Hesb3sl BOCIOJb30BATHCSl BTOPBIM HJIH TPEThHM BapHAHTOM
NOCTPOEHHS .

PaccMoTpHM BO3MOXKHOCTB ITOCTPOEHHST H300paxKeHHs BHEOCEBOH
To4kH (ToukH B) mpopezenuem Jyua, NPOXOAAMEro Yepes r/iaBHhIe
touku H u H' (cm. puc. 29). OrmeTnM B mepeisel GoKanbHOH IIO-
cKocTH oTpe3ok FG u B 3anHeli GoKaJdbHOH MJOCKOCTH OTpe3oK F'R.
U3 pue. 29 caenyer, uro FG = —f tg 0; F'R = [’ tg ¢’. Haiigem ux

OTHOLIIEHHE
FG/F'R = —f tg o/(f' tg o’).
W3 paBeHcTBa (48) BhiTekaer, uTo tg 0" = —f'/f.
Takum obpasoM mokasaso, uto |F'R| =] FG]|.

CrnepoBaTenbHO, JJs1 MOCTPOEHHsSI H300paxKkeHHsT OTpe3Ka, IepreH-
IHKYJASiPHOIO K ONTHYECKOH OCH, HJAH BHEOCEBOH TOUYKH KPOME OJHOTO
U3 ayuell / wid 2 NpoBOASAT compsikeHHbe Jyun 3 u 3. Brixonsmui
U3 3agHell ryaBHol Touku H' ayu 8° orcekaer Ha ciaene 3agHe#l ¢o-
KaJbHOH IJIOCKOCTH OTPE3OK, JUIMHA KOTOPOTo paBHA JJIMHE OTpe3kKa,
OTCEYeHHOro JyuoM 3 B NMPOCTPAHCTBE NPEIMETOB HA Cjefle nepenHef
(hOKa/IbHOH MJIOCKOCTH.

HssoxeHnHoe BhIlle TO3BOJISIET CLEJNATh BLIBOA O TOM, YTO B ONTHYE-
CKOH CcHcTeMe, 3alaHHON KapIMHAaJbHBEIMH 3JeMeHTaMH, XOJ Jyua,
HIYIEro uepes IJaBHYIO TOUKY, BCErla H3BECTeH.

[NocTpoenne na3obpa)keHUH NPHHATO MOKa3biBaTh A/ GECKOHEYHO
TOHKOH ONTHYECKOH CHCTEMBI. DTO ONpPaBABIBAETCS TEM, YTO BO MHOTHX
cly4asiX pasmep MO HalpaBJeHHIO ONTHYECKNH OCH INpocTefnx
ONITHUECKHX cHucTeM (OTHEJbHOH JIMH3BI WJIX KOMIIOHEHTa, NMOA KOTO-
PbIM MOHHMAIT CHCTEMY M3 HECKOJbKHUX CKJEEHHBIX JIHH3) MaJ 110
CPaBHEHMIO C pajHycaMHu TpeJoMJSIOIHUX MoBepxHocTedi. [TonpaBka
Ha pacCTOsiHHE MEXJYy TMNpeaMeToM H H300paKeHUeM YUYMTHIBaeTCs
B 3HaUeHHH DACCTOSIHHS MEXJY TJIaBHBIMH IJIOCKOCTSIMH.
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Prc. 30. Bapuadta noctpoerns #306pa- y
WeHHA <

2)

/
Y
F/
Puc. 31. [Ipumepu nocrpoesnst u3oGpa- / F
JKeHHA NPH DasiHYHOM PACHOJOXKeHHH F
npenMera =¥ //

a)

Ha puc. 30 nokasano uyeThipe BapuaHTa NOCTPOEHHS H306paxe-
HHS y' oTpe3ka y, o6pasyeMoro NosJOXKUTEJIbHOH TOHKOH CHCTEMON
(f' > 0) npu ng,; = nyg, AN cayyas, KOTKA OTPE30K Y HAXOILHTCH
nepef nepelHuM dokycoM F cHCTEMBI.

Ha puc. 31 npencrasiessl mpuMepsl nocTpoerus HaoGpamenus y’
oTpesKa y MNoJoXuTeNbHbIMH (pHc. 31, a, 6) H OTDHLATEJbHLIMH,
T.e. nmpu f° <0 (puc. 31, 6—0), GeckOHEUHO TOHKHMH CHCTEMAMH
OpH pa3/]HYHEIX NOJOMKEHHAX oTpe3ka y. Ilpeamer y ®va puc. 31, 6
H 0 MHEMBIE. DTOT cayyall BO3MOMKEH, €C/IH IpeIMeT paccMaTpHBaTh
KaK H3oCpa)keHue, NoJAy4eHHoe B Pe3yibTaTe AeHCTBHS NPERIIeCTBYIO-
IWeH ONTHYECKOH CHCTeMbl, He NOKAa3aHHOH Ba pHCYHKe.

19. HsobpaxeHHe HAKJIOHHBIX MJOCKOCTEH NPEeIMETOB

PaccmoTpuM OIHH H3 NIpUMEpOB [JeHCTBHS ONTHYECKOH
CHCTEMBI, KOTJla ee OnTHUYecKas ocb He NMepneRINKYASPHA K NJI0CKOCTH
npeameros. B a3podoTocheMKe MNpPOHecC NOJYyYeHHs H300pakeHHs
yuacTKa 3eMHOH IOBEDXHOCTH BBINOJIHAETCS B OCHOBHOM IIDH HAKJIOH-
HOM IOJIOXEHHH OMNTHYECKOH ocH 0OBEKTHBA KaMeDbl OTHOCHTEJIbHO
BepTHKaad. CJefoBatesbHO, TNOJY4YeHHBIH (OTOCHHMOK He HMeeT
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NOCTOSTHHOIO MaciiTaba mo BceMy noJio u3obpaxkenus. Has obecne-
YeHHs OINpeleJleHHOro H TNOCTOSHHOrO Macuutafa no BCeMy HOJI0
CHHMKa BhINOJIHAETCS npouecc ¢otorpaHchopmupoBanus. IIpu stom
ONTHYECKas OCb IPOEKUHOHHOTO OOBEKTHBa He MepleHIHKYAspHa
K IJIOCKOCTH a3DOHeraTHBa, KOTODHIN SIBJSIETCH IPEIMEeTOM.

Ha puc. 32, a nokasaHo MepuiuoHaibHOe ceyeHre BC NAOCKOCTH
NpeiMEeTOB, KOTOPAsl COCTABJSeT C ONTHYECKOH OCbIO CHCTEMBI YIoJ
90° — @p = -0 (yroql @p — ABYTPAHHBIH YToJ MEXIY ITOCKOCTHIO
HNPEAMETOB H IJIaBELIMH ILIOCKOCTSIMH ONTHYECKOH CHCTEeMBI, 3alaHHOH
THMH ILIOCKOCTAMH H GOKYCHBIMH paccTosinusiMu). Haiinem usoGpa-
XeHHe 3TOf HaKJOHHOH NJOCKOCTH.

Touka A’ sBasiercss usobpaxeHueM oceBol ToukH A mpeamerHoR
NJ10CKOCTH. [IPONO/IKHUM IJIOCKOCTh NPEIMETOB HO NEpeceyeHus C ne-
penHell T'JIaBHOH IJIOCKOCTBIO. B MepHAMOHAJbHOM CEYEHHH TOUKOH
nepeceueHus Oyzxer Touka T. Ee naobpaxenue — Touka 7' — moay-
yaeTcs K3 YCJIOBHS, UTO JIHHEHHOe yBeJHUeHHe B IVIABHEIX IJIOCKOCTSX
paBHo +1. Tak Kak Toukd A’ u T’ sBAsIOTCS H306paxKeHUeM TOueK,
NpHHAAMEXKAMUX CEYEHHIO NPEIMETHOH IIOCKOCTH, To mpsimasg A T’
OyleT MepHIHOHAJbHBIM CEYEeHHEM IJIOCKOCTH H300paKeHHH.

IByrpanseif yroi ¢ = 90° — 0 MeXIy IJIOCKOCTBIO H306paxe-
HHH H IJIaBHBIMH IJIOCKOCTSIMH OIpeneJsisieTCsl H3 PaBeHCTBA

tg op = — (a'/a)tg op uin tg o5 = — P ig op,

rie P — nuHefiHOoe YBeJMUeHHE ONTHYECKOH CHCTeMBl, OTHOCSIIeecH
K NpAMBIM IpeAMeTa H M300pakKeHHH, MepneHIuKyaAspHbBIM K ONTHYe-
CKOH OCH H NpPOXOAAIMM 4yepe3 ToukH A u A'.

Usobpaxenus Touexk B u C, a takxe /06bIX APYTHX, JeXallHX
B HAakKJIOHHOH IpeAMeTHOH IJIOCKOCTH, IIOJYYalOTCsl C TOMOMIbIO
Jy4yeH, MPOXOASIIMX Yepe3 3TH TOYKH H MEePEeNHIO Y3J0BYIO TOUKY
(B jaHHOM cayyae COBNAJAIOILYIO C I'VIaBHOH) M HE MEHSIIOWIHX Hanpas-
JIEHHS TNPH BBIXOAE M3 8afHeH Y3J0BOH (rJIaBHOH) TOUKH ONTHYECKOH
CHCTEMBI.

MepuayoHasbHOE ceyeHHe HAKJIOHHBIX IJIOCKOCTeH NpeAMeTa H
H300paxKeHnuss NpeLCTaBJsieTcss B BHIE Naphi CONpPSKEHHBIX Jyueh
NpOCTpaHCTBA NpeAMEeTOB H u3oOpaxeHui (yciaoBue Yamnckoro).
YacTHbIM cyyaeM BLIOJNHEHHS ycsaoBus Yamckoro siBJIsieTCs conpsi-
XKEHHOCTb ILJIOCKOCTeH IpeAMeTOB H H306DaXKeHHH, NepNeHiuKyJasp-
HBIX K OINTHYECKOH OCH.

Ilpu coBmemeHHH TVIaBHHIX IJIOCKOCTEH, CBA3aHHOM C I1epPeXOoM
K 6eCKOHeYHO TOHKOH onTuueckoi cucreme (puc. 32, 6), Bce mpenbiny-
IHe BBIBOABI COXPAaHSIOTCS.

Ha puc. 32, 6 npumem Touky A 3a Haua/lo CHCTeMbl KOODIUHAT X, Y
B HAKJIOHHOH NpeAMEeTHOH IJIOCKOCTH, a TouKy A’ — 3a Hauaso Koop-
ZHHAT %', ' B MJIOCKOCTH H300paxkeHHH, CONPAXKEHHON C MJIOCKOCTBIO
npeaMeToB (puc. 33).
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3Hasi KOODAHHATH X H y, MO CAeAYIOMHUM POPMYTaM MOMXKHO BH-
YHCAHTL x' H Y':

. a'ycosp .
b= COS Qg (@+¥sinQp —ycos@ptg og)

x' = y'x cos eg/(y cos ¢p).

OTH GopmyJIBl 06eCNeyHBAIOT BHIYHCIEHHE JIMHEHHOTO YBeJHYeHHs
P mas moObiX COMPANKEHHBIX OTPESKOB HAKJIOHHBIX IJIOCKOCTEH TMpel-
MeTa H H300paxeHHsl, JIeXKamHUX Ha TPSMbIX, TPOBECHHBIX NepheHIH-
KYJsIPHO K DacCMaTpHBaeMod MepMAHOHANbHOM TJIOCKOCTH uepes
CONpsiXKEHHBIE TOYKH C KOODIMHATaMH x, Yy H x’, y’.

Ha puc. 33 moxasana paseeprka IJIOCKOCTeHd MpeaMera H erc
usobpaxennsa. Ksagpar MNPR Ha MIOCKOCTH NpPEIMETA ONTHYECKOH
cHcTeMoli npeobpasosan B Tpanenuio M'N’'P’'R’. Tlpu nocrpoeHnH
3TOro H300paXKeHMs HCIOJb30BaHA TaK Ha3biBaeMas IJaBHAS TOUKA
cxona /, nexamas B 3aiHeH (POKANbHOH MJIOCKOCTH ONTHYECKOH CHC-
TEMBbl H SBJISIOULAsACA TOYUKOH mepeceueHust syda T'A’ ¢ stoft mioc-
KocTbio (cM. puc. 32, 6).

B nmpenenax paccmaTpHBaeMoro yuactka BC HaKJOHHOK MIOCKOCTH
npeaMeToB (cM. pHC. 33)

BIMI. C-IRI
Iﬁimmz’EM_v lﬁ]maxz'—ﬁ—-

20. Pacuer xona Jyya 4epe3 HAeanbHYI0 CHCTEMY

[onoxenue syua, BHIXONSIEro H3 oceBOH Touku A #
NajJawIero Ha BbICOTE A HAa ONTHYECKYIO CHCTEMY, ONpeleNsieTcs ero
YIJIOM O C ONTHYECKOH ocbio (puc. 34). Hafinem yros ¢’ mexay conps-
JKEHHBIM JIYYOM, KOTOPHI onpexesnsier M3obpaxkedue A’ Touku A,
¥ ONTHYECKOH OCBIO NP YCJOBUH, UTO GECKOHEUHO TOHKAS ONTHYECKAs
chcTeMa, jpamwoumas ksobpaxenue A’ Touku A M 3afaHHAS COBMEUmEH-
HbIMH TJ12aBHBIMH MJIOCKOCTAMH H DOKYCHBIMH PACCTOSAHUSAMH, SABAAETCH
HjeanbHOH.

CornacHo puc. 34 mmeeM a = h/tg 0 u a' = hitg ¢'.
[ToacTasus a v a’ B popmyay (37), mosyunm ciaefyiomee paBeHCTBO:

figo'h+ftgoh =1,
OTKYRa

tgo’ = f ho

h R Ay )
—7,—-tgc+f—, um tgo’ = — 7 tgo + —,

n

rne @ — onrtHueckas cuaa CHCTEMHI .

Ionyuennyio QopmyJy HaswiBaloT opmyrod yeacs, H B obmem
BUJIE il CHCTEMBI H3 HECKOJIbKHX KOMIIOHEHTOB OHa Oy lleT caiefiyioeii:

tg Okq1 = — (fe/f2) 1€ 0k + Re@i/npys. (50)
41



Ecan ortHoweHnue ¢oxkyc-
HbiX DAaCCTOSHHH  3aMEHHTb
OTHOILEHHEM NoKasareJel npe-
ndomnerust [dopmyaa (34) 1, to
nojiyyuM GopMyay YyIrJoB B
BHJE

1€ Oy = (Mp/npy) 180
Puc. 34. Xox nyya qepe3 Hlea bHYIO ONTH- € Thn ( w/ hH) gont
YEeCKYI0 CHCTEMY + Ra@p/np,y. (51)

Ecsy onTHyeckasi CHCTeMa HaXOAHTCS B BO3AyXe, TO H3 HOPMYJIH
(51) nonyuaem:

tg Opy1 = g 0n + A Qs (52)

Jlns BblUMC/JEHHS BHICOT MajieHust Jaydell obparumcsi K pHc. 35.
M3 nojo6usi TpeyrodbHHKOB ¢ ofwell BepuinHoN Ak (Apy1) HMeeMm:

helah = —hps1/(dn — ai),

HIH
hapr = hp — (ha/a’y) da,

rie d, — paccTostHHE MeXHY KOMIOHeHTaMH k H k -+ 1.
Tak kax hplag = tg Opq1, TO

hra =he — dpt€ Opyy. (53)

[MostyueHHoe DABEHCTBO HA3BIBAIOT (QOpMYAOL GbiLOM.

[TocrenoBaTesbHOE MCNO/Nb30BaHHE GOPMYJ YIVIOB H BBICOT ofec-
NeYHBAET PacyeT XoAa Jyye# yepes HJeajbHYIO ONTHUYECKYIO CHCTEMY
A0060H CTENEHH CJIOKHOCTH HJIH ONpeleNen e ONTHIECKHX CHI KOMIO-
HEHTOB [IPH 33aJlaHHOM XOlle Jyya.

& K+l

Mtz

’ r
Hier Oker™ ~Ogez

4
A a1

'hkfl

Puc. 35, CxeMa fna pacuera Xona /ayuda
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21. OnTHYECKHE CHCTEMBl H3 HECKOAbKHX KOMAOHEHTOB

CloXHas ONTHYECKAH CHCTEMA COCTOHT H3 HECKOJbKHX
O NITHYECKHX CHCTEM ~— KOMILOHEHIMOB.

Halinem onTHYECKYIO CHJY CHCTEMBI, COCTOSIIIEH H3 PANA KOMIIO-
HEHTOB, 3aJlaHHBIX HX ONTHYeCKHMH cHiamu O ¥ paccrosHusMH d
MEXJY KOMIOHEHTaMH.

Onrtuueckasi CHJa 3KBHBaJEHTHCH CHCTEMbI, COCTOSIILER H3 m
KOMIIOHEHTOB, DaBHa

Dy = np1/fs = Nmg 1€ Ompalhy, (54)

Tl Np,; — I0KasaTeslb NPEJOMJEHHS CpPelbl NMPOCTPaHCTBA H306pa-
MEHHH BCeH CHCTEMBI; Op,; — YPOJd MeXIY JY4YOM, NpOIENIHM
ONTHYECKYIO CHCTEMY, H OITHYECKOH OCbl0; hy — BBICOTZ NafeHHSA
Jyya, NapasjejbHOr0 ONTHYEeCKOH OCH, Ha MEPBBIH KOMIMOHEHT OITH-
YEeCKOH CHCTEMBI.

OnTHuecKas cH/a ONPeJie/IfeTcs ¢ MOMOIbI0 GOpMYJs yrios (51):

tgo;=0;
tg oy = hDy/ny;
tg g = (ny/n5) 18 G4 + hyDy/ny,

HcnonbsoBanue 3THX GOPMYJT NPHBOLHT K CEAYIOWEMY PABEHCTBY:
1€ Omer = (1/nmer) (1@ + A, @y + + -« + £, D).

YuurteiBas Gopmynay (54), noayuum:
k=m

i P

D, = A 2 @, . {683
k=i

HafineM ONTHYECKVIO CHAY CHCTEMBI, COCTOAIIEH H3 ABYX KOMIO-
HeatoB I u 2 (puc. 36). BhicoThl Jyya Ha KaXAOM KOMIOHEHTE
onpeneasorcs  QOpMyJoH  Bhl
cor (53). / 2

TTocaenoBatesbHO HMeeM: 6, =0

tgo; = 0; n, \n\
tg o, = hy@,/n,;
hy = h (1 — @yd/n,);

tg o5 = h, [Oyn; + (1 —
— ,d/n,) Wy/ng). -a,, a
[oncrasus tg g, B dopmydy F

(54), mosyunm:
Puc. 36. CucTeMa H3 ABYX KOMIOHEH-
D, = O, + @y, — O,@,d/n,. (56) roB
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PaccrosiHne oT BTOPOro KOMINOHEHTa A0 SKBHBAJIEHTHOTO SajHero
¢dokyca F’ cHcTeMHn
apr = hg/tg Js
HJH
ap: = f (1 — @d/ny), (67)

a pacCTOsiHHE OT 3TOTO KOMIIOHeHTa JO 3ajHed TrJaBHOA MJIOCKOCTH
CHCTEMBI
apr=ap — [

[lepennee oxycHOe pacCTOsIHHe, TIOJNOXEHHe nepellHero dokyca
W nepelHeH rJIaBHOH MJOCKOCTH 5KBHBa/JEHTHOH ONTHYECKOH CHCTEMBI
onpeJesiloT pacyeToM o0paTHOTO XoAa Jyua. Torla B COOTBETCTBHH
¢ ¢opmyJsoft (57) mosyuuMm paccTosiHHe OT NepBOr0 KOMIIOHEeHTa Ao
nepelHero 3KBHBaJEHTHOIO (pOKyca CHCTEMBI:

ap = f(1 — D, d/n,).
Otpesok, onpefensomui NoJoxen e nepejHeH rJ1aBHOH MJIOCKOCTH,
gy = Aap — f.

Ecsu o6a KOMIIOHeHTA ONTHUECKOH CHCTEMBl HAXOAATCS B BO3AYXe,
TO ONTHYECKasd CHJAa CHCTEMDI

©=Q,+ O, — 0D, 4, (58)

a pacCTosiHHe OT BTOPOI'C KOMIIOHEHTAa A0 3KBHBAJEHTHOro 3ajJlHero
tdokyca cHcTeMbl
apr = f (1 — @y d). (59)

BosmoxeHr cayuafi, Korna npocTpaHCTBO NPeAMETOB (0 KOMIOHEHTa
I) B npocTpaHCTBO H300paKeHHH (Iocyie KOMIOHEeHTa 2) 3anoJiHeHHl
He BO3LYXOM, a MeXJy KOMIOHEHTaMH — BO3AVX, T. €. n; 7= 1,
ny, = 1, ng 5= 1. Torna Asns BBIYKC/IEHHS ONTHYECKOH CHJBI CHCTEMBI
ncrnonbsyercs Qopmyna (58), B koropoit @y = 1/fi u @D = ny/fs.

Cpean ABYXKOMIIOHEHTHBIX ONTHYECKHX CHCTEM HMEIOTCS TaKHe,
Y KOTOPHIX 3allHH# (POKYC nepBOro KOMIOKEHTa COBMEMIEH C NMepejHuM
tboxycom Broporo. B stom ciryyae paccTostHHe MeXIy KOMIIOHEHTaMH,
HaxolsIIIUMHUCA B BO3AyXe, PaBHO CyMMe HX 3aAHHX (DOKYCHBIX pac-
CTOSIHHH, a OINTHYECKasl CHJid CHCTeMBl B COOTBETCTBHH C (OpPMYJOH
(58) paBHa Hymo. Takylo ONTHUECKYIO CHCTEMY HA3bIBAIOT TEJECKOIH-
yeckoil. Ee ¢dokycHoe paccrosinme f° = oo.

Hafinem onTHYeCKyio CHJAY CHCTeMB, cocrosiniell u3 Tpex 6ecko-
HEYHO TOHKHX KoMmINoHeHTOB (pHc. 37). Has 3Toro, Tak xe Kak H
AN ABYXKOMIOHEHTHOH CHCTeMBl, HCHOJb3yeM (GOpPMYJabl YIJIOB H
BBICOT C TeM, 4TOObl NOJNIYYHTb 3Hauenue tg o, npu o, = 0. Toraa
O = n,/f = nytg 0,/hy uan

[0)
D=0, 4 D, + 0y — 'ﬁdﬂ@z + ©5) — (Dy/ng) dy | D, + Dy —
— (O, Dy/ny) d,]). (60)
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Puc. 37. CucTeMa H3 Tpex KOMIOHEHTOB

Orpesok ap-, ompefeisiomuil nonoxenue sanHero ¢doxyca F’
OTHOCHTEJIbHO IOCJEJHEr0 KOMIOHEHTa, BBIYHCAAIT no (opmyse

apr = hs/tg 04 = I’L4h3/((Dh1) = (fL4/(D) {1— ((D]/ng) dy — ((Dl/n;;) dg —
— (@y/ng) dy + DD, dy dy/(n275)],
HJIH

apr = (n4/®) [1 — @ (dl/ﬂ2 -+ dg/n;;) —ds ((Dz/na) (1 —_ d1®1/fl2)]. (61)

Js cucreMEl, BCe KOMIIOHEHTH KOTOPOH HAXOASITCS B BO3AYXe,
dopmyan (60) u (61) 6yayr umerb BHA:

D=0+ ©; + O3 — O, 4, (D, + D5) — Dy dy (P - Dy, — D, D, dy);

(62)
a;-" = [1 -_ @1 (dl + dg) — (Dz dg (1 — @1 d])]/CD
PaccMorpum onTHuecKyo cucremMy M3 Tpex GECKOHEYHO TOHKHX
CONpPHKACAMHUXCA KOMINOHEHTOB (d; == dy = 0).
OnTtuueckas cusa tako#l cucremn @ = @, + @, + G;. Orpesok
QF- B 3TOM caydae mo ¢opmydse (62) pased f'.
st mo6oro uncia m 6eCKOHEUHO TOHKMX KOMIOHEHTOB, BXOASIIUX
B GECKOHEYHO TOHKYyIO cucreMy [cM. dopmyay (55)1,
k=m

=Y @, (63)
k=1

OnTtuueckast cujla GECKOHEYHO TOHKOH CHCTEMHI, COCTOSIER H3
6eCKOHEYHO TOHKHMX KOMIIOHEHTOB, paBH4 CYMME ONTHYECKHX CHJ
5THX KOMITOHEHTOB.

BrlBezieHHbIE GOPMYJIH AEHCTBYIOT H NPH CJACXKEHHH KOMIOHEHTOB
C pasjeNbHBIMH IVIaBHBIMH NMJIOCKOCTAMH (Agmpy- = 0). Ilpu atom pac-
CTOsIHHE dj OTCUMTHIBAETCH OT 3ajiHefl I'VIaBHOH MJIOCKOCTH Npeainect-
BYIOIIErO KOMIOHEHTa A0 NepejHell ryaBHOH MJIOCKOCTH MOCAENYIO-
miero.

3anauy OTHICKAHHS NAapaMETPOB 3KBHBAJEHTHON CHCTEMBI MOXKHO
pemuTb H rpacduueckd. Ilpu 3ToM nocTpoeHnHe OYAeT KacCKagHBLIM.
H3o6paxenue, o6pasyemoe NepBbLIM KOMIIOHEHTOM, SIBJSIETCsl npeime-
TOM 110 OTHOLIEHHIO KO BTOPOMY KOMIIOHEHTY H T. A.
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IF'aasa 1V
ONNTUKA IAPAKCHAJIbBHbIX W HVYJEBBIX JIYYER

22. JleficTBHe mapakCHaJbHbLIX Jyueil

Jas pacuera xoja JyueHd uepe3 ONTHYECKYIO CHCTEMY,
COCTOSILIYIO H3 LEHTPHPOBAHHEIX NOBEPXHOCTEH, MOTYT OBITh HCIIOJIb-
3oBaHn ¢opmyast (9)—(12) u (13).

U3 dopmya (9)—(12) mnsa onno#i npenomasiomed chepuueckods
MOBEPXHOCTH NOJMYYaeTcsi HHBADHAHT BHAA

n(s—r)sino=ny, (s —r)sind’, (64)

rjie n; U M, — NOKa3aTeJH NDPEJOMJEHHS Cpel, TPaHHINEHR KOTOpHIX
ABJsieTcs chepa pajHyCcoM r; S B S — OTPE3KH, ONpeAessOlIUe 100~
JKeHHs OCeBOH TOYKM M ee H300paKeHHS# OTHOCHTENbHO BEpLIHHBI
chepsl; 0 1 0° — YIJB MEXKAY JYUOM, NPOXOASLUINM Yepe3 TOUKY U ee
H3obpa)keHue, U ONTHYECKOH OCbI0O B NPOCTPAHCTBE NPEIMETOB H B
OPOCTPAHCTBE H300paXKeHHH COOTBETCTBEHHO.

HanomnumM, 4to B oflleM cJydae MIpH HCNOAb30BaHHH (opmya
(9)—(12) mauua otpeska §' NPH OLHOM U TOM K€ 3HAUEHHH 3aBHCHT
OT yrJa o, T. €. MMeeT MeCTO HapylleHHe 'OMOLEHTPHYHOCTH NPeJIOM-
JIEHHOTO TyYKa JydeH.

[omouenTpuyHOCT, NMyuKa JydeH COXpaHsiercs, eciH

sin o/sin ¢’ = const. (65)

YcaoBue (65), KpoMe HEKOTODHIX YACTHBHIX CJyuYaeB, BHIIOJMHSIETCS
npu Magaslx (0 aGCOJIIOTHOMY 3HAUEHHIO) 3HAYEHHSIX YIJIOB 0 H 0.
Ha puc. 38 noxasaH xox ofHoro u3 Jiyuei, o6pasyiomero ¢ onruye-
CKO¥ OCbIO MaJbl#l yIroJi O ¥ Majaiomero Ha chepUuecKyio npesoMisiio-
Y0 IOBEPXHOCTh HAa MaJol BEICOTE A, UTO ONpPENeJIsieT MaJjble 3Haye-
HUSl yrJioB @ U o'. IIpH 3TOM BHINONHSAETCS paBeHCTBO SO = §'0'.

Taxkum o6pasom, ycjaoBue (65) nmpumer BHA:

sin o/sin ¢’ &~ o/a’ = §'[s = const. (66)
TlopcTaBnsifl OTHOWIEHHE CHHYCOB B paBeHCTBO (64), mosayuaem,

4TO OTPE30K, onpene.nﬂ}onmﬁ NOJIOXKEHHE H306pa)K8HHﬂ OCEBOH TOYKH
OTHOCHTEJNbHO BEPIIHHHI HpeJIOMJISHOHleI’I NOBEPXHOCTH,

8" = nyrs/l{ny — ny) s+ nyrl, (67)

T. €. §BJfETCS NOCTOAHHBIM JJA JAHHOrO § H He 3aBHCHT OT yrJa o.
CrenoBaTenbHO, [IPH BHIMOJHEHHH paBeHcTBa (66) rOMONEHTPHYHOCTH
nyuyka Jyde#dl Npu AeHCTBHHM CPEPHYECKOH MNPENOMASIONIEH MOBEpX-
HOCTH COXpaHseTcs.
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Puc. 38. IlapakcuaibHuifi Ayu

TakuMm o6pasoM, ONTHYECKAas CHCTEMA, COCTOSMIAsl H3 MEHTPHPO-
BaHHBIX HOBEPXHOCTEH, IS OCEBOTO NydYKa JyueH, o6pasyloliHX C
ONTHYECKON OCHIO MaJhie YIJbl H NajalolldX Ha ONTHYECKYIO CHCTEMY
Ha Majo# BeicoTe, AeHCTBYeT Kak HAeajbHas. JIyuH 3Toro mydka
Ha3blBAIOT NAPAKCUAALHbLMLL,

Yron Mex[y ONTHYECKOH OCbI0 H NapaKCHAJIbHBIM JIYYuOM B IpO-
CTpaHCTBe mpeiMeroB 0603HAYaOT &, 3HaueHHe YIyid & AOJ/IKHO 6BITh
TakUM, 4TOOBI

sine v tgaxa; cosa=l. (68)

3aKoH NpeoMJeHHs NpPH STOM OyJAeT NPeACTaBJeH DPaBeHCTBOM
nge = nye', (69)

’

Tak Kak NpH BuMoJHeHHH ycaoBuil (68) sine =~ e, sine’ ~e'.

Bepremcsa g paccmorpenuto puc. 38. IlapakcuanbHBIf Jy4 BCTpe-
YaeT TPENOMJSIONYI0 OCECHMMETPHYHYIO IOBEPXHOCTb B Touke M Ha
MaJofi BHICOTE A, IOSTOMY A chepHUECKHX H HechepHUeCKHX NOBepX-
Hocrelt Touk® L u M MOXHO moJararb coBlamaiouuMi (touka L —
TOUKAa BCTPeYH MapaKCHAJbHOLO Jyda C IJIOCKOCTbIO, KacaTelbHOH
K TOBEPXHOCTH M NPOXOAsAwed uepes ee pepmuHy O).

CrnejloBaTeNIbHO, AefCTBHE ONTHYECKOM CHCTEMH! B NMapakCHaJAbHOH
06/macTH, T. €. B 30He JEHCTBHS NapakCHaNbHBIX JydeH, MOXKHO pac-
CMaTpHBATh [IPOHCXOAS UM Ha IIOCKOCTAX, KacaTeAbHBIX K BePIIHHAM
NOBepXHOCTEH.

U3 popmyan (67) nocse npocTHX npeo6pa3oBaHKB NONYYHM Cle-
Jlyloiee paBeHCTBO:

Q=n,(l/s— lry=n,(1/s" — 1/r), (70)

rie Q — uneapuanm nperomaenus, UMEOMHUHA MecTo NpPH AeHACTBHH
napakCcHa/J bHHX Jydes.
HrBapuant Q, Tax Xe Kak H nosydaemasi M3 Hero dhopmyna

ny/s’ — ny/s = (ny — ny)ir, (7n

a Takxe ¢opmyna (67) CBA3HIBAIOT OTPE3KH § H S, ompefensiomue
MOJIOXKERHS TIPEAMETHON OCEBOH TOUKH H ee H300pDaXKeHHS OTHOCH-
TeNbHO BEPIUIMHBI NpeJNoMJsiomell NOBEPXHOCTH NPH JEHCTBUH mapa-
KCHaJbHLIX Jy4ed.
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Ilas orpaxaiomel nosepXHOCTH (n, = —n,) ¢opmyaa (70) npu-
HHMaeT BHA:
Is 4 /8" = 2/r. (72)

Qopmyan (67), (70)—(72) moryr 6HTb HCNONL30BAHK IS BRIYHC-
JIEHHS OTPE3KOB S, ONPENEeNSIOUHX N0JIOKEHHE H306PaKEeHHS OCeBOf
TOYKH HOCJE NEHCTBHSI KaXXHOH NOBEPXHOCTH.

[Ipu nepexose K ouenke IeACTBHS CJeAyiOmed NOBEPXHOCTH
(mocsie moJyuenus OTpesKa Si, OTHOCANIErocs K k-A NOBEPXHOCTH),
HEOGXOAMMO HCNOJB30BaTh ¢opmyay (13):

Se1 = Sk — dp,

rie d, — pacCTOsiHHE MeXJy BEpIUHHAMH NOBEPXHOCTE.

23. HWuBapuant Iwiirenca—ennmrodbna

PaccMoTpuM nosyuenue usobpaxenuss B’ BHeOCeBoH Touku B
C MOMOILbIO CHEPHYECKOH NpesoMIsAomel NOBEPXHOCTH ¢ PajuyCcoM
r (puc. 39). Touka B HaxoRHTCs B IVIOCKOCTH, NEPNEHAMKYJISLPHOMN
K ONTHYECKOH OCH M mepecekamouiel ee B Touke A.

C nomomp0 napakCHaNbHOTO Jy4Yd, O6DPA3YIOWIEr0 C ONTHYECKOH
OCBIO YIoJ o, 1noctpoum usobpaxkenne A’ touku A. dua sroro, 3Has
YTOJI € K IOKa3aTeJIu NIPEJIOMJIEHHUS 1y U Ay, 110 hopmyite (69) BRIUHCAUM
yroa npejomienus &’ u oroxum ero. Ilpesomnennsift ayy B mepece-
YCHHH C ONTHYECKOH Oocbio facT Touxky A’. [Iposesem j1yu uepes Touky
B B uentp C npenomasiomedt cheper. OTMETUM Ha 5TOM Jyue TOYKY A,
HaXOAAULYIOCs Ha TOM e paccrosHuM R ot uenrpa C, yto ¥ Touka 4.
HM3so6paxenue Af Touku A, Ha OCHOBE NMOJIHOH TOXKIECTBEHHOCTH TOUEK
A nm A; HaxOBMTCSl Ha TOM e paccTOsHHH —R’ ot nenrpa C, uto
H u3obpaxkenue A’ touyxku A.

Hrak, ans onso#t chepuyeckofi INpeoOMJsOmEd NOBEPXHOCTH
CONPsIKEHHBIMH 3JIEMEHTAMH ABJAIOTCS ABE chepuyecKue nOBepXHOCTH,
KOHIIEHTPpHYHBIE NpejoMmasiomelr chepe.

Panuyc R chepni-npenmera u paauyc R’ chepsi-H306paxeHus cBsi-
3aHBl 3aBHCHMOCTbIO, MOJIy4aeMmoH, HanpuMep, H3 Qopmyan (67):

R'= (ny/ny) (@/a) R, (73)

rAe COrnacHo paBeHCTBY (66) a/a’ = s'/s.
[Ipn nnpdepennuposanuu saBucumocTH (73) MOJYYHM, YTO

dR" = (ni/n,) (¢/a’) dR.

CrefosarenbHo, mpH ysenuwdenu R (cM. puc. 39) aGcosmotHoe
3HaueHHe R’ ymenbmaercss (R’ — oTpHUATeNbHAS BeNHUHHA).

Taxum ofpasom, usobpaxkenue Touku B (touka B’) Haxomures
Ha paccrosuu B'C < |R’| or uneutpa C. Orcrona caenyer, 9to Hc-
NOJNb30BaHHE CHEPHUECKOR NMpeoMAsiomell NOBEPXHOCTH NPH KOHed-
HOM pa3Mmepe npejmeTa, MEpNeHIHKYJASPHOTO K ONTHYEeCKOH OCH, He
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Puc. 39. O6pagopanne nzo6paxenns of- Puc. 40. CxeMa Ias BHBOAA HHBapHaHTa
HOR cepHYECKOR NMOBEPXHOCTHIO Tofirenca — TesibMrosbLa

ofecneynBaeT NMOJYYEHHS! €ro H300pakeHHsl, TaKxKe IepPNeHAHKYJIsip-
HOFO K ONTHYECKOH OCH.

HanoxenHoe Bellle MO3BOJSET 3aK/MIOYHTb, YTO IBE IJIOCKOCTH,
TepHeHHKYAIPHbIE K ONTHYECKOH OcH, GYAYyT CONpSKEHHBIMH 3Je-
MEHTaMH IPOCTPAHCTBA NPEAMETOB H NPOCTPAHCTBA H306parKeHH
TOJIbKO B MNapaKkCHAJbHOHA 0OJACTH.

Ha puc. 40 nokasaso nocrpoerue u3o6paxeHus y’ Majloro OTpeska
Y, TIEPHEHAMKYJJAAPHOrO K ONTHYECKOR OCH, C NMOMOMBIO chepuuecKont
noBepxHocTH ¢ neHtpom C, pasjiessiomel [Be Cpelbl C NOKa3aTeJ s IMH
NPeIOMJIEHHS My H Ry (n1 < n,). JIy4, NPOXOASINUHA yepe3 BEpLIHHY
orpeska y u nentrp C chepHyecKoHl NOBEPXHOCTH, HE IIPEJOMJSIETCS
H B IlepeceyeHuH C NpsMOH, NEepHeHRUKYJSPHOA K ONTHuecKofl ocH
H PacnoNoXKeHHOH Ha paccTosiHHM §° oT BepuwuHbH O chepuueckoi
MOBEPXHOCTH, OTCEKaeT OT 5TOH NpsMOH OTpe3oK y', ABJSIOLMACS
H300pakeHHeM OTpe3Ka Y.

Pasmep usobpamenus y' NpH €ro NOCTPOEHHM ONpeleNsiercs mpo-
BeJleHHeM Iajalollero Jyya uyepes Bepmuny O cbepuueckoil mosepx-
HOCTH TOJ YIVIOM € H IIPEJOM/IEHHOTO Jyya oA YIJOM & K ONTHYECKOH
ocu. CorJlacHO 3aKOHY HpEJOMJEHHS AJs NapakCHaJbHOH 06JacTd
ne = ne', T.e & = nigmn,.

N3 puc. 40 umeem — y'/y = s'e’/(—se) uAH, HCUONB3YyH BaKOH
[pesOMAEHHS, OAYYHM —Y' [y = s'ni/(—sny) == nya/(—n,a’), oTkyna
crenyer

nya == n.y'a’. (74)

PapencrBo (74) usBecTHO Kak uneapuanm Iwizenca — I'esviom-
20ab4a.
Tak kax n,/n, = —f/f' | cM. dopmyay (34) ], To H3 paBeHCTBa

(74) nonyumm:
fyo = —fy'a’ (75)

HuBapuant (74) u dopmyay (75) MOxHO pacnpOCTpaHHUTh Ha JoGoe
YHCJIO TIPEJIOMJSAIOMUX chepUyecKux H HechepHIECKUX NOBepXHOCTeH.
Ecnu onTHueckasl cHCTeMa COCTOHT M3 ¢ NIOBEPXHOCTEH, TO HHBA-
PHAHT HMeEeT CAeRyIIMHH BUA:
MY G = Moyl O = NaYa &g = * + * = Mg 1Yq gy
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rie uHAeKC 1| OTHOCHTCSA K NMPOCTPAHCTBY NpeIMETOB MepBOH MOBepX-
HOCTH, a HHAEKC § + | — K HpOCTPaHCTBY H300paXeHHH INocJeRHeR
IIOBePXHOCTH.

s oTpaxkalomell MoBepxHOCTH (ny, = —n,) dopmyJa, COOTBeT-
CTBYIOMASl HHBAPHAHTY lo#iresca—IensMrodibua, 6yAET caenyomen:
ya = —y'a’.

24. Pacuet xoja HyJaeBniX Jay4qeH

Hcnosb3oBanue napaxkcHadbHuIX JiyyeH I/l BHIYHC/AEHHS
(OKYCHBIX DPacCTOSHHH ONTHYECKOH CHCTEMEI CBS3aHO C GOJBINUMH
HeyJNoOCTBaMH, TaK KaK 3HaYeHHS BHICOT H YIVIOB, BXOAALIUX B op-
myast (32) u (33), sBAsIOTCS GECKOHEYHO MastbiMH. DTH HeyRoOcTBa
HCKJIIOYAIOTCSl BBeJEHHEM MOHSATHS TaK Ha3blBaeMEIX HYJIEBHIX Jyuefl.

Hynesoim aywom no mpenmoxernuio npod. B. H. Uypuaosckoro
Ha3bIBAIOT (UKTHBHBIH JIyd, NPEJOMJAAIUIEACS (OTpaxKaMHACH)
TaK Xe, KaK ¥ TapaKCHaJbHbIH, Ha INIABHBIX JIOCKOCTSX [IOBEPXHOCTEH,
HO BCTPEUAIOMUACH ¢ HUMH Ha KOHEUHBIX PACCTOSHHAX OT ONTHYECKOH
OCH H 3aceKalomui Ha ONTHUYECKOH OCH Te XK€ OTPe3KH, 4YTO U napa-
KCHAJbHBIA JTYU.

B ra. Il npu pacuere xoja Jyua uepes HAEANbHYIO ONTHUECKYIO
cucreMy GaKTHUeCKH OBLIO HCIOJNL30BaHO NOHSATHE HYJIEBOTO Jyua.
[Toayuennsie popmyJsl yriaoB (51) u Becor (53) o6ecneynBaOT BHIYHC-
JIeHHe XOZa HYJIEBOTO Jydya, B TOM YHCJE H JUIS ompefenerus Qoxyc-
HBIX PacCTOSHHH CHCTEMBI IIDH H3BECTHBHIX ONTHUECKHX CHJIAX TIOBEpX-
HoCTefl MJH KOMIIOHEHTOB.

3aMeruM, 4TO YIIB Op H Op,i, BEICOTH A, NPH HCHOJB30BAHHH
HyJIeBBIX JydeH OJH3KH N0 3HAUYEHHIO K yIJIaM H BrIcOTaM, 06pa3oBaH-
HBIM COOTBETCTBYIOLIHMH peasIibHBIMH JYy4YaMH, H OT/JIHYAIOTCH OT HHX
TeM, 4TO 00eCneyHuBaloT noayuyeHre 6esafeppanHOHHOTO H300paKeHHs.

B ¢opmyne (51) onmTHUecKyio CHJIY k-H IIOBEpXHOCTH 3aMEHHM
ee BHIpaXKEHHEeM uepe3 KOHCTPYKTHBHBIE [1apaMeTphl, OTHOCSIIHECS K
3Tofi nmoBepxHocTH. B wHBapuaHrte npejomienus (70) moJoXuM, YTO
oceBasi IpeJiMeTHast TOYKa HaXO4UTCs! B GECKOHEUHOCTH, T. €. § = —00,
TOTZA PacCcTOsiHHE MEeXAY BepILHHOM IOBEPXHOCTH M H306DaKEHHEM
GeckoneyHo yaasteHHOR Touku §' = f’. [Ipu BHINOJHEHHH 3TOTO YCJO-
BUSI IJi k-Yi NOBEPXHOCTH €e ONTHYEeCKas CHJa

QO = neq1/fe = —np/fe = (Mag1 — ne)/ra (76)

BHIpaXaeTcs uepe3 KOHCTPYKTHBHLIE Napamerphl mpejaoMasiomed cde-
PHYECKOH NOBEPXHOCTH.

Hrak, moicraBuB 3Ha4eHHe onTuueckolt cusml B Qopmynay (51),
MOJYYHM BhIpaXKEHHE

t€ Onyr = (Ma/Myy) 1€ Ok + g (s — M2) (Mayaln)s (77)

KOTOpOE Ha3bIBAETCH YPABHEHUEH Y2A08 HYAEE020 AYHA.
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dopmyaa (53) coxpansercs:
hh+1 == hk —_ dh tg Opi1 (78)

H HA3BIBAGTCS YPABHEHUEM BbiCOM HYAEB020 AYHA.

W3 sruipaxenus (77) noayuum ¢gopmyasy paduyca

rh = hu (Rpg — Mp)/(Mayy 1€ Ony — MR 1E O), (79)
KOTOpas NPH 3alaHHOM XOfe Jyua II03BOJIsieT BRIYHC/AHTH PaAHyChi
chepryecKHX NOBEPXHOCTEH, BXOAAMIHX B ONTHUYECKYIO CHCTEMY.

[as orpaxawomell NOBePXHOCTH (N, = —n) QopMmyda pajuyca
HMeeT BHA: 7y = 2hy /(18 Opy — 1€ 03).

[TocnenosarenpHoe ucnosnp3opaHue ypaBreHu#d (77) u (78) noseo-
JISleT paccuHTaTh XOZ HYJEBOTO Jyda Yepe3 CEepHi0 NPesOMISIOLHX
H OTPaXKalollHX MNOBEpXHOCTef.

Pacyer Xoia HyJNeBOro Jyda HCIOJb3Yercss JAAsl BLIUHCJAEHHSH
3agHero (GOKYCHOrO paccTOSiHUS [ H 3alHero (OKaJbHOIO OTpe3Ka
Sk+ ONTHYECKON CHCTEMBbI, KOTOPHIA NIpencrasisieT cofofl paccTosiHue
OT TNocJefHeH MOBEPXHOCTH A0 3aAHero ¢GoKyca CHUCTEMHL. YIOA ¢,
npUHEMaercsl paBHEIM HyJ0. [IpH sTOM mepBoe ¥ Moc/jeAyIomue ypas-
HEHUsi YIJIOB HYJEBOTO Jiyda HMEIOT BHA:

tg 0y = Ay (g — n)/(Nar4);
tg 03 = (no/n5) 18 O + Ky (15 — n,y)/(n575);
tg 04 = (ns/na) 1€ 05 + hs (14 — n5)/(nars);
YpaBHeHHS BBHICOT HYJIEBOTO Jyda C/AELYIOmue:
hy = hy — d, 1g 0;
hs = hy — dy1g 03;

3annee GOKyCHOE pacCTosiHUE U 3aiHufl GOKaNbHBIE OTPE3OK ONTH-
YeCKOH CHCTEMBI, COCTOsAIeH u3 ¢ rnoBepxHocredl (puc. 41), coorser-

CTBEHHO DaBHBI:
[ =htg€ 0g.; (80)
Spr = hg/tg 0441, (81)

YpaBuenus (77) u (78) npu o6paTHOM XOJe HYJIEBOTG Jydya MOTYT
OBITH HCIIOJL30BaHLl 415 ONpefieJeHus nepeanero GoKyCHOro paccros-
HHS [ M nepejnero (oKaabHOrO OT-

peska sp onrtuueckol cucremel. Ilpu ” N s

5TOM TOCTENHHUH pPajgHyC KPHBH3HEL n o \”\q;@,’_
NpUHHMAaeTCs] 3a NEpBhIfl, 8HAKH pajid- ! + 4
yCOB KPUBH3HBI MeHsIOTCS Ha ofpar- \ ff”
HbIE, MEHSIOTCS TAKXKe HOMEPa TOJIILHH 7

U [IOKasaregaell mnpenomyeH -
pesio Hi, a 1o Puc. 41. 3annee ¢okycHoe pac-

JAy9eHHHH pesyJabTar Gepyr ¢ obpar- cTOsiHHE H 3afHuf QoKaAbHHIE OT-
HBIM 3HAKOM. pesok
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HOns pacuera Xofa ayda yepes NJOCKYIO NPEJOMISIOMYIO NOBEPX-
BOCTb, IEPNEHAHKYASPHYIO K ONTHIECKOR OCH, PAAHYC KPUBH3HK NPH-
HMMalOT PaBHBHIM GECKOHEYHOCTH.

[lpu HaAuuHKH B ONTHUECKON CHCTEME OTpaxawmomel NOBEpXHOCTH
B ypaBHeHHusX (77) H (78), oTHOCAIHXCS K 3TOH NOBEPXHOCTH, HaNpH-
Mep, HMeIOIEed HoMep R, CIeAyeT YYecTb, YTO Mp, == —Np H d
H3MeHSeT CBOA 3HAK B COOTBETCTBHH C H3MEHEHHEM HalpaBJeHHUs
pacnpocTpaHeHusl OTPaXKeHHOro Jyua.

O6BUHO ypaBHEHHS YIVIOB M BBICOT HYJ/IEBOTO Jyda HMEIOT BHI,
HECKOJIbKO OTJMYHBIA OT BUAa ypaBHeHH# (77) u (78). B stom cayuae
tg o o6o3nauen 4epes o:

Oryr = (Ra/Mhs) On 4 Bn (g1 — 1)/ (ARsa7a); (82)
hk+1 = hk —_ dk0h+11 (83)
a
ry, = hh (nh+1 —_ ﬂk)/<nk+10'k+1 — nhO'h). (84)
Gopmyun (80) u (81) Takke M3MEHST CBOH BMA!
[ =hi/0g.1; (85)
Sgr = hg/Tgt1. (86)

Pacuerom xona HyJeBOro Jiyua yepe3 ONTHYECKYIO CHCTEMY Kpome
(OKYCHBIX pacCTOSHHE U (OKaNbHBIX OTPE3KOB ONpefeisioT NoJoxKe-
HHE H300DaKeHHS M JHHEeHHOe yBesJHYeHHe ONTHYECKOH CHCTEMBl AJIS
cayyas, KOrja IpeiMeT PacrosoXeH Ha KOHEUHOM paccrosHuu. Ilis
yNPOIIEHHS BEICOTY MaJeHHs Jyya Ha NepBYIO NOBEPXHOCTb OOBIYHO
NPHHHMAIOT DaBHOK ee paguycy (A, = ry), H €CJIH IPEAMET PaclOJIOKEH
Ha KOHEYHOM pAaCCTOSIHHH OT ONTHUECKOH CHCTEMbl, TO Oy = r/Si.

Otpesok, onpefenqOmHUl NOJOXKEeHHe H306PaXXeHHsT OTHOCHTENBHO
nociejHedl NOBEPXHOCTH (3afHHH OTPE30K), S; = A¢/CGg41, THE hg —
BHICOTA NaJeHHs HYJEBOTO Jyua Ha IOCJENHIOI NOBEPXHOCTh, Og, —
TAHFeHC YTIJa MeXAY 3THM HYJEBBIM JIYYOM H ONTHYECKOH OCbIO B
NPOCTPAHCTBE H300paKeHUH.

Jas BBIUMCIEHHS JHHEHHOTO YBEJHUEHHS ONTHYECKOH CHCTEMEH
clIelyeT BOCNOJBb30BaThC (HOPMYJIOR

B = 1,01/(1g.19¢.1)s (87)
noaydaemoft u3 dopmya (46) u (47).

B dopmyne (87) ny u ng,s — NOKasaTeJqu NPEJIOMJIEHHS CpeH
MPOCTPAHCTBA NPEAMETOB H NPOCTPAHCTBA H300DaKEHHH ONTHUECKOH
CHCTEMBI, COCTOSIEH H3 ¢ MOBEDPXHOCTEH; Oy H Og,;y — TAHI'CHCH YTJIOB
HYJIEBOTO JIyYya B NPOCTPAHCTBAaX IIPeAMETOB H H300paxkeHU#l COOT-
BETCTBEHHO.

Pacuer xoja nayueft MoxeT GHTH 3aPOrpaMMHPOBAH B LEAAX NpH-
meneruss DBM. Onsaxo npH OrpaHHYEHHOM KOJHYECTBE NPOCYHUTHIBaAE-
MBIX Jyd4eff IJIS KOHTPOJS pe3yJbTaTOB, NOJYYeHHHX Ha IBM,
a TakXke JJIs Jydllero DOHHMAaRHS CYIMHOCTH pacyera IPH H3YYeHHH
ONTHKH 3TH pacyeTnl Lejecoo0pasHC BHINOAHATb, HanpHMep, Ha KJa-
BHIUHBIX HacTOJbHHX DBM.
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Taasa V
AETAJIX ONTHUYECKUX CHCTEM

25. MarepHaibl, npumMeHsemble IJisi H3TOTOBJEHHS
ONTHYECKHX jeraleH

Onmuueckotl cpedoll Ha3bIBAaeTCH BEMIECTBO, 3aHHMAIOMIEE
onpeleJeHHHH 00beM H NPONYCKalollee ONTHYECKOE H3Jy4YeHHE.
K onruueckHM cpenam OTHOCSITCS: BO3IAYX H JpyrHe rasbl, CTEKJa,
KPHCTAJJIEl, JKHIKOCTH H CIENHabHBE cpefnl. OnTuueckue cpelsl
SIBJISIIOTCA MaTepHasloM, H3 KOTODOTO H3TOTOBJSIIOT ONTHYECKHE Je-
TaJM — JUH3B, NPH3MBI, IJIACTHHBI, IIJIEHOYHBIE NMOKPHITHS H T. M.

J1st H3rOTOBJIEHHS ONTHYECKUX JAeTaJeli IPHMEHSIOTCA ONTHYECKOe
GecliBETHO® CTEKJIO, I{BETHOE ONTHYECKOE CTEKJO, KBapieBOe ONTHYE-
CKOe CTeKJIO, CHTAJJbl, KPHCTAJNIbl, NJaCTHYECKHEe MacCH H ApYrue
MaTepHaJsl.

OcCHOBHBEIM MaTepHaJoOM [ H3TOTOBJEHHS ONTHYECKHX JAeTasel
CJIY2KHT ONTHYECKOe 6eCIBETHOE CTEKJIO, KOTOPOe NOCTABJSAETCS B BHAE
6JIOKOB, IPECCOBOK, AMCKOB, NPU3M M APYTHX 3aroToBokK. B 3aBuch-
MOCTH OT XHMHUYECKOI'O COCTaBa CTEKJO XapaKTepH3yercs OIpeleeH-
HOM COBOKYNHOCTBIO ONTHYECKHKX NOCTOSHHBIX: NIOKa3areJseil npeJjomJie-
HUA AJs DasJM4YHBIX JJIMH BOJH M NPOM3BOAHBIX OT HHX BeJHYHH
(cpeannx aucrnepcHi, Ko>pOHLUHEHTOB AMCIEPCHH H OTHOCHTEJbHBIX
YACTHHIX JHCNepcHi).

Bousblnoe pasHooGpasHe CTEKON C PasJHYHBIMH IOCTOSIHHBIMH —
HeoOXOJHMO€e YCJOBHE CO3[laHHMSl BBICOKOKAUECTBEHHBIX OINTHYECKHX
npu6opoB.

[Tokasarenb MPeNOMJIEHHS M, AJS AJUHK BOJHBEL 546,07 HM NpHHAT
B KauecTBe 0cHo8H020 nokasamean npeaomaerus (cM. TOCT 3514—76
u 13659—78, a TakXkKe COBETCKO-HEMEUKMH KaTaJsorT ONTHYECKOTro
GecuBeTHOro CTeKJa). B Karajore 3HaueHHs NoKasaTesell NIpeJoMACHHS
IJIsi KaX o MapKy CTeKJa RaHbl JJjsi 23 LJIKH BOJH, COOTBETCTBYIOMIUX
CIEKTPAaJbHBIM JIMHHAM XHMHUECKHX 5JeMeHTOB, H 12 AJHH BOJH
H3JIYYEHHS J1a3€pOB.

[Ipy Heo6XONMMOCTH 3HAYeHWe I0Ka3aTess NpPEJOMJIEHHS MJd
H3JyYeHHUs C JJIHHOM BOJHBI A MOXKHO BRIUHCJAMTD O caenyiomel dop-
Myse:

ni = Ay 4+ AN + AP AT R AT 478,

rae A — JUIHHA BOJHBI, MKM; A4, A,, ..., Ay — KO030OHIHEHTH, NpU-
BOJYMEIE B KaTtajore JJsl KaXKIOH MapKH CTEKJa.

Jus puanasona pauH BoaH 0,365...1,0139 MKM BhIUHC/IEHHS 1O
yKazaHHo# QopMmyse J[al0T 3HAUEHH{ MNOKa3aTeJeH MpPeJOMJEHHS C
[OrpewrocTbi0 He Gosee =1-10-5. TlporpamMa pas BuiUHCJIEHHS
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noKasaTeJss NpPeJOMJIEHHS Ha MHKPOKa/JbKYJAATOPE NpHBeJeHa B NpH-
JIOKEHHH 2.

PasHocTh moKasareseli npesoMJeHHs LIS ONpPeAeNeHHBIX AIJHH
BOJIH Ha3biBaeTcs cpedrel ducnepcued. st XapakTepUCTHKH GaMKHed
yJabTpaduo/IeTOBOR M CHHeH ofjacTedl CHeKTpPa CJAYXKHT Cpefdss
AUCTIEPCHS N; —— Mg, BALUMYIO OGJIACTb CIIEKTPA XaPaKTEPHIYIOT Cpel-
HHE JHCIEePCHH Mg — N¢r B Np — Nc, HHPPAKPACHYIO #, — f1013,9
H Mig13,0 — Mogee,3- OCHOBHOH CpeJlHeH NUCIepcHel SBIAETCS CPeHsis
HLHCIEPCHS N — Rcr.

OrHomwenue Buna (ny — 1)/(n, — n,) HaswBaeTCs koagpduyuenmon
Oucnepcuu. OcrOBHBIM Ko3gppuyuenmom Oucnepcuu (duciom A66e)
ABJIsieTCsl 3HaueHHe

Ve = (ne — 1)/(nrp — nce).

OnTyueckoe GeclBETHOE CTEKJIO B 3aBUCHMOCTH OT 8HAUEHHH MOKa-
3aTeisl NPENOMAEHHUS M, U KO3DPUIHEHTA THCIEPCHH Vv, NEJIAT Ha CJie-
nywomue tHnb: JIK — merku#t xpon; ®K — docharrnili  Kpow;
TOK — raxenwifi docharnuit kpor; K — kpon; BK — Gapurossiit
kpoH; TK — taxenn#t kpon; CTK — cBepxraxensifi xkpoH; OK —
ocoBhIfl (¢ ocobbM XOZOM JAHCIeEpPCHH) KpoH; K& ~ KpoHIHHT;
B® — 6aputoBett  duinaT; TOJI — Taxenan#t GapuTOBBIE (QIHHT,
JI® — nerxku#t aunt; ® — dnunt; TO — raxenws daunt; CTH —
ceepxTaxean#i GauaT; O — ocobblit (¢ 0COGBIM XONOM NHUCIEPCHH)
bJIHHT.

Pacnpenenenne yKasaHHBIX THIOB CTeKJa HAa KOOPAMHATHOM MOJe€
IMarpaMMBl <NOKA3aTeNb NPENOMACHHS 7, — KOI(DOHIHEHT NHCIEPCHH
ve» Nokasano Ha puc. 42. Crekna tunor OK 1 O MOTyT HaXomHTbCS
Ha mo6GOM YYacTKe MNoJisl JHarpaMmbl, 8aHHMAeMOM COOTBETCTBEHHO
KpOHaMH KM QauHETamu. Kak ciexyer ua puc. 42, KpOHOBHE CTEKa
uMetoT GOmpIune KO3h(HIHEHTH IHCIIEPCHH H OTHOCHTENbHO MEHbUIHE

NOKa3aTesi4 INpEJOMJEHUS NO

ne T CpPaBHEHHIO C (QJIHUHTAMH.

re Ommuocumenvtoti  4acmuotl
19 ducnepcueli Ha3HBAIOT OTHO-
/ / weHune An/(npr — n¢:) HIH
78 % An/(ng—n¢), rne An siBasiercs
cTK Aﬁcp AT® YacTHOM Jucnepcued, HamNpH-
17 — mMep An = ngp—np. B co-
ToR] K/ | 6@ %— BETCKO-HEMEIKOM KaraJore
16 oK 5K~ 3HAYEHHS OTHOCHTEJbHHBIX Ya-
/5 ké{ i CTHLIX JUCNEPCHA HJas Kax-
’ /'Kl P JIOH MapKH CTeKJa IpPHBEIEHb

14 Ltst 24 y4acTKOB CHeKTpa.
Ve 70 60 50 40 30 20 10 KpoMe npuBeneHHBIX BhILIE

ONTHYCCKHUX TOCTOSHHBEIX TNPH
Puc. 42. inarpamma «noxasaTesb npesiomne- PACHETE W CO3NAHMH ONTHYEC-
HWR ng — KOBPMULHEHT RHCTIEPCHH Vo» KHX CHCTEM BO3HHKaeT Heol-
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XORHMOCTb HCIIOJb30BAHHA APYTHX XapaKTePHCTHK ONTHYECKOTro CTeK-
jga. K TaKUM XapaKTepHCTHKAM OTHOCHTCS, HanpuMmep, Bascta =
= Angse t,2/At — TemnepaTypHuH KoahQHUIHEHT, HJIH H3MEHeHHe
a6CO/IIOTHOrO MOKasaTesss MNPeJNOMJIECHHsS CTeKJa IpPH IOBBILEHHH
remneparypsl Ha 1 °C ans IJNHHBL BOJHEL A.

[Toxkazaresu NpesoMJEHHs CTEKOJN BO3PACTalOT C NOBHILICHHEM
TEMIEPATYpPH OKpyXKawmiel cpeipl.

Baxuofi onTuuecKoH XapaKTepHUCTHKOH CTeKJa $HBJASETCH €ro
CNeKTpaJbHOE MpornyckaHue (HofpoGHee o6 sToM cM. B ri. VII).

[1pu BrIGOPE MapOK ONTHYECKOrO CTEKJa AJIs ONTHYECKHX NPHOOPOB,
JEeHCTBYIOMIMX B KOHKPETHHIX YCJOBHAX 3KCIJyaTalHH, HEOOXOAHMO
YUYHTEIBATh YCTORUYHMBOCTbL CTeKJa K BJAAXKHOH arMmocdepe H ciaboKuC-
JILIM BOJAHBIM PACTBOpPaM, K BO3AEHCTBUIO HOHH3HPYIOMEro H3Jy4eHHs,
a Takxe ero TeMuepaTypHHH KO3(Q(HUIHEHT JHHEHHOrO pacHIHpeHHd,
TEMNJIONPOBOAHOCTb, VIENbHYIO TEHJIOEMKOCTh, NJIOTHOCTb, MOZAYJb
YIPYTOCTH K MOAYJb CHBHIa, 3JEKTDPHUECKHE H MarHUTHBE CBOHCTBA.

OnTHYecKoe CTEKJ0 ReJNAT HAa KATErOPHH M KJACCH IO CIENYIONIHM
HOKa3aTeNssM KauecTBa: OTKJAOHEHHIO IOKa3aTess NPEJNOMJICHHS M,
HampuMep CTekJo 1-fi KaTeropum HMeeT NpejeNbHOE OTKJIOHEHHE
Ane = =42-107%, a crekao 5-% kareropun =20-107%; oTK/IOHEHHIO
cpelHell JUCIEPCHH nps — M¢+; OLHOPOJAHOCTH IIOKa3aTess npelioMie-
HUS W CpelHeH MHCIEPCHH AJs NapTHH 3arOTOBOK; ABOHHOMY Jyye-
IPeJIOMJIEHHIO; MOKA3aTemi0 ocaabyeHus (MOTJIOLIeHHS) — BeJHUYHHE,
o6paTHO# PacCTOSIHUIO, HA KOTOPOM NOTOK H3JyYeHHS HCTOYHHKA A
(TOCT 7721—89) ocnabasiercs B pe3yapTaTe NOTJOWIEHHS H pacces-
HUR B crekJe B 10 pas; 0eCCBUNBLHOCTH; NYSBIPHOCTH; ONTHYECKOH
OJIHOPORHOCTH — INOCTOSIHCTBY TOKa3aTess NPEJOMJEHHS 1O 00beMy
CTeKJa.

TTonpo6roe onucanue BCEX XapaKTEPHCTHK ONTHUYECKOro GecuBer-
HOIO CTeKJa M HX 3HaueHus [OJs1 KOHKDETHBIX MapoOK JHaHbl B
IFOCT 3514—76, T'OCT 1365978 # COBETCKO-HEMEIIKOM KaTaJjore
ONITHYECKOTO CTeKJa.

Mapku  crexou, peKOMeHAyeMble RS HCIIOJIb30BAHHUS
['OCT 3514—76, npencraBiedsl B taba. 1.

Crekna cepuu 100 ¢ Hymepanue#t mapok ot 100 no 199 — mano-
TEMHEIOIHe o[ BO3AEHCTBHEM HOHU3MPYIOWEro H3JyueHus. B Heko-
TOPHIX CAYYAAX NIPH pacyere ONTHYECKHX CHCTEM JONYCKaeTCs HCMOJb-
30BaTh IOKA34TeJb [IPEIOMJIEHHS Np U CPERHIO AUCTIEPCHIO Np — Ng.
B TOCT 3514—76 npencraBieHsl 95 MapoK ONTHYECKOTO CTeKJa,
a B COBETCKO-HemelUKOM Kartajore — 108 oreyecTBEHHBHIX MapoK H
114 mapox creksa, usrotoBasBsiuerocs B I'JIP.

IIpomeitnnennocTb BeimyckaeT coiite {00 MapoOK LBETHOTO CTeKJa,
OKpalIeHHoro B Macce, 06eCHeYHBAIONIero BoIACAEHHUE HIIH NOTJIOUIEHHE
4acTH CneKTpa — OT yJabTpaduoseroBol 1o HHbpakpacHok. LlperHoe
ONTHYECKOE CTEKJO MPUMEHAETCS B KayecTBe CBETO(DHJAbTPOB B CIeK-
TpaJbHBIX H (boTOMeTpUHYeCKHX npubopax, B doToannaparype, A4
SaIHTH OT BO3AEHCTBHI APKOrO CBETA, TENJOTH M JIa3€PHOrO HaJjyue-
HHSA.
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Ta6anpua |
IIpepnoyTHTeNsHEIE MAPDKH CTEKON

TToxkasarenb NpPeNIOMAEHHS Cpennsiss RHCEpCHs
Mapka
eTeKaa

ne np ngs—ncr ngp—nce
JIK6 1,4721 1,4704 0,00708 0,00704
JIK7 1,4846 1,4828 0,00732 0,00728
KB, K108 1,6183 1,56163 0,00812 0,00806
K100 1,6237 1,5215 0,00882 0,00875
BK6, BK106 1,5421 1,56399 0,00913 0,00905
EK8, BK108 1,5489 1,5467 0,00877 0,00871
BK10, BK110 1,5713 1,5688 0,01024 0,01015
TK2, TK102 1,5749 1,56724 0,01005 0,00996
TK14, TK114 1,6155 1,6130 0,01020 0,01012
TK16, TK116 1,6152 1,6126 0,01069 0,01050
TK20, TK120 1,6247 1,6220 0,01107 0,01097
TK21, TKI121 1,6600 1,6568 0,01299 0,01285
TK23 1,5915 1,5891 0,00970 0,00962
KP4 1,5203 1,5181 0,00886 0,00879
Bd12, BPli2 1,6298 1,6259 0,01622 0,01601
B¢16 1,6744 1,6709 0,01435 0,01419
bd24 1,6386 1,6344 0,01750 0,01726
J1®5, JI®105 1,6783 1,5749 0,01409 0,01392
(o} 1,6169 1,6128 0,01681 0,01659
®101 1,6179 1,6138 0,01681 0,01659
®104 1,6290 1,6247 0,01762 0,01738
o6 1,6170 1,6031 0,01611 0,01590
T, TO10! 1,6522 1,6475 0,01940 0,01912
T3 1,7232 1,7172 0,02469 0,02431
Td5, TO105 1,7617 1,7550 0,02788 0,02743

CerodunbTper (cM. m. 42) H3rOTOBJASIOT AHamerpoM o 360 MM,
TomuuHOR Ao 10 mm. CnekTpasnbHeie H (H3HKO-XHMHMYECKHE XapaKTe-
PHCTHKH IIPHBEJIEHH! B KaTasore uretHoro crek/aa 1 8 [OCT 9411—8I1E.

OcHOBHOR XapaKTePHCTHKON LBETHHIX ONTHUYECKHX CTEKOJ SBJA-
eTCcs 3aBHCHMOCTb Ko3(dHUHEHTAa NponyckaHus T (A) OT MNJIHHBI
BOJIHHL A.

Haa neraneft, inddys3Ho pacceHBAIOMMUX Mafaomee HAa HUX H3IY-
HeHHe, MCIOJNb3YIOT MOJIOUHEE (CBeropaccemBaiomue) crekna (MC).

Onruyeckoe KBapleBOe CTEKJIO NPHMEHSETCH I H3TOTOBJIEHHS
Retasell, IeACTBYIOMHUX B YJIbTPadHONETOBOA W MHbPaKpacHoil obac-
TAX CNEKTpa, /s JeTajed ¢ MaJbM TeMIePATyPHBEIM KO3h)HIHEHTOM
JMHEAHOTO PaCUIHPEHHS H BHICOKON TEPMOCTOHKOCTHIO.

OnTHyeckoe KBapueBOe CTEKJO BhIIYCKAETCH CACAYIOUMHAX Mapok:
KY1 — crekno ¢ BBICOKOA NPO3pauHOCTIO B [MANA30He CNEKTpa
170...250 um; KY2 — cTekso, Xxapakrepusyemoe 3aMeTHHIM NOTJOLLe-
HHEM B HHTepBa/e MIuH BoaH 170...250 um; KB — crekso, npospau-
HOe B BUAHMO# uacTu cnexkrpa; KB-P — creksno, ycrofiuupoe K Bo3zei-
CTBHIO ramma-uanyuenusi; KM — 6e3 samersHoli mosiocnl NOTJCIIEHHS
R0 ApauBb BoJHH 2800 HM.
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Bcee nepeqnciensne MaDKH ONTHYECKOrO KBapIeBOr0O CTEKJa HMEIOT
TeMnepaTypHui KospPHIHEHT AHHeAHOro pacuinpedus 2-10-7 B gua-
nasone temneparyp +20...—60°C u 5,2-10-7 B nnanasose remnepa-
typ +20...4120°C.

ITonnee xapaKTepHCTHKH PaCCMOTPEHHBIX MapOK KBAPLEBOr'O OITH-
4eCKOro CTeKJIa NPHBEJEHH B COBETCKO-HEMELKOM Karajore H B
I'OCT 15130—86.

ILnisi H3rOTOBJIEHHS! ONTHYECKHX HeTasefl NPUMEHSIOT MEeNKOKpPHC-
TAJJIHUECKHH MarepHal C MaJblM TEMIEPaTYPHRM KO3hdHIHEHTOM
JHHEHHOro pacliHpeHHs — CHTaJJ. PasMepn KpHCTaMIOB He npeBbi-
mawT A/2 a9 BHAHMOM YacTH CHeEKTpa.

B Taba. 2 npuBeleHb XapaKTePHUCTHKH ONTHYECKHX CHTAJJIOB.

Cutann 118M (acTpocuTans) HCHoMb3yercsi A H3TOTOBJEHHS
aCTPOHOMHYECKHX 3epKaJi, Ja3epHhIX THPOCKOMNOoB H T. n. CuTtama
23M uMeeT oTpHIATeNbHBIA TEMNEPATYPHHIA KO3POUUHEHT JHHEAHOTO
pacIuMpeHHs, TEPMOCTOEK, HCIOJIb3YeTCA AJIS H3TOTOBJIEHHS CMOTpPO-
BBIX JIIOKOB, O6TekareJed H T. II.

OnryueckHe KPHUCTAJJIHUECKHE MaTepHaJbl Ha OCHOBE XJIODHIOB,
¢TOpHIOB M OKCHAA aMIOMHHHSA, TAKHE, KaK XJOPHCTHIE HaTpH#, ¢To-
PHCTHIH JWTHH, QTOPUCTHIA KaAbHHH, QTOPHCTHI KaaH#, HTOPHCTHH
Mardaui, ¢ropucteit 6apufi, JefikocandpHp, 06JaAAOT Xopowed
[1PO3PayHOCThIO B YJbTPadHOJETOBOA O0JACTH CIEKTPa H OCOBEHHO
B MHbpakpacHok uacTH cnekrpa. Hanpumep, ¢ropHcTeifi KaabLui
npospayen B obnacra 0,122...9,5 MkM.

K onrHuecKHM MaTepHasaM OTHOCATCA CHHTETHYECKHE IOJIyNpo-
BOJHHMKOBbIE MaTE€PHA/bl FePMAHKH H KPEMHHUH, NPO3paynble B HHOpA-
KpacHo# yacTH crexTpa u3ayyenusi. Hanpumep repmanuft npospauen
B [uanasode IJAMH BOJH 2...23 MKM (NOKasaTesb IIpeNOMJIEHHS AJs
A = 10,6 MkM cocraBasier 2,41). IlogpoGHble XapaKTEPUCTHKH ONTH-
YeCKHX KDHCTA/JIOB CM., Hanpumep, B [16].

Jns usrorosnenus merasnefl, Aubdy3HO PacCeHBAIOIUX MPOXOLsA-
KA HJIK OTPAXKEHHBIH NOTOK H3JYYeHHS, IPUMEHSIIOT MOJIOUHOE (CBETO-
paccenBamiommee) CcTekJo. 3HayeHHs KO3bGHUHEHTOB MPONYCKaHHS,
OTPaXKeHHs H NMOIJIOWEHHA COOTBeTCTBeHHO paBuu 0,2...0,55, 0,4...0,7
H 0,04...0,3. Tommuuua naacrud 3...5 MM.

Ta6uauna 2
XapakTepHCTHKH ONTHYECKHX CHTa/ 0B Mapok 115M u 23M

XapaxkTepucTuka 115M 23M
IToxasaTesb npenomieHus 1,635 + 5-107% 1,553 + 2-107%
CpenHssi QuCHepCHs 0,0102 + 3-10"% | 0,0108 &= 2-10"¢
Temneparypa, npu KOTOPO#H TemnepaTypHmi 25 + 20 220 + 50

KO3bOHUHEHT JIHHeAHOrO pacIHpeHHs pa-
Bes 0+ 1,5-1077, °C
Tepmocrofikocts, °C 500 + 50 650 + 50
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Moxasatenn npeaoMJcHHs

xuaxocred npn £ = 20 °C

TaGnanuma 3

K HAKOCTD np XKuaxocrs np

Bona mucTHANMPOBAHHAA 1,33299 | Macao:

STHAOBHA CHHPT 1,361 TepIHHTHHOBOE 1,470
UeThIpeXXJIOPHCTHA yTie- 1,460 napaduHOBOE 1,440
pon OJHUBKOBOE 1,467
Bensou 1,500 KOpHYHOE 1,585 ... 1,619
Cepoyraepos 1,620 KenpoBoe 1,504 ... 1,516
Mono6pomuadTanus 1,650 TBO3JMYHOE 1,632 ... 1,544
HogucThill MeTHIeH 1,7275 aHHCOBOE 1,547 ... 1,553

Jlnsi onTHYeCKUX fAeTaseli, JeACTBYIOMHUX IPH BHICOKHX TeMNepary-
pax (ceuime 2000 K) B unrepBane naux soad 0,26...7,6 MM, mep-
CIIEKTHBHBIM sIBJSETCSl KPHCTA/MJIHYEeCKUH MarepHaJs Ha OCHOBe crabu-
JHU3HPOBAHHBIX OKCHAOB LHPKOHHA H rabpnua — duanur (n = 2,20,
v = (,058).

J1a H3roToBJIEHHS HEOTBETCTBEHHBIX ONTHUECKHX jertaJelr (nym,
JUH3, BHKoucKaTesaed, 1uH3 OpeHens H T. I.) HCOOAB3YIOTCH CIEAYIO-
HIHE NOJUMEPH! (OPraBHYeCKHe CTeKJa): NOJHMETHIMeTaKpHaaT, NOJH-
9TH/IEH, PTOPOMJIACTH!, NOJAHCTHPOJ H T. 1. JIOCTOHMHCTBAMH [ONHMEDOB
SIBASIIOTCSL HEBBICOKASl CTOMMOCTb MaTepHaja ¥ H3TOTOBJIEHHS NpH
MaccoBOM IDOH3BOACTBE (NpeccoBaHHe H JIHTbE), HH3Kas INIOTHOCTDb
W Manasg xpynkoctb. OAHAKO OHHM HMEIOT BHICOKHH TeMmIepaTypHBbIA
KoshhHuImeHT AHHefiHoro paciupenust [ay & (70...200) 10-°], HeBwi-
COKYIO OINTHYECKYIO OAHOPOOHOCTb, HH3KYIO TBEPLOCTb, CKJOHHOCTB
K €CTECTBEHHOMY CTAPEHHIO H CIIOCOGHOCTbH HAKANJHBATh CTATHUECKOE
3JEKTPHYUECTBO.

[Toxkasatenb npeaoMJIeHMsi HoJuMepoB cocraBiser 1,49...1,58,
a koa(pdunuedT nucnepcun — 57,6...29,9.

JKugkoctu (Boga, 6€H30J1, KEDPOCHH) IIPUMEHSIIOT KaK OITHYECKHe
cpennl ¢ OCOCBIMH ONTHYECKHMH HNOCTOSHHBIMH. MoHo6pomHadraJuH,
KeIPOBOE Mac/JO ¥ IPYTrHe KHIKOCTH HCIOAb3VIOT B KauecTBe NpeJMer-
HOH cpeipl (MMMEPCHH) B MHKPOCKONAX, B pedpakroMerpax H T. H.

[Tokasartenu npenoMJieHHS HEKOTOPHIX XHIKocTeH IPHBENEHH B
tabna. 3.

26. JIuu3n

JIun3oll Ba3bIBAIOT ONTHYECKYIO JleTallb, OTPAHHYEHHYIO
JBYMSA TIPEJOMJSIOMUMH OOBIYHO OCECHMMETPHYHLIMU ¥ HEHTDHPOBaH-
HEIMH NOoBepXxHocTAMH. HauboJsee wacTo BeTpeuaromuecs JHH3bI Orpa-
HYUYeHb! IBYMS chepHYeCKHMHU NMoBepxHOCcTAMH. Ecnu onna H3 noBepx-
BOCTeHA -—— NJOCKOCTb, TO OHA JOJXHA OblTb NEpNeHIHKYAsPHA K ONTH-
YecKO¥ OCH.
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JIHH3BI C OCECHMMETDHYHBIMH H LEHTPHPOBAHHBIMH II0BEDXHOCTSIMH
ofecneyyBalOT B NapakcHaNbHOH 06JAaCTH COXPaHEHHE IOMOLEHTPHY-
HOCTH IIyyKa Jy4yeH B NpPOCTPaHCTBE H300paeHHH.

ITpu OTCYTCTBHH KPYTOBOEH CHMMETPHH XOTS 6bl ONHOH H3 NMOBEPX-
HOCTeH (HampuMep, OlHa H3 NOBEPXHOCTEH JMH3BH UHIHHADHUECKaAS,
a BTOpas IJOCKas) OMOLEHTPHYHOCTh (B MapakCHalbHOH 06JACTH)
6yner obecrneuHBaTbCSl TOJNBKO B ONHOH H3 CeKYIIHX IJIOCKOCTed,
BKJ/IIOYAIOMHX ONTHYECKYIO OCb.

PaccMoTpuM npesoMisiioniee 1efiCTBHE OTAGIBHON JHH3K CO ChepH-
YEeCKHMH TNOBEPXHOCTAMH (pHc. 43, a), moab3ysich AJAS 3TOH LEJH
HYJIE€BBIMH JYYaMH.

KoRCTpYKTHBHBIMH TapaMeTpaMH JIHH3E! ¢O chepHUECKHMHU NOBepX-
HOCTAMH (OfHa H3 HHX MOXeT ObIThb IIOCKOH) OYIYT pamuych chep
ry ¥ ry, TOJIIHHA MO ONTHYECKOH OCH d M NOKasaTe/b NPENOMJIEHHSA
n, MaTepHajJa JHH3b (n; H 7ng — NOKa3aTeNH IpPEJIOMJEHHS Cpej
COOTBETCTBEHHO MNE€pel M Mocje JHH3H). Bocmonbsyemcss uMH Ads
onpeneJeHns: GOKYCHBIX paccTosiHufl f u f JuH3EL, ee QOKaNbHBIX OT-
Pe3KOB §'r H Sp, DOJOXEHHS TJIABHBIX IJIOCKOCTEH OTHOCHTENLHO
BePIIMH cepHUYECKHX NOBepXHOCTeH (OTPe3KH Sk~ H Sgy) M PACCTOSIHHSA
A gy MEXIY TJABHBIMH IIOCKOCTSMM (IVIABHBIMH TOYKaMH).

3aMeTuM, YTO NOCJAEAYIOIIee H3/10KEeH)Ee B PABHOH Mepe MOKET GhITh
pacnpocTpaHeHo H Ha HechepHYeCKHE OCECHMMETPHYHBIE JIMH3HI,
T4K KaK OHH B napakcHaJbHOH 06sacTH AEHCTBYIOT Kak chephueckue
C pajMycaMmH, DaBHBIMH pajuycaM KPHBH3HH IIPH BepluHHe HecdepH-
YeCKHX NOBEPXHOCTEH.

Cornacro dopmynam (85), (82) u (83) umeem:

[ = hyjog; 05 = (ny/ng) o5 + hy (ng — ng)/(ngra); hy = hy — 044,
0y = hy (ny — ny)/(ngry); oy = 0.

IMocnepoparenbHasi MOACTAHOBKA 3THX BBIPAXKEHHH KaeT CJAEAYIO-
myio Gopmyny Ans ONpeseseHHs] 3ajHero (JOKYCHOrO PACCTOSHHS
JIHH3BI:

1 __ 1 /fng—my + ns*nz) __(rg—ny) (ng—ny) d

T ong 41 Ta Ronglry ’
Ilepennee doxycHoe paccrosinie ONDERENsIOT Mo (GopmyJe

1 Ny — Ny ng—ng (ry — ny) (ny — ng)

7 - 71- ( 1 - £ ) + Mnel Ty d. (89)

CpasuuBas dopmyasl (88) u (89), monyuum f'/f = —ng4/n,, T. e.
AJIS1 JIMH3B! CNIPABENJHBO TAKOE K€ COOTHOILIEHHE MEXIY 3aJHHM M
nepelHUM GOKYCHBIMH PACCTOSIHHAIMM, KaK U JJIsi HAEaAbHOH ONTHYCKOH
cicremsl [dopmyna (34)].

Onruueckas cuna aunsh @ = ng/f’ = —n,/f sBaAseTcs onHo# H3
€€ OCHOBHBIX XapakTepHCTHK. Ona sBAseTcs TaKXKe Mepoi ONTH4e-
CKOro JEHCTBUS CHCTEMBI, COCTOSIIEH W3 KOMOHHAIMH JIHHS.

Hem 6osibile (no a6COJIOTHOMY 3HAYEHHIO) ONTHYECKAS CHJIA, TEM
6/1iKe K JIMH3€ pacnoJiaraeTcsi H306paKeHHe H TeM MeHblUe pa3Mep
sToro usobpaxenus [cMm. dopmyay (41)].

(88)
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Ecnv snuH3a HaxoLHTCR B BO3AyXe (n; = ng = 1), to @ = 1/f’.

Enunuuell onTHyeckodl CHJH ABasercs duonmpua (ANTP), KOTOpas
paBHA ONTHYECKOH CHJIE JIHH3bI, HaXoAAmeHcs B BO3AYXe, C QOKYCHLIM
pacCTOSTHHEM, PABHBIM 1 M.

[TostromMy omTtHYecKass cusa JHH3M B jauonrpusx @ == 1000/,
rae f' — B MuJIHMeETpAaX.

OneHKa ONTHYECKOH CHJIR JIHH3 B IHONTPHAX NPHHATA B 0dTalb-
MOJIOTHH.

3ajggee H nepejnee GoKycHbHE PACCTOSIHHS KaXKIA0H U3 NIPENOMIISIO-
INHX NOBEPXHOCTEH JIMH3BI B COOTBETCTBHH C (opmyJioii (76) paBHH

fi = (nar)ling — ny);  fr = — (r)/(ng — ny);
fo=(ngra)/(ns — ny);  fo = — (nyry)/(ns — ny).

[Tocne moacTaHOBKH NpaBHIX YactTedl THX PaBeHCTB B (DOPMYJIH
(88) u (89) mosyyum, YTO onTHYECKAas CHJA JIHH3bI

@ = noffi + nsffz — nad/(fif3)
O = Q, + O, — O,D,d/n,, (90)

H OKOH4YaTeJIbHO

rae O, — onruyeckasi CHsIa TEpBOH IpenoMAsOUed MOBEPXHOCTH
saun3el; Oy — ONTHUECKAS CHJIA BTOPOH NpPeJOMJISIOMEH NOBepXHOCTH
JIMH3HL.

®opumyay (90) nosesno cpasuuTs ¢ hopmyJol (56), onpenessiomeit
ONTHYECKYIO CHJIY JIBYXKOMIIOHEHTHOH ONTHUECKOH CHCTEMBI, HaXOAd-
meRcsl B BO3JlyXe, MeXy KOMIIOHEHTaMH KOTOPOH — cpefa ¢ MoKasa-
TEJeM OPEJOMJEHHS n,. M3 cpaBHeHHs ciepyer, YTO JIHH3Y MOXKHO
NpPEeICTaBHTh KaK JABYXKOMIOHEHTHYIO cHCTeMy, B Koropo#i @ —
onruyeckas cujia l-# npenomisiomes nosepxHoctd, @, — 2-# npe-
JIOMJISIIOIIER TTOBEDXHOCTH JIHH3HL.

3anuuf QoKaNbHHIA OTPE30OK JIMH3H mosydaeMm nmo dopmysne (86):

Spr = Ryl0g = hohy[(iog) = [ [1 — d (ny — ny)/(ngr )] (91)
IIpu ob6paTHOM Xozie Jsryua HaxoZuM nepexnuuii GokaJbHEHA OTPE30OK
sp = ~f" (ny/ng) [1 + d (ny — ns)/(nara)]. (92)

Ha puc. 43, a noxasana JiMH3a TOMIHHON d ¢ OTMEUEHHBIMH 3Haye-
HUAMH QOKYyCHBIX paccrosiuuil f* d f 4 QOKaJIbHLIX OTPE3KOB Sp+ H Sp.
Ha#inem oTpesku sy - 4 8y, ONpeensIomue N00KeHHE [JIABHBIX [IIOCKO-
CTEd OTHOCHTENLHO BEPUWHH IpeNoMISImHUX nosepxHocrefl. Us
PHCYHKA cjenyer, 4To sy- = Sp-—f', asy = sp — f. Torga corsacuo
tdopmyaam (91) u (92)

Sie = —F'd (g — n1)/(Ngr1); (93)

sy = —f'd (ny/ns) (ny — ng)/(nary). (94)
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Paccrosiuue MEXIY I/1aBHBIMH IIVIOCKOCTAMH OIIpEeneNsieTcs paBeH-

CTBOM
Appr =d s — sy =d {1 — (F/ny) X
X [(ny — ny)/ry — (n4/ng) (ny, — ng)ir,}. (95)

Tpumep. Paccuntarh JBOSKOBHIIYKJYIO JHH3Y, C OJHOR CTOPOHH KOTOPOfi Haxo-
EHTCS BO3NYX (ng = 1), ¢ Apyro# — Boaa (ng = 1,33). JInH3a HMeeT cefyiOUwHe KOH-
CTPYKTHBHHE NapaMeTphi: 73 = 20 MM, 7y, = ——15 MM, d = 15 MM, ny = 1,5.

[1pu BruHcaeHHH no dopMyJiaMm (88) H 389) noaydaeM f’ = 40 MM, f = '—30 Mu.
®oxansubie oTpeaky [dbopmynnt (91) u (92)]: sp, = 30 MM, sp = ——26 67 mM. Pac-
CTOSIHHe MeXIy TJaBHHMH 1uockocTaMn [dopmyna (95)] Ay p. = 1,67 M.

Jlns pacuera JaMH3B, HaxofsmeHcs B Bo3ayxe (n, = ny, = l;
n, = n), Ha ocHOoBaHuH ¢opMyn (88)—(95) noayuum:

Vi = (n— 1) (Ifry — Ury) + d (n — 1)/(nryry); (96)
Ui = (1 —n) (Iry — 1/r)) — d (n — 1)*/(nryry); (97)
Fif=—1f=—f} (98)

® =0, + D, — O,Dyd/n; (99)

spe=f'[1 —d(n — Di(nry)l; (100)
sp=—["[14+d(n— Dinr)l; (101)

sye = —f'd (n — 1)/(nr,); (102)

= —f'd (n — D/{nry); (103)

Hyr =d [1 — (/) (n — 1) (Yry — Uy} (104)

Bce AHHSBI MOXKHO pasiesiuTh Ha TPH IPYIIBL

JIHH3B!, NOBEPXHOCTH KOTOPHIX HMEIOT Pas3Hble N0 3HAKy pajHyChl
KPUBH3HBI: JBOSKOBHIIYKJBIE M JABOSIKOBOrHYThle (puc. 43,a u 6);

JIMH3BI, O/lHA H3 IOBEPXHOCTEH KOTOPHIX INIOCKAasl: BBINYKJO-
NJIOCKHE H IJIOCKOBBLINYKJbIE, BOTHYTO-IJIOCKME H IJIOCKOBOTHYThIE
(puc. 43, 6—e);

JIMH3B!, HMEIOIIHEe OJMHAKOBHIE O 3HAKY paauychl KDHBH3HBIL:
BBINYKJIO-BOTHYTHIE M BOTHYTO-BBIIYKJIBIE TOMUIHHOM 10 OCH, GoJbliIel
TOMIMHE [0 Kpalo (puc. 43, 2% H 3), BOTHYTO-BBHIUIYKJBIE H BHIIYKJIO-
BOTHYTBIE TOALIHHOMN N0 OCH, MeHbLIEH TOIIMHK 110 Kpalo (pHC. 43, 4, k).
Takune JUH3BI HA3BIBAIOTCH MEHUCKAMU.

JInH3B! OGBIYHO SIBJASIOTCS OCECHMMETPHUYHBIMH meTtanasmH. OnHaxo
B HEKOTOPHIX CJIYYasiXx HCHOJb3YIOTCH H HHJUHADHUUYECKHE JIHH3H
(em. o, XX).

PaccmoTpum 0COGEHHOCTH HAXOASRIIHXCH B BO3LYXe JIMH3 pas3jiHu-
HEIX THHOB CO CepHYECKHMH H IJIOCKHMH NOBEPXHOCTAMH.

Hsoskosoernymas runsa (puc. 43, 6) umeet ry << 0 u r, > 0. 3asiHee
toxycHoe paccTosiHHe f' OTpHLATENbHO NPH JI06OH TOMIUHE d AHH3H,
YTO OIpejessieT ee pacCcenBaiouiee jJeficrBie. Dta JIHH3A fBJAETCH
OTPHUATENbLEOH.
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Buinyxao-naockas aunda (puc. 43, 8) umeer r, >0 u r, = oo,
3navenusn QOKYCHHX pacCTosHu#l f' H f, GOKaJbHHX OTPE3KOB Sk
H Sr, OTPE3KOB Sh+ U Sy, 4 TAKIKE PACCTOSHHE Appys MEXIY TVIaBHBIMH
IJIOCKOCTSIMH  OTIpefiensiorcst no dopMysaaMm, noaydaembiM H3 (96)—
(104):

f'=—f=rln—=1) sp-=rfn—1)—d/n;
sp=1/[; Shr=—din; sg=0;, Agy-=d(n— 1)/n.

} (105)

W3 dopmyn (105) caenyer, uTo, BO-NEPBHIX, POKYCHBIE PACCTOSHUS
f’ u [ He 3aBHCAT OT TONUIMHEE d JMH3E, BO-BTOPHIX, NepelHsis IJaBHas
IVIOCKOCTh KAaCaeTcsl BHINYKJIOA NpPENOMISIONEH MOBEPXHOCTH.

I aockoseinyxrasn aunsa (puc. 43, 2) uMmeer ry = o0 H ry, << 0.
Pacuernrie GopMyJabl aHAJOTHYHBL NPENBILYIHM:

f'=—f=—r(n—1); sgr=0; sp=ry/(n — 1) +d/n; } (106
sar=0; sy=dn, Apyr=(n-— 1)d/n. )

JIMH3El ¢ ONHON NpeNoOMJSIONWEH NOBEPXHOCTBIO IJIOCKOH H ApY-
rofl — BBIIYKJOH HBJAAIOTCA COGHPATENbHBIMH (OJIOKUTEIbHLIMH).

Boenymo-naockan aunsa (cM. puc. 43, d) umeer ry << O Hry = oo.
Qopmyasl AJAS 3TOH JHH3H CAefyOIUe:

f=-—f=rjn—1); spr=rfin—1)—d/n, sp=F;
sur = —d/n; sy =0; App-=(n—1)d/n.

U3 comocraBiennsi nosyuenuntx dopmysa ¢ dopmynamu (105),
OTHOCANIMMHCA K BBIMYKJO-IIOCKOA JMH3€, BHITEKaeT HX MOJMHOe
COOTBETCTBHE LPYT € APYTOM.

ITrockosoenymasn aunsa (puc. 43,e) ¢ ry = oo U ry > 0 onucH-
BaeTCsl CJAESAYIOIHUMH (QOpMyJiaMH:

[l=—f=—ryf(n—1); spr=[; sp=ry/(n— 1)+ d/n;
S;-{"=O; SH=d/n’ AHHr=d(n_ 1)/n

311 GopMYJIE MOJMHOCTBIO coBNatailoT ¢ gopmyJaamu (106), orHOCA-
IHMHCA K IJIOCKOBBIMYKJOR JIMH3e.

Beinyxao-eoernymoui mesuck (puc. 43, %) ¢ r; >0 u r, > 0 npu
ry << ry. Dro JNHH3a SABJASETCH COGHPATEIbHON (IOJNOKKTENAbHOH), TaK
Kak ' > 0. OTpesKy Sh- H Sy OTPHIATENbHBI, CJEI0BATENbHO, HEpeS-
HSIS IJIaBHAS IJIOCKOCTh HAaXOMWTCHA Nepeln JIMH30H.

Boenymo-saunyraviil meruck (puc. 43,3) ¢ r; << 0 u ry<<0 npu
Jri) > [ry| TakXe OTHOCHTCH K TNOJOKHTEJbHHIM JHH3aM. 3aiHsst
TJIaBHasl IJIOCKOCTb BCETrAa pacloJiaraercs 3a JHH30M.

Boenymo-einyxaoui meruck (puc. 43, u) ¢ r;<<0 u r, <0 npu
jri] <<|r.| otHOCHTCH K oTpHuatensHmM aun3aM (f' <C 0). Ilepenuss
riaBHas IJIOCKOCTb STOTO MEHHCKA HAaXOZUTCH Nepel JHH30H.

Boinyxno-eoenymenl menuck (puc. 43,x) ¢ r; >0 u ry, > 0 npH
ry > r, TAKXKE OTHOCHTCS K OTpHUATeNbHbIM JMHH3aM (f << 0). 3axnusas
IaBHAs TJIOCKOCTb 3TOr0 MEHHCKa HAaXOLHTCA 8a JHH30M.
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B cayuasx, korna mexay KoH-
£ CTPYKTHBHBIMH NapaMeTp aAMH JIHH-
3bl, BXOASIEMH B Gopmyay (96),
@ _ - HMEET MECTO COOTHOLIeHHE |ry —
i f
—= —r | < (n—1)d/n, BoOrsyro-

BHINYKJBIE H  BBHIIYKJO-BOTHY-

S~ FE THE JHH3H GYAYT MOJIOXKHTEb-

=0t HbMH, T. e. f' > 0. HupMu  cito-
BaMH, YBEJHYHBasg TOJMHMHY d,
5 |4 , OTPHLATEJILHBIA MEHHCK MOXHO
7 APEBPATHTb B NOJOXKHTENbHBIH.
Teneckonuuecxas AUHBG —

D et S I . MNSa, npecOpasyiouan napai-
Hyran JeJbHBIE JIYYH, Najalmue Ha
Hee, TaKXKe B napaJjiejibHble NpH

HX BHIXOf€ H3 JIHH3b. KOHCTpYKTHBHBICE mNapamerpel 3TOH JIHH3HI
onpeensoTcs U3 cooTHOmeHHa (96) mpu f° = oo. B stOM cayuae

rn—ry=4d(n— 1)/n. (107)

Hs dopmyser (76) cnenyer, uto 3aiHee GOKYCHOE PaccTOsiHUE Tep-
BOH c(ePHUYECKOH NOBEPXHOCTH JIHH3BI

fi = nri(n—1), (108)
a nepeinee QOKYCHOE pacCTOSIHHE BTOPOH NOBEPXHOCTH JIMH3HI
fa = nry/(n — 1). (109)
Hcnonbsysa dopmyan (107)—(109), nonyuaem, urto
fi—fe=4d (110)

IBa BapuanTa TeJECKONMHYECKHX JIHH3, COOTBETCTBYIOMHE (OpMY.JIe
(110), — ABOSIKOBBINYKJIAS M BHINYKJO-BOTHYTas JIMH3bl IOKa3aHb
Ha puc. 44.

JIun3bt € KOMUEHMPUHECKUMYU  CQEDUMECKUMU  NOGEPXHOCIIAMU
(puc. 45) UMEIOT COBMEUICHHEIE TJIABHHIE IJIOCKOCTH, T. €. PAacCTOSHHE

¢ l6 T

[
T

n

Puc. 45. JluH3u ¢ KOHUEHTPHUYECKHMH C(PePHYECKHMH [IOBEPXHOCTAMH
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Apys MEXAY 5THMH ILIOCKOCTSIMH PaBHO HYJIO, 4TO clepyer ua ¢op-
myasi (104). [pu stom

F'(n—1)(Iry— lrg/n = 1. (111)

B pasencrse (111} samenum f' mo dopmyne (96). Torma mnocie
npeo6pasoBaBHH NOJMYYHM ry — ry = d, UTO H ONpELeasieT KOHCTPYK-
THBHbBIE [APaMETPBl JIHH3H.

DokycHbIE PACCTOSHHA KOHUEHTPUYECKOH JIMH3B OHPEAesIOT O
caenywlies popmy.e:

VI = =Vf = (n—1) (Iry — 1r))/n.
JIun3el CO cheputecKkum NOBEPXHOCIMAMU DA3HBIX pPaAOUYCO8 HMEIOT

dokycHoe paccTosiHUE, onpejeasiemoe o dopmyJe (96) ¢ yuetom paBeH-
CTBa PafMyCOB 7y = ry = r°

Ui = d (n — 1)*/(nr®).

Ecsin npu 370M TOMMMHEA JKE3B d = 2r, TO HOJYYHM JHH3Y-IIap,
IJsi KOTOpOH
[ = nr/l2 (n —1)2.

JIUHBEL € OOPAUEHHBIMIL 2AGBHBIMIL NAOCKOCMAMU TIOKA3aHBi Ha
puc. 46. B sTHX JNMH3aX paccTOAHHE MEXAY [VIABHBIMH IJIOCKOCTSIMH
OTPULATENIBHO, T. €. IO XOAY Jyda NepBof Oyner 3afHfAsl TJaBHAN
IJIOCKOCTb, a BTOpo# — nepennsas. W3 dopmyant (104) crepyer, uto
paccMarpHBaeMblll ciyuad HMeEeT MecTo, Koria

f (n— 1) (I/ry — lr))/jn > 1.

IMoxcTaBuM B 3TO HepaBEHCTBO 3HayeHue [', HafifenHoe mo Gopmye
(96), u mocne npeo6pa3oBaHuil MONYYHM, 4TO LS JAUH3BI ¢ ofpailen-
HBIMH TJIaBHBIMH IIJIOCKOCTSIMH JROJIKHO BHINOJNHATBCA CJjejylolee
yCJIOBHE:

O<<nt+d(n—D/(r,—r)<<l.

Ilpu stom paccrosHme Apg-, BhuucAeHHoe mo dopmyne (104),
6YReT OTPHLATEIbHBIM.

JIunsel ¢ Hecgepuseckumu npesomasowuny nosepxrnocmany [11,
271, ucnonb3yeMmble B KauecTBe ONTHUYECKHX Herasell mpubopos, obec-
IEYHBAIOT NOBLINIEHYE KAYeCTBA ONTHYECKOTO H300DaXKeHHus, yBeauye-
HHE NOJS ONTHYECKOH CHCTEME H €€ OTHOCHTEJbHOT'O OTBEpCTHSA, YIIPO-
IeHHe ONTHYECKOH cucTeMbl (YMeHbIUeHHe YHCAa KOMIOHEHTOB, a
c/IefoBaTebHO, rafapuUTHBIX PasMepoB H Macchl).

Puc. 46. JIuH3W c o6palieHHNMH [VIaBHBIMH ILIOCKOCTSMH
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[penomnsiomyue NOBEPXHOCTH B BH-

Jie TOBEpXHOCTe#l BTOPOTC H BbLICHIEro

HOPSIAKOB HCIOJIBb3YIOTCS B JIHH3aX OC-

BETHUTE/bHBEIX CHCTEM, B OOBEKTHBAX H

okysnapax. Hanpumep, B ocBeTHTe/b-

Cpepa HOH CHCTEME MHKDOCKONA IpHUMEHseTCst

IBOSKOBEIYKJas JIMH3a, OJHA H3 IO-

Ianuncoud BEePXHOCTeH KOTOpOH sABJsETCS mapa-

60JIOHIOM BpaIleHHsl, B THAPOOODBEK-

ﬁ:;éa 47. Coeposanunrueckas  yypax M, M. Pycuuosa u I1. JI. Msa-

HOBa IIPUMEHfieTCs IJIOCKOBOTHYTAas

JIHH32 ¢ napaboJOHAHOA MM 3JJIHICO-

HIHOH noBepXHOCTbIO. [IpHMepoM JMH3L ¢ HechepHUIeCKOH ITOBEpPXHO-

CTBIO TaKXKe ABJAETCS cheposMIHNTHYeCKas JUH3a, ofecneyuBaromas

rOMOUEHTPUYECKHH IIYUOK Jyuell B NpocTpaHcTsBe H3obpaxeHHH. drta

JIMH32 BBINYKJOH 3JJHICOMIHOH MMOBEPXHOCTbIO OOpameHa K TNpexk-

mery. Boruyras cdepHyeckas mOBEPXHOCTb JIHH3EI MMEET IEHTP B

3ajziHeM ee dokyce (puc. 47).

YpaBHeHHe 3JIHICA, SIBJSIOMIErocs MEPUAHOHANbHBIM CEUeH HeM

3JUIMIICOMAQ, B 3TOM CJIyyae MMeeT CJeAYIOMUHA BHA:

Yy =2(spr +d)(n — 1) z/n — (n® — 1) 2%/n?,

TA€ Z ¥ Y — KOODAHHATH MEDHAMOHANLHOIO CEYeHHS JIJIHMIICOUAA
(Haua/o0 KOOpPAHHAT B BepIIMHE 3JJIMICA); Spr — 3afHuH POKaNbHBIH
OTPEe30K, paBHBIH 75, T.&. paguycy cdepuyeckoli NOBEPXHOCTH.

KoHCTpYKTHBHBIE NapaMerphbl JHH3BL, ONpefeNsiollde HX OITHYe-
CKOe JeHCTBHe, HaXONAT IPH pacyere ONTHUECKHX cHcTeM. K 3TiMm
IlapaMeTpaM OTHOCATCS OITHYECKHE IIOCTOSIHHEIE MaTepuaja JHH3
(06BIYHO ONTHYECKOTO CTeKJsa), Panuychl cepuuecKux NOBepXHOCTEH
HJIH ypaBHEHHS AJsl HechepyyecKHX IOBEPXHOCTeH, TOJIIHHA BAOJb
ONTHYECKOH OCH M CBETOBBIE AHAMETPHI.

K siHH3aM nperpaBAAIOTCS CleHabHEIE TPEOOBAHHS B OTHOLIEHHH
IIEPOXOBATOCTH NOBEPXHOCTH, KayecTBa Matepuana (Hanpumep, Kare-
FOPHH CTEKJa), MPOCBETAAIONIAX NOKPHITHH W JONYCKOB Ha KOHCTPYK-
THBHbIe napamerpel corjacHo ['OCTaM u HopMansiMm ONTHUECKOH
NPOMBIHIJIEHHOCTH.

Pacuerspie paguycel cdhepHUECKHX NOBepXHOCTeH NOJIKHH OBITb,
Kak npasuno, corsnacoBanel ¢ [OCT 1807—75.

Jas oBierueHus W3roTOBJEHHst U ofeclieueHHs HaJEXHOTO Kpe-
IJIEHHS MEXAY AHaMETPOM JUH3E D ;, TOMIUHOH 110 OCH d U TONIIHHOH
N0 Kpalo { JOJKHBEI BBIIEPKUBATBHCA CJAELYIOLIHE COOTHOIIEHHS:

1) nas nonoxuTtenabHBIX auH3 4d 4 10f > D, OpH 3TOM TOJIHHA
no kpawo ¢ > 0,05D;

2) nns orpuuaTte]bHHIX JHH3 12d 4+ 3f > D, npu 3TOoM TOJIIHHA
no ocu d > 0,06D .

Hunamerp nuuss D ,; NpH BHIUHCACHAOM CBETOBOM IHAMETDPE 3aBHCHT
OT cnocoba KpeIwIEHHs JUH3HL.
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Jonycku Ha Bce KOHCTPYKTHBHBIE [lapaMeTpHl JIHH3 HaXOIST pac-
YeTHBIM IyTeM (M. I. 127) ¥ OKpYIJISIIOT 1O 3Hau€HHH, ONpeNeNseMbIX
Hopmansmu [6].

27. IaockonapajyenbHble IJACTHHBI

3amuTHEE CTeKJa, CeTKH, CBETOQH/bTPH,, MOKPOBHHE H
BHIDaBHHBAaEeMble€ CTEKJa H APYTHE ONTHYECKHE IETalH, OrpaHHYeHHEIe
napajlesbHbIMM  IIJIOCKOCTAMH, HABJASIOTCH IJIOCKONApaJlie]bHbIMU
nacTHHaMH. Jo6asi HOpMasib K NOBEPXHOCTH 3TOH H/IACTHHEI MOXKET
6BITh ONTHYECKOH OCBHIO, TOSTOMY 38 TAKOBYIO MPHHHMAIOT ONITHUECKYIO
OCbh BCEH CHCTEMBI, OJHOH H3 JeTasell KOTOpO# SBJsieTcs ILIacTHHA.

Ilpoxoxaenre Jyua yepes MIOCKONapa/eNbHyI0 TJIACTHHY NOKa-
3aHo Ha puc. 48, a. Jlyu B mpocTpaHcTBe MpeaMeroB 06pasyer ¢ ONTH-
4ecKol OCbi0 yroJ o;. Touxa mepeceueHusi Jiyua ¢ ONTHYECKOH OCHIO
ABJseTCd B JaHHOM cJydyae MHHMOH NpPeAMETHOH TOukoH A.

Tak kak e, = @1, T0 sin & = (m/n,) sin o;.

Hs puc. 48, a cregyer, uro ey = e{, mostomy sin e; = sin o3 =
= (ng/ns) sin ef = (n,/ns) sin oy.

Ecau niockonapansienbHas NMAaCTHHA HaXONUTCS B OLHOPOIHOMH
Cpefie, HanMpUMEP B BO3AYXE, TO Ny = Ng, a CJELOBATEJbHO, H YIVIBI
0] U Oy PaBHHL.

OceBoe cMemeHyue L TPeJOMJIEHHOrO Jyua, HaXO[SMIErocst B OJHO-
pOnHOH cpene, ONpPeLEeaseTcs COrVIacHO pHc. 48, @ CAeNYIOmMM paBeH-
CTBOM:

L=d—DK=d— MDitge, = (1 —tgei/ige)d.

Hnst cnyuast, Korja yriel e H &] MaJsl,
tg e1/tg &) =~ ei/e; & ny/ns.
CnenoBatesbHo, AJs MJIACTHHBL, HaXOASIIEHCs B BO3AYXe,
Ly = (n — 1) d/n, (112)

rige n -— nokasare/b MNPEJOMJCHHS MarepHaJ/a NJIAaCTHHH.

a)
Puc. 48. [lpenomaente Ayua naockonapasenbHOR NAaCTHHOM
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[Tonepeunoe cMmemernHe ¢ Jyua NIOCKONAapasieNbHOA NJAACTHHOM,
HaxoZsumeHcd B OXHOPORHOH cpere (cM. puc. 48, a), 6yaer clefyOmum:
e = d sin (g, — ei)/cos &i.

3ameHss ef COIVIACHO 3aKOHY NpeJOMJIEHHS, NPH n; = 1 (Bo3ayX)
H n, = n, DONYUHM:

e = [1 — cos g /(n?—sin? 81)”2] dsine,. (113)

Qopmyaa (113) ycranapBnuBaeT CBfi3b MEXAY YIJOM HOBOpOTa
NJIACTHHBEL O; = & Y IOIEpeYHLIM CMeIleHHeM e Jyda.

M3 paccMoTpenHsi Xoja IpPeJOMJIEHHOrO Jyda MJIOCKONapasielb-
HOH IJIACTHHOHN CJIEZYEeT, YTO ee PAClOJIOKEHHEe B IyYKe Napasuiielb-
HBEIX Jyyell BHOCHT OJHHAKOBOE OCeBOe M OLHHAKOBOE IOIEpevyHOe
CMelleHEHe BceX Jyued.

CMecTHM BEIXONHYIO TpaHb IJIaCTHHE, HaxoAslleHcs B BO3LyXe,
cnpaBa HaleBo Tak, yTobul Jayu M,A’ coBmaj ¢ HanmpaBJjeHueM Jyda
M, A (puc. 48, 6). Torna, oueBUIHO, TOUKA A’ NOKHA COBMECTHTHCS
c Toukoit A. Ilpu sroM d MJacTHHH YMEHbIIMTCS Ha BeJauuuHy L.
[lpumem, wro L = L,. Tak xax B MOJyYeHHOH HOBOH IJIacTHHE
JIyd He [PeJIOMJIsIeTCs], TO [OKAa3aTesb NPEJOMJIEHUS] TAKOHA MJIACTHHLI
JOJIKeH ObITh paBeH eXMHHIE.

OnucaHHBEIA IpHeM, 3aKJUaoMUiAcs B NPHUBEJEHHH ONTHYECKOH
Cpelbl IJIaCTHHH K BO3LYXY, Ha3HBAOT pedyyuposaruen.

TommuHa pexyuupoBaHHOH IIaCTHHH (CM. puc. 48, 6)

do =d—'L0. (1]4)

Tak xak d —d, = L,, T0 hy = h.

ITopcraBus B dopmyany (114) L,, mafinennoe mo cdopmyne (112),
nonyuuM d, = d/n, rae n — mokasareib HPEJOMJIEHUs MaTepuana
IJIACTHHBL 10 PEAYLUHPOBAHHUA.

3aMeHa [JIOCKONApasyieSbHOA IJIACTHHBL MJIACTHHOH, NpHBEJeH-
HO K BO3AYXY, yupoinaer raGaputHrle pacuersl. [Ipu nepexone oOT
pPeIyUMpOBAHHLIX IJIACTHH K PEaJbHLIM CJefyeT yYUTHIBATh BHECEH-
HOE NPH PERYUMPOBAHHH CMeELIeHHe Jyua L.

Tonumuay NJACTHHBL YCTAHABIAKBAIOT B 3aBUCHMOCTH OT JOIYCTH-
Mo#i fFedopmanum (mporuba), a TakKe BO3MOXKHOCTH H3TOTOBJIEHHS
ONTHYECKH TOUHBIX NOBepXHOCTef, HEOOXOAUMOCTH BHECEHHS H3Me-
HeHUS B ONTHYECKYIO AJMUHY JydYa H T. I.

[TnacTuHsl BBICOKOH TOYHOCTH, HAIpUMep, IOMellaeMbie Hepej
IJMHHHODOKYCHHIME OGBEKTHBAMH, HKOJIKHBI HMETh TOJUIHHY, PaBHYIO
1/10 ... 1/8 IuaMeTpa WJH AuaroHaau. [1nacTHHBI cpelHeH TOYHOCTH
(BEIpaBHHBaIOMKE CTEKJAa, JUMOHL, CETKH H CBETOQHJIBTDH, YycCTa-
HaBJIMBAEMEIE B IJIOCKOCTH H306pa)KeHHs) MMeloT Tomuny 1/15 ...
1/12 mmamerpa ujam nHArOHaH.

MarepuanoM Ajisi M3rOTOBJIEHHS 3aIUTHEIX, NPEAMETHEIX H IO~
KPOBHBIX TJIACTHH cAyxuT cTekao K8. [lnacTHHE HOBHIUEHHOH TOY-
HOCTH JiesialoT U3 crekJa JIKS, carania unu kBapua (TepMOCTOHKHE).
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Ilpu omnpepenenny ceeroBoro Auamerpa D.p NOIacTHHH HEOGXO0-
AMMO YUYUTHIBATH [PENOMJIEHHE JydYeH, ONHAKO NPH DELYIHPOBAHHH
3T0 TpefOBaHHE OTIafaer.

28. Ilnockue, cdepuyeckne H HechepHyecKHe 3epkaJa

Ilaockum 3epxanom HasbIBAIOT ONTHYECKYIO HETafdb C IJIO-
CKOH OTpaxalomeli NOBepXHOCTbIO, IpeiHA3HAUEHHYIO LIS H3MEHEHHSA
HanpaBJEHHS OCH ONTHYeCKOH cucTeMmbl. KomOuHanusi H3 TJIOCKHX
3epKaJ/J KpOMe H3MeHeHHs HalpaBJeHUsI ONTHYeCKOH ocu ofecnedu-
BaeT 060pauuBaHue H300DaKEHHUS.

Ot KayecTBa K3rOTOBJCHHSA 3ePKaJd H TOYHOCTH YCTAaHOBKH 3aBH-
CHT HX JeHCTBHE B ONTHYECKOM INpHOOpe. 3epKaibHOE MOKPHITHE
HaHOCUTCS 00 Ha BHEMIHIOW MJOCKOCTh (puc. 49, a), Jubo Ha ThlJIb-
HYIO cTOpPOHY (puc. 49, 6) nnockonapasjesbHOH IJIACTHHEL. B TOYHBIX
3epKajiaX OTPaxKawllee NOKPHITHE HAHOCHTCS Ha BHELIHIOK IJIOCKOCTh.
ITHM HCKJIOYAIOTCs, BO-NEPBHIX, NOsIBJEHHe NapasHTHBIX H300paxe-
HUH, 9TO NPOABJSETCHA B BHIE TAK HA3LIBAEMOTO 080€HUS UB0ODAXCEHUS
(cm. puc. 49, 6), BO-BTOpHIX, BJHSIHHE HETOYHOCTH H3rOTOBJIEHHS
BTOPOH MJIOCKOA NOBEPXHOCTH MO OTHOLIEHHIO K NEPBOH, Hanpumep
KIHHOBHIHOCTH. 3epKaja C BHYTDEHHHM OTPAXKAIOMUM HOKPHITHEM
IpH HAKJOHHOM IIOJIOXKEHHH BHOCSAT TaKXKe aCHMMETPHIO B CTpOeHHE
nyuka.

Marepuanom 171 H3rOTOBJEHHSA TOUYHBIX 3epKaJl fABJASETCS ONTH-
4ecKoe CTeKJ0, HanpuMep K8. B HeOTBeTCTBeHHEBIX CJyuasX IpUMe-
HSIIOT TeXHWYECKOe CTeKJO WJH IacrMaccy. Ilocnefinsiss yMmeHbIIaeT
MOMEHT HHEpIHH 3epKaJj, BpallaicHKXcs ¢ Goabulof yrioBo#l cxo-
pOCTBIO, HAaPUMEP B CKOPOCTHBIX KHHOKaMepax. To/muHa 3epkana
32BUCHT OT ero pasmepa, TpeOyeMoH TOWHOCTH M crocoba KpenJe-
uug (6, 351].

Paamep ¢ miockoro sepkaja ¢ BHyTpeHHeH oTpaxaloimell nosepx-
HOCTbIO (puc. 49, 6) onpenensior no gopmyJe

¢ = D/cos & + 2 (d/n) tg e,
rie D — nuaMerp nyduka Jyuedl, ONpeNessIONME INMHPHHY 3€pKana;

& — YroJ, OTpeleAIomul NOJOKeH e 3epKaa (YroJl NajeHus Jyua);
d/n — ToNmyHA pefyLHPOBAHHON IUIOCKONMAPAJJIENbHOH [JIACTHHHL.

a)

Puc. 49. Iliockue 3epKana ¢ OTPAXaOWBM NOKPLITHEM
a — BHEHHM: 6 — BHYTPEHHHM, 6 -~ CXeMa JJIs Onpejlesienrs pasmepa ¢
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B kagecTBe oTpaxamoWuX NOKPHI-

THH HCHOJB3YIOT cepebpo, adrOMHHUI,

/\ xpoM, poauit u ap. Cnok cepepa HaHo-

CHTCSl HAa BHYTPEHHIOIO (TBLIBHYO) I10-

BEPXHOCTb IIJIOCKOTIAPAJJIeNsHOH MJia-

% CTHHH H 3alMIlaeTcs OT [OBpeXie-
HUH cJIoeM MeIU M CJHOEM JaKa.

JAnsa  HodaynpospayHbIX  3epKad

[IPUMEHSIETCS] CBETOARNHUTENLHOE IIOK-

priTHe cepeOpoM (TpefyeT 3aiHTHl OT

Puc. 50. KaunoBugHoe 3epkaio, OKHCJIEHHS), aJ/JIOMHHHEM, XPOMOM,

ycTpaHsiomee JBoeHHe ®306pa-  HuoGHeM, 30JI0TOM H Ip. Boabmuucr-

HeHus BO CBETOJAEJUTEJbHEIX NOKPHTHH 06ec-

neguBaeT JKOO0€ COOTHOLIEHHE MEX-

Ly OTpaXXeHHOH H TIpomeamefi 4YacTMH [OTOKA M3JYUEHHS.

SIBnenye JBoeHMs H300paxKeHHd B 3epKaslax C BHYTPEHHHM OTpa-
JKeHUeM B HEKOTOPBIX CJIydasiX MOMKEeT ObITh HCKJIOYEHO BBEAEHHEM
KJMHOBHAHOCTH B IJIOCKONapaJaenbHylo mjacTury. Hanpumep, Ha
puc. B0 npeacTaBieH caydail, KOrja 3a CYeT BBENEHHS] KJIHHOBHI-
HOCTH, onpejenseMoll yriom 0, nBoeHue H300paxKeHHS OTCYTCTBYET.

Cpepuseckum 3epKasom Ha3HIBAIOT OUTHYECKYIO AeTanb, chepuye-
CKast NOBEPXHOCTh KOTOPOH SIBJSIETCS OTpa)KaTejbHOH, YTO obecre-
uHBaeTCs HaHECEHHEM OTPaXKAIOUIETO IIOKPBITHS.

Kpome cdepruecKHX 3epKasNbHEIX HOBEPXHOCTEH HAXOHAT MpHME-
HeHHe U HecepHyeCKHe, NPEeuMYINecTBa KOTODBHIX TaKHe XKe, Kak
H Yy Hec(epHUECKHX MNPEJOMJSIONWX NoBepXHocTed (cMm. n. 11).

JleficTBHe chepHUecKHX 3epKaJ B CHCTEME 3KBHBAJIEHTHO AeHCTBHIO
JuH3. OTJIMYHTeNbHBIMH OCOGEHHOCTSIMH 3€PKaJ SIBISIOTCA: GOJIbLUKH
KOoa((HINEeHT NPONyCKaHus; OTCYTCTBHE HCKAXKEHHH B H306pakeHuu,
BHOCUMBIX NPEJIOMJAIOMHMH I'OBEPXHOCTSIMH 3a CYET SIBJEHHSA JHC-
nepcuu (OTCYTCTBHE XpOMaTHUYeCcKHX abeppauuil); MeHblune rabapur-
HBIE Da3Mephl H Macca; BO3MOXKHOCTb KOMIOHOBKH ONTHYECKHX CHCTEM
C MeHbIUeH MNJHHOM, YeM JIJIMHA CHCTEM H3 JIMH30BBIX 3JIEMEHTOB;
B HEKOTOPHIX CJyyasiX, HalpuMep B OCBETHTEJLHKLIX CHCTeMax, obec-
neyeHue JIYYIIero HCIIOJIL30BAaHHS  HMCTOYHMKA  H3JAYUEHHS H
T. I.

4 A / /

a) 4)

\

\

\
\
\
\

Puc. 51, Cdepuueckne 3epkafa
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HemocraTkamu 3epkas, B TOM uYHC-
Je H HJOCKHX, SABJSIOTCS  TpeboBaHus
MOBhHIlIE HHOH TOYHOCTH H3TOTOBJEHHUS
oTpaxkamomeld  NOBEPXHOCTH  BCJACACTBHE c
TOrO, 4TO NPH OTpaxeHHH JedeKTsl NOBEPX-
HOCTH  YYETBEDPSIOT HCKaXeHHe (poHTa
CBETOBOH BOJIHEL [10 CPABHEHHIO C BJHSAHH-
eM IeeKTOB NpeJOMISIIOeli TOBEPXHOCTH,
3KPaHUPOBAHHE YACTH CBETOBHIX JyYeH mpex-
IIECTBYIOUUM 3€pKaJoM, HanpuMep B AByX- Puc. 52. Kowrporpama-
SepKaJIbHOP'I cHcTeME. TeJdbh OCBETHUTEJNIBHOH CH-

Chepuueckue u HechepHuecKHe 3epKana creMH
NPUMEHAIOTCS B  pAas3jHYHBIX  ONTHYECKHX
cucreMax: QororpaduuecKuX M IPOSKUHOHHHIX OOBEKTHBAX, B Te-
JIECKONIMYECKUX CHCTEMAaX U MHKPOCKONAaX, B OCBETHTENbHBIX CHCTeE-
Max # T. I

Cheprueckoe 3epkajo ¢ BHYTPEHHHUM OTPANKAIOUIMM IOKDHITHEM
NoKa3aHO Ha puc. 51, @, ¢ BHEIIHMM NOKpHITHEM — Ha pHc. 51, 6.
Henocratkom cepryeckuX 3epKaj ¢ BHYTPEHHUM OTPEXKAIIIHM MO-
KDBITHEM, TaK XK€ KaK W IJIOCKMX 3epKaJ, siBJseTcs ABOeHHe uso0pa-
KEHHH, T. e. HaJuuue NOGOYHBIX W30O6paxenuit, Hanpumep Az, obpa-
30BaHMe KOTOPBIX MOKa3aHo Ha puc. bl, a.

Marepuanom Ads W3rOTOBJIEHHS] TOYHHIX ChepHUYeCKMX H Hechepu-
YeCKHX 3epKaJ cayxuT cTekjo K8. Ilpu HeoOXOAUMOCTH HOJYUYEHHS
3epKaJ, HE UYBCTBUTEJBHBIX K H3MEHEHHIO TeMIePaTyphl, IpuMe-
HsleTcsl KBapl, a Ui KpyngoraGapuTHeiX 3epkKan — curaml. s
OCBETHTE/NbHBIX CHCTEM B HEOTBETCTBEHHLIX CJAyyasX OCHOBa, Ha KO-
TOPYIO HAHOCHTCS OTpaXKalollee NOKPHITHE, MOXKeT OhITh MeTaJsande-
CKOH (HampuMep, JaTyHb WJH [IOpajhb).

Merannnyeckue 3epkana YCOEeUIHO NpHMEHSIOTca B KauecTse
KOHTPOTpaxaresefl OCBETHTENbHEX CHCTEM NPOEKIHOHHBIX NPUOOPOB.
OrpaxarespHass moBepXHocTh (pHC. 52) ycTaHABIMBaeTCs KOHUEH-
TPHYHO HCTOYHHKY cBera C, NOBBIAs ero 3¢gdeKTHBHYI SPKOCTb
Ha 20 ... 50%.

B IByX3epKaJbHBIX ONTHYECKHX cHcremax (cM. puc. 6) nepsoe
3€pKaJio 10 XO#Y Jy4eH BBINOJHAETCS C [EHTPAAbHO PACHOJNOKEHHBIM
orBepcTHeM. J(uamMeTp 3TOro OTBEPCTHSA MOJAYYaeTcss M3 pacuera Xoja
ayuel. Huamerp D,y CHJOIIHOTO 3epKaJjia, SKBHBAJEHTHOrO 3ep-
KaJly C OTBepCTHEM, HaXOJAT H3 YCJIOBHS paBeHCTBa ILIOMajed
000UX 3epKaja

Da}m = 'I/D'ezx - Dizn’

rae Doy — BHeWHHH JuaMerp 3epkana; D, — AUAMETP OTBEpCTHA
B 3TCM 3epKaJe.

Tonmuua d CTeKJNSTHHOrO 3epKaja C KOHLEHTPHYECKHMH NOBepX-
HOCTSIMH B 32BHCHMOCTH OT BHeIIHero auamerpa D 3epkana MOKeT
6biTh BeOpaHa Mo caepyiowed pekomenpaunu: d > (1/25 ... 1/5) D.
Menbiiass TosmmuHa Oepercss mas rpyObix 3epkaj, GoJabmas — A5
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0co60 TOYHHIX 3epKaJj, HalNpHMep BXONSAMIMX B CHCTEMY 3epKaJIbHOTO
HJH 3eDKaJbHO-JIHH30BOTO OGBEKTHBA.

Jnst o6nergenusi TOYHLIX 3epKaJ no npepioxennio M. M. Kpreixka-
HOBCKOPO TOHKAsl CTeKJAHHAs IJacTHHA CIeKaeTcs ¢ THTaHOBOMH
OcHOBOH, ofecrieunBalolIell 3epKaay HEOOXOINUMYIO KECTKOCTh. 3aTeM
CTEeKJISTHHBIH CJIOH ofpabaTeiBaeTca [/l HOJYYEHHS IIOBEPXHOCTH,
Ha KOTOPYIO HAHOCHTCS OTpaKaiollee NOKPHITHE.

29. OTpaxaTeldbHbie NPU3MbI

OnTHuecky!o IeTatb C MJIOCKHMH NpPEJOMAAIONHMH H OT-
paxKamomiMy NMOBEPXHOCTAMH, 00pasyomuMy MexIy coOOH IAByrpaH-
HEe YIJIBl, HAa3bBAT, npussmoli. Hanuune oTpaxamomux JIOCKUX
HOBepXHOCTeH (rpaHeil) NO3BOJIIeT HA3BaTh HPUBMY OMPAXAMENbHOU
OpH YCJAOBHH, 4TO IPH ACHCTBHH IPH3MBI MOXKHO NpeHeOpeub 3aBHCH-
MOCTBIO YIVIa OTKJIOHEHHS JIy4a OT JJIMHLI CBETOBOH BOJIHBHI, a TaKXe
HapylleHHeM T'OMOLEHTPHYHOCTH MOHOXPOMATHYECKOIo Iyuka Jyuel,
npomeamero yepes npusmy. OrpaxaresbHbie NPH3MBI O0ECIEYHBAIOT
PaBeHCTBO yIJa NpeJOMJeHHs Jydya Ha nocjelHell TpaHH INPH3MbI
yrJy IMajeHHs TOTO e Jyda Ha NepByl0 paHb.

OTpaxaTeJbHble NPU3MBI HCHOJB3YIOT LA W3MEHEHHs HanpasJe-
HHUS OCH ONTHYECKOH CHCTeMbl, 00OpaunBaHus H300paKkeHHs B 3ajlaH-
HOM HanpaBJe€HHH M H3MEHEHHs HalpaB/JeHus BH3HPOBaHUS. ITH
3a7lauy MOXKHO DeIIHTb NPHMEHEHHEeM IIOCKHX 3epKaJ, HO 3epKaJja
VCJIOXKHSIOT KOHCTPYKIMIO H YBEJHYHBAIOT TrabapHTHBIE DasMepsl.

IIpermyinecTBa npu3M nepej 3epKajaMi CIeIyIOIHe: YIJbl MeXIY
rpaHsIMH DNpPH3M HEH3MeHHBI, a YIJIBl MeXJIy 3epKajamMH TpeOyioT
pPeTyJINpOBaHUs, IPH NOJHOM BHYTPEHHEM OTpaXKeHHH B IpHU3MaX
OTCYTCTBYIOT IIOTEpH CBeTa.

OtTpaxaTejibHEIE TPaHH, HE HMEIOIHe 3epPKaJbHOI0 MOKPHITHSA,
JOJIKHEl ofecreyyBaTh IOJNHOe OTpaXKEHHe MajaloluX Ha HUX Jyded.
Ecan yron majeHus syda Ha OTPakaloIlYio Tpaib NPH3Mbl MEHbIUeE
yrJa NOJHOTO BHYTPEHHErO OTPaXKEHHS €, TO TaKas I'DaHb NOKHA
OLITb NOKPHITA OTPaKaomuM caoeM. OCBIUHO I/ NIPH3M NPUMEHSIIOTCH
ontuyeckue crekaa K8 u BKI10, nns korophix &, COOTBETCTBEHHO
paBHbl 41° 16" u 39° 36" (ans moka-
3aTell.. IPEJOMJIEHHs, COOTBETCTBYIO-
mero JuHuu D).

Eciu Ha BXOAHYIO NPEIOMISIOILYIO
rpaHb NPU3MBI JYYH MajaioT Moj yr-
JIOM K rpaHH, otsudamomumcs ot 90°,
TO NOpPH OTpPaXEHHH OT CJeAYIOIEH
IrpaHH HeOOXOJMMO HCKJIOYHTb IHpe-
nomnenxe. [1as 5TOro Hafo OrpaHAYHTh

/l yroJ najieHus &; Ha BXOJHYIOIrpaHb (pHc.
Puc. 53. Orpannuenne yraia naze- 53), Us puc. S3cnenyer, 11O & =em—0.
HHS JIyYa Ha BXORHYIO IPaHb NPH3- Takum  obpasom, sine = n X
MBI X sin (e, — 0).
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Puc. 54. Orpaxaresbnne NMPH3MH:
a — AP=90% 6 — BP=180% 6 — BC=0

Ona npsMoyroabHofi (paBHOGeIpeHHON) NpPH3MBI, IVIABHOE Ceyve-
HHe KOTOPOH NOKasaHo Ha puc. 53, npemomasiomufi yroa 6 = 45°,
nostomy s crekia K8 e, = 5° 40’, a gn1a crekaa BK10 g, = 8° 28,
YaBoeHHOe 3HaueHHMe 3THX YIJIOB PaBHO HAHOOJBIIEMY YIJOBOMY
noJ TOH wacTH npubopa, rie pacnogaraeTcsi Npu3Ma, OPH YCJIOBHH
OTCYTCTBHS OTpakalolllero NOKPBITHA Ha oTpaxawled rpanu. Bos-
MOXHOCTh HCIIOJIb30BAHUS TNpeJe]bHBIX YIJIOB €& OrpaHHYMBaercs
IOMYCTHMBIM HapylleHHeM TFOMOLEHTPUYHOCTH Iy4Ka JayueH, BHOCH-
MBIM B 5TOM cJydae JeHCTBHeM INpH3MEL

JonyctiuMoe HapylleHde FOMOUEHTPHYHOCTH IIPH YCTaHOBKE MPH3-
Mbl B CXOAsIMXCS (pacXOXsUUXcsl) NyYKax JydeH obecrieddBaerTcs
B TOM CJIy4ae, eCJH OTPaXKaTeJbHYIO NPH3MY MOXKHO 3aMEHHTb 5KBH-
BaJISHTHOH IJIOCKONApaJIeJbHOH IJIaCTHHOH. BO3MOXHOCTL 3aMeHHI
IIPOBEpSETCSl PA3BEPTHIBAHHEM NPH3MEl B IJIOCKONAPAJ/JIENBHYIO NJia-
CTHHY, T. €. HaXOXIcHUEM ee H300paKeHHsS OTHOCHTEJBHO OTpaka-
fomell rpaHy. IIpH HECKOJNBKHX OTpakalollUMX I'pDaHsAX 3TH H3o6paxe-
HUsl [IOCJIeIOBATENbHO HAXOAAT OT Kaxno# rpanu. Ha puc. 54 noka-
3aHBl NPUMepHl pa3BepTHIBAHHUS NPH3M B IVIOCKONAapaJeJbHYIO mJa-
CTHHY.

Crenyer OTMeTHTb, YTO HapyIIeHHe TOMOUEHTPHYHOCTH NyYKa
ayded npu AeficTBHM NMPH3MbI OyAET TeM XKe CaMbIM, UYTO H HapylUeHHe
FOMOLEHTPHYHOCTH NpPH AeHCTBHH MJIOCKONAapaJie/bHOH IJIACTHUHBL,
B KOTOpYIO pasBepTbiBaeTcsl npuama. OCHOBHON e LeJbI0 Pa3BEpThI-
BaHUS NPH3MEl B NIOCKONapa/JIeIbHYIO NJIACTHHY M €e MOCAERY IOIIEro
peAyLHPORaHHS ABJSETCS ONpejesieHHe CBeTOBOrO AMaMeTpa BXOLHOH
rpaH# MpHU3MBI NPH YCTaHOBKe ee B CXONAIIUXCSH MNYyYKax Jyuei.
[Ipu sTOM CJefyeT yUHTHIBATb BHECEHHO [IPH pelyLHPOBAHHH CMeIe-
uue ayua L, [em. dopmyay (112)].

OrpaxaTespbHYIO NPH3MY XapaKTepusyeT KoahdHUHEHT NPH3MH ¢,
NpeicTaBAsAIoOWUA co60f OTHOWeEHHE IAMHBEI d XO#a Jydell B MpU3Me
K CBeTOBOMY nuamerpy D Bxonno#i rpaun: ¢ = d/D. Ilna npuswm,
TIOKa3aHHBIX Ha puc. b4, a—6, ¢ = 1; 2; 2 COOTBEeTCTBEHHO.

[Tpu3Mbl MOTYT GBITH C OAHON, ABYMSL H TpPEMs OTPaxKawIUMH
rpaHsMH, C KpHileH, OIHHAPHBIMH H cocTaBHbIMU. [lpu3ma ¢ Heuer-
HBIM YHCJIOM OTpaKalollHX rpaHell (ee MOXHO 3aMEHHTb COOTBETCTBY-
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IOIEM 9HCJOM 3epKaJj) JaeT 3epKalb-
HOe Hu300pakeHHe IIpelMera, ¢ YETHHIM
YHCJIOM OTPaxawoUUX Ipaeld — npsmMoe
H3ofpaxeHre. IJTO NPABH/IO He [OeHCT-
BYeT IIPH OTDAXCHHH Jyuyed B pasHHX
IJIOCKOCTSX.

OtpaxaTeJbHYIO IPH3MY MOXKHO mpe-
BPaTUTh B KPHILEOOPasHYIO, €CJH OLHY
M3 OTpaxKaIoWHX rpaHell 3aMeHHTb ABYMs
C NpAMBIM JABYIPAHHBIM YIVIOM MEXAY
HUMH. Hanpumep, runotenyssas orpa-
XKampomas IpaHb NPAMOYTOJbHOH MpH3-
Mbl (cM. pHC. 54, a) 3aMeHEHA «KpHI-
wef» (puc. 55). Ecan B npsamoyrossHo#
NpH3ME C OJHOH OTpaKamweH TIpaHbio
u3o0paxeHHe MOJYYaercsi 3epKaJbHbIM,
TO B 3TOH XKe NpH3Me, HO C Kphliel, H30-
6paxkeHue OyIeT NOJHOCTBIO HEpEBEpHY-
TeiM. Ha puc. 55 nokasano nonyuenne u3oGpaxkeHusi FOPU3OHTAIBHO
PaCMONOKEHHOH CTPedKH. Jlyy [~—2-—8 B WIea/ibHOM CJyyae HMeeT
TOJIBKO OHO OTpaxeHHe; Jiyu 4—5—6-—7 nepBoe OTpa’keHHE HMeeT
B TOUKE 5 Ha rpanu [ Kphllly, BTOpoe — B TOUKe 6 HA rpauy ][ Kphly;
ay4 8—9—10—11 nepsoe orpaxenue umeer B Touke 9 Ha rpanm /1,
BTOpOe — B TOuKe /0 Ha rpanu . Xon KpaliHux Jydedi HOKasbBAeT,
YTO H300paKeHHe OT NeHCTBUS IPaHel KPHIUM 10 OTHOINEHHIO K Mpei-
MeTy NOBEPHYJOCH CpaBa KasleBO, YTO B HONOJNHEHHE K 3€PKAJbHOMY
M300paXeHHIO aeT NOJHOe 0GOpAYHBAHUE H306paXKeHHs IO OTHOLIE-
HHIO K TIpEeIMery.

Kaxpas npusma Mapkupyercs OykBamu u uudpamu: nepBas
OyKBa OnpeiessieT YHCIO OTPaXkawouwux rpavell (A — ofna orpaxa-
oowas rpawb, b — nse, B — Tpu), BrOopas — xapaktep KOHCTPYK-
tuu npusmel (P — pasnoGenpennas, C — pomGuueckas, I1 — menTa-
npusMa, ¥ — nosaynesranpusma, M — AanpHOMepHast, JI — npuama
Jlemana); YHCIO yKashiBaeT Yros OTKJIOHEHHsS OCEBOTO Jyya B Ipa-
nycax. Hnsa ofosmaueHus npusM ¢ Kpuiuefl K NepBOH NPONHCHOM
GykBe HOGABJIAOT CTPOUHYIO OYyKBY K. Hanpumep, npusma, no-
KasaHHas Ha pHC. 54, a, obosnauaerca AP-90°, ma puc. 55 —
AxP-90°, npH3MEl, NOKa3aHHbEe Ha pHC. b4, 6 M 8, COOTBETCTBEHHO
obosnavatorca BP-180° u BC-0.

Kpome paccMOTpeHHBHIX B NpHMepax OAMHAPHBIX NPU3M CYIe-
CTBYIOT COCTaBHbI€ — NIDH3MEHHEIE CHCTEMBI, Hanpumep cuctemsl [lop-
po I u Il pona (puc. 56). Iti cHCTEMBI COCTOAT M3 ABYX H TPEX MpsAMO-
YTOJIBHBEIX IPH3M COOTBETCTBEHHO, 06ECIIeYHBAIOT NIOJHOE 060paiuBaHHie
H300paXeHHs U JOJ/IKHBI OBITh 110 CNIPABEAJHBOCTH HA3BAHEI IPH3MaMHU
Manageesa, kotopuifi npefnoxuaux B 1827 r. [pusmb Manadeesa npu-
MeHAI0TCST B 6MHOKAAX. COCTaBHBIE NPU3MBI TaK¥Ke MOTYT COCTORTL M3
COGCTBEHHO MPU3MBI H KOMIIEHCH PYIOIIET0 KJKHA, HEOGXOAUMOTO /15 TO-
ro, YT00bI BCIO CHCTEMY Pa3BEPHYTH B IJIOCKO NAPAJIENbHYIO IIACTHHY.
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PaccMoTpum HecKoJIbKO mpH-
MEpOB OTDaXaTeJbHHIX [PH3M.

llenmanpusma  (BI1-90°) wu
ee pasBepTKa B INIOCKONAapas-
JIJIbHYIO NJIACTHHY II0Ka3aHa Ha
puc. 57. Ilpuama umeer jgse orpa-
Xalolllie TpaHH, HA KOTOpHE
HAHOCATCA OTpaxKalollue MOKPHi-
THS, TaK KakK YIJbl NajeHHs Ha
3TH TPaHH MeHbIUEe YIJIa MOJAHOro
BHYTPEHHETO OTpaKeHHsdA. YToa
OTKJIOHEHHSI OCEBOTO Jy4a DaBeH
90° u He 3aBUCHT OT yIrJa naje-
HHA Jyda Ha BXOMHYIO TIpaHsb,
NI03TOMY TNIPH BpAUIEHUH [IPU3MBI
BOKPYT pebpa C — JMHHHM nepe-
CEeYEHHSA IIPOROJIKEHHS OTPaAXKalo-
HIHX rpaHel — u3o0pakenue oc-
TAHETCS HENMOJBHXKHEIM. JTO BHI-
TeKaeT u3 paperctBa (l4), orHo-
CALLETOCH K CHCTEME H3 JBYX
3epKad.

[Tenranpusama paer npsmMoe
n306pakeHne (YETHOE UUCIO OT-
paxaromux rpades). Ecau omny
U3 TpadeH 3aMeHHTb Kphiiefl, To
nosygaemoe usobpaxenue Oyner
3epKaabHEIM.

Hoauna

Puc. 56. Ilpu3smeHHble CHCTEMBi:
a — IToppo I poma; 6 — Tloppo 1! poaa

Xola Jyya B IEeHTanpuame
d=D+D V24D =3,414D.

(115)

[Tostomy Koabduuuenr npusmu ¢ = 3,414,

B npusme [Jlose (AP-0) BxomHas M BHIXOJHAs TPaHH HaKJO-
HeHBl K ocH moi yrioM 45° (puc. 58). Ilpuama coxpansier nanpasJe-
HHE Jiyda ¥ He cMemaer ero. OHa JlaeT 3epKa/lbHOE H306pa)keHue
(omra orpaxalomasi rpanb). IIpH NOBOpOTE NPH3MBI BOKPYT OCH

(npexmer HenojBHKeH) H30-
6paxeHHe NOBOPAYHBAETCS
C YIBOEHHOH CKOPOCTBHIO.

712,51

Puc. 57. PasBepTka tieHTanpuambl

——— e

- 21y 0COGEHHOCTH PH3MBI

HJLTIOCTPHpYeT pHuc. 58. [o-
BepHEeM I@PDH3MY, MOKa3aH-
HYy10 Ha puc. b8, a, Ha 90°
] (puc. 58, 6), npu 3TOM H30-
BpaxKeHne noBepHETCA Ha
180°. Tlocaenyromuit noeo-
por npusmbl Ha 90° (pwuc.
58, 6) BbI3BIBAET INOBOPOT
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I H300paxeHnus, TaK XKe Kak H

gn a2 ! B IIpeNBILYyLIeM ey dae, Ha 180°,
A Takum o6Gpasom, npusma Gniia
a l[ 45° a . NMOBepHYTa BOKPYr OCH Ha

noa-o6opora, a u3obpaxeHue
NOBEPHYJIOCh Ha LIeJIBIH 060POT.
Ha ocroBanuu Teopems cu-

e

0) HYCOB MOXHO 3amnucaTb (CM.
i puc. b8, a):
a -_—
2sin (90° —e&’)
) _ D _d
Puc. 58. ITpuama ose T 2sin 45°sin (45°+-¢) 2sin 45° °

rje a — pasMep OCHOBaHUsA NPU3MBI; d — piyHa Xo4a JIyda B IIpusMe.
BBINOMHSIST HECNOXKHBIE HpeOGPa3OBaHI/IH H y4uTbiBas, 4YTO B JaH-

HOM cayuae sine’ = 1/(ny/2), noayuum:
a=2DyV 2 = 1/(y/ 2" =1 —1); (116)
d=2nD/(yIE=T1—1). (117)

Has crekna K8 a = 4,23D, d = 3,337D; nna crekna BKI10
a = 4,04D, d = 3,20D.

[Ipuamy [loBe mOMEINAIOT TOJBLKG B IapasieJbHOM NMydYKe JydeH,
TaK KaK B NPOTHBHOM CJay4Yae YIVIbI NafeHHsl CHMMETPHYHHIX JIy4eH
nyyka He 6YAYT OAHHAKOBLIMH, YTO BBI30BET ACHMMETPHIO BHIXOISIIHX
Jayuqen.

Kaxk caenyer us dopmyn (115)—(117), nuamerp D ceuenns nyuxa
Jyde#, NOCTYNAIOUIUX HA BXOJHYIO T'Pab NPHU3MEL, SIBISETCS HCXOL-
HOH BeJHYHHOH JJS pacuera ee IapaMmeTpoB.

OcCHOBHEIE THIIBI OTPa)KaTeNbHBEIX [IPH3M, COOTHOLUEHHS HX pasMe-
pOB, HasHaueHHe W TJaBHEIE CBOKCTBA cM., Harnpumep, B [35, 381,
a Takxe B npua. l.

30. Ipeaomasiioniye Npu3Mbl M KJAHHbS

OnTHyeckasi jeradb C IUIOCKMMH NPEJOMJSIOUMMH 110~
BepxHOCcTAMU | u 2, ofpasylomumu AByTpaHHbil yroa 6, HaswiBaercs
npeyoMmasifomesl npusmoit. CedeHre mPH3MBI IJIOCKOCTBIO, MEPIEHAM-
KYJNsipHO# K pe6py ABYIpaHHOTO yriia, GYAET 24Q8HLIM CeHeruem
npusmes (puc. 59).

Yroa @ MexJy HanpaBJEHHsIMH BXOJASIHIEr0 U BHIXOASIErO Jydeh
HA3bIBAGTCSI Y2A0M OMKAOHEHUS, a Yron O MeXIY NpeSoMAsIONIHMH
IUVIOCKHMH TPAHSIMH — NDEAOMASIOULUM Y2AOM NPUSMBL,

PaccMoTpHM X0f JIy4a B IJIABHOM CeYEHHH NPU3Mbl. YTOJ IIpe-
JIOMJIEHHSI Ha TepBOH rpaHu onpegensiercs u3 GopmyJist

sine{ = siney/n (118)
(npu3Ma HaxOLMTCA B BO3AYXe).
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Ha puc. 59 caenyer:
e =0 e, (119)
TOrza
sine; = nsine; = nsin (@ + e1).
(120
Yron OTKJOHEHHs Jy4a
OpH3MOH
©=—e & 8 —e=
=g —e —0. (121)  Puc. 59. Xox nyua B npesomsiommedi TpH3Me

[TpeacTaBisieT HHTEpEC OTHICKAHHE 3HAYEHUs YrJa [ajeHHd & Ha
MepBYIO FpaHb NPH3MBL, NPH KOTOPOM YTOJ OTKJIOHEHHS ® MPEJIOM-
JIEHHOTO Jyda OyJeT HauMEHLIUMM.

Jas sToft menmy, modn3ysce dopmydso# (121), samumem:

do de, 1=0

_dgl_ = d51
HJH
de;, = de;. (122)
Kpome Toro, us pasencrsa (119) umeem:
de, = dej. (123)

Tponuddepennuposas dopmyasr (118) u (120), moxydum caeny-
IOllHe PaBeHCTBA:

ncosej dej = cosey dey; 1 cos e deg = cos g5 des,
U3 KOTOpHIX, yuuThiBass paBeHcTsa (122) u (123), Hai#feM BEIpaXKeHHE
sin e1/cos g2 = COS £1/COS €3. (124)
KpowMe Toro, mepemmo)kas npaBbie H JeBbie gacTH dopmya (118)
# (120), noJayduM paBeHCTBO
sin e{/sin e == sin g;/sin 3. (125)
OnHoBpeMeHHoe cymecTBoBaHue paBeHCTB (124) u (125) BO3MOXKHO
TOJILKO IPH YCJIOBUH, KOrjia
g = —8 M €& = —E (126)

2
Tak kak BTOpasg NPOU3BORHAA %g—;— >0, To pasexcrBa (126)
1

OIpPENENSIOT YCJAOBHE MOJYYEHHS gy NPH JAHHOM MOpE/IOMJAIOMIEM
yrae O mpusmel. M3 3THX XKe paBeHCTB CJAEAYET, YTO Wmqyn MOJY-
YaeTc [pPH TAKOM DACIOJIOKEHHH IIPEJOMJEHHOrO Jlyda BHYTPH
NpU3MBl, [PH KOTOPOM 3TOT Jyd NeprneHiHKy/aspeH K OucCceKTpuce
npejsomnsiomero yriaa 6,

Ilns ONpeNeNeHHs Oy, CAyxuT ¢dopmyta (120), us Kortopoi
¢ yueroM paseHcTB (126) m (119) monyuaeMm BhipakeHue

sin [(0ma + 8)/2] = n sin (0/2), (127)
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HCNOJb3yeMoe npH BeIOOpE MOKa3arTe/si INpeJOMJIEHHs Marepuaja
NpU3MBL (YT 6 H @qp H3MEpSIOTCSH, HalpHMep, Ha TOHHOMETpE).

PaccmoTpuM BiHsiHME M3MEHEHHS NOKasaTess MpeJOMJIEHHS Ma-
TepHaJja NpU3Mbl Ha YTOJ OTKJIOHEHHs INpeJIOMJeHHOro Jayua. [loka-
3arefib NPEeJOMJIEHHSA 3aBUCHT OT AJHMHBI BOJIHBI MOHOXDPOMAaTHYECKOTO
usnydengus. I[lostoMy, ecau Jyd, NOCTYNRIOUIHA B HpU3MY, MOHO-
XPOMATHUYECKHH, TO NPH NpPEJOMJEHHH OTIeJNbHBEIE MOHOXpOMAaTHue-
CKHE COCTAaBJAIOMIHE 3TOro Jjyda OYAYT OTKJOHATHCS HA PpAa3HHE
Yrabl (AHCNEpPCUS NPHU3MBL).

Yenogol ducnepcuell npusmbl HashHIBaeTCsl 3aBUCHMOCTh Yraa OT-
KJIOHEHHS Jy4ya OT IJMHBl CBETOBOH BOJIHBI, paBHAas NPOM3BOLHOH
3TOrO yrja 1o fAuHe BOJAHHI, T. €. dw/dA.

Hafizem yrioByio AMCHEpPCHIO NPHU3MBI AJIs1 Cydasi, ONHCHIBAEMOTO
tdopmyaolt (127). B pesyabrate ee AudGepeHIUPOBAHUSA IOJYUYHM
BbIpaXKeHHe

domn 2 sin (6/2) ﬂ_
di  y/T—nl sinZ(8/2) A’

rae dn/dh — mucnepcus matepHana NPH3Mbl, Mgp — CPEiHEe 3Haye-
HHe [OKasaTessl HDeNOMJIEHHS B JaHHOM HHTepBaje dA IJIHH BOJIH.
Yraosoe snaueHne do, AUCIEPCHH BHYUCHAAIT 00 (Gopmyne
Aoy = —e2S0 O __ 4, (128)
-,/1 — ngp sin? (8/2)
rae dn — pasHOCTh nokasaresiell HpeNoOMJIeHHst Ha KpasiX AaHHOTO
HHTepBata LIUH BOJH (dn = ny, — nyy)-

Ecnu 8 = 60°, dn = ng- — n¢- = 0,00812, n., = n, = 1,5183
(creri0o K8), T0 domy, = 0,0123 pan ~ 40'.

Yraosas pucnepcust npusmsl do/dA u yriosoe 3HaueHue mucnep-
cut do 6yAyT GONBIIHMH, €CJIH YTOJ OTKJOHEHHS O® 55 O .

[Ipenomasiomue Npu3Mel B OCHOBHOM IIPHUMEHSIOT B BHJe AUCIEp-
TUPVIOIHX 3JEMEHTOB B CIIEKTPaJbHBIX mpHbopax.

U3 dopmyast (128), Kotopasi onpenensier yryioBoe 3HaYeHHE AMC-
IIepCHH, CAELyeT, YTO 3Ta BeJIHYHHA TeM Gojiblue, YeMm GoJsblue mpe-
nomasroiuil yroa 6 npusmel. Orpanunuenve Ha yros 0 HakganbiBaeTcs
To#t ke QopmyJol, a umerno: sin (8/2) < /ngp, THe nop — cpenHee
3HayeHHe [10Ka3aTe/sl NpeJOMJeHHs MaTepHasa IPU3MHE B 3ajaHHOM
Ivana3oHe AJIUH BOJH.

[Ipn HeBBHIOJHEHHH 3TOrO HepapeHCTBA HalM0OfaeTcs I[OJHOe
BHYTpPEeHHEe OTpaxeHHe Ha BTOPOH npejoMisiioumiell I'DAHH NPH3MBL.
Cnenyer ormeTuthb, 9To hopmya (128) onpesensier yrioBoe 3HaueHHe
IHCTIEpCUH P HaHMeHbIIEM YTIJie OTKJIOHeHHs. Ec/IH yros oTKJ/oHe-
HUS © > Opy,, TO COOTBETCTBEHHO yBeJUUHBaeTCss M YIJjoBas AHC-
nepcusi. OOHAKO NPH 3TOM YMEHbIUZETCs paspellanoniasi CHJa CIex-
TpaAbHOTO NpuGopa, 9TO H ONpejessieT HCHONb30BaHHE OpPENOMJIS-
IOIIUX TNPH3M B NOJIOXEHHH HAUMEHbIEro OTKJIOHEHHS.

Haubonee wacto npesoMJAsIOMHA yroa NPH3MHE BHIOHDAIOT paB-
HEIM 60°.
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Puc. 60. INMpexomiasiiouine npuaMet

IIpenomasiionine (QUCIeprUpYIONIHE) COCTABHBIE NPHU3MBI CHEK-
TpalabHHIX npubopoB — mpuaMmel Pesepdopna, Amuun, A66e u Tpex-
NpH3MEHHAsl CHCTeMa — IOKas3aHbl Ha puc. 60.

OranantensHofl ocobeHHOCTbIO Mpu3Mmel Pesepdopra (puc. 60, a)
ABJsieTCs GoJbllasi yrioBas AHCIEpCHs, NOJydaeMasi 3a cYeT yBeau-
YeHHSA NPEeJOMJSIOEro yrja 0 ocHOBHOH [pu3Mbl 2, H3TOTOBJEHHOH
u3 ¢anaTa. BenoMorarenbuele npusmel / B 8 JesaloTcss M3 KpoOHa.
CrepoBatenbuo, ny = ny, < fly.

Hast TakoH NpHSMBL YTON ®ny, CHOeKTpa [cM. BbIBOX GOpMYJIBI
(128)] onpepensiercst mocse AuQdEPEHUUPOBAHHS 1O A paBeHCTBa
ny sin (0/2) = n, sin [(0, + 6)/21.

[Tocnte puddepeHunpoOBaHUS MOMYIUM:

Aoy =2( dn,  dny

fg cp nlcp) 1/_nf

dopmyna (129) nosBosisieT BHIYHCAUTD d®pn, 8 TakXKe CHeaarhb
BLIBOA O TOM, YTO JAJISi IIPH3MBI, MOMELIEHHOH B Cpefy ¢ MOKasaTesleM
npenoMaeHus, 60abmMM, deM egumHuma (n, = n, > 1), HpefeabHOe
S3HaueHHE MNpEeJAOMJSIONEro yrjaa 6 orpaHuYHBaeTCs HEPaBEHCTBOM
sin (0/2) << nyop/facp, THE Mycp — CPEAHEE 3HAYEHHE I[IOKAa3aTelist
OpEeAOMJIEHUS] B PacCMaTpPUBAEMOM AHAMNA30HE JJIMH BOJH AJS NPH3M
1 u 3; ngep — 10 Xe, LJA NPUSMEL 2,

¥Yron 0 pmocruraer smauenus 120 ... 150°.

Mpusma Amuau (puc. 60, 6) HasmBaerca npusmoll npamozo sude-
HusA, TaK KaK HanpaBJIeHHs Nafaloiero H NpesoMJIeHHOro Jyded O
onpejleleHHON AJMHBL BOJHBI COBMANAIOT, YTO YNOGHO NMPH KOHCTPYK-
THBHOM OQODMJIEHHH CIEKTpaJbHHIX rnpubopoB. B uacTHOM caydae
ofecneyrBaeTCs COBMAJeHHe Majaloiiero ayda U OHCCEKTPUCH yria
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AncrepcuH. [lpusmet / ¥ 3 H3roTOBJAIOT U3 KPOHA, NPU3MY 2 — H3
taunTa (8, = 65, n; = ng).

M3 puc. 60, 6 npH HCHOJB3OBAHMH YCJAOBHA HPSAMOTO BHACHHS
HoJNydqaeTcs CJAeAYOLas 3aBHCHMOCTD MEXY IPEIOMARIOMKMH YIVIaMHU
H MOKasaTeNsiMH IpejoMiennst (npusma 2 paBHOGenpeHHAsn):

Ny sin(0,/2) = 6,1/ ni — sin® (6, — 65/2) — cos O, sin (6, — 0,/2).

Jaisi npusMbl NPAMOTO BHICHHS 3HAYEHHE YIVIOBOH [AMCTEPCHH
He NOCTHraeT MaKCHMyMa.

[Ipusma AGGe (puc. 60, 8) OTHOCHTCA K NPH3MAaM NOCTOSTHHOTO
OTKJIOHEHH ¢ yraoM o = 90°. Jlns yMeHbleHWs NOTJOMIEHUS
NpHU3MY C MOJHBIM BHYTDEHHHM OTDaxKEHHWEM BHINOJIHSIOT M3 KPOHA.
Ha puc. 60, 2 nokasana cucrema npsiMoro BUIEHHSI U3 TPEX NPEJNOM-
JAOUUX TIPU3M.

Ecnu npenomasiomuit yroa 8 npusmsl man (8 < 6°), To Takywo
NpHU3MYy HaswlBawT Kaunom. Popmyna (120) npu >ToM npuHHMAET
CHAeNyIOUIMEA BHA: & = O cos e -+ sin &f.

Hcnomssys pasencrso (121), monyuum sin e; = sin (o + 6 +
+ &) = (o + 0) cos g, + sin g,.

M3 nocnepaux n8yx dopmyn u ¢popmyast (118) noayuum 3Hayense
yrJaa OTKJOHEHHS Jiyya KJMHOM ® = 8 (n cos &i/cos g; — 1).

Ec/i npuEATE YC/IOBHE, YTO YTOJ NafeHus & Mal, OTKYAA CJAeLyeT
H MajoCThb yIJa NPEeJIOMJEHHS £{, TO

©=10(n—1. (130)

KmuH, Kak H 1pusMa, HMeeT NHCIEPCHIO H COOTBETCTBYIOUIEe
efl yrJoBOe 3HAaYeHHE NUCIEPCHH.

Ms dopmyasl (130) ciexryeT, 4TO yrjoBoe 3HAYEHHE AMCIEPCHH
kauHa do = 6 da.

Hanpumep, Ang AuanasoHa LAHH BOJH, MPAHHIBLI KOTOPOLO COOT-
BEeTCTBYIOT cHHeMY (F’) H kpacHomy (C’) uBeram, dwpcr = 8 (npr —
— N¢+), TAE Npr — N¢r — CPENHAS [HCHEPCHs MaTepHana KJHHA
(IOCT 3514—76 u I'OCT 13659—78).

Onruyeckue KJHHbS B ONTHYECKHX CHCTEMAaX HCIIONL3YIOT B Ka-
YecTBe KOMIEHCATOPOB IIPH IOCTHPOBKE W u3MepeHusix. OnHako Gosee
YacTO KJHHOBHAHOCTb IPOSIBJISieTcs Kak omubKa, HONYIIeHHas NpH
MSFOTOBJIEHHH IVIOCKONapaslebHBX IUIaCTHH, [peXBapuTebHast
OUEHKA BJMSHUS KOTOPOH ofecneunBaeT 3agaHHe €e HONYCTHMOTO
3HAYEHMUS.

PaccmMoTpuM HCHOMB30BaHHE KJHHA B KauecTBe KOMIEHCATOpaA.
Ipu Bpamenun kauna (puc. 61) H30Gpa)eHHe OCEBOH TOUKH ONMHCHI-
BaeT OKPYXKHOCTb PafuycoM y’', KOTOPLIH 3aBHCHUT OT 3HAYEHHs yrJaa
OTKJIOHEHHS ® H OT PAacCTOSIHHA Kk MEXAY KJAHHOM H INVIOCKOCTHIO
H300pakeHus:

¥y =ktg o~ ko = k(n — 1) 0.

K coxaleHu10, ABHKEHHE H300paXKeHHs N0 OKPYKHOCTH B HEJSAX
H3MepeHHsl M KOMIIEHCAUHH HCIOJb30BaTh HEJNb3si. [IpAMoJxHeHHOe
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ILBHIKEHHE H300paKeHHs ¢
JOCTaTOYHOR CTENEeHbI TOU-
HOCTH MOXeT OHITh ofecnedeHo
ABYMSi ONUHAKOBLIMH KJHHb-
fIMH, BpalllaéMLIMH B MPOTH-
BONOJIOXHHIX  HalpaBJEHUsAX
Ha paBHHIE YLV ¢ (pHC. 62).
Haubonbmu#  cymMmapHEI Puc. 61. BpameHnune kauna

yron OTKJOHeHHs Gyjer, oue-

BHJHO, TOI2, KOrJa [IJaBHHIE CEYEHHA KJHUHBEB JeKaT B OLHOH
IJIOCKOCTH, a NPEJOMASIOIHE YIJkl HanpasjeHH B OLHY CTOPOHY:

0, =20 =2(n—1)86.

[Ipu Bpamennn KIHHBEB YToJl OTKJOHEHHS B paccMaTpHBaeMmol
MEPHAHOHaJbHOH MJIOCKOCTH OYIeT C/eLYIoWHM:

0y = ©g, cos @ = 2 (n — 1) 0 cos .

C nomowsio, HanpuMep, chepHYECKOH TPHIOHOMETPHH JAOKa3bl-
BaeTcsl, YTO FOPU3OHTAJbHOM (6OKOBOM) COCTABMISIOMIEH yriia OTKJO-
HEHHA Jlyya MOXKHO NpeHeGpeub.

IlpsaMonunefinoe ABHKEHHE H306paKeHHs] MOXKeT GHITh MNOJYYEHO
TaKXKe NPU NOCTYyNaTeNbHOM NepeMellleHHH KJIHHA MO HANpPaBJeHHIO
najawomero Jjayda. B stoM cayzae (puc. 63) nepemernenne KaHHA
u3 nojioxkenus I B nojoxeHHe 2 HA PACCTOSIHHE 2 BHI3LIBAET CMelleHue
H300paxeHus:

Ay =yi—yi=2(n—1)0. (131)

Hs dopmyanr (131) caenyer, 4to nepeMelneHye 2 KJAHHA U CMelle-
HHe Ay’ H300paXkeHHs] NPSIMO NPONOPIHOHAALHEL.

[Tocrynatenpno nepememaroumiuiicss KJIHH B OT/IMYME OT Bpalla-
IOIHXCS KIHHBEB MOXHO HCIIOMb30BaTh B CXOAAUIMXCS NYYKaX Jydes.
Insi KOMNEHCAUMH HJIH H3MEPeHUsl MaJblX YTJIOBBIX HJH JHHEHHBIX
BEJHYHH IIOJb3YIOTCA INapOH BpamAOMHUXCd KJAHHbEB. DoJabmomy
yIJy II0OBOPOTa @ COOTBETCTBYeT MaJjioe H3MEHEHHE B TMOJOXKEeHHU
npeaomJeHHoro Jyda. IToctynatesnbHo nepememaromuiics KJIHH, HC-
HOJIb3YeMBblH IJISi KOMIIEHCALMH H H3MEPEeHHs MAJIbIX JMHEHHBIX BeJIH-
UHH, fIBJASETCSH MeHee TOYHBIM.

4 4
AN e

Q&

Puc. 62. Bpamenne AByx kaHubeB
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Puc. 63. [loctynatenbnoe nepememienve  Puc. 64. KiHH ¢ nepeMeHHHIM NpesoMis-
KJIHHA IOIHM YTIIOM

Kiue ¢ nepeMeHHHIM NpesOMJSIOHUM yraom O Moxer GHITB BHI-
HOJIHEeH U3 JABYX JKH3: IJIOCKOBBITYKJOH H BOTHYTO-IJ/IOCKOH, COCTAB-
JISIOIMAX IJIOCKONAPAJIIRIbHYIO MIACTHHY Y NMOABHMKHO COEJHHEHHbIX
TakK, KakK I[0Ka3aHo Ha puc. 64.

31. CBeToBOALI H BOJOKOHHAs ONTHKa

CrerJsIHHBII NPYTOK KPYTJIOTO HJAH JDYIOrO CeyeHHUs
C NOJIRPOBAHHEIMH OOKOBOH MOBEPXHOCTHIO U TOPUAMH MOXET ORITh
HCIIONb30BaH B KayecTBe £6emoeoda IJsi NEpPefaudl CBETOBOH SHEPIHH
B TPYJHOIOCTYIHBIE NOJIOCTH $€3 IepeHoca TemJIOTHl OT HCTOYHHUKA
usryuenusi. CBETOBOAB MOTYT OBITH M30THYTHl B OpPsYeM COCTOSHHH
c paguycamu KpuBH3HBI, paBHEIMU 20 ... B0 uX nmuamerpam, # B XOJOX-
HOM cocTOoAHMH ¢ paguycamu kKpuBuansl 200 ... 300 amamerpos.

Jly4, nagaoomufi Ha Topen npyTka {puc. 65), NPOXOIUT CKBO3b
Hero, mnperepneBasi HEOJNHOKDATHOE [OJIHOE BHYTPEHHEE OTpaxKeHue
ot OoxoBOk nopepxHOCTH. Jlis1 ofecredenus JydIUHX YCJIOBHHE MOJ-
HOTO BHYTPEHHETO OTPaKeHUs IPYTKH MSTOTOBJSIOT H3 TSKEJBIX
GUMHTOB M MOKPHIBAIOT 060JMOYKON (M30JsIyedl) U3 KPOHA HJIH MeTal-
JINYECKUM OTPaXKAIOMIKM CJIOEM.

XapakTepuCTHKOH YIJIOBOrO NOJIi CBETOBOJAOB SIBJSIOTCA amep-
TYpHbIE YTJEl G4 H 0. JlJas1 BXogHoro topua 2w == 204, LIS BHI-
xopHoro 20" = 20’-.

Jns omnpeAeieHHs amepTYpHOrO YyIvia O, OrPaHHYUBAIOILETO
TeJIECHBIH YroJl AJAs [ydka Jydedl, NOJHOCTBIO MPOXOAAMMX 4Yepes

%€
y s i

14
me1 | R / o

" Ny ‘

Puc. 65. [Tpoxoxnenue aydelr B cBe- Puc. 66. Cxema ans onpefleneHus anepTyp-
TONPOBOJE HOI'O Yryia B CBETOBOJE
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cBeToBOA, obpaTuMmcsi K puc. 66. Bxoguolt Topeny cBeToBosa Bo3bMeM
NEPIEHAUKYISAPHEM K ero ocd. [lokasartesnp mpesnoMieHdsi BOJIOKHA
CepJIeBHHEI 7 GOJMbILe, 9eM M0Ka3aTeNb NPEJOMICHUS OGOOUKH 1.
[lpu nOJNHOM BHYTDEHHEM OTpaXKEHHHM Jy4Ya OT T'pPaHHIBl MeXIYy BO-
JIOKHOM H H30JsLHeHd HMeeM:

ngsine; = ny. (132)
ITpenomaenne Ha Topue OMHCHBaercs (HOPMYJIOH
sinoa = n, sine;. (133)

Tak xak e{ = 90° 4- e5, To ua cdopmyn (132) u (133) caenyer
PAaBeHCTBO AJ ONPENeJIeHHsT BXOAHOTO anepTyPHOro yria mpH a, = |

(Bo31yX):
sino, = 4y n: — nl.

Ecau nokasaTtenp npenOMJEHHS Cpefibl, B KOTOPOH HAaXONuTCH
BLIXOJHOH TOpelNl CBETOBOJZ, TaKKe paBeH exuHuue (n, = 1), 1O
BHIXONHOH amepTypHHH YroJ Oj- paBeH BXOLHOMY anepTypHOMY
yIay Ga.

Ilpu ny, >1 moayuum n, siny. = sin o4.

Has nepenadn H3o6paxkeHHN HCIOJAb3YIOT MHOTOXHJBHLIE CBETO-
BOZAbl — NYYKH CBETONPOBONAMKX BOJOKOH. Hanmenbmmufi pumamerp
BOJIOKHA cocTaBigeT 5 ... 6 MxM. [Ipy MeHbunX nuamMerpax KayecTBO
n300paxeHuss yxXyjiuaercs BeaeAcTBHe yubpakuuu. BosokHa B 060-
JIOUKAaX, YJIOXEHHbIE NapaeJbHO H ClIeYeHHEIe, C OTIONHPOBAHHBIMH
TOPLAMH, JIEKAIMKUMH B OQHOH IJIOCKOCTH, OGECNeYHBAIOT Nepenaty
M300pakeHus C OJHOrO TOplia Ha Apyrofl. Paspemamwinas cnoco6HOCTh
TAKOTrO NYYKa BOJOKOH 3aBHUCHT OT HX IHAMETPA H PACCTOSHMS MEXLY
HuMH. HapexHo nosydyaeMofi siBasieTcs paspemiaiomas cloCOGHOCTB
no 100 jumui/vmM. [pn manbHefiieM NOBHIUEHHH paspellleHHs CHH-
¥aloTCA M KOHTPACT, H SIPKOCTb H30GDaKEHMUsI.

Vi3 BONOKOHHEIX 3JIEMEHTOB Je/aloT CJAelyloWue AeTalH, nepeja-
ouHe H300paXkeHHe: XKeCTKHe CBETOBOABI, [HOKHE MKIYTH, IUCKH,
($OKOHHBIE JHMH3H, aHaMOPHOTH, Mpeo6pa3oBaTeNi KOJAbIO~—/THHHS
u gp. [61.

JKecTKHE MHOTOXHJIbHBIE CBETOBOZLL, CJYIKAUIHe NJISt NepenadH
H300paXkeHHsl, HCMNOJB3YIOTCH B NPHOOpAxX, NpeAHA3HAUYEHHBIX s
o630pa u dororpadupoBaHus CTEHOK TPYGOK, Nepenasd H306paxeHni
WKal H B KadecTBe MHKDPOCKONA-HIJIHL.

I'nbxue peryasipHEe XIYTH BXOAST B COCTAB FHOGKHUX IEPHCKOIOB
H npubopoB AJsi o6C/efOBaHHS BHYTPEHHHX OpPraHoB uesnoBeka. OHH
IIPEACTaBASIOT CO00H napasJiebHO YJIOXKEHHbIE BOJOKHA, CleYeHHHIE
BOJIM3H TOPUOB. IIpHMeHeHHe IHOKHUX KIYTOB, BHXONHOH TOpeN KO-
TOPHIX BHITAHYT B BHJIe Y3KOH MOJIOCH INMPHHOH, pPaBHOH AHaMerpy
BOJIOKHA, O0ecIeyHBaeT BHICOKOCKOPOCTHYIO KHHOCBEMKY C YaCTOTOH
107 xaxpos/c.

Ins obecnedeHus] KOHTAKTHON (OTOMEYATH C BHINYKJIHIX 3KPAHOB
KMHECKONa HJH 3JEeKTPOHHO-ONTHYeCKOro mnpeo6pasosarens (J0II)
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HCNOJb3YIOT BOJIOKOHHKE JIHMCKH, OfHA IOBEPXHOCTb KOTOPLIX BOTHY-
tTasd (OpHUMHKaoWas K 3KpaHy), BTopas — IJIOCKas. ITH JHMCKH
cofiepxaT A0 NOJYMHUJIIKApAa BOJOKOH U paspemaiot 0 100 aunu /MM
OpH amepTypHOM yrie o4 = 0,54.

@OKOHH H (QOKOHHBIE JIMH3K HMEIOT BOJIOKHA C NEPEMEHHKIM ceyge-
HHeM (KOHHYEeCKHe), 4TO ofecledrBaeT H3MEHEHHE [OMePeYHOro yBe-
JHYeHHS [epeaBaeMoro H3o0paKeHus.

OZHOCTOPOHHSISI ONPECCOBKA OJHOTO KOHIIA XKECTKOTO MHOTOMXHJb-
HOTO CBETONPOBOAA, THOKOro XKryra HWJAH (OKOHa npeBpamaer HX
B aHaMmopdoT, CXKMMAOIKMH HJAH paCTATHBAKIWUA H306paxeHHe
B OJHOM HanpaBJIeHHH.

®opmMupoBaHHe BXOZHOTO H BHEIXOZHOTO TOPLOB MHOI'OXKHJIBLHOT'O
CBETOBOJA INO3BOJISET CO34aTh Opeobpa3zoBaTesb H30OpaXKeHHs, Ha-
npuMep, npeo6pasosaresb KOJbLUO—JAHHHA H T. I.

Jasi  H3roToBJEeHHS  BOJIOKOHHOH ONTHKH  NPHMEHSIOTCH
CTeKJa CJEeIYIOUHX Mapok: s cepauneBunn — TK16 (n, = 1,6152);
®8 (n, = 1,6291); BCH86 (n, = 1,56893); BC682 (n, == 1,6855);
Ins obosouku — BO488 (n, = 1,4898); BO513 (n, = 1,5150).

32. JIunsbl Ppenensi. AkcHKoHbl. OnTHHeCKHe PacTpsl.
I'pagueHTHble W JUQPAKUHOHHBIE 3JIEMEHThI

Jun3er Ppeness NPENCTABASIOT COOOH ONTHYECKHE AETAJH
CO CTyNeHYaToll MoBepXHOCTbIO (puc. 67).

UeM MeHbILIE pacCTOSIHHE MEXAY COCEIHHMH CTyIeHbKaMH, TEM
TOYHee BHIIOJHSETCss YCJIOBHE YMEHbIUEHMS! OCTAaTOUHHIX abeppauui
IpH MaloH TOJINHHE JUH3H. HauMeHbliee AOCTUTHYTOE paccTOSTHHE
Mexny crynesbkamu paBuo 0,05 mm. CryneHbku MoryT GuITh pasrpa-
HUYEHBl KOHUEHTPHUECKHMH, CHHPAJbHBIMU HJIH NapasjielbHbIMH Ka-
HaBKaMH M NPEJACTaBJAIOT co00H B IEepBEIX ABYX CJaydYasX Y4acTKH
KOHHMYECKHX WM chepHUecKUX IOBEpXHOCTEH, a B TpeTheM caygae —
YYacTKH IJIOCKOCTeH HJH HHJIHHAPHYECKHX [OBepXHOCTel.

Takue NOBEPXHOCTH C MaJjbIM LIArOM TEXHOJOIMYECKH BO3MOXKHO
BBHINIOJIHHTh NYTEM NPECCOBAaHUS H3 IJaCTMacC.

Marepuasnom nas auns OpeHest MOXKeT OBITh NOJIMMETHIMETaK DH-
JaT, HMemuA CAeRyluue XapaKTepPUCTHRH: np = 1,4903, wvp=
= 57,8; temmepaTypHHH Ko3pdulHeHT NOKa3aTejs MpPeIOMACHUN
Be, p = —16-10°, TemnepaTypusifi KosbhduuHeHT JHHEHHOro pac-
wupennss a; = (70 ... 190) 10-%; Temneparypa pasmsiruesns 72 °C.
SroT Marepuas o6aanaer XOpOWMM IIPONYCKAaHHEM B yJbTpadHoJeTo-
BOA 00J/1aCTH CHEKTpa.

IlnacTMaccoBrie uH3H PpeHenss HaXOAAT IDHMEHEHHE B Ka9ecTBe
JIYN, KOHZEHCODOB, NPH3M, 3epKaJ M JAPYTHX ONTHUECKHX Jerales,
obecriegnBasi MaJsile raGapHTHBEIE pa3Mephl CHCTEMBL.

Dnement sd@ekTHBHOrO npodHJs CTyNeHYaToli OCeCHMMETPHYHOH
IOBEPXHOCTH, Da3fe/slomell Cpelnl € MOKa3aTesIMH NPEeJOMIEHHS
ny, =1 4 n, = n, nokasan Ha puc. 68.
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Puc. 67, Jiunsa Qperenss Puc. 68. DnemenT 3(¢eKTHBHOrO npobuas AHH3H
Openeas

PaccMOTpPHM BOSMOXKHOCTb MOJYYEHHS! C TOMOIIBIO 3TOH MOBEpX-
HOCTH T'OMOLEHTPHYECKOTO NyuKa Jyyelt, o6pasyiomux usobpaxenne
OCeBO# TOUKH A, NpHHHMAs, YTO Kax[asi CTYyNeHbKa aBiasgercs Gecko-
HEYHO Y3KOH.

Jlya AM, Berpeuaromuii 6ecKOHEYHO y3KHE 3(GhEKTHBHHIE mnpo-
¢Gunb B Touke M Ha paccTOSTHHH A OT ONTHYECKOH OCH, NMOC/IE MpesoM-
JIEHHSI B TEPeceyeHNH C ONTHYeCKOH ocklo jact Touky A’. Hopmans
K pacCMaTpHUBaeMOMy Y4acTKy IpOGUJSA NEPECEYET ONTHYECKYIO OCh
B Touke C NOA YrAOM @, KOTOPHH onpefelsieT NOJOXKeHue ofpasy-
IoleHd B3ATOrO ydyacTka mpodHIIs.

Ha#inem ssavenust yrioB ¢ st pasublX BBICOT h majeHust JyueH
NpH 3ajaHHBIX NONOXKeHHSX TOYKH A U ee usobpaxenns A’ (or-
peskn —a u a’).

Hs puc. 68 crenyer: —e = —o + ¢; ¢ = —e¢' 4 o', Ilo sarony
npesomyeHus sin e = n sin &' nonywum:

sin (¢ — o) = n sin (p — o’). (134)

[Tocne mpeoGpasoBanuii u3 dopmysas (134) HaXoAUM CAEAYIONLYIO
3aBUCHMOCTb JJIs1 BBIYHCJIEHHS YIJIOB @, ONMpEAE/SIONIHX, HANPHMED,
HaKJIOH npodu/ed KOHHYECKHX KOJBUEBLIX YYACTKOB CTYIIEHYATOH
npesoMasionesi NoBepXHOCTH:

tg ¢ = (n sin ¢’ — sin ¢)/(n cos ¢’ — cos o), (135)

TIe YIVIBl O U ¢’ NpPeABApHTEJbHO BBIYAC/AIOT N0 3aIaHHLIM OTpe3-
KaM —a 4 @' IJs pasqHuHbX A,

Dopmyay (135) MOXKHO HCMOJNL30BATE AJAS pPacyeTa TOHKOH JIMH3HI
®peness ¢ NMIOCKOH BTOPOH MOBEPXHOCTbIO, afeppauusiMH KOTOPOH
MOXKHO IpeHefpeyb,

3aguee hokycHoe paccTosiHue AuH3E OpeHesis OnpeNeauM 1o 3Ha-
gennio o’ npu ¢ = 0. [Ipu 310M ycoBuH K3 Qopmyan (135) umeem:
tg @o = no’/(n — 1). CrnegoBaresnbio,

o' = [(n — 1)/n] tg ¢,.
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Takum o6pa3oM, npu MajoH BHICOTE
[/ =hlo" = hn/l(n — 1) tg ¢, ],

re tg @, maxomar no ¢opmyse (135) npu manom 3HaueHHH A.
CeertoBolt muamerp D JHH3Bl NOJy4YaeTcss NpH yrje NafeHHS

Jayua g, = —90°. M3 puc. 69 umeem:
tg oa» = tg (9 + en) = Dcs/(24'), (136)

rie &, — Opele/bHOe 3HAUEHHE YIia NpPeJOMIeHUsl; Oxr — anepTyp-
HBIH yroJ JuH3bl PpeHesas B MPOCTPAHCTBE H30CpaxeHHUH, T. e. yroJ
MEeXIy OHTHYECKOH OChI0 M KpaHHHM JIyYOM, HDOLIEAIIHM JHH3Y
(0o — anepTypHBI yToJ B HPOCTPAHCTBE IIPEAMETOB, CONPAXKEHHBIH
C YTJIOM Gar).

Us dopmyant (136) caepyer, dro

Doy = 24" (tg ¢ +-tgen)/(1 —tg ptgen).
YuuteiBas, uro tg ¢ = —2a/D.y, DoayuaeMm:
e + 2D¢p (@ — a')tg &/ + 4aa’ = 0, (137)
rae tg e, ompenessieTcsi COrMacHO 3aKOHY NpesoMJeHHus (sin en =
= 1/n), tgem=—1/y/n*—1.

PemuB KBafpaTHoe ypaBHeHUe (137), HaXoAuM CBETOBOH NHaMeETp
JuH3pl OpeHens:

Doy = [1/V/ n*—1)[a — o' +V (@ — ') — daa’ (n? — D)].

AkcukoHom HaA3LIBAETCS ONTHYECKAsl JeTajb HJAU ONTHYECKast CH-
CcTeMa, BbI3BIBAIONIAS 3HAUUTE/JNbHOE HApyLleHHe TIOMOIEHTPHYHOCTH
Nyyka Jyued, BBIXOAAIIHX M3 INpeIMeTHOH ToukH. lsobpaxeHue
OCEBOM TOYKHM MOJyuyaercsi B BHAE OTpesKa NpaMOH, gBJsiOLleHcs
YacTbi0 ONTHYECKOH OCH B IIpOCTpaHcTBe H3oOpaKeHuit, a B BHOpaH-
HOP TJIOCKOCTH M300pa)eHus — B BHJE Kpyra JOCTaToOuHO GOJbIUOro
ovaMerpa. 2To OOCTOSITENIbCTBO HCNOJAb3YIOT NPH CO3JAaHHHM ONTHYE-
CKHX CHCTEM, He HyXJalomuxcd B (GOKYCHPOBKE MpH H3MEHEHHH
IOJIOKEHHUS TIPEMETa OTHOCHTE/IBHO ONTHYECKOH CHCTeMBl, AJs obec-
leYyeHWss B3aQaHHOTO pacnpeleseHHs OCBELIeHHOCTH B IJIOCKOCTH
U300pa)keHUs, KOMNEHCAlUHM HapYyLIeHHs] FOMOLEHTPHYHOCTH 33 CYeT
JIeACTBHS APYTHX KOMIOHEHTOB CXEMBL.

Ha puc. 70 nokazana onTuyeckas oceCMMMETpHYHas AeTajb THIA
gun3bl. Ee nepsas noBepXHOCThL MJockas, BTOpasi — KOHHUYECKas.
B MepHAMOHAJbHOM  CEUEHHH
3Ty KOHHUYECKYIO JIMH3Y MOXHO
OpeicTaBHTh KAaK  IPEJOMJIsIIO-
I{ylo paBHOGEJPEeHHYI0 MNpPUBMY
¢ npejomssiomum  yraoM 6,
pasMep d KOTOpPOH IO ONTHYEC-

= ' koll ocu msBecreH. Halimem u306-
Puc. 69. Cxema 175 onpenesieHHsi CBETO- paxenne A’ PCQBOﬁ TOYKH A_,'
BOTO AMameTpa JHH3u Dpenens pacnoJIOXKEHHOH Ha ONTHYECKOH

86




Puc. 70. HdeficTBre XOHWUeCKOTO AKCHKOHA

OCH Ha DACCTOSHHH §; OT «BXOAHOH rpanu». ITosomenue A’ 3a-
BHCHT OT yria oj.
st BBICOTH A, TajieHHs Jyua HMeeM:

tg oy = hy/sy. (138)
[lo sakony mpesnomnenus
sin g1 = sin g,/n = sin 0y/n. (139)
U3 puc. 70 caenyer:
g = &1 + 0. (140)

HOBTOPHOQ KCIIOJb30BAHNE 3aKOHA NPEJOMJCHUS [IO3BOJISAET Ha#TH
yroJa npeJioMJIeHusa Ha BTOpOI‘/'I «TPaHu»:

sin &5 = n sin e = n sin (&1 + 0). (141)
U, Hakoder, yron Mexjay MNPEJOMJEHHBIM Jy4OM H ONTHYECKOH

OCBhIO
03 = 5 — 0. (142)

Otpesok s;, ONpelesAOMHAN MOJOXKEHHE TOUKH A’, OTCYHTHI-
BA€TCS] OT BEPIUMHBl NPEJOMJSIOmEN NOBePXHOCTH (B KaHHOM ciydae
OT BEpHIWHBI KOHyCa).

M3 puc. 70 caepyer:

S5 = hz/tg 03 — hg tg 0= h2 (Ctg 03 — tg 9), (143)

rae h, — BhICOTA NaJEeHHWs Jyda Ha KOHHYECKYIO NMOBEPXHOCTD.
OGo3Hauum RAMHY Jyua B npefenaX KOHUHECKOH JIHH3BI YEpes g.
Torna
h, —h; = —gsinej, (144)
rae
g = (hy — hy) sin B/cos &,; (145)

hpr ~— 3allaHHOE pACCTOSIHHE OT ONTHYECKOH OCH A0 OCTpPoro Kpas
CeuyeHHsT KOHMYeCKOH JuH3bl (Touka M).
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W3 dopmyam (143), yuutmiBas bopmyan (144), (145) u (139),
AOAYYHM, YTO
, inO@sino
$i= [ — (hae —h) o ] (ctg o, — tgB).  (146)
Paccmotpum dopmyay (146) npu oy = 0, T. e. [is cayuasi, Korga
oceBasl TpeIMEeTHas TOYKa HaXOAHTCS B GeCKOHeUHOCTH. [IpH 3ToM
e = e; = 0, a sine; = nsin 8, Torza
53 = hy (ctg og — tg 0).

Has nmapakcHaabHoro jayda (b — 0) s = 0, a Aang Jayya, naja-
IOero Ha Kpai KOHHYeCKOH JIHH3H (h, = hAy),

sm = hy (ctg 03 — 12 6).

CrnefoBaTesbHO, HaubosbIuasi NPOJOAbHAS NPOTAKEHHOCTh B H30-
OpaXeHHH TOUKH (chepHueckas aleppauus) B paccMarpHBAEMOM
cayuae (0; = 0)

8Os = s — So = Ay (ctg oz — tg 0). (147)

OueHuM ee 3HayeHHe LIS KOHKPETHBIX KOHCTPYKTHBHBIX mapa-
METPOB KoHHMYecKoH JHH3H. [lycts hpy = 20 MM, 6 = 20°, n, =
= 1,5183.

Hcnonbsys dopmyan (140), (142), (147), HaxomuM, uto Osy =
= 93,37 mmM.

Cor/lacHO OmpefesieHHIO PacCMOTpeHHasd Jeranb (auH33a) U Gyner
aKCHKOHOM.

OO6bIYHO KOHHWUECKHEe AKCHKOHBHI npuMeHSIoTes ¢ yriaom 0 < 6°
{(tg 9 ~ sin 8 ~ 0). Ecan npu sTOoM yrom o0, SBAsETCH MAaJbIM
(sin oy = 0y), T0 ¥ sin &{ &~ &), sin & ~ &3 = ney;. YuuTHBas, 4TO
IPH 3TOM COS &, &~ | M ctg 03 = 1/03, u3 dopmyast (146) nonyuum:

83 = 88" = [hy — (hy — hy) Bay/n] (1/03 — 0),

a npu g; = 0
' s3 = hy (1/55 — 6).

Ho Tak Kak 03 = 0 = (n — 1) 8 [cM. dopmyay (130), orHocs-
myocs K KJIHHY ], To

s3= 85" = hy {1/[(n — 1)8] — 0} ~ hy/l(n — 1)0].

HalineM HauMeHbllee pacCTOSHHE Sy, OT aKCHKOHA A0 IpPEAMET-
HOH OCeBOH TOUYKH, NPH KOTOPOM I[OJTHOE BHYTpPEHHee OTpaxKeHHe
OT KOHHYECKOH MOBEPXHOCTH OTCYTCTBYET.

Hs dopmyant (141) npu sine; = 1 umeeM: sin ey, = l/n =
= sin {ef + 6), rue e, — yroJ IMONHOTO BHYTPEHHErO OTpa)eHHS.

Tak Kax KaxJbfl B OTHENBHOCTH YIJIBI &2, H &f -+ 0 MeHbiue 90°,
TO, yuuthiBas Qopmyay (140), 6ynem umerb & = &3, — 0.

Hs ¢opmya (139) u (140) cremyer, uto

sing, = nsin(egn —0) H  Sma = Ap ctg o,
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PHe. 71, Tunsl aKCHKOHOB:
g — KOHOHXHaf AHH34A: 6 ~ NOJOXKHTEAbHHIA MEHHCK, & — KOHHYEeCKOoe aepxkano

Tlpumepnl akcWKOHOB mokasaHsl Ha puc. 71. Ilpu BL6ope akcu-
KOHa CTPEMSITCS NOJNYYHTh HAHGOJBUIYIO OCBEUIEHHOCTh H306pakeHHA
B 3aaHHOM HHTEpBaZe Ha ONTHYECKOH OCH NPOCTpaHCTBA H3o6pa-
KeHuH.

Onmuueckum pacmpom Ha3bIBAETCH COBOKYIHOCTb H3 JIHH3OBBIX
HJIH 3eDKa/bHBIX 3JIEMEHTOB (S1U€EK), HMEIONIHX ONTHYECKYIO CHJY.
Paccrosinne Mexny OCAMH JABYX CMEXHBIX 3J€MEHTOB, HaMepeHHOe
10 HOPMa/IH K HX OCAIM CHMMETDHH, Ha3bIBAIOT nepuodom, HIH Wazom,
pacmpa.

Kaxnpiii snemenT onThueckoro pacrpa Qopmupyer H3obpakeHue
npeamera. Takum 06pasoM, YHCJO MOJYYeHHbIX H30GpameHHi mpel-
MeTa DaBHO YHCJY 3JIeMEHTOB pacrpa.

Ecau onruueckme cuJbl BCeX 3JeMEHTOB ONHHAKOBLI {puc. 72),
To usobpaxenus ApB; npeamera AB nosnyyaiores B ofHOH mJio-
CKOCTH (KOT/la OITHYECKHE 3JeMeHTbl Ge3abeppalHoHHb).

IIpu ofpaTHoM Xofe Jyuelt U3 OTAENBHBIX «IPEAMETOB», MOJY-
YEHHBIX B BHJE 3aKPeJIeHHHX H300paxeHull (Hanpumep, Ha ¢oTo-
TNJIaCTHHKE), BOCCTAHABIHBACTCS TPOCTPAHCTBEHHOE NOJIOKEHHE Npel-
MeTa.

JleiicTBue pacTpoBOK OCBETHTEJbHOH CHCTEMBI TOKA3aHO Ha puc. 73,
Haknonner# nyyok Jsyueit, BAyuiut oT HCTOUHUKA cBeta C, 3aNQJHSET
BXOJHOH 3padoK MNOCJERYIOled ONTHYECKOH CHCTEMBI. DJIEMEHTOM
pactpa I oBecneunBaercs monyuyeHHe H3oGpameHns C{ HEHTpa HCTOY-
Huka cBeta C. DJeMeHT pacTpa '
2 WanpapjisieT MyyoK BO BXOJHOH
3payoK. \

[Tepuon ¢, pacrpa I sBasercs 7
2ananutiM. Toraa corsacHo puc. 5/,

73 nepuon pacrpa 2

ty =t (1 —dfsy), ’ )
WB]
rie  d — paccTosHHe  MeXAy 'A;,
pacTpamu; s, — yjajieHHe HC- 8,
TOUHHKa cBeta (€ oOT pacr-
pa 1. Puc. 72. Ontuyeckn#t pactp
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g

-8, d=s; {
U
~Sg= (5, d) s,

Puc. 73. PacrpoBast ocBeTHTe/bHasi CHCTEMa

Uncno 37eMeHToB pacTpa 2 AOMKHO ObITh PAaBHO YHCJAY JEMEHTOB
pacrpa I.
DOKYCHEIE PACCTOSTHUSA OCEBBIX siueeK pacTpos / u 2 onpejensioTes
no ¢opmyJae (38):
fi=sudllsy — d); f2= (s, — d)spf(sy — d — s9),

rae s; — ynanenue usobpaxeHus 3 oT pacrpa 2.

Jpyrum npumepoM NpHMEHEHHS ONTHUECKOrO pacTpa ABAAITCH
SKPaHBl HAMNDPABJEHHOTO OTPaXKeHHs. 3epKajbHEE 3JeMeHTH pacTpo-
BOTO 3KpaHa MOryT GbiTb CEPHYCCKHUMM W HLMJIKHIADHUYECKHMH.

Ha puc. 74 nokasaHo cedeHHe 3JIeMEHTa DAacTPOBOrO 3KpaHa.
B aToM ceueHHH OTpaMeHHHIl OTOK paccenBaeTcs B Ipelenax 3aiaH-
Horo yraa 2¢’. U3 puc. 74 crenyert:

sino’ = [D,/(2r)]V 4r* — D%, (148)
rae D, — pasvep ceueHHsl B3JIEMEHTOB; 7 — pajguyc chepuuecKol
HIH LHJIHHAPHYECKOH MOBEPXHOCTH 3JIE€MEHTA.

W3 pasencrsa (148) cjenyer, uTo, BO-TEpPBHIX, PaCTPOBHIH 3KpaH
sKBUBaJeHTeH AuddysHomy skpary (¢ = 90° npu D, = r/2), Bo-BTO-
PBIX, I/l YBEJHUEHHs] KaXKylleHcs SDKOCTH M300parkKeHHS YMeHb-
uieHue yraa 20’ ofecneyuBaeTcs yBeqHUEHHMEM pajuyca BOTHYTOH

IUJIHHAPHUECKO! MOBEPXHOCTH,
T. €. yBejuueHHeM (DOKYCHOro
20’)\ pacCTosIHHUsi 3J1eMeHTa pacrpa.
Lr
v
ﬁ/ SIBJISIETCS 2pA0UEHMHAS ONMUKQ
{6]1. B rpanuenTHHIX 3J€MeHTaxX

PasHoo6pasHble NPUMEpPH! YCT-

policTBa M NPHMEHEHHS ONTHYEeC-
Puc. 74. DnemenT pacTpoBoro skpana (FPHHAX) HCIOJIB3YIOTCH  IPO3-
90

-

D

KHX pacTpoB NpHBeJeHnl B pabo-
e [6].

TlepCneKTHBHOH  3JeMEHTHOH
6asoff AJS ONTHUYECKUX CHUCTEM
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pauHble H3OTPONHBIE CPelbl, B KOTOPHIX MOKAa3aTe/b NpPeJOMJIEHHS
ecTb QYHKIHUS KOODAHHAT TOYKH cpennl. [lo BHRYy OYHKUHH n =
= f (x, y, 2) pa3iuyalOT TPH THNA TPHHOB:

1) ¢ oceBbiM pacnpenesieHHeM MNoOKasaTesasl NPEJNOMJIEHHS: n =
= f (2), n (x) = n (y) = const;

2} ¢ pannanbHBIM (UHJHHIDHYECKMM) pacOpefefeHHeM: n =
= f (x* + 4%, n (z) = const;

3) co chepoKOHLEHTPHYECKHM pacnipesenenueM: n == f (x* 4 4 +
+ 2.

[IpuMepoM rpHBOB NepBOro THNA SBJRETCH CBEPXINpPOBOAsIIEE
BOJIOKHO HJI CHCTEM CBSI3H, BTOPOTO — CHJIOBbI€ OITHUYECKHE 3Je-
MeHTHI. B nocienHem ciyuyae TpaAHIHOHHBIE KOHCTPYKTHUBHBIE Mapa-
METDHI JOMNOJIHAIOTC CCECHMMETPHUYHBIM I'DalHeHTOM oKasaTess npe-
aomiaedHst. [IpoekTHpoBaHHe M HCCJIENOBAHHE ONTHUECKHX CHCTEM
C TPajMEeHTHLIMK JHH3aMH NMOKA3a/0, YTO KOHCTPYKHHS CHCTEM YMpo-
maercst (3a CYeT YMeHbIIEHHS YHCJa KOMIIOHEHTOB).

JpyruM nepcreKTHBHBLIM 3JEMEHTOM, HCHOJb3yeMbIM KaK KoM-
MOHEHT ONTHYECKOH CHCTeMH, sBJseTes OudpakyuoHnas aunsa (ina-
CTHHA).

Hudpaknnonsas JjuH3a (KHHodbopM) npeicras/asieT cobolt nepuo-
IHUYECKYIO KOJbLEBYIO CTPYKTYPY, H3rOTOBJISEMYIO, HalpuMep, CIIO-
cobom oronurorpadpun. KuHodopMm paccmarpuBaercsi Kak 0ecko-
HEYHO TOHKHH TpPaHCHNApaHT C 3aJaHHBIM aMILIMTYIHBIM Koa(duuues-
TOM NponycKaHus. VlaMeHeHHe KDHMBU3HBI BOJHOBOrO (pPOHTa Nocie
JelcTBHa AUMPAKLHOHHOIO 3JeMeHTa B INPaKTHYECKH NpHeMJIEMOM
NpHOMMKEHUH pACCMATPHBAETCs B paMKaxX TIeoMeTPHYeCKOH OnTH-
ku [4].

Tak Kax IPH NMPOXOXKIEHHH NYUYKOB Jyuel uepe3 KHHODOPMEI CH-
JIOBOE JeHCTBHE CONPOBOXKIAETCS H3MEHEHHEM B CHEKTPaNbHOM CO-
CT4BE H3JyUEHHSI, TO 3TH 3JEMEHTHl HCNOJb3YIOT AJIS KOPPEKLHH
He TOMbKO cepuyeckol, HO M XPOMaTHYECKHX abeppauHui.



IT'aasa VI

OrPAHUYEHHUE IYYKOB JIYYEA
B ONTHYECKHUX CHCTEMAX

33. Nuadparmn

JIuH3el, 3epKaJa, NJIaCTHHE! H NPH3MBl, BXOASILNHE B COCTAB
ONTHYECKHX CHCTEM, HMEIOT KOHeyHble PasMepHl H 3aKJIIOUeHbl B ompa-
Bbl. Kpome Toro, BO MHOIHX ONTHYECKHX CHCTEMaX YCTaHABJHBAIOTCS
CrienyajbHble ArnadpparMbl oOBIYHO C KPYIJIBIM OTBEPCTHEM, HEHTPHPO-
BaHHBLIM OTHOCHTEJNBHO ONTHYECKOH OCH, KOTOPBHIE TaK e, KaK H
OnpaBbl, OFPaHHYMBAOT NYYKH JydueH, NPOXOAAUIHX Yepe3 CUCTEMBHI.

CnencTBHeM 3TOro OrpaHHYeHHs SBJSETCS TO, YTO, BO-IEPBBLIX,
B ONTHYECKYIO CHCTEMY IOCTyNaeT JHLIb YacTb IIOTOKA H3JYYeHHS,
BBIXOASIIIIEr0 U3 KaXJoH TOYKH 00beKTa, H, BO-BTOPBIX, H300pakaeTcs
JIMIIb YacTb IIPOCTPAHCTBA NIPEAMETOB.

Ot neficTBHSI onpaB ONTHYECKHX JeTajeH, sBJASIOMUXCS auabpar-
MaMH, H CIeLMaJbHBIX JuadparM, KOTOPblE MOTYT HMEThb H3MEHs-
Ioeecs OTBEPCTHE (MPHCOBBIE AHadparmbl), 3aBHCAT: MHTErpasbHasi
OCBeUIeHHOCTh H300paKeHHs; pacnpefeseHue OCBEIeHHOCTH IO MO0
H300pakeHHs; yIJIOBOe MAH JHHEHHOe NoJe B TPaHHIAX YIOBJIETBO-
pUTEJbHOTO KauecTBa u30o0paxKeHHs; paspeliamomas CoocoGHOCTb
H300payKeHus; KOHTpAcT H3o0pameHHs M JPYrHe XapaKTePHUCTHKH,
OTHOCSIIIHECS] K KauecTBY H300paKeHHs.

Huadparma, orpaHuuuBaoiias My4oK Jy4eH, BEIXOASIIHX H3 ocCe-
BOM TOYKH TpeIMeTa, M TeM CaMbIM OINpeAe/fIoNnias OCBEMEHHOCTh
H3o6paxeHus, HasblBaeTCsl anepmyprod, a Anapparma, pacrosokKeH-
Hasl B IJIOCKOCTH IIPeAMeTa HJIH B OLHOH M3 IJIOCKOCTeH, ¢ Hell comps-
JKEHHBIX, H OTpPAHUYHBAIONIAS pa3Mep JHHEHHOro MoJs B HPOCTpaH-
cTBe H300paxkeHHs, — n04esol.

Ha puc. 75, a u 6 nokasaHo geficTBHe anepTypHO# auadparmer A .
M3 oceso#t Touku A, cosnapawomefl ¢ nepegHuM (okycoM F; KoOM-
noHeHTa ], BHIXOJAHUT OCEBOH NIYUOK JyueH, NPOXOASAUIHH yepe3 OnTH-
4eCKyI0 CHCTEMY, COCTOSIHIYIO W3 ABYX KOMIOHEHTOB. 3HAYeHHUs BXOJ-
HOTO G W BBIXOJHOTO Oa¢ aNepTYpPHHIX YIVIOB MPH NPOYHX DaBHBIX
YCJIOBHSIX 3aBUCSIT OT JWaMeTpa anepTypHOH auadparMbl.

HaxkisonHBll my4oKk Jsiyuell, BBIXOLSIIHH M3 BHEOCEBOH TOUKH B,
Ha pHc. 7D, a orpaHHYHBaeTCs ONpPaBaMH KOMIIOHeHTOB | u 2, a Ha
puc. 75, ¢ — aneptypHolt auadparmofi. CpefHHH Jy4 HaKJOHHOTO
nyuka IPOXOJAHT yepe3 LEHTP anepTypHoH AuvadparMel H HasbBaeTcs
2NO6HBIM NYHOM.

Vs paccmorperus puc. 75, a ¥ ¢ caefyer, 4To OT guaMeTpa alnep-
TypHOH AuadparMbl 3aBHCAT KaK HHTErpajbHas OCBEIIEHHOCTh U306pa-
XeHH#, TaK H pacrlpelieJieHHe OCBEMEHHOCTH MO AOJI0 H306paKeHHs.

92



)
Puc. 75. Hdeflicreue anepTypHofi Anadparmu

OcBemienHocth B oKpectHocTd Touku A’ Ha puc. 75, a u 8 onpege-
JSeTCA OPH IPOYUX paBHLIX YCJAOBHUAX 3HAUEHUAMH BXOXHBIX T4
(BBIXORHBIX Oj4+) aNepTypPHBIX YIJIOB, OCBEIIEHHOCTh B OKDECTHOCTH
ToukH B’ Oyner TakxKe pasaHuHON, TaK KakK MJOMAAb CeYeHHs Ha-
KJOHHOTQ My4Ka Jyyedl B MJOCKOCTH anepTypHod AHadparMel AJs
puc. 75, a (em. puc. 75, 6) Goubite, 4eM aJst puc. 75, 8 (eM. puc. 75, &),
a csefoBatesnbHo, GyAyT Gosblue ¥ YIVIOBLIE PasMephl MYYKOB Jyuel,
BXOAAUIUX B ONTHUECKVIO CHUCTEMY.

Ilosokenue anepTypHOH AuadparMel BJAnsSeT HAa XOJ HAKJOHHBIX
nyykoB Jyue#i. OObiyHO OHa pacnoJsiaraercss MeXAY KOMIIOHEHTaMH
OINTHYECKOH CHCTEMBI, KaK 5TO NOKAa3aHO Ha puc. 75, a u 8. B Heko-
TOPBIX CAyuasix anepTypHyio auadparmy lejecoo6pa3Ho ycTaHaBJH-
BaTb BIIepeAH ONTHUYECKOH CHCTeMbl HJIM 32 HeH.

Ecau aneprypuas nuadparMa pacnosaraercs B TnepenHedr ¢o-
KaJbHOH TwIOCKOCTH (pHc. 76, @), TO IViaBHHIH Jyd B NPOCTPaHCTBE
H3o0paxenu# Syuer napasiesneH ontHyeckoll ocu. Eciu aneprypHas
IZuabparMa ycraHoBJeHa B 3aJHell (oKajbHO# niaockoctd (puc. 76, 6),
TO TJIaBHBIH Jy4Y B IMPOCTPaHCTBE NOpelMeToB OyIeT INapaJJiesed
ONTHYECKOH OCH.

Ecax rnaBHbIH Jy4Y B NPOCTPaHCTBE MPEAMETOB HJIH MPOCTPAHCTBE
H300paxedull napansieted ONTHYSCKOH OCH, TO XON MyuKa JydeH,
K KOTODOMY OTHOCHTCH 3TOT IVIaBHBIH Jyd, Ha3hlBACTCS meaeyenmpu-
UECKUM.
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Puc. 76. TeseueHTPHYECKHH XOA Jyued: Puc. 77. Bxoaso#i W BHXONHOA
a — B NPOCTPaHCTBe H30GpaxeHu; 6 — B NPoOCTpaH- 3pauku
CTBE NpesMEeTOB

TenenenTpuueckuit XoL nydka Jydeil B HpoOCTpPaHCTBe HaoOpake-
HHH Hcno/bsyercsi B (ortorpaduuecknx OObEKTHBAX NJf CbEMKH Ha
UBETHYI0O MHOTOCJIOHHYIO HJIEHKY, B OOBEeKTHUBaX a4 TeJeBHASHUS,
KOTJla CBETOYYBCTBHTEJIbHBIA CJOH (POTOKATOAA HMEeT 3HAUUTENbHYIO
TOJILUHY.

TeneuenTpudyeckuii Xof Jyuefl B mpocTpaHcTBE TNPEIMETOB MpH-
MEHSIIOT B H3MEPHTENbHBIX MHKpPOCKOMAax.

34. BxopHo#l W BBIXOKHOH 3pauku

Ec/n U3BeCTHBI NOJOMKEHWE H AHaMeTp anepTypHOH AHa-
GbparMsul, TO ee mapakcHanbHOE H300paKeHHe B 00paTHOM Xofe Jydel
uepes MpPejUIeCTBYIOIHE YaCTH ONTHYECKOH CHCTeMBl (XOA Jiyueid
CnpaBa HaJieBO) HJIHM anepTypHas XuapparmMa, pacrojioKeHHasi B Ipo-
CTPaHCTBE NPEIMETOB, HA3LIBACTCH B6X00HbBIM 3PAXKOM ONTHYECKOH
cuctembl. Ha BXopgno#i 3pauok omupaeTcst KOHYC CBETOBBIX JyueH,
BLIXOAAIUHMX M3 OCEBOH TNpPEAMETHOH TOYKH H INPOXOAfAIIUX uepes
ONTHYECKYIO cHcTeMy. M3oOpaxeHue anepTypHO# Auadparmsl B nps-
MOM XOJe JyueH yepe3 NOCASAYIMHE YacTH ONTHYECKOH CHCTEMBI
(xon nyueil cjieBa HanpaBo) WM amnepTypHy0 aHabparmy B Ipo-
CTPaHCTBE H300paKeHN# Ha3LIBAIOT bLXO0HbIM 3PAYKOM,

ITonoxenne u pasmep BXoasoro Bx. ap. ¥ BhIXOAHOTO Buix. 3p.
3paykoB NIPH PaCNOJOXKEHHH anepTypHOH AuadparMbl MEeXZY KOMIIO-
HeHTaMH ] W 2 ONTHYECKOH CHCTeMbl NOKA3aHH Ha puc. 77. DTH 3paukH
SIBJISIIOTCT MHHMBIMH, HallpUMep, 3padykd (QoTorpadHuuyecKux H Ipoex-
UHOHHBIX 0OBEKTHBOB. BX0nHOH M BBHIXONHOH 3paykud MOT'YT ObITh
H JeHCTBHTE/bHBLIMH: HaNPUMED, €cJiM anepTypHas nuadparma Haxo-
JIUTCS Nepell ONTHYECKOH cHcTemoR (cM. puc. 76, @), To BXOAHOH
3padoK ¢ Hefl coBmajaer.

Tak xak BXOZHOH U BHIXOLHON 3paukH SABISIOTCS M300paKEHHUTMH
anepTypHo#i AuadparMbl, TO BBIXOAHOH 3pauoK siBAsieTcs H300paxe-
HEeM BXoAHOro 3pauyka. CJefoBaTenbHO, TJIABHBIH JIyY TNPOXOAHT
yepes UeHTP P BXoAHOro 3pauka, UeHTp P,y anepTypHo# AnadparMul
H LeHTp P’ BRIXOJHOro 3pauka (cM. puc. 77)
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Briop nosiomxerusi anepTypHo#l AuadparMsl, a CJAeLOBaTeNbHO,
BBIXOZHOTO H BXOJHOTO 3paykKoOB, 3aBHCHT OT KOHKDETHOH CXeMBl
onrTuyeckoro npuabopa u OyleT 000CHOBaH IpPH PacCMOTPEHHH 3THX
CXEeM.

PemuMm caegyomyio safauy. B ontudeckofi cucreMe uMeeTcs He-
CKOJBKO MaTepHaJbHLIX AHadparM, B TOM 4HC/e Y ONpaB ONTHYECKHX
Jeraned. TpeCyercs onpegenuTb, Kakas H3 HHX SBJIeTCS amep-
Ty pHOH.

B ofmmem Buzie N2l pelleHus 3anauu Oyger ciepyomuM. Heobxo-
JIMMO OTHICKATh IIOJIOXKEHHe M pasMep H3oOpaxeHHH Bcex Auadparm
B oOpaTHOM Xofe Jyueli uepe3 NpeAUIECTBYIONIHE KOMIIOHEHTHl CH-
creMbl. To u300pakKeHHe, KOTOPOe B MEPHIHOHAJIBHOH HJOCKOCTH
CIYXKHT OCHOBAaHHEM paBHOOEJPEHHOI'O TPEYroJbHHKA ¢ HaHMEHbIIHM
YyITJAOM TIpH BepiliMHe, sBJAsOmedcs NpeIMETHOH OCeBOH TOUYKOH,
OyleT BXOAHBIM 3paukoM. [lmadparma, OT KOTOPOH HOMYYEHO 3TO
u3o6paxeHue, AB/IAETCS anepTypHOH, a ee H3oOpaxKeHHe uepes mocje-
AyIOlmue KOMIOHEHTHl ONTHYECKOH CHCTeMBl — BBIXOAHBIM 3PauKOM.

Ha puc. 78, a npuBejied npuMep pelueHusl nojoOHOH 3ajaud Ajs
CHCTEMBI, COCTOSIIeH M3 OeCKOHEUYHO TOHKHX KOMIIOHeHToB [/ H 2 H
IJuadpparmel 3. Ilocrpoenue usoOpaxeHHH ompaB KoMmoHeHToB I, 2
U auadparMbl 3 B oOpaTHOM Xofe Jy4eH, T. €. uepes KOMIOHEHT I,

- - -~
ofecneunBaer noJayuyeHue uX usobpaxenuit I, 2° u 3’ (usobpaxe-

-
HHe [’ omnpaBel KOMmoHeHTa | W cama ompaBa COBIAJAloT).
Bxonuetv 3paukoM Oyjaer TO H3 3THX H300paxkeHHH, KoTopoe
SIBJSIETCST OCHOBAHHEM paBHOOGEJPEHHOTO TpPeyroJbHUKAa C HauMeHb-
u¥M yrJioM npu BepmMse B Touke A. B paccmarpuBaemoM npuMepe

BXOJHBIM 3paukoM Oyaer usobpaxenue 3’ nuadparmel 3, KoTopas,

Bxodnoe Bg;{:pﬁﬂae
Brap. 0 na A4 84 Buix.3p.

7

7'! |71
[

A1
2h

aj

Puc. 78. CxeMa 1js onpelenieHusi anepTypHO#l AHadparMul, BXOZHOIO H BHIXORHOTO
8PaYKOB H BXOJHOTO H BBIXOJHOIO OKOH

95



ciaenoBarenbHo, sBJdeTCda anep-

-
TypHoH. Ee wH3o6paxeHse 3' B
npsaMoM Xojne Jayuel (yepe3 KOM-
NoHeHT 2) 6yAeT BHXOIHKIM 3pay-
KOM CHCTeMHI.

Bxoxno#t anepTypHbifl yroa (B
NPOCTPAHCTBE [IPEIMETOB) Op —
yTOJ MeXAY ONTHUYECKOH OChIC H
JyuoM, BHIXOASIIHM M3 OCeBOH
NpeAMETHOH TOUKH M MNPOXOoAsi-
EM Yepes Kpal anepTypHOH
avadparMel, a cjefoBaresbHO, H
yepe3 CONpsAXEeHHbIH Kpa#l BXoA-
HOrO 3payka, — CBfi3aH C BbI-
XOJHBIM anepTypHuiM yrJoMm (B
NpoCTpaHcTBe H300paxeHHUl) 0.
Puc. 79. CxeMa 115t NOJyYeHHst aHaAuTH-  CJIEAYIOUIEH 3aBHCHMOCTBIO, TOJY-

YeCKHX BbIpaXKeHHi, ONpeleAsOWHX  yaeMOl U3 dopmya (46) u (47):
MoJIoXKeHHe M JHAMETD  BHIXONHOTO

apauxa tgohr = (n/n') (1/B)tg 0a,  (149)

e n B n' — NOKAa3aTeJH MPeNOMJeHHs CPell MPOCTPAHCTBA MpeaMe-
TOB H NPOCTPAHCTBA H306paKeHHH COOTBETCTBEHHO; P — JHHeliHoe
yBeJHUEHHE CHCTEMBI JJISl CONpSIKEHHBIX OCeBBIX Touek A u Aj.

Haiigem aHanuTHyecKHe BBIDAMEHHS LIS ONpEeJeHHS NOJOMNKe-
HHA W JHaMeTpa BXOJHOTO 3payKa JHBYXKOMIOHEHTHOH CHCTEMEI,
usobpaxeHHOH Ha puec. 79.

1. lano mo/ioxeHue BLIXOAHOTO 3payka, OMPENEeNsieMOe PaccTos-
HHEM dzp- OT KOMIOHEHTa 2.

I'paduueckoe onpejeneHne MONOMEHHs LUEHTPOB alepTypHOH Nua-
bparmbl Py M BXOAHOrO 3pauka P 1OKa3aHO Ha PHCYHKE.

Orpesok b onpenesisieT MECTONO.IOKEHHE anepTypHo# AuadparMsl,
OTPE30K a;p — BXOAHOrO 3pauKa OTHOCHTENbLHO KOMMNOHeHTa [.

Orpeskn z1p ¥ 2ip, ONIPENETAOWHE COOTBETCTBEHHO IOJIOKEHHS
BXOJHOTO 3paykKa H anepTypHOH AHadparMbl OTHOCHTENbHO (OKYCOB
KoMmnoHeHTta [, 6YAYyT CJeyIOMHUMHU:

Zip=—fi+ap=fitap; 2zp=Ffi—0>b.
Moncrasass ux B dopmyny Holotona (36), monyuaem, uTo
b = a,pfillarp + fi)- (150)

AHanoruuHo JIsi OTPE3KOB 29p H 22p+, ONPEAEJAIOMMX NONOKEHUS
anepTypHOi AHadparMbl H BBIXOAHOIO 3pauKa OTHOCHTENLHO (OKY-
COB KOMIIOHeHTA 2, PaBHBIX COOTBETCTBEHHO —zZyp = —+fy — b + d;
23pr = azpr — [5 (d — paccrosinMe MexXIy KOMIOHEHTaMH), MOJY-
unM (opmyay HbioToHa B cieaywomiem BHIE:

(fo - b — d) (@spr — [3) = —fi"s

rne —fo = fi.
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Orkyna
b=d — aspfil(arps — ). (151)

U3 pasencts (150) u (151) cnexyer, uto HCKOMBEIA OTpe3oK, OIpe-
JeJSI0MHUA NoJoXeHHe BXOAHOTG 3pauka,
. fod — agps (d—f,
P R LU R (15)
Gop (d—fi—fo) —Fa(d— 1)
2. Jlan puamerp D’ BHIXOAHOrO 3pauka. Hafizem uaMeTpsl amep-®
TYpHOU AHadpparMel Day H BXOAHOro 3pauka D mpu yc/aIoBUAX Ipe-
Juiayime# 3ajpauu.

Hns cucremnl, HaxoAsmefica B Bo3fyxe (Hanpumep, cM. pHc. 79),
HMeeM:

D'/Dpp = asp-/(d — b).
Orkyna nuaMerp anepTypHo# Auadparmel
D = D (d — b)/asp-, (153)

rae b ompepesasierca mo paseHcTRy (150).
Ananoruuno nosyuaeM, uro Dan/D = bja,p.
Otkyna c ucnonb3oBaHueM Qopmynsr (153) nafifem fuamerp BXOX-
HOTO 3pauka
D =D’ (d — b)a,p/(asp-b); (154)

OTPE3OK a,p BbluUCAsiercs: no dopmynae (152).
W3 cdopmynsl (154) monyuuM JHedHOE yBeHYeHHe B 3paukax
I/l ABYXKOMIIOHEHTHOH CHCTEMBI:

B = D'/D = asp-bllayp (d — b)). (155)

Has soiukcaenuit no ¢dopmysae (155) ucnoapayoress dopMyJIsl
(150) u (152)..

35. Yraosoe M JuHefiHoe moJsi, BHHbeTHPCBaHHe.
Bxonaxoe m BhixogHoe oKkHa

OnHofl U3 OCHOBHHIX XapaKTEPHCTHK ONTHUECKOH CHCTEMBbl
fIBJsIETCS] ee JHHeHAHOe HJM YIJIOBOE IOJE.

JIuHelnois noaem Onmuteckoll cucmemsl 8 NPOCMpPaHcmee npedme-
/M08 Ha3bIBAOT HauOOJbIIMHA pasMep PAacloJOXEHHOH Ha KOHEeYuHOM
paccTosiHuM U300paxkaeMOH YacTH IJOCKOCTH HpeaMeTa, a AUHEeUHbIM
NOAEM ORMUMECKOL Cucmembl 8 npocmpancmee u300pastenutl — Hau-
GosbwiMi  pasmep H306pakeHHsi, DACHOJOKEHHOr0 Ha KOHEYHOM
paccTOsAHUHE.

Yenroeoim norem onmuseckoll cucmemel 8 npOCMpancmee npedmemos
Ha3pBAKT YOBOCHHOE abCOMIOTHOE 3HAUEHHE YIJIa MEXAY ONTHUecKoH
OChIO H JIY4OM B IIPOCTPAHCTBE NPEIMETOB, NPOXOAAINHUM Yepes3 LEHTP
anepTypHo#A auadparMbl M Kpa@i NoJeBod AuadparMel, a Yyes08bim
noAeM ONIMUYECKOLL CUCMEMbL 8 NPOCMPAMHLCMEEe U300 pascerili — yIBOEH-
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Hoe a0COJIIOTHOE 3HAueHHE YIJa MEXIY ONTHYECKOH OChI0 U JIyuoMm
B IIPOCTPAHCTBE H300pakeHHH, NPOXOAAMIUM UYepe3 LEHTP anepTyp-
HOU AuadparMbl M Kpall noJeBo# Auadparmel.

Bepremcs K puc. 78, a. CorsiacHo onpelefieHUIO MOJEBOH JHa-
dparmer (IT11) (cM. n. 33) pacmo/IoKuM ee B ILIOCKOCTH [POMEXYTOU-
Horo wusofpaxenuss A{B{. Torza corsacHo H3JI0KEHHOMY BHIIIE
JUHeAHbIM HOJEM B MEpPHJMOHANbLHOM CEYeHHH NpOCTPaHCTBA Npef-
MeToB OyIeT YABOEHHBIH oTpe3oK AB, a yIJOBLIM IOJIEM B 3TOM XK€
CeyeHHH — eMy NPOTHBOJMEKAIMH yroa 2@ ¢ BeplUIHHOA B Touke P —
LEeHTpe BXOJHOTO 3pauka. AHAJOTHYHO JIHHEHHLIM TOJEM PacCMaTpH-
BaeMOHl ONTHYECKOA CHCTeMbl B MEPHAHOHAJIbHOH IJIOCKOCTH IIpO-
CTpaHCcTBa H300paKeHHH sBJAseTCH YABOEHHBIH oTrpesok AjBj, a
YIJIOBBIM IOJIEM B 5TOM e CEUeHHH — €My IPOTHBOJMEXKAIUE yros 26
¢ BepIIHHON B TOUKe P’ — meHTpe BHIXOAHOTO 3DPayKa.

B ofmeM ciyuae MeXAy yriaMH 20 B 2@ HMeeT MeCTo CJIeny-
I0IIAA 3aBHCHUMOCTh, INoJyuaeMas aHajgoruuHo gopmyse (149):

tg o' = (n/n’) (1/Bp) tg o,

rie n 4 n’ — TOKasaTeJy IPEeJOMJICHHs CpeJl HPOCTPAHCTBA MpPEIME-
TOB U IIPOCTPAHCTBA M300paXKEeHHH COOTBETCTBEHHO; Pp — JHHelHOe
yBeJIMueHUe B 3paukax, pasHoe D'/D (D u D’ — nuamerpsl BXOJHOTO
U BBIXOJHOI'O 3DAauyKOB COOTBETCTBEHHO).

3amMeTuM, YTO NP OTLICKAHHH BXOJAHOTO 3pauka ObLIM MOJYYEHH

<« - - -~

uzobpaxenuss I', 2° u 8. Omuo u3 Hux (3') 0Kasajoch BXOIHLIM
3paukoM. Paccmorpnm gefictBue AByX Apyrux. Ilas 3Toro Bo3bMeM
TOUKY B — KpalHiOl TOYKY JHHEHHOTO MOJS B OPOCTPAHCTBE NPE-
meroB. Ilydok Jjydgelt, BhIXOASMHU# H3 TOH TOUKM H OmHMpawomuiics

-
Ha JnaMeTp BXOJHOTO 3pauka, Oyjer ypeaaH HaoOpaxeHueM 2’ OIpPABH
KOMIIOHEHTa 2, T. €. caMOH ONpaBoH, KOTOpas TakKe SIBJISETCS HHa-
¢parmoii. Uepe3 ONTHUECKYIO CHCTEMY OT TOUYKH B B MepUAMOHAIbHOM
CeYEHHH TIPOHJET TOJbKO 3alUTPUXOBAHHAS YacTh NHydYKa JyueH,
ONMUpAIUXCcAd Ha BXOAHOH 3pauok. B paccmarpuBaemom ciyuae
-

ompasa KomnoHeHTa [ (ee usobpaxeHue [') Ha CyKeHHe IydYKa
He BJIHSET.

EcrecTBeHHO, MOXKHO cZieslaTh 3aKJ/IOYeHHe O TOM, 4YTO OCBElleH-
HOCTb TOYEK B IJIOCKOCTH H300paXKEHHS 3aBHCHT OT CTENEHH Cpesa-
HHA TYYKOB Jy4yeH, HAYHIHX OT CONPSIKEHHBIX NpPeIMETHHIX TOUeK.
B paccmarpuBaemom cayuae (cM. puc. 78, @) ocBenieHHOCTb TOUKH Bj
Oyner menslne ocpemenHocTd Toukn Aj. Touka B siBasiercst xpafineit
Touko# mong. Eciau yBeqnudTh Anamerp noJeBol nuacdparmwer 1/,
TO KpalHsis ToYKa YBEJIMYEHHOTO 10JAs H306paxeHHs OyleT HMeTb
elle MEeHbIIYI0 ocBelleHHocTb. CienoBaresbHO, A¥aMeTp [OJIEBOH
AuathparMel JOJIXKeH ObITb TAKHM, 4TOOBl 00ecIeunBanach npuem/aeMas
OCBEIIEHHOCTb KpaHHUX Touek H3o0pameHHUs] (pacuerbl, CBs3aHHBIE
C OCBEIEHHOCTbIO H300paxeHHs, H3noxeHn B ra. VII. Kpome Toro,
CJIEflyeT 3aMeTHTb, YTO YBeJHUYEeHHe MO/ H300paKeHHs OrpaHHYU-
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BaeTcs YXYRUIEHHeM KayecTBa H30-
6paxeHus, o0ycJOBJCHHBIM TaK Ha-
3biBaeMbIMH abeppanusaMu.

W3 paccMoTpeHHBIX — YeThipex
nuabparM (aneprtypHas, HoJeBas
H IBe OIpaBbl KOMIOHEHTOB) OHA —
onpaBa KOMIOHeHTa 2 — orpaHuyH-
BaeT (cpesaer) INYYKH JydeH, BbI-
XOAAIIMX M3 TOYeK MpeaMera, Jie-
HamuX BHe ONTHYeCKOH ocu. DTo
OrpaHHYeHHe NYYKOB JyueH Haspl-
BAeTCH GUHbermuposaruem, a auad-
parma, BBI3bIBAOLAs OTpPaHHYEHHE,
— euHvermupyowell. BuHbeTHPYIO-
el pHadparMod MoOXKeT ObITb JIO-
6asi, KpoMe anepTypHOH H NOJEBOH.
Ha puc. 78, a BuHbeTHpYIOMEH 1H- Pre. 80. Cxema axa onpexesenns

o YTJIOBOTO I0JISI B IPOCTPAHCTBE Npefi-
apparmot B/l siBAfeTCA ONPABA  yearos
KOMITOHEeHTa 2.

M3o6paxenne BUHbETHPYIOMEH AuadparMel B MPOCTPAHCTBE Npej-
METOB Ha3bIBA€TCS 6X00HbIM OKHOM, a B IPOCTPaHCTBE H30Opaxke-
HUE — @bLXOO0HbIM OKHOM.

[lpu paccmoTpeHHH $BJACHHS BHHBETHDPOBAHHUS ObIO NPHHATO,
4TO NPH ONpefe/leHHOM pasMepe HoseBod puadparmsl B o6pa3oBaHUH
n306paxKeHdsl y4acTBYIOT IVIaBHEE Jyud (cM. puc. 78, a).

OtMeTHM, yTO B 06pasoBanuu H300paxeHHH nepudepuiiHEIX npej-
METHBIX TOYEK IVIaBHBIE JY4Yd MOIYT He NPUHUMATh Y4YacCTHUsl. DTOT
cayvuail mamocrpupyeT puc. 80. BXonHol 3pauok, a cienosaTesbHO,
U aneprypHas auadparma, ¥ BEIXOXHOH 3padyoK HMEIOT KOHEeuHsle pas-
Mmepel. [losToMy mnpenespHO BO3MOXKHBIE I'paHHIB H306pa)KaeMoro
NPOCTPAHCTBA ONpPefesSIOT KpaHHe HerJVIaBHbIE JYUYH @, NPOXOAsIiHe
Yepe3 ONTHYECKYIO CHCTEMY.

Yron daktuyeckoro moJist 2& Gyner GoJjibille YIJAOBOrO MOJAs 2@,
onpejessieMOro KpalHUMH TVIaBHBIMHM JIy4aMH.

Ecan paccrosinne MeXAy BXOIHBIM OKHOM H BXOIHBIM 3PauKkoM
paBHo |c|, a amamerp BXojHOrO 3payka D M AHAMETP BXOLHOTO
OKHA Dz ok, TO tg szBX.OK/(2ICI); tg ® = (Dsx.ox + D)/(2]c)),
OTKyna

tgd =tgo -+ D/(2]|cl). (156)

A6comoTHoe 3HaueHHe AIHMHB oTpeska ¢ B QopmyJte (156) osHa-
4aeT, YTO BXOJHOE OKHO MOXKET HaXONUTbCH (3a7aHo) Kak mepej
BXOJHLIM 3DauyKOM, TaK H 32 HHM.

3ameTHM, YTO BepIUHA yIria 2® He cOBMajaeT ¢ LeHTpoM P BXox-
HOro 3pauxa.

Jlyun b, mpoxoasimue yepes OZHOCTOPOHHE DACIOJIOKEHHBIE Kpasi
BXOJHOrC OKHa M BXOAHOTO 3payKa, OrPaHHYHBAIOT 30HY NpPOCTpaH-

99



CTBAa NpeAMETOB, BCE TOYKHM KOTOPOH SABJIAIOTCS BepliMHAMH YIVIOB,
ONKPAIOIIMXCS Ha Becb AxamMerp D BXOZHOrG 3pauka.

Touxm mpocTpaHCTBA TNpeAMETOB, HAXOMSIIHECH B 30HE MEXIY
Jy4aMK @ 4 b, yxe He MOryT ObiTb BEPLIMHAMM YIVIOB, KpadHUe JyuH
KOTOPBIX ONUpAIoTCsd Ha Bech AuaMmerp D BXoxxoro 3pauka. Ha puc. 80
JIy4d, BHIXOASIMIME U3 TOUKH B, nexaied Ha TJIaBHOM Jyye, OMU-
palorcsi JIMMlb Ha [OJOBHHY JHaMeTpa BXOJHOIO 3pauka. Bropas
NOJIOBUHA Jyuell cpesaeTcd BXOLHBIM OKHoM. Takum ofpasoM, ans
IVIABHBIX Jyuell, IBIARMHUXCH CTOPOHAMH YIVIOBOTO 10JIst 2w, BHHbETH-
poBaHHE B MEpHJIHOHANBHOH mIocKocTe pasHO 50%.

Bunseruposanue, paBHoe 50%, cyuTaercst DOMYCTHMEIM, IIO3TOMY
yroJd 2@ W NPHHAT 3a YIJOBGe IIoJe B INPOCTPAHCTBE I[IPEAMETOB.
(B HekOTOPHIX CIyd4asX, B LEeNsX YBeJHUEHUS YIJIOBOTO MOJIS JOMY-
cKaercst M OoJiblllee 3HAaUYeHHE BHHbETHDPOBAHHUA.)

s npenMeTHbIX TOYeK, HaxXoAdmuxcs Ha Jyyax a (puc. 80),
BHHbeTHpOBaHHe paBHO 100%.

36. JleficTBylomee OTBEPCTHE BXONHOrO 3padka

Ecin B cucreme HMeeT MECTO BHHLETHPOBAHHE HAKJIOHHLIX
HNy4KkoB JyueHl, To, Kak OblJo MoKa3aHo B H. 35, BXOZHOH 3pauok
HCIOJIb3YeTCsl He NOJHOCTBIO, TaK KaK 4acThb NydYKa JIyuyeldl 3ajiepiKu-
BaeTCsl BXGJHBIM OKHOM (BHHbeTHpyIOuied auadpparmotft). [liomans
BXOAHOIO 3pauyka, HCHoJb3yeMas JyuaMH HaKJOHHOIO NYdYKa, Mpo-
XOASIUMH 4epe3 ONTHUYECKYIO CHCTeMY, HasbiBaeTcsi Jedcmsyiouum
omeepcmuem 8x00H020 3PAUKA.

OrHomeHue maowanun @, HAeHACTBYIOIEr0 OTBEPCTHS BXOLHOTO
3payka AJsl ZaHHOTO MOJA KO Beedl miomand (), BXOAHOTO 3pauka
HasbIBaeTcsl Koagpuyuenmon survemuposanus kq = Qu/Q,-

3aMeTHM, 4TO KO3(DPUIMEHT BUHbETHDOBAHHS MOMKHO I[OJYYUTb
KaK OTHOIIEHHE IJIOMAaJAH CeYeHHS HAKJOHHOTO IIyYKa K [JIOMany
CeueHHs OCeBOrO NYdYKa Jyueld B Ji00OH IJIOCKOCTH, MEpNeHAHKYJIsAp-
HOH ¥ ocH ontuueckofl cucreMel. Ha puc. 75, 6 ¥ 2 TaKoH HJIOCKOCTBIO
ABJASIETCS IJIOCKOCTh anepTypHOH Axadparm:l.

Ecau BuHberupoBaHue paBHo 20 ...65%, uTo OO6BIUHO HMeeT
MeCTO, TO IJIs1 onpefeseHus KoabduldeHTa BUHLETUDOBAHHA BMECTO
OTHOLIEHHUS IVIomazel MOXKHO HCIHOJb30BaThb OTHOLIGHHE JHHEHHBIX
BeJIHYHH, a2 HMEHHC OTHOLIEeHHe JJIHH OTpe3ka 2m, NepHeHAUKyJsp-
HOro K ONTHYECKOH OCH, B MEPHAHOHA/ILHOH NJOCKOCTH HAKJIOHHOTO
IMyyKa Jydefi H COOTBETCTBYIOHMIEIo OTpe3Ka 2h 0ceBOro myduka Jyued
B TOM 2Xe ceueHHH (cM. puc. 78, 6).

DTO OTHOIIEHNHE HA3BIBACTCA KOIDPUYUEHMOM AUHEUHO020 BUHbemU-
posanusn: ky = 2m/(2h).

HOns touku B ua puc. 80 2m =D/2 u 2h =D, 1. e. k, = 0,5.

Huisi yxasauneix snasegufi Bunberuposauus (20 ... 66%) umeer
MECTO cJeiyiomas UpHOIHXKEHHAas 3aBHCHMOCTb: Ry & By — 0,1,

PaccMoTpum IBa BapHaHTa onpefeneHHs Kos(pdUIHEeHTAa BUHbETH-
pOBaHKA.
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Puc. 81. IIBycTopoHHee BHHBATHPOBaHHE

1. Ha puc. 78, 6 nokasano ceueHye 4 OCeBoro nydka Jyde#t mio-
CKOCTHIO BXOJHOTO 3pauka, T. €. caM BXOAHOH 3pavok IJIOIIanbio Qg,
H ceyeHHe 5 HAKJ/IOHHOIO Myuka Jydell, WAyLIEro OoT TOYKH B u onu-
parolierocsi Ka BXOJHOe OKHO, TaKXe B IJOCKOCTH BXOIHOTO 3pauka.
Ocb HakJOHHOIO IIyuKa NPOXOJZHUT 4yepe3 UeHTP L BXOJHOTO OKHA.
B paccmaTpnBaeMoM cJiyuae BXOZHOE OKHO, a CJEZOBaTeNbHO, U
BHHbeTHpYyIOILAA JAuadparmMa 2 OrpaHHYMBAIOT NYYOK JyuyeH, BBHIXO-
JAAMUX B3 TOuKU B. Bunberuposanue B MEPUAHOHANBLHON MAOCKOCTH
paBro 50% . [Tiomaks neHCTBYIOUIETO OTBEPCTUS BXOJAHOTO 3padka Q,
Ha puc. 78,6 szamrtpuxoBaHa, @, — NJOMWAAb BXOLHOTO 3DAauyKa;
ko = 0,4 (k, = 0,5).

2. PaccMoTpyuM ABYCTOPOHHEe BHHBETHPOBAHHE B CHCTeEMe, y KO-
Topo#t KomnoHeHT I umeer f{ > 0, KomnoHentr 2 — f5 < 0 (puc. 81).
Aneprypuas puadparma AJ[ pacnosiokeHa MeXAYy KOMIOHEHTaMH.
Ilpu BoIGpaHHBIX 3HaueHHAX (POKYCHOTO PACCTOSHHST KOMIIOHEHTOB,
UX CBETOBBIX AMAMETPOB M PACCTOSIHHMS MEXAY HHUMH, & TaKxXe IOoJO-
KEHMH M pa3Mepe anepTypHo# jguadparmel Ha pwc. 81, @ mokasano
noJIoXKeHue 3ajiHero ¢okyca [’ 5KBUBaJeHTHOH CHCTeMbl, LIEHTPOB P
i P’ BXOZHOrO H BHIXOJHOTO 3DAYKOB, LeHTPa L, BXOAHOrO OKHA.

Ha puc. 81, ¢ BuAHO, YTO BXOAHOH W BBIXOAHOH 3payKH pacro-
JIOXKEHBl MEeXJNYy KCMIOHEeHTaMH cuctembl. g OeCKOHeuHO yJlaJseH-
HOM OCEeBOH TOUKH NMOCTPOEH XOi KpaHHHX JyueH, T. €. JyuyeH, mpo-
XOAAUIHX depe3 Kpad BXOAHOTO 3payKa, anepTypHoH Auadparmel M
BBIXOIHOTO 3pauka COOTBETCTBEHHO. 3aTeM IIOCTPOEHHEM TIJIaBHOTO
Jayua HaiiileHo H3cOpaxenune B’ GecKOHEYHO yAaleHHOH BHEOCEBOH
npeaMeTHoO# Toukd. OT 3TOA NpeaMeTHOH TOUKH Yepe3 OMNTHUYECKYIO
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CHCTeMY NpPOHAET NMYyYoK JydeH, MepHAHOHA/IbHOE CedyeHHE KOTODOro
Ha puc. 8!, a samrpuxoBano. BepxHHH KpaHHHH Jyu 3TOro nyuka
B NPOCTPAHCTBE IPEAMETOB fABJSETCs 00pasyoied NHIHHAPUIECKOro
NyykKa JaydeH, omupamomierocss Ha Kpas OnpaBbl KOMIOHeHTa [, MMe-
fomefl auamerp mymy. HuxkHUE KpafiHu#l ayd B OpPOCTpPAHCTBE MHpel-
METOB IIpeJcTaB/sieT coCof 06pasyiomyio IHIHHAPHYECKOTO IIyuyKa
Jyuefl, onupammerocs Ha Kpyr [IUaAMETPOM Moy, SBJAAOMUACS
BXOJHLIM OKHOM C HeHTpOM L, (BXonhoe oxHO 2). DTOT BTOPOH Iu-
JHHAPHYECKHH NydYoK JiyyeH mocJe AeHCTBHS KOMIOHeHTa [/ W mpu
OTCYTCTBUH aneptypHol auvacdparmel npeoOpasoBancs 6bl B KOHHYE-
CKHA M 3anojHug Obl CBETOBOE OTBepCTHE KOMIIOHeHTa 2. Yepes
CHCTeMY 15 of6pasoBaHHsl TOUKH B’ npofiner myuok Jyudef, obuluit
Ias1 oOOMX UHJAMHAPOB ¥ BHHUCHIBAIOIHHCA BO BXOAHOH 3pauvok.
Huxgpsas yacTh nmyuka, ONUPAIOUIErocs HAa ONpPaBy KOMNOHeHTa [
(6x00H0e 0kHO 1), Ha y4acTKe mym, MEPUAHOHAJIbHOTO CEYeHHs ya-
CTHUHO Cpe3aeTcs amnepTypHOH nuadparmoéi ¥ IOJHOCTBIO ONPAaBOH
KOMIIOHeHTa 2 (OHA »Xe BHHbETHpyIomas JuadparMa H 6eix00HOe
oxkHo 2). BepxHssl uacTh mydKa, ONMPAIOIIETOCA Ha 8X00H0E OKHO 2,
Ha yYacTKe My, Cpe3aercs onpaBoit KoMroHeHTa I (0HA Ke 6x00Hoe
okro [). IlonepeyHoe ceyeHue PACCMOTPEHHBIX NYYKOB Jyuedl B IIO-
CKOCTH BXOJZHOTO 3payKa mokKasaHo Ha puc. 81, 6. 3awrpuxoBaHHas
4acTh ABJsETCS JeHCTBYIONMM OTBEPCTHEM BXOAHOro 3pauka. Koad-
buMenT BUHbETHPOBAHUS Ko TONyuaeTcs KaK OTHOWICHHE TJICIAAM
JefiCTBYIOIlero OTBEPCTHS BXOAHOI'O 3paukKa K IVIOMIaJH BXOZHOIO
3payka.



IF'anasa VII

ONITUYECKUHN MNPUBOP KAK TEPEJATUUK
9HEPTHH H3JYYEHHSA

37. Ontuueckoe u3jiyyeHue. [1oTok uajiydeHus

Kak H3BECTHO, ONTHYECKHM HM3JyYeHHEM HA3HIBAIOT 3JEK-
TPOMAarHHuTHeIE KOJIe6anHsa B JHaNa3oHe AJMUH BOJH A OT 1 HM 10 1 MM.
C 3THM [HanasoHOM I'DAHHYAT C KOPOTKOBOJIHOBOH CTODOHBI PEHTTE-
HOBCKO€ H3JlyueHHe, a ¢ JJHHHOBOJHOBOH CTOPOHBI — PaAHOBOJIHBI.

Ha puc. 82 nokasano nojoxenue ONTHYCCKOTO H3JYUEHUA B 06IIEM
CIEKTPE 3JIEKTPOMATHUTHBEIX KOJ1eGaHUM, KOTOPHIH IpeicTaB/IeH ramma-
M3JIy4eHUEM, PEHTTEHOBCKHM, YJIbTPa(UOJIETOBbIM, BUIUMBIM U HHbPA-
KDaCHbIM H3JAYYEHHSAMH M PaJHOBOJHAMH. BHIumblll yuactok onrtuve-
CKOTO H3J/IyueHHs XapakTepH3yercs AJuHaMu BoJH 0,38...0,77 MM.

Crnenyer OTMETHTB, YTO TPAHHIB MEXAY OTAEAbHBIMU YYaCTKaMH
SIBJIAIOTCH  yCJOBHBIMH. Hanpuwmep, yabrpaduoseTtoBoe u3JAyyeHHE
IIePEKPBIBAETCS DEHTIEHOBCKHM, a HHGPaKkpacHoe — pPaJHOBOJHAMH.

Cnexmp uszay4enus, WM, KaK €ro HHOTJA HASBIBAIOT, CIIEKTPabHBIA
COCTaB H3JYYeHMs, MpeAcTaB/ser coboli pacnpelesieHHe MOLIHOCTH
H3JIyYeHHsl 1O JJIMHAM BOJH HJH yacToTaM KoJebauui. MamyueHue,
XapakTepuayemoe OAHOH ANMHOH BOJIHBI, SBASIETCS MOHOXpOMATHYE-
ckuM. CNEeKTp H3JyyYeHHs TAaKOTO BHIA HA3BIBAIOT AUHEL4ANLbIM
(puc. 83, @). Hanyuenue, mnpencrasasiomee co6oll HempepHBHYIO
COBOKYIHOCTb MOHOXDOMATHUECKHMX W3JIYUEHHUH, WMEeT CHAQUHOU
cnexkTp (puc. 83, 6). [manason IJuH BOJH /A CIVIOWIHOTO CIEKTpPa
MOXHO pPacCMaTpPHBATb B IpeJesax oT HyJs Ko Geckoneunoctu. Mcrou-
HHKAMH CIJIONIIHOTO CHeKTpa OOBIYHO SIBJSIOTCS HaTpeThie TBEpPAble
TeJda W XKHIAKOCTH, JIMHEHYaTOro — pacKajieHHbE Tasbl HJAU [aphi,
a TaKxe Jasephl.

WneasbHOro MOHOXPOMAaTHUECKOTO H3JyUEHHs B IPHPOAE HE CYILe-
CTBYeT, TO3TOMY Ha NPaKTHKE MNOJ MOHOXPOMATHYECKHM M3/ y4EHHEM
NOAPa3yMeBaIOT H3JyueHHe, KOTOpOe BKJIouaeT B cefsi TaKoH Y3KHH
HHTEpBaJ JJHUH BOJIH, KOTODLIH MOXHO XapaKTepu3oBaTb OJHOH
JJIMHOH BOJIHBI.

Ins BHAHMOTO [HAanasoHa ONTHUECKOTO H3JYUCHHS HeMeLKHH
¢usnx Opaynropep (1787—1826), uccienys usayuenue Connua,
HU3MEDHJI AJIHHBI BOJH, COOTBETCTBYIONIHE ONpeJeseHHbIM JIUHUSM B
COJTHEUHOM CIeKTpe. DTH JHHHH BOCTIPOU3BOASTCS CIIEKTPAMH HEKOTO-
PBIX XMMHUYECKHX 3JIEMEHTOB, 3aMOJHSIOMINX B BUIe ra30B UJH NapOB
KOJIOBI JIAMTI C IYTOBBIM, TJEIOMUM WM BHICOKOYACTOTHBIM Pa3psiIOM.

Ilnsi nnuw Bosn anHKE OpayHrobepa GHKCHPYIOTCA NOKA3aTENH
NpEeJIOMJICHHS ONTHYECKHX Cpell. B Tabus. 4 npuBeneHn o6o3HaYEHHS
CMEKTPAJbHBIX JIHHKH, COOTBETCTBYICIIME HM AJUHBI BOJH ¥ 06JACTh
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Gnmuyecnoe usnyyenue

A

famma- Peﬂmzcﬁad-/yﬂbmpa— Huppa -
usnyyerue  CX06  |puonemoboe Budumoe  npacroe PaduoBonnes
——— A 5
1 L J 1 J!
0,01 M Tum 0,78 KM 0,77 mxm MM A

Omuocumensras
MOWHOCTID U3NYYEHUA

OmHOCUmensras
MOWHOCTIL U3y YENUA

Puc. 82. CHeKTp 3/1eKTPOMarHATHHIX KOJeGaHuk
A

by 1/

Puc. 83. Bunsi criexTpos:
a — auHeHuartsifi; 6 — CRNOWMHOR

cnekTpa (uBeT), a TakXke TOT XHMHYECKHH 3JIeMeHT, JdHeHuaToe
H3JIyYeHHE KOTOPOro MMeeT AaHHYIO CHEeKTPaNbHYI0 JHHHIO.

OHEprui0 ONTHYECKOTro H3JyyeHust W,, Kak H BCAKYIO APYTYiO,
H3MepsiioT B Axoyaax (IIx).

Cpeanio MOLIHOCTb ONTHYECKOTO H3JYYEHHS 3a BpeMsi f, 3HAUH-
TeJqbHO OOJIbLIEE NMEpHOLA CBETOBBIX KO/MeOaHHH, HA3bIBAIOT MOMOKOM
usayuernus O, U oueHwBaloT B Barrax (Br).

Ecan B mnpeflesax VY3KOro crekipadbHOro ydacrka di mnortok
usayuenus pasen d®,, To oTHomEeHUE

dDy/dA = @, (157)
SIBJISIETCS cnercmpa/lbnoﬁ NAOMHOCMbI0 NOMOKQ U3AYUHEeHUA.

Ta6nnuna 4
Cnekrpanbabie qunHn $paynrodepa

O6o3zna- Rauna O6mnacTs Xumu- || O6osna- | Oauna Q6nacTh Xumu-
JeHuHe BOJIHH, criekTpa decKH# YE€HHUE BOJIHHI, CneKkTpa HYeCcKu i
ausuft HM SJIeMeHT JHHHA HM 3JIEMEHT

1 365,0 Yawrpa- Hg e 546,07 | 3esenas Hg
fuoze- d | 587,56 H
TOBas »90 C €
h 404,66 | ®uore- | Hg D 589,20 | MMermas |,
roBas ' | 643,85 Cd
g 435,83 Hg c 656,27 | Kpacnas{ H
F’ 479,99 | Cunusas Cd r 706.52 He
F 486,13 H




Ha puc. 84 noxasama 3a- Per
BHCHMOCTb  OT JJIHHB  BOJIHH N\
CIEKTPaNbHOH TIJIOTHOCTH  TIO-
TOKa H3Jy4eHHsI B CILIOWHOM
CHeKTpe, KOTOPYIO  Has3bBaOT B2, 27)
CNEKTPaJbHOH XapaKTepHCTHKOH
noTroka usJdyveHus. M3 sTo# 4 2%
3aBHCHMOCTH CJelyeT, YToO Mo-
tok d®, npeacraBasercs mJjo- A ai A; A
Majblo 3JeMEHTApHOre YYacTKa

Puc. 84. CuextpasisHble XapaKTepHCTHKER
dd, = @, , dr NOTOKZ H3JIVYeHHs

Ecn¥ cnekTp H3JydeHHd Je-
KHT B WHTEepBaje MJIHH BOJH Ay...h;, TNOTOK H3JIYUEHHS

ke
D, (0. . ) = S @, (1) dh. (158)
Ay

B ofmem caywae 3HadeHHe IOJHOTO (HHTErpa/dbHOr0) MOTOKA
H3JIy4eHHS OnpelesioT no Qopmyne

A=0c0
@, = S @, 5 () di. (159)

A=0

Has nunefivaroro cnekrpa usnayyeHds (cM. pHuc. 83, a) nosHbii
TIOTOK

A==00

D= 3} D, (1),

A=0

rae @, (A;) — MOTOK H3JAYUEHHst ¢ JJAMHAMH BOJH A;.

38. JuepreTHyeckHe H CBETOBbIE BEJHUMHBI
H MX eRHHHKLbL

st oueHKY 3HEPTHM H3JYUEHHS M ee JeHCTBHS Ha NpHEM-
HUKY H3JIyUeHHsi, K KOTOPbIM OTHOCATCS (OTOINEKTPHUYECKHE YCTPOH-
CTBa, TENJIOBHIE H (POTOXMMHYECKHE MPUEMHUKH, a TAKKE [J1a3,HCIob-
3YIOT 3HEPreTHYECKHE H CBETOBHIE Be/JIHUHHBL.
IHepeemuueckumy 8eAUHUHAMU SIBASIOTCA XaDAKTEPUCTHKH OMNTH-
YECKOTO H3JYUEHHS, OTHOCALIHECS KO BCeMy ONTHUECKOMY JAHMAMAa30HY.
[nas nonroe Bpems Gbl €IHHCTBEHHBIM PHEMHUKOM ONTHYECKOTO
uanyuendsi. IIo3ToMy HCTOPHUECKH CJIOKHJIOCH TAK, UTO AJS KayecT-
BEHHOH M KOJIMYECTBEHHOH OILEHKM BHAHMOH YacTH U3JIyUYEHHS npume-
HSIOTCSA C8emoBbie (omomempuueckue) eeautunsl, PONIOPUHOHANbHEIE
COOTBETCTBYIOIIHM 3HEPTETHYECKHM BeNHUHHAM.
Brinte 6biJio NpHBeAEHO MOHSTHE 0 NMOTOKE H3nyuyenus @,, otHocH-
meecss KO BCeMY ONTHYECKOMY JHManazoHy. Benwunno#, Koropas
B CHCTEME CBETOBBLIX BEJIHUHH COOTBETCTBYET I[OTOKY H3JYYeHHs,
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sBaserca ceemosoti nomox @, T. €. MOUIHOCTb H3JIyUEHHUs, OLEHHBAEMAs
CTaHAapTHLIM (DOTOMETPHUECKHM HAOJIOAaTeNEM.

PaccMoTpHM CBETOBBIE BeMHUHHLI H HX €IHHHLBI, 4 3areM Halaem
CBSi3b 3THX BeJHUUH C SHEPreTHUECKHMH.

s oneHKH ABYX HCTOUHWKOB BHIWMOTO H3/JVUEHHS CPABHHBAETCH
UX CBeYEHHE B HaNPaBAEHWH Ha OJHY M Ty Xe NMOBEPXHOCTb. Ecamu
CBeyeHHe OJIHOr0 HCTOYHUKA MPWHATH 32 €IHHHLIY, TO CPaBHSHHEM
CBEYEHMS BTOPOTG HCTOUHUKA C MEePBHIM MOJAYYHM BENHYHHY, Ha3bIBAe-
MYyI0 cuaoid ceema.

B Mexnynaponuoii cucreme enununy CHU 3a enuHuny cHiel cBera
npuHara kandera (KA), onpeleseHue Koropo#l yrBepkiaeHo XVI
lenepaasHofi Kondeperuueit (1979 r.).

Kanpena — cuia cBeTa B 3aJlaHHOM HANpaBJ/ieHMH HCTOYHUKA,
HCIyCKAlOIIero MOHOX POMATHUECKOE uaavueHue yacrorol 540102 ',
3HepreTHYECKas CHJAa CBeTa KOTOPOTO B 3TOM HAMPABJEHHH COCTABJSIET
1/683 Br/cp.

Cuna cBera, wiH yrjioBasi IJIOTHOCTb CBETOBOTO IOTOKA,

I = dD/dQ, (160)

rie dD — cBeroBoH NOTOK B ONpPEJNE/IEeHHOM HANpAaBAEHHH BHYTPH
TeJslecHoro yraa d€Q.

Teaecrouii yeoa npeactaBsier co6oil orpaHUYeHHYIO IPOU3BOJNbHOH
KOHWYeCKOH MOBEPXHOCTHIO YaCThb IIPOCTPAHCTBA. ECAH H3 BepILHHbBL
3TOM NOBEPXHOCTH KAaK M3 LeHTpa onucath cgepy, To IJIomaab yiacTka
cepnl, oTcexkaemass KOHWYeCKOH TOBepXHOCThIO (puc. 85), Oyxer
nponopuroHanbHa KBajpary pajauyca r chepni:

Q = Qr. (161)

Kospdunuest nponopuHoHanbHOCTH  H €CTh 3HAUEHHE TEJIECHOTO
yraa.

Enunuua resnecHoro yraa — cmepaduan (cp), KOTOPBHIE pasen
TEIRCHOMY YIJIY C BepIIUHOH B LeHTpe cdepbl, BHIPe3aiolieMy Ha
IOBEPXHOCTH cheprl MJomaib, PaBHYIO IJIOMAAH KBagpara co CTopo-
HoH, paBHOH panuycy coheprl. [lonHas chepa ofpasyer TemecHbIH
yroa 4m cp.

Puc. 85. Tesecuwii yron
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Ecnu HCTOUHUK H3J1ydeHUst HAaXOAHTCA B BepUIHHE MPSMOrO KPyro-
BOTO KOHYC&, TO BbIIEJ/ISIEMbIH B IPOCTPAHCTBE TeJECHBIH yroJ OrpaHH-
YUHBAETCH BHYTPEHHEH IOJOCTBIO 3TOH KOHMYECKOH TMOBEPXHOCTH.
3Has 3HaueHHe TJIOCKOTO yIJla Oy MeXNy OChblo U 00pasyiomiell KoHH-
YeCKOH MOBEPXHOCTH, MOXKHO ONpENeJHTb COOTBETCTBYIOHH emy
TeJIeCHBIH yTOJI.

BelnesuM B TesecHom yrae Q@ GeckoHedHO Masblil yroa dQ, Beipe-
3aoWHit Ha chepe OECKOHEUHO Y3KHH KOJbIEeBOH ydacTok (puc. 86).
10T cayyalt OTHOCHTCS K HamGoJjiee 4acTo BCTPEYAIOUIEMYCS OCeCHM-
METPHYHOMY paclipefiesIeHHIO CHJIBI CBeTa.

[Tnomane xoabueBoro yuacrka dQ = 2mp dp, rne p — paccrosiHue
OT OCH KOHyca J0 Y3KOTO KoJblia IIMpHHOH dp.

Coraacuo puc. 86 p = rsin o, dp = rdo, e r — pannyc cdepsi.

[Mosromy dQ = 2nr?sin o do, orkyna

dQ = 2n sin o do. (162)

Tenecuplft yros, COOTBETCTBYIOWIUH NIOCKOMY YTy O,

Oq

Q:ansmodo:zn(x—coson). (163)
0

Huist monycdepsr testecHblfl yron Q = 27, 1is coepsl — Q = 4.
W3 dopmyner (160) caepyer, 4To CBETOBOH NOTOK

Q
®= | rd. (164)
0

Ecsin cuna csera [ He MeHA@TCH IPH Nepexojie OT OLHOTO HaNpabJe-
HHS K APYroMy, TO
O = /Q, (165)

rre Q = Q/r2.

HefcTBUTENBHO, €CAH UCTOUHHK CBETA C CHJON cBeTa | MOMECTHTD
B BepIUHHE TEJEeCHOro yraa &2, To Ha Jobble MIONAAKH, OTpaHHUHBae-
Mbl€ KOHUYECKOH MOBEPXHOCTBLIO, BBLAEJSIOMER B IPOCTPAHCTBE 3TOT
TEJECHBIA YToJ1, MOCTYNaeT OAHH H TOT XKe CBeToBoil notok ®. Bosbmem
yKa3aHHBle IIOMALKH B BHJE YYacCTKOB KOHIEHTPHUYECKHX chep c
LEHTPOM B BepluHHe TejlecHOro yraa. Toraa, Kak 1oKasbiBaeT OfbIT,
CTENEHb OCBELIEHHA STHX MJOMAA0K 06paTHO NPONOpUHOHAJbHA
KBaapaTaMm palHyCOB 5THX Cep H NPAMO NPONOPLHOHAbHA pasMepy
TNJI0MAaN0K.

Takum o6pasom, mMeeT mecto caeaywomee pabencrBo: D/Q =
= [/r? r.e. dopmyna (165).

Ilpusenennoe ofocHoBanKe Gopmydsl (165) ReHCTBHTENBHO TOIBKO
B TOM CJ1y4ae, KOrlla pPaCcCTOAHHE MeXy HCTOUHUKOM CBETa U ocBellae-
MOfi MUIOAZIKOH HOCTATOYHO BEJHKO MO CPaBHEHHIO C pasMepamH
HCTOYHHKA U KOT/ia cpejla MEXKAY HCTOUHHKOM H OCBENIaeMofl TJI0Ma -
KCH He MOT/IOMIAeT M He PacceuBaeT CBETOBYIO SHEPTHIO.
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Enunuuedl cBeTOBOTO NOTOKA SIBJISIETCH AtOMeH (M), PEACTABASIO-
mud cofolf MOTOK B Npefieflax TelecHOro yria 1 cp npu cuje cBera
HCTOYHHKA, PACIIOJIONKEHHOTO B BEPILHHE TeJEeCHOIO yIJya, paBHoH | K.

OcBemenne MJIOMAAKH (), HOpMaJbHOH K MaJaloHIHM JyuaMm,
onpejensiercs orHomeHHeM O/Q, KOTOPOE HasHIBAETCS OCEELUEHHOCITLOIO

E = ®/Q. (166)

®opmyaa (166), Tax xke Kak H dopmysaa (165), umeeT MecTo NpH
YCJIOBHH, 4TO CHia cBera /| He MeHseTcs NpPH Nepexofie OT OAHOTOo
HaNpasJ/ieHHsl K APyroMYy B ipefe/1ax JaHHOTO TeJecHOro yria. B mpo-
THBHOM chaydae sta dopMyna Oyler clpaBelUBOH JIHIWb AJasi GeCKo-
HeuHO MaJof miomaiaku dQ:

E = d®/d0. (167)

Ecau napamomye Jydd ¢ HOpMaJbio K OCBEAeMOf MJomanke obpa-
3y1oT yrisl &, To dopmyast (166) u (167) namensTcs, Tak Kak ocselae-
Masi NJIOImMAfika yBeJHuHTCsi. B pesysbrare NOJY4YHM:

E = (®/Q) cos e = ({/r?) cos e; (168)
E = (d®/dQ) cos €. (169)

HPH OCBeIIeHUH MNJIOoMAalKH HECKOJbKHMH HCTOYHHKAMH €€ OCBe-

IHEHHOCTh
i=n

E=Y E, (170)
=1

rje n — YHCJO HCTOYHHKOB H3JIyYeHHs, T. €. o6lias OCBEHIEHHOCThb
paBHA CyYMMeE OCBeINEHHOCTeH, Io/ydaeMblX MNJIOLIAAKOH OT KaxKAOro
HCTOYHHKA.

3a eIHHHLY OCBEIEHHOCTH NPHHATA OCBEWEHHOCTb IJIOMAAKH
1 M2 ipy majfleHH} Ha Hee CBETOBOTO NMOTOKA 1 /M (iIomajika HopMasbHa
K MajalouiM Jydam). DTa eIMHHLA Ha3bBaeTcsl A1KCoM (JK).

Eciy pasmepamMM HCTOYHHKA HM3JyyeHHs npeHebpeub HeJb3s, TO
LISl pelenus psijia 3ajay HeoOXOHMO 3HATh paclpejie/leHHe CBeTOBOTO
NOTOKA STOTO MCTOYHHKA N0 ero mosepxHocTH. OTHOIIEHHE CBETOBOTO
IIOTOKA, HCXONSIIEro OT 3JIEMEHTa MOBEPXHOCTH, K IJIOME@AH 5TOro
3JIEMEHTA HAa3BIBAETCS CEEMUMOCMbLI0 U U3MepSeTcsl B A/OMeHAX Ha
keadpammoii memp (aM/m?). CBETHMOCTh TAKKE XapaKTEpPH3YeT pac-
IpefiesieHHe OTPayKEeHHOTO CBETOBOTO INOTOKaA.

Takum of6paszom, CBETHMOCTb

M = dD/dQ, (171)

rae dQ — mnuomanb NOBEPXHOCTH HCTOYHHKA.

OtHoluerye cuabl cBeta | B 3aJaHHOM HaNpaBJieHHH K IJIOMALH
MIPOEKIIHH CBETAIEfcs NOBEPXHOCTH Ha MJOCKOCTb, MEPNEHIHKYIAP-
HYIO K 3TOMY HalpaBJIeHHIO, Ha3bIBAETCH SAPKOCHILIO.
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CrnenoBaTteqabHo, SIPKOCTb
L = dI/(dQ cos &), (172)

rie e — yroJ Mexiay HOpMa/iblo K Iinomaike dQ H HampasJeHueM
cuani ceera df.

[Toncrasus B dopmyay (172) suauenue | = d@/dQ [cMm. dopmyay
(160) ], mosnyuuM, 4TO APKOCTB

L = d*0/(dQ dQ cos e). (173)

W3 dopmyan (173) cienyer, 4To APKOCTb SIB/ISIETCS BTOPOH MPOM3-
BOIHOM OT IOTOKAa MO TEJECHOMY YIVIY K TJIOMANH.

EnunuLle#l SPKOCTH SIBJASIETCH KaHOeaa HA Keadpammubil memp
(xka/m?).

[ToBepXHOCTHAS JIOTHOCTh CBETOBOH 3HEPTHU MAAAIOMIEro H3Jjdyue-
HHSl Ha3bIBAETCs IKCNO3UYUeEl:

4
H=dw/dQ = SEdt. (174)
Q

B ofmieM ciyuae OCBEEHHOCTb, Bxogsmiast B ¢dopmynay (174),
MOJKET H3MEHSTbCS BO BpeMeHH L.

AKcno3uuus uMeer GOJIbILOE NMPAKTHUECKOE 3HAYeHHe, HANpPUMEp,
B ¢ortorpaduu H u3MEpsIeTCs B AWOKC-ceKyHOax (JIK-c).

Qopmyant (160)—(174) ucnonb3yior AJs BLHUUCIEHHS Kak CBero-
BBHIX, TAK U 3HEPreTHUECKUX BeJHUMH, BO-NMEPBLIX, JJd MOHOXPOMATH-
YECKOTO H3JNYUEHHs, T. €, H3JYUeHHUs C onpeleseHHOH NJIMHON BOJHB,
BO-BTOPBIX, MPH OTCYTCTBHH YYera CIIEKTPAJbHOIO paclpefleseHus
H3JIyYeHHs, YTO, KaK NPAaBHJIO, HMEET MECTO B BH3yaJbHBIX OHTHYE-
cKux npubopax.

CnexTpasbHbIfi COCTaB H3JYyY4eHHA — pacnpefieelde MONHOCTH
H3JIyYeHHs 10 ANHHAM BOJH HMeeT 60/blioe 3HaueHHe 115t BhIUMCIEHH
SHEepreTHUeCKUX BEJIHUYMH NPH HCNOJb30BAHHH CEJEKTHBHBIX HpHEM-
HHKOB u3jyueHus. 18 3TWX BBIUHUCIEHHH ObLJIO BBEIEHO HOHSATHE O
CreKTPaAbHON NJIOTHOCTY MOTOKa M3nyuenusi lem. dopmyanl (157)—
(159) 1.

[Tpu sHepreTvyeCcKMX pacyerax KpPOME CINEKTPAJbHOH TJIOTHOCTH
[OTOKA H3JAY4EHHS NOMb3YIOTCH pPaclpeleieHHeM 5HePreTHYecKOH
ocBemeHnoctd E, Mo JAJAMHAM BOJH — CIEKTPaAbHOH MJOTHOCTHIO
SHEPTeTHYECKOH OCBeIeHHOCTH E, i, pacnpepeteRneM sHepreTHue-
CKOH CBETHMOCTH M, — CHEKTPaNbHOH MJIOTHOCTHIO SHEPIETHUECKOH
CBETHMOCTH M,, , H pacnpeleneBnem sHepreruyeckoll apkoctd L, —
CNEeKTPaJbHOH MJIOTHOCTBIO 3HEPIeTHYECKOH SIPKOCTH L 3!

E. » = dE./d; (175)
M., = dM,/dA; (176)
L, » = dLdA. (177)
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CeertoBhe H 9HEPTETHYECKHE BEJIHUMHB

Ta6anuuga 5

Homewo | Onpetommionen | gy | Butiere | Onetermenen | gy
Cuna lo = d®./dQ Br/c
Cuna = d®/dQ kx| poaysenma | C P
CBeTa (suepretu-
yeckas
CHJIa CBeTa)
CseroBo#t O = dW/d¢ ™ Totox b, = dW,/d¢ Br
NOTOK H3TYYeHH A
Auepreru- | Ee = dD,/dQy *| Br/m?
Ocsewen- | E = d®/dQ} JK ueckas
HOCTBH OCBeLIeH-
HOCTh
Suepreru- = d®,/dQ, *| Br/m?
Ceerumocts | M = d®/dQy * |  sm/m? qegxa,{ ¢ o/ dQ
CBETHMOCTD
SIpKocTh L= ka/m? | Dueprern- Le= Br/cp-M?
yeckas
= dI/(dQ cos ¢) aprocts | = dle/(dQcose)
. Duepreru- He= ILx/m?
yeckast
Skcnosumns |H = | E(f)dt| nx-c !
oj (%) SKCTIOSKLAA | __ 552(1)(”
¢

* Mugexc | oTHOCHTCS K H3jyuaioillefl TOBePXHOCTH: HHAEKC 2 — K OCBellaeMo#

(o6n1yyaeMoli)  MOBEPXHOCTH.

I/IHTeraJIbHaH SHEpPreTHYeCcKasa OCBEUICHHOCTb B obieM BHOE

A=co
E,= S Eq s () d\;
A=0

HHTErpaJ/jibHasa 3HepreTHyeckKkass CBETUMOCTDb
A==o00

M, M, (1) di

A=0

H HHTErpa/ibHas 3SHepreTHueckas sipKoCTb

Lo, (A) dA.
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B OrpaHH4Y€HHOM JHaNasoHe IJHH BOJIH }\.1...}»2 COOTBETCTBEHHO
HMEEM:

Ay

Eo(h...hy) = S Eq 5 (1) dh; (181)
"

M, (.. hy) = j M, » 00) di; (182)
h,hz

Lo(hy. . hy) = S Lo,» () dh. (183)

OHeprervyecKue BeJMUHHE], oOnpefensemute Qopmynamu (175)—
(183), oTHOCSTCS M K BHAMMOM YacTH CHEKTPA.

OcHoBHBIE (DOTOMETPHUECKHE H SHEPTETHUECKME BeJHUYMHLI, OTpe-
lensiomue UX GOPMYJE H eIHHHUb Mo cucreme CH mpuseleHs B
tabu. 5.

39. CBs13b Mex1y CBETOBBIMH M
9HEPreTHUECKMMU BeTHYHHAMH

OrHollleHHE CBETOBOTO MOTOKA K COOTBETCTBYIOMIEMY TIOTOKY
H3JIy4eHHUS! HashIBAOT (€8emosod aggexmusrocmoro (U3JAYUeHUsT) H
ofozravaor K.

[lns cnokHOro (MONUXPOMATHYECKOTO) H3JIYUEHHH

K = ©/D,; (184)
IJisl MOHOXPOMATUYECKOTO U3JIYUeHHUs JIHHOH BOJHBL A CEKTpa/ibHas
cBeroBas h(QeKTHBHOCTD

o, do/da
K(k)=m= 3D,z =K,V (M), (185)

rie K, — MakcHMa/lbHas CBETOBas CleKTpajbhas 3((heKTHBHOCTD,
COOTBETCTBYIOIIAsl NPUMEPHO AJHHE BOJHBL 555 HM; AJI5 CTAHAAPTHOTO
¢doroMerpuueckoro Habmiofaresnst IpH  AHeBHOM 3penuu K, =~
=~ 683 im/BT; V (M) — oTHochTenbHas CNIeKTpaJibHasi CBeToBasf -
tdektuBHocTb, V (M) = K (A)/K.

s neeBHOrO 3peHHss V (A) umeeT 3HaueHHsi, NPHBEJAEHHBIE B
tabJ. 6.

Hcnoabays pasencrBo (184), moayumm:

d® = 683V (A) dD,; (186)
dL = 683V (M) dL,.
M3 dopmyn (186) crenyer, 4To HHTErpajbHLIE 3HAUEHHS CBETOBOTO

IIOTOKA ¥ SPKOCTH B HHTepBajde HJuMH BoaH 0,38...0,77 MKM
0,77

© = 683 S V() @, , (1) dh,
0,38
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Ta6nuna 6
OTHOCHTE/IbHASL CNEKTPaJbHAs cBETOBAH SPPEKTHBHOCTL AHEBHOrO SpeHHst

A HM V) A, HM vV A, HM V (&)

380 4-107% 520 0,710 640 0,175

390 1107 530 0,862 660 611078
400 4.1074 540 0,954 680 17-1073
420 4.1078 550 0,995 700 41-107
440 23-1073 565 1,000 717 131074
450 38-1078 580 0,870 740 25-1073
490 0,208 600 0,631 760 6-10-%
510 0,503 620 0,381 770 3-10°3

rie @, ; (A) — crekTpajsbHas IJIOTHOCTh IIOTOKA H3JIYUEHHS,
B1/MkMm; A — AavHA BOJHBI, MKM;

0,77
L = 683 S V (A) Lo, 5 (A) dA,
0,38

rie L, a — CHEKTpajsbHAA IJIOTHOCTb 3HEPreTHYecKoi sPKOCTH,
B1/(cp.MXM); A — AJAHHA BOJIHBI, MKM.

CBeroBasi 3(p(EKTHBHOCTb H3JYUEHHS CJIOXKHOTO CMNeKTPalbHOTO
cocraBa [cM. (184)], ouennBaemas B JNioMeHaX Ha BartT,

0,77 .
K = 5 = 683 f V() D, (~) dr §cDM(x) da.
¢ 0,38

40. PacnpocTpanenue M3jay4yeHud

slpxoctb 3eMeHTapHOH u3dydamined MIoMWaiky B obueM
C/lyyae 3aBHCHUT KaK OT €€ PACMONOoMEeHHs, TaKk ¥ OT HaupaB/eHusi
usnyvenus: [em. popmyany (172) . Opnako siprocT¥ MHOTMX H3JydaTe-
JeH (Hanpumep, pacKajieHHBIX TeJt, CBETOPacCeHBAIOUIMX IMOBEPXHO-
CTefl) MOXKHO NPHHSTH He3aBUCHMBIMM OT Hanpabjedusi. Toraa, kak
3TO caeayer u3 dopmyie (172),

dl = dI, cos ¢,

rie d/, — cuia cBera miomanky dQ no Harpas/AeHHIO HOPMaad TPH
IIOCTOAHHOH SIPKOCTH.

Takoe wusayyeHHe HasbiBaeTcss HsJydeHHeM, MNOAYHHAIOUMMCH
sakory Jlambepma.

[Mnomanka dQ (puc. 87) uMeer GAMHAKOBYK BO BCeX HaNpaBJeHHAX
APKOCTb L.

D/eMeHTapHbI!l TesecHb YTos, OXBaTHBAIIIHI NPOCTPAKCTBO
MeK1y ABYMS KPYTOBBIMM KOHYCaMi ¢ ofliell BepIiMHOK B UEHTPe MJo-
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aq

Puc. 87. Hanyuenne ¢ mno-  Prc. 88. [Totok Haayuenns Mexxay napaj-
manku dQ JIeJBHEIME H COOCHEIMH KPYIVIEIMH ILJIO-
naAKaMu

maiky dQ ¥ IUIOCKHMH yIjiaMH MeXAy o6pa3yiomuM¥ U HOPMAaJbio
ou o+ do [em. dopmyay (162)1, dQ = 2xn sin o do.

Yuntesass opmyJisl (162) u (173), mojayyaeM, 4ro IOTOX OT 3Je-
MeHTa nobBepxHocTH dQ B mperenax TejecHoro yria d€2 Gyner pased

d*®, = L,dQ dQ coso = 2nL.dQ sin o cos o do. (187)
Honupi# norox usayyenas or miomanky dQ B moaychepy
/2
d®, = S &, = =L, dQ. (188)

]

Pasfenns obe wacti dopmyaer (188) Ha miomany dQ HCTOUHHKA,
TIOIYYHM, YTO JIJisl TJIOCKOH MOBEPXHOCTH, H3JAyYalomed MO 3aKOHY
JlamGepTa, sHepreTHdyeckash CBETHMOCTb

M, = aL,. (189)

CrienoBaTe/IbHO, €CIH Ha CBETOPACCEMBAIOIIEN MOBEPXHOCTH IMOJMY-
yeHa 3HepreTHYecKas oCBelieHHoCTh F,, a OHa paBHA SHEpreTHYecKoH
CBETHMOCTH, TO SHepreTHYecKasi SpKOCTb 3TOH MOBEPXHOCTH COIVIACHO
BoIpaxenuio (189)

L, = E//n. (190)

Haiinem notox nanyuenns @, B testecHom yrie dQ, orpaHHIeHHOM
BHYTPeHHEeH TONOCTbIO NPSIMOTrO KPYroBOrO KOHYCa C IJIOCKHMM YTJIOM
NpH BepUIHHE, PaBELIM 20, OT H3Jyyawmed manofi niomaiku dQ,
HOpMaJ/b K KOTOPOH cOBMajaer ¢ ochbio Konyca (puc. 88). Ilpumewm,
4TO H3JyYawoomas IJOIaAKa sBJsercs HAealbHO pacCeHBAIoImeH,
T. €. NCAUMHsiEeTCA 3akoHY Jlambepra.

Hurerpupys pasercrBo (187) mpu L, = const B mpesmenax or 0
G O, NOJyyYyaeM HCKOMBIA MOTOK H3JIyUeHHsS OT 3JeMEHTapHOH IIo-
manaku dQ:

do, = nLedQSQSmccoscdoanedQ sin?o. (191)
a
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do, é] £2~ d”z

a9 a%,
¢ )U aQ

Puc. 89. IToTOK H3JyueHHS MeXAy IPOU3BOJIb-
HO PACIOJIOKEHHbIMH IO afKaMH 4

aq

61
Puc. 90. Cxema /g Onpefie/IeHAST OCBEMEHHO- lo

ctu naomanky d Qp, mapasesbHOH H3JIyvalo-
well naomanke d Qy

Aror norok ynager Ha miaomaiky dqQ’.

Halinem moTok H3snydenHs ¢ Kpyropod miomaikd dQ’ ma mapan-
JeJbHYI0 efi mIomanky dQ B npefenax tenecHoro yraa dQ’, orpanu-
yeHHOro 60KOBOH MOBEPXHOCTBIO PSAMOTO KPYTOBOTO KOHYCA ¢ BEpILH-
HOH meHtpa miowaakd dQ’.

O6o3naunM IJIOCKMH yros NpH BeplimHe Konyca 20’. Ilpumem,
YTO BSHEpreTHYecKas sPKOCTh IWIomankH dQ’ oguHakoBa mo BeeM
HaMpaBJEHHAM.

[Tpu orcyTcTBUH NMOTEpPb NOTOK H3JYYEHHs, NANAOMMH Ha NJO-
maznku dQ’ u dQ, 1. e. B ipAMOM H 06paTHOM HATIPABJAEHHH, OHHAKOB.
[Tostromy ero 3sHaueHHe MOXKHO onpefieiuTh o GopmyJe (191) ¢ BHece-
HHeM CJIe[yIOmHuX usMeHenu#i: dQ sameHum Ha dQ’, yroa ¢ Ha yroa
o’. TakuMm 06pa3oM, MOTOK H3JYYEHHs, NOCTYHAIOMWMH C IJIOMALKH
dQ’ na nmmomanaky dQ,

®, = nL.dQ’ sin? o', (192)

3aMeTum, YTO SIPKOCTH H3Jydawmel H o6ayuaemofi MIOMAL0K
OLHMHAKOBHI.

DuepreTuyeckasi ocBemesHocTs miaomaiku dQ E, = d0,/dQ’ =
= nlL,sin? d’.

Hatinem norok uanyuenus @, NOCTYNAIOMHE € 3JMeMEHTAPHOTO
uasydaresns: (mrowazku dQ;) Ha Maayw miaomanky dQ, (puc. 89),
NpH [POU3BOJLHOH OpHEHTANHH HX JAPYr OTHOCHTEJNbHO Ipyra.
LlenTpsl muoniafiok JexaT Ha OCH 00pa30BaHHOH CBETOBOH TPYOKH H
HaXOASTCH Ha PACCTOSIHUHM [ APYT OT APYra, a HOpMaJi K IJIOMAkKaM
¢ 0Cbi0 TPYOKH 06pasyioT COOTBETCTBEHHO YIJIH &; H &,.

[ToTok M3nyueHHs, MOCTYNAOMHKA Ha IJIOmMAaAKy dQ,, onpeiesum
no dopMyae, momyyaeMoli u3 paseHctBa (187):

d2®, = L,dQ, dQ; cos e,. (193)
W3 pue. 89 creayer, uto d; = (dQ./!?) cos &,, mnosTOomMy
d2®, = L, (dQ,dQ,/!?) cos &, cos &,. (194)

dopmyaa (194) cnpasennusa npu cobmoNeRHH sakoHa Jlambepra.
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Ha ocHoBaHuM 3aK0oHA COXpaHeHHs SHEePruH, T. €. NPpH COXPAHEHHH
MOTOKa HU3JYUYECHHS, MOXXHO TAaK¥XKe€ HANUCATh:

&', = L,dQ, dQ, cos &,, (195)

rae dQ, = (dQy/1%) cos &,.

PaccMmoTpuM yacTHelfl caydall, Korfa nuomanku dQ, u dQ, napas-
JieJIbHBI, HO HX HOpMaJH He coBnanaior (puc. 90). M3 puc. 90 cuexnyer,
uto &, = &, = & U [ = [y/cos &.

[ToncraBuB 31H Aaudele B dopmyay (195), moayuum

&2, = L, (dQ, dQ,/1?) coste.

Ecau e = 0, 10
d2®, = L, dQ, dQ,//3.

SHepreTH'{eCKHe OCBEIICHHOCTH COOTBETCTBEHHO DPAaBHBI:
E.=L, (dQl/l%) cose H Ee() = Le dQl/l(z)

CJienoBarteqbHO,
E, = E,, coste. (196)

DHeprerHyeckas OCBEMEHHOCTb yObIBaeT K Kpalo MJIOUaJKH TPOo-
NOPIHOHAJbHO KOCHHYCY UeTBEPTOH CTENEHH YIJia HANPABJICHUS H3JY-
YeHHS OTHOCHTEJbHO HOPMaJH K OCBelaeMOH MJIomalKe.

H3 cdopmya (193) u (195) crepyer, uto

dQ, d@, cos &; = dQ, d2, cos &,, (197)

T. €. DPOH3BeieHHe MJIOMALH HOPMAaJbHOTO CeUeHMs CBETOBOH TPYOKH
dQ cos & ¥ 37eMeHTapHOrC TeJecHOro yria d2 ¢ BepIunHo# B MJIOCKOCTH
3TOr'0 CEYEHHs COXPaHseTcss HHBAPHAHTHHIM IJs J0O0TO CeyeHHs
CBETOBOH TPYOKH.

WuBapuant no dopmy.ae (197) HasLBAOT 2eomempuneckum Gaxmo-
pom 1 obosnavator dG. 3aMeTuM, UTO reoMeTpHuecKHH QaKTOp B BHIE
3HaMeHaTeJs BXORUT B dopmyay (173), koropas B 3TOM ciayuae B
SHePreTHYECKHUX BeJHUHHAX Hosyuaer ciaepyomui sua: L, = d*D,/dG.

Paccmorpum Gostee obmuil cayvaft, Koria cseroBas TpyOKa mnpe-
JIOMJISIETCS] TIOBEPXHOCTBIO pasfiea ABYX Cpel C MOKasaTe/IsIMH IIpe-
JIOMJIEHUS #; U 1, (puc. 91). TlycTb miomasb ajeMeHTa npeoMasiomen

Puc. 91, Ilpenomnennan cBeroBas Tpy6ka
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nosepxHocTH dQ, a TenecHne
yrJbl, HMEIOIHe BepIUHHBEI B
LHEHTPE 3TOTO 3/IeMEHTa H ONH-
paroinrecst Ha Topust dQ; 1 dQ,
cBeroBo# TPyOKu, dQ; # d€%.
SN v 1sine Ecau yrasl MexIy HOpMassiMHi

g K mmomankam dQ, ¥ dQ,
\ IIpeJIOMJIEHHOH OChbIO CBETOBOH
TpyOKH 0603HAUHTL Yepes &,
de N\ a8 H &, COOTBETCTBEHHO, TO IO-
JYUHM:

dQl = (dQ[/l%) (o0} 31 H
dQ, = (dQo/5) cos gy,

dp rge l; B I, — paccTossHUS MEXK-
Ay ueHTpamu miomaiku dQ u
miaomanok d@Q; u dQ, coor-
BETCTBEHHO.

Ecau BeplUMHBI TEJECHHIX YIVIOB NMOMECTHTh B IEHTPH IJIOMALOK
dQ, u dQ,, a KoHTYp miomwaiky dQ HPUHATb 332 HANPABJSIOULYIO, TO
3HAYEHHA 3THX TeJNeCHHX YIVIOB OYAyT COOTBETCTBEHHO PABHLL:

dQ = (dQ/R)cose u dQ’ = (dQ/i3)cose’,

rjie € ¥ g’ — YIVIBI MajieHus ¥ NPeJOMJIeHHs] B NeHTpe momaiky dQ.

Paccmorpum cBeToByio Tpy6ky ¢ topuamu dQ; u dQ,, cocrosimyio
U3 ABYX yacTeH, IpaHMLeHd KOTOpBIX sBJsiercs mjomanka dQ. Ha
ocHOBaHMM HHBapuadra (197) mosyuum ciaelyiomue fABa paBeHCTBA:

dQ, dQ, cos g, = dQ dQ cos &

dq,cose, \

oy, 4

Puc. 92. Cxema A/1s BHBOA2 HHBapHaHTa
Hirpaybens

H
dQ dQ’ cos &’ = dQ, dQ, cos e,,

H3 KOTOPHIX CJefyer, UTo

dQ;dQcose, _ dQ, dQ, cos ey
dQcose ~  dQ'cose’ (198)

O6paruMcss K pHc. 92, HA KOTOPOM IMOKAa3aHHI 3JeMeHTapHHIe
mromanky dQ u dQ;, paccTosiHue MeXAy HEHTPaMH KOTOPHIX [;.
TesecHslt yroJa, coorBercTBylomuf muomanke d@y, ¢ BepuIMHO# B
neHrpe muomaakd dQ oGosnHauum wepes d2. Dror TenecHul yroa
Bhicekaer Ha chepe papuyca [, naomanxy dQ, cos &, (yroa g, — yron
MeXAy HOPMaJIfIMHU K IJomagkam). ¥Yroi de coxpaHseT cBoe 3HaUeHHe
H LI IpeJOMJIEHHOR uacTH cBeTOBOf TPYOKH (Ha PHCYHKE He MOKa-
3aHa), TaK KakK JIyuH [PH NpeJOMJEHUH He BHIXOJSAT H3 ILIOCKOCTH
najieHus.

[To onpenenenuio TenecHoro yraa dQ = dQp cos el 3.

ITnomajr BEHICEKaeMOTO STHM TEJIECHEIM YIJIOM 3JeMeHTapHOro
yuacrka cepsl, KOTODbIH MOMKHO CYHTATH MPSMOYTOJILHHKOM,
dQ; cos &; = [; sin e dol,de.
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CnepoBareabHo,
dQ = sin ¢ de do. (199)

[o amasoruu AIst NpeJOMJIEHHOH YacTH CBETOBOH TPYOKH
dQ’ = sin &’ de'dg. (200)

[Tpu mudepeHUHpOBAHUE YpaBHEHHUSI 3aKOHA NPeJOMJIEH Usi
ny sin & = n, sin ¢’ noayuum n, cos & de = n, cos ¢’ de’.
[lepeMHOXasi NieBble W TpaBble YacTH JBYX NOCAELHHX PaBEHCTB
U yMHOXas uX Ha dg, Haxojuum:

nisinecosede dp = njsine’ cose’ de’ do. (201

ITocsenoBarenbHasi nojcraHoBKa paBeHCTs (198)—(200) B dopmysry
(201) paer coreAywoomH# HHBAPHAHT:

ni dQ, dQ, cos g, = n3 dQ, dQ2, cos &,. (202)

Dror uEBapuant — unsapuanm lImpaybess — uMeeT MeECTO IS
CBeTOBOH TPYOKH C JIIOOBIM YHC/JIOM IpeNoMJeHHH, T. e.

nidQ; dQcose, = n51 dQq,; dQq,1 COS Eq,s, (203)

Tlle ¢ — YHUCJO. IPeJOMASIOMUX ToBepXHOCTe .

Has cnyuas pefictBus sepKaanoﬁ OTpaXKamiell MOBepXHOCTU
opu |ny| = |ny] u |e| = |e’] u3 pasencrs (199) u (200) cuienyer,
yro dQ" = dQ, T. e. IpHU OTpaKEHHU JIeMeHTAPHOH CBeTOBOU TPYOKH
3HaYeHHS TeJEeCHBIX YIVIOB, OMUPAIOMHUXCA HA OTPAXKAOMYIO IJIomal-
KY, B NPOCTPAHCTBAX H300pakeHUH M MPEJAMETOB COXPAHSIOTCS, a
pHBapuaHT Lrpaybens Aus ofHOH oTpaxalomel NOBEPXHOCTH HMeeT
BUJL:

dQ,dQ; = dQ,dL,. (204)

Husapuant Ultpaybens, npelcrasiednsiil popmynamu (202)—(204),
HEMeeT MeCTO IPH IOCTOSHCTBE IIOTOKA H3JIYYeHUA KaK NpU IpesoMse-
HHH, TaK'H NPH OTPaxKeHUH.

Hcnonbsys noHsTHe reoMerpHueckoro dakrtopa dG, noayuuM,
uro n*dG = const.

Ecnu cBeroBasi Tpy6Ka 3anoJiHEHA ONTHYECKH OXHOPOAHO CpeloH,
TO $IPKOCTh CBETOBOIO ITydKa He uamensiercst [L, B popmynaax (191)—
(194) .

Ilpn npenomseHuH cBETOBOE TPYOKHM B YCJAOBHAX TOCTOSHCTBA
notoxa uaayuenus d®, u NpPH pasHBIX IOKasaTeldX IpeNOMJCHHUS
n, M fy B NPOCTPAHCTBAX IpeaMeTa W H300paeHHsT HMeeM:

IJs1 npoctpatctBa npeameroB dD, = L,,dQ,d%, cos g;

L7151 mpocTpaHceTBa usobpaxenuft d* P, = L,dQ,dRQ,; cos g,.

[lpupaBHUBas npaBele 4acTH 3THX PABEHCTB U HCNOJbL3YS HHBA-
puant Hrtpaybens (202), nonyuaeMm Ans OLHOH NpesoMJsiOnied no-
BEpXHOCTH

Ley = (ny/ny)* Ley.

17



Jis nocaeloBaTenbHBIX TPEJOMJIEHHH depe3 g noOBepXHOCTEH
3HepreTHyecKas sipKOCTb Ha BHIXOLE CHCTEMBI

Lq+1 = (ﬂq+1/n'1)2 Lel- (205)

M3 cdopmynsr (205) crenyer, 9To OTHOLIEHUE 3HEPTETHYECKOH sip-
KOCTH K KBaJpaTy IOKas3aTeJs TNpeJOMJeHHss WHBADHAHTHO Ha BCeM
NPOTSKEHHH 3JIEMEHTAapHOTO MYyYKa, HE HMEIOHIEro NOoTepb 3a CyeT
NOTVIOIIEHHST H OTPaxKeHHs.

Bce 3aBHcHMOCTH, NpHBeleHHBIE B 3TOM Haparpade, OTHOCSATCS
H K CBETOBHIM BEJHUHHAM.

41. KeadduuuedT nponycKkaHUs ONTHYECKOH CHCTEMBI

Ilpu wnanoxenuu Matepuana mnpefblAyllero mnaparpada
NOTOK H3JyYeHHs B JIOO0M CEUEHHU CBETOBOH TPYOKH NPHHUMAJCS
nocTosiHHBEIM. OHAKO NIPH NMPOXOXKIAEHUH U3JyUeHHs uepe3 IpPaHHILy
pasjena Cpel M HX TOJINY HMMEIOT MECTO NOTePH B BHAE OTPaKEHUS
YAaCTH NOTOKA Ha NPEJOMJSIOUWIHX NMOBEPXHOCTAX, NOTJIOMEHHS YacTH
NOTOKAa Ha OTPaXKarollNX HOBEPXHOCTNX, IOTJIOHIEHHS H PACCESHHUS
B TOJIIE ONTHYECKOH Cpejsl.
OTH TOTepH OLEHHBAKTCH KO3pPHIUEHTAMH OTPaXKeHHs O, NMOIJIO-
IIEHUA o H CBETOPAcCesHHs O;

p= (De, p/q)e; &%= cDe. a/(De; g= (De. U/cDe,

rae O,,, — OTpaKeHHHIH OTOK H3AYUEHHS! Ha PeoMsIomEel M0oBepX-
HOCTH (eC/IM TIOBEpXHOCTb [NOJIKHA JeHCTBOBATbH KaK OTPaxKalomas,
10 O, , — BTODHUHHIE NOTOK NpPH oTpamenun); O, — NMOTOK H3Iyde-
HHs, NOCTYNHBIIMA Ha BXOXA oONTHYecKoH cucrems; @D, o — TMOTOK
H3JIyUeHH s, OTAOIEHHBIH B TOJIIE ONTHUECKOH Cpe/ibl UK Ha NOBEpX-
HOCTH TIpH ee JeHcTBuy Kak orpaxawuiel; @, , — NOTOK M3JYYeHHs,
paccestHHBI B TOJIIE CPeNHI.

Ecau uepes ; 0603HAYNTb MOTOK, NPOMICAIHE ONTHYECKYIO CHC-
TEMY, TO KO3pbHLHEeHT nponyckanus cucrembl T = Oy /O,.

TakuMm obpazowm,

Do+ Q0+ Dy, g+ Qo =D, ut pta+to-+1v=1

[lpy pemeHHH NpakTHYECKUX 3aay KO3(DOUIHMEHTH IOMVIOMEHHUS
¥ paccesHHd (mocseHHe OObIYHO Majibl) OGLEAHHAIOT B COUH KO3pPH-
UHEHT TOTJIOLIeHHS «.

KosdpduuuenTsl oTpa¥eHHsi, NOIVIOMEHH H NPONYCKAHHA SIBJA-
I0TCSl ONTHYECKMMH XaPAKTEPHCTHKAMH ONPefie/IeHHON CPEbl H 3aBUCAT
OT JANHHB BOJIHBI. TakuM 06pas3oM, 3TH KO(POUUHEHTHl SBJISIOTCH
CIeKTpaJbHHIMH M obosnauatorcst p (A), o (A), v (A).
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Hurerpanbuple  3HayeHMs 3THX  KO3(D(HLHEHTOB OnpeNesioTcs
BBIpAXKEHUSIMH BHJA

Ay As
p= [ Doy / § o (1) b, (206)
Ay M

rae O, () — cnexTpanbHas MJIOTHOCTh NOTOKA H3JYYEHHS.
Jlist cBeTOBOTO IOTOKA

0,77 0,77
p= [ vomemar| [ Voyo,0yd. (o)
0,38 0,38

Berurcaenus mo cdopmyram (206) u (207) npu TaGaIHYHOM HJH
rpaduuecKoM sallaRMy MHOXHTeJeH, BXOASMMX NOJ 3HAK MHTErpana,
MOTYT BBINOJIHATLCA YHCAEHHO HJIHM TpapHuyecKH.

Ilna onpegenenus KospQUIHMEHTa NPONYCKAHHS ONTHYECKOH CHC-
TEMbl PACCMOTPHM TIOTEPH CBETOBOTOG IIOTOKA 3a CYeT OTpaXkKeHHs M
NOTJIOUIEHHST CBETa.

KosdounuenT orpamenus p Aas NpeJOMAAOmMEN NOBEPXHOCTH
onpefiesaloT no Gopmyne ®penessi:

L [sin?(e—e’) tg? (e —e’)
e —T[smz (e+¢) + tg2(e &) J’ (208)
TAe & ¥ &’ — yrabl NajeHHsl U NPEeJOMJEHHS COOTBETCTBEHHO.

Ecau yron e najesus jyya Ha NOBEPXHOCTb MaJj, TO dopMmyaa

(208) npuHHMaer BHA:

p = [(n" —n)(n + )k, (209)

rie n H n' — NoxasaTeJH IPEJOMJEHHS CPES.

Ha puc. 93, a nokasana 3aBHCHMOCTb KO3(hDHUIHEHTA OTPAKEHHUS
p OT yrJa najeHus Ha rpamune BosayX (n = 1) — creksmo (n' =
= 1,5183). M3 pucynka cjienyer, yto ajs yraos najenus o 40°
KO3(pQUIHEHT OTpaXKeHHs YBEJUYHBAETCS HE3HAYHMTENbHO, 5TO AJS
fOJIbIIMHCTBA ONTHYECKHX CHCTEM TO3BOJISIET CYATATh O = const
U BBIYUCAATL €ro mo gopmyse (209). 3aBucumocth XKo3hQHLIHEHTa
OTPaXKeHHS OT TMoKasaressi NPEeJIOMJEHHS crekaa n’ mpu 1 = |
(Bo3ayx) mama Ha puc. 93, 6 [mo

dopmyae (209) ). st »

Ecsn onTHueckHe H€TalH co- g4i 0,08
©MHSAIOTCS ONTHYECKHM KOHTAK- gpl 0.06
TOM HJIH CKJIEHBAKOTCA 6anb3aMoM 44| ,7os 5785 004
(n = 1,52), TO BCameNCTBHe He- ozl 402
60NbIIOA PAa3HOCTH NoKasaTteneli ) B A
npenomienus (1o 0,2) norepu 010 30 50 70 £° 1012 44 1618 n’
CBETa HAa OTpakeHHE He YYHThHI- “ 2
Baorca. Hanpumep, ana n = Puc. 93. 3aBucumocts, Kos(ppu1HenTa OT-

= 1,52 u n’ =1,72 p =0,0038, pameam:m .
T. e. 0,4%. BcpelHem 115t ONTH-  apenomnsing | o7 0 = of nokasatens
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YeCKHX CTEKOJ, I'PaHHYAlUX ¢ Bo3fayXoM, p = 0,05 (5%). B cuaox-
HBIX CHCTeMax IOTepH CBeTa Ha OTPaXkKeHHe MOTYT COCTABJAATH NpH-
mepHo 30...40%), rak Kak
k=N
p= TIT ps,
k=1
rie N — 4uCJO I'DaHHUI BO3LYX — CTEKJO HJAM HaoBopoT.

Caenyer Takke OTMETHTD, UTO SIBJECHHE OTPAKEHHS OT IPEJOMJSAIO-
KX [OBEPXHOCTEH BCJEACTBHE BTOPHMYHEIX OTPayKeHHWH NPUBOAMT
K CHHXEHHIO KOHTPACTHOCTM H3006paxkKeHHf. IT0 UJJIOCTPHPYET
puc. 94, Ha KOTOPOM 3a CYeT BTOPHYHOIO OTPAKEHHs BTOPOE (1apasuT-
Hoe) u3o0paxkeHHe TOYKH A coBmago ¢ H306pakeHHeM TOYKH B.
Msobpaxenne Toukd A mosyuaercs He TOJILKO B CONPSKEHHOH ¢ Hell
Touyke A’, HO ¥ B Touke A{, ¢ KOTOpO# coBIAfALT U306paKeHNE TOUKH
B — touka B'.

s ymeHbmeHus KosbpHIUEHTa OTpakeHHs HCHNOAb3YIOT MPO-
CBETJIEHHE NPETOMJISIONHX MOBEPXHOCTEH NyTeM HaHECEHUS Ha HUX
OJIHOH HJIM HECKOJbKHX TOHKHX IJIEHOK, 06eCneuHBAIOIHUX B Pe3yJib-
TaTe HHTEPQEepPEHUHUH PEe3KOe YMeHbILICHHEe OTPAMKEHHO! UYACTH IOTOKA
H3/IyueHHsi. TOJIIMHY IVIEHKH OHpelensiioT no ¢gopmyie

d &~ (2k 4 1) M(4ng, cos &’),

rie A — AJMHA BOJIHBI; fg, — HOKasaTelb MNPEJOMJCHHS MJEHKH;
e’ — yroa npenomnenus; k — 0, 1, 2, 3,

Uucaao k& moxkeT 6bITh JOOBIM. 111 MOJHXPOMATHYECKOIO H3JyYe-
Husl KO3hdUIHEHT oTpaxeHHs OyleT HamMeHbIuuM npu & = 0. Tlpu
k=0wuc¢e =0 rommuaa d = A (4ngy).

IToxasartesp mpesoM/ieHHsS MJIEHKH OpU n = 1 Mau n' = 1

App = ]/ncTy (210)

TIe fgp — NOKa3aTesab NPEJOMIECHHS ONTHYECKOR JeTaJH.

Caefyer 3aMeTHTDb, YTO OTPaykeHHe OT NPOCBET/ICHHBIX IPeJOMISIO-
KX INOBEPXHOCTEH, a4 CJeHOBATENBHO, M MPONMYCKAHUE ONTHUECKOMN
CHCTEMBI SIBJISIOTCS CEJEKTHBHBIMH.

B cOOTBETCTBHH ¢ TNOKasaTejNsMH DPEJOMJEHHS ONTHYECKHX
CTeKoJ (fer = 1,47...1,80) noxasaresn npesoMaeHNs POCBETASIONIHX
nierok [em. dopmyay (210)1 BuGupator B unteppane 1,21...1,34.
B xauecTBe MaTepHanoB M 06pasoBaHUs IIEHOK HCMOIb3YIOT (TO-
PHCTHIH MarHHf M KDHOJHT, HAHOCHMBIE HCIAPEHHEM B BaKyyMe

(pusnueckust meron). Onua-
8 KO MeXaHWYeckas  mpou-
,  HOCTb TJIEHOK M3 3THX Mate-

A 4 pnajoB HelocTaToyHa, dTO
OrpaHHyMuBaeT MX IMpPHMEHE-

4, ude. Ilostomy BO MHOTrHX

8"  caydasx TJeHKY HaHOCHAT

Puc. 94. D¢bekT BTOPHUHBIX OTParKeHHH OCa)KJieHHeM BellecTBa, Ha-
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HAaNpHMEp AMOKCHIA KPEMHS WJIM THTaHA, H3 €ro CIHPTOBOrO pacTt-
Bopa (xuMuueckui meron). [Ipn 3ToM moJsyvaercss NpouHas NJeHKa,
HO HMeroulast GOJIbILOH MoKasaTesb NpeJomieHus (~1,45), uto cHu-
KaeT 3h@PeKT NPOCBETJICHHUS.

HMcnoab3oBaH#e ABY X- H TPEXCJIOHHOrO MPOCBETICHHS NPESOMJSIO-
IMUX TNOBepXHOcTeH ofeciTeuHBaeT yMEHbLIEHHE OTpaXKeHHOTO CBeTa
o 1...0,5% npu Xopome#i MexaHHYeCKOH IPOYHOCTH NOKPHITHS H
[OCTOSHCTBE CIIEKTPAJbHOTO COCTABA H3JYUYEHHS.

Il1s oTpaXkamomux noBepxHocrell (3epKas) HCMOJIb3YIOTCH MOKPHI-
THS M8 aJIOMHUHHS, cepebpa, 30J0Ta, POAHS H Ap.

CnextpasbHblfl KOSDOHUHEHT OTPaKeHHA 3THX MeTaJlJ0B pacCyH-
ThiBaloT o dopmyae p (L) =1 — 365y 1/(oh), rie A — AAMHA BOJIHEI,
MKM; G — yJeJbHas NpoBoAuMocTb, CM/M.

Hanpumep, i amoMHHHEBOrO NMOKPHITHS, KOTOPOE MOXKET OHITh
NOJYYEHO HCIapeHremM B Bakyyme, npu A = 0,5Mrm p = 0,93,
C pocTOM JJIHHBI BOJIHE OTpasKaTeibHas CIOCOBHOCTb HOBHILIAETCS.

TlpeoMnenHas 4acTh TOTOKA H3JYUEHHS MPOXOIUT CKBO3b TOJIIY
ONTHYECKH OJHOPOXHOH Cpelnl H, KaK yXKe YKa3hBajoch, YacTHYHO
HOTJIOmaeTcsl W paccenBaercsi 3ToH Cpefoi.

[Ipowmeninee usanyyenHe (6e3 yuera paccesiHHs) OUEHHBAETCH IO
sakony byeepa—Jlambepma:

To = (1 — o))’ =1l @11)

TIe Ty -— KO3G(UUHEHT BHYTPEHHETO MPONYCKAHHA; O; H Ty —
Ko3(bQHIHEHThl NOIVIOMIEHHS W INPONYCKaHHS COOTBETCTBEHHO I8
TOJNMIYHBL cTeksaa 1 cM; [ — TOJIIMHA CTEKJIa, CM.

Ec/u mpomyckaHne OIGHHBATL C YYeTOM IOTEPb Ha OTpaxkeHHe
Ha JIBYX NOBEPXHOCTHX ONTHUYECKOH AeTasH, HaXolsleHcs B Bosayxe,
TO OOMME KO3(hDHIHEHT NPONYCKAHUS T = RpTy, The Ry, = 2n/(n® +

1).

Ilnsi pacuera crexTpa/ibHBIX KOS(hOHIHEHTOB BHYTPEHHETO IpO-
NyCKaHHs NIPH TOJNIIHHE CTEKJa, OTIMYHOH oT | cM, mefecoobpasHo
HCIIOJb30BATh ONMUHECKYIO NAOMHOCTb

1
D(\) = lgmz —lg e (A). (212)
N3 sakona Byrepa—Jlambepra (211) cienyer, uro
D (A) = IDy (M), (213)

roe ! — ToamKHa cTekJaa, cM; Dy (M) — onTHYecKas NJOTHOCTh HJIst
TOJIIHHBL CTEKJA | CM.

Ecau cucrema coctouT M3 m cpel ¢ H3BECTHBIMH ONTHYECKHMHU
NJIOTHOCTSMH (CHEKTpaJIbeIMH A5 OI'IpElleJIGHHOl‘;I JAJIHHBl BOJIHB! HJIH

UHTETPaJbHLEIMU B ONpejlesleHHOM AHalasoHe IJIHH BOJH), To ofuias
ONTHYeCKAas NJAOTHOCTb

i=m

DM = Y DM

i=l
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O6muft KoapbruHeHT NPONYCKaHHS ONTHYECKOH CHCTEMBI, COCTOSI~
mell H3 m ODPO3pauHbIX cpef,
k=q+1 j=m .
t=(1—=p(l—a)= IT (1—py) IT (1 —ay,)"s
k=1 j=1
s onTHYeCKO# CHCTEMBI, COCTOSAINEH U3 MPESOM NAOIMHX U OTpa-
JKAOMKX NoBepXHocTeH, KO3(POHIHEHT NPONyCKaHHUSH

k=g-+1 j=m ; n=Ng  p=n,
T= knx (1 — py) ;Hr(l_a”)i Hl pon 1 1.,
= = n= p

rie pP; — Ko3hpULHEHT OTPaKEHHS B8epKal H CBETOAEJTHTEJNbHBIX
NOKPHITHH («IIONYNIPO3PAUYHBIX» 3epKaa); Ny — HX UHCAO; To — KO3(-
(PHIMEHT NPONYCKaHH CBETOACJHTENbHBIX IIOKPBITHH; Ny — HX UHC/IO.

3ameruM, 4TO AAS NPHOJIHIKEHHBIX BHUHCAeHHE Kos(dHUHEHTA
NPONYCKaHHSl ONTHUYECKOH CHCTEMBl ClefyeT YYHTHIBATH TOJIBKO TE
NPEJIOMISIIONIYE OBEPXHOCTH, KOTOPHIE I'DAHHYAT C BO3AYXOM; IJS
BCEX NOBEPXHOCTEH CTEKOJ C HoKasarteJsamu npeaomyesus 1,4...1,6
(KpOHBI) MOXHO NPHHATD Pyp = 0,05, A5 crekoa ¢ n > 1,6 (bnunter)
Pon = 0,06; xosdduunHeHT NOIJIOMEHHs AN TOMMUHB BCEX CTEKOJ
l'em oy = 0,01 (I — cymmapHas TOJIMHA BCeX CTEKOJ B CAaHTHMETPaX
BIOJIb ONTHYECKOH OCH); NOTEDH Ha MOBEPXHOCTAX, HA KOTOPHIX HMEET
MECTO NOJIHO® BHYTPEHHEe OTpPaXKEHHE, He YUHUTHIBAIOTCS.

Torpa Ass ONTHYECKOH CHCTEMBbI, HE HMEIOUIEH NPOCBET/ISIONHX
H CBeTOJE/NHTEJbHBEIX MOKPHITHH,

© = 0,95"%00 94" ®n0 991 Ne.

Tie Ngp — HHCJIO HECKJIEEHHBIX TIOBEPXHOCTEH KPOHOB; Ng, — uHCIO
HAKJeeHHBIX NoBepxHocTeH (UInHTOB; N, — UYHCJIO 3€pKajbHBIKX IIO-
BEpXHOCTEH.

Ins cepeGpsinoli oTpaxaronie NOBEPXHOCTH, HAKECEHHOH C ThUIb-
HOH CTOPOHHI ONTHUECKOH netanH, p; = 0,85, mia ajoMuHHeBOH mo-
BEPXHOCTH, HaHECEHHOU C JMLEBOHA CTOPOHEI, P, = 0,87, AN oKcuIH-
pOBaHHOR aMOMHHHEBOH IoBepxHoctH p; = 0,8...0,84 [6, 35].

42. JlpoxoxaeHHe MOTOKA H3Ay4YEeHMSI yepe3 CBeTODHABTD

Csemogpurompom Has3blBaeTCst ONTHUECKAs JAeTanb, H3ro-
TOBJEHHAs] H3 cpelrl, objajaiomell H3OHpaTeJbHLIM IPONyCKaHHEM
cBeTa. D7a HeTasb 0OBIYHO OTPaHHUYMBAETCS TMapas/ebHBIMH NJI0CKO-
CTAMH H MOMKeT ObITb BBINOJIHEHA M3 LBETHOTO CTeKJa, MJacTMace,
XKEJaTHHBl W JAPYTHX ONTHYECKHX MAaTePHANOB, BKJIOUAS KUIKOCTH
H rassl.

TIpeAnouTHTENIbHBIM MaTePHAMOM LJA CBETOOHIABTPOB SBJSETCS
useTHoe onthueckoe crekyo ([OCT 9411—75), MapKu KoToporo onpe-
LeJISIOTCS €ro CIEKTPanbHBIMH CBOMCTBAMH, a4 HMEHHO: YJIbTpaduose-
toBele cTekna (YPC), ¢uoneroseie (PC), cunue (CC), crHe-3eneHBIE
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(C3C), senenpie (3C), xento-zenensie (PK3C), xearvie OKC), opanxe-
Brie (OC), xpacueie (KC), uadppaxpacuee (MKC), nypnypuue (TIC),
nefirpassHee (HC), remune (TC) u Gecusetnrle (BC). HasBanue nper-
HOTO CTeKJ/1a COOTBETCTBYET Y4YacCTKy CIEKTPa, B KOTOPOM KO3(dH-
nHeHT nponyckanus v (A) umeer Haunbosbiuee sHauenue. CBeToGUNLTPEI
H3 HeHTPaJbHOrO. CTEKJAa TNOYTH PaBHOMEPHO OCaab/fI0T CBETOBOM
NOTOK, M3 GECUBETHOTO CTEKJa — [IPONYCKAIOT HE TOJbKO BHAHMMOE,
HO ¥ yJabTpaduosieToBoe H HHPpaKpPacHOE H3JIYYEHHS.

CriexTpanbHasg XapaKTepHCTHKA CBETO(DU/IbTPA BhIpaXkaeTcsi 3Ha-
YeHUAMH NOKasatens mnoromedus K, NS pPAa3JHYHBIX JIJIHH BONH
H CNEKTPaJbHbIMH KDHBBIMH ONTHYECKOH mioTHOCTH D (M) M Koadpdu-
uxenTa nponyckanus T (L), KOTophie CBsI3aHbi MeXLy coGof cuaenyio-
el 3aBHCHMOCTDIO:

D () = —lgt, (\) = Ky, (214)

cootBeTcTBYIOMmeEl dopmynam (212) u (213).

B dopmyne (214) nokasaresb norsomenus K, sBAseTcs ONTHue-
CKOH MJIOTHOCTBIO IJISl TOJIIHHBI CTeKJa | MM, d — TOJUIHHA CBETO-
dunbTpa, MM.

Ilpu yuere nortepb Ha OTpPa)ke€HHE OT ABYX TOBEPXHOCTEH CBeTO-
tdunbTpa ofinee 3HayeHHe KOPOHIHEHTA NPONYCKAHHS IS RaHHOH
IJIMHBl BOJIHBL OYIeT CJAENYIOLIHM:

TN =1 =) ®), (215)

rae P — KOo3((pUIHEHT OTPAXKEHHS.

Hs dopmyn (214) u (215) nosyuuM, 4TO ONTHYECKAs NJAOTHOCTD
CBETOQHIBTPA C YUETOM MOTEPh Ha OTPaXKEHHe

D"\ = —Igta (M) — 2lg (1 —p) =D (}) + D (p).

Js Kaxpo#t MapKM LIBETHOTO ONTHYECKOTO CTEKJA ONPEJENeHHON
TOJIIMHBl HMEIOTCH CNEKTPasbHble 3HAUEHHS NMOKA3aTessl TNOTJIOMEeHU S
K, u ontuyecko#t nuornoctd D (A) H cneKTpabHble KpHBbE KO3(bH-
uuenta nponyckanus T (A). Ha puc. 95 nokasan npumep takoil kpu-
Boit ana cseropunprpa C3C 16 tonmuuoir 2 Mmm. M3 mpusesesHoro
npumepa caenyer, uto csetoduiabtp C3C 16 norsiomaer wudpaxpacHoe
uaayuenue, s A = 500 HM KO3(QDUIHEHT TPONYCKAHHS HAHGOMbIIH.

Ha cnextpajbHofi KprBo# KO3dOhHIHEHTAa NPONYCKAaHHS MOXHO
OTMETHTb NPefe/bHBIE AJIHHBL BOMH Agp, AJMs KOTOPHIX T (A) B 2 pasa
MEHBLIE Tmay. DTH LJHHBI BOJH ONPENEJISIOT HHTEPBAJ NPONYCKAaHHUS.

[Tpn wucnonbsoBanuH CcBeTOOHJABLTPOB B (oTorpadu IS HHX

)%
Puc. 95. CnekTpanbHas xpupas 0
K0o3hOhHIHEHTa NPONYCKaHHA st
ceetopuabTpa C3C 16 ToawmuHOR 0 .
2 MM ' ot
300 (400 500 600 (700 800 904 7000 A ,5m
HAxmepban
nAPONYCRanus
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BBEJI€HAa JIONIOJIHHTE/bHAS XapAaKTEDUCTHKA, HA3biBAEMas KPAmHOCbiO.
310 — uYUCI0, HOKa3hIBAIOIIEE, BO CKOJBKO Da3 HYXKHO yBEJHYHUBATh
BBIJEPKKY (HJIH YBEJHUHTH OCBEIIEHHOCTb H300PaXKEHHs C MOMOLIbIO
Up HCOBOH Juadparmel) IPH CbeMKE C JaHHBIM CBETO(QHIBTPOM MO CPAaB-
HEHHUIO CO CBHEMKOH 6€3 cBeTo(puJbTpA.

Kpowme cBeTOOHABTPOB K3 LBETHOIO CTEKJA M APYTHX MaTePHaJOB,
NOTJIOIAOMKHX H3JIVUEHHE H Ha3bIBAa@MBIX abCopOyUOHHbIMU, HIHDOKOE
IpHMEHEHNe HAXONSAT UHMEPHePEHYUOHHbIE CBeMODUAbMPL, BBLIESIO
MIHe H3JyuyeH:e B Y3KOH CHeKTpasfibHOH 06/1aCTH C BBICOKMM KO3hdu-
LHEeHTOM nponyckaHus. [JeficTBHe 5THX QHIBTPOB OCHOBAHO HaA siBJe-
HUH HHTepdepeHIUU B TOHKHX IJIEHKaX, HAHECEeHHBIX Ha NPO3PaYHYIO
OCHOBY.

43. OcpemieHHOCTb H300paXkeHHs, co3jaBaemasi
NOTOKOM H3Jy4eHUS! MPH ACHCTBHH ONTHYECKOH CHCTEMBI

TloToK M3Jsryyenus, Dpoweul yepes oNTHIECK VIO CHCTEMY,
ociabasiercs. Ha BXoj onTHuecKofl cHCTeMBl {BO BXOJHOH 3pavok)
nocrynaer notok lcm. ¢opmyny (1911

d®, = nL,dQ sin? oy,

rne L, — >HepretTHuecKas sSpKOCTb H3J1YUaloulero yuactka dQ mosepx-
HOCTH, PACIOJIOXKEHHOTO NEePIeHANKY/IsI PHO K ONTHYECKOH OCH U mepe-
CEKAEMOTO €10; O — aNepTYPHBIH yroJa B IPOCTPAHCTBE MPEAMETOB.

[ToToX H3/yYeHHsi, POIEAIUE ONTHYECKYIO CHCTEMY H Nafaromui
Ha maomanky dQ’ [em. dopmyny (192)]1, ¢ yuerom kosdduumenTa
NPONYCKaHHs T ONTHYECKOH CHCTEMBI, @ TaKXKe H3MEHEHHS SPKOCTH
no dopmyse (205) Gyaer CACKYIOMMM:

d®; = v (n'/n)2 nl, dQ" sin? o, (216)

rie n’ ¥ n — NOKasaTesH NPeJOMJEeHHs CPelbl NPOCTPaHCTBa u306pa-
JKeHHH W IIPOCTPAHCTBA NMPEAMETOB COOTBETCTBEHHO; G4r — alepTyp-
HBIH yroJ B IPOCTPaHCTBE H300paxKeHuH.

Kpome Toro, moTok H3/Jy4eHUs, BBIXOASIMIMH U3 ONTHYECKOH CHC-
TeMBI, Ha OcHOBaHWK ¢opmyJnl (191) ¢ yuetom kosdpdunuenra mpo-
NYCKaHHs

d®; = tnl, dQ sin* . (217
[lpupaBnuBasi npaeeie yacti Qopmya (216) u (217), nmonyvaem:
dQsin?6, = (n'/n)? dQ’ sin?oa-
HJH
2 i / 2 . 9 .’ . d Id
n?sin? o,/ (n"" sin?gx-) = dQ’/dQ.
3aMmeHsist OTHOILEHHE CONPSiKEHHBX miomanok dQ’ u dQ sa ortHo-

HIEHNe KBaJPATOB CONPsIKEHHBIX OTPESKOB Y’ U ¥, TPUXOAMM K YCA0BUIO
CUHYCO8:

nsino,/(n' sinoar) = p,
rjae P — sdHefiHOe yBeJMUEHHME ONTHYECKOH CHCTEMBI.
124



DroMy YCJIOBHIO AO/KHA YIOBJETBOPSTb ONTHUECKAS C MCTEMA,
H306pacKalomas 3/1eMeHTapHYI0 IJIOUAAKY, PAaCHONIOXKEEHYIO IEpNeH-
IUMKYJISIPHO K ONTHYECKOH OCH M NEPeCceKaeMyio elo, MPH JI00bX KOHEey-
HBEIX 4MePTYPHHBIX YIJaX Oa U Ga-.

OcBemennoctd H3oGpaxenusa E, = d®./dQ" moxer GbiTb BHIYHC-
JieHa MO OJHOH H3 JBYX (popmy.:

e =1 (n'/n)? nl,sin? oj-

HaH E; =tnl,(dQ/dQ’) sin? 04 = tnl, sin? 0,/p% (218)
3amerum, urto GOIbUIAA YACTh ONTHYECKHX CHCTEM HAXOAUTCS B
Bo3gyxe, mostomy n = n’ = 1. CiefoBatesbHO, B 3THX CJydasx

OCBEIIEHHOCTh H300pAXKEHHS 3JIEMEHTAPHOH INIOMIANKH, NEpIeHIU-
KyJsfipHOH K ONTHYECKOH OCH U NepeceKaeMoll moctefHed,

E; = tnl,sin® gy, (219)

IlpencraBum sin 0~ B BUAE, YAOOHOM AJsl BBHIMOJNHEHHS BBIUHCIE-
au#. Tak, AJas oOTHUECKOH cHCTeMbl, NOKA3aHHOH Ha puc. 96, MOXKHO
3amnMcaTh:

tgoa- & sinopr & 0,6D'/(2" — zp/), (220)

rae D’ — IuameTp BHIXOJHOTO 8pauka; Zp- U 2 — OTPE3KH, Onpeje-
JISIIOMNE TMOJOXKEHUS BBIXOAHOTO 3PAauKa M IUIOCKOCTH H300DaXKeHHS.
Ecnn suBefiHoe yBeauueHue cucreMsl f, a JuHEHHOe yBenueHue
B spaukax Pp = D'/D (D — puamerp BXOAHOTO 3pauka), 1o 2’ =
= —Bf"; zp- = —fpf’, Toe [* — 3anHee HOXyCHOE pACCTOSHHE ONTH-
9eCKOH CHCTEMHI.
Takum obpasom,

sin oa- &~ DB p/12f" (Br — B)]. (221)
Brecem 3Hauenwue sin ¢)» mo paBeHCTBY (221) B dopmyny (218):
E; = (n'/n)?val, (D/f")* B3/14 (Br — ). (222)
Ecnu, Kak 3T0 uacto OwiBaer, JHHEAHOE YBeJHUEHHe B 3paukax
Br~ 1, 1O

E; = (n'/n)?wnl, (D/f 314 (1 — B, (223)

a JUI ONTHYECKOH CHCTeMBI, HaxXojgmelicss B BO3AYXeE,
E. =L, (D/f' Y4 (1 — ). (224)

ag,

Bx.3p.  Beix.3p.
D D’

Puc. 96. Cxema past onpenede-
HHS  BHXOJHOTO  alepTYPHOro
yriaa

aq,
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B cayuae, xoria npeimer Haxoautcs B GecKoHeyHoctH (B = 0),
OCBEIEHHOCTh OnpefenseTcs 1o dopMmynam

E¢= (n'/n)2wnl, (D/f")%/4 (225)

Wi (npun’ =n=1)
E, = wnl, (D/f')*/4. (226)

OtmeTnM, yto B dopmynax (222)—(226) Ha OCHOBAHHH PABEHCTBA
(190) 1 c yuerom KoadduIHeHTa OoTpaxenus p Aubdy3HO paccedBaro-
11e# NoBEPXHOCTH, CBETAIIEHACA OTPaXKEHHBIM CBETOM, MOXKHO NPHHSTD,
4TOo

nl, = pE,, (227)

rpe E, — sHepreruyeckas OCBELIEHHOCTb H3JyYaomiedl NOBEPXHOCTH.

Ecan usnyuaromu#i szemert nosepxsocTH dQ; pacmosaraercs
BHe onTHYecKoH ocH (cM. puc. 96), To AJiSl ONpENeNeH s OCBEIleHHOCTH
ero usobpaxenus dQi caeiyer yuecTb, BO-IIePBEIX, H3MEHEHHE OCBE-
IIEHHOCTH OT YI'Ja ® MeXAY ONTHUYECKOH OCBIO M OCBIO MydyKa Jyuel
B INPOCTPAHCTBE H300DaxeHUH, KOTOPBIH 06pasyer usoOpaxeHue
nentpa mromarn dQ, (rmasxoro syua) [eMm. dopmyay (196)] u, Bo-
BTOPbIX, fBJIEHHME BHUHBETHPOBAHHA, XapakTepuayemoe KospdunueH-
TOM BHHbETHPOBaHHS k, (cM. 1. 36). [Tosromy ocBellleHHOCTb TaKOH
3JIeMEHTapHOH BHEOCEBOH IJIOMIANKU

E. o =koEicost’, (228)

rae E.; — oCBeIIeHHOCTh OCEBOH MJIOMAAKH, BLIUHCJAEHHAH MO OXHOH
U3 cdopmyn (222)—(226).

Y3 ananusa dopmyan (222)—(226) Buirekaer BaxKHbIE BHIBOL O TOM,
YTO OCBEIIEHHOCTb NPONOPLHOHAIbHA KBaApPaTy OTHOIUEHHUsS AuaMerpa
BXOAHOTO 3payKa ONTHYECKOH CHCTeMBbl K ee (POKYCHOMY PacCTOSHHIO.
3TO OTHOLIEHHE HA3LIBACTCH OMHOCUMEAbHOIM OMEePCmuem, a BeJid-
uuHa, eMy obpatHasi, — duagpaemennoim yucrom K. CrnegoBatenbHo,
4yeM MeHbllIe fHadparMeHHoe YHC/Io, TeM BOJble OCBEUIeHHOCTb H306pa-
KEHHUA.

2

Po__
(pp=B)?
0,75

0,50
Ry

0,25

p507
/'&/ Puc. 97. KpupHe, xapakTepHu3ylomlixe

BJIMAHHE JIHHEHOTO YBeJHYEHHS B 3pau-
f -J ~1 0 KaX H H3MEHEeHHS JHHEHHOTO YBeJHUYeHHs
Ha OCBEUEHHOCTb H306paXKeHHs

oo ]
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KBaipaT OTHOCHTE/ILHOTO OTBEPCTHS HA3BLIBAGTCH 2e0MEMpPU4EcKol
cgemocuAoii, a ero npousBecHue Ha Ko3hQUIUMeHT NPONYCKaHUs ONTH-
ueckoH cHcTeMBl, T. €. T (D/f)? — ¢usuueckoil ceemocurod.

BiusiHke JHHEHHOTO YBEJHUEHHsT B 3paukax fp Ha OCBEIEHHOCThb
M306paXKEHHsT MOXHO OLEHHTh C NOMompl puc, 97, rie Nokasamhl
KpHBble, XapaKkTepusylouine wuaMenenne sHaueduii Pp/(Br — )%,
[PONOPUMOHABHBIX OCBEMIEHHOCTH H300paKeHHus, NPH H3MCHCHHH
JIHHefiHoTo yBeauuenus P ana Pp = 0,7 u Pp = 1,5 npu mpounx
OJIMHAKOBHIX yesaoBusx., Hanpumep, nias p = —1 1upu u3MeHEHHH
JIUHEHHOTO yBejuYeHHs B 3paukax ¢ 0,7 jo 1,5 ocBelleHHOCTb BO3-
pacraer B 2,2 pasa. Onpefe/uM OCBEIIEHHOCTb H300paXKeHus, MoJy-
4yaeMoro Ha OCH ONTHYECKOH CHCTEeMBI, AJIs BXOLHOTO 3payka, HMeio-
wero ¢GopMy KoJbLa. DTOT caydad HMEET MECTO B 3€DKaJbHbIX H
3epKaNbHO-JMH30BEIX CHCTEMAaX, KOTAa LEHTpajbHasg 4acTb 3padka
aKpanupyercss (cM. puc. 6).

OcBeleHHOCTh M300paKEHHsT BHUHCAAIOT N0 GopMmye

E; = tnl (sin® Ghr ex — Sin® 0ar 1), (229)

noaygyaemofi I/l KOJMbLUEBOH GopMbl 3payKa B COOTBETCTBHH € (opmy-
Joi (217).

B ¢opmyae (229) yrosl Gjirex — BBHIXONHOH amepTypHEI# yroi,
06pa3scBaHHBIA JIYUOM, HAYIIMM Yepe3 BHEIIHHH Kpad BBIXOLHOIO
3pauka; yrod Opry — YTOJ, OOPa3oBaHHBIA JyuoM, HUAYHIUM Yepes
BHYTPEHHHH Kpal BBIXOZHONO 3payka C ONTHYECKOH OCHIO.

U3 dopmyanr (220) caenyer, 4To

D, D;

e =) _“Z;D,) P SInOh i A gy _'“ZM ,

rge D¢y u Di, — IuaMeTpnl BHEIIHEr0 M BHYTPEHHEro KOHTYDPOB
BBIXOJHOTO 3pauka; 2p- H 2 — OTPE3KH, ONPEAESIONIHE MONOXKEHHE
BBIXOJHOTO 3payKa W IJIOCKOCTH M300paKeHHs OTHOCHTE/IbHO 3aJHEro
¢oKkyca CHCTEMEL.

Jlnsi sHepreTHYECKU 3KBUBAJICHTHOH CHCTEMBI AHAMETD BBIXOAHOIC
3payka Kpyr/io# GopMel 6e3 3KpPaHHPOBAHUSA [OAYYaeTcs U3 YCJAOBHA
paBeHcTBa MJjoHIanell o6OHX 3PayKoB

DaKB = V-Dex - Dln

H COOTBETCTBEHHO BHIXOAHOH amepTypHEHIA yros — u3 (OPMYJIHE

SINORAr ox &

SI0N O4* sxe = 3/ SIN® G Ar ox — SINZ O A~ gne

Bcee cooTHOmeEHHUs, npHBeleHHbe B 5TOM Naparpade, coxpaHsioTcs
NpH 3aMEHe SHEPreTHYECKHX BEJHYUH CBETOBBIMH.



F'arnasa VII

PACYET XOJA JYYEHA YEPE3
ONTHYECKYIO CHUCTEMY

44. dopmyant pns pacyera xona ayseR Ha IBM

Ilpusenenuere B ra. [1—IV dopmyast gas pacuera xoza
Jydell cnpaBefJIHBEl JHOO IS WAeaJbHON ONTHYECKOH CHCTEMEI, JH60
JMLIb /I MapakCHaibHOH 06JaCTH peasjbHBIX ONTHUECKHX CHCTEM H
AJs MepuluoHaNbHbX JydeH. OnHaKo peasbHble H30GPaXKEHHS MPEX-
METOB, OOpasyeMble ONTHYECKHMH CHCTEMAMH, CO3JAIOTCH COBOKYI-
HOCTBIO Psifia JyueH, NPOXOAsMMX Yepe3 ONTHYECKYIO CHCTEMY B pas-
JINYHBIX CEUEHMSX: MEPHAMOHA/JIbHOM, CATHTTAJBHOM H TaK HashlBae-
MBIX KOCHIX. [To3TOMy, 4TOGBl MONYYUTb NPAaBUABHOE MPEACTABJICHUE
00 H306paxKeHHH NpexMeToB, 06 abeppauusix, a Tak®e O pasMepax
CcaMOH ONTHYECKOH CHCTeMbI, PAacCUMTHIBAIOT XOI peajbHBIX Jydelt
yepes 3Ty cucreMy. Crefyer OTMETHTb, YTO STOT PACYET BCE elle
sanumaer npumepro 50...70% o6mero BpemeHH pacyera ONTHYECKOH
CHCTEME.

B Hnacrosimee BpeMs Xof Jyueil yepes ONTMYECKHE CHCTEMBI pac-
CYHTHIBAIOT ¢ noMmoupio OBM no dopmynam Qenepa’, moayuuBium
nauboJblliee pacrnpocTpaHense. BruiBox stux dopmy. npusefed B [6,
331, nosroMy paccMOTpUM JIHLIb MMyTh PEIICHHS 3TOH 3a]auM.

[lonoxenue Jyua Ha BXOZE B ONTHYECKYIO cucreMy (pHc. 98)
ONpeliessieTC 3HAYEHHAMH HaNpAaBJSIONHX KOCHHYCOB (v; = COS Y,
By = cos B, Ay = cos ), M5 BHIYHCICHHSA KOTOPHIX HEOGXOHAHMO
3HATh MOJIOKEHUS NPEIMETHOH IOBEPXHOCTH (OTPE30K §;), MIOCKOCTH
BXOIHOrO 3pauka (OTPEe3OK Sp) H KOOPAUHATH TOYEK IEPEcedeHUsl Jyua
C 3THMH TOBEPXHOCTAMHM (29, Yo, Xo, My, M;). O603HAUUB §, = Sp —

— 81— 2o My = My — Yoy M= M; — xy; Ry=7v 8;+my-+ M
NOMYYUM:
V1 == 8,/Rs; By = my/Ra; M = M,/Rs; (230)

NpHYEM HaNPaBJAAIOMUHA KOCHHYC NPHHUMAETCS NOJOXKHTEIbHBIM, €CIH
HanpasJ/ieHHE NPOEKIHH Jyya Ha COOTBETCTBYIOUIYIO OCb COBIAA&eT
C TOJIOXKHTEJbHBIM HAaNpaB/JeHHEM OCH, H OTPHUIATENbHBIM, €CJIH He
COBMajaer.

Ecan paccunthiBaercs Xol MJIOCKOTO MEPHAHOHAALHOTO MydYKa
ayued, To M; =0, x,=0 u rorza, o6O3HAyuB uyepes R, =
=1 s; +my, dopmyant (230) MOXKHO Hpeo6pa3oBaTh K BHAY:

Vi = 8,/Ry; py=my/Ry; A =0 (cos90°=0).

! Coserckuit ontux H. B. Jle6eneB chpopMyaHpOBan uieH, NOJOKeHHHE B OCHOBY
3THX dopmya, eme B 1938 r.
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Puc. 98. CxeMa I onpelesieHHs HANPaBJSIOMHX KOCHHYCOB Jyda npH 2g = 0

B ciyuae GecKOHEYHO yAaNEHHOTO IIpeAMeTa, ec/IH U3BECTHH BEJH-
YMHB Sp, My, M, H yrioBoe mnose 2m, OUpeReJSIOMHE IOJOXKEHHE
Jyuya HampaBJsIOIHe KOCHHYCHl UMEIOT BHA:

v; = c0s ®; My = cos (90 + ©) = —sin ©; A; = 0.

KoHCTPYKIHsS ONTHYECKOA CHCTEMbI 3ajaercsi pafHycaMH KpH-
BUBHBL 'y, Fgy «evy Phy Thytls »oos Fqg HIH D1, P4 oovy Py Prsty +oos Pg (0 =
= 1/r), TonuuHamu d,, d,, ..., dg, ..., dg-y, TOKA3ATETSAMH IPEJIOMJICHHAS
Ny, Mgy oeey Apgy My Maygs ooy Mgyp. Ha puc. 99 moxasan Xom mpous-
BOJIBHOI'O Jyya uepe3 k-10 ¥ k& -+ 1-10 NOBEPXHOCTH, HaxXoAAllHecs
IpPYT OT Apyra BAOJb OCH Ha PACCTOSIHUH d) H HMEIOIIHE COOTBETCT-
BEHHO Pajuychl KPUBH3HBI Iy, Ip,3.

Pacuer xona Jo6oro Jyua cOCTOMT M3 IByX maros. Ha nepsom
[1are onpefessioT KOOPAKHHATE TOUKH NEPECEeUeHH s Jyua C ONTHYECKOH

Puc. 99. Cxema ans BHBOAa GOpMYJA pacueTa XOAa Jyda 9epe3d ONTHYECKYIO MOBEPX -
HOCTb
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NOBEPXHOCTbIO (Hampumep, & - 1-f) DO H3BECTHHIM KOOpPAHHATaM
TOYKH IIePECeYEHHS ITOro Jyda C HPEAbAYIleH IIOBepXHOCTBIO (k-ii)
H HanpaBJsIOOIEM KOCHHYCaM STOro Jyda Ioc/ae R-H IOBEpXHOCTH.
Ha BropoM miare BhIYHC/SIIOT HaNpaB/AIOLIMe KOCHHYCH Jiyda HOC/e
k -+ 1-i1 noBepxuocty. Kax BuAHO Ha puc. 99, B KaXKA0M IPOCTPAHCTBE
TOC/eIOBATENbHEIX H300pakeHu#l ycTaHOBACHA Ocobas cucrema Koop-
IMHATHHIX OCEeH, HAua/JO KOTOPLIX COBMALAET C BEPLIXHOH ONTHYECKOH
NOBEPXHOCTH, OChb Z HanpaBJ/leHa BAOJb ONTHUECKOH OCH, OCbh §¥ — Bep-
THKaJbHA M pAacloJOXeHa B MEpPHIHOHaJbHOH ILIOCKOCTH, a OCb
X —- TEepPHeHAUKYJASAPHA K 3TOH HJIOCKOCTH.

©opmyiBl L5 pacuera Xoja Jyuel BBIBOAAT, HCHOb3Ys BhIpaKe-
HHSl aHaJUTHYeCKOH reoMeTpun B BektopHOH ¢opme. Touxa M,
[epeceyeHus Jyua ¢ k-l IOBEDPXHOCTHIO UMEET H3BECTHbIE KOOPLHHATHI
Zn, Y, Xp, @ CaM JY4 — H3BECTHbIE HaIPAaBJSIOUIHE KOCHHYCHl V.1,
Prs1s Mryy- 1o cxemam, npuBeseHssM Ha puc. 99, 100, MoxHO npocJe-
IHUTb IOCAELOBATENLHOCTb BBIBOAA (OPMY.JI.

[lo u3BeCTHBIM KOOpAMHATAM TOUKH M, BHUMCAAIOT BEKTOP T1'a;

BEKTOD OkO,@l+1 usBecred. [lo 3THM ABYM BeKTOpaM HaXOAAT TPETHH

BekT0p M0p,1 1 MpOpyy = 0,04, — Ty = E,. Tlposens uepes
TouKy Op,; HOpPMalb K Jyd4y, OHpeleJsoT HOJOXKEHHE TOUKH L H
BekTop ML , AJuHa KOTOPOTO 0GO3HAYEHA €.

ITo BuruncieHHBIM M;Opyy U MRL ompenensiior BEKTOD Ni,

KBagpar ero abcoMoTHOro 3Hauenus | N’ | g Ai+1 H TIPOCKIHIO

@x,1 9TOTO BEKTOpA Ha 0oChb 2. [lanee OIIPENeISIOT YIoJ1 ¥ KaK QyHKUHIO

(ak,vk+1, | Nk| s k1) H, HCTIOMB3YSt N}, BBIUHCIAOT BEKTOD LMH;,

BexTop MM ne1 M €TO MOAYJb — TAK HA3BIBAEMYIO KOCYIO TOJILIHHY
h-

ITo BesnduuHamM A,§+1, Qkt1y Thg1 Y Yy IPEABAPUTENbHO BRIUHCISIOT
YyToJl NajeHHsl KaK COS €y,;, YCJIOBHO 0603HayaeMbld B Ja/dbHedlIeMm
Grs1s COS Epy1 = Qpyy M HA OCHOBAHHH 3aKOHA MPEJIOMJICHHS — BEJIH-
YHHY (f41 = COS Ejpp]. - .

Ilo Bektopam M Mp,; H M,0y,; BHaxomar Bekrop Ty,;, 4TO
HO3BOJIAET ONPEACIHTh KOOPAWHATH TOYKU BCTpeuH ayua ¢ k + 1-#
THOBEPXHOCTBIO, T. €. Zp,1, Yn,1» Xp,1- 112 BTOPOM Ilare peilleHus HC-
HOJIb3YIOTCH HEKOTOPble NPOMEXKYTOYHBIE BEJNMUHHBl gp.i, Lr,i, PaB-
HblE€ COOTBETCTBEHHO L+t = Git1 + (Mer1Ger1)/fere; Or+l = 1/feq1;
NOKa3aTe/ M NPEJOMJICHHS, KOODAHHATE TOUKH My,;, H3BECTHHE Ha-
NPABJAAONINE KOCHHYCHl H BBIUHC/ISIOTCH TAKOBHE (Va,s, Maszr Anyn)
A TIPeJIOMJIEHHOTO JIyua.

Taknm o6paszoM, MOJAYYAOT CJAEAVIOILYIO IOC/HEJOBATENbHOCTD
dopMy.1 15 pacuera Xo0fa Jyuel uepes ONTHUECKYIO CHCTEMY, COCTOR-
mylo u3 cepHuecKHX NOBEpXHOCTEH:

1) e = — [(2p — di) Vre1 + Urbrar + xxhrls

2) Qpyy = €Vry + (Zh - dh);

3) Ai-{-l = (2 — dh)2 +yi + Xk — ek; s
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4) Pk+1 = pk+1A%¢+1 - 2ah+1;

5) Gre1 =Y Vlga+1 - ph+1Pk+1;

6) dy=¢ + Ph«hl/(vhﬂ. -+ Gra1)i

7) o1 =V 1 — (Mp/asa)’ (1 — Gia);
8) 8re1 = q;Z-H - (nk-a-lqh-r-l)/nkn;

9) zhyy = (2n — di) -+ diViyn

10) Yri1 = yn 1 dabrass

) Xpar = xp 4 dphpy;

12) Vaia = (MrarVhar)/Mass — 8rat (ZhaaPray — 1);
13) Prss = (Mraibra)/Mhes = Grar¥raaPres
14) Mays = (Mradhraa)/Mris — @reaXreiPrar-

(231)

Z”/ y’("rk Vk-flflukﬁ/ erH
P Ypabrenue
0,0,y (dy) 71440 4Epe3 moY- fsm
Ky My

Ypabuenue
HopManu K Ay4y

u3 mowL Oy,

Touka L

112 42
|”Ir —AIH-I ak+l

= 2
7= f(aln Vet |”Ir’ |; Uy

Dot a1, Myea 2

{

U Zkats Yner) X

Vieszy ez e

Puc, 100, Cxema BHBORa hopMysl pacyeTa XOBa /1y Yepes ONTHYECK YiO NOBeP XHOCTh
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Pacuer xoaa jayua mo npuBefeHHnM dopMysaM peanHsoBaH Ha
IpOrpaMMEpPYEMOM MHKPOKa/lbKyasTope (cM. nporpammy 10, npua. 2)
¥ 3aBepIliaeTcsl BHIYUCICHHEM KOODIHHAT 24, Yg, Xq TOUKH Iepeceye-
Hus JIyya ¢ noc/efHel g-i MoBePXHOCTLIO H HANPABJSIOWHX KOCHHYCOB
BLIILEUIETO H3 CHCTEMBL Jy4a (Vg,1, Rg.1r Mger)-

Ecau s’ — paccrosigge OT NocAelHedl NMOBEPXHOCTH A0 IJIOCKOCTH,
B KOTOPOH OIEHUBAETCS KAayecTBO H306PaKeHHA, TO KOOPNHUHATH
TOUKH TEpeceueHus Jydya ¢ 3TOH IJIOCKOCTBIO MOTYT GhiTh BEIUHCJEHH

no QopmyJiaMm ) ,
Y =Yg+ g (8" — 2)/Vgu1s }
X' =Xq+hgu (8" — 29)/Vgsa-

Pacuet xozna syua no ¢opmyaam (231) u 232) peanusoBan Takxke
Ha MHUKPOKOMIbIOTEDE «DAeKTpoHHKA 85» (cM. mpua. 4).

OTMeTHM ClefyioNiue NPeuMYyLIecTBa PaccCMOTPEHHHIX GopMya mo
CPaBHEHHIO ¢ (POPMYJaMH TPHIOHOMETPHUYECKOI'O pacuera: OTCYTCTBHE
TPUrOHOMETPUYECKHX (GYHKIHH; OTCYTCTBHE IIepPeMEHHHIX, 06paIrao-
MHXCAd B GeCKOHEUHOCTDb; OTCYTCTBHE HOPMYJI, NPHBOJSIIAX K MOTEPE
TOYHOCTH; HAJIHYHE HCKJIOYAIOMHX HEOOXOAUMOCTb IIGBTOPHLIX BHIUKC-
JEHUH KOHTPOJbLHBIX COOTHOUIEHHH:

(zk+lph+1 - 1)2 + (ylu-lpk+1)2 + (xk+lpk+l)2 = 1;
Vit - Ph1 Mg = 1

(232)

45. dopmyabl Iia pacueTa Xolxa GECKOHEYHO TOHKMX
ACTHIMATUYECKHUX NYYKOB

Beckoneurno monxumu nydkamu nyded Ha3BIBAIOT NIYYKH,
JIY4H KOTOPHIX PACHPOCTPAHSAIOTCH IOJ BeCbMa MaJ/bIMH YTJaMH APYT
K Ipyry. MX HaswiBalOT TakKe sJeMEeHTAPHBIMH, TaK KaK HX JIYUH
3aNOJIHAIOT B 3payKax 3JeMeHTapHble IJcmaniku. [ljis oceBol npen-
meTHo#t touku A (puc. 101) — 370 mapaxcHaibHBE Jy4Yd, KOTOPHIE
He HapylIalT CBOSH MOMOLEHTPHUYHOCTH M MOC/E ONTUYECKOH CHCTEMBI
06pasyloT ToyeyHoe (CTHrMaTHYeCKoe) H3oGpaeHHe Aj.

I'naBuBIfi Jy4Y oceBOro GeCKOHEUHO TOHKOIO NYYKa NPOXOAHT
yepes UEHTP KPUBH3HK! ONTHYECKOH NOBEPXHOCTH, ¥ I03TOMY JEMEHTH
NIOBEPXHOCTH B MEPHJHORANBbHOM M/ ¥ B CarUTTAJbHOM SS HampasJe-
HHAX HMMEIOT OfMHAKOBBIE PAJHYCHl KPHBHU3HH Iy, = I,.

Ecau npeamersas touka B pacmosaraercst Bue ocu (puc. 102),
TO YCJOBHS NPOXOXKACHHS HECKOHEYHO TOHKHX ITyYKOB Jy4el B MepH-
JHOHANbHOH M CarHTTalbHOH IJIOCKOCTSIX pasfuyHue. [JaBHHIH Jyd,
OTHOCHTEJIbHO KOTOPOTO CHMMETPHYHO Ppaclosaralores OcTajbHbIE

mn

R —mmauwahl N WANAN -—

e =R AN \\\‘\““‘“‘ -

Puc. 101. O6pasoBarne CTH-
rMaTHYecKoro H306paKeHHsA
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Puc. 102. O6pasoBaine acTHIMaTHYECKOTO H306PaXKeHHS

JayuH, B ofmeM cjyyae He NPOXOLHT uepe3 IEeHTP KPHBH3HBI ONTHUE-
CKOH NOBEPXHOCTH, [I03TOMY 3JEMEHT [OBepXHOCTH JJIS 3TOTO MydKa
Jyyel HMEeeT B HalpaBJIeHHSX /M K SS pa3/IHuHble PajuyChl KPHBH3HBI
I'm 5= I's, DBblxonsmu#i BOJHOBOH (POHT, COOTBETCTBYIOUIHE 3STOMY
HaKJOHHOMY 3JIEMEHTAPHOMY NYYKy, nepectaer ObITb C(epHUECKHM.
ITpu sToM nyum nyuka, pacnosiolKeHHble B MEPHAHOHAIbHON H B CaruT-
TaJbHOH IUIOCKOCTSX, NEPECeKaloTcsi C IVIaBHBIM JIYUOM B Da3JIHYHBIX
Toukax, B., u Bj, He coBIAjalomKX C HAealbHHM H3o6paxeHHeMm Bg.

B nutockoctu u3obpakeHHs, NPOXOAsMEl yepe3 TouKy By, CXoxie-
HHA Jyuell MEpPHIMOHA/JIbHOIO NYyYKa, JyyaMH CaruTTajbHOTO NyyKa
BMECTO TOYKH 00pasyercsl FOPH3OHTAJbHBIE OTPE30K, a B IVIOCKOCTH
H300paxenHs. NIDOXonsmed yepes TouKy B CXOXAEHHSA Jy4el carut-
TaJAbHOTO MYy4YKa, Jy4YamMu MEPHAHOHAIbHOTO NMyuKa ofpasyeTcst BEpTH-
KaJbHBIH OTPE3oK.

SIBnenue, B pesyibTaTe KOTOPOro M306paXKeHHEe TOUKH I0JYYaeTcs
B BHJ€ IBYX B3aHMHO NePNEHAHKYASAPHLIX NPAMBIX OTPE3KOB, PACMoOJO-
JKEHHBIX B DAa3JMYHBIX DJIOCKOCTSIX, HA3bIBACTCA QCMULMAMUSMOM
(HeTOYEUHOCTHIO), a NYUOK Jydeil, o6pasyioui Takoe H300paxKeHHe,
HaSHIBAIOT JAEMEHMADHBIM ACTULMAMULECKUM.

SIBneHne acTMrMaTtH3Ma B ONTHYECKHX CHCTEMAaxX HeXKejaTesbHO,
TaK KakK IIPH 5TOM KauecTBO H306paKeHHs] BHEOCEBHIX TOuYeK, 06paso-
BaHHBIX Jaxke OeCKOHEYHO Y3KHMH MNyuKaMH JyueH, OKasbiBaercsi
HH3KMM. BJHsiHMe acTHrMaTH3Ma Ha KauecTBO M300paxKeHHsi BHeEOCe-
BOM TOYUKH MOXHO OLEHHTb [0 ACTUIMATHYECKOH pasHocTH Az =
= 2¢ — 2m. Ilpu 2; = 2;, MEDHIMOHAJBHLIN H CATHTTAJbHBIA Y3KHE
nyyky o6pasyloT ToyeuHoe H300paKeHHe.

[Tonoxenue nzobpaxenuit Touek By, u B; HaXOAST NyTeM pacuera
X0/1a 6€CKOHEYHO TOHKMX ACTHI'MaTHYECKHX IyYKOB 4Yepes ONTHYECKYIO
CHCTEMY.

Ha puc. 103 BM — rnaBHbifl /yd 5/1€MEHTAPHOTO HAKJOHHOIO
nyuyka Jyyed, najaonmufl Ha chepHyecKylo NOBEPXHOCTb C PaJHyCcOM
KDHBH3HBL 7 U3 BHeoceBo# Toukn B. Paccrosinue ot Touku M nepeceye-
HHS TJIaBHOTO Jy4a ¢ NOBEPXHOCTbIO A0 TOUKH B BAOJB Jyya 0GO3Ha-
YUM tr,. HUToOH 06pasoBaTh 3JeMeHTapHBIH MYYOK B MEPHIHOHAIbHOH
NJIOCKOCTH, BO3bMeM GeckoHeyHO Giuakuil nyy BM,, unyumut B Toaky
M, u cocraBasiomu#l ¢ rnaBHeM yroa de. Ilocne moBepxHoCTH 3TH
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Puc. 103. Cxema nust BeiBoRa hopmynint AGGe — IOHTa MEPHAHORAIBLHOTO MyUKa Nyyed

JYYH NepecekaroTcs B Touke B, Ha IJ1aBHOM Jyue, KOTOPAs OTCTOUT
BIOJIb JIy4a OT NOBEPXHOCTH Ha PACCTOAHMH f,. [loBepxHOCTb pasje-
JseT ONTHYECKHE CPeibl C TMOKa3aTesNsiMH IIpEeJIOMJIEHHUs N H n'.
ITonarasi u3BeCTHBIMHM HJIM JIETKO ONpEJEJisieMbIMH BeJIHUHMHBH 7,
n,a', tm, ®, ®, &, &', HAHTEM CBH3b MEXKIY Im H £, AJ5 YEIro BOCHOJb-
syemcs GopMyJsIofi 3aKOHa npesomyieHus n sine = n’ sine’,
OueBHAHO, 4TO NPH HM3MEHEHHH yI/a © MEXAY TJaBHHIM JYU4OM
¥ OCBIO Ha GECKOHeYHO Ma/iylo BeJiiuuHY d® yrisl MajieHus & u npe-

JaoM/IeHHs &’ Takxe uameHstcs. JupdepeHUKpYs ypaBHEeHHs 3aKOHA
NPEJOMCHHUS, MOJYyYaeM

ncos e de = n' cose'de’. (233)
[To puc. 103 mraxoguM, 410 € = © — @, & = ' — @ H, CJICHO-
BateqbHO, de = dw —- dg, de’ = do’ — de¢. Tlonaras BenUuHHBHI

de, de’, do, de’, do u npyrue upupamesus GECKOHEYHO MAaJbIMH,
Oyzem cudtath, uro MM, = rde, yron BM,M = 90° + &, yroa
BoMM = 90° — &', U3  rpeyrombHuka  BMM caexyer
MM, /(—dw) = ~t,/sin (90° + €), otkyna de = {r cos ¢/t,)d¢ u,
CJIeIOBATENbHO,
de = [(r cos g/t,) — 1] de. (234)
Hs rpeyrompnuka B, MM noayuum MM,/de” = ¢,/sin (90° +
+ &%), otkyaa de” = (r cos &’/t;) dg u, caenoBarenbHo,

de” = [(rcose’/t;) — 1] do. (235)

IToncrasass (234), (235) B (233), okoHuaresbHO TMoOsNyuaeM Gop-
myny A66e—IOHra Ajisi MEPHIMOHAIBHOIO MYyYKa. JYuyen:

(n"cos’e’/ty) — (ncos’ e/t,) = (n' cose” — ncose)/r.  (236)

Ha puc. 104 BS — rakxke riaBHbIA J1y4 3J€MEHTapHOrO HAaKJOH-
HOTO NyYKa Jyued, najarmuil Ha chepHyecKyio MOBEPXHOCTb C Paily-
COM KPHBH3HBI 7 U3 BHEOCEBOH ToukH B. PaccrosiHue oT ToukH S mepe-
CEYEHHs TIJIABHOTO Jiyya C IIOBEPXHOCTbIO IO TOUK¥ B Brosnp Jjyya
0603HauuM {,.

Yrobbl 06pasoBaTh 3/€MEHTaPHBIH MYYOK, HO y3Ke B CAaTHTTANbHOM
TVIOCKOCTH, IoBepHeM syy BS orHocurensho juuun BC Ha 6ecko-
HEYHO MaJblii yros dy ¥ NONyYuM B CATMTTaNbHOH MJIOCKOCTH 6ECKO-
HeuHo Gau3kui ayy BS,. Tlocae nosepxuoctu nyyn BS u BS; nepe-
CeKaioTcs B Touke By, KOTOpas JOJKHA JexaTb Ha auaui BC. Utobn
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Puc. 104. Cxema gas Brsosa dpopmyant A66e — IOuTa carnTTampHOro myuxa ayuedt

Ha#TH CBA3b MEXNY BeJIHYMHAMH fs H £, onyctuM Ha JauaHio SC
NepneHNuKy/IspEl U3 ToueK B u B M mojyuum touku N u N'.
Kak crnepyer us puc. 104,

BN ={gsine; BiN' = —{;sine’. (237
HMs nono6us tpeyronbuukos BNC u CN’B; HaxomuM, uto
BN/(B;N"y= NC/{CN"), (238)

rae
NC=NS—[—SC=——t3cosa—{—r;}
CN" =S8N —SC =t;cose” —r.

Hs dopmyn (237)—(239), yuureiBasi, uro sin e/sine’ = n'/n,
HOJYYHM:

(239)

— tn'[(tin) = (— tycos e -+ r)/(f; cos e’ — 7).

Otxyza, ocBo6oKasiCh OT 3HAMEHATENA | Jie/Is 06 YacTH Ha MPOM3-
BefleHue fifer, mosydaeMm ¢opmyay A6Ge—IOHra ang caruTTadbHOTO
ny4kKa Jyuem:

n'/ts — nfts = (n"cose” — ncose)jr. (240)

[lo nosyuenHsiMm Qopmysaam (236) wu (240) paccuuThIBAIOT XOJ
Jyuell GECKOHEYHO TOHKOTO ACTHIMAaTHYeCKOro NydYKa uYepes OIHY
chepHyeckyo noeepxuoctb. Ilpu
pacueTte Xola JIYuYeH TAaKOro
ny4kKa yepe3 ONTHYECKYH0 CHCTe-
MYy, COCTOSIIYI0O H3 ¢ NOBepXHO-
cTell. HeoOXOINMMO YUHTHIBATH TAK
Ha3bIBAEMYIO KOCYIO TOMIIUHY d4,
pPaBHYIO DACCTOSIHHIO MEXAY Io-
BEDXHOCTAMH BIOJb TNIABHOTO Jy-
4a, KOTopasi MOXeT OBITb BBIYHC-
JieHa IIPH pacuere Xona TIJIAaBHOTO
ayya. Ha puc. 105 moxkasan xon
IJIaBHOTO Jy4a Mexay k-fiuk -4
-+ I-i NOBEDXHOCTSMH ONTHYEC-  Pyc. 105. Cxema onpeleleHHs <KOcOR»
KOH CHCTEMBI. TOJIHHBL
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Yros MeXiy rJaBHBIM JIYYOM H ONTHYECKOR OCHIO MEXAY NOBEpX-
HOCTSIMH ®f, BBICOTBl TOYEK MEpECeyeHHsl IVIaBHOrO Jyda ¢ k-H M
k 4+ 1-B NOBEDXHOCTSIMH COOTBETCTBEHHO h, H hy,;. M3 puc. 105
CJIeNyeT, YTO «KOCas» TOJUIIHHA

dp = (hs — ha41) cosec w;.

IMyers Bp,,  — TOYKA C€XOja MEPHIHOHAIbHOTO GECKOHEYHO TOH-
KOPO IyYyKa Jydyeil mocsie k-fi MOBEPXHOCTH, HaXONSIAsCH OT Hee Ha
PacCTOSHHH I, 5. UTOOGH IPONOMKHTH DacyetT XOAa 3TOTO NMyuKa
JAyuel gepes kR + 1-10 MOBEPXHOCTb, HEOOXONHMO OHPEACNHTD Im, pyy
U3 clenyomed GOpMyMab: tm, p+1 = bm, & — dp.

AHanoOTHYHO VIS CarHTTAJbHOTC NYYKa HONYUHM &5 gy1 = b5, 2 —
— dy.

Ilpu pacuere xona Jyuefi TOHKOTO aCTHIMATHYECKOTO NyyKa Ha
OBM yno6uee ucnosnb3oBath Gopmyar (236) B (240), npeobGpasoBan-
Hble K ApPYyroMy BHAY. JI/Is1 3TOrO BHaYasie NPEACTAaBHM 3TH GOPMYJIbI
Iasi k-i TIOBEPXHOCTH B CHREAYIOUIEM BHAE:

1 np cos? gy ( . ny N / 2 -
= ——— Ccos ¢ ————COSE) Iy COS™ €),
ok Mhitfm, pCOSP R + E T e e) [(re )

1 nh ’ nk
- = ——+ COS & — COS&p | /rg.
o Mpalen ( Mhet >/

Bepremcsi Kk oGosHauennsiM, NpuHATHIM B cxeme Oepepa [cm.
dopmyer (231)]: cose, = gi, COS €k = Gk, G = gr — (MeGr)/Net1
M BBeleM BEJHUHHBL Trm, & = 1/tm, &} Tm, & = Vtm &y Te, & = 1/t;, 4;
Ts,n = 1/t 15 Pr = 1/ra.

Qopmyan A66e—IOnra B nmpeo6pa3oBaHHOM BHIE HMEIOT CJAERYIO-
mMUH BHI:

T, & = [10G8 (M1 )] T, & + Pre/h 5 } (241)
Ts, & = [na/{Me41)] Ts, &+ Ok

IocnepoBarenbroe npumenenue hopmya (241) B cHcteme H3 ¢ MoBepx-
HOCTEH NO3BOJISIET BHYHC/IHTb BEeNHUYHHB Zm, o H 2,4 (pHC. 106):

Zin,q = Vg41/Tm, ¢ — (S0 — 2;)

q-a noBepxHoCTIL

t;,,,y 8m, Byp
_______ wg
h ’
7 l0¢ 5'40
—Zg B 14
Zmg, |
Soq Puc. 106. Cxema aas onpelele-

HHs KOODAHHAT Jyd4el aCTHIMaTHe
4eCKOro Nyuyka B IJIOCKOCTH H30-
GpakeHHs
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H IO 3aHaJIOrHH
25, ¢ = Vo41/Ts, ¢ — (Sog — 24),

TAE Vg41 == Vg = COS (—m;) — HanpaBJAOWHA KOCUHYC TIJIaBHOTO
Jyua.

46. Bni6op HayaJbHBIX JAHHBLIX MJsl pPacdeTa Xoga Jaydedt

Pacuyer Xona syueli B peaJyIbHHIX ONTHYECKHX CHCTEMaX
BBINONHAIOT B LEJAAX ONpPEeeHHs NOJIOKEHHS H pa3Mepa H3oGpaxe-
HHf NpEeIMeTa H €ro CpaBHEHHS C HACANbHBIM H300paxkKeHHeM, T. e.
B KOHEYHOM HTOre JJsi OLEHKH KauecTBa o6pa3yeMoro M3obpakeHHs
H 3aKJIIOYEHHSI O NDHTOAHOCTH HAHHOH ONTHUECKOH CHCTEMBI,

Pacuer xona ayueli MoxXeT OHITb BHITIOJHEH TOJBKO YEPE3 ONTHUE-
CKYIO CHCTEMY, KOHCTPYKTHBHBIE HapaMeTpnl KoTopodl (r, d, n) us-
BECTHEI, & TaKXKe KOTZa M3BECTHHl HOJOXEeHHe (s;) H pasmep (y) npes-
Mmera. Jlio6of mpeaMer, Kak U3BECTHO, €CTh COBOKYNHOCTh GECUHCIEH~
HOTO KOJIHYeCTBA NpeaMeTHhX ToyeK (A M B,;), Kaxias M3 KOTOPBIX
NOCHLIAET B ONTHYECKYIO CHCTEMY GECUHCIEHHOE MHOMKECTBO Jyuel.

Jlns nocTaTouyHO IOJNHOTO HCCENOBAaHHS KauecTBA H30OpaXKEeHHS
ONTHYECKOH CHCTEMBI HET HEOOXOIMMOCTH BBINOJHSTL pacyeT XoAa
GeCunCIEHHOTO KOJIHuecTBa Jyde#. PaccunThiBaeTcsi X0 OrpaHUYEH-
HOTO 4YMCJIa JIyyeH B MEPHIMOHAJIbHOH, CATHTTANBHOM H «KOCBIX®
naockoctsax. Ha puc. 107 nokaszanbl miockocts npexameros Q, mioc-
KOCTb BXOIHOIO 3pauka (Qp ¥ nepBasi NOBEPXHOCTb | ONTHYECKOHN CHC-
TeMbl. B IpeaMeTHOH NJIOCKOCTH BEIIENHM 0CeBYIO Touky A H BHeoce-
Bbie TOYKH B; (B, — B,), KOTOpBHIE OGBIYHO PACHOJIATAIOT B MEPHIHO-
HaJbHOH maockocTH. Ilycth BXOXHOH 3pauok Kpyrawmilt (D — ero
AuameTtp) ¢ ueHTpoM P Ha ocu. Ilpoxoasiue yepes BXOAHOH 3pauok
JIy4H OrPaHHUHBAIOTCH €ro IHAMETPOM H 3aHUMAIOT KOHYcOoOpasHoe
NpOCTPaHCTBO, GOpMHpYeMOe JyuaMH, HalpaBJEHHBIMH H3 NpeaMer-
HBIX TOYEK B KpaH spauka.

!

-
-
)

Puc, 107, Cxema 145 BHOOpa HaualbHMX NAHHBIX MPH pacueTe Xofa Jyued
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Ilas oneHKH KayecTBa H300paxKeHHs 0CEBOH TOYKM PACCUHTHIBAIOT
JYy4H B BeDXHEeH YaCTH BXOLHOI'O 3pauka B MepHAHOHAJIbLHOH ILIO-
cKocTH. UHcno sydef, X0 KOTODHX HeOGXOLHMO PacCyHTaTh, Omnpe-
AeJISETCS OTHOCHTEJNBHBEIM OTBepcTHeM. Tak, Hanpumep, /s ONTHYe-
cxnx CHCT&M C HOpPMaJbHEIM OTHOCHTeJbHBIM oTBepcTHeM (D/f; =

:2,8. : 5,6) chepuueckas abeppauns ! ¢ nocratouHoll cre-
nemﬂo 'roqnocm ONHCLIBACTCA TPETbHMH H MATBIMH MOpALKaMH abep-
panum, T.e. As’ &~ am® ++ bm*, ¥ D03TOMY ROCTATOYHO PACCYHTATD
X0l JHIb ABYX Jyuefi: KpaWHero, MIYIIero Ha BRICOTE Myp, H 30-
HaJlbHOTO — HAa BBICOTE /Mlgog. 1IDHYEM BBHICOTA fMgomy 30HAJILHOTO
nyua, onpejenseMas H3 Bupaxkenusa d (As')/0m = O [npu ycaosum,
YTO Ha Kpaw 3payka NPH M Asgp =0 (mip, = — a/b)], okasw-
BAeTCA DPABHOH Moy = Myp ¥ 0,5

Kouabuesble 30HB BXOZHOFO 3pauka, OIDAHHYEHHHIE BLICOTAMH
BEPXHEr0 M 3CHAJIBHOIO Jy4eH, OKaswBalOTCsi PABHBIMH IO HJOMAIH,
H, CJeIOBaTeNLHO, Y€Pe3 HHX B ONTHYECKYIO CHCTEMY INOCTYNaioT
OJAMHAKOBbie NOTOKH CBETOBOHl SHEPTHH.

B cBeTOCH/BHEIX ONTHYECKHX CHCTEMaX, B ONTHUECKHX CHCTeMaXx
¢ HecepHUECKHMM NOBEPXHOCTIMH TIPH CJOXHOM BHJIE KpPHBOH
chepuueckoff abeppanuy HHOTAA NPHXOAHTCH PACCUHTHIBATL OoJbliee
KoJiuuecTBo Jy4eH. Hamnpumep, npH OTHOCHTEJIbHBIX OTBEPCTHAX
1:1,6...1:2,8 — Tpu nyua, npH OTHOCUTEJBHEIX OTBepCTHAX | : 1

1,5 — uveteipe. EcaH npu 3TOM DPYKOBOLCTBOBATHCSI PABEHCTBOM
nJa0MmMajAeHd KOJAbUEBbIX 30H, Ha KOTOphie pPasbuBaioT N Jjiyuel BXOLHOH
3payok, a my — BHICOTA Jyya, HAYLIEro 10 KpPaio 3pauka, TO BLICOTHI
OoCTaJbHBIX Jyuell OYLyT paBHHI:

m; = my Vi/N. (242)

Hanpumep, nasa yernipex ayuedn (N = 4, myy = m,) no dopmyJe
(242) noayuum:

My = Myp; mg=mV 314 my=m,V 2/4; my=mV 1/4

B 3epxanbHO-JIMH30BBIX M 3€pKajbHbIX ONTHUYECKHX CHCTeMaX
BXOIHOH 3payoK HMeeT KoJbneobpasnyio ¢opmy (puc. 108), tak kKak
UeHTpanbHas# 4YacTb ITyuyKa Jyyed IKPaHHPYeTCd OLHAM H3 3epKaJ.
O6o3nayas my = My — BBICOTY BEPXHErO Jiyya BO BXCHHOM 3pauke,
My = m; — BBICOTY HHXKHero Jayua, N — yucao ayueft B BepxHeH
HIOJIOBHHE KOJbIeoOpa3Horo 3payka, M CuuTasl, yto miaowans N — 1-i
KOJIBLIEBBIX 30H OJHMHAKOBBI, /S BBHICOTHI {-I'O JIy4a NOJYYHM:

mi=V (N —i)ymz 4+ — )ml/(N — 1) (243)

HJIH

mi= YUV =iy mi+ (i — ) mkl/(N — 1), (244)

JlonycTiMoe LeHTpanbHOe 3KpaHHpOBaHHWe OOBLIUHO OUEHUBAIOT
Ko3(DHUHEHTOM R4, DaBHBIM OTHOLIEHHIO kg4 = mg/mi, HIH KO03d-

1 Cum. ra. IX.
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dbuuHeHTOM Kk, = my/m,. C y4eToM 3THX KO3DOHUHEHTOB HOPMY.JIEI
(243), (244) npHuMyT ciexylOmH# BHA:

W=Dk, Fi—1 W—hk, Fi—1,
My == My N—1 =My - N=1_ '

(N—0 R +i—1 (N—0ry i1
M=y Y —x_—1 "™ VY —F—7

Hanpumep, wacto pomyckaroT sKpaHHpoBaHHE YETBEPTH IJOMAAH
3payka, T.e. ks = 0,25 uau k, = 0,5, npu stom my = 0,5m,
(m; = 0,5my). Torna

m
my =LV 3(—1)/N—1)+}1.
(ke=0:5)

B HaKJOHHBIX NyyKaX B MepPHIHOHANLHON MJIOCKOCTH PACCUHTHI-
BalOT XOX Jyuye#, KaK MpaBHJO, Ha TAKXUX XKe BBICOTaX BO BXOLHOM
3pauke, KaK H B OCEBOM ITyuKe, HO PACIMOJOMEHHBIX CHMMETPHUHO
OTHOCHTEJILHO TIJiaBHOro Jayua (mpy, = 0) Kak BBepX, TaKk H BHH3,
HaNpUMED, mg, My, My, Mg = 0, —my, —m,, —mg. Eclu B onrtuue-
CKOH CHCTEME MMEeTCH BHHbETHPOBaHUE, ONpelesiseMoe KoshpHIHeH-
TOM kg, TO A/l HAaKJOHHOTO NyuyKa B MePHAHOHA/JBHON IJIOCKOCTH
my = koMpy U T. X

Onbit nokaswiBaer {51, uTo Ais HalexkHoro cyxuesus of abep-
palHfiX BHEOCEBHIX TOYEK HeoGxoluM pacyeT He MeHee 15—30 nyuei
(B 3aBHCHMOCTH OT 3HAaYEHHS OTHOCHTEJNbLHOrO OTBEPCTHS OOBEKTHBA
u ero aleppauuit), npuyeMm IJsi OGBEKTHBOB € MAJBIMH YIJIOBBIMY
oMM (Hanpumep, Ads GoTooGbekTHBOB 20 ... 30°) HOCTAaTOYHO HX
BBIYHCJIATD IJIS1 OJHOIO HAKJIOHA, A1 HOPMAaJABHBIX IO NOJIO 0OLEKTH-
BoB (50 ... 60°) — a1 ABYX HAKJOHOB W AJS WIHPOKOYTOAbHBIX 06b-
exTHBOB (90 ... 120°) — Zn8 TpeX HAKJOHOB.

My
g

)

Puc. 108. Konbneobpasnbiit BXOAHOH Puc. 109. Pacnpenesienne siyuefi Bo BXOR
3payok HOM 3pauke
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Jlyuu caruTTanbHOrO nyyka pacCYMTHIBAIOTCS Ha BbIcoTax M,
YHCJEHHO PaBHBIX BBICOTaM Jiyuel#l B MEDHIAMOHAJBHON TJIOCKOCTH AJsi
ORHOH NOJIOBHHHBI 3payKa, CHMMETPHYHON OTHOCHTE/bHO MEPHAHOHA/b-
HOH miockocTH (Mg = mg, My = my, M; = m,).

«Kocbie» JIyuH pacCUMTHBAIOT B IJIOCKOCTSX, HaKJOHEHHHIX K
MEepPUIHOHAJbHOA IJIOCKOCTH Ha yranl 6. Takux mJIocKoCTeH MOXKeT
ObITH B€, UETBHIPE, IIECTD, ... B 3aBHCHMOCTH OT UHCJa CEKTOpPOB, Ha
KOTOpbIE 5TH IJIOCKOCTH JEJST BXONHOH 3pauoK. 3[1ech Taxk¥Ke JOCTa-
TOYHO paCcCYHTaTh X0 JyyeH, HAYIHX yepes NOJOBUHY BXOAHOTO 3pay-
Ka, pasjensieMoro MepHIHOHaAbHOH IIockocThio. Ha puc. 109 Bxonno#
3pau0K ONTHYECKOH CHUCTeMBl pasjieseH Ha |2 ceXTOpOB U COCTOHT H3
Tpex KoJbLeBHX 30H (N = 3). JIyuH oceBoro nyyka NpOHyMepo-
BaHbl DHMCKHMH UHOPAMH — myyy = Mup = Df2. T'napHbifl Jayw
HaKJOHHOIO IyuKa B MEPHIHOHAaALHOH TNJOCKOCTH o603HaueH nuhpoi
I, ocTanbHBIE JYYH STOro nyuka — uubpamu 2—7. Jlyun carur-
TaJbHOIO INyY4Ka, XOJ KOTOPBIX PpacCUHTHIBAeTCSl, — 3TO JAYYH &E—
10; «kochle» JIy4H, XOI KOTODHIX TaK¥e paCCUUTHIBAeTCs, NPOHY
MepoBaHbl nubpamu [1—22. KoopruHaThl 5THX Jyded BO BXOAHOM
3payke MOXHO ONDEJeNIHTb N0 CHeNYIOMUM QopMynaMm: my, g ==
= m; cos 0; M; g = m;sin0.

Jlyud, cHMMETpHUHBIE OTHOCHTEJIbHO MEPHIMOHAIBHOH NMJIOCKOCTH

pPACCMOTPEHHBIM JydaM, o6o3HauyeHs nupaMu co wrpuxamid. UX xon
HE PAacCUHTHIBAETCS.



T'aasa IX

MOHOXPOMATHYECKHE ABEPPALUU
ONTHYECKHUX CHUCTEM

47. OGuiue noJoXeHus O BbiuucaeHun abeppauuii
ONTHYECKOH CHCTEMbI

Bxonsmue B ONTHYECKYIO CHCTEMY TOMOLEHTPHYECKHE
NYY4KH Jyded [0 BHIXOAE H3 Hee TEPSIOT CBOK TOMONEHTPUYHOCTb.
3TH HapyUIeHHs TOMOLEHTPHYHOCTH, NPUBOJSNIHE K CHHUXKEHHIO Ka-
yecTBa H300paXKeHUs, ABJIAIOTCH afeppalHsiMH ONTHYECKHX CHCTEM.

B npaxThKe pacyera ONTHYECKHX cHCTeM HX abeppaiuu AeNAT
Ha JBe TPYNNB: MOHOXpOMaTdyecKue aleppalldH, BO3HUKaOmue
B CHCTEME IIPH NPOXOXKIEHHWH uepe3 Hee MOHOXPOMATHUYECKOIo H3Jy-
YeHHH; XPOMaTHUECKHe abeppaltH, BO3HHKAOUE B CHCTEME IPU Mpo-
XOX/IEHHH yepe3 Hee H3JyYeHUs CJAOXKHOTO CIHeKTPaJbHOroO COCTaBa.

B nopaeasiomeM GosbinHHCTBE cayuaeB abeppanuu ofedX TCpymm
NPOSIBIAIOTCS B ONTHYECKHX CHCTEMaX OIHOBPEMEHHO.

3Havyenuss abeppamuil mOJyyalOT Kak PasHoCTb KOOPAMHAT TOYEK
[epecedeHs: ¢ IJIOCKOCTBIO H300paKeHHs peanbHBIX JydeH, paccud-
TaHHHX o gopMyaam (231), ¥ KOODAMHAT TOUEK IepeceyeHHst JydeH
HI€aJbHOH CHCTEMEI, PACCYHTAHHLIX HO (QOPMYJiaM ONTHKH HYJEBBHIX
Jaydedi. Dra Ke 3ajaya NpUGIHKEHHO MOKET GbITh PelleHa C MOMOLIbIO
MaTeMaTHYECKOro onucadus abeppaiui.

Cnexyer umerp B BHLY, 4YTOo afeppanud ONTHYECKOH CHCTEMBI
NPUHUKNHAJLHO HEYCTDAHUMEI, T. €. BCKas peafbHAas ONTHYECKas
CHCTEMa BCerja HMEeT OCTaTOYHBle abeppalHH.

Ilpn aGeppalHOHHOM pacueTe ONTHYECKHUX CHCTEM IMPHXOAMTCS
pewarb CJAeAYIOUHe 3afauu:

OMpefie/IeHHe OCTaTOYHBIX abeppauHil CHCTeMHB C H3BECTHBIMH KOH-
CTPYKTHBHEIMH napamerpamu (r, d, n);

ofnpejie/leHHe KOHCTPYKTHBHBIX NapaMeTpoB CHCTEMBbI, yIOBJETBO-
pAOIUX HamepeX 3ajaHHBIM 3HAYeHHSIM OCTAaTOUYHBIX abeppamuil.

HPEIHIO.HO)KPIM, UTO H3BECTHBl KOHCTPDYKTUBHbIE IapaMeTPhl CH-
CTeMHl (7, d, 1), paccTOsiHHE S; OT NEPBOH MOBEPXHOCTH [0 NPEIMETHOH
IJIOCKOCTH A M pacCTosiHHe Sp OT IIepBO#A NOBEPXHOCTH JO BXOLHOTO
3pauka (puc. 110). IIpeamerHast Touka B ynajeHa OT ONTHYECKOH OCH
Ha paccrosHue y,. Bribepem npoussoJbHbIH Jayy BG, KOTOphld B 00-
IIeM C/yyae HE JEeXHUT B MepHAHOHAJLHOH IJIOCKOCTH. LEC/IH H3BECTHH
KOODAHHATHI Yy, S; H Sp, TO NOJOXKEHHE TAKOI'O BHEMEDHIHOHAJbLHOTO
(kocoro) sywa B mpocTpaHCTBE onpefessercss 3agaHHeM KOOpIHHAT
To4KH ( IepeceueHHs 3TOro Jyda ¢ IJIOCKOCTHIO BXOJHOIO 3pauka P.
Touka G B mjockocTy BXOAHOTO 3padka (pHKCHPYETCs: KOOpAHHATAMH
m, M. B HeKOTOpHIX Cilyuasix, Hanpumep AJs1 OeCKOHeuHO yHaleHHOMH
NpPEAMETHOH NJIOCKOCTH, BMECTO KOOPAHHATH §f; MOJNb3YIOTCA YIJIOM ®y
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Puc. 110. AGeppauuy BHeMepHIKOHANBHOTO Jyya

MEX1Y OINITHYECKOH OCbI0 H TIJIABHBIM JAYy4oM, NOPOXORAUIHM uyepes
HEHTD P Bxopgtsoro 3pauka,

tg oy = y/(sp — ). (245)

BriOpaB HayasibHBE AaHHBIE [Js1 pacyera Jydya H NocjAeloBaTeNbHO
npumenss Gopmyan (231), onpenensieM KoOpAMHATHL {Xq, Yq» 2q)
TOUKH TNepecedeHHs 3TOrQ Jyda ¢ TocldeiHeH MNOBEPXHOCTbIO CH-
CTEMHl H €ro HanpaBJsiomue KOCHHYCH (Ag,1, Wgs1s Vgs1) 1O BHIXOAE
H3 CHCTEMBI.

3atem no dopmyaam (232) BbludcasieM KOOpAHHATHl TOYKH B’
(Y4, x;) mepeceueHMs BBILENIIErO JyYa € MJIOCKOCTBIO H306paXKeHHH
(uame Bcero ¢ MJOCKOCTHIO HAeaJbHOTO H306paeuns).

Paccrosibue sg, oT mocinefHed MOBePXHOCTH A0 mJaIockoctd A’
HlieaJbHOrO H300pameHHs omnpejelsercd M3 pacdyera HyJeporo (ma-
pakcHajJbHOro) nyya. Ha ocHOBaHHM 3TOrTO e pacyeTa HaXOLHM
pasMep HJAeaNbHOro HK3o6paxeHus:

Yoq = H1fdo,
rie P, — nHHeHHOe yBeJHUYEHHE HIEAJLHOH CHCTEMH.

Takum o6pasom, nonepeuynas aGeppaiuust paccCMaTpHBaeMOro Jyua
XapakTepusyercs oTpe3koM B'Bj. B npakThKe pacyera ONTHYECKHX
CHCTEM 3Ty abeppanMIic NPEACTaBJAIOT C MOMOILbIO €€ IPOEKUHH Ha
ocH KoopAuHart: Ay’ — MepHAHOHAaJbHON COCTaBJAIOMEH NONepeyHoH
abeppanuy; Ax’ — caruTraJbHof cocTaB/sIoOLiel nonepeyHol abep-
paluuH, KOTOpbie COOTBETCTBEHHO PaBHBI:

Ay = yo— Yog BX = xg.
BmeJlHHB pvaeTbI HECKOJLKHX nyqeﬁ, BBIXOLAIIUX H3 HPEJ.IMQT-
HO# TOuKM B H INpOXOAALIMX 4Yepe3 pasjH4YHble TOYKH BXOAHOTO

3pauKa, HaxoAAT monepeunbie abeppauuu Ay’ ¥ Ax’ Kaxuoro Jayua,

KOTOpBLIE H XaDaKTepH3YIOT NATHO pacCesiHHs JNaHHOH NpeIMETHOH
TOYKH.
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48. Abeppauuu TPeThero MOPAAKA

PaccMmorperHas 3aaua no onpejesieHHI0 MepHAHOHANbHON
M CATHTTaNbHOH COCTAB/ISIOMUX IIONEpeuHc abeppalid MOXeT OblTh
peuresa npuGIHKEHHO.

Cocrasasiowge Ay’ W Ax’ nonepegHoit aleppamiu sBASIOTCH
GYHKIUAMH KOOpAHHAT Jy¥a ¥, (©;), myM, oHH TaKKe 3aBHCAT OT
KOHCTPYKTHBHBIX [1apaMeTPOB CHCTEMHI, MOJOXKEHHS NPEAMETHOH
IJIOCKOCTH H IJIOCKOCTH BXOZHOrO 3pauka. Teopus abeppauuél ycra-
HaBJHBaeT CBfA3b Mex1y cocTaBjsoomuMi aGeppamuét Ay’ u Ax’
H KOOpHWHATaMH Jyda y,, m, M:

Ay, =f(y1» m, M},
Ax" = F (4, m, M), (246)

BeaecTBue CHMMETPHH CHCTEMBI OTHOCHTENLHO ONTHYECKOR OCH
byskuun (246) He coiepkaT 4JEHOB YeTHHIX HOpsiIKoB. [losTomy,
ec¥ MX Da3NOXHUThb B PsZL, TO OH OyJAeT colep:aThb TOJNBKO UJEHB
HeyeTHEIX NOPHAKOB OTHOCHTENBHO KOODAHHAT y;, m, M: Tperbero,
naToro, ceipMoro # GoJiee BHICOKHX MOPAAKOB:

Ay = Ay + Ayy +Ayyi + -+ +;
Ax' = AX;!I + Ax;; -+ Ax;/‘ll S A (247)

Hannyne B popmynax (247) ciaraeMuniXx NepBoro NOPRAKAa COOT-
BeTCTBOBAJIO OBl PACCMOTPEHHIO NMONEepeyHsIX adeppaliil B IPOH3BOJIb-
HOH MJIOCKOCTH, HEe COBHIENAIOMEN ¢ MIOCKOCTHIC HIeajbHoro Haobpa-
KEHUsI,

Benvuuuel, BXoasinye B npasble 4acTH Belpamenu# (247), coot-
BETCTBEHHO HaspBawoTc: Ayiny H Axin — MepHAHOHAIbHOH H ca-
TMTTa/]bHOR cocTaBasiionMMyu abeppauuil Tperbero nopsaixa; Ayy
u Axy — nsroro nopsiika, Ayyn ¥ Axyi — cepMOro nopsjka.
Cocrasasiioiye abeppariil Bbllle TPeTbero MOpsiika HasbBawT abep-
payuAmMyu  goicuiux nopadkos.

AHanuTHYecKHe BhHIDAMKEHHS, ONpeAe/siomye abeppaldy BhICIIHX
NOPSJKOB, OKa3sblBAIOTCS HACTOJbKO T'POMO3IKHMH, YTO HX NPAKTH-
yecKoe npuMeHeHWe sarpyAHeHo. [lostoMy npu peleHHu 3ajaud IO
OIIPeIeNIeHHI0 KOHCTPYKTHBHEIX TapaMeTPOB ONTHYECKOH CHCTEeMBI,
YIAOBJETBOPSAIONIMX Hanepes 3ajaHHBIM OCTATOUHHIM afeppauuaM,
HCIOJIb3YIOT TeopHI0 abeppalHii TpeTbero INopsajKa.

IlpaxTuyeckas 3HayMMOCTb 3TOH TEOPHH COCTOMT B TOM, YTC OHA
N03BOJISieT NOJYYHTb IpHONMKEHHbIe 3HaueHHsl KOHCTPYKTHBHBIX
NapaMeTPOB ONTHYECKOH CHCTEMBbI M SIBJISIETCS MAareMaTH4YecKHM anna-
paToM ZJjs aHaju3a oOmHX abeppalyOHHBIX CBOHCTB HCC/AENyeMOH
CHCTEMHI.

Teopus abeppanuil TpeTbero NOpsAKa onpeiensier NpHOAUKeHHbIE
8HaueBUst cocraBasiomux aBeppauuit Ay’ u Ax’, npexcraBJeHHbIX
B BHJIe Pslia, YIeHb KOTOpOro colepxar Kospduuuentst A, B, C, D, E,
3aBHCSIIIKE TOMBKO OT KOHCTPYKTUBHBIX NapaMeTpoB CHCTEMBI H OT
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Puc. 11l. Xoa BcrnomoraTenbHEX Jyuel B ONTHYECKOR cHCTeMe

TIOJIOXKEHH A IJIOCKOCTER mpeaMeTra ¥ BXOAHOrO 3pauka, HO He 3aBHCS-
[IHe OT KOODAMHAT Jyya. DTH KOOpAHHATH Yy, M, M BXOmAT B BHIE
MHOXUTEIEH psifia co creneHsMu y%, mB, MY, cymMMa KoTophiXx o +
4+ B 4y = 3. Yucao kospduunenTos abeppauuii TpeTbero nopsaxKa
pPaBHO NSATH.

Takum oOpasom, A1 MepHAHOHAIbHOA H CarHTTaNbHOH cocTtaB-
JA0MHKX abeppauuit TpPEThEro MopsjKa COOTBETCTBEHHO OyAeM HMeTh:

Ay = Am (m® 4+ M%) + By, (3m® 4 M) + Coim -+ Eyfs
Bxin = AM (i -+ M) + 2ByymM + DyiM,

rie KosgduumedTl A, ..., E 3aBHCAT TOMBKO OT NOJOXKEHUS ILIO-
CKOCTe# npeaMeTa U BXOAHOTO 3payka H KOHCTPYKTHBHBIX I1apaMeTpoB
ONTHYECKOH CHCTeMbl. YKa3aHHble KO03h(dHIHEHTH BBIPAXKaOT He
yepes KOHCTPYKTHBHBIE NTapaMeTPsl CHCTEeMBI, a yepe3 napaMeTpsl AByX
BCIIOMOTaTe/NbHBIX Jyued.

[lepBuifi BcroMorartenvHB#t (HyJseBo#) sayd [ TNPOXORMT uepes
oceByl0 TOUKY A, mpeaMeTHOH NJOCKOCTH IIOL NPOH3BOJBHBIM YT-
JIOM @; H IepeceKaeT I/IaBHYIO IJIOCKOCTb MEPBOH MOBEPXHOCTH Ha
BeicoTe h, (puc. 111). lns pacuera sToro Jyda Hcnosabsytores ¢op-
MYJIBI:

Ors1 = (Ma/Niyr) @k + [(Mrey — 70)/7nsa] (Ba/Ta);
by = hy — dpon,,, (248)

rre k=1,2,..,4q.

Hanom#aum, uto B dopMmynax (248) cumBosaMH o OOO3HaueHH
TAHIEHCHl YIVIOB.

Bropo#i BcnoMoratenbHb#l (HyneBo#i) Jyd [/ NpDOXOZMT uepes
LEHTP BXOJHOro 3pauka Bx. 3p. NOA NMPOHU3BOJbLHBIM YIVIOM {3; H mepe-
CeKaeT IViaBHYIO IJIOCKOCTb NepBOfl NOBEPXHOCTH Ha BhuicoTe Hj.
Has pacuera 3TOro Jyya HCHOML3YIOTCH (OPMYJIH:

Bayr = (Mn/fipyd) Br + (e — nn) 0 1) (HRire)s
Hy = Hy — dpProa-
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Ilpu aleppallHOHHOM pacyeTe ONTHYECKOA CHCTEMH MapKH cCre-
KoJ BBIGHpaeT KOHCTPYKTOP, T. €. 3HAYeHHS IOKasaresefl npesoM-
JeHHs1 B BhIpaxKeHHH (248) msBecTHnl. Torza, onpegesuB U3 ycaOBHA
KOppeKIHH abeppaluii mapaMeTpel & ¥ A IEPBOrG BCIIOMOTATENbHOTO
Jy4a, MOXKHO HaHTH KOHCTDYKTHBHHIE NapaMeTphl CHCTeMH 0o dop-
MyJiaM

i = hp (Argg — 0R)/(Gpy1mayg — Gaty);

dp = (Ax — hpy)/Gna- (249)
BripasuB kosbduuueHrTal A, ..., E uepes mapaMerpsl BCIOMOTa-

TeJbHBIX Jy4eH, MOJYyYuM ClAefylmue GOpMyJabl AJIsi COCTABJSIOUIUX
nonepeyHslx abeppaluii Tperbero MNOpPsAKa:

MM o mGmA M) g

Ayin = — — - , 250
2n, (51 —SP)3 ai‘a 24 (81 ——sP)3 oafaqﬁl ( )
2 3
gim 4
- 38111 + PPS1y) + ——— s Sv;
’ R 3 "y ( III Iv 7 723 OV
2n, (5y"— sp)” oy By 2n, (slhsp)aaqﬁl
’ M (m? - M2 2ymM
Axyp = — — (m? + 3 )3 S Sp— Sy —
2n, (sy —sp)” aja, 2n, (3, —sP) a[a ﬂl
yiM

—— 5 (S111 4 I*S1v)-

3
21, (81— $p)” oo By

Cumsonamu Sy, Sir, St Siv ¥ Sy 0603HaueHn cymMMH 3eii-
ZeJisl, ompele/isieMble uepe3 IapaMeTPhHl BCIOMOTATEIbHBIX JY4Yei:

k=q

St —Ehkphv S11 -—zthh Sﬁh ;

St = k2=1 hy Py, (%%)2; Sw= 2 hh’:zk:}:‘h ?

5 - (251)
R 8 (%) 1 8B
Sv=z[thh< h) 1l }a—a:,

rae Pp = (8cn/0Pr)® 8 (rir); Mo = Vs [ = —nyay (5y — sp) Bys
Sap = ap,y — op; OBr = Brya — B O (arbn) = GpaPpa — Apba.
Bripaxkennus, crosimjie Moj 3HAaKaMH CYMM, HasnlBAaIOTCS n08epx-
HOCmHoMIL KOdpuyuenmamy cymm 3etifeis.
Hasa pacuera cymm 3efiliesis Ha MHKPOKOMNObIOTEPE «/IeKTPOHH-
Ka-MK85» MOXHO BOCMOJIB30BATbCA MpPOrpPaMMoi, TpHBEJeHHOH
B npHa. 4.

145



49. YciaoBHS HOPMHPOBKH BCNOMOTATedbHHX Jy4Yei

Bri6op HauaJbHHX RaHHBIX AJISi pacyera BCIOOMOTATeJbHBIX
Jydyefl B TpHHUKNE INPOH3BOJbHBIA, [03TOMY 3HaueHHS cyMMm 3eil-
Iejisi, COOTBETCTBYIOIIHE DAas3/IMYHBIM HAa4daJbHBIM JaHHEM, OyAyT
nosyuatecsi pasHeiMu. ONHAKO 3TOT NpPOH3BOJBHHEIE BHIGOD mHapame-
TPOB BCIIOMOTATeJbHEIX Jyuefl He BJMAET Ha 3HAUEHHs caMHX abep-
panuil TpeThero NopsiAKa, 4TO BHAHO H3 BHIDAXKEHHH, CTOSIIHX Nepex
cymmamu 3efizesns B ¢dopMmynax (250). Ilas cpaBHeHHsl pas/HUHEIX
BAapHaHTOB ONTHYECKHX CHCTeM MO cyMMaM 3eiJens HX BBIYHC/ISIOT
IpH ONpeleeHHBIX YCJOBHSIX HOPDMHDOBKH BCIOMOTATEJbHBIX Jyuel.
Ecau npenMer HaXORHTCS Ha KOHEYHOM DAacCTOSHHH, TO JAJd
napamMeTpoB BCIOMOraTe/IbHBIX JydeH OOLIYHO NPHHUMAIOT:

ao=1, a1=(ng/n)B; h1=sia;

. 252
fi=1;, Hi=sp; I=—ng(s1—sp)B, (252)
rae P — auHefiHOe yBeJHUYEHHE CHCTEMBI.

Torna Beipaxernus (250) nas cocraBasiomux abeppanuil TPETbEro
nopsaka O6yAyT HMeTb BHI:

, m (m2 - M2 3m?2 -+ M2
Agi = — 4 + 3)3 Si+ 2y}( + 3)2 I —
2n, (8, —sp) &y ny (Sy—sp) 4
2 3
ym 14
— ——————(8Sm + *Stv) + ————=—Sv;  (253)
2n, (81 —35p)" & 2n, (s —sp)
’ M (m? 4 M2 2y,mM =
AX]IIZ'— :( + 3)3SI+ z 2 3 2 S G
2n, (y—sp) X 2n, (8y — sp)° &)
M
— "—%—T(sm + I*Syv).
2nq (sl — sp) a,
Ecan npeamer Haxonutcss B GeCKOHEYHOCTH (s, = -—oo, o, = 0),

TO nojyvamomasicas B (opmynaax (250) HeompeneseHHOCTb PacKphbi-
BaeTcs corsacHo puc. 112:

[(Sl —_ Sp) ay ls,-.._m = hl. (254)
a,—+0
Kpome Ttoro, nnsi GecKoHeYyHO YZAaJeHHOrO MpeaMeTa Iienecoob-
pasHo ykKasblBaTb ero yrJoBo#l pasmep. Torga corjacHo (245)
Yi/(sp — ) = tg oy =~ 04, (255)

s napameTpoB BCcIOMOraTeNbHHX Jyued MOXKHO BHOpaTh cie-
JLyIOLlHe 3HAUYEeHHS:
=0 a;=1, m=Ff,
: . , (256)
=1, Hy=sp; = —nf’.
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Torga NpH NMPHHATHIX YCMOBHAX HOPMHDOBKH H € Y4€TOM BHpa-
xeHuit (254) u (255) dopmysani (250) MOXKHO NpPENCTaBHTb B BHAE:

Lo m(mrd M) __ (Bm*+ MY o, _
Aym = 2n;f,a Si Qn&f,z Su
— '%Q}L (3811 + I*Sy) — —;Jn—ls Sv; (257)
¢ 7
. M (m? -+ M?) _ 2mMaw, Mo
Axip = — -—2";"'3* Si oy Si— Qn;fl’ (Sur + I*Sw).

CorJlacHO yCJIOBHSIM HOPMHPOBKH (256) sHauenusi cymm 3efinens
6yRyT 3aBHCETb OT HOKYCHOrO PACCTOSIHHS CHCTEMH, TaK Kak by = ['.
Uro6el HCKJIOUHTb BJAHSHHE (POKYCHOTO DPACCTOSHHS Ha 3HAueHHs!
cymm 3efifens, uX ynoOGHee Bcero BeluHCAsATH mpu f' = 1. [Ipu stom
Bce JHHeHHbe pasMephl ONTHYECKOH CHCTEMBI BLIP2XKAaWT B JOJISX
¢okycHoro paccTosiHHsl. Takyl0 ONTHYECKYIXD CHCTeMy HAa3blBaIOT
npusedenrod. IlapaMerpsl BCIOMOraTeJNbHBIX Jydell IPHBELEHHOH
CHCTEMBl HMEIOT CJIEAYIOMHe 3HAYCHHUS:

o) =0; a,=1; hi=1;
: ’ : (258)

pr=1 17123_17; I =—n,.
C yuerom ycnoBHH HopmupoBkH (258) dopmyan (257) 6Gyayt
HMETb BHJ:

P m(m*4+ M?) < (3m* 4+ M) o, &
Aym = — o S1— onF LSu—
2 —_— — 3 —
— g GBS+ IS1) — 5 'S (259)
o M(m?2 4 M?) 2mMe,

Axin = S1—

3 S — MGE% (S + I*'Sw).
2n",f’ 2an 2nq

B mocnepnux dopmynax cumpolamd S;—Sy 0603HAUEHE CYMMEHI
3e#ijens A5 NPHBENSHHOM ONTHYECKOH CHCTEMBL.

M3 dopmyan (253), (257) u (259) caenyer, uTo onTHyecKas cucreMa
Gyzer croGoiHa oT abeppauuii TPETHETO NOpsiAKa NpH MOOHX 3Ha-
yeHusXx m, M u y; (MIH ©), ecau ofHO-

BPEMEHHO DaBHBHI HYJIO BCe CyMMH 3eld- brap. 1
Iesg. ITo, K COXKAJEHHIO, HE O3HAYaeT, @ 0; sF-o _[_

u4TO CHCTEMa He MMEeT OCTaTO4HbLIX abep- —’?’
pauui, TaK KaK IPH paBeHCTBE HYJIO == by
abeppanuil TpeThero MOpsIKA CYHIECTBEH- ,'0‘/*”

Hble 3HaueHHS MOTYT HMeTb abeppauuu I‘Sp \
BBICIIHX nNopsifikoB. ONHAKO IpaKTHKA ) il

pacdeTa ONTHYECKHX CHCTeM NOKA3BIBACT, . (1o yo o0 o
YTO OJIHHM H3 YCJIOBHH NOJYYEHHS MANBIX  yu pemomoraretsHux p,ly},’eﬂ
3HAYeHHH OCTATOUHHIX abeppamufi B ON- npu s, = —oo
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THUECKOH cHcTeMe SBJSeTcsl YCJAOBHE MajbiX abeppaiMii  TpeTbhero
HnopsijKa.

M3 paccmorpenust dopmy.a (253) (257) u (259) MOXKHO TaKXKe ycTa-
HOBHTb, 4TO, €CJH B ONTHUECKOH cHcTeMe ISl BceX 3HaueHH# m, M
H Yy, (pum ®;) TIOJYYEHH MaJjble 3HaueHHS MEPHJIHOHA/JIbHBIX COCTaB-
asomux abeppauuil Tperbero mopsixka Ay, TO CHCTEMa HMeeT
COOTBeTCTBEHHO ¥ HeGoabliue 3HAYEHUS BCceX cyMM 3efaens.

[MocienHee o3HauaeT, uYTO CaATHTTAa/NbHbIE COCTaBJfoOmHe abep-
pauuii Tpervero nopsaka Axip O6yAyT Takxke Masbl A1 JIOOBIX
sHaveHu#t m, M u y; (114 o). TlosToMy npu abeppal{HOHHOM pacyere
ONTHYECKOH CHCTEMbI B NMEPBOHAUYAJbHOH CTaA¥H OCHOBHOE BHHMAaHHeE
yaenseTcss KoppeKuuyu abeppalMii Ny4YKoB JyueH, JeXamux B MepH-
AHOHAJIbHON MJAOCKOCTH, T. e. pu M = 0. B arom ciayuae mepuauo-
Ha/lbHas COCTABJSIONIAS TONepeyHoH aleppauuu IJs NpeaMera Ha
KOHEYHOM pAaCCTOSIHMH corvacHo (253) Oyler HUMerb BHA:

3
Ayin=~ 7 i I+ Smiy, 3 2311—
2nq(sl—sp)a‘ ( —sp) oy
my} P
an (51 —sp)iay (SSIII+I Swv) + 2n’ 7 (S1— sp)?
a B cayuae mpeiMera B GeCKOHEUHOCTH /IS HPUBENEHHOH CHCTEMBI
corsacHo (259) mnosyyum:

Sy, (260

Ay == — md —__Bm”w’l—_m(o’% = o B _
Yin 2 Si onrf Su o, (388111 + I*Sw)
3 _—
-;”n—:;f'sv. (261)

CymMbl 3efifienss, BXoasmue B dopMmy.sl abeppamyit TPETbEro mo-
psiiKa, COOTBETCTBEHHO ONDEAESIOT pas3/iuyHbie afeppanud oOnTHUe-
CKO# cucrembl: Sy — chepuyeckylo abeppanuio; Syp — abeppauHio
KoMa; Sy;y; H Syy — ACTHTMATH3M ¥ KPHBH3HY IOBEPXHOCTH H3Q06pa-
XeHusi; Sy — RHCTOPCHIO.

B 3akiawueHHe OTMETHM, UTO, YeM BHIIE XapaKTEPUCTHKH OINTH-
YeCcKoM CHCTeMBI (OTHOCHTENbHOE OTBEPCTHE M JIMHeHHOe HJH YIJOBOe
noJjie), TeM CHJIbHEE MNPOABJIAIOTCH adeppallMd BBICIIHX HOPAAKOB.
Jns uX KOppeKnuM HPUXOAHTCH YCJAOXKHATH CHCTEMY, T. €. YBeJdH-
YHBATh YHCJO €€ KOHCTPYKTHBHHIX NapaMeTpoB.

50. Cdepuueckas abeppauus

PaccMorpuM JaBaeMoe ONTHYECKOR cHCTeMOH H300paxKeHHe
TOYKH, PacloJIOKEHHOH Ha ONTHYecKoH ocd. Tak Kak onTHuYecKas
cucTeMa o6jajaeT KPYroBoH CHMMeTpued OTHOCHTENHHO ONTHYECKOH
OCH, TO NOCTATOYHO OTPAHHUHTHLCS BHIOOpOM Jiydef, JiexkamuX B Me-
puaHoBadbHOH mimockoctd. Ha puc. 113 mokasaH xon JyueH, Xapak-
TepHH AJ15 NOJIOXKHTeJpHOH OIMHOYHOH JHH3H. [losoxenHe ujaeanb-
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B8x.3p.
8;
/A f A;
Puc. 113. Coepuueckass aGeppauus Puc. 114. Coepuueckas aGeppauus Aaf

[TOJIOXHTENBHOR JHH3K TOYKH BHe OCH

HOro usobpaxenus A npeameTHoH TOUKH A onpenessiercss mapaKcH-
aNbHBIM JIYYOM, IlepeceKaromuM ONTHYECKYK OCh Ha DACCTOAHHH S
OT NOCJElHeH NOoBePXHOCTH. JIyun, 06pasyIoiiHe ¢ ONTHYECKOH OCBIO
KOHEUHBIE YIJIBl O, He NPUXOAST B TOUKY A§ HICANbHOro H306paKeH s .
Jaisi onMHOYHOH NOMOMHUTENbHOH JIHH3B, ueM GoJblle abCoJIOTHOE
3HaYeHHe yrja o, TeM O/IHXKe K JIHH3e JIyd HEPECeKaeT ONTHYECKYIO
0cb. D10 06DbsCHSAETCS HEOAHHAKOBOH ONTHYECKOH CHJIOH JHWH3H B ee
PasMHYHBIX 30HaX, KOTOp&s YBEJMYHBAETCS [0 Mepe YHAaleHus oOT
ONTHYECKOH OCH.

YKasaHHOe HapyIIeHHe TOMOLEHTDHYHOCTH BHILEIIIEro NyYKa
Jiyuell MOXKHO XapakTepH3oBaTh Pa3HOCTHIO NPOAOJLHBIX OTPE3KOB S
AN NMapakCHaNbHHX Jyued H s’ Ana Jydell, NPOXOASMMX uepes
IJIOCKOCTb BXOJAHOIO 3payka Ha KOHEUHHIX BEICOTAaX: As” = s — s;.
Ora pasHocTb HasmiBaeTcs npodoavnoti chepuneckoti abeppayued.

Hanuuue chepuueckoit aGeppauuu B chCTeMe NPUBOAMT K TOMY,
YTO BMECTO PE3KOro H306pa’keHHs] TOYKH B IJIOCKOCTH HIEadbHOrO
H300paxeHHsl MOJyJaeTcss KPYXKOK pACCEessHHs, AMAMETP KOTOPOIo
paBeH ynBoeHHoMy sHauenuo Ay’. TlocielHee CBS3aHO ¢ NPOROAbHOR
cepryeckoli abeppanueli COOTHOLIEHHEM

Ay’ = As' tg o’ (262)

U HasblBaeTcsi nonepewnoi cgepudeckott abeppayuetl.

Crexyer oTMeTuTD, 4TO NpH cdepryeckoll abeppauru coxpansercs
CHMMETPHSl B BhHIIEJWIEM M3 CHCTeMbl Nyuke Jyyed. B oTiuuke oT
ApYTHX MOHOXpoMaTHYeCcKHX abeppauuii coepuueckas abeppauus
HMEeT MECTO BO BCEX TOYKaX NOJs ONTHYECKOH CHCTEMbl, IpPHYEM
IPH OTCYTCTBHH JADYTHX abeppamuil L5l TOYeK BHE OCH BBIIENLIHH
H3 CHCTeMBl Ny4OK JyueH Oy[eT ocTaBaTbCi CHUMMETPHYHBIM OTHOCH-
TeJILHO IJ1aBHOro Jyua (puc. 114).

[ipubnuxkerHoe snauenue cdepuuyeckoli abeppanuu MOXKHO ofpe-
Aendth N0 opmynam afeppaluii TPETbEro Nopsiika uepes Sy,

Hasa npenmera, pacno/ioxKeHHOro Ha KOHEUHOM PacCTOSHWH, Kak
crepyer u3 puc. 113, ig 0 = m/(s; — sp).

B npenesax peficrBeHHOCTH TeopHH abeppalmil TPeThero MopAaKa
MOXKHO MNDHHATb O = m/(s; — Sp).

Ec/n no/soXuTh, 4To n; = n, = 1, TO COIIaCHO YCJOBHSM HOP-
MHDPOBKH (252) (@) = B) moayuum o = m/[(s; — sp) B 1.
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Torna no dopmyse (253) mafizeM, yTo nomepeuHas chepHuecKas
abeppauusi Tperbero NOPSAKa [Jist NPEIMETHOR TOYKH, Pacnoso-
XKEHHOH Ha KOHEYHOM pAacCTOSIHHH,

Ayin = —0,50"S1. (263)

CooTBeTCcTBEHHO /151 MPOLOIbHON cdhepHuecKoil abeppanusl TPeTbEro
NOpsjKa NpH JonyileHun tg 6° &~ ¢’ corsacho (262) u (263) nonyuum

Asiyp = —0,567S,. (264)

Dopmydnt (263) u (264) cnpaBepuBel M LA CAyYas NpexMeTa,
PAacno/IoXeHHOro B 6eCKOHEUHOCTH, ecy St BHUHC/IEHA IPH YCIOBHAX
HODMHPOBKH (256), T.e. npH pealbHOM (OKYCHOM pAacCTOSIHHH.

B npakrtike aleppaurOHHOro pacyeTa ONTHYECKHX CHCTEM MNpH
BHIUAC/EHHH cdepHyeckoll abeppaudH TpeThEro MOpsijakKa YROGHO
nosb30BaThCsl (HOPMYJIAMH, COIEpPHKALIMMH KOOPAHMHATY Jyya Ha
BXoaHoM 3pauke. Torga npu n; = 1 coraacho (257) u (262) noayuum:

Ayin=—mSi/(2f ") Asin = —mSi/ ("),
ecad Sp BHIYHCIEHA INIPH YCJOBHAX HOPMHPOBKH (256).

Has ycnoBuit HOpMHPOBKH (258), T. €. /15 NPHBEJEHHOH CHCTEMH,
corsnacHo (259) u (262) 6ynmem umeTh:

Ayin = —m*Si/(2f7); Asinn = —m*S1/(2f). (265)

Ws npuseseHHnx Bee (GOpMys caenyer, 4To NpH JaHHOH Sp
chepuueckas abeppalHsi TPETbEro HOpsAAKa TeM Godblue, 4eM GoJblie
KOOpJMHATA M Jyda Ha BXOXHOM 3pauke.

Tak kak chepuyeckas abeppanus UPUCYTCTBYET AJSl BCEX TOUYEK
n0Jsl, TO NpH abeppalMOHHOA KOPPEKUHH ONTHUYECKOH CHCTEMbBI mep-
BOCTeNeHHOe BHHUMaHHE YIeJAIOT HcnpapieHuto chepuueckoi abeppa-
unn. HauGonee mpocToff ONTHYECKOH CHCTEMOH €O chepHUeCKUMH
NIOBEDXHOCTSIMH, B KOTOPOH MOXKHO YMEHbUIHTH ChepuuecKyro abep-
pauuio, SBJIAETC KOMOHHAUMSA HOJOXKMUTEIbHOH H OTPHIATENbHOH
7HH3. KaK y monoxutenbHO#, Tak H y oTpHUATENbHOH JHH3 Kpafinue
30HBI NPEJOMJISIIOT JIY4H CHJIbHEE, 4eM 30HBI, PACIOJOXKeHHble BOIU3H
ocu (puc. 115). OrpunarenvHas Ju-
H3a MMEET MOJIOKHTENbHYIO cepu-
yeckyto abeppanuio. [Jostomy Kom-
OHHALHA TMOJNOXHUTEJAbHOH JIHH3HI,
UMEIoIed oTpHIAaTeNbHYIO chepHyec-
Kyl abeppauyio, ¢ OTPHUATEIbHOH
JIUH30H NO3BOJISET HNOJNYYHTH CHCTe-
My ¢ HcHpaBJeHHOH chepuueckolt
abeppauune#t. K coxasnenuo, ycr-
paHHTb cepuyecKylo abeppanHio
MOXHO TOJBKO [J11 HEKOTOPBIX JYy-
4ell, HO He/Mb35 ee IOJHOCTBIO HCIl-

Puc. 115. Cdepuueckas aGeppauus PABHTb B IpejlesiaX BCEro BXOJHOTO
OTPHLUATENbHOH JIHH3BI 3pauka.
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Takum obpasom, Ji06as on- tgo’ tg0 tgo’
THYeckasl CHCTeMa Bcerja HMMeeT
OCTaTOUEYI0 chepuueckywo abep- /
paunio. Ocratoupie abeppauuu
ONTHYECKOH  CHCTEMBl  OGBIYHO
NpeACTaBJAIOT B BHAE TabJHI[ H
HATIOCTpHPYIOT rpadukamu. [las

NPEIMETHOH TOUKH, PACMOIOKEH- NG As As’
HOH Ha ONTHYECKOH OCH, MpUBO-
(] 7
AATCH rpaduKH NPOAOMLHOH AS" tg07 tg0’ tgo’
u momnepeyHofl Ay’ chepHyecKHX /

aeppauuil, npeiCTaB/JeHHbE B
BHJe OYHKIHA KoOpAMHAT m, O
win tg o',

KpuBHe NpOROJIbHOH M COOT-

’ ’ ’
BETCTBYIOImIEH el IomepevyHoH 4 4 4y
chepuuyecko abeppanuu moxasa-
Hbl Ha puc. 116. I'pajuku Ha Vs
puc. 116, a COOTBETCTBYIOT OI-
THYeCKOH cHCTeMe C HeJloucnpas- a) 6) 8

JIEHHOH chepHuecKoi abeppauu-

el. ECJH/I s TaKOH CHCTEMBEl ee Puc. 116. 'I‘parpuqecxoe 'l:lpellCTaBJIeHHe
ceprueckasi aGeppan us onpee- gggnog;g;a H nonepeYHol cdepuyeckux
JaseTcs  ToJbKO  abeppalusiMu PP

TpPEeThero Iopsiika, TO corjac-

HO ¢opMyae (264) KpuBas NpPOROJBHOM cthepuueckoft abeppanuy
HMeeT BHJI KBaIpaTHYHOH mapaboibl, a KPHBas MONEPeyHOH abeppa-
WK — KyGuueckoll napa6osel. I'padbuku Ha puc. 116, 6 cooTser-
CTBYIOT ONTHYECKOH CHCTeMe, y KOTOpO# chepHyeckas abeppauus
HCrpaBJieHa IS Jyda, NPOXOAAIIEro 4Yepes KpaH BXOJHOTO 3pauka,
a rpadbukd Ha pHC. 116, 6 — ONTHUECKOH cCHCTeME C NepexcnpasJen-
Ho#l cepuueckoit aGeppauues. Mcnpasienue WM NEPEHCIpAaB/ICHHE
chepuueckol abeppaillu MOMKHO IOJY4HTH, HATIPHMED, KOMOHHHDY A
HOJOXHTENLHYIO ¥ OTPHIUATE/bLHYIO JIHHSHL.

[Tonepeunast cbepuyeckas abeppauyst XapakTepusyeT KpPYKOK
paccesiHHs, KOTOpHIH NOJY4aeTcsi BMECTO HIEAJbHOTO H300paxkenus
ToukH. JlMaMeTp KpYKKa pacCesiHus I NaHHOH ONTHYECKOH CH-
CTeMBl 3aBHCHT OT BhGopa MJocKocTH u3obpaxenus. Eciu sty mio-
CKOCTb CMECTUTb OTHOCHTeNBHO MJIOCKOCTH HIEaNbHOTO H300paKeHHs
(nnockoctu T'aycca) Ha semuunny & (puc. 117, @), To B CMeIIeHHOH

NIOCKOCTH TMOJYYHM momepeunyio abeppauuio Ay’, CBA3aHHYIO ¢ qo-
nepeusoit abeppauneli Ay’ B miockocTd l'aycca 3aBHCHMOCTBIO

Ay = Ay —Etgo. (266)

B dopmyJe (266) caaraemoe & tg o' na rpaduke nonepeynoi cde-
prueckoil abeppalluyi, NMOCTPOEHHOM B KOOPIAHHATaX Ay = f (tg o’y
ABJETCA MPAMOH, Npoxojsiueli yepes Hauano Koopaunat. Ipu § = 0
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a tgo uMeeM rpadHK nonepeqnont
cpepuueckoi  aGeppauuu

-4y’ nJst niockoctH [ayceca.
i Ecan Ha rpaduxe mo-
NepeyHoH chepuyeckod
X 4y abeppaluH uepes HayaJo
/ |' KOOPIHHAT TPOBECTH Mps-
,'_5,;_«_ My aa (puc. 117, 6) rax,
yTo6B KpHBas abeppaunHH
al MMe/a HaHMeHbIIHE OTCTyM-
JIEHHS1 OT 3TOH HpsiMol, TO
) “ sra npsiMast 6yleT COOTBeT-
Puc. 117. Onpeniesenue miockocTs H3oGpaxe- C1BOBATh IVIOCKOCTH H306pa-
HHs, COOTBETCTBYIOIEA MHHHMANbHOK cepuye- KEHHF C  MHHHMMAJbHBIM
CKof aGeppauun KPyXKoM paccesHus. Cume-

IeHHe MJIOCKOCTH H3ofpa-
HEHHs  OTHOCHTEJIbHO MJIOCKOCTH Taycca ompenensiercs SaBHCH-

MocTeio § = Ayi/tg of, rae Ay{ u tg of — KOODAHHATH! JMI060H TOUKH,
B3ITOH Ha npsMol aa.

Ilpononbras chepryeckas abeppanus MoXeT GbITb TIpeAcTaB/eHa
MHOTOUJICHOM, COLEPKAUIMM HETHBIE CTENEHH napamerpa o' HJIH m:

~

=
[y
-Ay’

r

As' = am® 4 bm* + em® L ..., (267)

rae KospQULUHEHT a onpefensieTcs yepes Sy u XapakTepHusyer abeppa-

LWIO TPeThEro nopsiika, KosppHUHEHT b XapakTepuayer abeppanuio
[ATOTO NOPANKA, ¢ — CENbMOTO NODANKA H T. I,

N MHOTHX ONTHYECKHX CHCTEM MX nponosinHas chepryeckas

abeppaissi I0CTATOUHO TOYHO OMpENeJseTcs ABYMSl NEpPBEIMH cJarae-
MBIMH opmyner (267):

As" = am?® 4+ bms®, {2 68)

Ecnn chepuyeckas aGeppanus HCIpaBjieHa I/ Kpas 3pauyka
(mxp), 1O Asgp = ami, + bmi, = 0, OTKYAa NOJyyaem

mi, = —a/b. (269)

I nddepernnpys Bupaxenue (268) mo m, onpenesuM 3Hauenue
BEICOTEI M5, TpH KOTOpoM cdepuyeckasi abeppalysi HMeer 3KCTpe-
MaJbHOe 3HaueHHe m; = —a/(2b).

YuuThiBas 3aBHCHMOCTH (269), Hafizem BBICOTY Mg Jyua Ha 30He,
AJ15 KOTOPO# NPOJOJIbHAS chepHUecKas abeppaiysi HMeeT MaKCHMAD.
HOe 3HayeHHe:

My = mup/V 2 ~ 0,7myp.

[TosToMy anst oneskH cocrosuus KOoppeknuy chepuueckoi aeppanuy

€€ BRIUMCIAIOT LJs Jyued, NPOXOASUIMX HAa 30HAX Mup ¥ 0,7mg
(cMm. n. 46).
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51. MepHaHoOHaIbLHAS KOMa

Hcnpasnenune chepuueckoil abeppalnu — 310 HeoGXonH-
MO€ yC/IOBHE NOJYYEHHS BEICOKOTO KauecTBa H306paxKeHHs NpeaMer-
HOH TOYKH, PacloNOKEHHOH Ha ONTHYeCKOH ocH. OLHAKO KODPpeKuHs
cpeprueckoit abeppauun He obecneynBaer Tpe6yeMoro Kauecrsa
H300paxeHHs NJIS TOYeK BHE OCH, €CJH He HCIpaBjeHa Koma.

KoMa nposBisiercs B TOM, 4YTO CHMMETDPHUHBIE OTHOCHTEJNbHO
FJIZBHOTO JIy4a MyYOK, BXOAAUIHHA B ONTHUECKYIO CHCTEMY, CTAHOBHTCS
aCHMMETDHYHBIM N0 BBIXOJAE M3 Hee. HapylleHue CHMMETDHH B BHI-
WeAeM Nyyke JydyeHd oObsCHSETCS HEONMHAKOBBIMH YCJOBHAMH TIpe-
JIOMJIEHHS JIyueH, BXONSAIHKX B CHCTEMY Ha Pa3/HUHBIX 30HAX BXO[-
HOro 3padka. 3Ta HECHMMETDHS TUIOCKOTO MEePHAHOHAJIbHOTO NMydKa
Ha3bIBaeTCd MEPHIHOHAJNbHOH KOMOH.

CTpyKTypa MepHIHOHANbHOIO NMyukKa JAydYell JJIS ONTHYECKOH CH-
CTEMbI, HMEIOUIeH CpepHYeCKyl abeppalyio H MEepHAHOHANBLHYIO
KOMY, NOKasaHa Ha puc. 118. BepxBHH Jy4 ¢ KOOpAHHATOR Ha BXO.-
HOM 3paiKe -t/ M HHKHHH J1y4 ¢ KOOPAHHATON Ha BXOLHOM 3payKe —m
N0 BBIXOJE H3 CHCTEMBl HAYT HECHMMETDHYHO 1O OTHOIUEHHIO K IJaB-
HOMY Jydy. Mepoli MepHIMOHAJAbHOH KOMBI SHBJSETCS BEJHUHHA

Ay = (s + 42 — yia

Ilpu orcyrcTBHEH chepruecKoit abeppauuu (y; = yi) onTHueckas
CHCTEMa HMeeT TOJbKO MEDHAHOHAJbHYI0 KOMY.

st onpenenenus MEPUAHOHANBLHON KOMBI He0GXOAHMO BBIMOIHHTD
pacuer IJaBHOTO, BEPXHET0 M HHKHEro JyueH M HalTH OpPAMHATHI
Ys, Yi HX NEDECEYEHHS C MUIOCKOCTBIO H306pareHHs. DTOT pacuer
BhINOJIHsieTCS 110 opMyJam (231). PesynbTaThl BLIYHCIEHHE CBOAAT
B TalJHUbl M TNpPEeICTaB/ISIOT B BHIE TI'paduKOB.

Ha puc. 119 npuBenen rpaduk oCTaTOYHBHIX abeppauufi ontu-
YECKOll CHCTEMEI, uMelomel chepuyeckyio abeppanuio u Komy. ITo ocu
OpPAHHAT OTJOXeHa BeauuHHa A tg o' = tg o' — tg o;,.

st HaXoXaeHHs Mo rpabuKy 3HAUEHHS MEPHAHOHAIBLHON KOMbI

dtgo’

-6y C+0

Puc. 118. Xon nyueh npu ceprveckoi aGeppaunu W Meps-  Puc. 119. I'paduvue-

NHOHATBHOA KOMe CXOe OfpenesieHHe
MEpHIHOHAIbHOR
KOMHE
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Heo6X0JHMO COJMHHTb NPSIMOH TOUKH KPHBOH nomnepeuyHoil aGeppa-
UHH, HMeIollHe OJHHaKoBhle 3HaueHusi A tg o'. Orcekaembilt 3Toit
npsimoit orpesok OK Ha ocu Ay’ onpejessieT MEPHIHOHAJIbHYIO KOMY.

[Ipu6auxeHHoe 8HaueHHE MEDHIHOHAJbHOH KOMBI MOXHO BHI-
YHCJAUTB 1O GopmysaM abeppanuil TPETbEro NOPsAKa yepes CyMmy Syy.

Jns npeaMera, pacHoJIOXEHHOTO B OECKOHEYHOCTH, NPH ny = |
H YC/IOBHSIX HOPMHPOBKH (258) MepHIHOHa/bHAsi KOMa TPETLErO Io-
psika corsacHo (259) BriuncasieTcsa no Qopmyde

Ayin = —3m*e:Su/(2f). (270)

U3 dopmyasl (270) caepyer, 4to 3HaueHHe MePHAHOHANBHON
KOMBI TPONOPIHOHAILHO KBajpaTy KOOPAMHATHI NaHHOIO Jydya Ha
BXOJHOM 3pauke H TePBOH CTeNeHH YIJa NOJs ONTHYECKOH CHCTEMHI.

Jns ToukH Ha ocH (w; = 0) KOMa OTCYTCTBYET.

52. YciaoBHe CHHYCOB H YCJIOBHE M30MIJIaHATH3MA

Ecau ontuueckas cucrema faet GesabeppanioHHoe usobpa-
JKeHHe TOUKH, PaCHOJIOXKEeHHOH Ha OCH, TO AJ151 mosyuerus Gesabeppa-
LHOHHOrO H306paxKeHEHs GECKOHEYHO MaJIoTO OTpe3Ka, NepleBJIUKYy-
JIIPHOTO K ONTHYECKOH OCH, B CHCTEME JOJIKHO BEINOJHATBLCS YCJIOBHE
CHHYCOB (cM. m. 43):

n’ dy’ sin ¢’ = n dy sin o, 271)

rre dy u dy’ — GecKoHeYHO Mausblff TpeAMeT M ero H3obpakeHHe,
nepneHANKyJIspEbie K ONTHUECKON OCH; O H @' — YIUIBL Jy4Yed, Hpo-
XOASMIMX yepe3 OCEBble TOYKH NpeIMeTa H H300paKeHus; n u n' —
NoKa3aTeJu NpeJOMJEHHS cpell NPOCTPAaHCTBa NpeAMeTOB H H306pa-
JKEHRH.
Ycnopue (271) ponxkpo cobaofatecst Aasg JMoObX 3HaueHH# o.
Jlnsi GecKOHeYHO YJaJeHHOM IpenMeTHOH IJIOCKOCTH YCJIOBHE

CHHYCOB MMEET BHJ:
mising’ = f" = fo, (272)

rie m — BBICOT2 Ha BXOJHOM 3payKe Jydya, BXOAAIIErO B CHCTEMY
napaJjJiejbHO ONTHUECKOH OCH H 0o6pa3ylolero ¢ ocbid yroa ¢ no
BBIXOJe H3 CHCTEMBI; o — (POKYCHOE DacCTOsiHHE ANA NapakcHalbHBIX
ayuell. YciaoBue (272) [oMKHO co6M00aTHCS 151 JIOOBIX 3HaUeHUH m.
Jnsi nyda, MpOXOAANIEro yepes Kpal BXoAHoro 3pauka (m = D/2),
sin 0" = sin gy .

Tak Kak npefesbHOe 3HaUeHHe alepTypHOro Yrja B HPOCTPAHCTBE
usobpaxeHu#l He MoxeT ObiTb GoJbie 90°, To corsnacHo (272) makcu-
MaJbHO BO3MOXHOE OTHOCHTEJbHOE OTBEPCTHE ONTHUECKOH CHCTEMH,
yIOBJETBOPSAIONIE! YCJOBHIO CHHYCOB, OrPaHHYEHO HEpPaBEHCTBOM
D/f < 1:0,5.

[lapa conpsixeHHBIX TOUeK Ha OCH ONTHYECKOH CHCTeMbl, B KO-
TOPHIX NPaKTHYECKH OTCYTCTBYeT chepuuecKass abeppauus ¥ BbINOJ-
HEHO YCJIOBHE CHHYCOB, Ha3biBaeTCfl napot QnAGHAmMuYecKux movex.
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YKasaHHOE COCTOSIHHE KOPPEKLHH ONTHYECKOR CHCTeMB OGBIYHO
BBIMOJIHAETC BO BCeX MHKPOOGBLEKTHBAX.

Onnako BO MHOTHX CJyyasixX He yAaercsi MOJNYIHTb COBEPLIEHHOrO
H300paxeHUst JJIf TOUKH, PACTOJIOXKEHHOR Ha ONTHYECKOH OCH:
B ONTHYeCKHX CHCTeMaX ¢ GOMbLIMMH 3paykaMH chepuyeckas adeppa-
UUA HCHIpaBJisiercs IJs ABYX, PEIKO JJIX TpexX Jyuel, ocTajbHbIE
JIYUH OCEBOTO ITyYKa HMEIOT HEYCTPAHHUMYIO CHEPHUECKYIO abeppanHio.
B onTHueckHX cHCTeMax, HMEIOMHMX OCTATOYHYIO cepHuecKyio abep-
pauHio, HeOOXOLHMO BHIIONHHTL YCJIOBHE usonsanamusma. Ilpu
COGJIOJCHHH 3TOTO YCJOBHS KayecTBO H306PaxeHHs] TOYeK, pacmo-
JIOXKEHHBIX BOJIH3H ONTHYECKOH OCH, GYIeT TakKHM e, KaK H y oce-
BOH TOYKH.

s npeamera, pacnoJIOXXEeHHOTO Ha KOHEYHOM PacCTOSHHH, Be-
JHYMHA, XapaKTepH3ylolasi OTCTYIIEHHE OT YCJOBHS H30I/IaHaTH3Ma,
HME €T CJEAYIOIWHUHA BHA:

n=AB/Po — As/(s0 — sp;), (273)

rne Ap =P —B,; B, — maparcuanbHOE JHHelHOE YyBeJuueHHe,
npuueM P — JIMHEHHOe YBeJHYEHHe, ONpENessieMOe NJIS peanbHBIX
ayueit, p = n sin o/(n’ sin 0°); As’ — npononb Hast cpeprueckas aGep-
paumsi; Sp — 8aJHHH OTPe30K; Sp; — PAcCTOSIHHE OT IOCHeJHEH Io-
BEPXHOCTH IO BBIXOJHOIO 3pauka.

Hiist GeckoHeuHO yja/feHHOM NMPeIMETHOH MJOCKOCTH BENHUHHY 1),
XapaKkTEePHU3YOIYO OTCTYIVIEHHE OT YCJOBHSI M3OMJAHATH3MA, BbI-
YHCAAIOT 10 (dopMmyJe

n=Af"Ifo— As’/(s5 — sp;), (274)

rne Af" = f* — [, npuuem BenmunHy [ HaxomaT no dopmyJe (272);
fo — (oxycHoe paccrosiHEe LS MapaKCHadbHBIX Jyuel.

W3 ¢dopmyn (273) u (274) cnepyer, 4To B ONMTHYECKHX CHCTEMAX,
HMEIOIMX OCTATOYHYIO CepUUecKyro afeppaliio, XapaKTepH3YIo-
IHe OTCTYIVIEHHE OT YCJAOBHS CHHYCOB BeJHuuHB AP (npeamer Ha
KOHEYHOM paccTosinuM) u Af’ (mpenmer B 6eCKOHEYHOCTH) AOJMKHBI
ObITb NPONOPLUHOBAJBHBI OCTATOUHOH CdepHuecKol abeppauuu As’
B npeesiax BCEro BXOLHOTO 3pauka. B stom cnyuae 1 ~ 0 u usobpa-
KEHHE BHEOCEBBIX TOYEK NpPeAMeTa OYIeT TaKuM XK€, KaK H AJS TOUKH
Ha OCH, UTO fIBJIRETCS] NPH3HAKOM OTCYTCTBHSI B CHCTEME MepHAHO-
HaJbHOH KOMBI.

53. ACTHIMAaTH3M M KPHBM3HAa NOBEPXHOCTH
H300paxenus

PaccmorpuM  mso6paxkenue TOUKH, PAacCHONOMKEHHOH BHe
OCH, MYYKaMH JIyued, NPOXOASIIHX B ABYX B3aHMHO NEPIEHIHKYIAP-
HBIX CEUEHHSX — MEPHAHOHANBHOM M caruTTajibHoM (puc. 120). Ipu
3TOM OyIeM CcYHTaTb, 4TO 06a My4Ka, BHIXOASALIHE H3 BHEOCEBOMH
TOYKH B, GeCKOHEUHO GJM3KH K IVIaBHOMY JIYuY, T. €. ONHDAIOTCS Ha
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Puc. 120. CTpyxTypa acTHIMaTHYeCKOro Ny4kKa

OTBePCTHE MAJOro AMaMeTpa B MJIOCKOCTH BXOLHOTO 3payka. Tak Kak
KPHBH3HB CQEPHUYECKHX MOBEPXHOCTEH IJSI STHX B3aHMHO [EpIIeH-
IUKYJASPHBIX NYYKOB OKasblBAlOTCH HEOLHHAKOBHIMH, TO TOUKH CXOLa
MEPHAHOHAMbHOTO M CATUTTANBHOIO IYYKOB 1O BHIXOJE M3 ONTHYECKOH
CHCTEMB! MOJYYAIOTCS B Pa3sHBIX MecTaX. PacCTosiHHe MO ONTHYECKOH
OCH OT IJIOCKOCTH HJ€aJbHOTO H3o6paxeHHs (touka A¢) 1o Todek
CXOJia MEPHAMOHAJBLHOIO H CarATTaJbHOTO IYYKOB COOTBETCTBEHHO
0003HAYAIOT Z;, H 25, DTH PAcCTOSHHS PacCUMTHIBAIOT NO GHOpMyJaam
(241).

A6eppanust At TOUKH BHE OCH, KOTla ee H306paxeHusi, o6pasye-
Mble MEDHAHOHANLHBIME M CATHTTA/JbHBIMH ITyYKaMH, JIEXAaT B Pa3HbIX
MeCTaX, Ha3blBAETCH acmuemamusmom. DTy abeppalluio XapakTepH-
3YIOT PAa3SHOCTBIO OTPE3KOB Zg H 2Zp (Azi = z; — 2;,) M Ha3BIBAIOT
ACMUeMAMUYECKOL  DASHOCIbIO.

HMa puc. 120 cnenyer, uTo NpH HAMHYHKE acCTHTMATH3MA B MecTte
cxopa Bj MEpHIHOHANBLHOFO IydKa NOJY4YaeTcs TOPH3OHTAMbHEIR
OTPe30K, B MecTe cXofia B carHTTaJbHOrO NyYKa — BEPTHKAJbHBIHR
oTpesok. B miockoctn I'aycca n3o6paxeHue TOUKH B NaHHOM CJyyae
npejicraBisier cool smaunc, 6osbplias Och KOTOPOTO BepPTHKAIbHA.
Ecan nockocTh H3o6paxeHus mepemeniarh OT Toukd Bj, K Touke Bj,
TO NDH pa3HBIX €€ [MOJOXEeHHAX H300paXkeHHe TOuKH Oyler npel-
CTaBJASATh cOB0H TOPH3OHTANBHYIO JHHHIO, 3JUIHIC, 6OJbIIasi OCb KO-
TOPOr'0 TOPH30HTAJbHA, ~— KPYKOK IPaBHJAbHOH (DOPMBI, 3JIIHIC,
Gosibliasi OCb KOTOPOrO BEPTHKA/JbHA, — BEPTHKAJbHYIO JHHHIO.
[Tyuku ayueft, namouiMe TakOoro Bula H306paKeHHE, HA3BIBAIOTCA
aCTHTMAaTHYECKHMH.

Hns cnyyas nmpoTsKeHHOro oGbeKTa, HANPHMED, Y4acTKa IVIO-
CKOCTH, HYXHO PaccMaTpHBaTh COBOKYIHOCTb TOYEK 3TOTO O6BLEKTA,
Kaxjasi H3 KOTOPBIX H300pa)aeTcsi acTHTMATHUECKHMH NYYKaMH
ayueit. Ecaum ofbekToM sBJsieTcs 0Tpesok npaMoil AB IHHOH Y,
pacnosIoXkeHHBIA B MeDHIHOHANBHON IIocKoCcTH (pHc. 121), To KaXIoH
TOYKE 3TOTO0 OTpeska OyAYT COOTBETCTBOBATb MEPHAHOHAJIbHOE B,
H carurraspHoe B{ usofpaxenusi. CoelMHsIS TNOJYYEHHBIE TOUKH,
NOJIYYHM KPHBBIE Y, H Y;, SBJAIOLWIHECS COOTBETCTBEHHO MEPHIHO-
HaJbHbIM H CaTHTTAJbHbIM H306paXKeHHeM Tpenmera y. Ec/H KpHBbIE
Ym H Y5 BpamIaTh BOKDYT ONTHYECKOH OCH, TO MOJNYYHM aCTHIMaTHYe-

156



Bux.sp. 8l B8 7

| R

4
T
B T 2o

Puc. 121. HsoGpaxenuss OTpe3KoB, 06pPa3yeMblX 4cTHTMAaTHYECKHMH NYyuyKaMH

CKHE IIOBEPXHOCTH BpaINeHHs, KacareabHbie K miockoctd [aycca
B Touke A’ Ha ocH.

MexIy KpUBLIMH H300paKeHudl y,, ¥ y; UPOXOILHT CpefHAAd KDH-
Basd usobpaxenusa y'. Ha mnoeepxmoctH H306paxeHHs, KOTOPas
noJjyyaercss IIpH BpalleHHH BOKPYI OINTHYECKOH OCH KpHUBOH Y,
Kaxfasl TOYKa npeaMera y u3o0paxkaeTcs B BHIE KPYXKKa NPaBHJb-
HOH (OPMEL.

Takum obpasoM, HajiuyHe B ONTHYeCKO# cucreme abeppauui
aCTHIMaTH3Ma H KPUBH3HELI IOBEPXHOCTH H300pa)eHHs NPH YCJIOBHH,
4TO H300pakeHHe NPOENHPYETCA Ha IIOCKOCTb, HNPHBOAMT K HEpe3-
KOMY H306paKeHHIO TOYeK. DTa HEPE3KOCTb YBEJHUHBAETCS 10 Mepe
yAaJeHHs TOYKH OT onTHyecko# ocd. OTMETHM XapakKTepHBIE OCOOeH-
HOCTH H300paxKeHHs, CO3aBAEMOT0 CHCTEMOH, UMeme acTHIMaTH3M,
IJasi  caydasi, KOrZa oObeKToM sBJsieTcs AByMepHas ¢urypa
(puc. 122, a). DnemeHTapHBIE MEPHAHOHAJAbHBIE MYUYKH, H306paxao-
mHe KaxIYK© TOYKY B BHAE JUHUE (puc. 122, §), nepnesiuKyAIpHBIX
K Pa3/IM4HO OPHEHTHPOBAHHLIM MEDHIMOHAJBHBEIM IIJIOCKOCTHAM, AanyT
peskoe u3o0pakeHHe OKDPYXKHOCTH, T2K KaK 3JIeMeHTapHbe OTPEe3KH
MEDHIHOHAJbHEIX u300paXKeHdH, Hajarasch APYTI Ha Jpyra, He Ha-
pywar peskKocTd H300paxKeHHS; H300paxKeHHs TOYeK, HpHHaLJIeXKa-
IMHX pajuycaM, GYAYT IOJNy4aThCsl B BHJE 3JEMEHTapHbIX JHHHH,
HepHOeHAUKYAAPHBIX K pajHycaM, IpHYeM LJHHA 3THX JHHUH Oyner
Bo3pacTaTh [0 Mepe YHaJeHHs OT ONTHYECKOH ocH. DiemeHTapHbIC
CarMTTa/JbHBlE NYUYKH OyLyT H300paxKarh KamAyi0 TOYKYy OOBEKTa
B BUJE JHHHH, NEPNEHAUKYJAAPHHIX K PA3JHYHO OPHEHTHPOBAHHBIM

a o)

Puc. 122. H3ob6paxenne nnockof (GHrypw acCTHIMaTHYECKHMH NYYKaMH
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Puc. 123. [paduueckoe npeacrTaBieHyHe acTHrMaTH3Ma H KDHBH3HH [MOBEPXHOCTH
H306paKeHHH

CaTMTTaJIbHBIM IJIOCKOCTSIM, T. €. He HCKa3siT u3oOpaxKeHu#l pajuycos,
a H306paKeHHs OKpYKHOCTeH 6yNyT nmpeacTaBasith cOGOH 3/jeMeHTap-
HBI€ pajfivajbHBlE OTPE3KH, AJMHHA KOTOPHIX YBEJIHYHBAETCA MO Mepe
HX YyJaJeHHA OT ONTHYeCKOH ocH (pmc. 122, ).

ActurmMatMsM M KDHBH3HY INOBEPXHOCTH H306PaKEHHS ONTHYE-
CKOH CHCTEMBI OGBIYHO XapaKTEPH3YIOT BENMYHHAMH 2p, H 2Z;, KOTOpPHIE
CBOAATCA B TabJMIbl H WIIOCTPHPYIOTCA rpadukamu. [lo ocu opau-
HaT OTKJAafBIBAOT YIVIBl ¢ JAJIS TJIaBHBIX JydyeH, BEIXOASIIHX H3 pas-
JIMUHBIX TOYEK MpeAMeTa, HJH JHHeHdHbl#i pasMmep Hpeamera y, a IO
OoCcH afcuucc — OTPEe3KH Z, H Z;.

PasnyuHple clyyan KODPEKIHH aCTHIMATH3MA H KPHBH3HBI MO-
BEDXHOCTH H300paxenus Hunocrpupyer puc. 123. Ilpu nanuunu
B CHCTEME aCTHTMaTH3Ma M KDHUBH3HBI HOBEPXHOCTH H300paXKeHHUs
(non mociepHell moHuMaeTcs CPeNHss KpHBas 2’, PAaclOJIOXKEHHas
MEXJY KDHBBIMH 2, U 2;) AaXKe IIPH OTCYTCTBHH aCTHTMaTH3Ma (2, =
= z;) u300pakeHHEe IO MO/ IJIOCKOH IOBEPXHOCTH MOJIYyYaeTcs
nepeskuM (puc. 123, a). Ha puc. 123, 6 mokasan cayuaii ucnpasJe-
HHsI KPUBH3HB! IOBEPXHOCTH H306paxeHus (2, = —=2;) NPHU HEHCNIPaB-
JIEHHOM aCTHI'MaTH3Me,

Ins mosyueHHs Pe3KOro H306paXkeHHsi B Mpefesax BCEero MoJs
HEOOXOAMMO HCIIPaBHTb H ACTHIMATH3M H KPHBH3HY IOBEPXHOCTH
H3obpaxennsi. B TakuX cucTemMax, Ha3biBaeMblX AHACTUIMAaTaMH,
aCTHTMATH3M M KDHBH3HA MOBEPXHOCTH H3006paXKeHHf IPaKTHYECKH
HOJIHOCTBIO HCNPABJAIOTCH AJS HEKOTODOTO yria MoJs U HMET 10-
NYCTHMEBIE 3HAYEHHS B MpEAeNax BCEro MoJisi ONTHUECKOH CHCTEMHI.
Ipaduk ocratounnix aGeppauuil acTMrMarHsMa M KDHBH3HH NOBEpX-
HOCTH H300paxKeHHH o6beKTHBa-aHacTHrMara «HHaycTap», y KOTO-
poro ofe abeppallyu NMPaKTHYECKH TOJNHOCTHIO HCIPABJCHH M YIJa
nosist 10 20 = 50° W CcpaBHHTE/NBHO HEBEJHKH Ha caMoM Kpaw NoJs,
nokasaH Ha puc. 123, s.

[TpubnuxeHHsle 3Hauedusi aGeppauuil acTurMata3Ma H KDHBH3HH
HOBEPXHOCTH H306pa)KeHHs] MOXKHO BHUHUCAHTb N0 QopMynam abep-
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panufl TpeThero mnopsAka. ITH o

aGeppalliH OIpEAEJSIOTCH gepes Bx.3p

cymmul 3efinens (Sy; H Sp). m .
PacemoTpumM COOTHOLIEHHS o &

M1 TUIOCKOTO MEPHIAMOHAIbHOTO < 3 /

nyuKa, BHIXOASIIEIO H3 BHeoce-

BOoHl mnpeamerHOR TOYKH B, pac- 7

TOJIOMEHHOH B  GECKOHEYHOCTH o7 .

(puc. 124). MepuanoHaNbHAsA CO-  pyc. 124. Cxewa Ais BuBOZa hopMy.a

CTasJsdmomas nonepeqﬂoﬁ a6ep- ACTHIMATH3MAa H KPHMBH3HM MOBEPXHOCTH

paluH TpeTbero MOPSAKa M  H30Gpamenwi

6ecKOHEYHO YJAJEeHHOTo MpeaMe-

Ta NPH YCJOBHAX HOPMHPOBKH (258) W HepaBeHcTse HymoO Spp H

Sty onpeneasercs corsiacHo  (259):
Ayin = — (mo}/2) 3Sur + Siv), (275)

ecJqu TpeiMeT H H3o0paxkeHHWe B BO3AyXe, T. €. n; = n; = 1.
M3 paccmoTpeHHs NOZOGHBIX TPEYFOJbHHKOB B INPOCTPAHCTBE
H300pameHH# coryiacHO pHC. 124 umeem:

—Ayin/m = —z,/(f" + 20m).

YuutnBas, 9to f° 3> |z, |, H NMOACTABAAA B IOCJERHIOO HOPMYIY
Ayiiz w3 (275), nonyuaem

zm = —(f/2) 0} 38 + Sw). (276)

Ananoruunnle paccyxieHHs HO3BOISIOT, NOIbL3YACH BHIPAKEHH eM
IJIS. CATHTTAaNbHOH cocraBJisiiomefi nonepeudofi a6eppaudH TPeTbero
nopsiika, noaydutb 43 (259)

7= — (f./2) o} (Si + Sw). 277)

Torza acrurmartudyeckass pasHoctb Az, = 2 — 2 = [0iSi.
Takum o6pa3oMm, acTHrMaTH3M INPONODPIHOHAJIEH KBaiapary yrio-
BOro HOJs onrHueckofl cucremul. s ero ucmpaBiesus B 06JacTy

afeppaluil TpeThero Nopsiika HeoGXOAUMO BHIIOMHUTD YCIOBHE Sy =
= 0. B 3ToM ciyyae ofe acTHrMarHuecKHe IIOBEPXHOCTH CJHBAIOTCH
H corjacHo (276) u (277)

2m =2, = —(f12) ®}S1v>

T. €. KO3(QHIHEHT Spy ONpeensieT aGeppalHio KPHBH3HBI NOBEpX-
HOCTH H306pa)keHHH NPH HCNpPABJEHHOM AacCTHTMATH3ME.

~Ayp

54. uctopcus

HOucropcusi ontHyeckod cuctembl MPOSABIAETCA B TOM, 4TO
HapyINAaeTcs KOJJIHHEeapHOe COOTBETCTBHE H300paKeHHsT U NpeAMeTa.
Sta abeppallisi HE 3aBHCHT OT KOODAHHAT Jiyua Ha BXONHOM 3pauKe,
H BCe JIYYH, BHIXOAfINHE M3 JAHHOH NpPEAMETHOH TOYKH, MOCJIE CH-
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Bx.3p. Bbix. 3p.

o
*LB, T 1)

-5 Sp -sh s

y!

Puc. 125. Xon riaBHHX Ay4ell NPH HaJJHYHH JUCTOPCHH

CTeMB! JAIOT TOMOUEHTPHUYECKHHA NMYYOK Jyuel, coGupaloiy #cs B Mo-
ckoctu ['aycca B Touke, He COBNajalolell C ee HIeaNbHEIM H306paxe-
uuem. IIpH JHCTOPCHH He HapylaeTcsi Pe3KOCTb H300paXeHHs, HO
HCKaxaercs ero ¢opma. 3HaueHHe IHCTOPCHU LJsi JaHHOH TOUKH I0JsI
onpejiesisieTcsl PasHOCTbIO MEXIy OpAHHATOH y' IVIaBHOrC Jayda H
OPAHHATOH Yj, COOTBETCTBYIOMIEH HIEANLHOMY H306paXKeHHIO:

Ay =y — o (278)

JIHCTOPCHIO ONTHYECKOHR CHCTEMBI MOMKHO OLEHHTb B OTHOCHTENb-
HOH Mepe, BbIpaXkas ee B INPOLEHTax:

A" = [(y" — yo)/yo} 100 = (y'/yo — 1) 100.

JlunefiHoe yBenHYeHHe ONTHYECKOH CHCTEMBl i NaHHOH Haphl
CONpSIKEHHBIX [IIOCKOCTeH cornacHo puc. 125 MOXHO onpepenuTs
no gopmyJse

Pp=1y'ly= (s —sp)tgw’/(s — sp)tg ®]. (279)

Ecnu 3Ta BeHYHHA OcTaeTcsl NOCTOSIHHON AN MOOLIX 3HAUEHHH y
M DaBHOH JHMHEHHOMY YBEeJHUEHHIO P, HIEasbHOH CHCTEMEI, TO JH-

CTOPCHS OTCYTCTBYET, & CHCTeéMa, CBOSOJHASf OT AHCTOPCHH, HA3hl-
BAaeTCs 0pMOCKOnuUMecKol.

0
- 20
== | - 70
!
s
I
) P S A ’
a) s -0 0 074y

Puc. 126. Hckaxenne nso6paxetsfi actopeuit  Puc. 127, [paduuecxoe
npencTaBleHHe THCTOPCHH
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B peajbHHIX ONTHYECKHX CHCTeMAaX HX JHHEHHOe yBeJHUYeHHE,
onpegeisieMoe $opmyJofi (279), Be ocraercs MOCTOSHHBIM AJsI pas-
JHYHBIX 4 TO CJAELYIOLIMM IDHYMHAM: HMEET MeCTO C(epHyeckas
aGeppaliusl B 3pauKaX CHCTEMbI H He COXpaHsercs NOCTOSIHHLIM YIJIo-
BOE YBeJHYeHHe B 3paukax.

Hs dopmya (278) u (279) cnenyer, uro ecou |f| Bospacraer npu
yIaNeHud MpeIMeTHOH TOUYKH OT ONTHYECKOH OCH, TC YBEJIHUUBAETCS
aucropecust cuctembl Ay, T.e. |B|>|B,]. B stom cayuae pucrop-
cusi  MoJOXKHTeNbHas  (MOAylIKooOpasHas). Bwmecto  xBazmpara
(puc. 126, a) nonyuaercs ¢urypa, nokasaunasi Ha puc. 126, 6. Eciu
|p| ymenbuiaercsi, TO YyMeHbIlaeTCs M JUCTOPCHS cucreMbl Ay,
T.e. |B]<<|Bo|. B sTOM cayuae nucropcus orpuiareabHas (604Ko-
obpasnast). BMmecro KBajgpara MnoJyuaeTcsi ¢urypa, NOKasaHHas Ha
puc. 126, s.

[Tpubnuxennoe 3HaueHHe JHCTOPCHMHM ONTHYECKOH CHCTEMBI MOXKHO
BHUHCJUTL N0 ¢opMmynaMm abeppaluii TpPerbero NOPsAKa, HCIOJb-
3ys cymmy 3efinens Sy. Haa nOpeaMeTHOH IJIOCKOCTH, pacnoJo-
JKEHHOH Ha KOHEYHOM pAacCTOSIHHH, coryiacHO (260) suHeliHast guc-
TOpCHS

Ay = —4iSv/ [2n, (s — sp)°]-

Jns 6GeckOHeYHO YJANEHHOH INpeAMETHOH MJIOCKOCTH COIJIACHO
(261)

Ay;u = —w?f'gv/(Qn;)»

Cpenu rpaduKOB OCTATOUHBIX abeppauuil, XapaKTepH3YIOMHX Ka-
YeCcTBO H300paxKEeHHs ONTHUECKOH CHCTEMbI, NPUBOASTCH H KPUBBIE
pucropeun {puc. 127). Ilpu mx nocrpoenuu 1o oce abeuuce OTKJa-
IBIBAIOT JHHEAHYI Ay HAM OTHOCHTENBbHYIO A’ AHCTOPCHIO, IO
OCH OpPAHHAT — BEJHMYKHBI, ONpeReslonlue JHHeHHOe (y) WM YIJIO-
Boe (0) IIOJIOXKEeHHe HpeAMETHOH TOUYKH.



F'aasa X

XPOMATHYECKHE ABEPPALIHMHU
ONTHYECKUX CHCTEM

55. XpomMaTH3M IOJOXKEHHS

Xpomarnyeckue aleppalud MOSBAAIOTCH B OINTHYECKHX
CUCTEMaX B pe3yAbTaTeé HECKOMIIEHCUPOBAHHOH IHMCHIEPCHH, T. €.
pas/oXKeHUs] Ha MOHOX DPOMATHYECKHE COCTABJ/ISOMINE H3/1YYEHHUSA CI0K-
HOTO CMEKTPaJbHOTO COCTaBa INPH NPOXOXKICHMH JyueH depes mpe-
JIOMJISIIOIIIYE TTOBEPXHOCTH.

SIpienne pasjoXKeHHsT Ha MOHOXPOMATHYECKHE COCTABJ/AIOUIUE
CJI0KHOTO [0 CNIEKTPANbHOMY COCTaBY H3JYUCHHS HIPH €r0 HPOXOXKAe-
HHHM uepe3 JIMH30BHIE ONTHYECKHE CHCTEMBl OOHADYKHBaeTcs YkKe
B mapakcuajgbHOH ob6jactu. [Ipu TOM mapaxcuanbHble M300paXKEHHs
npenMeTa, o0pa3oBaHHBIE ONTHYECKOR CHCTEMOH B Jysax € pasjuy-
HBIMH JJIMHAMH BOJH, OyLyT PasjHuaTbCf KakK IO IIOJOXKEHHIO, TaK
¥ [0 pasMepy B 3aBHCHMOCTH OT ONITHYECKHX XapaKTePHCTHK Mmare-
puasos (cM. ri. V, m. 25), M3 KOTODBIX H3TOTOBJIEHBI JIMHSBL.

A6eppanysi ONTHYECKOH CHCTEMbl, NPU HaJHYHH KOTOPo#k H300pa-
MEHHUsl NpeIAMeTHOH TOUKH, ofpasyemble B Jy4ax Das/uyHbIX [JIMH
BOJIH, TIOJYYaIOTCsl B Pa3HBIX MecTax BJOJb ONTHYECKOH OCH, HasHl-
BaeTcsl xpomamuueckod abeppayuell NOAONCEHUS, WIH XPOMAMUIMOM
ROAOKMCEHUS.

[Tycre (puc. 128) Ha onTHYECKY:O cHCTeMy OT 0OceBOH TOUKH A
NPUXOAHT H3JAYyUeHHE CJOMKHOIO CHEKTPaJbHOrO cocTaBa. Bhifesnm
napaxcHajbHBIE JY4YH, COOTBETCTBYIOILHE KODOTKOBOJHOBOH, OCHOB-
HOM H [JIMHHOBOJIHOBOH 4YacTAM CHeKTpa H3JyueHHs Ha JMNJIHHAX
BOMH A, Ay, A,

BesencTBHe XpomatH3Mma TosioxeHusi u3obpaxenus Ai,, Aj,
u Aj, Toukn A 00pa3cBaHEl B Pa3HBIX MECTaX Ha DPAaCCTOSHUAX Soa,,
SOhys SOh,, TPHUEM SO, 7= SOh, 7= SOA,-

XpomatHaM nosnoxeHHst Asj,, 5, H3MepSercs pPasHOCTBIO pac-
CTOSIHUE ISl ABYX JJIHH BOJIH Ay H Ay

Asp,, A, = SGa, — SOn,-

Ilpy Banuuum >Toli abeppallud B IIOCKOCTH IMapakCHAJIbHOTO
usofpaxeHus AIs A, u3ofpakerue Touku OYIeT MMETb HexKeJarellb-
HYIO HBETHYIO OKpacKy ¥ OyAeT pPasMbIThIM.

TouHoe 3HayeHHe XpOMATH3Ma IIOJIOKEHHS ONDEJe]sIOT IO pe-
iynm{lram pacuera Xoia ABYX INlapaKCHAaJbHBIX OCEBBIX Jy4Yed Ajs

1 H Ag.
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7
5012

Puc. 128. Xpomartuam nosoxerus

TlpubauxkenHo Asj,, 3, MOXHO BHIYMCAHTL IO dopMmy.ie

k=q
Asi,, v, = [1/(nge)] k}_.‘:l htCr= S1xp/(ngeg ), (280)
k=g a

rae Spgp = kgl h,Cy — mnepBast xpomaTHueckasi cymma (cM. npui. 3);

hy — BHICOTA NEPBOTO BCIOMOTATEJLHONO JIyua;
= (8ax/8ps) O (Anp/ny) = (80ts/Ops) & [(1 — py)/vs]

— XPDOMATHUECKHH Mapamerp; vy — KO3hOUIHEeHT JuCIepcHd (CM.
n. 25); pp = 1/ny; Ans Bosgyxa Anjn = (I — p)/v = 0.

Halinem xpoMartH3M NOJNOXKEHHS OZHHOWHON TOHKOH JIMH3HI, pac-
nosoxenHo# B Bosayxe (puc. 129). ITo dopmy.ae orpeskos (38) mpwu
s=ua, s =a wuveem 1/’ — 1/s=1/f'. s pasauunpx Jsayuef
cmektpa S = var H [ = var. [uddepenuupoBanuem (GOpMYJILI
(38) mafimem, uto npu O0s = Asj,,, COpaBeIJMBO DAaBEHCTBO
—0s')s” = —of /f’, orKyzna

0s = Asi,, 2, =" Of If " (281)

Has onpenesnenus: Besnuunnl 0f nponupdepennupyem popmyiay (96)

TOHKOH JuH3b. [lpu d = 0 nomyunm —of I = on (Ufry — Yry)
H Lajee

—of If” = an/lf’ (n — )], (282)
e on=An=m, —m,; n—1=mnm, — 1.
U3 ¢dopmya (281) " (282) CJIeAyeT, UYTO
Asi,, 2, = —s"1(fV). (283)
Ecin npeamer pacmosioxen B GeCKOHEUHOCTH (s = —oo), TO A
TOHKOH JIHH3H §' = f' H, CJefOBATE/NbHO, XPOMATH3M IOJIOXKEHHSA
E—— (284)

Kak crenyer us dopmynn (284), MOJOXKHTEIbHBIE JIHH3E HMEIOT

XpOMaTH3M NOJIOKEHHS OTPHLATEJNbHBIH, 4 OTPHLATENbHbIE JIMH3BI —
TIOJIOXKHTENbHBIH.

Mpumep. BuUnHCANTL XPOMATH3M NOJOXKEHHS OAHHOYHOM TOHKOH JIMH3H, HMEIO-
mefA ¢oxycHoe paccrosnHe 100 MM, nOKasartesb NpPeJOMJEHHS ny, =N, =1,54u
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Ko3(PHLHeHT RHCNEPCHH Vg == 60, Ans 1) GecKoHe4HO yJaJeHHOH NpeAMETHOH TOYKH
H 2) npez{memoﬁ TOYKH, YHaJNeHHOHA Ha paccrosiHue § = —2f’.
Pewenue. 1. ITo popmyne (284) nomyuum Asp o, = —1,67 MM, T. e. ecau Gu

JIRH3a HMeJla OTHOCHTeJabHOe oTBepctHe 1 : 10, TO TONBKO BCJENCTBHE XpOMAaTH3Ma
NOMOXKEHUST BMECTO TOUKH HONYUHJAOCH OH NMATHO AHAMETPOM dpae = 0, 167 MM.
2. Hso6paxeHne NOJTYYHTCS TaKke Ha ABOHHOM (POKYCHOM paCCTOHHHH s’ = 2f.

[To dopmyne (283) umeem As; o = —4f’ () = —4f' v = —6,68 MM, T. e
XpOMaTH3M NMOJO¥eHHs B 4 pasa 6oblle, YeM B IIeDBOM cJyuae.

3TOT HpHEMep NOKas3biBaeT, YTO NPU NPUOIHKEHHH IpelMera K ONTHYECKOR CH-
cTeMe XDOMAarTu3M IOJIOXKEHHS BO3DAaCTaerT.

XpoMaTusMm MOJNOXKEHHS OJHHOUHBIX JIHH3 MOJNOXHTENBHOH (KPH-
pasi I) W oTpunaresbHOH (KpuBasi 2) WJIIOCTPHPYIOT XapaKTepHCTH-
yeckue rpadHKy 3aBHCHMOCTH Sy = @ (M), NOKasaHHbie Ha puc. 130.
CooTBeTCTBYIOMUM NOAOOPOM MaTepHajJoB H (DOKYCHBIX PacCTOSHHH
NOJIOXKHUTEJBLHOH W OTPHIATENbHOH JIHH3 MOXKHO HCIIPABHTH XPOMAaTH3M
noJioKeHust (Sor, = Son,» ASh, 2, = 0), T.€. JOCTHTHYTb axpoma-
tusma (puc. 130, kpuBasa ).

PaccmorpuM  yCJIOBHE aXPOMATH3aLHH JBYXJIHH30BOTO TOHKOTO
CKJIEEHHOTO OGBEKTHBA, PACIOJNOKEHHOTO B BO3AYXe, /151 GECKOHEUHO
ynanersoro npeamera. OnTHyeckas CHJa TAKOTO OOBEKTHBA COIVIACHO
(63) 6yner pamHa:

O =@, + ,, (285)
torga d® = d®; + d®,. quddepennupys bopmyny npocTol JHH3HL,
Toayuaem

dD; = Dyfvy; dDy = Dy/v,. (286)

YcnoBuem UCHpaBaeHusi XpomaTusMma siBsisiercst pasencTso d® = 0,
[Noacrasnss seauyunn dO; u dO, B dopmyay (285), onpepeanm ycio-
BHE axXpOMAaTH3aLKH:

Oyfvy = —Dy/v,. (287)

Pemast copmectro (285) u (287), nonyuaem GopMyJibl Ui BEIYHCACHHS
ONITHYECKKX CHJI JIHH3, COCTaBJIsI~
IOIHX aXPOMAaTHYeCKYI0 Hapy:

D, = viQ/(vy —vy); Dy =
= —v,D/(v; — vy).

U3 noayyennnix Gopmys Mox-
HO CHeNaTh C/eAyIoline BHIBOJMI.

m=1 H H m=1

T -5=-a J@[ s=a’ j

4
! Sp a

Puc. 129. Cxema ansa onpelenenus xpo-  Puc. 130. I'papuxu xpomatHyeckol abep-
MaTH3Ma NOJOKEHHA CUHHOYHOM TOHKO#  pallHH MOJOKEHHS
JIAHSH
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1. [laa ucnpaBJeHHS XPOMATH3Ma IIOJIOXKEHHS HeoOXOAuMa KOM-
GuHanus H3 JIHH3, HMEIMHUX (OKYCHBIE PACCTOSHHS Pa3HBIX 3HAKOB
[em. Qopmyay (287)].

2. TlonoxurenbHasn JIHH3a ROJIKHA ObITh H3TOTOBJIEHA: IJS IIOJIO-
JKHTEJBHOTO OOBEKTHBA M3 MaTepHana, uMeromero Gonblui Koahdu-
LUHEHT AMCHEPCHH, M IJsl OTPHIATEJbHOTO OOBEKTHBA H3 MaTepHasa,
HMEIOHIEI'0 MEeHbINHH KoabduuueHT AucnepcHu. Takum obpaszoM, H3
CTeKJa, UMelomero 6osbmink KoahdOHUHeRT IUCIIepCHH (KaK NPaBHJIO,
3TO KPOHOBOE CTEKJIO), H3TOTOBJSIOT JHH3Y, 3HaK GOKYCHOTO paccrosi-
HHA KOTODOH ompenessieT 3HAK. (OKYCHOrO DPACCTOSIHHS BCEro 00mb-
€KTHBA.

3. Ycnosue axpomarusamuu d® = 0 moxker ObiTb YIOBJETBO-
PEHO 1/ OTPHLATENHLHOH JHH3H B (OpPMe MeHHCKA. 3Ty BO3MCXK-
HocTh BrepBeie nmokazan L. II. Makcyros B 1941 r. IleficTBUTENIBHO,
ecau npoaudbepeHnupoBaTh GOPMYJY JHH3E M HPHpaBHsATE 0D =
= d® = 0, To ycJOBHE aXpOMAaTH3alUU MeHMcKa Makcyrosa umeer
CIenyIomuM BHI:

rg —ry = d (1 — n?)/n.

[lpr axpoMaTnsanyy ABYXJHH30BOrO OOBEKTHBA YLAETCSI COBME-
CTHUTh LBETHHIE MapakKCHAMbHBIE M300DaMKEHHST OCEBBIX TOUEK TOJBKO
L5 Jygel ¢ LIWHAME BOJH Ay ¥ A, (cM. puc.-130, kpusas 3), usobpaxe-
HHE B OCHOBHOM «IIBeT€» OK33BLIBAETCS HA PACCTOSIHUH Spy,, HE PABHOM
DACCTOSIHUAM  Sp, == Sta,- 1aKHM 06Da3oM, NPH axpoMaTH3alHH
B OGBEKTHBE HMEeTCsl OCTATOUYHLIA XpOMAaTH3M, KOTOPBHIH HAa3BIBAIOT
BMOPUHHBLM CNEKMPOM W KOTOPHI MOMKHO OIEHHTh Pa3HOCTHIO

ASy,. 2y = S0%e — S0, = S0 A — S04,

Bropuunnifi cnextp Asi, a, = Asy,,a, B obractH aGeppauuit
HEPBOro MOPSIKA MOMKHO BBIUHCIHUTDL ILJIsl ABYXJHH30BOTO CKJIEEHHOTO
06beKTHBA N0 caenyomed opmyae (IpH yeaoBuH, 4To Asy 3, = 0):

Asi,, 2, = —F (71 — Vo)/(vi — Vo), (288)

rie v;, vy — KO3OQHUHEHTH IUCHEPCHH; Yy, Yy — OTHOCHTEJbHBIE
YacTHbIE JHUCIEPCHH COOTBETCTREHHO IJIst MATEPHAJIOB NEPBOH H BTOPOHX
JUH3 OOBEKTHBA.

Jnsa yMeHmIIeHHS BTOPHYHOTO CNeKTpa cJjefyeT BHIOHpaTb TaKHue
Mapel CTEKOJ, y KOTODBIX OTHOCHTEJbHBIE YacTHbIE HUCIEPCHH ¥
ONAHHA4KOBBI, a KOBQ)CDHLIHEHTBI LHCIIEPCHUH CHJIBHO  PA3JIHYaKOTCH.

Npumep. Onpenennm no dopmye (288) B Buaumoi o6nacth (Ag = A,, Ay = Ag,,
Ay = A¢.) SHAYEHHS BTOPHWHOTO CNEKTPa IS PAa CTEKOJ.

1. O6HyHEble cTeKsa:

K8 eV = 63,87, Y1 = 0.5069,
Ol . . . vy= 36,69; yg = 0,5215;
As;p. =f'11862.
2. CunbnHO pasnuudiouHecss N0 Ko3phUIMEHTY BHCNEPCHH CTeKJa:
JIK3 .. . vy = 69,86; 7v; = 0.5052;
TOI0 . . . vyg= 2517, 7, = 0.5299;

AS) . = f11809.
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3. Crexsia , GJHSKHE NO OTHOCHTEJNBHOH YacTHOR IHCNEePCHH:
CTK7 .. .vy== 53,31, y; = 0,5130;
TBOIL . . . vy,= 42,83, y,==0,5167;

As,p, = [’12832.

4, Crexsa, 6/1H3KHe IO OTHOCHTEJbHOA YaCTHOW IHCIIEPCHH ¢ OCOOHM (QJIHHTOM
(09):
BKIO. . .v;= 5577, vy= 0,5119;
Odl . . .vg = 51,57, yy=0,5122;
As; . = f/14000.

Kak caenyer M3 npumepa, B 1-M H BO 2-M ciydyasX BTOPHUHBIH
cnexTp cocraBaser ~f'/2000 1 ero Heo6XOAMMO HCIPABAATD B AJHHHO-
dOKYCHBIX OOBEKTHBaX, aspodoTo06bEKTHBAX, OOBEKTHBAX 60JbLIOTO
yBeNHUYeHUs K OObEeKTHBAX IS UBETHOH (oTOrpapuH HJH NpPH MpO-
eUHpOBAaHHH IBETHbIX H300paxkenuit. Ilpu Masnofi pasHoOCTH Mexny
v: H Yy, OKasblBaeTcs TaKKe Maslof Da3HOCTb MEXAY vy H v, (3-i H
4-§1 cayuau), 4To OOYCJNOBJIUBAET KPYTOH DANHyC CKJAEHKH U HEBO3-
MOXHOCTb HCIpaBJjieHus chepudyeckoil abeppaliuu.

[Tpu ucnpaB/JeHHH BTOPUUHONO CIEKTPA YAAETCS COBMECTHTb LIBET-
Hble H306DAKEHHST OCEBRIX TOYEK /IS TPeX IJHH BOJH, T. €. ONYUHTh
Son, = Son, = Son,- 1aKas cTeneHb Koppekuuu (Kpupasi 4 Ha pHc. 130)
Ha3bIBAETCS AaloXpPOMAaTHUECKOH.

B COBETCKO-HEMELUKOM KaTaJore OINTHYECKOTO CTEKJIa HMEIOTCH

TabJHUIBl, TO3BOJSIONIHE BbIﬁPIpaTb napsl CTEKOJ € YMEHbUIEHHLIM
BTOPHUYHBIM CIEKTPOM.

56. XpomMaTH3M yBeJHYEHHS

Ipyroli xpomaruyeckol abeppanuefi NepBOro nopsaka,
NpOABJSIOMEHCS YKe B NIapakCHaIbHOA 06/1aCTH, ABAACTCH XPomamu-
ueckan abeppayus YSeAUHEHUS, WIH XDOMAMUSM YEEeAUHEHUS.

IIpn maawumu atofi abeppalil H300GpaXKeHHs BHEOCEBOH TOYKH,
06pa3oBaHHbIe OITHUECKOA CHCTEMOH B JyuaX DasJiMuHbIX JUIMH BOJIH,
pacnoJjaraloTcs Ha PasiMuHBIX paccTosHHAX oT ocH (puc. 131), T. e.
Yr, 7= Yr, = Yr,- DenviuHel Yy  BHUHCAAICTCS MO XOAY IJaBHOIO
Jayya.

XpoMaTH3M YBENHYEHHS KOJHUECTBEHHO OUEHHBAeTCH IO PasHOCTH
3HaueHU# y' NNA CPAHUUHBIX LJUH BOJH, T. €.

==
\/

Puc. 131. XpoMaTH3M yBeJHYEHHS
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Touynoe sHaueHue XpoOMaTH3Ma YBEJAHUYEHHA BLHIYHUCAAIT MO pe-
8yJibTaTaM pacyera XOIa IJIaBHOTO Jayua ILJsd OCHOBHOH H FpPaHHYHBIX
JJIHH BOJIH. XDOMBTI/ISM YBE&JIHUEHHA OLEHHBAKT H B OTHOCHUTEJIbHOR
Mmepe:

Ay;‘n A’l/yib = (yi'x - yiz)/y;w’

a TakXe B MDOLEHTAX.
[lpubnuxenno BeauuuHy Ay, a, BBUHCASIOT MO GopMyJe

k=q

Ayh,, r = Y, Stixp/l = (93,/1) kz‘:]‘ HC,

k=q
rie Sipxp = kzl H,Cy —BTOpas xpomaruueckas cymma (M. npuJ. 3);

Hy — BBICOT2 TOUKH II€PECEYEHHS C INOBEPXHOCTSIMU BTOPOFO BCIIO-
MmoratesnbHoro Jayya; I = ny0y (Sp — s;) Py — uHBapHaHT;

Cr = [(@agr — o)/ (Prer — Pa)] {1 — Paypi)/Vay — (1 — pa)/vil =
= (8ap/Os) B [(1 — pa)/vrl.

XpoMaTH3M YBENHUEHHS ONDPEAESAeTCH B MJOCKOCTH NapaKCHA/b-
HOro H3o0paXkeHHus JJIs1 OCHOBHOIO lBera. IIpu HaJuuHH XpoMaTH3Ma
yBEJIUYEHHA H300paXKEHHs MDEIMETOB NPHOODETAIOT HeXeJaTeNbHble
LIBETHBIE KOHTYDHl, KOTODbIE CO3[AKT HEPE3KOCTh M300pakeHus. Pac-
cMatTpHBaemas abeppauusi BO3pacTaeT NPH YBEJAWUYEHHH YIVIOBBIX IIO-
Jiefl ONTHUECKHX CHCTEM M 3aBHCHUT HE TOJBKO OT KOHCTPYKTHBHBIX
napaMerpoB M BeIOOpa MaTepHajoB, HO H OT CTEIeHH HCIPaBJEHUS
XpoMaTH3Ma IOJOXKeHHS.

Ecnu onTuyeckas cucTeMa TOHKasl, a MPEIMET PacloJoXeH B 6ec-
KOHEYHOCTH, TO XPOMATH3M YBEJHUEHHUSH

k=q

Ay, rlyi, = —H) kg Ch.

OTciopa BHAHO, 4TO 3Ta abeppalius 3aBUCHT OT IIOJNOXKEHHA 3pauka
(f{; = ap npu P, = 1) U CTeneHH HCNOpPaBJCHHUS XPOMATH3MA II0JO-
xeHuda, [las ToHKOH cucTeMbl mpH §; = —oo, n' = 1, a’ = | xpo-
MaTH3M TIOJIOMKEHUS

k=q

Asi,, a, = hy k;l Cs.

Taxum 06pasoM, B TOHKOH CHUCTEME eCJd XPOMAaTH3M NOJIOXKEHUS
HcnpasJed (3TO BO3MOXKHO JHILbL npH ), Cp = 0), TO 1 XpoMaTu3M
yBeJMYEHHS HCTIPABJEH, a TAKXKE eC/JH BXOLHOH 3DayOK ONTHYECKOH
CHCTEMBI COBMNAJAeT ¢ NepBoil MOoBEPXHOCTbIO (ap = 0), TO XpOMaTH3M
yBeNMUEHHS TaKXKe paBeH HY.JIo.
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57. CdepoxpomaTHueckass abeppauHs H XpOMaTHUECKHe
abeppanyi IHPOKUX HAKJIOHHBIX IYYKOB

Coepoxpomamuueckas abeppayus, HIX XPOMAMUYECKAS
pasHocmy cepuueckux abeppayutl, — 370 owHnbKka B H300paKeHHH
OCeBOH TOYKH, OOpa3VeMOM DeasbHbIMH JIYYaMK DAasJIMuHbIX IJHH
BOJIH, BO3HHKAaIOMmasi BCJENCTBHE TOrO, uto chepHueckas abeppanus
B JyuYax C IJIMHAMH BOJH Ay, Ay ¥ A, HE ONMHAKOBA. B ontnueckoh cH-
creme (puc. 132) moryT OpiTb HcrpaBJ/ieHbl cepuyeckass abeppaunus
L1 ocHOBHOro mBeTa (Asgps, = 0) H XPOMaTH3M IOJOXEHHS
(ASh,, a, = 0). Opmaxo BesencTBhe OoJsbiiof pasHoctd B cdepuue-
CKOH abeppauluH LS H3JYUEHHSI C A; H A, KauecTBO HM300paKeHHs
MOMKET OKasaThCH HeYIOBJETBOPUTENbHbIM. IIpH 3TOM, uyem GoJblie
BLICOTA 711 Iyuell BO BXOLHOM 3pauKe, TeM CHJIbHee CKa3biBaeTCs BJHSA-
Hue 3ToH abeppauuw.

Chepuueckylo abeppauuio (cM. n. 50) MOXKHO NpENCTaBHTH CJe-
AyomuM o6pasom:

As" =5 —sp=0:0"Fa0* ..., (289)
rie a,, Q, ... — HEKOTOPHIE NOCTOSIHHBEIC, HE 3aBHCAIIHE OT BEJH-
YHHBl M; O — BXOIHOH anepTypHHl yroa (rTexkyllee 3HAYeHHE).

[Tpumenum dopmynay (289) mis ABYX ANHH BOJH Ay H A,
ASK, = 85, — SoA; Asy, = 85, — Sy,
ChepoxpomaTiaM MOXKET GbITh BHIUHCJEH MO CJeAyoues Gopmye:
Apy—r, = ASi, — As{, = (S5, — $1,) — (Sh, — Si.)o, (290)

rae (i, — Si,)o = Asi,,r, — XpoMaTH3M noJioxenus. Tak Kak coe-
pHUECKYI0 abeppauuio ONPENessioT OTHO-
CHTEJIBHO IJIOCKOCTH NapakCHaAbHOTO ,
H3obpaxeHua s Ay, TO dopmyJa (290) Atgujﬁ, o Mz
6yAeT uMeTb APYro# BHA:

A’\x"’*z = Sil - S;»z'

4s’ a4s’
Puc. 132. Chepoxpoma- Puc. 133. Ipaduk cdepo- Puc. 134, ['papuk sHeoce-
THYecKas abeppauus XpoMaTHyecKOH aleppaldH  BHX aleppalH# Aad H3NY-
NPH €e ONTHMAJbHOM yeHHA C DAa3NHYHHMH LJIH-
HCTIPaBJeHHH HaMH BOJIH
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Takum o6pasoM, INpH HCNpaBJeHHoM cdepoxpoMaTusMe s;, =
= s}, WIH an, = Qin,; Qoa, = Ao, H T. L. EcAM OrpaHdyHTHCS
abeppanuamu 11l nopsanka, To Sii, = Si,.

U3 dopmyast (290) caepyer, uro AJIsi HcIpaBieHus chepoxpoma-
TH3Ma HeoOXOAHMO, 4TOOH i, — Si, = Asp,, 2. OIHAKO 1pH
3TOM MNDUXOAUTCS AONYCKAaTh OCTATOUHBIE XPOMAaTH3M IIOJOXEHHS.
OnruMaJsbHeIM HCIIpaBJaeHHEM cepoXxpoMaTuama OYAET €ro paBeHCTBO
HYJIO RJs 30HaJbHBIX JAyueff, T. e, korga (puc. 133)

(Si1)3 = (Sl"n)S'

HanoxenHoe Bhlllle NO3BOJISET CHEJATh 3aKJIOYEHHE O TOM, 4YTO
chepoxpomarnyeckass abeppanus OTHOCHTCS K abeppauHaM IIHPOKOTO
OCeBOTO IyuKa JyueH, paccMarpHBaeMoro B pafoyeM yyacTKe CIeK-
TPaJbHOTO JHAMNasoHa.

[lo ana/soruu MOXHO CHeJaTh BBIBOJ, YTO B IIHPOKOM HaKJOHHOM
NyyKe peasibHBIX Jyuel BHEOCeBble abeppalud LIS H3JNy4eHu# c pas-
JIUYHBIMH JUIHHAMH BOJH MOTYT OKa3aTbCsl TAaKXe Pa3HUHBIMH
(puc. 134) name nas MepUAHOHAJLHOrO nyuyxa Jyueid. [Ipu stom xpo-
MaTH3M YBeJHYEHHS MOXET OBITb H HCIPaBleH (Yrna, = Yrar,)
HO HaJHYHe XPOMaTHYeCcKOH aeppalyy Jyuell MHPOKOTO HAKJIOHHOIO
DyYKa NpHBeleT K YXYIINIEHHIO KauecTBa H300paKeHHS BHEOCEBBIX
TOYEK, UTO CKa3bIBAETCH B TIOSBJEHUH HeXelaTe/JbHOr0 OKpAalIHBaHH.



rfrrasa XI
A3 KAK ONTUYECKAST CUCTEMA

58. Ycrpo#cTBo raasa

3ameuaresbHag cHOCOOHOCTb BHIETH, T. €. HO3HABATh
OKPY¥aWIHH MHD NOCPEICTBOM 3DEHHS, OO6ecrneyHuBaeTcCsl CJIOXKHOH
ONTHYECKOH H (PH3HOJNOTHYECKOH CHCTEMOH — Ijia3oM. DTa CHCTeEMaA
npeo6pasyeT SHEPTHIO ONTHYECKOTO H3JIyYeHHS B 3DHTENBHEIE OILY-
HIEHHS.

BHemne Hauml oprad 3peHHS IpeACTaBJjdeT Co00H IIapOBHAHOE
TeJI0 — 70/40K0, HOUTH NOJHOCTHIO NOKPHITOE Helpo3pauHoit 060-
JMOYKOH — cxaepoti 1 (puc. 135). B nepenneit wactu o6osiouka GoJiee
BEINIYKJa H Npo3pauyHa. JTa vacTh HasblRaeTc poeosuyeil 10.

Padyaxcrnan oborouxa 7 aBnsercs Auadpparmod. Uepes orepcTHe
B palyXHOH 0OOJIOUKE — 3pa#0Kk — CBeT NPOHHKaeT B rya3. Xpy-
cmasuk 8 NPEACTaBAAET COO0H JBOAKOBBINYKJYIO 5JIaCTHUHYIO JHH3Y,
Ha KOTOPYIO A€HCTBYIOT MbIlIlbl 11 yuaunaprozo measa, U3MEHSIOMHE
KDHBH3HY NOBEpXHOCTed 3TOH JHH3pl. XDPYCTaTHK pas3fiesisieT BHY-
TPEHHIOK NOJIOCTh IJlasa Ha [BE KaMephl: nepeduror 9 (MEXAy poro-
BHIled U XPYCTAJHKOM), 3aMOJIHEHHYIO BOJSIHHCTOH BJIarod, H 3a0-
Hiow 12, 3aNONHEHHYIO CTEKJOBHIHBIM TEJIOM.

BryTpeHHAS NOBEPXHOCTL 3alHEH Kamephl NOKDPBITA Cemuamoll
{permuroti) 6. Mexny ceTyaTKOH H CKJIeDOH HaXOAMTCS TOHKAs Cocy-
Jucmas oboaouxa 2, MPeACTaBafOmlas cofOH ceThb KPOBEHOCHHBIX CO-
cynos. CeTuaTka sIBJs€TCH Da3BeTBJEHHEM 3DHUTEJbHOTO HepRa §,
MECTO BXOJAa KOTOPOTO HaswiBaeTcs caensim namxom 4. B ceruarke
pPAacnoJIOXKeHb CBETOUYBCTBHTENbHBIE 3JEMEHTBI — NQAAOYKU U  KOA-
Gouxku (peyenmopsi), SBASIOMHECT OKOHYAHHEM 3DHTEJbHOTO HEpBA.
[lepBple uMeoT GOPMY LHJAHHAPA HIHAMETPOM OKOJO 2 MKM, BTOpHIE —
¢dopmy rpymu ¢ HamboabluuM nuamerpoM 4,5 ... 6,5 MxmM.

B npenesax c/aenoro nATHa CBETOYYBCTBHTEJBHBIE SJIEMEHTBHI OT-
cyrcTByloT. HeckosnpKo BhIIE 3TOTO NATHA PAaCHOJIOKEHO HEAMOe
nAMHO 3, OTPaHHUYEHHOE OBAJIOM C OCIMHM NMDHMEPHO | MM HO FOpPH30OH-
taid B 0,8 mM no Beptuxanu (6° moas 3penus). B cpenmesr uactu
XKEJITOTO NSATHA HaXOAMTCH YEHMDAAbHAS SAMKA, CBETOUYBCTBHUTEJNb-
HBIH CJIOH KOTOPOH COCTOHT TOJLKO H3 KOJ0OYeK, NMpHUeM Kaxiaas
H3 HHX HMeeT COOCTBEHHOE HepBHOE BOJOKHO. Ilnamerp HeHTpPasbHOH
AMKH NPHOJIH3HTENBbHO cootBeTcTBYET 2.5° mons 3penus. [lentpasb-
Hast $IMKa — 3TO Yy4acTOK Haubojee sicHOro BRuieHus. Jlunus I3,
NPOXOASMAS YEPe3 LEHTD KEJTOTO NSTHA H 2aLHIOK Y3JOBYIO TOYKY
rnasa, HasbiBaeTcs gpumesbnold ocoro. OHa OTKJIOHEHA OT ONTHYECKOH
ocH [4 rnasa Ha vroa oxogao 5°.
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C ynaneHuem OT IEHT-
panbHOH SIMKH YHCJIO KOJI-
6ouyeK YMEHBIUACTCH, YHCAO
najiouex  yBeJIHUHBAETCH.
Yucno nepudeprufiHblX KoJ-
604eK, CBSI3AHHBIX C OLHHM
HEPBHLIM BOJIOKHOM, I1G Me€-
pe VIaJdeHHA OT XEeJAToro
nATHa yBennuyusaercs. Yuc-
JIO KOJDOYeK Ha CeTYaTKe
OPHMEDHO paBHO 7 MJH.,

NaJoYex Ke  3HAYHTE]b- 7
go Gosabwie (75 MJIH. ¥
6oJee).

Huamerp 3pauka rjasa
Yy Ppas3JuYHBIX JIKI, COCTaB- Puc. 135. Crpoense rnasa
asier 1,6 ... 8 MM H B TeEX
e NDefesaXx MOKeT H3MEHATbCS B 3aBHCHMOCTH OT YCJIOBHH OCBele-
Hus: DU O6oJbleM OCBELIEHHH 3DAYOK YMEHbIUaercsa, H HaobopoT.
Tnasnoe s6710KO ¢ MOMOLLBIO MBILIL MOXKET BPalathCs B Npefenax
yryioB a0 45 ... 50°, BLINONHAS CKaHHPOBAaHHE INpPEAMETa.
PaccrosiHue mexkly LeHTpaMH 3DadykoB raas — 2aasxetl 6asuc —
y B3pOCJOro yesoBeka coctaBiser 58—72 M. CpeiHee sHayeHue
rnasgoro Gasuca 65 mm. Ilpu HabmofeHHn GNKH3KO PACNONOXEHHBIX
IPEIMETOB TIJa3a I[IOBOPAUMBAIOTCS TaK, YTC HX 3PHTENbHBEIE OCH
COCTABJSIOT HEKOTOPHIH VIO — Y204 KOHBEpeeryuLl, — HMEIOHM HaH-
Gosbuiee 3Hauyenue 32°.

59. OcHOBHbIE XapakTePUCTHKH FJjasa

Onrtyyeckast cHcreMa IJiasa ofpasyeT Ha ceryatke fef-
CTBUTENbHBIE H3006pameHus o6beKTa HaG/IOJeHHS, KOTOPblE BOCIPH-
HHMAKOTCA CBETOUYBCTBHTEJNbHBIMH 3/eMEeHTaMH (Koa100uKaMH H na-
Jgoykamu), QDHIHOJIOTHUECKAs] CHCTEMa BOCIDHSATHS CBETOBOTO pas-
IpaxXeHUs 3JIEMEHTOB CETYATKH H HAKOIJICHHBIH OMBIT 3PEHMs Mepe-
HOCSIT NeHCTBUTENBHOE H NepeBepHyToe n3oOpaxeHHe Ha caM OOBeKT
HabIIOREHUS.

OnTHueckyio cCHCTEMY TJ/1a3a MOXKHO IIPEACTaBHTb KakK KOMOHHa-
IIMIO H3 JBYX JIKH3: DOTOBHILL U XPYCTANHKA, Pa3feeHHbIX NOJOCTLIO
nepefHed Kamepb!, 3aNOJHEHHOH BOAsiHUCTOH cpepoli (Bnaroit). [le-
pefHsA TOBEPXHOCTb DOTOBHILI FPAHHYHT C BO3AYXOM, MEXAY XDy-
CT4JIHKOM H CETYATKOH HAXOAUTCH CTEKJOBHAHOE TEJIO.

[Tapamerpsl rsiasa Kak ONTHYECKOR CHCTEMBL, - SABJSAIUHECT pe-
3y/JbTaTOM CTATHCTHYECKHX HCCJENOBaHHH, NPHBEIEHBl HHXKE.

Mocrostnme napameTpu

Toxasarenu npeyoMJIeHHs:
POTOBHLLE! L 1,376
BOASHUCTOH CDeIB H CTeKJOBHAHOIO Tea L oL . 1,336
XpyeTamauka . . . . . . . . oo L . 1,386
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Paccrosinne, MM, OT BEPDILIKHB! DOTOBHUH JO:

3afHefl NOBePXHOCTH POTOBHILH . e e e e e e e e 0,5
3afHel NOBEPXHOCTH XPYCTAJHKA . . . « . « « « « o v o 4 o o . 7,2
Panuycn HOBerHOCTH porosnuu, MM
nepenHeR . 7,7
3ajHed . 6,8
MMapameTphl, 3aBHCAUIHE OT COCTOSHUSI Iaasa
Npr Rau-
B noxoe GoabLeM
BanpsiKeHHH
PaccTosiine, MM, OT BEPINHHB DOTOBHIM JO:
nepeiHed NMOBEDXHOCTH XPyCTaJHKa . . . . . 3,6 3,2
nepefHed IJ1aBHOH TOYKH e e e 1,348 1,772
3aqHel TAaBHOH TOYKH . . +« . « . - « & . . 1,602 2,086
nepenHed y3joBOA TOYKH . . . . . . . . . 7,078 6,533
3ajiHell y3J0BOH TOUKH . . . « .+ . .+ « . . . 7,332 6,847
nepensero ¢okyca . . . . . . . . . . .. . —I5707 -—12,397
sanuero GOKyca . . . . . .. e . v 0. . . 24,387 21,016
BXOAHOTO 3DAUKZ& . . . « « + .+ « « « « o . 3,047 2,668
BHIXOJIHOTO 3padka . . . RN 3,667 3,212
Paguycsl noBepXHOCTH xpyCTamea, MM
nepenred . . . . . e 10 5,33
sanHed . . . —6 —5,33
®oxycHOE paccmsmne, MM
TEPEOHEE . « + v + v v e v e e e e e —17,055 —14,169
3ajHee . . . e e e e e e e 22,785 18,930
Onrtuueckas cma masa ;mTp e e 58,64 70,57
YBenuuenne B 3paUKAX . . . . . . . . o4 . e 0,909 0,941

OkpyryieHHble 3Hau€HHS HEKOTODHIX NApaMeTpoB IJa3a AaHbl Ha
puc. 136. I'as ¢ TakuMH DapamMeTpaMM HaSbIBACTCS CXEMAMUHUECKUM.

W3 mpuBeleHHbIX [AHHBIX creldyeT, 4To 3alHee (OKyCHOe pac-
CTOSIHME TJ1a3a, ONpEJeJIsIONIee ero ONTHYECKYIO CHJIY, MOXKET H3Me-
aaThest npumepHo Ha 20%. Drta crnocoGHOCTb I'1asa, HasbiBaemas
axkomodayueti, obecneynBaercs neficTBHEM MBI IH/JIHAPHOTO Teka,
H3MEHSIOMHX KPHBH3HY NOBepxHocTe#i XpycTasuka. bJiaromapsi ak-
KOMOAALMK H300paKeHHst DA3HOYNaNeHHBIX NDEIMETOB IPUBOASITCS
Ha TDOBEPXHOCTb CeTYaTKH.

[lpy akkKoMOZalMH IJa3a Ha 6ECKOHEYHOCTb ero sanHee GokycHoe
paccrosiHie HanGosbinee (22,785 mm) u sanuu#i dokyc coBmapaer
¢ ceTyaTkof. DTOT chayyaldl COOTBETCTBYET CMNOKOHHOMY COCTOSIHHIO
rjasa, T.€. OTCYTCTBUIO HaNpPSXKEeHHs aKKOMONAUMOHHBIX MBI

16 " 21
I 18]
Fen u f\ \5, 5 Fs
— -
0 V J 0
-157 24,4 -12,4
—F=171 £=228 -z=79,6 F747
. -92
a) 6)

Puc. 136. OnTuyeckast cucTema Iy1asa:
— aKKOMOAHPOBARHOIO HA GECKOHEIHOCTb: 6 — NPH HaHGOJbUled BKKOMONAAHH
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(puc. 136, a). Toura npeamera, KOTOPYIO BUAHUT IJ1a3 IIPH OTCYTCTBHH
HanpsKeHHs AKKOMOJALMH, Has3nBaeTcsl Jaavued moukod 3penus.

IIpu Han6osblIEM HANPSKEHUH AKKOMOJAIHOHHBIX MBILIL 3aiHee
dokycHoe paccTosiHHE ryasa ymessilaercs po 18,93 MM, d4TO coort-
BETCTBYET NOJYYEHHIO Ha ceTdarke H306pameduss TOUKH 5 onruue-
CKOM ocH, HaxofsIeHcs Ha paccTosHHM 92 MM OT BEepUIMHHI NMEPBOH
HOBEPXHOCTH poroBuusnl (puc. 136, 6). dra Touka HasblBaeTcs OAUNC-
Hell moukoli scHo20 3penust.

Paccrosinue mexny OJIMMKHeH H 3ajiHell TOYKaMH 3peHHs, BbIpa-
JKeHHOe B JHONTPHSX, HA3BIBAIOT CUAO0L, ULl 06BEMOM, AKKOMOOAY LY.
Jast paccMaTpHBaeMOro CXeMaTHYECKOro riasa ofbeM akKOMOJAIHH
paBeH mnpuGnusutesbHo 11 pmrp *.

O6beM akKOMOJALHH MEHseTCs ¢ Bo3pactoM gesoBeka. IIpu cra-
pPEHHU paccTOsHHe JO OJIMXKHEH TOYKH SICHOrO 3DeHHS YBeJHUH-
Baercsi, HanupHmep, B Bospacte H0 jer OJIHXKHSS TOYKA SICHOTG 3pe-
HHs Haxoiutca Ha paccrosigud 400 MM, ciegoBatenbHO, ofbeM ak-
KomMojpanud pased 2,5 porp.

Jlis HOpMaJbHOTO rIJasa mpH Xopouem ocsemenud (~50 JK)
HauboJsiee yNOOHBIM paccTOSTHMEM [/ UYTeHHS, paboThl C MEJIKHMH
npeiMeTaMy ¥ T. 1. sBjsercsl paccrosiiHe 250 MM, KOTOpOe Hashl-
BACTCH PACCMOAHUEM HAUAYHUILS0 3PEHUS.

I'nas umeer Goabiuoil yroa o63opa, goctarawmuil 125° mo BeprH-
Kanu U 150° mo ropHsoHTaNH, OJHAKO JHIIL He(GosblIas erc 1acTb
ofecrneynBaer pe3koe H3o0paxkeHHe. DTa 4YacTb oOIlpefeasercsd o6-
Jactbelo xeqroro nsatHa (6 ... 8°). [lepudepuiinas yacth mona 3penus
HCIOJB3YeTCsl AJAS OpUeHTauuu. Djarogapsa 60JbIIOH MOABHAKHOCTH
rja3a H3o0paxeHHs HaOJIIOJaeMBIX INpEAMETOB OBICTPO NEPEBOAATCH
Ha 0o6JacTh XKeJTOro HsATHA. B TeyeHue ONHOH MHHYTH /a3 MOXKET
otMetuTb M0 120 Touek HAGMIOASHHS, NpHYEM JJs1 PHKCAUMH KaxKIOH
3 HuX Tpebyercs Bpema ~0,2...0,3 c.

Ecanu rnas paccmMaTpuBaTh KakK HAEANbHYIO ONTHYECKYIO CHCTEMY,
npefes pas3pemleHHst KOTOPOH

¥ = 140"/D, (291)

rie D — nuamerp 3pauka rjasa, mm, 10 npu D = 1,5... 2,5 MM
npenen paspemenus ¢ &~ 607 = 1'.

D710 Ke 3HayeHHe YIJIOBOrO paspelieHHsi Ijas3a NOJYyYHM, pac-
CMaTpHBasl pasMephl YYBCTBUTENbHBIX 3JIEMEHTOB B HNpefeax MeH-
TPaJbHOH fMKH (AHaMerpH Koja6ouek ~5 MKM, 3afHee (oKycHoe
paccrosnue raasa ~20 mm).

!-Tlo T'yasctpanfly, GisKHsSs TOYKA SCHOTO 3PEHHsS CXEMAaTHYECKOro raa3a
HAXOMUTCA Ha pacctosHuy 102,3 MM OT BepUIMHK POTOBHIH, YTO, OYEBHJHO, ABJSETCH
Pe3ysbTATOM CTATHCTHYECKHX MCClHeJOBaHHA. BuluMCIeHHS XKe HAIOT 3HaueHHe 92 MM.

* Ilo meroropuiM KanuuM (3. C. Aserucos, 10. 3. Posen6mom. Bonpocu opranb-
MOJIOTHH B XHOGeDHETHUeCKOM oOcBelmennu. M.: Menununa, 1973), akkoMomauus 3a
CYeT H3MEHEHHs DalHyCOB KPHBH3HHI NOBEPXHOCTEH XpYCTalnka JocTuraer 6 antp
C O/IHOBpEMEHHHM YlajleHHeM CeTYaTKH Ha PacCTOSTHHE, COOTBETCTBYIOmee 3 ANTP.
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Hanoxennoe N03BoOJSET 3aKJIOYHTh, YTO YIoJ paspelieHHs rJa-
3a coCTaBJsieT NpHMepHO 1.

B pasHbiX yc/a0oBHsX HaOJIONEHHS 3HA4YeHHe paspemlawoouedl cno-
COGHOCTH IJla3a MOXKeT MeHsTbCsi. Tak, NpH HalJ/OJeHHH H306paxe-
HUE Ha 3KpaHe P = 2 ... 3', npH HaOMIOLEHUH B OOBIUHBIE ONTHUE-
ckue npubopsl P = 1, B BHICOKOKayecTBeHHble NpHGopel P = 307,
a B paisbHomepni P = 10”. Bricokas paspeuawmas CHoCoGHOCTb
B MOCJMENHUX CAYyYasiX oObACHSCTCS TeM, YTO Iva3 obsanaer GoJbILOH
YYBCTBHTEJILHOCTBIO B OTHOLIGHMH JEQOPMALMH JHMHUH, Hampumep,
HX [IONEPEUYHOro CHABHIa. T4 NOBHIIEHHAs YYBCTBHTENbHOCTb B OT-
HOIUEHHH JIMHHH CBf3aHA C MO3AHYHBIM PAaCHOJIOXKEHHeM YYBCTBH-
TeJbHBIX 3JIEMEHTOB CeT4aTKH (KO/OOUEK) M HENPEepPHIBHHIMU MaJsbiMH
IBMKEHUAMH IJia3a, NPUBOASIIHMMH CMELIEHHBIE YacTH JIMHHH Ha pas-
Hble KOJOOUKH.

B cootBerctBEK ¢ dopmynol (291) paspewarwomas crnocoGHOCTD
rnasa [JoJ2KHA [MOBBLILATLCS C YBEJHUYEHHeM Juamerpa 3pauka D.
Onnako ato cnpaseanuBo ajas D < 3 ... 4 mm. [lanbpHefiniee yBenu-
YeHHe QuaMeTpa 3payka He NPHBOAHT K NOBBLIICHHIO paspemiamliel
CHOCOGHOCTH, TaK KaK OHAa ONpefensieTcss JIUaMeTpoM KoJ6ouek.
Kpome Toro, ¢ pocrom D yBenuuyusaworcs abeppalii OINTHYECKOH
CHCTEMB! IVla3a M paspeljawoouiasi CHocoOHOCTb IJiaza YMEHBIIAeTCH.

Paspematomasi cnoco6HOCTb IJla3a JOCTHraeT IPefebHOrOo 3Ha-
YeHUS NPU OCBEMIEHHOCTH 50 JK ¥ H3/YYEHHH C MJHHOH BOJHH A =
= 0,55 MKM.

I'nas wesoBeka pearupyer Ha oueHb OOJIbIIOH mepemnaj sipkocrei:
or 107 no 10° xa/M®. Takas crmOCOGHOCTb OpraHa 3peHHs HPHCHO-
cabauBaThCA K pas3iMYHOM HHTEHCHBHOCTH CBETOBOI'O BO3JeHCTBHS,
KoTopasi BBIpaxKaeTcs B H3MEHEHUH CBETOBOH UYBCTBHTEJABHOCTH,
HasplBaeTcst 3pumesvrol adanmayueil.

Ilpu sipxoctn dona Ly = 105 ka/m? nuamerp spauka D = 7 mm,
nps Ly = 0,1 ka/M* D = 5,7 MM, npu Ly = 10 xa/M® u npu Ly =
= 10* ka/M® D = 2,3 mm.

IIpu nepexoze u3 TEMHOro NOMEIIEHUS B CBETJIOE BHauaJe rjasa
OCJIEIISIOTCS M JIHLIb uepe3 HekoTopoe Bpemsi (20 ... 30 muH) obpe-
TAlOT CBETOBYH) UYBCTBUTENBHOCTb. DTOT IPOLECC HA3LIBACTCSH C6eMo-
sotl adanmayueri. TIpy mepexojie U3 CBeT/IOTO IIOMELIEHUS B TEMHOE
rjasa Takxe BHauaJjle HHYEro He BUJAT. JIHIIb yepe3 HECKOJIbKO MH-
HYT OHH NIpHOOpETAIT JOCTATOYHYIO WYBCTBHTEJALHOCTb. TakoH mpo-
1ecc HasplBaeTcsl memrosoll adanmayueii. JIas NOJHOM TeMHOBOH ajan-
TauHH Heo6XOIUMO BpeMs OKojJo | u.

Apanranus oGecneyHBaercsi, BO-NEPBHIX, TEM, UYTO [IPH MaJbIX
APKOCTAX HabmwonaeMslX npeaMeTos (o 10-% xn/m?) cBetoBOe pasipa-
JXeHHe AeHCTBYeT TOJbKO Ha NAaJOyKH, of/ajaioliHe BHICOKOH 4yB-
CTBHTE/IbHOCTHIO, HO He pa3J/IMyaioiiue 1iBeTa — HOUHOe 3peHHe, NPH
MOBBILEHHH APKOCTH B JeHCTBHE BMECTe C NaJOYKaMK BCTYNAOT KOJ-
fouKH, pas/uyaloOUiHe UBETA, — CYMepeuroe 3perue, NPH Aa/bHefleM
HOBBILIEHHH APKOCTH (cBhIIe 1 KA/M?) NeHCTBYIOT TOIbKO KOMOOUKH —
OresHoe 3peHue. BO-BTOPHIX, ajantalis oGecrneyuBaeTcss H3MeHeHHeM
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AnaMerpa spavka: NpPH yBeJNH- y(A)r
YeHHH IHamerpa spauka oT 2 .
no 8 MM CBeTOBOH MOTOK, no-
cTynamomH# B Ivias, pospacra- &6
er B 16 pas. 04t

Kpome Ttoro, peryasuus
CBETOBOTO pasipaeHus obec- &2
MeuHBaeTcs H3MEHeHHeM KOoH- 0 Lol
HEeHTPALMH BPUMeAbH020 nYyp- 035 04 045 05 055 06 A mxm
nypa (CBeTquBCTBHTeJIBHOFO Puc. 137. Otdocureasias cserosas sdpdex-
BeUleCTBa) peuenTopoB H NEPe-  THBHOCTH:

MelleHHeM TEMHOro nUrMeHra 1 — puenyoe spenue; 2 — CymepeuHoe 3penne
B CJOSIX CEeTYaTKH, 3allHINAI0-
IIEr0  DeLEenToOphl OT H3CHITOYHOIO CBETOBOIO  pasipaKeHHs.

Hanmenbinasi s#pKoOCTb, BbI3LIBAIOMIAst 3PHTENLHOE ONIYINEHHE
B JlaHHBIX YCJOBMSX HaGJIOfleHHs, Ha3bIBAeTCSI MOPO2080L APKOCMbIO
2aa3e, a BeJdYMHa, el o0paTHas, — C6emoBol HYBCMBUMEALHOCITILI .
[Nocmenusis xapakrepHayercsl HaHMEHbIUHM KOJIHYECTBOM CBETOBOH
5HEprHH, BhI3bIBaIOLleH CBETOBOE pasipaeHue. [Ipu nuameTpe 3paykxa
OKOJO 8 MM CcBeTOBOH MOTOK 2-107* M yXKe criocoGeH BhI3BATH CBe-
TOBOE pasipaxKeHHe NaJoueK.

CnexrpajbHOe pacnpefiesieHde 4yBCTBHTEJILHOCTH IJiasa 3aBHCHT
OT BHJA ajanTalkd (CBETOBOH HJIH TEMHOBOH). DTO pacnpejeneHHe
MOXKET XapaKTepH30Barbcsl OTHOCHTENbHOH cBeTOBOH 3(heKTUBHOCTbHIO
V =Ff (@A) (em. 1. 39), rpaduk uameHeHuss KOTOPOH IS Ijasa, ajan-
THPOBAHHOIO K CBeTy, HokasaH Ha puc. 137. Ilpy masibx spKOCTAX,
KOrJia CBeTOBOE pasjipakeHue NeHCTBYET TOJIbKO Ha ITaJOYKHM, MaKCH-
MYM CBETOBOH YyBCTBHTEJbHOCTH CMEUIAETCS B CTOPOHY 0oJiee KOPOT-
kux BoaH [V (A) = 1 coorsercteyer A = 0,51 mMrm]. Dro cmemerne
OTHOCHTENLHOH BUAHOCTH HaswiBaercsl aggexmom ITyprurse.

[Tocne mpekpauieHHsi CBETOBOTO BO3JEHCTBHS BHIMMblE 3PUTENb-
Hble 06passl He HcuesaloT. OHH coxpaHswoTes B Teuerue 0,05 ... 0,2 ¢
B 3aBHCHMOCTH OT $IDKOCTH H CIEKTPaJbHOrO COCTaBa H3JIy4YEHHH,
a Takxe OT ajaNTauuy rjasa.

IIpu BOCHPHATHH MEPUONHYECKHX CBETOBHIX pasfpaKeHHH HMEeT
MECTO KpUmu4eckas 4acmoma, NUPH AOCTHIKEHHH KOTOpOH HabJoiae-
Moe noJjie SyAeT HMeTh NOCTOSTHHYIO IPKOCTh. DTa 4acTOTa B OCHOBHOM
3aBHCHT OT ocBelleHHocTH (oHa Habmonaemoro obvekra. Ilpu ocse-
menHocTH 10 0,1 K kputHyeckas yacrora pasHa 10 I'n, mpu 10 1k —
30 T'u u mpu 100 ng — 40 T'm.

Haumenbiuuit Komrpacrt, BoCnpHHMMAaeMBHIH TIJia30M, HasblBaeTcs
nopoeogoim. OH mpencraBisieT co6ofi OTHOIIEHME MHHMMAJbHOH pas-
HocTH AL spxocreli npeamera u GoHa K ApKocTH poHa Lg. Tak xak
KOHTDPACTHAsl YYBCTBHTENAbHOCTH rasa S, = Lg/AL, To OHa, oue-
BHJIHO, PacTeT NMpH YBEJHUEHHH SIPKOCTH (GOHA, AOCTHras MaKCHMaJb-
HOTO 3HavYeHHst, paBHoro ~60, mpu L = 130 ... 6400 ka/m?.

3peHHe OLKHM IJa30M He ofeclieyHBaeT BCeH NMOJHOTH HHpOpMa-
nHH 06 ofbekre HabmiofeHus. B oneHke pacCTOsSHUH A0 OJIH3KUX
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B npeameroB (1o 5 M) yuacrsy-
10T MBIIIEYHBI anmnapar ak-
KOMOJaUMH H, KpOMe TOro,
JABHXEHHSI TOJIOBH H TIJasa.
bdénpline paccTosiHHsl OLEHH-
BalOTCA MO pasMepaM HX H30-
Opaxenuii Ha ceruaTke. B
©| oueHKe M TeX H ADYrHX pac-
CTOSIHHE moJyyaroTcs: 60/blLIde
Cy6BeKTHBHbBIE OIIHOKH.

[Tpu wHabiwoneHun HBYMS
rnasaMd  ABa H306paxeHus
{ OHHOTO M TOro Xe OO6bexra

COeIMHAIOTCS B eJMHBIN 3pH-

TeJbHBIH 0o6pas (oTCyTCTBYET

JBoeHHe H300paxeHHs), Boc-

3; 77 8;  npHATHe 06beKTa B BHAE €lH-

Horo ofpasa ofecrneuHBaercs

Puc. 138. Cxema cTepeOCKONNUECKOro 3peHUst 33 CUeT KOHBEDPreHUHH IIpH

BLIIONTHEHHH YCJIOBHS, 3aKJIO-

YaloMerocsl B TOM, YTO H300paKeHHS MNOJYYaloTCs Ha OnpefielieH-

HbIX ydYacTKaX CeTYaTKH — COOTBETCTBEHHBIX ToukaX. Kak TOJbKO

u306paxKeHHsl CMeLAloTCsl C COOTBETCTBEHHLIX TOUEK, BO3HHKaeT 3¢-

GbexT IBoeHHsA. Dosbpluasi NOABHAKHOCTL IV1a3 pacLIHpsieT o6aacTb

[IpOCTPaHCTBA MNpeIMeTOB, H306paKeHHs KOTOPBIX CIHHBAIOTCA B
efuynil obpas.

Hab6.iofiene mpelMeToB IBYMsi IJiasaMH JaeT TakxKe NpejcTaBje-
HHe O rJayOHHe NPOCTPAHCTBA, T. €. JejaeT BO3MOXHBIM TpeXmepHoe
BOCIIPHSITHE IIPOCTPAHCTBA, Ha3bIBAEMOE CIMepeOCKONUHeCKUM 3PeHUeM,
KOTOpOe 32 CyeT CpPaBHeHHs H300paxeHufi B 06OMX TIV1a3aX MO3BO-
JisieT CYAHTb 00 OTHOCHTeJbHOH YAAJAEHHOCTH 00BeKToB HabJoje-
HUA.
Ha puc. 138 nokasana cxema, HJLIIOCTPHUDPYIOIAsi BO3HHKHOBEHHE
crepeocKonnueckoro sdgdekra. Yraul €5 H &g, N0J KOTOPBIMH H3 TO-
yeK B B C BHJAHBI LIEHTPH 3DaUKOB OOOHX IVIa3, HA3bIBAIOTCS napas-
aaxmudeckumu. PasHocTs Ae 3THX yIVIOB sIBJISIETCS CTEPEOCKOIH-
YeCKHM 11apa/ilakCcoM H HasblBaeTCsi OUHOKYAAPHLIM NAPAAAAK-
coMm.

[Ipu poctaToyHO GOJBILIOM IO CPaBHEHMIO C IJ1a3HbIM 6asHcoM b
yaanenun R HabmofaeMOH TOYKH MOXKHO CUHTaTh, 4TO yroa Ae =
= b/R, oTKyla

G

Ae = b AR/R2.

OneiTHbI HabnIOfaTelJb OTMeYaeT pa3jHyHe MeX1y H3obpaxe-
HHSMH TOUEK B JIeBOM H npasoM raasy (CiBi = CiBj), nponopuuo-
HaJbHOe CTepeocKonuuecKoMy mapaanakcy m << 107, koropuii onpe-
mensieTcsl Kak npedes CrmepeOCKORLHUeCK020 60CHPURMUS.
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CnezoBareNbHo, HAaHMEHbIUAs Pa3sHOYAANEHHOCTh TOYEK, OLEHH-
BaeMasl IPH CTEPEOCKONHYECKOM 3DeHHH (Aey, = 1),

AR mim = (R¥/0) Ay,

rae b = 65 MmM; n = 10" = 4,9.10-° pan.

['1as nepecraeT ¢puKCHPOBaTH PasHOYZANEHHOCTh TOYEK NDPH pac-
CTOAHUH 1O OnvxKaimeHd H3 HHX Rmax = b/m = 1320 m. 3to pac-
CTOAHHE Ha3blBaeTcs paduycom CMepeocKonu4eckoe0 3pexus.

60. HemoctaTku raasa ¥ MX Koppexkuus

Y HOpMaJ/BHOTO IJa3a, aKKOMOAHPOBAHHOIO Ha 6eCKOHed-
HOCTb, 3aJHHMH (OKyC cOBmajaeT C ceTyaTKOH. Takof Ivia3 HasH-
BAETCSI SMMEMPONUHECKUM.

B Tex caywasx, Koria H306paxeHHs YAaJeHHHX NpPEIMETOB
He COBNAJAIOT C CeTYATKOH, IJa3 OVAET amemponuecKum.

B amerponuH pasanuuamT ABa cAyyas: TepBHH, KOrAa 3ajudB
¢doxyc riasa pacroJoxeH Iepeld cerdatkod (puc. 139, a), — 6.4us0-
pyrocms, WIH muonus, U BTOPOH, Koria 3agHHH (GOKyC pacrnosoxeH
nosamd ceryatkd (puc. 139, 8), — OaseHos0pKOCmL, WM eunepme-
mponus.

Kpome GnHSOpPYKOCTH H JANbHO30PKOCTH YaCTO BCTPEYAIOIIUMCS
HeJOCTAaTKOM IJa3a NBJSETCS ero acmuzMamusMm, 3aKJI0YaloniHics
B TOM, YTO H300paKe€HHR B3aMMHO NEPHEHAHKYJASPHHX MPIMBIX
JHHHH He NOJydaloTcsi ONHHAKOBO PE3KHMH BCJEJACTBHE TOTO, UTO
B pAasHHX HanpaB/JeHHsX ONTHYeCKas CHJa [Ja3a HeoJAUHAaKOBa.

Jns ymMeHbIIeHHS ONTHYECKOH CHJH K GJH30DYKOMY IJasy NpH-
CTaBJAKT OTPHHATENbHYIO JHH3Y (pHc. 139, 6), ontHueckas cuJja

/

Nl ;

6) d a

Puc. 139. HenocraTku raasa u HX KOppeKuHs
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(pebpaxnus) xoropod npusogur safHu# bokyc F’ Ha cerqatky. [as
9TOro 3afaufl dokyc Fj JHH3W IOMEIAT B JaJbHEH TOYKe SICHOro
aperust | 6ausopykoro rsasa. PaccTosiHHe OT JIHH3Bl JO BepIUHHH
poroBHUH 0603HayuM d. 3aiHee POKYCHOe pacCTOSIHHE JHH3HI

fa=an+d. (292)

Amerponus (61H30pyKOCTL M Aa/IbHO30DKOCTH) BEIP2XKaeTcsl B JH-
ONTPHAX KaK BeJHYHHA, o6paTHAs PacCTOAHHIO ap:

Agx = 1000/ag (293)

(815 KanbHO3OpPKOro rvasa JasbHsisi TOUKA SICHOTO 3PEHHS JIEXHT
33 CETYATKOH, @ TOJOXKHTENLHO).
Ilepexons B dopmyJe (292) kK pedpakusu B OAHONTPHSIX H HCMOJMb-
3y (293), mosyuum, 4TO
1000 1000 Ag
= = . 4
b fr 1000/An +d 1+ (Ap/1000) d (294)

Takum xe nyTem BHUHCASIOT PedPAKIHIO NOJIOKHTENbHOMH JHH3DI,
KODDHTHpYIOImEH JajibHO30pKoCTh (pHc. 139, o).

U3 dpopmyan (294) crenyer, uto pedparuusi D KoppHTHpyoomeH
JIHH3BI HE paBHA aMeTpONHH A rJa3a, 3TO YYHTHIBAIOT IPH Ha3HAUeHHH
OoukoB. [IpM HCHOJBL30BAHHH KOHTAKTHBIX OYKOBEIX JHH3 d a2 0,
caeloBaresbno, D = Ay,

Iy KOppeKIHH acTHIMAaTHYeCKOTO IJ1a3a JHH3a JOJIKHA HMeTb
PasHylo pedpakuuio BO B3aHMHO NePIEHAUKYJSPHBIX MEPHIHOHA/b-
HBIX CEYeHHsIX, T. €. OHA JOJIKHA ObITb OrpaHHYeHa IMHJIHHAPHIECKHMHA
HJIH TOPHYECKUMHU MOBEPXHOCTHAMH.

[TomyTHenue xpycranuka — OfMH M3 HeJOCTATKOB IJasa. [lomyT-
HEBIIHA XpyCTaJHK 4yacTo TpeGyeTcsl ONePaTHBHO yAatuTh. [ias,
Y KOTOpOro ynaseH XpycTaJHK, HasbBaercs agaxuteckum. Ecre-
CTBEHHO, ONTHYecKasl cuja adaxkHyecKoro r/asa pe3KO Malaer, H
AJS ee KOMIEHCAUHMH NPHMEHSIOT OYKOBHIE JHH3Bl AJs Jaiad +(10 ...
11) nnTp, a mas pabore B6au3u (13 ... 14) anTp.



Faasa XI11I
OIITUYECKHUE OCBETHUTEJIbHbBIE CUCTEMDI

61. Ha3raueHHe B BHMAbl OCBETHTEIbHBIX CHCTEM

Oco6biii  KJ1ace ONTHUECKHX CHCTEM COCTaB/IfIOT OCBETH-
TeJbHbIE CHCTeMbl, NpelHasHayeHHblE AJISi OCBEUIEHHS KaKoro-iunbo
npeaMera HanpapdeHHbIMM Nydxamu Jyue#. ONTHYECKHE CHCTEMBI
I0Ji7 OcBelleHHs GOJpLUIMX IIOWafeldl, B TOM QHCJAE MasuHas ONTHKa,
OTHOCHITCS K 06/1aCTH CBETOTEXHHKH, ¥ X He PacCMATPHBAIOT B TEOPHHU
ONTHYECKHX CHCTEM.

C DOMOIIBIO OUTHYECKOH OCBETHTENIBHOHA CHCTEMBI PelarnT 3aRauu
Haubojiee NOJHOTO WCIIOJb30BAHUS CBETOBOTO HOTOKA, IONABIIEro
B CHCTEMY, M CO3JaHHS paBHOMEDHOH OCBEUIEHHOCTH [peiMeTa.

[Ipu ocBeiieHHH NpPeIMETOB KOHEUHHIX Pa3MEPOB BO3MOXKHHI CJe-
JLyioniye TPH CXEMEI:

OCBellaeMBIH NpeiMer y HAaXOLHTCS B DECKOHEYHOCTH, HCTOYHHK
csera /| pacrnosioxed B nepeineM (OKyce ONTHYECKOH cHCTeMbl 2,
KOTODPYIO B 3TOM CJyuae HashlBa-
10T KOAAUMAMOPOM, VK NPOHceK-
mopom (puc. 140, a);

ONTHYECKAs cucreMa 2 Tpoe-
HUPYET MCTOUYHKK cBera ] Hermoc-
PelCTBEHHO Ha OCBelllaeMbll Hpes-
MeT y; B 3TOM C/Iyuae ONTHYECKas
CHCTEMA HA3BIBACTCSH KOHOEHCOPOM
(puc. 140, 6);

OCBellaeMbil peJMeT paclo-
Jaraercss B Xole JyuyeH, Ipoxo-
IAIMHUX uyepe3 KOHAEHCOP 2, KO-
TOPBHIH NPOEHHMPYET HCTOYHHK
ceera / BO BXOJIHOH 3payox AU-
amerpoM D nocaexyiome# on-
THuecKOH cHcremnl (puc. 140, 6);
npeiMer y oOBIYHO PACHOJNATAIOT
BOJIM3H KOHJEHCOpAa, TaK KaK B
STOM cJIyuae AuaMeTp KOoHIeHcopa
OyIer HauMeHbLIUM.

Brifop oaHOH u3 ABYX noc-
JEeJHHX CXeM oNpejeasercs B
33aBHCHMOCTH OT paclipefe/]eRns
gg(};{f;THHc-?gq‘;aHHKy:;;Oe?:HEIZ?HB;lg ;(0 Puc. 140. Cxema ocBemenus npeimeTa y

. ONTHYECKOH CHCTEMOH C [MOMOUILIO HCTOY-
APKOCTs> PABHOMEDHA M HET ONIACe-  uHKa cBeTa
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HHH, CBSI3aHHBIX C HArPEBOM NIPEJMETA, HalpUMep JHANO3HTHBA, TO IPH-
MEHAIOT ONTHYECKYIO CHCTEMY, H306pakaionlyio CBETOBOE TeJIO HCTOY-
HHKa CBeTa B IJIOCKOCTH OCBeliaemMoro npeimera. B 3ToM cayuae
KaXJ0H ocBemlaeMo#i TOuke HpefMera GYAET COOTBETCTBOBATL CONpS-
JKeHHas ¢ Hefl ToYKa Hajyuammed MoBepXHOCTH. [IpH HepaBHOMEp-
HOH SIPKOCTH H3Jyuarelst DeKOMeHAYercs IPHMEHSTb ONTHYECKYIO
CHCTEMY, CO3AAIOILYI0 ero H3o6paKeHHe BO BXOAHOM 3DauKe IOC/IENY-
fomefl cHCTeMbi, TAK KaK B 3TOM CJIydYae Ka)kjas TOYKa MpeaMera
OCBeIlaeTcs JYyYyaMH, HCXOMASUIMMH H3 BCEX TOYeK H3JIyYalolmeH
IOBEPXHOCTH.

OcBeruTesabHble CHCTEMBl MOTYT OBITb JIHH3OBBIMH, 3€DPKaJbHBIMH
HJIY 3epKaJIbHO-JMH30BEIMA.

62. OnTHyeckas cxema IIPOXKEKTOpa JajbHero JeHCTBHSA

Il poxcexmopom Ha3ERIBaeTCs ONTHUECKass CHCTeMa, KOHUEH-
TPHPYIOIAK YacTb CBETOBOT'O ITOTOKA HCTOYHHKA CBeTA B Y3KHH MyYOK
KakK AJsl OCBeIleHHMs YAaJeHHBIX INpeAMeTOB, TaK H NI IepelayH
CHTHAJ/IOB Ha GOJbILINE PAacCTOSIHUSA.

B saBHCcHMOCTH OT ZHaMeTpa BBIXOZHOTO 3payka D’ mpomKeKTOpsl
JenstT Ha npubopel jAajbHero JRefictBus ¢ D' = 800 ... 2100 wMm,
6urkHero feicrus ¢ D' = 500 ... 650 MM, cBeTOCHTHa/NbHEIE ¢ D' =
= 105 ... 250 MM H KOJJIUMATOPHI, OT/NHYAIOLIHECS TEM, YTO OCBe-
maemblit npeaMer pacnoJiaraercss BOH3W npubopa.

OCHOBHBIMH ONTHYECKHMH XapaKTePUCTHKAMH IIPOXKEKTOpa SIB-
JISIIOTCS CHJIa CBeTa, KO3(DDULMEHT YCHICHHS, JUCTaHUKsT OhOPMIEHH S
NyuKa, YroJ PaccesHusi ¥ yroJj oxsara.

OcpemmeHHOCTb H300paxkenus onpelenasior no dopmyne (218):

E" = nl sin®cj-,

e T = Ty, cTarm; To.c — KOSDOHIHERT NPONYCKAHHS ONTHYECKOH
CHCTEMBI; Tayy — XO3POHIHEHT IpomycKaHHS armochepsl HJIH ApY-
roit cpefsl Ha MYTH XoJa JIyuell Iocje NeHCTBHS NpoXekTopa; L' =
= (n'/n)®L — sipKocTb H306pa)keHHs, ONpelensieMass 1O GopmyJe
(205); L ~— sApKOCTb HCTOUHMKA; N ¥ n' — IOKa3aTeJqd IPeJOMJIEHHS
Cpellsl MPOCTPAHCTBA, [AIe NOMEIIEH HCTOHHK, U CPelsl NPOCTPAHCTB2
usobpaxenu# coorserctBendo. O6muno n = n' = [.

s onpefenenus sHaueHus 0y- oépammcs K puc. 141. Hcrogruxk
cBeTa C MNpPSMOYLOJBHOH H3JYHalomed NJIoWafKol pasMepoM cXb
noMenieH B nepefHed (GoKaJbHOH IJIOCKOCTH ONTHUYECKOH CHCTEMHI,
npejcTaBJIeHHON B BHJAe O6ecKoHeYHO TOHKOH JuH3H. OcBemaeMslii
nNpeaMeT HAXOZHTCH Ha GOJBIIOM DACCTOSHHH p OT ONTHYECKOH CH-
crembl. IlosTomy sin oi- =~ D/(2p), rne D — nuamerp BXOIHOTO
3pauKa ONTHYECKOH CHCTEMbI, KOTODHIA BO MHOI'HX CJIyYasgX MOXHO
NpHAATL PaBHHIM AHamerpy D’ BHIXOXHOrO 8pauka.

Tagum obpasom,

E’ = v (n'[n)? LD*(4p?). (295)
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Puc. 141. Xon nyueit B npoxekTope (KOJJIHMAaTOPE)

CpaBHUM nogayuerHyio dopmyny ¢ pabeHcTBom (168) mpu & = 0:
E" = Iyp/p?, the Ipp — cHJA cBeTa NPOXKEKTOPA.
B pesyJabTare cpaBHEHHS NOJNYUYHM, YTO
Igp = 5t (n'/n)? LD?/4 (296)
Wi npu n = n’ = 1 cuna ceera I, = vLQsp, e Qip — mJOMmansL
BHIXOAHOTO 3pauka (BXOHHOro 3pauka npu D = D’).

Takum oOpas3oM, CHJa CBeTa NPOKEKTOpPa pacTeT IPONOpIHO-
HaJbHO YBEJHYEHHIO IJIOHIafH BHIXOKHOTO (BXOIHOTO) 3pauka IIpH
OJlHOH H TOH e sPKOCTH HCTOYHHKA CBerTa.

QopmyJnt (295), (296) cnpaBemuBH NPH YAAJEHHH OCBEIIAEMOTO
npenMera OT NpPOXKEKTOpa Ha pacCTosiHHe p > p,. PaccrosHue p,
onpelensier Jucmanyulo ogpopmaenus nyuka (touka M, — nepas
IO XORY ayuelt, B 00pasoBaHKU KOTOPOH YYACTBYIOT JY4Yd, HAYILHE
B Kpali BXOLHOTO 3pauka fuamerpom D). [ns touxu N meiicTByIOm#i
IvaMeTp BXOAHOIO (BBIXOZHOTO) 3pauka yMeHblIaeTcs [0 3Haye-
ruit Dy (Dy).

HOas npoxerropa (xonnaumaropa) p, ~ Df'/c.

Koapuyuenmom ycurenus npoxcexmopa Ha3bIBAIOT OTHOLIEHHE
CHJIBI CBETA NPOXKEKTOpPA K CHJIe CBETa HCTOYHHKA IO HANpPaBJEHHIO

HOPMaJIH:
kup = Iap/laer = TLQsp/(LQner) = T (Drd)2,

rie D — puaMeTp BXOALHOTO 3payka ONTHUeCKOH cHcTeMul (D = D),
d — JHaMeTp HCTOYHHKA.

Kospduumenr ycuneHust mnpokeKTopa HNOCTHraeT 3HAUEHHS
kup max — ]O 000

Yeon pacceanus npoxexmopa 20’ 3aBUCHT KaK OT pasmepoB € H b
CBETOBOTrO TeJia HCTOUHHKA cBera (puc. 141), Tak u or cbhepuueckod
a6eppalHH ONTHYECKOH CHCTEMH.
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M3 puc. 141 craenyer, 4TO yroJ paccesiHHsi B MEPHAHOHAJNLHOH
IJIOCKOCTH, COBNAJAIONIEH ¢ MJIOCKOCTbIO PHCYHKA, 20; = 2®, MOXKHO
ONpefeNuTh NO (hopMmyJe

tgw; = c/(2F), (207)

a B Apyroli MepHIAMOHAJbHOH NJOCKOCTH, NMEPHeHAUKYJSPHOH K 1JO-
CKOCTH DHCYHKa, — 1no ¢opmyne

tg ;= b/(2F). (298)

Tax xak o6bluHO (POKYCHOe paccTosiHHe f' 3HAUMTENBHO NpEBb-
maer ¢ U b, TO

20 =c/f u 20;=>bJf. (299)

IIpu MCHOMB30BAHHH TOUYEYHOTO M3JYUYaTes] YIoJ PacCestHHA Mo-
SBISIETCS 32 cueT Iubpaxkuuu: 20" &~ A/D, rie A — AJHHA BOJHBE
cBera; D — AMaMeTp BXOXHOIO 3payKa. ONTHUECKOH CHCTEME! IIpo-
XKeKTopa, paBHHY Juamerpy D’ BHIXOLHOTO 3payka (CHCTeMa NpH-
HATa TOHKOH).

Jdag A = 6-10~* MM

20" & (6-10-4/D)pag & 120"/D. (300)

Tak Kak onTuyeckasi CHCTeMa NpPOXKeKTopa (KOoJTHMAaTOpa) OGBUHO
umeeT chepuyeckyio abeppalHuio, TO IeHCTBUTENbHEIN YroJ paccesiHHs
Oyzxer GoJblue, YeM BLIYMC/IEHHBIH MO NPHBENEeHHbIM BhILIe HOPMYJIaM.

Huamerp ocBemaemoll MOBEPXHOCTH

9y’ =D + 20'p,

rie D — numamerp BXONHOT'O 3payKa, NPHHSTHIH paBHBIM IUAMETPY
BBIXOJHOTO 3pauka.

OrmeTyM BaXXHBIH MOMEHT, CBf3aHHEIH ¢ BEGOPOM OKYCHOTO pac-
CTOSIHHSl 00BEKTHBA KoJliuMmaropa. M3 dopmyn (297)—(299) crenyer,
yTo, yeM GoJsbplie HOKYCHOE paccTosiHue f', TeM MeHbIe yToJ paccesi-
HMsl, Onpele]sieMbli KOHEUHLIMH pa3MepaMH ¢ ¥ b HCTOYHHKA H3Jy-
yeHHsi. POKyCHOe pacCTOsIHHE OGHEKTHBA ONPEREISIOT IIPH 3aJaHHOM
JONMYCTHMOM yTIJIe pDacCestHHsl M H3BECTHBIX DasMepax H3Jyyalomel
NJIOWAaAKH, YUYHThiBaf BJHsHHe chepHueckoil aleppallMHHd H siBJeHHe
IudpaKkUHH,

Yesom oxeama 2 g, HasbiBaeTCsl [IBOHHON anepTypHHH yroa
B NDOCTPAHCTBe INPEAMETOB, XapaKTepH3YWOMHH HOJMHOTY MCIOJb30-
BaHHS CBETOBOI'O IIOTOKA HCTOYHHKA cBera (puc. 142).

OnTHueckHe CHCTEMB! IIPOXKEKTOpa MOTYT OHITh 3epKaJjbHbBIMH,
3epKaJbHO-JIMH30BLIMH H JIHH30OBBIMA.

3epKajbHasg CHCTeMa NpPeACTaB/aseT cobol chepuyeckoe WM napa-
6o/IOHEHOE 3€DKAI0 C HAPYXKHBIM OTpaxkalomuM MOKphiTHeM. Ha
pHc. 142 nokasaHo chepuyeckoe sepkajo paiuycom r; D — nuamerp
BXOJHOTO (BBIXOAHOTO) 3pauka. B napakcHasnbHo# ofsacTH OT Touey-
HOTO H3JiyyaTessi, NOMEINeHHOro B (oKyce F 3epkana, BHIXOIHT
NY40K JyueH, NnapajjesbHeX ONTHYeCKOA ocH. C yBeslHueHHEM BHI-
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COTH MNajieHHsf Jiyueil Bo3pacTaer
BHIXOAHOH anepTypPHBIE yrojd 63 =
= Ac¢’, T. e. OTpaxkeHHbIe JY4H 6Y-
AYT TEPECEKaTbCA C ONTHYECKOH
OCbI0 Ha KOHEYHOM PACCTOSIHHH OT
8epKaJsia, KOTOpPOe YMEHbIIAeTCd C &
yBeJHUEHHEM BXOIHOIO alepTypHO-
ro yria oa. OTO H3MEHeHHE BHI-
XOJIHOTO aNlepTyPHOTO yIJa siBJASET-
ca yraosoft chepuueckoll abeppalt-
efl sepkasa, Hapyluaoliel paBHO- | N
MEpPHOCTb OCBEIIEHHOCTH OOBeKTa.

ITo Teopeme cunycos u3 puc. 142
crnepyer, urto r/(2sin &) = r/(sinca), T.e. sine = sin 0,4/2.

Yraosas chepuueckass abGeppauus sepkasa Ao’ = o — 2e. Ee
3HaueHHe OrpPAHHYHBAET OTHOCHTENbHOE OTBepCcTHE Chepuueckoro
3epKaJa.

Has napabosloMiHOTO 3epKajia ¢ TOYEUHBIM HCTOYEHMKOM M3Jyue-
HHS, NMOMEIEHHBIM B (DOKyce 3epKasja, pacXOOHMOCTh HyuKa Jyued
3aBHCHT TOJBKO OT RH(PaKIMH, oueHuBaemoil mo dopmyae (300).

3epKaJbHO-IHH30BYI0 CHCTEMY MNDOXKEKTOpa B IIpocTefilleM BHJe
MOXHO IIPEICTaBUTb KaK CHCTEMY C OJHOH INpesoMJISIONElN MOBEpX-
HOCTbIO, HCNOJb3yeMOH JBaXKIbl, X € ONHOH OTpaXKalollel NOoBEpX-
HOCTbIO.

[IpumepoM Takoff OoNTHYECKOH CHCTEMBl IIPOXKeKTopa co chepuye-
CKHMH MOBEPXHOCTSMH NPH HauMEHbIUMX 3HAyeHUSX yriaoBo# cdepu-
uyecko# abeppanuu U GoJbIIMX YIJax OXBarta SBJASETCS 3epKaJlo
Manxena (puc. 143) ¢ ry =f u ry = 1,5f npu n = 1,5.

Ha puc. 144 noxasaHpl ONTHYECKHE CHCTEMBI TNPOXKEKTOPOB, CO-
CTOSIIIMX M3 BOTHYTHIX 3JJIHNCOKIOB, B mepBoM (okyce F; KOTOPHIX

GII:AO”

Puc. 142. Chepuueckoe 3eprano

f' L
N
5] a)
< S
N\ £
e d
o)
Puc. 143. 3epkano ManxkeHna Puc. 144. OnTHyeckHe CHCTEMH nNpoXeK-

TOpOB
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NOMEIIeH TOYeYHHA HCTOUHHK cBeTa; AuadparMm, BaXOASIIHXCS BO BTO-
po# $HOKaNLHON MJIOCKOCTH SJJIHICOHAOB; JHH3Bl C MHHHMAAbHOR cde-
puueckol abeppanuei (puc. 144, a) uiu nurss Ppenens (puc. 144, 6).

ITepennue oxycel JIKH3 COBMEUIEHB CO BTOPHIMH (OKYCaMH F, 3JHR-
COHJOB.

63. 3epkasibHble OCBETHTEJbHbIE CHCTEMBI

PaccmoTpum 3epKrasbHBle OCBETHTEJNBHbBIE CHCTEMBI, Tpef-
HasHaueHHbIE JJIS OCBELIeHHs NPeJMETOB, HAXOASAIMMUXCH Ha KOHEUHOM
pacCTOSIHUH OT 3THX CHCTEM, B HeAAX HalMIOAeHHS 3THX IPEIMETOB
WJIM IOJIYYEHHS X H300paXeHHH C NOMOIULIO ONTHUECKHX NPHGOPOB.

DTH CHCTeMBl, HasblBaeMble TAKKe KATONTPHYECKHMH, HMEIOT cJe-
AYIOIIHEe OTJIHYHATEJNbHbIE OCOOEHHOCTH: OTCYTCTBHE XPOMATHYECKHX
aGeppauu#t, Goapmof yroa oxsara (Zo 180° u Gosee), mMajas Macca
10 CPaBHEHHIO C JIMH30BLIMH CHCTEMaMH NPH PABHEIX OTHOCHTENbHBIX
OTBEpCTHAX, GOJbLIOA KO3(ObUIHEHT MponycKaHus. Bo MHOrux ciy-
uasiX NEPeYMC/EHHEE OCOGEHHOCTH HABJSIOTCS ONPEAeNSIONHMH NpH
BbI6Ope BHJA OCBETUTENbHOH CHCTEMBI.

[Tpocrefimias 3epka/ipHas OCBETHTeNbHAast CHCTEMa — 5TO BOTHY-
Toe cdepryeckoe sepkasto. ONHAKO OHA MMeEET OrpaHHYEHHOE NPHME-
HeHHe u3-3a OosbluoH cdepHueckKol abeppanud, GOJBIUHX HOTEPD
CBETOBOTO TOTOKa M HEpaBHOMEpPHOCTH ocBemleHHOCTH. CdepHueckue
3epKaJia WMetoT yroJ oxpara Jo 110° u aunefinoe yBenuvenue | B| < 5.
Coepuueckoe sepKaso 4acTo NMPUMEHSIOT KaK KOHIEHTPHUUYECKHH OTpa-
Xartellb, B KOTOPOM MCTOYHHK CBeTa NOMeINaeTcsl B HEHTP KPUBH3HA
Ans Gojiee TOJNIHOTO HCNOJNbL30OBAHHS CBETOBOrC MOTOKA.

DJIJIMNICOMIHOE 3ePKalo IIOKasaHo Ha puc. 145, a. B ¢okyce F,
3epKasa HaxXOMUTCS TOUGYHOE TEJIO HAKAJIUBAHUS 3SJEKTPOJIaMIIH,
H3obpaxkeHne KOTOPOTO IONTyYaercs B (okyce F,, COBMEIICHHOM
¢ ueHtpoM P BXOJHOro 3pauka mnocaefyrmouero o6vexThsa. [Ipes-
MeT y, HanpuMep AMano3WTUB HJHM HEraTHB, NOMEILAIOT BGJIH3H 3ep-

M
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Puc, 145. Baaunconnsne sepkana
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KaJa Ha paccrosinnu e. HauGosbwmuh pasmep npeamera ymax = D',
T. €. paBeH AHaMeTPy BHIXONHOTO 3pauka 3epkaJja.

Yros cXONHMOCTH 207+ (yABOGHHbIH BBIXOAHOH anepTypHHIA yro.
3epKaJja) JO/DKeH ObITh DaBeH YIVIOBOMY NOJMK 2@ OGBLEeKTHBA HJH
HECKOJIbKO GoJsibuie ero. PaccrostHHe S OT BepUIHHBI 3JJIMICOHMAA JO
¢okyca F; BHOHDAIOT TaK, YTOOH MOXHO GBIIO PA3MECTHTH 3JIEKTPO-
Jamny ¢ narpoHoM. [osoxenue nmpeameTa y oTHOCHTENLHO BXOAHOTO
3pauka o0beKTHBA, ONpelesieMoe PACCTOAHHEM p, HAXONAT, HAalpH-
Mep, 1Mo TpefyeMOMy YBEJTHUEHHI0 BbHIGPAaHHOrO OGBLEKTHBA.

s puc. 145, a caenyer, uto

tg ok- = y/(2p). (301)

YIBOGHHBIH BHIXOAHOH amepTYpHBI yroa 3epkana 20%-, noJay-
YeHHbIH 110 opmyste (301), KaK GbJIO YKa3aHO, HOMXKeH GBITb 60Jblle
YTJIOBOTO NOJS OGBEKTHBA.

[IpH HasHAYeHHOM PAacCTOSHHH e MEXIy CDE3OM 3epKajia H OcBe-
IIaeMbIM TPeIMETOM CBETOBOH JMaMeTp 3epKasa (IHaMeTp BLIXOZHOTO
apauyxa)

Dx~D=2(+p)tgos >2(+p)tgo. (302)

Haiinem nonyocs a u b snnunconna, crpesiky sepkana g u yroa
oxBaTa 204.
Paccrosinne mexay ¢oxkycamu F, u F, sniuncouza

FyFy =2y a® b (303)
Ynanenne dokyca F; OT BEpUIHHBI 3J/IHICOHIA
s=a—y a— b (304)

BosbMem Ha sqiunce (B MepHAHOHAILHOM CEYEHHH SJIJIUTICOUA)
TouKy M Tak, uToGbl OHA Jlexkalja Ha KPaw BHIXOJHOTO 3pauka. [as
5TOH TOYKH, KaK M MJs IDPYrol TOUKH 3JJHICA,

FIM + MF, = 2a. (305)
Hs dopmyn (303)—(305), wcmonb3ys TpPHroOHOMETpHUECKHE COOT-

HOILIEHHS B COOTBETCTBHH C DHC. 145, a, monyuynm cjaelyiolie 3aBH-
CHMOCTH 111 ONpefeJieHHs MOJAYOoCeH SJJIHMICA:

o= mre ey (306)
b=1y"2s— & (307)
Crpeaka sepkaja
¢g=2a—s—e+p. (308)
Yroa oxsara 204 onpegensior no Gopmy.e
tgos = —D/[2 (g —s)]. (309)
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[Ipumep. [lano yrziosoe noJie HCNOJB3YeMOro 0O6beKTHBA 20 = 55°, p = 108,9 MM
y = 113 MM (amaronans guanosutHBa 6 X 6 cM), s = 40 MM, e = 50 MM.

Buruncaennss no gopmyaam (301), (302), (306)—(309) nawt caelymomue pesyss-
TaTh: 20, , = 55° 10", D = 165 MM, a = 132 MM, b = 107,8 mm, g = 65,7 Mm,

20, = 207°.

Yroa oxBaTa 204 3JIMICOHAHBIX 3ePKaj yacTo npesbrmaer 180°,
4TO 103BOJAET HauboJee NOJHC HCHOJbL30BATH CBETOBOH IIOTOK OT
HaJIyuaress.

DJNMICOMAHBIE OTpaXareNp NpPOEHHPYET CBETOBOE TEJNO H3JAyda-
TeJs BO BXOLHOH 3pauok OOBbEKTHBA, 3aNONHAA H300paKeHHeM BCIO
miomanb 3pauka. OOGBIYHO AHAMeTP BXOJHOTO 3pauyka NocHefyromed
CHCTEMB! HOJXKeH ObiThb GoJiblle AHaMeTpa OKPYXKHOCTH, BIHCAHHOMN
B CBETOBYIO IJIOMANKY MaJjiyyaTess. Ilas BHIMOJIHEHHS 3TOrC YCJAOBHSA
JHHeHHOe YBeJHUeH e 3ePKaNbHOM cucteMbl (puc. 145, a) p = —(q +
+ e -— p)/s. ONHOBPEMEHHO JOJIKHO OHITh BBIOJHEHO YCJIOBHE P =
= —Dg.¢/D¢, the D, o — A¥aMeTp BXOAHOLO 3payka MNOCHAeNy-
IOIER ONTHYECKOH CHCTeMbl; D, — AHAMETD CBETOBOIO TeJa H3Jy-
yaTens.

Ha puc. 145, 6 nokasaHO B5JJIHICOMAHOE 3€pKajo, HMelollee
He TOJbKO GOJMbIIOH YroJ oXBaTa 204, HO H GOJMbLIOH YroJ CXOAH-
MOCTH 207%., SBJAIIMHACA TaKXKe BaXHOH XapaKTEPUCTHKOHK OCBeTH-
TeJbHBIX CHCTeM (Hasi ofecreuyeHHst ycaoBHs 2073 > 20, rie 2w —
yrJaoBoe 10Jie MOCJeAYIollel ONTHYECKOH CHCTeMBI, HaNpPHMep LIHPO-
KOYTOJIbHOTO NPOEKIHOHHOTO OGHEKTHBA).

B kuHOMpOEKTOpaX IMHPOKO NPHMEHSIOT ChHEepOsNIHICOHIHBIE KOH-
nencopsl (puc. 146), npeicraBasomue coGol CTeKJSHHBIE NETaJaH
C NpeJOMJISIONEN CHePHYECKOH ITOBEPXHOCTLIO H AJIHICOHAHON OTpa-
Kawoled NMoBePXHOCTbIO. ¥TOJN 0XBaTa 3THX CHCTeM Hoctaraer 140°,
a ysenuuenue f = —(6 ... 8).

[TpenmymectBoM chepHUecKHX 3epKaJ sIBASETCS HX IPOCTOTa, HO
npucymas UM chepuyeckas aleppanisi yxKe B OCEBOM IIyYKe YacTo
OrpaHduyuBaeT HX INpHMeHeHHe. DJIIHICOMAHBIE W NapaBoJIOHAHBIE
sepkaja cBoGoaHbl OT abeppanuit 0ceBOro nyuxa Jyuef, Ho abeppa-
IIHH HaKJIOHHBIX NYYKOB Jy4ell B 3THX 3epKajaX HpeBhllaioT abeppa-
UHH chepHYeCKHX 3epKaJj, KpOMe TOro, H3TFOTOBHTb HX MOKa ele
3HaUHTeNbHO TPYyAHee, ueM chepHUeCKHe 3epKaJa.

Tep

N

Puc. 146. Cdeposannncounusis koupen- Pnc. 147. Chepnueckoe sepxano ¢ Kop-
cop PEKLUHOHHOA NJacTHHOR
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Hna ycrpaneHus coepuueckoft abeppauun chepHUECKOro 3epKaJa
Ha NYTH OTPaXeHHBLIX Jyuell YCTaHABJIHBAIOT KOPPEKIHOHHYIO MJa-
CTHHY, Hampumep, Tuna nuactuHe lmuara (puc. 147).

MHorne HeNOCTaTKH 3€PKa/bHBIX OCBETHTEJNbHbIX CHCTEM MOTYT
ObITb YCTpPaHEHB B JIHH30BLIX CHCTEMaX, HECMOTPS Ha HaJHuMe B HHX
Xpomarnyeckux abeppauuii. [losToMy JIHH30BHE OCBETHTE/bHBIE
CHCTEMBI, HA3bIBaEMble JIHH30BLIMH KOHIAEGHCODAMH, HaXOASAT LIHPOKOE
OpHMEHEHHE B Pa3JIMYHbIX ONTHYECKHX NpuBopax.

64. JIdH30BbIE KOHXEHCOPSH

Kondercopos TPHHATO HA3HIBATE ONTHYECKYI CHCTEMY,
CO3MaLYI0 JeHCTBHTENbHOE H300DaXKeHHe HCTOYHHKAa CBeTa Ha KO-
HEUHOM pacCTOsiHHM OT Hee. Ec/n JIHH30Bas cHCTeMa cosliaeT uaobpa-
XKeHHe HCTOYHHKA CBeTa B OECKOHEYHOCTH, TO OHA, KaK yxe OblIo
CKa3aHo, HaswBaeTcs KosuMaTopoM. Uucao JHH3 KOHAeHcopa (ero
CMIOXKHOCTB) OnpefenseTrcs CYMMOB YIVIOB oxBaTa 204 H CXOAH-
MOCTH 20}-.

OnTHueckHMMH XapaKTePHCTHKAMH KOHJEHCOpa fBJSIOTCH: hOKyc-
Hoe paccTosiHue f'; JIMHeHHOe yBenHuenHe P; OTHOCHTe/NbHOE OTBEp-
crie 1 : K; yrosa oxBata 204 W yroJ CXOI¥MOCTH 20}%-.

Mexay BXOINHBIM aNepTypPHLIM YIVIOM G4 (IOIOBHHA yrJia 0XBara)
U JnabparMeHHbIM yHcIoM K HMeeT MeCTO 3aBHCHMOCTb, KOTOPYIO
MOXHO BHISIBUTb H3 PacCMOTDeHHs puc. 148.

B camom xene,

tg 04 = D/(2a) = DB/(2a) = DB/(2a"),
Ho no dopmyne (41) a” = (1 — B) f'. Taxum oGpasom,
tgoa =DB/I2(1 —B)f'1 =p/12 (1 —B) K.

O0roaun3o8oii korderncop., OfHY TPOCTYIO JIMH3Y MOXKHO HCIOJb-
30BaTh KakK KOHIEHCOP, €CJAH CYMMa ero YrJoB 0XBaTa H CXOAHMOCTH
He npeBnimiaer 45°, GopMa JHH3bI 3aBUCHT OT JHHEHHOTO YBEJIUUEHHS.
Ecin HCTOYHHK cBeTa yhajeH OT KOHIEHCOPA Ha PACCTOSIHHE, IPEBH-
wapowmee B 20 pa3 ero GoKycHoe paccrosHMe (MaIH H306parkeHue
HCTOYHHKA CBeTa yJaJjieHO OT KOHJeHcopa Ha PacCcTOsSHHe, NpeBhIla-
omee B 20 pa3 ero boKycHoe paccTosiHHe), TO B KayecTBe KOHAEHCOpa
NPUMEHSIOT MJOCKOBBINYKJYIO JHH3Y, chepHyeckas MOBEPXHOCTh KO-
Topo#t ofipalieHa B CTOPOHY YHAJIEHHONO HCTOYHHKA CBETA (MM €ro
u3obpaxKeHus).

Ecau KoHIIEHCOD NOJIKEH NPOENHPOBATh CBETOBOE TEJIO HCTOYHHKA
ceera B Mmacmrabe 1:1 (B = —1), To nenecoo6pasHc NpUMEHSTD
IBOSKOBBIYK/IYIO JIHH3Y C DaBHBIMH palHycaMmu. Ecau ONHONHH30-
BbIfl KOHIEHCOP HCHOJMbL3YIOT NPH OPYTrHX YBEJHUYEHHSX, TO ero Gopmy
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Puc. 148. Cxema nyis BHIBOAA 82BH-
A’ CHMOCTH MeXJy yrJoM O\ H aunad-
parMeHHNM YHCJIOM

onpelensioT H3 YCJOBHS INOJYYeHHs HauMeHblled cdhepHUecKon
abeppausH.

JIBYXJHH30BBIH KOHIEHCOP HCIIOAb3YIOT, €CJAH CYyMMa YTJIOB OXBaTa
H CXONMMOCTH He mpesminaer 60°.

Tak kak BHOYKIO-TJIOCKAS JHH32 HMeeT HaHMeHbUIyo ctepHue-
CKYI0 aeppauuio npu GeCKOHEUHOM (HOCTATOYHO 6OJBIIOM) YAaJeHHH
OT H3006paxeHHsi, TO, OYEeBHIHO, ONTHMAaJbHOH 6yler Qopma ABYX-
JHMH30BOIO KOHJeHCOPa, NOKa3aHHOro Ha puc. 149. [das stof cucremsl,
ecnu cdepuyecKie NOBEPXHOCTH JHH3 [ H 2 cONpHKacawTcs, ONTHYe-
ckag cuga P =&, + O,, a npH OAMHAKOBHIX JHH3aX § =
= 20,.

Takue KOHJEHCOPH HCNOAB3YIOT mnpu P = —1 (monyckaercs
p = —3). Onnako ecan |B|== 1, To npurumaior f3/fi = |B|.

T pexaun306vie KOHOeHCOPb: TIO3BOJISIIOT INOJYYHTb CYMMY YTJIOB
oxBata H cxoammoctd ao 100°. [lpu eme GOJbIINX 3HAYEHHSIX 3TOH
CYMMblL IPHXOJHUTCS TIPHMEHATh KOHAEHCODH!, HMEIOUIHE UeThIpe, NATh
M 1IeCTb JIHH3, a UX pacyeT BeCTH C yueToM BHOCHMOH uMu cdepuye-
ckoii aleppamuy. 3aMeTHM, 4TO K B CJAyyae HCMNOJb30BaHHA JABYX-
JIMH30BHX KOHJEHCOPOB C JHHEHHBIM yBenudeHueMm |B| >3 uam
Bl < 1/3 dopMy HX JHH3 TaKXKe HAXOJAT U3 YCJIOBHS MHHHMANbHBIX
chepuueckux abeppanui [6,35].

VMeHbIIEHHe YHCAA JHH3 NPU NOBBIIEHHHX YIJIAX OXBara U CXO-
IUMOCTH MOMXKeT ObITh 06ecreyeHo BBeJeHHeM HechepHUeCKHX MOBEpX-
nocrelt. Hanpumep, B KOHAGHCOPE MHOTOKAMEPHOTO NPOEKTOPa (MyJlb-
THILIEKCA) HCIONL3YIOT [BE BBINYKJO-IJIOCKHE JHH3BI C BHITYKJBLIMH
SJIMIICOUJEBIME NOBEPXHOCTAMH, ofecrieynBaoIie npu P = —I
yTOM 0XBaTa M YILOJ CXOLHMOCTH IO 122° Kamnuwifi.

Bosabino# yroJ oxsara NPH HPAaKTHUECKH OTCYTCTBYHOmeH (B ciay-
yae TOUEYHOTO HCTOUHHMKa CBeTa) chepHyeckoll afeppaunyy NpH JoboM

7 12

Puc. 149. [IByX/HH30BBIA KOHIEHCOP Puc. 150. AxpomaTHuYecKMil KOHAEHCOp
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3alaHHOM JIHHEHHOM YBeIHueHHH HMeloT JuH3H PpeHens (cMm. n. 32).
JlJst yBeJHUeHHs CTENeHH HCNOJIb30BAHHS CBETOBOTO IIOTOKA OT HCTOY-
HMKa H3JyYeHHs IPHUMEHSIOT, KaK H B NpOXeKTopax (cM. pHc. 144),
J06aBOTHOE KOHTP3epKaJo.

B KoHZeHCOpax MHKPOCKONOB € GOJ/IBIIMM YIVIOM CXOILHMOCTH Heob-
XOIHMa ellle H aXpOMaTH3auHus, 4TO ycaoxuseT cucreMmy (puc. 150).

HHorza B OCBETHTEJNBHYIO CHCTEMY MHKDPOCKOINA BBOJSIT TaK Hasbi-
BaeMbIH KOJJIEKTOD, Ha3HaueHHEM KOTOpOTO sBJAsIeTcs Iepejada
H300paxKeHHsT HCTOUHHKA CBeTa B MJOCKOCTb anepTypHo# Auadparmsl
KOHJAEHCOpa, 4TO II03BOJSIeT YAaJHTh HCTOYHHK CBera OT KOHAEHCOpa
H TeM CcaMblM HCKJIOYHTH TENJIOBOE BO3LeHCTBHE Ha 00beKT HabJawone-
Busi. K KO/N/eKTOpYy NDeIbsBAAIOT TakHe Ke TpeGoBaBHS, KakK H
K koHIencopy. [lo cyumecTBy, OCBeTHUTENbHAS] CHUCTEMA, COCTOSIIAS
H3 KOJJIEKTOpa H KOHJAEHcOpa, fABJAETCA KacKaJHOH CXeMo#.



F'aasa XIII
JYNNA U MUKPOCKON

65. Jlyna ¥ ee XapakTepUCTHUKH

Jlynod HasblBaeTcst ONTHYECKAd CHCTEMA, COCTOALLAS HU3
JIMH3B HJIM CHCTEMBl M3 HECKOJbKHX JIHH3, NpelHa3HauyeHHad JIJIs
HalJ/I0feHKSA NPeIMETOB, PACIOJOMKEHHBIX Ha KOHEYHOM DaCCTOSTHHH.

OCHOBHBIMH XapaKTePHCTHKAMH JIYIH SBJASIOTCA BUAHMOE YBEJIH-
yenue I', sHHefHOe moje 2y B NPOCTPaHCTBE NPEAMETOB H JHAMETp
BBIXOHOTO 3pauka D'.

Ecnum paccmaTpuBaeMsli NpeAMer paclofoxeH B nepegHell ¢o-
Ka/JbHOH IIOCKOCTH JyNsl, TO OT J/060# TOUKH HOpefMera B IJas
HabJ/lojaTe]ss NOCTYNAlOT IYYKH Napa/je/bHbX Jyded. B artom cay-
yae HabJoAaTesb paccMaTpHBaeT HpeiMeT 6e3 aKKOMOJALHUH.

Budumeim yseauvenuem JNyNbI Ha3plBaeTCH OTHOLIEHHE TaHreHca
yraa, nol KOTOpelM BHAEH HpeIMeT yepea /YNy, K TaHIeHCy yrJa,
noJ KOTOpHM HabJojaeTcs NpeiMerT HeBOODYKeHHbIM riasoM. U3
puc. 151, a cjenyer, yTo NpH PACNOJIOKEHHH TNpelMera B nepersed
doxanbHOK HJAOCKOCTH JIYNBl €rc YIJoBas BeJHUHHA COCTaBJISET
tg ' = y/f’, a npu BaGIIOLEHUH HEBOOPYKEHHbIM Ty1a3oM (puc. 1561, 6)
C DAacCTOfHHMN Hauayuluero BujeHns (250 Mm) yrsioBasi BeJqHuHHA
npeaMera Gyfer paBHa:

tg o = y/250. (310)

CﬂelIOBaTEJIbHO, BHAUMOE YBeJIMUeHHe JYyIbl IIPH OTCYTCTBHH
4KKOMOJAanuu rmaasa

T = tg '/tg ® = 250/f". (311)

B ofmem cayuae paccmaTpHBaembld uepesd Jyly NpeAMeT MOXKeT
pacrnoJsararbCf Ha HEKOTOPOM DAacCTOSHMH 2 OT nepelHell dokanpHoR
IJIOCKOCTH (1J1 HopMaJabHoro raasa z > 0), Ilonrywzaemoe nocie Jymnsl
H3obpaxeHue npeaMera y' pacCMaTpHUBaeTCs IJ1a3oM, aKKOMOLHUPO-
BAHHBIM Ha KoHeuHoe pacctosiuve p’ (puc. 152). ¥YrioBas BenuyuHa
usobpaxenus Oyler

tg o = —y'/p’. (312)

M3 puc. 152 ¢ yuyerom dopMya HjealbHOA ONTHYECKOA CHCTEMH
NOJY4YHM

p =2 —zpr; y =—yzIf"-
Cornacro (312)
tg o =yl 425z —2p)lif"- (313)
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Puc. 151. Cxema nas suisoaa op-
MYJIEl BARHMOFO YBeJHIeHHs YN
IPH OTCYTCTBHH aKKOMOZALHH

Puc. 152. Cxema nast Beisosia dop-
- MYJISl BUIHMOTO YBEJHYEHHA JIY-
nel OPH 8KKOMOJAUMH

CnepoBatenbHo, B coorBerctBuH ¢ {310) u (313) BuAHMOe yBesH-
4yeHHe JyNBl NPH aKKOMOJAIHH rjasa onpefensiercs dopmy.oi

Taw = 250 {1 4 2p-/(2" — 2p-)U/f". (314)

Ilpu 2’ = oo (2 = 0) noayuaem ¢opmyay (311).

W3 (314) caenyer, uTo NpH pacCHOOXKEHHH IJja3a B 3ajiHe#l ¢o-
KaJbHOH HJIOCKOCTH NyHH (2pr = 0) Ty =T

Bonpoc 06 orpaHudYeHHH CBETOBBIX NY4uKOB H 06 amepTypHBIX
H TOJIEBLIX XapaKTepPHCTHKAaX JIYIbl CJIe[yeT PacCMaTPHUBATh B CHCTEME
ayna—raa3. a3 cuutaercss HeNOABHXKHBLIM H AKKOMOAHDOBAHHEIM
Ha Geckodeudocts. Ha puc. 153 mpeacrapieHa Jayna B BHJe IIPOCTOH
TOHKOH JIMH3Bl AuaMerpoM D . 3pauok riasa HabJiofarens AHame-
TpoM D;; PacnojioXeH Ha PacCTOSIHMH Spr OT JAynel. O6puHCe D, >
> Dyp;, N03TOMY BBIXOLHBIM 3PauKOM CHCTEMBI JyIla—TJa3 sBJsSeTcs
3pauok raasa (D' = Dy,).

B GoubuinHCTBe caydyaeB B nepefneit GoKaJbHON NJIOCKOCTH JYIbI
HeT NoJieBoH AuadparMel H NOJe Jyibi Pe3KO He OTPaHHYHBAeTCH.

- f-‘f’ S,;v

-~ ¥

Puc. 154. Yraosoe nojie nynsl npy pas-

Puc. 153. CxeMma njs onpefiesieHHs JH-
JAHYHOM BHHbETHPOBAHHH

HefiHOTO MoJA AYNH
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= 5 OnpaBa Jynnl fBJASETCS BHHb-
& eTHpYyIOWel AuabparMol H BhI-

—4 L L3 xonHeiM okHOM. ¥Yricsoe mose
v 3 6§ 20’ nynsl B OPOCTPRHCTBE H30-
N
f)

O6paxeHH#  IIpH OTCYTCTBHH
BHHLETHPOBAHHR  oupeleJsercs
Puc. 155. Buan Jaynu JIydoM, HAYIIHM Hepes BepXHHH

Kpall BBIXOAHOT'O OKHa H BepX-
HHA Kpal BBIXOXHOTO 3pauka (pHc. 153):

g 0 == (Dy — Dr;)/(25p7),

a COOTBETCTBYMIOIllee eMy JHHEHHOe IoJie B IPOCTPAHCTBE NPEIMETOB
6yZeT paBHO:
2y = 2](' tg o = ]c' (Dn - Drn)/sb’-

W3 nocaenuedt gopmyJibl cllefyer, 4To NPy AaHHBIX HOKYCHOM pac-
CTOSIHUHM W JAMaMeTpe JYNbl /s YBeNHUEHHUS JIHHEHHOro HOJS JYIH
rna3 cJelyeT pacmoJjarath Kak MOXKHO GJHXKe K JyIe.

3a npeflenaMy Kpyra AuamerpoM 2y (puc. 153) umeer Mecto BUHbe-
THPOBAHHE HAKJOHHLIX IIYYKOB Jyue#. YrioBoe nmoue 2w {puc. 154),
cootBercTBYyIomee 50%-HOMY BHHBETHPOBAHHIO, COCTABJSET

tg 0] = Dy/(2sp+),
a TOJHOMY BHHBLETHPOBAHHUIO
tg w3 = (Dn + Dr)/(25p7).

XapaKTepHCTHKH JIyMbl 3aBHCAT OT KOHCTPYKUHH €€ ONTHUECKOH
cxembl. Ilpu BHAMMHIX yBeJHuyeHHSX IO 5 ... 7X Jyna BHINOJHSETCS
B BHJle OJHHOYHOH JuH3bl. JyuaMeTp JHHeHHOro noas 2y ¢ yAOBJETBO-
PHTEIbHEIM KaYyeCTBOM H300paxeHHs [J15 OAHHOYHOH JIMH3BI He Ipe-
Boimaer 0,2,

B kavecTse /ynbl MOXKHO HCIOJB30BaTh [Be OAHHOUHBIE JIMH3HI,
pacnoJioxeHHble MOYTH BIJIOTHYIO APYr K Apyry. Habmognenue ocy-
mecTBAAeTCa JUO0 Yepe3 OAHY U3 JHH3, Ju60 yepes obe cpasy. Takas
Jyna KHMeeT TPH CMeHHHIX yBemuueHus: Iy, I'y, v Iy =T, + T,
rie Iy n Iy — BHIHMOe yBesHueHHe NEepBOR H BTOPOH OTAENbHOH
JUIHH3BL.

[oBriIeHHe XapaKTePHCTHUK JIYIIbI BOSMOXHO 33 CYET YC/AOXKHEeHHS
ee ONTHYECKOH CXeMbl, 4YTO co3faer §oJiee WIHPOKHE BO3MOMKHOCTH
IJs  Jyulllero HCIpaBJeHHs adeppauuit. AnsmanatHyeckas Jyna
Hlreftnrens (puc. 155, @) cocTouT M3 JABOSIKOBHINYKJIOH KPOHOBOH
JHUH3B H ABYX OTpULlaTeJbHbIX (UIMHTOBBIX MeHHCKOB. Taxas Jaymna
MOXeT HMeTb yBesuueHue 6 ... 15% u yriosoe nose no 20°. HauGonee
COBEpUIEHHBIMH JymaMH ¢ GoabluM ysenuueBuem (10 ... 40%) as-
JAIOTCA YeThIPEXJHH30BHIE aHACTHIMATHUeCKHe Jyne (puc. 155, 6),
B KOTOPBIX NOCTHraercsl BLICOKAsl CTeNeHb KOPPEeKHHH KakK OCEBHX,
TaK H HaKJOHHHIX IIY4KOB Jyued.
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66. OnTHuyeckasm cxema MHKPOCKOMNa
H ero OCHOBHbBIE XapaKTEPHCTHKH

Muxpockon, Kak u Jyna, npeXHasHaued AAsf HaGMONEHHS
sa 6/IH3KO PACloJOXKEeHHHMH npeaMeraMu. OnTrHueckas cxeMa MHKpPO-
CKONa COCTOHT H3 JBYX uacTed: oObeKTHBa H oKyJasipa (puc. 156).
OCHOBHLIMH XapaKTepDHCTHKAaMH MHKPOCKONAa SBJSIOTCA: BHAHMOE

yBesinyenue I', auHefinoe moJjie B npoCTPaHCTBe NpeIMETOB 2y, AHa-
MeTp BHIXORHOro 3pauxa D’.

OGbeKkTHB MHKpPOCKONA CO37aer AefCTBHTENbHOE, YBeJHMYEHHOE H
ofparHoe H3o6paxeHHs. [lefictBHe MHKPOOGBEKTHBA XapaKTepH3YIOT
ero JHHeHHbIM yBeauueHHeM Pos = —A/fos, The A — onTHUeCKHI
HHTEpBaJ, WJIH ONTHYecKas [JHHA Ty6yca; fos — QOKycHOe pac-
CTOsIHHE MHMKPOOOBEKTHBA.

H3obpaxenHe, co3fiapaeMoe 06bEKTHBOM MHKPOCKONA, NOJYYaeTCa
B nepefHell (HOKAJIbHOH IVIOCKOCTH OKyJsipa. D10 H306paxkeHHe pac-
CMaTpHBaercsl yepes OKYJfp, KOTOPHIH AEACTBYeT KaK Jyma ¢ BHAM-
MBIM YBeJHYEHHEM

i.‘-ox = 250//%:( (315)
Takum o6pasoM, BHIHMOE yBeJHUYEeHHE BCEro MHKPOCKOINA
T = ool ox- (316)

[o OTHOWeEHHIO KO BCeMy MHKDPOCKOITY pacCMaTpHBaeMhlfi mpeaMeT
pacronoxeH B nepenHell (OKaIbHOH NJIOCKOCTH, H BHIHMOE YBEJH-
yeHHe MHKPOCKONA MOXHO ONpeNeNHTh TAK Ke, KaK U y JYIbL:

T = 250/fs, (3817)

rae fu — 3anHee QOKyCHOE pacCcTOsiHUE MHKDOCKoNa.
JIuHefiHOe moJile MHKDOCKONA OrpaHHYMBaeTCs NOJIeBOH Auadpar-
mo#t [1[], pacnonoxeHHOH B nepejHefi GOKaIbHOH MJIOCKOCTH OKY-

7LBx.3p.
/
7
7/
//
n
Hos ”0'5 7 7 n=1
Hy ’
1 Hox H
AL Zy' na on "o .
. bix.3p
S < 18
Tos < S
> ] Fox
n.
S;I Z;I
Sp*

Puc. 156, Ourdueckas cxema MHKPOCKORNa
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asipa. [namerp srofi Auadbparmnl Dpp 3aBHCHT OT YIJIOBOrO MNOJS
20’ oKkynsipa, B npelenaXx KOTOPOTO HOJYY4eTcs H3o6paKeHHe NOCTa-
TOYHO Xopouwero Kauecrsa. W3 puc. 156 caexyer, uro

Dnp =2y = 2fxtg 0.
YuutmBas (315), noaywum:
Dpp = 500 tg o/To. (318)

[Ipu naHEHX AHameTpe TOXeBoR AHabparMH H JHHEHHOM YBeaH-
YeHHH MHKPOOGHEKTHBA JHHEHHOe NoJe MHKPOCKONA B IIPOCTPAHCTBE

npeaMeroB OyJleT paBHO:
2y = Dug/Bos- (319)

Takum o6pasoM, coraactHo (318) u (319) okoHuaTeJbHO MOJTYYHM:
2y = 500 tg o' /(BooT ox)-

Wnu, npuHnMas BO BHHMaHHe BHAHMOE YBeJHUeHHe MHKDOCKOINA,
ompeneiasiemoe no (316), saxonum:

9y = 500 tg o'/

CorsacHe mnoclefneli Qopmyse nNpH JaHHOM YIJIOBOM none 2w’
OKyJspa JHHeHHoe noJe 2y MHKpPOCKONA B NPOCTPAHCTBE NPEAMETOB

TEM MeHbille, yeMm GoJblle ero BHAMMoe yBeauyenue I'.

BrIXoAHBIM 3Pa4YKOM MHKPOCKOIA MOXKET ObITh H300paxeHHe yepes
OKYJISIp ONpaBHl INOC/TeNHed JUH3H MHKPOOOBEKTHBA, ABJSKWILEHCH
aneprypHo#i Auadpparmo#, nubo aneprypso#i nuadparmsl, pacrnoJa-
raeMoll MexXAy MHKpPOOGHEKTHBOM H ero 3ajHuM ¢okycom (puc. 156).
Muoraa aneprypHas Anadparma nomemaercss B 3ajfHell (PokaJbHOH
IVIOCKOCTH MHKDOOOBEKTHBA, M TOTJa BXOAHOH 3payoX MHKpOCKONA
HaxoAuTcs B OeCKOHeyHoCTH. B 3TOM c/iyyae B MHKDOCKONE HMeeT
MeCTO TeJIEIEHTPHUYECKHH XOJ IIaBHOTO Jy4a B IpOCTpPaHCTBE Hpes-
METOB, YTO PalHOHAaJbHO AJS MHOTMX H3MEPHTENbHBIX MHKPOCKOMOB.

U3 puc. 156 crepyer, uro

0,5D" = —fy tg 04, (320)
rjie 05 — anepTYPHBIH yroJ MHKPOCKOIA B IIPOCTPAHCTBE NIPEIMETOB.

Ecan paccmarpuBaeMBll npejMeTr pacnoJjioxeH B cpefe C HoKasa-
TeJieM TpeJOMJeHHS 7 > | (HMMepCHOHHAs XKHAKOCTb), TO COIVIACHO

(34) nepenHee HOKYCHOE paCCTOHHE MHKPOCKoNa OYHeT fy = —fun.
Toraa c yyerom (320) Auamerp BHIXOJHOTO 3payka MHKpPOCKONa
D" =2nfytg aa. (321)

Tak kak npu abeppauHoHHOM pacuyere MHKpooGbheKTHBa obecre-
YHBaeTCs ero anaHaTHYecKast KOPPEKIHs, TO MO YCJIOBHIO CHHYCOB
BMecto (321) cremyer umers B BHAY

D" = 2fynsinay,, (322)
rie nsin 64, = A — yHcJIOBas amepTypa MHUKPOCKOMNA.
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[Tpusumas Bo BHHMaHMe (317) ¥ (322), OKOHYATENBHO MOJYYHM:
D' = 500A/T. (323)

Hs puc. 156 maxopum yrajieHHe BHIXOJHOIO 3payka Spr OT MO-
clefHell NMOBEPXHOCTH OKYJspa:

Sps == Sps + Zpr,

Tle Spr — 3afHHH (QOKanbHHA OTPE30K OKYyJAsipa, MJHHA KOTOPOro
3aBHCHT OT KOHCTPYKUHH ONTHYECKOH CXeMbl OKYJfpa;, OTPe30K Zp-
ompegensiercs no ¢opmynae HoioToHa

Zps = —foul 2p.

Ipu HabmioneHHH B MHKPOCKOI 3pauok rJa3a HYXKHO COBMEINATh
€ BHIXOOHBIM 3paukoM MuKpockomna. Cielyer Takxe HMeTb B BHAY,
4YTO BBIXOJHOH 3PayoOK MHKPOCKOMa B GOJIbIIMHCTBE CJIydaeB MEHbIUE
IHaMeTpa 3payka IJasa.

67. Paspemaromias cnocoGHOCTH MHKPOCKONA

Paspemuaromas cmocoGHOCT, MUKPOCKOTIA XapaKTePH3yeTcs
BeJIMUMHOH, oOpaTHO JHHefHOMY npeneny paspemenus. CoraacHo
IubpakHOHHOHA Teopun AOGe suHelHK npe/ies1 pa3pelieHdss MUKpPO-
CKOMa, T. €. MHHHMa/JbHOE pacCTOsHHe MeXJIy TOuKaMH MNpeiMeTa,
KOTODBIe H300paxatoTcst Kak pasjiesbEule, Onpeflensercs no gopmyae

5 = M(24), (324)

rae 0 — suHe#HBIH npeflen paspelleHusi; A — IJIMHA BOJIHBI CBETa,
B KOTOPOM INpPOBOAHTCS HalbmojeHue; A — uHcjaoBasl aneprypa, HJId
IpOCTO amepTypa, MHKPOCKONA (MHKPOOOBEKTHBA).

U3 dopmyasr (324) cnepyer, uTo Ajs NOBBIUEHHR paspemiaomed
CrIOCOGHOCTH MMKPOCKOIa HYXKHO YMeHbIIATh AJHHY BOJIHBI CBET4 H
YBEJNIHUMBATDh YHCJIOBYIO allepTypy MHKpockona. [lepBast BO3SMOXHOCTD
peanusyercss nyTeM (oTorpagupoBanks HCCAeAyeMBIX MpPEIMETOB
B yJbTPa(HOJETOBOM H3JyYEHHUH.

Aneprypa MHKRpocKona onpepeisietcst no gopmysze A = n sin oy,
rie sin o, << 1. 3HayeHUe amepTypPHOTO yria COBPEMEHHBLIX BBICOKO-
KauecTBEHHLIX MHKPOOOBLEKTHBOB AOBEIEHO NPAKTHYECKH 10 Npelena.

Jpyras BO3MOXHOCTb YBEJHUEHHS anepTypbl — NPHMEHEHHE HM-
MEPCHOHHOH »HJIKOCTH, MOMEIIaeMoH MexJy paccMaTpUBaeMbIM npell-
METOM H MHKDPOOOBEKTHBOM. B KauecTBe Takoi XKHAKOCTH HCIOJIb3YIOT
Bony (n = 1,33), kegpoBoe Mmacsio (n =~ 1,562), moHO6poMHadTanUH
(n =~ 1,7) u np.

Urobel ria3 Habmiofaresst MOP NOJHOCTBIO HCIOJb30BaTh Paspe-
Ao Y10 CIIOCOGHOCTh MUKPOCKONA, ONpefesiemMyio no dopmyae (324),
HeOoBXOIHMO HMETb COOTBETCTBYIOIIee BHAHMOE yBequueHue. Ecau nse
TOYKH nepejHei GpoxajbHOH IVIOCKOCTH ONTHYECKOH CHCTeMBl pacro-
JIOXEHH IDYr OT Apyra Ha JuHelHoM paccrosiHuu 8 (puc. 157), To
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yTJOBOE DAacCTOsIHHE MEXAy STHMH
TOUKaMH B IIPOCTPaHCTBe H3006pa-
xepult ¢ = 8%Yf'.

b I'nas mabmopartens 6yner Boc-
F NPUHHEMATh 3TH TOUKH KaK pasjesb-
HBlE, €CJH YIJIOBO€ DpacCTosAHHe
) MexX1y HHMH OyleT He MeHblle YrI-
JIOBOIO Inpelejia paspelIeHHA riasa

Puc. 157. Cxema Aas onpereneHHs Yras T. €.
noJie3HOI'0 YBEJHUYEHHS MUKPOCKONa 1|>' = G/f' > “'pPJ'l' (325)

U3 popmyar (325), (324) u (317) caenyer, yTo BUAUMOE YBEJTHYEH He
MHKDOCKONa _
I > (500A/A) Py (326)

ITo mocmenHesi Gopmysie MOKHO ONpENeTHTh MHHHMAJIbHOE BHIH-
MO€ YBeJIHUEHHE, NpPU KOTOPOM Ii1a3 HabmionaTensi OyAeT NOJNHOCTHIO
HCHOJIb30BATh PA3PEMIANLyI0 CNOCOGHOCTh MHKPOCKONA. 3t0 yBesaH-
YyeHHe Ha3blBaeTcs noje3HeM. [IpH Hchnonab3oBanuu Qopmynn (326)
cjelyeT HMeTb B BHAY, YTO BO MHOTHX CJAydYasx AHaMeTP BHIXOAHOTO
8pauka MuKpockona cocrasaser 1 ... 0,5 MM. 3ro npuBOAMT K yBe-
JHYEHHIO YIIOBOTO npejena paspeuleHnsi raasa no 2 ...4'. Ecau
B3Th CPeJHIOI0 JAAHHY BOJHH B BHIUMOH 06JacTH chekrpa A =
= 0,55.10-% MM, To npH yr/0BOM Mpefese paspelledus 11asa Ppy ==
= 0,0006 ... 0,0012 cornacuo (326) A/Ms TONE3HOFO YBeJAHYEHHS
MHKDOCKOTIA MOJTYYHM:

500A << T'; << 1000A.

Mugpockon ¢ BUANMEIM yBesanueHHeM MeHblie 500A He NO3BOJISET
pasauuaTh TJ1a30M BCe TOHKOCTH CTPYKTYDH NpeAMera, KOTophie
H300paxaioTcs Kak pasjiejibHble MHKPOOOBEKTHBOM JaHHOH anep-
Typol A. OnHako HCIO/Mb30BaHHE MHKPOCKONOB C BHAHMHIM yBeJHYe-
HueM OGousbiue 1000A EHeuenecoo6pasHo, TAK KaK HeJb3s BbISIBATH
6oJiee MeJIKYIO CTPYKTYPY NpelMera MO CPaBHEHHIO ¢ TOH, Kortopas
pasjiu4aercss NMPH NOJE3HOM YBeJHYEHHH.

68. Tny6usa m3obpaxaemoro mpocTPaHCTBa
AR MHKPOCKOmNa

Ilpr maGialofeHHH dYepe3 MHKDOCKON paccMaTPHBaeMHi
npeiMeT noMemaioT B ero nepefHefi ¢okaabHOR miaockoctH. OxHako
HOCTATOYHO pe3kue H300paxkeHHsi OYILYT HOJYdaTbCd H MJIA TOYEK
npefiMera, HaXoisuiuxcsg mnepel GOKaTbHOH IVIOCKOCTHIO H 3a HeEdH.
Sra yacTb NPOCTPAHCTBA NPEAMETOB, PACMONOMKEHHAs BJOJMb ONTHUe-
CKOH OCH, KOTOpasi NOCTATOYHO Pe3ko H3o6pakaercs ONTHUECKOHA CH-
cremoff, HaswiBaeTcs eayburoil uscOpanaemozo npocmpancmsa. s
Cyvas MHKPOCKONA OHA CKJalblBaeTcs H3 TPeX IMIyOHH: aKKOMOXa-
UHOHHOfl, reomeTpHueckoll H AUDpaKUHOHHOHA (BONHOBOM).
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AKKoMojauHoHHas raybuna. B nponecce HaG/MIOAEHHSA OGBEMHOIO
npejMeTa Ij1a3 aKKOMOJHpPYeT Ha Pa3J/IHuYHO yAaseHHbie ToukH. Baaro-
fapsl CYOBEeKTHBHOMY BOCNIPHSITHIO De3VJIbTaTOB 3TOrO Ipolecca
y HabJofartessi Co3iaeTcs BreYaT/eHHe, YTO BCe IPOCMATPHBaEMOe
no rayGHHe HPOCTPAHCTBO BHIHO OLHOBPEMEHHO pe3KHM. AHaJ/OrHy-
HuM GyJieT mpouecc BOCHPHSTHA MO riyGHHe npocTpaHcTBa H3obpa-
XKEeHHA NMpH HaGMIOJIEHHU Yepe3 ONTHYECKYIO CHCTEMY.

Ecan rsas axkomonupyer B npefenaXx paccrosHus oT 250 mm
0 GECKOHEYHOCTH, TO NPH HaGMIONEHHH yepe3 MHKDOCKON OH Oyaer
BHAETb DE3KHUMH H306paKeHHs TOUEK MNpeIMeTHOH IJIOCKOCTH, KO-
TOpasi MOXeT pacnoJiarathCsi B IPOCTPAHCTBe OT nepefHel GoKanbHOH
INIOCKOCTH [0 IJIOCKOCTH, YHaJeHHOH OT mepefHero ¢okyca Ha HeKo-
TOPOE NOJIOKHTENbHOE paccTosinke 2. Eciu BrIX0AHOH 3payoK MHKpPO-
CKONla pacnoJoxeH BOJH3H ero 3annero Qokyca, To 3T0 PacCTOsiHUE 2,
onpefessomee aKKOMOJANMOHHYIO TayOuHy H300DpaxKaeMoro npo-
cTpaHCTBa, HaxoZAT no dopmysie HoiotroHa (35) Tax =2 = f;.'/250
Ha# ¢ yyetoMm (317)

T ax = 250/12, (327)

I'eomerprueckass ray6una. Ecan npeamer pacnojoXen B nepes-
Hefl oKasbHOH NIOCKOCTH MHKPOCKONA, TO OT Jilo00# TOUKH NpeiMera
B rs1a3 Ha6awofaress NOCTYNAOT NYYKH NapajJfelbHblX Jyyel. B sTom
c/yuae Ha CeTYaTKe IJiasa NoJydaercsl peskoe H3obpamKeHHe TOUeK
npeaMeTHOH IUIOCKOCTH 6e3 akkoMmolanuu. [as Toyek mpeaMeTHOH
mJIOCKOCTH A,, pacno/ioxkeHHOH 32 mepelHHM (HOKYCOM, W IJIOCKO-
ctH A,, pacnojoxeHHo# nepex HEM (puc. 158), B rias 6yayT nocry-
maTh COOTBETCTBEHHO PAaCXOIsIIMecs H CXOIsIIHecs MyYKH JyyeH,
a Ha CceTyaTke BMECTO Pe3KOrc H300paxKeHHs TOYKH MOJYyYaeTcs NATHO
pasmbiTHS. Ecau nuamerp 3Toro mgrHa He OyIer 6oJbliie HEKOTOPOTO
NpefeJbHOI'O 3HaueHHsl, CBA3aHHOTO C YIVIOBBLIM Pefle/oM paspelieHus
rJasa, TO NSTHO pasMbITHA HabJjioaareneM OyJeT BOCIPHHHMAETHCA
KaK pesKkoe H3o0pakeHHe.

ITycts Touka A, pacnoso)keHa Ha DacCTOSIHUH 2; OT TEPENHEro
tokyca. Torma cornacHo cdopmyne HplotoHa ee nsobpaxenne Ai
nocjie MHKPOCKONA NMOJYUYHTCA HA PACCTOSAHHU

2l = —fulz. (328)
A, A HH Bbix.3p.
AT ____;-_—-j g \ / ra
1 2 !
=[] 3
-2/ |z
~Pos

Puc. 158. Cxema Js onpefejeHHs TAYGHHH H306paxaeMOro npocTPaHCTBA MHKPO-
cKona
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Ecau mo orHomweHuio K rJasy touka A; OylneT HAXORHTbCS He
OJHXKE PacCTOSIHHA Pio (Hauaso GeCKOHEYHOCTH), TO 3TO H3o0paxe-
HHe OyJeT KasaTbCsl Pe3KuM. [Ipu paccrossRuu MexAy 3aHUM q)oxy-
COM H TI'J1da30M, PaBHOM zPr, U3 puc. 158 MOAYYHM pieo = 21 — 2Zp-.
Tak Kak OGBUHO |2{ |5 2zps, TO Piw = 21 H cOLVIACHO (328)

21 = _f;:/ploo- (329)

Paccrosinne pio 3aBHCHT OT YIVIOBOTO IIpejiesia pa3pelleHHs
rjasa ¥ MOXET ONpelensaTbCcs 1O OLHOH u3 dopmya:

ploo = '-Dl'n/\pl‘.'lx
€CJIH JAHaMeTp 3pauka rvia3a MeHblle AuaMerpa BBIXOLHOI'O 3padka

MHKPOCKONa, HJ/JIH
Pleo = _D,/'lprn: (330)

€C/IH JMaMeTp BHIXOAHOTO 3payka MHKPOCKONA MeHbIle JHaMmerpa
3payka rJasa.

[losarasi, yTo B MHKPOCKONE AHAMETP BBIXOLHOI'O 3pauyka MeHblue
IvaMerpa 3pauka rnaasa, u3 (329) c¢ yuerom (317), (323) u (330) okon-
YaTeJbHO NOJyuaeMm:

125%/(TA).

AHanoruuHasi 3aBHCHMOCTb CO 3HAKOM MHHYC» TOJIYYaercss AJs
paccrosiHuA 2z,. Tak Kak reomerpuyeckass rayGHHa H300pakaeMoro
npoctpadcrea Ty = (4 — 2,) (cM. pue. 158), 1o

= 2500,,/(TA). (331)

Jdudpakumounass raybuna. Hasvune IubpaknuOHBBIX SBJCHHH
B MHKPOCKOMNE YBeJHUHBaeT IVYOHHY n300paxkaeMoro NpocTpaHCTBa

Ha BEJHYHHY
T, = nh/(2A%), (332)

rie n — IOKasaresb NPEIOMJICHHS HMMEPCHH.

Takum ofpasom, nosHas ray6uHa uM3o6paXkaeMoro IPOCTPaHCTBA
NpH HaOJIOJNEHMH B MHKDOCKON H#BJfieTC CyMMOo#i Tpex TriaybuH u
cornacHo (327}, (331) u (332) G6yner paBHa:

T = Ty -+ To+ Ty = 250/T2 4 2500,,/(TA) + nh/(2A%).  (333)

W3 dopmyan (333) caenyer, uro akKoMoJalHOHHas TraybuHa
3aBHCHT TOJNBKO CT BUAMMOTO YBEJHYEHHS MHKDOCKONA, reoMeTpuye-
CKasi — OT BUJIHMOTO YBeJHYEeHUs M anepTyphl, a AudpakuHoHHAsT —
TOJBKO OT anepTypbl. Clenyer Takxke HMETb B BHAY, YTO B MHKPO-
CKOTaX, B KOTOPBIX NPUMEHsieTCsl ORYJsip ¢ ceTkoft, T4 = 0, Tak Kak
rJa3 akKOMOIHPOBAH Ha W300parkeHHe CEeTKH.
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69. O6beKTHBRH M OKYJAPH MHKpOCKONA

Bosboe pasHooGpasne HayuHO-TEXHHUECKMX 3ajad, pe-
DIaeMBIX C ROMOIIbI0 MHKPOCKOIHHM, BEHI3bIBAET HeoOGXOAHMOCTb HpH-
MEHEeHHS! MHKPOCKONOB C IIMDOKHM [IHAIa30HOM HX XaPaKTePHCTHK.
D10 RocTHraercsi 3a CHET HCNONb30BAHHA pPA3JHUYHBIX COYETaHHH
06BLEKTHBOB H OKYJISIPOB.

CymecTBYyIOmEe KOHCTPYKIHH PA3JHYHBIX MHKPOOGBEKTHBOB MOXK-
HO KJAacCH(hHIMPOBATh IO CJELYWOIMHM NPH3HAKaM:

COCTOSIHHIO KOPPEKIHH OCTATOYHBIX abeppauuil (aXxpoMartel, amo-
XpoMmaThl, IJaHaxpoMaTh H T. 1.);

cBOfCTBAM HMMeEDCHH (6€3bIMMEDCHOHHBIE H HMMEDCHOHHBIE);

0COOEHHOCTSIM ONTHYECKHX CXeM (JIMH30Bble, 3epKaJbHble, 3ep-
Ka/JbHO-THH30BLIE);

LauHe Ty6yca MHKPOCKOIA.

Mexarnuueckoll 0aunoti mybyca, npeicraBagmomero cobofi Tpyoy,
HA3bIBAeTCsI PAcCTOsiHHE OT HUKHero cpesa 2 ty6yca, KyaAa BBHHYH-
BaeTcsl MHKDPOOOBEKTHB, IO BepXHero cpesa I, Kylda BCTaBJ/sercs
okyasp (pHc. 159). B GoabIIHHCTBE MEKPOCKOIIOB, IPUMEHSIeMBIX AJI5
Hab/i0fleHHsT B NPOXOASINEM CBeTe, MeXaHHYeckas AJHHA Ty6yca
cocrapnsier 160 mMm, a nns HabaioleHHS B OTPaKeHHOM CBeTe —
190 mm.

B MuKpOOGBEKTHBaX ¢ MexaHHueckoll AauHOH Tybyca 160 mm
paccTosiiue OT MmpeAMeTHOH IJIOCKOCTH 4 O HHIKHero cpesa tybyca
33 MM B MMKPOCKONAax CTaphix Monejefi u 45 MM B MHKDOCKOmax
COBpeMeHHHX MofesjeH. PaccrosiHHe OT NJIOCKOCTH H300pameHHs 2
nocJe MHKpPOOOBEKTHBA, COBNajawileli ¢ nepelHedl GoKaabHOH ILIO-
CKOCTbIO OKVJsipa, 10 BepxHero cpesa 13 mm. CnejoBaresnbHo, pac-
CTOSIHHE OT HJIOCKOCTH NpeaMera IO MJIOCKOCTH H300paKeHHsl nocJe
MHKpooOBbeKTHBa cocTaBisieT 180 MM B MHKPOCKONAX CTaphIX MOJeJEH
n 192 MM B MHKpOCKONaX coBpeMeHHBIX Mojenefi. Ilpu nocrosuuoi
nnpHe TyGyca MUKpocKoma ofecneynBaeTcsi 3aMeHa OOBLeKTHBOB H
OKYJSIpDOB MHKPOCKONa, BXOASIIUX B AAHHBIH KOMILIEKT, TaK, YTOOHI
st Jiio6oro oOBEKTHBA KOMILIEKTa CO3NaBaeMoe MM HM300paikeHHe
coBnajano ¢ nepeiHedt (oxaabHOH NJIOCKOCTbIO JI0OOIO OKyJaspa
KOMILJIEKTA.

OCHOBHBIMH XapaKTEPHCTHKAMH OOBEKTHBOB MHKPOCKONA fBJIS-
I0TCSl JMHefiHoe YBeJUYeHHe Y YHCJOBAas amepTypa, 3HAYyeHHS KOTO-
PBIX IpaBHPYIOTCS Ha ompaBe MHKpooObekTHBA. OOBLEKTHBB COBpe-
MEHHBIX MHKPOCKOMOB HMeloT VBeawueHue 1 ... 120X u uucjaoByio
aneptypy 0,01 ... 1,4.

Koucrpyxuusi ontuueckolt cxembl MUKPOOGBHEKTHBA TeM CJOXKHeE,
yeM BBIllIe €ro amepTypa W YBeJHUeHHEe W YeM COBepLICHHEe KOppek-
IHS OCTaTOUHBIX abeppaunnii. OObHeKTHBH-AaXPOMATH C VBEJHUYEHHEM
5 ... 10% 4 aneptypo# fo 0,2 COCTOAT U3 ABVX IABYXJHH30OBBIX CKJ/eeH-
HBIX KOMIoHeHToB. [Ipu moBbiuesnn aneptypbl 1o 0,3 Heobxomumo
J06aBasiTh GPOHTANBHYIO IJIOCKOBBIVKIYIO JHH3Y. MMMepcHOHHBIH
o6BbeKTHR-aXpoMaT ¢ yBeauuenuwem 90X u ameptypoit 1.25 (o6o3Ha-
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Puc. 160. O6bexTHB MHKPOCKOIA

gaercss 90X 1,25) coCTOHT H3 deThIpeX KOMIIOHEHTOB: (pPOHTaJbHOHN
TJIOCKOBBINMYKJ/IOR JIMH3bI, MOJOXHTEJbHOTO MEHHCKa H JABYX [BYX-
JINH30BHIX CKJIEEHHBIX KOMIOHEHTOB. B o0beKTHBax-amoxpoMarax LJIs
JyyLllero MCIpPAaBJEHHs] XPOMAaTHYECKHX albeppaluil IIpHMEHsIOTCH
Kpuctanas (¢pmoopur M kBacusl). OTIHYHTENBHOH OCOGEHHOCTBIO
06beKTHBOB C HCIpaBJeHHOH KPHBH3HOM H300paxeHHs (IIaHaxpo-
MAaThl ¥ IUIAHANOXPOMATHI) SIBJISIETCS] HCNOJb30BAaHHE OTPHLATENbHOrO
KOMIIOHEHTa HJIH MEHHCKOBOH JIHH3Bl 3HAUHTEJIbHOH TOJIIHHLI.

B kauectBe mpumepa Ha puc. 160 npuBeneHH onTHUecKas cxema
H KOHCTPYKTHBHEIE [apaMeTpbl aXPOMaTHYeCKOI'0 MHKPOOOGBEKTHBA
(10x0,30).

Kak caenyer u3 dopmyant (324), nis noBblueHus paspeniaomei
CTMOCOGHOCTH MHKPOCKONAa HEOOXONHMO YMEHbIaTh JJIHHY BOJHBI
H3JyueHUs, B KOTOPOM IIPOBOJUTCS HccaefoBaHHe o6bekToB. OaHAKO
ONTHYECKHE CTeKJa 06J1ajaloT CHIbHEIM NOTJIOMEHHeM B YabTpadHoJe-
TOBOH 06/1aCTH CNEKTPAa M NPAKTHYECKH He NMPHUTOJHBI JJIfi CO3JaHHS
00BEKTHBOB B JHanasoHe JJIHH BOJMH A <C 350 mm. Takylo sanauy
MOXKHO DeIHTb C INOMOIIbIO KBapleBofi onTHkH. [IpH 3toM mpeny-
CMaTpHBAeTC HCNOJb30BAHHE OGBEKTHBA IS ONpeJeNeHHOH AJHHB
BOJIHBEI. PaccmarpuBaeMuie 0GbeKTHBEI-MOHOXPOMATH He TPeGYIOT axpo-
MaTH3dliMH, @ BHICOKAs CTE€NEHb KOPPEKUHH cdepuyecKoH abeppauuH
AOCTHTaeTCi NPHMEHEHHeM alJIaHATHYeCKHX MEHHCKOB H JIMH3, pac-
CYHTAHHBIX Ha MHHHMYM cthepHueckol abeppaiuu. O6bEKTHBBI-MOHO-
XpomaThl umeloT yBesHueHue Jo 90 ... 100X u anmeprypy zo 1,30 npH
TVIHIEePHHOBOH HMMeDCHM, 4TO NO3BOJsieT NpH ¢ororpadupoBaHHH
Ha JJauHe BOJHB A = 0,276 MKM pasjiMuath JerajH pa3MepoM o
0,1 MKM.

3a mocselHNe TOAb HAMHOTO BO3POCJO 3HAayeHHe 3ePKaJbHBIX
H 3€PKajbHO-THH30BBIX MHKPOOGBEKTHBOB, HCIOJNb3yeMbIX AJIA HH-
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Puc. 16]1. 3epkanbHo-1HH30BHA 06b- Puc. 162. Okyasp [ofiresca
exTnB Maxkcyrosa

¢$pakpacHO! TeXHHKH, BRICOKOTEMNEpAaTypHOH MeraaaorpadHuu, B yiab-
TpadHOJETOBOH MHKDPOCKONHH H B LeJIoM psjle APYTHX oTpacjed
HayKH H TeXHHKH. OJHHM H3 HOCTOUHCTB 3THX OGBEKTHBOB fABJASETCS
BO3MOXKHOCTb HX HCIIOJIb30BaHHSA B IIHPOKOM CHEKTPAaJbHOM HHTEp-
Bajie (oT yabrpadHoaeToBoil 10 HHPpaKpacHOH obnacTd crektpa) 6es
nepedOKyCHPOBKH MHKPOCKOTIA. 3epKaJbHO-THH30Bbe 00bEKTHBEl MO-
ryT HMeTb yBesqHuyeHHe R0 125% u aneptypy Zo 1,1 (rnHuepuHOBas
HMMepCHS).

Ha puc. 161 npuBeneHa cxema OZHOTO H3 BapHAaHTOB MHKPOOObEK-
tuBa MakcyroBa ¢ yBennueHHeM 60 u aneptypo#i 0,85. B stoM o6bekK-
THBE IpeIMET pacrnosiaraeTcs B LEHTPE KPHBH3HBI NOBEPXHOCTH 1.
ITapamerper noBepxHocTei 2 H 3, OJH3KHX X KOHUEHTPHUYECKHM,
paccyHTaHbl TaK, 4TO MOCJE OTPaXKEeHHs OT 3THX MOBEPXHOCTEH JyuH
IPOXOAST TNOBEPXHOCTb 4, HE HCHBITBIBasi NpeJoMJeHHs. TaKoH
OOBEKTHB NMPAKTHYECKH aXpoMaTH4YeH H Hcmosb3yercs 6e3 nepedoxy-
CHPOBKH IJsi HaGMiofeHHs H dororpadHpoBaHHs B HHTepBaJje IJHH
BoJsiH 200 ... 600 HMm.

[ToMuMO paccMOTDEHHBIX Bbille OGHLEKTHBOB HMEIOTCS OOBEKTHBHI
7151 HHTepOEepeHIHOHHBIX H TNOJSPH3ALMMOHHBIX MHKDOCKOIOB, 3IH-
OOBEKTHBH V11 PaGoThl B OTPaXKEHHOM CBeTe H Lesbifi Pl APYTHX.
Ionpo6rble cBefeHHST 0 MHKDOOGBEKTHBAX PAa3HYHBIX BHAOB INpH-
BelleHn B [20].

B MHKpOCKOnmax npHMEHAIOTCS OKyJAsiphl THNa okyaspos [of-
reica H KesbHepa, KOMIOEHCALlHOHHBIE, CHMMETPHUYHBIE H OPTOCKOIIH-
YeCKHe, a TaK¥Ke OTpHuaTeJbHble OKyJaspbl (romajsl). Buiumoe yse-
JIMYeHHe OKyJaapoB coctaBaser 4 ... 30X, yrioBoe nose 40 ... 70°,
4TO COOTBETCTBYET JHHEeHHOMY mnousio 24 ... 16 Mm.

Onruyeckas cxema oxyasipa [iofirenca cOCTOMT H3 ABYX MJIOCKO-
BBIYKJIBLIX JIHH3, OOpAIeHHbIX BBINYKJIBIMH NTOBEPXHOCTAMH K MHKpO-
00BeKTHBY (pHc. 162.) Oco6eHHOCTbIO 3TOTO OKYyJsipa ABJASIETCH TO,
4TO €ro nepeAnss QokajbHasf MJOCKOCTb HaXOAHTCH MEXAY JIHH3aMH.
HeficTBHTeIbHOE® H306paXKeHHe NPeIMeTHOH TOUKH, CO3flaBaeMoe 00b-
€KTHBOM, MnoJayuyaercd B nepeineM (okyce F okynspa H sBJsercs
MHHMOH NpeAMeTHON TOYKOM A, /s KOJJNEeKTHBHOH JuH3bl /. JIuH3a [
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coszflaer AeficTBUTENbHOE H3oOpamenune A; B nepensem ¢okyce F,
rJia3HOM JIMH3bI 2, KoTopas H3oOpaxaer TOYKy A{ B GeCKOHEUHOCTH.
B nepenueii doxannHO¥ NJIOCKOCTH IIa3HOH JHH3BI HAXOLHUTCS TNOJe-
Basg Auadparma OKynaspa.

Oxkyasip T'ofiredca wmeer BHAMMOe YyBesnuueHuwe 4 ... 15X mpwu
yraosoM noje ~30 ... 40°.

OprocKonHYecKHe OKyJ/isiphl IPHUMEHSIOTCH COBMECTHO ¢ OOBeKTH-
BaMH-aXpOMaTaMH CpPejHUX anepTyp NpH 3HauuTesabHHIX (15 ... 30%)
OKYJISIDHBIX YBEJHUEHHAX M YIJJOBHIX NoasX o 50°. B stux okyns-
pax Xopomlo HCHpaBJeHh XPOMAaTH3M YBEeJIHUEHHS, aCTUTMaTH3M
H JHCTODCHA.

KomrnieHcanuoHHbIE OKYASIPHl HCNONb3YIOTCS B COYETAHHH ¢ 00BeK-
THBaMH-allOXPOMAaTaMH, IIAHOOOBEKTHBAMH H OObeKTHBaMH-AN0Xpo-
MaTaMH GOJbLIMX YBeJHYeHHH. DTH OKYJAAPH KOMIEHCUDYIOT Xpo-
MATH3M YBeJHUEHHs NpPHMEHsSEMBIX C HMMH 00neKkTuBOB. [lo cBoef
ONTHYECKOH CXeMe KOMTEeHCAI{HOHHBIE OKYJSAPH HABJIAIOTCH YCIOK-
HEeEHBIMH OKyJspaMu [iofireHca HJM aHaJOTHYHB OPTOCKONHMYEC-
KHM.

T'omaJjiaMH Ha3bIBAIOTCH OTPHUIIATE/NbHBIE ONTHUECKHE CHCTEMBI, TIPH-
MeHsieMble B MHKDOCKOIAX BMECTO OKYJSIPOB I/ HPOENHPOBaHHUSA
VBeJIHUEHHOTO H300paXkeHusi Ha ¢ororpadbuyeckuii cjoii. Abeppa-
UMOHHBIH pacyer TOMa/IoB BHIMOJHSETCS TaK, YTOOB CKOMIIGHCHPOBATD

KPUBU3HY IIOBEPXHOCTH H300pa-

— KEHHs H XpOMaru3M yBejdue-

10~ HHUSl MHKPOOOBEKTHBA.

70. OcBeTHTENbHBIE
CHCTeMbl MHKPOCKOIIOB

Kak npasuio, o0bex-
TBHI, HCCJeJyeMble C IOMOILbIO
—5 MHKDPOCKONA, He SIBJASIOTCH CaMo-
CBETAIIUMHCS, W AAs pabGoTel C
HUMH Tpebyercsi OCBelleHHe IOC-
TOPOHHUM HCTOUHUKOM cBera. Oc-
BeTHTE bHAS CHCTEMa JOJKHA

e —h - oGecreuuBarb MNOJYUYEHHE KOHT-
2 M2 PACTHBIX H PAaBHOMEPHO OCBELIeH-
1 —4 HbIX u3o6paxeHuil. Ilpu oueHke

paspemawmeii cnoco6HOCTH MHK-
pockona HeOGXONHMMO VYHTHIBATb
VAL YHCJOBYIO alepTypy OCBETHTE/b-
rz g HOH CHCTeMbl KOHIEHCOpA. B 3ToM
cayyae dopmyna (324) npuHuMaer
Puc. 163. OcBetutennHas cHcTema Ke- y 8 _(pMPAY ’+-(A ) P A
Aepa 1ns nabmiofienns B npoxoismen BRI O = (Aos «)y TIe Ags —
cBeTe aneprypa ofbexTHBa; A, — anep-
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Puc. 164. OcBerurenshasi cucrema Kesepa Ans HabMONeHMs B OTPaXKEHHOM CBeTe

Typa KOHAeHcopa. I[Ipu ONTHMANbHOM COIVIACOBAaHMH  ANEPTYp
06 = Nk

C noMoIpio MHKPOCKONa MOXKHO HCCJIE€N0oBaTh NPO3payHble H He-
npospayHble O0BEKTHI, II0ITOMY HCHNONb3YIOTCH OCBETHTEJbHBIE CH-
CTEMBl KakK JJisi NMPOXOAAILEro, TaK M AJsi OTPAXEHHOTO CBETa.

B MuKpocKOnmHH AJst ocBellieHHS OOBEKTOB IOJb3YIOTCS METOROM
CBeTJIOro U TEMHOTC [OoJieH.

OcBemenne npejMera MO METOAY CBETJIONO IIOJSI OCYIIECTBASETCH
JY4aMH, KOTOpble, BBIHAS U3 OCBETHTEJbHON CHCTeMBl H NpOUJs uepes
npo3payHbifi 06BEKT HJAHM OTPA3UBLIMCh OT HENPO3PauHOro 0oObeKTa,
nocrynaioTt B 06beKTHB. [Ipu aToM ¢oH, Ha KoTOpoM HabJI0fAaeTcs
npeaMer, OyleT CBETJIBIM.

[Ipu Mcro/b30BaHUM MeToja TEMHOTO MOJis MpeliMeT OCBeHlaeTcs
Jaydamy, Juhdy3Ho oTpaxKeHHbIMH OT Hero. I1pu OTCyTCTBHHU NpeaMeTa
JYYH, HAYHIHE OT OCBETHTENbHOH CUCTEMBI, B OOBEKTHB He MOCTYNAloT.

Haunbosee pacnpocrpaHeHHOH OCBETHTENbHOH CHCTEMOR B MHKDO-
ckonax sipaserca cucrema Kenepa (puc. 163). Mcrounux cpera I
NPH IIOMOLIH KOJNJEKTOpa 2 NPOeNUpPYyeTcs B IUIOCKOCTb HPHCOBOH
anepTypHOH AMadparmbl 5 KOHAeHcopa 6. 3TOT KOHAEHCOP MPOELH-
pyer AuacdparMy § B MJOCKOCTb BXOAHOTO 3pauka /0 MHKPOOOBEK-
tHBa 8. Tlocse mMuxkpooOBEKTHBA H3oOpaxKeHUe
HCTOYHHKA NIOJY4aeTCsi B IJIOCKOCTH anepryp- r—ﬁ?,
HOH Iuadparmel 9 MHKpOCKOINA. '

B HenocpelctBenHOH GAH30CTH OT KOJIIEK-
TOPA DpacloJ/iokeHa HpHCcoBas NoJjeBast AHad- 2
parma 3, KoTOpasi IpDH [OMOLIH KOHAEHCOpa -
npoeuupyercs B NPeAMETHYIO IJIOCKOCTb 7

MHMKpocKona. Ilaockoe 3epKano 4 CaOyKHT s o U n A~ g
M3MEeHEeHHS HanpaB/jeHHs onTHueckoi ocu. Ec- N N

JIH H3MEHHTh IHAMeTp LHadparMel 3, TO H3Me- T 4
HHTCA AMaMeTp IMOIAAKH B IpEeIMEeTHo# maoc- = g
KOCTH 7, OCBeliaeMoH oCBETHTENEeM, HO COX-

paHuTCA ameprypa KoHzencopa. Ecan u3Me-  pu. 165 Komgemcop
HHTL IHameTp Auadparmbl 5, TO H3MEHHUTCH  TemHOro noas
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TOJLKO aneprypa KOHAeHcOopa. YKalaHHbe CBOWCTBA OCBETHTEAbHOM
CHCTeMBI JIeJIal0T €e YHHBEPCAAbHOR ¥ NO3BOJSAIOT NPUMEHSTH C MHK-
POCKONIAaMH pPa3JIHYHBIX anepryp.

CxeMa OCBellleHHs Hempo3payHoro npeaMera mo cnocoby Kenmepa
nokasaka Ha puc. 164. 3ra ocBeTHTeJNbHas CHCTEMA HA3LIBAETCS ONaK-
uamoMyHaTopoM. HMcrounmk cBera ! npH NOMOIIM KoJuiekTopa 2
NpoenHpyercss B IJIOCKOCTh HMPHCOBOH aneprypHo# Auadparmsl J.
Konpencopsl 4 1 6 npoenupyior 3Ty AHadparMy B MJIOCKOCTh anep-
TypHO# AHadparmbl 8§ MuKpooObekTHBa 9. OTBepCcTHE KoJeKkTopa 2
npoenupyeTcsi KOHAEHCOpPOM 4 B NJIOCKOCTb HPHCOBOM IMoJeBo#l Aua-
¢dparMel 5, a 3aTeM KOHJAEHCOPOM 6 U MHKDOOGBEKTHBOM 9 — B Npel-
METHYIO IITOCKOCTh MHKpocKona. [locsie oTpaxeHHs! OT HCCIELYEMOro
HenmpospauHoro o6bekra [0 Jy4H cBeTa NPOXOAAT uepes MHUKPO-
06BeKTHB 9, MOJYIPO3PAuHYIO MJACTHHY 7 H NOUAJAlT B OKYJIHp.
BmecTo nonynpospauso MIacTHHH 7 MOXHO HCIOJNb30BaTh IpPSIMO-
YTOJbHYIO OTpa)iaTe/bHYIO NPH3MY, KOTOpas 3anoJHSEeT NOJOBHHY
anepTypbl MHKPOOOBEKTHBA.

st ocBemenus oOBEKTOB N0 METOJY TEMHOTO NOJS He0OXOAUMO
HCHOJb30BaTh KOHJAEHCOp, YHCJOBasf amneprypa KoToporo GoJiblie,
yeM aneprypa MHKpooObeKTHBa (Ax > A,s). HalGmonenue no me-
TOAY TEMHOIO IOJIA MOXKHO OCYINECTBUTh TIPH OLHOCTODOHHEM HJIH
Kpyrosom ocBemenur. Ha puc. 165 npuBeleHa cxema KoHJeHcopa
TEMHOTro Nnossl. B KoHIeHcope HCIOJb3yercsi KoJblieBast Avadparma 4
TAKOro pasmepa, 4ToObl CPeHHH AMCK AuadparMel nepekpniBa cBe-
TOBOM NYYOK, COOTBETCTBYIOMIHH anepType MHKpooObekTHBa. Ecin
B NpeiMeTHOH IJIOCKOCTH 2 OTCYTCTBYeT 0ObeKT, To Habsiojarenb
BHJUT B OKYJSP MHKDOCKONA TeMHOE IoJie, TaK KakK JyuH, BhillleJuIne
H3 KOHIeHcopa 3, He nonajamr B MuKpooGbekTus I. Ilpu Hamuuuu
B TNIpeJMETHOH NJIOCKOCTH OOBEKTa €ro MeJKHe leTaau AudoysHo
pacceHBalOT CBET H KaXKyTCfl CBEeTJBIMH Ha TEMHOM IoJe.



'aas a XIV
TEJIECKOINHYECKAS CHCTEMA

71. CxeMa TeJecKONHYECKOR CHCTEMbI
H ee OCHOBHbIE XapaKTE€PHCTHKH

Cymectsyer GoJpluast I'PYIIa ONTHYECKHX NPHGOPOB, MO-
3BOJISIOMHX YeJIOBEKY PacCMaTpuBaTh yAaseHHbe npeAMersl. K uuciy
paccMarpHBaeMeiXx HpHOOPOB OTHOCATCA OGHHOKJH, 3pHTEIbHEE TPYOH,
acTPOHOMHYECKHe HabuiofaTe/ibHble TEJNECKONnl, CTepeoTpylnl, Iepu-
CKOIIBI, JaJbHOMEDHI, NPHIEJE], I'eole3ndecKue NpHOOPHl (TEeOROMHTHI,
HHBeJHPH H T. I.). OnTHuecKHe CHCTeMbl TaKHX NMPHOOPOB HA3LIBAIOT
TeJIECKONIMYEeCKHMH cHcTeMamu (ot rped. fele — BAajsb, JaJjexko -+
4+ rped. scopeo — cMOTDIO). DTH cHCTeMBl 006/13Jal0T TeM OCHOBHBIM
CBOHCTBOM, 4TO NYYOK NapasJefbHBIX Jy4ed, NOCTYHaOUUH B HUX
BXOJHOH 3payoK, BHIXOJHUT 4epe3 BLIXOHHOH 3pa4oK IIy4KOM mapad-
JIEbHHX Jy4eH.

Bxogsimue nyuxky gaydefl CYHTAIOTCH NApaJeNbHBIMH, TaK Kak
BXOJHBIE 3pauyKM TeJEecKONHUUYECKHX CHCTEM HEecOM3MepHMO MeHblle
paccTOsiHMf, Ha KOTODHIX Haxofsrcss Habmionaemsie npenmersi. Ot
OCeBBLIX NMpENMEeTHHIX TOYEK NPHXOJAAT HMYYKH, JY4H KOTOPHX napal-
JEJbHBl QNTHYECKOH OCH CHCTEMBl, a OT BHEOCEBbIX IpeAMeTHBIX
TOYEK — IYYKH, JYyYH KOTOPHIX OJHHAKOBO HaKJ/JOHEHEl K OCH Ha
yros @. UeMm pasibille OT OCH HaXOAKTCS NIPeAMETHAS BHEOCEBAS TOUKA,
TeM 6oJblIe YroJl o HAKJOHA NPUXOAAILEro myuka jayueil. Urobul ri1as
HalmiofaTensi MoOr paccMarpuBarh 6e3 HanpsiKeHu# H3o6paxkeHue,
00pa3oBaHHOE TeJeCKOIUYEeCKOH CHCTeMOH, BRIXOASUIHE H3 ONTHYe-
CKOH CHCTeMBl NYYKH Jyuefl IOJXKHH ObITh TaKKe IapasiiebHbIMH.
Brixozsimive U3 TeJIeCKONUYECKOH CHCTEMBI YUK Jy4ell OT BHEOCEBHIX
TOueK GYNyT HAKJOHEHH K ocH Ha yroa ®'. Takum ofpasoM, y rene-
CKOINIMUECKOH CHCTeMBl (OKYCH DACNOJIOXKEeHH B GecKOHEUHOCTH, (o-
KYCHHIE DacCTOSTHUSA paBHBI OECKOHEUHOCTH, a ONTHYECKas Cujla PaBHa
Hymo. [losatoMy TeslecKOMMYEeCKHe CHCTEMH HasbBAOT adoKajb-
HEIMH.

CxeMa TenecKONUYECKOH CHCTEMA COCTOMT, KaK MHHHMYM, U3 ABYX
KOMMNOHEHTOB, KaX/biH H3 KOTOPBIX MOXeT ObiTh ONTHYECKOH MOBepX-
HocThIO (puc. 166) (cM. Takxke puc. 44) uad npeacTaBaaTh CoOoH
CIOXHYI0O KOMOHHAIMIO ONTHYECKHX jeraned (puc. 167). Ilepsoift
KOMIOHEHT, o6pauleHHblli K pacCMarpUBaeMbiM OGBEKTaM, Ha3hlBaeTcs
obvexmusom, a BTopoH, obpauieHHHH# K raasy Habmojarens, —
OKYAAPOM.

OO6BexTHB H OKYJSIp TeNeCKONMHYeCKOf CHCTeMBl COeAHHSIOTCHA
TakuM o6pasoM, utoOH 3anHu# dokyc F, o6beKTHBA CoBmafan C ne-
pelnum doxycoM F, oky.aspa, UTC HENOCPEACTBEHHO cJefyeT U3 dop-
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Puc. 166. Haunpocrefiiline cXeMbl TesleCKONHYECKOH CHCTEMB

MyJabl JBYXKOMIIOHEHTHOH CHCTeMbl, HaXoAsweHcs B OJHOPOZHOH
cpefie M HMeIOINeH ONTHUYECKYIO CHJY, PaBHYI HYJIO, T. €.

q) =(D1+(D2'—®1CD2d=O,

OTKYJAa cjaefyer, YTo paccTosiHue d Me:KAy IVIABHBIMH IJIOCKOCTSIMH
00BeKTHBA H OKyJasfipa DAaBHO cyMMe KX (OKYCHHIX pacCTOSIHHHE,
d = fi + fa

O6pekTHB TeJecKONHYecKoH cHcreMbl ofpasyer JeHcTBuTENbHOE
nepeBepHyTOe H3o0paxeHHe IpeiMera B CBoeH 3ajHeldl ¢doKanbHOM
MJIOCKOCTH M II03TOMY SBJASETCS IOJOXKHUTENAbHBIM KOMIIOHEHTOM,
a OKyJsip, Nofo0HO Jiyne, NO3BOJASRET PacCMaTpHBaTh 3TO H300paxe-
Hye B yBeandeHHoM Buje. OKyJap MoXKeT ObITh KaK NOJOKHTETbHBIM,
TaK M OTPHIATE/bHBIM. Te/JeCKONHYECKYIO CHCTEMY, COCTOSIILYIO H3
HOJIOKHTEIbHBIX O0OBEKTHBA H OKYJ/Apa, Ha3bBAIOT 3DPHTEJIBHOH TPY-
6ot Kemnepa (puc. 168), a COCTOAILYIO #3 IIOJIOKHUTENbHOTO 06beK-
THBAa ¥ OTPHUATENbHOTC OKYJsipa — 3pureabHO# TpyOoit [anmmes,
otAaBad JaHb HMEHaM HX cosfareJdefl.

OCHOBHBIMH ONTHYECKHMH XapaKTePUCTHKAMHU TeJeCKONHYeCKOH
CHCTEeMEI SBJSIIOTCS BHAMMoe ysesnuuesue I',, yruioeoe mnoje 2 H
IUaMeTp BHIXOAHOrO 3payka D’. BaKHEIMH XapakTepHCTHKAMH Cay-
XKaT YIVIOBOH Ipeles pa3peuleHHs Y, ONpe/iesIONIHH paspenaionyo
cnocoBHOCTb, AJMHA CHCTEMBI IO ONTHUECKO® OCH L, noJoxeHHe
BXOJHOIO Sp M BHIXOAHOIO Spr 3padkoB.

Puc. 167, CxeMa TeJeCKONHUYECKOR CHCTEMbI
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Puc. 168. CxeMH spuTensHOR TPyOH:
a — Kennepa; 6 — lanunes

Bunumoe ysenuuenue I'y Tesieckomnueckofi CHCTEMB pPaBHO ee
YIVIOBOMY YBEJIMYEHMIO Yoyl

I'y =tg o’/tg © = y,. (334)
U3 puc. 167 caepyer

T, = D/D'. (336)

3HaK BHAHMOIO YBeJHYeHHs TOBOPHT 00 0Opa3sOBAHHH TeJIeCKO-
nuueckoit cucremoit npsimoro (I'; > 0) uau mnepesepryTtoro {I'y << 0)
nsobpaxenusi. B popmyne (336) HeoOXoAHMO YYHTHIBATb STOT 3HAK.

B wuieanbHOR TesMecKonmuuecko#d cucteMme JIyd, napasienbHbiil
ONTHYECKOH OCH M BXOASIIMH B CHCTEMY Ha BhCcOTe, Hanpumep D/2,
Bcerfla GyJer BHIXOAMTh NapasienbHO ocd Ha Reicore D’/2. Ecre-
CTBEHHO, UTO IJIsl TEJECKOMHUECKOH CHCTEMBI COXPAHSIOTCS! H3BeCTHbIe
COOTHOIIEHHs] MexAy yBeauuenmsivd. Ho rtak Kak v, = Iy, ToO

B=n/(nTy);  a=n/nT}). (337)

B reseckonuueckofl cHcreMe suHelHOe § M NPOAOJAbHOE o YBeJIH-
HeHHS! TOCTOSIHHBI, OJHAKO NEePCIeKTHBA NpH HaO/IIOfeHHH B Hee
Hckaxaercss. [lo pasmepy H3o6paxkeHHS npeAMeTbl KaXKyTcs yBesu-
yenHeIMK B Ty pas, Tak kax oHH HaGMIOJAIOTCS MO YIJOM ®, KOTO-
phiii 6osbiie  npuMepHo B I'y pas. A BROJB ONTHYECKOH OCH TIPOUC-
XOJHT ,,cKarue’’ NpoCcTPaHCTBA M30OpamKeHHH, TAK KaK PacCTOsSHHA
BAOJb OCH OODaTHO NPONOPLHOHAJbHB KBaApaTy BHIMMOTO YBEJH-
ueHHs1. [losToMy Bce mpeaMeThl KaxyTcsl TPHOMMKEHHBIMH K HabJio-
JaTeJIo, & CaMo NMPOCTPAHCTBO H300paskeHHH — CXKAThIM B HampasJe-
HMH JIHHUH Ha6/IOfeHUA.

Yr/ioBoe nojie 20 TEJECKONHUYECKON CHCTEMBI 3aBHCHT OT YTJIO-
Boro noJsi 20’ oxyJasipa ¥ BHAHMOro yBeJuueHus: tg o = tg o'/T.

YriaoBoe nojie OKy/sipa MeHsiercs B CPaBHHTENbHO HEGOJbUIMX
npenenax 50 ... 70° (cefiuac umetorcs okyaspH ¢ 20" = 100°). Buau-
MoOe yBeJH4YeHHe GOJIbIIMHCTBA TENECKOMHYECKHX CHCTeM He TNpeBbl-
maet 10 ... 30X, nosToMy yIJoBoe MOJE TEJIECKOMHYECKHX CHCTEM
(oHO e — yraoBoe nose oGbeKkTHBa) He mpeBnimaer 10°. Yriosoe
noJjie orpaHMYMBaeTcs pasmepamu mnojeBol Auadparmel Dy, ycra-
HaB/JHBaeMOH B IJIOCKOCTH NPOMEXYTOUHOTO H300parxKeHHS:

, tg © = —Dun/(2fi), (338)
rne Dnn = 2f2 tg .
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InameTp BHIXOAHOTO Spauka TeJECKONHYECKON CHCTEML! ompeje-
JIsieT KOJIMYEeCTBO CBETOBOH 3HepruH, BHXOAfimed H3 npHubopa, T. e.
IBJISIETCS OCHOBHBIM NapaMeTPOM OLEHKH ero csetocHan H = E/L.
Ha ocHoBanuu dopmyast (225) cBetocusa coBMecTHO ¢ riasom (D' <
< Dl‘n)

H = gD",

rae g = (n'/n)? wa/ (4f70),
HJIH

H = g (DIT,)*.

Ecau puamerp 3pauxa riasa MeHblue fHaMeTpa BEIXOAHOTO 3payka
TeJleCKonH4ecKo# cucremel, To H = gD%,. B stoM cayuae cy6beKTHB-
Hasl gpKOCTb HabuoJaeMblX H306pa)keHH# IpeAMETOB KOHEYHBIX
pasmepoB OYJeT OT/IHYaThCst OT CYOHEKTHBHOH SPKOCTH U306paxeHui
B HEBOODYXKEHHOM I1a3y Ha KoadduiHMeHT moTepb cBera B mpubope.
Ecnu puamerp 3pauka ruaasa Gosblle fuaMerpa BBIXOAHOI'C 3pauka
TeJIECKOIHYECKOH CHCTEeMbI, TO CyOBeKTHBHAS SIPKOCTb H300paKeRHs
B BOODYKEHHOM TIJia3y OyJerT MeHbuie B CPAaBHEHHH C TaKOBOH B He-
BOOpYMxEHHOM rJa3y. IlosToMy npu HaG/IOfeHHH 3padoK rJasa
COBMEIAeTCST C BBIXOAHBIM 3PDAuYKOM CHCTEMBI H MeXIYy HHMH XeJa-
TeJbHO HMETh [OJHOE COBMNAfeHUe He TOJNBKO MO MOJNOXKEHHIo, HO
H N0 JHaMeTpy.

Bunumoe yBesHyeHHe TEJECKONHYECKOH CHCTEMbI, IPH KOTOPOM
JuaMeTp BBIXOJHOIO 3pauka pased AHaMeTpy 3padka rjasa HabJio-
JlaTes1si, Ha3bIBAeTCs HOpMaAbHuiM yoeauueruem Ty y. Takoe ysenu-
4eHHe OOBIYHO HMEKT 3pUTeNbHBlEe TPYOBl, NpPeNHa3HaueHHblE IJd
HCNOJIb30BAHUSA NDH NJIOXHX YCJAOBHAX OCBEIUEHHS NMpPeAMEeToB.

BBIXOZHBIM 3DaYKOM TEJECKOMHUYEeCKOH CHCTeMBbl siBjsiercs usobpa-
JKeHHe BXOLHOro 3payka. BniXoJlHOH 3pavyok XapakrepHusyercs He
TOJIHKO IHAMETPOM, HO H PacCTOSIHHEM OT NocjeAHell MoBepXHOCTH —
yZa/ieHHeM BBIXOQHOTO 3pauKa Sp-. BXOAHBIM 3PAYKOM YACTO CJYKHT
onpaBa camMoro o0beKTHBa, KOTOpasl SIBAsIeTCH amnepTypHo# Anadpar-
moH, Tenecxonuueckne cHCTEMBI, NpefHa3Ha4YeHHbIE NI HaBM0leHHsA
B JHEBHOe BpeMs, JIO/KHB HMETb BBHIXOAHHE 3paukd 2 ...5 MM, a
B cyMepeyHoe BpeMsi — 5 ... 7 MM.

72. Pa3pewmaiomas cnoCoGHOCTh TEJeCKONMHYecKo#H
CHCTEMBI.

Paspematome®t cnoco6HOCTHIO TENECKONHUECKOH CHCTEMH
Ha3bIBAETCS CNIOCOOHOCTb CHCTEMBI Pasile/lbHO M306paxaTh ABE TOUKH.
Paspemwanonmyio cnocoBHOCTS TENECKONHYECKHX CHCTEM OLEHHBAIOT
LJiS IPOCTPAHCTBA NPEAMETOB MO YIJIOBOMY Mpelesy pa3peileHHs P,
KOTODHIH onpefensercs HaUMEHbIIHM YIJIOM MeXJY paspeliaeMbiMH
TOYKaMH (HJH JHHHAMH) Ha npeiaMere, o6pasoBaHHOM JNyuaMH, Ipo-
BeJleHHbIMH W3 LeHTPa BXOLHOIr0 3pauka B 3TH TOUKH. Paspeluaromas
CHOCOBHOCTL TENECKONUYECKONH CHCTEMbl 3aBHCHT OT paspeluaiouieft
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coco6HocTH o6beKkTHBa. Ecau aleppanud 06bEeKTHBA HCNDaBJeHH
HJIH BecbMa MaJhl, TO IIpefeJ pPaspelieHHs onpejeasercs AHppakuuedn.
Yriaoso#i npefen paspelieHHs B 5TOM CJyuae PacCYMTHIBAIOT MO
¢opmyae (291)
P = 140"/D,

a A14 o0beKTHBOB aCTPOHOMHYECKHX H reoiesHuecKHX npuHGopoB —
no ¢opmyse
Y = 120°/D. (339)

Jas 06beKTHBOB, NefACTBYIOMMHX B HHGpaKpacHOM JHanasoHe NMpH
cpeaHe#t JauHe BOJIHH B 1,1 MKM, yrJoBo# mNpeles paspelleHus,
onpefensieMbii no ¢opmyae Y = 1,220MD, 6ymer ¥, = 280"/D.

Takum obpasoM, yrjoBoH npefen paspeuieHuss OObEKTHBA TeJie-
CKOMHUYECKOH CHCTEMBl 3aBHCHT OT JHaMerpa BXOAHOro 3pauka. Ha-
npHMep, AJs UlecTHMerpoBoro 3epkana BTA, ycraHoBJeHHOro Ha
3eneHuyKCKOH oOcepBaTODHH, TEOPETHUECKHH YIJIOBOH npejen pas-
peuleHdss B BHAMMOHR o6jactu pased 0,02”.

Paspemaromas cnoco6HOCTb TENECKONHUYEeCKOH CHCTEMbl NpH Ha-
6mofeHuH raasoM OyNeT OrpaHHUYMBAThCA paspeiaiomed cnocob-
HOCTbIO I'71a3a, KOTOpas, KaK H3BECTHO, ONpeJe/]Isiercs YIVIOBHM Npe-
IeJIOM paspelleHHs HopMmanabHoro riasa (cm. . XI) P, = 60",

Mexny YTJOBBIMH NpefielaMH pa3pelleHHs! TeJeCKONHYeCKOH CH-
CTeMBl B HNPOCTPAHCTBE NpeXMeToB Y H B NPOCTPaHCTBE H3obpaxe-
HUft P’ cymectByer caefywomas cBsdb: P’ = PI'y. Yrtobu raas mor
MOJNHOCTBIO HCHOJb30BAaTh PAa3pelialomylo CHOCOGHOCTh 06DbeKTHBA
TeJIECKOIIHYECKOA CHCTeMbl, €€ BHAHMOE YyBeJH4YeHHe, Ha3HBaeMoe
B 3TOM CJiyuae IOJIe3HbIM, ROJXKHO ObITb PaBHO!:

Lr.q = 60°1. (340)
CpaBuuBas ¢opmynan (339) u (340), nonyyaem
I“l'.l! = 075D1 (341)

OTKyJa CJefyeT, YTO MpH MOBHINEHHH BHAMMOTO yBeJanueHHs Gojblie
NoJIe3HOr0 NpH NOCTOSHHOM JHamerpe BXOAHOro 3padka D paspe-
mampmas cHocoOHOCTh TENECKOMHYECKOR CHCTEMBI HE pacreT.

Qopmyna (339) nosBoJisieTr ONpelesNuTh NHAMETP 3pauka rJasa,
COOTBETCTBYIOIH#A HauayqeMy paspewenuto: Dy, = 2,0 ... 2,3 mMm.
Dopmyna (341) He siBasiercsl YHHBepcasibHOH, TaK Kax, ¢ OJHOH cro-
POHBI, HMeIOTCS HalbaiofarTeq# C MNOBHIUIEHHON OCTPOTOH 3PeHHA H
YIJIOBBIM TIpelesioM paspetneHnss ~307, a ¢ Npyrofi CTOPOHH, acTpo-
HOMHUECKHe H Treofie3uuyecKHe NpHOOPH HMEIOT BBIXOAHOH 3padoK
~1 mMM. B sTOM ciyuae yryioBoH mpefes pa3pellleHHs IJa3a CHH-
xaercst 1o 90”. Takum o6pasoM, nojesHoe yBeJHYeHHE MOMXKET HMETh
8Hay€HHE B CJENYIOIHX mpejenax:

0,2D T, <0,75D.
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73. OcHoBHBbe cBenenus o6 o6bexTHBaAX
H OKYJASipaX TeJleCKONHYECKHX CHCTEM

OCHOBHBIMH XapaKTeDHCTHKaM# OOBEKTHBOB TeJeCKOnHYe-
CKHX CHCTeM siBAsiioTcsl POKycHOe paccrosinde f', OTHOCHTeJbHOE OT-
Bepcrue D/f’ u yraoeoe none 2w.

Kak otMeueno B n. 71, yrnioBne 1ojs o6beKTHBOB GOJbIIKHCTBA
TeJIECKOIIHUECKHX ¥ OCOGeHHO BM3YyaJibHHIX CHCTEM OrpaHHYHBAIOTCH
3HaveHusmMu 6 ... 10°, TIpu TakHX yrJaOBHX 10JsiX aGeppalun y3KHX
HAKJOHHBIX NYYKOB Jyueil (acTHrMaTH3M, KPHBHU3HY, HHCTOPCHIO)
MOXHO He HCHpaBifThb. XoOpollee KayecTBO H306parKeHHs HOCTH-
raercs NpH HCIpaBJeHHH XpoMaTHaMa, cdepHueckol abeppanuy H
KOMBI, YTC II03BOJIleT NPHMEHATb OOBEKTHBH JOCTATOYHO IIPOCTOH
KOHCTPYKIHH.

Haubosiee pacopocTpaHeHHBIM H IPOCTHIM OGBEKTHBOM TEJIECKO-
MTHYECKOH CHCTEMBL SIBJIAETCA ABYXJHH30BHIH, B KOTOPOM OJHA H3 JIHH3
HoJOXKHUTEeNbHAs, 4 BTOpas — OTpHUAaTeNbHAA, IPHYEM JIHH3Bl MOTYT
OLITh KaK CKJEEHHBIe, TaK H HECKJEeeHHbIE.

JIBYX/IHH30BBlE CKJeeHHble 00BeKTHBH (pHc. 169) mpumensiorcs
B IBYX KOMOUMHAIMSX: <KDOH BIEPeiu», Koria K npeameram odpameHna
MOMIOKHTEIbHAA JHH3a [, W3TOTOBJIEHHAS M3 KPOHA, HJIH «bIHHT
BHepeiu», KOrAa K npeaMmeraM ofpaiieHa OTpHuaTe]bHas JHH3a 2
u3 ¢aunra. KpoHoBble crekaa 6ojee ycTOHUHMBBI K arMochepHBIM
H MexaHHYecKUM Bo3sfeficTBuaM. IIpu yruoBex nmoasx 20w = 1... 2°
¥ OTHOCHTE/NbHLIX OTBepCTHSX ~1: 10 XBYX/IHH30BHIE CKJIEEHHBIE
00BEKTHBbl O0ECIEYHBAIOT BLICOKOE KayeCTBO H306paxeHHs U NpH-
MEeHSIIOTCSI B aCTPOHOMHYECKHX mpubGopax H B mpubopax AAs mpo-
BEDKH KayecTBa JAPYIHX ONTHYECKHX CHCTEM.

[lpakTHKa NoKa3bIBAET, YTO ABYXJIHH30BHE CKJ/EEHHbIE 0GHEKTHBL
JAl0T Xopoulee KayecTBO u3o6pakeHHs (nIpofosbHasi chepHyecKas
aGeppauus He Gosee 0,1 ... 0,2% doxycHoro paccrosiHus) npHu OTHO-
CHTEJIbHEIX OTBEPCTHSX, HE IpeBblaomux | : 4, H yrJIOBHX NOASX
20 < 6°, npuueM GOKYCHOE PACCTOSIHHE B 3aBHCHMOCTH OT OTHOCH-
TeJbHOI'O OTBEDCTHSI He NOJIKHO NpPEeBHIIATh CJAERYIOUHUX 3HAYeHHH:

1:K . . .. ... 1:4 1:5 1:6 1:8 1:12
Fomv .o o 0oL 150 300 500 1000 1000

Ecan B 3purenbHo#l TpyGe abeppanuy OKyJaspa HJIH APYTHX KOM-
MOHEHTOB YaCTHYHO KOMIEHCHDPYIOT abeppaniH o0beKTHBa, TO XapakK-
TEPHCTHKHY OOBEKTHBA MOTYT OBITH YBEJHUYEHH [0 OTHOCHTEJbHOMY
ortepcTHio 10 1 : 2 ¥ no yraoBoMy oo 10 8. . . 11° npy KOHCTPYKIHH
«KPOH Brepenu» ¥ 10 15° — npu «pauMHT BrEpenu».

BropuuHbIfi CNEKTP ABYXJIHH30BBIX aXPOMaTOB COCTaBJsieT HpH-
mepHo 1/(2000f'), nostomy npu GONbHIMX BHIMMHIX YBEJHYECHHAX
(T'z > 10X) B n1MHHODOKYCHBIX OGBEKTHBAaX 5Ta abeppanHs BhI3bl-
BaeT 3aMETHOE YXYIIUEeHHe KauecTBa H306paxeHHs H TpebyeT IpH-
MeHeHHA OGBEKTHBOB-aOXPOMATOB.
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al 6)
Puc. 169. Tunu ABYXNHH30BHX cKAe- Puc, 170, LByx- Puc, 171. Tpexaun-
eHHHX OGbEeKTHBOB: JHH30BHH He- SO0BHE OOBLEKTHB
a — KpOB Bnepefy; 06 — daumt snepes CKJICEHHHE o0GBEK-
RH THB

Bxoznno#f 3payok o0bpeKTHBA 9acTO COBMEMEH C onpasofi MM
BHIHECeH Bniepef Ha paccrosuue o 0,7f. Tak Kax rias zaGmonarens
He 3aMeuaeT NAaJEHHs OCBEIEHHOCTH H3o0paxeHuss Ha 50%, To
IIKPHHY HAKJOHHOTO MyYKa B BU3YAJbHHX TEJECKONMHYECKUX CH-
cTeMax MOXHO YMeHpHTh H0 2my =&~ 0,6D. [Ipu stom ymeHbaiores
pasmepsl MOCHeYIOMKEX KOMIIOHEHTOB.

Ecan nuamerpsl IBYXJIHH30BHIX OOBEKTHBOB npeBmimamT 60 ...
70 MM, TO JHH3B HE CKJEHBAIOT.

JIBYXJIMH30BEI HecK/ieeHHB!I 00bekTHB (pHc. 170) 3a cuer us-
MEHEHHS] PacCTOSHHSA MeXIy JMH3aMH HMeeT HECKOJIbKO OO0JbIlHe
BO3MOXKHOCTH MO CPABHEHHIO C BO3MOMKHOCTSMU CKJICEHHBIX OGBEKTH-
BOB IO YJYULIEHHIO KayecTBa H300pa)KeHHS W NOJYUYEHHIO 3aJaHHOTO
3HauerHs (QoKycHoro paccrosinus. Creyer MOMHHUTb, YTO B HECKJeeH-
HOM O0BEKTHBE 60Jibllie NOTEDH HA OTPaXKeHHE, BHILE BEPOATHOCTD
NOSIBJEHHS MapasuTHbX GJHMKOB H NPH HX cOOpPKe H LEHTPHPOBKE
BO3HHKAIOT 3HaYHTe/NbHBIE TPYLHOCTH.

TpexsuH30BeI OOBEKTHB, COCTOAINHH H3 OTACJIbHON JIMH3H H
ckJeeHHOH mapul (puc. 171), IIMPOKO HpHMEHSeTCS B IeOfe3HYeCKHX
MHCTPYMEHTaX M TNO3BOJIsieT Onarofiaps YMEHbINEHHIO BTOPHUYHOTO
CMeKTPa IOBLICHTb 3HAUeHHE OTHOCHTENbHOro oTBepctus Jo 1 : 2.

Ecau sputenbhas Tpy6a Hmeer He(oJbIloe yBeNHYSHHE, TO Yr-
JIOBOE NoJie MOMKET OBITh 3HAUHTEJNbHO YBe/NHueHO H OOBeKTHB Oyner
ye INHPOKOYroJbHEIM. MIHOTAA B KauecTBe TaKOro OGbEKTHBA IPH-
MEHSIIOT OKYJspel ¢ GoablinM (OKYCHEIM paccrosiHHeM. BxopHoft
3payOK Yy TaKHX OOBEKTHBOB BCETfa BLIHECEH BIepel.

HanpHefiinee yBenHueHHe INOJS H OTHOCHTEJBHOTO OTBEPCTHA
HOCTHTA€TCA 32 CYET YBEJHUEHHS YHCJIa JIHH3, a TakXKe MyTeM BBejle-
HHsi HecepHYeCKHX IIOBEPXHOCTeH H HCIOJb30BAEHA CTEKOA HOBHIX
MapokK.

Bo3sMOXHOCTb HCK/IHOYEHHS] XpOMAaTHYeCKHX abeppauufl NpH OXHO-
BPEMEHHOM YMEHbIUEHHWH TIa0apHUTHHIX pa3sMEPOB H MACCH CHCTEMH
ofecneynBaeTcsl NPUMEHEHHEM 3epKaNbHHX H 8€PKaJbHO-JHH3OBHIX
00'bEKTHBOB.

OCHOBHBHIMH XapakTepHCTHKaMH OKyJaspa sBagiorcs (okycHoe
pacctosiHEe f’, ¢ KOTOPHM CBfI3aHO BHAMMOE YBEJHUEHHE OKYJaapa

[ = 250/f', yraosoe mose 20° B NpocTpaHCTBE H306PaKERUA H
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anametp D’ BuixogHoro 3payka. IlosomeHHe BHXOAHOIO 3pauxa
OKYy/fipa KOCBEHHO CBfi3aHO C 3af{HHM (OKaJbHLHIM OTPE3KOM Sp-
H ONpelesifeTcsl PaCCTOSTHHEM Sps == Spr + 2pr, A MOJNOXKEHHE ILIO-
CKOCTH MOJIeBOA AHadparMe — C NepefHHM (OKAJbHHM OTPE3KOM
Sp, 3HaYe€HHE KOTOPOTO ONpeAe/sieT BO3MOXHOCTb pasMeMeHHs CeTKH
H NepeMellleHHs OKYJIsipa npH ero $oKyCHPOBKe 4151 aMETPOMHYECKOro
riasa.

Yrnosoe noae 20’ okyaspos B I'y pas Goublie YIJIOBHX noJjeil
06BbEKTHBOB, MOSTOMY NPH HCHpaBJeHHH afeppanuii OKYJASPOB OCHOB-
HOe BHHMaHHe o6palfaloT Ha MoJjeBhie abeppaliH. AbGeppaniu OKy-
Jsfipa PACCYHTHIBAIOT B OOpPAaTHOM XOA€ M3 GECKOHEYHOCTH, T. €. €O
CTODOHH! IJ1a3a, H OUEHHBAIOT B nepeiHefi (OKaJbHOH MNJIOCKOCTH.
QoKycHOe pacCTOSHHE OKYJSPOB OCHYHO KPATHO D H MOXKET HMeTh
sHaueHue B nuanasoHe 5... 80 mm. [Ipu f' << 5 MM oTpesox sp-,
ONpPEeNEJAIOMHA NOJOXKEHHE BRIXONHOIO 3payKa, C KOTOPBHIM LOJIXKeH
ObITb COBMEINEH 3payoK [IJa3a Habuozatessi, OyJeT CJIHIIKOM MaJl
H He NO3BOJIMT BHINOJHHTb YCJOBHe coBMemeHus. [IpH 3HauHTebHOM
yBesnnuennH f’ BO3pacTaloT JuaMeTPH JIHH3 OKYJsipa, 4TO BJeYyer
3a cofoll ypeauueHue raGapUTHHIX pasMepos npuSopa. HauGousbiuee
pacnpocTpaHeHHe HMEIOT OKyJ/sApHl ¢ (okycHmM paccroguuem 20 ...
30 M.

[IpocTefimnM OKYJISIPOM MONKET CJYXKHTb OIZHHOUHAR JIHH3A.
Bumecte ¢ Hefi npAMeHsiercsl KOJJIEKTHBHAS JHH33, KOTOPYIO CYHTAIOT
BXOASMER B CHCTeMY OKyaspa. Tak NOSBHJHCH ABYXKOMIIOHEHTHBLIE
okyaspel. KoJslekTHBHAS JIHH3a B 9THX CJY4asX HECKOJbKO CMeNIeHa
B CTOPOHY OT nepejHell GoKaAbHOR MJCCKOCTH OKyJfApa, BO-NEPBHIX,
JAJasi TOro, 4ToGH pa3MeCTHTb CeTKY, H, BO-BTODHIX, IJS TOrO, YTOOHI
YCTPaHHTb BJHsHEYE KedeKToB, HaNpPUMED IY3LIPLKOB B Macce CTeKJa
H [apanHH, Ha paccMaTpHBaeMoe H300paxeHHe.

B npuHuUHDE H MHKPOCKONH, H TEJECKOHHYECKHE CHCTEMBI MOTYT
HMETb ONHHAKOBHEIE OKYJSDHL.

Cxembl HanGoJiee pAaCIpOCTPaHEHHHX OKYJSPOB NOKasaHH Ha
puc. 172.

Oxyaap PamcOena (puc. 172, @) cocroHT K3 IBYX OGHUYHO OAHHA-
KOBHIX IJIOCKOBBIIYKJILIX JIHH3, OODAMEHHHX BRIIYKJAOCTAMH APYT
K Apyry. ¥raosoe nose 2w’ usmensierca ot 30 po 40°. QoxranbHbe
OTPe3KH —sp = §pr &~ 0,3f’; ofmas anmura Y d =~ f'. Kauectso
H306pakeHHs HEBBICOKOE, TaK KaK NPOCTas KOHCTPYKIHSA OKyJspa He
[03BOJISIET NMOJHOCTBIO HCIIPABHTb XPOMAaTHYECKHE H MOHOXpoMaTHde-
ckHe abeppanuu. [IpuMensiercs ryaBHBIM ofpasom B npu6opax c Ma-
JIEIMH BHIXOJAHBIME 3pauKaMmH, HampHMeD B reOJe3HYeCKHX H acTPOHO-
MHUECKHX mpubopax.

Oxyrap Keavuepa (puc. 172, 6) cocTouT M3 ONHHOUHON KOJJIEK-
THBHOR JIHH3H H JBYXJHH30BOTO IJIa3HOTO KOMIIOHEHTAa. ¥ IJIOBOE
noJsie okyaspa 40 ... 50°, doxanbHEeE OTPe3KH Sp & —0,3f" U spr &
~ 0,4f'. O6mas nauua oxyaspa ) d ~ 1,25f'. KagectBo n3oGpaxe-
HHA JIydlle, yeMm KayecTBo uaoGpaxeHus okyaapa Pamcaena. Oxyasp
Kesbnepa — 510 Han6ojee pacnpocTpaHEHHHWH THN OKYyJsdpa.
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Puc. 172, Oxyaspu:

a — Pamcaena; § — Kenbgepa: 8 — CHMMETPHUYHHEA, 2 — € yNaNleHHBIM 3patkoM; & — Dpdae;
€ — OPTOCKOMHUECKHfl; 0 — MIHDOKOYTOJbHHIN, 3 — OTPHUATEJbHH R

Cummempuunoii okysap (puc. 172, 6) umeer aBe maphl CKAEEHHBIX
JIHH3, ofpauleHHBX QAHHTAMH HapyxXy, OoOecleyHBaIOUIHX XOPOLIYIO
KOppeKIIHIo abeppaiufi NpH MaJoM BO3AYIIHOM IPOMEXYTKE. ¥ TJIOBOe
noje 2@’ = 40 ... 50°. QokanbEbHE OTPE3KH H CyMMapHas TOJIIHHA
NIPHMEPHO OAHHAKOBH, —Sp & Spr & 3 d &~ 0,75f’, uto nossoasier
HMeTh GoJibluee yJaJeHHe BBIXOJHOIO 3payka, uem B OKyJasipe Kejb-
Hepa.

¥ oxyaspa ¢ yoarenuvim 3pauxom (puc. 172, e) paccrosinue ot no-
clefHeH INMOBEPXHOCTH O BBIXOXHOrO 3pauka Spr & [’, 4TO ompese-
JISETCS HaJIHYHeM NepBOH OTPHUATEJNbHOH JIMH3Bl. YTJOBOe TmoJe
okysnapa 20’ = 50°, ¢dokambubie otpeskH —sp = 0,3f"; spr =~ f',
3 d =~ 1,4f'. HcnpaBnenyie aGeppanufi IOCTATOYHO XOpOIlEe.

Oxyaap Spehae (puc. 172, 0) COCTORT U3 MATH JIHH3 H HMEET YIJIOBOE
none 20 & 65...70°. O6mas miuHa Y d =~ 1,6f, dokanbube
otpe3ku: —sp &= 0,35f"; spr =~ 0,7f".

Opmockonuseckuil oxyanp (puc. 172, €) uMeeT MEHBINYIO MO CpaBHe-
HHIO ¢ IPYTHMH OKYyJsipaMH AxcTopcuio (1o 4%, a B Apyrux okyJspax
Io 10%), nosToMy HaXOAHT NPHUMEHEHHE B TEJECKONUYECKHX CHCTEMAX
C CeTKOH Mo BCeMy INOJI0, YTJIOBO pasmep Kortopore 2’ = 40°
O6mas pauHa Y, d ~ 0,75f', doxanbhbie OTpeskH: —sp &~ 0,6f;
sgr & 0,75f", uTo Mo3BoO/IAET HMETh GOBbINOE YAAJEHHUE Spr BEIXOLHOTO
spauka. [lepBEIfi KOMIIOHEHT COCTOMT H3 TPEX CKJIEEHHBIX JHH3, UTO
BBbI3bIBA€T TPYAHOCTH NPH €ro H3rOTOBJEHHH.

Hlupoxoyeonrvreui oxysrsp (puc. 172, s) umeer yrsosoe nose 20’
10 90° M COCTOMT H3 ceMH JHH3. JIONOJHHTEABHBIR OTPHIIATeAbHHA
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KOJIJIEKTHB, YCTaHABJAHBaeMbiR RO MNOJNEBOR nuadparmel, [03BOJSET
HCNIPaBUTb KPHUBH3HY H300pamenus. 3aaHuil (oKanbHBIE OTPe3OK
spr =~ 0,451, nepepuult —sp =~ 0,4f’. O6was anusa Y d ~ 2,5f'.

Ompuyameabnbil oxkyssp (puc. 172, 3) COCTOHT U3 OLHOH HJH ABYX
CMEHHBIX JIMH3 M TNpHMEHSeTcs B S3pUTENbHBIX Tpybax [lasuses.
Yrioeoe nojde 20’ < 20°. YaaneRHe BEIXOZHOTO 3payka ONpeensiercs
NOJIOXKEHHEeM 3pauka Iviasa Halmogaress.

74. DoOKyCHpOBKa OKyAfipa TeJeCKOMHYECKOH CHCTeMbl

B ra. XI roeopusioch 0 TaKHX HeLOCTATKaX (aMETPONHHM)
rnasa, Kak OJIH30PYKOCTb H Ja/lbHO30PKOCTb, H O HEOOXOZHMOCTH
HUMeTb B HabJoZaTeNbHBIX NpHOOpax yCTPOHCTBO, KOTOPOE INO3BOJSET
MOJy4aTh HA BBIXOLE CHCTEMBbl NYYKH JydyeH pas/iHYHOA CTPYKTYPHI:
/s HODMaJIbHOTO (3MMETPHYeCKOro) TIJla3a — MNapaeNbHO; JAJd
6JM30pYKOro (MUOMHMYECKOTO) Flasa — pacXoisliyecs; LA JaJbHO-
30pKOr0 (THIEPMETPONHYECKOr0) TJia3a — CXOASLIHECs.

HcenpaBnenne yKa3aHHbIX HENOCTATKOB 3DEHHs MOXKeT GEITb O~
CTHTHYTO INepeMemiesHeM OKYJfpa BJOJb ONTHYECKOH OCH, NpPHUYEM
INPH CMEIIEHHH OKYyJspa K OOBEKTHBY BBIXOASIIHE NYYKH Jyued
OYLYT DacXORfLIUMHCH, & NPH CMEWEHHH OT OOBEKTHBA — CXOZLfA-
IHMHCH.

[lycTh B TENECKOMHYECKYIO CHCTEMY, COCTOSIILYI) U3 IMOJNOMHTENb-
HBIX OOBEKTHBA H OKYJADa, NPUXORAUT NMYUOK Jydell oT GeCKOHEYHO
yilaneqroli oceBol touku A (puc. 173). Ilycts raas Habmwoparens
6MH30PYKHH, TOTAA BHILUEIUIHMH NapajieNbHBIE NY4YoK Jayuel cobe-
percst B oryce F;, riasa, KOTOPbH NpPU OGJH3OPYKOCTH HaXOLUTCA
nepen ceryatkod. Ha puc. 173, a nokasaHo TNosoMeHHe OKyJsApa

Hog Hos Hom Hix

14
Ay A =

a) -A -4

s
Foxl Z Fob
2! ¢

—ly

)
Parc. 173. ®oxycupopka okyxaspa
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AJIs HopManbHOro raasa. Ha cetyartke riiasa BMECTO TOUKH NONYYHTCA
natho 8”, W M3o6pakeHue ToukH GYAeT pasMmbiTeiM. UTOG6BI peskoe
H3o6paxende A” TOYKH COBMAJO C CETYATKOH, B GIH3OPYKHE Taaa
ROJIKEH NDHATH PACXORAMMKACH H3 TOUKH Aj NYYOK, LJIS YEro OKyasp
HEeOoOXOMHMO MEepeIBHHYTb K OOBEKTHBY (BJIEBO) Ha paccrosigue —A
(puc. 173, 6). Ilpu stoM nepeanuli GOKYC OKyJIsipa CMECTHTCH OTHO-
CHTEJbHO 3aRHero (oKyca OOBEKTHBA TaKXe BJEBO H 06pa3oBaHHOe
o6bekTHBOM H306paXkeHHe TOUKH A’ GylIeT CMEIEHG OTHOCHTE/bHO
nepennero doxyca okyaspa Ha orpesok z = —A. Touxka A, Haxo-
JUTCA OT 3aiHero (oKyca OKyJspa Ha PAcCTOSIHHH 2°, a OT rJjasa —
Ha paccTosiHHH —ay;. OG03HauMM Yepe3 ¢ PacCTOAHHE OT 3alLHEro
¢okyca okynspa Ko riasa, toraa 2' = ay -+ c¢. Paccrosuns z u 2z’
cBsidanbl popmysoit Heiortona: zz’ == —f'g,.

YuureiBas npusefenHbie GOpMYJAH, nonyuaeM A = _f’fm/(an + ¢).
Buipaxas paccrosinwe a, B AuonTDHiHON wMepe A; = 1000/ay,
HaXOIHM:

A = fol (1000/2, +¢).

Tak kak AJA MOJOMKHUTENbHBIX OKYJIAPOB | ¢ | & | Gy |, TO MOKHO

noaib3oBaThcs HOPMYJIOH
A = (for/ 1000) 4.

Bolunessis A ans oTpUHUATENbHEIX OKY/ASPOB, BENTHUHHOH ¢ npe-
Hebperarh He CJIeyeT, TaK KaK OHa COM3MePHMa ¢ a,. [IpH KOHCTpyH-
poBaHHHM HabJIOAaTeNbHEIX NPUGODOB aMeTPOMHI0 rjasa OOLIYHO
YUHTBIBAIOT B Auanasone —5 ... 45 anrp. Hanpumep, ans okynsipa
¢ QOKYCHBIM pacCTOAHHEM [ == 25 MM npu amerponun A, = 45 antp
nepememieHne A = 43,125 wmm.

75. TlpuMeHeHWe KOJANEKTHBA B 3pHTeNbHOA TpyGe

Koarekmusrnol aun30i, WAH KOAREKMUGBOM, HA3LIBAETCS
JIHH3a, YCTaHaBJHBaeMas B IJIOCKOCTH H300Da)Ke€HHfA HJIH BOJH3H
Hee IJIS H3MEHEHHS X0Ja HaKJOHHOro nyuka jydeil. [loatomy unorna
€€ Ha3plBalOT TaKXKe NOJeBOH JIHH30H.

KonekTHBHas JIHH3a NO3BOJIseT JHO0 H3MEHHTh IOJOXKEHHE BBbI-
XOJHOTO 3payKa CHCTEMbl, 60 YMEHbIIHTb NHAMETPHI MOCAELYIOMIHX
KOMIIOHEHTOB ONTHYECKOH CHCTeMBl 3pHTeNbROH TpyOul. KoJjekTHBH
MOTYT ObITb NOJIOKHTENbHEIMH H OTPHIATEJNbHBIMH. [eficTBue noJo-
JKHTEJILHOTO KOJJIEKTHBA IPOABJAETCS B TOM, UYTO OH OTKJOHSeET
K ONTHYECKOK OCH HAKJOHHBIE NYUYKH Jyyel, NeficTBHE OTPHUATESbHOTO
KOJIEKTHBA 06paTHOe.

[lpuHLUMD [€HCTBUS NOJIOKHTENLHOTO KOJJIEKTHBA B CXeMe 3DH-
TENbHOH TPYOB HaamocTpHpyeT pHe. 174. TlpH oTCyTcTBHH KOJJeK-
THBA JHAMETP OKyJspa onperensicss O6sl xofoM Jyua B'M,. U ecan
JNyy, OOO3HAYEHHBIH [BYMS CTPeNKaMH, — IJIaBHBIH, TO BBIXOAHOH
3PaYOK CHCTEMBl HaXxofujacsi Obl OT OKVAAPa Ha pPacCTOSHHH s",,{).

KonnexTup Hakionua NY4OK nyqef»’x K OCH TaK, UTO JHaMeTp OKYy/Asipa
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Puc. 174, HeficTBHe NOMOXHTENBHOTO KOMJIEKTHBA

cTaJ onpefenatbes JydoM B’M u ctan MeHblne, a NONOXeEHHE Bbl-
XOJHOTO 3pauKa ONpelessieTcs YIANeHHeM Spr.

KoasnektusHas JHH3a, yCTAHOBJEHHasi B 3afHell ¢oxanbHO#H mio-
CKOCTH MpPEeAIIECTBYIOMIETO KOMIIOHEHTa (HanpHMmep, OOBEKTHBA) HJIH
B nepefHed ¢GoKaJbHOH NUIOCKOCTH NOCJELYIOWIero, He H3MEeHSeT HX
GOKYCHBIX DacCTOSIHHE H He BJMSIET Ha XOJ OCEBOro Nyuka Jyudeff.

OnpenenuM ONTHYECKYIO CHIY KOJJEKTHBA 2, NOMEIIEHHOTO B CO-
BMEMEHHBIX (POKaJbHHX IJIOCKOCTAX oObekTHBAa I M OKyJaspa 3
spuTeabHo#t TpyOu (pHC. 175), Ang KOTOPHIX H3BeCTHH (POKycHOe pac-
CTOSIHHE OOBEKTHBA f| H yHaJieHHe BXOZHOTO 3pauka ap,, (HOKYCHOe
paccTosiHHe OKYJIfpa f3 M yla/NeHHe BHXOLAHOTO 3pauka ap;.

OnTtnueckas cuira P, KoJJeKTHBA OLHO3HAYHO ONpelessercs,
€CJIH H3BECTHBl OTPE3KH gy H a3, Mo ¢opmyse

@2 = I/aé — 1/(12, (342)
rue
ag=ai—fi=ai— 1/ (343)
H
aé = Qa3 + fé = Qa3 —+— 1/(D3 (344)
z 7
1 /\'\
y wlnl  mlm ANA areB
AL , ' A
dy=F] a,=f3 2515

a5

Puc. 175. Cxema ans onpelesieHHs ONTHYECKOA CHIbI KOMJIEKTHBA
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Puc. 176. Bausine KOJMJEKTHB2 Ha noJOXeHHe BHXOXHOIO 3pauka

B cBoio ouepenb, ai U a3 CBA3aHH COOTBETCTBEHHO C 4y = ap
H a3 = ap;:

ai = ap/(1 + ap®,); as = ap;/(1 — abédba), (345)

IToacrasasis nocienoBatenbio Gopmynn (345) cHauana B (343)
H (344), a satem B (342), nosyuaem:

(Dg == @] (1 +ap(D1) + (Dg(l — aﬁé(Da),

KosnekTuBHas JHH3a BAHsET Ha KayecTBO H300paXeHHs BHence-
BBIX TOYEK M Ha pacnpeje/ieHHe OCBEIEHHOCTH MO MOJI0 H306paKeHHS .

YCTaHOBHM CBSI3b MEXIY NOJIOXKEHHSIMH BBHIXOJHOIO 3payka B 3pH-
TeAbHOM TPyGe (pHC. 176) 6e3 KOMIEKTHBA (Sp;) H C KOJJICKTHBOM Sp-.
XOof raaBHOrO Jy4a B cucreMe 6e3 KOJJIEKTHBA NMOKa3aH WTPHXOBOK
JIHEHEH.

H3 paccmorpenns puc. 176, rae Hp, Hi — riaBHBE IJIOCKOCTH

YCTaHOBJIEHHOTO KOJJ/IEKTHBA ¢ (OKYCHHIM paccTosiHHeM f;, cienyer,
4T0

1

Spr = sp; — Ah/tg o, (346)

rie Ah — n3meHeHue BBHICOTH IVIABHOTO Jyya B IVIaBHBIX MJIOCKOCTAX
OKYJisipa, BBI3BAHHOE KOJJIEKTHBOM; ' — IOJOBHHA YIVIOBOTO MOJIA
B NpocTpaHCcTBe U3obpaxenul; tg o = hy/fs, rae hy — BblcOTa I1as-
HOTO Jiyua B I'VIaBHHIX IUIOCKOCTSIX KoJJjiekKTHBa. Ha ocHoBanuu ¢op-
myasl (52) uaxoaum h, = (ig 0, — tg 0,)/@,.
Kpome Toro, us puc. 176 cnenyer, uto Ah = f; (tg 05 — tg ay).
[Noxgcrapnss B dopmyay (346) otuomenue Ah/tg o', mosyuaem:

’ . 2,

Spr = Sp; — fa /fz,
rue sbé = Spr -+ 20p, 20p — OTPE30OK, ONpENeJSIOUIHA MOJIOKEeHHE
BHIXOJHOTO 3payka OTHOCHTEIbHO 3anHero dokyca F3 oxynspa B CH-
cteMe 6€3 KOJIJIEKTHBZ, KOTOPOE B COOTBETCTBHH ¢ (opmyJoH mnpo-

JOJMBbHOTO yBeNHUeHHS paBHO: 2op = 2op/L'% (20p = ap + fi). Oxon-
YaTeNIbHO HAXOMUM:

spr = Sr; + (ap + fi)TE — f3'/fi. (347)
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[Tpu 3ajlaHHBIX MOJIOXKEHHAX BHIXOIHOTO H BXOLHOIG 3DPavykos,
BbIOpaHHBIX (POKYCHBIX PACCTOSHHAX OOBEKTHBA H OKYJSpa 3PHTE/b-
HOH TpyGnl mo dopmynae (347) MOXKHO ONpeleIHTh HeoGXoZuMmoe (o-
KyCHOe pacCTOSIHHE KOJJeKTHBa.

76. Pacuer 3putennHoft Tpy6ul Kenaepa

[a6apuTHBIE pacyeT ONTHYECKOH CXeMEl 3pHTENLHOA TPYOH
BBITIOJIHSIOT Moc/ie OGOCHOBAHHOTO BHIGOpPA CXeMBl (THMA) CHCTEMEI.
B pesynbTaTe BBHINOJNHEHHS ra6apHTHOrO pacyera ROMXKHH ObITh Ompe-
JIeJIeHBl BCE TIPOJOJIbHBIE M [ONepeyHble pasMephl OTHAEJLHHIX KOMIO-
HEHTOB ONTHYECKOH CXeMBl H HX XapaxTtepHcTHKH. M3 rexnuyeckoro
3ajlaHis Ha NMPOEKTHPOBAHHE 3PHUTEAbHOH TPYGH HAXOASAT €6 OCHOB-
Hble XapDaKTeDHCTHKH (BHAHMOEe ysenuueHne I',, yrioeoe nose 2w,
JMamMeTp BHIXONHOrO 3pauka D), TakkKe JOJ/IKHBL OHITb H3BECTHHI
TaKhe BeJHYHHBI, Kak JJHHA CHCTeMsl L, YIVIOBOH mpejes paspe-
weHHs P, MOJIOKEHHE BBHIXOJHOIO Spsr HJIH BXOJHOTO dp 3DAyYKOB,
K09QPUIHEHT BHHbBETHPOBAHHA &,.

Ha nepsom srame pacdyera OyfeMm noJarath OGBeKTHB H OKYJSp
TOHKMMH. BBIYKHCIHM (QOKYCHBIE DacCTOSHHA OGBEKTHBA H OKYJsApA.
1. CosmecTHOe peuienne ypasueHu# (335) u L = fi + f5 naer

fi=TLiTa— 1)  fi=L(1—T).

2. 3Hasg J[uaMerp BBEIXOJHOIO 3pauyka H BHAHMOE YBEJHUEHHE
I, ompejenum AuamMeTp BXOZHOI'O 3payka 3DHUTENbHOH TPYOH, KO-
TOPBIM Takke OyJeT BXOAHbIM 3pauykoM obbpektHBa. Ilo (opmy.e
(336) umeem D = D'T,.

Takum ofpasom, OCHOBHbIE XapaKTepHCTHKH obbektusa fi; D/fi;
2w HaHJeHbl,

3. Kaxk ussectHo (cM. n. 73), OKyJASPH TEJECKONHUECKHX CHCTEM
npejacTaBJsioT COOOH JOCTATOYHO CJIOXKHBIE OINTHUECKHE CHCTEMHI.
B uacrosimiee BpeMs CYIIECTBYIOT OOWIMPHBIE KAaTaJOTH Ha OKYJSIPHI,
NO3TOMY Ha IpaKTHKe OKasbiBaeTcsi lenecoobpasHee OKYJAAp BHIGH-
paTh, a He DACCUHTHIBATH.

[Ipu BoiBope OKyJsIp JOMKeH uMeTb Tpefyemoe (MJIH 3afaHHOe)
GOKyCHOe paccrosinue, yraoBoe noje. OueHb BaKHBIM IIPH BHIGOpE
OKyJsipa SIBJSETCS BOIPOC O COPIACOB2HHH YAaJeHHS BHIXOLHOIO
3payka 3pUTeabHOH TPYObl. D10 OOYCJOBJEHO TeM, YTO NDH pacyere
OKy/fipa B OGPATHOM XOle Jyuel HaKJOHHbIE MYUYKH MPOXOAST yepes
BXOIHOH 3DpadyoK OKyJ/afipa, YyIaleHHbIH Ha BIOJHE ONpelejeHHOoe

PacCTOSIHUE Sp ox, [/ KOTOPOTO BBHIYHC/IEHBI H abeppaluy 3TOro
nyuka, a o0beKTHB PACCUMTBIBAIOT (MK BHIOHDPAIOT) TaKMM 06pasoM,
4106l KOMIIEHCHPOBATH afeppaluu okyaspa. HeobxoaumemM ycJo-
BHEM YCNEUIHOH KOMNEHCAuuH SBJASETCS COrJacoBaHue IIOJNOXEHHS

3PayKoB, T. €. HAanO, 4TOGH Spr = Sp g, @ 3TO 3HAYHT, YTO BHIXOAHOH
3payoK 3pHTEIbHOH TPYObl JOMKEH ObiTh YHalleH Ha ONpejejIeHHoe,
a He MPOH3BOJLHOE pPAaCCTOAHHE.
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Puc. 177, Pacuerhas cxema sputensrofl TpyOu Kenaepa

M3 puc. 177 cnenyer, uto Touke P u P’, Fy v Fj saBasioTcs on-
THYECKH CONPSiKEHHBIMHK, NOSTOMY BEJIHYKMHBI Zp H Zp MOMKHO CBSI3aTh
FIPOJIOJILHBIM YBEeJHYEHHEM ¢, KOTOPOE B COOTBETCTBHH C (bopMyJioH
(337) ofpaTHO NMPONOPLHOHANBHO KBaAPaTy BHAHMOTO YBEJHUEHHS:

zp = 2pl;. (348)

M3 ycaoBusi cornacoBaHHsl OKy/nfpa H OOBEKTHBA H3BECTHb! Be-
JHYHHBL Spr M Sg- , CJAELOBATENLHO,
oK

2p = Spr ~— SF* ox- (349)

Hcnoawssys dopmynsl (348), (349) nm pabeHcTBO 4p = 2p — [i,
noJiyyaem:

ap = (Spr — SF* o) I — fl (350)

3purencHas Tpy6a moxer MMmeTh chepHYeCKYK abeppauuio rias-
HOTO Jyya, TaK HasbiBaeMyio chepHuyeckyio abeppauuio B 3paukax
Azp. C yuerom 3Toll abeppanuu dopmyna (350) npumer sHA:

ap = (Sp — Skrox — Azp) I3 — fi.

4. Bpl4MCIHM YIJIOBOE MOJE OKYJAsipa, KOTOPOE PaBHO Yr/J0BOMY
NOJI0 3PHTENbHOA TPYOH B npocTpaHcTse u3oOpaxenud. M3 dop-
Myl {334) nanuem tg o = I'; tg 0.

Takum 00pa3oM, H3BECTHbl OCHOBHblE XAPaKTEPHCTHKH OKyJspa
f: 1 20", KOTOpbIe NO3BOJMSIOT BBIOpATh (€C/IH He 3afiaH) THN OKYJADa,
M TaKHe BEJNHYHHBI, KaK Sp ox, s,;(»m, N d, Dyw, Dge, toe Dywy Dy —
AHaMETPHl KOJJIEKTHBHOH H IJa3HOA JIMH3, AONYCTHMbIE KaTaJOrOM.

5. Huamerp nosesoit nuadparmpl o6ecrneuHBaeT 3ajlaHHOE 3Ha-
YeHHe YIJOBOro noJsisi. B coorsercTBHH ¢ opMmyaonrt (338) Dyy =
= —2fi {g v.

6. Inamerp D, 00BEKTHB2 MOXHO OFIPEIEJIHTL XOLOM AHOO oce-
BOro, AH60 HAaKJOHHOTO KpaWHero Jsyua, T.e.

D, = 2m; 4+ 2a, tg v, (351)
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u ecan Dy < D, 10 1naMeTp OGBEKTHBAa C/eNYeT NPHHSATb PAaBHBIM
AHaMeTpy BXojHOro 3pauka: D, = D.

[Nonepeunbiii MepHIMOHANbHHMA pasMep 2/m; HAKJOHHOTO MyuKa
nyyefi CBSI3aH, KaK H3BECTHO, ¢ AHAMETPOM BXOLHOIO 3pauka, Kosd-
(QHUHEHTOM BHHBETHPOBaHHA: k, = 2my/D, otkyna 2m, = k,D.
3aganHoe BHHbETHpOBaHHE OOECHEeYHBaeTCs TeM, 4T0 AHametp D,
HAH D, OKY/Asipa BHUHCASIOT Ha OCHOBE BEJIMUHH 2m, uau 2m’, otMme-
yeHHHX Ha puc. 177. B sTtoM cayuae ofecneyHBaeTcsi «CpesaHHe»
ofHON 4YacTH HAaKJOHHOro nydka. [na «cpesanus» BTOPOH uacTH
(B ZaHHOM CJiyqae BepXHefi BO BXOXHOM 3pauKe) yCTaHaBJ/HBAIOT BHHbE-
THpylOmylo Auadpparmy, Hanpumep, MexAy MoJesodl AHadparmohn
# o6bexTHBOM (Ha puc. 177 nokasaHa IWITPHXOBON JHHHERA M 0603Ha-
yena BD).

7. duamerp D, KOJJEKTHBHOA JIHH3H OKYJsipa onpejensiercs
XOIOM HaKJ/JOHHOro myuka Jjyuefi. Mla paccMoTperHs Xofa rsiaBHOro
M HHXHEro (Ha BXoje) JyueH MOCJIef0BaTe/NbHO 10 OOBEKTHBA, MEXIY
06beKTHBOM M MoJieBofl nuadparmoil H MeXAy moJjeBol Auadparmon
H OKYJSPOM MOXHO HaMHCaTh!

DQ = 2ap tg w—2 (fi — Sp’) tg e + 2m2, (352)

Iie ®, — YFOJ TJIABHOTO Jyya C OCblo 3a OOBbeKkTuBoM; ig w, =
= (fi + ap) tgw /fi; ms — paccTosiHHE MeXKAY TOYKOH NepecedeHHd
rJIaBHOTO H BePXHero Jy4eHl Ha KOJNJEKTHBHOH JIMH3e OKyJaspa,
my = —nusr,/fi.

8. uamerp Dg rsa3Hoii JJHH3BI OKY/5Ipa HaXOAAT NMyTeM Dacyera
XOJa BEepXHero Jyya uepes BBHIXOZHOH 3pavokK:

D3 = 255 tg " +2m’, (353)

rae 2m' = k,D' wan m' = my/T,.

[Tocae BhluncneHust AuaMeTpoB D, W Dy UX 3HaueHHS CJIERyeT
COMOCTaBUTh ¢ 3HaueHHAMH Dy, ¥ Dy, NPUBEJEHHBIMH B KaraJjore.

B pesyJibraTe BBHIMOJHEHHBIX pacyeToB OyIyT ONpeiesieHbl Tak
Ha3blBaeMble CBETOBHIE JHAMETPhl ONTHUECKHX 3JIeMeHTOB. [JoJiHbie
JUaMeTphl JOJ/IXHB! ObITh 6OJbUIE CBETOBEIX, YTO 3aBHCHT OT crocoba
KpeNJIeHHss H JHamerpa.

3purenbHasg Tpyba TpHMEHseTCs TIJiaBHbIM 06pasoM B TeONe3H-
YeCKHX M aCTPOHOMHYECKHX HHCTPYMEHTaX, a TaKXe€ B NPH3MEHHBIX
HabofaTeNbHBIX Npubopax, rie MpsMoe H300paKeHHe MOoJyYaloT
C NOMOLIBIO TIPH3M.

Jlns uaMmepeHuii MM HaBeAeHHS 3pUTEAbHYI0 TPYOy cHabXxaloT
BU3UPHON CETKOM, XOTOpas HAHOCHTCA Ha IJIOCKONapaJjenbHYIo
NJIaCTHHY, YCTAHABJHBAEMYIO B COBMELIEHHBIX (DOKaJbHBIX IJOCKO-
cTAX OoOBeKTHBAa H OKyJsipa. lleHa neneHnst Ay ceTKH 3aBHCHT OT
HeoOxonuMoHl yrioBofi BeJHUHHH Ao fenenusl H GOKYCHOro paccTosi-
HHA OOBEKTHBA:

Ay = fitg (Ao).
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77. Cxema 3puteibHoR Tpy6u [anunes
H ee pacueT

B n. 71 ormeuasoch, 4To 3puTeabHas Tpy6a I'annses co-
ctouT (puc. 178) H3 NOJOKHKTENLHOTC OOBEKTHBA H OTPHUATE/NbHOrO
OKYJ/5ipa W NOITOMY AaeT Impsmoe H3obpaxkeHHe HAGMIONAEMBIX Mpen-
meToB. [IpomexyTtounoe H3oGpaxeHHe, NOJydalomeecs B COBMEIIEH-
HBIX GOKaNbHHIX IJIOCKOCTSIX, B OTJIHYHE OT H300pakeHHsd B TpyGe
Kensiepa, 6yZer MHHMBIM, IIO3TOMY BHSHPHas CETKa OTCYTCTBYeT.

PaccmotpuM dopmyay (350) mpumenuTesbHo K Tpy6e [anmmies.
Iis TOHKOro OKyJ/sipa MOXKHO CYMTATh, 4YTO Sp» = f3, TOTAA dp =
= (ap. — [3) '} — fi. Dra dopmya Jerko npeobpasyercs K cAelyio-
memMy BHALY:

ap=apTiLfi(Ts—1) wim ap=Ty(@pT:+L). (354)

Kax BuauM, yhaneHue BXOJHOro 3payka B tpybe [anunies mo-
JOXHTENbHOE, T. €, BXOZHOH 3pauoK MHHMBbIH H HaXOIHTCH OH Aa/IeKo
CpaBa 3a rJyasom HabJsonarens.

[Tosoxenne u pasMepnl anepTypHod pnadparMbl H BBIXOLHOTO
apayka B TpyGe [anmunes ompepensier spayok IJjasa Habmofartess.
Tlone B TpyGe Ianmiess orpanuuuBaercs He MNOJEBOH auabparMon
(oHa ¢opManbHO OTCYTCTBYEeT), a BHHbeTHpYIOUIeH Auadparmod,
pOJIb KOTOPO# BBHINOJIHSET ONpaBa o0beKTHBA. B KauecTBe 0ObEKTHBA
yame BCEr0 HCHNONb3YIOT ABYXJIMH30BYI0O KOHCTDYKIHIO, KOTOpast
JIONYyCKAeT MMETb OTHOCHUTENbHOE OTBepCTHE ~1 : 3 H YIJI0BOE moJe
He Gogee 6 ... 8°. Oznmako Ins ofecneueHHs TaKHX YIJOBHIX IOJeH
NpPH 3HAUMTEILHOM YJaJeHHH BXOZHOTO 3pauka OOBEKTHBB! JOJIXKHBI
uMeTh GoJiblIHe HuameTphl. B KauecTBe OKyJ/sipa OOBIYHO NPHMEHSIOT
OJIMHOYHYIO OTPHIATENbHYIO JIHH3Y HJH IBYXJHH30BBIH OTPHIATE/Nb-
Hblfl KOMIIOHEHT, KOTOpble OfecneuuBaioT YIJOoBoe ImoJje He OGoJjee
30 ... 40° npu ycroBHE KOMIIEHCALHH TOJEBBIX abeppaukiii OObEKTH-

00 Ok
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D
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Puc. {78, Pacyernasn cxema aputeasnofi Tpy6u lanuies
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Iy BoM. Takum ofpasoMm, B TpyGe laaunres tpya-
\ HO TIONYUHTh O6OJblUOE YBeNHueHHe (OGHUYHO
OHO He npesmiuaer 6 ... 8%, yame 2,5 ... 4X),
3aBHCHMOCTb YIVla ® OT YBeJHYEHHSA AAA TPYS
Tanuness nokasawa Ha puc. 179.

6 Takum o6pa3oM, OTMETHM ROCTOHHCTBA 3pH-
TeJbHOR TPYOw ['anumes: mnpsiMoe H3obpaxe-
HHe; IpPOCTOT2 KOHCTPYKUWH; HJMHHA TPYOH
Kopoue Ha 182 QOKYCHHIX PAacCTOSIHUA OKY/Aspa
\ N0 CPaBHEBHIO ¢ AJIHHOH nono6Ho# Tpy6ul Kem-

Jiepa.
Onnako Heab3sl 3albIBaTh H HEJOCTAaTKH:
2 Hebosblline TOJAS H YBEAHYEHHE; OTCYTCTBHE
0 2 4 6 ©° [eHCTBHTENBLHOrO H306DAKEHHS H, CJIELOBATENb-
Puc. 179. 3asncumocts  HO,» HEBO3MOXKHOCTb BUSHDOBAHHS H H3MEDEHHH.
YTIOBOrO NOAS OT BH- Pacyer spurenprofi Tpybm TIanunes shi-
ZMMOTO YBeAHYeHHS B QONHMM 10 (GOpMYyJsiam, NOJYYEHHBIM AJS pac-

3pHTENBHBX Tpy6ax
TFanunes yeta TpyOnl Kenisepa.

Tpumep. Paccuurtate Tpy6y [anuies c BHAHMBIM

yBeJNHUeHHEM I‘,.=3X, yrjioBeiM  noeM 20 = 4°,
AUaMeTPOM BHIXOAHOTO 3pauka D' = 4 MM, ap. = 12 MM, L =40 wMm.

i. dokycunie paccToAHUST O6BEKTHBA K OKYJApa:
3-40 40

f{=-—-§-—=60 MM; f.§=-—:2——=—20 MM.
2. Iuamerp BxosHoro 3pauka D = DT = 12 mm.
Taxum o6pasoM, o6bekTHB uMmeeT f; =60 MM, 1 :f{/D =1:5, 20 = 4°.

3. Ilo dopmyne (354) ap= 228 mm.

4. Yraosoe nose okyaspa (20=4°) tg @' =T,tg ®= 0,105 20’ = 12°

5. HUa puc. 178 caeayer, yro ruamerp o6vekTuBa Dos = 2ap tg @ = 15,96 MM,
Tpumem Dog = 16 MM.

INpu nafnennom auamerpe o6nexTHBa Dog = 16 MM u yrioBom nose 2@ = 4°
Ko3(HIKEHT BHHBETHPOBARUS kg = 0,5. Ecsin BHHbEeTHPOBaHHE HelONYCTHMO, T. €.
ky== 1, TO IMameTp 06DbEKTHBA NOJ/IKEH ObITh yBeJHYeH HAa AHAMETD BXOJHOTO 3pauka,
T. e. Dy, b=t = 28 mm.

6. lnaMetp Okyasipa OmpefesiMM Kak IHaMeTp IJIa3HOH JIMH3b OKyJsipa 1no
dopmyne (353): D, == 2m’ + 2ap, tg ©'. Oasg k= 0,5 2m’ =2 mmM, maa b, = |
2m' =4 mM, Torma D, , o5 =452 mM; D, =4+ 2-12:0,105 =

s ky=0, kg
= 6,52 MM.

78. Pacuer npH3mMeHHOro MOHOKYyJsipa

IIpusmerneim MOHOKYAAPOM Ha3blBaeTCs ONTHYECKHH NpH-
6op, nmpexcrasasiomul coboi mpocTylo 3puTennHyio Tpy6y Kemsaepa
C NpU3MOH MJIM CHCTEMON NpPM3M 1Jisi NepeBePTHIBAHHA H300paKeHHs,
6narogaps uemy npubop Haer npsiMoe uaoOpaxkenue. Kpome Toro,
BBEICHHE NPU3M B ONTHUECKYIO CXEMY MOHOKYJsfpa MO3BOJISET NOJY-
YHTb 3aJaHHBIH YroJ OTKJOHEHHS (YroJ MeXIy ONTHYECKHMH OCSIMH
ofbeKTHBA M OKyJsApa), ofecneuuBaloONHi yAOOHOE MOJOXKEHHE TOo-
JIOBBI HaG/IOAaTeNsl ¥ KOMIIEHCALMIO BPAIEHHs H300paxenHs. Ecnu
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3)

Puc. 180, CxeMunl npu3MeHHEIX MOHOKYJISIPOB

B MOHOKYJSIPE NDHMEHSeTCS OJWHOYHAS NPH3MA, TO AJS NOJYYeHUs
IpsIMOro H300paKeHus B NMpHOOpe OHa NOJIKHA MMeTb Kpblmy. CXeMnl
HEKOTOPBHIX NPH3MEHHHIX MOHOKYJAPOB npuBefeHsl Ha puc. 180.
Monokynsap c¢ npusmofi Imuara (puc. 180, a) umeer yraosoe
nosie He GoJiee 8° U YroJ OTK/IOHEeHHS 45° MEXIY BH3UPHOM OChIO (ONITH-
YeCKOH OChI0 B HPOCTPAHCTBE NpPENMETOB) M ONTHYECKOH OCHIO OKY-
aspa. Monoxkyasp c¢ npusmo#i A66e (puc. 180, 6) MHOTAA HCIOJMb-
3YIOT AJ11 U3TOTOBJIEHHS NMpH3MaTHUeCKUX GuHokJedl. [Ipusma Ilexana
(puc. 180, 8) no3BOJISIET MOAYYHTb KOMNAKTHYIO BIOJb OCH CHCTEMY
Giarofaps OoJbLIOH JJIHMHE XOla Jiyda BHYTPH npusMmei. Eciau 6uHO-
KyJAsipHBIH TpHOOP, COCTOANmIME H3 MOHOKYJSIPOB, AOJIKEH HMETb
MOBBILICHHYIO ILIACTHYHOCTD W KOMIIAKTHOCTb, CJEAYeT NPHMEHSTb
npusmy Jlemana (puc. 180, &). Ha puc. 180, J, e nokasaHsl MOHOKY-
JApBH ¢ TNPH3MEHHBIMH cHCTeMaMH MasadeeBa (cooTBeTCTBEHHO 1-ro
H 2-r0 poia). DTd CHCTEMBl H3BECTHH B HEKOTODHIX CTPaHaX, Kak CH-
cremnl IToppo. OcoGeHHOCTbIO 3THX CHCTEM SIBJSETCS TO, 4YTO ONTH-
HECKHE OCH OOBEKTHBA H OKyJaapa He JexaTr B OLHOH IIOCKO-
CTH.
Ha puc. 180, s npuBefeHa ontuueckasi cxema OJHOTO MOHOKY-
JApa crepeoTpyOrl: | — 3aMMHUTHOE CTEK/J0; 2 — roJOBHAS NPH3Ma;
3 — oOnexkTUB, 4 — GammayHasi mpu3Ma ¢ Kpuiumefl; 5 — KJIuH, 6 —
cetka; 7 — oxyasp. OcoGeHHOCTbIO 3TOH CXeMbl NPU3MEHHOH 3pH-
TeJbHOR TPYOHl fIBJAsSieTCS NEPHCKONHYHOCTb, KOTOPAsl OLEHUBAETCH
paccTosiHHEM MEXJy ONTHYECKHMH OCSIMH OOBEKTHBA H OKyJaspa.
OnrHueckas cxeMa apTHIJIepUicCKOH naHopamsl, ofecrneuuBaromel
MEePHCKOMHYHOCTh H BO3MOMHOCTb KPYIOBOTO 0630pa NMpH HEMOABHXK-
HOM OKYyJisipe, npusesieHa Ha puc. 180, 3. ['onoBuasn npusma I umeer
BO3MOXKHOCTb BPaIaThCs BOKPYI BePTHKAJbHOH OCH, a JJI51 KOMIIEH-
calHH NoBopora H3obpaxeHust npusma [loBe 2 Bpamaercss BOKPYT
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ITOR XKe OCH Ha yroa B 2 pa3a MEHbIUHA yria MoBopoTa roN0OBHOM
NPU3MEI.

[Fa6apuTHbifi pacyeT NPH3MEHHOI'O MOHOKY/fApa nojo6eH rabapur-
HOMY pacuery npoctofi TpyOu. OT/IHuHeM SBJIAETCS OnpejeneHHe
pasmepoB npuaM. s ylo6CTBa pacuyera ONTHYECKYI0 CXEMY MOHO-
KyJ/fipa pa3sBOPAayHBAIOT MO FOPH3OHTAJNbHOM OCH, 3AMEHSIOT NPU3MY
SKBHBAJEHTHOH IJIOCKONAapaJ/eNbHOH MJaCTHHOH, DeAyLHpPOBaHHOH
K Bo3nyxy. [Ipu3amsl pasMernaroTcs Kax B napasiiesIbHOM Xoje Jayuef,
Hanpumep, nepex o6beKTHBOM (cM. puc. 180, ac), TaK H B CXOAAmMUXCS
nyykax Jyuelt 3a o6bekTHBOM (cM. puc. 180, a—e). s mnpusm,
PACMONOKEHHBIX B CXOAAUMXCA NYYKAX JydeH, YYHTBIBAETCA BhI3HI-
BaeMoe HMH YIJMHEeHHe xoja Jjyua. Ha 3HaueHHe 3TOro yAJIHHEHHS
yBE/NMUMBAETCH B peasjbHOH CHCTEME pacCTOSIHHE MeXAy [oBepX-
HOCTAMH TOTC TNPOCTPAHCTBA, B KOTOPOM Pa3MellaloTCs [PU3MHI.
Pacuer nmpu3M COCTOMT B ONpEJEJEHHH AHAMETPa CBETOBOTO Myyka
Jyuyefl, KOTOpPHIH OHA JOJKHA MPONYCTHTL, H MECTA DPacrosIOXKEeHHA
IpH3Mbl MeXKAy OOGBEKTHBOM H OKYyJisipoM. Bce ocTanbHble pasMepsl
OTpaXaTeJbHBIX MPH3M NaHbl B HOPMANSX H COPAaBOYHHKAX JJIS NYYKa
Jy4Yedl KPYTJIOTO CeuYeHHst H HauboJbliuM AxamerpoM D.

[aBapuTHBlft pacueT OTpaKaTeJbHOH NPH3MBI, PAaclOJNOXKEHHOH
B napaiejbHOM MyuKe, NpuBefed B nm. 29. PaccmorpuM ra6apuTHsli
pacueT NMPH3Mbl, PACHOJNOXEHHOH 3a o6bekTHBOM. [/ ONpene/neHus
pasmepa npu3Mbl Ha puc. 181 mokasaH XoR JyueH noc/ie o6bEKTHBA.

Kax Bumgo Ha puc. 181, a, auamerp D; Ha BXOIHOH rpaHH NPH3MH
MOXeT ONpefeNsThCH XOAOM BHEOCEBOTo Jydya 2 HJM XOJOM OCEBOro

ayua 1 (D, — puc. 181, 6), a nauboabpmu#i cserosolt puametp D,
BLIXOJHOW T'paHu onpenessercs aydom 2. Paccrosinue b, or nocaeiHei
nopepxHoctH 0,B; npuamel 10 GoKaNbHOH NJIOCKOCTH OOBEKTHBA BHI-
6upaloT TakuMM, 4TOOB pasMepn NpH3MH OblJIH MHHHMAaJbHbBIMH,
a JONMYCK Ha HM3TOTOBJIEHHE KDBHIMIH y TpH3Mbl Obia wHpe. O6a 3TH
YC/IOBUS BBIOJIHAIOTCA NPH Pa3MelieHEH NPH3Mb! B HENOCPEACTBEH-
HOM 6au30cTH OT oKaNbHOU nuockocTd. ONHAKO pasMemarth 3afHION
rpafb CJOMIUKOM GNH3KO K (OKaJbHOH MJIOCKOCTH He CJeAyeT, Tak

6=0 |D v =0 10 %’
,’.___:L____\ o, 8 8, ;-—~l—— b~ 8, B, D,/z
z R Y73
/EJ 5 ”'IS.: > 1, y 2 = [ —>< TV 6 y’
i p f\ L-’ S = _/// 77 \\Alyr
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Puc. 181. [Ipusma B cxopsileMcss XOne ayuell
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Kak Bce JedeKThl cTekJa (Ny3upH, KaMHH, MEJKHEe LAParnHHH H Mh-
NHHKH) 6yIYT Pe3KO BUAHEL B M0Je OKyAsipa H OyxyT meinath Habuio-
Jenuio. B TO Xe BpeMmsl YIANEeHHIO NIPUSMKL OT QOKaNbHOH MJIOCKOCTH
HPONOPIHOHAAbHO JBOGHHE M300DaXeHHs BC/IENCTBHE MoOrpeniHccrefl
B H3TOTOBJIEHUWH YTJ1a KPHIIH NpH3Mbl. [103TOMY onTHMAa/bHBIM [0OJIO-
KeHHeM MpU3Mbl OyIeT Takoe, IIPH KOTOPOM €e INOCJIEQHSIsT HOBEpPX-
HOCTb pasMelaercs nepei (GpOKaIbHOH IJIOCKOCTHIO OKYJsipa TaK, 4YTO
H306paXkeHue MOBEPXHOCTH MOC/E OKYJISIpa HOJAydYaeTcsi BHE NPEIEIoB
aKKOMOJALHM Tyasa Habmiolaress. JTOMY COOTBETCTBYET PAa3HOCTD
cxoguMocTH Ay 3a okyaspom: A, = 10...20 antp. Benuuuuu b,
n Ay cBsizaHsl QOpMYJIcH by = fé'An/IOOO.

C nomomplo pxe. 181 MOXHO BHIBECTH CJEAYIONIHE pacyeTHbIe
dopmyasi: _

Dy = nb:D/(nfi — cD);

Dy = 2y" 4 2 (ba/fi) [0.5k0D + (fi +ap) tg i;
- by [0,5k,D + (F; + ap) 1g o] — f{* g o,

Dy=2n nf; — 2 [0,5kgD T (T, + ap) 1€ 0 (355)

HJIH _
Dy = 2(y" -+ b2 4/f1); (356)
Dy = 21 (b:A — f{" tg o)/ (nfi — 2cA), (357)

rae D — nuamerp BXOZHOro 3pauka; ¢ =d/D; (i =0; 1; 2;..);
A =05k,D + (fi +ap)tg n (A =h —y).

OtHomerne A/fi = tg wy, U ecan tg wy >0, To HauboJbIHHUA
pasMep HMeeT BXOJAHAsI OBEPXHOCTbL Npu3Mbl. Ee pasmMep paccydTH-
Batot 1o dopmyiam (355) wanm (357). Eciu 2y > D, 10 tg @, Beeraa
MEHbIIe Hy/As U HauOOJbIUUH pa3Mep HMeeT BHIXOAHAs HMOBEPXHOCTb
IOpU3MBl. DTOT pasMep onpeiensor o ¢opMyne (356).

K mnafinensomy HanGosbinemy cBeToBOMY pasMepy Dmax INpH-
6aBJsIOT NPUIYCK Ha ONpaBy MW HAXOLAT BCE OCTAJbHEIE Da3MepHl
npusmbl. Cjefyer OTMETHTb, UTO AHaMerp AHadpparmbl Dmax orpa-
HHYHBAeT XOJ BeDXHeH 4acTH HAKJOHHOIO Iy4Ka, a HMAKHAS 4acTb
3TOr0 MyyKa OrpDaHHYHBAeTCsl OHpaBaMu JHH3 OKy/aspa.

79. Pacyet 3puTenbHod TPyObI
¢ JMH30BO#H o0opauuBalowed cucreMoi

OCHOBHBIM JOCTOUHCTBOM 3PHTEJbHHIX TPY6 C TNPH3MEH-
HbIMH 060pauHBAIOIMMK CHCTEMaMH, WJH IIPH3MaMH, SBJISETCS KOM-
NAaKTHOCTb KOHCTPYKuuH. OIHAKO NIPU 3TOM YBeJHUYMBAeTCH Macca
npubopa ¥ BO3HHKAEIOT TPYAHOCTH TEXHOJOIHYECKOrO HOpslKa, CBs-
3aHHBIE C H3TOTOBJIEHHEM M IOCTHPOBKOH npuaM. IIpsimoe u300p axKeHue
B 3DUTeJbHOH TpyGe Kemsepa MOXKHO MOJYYHTH, BBOAS B €€ ONTHYE-
CKYIO CXEMY JIHH30BYI0 06OpauuBaiomyi0 cHcreMy. B atom caydae
JlaXke NPH HCNOJNb30BAHHH CJIOXKHOH, HAmpUMep NsTHJIHH30BOH, 060-
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Puc. 182. Cxema sprresHOl TPYOH ¢ OMHOXOMIOHENTHON 060pauuBaiolell CHCTeMOR

pauHBaioOel CACTEMBl YAAeTCHA MO CPABHEHHIO ¢ MOJOGHOH MpU3MEeH-
HOH CHCTEMOH YMEHbLIMTb Maccy NpuGopa B LeNOM NOYTH B 2 pasa.
3puTenbHylo TPYSy C JHH30BOR O6OpaudBaiomedl CHCTEMOil HHOrAa
Ha3BIBAIOT 3€MHOH 3pHTEeabHOR TPYOOH.

JIMH30BLIE OBOPAYMBAIOIME CHCTEMEl MOTYT OBITH OJHOKOMIOHEHT-
HBIMH, HO 4Yallleé HCIOJb3YIOTCH JIBYXKOMIIOHEHTHbBIE CHCTEMHI.

Ha puc. 182 npubesena cxema TPYObl ¢ OHOKOMIOHEHTHOH 060-
paunBaiomeil cHcreMofl 3, OGbEKTHBOM [, KOJIEKTHBHOH JIMH3OH 2
H OKyJspoM 4.

U3 TeXHHUECKHX YCJOBHE Ha pacdyeT 3PHTeJbHOH TPYOB! AOKHBI
6bITh W3BECTHH: BuuMoe yseauueHue I'y; yraoboe nose 2o; nuamerp
puxopHoro D’ wiu BxojHoro D 3pauka; LJiHHA cucreMusl L; ynaie-
HHE 2 p BXOJHOTO HJIH @p- BHIXOXHOIO 3Dauka; KO3(pdUUHEHT BHHLETH-
pOBaHUS k,; JIHHeHHOE yBeJHUCHHE 0oGOpauHBaiomed cHcTeMBl Po.o;
MOKeT OHITb 3afaHo (OKYCHOE DacCTOsiHHE OKyJaapa fi.

Eciu 32 06beKTHB NPUESATh NMEPBLHIE TPH KOMIIOHEHTA, TO BHAHMOE

yBeJHUEHHE
e = —fu, 2. 0/f4 (358)
I‘lleh 1;5[1 o3 = hm/tg 05 tg oy =1tg0a/fo.c; tgos=1gP u fi=
= ny/1g O,.
Hocne;osaTebeHo HoAcTaBAsAs B Qopmyay (358) yxasaHHbie co-
orHowenus, noayunM L'y = —fifo. /fi.

Janee pacuerT BuMOJHAeTCH MO caexylomum dopmynam: fi =
= —T.fi/Bo.c; D = DTy D;=2m;+ 2ap tg 0. Ilpuuem eciu
okaxercsi, uto D; < D, 10 cienyer npunumate D; = D, utoGbl He
OeiI0 cpe3aHusi Jyuell B OCEBOM IyuKe.

Iocie onpejeienns OCHOBHbHIX XapaKTePHCTHK obpektHBa (f1,
D/fi, 20) ero MoMHO BHODaTh M3 KATaJOTOB HJH PacCyHTaTb. 3aTeM
ompejensior:

Loch_(f1+f4)y aazLo.c/(ﬁo.c—l);
aé = [50. cLo. c/(ﬁo. c 1); f3 = - (Lo. ¢ AﬁaHé) ﬁo. c/(l - Bo. c)z;
D3 = —Daa/fi; tg w3 = —yi/as.
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Puc. 183. CxeMa 3puTe/ibHOA TPYSH C ABYXKOMNOHEHTHON JMUH3OBOA 060payuBaioLiell
CHCTEMOH

1 — oGbexkTHB; 2 — KOAJeKTHB; J, 4 — ofopauHBawouwlas CcHCTEMa; 5 — OKYJAAD

OTH BeJIMUMHB ABJSIOTCS XapaKTepHCTHKamy obopauHBalomed cH-
creMbl {f3; Da/fs; 203, Po. ). 3amerum, uro Dy = —2f{ tg @, 1, Tak
KaK TVIaBHBIH J1y4 KOJVIEKTHBOM HAIDPABJASETCS B NEPEAHION IJIABHYIO
TOUKY OOOpAauUBAIOIEH CHCTEMH,

Ufs = (Uf) (1 + ap/fi) + Lfa.

[Tapamerpsl OKy/5ipa BHIMHCASIOT TaK e, KaK U napamerpsl TPyOul
Kenaepa [cm. dopmyast (352) u (353)1. OGeuno nuHeHOR yBeJHdYe-
Hue ofopauuBalomell cucrembl Po., = —I1, TOorza AJs OAHOKOMIIO-
HEHTHOH cucreMsl Lo, . = 4f3, az = —2fi, © OTHOCHTE]BHOE OTBEP-
cTHe 060pauHBaIOLIEro KOMIIOHEHTA OKas3hiBaeTcs BABOE GoJbIle, ueM
OTHOCHTEJbHOE OTBepcTHE OKyJspa. CTpeMmieHHe YMEHbIUHTB (o
abCoOMIIOTHOMY 3HAYeHHUIO) JHHEHHOe YyBeJMuyeHHe NDHBONHMT K elle
6oJIblIEMY YBEJHUYEHHIO OTHOCHTENBHOTO OTBEPCTHS 000padyMBalOIIEeH
CHCTEMBI, 4TO HexesareJnHo. Ilpu Bo3pacTarud JHHEHHOTO yBenH4e-
HuA (Do abCO/IOTHOMY 3HAUEHHIO) PE3KO PACTYT YIVIOBOe NoJe 2w
H ofas AJAHHA CHCTeMB! L, 4TO TakKe HeKesaTeJabHO.

B 3puresbHBIX TpyGax ¢ ABYXKOMIOHEHTHOH JHH30BOH 06OpayH-
Bawomeit cucreMoit (puc. 183) Mexzy ee KOMIIOHEHTaMH Jy4YH HAYT
B BHJe NapaJJ/eJbHBIX MYYKOB, YTO MO3BOJISET H3MEHATb PACCTOSIHHE
ds, a TeM caMbIM H AIMHY oGopaunBajomeil cucteMl Lo o = f3+
+ ds + fi.

[lepeuie Tpu xomnorentra I—38 ofpasywr TpyGy C YBEJIHUEHHEM
I';;, a mBa mocaennux 4, 5§ — 1py6y ¢ yseanuenueM I'yy, T. €.

Lo =Tnl'v = — (fi/f3) (—Fifs) = — (fi/f5) Po.

rre _Po.c = —Fiffs.

InaBHBIE NyY B TAKHX CHCTeMax OOHIYHO HAUPAaBJSIOT C NOMOMIBIO
KOJIIEKTHBA MO cepefune paccrosinus dg. C nomompio puc. 183 MoxHO
HalTH CIENYIOMYIO CB3b MEXAY PacCTOSHHAMH dz H f3:

ds = —(1 — ko) D (fa/fi)/tg 1. (359)

[Tonarasi, 4T0 H3BECTHHIMH ABJSIOTCA Te XK€ XapPaKTePHCTHKH,
4YTO H AJA TPYOH ¢ OJHOKOMIOHEHTHOH oGopaudBaiomell CHCTEMOR,
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sanmumeM GopMmyJssl IS raGapHTHOrO pacdera TPYGHl ¢ JABYXKOMIIO-
HEHTHOH oOopauuBalOmed CHCTEMOM:

1) fl = “‘r'rf:';/p)o. <
2) Dy =2m, + 2aptg ©;, THE 2my = RD;

3) f5 (1 — ko) DI(Fi" tg @) +f5 (Bo. e — 1) + [L — (fi +f5)] = 0;
4) fi = —Po.cf3 B) ds ompenensem no gopmyJe (359);

6) Dy = —2fitgwr; 7) Ds= Dfs/fi; Dy = Ds;

8) 1/fz = (L/f1) (1 + ar/fi) + (L/f3) [1 — da/(2f3)];

9) puamerp mnoJeBOH Jmadparmel, YCTaHABJIMBAEMOH B MepelHEH
(oKaNbHON IJIOCKOCTH OKYJsipa,

Dnp = —2f51¢ ws; (360)

10) muameTphl JUH3 OKYJAPA BHIUHC/IAIOT TaK XKe, KakK A8 TPYOBl
Kemuepa.

80. OcHOBHEIE CBENEHMS O 3pHTEIbHBIX Tpybax
NePEMEHHOr0 yBeJIHYEHH S

Usmedenue BHAMMOIO YBEJIHUEHHS B 3PHTENbHBIX Tpybax
MOXKET NPOHUCXONHUTb QUCKPeTHO H HenmpephlBHO. COOTBETCTBEHHO pas-
JIHYAK0T 3PUTEJNbHBEIE TPYObl AUCKPETHOTO YBEJIMYEHHS M MaHKpaTH-
yecKue 3pHTeJbHBIE TPYOBl — TPYObl C IJIABHO H3MEHSIOUIHMCS YBe-
JITUEHHEM.

JIMCKpeTHOEe H3MEHEHHEe YBeJHYEHHS JOCTHUTaeTCsl HECKOJIbKHMH
cnoco6amu: 1) cMeHOM OKyaspoB, 2) OOBEKTHBOB, 3) OTAEIbHBIX
yactelt 06beKTHBA, 4) 060pAUHBAIONICH CHCTEMEl, D) NMEpeBOPOTOM Ha
180° ofopauuBaiomieli cucremsl, 6) mepemelerneM o6beKTHBa 060pa-
yyBaomel CHCTeMBI BJOJb ONTHYECKOH OCH, 7) BBEIeHHEM OCOOBIX
agoKaJbHBIX HACAOK B NapasieJbHBIA XOX Jy4yeH BHYTPH TEJIECKOMH-
YeCKOH CHCTEMHI.

Haun6osee npocTeIM H pacnpocTpaHEeHHBIM SBJIsieTcs NepBbE CIo-
co6 — cMmeHa oKyJspoB. Tako# cnoco® IMHPOKO NPHMEHSIOT B reoje-
3HYECKHX M aCTPOHOMMUYECKUX NpHUOOpax H JOCTATOYHO 4YacTo B IPH-
Hesax pa3iuyHoro HasHaueHHs. Hanpumep, Ansf TEOJOJHTOB HCHOJb-
30BaJMCh CMEHHBbE OKyJAspH ¢ ' = 8; 9; 10; 13; 5; 16,7 u 20 mm.
3epkanbuuiil Tesneckon lleficca ¢ fos = 1,1 MM uMeJa cMEHHBIE OKY-
aspel ¢ f' = 6; 10; 16 u 25 MM. 3epKanbHO-JTHH30BHIH TEJNECKOI
A3T-7 umeer LIeCTb CMEHHBIX OKYJISPOB.

ITpu cmene OKyJApOB ¢ yMeHbIIeHHEM (GOKYCHOIO PacCTOSIHUS CO-
OTBETCTBEHHO YBEJIHUMBAETCH MX YTJIOBOE IOJIE M yMEHbIIAETCsl AHa-
MeTp BHIXOZHOIO 3paukKa.

B psne ciayuaeB ¢ pOCTOM BHJMMOrO YBEJHYEHUS TEJECKOMHYL-
CKOH CHCcTeMbl NPHXOIAUTCS yMeHbIIaTh noge. [Ipy sTOM pasmep
nojieBofl Anadparmel B TepenHed (POKaJdbHOH IJIOCKOCTH KOPOTKO-
dokycHoro okyaspa 6yaer ompeaensTh mojte [cm. dopmyay (360)1.
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Donee pexkum sBasiercs
BTOPOH cnoco6 — cMeHa 00%b-
ekTuBa. Ero npumensior B He-
KOTOPBIX MEePHCKONAX M IpH-
Henax.

Tperu#i crioco6 yro6en npu
HCIOJb30BaHHH 06BEKTHBA,
COCTOSIIET0 M3 HECKOJbKHX
TPynn JHH3, HampuMep TeJse-
o6BeKTHBa (AHH30BOIO HJU
sepkasbHOro). CMeHOH nepef-
Hel uau 3ajHel wactu (rpynn
JIHH3) HOCTHUTalOT H3MEHEHUS
(OKYCHOrO paccTOHUS 0ObEK-
THBA. Pa3HOBHIHOCTHIO 3TOTO
cnocoba ABJSETCS H BBeJeHHe 8
HOBOTO ONTHUYECKOTO 3JIeMEH- Puc. 184. Cmenuble 060payHBaiolHe CHCTe-
Ta — PPYNIN JHH3 UJY 3epKana. MB

Hanuuue ofopauupatomed § 3 "P¥ B=—L6—mpuB < —1: 6 — npu
cucteMul (puc. 184, a) mosso-

JIsleT OCYLIeCTBHTb YeTBepThIf

crnoco6 H3MEHEHHs YBEJHYeHHS NyTeM CMEHBl Kak OJHOIO H3
ee OOBEKTHBOB, Tak H of6oux. JInHefiHoe yBejanyeHue obopa-
YMBAIOUiel CHCTEMbI M3MEHSIETCS B COOTBETCTBHH ¢ (HOpPMyJaoi
Bo.c = —fi/fs. B srom cayuae nuHefiHoe nose usobpaxenus 2y’
H OTHOCHTEJNBHOE OTBEPCTHE NOCACHAYIOIMMX OINTHUECKHX Y3JIOB OCTa-
IOTCSl HEH3MEHHBIMH, T. €. HEH3MEHHBIM SIBJIAETCA M JAMaMETP BBHIXOX-
HOro 3payka D' Bcefl TeJecKONHYECKOH CHCTEMBbl, a noJe 2y npejsl-
LyIie#l CHCTEMBI M OTHOCHTEJbLHLIE OTBEPCTHS OOBEKTHBOB, CTOSILUX
nepefl o6opayuBalomel CHCTEMOH NEPEMEHHOIO YBEJIHUYEHHs, H3Me-
Haworesa. Ecan aupefinoe yBenwuerHe o60payMBaloOmed CHCTEMBI MO
abCOoJIOTHOMY 3HAYEHHIO OYNEeT pacTd, TO yrjoBoe noje 2w Oyner
YMeHbINATbCsA, & AMaMerp BXopHoro 3pauka D ysenuumBathbed. Ilpu
9TOM HEH3MEHHBIM OCTAEeTCsl COOTHOMWEHHE D min 18 ®max = D max t€ Omin
HJIH F'l‘ min tg Wmax = FT max tg [ )

VismeneHHe yBeJHUYEHHS] MOXKET OHTb LCCTHTHYTO (NATHIA crocob)
H IMOBOPOTOM OBOpauMBaloUiell CHCTEMbl H3 ONHOTO TMOJIOXKEHHSH
(puc. 184, 6) B npyroe na 180° (puc. 184, 8). Torna nepBuIl OOLEKTHB
o6opauKBalomell CHCTEMBl CTaHET NOCJEXHWM, K Haobopor. Ecam
B NepBOM IIOJIOXKEHHH JHHeHHOoe yBeawuyenue P, = B;, TO BO BTO-
pom_ B,y = 1:P;, T. e. mpepemax BHIWMOrO yBenuuenus M =

Cmena o6beKTHBOB 0GOpauyMBAKOMEH CHCTEMBl HJH €€ NepPeBOPOT
Ha 180° ycaoxHsieT MeXaHuKy npubopa U yBeIHYMBACT Pa3Mephl NpH-
6opa B CeYeHHU, MEPHEHAHKYIAPHOM K ONTHYECKOH ocH. B 3ToM oT-
HomeHuu Gonee ypobeH precToil c¢rnoco®, NpH KOTOPOM BJAOJb ONTH-
4yecKOH OCH HepeMelaeTcss OOBEKTHB 060pauMBaiomel cucTeMsl. Bos-
MOXeH M TaKOH{ BapHaHT. KOrjia BHYTPeHHHH 06beKTHB 060payuBalo-
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Puc. 185. Tlepememenue o6bektuBa 060-  Puc. 186. CxeMB U3MEHEHHS YBeJHUCHUS

pauuBaOmed CHCTEMH BJOJb ONTHYECKOR  NyTeM BBOAA AONOJHMUTENIbHBIX Tpy6 Ia-
ocu aunes

HeH CHCTEMBl HepeMemiaeTcs MeXXAY ABYMS HapyKHBIMH HENOIBHIK-
HEIMH.

HanGosee mpocThiM croco6oM H3MEHEHUS YBeaHueHuss B o6opa-
yhBaloLled cHucTeMe ABJseTcd nepeMellenne obvekTHBa HH' Broan
ONTHYECKOH ocH Ha paccrosHue d (puc. 185). B nepBoM mosioxeHuu
(puc. 185, a) uxumefiHoe yBesnuuenue P; = ai/a;, a BO BTOpPOM
(puc. 185, 6) — ysennuerue Py = aj/a,. Dopmyna orpeskos (38)
MO3BOJISIeT HOJYYHTh YpaBHEHHE

a4+ a(2f —d)—fd=0.

YuurteiBast, 4T0 @y — d = @,, AAS ABYX 4D CONDPAXEHHHIX OT-
PEe3KOB a1, aj U dg, (3 PEIIEHHEM KBaAPaTHOI'O YPABHEHMs OlpeLeuM
ABe Mapbl HEMOJBHIKHBIX CONPSIKEHHBIX IIocKocTeHl. B oxxo#i nape
Pa3MeCTHM MJIOCKOCTH npeamera A u uzobpaxennss A, a B ipyrost —
IJIOCKOCTH BXOJQHOIO M BBIXOLHOTO 3paukoB C ueHrtpamu P u P/,

Ecan uspectna piuHa cucrembl L = —a; + af, To UpH 3alaHHOM
JHHEHHOM ypaBHeHHH f; INOJYyYUM Cclleaylollee BLIpAXKEHUE IS
onpeneyieHHss (QOKYCHOTO DacCTOSIHUSI OGBLEKTHBA:

f' = _BlL/(l - ﬁl)ﬂ'

Ilpu 3ToM JHHefiHOe YBeJHYEHHE BO BTOPOM MOJIOXKEHHH P, =
= 1/f;.

[Tpu 3ananHOM nHHeHHOM yBeaudeHud P, (uau B,) u usBecTHOM [
BeJIUYHHBl @; M @i (HIM Qy H @3) ONpPeReJAT mo ¢opMmyne a; =
==/

[Nepemennoe yBesHueHHEe MOXKHO NOJYYHTh U C MOMOIBIO OTPHLA-
TEJIbHEIX OOBEKTHBOB, a TaKXKe C IIOMOIIbIO MEePEIBHKHOIO MOJIOXKH-
TeJILHOTO OOBEKTHBA, NMepeMemaomerocs MexXAy AByMsl APYTHMH He-
NOABHAKHBIMH TOJIOXKHTENLHEIMH HJIH OTPHLATENbHBIMH, 9TO NOAPOGHO
paccmotpeno B patorax B. H. Hypuaosckoro.
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B psajge npuGopoB cMeHa YBeJNHYEHHS [OCTHraercs BBeleHHEM
B XOA NapajJielbHHX Jyye# JONOJHHTENbHHX TEJECKONHYECKHX
Tpy6 cucremsl I'anuies. Mx ycranaBauBaloT HJIH nepej NepBhIM 00b-
€KTHBOM Nnpubopa, HJH BHYTPH NpHOOpa, Iie HMEETCs napaJJebHbIA
X0 NydYkoB Jaydelt. [lonosuurenbpHas TpyGa MOXKeT 3aHHMAaTb TPH
nosoxkeHust (puc. 186) ¥ naeT BO3MOKHOCTb NOJYYHTb TPH 3HAYEHHS
Bugumoro yseandenus I'y mpubopa (I'ymax, I'ricp # I'pmm). Ecan
BHIMMOE yBeJHYeHHe TPyObl B  [OJOXEHHH, [OKa3aHHOM Ha
puc. 186, a, coorsercrByeT I'y;, @ B IOJIOXKEHHH, NOKa3aHHOM Ha
puc. 186, 6, — I'yy, TO

Fypmax =T'aTog; I, cp ™ | Ty = Tallne,

rpe 'y, — BuOuMoOe yBesnuenue npudopa 6e3 NONOJHUTENbHOH TPYOHI.

OueBnpno, yro I'yy = 1/T.

IlenTpom Bpamerus TpyObl OTHOCHTENIbHO OCH, NEPNEHAHKYJSIp-
HOK K onTudeckol ocu, siBasercsd Toyka C. Takue Bpamawomuecs
WM CMEHHbIe TPYOBl MOT'YT IPHMEHATBHCH HE TOJbKO B TEJeCKOIHue-
CKHX CHCTeMaxX, HO W B IpPYyrux npubopax, rie HMeercs HapaJjeb-
HBIH X0 Jyuefl, H B TeX XKe LeNsiX, T. . AN YBeJHYEHHS HJIH YMeHb-
IIeHUsT Maciraba H300paKeHHus.

JononHuTeNbHYIO TENEeCKONHYECKYIO TPYOY NPUMEHSIOT COBMECTHO
co Bcefl TeJeCKONHYECKOH CHCTEMOH MJH YacThlo ee, IJig KOTOPOH
NOJIOXKEHHE BHIXOJHOTO 3pauKka OnpelessieTcs IOJOXKEHHeM IJa3a
nHabmogarensi, ClefoBaTesqbHO, BBIXOAHOH 3padok D’ KONOJHUTEND-
HOI TpyOH! Beeriia JOJKEH COBNAAaTh C BXOAHBIM 3pa4KOM 9aCTH ONTH-
UeCKOH CHCTEMH, pacnoJioKeHHOH sa Tpybo#t (puc. 187).

Adoxanpuas Tpy6a cucrempl [anmnes I103BOJISIET BHIIOJHHTD
YCJI0BHE Qip = —dgpr, TOTJA NEHTP Bpamenus C Tpy6ol 6ymer pac-
NOJIOXKEH TIOCEPEAMHE MEXKY BXOMHbIM D M BEIXOXHBEIM D’ 3paukami.
B stom cayuae u3 dopmysnsl (354) nonyth (ap = a1p v apr = ajp:):

aip = fi(l (L4 1),

rpe I'y — BuaUMOe yBesHyeHHE nonom{menbﬁoﬁ TpyOnl; fi — ¢o-
KyCHO€ pacCTOsiHHEe IepBOro KOMIIOHEHTa TPYOHI.

Hanpuwmep, ecau I'y = 4 u fi = 100 MM, TO aip = 17,6 Mm.

CrefoBaTe/IbHO, CTAHOBHTCS H3BECTHHIM pAaCCTOSIHHE MEXAY 3af-
HeH [JIaBHOH NJIOCKOCTBIO BTOPOro KOMIOHEHTa TpPyObl H NepefHel
IJaBHOA NJOCKOCTBIO OOBEKTHBA, TAaK KaK [MOJOXKEHHE BXOXHOTO
3payka TeJECKONHYECKOR CHCTeMbl O BBEAECHHA NONOJIHHTEJIbHOH
TPpYOBl H3BECTHO.

Hast HenpepwiBHOro H3MeHeHus Macluraba u3o0pakeHUs NpHMe-
HAIOT NAHKpaTHYecKHe 06beKTHB, 060paulBAaIOILYIO CHCTEMY H OKYJIAD.
Criennbuueckofl XapaKTepHCTHKON NAaHKPATHIECKUX CHCTEM SIBJSIETCH
nepenaj BHIMMBIX YBEJHYEHHH

M :FTmax/FT min - (361)

[Tankpatuveckuii o6beKTHB ROJKEH COCTOSITb, IO KpaiHeH Mepe,
H3 ABYX OT/AEJbHBIX KOMIIOHEHTOB. DTO MO3BOJISET MOJYYHTh PaA3JHY-
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Puc. 187. Tlonoxenne sxonanoro u Bu-  Puc. | 88. [lankpatHueckHe OGBeKTHBH
XOLHOTO 3paykoB B CMeHHBIX Tpy6ax

Faauies NpPH PA3IHYHOM YBEJNHYEHHH:

a—DP= T 6—T=yI,

Hble 3HAYEHHs €ro IKBHBAJEHTHOTO (OKYCHOIO DAacCTOSHHS IYTEM
M3MEHEHHS BO3LYIIHOTO NIPOMEXYTKAa MEXKAY ero KOMIOHEHTaMH CO-
rnaceo topmyne (58):

Op = @) O, — O, Mydy;

362
Dpy = @, + @, — D, Dydyr. (362)

Bennuunast @y, Opg, dy u dyp 3anawres. M3 coBMecTHOrO peluenus
ypaBHeHHH (362) mosyyaroT Beipaskenue Lasi onpenenenus @,:

o @5 (dy — di1) + Dy (dn® — diDp) + Oy — Oy =0
n O
D, = (@ — Dp)/(1 — Dody). (363)
KomrnonenTsl nepememaiorcst 43 nogoxenus [ B nosoxenue [/

(puc. 188, a@). Ecau boxycHble pacCTOsiHHS KOMOOHEHTOB HPOTHBO-
MOJIOKHBI [0 3HAKy M OLHHAKOBHI IO abCOJIIOTHOMY 3HA4yeHMIO, T. €.

fi = —f3, 10
fi=v'difi wm fi =y dufi

[MankpaTndyecku#i OGBEKTHB MOMKET COCTOST H3 ABYX IOJOXH-
TeJbHBIX KOMNOHeHTOB (puc. 188, 6). Hanpumep, ecam dokycHble
PACCTOAHHA KOMIOHEHTOB OJHHAKOBHL, T. €. f{ = f5, TO H3 GOPMYJIbI
(363) caenyer:

®dy — 20, + @ = 0. (364)
Hanpumep, ecnu neo6xomumo umerb fi = 100 MM, a d; npHHHU-

maercs paBHbIM 80 MM, To pewenue ypasHenus (364) maer fi, =
= f3,1 = 55,28 MM unu fi. o = f5 o = 144,72 mMm.
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[pyroe Bo3MOXHOE Hau-
Melbluee 3HaYeHHe fi; IpH HaH-
MmeHnbineM di; HaXONAT H3 Bbl-
paxenus fii = fi*/(2fi — du).
B 3ToM caydae jsns TOro ke
npumepa  moayunM  fij =
= 32,66 MM mput d;; = 17 MM
H fi = 55,28 wmwm.

[lepemelenne OZHOrO H3
KOMOOHEHTOB OOBEKTHBA Bbi- Pyc. 189. 1By XKOMIIOHEHTHAR MAHK PATHYEC-
3plBaeT CMELIEHHE BCEro O0Bb- Kas 060pauHBalOLlas CHCTeMa
eKTHBa, TaK Kak H3MeHsercs
paccTosiHHe MeXIy BTODbIM KOMIOHEHTOM H (okaabHO# nJjocko-
CThi0. JTO paccTOsiHKe onpelelsiioT no gopmyae a; = f' (1 — d/fi).

B coorBercTBuH ¢ dopmynamu (335) u (361) ansa népenaga BHARMBIX
yBequueHHH nosaydaem Buipamenue M = fr.x/fmin.

T1aHKpaTHYeCKHH OGDBEKTHB, COCTOAIMUH H3 ABYX MOJOKHTENbHEIX
KOMIIOHEHTOB, MeHee IIpellOYTHTENeH, 4YeM TeJeOoOBeKTHB (CM.
puc. 188, a), Tak KaK OH MO3BOJIsIET OGBIYHO IOJNYYaTb Nepenag me-
Hee 2, TOrAa KakK Tesqleo6BEKTHB MOXKET CO3[aBatTh lepenap GoJgee 2,
u B yactHocth M = 2 ... 6.

Kak npaBuio, B naHKpaTH4YeCKHX 3pUTEJNbHLIX Tpybax npume-
HAIOT HAHKPATHYECKYI0 00OpauHBaIoILyl0 cHcTemy. Takyio cHCTeMY
OOBIYHO HCIIOJB3YIOT B ABYX BapHaHTaX: LBYXKOMIOHEHTHHIH Bapuo-
OOBEKTHB C MeXaHHYeCKOH KOMIeHcalHed U TPeXKOMIOHEHTHBIH
BapHOOOBEKTHB C ONTHUYECKOH KoMmneHncanued (cM. ria. XV).

OnrtHyeckas cxema IBYXKOMIOHEHTHON NaHKpaTHYecKo# ofopa-
gyBaoLled cHcTeMbl nokasaHa Ha puc. 189. Hanpuwmep, npenMeTHoﬁ
To4KOH A Moxer ObITh 3anHHi GoKyc 0ObeKTHBA, a TOUKOH H306pa-

_al

xenus A’ — nepeHuit QoKycC OKymaApa.
YpaBHEHHWEe NJWHBI CHCTEMBl HMeeT BHI!
L = —a; +d -+ aj = const. (365)

[TanxkpaTuyeckas ofopayusaiomiasi CHCTEMa COCTOHT M3 IBYX
OOBEKTHBOB ¢ (DOKYCHBEIMH PAacCTOSHHAMH [i YU fi, pacHoJOXKeHHBIX
IPYT OT JpYra Ha HM3MeHsieMOM pacCTOsiHHH d, HO TPH BHINOJHEHHH
YCJIOBHSI [OCTOSTHCTBA JJIHHBl CHCTEMEI. 3alaBaeMbIMH NapaMeTpaMH
cay:XaT LJHHa CHCTeMB! L, MHHHMAaNbHOE Boy ¥ MAaKCHMAIbHOE Pmax
JIMHEHHbIE VBEJHUYEHHS .

3HaueHHst GOKYCHBIX pacCTOsSHUB fi ¥ f; 3amaioT, a BO3LYWIHBIH
NPOMEXKYTOK d, YIOBJETBODSIIOWIMH 33a1aHHOMY JIHHEHHOMY YBeJu-
YeHHIO P, paccUMTHIBAIOT NnO (popmye

d=05L—05VL*—4[L(fi +/3)+ (1 —B)fifs

Paccrosinue d onpenensiorT s OBYX TPAHHUYHBIX 3HAYeHUHA By,
U Bmax, YTOOH YOeMHTHCH B TOM, YTO NPH NEPEMENleHHH OGBEKTHBRI
He CTaJKWBAWOTCA APYr C IPYLOM.

233



Paccrosinne ot nepenﬂeﬂ I'JIaBHOH MJIOCKOCTH nepBoro KOMIIO-
HEHTa /0 IIJIOCKOCTH IpPEIAMETOB

ar = filfs (1 — B) + Ba/I(fs + f5 — 4) 1.

Benuurny a, npu HallieHHBIX @; B d HAXOAAT U3 YpaBHEeHUs (365).

MeToznKka pacuera IaHKPATHYECKHX OOGOpPAUMBAIOIIHX CHCTEM
noapobHo paspaborana M. A. TypruiruneiM [37]. Cucremsl Takoro Buza
N03BOJISIOT MOJYYaTh SHAYMTE/IbHBIA Nepenaj yBeJHUeHHH, onpeje-
jsieMbli paBeHCTBOM M = Buay/Ppiy, Hampumep g0 M = 20, HO
yalle BCEro mepenaj yBeJAHYeHUH B 3THX cucremax M = 4 ... 8.

KOHCTPYKTHBHBIM HEJOCTATKOM NaHKPATHUECKOH JBYXKOMMOHEHT-
HOH o6OpaunBarolled CHCTEMBl SIBJSIETCS [EPEMELIeHHEe OIHOTO K3
KOMIIOHEHTOB IO KPHBOJIMHEHHOMY 3aKOHY (3TO YCJIOXKHSET H3rOTOB-
JIEHHE 11233, N0 KOTOPOMY IepeMelaercs WTHGT, Hecymuid onpasy
KOMIOHEHTa). TeXHOJIOTHYeCKHM INpeHMyliecTBoM 6yzeT obaajgath
Takas CHCTEMA, KOMIOHEHTH KOTOPOH I[epeMemalorcs 10 JHHeHHOMY
3aKOHY. JTOMY YCJOBHIO MOXKET YHOBJETBOPSITH YETHIPEXKOMIOHEHT-
Has CHCTeMa, UMEIOIas JBa XKEeCTKO CBSA3aHHBIX IOJOKUTENbHBIX KOM-
NOHEHTA, NEPEMEIIAIOMIKXCS BIOJb ONTHYECKOH OCH, MEXKAY KOTOPHLIMHU
HaXOJMMTCS HEMOABHXKHBIN OTpUNaTeNbHE KommouentT (puc. 190).

[lepBblli 06BbeKTHB (KOMIIOHEHT) CJAYMKHT IJIsi COKpAlleHus ofiel
JAJIMHBl CHCTEMBI M INPOCHUPYET NPEIMETHYIO TOYKY A B HENOABHXK-
HYIO TOYKY A,, TaK YTO MAHKDPATHYECKOH CHCTEMOH CJYXKAT TPH cje-
AYIOIHX OOBEKTHBA, KOTOPHIE HPOENUPYIOT NPEAMETHYIO IJ8 HHX
TOUKy A, B TOYKY H30Opaxenuss A’.

BTopo#t M ueTBepTHIl KOMIOHEHTH ORXHOBPEMEHHO NEpeMellaioTcs
OTHOCHTEJIbHO TPETHETO, H NPH 3TOM HPOHCXOLHUT HEKOTOPOE CMerie-
HHEe IJIOCKOCTH H300paxeHHs Ha BeauuuHy Oz. [Ipum Hamjexamem
BEIOOpE (POKYCHBIX PACCTOSIHUH KOMNOHEHTOB ¥ OOLIEro NEpeMellleHHs 2
3TO CMellleHHe MOXKeT OBITb HeBeNHKO, HANpHMep B Mpejejax He-
CKOJILKHX JNOJIeH MHJJIUMeTpa NpH nepenage M = 4,

BosmoxkHa H Apyras cxema HaHKDAaTHYECKOH CHCTEMEBI, B KOTOPOH
[epeMealnTCsa JBa KECTKO CBSI3AHHBIX OTPHULATENbHBIX KOMIIOHEHTa
OTHOCHTEJIbHO PAacCHOJOXEHHOTO MEKAY HHUMH HENOABUIKHOIO IMOJO-
JKHTEJNBHOTO.
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Puc. 190. UeThpexXOMMOHEHTHAN NEHKPATHUECKAs OGOPAYMBAIOLLAS CHCTEMA C ONITH-
4yecKOM KomNeHcaliHedt
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Y paBHeHHe AJHHBI AJA PacyeTa TAaKMX CHCTEM HMeeT BHI:
=—ay+d1+dy 4 ds +aj,
a AN pacyeTa BapHOYACTH —
Ly = —as - dy - ds + az,

rie a, onpexnensioT no ¢opmyJe OTPE3KOB NPH H3BECTHHIX a4y H fi,
Tak Kak Qp = aj — d,.

81. CrepeockonHYeCKHe TENECKONMHUYECKHE CHCTEMbI

HcnonbaoBanye crnocoGHOCTH Ta3 yeJoBeKda K TPEXMep-
HOMY BOCIPHATHIO NPOCTPAHCTBA, HA3BIBAEMOMY CTE€PEOCKOMMUECKHM
3peHHEM, MO3BOJHJIO COSJaTh OCOOBIH KJacc 3pHUTeJbHHX TPy6 —
CTEPEOCKONUYECKHX TEJECKOMHUECKHX CHCTEeM, HabJ/IofileHHe B KOTO-
PEIX BEAETCS ABYMS IJIa3aMH.

Hannuve paccrosHHst MeXAy Y3/OBHIMH TOUKaMH IJas (TJIasHoH
6asuc b) cospaer pas3NMyHe B [OJIOXKEHHH H300DaXKEHHH ONHHX H
TEX K€ TOYeK NpeJMeTa Ha CeTyaTKe IJ1a3, YTO U SABJSETCsl TIaBHBIM
¢dakTopoM 00BEMHOTO BOCTPHATHS NpOCTpaHcTBa. Jlerko ceGe npen-
CTaBHTb 3aMEHY IJ1a3 yeJoBeKa ABYMS OOBEKTHBAMH, B ILJIOCKOCTAX
1306pakeHusl KOTOPHIX CO3AAIOTCA 06pasbl ONHOTO H TOTO XKe 0GbEKTA,
HaXOJSILIHEeCH HA pa3JHYHBIX pac-

CTOSIHUAX (Y U Y;) OT ONTHYeC- A,
Kux oced (puc. 191). ]

Pasnocte 3THX paccrosuui,
HasplBaeMas JIHHEAHBIM mapaJi-
JIAKCOM, JIJIs1 NIPEAMETHBIX TOUYeK
A; u A, COOTBETCTBEHHO paBHa:

P1L=Yin = Yins  P2= Yom — You.
YFOJaI €41 MEXIY BH3HPHBIMH OCH-
Mu A1Ai, 0 AlAin ¥ yroa eu,
Mexny AsAsy v AyAs, HasbBa-
I0TCSL MapalJaKTHYeCKHMH YrIJia-
MH, a pacCTosHusi, 00603HAUYeH-
Hole R; ¥ Ry, — OMCTAaHUUSIMH.

[Ipu  nmocraTouso 6GoJabiIKX
paccTosiHuAX Ry M Ry, Ri ~ Ri~
~ [, pp=p, =p, torma R =
= f'Blp, u ecn p/f’ ~ tge, 10

R2

A YA Ny

=Ry=f'

/,
=

—_— 14
R = Bltge. Al \at, Ay
Takum o6pasoMm, IHCTAHLHIO 7L,

MOXKHO ONpPENEIHTh H3MepeHHEeM y’li‘i
HJIH JMHEAHOrO mnapaJjJjakca p, <

HJIM - NapaJIaKTHYeCKOTO  YIVIA  pyc. |91, Cxema 06pasoBanks crepeo-
€. JTa BO3MOXHOCTCh PCaJIn3yeT-  ckomuyeckoro napajiakca
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¢ B CTEPEOCKONMHYECKHX TEJECKONHYECKHX CHCTeMaX, Ha3hiBaeMhIX
JaJILHOMEPaMH.

CrepeockonnueckHe npubopel ofecneyHBaioT HabJaIoleHHe npeame-
TOB B TpexXMepHOM npocTpancTse. J/Is 3TOf LeJH CO3JaloT NEBYIO H
NpaBylo BETBH ONTHYECKON CHCTeMBI, OJHHAKOBHE MO YCTPOHCTBY,
obecrieuuBaolive pasAeSbHOe NPOXOXKAEHUE IYYKOB JyueHd OT Ha-
6n10faeMOTO INpeaMeTa B JIeBRIH M NpaBhIB rIJasa HabJwonareds,
[IpumepaMy TaKMX CHCTeM fIBJSIIOTCA ONTHYECKHE CHCTEMHI GHHOKJEH,
aJbHOMEPOB, GOJIBIINX B apTHANEPHHCKHX cTepeorpy6. Ontnueckas
cxema cTepeoTpyOnl nokasana Ha puc. 180, oc. IllapHupHOe coenune-
HHe TPYO [O3BOJAET U3MEHATh DPACCTOSTHHE B MeXIy BH3HDHBIMH
ocsIMH, HasblBaemoe 6a30H cTepeocKonuueckoro npubopa. [edcTBH-
TeJbHBIH CTEpPeOCKONMHYecKH# 3(deKT BOSHHKaeT B TOM CJyuae,
ecJlH H3o0paXKeHHe B KaxJIoH u3 BeTBeft Oynzer npaMuiM. Ha puc. 192
NOKa3aHa NPHHIHIHAJbHAS CXeMa CTEePEOCKONHYecKoro Ipubopa.
[Tpsamoe n3o6paxkeHHe oOecreynBaeTcs BBEIEHHEM TOJIOBHHIX NEHTAa-
npu3M 2 ¥ OPSMOYTOJBHBIX C Kpoileidl npusm 4. YBenuuexue 6asnl
ONITHYECKOH CHCTeMBl NpHOOpA YJayHIaeT BOCHPHSTHE FAYOHHEL B IIPO-
CTPaHCTBE IIpPeNMETOB.

Oruowernye 6assl B nputopa K 6ase b riia3 HasWBaloT ydeabHOL
naacmuxol: Py = B/b, KoTopas xapakTepusyeT ycuiaexne 3hderTa
CTEPEOCKONHYECKOTO BOCIPHSATHS IPOCTPAHCTBA NPH HaGJHONEHUH
C IOMOIIBI0 NpHOOpa N0 CPABHEHHIO ¢ HAGIIONEHHEM HEBOOD Y KEHHEIMH
TJIa3aMH.

[Iponssenenue yaeNbHOH NJIacTHKY HA BHIMMOE YBEeJNHUEHHE Ha-
3HBAIOT NMOJNHOH naacTuko#: P = I'yP,. TlosHas naactuka crepeo-
CKOITUYECKO TeJeCKONHYeCKON CHCTEMEl NTOKASEIBAET, BO CKOJLKO pas
IeHCTBHTENbHAS JAMCTAHLMSA HA MECTHOCTH OOJbIlle KaxyIleHcst NpH
HabJIOeHHH ¢ NOMOLIBIO npubopa.

Omyumars ray6uHy HabmofaeMelX NPeLMETOB MOXKHO B Mpenenax
paguyca CTepeoCKONHUecKoro 3peHHs (cM. n. 59) R, = B/Aeg,.
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Puc. 192. Cxema cTepeocKONHUYECKOR TesieCKOMHYECKOR CHCTEMBI:

! — 3allHTHOE CTeKNO: 2 — MNeHTanpHaMa; J — OOLeKTHs; 4 — MNDAMOYroJbHas TNpPH3Ma
C Kpbilweil; § — ceTKa: 6§ — poMGHUECKas NPH3aMa: 7 — OKYJARDP: 8§ — KOMOEHCATop
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YuuThBas yrjoBOA Ipenen CTepeo-

CKOIIHYECKOrO 3peHHA 1 = Agpin= — | g
= AegyaI'y, HOJydaem AA—
mint T» y 06 7 /;_é] I u
R, = BT./n. A 4
% . N\ \ 0K
Hanpumep, y BOCBMHKpAaTHOro R
NpH3MeHHOTro 6HHOKJA ¢ B = 125 MM NHLZ

Puc. 193. Onrtuueckas cxema GHHO-
KyJAsIpPHOK Hacalk{

'y = 8X mpu m =4,9-10"° pax (10")
paguyc R, = 20,4 km (mnsa raas,
KaK H3BeCTHO, Rupx =~ 1,3 &mM).

Teneckonuyeckye crepeocKonHYecKHe CHCTEMHl [PHMEHSIOT B OC-
HOBHOM B mnpufopax MAJs H3MepeHHs AHCTaHUUA — B JaJbHOMepax
H BBICOTOMEpax.

Crepeockonuyeckue npubopH Bcerfa ABISIOTCA GHHOKYJSIPHBIMH,
HO GHHOKYJSIPHbIE NPHOOPH MOTYT OBITb H HE CTEPEOCKONHYECKHMH.
IIpu Habmonenuy B OMHOKYASIPHBIH NPHOOP, NOKAa3aHHLIH Ha puc. 193,
o6peMHOe (TpeXMepHOoe) n3obpaxeHue He obpasyercs. B atom ciyuae
0 JaJbHOCTH PACIIOJIOXKEHHUS TeX HJIM HHBIX OOBEKTOB CYJAT IO TAKHM
LOIOJNHUTENBHEIM (akTOpaM NpPOCTPAHCTBEHHOTO BOCIPHSATHS, Kak
NPOTAXKEHHOCTb MpEeAMETOB, IIepCIeKTHBA, 3aropaxuBaHHe Inpel-
MeroB OJH3/MEXKAMMH, HalpaB/eHue HajeHHs TeHeHd U T. I

82. 3purteabHasa Tpyba ¢ 3JeKTPOHHO-ONTHUECKHM
npeo0pa3oBarejeM M ee pacyer

3pHTeNbHYI0 TPYOY C 3JEKTPOHHO-ONTHYECKHM Kpeolpa-
30BaTeJeM IPHUMEHSIOT AJs Hal/OfEHHs NPEAMETOB, CO3LAIHUX
B 3payke IJa3a OCBEIEHHOCTb, 6au3Kyw K moporoeof (5-10-° nx),
HJIM H3JyHamolluX He B BUAUMOH, a B PEHTT€HOBCKOH, yJIbTpaduoeTo-
BOA MJIM WHOpaKpacHOH o6JacTAX ONTHYECKOTO AHanas3oHa.

DeKTPOHHO-ONTHYeCKUM 1ipeobpasoBarenem (DOIT) HaswiBaeTcs
BaKYyMHBIH (OTOSJEKTPOHHBEIE HpHOOp, NpeJHA3HAYeHHBIH IJA Ipe-
0o0pa3oBaHUs CIEKTPaNbHOIO COCTaBa H3JYUYEHHUS HJAM HEBHIUMOTO
rnasoM H3obpakeHusi, o6pa30BaHHOr0 KaKOH-I160 ONTHIECKOH CHCTe-
Mo# Ha dorokatofe DOII, crHauana BHyTpu npeoGpasoBaTesst B Ipo-
MEXYTOUHOE 3JIeKTPOHHOE H300paKeHHe, a 3aTeM Ha ¢JIioopecuHpyo-
weM sxpane B Bujaumoe. JOII ucnonb3yioT TakxKe MIA YCHICHHSA
SIPKOCTH BHJIHMMOTO H300paKeHus.

O6nekTuB 3purenpuoit Tpy6ul ¢ DOIT (puc. 194) o6pasyer usobpa-
XE€HHE npelMeTa Ha ¢oToKaToie IpeoGpasoparens, a rJaa3 Hab.jo-
naTejs paccMmarpuBaer npeo6pasosannoe JOIT mu3obpaxenue Ha
3KpaHe C MOMOUIBIO OKYJApa, BHINOJHSAIOWEro poJb Ayne. Tak Kak
B DOII serko pocruraercd NpOH3BOJbHOCTL 000paYHBaHHUS H300paxe-
HHSI, TO B 3PUTEIbHBIX TPyOax Her HeoOXOAUMOCTH NPHMEHATb ONTH-
geckHe 060paguBaiolye CHCTEMbl. B TaKHX CHCTEMax OTCYTCTBYeT
ONTHYECKOE CONpsKEHHe Jyded, NpoXoisliuX B NPOCTpAHCTBE Npel-
MeTOB nepeji OOBbEKTHBOM, C JIy4aMH, NPOXOJALIMMH B NPOCTPAHCTBE
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Puc. 194. Cxema 3purenssolt TpySu ¢ 3001

H306paKeHHA 32 OKYJNAPOM, M OTCYTCTBYeT BO3MOXKHOCTbH B3aHMHOH
KoMneHcauuH abeppauudl o6beKTHBa H OKyJasipa. [loatoMy oHM sIB-
JISIOTCSA CaMOCTOSITENbHBIME ONTHYECKHMH Y3/1aMU, TPeOYIOUMMH THIa-
TeNbHOH abeppallMOHHOH KODPEKLHH, NPH KOTOPOH MOJHOCTBIO HC-
NoJIb3yeTcA HEBBICOKAs paspellauias CHocoOHOCTb (IO CPaBHEHHIO
¢ o6BeKTHBOM M OKyJaspom) 3SOII.

3pureabnyo 1pyfy ¢ DOI1 xapaKTepusyioT CiefylollHe xapa-
METpPbl: BHAMMOE yBesauyenue I'y; yriaosoe nose 20; apameTp BXOZHOTO
3payka D; aJnuHa cuCTeMbl L; 3JeKTPOHHO-ONTHYecKoe (JIHHEHHOe)
ysenuuenue JOI1 B, = —Dy/Dy,; muamerp ¢orokarona Dy, AHa-
MeTp 3KpaHa D,; paspemaiomas cnocofHOCTb 3KpaHa N,; CHexkTpaslb-
Has XapaKTePHCTHKAa YYBCTBHTENBHOCTH (GoTOKaTOAA (Sy, px; Sa; Sam)
HJIH HMHTeTpa/jbHasl YYBCTBUTEJNBHOCT S; KO3PdUIHEHT CBeTOBOH
a(pekTHBHOCTH K, MOKa3bIBAOIUH OTHOILEH e cBeTOBOro notoka @, ,,
H3/Iy4aeMOT0 3KpaHOM BO BHemHiol nosychepy, K HOTOKY @ g,
nonasuieMy Ha (OTOKaToA; sipKOCTb 3KpaHa L,, 3aBucsmas oOT
SHEpPreTHYeCKOH OCBEIeHHOCTH E; 4, (oTOKaTOna M Ko3ddunueHTa
SPKOCTH Ty 3KpaHa, paccTosiHe L, MexJy (OTOKaToLoM U 3Kpa-
Hom DOII.

Buaumoe yBennuenune Tpyber ¢ 0TI

FT = _f(’)ﬁﬁs/ft’m, (366)
L = fos + Ls + fox. (367)

M3 cosmectHoro pemenus (366) u (367) nonysum ¢okycHbe pac-
CTOSIHHSI OGBEKTHBA M OKyJspa:

fos = Lz (L — L)/(T'x — Bs);
]tém = Bs (L - Ls)/(Bs - Pr)

2 \l

AJHHA CHCTEMBI

~

\
: \

Omuocumensnas
vyBCmBUmeIHOCMS

AN O Puc. 195. CnekTpa/ibHHe XapaKTepHCTHKH
0 30rM:
500 700 900 A, MM 1 — ¢oroxkaTtoaa; 2 — 3kpaua
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[pu samanHoM yryioBoM noJie 2@ ¥ H3BeCTHOM 3HA49eHHH Dy,
($oKyCHHE PaCCTOSHUSA OOBEKTHBA M OKYJspa COOTBETCTBEHHO DaBHHIL

f:)O = ‘_de/(z tg 03); féx = —féﬁﬁs/rr-

¥Yraoeoe none 20" B NPOCTPAHCTBE M306paxeHHH, ONpelesseMoe
coorHomeHueM tg o’ = ['; tg ©, goaxHO 6HITh coraacoBaHo ¢ ¢o-
KYCHEIM DAacCTOSTHHEM OKYJAspa H IHaMeTpoM 3kpaHa D,

tg 0" = Ds/(2fox).

JuaMeTp BXOZHOrO 3padka O0BEKTHBA ONpEAENsieTcs ¢ HO3HUHH
JIOCTATOYHOCTH 3HEpPTeTHUeCKOH OCBEmEeHHOCTH E; py H306paKeHus
OpH JaHHOH 3HepreTHYecKoH spKOCTH L, mpenpmera.

Juamerpn 00BEKTHBA W OKyJAsipa [IJs TEJAeCKONHYECKOH CHCTe-
MHI HaxoZsaT 1o dopmyaam (351) u (353).

KauectBo u300paKeHusi, NOAYYaeMOT'O Ha 3KpaHe, HUXKe, UeM
KauecTBO H300paxeHust, CO3iaBaeMoro oO0beKTHBOM Ha (OTOKATONE,
d 3aBHCHT OT pasMmepa O, nsiTHa paccesiHHs 3JEKTPOHOB HA SKpaHe.

Juamerpbl 8, Kpy:xKOB paccesinusi Ha 3KpaHax 3OII coorser-
CTBEHHO DPAaBHBL:

npu 3jekTpocTatudeckofi dorycupoBke 8y = 1,2L,Uma/Ex;

npu MarHuTHOH GorycupoBre 8¢ = 2L,Uma/ U,.
3pecs L, — paccrosinne mexny ¢GorokatogoM H 3KpaHoM; Umax —
HauboJblIasl HavyaJbHasl SHEPTUA 3JEKTPOHOB; Ey — HanpsKEeHHOCThb
noJst y dororaropa; U, — aHOAHOE HampsKeHUE.

Sxkpansl JOI1 orinualoTcsi CpaBHUTENBHO MajoH paspemaromied
cnocobuocteio (20 ... 40 mm1), T.e. §, =~ 0,025 ... 0,05 mm.

Paspemaromasi cnocobnocts (MM~) Ha dorokarofe N = B,/5,,
H ee HeoOXOJMMO COIJacoBaTh C paspeliamoulell cnoco6HOCTHIO O6b-
ektuBa: Ny = N

[Tpu Bribope mau pacuere OGBEKTHBOB H OKYJISDPOB 3PHTEJNbHBIX
Tpy6 ¢ DOII obsacTh HX XPOMATHYECKOH KOPPEKUMHU HOJMKHA COOTBET-
CTBOBaTh CHEKTPAJbHBIM XapaKTEPHCTHKAM — COOTBETCTBEHHO (OTO-
Katona W skpaHa (puc. 195).



IF'aasa XV
®OTOrPA®UUECKUNA OBBEKTHUB

83. OcHOBHble XapaKTepHCTHKH (oTO0GBEKTHBA

@ororpadudecKuM OOBEKTHBOM HA3bIBAETCS ONTHYECKAS
cucreMma, ofpasyiomas AeHCTBHTeNbHOe H306paXKeHHe MPEAMETOB Ha
CBETOYYBCTBHTENBHOM CJi0e (OTO- H KHHOIUICHKH, NOBEPXHOCTH (HoTO-
karoga, JOI1 uax TeseBH3HOHHOH nepelaiowel TpyGKH H T. X.

B oTinyMe OT HEKOTOPHIX JAPYTHX ONTHYECKHX CHCTeM B (hOTO-
00BbeKTHBe HCOpaBasioT Bece abeppaunnu. OOGBeKTHB — 310 HauboJee
Ba)KHasd 4acTh J0OOro (OTO- HJIH KHHOANNapata, H OT €ro CBOHCTB
raBHbIM 06pa3oM 3aBHCHT KauyeCTBO H3006pameHHS.

OCHOBHEIMH ONTHYECKHMH XapakKTeDHUCTHKAMU OOBEKTHBA sB-
JsioTcs  QoKycHoe paccrosHHe [’, oTHocHTeNpHOE OTBepctHe D/f
u yrJjosoe noJe 2. JIpyrue BaxkHble XapaKTePHCTHKHU OGBEKTHBA —
3TO paspellalomias CHoco6HOCTb, (YHKIUS [Oepefayd MOAYJALMH
(PIIM), pacnpefeneHde OCBEIUEHHOCTH 0O [MOMK0 H306pakeHus,
CrieKTpasibHash XapaKTePUCTHKA NpONYCKAaHHSt CBeTa, WHTErpaJibHHIH
KO3(pOHIMEHT NPONyCKaHHA CBeTa, CBeTOpaccesiHue H Ap.

QoxycHoe paccTossHHE (POTOOGBEKTHBA ONpEeNe]sieT MaciiTaé H30-
6paxKeHHsl, AJIUHY CHCTEMBI H CBETOCHJY.

Ilpu cwemKe ypaleHHBIX OOBEKTOB HX HM306paxkeHHe NOJAydYaercs
yMeHbIIeHHEIM §' = —f tg @, rjle ® — yr/10Bo# pasmep mpeamera y.

Ilpu cpemxe GJIH3KO PACIOJNOXKEHHBHIX NPEAMETOB MacwTal H30-
Opaxkenust onpejieJsiercss JHHEHHbIM yBesludeHdem P, Kotopoe 3a-
BHCHT OT (POKYCHOIO pacCTosiuus: B = —f/lzununpun = n' f = /2.

CnefoBaTesibHO, NPH OAHHAKOBOM DACCTOSHHU 2 [0 IpeiMeTa ero
usobpaxenue y° = yP Gyner tem Goubuie, ueMm GoJbiie PoOKycHOE pac-
crosiHie. BOT mouemy npH KpyIHOMAcIITaGHBIX CheMKaX TPefyioTcs
LAHHHODOKYCHBIE OGBEKTHBHL.

3a OCHOBY pasjieJieHHsl OGbeKTHBOB NO (GOKYCHOMY pacCTOSHHIO
NPHHHMAETCS OTHOLWeHHe GOKYCHOIO PACCTOSIHUA K AMArOHaJH Kajpa,
KOTOpO€ I/ HOPMa/bHBIX (OTOOOBEKTHBOB OOBLIYHO COCTABJISET
0,9 ... 1,6. O6BeKTHBH, Y KOTOPBIX 3TO OTHOIeHHe Menbme 0,9,
Ha3bIBAIOTCA  KopomKkogokycubimu, a OGoabue 1,5 — daunnogokyc-
Hotmu. POKYCHOE PacCTOSHHE COBPEMEHHBIX (DOTO- B KHHOOGHEKTHBOB
KOJIeG/IeTCS OT HECKOJbKHX MHJJIMMETPOB (HANpumep, OGBEKTHB
OKC-7 nnst cpeMKH Ha 16-MHJIHMETPOBYIO KHHOIJIEHKY HMeeT [/ =
=7 mM, K =25 20" = 87,5°) no merpa (Hanpumep, OGBEKTHB
MTO-1000 umeer [ = 1000, K = 10, 20" = 2,5°).

Kpome 06BEKTHBOB C NOCTOSIHHHIM (HOKYCHBLIM DacCTOSHMEM HMe-
10TCSl OOBEKTHBH C INeDeMEeHHEIM HeNpPepHBHO H3MeHglomuMcs ¢o-
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KYCHBIM paccTosHHeM. TakHe OOBEKTHBH, Ha3hnBaeMhle TaKKe MNaH-
KpaTHYECKHMH, NO3BOJIAIOT B ONPEJEJIEHHOM JAHAla3oHe HellPepPhIBHO
H3MeHsITh MaclTab H3obpaxkeHusi. Cpefy NaHKDaTHYECKHX OOBLEKTH-
BOB pas/iHyaT TpPaHChOKATOPH H BapHOCGbEeKTHBH (cM. 1. 87).

OrtxocutensHoe otBepcTie D/f o6BeKTHBA ONpeNeNseT OCBEIIEH-
HOCTb H300pa)KeHHs H, CJAeHOBaTeJbHO, cBeTOcHJy. (OCBElIeHHOCTh
E’ u3obpaxeHuss oceBoli TOUKW INpeAMETa, HMEIOLIEro spKocTs L,
KaK u3secTHO [cM. dopmyay (222)] npu n' = n Gyzmer pasua:

E' = 0,25wal (D/f')* [Bs/(B» — B)I*
E" = (0,25tnL/K?) 1Bp/(Pr — B) I,

raie K = f'/D — puabparmennoe 9HCJIO.
Ecan mpexmer pacnoJioxkeH B GecKoHeunocTd, TO B = 0 H npu-
BELEHHHIE BhIe (OPMYJEL YIPOMAKTCS:

E’ = 0,25tnL (D/f')? = 0,25tnL/K?.

HJIH

Ceerocnna E’/L npu NMOCTOSHHOM OTHOWIEHMH Ti/4 = const 3aBHCHT
OT KBajfpaTa OTHOCHTEJNbHOrO oTBepcTds. Paadnuvaior (cM. 1. 43)
reoMeTpuueckye cBerocuay (D/f)* H  Qu3HYECKYI0 CBETOCHJY
t (D/f')®.  OrHocHTenbHOE OTBEPCTHE OGBEKTHBA, OIpefeseHHoe
¢ yyeroM KoadhuiueHTa NponycKaHus T, HasuBaeTcss 3QPeKTHBHEIM.
CooreetcTBeHHO  3(pdekTHBHOe  JHapparmeHHoe  wuciao K, =
= f'/(D V") = KIV=.

dna 3¢pdeKTHBHEX OTHOCHTeNbHBIX OTBEDCTHH NPHHATH 4HCJA:
1:07; 1:1; 1:1,4; 1:2; 1:2,8 1:4; 1:5,6; 1:8; 1:11;
1:16;1:22;1:32; 1:64. 3a 0CHOBY NOCTPOEHHSA 3TOr'0 psia NpH-
BATO yCJaOBHE, 9TOGHl NPH MNEpPeXoie OT OJHOI'O OTHOCHTENLHOIO OT-
BepCTHA K OJmKaflueMy OCBeLIEHHOCTb H300pa)KeHUs H3MEeHAJach
BABOE, a IJs 3TOro pAuadparMeHHOe YHCJIO JHOJMIKHO H3MEHATbCSH
B V2 = 1,41 pasa.

OcBewennocts H3o6paxenuss Ej- BHEOCEBHIX TOYEK, HMEIOMHX
ApKOCTh L, 3aBHCHT OT Te€OMETPHYECKOTO BHHBETHDOBAHHHA R, H
yraoBoro mojis 20’ B mpocTpaHcTBe H3o0pameHnus [cMm. dopmyay
(228) I:

Eg: = koE’ cos* 0’.

Orpunaressuoe BJAHSHHE KOCHHYCA YeTBEpTOH CremeHH yria
nojs H306paxeHHss OCOGEHHO CKAashiBAeTCsl B IMIHPOKOYTOJbHBIX
cucremax. PaspaGotanuuii npod. M. M. Pycuuosmm wmeton [31]
abeppaliMOHHOIO BHHLETHPOBAHUS MO3BOJIAET YMEHBIUUTb CTENeHb
KOCHHYCa yrAa NnoJis H306paxKeHHsi H TeM CAMBIM BHIDOBHSTH OCBellleH-
HOCTb H306pa)KeHHA N0 HOJIO.

B =2aBHCHMOCTH OT 3HaueHHs AHagparMeHHOro 9HCJA2 Pa3AHYaOT
06BeKTHBR: CcBepXcBerocuabHele (K < 1,4); cBetocumbuue (1,4 <
< K < 2,8); vopmansaue (2,8 < K < 5,6); Hecpetocuabue (5,6 <

< K).
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Puc. 196. Cxema ¢pororpadpuueckoro o6b-  Puc. 197. Cpasb yryIoBHX nofefi ¢ yrio-
extyBa. CBA3b yIVIOBOrO IOJA C PasMe-  BHM yBeJHueHHeM
pamMH Kajpa

3HayeHHe OTHOCHTENLHOI'0 OTBEPCTHS B OOBEKTHBAX H3MEHSIOT
C [OMOIIBIO HDHCOBOH JuapparMel, cJayXKallef anepTypHOH Jua-
¢parmoi.

Yraosoe noje 20’ OGBEKTHBA B IPOCTPAHCTBE H306parKeHHH
onpeneasier ¢opMar cHuMka. s doTorpadHuecKHX CHCTEM HpEHMY-
IECTBEHHO NPHHSIT NpPSAMOYIroJbHBIH (opmaT H3obpaxeHus, obecrne-
YHBaeMbIH KaJpPOBHIM OKHOM. KaJapoBoe OKHO HMEET BHICOTY A,
IAPUHY by, KuaroHakdb 2l, =y hi + bk U dABJIsieTcs noJeBol Iua-
¢dparmoit (puc. 196).

[Ipu u3BecTHOM (POKYCHOM DacCTOSIHHH YIVIOBOE HOJIe B IPOCTPaH-
crBe u3obpaxenudi 20" = 2 arctg (I/f'). ¥Yraoeoe moae 2w B npo-
CTPAHCTBE NPEAMETOB CBSI34HO ¢ YIVIOBHM MOJMEM 20 yrJIOBEIM YBe-
JHYEHHEM B 3paukax OObeKTHBA:

tg o = (tg o')/vp; ve = n/n’ + aplf’,

anpu n=n" yp =1+ ap/f’ (puc. 197).

Jnsi o6pekTHBa, HAXOJAAMErocs B ONHOPORHOM cpefe, NpPH JIH-
HEHHOM YBeJHYEeHHH B 3padkaX, DPaBHOM EJHHHIE, YIJOBOE IOJe
O0BeKTHBA B IIPOCTPAHCTBE NpPEIAMETOB PABHO YIVIOBOMY IIOJIIO B IIpO-
crpancre usobpaxenufi (20 = 20').

YraoBrie noJiss B FOPH30HTANbLHOH H BEPTHKANBHOH MJIOCKOCTAX
COOTBETCTBEHHO DPAaBHHL:

tg wf = be/(2f); tg s = A/(2f) u tg 0 =V 1 0s + tg® o
B 3aBHCHMOCTH OT YIJIOBOrO NOJS (OTOOGBEKTHBH AEMAT Ha:
y3koyroabubie (20" < 40°); Hopmanbune (40° < 20 < 60°); mm-

poxoyrosbeble (60° < 20" < 100°); cBepxmuporoyroabHete (100°
< 20).

ECTeCTBeHHO, 9TO B 00BEKTUBEX C PAas3/InYHbIMHA Q)OKyCHbIMH pac-
CTOAHHUSAMHA YKAa3aHHBIM YIJIOBBIM [NOJAAM 6YILyT COOTBETCTBOBATD
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Ta6numa 7
®opmatn dororpadrueckux usobpaxenni

copuer | Rszro copuer | Anaro-
l'lpumeﬂexue HPHMQHEHHG

MM cM

3,55 4,9 6,051 | Kunocremka Ha
8-MRJLIEMETDPOBYIO
IJIEHKY

4X 5,36 6,69 Kunocvemka Ha
miaenky Cynep-8
7,45X 12,51 Kunocremka wma | 9X12 15 TexHngeckast o-

X 10,55 16-Mu1IEMETpPO- 13X 18 22,2 Torpadus
BYIO IJIEHKY

6X6 8,48 | Penoprepckas
CheMKa

8X 11 13,6 B MuHHATIOpHHX
10X 14 17,2 Q)oroKaMepaxp 18X 18 25,4 Texnnueckas  do-
14X 21 25,24 TOrpagus H aspo-
cbeMKa
HOCHEMK

16X 22 27,2 é(slfMHJIJIHM:X‘pO-Ha 18X 24 30 Texnnueckas  ¢o-

BYIO OGbIYHYIO Torpadus

IJIEHKY 30X30 | 42,4 Aspodorocremxa
18x24¢ | 30 B momydopmar- | 34540 | 50 B nourpaduu

HBIX Kamepax
24X 36 43,27 B wmanodopmar- || 50X 50 70,07 | Aspodorocpemka
HHX (PoTOKamepax
23X 52,5 57,3 Kunocoemka Ha
70-Mu11HEMETPO- 50X 60 78,1
BYIO UIHPOKOQOP-
Mzmywp KHHI(;_ 70X 80 | 106,3 B nmonarpaduu

HJIeHKY

pasnuunnie ¢opmaTtel H3o0paxenu#i. HauGosee pacmpocrpaseHHbIe
¢opMaThl H3o6paxKeHHH npuBeneHst B Tabu. 7.

H3 cdopMyJs, CBS3BIBAIOMIMX OCHOBHLIE ONTHYECKHE XapaKTepH-
CTHKH OOBEKTHBA, CJEAYET, YTO YBeJHYeHHEe OTHOCHTENBHOTO OTBEp-
CTHSI MPUBOAHT K HEOOXONMMOCTH YMEHbIEHUS YIJIOBOTO HOJS, YBe-
JHYeHHe (POKYCHOTO PACCTOSHHUSA TpPeGYeT OrpaHuyeHHst OTHOCHTENb-
HOro OTBEPCTHS H YIJIOBOTO IIOJIS CHCTEMB! (IPH COXpAHEHHH OCTaJb-
HBIX BBICOKHX ONTHYECKHX KAYecTB).

[pod. [. C. Boaocos [5] ucenenosan BaanMo3aBHCHMOCTD MEXKIY
ONTHYECKHMH XapaKTePHCTHKaMH HaHMAYUIHX (OTOOGBEKTHBOB H
YCTAHOBHJI, YTO /IS OGOJBIUMX Ipymn OGBEKTHBOB CYIILECTBYET Ompe-
Ae/IeHHAs WHBADHAHTHOCTh XapaKTEpPHCTHK, NPH KOTOPOH HEKOTOPHIA
Kospdunuest C,, 0OCTAeTCs NOCTOSHHBIM:

Crm = (D1g o/f')y/ F/100 = (tg /K)y/ F/100.

Benuuuna C,, 3aBucut 0T QoTorpaduuecKoil paspemaroiei cro-
COGHOCTH, CTENeHH NajeHHsi OCBELIEHHOCTH IO NOJIO H306paXeHus,
CJIOXKHOCTH ONTHYECKOH CXeMH H JAp. 3Ty BEJHUYHHY MOXKHO Ha3BaTh
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ko3(duIHeHTOM JOGPOTHOCTH. Y COBpeMeHHHX aHactHrmaros C,, =
= 0,22 ... 0,24. Paspa6oTka o6beKTHBa CPaBHHTEJbHO NIPOCTA, eCIH
Cm < 0,20.

84. Paspeunraomas crnoco6HocTh M QYHKHMS nepefayu
MoayasuuH ¢ororpaduyeckod CHCTEMBI

Pa3pemaromas cnoco6HOCTs — Haufosee pacnpocTpaHeH-
HbI KDHTEeDHH KOJHYECTBEHHOH OLIEHKM KauecTBa H300paKeHus,
CO371aBaeMOro ONTHYECKOH CHCTEMOH, MOKA3HBAIGIHH, CKONBKO JHHHA
HJIM TPeAMeTHHIX TOYEK MOXKeT M300pasuTh pasjenbHO dororpaduye-
ckasi cucTemMa Ha oTpeske InuHof 1 mMMm. Enununa paspewatomes
CIIOCOGHOCTH — MHJIIHMETD B MMHYC NepBOH cremeHH (Mm™l).

B ¢ororpaduueckot cucreme pasaMuaoT BH3YaNbHYIO paspeluao-
Yy crnocofHocTb Ny 00BEKTHBA, ONpefelsieMyio BU3YyasbHEIM HyTeM
no u300paxKeHHI0 IUTPHXOBOH MHDHI, paspelIaoNlyl0 CIOCOBHOCThb
tdororpaduueckoro cioss N, (doronsenku, ¢orobymaru H T. 1.)
H Qororpaduyeckyio paspemanmyio crnocofHocTs Ny cHCTeMnl 06b-
€KTHB—(]OTOCAO0HK.

Busyaspras paspemaromasi cnocobnocte N, A HAeadbHOro
$0oTOO6BEKTHBA NDH HCHOJNB3OBAHHH MHDHI a6COJIOTHOrO KOHTpAacTa

= 1/,

rie 8 = 1,22AK — nuuefiHbIl npejen paspelleHus.
[Tpurumas A = A, = 0,5461 MxM, nosyuum

N, = 1500D/f" == 1500/K. (368)

Paspemaromias cnocobnoctb N, peasbBbIX 065eKTHBOB OTJAHYAETCS
OT BEJHYHHBI, onpejensieModl no dopmyie (368), u 3aBHCHUT OT CTe-
NeHH HcnpabjeHus abeppauui, KoHTpacTa H300paKeHus, THNA H
ODHEHTALHH WITPHXOB MHDH M T. I. Hanpumep, AJs COBPEMEHHHX
agacTHrmaros THra «OmuTep» HaunGoJbiee npubiHKeHHe Kaer Qop-
MyJa
No (om) = 560/K.

Paspemaiomas cnoco6HOCTh (JOTO- H KHHOIJIEHOK PasHIHBIX
THOOB yKaszaHa Hike [15]:

doTonaeHxa N,
YepHo-6enasi HeratupHas (FOCT 24876—81):
DOTO 32 . . . L e e e e e e e e e e e e e e e e 116
DOTO 65 . . . . L e e e e e e e e e e e e e e e 92
¢oro 130 . .. .. e e e e e e e e e e e e e e e e e e e e 75
DOTO 250 . . . . e e e e e e e e e e e e e e e e e 70
IlseTnas oGpamaemasx (TY 6-17 -625—74):
LHOHO 16 & . o . o e e e i e e e e e e e e e e e e e e e e 45
non 32 ........................... 45
Knnonaerka

YepHo-6enas uweratusuas (TY 6-17-445—T79):
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KHel o o e e e e e e e e e e e 138

KIK:II-Q e e e e e e e e e e e e e e e e e e 100
KH3 .. ....... e e e e e e e e e e e 78
[{gerras ofpamaemas

o6 . ... .. 70

MakcuMansHOoe 3HadeHue paspelaiomel crnocoGHOCTH (HOTOCION
N, 3aBHCHT OT KOHTpAcTa k, TecT-00BEKTa, YCAOBHH 3KCIOHHPOBAHHUS,
nposiBJieHHss M T. N. Ecau paspelanomyio CrnocoBHOCTb (HOTOC/IOs
npu a6CcoIOTHOM KOHTpacTe (B, = 1) o6o3nauuth N¢', TO MpH NOHH-
KeHHOM KoHTpacre (R, < 1) paspemarouyio crnocoSHocTb (HOTOC]0S
MOXKHO ONpENEeNHTb N0 caefyloulell npuGankenno#t dopmyse [15]:

No= NV

dotorpaduyecKylo paspewsaiomyio crnocoésocts Ny 0BHYHO CBSi-
3HIBAIOT C BeauuuHaMH Ny H N, npubinXkeHHOH (opMyJoH Bula

1/Ny=1/Nog+1/N; nmm & = 65—+ 6,

T. e. JuHeHHHH npeiea paspewenus 8 dororpaduueckoll cucTembt
paBeH CyMMe JIHHEHHBIX MNpeJeNoB paspeuleHHs o6bekTHBA Op =
= 1/N, u ¢orocnost 8, = 1/N,.

B peanbHBX (OTOOGBEKTHBAX paspellaomas CHoco6HOCTh [O-
HHKaeTca BeJae[cTBHe abeppauuil H cBeropaccessHus. Hanpumep, ais
o6bekTHBa «IOmuTep-12» (f' = 35 Mm; K = 2,8; 20 = 62°) no ¢op-
Myse (368) HaxomuM No(om = 200 mm~t. TIpH Hcnosb30BaHHH
nneskn KH-1 oxunaemas ¢ororpadpuueckast pasperuawomas crnocob-
HocTb B meHTpe nodst Ny = NoN/(Ny + Ng) = 80 mm'. B sxcme-
pumente nogayueHo Ng = 60 mmt.

Csasp Mexay ¢ororpaduueckolt paspemaromei CrnoCoOGHOCTHIO
¥ OIEHKO} KayecTBa H300paXKeHHsl XapaKTepH3YIoT faHHbe Taba. 8 [5].

XapakTepHsM HeocTaTKOM oTorpaguyecKnx OOGBEKTHBOB SB-
JIsSleTcsl NafieHue paspelaiouiell croco6HOCTH OT LEHTpa MoJs K ero
kpaio (cM. ta6n. 10). Haunyumee xadecTBo H306paxeHus AawT 00b-
€KTHBEl C PaBHOMEDHEIM paspelleHHeM MO BCeMY MOJIO.

TaGanuna 8
Ouenxa KayecTBa H306paxKeHHS

Qororpaduveckas paspelianiias
cnoco6HOCTb, MM™!
Ouenka
B UEHTpPE nonas ’ no noan Ha Kpawo noas
Ornugnoe >40 >35 >35
Xoponee >50 >35 30...25
Cpennee 50 ... 45 35...30 25...22
Y noBaeTBOpHTENBLHOE 45 ... 40 nun 30... 25 20
[Nounxkennoe — 25 ... 20 nan 20
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Puc. 198. Pacnpenesesne OCBEHIEHHOCTH B H306paxKeHHH TOUYKH:

a — ARHOPaKUHOHHOE 6 ~— B DeafbEHX (OTOOGBEKTHBAX; pa3peulenHe ABYX TOYEK; 8 — npRr
AUGPAKILHOHHOM pacnpeleNleHHH; 2 — B DeaJibHbIX (OTOOGBEKTHBAX

Kak yxe orMmeuasoch, peanbHble (oTorpaduueckue OGBEKTHBEL
HMeoT abeppaluy, HajHude KOTOPHIX NPHBOAUT K TOMY, YTO BMECTO
IMQpaKIMOHHBIX OCEBHIX TOUeK ¢ ['aycCOBHIM pacnpelesieHueM OcBe-
mennocTH (puc. 198, a) B n3o6paxkeHHU NOJNYYAIOTCS KPYKKY paccesi-
HHS C TAKHM pachpefiefleHHeM OCBeIIeHHOCTH, YTO K LEHTPY KpYXKKa
oHa yOblBaeT, a Ha Kpasx — Bospacraer (puc. 198, 6). B pesyabrare
3TOTO CO3JaeTcst pacCessHHBIA (OH, KOTOPHIH yMEHbUIAeT KOHTPACT H
yXyJHlaeT xayecTBo H3obpaxenusi. Eciu naxe npeneGpeus feficTBrHeM
tona, a ydecTb JIMIIb CTelleHb pacHpeNeJeHHs 5HepTHH B KPYXKe,
TO NpH OOBIYHOM jonycTHMoM 5 ... 10%-HoM mnpoBaje orubaomied
B cJyyae, NMOKasaHHOM Ha puc. 198, 8, paspemaiomas CnocoGHOCTh
Byner Gosiee BHICOKOH, a B caydae, NpencTaBleHHOM Ha puc. 198, 2 —
Haobopot: paspemenue 6yner vuxe (8y > 8,4, rne 6, — peanbHHf
LHaMeTp NATHa paccessHusi: 8p,y — pasmep RHPPAKIHOHHOrO MsATHA),
a pe3KoCTh BhIIE, TAK KaK KpHBAas HieT Kpyye. Takum o6pasom, pas-
pelnapmasi Cnoco0HOCTh He HaeT HCYEpIHIBAIOLMIErO MPEeNCTABJIEHHS
0 KauecTBe H306paxeHHsi, 06pa3yeMOro OGBEKTHBOM.

Bonee nonnoe npeicraBieHHe O KauecTBe H306pakeHus (oOToO-
rpaduyeckoro o6beKTHBA (M IPYTHX ONTHYECKHX CHCTEM) MOXKHO
HNOJIYYHTh C NOMOIIBIO ONTHYecKoH nepenatoynoli dyuknuu (OITD)
H, B YaCTHOCTH, OLHOH M3 ee OCHOBHBIX CJIaralomux — QyHKUHH nepe-
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Ragd moayasuuu (PIIM). B ocHOBe 3TOro npeacraBJeHHS JEXHT HO-
HATHe O QyHKUUH paccesuus (OP).

Pasnuuaor ¢yunkuuio paccessus toukd (PPT), ¢ymxumio pac-
cessnus JauHEH (DPJI). ®P — 3710 Takas ¢yHkuusi, Koropas noaso-
JISIeT MAaTeMaTHYECKH OIHCaTh pacnpelesieHHe OCBEIEHHOCTH B H30-
GpaxenuH, o6pasyeMoM 06BeKTHBOM. demerTapuas OP ects npous-
BOJHAst OT (YHKUMH paclpeneseHusl oOcBelleHHOCTH A’ (y, x) =

o

= dE (0/dx, T.e. E(x) = | A (y %) dx.

Ha ocroBe @P MOryT GbITh. YCTAHOBJEHH! JIOOLIE BO3MOMKHEIE CIIO-
coObl OLIEHKH KauecTBA ONTHYECKOro H3o6paxkenus. us Besabep-
pamuonHoro o6sektHBa Gynkuua A’ (y', x') paccessHHs TOYKH HMeeT
il A’ (¥, x') = [2J,(2;)/2, 13, rme Jy (2) — dymkuus Becceas
1 poaa, I nopsagka aprymenra 2, = niDI'/(Af’), Bhipaxaiomero pac-

crosinue [’ = Vy” —+ x"* OT HEHTPAJBHOTO MaKCHMyMa B IJIOCKOCTH
H300pakKeHHs B TaK HAa3bIBAEMBIX ONTHYECKHX EIMHMIAX; Y, x' —
TeKyInye KoopAuHaThl; D/f’ — orHocHTeNbHOE OTBepcTHE; A — IJHHA
BOJIHEI H3JIyYEHHUS .

ObpasoBanue H300pa)KeHHs HEKOT'€DEHTHO M3JYdalomero OXHO-
MEpHOTO 00BheKTa IJs ONTHYECKOR CHCTeMBI, 06/aaomel CBOHCTBAMH
JIMHEHHOCTH M H30MJaHaTH3Ma, 6e3 yuera IeOMeTpPHYECKOro M (oTo-
METPHYECKOro MacmtaboB mJmocTpupyer puc. 199, rze L (x) xapak-
TEpH3YeT pacrpenejeHue SPKOCTH Ha mpenmere. Kaxpomy numei-
HOMY 3JeMeHTY B;—B, 06beKTa COOTBETCTBYET HeKoTopass (GpyHKHHA
paccesnus A’ (§) o6bekTHRa, KOTOpast ABJSETCA, 1O CYTH, MATEMATH-
YECKOH MOAEJBbIO ONTHYECKOH CHCTeMbl, OHa OToGpa)kaeT AelCTBHE
aGeppauuii, Andpakuuu H paccesHus cBera. HHorga ee Ha3bBaOT
annapamnoil @ynkyued. Tlapamerp § OTCUMTHIBAETCS OT TOYKH H30-
6pakeHUs, B KOTOPOH ONpelenseTcsi OCBEIlEHHOCTD.

UToGbl ONpefesuTh OCBEIIEHHOCTb B TOYKE C KOOPAHHATOH X,
HeOGXOMHMO CYMMHDPOBaTh BCe 3JEMEHTapHHe (QYHKOHH DPAacCesiHHS,
KOTOpBIE JOJKHBL OBHITH IPEABAPHTEJBHO YMHOXKEHE Ha COOTBET-
CTBYyIOLINE 3HAYeHHS (YHKIHH

pacnpejnenenust spkoctd L (x — 5
— §) na npenMere: ,.__’\ 5,
o ’ 8
AE) J
Ew= | A/@LEx—BdE L0
(369)
310 BBIpaXEHHe, MPENCTaBAAIO- x ' X
ugee co6oit cBepTKY GYHKIMHU pac- £ X-¢
npejile/leHHaA SIPKOCTH HA TNpeaMe-

Te C QyHKuHeH PaCCEsIiis, ONH- Puc. 199. Ilponecc cBepTkH OyHKUMH
CbIBaeT  npomuecc 06p330BaHHuH L (x) pacnpefefeHust SPKOCTH Ha O6b-
H300paxeHns: OOBEKTHBOM, HeH- ekte ¢ Qyukumedr paccesimus A’ (E)

247



CTBYIOIMM KaK (GHJIBTP HNPOCTPAHCTBEHHHIX YacTOT, NOSTOMY K Of-
THYECKOH CHCTeME IDHMEHSIOT MaTeMaTHYeCKHH annapar, OCHOBaH-
HHft Ha anamuse Oypee.

Ilpn paccmorpennr paspemajomell cnocoGHOCTH NpPEAMET MOXKHO
NpEeACTABHTh COBOKYMHOCTBIO CBeTAINHXCH TOYeK HJAH JauHuii. Ho
MOXHO paccMatpuBath npenmer [14] Kak COBOKYNHOCTH 3JeMeH-
TapHBIX OOBEKTOB, SIPKOCTh B KOTOPHX pacHpejensercst Mo KOCHHY-
COMJAANbHOMY (CHHYCOMIANbHOMY) 3akoHy (puc. 200):

L{x)= L¢p -+ Lacos2nNx, (370)

rie L., — cpenHsisi sipKOCTb; L, — aMIIMTYyAa KOJIeOaHHS SIPKOCTH
B IJIOCKOCTH NpEAMETA BIOJMb OCH x; N — MpOCTPAHCTBEHHAs 4acToTa,
XapakTepHusywomas pa3Mephl oOBeKTa H paBHas BeJIHUHHE, 0GpaTHOM
HEepHOAY H3MEHEHHS] KHHTeHCHBHOCTH.

O kagecTBe H300paXKeHHS OOBEKTHBA MOKHO CYAHTb IO H306paxe-
HHIO NpeAMeTa Jo00H (POPMHE, OAHAKO AJAA KOJHYECTBEHHOH OLEHKH
yIoOHee NPHMEHHTb TecT-00BeKTH npocTefiliefi reoMeTpUYecKoR
dopmsl.

CrHycOHZa/IbHBIE COCTABJSIOMIKE OTJAHYAIOTCS ADYT OT APYyra am-
NAUTYJOH, IpONOPUHOHAJILHON pacnpeleNleHHIO spKocTH, asodn,
T. €. OpHEeHTalMel Ha NJOCKOCTH, M NDPOCTPAHCTBEHHOH YacToTOH,
paBHOH O6paTHOH BeJIMYMHE NepHola u3MeHeHHs sipkocTH. CHEYyCO-
ujanbHas (GopMa CHTHaJIOB BbI6paHa HCXOIsl M3 TOro, 4YTo IPH IpoO-
XOXJEeHHH 4Yepe3 OoO0BEKTHB TaKHX CHFHAJNOB HX (opMa He MeHsercs,
a H3MEHEHHMSl aMIIMTYAnl H (a3nl 3aBHCAT OT CBOHCTB ONTHYECKHX
3JIEMEHTOB.

Jsig HaXOXJEHHs pacnpenefeHHs OCBEIEHHOCTH B H300paXKeHHH
npumenuM dopmyay (369) mas npeamera spkoctbio L (x — &):

E()=Lep | A'(8)dE+Ly|cos2aNx | A’ (2)cos2nNE dE +

+stn2nNx | A’ (E)sin2aNE dE

Ecay obosHaquth

J' A’ () cos 2nNE dE

00 L]

[ a®a

A’ (&) sin 2nNE dE

b—s

P [

[ama

—c
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3
U L AN ——
5| JE Puc. 200. Pacnpenenenne
<8R F————— SAPKOCTH B 3JeMEHT3PHOM
T — ~ KOCHHYCOHAANBHOM  00b-
a g /N | eKTHBe H pacnpefeneHHe
OCBELIEHHOCTH B ero H30-
& 6
I e A e e I paxeHHH
k&
R T e R
w27N) x'
o)

-3

o moayuuM: [T (N) P = [T, (N)I? + [T, (N)]% singy =
T, M/ T N cos @ (N) =T (N)|TN)[; tg @ (N) =
T, (N)/T, (N), u Boipaxkenne Lis E (x) MOXKHO 3anucaTb Kopoue:

[

E(x) = Loy + L, | T (N)|cos [2nNx — o (N)]. (371)

Takum obpasom, H3oOparkenHe OTJHYaeTCsd OT NpPEAMETa AMIJIH-
Tyno#, Kotopas B | T (N)| pas mennue, u ¢dasoit ¢ (N), Kotopas
II0Ka3bIBAET, 4YTO JJIs1 BHEOCEBBIX TOYEK H300paKeHHe MOXKEeT He COBIa-
JaThb C €ro NnapakCHa/JbHBLIM NOJOXEHHEM.

YuuThIBasA reoMeTpHuecKHH Macmrab § (JuHefHOe yBeJHueHue) u
¢oromerprueckuit macwrab mas JlambeproBo#l noBepxHocTH [E¢p =
= (n/n')® (v/B*) Lep; Ea = (n/n')? (x/B%) LT (N)], #JAA nAOCKOCTH
n300paXKeHUsa MOJYYHM:

E' (x)y=El+ Eacos[2nN'x" — ¢ (N')],

rae T — Ko3pdHUIHEHT NPONYCKaHHUS.

DYHKIHIO, OLEHHBAIOLIYIO KauyecTBO MMepefaud oGBbEKTHBOM ONTH-
YECKHX CBOHCTB TNpeAMeTa, HAas3bIBAIOT onmuueckol nepedamournoll
Pynxyued (OIIP), KoTOpas ONHCHIBAETCS € NOMOIELIO NPeobpasopa-
HHi Pypbe.

[IpeoBpazoBanue Pypbe QYHKUHH pACHPENESIEHAS OCBEIIEHHOCTH
E' (Nz, Ny) B usobpaxeHHH OTJIHYaeTcs OT mpeoBpasoBaus Pypbe
GYHKLIHH pacnpeleieHHs PKOCTH L (N, Ny) Ha mpeamere omTuye-
CKOH mnepefaToyHo#l GyHKIMEH A (Nay Ny):

E(N.. N,)= A(N., N)L (N, N,).

Oll® A (N) n1s OZHOMEPHOro mpeaMera, SBJAAIOMYIOCH Npeobpa-
3oanneM Pypbe GYHKUHHK paccesHus (pacnpeleseHHe OCBELIEHHOCTH
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B H300paXeHHH TOYKH), MOXHO TaK¥e INPEACTaBUTb B CJELYIOMeM
sune [141]:

ANY= [ A@)e—2mWvdy = | A(x)cos2aNx dx’ —

—i | AW)sin2aNx dx’ = T (N) — iT, (N),

-—00

win A(N)=[A(N)|elo ) =T (N)elo W),

r}le T (N)= 1/Tc (NYy - TE(N) —monyap u @ (N) = arctg [T, X
X (N )/T (N)] — apryment OIl®, szaBucsuiue OT NPOCTPAHCTBEH-
HOH 4acTOTH, KOTODHIE NPENCTABJSIOT COOOH COOTBETCTBEHHO (YHK-
o nepenaun Mopyasuud (®IIM) uaH 4acTOTHO-KOHTPACTHYIO Xa-
pakrepucTuky (HKX) n dpynkuuno nepenaun dassl (®I1P). dynkuus
nepefaun Mopynaauuu T (N) onpenenser 3aBHCHMOCTb KO03(QHIH-
edra Ty Depenaun MOAYJASLHH OT HIPOCTPAHCTBEHHOH YaCTOTHI.

KouTpacr ofbeKTa ¢ CHHYCOHAAJbHBIM pacrnpefesieHHeM SIPKOCTH
(puc. 200, a)

k = (Lmax — Lia)/(Lwax ~+ L), (372)

rae Lmpax = ch + Ly Lo = ch — L,.
IloxcraBuB ABa noc/lefHHX BeIpaxeHHs B Gopmy.ay (372), nojyunm:

k = La/ch.

KosdouuuerT 2 nokasspiBaer u3MeHeHHe (MOLYJSLHIO) aMIUIHTY A-
HOTO 3HAYEHHs OTHOCHTEJIbHO CPEJHEro 3Ha4eHHs SIPKOCTH, [103TOMY
ero MOXHO TaKKe Ha3BaTh KOdpduyuenmom modyasyutl.

T P
/l
0,8 N -
Tv % 1 \ 4
S KH-
08 t\\ 0,6 S 7
\\ >< SANnumep-12”
06 G4 v
47 \ \bi /J
0,4 PN 62 4
b \ - ’
\\\
0,2 o
0 20 40 60NmM' 0 20 40 60 80 100N,mM
Puc. 201. ®ynxuust mepeRaunm MoRyJas-  Puc. 202. I'papuyeckoe onpefesenye ¢po-
IIHH HEKOTOpHIX OGBEKTHBOB: Torpaduveckod paspemamlied Crnoco6-
I — «¥OnuTep-12»; 2 — «Bera-7»; 3 — «Hu- HOCTH O6BEKTHBA
AYycTap-50»:. 4 — «Bera-3»
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Konrpact usobpaxenns obvekrta (puc. 200, 6)
k' = (Emax — Emm)/(Emax + Emin).

ra€ Emax = E¢p + Eai Emqun = Ecp — E5. Tlonaras, uro Egp =
= al¢p, Ez = aTynL,, nonyuum:

k' = L,Tn/Lep.

Vs nocaenuux dopmyn nias koabduuueHtos k 4 k' caeayer, 4to

Ipadukn QyHKUHH nepefayd MOAYJISLMH DA3JHYHHBIX OGBLEKTHBOB
npuselennl Ha puc. 201. JocronHctBom ®IIM Kak XapakTepuUCTHKH
ONTHYECKHX CHCTEM, OLEHHBAIOMIEH KauyecTBo H300pakeHHs, SBJIAETCS
10, uTo o6mass PIIM cioxHOA ONTHYECKONH CHCTEMBI ¢ PA3NHUHBIMH
NpHEMHHKaMH onpefensercs Kak npoussesenne OIIM oraensHbIX
€€ KOMIIOHEHTOB H INPHEMHHKOB.

ITo rpaguueckomy npexcrasiaesuio PIIM dboroobbertnBa 1 dyHK-
uud noporosoro KoHtpacta (PITK) doronnenks MoxHO onpenenuts
¢dororpaduueckyro paspemarwomyio cnocobiocts. Ha puc. 202 noka-
sana QIIK nnenkn KH-1 1 QIIM obvextuBa «lOnurep-12». ITporus
TOYKH NepeceueHuss 3THX KpuBuix N = 60 Mm%,

85. T'ny6nHa u300paxaemMoro mnpocTpaHCTBA
H IayOHHA PE3KOCTH

Fny6una nsofpaxkaeMoro mpocTpaHcTBa H rayOHHA pes-

KOCTH — 00a 3TH NMOHATHS OTHOCATCA K PAcCTOSHHSAM BHOJb ONTHYE-
CKOH OCH, B NpelejaX KOTOPHIX AOMYCKalOTCs He3aBHCHMBIE Iepeme-
INEHUA IVIOCKOCTH MNPEIMETOB MJH IJIOCKOCTH IVIEHKH NpPH YCJOBHH,
4TO KaueCcTBO H300paxKeHMs OCTaeTcs ellle YAOBJETBOPHTE/bHBIM.
HonyctuMoe nepeMemerte MIOCKOCTH NPEAMETOB ONpENensieT Iy-
6uHy usobpaxaemoro mpocTtpaHcTBa. Ilycts A (puc. 203) — npen-
MEeTHasi IJIOCKOCTb, H300paxeHHe KoTopo#t A’ conpsikeno ¢ mio-
CKOCTBIO NJIEHKH, P — PAaCCTOSIHHE OT BXOJLHOTIO 3pauka D onTHYecKo#
CHCTEMBI 10 3TOH ILIOCKOCTH, KOTOPYK Ha3bIBAIOT NAOCKOCMbIO HA-

,42 A A4 -5 ,
Sp A
< D D s
. % F e
AI‘ A Y <*/
1
-, e’
_.p I
..pz

Puc. 203. I'my6una ¥306pakaeMoro nNpocTPaHCTEA
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800KU, HJIH OCHOBHBIM NAG-
nom. [lpenebperas aGeppa-
HHAMH, MOXHO yTBEPXKAATh,
YyTo  MJIockocTs A’ dB-
JIfeTcs IMJIOCKOCTbIO TOUey-
HbIX H300paxeHHH.

B neficTBHTeNBHOCTH Ha

P uc. 204. T'ny6rHa pesKOCTH MOBEPDXHOCTH INJAEHKH Ka-

XKyTCA pe3KO H300paxeH-
HBIMH TakKXe NpeIMeTHHE TOYKH, pacnosoxeHHble A0 H NOCJe
NJIOCKOCTH HABOJAKH. OTH TOYKH H300paxaloTcs ONTHYECKOH cHCTe-
MOH B BHJIe KDYXKOB, HO TAKHX Ma/bIX pasMepoB, UTO OHH BOCHPH-
HHMAaIOTCS KakK TOYKH.

Bauxusaa npeaMeTHas mJoCKocTs Ay, Haxoismasicdi Ha pac-
CTOSIHHM p;, HA3LIBAETCA NEpe0HuM NAAHOM, a 3alHsif, HaXOAALlasics
Ha DAacCTOSIHHH Dy, — 3a0HUM NAQHOM. PaccTosiiHe MeXLy 3aaHHM
M TepeliHUM IIaHAMH p;——p, Ha3biBaercs eayburoll u3o6pasaemoz0
npocmparcmea. OOBYHO XapaKTePHCTHKH (OTOOGHEKTHBA H PACCTOs-
HHS [0 OCHOBHOIO NJIaHA M3BECTHBI, H IJIs ONpele]eHHs TI1yGHHBI
H306pakaeMoro NpoCTPaHCTBA HANO BBIYKC/AHTH BEJIHUHHB p; H p,.

[ycte 8" — momycruMmblilt pasMep (nnameTp) ¥306parXKEHHs NATHA
BMECTO TOYKH, & — COOTBETCTBYIONIMH eMy pasMep NpPeIMETHOIO
nsiTHa, BOCNPDHHMMaeMOro Kak Touka. Iduamerp 8’ omnpenensiercs
YCJOBHAMH HaOMIOJEeHHS, T. €. YIVIOBHIM [IpelejoM paspeureHus
rnasa Yp; W paccTosHueM HalJaofeHHus pr;, a Takxke MacuraboM,
B KOTOpoM OblI BBIOJHEH CHHMOK. B ofmem ciyuae, ecan Py, —
JIHHeHHOoe YyBeJHUYeHHe YBEJHUYHTeNs, OO6eCleyHBalouUIero 3aRaHHbIl

Macmitat, To ,
8" = ‘pl‘n\prn/ﬁya-

Ec/in paccmatpuBaeTcsl HEMOCPENCTBEHHO IUIEHKA, TO Py, = —I1.
Ha npaktuke npu pacuere rayOHHB H306pa)aeMoro NpPOCTPAHCTBA
sl &' NpMHHMAIOT CAELYIONME CPefHHE 3HAUEHHS NPH KHHOCHEMKE
Ha 35-MHJAJIHMETPOBYIO ILTeHKy — 0,03 MM; npH KHHOCHEMKE Ha
y3kyo mieHky — 0,015 mm; npu dorocremke — 0,05 MM.

Bonee touno amamerp 8§’ onpemensier NATHO paccesHHs ONTHYE-
CKOH CHCTEMEI, NOJIyUEHHOE C yueroM abeppaluii H pacnpeleeHHs
3HEPTHH B 3TOM NSTHE.

[asi HaxoXIeHHs DacCTOSHHH p; H p, PAaCCMOTPHM noxoGHLIe
TPEYTOJbHHKH, OOpa30BaHHbIE JYYaMH, ONMHPAIOMIAMUCH HAa BXOAHOH
3padok H HPOXONAIIMMH uYepe3 LeHTP H Kpasd NsATHa AxamerpoM O.
Hs puc. 203 caepyer, uro D/—p, = 6/(py — p) H D/(—p,) =
= 8/(p — p,), oTKyna

py = Dp/(D + 8); ps = Dp/(D — 9). (373)
YuuteiBag, uro f = —8'/8, a takke uro npu n = n' B = f/(s; —
— sp), o popmyae (373) nonyuuM:
— P . _ p
P = 1 —& (S‘— SF)/(f'D) ’ Pz - 1+ 8’ (Sl_ SF)/(f'D) (374)
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HJIH
= P . = P
41 1 —8 (SI—SF)/(KDB) 4 1+6'(81-—SF)/(KD2) ’

HJIR
p . Dy — P
1—§6K (sl___sF)/f,l ’ 2 1+5'K(51'—5F)/f'2

P =

IIpumep. Onpegenuts rAyGHHY H306paKaeMOro NPOCTPAHCTBA NIPH CheMKe Mpef-

METOB, PaCiOJIOKEHHNX Ha PACCTOSHHH p = —2 M, ¢ NOMOIbI0 PoToKamepw! ¢ dokyce-
HEIM paccrosnueM ' = 50 MM, sp = —46 MM, sp= 40 MM, K = 4 111 §' = 0,05 mMm.

Pewenne. Kak u3BecTHO, §; = pg -+ sp = —2000 + 40 = —1960 mMm; s; —
—sp = —1960 4 46= —1914 MM, nosTomMy p; = —1735 MM, ps= — 2365 Mm.

Takum o6pa3om, riy6uHa H300pamxaeMoro npocrpascrsa 630 Mm.

Ha npaxrtuke Bcrpeuaiorcs QOTO- HJIH KHHOKaMephl C MOCTOSHHOM
HaBOAKOH Ha Pe3KOoCTb.

Onpepenum ray6uHy H3o6paKaemoro mpocrpaHctBa Iisi doro-
o6beKTHBA, Y KOTOPOro MJIOCKOCTb IJIEHKH COBHajaeT ¢ 3anHel ¢o-
KaJbHOH HJOCKOCTBIO. B 3TOM cilyuae OCHOBHOH mJaH pacmoJsioxeH
B OECKOHEUHOCTH (p == —o0), 3aiHHH NJIaH — TakxKe B OeckKoHeu-
HOCTH, a NepejHHE miaH — Ha paccrosiHud [eM. (374)] pre =
= —f"/(8'K). OnHako npu TakoH HaBOLKE HaCTb KTNYGHHED MPO-
nmafaer, Tak Kak H p = —o0 H py = —oo. [l nojiyyeHHss Makcu-
Ma/lbHOH TayOHHB H300paxKaeMoro IMPOCTPAHCTBA INPHMEM TOJbLKO
py = —00, a OCHOBHOH IJTaH PACHOJIOXHM Ha PACCTOSIHHH P = Dico,
KOTOpO€ HashblBAIOT 2unepgoxarvrsim. Tenepb NMepefiHHH MJaH oKa-
XeTcs Ha pacCTosuuu p;, = —f /(28'K). Kax sumuM, nepensuil
IVIaH IO CPaBHEHHIO C NMepBHIM CjydaeM npubmauauics BABoe. Pac-
CTOSIHUE [, HaA3LIBAIOT «HAYaJOM OECKOHEUHOCTH».

Honyctamoe nepemenieHHe MJIGCKOCTH MJIEHKH BIOJIbL OCH OMNpene-
Jasiercst riy6uHO peskoctH (pHc. 204). HepeskocTs H306pakeHHs
TOYKH XapaKTepH3yeTcsl KPYXKKoM pauaMerpoM &', KoTOopell ofpa-
3yeTcsl BMECTO TOUKM IIPH CMelleHHsX miockocTd A’, B KoTopo# pac-
HoJIoXKeHa IIeHKa, B noJjoxenus Ai 1 Aj. [sy6HHa pe3sKocTd paBHa
pPas’HOCTH p3 — pi.

OGo3HauuMm p; — pi = Aps,y ¥ no puc. 204 HafizeM Aps =
=2(p —pi), rae p—pi =8/2tga’), T.e. Aps 1 =08/tga.

Tak kak tg o' =D'/(2p"), D' = DPp, p" ~ ', T0 nptt fp = 1
OKOHYaTeAbHO NOJIYYHM:

Aps, 1 =28K umun Ap; = +£6'K.
86. Ompenenenue BbIAEPKKH MpH GororpadupoBaHHH

BpeMs BosieficTBus cBeTa Ha CBETOYYBCTBHTEJbHBHIH C/AOH
tororpaduueckoro Mareprana HasnBaercs: 8oidepackot t. OT BELAEDKKH
H CO3J2HHOH Ha MNOBEDXHOCTH IJIEHKH OCBelleHHOCTH E’ 3aBHCHT
KOJIM4eCTBO OCBelmleHHsi H, nojydyeHHoe IJIEHKOH H HaskBaeMmoe
B (ororpaduu sxcnosuyueil:

H=E't. (375)
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Oxcnosunua ofecrneynBaeTcd B
doroanmaparax yCTaHOBKOH JHa-
dparMensoro uncaa K ¥ BpeMeHeM
cpabaThlBaHHA 3aTBOpa (BBIAEPK-
kof#). OT 53KCMOSHIHH 3aBHCHUT OITH-
yeckas INJIOTHOCTE [ XHMHYEcKH
06pa6oTaHHOTO CBETOYYBCTBHTEJb-
HOro CJ10si. ODKCIO3WIHS, B CBOIO
ouepellb, CBsI3aHA CO CBETOUYBCTBH-
TEJBLHOCTLIO S NpHMeHsieMoro (oTo-
rpaduueckoro marepualia. B Hacro-
filiiee BPEMsi B COOTBETCTBHH C Tpe-
Puc. 205. Xapakrepuctnuecxan xpu- OoBanusimu ['OCT 10691—84 nisn
Bas (poTomMaTepuana doTorpadHuecKUX 4epHO-6elnX He-

FaTHBHBIX IJIEHOK CBETOUYBCTBH-
TEJbHOCTh ONpEJEe/ifieTcss CooTHoweHnueM (puc. 205)

S = 0,8/H.p, (376)

rae S B en. FOCT (cosmapnator ¢ en. ASA); Hyp = Hp,to,1 — 3KcHO-
3ULMA, COOTBETCTBYIOILAA ONTHYECKOH MJIOTHOCTH 06paGoTaKHOro Ma-
Tepuana, Ha 0,1 npeBmlInalOmed OUTHYECKYIO [JIOTHOCT BYAJIH;
Dy — onTHuecKas MJOTHOCTb XHMHYECKH 06pPabOTAHHOTO CBETOYYB-
CTBUTENbHOIO CJIOs, He MOoJBepraBierocsi Bo3XeHCTBHIO csera. [las
MHOTHX 4epHO-6e/IbIX CBeTOUYBCTBUTENbHBIX cloeB Dy = 0,05 ... 0,15.

OnTHueckas NIOTHOCTb YYACTKOB IOYEPHEHHS HE BCEeria NpAMO
IPONOPUHOHANbHA SKCIIO3HLIHH, OHA ONKCHIBAETCS HEKOTOpOH Xapax-
TEPHCTHYECKOH KDHBOH, NPSMOJMHENHBIH YUacTOK KOTOpOH ompeje-
JS€T TAHIEHC yIila HAaKJAOHA O, Ha3blBAEMBbIN KOIPPUUUEHMOM KOH-
MPAcmHOCMU Y CEEMOUYBCMBUMeAbH020 CA0A. Y13 puc. 205 cienyert, 4to

¥ = (Da — Dy)/(1g H, — 1g Hy),

rae lg H, — Ig Hy — dororpacduyeckast mupora.

O6sactb, Jexanias JeBee OKOHYAHHS NpAMOJIHHEHHOrO y4acTKa
KPHBOH, HaspiBaercs o0aacThio nedodepoacex, a npasee — OGJACTbIO
nepedepicex. KospQULHEHT KOHTPACTHOCTH /s HEraTHBHHIX (OTO-
rpauyeckux IJeHoK obliero HasHayeHus cocrasaser 0,8 ... 1,1, a7s
KHHOHeraTuBHHX nJjesok — 0,65 ... 0,85, nns doxorpaMmueix — 2,4,
I/ MO3HTHBHMIX — 2 ... 2,5, Mas miaeHkd «Mugpar-200» — 3 u aas
doToTexHuyeckoH penpoAyKUHOHHOR maeHKH — 1,8 ... 3,6. LlBeTnas
HeraTHBHas NJeHKa HMeeT KoapdunueHT KonrpacrrHocru 0,65 ... 0,85,
obpamaemas — 1,4 ... 1,9, a nosurusnas — 2,1 ... 3,3.

YuacTky npeamera ¢ HauMeHblUeR SPKOCTbIO Ly, B dororpadu-
YeCKOM H300paXK€HHMH NOJKEH COOTBETCTBOBATH YYaCTOK C HAHMEHb-
LIeH OCBEHIEHHOCTbIO H, CJAEROBATeJbHO, C HAHMEHbINedl ONTHYECKOH
MVIOTHOCTBIO. Tlo3TOMY AJIST MpaBHALHOrO OTOGpAXEHMs CBETO3Hepre-
THYECKHX CBOHCTB (poTorpadupyemMoro npeamera HEO6XOHUMO, UTOGHI
BBIIEPXKKA NO3BOJANA /151 HaMMEHee SIPKUX Y4aCTKOB IpeiMera Mo-
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Jy4arh ONTHYECKYIO MJIOTHOCTb H306paXKeHHs, MPeBHIUAIOILYI0 ONTH-
YeCKYI0 NJIOTHOCTh BYAJH.

Tpebopanuamu 'OCT 10691 —84 ycranaeauBaercs pasgocTb MJOT-
HOCTeH B IBYX TOYKaX XapaKTepPHCTHYeCKOH KpuBo# (puc. 205), or-
CTOSIHX APYr oT Apyra Ha Alg H = 1,3, AD = 0,8, u 3T0 Heo6-
XONHMO YYHTHIBATb NDH ONpe/e/]eHHH BHIAEPXKKH.

H3BecTHO, YTO OCBEWIEHHOCTb H306paxenus E s BHEOCEBHX TOUYEK
MEHbIlIe OCBEIEHHOCTH H300paxeHus Eg oceBux Touek [cM. dop-
myay (228)1.

Yuurnipas cooTsowerHs (375), (376), opmyam LIS OcBelleH-
HOCTH OCEBOH H BHeoceBo# Touek, coorHoweHHe L < L, a Takxe
tpeGoBanust ['OCT x pasmocrn miorsocrei AD = 0,8, nosyuum
bopMysly Ana BEIYHCIEHHS BBREPXKKH NIPH GoTorpadupoBaHUH

t = [63,85 K?/(kytntL min cost’S)] [(Bp — B)/BpI%

Npumep. Onpenenuth BHAEPKKY NPH CHEMKE KHHXHOTO TEKCTa, OCBElIEHHOTO
¢ paccrosHus 450 MM sseKTPHYECKOR JaMIOH ¢ cHIOH cBera [ == 60 KA NOX yrJoMm
nagenus € = 30°, kos(puumeHT oTpawenns p = 0,6. dororpadupopanue ocyme-
CTBJIETCS HA INIEHKY CO CBeTOuyBCTBUTeNbHOCTBIO 64 en. 'OCT o6bexTuBOM € yrio-
BLIM TOJieM H30GpaxKeHHs 2m' = 47° npu nuadparmennoM uucae K = 2; JHHeHHOe
yseaudenne B = —0,15, p = 1, kospduument mponyckanmss o6vekTHBa T = 0,9,

o =1
Pewenne 1. OnpenesHM OCBELIEHHOCTb, CO3JAHHYIO HA TOBEPXHOCTH TEKCT4,
E = I cose/r? = 257 ax.

2. OnpenenEM SIPKOCTb OCBEL[EHHOH NOBEPXHOCTH ¢ KOS(DOHIHEHTOM OTpame-

HHS P
L =pE/n = 49 xa-mM~2,

3. IIpuMeHsIs SaBHCHMOCTb A1 BHIYHCAEHHS BHINEDXKKH, HafeM:

63,85-4 (1 -+ 0,15)2

' =70.9.7.49.0.707.64

=~ 1/20 c.

87. OcHoBHble THIB QoTOrpadu4ecKuXx 06bHEKTHBOB

@otorpaduueckne OGBEKTHBB MOXKHO KJACCHOHIYPOBATH
IO pa3JHYHBIM NPH3HAKaM, NIPHCYLUIUM TeM HIH UHBIM THnaMm. OnTUKH-
KOHCTPYKTODHI, pa3pabaTbIBalOL[ie ONTHYECKHE CHCTEMBI (HOTOOGDHEK-
THBOB, OIpENeNsIOT HX THI YHCJIOM BKJIOUaeMbIX JHH3, GopMOH u
3HAaKOM (DOKYCHOI'O PACCTOSIHHUSA JIUH3, [I0C/AELOBATENbHOCTHIO HX B3aUM-
HOTO pAaCIOJIOKEHHS, T. €. Ha OCHOBE ONTHYECKOH cXeMbl. THIBI GoTOo-
OOBEKTHBOB DA3/HYAOT TAKKE MO ONTHUECKHM XaPaKTEPUCTHKAM:
doxycHomy paccrosinuio [, oTHOcHTeabHOMY oTBepcTHio D/f' u yrio-
BoMy moyio 2w uau dopmary kaipa (cM. m. 83). POTOOGBEKTHBEI
MOXKHO pasjHyYaTh MO HA3HAYEeHHIO: AJS HaseMHOH ¢doTorpaduu,
aspooTorpaduueckue, KHHOCHEMOUHbBIE, TEIEBUSHOHHBIE, HH(DPAKpPAC-
Hele U T. . HakoHen, MoXHO B OCHOBY pasjiesieHusi (oTOO6HLEKTHBOB
NOJIOXKUTb MNPHHIHKI HX TeOMETPHUYECKOro YCTPOHCTBA: Hanmpumep,
HODMAa/NbHEIMH HHOTJA HasblBalOT OOBEKTHBbl, (OKYCHBIE PaCCTOSIHUS
KOTOPHIX GoubIlle (DOKaNLHOLO OTPE3KA U MEHbLIE PACCTOSHHSA OT mep-
BOH MOBEPXHOCTH JO NJOCKOCTH H3oGpaxeHusi. Eciu doxychoe pac-
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cTosiHHE OOBEKTHBA PABHO PACCTOSIHHIO OT NepBOft NMOBEPXHOCTH IO
MJIOCKOCTH H300paKeHHA HJAH 60Jbllle ero, TO TaKOH OGBEKTHB Ha3H-
BAlOT TeJNEOOBEKTHBOM, €CHH (POKYCHOE pacCTOSHHEe PaBHO 3afHeMy
¢$oKanbHOMY OTDE3KY HJH MeHblIe €ro, — PEeBepCHBHEIM ¥ T. X.

[To creneHH Koppexuuu abeppanufi pasnuuaT oGbEKTHBH aXpo-
MaThl, anoxpomarhl, amJaHaTh H aHacTHrMmarth. Pororpapuueckne
OOBEKTHBE B OCHOBHOM OTHOCSITCSl K AHACTHIMATaM C aXpOMAaTHYECKOH
HJIM JlaXKe anoXPOMAaTHYECKOH CTEeNeHbiO HCNPAaBJIeHHS XPOMaTHUECKHX
abeppaudii, H TO3TOMY HX ONTHYECKas CXeMa COLEPXKUT TPH JIHH3H
" GoJee.

PaccMoTpEM OCHOBHBIE THNHI OGBEKTHBOB B OCHOBHOM IO ONTHYE-
CKHM XapakTepHcTHKaM. Ha puc. 206 npuBeneHbl ONTHYECKHE CXEMB
paccMaTpHBaeMbIX OOBEKTHBOB, a B TalJ/. 9 — XapaKTePHCTHKH KakK
Tpynnbl 06bEKTHBOB, TaK H OTAEJbHEIX OGBHEKTHBOB, IPHHAJJIEXKAIIHX
K sTofi rpynne.

Hau6onee o6mupHy0 rpynny ¢OTOOGBEKTHBOB COCTABJSIOT Tak
HasHBaeMHE YHHBepCaJbHhIE — 3TO OOBEKTHBH, ONTHYECKHE Xapak-

Puc. 206. Ontuueckue cxemb Gororpaduueckyx oOGbeKTHBOB!

- er T-43» 6 — «Hugycrap-61» 8 — «Bera-1»; 2 — «IOnnTep-8» 3 — «Tennoc-44»;
g—— :ﬁﬁ’é"& aw — MP-2,3 — «(%pm?n-m»; u — MTO-500; x — «Taup-3», 4 — «Teaemap-22»
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Ta6banna9
OcHoBHNE XAPAKTEPHCTHKH $0TO0GBEKTHBOB

®ororpaduqe. §
cKas paspeuwa- &
jomas crnoco- s
r HOCTb, MM~} - x
nna ¥ Mapka
p%ﬁmexmno:? Fooux K 20° ° i e
2 ] = H
E a o |eo
o % ® 3 5
sg s g = =
LR L= =2 =2
«Tpunners 40 ... 135 | 2,8... 6,8/ 50 ... 60| 40 ... 24| 28 ... 10 3 -
«Tpunner T-43» 40 4 56 37 17 2
z’:;r- <HUagyctap» 24...300 | 2,8...4,5| 40 ... 58| 50 ... 25] 30 ... 12 -
3 4

calb- -

it «Hnpycrap-61» 52 45 46 30 3
«Bera» 35 ... 100 2,8 39...50[ 50...30[30.. 15| — —
«Bera-i» 52 44,5 47 22 5 3
«IOmuTep» 12... 180 1,5 ... 2,8] 14... 45} 45 ... 30{ 24 ... 12| — —
«XOnurep-8» 52 45 39 24 6 5

Ceero- | «lOnurtep-9» 85 2 29 32 23 7 6

CHJIb-

HBHe «Tenuoc» 28—85 1,5... 2,8 28 ... 56 50 ... 32| 35 ... 16} — -
«[enunoc-44» 58 2 40 46 22 ] 3
«I'esnoc-40> 85 1,5 28 48 34 13
«HOnurep-12» 35 2,8 63 60 23 6 5
«Mup» 20 ... 66 2,8...3,5[62...94] 55...40{ 35... 14| - —

Mapo- —]
KO- «MHup-I» 37 2,8 62 55 35 6 8
yroab- | «<Mup-10» 28 3,5 75 40 8 4
Hble | S—
MP-2 20 5,6 95 35 20 6 ]
«Opuosn-15» 28 6 75 45 18 4 2
«Taup» 135... 300 | 2,8... 4,5/ 8...18 | 45... 24| 30... 18 — -
«Taup-11» 135 2,8 18 44 24 4 3
«Taup-3» 300 4,5 8 45 38 3
Tene- —
o6pek- | «MC Amno rese- 300 4,5 8 60 35 6
THBB | 3eHHTap-K»
MTO-500 500 8 5 38 18 34+2 | 3
sep-
Kana
TO3-500M 500 3,5 5 40 25 242 | 2
sep-
Kaja
Tlankparuueckuft
O0BEKTHB
<Py6un-1» 37 ... 80 2,8 60 ... 30{ 35... 301 15... 12| 14 11
«Py6un-2» 45 ... 80 3,5 60 ... 30| 50 ... 45} 25 ... 22| ~—~ -
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TEPUCTHKH KOTODBIX MMEIOT CPeJHHEe 3HAYEeHHH, T. €. OTHOCHTE/JbHbIe
OTBepCTHS He npesrimatT 1 : 2,8, a yriosse noas 2o’ < 60°.

K stoii rpynne oTHocaTCs 06beKTHBH Mapok «Tpumaer», «Bera»
u «Hunycrap». O6bekTuBr Mapku «Tpunier» sBAAKTCA TPEXJHH30-
BuMH 00bekTHBaMH (puc. 206, a), H HX LIHPOKC HCNOJb3YIOT B MPO-
CTHX mobuTensckux goroannaparax. OTHOCHTENEHOE OTBEPCTHE Y 60J1b-
HIHHCTBA O6BEKTHBOB 3TOH rpynnel cocraBaseT | : 4. C nossiaendem
JIAHTAHOBBLIX CTEKOJ OBbLIH CO3JaHBl OOBEKTHBBI C OTHOCHTEJBHBIM OT-
BepcrueM Jo | : 2,8. CymecTByloT HEeCKOJNbKO Teopu# pacuera «Tpu-
nsera», Hanpumep, I'. T'. Cmocapesa, I. B. Boaocosa u np.

CaMbiM pacnpocTpaHeHHBIM OGBEKTHBOM-AaHACTHIMATOM SIBJISKETCH
«Mupycrap», Gosee COBepIEHHBLIH MO HCNPAaBJEHHIO abeppamui, ueM
«Tpunaer», u noaTOMy 0OeCIeUHBAIOMIUE JMyUlliee KAUECTBO H300paxke-
Husa. B o6wvekrune «Mupycrap-61» (cm. raba. 9 u puc. 206, 6) npume-
HEeHH JIAHTZHOBbIE CTEKJ/a, YTO I[C3BOJIMJIO MOJYYHTb JOCTAaTO4HO
Xopolllee paspelleHue.

O6bekTuBn «Bera» HaXOAATCS Ha TpaHHNE YHHBEPCAJIbHBIX H
CBETOCHUJbLHBIX OOGBEKTHBOB, HMX OTHOCHTeJbHoe oreepctHe 1 : 2,8,
yraosbie noss Ko 50°, onu ofecneuyBaioT AOCTATOMHO XOpollee Kaye-
ctBo usobpamenus. OO6bekTHBH 3T0f rpynnsl «Bera-I» (puc. 206, 6)
u «Bera-3» gBJIAIOTCS HATHAHH30BBHIMH OOBEKTHBAMH.

Bosbliylo rpymnny COCTABJSIOT CBETOCHJbHHIE (poTorpaduyeckue
OOGLEKTHBEI, OTHOCHTE/NbHBIE OTBEPCTHA KOTODHIX HMEIOT 3HayeHHe
nopsanxa 1 : 2, yraossle noas He Gosee 40 ... 45°. HauGoaee Tumud-
HBIMH NPEACTABHTENAMH 3TOA [PYNIIHL IBJSIOTCS 06beKTHBH «fOnmuTep»
u «lennoc», B uacrHoctd «lOmnurep-8» (puc. 206, 2) u «lemmoc-44»
(puc. 206, 0). O6a o6bekTHBA IIECTHJAWH30BHE, HO B «lOmuTepe-8»
HCIOJIb30BAHO NATb PAasJUYHEIX COPTOB cTekaa, a B «[ennoce-44»
TOJbKO TPH, IPH 3TOM B HEM TOYHO COBIAAAIOT BH3yaJbHas H (OTO-
rpaduueckas NJIOCKOCTH H3obpaxenus. K stofi xe rpynme cBero-
CHJIbHBIX OTHOCHTCS OGBEKTHBE C HECKOJIBKO YBeJHUEHHBIM (GOKYCHBIM
paccrosiueM, paBHbiM 85 mM («<IOnutep-9» u «I'enoc-40»).

K rpynne mHPOKOYTOJAbHBIX OTHOCSTCS OGBEKTHBH Mapok «Mup»,
«Opnon», «IOnurep-12».

O6mbexTuBH «Mup-1» (pHc. 206, €), «<Mup-10», «IOnurep-12» MOXKHO
IPHYHUCIATh K CBETOCH/bHBIM IIHPOKOYTOJbHBIM OObEKTHBAM, NPHYEM
OGBEKTHBE ¢MHp» HMEIOT HECKOJbKO BHILE paspelleHHe Ha Kpako
noxsi. Cxema o6bexTHBa «MHp-10» oT/iHuaercs CPaBHATEJLHO HeGOJb-
MM KOJHMYECTBOM HCIONb30BAHHEIX COPTOB CTEKOJ. ¥ OOBeKTHBA
MP-2 (puc. 206, x), paspaboransoro Jjaypearom Jlennncko#t u Io-
CyZapcTBeRHBIX npemuit npod. M. M. PycHHoBEIM, HaHboJbIIEE K3 TI€-
PEUHC/eHHHX OOBEeKTHBOB yriosoe mnoje. OGbekTHB «OpHOH-15»
(puc. 206, 3) oTaMuaeTcs NPOCTOH KOHCTPYKUHeH (ueThipe JIMH3H H
BCero JiBa copra CrekJa).

B nocnepsue rofnl oTeuecTBeHHAS ONTHYECKAs! NPOMBIIIJIEHHOCTb
cepuilHO BHIMyCKaer dororpaduyeckie OGbEKTHBH HOBBIX MoJeJed,
3HAYMTENbHAsl 9aCTh KOTOPHIX HMEeT MHOI'OCJOHHOE axpOoMaTHYecKoe
npocsersienne (yciosHoe o6oznauenue — MC), Giarofnaps KOTOpoMY
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B MHOTOJIHH3OBBLIX ONTHYECKHX CHCTEMaXx AOCTHIAWTCH CYIIECTBEHHOE
noBbllIeHHe Ko3hDHIHEHTa IMPONYCKAHHA M NPAKTHYECKH TWOJHOE
YHHUTOXEeHHE BPEJHOr0 PacCesiHHOTO CBeTa.

K uXx uucay OTHOCATCS OGBEKTHBH, KOTOPBIE MOXKHG pasielHTb
Ha CJAelyloIlue IpyIibl.

1. Pax cMeHHEIX OOBEKTHBOB AJS ManodOpMAaTHHX 3epKajibHbIX
doroannaparos (fajnee B CKOOGKax NMOC/eJOBaTeJbHO YKa3aHH: GOKyC-
HOe paccrosinue f’, MM; yrJaoBoe moJse, °; fuapparmeHHoe uucro K;
doTorpapuyeckas paspemiarinas CHOCOGHOCTh B LEHTpe moas N,
MM, H Ha kpaw noas Ne, Mm~1):

o6bekTuB i makpocveMku «MC Boana-9K» (50; 46; 2,8; 42; 30);

ocoBocBeTocHIbHEEA 06bekTHB «MC ®oguc-1K» (135; 18; 1,8;
50; 30),

anunnodokycHeilt anoxpomar «MC Awo renesenmnrap-K» (300; 8;
4,5; 60; 35);

3epKaJbHO-AMH30BbH o6bekTB MC 3M-TK (300; 8; 5,6; 45; 32),
HMEIOMUA NPOAOJbHEIE DasMepbl B 2 pasa MeHbIIHe, YeM PasMephl
npesAyIero o6beKTHBA.

2. O6beKTHBH NepeMeHHOro (POKYCHOTO pacCTosHHs (nanee Io-
CJIeoBaTeNIbHO B CKOOKAaxX MpHBENEHBbI: Auana3oHbl H3MeHeHH# ¢oxyc-
HBIX DPAacCTOSIHHH, YTJOBBIX moJsiell W AHadparMeHHBIX YHCeJ):

«MC $Inrapb-14H» (28 ... 85; 75 ... 29; 2,8 ... 4) ¢ pa3pemaommef
cnoco6HOCTbIO, MM™L, mpH

A O 28 50 85
/D 50 45 40
No-. « o v o e e e e s e e e 30 35 28

«MC $luraps-20H» (35 ... 200; 63,5 ... 12; 3,5 ... 4,6) ¢ paspe-
[awmei cnoco6HoCTbI0, MM, mpH

FoMM o oo 35 70 200
Ny o oo 55 55 55
Now o oo 30 30 30

3. O6bexkTuBH Aas cpenHedopMaTHHIX 3epKajbHHIX (oroanmapa-
TOB (majee B CKOOKaxX yKasaHO TO XKe, YTO H AAf MajJoQopMaTHBHIX
O0BbEKTHBOB):

AnuHHOGOKYCHHE komnakTHeil «MC Teaeap-5B» (250; 19; 5,6;
55; 40);

CBEPXIIUPOKOYTO/bHEE CBETOCHAbHbE OGBeKTUBH cepuu «30-
nuak-8 (30; 180; 3,5; 52; 15).

Ocobyio rpynny ¢oToOGHEKTHBOB COCTABJISIOT TaK HashlBaeMble
Teneo6beKTHBE. OCHOBHEIM HPEUMYIIECTBOM TeNeO6BEeKTHBOB MNepen
HOPMAJIbHHIMH OGHEKTHBAMHY SIBJISETCS YMeHbIIEeHHas JJHHA L oT mep-
Bo# noBepxHOCTH 1o ¢$oKaabHOA nJaockoctH. [Tokasarteabp yKopoue-
HHS JJIMHBE XapaKTepusyercsi Kos(pUUUeHTOM TejeofbeKTHBA ki =
= L/F.

[TpuHOHT NOCTPOEHHA Tee00HeKTHRAa U3 GECKOHEWHO TOHKHX KOM-
NOHEHTOB HJTIOCTpUpyeT pHc. 207.
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Hautonee pacnpocrpa-
HeHa  JBYXKOMIIOHEHTHas
CHCTEMA, B KOTOPOH NEPBHIA
KOMIIOHEHT  MOJIOXKHTe/Ib-
HBIfi, a BTOPOH — OTpHIla-
teabubifi. Kaxzawil us Gec-
KOHEUHO TOHKHX KOMIIOHEH-
TOB B peajlbHOM O6BEKTHBE
npeacTaBaser cobol rpynny
Puc. 207. Cxema Tese06beKTHBA JIUH3. nOSTOMy 0 OTHOlLIe-

HHIO K peajbHOMY OObeK-
THBY CJeRyeT NPHMEHATb TEPMHH — ABYXTPYINOBOH TeNEO0BEKTHB.
O6biuno BeauunHa L = X d -+ sp- Heckosabko Goabme Lo = d +
+ aj. Ucnosbsys koaddunuent k; u dopmyay (68), momyunm:

D, =@ + (1 — ky)/d; @377)

@, = (ky — 1)/[d (ks — DA)]; (378)

a; = (ky — Od)/D. (379)

IMocae nepexoia OT ONTHYECKHX CHJ D x (IJOKyCHbIM PaCCTOSAHHAM
6yleM HMETh:

fi=Fdid+f (1 — kol (380)

fa=d (Fke — dYIf (ke — 1)) (381)

a2 = ksf” —d. (382)

Oupepenum HauGosblnee 3HaueHue f3, B3R NEPBYIO NMPOH3BOLHYIO
oT f; mo d B paBencrBe (381), Torza mosyuuM:

d = Rkf'/2. (383)

IMocae moxctaHoBKM B BhipameHus (377)—(379) Gyaem HMeThb:
Fi=fRi/(2 — ka); (384)

2= fki4 (ke — 1)); (385)

as =k’ /2. (386)

Popmyanl (383)—(386) sBAAOTCH OCHOBHEIMH dopMyJaMH, INO3BO-
JSIOMUMY Ha#iTH ONTHMAJbHBIE apaMeTphl TeJeoOBEKTHBa NPH YCJI0-
BHHY MHHMMAaJbHOCTH ONTHYECKOH CHJE BTOPOH IPYNNH JHH3 IO a6co-
JIIOTHOMY 3HayeHHIo.

Xox myueit, rosoxenume BXoZHoro D u BrixogHOro D’ 3paukos,
a TakXe anepTypHOH AxabparMul B ABYXIPYNNOBOM (IBYXKOMIOHEHT-
HOM) Teseo0beKTHBe noKasaHn Ha puc. 208.. B TeseofbnekTHBax cBe-
TOBOH JHaMeTp NepBOH IPYNNBI JUH3 OOLIYHO PaBeH CBETOBOMY XHa-
merpy o6bekTHBa, T. e, D; =D = f'/K. Toraa HmXHHE J1yY Ha-
KJIOHHOTO MyYKa Jiydell IPOXOLHUT NMEPBLIll KOMIOHEHT Ha BicoTe [4/2,
a rJIaBHBIA JyY OMpENeNsieT MOJIOKEHHE d p BXOXHOTO 3payKa ¢ yueTroM
NPUHATOTO KO3hdHUHEHTAa BUHbETHPOBAHHR KR!

ap = D (ke — 1)/(2tg ©y).
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Puc. 208. lonoxeHne 3paukoB H anepTypHOH AHapparMu B TeJeOGHEeKTHBE

ITonoxenne anepTypHofi AnmadparMbl onpefesutcss H3  (GOpMYJnl

OTpeSKOB
aan = arfi/(ar + fi).

[TonoxkeHHe BBIXOZHOTO 3payka aps OT BTOPOTO KOMIIOHEHTA TaKxXKe
MOXHO HafiTH 1o ¢opMyJie OTPEe3KOB:

apr = f3 (d — aap)/(d — aag + f2)-

CeeroBofi AuaMeTp BTOPOT'O KOMIIOHEHTA OIpPENENsieTcss XOIOoM
BEepPXHEro HAKJOHHOTO Jy4a, BBICOTa KOTOPOTO Ha BTOPOM KOMIIOHEHTE
onpejensieTcs pacueToM Jyda 1o ¢opMmysaam yraos H BricoT (78).

Tese06beKTHREL NPUMEHSIOTCS IPEUMYIIECTBEHHO NPH TpeGoBaHHU
GoapliXx (POKYCHBIX pAacCTOfSHHH. Kak mnpaBHNO, TeNe0OBEKTHBH
umeoT k; &~ 0,8, 20 < 30° u oTHOCHTE/NbHOE oTBEpcTHe Ao 1 : 2,8.

B GosbIIKMHCTBE cayyaeB MNOCAENHAd TpyNNa JHH3 HMEET OTpUla-
TeJbHOe (POKYCHOE PACCTOSIHHE, YTO H TMO3BOJISET NOJYUHTh MEHbLIee
3HayeHue k. MHOrAa mocaefHsas rpynna JHH3 ¥MeeT NOJOXUTEIbHYIO
ONTHYECKYIO CHJY, HO TOTZA Ry MAJO OTJIMYaeTcs oT efuHuunl («KOnu-
Tep-11» u «fOnurep-16») ¥ Mana 3QPeXTHBHOCTb YKOPOUEHHS IJIHHEL.

TIpumensis mocJefoBaTe bHO GOPMYJIb YIVIOB U BhCOT (52) u (53)
W y4YHTHBasg BBHIBOZL (HOPMYJH ONTHUECKOH CHJBI ABYX CHCTeM (cM.
n. 21) opu o; = 0 ¥ oy = 1, MONYyYHM OCHOBHBIE YDAaBHEHHS TpeX-
TPYNNOBOH CHCTEMH, COCTABJEHHOH M3 GECKOHEYHO TOHKHX KOMIIO-
HEHTOB:

D = @, (1 — Dydy) + (1 — Dydy) (D, + Dy — D, Dodhy);
as =" [(1 — ®idy) (1 — Dody) — Didy).

Mpu f"=1wu k=1L, rae L = dy + dp + a3,
D, — 1 — @ — @y + O,Dyd,
1 1 — @od; — ©yd; 4 Oy Dydrds’
D, — kt (1 _®3d1‘* CD3d2) + @4 (dl + dz)2 — 1 .

27 ked, (1 — @gdy) + df (Dody — 1) + Dadid3
TpexrpynnoBas chucTema HMeeT GoJbinoe yucao napamerpos: @y, O,,
@,, dy u d,, mosToMy uacThlo MX 3ajaorcs, Hanpumep Dy, d,
H d,.
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Puc. 209. /IByx3epka/ibHas CHcTeMa ¢ GJIeHLAMH

Ha puc. 206, x, 4 npuBefieHbl CXeMbl TeJeoGbeKTHROB «TaHp-3»
i «Tenemap-22» ¢ kosdduuHeHTaMH Ky COOTBETCTBEHHO paBHLIMH
0,96 u 0,8.

K Teneo6neKTHBAM TaKXe OTHOCHTCS 3epKaJjbHble W 3epPKaJjbHO-
JIHH30BBIE OOBEKTHBEL, KO3hOHIMEHT £+ KOTODBIX 3HAYHTE/BHO MEHbLIE,
yeM k; JHH30BHIX OGbheKTHBOB. Hanpumep, y 3epKasbHO-JTHH30BOIO
o6nvektHBa MTO-500 (cm. puc. 206, u) ky = 0,32,

3epKaJsibHbie CHCTEMB! HMEIOT TO [IPEMMYIIECTBO Nepex JMH30BLIMH,
4TO CBOGOLHH OT Xpomarhedckux abeppauufi. HanGosnpuee pacnpo-
CTpaHeHHe B KauecTBe TeJeoGHheKTHBA 6J1aroAaps CBOeH KOMIAKTHOCTH
noJyuuia JByXx3epKajbHas cHcrema Kaccerpena (puc. 209).

KosdpbunuenT TeseofbeKTHBA LBYX3epKaJbHOH CHCTeMBl Onpefe-
JAseTcs BhIpaxenueMm By = Sgo/f’.

DOKYCHOE DAaCCTOSIHHE 3ePKaJIbHOH CHCTeMBI DAaCCUHTHIBAOT MO
dopmyae

[f=rurof12 (ry — rg — 2dy)1,

a 3aiHUP POKAJNLHLIA OTPE30OK —
Spr = T2 (n— 2d,)/12 (ri—ro— 2d1)].
KoHCTpyKTHBHLIE NaHHBIE JBYX3€PKAMbHOH CHCTEMB! 3aBHCAT OT
BoiGopa Besuunn: [, speud. Ilpu [ =1, hi=1l,c1=0unas=1

Ha OCHOBaHHUM (OPMYJIBI BBICOT fg = fiy — atyd M C yue€TOM 7T0TO,
9T0 hp = Sps, MOJYUHM:

ag = (I — sp)/d.
UcnonbsoBanue cdopmyael paiuyca (79) npu ny =ng =1 H n, =
= —1 paer
ry=2/as ¥ ro=2sp-/(1 + o).

[lpH ompeneneEHu OTHOCHTEILHOTO OTBEPCTHA NIBYX3epPKaJbHOH
CHCTEMBI YYHTBIBAIOT KoJbleobpasnyio bopMy BXoIHoro 3pauka. [lao-
maib BXOLHOTO 3pauka HaxoAsT 1o dopmytae (cMm. puc. 209)

SD =1 (hlzn - h‘fH)
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[lpupaBHHBas 3TO BbIpaXKeHUe K IJIOMIAAH KPYIJIOTO 3pauka,
HafileM NHAMETP YCJOBHOTO BXOAHOro 3pauka Ds =27V Al — Aln »
a 3aTeM W OTHOCHTeJabHoe oTBepcTHe D,/f’, npumeHsemoe AJas CBero-
5HEPreTHYECKHX PacueToB. YIVIOBOK Npelesl paspeilieHHsl BHYHCJSIOT
no IHaMeTpy oceBoro nyuka D = 2hy;.

L5 npenynpexIeHUst 3aCBeTKH H300paKeHUs NMOCTOPOHHUM («Ia-
Pa3HUTHLIM») CBETOM B IBYX3eDKaJbHBIX CHCTEMaX NPUMEHSIOT GJeH/In!
nuaurapudeckvio NMM N, u xoruueckyio N,K,K,N; (em. puc. 209).
Pasmepn 6senll onpelessioT NO XOAy KpuTuyeckoro nyua MmK,B
BO3MOXHOH 3acBeTKH. JIyuM, MIyInHe NOL MEHbLIUHM YIJIOM K OCH,
yem nyuy MB, 6yayT 3alepXUBaThCHl MaJbIM 3€DPKaJOM H KOHHYECKOH
nuadparmofi. Jlyyu, uAymue noj OOAbIIMM YIJIOM, HE IPOMYCTHT
WHJIHHApHUEecKas: Auadparma.

PasmecTuM meHTp NpsIMOYTOJbHOH CHCTEMBI KOODJHHAT B BepIIHHE
MmaJsoro 3epkana. Torza Touka K; OyleT MMeTb KOODAHHATH Z H Y,
KOTODBIE MOXKHO BBIUHCJHTh MO CJEAYIOMIUM NDHOMMKEHHBIM ¢op-

MyJaaMm:
(hQB - h2H) sF
= (h’la - h?H) Sl:" + h‘.’Bd

N Spe—2

d;

hzg.

@
|

Sge

Jlyu MmK,B orcekaeT B IJIOCKOCTH H300paxeHHs oTpe3ok F'B
JNJIHHOH

| FB| = (y — his) /2 + Aua.

Eciu usobpaxernne y’' MeHblle N0 abCONIOTHOMY 3HAYeHHIO |F'B |,

TO NMAMHApUUEecKas AuadparMa He TpeGyerca. Ecmu |y’ | > |F'B |,
TO HeoOXoAuMa LUJAMHIpHYecKas Auadparma aumamerpom 2h,; = D,
yAaJeHBas OT BepLIMHB MaJOro 3epKajia Ha pacCTosiHue

2m = Sk (Atn — R}y — hin).

Has nonyuenuss xopoluero kavectBa HM3o0paxeHus B IABYX3ep-
KaJIbHOM CHCTEME MCHOJb3YIOT achepuueckue nosepxHoctH [33] min
NPUMEHSIIOT JONOJHHTENbHEE JHH30BbIE 3/€EMEHTh. B noc/ienHeM ciy-
4yae CUCTeMa CTaHOBHTCS 3€PKaJbHO-AMH30BOH H MOXET COCTOSITh
(puc. 210) u3 mepeasero JHH30BOTO KommeHcatopa [, YCTaHOBJEH-
HOrO B mapaJiJeJlbHOM XOfe Jyueil, 3epka/jbHbIX yactell // 6oJabIoro
H MaJOro 3epKaj ¥ 3aRHEero JHH30BOTO KommneHcaropa [//, ycranas-
JIMBAEMOTO B CXOASIIEMCS IYUYKe Jyded.

[lepennue kKommencaTophl MOFYT COCTOATb M3 HECKOJNbKHX JIHH3
(oxBOH, IBYX, Tpex) co cthepuueckuMu MOBEPXHOCTAMH, OJROHA JIHH3HI
Imuara ¢ mechepHyecKoH NMOBEPXHOCTHIO HIH AXPOMATHUECKOTO Me-
HHCcKa MakcyroBa, o6pameHHOro K npenMeraM BOTHYTOH CTODOHOH.
[lepenune komrmeHcaTopsl CAYKAT [Js HCIpaBJeHUS COEPUUECKOH
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abeppanHH  JBYyX3epKa/bHOR
CHCTEMBI H He JIOVI)KHBEI BHOCHTb
XpoMaTHYeCKHX abeppauufl.
3ajHHe KOMIIEHCATOPbI IPHU-
MEHSIOT /1 KOPPEKUHH KOMEI
1 KDHBH3HH NOJA H306paxe-
HHsl. B OCHOBHOM — 3TO OZHO-,
JBYXJIHH30BBIE KOMIIOHEHTHI.
CosaHHeM BHYTPEHHHX OTpa-
Puc. 210. CxeMa 3epKaJbHO-THH30BOFO 00  KAOUIUX NOBEPXHOCTEH Ha
EXTHB2 GOJIbIIOM. U MaJiOM 3epKajax
MOXHO TIOJYYHTb JONOJIHH-
TeJIbHBIE NapaMeTphl AJs1 HCpaBjeHHs aleppauuH, HO IPH 3TOM yc-
JIOKHHUTCSI KOHCTPYKUHA (cM. m. 124).

[IInpokoe pacnpocTpaHeHHe TOJNYYHJIM MaHKpaTHUeCKue ¢oro-
OOBEKTHBEI, MO3BOJAIOLINE B ONpPEfeSeHHOM AHAalla30oHe HENpepLIBHO
H3MeHSITh (POKYCHOE paccTosiHMie, YTO NPUBOAKHT K H3MEHEHMIO Mac-
mraba usobpaxenus. Mamesenue Macmwraba JIOCTHraercsl Tepemerie-
HHEM OTJeJbHBIX I'PYNI JHH3 O6BEKTHBA BJOJbL OCH. [Li1ockocTs H30-
Opa)keHHsl HOJIKHA OCTABaThCsl HEMOJBHXKHOH IJ BCErc AManasoHa
n3MeHeHyus macwraba usobpaxkenus. [lasg 3Toro Heo6XOAUMO, UTOGHI,
NOo KpalHe#l Mmepe, ABE I'DYNNH JHH3 OLHOBDEMEHHO MOIJIH nepeme-
IATbCS Ha pasHble DACCTOSHHS.

ITankpaTuueckue o6BEKTHBB AeAST Ha BADHOOOBEKTHBEI W TPaHC-
¢GoKaTopH.

Bapuoobvexmusom HasbplBaeTCs ONTHYECKas CHCTeMa, B KOTOPOH
H3MeHeHHe QOKYCHOTO PACCTOSHUS NOCTUraeTCsl IefiCTBUEM BCeX TPy
auHs. Tpancgokamop — 5TO ONTHUECKAs CHCTEMA, COCTOSINAS U3 MaH-
KparHdeckofl adokajbHOH HacaJKH K HENOJBHXHOTO OOBEKTHBA
B BHIe mocaeiHeHd rpynnsl JuH3, B BapuooOnekTHBE mnocienHss
rpynna JHH3 MOXKeT OBTh Kak INOJBHKHOHA, TaK H HENOLBMXKHOH,
a B TpaHcdoKaTope BCeria NOC/JAeAHss T'PYNNa JUH3 HENMOoJBHXKHA H
nepen Hel umeeTcs HapaseNbHBIA XOA4 Jyueh.

[TankpatuueckHe OGBLEKTHBE, B KOTOPBHIX KOMIIEHCAUHsI CABHTa
NJIOCKOCTH u300pakeHHs ofecneuyyBaeTcs 3a CYET NEPEMEIeHHs o
HeJHHefIHOMY 3aKOHY JaxKe OJHOTO KOMIIOHEHTa, Ha3hBalOTCH 007ek-
musamu ¢ mexanu4eckod xomnencayueli. TlankpaTuueckue o6HeKTHBEL,
B KOTODBIX CIBHT IJIOCKOCTH H300paeHHSI KOMIEHCHPYETCH 3a CUeT
nepeMelie sl HEKOTOPHIX KOMIIOHEHTOB IO JHHEHHOMY 3aKOHy, Ha-
3BIBAIOTCS O0BEKMUBAMU C Onmuweckoll komnewcayuetd (Hanpumep,
«Py6un-1»).

OCHOBHOt XapaKTEPHCTHKON NaHKpaTHYeCKHX OGBEKTHBOB SB-
JISIeTCS mepenaj m yBeJHYEHHH, onpelendeMbli OTHOLIEHHEM

m= ﬁmax/ﬁmin au6bo m = f;nax//cl:ninv
B ofbekTuBax Aas Job6uTeabckoit (oTtorpaduu obecneuHBaroT

m=2..4, a ana mMoOHTeJbCKOA KWHeMaTorpadbuu — npeumyline-
cTBeHHO m = 4 ... 6. CoBpeMeHHbI® TeHJEHIWH Pa3BUTHSA NAHKPaTH-
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YECKHX CHCTEM 3aK/I0YalTCH B CTPEMJIEHHH NOJYYHTb Nepenain
yBenudyeHu# 1o m = 20 u paxe 1o m = 40.

Ilepenal (OKYCHBIX paccTOAHHA TpPaHCHOKATOPOB ONpeRe/sercs
H3MEHEHHEM YTJIOBOIO YBEJHYEHUs adoKaJbHOH Hacalku: m =
= Ymax/¥min-

Ecau ¢doxycHoe paccTosiHMe HENOABHXXHOTO OOGBEKTHBA TpaHcho-
KaTopa PaBHO [p, TO fmax = [p¥mex H fmin = [¥min.

ITpocrefimiuM BapHOOGHEKTHBOM fBJSIETCS IBYXKOMIOHEHTHAS CH-
cTeMa, KOTODYIO MOXKHO IpPEACTaBHTb COCTOsileH M3 IBYX TOHKHX
KOMIIOHEHTOB C (OKYCHBIMH DacCTOSHHAMH [i ¥ [4, PaCOIONKEHHBIX

ApYT OT Apyra Ha paccrosHMH d. M3 dopmyan onTHueckoh cuanl (58)
CJIenyer:

[ =hrifi+f2—d) v aiv=f (fi — d)/fi.

Benuunna ai; onpefiesisier pacCTOsiHHE OT BTOPOI'O KOMIIOHEHTa
0 NJIOCKOCTH H3006paKeHHst, a d — pacCTOsSiHHE MEXAY KOMIIOHEH-
TaMH, NJIaBHOE H3MEHEHHE KOTODOIC IIO3BOJISET MOJYYHTb HElPEPBIB-
HOe H3MeHeHHe (OKYCHOI'O PacCTOSTHHS.

JBYXKOMNOHEHTHBIE CHCTEMBI OGECNeUMBAIOT MNepenajibl yBeJauye-
HH# 20 20 npH COOTBETCTBYIOLIEM BLIGOPE ONTHYECKHX CHJI KOMIOHEH-
TOB, ¥ NO3TOMY OHH CTa/JH OCHOBOK N5 OOJbIUMHCTBA CXEM NaHKpa-
THYECKHX OOBEKTHBOB.

Hemunefinpli 3aK0H mNepeMEmEHHs Kaxod-Au60 TPYNNBl JIHH3
TpeGyer yCIOKHEHHN ONpaBsl OGBbEKTHBA, IO3TOMY €CTECTBEHHO CTPEM-
JIEHHe MepeMemiath IPYNNbH JHH3 110 JHHEHHOMY 3akory. Onxuum
H3 TaKHX DEIeHHH SBJAETCS NDHMEHEHHEe NMEePEeMEeINalonHXCs XKECTKO
CBAI3AHHBIX JBYX KOMIIOHEHTOB, MEXIY KOTOPHLIMH pacroJjaraercs
HENOABHXKHLIA BTOPOH KOMNOHeHT. O6KIYHO Noc/e MOABHXHOH YacTh
NPHMEHSAIOT ellleé OAUH HEeNONBHXKHBIH 00BeKTHUB. Takum ob6pasom Io-
JIY4aeTCsj YETHIPEXKOMIOHEHTHBHIH MaHKPaTHYeCKHH o0neKTHB. Kax-
IO KOMIOHEHT B peanbHOH cucreMe OyNeT NpPeACTaBJsTb COGOH
COBOKYNHOCTb JIHH3, BBIMOJHSIOMIHX CAMOCTOSITEIbHYIO poJib B hop-
MHDOBaHHH NPOMEXYTOYHBIX H3COpaXKeHHH H obecrneuuBaomux obpa-
30BaHHE KOHEYHOrO JEeHCTBUTENBHOTO H306paKEHUs COOTBETCTBY-
rolero Macmiraba.

[Tpu nuHe#iHOM OLHOBPEMEHHOM NepeMEelIeHHH IABYX MECTKO CBsi-
3aHHBIX KOMIOHEHTOB (FPYNN JHH3) IJIOCKOCTb H300pa)KeHHsi He-
CKOJIbKO CMeIlaeTcs, NOSTOMY TaKHe OOBEKTHBHl SBJAAIOTCH O6bLEeK-
THBAMH C ONTHYECKOH KOMIeHCauuef.

Hamn6ostee pacnpocrpaHeHbl JBe CXeMbl PACCMATPHBAEMBIX OOGDLEK-
THBOB: [BA IOJIOXHTEJNbHBIX KOMIIOHEHTA IIe€PeMelnaloTcs OTHOCH-
TeJIbHO OTPHIATESIbHOTO HemolBHXKHOro (pHc. 211, a) uau nBa oTpu-
UATEJbHBIX KOMIIOHEHTA NeDEMEeUIAIOTCs OTHOCHTENLHG MOJOMKHTENb-
Horo HemolBuxHoro (puc. 211, 6).

Hanpumep, B NATHKOMIOHEHTHOM NaHKPAaTHYECKOM OOGLEKTHBE
«Py6un-1» xomnounentst I, I11, V — HemnomBMKHBIE, a MOJOKHTEIb-
Hpie KomnoHenTst [/ u [V xectko cBA3AHB H IHHERHO NepeMentanTcs
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Puc. 211, YernlpexkOMNOHeHTHHE BapHOOSbEKTHBH

OTHOCHTEJIbHO OTpHIaTe bHOro komnonenra /// (puc. 212) (8 ra6a. 10
NpHBEJIleHbl XapaKTePHCTHKH 3TOro OGBHEKTHBA).

B nureparype [21] moapo6Ho H3/M0KEHB TEODETHYECKHE OCHOBHI
pacuyera ONTHYECKHX NaHKPaTHYECKHX CHCTEM pa3JIHYHOI0 HasHaye-
HHSl ¥ BONIPOCH UX NPOEKTHPOBAHHS.

Kpome nepeunciIeHHBIX Bhllleé H3BECTHH HEKOTODHIE ADYTHE THIHI
¢$OTOOOBEKTHBOB: PeBepCHBHBIE, NMCTOP3UPYIOIHE, KOHIEHTPHYECKHE,
aas nopsojnoH cvemxH [31] u mp.

Pegepcusruimu (06paTHbIMH) TeJJeOGBEKTHBAMH Ha3LIBAIOT KOPOTKO-
¢doKycHee (DOTOOOBEKTHBE C YBEJMYEHHBIM 3alHHM (OKA/JAbHBIM OT-
PE3KOM, NO3BOJAIOIKEM B NPOCTPAHCTBE MEXAY OOHLEKTHBOM H IJEH-
KOH BBECTH 3eDXaJo AJs OTBOJA NYUKOB Jyuefi B BH3HPHYIO 4acThb
annapara. Peayin3oBaTh Takoll OGbEKTHB MOXKHO, €CJAH MEPBYIO Ipynny
JuH3  BpIOpaThb  OTPHUATENbHOM, a BTOPYIO — NOJOXHTENbHOHA
(puc. 213).

Has dororpabun u KuHemarorpadbuu peBepcUBHBIE OGBEKTHBHI
KOHCTPYHDYIOT TaKHM 06pasoM, UTOOk B TOHKOH CHCTeMe anepTypHas
auadparMa H BHIXOAHOH 3payoK IMOYTH COBNAAANIH H HAXOLHJIHChH
B TJIaBHOH MJIOCKOCTH BTOpPOTO KoMnoHeHTa (puc. 213, a), a Ajs user-
HOTO TEJIEBHEHHS NPHMEHSAIOTCH OOBEKTHBEI, ¥ KOTOPBIX anmepTypHas
anadparma pacrosoxeHna BOJH3M nepeaHero $okyca BTOPOro 00bek-
tuBa (puc. 213, 6). Ilpu 3TOM mnoJjyyaercss TesJelEHTPUYECKHH XOX
IaBHEIX Jyuefl B IpocTpaHCTBe H3oGpaxeHu#. Takoff npHHIHN
IIOCTPOGHHSI DEBEPCHBHOIO TeJeoGbEKTHBA ONTHMANEH U [J/5 LBETHOH
dororpaduu, HO €ro TPYAHO peajiM30BaTh B OOBEKTHBAX C GOJBIIUM
OTHOCHTEJbHBIM OTBEPCTHEM.

PeBepcuBHbIE TeNEOOBEKTHBE XaPaKTEDH3YIOTCS KPOME OCHOBHEIX
BesmuuuH [, D/f’ ¥ 20 Takxke clelyOHMH KO3QOHIHEHTAMH:

3agHero (hoKalIbHOTO OTpe3Ka ks = Siff’;

teneobvexTHBa k¢ = (3d -+ sr<)/fi, 3HaueHue KoToporo k; > 1
" yacto Aocruraer 3 ... 7;

Juamerpa o6bekTHBA kp, = D,/f’;

rabaputa kg = ks/ky, NO3BOJIAIOMIUM OUEHHTb PAalOHAIbHOCTD
KOHCTPYKIIHH. B peasbHBIX PEeBEePCHBHBIX TeNe00LeKTHBAX €ro 3Ha-
yeHue cocrapasier 0,13 ... 0,48. Uem Goabuie koahdunuent rabapura
IpH AaHHOM ks, TEM TPYyZHee o6ecneuuTb XOpOWmYIo abeppanioHHYIO
KOppeKIIHio, HO 3aTO caM OoOBeKTHB 6ojiee KOMIMAaKTeH.

Hucmopaupyrowe 06vexmusgst — 310 0GHEKTHBBI, CO3AAIOIIHE B H30-
GpakeHHH 3aBeloMO NpelyCMOTPEHHYK RHMCTOpCHIO. IIpH HalHuWH
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Puc. 214, OnTtHyeckHe cXeMbl AHCTOP3H-
pYIOLHX O0BbEKTHBOB

Puc. 215. KoHieHTpHuecKHA OGbeKTUB
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y 06beKTHBA 3HAUHTENbHORA OTpHUATENbHOR RHCTOPCHH yJaeTcs mpak-
THUECKH OJZHOBpeMeHHO ¢dotorpadHpoBaTh NpPOCTPAHCTBO INIPEAMETOB
B yrjcBeIX noasx 6Gomee 180° (mereoposiorusi, kKocMmoc). Pasmep
H306paxeHHsa caelyeT onpelenaTh He no dopmyrae y = —f' tg o,
a, Hanpumep, mo Qopmyne y' = —f' sin . B nociemnem cuayuae
npu —o = 90° 6ynem umerb y' = f', T. e. AuaroHaJp H306paxKeHus
6yAer BABoe Soublue (HOXKYCHOTO PACCTOSHHA.

[IpuHUMD yCTPOHCTBA AHCTOP3MPYIOMErO OOBEKTHBA HJLIIOCTDH-
pyer puc. 214, a. BrnepBue peanusoBaTh Takod OOBLEKTHB YAAIOCH
Tuamo B 1930 1. (puc. 214, 6) c yraosrM nosnem 180° # OTHOCHTEND-
HbIM oTBepcTHeM 1 : 22. Jlucropaupyiomue o6beKTHBE BHIIOJIHSIOTCS
0 FeOMETPHUECKOH CXeMeé DEBEDCHBHHIX TeJNe00bEeKTHBOB, HO B OTJIH-
ype OT MOCJAENHHX OHHM HE SBJSIOTCA OpTOCKomuueckumu. Ilepsas
rpynIa COCTOHT H3 OJHOH HJH ABYX JIMH3 H CO3laeT GOJbIIYIO JHCTOP-
cuio (puc. 214, 6, ¢). Bropasi rpynna JIMH3 CIYXKHT QA5 HCIPaBIeHHS
abeppanyii B HEJAAX NOJYYEHHS PE3KOTo H300pakeHHs.

Ha nyTtu cospasusi oco60 HIHPOKOYTOJbHBIX OOBLEKTHBCB BeCbMa
CYLIECTBEHHEIM MPENATCTBHEM fIBJASETCS BJIHAHHE KOCHHYCA YETBepPTOH
cTeneHu yraa noJs uzobpaxedHus. Ho B pesyiabraTe oTpHUAaTeNbHOH
IMCTOPCHH Ha Kpafx NoJs H300paxeHHs 3Jeck NPOHCXOAMT Kak Onl
CryiUleHHe NyYKoB Jyyefi H NPAKTHUECKH ONTHYeCKas IJIOTHOCTb
u306paxkeHHs He yCTynmaeT TakKoBOH B IeHTpe noJd.

Konyenmpuueckum HasbBaeTcsi OOBEKTHB, Bce chepHyeckHue Io-
BEPXHOCTH KOTOPOTO MMEIOT €IHHbIH LEHTP KPHBH3HHL. Takol o6bek-
THB 06pasyeT H306paXeHHe Ha BOTHYTOH chepHueCKOH NOBEPXHOCTH.
LleHTpOM BXOZHOTO M BBIXOJHOT'O 3D2YKOB H, CHIEIORATENbHO, amep-
TypHOH Aabparmsl, SBJIAETCH NEHTP KPHBH3HH NMoBepXxHocTeH. I'as-
HBI# Jyu TPOXORHT Ge3 NpeJoMJECHHS U o6JajaeT CBOACTBAMH Jyua,
NPOXOIANIEro No onTHueckol ocH. OceBol B HAKJIOHHBIN NIYUKH TaKxKe
ujedTHunn (puc. 215), mosTomMy aleppalHOHHAs XODPPEKIHs CBO-
IMTCH K KOppeKiuu chepoxpomatuyeckolt abeppauru. Koma, acturma-
TH3M M JHCTOPCHSI B KOHIIEHTPHUYECKOM OOBEKTHBE OTCYTCTBYIOT.

OTH OOGBEKTHUBH OTJIHYAIOTCH IUHPOKOYTOAbHOCTBIO (20 =% 130°)
H 3HAYMTENbHBIM OTHOCHTENLHBIM oTBepcTHeM (~1 :2). Bnepsre
Tako#l mapoBoli 06bEKTHB GbLn mpenyoxer CyrroHoM B 1859 r.



T'arasa XVI
ONTHUKA TEJEBH3UOHHbLIX CHCTEM

88. OnTHYECKHE XAPAKTEPHCTHKH NePefaloniHx
H DDHEMHBIX TEJSBH3HOMHBIX TPYGOK

TeneBusnonnas cucrema (puc. 216) cocToHT H3 mepefa-
IOMIEr0 TeJNeBH3HOHHOIO ycTpo#cTBa I, JIHHHH CB3H 2 M IPHEMHOro
TeJIeBH3HOHHOro ycrpofictsa 3.

[Nepenatomee TeneBH3HOHHOE YCTPONCTBO, HJIH Iepefaiolasi TeJe-
BH3HOBEHasl Xamepa, C MOMOMBIC OOBEKTHBA CO3LAET ONTHUECKOe
nsobpaxeHHe npeiaMera Ha (OTOKAaTOLe nepejalomiefl TeleBH3HOHHOH
TpyOxH, mpeoOpasyeT ero B 3/JeKTPHUECKOE H300paxkeHHe H mepefaer
3JIeKTPHYECKHEe CHTHaJbl (BHAEOCHTHAJHI), NPONOPUHOHAIbLHEIE $PKO-
CTH NpeAMeTHHIX TOYeK, IO JHHHH CBS3d B NPHEMHHK.

OCHOBHEIM NPHHIHUIIOM Iepefadyy H300paXKeHHS B TEIeBHAECHUH
SIBJISIeTCA MPHHIMI [100MEPENHOCTH, KOTOPHIA COCTOMT B MOCJENOBa-
TeJBHOM HEIIDEDLIBHOM BBIJEJNEHHH C HOMOIIBIC Y3KOrO NOIBHIKHOIO
SJIEKTPOHHOTO Jyya BCeX YYacTKOB IlepelaBaeMOro H3obpaxeHus H
nocJeJoBaTeJIbHOM NPeoOpPasOBaHHH IPKOCTeH 3THX Y4acTKOB B 3J/ieK-
TPHUECKHe CHTHaJb. Takoe NOC/IENOBaTeNbHOE BhHIETEHHE YYacTKOB
n300paxKeHHsl C MNOMOIIbIO ABHXKYIIErocs ONpefeNeHHBIM 00pasoM
3JIEKTPOHHOTO J1y4ya HA3BIBAGTCS PA36epmKOl menesusuoHHo20 usobpa-
HeHUS,

PasBepTka Moxer ObiTh IOCTPOUHOH W uepeccTpouroH. Ilpu mo-
CTPOYHOH pasBepTKe SJIEKTPOHHLHI Jyu NOCAefoBAaTeNbHO oberaer
CTPOKY 3a CTPOKOH cJ/ieBa HanpaBo, HauKWHas CBepPXy TakK, 4TO BeChb
KaZp pasBepThiBaercsl 3a 1/25 c, a NpH UepeccTPOUHOH pa3BEPTKe
oH ofieraeT BHaua/le Bce HeyeTHBlE CTPOKH 3a 1/50 ¢, a 3aTteM — Bce
yeTHEie Takxke 3a 1/50 c. [locsennuit cnoco6 Haubosee pacmpocTpa-
Henuwit. IlosHas pasBeprka B OGOHX CJydYasX OCYIIECTBJsETCS
3a 1/25 c, 370 BpeMsi Ha3BIBaeTCs nepuodom Kadposoll passepmku.

B npueMHOM TeseBU3MOHHOM YCTPOHCTBE NPHHSATHIE IO JHHHY
CBSISM 3JIEKTPHUECKHE CHIHAJBl Npeo0pasyrTcs Ha 3KpaHe NpHeMHOR
TPYOKH KHHECKONZ B CBETOBBIE UMIYJbCH. DJIEKTPOHHBIH NMyYOK KH-
HecKolla IOJ JeHCTBHEM CHHXDOHHSHDYIOUIErO ¥ pasBepThHIBAIOLIETO
reHepaTopoOB B TOYHOCTH NOBTOPSET ABUIKEHHS 3JEKTPOHHOIO NyuyKa
nepejawmes Tpy6KH, a HHTEHCHBHOCTh NMYuYKa KHHECKONa H3MeHsercs
NpONOPHHOHAJLHO BUAeOCUTHANY. [Iof IHefcTBHEeM 3JEKTPOHHOIO
nyuKa, AHaMeTp NONepPeyHOro ceueHHs] KOTOPOro paBeH BHICOTE CTPOKH
pPasBepTKH, MOMHHODOPHBIH C/IOH KHHECKONa CBETHTCH U BOCHPOH3-
BOJIHUT H300paxkeHue IpeiMera.

PasBepTka XapaKTepH3yeTCS UHCJIOM CTPOK 2,, KOTOPOE B pas-
JHUHHX CTPaHax cocrasjser: B Besnko6puranuu 405, B CIIA wu
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Puc. 216. TpnenunnanpHas cxema TeJleBHIEHHA

SInownu 525, no Esponeifickomy cranmapty 625, Bo Ppanuuu
819 cTpox. B 3TH wuMcia CTpPOK, HasbiBaeMsle HOMMHAJbLHBLIMH,
BXOJHT YHCJIO aKTHBHBIX CTPOK 2Z,, B JEHCTBHTENHHOCTH 06pasylomuX
pasJioXeHHe H3006paKeHHs, a TaKXKe HEKOTOPOe UHCJIO CTPOK (OKOJIO
7,5...8%) nns BO3BPaTHOrO XoJAa 3JEKTPOHHOro Jyua. B Hameft
CTpaHe NDHHATH 2, = 625 u z, = 577.

Ilepenaromasn TeneBH3HOHHas TpyOKa $BJSIETCH 3JEKTPOBAKYYM-
HEIM DPHGOpPOM, (OTOKATOA KOTOPOTO COBMEIIAeTcsi € IJIOCKOCTbIO
u3o6paxeHnus, obpasoBaHHoro o6LeKTHBOM. B nepepamomux Tpy6kax
HCIIOJIB3YETCsl WJIM BHEWHHH ¢GoTo3dhdeKkT (CYyNepopPTHKOHBI, cymep-
HKOHOCKOIIBI), CO3JaBaeMbli B pe3yJ/ibTaTe 3MHCCHH 3JEKTPOHOB TOJ
JeficTBHEM CBETOBOIO H3JIyYeHHs, HJIH BHYTpeHHHH ¢oToshdekT
(BUAMKOHBI).

PaccmoTpuM yctpolicTBo ¥ paboty nepepawomielt TpyGKH Ha Npu-
Mepe BHAMKOHa (puc. 217), cocrosimero u3 Koalul I, Ha nepeiHHi
BHYTPEHHHH TOpel KOTOpOoH HaHocuTcs (oTopesHcTop 2 yepes mpo-
3payHBIf CJOH Meranana 3, HrpaiowWHil poJb CHUIHAJALHOH MNJIACTHHBI,
COeflMHEHHOH C Harpysko#t Ry, ¢ KOTOPOH CHUMaeTcsi BHACOCHTHAJ.
Toamuua cdoropesucropa cocrasaser 1 ... 2 MM, a CONpOTHBJIEHHE
B MONEPEUuHOM CEUeHHH B TEMHOTE — oKoJo 10% Om/cm?.

DJeKTPOHHBIA Jyu GhopMHpYyeTcs MymiKod 6, aHoas 4 u 5 ocylue-
CTBJSAIOT AHHAMHYECKYIO QOKYCHDPOBKY pasBepThiBawouero Jyuya. Ha
TPYOKY HafleBalOTCs TakxKe GOKYCHPYIOmAsi U OTKJIOHSAIOIAS] CHCTEMBI.
Ecanu ¢doToKaTox He OCBellleH, TO €ro CONPOTHBJEHHE B NMOMEPEYHOM
CeueHUHU OJHHAKOBO BO BCEX TOUKax. PaspepThIBAIOUIHA 5JEKTPOHHHIA
Jyd CO3faeT Ha BHYTPEHHEH NOBEDPXHOCTH (POTONPOBOAHHKA IOTEH-
uHaa, 6MM3KHH K NMOTeHHHaNy KaToza.

Ecnu ma dorokatole OGLEKTHBOM CO3[4aHO H30Opa)KeHHe MNpex-
M€Ta, TO MPOBOAHMOCTh OCBEIEHHBIX Y4YacTKOB cJIosl He OyJeT ofluHa-
KoBo#i. B ¢oTopesncTope BO3HHMKaeT «pesbed NPOBOAHMOCTH», COOT-
BETCTBYIOIMH pesibedy SPKOCTH NepefaBaeMol ClEHBl. DIeKTPOHHBIA
Jy4 NpU pa3BepTKe MOBOAMT IOTEHIHAN BHYTpEHHeH IOBE€PXHOCTH
BCceX Yy4yacTKOB (DOTONMPOBOJHHKA JO MOTeHUHaJsa (oToKaroda. TOKH
J03apaaa, BO3HHKAIOMINE NPH pa3BepTKe, MPOTEKas uepe3 Harpysou-
HbIf pe3ncTop Ry, CO3JAIOT HalpsKeHHe 8UOeOCUZHAAA.

BuankoHsl — 3T0 MasoraGapHTHbIE BEICOKOUYBCTBHTE/IbHBIE TiEpe-
paomue Tpy6ku. Tak KakK B BHAHKOHAX HCNOJb3YyeTCcsl BHYTPEHHHH
doTospPeKT, To OHH GoJlee HHEPUHOHHBI NO CPABHEHHIO C CYNEPOPTH-
KOHaMH.

Tlepenawmue TeNeBH3HOHHbIE TPYGKH NOJIKHBI OBITb BHICOKOUYB-
CTBHTEJIbHKIMH, CIHOCOGHBIMH TPaBHJbHO BOCIPOH3BOAHTL CBETOBHIE
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Puc. 217. CxeMa mnepenamomel TeJeBH3HOHHOH TPYGKH-BHIMKOHA

rpajanvy B IIHPOKOM JHAaNa3oHe H3MEHeHHs! SPKOCTeH NpeiMeTOB,
obJsiafiaTh Xopoluefi paspemaiomiell CHOCOGHOCTbIO H HMETh BHICOKOE
OTHOIUEHME CHTHAJ/IIYM.

PaccMoTpuM OCHOBHbBIE ONITHYECKHEe XaPaKTepHCTHKH HepelalomlHX
TENIeBH3HOHHBEIX TPYOOK.

1. YyscTBHTENBHOCTD (OTOKATONA — 3TO 32BHCHMOCTb BHAEOCHT-
HaJla OT JJIMHBL BOJIHBI NAJAKOero uaayueHus. Ee o6bluHO nmpeicTaB-
JSIOT B BHJE TpaduKa HU3MEHEHHS] OTHOCHTEJbHOH CNEeKTpPaJbHOH uyB-
CTBUTEIbHOCTH Sy B 3aBHCHMOCTH OT J[JHHBL BOJHH (puc. 218).
[Ipu oueHKe cnexTpaibHOH XapaKTeDUCTHKH YYHTHIBAIOT AJHHY
BOJIHEL A,,, IJ KOTOPO#l CBETOUYBCTBHTEILHOCTH HMeeT HauboJbiuee
3HaueHHe, ¥ I'DaHUYHbIE QJHHB BOJH A, U A,. CIeKTpaJbHble Xapakre-
PUCTHKH TPYOOK B OCHOBHOM COOTBETCTBYIOT CIEKTPaJbHBIM Xapak-
TEepPUCTHKAM (OTOKATOMOB.

2. CeeroBasl XapaKTepHCTHKa IIOKA3bIBAE€T 3aBHCHMOCTH (HOTO-
TOKA iy B MHKpOamIepax oT ocBemeHHocTH (oTokatona Ej B JMIOKCaX
(puc. 219). Ilpu onenke cperoBo# XapaKTePHCTHKH YUHTHIBAIOT: MH-
HUMAJbHYIO Efin, M2ZKCUMAIBbHYIO Ef.x OCBELIEHHOCTh; MIMPHHY CBe-
TOBOH XapaKTEPUCTHKH, T.e. AHana3oH ocsemeHHOCTeH Emax—Emin,
B KOTOpOM JieficTByeT TpyGKa; HAKJOH CBETOBOH XapaKTEePHCTHKH,
ONpeJleNSIOUIHA CKOPOCTL M3MeHEeHUs] 3HAueHUs BHJEOCHTIHasla B 3a-
BHCHMOCTH OT OCBEINEHHOCTH H IOKa3bIBAIOIIUi BO3MOXKHOCTb IOJY-
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Pac. 218. Cnextpa/nbHas XapaktepH- Ppc. 219. CBeTOBbe XapaKTePHCTHKH
CTdKa BHAKKOHA CyNepOPTHKOHOB!
1 — JIN-216; 2 — JIU-215; 3 — JIK-201; 4 —
JIH-213; 5§ — JIH-218; 6 — JIK-17
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YeHMs B TEJNEBU3HOHHOM H300paKeHHH COOTHOINEHHH spKocTeH,
HMEIOIIHXCA Ha MepejaBaeMOM OOBeKTe.

MuHUMa/bHAsS OCBEMEHHOCTb E¢ min Ha (POTOKATOAE OrpaHHUYH-
Baercs ero wyMmamH. aa ofecneyeHuss Ha (OTOKATOAE yKasaHHOMH
OCBELIEHHOCTH HeOGXOAuWMa onpejeseHHas ocpemeHHocts Ep, Ha
nepenasaeMom npeaMere. Ecim p — KoaddbHUHEHT OTpaXKeHHs jeTa-
JeH npeamera, P — JHHeHHOe yBeqMYeHHe, C KOTOPHIM ONTHYECKAas
CHCTEMA, HMEIOLlast OTHOCHTeNIbHoe oTBeperde D/f' u KosddHuEeHT
NpONyCKaHUs T, H300paxkaeT NpeAMET, TO, NOJB3YACH (GopMyJaaMH
(224) ® (227), MOXHO NMOJYYHTb CJAEAYIOUIee COOTHOLIEHHE:

Enp = [4E¢p (1 — B)*)/Io (D/f')]. (387)

[Tepenaomue Tpy6KH TaKXKe XapaKTEpPHU3YIOTCA YYBCTBHTEb-
HOCTBIO, NMOJ KOTOPOH NOHHUMAIOT BEJHYHHY, 06DAaTHYI0 MHHUMAJbHOK
OCBELIEHHOCTH, HEeOGXOAMMOA IJA mepelayd CTaHXAPTHOH Tabuuubl
C 33aJlaHHOH YeTKOCTBIO NMPH ONpeleNeHHOM pa3Maxe BHMAEOCHTHAAa M
3aJlaHHOM OTHOUIEHHH CHMrHajd/myM. s CynmepHKOHOCKONOB — 3TO
OCBeIleHHOCTh, paBHaa 10 ... 30 sk, AJsA cynepopTHKOHOB 1 ... 6 Jk,
Jisi BUAMKOHOB 5 ... 10 1k,

Hanpumep, ecan o6pexTuB ¢ K = 2 u T = 0,8 uso6paxaer ¢ yse-
auuenneM B = —0,014 Ha ¢dorokaTosle ¢ hgy = 24 MM npeaMer BuI-
cotroit 1,7 M, umetomuil cpenul Koadpduuuent AudpdysHOro orpaxe-
A p = 0,6, TO Ha mpeAMere XOJIKHZ OHITh CO3JlaHA OCBELIEHHOCTh
(ne menee):

1000 nX npHu HCIOJB30BaHHM B KaueCTBE mnepefawmouiedl Tpyokwu
CYHNepHKOHOCKOMA;

200 K NPH HCOOMB30BAaHHH CYNEPOPTHKOHA;

350 MK NMpH HCNOJNb30BAHHHM BHAMKOHOB.

Jln9 noBBIEHHS YYBCTBHTENLHOCTH NEPEAAIONIHX TeJeBH3HOHHBIX
TPYGOK MeXAY HX DOTOKATOXOM M POKaJbHOH NJIOCKOCTHIO OOBEKTHBA
NOMeINAT YCHJAHTeNH fAPKOCTH. B KauecTBe ycuJuTesNedl SiPKOCTH
ucnoasayior JOIT u yerpoiicrBa
CO BTODHYHOH 3/1€KTPOHHOH Npo-

[
¢ BoaumMocthio {B3IT).
0,8 3. Paspemaromast ciocoGHOCTb
2>\\\ TEJEBH3HOHHBIX nepefaomux
06 TPYGOK OleHuBaeTcs YIeAbHON
\\ paspemamesi CcHOCOGHOCTBIO,
0,4 \‘ 7 paBHO#
0,2 \ — Ne= zo/ho,
’ >\? rie hy — BBHICOTA (POTOKATOAA.

Paspemaiomaa cnocoSHocTh

0 200 400 600 Zg Tpy6OK onpenensiercsi B OCHOB-
Puc. 220. AneprypHas XapakTepHCTHKA  HOM KauecTBOM (GOKYCHDOBKH pas-
nepellaiotedi TPYOKH: BEPTHIBAIOUIETO 3JIEKTPOHHOTO Y-

! — cynepopTHKOH;, 2 — BHAHKOH; 3 —
cynepuxogocmn 4ya, d TaKXxe Q)OKYCHPOBKH nyd-
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KOB Jy4yefl, NePeHOCAIHX SJeKTPOHHOe H3oOpaxenHe. Paspemalomas
CNOCOOHOCTE NepellaiollHX TPYOGOK GoJiee TOUHO OINpene/siercs 3aBH-
cHMOCTBIO 2, = f (i;) (puc. 220), KOTOpYi0 Ha3HIBAIOT anepTypHOM
XapaKTepHCTHKOH, siBasomelcs: cBoeobpasnoli @IIM tpy6kH H mo-
Ka3bIBAIOIEH, YTO BBICOKHE NPOCTPAHCTBEHHBIE YacTOTH IepelarTcs
MEHDIUHMH BHAEOCHTHANaMHU [g.

4. Ta6aputHbie pasmepnl (oTOKaToAa: BLICOTA hg H INHPHHA by
O6YCJIOBJHBAIOT YIVIOBOE IoJ€e OOBEKTHBA:

tgo’ =1U'ff nan tgo” =1'jd,

rae I’ =3/ h* + b%/2 — noJsoBuHa AHaroHasu (HOTOKATOHA.

5. Ornomenue curHaa/mym. CHjla TOKa, BOSHMKAIOIIETO B Mepe-
Japomeli TpyGKe, He SIBJAsieTCsT CTPOro mnocrosiHHok. IlocTostHHBIM
ocTaercsi CpeJHee ee 3HAyeHHWe, MTHOBEHHblE K€ H3MEHEHHS CHJBI
TOKa NMPOHCXOJSIT HEMPEPLIBHO U XaOTHYeCKH. TakHe H3MeHEeHUS TOoKa
HaseBaOT @aykmyayuiny. C yMeHpLIEHHEM CHJBI TOKa €ro QJIyk-
TyalMH CTAaHOBATCS 3aMerHee. TOK Ha BBIXOfe nepefaiomied TpyOKH
MOXKHO paccMaTpUBaTb KakK GBI COCTOSIIMM H3 JBYX KOMIIOHEHTOB —
TOKa CHIHaja [;, [POMOPIHOHANbHOIO NajawineMy Ha (OTOKaTox
CBETOBOMY MHOTOKY, H TOKa (PIYKTyalMOHHOH NOMEXH Iy, CHJIA KOTO-
pPOro XaoTHYECKH H3MEHSeTCH.

OTHolleHHe CHTHaJ/IyM Y = i./ip. [lpakTHka nokasana, uTO
RJisl MOJy4YeHHs [OCTATOYHO XOpPOIUero H3o0paKeHHs sHaueHde P
lomxkHO OeITh He Meree 20.

HcnonbsoBanuem (GOTONPOBOASIHX CJIOEB H3 pAa3JHYHBIX MarTe-
pHaoB yNAJoch CO34aTh BHAHKOHBI I/l PEHTIEHOBCKOIO H3JYy4eHHS
{(ceseH ¥ OKHCb CBHHLE), YJIbTPAdHOJETOBOTO H3JIYYEHHA C Amyp =
= 200 aM (amopdHBIH ceseH) H HHYPAKPACHOTO H3JIYYeHHA C Amax =
= 2000 um (PbS).

Ilepepaiomue TpyOKH ¢ HOCTPOUBOH CHCTEMOH pasBepPTKH — AHC-
CEKTOpHl — NPHUMEHSIOT KaK TPYOKH MTHOBEHHOrO JeHCTBHSA ¢ KPaTKUM
BpeMeHeM CBeToBOro mmnyJabca (J/IM-601).

Hekoroprle onTHueckMe XapaKTepHCTHKH pfla OTEUeCTBEHHBIX
nepejaloMUX TeNeBH3HOHHLIX TPYOOK NpHBexeHu B Ta6a. 10.

IMpuemHble 3/7€KTPOHHO-JYYeBHe TPYOKH, HJH KHHECKONbI, OCHa-
MeHbl JIOMHHECHPYIOMHMH 3KPaHaMH, Ha KOTOPBIX BOCIPOH3BOAATCA
TEJeBH3HOHHbE H306paxKeHHs. DJEKTPOHHBIE Jyd Ha BHYTpeHHeEH
NOBEPXHOCTH CTEKJSIHHOH TPYOKH, NOKPHITOH JIIOMHHECHHDYIOMUM
cocTtaBoM, 0o6pasyeT H306paXeHHe CTPOYHOTO BHJa, CBASAHHOE CHH-
XpoHHO M cwH(bA3HO ¢ pa3BepTKOH H300pa)kKeHHs B nepejaipomied
TpyOKe.

[IpHeMHble TeNeBH3HOHHBIE TPYOKH paslie/isiioT HA KMHECKOIH npA-
MOTO BHJEHHS TeJeBH30pPOB, KHHECKONB NPAMOro BHAEHHA BHJEO-
KOHTDOJILEBIX YCTPOHCTB H BHIOHMCKaTeseH Iepejamomux Kamep,
NpOEeKLHOHHbIE KMHECKONLl, KHHECKONB! TEJIEBH3UOBHBIX CHCTEM C Oe-
FYIMUM JYY0M, KHHECKONB! IJA 3JIEKTPOHHHIX (oToTenerpadHuX CH-
cTeM H KHHecKONH 1151 pororpabupoBaHnsl H3oOpaXKeHHH C SKpaHa.
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Ta6banuua 10

OnTHYecKHe XapaKTePHCTHKM NePeAaoliux TpyGok

CynepopTHKOHMB BUAUKORDB
o
w = o~ o] (=] 2—-
XapaKTepucTHKa = « 2 3 Q §8
X = X = oo £
5 ) S =] 5 =
®opmar doTokarona 24X 32 4,5X6 | 15X20 ) 9,6X | 24X 24
hX b, MM X 12,7
HoMmuuaasHO® 4HCIO 625 350 625 625
CTPOK 2,
Yucjao aKTHBHHX 577 320 577 —
CTPOK 24
YneneHas paspemianomas 24 71 39 61 —
CIOCOGHOCTh, MM ™%
BricoTa CTpOKHM, MM 0,041 0,014 0,026 | 0,0165 —
A, HM 570 | 580 | 500 | 575 | 580 | s00
Ay—hg, HM 375 ... | 380 ... { 350... | 400... | 420... | 440 ...
750 750 700 750 780 580
" 40 | 40 39 40 50
E qin» K 0,01 5 0,1 — —_—
Pa6ouass  ocBeleHHOCTB 2 1,8 —_ 5 1,6... 101 100
¢oTokatona, AK

OCHOBHEIMH ONTHYECKHMH XaDAKTEDUCTHKAMH NPHEMHBLIX TE/IEBH-
3HOHHBIX TPYGOK SIBASIIOTCS pa3Mep 3KpaHa, IBeT CBEUYEHHs, CIeK-
TpajbHas XapaKTepHUCTUKA, IPKOCTL H300paKeHHUs1, KOHTpAcT u3obpa-
KEHHs, HOoCAecBeyeHHe, CBETOOTAAYa, HJH cBeTOBas 3(P(heKTHBHOCTD,
KOTOpas oINpejlefifercsl OTHOIIEHHEM CBETOBOTO NOTOKA K MOIIHOCTH
BO30YKJAIOLIET0 NOTOKA 3JIEKTPOHOB.

Bripaxaior cBerooTauy B JoMeHax Ha BatT (iM/Bt). Ee mMoxHO
TaKXX€ XapaKTepH30BaTh OTHONIEHHEM CHJIbKI CBeTa 5KpaHa KHHECKoNa
K INOJB&JeHHON MONIHOCTH B KaHZenaX Ha BarT (Ki/Br).

Llper cBeueHHs W CIeKTpaJbHAS XapPAKTEPHUCTHKA 3aBHCAT OT
cocTaBa JIOMHHOGOpPA, MOKPLIBAIOUIEr0 BHYTPEHHIOID NOBEPXHOCTDb
skpaHa (raba. 11).

SIpkocTh H306paKeHuss Ha 3KpaHe 3aBHCHT OT HaNpsXKeHHs Ha
YOPaBJAAOIEM 3JeKTpofe KuHeckona. CpelHsss MHHHMaJabHas sp-
KOCTb 3KPaHa KHHeckona npuHumaercs pasuoi 40 kn/m®. Hau6ouas-
mas sipKOCTb H300paKeHHsi KHHeCKoma (He NPOEeKIHOHHOIO) COCTaB-
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Ta6auma 11
OcHOBHHE NOKa3aTeJH JIOMHHOGOPOB

Jauna
DauTens- BOJIHBL, Cge-
Liser HOCTh cooTser- TOOT- O6nacts
Jliomurodop CBEUCHHS nocJe- CTBYIOWR2A | naga, | npuMeHeHuUst
cBeye- MakCHMYMY | \n/By
Hus, C H3JNyueHHus,
HM
Cmech cyabdunos, Benni 2.107# 455 ... 470 6 Kuneckonn
aKTHBHDOBAHHEIX  Ce-
peGpom
Buanemur 3eneHbit 10-3 — 2
Cysabdun UHHKa, aKTH- Cuuuit 2-10°3 — —
BHPOBaHHLIA cepeGpom Kuneckonbt
I[BETHOTO
docdar uuHKa, akTH- Kpacuntit 102 - 0,8 TeIeBHACHHA
BHDOBaHHHIA Mapras-
uem
OKCHI UHHKA, aKTHBH- 3eseHO- 2,5-107¢ 510 0,9
POBaHHHBIH HHHKOM BaTHIH
Tpy6ku nas
Temexut Or yabrpa- 1077 450 — gﬁTeMmi
¢uoseroso- 1 yqlgM‘
ro A0 CH- y
HETO

asier 200 xz/M3. B TIpOEKIMOHHBIX KHHECKONAaX cpellHsifi sPKOCTb
nso6paxenns pocruraer 1000 kn/m.

KoHTpacT u306paxKeHHs, ONpelesieMbfl HHTepBaJoM fPKOCTH,
3aBHCUT HE TOJbLKO OT CTENeHH sIPKOCTH HauboJ/ee M HaHMeHee APKHX
yyacTKOB H300paeHHSl (Lmax B Lyy,), HO H OT JOMOJNHHTENLHON
spkocTH L} mapasuTHOH 3acBeTKH, fABJgOMelcs (QYHKUHeH He-
CKOJIbKHX (DAaKTOPOB: OpeoJa M306paxKeHns, OTpayKeHHs1 OT BHYTPeH-
Hell TOBEPXHOCTH KOJIOB, paccesiHusi cBeTa JIOMHHOGODAMH 3KpaHa
WJIH CTeKJoM KoJIGHl, BJAHSIHHS MOCTOPOHHEro cBeta # T. n. Kourpact
H300paxeHusl BHIpaxaloT ciaelywied hopmyJIoi:

k= (Lmax + Lu)/(Lmln ‘I_ LJI)

HaunGoabuiuit KoHTpacT H3o0paxeHHS B COBPEMEHHBIX KHHECKOMax
cocrasiser 30 ... 40.

JiuTenbHOCTL TOC/IECBEUEHUsT OmpelenseTca BpeMeHeM, Heolxo-
AMMBIM JJIsS YMeHBbIIEHHsI SPKOCTH CBEUEHHsI 3KpaHa IocJje NpeKpa-
imeHusa Bo3OyXKienus 10 1% mneppoHayanbHO# SPKOCTH B MOMEHT
BO30YXKAEHHA.

JuTeNbHOCTL TIOC/JECBEYEHHs OeNsiT Ha NATh KaTeropHi: OYeHb
kopoTkas (menee 10-° c); kopotkas (10-° ... 10~ ¢); cpemnsas (102 ...
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Ta6banuga 12
OnTHYecKHe XAPAKTEPHCTHRH NPHEMHBIX TENEBA3SHOHHHX TPYGOK

Z g3 o | 5. | Es
Tun o %g- s E‘% 22§ w5E O6aacTs
Tpy6oK ) a YZa |2a £ So b NpHMeHes st
58 §x £5%|59| 5% | 553
S5 £ wET|22E] =28 [EEa
Saian | arexars 110
IIpoexuuonnoe Te-
35 JIeBHIeHHe
6JIK1B 34 38 4000 Cpenusis
L07IK2B | 54X72 | Beqma | 3000
13JIK 1B 70X 93 32 | 30 625 | DieKTpOHHHE BH-
HEOMCKATENH  Te-
JieKamep
13JIK2b 85X 85 35125 BHIEOKOHTPOB-
Hble YCTPOHCTBA
18JTIK8)K 90X 124| Toay6o- | 300 Ouenn Berymuft ayqs (ans
BaTo-3e- KOpoTKast 4epHO-GeJI0r0 74
Jiensifi LBETHOTO TeJIeBH-
35 JleHHs)
18JIK125 | 100X 100 300 1000 | ®ororpaduposa-
HHe H300paxKeHHs
23JIK5B 160X 160| Beanit 32 | 45 | Cpenmusia | 625 | BHIeOKOHTPOMb-
Hble YCTpOHCTBA
23JIK6H 124X 170| Senennidt | 700 | 40 1000 | 3amuce TeJeBH-
3HOHHOTO H300pa-
JKEHHS Ha KHHO-
[IEHKY

10! ¢); nautenpuas (10-1 ... 16 c); Becbma AauTeabHas (Go-
Jee 16 c).

Onryueckne XapaxTepUCTUKY HEKOTOPHIX NPUEMHBIX TEJeBH3HOH-
HBIX TPYOOK (KHHECKomoB) npuBefednl B Taba. 12.

89. O6GbexTHBH nepefalomuXx TeJeBM3MOHHBIX Kamep
H MX OCHOBHbI€ XapakTepHCTHKH

Onruueckoe u306paxenue, KOTOPoe CO3AAET 06BEKTHB o-
TorpaguyecKuil, MHKPOCKONA HJM 3DHTEJbHON TPyOGH, MOXeT OHITb
HENOCPEJCTBeHHO HCHOJIb30BAHO JJsd IHepefadd N0 TeaeBUIEHHIO
(puc. 221). Tlpu sToM onTHyYecKMe XapaKTEPHCTHKH Iepefalomux
TPYGOK H ONTHYECKHX CUCTEM HEOGXOLMMO YYHTHIBATbL B HX B3aUMO-
cBsi3d. OOGBEKTHBBHI, NPUMEHsIEMble B TeJeBHJEHHH, B OCHOBHOM HO-
HoGHBE HOTOOGBEKTHBAM, NOSTOMY HX OCHOBHbIE XapaKTEPHCTHKH —
370 QOKYCHOE paccTosiHHe ', OTHOCHTeAbHOe otBeperue D/f’, yrioBoe
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Puc. 221. Cxema o6paso- 7 7 4

BaHHS H300paXKeHHs Ha P4
¢doToKaTone  INepejacuied — s

. o e d T
TPYOKH: == e
1 — npenmer; 2 — OOGBEKTHB;
3 — dorokarton; 4 — nepe-

paromast Tpyoka

noje 2w. OTnAHYHe TeNeBH3HOHHHIX OOBEKTHBOB COCTOHT B TOM, 4TO
NpH MX pacueTe YUYHTHLIBAETCS] BJIMSHHE CTEKJISHHBIX IJIACTHH (IJaH-
waibel nepenawomell TpyOKH, OUALTPH), PaCHOJOXKEHHBIX B CXOAS-
MUXCA Nyukax JyuyeH nepend ¢otoxartonoMm. OGHEKTHB, CHElHANbHO
PaCCYHTaHHBIA IS TeJeBHICHMA, B Ha3BaHHH HMMeeT OYKBY «T».

®oKycHOe paccTosiHue OGBHEKTHBA ONpelleisieT ero JUHeHAHoe yBe-
anuenue P. TeneBusnoHHBIH TpakKT OT (oTOKaToNa mnepenawlel
TPYOKH A0 3KpaHa KHHECKONa TakkKe o6JajaeT JHHEHHBHIM YBeJHdYe-
HHEM Prey, KOTOPOE HA3BIBAIOT MaclITa00M H300DAMKEHHS TeJIEBH-
3HOHHOTO TPAaKTa,

Bren = l/my = hx/hd))

rie hy — BBICOT2 3KpaHa KMHeCKona: Hhg — BHICOTA 3KpaHa (oTo-
KaToJla nepefamoled TPyOKH.

O6muit MaciiTa® Te/eBH3HOHHOTO H300paXkeHHs #m ONpelensercs
COOTHOIIEHHEM

Ecaun Ha doToKaToj nNepejamomied TpyOKH Npoenupyercss H3obpa-
JKeHHe yHaJeHHsX 06BeKTOB, TO MacluTab /m TeJeBH3HOHHOro H3o6pa-
KeHHs TPHUOIHKEHHO MOXHO ONpelesHTh H3 DaBEHCTBa

l/m = _fl/(amt)v

rie f° — dokycHoe paccTosiHie 0ObeKTHRA; @ — PACCTOSIHUE OT O6BEK-
THBa (TOuHee OT nepejHeH# TJIaBHOH TOYKH) N0 IIDEIMETOB.

OtHocuTenbHoe orBepcTHe obwektnBa (D/f = 1 : K) BeifupaloT
C YYeTOM CBETOUYBCTBHTEJLHOCTH (DOTOKATOAa, ApKocTd L mpeamera
H JIONYCTHMOH OCBEHDIEHHOCTH Ha (oTokartole Lj:

D/f = 2n, V Ey/(znl) ,

rlie n; — NoKasaTeJb NPEJOMJIEHHS MPOCTPAHCTBA NpPeLMETOB.
SIpkocTh mpeamera onpelednsiior no dopmyJe

L = pl cos g/(nr?),

rie p — xo3pdbuuueRT AH(OGY3HOrO OTpaxKeHHa npeiamera; [ — cuaa
CB€Ta HCTOYHHKA, OCBEUIAloWero MNpeaMeT, KO, & — YIoJd Mexay
ONTHYECKOH OCbi0 OOBEXTHBA M HamnpaBJeHHEM Jyua OT HCTOYHHKaA
Ha TNpeiMeT; 7 — pacCTOssHHe OT HCTOYHHKA CBeTa IO NpeiMeTa, M.

[Tpn o6pasoBanuu Ha (hoTOKaTONE CNABOOCBENIEHHBIX HM306paKe-
HHH HeOOXOZMMO CJelHTh 33 TeM. YTOObl HX OCBEUIeHHOCTb Obiia
HECKOJIbKO Bblllle 3HaYeHHs E .
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3HaueHHe OXHJAaeMoH ocBemeHHOCTH Eg Ha QoTokatolle B 3aBH-
CHMOCTH OT OCBeIieHHOCTH E = Ej, MNpeAMETOB MOXHO ONpPENeNHTb
no ¢opmyae (387).

JluneliHoe moJe H3o00paxkeHHsi OOBEKTHBA NO/KHO GHITb PaBHO
pasmepy $oToKaTola HJIH OBITb HECKOJbKO OoJblue ero.

B tabn. 13 npHBeleHb XapakTeDUCTHKH OTeUeCTBEHHBIX TeJeBH-
3HOHHBIX OGBEKTHBOB.

B cTynuAHBIX M penopTaXEBIX NepejaroliiX TeJeBH3HOHHBIX Ka-
Mepax HaXONAT IIHPOKOE NMPHMEHeHHe NaHKPaTHuYeCKHe OOBLEeKTHBHI,
nHanpumep, «Bapuo-T'oup-1T» (f = 40...400; D/f' =1:4; 20 =
= 54 ... 6%; «Aabkop-6» (/' = 80...800; D/f' =1:4 npu f =
=80...400, D/f' =1:8 mnpu f = 160... 800; 20 = 28 ... 3%;
«Mereop-7» (f = 25 ... 100; D/f’ = 1:1,9; 20 = 36 ... 9°); «Bapuo-

Ta6aunuwa 13

KosdpobuunerT nepegauu
doxycHoe | OTHOCH- Kosddu- KOHTPACcT. Ty mpu
paccros- | TenbHoe | Yriaosoe | umest N' = 13 M=t

Tun o6bekTHBA | “hye f, orsep- | mose 2w° | mpony-
MM cTHE CKaHHuA
B UEHTDE Ha Kpaw
noJas nons
«Mup-10-T» 27 1:3,5 71 0.75 0,55
«Mup-1-T» 37 1:2,8 58 ! 0,85 0,35
«lennoc-95A-T» 50 1:2 44 0,65
pa-4-T» 85 1:1,5 27 0.8 0,80 0,55
«dpa-2-T» 100 1:2 23 0,85 0,53
«Taup-51-T» 135 1:3 17 0,64
0,75
«Tanp-45-T» 180 1:2,8 13
«Taup-48-T» 210 1:3,5 10 0,8 0.70
0,80
«Tanp-44-T» 300 1:4,5 7,5 0,75 0,60
«Taup-47-T» 400 1:4,5 6 0,70 0.65
«Taup-46-T» 500 1:5,6 5 0,75 ’
«Tanp-52-T» 750 1:6,3 3 — 0,70 0.60
«Taup-52-T» 1000 1:8 2,20 0,65 0,65 ’
Mpumevarue. Yacrota N’ = [3 MM~} npussita H3 CJAENYIOUHKX COOGpaKeHHM:

O0OBEKTHB NPAKTHYECKH HE CHHXXAET YeTKOCTH TeJeBH3HOHHOTO H306paXkeHHs, KOTOpOe
o6pasyeTcs TeJeBH3HOHHBEIM KaHaJOM, €CJM OH ofecrmeyHBaeT KOS(QPHUHNEHT nepefayn
KonTpacrta He meHee 0,75 KakK B IeHTpe, TaK H Ha Kpalo (OTOKATOAA HA YACTOTaX

N’ =z, (1 —q)/(2hy),

Tle g — OTHOCHTeNbHOE BpeMs 0GpaTHOrO X0La KaipoBOH paasepﬂm (iz =~ 0,07).
Ilns NpHHATHIX 3HAUEHHH 2z, = 625 n hy = 24 MM N’ = 12

278



Tonp JIOMO-201» (f* = 10 ... 100; D/f’ = 1:1,85... 1: , 05; 20 =
= 59,8 ... 6,6°); OLLT 35X I3I1 (' = 13 ... 460; DJf’ = 1: 1,7
F=13..150; D/ff < 1:26 npu [/ = 150 ... 300, D/f <1: 5,
npu f = 230 ... 460).

90. Paspematomasti croco6HOCTD
H OIIM TeseBU3HOHHOH CHCTEMbI

B TeneBuJeHHH paspemialoillylo CHOCOGHOCTb OLEHHBAIOT
OOLIHM YHCJIOM UePHBIX H GesIbIX JIMHHH, YKJaIbBAOMUXCS Ha BHICOTE
Kajpa 4 ONpefeasIOUIMX YeTKOCTb TEJEBU3HOHHOTO H300paxeHHs.

YeTKoCTb MEpefaBaeMOro TENE€BH3HOHHOH KaMepoli H300paxKeHHd
3aBHCHT OT Pe3KOCTH H300pa)KeHHs, CO3JaBaeMOro OOGBEKTHBOM Ha
toToKaTOAE, H UHCIA CTPOK Da3BEpTKU 2.

Ocratounble a6eppaliy 0OBLEKTHBA, onpelelsioniue pasmep & mng-
TeH paccesiHusl, IPH KOTODHIX He CHHUXKaeTcsl YETKOCTh TEJEBH3HOH-
HOTO HM306paxeHHst, NONKHBE ObIThb TakuMH, 4TOOH & < 8prp =
= hgl2,, THE SCTp — BBHICOTA CTPOKH.

Besununna 8’ nsAten paccesHusi Insi 0OBEKTHBOB TeNeBH3HOHHBIX
nepejaloOM X KaMep MoXKeT OGbITh ONpejeneHa 1o clefyollel popmye:

§ = [2/(aN)NV 25 (1 — Ty

rie N’ — NpocTpaHCTBEeHHAsI YacToTa NEPefaBaeMOro H300parKeHHs
npenmera; Ty — KoahduuHEHT nepefayd KoHTpacra (cM. 1. 84).
Hanpumep, npu N’ = 13 mm* u Ty = 0,6 ... 0,8 pasmep nsTHA
paccestnust 6" = 0,05 ... 0,035 mm.

IIpu nepenaue TeneBH3HOHHOTO H300paKeHHs BIHSHHE KOHTPacTa
BO3PacTaeT, H MOSTOMY TAKHE XapaKTEPHCTHKH 00beKTHBA, Kak (GoOTO-
rpaduueckas paspemawmas crnocoSHOcTs Ny (MM~!) Mau BH3Yalb-
Hasl paspemawnomas crnocobiocts N, (MM~1), He/lb3sl HENOCPEACTBEHHO
HCIOJIB30BATh [Js1 OLEHKH HEeoOXoLMMOH paspeiualolefi crocoGHOCTH
TEJeBH3HOHHOH CHCTEMHl M MOXKHO PAcCMATPHBATH JIMIIb KakK Npubau-
KeHHble KpHTepuH. DBosee TounniM KpuTepuem siBiasercs OIIM (cm.
n. 84), npencrasasiomas cofol sapucUMocTb KoshbulHenTa nepefaun
KOHTpPAcTa OT NPOCTPAHCTBEHHON YaCTOTHI.

OIIM tenenepenaun T (N) MoxHO paccMaTpHBaTh Kak IIPOM3Be-
nenne OIIM o6rekruBa T, (N), nepenatomeir Tpyoxu T, (N) 1 3jek-
TPOHHOH 9YacTH (BUAEOYCHJHTE/]S, KHHECKONA M T. II.) TEJEBU3HOH-
HOro KaHaJja:

T (N) =T, (N) T, (N) Ts (N).

Ha pue. 222 nokasann ®IIM, HaskiBaemble B TeIeBHJIEHUH Tepe-
XOMHBEIMH, AAsi oO6bektuBa «Tamp-44-T» ¢ K/f' = 4,5/300 (n1s nyueh
cnektpa D, G, C u h) u sugnkona EMI1-9677. ®IIM obvexTuBa A5
KPaCHOA H CcHHeH of/acrefi crexTpa 3HAUUTeJbHO YCTYNamOT BHIH-
KOHY, XapaKTepHCTHKA KOTOPOrc fHaHa AJs «Gesoro ceera» (WTPHXO-
Basi JIMHUS Ha DHCYHKe).
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\ Bu
L duron

92 ,
g ) 50 Nmri'?
0 4 8 12 fmIy

Puc. 222. Qynknus nepenaud MOAVJISUHH
obbekTHBa «Tanp-44-T» IuIg pasNuyHLIX AY-
weft cnexrtpa C, D, G, h W BHIHKOHa
EM1-9677

B uepHo-6enom TteneBHze-
HHH KaX[bl¥ 3JeMeHT Hao0pa-
XKeHHS NepellaeTcsi IO OHOH
KOOpJHHATe — SIDKOCTH. B
LIBETHOM TeJleBHIeHHH H300pa-
XeHHe o6pa3yeTcst CJI0KEHHEM
TpeX eJHHHYHBIX (OCHOBHHIX)
IBETOB: KpacHore R, 3seleHo-
ro G H cuHero B, npuuem
H300paxKeHHe KaxIoro IBeTta
JOJIXKHO HMeThb CBOH YpOBEHb
SDKOCTH B COOTBETCTBHH CO
CIeKTPaNbHOH XapaKTepHCTH-

KOo# rjasa.
[ TpaBHIbHOH LBeTONepenayd HeOoGXONMMO, YTOGH SIPKOCTb

u3olpaxenus cocrosna M3 siproctell Ly, Lg W Lp, mnoayueHHBIX
B pasHBIX IBETaxX, B COOTBETCTBHH C BhipaXkKeHHEM
L =0,299Lp + 0,587Lg +0,114L 5. (388)

ITosToMy B mpouecce HBeTONENEHHS, IBETONEpeNayH H IBETOBOTO CHH-
Te3a YUUTHIBAIOT CHEKTPANbHLIE XaDAKTEPHCTHKH NEPENAIONIHX TpHeM-
HBIX TPYOOK H C NMOMOMWIBbIO CBETOGHILTPOB 3a4al0T YIOBJETBOPSIOMHE
(opmyJie (388) ypoBHH CBETOBOTO NOTOKA B KaXKAOM IIBeTe.
OnTHuecKHe CHCTEMBI HBETHOIO TEJNEBHAEHHS MMEIOT YCTPOHCTBO
AT NOJYYEHHs U300paXMeHHs B TPEX OCHOBHHIX LBeTax M NpHeMa
3THX H300paxKeHHH Ha (BOTOKATOLN Nepefalomux Tpy6ok. s o6bek-
THBOB IBETHOTO TeNEBHJEHUS KOPPEKIHS XPOMAaTHUeCKHX afeppauui
BBINTOJIHSETCH IS TPEX IBETOB ¢ JJHHAMH BOJH, COOTBETCTBYIOLIHMH
MaKCHMYMaM CIEeKTPaJbHOH YYBCTBHTEJIbHOCTH IEPeNalolHX TPYOoK.
Onwonsernnie n3obpaxkenus (CHHee, selleHoe H KpacHOe) IepelalorTcst
TI0 TeJIEBUSHOHHOMY TPaKTy B BeTHo#H kuHeckon (59JIK3L]), a takxe
(KHHeCKoIb!

B BHIEOKOHTDOJIbHHE  YCTPOHCTBA 40JIK2I] wman
400KB22).
7 /4
— ~
7
7 B \\\ 71 i 5%
2N : 1 &Y
p N
fTnocrocms
U30BpaAmeHun
obsenmula

Puc. 223. Ontuueckas cxema kamepw KT-302P na Gase obnexrtuBa «doTom» (f =
= 37 ... 140; Dsf’ = 1 : 3,5)
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OnTHueckas cHCTeMa, NpuMeHsieMasi JUIsi Nepefaud H306pakeHHs
UBETHBIX OGBEKTOB, J0/XKHAa HMETh GOJIbLIOH 3aXHHY (OKaJbHEIH oTpe-
30K, 4TOOHl B IIPOCTPAHCTBE MeXIY ONTHYECKOH CHCTEMOH H IJIO-
CKOCTbI0 H300paXeHHS pasMeCTHTb IHXDOHYHblE 3JEMeHTHl, PacIerl-
JSIOIHE CBETOBOH NOTOK Ha pasJHYHbE LBeTA H HaNPaBJSIOLIHE ero
B pasnble BHAMKOHH. Hampumep, sta samaua pemanach B Kamepe
KT-103 npumenenueM yetbipeXx oGbEKTHBOB NEPEHOCa — TpeX OJHHa-
KOBHIX B LBETHBIX KaHaJlaX AJa cHHero B, senenoro G, xpacHoro R
LBETOB H OJHOTO, PACIOJIOKEHHOTO B IDKOCTHOM KaHale, a B Kamepe
KT-302P [19] — ¢ nomombio ofHOro ofwvekTHBa mneperoca [/
(puc. 223), KoTophifl CHEUHaNbHO paccunThiBaercs. Kossnextus [/
00eCIIeYHBAET TENCUEHTPHYECKH# XON IVIABHBIX JIyYell B MPOCTPAHCTBE
userojeeHus. IiBeTofennrensHas NeHTaNpuaMa HMeeT AUXPOHUECKHE
MOKPEITHA HA OTPa)KalOWHUX IOBEPXHOCTAX, K KOTODHIM IPHUKJEeHb!
KauHbs. [ajee pacnosioxeHB cBeTODH/ILTPHL H NPHEMHUKH H3Jyde-
HHS sl CHHEro B, kpacHOro R H COBMEINEHHOIO C SIPKOCTHBIM 3eJie-
Horo W kananos.

B sToll pemopTaHOM Kamepe NpUMEHseTCH KHHOCHEMOYHBIN NaH-
KpaThueckuil o6bekTHs [ mapku «doron» (f* = 37 ... 140, K = 3,5).

CHCTeMBl ¢ IepeBOCOM H306paMeHHs CJAOXKHE, HMEIOT GOJbIiHe
raapuTHble pasMepbl H Maccy, CPaBHHTENbHO HEBHICOKOE KAuecTBO
H306paKeHHsl.

TunHYHBIM npejCTaBHTeNEM TeJIeBHSHOHHON anmnapatype IV 1o-
KOJICHHST SIBJISIETCS OTeYeCTBeHHas cTyluiiHasi Kamepa KT-138, orau-
4aIoMasiCsl BLICOKOH CTENeHbI0 ABTOMATH3AUMHU M HAJHYHEM CHCTEMBI
nollep:KaHus napamerpoB. K Helf crnennanbHO paspaoTan o6beKTHE
userdoro rteaesufenns OIIT 35X [3I1 ¢ 35-kKpaTHEIM M3MEHEHHeM
¢doxycHoro paccrosiius (oT 13 1o 460 MM), BXOAAMIKE B ONTHKO-Mexa-
HHYecKH# Kommiekc (OMK-1), xoTopmii KpoMe BapHOOGBEKTHBA
CONEPKHUT MPH3MEHHBIH UBETONENMTENbHBIH GJOK H LUANDOEKTOD.

Baproo6bextus (prc. 224) cocTorT u3 29 JHHS3, pacnpeleseHHbIX
no cemu Komnowenram [/—V /I, npuyeM rommnoHentsl [V u V/I He-
NOABHKHbBIE, KOMHOHEHTH [—/ /] 06pasyioT nepBylo NaHKPaTHYECKYIO
CHCTeMy C yBeJH4YeHHeM 17X, a komnoHentol V u VI — Bropyio;
aneprypHas gnapparma AJl pacnosioxkeHa mepef mocseNHelH JAHH30M
Komrnonenta [V. IIpuaMeHHBII UBeTONeNUTENbHBIH 6/10K IIOKasaH
B BHJE NJIACTHHH.

/Inocrocms

Puc. 224. Ontuueckas cxema BapuooGvekthBa OLIT 35X 1311
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Ons mnpumepa W cpasHe-
Husi ¢ KT-302P ma puc. 225
MoKasaHa cXeMa NPH3MeHHOTro
LBETOAEJNHTENbHOrO 6/I0Ka Ka-
mepbt KT-178. Buaok cocrout
U3 npusM I, 7 M CKJEeHHbIX
Mexay cofoff ABYX NpH3M 5 H
6. Lgseronenurenpaoe MNOKPHI-
THe BHYTpPeHHEH NOBEPXHOCTH
npu3Mbl / Ha TpaHHUE COeNH-
HeHHs C NPH3MOH 6 oTpaxaer
cBeT B JHamasoHe JJIHH BOJIH
0,4 ... 0,51 MKM, 06pa3ys Ka-
Han B. IllseronenurensHoe mno-
KPHITHE HA TpPaHHUIE NPHIM 5
Puc. 225. OnTuueckas CXeMa UBeTONeMHTeNb- M 6 OTPaKaeT CBET B AHanaso-
noro 6noka kamepht KT-178 He nauu BoJH 0,47 ... 0,62 MKM,

o6pasys kaHan W, B KOTopoM
COBMEINAIOTCS SIPKOCTHBIM Kamaa u kaHaln G. Kaman R ofpasyercs
U3 MpSMO NMPOINENIHX Jyuelh B JuanasoHe JaAuH BoaH 0,54 ...
0,68 MEKM.

Mexay npusMamu I, 6 H 7 HMeIOTCS MaJjble BO3AYyLIHble IpoMe-
XKYTKH, obecneunsaionye NoJHoe BHyTpeHHee oTpaxenye. Ha Brixoge
KaXkJOTO KaHaja DachoJIoXeHb KOPPEKTHPYIOIIHE IBETOJle/eHHe
¢uIbTPH 2, a B Kanajsax B u R 3a HMMH YCTaHOBJIEHb! NJIACTHHBI 3,
KOMIIEHCHPYIOIIHE Da3HOCTh Xofa. I[lnactuHa 4 TpPOTHBOGJMKOBAS.
KoMmyTHpyiomast npusMa 8 CAYXKHT 1] BKJIOYEHHS JHaNpoeKTopa.

CxeMbl H KOHCTPYKIHH 3THX yactelt OMK-1, a Takxe apyrux OMK
6oJiee noapobHo paccMoTpeHsl B [19].

91. TenesusuonHas cucTeMa ¢ «Geryumium Jiydyom»

Jlnsi TeleBU3HOHHOHA Nepejayd NPO3PayHbIX (HHANO3HTH-
BOB, KHHOKAaJPOB) HJ{ HENPO3PauyHBIX IJIOCKHX OPHIHHAJ/OB CJIYIKHT
ONTHYECKAsl CHCTEMa TeselepefaTyhka ¢ «OerymiuM Jy4oM».
PaspepHyTas onTHYeCKash cXeMa TaKOH CHCTeMBbI IS TMPoenHpoBa-
HHS [MATIO3WTHBOB IOKa3aHa Ha pHC. 226. DJIeKTPOHHO-AyueBast
Tpy6ka [ MrHoseHHoro cpeuenus (1-10-7 c), HampuMep KHHECKON
18/IK17J1, Ha sxpane o6pa3yeT pe3ko cHOKYCHPOBAHHOE MATHO 3JEK-
TPOHHOTO NyuKa JyyeHl paBHOMEDHOH SIPKOCTH, Co3jlaioliee MOCAeNo-
BaTeNbHOE DPAa3JoMEeHHe IJIOCKOCTH 3KpaHa KHHecKona (pactp).
O6BeKTUB 2 IPOELHPYeT 3KPaH TPYOKH B MJIOCKOCTb NepellaBaeMbiX
06BEKTOB, PACHONOKEHHBIX Tepel KOHJeHCcopoM 4, KOTOphI MpOoenH-
pYer BBIXOAHOH 3pauok ofbekTHBa Ha doTokaTod PIY. B miockoctu
dotokatona ®IY obpasyercs HHTerpasibHOe H300paXkeHHe 3KpaHa
KuHecKoNa. B KaXIbli JAHHBIH MOMEHT BDEMEHH TOK CHrHalta DY
IPOTIOPLUMOHAIEH ONTHUECKOH IJIOTHOCTH 3JIMEHTapHOA MNJIOMWANKH
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Puc. 226. OnThueckas cxema Tejlenepefaut ¢ «OETYILMM JyuOM»

NHAno3HTHBA 3, IIPOCBEUHBAEMOHl CBETOBBIM NATHOM, IPOHIEIUINM OT
5KpaHa TPYOKH.

s rmasa Ha6aonaTenisi, 06/1a1aoWero 3HaYHTeNpHOH HHePUHOH-
HOCTbIO, 3KpaH TPYOKH NpPEACTABJAAETCS NMOCTOSIHHO CBeTAIUMCH, a
ONTHYeCKasi CHCTEMAa BOCIPHHHUMAeT TOJbKO SIPKOCTb 3JeMEeHTapHOH
NJICIAAKH 3KpaHa JHaMeTPOM, PaBHLIM AHAMETPY CEUYEHHS 3/JE€KTPOH-
Horo myuka Jyyedi TpyOkH. [luamerp (AmaroHasib) sKpaHa TpyOGku D,
H JHaMeTp NpOEUHPYEMOro opHruHana D, BCceria 3apaHee H3BECTHBI.
Take H3BecTeH JHAaMeTp BXOAHOro 3pauka D o6beKkTHBa H Iyuamerp
(nuaronasnns) dorokatofa Dyg.

Torza Ha ocHoBaHHH GOPMYJIBl JHHEHAHOTO YBENHUEHHUS J/1s1 00beK-
tuBa B, = —Dy/D,, a ans Kongencopa P, = —D4/(DBp), e Bp —
JHHEHHoe yBeJHueHHe B 3paukaX OGBeKTUBa.

Ecay guarosalb 3kpaHa TpyOxu cocrasasetT 150 mm (90 X 120 mm?),
a dopmar mpoceynBaemoro kaapa — 30 mm (18X 24 mm?), 10 By =
= —0,2. [lag o6beKTHBa NPHHHMAIOT Takoe (OKYCHOe paccTosiHue,
uyTo6bl IJIfi YCTpAHEHHS BIHSHHA NaleHHs OCBELIeHHOCTH Ha Kpasix
H306paxeHHs MO 3aKOHY cos? ' yrioBoe moJe He npesbato 20 =
= 40°. Toria Bo3aMoOXKHOe (JOKYCHOE DacCTOsSiHHE OT OOBeKTHBA [0
Kalpa omnpezensiercss BeipaxenueMm fi = 200 mm.

Paccrosnne or o6beKkTHBa A0 Kalpa ONpefie/sercsi BhIPAKEHHEM
ai = (1 — By) fi, a paccrosiHHe OT OOBEKTHBA 10 KHHECKONa a; =
= qi/B;. UTo6bl KOHAEHCOD HMeJ HaHMEHbIIHE PAa3MepHl, XKeJ1aTeNbHo
ero NPHOMMXKATh K AMAMO3HTUBY, T. €. yCTaHaBAMBaTh Aas b Haw-
MeHblIMe 3Hauenus (Hanpumep, b = 10 ... 20 mm). Tak Kax Beau-
yyHa — @ = ai -+ b H3BecTHa, TO M3BECTHO W JHHEHHOe yBesHye-
uue P,, Torla GoOKYCHOE pacCTOsHHe KOHAeHcopa

f2=—B2 (b + ap)/(1 — Ba).

CeeTo3HepreTHUECKHUH pacyeT ONTHUECKOH CHCTeMbl Geryuiero jayda
CBOJUTCSl K ONpeleseHHI0 MHHHMAJILHOIO OTHOCHTEJILHOTO OTBEPCTHS
o6bekTHBa | : K, Mo3BOJAIOMEro NOoJy4YHTh MHHHMaAbHBIA TOK O3V,
IPEeBBIIAIOMHA YPOBEHb LIYMOB.

HaBectHbie nuamerp § ceueHuss 3JeKTPOHHOTO NMyuyKa B IJIOCKOCTH
3KpaHa M €ro spKocTh L 1Mo3BoJSIOT onpelenHTh CHAY cBera [ cKa-
HUpYIOLEH «TOYKH» MO JNHHHSAM Pa3sBeDTKH KHHECKONa:

I = nd%L/4. (389)
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OT Takoro HCTOUHHKA cBera B OOBEKTHB OyNeT MOCTYNAaThb CBETOBOR
notok ® B npefenax TeJIeCHOro YIia, ONPEASJIAEMOro MJOMIAJbIO
BXOJHOTO 3payka OOBEKTHBAa H PACCTOSIHHEM 4; OT 3KpaHa A0 OGheK-
THBA:
O = nD*Ij(4a}). (390)
Dr1oT CBETOBOH NOTOK B pe3y/bTaTe NPOXOXMIAEHHS Yepe3 ONTHYe-
CKYI0O CHCTEMY H 3JIeMeHT MNJOWAAKH JAHANO3HTHBA oOCaabJsercs
B COOTBETCTBHH C KO3(DPUIHEHTAMH NDONYCKAHHS CBETA ONTHYECKOH

CHCTEMBl T M JHAHOSHTHBA Ty, H Ha IIOBEePXHOCTh ¢oTokatoga OIY
[ocTynaer CBeTOBOH MOTOK

P = 1, P. (391)

YunrhiBasi otHomesue D/(2a,) = tg 0,, B COOTBETCTBUH ¢ dop-

MyJio# yrioBoro yseauwuenust (57) ¥ ypaBHenuem (336) mosyumm:
tg oy = By/12 (1 —By) KL

Ma storo seipaxenus H H3 ¢dopmyn (387)—(389) maiimeMm, uto
K= 4—(?—11—%-1—)— V rigL/D .

HssecTHass MHHNMaJbHasi HHTErpaibHAs YYBCTBUTEALHOCTbL CBETO-
NPHEMHUKA Spin = imn/@Pmn  NO3BOJASET ONPENENHTb 3aBUCHMOCTh
Aradparmensoro yncaa K oGbeKTHBA OT CHJIBL TOKA igyp:

8 —————
_4(_16“11m ]/TTnLSmln/lmm ‘

K:‘_

Puc. 227. Ontrueckas cxema TesiesmHnpo-
eKTopa ¢ GerymuM JydoM

Puc. 228. OnTudeckast cxeMa HBETHOIO Tese-

3NHIIPOEKTODA:
1 — 3NeKTPOHHO-JAYyueBasi TPYOKa;, 2 — oObex-
THB; 3 — DY, 4 -— cBeTOOHALTPH; § —

3aHTHHE WTOPKH; 6 — QoTOMeTpuueckHR map;
— OpHruuan
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HHorna tenepnanepeflaTidK HMeeT 3epKaJjia C HAPYXKHBIM OTpaXa-
IOMIHM CJIOEM B IIPOCTPAHCTBE MEXAY SKPaHOM H 0OBEKTHBOM, a TaKKe
MeX1y OOBeKTHBOM H CBETONPHEMHHKOM. B 3ToM ciyuae poctHraercst
yao6Hasi KOMIIOHOBKA NpHOOpa, HO YXYAILIAeTcsl KayecTBO H300paxe-
HHA H3-32 JONOJHHTEJbHOFO PAacCesiHHS CBeTa, BbLISBIBAEMOIC 3epKa-
JIaMH.

IIpn nepenaue yepHO-6e/1bIX HENPO3paYyHEIX OPHrHHAJOB (pUC. 227)
3KpaH 2 KHHeckoma «berymero Jiyya» I ¢ nomoulplo 3epkana 3 ¢ Ha-
PYXHOH OTpa)kalome#d NOBePXHOCTbIO H oGbeKTHBa 4 HpoeLupyercs
Ha [IOBEPXHOCTh HepefaBaeMoro o6beKkTa 6, PACHOJIOKEHHOIO BHYTPH
¢doromeTprueckoro mapa 5. VHTerpupyeMell 3TMM [IapoM CBETOBOM
NOTOK, OTPayKeHHBIA OT PAa3/IHYHBIX 3JIEMEHTOB IIJIOCKOCTH OOBLEKTa,
BOCNIPHHUMaeTcsi cBeTonpueMHHKOM 7 (DY), OGruHO pasmep OpH-
Buﬂa.na cocraBasier 9X 12 cm?, a /HHelHOE yBenHMyeHHe OGBHEKTHBA

= —1.

AHajoryyHas ONTHYECKasi CXemMa NpHMeHsieTcss H IPH lepeiaue
IBETHHIX HENpPO3pPa4YHHIX opHruHaJjoB (puc. 228). B sToM cayyae HH-
TerpHpyeMblii (OTOMETPHUYECKHM HIAPOM IIOTOK pasiesbHO BOCHDPH-
HuMaercs Tpemsi Y, GOTOKATONB KOTOPHIX 3alUIIEHbl CHENHANb-
HBIMH 3aCJJOHK3aMH OT CBeTa, HENOCPeJCTBEHHO NALAIIIEr0 OT OPHIH-
Haja, a ¢uipTpanmus cBeTa, Najalmerc Ha (oTOKaTOAbl, OCYyLIe-
cTBJsieTcs cBerobuibTpamu. Hannume ycuiurenefl B 3JeKTPOHHOH
cxeme Y No3BOJSET BHINONHATh KOPPEKTHPOBKY IBETOBHIX CHTHA-
JIOB B COOTBETCTBHH ¢ ypaBHeHHeM (388).



Fraasa XVII
NPOEKUUOHHbLIE CUCTEMbI

92. Buabl ¥ 0cOGEHHOCTH TIPOEKIHOHHBIX CHCTEM

Onruueckue npuGopsl, NpelHazHayeHHble AJIs NOJYYeHH
Ha 3KpaHe K300paxeHHH (MpoeKUHH) AHANO3HTHBOB H KHHOKaApOB,
HeraTHBOB, yepTexKeld, PHCYHKOB, TEKCTOB, HeGOJbIIMX TIPEeAMETOB,
Ha3bIBAIOT APOeKYUOHHbIMU. [IDOEKUHMOHHBIMH TpHOOpPaMH SBJASIOTCS
SNMAHACKONBI M KHHONPOEKTOPHl, (oTroyBeaHduTesd H ¢oTorpam-
METPHUECKHe IPOGKTOPRI, annaparshl A1s 4YTeHHss MHKPO(PHJIbMOB,
yacoBble NPOEKTOPHI, NPOEKIMOHHbIE YCTPOACTBAa MUKDPOCKOMNOB, IpPH-
6opbl 1/ CO3[aHHUS 3JEMEHTOB MHKPOIJIEKTDOHHKH M ID.

Onrtuyeckre cHCTEMBI [IPOEKIMOHHBEIX PHOOPOB COCTOSAT M3 JABYX
YacTel — 0C8emMumenbHoti U NPOeKYUOHHOU.

OcBerutesbHBle  CHCTeMB 00mero Ha3HAa4YeHHs PacCMOTDPEHbI
B ri1. XII. Oco6eHHOCTH 3TUX CHCTeM IS NPOEKIHOHHBIX HPHBOpOB
H3JI0XEHBl HUXKE.

B npoekuMOHHBIX CHCTEMaX TOMOLEHTPHUYECKHE pacXoAsilHecs
OVYKH Ha BXOJe NpeobpasylorTcs B CXOJSIIHMECs OYYKH HA BBLIXOJE.
[MpoexinonHOK ONTHYECKOH cHCTEMOH OOBIYHO SIBASIETCS MpoeKyu-
oMbt 06BEKMUS.

[lpoekiioHHas M OCBETHTENbHAS ONTHYECKHE CHCTEMbl HOJIKHBI
OLITh COIVIACOBAHBl MexAy cofoH B ILeasax noJyueHus Ttpebyemo#t
OCBEIIIEHHOCTH 3KPaHa M e€e paclipeliesieHus IIpH 3afaHHOM Maclirabe
usobpaxeHnus (NPOEKUHH).

B 3aBHCHMOCTH OT XapakTepa NPOCHUUDPYEMBIX NDEAMETOB ONTH-
YecKHe CHCTEMBI MPOEKIHOHHBIX TIPUGOPOB W NoJydaeMble MPOEKLHH
JIeJIAT Ha JBa BHAA: SIHCKONMYECKHE M JHACKOMHUECKHeE.

Inuckonuueckod npoexyuell Ha3bIBAETCS NPOEKUHS Hempos3pad-
HOro npejmMera, o6pa3oBaHHas JAyYaMH cBeTa, OTPaKEHHBIMH OT Mpel-
MeTa (B OTpPaxKEHHOM CBeTe).

Huackonuueckot npoekyueri BasblBaeTcst NPOeKuus, obpasosad-
Hasl JIyyaMH CBeTa, MPOXOAAIIMMH CKBO3b npeimer. K 3TOH NpoekuHH
OTHOCHUTCS M KUHOIPOGKIUA.

OnrtHueckye cHcTeMbl, o0ecHeyHBalOMHe NOJy4YeHHe NpPOeKIHH
000uX BHJAOB, HAa3BIBAIOTCS SAUOUACKONUHECKUMU.

OCHOBHBEIMH XapaxTepUCTHKAMH ONTHUECKHX CHCTEM MPOEKLHOH-
HBIX NPHOOPOB ABASIOTCS MaciiTa® NPOEeKUHMH HJH JHHEHHOe yBe/H-
YeHue, OCBEIEHHOCTb H300paKeHUs W pasMep MPOeHPYeMOro Ipei-
MeTa, a MHOTLa 3KpaHa. IDTH XapakTepUCTHKH ONpelesndioTcs: NMpo-
eKLHOHHBEIM DacCTosiHieM, (OKYCHBIM PAacCTOSHHEM [1POEKLHOHHOIO
O0BEKTHBA, €r0 OTHOCHTE/JbHBIM OTBEPCTHEM, HPKOCTbIO HCTOYHHKA
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cBera, KO3(p(HUHEHTOM MPONyCKaHus BCeld CHCTeMBl, CXEMOH H KOH-
CTPYKIIHEH OCBEeTHTEJNbHOH CHCTEMBl H JIp.

[Ipoexyuonnoim paccmossues Ha3bIBAIOT PACCTOSHHE OT OODBEK-
THBa JI0 3KpaHa. OHO MOXKeT GbITh MOCTOSHHEIM B NIPOLIECcCe 3KCIyaTa-
IMH CHCTeMEBl, HaNPHMeD B CTALHOHAPHBLIX KHHOIPOEKTOPAX, M nepe-
MEHHBIM, HanpHMep B (OTOYBENHUHTENSX.

OrinyuTe/ b HEIMH 0COGEHHOCTAMH NMPOEKIHOHHEX OOBeKTHBOB SIB-
JsI0TCA: ofecriedeHHe NMOCTOSHCTBA KOHTpAcTa M paspeliamiled cno-
COOHOCTH LHAMO3MTHBA (KHHOKAJAPa) IPH NPOEKLHH B INPOXOASIIEM
cBeTe (c yueroM MaciraGa u306paKeHHsi) U COOTBETCTBEHHO obec-
neueHHe YAOBJETBOPHTENbHOrO KOHTPacTa M paspeluaromel crocob-
HOCTH TIPH NPOEKIMH B OTPAaXKEHHOM CBeTe; MaJjoe BHHbETHDOBAHHE,
HaJMYhe KOTOPOTO SBJSeTCSs ONHOH M3 NpHYMH HapYIilleHus paclpe-
IeJIeHHs] OCBEIeHHOCTH Ha 5KpaHe [0 CPaBHEHHIO C OCBELIeHHOCTHIO
NPOCLHPYEMOro MNpejMeTa; NOBBILIEHHbIe TPeGOBAHHS B OTHOLUEHUH
IHCTOPCHH, OCOOEHHO €C/H Ha NOJYYEHHBIX H300pa’kKeHUsiX BBINOJ-
HAIOTCS HM3MepeHHs, HampuMmep B (DOTOrpaMMeTpHH.

Crestlyer OTMETHTb, YTO a6epPaLHOHHYI0 KOPPEKLHIO NMPOEKIMOH-
HBHIX OOBEKTHBOB BBINOJNHSAIOT AJs NpelMera, HaXOAsILIErocss Ha KO-
HEYHOM pacCTOSIHHH OT OOBEKTHBA, a HMEHHO NpH Macurabe ©sobpa-
x)enusa 1:25...25: 1. Ilpu Gosnpmiux ylaneHHsX npeaMera (WJH
u3o0paxkeHHs) abeppallMOHHYIO KODPEKIHIO OOBEKTHBA IIPOBOLSAT,
CUMTast, 4TO NpeAMeT (MM H3oOGpa)keHHe) PacHosoxeH B GeckoHeu-
HOCTH.

Tpebyemasi OCBelIEHHOCTh 3KPaHa 3aBHCHT OT HasHAuUeHHH NPO-
eKIHOHHOTo npHbopa. Ha npakTHKe 3HaueHue OCBEIIEHHOCTH 3aJal0T
NPH OTCYTCTBHH AHANO3UTHBOB (I/151 AHANPOEKUHH) U NIPOELUPOBAHUU
Ha 3KpaH JAHOGODY3MOHHO pacCeHBalomied NOBEPXHOCTH (A 3TH-
NPOEKIHH).

SIpkocTb L 3KpaHa 3aBHCHT OT €rc ocBelleHHOCTH £ M orpaxa-
TeJbHOH CIOCOGHOCTH, XapaKTepH3yeMo# KO3(hGhUIHEHTOM OTpaxKe-
Hus p. [IpH KOMMepuecko#l KWHONPOEKUHH SIPKOCTb KpaHa NpHHH-
MaloT npumepHo paBHo# 100 xA/m? (npu AelicTByrOmEM OBTIOpATOpE),
I LEeMOHCTPAUMOHHBIX MPUGOPOB Auanpoekuud ~50 xi/m?, mpH
SMUNpPoeKUHH — 10 20 Ka/M%, LISl KOHTPOJIbHO-H3MEPHTENLHBIX MPO-
ekTopoB L = 15 ... 25 xa/m2.

Kospdunuent aubbdysuorHOro orpamenus p = 1 A HIealbHO
Benoro skpaHa, p = 0,89 Ana 3KpaHa, MOKPHITOrO CJIOEM YTJEKHC-
Joro mardus, p = 0,8 415 3KpaHa H3 TEXHHYECKOTO OKCHAA UHMHKA
HJIH Aas1 6apuToBoro skpaHa, p = 0,72 s MaTHPOBaHHOTO KpaHa
H3 IJ1aCTMAcCHI.

PexomeH/iyemble OCBEIIEHHOCTH HEHTPANbHOH 4YaCTH 3KpaHa HpH
p = 0,8 cornacHo dopmyne (227) caenymomue: AJIsi KOMMEPUYECKOH
kuHonpoekuMH E = 400 nx, Aas [DeMOHCTpPANWH [IHANO3UTHBOB
E =~ 200 nk, mpyu snunpoekunn E < 80 JK, L KOHTPOJIbHO-H3Me-
pHTebHBIX mpHOGopoB E = 60 ... 100 ak.

[Ipu yRaneHu# OT UEHTPA OCBEIIEHHOCTb 3KpaHa H3MeHsercs
cornacHo Qopmyne (228): Ey = koEg cos* o', rae Eg — ocBelneH-
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HOCTb B LEHTPaJbHOH wacTH 3KpaHa; ke, — K03(pbHUHEHT BHHbBETH-
POBaHHs; ®  —— TEKyHlee 3HAYeHHE YrJa MexXAY IJABHEIM JIyyom
M ONTHUECKOH OCbIO IPOEKLHOHHOr0o OOBEKTHBA B IIPOCTPAHCTBE
H300pakeHuH.

Ias ycTpaHeHHS HEPAaBHOMEPHOCTH B OCBEUIEHHOCTH 3KpaHa,
06yCJIOBNIEHHON HEOJMHAKOBOH SPKOCTbIO IIOBEPXHOCTH HCTOYHHKA
cBeTa WM chepuueckoll abeppanded OoCBETHTEJNbHOH CHCTEMBI, mepej
JHaNO3UTHBOM YCTAaHABJMBAIOT MATOBOE CTEKJIO (HJIH MATHPYIOT IO-
CJIEHIOI NOBEPXHOCTb KOHZAeHCopa). Kpome Toro, No/b3yloTCs TaKHM
CrocoGoM, Kak MoJyyeHHe H306paKeHHs UCTOYHHUKA CBeTa BO BXOJ-
HOM 3payke NPOEKLUHOHHOro O6bEKTHBA.

93. Jnuckonuuyeckas NPOEKUMOHHAS CHCTeMa

Cxema smuckona noxkasaHa Ha puc. 229. HenpospauHnii
nJocKu# npeamer / ocBemaercs JjaMmnamiu 2. JIydu cBera, orpaxkeH-
Hple NMOBEPXHOCTBIO IPEAMETa, HANpaBJsiOTCS Ha 3epKaso 3 K yepes
o6vekTHB 4 — Ha 3KpaH. Mcnosb3oBanue 3epkajia o6s3aTeqbHO AJd
NOJyyeHHs! YHTaeMOro H3o0pakeHHs. 3epKajo BO H3GexKaHHe JBOe-
HUsl M300paxKeHHUs JOJIKHO MMETh BHEIIHEe OTpaXKalwllee MOKPBITHE.

Ecau moBepxHoCTb Npeamera Au(GQY3HOHHO pACCEHBAOMAf, TO
ee sapkocth [cM. dopmyray (227)1

Lyp= pan op/T¢, (392)

TZe Pnp — KO3(DMHIMEHT OTpaKeHHsl MOBEPXHOCTH NpeaMera; Epp, —
OCBEIEHHOCTh NpPEIMeTa.

OcseuieHHOCTL NpeaMeTa
=m f=m

Emp= 2 E;=Y [Icose/i*=mlcose/?, (393)
=i 1=l

rie m — YHCJO0 CHMMETPUYHO DPACNOJIOKEHHBIX OJHHAKOBHIX HCTO4Y-
HHKOB cBera (namn); | — cusa cBeTa KaxAoH Jamnsl; [ — paccros-
HHe OT Tesla HakaJja JiaMIel [0 UEeHTPA MOBEepXHOCTH IpejMera; & —
yroJ MeXAy HOPMaJbio K HOBEpX-

4 HOCTH npegMeTa H JIY4oM, NPOXo-

—— OAIIMM MEXAY TeqoM Hakajaa H

LEeHTPOM MOBEPXHOCTH INpeJiMera.

\

\ Al

A /"\/\ J\ OcBelweHHoCTb 3KpaHa
‘ ——

\ E" = tnlyp sin® 0., (394)

N rie T — Kod(pUIHEHT MponycKa-
HUSI CHCTEMBI, COCTOSAIIEH H3 3ep-
[ l Kana H OGBEKTHBA (T = PaTop);
G'ar — BBIXOJHOH amnepTypHHIH
YroJ MPOeKUHOHHOro O6BEKTHBA.

Ecau npoeKkiMOHHOe PacCcTos-
Puc. 229. Cxema snuckona HHe, NPHOIH3HTEIbHO PaBHOE pac-
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CTOSIHHIO p’ OT BBIXOJAHOTO 3pauka OOBEKTHBA A0 MJIOCKOCTH 3KpaHa,
HeMHoro Gosbuie Auamerpa D’ BBHIXOZHOIO 3pauka o6beKTHBA H JIH-
Hel{HOe yBeJHuYeHHe B 3paukax fp &~ I, TO

sinoar & D'/(2p") =~ D/(2p), (395)

rie D' &~ D; D — nuamerp BXojHOro 3pauka. Kpome Toro,
p' = a’ = [ (1 — Boo), (396)
rie a’ — paccrosiHHe OT 3aJHell IMIaBHOH MJOCKOCTH NMPOEKLHOHHOIO

o6bekTHBA [0 3KpaHa; [ — (QOKYCHOE pacCTOSIHHE MPOEKIMOHHOTrO
o0bekTHBa; fo5 — JNHHEHHOE yBesuueHue oOBEKTHBA INPH NpOEUHU-
DPOBaHHU NpegMeTa Ha 3KpaH.

N3 dopmya (390), (394)—(396) cuenyer, YTO OCBEUIEHHOCTH

3KpaHa
E" = (vupErnp/4) (D/') (11 — Pos)?). (397)

[To dopmyne (396) maxonst GokyCcHoe paccrosiHue [’ MPOEKUHOH-
Horo oOvekTuBa, a mo ¢dopmynae (397) — ero OTHOCHTENbHOE OTBEp-
crue D/f'.

Tax kak npousBeienHe 7TPppEpp OTHOCHTEJNbHO HEBEJIHKO, TO
CTPEMSTCS, BO-NEPBBIX, YBEIHUEHHE Do IO AOCOJMIOTHOMY 3HaueHHUIO
6paTh BO3MOXKHO MEHbUIHM H, BO-BTOPBIX, HCNOJb30BaTb OGBEKTHB
¢ GOJIBLIHM OTHOCHTEJbHBIM OTBEPCTHEM.

YrioBoe moJe 20 onpenessieTcs BblpaxeHHeM

tgo =& — Pos (U/p) = —Posy/If" (1 — Pos)l, (398)

rie y — NOJOBHHA JHAroHa/u NpeaMera; PBos ¥ — II0JOBHHA AHaro-
HalH 3KpaHa.

[Tosnyuyennpie GoOKyCHOE pACCTOSIHHE, OTHOCHTEJNbHOE OTBEPCTHE
M YIJIOBOE II0JIe I03BOJISIIOT NOoo6paTh NPOEKLHOHHLIH 00BEKTHB L5
smuckona [6, 35]. Dnuckonuyeckue OGBLEKTHBBL OOLIYHO HMEIOT OT-
HOocHTeqbHBe oTBepetud 1: 1,5 ... 1:2,56 u yrmosoe nmoste 20 < 45°.

ITo topmyne (393) ompepesnsioT mpou3BeleHHe YHCAA JgaMl /m
Ha cuay cBera [ KaXknofi Jamilel, a 3aTeM NPH BHIGPAaHHOM YHCJe
JIaMII 110 KaTaJjlory NOAGHPAIOT 3JekTposaamny. g sydiiero UCrosab-
30BaHHf CBETOBOTO IOTOKA JIAMIIBl PeKOMEHIyeTcsl NPUMEHATb KOH-
nercopsl. Koadpbduuuest Auddy3HOro oTpa)keHHs p HOBEPXHOCTH
uepTexeH, dororpadHi, KHUXKHEIX MAaTePHAJOB M IPYTHX [IPOU3Be-
LeHHH nedaty Ha GenaoM ¢one pasen 0,6 ... 0,8

94. lmackonHueckasi NPoeKIIHOHHAs CHCTeMa

Hnackonnueckass npoekuus (MpOeKIHst B NPOXOASAIIEM
cBere) obecneyuBaerT GOMBIIYIO OCBEMEHHOCTb 35KpaHa, 4eM SMH-
NpoeKIHd.

BosMoxHLl IBa BapHaHTa HEHCTBHs OCBETHTEJbHOH d9acTH JHa-
ckona: 1) w3o6paykKeHue HCTOUHHKA CBETAa MOJYY2ETCA B IIOCKOCTH
BXOJHOTO 3payKa NPOEKIHOHHOTro o6bheKTHBA; 2) H300paxeHHe HCTOY-
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Puc. 230. Ouruueckde cucTeMbl [AJs [HANPOEKUHH, B KOTOPHIX HCTOYHHK CBeTd
u3o6paxaercss KOHAEHCOPOM:
a — BO BXOJHOM 3pauxe 00beKTHBa; 6 — B NJOCKOCTH AHANO3IHTHBA

HHMKa CBeTa IoJlyyaercs B IJOCKOCTH AHANO3HTHBA, a CJENOBATEJbHO,
nepeHocHTCSl B IJIOCKOCTh 9KPaHa, T. €. COoBMemaerca ¢ H3oGpaxe-
HUEM MpefMeTa.

1 u3bexaHus NOSBACHHS] HA SKpaHe H300paKeHHsA HUTH Ha-
Kaja JiaMOel HeoO0XOoJHMO HCIOJb30BaTh CIVIOIIHOH H3JIy4aTesb
C pPaBHOMEPHOH SPKOCTBbIO, YTO BO3MOXKHO, HAMpPUMED, B CTALHOHAD-
HBIX KHHOIpOeKTopax (yroapHast Ayra). Kpome Toro, eciy pasMepb!
JAMano3uTHBa (KaJpoOBOI'C OKHA) SHAUMTEJIbHEIE, TO OCBETHTEIbHAA
CHCTEMA HOJIXKHA HMETh GoJIblIOe YBEJNHYEHHE, YTO NPHBOLUT K POCTY
€e pasMepos.

Bropo#i BapHaHT OCBelNeHHs HeJp3s1 MCHOJb30BaTh, €CJIH AHANO-
3HTHB AJHTEIbHOE BpeMmsi HAXOAHMTCA B KaJpPOBOM OKHE, H3-3a CHJIb-
HOTO HarpeBa AMANO3HTHBA. DTOT BapPHAHT PEKOMEHAYeTcst NPHMEeHATh
IIpH KHHONPOEKLHH, IAe HCHOIb3YIOTCA Kaiphl Majaoro dopmara npH
HX 4acToéi CMeHe.

Ha puc. 230, a ucToynuk csera / H3oGpaxkaercs KOHAEHCOPOM 2
BO BXOJIHOM 3pauKe 4 TPOEKIHOHHOr0 0GbeKTHBa, a Ha puc. 230, 6 —
B IJIOCKOCTH KHANO3HTHBA 3.

[Ipu BoimosHeHuu ycaoBus cuycoB (cM. ra. VII u 1X) aunefinoe
yBeJIMYEHHE OCBETHTEJNbHOH CHCTeMH B NMEPBOM BapHaHTe

Bx1 = sinoy/sin o1 = —D/ecy = agy/aui, (399)
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rie oy — BXOJHOH anepTYpPHBIA Yroa OCBETHTENLHOR CHCTeMhHl, pas-
HBI IIOJIOBHHE YrJla OXBaTa 20,ys; Of — BHIXOAHOH amepTypHLIA
YyToJl OCBETHTeIbHOH CHCTeMbl, DaBHbIH (HAH OOJbIIHA) TOJOBHHE
YTJIOBOTO NOJA INIPOEKLIHOHHOTO O0BeKTHBAa, T.e. ®; [ — nuamerp
BXOLHOTG 3pauKa MPOCKI{HOHHOTO OOBEKTHBA; €; — Pa3Mep HCTOYHHKA
cBeTa.

Hcnoabsys ¢dopmyay (393), npu sin of & tg © moayuum:

Bra = — [(1 — Bos)/Bos] (F'/y) sin0y.

¥Yros oxBara KOHJEHCOpa I/ IepBOro BapHaHTa, Koria Hio6pa-
XeHHe HCTOUHHKA CBETa NOJY4aeTcs BO BXOJAHOM 3pauyKe IPOEKLHOH-
Horo o6BeKTHBA, BHIYHCASIOT 1O Gopmysie

8in Ogxgy = Sin oy = _ﬁxlﬁocy/[f’ (1 — Bos)l- (400)

3nech JuHeRHoe yBesjuueHHe B, TNPOEKIHOHHOTO OGHEKTHBA
cuuTaeTcs 3alaHHBIM, €ro (QOKyCHOe paccTosiHue [’ Ompefensior o
cdopmyae (396); y — NoNOBHHA JHATOHAJH AUANO3HTHBA.

Juamerp BxoAHoro 3pauka D oObekTHBa, ONPENENSOMHUN Py,
TOJIYHalOT CBETOSHEPreTHYeCKHM pacyeToM (cM. m. 95).

Ilpu BHIMONHEHUH 32KOHa CHHYCOB JHHEHHOe yBeJHUeHHe OCBETH-
TeNbHOH CcHCTEMBI BO BTOpOM Bapuante (puc. 230, 6)

Bre = sin o9/sin 03 = —2y/cs = Qxo/ay2, (401)

rlle 0, — anepTYpPHBIH YFOJ OCBETHTE/bHOH CHUCTEMBI B IPOCTPAHCTBE
NpelMercB, PAaBHEIA NOJOBHHE YIJIa OXBaTa, T. €. Ougp; Of — aNep-
TYPHEIH yroJ OCBeTHTE/JILHOH CHCTEMBl B IPOCTPAHCTBE H306paKeHHH,
paBHBIH (HJIH HeCKOJMbKO OOJIbINHH) anepTypHOMY YTAY Oog NPOEK-
HHOHHOTO OOBEKTHBa B MPOCTPAHCTBE IIPEAMETOB; Y — HOJOBHHA
IUaroHasy JAHalO3UTHBA, C; — Pa3Mep HCTOUHHKA CBETa.

Hcnonbsys dopmyny (395), BhIBENeHHYIO IPH YCJIOBHH, YTO
JHHefHoe yBeJHYeHHe B 3pauykax oOrnekTuBa fp = 1, r.e. D' = D,
u dopmyay (396), nomyuum:

Bra = —2 [(1 — Bos)/Bos} ('/D) sin 0,.

CrefloBaTenbHO, YroJl 0XBaTa KOHAEHCOpa B CJyuae, KOTAZ H3o-
6paxeHHe HCTOYHHKA CBeTA IOJydYaeTcsl B ILIOCKOCTH AMaNO3HTHBA,
onpeleasior no gopmyne

$iN Goxp 3 = i1 0y = —PiePos/{[2 (1 — Pos)] (D/f)}.  (402)

Ecin | Bog | 3> | (Hampumep, B cTanMOHAapHHX KHHONDPOEKTO-
pax), To
SN Ooxp o = 810 0y = (Bra/2) (D/f').

Beenem B dopMyaet (400) u (402) sHaueHHs JAHHEAHLIX YBeJHYe-
HHH OCBETHTEJNIbHBIX CHCTeM corJiacHo dopmynaam (399) u (401).
Wz dopmya (400) u (399) nomyyum:
sin Ooxp1 = sin 0y = “306/(1 - 606)] (y/cl) (D/f,)
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CoOTBETCTBEHHO
sin Oozsg — sin Oy = [[306/(1 - BOG)] (!//Cz) (D/fl)

Taxkum o6pasom, 1Js Onpele/ieHHs yryia OXBaTa OCBETHTEJNbHOH
CHCTEMBI B JIio6OM H3 IBYX PacCMOTPEHHBIX BapHaHTOB HCHOJb3YIOT
OHY H Ty e 3aBHCHMOCTb.

[lepefizem K omnpejeneHHI0 AHaMmeTpa ) BXOJAHOTO 3padkKa mpoek-
LMOHHOI'O OOBEKTHBA.

M3 ¢opmyn (394)—(396) caeayer, uro Heo6XoAuMas OCBEIIEH-
HOCTb 3KpaHa

E' = [wal/4 (1 — Bos)?] (D/F)2, (403)

rie T — Ko3hobHIHeHT NPOIYCKAaHHA OCBETHTeNbHOH H MPOEKIHOH-
HOH yacTell ONTHYECKOH CHCTEMBI NpoeKTOpa; L — siPKOCTb HCTOYHHKA
cBeTa; Pos — JUHEHHOE YyBeJWUYeHHE IPOEKIHOHHOTo 06beKTHBE,
D/}’ — oTHoCHTe/IbHOE OTBEPCTHE YIPOEKIHOHHOTO OGBEKTHBA.

Dopmyant (396), (398), (403) mossossitor paccudrarh (OKyCHOE
paccrosinue f’, yrioBoe moje 2o H oTHocuresabHoe orsBepcTtHe D/f’,
10 KOTODHIM MOXHO MON0GpaTbh OUBEKTHB A NHACKONHYECKOH Ipo-
eknuu [6, 35]

O61peKTHBB TPOEKTOPOB U POTOyBESHIHTENEH HMEIOT OTHOCHTE/b-
Hoe orBepctie 1: 4,5...1:9, a yriosoe noje B 0cobblX ciaydasix
1o 122°, Hanpumep B (OTOrPAMMETPHYECKOM MHOTOKaMEPHOM IIpOeK-
Tope (Myabrumiekce). KuHONpoeknnoHHEE 0OBEKTHBBl MMEIOT OTHO-
cuTesbHbie oTBeperus 1: 1,2 ... 1: 2 u yroooe moje mo 16°.

Jns ymeHbIIEHHS CBETOBOTO AHAMeTpa OCBETHTENbHOH CHCTEMEI
BO/IM3Y AMAno3UTHBA (KAAPOBOH paMKH) YCTAHABJHMBAIOT KOJJIEKTHB
(cm. m. 75).

95. TaGapuTHbLIK M CBETO9HEPreTHYECKHH pacyeTsl
NpoeKHOHHOTo npubopa ¢ 3epKajbHOH OCBETHTEJbHOH
cHCTeMO#M

BrinostuM raGapuTHLI H CBETOZHEPreTHUECKHHA pacyer
doToyBeNuuuTEAST 0 CJEAYIOMIEM HCXOAHBIM JAHHEIM: JHHEHHoe
yBesnuueHne uaMeHSercs! OT | B |mn A0 | P |max, HauGosbiu# dopmar
HeraTHBa OIpefielsercs ero AHaroHasibio 2y (1uaMeTpoM), OCBEIleH-
HocTb 3KpaHa E' W HauGoJsbliee [IDOEKIHOHHOE PACCTOSIHHE pmax RS
R Omax 33JaHHL

I. Y3 dopmynet (396) ompenensieM QOKYCHOE PacCTOsiHHE MPOEK-
IHOHHOro OOBEKTHBA:

f'=p/(1 —B) = pmax/(1 ‘|“[ B fmax)- (404)

2. ¥YryoBoe none 2w o6GbEKTHBA BHIUHCASEM C HMCIOAb30BAHHEM
dopmyasr (398):

tgo = | B lmax y/I(1 41 B lmax) 1. (405)
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Menbiiee, ueM | P |max, 3HaUEHHE JINHEAHOTO YBeJIHYEHHSI YMEHb-
maer (aKTHUeCKH HCMOJb3yeMoe YIVIOBOE MoJe, YBeJHuyHBaeT aGco-
JIOTHOE 3HaueHHe PacCTOSHHMS @ M YMeHbluaer a’ & p, TaK KakK f =
= a'la.

3. 3anaBasicb KOD(HIHMEHTOM TPONYCKaHHA T OCBETHTEJbHOH
(3epKa/ibHON MO YCJOBHIO) TNPOEKIHOHHOH CHCTeMb (T = PsT 06)
IpH 3ajaHHOM OCBemeEHHOCTH E' 5KpaHa ¥ BO3MOXKHOHM fIPKOCTH L
5JeKTPOJaMIbl, No popmyae (403) HaXoAuM OTHOCHTENbHOE OTBEp-
cTHe OOBeKTHBA:

Dif > 2 (1 +1B |max) vV E"/(xwL)- (406)

4. 3pauenus f', 20 u D/f' Heobxoaumsl Aas MOAGOp2 MPOEKLH-
OHHOTO OOLEKTHBA. BO03MOMKHOE HECOBlajeHHe XapPaKTepHUCTHK BbI-
6paHHOTO OObLeKTHBA C BLIYMC/JEHHEBIMH HHOTJA JAOMYCTHMO: HANpH-
Mep, YIJoBoe moje 2@ MOXeT ObITb HECKOJIbKO GOJibllle BBIYHC/ICH-
Horo. JIjst BHIGpaHHOTO OGBEKTHBA YTOUHSIIOT KOS(QMHIMEHT mnpomy-
CKaHHS Tog-

3aMeTuM, UTO Ba)KHOM KCIYaTalHOHHOH XapaKTepHCTHKOH (OTO-
yBeJMUHTEes SABJASETCS 9KCIO3UUHS, 3aBHUCAMIAs OT OCBELIEHHOCTH
5KpaHa, a CJeNOBATENbHO, H OT OTHOCHTEJIbHONO OTBEPCTHSA MPOEK-
I(HOHHOTO OGBEKTHBA (Kpome APYTHX BEJHUHH).

5. 3epka/bHbil OCBeTHTEJb JOJ2KEH O0ecneuuBarh TNOJNyueHue
H306parKeHHs MCTOUHMKA CBETa B TJIOCKOCTH BXOJHOTO 3pauka 0Gb-
extuBa. OTpaxaiomas NoBepXHOCTDb
OCBETHTEJIS NpelcTaBisieT cobol 10-
BEPXHOCTb BOTHYTOTO 3JIJIHIICOHAA,
B nepBoM (okyce F; KOTOpOro (pHue.
231) mowmeriaercst TeJI0 HaKaJHBaHHSA N
3M€KTPOJIaMIB, BO BTOpPOM (okyce
F,, COBMEIIEHHOM C ILIEHTPOM BXO-
IHOTO 3pauka oOBbeKTHBa, IOJyda-
eTcs M3oOpaykeHHue Tesa HaxaJja.

Huamerp Dy 3epKana IOJAKEH CO- =
OTBETCTBOBATb YIJOBOMY IOMIO 20
o6beKkTHBa, PaccrosiHue g OT BXOI-
HOTC 3pauka JO Kpas 3epkana mfo-
CTOSIHHO H OTpeJensieTcsi BhIpaxe-
HHEM

g:’almax+k:fl(l+
+ I B ’mln)/l [J) Imin +k, (407)

rie k — pacCTosiHHe MexAy Hera-
THBOM B €ro KpafiHeM TOJIOXKeHUH | e 24 I
(mpu | Blmex) H Kpaem 3epkaia; r '
3TO pacCTOSIHHe BHIGHPAIOT M0 KOH-

Puc. 231. PacyerHas cxema oToyBe-
CTPYKTHBHBIM COOGD@XKEHHAM M M3  jyuurens c 3epKajbHOH OCBETHTElNb-
ycnoBHs yaob6etBa paboTHL. Hoft cucTeMoft

Hmax
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M3 puc. 231 caenyer, uTo puamerp 3sepkasga
Dy = 2g tg o. (408)
Paccrosinne mexnay ¢okycamu F; U F, ofpasyiomerc 3JJunca
FiFy =2V a® — 1%, (409)

rie a 4 b — Soabwasi U Manasi TOJYOCH 3JIHICA.
Paccrosuue or BepmHHB! 3Jaiunca 1o ¢okyca F,

s=a—1y a®— b (410)

CyMMa MonyJefl palHyCOB BEKTOPOB, IPOBEJIEHHBIX H3 (OKYCOB
K JI060# TOuKe 3JJMICA, MOCTOSIHHA:

ry+ ry = 2a. (411
BosbmeM Ha sqsumnce Touky M Tak, uTo6hl OHA COOTBETCTBGBAaNa
nuamerpy Dy, onpenensieMomy dopmyaoh (408). Torza us tpeyrojb-
Huka FyMF, umeem:
ry sin oggy = 1, Sin ®. (412)
Hs dopmyne (409) caenyer
— 1 COS Goxp + 75CO8 ® = 2 a? — b2 (413)
W3 paBenctBa (412) naiinem:
r,COS Opgy = == V' 17 — rlsin’ @-
Cornaceo BeiDaxkenuio (413)
FyVri—risinfo=2ya" — b —r,cos0.
Hcnonbsosae paeencrsa (410) u (411), nmosyumm, uto Gosbluas
TOJAYOCh 3JMHICA
a=s(s-+rycos w)/[25 —r, (I — cos w)], (414)

rie ry = D, /(2 sin ®).
Ha paBencrsa (410) crenver, uTo manas TMOJAYOCh 3JIHNCA

b=1v2a—~¢. (415)

Paccrosinne s BbiGMpaem Tak, u9TOOB NOAYUMTb HAWMEHBIIYIO
BLICOTY 3€pKaJja NPH YCJIOBHH YIOGHOTO pasMellleHHs 3JeKTPOJaMIbl
¢ (GOKYCHDYIOIIHM MATPOHOM.

YTos 0XBaTa 20,y OCBETHTENLHOHA CHCTEMBl (3€pKaia) MoJayuaem
H3 paBeHcrBa: sin (180° — 6y4s) = D./(2ry), THe r; = 2a —

— D /(2 sin o).

CrepoBareinbHo,
8in 0oxp = Dy sinw/(4a sinw — D). (416)
BricoTa 3epkana (cm. puc. 231) h = (D,/2) ctg 0gxp -+ S HAH

h—=2 —s—g. @17)
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6. O6mast HauboJbluasi BHICOT2 (OTOYBENUUHUTENS
Hmax = ahex + 2 + 4. (418)

7. JlunefiHoe yBenHueHHe 3epKana Py = —D/c, rie D — pua-
MeTp BXOJHONO 3payka OOBEKTHBA; ¢ — pasMep HCTOUHHKA CBeTa
(rena Hakana).

OunHoBpeMeHHO

Pr=— (FiFs+s)is = — (27 a® — b* +5s)/s.

Takum obpasom,
¢ = Ds/(2y a* — b* +5). (419)

8. Tlo spkoctH L ¥ ucnosb3yeMOMy pasmepy ¢ HCTOYHHKA CBeTa
O KaTaJory BbIOHPAaeM 3JIEeKTPOJaMIy.

Mpumep. Hano: f = —(1,5 ... 10); dopmar merarusa 6 X 6 cm; E’ > 100 nk;
Pmax = 825 MM.

[To dopmynam (404)—(406), Haauaqax 1=0,75u L = 2,5-10% ka/m?, maxomum
['=75mM, 20 =54°20" u D/f"' = 1:3,6.

HonyquHbIM xapaxTepHc-rnKaM ynosnemop;{e'r o6bekTHB «Hpaycrap-58», umero-
wud f' =75 MM, 20=60° u D/f =1 :

ﬂpxom‘b 2,5-10% xa/m? obecreynt SJIeKTpOJlaMHa momuoctsio 100 BT ¢ marupo-
23!-1}!05?1 WM MOJIOWHOR KOJNG6O#, NuaMeTp MJIOCKOTO Tejla HaKajla KOTOPOK cOCTaBJjisieT

cer & MM,

Pe3y/bTaThl BBHIYHC/IEHHS MapaMeTpPOB SJVIMICOMJAJNBHOTO 3epKaja M BHICOTHI
tboToyBeIHUATENAS IO xpopmy.nam (407)—(418) npu noJe3HO HCIOJB3YEMOM YIVIOBOM
nonte 06beKTHBA 20 = 54° 20’ ¥ BHIGPAHHHX PACCTOSHUAX £ = 35 MM ¥ s = 40 MM
c.nenyioume g = 160 MM; Dy = 165 Mm; @ = 133,2 mm; b = 95,1 MM; 2 0oxp™ 211°%;

= 66,5 MM; Hpax = 1050 mm. TTo tdopmyne (414) ¢ = 3,8 mMM.



T'aasa XVIII

ONTUYECKHE ¢OTOJIEKTPHUYECKHE
CUCTEMbDI

96. HexoTopble XapakTepPHCTHKH H NapaMeTphi
NPUEMHHKOB H3JIy4YeHHS

DoTO3IEKTPHUECKUMHU OITHYECKUMH CHCTEMAMH Ha3blBaIOT
CHCTEMBI, KOTOpPBIE PErHCTPUPYIOT H3JY4YeHHe C IMOMOLbI0 (POTO3JeK-
TPHYECKHX TPHeMHHKOB. K HHUM 2XKe CleiyeT OTHECTH M CHCTEMHI,
B KOTODBIX HCIOJB3YIOTCS TENMJOBBIE, ONTHKO-aKYCTHYECKHE H JpYyrHe
HeCeJieKTHBHBIE NPHEMHHKH.

ITpueMHHK H3syueHHs (NpHEMHHK JYYHUCTOH SHEPTHH) — YCTPOH-
CTBO, NpelHa3HAueHHOe JJs1 Npeofpas3oBaHHsl 3HEPTHH ONTHYECKOI'O
H3IY4YEeHHS] B 3JEKTPHUECKYIO 3HEPTHIO.

JJ1s1 cpaBHHTEJNbHOH OLEHKH Pa3/iMuYHbIX UPHEMHUKOB H3JYYeHHS
C TOYKH 3DEHHs HX padoThl B (DOTO3JEKTPHYECKOH CHCTEME HCIOJb-
3y10T ofmue crnocobul ONMUCAHHMA CBOHCTB NMPUEMHHKOB uepe3 CHCTEMY
XapaKTePUCTHK H [apaMeTpoB.

ITapamempom npuemHuka usayueHus HasbBalOT BeJHYMHY, Xa-
DaKTepH3YIOMYIO ONpeleJeHHOe CBOHCTBO NpHEeMHHKa 0pd pabore
€ro B OTOBOPEHHBIX YCMOBHsAX. K TakuUM nmapamerpaMm OTHOCAT: HHTe-
rpajJbHYIO YYBCTBHTENbHOCTD, NOPOr YYBCTBUTE/IBHOCTH, IOCTOSHHYIO
BpeMeHH, pa3mephl U GopMY CBETOUYBCTBHTENBHOTO CJIOSI H AP.

Tlon xapaxkmepucmukod npuemHuKa u3AY4eHUs TNOHUMAIT €ro
CBOHCTBO, KOTOpOE MOXET OBIThb OIMCAHO TOJBKO COBOKYIHOCTBIO
3HaYeHHHA KaKWX-1uG0 BeNHuWH. XapaKTePHCTHKH NPHEMHHKa MOTYT
ObiTb ONHCAHBI AHAJHTHYECKH MJH I[peicTaBJeHbl B BHIAe TabJHIL
1 rpadukoB. K TakuM XapakTepHCTHKAM OTHOCHTCH: CIEKTpaJsbHas
XapaKTepHCTHKA, YacCTOTHAsT XapaKTEePHCTHKA, BOJbTOBAs XapakTe-
PHUCTHKA H Jp.

Paccmorpum HamnboJsiee BaKHEle NapaMeTpbl H XapaKTePHCTHKH
NPUEMHHKOB H3JIYY€HHs, KOTOPbie HeOOXOAHMO YUYHTbiBaTh NpPH CO-
IJIACOBaHHH HEHCTBHUS HCTOYHHKA H3JIY4YEeHHs, ONTHYECKOH CHCTEMEI
H NPHEMHHKA.

CrexmparoHan 4yecmsumetbrocme XapaxkTepH3yercs OTHOLIeHHEM
PeaKLHHK NpHeMHHKa K 3HAYEeHHIO MOHOXPOMAaTHYECKOIo NMOTOKA H3Jny-
uennsi d®,. B 3aBHCHMOCTH OT CXeMBl BKJIIOUEHHS NPHEMHHKa 3Ta
peakuus Moxer ObiTh B BHJE H3MEHEHHs TOKa, HaNpsiKeHHs H Ipy-
THX NapaMeTpPoB 3JEKTPHYECKOH nenu. B COOTBETCTBHH ¢ 3THM HC-
NOJIb3YIOT TEPMHHBI! TOKOBas YYBCTBHTEJIbHOCTb, BOJBTOBAA UYB-
CTBHTEJBHOCTD H T. A.

B ofmem cayuae Gyfem o0603HauaTh peakuHIO NpPHEMHHKA {.
Torpa ero cnekTpanbHasi uyBCTBHTeAbHOCTE S (A) BhIpakaercs

296



5{/1) S(/U
Sm 7

A, Ag A A A Ap A2
a) 5]
Puc. 232. CpekTpasibHas YYBCTEHTENbHOCTb NPHEMHHKA H3JyYyeHHs

3aBucumoctbio: S (A) = d i/d D, KOTOpAass Mo«eET HMeTb pa3Mep-
Hocth A-Br !, B-Brl.

Ipadux dyukuuud S (A) 418 GOJbIIKHHCTBA CENEKTHBHBIX TpHEM-
HUKOB UMeeT BHJ IJIaBHOH KPHBOH ¢ OJHUM MakKCHMYMOM (puc. 232, a).
Has ynpoumeHus QOTO3JEKTPHUECKHX PaCYETOB HCIOJIb3YIOT OTHOCH-
TENbHYIO CNEKTPaNbHYIO UYBCTBHUTEJBHOCTb, OHpeiesnsieMyio no ¢op-

MyJie
s(A) =S (A)/S, (420)

rie S, — MakcuMaJsbHas CIeKTpPa/jbHast YYBCTBHTEJbHOCTD.
3aBucuMocth § (A} (pHc. 232, 6) TakiKe Ha3bIBAIOT CMEKTPaJbHOH
XapakTepHCTHKOH IIPHEMHHKA W NDUBOAAT B IIAaCOPTE HA NPHUEMHHK
uznyuenusi. [lo cnekrpasbHOH XapaKTepHCTHKE MOXKHO OMNpEAesNHTb
CIEKTPaJbHbIH JHANa30H H3JY4eHHs, PErHCTPUPYEMbIH NMPHEMHHKOM,
OT KODOTKOBOJIHOBOH rpaHUibl Ay A0 AJIHHHOBOJHOBOH Ay, a Takike
BBIYMCJAHTb abCOMIOTHYIO CIEKTPaJbHYIO YYBCTBHTEJbHOCTH  CO-

ranacHo (420):
SM =5 Sm.

CnekTpa/ibHas XapaKTeDHCTHKA HeCeJeKTHBHOTO NpPHEMHHKa SB-
Jsercss NpsMOH, mnapaJsJebHOH ocH abciucce.

HHmezparbHas 14yscmeumessHocnty XapakTepU3yeTcsl OTHOLIeHHeM
peakUHH NPHEMHHKA K MOTOKY H3JYYEHHS CJIOXKHOTO CMEKTPaabHOIO
cocTaBa:

S = i/®,. (421)

Ec/H HCTOYHHK M3/MyueHHs MMeeT CIUIOLIHON CIEKTP, TO HHTErpab-
Hasi YYBCTBHTEJIbHOCTh OYAET OMNpENeasiTbCH 3aBHCHMOCTBIO:

A o
S == Sn Ss(k) @, 5 () dA S‘I’e'x(’*) dh. (429)
Ay 1]

Epunnna unrerpanbHo#i uyscTBuTesnbHOCTH A-Br!, B-Brl.

Us dopmyasl (422) cenyer, uto HHTErpaibHasi YyBCTBHTENbHOCTD
CEJIEKTHBHOTO NpHEMHHKA 3aBHCHT OT CHEKTPasJbHOTO COCTaBa H3JY-
YEeHHS HCTOYHMKE. [To3TOMY NpH ONpefiesleHUH HHTerpasJbHOd YyB-
CTBHTEJbHOCTH NPHUHATO NOJb30BATHCH CTAHAAPTHBIM HCTOUHHKOM —
JlaMTio# HaKaJWBaHUA C BoJbbpaMoBofi cnupaJdeio, paborawollei
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B pexknme A npH nseropo#t remneparype 7 = 28564 K. B nekortopsix
cayvyasx JJsi ONpejiesieHHst HHTerPaJbHOH YYBCTBHTENBHOCTH NPHEM-
HHKOB HCIIOJIB3YIOT JiamMny HaKa/JquBaHHA C BOJb(QPAMOBOH HHTbIO,
Harperoffl Ao useroBoil Temmeparyps 2360 K.

CrannapTHbIl HaJyyaTelb XapaKTePH3YIOT CBETOBHIM MOTOKOM,
KOTOPHIl OH HCIyCKaeT, a HHTerpajbHYI0 YYBCTBHTEJbHOCTb TIPHEM-
HHKa ONpeJesIoT, KaK OTHOLIEHHE ero peaKlHH K CBETOBOMY TOTOKY:

A2
Sm I s (A) @p. 5, (A) dA
i Ay
S=g= 0,77 . (423)
683 j V(M) @ () dA
0,38

B srtoM ciyuae eqHHHUEH HATErpajbHON YYBCTBHTENLHOCTH Gymer
A-am, B.amt

B dopmynax (422) u (423) BmecTo cnekTpasbHOM MJIOTHOCTH NO-
ToKa Hanyuenns @, a (A) MOXKHO HCHONb30BATh CHEKTPAJbHYIO
NJIOTHOCTh 3HEpPreTHuecKof cBeTHMOCTH M, a (A). Ecau wussecTHnl
CNeKTpa/JbHAA XapaKTepHCTHKA NPHEMHUKA S (A) U ero uHTerpaabHas
9YBCTBUTENLHOCTL MO CBETOBOMY MOTOKY, TO COTJIACHO (423) MOXHO
HafiTH aGCOMIOTHYIO CIEKTPaNbHYI0 UYYBCTBHTENHHOCTb IMIPHEMHMKA:

0,77
683 j V() M, (A) dA

SMN=sMA)Sm=s()S o . (424)

[ s Mea ) o
Ay

enuHuuel kotopo#t 6yner A-Br!, B-Br!. Il BHUYHCACHHS HHTe-
rpajoB GopMyanl (424) MOMXKHO BOCIONb30BATLCSA JIHOOLIM H3 H3BECT-
HBIX CHOCO60B rpacdHvYecKoro HHTErpHpOBaHUS.

[lopoe wyscmeumerbHocmy XapaKTEPH3YETCS MHHHMAJbHLHIM TIOTO-
KOM H3JIy4eHHs, IPH KOTOPOM Ha BRIXOJe IIPHEMHHKA BbIPAGATHIBAETCS
CHTHAJI, HaXOASmMHCA B 3aJdHHOM OTHOIIEHHH K wymy. [lopor
YYBCTBUTEIbHOCTH o60sRayaoT D,y uam @y ¢ COOTBETCTBYIONUMH
pasmeprocTaMu: Br iy aM. [lymbl npHeMHUKA 34BUCAT OT MJIOMIALH
CBETOYYBCTBUTENLHOTO CJIOST M HOJOCH NPONYCKAHHUS YaCTOT CHCTEMBI.
CooTBeTCTBEHHO eJMHHIEH [10pora YVBCTBHTEJIbHOCTH Oyier BTt X
X eM~lTu~"2 wau am-em—1. 172,

Cienyer umerb B BHAY, YTO TaK e, KAK HHTErpajbHas YyBCTBH-
TENbHOCTb, NOPOT YYBCTBUTENLHOCTH CEJEKTHBHOTO NMPHEMHHKA 3aBH-
CHT OT CIEKTPa/JbHOTO COCTaBa M3JYUYeHHs HCTOYHHKa. [lo3TOMy
[OPOr YYBCTBHTEJNLHOCTH OOLIYHO ONDPENENSIOT TNO CTAHLAPTHOMY
usnyuatemo (7 = 2854 K nnu T = 2360 K). Ilis npuemMHHKOB,
PErHCTPHPYIOMIMX H3JyueHHe B JlaJekod HHbpakpacHo# obiacTH
CNeKTpa, HCMOJb3YIOT H3Jyuatesib ¢ Temneparypoir T = 500 K.
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Paszmepot 1w opma c8emouyscmeumenvHol nogepxHoCMuU  npuem-
HUKQ W3JYyYEHHSI OKa3blBalOT BJAWsSHHE Ha MOPOTr YYBCTBUTE/IbHOCTH
H MMEIT CYIIeCTBEHHOe 3HaueHHe IIPH ONpeAeJeHHH XapaKTepHCTHK
ONTHYECKOH (DOTO3/IEKTPHUECKONR CHCTEMBI.

Ecay Ha noBepXHOCTH NPHEMHHKA, YCTAHOBJIEHHOTO MOCJE ONTH-
YeCcKOH CHCTEMBbI, CO3JlaHa dHepreTHuecKas OCBEHleHHOCTb Eg, TO NpH
NJIOMAAH CBETOYYBCTBHTENbHOH NMOBEPXHOCTH Qpp MNMOTOK H3JIYUeHHs,
ynaBuiMi Ha NpHeMHHK, Oyler

(De = Eean»
a peakliHsl MPHEMHHKa Ha 3TOT IOTOK onpejensercsa coryaacHo (421):
i =80, = SEQup.

Torpa HeoGXomMMoOe 3HaueHHE 3SHEPTETHYECKOH OCBELeHHOCTH, CO3-
L1aBaeMOH ONTHYECKOH CHCTeMOH, ONpefeasoT no dhopmyne

E, = i/(SQup).

97. OnpeneacHue AMameTpa BXOAHOrO 3payka
onTHYecKoH (oToaNEKTPUYECKOH CHCTEMbI
[0 HHTErpalbHbIM XapPakTEePUCTHKAM

[lpruBuMNManbHAs cXeMa ONTHY4eCKOH (OTO3JEKTPHUYECKOH
cHCTeMbl NMpHBefeHa Ha pHc. 233. Msayuenue oT HCTOYHHKA [ Npoxo-
JHUT uepe3 pall ONTHYECKHUX CPell, ONTHYECKYIO CHCTEMY H NMOCTyHAaeT Ha
NpHeMHHK H3nyueHus 2. B HEKOTODBIX cayyasX NI HAMEHEHHS CieK-
TPabHOrO COCTaBa H3JYYEHHS HCIOJNb3YIOTCH CBETOPUABTPH 3.
XapaKTepUCTHKH ONTHYECKOH CHCTEMBbl JOJIXKHBL ObITb PAaCCUHTAHBI H3
YCJIOBHS, NIPH KOTOPOM peakUMs NDHeMHHKa Ha MOTOK M3JY4eHHUS OT
HCTOYHHKA Oblia Gbl He MeHbIle HEKOTOPOH BEJNHYHHB in,, CBA3aH-
HOfl C MOPOrOM UYYBCTBUTEIRHOCTH NPHEMHHKA, T. €. HeoOXOAHMO
BBINOJIHUTD COOTHOIIEHHE imn = Rply, TRe Ry — KosdpuuueHT, yyu-
TBIBAIOIUA MNpeBhIlIeHHe MOJE3HOro CHrHajda Hald NOPOTOBBIM; i —
CHUTHAJI, COOTBETCTBYIOWMEA NOPOTrY YYBCTBHTENbHOCTH.

B nanbHe#iureM NpH pacueTe ONTHYECKOH cHCTEMbl OyleM npeano-
Jarath, YTo 3afaHbl WX BHIOPAHBl MCTOUHHUK H3JYUEHHS H NPUESMHUK,
T. €. H3BECTHH 3HEpPreTHyeckas SIPKOCTh M MJOIAaAb HCTOYHMKaA, a
TaKXe HHTerpasbHas 4YyB-

CTBHTENLHOCTD M  MHHH-

D
MaJbHAA peakUHs [pueM- M
Huka. Bynem cuutaThb H3- “ 2
BECTHBIMH  KO3(DHIHEHTH g gﬁl}:
NponyCcKaHua BCceX Cpex,
PacIo/IOXKEHHBIX MEXAY HC- \_p}\ﬂ{
TOUYHHKOM H IIPHEMHHKOM 7

H3JVUCHHA.

EcJii HCTOURHK H3YY€-  puc 933 Cxema omruueckod doTO3IEKTPHYE-
HHSY HAXOOHTCHA HA ONTHYEC-  CKRON CHCTeMbl
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KON OCH H HMeeT OJHHAKOBYIO IO BCEM HANpaBJEeHHs M 3HepreTHyec-
Kyl SDKOCTb L,, TO NpPH IVIOMAAH HCTOYHHKA Qe BO BXOJHOH
3pauoK OMNTHYECKOH CHCTeMbl OyIeT MOCTYNaTh MOTOK H3JYyYEHHS

O, = t,nl, sin’ 0aQxcn,

rae T, — Ko3hbHIHEHT NPONyCcKaHUA aTMochephl Ha ydacTke MexAy
MCTOYHHKOM H BXOJAHBIM 3DauKOM ONTHUECKOH CHCTEMBl; Op — amep-
TYPHEIL yroJl ONTHYECKOH CHCTEMBI B IPOCTPAHCTBE IPeAMEToB (cM.
puc. 233). Ecan 7.y — KO3bOHUHEHT NPONyCKaHHS CBETOQHILTDA,
To.o — KOI)OQHUIHEHT INPONYCKAHHUS ONTHYECKOH CHCTeMBI, TO NpH
OTCYTCTBHH B ONTHYECKOH CHCTeMe BHHBETHDOBAHHA Ha BhIXoJe
CHCTEMBl MOJNYUHM NOTOK H3JIY4YEHHS

D), = TegTo, (Do = TaTcgTo, 7L SIN* TAQucr- (425)

[Monaras, yto Bech NMOTOK H3nayueHHs @D, nomajaer Ha CBETOUYB-
CTBHTENIbHYIO NOBEPXHOCTh NPHEMHHKA C UHTErpPalbHOA YYBCTBHTE/b-
HOCTBIO S, ONpejesHM pPeaxklUHIO NPHEMHHKa, KOTOPYIO NpHPaBHSeM
PEeaKUHH imyp:

imin = SO, = TaTegTo. NLe 5iN° 0aQucrS. (426)

Takum o0pas3oM, anepTypHBIH YroJ ONTHYECKOH CHUCTEMBI B NMPOCTPaH-
CTBE NPEJAMETOB, NIPH KOTOPOM A8 JAHHOTO MCTOYHHKA M MPHEMHHKA
H3JayueHusi 06ecrieyBaeTcss peaknus NPHEMHHKA Iy, ONpPEAeaseTcs
no gopmyJe

sinoy, = 1/imm/(TaTcd)To.aneanTS) . (427)
Jlnamerp BXOLHOTO 3pauka ONTHUECKOH CHCTEMbI
D = 2p tg o,. (428)

Ecan Ha npueMHHK nomajaeT TOJbKO 4YacTb NOTOKA H3/y4eHHs,
BHIILIEJINIEr0 W3 ONTHYECKOH cHCTEeMBl, TO B (opmyne (426) HyxXKHO
Hcnonb3oBark nmotok @ = Mk, rre KosbdUIHEHT 2 ompefensieT Ty
YacTb MOTOKA H3JYYEHHs, KOTODAs MONajaeT Ha NPHEMHHK.

QopmyJaa (427) nosyyeHa B NPeANOJOXKEHHH, 4TO KO3(O(PUIHEHTHI
NPOTyCKaHHUS ONTHYECKHX CPeJl M HHTEerpajbHas 4yBCTBHTE/NbHOCTb
IIDHEMHHKA B38Thl AJISl JAaHHOTO CIEKTPaJbHOTO COCTABA H3JYUEHHA.
B ofmem ciayyae mnpu onpeleseHHH JHaMeTpa BXOAHOTO 3pauka
ONTHYECKOH CHUCTEMbl HEOOXOIMMO YUHUTBIBATH CIIeKTpa/bHblE Xapak-
TEPHCTHKH WMCTOYHHKA H3JyuyeHHs, ONTHYECKHX CDell H IpPHEeMHHKa.

98. OnpejejeHHe gHaMeTpa BXORHOIC 3pauka
ONTHYECKOH (POTOINEKTPHUECKOH CHCTEMbI
NO CHEKTPaJbHBIM XapaKTePUCTHKAM

B ontuueckux (oTO3JMEKTPHUECKHX CHCTEMAX HCTOUHHKAMH
H3JYUEHHS] 4YacTO SBJSIOTCA HarpeTble Tesa, MAAIoMue CHJOMHON
cnekTp H3ayueHusi. CUJY U CIEKTPasbHBIH COCTaB H3JyYEeHHS TelIo-
BHIX HCTOUHHKOB ONPEJENsIIOT MYTeM CIEKTPO(OTOMETPHUECKOTO CPaB-
HeHHs1 ¢ H3ayyeHueMm yepHoro Tesna (UT).
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Hanyuenne UT, nmopunnsiomeecsi 3akony Jlambepra, onuceiBaercs
¢opmyaot [Tranxa, nos3possiiomedl BHYUCIHTDL CHEKTPaJbHYIO ILIOT-
HOCTb 3HEPTETHYeCKOH CBETHMOCTH:

MS () = eh =3 (/D) — 1), (429)

rie ¢ = 3,74-10* Br.Mrm*-eMm~%; ¢, = 14 380 mxm:K; A — niauna
BosHE, MKM; T — Temmeparypa no abcosiorHod mkane. [liuHa
BOJIHBEI, Ha KOTOPYK NpHXoAdTCA MakcumyMm uaayuyerus UT, ompe-
Iensiercsl no 3aKOHY cmellenuss Buna—Ilonuneina:

Am = 2898/T. (430)

INoacraBuB 3Hauenne A, B Gopmyay Ilranxka (429), rnonyuuM Makcu-
MaJjbHOe 3HAaueHHe CIeKTPaJbHOH IUIOTHOCTH 3IHEPreTHYeCKo#d cCBe-
tamoct YT (Bt-cm2-MrM™1)

M2, 5 (MImax = 1,301 (771000, (431)

Srepreruueckas cserumoctb UT Bo BeeM criekTpe 3/1€KTPOMAarHHT-
HBIX BOJIH ONpPENeJssercs IyTeM HHTeIrpHpOBAHUS

Mo = | M () dh
0

uiu no 3akoHy Credana — Bonbumasa
=0T, (432)

rie ¢ = 5,672.10-12 Br.cm?. K.

B ¢opmyne Ilnanka crnekrpasbHasi NJOTHOCTE 3HEPreTHYECKOH
ceeruMocti UT sBasercs GyHKUMed ABYX repeMeHHBIX: NJUHLI BOJI-
Hbl A ¥ temnepatypsl T. [1ostoMy AJs YIpPOWEHUsS BHIYHCAEHHH (op-
myay [lnakka npeofpasyior B ypaBHeHHe €NHHOH H30TepMHUECKOH
Kpusok. [ 310ro BBOAST HOBRIE NEepeMeHHEIE

% = Mhn (433)

y = Mz A)IME % (M]max, (434)

B KOTOPHIX A, onpegenasercs no gopmyae (430), a [M2, 4 (A) lmax —
no dopmyae (431). TlogcraBue B ypaBHenue [laHka BeNHYHHY A,
BhIpaxeHHyo mo (433) uepes x, u M;, 1 (A), BbIpaxkeHHyw Mo (434)
uepes y, MOJYuYHM yDaBHEHHE eIMHOH H30TepMHYecKOH KDHBOH

g = 142,325 (et9651/x — 1)=1, (435)

Dty kpHBYIO (puc. 234) HAM coOTBETCTBYIOMHKE ypasHeHuio (435)
tabaunel (32, 37] mHcnosb3yloT TpH  BBIYHC/EHHH CEKTPabHOR
NJIOTHOCTH 5HeprerHueckod cBetumoctd UT ans fanHo#t Temneparypsl
B BLIGpaHHOM HHTepBaJje AauH BosH. CHauasna no dopmynam (430)
H (43]) BHYHCJSIOT BeTHUMHM Ay ¥ [MS 3 (M) Imax, @ 3aTeM Aast KaX-
Joro BHIOPAHHOTO 3HAauYeHHsl A HAaXOAST COOTBETCTBYIOIEE eMy 3Ha-
yeHHe x no ¢opmysae (433). Tlonbaysch eAnHOH H30TEpMHUYECKOH
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1 ’13A“)

7 X A
Puc. 234. Eaunan usorepmudeckas  Puc. 235. CnekTpajibHas IJIOTHOCTL 3HeEp-
KpHBast reTuyeckodi cseTumocTH YT M peanbHOro

TeJsa

KpuBO#l (cM. puc. 233) unu rabnuuaMd, HAxXOAAT A KaxkI0ro X
COOTBETCTRYIOIHE 3HAUEHHHA Y, 10 KOTOPLIM Bh{YHC/ISIOT coriacHo (434)
CHEKTPaJbHYI0 IUIOTHOCTb 5Hepretdyeckodl cserumoctd YT:

. (M) =g [Me, n (M)]mex.

TaxuM o6pasoM, ¢ MOMOUIbIO YPaBHEHHs] efMHOH H30TEPMHYECKOH
KPHBOH MOXHO NOCTDOHTb CIIEKTPANbHYI KpHBYIO u3ayueHus YT
Ui JIro60H TeMIlepaTyphl.

PeasibHble TensoBble HCTOYHHKH H3J/1YYarOT SHEPIHU MeHbIIe, 4YeM
YT npu To#t xe Temneparype. B 3aBHCHMOCTH OT CBOHCTB peasibHBIX
HCTOYHHKOB MX TCAPasAeISIOT HA CeAeKMUBHbIE H Cepote.

CeneKTHBHBIE H3/yYATENH XaPAKTEPHIYIOTCA CHEKTPAIbHBIM K03d-
dHIMEHTOM TEMJIOBOIO M3JYUeHHs, IO KOTOPBHIM MOHMMAIT OTHO-
IeHHe CIeKTpaJbHBIX NJIOTHOCTEH SHEPreTHYeCKHX CcBeTUMocTeHl pe-
anabnoro Ttena 1 UT npu oauHaxkoBHX TeMIeparypax H ATHHAX BOJH:

e (A) = M, (M/ME, 2 (M) (436)

Dra BeqMYHHA MeHbIIE eNUHUIbI U 5IBJsIeTCS QYHKUHMeH NIHHBl BOJIHBI
¥ Temnepartypsl. [IpaMepoM ceneKTUBHOIO H3JIyuaTessl CAYXKUT BOJb-
¢dpam, UHPOKO HCIOAb3YeMBIHl /Il H3TOTOB/EHHS HUTeH JaMI Haka-
JauBanusi. Ha puc. 235 npuBeneHsl KpUBLIE CIIEKTPaIbHOHA MJIOTHOCTH
sHepreruyeckoff cBetumocT YT M ceseKTHBHOrO HCTOYHHKA TNpH
OJAMHAKOBLIX TeMIepaTypax. XapakTepHOH oCOOEHHOCTbIO 3TUX KpH-
BBIX SIBJSIETCA TO, YTO AJHHA BOJIHBI, HA KOTOPYIO MIPHXOAHTCH MaKCH-
MyM u3ayueHus, y UT M cenmekTHBHOro HCTOuHHKa pasgHasg. B uact-
HOCTH, Yy METaJIJIOB MaKCHMYM H3JIyYEHHs NPUXOLUTCH HA MEHbLIYIO
IauHY BoJHbl, uem y YT.

Cepble Tesia XapakTepH3YIOTCS KO3(DhHIHMEHTOM TEeIJIOBOro H3jay-
YyeHHs

e (T) = M, » (AW)/Me, a (1), (437)
KOTOPBIi HE 3aBUCHT OT JJIMHB BOJHbI H M3MEHSIeTCS TOJAbKO MpH H3-

MeHeHHH Temmneparypul. [lostomy orHomenue (437) cupaBelJHBO H
VIS MHTErpajbHbIX BeJHYHH.

302



KoapHiHeHT TenJaoBOro Ha/yueHUs peasbHbiX HCTOYHHKOB Onpe-
IeJISIOT 3KCNEpUMEHTaIbHO. PesyabTarhl 3THX 3KCIEPHMEHTOB MNpH-
BOAATCH B BHAe Tabmuu uau rpapukos [7, 161

TakuM 06pasom, PACCUUTAB CIIEKTPAIbHYIO IJOTHOCTb 3HEpPreTH-
yeckofi ceerumoctd UT u 3mas Benmuuny e (A) wau e (T), MOXHO
ONpENe/INTh CNEKTPaJbHY0 INVIOTHOCTb JHEPTETHYGCKOH CBETHMOCTH
CeJIeKTHBHOTG H3Jjyuaress 1o gopmyJe (436):

Mg a(R)=e@)MS (M) (438)

HJH ceporo Hanyuaresst mo ¢opmyae (437)
M, a (A) =2 (TYMS, 4 (A).

T1pu pacuere onTHYECKOH POTONEKTPHUECKOH CACTEMBI C Y4ETOM CIIeK-
TPaNbHBIX XAPAKTEPHCTHK AJISl TEIVIOBOIO MCTOYHHKA JAOJMKHE! GHITh
H3BECTHBI €ro TEMIEpaTypa, CHEKTPaNbHLIH KO3(QQHIHEHT TEMJIOBOTO
M3JIyYEHHs] H Da3Mephbl H3Jy$aeMOH NMOBEPXHOCTH.

[TpunnunuManbHas cXxemMa ONTHYECKOH (OTOIEKTPHYECKOH CHCTEMBE
ocTaeTcs, OUEBUIHO, TAKOH XKe, KaK U NPH pacyere MO HHTErpasbHBIM
XapakTepHCTHKaM (cM. pHc. 233).

ByneM cuurarh H3BECTHBIMH: XapaKTeDHCTHKH MCTOYHHKA H3JNY-
weHus [nyomagb HCTOUHHKA Quer, €ro Temneparypa T M CHEeKTpalkb-
BBl Ko>(QHIHEHT TensoBoro H3xyuenus e (A)]; XapaxkTepuCTHKH
PUEMHUKA U3/IYYeHHs [MUHUMAJIbLHAA DEaKIUs imm, OTHOCHTENbHASA
CreKTpajbHasi YYBCTBHTeJNBbHOCTh S (A) H MarcAMaibHAs CIEKTPasb-
Hasi UYBCTBHTENbHOCTb Sp,1; cnekTpaabHul KoshdHUKEHT npomy-
ckagus arMmocdepsl T, (A); cnekTpadbHEI K03 (QQHUIHEHT Npomnycka-
HUSI CBETODUIBTPA Teg (A); CHEKTPANbHBIA KOIPQUUMEHT NPOMycKa-
HHS ONTHYECKOH CHCTEMBl To, o (A). OOBIYHO CIEKTpajbHLIE KO3(-
GHIMeHTE NPOMYCKAHMS ONTHYECKHX CPeA AA0TCA B BHAe IPaduKOB.

TIycTb MCTOYHHK H3JY4YEHHsi DaclOOKeH Ha ONTHYECKOH OcH H
HMEET OJMHAKOBYIO 110 BCEM HANpAaBJEHHSM SHEPTETHUECKYIO SPKOCTD.
Ecnu onTuueckass CHCTEMa HE HMEET BHHbBETHDOBAHHS, TO C YYETOM
CNEKTPaJbHbIX  KO3(DOHIHUEHTOB IIPOMYCKAHHs aTMOCHEpHl, CBETO-
GUJIBTPA M ONTHYECKOH CHCTEMBI MO aHanordd ¢ Qopmynok (425)
HOJYYUM BHIPAXKEHHE /11 MOHOXPOMATHYECKOTO IMOTOKA H3Jy4eHwus,
BBIXOZSIIET0 M3 ONTHYECKOH CHCTEMHI:

dD; = 7, (M) Teg (M) To. o (A) 70 AL Sin* 6AQucr,

rae d L, = L, 3 () d A
Tak Kax snepreTHyeckas SIPKOCTb MCTOUHHMKA OAHHAKOBA IO BCEM
HampaBJeHUsM, TO ¢ ydeToM dopmyanl (436) 6yleM HMeEThb:

dL. = dM/m = M., » (\) d\/m = & (L) M2, 5 (M) dA.
CrepoBarenbHo,

d®; = T4 () Teg (M) To. o (M) & (A) M2, (1) dh sin® 04Qucr-
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Ecau 3TOT NOTOK NOJHOCTBHIO MoMajgaer Ha CBETOUYYBCTBHTE/IbHYIO IIO-
BEPXHOCTb NpHEeMHHKAE, TO pE€akuHus I[PpHEMHHKa HAa MOHOXpOMaATHue-
CKHH TOTOK H3/yueHHs Oyler:
di = S () dD; = sin? 05QuerSmTa (V) Tep (M) To. ¢ (1) X
X s (M e (M) M2, x (A di. (439)
[Tonnas peaknuss NPpHEMHHKA Ha IIOTOK HIJYYEHUS CJAOXKHOro

CIIEKTPaJBHOTO COCTaBa OMNpefieNisieTcl HHTerpPHPOBAHHEM BBIpaXe-
Hust (439). DTy peakuMI0 NPUPABHHBAEM BEJIWUYMHE [g:

A2
fmin = SI0? 04 QuerSm | Ta (1) Tog (1) To. ¢ (4) s () & () M2,1 (3) .

Takum o6pa3oM, HAXOMHM CHHYC alepTypPHOrO yrsa B HpPOCTpaH-
CTBe MpeIMETOB

sin g, — - imin (440)

8, Quon j Ta 09 Tog (1) To. o (M) s () & () M2, () dA
Ay
H JHaMeTp BXOJHOro 3pauka D = 2p tg o,.

IIpenener nuTerpupoBanus B popmyse (440) 3aBUCAT OT CHEKTPaIb-
HOH XapaxkTepUCTHKH NDHEMHHMKA U CIEKTPaJbHBIX KO3(hDHUIHEHTOB
NpoNnycKanus onruueckux cpex. Murerpan, crosuufi B 3HameHatene
dopmynl (440), BuimoaHsIOT rpaduueckuM HHTerpupoBarueM. [lpu-
BeJleM CNocoG BLIUMC/JEHHS HHTerpasa, usjaoxenusii B [37]. Pacemo-
TPHM OTHOLUEHHE

Ay
[ v 07 8 7o, o s @) e () MY, ()
A =k, (441)
[ Mg 50 a0
0
TJie MHTErpaJ, CTOAMME B 3HAMeHaTe/e, paBeH SHEPreTHUEeCKOH cBe-

tumoctd YT, onpegensiemoli no sakony Credpana — Boabmmana
{cm. dopmyay (432)1:

[ M21 (1) dr = oT* = 5,672 (771000 (442)
0

i BblYHC/IEHHS BeJIWYHHBL £ HEOOXOIMMO TNOCTPOHTb TIpaduk
Bcex (YHKUHH, CTOSMIMX MO MHTErpasoM B uuciautete. Tak Kak
TeMIE€paTypa HCTOYHHKA 3afiaHa, TO CIeKTpajbHas NJOTHOCTb 3Hep-
reTnueckoll ceetumoctH YT ompejensiercs ¢ HOMOIIBIO €JJMHOH H30-
TepMuYecKol KpHBoH. CreKTpaJsbHEle KPHBBIE OCTa/NbHBIX Oe3pasmep-
HBIX BEeJHYHH, CTOSIMHX [OJ HHTErpaljioM, M3BECTHBI 110 TEXHHYECKUM
YCJIOBHAM Ha pacyeT cHCTeMnl (puc. 236). ¥YcTaHOBUB npefesbl HHTE-
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rPUPOBAHHS, B MOJYYEHHOM CIEKTPAdb- M, (A)
HOM HHTepBaJe BhIfUpaeM pfAj] 3Haue-
HUA JJIHH BOJIH H LJIS STHX 3HAuUCHMH
HAXOAHM COOTBETCTBYIOIIHE BEJHYHHH:

YA =Ta M) Top M) To.c M)s M) X &
X & (A) M. (A).

[Nonyuennsle sHauerus y (A) mospons-
I0T NMOCTPOMTb KpPHBYIO, mJjomanh Py
noji KOTOpoH NPOIOPIHOHAAbHA HHTET-
pany, CTOsIEMY B YHC/HTENE (opMY-
Jul (441). ITnomans P,, orpanuueHHas
kprBoH M?, 5 (A), nponopuuoHasbHA
HHTErpany, CTOSIIeMy B 3HaMeHaTese
stoll dopmyarl. Ecnu kpussie y (A) u

.2 (M) nocTpoeHH B OZHHAKOBBIX
Macutabax, TO OTHOLIEHHE HHTErpasioB
3aMeHseTcs OTHOIIEHHEM COOTBETCTBY-
OmHX mromanelt k = P,/P,. Takum  To®
obpasom, corjacuo (441) u (442) wuec-
KOMBIH HHTerpas OyJeT paBeH:

S(A)

Tl

s

Ay
[ 72 0705 (M) To.0 ()5 (1) X

Ay

X8 () M2, (1) dA = 5,672 (T/1000)" &.

Tz(A)

{A)
B nanbrefimeM mpH paccMOTpEHHH y

Pa3IMUHBIX ONTHYECKHX cXeM ¢oTo-
3/J€KTPHYECKHX CHCTeM OyleM HCIOJb-
soBaTb (opmyay (427), umess B Buny,
4TO B C/lyyae HEOOXOAMMOCTH CJIELyeT A
YUHTRIBATD CIICKTPAILHBIE XaPAKTEPHC-  pyc. 236. Ipaduueckoe HHTErpH-
THKH H NpuMeHsTb Qopmydy (440). poBanne

NI

99. OnTHueckHe (POTOBNEKTPHUECKHE CHCTEMBI
€ NPHEMHHMKOM H3JXy4yeHHs, PaCOJOXEHHbIM
B IVIOCKOCTH H300pakeHHSI HCTOYHHKA

Onmo#t H3 pacnpocTpaHEHHHIX CXEM ONTHIECKHUX GOTOS/IEKT-
PHUECKHX CHCTEM SIBJISAETCS CXeMa, B KOTOPO# CBETOYYBCTBHTE/bHAS
NOBEDXHOCTH NMPHEMHHKA PAaCHOJaraercsi B IVIOCKOCTH H306paXeHHS
HCTOYHHKA WJIH BO/H3H 3TOA MIOCKOCTH. [IpH MPOEKTHPOBAHHH TAKHX
CXeM C/IefyeT UMeTb B BHIY HeKOTOpHe obmue pekomenmaunuu. Ort-
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DHH Ae/bHBIE YYaCTKH CBETOYyB-
CTBHTE/IbHOH NOBEPXHOCTH MpPH-
2 ©MHHKa H3/JYYeHHS  MOTYT
$ ) gt HMETb HEONHHAKOBYIO UYBCTBH-
/ Ak TeabHOCTb. [lo3TOMY RIS O6ec-
TIEYEHHs] YCTOHUMBOH paGoTHl
A_T BCeH CHCTeMbl IKeJaTebHO,
A @’ 4yTo6B H306paXeHHe HCTOY-
L HHKa 3aHMMaJ0 KaK MOXHO
> 66/IbIIYIO YaCTh CBETOYYBCTBH-
Puc. 237. Cxema ontuuecxkofl potvsaexipy- TEJbHOH NOBEPXHOCTH IpHEM-
YeCKOR CHCTeMBl; HCTOYHHK Ha KOHEYHOM guka. OnHako JJs IIOJIHOTO
paccrosituu HCIIONb30BAHHA TIOTOKA H3JY-
YeHUst, BXOASMIEr0 BO BXOAHOMH
3payoK ONTHYECKOH CHCTEMBI, HeOGX0AMMO, YTOOB! ONTHYECKAS CHCTEMA
HE MMeja BHHLETHDOBAHHS M H300paKeHHE HCTOUHMKA H3JYYEHHS
BIIHCHIBAJOCH B CBETOUYBCTBHTENIbHYIO OBEPXHOCTh NPHEMHHKA. YKa-
3aHHBIE YCJIOBHA OYAYyT ONTHMAaJbHO BBIIOJNHATBCS B TOM CJyuyae,
ecid GopMa KCTOYHHKA H3JIYYEHHs! NOROOHA CBETOYYBCTBHTENLHOH
NOBEPXHOCTH NpUEMHHKA.

PaccmoTpum pasnuussle cxeMbl GOTO3JEKTPHUICCKHX CHCTEM C MIPH-
€MHHKOM H3Jy4YeHHs, DACIIONONKEHHBIM B IIOCKOCTH H300pa)KeHHs
HCTOYHHKA.

OJHOKOMIIOHEHTHAst CHCTeMA; MCTOYHMK M3JIy4EHHS Ha KOHEYHOM
paccTosnuu. TIpuHUMOMaNbHas cXema TAKOH CHCTEMBl NOKasaHa Ha
puc. 237. Ilpu pacuere onTuuecko# cucTeMbl OYAEM HCXONUTb M3
YCJOBHS, YTO BHIODAH MCTOUHHK H3JIYUEHHs, HMEIOUWHH SHepreTHye-
CKYIO ADKOCTb L, H miomand Quer, U NPHEMHHK, UMEIONHHA HHTE-
IPajibHYIO UyBCTBATRJIBHOCTb S W IUomans Qpp. [IpHeMHUK ROJKEH
HMETb MHHHUMAJbHYIC PEaKUUIO {myp. JaNaBILHCh KO3(hdHIHEHTOM
NPOIYCKaHHUsSl ONTHYECKOH CHCTEMBI T, o, ONpPENEJHM alepTypHHIH
yToJ B HPOCTPAHCTBE NMPEAMETOB IO (opmyJne (427):

sin oy = l/ Emin/(To. ¢TLeQuerS)- (443)

[Tp# ManOM paccTOAHHHM MeXIY HCTOYHHKOM H ONTHYECKOH CHCTEMOM
Ta = 1. CBeroduapTp B cucteMe He ucnosbsyerca. Popmyna (443)
CpaBejiBa NpPH YCJNOBHMH, YTO ONTHYECKAsl CHCTEMa CBOGOZHA OT
BHHBETHPOBAHUSA, 2 H300paXKeHHe HCTOYHHKA BIHCHIBACTCS B CBETO-
YYBCTBHTENbHYIO IIOBEDXHOCTb IpuemHHKa. [lociennee ofecrneuu-
BaeTCs COOTBETCTBYIOIIHM BHIGOPOM JIHHEHHOrO yBejuueHus. Eciu,
HallpuMep, HCTOYHHK HMeeT (GOpPMY NpAMOYroJbHHKA pasmepoM b Xc,
a CBETOYYBCTBHTE/bHAS NOBEPXHOCTh [IPHEMHHKA KPYIJasi, TO OINTH-
yecKasl CHCTeMa NOJ/UKHA MMeTb JIMHEHHOe YBeJHUEHHEe

B = —Dup/v B*+ (444)
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rune an — BUAMETD CBETOYYBCTBHU- D

TEJIbHOH IIOBEPXHOCTH HPHEMHHKA. % 1 )
3uak muHyc B dopmyne (444) osna- 7 -l
yaer, YTO H300paxKeHHe HCTOYHHKA TN ’lr
IH
obpartHoe. 3
Ecnd 3ajaHO paccTOsHHE MEXAY T u"
HCTOYHUKOM H IpHeMHHKOM L, 71O -p £

corsacHo (43)—(45) nonygum 3Haue-

HUs f', auna.B nepBOHayaJbHOM Puc. 238. Cxuema onTHueckoft ¢oro-

BapHaHTe pacqua MOXXHO CYHTATh zﬂeKTPquCKOH CUCTEMH; HCTOYHHK B
€CKOHEYHOCTH

OINITHYECKYIO CHCTEMY OECKOHEUHO

TOHKOH, T. €. Aypr = 0.

O6bIuHO BXOJHOH 3Day0OK ONTHYECKOH CHCTEMBI COBIafaeT C nep-
BOH MOBepXHOCTbID. TorAa mist GecKOHEYHO TOHKOH CHCTEMH @ = p,
C/IefOBaTeNbHO, AHAMETD BXOXHOTO 3pauka oupejenasiercd no dop-
myJse (428): D = 2a tg 4.

KoHCTpYKIHS ONTHYECKON CHCTEMBbI 3aBHCHT OT yria 20,. Ecnu
20, < 30°, TO MOXKHG HCHOJb30BAaTb OHOJMH3OBYIO CHCTEMY; AR
20, << 60° mpHMEHSIOT IBYXJIHH30BYW, a JIA 20,5 < 90° — tpex-
JIUH30BYIO cuCTeMy. BbI6paB KOHCTPYKUHMIO CHCTEMbI, YTOUHSAIOT €€
Koac’pcpuuuem OpONYCKaHHS T,, ¢, @ TaKXe [IJHHY OTPE3KOB a
ua.

OJHOKOMIIOHEHTHASt CHCTEMA; MCTOYHUK M3JYYEHHS PacnoJoXeH
B GeckoHeYHOCTH. B 3TOM ciiyuae CBETOYYBCTBHTEJbHAS IIOBEPXHOCTb
NpHEeMHMKA YCTAHABJMBAeTCH B 3aAHEeH GoKa/nbHOH IIOCKOCTH ONTH-
yecko# cucremn! (puc. 238). Ecim MaxcuMmaibHBIA YIVIOBOH pasMmep
HCTOUHHKA OTHOCHTE/NbHO MNepefHel IVIaBHOH TOYKH paBeH 2w, TO
pasmep ero usobpamenust B 3afHed (OKaNIbHOH NIOCKOCTH Diyep =
= 2f' tg ® u 310 H306paxeHue MOJKHO BIHCHIBATbCS B CBETOUYB-
CTBHTENIbHYIO TOBEPXHOCTh MpHeMHHKA, T.e€. Dyer < Dpp, ToE
Dy, — IMaMeTp CBETOYYBCTBHTE/bHOM OBED XHOCTH npuemuuka. Cie-
JIOBaTENbHO, (POKYCHOE pAaCCTOSHME CHCTeMbl JOJIKHO OblTh f'=
= Dyy/(2 tg 0.

Ecnu usofpaxeHy#e HCTOYHMKA 3HauMTENBLHO MEHbIIE CBETOYYB-
CTBUTEJIbHOH MOBEpXHOCTH NPHEMHHKA, TO NDHEMHHMK CJEAYeT cMe-
CTHTb OTHOCHTENBbHO (OKAaJbHOH IJIOCKOCTH.

Boi6paB HMCTOUHHK H NpPHUEMHHK H3JyueHHs, 1o Qopmyne (427)
MOXKHO BBIYHMCJHTH CHHYC aNePTYPHOrO yrja B MPOCTPAHCTBE Mpeame-
TOB, a N0 ¢opmyse (428) — nuamerp BXOLHOTO 3payKa ONTHHUECKOH
CHCTEMBl. YuHTHIBas, uTO | p | 2> D (MCTOUHHK H3JYUEHUS PACHOJIONKEH
B 6ECKOHEUHOCTH), MOMHO MPHHAThL Sin 05 = tg 04. Ilostomy

D =2psino,=2p 'l/imm/(’cath)ro. L eQucrS) - (445)

Pasmeppt 6eckoHeUHO YAaJeHHOTO HCTOYHHKA XapaKTepH3YIOT
€ro yrJjoBo# BeamuuHo# Z2w. Ecjau cuuraTh, 4TO HCTOUHHK HMEET
Kpyraywm ¢opMmy, a 20 — ero pasMep B pajnasax, TO IVIOMAaLb 3TOTO
UCTOYHHKA Qper = npe?. IloncTaBub sHauenue Qu.r B Gopmyay (445),
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NoJNyduM BHIPAXKEHHE ISl BHIYHCJAEHHS AHaMeTpa BXOJHOTO 3pauka
ONTHYECKOHR CHCTEMEL:

D = 2= ¥/ Tmal(aTego, oLaS)- (446)

OnTHyeckass (GOTOJIEKTPHYECKASS CHCTEMA NJs PErHCTPALHM H3Jy-
yenus 3Be3l. lllmpoxoe pasBuTHE KOCMHYECKMX HCCIECNOBAHHE 3a
nec/efHKBe AECSTHNETHS TNPHBEJIO K CO3RAHHIO PAa3JHYHBIX (DOTO3J/IEK-
TPHUECKHUX CHCTEM, NPENHA3HAUEHHHIX /IS DErHCTPALHH H3JAYdeHusd
spesfl. [Ipu pacuere TakuX CHCTEM HEOGXOIMMO YUHTHIBATD CHELHDUKY
(GOTOMETPHUYECKHX €IHHHUI, NPHHATHIX B aCTPOHOMHH H acTpPOdH3HKeE
H OCHOBAHHBIX Ha NOHSTHH 3BE3AHON BEJHYMHEI M.

ITo oTHOmEHHIO K MOBEPXHOCTH 3eMJIM 3B€3/a SIBJSAETCS HAEaJbHO
TOUYEYHBIM HCTOUHMKOM, KOTOPHIH MOMKHO XapaKTepPH30BaTh OCBEIEH-
HOCTbIO, CO3JlaBaeMOl 3Be3/l0H Ha MOBEPXHOCTH 3eMJIU HJIH Y I'PAHHIKGE
3eMHOH aTMochepsl. 3Be€3/|Hasi B&IMYHUHA m SIBJSETCS MEPOH, Oonpene-
asgiomes 6/1€cK 3Be3Abl, T. €. CO3/|aBAaeMYIO €l0 OCBEIEHHOCTb HA IJIO-
CKOCTH, DEPNEHAMKYASPHOH K manamomuM Jayuam. [llkana 3Be3gHuIx
BEJIMYMH YCTaHaBNMBaeTCs (QopMmyJiof

m=—25I1g E — 13,89, (447)

rfie E — ocBemeHHOCTb OT 3B€3IH V I'DAHHUIBI 3eMHOH aTtMocdepsl, JK.

CorstacHo dopmyite (447) 3Be3fa nepBod BeJMUMHBI CO3QAET OCBE-
mennoets E; = 1,11-107% ax, Bropo#t — E; = 1,11-10™® ax u T. 1.

Dopmysoft (447) MOXKHO MOJNB30OBATbCA U LS XaPAKTEPHCTHKH
H3JIyueHHs] HCTOYHMKOB KOHEUHBIX pasmepoB, Hampumep JIyHH,
CosHIAa M APYTHX 3€MHBIX HCTOYHHKOB. Tak, BO BPEMS MOJHONYHHS
JlyHa co3faeT Ha ITOBEPXHOCTH 3eMJM OCBeIeHHocTh oKomao 0,2 MK,
YTO COOTBeTCTBYET 3BE3RHON BejuumuHe m = —12,55.

[pu pacyere HOTOITERTPHUECKUX CHCTEM IS PETHCTPAUHH H3JY-
YEHHs 3Be3J BO3HHKaeT HEOGXOAMMOCTh NEPEXOofla OT CBETOBHIX BEJIH-
YHH, YCTAaHABJHBAaeMbIX dopmyJsof (447), K 3HEpreTHyecKuM. 3Be3lbl
H3JIyyaloT, KaK 4YepHOe TeJo, HO TeMmIeparypa HX pasauyHa. Bce
OHM pa3buTHl Ha CIeKTpaibHble KJacChl, 0G03HAYEHHbIE IIPONHCHEIMH
6ykBaMmu JaTHHCKOTrO andasurta. [lepexos ot 6aecka 3Be3fpl (OCBEIIEH-
HOCTH, H3MEDEHHOH B JIOKCaX) K SHEPreTHYeCKOH OCBEIIeHHOCTH,
H3MepseMOH B BaTTaX Ha KBaJAPATHHIA MeTp, BHINOJHSETCS Yepes
CBETOBYIO 3(ppeKTHBHOCTD, H3MEPSIEMYIO B JiloMeHax Ha Bart (M- Br-1):

K =0/, = E/E,. (448)

3Besja cnekTpaabHOro Knacca A ¢ temmepartypoit mosepxmoctH T =
= 10000 K umeer ceeroByio sddexTtuBHocts K = 61,35 am-Br?,
OueBnaHO, MakcHMaJlbHOe 3HAYEHHE CBETOBOI 3(PeKTHBHOCTH OyJAeT
Yy 3Be3lnl CHeKTpanbHOro Kjaacca G ¢ TemMmepaTypod HOBEPXHOCTH
6000 K, xax y Counua, cseroBasi adbeKTHBHOCTb KoToporo K =
= 84,18 am-Br-l.

IlpuBUHMNHANbHAs CXeMa ONTHYECKOR (GOTOINEKTPHYECKOA CHCTEMH
AN pPEerdcTpAanHH H3Jyd4eHHs 3Be3]] NoKasaHa Ha puc. 239. Eciu
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H3BeCTHA 3Be3[Hasl BEJHUHHA /m, TO
no ¢opmyJe (447) MoxHO HaliTH OC-
BeleHHOCTh E, cospaBaemyio 3Bes- -1
Zo# y rpaHHIb 3eMHOH atMochepl. - \
3Hasi CHeKTpaJbHBIE KJacc 3Be3fibl, < .
no ¢opmyne (448) onpenensiem sHep-
TeTHYECKYI0 OCBENIEHHOCTb Y TIpa- N il
UM 3eMHOH aTMoceptr: £, = E/K. Puc. 239. Cxema onTueckoft goro-

Ilycts onTruecKas QOTOIMEKTPH-  spexrpuveckoli CHCTeMs Ans perd-
uecKasi CHCTEMa C AHAMETPOM BXOJ-  CTpauuu H3/MyYeHHS 3Besl
Horo 3pauka D pacnojoxeHda Ha
noBepxHOCTH 3emuu. Torxa ¢ yuetoM Ko3pbHIHEHTa MNPONYCKaHHA
atMocdepbl T, ONpEIeJHM IOTOK H3JYUEHHs, NOCTYNAMHH OT 3Be-
8Bl BO BXONHOH 3payok cucremel: @, = 1,E nD?/4.

H3zobpaxenue 3Besgpl Gyner moJydarbcsa B 3aiHe#l (QoKanbHOH
IJIOCKOCTH ONTHUECKOH CHCTEMBI, H B CJAydyae XCOPOLIO KOPPUTHPOBaH-
HOH CHCTEME! OHO OYJAeT NpeACcTaBAsTbh COO60H IH(PPaKUHOHHOE H300pa-
JXeHHe TOuKH. [JoaToMy HJs HCHO/NB30BaHHA OoJbILUEH YacTH CBero-
YYBCTBHTEJIbHON NOBEpXHOCTH HPUEMHHKA €ro pacloJiaraioT Ha HEKo-
TOPOM pAacCTOSSHHX 3a 3aliHeH (oKaibHOH miockocTbio. Ilosyyaemoe
NPH 3TOM CBETOBOE MSATHO JOJKHO OBITH He 60Jbllie CBETOYYBCTBUTENb-
HOH NOBEPXHOCTH NPHEMBHKA. B HEKOTOPHIX Ciy4asix CMEIlEHHE IIpU-
€MHHMKa OTHOCHTeJbHO 3ajHero ¢oxyca o6yCc/IOBIEHO HEOGXOLAUMOCTHIO
YCTaHOBKHM B 3ajHeH (oKajbHOH IJIOCKOCTH aHANUSHDPYIOILEro ycr-
poicTBa.

Ecan 14, o — KO3GOHUKMEHT NPONYCKaHHsT ONTHUYECKOHK CHCTEMBI,
BKJIIOYasl aHaJIH3aTopP, TO Ha CBETOYYBCTBUTE/IbHYIO IIOBEPXHOCTD NpH-
eMHHKa OyJeT MOCTyNaTb IIOTOK H3Jy4YeHHS

O, = D, To. ¢ = TaTo. EenD?/4. (449)

Ecnu mHTerpanbHasi 4yBCTBHTENbHOCTb NMpHEMHHKa S, TO peak-
IHs NPHEMHEKA

..

Imin = ©,S = 1,70, ESnD¥4.

Taxum 06pa3oM, AIA DETHCTPAUHM U3JIy4YEHHs 3Be3]bl 3afaHHOH
3B€3JHOH BEJHUHHBl /M INDH BEIGPAHHOM IIpHEMHHKE HEOOXOLHMO
HMETb ONTHYECKYIO CHCTEMY C JHAaMETPOM BXOJAHOrO 3padxa

D=2 'l/imm/(rafo. eNE,S)- (450)

DoxycHO® pacCTOSIHHE ONTHYECKOH CHCTEMBI He BJHSIET Ha DasMmep
H300paXKeHHsa 3Be3/bl, [IGITOMY IIPH €ro BLIGOpE CAENYeT HMETb B BHAY
8HaAueHHE OTHOCHTesNbHOro orBepctus D/f’.

HByxkomnoHeHTHas cucTema. [IpuHiMnuanbHas cXeMa Tako# cH-
CTEMBI, COCTOSIMEH M3 TOHKHX KOMIIOHEHTOB, NOKa3aHa Ha pHc. 240.
OnHuM H3 BO3MOXKHBIX BADMAHTOB CHCTEMBI SIBJSETCS YCTAHOBKA MC-
TOUHHKA H3JYYEHHS B IepefHeil (OKaNbHOH MJIOCKOCTH IEPBOTO KOM-
NOHEHTA, & CBETOUYBCTBHUTEJNBHO!N NOBEPXHOCTH NPHEMHHKa — B 3aj-
Hed (QOKaabHOH MJIOCKOCTH BTOPOTO KOMIOHEHTA.
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T Puc. 240. CxeMa 1ByXKOMMNOHEHT-
HOH onTHYecKOR (oTO3NEKTPHYe-
CKOH CHCTeMHl

B sToM csayuae JaHHeHiHOe YyBEJHYEHHE CHCTEMBI, ONpele/isieMoe
no dopmyne
B = —faft, (451)

BHIGHpAIOT TaK, uTOObl H306pameHHe MCTOUHHMKA BIHCHIBAJIOCH B CBe-
TOUYBCTBHUTENbHYIO NOBEPXHOCTh NpHEMHHKA. [losToMy, ecau Bbi-
6paHbl HCTOYHHK H NPHEMHHK H3JYYEHHS, TO MOXHO OIPeNeNHTb
JHHeHHOoe YyBeJHUeHHE JBYXKOMIIOHGHTHOH CHCTEMBI, HaNpHMED MO
tdopmyte (444). Torna, sanaBuych 3HayeRneM (GOKYCHOTO PACCTOSHUSA
IepBOro KOMIIOHeHTa, Ho ¢opmyiae (451) BuuncasoT GoKycHoe pac-
CTOSIHHE BTOPOTO KOMIOHEHTA.

CHHYyC anepTypHOro yria B IPOCTPAHCTBE NPEJAMETOB HaXOAAT
no dopmyne (443):

Sing, = /imln/('fo. "L eQuerS) »

TIe T, ¢, — KOIQOUIHEHT IPOMYCKAHHA ABYXKOMIIOHEHTHOH ONTH -
YECKOH CHCTEMBI.

Huramerp nepsoro kommorenta Dy = 2fi tg o,. Ilnamerp Broporo
KOMIIOHEHTAa OMNpeNeJsiOT H3 YCJOBHA OTCYTCTBHS BHHbLETHPOBAHHA
IS TOYKH HCTOYHHKA, HauboJjiee YIHaJeHHOH OT ONTHYECKOH OCH.
Ecnu, Hanpumep, HMCTOYHHK H3JyYeHHS HMeeT GOpMYy HPAMOYTOJib-
HHKa pa3MepoMm bX¢, TO MakCHUMaJibHBIH YroJ HaKJOHa Nyyka mna-
paJIeJbHBIX JydeH, BHILIEANIMX H3 IEPBOFO KOMIIOHEHTA, PACCUHTBI-
BaloT N0 gopMyae

1

tg W = —— b2 + c?.
2f;

Torza npu BEIGpaHHOM pACCTOSIHMH d MeXZy KOMIOHEHTAMM BBIYH-

CIAIOT HEOOXOZUMBIH NHAMeTP BTOPOTO KOMIIOHEHTa:

D, =D, + 2 tg o. (452)

[lpy 3HAuUTENbHBHIX PaCCTOSHHUAX MEXAY KOMNOHEHTAMH JIHaMETp
BTOPOFO KOMIIOHEHTa, HalfeHHBIE no dopmyne (452), MOMKET HMETb
HAaCTOJIbKO GOJIbILOE 3HAYyeHMe, UTO €r0 peajyu3alxs NPHHIMNHANBHO
HEBO3MOXKHA. B 3ToM ciyuae NpHXOAUTCH HNONYCKaThb BHHBETHPO-
BaHHe,
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Prc. 241. CxeMa ABYXKOMNOHEHTHOH ONTHYECKOH (OTO3JIEKTPHUECKOA CHCTEMH NpH
3HAYUTEJBHOM DACCTOSHHH MeXKAY KOMIIOHEHTaMH

JIBYXKOMIOHEHTHYIO CUCTEMY, HMEIILYI0 BHHLETHPOBAHHE, MOXKHO
paccuuTaTth B CJAeLyIOWeH Moc/iefoBaTenbHOCTH (PHC. 241).
HcTounuK M3my4yeHHS K nepBblii KOMIOHEHT ONTHUYECKOH CHCTEMBI
MOXKHO PacCMaTPUBATb KaK MPOXKEKTOP HAJbHEro JeHCTBUS, HMEOMHI
CHAY H3JIy4YeHHUs!
Tewp = To. a1le (Di/d)z,

TR To,¢ 1 — KO3QODHIHEHT NPONYCKAHHUS NEPBOTO KOMIOHEHTA OINTH-
4yecko#l cucteMrl; [, — cHJIa H3JYUYEHHS WCTOYHHKA; Di — IBameTrp
BHIXOJIHOTO 3padKa HepBOrc KOMIOHEHTa; d — JuaMerp HCTOYHHKA.

Ecau paccrosivse p MexAy KOMIOHEHTaMH OOJblIE AMCTAHLHH
0(pOpMJIEHHS CBETOBOTO IyYKa, TO HA BXOLHOM 3Pauyke BTOPOTO KOM-
TIOHEHTa ONTHYECKOH CHCTeMBl OYHET CO3/ilaHa SHepreTHyecKas ocBe-
WEHHOCTb  E, = T,/ np/p?, THe T, — KO3Q(OUUMEHT NPONYCKAaHHA
aTMOC(ephl Ha PacCTOSHUH p.

Tlonaras xuamerp BXOXHOrO 3payka BTOPOTO KOMIIOHEHTA pPaB-
HBIM D,, ompeienuM NOTOK H3JyueHWs, MOCTYNAIOWUE BO BTOPOH
komnonedT @, = EnD3/4, a 3ateM — NOTOK H3JAYYeHHS, NAJAOIHH
Ha CBETOYYBCTBHTEJBHYIO NOBepXHOCTh npuemunka @D; = 1, oD,
ToE To, cp — KOSPOUIHEHT NPONYCKaHHS BTOPOTO KOMIIOHEHTA OINTH-
9EeCKOH CHCTEMBI.

Peaxumus npueMHHKa H3JIYUYEHHS, YCTAHOBJEHHOIO B 3alHelt ¢o-
KaJIbHOH IMJIOCKOCTH BTOPOro KoMnoHeHTa, [ = SO;.

100. OnTtHueckne (OTO3NEKTPUUECKHE CHCTEMBI,
B KOTOPbIX H300pakeHHe MCTOYHMKA GoJblie
CBETOYYBCTBHTENbHOH NOBEPXHOCTH NPHEMHHKA

Pacuer paccMOTpeHHBIX Boilieé cxXeM (OTONEKTPHUUECKHX
CHCTEM BBINOJIHSJICS NPH YCJOBHH, YTO BeChb NOTOK H3JYUEHHS, NO-
CTYNAOIHUA BO BXOLHOH 3pauyoK ONTHYECKOH CHCTEMBI MCJHOCTBIO I1O-
NajdeT Ha CBETOYYBCTBHTEJbHYID MNOBEPXHOCTb NDHEMHHKA. IT0
yC/IOBHE O0eCIeuHBaeTCsl, €CJd ONTHYeCKas CHCTeMa CBOGOAHA OT
BHHBETHPOBAHHS, & M3006paKE€HHE HCTOYHHKA BIIMCHIBAETCSI B CBETO-
YYBCTBHTEJbHYIO NOBEPXHOCTb NpHEMHUKA. BrimosnHedue nocsiefHero
YCJIOBHA IIOCTHTAETCS COOTBETCTBYIOIIHM BHIGODOM JIMHEHHOTO YBEJH-
YeHHsI HJIH (OKYCHOrO PacCTOSIHHSI ONTHUECKOH CHCTEMHI.
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B npakTeke pacgera BOSMOXKHH CJYyYaH, Korja oGecneydTb Tpe-
6yemoe JIMHEfHOE yBeJHYeHHEe WJH (GOKYCHOE pPacCTOSHHE ONTHYe-
CKOH CHCTeMBl HEBO3MOXHO. [IpH TakoM MOJIOXKEHHH NMOTOK H3Jyye-
HMSI, NOCTYMAMOMHHE OT KCTOYHHKA BO BXOZHOH 3PauOK ONTHYECKOH
CHCTEMH, He OyIeT NOJHOCTLIO NONafaTh Ha CBETOUYBCTBHTENBHYIO
NOBEPXHOCTb NPHEMHHKA, [OITOMY INpHBEAEHHHE BhIle QOPMYJIH
JJIsl OnpeflesieHHs JuaMeTpa BXOLHOPO 3Pauyka ONTHUYECKOH CHCTEME
OKa3blBAIOTCS HEIPUTOLHBIMH.

Ecau n3obpaxeHne HCTOUHHKA 60JIbIle CBETOYYBCTBHTEbHOM
NMOBEPXHOCTH MPHEMHHKA, TO pacueT (POTOIJIEKTPUYECKOH CHCTEMB
1enecoo6pasHo BHINOJHATL CO CTOPOHBI TNPOCTPAHCTBA H300paxe-
HHUE.

SHepreTHuecKas OCBEINEHHOCTb, CO3LaBaeMasl HCTOYHHKOM H3Jy-
YeHHS HAa CBETOUYBCTBHTENbHON MNOBEDXHOCTH NpPHEMHHKA, Olpeje-
Jasiercst no ¢opmyJe (219):

E¢ = TaTogTo. cnilesin® ojr.
Tark xak Hso6parkeHHE HCTOUHHKA NEpPEKPHIBAET CBETOYYBCTBUTE/b-

HYIO NOBEPXHOCTb MPHEMHHKA, TO NOTOK H3JY4YeHHS, NOCTYNAKMHR Ha
NpUEeMHUK, 6yAer paBeH:

D; = TaTegTo. cMLe sin® 04+ Qrp, (453)

rie Qup — MJIOmajsb CBETOYYBCTBHTENbHOH MOBEPXHOCTH NPHEMHHKA.
Tak kak peakliusi HpHeMHHKa

imin = @S, (454)

10 ¥3 opmyn (453) u (454) HaxonuM BHIpaXKeHHe JJs1 pacuera amep-
TYPHOIO yIJla B HPOCTPaHCTBE M300paxeHHH:

sin G,A’ = l/imin/(Tach)To. aneanS)' (455)

Ec/aH HCTOUHHK H3JMYUYEHHA PACIOJOXKEH B 68CKOH€'~IHOCTH, TO
sin oa- = D/(2f’) u u3 dopmyas (455) HAXOLMM OTHOCHTEJbHOE
OTBEPCTHE ONTHYECKOH CHCTEMEI

D o

T =2y lmln/(Tx{["tzcx;""'n). 6L eQupS)- (456)
Dopmyasl (455) u (456) MOXKHO MPHMEHATL M AJAS CHCTEMEHI, B KO-

TOpOH H306paKeHHe HCTOYHHKA BIIHCHLIBAETCS B CBETOYYBCTBHTE/b-

HYIO NMOBEPXHOCTb NpHeMHHKa. Torza B aTHX ¢opmyJsax HeoGXOZHMO

HCIIO/Ib30BATh MJIOIAAb H300paXKeHHS HCTOYHHMKA Qper:

singy, = Vimln/(TachpTo. L eQuerS)
€CJIH HCTOYHHK DAacnoJIOXKE€H Ha KOHEYHOM DAacCTOSAHHH, H
D - 7
= 2 Vlmin/(Tach)To. L QuerS) » (457)

€CJIH HCTOYHHMK HaXONHTCH B GECKOHEYHOCTH.
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101. OnrHyeckas HoTO3AEeKTPHYECKAs CHCTeMa
C NPHEMHHKOM H3Jy4eHMH,
pacnosioXeHHbBIM B BLIXOLHOM 3pauke

IlpumeHenne QOTOINEKTPHYECKHX CHCTEM C IPHEMHHKOM
H3JYYeHHS, PacHOJIOXKEHHBIM B IJIOCKOCTH H300pa)KeHHs HCTOUHHKA,
MOXET OKa3aTbCsl HepPallHOHAJIbHBIM, €CJIH CBETOYYBCTBMTENbHAS IO-
BePXHOCTb NPHEMHHKA HMEET HECJHHAKOBYIO YYBCTBHTENbHOCTb B pas-
JHYHBIX 30HaX. Ecau B Tako# cucTeMe H306paXKeHHe HCTOYHHKE 3aHH-
Maer Ha NpHEeMHHKE HeGOJIbIIYIO IVIOMaAb K MepeMellaeTCs MO CBETO-
YYBCTBHTE/NILHOH MOBEPXHOCTH, TO paboTa cHCTeMH 6ylneT HEyCTOH-
YHBOH.

YKasaHHbIH HEJOCTATOK MOXHO YCTPAHHUTb, €CJH NPHEMHHK H3JY-
UCHHS PACMOJONKHTb B BHIXOJHOM 3DauyKe ONTHUYECKOH cHcTeMsl. [IpH
OTCYTCTBHH B TAKOH CHCTeME BHHBETHPOBAHHS NJIOCKOCTh> BHIXOAHOIC
3payka ONTHYECKOH CHCTeMBl OyJieT HMETh OAHHAKOBYIO OCBEIEHHOCTD,
CIEOBATENbHO, IPH JIOOOM MOJIOKEHHH MCTOUHHKE H3JYYEHHS CBETO-
9YBCTBHTE€/IbHAs [OBEDPXHOCTb NPHEMHHKa OyAeT OCBEUIeHA PaBHO-
MEpHO.

INpocrefimas cxema HOTOIEKTPHYECKOH CHCTEMBI ¢ IPHEMHHKOM
H3JIyYeHus, PaclOJIOKEHHbIM B BBIXOLHOM 3pauyke, JOJMKHA HMETh IBa
KoMnoHeHTa. [IpHHIHIHANBHAS cXeMa TAKOM CHCTEMBI, COCTOSIMEH H3
TOHKMX KOMIIOHEHTOB, NpelcTaBjeHa Ha puc. 242. VcTouHHK u3xy-
yeHHa [ ¢ NMOMOMIBIO MEPBOrO KOMIIOHEHTA NPOEUHPYeTCS B IJIOCKOCTD
noseBoit AuadparMbl. YIJoBOH pasMep HCTOUHHKA, COOTBETCTBYIOMIHH
HOJIIO ONTHYECKOH CHCTEMBI B NPOCTPAHCTBE NPEIMETOB, HJH YIJOBOE
NoJIe ONTHYECKOH CHCTEMBI, B IPeAeax KOTOPOIC MOXKeT INepeme-
[MAaTbCd HCTOUHHK H3JyueHHs, cocTaBiasfeT 2w. BTopo#i KOMOOHEHT
ONTHYECKOH CHCTeMBl — KOJJIEKTHB — IIPOEUHPYeT BHIXONHOH 3pa-
YOK NePBOTO KOMIIOHEHTA B IVIOCKOCTb BBIXOAHOTO 3pauxka BceH CH-
CTEMBl, T'i€ PacnoJoXeHa CBeTOYYBCTBHTENbHAS NOBEPXHOCTH IIpHEM-
HuKa 2.

PaccMOTPHM METOAMKY DacueTa ONTHUECKOH CHCTEMB B NPEANONO-

KEHHM, UYTO M3BECTHB XapaKTepHCTHKH MCTOYHHKA H NpHEMHHKa
H3JIYUeHHUS .
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Puc. 242. Cxema onThueckof GOTO3IEKTPHUECKON CHCTEMBI ¢ NPHEMHHKOM H3JYYeHHs
B BBIXOJHOM 3pauxe
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Ecau HCTOYHHK H3JYy4EHHS PACMOJIOXKEH HAa KOHEYHOM paccros-
HHH, TO aNepTYpHHH YroJ B NPOCTPAHCTBE NPEAMETOB HAXOAHM IO
dopmyae (427):

sing, = 1/ imln/('fa"cd)'co. "L eQaerS) »

rAe T, ¢ — K03QOHUHERT NPONYCKaHHA ABYXKOMIOHEHTHOA ONTH-
YecKOH CHCTEeMBbI; TaK KaK KOHCTPYKUHS KOMIIOHEHTOB IIOKa He H3Be-
CTHa, TO 3aJal0TCA KO3(PPHIHEHTOM NDONMYCKaHHSA.

Ha HayaabHOH craiuu pacyera KOMIIOHEHTHl CHCTEMBl IMOJaraem
GeckoHeyHo TOHKHMH. OnpaBa mepBOro KOMIOHEHTA BHIIIONHSET POJb
BXOJHOTO 3payKa ONTHYECKOH CHCcTeMbl. 3HAs NOJIOXKEHHe HCTOYHHKA,
HAXOAMM JHAMETp BXOMHOIO 3payKa ONTHYECKOH cucteMbl: D =
= 2a, ig 0,4.

[Ipu GeckOHeuUHO YAAJEHHOM HCTOYHHKE AMaMeTpP BXOLHOTO 3pauka
ONTHYECKOH CHCTEMB! ONpeleJsioT INo ¢opmyne (446) wam (450),

BrifpaB nuHelHOE yBeJHYeHHE I€DPBOTO KOMIOHeHTa P;, onpege-
JIsieM paccTOosiHHE @i OT MEePBOro KOMIIOHEHTA N0 NOJeBOH AHadpparMul
H (OKYCHOE pacCTOsHHE NEPBOTO KOMIIOHEHTa IO QopMysam:

ar = a\fi; 1/fi = l/ai — l/ay.

Huamerp noJsieBofi Auadparmel, pacroJOXeHHOH B MJOCKOCTH H306pa-
JKeHHsl HCTOUHHKE, Dpp = 2a{ ig . B ato#i naockocTH Moxer OBITh
YCTAHOBJIEHO aHANHSHDPYIOMee YCTPOHCTBO.

Eciu WCTOYHUK H3/JYUeHHS pDACIONOXKEH B OeCKOHEYHOCTH, TO
Iuamerp moJseBoft muapparmpl Dpn = 2fi tg o.

JlunefiHoe yBeJHUYEHHE BTOPOrO KOMIIOHEHTA OIpejeNsiercss u3
YCJOBHSI TOTO, YTO BHIXORAHOHM 3PauoK BCEH CHCTEMBbI JOJIKEH BIIHCHI-
BAaTbCH B CBETOUYBCTBHUTEJIbHYI HOBEDXHOCTh NpHeMHHKa. Ecau
CBETOUYBCTBHTENbHASl NOBEPXHOCTb HPHEMHHKA KpyrJias H HMeer
nuamerp Dyp, TO JHHeHHOE yBeJHYe€HHEe BTOPOTO KOMMOHEHTa HaXo-
nates no Qopmyae

B = —Dyp/D, (458)

rae D — puameTp BXOAHOTO 3pauka OINTHYECKOH CHCTEeMB!, PaBHBIA
JHaMeTpy MHepBoOro KOMIIOHEHTA, NPHHATOrO OECKOHEYHO TOHKHM.

Paccrosinne e mMexay noneBoli auadparMofl H BTOPHIM KOMIIOHEH-
TOM BbIOHpaeT KOHCTPYKTOp. IIpH 3TOM HEOOXONMMO IPENyCMOTPETh
BO3MOXXHOCTb YCTAHOBKH 2HANH3UDPYIOUIEro YCTPOHCTBA B IJIOCKOCTH
usobpaxeHus HCTouHHMKa. Ec/i TaKo# HeoGXOIHMOCTH HET, TO MOXKHO
npuHATb, yTo € = 0, M TOrAa OmpasBa BTOPOro KOMIOHEHTa OYAeT
BHINIOJIHSITh POJib NOJIEBOH JAHadparmsl.

Onpepenus no dopmyae (458) sugeliHoe YyBEeSMYCHHE BTOPOTO
KOMIIOKEHTa M 3aJlaBIIMCh BEJUUMHOH e, MOJY4YUM caenymouine Gop-
MYJIBl JJISt PacyeTa PacCTOSAHHSA @i OT BTOPOrO KOMIOHEHTA N0 BBIXOA-
HOTO 3pauka H (OKYCHOIO pacCTOfHHS BTOPOTO KOMIIOHEHTa:

—az = a1+ e az = ae; fa = l/as — /a,.
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Juamerp BTOPOro KOMIOHEHTA PacCYHTHIBAIOT H3 YC/AOBHSA OTCYT-
CTBHS BHHBLETHPOBAHHA Ha Kpaio moJs. Ilocsiennee oGecneunsaercs,
€CJIH Yepes ONTHYECKYIO CHCTeMY 6YAeT NPOXOAHTb Ayy MB’, unymui
yepe3 BepXHHH Kpai BXOJHOTO 3payKa H HHXKHHH Kpa#l moJsieBol nua-
tparmul. Ka paccmoTpenus xoza aysa MB’ Ha puc. 242 caenyer, uto

Dy = Dnp +e (D + Dug)/a;.

Ouesunno, yrto npu ¢ = 0 Dy = Dpjp.

102. Hexoropvle NpuHUMNMAALHbIE CXEMbl ONTHYECKHX
(OTO3JIEKTPHUECKHX CHCTEM

PoTo31eKTPHUECKHE NPHOOPH ABJASIOTCS KOMILJIEKCOM Of-
THYECKHX, 3JIEKTPOHHBIX H 3JIEKTPOMEXaHHYECKHX YCTpoOHCTB, npen-
Ha3HayeHHBIX AJs NPeobpasoBaBys SHEPTHH H3JIYUEHHS B 3JEKTPHuUE-
CKHH CcHUTHa/, KOTOpHIH Mocje npeofpa3oBaHHs MOMXKET GbITh HCIOJb-
30BaH ISl MPHBENEHHS B NEHCTBHE CHCTEM PETHCTPALHH HJIM yIpaBJe-
HMSsI, a Takxke JJIsl BO3JeHCTBHA Ha OpraHbl YYBCTB uesJoBeka. B 3toM
CJIOXXHOM KOMIIJIEKCEe 0cOo00 BAXKHYIO POJIb HI'PAeT ONTHYECKAasi CHCTeMa,
KOTOpasi OCYLIECTBJISAET NEPBHURYIO 06paboTKy Hocrynamoolueit HHpop-
MauKH. B cCOOTBETCTBHHM C 3THM ONTHYECKAsS 4acTb POTOINEKTPHUECKOH
CHCTEMBI JNOJ/KHA OOECHeYHBATb: HEOOXOAHWMEIR NOTOK H3JYYEHHS,
NOCTYNAOMHE Ha NPHEMHHK; TpeOyeMbli pasmMep H KauyecTBO OMNTH-
YeCKOro H3o6pakeHHsl; CHEeKTDaNbHYIO (HJbTPALHIO HOJE3HOrO CHI-
Hasa Ha (OHe BHEWUHHX IOMeX.

C noMoIIbIO COBPEMEHHBIX (HOTOIIEKTPHUECKHX ONTHYECKHX YCT-
POHCTB pellalTcs CAeNyIOmHe 3afauu:

HccaefloBaHHe OOBEKTa, PasMellaeMoro Ha NYTH NYYKOB JyueH,
HAYWHUX OT HCTOYHHKA H3JYUYEHHS C H3BECTHHIM CHEKTPAJbHBIM COCTA-
BOM H MOINIHOCTbIO K TNPHEMHHKY C H3BECTHBIMH XapaKTePHCTHKAaMH
(sanpumep, onpenejsesne Koa(duIiieHTa NPONYCKAHHS, CNEKTpaJb-
HOH XapaKTEpUCTHKH O0DBEKTa, KOS(GOPHIHEHTa NOMJIOMIEHHS NIPH OTpa-
KEHHH H JP., YTO NOSBOJISIET. PETHCTPHPOBATb PA3JHYHBIE NapaMeTphl
06beKTa M YNPaBJSTb HX H3MEHEHHeM);

HCCIEA0BaHKE OOLEKTa, SIBJAIOIIErOCs KHCTOYHHKOM H3JYYeHHs,
B LeJISIX ONPE/EJIEHHs CHJIB H CNIEKTPAJBbHOTO COCTaBa ero U3JyueHHs,
YTO TIO3BOJISIET, HAamnpUMEp, OCYIIECTBJSATb ONO3HaBaHHe OOBEKTa
HT I

H3MepeHHe XapaKTePHCTHK H NapaMeTpOB NPHEMHHKA H3JYuYeHHS;

HaxoxJIeHHe KOOPHAMHAT OOBEKTa WJHM ero YCTaHOBKA;

H3MEpEHHe IapaMeTPOB H XapaKTEDHCTHK ONTHYECKHX CHCTEM,
a4 Tak¥ke MHOTHE IPYTHe 3ajayH — pPEerucTpalluy, YIpaBjieHHs,
HabJoneHus, Nepefaud MHQOpMALMH H T. I

Pacemorpum HanGoslee pacnpocTpaHEHHbIE BHABI TPHHIHNHAMb-
HBIX CcxeM (OTO3JEKTPHUECKHX YCTPOACTB, NpeIHa3HAYEHHBIX MJIA
pemleHuss ykasaHHBIX 3ajad.
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Puc. 243. IlpsnunnuaNbHEble CXeMBI ONTHYECKHX (OTOJIEKTPHUECKHX CHCTEM:
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Puc. 244. Cxema onrtuyeckoft ¢oro-
SNEKTPHYECKOH CHCTeMBI IV H3Me-
peHHs  KO3(p(HIHEHT2 HOIVIOWECHHS
HpH OTPaKeHHH

Ha puc. 243, a nokasana
cxeMa AJIs1 HCCIeHOBaHUs 06b-
ekTa 4, DaclOJOXEHHOTO B
fy4YKax napasjesbHbIX Jyyeh
MEXIy KOMIOHeHTaMH 2 U 6.
[l H3MeHeHHS CeKTPasbHO-
ro cocTaBa H3JYYeHHsl HC-

ToyHHKa [ B cxeme npenycmorpen cBetoduabTp 3. Ipu BHAeseHnu
Y3KOrO CHEKTPaJbHOrO HHTEpBaJa HEOOXONMMO NpPHMEHEHHE WHTEp-
(hepeHIHOHHOTO CBETO(HAbTPA, KOTOPBIH LENECOOGPasHO YCTAHABJH-
BaTh B NapaJ/lelbHBIX NyYKax Jyueil. [IpHeMHHK u3JIyueHHs 7 MOMKET
GbiTb pasMemied JHGO B IJIOCKOCTH H300paXKeHHA HCTOYHHMKA (WJH
BOIHM3KH Hee), JuGO B INIOCKOCTH BBIXOZHOTO 3payka ONTHYECKOH
cucrembl. JlJsi M3MEHEHHS TOTOKA W3JIYYEHHS B ONTHYECKOH CXeMme
HCTOJIb3YIOT KOMNeHcatop 5—§5', BEHIMOJIHEHHBIH, HanpHMep, B BHJE
IBYX KJIMHDBEB, 06pa3yIOLIUX NPH HX B3aHMHOM NEpeMelleH#H MIOCKO-
napajJebHyI0 IJIACTHHY HepeMEeHHOH TOJIIHHBL. STO NO3BOJSET

MOJY4HUTb HEHTPaNbHBIH CBETO-
GHABTP NepeMeHHOH NJIOTHOCTH.
PaccmoTpeHHYIO CXeMy MOXHO
HCIIOJIb30BATh ISl H3MEPEHHHA mo
METOAY C HYJIEBBIM OTCYETOM.
JIMH30BEIE 3J€MEHTHl KOMIIO-
HEHTOB 2 1 6 B HEKOTOPBIX Caydasx

Puc. 245. Cxema nis pernctpaunu nepe-
MellieHHS! H3Jy4amlere o6beKra
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MOI'YT HMETb CEJEKTHBHOE NPONMYyCcKaHHe, YTO MOXEeT NPHBOAHTb K MNO-
rpemHocTsM H3MepeHHi. Kpome Toro, npu HCHO/Ib30BaHHH B KayecTBe
MaTepHaJoB AJS H3TOTOBJEHHS JHH3 ONTHYECKOrO CTeKJa CJeRyeT
HMETb B BHIY, YTO ONTHYECKOE CTEKJO OOJBINHHCTBA MapoK Npo-
3payHo B Juanasose AauH BoaH 0,35 ... 3,0 mkm. Ilostomy B psge
C/1y4aeB B KayecTBEe KOMIOHEHTOB ONTHUYECKOH CHCTEMbI Hesnecoo6pasHo
HCNOJb30BaTh 3epKajibHble cucTeMbl 2 U 6 (puc. 243, 6).

CxeMma ¢ Hy/IeBEIM OTCYETOM /151 H3MEPeHHS KO3(ppHIMeHTa NOrJo-
IMEHUsl TPH OTPaXKEHHH OT MOBEPXHOCTH OfBeKTa 5 IOKas3aHa Ha
puc. 244. B 370i1 cXeme H3JyueHHE OT MCTOUHMKA | HOC/]e NpOXOxKe-
HUSl KOMIOHeHTa 2 H cBeTOdHAbTPA J HANPABJASETCS YepPe3 NOJYNpo-
3PauHYI0 MJACTHHY 4 Ha ucciefyeMblli o6nekT 5. OrpaxeHHoe 00b-
€KTOM M3JIyYCHHE BOSBpAllaeTcss Ha IVIaCTHHY 4 H NOCJe OTPaXKeHHs
OT NOJYNPO3PaYHOH NOBEPXHOCTH NPOXOLHUT uepes KoMIeHcatop 6—6’,
KOMIIOHEHT 7 M NOCTYyNaeT Ha npueMHuK 8. JlanHaa cxeMa Moxer OHTb
HCOOJNb30BAaHA M AJA H3MepeHHs KoahdUIHEeHTa OTPa’KeHHUd.

CxeMa I DerucTpalyy InepeMelleHHst GeCKOHeYHO YAaJeHHOro
obbekTa Aada Ha puc. 245, M3o6paxenne o6beKTa ¢ NOMOLIBIO 05beK-
tHBa I obpasyercs B 3aiHell (bOKaJbHON IVIOCKOCTH, IA€ YCTAHOBJIEHO
anasu3upyioumee ycrpoictso 2. Kornzencop 8 cobupaer NOTOK H3Jy-
YeHHs OT HCTOYHHKA Ha CBETOUYBCTBHTENbHOH NMOBEPXHOCTH IpDHEM-
HHKa H3JyyeHHS 4, XOTOPHI MOxer OBITb pacnoJioXeH, HalpHMep,
B IJIOCKOCTH BBIXOJHOI'O 3paYKa ONTHYECKOH CHCTeMHl. B 3aBHCHMOCTH
OT INOJIOXKEeHUS H300paXKeHHs] HCTOYHHKA OTHOCHTEJbHO OIITHYECKOH
OCH CHCTEMHI M3MeHfeTcsl NOTOK H3JNYYeHHs, NPOXORSIHA uepe3 aHa-
JUSHpYyIOmee YCTPOHCTBO, CJeNOBATEIbHO, H3MEHSETCS CHTHaJ, CHH-
MaeMulfi ¢ MpHEMHHKA.

B cxeme c¢ aubdepeHnuasbHEIM BKJAIOUEHHEM IPHEMHMKOB
(puc. 246) usnyueHue oT HCTOYHHKA | moCie OTpaKEHHs OT MJIOCKHX
3epkaJ 2 1 2’ nmoctynaer B OObeKTUB 3 H3MepUTEIbHOA BETBH, B KOTO-
poii ycTaHOBJEH HCCIenyeMuli o6bekT 4, U B 06beKTHB 3’ 3TaNOHHOH
BeTBH. JI/1 M3MeHEeHHS IOTOKA H3JYy4yeHHS B 5TAJOHHOH BeTBH yCTa-
HaBJIHBAaeTCs KOMIEHcaTop 5—5’ ¢ InepeMeHHBIM KO3(DOHIHEHTOM
nponyckanus (1M avadparMa nepemeHHoro guamerpa). O6BHEKTHBH 6
M 6’ KOHLEHTPHPYIOT H3JyYeHHe COOTBETCTBEHHO Ha NpHEMHHKax 7
H 7’. B cxeMme HCHOJb3Yyercsl BCTPeYHOE BKJIIOUEHHe Lienell NpHeMHH-
KOB, 9TO HCKJIOYaeT PeaKUHIO0 NIPH OLUHAKOBHIX IOTOKAaX H3JY4YeHHd,
NIOCTYNAIOIMUX Ha NpHeMHHKH. [Jo 1IKase KJIHHOBOTO KOMIIEHCaTopa
CHUMAeTCsl 3HAUeHHe M3MepsieMOHl BeJHUHHBH.

HocTouHcTBOM NaHHOH CXeMbl ABJSETCS HE3aBHCHMOCTb Pe3YJb-
TaTOB M3MepeHHUH OT KosaebGaHMH IOTOKA H3JNYYEHHS HCTOYHHKA.
Onsako cxema Tpe6yer MpPHMEHEHHS NPHEMHHKOB C OJAMHAKOBBIMH
H CTaGHJIbHBIMH XapaKTEPUCTHKAaMH.



IF'aasea XIX
ONITUYECKHE CUCTEMBI AJ4 JIA3EPOB

103. CoficTBa H3JAYyueHHS J1a3ePOB

Hanyuenne JasepoB XapaKTe€pPH3yeTcsi BHICOKOH MOHO-
XpOMAaTHYHOCTbIO, OCTPOH HAaNpaBJEHHOCTbIO, OOMbLIOH MOUIHOCTBIO,
SIBJISIETCS] KOIePEHTHBIM H IOJSPH30BAHHBIM. JTH CBOHCTBA HMPUCYINH
B TOH HJH HHOH CTeNeHy BceM JasepaM, HE3aBHCHMO OT HX THNA H
KOHKDETHBIX TeXHHYeCKHX [JaHHbIX.

MoHOXpOMaTHYHOCTh MCTOYHHKA OLEHHBAIOT IIHPHHOH criekTpa AX,
KOTOpas onpefenseTcsi Ha YpPOBHE HHTEHCHBHOCTH CHEKTpasibHOH
JIUHHH, DPaBHOH MOJOBHHE MAKCHUMAJbHOrO 3HaueHusi. Ias rasoBbix
JIa3epoB IIMPHHA CHeKTpalbHOl JMHHH cocrasnasier 1078 ... 10~ um,
IJs TBeploTebHbX — 107t ... 107% HM, IS MOJNYNPOBOAHHKOBHIX —
I... 10 aM. ¥ ra3oBrIX /123epOB IUMPHHA CHEKTPAIbHOMN JHHHH MOXKET
6biTb YMeHbiteHa A0 10-° HM. ¥YKasaHHOe CBOHCTBO H3JIYYeHHs Jsa3epa
9QhEKTHBHO HCIOJb3YeTCsl AJIs CHEKTPaJbHOH CeJeKUHH HOJe3HOro
cHUriana Ha (oHe BHEIUHHX NOMEX.

HanpasnenHocTs H3/yueHHs] XapaKTepHU3yeTcsi 3HAUEHHEM TeJec-
HOTO HJIH COOTBETCTBYIOUIEr0 €MY IJIOCKOrO yIya, BHYTPH KOTOPOro
pacnpocTpaHsieTcsl HOTOK H3JyuYeHHs.

¥Yriosas pacXoLMMOCTb Ja3epHOTO IyukKa, XapakTepHayemas
MJIOCKHM YTJIOM, COCTaBJsSIeT efHHHMIBl MHHYT AJS ra3oBbIX Ja3epos,
HECKOMbKO JECSITKOB MHHYT H/A5 TBEDAOTEJIbHBIX H OT eIHHHI JO
JIECSITKOB IpajycoB JIJs TNOJYIPOBOAHHKOBEIX JasepoB. Bricoxas
CTeneHb HANpaBJEeHHOCTH J1a3ePHOTO IYYKa II03BOJISIET OCYIIECTBASTh
TIPOCTPAHCTBEHEYIO CeNeKUHIo o6ayyaeMoro o0beKkra, Noayyarh BHICO-
Koe YIJIOBOe Da3pellieHHe, CO3JaBaTbh Ha o0JyuaeMoM o6beKTe GoJlb-
LIYI0 9HEPIeTHYECKYIO OCBEIeHHOCTh.

MormHoCTh H3Jy4YeEHs, HJH MOTOK H3JYUeHHsd, co3fiaBaemasi Jase-
poM, 3aBHCHT OT THNa Jiazepa. Y rasoBHIX J1a3epoB, DaboTaromIuX
B HENPEepLIBHOM pexHMe, MOUIHOCTb H3JY4YeHHs COCTABJAET OT elH-
HHIl MHJIJTHBATT 10 eAMHHIL BATT, Y NOJAYNPOBOJHHKOBBIX — JIO IHHHI
KHJIOBATT, Y TBEPLOTENbHBIX, PAabOTAOIHX B HMIYJbCHOM DEXHME, —
1o *10* Br. Ilpu 3TOM clielyeT HMeThb B BHJY, YTO PacXORUMOCTb
JIa3epHOTO Ny4YKa He NPEBBILIAET HECKOJbKHX MHUHYT, MO3TOMY Aaxe
NDH MOIIHOCTH H3JYYeHHS, U3MepseMOl B MHJJIHBATTaX, Ja3ep HMeeT
SHEPTETHUECKYIO CHJIY cBera jgo 10° Br.-cp-l.

[lo cpaBHeHHIO ¢ APYTHMH HCTOUYHHKAMH H3JYYeHHS Ja3epwl offa-
IaloT caMO¥ BBICOKOH CTEIeHbID KOrePeHTHOCTH. 2TO CBOHRCTBO Jase-
POB HCMOJbL3yeTCsl B ONTHUECKHX CHCTeMax /sl nepefaud ¥ IpHeMa
HBQOpMaLEK Ha ONTHYECKHX YacToTaX, NPH CO3JaHUH 35TaJOHOB
IJMHBL, B HHTepdepoMeTpax H B APYIHX CJAyuasX.
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Hsnyuenue /1asepoB ROYTH BCEeX THIIOB SIBJsETCS MOJSPH30BaH-
HhIM. Ec/AH TOpNH AKTHBHBIX 3JEMEHTOB Jia3epa pPACNOJNOXKEHH IOX
yrjaoM bBprocrepa, TO H3aydeHHe OyJAeT JHHEHHO MOJSPH30BAHHBIM.
310 CBOACTBO H3JyYeHHs Jiasepa HCIOAb3yercs IPH paspaboTke
PasJHYHBIX NPHOOPOB, NPHHUMI JeHCTBHS KOTOPHIX OCHOBaH Ha
3¢pdeKTax B NOJASPHU30BAHHOM H3MYUYECHHH.

[IpuMenenue Ja3epoB KaK HCTOUHHKOB H3JIYUEHHS LS pelUeHHs
Pas3NHYHBEIX 3afad B OOJIbIIMHCTBE clydaeB Tpebyer pa3paboTKH ONTH-
YeCKHX CHCTeM, CJAyXallHX IJ8 [Opeo6pa3oBaHHs Ja3epHOrO H3Jay-
ueHHs. C IOMOWIBIO TAKHX CHCTEM MOTYT pPelllaThCs CAeLYIONIHe 3a1ayu:
KOHIIEHTPAaNHU s Ja3€PHOr0 H3JYUYeHHS B NISITHO MaJbIX pasmepoB (HoKy-
CHPOBKa); Npeo0pa30oBaHHe JIa3epHOTO MyYyKa B IYUYOK C MaJbIM YIJIOM
pacxoauMocTy (Ko/auManus); GopMApOBaHHe J1a3ePHOTO NMyYKa B My-
YOK C HeOOXOAMMBIMH [IapaMeTpaMH [JIsi COTJIACOBAHU A C NOCJAeAYIOEH
OITHUYECKOH CHCTeMOH (corsacoBaHHe).

YKa3agHbIE Bhillle CBOHCTBA WU3Jy4eHHs J1a3epoB IPeAbABJISIOT
psin cnenuduyeckux TpefoBaHMHA K KOHCTPYKIUH ONTHYECKHX CHCTEM.
Bonpmasi mMowmiHOCTh J1a3epHOro M3JydyeHHS OOYCJIOBJHBAET YPE3BbI-
yafiHO BBLICOKHE 3Ha4yeHHs 3HEepreTHUYeCKOH OCBEIleHHOCTH, OCOGeHHO
B MecTaX KOHIEHTpauuH H3aydyeHHs. [losTomy B 3THX MecTax He cJe-
JIyeT YCTaHABJUBATb ONTHYECKHE NETaJH.

Marepuas onTHyeckHx jJerasell HeofXoAMMO BpIOHPATh C YY€TOM
HX JYueBOH NPOYHOCTH. [l COXpPaHEHHS COCTOSHUS IOJSIPU3aLHH
H3JIyYyeHHsI Jia3epa IIOBEPXHOCTH OTPAXKAIOWIMX H INPEJIOMJISIOUHX
ONTHYECKHX JeTasiefl cjeflyeT pacnoJiarath Tak, YToObl YIJIbl MaJeHHA
Jyyeli He IpeBbIlaJy KPUTHYECKMX 3HaueHHH. Bricokas cremneds
KOPePeHTHOCTH H3JIYYEHHSI J1a3epOB B HEKOTOPHIX CJIydyasX MOXKeT
TIPUBOJHUTD K MOSIBJICHUIO HeXeNaTe b HuX HHTepdepeRIHOHHBIX addeK-
ToB. /s HX yCTpaHEHHS MOXHO COOTBETCTBYIOIIHM 06pa3oM BhIGH-
paTh TOJIIMHY ONTHYECKHX JeTatell.

104. Tlapamerpsl myuka Jjiazepa M OCHOBHBIE
COOTHOLIEHHS NPH €ro npeo6pa3oBaHMH ONTHYECKOM
cHCTeMOH

JlasepHbifi My4oK, BEIXOISAMIUH M3 pe30HATOPa NPOM3BOJb-
HO# KOHOQUTypalHH, HMeeT CBOeOODAa3HYI0 CTPYKTYPY, He SBJAACH
MIYYKOM TOMOLEHTPHYeCKHX Jyued (puc. 247). DTtu Jyud COBNAAAIOT
C HOPMAJIsAMU K BOJIHOBOMY (PDOHTY, KOTODHIH BOJH3H OCH MOXHO CUH-
Tath chepuyeckuM. B HekoTOpoM ceueHHH BOJMHOBOH (POHT sBJIsSETCA
IJIOCKHM. B 3ToM Mecre JiasepHBIH IIy4OK HMeeT MHHHMa/bHBIHR HOTe-
peunnl pasmep 2y (meperskky). IlosoxenHe nepeTsKKH OTHOCH-
TeNbHO BEepIIMH 3epKaJs Pe30oHaTopa Onpefensior no qopmyaam [13]:

8§ = dg, (1—g)/(g1 + & — 28:82); (459)

s, = dg; (1—2,)/(g1 + & — 28184, (460)
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rie d — paccTosiHe MexAy sep-
KajlaMH pes3oHaTopa; g; H gy —
060611eHHble DapaMeTpsl, oOmpe-
JieJisleMble  COOTBETCTBEHHO uepes

26

pazMyc KPHBH3HBl 3epKana r, H
gt G =1—@n); gg=1—
S ~5z I~~~ — (d/ra).
P IlpocTpancTBeHHbIE Napamer-
s pHl JIa3ePHOTO NMYYKa PACCYMTHI-
BalOT, MOJMb3YsACL NOHATHEM 3K-
Puc. 247. Crpykrypa nyuka fiasepa BUBAJEHTHOTO  KOH(OKAaJbHOTO
pesoHaTopa, 06pa30BaHHOIO ABY-
M cepuyecKHMH 3epKallaMH C OLMHAKOBHIMHM pafuycamu. Poxy-
chl 3epKas coBmafaloT. s TaKoro pesoHaTopa IOJOBHHA pac-
CTOSTHHSI MeXJAY 3epKajaMH, T. e. (OKYCHOE pACCTOsIHHE KaXJAOro
3epKasa, fBJsercd KOH(OKAJbHBIM [aPAMETPOM Ja3epHOTO MyyKa
[22] *. JlioGo#t pe3soHarop ¢ 3epKajaMH PpAa3JHYHOH KpPHUBH3HH
H PasjIHYHbIM PAacCTOSHHEM MEXIY HUMH MOXeT GbIThb 3aMEHEH SKBH-
BaJICHTHHIM KOH(OKAJbHBIM Pe30HaTOPOM, KOH(QOKAaJbHBI napamerp
KOTOpOro ONpefiefisieTcst 1o dopmyie

—dvV oo (=0
2 =dV g8, (1 glgz)/(gl -+ &2 — 2818,) (461)

[Tpu ucnoansoBanuu dopmyn (459)—(461) crenyer umers B BUAY,
YTO €c/qIM OLHO U3 3epKaJ pe3oHaTopa MJIOCKOoe, TO NepeTskKKa Haxo-
OUTCA B IJIOCKOCTH 3TOrO 3epKaJja, a KOHGOKaJbHBIH NapaMerp

=y (r—4dd.

Ec/iu pe3oHaTop COCTOHT H3 IJIOCKHX 3€PKaJ, TO BHIXOAAWIKH M3 Ja-
3epa MYYyoK MOXHO XapaKTepH30BaThb KaK COBOKYNHOCTb IJIOCKHX
BOJIH, DacXOAAIIHXCS TNOA AHOpPaKHHOHHBIM yrjaom. B atom ciayuae
NOHATHA «MEPeTSKKa» U «KKOH(OKAJbHBIE NapaMerp» He NPHMEHSIOT.

3Has KOH(OKa/NbHBIH NapaMerp, MOXKHO HaHTH JAuaMeTp mnepe-
TAXKKH

2y =2y ke m, (462)

rfie A — JAJHHA BOJIHBI H3JIy4Y€HHSA Jiasepa.
I[HameTp CEeYEHUs NMydykKa B IIPOH3BCJIbLHOM MeCTe, PaCnoJIOXEHHOM
Ha pAacCTOsAHHH § OT IMEPETANKKH, ONpelensieTcs 3aBHCHMOCTHIO

2, =2 V1T &, (463)

Tlle & = §/2, — OTHOCHTeJIbHAsi KOODJAHHATa CeYeHHS.
B npousBo/ibHOM ceueHHH BOJIHOBOH (DPOHT Jla3epHOro MyuKa
NPUOGIHAKEHHO ABASeTcs CHEpHYECKHM ¢ PajfuycoM

R = (1 + &*)z./e.

* B oreuecTBenHof nureparype [13] mox repMuHOM, ¢<KoHbOKaJABHHNA napameTpr
TaK¥e NOHHMAKT PAaCCTORHHE MEeXAY 3epKajaMH SKBHBAJIEHTHOTO Pe30HaTopa, T. e.
PalHyC KDHBH3HH Kax[Oro 3epKaia,
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PacxoiumMocTb nyuKa Ja3epa XapaKTepH3VeTcs MJIOCKHM YIJIoM 20
H H3MEHSIETCs1 B COOTBETCTBMM C H3MeHeHMeM JHamerpa 2y, ceueHHs
nygka. ORHaKo npu s> 2, coriacHo (463) Auamerp ceveHHs myuka
H3MEHHCTCH JIMHEHHO, NMO3TOMY JIA3€ePHBbIA MYYOK MOXKHO PacCMATpH-
BaTh KaK KBAa3HIOMOUEHTPHYECKHH NYYOK, NMePeceKaomwuics B UeHTpe

nepersKKH (puc. 247). ¥Yros pacxoAUMOCTH 3TOTO IIyYKa B pajuaHax
onpelensercss 3aBHCHMOCTbIO

20 = 2/ M(mzy) = 2M/(ny), (464)

NDHYEM B TEJIECHOM YIJle, COOTBETCTBYIOIEM NJIOCKOMY YIIy 20,
3aKJI0YeHo okosao 86% Bcerc moToka HsJayyeHHs OCHOBHONO THIA
Kosne0anu# (AN OCHOBHOR MOJABI). MOZH BHICIIMX HOPSJAKOB XapakKre-
pusyoTca O6OJbIIKMY 3HAUEHWAMH YIJa PACXOAMMOCTH.

Tagum o6pasom, 3mas MOJIOKEHHE NEPETSKKH U KOHDOKAJIbHBI
napamerp 2, MOXHO HafTH NMapaMerphl JIa3epHOTO NyYKa B JIOGOM
CEeueHHH.

Ec/m Ha nyTH pacnpocTpaHeHUs J1a3€PHOrO MyyKa ycTaHGBJAEHA
ONTHYECKAas CHCTeMa, HAPUMep JAHH3a, TO 10 BHIXOJE U3 JIHHSH N0JY-
YAM J1a3ePHBIH ITYYOK, XapaKTEPU3YIOMNMHCS HOBLIM 3HAUGHHEM KOH-
($OKaNpHOrO mapaMeTpa ¥ HOBBIM TIOJIONKEHHEM NeperTskkH. Ilapa-
MeTphl TMpec6pasoBaHHOTO J1a3€PHOTO IYYKa PACCYUTHIBAIOT MO hop-
MyJie oTpe3KoB (38), B KOTOPO# BEIWYUHH g H @' 3aMEHSIOT COOTBET-
CTBEHHO DajiMycoM KPHBH3HEI R BOJHOBOTG (poHTa, HajAaoNlero
Ha JIHH3Y, H paJiniycoM KPHMBH3HB R’ BOJHOBOTO (hpoHTA, BHULERIIErO
U3 JIMH3BHL.

Ecau nepersxka Ja3epHOro Ny4ka pacno/ioxeHda Ha PacCTOSHUHE @
OT TOHKOH JIMH3Bl C (OKYCHBIM paccrosinueM [° (puc. 248, a), TO
KoHQOKANbHBIH INapaMerp NpeoGpPA30BAHHOIG IIYYKa

2 = 2d/(1 4+ a/f ) + (2lF Y] (465)

HonoxenHe mnepeTaXKH npeoOpa3oBaHHOrO MYYKa OTHOCHTENbHO
TOHKOH JIMH3BI ONpEefiesigercsl DaBeHCTBOM

L—a'f" = (L4 a/f)] 11 + a/f ) + @)L (466)

HH

-7 Z/ N\,

_a’
-a y a’ -a \
a )

Pue. 248. ITpeobpasosanue nyuyka Jia3epa TOHKOH JIHH30H
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Gopmyanl (465) u (466) cipaBesiMBHL U LIl ONTHUECKOH CUCTEMBbI
KOHEUHOH TOJIIIHHBI, €CJIH OTPe3KH a H a’ OTCYHTHBATb OT TJIABHBIX
IJIOCKOCTeH.

Ecnu mosoxeHue NEpeTsiKKH ONpeNeJsTb OTPE3KOM 2 OTHOCH-
TeJbHO NepeiHed (poKaMbHOH MAOCKOCTH (pHC. 248, a), To moJoXKeHHe
nepeTsi:KKY Npeobpa3cBaHHOTO IYYKa OTHOCHTeNbHO 3aiHefi dokalb-
HOH HNJIOCKOCTH HAXOAAT Mo ¢opmyJie

2= —2f" /(@ +2Y), (467)

IPH 5TOM 3HaueHHe KOH(POKaJbHOIO napameTrpa Npeo6pa3sOBaHHOIO
Jla3epHOro Iydka coriacHo (465) Gyner paBHO:

zi = zf /(@ + 22). (468)

W3 cdopmyanl (467) ciaefyer, uTO ecaH NepeTsiKKa Ja3epHOro
INy4yKa pacnojiokeHa B nepepHefdl ¢okaipHOH miIockocTH (z = 0),
TO NePeTsKKa npeobpasoBaHHOro Nyuka OyIeT HaXOAMTbCA B 3aljHel
¢dokaabpHoli mJiockoctH. Ilocse oTpuUATeNHLHOH JIHH3BI INePETsIKKa
npeo6pasoBaHHOro nyuka OyAer MHHMOH, a PacXOJHMOCTb €ro yBe-
JIHUHBAETCH 1O CPABHEHMIO C DPAcXOJHUMOCTbIO MNAJalomiero mnydyka
(puc. 248, 6).

105. OnTHyeckHe cMCTeMB JJs KOHLEHTPaLMK
H3Jy4YeHHs Jasepa

Jais nosygenus GoJblIuX 3HaueHUH 5HepreTHUECcKON OcBe-
IEHHOCTH, CO3AaBaeMOi Ja3epoM, NOTOK ero HaJydeHHs HeOGXOAUMO
CKOHIEHTPHPOBATh B IIATHO MUHHMAaJbHEIX pasmepoB. TaKHM NATHOM,
OYEBHJIHO, MOXKeT OblTb NepeTsKa JasepHOro nyuyka, npeobpasoBaH-
HOTO ONTHYECKOH CHCTeMOH.

M3 dopmyan (462) cienyer, 4to AN NOJNyYeHUS] MHHHMMAJbHBIX
pasMepoB 2y’ mepeTsiKKM HNPeoOpPa30BaHHOrO MyukKa HEOGXOLHUMO
CTPEMHUTbCH K YMEHbIIEHHIO KOH(DOKANbHOTO Mapamerpa 2 JasepHoro
nyuxa, TpaHchOpMUPUBAHHOTO onTHueckoi cucremoni. CornacHo ¢op-
myJe (468) mas fadHOro Jiazepa mapamerp zx Oy/er TeM MeHblie, yeMm
MeHbIlle (POKYCHOE pacCTOsiHHe ONTHYECKOH cHCTeMbl W yeM OoJblie
paccTosiHHe MeXAY JasepoM M IepellHHM (DOKYCOM ONTHUECKOH
cucteMbl. [loJioxKeHHe nepeTsiKKH npeoOpa3oBaHHOrO Nyyka omnpe-
JeasIoT no popmyJe (466) uiu (467). [Ipu stom cielyer HMeTh B BUAY,
YTO IPH HCMOJNb30BAHHH KOPUTKODOKYCHBIX CHCTEM 2y . [, MO3TOMY
corsnacHo (467) 2’ &~ 0, T. e. mepeTsXKa npeo6Pa3soBaHHOrO Jasep-
HOTO IIy4Ka moJyuyaercsl BOJNH3H 3afHed (PoKa/JbHOH MNJOCKOCTH.

Jaa nosHOTO MCHoJIb30BaHHS MOTOKA H3JNYYeHHs, CO3JaBaeMOro
JasepoM, AHaMeTp BXOJHOTO 3padka ONTHYECKOH CHCTEMHl JOJIKEH
ObITh He MeHbIlle JuaMeTpa CeueHHs JIa3eDHOI'O Nyuyka B IIJIOCKOCTH
BXOJHOro 3pauka. Eciy B KauecTBe ONTHYECKOH CHCTEMBI HCIOJb-
3yercst TOHKAs JHH3a (cM. puc. 248, a), TO ee IHAMETP onpelensercs
H3 YCJIOBUS

D > 2y,, (469)
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rie 2y, Haxoasar mo dopmyae Hyhy
(463), B KOTOpOH BeJHYMHA § wH'

" 14
NpHHHMaeTCss paBHOA paccrosi- o __ N
HHUIO OT NEPeTHXKKU [0 IMaBHOH ]

NJIOCKOCTH JIHH3HI. 7
Us dopmyan (463) u (469) cie- A_\
AyeT, 4TO Jla3ep KeJaTeJbLHO pac-
noJaraTh Kak MOXHO OJHXe K at
ONTHYECKOH CHCTeMe, 4ToObl Io-
JYYHTb MHMHHMaAbHBIH Adamerp Puc. 249. JlsyxkomnonentHas cHCTeMa
BXOIHOrO 3pauka. B stom cay- @F >
yae Jaxe MPH HCHOJIb30BaHHH
KOPOTKODOKYCHOH CHCTEMBI TIOJYYaeTC MHHUMAJIbLHG BO3MOXKHOE
oTHOcHTeJbHOe oTBeperHe (D/f'), 4To cosfaer Gosee GraronpHsiTHBIE
ycaoBHS  a6eppalMOHHOH KOPPEKIMH ONTHYECKOH CHCTEMH.
Takum o6pasom, ecqH 3ajaH AMaMeTp NATHa 2y’, Ha KOTOPOM
IOJKHO ObITh CKOHIEHTPHPOBAHO H3JYUeHHe Jlazepa, TO COTVIACHO
dopmyne (462) Heo6xoiHMOe 3HaueHHe KOH(OKaJbLHOTO mHapaMmerpa
npeo0pa3oBaHHOTO Nyuyka PaBHO:

£

Ze = ny"/A (470)

Brei6paB TN nasepa u onpejesuB Jas Hero KoHdokaJbHBIA napa-
MEeTp 24, M3 KOHCTPYKTHBHBIX COOOpaXeHHH 3aRaeMcsl BeJUUYHHOH 2,
onpeesAIONel IOJOXKEHHe TepeTsKKH OTHOCHTEJNbHO IepelHel
(oKanbHOH MJIOCKOCTH ONTHYeCKOH cuctemnl. TorAa corsacHo dop-
myne (468) HeoOxoxmmoe 3HaueHHe (POKYCHOTO PAacCTOSIHHS ONTHUE-
CKOH cHcreMbl OyJeT paBHO:

=V 7 (& +22)/zy -

[nameTp ONTHUECKOH CHCTeMB BBIYHCASIOT no dopmyse (463)
COrJIacHO ycnoBHIO (469).

[IpH wucmonb30BaHUH KOPOTKODOKYCHBIX CHCTEM ILIOCKOCTb, LI
KOHLIEHTPHPYeTCs H3JydeHHe Jasepa, NOJyyaeTcss HAa HE3HAUHTENb-
HOM DAacCTOSIHHHM OT MHOC/eAHeH IOBEeDXHOCTH ONTHUYECKOH CHCTEMBHI,
YTO MOMKET OKa3aThCsl HEYJNOOHBIM B 3Kclyarauuu. B stoM ciyuae
1esnecoo0pasHo HCIIONL30BATh ABYXKOMIIOHEHTHYIO CHCTEMY, IOCTPOEH-
HYI0O IO CXeMe peBepCHBHOrO TeseofbektHBa (puc. 249), y Kortopo#t
apr > f.

IlpuMeHeHHe ABYXKOMIIOHEHTHON CHCTeMHl fBJseTCS 06513aTelb-
HBIM, €CJIH H3JyueHHe Jasepa HeoGXO4UMO CKOHIEHTPHPOBATh B MATHO
MaJBiX pasMepoB Ha 3HauMTebHom paccrosiind [13]. Pacuer zByx-
KOMIIOHEHTHOH CHCTEMEl MOXKHO BBHIIOJHHTb [0 YKa3aHHOA Bhille
METOIMKEe NYTeM [0CAefOBATENbHOIG HCNOJAb30BaHHA popmya (467),
(468), (470) njasi Kaxzoro KOMIIOHeHTa.
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106. OnTH4ecKHe CHCTEMbl JAS YMEHbLUEHHS
PacxoJMMOCTH JIA3€PHOro Hy4Ka

HecMorps Ha To yro H3JyyeHHe Jia3epa XapaKTepH3yeTcs
BLICOKOH HaNpaBJeHHOCTbIO, Nlepelaya ero 3HepruH Ha OoJblIHe pac-
CTOsIHUST TpefyeT yMeHbLIEHHS pacXOJAMMOCTH JasepHOTO IIyuka.
Cornacuo cdopmyne (464) Aas ymedbuleHHS yria pacxOLHMOCTH
HeoOXOAMMO YBeJNHuMBaTh KOHQOKAJBHBIH Iapamerp. BoimogaHeHue
nocJjefHerc TpeGoBaHus NMYTeM HCMOJAb30BAHUS B De30HATOPE 3epKaJl
MaJiof KPUBH3HB! HepalMOHAIbHO, TaK KaK B 3TOM CJIydyae BO3PacTaioT
JUGPaKIHOHEBIE NOTEPH M Jasep cTaHOBHTCS OoJsiee 4yBCTBUTENbHBIM
K Pa3bIOCTHPOBKE.

PaccmoTpum BO3MOXHOCTD YMEHbUIEHUs PACXOAHMOCTH Ja3epHOTro
Ny4Ka ¢ MOMOIIbIO OXHOTO KOMIIOHEHTa, HalpUMep OAMHOUHOH JIMH3EL
Kak caenyer us ¢opmysnl (468), misi yBeauueHHs KOH(DOKaJIbHOTO
napamerpa npeo6pasOBaHHOIO IydyKa IepeTsizKKa HCXOLHOFO IyukKa
JOJIXKHA COBNajarb ¢ NepefHed (POKaJbHOH IJIOCKOCTBIO ONTHYECKOH
cucremsl (z == 0), a cama cucrema JAOJKHA ObITh HJIHHHODOKYCHOH.
Taxoe peuieHHe MOXKET OKa3aThCs HENPHEMJIEMBIM H3-32 3HAUHUTENb-
HBbIX rabapuTHBIX Das3MepoB.

Hau6o.nee panuonansHO# CXeMOH I/ YMEHbIUEHUS PACXOLHMOCTH
JIa3epHOTO IIyuKa sABJseETcs CcXeMa JBYXKOMIIOHEHTHOH CHCTEMEL.
TlepBBIfi KOMIOHEHT 3TOR CUCTEMBI MOXKET OBITh KaK ITOJOKUTENbHEIM,
TaK W OTpHIlaTeNbHbM. [IpUMeHeHHe OTpHILATENbHOrO0 KOMIIOHEHTA
N03BOJISET NIOJAYUnTh GoJiee KOMIAKTHYIO cHcTeMY. BTOPOH KOMIIOHEHT
nosoxuTeabHel. Heo6xonumoe yriyioBoe yBeJHYEHHE CUCTEMBI C yue-
Tom (464) onpenensiior no dopmyJie

v =20"/(20) = 2y/(2y’) =V 2/zx, (471)

rie 20 u 20" — yIrJIOBas PAacXoLUMOCTb JIa3ePHOTO NMyYKa COOTBET-
CTBEHHO JI0 ¥ TOCJE ONTHYECKOH CHUCTEMB; 2y U 2y’ — puameTp mepe-
TSIKKH COOTBETCTBEHHO BXOJSINEr0 ¥ IPEeoGpa30BAHHOTO IYUKOB; 2y
U 2z — KOHDOKaNbHBIH NapaMeTp COOTBETCTBEHHO BXOASILEro ¥ Ipe-
06pa3cBAaHHOrO MyUYKa.

PaccMOTpHUM OCHOBHHE 3aBUCUMOCTH IJIsl Pacyera JBYXKOMIIOHEHT-
HOi cucremsl (puc. 250). IlosokeRHMe nepeTsiKKH H KOHGPOKaJbLHBIA
napaMeTp Ja3epHOro Iyuka, NpeodpasoBaHHOIO NEPBHIM KOMIIOHEH-
TOM, ONpeNeNsIoT no Gopmynam (467) u (468):

’ I=

zi = —afi /{2l + 24); (472)
, -3 4

Zer = zaifi (2} + 2%1). (473)
Has nmosydeHHs MHHHMAJbHONR PAacXOAHMOCTH Ja3epHOro MydKa
II0CJIE BTOPOIO KOMIIOHEHTA HeoﬁXOﬂ.HMO, qTOOH Hsoﬁpa)xeﬂae nepe-
TAXKH, CcOo34aBaeMoe IIEPBLIM KOMIIOHEHTOM, HMEJIO MHHHUMAaJbHBIE
pasMepsl H pacnoJsarasj’och B nepe)meﬁ (I)OKaJIbHOﬁ IIJIOCKOCTH BTO-

poro KoMIoHeHTa {2, = 0). Brno/aHeHHe epBOro U3 yKasaHHBIX yCJIO-
BHH ofecrevHBaercss NMyTeM NPHMEHEHHR KOPOTKOPOKYCHOIO KOMIIO-
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Puc. 250. [IByXKCMITOHEHTHAS CHCTEMA LJIS YMEHbIIEHHS PACXOARMOCTH NMYy4YKa Ja3epa

Hedra. [Ipyrumu ciaoBamu, 3afaua, pelllaeMasi MEPBBIM KOMIIOHEHTOM,
aHaJIOTHYHA PaccMOTPeHHOH B 1. 105 sajaye no KOHLEHTPANUH Ja3ep-
HOTO M3JyueHHsl. BhInosHenNe BTOPOTo H3 YKa3aHHHX YCAOBHH O3Ha-
yaeT, 4To 3aJHHH (PoKyc F| NepBOro KOMIOHEHTa JOJKeH ObITh pac-
IOJIOXKeH OTHOCHTENbHO MepeflHero ¢okyca Fs BTOPOrO KOMIIOHEHTA
Ha PAacCTOSHHUH z{, onpellesseMoM 1o (popmyse (472). 1o paccrosiHue
HasblBAlOT ONTHYECKHM HHTEPBaJOM, KOTODHIL ofo3Hayaercs A,
T. €. 2{ = A. Creayer uMeTb B BHAY, YTO B GOJILLIHHCTBE NpaKTHYe-
CKHX CJIy4deB Zx .» [i, NO3TOMY BeJHUYHHA A CPABHHTENLHO MaJna.

Taxum obpasom, ABYXKOMNOHEHTHAs CHCTEMA, NpelHasHaueHHas
s yMEHbIIEHHs PACXONMMOCTH Ja3ePHOI0 NyyKa, GJausKa K ado-
KaJlbHOH cHCTeMe, pacGOKYCHPOBAaHHOH HAa BeJUUMHY A = z{.

JlasepHmIit nyuyoK, NpeoGpa3soBaHKBIA MEPBHIM KOMIOHEHTOM, CJe-
IyeT paccMaTpuBaTb KaK IYYOK NPOCTPAHCTBA NPeIMETOB MO OTHO-
LICHHIO KO BTOPOMY KOMIOHEHTY, T. €. 2y = 2ys U 2y = Zxo. ToOrga
cornacHo ¢opmyJse (468) mpu z, = 0 umeem:

’ ,2 ’2 ’
Zuo = f2 2o =[5 [20a. (474)
CrefoBaTenbHo, YIJOBOE YBeNMYeHUe IBYXKOMIOHEHTHOH CHCTEMEI

¢ yuetoMm topmy.n (471), (473) u (474) Gyzmer pasHO:
v =V zalze = (A1) Y 2 /(& + 20)- (475)

[Tpn A = 0 uMeeM adokanbHYIO CHCTEMY, YIVIOBOE YBEJHYEHHE KOTO-
poil ompejejasieTcsi M3BeCTHO#H 3aBHCHMOCTDHIO:
Y= —fi/fe. (476)

Tak Kak BblpaeHHe MOA 3HaKOM paiukasta dopmyuasl (475) Beerna
MeHblle eIMHHIbI, TO U3 cCPaBHeHHs dopmyJa (475) u (476) caeayer,
YTO Yr/IoBOe YBeNH4YEeHHe, a 3HAYUT, U DPacXOAUMOCTb JI43€PHOTO
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nyuxa Ajs pachoKycHpoBaHHOR adoKaJbHOA CHCTEMBI BCETAA MeHbLIE,
yeM 118 adOKaJbHON CHCTEMH.

Taxum o6pasoM, pacueT IBYXKOMIOHEHTHOH CHCTEMbI JJIS yMeHb-
LieHH S PaCXOJIHMOCTH /ia3ePHOIO NMYy4Ka MOXKHO BBINOJHATh B CAeAYIO-
Inedt ocjefoBaTe bHOCTH, [I18 JaHHOTO Jlasepa, Y KOTOPOTO H3BECTHbI
yTJI0Bas PacXOJHMOCTb 2®, KOHPOKAMbHLIN MaPAMETP 2, = 2,; H AHA-
MeTp NepeTsXKH 2y = 2y;, U3 KOHCTPYKTHBHBIX WJIH rabapHTHBIX
YC/OBHH 3ajaeMCsi NOJIOXKEHHeM MepeTSKKH 2; OTHOCHTENLHO Mepe-
Hero Qokyca F; nepsoro xomnonenTa. CorsacHo ycaosuio (469)
no gopmyne (463) onpenensem Auamerp D, NepBOro KOMIOHEHTa.
Brifrpaem poKycHOe paccTOsHue f{ epPBOro KOMMIOHEHTA U3 YCJIOBHH,
yTOGH €ro OTHOCHTe/IbHOE OTBepeTHe Dy/fi HMeso 3HaueHH e, npH KoTo-
poM He BOSHHKAIOT 3HAYHTeJbHbIe TPYHHOCTH abeppalHORHOH KOp-
PEeKIHH CHCTEMBI.

IHo dopmysne (472) waxommm onTHueckHH wuntepBan (A = z{),
no gopmyne (473) — KoudokanbHbI NapaMeTp Ja3epHOro nyuka,
npeo6pasoBaHHOrO NMEPBEIM KOMIOHEHTOM (2x = 2yo). 3Has 1O TeX-
HHYECKHM YCJIOBHSM HEOOXOAHMYIO YIJIOBYIO pacXOAHMOCTb 2"
Ha BBIXOJ€ CHCTeMBI, IO (opmyJie (471) ycraHaBauBaeM yrijoBoe yBe-
JIAYEHHE CHCTEMBI H COrVIacHO ¢opmyne (475) BuluuciaseM $oKycHoe
paccTosiHHE BTOPOTO (NOJIOKHTENLHOIO) KOMIIOHEHTA:

fa = (fil7) Vzil/(zf +20)-

[uaverp D, BTOPOrO KOMIIOHEHTA ONpENeseTcs COIVIACHO YCJIOBHIO
(469) mo dopmyse (481) ¢ HenoIL30BAHHEM 3KBHBAMEHTHOIO KOHGDO-
KaJbHOTO MAPAMETPA Zg,.

B saxmioueHne OTMETHM, UuTO pacyeT ONTHYECKHX CHCTEM AJIS
COrJIacOBaHHs NMapameTpoB J1a3ePHOrO NMYYKa ¢ IOCAENYIOMHMH OITH-
HECKHMH 3JIEMEHTaMH AaHaJOTWYeH pacyeTy PpACCMOTPEHHBLIX BbIIIe
ONTHYECKHX CHCTEM, NpPelHa3HAaYeHHBIX M8 KOHILEHTPaUHH H3Jayye-
HHS J1a3epa WJIH JUIS YMEHbINEHHs PacXOAMMOCTH Ja3ePHOTO NydYKa.

107. Ontuyeckas (oTO3NEKTPHUECKAsE CHCTEMA C Ja3epoM

Bbicokas HanpaB/ieHHOCTb M 60JbWIAS MOIIHOCTL H3JTyue-
HHSl J1azepa OGECHEYMBAIOT MIMPOKHE BO3MOXHOCTH €r0 HCIOJb30Ba-
HUSL JJIsT PETUCTPAIMM Ja/l€KHX OOBEKTOB C MOMOIIbI0 (OTO3JIEKTDH-
YECKHX ONTHYECKHX CHCTEM, BOCIPHHHMAIOHIHX Ja3epHOe H3JyyeHHe,
OTpaxeHHoe oT o0®eKTa. [IpHHUMNHa/bHAS CcXeMa TaKOH CHCTEMBI
npuBejieHa Ha puc. 25].

[Tycth 20 — muockuil yron pacxomHMOCTH JIa3ePHOr0 Ny4kKa.
YuuTBIBas MaJsible 3HaY€HHs 3TOTO YIJa, MOMKHO CYHTATb, 4TO COOT-
BETCTBYIOIIHA eMy TeJecHb#l yron Q = no®. IIpH MHOroMoIoBOM
peXuMe H3JIyyeHHS Jia3epa, oOeCNeuyHBAIOLIEM HAMOOJAbLIIYIO MOLI-
HOCTh, MOXHO CA@NaTbh AONYIIEHHE O TOM, UTO pacrpelesieHHe I10ToKa
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Puc. 251. QoroanekTpyuyecKass onTHYecKas CHCTeMa C J1a3epPOM

H3JyueHHs B TeJEeCHOM yrje Q paBHoMmepHoe. Torfa cuja H3JIyyeHHs
Jlasepa B HanpaBJeHHH €ro OCH olpefensiercs no dhopmyJie

I, = (De/(nmz)s

rie @, — NOTOK H3/IyuyeHHsl Jasepa.

Ecau paccrosinue oT Jasepa Jo obnydyaemMoro o6bekra p, a Kosd-
(hUIMEHT NPONYCKaHHA aTMOC(hepsl Ha 3TOM PAacCTOSHHMH T,, TO IpH
najieH’d JayyeHl Mo HOPMaJ/IH Ha NOBePXHOCTH oObeKTa OyZleT coslaHa
JHepTreTHUYecKas OCBELIeHHOCTb

Eq = t.1./p%

Cuyurasi, uTo NMOBEPXHOCTL OOJyuyaemMoro o0BEKTa SBJSETCA NOBEPX-
HocThio Jlambepra ¢ KoadduumeHTOM IUPOY3HOTO OTPaKEHHA p,
oripefiesisieM SHePTeTHYeCKYIO APKOCTb OOBEKTA KaK BTOPAYHOTO HCTOY-
guka [em. dopmyay (227)1: L, = pE./n. [dnameTp mnoBepXHOCTH
ofrekTa, o6ayueHHO# JasepoMm, D, = 2mp. D1a 3aBHCHMOCTL CIIpa-
BEJJIHBA B TOM CJydae, €CJH pa3Mep CeueHHs Ja3sepHOro IyuKa Ha
PacCTOSIHWM p MeHbllle, yeM pa3Meprt o6syuaeMoH TOBEPXHOCTH.

Takum o6pasoM, 415 pacuera (OTOINEKTPHYECKOH ONTHYECKOH
CHCTEMBI OTIpEJle/IEHBl 2HEPTeTHYeCKast IPKOCTE H IO b BTOPUUHOTO
HCTOUHHKA. PacyerT 3TOH CHCTEMbl MOMKHO BBIIOJHHTH MO METOJMKE,
nsnoxenwo#t B ra. XVIIIL.

IlycTh NpHEMHHK H3JYYEHHS YCTAHOBJEH B TJIOCKOCTH H300pa-
JKeHHST UCTOYHHKA. [IpH 3HAYHTENBHBIX pACCTOSHHAX p HPHEMHHK
YCTaHaBJ/IUBAIOT B 3afHe# (OKAIbHOM MAOCKOCTH ONTHUECKOH CHCTEMBI
(puc. 251). B stom cayuae JHHelHOe yBeIHYeHHe ONTHUECKOH CHCTEME
onpejensieTcs no dopmyse p = f'/p, a AzHameTp H300paXKeHHs MOBEPX-
HOCTH 06beKTa, 06ayueHHoro Jasepom, D = Dop. Ecau 310 usobpa-
JKeHWe BIUCHIBAETCS B CBETOUYBCTBHTE/JBbHYIO TOBEPXHOCTb MpHEM-
HUKa, TO HeOOX0AYMOe OTHOCHTEIbHOE OTBEPCTHE ONTHUECKOH CHCTEMBI
corgacHo (457) 6yner paBHO:

D/f' = 21’/imln/(TaTcd‘)To. anBQéS ()‘))v
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rne Q; — nnomaay, u3oGpawenusi  ob6bekta; S (A) — aGconoTHas
CIeKTpalbHasd UyBCTBUTEJLHOCTh NPHEMHHKA K MOHOXPOMAaTHUECKOMY
H3JIYUeHHIO Jlasepa.

Ecnn nsobpaxenne o6beKkTa nepekpblBaeT paboyylo NOBEPXHOCTD
[IPHEMBHKA, TO HeoOXOLHMMOe OTHOCHTENbHOE OTBEPCTHE ONTHUYECKOH
CUCTeMB HAXOAAT no (opmyne (456):

D/fl =2 I/imin/(TaTcpTo. chLeanS (}V)) .

JIis  yBelWuyeHHs [aJdbHOCTH JAeHACTBHS PpACCMOTPEHHO# BHiIIe
cycreMbl HEOOXOAMMO VMeHbIIaTh PACXOAHMOCTbL Ja3epPHOTO MyuKa.
310 obecneuHBaeTCst ¢ IOMOIIbLIO JIBYXKOMIOHEHTHOH CHCTEMH, OMNH-
cannoi B n. 106,

108. OnTHYecKMe CHCTeMBbl, NPHUMEHsieMble B ToJdorpaguu

CoBpeMeHHOE DasBHTHe ToJiorpadvH XapaKTEpPH3YeTcs ee
HIMPOKUM INPHMEHEHHEeM L5 pellleHHs pasJHuHbIX HAVUHO-TeXHHYe-
ckUX 3aliau. K uyncsay TakHX BaXKHBIX NPAKTHYECKHX TpHMEHEHHH
roJorpaguM cJelyeT OTHECTH roJorpaduueckyio HHTephepoMeTpHIO,
pPEerHcTpauuio B TPeX H3MepeHHNX ObICTPO MPOTEKAIIIHX IIPOIECCOB,
ronorpaguyeckoe TeJeBUIeHHe, CO3LaHHe 3aOMHHAIONIHX YCTPOHCTB
¢ BBICOKOH IIJIOTHOCTbIO 3aNHCH HH(pODMaliH, pacno3HaBanue ofpa-
30B H MHOTHeE JpyTHe.

[Ipouecc mosyueHHs: rosorpaMmsl H NMOCHELYIOMETO BOCCTAHOBJIE-
HHS BOJHOBOTO (POHTA CBSI3aH € HEOOXOAHMOCTbIO HCIOJb30BAHUS
HCTOYHHMKOB H37VueHHs. B KavecTBe TaKUX HCTOYHHMKOB 4Hallie BCEro
OPHMEHAIOTCA Jas3epsl, U3JAyueHHe KOTOPBIX XapaKTepPH3YeTcs BBICO-
KOB TIIpOCTPAHCTBEHHOH H BPEMCHHOH KorepeHTHocTbio. OIHAKO
B OOJILIUWHCTBE CJydYaeB CeYeHMe JIa3epHOro Myyka HMeeT He3HayH-
TeJbHble pasMephl. [losToMy ZAJASl [OJYueHHs HYKHOrO JHamerpa
CeuCHHS JIa3epHOI'O IyYKa NPHUMEHSIOT ONTHUYECKHEe CHCTEMEI.

Ilpn paccMoTpeHHH TEOPETHUECKHX BONPOCOB roJorpaduu jena-
€TCs JIONyHIeHHe O TOM, UTO NPH NOJNYUYEHHH FOJOTPAMMBI U NOCJAERYIO-
IeM BOCCTAHOBJEHMH BOJIHOBOTO (POHTA HCMOAb3YETCH MJIOCKas
MOHOXpOMaTHUEeCKasl BOJHA, KOTOPYIO C TOUKH 3DEHUA FeOMETPHUECKOH
ONTHKH MOXKHO paccMarpuBaTh Kak NYYOK JyuelH, NapajiefbHbIX
ontuyeckofi ocu. OfHAKO B AeHCTBUTENILHOCTH TAKOH MYYOK HMEET

oty
bty =

HHy HH

Puc. 252, AdokanbHast CHCTeMa LJsi YBCJMYEHHsI NHAMETPa NyuyKa Jasepa
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Lk #

Puc. 253. [ByxxkomuoHeHTHas cHcTeMa anx Pypre-nipeoGpa3oBanus

PACcXoAHMOCTb, MHHHMAaJbHOE 3HaueHHe KOTOPOH onpejensiercs fBJe-
HieM KH(ppaKIHH.

JJisi yBeJiMueHHsi pasMepoB ceuyeHHs J1a3epHOTO NyyYKa PalHOHAJ b~
Hee BCEro HCNONb30BaTh JABYXKOMIOHEHTHYIO ONTHUECKYIO CHCTEMY,
6/113KyI0 K aboKaJbHOH, HCIOJNb3YEeMYIO AJisl YMeHbHIEHHS PacXOAM-
MOCTH J1adepHOTO yuka. OnTHyecKasi cXeMa ¥ MeTOAHKa pacueTa Takol
cHcreMbl IpuBeleHH B 1. 106. MHHUMa/JbHBIR pasMep CeueHHs Jasep-
HOTO NyuKa, npeo6pa3oBaHHOIO ONTHYECKOH CHCTEMOH, OnpefeisieTcs
cornacHo opmyne (471):

2y =2y/vy =29V zu/zx-

Jnst ahokaJbHOH CHCTEMBbl ee YIJIOBOE YBEJHYEHHE Y pPACCUHTHI-
BaloT no ¢opmyne (476). B ycrpoiicTBax AJs rosorpagHu HCHOMb-
3y10T aQoKaJbHBIE CHCTEMBI, IIOCTPOEHHbIE N0 CXeMe TeJeCKONMHUECKOoH
cucrembl Kenjepa (puc. 252, @) nau Tanunea (puc. 252, 6).

B Hacrosiimee BpeMmsi IHPOKOE H BCECTOPOHHEe Pa3BUTHE NOJIYYaeT
onTHueckast o6pabotka uH(popMauuu. McciaefoBanue B pacno3HaBa-
HHe Pas3NUYHBIX 0OBEKTOB YAOOHO BECTH C IIOMOLIBIO ONTHUECKHX NpH-
6opos, ocyulectBasomMEX Pypbe-npeobpasoBaHe KOTePEHTHHIX OINTH-
yeckuXx cUrHanoB. Cpeny pas3/HuYHBIX CXeM 3TOro BHAa HaHGo.blilee
pacrnpocTpaHeHHe HMeeT [BYXKOMIIOHeHTHas cucreMa (pHc. 253).

Hccnenyempit ofvext AB (BXOAHOM TPAaHCIApaHT) OCBEUIAETCS
NJI0CKOH HOpMaJbHO Najaiomell MOHOXPOMAaTHUYecKoH BOJIHOH. B 3zan-
He#d (oKasbHOH MJIOCKOCTH MEepBOr0 KOMIIOHEHTa o6pasyercst Ipo-
CTPAHCTBEHHO-4acTOTHBIH cnekTp ofwvekta AB (DPypre-obpas). Bro-
poil KOMIIOHEHT OcyiecTBJsieT Bropoe Pypbe-npeobpasoBaHue, co3a-
Bast o6paTHoe M306paxKeHHe HccefyeMoro oobekra. [lomemas B 3an-
Hefl GOKaNnbHON MJIOCKOCTH NEePBOTO KOMIIOHEHTa pa3JIHyHble (pUILTPH
HJIH MacKH, MOXHO NpPONYCKaTbh HJH 3a/lepKUBATh Te HJHU HHblE YacTH
NPOCTPAHCTBEHHOrO CHEKTpPa cObeKTa. 33 CyeT 3TOT0 MOXKHO cylie-
CTBEHHO VJYYUIHTL KayecTBo usobpaxenus A'B’ o6vekra. B ofimem
cayyae (HIBTP, YCTaHOBJEHHBIH B 3afHell (HOKaIbHOH MNJIOCKOCTH
NepBOro KOMIIOHEHTA, OCYHIECTBJSIeT aMIIMTYAHYI0 H $asoByi0 MOAY-
asuuo. Takue QUABTPLI H3TOTOBJSIOT TOJNOTPadHUECKUMH criocoGaMu.

C/lieAyeT OTMETHTb, YTC B pacCMOTPeHHOH cXeme cTporoe dypre-
npeo6pa3oBaHUe OCYIIECTBJSETCS NPH YCJOBHH BBICOKOH CTENEHH
KoppeKuuH abeppauvii OOOHX KOMIIOHEHTOB ONTHUYECKOH CHCTEMBI.
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ONTUYECKHE CHCTEMbBI JBOSIKOH
CUMMETPHH

109. XapakrepucTHka TpaHchopMHPOBaAHHOIO
H300paxeHUst U ero moJjyueHue

Onruueckue cucreMsi, chOpMUPOBAHHBEIE H3 ONTHYECKHX
JeTasell ¢ KPYroBol CHMMETpHeH, KOrLa NJOCKOCTh IpeiMeTa, a cie-
AOBaTe/bHO, M IVIOCKOCTh H300paKeHWs NePHEeHAHKYJSPHBl K OINTH-
YeCKoH oCH, JaloT H300pameHUsA, NOKOGHBIE ILIOCKOMY MNpEIMETY,
T. €. C MOCTOSIHHBIM MacmraboM 1o BceMy noJio. JIioGoe ocesoe cewe-
HHe 3THX CHCTEM PaBHO3HAYHO.

B Hekoropwix cayuasx TpeGyiOTcsa CHCTEMBI, 06pasyiomue Haobpa-
KeHHs C PA3JIHYHBIM MacIuTaboM B IBYX B3aHMHO NEPIEeHIHKYIAPHLIX
HanpaBJeHusaX. Takue cucreMsl HeOOXOJAUMEI, HaNPHMED, B PErHCTPH-
pylomux npu6opax (CBETOBOH NOTOK OT HUTH HAKAJHBaHUA 3JEKTPO-
JIaMIIbl 3aNOJIHAET NPOTSKEHHYIO IMeJb NPHOOPa) H B LIMPOKOIKPAH-
HOM KHHeMaTorpade, Korja ChbeMKH H MOKa3 IIWPOKOIKPAHHBIX (DHJIb-
MOB 00eCneqyuBaloTCcs C INOMOIIBIO OGBIYHOH 35-MHJIHMETPOBON KHHO-
IJIEHKH, H T. .

Ilponecc nosyueHHs H300paMeHHH ¢ NepeMeHHHIM MaciiTaboM
HasblBaeTcss mpaucgopmuposaruem. B pesysbrare tpaschopmuposa-
HHUS NPSMOYTOJNBHUK C OJHHM COOTHOLIEHHEM CTOPOH NpeoOpasyercs
B NPSAMOYTOJbHUK C APYTHM COOTHOLIEHHEM CTOPOH HJIH BMECTO Mpsi-
MOYroJbHHKa IOJy4aioT GUTYPEl B BHAE NapaJsjesorpamMma, Tpanenun
WK JIpPYroTo ueThlpexyroiabHHKa. [lpumepoM TtpaHchopMuUpOBaHHUS
C NpHBJIEUEHHEM ONTHUECKOH CHCTeMbl KPYTOBOA CHMMETPHH SIBJSIETCS
noJyyeHHe H300paKeHHs NpeiMeTa, HaXOASIIErocs Ha HaKJOHHOMH
TIJIOCKOCTH MO OTHOMIEHHIO K ONTHYeCKOH ocH (cM. puc. 32 u 33).

Kak npaBuJio, cucreMsl ABOSIKOH CHMMETP HH POPMHUPYIOT U3 LMJAHH-
IpHYECKHX JIMH3 MM M3 UX KOMOWHAIHMH C OCECHMMETPUYHBLIMH JIMH-
3aMH. B 3THX cucremax passnuaror ABa cedeHns. OZHO M3 HUX (ceye-
Hue [), B KOTOpOM JeHCTBYIOT HanpaBJsIOUIHE UHJIMHAPHYIECKHX
noBepxHocTeH (OOBIYHO AYIHM OKPYKHOCTEH), HA3BIBAETCH TIVIABHBIM
(nepBbiM), a ceuenne [/, emy meprneHIMKYAsipHOe, B KOTOPOM HaXo-
narcs obpasyionye UMAHHIPHYECKHX INOBEPXHOCTEH, -— BTODPLIM,
B HekoTopHIX clyyasx B 0GOHX CEUEHHSIX HMEIOTCA W HaNPaBJsIONIHE
H ofpasywllne UHJHBIAPHIECKHX MOBepXHOCTed, Torja BHGOP OXHOrO
H3 3THX ceyeHHH npousBoseH. ONTHUECKHE CHCTEMBI 3TOrO BHAA
Has3LBaOT anamopgosromy  lanamorphosis  (rpeu.) — WcKaxeHMe
dopmml 1.

[Ipu nmeficTBHH aHaMOP(O3HBIX CHCTEM H306pasKeHHs NPUHUMAKOT
paclIMPeHHbIH, CYXeHHbIH HAM HAKJOHHBIH BUJ 1O CPAaBHEHHIO C Tep-
BOHAuaJdbHbIM BHAOM npeamera {(cM. puc. 254). Pacummpenue nzobpa-
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Puc. 254. Buns TpanchopmMHPOBAHHMX H306pameHH

XeHHS MOXEeT MPOHCXONHTb KaK 3a CYeT YBEJNHYEHWS IWIHPHHH 4,
TaK H 3a CYET YMEHbIUCHHS BHICOTH /i, a CyXXeHHEe — IPH YBeJHUeHHH
BBICOTHl H YMEHbUIEHHH IIHDHHEL.

3a OCHOBY TreOMEeTPHYECKHX NpeJICTaBJIeHHH O paclIUPEeHHOM H
CYXEHHOM H300paXeHHsAX NPHHHUMAIOT OTHOLIEHHe IIMPHHBI H306pa-
XKEHUS] K ILIHPpHUHe MpenMera — kodpduyuenm wupunsr k, = a;/a
M OTHOINEHHE BHICOTH M300paXKeHHs K BHICOTE NPeAMETa — K0phhu-
yuerm goicomel ky = hy/h.

Ornomenne K03bdUIHEHTOB IHPHHBI H BEICOTH A == k,/k, mpen-
craBJsieT coB0H koappuuuenm anamopgose:.

O6pasoBanue HaKJIOHHOTO H306paXKeH st OCHOBAHO Ha PACIIMPEHHHU
HJIM CYXEeHHH YCJOBHOI'O NPSMOYFOJbHHUKA, B KOTOPOM HCXOAHBIH
npeaMer NOBEPHYT Ha HexoTophifi yroa. Ilapamerpamu Tpanchopmu-
poBaHHOro H3o6paxeHHsl B 3TOM Clyyae SBJAIOTCH YToJ HakJOHA b,
KoahbHIHEeHT IUPHHEBL B, B KO3(DGULHEHT BHICOTH k.

TpanchopmupoBaHEbIE H306paKEHHST MOT'YT GBIThH MOJNYYEHH € IO-
MOIIBIO PA3JHYHBIX ONTHYECKHX CHCTEM ABOSIKOH CHMMETPHH, B KOTO-
PBIX B OCHOBHOM NPHMEHSIOTCS LMJHHIADHuYecKHe JHH3B. OnHaKO
CYIIECTBYIOT CHCTEMBl C MHCNOJb30BAHHEM HHJIHHIADHYECKUX OTpa-
JKaIOUKX NOBEDPXHOCTEH M NpesoMJsiomux npusm [3].

PaccmoTpuMm NeficTBHE NHJIWHIPHYECKOH JHH3HL,

Ha nonoxurensHyio (NIOCKOBBINMYKJYIO) NHAHHAPHUECKYIO JHHSY
(puc. 255) HanpaBMM Ny4yoK NapajsenbHBIX Jyuelf, KOTopwi# ofpa-
3yer u3ofpakeHHe B BHJe OTpe3Ka NPSMOH, NEPNEHAUKYASIPHOTO
K ONITHYECKOH OCH H NPOXOASIEro yepes 3aluui Gokyc F’ ceuenus
IJIHHA 3TOTO OTpe3Ka Xy (B ceueHuu [/) paBHA NJuHe [ UMJHHIDHYE-
cKo# anH3b. Ecay ToueuHbii HCTOYHHK cBeta A (puc. 256) no oTHo-
LWIEHHIO K 3TOH XKe JiHH3e PAClOJIOXKeH Ha KOHEUHOM DPacCTOSIHUM —a,
TO €ro usofpaxkeHHe HMeeT BUA OTPe3Ka NDAMOI, NEPIEHAHKYIIPHOTO
K onTHuecKo# ock (puc. 256). Paccrosiiue a’ 3T0r0 HM306paXeHus

Puc. 255. HehicTBHe 1uu-
JURAPHYECKOHA JIHH3B ANS
cayuasi, KOTfla TOYeuHBIH
npeaMeT HaxonuTcs B Gec-
KOHEYHOCTH
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Puc. 256. IefictBne nusimuipuueckofi  Puc. 257. [leficTBue IMAHHAPHYECKOH
JHH3H AJA chaydas, KOTAA TOYEUHBIR  JIMHSH LIS C/y4asi, KOTLa NMPEeAMET UMeeT
NpenMeT HAXONHTCS Ha KOHEYHOM pac-  JHHeHuaryio dopmy

CTOSIHHH OT JIHH3H

OT JIMH3Bl HAXOAAT 1O Gopmyse OTpe3KoB (38) ¢ yueToM MOJIOXKEeHHS
TVIaBHBIX IJIOCKOCTEH JIMH3BI B ceueHuHu /.

Juna naobpaxenus xi; (B ceueHuH //) 3aBUCHT OT AJIHHBI JUH3BI
H JIMHeiHOro yBeanueHus Bp B ceueHuu /. CuMras JHH3y GeCKOHEUHO
TOHKOH, HMeeM:

xy/l = (@ — a))—a~—P1+ 1.

CnepoBarensto, xii &~ (I — Bi)l.

3ameruM, 4YTO BCJEACTBHE JeHCTBHA abeppauuil u3obpaxenue
Oyfer MMeTb BHJ MOJOCKH, O6palleHHOH BOTHYTOCTbIO K JIHHS3E.

Ecau snexTpoJiamMnia HMeeT NIPsSIMYI0 HHTb HaKaJjla, PaClof0XKEHH VIO
napaJjensHo o6pa3yIomuM UHIHHAPHYECKHX NOBEPXHOCTEH (pHc. 257),
TO IOJIOMKEHHEe H306pa)keHHs NO-IpeKHeMY MOXKHO ONpPEeNe]UTb [0
dopmyse oTpe3kos, a HAauHa wuaobpamenus x' ~ [ (1—p;)—xPr,
rie x — AJMHA HHUTH HakaJja.

[upuHa usobpaxenus B ceuenun I 6yger dy’ = Py dy, rne dy —
LWIHPpUHA HUTH HakaJa.

OcBeleHHOCTh H306paKeHusl, NOJYYEHHOro OpU AeHCTBUH LHUJHH-
JDHUECKON JIHH3bI, ONpeejasioT C ydYeTOM TOro, 4YTO anepTypHbe
yIJIEL B IBYX B3aWMHO NEepNeHAUKYJASPHBIX ceuenusx (I u [[) Heonu-
HakoBel, O6patumca K puc. 257, Ha KOTOPOM HCTOUHHK CBeTa B BHJE
Majo# naomanku dQ, mepneHAHKYJISIPHOH K ONTHYECKOH OCH, TPaHC-
dopMHpyeTCs B NPSMOYIOJBbHHK cO cTopoHamu x' u dy’, umetromui
naomais dQ’.

Ecau npuHsTb, uTO sIPKOCTh L HM3dyvawmomel miowmaiky dQ onu-
HaKoBa MO BCEM HANpPaBJEHHSIM, TO Ha OCHOBAaHHH YK€ H3BECTHBIX
3aBucHMocTed (cM. . VII) MoxHO HamucaTh C/efyrOIyr NpubJIH-
KeHHyo GopMyay IS OIpeleJIeHHs] OCBelEHHOCTH H300parKeHHd:

E’' ~1LQ’ ~ tLiD/a” ~ 4tL sinojsin o7,
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rfe v — Ko3phHIUHEHT NPONYCKaHHS CHCTeMbl; Of H Of; — anepryp-
Hble yIVIbl B [IPOCTPaHCTBe KH306paxeHH#H B ceueHHdX [ ¥ /[ coorBer-
CTBEHHO.

110. Huanappuyeckuil U cepoluaMBIPHYECKH I
06 beXTUBLI-aHAMOPDOTH

Ob6vexmus-anamopgom — onTuyeckas cucrema, o6pasyio-
masi usobpaxeHue, HMelollee Pa3/IHYHEH MacTab6 B ABYX B3aHMHO
NepNeHAUKYJIAPHEIX Hanpasaenusax. Jus npeaMera, pacnosoxeHHOro
B GeckoHeyHoCTH, KoO3pduuuedt aHamopdosn A = fiffi;, rae fi —
sajiHee OKyCHOE DAacCTOsiHHE CHCTeMBl B ceueHHH [I; fi; — 3alHee
oKyCcHOe paccTosiHUE CHCTeMsl B ceueHuu /7.

Ecnu npeimer HaxoAuTCst HA KOHEUHOM PACCTOSIHHH OT ONTHue-
CKOH CHCTeMBI, TO B CeueHHsAX [ M [/ Jo/xHBl GbiTh Pa3/IHUHBIMH
JYHEHHble YBEAMYEHHs, M Ko3pHLHEHT aHamopdoskl

A = Py/P11. (477)

Haubonee uwacto o0bexTHB-aHAMOP(OT HPHMEHSIOT HPH KHHO-
CBEMKE HJM INPOEUUDPOBAHHUU IPEAMETOB, PACICJ/OMEHHEIX HAa KOHEY-
HOM pacCTOSIHMH. YacTHBIM CiydaeM Takoro OGLEKTHBA SBJAETCS
KOHJIgHCOP-aHaMopoT.

PaccMoTpuM 00DbeKTHB-aHAMOP(OT, COCTOSIIMH U3 ABYX G6Gecko-
HEYHO TOHKHX KOMIIOHEHTOB ¢ (OKYCHBIMH PpacCTOSIHUSIMH [{ = fi
u f5 = fii. Komnonenrsl I, 2 mpeacTaBJAIOT COGOH HHAHHAPHUECKHE
JHH3El, 00pasywolie KOTOPhIX CKpellHBaorcst nof yraom 90°
(puc. 258). B ceuenusx I u /I Kak Gl AeHCTBYIOT pasjHuUHbLIe ONTHYe-
CKHe CHCTEeMbl, KaxX/asl H3 KOTOPBIX HMeeT CBOe JIHHEeHHOe YBeJuUeHHe:

Br = (a2 + d)jay; (478)
Bur = az/(as -+ d), (479)

rjae d—paCCTOHHHe MEXJYy KOMINOHEHTaMH; a; — OTPe3OK, olpe-
JeNSIOmUH 10oJ0XKEeHHe NIpeAMETa OTHOCHTEJNBHO I-ro KOMITIOHEHTa;

) # 2 @,

a,
I T } — ]

Puc. 258. PeupollykumuHHEA O6beKTHB-aHaMOPDOT H3 ABYX UMAHHAPHYECKHX JHHI
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02 — OTPE30K, ONpefesIOMHA NoN0MeHHe H306paXKeHHss OTHOCH-
TEeJbHO 2-ro KOMIIOHEHTA.

Ilpu wucno/ib30BaHHH (POPMYJbI OTPE3KOB MOAYUHM:
Lia cedeHus [

ar= fi(az + d)/(fi — az — d); (480)
az = {fi (@1 — d) — adl/(ar 4 f1), (481)
s ceuenun [/
ar = [f2 (a2 - d) — axd)/(fz — a2); (482)
ay = f3(a — d){a1 — d + f2). (483)

[lpupaBuas npaBeie yactu Qopmysa (481) u (483), nojyuum cJe-
Iyloilee ypaBHEHUE:

@ (fi —d — fa) + ad (d — 2f;) 4 f1d® = 0, (484)

KOTOpOE COBMECTHO ¢ ofiHOH u3 tdopmya (480) uau (482) npu ussecr-
HbIX 3Hauenusx fi, fz ¥ d mo3BoJseT oNpeNeNuTb OTPE3KH a) H aj
H TakuMm 06pasoMm oUeHHTb Ko3dduuueHT anamopdossl [cM. GopMyJinl
(477)—(483) 1.

[lpu fi = f2 = [ ypaBHenue (484) npumer BHA:

al4+a(2f —d)—fd=0. (485)

B sTom uactHOM cilyyae — a; = aj, mnostomy P = 1/B;.
Crenoarenbto, KosgdHUUeHT anaMopdossl

A = Bi/pu=pt (486)
a oTpe3ok a; no opmyJe (478) pasen:
a, = d/(1 + Br1). (487)

[Noacrasus a; B ypaBHeue (485), nocsie npeoGpasopaduit moJy-

YUM:
(Br/(1 + Pp) d* — ' (1 — Py d = 0.

Mo ycnoBuio d 5= 0, no3TOMY HMEET CMBIC/ DEIIeHHE

d = (1 — B (488)
HMcnonbsys paBencrBo (486), mosyuaem:
d=f (4 —1)/yA. (489)

Ipumep. PaccuntaTh OCHOBHble napameTphl 00bekTHBA, y xotoporo A = 25,
a [’ = 100 mm. Coraacho dopmyde (489) d = 480 mm; no dopmyde (488) By = —5 u,
caenosatensto, Brp = —0,2. Otpesok a; no gopmyie (487) paser —120 MM, a aj =
= a; = 120 mm.

AxpomaruueckH#l penpoLyKUHOHHBIA O6beKTHB-aHamopdoT mnoKa-
3aH Ha puc. 259. B KaxHom M3 ABYX CeYeHHH 3TOT OOBEKTHB MOMKHO
paccMaTpuBaTh KaK CHCTeMY U3 OBYX KOMIMOHEHTOB (/IHH3 H MJOCKO-
napajiebHBIX NJIAcTHR  JJ1s1 cedeHHAa [ H IJIOCKOUApaJJIeabHbIX
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Puc. 259. AxpomaThyeckul pPenpoAyKU#OHHEA 06bexTHB-aHaMOpGOT

mJIacTMH H JauH3 AR cevenus /7). Jas oBoux ceueHHH NOJKHO OHITh
COOJIONEHO PABEHCTBO PACCTOSHUH MO ONTHUECKOH OCH OT mpeaMera
10 usobpaKeHus.

Copeponunuugpuueckuii o6bekTuB-aHamopdor ofpasyercst code-
TaHHEM HMJAHHIPHYECKHX U cepHUecKHX JAHH3. BuifopoM TOJNIIHHLL
JIMH3 W [oKasarejiell TpesioMyeHust obecneudBaeTcsi PaBEHCTBO pac-
CTOSIHMA TO ONTHYECKOH OCH OT NpeaMera 10 u3o6paxeHHs B 0GOHMX
ceueHusax.

BosMOXHE pas/MuHble BapHaHThl pa3MemieHHsi ChepHyeckoro H
UMAMBAPHYECKUX KommoHeHtoB [31. Hampumep, ofe uuinHApHue-
ckue JauH3el I, 8 MoryT ObITb DasMeIleHbl II0 pasHbie CTOPOHBI OT
chepuyeckoro KoMnoHenra 2, a ux o6pasyomue CKpeliBalTcs Mol
npsaMbiM yrioM (puc. 260).

B ceuenun [ HefACTBYIOT BTOPOH M TPeTHH KOMIIOHEHTH C JKBHBA-
JIGHTHHIM (OKYCHBIM paccTosiHueM fi, B cedeHuu /I — nepBeld H
BTOPOi KOMIIOHEHTH C SKBMBAJEHTHBIM (OKYCHBIM PacCTOSHHEM fir.

Takum o6pasoM, KoadhuuueHT aHamopgossl

A = filfu. (490)

Uz gopmya (58) u (59) naiizem QokycHsie paccrosnus fi  fi,
;F,sz‘i)}fme HOJIOXKEHHe SKBHBaJeHTHoro (okyca F’ (OTPE3KH ap; H
fi = fafal(fe -+ f3 — dz); fir = fife/(fi + f2 — di);
a1 = f3(fa — do)/(fs + fa — de;
aperr = fa (fi — d)/(fi + f2 — du).

[Ipu 3ToM Heo6xoauMo obOecnedyuTb BBHITOJHEHHE YCJIOBUS
dy = ap 11 — ap 1.
[loacraBass HalineHHble 3Hauenus fi 4 fir B dopmyay (490),
TONyYaeMm:

A= fi(fi + fo — d)/ifi (f2 4 [s— da)l.
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r Pruc. 260. Chepouninunpu-
Bl # \ 8 K F’  ueckui 06beKTHB-aHa-

mopdor ¢ IMJIHHIPH-
o\ YeCKHMH JHH3aMH, pacfo-
JIQXKEHHEIMH 110 Pa3Hble CTO-
al POHH OT chePHUECKOTO KOM-
77 NOHeHTa, obpasyioluse Ko-

1
| _ TOPHX CKPEWABAKTCS NOJ
i APSMBIM YIJIOM

Puc. 261. Chepouninuapuueckufi OGbeKTHB-aHAMOP(OT ¢ UHAHHAPUYECKHMH JIHH-
3amH, obpasyomye KOTOPHIX 1apasiebHbl

ITpu pacuere Takoro oGbeKTHBa 3aal0TCst SKBUBAJIEHTHEIMH (POKYC-
HBIMH DAaCCTOSHUAMH fi U fi1, QOKYCHBIM paccTosHHEeM cpepHYEcKoro
KOMIIOHEHTa [ M DacCTOSHHEM aF<; OT 3TOr0 KOMIOHEHTA A0 IJIO-
CKOCTH M300paxeHHs, NPOXOAAlUIEH yepe3 aKBHBANEHTHHIE QoKyc F'.

Ceponunnnapuyeckuii 00beKTHB MOXKET ObITb BBINCJHEH H C IH-
JUHAPHYECKHMH JIMH3aMH, o0pasyiollHe KOTOPHIX IapaJjijesbHbl.
B sToM ciyyae B ceyeHuu | JEHCTBYIOT Bce TPH KOMOOHeHTa [—3,
a B ceueHuy [/ — TonpKo chepHyecKHi KOMIOHEHT; BAPHAHT TAKOTO
06beKT!BA, NMpPEAHA3HAYCHHOrO AJs MPOCLUUPOBAHUS WJH DENPOAYyK-
UHH, NoKasad Ha puc. 261.

Tax kak npeaMer HaxOZHTCS Ha KOHEYHOM DAcCCTOSIHHH, TO KO3(-
¢unvent anamopdossl A = Bi/B1, rae B = Pifefs, a Pu = ap/au.

YcaoBHe, KoTOpoe He0GXOAHUMO COGMIOAATL [pPH pacyeTe TaKOro
OOBEKTHBA, — 3TO PABEHCTBO PACCTOSHMA MEXKAY MWIOCKOCTHIO Npef-
MeTd H IJIOCKOCThbIO K300paxKeHHsi B O60OMX ceyeHHKX.

111. HUuameppuueckasd adoxadsHasg cHcTema

Iunneapryeckylo  aQoKa/lbHYIO  CHCTEMY  INPUMEHSIOT
B KnHeMartorpaduu IJisi CbEMKH, TNPOCLHPOBAHMS H pPENPOAYKLHH
OpH CO3[aHHH IIHPOKO3KPAHHBIX KHHODHJIBMOB. DTy CHCTEMY YCTa-
HaBJ/IMBAIOT nepefA o0beKTuBOM. OOBYHO OHA COCTOMT M3 UMJIHHAPH-
YECKHX JIHH3 C 06pasylouHMH, OPHEHTHPOBAHHBLIMH B OJAHOM Hampa-
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BJeHHK. Takasi Hacafka npen-
cTaBasieT co60d  TeJeCcKOoIH-
YECKYIO CHCTEMY, KOTOpas Mo-

XeT ObITb BHIIIOJHEHA I10 NIPHH-
UUNHANbHOU cXeMe npocTof
3pHTeNbHOH TPYOHI (pHc. 262, a)
H, B YacCTHOCTH, IO CXeMe Tpy-
6nl l'anunes (puc. 262, 6).

OCHOBHBIMH ~ ONITHYECK HMH
XapaKTepUCTHKAMU HUJIHHADH-
YeCKMX HacaloK  ABJAITCA -—
KO3phHLHEHT aHamop(o3a,
JA¥aMeTp BBIXOAHOLO 3pauKa,
yrJaoBOe HJM JHHeHHOe moJje 5
¥ J/IMHa HacajiKkH.

B OIHOM CEueHHH, B KOTO- f;:femi@. Huaunapuueckas  a QokanbHas
pOM HpOﬂB.}]ﬁe’I‘Cﬂ prmuaﬂa a — No cXeMe NpOCTOH 3PHTENLHON TPYOh; 6 —
LDHATUHAPDHUECKHX ITOBEPXHOC- 1o cxeme Tpy6n lamunies
TeH, Hacalka JefCTByeT Kak
00bIuHAas cucTeMa ChepUIecKUX JHUH3, 2 B APYroM, MepreHIHKYJIsipHOM
K HeMy, — KaK CHCTeMa nJjockomnapamienbHulx mjacTud. CrenoBa-
TeJbHO, B ceueHuu [/ Macmrtal wH300paxKeHHs H3MEHSeTCs B COOT-
BETCTBHU C BHJUMBIM YBEJHuYeHHeM, a B cedeHuu [/ — macuirab
usobpaxeHus He uamensiercsi. KosbduuueHt anamopdosa Ha cafku
paBeH a6COJMIIOTHOMY 3HAUYEHHIO OTHOINEHHS (POKYCHBIX pacCTOsAHHUH
€e KOMIIOHEHTOB:

A =|fi/ful.

Ecsn y neproro xomnoHeHTa (mo Xofy aydefl) GoKycHoe paccrosi-
HHe Mo abCo/IIOTHOMY 3HAYEHHMIO MeHbIIE, YeM Y COBpeMeHHBIX (oTo-
rpapMuecKHX CBHEMOYHBIX HacajoK, TO H3o6paxKeHHe IOJNydaercs
cyxeHHbIM (A < 1), a npu KxuHOmpoeKuuH, HaoGopoT, U300paxeHHue
noaydaercss pacuiupeHHniM (A > 1).

Hacanky Bcerga npumeHsioT B coueradnu co chepuueckuM oObex-
THBOM, 06pa3yiomuM IeHCTBUTEIbHOE H300paxkeHue, KOTOPOE MOXHO
chortorpadupoBaTh HJIM paccMOTpeTb Ha 3KpaHe.

Takoft chepuueckufi 0GLEKTHB [03BOJNSET NPONYCTHTb TNYYKH
Jiyyell onpejie/IeHHOro JHAaMeTpa, M Hacafka He JOJKHA HX BHHbETH-
poeath. Taxkum ofpasoM, AuaMeTp BLIXOJHOTO 3pauykKa CBEMOYHOH
HacafKH Jo/iKeH OHITh paBeH QHaMeTpy BXOLHOrO 3pauka cepuue-
CKOTO OObeKkTHBa. PasMep BXOQHOro 3payka HacaikKM ONpenessercs
BolpaxkeHueM D = AD’.

Y NpOEKUHOHHHIX HACANOK, HAaoB0pOT, AMaMeTp BXOAHOTO 3pauka
AIBJISIETCS] OCHOBHOH XapaKTepHCTHKOMH, TaK KaK OH JOJIKEH COOTBET-
CTBOBaTh JHaMeTpPy BBLIXOAHOTO 3payKa HPOEKIMOHHOTO OOBEKTHBA
(o Xony syueft). DTH AUAMETPHI 3PAYKOB ONPERE/ISIOT OTHOCHTENbHOE
OTBEPCTHE TOJOXHTEIbHHX KOMIIOHEHTOB Hacajok. Yem OGosbiue
(oKyCcHOe paccTosiHHe KOMNOHEHTOB HacaJKH Mo a6COMIOTHOMY 3Ha-
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YyeHHU10, TeM GoJibliie pafHyChl KDHBH3HBl H TEM MEHbIIHMH MOT'YT OHTh
aBeppauuu Hacagki B nesoM. Ho npH 3ToM yBenuyuBaioTcs raGapurt-
Hble pPasMepbl HACAAKH, cocTosimied H3 GeCKOHEUHO TOHKHX KOMIOHEH-
tToB. JluMHA Hacagku onpenenasercs BolpaxeHueM L = fi 4+ f3,
nosToMy (OKYCHbIE DACCTOSIHHS KOMIIOHEHTOB BHIGHDAIOT C YYETOM
raGapHTHpIX U a0eppaLHOHHBIX YcJOBHH. OO6BYHO HACANKH BHIIOJ-
HAIOT o cxXeme ["anunes, Tak Kak B 3TOM cJyuae OHH KOpode.

YroBoe noJe HacalKu B ceyeHHH [/ PaBHO YIJIOBOMY mojio coe-
puueckoro ofbeKkTHBa, a B CeuyeHHH [ 3aBHCHT OT KosbdHuumHeHTa
anamopdosa: tg o; = tg w/A.

'a6aputHbele pasMeprl HacafKH ONPEREIAIOTCH XOAOM HaKJOHHBIX
IyYk0B, Pas3JHYHBIM B 060X ceyeHHAX. ONHHAKOBHIMH HJs OOOHX
CeyeHHH ABAAIOTCA AMAaMETP M IIOJIOKEHHE BXOAHOIO 3payka CheMoy-
HOro OODBeKTHRA, COBNAJAIOMEro ¢ BLIXOAHBIM 3DaukOM HacagKH.
OGbIYHO 3TOT BXOAHOH 3pavuoK pacnojaraercss BHYTPH OGBEKTHBA.
IlosToMy BBIXOZHOH 3pauoK HacajKH BBbIHECEH HapyxKy, YTO BbI3HI-
BaeT 3HAUMUTEJLHOE YBeJHUYEHHE pa3MepoB IIepBOro KOMIIOHEHTA.
B To Xe BpeMs 3TOT KOMIOHEHT RoJKeH ObiTb KOPOTKODOKYCHBIM,
YTO 3aTpyjHseT abeppalHOHHYIO KODPeKLHIO M 3acraBjsier AesarTh
KOMIIOHEHT MHOTOJHH30BBIM,

B ceyennn /, B KOTOPOM NpOSBJISeTcs AeHCTBHE KPHBH3HBI ITOBEPX-
HocTel, rabapuTHBlE pasMepbl HACafiKH OINpelessloTCs XOAOM Ha-
KJIOHHOrO mydkKa Jyuefi. B Apyrom xe ceueHHH UUJIMHApHYECKUE
JIMH3bl HJEHTHUYHBl [0 CBOEMY JEHCTBHIO IIJIOCKONAPAJ/IIENbHBIM IJa-
CTHHAM H BBHICOTa Jiyua Ha KaxKHOH NMOBEPXHOCTH onpejensercs ypas-
HeHueM

k=q

by = (D'/2) + (kgx Ap/frys + SP) tg o,

rie D' — puamerp BEIXOAHOTO 3pauka HAacagkH; dy — PaCCTOsSHHE
MeXJAy COCeJHHMM IIOBEPXHOCTSMH; My, — IOKa3aTeJb INpesoMJe-
HUSl CPelpl MeXIy S5THMH IOBEPXHOCTSIMH; Sp — DACCTOSIHHE OT
BXOJIHOTO 3pauKa [0 Hacajk¥; ® — IOJOBHHA YIVIOBOTO nonas code-
PHYECKOTO OOBEKTHBA.

HavanpHbi#l nopsiikoBrfl HoMep MJIsl h, d U n NPHHHMAIOT CO CTO-
poHHI chepHUecKoro 00BEKTHBA, T. €. pacyer BHINOJEsIeTCS B 00paTHOM
xoje Jyuded.

[Mpy vabmogenuu uau doTorpadupOBAHHH NPEIMETOB, PAacHOJO-
KEHHBIX Ha KOHEYHBIX PAcCTOAHHAX OT HacajfKH, HecOxopuma ¢oky-
CHpOBKA o6enX dYacred ONTHYECKOH CHCTEMH — M UHJIHHAPHYECKOH
Hacalk¥, H cdepHuecKoro oGbeKTHBA.

@oxycHpOBKA HAaCafK{ Ha pPe3KOCTb H300paxkeHHs OJH3KO pac-
NOJIOXKEHHBIX NPeIMETOB MOMXKeT ObTh ofecneueHa pasJHYHBIMH IpHe-
maMH. HauBosee pacnpocrpaneH cnmoco6 QOKYCHPOBKH NyTeM H3Me-
HEeHHs PACCTOSIHHA MEXIYy KOMIOHEHTaMH HacalKH NPH OLHOBPEMEH-
HOM nepeMelleHHH cepHuecKoro oObeKTHBA.
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Faasa XXI

ABEPPALLUOHHBIA PACYET
ONTHYECKUX CHCTEM

112. OOumne cseleHHs 0 MeTojax abeppalHOHHOrO
pacyeTa OHNTHYECKHX CHCTEM

[Ton abeppauMoHHLIM NOHHMAeTCsi TAKOH pacyeT onTHue-
CKOH CHCTEMbi, B pe3yJ/ibTaTe BBHIIOJHEHHS KOTCPOIQ ONpPENeNsoTCs
KOHCTPYKTHBHbBIE NlapaMeTpbl ONTHYECKHX 3JIEMEHTOB CXeMbl, ofecre-
uyBaoIKe HeoOX04HMOe KauecTBO H306pakKeHHs HJH HYXHYIO CTPYK-
TYpPYy BBIXOAAIIHX NYYKOB JyueH.

AGeppauuoHHLIA pacyer fBJsSETTA BaXKHeHIleH dYacThio pacuera
ONTHYECKOH CHCTEMBbI, KOTOPHIEi KpoMme aleppalydoHHOrO BKJ/OuYaer
rabapuTHBEII M cBeTosHepreTnueckui pacueTnl. [lociepHue mnpenuie-
CTBYIOT ¥ CONYTCTBYIOT aleppanHOHHOMY pacuery.

AGeppanMoRHBIH pacueT MOXHO pasfefiuTb Ha jABa 3Tana. Ha mep-
BOM 3Tane ONpeleNsioT XapakTepHCTHKH, BHIOHDPAIOT THUI ONTHYECKOH
CHCTEMBl, YCTAHABJIMBAIOT KOJMYECTBO 2JIEMEHTOB (JIMH3, 3epKas
H T. I.), HX QOpMYy M B3auMHOe pacnojoxenue. Takum o6pasoM, Ha
NepBOM 3Tane HaXOAMTCA NpeaBapuTesbHOe pemieHue. OT YCOETHOTO
BeI6OpA THIIA H CXeMbl ONTHYECKOH CHCTEMBI, B 3HaUHTEJBHOH CTeneHH
ONpEefeNSIOIHX €€ KODPPEKLHOHHbE BO3MOXKHOCTH, 3aBHCHT OKOHYa-
TeJbHBIH TOJNOXHTENbHEIA Pe3yJsbTaT pacuera.

Ha BropoM sTane onpejensioT onTHMaabHble 3HAYEHHS KOHCTPYK-
THBHBIX HapaMeTpoB, CBETOBbIE AMHAMETPbl JIMH3, 3€pKaJ H APYTHX
ONTHYECKUX JeTasell, MapKH NPHMEHSEMbIX OINTHUYECKHX MaTepHaJjoB
M HMX XapaKTepHUCTHKH, YZROBJETBOPSAIOMIME 3afaHHOMY KauecTBYy
H300paxKenus.

AGeppauyoHHBIH pacyeT — 3To BaXHas U CIOXKHAs 3afaya, ycmer-
HOe pelleHHe KOTOpofl 3aBHCHUT KaK OT KBaJH(pHKAaUHH ONTHKA-KOH-
CTPYKTOPa, TaK ¥ OT NPaBHJIbHO BHIGPAHHOTO MeTola pacuera.

Ilpu BhmONHEHHH abeppalHOHHOIO pacyera peIlaloT ABe 3ajauu:

1) no u3BeCTHEIM KOHCTDYKTHBHBIM MapameTpaM H XapaKTepH-
CTHKaM CHCTeMbl PACCUMTHIBAIOT XOf pfja JyueH OCeBOro M HaKJOH-
HOTO NYYKOB, BBIUHCASIOT 3HayeHUs abeppauuii H 1O HUM CYRAT
O TPHIORHOCTH BhIGpaHHON onTuueckol cuctemnt [Ay’, Ax' =
=@ (r, d, n, y. m, M, a;, 8, sp) I;

2) mo 3aaHEBIM 3HAUEHHSIM JONYCTHMBIX OCTATOUHBIX abeppannii
IpH BHIOPAHHOM THIE ONTHYECKOH CHCTEMBI ONpPENEeNsIoT KOHCTPYK-
THBHBIE [lapaMeTphl — PaJHyCH KPHBH3HBI, TOJMHHB, Ko3hdUunueHTH
ypaBHeHHE  Hecepuueckux moBepxsocret [(r, d, n) = f (Ay',
Ax', )]

[lepBas 3ajaua HOCTATOYHO JIETKO pellaercs, TaK KaK CBOJRMTCA
K pacueTy Xogna Jiyded depe3 ONTHYECKYIO CHCTeMYy H aHaJau3y abeppa-
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uui. s pemenus Bropoft 3ajaud, oTHocsmedcsl K 3ajaye CHHTE3a,
HeoOXOIMMO 3HAaTh AHAJHTHYECKYIO 3aBHCHMOCTb MEXIY 3ajaHHBbIMH
3HayeHHaMH aleppauuil H KOHCTPYKTHBHBLIMH TapaMeTpaMH ONTHYE-
CKO# cucTemel. Drta 3ajaua NpPEACTaBJaseT HauGOJAbWIHE TPYAHOCTH
HPH CO3MaHHH HOBBIX OINTHYECKHX CHCTEM.

B ofmem Buae yRa3adHasi aHaJIHTHUECKAst 3aBHCHMOCTb MOKET ObITb
3amucana JUb B obsacty abeppanuit 111 nopsinka. tum obwacHsercs
BaXHOCTh TeopuH abeppauuk 111 nopsgka, n6o ee npumeHeHune nosso-
JISIET He TOJbKO ONpeAe/HTs 3HaueHHs! KOHCTPYKTHBHBIX IapaMeTpoB
3JIEMEHTOB BLIODaHHOH CXEMBI ONTHYECKO!H CHCTEMBI, HO M MO Pe3yJib-
TaTaM HCCJIeJIOBaHHE OTBETHTb Ha BOHNPOC O BO3MOXKHOCTH pacyera
CHCTEMBl C 3aJaHHBHIM KayecTBOM H306paxeHus.

Ilpu dopmanbHOM mNepeurC/IeHHH METONOB aGeppaluHOHHOTO pac-
yeTa MOXKHO Obio Obl Ha3BaTb CJelylomue: MeTol npob, anreGpaunue-
CKHH MeTol, KOMOMHHDOBAHHBIH METOX, METONH aBTOMATH3HDOBAH-
HOro pacyera. (PakTHUECKH Ha INPaKTHKe NPHMEHSIOT METoA MNpob,
KOMOHHHMDOBAHHEIH METOZ H MeTOAbl aBTOMATH3HPOBAHHOINO pacuera,
KOTODBI€ BKJ/IIOYAIOT 3JEMEHTH JABYX MEPBBIX.

Memod npo6 coCTOUT B MCCAENOBAHHH M HCHONb30BAHHH 3aBHCH-
MOCTEH MeXJy H3MEHEHHSIMH OTHEJbHEIX [1apaMeTPOB ONTHYECKOH
CHCTEMBI C U3BECTHOH KOoHCTpyKuue#t (r, d, n, a, h, B, H) u BH3H-
BAEMBIMH HMH H3MEHEHHSIMH 3HaueHu¥ abeppauui.

IlepBoHayaIbHO W3 KAaTalOrOB, aPXUBHBIX JaHHHIX HJH NATEHTOB
BbIOupaoT Hauboaee MOAXOASINYIO ONTHUECKYIO CHCTEMY, KOTODYIO
IIePECYUTHIBAIOT, €CJAH 3TO HeoOXoAMMO, Ha Tpefyemoe GOKyCHOE
paccTosinke WIH yBeJHYeHHE H NIPHHHAMAIOT 3a ucxonuyw. [locienosa-
TeJILHO U3MEHSIS 3HaYeHH sl OTACAbHBIX TapaMeTPOB UCXOAHOH CHCTEMBI,
NOJNYy4aloT KOHEUHHH PSAJ BaDHAHTOB OMNTHYECKOH cHCTeM:l. Paccuu-
TBIBAIOT XOA PsAja JydeHd 0CeBOTO H HAKJOHHOIO IYYKOB yepes ONTH-
YECKYI0 CHCTEMY XaXAOI'0 H3 IIOJYYEHHBIX BapHAHTOB, BHEIUHCJSIIOT
abeppallid H, CPaBHHBasi MX C abeppanysMHM HCXOLHOE CHCTEMHI,
HaXOMAT YKa3aHHBIE BHIIE 3aBHCHMOCTH.

PesyapraTtsl HCClelOBaHUE aHAAM3UPYIOT MO TaG/iHUaM HJH rpa-
$rKaM, HATIOCTPUDYIOIMM BJHsSHHE H3MEHEHHH NapaMerpoB Ha
abeppanuy M JApyrue BeJHUYHMHBI, XapaKTEPHIYIOUIHE CBOHCTBA ONTH-
4eCKOH cHcTeMBl. [IyTeM HHTEPHONANUY HAM FKCTPANOMANUH MO TaG-
JHUaM HIH TpadHKaM HaXONAT BAPHAHT ONTHYECKOH CHCTEMH, KOTO-
Pl YAOBJETBOPSIET TEXHHYECKOMY 3aJaHHUIO.

B xauecTBe H3MeHSIEMBIX apaMeTPOB MOTYT OBITb B3ATH KOH-
CTPYKTHBHbIE TapameTps! (r, d, n), HO NPH 5TOM B HCXOZHOM BapHaHTe
Oyaer Hapsiy ¢ abeppauHsiMH H3MEHfTbCS 3HAueHHE (OKYCHOTO
paccToHud, 4TO He BCerAa KeJjaTeibHo. [loaToMy yRoOHee BecTH
HCCJIeloBaHMe BJHSIHHS H3MEHeHHH mnapaMerpa @;, TaK KakK IpH
hy = u a; =1 ¢dokycHoe paccrosiuue 6yieT OCTaBATHCS MOCTOSH-
HeM. Ec/im npu sToM B BHGDaHHON HCXOZHOH KOHCTPYKLUHH BJAHSHHE
OTAG/IbHBIX MapaMeTpoB &; Ha pas3nnuHble abeppalluH He3aBHCHMOE,
TO pellieHue 8aXauH YNPOCTHTCH U YCKOPHUTCH.
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Cpsi3b MeXJy M3MEHEHHSMH NapaMeTpoB H H3MeHeHHAMH abeppa-
i HesuHeHHas (yem GoJsiblle NOPSNOK abeppauuH, TeM BhHIILE HEJH-
HEHHOCTDb), IIO3TOMY ONTHK-KOHCTPYKTOD BBIHYXKIEH BHauasje 3aja-
BaTb HEe3HAUMTEJbHBIE H3MEHEHHS [1apaMeTpOB, MOCTENEHHO yJayuulas
KauecTBO H300paeHHsi U NOCTOSSHHO YTOUYHSAS AaHHBIE TaOJHIl BJIHS-
HHMS HU3MEHEHHs NapaMeTpoB Ha abeppauuH.

Ecan Bbi6paHHast HCXOfHAs ONTHYECKas CHCTEMa HE IO3BOJAET
TIONIYUHTD 3KEeJaeMOro pe3yJbTaTa, To BHIGHPAIOT APYTyI0 HJIH yCJI0XK-
HAIOT HCXOLHYIO.

QueBuaHO, YTC MeTOJ Npol AOCTATOYHO TPYROEMOK U AJUTENEH
10 BpeMeHH, TaK Kak TpebyeTcs NPOBOJUTL GOJIbLIOE KOJHYECTBO
pacueroB Xofia Jydefi uepes cucreMy. [IpH 3TOM ONTHK-KOHCTPYKTOP
JOJMKeH HMeTb BBICOKYIO KBaJUGbHKALHIO H XOPOINYI0 HHTYHUMHIO.
U B ofmem ciyuae nmpuMeHeHHe 3TOTO MeToja He crnoco6CTByeT co3ja-
HUIO HOBBIX, DNATEHTOUYHCTHIX ONTHYECKUX cHcTeM. ONHAKO ¢ mosBsJe-
HHeM GplcTpofieficTByOmuX DBM 3TOT MeTox Haules fajbHeHiee WHPo-
Koe NpHMeHEHHE.

Kombunuposannviii memod umeer ape crapuu. Ha nepso#i cranuu
HCHOJIb3YETCA TaK HasblBaeMBIH ajarefpanuecKui MeToJi, OCHOBAHHBIH
Ha aHAJHTHYECKHX 3aBHCHMOCTAX MeXIY KOHCTPYKTHBHBIMH Hapa-
meTpaMH H abeppauusvyu 111 nopsinxa, a Ha BTOPOH CTajHH [IPOBOASAT
pacyer TouHHIX aleppauuii Jyuell (s/;ieMeHT Meroza npob).

B ocHOBe mnepBOoHaYaJbHOH CTajHM pacuera IO 3TOMY METORY
JIEXUT NPeLNosoKeHHe O HAJMYHY B ONTHUECKOH cHCTeMe Juilb abep-
paun#t 111 nopsanka (abeppanyd BBICIErO MOPSAKA CUHTAIOTCH paB-
HBIMH HYJIO).

MoHoxpomarnueckre ronepeuHsie afeppaniu 110 CJAAraliliEM A
i-r0 KOMIIOHEHTa CHCTEMBbl MPEACTABJSIOT B CJAEAYIOMEM BHIE:

Ay = X mPy 4 X nW, + Zpinz+}] gis

Ax' = ¥ miPi+ 2 Wi+ X piu + X gi

H XpoMaTHueckue abeppamud IJs TOrO K€ KOMIICHEHTa B BHJE:
Asy, = Z riCy;

Atina, = Ya, 2 riCe.

(491)

(492)

B dopmysnax (491) u (492) xosdduuments m;, mi, ngy i, ... Iy
ri 3aBHCAT TOJBKO OT BHEIIHHX MapameTpoB (ONTHUECKHX CHJ 3Je-
MEHTOB, DaCCTOAHHH MeXJAYy HHMH, OTHOCHTEJNbHBIX OTBEPCTHH H
nosiedl), sHaueHHS KOTOPHIX ONpPEAENSIOTCH NpH rabapUTHOM pacuere
H CYHMTAIOTCS H3BECTHBIMH.

Benwunnwl P;, Wi, my, ¢ gi, C; cBSi3aHBI C KOHCTPYKTYUBHBIMH
napameTpaMu (PafHycaMH KpPHRH3HBI, TOJNIIMHAMH, TMOKa3aTeJdsIMH
NpesioMJEeHHsT H KosuuHeHTaMH IHCNEepPCHU) M 3aBHCHAT OT INOJO-
XKEHHs IpeIMETa OTHOCHTE/BHO i-Io KOMNOHeHTa. [Ipuuem, Kak noka-
3aHo B n. 116, napamerpsl P;, W, MOXHO 3aMeHWTb uepes mapa-
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metpul Py, W,, KOTOpHe 3aBHCSAT TOJbKO OT KOHCTPYKTHBHHX napa-
MmerpoB (r, d, n) — TaK Ha3blBaeMbiX BHYTPEHHHX MaPaMeTpoB.

3nad BHEIIHHE [apaMerphbl, 3HAYEHHsl CH4raloMHX abeppauud H
nojcrasans uX B dopmyJast (491), (492), MOXKHO peIlIKTb NoayyeHHBIE
ypasHeHHs1 oTHOocHTedbHO P, W, n; u C.

[lpu usBecTHHIX onTHueckux cusnax @; BceX KOMNOHEHTOB, pac-
CTOSIHHAX d; MeXIy HHMH, TMOJOXKEHUH NPeJIMeTHOH IUIOCKOCTH S
H BXORHOIO 3pauka (Sp HIH dp) PACCUMTHIBAIOT XOJ BCIHOMOTAaTeNbHBIX
Jayuell no dopmynam

a; — oy = h @y hipr =hy — aidy;
pr— Pi=H: Dy Hiypy = Hy— Bida.

3Hasa TenePb KOOPAHHATHI BCIOMOTaTe/bHBIX nyqeﬁ, MOXXHO cocCTa-
BUTh YPaBHEHHsSI AJs NATH MOHOXPDOMATHUECKHX H IABYX Xpomaruye-
CKHX CyMM!:

S1 = DA {(ROP,; + 4ahOW -+ o [(4 + 2m) e — ail}s
Su = X h®; {HhiOP; + hi@i (1 + docH) Wi +
o [(1 4+ 2Ha0) (@4 ) — Hiouadl};

Sy = Y O {HDIP; 4+ 2H hi®; (1 + 2a,H ) Wi -1+
420 H (2 + ) +aHi (o (4 4 2m) — ail)s
Sy = E @;my;

Sy = X (Qu/hi) {HIDIP; + (3 + 4daH ) HiD W, +
+ Hi(3 4 mi) + 3aHE (2 + ) + acH o (4 4 2m0) — ail};
Si xp — Z hi(Di—Ct;

SII xp — 2 hiHiCDIEh

rae C = —2 (pifvi) = —(1/@;) T (Dy/vy).
M3 »70ft crcteMbl ypaRHeHHH NPH H3BECTHBIX BHEUIHHX TapaMer-

pax ¥ 3HAURHHAX CYMM TaK:Ke MOMHO ONpENeNHTh YHC/IOBLIe 3HaYCHH S
OCHOBHBIX MAapaMeTpoB.

Ilasiee 110 3HAYCHHAM OCHOBHBIX MApaMETPOB M BbHIOPAHHBIM THIIAM
KCMIOHEHTOB BBLIUHCJISIOT BHYTDEHHHE 3JEMEHTHI, T. €. ONPeieJsioT
KOHCTpyKIHMio cucremsl (r, d, n).

Ha Bropo#i craiud KOMGHHHDOBAHHOTO METOAA pacyera omnpefe-
JISIOT TouHble 3HaueHus abeppauuii (As’, Ay, Ax’) u BeiCliHe Io-
PAIOKYM KaK DasHOCTH

Asy n= As"— Asii;;  Agn.n= Ay — Ayin;  Axp. o= Ax' — Axin

Ha 5To#i craguy BBISBJAIOT BAHSIHME BbICIIUX TMOPAAKOB afeppa-
UMl M KOHEUHBIX TOJIIHH AeTasiell, IPH 9TOM CJAefyeT obpamars BHH-
maHue Ha Te albeppaiyy, KOTOPhIE IIC YCJOBHAM HCIOJb30BAHHA
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ONTHYECKOH CHCTEMH HOJXKHH OHTb HCNPaBJIeHHl B NEPBYIO ouepelb.
Tak, npHu pacuere o6bEKTHBOB TEJECKONHYECKHX CHCTeM B OOJbILIHH-
CTBE CJyuaeB OIDAHHYHBAIOTCS HCNpasJeHueM cdepHueckoH abeppa-
UM, KOMBI, XpOMaTHaMa MOJIOJKEHHS, NPH pacyeTe OKyJasipos crpe-
MSITCS HCHIPAaBUTb NoJIeBble afeppaliid M XpOMaTH3M, TaK KakK YIJo-
Bbl€ TI0JIs1 OKYJsIpOB GoJibIe€ YTJIOBBIX TNGJeH oOBeKTHBOB B I'p pas.
B o6beKTHBaX acTpOHOMHYECKHX IpHOOPOB HE HCHPABJSAOT ACTUT-
MAaTH3M H JHCTOPCHIO, TaK KaK B HHX BajKHee HMETb XOpPOLIEE KauecTBO
u3o6paxeHuss Ha ocH. OOBEKTHBEI CIIEKTPaJbHBEIX NPUOOPOB B 60Jb-
HIHHCTBE CJyuYaeB He HCIPaBJSIOT B OTHONIEHHH XpOMAaTHUECKHX abep-
pauuii, KpHBH3HB! H JIHCTOPCHH.

113. JonycTuMbie ocTaTouyHble aleppalnuu
B PAa3JIMYHBLIX ONTHYECKHX CHCTeMax

[TonHOTO HcnpaB/ieHHs BceX afeppanuil Heb3S NOMYYHTh
Jlaxe B CKOJb YrOJHO CJIOXKHOH ONTHYecKOH cucreme. CTpemieHnue
HCNPABUTb XOTA Obl YAaCTHYHO Bce abeppalMy NPHUBOLMT K H3JIHUIIHEMY
YCJIOKHEHHIO KOHCTPYKIHH ONTHYECKOH CHCTEMEl M He Bcerpa Heol-
XOLHUMO.

B peanbHBIX ONTHYECKMX CHCTEMax MONYCKAmOTCH OCTAaTOYHBIE
abeppanuy, nepedeHb H 3HAUEHHMS KOTODPHIX ONPENEJAIOTCA HasHade-
HUeM CHCTEMbl H YCJOBHSIMH B3KCIIJIyaTalMH CHCTEMbl. 3HaueHHs
abeppauuil onpefesfioT KayecTBO H300paxeHHs, CO3[4aBaeMOr0 ONTH-
YeCKOH CHCTEMOH, TaK KaK HENOCPeACTBEHHO CBs3aHBl C Da3MepoM
nsATHA paccesHHs, N0 KOTOPOMY MOXKHO CYAHTb O Daspelaiomieli cro-
cobHocTH. B cBolo ouepesp, paspemamomas crocobHoctb npubopa
JOJIKHa ObITh COIJIacoBaHa C paspellaromiel crnoco6HOCThIO NPHEMHUK A
H306paKeHHs .

Hanpumep, B HabmogaTeNbHelX npubopax npHEMHHKOM fBJAAETCA
rna3; H3obpa)keHHe, CO3JaBaeMOe MPOCKIMOHHLIMH CHCTEMAaMH Ha
3KpaHax HaM QoToannaparaMy Ha (oToc/aoe, TaKXe BOCNIPHHEMAETCH
rnazoM. Ho 3HaueHus ponycTuMblX abeppanuit B 3THX ONTHYECKHX
cucreMax OGyAYT pas/MYHBIMH, TaK Kak pas3/i{uHbl YCJIOBHS HaGJIO-
LeHH .

YrjaoBoH mpeflen paspelleHHs rias3a NpH abCcOMIOTHOM KOHTPACTe
npuHNUMaercsi paBEnIM 1° B npegesnax yraosoro moas 2°. Ilpu monu-
XKEeHHH KOHTpacTa H300paxeHHs B 3aBHCHMOCTH OT APKOCTH (oHa
yIJ0oBOH WpeleJ paspelleHHsl IJasa pesko cHHxaercda. Hanpuwmep,
KOHTpacT HabJioJaeMblX B TeJecKoNHyeckue NpHOOPbl IIPeIMeToB
koJsebaercs B auanasore 0,2 ... 0,8. IIpu sTOM yr/ioBo#l npepesa pas-
pelleHHsl IJasza HaMeHsieTcs npumepHo ot 2,5 mo 1,5'. B Muxpocko-
nax KOHTpacT HabuofaeMbiX OOBHEKTOB €Il HUXKe, TMO03TOMY YIVIOBOH
npefes paspelieHus IJia3a NPUHUMAIOT PaBHbIM 3 ... 4” npH AHameTpe
3pauyka IJjasa B 2...3 MM, a €CJH Y4eCTb, UYTO NpH HaOJIIOJeHHH
B Mukpockon D' < 0,5... 1 MM, TO yrJioBo#i npemea VP, NOHH-
Kaetcs BABoe (6 ... 107).
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[Ipu opHoBpeMeHHOM HaOJIONEHHH H300paXKeHHH OCEeBLIX M BHe-
OCEBHIX TOYEGK YIJOBOH TNpefes paspelleHHs TIJjiasa ¢ yBeJUYeHHEM
YIJIOBOrO NIOJIS NOHHXKAETCs CAELYIOMHM 06pasoM: MpHU Opy = == 5°
Yoo = 3,3, IpH @y = +£10° Ypye = 5.

3anaBasi NONyCTHMble 3HAUEHMS OCTAaTOYHHIX abeppaiufi HaGmio-
JaTeJbHBIX CHCTEM, YUYHMTHIBAIOT BO3MOXKHOCTH rjasa. B To xe Bpems
HeOOXOAHMO YUHTHIBATH BJAMsiHMe abeppariii ONTHYECKHX CHCTEM Ha
paspeluamonyo cnocofGHOCTb TIJiasa.

Huxe npuBeseHsl 3HaueHusl cpejHero MNpHpaIleHHs pasperae-
MOTO TJa30M YIJia B YIVIOBHIX CeKynaax Ha 1’ JoGolt abeppanuu:

XPOMATHIM . . . .« . v v o e e e e e e e e e e e 3
KoMa . . . . . . Lo oo 5
ACTHTMATHEM . . . . . . . . . o . oo e e e e e 12
JLeDOKYCHPOBKA . . « v v v v v v e e e e e e e e e e e e 12

s GuHOKJeEH, reolle3MueCKHX HHCTPYMEHTOB JONYCKAalOT OCTa-
TOUHYIO YIVIOBYIO chepHueckyio abeppaunio 1 ...2°, a ¢ yuetom xpo-
matHaMa — 2 ... 3. CymmapHas MOHOXpoMaTHueckas abeppauus BHe-
OCeBRIX NYYKOB MOXeT OblThb 5 ... 10°, us Hux 2 ... 3’ mnuxoaurcs
Ha xoMy. B Gosee CJ0XHBIX TeJECKONHYECKMX CHcTeMaX (HadbHO-
Mepbl, MOPCKHE NIepPHCKONBl M T. II.) Jonyckalor chepuyeckywo abep-
pammio 10 ... 12’, a Bo BceM BuAuMOM AManasoHe paxe fo 20°.

HonycruMble 3HaueHusl Takux abeppamuii, Kak KDUBH3HA [OJA
H300paXKeHU s, aCTHIMATH3M M JHCTOPCHS, 3aBHCAT OT YTJIOBHIX MOJEH
OKYJISADOB: aCTHIMaTH3M H KPHUBH3HA H300paXKeHHs IS OOBIUHBIX
OKyJsIpOB cocTaBasier 3 ... 4 AOTP, ONS LIHPOKOYIOJbHBIX OKYJfA-
poB — 5 ... 6 anTp; IMCTOPCHA NJisi OCHIYHBIX OKYJ/ISPOB IIPHMEPHO
paBHa 3,5...7%, An9 MUPOKROyroJbHHX — He npessinaer 10%.
Xpomarudyeckas abeppallus YyBENHUEHHsI B 3PHTENnHBIX TpyOax
ponyckaetcs: He Gosee 0,5 ... 1%.

AGeppauus nocJje oKyJasipa B MEKPOCKONAX, KaK NpaBuno, Gonblue,
ueM B TeJECKONHUeCKUX cucremax. IlJisi TOYKH HA OCH, Hampumep,
yrioBas abeppalys MOXeT COCTaBIsiTh okosao 10 ... 15'. Kpupu3Ha
nosisl H3006paKeHHS H aCTHIMaTH3M MUKPOOGBHEKTHBOB CDEIHHX yBe-
auuenu# (40%) cooTBeTCTBEHHO jonyckatores: B axpomarax 1,2 ... 3,0
u 0,5...3,0 M, B anoxpomarax 2 u 1,5 mm. Ilpu Hcno/nb3oBaHHH
KOMIIEHCAHOHEBIX OKYJsPOB Jomyckaercs naucropensi mo 1,5%,
a B okyasipax KenbHepa — 10 2%.

Onrako B MEHKpOcKoOnax GoJiee TOUHBIH cocof OUEHKH NOMYCTHMBIX
abeppalyii CBA3aH C NEPEXONOM K BOJHOBHIM aleppanusiM (cM. m. 129).
B Taba. 14 npuBefeHs NpUMepHLIe 3HAYSHHUS HONYCTUMHIX abeppaluil
B 00BEKTHBAX MHKDPOCKONA.

Has dororpaduueckux o6beKTHBOB yKashiBatorcs [5] mpenesnbHo
JonycTuMble pasmepsl naTeH paccesisua 0,03 ... 0,05 MM Aa1d CHUM-
KOB, NoJNy4eHHbIX Ge3 yBesuwdeHus, u 0,01 ... 0,03 MM AJg CHHMKOB
C NOCJENYIOIHM yBeJHYeHHeM.

Ananna [15] oreuecTBeHHBIX (GOTOOGLEKTHBOB TO3ROJAET YCTa-
HOBHTb CPEIHMH JONMYCTHMBIH pasmep naTteH paccesaus 0,01 ...
0,02 MM pa Toukm Ha ocu # 0,03 ... 0,05 MM 19 TOUKH BHE OCH.
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JlonycTumble SHA4YEHUS OCTATOYHBLIX abeppaunit

Ta6auma 14

AGeppauusn
O6BekTus chenuveckasn
CymmapHhle
MHKDOCKONA X;B%ﬁﬁl?'“ abeppauuu
¢ yueTom Hus, % BHEOCEBOro
ARR Ay Apr B Ape nyuxa
F C
Axpomar 0,254 0,54
P ’ >2 >0,52
Anoxpomar A 0.954
(0.1 ... 0,15) <0,
Mraso6bekTHB ’ <2 0.5%

B npuBeseHHbIX NONYCTHMBIX pasMepax MSTeH paccesHUs CKPBITHI
8HAUCHUsl JOMYCTHMBbIX abeppauuii. KoHkperusauusi B 3ToM Bompoce
BECbMa COXKHA, TaK KaK B 3aBHCHMOCTH OT XapaKTEPHCTHK (HOTOOGH-
€KTHBA M €ro HasHaueHUs 3HavyeHus aGeppaiuil OyAyT PasJHuHBIMH.

Hanpumep, ecnin tpebyercss BbicOKoe KauecTBo W306paxeHHs Ha
ocH, To chepuuecKyl afeppaluio HCIPaBIAIOT He TOJIBKO sl Kpas
8payka, HO ¥ 11 30H. B 0c060 WIMPOKOYrOMBLHEIX 06BEKTHBAX CTpe-
MSTCS TOJIHEE HCIPABHTh ACTHIMATH3M, KPUBH3HY, JHCTOPCHIO H XPO-
MaTH3M yBeJMYeHHd. B HOPMaZbHEIX BOTOOGBEKTHBAX AOMyCKaeTcs
acturMatyyeckas passocts mopsaxa 0,15 ... 0.03 mm, cpennss xpu-
BusHa o 0,3 MM u aucropcus no 0,5 ... 3% Ha Kpaw ImoJs.

B aspocbeMouREIX (oTOOGREKTHRAX HONyCTHMAs IHUCTOPCUSA COCTa-
BJseT npumMepHo 0.1%, a B 0co60 MIHPOKOYTOMBHEIX a3po(OTOCHEMOH-
HBIX oO0bekTHBax gnaxe 1o 0,04%.

B o6bexTHBaX NMDOEKUHMOHHBLIX CHCTEM AOMYCTHMBIE OCTATOUHBIE
abeppauyy MMEOT MPUMEPHO TAKHE JKe 3HAueHHs, Kak H Aas (OTo-
OGBbEKTHBOB. Y NPOEKIHOHHBIX' 0GbEKTHEOB-AMIAHATOB XyXKe ucnpa-
BJ€HA KDHBH3HA M0J5 H300paxkeHHs. Y KHHOMDOGKNHOHHbIX aHa-
CTHIMATOB Lonyckaerca gucropcus 1 ... 2%. TpeGosamus kK npoex-
UHOHHBIM OOBeKTHBAM H3JMOXKeHH B . XVII, a k KHHOINPOEKUHOH-
HeM — B TOCT 3840--79.

JInH30BBIE KOHIEHCOPH! NAIOT XOPOLIEe KayecTBO pacnpejesneHus
TNIOTOKA, eC/IM LHAMeTP HauMEeHbUIero MATHA PaCCesHHS HE NpeBhIIAeT
3 ... 10% pasmepa naobpaxenus ucrounuka. B HEKOTODHIX KOHJeH-
Copax 3ToT mapamertp xonyckaerca no 30%.

JonycTuMble 3HaueHHs OCTATOUHBIX abeppaliii OBBLEKTHBOB pas-
JMUHBIX  CNCAAMKX  (POTOSIEKTPUYECKHX YCTPOKCTB, ONpeje/sieMbie
AONYCTHMBIMU  pasMepamMu NATEH paccesiHusi, yHo6Hee OLeHUBATh
B YIJIOBOH Mepe, B pafnaHaX., EcaH o6beKTHE Takoro YCTPOHCTBA
MMEET JIONYCTHMBIH pasMep MNsATHA paccesHus (2y )yon M (OKYyCHOE
paccrosiuue f', T0 yrioBoi pasvep Ao’ nATHa paccesHHA B MUJIHDa-
Avanax MOXeT CbITh BBIUMCJEH IO CJeIyIomed ¢dopmyne:

A" = (24" )zon 1000/
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114. Cpa3b mexay napamerpamH l-ro B 2-ro
BCHOMOTaTeJNbHBIX JydeH

Bripaxenus pisa cymm abeppaunii 111 nopsiaxa, npuse-
feHHble B GopMysax (251), Kak H3BECTHO, IPHMEHSIIOTCSH NPH DelIeHHH
nepBofi 3ajaud a6eppallHOHHOTO pacyeTa, KOTa N0 H3BEeCTHBIM KOH-
CTPYKTHBHBIM NapaMerpaM ONTHYECKOH CHCTeMBI BBIYHCJSIOT ee abep-
pauuu.

[lpu pemwennu BTopoll 3ajauu abeppallMOHHOrO pacyera, KOrga
No 33JAHHLIM 3HaueHuaM abeppanuil Tpedyercs onpefeauTh KOHCTPYK-
THBHbE [1apaMeTPhl ONTHYECKHX 3JEeMEHTOB B BbIOpaHHOH CcXewme,
HCIoJb30BaHue ¢opmya (251) oKasbiBaeTcss 3aTPYAHUTENBEBIM, TakK
KaK 8 HHMX BXOZNST NapaMeTpsl JABYX BCIIOMOTATEJbHEIX Jyuel (ay, Hp,
Br, Hy), H ONTHKY-KOHCTPYKTOPY NPHIETCS H3BICKHBATH JOMOJHH-
TeJIbHHIE BO3MOXKHOCTH JL1A «yraJblBaHHs» 3HAYCHHH 3THX NapaMeTpoB.

[TpepBapurenbHelfi raGapuTHbIfl pacueT BeIOpaHHON cXeMBl ONTH-
YECKON CHCTEMBI, OCOOEHHO Ha 3Tale pacueTa «TOHKOH» CHCTEME!, AaeT
sHauenus (hy, H,) BBHICOT BcloMorartesbHbIX Jyuell. [lostomy, ecau
YCTaHOBHTE CBAI3b MeXKAy napaMerpaMd 1-ro u 2-ro BCIOMOTATe N b-
HBIX Jiydye#d, TO MOXKHO f0NY4YuTh GoJiee yHIOOHBIE BBEIDAXKEHHS CYMM,
3aBHCAIME OT NapaMeTpa JEWb 1-ro BCloMorarelbHOro jyda. Ycra-
HOBHM 3Ty CB$I3b.

Xon o6oHX BCIOMOraTeJLHBIX JydeH uepe3 k-i0 MOBEPXHOCTb
OINITHYECKOH CHCTEMBI, Pa3JeNsIONLYI0 Cpelil C I0KasaTeasMH Ipe-
JIOMNEHHS Ay U Np,y, HLIOCTPHPYeT puc. 263. Bocmoabsyemcs
unpapuadtom [ T'ofiresca—IeasMrosbpiia, KOTOPLIA CBS3LIBAET YTOJ
1-ro BCIOMOraTeIbHOTO Jyda ¢ pasMepoM npeimera (uju HaoOpaxe-
nus). MuBapuanr [ nnas oceBbiX Touek A, U Ay,; 3anuceBaercs
B CJELYIOUIEM BHAC:

I = mpoply = N0 lhets (494)

rae yn = (Sp,p — Sk) B Yra1 = (Spr, 2 — Si) Pega.
[lopcTaBuB 3HAueHMS Yy M Yp,; B opMmynay uHBapHaHrta (494),
NOJY4HM:

= Np0ts (Sp, & — Sk) Br = Meg1®pt1 (Spe, o — k) Prg1.

Puc. 263. CB3b MexJy BCTIOMOTaTe/bRBIMH JYyYaMu
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Otkyga crenyer, yro
I/ny = apBeSp, » — XnPrse;
I/tey1 = @ag 1 BetiSpr, & — ey iBatiSe.
N3 puc. 263 umeem:

(495)

PusSp, r = Hy; oSy = ha

BetiSpr, & = He; Ap 1S5 = R,
[TopcraBasisi 3TH 3aBUCHMOCTH B hopmynnl (495) u 3ameHss 1/ny, = g,
1Ay, = Mp,1, HEXONUM YpaBHEHHHA

opfy — Brhy = Iy, Oy — Brafe = [Pasr,
u3 KoTopuX umMeeM Ay (Buy — Br) — Hy (Gp — o) =
= —1 (ppa — Ha) HIH
(Brar — Bu)/(@rer — ap) = Hy/hp — I (Brer — )/ (Pn (Gnyr — @2)),

4TO B COKDAUeHHOH 3aNHCH BBINVIALHT CHEAYIOMMM 06pasoM:

OPr/d0y, = Hyihy — I8pp/(hy Saty). (496)

3amenum orHoweHue 8f, /0o, B dopmynaax (251) nosiyyeHHBIM OTHO-
weHueM (496).

1. Cymma S; He 3aBHCHT OT STOTO OTHOLUEHHS H MOITOMY COXpa-
HSIET CBOE BbIDAXKEHHE, T. €.

k=q
St= 2 huPy.
k=1
2. Buipaxenne cyMme Syj Npeofpasyercs CAGLAYIOUHM 06pasoM:
k=g =q
Su = Zv ha Py (8Pr/boy) = Z hpPy [Hplhy — I Spp/(hy 80z)] =

k=g

ZJH Pk—l Z,Phép.h/éoch

HssectHo, uto Py = (8otp/Bpar)* 8 (atppr) = (8tn/Bun) Wi, rae W, =
= (8otp/Spy) S (otp Uy), CAEROBATEJBHO,
k=q k=g

311 = EHkPk—‘I Z Wk~
k=1 k=1

3. HOJTy‘{I/IM BBIpQXKEHUE LJIA CyMMbl Sypr:
& 2 H, 6
oBr H r OHg
SIII—thPh( ) Zhhph[h—g—QIW—F
k==l

1 [ bpy )2
2
+ P hy ( dap
HJH nocJie npeoGpasoBaHys
k=g k=g k=

Sin = Z (H/hy) Pp — 21 2 (Hefhe) We + I* Z 8 (ctrpr)/he.

u
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4, CymMa Sy He H3MEHHTCH:
k=q ka=q

Siv = kgl 8 (anny)/(hpnann,) = k§1 (17hy) I,

rre I, = 8 (anms)/(nann.1)-
5. Boipaxenne cymmbi Sy npeofpasyeM caefylOIIHM 06pasoM:
k=g

Sy = kgl APy (8Br/Ban)® + 1% (1/hy) 4] (8P n/Ooty) =

k=q
= kg‘ ((H3lhe) Pr — 21 (Hulhw) We + 178 (capa)/hs + I* (1/he) Te) X

k=g

X [Hulhe — I Spp/(he 8as)] = X {(Hi/RE) Py — 21 (Hi/hE) Wi 4+

+ I* (He/hi) (8 (arpe) + M) — I (Hi/hR) We + 217 (He/hi) 8 (aepsr) —
— I® (1/h%) (Ope/Oote) [8 (ctebie) + IIe)}.
Tak kak
(Opre/Octe) [ (tephe) + IT] = s — p = 6 (pe)’s
OKOHYATeNbHO MOJTYUHM:
k=q

Sy = L (Hk/hk)Pk—31 Z /hk YWe+

k=q k=gq

+ 1 B (Hah) 186 (cupe) + T — I* 3, (1/05) 8 ()

Takum obpasom,

k=q
St = X hPy;
F=1

k=g k=q
Su= E HpPy—1 2 W,
F=1 F=1
=q k=q ==q
Stt= X (Hyhe)Pe— 21 Y (Hethe) We 417 3 8 (ctepa)/he;
£=1 b=l E=1
- (4.97)
=q
Sw= kgl (1/hy) 11;
k=g

g (Hijhi) Pe — 31 X (Hihd) Wi+

k=q k=q

1" B (Ha/hi) 138 (ompa) + ] — 1° 2 (1/R3) 6 (e)”,

rae I = —n,04 (Sl - ‘SP)BI’ a NpH § = —© I = —-ﬂlhlﬂl.
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Yno6bcTeo MoJdyueHHHX (GOPMYJ COCTOHT B TOM, YTO, MO/Ab3YSiCh
HMH, [IPDH H3BECTHBIX 3HAY€HHAX CYMM MOXKHO OIpEeNeJHTb HEH3BECT-
Hble YIJIbl O II€PBOr0 ECHOMOraTeIbHOro Jydya.

115. IpeoGpasosanune cymm 3eiigens
RJSl ONTHYECKOM CHCTEeMbl, COCTOSIEeH M3 TOHKHMX
KOMNOHEHTOB

IlpencraBienye ONTHYECKOH CHCTEMbl KAK COBOKYIHOCTH
KOMMOHEHTOB, COCTOAIMX M3 GECKOHEYHO TOHKHX JIHH3, I03BOJSET
BJIBO€ COKPATHTb YHCJO NapaMeTPOB, OT KOTOPHIX 3aBHCSIT abeppauuH,
H, cJefloBaTeNbHO, OGMErYHTh MCCAENOBaHHs, CBsizaHHBIE C BHIGOpOM
KOHCTDYKLHH KOMNOHEHTa. JTOT NpPHEM OKasbiBaeTcsi YNOOHBIM Ha
HAuaJbHOH CTafM¥ CHHTE3HPOBAHHSA ONTHYECKOH CHUCTEMBI, KOTAa
H3BeCTHOH MoxeT ObiTh JMib ofmas cxemMa, a KOHCTPYKTHBHEIE
napaMerpsl OTAEJAbHBIX JHH3 KOMIIOHEHTOB HEH3BECTHHI, YTO M03BO-
JSIeT yXKe Ha 3TOH CTaJHHM OTBETHTb Ha BONpPOC, palHoHa/lbHA JH
BhIOpaHHAs cxema.

B ofmem ciyuae onTHYecKash CHCTEMa MOXKET COCTOATb M3 psiia
TOHKHX KOMIIOHEHTOB. PaccMoTpuM, Kak IpeobpasyloTcs CyMMB
abeppanu#t 111 mopsnka mns OTZEABHOrO TOHKOrO {-FO KOMIIOHEHTA.

Iycrb i-#i KOMIIOHEHT COCTOHT U3 Z OTAE/NbHEIX GECKOHEUHO TOHKHX
JIUH3, PACMNOJOXEHHEIX B BO3AYXe H HMEIONUX ¢ = 2z HMoBEepXHOCTeH.
TonmuHua JUH3 ¥ PACCTOSHHSI MEXAY HHMH paBHBl HYJO: dy = d, =
= ... =dgy =d; = 0, rie d; — TONIHHA BCEro {-ro KOMIIOHEHTA.
[TosTOMy BEICOTHI TOUEK mnepecedeHusi 1-ro ¥ 2-ro BCMOMOTATEJbHBIX
Jydedl C TOBSPXHOCTAMH JIHH3 KOMMOHeHTa OyAyT paBHHI:

hl e hg =, = hq;

Hl sl Hg = e = Hq.
O6o3nauum h, = h; = const; H; = H; = const BBICOTH BCHO-
MoraTeJbHbIX Jydedl Ha {-M KoMmmoHeHTe. Bocrnosbayemcst Bhipae-
HusiMH (497), H3-TIOX 3HAKa CYMM KOTOPBIX MOXHO BBIBECTH HOCTOSH-

Hble BeJNHYMHH h; W H;.

1. TlepBast cymma
k=q

k=g
Su= X hPr=h X Py
k=1 E=1
k=q
O60352auuB kZ P, = P;, noayuum S1; = hP,.
=1

2. Bropas cymma

k=q =q k=g
Sui= Y HpPy—1 Y Wy=HP, — 1 ¥ Wy
=1 k=i P
k=q
O60o3naquB kZl W, = W,, noayuum Sy, = H,P, — IW,.
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3. Tperbs cymma

k=g k==q

Suie= Z (Hi/he) Py — 21 Z (Hethe) We + I* Z (1/h%) 8 (cepr) =

= (Hifhi) Po — 21 (Hi/he) Wi 4 I* (1/R) kgl 8 (atabtn).

[Ipeo6pasyem rocjelHee cjaraeMoe CAeAyoUdM o0pasoM:

k=g

/;1 O (Ctpftn) = gy — QUylhy |- Calhy — Qglhg ==+ *+ 4 Cg gy — Egllq=
= Qguablgsr — Talhy.

M3BecTHO, 4TO pig,; = Py = ! (IMH3Bl DAcTOJOXKEHH B BO3AyXe),

Ggt1 = O, Q] = O, a TaKke 4To o = o; + Dy,
k=q

CnepoBatenbho, 3. 0 (cpps) = o — a; = h,D;.  Toraa okonua-

TEJILHO HMeeM:
Stre = (H¥hs) Py — 21 (Hy/hy) W+ I*D;,
t=z
rae @; = 2 @; — onrHyeckas CHJAA BCEro {-F'0 KOMIOHEHTA.
4, Hpeoté:plasyeM YeTBePTYIO CyMMY:

k=q k=q

S, = kgl 8 (apnp)/(hanain,,) = (1/h;) k;} 8 (orn)/(NrMryr)s

2;; (@rnp)/(Mpftngy) = (Fany — fy)/(MaNg) —F (Gafts — Qafly)/(Mafls) +
+ - A (gt — @gafig-1)/(fg-atg) + (Rgialflgin — %gNg)/(Mgltgsn)-
YUUTHIBAS, UTO My = Hg ==...= flgy_; = |, UMEEM
ag— oy =h @ oy — a3 =~ ... g — g =h,D, H,
3aMeHsis HYMEPAIMIO NOKasaTesiell NpejoMJeHHst 1o HoMepam JIHH3,

noJydyaeMm
t=2

Sy, = tg Dy/ny.

Onrtuueckas CHJIa KOMIIOHEHTA paBHa

§=2z

(Di:®1+®2+"‘+®z:t§1q)t
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[MpuBeneAHana onrdyeckas cHaa ¢; = OJ/D,, crenosarenbHo,
=2 1=z

Svi= Z’: ®;pi/ne = @, Ex Qi/nt;

t=2
o6o3Hauass 2 @i/n; = m;, noayuuM Siy = Oymy,
=1
5. Tlepsoe u BTOpoe cJjaraeMble cymmbl Sy; MOXHO IOJYYHTb
N0 AHAJIOTHY ¢ BBIMIOJHEHHBIMH Tpeofpasosanuamu Jist Syrr; 4 Sty ..
Tperbe caaraemoe Oyner umerb BHJ!
k==

(Hy/hy) Z [38 (@rpn)/hy 4 TI/hy) =

k:q k=g
= I*(Hy/hy) [2_;1 38 (oapr)/h; + kg} Hh/hi] =
= I*(H/hy) 3D, + O;yrv;) = I* (Hy/hi) (3 - ) Dy

Ilocnennee ciaraemoe Sy; paBHO HYJIO!
k=q
I (1/A7) B 8 (ma)* = 0, Tak Kak o = ph.

OxkoHuaTeNibHO NOJIYyYHM:
Svi=(HYh) P:— 31 (HYK) W+ I" (Hi/hi) (3 + m)) Dy
Takum o6pazom, umeeMm caepywomuil psi dopmyJ:
Su = h;Py
Sui=HP—IWy;
St ¢ = (Hihi) Py — 21 (Hi/hi) Wi+ I*Dy; (498)
Stvi = Oyr;;
Svi = (H¥h3) Py — 31 (HYR}) W+ I* (Hy/hy) (3 4 mui) Dy

Ananuaupys dopmyast (498), MOXKHO clie1aTh CJeAYIONINe BEIBOLE!
O KOPPEKUHMOHHBIX BO3MOXKHOCTSIX TOHKOH ONTHYECKOH CHCTEMBI.

1. Chepuueckass aleppaunusi U XpUBH3HA mOJS H306paXKeHHR
He 3aBHCAT OT IIOJIOXKEHHS BXOLHOTO 3pauka, TakK KakK B BBIPAXKEHHS
cyMm Si; ¥ Siv; He BxonuT Benmunna H; = Pysp.

2. KpuBnaHa mnoBepxHOCTH H306pakeHHsi, ONpeLenseMas CyM-
mo#t Siv ¢, He 3aBHCHT OT (OPMBI JIKH3, TAK KaK LAHHYIO ONTHYECKYIO
cuay @©; Moxer HMerb JMH3a J060# GOPMBIL.

[lapamerp 7; I/ TOHKOTO KOMIIOHEHTa M3MeHsieTcsi B HeBOMbHIHX
npefieslax H HE MOXKET 0Kasarb CYUIECTBEHHOTO BJHAHMSA Ha 3HaYeHHe
yeTBepTOH CyMMmbl. B camom gpene

=2

n = g]l Qi/Nt = @i/ny + Qaly + -+ -+ /N,
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’ [Nokasarenu mnpesoMJenns HauGo-
8! Jee ynoTpeSuTeNbHbIX ONTHYECKUX CTe-
KOJl H3MeHfwoTCs B JHanasone 1,5 ...
1,7, cpensee 3HaueHue COCTaBJISIET
A oxodio 1,6. Ecan nokasarenu mnpesom-
JIEHHSA CTeKOJ MaJo OTJHYamTcad OT
n=16T0o 7 =(¢T P +...

Puc. 264, Heaabucumocts gderop- ...+ @,)/n=1/n, 1 MOXKHO CUUTATh, YTO
CUH OT TMOJIOXERHS BXORHOTO Stvi =®y/n, a TarR KaK fyep A
Spauka ~ 0,6...0,7, TO wuerBepras cyMmma

TOHKOTO KOMIOHEHTa OCTaercsi Mpak-
THYECKH NoCTOsIHHOM: Syvi &~ (0,6 ... 0,7) D;. Bce ocranbhble MOHO-
XpOMaTHuEeCKHe abeppPalyH, KpOME KDUBH3HBI, MOXHO KODPEKTHPO-
BaTh, H3MeHsIsE OpMY JIMHS,

3. lloneBble abeppanuu KoMa, acTHrMarH3M W AUCTOPCHS, KOTO-
pble COOTBETCTBEHHO onpefesasiorcs cymmamu  Siy,  Suw,  Svi
3aBHUCAT OT IIOJIOMKEHHSI BXOJHOrO 3pauyka, Tak KaK B HX BbIpayKeHH S
BXOAUT H; = B;Sp, rie P; — yroJ BTOPOro BCIIOMOTATENbHOTO Jyua,
a sp — y/JanenHe BXOJHOIo 3payka.

4. Mamenssi nonoxeHue BXOLHOIO 3pauka (Sp), HE/Ib3sl MOBJIHATH
Ha wucnpasienune (f + 1)-#i aGeppaunu, ecau nepsuie ! adeppauui
ucripapiensl. OCTaHOBMMCST Ha 3TOM BHIBOAE mnoipolHee.

Ecnn ucnpasieHa chepuueckas abeppauus (¢-s1), 1.e. Sy; =0,
YTO BO3MOXKHO siulb npy P; = 0, 1o (¢ + 1)-7 abeppauus, B AaHHOM
c/llyyae Koma, He MOxeT OblThb HCIpaBJeHa 3a CYeT M3MEHEeHHS II0JIO-

JKEHHS1 BXOJHOTO 3payka, Tak Kak Syy; = —IW;. Ecan W,; 5= 0,
TO OpH JM06oM 3HaueHud H; = sp cymma Syy; = — I W; = const 5%
= 0.

B annaHaruueckoil TOHKOH CHCTEME ACTHIMATH3M He YCTPAHHM.
[lpu ansnanaruueckoli cTeneH¥ KOPPEKHMH, KaK H3BecTHo, Sy; = 0
u Sy;; = 0, yro BoaMoxHO Juwb npu P; =0 u W,; =0, Toraa
Strr; = I*D; 5= 0, tag xak [ %= 0 u @; % 0.

Ecnu ucnpassensr nmepsoie ueThipe MOHOXpoMmarTHueckude abeppa-
uyH (chepuueckas, KOMa, aCTUrMaTH3M M KPUBH3HA), TO H3MEHEHUEeM
NOJIOXKEHH S BXOJHOTO 3pauka Hesib3sl BJIUATh HA IsTYI0 abeppaiuio —
aucropeuio. [losickuM 310. B paccmarpuBaeMoM cjydae BCe JIYUH
HaKJOHHOTO MyvYKa HMET OOGIYI0 TOUKY MepeceyeHHs B IJIOCKOCTH
napakcualjbHoro Hsobpaxkenus {(puc. 264), u ecjau IUCTOPCHS B CH-
creme Hmeercs (Br,Bg), TO Ge3pasnvuHo, KakoH M3 Jyuell 6yler
TIaBHBIM.

5. AnganaTtuueckas CHCTeMa C BXOLHBIM 3DPayKOM, COBIIAAAOLIUM
¢ nepBo#l nmoBepxHoctbio (H; = 0), cBoGoAHA OT KHCTOPCHH.

6. ACTHTMATH3M B TOHKOM CHCTEME MOKeT ObITh KCHpaBJeH JiHIIb
TOTZa, KOTAa BXONHOM 3pavoK CHCTEMBbI He COBMHajaeT C fepBoi no-
BEDXHOCTBIO U NPH 3TOM Jubo P;, nubo W;, aubo P; u W; He paBHH
HYJII0.

Hanpumep: 1) H;5=0, P;5=0, W,=0, rtorna Suu =
= (Hih;) Py + I*O; = 0, TaK KaK Bceria MOXHO BbiGparh MOJO-
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JeHHe BXOJHOTO 3pauKa, YHOBJETBOPSIOUIEE ITOMY yDPaBHEHHIO, T. €.
H} = (—I"®:h)/Py;

9) Hy 50, P, =0, W; 5£0,7. e. npuSyyy; =—21 (Hi/hy) W, +
+ PO, =0
Hy = (I10:h)/2W,);

3) Hi%0, Py5=0, W, 50

Ws ycaorusi, uto Sup = (Hi/h;) Py — 21 (Hilh) W, + IPO; =
= 0, moayuum ypaBHenuwe HiP; — 2IH,W; + I®:h; = 0, pemas
KOTODOE, MGXKHO ONpeleqHTs TpefyeMoe NoJioKeHHe BXOJHOr0o 3pavuka
yepes BbICOTY H;.

TaknuM ofpasoM, MoHoxpoMartHueckHe aGeppauun II1 nopszka
TOHKOT'O KOMIIOHEHTa 3aBHCAT OT TpexX mapamerpos P;, W;, m;, npH-
yeM NocJaeJHH# mapaMeTp NPaKTHYECKH IOCTOSIHEH, CJeloBaTesNbHO,
B TOHKOH cucTeMe GopMaibHO MOXKXHO HCIIPABUTD JIKLIb ABe abeppaluH.
[TpaBna, npu 61aronpHATHHIX YCJAOBHAX, KaK yXKe OBLIO TOKa3aHO,
abeppalvOHHBIM T1aPAMeTPOM MOXKET OKasaTbCsl IOJIOXKeHHe BXOX-
Horo spauka H; = B;sp.

CiefoBaTeIbHO, ONTHUECKAs CHCTEMA, B KOTOPO# TpeGyercs ucnpa-
BHTb BCE MOHOXpOMAaTHUeCKHe abeppaiiu, HOKHA COCTOSITh H3 He-
CKOJIbKHX KOMIOHEHTOB, pasfleleHHbX 3HAUHTENbHBIMH BO3AYIIHEIMH
npoMexyTkamy. [TpuueM, Kaxbi U3 KOMIOHEHTOB MOXKET OKa3aTbCs
H npocTeiM (ORHA JIMH3a, 3ePKajo), W CJOMHBIM, YTO 3aBHCHT OT
OCHOBHBIX ONTHYECKHX XapaKTepHCTUK H TpeGOBaHHH K KauecTBY
H300pazkenus.

116. OcHoBHble mapaMeTphl TOHKHX KOMIOHEHTOB

CyMMbl MOHOXpOMAaTHYeCKHX afeppauyii ONTHUECKHX CH-
CTEM, COCTOSIIHX H3 TOHKMX KOMIIOHEHTOB, 3aBHCAT OT TpeX Napame-
TpoB P;, W;, n;, KOTOpHIe, B CBOIO OYepelb, 3aBHCSIT OT KOHCTPYKT HB-
HBIX 5JIEMEHTOB KOMIOHEHTa H noJoxeHust npeamera. [lociennee
NPUBOJUT K TOMY, YTO OLHH H TOT XK€ TOHKHH KOMIIOHEHT B Pas/HUHBIX
BapHaHTaX PacueTa B 3aBHCHMOCTH OT PACCTOSHUS, ONPeNeNAIOmiere
HoJIOXKEHHe npelmera, OyHeT UMeTb pasJHuHble mapamerpot P;, Wi,
a 3TO Co3JaeT onpefieeHHnle HeyJ06CTBA IIPH CPAaBHEHUH KOPPEKIHOH-
HBIX BO3MOXHOCTEH Da3/HYHLIX KOMIIOHEHTOB NPH HX Bbl6ope AJd
TOH MM APYroft ontuyeckoH cxemnl. [Tapamerp s; mpH NOCTOSHHBIX
onTHYecKO# cusie kommnoHenta @D; W nokasarene NpeaOMJICHHA 1
He H3MeHsieTcs.

Ilns ympomeHus MeTOAHKH pacyera ONTHYECKHX CHCTeM Hese-
c000pa3HO YCTaHOBUThL CB#3b MEXAY 3HAUEHHUAMH napamerpos P;, W,
B 3aBHCHMOCTH OT TOJIOXKEHHS TIpeaMera, IPHIeM OJHO U3 MOJOXKeHUH
CYMTAIOT OCHOBHbIM. M3 MHOMKecTBa pa3JIMYHLIX BO3MOXKHBIX I0JIO-
eHu# TpeIMera BIIOJHE ONpeNesIEHHEIM MOXHO NPENCTABHTb pacro-
JIOXeHHUEe NpefiMeTa B GECKOHEUHOCTH HJIH Ha ABOHHOM (QOKYCHOM pac-
CTOSSHHH, INPH KOTOPOM JIMHEHHOe yBelHuUeHHe KOMIIOHEHTa BCErla
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O,

Puc. 265. CxemMa pas BHBOAR
saBucumoctel P 8 W or oc-

HOBHHX NapameTpos P B W
-7 - JIS ONTHYECKOH CHCTeMH
\ / ap’___al{ \ : ¢ Te!

pasHo —!. DOJBIIMECTBO ONTHYECKHX CcHCTeM (OOBEKTHBH acTPOHO-
MHUECKHX H Teole3HuYeCKHX NpUOOPOB, OGBEKTHBH KOJJIHMATODPOB,
GuHOKJIeH, HaTbHOMEPOB, NEPHCKONOB, (OTO- H KHHOOODBEKTHBHI,
JIHH3bL 000pauMBAIOIIHX CHCTEM H OKYJSIPH B OODaTHOM XOJe) pac-
CYUTHIBAIOT NPH MOJNOXKEHHH NpeiMeTa B OECKOHEYHOCTH, MO3TOMY
3TO MOJIOXKEeHHe NPHHATO 3a OCHOBHOE.

[Tapamerpel P;, W; TOHKOro KOMIOHEHTa INPH pPaclOJIOXEeHHH
npeaMera B 6eCKOHEWHOCTH HA3HBAIOT OCHOBHBHIMH [1apaMeTpaMH.
OGo3sHayHM OCHOBHEIE napamerphl P;, W;, 7, H ONpelennM Jepes HAX
napamerpel P;, W; Ana /moGoro Apyroro MNoJCKEHHs I[IpeaMera.

Ha puc. 265 noxkasaH TOHKHH i-H KOMIOHEHT, COCTOSIIUEA H3 g HO-
BepxHocTe#, 0OpasyIOmIMX 2z JHH3, pacloJOXeHHHX B BO3JyXe,

T. € My =Mfg =... =gy =... =Ngg =1; Ppy=pg=...=
= Pgpq =+ = g = 1. Jlyy, maymui u3 6ECKOHEYHOCTH, HMEeT
KOOpAHHATH &; = @1 = 0, A;, G; = 0@ (0GRIYHO NPHHHMAIOT Gy = 1)

U onpeneJsieT 3HaueHHs OCHOBHWX napamerpos P;, W,;. I[lapamerpu
P;, W; HaXoAT MO XOAY Jiyda C KOOPAMHATAMH &y = oy, hy, ai = ay,
KOTOpbie PACCUHTHIBAIOT HPH PACNOJNIOMEHHHM IpefMeTa Ha KOHEYHOM
PacCTOSIHHHU §;.

BripakeHus AJIsi OCHOBHBIX 1apaMETPOB TOHKOrO i-ro KOMIIOHEHTa
HMEIOT CJIEAYIOMHUH BHI (53 = —o0):

Py= }1'] = Zl (6“h/‘5l‘h)26(“hl‘h);
W= El] W= 3 (00x/Ops) 8 (2aisn); (499)

i
2z
ny = ; i/nt.

[Ipr pacnosoxeHHH npegMera Ha KOHEYHOM PACCTOSIHHH (§; 7= —oo)
BhIpaxeHHs AJs mapamerpoB P;, W;, n; HMeloT BUA:

q q
Py= }1} Py = 21:1 (8@,/Opn)? 8 (@ahn);

W= 3 Wy = 3 (Baubm) 6 (anm) (500)

g = Ry,
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Uto6H yCTaHOBHTb CBsI3b MeX1y napamerpamu P;, W, u P, W,,
HEoGXOAHMO CBs3aTh MeXAy COGOH BeqHYHHH Oay/du, n  0a,/8p,;
8 (axps) 1 8 (Gppr).

[Ipy pas/HYHRIX NOJOXKEHHSIX NMpeAMeTa OCTAIOTCS MOCTOS HHBIMH
panuychl KDUBH3HE! IIOBEPXHOCTEH JIMH3 TOHKONO KOMIIOHEHTa H HX
ONTHUECKHE CHJIBI, TOSTOMY JJIS MPOH3BOJBHOM {-# NOBEPXHOCTH
H3 dopmyasr (79) umeem:

_ Nhyr— Ny R, = g4y — g kR
Iy = — t = 3 —a i
Qg 417he1 — ARNE Opg1ftper — OpNp

Orciona ciieiyer, uTo
A g = M Gy = = = 501
Crstflrsr = F o Oraalhey = Gpflp — Fr Gplly = <00 = Oyfly = &y, (501)

TaK Kak @, = 0, n; = 1.
Obosnaunm otHowenue hi/h; = p = h,D;/(h; (D) HssectHo, uro
h(Dg—ocg——oc;——ocq-—ocl,aﬁ =0 — a4 = 8; — a1 = a; =1,
Ho3TOMY p = oy — o. lloncrasuB p B dopmyay (501), MOMTYUHM:

Crs1 = POay1 + Caingrs (502)
Qp == POy + Oylhp. (503)

Brluurag U3 nepBOro ypaBHeHHS BTOpOe, HaXOLUM:
S = pbay, + a0, ¥ Oap/Opy = pOGL/Opy + ;. (504)

¥YMHoxuM ypaBHeHHe (502) Ha pg,;, a ypaBHerue (503) Ha u, H,
NpHPAaBHAB PasHOCTH JIEBHIX H IPaBhIX YacTeH MOJYYEHHHIX YypaBHe-
Hu#, Haknem, 4TO

8 (axpn) = PO (Gppin) + ;8 (pa) (505)

[oncrapus B dopmyay (500) nosnyyennrie coorHomwenus (504) u (505)
H yuutbiBas QopMmyJanl (499), mocsie HeCJOXKHBIX Npeo6pa3oBaHHi
IOy HM:

Py = (i — o) Py + day (@i — ) Wi+
+ o (@ — o) [20 (2 + 7u0) — @il
W= (ai —a)® W; +ai(a; — o) (2 + m). (506)

TaxuM o6pasoM, 3Has SHaueHHS OCHOBHHX Hapamerpos P;, W,

H 7t;, MOXKHO onpelenuTtb napamerpsl P;, W; M1 /o60T0 MOJOKEHHA

npeIMera, T. €. NPH Jo6oM JHHEHHOM YBeJHYEHHH P, IpHUEM Q; =
= oy = aif = qp.

355



~
3
)

. o)
e " ; \ } o=l

a )
=
Puc. 266. Cxema gasi sbisofa GOpMYJ AJIR HAXOXKIEHHS OCHOBHbLIX napameTpos P

4 W B o6paTHOM XOfe Jyuell

[Tpu usBecTHHX napamerpax P;, W; m;, NoJyd4eHHHIX, HampH-
Mep, B XOJie pacyera, MOXHO, NoJab3ysick dopmynamu (506), Buruuc-
JINTb OCHOBHBIE MapaMeTpel KOMIIOHEHTA:

— W,—oa,; (a}—ai)(2+n[) .
Wi == 7 p) ’
(& =)

5 _ Py— 4o, W + o (0~ o) (20, (24 ) + ] l (507)
i— .

(0 — %)

®opmyast (507) B mMpakTHKY pacyera BBeJ H3BECTHHIH COBETCKHH
ontug npod. I'. I'. Carocapes.

[Tpu pacuerax ONTHYECKHX CHCTEM MOXKET BO3HUKHYTb Heo6Xo-
JMMOCTb B BHLIUMCJIEHMH OCHOBHEIX NapaMerpoB TOHKOI'O KOMIOHEHTA
151 ofpaTHoOro xoja Jyuefi. HroObl yCTaHOBHTb CBS3b MEX/LY OCHOB-

-~ «—
HEIMH LiapaMerpamy B npsimoM (P;, W;) u B ofpatnom (P;, W;) Xone
Jyyed, PEANOJIOKHM, UYTO JYY, BXOAAIIMH B i-H TOHKHH KOMIOHEHT,
npoXoAuT depes nepelHHi dokyc (pHc. 266, @) nmoa yraom o =1,
Torfia a; = 0 u B cooTBeTcTBHM ¢ Qopmyiamu (506) umeem:

Pi=——7"i+417i—4——2n,-; W{'—-:Wi—Q""ﬁi.
Ecau temepb yxasaHHeI KOMIOHEHT (pHc. 266, 6) nepeBepHyTb

TaK, uToObl yrus o; = 0, a; = 1, To 3Hak napamerpos P;, W, H3Mme-
HHUTCS Ha OGpaTHBI U OHM CTAHYT COOTBETCTBEHHO OCHOBHEIMH Napa-
— -

MeTpaMH ﬁ, = P, W, = —W, umn
ﬁi = 131——4V_Vt—}—4—}—2n¢,
=—W,;+2+mn. (508)

Hanpumep, npu GeckoHEYHO yAaNeHHOM NpeAMeTe IJIOCKOBHINMYKJAs
JIMH3a, H3TOTOBJIEHHAS M3 CTEKJa C MOoKasare/seM NPeJIOMJEeHH n =
= 1,5 umeer ocHoBHbIe napamerps Py =9, W, =3 (H, =0, T.e.
BXOJHOA 3pauoK coBmajiaer ¢ JHH30H), Takas Ke JHH3a, HO ofpa-
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IeHHass K TpeAMeTy BBbINYKJIOH CTOPOHOMN, COOTBETCTBEHHO HMeeT

P, = 2,33, W, = —0,33. Oy nocrelHHEe 3HAYEHHS MOLYT OBITb
nosnyueHsl no $opmysaam (508) s nnocxoxabrnymou JIHH3HL, oépa-

MIEHHOA K INpeAMeTy IJIOCKOH MOBEPXHOCTHIO, T. €. Pl =D, W, =
= W,.
CummeTquHaﬂ JHH32 (ry = —7,) LIS 3TOTO XKe cryuas umeer

= 3,33, W = 1,33, u Tak Kak OHa CHMMeTPHYHas, TO P =P

H W W, uto u nawot dpopmyasr (508).
U3 dopmyn (508) caepyer, 4ro TOHKHH KOMIIOHEHT He H3MeHser

CBOMX aleppauuii MpH nepeBopayrBaHuH (P; = Pl, W, = W) ecsiu
BEIIOJIHSETCH YCJOBHe W; = | + m,/2, npu sToM P; MoXeT GHITh
JIIOOBLIM.

CrezoBaTesibHO, B CHMMETPHUHBLIX TOHKHX KOMIOHEHTAX C BXOAHBIM
3pauKoM Ha nepBol noeepxHocTd (H; = 0) KoMa BCeria 3HauUUTeJbHA.

117. AGeppauuu ONTUYECKHX CHUCTEM
¢ Hec(hepHYECKHMH [1OBEPXHOCTAMH

Hecthepuueckye ontuueckre noBepXHOCTH HECPABHUMO pPa3-
HooOpa3Hee C(epHUYECKHX IO CBOUM BHAaM H CBOHCTBAM, I[03TOMY
np¥MeHeHHe HeC)epHUUeCKHX TNOBEPXHOCTEH B ONTHUECKHUX CHCTEMax
nossoaser adbeKTHBHee pemiaTh 3ajauy JAajdbHEHIIEro yJyulleHus
KauyecTBa H300paXKeHHs, MOBBILIIEHHS ONTHUECKHX XapaKTeDHCTHK M
COBEpIICHCTBOBAHUA KOHCTPYKIUH ONTHUECKHX NPUOOPOB, YMEHbIIe-
HHSI HX pasMepoOB M MacChl, JOCTHKEHHS KOMHNAKTHOCTH.

NssecTHOo, nHampumep, uto napabosnueckoe 3epkano obpasyer
6an3Koe K HJeaqbHOMY H3oOpa)keHHe GeCKOHEUHO VIaJeHHOH oceBoh
TOYKH; 3JIJHIICOK/IHOE 3epKaJjio H3o0paxkaer Oes omHOOK 0CeBYIO TOUKY,
pacmo/soXeHHYI0O Ha KOHEYHOM paccTosiHuH, H T. 0. C IOMOMbIO OfH-
HOYHOH JIMHSHI CO ChepHUYECKHMH HOBEPXHOCTSIMH He yAaercsd MNoJdy-
YHTb HJeaJbHOe JeHCTBUTENbHOe H300paxkeHHe OCEeBOH TOYKH, HO
€CJIH JIMIIb OAHY W3 MOBEPXHOCTEH 3TOH JIMHSH clenaTh HecdepHue-
CKOHi, TO H306paxeHHe OCeBOH TOYKH OyJIeT HUAeaJbHBIM.

B m. 11 u 12 npuBegensl (opmyJsbl pacuera Xoia JydyeH uepes
HechepuyecKHe NOBEPXHOCTH, 3ajaHHBIE DA3JIMYHBIMH BHAAaMH ypaB-
HEeHHH, Hanpumep:

by +cx*+ az + a2 + a2 +... =0;
= B; (y* + %% + B, (y* + x3)® + B3(y e L
rie a; = —2ry; ry — palWyCc KPUBH3HBI NIOBEPXHOCTH Y BEDLIMHBI,
By = 1/(2r,).

C IHMPOKHM BHeJpEHHEM B NPAKTHKY ONTHYECKHX HCCAENOBAHHH
6eicTposeficTBylomux DBM pacuer xopa nyyek mpakTHueck® uepes
Jio6ple  HecpepHYECKHE MOBEPXHOCTH Iepectas ObiThb [poOGJemoi.
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Haubonbmee pacnpocTpareHHe MOMYIHIH HechepHYeCKHe NoBepX-
HocTH Broporo mnopsaka. ®opmyusel abeppauuii 11l nopsamka mas
ONTHYECKHX CHCTeM C Hec()epHIECKHMH IOBEPXHOCTSIMH BTOPOLO IO-
psAiiKa HMEIOT TakKOoH Xe BHUXA, Kak H dopMy.anl (250), npusejpeHupe
B 1. 48, HO BHIpaXeHHd IS CYMM MDEACTaBJAAIOTCS B CAEAYIOLIEM

BHJE:
Sta = Si+ ASy;
Ste=Su+A8Sua
Site = Stz + AStr s
S1ve = Stv;
Sva = Sy + ASv,,

rie S; — Sv — cymmsl abeppanuii 111 nopsinka ontHyecko# cHCTEME
€o cepHYECKHMH NMOBEPXHOCTAMHU; AS;, — NONPaBKH K COOTBETCTBY-
IOUIMM CyMMaM, BhI3BaHHBIE BBEieHHEM HechepUUeCKHX NMOBEPXHOCTEH:

q
ASy, = 51.‘1 hrby [8 (ann)/(Ony )%

¢
ASi1.= ‘? by [8 (ons)1? 6 (Bana)/(Sny)?; (509)

q
ASii1e = ? hibrd (arny) [0 (Brrs)?/(8my)?;
ASv, = 0;

TaK KakK KpHBH3HA aC(pepH‘!ECKHMH [OBEPXHOCTSAIMH HE HUCNIpaBAAETCH,

q
ASye = @ Py by 18 (Bann)*/(8ns), (510)
rae b, — xosbduuHenT AedopMalunM, PaBHEIE KBAjApaTy SKCLEHTPHU-
cUTeTa HecdepHueckoil NOBEPXHOCTH BTOPOTO MHOPsAKAa € OOPAaTHBIM
3HAKOM: by = —é}.

ITpumenenne HechepuueCKHX HoBepXHoCTeH B 06sacTH abeppauuit
I1l mopsizka maer Ha KaXkIbii KOMIOHEHT OLHY CTelleHb CBOGOIRMI,
HOSTOMY TIIPH HCHPaBJEHHH |
abeppauunii B obuieM ciyuae cie-
LyeT BBOJAMTb [ HechepUYECKHX
NOBEPXHOCTeH.

HanpumMep, K2k yKasplBajocCh
BhIIIE, JJIS HCIIpaBieHHs chepH-
yeckoii afeppanuu B OAMHOYHOH
JIHH3e JOCTAaTOYHO BBECTH OJHY
HechepHUueCcKylo MOBEPXHOCTD,
npuyem, ecau n < n', 312 NOBEPX-

Puc. 267. AunaGeppanuionnas JHH33a ¢
nepBoOf 3JIKNCOHJaJBbHOR NOBEPXHOCTHIO
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Nzyy,

Prxc. 268. IlByx3epKaJjibHHeE CHCTEMH:
a — ¥ BhIBOLY ¢opuy.'x 3KCUEHTDHCHTETOB,; 6 — K pemesHio B NapaMeTPHYECKOM BHAE

JOuAHOH. [1ycTh Tpebyercs onpefesnTb SKCUEHTPHCHTET 3TOH NoBepX-
HOCTH ($; =—o0, n;=1; ny=n"=1,5, ng=1). Kax uspectHo, Bropas
NOBEPXHOCTb B 3TOM CJydae JOJXHa ObITh cepHyecKofl ¢ HEHTPOM
KPHBH3HHI B 3afiHeM ¢oxyce JuH3H (pHc. 267). B nepom npubiuxe-
HHMH MOXHO CYHTaTh JHH3Y TOHKOH. Jl1isi OOBIMHBIX YC/JOBHH HODMH-
poBKH HMeeM h; = 1, a; = 0, o, = a3 = 1. M3 Teopun abeppamnuit
H3BECTHO, Y4TO AJIsi TOHKOH JIMH3E M3 CTeKJa C NOKA3aTesieM NpeJsioM-
JNeHHss n, = n’ = 1,5 nepBasg cymma Moxker ObITb BBIYHC/IEHA MO
tdopmyae Sy = 2la — 24a, + 9, 1. e. Sy = 6. Chepuyecxkasn abep-
pauys HcnpasieHa, ecid Sy, = 0, Tora B COOTBETCTBHH C (HOPMY-
aoft (509) ASis = —Si, waH

AS[a = hlbl ((12712 e alfll)s/(nz - n])z,

oTKyna b, = —0,444, T. e. ¢, = 1/ 0,444.

PaccMOTpHM NIOPSIOK ONpeJiesieHHs SKCUeHTPHCUTETOB 0O0HX 3ep-
KaJ B JBYX3epPKaJbHOH cHcreMe, Koraa B objacti abeppanu# 111 mo-
psiika Tpe6yercs, HanpHMep, HCIPaBUThb JBe abeppauuu — cdepuye-
CKyI0 H KoMmy. Takas creneHb HCIDaBJeHHs, KaK HM3BECTHO, Ha3bl-
Baerc amyaHatayecko#t (Si, = 0, S11o = 0). Bribepem B KauecTBe
OCHOBHBIX mapamerpoB (pHc. 268, a) yros a, nepBoro BCIoMoOraresb-
HOTO Jyda MexAy sepkadamu (a; =0, oz =1, A; =1, ' =1)
H BRICOTY A, 9TOro Jiyua Ha BTOPOM 3epKaJe.

BripaxeHusi cymm aGeppauuit Tperbero nopsika B ABYX3epKaJb-
HOH cHcTeMe C HechepHUECKHMHM MOBEPXHOCTAMH BTOPOro MNOPsiiKa
MOTYT GBITb NPEACTABJEHH B CAENYIOIIEM BHIE:

Sxa = S[ + 0,25 [ a%e?— ﬁg (1 —}—OLz)3 e%];

Stia = Su— (0,25/az) [(1 — Az) (I + as)’e3); (611)
Stie = Sin— [0,25/(05352)] [a- ﬁz)2 (1 +a)’6l;
Swvae=S1v;

Sva = Sy — [0,25/ (a3h2)] [(1 — A2)* (1 ++ an)’ €3],
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rne Sy — Sy — cymmel abeppanuii 111 mopsiaka pByx3epkasbHO#H
cucTemMbl H3 cepHuecKHX 3epKal.

Gopmyael (511) HanmHcaHBl AJas ciayvasi, KOT[Ja BXOLHOH 3padok
CoBmajaer ¢ nepBoff moBepxHocTbIO (Hy; = (), mpH 3TOM, Kak u3-
BECTHO, YKa3aHHAs MOBEPXHOCTh MOXeT MOBJHATH JHIIb Ha chepH-
YECKYIO afeppanuio, OITOMY SKCUEHTPHCHTET ef BXOJAHT JHIUb B BHI-
paxKeHue mepBoH CyMMHBI Sig.

Hcxonst u3 ycIoBHst JOCTHIKEHHST alJaHATHYECKOH CTENeHH KOop-
pekuun (S, =0 u Sy, = 0) u pemas nepBble NBa YpaBHEHHS,
u3 dopmya (511) maigem:

e = [20a + (1 — ha) (1 + o) (1 — )’ V(1 — ho) (1 + @)’];
& = 1 42k, [(1 — hy) &3] (512)

B ofmeM cayyae mMoryTt GuITh HCHpaBJeHH Apyrde ABe abeppalMy.

Ilo nonyueHHBIM 3HAYEHHAM SKCIEHTPHCHTETOB MOXHO Ompeje-
JHUTb MaKCHMa/lbHOE OTCTYHJeHHe f, HechepHUECKOH MOBEPXHOCTH
OT cepsl: fn; = hie}/(32r}) — u BrIGpaTh cHOCOG ee M3TOTOBJIEHHS.

ITo dpopmysam (512) mMoKHO paccudTaTh ABYX3epKaJbHYIO amia-
HATHYECKYIO CHCTEMY JIMIIb B obsactu abeppauuit 111 nopsnxa c or-
HOCHTeJ/IbHBIM OTBepcTHEM MeHee 1 : 2. B cBeTOCH/AbHBIX AByX3epKalb-
HBIX CHCTEMAaX C OTHOCHTEJIbHBLIMHM OTBEDCTHAMH nopsika ! : 1 amia-
HaTHYecKasl CTeleHb KODPEKLIHH NOCTUIaeTcs IIPH HCIOJb30BaHUH
HecepHUECKHX MOBEPXHOCTEH BBICIIHX NOPSIAKOB.

3ajaua no pacuery HBYX3epKaJbHOH amaHATHUECKOH CHCTEMBI
6oina Brepeuie pemeHa K. IlIBapummabiom, a 3aTeM HE3aBHCHMO
npyr ot apyra . JI. MakcyroBuim ¥ T'. Kperverom. o Hactosaumero
BpeMeHH 3Ta 3ajaya COXpaHseT CBOIO aKTyaibHocTb. Huxe npen-
CTaBJIEHO OJJHO K3 pellleHHi B napaMeTpHueckoM Buze (cM. puc. 268, 6).
Has nyua, mpoxoxsiuero uepes Toukd M (2;, 1) U N (2,, Y,) coot-
BETCTBEHHO GOJIbIIOrO M MaJIOre 3epkKaj, ycjIoBhe Gesabeppaunyod-
HOro u306paxeHHs NPeJCTaBIsSETCH B BUIE:

Via—a—d’ +@—wf + 1 G —a)f +d—si+a+d=0.

(513)
Beeass napamerp ¢ = tg (0’/2), noayuum:
Yol(Skr — 2) = tg 0" = 2t)(1 — ). (514)
Ilpu doxycHoM paccrosiHuu f' = | yc/aoBHE CHHYCOB 3amMLIEM
Yy, = sin o’ = 2¢/(1 + ). (515)

M3 coBmectHOTO pemenusi ypasHenu#t (513)—(515) rosyanm Koop-
OVHATHl NOBEPXHOCTEH JABYX3epKaJbHOH AamnjaHaTHYECKOH CHCTEMBI
B 3aBHCHMOCTH OT napamerpa { H IBYX NOCTOSIHHBIX BEJHYHH d H $p:

21 =38 — C;
y, = 12t/(1 + 1%); (516)
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2= spr +d (1 — 2)/B;
Yy = —2dt/B,

rie t=1"—1 1" — 4 C=(sp A —£1d)/ (1 4+£)5 A=11 +
4+ (d+ D jdyiii+dy, B =2 — dA/sg-.

Peruenue no dopmyaam (516) peannsoBaHo Ha NPOrpaMMHpyeMoM
MUKDOKaJbKyJsiTope (CM. mpHJa. 2). B pesysabrare pacyera HecKoJb-
KUX JiyyeHl [OJIyYaloT KOOPAMHATHl TOYEK MOBEpXHOCTEH 3epKadl.

AnnpokcuMmanus ToYex noBepxHocTel 3epKaJ BBHINOJHAETCA OLHUM
U3 H3BeCTHBHIX METOJOB.

Hpumep. Oust csetocuassoft (1 : 1) AByX3epkanbHOR cHCTeMH ¢ (OKYCHEIM pac-
crosinuem |’ = 100,04 MM, d = —40 MM, sp, = 30,022 MM noayueHH CieRyiouue
ypaBHEHHs NOBEPXHOCTEA 3epKal:

y2 + x3 + 298,62, — 0,27952% + 0,0040482% — 0,0001112¢ = 0;
93 + %3 + 160z, — 24,267623 + 2,28301723 — 0,36931328 = 0.
PesyssTaThl pacieTa aGeppauufi cBefleHn! B Taba. 16.

TakuM 00pa3oM, TOUKa H306paxaercss Ha LU(PAKIHOHHOM yPOBHE NPH XOpOLIeM
BBHINTOJIHCHHH YCJOBHS CHHYCOB.

Ha npakTrKe MHOTAA NDHXOJUTCA MEPECYUTHIBATL ONTHYECKHE CH-
CTEMBI N0 MOJOOMI0 ¢ yueToM KoapduumHeHta nojobus K, paBHOro
OTHOLIEHHIO TpeGyemMoro (QoKycHoro paccrosiHus f° K (QOKyCcHOMY
PACCTOSIHHIO frcx HCXOLHOHM ONTHYECKOH CHCTEMBI ¢ HecdepHIecKH MM
noBepxHOCTIMH (K = ['/facx). C yuetoM Kos(duuMeHTa MORXOGHS
YPaBHEHHSI KDHUBBIX MEPHAHOHAJLHOIC cedeHHs Hec@epHYeCKHX Io-
BepXHOCTe# NPHUHUMAKIOT BHI:

¥+ Kaizy + a2l + (as/K) 23 + (e KD 24+ - -+ = 0;

22 = (Bu/K) 45 + (Ba/K") y2 + (BJK®) g3 + (ByK') g2 + . ..
Tipumep, 3epkauao ¢ f
ChIBaeMYIO YDaBHEHHEM
y? + x? -+ 4002 4 0,222 — 0,0352% + 0,0072z* <= 0.
TpeGyetcst NOTYuuTh Hecdepuyeckoe 3epkato ¢ (OKYCHBIM paccTosiHHeM [’ =

= 150 mm. Kosdpduuuenr nogobus K = 1,5, u ypaBHeHHe HOBOrO HeC(epHUECKOTO
3epkana OyneT WMeTb BHI:

Y2+ X%+ 600Z + 0,22% — 0,0233Z% + 0,0032Z¢ = 0.
Ta6auwa 16

nex = 100 MM uMeeT HeceDHUECKYIO NOBEPXHOCTh, OIH-

Ta6auna aGeppauuil AByX3epkaJbHON CHCTeMBI

m 102 tg o’ s As’ Ay’ AF n %

25 | 25,81 30,0216 —0,0003 —0,0001 0,0007 0,0013
38 41,06 30,0216 —0,0003 —0,0001 —0,0034 0,0028
50 57,69 30,0258 0,0039 0,0022 0,0211 0,0133

* Tlpu pacuete ¢ f' 55 | BMecTo I MOACTaBAATL peanbHOe (OKYCHOE PacCTOSHHE
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118. Pacuetr onTHYeckolt CHCTeMH
Ha MHHHMYM cdeprueckoil aGeppaunuu

Ecau onTHueckas CHCTEMa MMeeT Majioe IoJje B NPOCTpaH-
CTBE NPEIMETOB, TO B TAKOH CHCTEMe KayecTBO H300paxkeHHs onpeje-
JAfeTcs B MEPBYIO ouepelb COCTOSHHEM KOPDeKIHH cdepHYecKod
abeppanuu. K ulcay TaKHX CHCTeM cJIeflyeT OTHeCTH OOBLEeKTHB C He-
GOAbLIMM YTJIOBEIM IIOJIEM, KOHIEHCOP OCBETHTEJNbHOH CHCTEMHl H DSij
Ipyrux. Ilpn abeppaunuoHHOM pacueTe HCXOJHOFO BADHAHTAa yKasaH-
HBIX CHCTEM, COCTOAIHX K3 IMOJIOXKHTEIbHBIX JHH3, B IEPBOHAYAIbHOH
CTaIUH Dacyera jesaercs JONYUIEHUE O TOM, YTO BCE JIHH3H CHCTEMH
GeckoHeuHO ToHKHE. Kak B 06beKTHBe, TaK H B KOHJ@HCOpe BO3MOXKHH!
CJIeAyIONIe BapHaHThl PelIeHHH: CHCTeMa COCTOHT H3 JHH3 OJHHAKO-
BOH ONTHYECKOH CHJIBI M KaxjJas M3 HUX pacCYHTaHa Ha MHHHMYM
chepuyeckoll aGeppaniy; B CHCTEMe HCIIOJb3YIOTCSl allJlaHaTHUYeCKHe
MEHHCKH H OJHa JHH34, pacCYHTaHHad Ha MHHHMYM cdepHuecKoH
abeppanmu.
PaccmoTpiM aGeppalHOHHBIH pacyeT KaXAOro BapHaHTa OOBEK-
THB2 H KOHJEHCOpa, HCNoJb3ysl reopHio abeppauuii III nopsaxa.
OGBHeKTHE M3 NOJOXKHUTENLHBIX JHH3 OJMHAKOBOH ONTHYECKOH CHJIBI.
[puHuunuanbHas cxema Takoro oObeKTHBA NOKasaHa Ha pHc. 269,
[Tyctb yncao nHH3 B 06beKTHBe 2. TOMIIHHY BCeX JIMH3 H PacCTOSIHUSA
MEXAY HHMH MpPHHHMaeM paBHBIMH HYJIO, T.e. dy =dy =...=
=d,; = 0. Ilokasarenn npeJoMJIeHHsI AJs BCeX JHH3 OyleM CUH-
TaThb ONHHAKOBBIMH, T. €. My == Ny ==...= Hgy = N, HCUETHHIE NOKa-
3aTEJIH NPEJNOMJIEHHS PaBHLl €AMHHMIE, T. €. 3 = fg =...== flgpp| =

Pacuer ofpekTHBa GyfeM IIDOBOAUTb NPH €IAHHHYHOM (GOKYCHOM
PacCTOAHHHA, MOSTOMY /s GECKOHEUHO YJAaJeHHOro IpeaMera 6YIyT
CIpaBej/IHBE YCJIOBPIH HOpMHPOBKH (258): oy = 0; gy = 1
hy = hy =...= hy, = 1. TlocneiHee paBeHCTBO OTHOCHTCS K 0ecko-
HEYHO TOHKOH CHCTEMe.

Ecav onTHyeckHe CHJIbI OTIENbHBIX JHH3 OOMHAKOBBHIE B HX ofllee
YHCJIO 2, TO AJISl NPHBELEHHOH CHCTEMBl HMEEM:

zp; = 1, (517)

rfle @; — NpHBeJeHHAas ONTHYecKas CH/Aa JIMH3B C MPOH3BOJIbHAEIM
HomepoM f. [ 9TOH JTMH3B! NPHHATA caedylollass HyMepalus yrjios
NepBOr0 BCIOMOraTeJbHOTO

=1 ; JAyua:  Ggp_y — ANA  JYYa,
=0 z ,,ZZ:’J on}mmerzo B JIMH3Y; a:: —
_’7 V\ / N AN Jy4a BHYTPH JIHH3HI
£ Oyt o1 — LA JyHa, BHILIEN-

\ A/ \ ) HEro0 M3 JIHH3HI.
Zd=0 W3 dopmyasl yrios (52)
HMEEM gty = Oyi_q + Ay

Puc. 269. Beckoneuno Tonkast cuctema ua nono- H € yueroM (517) mpu
KHTENbHBIX JHH3 Ay =1 DONYyYHM  Qlpg,q —
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—y4y = 1/z. Tak kak npH £ = 1 @y = o, = 0, To ¥3 mocJes-
He#l GOPMYJBI CAENyerT:

®gta = (£ — 1)/ gty = /2. (518)

Taxum obpasom, GopMyssl (518) onpeaensioT HeueTHble 3HAYEHHS
yrioB o GECKOHEYHO TOHKOTO OGBeKTHBA, COCTOSIETO M3 JHH3 OIHU-
HaKOBOH ONTHYECKOH CHJIBI.

Ins onpejenenysi yeTHHX 3HAYeHHH YIJIOB & PAaCCMOTPHM BhIpa-
XeHHe nepBol cymmel 3efifiens A8 JUHH3H ¢ HOMepoM . Jlasa Gecko-
HEYHO TOHKOro O0BbEeKTHBA HMeeM:

Beawunra P; npH NpHHATOH HyMEpalHH YIJoB o corjacHo (251)
6yner paBHa:

Py=[1/(1 — poe)’] [(Qpar + 1) (Gargr — qost) By —
~ (2 + par) (¢§f+1 — agt—-l) dos + (063:4-1 - aﬁ;_,)] ’ (519)

TIE Mgt = 1/ng = 1l/n.

OGBeKTUB M3 NOMOXKHTEJIbHHIX JHH3 OyJeT HMeTh MUHHMAJ/bHYIO
cepuyeckyo abeppalHio, eclId Kaxkias JHH3a paccyUTaHa HAa MH-
HUMYM cthepuueckofi aGeppaunu. udpdeperunpys Beipaxenue (519)
[0 Gy ¥ NIPUPABHHBAS IPOH3BOAHYIO HYJO, ¢ yueToM (518) Haxoaum
BhIDaXeHHe s afy, COOTBETCTBYIOIIEe MHHHMAa/bHOH chepHuecKoH
abeppanHH KaxKIOH JIMH3H:

ag = (2n -+ 1) (2 — 1)/[2(n 4-2) 2]. (520)

o popmysnam (518) u (520) onpenensiioT yriisl IEPBOro BCIIOMOTATENb-
HOTO Jy4Ya 6eCKOHEUHO TOHKOT0 OObEeKTHBA, PACCYHTAHHOTO Ha MHHH-
MyM chepuyeckolt abeppauuu. [locne ompefeneHust yrjios M ycra-
HOBJIEHHSA TOJMIIMH JHH3 1o dopmynam (249) HaxomAT pajiuyCsl KPH-
BH3HBI OOBEKTHBA KOHEYHOH TOJILHLHHEI.

Koma o6wexkTHBa 3aBHCHT OT mapamerpa W. Hiuxe npusejleHnl
3Hauenuss P u W, pafijeHHble N8 6eCKOHEYHO TOHKOrO OOBEKTHBRA,
pPacCUHTAHHOIO HAa MHHHMYM chepHuecko#l abeppaluu, NMPH passHy-
HOM 4HcJe uH3 2 [37]. Bee nHH3B 06BEKTHBA BHINOJIHEHBI H3 CTEKJIA
C nokKasartejneM npejoMieHHst n = 1,5,

IMapamempsi
O6vexmus P w
OMHOMHHZ0BBIE . . . . v v v v v v e e v e e e e 2,14 0,14
OBYXAMHB0BHIE . . . . . . & o v v vt e e . . 0.44 0,15
TpexauusoBRE . . . . . . . . e e e e e e . 0,12 0,15
UeTBIPEXJHH3OBHA . « v+ v v v v o o o o e e . 0,014 0,16

TaxuM o6pasoM, Mpu yBeJHUYEHHH 9HCJAA JHH3 3HaueHue P yMeHb-
IIaeTC M NPAKTHYECKH paBHO HyJIO npH 2z = 4. Bennunna W npak-
THYECKH TNOCTOSIHHA W NpHOJH3HTeJ bHO pasHa 0,15.
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ik

La=0  z-!

T [
VAL M \) VAR

Ld=0

Puc. 270. Beckoneyno TonKas cHcTeMa Puc. 271. KoHAeHCOP € an/iaHaTH 9 eCKAMH
€ anViaHaTHYECKUMH MEHHCKaMH MEHHCKaMH

O6beKTHE C anJaHATHYeCKMMHM MEHMcKamH. [IpaHNMIHaJIbHAS
cxema GeCKOHEYHO TOHKOTC OOBEKTHBZ C alJIaHATHYECKHMH MEHH-
cKaMmH npuBejera Ha puc. 270. Bce nuH3b 00bEKTHBa, KPOME NEPBOH,
ABJASAIOTCA AaNaHATHYECKUMHM MEHHCKaMH. OTH JHH3B HE BHOCAT
cepuueckod abeppanyd, U B HHX BHINONHSAETCS YCJIOBHE CHHYCOB.
JluHeiiHOe yBeJMUeHHEe MEHHCKA C TEKYIMM HomepoM t f; = 1/ny =
= 1/n. Ec/H 4HCJIO MEHHUCKOB B 00beKTHBE z — | M BCe OHHM H3ro-
TOBJIEHBl M3 CTEKJa OJHOH MapKH, To ofliee yBeJHUEHHE MEHHCKOB
Bz-y = 1/n#—', Torga mpy yCJOBHH, YTC O,y = 1, HMeeM:

ag = 1/n1, (521)

O6bexTHB GyHET HMETb MUHHMAaILHYIO chepruueckylo abeppauuio, eciu
€ro nepBas JIHH3a PACCYHTAHA HAa MHHHMYM chepHuecKol abeppauui.
Juddpepennupysa (519) nmo o, M npupaBHHBasi IIPOM3BOJAHYIO HYJIO,
c yuerom (521) U YCIOBUR «,,; = | onpenenseM 3sHaueHHe o, COOT-
BETCTBYIOllee MHHMMaJbHOH chepuueckoli aGeppauun Bcero oODbeK-
THBA:

ad = (©@n -+ D/[2 @ +n) n*7']. (522)

OcrtanbHple 3HAYEHHS o BBHYMCAAIOT MO JUHEHAHOMY YBEJHUEHHIO
KaXJOoTo MEHHCKA.

Huxe npusenenn suadeHdss P 1 W GeCKOHEYHO TOHKOTO 06beK-
THBa C alVIaHATHYECKMMH MEHHCKaM# TPH pasjiMuHOM YHCJEe JIHH3 2
[37]. Bce nuH3b 0O0BLEKTHBA BLINOJHEHB H3 CTEKJa C [oKasaTeleMm
npesnomieHus a = 1,5.

O6vexmua. Napamnempot
P w
ORHOAUHZOBEIH  « « « « v v o v v v v e e e e e 2,14 0,14
JBYXAHHSOBHIH . . . « v« v v v o v e e e 0,64 0,06
TPeXMHH3OBBIH . « « + v v o v v e e e e e e e s 0,19 0,03
URTBIPEXJAMHZOBEIA . « v v+« v v v e e e e . 0,06 0,01

CpaBHuBas sHavelust P u W ¢ aHAJOrHYHBIMU @HHBIMH JJ15 OOBEK-
THBA U3 JHH3 OLHHAKOBOH OIITHYECKOH CHJBI, MOXHO 3aKJIOYHTH,
4YT0 B OOBEKTHBE C anjiaHaTHUCCKHMH MEHHCKAMH HEeCKOJbKO OoJblIe
chepuyeckass abeppanus, HO CTPOXKE BHINOJHAETCH YCJIOBHE CHHYCOB
(W =~ 0).

Konjencop H3 JMH3 OJMHAKOBOM oONTHuecKo# cuabl. IlycTs Jn-
HeliHoe yBeJuueH e KOHAeHCopa H3 GECKOHeYHO TOHKHX JIHH3 (pHc. 271)
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Gyzer f, Toria c yyerom ycJaoBHH HODMHPOBKH AJI NIEPBOTO BCIIOMO-
rarejbHOro Jyda uMeeM o; = B; Qgpy = 1; Ay = 5;f. Ecan onru-
yeckast cusa Bcero xkoHaeHcopa @, to corsacHo dopmylie yriaos (52)

gz = 0y + 1@ = B + hD = 1. (523)
[Tonaras KOHISHCOPD 6eCKOHEYHO TOHKHM H COCTOSAIOMM H3 2 JIHH3
OllHHaKOBOX:I ONTHYECKOHR CHJbI, NOJIy4yaem:

® =20, (524)

rie @; — ontHyeckas cHia JHH3B ¢ TEKYIHM HoMepoM f. CornacHo
(523) u (524) omruueckas cuia. t-# auuzsl O; = (1 — B)/(2h;), Tax

Kak JJIsi TOHKOH cHCTeMBl Ay = Ry =...= hy.
Hcnonbays dopmyny yraos (52) past Kaxkuo¥ JHH3BI, HAXOLUM
Qgiyy = Ogty +hiOp = agsy (1 — B)/z. (525)

TMocnenoBarensuo npumensis ¢opmyay (525), onpepensiem Bce
HeyeTHble 3HAUeHHs «, NpH4YeM oy = P

Jas nonyuyesuss MEHUMaJbHOHR cheprueckoit aGeppalnd KOHLEH-
copa HeoGXONUMO, 4TOOBl KaXKJasi JIHH33a KOHJEHCOPa HMeNa MUHH-
majbHoe 3Hauenue Py, Judoepenuupys (519) no o, ¥ npupaBHuBas
NPOU3BOAHYIO HYJIIO, HAXOAUM BHIDAMKeHUe JUIs a3z, COOTBETCTBYIOMIEE
MHHUMaJbHOH chepHdecKol abeppaniu KaxJAo# JHH3BL

agy = (21 -+ 1) (@er1 + @ar1)/[2 (2 + 1) (526)

KoHaeHcop ¢ anJaHaTHYeCKUMM MeHMcKamu. Ecnu Bce JIMH3BI KOH-
JeHcopa, KpoMe noc/efHel, ABAATCS anNaHaTHIeCKHMU MeHHCKaMH,
BLITIOIHEHHBIMH M3 CTeKJ/a OAHOH MapKH C HOKasareseM INpeJoMJe-
HHS 11, TO IPH oOlleM HHC/Ie JIHH3 KOHJEHCOPa 2 JHHEHHOe YBeJHYeHHe
MEHHCKOB 4YHCJOM 2 — | OyZer paBHO:

Bog = 7. (527)

Ecau B = a, — suHeliHoe yBesnueHue KOHIEHCOPA, TO C YYETOM
(527) napamerp o, ; NEPBOrO BCNOMOTATENLHOTO Jyda MEpel mo-
caeflHell JHH30#

Ogz-1 = Qy/Py = P/n?1 (528)

Tak kaK anjiaHatHyecKHe MEHHCKH He BHOCST cepHUecKoi abep-
pauuH, TO AJA TOJAY4YeHHS MHHUMa/nbHOK cdepuueckod abeppauuu
BCEro KOHAEHCODA HeOoOXCAMMO NOCJAEAHIO JHH3Y paccyXTath Ha
MHHHMYM chepuueckoft abeppauuy. D10 COOTBETCTBYET BHINOJIHEHHIO
ycaoBHa (526) aust mocsienHe# JMH3B ¢ HOMEPOM 2. YUHTHIBasi, 4TO
Ogz,1 = |, ¥ NpUHHMasi Bo BHUMauue paBeHCTBO (528), mosyuaem:

@l = 2t ) @y +apy) @4 1) (L4 B/ntT)
2 3@+ n) = 22 +n) .
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119. PacueT ABYXJMH30BOTO CKJEEHHOI0 O0bEKTHBA

JIBYXJIMH30BHH CKJICEHHBIH OOBEKTHB — OJHa H3 HauGoJjee
pacrnpocTpaHeHHBIX KOHCTPYKuu#. Ero npumeHsIOT KakK caMocCTOsi-
TeJbHBIH ONTHYECKHH y3es MM KaK 3JieMeHT 6oJjiee CJHOXKHBIX ONTHYe-
CKMX CHCTeM. PaccMOTpPHM METOAMKY pacyeTa OGBEKTHBA IIPH YCJO-
BHH, €CJIH MapKH CTEKOJ 3aJaHEl.

Ilonaras o6beKTHB 0CKOHEYHO TOHKHM, IIOJyuaeM BO3MOXHOCTh
BbIGOpa Tpex pajguycoB KpHBH3HEI. OIHH H3 HHX NOJIKEH obecieyH-
BaTbh Tpefyemoe (QOKYyCHOe pacCTosiHHe, ABa APYTHX ABJAITCA napa-
MeTpaMu [IJIst HcIpasjeHust abeppanuii. Takum oGpasoMm, B JBYX-
JIMH30BOM CKJIEEHHOM OOBLEKTHBE NDH 3apaHee BBIODAaHHBIX Mapkax
ONTHYECKOTO CTeKJIa MOXKHO UCIIPABHTbL TOJNbLKO Be aGeppauuu. C me-
TOOMYECKOH TOYKM 3DEeHHS B KayecTBe abeppaiHOHHBIX I1apaMerpoB
ylno6Hee HCTIONB30BATh HE PafHYChl KDUBH3HBI, @ MapaMerprl lepBOro
BCIIOMOTATeJBHOTO JIyua.

[lpurnunuanbHas cxeMa ABYXJHMH30BOIO CKJEEHHOI'O OOBEKTHBA
nokasaHa Ha puc. 272. [lns BcroMoraTe/bHBIX Jy4eH NpUMeM ycJo-
BHSI HOpMHPOBKH (258): @y = 0, @y = 1; Ay = Ay, = A3 = |; B, = |;
H]_ s Sp/f,; [ =—1.

[To TexHHYECKUM YCJOBHSIM Ha pacuer obpekTHBA GyIeM CUHUTATh
3aJJaHHBIMH €r0 OCHOBHbIE XapPaKTEPHCTHKH (QoKycHoe paccrosinue f',
OTHOCcHTesIbHOe orBeperHe D/f’, yrioBoe nose 2w) ¥ 3HaueHUs ocTa-
TOYHBLIX abeppauuii: HPOJOILHYIO CPEpPHUECKYIo abeppaluio Ajas Kpas
3pauyka As’ M XpOMaTH3M NOJOXKeHHS AS; ,a,. DTy abeppauusd MOTYT
ObITb PABHBIMH HYJIO MJAH ObIThb OT/JAMYHBIMHM OT HYJSH, ¢ TeM 4TOOBI
KOMIIEHCHPOBATh COOTBETCTBYIOIIHE OCTAaTOYHBIE abeppauuH nocjae-
YO HX KOMIOHEHTOB.

Ilonaras B mepBoHayaJbHOH CTaJMK pacyeTa, yTo OOBEKTHB UMEET
TOIbKO abeppalny TPeThero nopsizka, corsnacHo (265) u (280) nony-
4uM CJAEAYIOIHe 3HaueHUst cymMM 3efifens:

St = —2 Asyyif' Im?; (529)
§l xp = AS&,. A,ff‘- (530)

B ofuiem csiyuae 3HaueHHe OCTATOYHOR XpoMaTHueckKo# abeppaini
TIOJIOKEHHS BHIGHPAIOT TaK, YTOOL MONYYHTh TPeOyeMoe HCIPaBJAeHHE
chepoxpomaruyeckoil abeppalny Ijis Jyda, RAYIIEr0 Ha 30HE my =
= 0,7myp.

O603HauuM @, H @, NpHBEJAEeHHbIE ONTHUECKHE CHJH JHH3 O0beK-
THBa. Torla ¢ yueroM ycaoBHsl macuraGa u Buipaxenus (493), onpe-
JEeNAKMEero XpoMaTiu3M TOHKOH CHCTEMbI, MOJYUHM:

Q1+ @ =1
St = — (@1/v1 + @2/ V),

THE V; H vy — KO3p(HUIHEHTH AHCIEPCHH CIEKTPaJbHOro HHTEpBala,
AJisl KOTOPOI'C HDOBOAMTCA axpoMarH3alHs oObeKTHBA.
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Peinns cucreMy ypasHeHH# =t
(531), nosyaum: D

= a0 1 Kl

@y = V1 (1 4+ VSt xp)/(v1 — va): ! a1
Py=1—19; M2 Vs
(532) L}

Takum oGpasoM, mapamerp ¢ T
onpepensier XPOMAaTH3M M0JIO- Fﬁ. U9 V¢
JKeHUs1 JABYXJHH30BOIG CK.Jle-
eHHOro oObeKTHBaA. Puc. 272. IIByX/IUH30BHH CKJEEHHBIH 06b-

[lepBas cymma 3efifessi siB-  eKTHB

asercss GyHKIHEH mapaMerpoB
ay M ag. [IpH pacuere ABYXJIHH30BOro CcKJeeHHOrc OGBEKTHBa pa-
IMOHAJBHO BOCIONB30OBATHCH HEKOTOpbIM 11apaMeTpoM (), KOTOpHIH
CBfI3aH C IapaMeTpaMH &, U g [33]:

o = (1 —pa) Q + @15 a5 = (1 —pg) Q + ¢ (533)
Tak kKak o6beKTHB ABASAETCS GECKOHEUHO TOHKHM, TO corjacHo (498)
Sy = P. INapamerp P Buipaxaercsi uepe3 napamerp Q ypaBHeHHeM:

St =aQ*+bQ + ¢, (534)
a =1+ 2¢,/n, + 29./ng;
rae
b =3¢t/ (na — 1) — 3¢/ (ns — 1) — 2¢z; (535)

3 2 3 2 2
¢ = nz(pl/(flz — I) + nagz (n3 -— 1) +n3q>2/(n3 —_ 1).

ITpuBeseHHble aHAJHTHYECKHE 3aBUCHMOCTH IO3BOJIAIOT BHIIOJHHTb
abeppallMOHHBIA pacyeT ABYXJHH30BOTO CKJIEEHHOTO OOBEKTHBA B CJIe-
ALylomel Noc/efoBaTe/IbHOCTH.

3HaA OCHOBHBIE XAPAKTEDHCTHKH 0ObeKTHBA W TpefyeMble 3Haue-
HHSl OCTAaTOMHHX abeppauuit, no Qopmyae (529) maxopum Sy = P,
no copmysne (530) — Syyp. [Ipu 3amaHHEIX Mapkax ONTHYECKOTro
cTeksa (v; U vy) 1o (532) BRIUHCISEM @y H @, U coOrjiacHO (535) Haxo-
IuM Koadhuuuentsl a, b, ¢. Peinas xksajgpaTHoe ypaBHenHe (534),
HaxoJiMM JBa 3HaueHHs napamerpa Q, COOTBETCTBYIOIIHX HYMXHOMY
sHavenuro Sy. Ilpu BoiGope OQHOrO M3 KOpDHEH YDABHEHHS MOXHO
PYKOBOJCTBOBATbCSl CASAYIOMIHMHE COGOpaXKeHHsMH.

[lapamerp Q omnpenensier takxke napamerp W OGecKOHEUHG TOH-
KOI'o ABYXJHH30Boro o6bektuBa [331:

W= —(a+ 1) Q2+ (p, — b)/3.
Bernuuna W cornacko (498) Bauser Ha Bropyio cymmy 3eiizend,
OT KOTOpO#H 3aBHCHT KoMa obwbektuBa: Sy = H P + W. Ilosromy
M3 JABYX TOJNYYeHHHX 3HaueHuii napamerpa Q pauHOHAJbHO B3ATh

TaKoe, KOTOPOe MO3BOJsieT MOJYyudTh 3HayeHHe Syp, YHOBJIETBOPS-
lomee TpeGyeMOMy 3HauyeHHIO KOMBI OOBEKTHBA.
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Ecnu kBagpatnoe ypasHeHue (534) He uMeer BellleCTBEHHLIX KOp-
HeH, TO 3TO O3HAYaeT, YTO NP BHIOPAHHBIX MapKax ONTHYECKOIo
CTeKJa HeJb3sl OJNHOBPEMEHHO HCHpaBHTb chepHuecKyio abeppailyio
H XPOMATH3M NoJ0XeHHsi. B stoMm ciyuae Heo6XoAuMO B3SITh APYTYIO
KOMOHMHALMIO MAapOK ONTHYECKOro crekJa. [IpHHSB 3HayeHWe mnapa-
merpa Q no dopmyae (533), Haf/leM BEJHUHHB Oy H Gy H BBIUMCIHM
pajuychl KPHBH3EBI C y4eTOM pea/bHBIX TOJUIUH JIHH3 O0BEeKTHBA.
[IpaBusibHOCTL pacuyeTa PajHyCOB MOXKHO IPOBEPHTb, HCHOJb3YSH
nporpammy 7 mpua. 2.

MMesi KOHCTpYKTHBHLIE NapaMeTpe! O0OBLEKTHBA, BBLINQJHSEM KOH-
TpoJbHOE BhiuHc/JeHHe abeppauuil Ha SBM. TlonydeHHsie B pesyib-
TaTe 3TOTO BLIYMCJEHHS 3HayeHHs cepuyeckoll abeppauyy s Kpas
3payka H XpoMaTH3Mma IOJIOKeHHs OyAyT OTJIHYaTbCH OT 3alaHHHIX
B pe3ysabraTe BJAHAHHSA afeppaluufl BHICHIMX MOPSAIKOB H TOJIHH
auH3. Ecam 310 OTKJAOHEHWE OoJsibile NOMYCTHMOTO, TO CJELYET Bhl-
NOJIHUTL OuepejHOA BapHaHT OO0beKTHBA, YuMThIBAsA abeppallMy BbIC-
UIMX NOpsJKoB. IIpu aToM cjenyer HMeTb B BUAY, YTO [apaMerp ¢,
BJIHSIET HAa XPOMaTH3M MOJIOXKeHHs H Ha chepuuecKyo abeppauHio,
B TO BPeMs Kak napamerp @ BiusieT TOJIbKO Ha cdepHuyecKyio abeppa-
nuio. [ToatoMy B mpoyecce noc/enyiomel KoppeKIuy leaecoofpasHo
CHayaJ/a 3a CyeT H3MeHeHHs mapamerpa @ Ao6UTbcs TpebyeMoro sHa-
YeHHs] XpOMaTH3Ma IIOJIOKEHHs, a 3areM, H3MeHss# mnapamerp @,
IIOJIYIHTh HYXKHOe 3HaueHue chepuueckod abeppauud.

Onucanuas MeTOIWKA TPEfyCMaTpUBaeT 3aflaHHe MapOK OnTHue-
CKOTO CTeKJa H0 BbINOJHeHHsi abeppauvcHHoro pacyera. [Ipu TakoMm
YCJIOBHH B ABYXJHH30BOM CKJICEHHOM OOBEKTHBE MOXKHO HCIPAaBHTh
IBe abeppauuy. Ec/lH y KGHCTPYKTOpA HUMEETCs] BO3MOMKHOCTb I1pOU3-
BOJIbHOTO BHIGOPA MapoK ONITHYEeCKOro CTeKJa, TO MOsiBJAsercs AOnoJ-
HHTeJbHBIH KOPPEKUHOHHBIH napamerp, ¥ B OOBEKTHBE MOXKHO HC-
npaBuTh TPU abeppauuu. B stom cayuae o6bluHO HCnpaBaAioT chepH-
HecKyio abeppanuio, XpOMaTH3M DOJIOXKEHHsS W KOMY IJIs Kpast 1oJsf
C YYETOM BHHBETHPOBAHHUS.

MeroZuKa pacyera ABYXJHMH30BOT'O CKJIEEHHOTO OOBEKTHBA C BHl-
60poM MapoK ONTHYECKOro CTekJa paspaborana npog. I'. I'. Cimo-
capeBnM [331.

B ocHoBe yKkasaHHOH METOAMKH JIeXHMT NPUOJMIKEHHAsi 3aBHCH-
MOCTb, YCTAaHABJIMBAKOINAS CBSI3b MEXAY BejqwuuHamut P, Py, v W

P = Pu,+ 0,85 (W — 0,15, (536)

rae Pm, — MHEHMa/bHOE 3HayeHue mapamerpa P 1nsi KOMOHHALHH
ONTHYECKHX CTEKOJ IPH ONpelieieHHOM 3HAYeHHH XpoMaTtHsMa MoJio-
KeHU .

3aBucuMocTh (H36) ocraercd clopaBeAJHBOR H AafA CAyuas Hpo-
CTOH TOHKOH JuH3H. [lansHefimee pasurue meroguka I'. I'. Ciroca-
peBa noayuusa B cnpasounuke C. B. Tpy6ko [361, B xoropom mnpu-
BeJleHbl COBDPEMEHHBIE MAPKH ONTHYECKOTO CTEKJa C Y4eTOM MPHHATOH
B HAaCTOsilUee BpeMsl OCHOBHOHM IAMHBEI BOsHBL (A = 546,1 uMm) npwu
axpoMaru3auuy AauH BoAH A, = 480,0 HM u A, = 643,8 HM.
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120. Pacyer ABYXJHH30BOro HeCKJeeHHOro ObUbeKTHBa

[To cpaBHEHMIO ¢ ABYXJ/IHH30BHIM CKJIEEHHHIM OGBEKTHBOM
JBYXJHH30BLIH HeCKJeeHHHA TOHKHA OOBEKTHB HMeeT CAHH JONOJIHH-
TeJIbHBI mapaMeTp: yeTBepThil pagHyc KpUBH3HH. [TosaTomy ¢ yuerom
ycnoBu#l macuiTaa B ABYXJHH30BOM HECKJEeHHOM OOBEKTHBE MOXKHO
HCIIPaBUTb TPH abepparui.

[TpuHnunuanbHas cXxeMa ABYXJIHH30BOrO HECKJEEHHOro 0OLEKTHBA
noxasaHa Ha puc. 273. Cuyuras 06bEKTHB G€CKOHEUHO TOHKHM, INDH-
MeM CJeAyIOmHe YC/IOBHS HOPMHPOBKH BCIOMOTATE/bHBIX .r'yqex
a1—0 05 = 1; By = hg = hg = by = 1; B, = i; H, = sp/f’;

Ho TeXHUYECKHM YCJOBHAM Ha pacuer o6bnekTHBa GyAeM CYHTATh
H3BECTHBIMH €ro OCHOBHBIE XapaxkrTepuctuki (f', D/f’, 2w) U 3HaueHHud
ocTaTouHbIX afeppauuil: NpofoJbHYI0 chepHYeCKYIO AAs Kpas 3pauka,
XpOMAaTH3M TOJIOKEHHS U KOMY JJs Kpasl moJsi C y4eTOM BHHLETH-
pOBaHHUS.

B COOTBETCTBHH € YKa3aHHBIMH TeXHUUECKHMH YCIOBHAME 110 (265),
(270) u (280) BbluuCAsieM 3HAYeHHS cyMM 3ednens:

g] = —-Qf’ Asiu/m’; (537)
Su = —2f" Ayin/Bm*wy); (638)
Stxp = Asi,, w/f - (539)

Bropas cymma 3efinens Jasi cayuasi TOHKOH CHCTEMBI COTJIACHO
(498) Boipamaercs uepes mapamerpst P w W. Toraa, onpenen:s

no (537) P = S; u no (538) Sy;, NpH 3aJaHHOM MOJOXEHHH BXOJ-

HOoro 3pauka (H,) HaxoauMm HeolXofuMmoe 3HaueHHe napamerpa W:
W = SII —_ H1P

Takum o6pas3oM, ¢ TOUKH 3PEHHST KOPPEKIHH MOHOXPOMATHIECKUX
afeppanuil sajaya mo pacuery [BYXJHH30BOTO HECKJIEEHHOTO OOBheK-
THBA CBOAMTCA K ONpPENEeNEeHHI0 €ro KOHCTPYKTHBHBIX [apaMeTpoB,
YAOBJICTBODSIOMUX Hamepel 3ajlaHHBIM 3HAueHUsM Beauuds P u W.
OnHHM H3 BO3MOXKHBIX CriocoGOB pelleHUsi YKa3aHHOM 3afaun MOXKeT
BeITh cr10c06, OCHOBAHHLIE Ha HCNOJL30BAHHA OCHOBHHEIX MapaMerpoB
TOHKHX KOMIIOHeHTOB [37].

=7
n n d
Puc. 273. IIByxIHHSCBHE He- 2 4

CKJIeeHBHH OObeKTHB | \

-Sp

e V¥
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YuuThBas NPHHATbIE YCJAOBHA HOPMUPOBKH, 1m0 dopMyae yriaos
AONYYUM @, = Cg. TOrAa YCAOBHE HCHPABJAEHHSA XPOMATH3Ma B 0GheK-
THBe obecmeuHBaercs COIJIacHo gopmyde (532):

ay =@y =v(l 4 Vzgx xp)/(V1 — V).

[Tapamerper P 1 W Bcero a6 beKTHBA 3aBHCAT OT COOTBETCTBYIOUIHX
napaMeTpoB KaAOH JHH3HW. Tak Kak oOBeKTHB sBJseTca 6ecko-
HEYHO TOHKHM, TO

P =P, + Py (540)
W = WI + WZ'

Benuuuner P;, W, mneppo#i nuH3n # P,, W, BTOpoll BeIpasuM
uyepe3 HX OCHOBHBIE Napamerphbl. IIp¥ 3TOoM cieiyer uMerh B BHIY,

4TO Aas nepBo# JHH3H @; = 0, a; = @3, LJIs BTOPOH — o = aa,
a; = 1. Hcnonbaysa cdopmyisr (506), noayuum:
3—
Py = a3Py;
.
Wi =aslWy;

Py=(1 —a3)3172+4a3(1 — ag)? Wz‘*‘as(l — ) [2a5 (2 + ) —17;

W, = (1 —ay)? W-,x +ag (1 —ag) (2 4-m),
(541)

rie P u W — oCHOBHBIE IapaMerphl TOHKOH JIMH3Bl;, HapaMerp 7t &
~ 0,7.

OcHoBHBIE TapaMeTpbl TOHKON JIHH3HI CBSI3aHH MeXAy coboit
npubamxenno gopmysofi (536):

Py = Popnq+0,85(W, — 0,15)%

= _ 5 - 542
P, = P 5 -+ 0,85 (W, — 0,15), (542)

Benuununa P, KaxIol JHH3H onpefensercd no gopmysae [371:

Fm1n1—(4nz“‘l /42 +1ny) (ny — 1)*);
Pona 2= {40y — Vnyl4 (24 ny) (ny,— 1%

Taxk KaK Mapxy ONTHYECKOTG CTEKJA IBYXJHH30BOrO OGHEKTHBA BEIL
fpanbl, TO no ¢opMmynam (543) MOKHO BBIUMCHAHTL BeJHUHHY Pp
kKaxjpoft smuH3n. [lopcrasnssa Buipamenus (541) B dopmynst (540)
H YYHTBHIBaf 3aBHcHMOCTH (542), mosyuaem JBa ypaBHeHHS: KBaJpart-
HOE M NEpBOH cTeneHH. B 3THX ypaBHeHHAX HEH3BECTHBHIMH SIBJISIOTCA
OCHOBHHIE napamerpsl Wy u W, TOEKHX JHH3 ofbekTHBa. Eciu KBa-
ApaTHOe ypaBHeHue OyIeT MMETh BEMIECTBEHHbe KODHH, TO H3 MO-
JY4YEHHBIX pewleHuR uenecoo6pasHo B3sTh TaKHE, KOTOPHE COOTBET-
CTBYIOT MEHbIINM aGCOMIOTHHM S8HAUeHHAM INapaMeTpoB W, H W,.
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Onpenesus BeJHUHHB W KaXJOH JIMH3bI, MOXHO HadTH COOTBeT-
CTBYIOUIHE 3HaueHus napamerpoB & [37]:

& = nal(ny + 1) — (13 — Df(ng + 1)1 Wy
ay = ny/(ng + 1) — [(ng — Ditng + 1)] W,

Ot napameTpoB G KaXJAOH JIHH3El HEOOXOAMMO MEpedTH K Napame-
TPaM @y H 04 IBYXJIHH30BOTO HECKJIEEHHOro 06bEKTHBA. DTOT NEpexon
BHIIIOJIHSIETCA corviacko QopmyJie (502). Jlas mepBofi JMHBH: o, = 0;
6y = 1; p = a3 ay = pl,. Jna BTOpoH JHMHSH: @y = 1; @; = I;
p=1—oag o = pas + ag/n,.

Taxum o6pasoM, ONpPele]HB BCE SHAaueHHS NAPAMETPOB o, GECKO-
HEYHO TOHKOTO OOBEKTHBA K YCTAHOBUB TOJIIIMHBI JIHH3 H PACCTOSHHE
MEXKIY HHMH, BBIYMCJSEM KOHCTPYKTHBHBIE NapaMeTphl HCXOJHOIQ
papuanta ofvextHBa mno (opmyne (249). Ilocse 3Toro BeMOAHSIEM
KOHTPOJIbHOE BBIYHCJ/IEHHE OCTAaTOYHbIX abeppauuit Ha IBM. Ha ocho-
BaHHM PE3YJbTATOB ITOTO DPacyeTa OCYIIECTBJSETCH MOCAELYIOM[as
afeppanyoHHan KOpPeKuust o6beKTHBA.

121. PacueT CBETOCHJBLHOrO ABYXKOMIIOHEHTHOIO
o6 beKTHBA

Onuo#t 13 HanboJiee MPOCTHIX ONTHUECKHX CXEM OOBEeKTHBA
¢ BBICOKHM OTHOCHTENbHBIM oTBepctueM (Dff' = 1:2...1:1,5) »
He6oJibliuM yIaoBeM moseM (2w < 20°) siBisieTcsi cxema, COCTOSLast
U3 [BYX IONOXHTENbHBIX KOMIIOHEHTOB, PAaclONOXEHHBIX Ha KOHEY-
HOM paccTOAHMHM ApYr oT aApyra. Takue OOGBEKTHBH, MNOJYYUBUIHE
Hazpanue RyOJeTOB, NMPHMEHSIOTCS B KAauyeCTBE CBETOCHJbHBIX KHHO-
NPOEKUHMOHHBIX OOBEKTHBOB, OOBEKTHBOB NPHOOPOB HOUHOTO BHACHHS
npH MoAyuyeHHH H3o6paxenu#t Ha Qorokarose DOII u B uwenom psne
IPYTHX cayuaes.

[punmunuanpHas cxeMa o0bEKTHBA, KOMIIOHEHTHl KOTOPOrO B 11ep-
BOHAYaNbHOH CTaRHH pacuetra NPHHHUMAITCH GECKOHEYHO TOHKHMH,
noxazana Ha puc. 274. Ecnd @1 # @pp — NPHUBEAEHHBIE ONTHYECKHE
CHJIBl KOMIOHEHTOB, d — INPHBENEHHOe paccTostHue, TO N0 ¢op-
myse (58) mnd ABYXKOMIOHEHTHOM CHCTEMBI HMEeM:

Q= o1 + O — o1 = 1; hyp =1 —dey.

D HH Hy ,&r

a=0

ﬁ = ﬁ,,m \""’f
| RV

Puc. 274. CBerocHasHHA ABYXKOMNOHEHTHHHA OGBHEKTHB
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Jlns mepBOro BCHOMOraTeJbHOro Jyda NPHMEM CJeAyIOMHe YcJao-
Busa HopmupoBrH: a1 = 0; Ay = I; ayr = 1. Torna no gopmynam
yraoB (52) u Buicor (53) mosyuum:

or=0or;  oun=(—a)hn d=(—~hn)ay. (544)

®opmyan (544) ompefensiorT BHEIUHHE NapameTpPhl OGBEKTHBA, KOTO-
pble BJHSIIOT Ha o0e XpomaTHuecKHe abeppalyu (Stxp B Sirsp)
u kpuBusny Ileusans Siv.

Tak Kak OObEKTHB LNOJ/KEH HMETh BBICOKOE OTHOCHTENBHOE OTBEp-
CTHE M NPOCTEHUIYI0 KOHCTPYKIHIO, TO 004 KOMIOHEHTa OGBbEeKTHBA
NOMXHB OBITb TMOJOKUTEIbHEIMH. [IpH HaJHuuH B CHCTEME TOJbKO
MOJIOKHTENbHLIX GECKOHEYHO TOHKHX KOMIIOHEHTOB KpHBH3Ha [len-
BaJsl OKasblBaeTcs MPHHIKIHAJBHO HeycTpanuMod. B paccmarpuBae-
Mo cxeme Kospduuuent [lenpana pocruraet sHaueHHH Siv = 0,8 ...
1,2. Ykasannas 0OcoO6EHHOCTb OIPaHHYHBAET BO3MOXKHOCTH HCIOJb-
30BaHHUSl OOBEKTHBA C YIJOBRIM DojeM Gojbme 15 ... 20°.

[Mpu aleppanMOHHOM pacueTe OObeKTHBA OCHOBHOE BHHMAaHHe
JIO/KHO YAEAATbCA HCIpaBJeHHI0 chepHyecKol abeppallvii, KOMbI H
o6eux xpomaruueckux adeppauué. 18 KoMNeHcalud 3HAUHTEAbHOH
KPHBH3HBl MOBEPXHOCTH H3oOpaxenus (Siy & 1) B ofbekTHBE AONY-
CKAIOT HEKOTOPHIH oTpuuarenbHblf acrurmati3M (Spry << 0). Tak kKak
OTHOCHTE/NbHOE OTBEPCTHE OOBEKTHBA BEJHKO, 0co60e BHUMAaHHE NPH
pacuere cienyer obpamars Ha HCHpaBjende chepuuecKHX abeppauui
BBICIIHX TOPSIKOB.

[penno/oxkuM, 4TO BXOIHBIM 3payKCM ABJSETCS ONpPaBa MepBOro
xomnonenta (sp = 0). Toraa mapamerpsl BTOPOr0 BCIOMOraTe/IbHOrO
nysa 6ynyr Hy = 0; By = B = 1; Hir = —d.

VcnpaBjeHue XpomMarHaMma HoJoxeHHs corsaaceo (493) mpu yka-
SaHHBIX YCJIOBHUSIX HOPMHPOBKH O0ecneuHBaercsi, ecqau

Stxp = 9:1C1 + AhouCr = 0. (545)

s ucnpapienMs XpoMaTHsMa yBeauueHus corjacso (493) neoGxo-
JIMMO, YTOOBI

S1txp = Hithr191:Crr = 0. (546)

Hs coornomenuit (545) u (546) caenmyer, 4ro Ajsi HCIpaBJICHHSA
obeux xpomartHueckux afeppamuii HeoOXOHHMAa axpOMaTH3alHs Kax-
ZIOTO KOMIIOHEHTa OGBEKTHBA. DTC 00ecreyuBaeTCs 3a CYET NPpHMEHe-
HHS B OOBEKTHBE [BYXJIMH30BBIX CKJEEHHBIX HJH HECKJIEEHHHX
KOMIIOHEHTOB.

YuuThiBas NPHHSTHIE SHAUEHUs MapaMeTpoB BCIOMOTATEIbHBIX
aydedl H ucnonb3ys dopmynan (544) u (498), nmosyuaem chepywoigue
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BBIpAXKEHHS LA cyMM 3efijens, ONPENeNsAIOMHUX MOHOXPOMATHYECKHE
aGeppalHi OOBEKTHBA:

St = Py + AP
Suu=Wi+HuPu+ Wi (547)
Sin = an + (Hi/ku) Pu + 2 (Hu/hn) W + (1 — an)/An.

Ecau B dopmyas (547) Bmecto napaMerpos P u W NOACTaBUTb OCHOB-
Hble NapameTpbl GECKOHEYHO TOHKHX KOMIIOHEHTOB, TO IIOJYYHM TDH

YpaBHEHHs € YeTbIDbMs HEH3BECTHLIMH: PI, WI H PH, WH

[lpu peinenuyu 3TOH cuCTEMEI YDaBHEHHH cleLyeT HMETb B BHLY
CJIELYIOULHE PEKOMEHNALHH. YUHTHIBas BBHICOKOE 3HAYeHHE OTHOCH-
TEJNIbHOT'O0 OTBEPCTHS OGBEKTHBA M NOJOXHTEJNbHOE 3HAYEHHe chepuye-
cKoil afeppalyy BBICIUMX TOPSAKOB, IEpBYIO cymmy 3efinens cae-
nyer nprHHMath pasHoit (0,2 ... 0,3. Bropyl cyMmMy MOXHO IOJO-
KHTh paBHOU HYyJ0. Huad yacTHYHOH KOMIEHCAUWH KDHUBH3HBI MO-
BEPXHOCTH H300payKeHHs TpPeTbell cyMmme 3edlesis CJAeAyeT 3aiaBath
Hebospllloe  OTpHIlAaTENbHOE 3HaueHwe, mpumepHo —(0,05 ... 0,10).

Takum ofpasoM, B cucreme ypaBHeHHH (547) HJisi HCIIPaBJICHUS
Tpex afeppanuil JOCTATOYHO HMETb TPH CBOOOLHBIX mapamerpa. s
ONpeJieIeHHs] OCTaBilerocst CBOOONHBIM YETBEPTOTO Napamerpa pa-
LHOHA/JIbHO NOCTaBHTh YCJOBHE O HauMeHblueH chepuueckoid abeppa-
MM BBICIIMX TNOPSAKOB.

Ha 3nauenue mnocnenseili abeppallud OCHOBHOE BJIHSHHE HMeeT
KOHCTPYKLHSI IEPBOrO KOMIOHEHTa, Ha KOTOPOM BBICOTA OCEBOTO Jyya,
NPOXOASNIEro yepe3 Kpal BXOXHOrO 3payka, NpuMepHo B 2—3 pasa
Gosibllie, YeM Ha BTOPOM KomIOHeHTe. [losToMy OCHOBHHE Napa-
MeTpr Py ¥ Wy MEPBOTO KOMIIOHEHTA HYMKHO BHIGHpAaThb TAK, YTOGHI
cheprueckas abeppalis BbICHIErO NOPSAAKA 3TOrO KOMINOHEHTa Oblia
MuHEHManbHOK. Kak mokaspBator uccaenosanus [33 1, IBYX/IHH30BBIH
CKJICEHHBIH KOMIIOHeHT OyJleT HMeThb MHHHMMaJbHble 3HauyeHHA Ko3d-
¢pHunenToB cpepuyecKod aleppalvy BECIIAX NOPSIAKOB, €CJAH €ro
OCHOBHO# mapaMeTp P SABJISETCH NOJOKHTENbHBIM, a Mapamerp Wy
KMeeT 3HaueHHe, GJHU3KOE K HYJIIO.

Hcxons M3 M3JI0)KEHHOTO BhIIlE, MOXKHO PEKOMEHIOBAaTb CJENy-
IOMYIO METOAHKY pacyeTa JIBYXKOMIIOHEHTHOIO CBETOCHJBbHOIO OOBEK-
THBA.

HccnenoBanusi KOppeKIHOHHBIX BO3MOMKHOCTEH CXeMBl OOBEKTHBA
NOKa3kBaIOT, 4TO HauboJiee PHEMJEMbIE pellleHus MOJy4aloTCs, ecly
napameTpsl I€PBOTO BCINOMOTATENBHOTO Jyda COCTaBJIRIOT Oy =
=0,5...0,7, A1 = 0,5 ... 0.3. Bui6bpas suauenus ar; # Ayy B yKa-
3aHHOM HHTepBaje, no topmynam (544) HaXoIMM BHEWIHHE Mapa-
MeTpHl 06BeKTHBa (Pr, @11 H d).

[Tapamerpsl Py u Wy, Py u Wip BbIpasuM 4epes OCHOBHBIE Ma-
pamerpsl no dopmynam (506). [Ipu sTom cienyer umeTs B BUAY, UTO
I NepBOro KoMmmoHeHTa o; = 0, @ = o, IJS BTOPOr0 KOMIIO-
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HeHTa a; = ay, @; = 1. Hcxoast H3 yCJOBHS NOAYYERHR MHHHMAJb-
HBIX 3HauYeHHH cepruecKoft abeppalHy BHICIIHX [OPSAKOB, OCHOBHOM
napamerp NEpBOro KOMNoHeHTa Wi npHEHMaeM paBHEIM Hyumo. [Ipu-
paBHAB CyMMBbl 3eiijiesi YKa3aHHBIM BBILIE 3HAYEHHAM H IOACTABHB
OCHOBHBIE MapameTprl Py, Pr; v Wi B 3aBucumocty (547), noamyuum
CHCTEMY TPeX ypaBHeHMH C Tpemsi HEM3BECTHBIMHU. Pellasi noayueH-
HYIO CHCTEMY YDaBHEHHMH, HaXONMM OCHOBHEIE NapaMeTpel P u W
Kaxjoro komnonenta. Ms yenosu#t (545) u (546) xoppekunn xpoma-
THYECKHX abeppalnuil onpesesisiem XpoMaTHyecKHe napametpst Cy # Cry
KOMNOHEHTOB oCbexTHBa. [Ipu peienun ypasuenus (545) caenyer
HMETb B BHJY, YTO JJIl HCIpaBJeHHs chepoxpomaTtuueckol abeppa-
LHH Ha 30He my, = 0,7mu, XpOMaTH3M MOJOKEHHA LOMKEH ObITb
HECKOJIbKO HeJOHCIIPABJIEHHBIM.

Onpenenus ocHoBHEE napametphl P, W u C KaXKIOr0 KOMIOHEHTA
K cyHTas MX CKJeeHHBIMH, mo merogny I'. I'. Ciocapesa maxomum wux
KOHCTpYKTHBHBIE napamerpbl [33]. [lasi 5TOro HeOGXOZUMO HCIIOJMb-
30BaTh Tal/HLEl, [PUBELEHHbIE, HalPHMeP, B YKasaHHOH pabore.

Ilpu BLIUMC/IEHHH DafMycOB KPUBH3HBI KOMIOHEHTOB OGBEKTHBA
HCHOJIB3YIOTCS! (OKYCHBIE DACCTOSIHHS KaAOTO K3 KOMIIOHEHTOR.
OHE COOTBETCTBEHHO HAXONNTCS UEPE3 NMDHBENEHHbIE 3HAYEHHS OITH-
YECKHX CHJI, onpefensieMbix u3 dopmya (544):

fr="Flon fir=F'lou,
rie f' — QoxycHoe paccTosiHHe OGBEKTHBA.

TO.HIIIHHI:I JIHH3 KaXJ0ro KOMIIOHEHTa 3aBHCSIT OT UX ).U/IaME'l‘pOB.
ECJIH IJIOCKOCTH BXOJHOTO 3paqKa OG’beKTI/lBa pacnonox{eﬂa B6JIH3PI
nepBoro KOMIIOHEHTa, TO €ro }lHaMeTp paBeH I[I/IaMEpr BXOLHOTO
3paqxa. ﬂHaMeTp BTOpOI‘O KOMIIOHEHTA OnpeﬂeHHeTCﬁ us YCHOBHﬂ

TIPOXOXIEHHS HAK/JIOHHOTO IYuKa, COOTBETCTBYIOWIErO Kpaio INoJs,
C YYE€TOM BHHBETHDOBAHHSA.

122, Pacuer o6bekTHBA THNA TpHIJeTa

Onxoft u3 npocteHluuX cXeM OOBEKTHBA-aHACTHIMATA $B-
J5eTCA OOBEKTHB TPHIVIET, COCTOSIIHE M3 TPEX ONMHOYHBIX JIHHS,
PACTIOJIOKEHHBIX Ha KOHEYHOM DACCTOSIHMH JPYr OT Apyra. 70T
OGBEKTHB OTHOCHTCH K TIPYNNE YHHBEPCANbHBX OGBEKTHBOB: €ro
OTHOCHTEJILHOE OTBePCTHE He mpesbiluaer | : 2,8, a yriosoe noJe
He Gosee 50 ... 60°,
HauGosiee paummonanpHoll cxemolf TPHIJIETA SBJAETCS CXeMa,
B KOTODOH OTPHLLaTeJbHasi JHH3a PACNOONKEHA MEKLY JABYMSA MOJIO-
XHUTeNbHBIME (puc. 275, a). Ilpyras Bo3MOMKHas CXeMa — IOJOKH-
TeJbHAs JIHH3A MEXLY ABYMs OTDHIIATe/JbHBIMH — HEpALHOHa/bHas,
TaK KaK IIPH TNOJIOXKHTEJNbHOM (QOKYCHOM PAaCCTOAHHH BCEro 06beKTHBRA
ONTHYECKAS CHJIA MOJIOKHTEJNbHOH JIHH3Bl JOJMHA ObITb CJHIIKOM
GosbLio#. OcranbHbie KOMGHHALHH, OTCTYTalOIIHEe OT CHMMETPHH B OT-
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Puc. 275. Cxema o6beXTHBa TPHIJeT

HOWIEHHH 3HAKOB ONTHYECKHUX CHJI JIHH3, NPHBOAAT K 3HAYHTEbHBIM
TPYAHOCTSIM IIPH HCNPABJEHHH JIHCTODCHH.

O6bekTHB TpUIJIET Ot paspaboraH aHriuickuM ontikoM [, Tei-
JopoM B 1894 r. H ZO CHX NOp SBJASETCS NMPEIMETOM MACCOBOI'O NPOHU3-
BOJCTBA HOYTH BCceX onrtudyeckux ¢upM Mupa. [lanbHelinM pasBu-
THEM CXembl TPHILVIeTa sBJsiercss OoJiee COBEpPIIEHHBIH OOBEKTHB
«Teccap» (1902 r.).

CpaBHHTeNbHAA NPOCTOTA ONTHUECKOH CXEMBI TPHIJIETa NO3BOJSAET
BHINOJIHUTL HCCJIEIOBAHHE H pacueT 3TOTO OOBEKTHBA Ha OCHOBE
Teopun abeppauufi Tperhero nopsanka. [losaras JIHH3BL TPUIIETA
6eCKOHEYHO TOHKHMH, MOXKHO noxobpaTh TakHe NapaMeTpel, uepes
KoTOpbie GoJibHIHHCTBO abeppannil OOBEKTHBA BHIPaXawoTcs JHHEHHO.
HsBecTHO HECKOJBKO METONMK pacueta TpHILJIETa, NPeILJOKEHHBIX
I'. Cocapessm {331, J. Bosocosrm [5] u ap. Ot™meTum, u4To BO BCex
METOJHKAX pacyera HCIOJb3yeTcss CHOco6 pasfie/eHHs NapaMeTpoB
Ha BHEIIHHe, He 3aBHCANIMEe OT GOPMBI JIHH3, H BHYTPEHHHUE, Olpele-
JsTIoNHe KOHCTPYKIHMIO JHH3 OODBEKTHBA.

3afaua Mo pacyeTy TPHUILIETA COCTOUT B PEIleHHH JEBATH ypaBHe-
HUH, BBIP2XKAIONIUX YCJOBHS HCIIPAB/CHHA IATH MOHOXPOMATHUECKHX
abeppauu#i TpeThbero MOpsAKa, ABYX XpPOMAarHueckux abeppauufi H
JABYX rafapuTHeIX ycnoBuit. [l BBIIOJHEHHS BCeX 3THX YCJAOBHH
B TPHILIETE HUMEIOTCS TATh BHEHIHMX [apaMeTpoB (TPH ONTHYECKHE
CHJIBI JIKH3 W JBa BO3LYUIHBIX NIPOMEXKYTKa), TPH BHYTPEHHHX mapa-
merpa (fopma Tpex JIMH3) U IUECTb ONTHYECKHX INOCTOSHHBIX CTEKOJ
(noxasartenn InpesomJeHus H KospbuuueHTs gucrnepcun). Chenpyer
HMETb B BHAY, 4YTO C MaTE€MAaTHYeCKOH TOUKH 3DEHHS INOCTOSHHBbIE
ONTHYECKHX CTEKOJ HE SIBJSIOTCS NOJHOUEHHBIMH IapaMeTpamH, Tak
Kak OHM MOTYT NMPHHHMaTb TOJbKO AHCKPETHRIC 3HAYEHHS B OTPaHH-
yeHHHX npepenax. [IpuHuunuanbeHasd cxema OOBEKTHBA TPHILIET,
COCTOSAIIIETO H3 TOHKHMX JIHH3, NokaszaHa Ha pHc. 275, 6. Hymepauusn
YTJIOB BCIIOMOTaTeJbHEIX JY4YeH BBHINOJHEHA OTHOCHTENbHO KOMIIOHEH-
TOB 00beKTHBa. QOKYCHOE paccTosHHe OObeKTHBAa NMPHHHMaeM pas-
HBIM eIHHHIE,

YCc/0BHS HOPMHDOBKH IEDBOTO BCIOMOTATENbHOrO Jyua: oy = 0,
ay = 1, by = 1, Broporo — B, = 1, [ = —1. PaccmoTpum cHauana
aBaJHTHUYECKHE 3aBHCHMOCTH, ONpefeffiollHe BBINOJHEHHE YCJIOBHH
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macuitaba M HCHpaBJeHHs abeppaluil, SaBUCAIIHX OT BHEIIHHX na-
pameTpoB. BhinoJHeHHE YCJoBHH, OOECNEYHBAIOMMX HCIDABJEHHE
cheprueckol afeppauuH, KOMbl H aCTHTMATH3Ma, DallHOHaJbHO pac-
CMOTpPeThb NOCJE ONpene/eHus BHEIHUX Napamerpos, TaK Kak Kop-
peKIHs YKa3aHHBIX abeppaliili NOCTHTAETCH 32 CYET BHYTPEHHHX
napameTpoB JHH3, T. €. IyTeM HAXOXIEHHS DaluyCOB KDPHBH3HH
NpeIOMJSIOMXX MOBEPXHOCTEH.

Tak Kak aneprypuasi auadparma OCBHIYHO YCTAHABIHBAETCH BHY-
TPH OOBEKTHBA, TO AJIA NoJAyuenus 0oJiee IIPOCTHIX 3aBHCHMOCTEH
OyleM CuHTaTh, 4TO B HCXOJHOM BapHaHTe OObeKTHMBA 5Ta AHadparma
COBMANaeT CO BTOPBIM KOMIOHEHTOM, T. e. H, = 0.

TakuM o6pasoM, BHEIIHHe NapaMeTpbl TPHUIJIETa HEOBXOLUMO BhHI-
GupaTh, HCXOAS H3 BBHINOJHEHHS CJAENYIOLIUX IIECTH YCJOBHH.

1. YcnoBue samapHOro (OXYCHOTO paccTosHUA (YCNOBHE Mac-
mrada)

O1 + Rsy + sy = 1, (548)

Tle @;—@g; — NPHBEAEHHbIE ONTHUYECKHE CHJbI JHH3 TPHILIETA.
2. YcaoBue 3agaHHoro (GOKaIbHOTO OTpesKa:

Ry = sp. (549)

DTO ycsnoBHE HE BCETAa SBASETCS 0653aTENbHBIM.
3. YcJoBHe HcIpaBJeHHsi KpHMBH3HBI [lensass;

Stv = gu/n1 + @a/nta + @a/1s. (550)

4. YcnoBre HCIDaBJIEHHS XPOMATHU3MA IOJOMKEHHS:
Sixp = — (/v + Aipo/vo +E§@3/V3)~ (551)

5. Yc/i0BHE HCHDABJIEHHS XPOMATHIMA YBEJIHYCHHS:
:§II xp = (F1(P1/V1 + Haﬁs%/\’s)- (652)

6. IlaTas cymma 3efinens, onpenesisiouas THCTOPCHIO OGBEKTHBA,
BeIpaxkaercs uepes mapamerpel P u W cornacho (498). Ho Tak xaxk
B GOJIbLIMHCTBE KOHCTPYKIMH TPHIIETA NPHUBEIEHHBIE 3HAUCHUS Be-
JHukH d; ¥ d, cocrasasior 0,1 ... 0,2, To npuMepHO Takue ke 3Haue-
HHf HMMEIOT BBICOTHI BTOPOTrO BCNOMOTaTeNbHOTO Jyda Ha MepBoll H
Tpetbedl Junzax. Ilostomy B dopmysrax (498) MOXHO ONMYCTHTH Cia-
raemble, cofiepaalliue BricoTel H; ¥ Hy B Tpethell w BTOpOH creneny,
H, nojaras wi; = sty &~ 0,65, NOy4HTh ClEAYyIOMYI0 OPHOIHKEHHYIO
(opmysry, Onpenensiomyio ycaOBHE HCIPABJEHHS NHCTOPCHH:

Sv = 3,65H,¢, + 3,65 (Ha/h3) ¢s. (553)
Has ynpomenus saBucumoctedt (552) u (553) B Hux HEOGXO0ANMO
HCKJIOUHTbL [apaMeTpbi BTOPOTO BCTOMOraTe/ibHOTO Jyda H, u Hy.
Ilpu By = 1 1 Hy, = 0 1o Gopmysiam yrJaoB U BHICOT HAXOAHM
o =1 +F[1(P1§ —H_x = dyfy.
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CnegoBateabho, Py = 1/(1 — d,9,) = 1/h;. C yuerom nocaenseli 3a -
BUCHMOCTH HOJIquMI

Hy = dyhy; Hy = —d,/h,. (554)

Besnuunel d ¥ A cBi3aHbl MeX1y coGol 1o GpopMmysiaM BHICOT H YIVIOB:
hy =1 —dyoy;

hy = 1 —d;p; — dp (@1 + @3 — d19,9,). (555)

Ecau He cuHTaTh 06S3aTeNbHBIM BHINOJHEeHHE yeaoBus (549), To mox-
crasuB (5b4) u (555) B saBucumocTH (548)—(553), mosyuuM nATh
YPaBHEHHHA C NATHIO HEHSBECTHBIMH: Qp, P, Pg, dy H d,.

Pemnenue 310 CHCTEMBI OBOJLHO 3aTPYAHATENbEO, TaK KaK ypas-
HeHHs SBJASIOTCA HEJMHEHHBIMH OTHOCHTEJBLHO HEH3BECTHHIX. Kpowme
TOrO, YHCTO MaTEMATHYECKOE pelleHHEe YDABHEHHH MOMKEeT HPUBECTH
K KOHCTPYKTHBHO HEOCYUIECTBKMBIM PEIIEHHSM; HEJONYCTHMH! 60JIb-
WKe ONTHYECKUE CHJBl JIMH3, 3HAUHTENbHBIE BO3AYUIHBIE NPOMEXYTKH
u 1. n. IlosTomMy npH Hcc/efloBAaHMH KOPPEKLHOHHEIX BO3MOMHOCTEH
TPUIJIETA PALMOHAJIBHO NDHAEPIKHUBATLCA CJAEAYIOUIEH MOC/eA0BaATE b-
HOCTH.

ITapamerpy ¢, 3azaem psii 3Hauenuil B uHTepBaste 1 ... 3, mapa-
MeTPY ¢y — OT —3 A0 —4 H NpPH BHIOPAHHBIX MapKaX ONTHYECKOTO
crexna no (550) maxonuM @ 3atem no ycnoBuAM macwTaba (548)
H HCHOpAaBJEeHHsl XpomatusMa nosoxenus (551) onpenesnsiem BBICOTHI
fy u hs. Tlpu 3TOM XKejaTeJbHO BBHIOJHEHHE ycsioBus (549). 3atem
no dopmynam (555) BerumcaseM d; u dy, a no (652) u (553) Haxomum
Sizxp # Sy. YKasauHble HCCENOBAHHS BBHINOJNHSIOTCH IS pasauy-
HbIX KOMO HHAIIMH MapOK OIITHYECKOTO CTEeKJa M HA OCHOBAHHH 3TOrO
BLIOHDAETCS ONTHMAJbHBIH BapHaHT BHEIIHHX TapaMmeTpos.

Koppeknus oOCTanbHEIX MOHOXPOMATHYECKHX afeppauuii XOCTH-
raeTcsl COOTBETCTBYIOMMM BHIGODOM [ApaMeTPOB NEPBOTO BCIOMOTa-
TEJBHOTO JIyya BHYTPH KaxIOH JHH3HI, T. €. 33 CUET PAajHYCOB KpH-
BH3HH MNPEJOMJAINMX TNoBepxpoctel. Ha 5Tof crammu pacuera
nesiecoo6pasHo NMePerTH OT GECKOHEYHO TOHKHX KOMIIOHEHTOB K JIHH-
3aM KOHEYHOH TOJIUIHHBI. ViMes mo onsoMy cBoGomHOMy napamerpy
BHYTDH KaXJOH U3 TPeX JHMH3, MOXKHO HCIPaBHTb TPH abeppauyu:
chepuueckyio, Komy H acturmatusam. Cornacho ¢opmysam (498)
NOJNYYHM  CJIEIVIOUIHe 3aBHCHMOCTH, ONpEHeNISIONIME MepBbe TPH
cymMbl 3efifiesis L/ TPHILIETa:

—SI:P1 +52P2 +E,P3;
Si[zﬁlpl‘f‘ W.,+W, +H3P3+ W
Sit = HiPy +2H\ Wy + g1 + g2 + (H3 Rs) P34 2 (Ha/ha) W5 + gs.
{556)

e BHEIIHHKEe napameTphbl k, H, ¢ onpeneness! Ha NpeAbIAyIIel CTaAHH
pacueTa, a napamerpul P H W oTHOCATCH K KaXKIOH JIHH3€ H 3aBHCAT
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OT YrJIoB o BHYTPH Hee. 3aBHcHMOCTH (556) Kak ¢GYHKUMH YI/IOB @
NOBOJBHO CJCXKHBIE, H JJISl HaXOXJEHHHA 3THX YIVIOB HEOGXOLAHMO
BBINOJIHATH 3HAUHTENBHYIO HCCJENOBATEALCKYIO patoTy.

KoppeknuoHHbIe BO3MOXHOCTH OOBEKTHBA TPHIJIET IO3BOJISIOT A0~
BECTH COCTOSIHHE KOPDeKLHH OCTATOYHHIX abeppauHi 10 TAKOTO YPOB-
Hsi, [PH KOTOPOM paspemiamonias clocOGHOCTh B HEHTPE NOJSt COCTaB-
aster okosto 30 mM™, no nosio — 10 ... 15 mm~t. Ha ocsoBe mpume-
HEHUS! HOBBIX MapOK ONTHYECK OFO CTEKJIZ, B YaCTHOCTH CBEPXTAXKEJBIX
kporoB (CTK), mnpopomxamoTcs paboTH IO COBEPLIEHCTBOBAHHIO
ONTHYECKOH CXeMbl TPHILJIETA.

123. PacueT 3epkalbHbIX CHCTEM

B pocsennne ronbl B CBA3H C pacliNDEHHEM CIEKTDANbHOIO
HHTepBala AeHCTBHSA ONTHYECKUX NPHOOPOB IIKPOKOE PasBHTHE NPH-
ofpeTaloT 3epKajibHble H 3€PKaJbHO-JTHH30BHE CHCTeMBl. B Gosbuing-
CTBE CJ1YYaeB B TaKHX CHCTEMaX IViaBHas POJib B 06Pa3sOBaHHUHU H306pa-
JKEHUS OTBOAMTCH OTPaXKalOUIHM IOBEPXHOCTSM, KOTOPBIE MOJHOCTBLIO
cBOGOIHBI OT XpoMaTHyeckKHX abeppauu#. Ilpemomssiomue moBepx-
HOCTH MMEIOT CPaBHUTEJbHO HEGOJBIIYIO ONTHYECKYIO CUJY H BHIIOJ-
HSIIOT POJIb KOPPEKUHOHHBIX 3/IEMEHTOB, HE BHOCSH IIPH 3TOM 3aMETHBIX
XpoMaTHYeCKHX abeppauui.

Kpowme Toro, npesmyIiecTsoM 3epKatbHBIX H 3€PKa/bHO-JHH30BBIX
CHCTEM NO CPABHEHHIO C JIHH3OBBIMH SBJISIOTCS HX MEHbIIHE pPa3Mephl.
K nepocratkaM 3€pKaJbHBIX H 3€PKaJbHO-THH3OBLIX CHCTEM MOKHO
OTHECTH HX CPaBHHTE/JIbHO HeBoJblIHEe YIJIOBBHIE IOJISl, BHHBETHPOBA-
HHME HEHTPANBbHOH 4YaCTH BXOLHOTO 3pauKa, NOBBIIIEHHYIO YYBCTBH-
TENBHOCTh K Pa3biOCTHPOBKAM H HEKOTODHIE JPYTHE.

Paccmorpum  HauboJsiee npocThie CXeMbl 3epKalbHBIX CHCTEM.
K uncny Takux npocTtefiliNX CHCTEM, OUEBHAHO, OTHOCHTCH OTpaXa-
IOHasi NOBEPXHOCTL Kak cepHuecko, Tak ¥ Hechepuyeckod HhopMBL.

AGeppaunu cheprueckoro 3epkansa. OIHHOUHOE chepHUECKOE 3ep-
KaJio yallle BCEro HCNOJb3YETCA HJH JJIS NOJY4YeHHS H300parKeHus
GeCKOHEYHO JaJjIeKOro TMpejMeTa, HJH KaK ONTHYECKasl CHCTeMa,

usobpaxaromas npeamer B 6eCKO-
HeuHocTH. AGeppauun cdepuyec-

D KOro 3epKaJjia ONpejiesiuM 1o ¢op-

1 %2 MysnaM abeppaldii Tperpero no-

A7l psaxa. Jlis napameTpoB BCIIOMO-
K Froyost ratesIbHBIX JIy9eH mpumem cjeny-
_0‘\ 7 IOIlHe  YCJOBHA  HOPMHPOBKH
% 31 (puc. 276): a, = 0; o, = ;
2 )

Te b= —1; Bi=1 H =splf;

r d o I = 1. Tak KRak mjad orpaxaio-

! 2 el NOBEPXHOCTH 1y = —11, = |,

Pie. 276. Onurousoe cepuueckoe sep- 1O COTnacHo (500) mosyunm ciie-
Kano AyIOUHe 3HAaueHHs [Js fapaMer-
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pos Pu W: P = —1/4; W = 1/2. Tloncrasus nosfyuenssie 3sHaye-
aust P 0 W B dopmyant (498), nafineM Boipaxenus 48 KoaddHUHeR-
TOB afeppanHi TpeTbero nopsiaxa:

Sp= —1/4;
Su=—Hy/4+ 172
Sm=—H/44+H — 1 (557)
31\1 = };
Sv=—~H}/4+3HY2 20,

Torpa abeppanuu TpeThEro MOPHAKA chHepUYecKoro 3epKaJxa Co-
riacho (261) u (557) anst MAOCKOro MEPUIHOHANBHOrO Nyuka (M = ()
U NpPH YCJIOBHH, YTO ny == ng = —I1, OYAYT ONpemetsThcs o cbop
MyJiaMm:

nonepeuHas cheprueckas aleppanus

Ayin = —m?(8]7); (558)
nponoJbHas chepuueckas abeppanus
Asi = —m*/(8f'); (559)
MEpPHAHOHANbHAS KOMA
Ayin = 3m* o (—Hy + 2)/(8f); (560)
ACTHIMATHUECKAS Pa3sHOCTb
Az, =z, — 2, = —f ot (—Hi/4 4+ H, — 1); (561)
LUCTOPCHS
Aynr = 0.5f o} (—HY/ 4 -+ 3H/2 — 2H,). (562)

CpaBuuBas cepuueckylo abeppauuio ONMHOUHOH JIHH3H (S =
= 2,14 npu n = 1,5) co cepuueckoii abeppauneii OLHHOUHOIO 3ep-
Kana (S; = —1/4), MOKHO BHAETb, YTO JIHH3A UMEET B 8,5 pas 66ib-
wyto cheprueckylo abeppannio, yem sepkano. Ma popmya (560)—(562)
C/AEAYEeT, YTO €CJIH LEHTP BXOAHOTO 3payka COBNANaeT C BEePUIMHON
sepkana (H, = 0), TO MepHIHOHAJIbHAA KOMa, KpPHBH3HA H300paxke-
HHSI H aCTHTMATH3M HEYCTPAHHMHEL. ﬂHCTOpCHH B 3TOM CJlyyae OTCYyT-
creyer. Ecan B dopmynax (557) mosoxuts, yto H, = 2, 1. e. _LeHTp
BXOJIHOTO 3payKa COBNajaeT C LeHTPOM KPHBH3HBI 3epKajia, TO Siy =
= Si11 = Sy = 0. 310 o03HAuaer, yTO NPH TAKOM NOIOKEHHH BXOJ-
HOTO 3pauka chepHYECKOe 3epKajlo HMEeT TONbKO chepHuecKylo abep-
pauHio H KpHBH3HY [leuBaas.

Ilns napaGonuueckoro sepkana (S; = P = 0) chepuueckas abep-
pauns orcytctByer. B 3TOM cayyae corsacuo Gopmynam (557) St =
= 1/2 ¥ ocraeTcs nocTOsIHHOM npH Mo6bix H,, T. €. Koma napa6o-
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JIMYECKOTO0 3epKaja He 3aBH-
CHT OT IOJIOXEHHUS] BXOXHO-
ro spauka. Ilpp H; =0
(nMJI0CKOCTh BXOAHOTO 3pauy-
Ka COBIAJaeT ¢ OompaBo
3epKaJsia) noJesble a6eppa-
IMH 1apaboJHyecKoro 3ep-
Kajla TaKHe Xe, KakK H Y
cepHyecKoro.

T Aﬁegpauuu AByX3ep-
; KaJbHOH cucTembl. [IpuH-
S¢’ HUnyaJbHas cxemMa JIBYX-
3epKaJbHOH CHCTEMBI NOKa-
3aHa Ha pHc. 277. Paccro-
sTHHEe ¢ OT BEpPIUUHB GOJIb-
1IOro 3epKana A0 IIOCKOCTH H306paKeHHs OOBLIYHO OTOBapHBaeTCs
B TEXHHUECKHX YCJOBHAX Ha Pacyer CHCTEMBI H 3aBHCHT OT KOHKpET-
HOTO HasHaueHHsl ofbexTHBa. DyaeMm cuutath, 4TO 1UEHTP BXOAHOTO
apauka COBMNajaeT ¢ BepIIMHOH GoJblIoro 3epkadga.

Jlasi BcriomoraTesnbHBIX Jydeil NpHMeM CJeAYIOIIHe YCJAOBHS HOp-
mupoBru: o, =0; by =1, ag=1; B, =1; H =0; B, = —1;
[ = —1. Orpesku —d, ¢ ¥ Sp- Ha pHC. 277 OpHBENEHE K (BOKYCHOMY
PACCTOSIHHIO, PaBHOMY eNMHHIE.

IlByxsepkanbHass CHCTEMAa HMeeT JBa CBOOOJHBIX Mapamerpa
(o ¥ d), KOTOpBIE CHEAYeT BHIOHPATH C YUETOM TFa0apUTHHIX YCJIOBHH.
Hs puc. 277 npu az = 1 caepyer, yto —d + ¢ = Ay = sp+, a no
¢opmyJie BHICOT NpH Ay = 1

Fuc. 277. Cxema iIByX3epPKaJbHOro 06bEKTHRA

h, = 1 — da,.
M3 nocnepanx GopMyJ NoJayyaeM:
d = (c— /{1 — ay). (563)

Taxum ofpasom, NpH 3aNaHHOM 3HAYEHHH ¢ NapaMeTpsl o, U d
CBAA3aHBl MEXAy co6o 3aBHCHMOCTBIO (563). Kpome TOrO, Be/SHUHHEI
d B ¢ onpenensioT BLICOTY A, NEPBOr0 BCIOMOTaTeIbHOTO Jyda Ha
manoM sepkane. Tak Kak Majoe 3epKasio 5KPaHHDYeT UEHTPAaNbHYIO
4acTh BXOJLHOTO 3DauKa CHCTEMBI, TO ¥KeJaTelbHo, yToGwl A, < 0.5.

Ilpn NpUHATBIX YCNOBHSAX HOPMHPOBKK HaljeM BbIpameHus /s
napamerpoB P u W Kaaoro sepkasna. YUHTbIBasi, U4TO N, = fg =
= 1, n, = —1, corsnacuo (500) “monyunm:

Pi=—al4  Py=(l—as) (1 +a)/4;

564
W|=a§/2; W2=(1 —a%)/? ( )
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Bripaxenust cymm 3efinens, onpejensieMnie 1no ¢opMmyaam (498),
6yAyT HMETb CJACRYIOIHHA BHA:

~§I =P +’—{2P2;
—S-II=W1+E2P2+W2§ I
St = o1 + (Ha/ hy) Py + 2 (Hofho) Wo + os; (565)
Stv =y — (1 + a3)/hy;
Sv = (H3/R3) Py + 3 (H3/ B) W +2 (Ha/ha) o,

rie hy = 1 — doy; Hy = d; @1 = ay; @3 = (1 + ay)/h,.

Ecnu npu 3agadHOM 3HaYeHHH ¢ YCTAHOBUTHL 1O ¢opmyne (563)
CBSI3b MEXAY d M Qy, TO COTJIACHO BEIpaxeHusM (564) u (565) MoxKHO
BBEINIOJIHUTD HCC/ICJOBAHHE KOPPEKUHOHHBIX BO3MOXHOCTEH IBYX3ep-
KaJbHOH CHCTEMBI B 3aBHCHMOCTH OT Iapamerpa C,.

Jng paciuupeRHsl KOPPEKIHOHHBIX BO3MOXHOCTEH PACCMOTPEHHOH
CHCTEMBI HCIIOJb3YIOT Das/iiuHbie JHH30BblE KOMIIEHCATOPHl WJIH Je-
(GopMUPYIOT OBEPXHOCTH 3epKaj, Aeaasi X Hecpepuueckumu. Cile-
IyeT UMETb B BHJY, UTC BBEJEHHE HECHEPHUHOCTH PABHOUEHHO JO-
6aBJICHHIO OJHOrO KOPPEKIHOHHOTo mapaMerpa. Eciy HecdepHYHOCTD
BBOJMTCS HAa TOBEPXHOCTH, COBIAAAIOMEN C IJIOCKOCTBIO amepTypHOH
Ivabparmsl, TC BbICOTA BTOPOrO BCIIOMOTaTeNbHOTO Jyda Ha 3TOH

NHoBepPXHOCTH paBHa Hymo (H; = 0). ITosromy corsacHo ¢popmyiam
(509) HechepuyHOCTL STOH MOBEPXHOCTH OYAET BJHATH TOJIBKO Ha
CepHYeCcKYK) abeppanuio, He W3MeHss IoJieBble abeppamil TPeThEero
nopsaxa. Beire (cm. . 117) 6plia nokasaHa BO3MOXKHOCTh HCIIpaBJIe-
HUA cQepHuecKod albeppalyiy ¥ KOMbl B JABYX3ePKaAbHOH cucTeMe
C HCHOJb30BaHHEM ABYX HechepHuecKHX 3epKai.

124. Pacyer 3epxaibHO-JAMH3OBBIX CHCTEM

JLns KoMneHcanyn oceBHIX M HOJEBhX abeppalluil 3epKaJb-
HBIX CHCTEM HCIIOJIB3YIOTCS PA3JIMUHLIE JIMH30BbIE KOMIIEHCATOPHE. 3TH
KOMIIEHCATOPH MOTYT OBITb YCTAHOBJIEHHl KaK Iepel 3epKaJbHOH
YacTbIO CHCTEMBI, T. €. B MapaJjliejibHblX NYYKax Jydell, ecjay rpeaMer
PacnoyioxeH B OECKOHEYHOCTH, TaK H BHYTPH CHCTEMBI, T. €. B CXOHf-
Imuxcsa nydkax Jayueli. KoHcTpykums KommneHncatopa HoJxKHA OHITb
Tako#, uTOObl OH HMEJ MHHHMaJbHbIE XpOMaTHUecKue abeppalHH.
PaccMorpuM HexkoTOpbIE CXEMBI TAaKHX KOMIIEHCATODOB.
MenuckoBblfi KoMneHcaTOp B NMapaelbHbIX Nyukax jaydeii. Onsok
H3 NPOCTEHIIHX cXeM 3epKa/bHO-JMH30BOM CHCTEMHI SIBJSETCS cXema,
COCTOSIIAs M3 JHMH30BOIC KOMIIEHCATOpa M C{EpHUECKOro 3epkaja
(puc. 278). Iasi GeCKOHEYHO YJa/eHHOTO MNpeAMETa MNPHUMEM cneny
IOlKME YCNOBHA HOPMHPOBKU: o, = 0; o, = 1; A =f; P =1,
= —f.
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/)
J_ Jlns ycTpaneHus XxpomarHama
HHOJIOXKEHHs1 B KOMIMEHCaTope Ko-
/J,=12\ F' o owy=1 HEYHOH TOJIIHHEBL corsacHo (op-
- myie (280) HeOOGXOLHMO BRINOJ-
@0 HUTb YCJIOBHE

k=2
V SI xp = 2 hhch = 0
_SP I/ k=1

d Hs MOCJIENHEIO COOTHOLUEHHSA
Puc. 278. Chepuueckoe sepxado ¢ menuc- ¢ YUETOM NPUHATHIX YC/IOBHH HOP-
KOBLIM KOMIEHCATOPOM MHUDOBKH [OJYYHM!:
Stxp = MGy + hCy = —(1/vy) [(hy — hy) @y + hyay] = 0.

Tax kak mo Qopmyae BHCOT Ay, = h; — d,0,, TO IOCJAE]HEE BHIPa-
XeHue A Syyp OYZET HUMeTh BHI:

1
SI xp = = T (dla; —_ dlazag + h;ag) = 0.

Penrenne noyyesHOro KBajpaTHOro YPaBHEHHs! YCTaHABIHBAeT CBf3b
MEXIY YILJaMH G, H Og'

o, = 0,505 (1 = 9/1 — 4h/(d,ag))- (566)
Tak xak Ajas = f;, TO OKOHYATEJLHO HMEEeM:
oy = 0,503 (1 +=9/1 — 4fi/d,), (567

roe fx — dokycHOe paccrosiHse KOMIEHCaTtopa.

Cnenyer oTMETHTb, YTO B ycjoBue (567) He BXOIUT KO3(dULHEHT
IOHCNEPCHH Vv, CTeKJa JHH3bl. JTO O3HAYaeT, 4TO XPOMATH3M [O0JO-
JKeHHA KOMIleHcaTopa Hchpas/es M Jo00H AJHHBL BOJHEL, T. €.
KOMIIEHCATOP SABJACTCA TIOJHBIM anoXpoMaToM NpH JoG0H Mapke
ONTHYECKOrO CTeKJa.

I mosyueHHs BelnecTBeHHBIX KopHek B dopmyae (567) momkHO
BBITIOMHATECA ycaoBue di > 4fx. OueBHAHO, YTO NPH MOJOXKHUTENb-
HOM KomineHcarope (fx > 0) 3To ycsoBHe NPUBOAUT K NPAKTHUECKH
HEeNpUHeMAeMOH KOHCTPYKIHH JIHH3bL.

YcaoBue (567) Bcerna BHIOJHSETCH, €CJAH KOMIEHCATOP SiB-
Jgserca oTpuumaresbHuM  (fx < 0) — orpHuaTeJsbHAs MEHHCKOBas
JMH3a. 10T Komnencarop Osli apengoxed B 1941 r. npod. [O. 1. Mak-
CYTOBRIM H ¥3BecTeH NOJ HasdpanueM «Menuck Makcyrosar.

B 3aBucuMOCTH OT 3HaKa nepel KBaJpaTHHM KopHeMm B dopmyJe
(566) BO3MOXHBI IBa BapHaHTa KOHCTPYKUMH KOMIEHCATOpa: Me-
HUCK, OOpalleHHBIH K 3€pKaJy BOTHYTOH CTOPOHOH, HJH MEHHCK,
ofpallleHHBI# K 3epKaly BhINYKJIOH cropoHo#l (pHc. Z78). Bribop
BapuaHTa KOHCTPYKHHH KOMIIEHCATOpa OINpelessieTcs BO3MOXKHOCTBIO
KODDPEKIMK ApYyrux abeppaiui.

OcHOBHOE Ha3HaueHue MeHHCKa MAaKCyTOB3 COCTOMT B TOM, YTOOH
KOMIIEHCHPOBATh cdeprueckyio abeppauuio chephHyeckoro 3epkana
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HJAY 3epKaJbHOR CHCTEMK!, He HMelomedl HecpepHYeCKHX MOBEPXHO-
creil. i paccMarpuBaeMoR CHCTEMB! BHIDAXEHHS NHEPBOH CyMMuf
3eiinens 6yKYT HMeTb BUA:

k=3
St = g} hyPy = hiPy + hyPy + hsPs, (568)
rpe
Py = agpa/(l — pa)’s
Py = (a5 — ap)/(1 — pa) I (005 — 0tahs); (569)
Py = —0,25 (I — a3)*/(1 + ag);
hy=F; hy=F —dia,.

Coraacso dopmynam (568) 1 (569) MOKHO peKOMEHROBATh C/eNYI0-
YO METOAMKY HCCJIeJOBaHUH KODPEKUHOHHBIX BO3MOXKHOCTEH CH-
creMbl. IIpH 3a1aHHOM (OKYCHOM PACCTOSIHHHM CHCTeMbl [ BrIGHpaeM
TOMUUHY MeHucKa dy = (0,08 ... 0,12) D, rne D — puameTp MEHHCKA.
3anaBiuch BeIHUHHOHA a3, N0 opMyJie (566) HaXOAUM COOTBETCTBYIO-
mee 3HaYCHHE Oy, a IO opMynaM (569) — noBepXHOCTHHIE KO3hdH-
wsents Py, Py, P3 u BoicoTy h,. Torna corsacuo (568) mpu yc/aoBHH,
yto Sy = 0, paccuuTeiBaeM hy = —(h, P, + h,P,)/Ps, a 3arteM —
PACCTOSIHHE MEXAY MEHHCKOM H 3epKaaoM dy = (A, — hy)/os.

YKasaHHble BBIYMCJIEHHS BBIIOJHSIOTCS IS PAAA COYETAHHH o
H d,. [lna ouenku nosesbix abeppauuii Heo6XOZHMO BRIUHCJHTD Napa-
metphl Wy, W, u W,, ¢ noMombio KoToprX no dopmysam (498) mMoxHO
onpeneauts Syy H Syrr.

Ha ocuoBanu# npoBefeHHBIX HCCAeJOBaHHH BHIGHpAIOT HauboJsee
palMoOHa/bHEIH BADHAHT CHCTEMEL.

MennckoBbIll KOMIeHCaTOp pEKOMEHAYeTCs NPHUMEHSTh B 3epKallb-
HBIX CHCTEMaX C OTHOCHTEJIbHBIM OTBepctHeMm fo 1 :2...1:3, TaK
Kax mpH GOJMbIIHX OTHOCHTEJNbHHIX OTBEPCTHSX KauecTBO H300paxe-
HHUS 3aMETHO YXYZXUIAaeTcst BCJAeJCTBHE CHJIBHOTO yBeJHYeHHs cdepo-
XpoMaTH4ecKol abeppanuu.

AdokaibHbii KOMIEHCaTOP B CXOAAIHUXCHA nyyKax jayded. [las pac-
IUHPEHHS] KOPPEKIMOHHBIX BO3MOXKHOCTEH KOMIIEHCATOpPa Heo0Xo-
JHMO YCJOXHHTh €ro ONTHYECKyIo cxemy. PaccMOTpHM CXE€MY KOM-
MEHCATOPAa, COCTOALIEr0 H3 JBYX GECKOHEYHO TOHKUX JIHH3, PacloJo-
JKEHHBIX B CXOAAIMXCS Ny9Ykax Jyded. KOHCTpYKuHA KOMIEHCATODA
JIOJKHA GBITh TaKoHM, 4TOGH OH HE BHOCHJ XPOMAaTHUYeCKHX abeppaui.
Jna GecKOHEYHO TOHKOH CHCTEMH MocjefHee TpeGOBaHHE CBOIUTCH
K BHINOJIHEHHIO YCJIOBUS

Q/v, + @lv, = 0, (570)

rie @y H @, — ONTHYECKHE CHJH JHH3 KOMIMeHCAaTopa.
OnTHyeckas cuJada BCEro KOMIIEHCATOpa

® =9 + ¢, (571)
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Puc. 279, JByx3epKajLHblH 00LEKTHB C dQUKAJIBEBIM KOMHEHCATOPOM B CXORLAIHXCSH
nydkax Jaydelt

Hnst mcupaBieHHs] BTOPHYHOIO crleKTpa B OECKOHEYHO TOHKOH
cHCTeMe HeoOXOZHMO, 4YTOoObl OBbLIM paBHBL YACTHHIE OTHOCHUTE/bHBIE
IMCIIEPCHH ONTHYECKHX MarepHastoB. [locieanee ycmosue 6yler
BBINOJHATLCS, €CId ofe JUH3BEl KOMIIEHCATOpA H3TOTOBJIEHH! H3 ONTH-
YeCKOTO CTEKJIA OJHOH U TOH JKe MapKH, T. €. v; == v,. Toria corjacHo
yeaosuaM (570) u (571) noayvaem @ = —@y; @ = 0.

Takum o6pa3oM, 6eCKOHEUHO TOHKHH HECKJICEHHBIH KOMIEHCATOP
SIBJISIETCSE MOJIHLIM aNOXpPOMAaTOM, €CJIH erc JIHH3bI H3TOTOBJIEHH H3
ONTHYECKOro CTEXJIa OJHOU MapKH H 00pasyior aQoKalbHylO CHCTEMY.
Takoil KoMmeHcarop, HanpuMep, MOKeT ObITb HCHOJB30BaH B IBYX-
3epKaabHOi cucreme. [l yMeHbIUeHHS NONePEeYHbIX Pa3sMePOB KOM-
TeHCATOpa ero HY:KHO paclojaraTb 3a MafdblM 3epKajoM B CXOAd-
muxcss nydkax aydgefi. Cxema JBYX3epKa/lbHOTO 0OBeKTHBA ¢ ago-
KaJbHLIM KOMIIEHCATOPOM B CXOIAIIHXCS NydKax JiyyeH NpHBeJeHA
Ha puc. 279. Ilosaras, 4TO MJOCKOCTh BXOJHOTO 3payka COBnajaer
c onpaBof GOJBLIOrO 3epKaja, NPUMEM CAelyIOUHe YCI0BUS HODMH-
POBKH JJIsi BCIOMOTATeNbHBIX JAyued: oy = 0; Ay = 1; a3 = a, = 1;
Br=1; Py =—1; Hy =0, [ = —1

Ha cragnn rabaputHoro pacyera TpeGyeTcs 00eCledHTh:

HeOOXOAUMBIA BHIHOC TIJIOCKOCTH H300paXeHHS OTHOCHTENDHO
BepLIKHE! GOJLILOrO 3epKajia (BeaHYHHA C);

MHHHMAJBbHO BO3MOXHYIO HIIHHY cucTeMmsl (—d; + ¢);

IONYCTHMOE JKPAaHHPOBAHHE IEHTPAJbHON 9aCTH BXOJHOIO 3padka
(Ay < 0,5R,).

Ycnosue adhoKaMbHOCTH KOMIIEHCATOpa 03HAYAeT PABEHCTBO YIJIOB
Oy = &, = |, 370 06CTOSATEJBLCTBO TNO3BOJSET HE3aBHCHMO HCCHENO-
BaTh KOPPEKUHOHHBIE BO3MOXKHOCTH JIBYX3€pPKa/NbHOH CHCTEMB H KOM-
nedcaropa. Tak Kak yroJ oy MexIy JMH3aMH 3aBHCHT OT ONTHYECKHX
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CHJI JIMH3 KOMIEHCaTopa, TO KOMIEHCATOp HMMeeT [JBa CBOGOAHHX MNa-
paMerpa (g H &), pallHOHAMIbHEIA BHIOOP KOTODHIX JaeT BO3MOXHOCTh
HCNpaBHTh JABe abeppalHH: chepHuecKylo H KoMy. [lpH onpenenenuy
KOHCTPYKTHBHEIX NapaMeTpoB KOMIleHcaropa CJjelyeT HMeTb B BHAY,
YTO ero KOppeKLUHOHHhle BO3MOMKHOCTH 3aBHCHT OT MOJOXEHHSA KOM-
NeHCcaTopa OTHOCHTeJbHO BEPLIXHH MaJjloro 3epkana. Ecau xomnes-
caTop pacnoJaraTs GJHXKe K MaJioMy 3epKaJjy, TO OH CHJbHee Gyjer
BJAHATL Ha cepuyecKyio aCeppauHio CHCTEMH, €C/JH KOMIIEHCATOp
npubankarb K 3agHed (oxaJbHOH IJIOCKOCTH, TO BO3PACTaeT €ro
BJUSIHHE HA noJieBnie abeppaiHi.

PaccMorpeHHBIE KOMIeHcaTop Omal npepsioxxkeH B 1934 r. mpod.
B. H. Uypuaosckum. Ilpumenenne Kommencatopa uesecoo6passo
IpH OTHOCHTEJ/ILHBIX OTBEpPCTHAX 10 1 : 5,

AdoxanbHbiit KOMIIEHCATOP B NapajjeibHbiX NyuYKax Jjydveii. B cse-
TOCHJbHHX 3eDKaJbHO-JHH30BEIX OGBEKTHBAX C OTHOCHTENbHBIM OT-
BeperueM Ao [:1,5...1:1 gna noJyuerHs BHICOKOTO KauyecTBa
H306paxKeHHa HeOo0XONHMO NPHMEHATb adOKaJbHBIE KOMIEHCATOp,
ycTaHaBJuBaeMbifl B napajje/bHBIX My49Kax Jayded, T. e. nepel 60Jb-
LIMM 3ePKaJIOM. TOT KoMmrencarop Gbli npeanoxen B 1942 r. 1. C. Bo-
nocosuiM, . }O. Tameneprom w L. $. [leyarsuxosok. Huamerp
TAKOrO KOMIEHCATOpa COM3MEPHM C AHaMeTpoM GOJbIIOrO 3epKaJja.

CxeMa 3epKaJbHO-IHH3I0BOTO 0GbEeKTHBA ¢ adoKaNbHAWIM KOMIIEH-
CaTOpPOM B MapajJyiefibHbIX NMydYKax Jyded npusemexa Ha pHc. 280.
[lonarag, 9TO MJIOCKOCTH BXOAHOTO 3padyka COBHAjaeT ¢ HECKOHEYHO
TOHKHM KOMIIGHCATODOM, OYyAeM HMeTh CJAEYIOWIHe YCJOBHA HODMH-
POBKH JJ5i BCHOMOTaTe/IbHHX Jyueit: oy = a5 = 0; a, = 1; h; =
=h=h=h=h=1 p=0%=1 Hi=H =H,=H, =
= 0; [ = —1. OO6blYHO KOHCTPYKTHBHEIE NapaMeTpnl 3epKaJbHOH
7acTH OOBEKTHBA ONpPENeNsIIOT H3 YCJAOBHS ofecneyenus TpefyeMsiX
JJIMHBL BCefl CHCTeMH!, BBHIHOCA IJIOCKOCTH H300paXKeHHS, IKPaHHDO-
BaHHUSA LEHTPANbHOH YaCTH 3payka H Ap. 3Has abeppaiuun 3epKalbHOH
YacTH CHCTEMH, HEOOXOAMMO OINpEeHeHTb KOHCTDYKTHBHBIE Mapa-
MeTpHl KOMIIEHCATOpa, IPH KOTOPHX ofecneudBaeTcsi Haudyuilee
COCTOSIHHE KODpEeKIHH. TaK KaK KOMIeHcaTop aB/seTca apoKaJbHEIM
(a; = 0), a mapamerp oy Onpefe/sieTcst ONTHYECKOH CHJOH JHH3, TO
HMeeM IBa CBOGOIHLIX NMapaMerpa: oy H &g C KOHCTPYKTHBHOH TOUKH

Puc. 280. Jlsyx3epkanbihi o6beKTHB ¢ aOKaJAbHHM XOMMEHCATOPOM B NapalJenb-
HHX Ny4YKax JydeB
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3peHHst HHOTAA MOXET OKAa3aTbCsl PAlMOHANBHEIM B KayecTBe Masloro
3epKa/ja MCIONb30BaTh MOCJAEAHIOD [OBEPXHOCTb KOMIEHCATOPA.
Tak kak pajuyc Majoro 3epkana HaXOAAT NDPH pacyere 3epKaJjbHOH
YaCTH CHCTEMBI, TO B 3TOM CJIydae napaMeTp &, ONpelesieTcs BRGOpPOM
pajHyca rg Majoro 3epkana:

ay = ((n — D/n) (h/ry),

rae s — nokasaresnb IPEJOMJCHHS CTeKJa JHH3 KoMIeHcaropa.

B sakJjioyeHHe OTMETHM, 4TO B 3€PKajbHO-JHH30BBIX O0BEKTHBAX
UCIIONB3YIOT KaK adoKanbHble, TaK M HeahOKasbHblE KOMIIEHCATOPH,
yCTAHABJIKHBAEMEIE B MAapa/lIebHBIX M CXONSIUIMXCS [y4YKaX JAyder.
DbeKTHBHBIM CPENCTBOM pPACHIMPEHHS KOPPEKIMOHHBIX BO3MOXKHO-
cTedl TaKUX CHCTEM $SBJsETCS IPUMEHEeHHe B HHX HecdepHUeCKHX
nosepxHocrefi. Dosiee noxpobHee ceefierus o0 abeppauHOHHOM pac-
yeTe 3epKaJbHBIX H 3€pPKaJbHO-JIHH30BBIX CHCTEM MOXHO HAHTH B pa-
6ore I'. I'. Cmiocapena [33].

125. 06 aBTOMAaTH3HPOBAHHON KOPPEKUUH ONTHYECKMX
cuctem Ha IBM

Koppeknuuss onTHyeckofl CHCTEMBI — 3TO IIPOLECC BHeCe-
HHUSl NONPAaBOK B €e KOPPEKHHOHHbIE [1apaMeTpsl B LEJAAX NOJyYeHHS
TAKOTO HX COYeTaHHSs, IPH KOTOPOM HAHJyYLIHM 00P a30M pealH3yIoTCs
BoIOpaHHBIE KOHCTPYKTOPOM (YHKIHH.

KoppekunoHHBIMH IapaMeTpaMH p; OHTHYECKOH CHCTeMBI MOTYT
OBITb PafMyChl KPUBU3HbL, TOIMUHELL JUH3 H BO3AYIUIHbIE IPOMEXKYTKH,
K03(huIHeHTsl ypaBHeHUE HechepHUueCKHX MOBEDPXHOCTEH, IapaMeTphl
ONTHYECKHX MaTepHasJoB H T. I. B KauectBe ¢pyHkuuit @; BeiGuparor
abeppauuu Jyued, kosddunuentsl aleppanuli TpeTbero IOpPANKa,
MOHOXPOMaTH4ecKyl0 MJH noguxpomaruyeckyio @IIM, napaxcuann-
Hble BeJMUHHBI (DOKYCHBIE pacCTOSHHSA, (OKaJbHbIe OTPE3KH) H T. I.

Ilpu aBromarusupoBaHHOH Koppekuuu B IBM no ompejeneHHoH
NpOorpaMMe OCYLIeCTBJISETCS] KOpPPEKIHSl ONTHYECKOH CHCTEMBI [0
NOJIYYeHHUs] PeIIeHMs B 3aJaHHOH ONTHYECKOH cXeMe N0 BEIOpaHHBIM
KOHCTPYKTOPOM (PYHKIHAM.

CymwecrByolye nNporpaMMbl aBTOMaTH3MPOBAaHHOH KODpEKIHH oI~
THYECKHX CHCTEM NPeJyCMaTPHBAIOT aKTHBHOE H TBODYECKOE ydacTHe
ONTHKAa-KOHCTPYKTOpPAa B pacdere, HOO KOHCTPYKTOD pellaer Takue
Ba)KHbI€ BONPOCHI, KaK BBRIOOD HCXOLHOH CXeMbl; HPUHUHIHAJbHbLIE
M3MEeHEeHHS B KOHCTPYKLHH, BHIGOD KOPpPHIHPYEMBIX QYHKUHHA H KOp-
PEeKIHOHHBIX fapaMeTpoB.

Meronpt aBTOMaTH3UPOBAaHHOH KODpEKUHMH ONTHYECKHX CHCTEM
MOXHO MNOAPAa3NeJUTb Ha CHENHANH3HPOBAHHBIE METOHBI H METOJHI,
B KOTOPBIX HCIIOJIB3YIOTCS YHHBepCaJbHBIE NPOrPaMMBL.

B nporpamMmax cnennaiu3MpOBAHHBIX METOAOB, NpeAHA3HAYECHHBIX
JAJI9  pacyera ONTHYECKHX CHCTeM ONpeJe]eHHOro THIA, HCIOJb-
3yioTcss GOPMYJIEI M MeTOIbI, NpHMEHsieMble W IPH HeaBTOMaTH3HPO-
BaHHBIX pacuerax, Hanpumep GopMynsl TeOpDHH abeppaiuél TPeTbero
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nopsinka. Ilupoko u3BecTHEl NOROOHHE HpOrpaMmbl AJIs pacyera
ABYXJIHH30BHIX O0BEKTHBOB Ha IBM pasiHuHEIX THIOB.

3tu Oporpammel ofecneduBaT 60Jee BBICOKYIO (10 CPABHEHHIO
¢ YHHBEPCAJbHBIMH TPOrpaMMaMH) CTENeHb ABTOMATH3AlHH pacuera,
TaKk KaK [Jg ONTHYECKHX CHCTeM OIPENeNEHHOrO THHA CYLIECTBYeT
TOYHAs AHAJIHTHYECKAS CBS3b MEXKLY KOHCTDYKTHBHBIMY [1dpaMeTpaMH
U abeppaunusaMu. Ho nosyuaeMoe eIHHCTBEHHOE pelieHHe OKashbIBaeTCs
TOYHBIM JIHLIb B TPETbHX NOPAIKaX abeppauuil, H ONTHYECKAd CH-
creMa, B OOJbIIMHCTBE NPAKTHUECKHX CJAYYaeB TPEOYeT «TOHKOH»
HOBOJKH METOLOM Hpob.

[1pu yHHBepCa/IbHEIX METOAAX KOPPEKIHs BEAETCA HTEpalHOHHEIMHU
cnocoGamu, T. €. NYTEM NOCAEN0BATEAbHBIX NPHOIHKEHHH, KOTOpbie
OCYIUECTBJISIOTCS DelieHHeM CHCTeMbl HeNHHEHHBIX YpaBHEHHH.

Jins pelenus CHCTeM HeJIHHEHHLIX YpaBuenuit npumensor [6, 28]
merog HpioToHa, Merol HaMMeHbIUHX KBajpaTtoB, I'DajHeHTHHIE Me-
TOXBI H HEKOTOPHIE Ap.

Meron HploTona npHMEHSIOT, KOTA2 MCXOAHAS ONTHYECKAS CH-
creMa 6/u3Ka K 3ajadHofi. Pemast cucremy ypaBHeHMH Bujha

i=t

Y (0D/0p:) Apt! = @y — @Y,

i=1

HaxoJAaT Tpefyemble H3MEHEHHMS! KODDEKIHOHHBIX mapamerpoB ApiY,
IODH BHECEHHH KOTODHIX B HCXOAHYIO CHCTEMY INOJYYalOT 3HAYEHHS
oyskuulE @), He BHIXOAWMX 3a Npefesbl 3aJdHHLIX HHTEPBAJOB
Cﬁh -+ AQ,; O} — 3nauenns (YHKUMH B MCXOLHOH CHCTEMe.

Yacrrsle npousBofusie 00,/dp; onpeensior JU6O Mo ToYHBIM Hop-
MynaM auddepeHnHanbHBIX COOTHOIIEHHH, JTHO0 CHOCOGOM KOHEUHbIX
pasHocTed.

Meto HaUMEHBIUIHX KBaZPaToOB JA€T MOJIOKHUTENbHBLIH PE3YNIbTAT,
KOrja 4uc/jo GyHKUHHA 3HAYHTENBHO (B 2—3 pasa) IpeBbIuaeT YHCIIO
KOPPEKUHOHHBIX mapamerpoB. Ilpu 3Tom Hesibssi TpeGoBaThk, YTOOHL
Bce paccmaTpuBaeMbie (YHKLIHH IONYYHJH Obl 3a1aHHbIE 3HAYEHHS.

[Ipun pelmieHuH 3THM METOJOM CHCTEMY YCJOBHBIX HECOBMECTHBIX
ypaBHEHHMH (HEM3BeCTHBIX MeEHblIe, YeM YpaBHeHH#) mpeobpasyior
K CHCTeMe ! HODMaJ/bHHIX JIMHEHHHIX ypaBHEHHH C { HEH3BECTHHIMH,
Npd pellleHuH KOTOpoH Tpebyercss ofecrneydBaTh NOBHILIEHHYIO (O
CpaBHEHHIO ¢ MeToJoM HbIOTOHA) TOUHOCTB.

CxonumMocTb HTepanui#t KOHTpOMMpYeTcs ¢ nomouibio GyHkmun L,
CBI3aHHOH C H3MeHEHHSIMH NapaMeTpoB:

=k
L= Y (Ap").
i=]

[lpu cxomsmemMcs npouecce 3HayeHuss GyHKuuH L H0o/KHH YOH-
BaTh OT luiara K miary.

Ecau 9HCIO KOPPEKUHOHHBIX APAMETPOB PABHO YHCAY GYHKUHMH,
TO METOJX HaHMEHbIIHX KBaIpaTOB aBTOMATHYECKH NEPEXOJHT B METOX
HeiworoHa.
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Meron HauMeHbIUIMX KBaJpaTOB He TpefyeT BRICOKOH KBanH(HKa-
LMK KOHCTPYKTOpPa M MOXKeT GbITh PEKOMEHJOBaH Ha HadaJbHOH cTa-
MM aBTOMATH3HPOBAHHOIO pacyeTa ONTHYECKHX CHCTEM.

Ecsn 3apaHee H3BeCTHO, UTO 3afaHHble 3HAaYeHHS QYHKIHH OLHO-
BpPEMEHHO HEJOCTHXKHMKEI, TO 3aflady pelualT MeTOAaMH MHHHMH3aUHH
OUEHOUHOR (QYHKLHH:

k —
F = 121 a; (@ — ©y)?,

rie a; — BecoBule Koahdunuents; O; — Tekymue 3HaueHUs KOppH-

rupyemex ¢yeruufi (B wactHocTH, abeppaimufl); @; — sajganHbe
3HayeHHs] KOPPHTHpYeMHX OYHKUHH.

Hanpumep, B rpajiHeHTHOM METORE HTEPanHA OCYUIECTBJASETCH
B HanpaB/JeHMH HaunOoJblelf CKOPOCTH YMEHbLIEHHS OLEHOYHOH

¢yuruuy F, KOTOpOE OKa3biBAETCS NMPOTHBOMOJOXKHBIM HaNpPaBJIeHHIO
i=t

rpajuenta, paBHoro otHowenuo dF/dP, rge dF = ‘Z, (0Flop;) dp;, —
=1

=t
Auddepernuan ouenounofi ¢yukuuu, a dP = Y, (dp)? — nudp-
i=1

(bepeHIH AT «PACCTOAHHA» B BOOGPaxaeMOM MNPOCTPAHCTBE NapaMeTpOB
MeXLy HCXOZHOH ToukoH P} M Touko#t c Koopaunaramu [P§ -+ Ap;l,
T. e.

=
P = El (Aps)®.

Takum ofpa3oM, rpajHeHTHBI MeTOJ, aBTOMAaTH3HPOBAaHHOH KoOp-
PEKIMH OTHOCHUTCS K METOJlaM MHHHMMH3alu# OLEHOYHOH (QYHKUHH,
NpH KOTOPHIX 3Ty (YHKIMIO paccMaTpHBAIOT KaK CBOeOOpa3HYlo
XapaKTeDHCTHKY KayecTBa H306paxeHus.

OneHounasi (yHKIUA cB3biBaeTcsi ¢ afeppalUsiMH OHNTHYECKOH
CHCTEMBl 33BHCHMOCTBIO

=k
F = l§1 a; (Ay;)z,

rae a; — BecoBHe KO3(BHIHEHTH, YUYHTHBAIOMUE BJAHSHHE KAXKIOH
H3 aeppamufi Ha KauecTBo H3oGpaxenus (a; > 0); Ay’ — noneped-
Hele afeppanuy CHCTEMHL.

IIpy aBTOMaTHSHDOBaHHOM pacuere [0 3TOMY METOLY HaXoIsT
TaKHe 3HA49eHHS KOPPEKIHOHHKX NapaMeTPoOB, NPH KOTOPHX OLEHOY-
Hasg (YHKIHsS MHHHMAJbHA.

MuHHMyM OLleHOUHOM QYHKIUH B Pas/MIHEIX METOAAX aBTOMATH3H-
pPOBaHHOIO pacdeTa HaXOUAT pa3HeIMH crocobamu. BecbMa sdpekTHB-
HBIM OKasajiCi MeTOJ HAHMEHbIIHX KBaJparoB, MpHMeHeHHHH
H. B. IleHo npu pa3pa6oTKe IHPOKO H3BECTHOH aBTOMaTH3HPOBAaHHOA
NpOrpaMMul pacdyeTa ONTHYECKHX CHCTEM.
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[lpu aBTOMaTH3HPOBaHHOA KOPPEKUHH ONTHYECKHX CHCTEM YHH-
BepCcaJbHHMH MeTOJaMH (MeTonn HbloTOHa, HaHMEHbIIHX KBaiparoB)
[OMy9aloT JIOKaJlbHLIE pEeIeHHS, NPH NOCTHXEHHH KOTOPHIX Heo6-
XOJHMMO OCYINECTBJATb KOHTPOJMb 33 CXOLHMOCTbIO HTEpalUOHHOTO
npouecca. [Ins npeloTBpameHHsl PacXOLHMOCTH HTEPALHOHHOTO Npo-
necca paspaboTaHbl MOLMGHKALHH METOHOB, MO3BOJSIOLIHE ONpeje-
JIATb He TOJNbKO HanpaBJeHHe, HO H [Uar HTePaluH.

Hanpumep, uspectan nBe Momudukanuu Mmerosa HploTOHa H ABe
MOZMQHKALKHY MeTONa HAHMEHbIIMX KBanpatoB. [IpHdeM B mnepBoH
mopuduKauny Metoga HbloToHAa wwar BeIfHpaeTcss TaKHUM 0Gpa3om,
9TOOBl Pa3HOCTh MEXAY 3HauenueM QyHkuuu @, mocse s-ro urepauu-

ounoro wara ®f) u sapamurv snauenuem @;, 1.e. (OF — D)),
HENpephIBHO yémsana no a6CoJIOTHOMY 3HaueHH!0. [IpH 3TOM HH OnHa
H3 afeppanHil He yBeJIHUHBaeTCsi 10 CPABHEHHIO ¢ a6eppalsaMi HCXOL-
HOH CHCTeMBI, HO CXOIMMOCTb HTEpPalHH De3KO 3aMeAJsercs.

Bo BTopofi Monudukamun mMerona HeloToHa pasMep luara onpefe-
JISIeTCS C NOMOIIbIO MHHHMH3aUHH OIleHOUHOH QYHKIHH, YTO YCKOpSeT
CXONUMOCTb HTEpPALMOHHOrO INpolecca, ORHAKO B 3TOM CJAydYae Ha
NPOMEXYTOUHHIX CTaHMAX pacyeTa HEKOTOpHe abeppauud MOTYT
ycyry6uThCS.

Ilpu ucnosnb3oBaHuH MOIH(HKAUHA MeTOIa HaUMEHbIINX KBajpa-
TOB OTPaHUYHBAIOTCH H3MEHEHHS KOPPEKIHOHHBLIX IapaMeTpoB Ha
KaXJ0M HTePAlHOHHOM ILAre.

IlpumensieMule B HacTosillee BpeMsi METONB ABTOMAaTH3HPOBAaHHOTO
pacuera ONTHYeCKHX CHCTeM AarT XOpOLIHE De3yJibTaTh! JHIb B TeX
CAyYasx, KOrja CylecTBYOT 6J13KHe K HCKOMBIM HCXOAHBIE CHCTEMBL.

[Ipo6neMa aBTOMaTHYECKOrO pacyera ONTHYECKHX CHCTEM, Ove-
BHAHO, MOXeT OBITb YCMEUIHO pelleHa HA 6ase pasBHTHA HAyYHBIX
METOIO0B, O0ecneynBaOUIHX PAUHOHAJbHEIH BEHIOGOP KOHCTPYKIHH.

126. CymmupoBanHue abeppaumii

IIpu BhIMONHEHHH ralapHTHOrO H CBETOIHEPIreTHYeCKOro
pacyeTa ONTHYECKOH CHCTEMBl XeJarelbHO OPHEHTHPOBOYHO 3HATh,
KaKoe KayeCTBO H300paKeHHS MOXHO MOJYYHThb B paspabaThiBaeMOH
cucreme. B cayyae cJIOXKHOH CHCTEMBI, COCTOSILEH H3 OTAC/IbHLIX ONTH-
YeCKHX Y3JI0B, HEOOXOIHMO OLEHHTb KauecTBO H300paKeHHs, NaBae-
Moro Bce# cucremoidi. Ilpy 3ToM crenyer UMeTb B BHAY, 4TO IJIS CJIOXK-
HBEIX ONTHYECKHX CHcTeM abeppalHOHHBIE pacyeT OTAE/NbHBIX 3JIeMeH-
TOB BRHINOJIHSIETCA CaMOCTOSATeNbHO. Kpome TOro, npH KOMIOHOBKE
CJIOXHBIX ONTHYECKHX CHCTEM YacTO NMPHXOAHTCH HCHOJb30BaTh rOTO-
Bble ONTHYECKHE y3Jbl, abeppalli KOTOPHIX M3BeCTHH. B nomo6Horo
poja cJaydasX BO3HHKaeT 3ajaya N0 CyMMHPOBaHHIO abeppauuii or-
JeJIbHBIX ONTHYECKHX Y3JIOB K ONpelesieRuto abeppanufl Bceil CHCTEMBI.

PaccmoTpuM BOmpoc O CyMMHPOBaHM# NDOJOJBHEIX afeppanHi.
Ha puc. 281 noxasaH npousBOJBbEEIH k-l KOMIIOHEHT CJIOXKHOH ONTH-
9ecKOR CHCTeMBI, HMEIOMHUE JHHEHHOe YBeJaHYeHHe /ISl CONPSIKEHHBIX
naockocredl fiy. Touka A, — npepMeTHas Touka HJH GesabeppalHoH-
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Puc. 281, CymmupoBanHe NpoROJIbHLIX aGeppalui

Hoe u3o6paxenue Aj_j, CO3JaHHOE MNpEeJIIECTBYIOMEA 9acTbio CH-
creMbl; Aor — HpeanpHOe H3006paKenue TOYKH A,  Ai — TouKa,
B KOTODOH peafibHbIH Jy4, HCXOAAIUH U3 TOYKH Ay NOX YIJIOM Oy,
0 BBIXOJE M3 KOMIIOHEHTa IepeceKaeT ONTHUeCKYylo ock; As; — npo-
RoNbHAas abeppauxs k-0 KOMIOHEHTAa AJA JydYa, BHIXOASAIIErO MOR
yrioM oi. Ecau npenMerHyio Touky Ay nepeMecTHTb B TOUKy Ay,
TO OTPe30K AS, MOXKHO paccMaTpuBaTh KaK NpeXMETHYIO abeppauuio
I k-TO KOMIOHEHTA WJIA KaK abeppauiio MPOCTPAHCTBA 30Gparke-
HHH MpeliecTBYIOWEN YacTH cucTeMsl. TakK Kak OTpe3ok Asy mads,
TO MOJKHO CYHTATh, YTO CMEIIEHHE TOYKH A, B IPOCTPaHCTBE H300paxe-
HUH ONpeJeNuTCs 4epes3 KBaApaT JHHEeHHOro YBEeJHUYEHHS OTPE3KOM
A A, = AsyPi. Torma cymmapmas abeppaumust Asy mocie k-ro Ko-
noHeHTa OyleT paBHa:

Asy = Asppi + Asp = Ash_1B} + Ashe

INpumensss nocjeiHee COOTHOLIEHHE AJIS CHCTEMBI M3 ¢ KOMIIOHEHTOB,
NIOJIy YN M:

q q
As; = Asi TTp? - Asp TP - v - As; B2 HAs),  (572)
2 3

g
rue ITB2 — nponssenenne KpagpaToB NMHEHAHBIX yBeNHUeHHH BCeX
2

KOMIIOHEHTOB OT 2-r0 10 §-TO.

[TepeiizeM K paccMOTpeHHIo monepeyHslx aGeppauunit. Ha puc. 282
By, — nmpeamernasi Touka uiaM Ge3abeppanHOHHOE H306paXKeHHe, CO3-
NAHHOE MpeNIeCcTBYIOMIEeH YacThI0 CHCTeMbl; Bg, — HIeaNpHOE H30-
6pakeHyue TOYKM Bj; B — TOUKa nepecedeHHs ¢ HJIOCKOCTBIO H30-
6pakeHHus pPeajbHOTO JAy4Ya. BHIUIEAIIETO W3 TOYKM Bi; Ay; — mnome-
peuHasi abeppanus k-ro KOMNOHEHTa 1Ja AaHHoro Jgyua. [lepemectum
TOYKY B, B TOUKY B, BBeIs TEM CaMblM [peIMETHYIO afeppanuio
Ayy, aBaswoniyiocst abeppanmell NPOCTPAHCTBA H300pa)KeHMH npen-
IUECTBYIOMEHR 4YacTH cHcTeMul. Ecau B, — /nuHefiHoe yBeaIHYeHUE
k-ro KOMIOHEHTa, TO NpeaMeTHOH abeppaudy Ay, B NJIOCKOCTH H30-
6paxeru#l 6yger cooreeTcTBoBaTh cMmemenne Ay,f,. CrneposarensHo,
cyMMapHas nomnepeysast afeppaiuus

Ay = Bysfs + Ayi = DyiPr + Aui
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Puc. 282, CymmupoBanHe nonepeynblx abeppaunf

BJIH CHCTEMbl H3 ¢ KOMIIOHEHTOB MOJYYHM!:

. q q
Ry = AgiL1p -+ AgTIP - 4 Agiifo -+ Agi (573)

Cnenyer OTMETHTH, U4TO CyMMUpOBaHMe abeppauuil coraacuo ¢op-
myaam (572) u (573) HOKHO BHIDOMHATBCA MO XOLY ONHOTO Jyua,
NPOXOAALIEro Yeped Bcio cucrteMy. [1pu 3TOM HEOOXOZMMO yYHTHIBATD,
4To afeppauroHHLIA pacueT OTHEJbHBIX XKOMIOHEHTOB ONTHYECKOH
CHCTEMBI BBITIOVIHAIETCS TIPH YCJOBHH, 4TO H300paxKeHHs TOYeK, s
KOTOPBIX BBIYHCAAIOTCS abeppaluy, NOJAYUYaloTCs Hak OCbi, T. €.
y" > 0. Ilpn KOMMOHOBKE CHCTEMBI 3TO YCJIOBHE MOXKET HAPYILATHCSH,
T. €. 4’ < 0, ¥ B TAKOM CJIy4ae 3HAKH TNONEPEYHHX abeppanuil Takxe
usmensnTcd. B gopmyse (573) Heo6X0AUMO YUUTHIBATE 3HAK JMHEHHOTO
YBEJIHYCHUS.

OtnenpHBIE 37€MEHTBI, M3 KOTODHIX KOMIOHYETCS ONTHYECKas CH-
CTe€Md, MOTYT OBITh PACCYHTAHBI TaK, KaK 3TO PAIHOHAJbHEE C METO-
JMYecKOH Toyku 3penus. Ilpw 3TOM B KOMMOHEHTE MOXKHO NPUHATH
X0 JyueH, NOPOTHBOMNOJOMXKHBIE TOMY, KOTOPBHIH HMEET MECTO B CJIOXK-
HOH onTHYecko# cucreme. Tak, Bce OKYJASPHl PACCYUTHIBAIOT CO CTO-
POHBI TJ1a3a, T. €. CO CTOPOHH OeCKOHEYHO YIaJeHHOro npeiaMera.
IIpoexkunorHKE OOBEKTHBB € GOJBIUMMHU YBEJHYEHUAMH DPacCCUHTHI-
BalOT CO CTOPOHHI 3KpaHa. B nonofHpIX ciayuasx HEOOXOLMMO OLEHH-
BaTh OCTaTOUHbE abeppaudu B o6patHoM Xxone Jayued. AGeppaunu
Ang obparHoro xona Jay4de#t 6ynem o603HayaTb CTDEJAKOH BBEpXY,
ODPHEHTHPOBAHHON cnpaBa HajseBo. Ecian B — snHefiHOe yBenIHUEHHUE
Il LAHHOH Maphl COTPSKEHHHIX mockocTed, Ay” u As" — cootrser-
CTBEHHO IONepeYHast W NPOJOJbHAs abeppalvu B NPAMOM XOIe, TO
aeppanuu LJst o6paTHOTO XOAa JyyeH coOTBeTCTBEHHO OYAYT PABHbLI:
e e
Ay = Ay'/B; As’" = As'/B2.

Ilpy KOMNIOHOBKE CJOXKHBIX ONTHYECKHX CHCTEM MOTI'YT HMETb
MECTO CJy4aH, KOrja JMHEHHOe YBe/NNYeHHEe KaKOro-TO KOMIIOHEHTa
pPaBHO HYJII0. DTH YCJIOBMS XapakTepHL!, HANpHMeD, Ias 060pauuBao-
IHX CHCTEM C MapajjefbHbIM XOLOM JydeH MeXIy KOMIIOHEHTaMH.
Ha puc. 283 nokazauna rakas cucrema, rie As; — npojionbuas abep-
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I -4s;
~ 2
i/ FZI/AIIU)
£ -4s)=4s, A6 A, As)
~h A #

Puc. 283. Cymmuposanne aGeppalBfi B JBYXKOMIOHEHTHOR CHCTeMe C napa/Jelb-
HHM XOAOM nyuel

pauHsi nepBOr0 KOMIOHEHTA, BHLIYHCJEHHAs B NapaluIeNbHOM MNyYKe
ayqet; Asy — npoponbHas abeppanus BTOPOrO KOMNOHEHTA. Ecau
nepBulfi KOMOOHEHT He HMeeT abeppanuil, TO peasbHHI Jyd, BLXOASA-
wHi K3 TOUKH A, npHxojutT B Touky Aj. Ilpu mamuuud abeppanuu
B NIepBOM KOMIIOHEHTE DeaJsIbHbIH JyY NPUXOLUT B TCUKY Aj, cMelleH-
HYI0 OTHOCHTEJBHO TOYKH Aj Ha BEAHUHHY, ONpelesseMylo yepes
JMHeHHOe yBeNHYeHHe /A CONPSKEHHBIX [VIOCKOCTEH, B KOTODPBIX
HaxoiArca Toukd A; u Age. ITO yBelHYeHHe PABHO OTHOLIEHHIO (O-
KYCHBIX DacCTOSSHHH KOMIOHEHTOB P,» = —f3/f{. CraenosatenbHo,
CyMMapHasi NpoAo/abHas afeppaundsi ABYXKOMIIOHEHTHOR CHCTEMBI

Asy = (ffi) Asi + Asj.

CooTBeTCTBEHHO A/ CYMMapHOH nonepeunofi abeppauun Ay, mo-
JYYHM:

Ays = — (folf1) Ayi + Ays.

M3 nocnenneli ¢opMyJsnl crenyer, 4To B CAyuae CHMMETPUUHON 06o-
pauuBalome cucremsl (f{ = f;) Takue aGeppaniu, KaK KOMa H JHCTOP-
CHfl, aBTOMATHYECKH YHHUYTOXKAKOTCA.

Ecau msobpaxenue, nasaeMoe ONTHYECKOH CHCTEMOH, HaXOLUTCH
B GECKOHEUYHOCTH, TO BHIpaxaTb ee abeppaudH B JHHEHHOH Mepe He
NPEJCTABIALTCS] BO3MOXKHBIM. B TakMX cucreMax aleppaunuu BHIpa-
XKAaloT B YIVIOBOH MEpe, XapaKTepH3YIOUlel OTKJOHEHHE Jyyel nmydka
OT NapaljeJbHOCTH, JHOO B IHONTPHHHOH Mepe, XapaKTepH3yIomed
CXOIMMOCTb HJIH PacXOLHMMOCTb MYy4YKa.

YKasayHasi OlEHKa OCTATOUHBIX abeppaluil NpPHMEHAeTcs s
TEJECKONHYECKHX CHCTEM, MHKPOCKOTIOB, aQOKaIbHBIX CHCTEM, YMEHb-
AKX PACXONAHMMOCTL JTa3epHOro NyuKa, H AJAs APYTHX CJAyuaes,

CymmupoBaHHe afeppalyil TeJECKOMMYECKHX CHCTEM BBIMOJHAETCS
B nepenneil GoKaneHON MJOCKOCTH OKyJasipa. AGeppauuH CKyJaspa,
BLIYHCJIEHHBIE B O6paTHOM XoJe JydeHl (CO CTODOHBI IJa3a), OYLeM

- ~—

o6o3nauaTh: Asey — nponosbHas abeppauus; Ay, — nomepeyHas
abeppauusi. Ecau As; 1 Ay] — COOTBETCTBEHHO NPOAOAbHAS H MOTNe-
peuHass afeppauHy NPEAIIECTBYIOWEH OKYJAADPY YaCTH CHCTEMH, TO
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cyMmapHbie abeppauuu As" u ATJ’ B nepelHefl GoKaJLHON MJIOCKOCTH
OKysasipa OYILyT paBHBL

AS = Asi+Asi; Ay = Ay — R

Toraa yraoyio abeppanuio Ac’, BEPaXKEHHYIO B pagHaHaX, Bbi-
GHCASAIOT N0 topMmyJe

A0" = By ffox = (Agi — Ago)/fox.

Ilpogosnbubie abeppamuH, TaKHe, KaK acTHIMATH3M, KPHBH3HA
H306paxeHHs, XPOMATH3M MOJIOXKEHHS, He 3aBHCAULHE OT ANEpTYphi,
NPHHATO OLEHHBATh B NHONTPHHAHOA Mepe:

b 2
= — (As{ + Asok) 1000/f5,
rie fox — B MM.

B sakmiouenHe OTMETHM, 9TO NpUBeEHHBIE BhIllE dopmyant mas
CYMMHDOBaHHs abeppauuii sBAAIOTCA NPHOJHKEHHBIMH H X OGBIYHO
HCIOJMIB3YIOT MNPH OLEHKE NMPOMEXYTOYHBIX BapHAHTOB paspabaThiBae-
MOH cHcTembl. [loc/ie OKOHUaTeNbHOH abeppaLHOHHOM KODPeKIHH
OTHAENbHBIX KOMIIOHEHTOB CJICKHOH CHCTEMEl H €€ MOJNHOH KOMIOHOBKHU

HeOGXONUMO NPOBECTH PACYeT OCTATOUHHIX abepparuii BCeH CHCTEMBI
no gopmynam (231).

127. O ponyckax B ONTHYECKKX CHCTeMax

IlpH nNpOEKTHPOBAHHH ONTHYECKHX CHCTEM HEOGXOJHMO
YYHTBIBATb HE TOJBKO BOSMOXKHOCTH HX PACYETA, HO H TEXHOJIOTHUECKHE
BOSMOXKHOCTH H3IOTOBJIEHHS, COOPKH H IOCTHDOBKH KakK OTHEeJbHBIX
3JIEMEHTOB, TaK H NpHOGOpa B LEJOM.

Tonbko NMOMHBIA yuer 5THX BO3MOMKHOCTEH MO3BOJIET HASHAYUTH
TaKMe 3HAYEHHS NONYCTHMBIX OTKJOHEHHH (XOMYCKOB) KOHCTPYKTHB-
HBIX [1apameTpeB, KOTOpBIE, C OJHOH CTOPOHH!, OOeCHeYHBalT NOMY-
USHHE 3aJaHHONO KauecTBa H300pa)KeHHS ONTHYECKOH CHCTEMBI,
a € JpYroi, — OKaspiBalOTCS BIOJIHE NOCTHXHMBIMH NPH H3TOTOB-
JIEHHH.

Jlonyckn Ha KOHCTPYKTHBHbIE NapaMeTphl H NOJOKEHHe feraself
B ONTHYECKOH CHCTEME (B TOM YHCJIE HA LEHTPUDPOBKY) ONpeNesisioT
HCXONA M3 Juana3oHa NONYCTHMBIX 3HAYEHHH OCTATOYHBIX abeppanui,
KOTODLIE, B CBOIO OY€pelb, 3aBHCAT OT HA3HAYCHHS OMTHUECKOH CH-
creMel (cM. m. 113). OnTuyeckue AomyckH BLIGHDAIOT TEM ¥XKE, 4eMm
MEHBIIE NONYCTHMBIE OTCTYIMJIEHHS abeppalyuii OT 3ajaHHBIX.

Hanpumep, B onTuueckux cucreMmax, 0OGECNIEUMBAIOMUX KAYeCTBO
u3obpaxeHns, 6NH3KOE K HAEANbHOMY, HONYCTHMOE OTKJOHEHHE
BOJIHOBOTO ()POHTA OT MAEaJbHOTO He ROJKHO NpeBbLaTs A/d (xpu-
Tepufi Panes).

Ecnu o6osnauuTs gomycTuMmyrlo BOJIHOBYIO abeppauuio [y, TO
AJist BH3YAJILHEIX ONTHYECKHX CHCTEM NIPH OCHOBHOM AJIMHE BOMHBI A, =
= 546,07 HM, oHa 6ygmer [y = 135.5 um, NpHYeM NpHMEPHO [Be
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TPETH YKa3aHHOro aonycka (~ 100 BM) 06HIYHO BHUIEJRIOT HA HOrper-
HOCTH H3TOTOBJICHHUS H COOPKH.

O6mufl AONYyCK ONTHYECKOH CHCTEMBI PACHpeNe]AloT NO OTAENb-
HBIM JleTansM H HX 3JeMeHTaM (TOBEPXHOCTAM, TOJIIMHAM, YIJaM
W T. 1.), YUUTBIBAsl NIPH 3TOM BJIHSHHE H3MEHEHHS KaXKIOTO 3JieMEHTa
M 3aTpaThl Ha H3TOTOBJEHHE U COOPKY.

Ilpy Ha3HAYEHHH JONYCKOB HYXKHO YUHTHIBATb MOJOXKEHHE ONTHYE-
CKOH NOBEPXHOCTH HJIM JeTaJH OTHOCHTEJNBHO OCH H IJIOCKOCTH H30-
BpaKeHus.

Hanpumep, npu Ha3HaYeHHH NONYCKOB Ha ONTHYECKHE MOBEPXHO-
CTH ¥ JeTany, NMepHeHIUKYJsPHbIE K OCH Hy4YKa JydYeH, M0Jb3YIOTCA
dopmyno#

Anon =& (ZN)non,

rae g — KO3(hPHIHMEHT, YCTAHABJAMBAKINUN CBA3b MEXIY AOMYCKOM
Ha Ae(eKTH NOBEPXHOCTH Ap,y C BOJHOBHIM JOIYCKOM Ha Hee (/y)ion-

Kosdpprnnenr g Las npejoMiIsiomedi ONTHYSCKOR IOBEPXHOCTH,
pasTpaHUuUMBAIOLIEH Cpelbl C NMOKA3ATENAMH NDEJOMACHHUS My H Iy,

onpegensior no gopmyne (6] g = —1/(n, — n,).

Hns npenomisiiomed MOBEPXHOCTH, TIpaHMYamiell ¢ BO3LYXOM,
pu fiy = 1, Ny = A Gupen = —1/(1 — n).

[as  oTpakamomuX IOBEPXHOCTEH 7y = —ny =1 H gop =
= —1/(2n). Ecan orpaxaionias NOBEPXHOCTL PACIOJOXKEHA B BO3-
ayxe (n=1), T0 Guepx = —1/2.

[lpu ny; = 1,6 s paccMOTPeHHHIX CJydaeB COOTBETCTBEHHO

MOy YU M:

Gupen = 2; Zorp = —1/3; Gaeprs = —1/2,
a IJ19 TIOBEPXHOCTH, PasTrPaHHYHBAIOIEH CPENbl C NoKasaTeNsMu npe-
gomgenus n; = 1,6 u ny = 1,6, g ~ 10.

Takym ofpasoM, ecau TpefOBaHHMA K TOYHOCTH 0O6pabOTKH mHpe-
JIOMJIAIOMEH TIOBEPXHOCTH (Qnpey), TPAHHYALIEH C BO3LYXOM, NPHHSTh
3a eJUHHLY, TO TpeSoBaHHA K TOYHOCTH 00pabOTKU HApYXKHOH OT-
paxaiomel (Zsepy) NOBEPXHOCTH B 4 pasa, BHYTPeHHeH oTpaxalomed
(€orp) TOBEPXHOCTH B 6 pa3 xkecTue, a NOBEPXHOCTH, PA3rPaHUUYMBAIO-
ek cpersl ¢ ny; = 1,5 1 n, = 1,6, B 5 pa3s caabee.

3HayeHust Ha3HauaeMBIX JIONYCKOB 3aBUCST OT TOFO, B KaKOM
mecTe paboyero CedeHHs Ryuyka JyueH HaXOMUTCA ONTHYeCKasi Je-
TaAb HJH y3el.

Hanpuwmep, uwem Gosble pafodee ceueHHe INy4Ka Jydel, TeMm
JKecTye JIONYCK HA HHJWHAPHYHOCTH M MECTHhiE OTKJOHEHHWS MOBepX-
HocTelf, Ha JEUEHTPHPOBKY M TakHue TPeOOBaHUS K ONTHUYECKUM Ma-
TepHaaM, KaK ONTHYeCKas ONHOPOIHOCTH, LBOHHOE JydenpesomJe-
H¥e, OTKJIOHEHHS] ONTHYECKUX KOHCTAHT. TpeGoBaHHS X YHCTOTE TO-
JHPOBAHWS TNOBEPXHOCTEH, a TakkKe B OTHOILEHHH TakKUX Je(heKTOB,
KaK [0Yy3bip#, KaMHH, [APANHHBL, BBIKOJKH, Hao00poT, BO3pacTaioT
C YMeHbLUeHHeM ceyeHHs paboduero myuka.

TpeGosanus Ha ONTHYECKHE [eTaju H Y3JBl NOAPA3LEJSIOT Ha
Tpe6oBaHKHsi K MaTepuasy M TPeOOBaHHS K H3TOTOBJIEHHIO.
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[TapaMeTphi, 10 KOTOPEIM HODMHPYIOTCA TpeGOBAHHS K MaTepHasly
(cM. 1. 25), mO COOTBETCTBYIOUHM KATETOPHAM H KJjlaccaM YCTaHaBJIH-
palorcss [OCT 3514—76.

1. Ha mnpenenbHoe oTkJaOHeHHe An, [0Kasaresas MpeOMICHUS
yCTaHOBJEHO NsTh Kareropu#l (1—5) u werwipe kusacca (A, B, B, I)
B 3aBHCHMOCTM OT HauGOJblIed pasHOCTH INOKasaresed IpenoMJIeHHUs
B NAPTHH 3arOTOBOK.

2. Ha npegnenvnoe oTkjaonenne A (ngr — ng-) cpennefi Aucnep-
CHH YCTaHOBJEHO NATh Kateropuit (1-—b5) u nBa knacca (B, I') B 3a-
BHCHMOCTH OT HanOoJblIeA PA3ROCTH CPeNHHX LNHCHEpCHH B MapTHH
3aroTOBOK.

3. Tlo onmTHYecKok OJHOPOXHOCTH IJIS 3arOTOBOK pasMepoM (aua-
MEeTp HJH AJHHA CTOPOHHI) He GoJjiee 250 MM YCTAHOBJEHO NMATh (1—>5)
KaTeropu#, XapakTepHsyeMelX paspemaioilell CmocoGHOCTbIO IMpH
A = 0,55 MrMm.

Paspemaromias cnoco6HOCTb CTeKJAd ONpeNesiercss 3HaueHHeM
OTHOILIEHHS yIVIa paspelieHust @ AHPpPAKTOMeTpa, B HapasJienbHbiil
Ny4OK JydeH KOTOpPOro BBeJeHa 3aroTOBKa CTeKJa, K yrJy paspelie-
HHA @, Camoro JudppakTomerpa.

Jasi 3arotoBoK pasMepoMm Oosee 250 MM yCTAHOBJIEHO TakxKe
nate (I—V) KaTteropu#i ONTHYECKOH OAHOPONHOCTH B 3aBHCHMOCTH
OT AONYCTHMBIX 3HayeHu# Koshduuuentos Ky, AK u K, (cm. TOCT
3514—76).

4. Tlo EKBOHHOMY JyHENDEJOMJEHHIO YCTaHOBJAEHO nsiTh (l—DB)
KaTeropuf, XapakTepH3yeMbiX Pa3HOCTBIO X01a Jyuel, Ha KOTOpHIE
pasjessercss Majalomui JAy4 MOA BO3ZEHCTBHEM HAIpPSXKEHUHR npu
NPOXOXKIEHHH B HalpaBAeHUH HauOOJbIUErO pa3Mepa 3aroTOBKH.

5. Tlo nokasareso ocnafijleHus &, YCTAHOBJEHO BoceMmb (1—8) ka-
TEropuil, NpHuYeM &, -— BeJHYUHA, OOpaTHAs PACCTOSIHHIO B CAHTH-
MeTpax, Ha KOTOPOM HOTOK M3JIyUeHHA OT HCTOYHMKA THna A ocnal-
JIIeTCH B pesyJbTaTe NMOMJIOILEHHS M paccesiHus B crekJe B 10 pas.

6. Tlo feccBHALHOCTH yCTaHOBJEHH! IBe Kareropuu (1 u 2), orpa-
HUUYHMBAIOM e KOJHIECTBO U Pa3Mep AONYCTUMBIX CBHJEH, U /IBa KJiacca
(A u B), onpenensiomne HanpasJeHHs, B KOTOPbIX 3aTOTOBKA CTEKJa
JOJIXKHA COOTBETCTBOBATH 3allaHHOH xareropuu (A — 1Ba B3auMHO
NepHneHIUKYJASPHBIX HanpaBieHus, b — onHo HampaBsieHue).

7. Tlo nyswlpHOCTH B 3aBHCHMOCTH OT JAHamerpa HauOOJbLIETO
Ny3plpsA, JAONYCKaeMOTro B 3arOTOBKE, YCTaHOBJAEHO 11 Kareropui
(1, 2a, 2, 3, ..., 10} u cemb (A—)K) kaaccoB, KOTOpBIE XapaKTepH-
3YIOTCA CPEAHMM 4YucaoMm nyseipeft guamerpom 0,03 mm u maccos | xr
CHIPLEBOro cTexJ/aa. [IpuyeM Aast CTeK/Ja 3aroTOBOK, H3TOTOBJAEMBIX
no I-H Kareropuum ny3bIPHOCTH, KJiacC INYy3bIPHOCTH HE YCTaHaB-
JIMBAIOT.

B deprexax Ha ONTHYECKHE JEeTaJH YKashlBalOT Clelyiolue Tpe-
60BaHHA K H3TOTOBJIEHHIO.

1. Orcrynaenne N oT 3alaHHOH KDHUBM3HBEL [I0KasbiBaeT Ipe-
NeNbHO RONYCTHMOE OTKJOHEHHE CTPeJKH z (pHc. 284) KpHUBH3HBI
NOBEPXHOCTH HeTalu [ OT CTPesIKH 2Z;p, KPHBH3HHL NMOBEPXHOCTH MPOG-

395




L.

4z

a)

Puc. 284. Kacanne npo6HOro cTeksa M npoBepseMofi NOBEPXHOCTH:
a -~ 00 Kpaw, 6 — B cepefHHe

HOTO CTeKJia 2, BBbIDaXEHHOE YHCJIOM HHTepGhepeHIHOHHBIX KOoJell
HJIH TIOJIOC, MJIM JONYCTHMAas CHEpHYHOCTb IJIOCKOH MOBEpXHOCTH,
BhIDA)K€HHAas B TOM e H3MepeHHH. Takum obpasoM, N ecrb Ho-
IyCK Ha ofliee OTKJIOHEHHe (GOPMBI IOBEPXHOCTH, BHIPa:KaeMoe YHCJIOM
HHTephepeHIHOHHbIX Kosen. CrTpesika B OXHO HHTepdepeHIHOHHOe
KOMbIO paBHa A2. Pa3HOCTh CTPeNIOK 2 — zpp, = Az = NA/2 &~
~ —D? Ar/(8r%.

Jna guH3 HeGOMBIIOR KPHBH3KBL W HeGOJBLIOTO AuaMeTpa (1o
CPaBHEHHIO C paZHYCOM KDHBH3HBI) YHCJIO HaGMi0JaeMblX KoOJell
NpsIMO IIPONOPLUHOHAJBHO OTKJIOHEHHIO KDHBH3HH (Ap = —Ar/r?)
H KBaJpaTy [HaMmeTpa OKPYXKHOCTH, BHYTPH KOTOPOH 3TH KOJblA

HabJIoaa10TCA:
N = ApD?/(4\) = —D? Ar/(4Ar?).

[lpurumass A = 0,655 MKM Hu onyckas 3Hak, noaysaem N =
= 450D Ar/r.

[1pu pacuere nonycka N Ha NOATOHKY NOL NPOGHOE CTEKJO HCXOAS
M3 IONYCTHMOrO Hu3MeHeHHS Afjon (GOKYCHOrO paccTofHus Ha k-i
NIOBEPXHOCTH MOJBL3yI0TCs  GOpMYJIOH

N, gon = 450D Afronhs/ [V q | (nh — ma) Bieds

rie Afqon ne mnpessiuaer (1/3 ... 1/5) Bcero nonycka Ha u3meHeHue
(OKYCHOrO pAaCCTOSIHHSI; § — YMCJIO mnoBepxHocreHl; h,, h, — BhI-
COTHl Jlyda COOTBETCTBEHHO Ha l-# H k-H NOBEPXHOCTAX; Ny, MNi —
[OKa3aTeJyu I[PeJOMJEHHS CpDeR, pasfensieMblX k-H HOBEpXHOCTbHIO.

V3MeHeHHe KDHBU3HBI Das3jHYHBIX NOBepXHOCTeH, BhI3bIBalollEE
OJIHHAKOBoe OTKJOHeHHe Af (HOKyCHOro pacCTOSIHMS, II0-pasHOMY
H3MeHseT afeppalliy, NOSTOMY TOYHee RONycK N Ha pas3JjHuHEIE NO-
BEDXHOCTH MOXHO Ha3HayaTb HCXOAS H3 JONYCTHMBIX H3MEHEHHH
abeppanui.

2. Orknonenne AN OT mpaBHJbHON chepHUeCKOl HJM NJOCKOA
(dOpMEI ONTHYECKOH NOBEPXHOCTH MPHBOAHT K NOABJEHHIO UHJHHIPHY-
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HOCTH, BHI3BIBAIOLleH acTHIMaTH3M B H300pa)KeHHH Aaxe OCeBOH npej-
METHOH TOYKH.

O6o3Hagasi JONYCTHMOE 3Ha4YeHHe acTurmMartusma Az;, npeneanhoe
otkjoHenue AN 1js k- NOBepXHOCTH ONTHYECKOH cHCTeMBI ¢ (OKyc-
HEIM pacCTOsiHHeM [’ MOXKHC OnpelesHTb NO cieayomeli dopmyne:

ANy < DEAZy, sonhil [4Vq 70 (nk — 1) Bi]-

[pu A = 0,555 MKM 3Ta (opMyNa HMeeT BHA:
A HOTOOOLEKTHBOB

AN};< 450Dl§ AZ;. zzorthl/ [ﬁ f'z (nllz - nlz) hk];
AJs1 TEJNECKONMHYECKHX CHCTEM

AN, < 0,450D% (Azs, gon)auro 11/[V/q (15 — 1) Tk,

rae (Azz, gon)gmep = 1000AZ;, Ao,,ffg,’(; fox — DOKyCHOE  paccTosiHHe
okyaapa; I'y — BHAuMOe yBeJHYEHHE TEJECKONHYECKOH CHCTEMBI.

Ecau ponyck AN, Ha nepByI0 NOBEPXHOCTb ONTHYECKOH CHCTEMEI
M3BECTCH H OTKJOHEHHe JI000H NOBEpXHOCTH OT HPaBH/ABHOH cdepsl
BRLIBEIBaeT OAMHAKOBHIH 1O 3HAYEHHIO ACTHIMaTH3M, TO AAd k-# 1o-
BEPXHOCTH HONYCK

ANy = AN (De/Dh)? (n1 — ny) hi/[(ne — ne) he).

Jas mapexuocTd KouTposs HechepuunocTH AN, Koropas paBHa
PasHOCTH dYHCJA HHTeP(PEPEHUHOHHBIX NOJOC B TJIABHBIX CEUEHHAX
NOBEPXHOCTH, ofimee oTKAoOHeHHe N He JOJKHO ObiTh OOJblle onpeje-
aseMof Beanunust AN B 3—5 pas, B KpaitneM cayuae B 10 pas.

3. Orkyonenye C OT HEHTPUYHOCTH JHKH3 (IENEHTPHPOBKA) MOXKET
6uITh ouenena (puc. 285): capurom C; uentpa O, Bropo#l NoBepXHOCTH
JUH3E; caBuroM C, ONTHYECKOH OCH B 3aJHEH IVIaBHOH IJIOCKOCTH
JIHH3; HauboJblied pasHocThio Cg TOJNUKH IO KPAw JHH3EL, YIJIOM
[OBOPOTA Y BTOPOH NMOBEPXHOCTH BOKPYT €€ BEPUIMHBL 10 OTHOLICHHIO
K 1nepBoH MNOBEpXHOCTH.

IlepeuncyieHHrIe BeJHYHHE CBS3aHbl CIEAYIOIMMH 3aBHCHMOCTAMH

Co=Cn—1)flp=0@m—1F;
Ca = CID/”'? = UD; g = Cl/rz.

JonycTumple yrio HakJIOHA ¢ [OBEPXHOCTe# B OOJbIUHHCTBE
ciaydaes HMeOT 3HayeHue 5 ... 30”.

Jlonycky Ha NeneHTPHUPOBKY ONTHYECKUX JeTaslel NO/KHBI Ha3Ha-
49aThCs C y4eTOM Meroia COOpPKH.

4. Knace uncrotel P noBepxHoCTelt ONTHYECKHX JeTaned HasHa-
qaercsi B coorBerctBuH ¢ [OCT 11141—84, ycranaBauBalOUM
12 KNacCOB WHCTOTH MOMMPOBAHHLIX MOBEPXHOCTEH ONTHYECKHX AETa-
aeft (1—10, 1—20, 1—40, 1-—II, ..., IX), xapakrepu3yeMelX COBO-
KYMHOCTBIO HONYCTHMBLIX Ha JeTajisiX HapanuH U TOUYeK.
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& 5. Haumenbuee ponycrumoe o-
KYCHO€ paccrosHue frin MJIACTHH HJIU
NpU3M KaK pe3ysabTaT chepHYHOCTH
HX NOBEPXHOCTeH (B MeTpax HJIH MHJ-
JIUMETpax).

6. Ilpenenbyas KJIHHOBHAHOCTb O
NJIAaCTHH H DPa3BepTOK IPH3M, BBHI3HI-
Balollast OTKJIOHEHHE BBLIXONALIHX JY-
yell Ha HEKOTODHLIH Yyroa Y, H yrJOBOH

r xpomatuaMm  Avya,a, = 0 (1, — I)/v.
s npakTHYeCKHX pacueToB yA0O-
Puc. 285. [leuestpuposaHHas Ha caelylomas  Gopmyra:
JIMH3a Oron = Dyv (AVa,, A,)non/ (g — 1) D,

rie Dj; — nuamerp IeACTBYIOIIETO OT-
BEPCTUS BBIXOJHOTO 3pauka; [y — auamerp paboyero nyuka Jayued
B MECTe PaCHOJIOKEHHUS NeTaNH;, v — KO3QQULUHEHT IUCHEPCHH.
Jonyck Ha KAMHOBHUEHOCTb Pa3BEPTOK NpHU3M BBIpAXKaeTcs ABYMs
coctapasomuMu 0, ¥ 65, CBA3aHHLIMH COOTBETCTBEHHO C KJIHHO-
BUIHOCTBIO B I'JIaBHOM CEYEHHM NIPU3Mbl H C KJIHHOBHJAHOCTHIO BCJEN-
CTBHE NHUPAMUNAJILHOCTH DPAa3BepTKH NpPH3MBL (B MepNeHAHKYJISIPHOM
K TJIaBHOMY CEYEHHIO HanpaBJeHHH):

0 =1/0; -+ 6%

7. TlpenenbHas NMPaMHAANBLHOCTE Tt NPU3MBL — 3TO TpeleSbHO
NOMYyCTHMAsl HeNapasJIeIbHOCTb peGep MPH3MbI, BEIDaXKEHHAS B YIVIO-
BOH Mepe.

8. IlpenenbHas pasHocTh 8 paBHBEIX HO HOMHHAJNY YTJIOB IIPU3MHL.
Hanpuwmep, B npsimoyrosapuo#t npusme AxP-90° gmomyck Moxer co-
cTaBaaTh Oy = 1, IPH KOTOPOM KJIMHOBHAHOCTE Da3BEPTKH [PH3MBI
¥ BHOCHMBIH XDOMaTH3M HE3HAUUTEJbHBI.

9. Knace tounoctH AR upo6HOro creksaa HJIH IpefielbHOe OT-
KJIOHEHHE Dajfidyca NOBEPXHOCTH B NPOLEHTAX Has3Hayaercs B COOT-
BetcTBuy ¢ [OCT 2786-—82 «Crersia npoGHbIE 17151 IPOBEPKH PaJUyCOB
H (GopMel chepHUeCKHX ONTHYECKHX nosepxHoctefi». YToGsl morpei-
HOCTb TPOCHOrO CTeKJa KaK MEpUTEIbHOIO HHCTPYMEHTAa He OKasa-
Jlack 6oJbLue, 9eM IONYCTHMAs IOTPEemHOCTh W3TOTOBJEHHS ONTHYe-
CKUX TNOBEPXHOCTeH, peKOMEHLYeTcst NPHHHMATDb

(Arir) % = (1/3 ... 1/5)400rN /D5

rae D, — nuaMerp nposepseMofi JuH3H; N, — OTCTyIJIeHHE OT
3a/laHHOA KDHBH3HH JIHH3HL.

23

128. Ounenka kasecTBa H300paXeHHs MO pe3yabTaTaM
aGeppallHOHHOTO pacueTta

AGeppannoHubIl pacueT ONTHYECKOH CHCTEMBI 3aBepllaeTcs
COCTaBJIEHHEM CBOAKH OCTATOYHBIX abeppaldil. DTOT HTOTOBHH AOKY-
MEHT Ha3bIBAIOT ONMUYECKUM 6bINYCKOM. B HeM YKa3bIBaIOT OCHOBHBIE
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XAPAKTEPMCTHKH CHCTEMb: (DOKYCHOE pacCTOsiHHE MJH yBeJHUYeHHE,
OTHOCHUTEJbHOE OTBEPCTHE, ANEPTYPY HJIM JUaMETpP BXOLHOTO 3pavkKa,
YrJOBOe MM JIHHEHHOE I0Je ONTHYECKOH CHCTeMBl B IPOCTPAHCTBE
npenmeroB. [IpuBofuTCS OCHOBHAs JUIHHA BOJIHEL Ay, AJIS KOTOPOH
HCIPAaBJSIOTC MOHOXpoMarydeckue adeppalluu, a Takxe HHTepBAN
IAH BOJH (Ay ... Ay), MJisl KOTOPHIX BhIFOJHEHA aXpOMaTH3aLus
CHCTEMAHI.

OnTHYecKull BBITYCK ROJOKEH COXEpPKAaTbh KOHCTPYKTHBHHIE I1apa-
MeTpsl cucreMsl (r, d, n, v), CBeTOBBIE [HaMeTphl ONTHYECKUX MOBEPX-
HOCTeH H CTpeskH nporufa Ha CBeTOBBIX IHamerpax. Kpome Toro,
CJEyeT YKa3hBaTh IIOJIOXKEHHE alepTypHOH AuadparMel, pacCTOSHUE
OT NepBOH NOBEPXHOCTH [0 BXOJHOTO 3payKa U PacCTOsSHHE OT Hocae-
He#l [OBEPXHOCTH JO BBIXOJLHOTO 3payka. [lpHBOASATCS JHaMerpsl
3paYKOB M amepTypHOH Auadparmsl.

Jaa npepmera, pacnoioXeHHOro Ha KOHEUHOM PacCTOSIHHM, Ha-
npuMep, B cllydyae MHKPOOOBEKTHBA, PENPOLYKIHOHHOTO OOBEKTHBA
H T. 4., YKasplBaeTCsd PacCTOsiHUE OT NMEePBOH MOBEPXHOCTH A0 HpEeN-
Mera (nepejHHH OTPE30K) H OT IOC/AEeAHEH HOBEPXHOCTH O H300pa-
KeHUA (3aHHA OTPe30K), a TaKKe PacCTosiHHe MeXAY IJIOCKOCTSMHU
npeamera U H300paKeHHUs.

Yuc/oBble 3HAYCHHS OCTATOYHBEIX aleppauuii ONTHUYECKOH CHCTeMbI
CBOJAT B COOTBETCTBYMOWHE TaOMHUBLI M H300paxaloT Ha rpaduKax.
Cravajsia npusoputcs Tabmuua abeppauuil /s TOUKH Ha OCH: cde-
puyeckas abeppalnusi, yCJACBHE H30IJIAHATH3MA, XPOMATH3M IOJOXKE-
HMA M cpepa — Xpomaruyeckas abeppanus. 3areM cjiefyeT Tabauna
abeppanu# rIaBHBIX JAy4YeH W GECKOHEYHO TOHKHX aCTHIMAaTH4YeCKHX
IIYYKOB JJI PA3/JHYHBIX TOUYEK MOJIsi: MEpPHAMOHA/NbHAA U CArHTTaJb-
Has KPHBH3HA NOBEPXHOCTH H300pa)KEHHUS, aCTHIMAaTH3M, AUCTOPCHUS
H XpomaTH3M yBesnuueHus. Ilocsae s3Toro npuBoOAATCS TabIMIBI abep-
panu#l Jyyedl HAKJOHHBIX IYYKOB B MEPUAMOHAIbHOM H IJIaBHOM Ca-
FHTTAJbHOM CeYeHHusiX. JT# abeppauud MoryT ObiThb NpUBELEHbl KaK
JJisl OCHOBHOH JJIMHBI BOJIHBI, TAK W JUIA JJIMH BOJH, NOJLJIEXKallUX
axpomarusanuu. B HekoTOpniX ciayuasx, Hanpdmep, IPU BLICOKUX
OTHOCHTE/bHBEIX OTBEPCTHAX M OOJBIIKX HOJASX ONTHYECKOH CHCTEMBI
Raiorcsl TabJulE abeppanuil AJs BHeMepUAMOHAJNbHBIX Jyuell. das
BBICOKOKAYeCTBEHHBIX OINTHYECKHX CHCTEM, Hanpumep OOBLEKTHBOB
MHKPOCKONA, NPUBOAATCA TalJMIEI BOJHOBHIX abeppauui.

Ha ocroBanux nanupix tabauu crpostess rpaduxu abeppaunuii
ONTHYECKOH cucTeMbl. I'paduky nonepeysrlX abeppanull AAs pas/iny-
HBIX TOYEK IO/ HEOGXOAHMO BHINCJHSATH B OLHHAKOBOM MaclTabe.

Jas wiunocTpanuyu YKa3aHHHX Bhllle OOMIKHX DEKOMEHZALUHH 1O
O(OPMJIEHHIO CBOJKH OCTATOUHHX abeppanuii B KauecTBe NpHUMEpa
NpHBENeH ONTHYeCKHH BHIIYCK (ororpaduueckoro ofwpektusa «[e-
auoc-81» (npua. 3).

Jlns o0BeKTHBOB CO CPABHHUTEJBHO HEBBICOKHM OTHOCHTE/AbHBIM
oTBepcTHeM cdepudeckas U cepoxpoMartudeckas afeppalui U yCao-
BHE H3OMIAHATH3MA pACCUHTHIBAIOT [AS [BYX Jyueid: KpaHHEro
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(mxp = D/2) u 3onansuoOro (m, = mkp//_f). [1pu BRICOKHX OTHOCH-
TEJBHBIX OTBEPCTHSX KOJHUYECTBO JIYUeH B OCEBOM [Ty4Ke YBEJIHYHBAIOT
KO TPEX-4eTbIpeX (m, = myy/2, my =y 3mp/2). T'padux BropHu-
HOTO CIeKTpa OObIYHO NPHBOAAT RS Jyuell, BXOASIHX BO BXOAHOH
3payok Ha BHICOTE ny = m, [/ 2.

AGeppauuy riaBHAIX JyYedl ¥ HAKJAOHHHIX NYYKOB BRIUYHCASIOT AJIS
IABYX MJH TPeX HAKJOHOB y OOBEKTHBOB C YIJOBHIM noJeM fo 60°
AJISl 4eTEIPeX HJIH NMATH HAKJOHOB B CJydYae LIHPOKOYTOJBHBIX O6BeK-
THBOB. AGeppaiuy HaKJOHHBIX MYYKOB ONPENEIAIOTCH Ha OCHOBAHHH
pacueTa YeThIpeX HJ/IM MATH JyYeH B MEPHAHOHAJNbHOM CEUEHHH H IBYX
HJIM TpeX Jlydefl B CarHTTaJbHOM CeYeHHH. [IpH BHICOKHX OTHOCHTEJIb-
HBIX OTBEPCTHSIX YHMCJIO JIyYeHl B NyuKe yBEJHUHBAETCS.

O6uiue peKOMEeHJAUHH 10 BEIGOPY YHC/a JMyyell B NydYKe B 3aBHCH-
MOCTH OT OTHOCHTE/JHLHOI'O OTBEpPCTHSI CHCTeMBbI NpHBENEHH B 1. 46,
a ¥X BHICOTH B JIOCKOCTH BXOAHOTO 3payka oupegeasiorcs no ¢op-
Mynae (242).

B dororpaduueckux o6beKTHBaX OOLIYHO JOMYCKAIOT BHHBLETH-
pOBaHHE YacTH HAKJOHHOIO NyYKa ONpaBaMH JIHH3 HJH clelHallbHbIMH
Avadparmamu. Ha rpapukax abeppauuil HaKJIOHHEIX IYYKOB PEKO-
MEHJYyerca YyKasblBaTb, Kakas IOBePXHOCTb WUJH Juadparma BbI3H-
BA€T BHHbBETHPOBAHHE.

Koppekuunio aeppaiuifi onTHYecKO# CHCTEMB! Yalile BCETO BBIIOJ-
HAXT OTHOCHTEJIbHO NJIockocTH ["aycca. Opnako BC/eACTBHE OCTATOY-
HOH chepHuecKoH abeppaliy H acTHIMATH3Ma IJIOCKOCTb ¢ HauboJee
6aaronpUsITHBIM DacnpefesieHHeM JydeHl B NsITHE pacCesHHS OKa3hl-
BaeTcs CMELLeHHOH OTHOCHTEJNBHO IIOCcKocTH ['aycca. Hust ompenene-
HHA TOJOXKEHMs 3TOH IJIOCKOCTH H300paxeHHs Ha rpadukax nome-
peyHsIX afeppaunii, NOCTPOEHHLIX B cucTeMe KoopauHaT Ay’ u A tg o,
yepes HayaJa KOOpAHHAT NPOBOJUTCS NpAMasl aa, OTCTYIJEHHA KOTO-
po#i OT KPHBHIX NOMNEPeYHBIX abeppauuii MHHHMaJbHBIE.

IpenBapuTesnibHas OIEHKA KayecTBa HU300paxeHus, CO34aBaeMOro
ONTHYECKOH CHCTEMOH, MPOBOAUTCA NO pasmepy 3PPeKTHBHOTO NSTHA
paccesinusi, o6pa3yeMoro COBOKYIHOCTBIO JydeHl Nyuka A pasiauy-
HBIX ToYeK noas. Ecau 6’ — sdderTrBHbIN AHAMETP NSTHA PACCESHUS
C YYeTOM BCEero CHEKTPaJibHOrO HHTepBa/ia, PerdcTpHpPYEMOro ONTH-
YECKOH CHCTeMOH, TO pa3pewarmmas CrnocofHOCTb CHCTEMH Oyner
OLEHHBATbCH  BEJAHYHHOH, oOpaTHOH JuaMeTpy INATHAa pacces-
HHA.

s rteneckonuyeckuxX H ahOKaJbHBIX CHCTEM, H306DaXkamoliHX
NpeaMEeTHYIO IJOCKOCTh B GECKOHEYHOCTH, HX abeppalii OLEHHBAIOT
B YIVIOBOH M AHONTpHEHON Mepe. YKa3arHHBIE O6CTOSITE/IbCTBA BHOCSIT
HEKOTOpHIE CHenHpHYeCKHe 0COOEHHOCTH B ofOpMJIeHHe ONTHYECKOro
BBIIyCKa TaKHX CHCTEM.

B 3ak/jioueHHe OTMETHM, 4TO MOMHMO YKa3aHHOr'O BbllIe cnocoba
OUEeHKH KauecTBa H306p3)KeHHﬂ Nno reoOMETPpHYECKUM aéepan.HHM HC-
NOJIL3YIOTCS BOJIHOBREIE a6eppaunn. a Tak»Xe YacTOTHO-KOHTpacTHadA
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XapaKTepHCTHKA MJH (QYyHKIHS Nepefadd MOIYMAUHH ONTHYECKON
CHCTeMB. DTH KDHTEPHH MO3BOJSIOT OUEHHTh KAYeCTBO MOJYYAEMOro
u3o0paxenus JJa H3roToBJaedHs obpasua obbekTHpa. bBosee noxpos-
Hbie AaHHbIEe 0 QYHKUHH nepefadd MOAYJSALMHK NpHBeleHk B 1. 84, 90,

129. Boaxosas abeppaudst ONTHYECKOA CHCTEMSBI

Jnsa oneHKH KadecTBa H306paxeHHs HCHOOMNB3YIOT BOJHO-
Bhie afeppanHH, BOSHHKalOU{He IPH HapyLIeHHsSX TOMOLEHTPHYHOCTH
NYYKOB JIy4eH, BhIXOAAMHKX U3 ONTHYECKOH CHCTEeMbl. DTH HapyIUeHHUs
IPUBOAAT K UepepacnpefiesleHHI0 OCBEIeHHOCTH B H300paKEeHHH
TOUEK M, CJAELOBATEJBHO, CBSI3aHHI C H3MEHEHHWEM KauecTBa H3o6pa-
KeHHd.

Ilpn 6esabeppanuoHHOM H300paxKeHHH TOUKH BOJHOBOH ¢pont [/
IOJKeH OBITh chepHuecKHUM. B peasbHbIX ONTHYECKUX CHCTeMaX Bbl-
xonamui BoaHoBOH ¢pouT [ medopmupyerca. Bosnnosas abeppanus
I = MN (puc. 286), aBasasicy Mepol aedopmauud, paBHA OTCTYImJe-
HUIO peajbHOrO BOJMHOBOro GpoHTa OT chepH cpaBHEHHS N[O HOpMaJH
K TNOCJeJIHeH.

[Npu 3HaueHnH BOIEOBOH abeppauun [ < AM10 kavecTBo u3o6paxe-
HHMAi ONTHYECKOH cHcTembl OJH3KO X HjeadbHOMY. BoJHoBas abep-
pauusi, paBHAsl 9ETBEPTH AJIMHH BOJLinl (I = A/4), aBngercs ussect-
HEIM KpUTepHeM PaJiess AJns OueHb BHICOKOT'O KauectBa. llpu [ ==
= (2 ... 3) A KauecTBO Xopoiee, a npa [ = (3 ... 5) A ynoBsaerBopu-
TeJbHOe KauecTBO AJsl OOJMbIUIHHCTBA QoTorpaduyecKMx H NPOEKLHU-
OHHBIX OGBEKTHBOB.

[t HaXoXHEHHA CBA3H MEXAY BOJHOBOH [ H TeOMETPUUECKUMH
Ay', Ax' abeppaumsimMu paccMoTpuUM puc. 287, Ha KOTOPOM mpen-
CTaBJEHO MEPHIUOHAJLHOE CeueHHe PeajJbHOro BOJHOBOrO (ponTa /,
COOTBETCTByIOHiero Jayuy I, upymemy B TO4Ky A’, ceuenue cdepn
cpaBnenus [/, umerowed neHTp B Touke A’, CMELIEHHOH OTHOCHTENBHO
nJocKocTH laycca (NJIOCKOCTH HapakcHaJjibHOTO H300pa’keHHs) Ha
otpesok §. Panuyc chepw cpaBHenns R.

L
P i
L

8x.3p. Bsix. 3p. ©

Puc. 286. Cxema, RAJIOCTPHPYIOWAs BO3HUKHOBEHHe feOpPMaldH BOJHOBOIO (poHTa
BCcaeACTBHe abeppauui

401



-
Prc. 287. MepuauoHalbHOe ceuenue BOJIHOBOrO ()poHTA

BoJsnoBas aGeppauus pis ayda I, onpelensemMas OTHOCHTEJNbHO
roukn A’, | = M;N; u cuutaercss noJoxuTenbHOA, ecqH cthepa
CpPaBHEHHs OMNepekaeT peajbHBIA BOJHOBOH (POHT.

HsMennum na GeckoHeuno Majoe do’ npupauieHnue yroj &’ H 1mo-
JAY9YHM C NOMOUIbIO Jyd9a 3 Ha BOJIHOBHX ¢poHTax [ u Il Touku M,
" N,. Panuycom R* = R + [ nposenem pyry M; K u noayunm M,K =
= dl — npupaleHHe BoOJHOBOH abeppauud. OpjuHata Touku M,
ecTb Yy, opauHara Toukd M, Gyner y -+ Oy. Tenmepb npoBejeM H3
TOUKH A’ nepneHAMKYAsAPHO K Jyuy ! OTPe3oK, IJNMHA KOTOPOTO
paBHa Ay’ cos ¢’. [l OCIHOCTH pellueHusi MpeACTaBUM, 9YTO Ha
puc. 287 musobpakeHa BHeoceBas TOYKa.

Mz puc. 287 caenyior odeBugHble COoTHoWeHHs: Ol = dl =
= M;M,dg; MM, = dy/cos ¢’, torga dl = dy de/cos o’. Ua 1pe-
yromsuuka M;A’'T uaxoxum, aro dop = Ay’ cos o’/R’. Tloacrasasns
Bupaxenue d¢ B QopMyany ans 0/, OKOHYaTeJbHO HOJNYUHM:

Ay’ = R’ dl/dy. (574)

Jlerko nokasatb, 9TO OpH onpele/ICHHH HCKOMOH CBSi3H MO KOOp-
AHHaATE X, MOJYYHUM:

Ax" = R’ ollox. (575)

TakuM o6pasoM, BoJHOBasi aGeppanusi MOXeT OHITb HafileHa HH-
TErpHpPOBaHHEM CHCTeMH ypaBHeHu#l (574), (575):

1 , ’
l:TS(Ay dy - Ax’ 9x).

Ilpu onpenenennu BoaHOBOA aleppaunuH A4Js MEePHIAHOHAILHOTO
CedeHHS NYyYKa, HCXOAAINEro H3 BHEOCEBOH TOYKH, CJAeXyeT Y9YecTh,
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9T0 H300paxkeHHe BHEOCEBOH TOYKH OYyJeT HMeTb OpPAHHATY — Yo

{cM. puc. 286), 1. e. ¥y — yg &~ R’g’, orkyna dy = R’ do’, nosromy
oxp

1= | Ay do". (576)

%

Odra ¢opMyna NpHroiHa H JAJis BHIYHCJIEHHS BOJHOBOA abGeppanuu
B cJgydae oceBOfi TOYKH, 9TO GyIeT NOATBEPKAECHO HHMKE NPH Haxo-
XKJIEHHH CBA3H MEXAY NpojpoJbHOA cdepHIecKOA H BOJHOBOR abep-
pauHSIMH. _

W3 puc. 287 caepyer, aro A'T = (As" — E) sin o’. Tak kax
nporonbHas cdeprdeckas abeppanus As’ mana, To mMan u yroa de
Mexay Jaydamu I u 2, nosTomy

R+ =A'T/dp = (As’ — E)sino’/dg.

[lpupamennio 0l = M,K COOTBETCTBYeT MaJnifi yroa d&’ mexay
ayuamu 2 u 3, rorga MK = M,A’ do’ = (As’ — E) sin o’ do’/do
(de’ ~do’, Tak kKak o' ~ §’),
0l = MK dp = (As’ — &) sin ¢’ do’.
Hckoman cBsisb MeX1y BOJIHOBOA H npojosibHOR cthepuueckoli aGep-
pamusiMu 6GyJeT caefpyowen:
A
[ = j (As” — E)sin o’ do’

0
HAH

LA
! =E(cosa’ — 1)+ | As'stn o’ do’. (577)
0
Ecan naockocTs ycTaHOBKH coBnajaer ¢ mjockoctbio [aycca’
N
T.e. ecau § =0, T0 [go= o= j As’ sino’do’.
]
Ilp# OTHOCHTEABHWX OTBEPCTHAX, He npeBuimatomux 1:4...1:5,6,
MOXHO JOMYCTHTb, 9TO sin o’ &~ ¢; cos 0’ — | &~ —a’*/2; As's’ ~
~ Aycp, TOTAA
oA
= —t0"/2+ | Agipdo’

0
HJIH

[ =—ta"/2 41, (578)
BoJsnoByo afeppanuio MOXKHO oOnpeiedutb rpadHIecCKHM HHTe-

rpupoBanHeM. Ecau 1 KaKofi-IHG0 ONTHYECKOH CHCTEMH HMeercs
rpadHK nonepeuHofi cepuveckoft aGeppauun Ayip = f (o)
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Gy 46 &y, 6 , (puc. 288, a), TO, HCNOJb3Ys
= €ro, MOXHO TNOAYIHTh TpadHk
los lw|  (puc. 288, 6) [, = [ (¢’"), T e

] I ly =14 &"'/2.
| 52=lge los [lpu cMemeHus & nJIOCKOCTH
5=lg, l Lo YCTAHOBKH MOXHO HaHTH HaH-
MeHblllee 3HaYeHHEe  BOJIHOBOH
aGeppauun. Ecau Ha rpaduke
g o afy 0 . 7,  TPOBECTH IpsIMYIO OT tak, 9106nt
) IJ1s1 Jiydedl, BHIXOASAMWHX H3 CHC-

Puc. 288. Cxema Bas onpeleseHust 3Ha- TEMBI 1O/l yI/IAMHU Ogp H Osou, BOI-
YeHHS BOJHOBCH aleppauyH M Haxoxle- HOBBIE a6eppaunn| lh‘p ] = | lson l'
HHS NJAOCKOCTY BaWJyuyllled YCTaROBKH TO CMelleHue E 6yaeT COOTBETCT-
BOBAaTb INJIOCKOCTH YCTaHOBKH C
HauMSHbIIMMHU aGCOMIOTHRIMH 3Hauenusmu {. V3mepuBs Ha rpaduke
orpesox UT = E0ip/2, MONyudM 3HaUeHHe cMemenus & = 2UT /05y -
BoJsiHOBYIO afeppallHio MOXKHO TaKKe PacCyuTarh MO PasHOCTH &
xofia sayueii. MaBecrHo, uro pasHocTb Xoza JyueH ompelensercs AJst
cyCTeMBl, COCTOSINEH H3 ¢ nosepxHocTeidl no Qopmysne
k=g k=q

8= kg’l lg= kgl {98 [0 1€ (0r41/2) — 1 1€ (00/2)] — 25 (py — 1)}
(579)

AGeppauus, oupeaenseMas 3Toft (GopMynvl, HENOCPEICTBEHHO
OTHOCHTCA K TOUYKE [IEPeceueHust Jyua C OCblOo, H €€ MUXKHO paccma-

q
TpPHBaTb KaK BOJIHOBYIO abeppauuio ayda > Iy = lgs + lga -+ -+~
1

v by
Hocrouncrso dopmynn (579) sakmiouaercss B TOM, 9TO OHA Clpa-
BeJJIMBA KaK JJsi ChepUYecKMX NOBEPXHOCTeH ONTHYECKHX CUCTEM,
TaK U AJs HecPepHUecKux.
q

Boiuucaus 3 lp AAS  Kakoro-nuGo Jiyua, BofXOAAIWEro MOA

1
YIJIOM ¢° ¥ Iepecekaioliero ochb OT NocaeAHed NOBEPXHOCTH Ha paccTos-
HHH §', MOXXHO HAHTH NOJMOXKEHHEe TOYKH peaslbHOro BOMHOBOLO (PpoHTa

/ 27/]
e
/

Puc. 289. I'paduyeckoe onpepene-

1]

uue noxoxenuss (¥, Z) TOUKH ’”z\\\ /VZM=Z[¢7,/V1M= ~lg
peansHoro dpourTa: S
1 — nocaenHssi NOBEPXHOCTb ONTH- -~
yeckol cHcteMmul; 2 — c@epa cpaBHe- 5 ~-
HMS € MEHTPOM B TOUKe Aé; 3 — peann- \\\
Bas BOJHOBas [OBEPXROCTH  Ny- . =~
wa MA’; 4 — chepa cpabmenus ¢ 0 s’ JA A7
neHTpoM B Toake A’ g 34 4

g

5
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(Y, Z). Ilycrs, Hanpumep (pHc. 289), BeplmnHa peasbHOrO BOJHOBOrO
¢ponra cosnanaer ¢ BepmuHOo# O, nocaezrHeld nOBEpXHOCTH ONTHYe-
ckofi cucreMel. OtyioXHB OT chepHuecKod NOBEPXHOCTH ¢ LEHTPOM

q
B TO4Ke A’ OTPesOK Y, [y BIOJb AYUa, NOJYYHM HCKOMBIE KOOPAHHATEL:
1

q
Y = (s'+ X l¢> sin o’;
1
, (580)
Z=s— (s’ + X ld,) cosa’.
1
Ecau BOJIHOBYIO aﬁeppaumo HEOOXOIWUMO BBIYHCJHTL OTHOCH-

TEJLHO IWIOCKOCTH MapaKcHaJbHOTO u300pakeHus [, TO, 3Hasl 3Ha-
geHue §;, MNOJYUIUM

lo=7v (s — Z)¥ LY —s5.

Pewenue no ¢opmynaM (580) peastHsoBaHO Ha UPOrPaMMHPYEMOM
KaJXbKyJasiTope (CM. Npua. 2).
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NPHJIOKEHHE 2

NPOrPAMMDBI PACHETOB OINTHYECKHX CHCTEM

HA NPOTPAMMUPYEMOM MHKPOKAJIBKYJIATOPE NMMK

[Ipozpamma 1. Packem nokxasameas npessmaenus cmexia 0if usaysenus ¢ daunod
goants A (cm. 2a. V)

o Haxu- o Haxu- v Haxun- o Haxu-
g. Maemast = & maeman 174 g. maeMmasi I7¢ g' MaeMas 174
=4 KJaBuuia (=] 54 KJ3aBHII2 o ¢ KJaBHina o =4 KJaByina o
< o< %)< X | < X
00| KIIx 0 roj 1o . 12120 F l/x 23130 IIx2 62
0t | Fx2 224 11 | F lU/x 2321 | Mx4 64 || 31 2 12
02 ] xI17 47 112 | Ix 6 66 I 22 » 12 4 32 + 10
03|B? 0E 13 * 12 4 23 4~ 10133 | Ix1 61
B 14 HXIQ 69 i 24 { Ix 3 63 || 34 + 10
04 | B OE| 15| F 1/x 23 )25 Ix7 67 -
! i6|mxs5 |6s(26|Fux |23]38|FY 21
051 B¢ OE 17 * 12 | 27 * 12 | 36 c/m 50
06 * 12 18 + 0l 28 + 1o 1137 [ BII 51
opyxIe 14819 mxs |esf2ofmx7 fe7 3800 00
09 | x[19 49
Huempyryus onepamopy Hawumaemme xrasuwu
1. Bxuawoaure [TMK
2. Ilepefiznte B pexum «[IporpamMmupoBanHes F IIPT
3. 3anecuTe mporpammy 00—38
4. Ilepefinure B pexxum «ABTOoMatHdeckas paGoTas F ABT
5. 3asecute HCXOAHBle HaHHHE B PETHCTPH NAMSITH:
gucio 13 B RGO 13 x[10
A; BRGI A, xIT1
A, BRG2 A, %112
A; BRG3 Ay xI13
A, BRGH4 A, xI14
Ag B RGS Ay xI15
A, B RG6 A x[16
Ao MKM B RGc¢ Ay xTc
M MKM B RGb Ay xITb
Ay MEM B RGa 2 x[1a
6. Buuucanre snavenne ny, B/O C/T1
7. Buunciute snauenue na, c/n
cm

8. Buuncaute sHavenne m,

I pumevanusn:
1) mporpamma mosposster paccuMTHBATL B HEK/e NOKA3aTENH NPEJOMICHHS CTEKOJ
AJsl TPEX NJIHH BOJH: OCHOBHOM Ay, KOTOpas MOXKeT OHITh JiI0GOH, NMepBOA NOMOJHH-
TEeJbHOH Ay, SHadenue KOTOPO# ZONXKHO GHITH MeHbllle, H BTOPOH AOHONHHUTENBLHOR Ajg,
SHaYeHHe KOTOPOH JOJKHO OHTb GOJblIe OCHOBHOM; HX 3HAUEHHS TAKKe JIOGHE;
2) mocie UMKJa BuUMC/IEHHH MOKasaTexelt NpeJOMJIEHHsT /151 TpeX AJIMH BOJH Mnepen
Hadqa/lIoM OYepefHOro HHKJIa HeOGXOXMMO BOCCTAHOBHTH B perucrpe RG 0 wucmo 13.
Koutponbuuii npumep. Inst crekna K8 uapecTn snauenns KOShPUIMeHTOB:
Ay = 2,2699804; A, = —9,8250605- 1073; Ag= 1,1017203-1072; A, = 7,6606834X
X107%; Ag = 1,1616952-10"5; Ag= —5,8130900-1077. Heo6X0aHMO pacCUHTaTh
TI0Ka3aTeNH NPENOMJIeHHst AAs CHeLYIOIMMX AAWH BOMH: Ag= 0,54607 Mxm; Ay =
= 0,47999 mxm; A, = 0,64385 MkM.
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Ipodosrsxcenue npun. 2

B pesyavtate pacuera noayunm: ny = 1,5182962 (s karasnore ny, =1 518294)'
ny, = 1,5224071 (B xarazsore ny, = 1 522408) ny, = = 1,5142897 (B katanore ny,

= 1,514292). TlpaktHka pacyeTOB HOKas3bBaeT, YTO TAKOrO MOpsAKa [OTPEMIHOCTR
BIOJHE AONYCTHMA, TaK KaK OHA 3aMeTHa JIMLIb B IUECTOM 3HAKE HOC/ae 3ansrTof.

[poepamma 2. Pacuem xapOuranbHbix INeMERMOS AUHIBL, PACNOAOKCEHHOL 6 atobbix
cpedax u 300aHHOL KOHCMPYKIUGHOL MU NGPAMEMPOAMU

o Haxu- o Haxu- o Haxu- o Haxu-
& Maemas e 2 maeMas = 2 MaeMas = g Maemast o
= KJgaBpwa =} =4 KJaBulia =} = KJiaBulia o = KJiaBulia =}
< X | < || < 2 < X
00| Ilxb 6L | 15 * 12130 IIx5 65 )46 | Ilx4 64
0l | Mxa 6— 16 | Ilxd 6r | 3t | /—/ OL | 47 | IIx 5 65
02 — 11171 Tlxb 8L {f 32 * 12 | 48 * 12
03 | Mx 1 61 | 18 : 13 || 33 % 12 | 49 * 12
04 : 134191 xII5 451 34| xI18 48 1 50 | /—/ oL
05 xIT3 43 | 20 * 12 | 35 | C/M1 50 || 51 | C/TT 50
06| Ilxc 6[ | 21 — 11} 36 -+ 10|52 xII9 49
07 | Tlxb 6L 22| C/NI 50 || 37 | C/II 50 | 53 -+ |10
08 — 1123 Ixc 6[ 38| Ilxa 6—{ 54 | C/T1 50
09| INx 2 62 24| 1439 ' —/ OL | 65| TIlxd 6T
10 : 13 (1 25 : 1340 IIx6 66 || 56 [ Ilx 8 68
1] xIT4 4411261 B¢ OE || 41 * 12 | 57 + 110
12 + 104271 C/MI 50 || 42 | Ilxc 60 | 58 [ ITx 9 69
131 Nx3 63| 28| xI16 46 | 43 : 13 | 59 — | 11
14| Ilx 4 64 29| Ilx3 63|44 B¢ QE || 60 | C/TI 50
45 | C/M 50
Hucmpyxkyus onepamopy Hancumaemoe Krasutuis
T1. 1—4 BBHINOJAHHTE NO HHCTPYKUMH K Hporpamme | 00—60
5. 3anecuTe HCXOAMbIE JAHHBIE B PETHCTPH IAMSITH:
ry B RG1 ry xIT1
re 8 RG2 rg xI12
d B RGd d xI1d
ny B RGa ny xI a
ng B RGb ny xIThb
ng B RGece ng xIlc
6. Boiunciure snauenue O B/O C/T
7. Bhplukicaure 3xayeHue f’ cm
8. Beruucsure 3HadenHe S'H' c/m
9. BhluMc/HTe 3HAYEHHE Sp, cm
10. Buiyncinre suavenne f ¢
11, Boiuucaure axavenue sy c/m
12. Beluucante sHauenue § g cn
13. Buuncante 3uadense Ay . c/n

Hpu)neaunue Palwyc KDPBBU3HBL, paBHbﬂ/l OeCKOHEUYHOCTH, 3aAaBaTh MakCHMasdb-
HBIM uHC/IOM, Jonvckaembim Rawncli TIMK, nanpumep pas TIMK «3aekrponuka
MK-52» — 310 9,9999999-10%°.

Kourponbuue npumepnt, 1. Jlano: ry == 100 MM; 7y = —60 MM; d = 6 MM; 1y =
= 1,834; ny== 1,5183; ng== 1,49. B pesysbrare pacuera noaysum: D =
0,0023112315: |* = 640,67795. s;y, =—4,6952832; sp. = 639,98267; f=
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ayabTaTe pacdera monyuum: @ = 0,01; f’
sy = 13,172627; s p = —86,82737; A gy,

Hpozpamma 3. Pacuem HYynreso2o Ay4a epes AUR3Y

ITpodosrxcenue npua. 2

= —577,18146; sy = 1,0758239; sp = —576,10564; Ay y. = 0,2288929;
2. Nano: ry= oo; ry= —51,83; d=20; ny= ny= 1, n,= 1,5183. B pe-

= 100; sy’ =0; sp’ = 100; f = —100;
= 6,827373.

o Haxu- o Haxu- ° Haxu- © Haxu-
& Maemasn K 2 MaeMast o a maemas o g Maemaa o
::( Kaasxuia Q E( KJjapHua Q z KJAaBHIua § ‘:{ KJaaBRIna §
00| Nx0 60 i 15 + 10 | 30 » 12 || 46 * 12
0l {Fxs0|57 |16 | IIxb 6L || 31 {Ix 5 65 || 47 | IIx ¢ 6{
02 59 59 | 17 : 13 132 1Mxb 6L [ 48| IIx 8 68
03 | IMNx 3 63 {181 xI15 45 | 33 * 12 || 49 . 12
04 . 12 [ 19| TIxd 6I' || 34 + 10 [ 50 : 13
05 | xI16 46 | 20 * 12 |35 |Mxc 6f [ 51 C/m 50
06 | INx 1 61 |21 111x6 66 | 36 : 13 [ 52 | Nx9 69
07 »* 12 || 22 - 14 || 37 | xI18 48 | 83 * 12
08| Ixb 6L || 23 — 11 §38(Mx7 67 [ 54 | C/M1 50
09 | Ilx a 6—1l 24 | xIT7 47 | 39 - 14 [ 65| I1x6 66
10 — It §25 Ix2 62 | 40 : 13 |56 | ITx 8 68
11 * 12 } 26 * 12 41| C/mI 50 | 57 : 13
12 MNx3 63 [ 27 | NNxc 6[ |42 | I1x3 63 || 58 | C/TI 50
13 (Ix a 6—| 28 | [Ixb 6L | 43| Fx=50]|567 |59 ] IIx4 64
14 . 12 | 29 — 11 | 44 55 55 | 60 | BI1 51
45| Nx a 66— 61 | 05 05
Hucmpyxyus onepamopyg Haxcumaemvie Krasuwu
I1. 1—4 BHMONHHTe 11O HHCTPYKIHH K Iporpamme 1 00—61
5. 3aHecuTe HCXOAHHe Z3HHHE B DETHCTDH NaMATH:
s; BRGO sy xI10
p1= l/r;, BRGI py xIT1
p:= l/lry BRG2 p. xI12
a; BRG3 oy xIT3
hy B RG4 h; xI14
¥y B RGY yo xI19
d BRGd d xI1d
ny BRGa ni xITa
ny B RGD ny, xI1b
n; BRGc nz xllc
6. Boiuncaure 3Havenne Sg B/O C/T1
7. Ecin s, = oo H ; = 0, TO BHUHCHHTE:
3Havenme fg, cm
€CJIH $; 5% 00, TO BHUHCJHTE CHadasa c/m
sHagenne Jo,
a gaTeM — 3HaueHHE ¥g c/m

ITpumenanus: 1) sHaueHme s,, paBHOe GeCKOHeIHOCTH, CJElYyeT 3aHOCHTb B pe-
THCTD NaMSTH HyJeM; 2) mocje pacdera Xofa HYJEBOrO jiyda SHAYeHHS YIJIOB H BH-
COT MOTYT OHThL BHBefeHH H3 CaeAyIOIMuX perucrpos: o; H3 RG 3, o, B3 RG 5,

az 13 RG 8, h; n3a RG 4 r A, 13 RG 7.

Kontponbime mpumepw. 1. dawo: s;= 0; p; = 0,01; py= —0,01; oy = 0;
hy=10; d= 5; o= 1; no=1,5; ng= 1. B pesyabrate pacuera OONYIHM: $; =
= 99,159663; f; = 100,84033.
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IIpodosxcenue npua. 2

2. Hano: 8y = 0; py=0; p,= —0,0L; &y = 0; hy = 10; d= 5; ny = ; n,=
= 1,5; ng= 1. B pesyarrate pacyera mosnyumm: s = 200,0; f; = 200,0.

3. Hano: s; = —250; p; = 0,01; p,= —0,01; o= —1;

hy = s,y = 250;

Yo=—5;d=5;,n,=1; n, = 1,5; ng= 1. B pesyabraTe pacuera moayaum: s; =

B, = —4,0000001; y; = 20.
Huxxe npuBefeHa TaGiHLa CO SHAYEHHSIMH YIVIOB H BHCOT, KOTOPHE MOXKHO BH-
3BaTh H3 COOTBETCTBYIOUIHX PECHCTPOB.

166,57381; B, = —0,66852364; 5’63= 3,3426182.
4. Jlano: s; = ~—250; py==+0,01; p;=0; a;= —1; hy = 250; y,
d=5;n,= 1, n,= 1,5; ng= 1. B pesy.srare paciera noayuum: s; = 996,66671

= _5

i
»

3HauyenHe BeNUYMHH, BH3HBAeMONl u3 permcrpa

Howmep
npumepa Qg [ Qs hy h,
Ha RG 3 #3 RG 5 s RG 8 3 RG 4 s RG7
1 0 0,033333 0,0991666 10 9,833333
2 0 0 0,05 10 10
3 —1 0,166667 1,4958334 250 249,16667
4 —1 0,166667 ,25 250 249,16667
Hpozpamma 4. Pacuen cymm abeppayud mpemoezo nopsadxa 6 odunourod Aunse,
pacnoaoscenrol 8 030yxe npu §; = —oo
g &zﬁ:;{ g Haxu- 2 Haxu- 3 Haxu-
§ | xnasuma | § | & | wranwma | 5 | § | wnovama | 5 | & | cnownma | 5
< 2 | < M X || < x
00| Ilxa 6—1 24 * 12 || 48 - 14 || 72 — 11
0l | Fx? 22 1 25| Ix 1 61 |49 1Ix6 66 || 73 | IIx 0 60
02 | Ilx a 6—| 26 * 12 | 50 * 12 |74 | I1x 9 69
03 » 12 {27 [ xT17 47 1 51 + 10 || 75 ® 12
04 | Ilx 8 68 || 28 + 10 | 52 | xI12 42 || 76 : 13
05 » 12 1129 | xI11 41 I 53 | F Bx 0§77 | xlTe 4E
06 | IIx 0 60 [ 30 { [Ixb 6L || 54 | [1x 4 64 || 78 -+ 10
07 1 01 | 31 1 0l | 55 * 12 |79 | x6 66
08 | ITx 0 60 | 32 — 11 || 56 | xI16 46 | 80 | Mx d 6r
09 — 11 133 |Ixa 6—| 57 | [1x 5 65 | 81 10
10 | F x2 22 |34 | Fx<0} 57 || 58 | F x? 22 1182 | Ix4 64
11 : 13 | 35 94 | 94 [[ 59 | IIx7 67 | 83 . 12
12 | xIT1 41 || 36 : 13 || 60 » 12 | 84 | [Ix 7 67
13 * 12 | 37 | xI14 44 | 61 | xIT7 47 1 85 ) Mxe 6E
14 | xIT6 46 || 38 { IMx ¢ 6[ || 62 -+ 10 || 86 10
15 1 01 39 |Ixb 6L || 63 | xIT13 43 | 87 | IIx 5 65
16 | Mx a 6—1{ 40 — 11 164 |Ilxa 6| 88 * 12
17 — 11 | 41 1 0l | 65 1Ix8 68 || 89 + 10
18 | F x* 22 || 42 {[1x a 6—1 66 : 13 1190 | xIT5 45
19 (| Ix 0 60 || 43 — 11 |67 | xI1d 4T | 91 - |14
20 | IIx a 6—1l 44 : 13 | 68 1 0l || 92| xIT4 44
21 — 11 |45 | x15 45 1 69 | TIx a 6—1f 93 | C/IT 50
22 . 12 || 46 | MIx 7 67 |70 | [Ix 0 60 | 9410 00
23 { Ix 9 69 | 47 . 12 | 71 - 12 | 95 | BIl 51
96 | 37 37
Ecnu  ucnonssyroress IIMK «dnexktponuka B3-34», «unekrponnka MK-54»,

«dsexTpounka MK-56», o nmo anpecy 77 Heo6xoaumo 3aHects XII 0, a mo azmpecy
85— Ilx 0 H npu NMOBTOpPEHHH DacYeTOB BOCCTAHABJHBATh 3HaYeHHe ny B RG 0.
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ITpodosxcenue npua. 2

Hucmpykyua onepamopy Haxcumaenue xrasuwu
I1. 1—4 BHNOJHHTEe MO HHCTPYKUMH K nporpamme 1 00—96
5. 3aHecuTe HCXOAHHE JaHHHE B PETHCTPH NAMSATH:
n; BRGO ny, xI10
h;y BRGS h; xI18
h, B RG9 h, xI19
a, B RGa a, xITa
., s8RGbD B, xI1b
2 B RGec - Bs x[ec
6. Buiuucante snauenns cymMm Sy — Sy B/O C/TI
7. Cunrafite 3HaueHHS CYMM M3 PeTHCTPOB IaMSITH:
S1 m RG1 TMx 1
Sir us RG2 Ix 2
Smr 3 RG 3 Mx 3
§IV H3 RG 4 Iix 4
Sv u3 RGS x5

[Tpumeuanue. Ecnu nepBasg MOBEPXHOCTs AJIOCKAS, T. €. &g = 0, TO K cymme . Sv.,
cuutaynoit H3 RG 5, Heo6xoauMO KOGaBUTH 3HAUEHHE (52—1) CJlIe[0BATENbHO, Sv—

= Sv + (62—1) Ipu aTom ecau mocjie HaxaTHs Kiaasuw «[1x 5» HaxaTh NOCAERO-
BaTe/ b0 KiaBuuy «I1x by, «F x®», «1», «—», «}», T0 Ha 9KpaHe MOXHO NPOYHTATD
3Haqeér-me cyMMe Sv, B HameM ciydae Sy = —0,602484533 (cM. KOHTDOMbHE MpH-
Me .

P K)OHTPOJIbHHe npumep. 1. Javo: ny= 1,5; Ay=1; hy= I, ay= 0,333;
B, = 0,6; Bs = 0,8. B pesyasrate pacuera NOJTYYHM: Sy = 3,336669; Sy =
= 0,6679332; Sy =0, 59975997 S1v = 0,66666666; Sv = —0,59996799.

2. Iano: ny = 1,5; k=1 hz— l; a;=0; B,— 0,667; ﬂs-— 0,6. B pesyas-
Tarte pacueTa MNOJNYIHM: St=9; Sy =—0,603; SIH = 0,040401; SIV =
= 0,66666666; §V=—o,602484533 rak xak Sy =3y+ (Bi—1), 1. e. Sy =
= —-0,047373533 -}- (0,6672 — 1) = —0,602484533.

Hpozpamma 5. Pacuem xoda ocesozo MepuduoHarbrozo AYHA 4epes AUH3Y NpU sy =

= o OO

g Haxn- g Haxu- o Haxu- g Haxu-

& | knaonua | 5 | & | wnoonma | 5 | & | wnovema | 5 | Z | snovuwa | 5
< 4 < 4 < 4 < 4
00 | Mx 1 61 || 13| 11x 8 68 || 26 : 13 139 Nxb 6L
Ol [Fxs<0(57 14| Fsin |19 |27 | [Ixd 6T || 40 » 12
02 70 (70 15| /—/ OL | 28 — |11 4l Oxe 6]
03 | Ix 4 64 | 16 + 10 || 29 | xI13 43 |t 42 : 13
04 . 12 |17 | xI15 45 130 | Mx2 62 || 43 | xI19 49
05 | /—/ OL [ 18 | Fsin i | 31 » 12 || 44 | Fsin™t | 19
06 | xI18 48 119 | IIx9 69 || 32 | /—/ OL || 45| Nx 8 68
07 | Mx a 6— | 20 « |14 ]33 1 0l || 46 | Fsint | 19
08 . 12 | 21 : 13 | 34 + 10 | 47 | /-l oL
09 | IMx b 6L [ 22 | /—/ OL [35|IIx5 65 | 48 + 10
10 : 13 § 23 1 01 { 36 | Fsin 1 49| 0x5 65
111 x119 49 § 24 + 10 |l 37 * 12 | 50 + 10
12| Fsin=? | 19 § 25| x 1 6L | 38| xI18 48 | 51 | xI[16 46




IIpodorxcenue npun. 2

o Haxu- o Haxu- o Haxu- " Haxu-
g maeMas e g Maemasi % g maeMmas 1% g_ Maemas %
4 KJAaByIna o ¢ KJaBHIa L] 54 KJaBHIioa (=) 54 KJaBHila =}
< X o< X || < X | < X
52 | F sin 1] |60} Fx=s£0] 57 | 68 % 12 76 | [x 3 63
53 | x 9 69 | 61 76 | 76 || 69 | C/T1 5 (77 [ 1x 5 65
54 - 14 || 62 : 13 170 x4 64 || 78 | F tg 1E
55 : 13 § 63 | C/T1 50 )| 71 | ITx 2 62 || 79 . 12
56 | | —1 OL f64|TIx7 67 || 72 * 12 180} I1x6 66
57 1 01 | 65 — 11 73] /=1 OL | 81 | Ftg 1E
58 + 10 /66| I1x 6 66 (| 74 | b1 51 || 82 : 13
59 | Mx 2 62 || 67 { Ftg IE |75 ] 38 38 | 83| BII 51
84| 63 63
Hucmpyryus onepamopy Hawmumaeneie xrasuuu
1. 1—4 BunonHHTe MO HHCTPYKOHH X mporpamme 1 00—84
5. 3aHecHTe HCXOIHHE HaHHHE B DETHCTPH HaMATH:
p1=1/ry BRGI py xIM1
pe= lr, B RG2 pe xI12
hy (my) B RG4 hy x114
8 B RG7 sq xI17
ny B RGa ny x[1a
ny BRGD ny, xI1b
ns B RGe ny xlle
B RGd d xI1d
6. BugucinTe smadenne s; B/O C/T1
7. Buuncaute suavense y’ (Ages) cm

Kourtpoabnnie npamepnt. 1. Hano: p, = 0,01; p,= —0,01; hy= 10; s;=
= 09,159663; ngy= ns= 1; ny=1,5; d= 5. B pesynpTaTe pacuera MNOJyIHM:

5, = 97,52333; Aycp = —0,16471282; exII5.
2. Hano: p, = 0; py= —0,01; Ay, = 10; s{= 200; ny=n,=1; ny=1,5;

d= 5. B pesyasrtare pacuera moayumm: sz = 197,74005; Agee = —0,1139996,

Hpozpanma 6. Packem x00a eneocesoeo MepUGUOHAALHO0 AYRQ npU §y = —oo0 U oce-
8020 MEPUOUOHANLKOZ0 AYKA NPR Sy F= —00

Haxn- Haxu-

o Haxu- @ Haxwu- o 9

v o @ '

2 MaemMas o g MaeMas = 8 MaeMasn o g MaeMas I
i | kaaBuma o o | KJaBHWAa o | knapuma C o | kKAaBrma o
< 4 < 4 < 4 < 4

00} Ix0 60 { 10| Ix a 6—[ 20 Nx 3 63 |30} IIx1 61
01 | IIx1 61 || 11 . 12 | 21 + 10 § 81 | Fx==0{ 57
12 12 | Ixb 6L || 22 } xIT5 45 || 32 7 {77

02 .

03 [ /—/ OL [f 13 : 13 || 23 | F sin 1 | 33 : 13
04 1 0l | 14 xI19 49 [ 24 | Ix 9 69 [ 34 | xd 6r
05 —+ 10 { 15§ Fsin™® | 19 || 25 - 14 4 35 — 11
06 | Ix 3 63 || 16 [[1x 8 68 | 26 : 13 | 36 | xIT4 44
07 | Fsin 1{ { 17 | Fsin™? 19 127 {/1—/ OL 37 11x2 62

. 12 4 18 | /1—/ OL | 28 1 *
09 | xIT8 48 [ 19 + 10 | 29 + 10 §39 (/-1 oL




M podorxcenue npua. 2

o Haxu- o Haxu- o Haxu- o Haxu-
g MaeMas o g Maemas = 2 MaeMas o S MaeMast o
154 KJaBuiia O e KJlaBHllua ) = KJaBHIa o = KJapHina o
< X || < X< X || < X
40 1 01 || 54 | /—/ OL | 68 86 86 || 82} Ftg IE
4] = 10 |} 55 + 10 | 69 H 13 | 83 : 13
42 | Mx 5 65 || 56 | IIx 5 65 || 70 | C/T1 50 || 84 | BIT 51
43 | F sin 1l || 57 + 10 )71 | IIx 7 67 | 85 34 34
44 . 12 | 68 | xIT6 46 || 72 — 11 |86} Ix 4 64
451 xI18 48 || 59 | F sin 1 |73 1x6 66 || 87 { Ix 5 65
46 | Ilx b 6L |60 ] INx9 69 || 74 | F tg IE | 88 | F tg 1E
47 * 12 | 61 - 14 || 75 . 12 | 89 * 12
48 [ Mx ¢ 6f || 62 : 13 | 76 | C/T1 50 90| IIx 6 66
49 : 13 | 63 | /—/ OL j 77 { Ix 0 60 || 91 | Ftg 1E
50 | xIT9 49 | 64 1 01 § 78 x3 63 | 92 : 13
51 | Fsin™ | 19 | 65 + 10 | 79 | F tg IE | 93| BIT 51
521 Mx8 68 | 66 | [Ix 2 62 | 80 * 12 |94 | 70 70
53 | Fsin? |19 |67 |Fx=%0|57 |8 |Ilx5 65
Hucempyryus onepamopy Haxcumaenmnie xrasuu
1. 1—4 BunonHHTE IO MHCTPYKUHH K mnporpamme 1 00—94 ¢
5. 3aHecHTe ‘HCXOAHble NaHHHE B PETHCTPH ‘NaMSATH:
5 B RGO sy xI10
p1= 1/r; BRGI P, xIT1
pa= lr, B RG2 ps xI12
a? B RG3 o} xI13
s(, B RG7 sg xI17
ny B RG a nyxIl a
ny B RGb n.xITh
n, B RGc nz x[lc
B RGd dxI1d
6. BuunciHTe SHaveHHe s) B/O C/M
7. Buuncanre sHaveHHe y’ (Aycq;) cm
KOHTpOJleHe npumepn. 1. Jlano: sy = —250; p; = 0,01; p,= —0,01; oy =
= —2,290611° so— 166,57381 n=ng=1;,n,=15d=25. B pesyabraTe pac-

Yeta monyuuM: sb= 163,3852; Aycp = —0,19441241,

2. ano: sy = —250; py= 0,01; py=0; o0y== —2,290611;, n,= nz=1;
ny =1,5; d =5; sp= 996,66667. U3 pacueta momyumm: s2 = 954,64075; Aycp =
= —0,439733486.

Ilpozpamma 7. Buwucrenue doxycrozo paccmosnus fi u sadnezo goxarbrozo ompesxa
8 08YXAUH3080M CKACEHHOM 00BEKMUEe UAU NOAOHERUA NAPAKCUANbHO20 USOCDANCEHUAR
U BAPAKCUGASHO2O YBEAUMEHUA NPU S; F= —oo0

Haxu-

o Haxu- o Haxun- o Haxu- o

g Maemas I 2 Maemas 1% a MaeMasi % g Maemasi %3

& | KAaBHWa S o { KAaBHIIa G = | xnaBuwa o = | KnaBuwia G

< x << £4 < N4 < 4

00| Ix6 66 || 05 | Mx 7 67 110! Nx7 67 [ 15| xITd 4T

0! | Mx7 67 | 06 | Ilx 6 66 || 11 : 13 16| Ilxa 6—
02 : 13 | 07 — 112 Nx t 61 | 17 * 12

03 {Ix0 60 | 08| Mx ¢ 6] || 13 : 13 | 18| Mxec 6(

04 * 12 || 09 * 12 1 14 + 10 || 19 - 14

421
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° Haxn- o Haxn- o Haxn- o Haxu-

ES maemasi 1o 2 MaeMas o 2 MaeMas o g Maemast o
o | KaaBHa o KJIaBHIa S = || kxAaBumwa o i | KAaBumwa 5]
< 1 << x < 4 < 4
20 — 11 | 35 : 13 |50 | INx 8 68 (6561 Fx= 0| 5E
21 | xIT4 44 || 36 + 10 || &1 It | 66 71 71

22 nx7 |67 37| xmd |4r |52 | x4 |64 |67 |Mxc | 6]

23 1 [Ix 8 68 38| TIlxb 6L | 53 * 12 | 68| Ixd eI
24 : 13 || 39 * 12 || 54 [ TIx 9 69 | 69 : 13
25 IIxd 6 || 40 [ x4 64 || 55 : 13 170 | C/M 50
26 * 12 | 41 - 14 || 56 | TIx 3 63 [ 71 | Ix 6 66
27 | Nx 8 68 | 42 1§57 : 13 (72 |Ix0 60

28 | Nx 7 67 | 43 | xIT 4 44 | 58 + 10 1 73 *
11 144 | TIx 8 68 || 59 | xITd 4T |74 | 1x 9 69

29 —
30| Nx 4 64 [ 45 | TIx 9 69 | 60 | Ix 4 64 | 75| Ixd 6r
31 * |12 || 46 : 13 || 61 DI 14 || 76 * 12
321 1x8 68 [ 47 | TIx d 6r | 62 : 13 | 77 : 13
33 : 13 || 48 * 12 | 63 | C/T1 50 || 78 | C/T1 50
34| Nx2 62 49 IIx9 69 | 64 | I1x 0 60
Hucmpykyus onepamopy Haxcumaemtie xrasu wu

I1. 1—4 BHIMOJIHHTE MO HHCTP YKHHH X nporpamme 1l 00—78
5. 3aHecHTe HCXOIHBIC JAHHBE B PETHCTPH NAMATH:

r B RG | ry xIT1

ry B RG 2 ry xI12

rs B RG3 rg xI13

dy B RGa dy xITa

d, B RGb de xITh

ny B RG6 ny xI16

n, B RG7 ny xIN7

ng B RG 8 ng xI18

ng BRGY ng xIT9

hy B RGc hy xITc

hy B RG 4 h, xIT4

ay B RGO ay; xI10
6. BriuncinTe 3HaueHHe Sg B/O C/M1
7. Buiunciure snauenue f§ (Bo) c/m

Ilpumeaanue. Tlpu pacuete XORa napakCHAJBHOIO Jy4a ¢ KOHEYHOrO PacCTOSTHHSA
3HAYEHHs Oy U Ay NOJKHB GbITh 3afaHBl B COOTBETCTBHH C GOPMYJOR @y = hy/s;.

Konrposbubie npumepnl. 1. [ano: s; = co; ry = 54,94; ry= —29,73; rg=
= —116,23; dy=6; dy= 2,5; ny= ngs= 1; ny= 1,5688; ng= 1,6725; h;= 1,
a, = 0. B pesyawrarte pacuera moaydum: s;= 75,998258; f, = 80,00359.

2. [lano: sy = —150; ecam Ay = 1, 10 0y = —0,0066666666. B pesyasbrarte
pacuera nosnyumMm: s;= 165,6413; B,= —1,1204878.

ITpoepamma 8. Pacuem xo0a mepuduorarbrnozo ay4a wepes 08YXsepKaLbHYIO CLUCMEMY,
cocmonuyro us cheputeckux sepkan (onpedenenue s; u Ay’)

o Haxu- o Haxu- o Haxu- o Haxu-

& MaeMas % 2 MaeMmas " 2 MaeMast = 2 maeMas "
o | KJaBHmWa 5 o | KJaByua C o | knaBuwa ° = | KJaBHLIa o
< 4 << 4 < 4 < 54
00 1 01 | 03 77 77 || 06 — 11 i 09 * 12
0l { Txc 6f || 04 | Tx 1 61 {07 [TIx0 60 {| 10| xITa 4—
02 {Fxs£0]57 Il 05 : 13 | 08 | Fsin 1f 11} Fsin™ | 19

422
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o Haxu- o Haxu- o Haxu- o Haxu-

4 MaeMas o g Mmaemasi K 2 Maemas = g MaeMas K
o | KJ1aBHma o K | KJaBuma o X | KJaBHIIA o o | KJaBHIIa o
<< x << Y4 < 4 << x
12| B4 0E | 30 <« 14 |1 48 | /—/ OL | 66 1 0l
13|/—/ OL | 31 : 13 149 | IIx 3 63 || 67 + 10
141 1Ix 0 60 || 32 1 01 | 50 -+ 101 68| INx 2 62
15 + 10 {f 33 + 10 | 51 | Fsin 1| 69 * 12
16 | F sin I | 34 | Ix 1 61 || 52 | IIx 2 62 1 70 | C/T1 50

17 { INx 1 61 | 35 * *
12 136 | INxd 6T | 54 | xIT8 48 || 72

18 * — 11
19§ xI17 47 | 37 —_ Il || 55 > 14173 | 1x3 63
20 - 14 138 | MNx2 62 | 56 2 02 74| Ftg 1E
21 2 02 {39 : 13 | 57 * 12 )} 75 * 12
22 . 12 || 40 | /—/ OL || 68 |/—/ oL || 76 | C/TI 50
23 | /—/ OL | 41 1 0l || 59 | Mx 3 6377 | NIx 7 67
24 [ Ix 0 60 || 42 + 10 || 60 + 1078 | NIx 1 61
25 —+ 10 | 43 | x 9 69 || 61 [ xIT3 43 1 79 : 13
26 | xI13 43 | 44 . 12 || 62 | F sin {[ 1l 80|/—/ OL
27 | Fsin Il || 45| xMMa 4—[631TIlxa 6—i| 81 | BII 51
28 | xIT9 49 § 46 | Fsin™* | 19 | 64 - 14 || 82 | 10 10
29 | Mx a 6—| 47 | B¢ OE { 65 : 13
Huempyxyus onepamopy Haxcumaenwie krasuwu
1. 1—4 BHIDOMHHTEe O HHCTPYKUHH K Iporpamme I 00—82
5. 3amecuTe HCXONHHle JaHHBIE B PETHCTPH IAMSITH:
of B RGO of xITO
r B RG 1 ry xI11
r, B RG2 re xI12
hy B RG 7 (roneko npu 0y = Q) hy xIT7
84 B RGb sy x[10
Sy B RGe sy xIlc
d B RGd d xITd
6. BuuhcaMTe 3Hauenue S5 B/O C/T1
7. Bouncaute snayenne Ay’ c/m

IIpumeuanue. Tlpu pacyeTe xo4a Jayya, HAYILErO NOX YIioM Oy = 0, B PETHCTPH
namstH RGc u RG O ciepyer sanects Hyau, a B peructp RG 7 — 3Hayenue BH-
COTH /. BerunciienHble 3HaveHust Ay U Ay XpausaTca coorBerctBedHo B RG 7 u RG 8.

Kontponmsubie npumepnt. 1. [Jano: r;= 68,97, r,= 2054,79; o0;=
= —0,28647652°% s;= 149904,76; s, = —2000; d = —1000. B pesyavraTe pac-

weTa moayuum: s3 = 61405,751; Ay’ = —444,37562; h, = 10,003646; h, =308,21685.
2. *[lano: ry = 68,97; ry = 2054,79; h, = 10; 0, = 0;s, = —o0; s; = 149904,76;
= —1000. B pesyabrare pacuera moayuum: s, = 60703,929; Ay’ = —445,4055;

hy = 9,9999982; h, = 303,00005.

Hpozpamma 9. Pacuem dsyxseprarorol anaanamuneckod cucmensi (sviucente Koopou-
Ham mouex MepUOUOHAAbHO20 CEHERUS 3ePKAA Y, Z)

o Haxu- o Haxu- o Haxu- o Haxu-

g MaeMas e g Maemas o g Maemas o g Mmaemasa 74
=4 KJAaBUHII A 5 =4 KJaBHUIA o =3 KJIaBHI & o =4 KJaBHLIa 5
< 4 < 4 < X < M
00| Nx 0 60 ) 03 | F x3 22 {06 | /—/ OL | 09 | Ilx1 61
0! } F x? 22 {04 — 11107 301x0 60 || 10 : 13
02 | INx ! 61 106 F v 21 | 08 + 10 11| xIT2 42

423



Tpodosxncerue npua. 2

g Haxz- o Haxu- o Hamu- © Haxu-

B 1 anaomima | 5| & | craouina | 5§ B | wnaonma | 5 | 5| cnanma | 5
< 4 < 14 < X << P4
12 | F x? 22 |31 | Flg 17 {f 50 : 13 169 Mx3 63
13 | xI15 45 | 32 * 12151 | Mx9 69 | 70| Ix 2 62
14 1 01 {133 (=xI19 49 || 52 - 12 | 71 2 02
15 4+ {10}34]F10X {15453 |F10% |15 |72 . 12
16 | F x3 22 [ 35| xITa 4 54 | x4 64 || 73 * 12
17| xI1 6 46 |1 36 | Mx 3 63 || 55 * 12 || 74 1 /—/ oL
18 | Ix 0 60 || 37 * 121586 | x5 65 | 75 | Mx b 6L
19| B¢ OE | 38 | Nx 4 64 {1 57 | Nx 0 60 | 76 : 13
20| Nx 3 63 | 39 : 13| 58 | F x? 22 177]¢cn 50
21 + 10 || 40 | /—/ OL | 59 * 12 || 78 1 01
22 | x7 47 |41 | x5 6560 | Nx3 63 |79 | MNx5 65
23 : 13 | 42 + 10 § 61 : 13 || 80 — 11
24 | MNx 7 67 | 43 | x1b aL || 62 — 11 |8 |MNx3 63
25| 1x 3 63 || 44 2 0263 | Mx6 66 || 82 . 12
26 : 13 45| Mx 3 63 || 64 : 13 [ 83| Mxb 6L
27 | x5 65 || 46 * 12 65 | /—) OL | 84 : 13
28 . 12 || 47 | Ix O 60 66 | Ix 4 64 || 85 | Mx 4 64
29 1 01 || 48 + 10 | 67 + 10 | 86 + 10
30 + 10 || 49 | F Bx o 68 |C/m 50 [ 87 | C/I 50

Hrempyxyus onepamopy Hancumaemnie Krasuuu

I1. 1—4 BunoaHHTe MO HHCTPYKIHH K nporpamme I 00—87
5. 3aHecuTe HCXOAHHE JaHHHE B PETHCTPH NaMSITH:

! B RGO fooxIo

Y1 B RG 1 y1 xI1

d B RG3 d xI13

sk B RG4 sFe xI14

6. BuuncauTe 3HaYeHHe 2y B/O C/11

7. Buuncaute 3HaueHne y, c/m

8. BHunCAHTE 3HaueHMe 2, c/m

Kontponbumift npumep. Iano: f* = 100; d = —60; y; = 25; 38; 50; s, = 40.
Tocaenosatenbho 3afaBasi SHAYEHHS Yy, B Pe3yAbTaTe pacueTa MOJNYYHM:

¥ 2 Y2 22

25 —1,554115 10,325696 0,008798
38 —3,563319 16,411158 0,052360
50 —6,101670 22,988481 0,182785

Annpoxcnmaum TO4EeK HOBerHOCTeﬁ 3epxan BRITOJHACTCA DA3NHYHHIMH BHAAMH
ypasuenn# y?+ x®= f(2) u z= @ (y2+ x?)

424
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M pozpanma 10. Pacuem xo0a mepuduoRanrbHotx, CAG2UMMANLHNX U KOCWX Aysell 4epes
ORMUHECKUE CUCMEMB, COCMOAWUE U3 cheputeckux nogepxrocmed no popmysram Pedepa

g Haxu- 9 Haxn- g Haxu- g Haxu-

MaeMa Mmaemas Maemas Maemas
3 Kﬂaﬂﬂl:ﬂ E : KJIBB’:!LUS E ‘%' KJaapxa 3 : KJaBHWa 5
00} Ix3 63 | 27 * 12 |83 [ [1x 0 60| 79 | xIT9 49
0l | [Ix a 6—| 28 | Nx3 63 | 54 | [Ixb 6L} 80| INxd 6r
02 * 12 | 29 — 11 || 55 * 12 | 81 * 12
03| x4 64 { 30 2 02 | 56 | Ix 4 64 || 82| xI18 48
04 | Ixb 6L | 3i * 12 || 57 + 10| 83 * 12
05 * 12 | 32 — 11 | 58 | xIT4 44 || 84 | /—/ oL
06 | MNx5 65 § 33| B¢ OE {59 | Nx 0 60t 85| Ix 2 62
07 | Ixc 6[ (34 IIxd 6’ | 60 IIxc 6[ || 86 -+ 10
08 * 12 | 35 * 12 { 61 * 12 87 | xIT¢ 41
09 + 10 | 36 | /—I OL |62 [IIx 5 651 88 | Ilx 6 66
10 —_ 11 137 | Ixa 6—i 63 + 10} 89 Ix8 68
1] xI10 40 || 38 | F x? 22 | 64| xI15 459 90 | Ix 4 64
12 | Fx? 22 | 39 + 10 || 65 1 0l § 91 * 12
13 | /—/ OL {40 |FY/ ™ |21 [66|Mx7 |67] 92 — |1
14110x5 65 41 | x[17 47 | 67 | Fx? 22| 93| xITb 4L
15 | F x? 22 1 42 | Nx a 6—1 68 — 11] 94 | x 1 61
16 | Mx 4 64 || 43 + 10 | 69| Ilxe 6E || 95| Ilxa 6—
17 | F x? 22 f 44 . 13 | 70 12§ 96 * 12
18| Mx 3 63 I 45 | Mx 0 60 It 71 | /1—/ OL} 97| TIx8 68
19 | Fx? 22 |l 48 + 10 | 72 1 01 98| Ix3 63
20 + 10 i 47 | xIT 0 40 | 78 + 10 99 * 12
21 + |10 148 {Txa 6—|74 | FV 21 100 — |11
22 + 110 f4g « |12 (75| x7 67 || 101 | I1x 9 69
23| Mxd |6 § 50| Mx 3 63 1 76 | Ix 1 61 || 102 + |10
24 * 12 | 53 — 11 | 77 12 (1103 | xITa 4—
25 { Ix 0 60 [ 52 | xI13 43 1 78 — i1 ]104 | C/0 50
26 | [Ix a 6—

Huempykyus onepamopy

[1. 1—4 BHInONHKTe MO MHCTPYKLUHH K mporpamme I
5. 3aHecHTe HCXOJAHWe JaHHLE B PETHCTPH MAMSTH:
np/npyy B RG 1

Apnp/np,y B RG2

dyp_3j—2x1 B RG3

¥n.1 B RG 4
Xp.1 B RG 5

Upnp/np, B RG 6

(nh/"h+

vy B RGa
K»hBRGb
x B RGc
pr B RGd

)8 RGe

6. Beuucienne KOOPAXHAT TOUYEK [epeceyeHHs Jay4a
co cnenyxomeﬁ MOBEPXHOCTLI0O K HAaNpaBARKIOIHX KO-

CHHYCOB

Haxcumaemwe xrasutuu

00—104

nplng,y xIT 1
Ahnh/nhﬂ x[12
dh_l—zh_, xI13

Yr.1 xIT 4
Xp_1 xIT5
pann/np, xI16

vy x[Ta

up xITb

A’h x[Tc

P x[1d

(nn/np,q)? xIe
B/O C/T1

425
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7. Tlocse OCTAaROBKHM CHUHTHBAIOT 3HAUEHHS! KOOPAMHAT H HANPABJAIOIHMX KOCHHYCOB
8. Ilns pacdera xoja Jyda dYepe3 CJERYIOILYIO IOBEDXHOCTh BHINOJHSIOT M. 5

[Tpunmenanue. Tonyxupunm mpudTOM MOKa3aHH JaHHBE, KOTOPHE HEOGXOLHMO
SAHOCHTH B DETHCTDH NaMSATH AJS KaXJZOR NOBEDPXHOCTH. 37eCh 2q, Yo H Xo — KOOP-
RUHATH TOYKH IepecedeHHS Jyya C NOBEPXHOCTBIO NpeaMeToB. [lis IepBOfA MOBepX-
HOCTH ONTHYECKOH CHCTeMH, T. €. IpH 2 = 0 poab npexmecTBylouled NOBEPXHOCTH
€ NOPSAKOBLHIM HOMepoM k£ = (0 HTpaeT IJOCKOCTh NPEAMETOB. B 3ToM caygae dg =
= —s,, 2o = 0. Ecau npeaMer pacnosioxeH B G€CKOHEYHOCTH, TO PONb INOBEPXHOCTH
¢ HoMepoM k2= ( urpaer mJOCKOCTb BXOZHOTO 3pauka. B srom ciiyuae dy = —sp,
29 = 0, sp — yZna/seHHe BXOJHOI0 3padyka OT MepBOf IOBEPXHOCTH.

KosTponbHbifi npamep. CHMMETDHYHAS JIHH33 CO CJAeZYIOUIMMH JaHHBIMH: 7 =
= 50; ry= —50;d= 5; ny = ng= 1; ng= 1,5183; 5 = —100; sp == —10 usobpa-
¥KaeT NpefMeTHYIO TOYKY C KOOPAHHAaTaMH 2o = 0; yo= —3; xy= —2 3a 2-f no-
BEPXHOCTHIO Ha PacCTOsHHH S5 = 93,175449. Jlyd, xox KOTOPOTO HAZO PACCYHTATH,
nepeceKaeT BXOJHON 3payoK B TOYKe C KOOpAMHATaMu my = 10; M;= 5. B ra6a. I11
H T12 npuBegeHb pe3y/bTaTHl pacyeTa Xoxa 3TOrO Jyda depe3 l-io H 2-10 noBepx-
HoctH. Hcenompays pesysibTaTH pacueta # CleAylolIHe opmyne: ¥ = yq+
+ (s'—2q) Bge1/Vgs1 ¥ x" = xq + (s"—24) hgs1/Vg41, MOXKHO paCCIHTATH KOOPAMHATH
TOYKH IepecedeHHs JyYa € IJIOCKOCTBIO H3oGpaxenus: y' = 0,804107; x' =
= 0,8548174.

Ta6auma IT1

Pacuer xofa ayda gepes }-10 MOBEPXHOCTh
Perucrpa
naMaTH
Hcxopuele RaHHBIE PeaynpTara pacuera
RG | ny/ng = 6,5863136- 10~ -
RG 2 Ainy/ng = 5,0551144- 1073 —
RG3 doze = 100 2y = 1,74851
RG 4 Yo= —3 ¥y = 11,697007
RG 5 Xo= —2 xy = 5,9137731
RG 6 pyny/ng, = 9,3880694- 1073 —
RG a v; = 9,8680888- 1071 vy = 9,9992977- 107}
RGb p = 1,4253906- 10~ g = 9,037832-107°
RGc Ay = 7,6751802-1073 hg= 7,656287-1073
RG d p1= 0,02 —
RGe (ny/ng)® = 4,3379527- 1071 —
Ta6ununa I12
Pacuer xopfa ayvya depe3 2-10 NMOBEPXHOCTb
Peructpu
MaMaTH
Hcxonube HaHHBIE PeaynbTaTh pacuera
RG | ny/ng= 1,5183 —
RG 2 Agng/ng = 1,1624541-1072 —
RG 3 di—z; = 3,25149 2, = —1,7531918
RG 4 g1 = 11,697007 yo = 11,710549
RG 5 x, = 5,9137731 xg = 5,9252453
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Ipodosrmenue npua. 2

Pacuer xofa nyua 9epes 2-10 MOBEPXHOCTL
Peructph
naMAaTH
HcxofHbe RaHHME PesysnbTaTh pacuera
RG 6 pang/ns = 1,372214.1073 —
RG a vy = 9,9992977. 10~ vg = 9,920688- 10!
RG b g = 9,037832.10-3 pg = —1,1397973. 107
RGec Ag = 7,656287-10"8 Ag = —5,2989417-107%
RG d py= —0,02 —
RGe (ng/ng)® = 2,3052348 —_

ITpoepamma 11. Boruucrenue koopdunam Y, Z peaibro2o 804108020 Gporma cucmems
u3 chepuneckux nosepxrocmetl Oaf 0ce6020 NYUKG

g Haxu- g Haxu- g Haxu- ° Haxu-

& | cnasuma | 5 | & | wnaowara | 5 | § | xnavuwa | § | § | wnavuma | 5
< 4 < P4 << 4 < 4
00| x5 65 1 25 * 12 {50 | I1x O 60 74 1 Ixc 6f
0l | Fx=s=0} 57 26| xIT2 42 | 51 2 02 475 + 10
02 92 92 27} Nx 6 66 | 52 : 13 176 [ xI1d 4r
03 |Ix1 61 | 28 | F cos Il || 83 | F tg IE | 77 { [Ix 7 67
04 : 13 §2941/—/ OL {564 | xa 6—1\ 78 + 10
05 | /—I oL | 30 i 01 | 55 . 12 179 | xITc 4{
06 1 01 § 31 + 10 § 56 | xITc 4f 180 Mx4 64

07 + 10 |32 (TIIx1 61 | 57 { [Ix 4 64 || 81 { Fsin i
081 Ix0 60 j 33 * 12 | 58 2 02 | 82 * 12
09 { Fsin 1f {34 xI13 43 1 59 : 13 || 83 | C/T1 50
* 12 135|Tx9 69 || 60 | F tg 1E || 84 | IIx 4 64
11 | xI18 48 136 | Fsin™* | 19 } 61 | IIxDb 6L j 85| F cos ir
12 || 86 | [Ix ¢ 6f

121 1x a 6—| 37 {Mx6 66 | 62 .
13 * 12 | 38 -+ 10 | 63| Ixc 6] | 87 * 12
14 {Mxb 6L |1 39 | xIT4 44 | 64 — 11 || 88 (/—/ oL
15 : 13 || 40 | Fsin 1[ 651 Ilx2 62 1891 Ix7 67
16 | xIT 9 49 {41 | F Ux 23 | 66 . 12 | 90 + 10
17 | Tx 8 68 |42 | Mx 9 69 || 67 | xITc 4 91| CM 50
18 | Fsin™® | 19 | 43 * 12 1681 Ilxb 6L |1 92 | [Tx ¢ 6(
19} /—/ OL {44} /—/ OL 69| Mxa 6—1 93 | IIx 1 61
20 IMx 0 60 | 45 1 0l || 70 — 11| 94 : 13
21 + 10 | 46 + 10 | 71 | Mx 3 63 1| 95| /—/ OL
22 [ xIT6 46 | 47 1 x| 61 {f 72 * 12 || 96 | BIT 51
23 | Fsin 1 ] 48 » 12 |73 | /—/ oL |97 | 11 11
24 | Mx 1 61 | 49 | xI17 47
Huempyxyus onepamopy Haxcumaenne xrasuwu
1. 1—4 sumonnKTe MO HHCTPYKWHH K mporpamve | 00—97
5. 3amnecHTe HCXOfHbIe faHHble B DETHCTDH NaMATH:
o B RGO o x[10
r BRGI r xIT1
s BRGS s x5
n BRGa n xITa
n" B RGbD a" x[Ib
my B RGe my xIlc
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Hpodosrmenue npus. 2

6. Buuncanre 3HaveHue Y B/O C/T1
7. Buuncaure sHavenHe Z
8. M3 perucTpoB namsTH MOXHO BHBecTH 3HadeHHA: ¢’ H3 RG 4; s’ u3 RG7; g u3
RG 2; z w3 RG 3; /gy w3 RG d.

IIpumewanun. 1. Ilpn 0, = 0 4 s; = —oo Nepex pacueToM, T. €. Nepex BHIOJI-
HeHHeM n. 6, HeoGxoxumo 3amecTR O0y= 0 B RGO, s;= 08 RG5

2. Ilpu pacuyere xoza Jyua yepe3 CHCTEMY, COCTOSMYIO H3 HECKOJIBKHX MOBepX-
HOCTell, mocje pacdera no n. 8 a3Havenne G, Bu3BanHoe 3 RG 4 (noayuaercs
B rpajgycax) 3aHeCTH B RG 0, 3HaueHMe pagHyca cienyiouiel NOBEPXHOCTH B RG I;
mocjie BH3OBA 3HAYEHHS Sp (Ha)xaTb knapuiy I1x 7) BHUHCASIOT sp, = s; —dp H

NOJy¥eHHOe 3HaueHHe Sp,y 3aHocAT B RG 5; snauenue np,; 3asectd B RG a, snaue-
HHe N o 3aHecTH B RG b B npHcTynuTh K BHIoaxeHHIo 1. 6

KonTposbhmfi npumep. PaccunraTh XOOpAHHATH PeanbHOTO BOJHOBOrO (pOHTA,
NPOXOASILEIO Yepe3 ABYXJHH3OBHH CK/ICEHHH#A OOBEKTHB:

ny=1
L= 98,43
dy = 2,5 ny = 1,6475
ro= 41,4
dg = == 1,5181
ry= —157,22
nyg= 1

[Npusepernan uuxe Tabu.

peaJbHOTO BOJTHOBOTO (PpOHTa 4Yepe3 JaHHWHA OOBLEKTHB.

I13 uAMOCTpHpYET pesyabTaTHl pacueTa KOOPAHHAT

Ta6auna I13

Hanse Perncrp BapuaHTH pacyeTa MO NMOBEPXHOCTAM

NaMaTH 1 9 3
o RGO 0 1,837653 1,04024
r RG 1 98,43 41,14 —157,22
v RG2 8,0150011 7,9205829 7,7928073
z RG 3 0,3268565 0,76966357 —0,19325482
a’ RG 4 1,837653 1,04024 3,0570685
s RG 5 0 247,63910 428,98262
s’ RG7 250,13910 436,98262 145,72143
n RGa 1 1,6475 1,5181
n' RGb 1,6475 1,6181 1
m, RGec 8,014999 — —
lp RG d 0,00013658 —0,00053024 0,00042441
Y 8,0213643 7,9332411 7,7714332
¥4 0,128500 0,07254 0,20695

3} 14 = 0,00003075
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TNIPHIIOKEHHE 3

NPUMEP ONTHYECKOro BbINIYCKA

O6nekruB ¢ororpadutecknft «[ennoc-81»
= 52,6 mm; DIf' = 1:2; 20 = 45°
Hcnpasaen aas fJAuHH BOJHN Ay = 546,1 HM (e).
AXpOMaTHSHPOBAaH IR [JAHH BOMH Ay = 435,8 um (g); Ay = 643,8 nm (C’).

F F!
24,675 36,835
I 1 I
e v o M opg  Cpgee
ny= 1
r; = 30,538 27,64 3,31
di= 5,17 n,= 1,66224 51,09 CTK3
r, = 80,66 25,56 1,02
d,= 0,07 n;=1
rs= 21,988 23,98 3,55
d; = 4,76 n,= 1,66224 51,09 CTK3
ry= 29,48 21,60 2,05
dy= 1,92 ns== 1,65219 33,62 Tl
rs= 14,54 19,06 3,56
ds= 12,44 ne=1
re = —14,855 18,00 —3,04
de= 1,98 n,= 1,61688 36,70 Dl
ry= 141,93 20,46 0,37
d, = 5,35 ng= 1,66224 51,09 CTK3
rg = —19,866 21,78 -3,25
dg= 0,07 neg=1
re = 223,5 25,42 0,36
dg== 3,83 no= 1,69501 54,81 CTKI2
rip = —45,22 =1 26,16 —1,94

f* = 52,566 MM; sp. = 38,835 mM; sp = —24,675 MM

Aneprypras guapparma pacnonoxena Mexay 3-8 H 4-8 AHH3aMH HA PACCTOSHHH
4,5 MM oT 3-% NHHSH.

Huamerp aneprypoii guadparmu 19,11 mm.
Paccrosuue or mepBofi moBepXHOCTH KO BXOXHOTO 3pauka §p = 17,190 Mm.
Ilnamerp BXOZHOro 3pauxa D = 26,24 MM.
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[Tpodosxmenue npus. 3

Paccrosiune ot nociepse MOBepXHOCTH JO BHXOAHOTO 3padka spr == —27,168 mm.
Juamerp suxogHoro apauka D’ = 32,95 mwm.
Pagnycn raum no katazory I'OH.

Tabauym abeppayud
Touka Ha ocH

e
m
tg o’ s As’ Ay A n. %

4] 0 38,835 0 0 0 0
6,56 0,126 38,716 —0,119 —0,015 —0,100 —0,010
9,18 0,178 38,665 —0,170 | —0,030 | —0,145 | —0,019
13,12 0,258 38,826 —0,009 —0,002 —0,036 —0,054

g c’
m sé —_ ’C'
s’ As’ s As’

0 38,881 0,046 38,898 0,063 —0,017
6,56 38,770 —0,065 38,779 —0,056 —0,009
9,18 38,729 —0,106 38,729 —0,106 0,000
13,12 38,913 0,078 38,892 0,057 0,021

Touka sue ocu. [naBusie ayum

o tg o’ sp spe 2 Zm
—15° —0,204 17,5662 —28,910 —0,296 —0,252
—22° 30’ —0,295 18,233 —31,786 —0,436 —0,519
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M podorxcerue npus. 3

Ay’
o 23— 2y v vg—¥4C
MM %
—15° —0,044 13,982 —0,125 —0,841 —0,005
—29° 30" 0,082 21,361 —0,409 | —1912 | —0,008
A6eppalll'lﬂ HAKJIOHHHX ﬂy‘“(DB B Mepﬂnﬂo“anbnom CeYeHHH
€
m
tg o’ A tg o’ v Ay’
0y = —15°
9,0 —0,043 0,161 14,043 0,061
7,35 —0,072 0,132 13,991 0,009
5,20 —0,109 0,095 | 13,969 —0,013
0 —0,204 0 | 13,982 0
—5,77 —0,316 ] —0,112 | 14,002 0,020
—8,16 —0,366 | —0,162 l 13,989 0,007
—10,0 —0,405 | —0,201 | 13,942 —0,040
0y = —22° 30’
5,69 —0195 | 0,100 21,361 0,000
4,65 —0,213 0,082 21,346 —0,015
3,29 —0,236 0,059 21,341 —0,020
0 —0,295 0 21,361 0
—4,62 —0,382 —0,087 21,400 0,039
—6,53 —0,420 —0,125 21,403 0,042
—8,0 —0,450 0,155 21,391 0,030
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M podorxcenune npur. 3

" y Ay’ y Ay’ yé _y’c'
0, = —15°
9,0 14,060 0,078 14,055 0,073 0,005
7,35 14,003 0,021 14,002 0,020 0,001
5,20 13,915 —0,007 13,978 —0,004 —0,003
Y 13,981 —0,00! 13,986 0,004 —0,005
—5,77 14,000 0,018 13,997 0,015 0,003
—8,16 13,988 0,006 13,979 —0,003 0,009
—10,0 13,944 —0,038 13,927 ~0,0565 0,017
oy = —22° 30’
5,69 21,369 0,007 21,374 0,013 —0,006
4,65 21,351 —0,010 21,357 —0,004 —0,006
3,29 21,343 —0,018 21,351 —0,010 —0,008
0 21,360 —0,001 21,368 0,007 —0,008
—4,62 21,400 0,039 21,399 0,038 0,001
—6,53 21,406 0,045 21,398 0,031 0,008
—8,0 21,396 0,035 21,382 0,021 0,014
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AGeppauHi HAKIOHHBIX NYYKOB B CATHTTAAbHOM CEYEHHUN

M podorxncenue npusr. 3

0y = —15° Gy = —22° 30"
M M
tg 9 sy Ax’ tg 9* Ay Ax’
6,64 0,127 {—0,0009 | —0,035 5,77 0,109 0,0000 | —0,031
9,39 0,181 | —0,0007 | —0,029 8,16 0,154 0,003 | —0,007
11,50 0,222 0,0002 0,019 10,0 0,189 0,008 0,056

flpodosmenue npun.3

fpapunu abeppayui

tgs’ An -6 -6?
, Z 7 1
g Zm 20 20
600 - \
m=9718 \
W7o L0
500 4 \
c’
1 i i L - 400 L L - _L_AL : —, _1 _1 i T
a1 47 G2 8s 385 387 55 -05-825 00257z -2 1 1 a4 %
a. |t98’ . atgs’ 2896’ tyy’ tgy’
- - =-99%707
G, 0 5, 750 6, 22°30 a 6’__75-0 a §’=_ZZDJ”I
L2 Ocpanuy- \ L
0z oz g | oz 12 32
/7 gepﬂ/m:%-
o (1 zemca hg r 27

-505 | 0054y 405 )

~0,7 -0,7 | -1 A
Gepanuyt ~
BaemcR hy
depawava- | 142 6271, 02 \a ~021\4
a Jaemcs b, |4

i L
4054y’ -005

1 v
005y’ 005

1 L L
0058x" -005 NGO5ax’

Mpuweyanue . Npanas ag coombemcmbyem NAOCKICMU KAUMYIUESO UIOOPIMENUR,

CHMELYERHOL OMHOCUMERSHD [ayccobod Ha —0,08 MK .
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[IPHJIOXKEHHE 4

KHIIPOC — KOMNJIEKC HH)XXEHEPHbLIX MNPOTPAMM PACHETA
ONTUHYECKUX CHCTEM HA MHKPOKOMIIBIOTEPE «3JIEKTPOHUKA
MK-85» *

ITepBEIfi OTeyecTBeHHBI MHKPOKOMIbIOTEpP «SiekTponnka MK-85» mospoaser
oxHoBpeMeHHO XxpaHute 10nporpamm B daiiax PO—P9 npu ofimem o6beme sHepro-
nezaBucumol mamaAtTH 2K (1221 mwar nporpammer). S3WK [pOrpaMMHpOBAaHHA —
Bafcuk.

KoMmiieKe cocTOHT ¥3 eThlpex mporpamM: 1) BBOAa MCXOAHHX faHHBEIX; 2) pac-
4eTa XOAa HYJeBHIX jayuedt; 3) pacuera cymm abeppauuit 111 nopanka (cymm 3efinens)
H XDOMaTHYeCKHX CyMM; 4) pacuera Xoia pealbHHX Jyued.

HuXe npuBeZenbl TEKCTH NPOrpaMM H NOSCHEHHS K HHM.

Mporpamma 1. (3awect B dair Pl)

19 INPUT «koa-so w», I, «creks», K :DEFM 3%14 K

20 FORJ = @ TOIl —1 : INPUT «r», Z(J) : IFZ(J) = @; Z(J) = 1e100
25 NEXTJ

30 FOR J= ITO2x%]—2:INPUT «d», Z(J) : NEXT J: Z@2 x [—1)= @
40 FOR J=2*1TO3 %1 :INPUT «», Z(J) : NEXTY

50 IF K 0; FOR J=1 TO K : INPUT «v», Z(J+3 1) : NEXT J

IporpamMma no3BONSET 3aHOCUTh KOHCTPYKTHBHBIE ITapaMeTpH CHCTEeM, COfepXKa-
IHX He CBHILIe NSTH [TOBEPXHOCTEH.

TNporpamma 2. (3anectn B dafun P2)

19 INPUT «a», A, «h», H: N = Z(2%1)

20 FORJ= @ TO I—1 : STOP

38 O= Z(2*I+J+l) A= A %« N/O+(0—N)/O/Z(J) » H : H== H—A * Z(J+1)
40 N= O :NEXTJ

80 U= H/A : PRINT «a™, A, <h’», H, ¢«’», U

ITporpamma 2 MoxeT GHTL 3afeficTBOBaHA [OC/E BBEACHHS MCXO/HHIX JAaHHHBIX 110
nporpamme | pJjs:

a) BHIYMCIEHHs (POKYCHOTO paccTosnus fg M 3amHero (GOKambHOTO OTPe3Ka Sk,
npu §; = —oo;

6) BHIUHCJEHHS NOJIOXEHHS 11apaKCHAIBbHOIO H306DaXKeHHSA (S;) M SHAUYEHHS ma-
PaKCHAJIBHOTO JIHHEHHOrO YBEJIHUYeHHS By OpH 8y 5= —oo.

Oneparop STOP wucrionbayercst pjisi MOJNYYEHHS MIPOMEXYTOUHBIK 3HAYEHHA
YTJIOB O, KOTOpble HaxoxasiTcs B siuefike A, u BhcoT A — B auelike H. Ecin 511 3na-
YeHMs HE HYXKHBI, HO nporpamma HaGpana ¢ onepatopoM «STOP», To nociie ocrasosa
I8 NPOJOMKeHHSt pacyeTa HeoGxomumo naxarh kaasuumy «EXE». Ecim mpomexy-
TOUHbIE 3HaYeHHS & H h coBceM He HYXHBI, To oneparop «STOP» ne nabupars.

Mporpamma 3. (3anectu B daiin P3)

1@ INPUT «a», E, «h,» X, «b», F, «H», Y, «J», L, «, $:N=Z(2x]1)
20 FOR J =49 TOGQ(J) O:NEXT J:K=

46 FOR J= 0 TO 1—1 = Z(2#I+IF1): c~ g Iqué(XP» THEN 69
45 IF ABS(N) 5= I; C= (1/N—1)/Z(3* 14+K): K= K+1

50 IF ABS(O) == I; c CT(I~1/O)/Z(3*I+K)

60 A=E:H= X : GOSUB 180 : G = A—E : M= 1/O—{/N

61 IE-(AG/M)f2*(A/O——E/N)¢X C= CtG/M Q= Q+C#+ X :STOP*:

63 X=H:H=Y:A=F:GOSUB 160 :B= (A—F)/G:R=R+C+Y:
STOP

65 FORD= 1 TO3:R(D)= R(D)+P:P=P+«B:NEXTD

78 M= —M/Z(J): V= V+M:D=PfL+L+M+B: W= W+D : STOP

75 N=O:F=A:Y=H:NEXT J: END

108 A = N/O +»A+H » (O—N)/O/Z(J) : H= H—A » Z(J+1) : RETURN

* B paspaGoTke KOMIIeKCa aKTHBHOe H HENOCPENCTBEHHOE YYacTHe IIpHHSI
auxenep P. E. Habunckui.
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Mpodosacenue npus. 4

TlporpamMma 3 MoxeT GHIT HCNOIH30BaHA NOCAe BBOLA RaHHWX IO Iporpamme 1
H pacueTa NnapaxkcHaJbHHX BEJTHYHH MO HporpaMme 2. Hasuume B nporpamme onepa-
Topa STOP mno3BoXsieT moMyyuTh IPOMEKYTOUHbE Pe3yJLTATH pacdeTa MO NOBEPX-
HOCTSIM: IIOCJIe NepBOro octanoBa P3—61 3nauenue oy naxomures B sueiixe E, 3na-
yenue hy B siaefike X, 3HaueHue Syy), BHOCHMON IepBOA HOBEPXHOCTBIO B siuefike P,
3Hayenyde napamerpa C B siuefike C; 3HAueHHs XpoMaTHIecKHX Stxp = C» X; Syiy
= Cx Y coorBerctBerHo B suefikn Q H R; nocse mepsoro ocrasosa P3—63: f; B
staelike F, Hyp suefike Y, suavennst cymm Haxonsres kak Syga = P *B, SIH(I, =
== P x B » B; nocie nepsoro ocranoBa P3—70: Stv ;) B suehike M, S (1) B svesike D.
[ocsie BTOpofi ¥ MOCAERYIOWMX CePUl OCTAHOBOB YKa3aHHBIE NAaRAMETPH M CYMMEL,
BHOCHMBIE COOTBETCTBEHHO BTOPOH H NOCJAEAYIOUIHMH NOBEDXHOCTAMH, DaCHONOXKEHH
B TeX Xe si4eHKax.

Mporpamma 4. (3anectr B dafin P4)

19 INPUT «sp», D, emm», Y, «M», X, «v», E, «p», F, wi», G

15 D=—D:V= (ZJ:N—Z(.‘Z*I)

256 FORJ=@8TOI—1:R=Z(J): 0= Z(J+2* I4+1): H= V-D
4¢C—~H*E——Y-F—X*G P=Ex«C+H:A= HsH+Y*Y+X+ X —

C#C:P= A/R—2x*

50 Q== SQR(E » E-—P/R) B = C+P/E+Q) : Q= SQR(1—(N/O) $ 2% (1—

Q#Q))—N/O%Q
60 V=H+B*E:Y=Y+B+F:X=X+B
70 E = N/O % th #(V/R—1): F= N/O *F—Q *Y/R G =N/O + G—Q x X/R
75 D= Z(J+1) : STOP* : N= O : NEXTJ
80 Y=Y +(U—V)*F/F X = X-l-(U——V) »G/E : PRINT X, Y, —F/E, —G/E

Iporpammoii 4 MOXHO BOCNOML30BATLCH HOCHe BBOXA XAHHHIX IO nporpame 1
# 3aHecTH B sivefiky U 3HAYeHUS PaCCTOSHKS OT NOC/He i el TOBEPXHOCTHE 10 MJIOCKOCTH
H306PAKeHUsT MIH IUIOCKOCTH ycTaHOBKM. Ecau 9710 miockocts Iaycca, TO 06bIuHO
STO PACCTOSIHME PAaBHO Sg.

Hanpasasiomue KocHaycH ayda ¢ ocamu OZ, OY, 0X, pasHbe vy, By, My, 0603HA-
9eHbl B NIPOTPaMMe COOTBETCTBEHHO GYKBAaMH U, Jb, £ M HX PAaCCUHTHIBAIOT NO Bhopmy-
nam (230). Hanpumep, mist mpeaMera, pacnosOKeHHCTO B CECKOHEUHOCTH Vy = COS O,
Yy = —sin o, {)1 = @, Tfe ® — MOJOBHHA yIJ0BOTO nojs. Oneparop STOP nosso-
JISIeT TMOJYYUTh NS KaXKOH M3 moBepXHOCTell 3Hadenus koopauuar Z, ¥, X Toukm
nepeceqeum Ny4a ¢ NMOBEPXHOCTHIO, HAXOASLIHecss COOTBETCTBEHHO B sefikax V.,
Y, 310 BO3MOXHO nocie ocranoBa P4—75.

Hpommoc-rpnpyem, KaK I10/1b30BaThCs NPOIPAMMAMH, HAa KOHKDETHOM IpHMepe.
Hrak, nporpamMmnl |—4 BHecedbl COOTBeTCTBeHHO B (afiint P1—P4. B xavectse onta-
qeCKOH CHCTEeMH HaH JBYXJIHH3OBHH CK/AeeHHHA OGBEKTHB:

ny = 1
ry = 67,64
dy= 2,5 n, = 1,652188 v. == 33,619
ry = 37,96
d,= 8 n3 = 1,518294 v; = 63,83
rg = oo
ng=1

Bxognoft spauok mmeer auamerp D = 32 MM H yXaleH OT mHepBOA NOBEPXHOCTH
Ha sp = —0,1 mm.

PacemoTpum aBa Bapuanta: I) OpeAMeT PAacIoJIOKeR B GeCKOHEYROCTH H OGBeK-
THB HMeeT yrjiosoe noje 20 == 7°; 2) mpeamet pasmepoM 2y = 240 MM pacnosioxex
Ha KOHEYHOM DAacCTOSIHHH OT nepnoﬁ noBepxHOCTH §; = —2000 MM, PeaynbraTh Beex
pacyeToB NpefCTABJEHH B BHAE TaGMHUH, B KOTOPOA HMEIOTCA ABe KOJIOHKH. B JleBo#t
KOJIOHKe 1oKa3aH 3anpoc 3BM miu pesyibraT pacuera, a B ipaBofi — NeACTBHS Ofie-
patopa (HaXXKHMaeMHe KJIaBHIIH).
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1. Mpenmer pacnonomen B GECKOHEMHOCTH

Ipodoaxenue npus. 4

3anpoc MK-85, KaaBuwwu,
ilfar pesy/ bTaTH HaXHMaeMue OnepaTopoM
1 Jns BH30Ba nmporpaMmu 1 S Pl
2 KOJA-BO T ? 3 EXE
3 cTeKa ? 2 EXE
4 r? 67.64 EXE
5 r? 3796 EXE
6 r? 2 EXE
7 d? 2.5 EXE
8 d? 8 EXE
9 n? | EXE
10 n? 1.652188 EXE
11 n? 1.518294 EXE
12 n? 1 EXE
13 v? 33.619 EXE
14 v? 63.83 EXE
1 Iina Bu3oBa nporpammH 2 S P2
2 a? =oy ¢ EXE
3 h?=h 1 EXE
4 pP2—-2¢ EXE
5 P2—40 EXE
6 P2—40 EXE
7 a’ = EXE
8 =0.006166268691 EXE
9 h' = EXE
10 =0.9529196741 EXE
11 Sg = Sg- EXE
12 = 154.5374881 1/A EXE
13 fo = 162.1726282
1 HOas BH30oBa mporpaMMul 3 S P3
2 A? =0y o2 EXE
3 h? =f, 162.1726282 EXE
4 b? =M, 1 EXE
5 H? =$p —2.1 EXE
6 J? —162.1726282 EXE
7 $ ? XpomatHSM CUHTaTh XP
XpomaTHsM He CUHTaTh ] EXE
8 P3—61 EXE
9 P3—63 EXE
10 P3—-70 EXE
1t P3—61 EXE
12 P3—63 EXE
13 P3—70 EXE
14 P3—61 EXE
15 P3—63 EXE
16 P3—70 EXE




HTpodoaxmenue npuxr. 4

3anpoc MK-85, Kaasuury,
Llar pesysabTath HaXHMaeMHe ONepATOPOM
17 — S/—L EXE
18 | S;=—0.158558783 T/—L EXE
19 | Sy = —0.0943538890 U/—L EXE
20 | Sy = 9.9625597102 Vs—L EXE
21 | Siv = ©.7183946817 W/—L EXE
22 | Sy =—0.011812853 Q/—L EXE
23 | Spzp = ©.808722251052 R/—L EXE
24 | Sppgp = — 9.8090975065017
1 Iepea BH30BOM nMporpamMmu 4 U = 154.5374881 EXE
2 Ins BH30Ba nporpamMmel 4 S P4
3 sp ? —@.1 EXE
4 m 16 EXE
5 M } Ocesoft kpahinuht ayw & EXE
6 v 1 EXE
7 i [} EXE
8 a ] EXE
9 P4—75 EXE
10 P4—75 EXE
11 P4—175 EXE
12 =x' EXE
13 0.837827774l = y' = Ay EXE
14 ©.299890 528214 = tg o’ EXE
15 g=tgy’
1 Ina se3oBa nporpammu 4 S P4
2 sp? —@.1 EXE
3 m 1] EXE
4 M } CaasuuA ay4 p EXE
5 v cos (—3.5°Y EXE
6 p —sin (—3.5°) EXE
7 a 9 EXE
8 P4—-75 EXE
9 P4—75 EXE
10 P4—75 EXE
11 D = x’ EXE
12 9.918684542 = ¥» EXE
13 —0.06145283058 = tg o, EXE
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[ podoanenue npun. 4

3anpoc MK-85, Kiaprwu,

Olar pesyAbTaTH HaXMMaeMble OMepaTopoM

1 Jas BHI30Ba nporpammu 4 S P4

2 Sp —a.1 EXE

. XE

DR ) oo o

5 v cos (—3.5°) EXE

6 ® —sin (—3.5°) EXE

7 a 2 EXE

8 P4—-75 EXE

9 P4—75 EXE
10 P4—75 EXE
11 —@.0952159133 = EXE
12 9.873223544 = y' EXE
13 0.029110196 = tga’ EXE
14 0.970192184 = tgy’

2. Npeximer HAXOAWTCA HA KOHEYHOM DACCTOSIHMH OT CHCTEMbI. Paccrosinue
8y = —20 @@ MM ¥ umeeT pasmep 2y = 240 mM. 3HaueHHe yIVIa MEPBOTO BCHOMOTa-
TENLHOTO JIy4a MOXKET OHTH JIO6bM, 4 BHICOTA NOMKHA OHTh A; = 0t4/s;. OGHIUHO mpHu-
HHMAIOT Gy = —1, B 3TOM Clryyae hy= 2000 mm. [Ipyu pacyerax no nporpamme 3,
TaK KaK n = n', oy = B, rae By — nuneinoe yReJIKICHHE, TONYHaI0T hy = ay8 =
= Bos;. s sroporo scnomorarenskoro sayua B; = 1 u H; = sp. Hupapuant [ =
= —n(s;—sp) B = —(—20004-0,1) (—0,088283069) = -—176 5573097. lanuble no
nporpamme | yxke BBellenhi. BO Bcex ocTanereix mporpammax ouneparopst STOP
HCKJIIOUEHH .

3anpoc MK-85, Kaasumu,
Mar Pe3yJBTaTH HaXKHMaeMble ONepaTopoM
1 Jlast Be3oBa mporpammbl 2 S P2
2 a? —1 EXE
3 h? 2009 EXE
4 a’' = EXE
5 = 11.32720016 EXE
6 h' = EXE
7 = 1912.649687 EXE
8 sp= EXE
9 = 168.8545855 EXE
10 _ —I1/A  EXE
11 | Zp.088283069 = B, *—120 EXE
12 10.59396835 = y,
1 Ins BH3oBa nporpaMmb 3 S P3
2 a? —@.088283069 EXE
3 h? —0.088283069 %« —2000 EXE
4 b? 1 EXE
5 H —a.1 EXE
6 1 —176.5573097 EXE
7 18 XPp EXE
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[ podoanenue npun. 4

3anpoc MK-85,

Knarumu,

Iifar pesyabTaTH Ha>XHMaeMbie OnepaTopoM
8 _ 3 EXE
9 —6.311413964 = Sy T EXE
10 | —53.32719798 = Syq 19 EXE
11 185.5054998 = Syyr v EXE
12 0.0044298146 = Syv W EXE
13 —1.729446724 = Sy Q EXE
14 2.1422351632 = S1,xp R/L EXE
15 1.20981399E4 = Sy, xp
1 [Mepen BBI30BOM mporpamMul 4 U= 168.8545855 EXE
2 Ilns BEi3OBa noorpammer 4 S P4
3 sp ? —2.1 EXE
g ﬂ } OceBoli nyd }56 E%g
6 v ©.999967998 EXE
7 n 0.9980001439 EXE
8 n 2 EXE
9 @ = x’ EXE
10 9.9329850029 =y’ = Ay, EXE
11 2.89989633401 = tg o’ EXE
i2 %) = tgy’

1 Jlas BEISOBa mporpammu 4 S P4

2 sp ? —@.1 EXE
Z rﬁ } I'naBreit ya g E§g
5 v 3.99820 46666 EXE
6 " 0 .2598952747 EXE
7 5 a3 EXE
8 [} = x’ EXE
9 19.59378227 = Y. EXE

10 —0.06028765345 = tg o] EXE
1 | o =tgy
1 Has BeizoBa nporpammbl 4 S P4
2 sp ? —g1 E;((E
3 . .31 E
4 g } «Kocofty ayu Hgl EXE
5 v ©.9978355515 EXE
6 n 0.9655161689 EXE
7 a 2.0056430421 EXE
8 —8.9208758273 = x’ EXE
9 19.51971183 =y’ EXE
10 | 9.0064702578959 = tg ¢ EXE
1 7.9644961893 = tg Y’
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