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OrtHRM R3 B03MO)!(HbiX nyTel! ynyqweHHSI pa3pewaiOmel! cnoco6HOCTH au¢¢e

peHuHanhHbiX C"'8T"'HKOB LJ epeHKOB8 SIBnSieTCSI HCJIOnh30B8HHe B HRX COOTB8~CTByiO

!UHM 06p830M JIOLt06paHHOJ! CHCT8Mbl H3 O!tHOJ! HnH H8CKOnbKHX KOnbU8BbiX npH3M 

a n SI KOMne n c auH;r pacxortRMOCTH H3ny"'8HHSI B aaHnoaa-4 epeHKOBa 3 8 C'i8T LtHcnep-

11 2/ CHH noKa3 aTenSI npenoMneHHSI paaHaTopa ' • 

B n e paol! rnaae HacToSimel! pa6oTbi npHaeaeHbi ¢opMynhr, no KOTOpbiM MOJKHO 

p8CC"'HT8Tb 8 JIOXpOM8TR"'8CKyiO CHCTeMy H3 LtBYX npH3M, KOTOp a g npH 38!t8HHOM 

JIOK838Ten e npe noMneHHH partHaTopa H CKOpOCTH "'8CTHU JI03BOnHeT BbiB8CTH H3ny

'I8HHe BaaHnoaa -4epeHKoBa anH Tpex pa3Hhrx anHH aonH noa OrtHHM H TeM JKe Ha-

nepea 3 artaHHbiM yrnoM. 

Bo BTOpoii rnaae paccMoTpeH xoa n106oro nyqa KoHyca H3ny"'eHHSI BaaHnona 

Y e peHKOBa qepe3 cnertyiOmHe OJITH"'8CKHe 3neMeHTbl
1 

HCHOnh3y8Mbi8 B C"'8T'IHK8X 

YepeHKOBa: paaHaTop, xonbUeByiO npH3My H c$epHqecxoe 3epxano. 
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fnaaa 

PaccMoTpHM cHcTeMy H3 nayx onTHqecKHX npH3M, qepe3 KOTopyiD npoxorrHT 

H3nyqeaHe BaaHnoaa-YepeaKoBa, B03HHKaiDmee B aeKoropoM TBeprroM panHaTope 

(pHC. J). 

fpaHh panaaTopa, qepe3 KoTopyiD BbiXOAHT H3nyqeaHe, pacnono>Keaa nepnea

rrHKynHpao onTHqecKoR ocH cHcTeMbi 0 0 ' , coananaiDmeR c aanpaaneaHeM ABH>Ke-

HHH qaCTHUblo noKa3aTenH npenoMneHHSI sneMeHTOB CHCTeMbl 0603H8qHM TaK: parrH

aTopa - n 1 ; oKpy>KaiDmero ra3a - n ~ ; nepaoA ( aa nyTH nyqa) H BTopoR npH3M-

n s H n 4 COOTBeTCTBeHHO. Be3rre B HBCTOHIUefi pa6oTe HCITOITb3YIDTCSI a6coniDTHbie 

noKa3aTenH npenoMneHHSI. 

Pacnono>KeHHe npenoMnHIDIUHX rpaaeA anoxpoMaTHqecKoR CHCTeMbi 6yneM on

penenHTh yrnaMH V 1 • V 2 H V a ( CM. pH c. 1): V 1 - yron o6pa3yeTcH nepaoil 

npenOMnHIDIUeR rpaHbiD C OITTHqeCKOil OCbiD CHCTeMbl ,H ero OTCqeT npOH3BOAHTCSI 

oT ocH, aanpaaneaaoR cneaa aanpaao; V ~ - yron o6pa30BaH nepaoil H BTopoA 

npenoMnHIDIUHMH rpaaHMH ,H oTcqeT ero npoH3BOllHTCH BHYTPH npH3Mbi OT nepsoil 

KO BTOpOil rpaHH; V
8
-yron o6pa30B8B BTOpOil H TpeTbeil nperrOMITSIIDIUHMH rpaHH-

MH, H ero OTcqeT npOH3BOAHTCSI BHyTpH ITpH3Mbl OT BTOpOil K TpeTbefi rpaHH. Yrnbi 

naneHHSI H npenoMneHHSI OTCqHTbiBBIDTCSI OTHOCHTerrbHO COOTBeTCTByiDIUHX HOpManefi 

naneHHH. HanpaaneaHe nyqa nocne Bbtxona H3 npH3Mbi 3anaao yrnoM v , KOTOpbtA 

OTCqHTbiBaeTCSI OT OITTHqeCKOil OCH CHCTeMbi. npH STOM 3HaqeaHe ITID60PO yrna 

rrpHMeM oTpHUaTerrbHbiM, ecnH ero oTcqeT rrpoH3BOllHTCH no qacoaoA cTpenKe . B 

rrpoTIIBHOM cnyqae - yron nono'>KHTerrhBbiil. 

H3 pHc. 1 aHnao, qTo 

x a r - V 1 

y y I - v ( 1) 

z ~ y 2 v 
8 
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Ecnu qacTuua .OBU>KeTCS! co cKopoCThJO f3 > -t-- To B pa.ouaTope B03HUKa 

eT H3ny'!eHue B aaunoaa - YepeHKOBa no.o yrnoM 0 
1
cornacHo ~OpMyne 

cos () = 
f3 n I 

{2) 

KoTopoe BhiXO.OiiT li3 pa.ouaTopa no.o yrnoM 

--.----
r = Arc sin 

yf32n~ - 1 

{3 n 2 
(3) 

f1pO.Qii~cpepeHUiipOB8B ~OpMynhi ( 2) li ( 3 ) OTHOCUTenhHO JlnY.Hbl BOnHbl li3nyqeHUll, 

nony'!MM paCXOJlliMOCTh /}. r 
yrna Bhrxo.oa H3ny '!eHUll U3 pa.ouaTopa c pa3HbiMH 

.OnliHBMii BOnH: 

f3 2 2 
n I 

r.oe /}. n 1 f't.n 2 - p83HOCT1i B TIOK838TenHX npen oMneHUll COOTBeTCTBeHHO pa.oua -

TOpa 1i OKpy>KBIOWeff cpe.Qbl .QnS! COO T BeTCT BYIOWMX .OnliH BOnH. 

3anHWeM 3BKOHbi npenoMneauS! aa Tpex rpaHHX aawef! cucTeMbi npu3M c yqe-

TOM ( I ): 

n 2 cos x .:s n 
8 

sin y 
1 {5) 

n 3 sin y an 
4 

s in y 
2 {6) 

n 4 sin z - n 2 cos ( x + y + z - R ) , (7) 

r.oe R a r + 

3.oecb .oae senU'!HHhr u v 
1 

li3BeCTHhi (eM . ( 3)) H aanepe.o 3a.oaabr. Yrnhr 

Y I H Y 2 HCKn!O'!IiM DpH TIOMOWH ypaBHe HUf! ( 5 ) H ( 6); 

y = Arc s in ( -n-2-- cos x ) , 
I n 

{ 8) 

8 
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y •Arc sin ( _n_a __ sin y ) • 
~ n. (9) 

B KaqecTae HeH3BeCTHhrx ocTaiOTCH Tpn aenn'IHHhr: V 1 , V 2 , V 3 KOTOp bte 

aomKHbl yaoa.n e TBOpHTh ypaBHeHHIO ( 7) H aByM apyrHM ypaBH9HHHM, Bblp8)1{810IIIHM 

yc.nOBHe 8llOXpOM8TH'IHOCTH: oaHH8KOBbiA yro.n 1/ 

a.nHH8X BOJIH, 

npn yc.noann .- /::,.1/ = 0 H3 ( 7) ll0.1IY'IHM 

/::,. y~ 
tg z - -----------

~-~. 
n2 n. 

anSI .nyqeA npn Tpe x p a3H brx 

( 10) 

rae Bblp8)f{eHHSI a.nSI /::,. Y 2 

B8HHeM (5) H (6) llO n 

TaK )f{e KaK n anSI !::. Y 1 • no.nyqaiOTCl1 an<jl<jlepeHnnpo-

( HJIH A ) • 

CaenaeM noacTaHOBKn: 

~ - ~-K, 
n2 n 4 

/::,. n 8 /::,. n. . L . -
n8 u. 

TaKHM o6pa3oM, onpeae.nSIIOIIIIi!Mn anSI 3HB'IeHnA x , y 

cneayiOIIIHe ypaaHeHnSI: 

n 4 sin z • n 2 cos ( x + y + z - R ) , 

t g z• !:J.y~ 
K 

/::,. y 2 -

!:J.y 

L sin y + {),. y 1 cos y 

y1 ( _n_4_)2 

n8 
-sin 2 y 

( K - L ) cos x - /::,. r sin x 

v' ( _n_s __ ) 2 - cos 2 x 
n2 

6 

( II) 

H l1B.1I SIIOTCl1 

( 12) 

( 13) 



H 

L'>y ' 
2 

L'>y' 
I 

l g z 
K' 

L' sin y - L'>y I cos y 

V ( _n_,_}2 

n 8 

- ( L ' + K ' } cos X 

v(~>2 
n 2 

- sin 2 y 

6. r ' sin x 

2 cos 

( 14) 

BenH'!HHbl 6e3 WTpHXa OTHOCS!TCS! K p83HOCTS!M Me)Ktly nepaoil ( OCHOBHOH, HB Ha

npaBneHHe KOTOpOlf CBO!IS!TCS! ny'!H .ctpyT'HX !IByX .ctnHH BOnH) H BTOpOti, 8 Bemi'!HH bl 

CO WTpHXOM - Me~ay nepBOil H TpeTbeH .ctnHHBMH BOnH. 

B HTOre pac'!eT anoxpoMaTH'!eCKoil .ctBOilHoti npH3Mbi B C'!eT'!HKax YepeHKOBa 

CBO.ctHTCSl K cne.ctyiOmeMy : 

I. Hy~ao HailTH B .ctHanaaoHe OT 0 no (- rr ) aaa'!eHHe nepeMeHHoil x , Ko-

TopaSl yaoaneTBOpSieT ypaaHeaHIO 

rae 

y( 

X I __ L_ sin y 
K 

y ~ A re tg 

-sin 2 
y cos ( X + y - R } - [ - sin ( x + y - R } ] X 

+ --====c=o=s=y=====:- [ ( 1- +}cos x 
y( _n_3_) 2 

COS 
2 

X 

( 15) 

_A!.._ sin x ] I ~ 0 , 
'( 

( ...!,_ 
K 

n 

~}COS X + ( 
K' 

7 

----A.L... ) sin x 
K' 

-cos X 

( 16) 



2. Ha ocHoBe HafiueHHoro 3HaqeHHH CQCqHTaeM 3H8qeHHH nepeMeHHhlX 

H z , npHqeM 

z - Arc tg 
cos ( x + y - R ) ( 17) 

n4 

n2 
+ s in ( x + y - R ) 

H n ocne llOACT8HOBKH 3THX 3 H8qeHHl! B l!;opMynhi ( J) nonyqHM HCKOMbie 3HaqeHHH 

y rnoB VI v 2 H va 
n p H pacqeTe AOll lKH bi 5 b iTb C05niOAeHbi Orp8HHqeHHH, llpH KOTOpbiX 5binH llO

n y q e Hbi ¢opMynhi ( 15-17). A HMeHHO uon>KHo 5 biTb: 

I} K -/ 0 , 

2) sin y I < 

K ' .f 0 

n_4_ 

n8 

3) sin (VI+ V 2 + V 8 ) >sin v 

H 

I sin z I < 

~L~-/ 
K 

-n2_ ; 

n4 

L' --p-; 

ecnH 3HaqeHHe (V 1+V 2 +V8 lne>KHT B nepaol! 

qeT BepTH, sin ( V 
1 

+ V 
2 

+ V 
8 

)>-.;in v - ecnH 3HaqeHHe ( V 1 + V 2 + V 3 l ne>KHT BO 

BTOpO H q e T B epTH, nocneuHee ycnOBHe CI!;OpMynHpOB8HO C yqeTOM TOrO, qTQ HHrue 

B H8CTO H1UeM pacqeTe He AOllYCK8eTCH, qT05hi CBeTOBOfi nyq B p e 3yllbT8Te npenoM

n e HH H B OllTHqeCKOl! CHCT e Me cqeTqHK8 CT8ll ABHr8TbCH Cllp8B8 Haneao, T.e. B 

C TOpOHy , o5paTHYIO HanpaBneHHIO ABHJKeHHH qaCTHUbi, HCllyCTHBIUel! H3nyqeHHe, 

3 a MeTHM, qTQ llpHBeueHHbie 3AeCb l!;opMyllhi MO>KHO llpHMeHHTb H B cn y qae 

ra3oBoro paA HaTopa. Torna c peAbi c noKa3aTenHMH npenoMneHHSI n 1 H n 2 

T OJKAeC TBeHHbi, 

B npHno>KeHHH 1 coueplKHTCSI anropHTM H8XOJKAeHHSI 3HaqeHHA yrnoB vI 

V
2 

H V
3 

,onpe uenSIIOillHX anoxpoMaTuqecKyiO npH3My. AnropHTM HanHcaH Ha 3 Ta-

noHHOM SI3 hiK e Anron-60 B BRAe npoueuyphi • apoehromat • H nocne yqeTa oco5eH-

HOCTel! KOHKp e THOrO Tp8HCllSITOp8 MOJKeT cny>KHTb nporpaMMOl! AllH BbiqHCllHTenbHO l! 

M8IUHH hi . AnropHTM npoBepSinCSI Ha BbiqacnHTenbHOl! MaiUHHe M-20 c npHMeHeHHeM 

T paHcnHTo p a T A-1. HeKoTopbie H3 cocqHTaHHhiX npHMepoB npHaeueHhi B npHno>Ke-

HHH II · 
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f n a B a 2 

Ha xapaKTepHCTMKM cqeTqMKOB 4epeHKOBa, oco6eHHO axpoMaTMqecKMX MnM 

anoxpOM8TI!qeCKIIX, cytneCTBeHHOe BnHSIHRe OKa3b!Ba!OT peanbHb!e pa3Mepbl nyqKQB 

3apmKeHHblX qaCTRU, B KOTOpb!X C'leTqMKH UOn>KHbl pa6oTaTb. YI3BeCTHO, qTQ pa3-

pellla!OtnaSI CllOC06HOCTb cqeTqMKa C XOpOliiO CKOMlleHCHpOBaHHOH llMCllepCMeii orrpe

nenSieTCSI yJKe HaKnOHOM OTHOCMTenbHO OCM cqeT'IMKa 'laCTRU, KOTOpb!e cqeTqMK non

JKeH perMCTpMpCEaTb, M llOpOrOM perRCTpaUMR MMllynbCOB !jloTOYMHOJKMTenSI. npH 3TOM 

paUMYC rryqKa, KOTOpb!tl KOHKpeTHb!tl Cq{!TqaK 6yneT s¢!jleKTMBHO perMCTpHpOBaTb, SIBnSI

eTCSI BITOnHe OllpeneneHHblM M qacTMllbl, 6onee ynaneHHb!e OT OCM, qeM 3TOT panMyc 6ynyT 

perMCTpMpOBaTbCSI Hes!jl!jJeKTMBHO RllM B006tne He 6ynyT 3aperMCTpMpoBaHb!. 4T06b! yBenM-

qMTb paUMYC perMCTpHpyeMOrO llY'lKa, HYlKHO yBenMqMTb pa3Mep MCllOflb3yeMOl1 B HeM 

axpoMaTR'leCKOtl KOflbUeBOtl CMCTeMbl MnM HaOOOpOT - npH 3anaHHb!X UMaMeTpe ITyqKa M 

yrnOBOtl paCXOllMMOCTM qaCTMU B HeM OllpenenMTb UMaMeTp axpoMaTMqeCKOH CRCTeMbl, · 

B rrocnenHeM cnyqae OH MOJKeT oKa3aTbCSI cnMliiKOM 6onbliiMM, qTo HeJKenaTenbHO BBMUY 

3HaqRTenbHOtl CTOMMOCTM arroxpoMaTMqeCKOH KOflbUeBOtl llpH3Mbl. 

8 CBS13M C 3TMM HylKHO B KaJKUOM KOHKpeTHOM cnyqae npocqMTaTb, Kyna B 

nnocKOCTM nMa¢parMbi B cqeTqRKe rranaeT R3nyqeHMe BaBMnoBa-4epeHKOBa, MC

rrycKaeMoe B panMaTope cqeTqMKa pa3Hb!MH ( T,e, M KOCb!MM M CMeli!eHHb!MM OTHO 

CHTenbHO OCH cqeTqMKa) qaCTMUaMM, BCTpeqa!OWMMMCSI B peanbHOM nyqKe, M cne

naTb 060CHOBBHHb!e 3aKn!Q'leHMSI OTHOCHTenbHO 'lYBCTBMTenbHOCTM paCCMaTpMBae 

MOrO C'leT'lMKa K TaKHM 'laCTMUaM, 

HMJKe rrpMBOUMTCSI cxeMa TaKoro pac'leTa, c noMOlllb!O KOTopoii MOJKHO npocne

UMTb xon 6onbllloro qMcna oTnenbHbiX nyqet\ 113ny'leHIISI BaBIInoBa-4epeHKOBa 'lepe3 

OflTIIqecKy!O CRCTeMy cqeT'lRKa BllflOTb llO nonanaHIISI IIX B llllOCKOCTb Ulla!jJparMbl, 

OcHoBoii nnH nocTpoeHHSI TaKotl cxeMbi pacqeTa HBnH!OTCSI ¢opMynhi, naiO!Illle Koop

URHaTbi TO'lKII llpOXOJKUeHIISI II HanpaBnSIJOtnlle KOCH HYCbl ( 11n11 q11cna liM nponopUIIO-

HaflbHb!e) nyqa Ha HeKOTOpblX OflTII'leCKIIX sneMeHTaX, Hall6onee qaCTO BCTpeqa!O

llliiXCSI B C'leT'liiKaX 4 epeHKOBa, nocnenoBaTeflbHO llOfly'lHM TaKIIe !jlopMynbl B cny

qae panllaTopa , anoxpoMaTII'leCKotl KOnbueBoii np113Mbi R c¢epR'leCKoro 3epKana. 

I. p a ll II a T 0 p. Pan11 KOHKpeTHOCTH 6yneM IIMeTb B BIIUY TBepUblil panHa

TOp ( HanpiiMep, cTeKnHHHY!O nnacTIIHKY), 113 KOToporo llsnyqeHne BaBIInoBa-4epeH-

KOBa, B03HMKaiOmee B HeM, BbmycKaeTcH qepe3 nnocKy!O rpaHb, nepnennHKynHp-

Hy!O nyqKy 3apS!JKeHHb!X qaCTIIU, 

9 



Hameij uenbro HBnHeTCH orrpeuenHTb xou nyqe~ HanyqeaHH BaaHnoaa-4epeHKO

Ba rrocne Bb!XOA8 H3 p8UH8TOpa, T.e. KOOpUHH8Tbl TOqKH, B KOTOpO~ nyq rrepeceKa-

eT Bb!ITYCKHYID rrnOCKyiD rp8Hb p8AH8TOp8 H H8ITpaBnHIDutHe KOCHHYCbl nyqa, Bb!XOAH-

mero H3 a'to~ ToqKH B oKpyJKaromyro pauHaTop raaoeyro cpeuy. 

feoMeTpHqeCKHe ycnOBHH JipOXOJKUeHHH qaCTHUbl B p8UH8TOpe H306paJKeHbl H8 

pHc. 2. Dpe~rronaraeTCH, qTo rrnocKoCTb Oxy rrpaao~ rrpHMoyronhaoij cHcTeMbi 

KOOpAHH8T COBMeuteHa C IIflOCKOCTbiD p8AH8TOpa, qepe3 KOTOpyro Bb!XOAHT H3rryqe

HHe, a OCb z 9TO~ CHCTeMbl ( IIYCTb COBII8A8eT C OCbiD rryqKa qaCTHU) H81Ip8B

neH8 HapylKy. 0pHeHTHpOB8HH8H rrpHM8H, COeAHHHID!ll8H Haqarro CHCTeMbl KOOpUHH8T 

C TOqKO~ H ( x O , 0 , 0 ) 1 B KOTOpOM 38pHlKeHH8H qacTHU8 rrepeceKaeT ITflOCKyro rp8Hb 

p8AH8TOp8, rryCTb HBrrHeTCH OCbiD x KOOpAHH8THO~ CHCTeMbl. 

KaK yJKe yrroMHHanoch B rnaee 1, ae uorrycKaeM, qTo6br cBeToBo~ nyq 6brn 

HarrpaaneH B CTOpOHy, IIpOTHBOITOflOlKHYID H81Ip8BneHHID ABHlKeHHH qacTHU, T,e. Tpe-

6yeM, qTo6br yron y • KOTOpbr~ o6paayeT nyq c rronoJKHTerrbHbiM aarrpaaneaHeM 

OCH z 
1 

H8XOUHflCH BCerua B AH81I830He OT 0 ITO ~· YcnOBHMCH uanbme BCe 

yrflbl B ITITOCKOCTH 0 X Y OTCqHTb!B8Tb OT ITOITOlKHTerrbHOlf OCH x B CTOpOHY 

ABHJKeHHH qacOBOM CTpenKH, CMOTpH !IpH 9TOM B H81Ip8BfleHHH ITOflOlKHTerrbHOH OCH 

Z • DOK838TerrH rrpenoMrreHHH paAH8TOp8 H OKpylK8IDllie~ ero r830BO~ CpeAbl 060388-

'IHM n H n COOTBeTCTBeHHO. 

PaccMoTpHM aeKHM nyq HanyqeHHH BaaHnoBa-4epeaKoBa, Ko;ophrlf HcrrycTHna 

aapHJKeaaaH qaCTHua B pauHaTope. nonaoe ero orrHcaaHe MOlKHO cuenaTb rrpH no-

MOlliH cneuyroutHX mecTH rrapaMeTpoB: 

() - yron, KOTOpbl~ CBeTOBOlf nyq o6paayeT C aanpaBneHHeM ABHlKeHHH qaCTHUbl 

I 
B p8AH8TOpe ( Cos{)= -rr::-); 

pn I 

a - yron, KOTOpbi~ o6paayeT aarrpaBneaHe UBHJKeHHH qacTHUbi c nonolKHTenbHOI1 

OCbiD ( npeurronaraeTCH a < +) ; 
d p8CCTOHBHe OT Bb!ITYCKHOM rpaHH p8UH8TOp8 UO TOqKH 

THU8 HCnyCTHfl8 p8CCM8TpHB8eMbl~ nyq; 

S, B KOTOpO~ qac-

x 0 - p8CCTOHHHe OT T OqKH H , B KOTOpO~ qaCTHU8 BbineTaeT H3 p8UH8TOpa, UO 

aaqana CHCTeMbl KOOpAHH8T ( 0 ) ; 

¢
0

- aaHMyT, o6paaoBaHHhi~ rronolKHTenbHbiM aanpaeneaHeM ocH 

I 
poBaHHOH rrpoeKUHe~ nyTH qacTHUhi aa nnocKOCTb 0 x y ; 

H OpHeHTH-

¢ - aaHMyT, o6paaoaaHHhi~ opHeHTHpoBaHHhiM oTpe3KOM H F, coenHHHIDlliHM 

TOqKH Bh!XOU8 qacTHUbl H p8CCM8TpHB8eMoro CBeTOBOrO nyqa H3 p8UH8TOp8, C no-

flOlKHTenbHOH OCbiD x • 
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Vf3 pHC, 2 BH.OHO, 'ITO 

~ t s in¢ . } (IS) 

X = X O + t COS ¢ t 

TpexrpaHHbill yron HGSF ( H - aepliiHHa yrna) o6pa3yeT Ha c<f>epe c ueHT-

pOM B TO'!Ke H c<f>epH'IeCKHll TpeyronbHHK, H3o6paJKeHHbri! Ha pHc. 3. PaccMaT-

pHBBR 3TOT TpeyronbHHK, HeTpy.OHO y6e.oHTbCH, 'ITO: 

cos ~ = - sin a cos ( ¢ 
0 

-¢ l ( I9) 

vl3 o6b!'1Hb!X Tpeyronb HHKOB SHF H SGH BH.OHM, 'ITO 

t = d sin () 
(20) 

cos a sin ( () + ~ ) 

<l>opMynbr ( I7) c y'leToM <!>opMynbr ( I9) H (20) orrpe.oenRroT Kciop.oHHBTbi , y 

B KOTOpOl! p8CCM8TpHB8eMb!l! nyq Bb!XO.OHT H3 pB.OHBTOpB ( z '= 0) . 

Orrpe.oenHM 3 Ha'leHHH HarrpaBnRIOIIIHX KOCHHycoa cos a 
0 

, cos {3 
0 

,cos y
0 

BHyTpH pB.OHBTOpa ( pHC, 4). J.13 pHC, 2 BH.OHO, 'ITO 

cosy • --- cos a sin ( () + ~ ) 
o v 

sin~ 

( 2I) 

npoeKUHR nyqa B rrnoCKOCTb Oxy o6pa3yeT c rronoJKHTenbHbrM HarrpaaneHHeM 

ocH yron K = ¢ 
0 

+ 11 , r.oe 11 -yron rrpH aepliiHHe G B TpeyronbHHKe GHF 

( pHC, 2), npHMeHHR TeopeMy CHHYCOB, nonyqaeM, 'ITO 

sin"' = -
sin () sin ( ¢ 

0 
- ¢ ) 

(22) 
sin~ sin y 

0 

Yf3 p8CCMOTpeHHSI COOTBeTCTBYIOIIIHX TpexrpaHHblX yrnoB, H3 06paJKeHHblX HB 

pHc. 4, cneayeT, 'ITO 

cos a 
0 

• sin y 
0 

cos ( ¢ 
0 

+ 11 l 

I I 



II 

cos {3 
0 

c sin y 
0 

sin ( ¢ 
0 

+ 11 ) • (23) 

OcTaeTCH HBHTH 3HaqeHHH HanpaBnHIDlliHX KOCHHycoB nyqa nocne npenoMne

HIIH H8 BblllYCKHOH rpaHII p8t:lii8TOp8 ( cosa ', Cos{3', co~y '). llnll 3TOrO BOCllOnb3y
/ 3/ 

eMCSl 38KOHOM npenoMneHIISl, Bblp8l!<eHHbiM B BeKTOpHOH cpopMe ; 

t'=t+r!, (24) 

rne 

[' c V n ,2 - n 
...... 2 

+ ( 0 s ) - O S 

npHqeM HanpaBneHHe BeKTopa -; ( ;• l coBnanaeT c HanpaBneHHeM nanaromero 

( npenoMneHHoro) nyqa, a ero t:lnHaa paBHa noKa3aTenro npenoMneaHH cpet:lbi, B KO-

TOpOH nyq t:lBH*e TCII t:lO (nocne) npenoMneHHII1 11 
-+ • 
o - et:lHHHqHbiH BeKTop, nepneH-

t:liiKynHpHbiH K npenoMnHrorneH llOBepXHOCTH II H8llp8BneHHbiH BO BTOpyiD ( H8 llyTII nyqa) 

cpeny ( p 11c . 5). KoMnoHeHTbi BeKTopoB 

cnenyrom11e: 

-+ 
s n cos a 

0 
n cos {3 

0 

-+ -+, 
s ' s 

... , 
s o cos a n' cos {3 ' 

-+ 
0 0 

113 ( 24) BbiTeKaeT, qTQ 

f'=yn'a n 2 s in 2 y 
0 

- n cosy 
0 

11, T8KIIM o6p830M , 

n cos a = o cos a 0 

n cos {3 ' D COS f3 0 I 

li 

n cos y = V n , 2 - n 2 sin 2 y 0 

12 

II 
-+ 
0 

n cosy 
0 

n 'cosy 

B HarneM cnyqae 6ynyT 

(25) 



2. n B 0 fr H a 51 an 0 X p 0 MaTH 'I e C K a 5I K 0 Jl hUe B a 5I n pH 3M a. C TO'IKH 3peHHH 

npoxo~neHHH nyqa qepea aee pe'Ih aneT o TpexKpaTHOM npenoMneHHH nyqa Ha Ko

HH'IecKofi noaepxaocTH. nosToMy 6yneM caaqana pewaTh aanaqy o npenoMneaaa cae

Toaoro Jlyqa Ha KOHH'IeCKOH noaepXHOCTH B 06illeM BHne. nyCTh TaKaH J!OBepXHOCTh 
\' aanaaa yrnoM Me~ny noaepxaocTh!O H OCh!O KoHyca, coanana10mei1 c OCh!O z 

CHCTeMbi KOOpnHHaT, 3Ha'!eHHeM Z 0 KOOpnHHaTbi BepillHHbl KOHyca, a TBK~e 3Ha-

'IeHHHMll PI, p 2 , B npenenax KOTOpbiX 3aKJ!!O'IeHbl 3 Ha'!eHHH KOOpnl!HaT 
acex 

TO'IeK peanhHofl KOHl!'IecKoll npenOMJ!H!OII!el! noaepxaoc Tl!. T aKl!M o6paaoM, ypaaae -

Hl!e nocnenHel! npl!MeT a11n: 

+ ( z - z 0 } 
2 

tg 2 v 

Ypaaaeal!H nyqa nycTh 6ynyT: 

X = X 
0 + 

z- z 0 
------~----cos a 

cosy 0 

cosy 
0 

cos f3 0. 

nocne noncTaHOBKl! (27) a (26) nony'Il!M nnH Koopnl!HaTbi 

(26) 

(27) 

TO'IKll, B KOTOpOH 

paccMaTpaaaeMbiH nyq nanaeT Ha KOHl!qecKy!O noaepxaocTh, ypaaaeal!e 

Az"' 2 +2Bz'+C=0, 

rne 

A- cos 
2 a 0 + cos 2 {3 

0 
- lg 

2 v . 
cos y

0 

Be X 0 cos a 0 + y 0 cos {30 cos a 0 + cos 2 {3 
0 z 2 z + 0 tg v, 0 

cos 
2 

y 0 
cos y

0 

2 
+ cos ~ f3 0 

0 cos a o+ y 0 cosf3
0 

c: 2 2 2 cos a 
0 -2 z 

X 
-zo2tg2V - xo + y 

0 + zo 
0 2 cos Yo cosy 0 

13 



Toraa HMeeM: 

( z ' ) 
102 

-B -t.,yB 2 -AC (29) 
A 

Y'!HTbiBBSI, '!TO cneToBoli nyq He aon>KeH 6biTb HanpanneH Haneno, T.e. B cTo-

pOHY MeHbWHX 3H8'!e HHII Z o H 0603H8'!8SI CHMBOnOM p 6on&wee H3 3Ha'!eHHII 

z o H pI , B K8'!eCTBe z cneayeT npHHS!Tb TO H3 ABYX 3H8'!eHHM peweHHSI ( 29), 

anH KoToporo BbtnOnHHeTCSI ycnonae P ~ z ' ~ P 2 EcnH aTo 3Ha'!eHHe z ' 

ilOACT8BHTb B ( 27), TO KOOpAHH8Tbl ( X' o Y 'o Z ' ) 

qecKyJO noeepxHoCTh 6yayT onpeaeneHbi. 

TO'!KH naaeHHSI nyqa H8 KOHH -

OnpeaenHM 3Ha'!eHHSI HanpaenHJOWHX KOCHHycoB nyqa nocne npenoMne HHSI Ha 

nonepxHOCTH (26)0 nycTh n
0 

(n ') o6o3HaqaeT noKa3aTenh npenoMneHHSI cpeAbi , 

qepe3 KOTOpy!O npOXOOHT CBeT 00 (nocne) npenoMneHHSI H8 KOHH'!eCKOM noeepXHOCTH. 

CocTaBnHJOIUHe neKTopon t 

.. 
s : no cos a 0 

.. ' : n ' eos a ' s 

.. X 
0: 

D 

roe 

... 
s li 1 6yoyT: 

n 
0 

cos {3 0 

n 'cos {3 ' 

__ Y __ 

D 

n 0 cnsy 0 

n cosy 

( z '- z 0 ) lg 
2 y 

D 

D = y X ' 2 + y ' 2 + ( z ' - z 0 ) 2 lg 4 y (30) 

llanee MO>KHO 38illiC8Tb: 

k.J:--1-[-x 
D 

n cos a 
0 0 

y n 
0 

cos {3 
0 

+ ( z '- Z 
0

) n 
0 

cos y 
0 

lg 2 Y ] o (31) 

B CBSI3R c TeM, '!TO ¢opMynHpOBKa 38KOHa npenoMneHRSI (24) npeanonaraeT, .. 
'!TO BeKTOp HOpM8nR il808HHSI o HanpaeneH no BTOPYJO (Ha nyTH nyqa) cpeoy, 

HY>KHO COOTBeTCTByiOIUHM Bbi60pOM 3H8K8 BenH'!HHbl D 006HB8TbCSI TOrO, '!T06b! 

6btno k ~ 0 o Toroa: 

14 



f' • y n '
2

- n 2 + k 2 ·· · k 

n cos a n 
0 

cos a 
0 

n ' cos {3 '~ n 
0 

co s (3 
0 

n cosy 

f' X ' 

D 

[' ( z Zo ) tg 2 V 

D 

Ha aToM 3 ana qa o npenoMneHHH Ha KOHHqecKofi noaepXHOCTH pemeHa. 

(32) 

Ha p nc. 6 cxeMa THqecKH H3o6pa~eH xon caeToaoro n yqa qepe3 naofiHyro npH3-

My ( nae npH3Mbi c o6mefi npe noMrrHromefi rpaHhiD B C ) • <l>opMa H nonoJKeHHO TaKofi 

llBOfiHol\ llpH3Mbl ITOrrHOCThiD 38ll8Hbl BOC0MbiD napaMeTpaMH: 3 y rna, onpenerrHIDUlHe 

Hanpa Brre HHe nperroMrrHIDillHX rpaHefi llpH3Mbl r- 0603HaqHM HX V I , V 
2 

, V 
8 

H Bbi6e

peM TaKHM o6paaoM, KaK aTo cnenaHo B rnaae I HacToHmefi pa6oTbt; 4 paccTOSIHHH, 

onpenenHIDillHe nonepeqHbte pa3Mepbt naofiHofi npH3Mbi
1

- ec~H TOqKH A, fl , C 
H 

D 
H83 0B0M BeplliHHBMH llBOHHOfi npH3Mbi, TO nyc'rb 3 TO 6ynyT BOrrHqHHbl r I'. r 

2
, r 

8 

H r 4 r T. e. paCCTOHHHH BOplliHH npH3Mbl OT ee OCH ( KBK T8KOB b!0 OHH no onpeneneHHID 

HBrrHIDTCSI norrO~HT0rrhHb!MH) ; KoopnHHaTa, onpenenHromaH cMemeHne naofiHofi 

llpH3M bl BnOrrh OCH KOOpnHHBTHOI\ CHCT0Mbl ( npennorrOlKHT0rrhHO BnOrrb OCH cqeT-

qHKa ),- o6o3HaqHM ee Z 1 H nycTh oHa npencTaBrrSieT co6ofi z -oayro KoopnH-

HaTy nepBofi BepmHHbl npH3Mbl ( TQqKa A)· 

Jlng KOOpllHH8T z I = 2,3,4) OCTBrrhHb!X B0plliHH nBO fiHoi1 llpH3Mbl 

H 

8 1 C , 0 ) MO~HO H8llHC8Th: 

2 - r 
Z 2 a Z I + --'--.,,..-....:..._ 

tg V I 

Z a Z + 
B 

15 

tg ( v) + v 2) 

r 4 r a 

t g ( V I + V 2 + V 
8 

) 

(33) 



EcnH cpopMa nao~Ho~ npH3Mhi TaKaH, "'TO oce TPH npenoMnHIO!llRe rpaHR nepeceKa

IOTCH no O.OHO~ llHHHH, TO B nocnenae~ R3 cpopMyn (33) HY*HO 6paTb Z2 BMeCTO 

Z 8 H r 2 BMeCTO r 
8 

• KoopnHH8Thi Z 0 l j - 1,2,3) Bep!UHH OT.OenbHhiX npe-

llOMllHIO!llRX KOHyCOB, H3 KOTOpb!X 06p830B8H8 .OBO~H8H npH3M8, onpeneneHbl cpopMy-

naMa: 

ZOI a z I - r I ' _, - ., 'f tg VI 02 2 tg ( V I + V 2 ) 

{34) 

z r 8 
H z - -

tg ( V I + V 2. + V 8 ) 08 8 

00K838TenH npenoMneHHH nepBOH H BTOpO~ (Ha nyTH nyqa) npH3M o603H8"1HM 

n 1 H n 2 cooTBeTCTBeHHO H noKaaaTenh npenoMneHHH OKPY*BIO!lleft raaoaol! cpe.Obi 

n 

Ecnn nao~HaH npnaMa aanaaa BbiiUe nepe<mcneHHbiMH aoceMbiO napaMeTpaMH, 

TO, HCllOllb3YH cpopMyllbl (26)-{32), C yqeTOM (33) H (34) MO*HO p8CC"'HT8Tb npe-

llOMneHRe CBeTOBOI'O nyqa H8 nepBOH H 38TeM H8 BTOpOH H TpeTbeft npenOMllHIO-

lllHX rpaHHX npH3Mbl. 

3. C¢epH"'ecKoe aepKano. Opennono*HM, 'ITO ocb npaaoft npHMoyronb-

HOH CHCTeMbl K00p.OHH8T nepeceKaeT ccpepH'IeCKOe aepK8llO B TO'!Ke V , KOTOpyiO 

H83 0BeM aep!UHHO~ aepKana H COBMeCTHM C Heft H8'!8ll0 CHCTeMbl KOOp.OHH8T. OycTb 

och z aanpaaneaa B cTopoHy ueaTpa KpRBH3Hbi aepKana. B TaKOM cnyqae ypaa-

aeane aepKanbHO~ noaepxaocTH npnMeT BHn: 

(35) 
+y 2 +z 2 -2Rza0, 

rne R -panHyc KpHBH3Hbi aepKana. 

HaftneM KoopnHH8Tbi x ' , y ', z ' TO'IKH, B KOTopoft nyq, aanaHHhi~ npH noMOlllH 

yp8BHeHHH ( 27), nanaeT H8 3epK8llbHYIO llOBepXHOCTb. 0o.OCT8BllHH Bbipa*eHRH ( 27) 

B ( 35), nony'IHM .OllH 3H8'IeHHH z ' ypaBHeHHe 

Az'
2

+2Bz'+Ca0, 

16 



rae Tenepb 

cos 2 a 0 + cos 2 f3 
0 A • 

cos ~ y 
0 

+ I ' 

A' .. x 0 cos a 0 + y 0 cos {3 0 

cos y 
0 

B •A'-z
0 

(A-1)-R 

C • ~ +y 0
2 + z 0~ (A- I) - 2 z 

0 
A 

(36) 

EcnH Meabmee H3 asyx 3HaqeaaA (eM. (29)) noacTaBHM B (27), nonyqaM 

3 HSqeHHH KOOp.liHHST TOqKH na.QeftRH nyqa HS 3e pKano. 

3aKOH OTpSlKeHHH, 3 8DHC8HHb!l! npH DOMOll!H BeKTOpOB it it ' H ft, 6y .QeT 
/ 3/ 

HMeTb !j>opMy ! 

.. , 
s •:- 2 ( 6 s .. ) 6. 

(37) 

TaK KaK ypasaeaHe aopMana naaeHHH B aameM cnyqae 3anHmeTcH cneayromHM o6-
pa3 oM : 

X 

.. .. 
TO COCTSBnH!Oll!He BeKTOpOB s , s 

.. 
s : 

.. , 
s 

cos a 
0 

cos a 

_J_ 

y 

.. 
H o 

cos f3 0 

cos f3 ' 

z- R 

R- z' 

6yayT cneayromHMH: 

cos y 

y R 

y x '~ + y '~ + ( R -z ,~ y x' ~ + y '~+ ( R- z ') 2 y x '~ + y '~ + ( R - z ' ) 2 

TaKHM o6pa3 oM, anH aanpasnHromHx KOCHHy cos nyqa nocne oTpalKeHHH aa c¢e-

17 



cos a cos a 
0 

- 2 D x ' , 

CO S {3 ' a C 0 S {3 
0 

- 2 D y ' , (38) 

cos y c os y - 2 D ( z ' - R ) , 
0 

rne 

x cos a 0 + y ' cos f3 0 + ( z '- R ) co s y 0 
D 

x '2+y'2+(R-z')2 

B qepe HKOBCKHX cqeTqeKax qacTo BcTpeqaiDTCH cnyqau, Korna ueHTp KpH B H3 H bi 

nne na~e a eprnHHa c¢epuqecKoro 3epKana He ne~aT Ha onTuqecKoll ocn cqeTqnKa . 

YTo6bl npHMeHHTh nonyqeHHbie 3ll.eCh ¢opMynbr nnH oTpa~eHHH nyqa Ha c¢epuqecKoM 3 ep

Kan e , Hy~HO npe)l.BapHTenbHO llpOBeCTH COOTBeTCTByiDJ.Uee !1peo6pa3 0BaHHe CHCTeMbl 

KOOpll.HHaT. 

n pe ll.CTaBHM ce6e, qTO c¢epeqeCKOe 3epKanO HaXO)l.HTCH B 06J.UeM llOflO~eHHH 

OTH OCH T e flbHO BBe)l.eHHOH (HallpHMep, TaKHM o6pa30M, KaK 3TO ~ll.enaHO B n epBOM 

llyHKTe HaC TOHJ.UeH qacTH) CHCTeMbl KOOpll.HHaT, 'I",e, BepruHHa 3apKana He ne~HT 

Ha OCH z , a OCb 3epKana HaKnOHeHa OTHOCHTenhHO OCH Ha yron o 
( 0 <-+ ). npoeKUH!O Bepllil!Hbl 3epKana · B llllOCKOCTb 0 x y 0603HaqHM A , 

a !1p08KUHID ueHTpa KpHBH3Hbl B 3Ty ~e ll!lOCKOCTb 0603HaqHM 8 nnoCKOCTb 

0 x y HG06pa~eHa Ha pHC, 7 ( ecnH CMOTpeTb B HanpaaneRHH IIO!lO~HTenbHOl! OCH z 
-+ 

0 - Haq ano cuc TeMbi Koopll.HHaT). OpneHTHpoBaHHbill BeKTop OA )l.nl!HOH tJ. 

o6pa3yeT c nono~nTenhHOll ochJO 

o6pa0yeT c Toll ~e ochJO yron v 

yron p. , a opneHTHpoBaHHblll BeKTO p AB 
OTcqeT yrnoa rrpoH3BOll.l!TCH B cTopoHy ll.BH-

~eHHH qaCOBOH C T p enKH , ecnH CMOTpeTb llpl! 3TOM B HarrpaBneHHH IIO!lO~HTenbHOl! OCH Z, 

nycT b Z v 0603 HaqaeT KOOpll.l!HaTy z Bepllil!Hbl 3epKana. nanee, llyCTb 

CBeTOBOfi n y q, n a )l.aJOUlHli Ha 3 epKano , 3a)l.aH ypaBHeHHeM 

X- X t 

cos a 

18 

y -2J..._ 
--;;;;; {3 I 

z - z 1 
(39) 

cos y 1 



EcnH Tenepb npeo6paayeM CHCTeMy KOOpAHHBT TBKHM o6pa30M, 'IT06bJ OHa COBnana 

C Toil, KOTOpa51 6bina BBeAeHa B HB'!ane HBCTOSIU!ero nyHKTa, TO 3HB'!eHH51 X I , Y I 

Z I , Cosa I , Cos {3 I , c os y B ypaBHeHHSIX ( 39) HylKHO 38MeHI1Tb Ha 3 HB'!eHH51 

x 0 .y 0 , z 0 ,c os a 0 ,cos {3 0 , c osy 0 nony'!eHHbJe npH noMOU!H cneay!OU!HX tjlopMyn: 

x 0 ~ ( x 1- 1'1 cos v ) cos 11 cos 8 - ( y 1 +1'1 s in v ) s in 11 cos 8 + ( z 
1 

- Z ) s in 15 , 

Y 
0 

~-( x 
1 

- 1'1 cos v ) s in 11 - ( y 
1 

+ 1'1 s in v ) cos 11 , 

( x 1'1 cos v ) cos 11 s in 8 - ( y 
1 

+ 1'1 sin v ) s in 11 sin 8 - ( z 
1 

- Z ) cos 8 

cos a 0 a sin 8 c os y 1 +cos 8 ( cos~ cos a 
1 

- s in f.1 co s {3 
1 

) , 

cos {3 0 = - sin p. co s a 
1 

- cos f.l cos f3 
1 

c os y 
0 

• -cos 8 cos y 
1 + s in 8 ( cos 11 cos a - sin 11 cos {3 

1 
) . 

3aMeTHM eme,'ITO nocne ocymecTane HH SI TaKoro npeo6paaoaaHH51 HanpaaneHHe ocR 

KOCTb 

HOBOH CHCTeMbl KOOpAHHBT 51Bn51eTC51 TBKHM, 'ITO npoeKUHSI 3 TOti OCH Ha nnoc-

Q X y .. 
nepBOHB'IBnbHOH CHCTeMbl KOOpAHHBT COBnaaaeT C BeKTOpOM A 8 

npeo6paaoaaHH51 (40) HylKHO aena Tb H a Meaee o 6mHx c ny'laH x, T. e . Koraa 

(40) 

HeT, HanpHMep , HaKnoHa aepKana (Toraa 11 = 0, 8 = 0) HnH napannenhHoro cMe-

meHHSI aepKana (Toraa V= 0, 1'1 = 0) HnH AalKe Koraa HeT HH Toro HH Apyroro. 

HaKoaeu, onpeaenHM KoopAHHBTbl . y ' z TO'IKH, B KOTOpOit CBeTOBO H 

nyq, aaaaHHbitl ypaaHeHHS!MH ( 27), nepeceKaeT ni06yiO nnocKoCTh, na pannenbHylO 

OCH Y • BBeAeHHOH HBMH B HB'!ane H8CT051U!ero nyHKTa CHCTeMbl KOOpAHHaT. P e '!b 

HAeT, HanpHMe p, o tjloKanhHO tl nnocKOCTH ctjlepH'IecKoro aapKan a HnH aoo6me o 

nnOCKOCTH , B KOTOpOH pa3MeUiaeTC51 tPO TOKB TOA tPOTOyM HOlKHTen51 B C'!e T'!HKe . n ycTb 

T8K851 nnOCKOCTb 3BA8Ha ypaaHeHHeM (eM. pHC. 8). 

a - x tg c . 
(41) 

H anOMHIIM, 'ITO cHcTeMa I<OOpAHHaT X 1 y 1 Z -npaaaH H y ron OTC'IHTo!-

aaeTcH OT nonolKHTenhHoro HanpaaneHHSI ocH x no qacoaotl c Tp enKe , ecnH CMOTpeTb 

npH 3TOM B Hanpa aneHHH OCH ·y · 
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Pelli8SI COBMeCTHO ypaBHeHHSI ( 27) H ( 41), nony'IHM: 

y 

x 0 cos y 0 + ( a - z 
0 

) cos a 
0 

cos y 
0 

+ tg f cos a 
0 

y + 
0 

a -

a - Z Q - X 
0

tg l 

cos y + tg f cos a 
0 0 

x 0 cos y 0 + ( a- z 0 ) cos a 0 

cos y 
0 

+ tg f cos a 
0 

cos f3 o 

tg f . 

(42) 

Ecna, HarrpHMe p, HHTepecyeMCSI MecTOM naneHHSI nyqa a a ~OKBIIhH y ro nnoc K OCT h 

c~epH'IeCKoro 3epKana, TO B ( 42) cnenyeT noncTa BHTh: a ~ + ( R -panayc 

KpHBH 3 Hbl 3epKana) H f c 0. 

npaMeHSIS! nocrrerrOB8TenbHO, cornaCHO KOHCTpyKUHH KOHKpeTHOrO C'! e T'!HK8 

Y epe HKOBa , pe3yrrhT8Tbi, nony'leHHbie 3rr ech, MOJKHO coc '!HT8Th xon rryq a H3rryqe 

HHSI B a BHIIOBa-l.Jepe HKOB8 B nro60M C'!eT'!HKe, B KOTOpOM He rrpHMeHeHbl npyrae on

TH'! e CKHe aneMeHTbi, KpoMe KOllhUeBoli npH3Mbi H nnocKoro una c<jlepH'!ecKoro 3ep

Kan. Eme 3aMeTHM, 'ITO orpaHH'IeHHe aa TBepnblli panuaTop, KOTopoe Mbi cnenana 

B nepBoM n y HKTe aacTOSIIUeA '18CTH, <jlopMarrhHOe. Crry'!ali r a3oBoro p anaa T opa MOJK 

HO BKII ID'IHTh, H8I1pHMep, T8KHM o6p830M, 'ITO B K8'!eCTBe cpe .({ bl, OKpylK8 IDIUel! pa 

.({H8 TOp, rrpHM e M TOT JKe C8Mbil! ra3, 'ITO H nnH p8.1lH8TOp8. 

B npanoJKeHHH Ill cbneplKaTcSI anropHTMbi pacqeTa xona ny'!a '!e pe3 p ac-

c MoTpe HH bi e 3 rrecb onTH'!eCKHe aneMeHTbi cqeT'IHKoB YepeHKOBa. AnropHTMbi Ha rra

ca H bi H8 Sl3 biKe AnfOn-60 B BHrre HeCKOIIhKHX rrpouenyp, KOTOpbi e MOlKHO KO M6HHHp O

B8Tb B 3 8BHCHMOCTH OT KOHCTpyKUHH KOHKpeTHOrO C'!eT'!HK8. 3TH arrropHTM bl 

rrpoBe pHrrHCh Ha Bbi'IHCnHTerrhHOll M8lliHHe M-20 c rrpHMeHeHHeM TpaHCrrSITOpa TA-l. 

A BTOp bi BbipaJKaroT cBoro 6naronapHOCTh B.J.1. HHKHTHHy 3 a noMoiUh npa Ha

nacaHHH nporpaMMHOl! '18CTH pa60Tbl, 8 T8KJKe 38 IlpO'!TeHHe p y KOIIHCH H8 CTOSI IUe li 

p a6oTbi. 

20 



nPJ.WOlKEH HE .I 

npoueaypa " Aoochromat" 

J1pone,11ypa "apochromat" BWli'!CJii!eT 3Hal!eHIIi! Ma CCIIBOB s , v II h 

Ha OCHOBe pe syJibTaTOB fJiaB H I HaCTOi!~eM pa60TH. Ani! HaxOX)IeHIIII 

KOpHi! ypaBHeHIIII ( I5 ) IICilOJib3yeTCi! MeiO)I )leJieHIIi! IIHTepBaJia no

ilOJia!.l (anropiiTM 4a B 141) c upe,l(aapiiTeJibHIDI pas,l(eJieHIIeM .l(llanaso 

Ha ( 0, ·~ ) Ha 12 yl!aCTKOB, nplll! eu ITOIICK KOpH eU B nepBOM II 

ilOCJie)IH eM yl!aCTKax on~eH. 3Hal!eHue KOpHi! X BHI!UCJii!eTCi! C nor

pemHOCTbD MeHbmeM, qey 10-6• J1pone.l(ypa 3aKaHl!IIBaeT pa6oTy, eCJIII: 

1. He BHITOJIHeHH orpaHI!l!eHIIII I RJIII J, nepel!IICJieHHHe B KOHne 

rJiaBH I - BHXO)I Ha MeTKy limit 

2. HeT nepeMeHH 3HaKa Ha KOHUax BCeX 10 yl!aCTKOB IIJIII eCJIII 

nepeMeHa 3HaKa ilpOIICXO,l(IIT B yl!aCTKe, f,l(e 3Hal!eHI!e JieBOV. CTOpOHH 

( I5 ) He onpe.l(eJieHo - BHXO.l( Ha weTKY onesign ; 

3. B pa.l(llaTope HJIII B paCCl!I!TaHHOU np1!3Me ilpOI!CXO,lii!T ilOJIHOe 

; BHyTpeHHee OTpaxeHI!e XOTi! 6H ,](Jill O,l(HOU BOJIHH - BHXO,l( Ha ueTKy 

tot ref 

4. JIYII. )(Jill O)IHOR 113 )IBYX il060l!HHX )IJIIIH BOJIH He na,11aer 

Ha np113MJ \ COOTBeTCIBYD~ee tL~ ~) - BHXO,l( Ha MeTKY nofall J 

5. sa,l(al!a peweHa. 

n[1] 

n[2] 
n[3] 

~eHTII~I!KaTOpH ~OpMMbHHX napaweTpOB npOUe,llypH: 

n[1:12] 

21 

s[1] 
s[2] 

s[3] 

s[1:6J 

L 



n[4-] - n2. 
n[5] - An:~. 

n[6] - An~ 
n[7] - n3 
n[a] - t.n, 
n[9] - t.n~ 
n[10] - n.,. 
n[11] - An• 
n[12] - lln.:. 

b 

ni 

s [4-] 

s [.5] 
s[6] 

• 

v[1] 

v[2] 

v[3] 

h[1] 

h[2] 

h[3] 

~ 

- 13 

- )) 

v[1:3] 

h(1:3] 

)11 

)12. 

)13 

-t1 

-t2> 

"t.J 

h1 

h2> 

h3 

~eHTH~HKaTopu, noKaxH3baauuue B Tene npoue~ypu: 

..E~~ 

pi - X f - 1 3HaqeHHH neao~ CTO-
bn1 - ( t3n")1. g - pOHU B ypaaHeHHH ( !5 J 

bn2 - (3n2. p - } 
rpaHHUU npoMexyTKa, co-

root1 - Vf/!Jn1F'-1 
~epxa~ero Kopeub ypaa-

q - HeHHH f::() 

root2 - vr~nb)b-[(~n.l-1] g1 - 41 
k1 - K g2 - h 
k2 - KJ er - R. 
11 - L ~ T n1 - n.., 
12 - L 1.! 

n2 __&_ 1<-K' - n3 
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dr1 

dr 2 

r 

X 

y 

z 

ar(q) 

rep( q ,p) 

fun(a) 

tlt 
0 li-"V;-V.-V.+.!.. K }, J 2. 

4-.: .O"tl sum 'V;+Vz.+Va T - 1<' 
1: 1 - MaKCHManbHOe cpe~H 3Hal!eHHU ))( 

X 10 - MHHHManbHO e cpe~H 3gaqeHH2 }.It: 

y t - MaKCHManbHOe cpe~H 3Hal!e HH2 'i'i 

i! tO - MHHHManbHOe cpe~H 3Hal!eHHU -'t · 
' 

BHI!Hcnaet 3Hal!eHHe yrna ar 

~nR KOToporo sin(ar)=q 

B ~HaJia30He OT - :!f_ ~0 .!!_ t 
l z 

- BHI!HCnReT 3Hal!eHHe yrna p B ~HaTia30H e OT - ..!_~0 ..:!!_ z l 
~nR KOTOpOrO sin(p)=q C BHXO~OM Ha WeTKY totref 

ecna q~1 

- BHI!HCnReT 3Hal!eHHe'a"neB02 CTOpOHH ypaBHeHHR ( 15 J 

H nepeweHHolt y ~nR TeKYIIIero 3Hal!eHHR nepeueHHoa .'J. 

C BHXO~OI.I Ha WeTKy no t ecnH 3Hal!eHHe •a• Ha 3TOY 

wecTe He onpe~eneHo . 
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EE2S£~~£ apochromat(b,ni,n,limit,onesign,totref,nofall) 

result: (s,h, v); 

y~!~ b,ni,n; E£~ b,ni; ~r~ n,s,h,v; 

~ limit,onesign,nofall,totrefl 

~~ !!~ pi,bn1,bn2,root1,root2,k1,k2,11,12,dr1,dr2,r,sum, 

o,l,lO,t,tO,x,y,z,f, g ,p,q,n1,n2,g1,g2,er; 

!~Ei£E i,j,e,k; ~:!::& m[1 :12); 

E£~! EE2S£~11!:£ ar(q); ~1!!£ q; !!~ q; 

ar::arctan(q/sqrt(1-qf2)); 

EE2S~£ rep(q,p); y~~ q; real q,p; 

!:f abs(q)~ 1 ~£!!52 !2 totref ~ p::ar(q); 

Eroce~~£ fun( a); E~ a; 

2£~ E£!1 d,re,u,t; 

u::cos(x); 

t:=sin(x); 

y::arctan( (12 x U+dr2 x t)/(12 x sqrt(n1j 2-uf2))); 

d:=sin(y); 

!! abs(d/n2)~ 1 !~£~ 52 to no; 

re::r-ni+ar(u/n1)+ar(d/n2); 

a::sqrt(n2f2-d j2) x coa(y+x-re)-(n1 x n2+sin(y+x-re) )x 

(11 X d+cos(y) X ( (1-11) x u-dr1 x t)/sqrt(n1j2-uf2)); 

if abs(a) ~ 10-6 the~ 52 !£ fin; 

.£~fun; 

pi:=3.141593; 

n1 :=n (7) /n(4] 1 

n2:=n [10) /n[7] 1 

bn1:=(bxn[1] )t2; 

bn2:=bx n(4] 1 

root1:=sqrt(bn1-1); 

!f root1 ~ bn2 ~~ fi2 !£ totref1 
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p~HaTopa He BUXO~HTj 

r oot 2 ::sqrt(bn2j 2-bn1+1); 

k1 : =-n[11] /n [10 ]+n [5]/n[ 4]; 

k2 : =n[ 6]/n [4 ]-n [12] /n [1 0]; 

if k1=0\lk2:0 !~~~ 62 !2 limit; 

11: =Cn[8] /n[7]-n[11] /n[ 10] )/k1; 

12: =11-(n[9]/n[7]-n[12J /n [10] )/k2; 

!f 12=0 !~~~ 62 !2 limit; 

r:=arctan(roo•1/root2); 

dr1: =Cn[2 J X bn1/(n[1J x root1 )-n(5] X root1/n[ 4] )/(root2 X k1); 

dr2: =dz:1-(n[3] X bn1/(n[ 1] x root1 )-n [6] x root1/n[4 J )/(root2 X k2) ; 

£2~~! ~anbme HaqiJHaeTCH pemeHHe OCHOBHOrO ypaBHeHHH ( 15 )j 

p::-0.1; x:=p; fun(f); 

for i:=1 ~!~E 1 ~!~! 10 do 

~~6~ 

x:=-ix0.3; fun( g); 

q::p; p:=x; 
I 

!f sign(g):sign(f) !~~~ 52 !2 no; 

iter: x::p/2+q/2; fun(g); 

~f sign(f)=sign(g) !~~~ q:=X ~~~ p::x; 

~f abs(p-q)~ 10-6 !~~~ 62 !2 iter; 

fin: £2~~! 3HaqeHKH ~ iJ y. Bli'lKCJieHH, HaqiJHaeTCH Bll'IKCJieHI!e 

yrnoa ~, ~, ~ 
g1::ar(cos(x)/n1); 

rep(sin(y)/n2, g2 ); 

er:=r-ni+g1+g2; 

z::arctan(cos(er-y-x)/(n1x n2-sin(er-y-x))); 

if abs(sin(z))~ 1/(n1x n2) th~ 2~ E_~ totref; 

s[1] :=r-x; 
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s[2] : =g1-y; 

s[3] ::=g2-z; 

£2.~~~~ 3Ha'leHH.a: yrJIOB V 1 ,v 2 , V 3 Hal'!.n;eHH, ,ll;aJI:bme ,~~;e

naeTc.a: npoBepxa, BHnOJIH.a:eTc.a: JIH orpaHH'IeHHe J 

' CW. KOHen rnaB H l) ; 

sum: =S [1] +s[2] +S [3]; 

if sum > pi/2 !!:!~~ E:i2. ~2. con; 

if sin( sum)~ s in(ni) th~~ 52. ~2 limit; 

E:i2. ~2. rip; 

con: if sin(sum)~-sin(ni) ~hen S2 !2. limit; 

rip: h[ 1}: :sin(x) x c os(y) x cos(z)/(sin(ni-sum) x cos( g1) X cos( g2 )); 

h[2] ::bn2X cos(r)x root1X b; 

£2.~~nt HHXe .n;enaerca npoacpKa nonyqcRHoro pe3yX:bTaTa -

C'IHTa.DTCH 3Ha'IBHHR yr na )J DOO'Iepe,n;HO ,ltJill OCHOBHOI'!, 

I-ol'! nodO'IHOI'! H 2-ol'! nodO'IHOI'! ,n;JIHHH BOJIHH; 

l ::t::-10; 10::t0::10; 

!:2.!: j :=1, 2 , 3 ~2 

2~sin 

e ::(j-1) X ( 4-j )/2; 

f££ k:=0,3, 6 , 9 ~2. 

m[k+j]: =Cn[k+1] +n[k+j) x e) x b; 

rep(sqrt(m [jJj2-1 )/m [j+3], v(j)); 

if v(j)~s[1] ~~~ fi2. ~2. nofall; 

tO:=if v(j) <tO :!!:!!:.!:! v(j) !:,,:!:~ tO; 

t:=if v(j] > t !!:!!:.~ v(j) !:..!~~ t; 

g1: :ar( (m[j+3 ]1m (j+6]) x cos(v[j]-s [1] ) ) ; 

rep( Cm[j +6]/m[j+9]) X sin( g1-s [ 2]) , g2 ); 

rep( (m[j+9]/m[j+3]) X sin(g2-s[3]) ,o); 

s [ j +3] ::sum+o-pi/2; 

lO::if s(j+3] <(10 ~~ s(j+3] li.§~ 10; 

26 

l:=if s (j+3]>1 ~!;!~~ s(j+3] ~lee 1 

~~ j; 

h(3}:=(1-10)/((t-t0)X h(1]); 

52. ~2. solved; 

no: ~ i; 52. to onesign; 

solved: ~~~ apochromat; 
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1\) 
(X) 

1\) 

<D 

:g :a 
~ ~ 
~ al 

H oMep c nyqasr I 

~ 0,8 
)} 0,174533 

p8.JlH8TO p 8 CT. JIK6 
l -oA npH3Mbl " BP6 
2-oA npH3Mbl • BPI2 

OCHOBHBSI G' 
1-R no6o"'HBR 3650 ! 0 
2- sr no6o'IHBSI c 

ni 1,47963 
An1 0,00815 
An~ -0,01094 
n3 1,58494 
An1 0,0!480 
An~ -0,0!826 
n~ 1,64745 
A not 0,02203 
t.n~ -0,02568 

"t., 0,913241 
"tl. 0,938394 
't-j 0,880187 

HoMe p 
c nyl:fa n I 

Yt !, 256695 
Vi. 1,464397 

~ -0,5!3380 

vi 0,174532 
y~ 0, 174246 
.;, 0,174028 

-------- --------
h1 0, 432 
hl, 0,248 
h3 0,020 

1, •• 4341 i 

nPHn o:>KEHHE II 

T a 6 nnua 

H e KoTOpbi e anoxpo M aTHqecK He llBORHbie npn3Mbi 

2 3 4 5 6 7 

0,8 0,8 0,8 , 0,92 1,0 1,0 
0,!74533 0,!74533 0,174533 -0,087266 0,087266 0,174533 

CT. JIK6 CT. JIK6 CT. JIK6 4J.nDOpHT .l.ll.Jf H20 

• :&P6 • li% • .liK3 cr. K8 CT. liof?6 CT. liof?6 
• :&PI2 • :&PI2 • KB • TKI6 • TKI6 • TKI6 

3650 ! 0 F G' G' G' G' 
G' G' 3650 ! 0 3650 A0 3650 A0 3650 A0 

c D c c c c 
1,48778 1,47573 1,47963 1,44000 1,39732 1,34073 

-0,00815 0,00390 0,00815 0,0054! 0,00443 0,00661 
-0,0!909 -0,00492 -0,0!094 -0,007!0 -0,00609 -0,0092! 
1,59974 1,5782! 1,49653 1,52687 1,58494 1,58494 

-0,0!480 0,00673 0,00804 0,00939 0,01480 0,01480 
-0,03306 -0,008!8 -0,0!082 - 0,0!256 -0,01826 -0,0!826 
1,66948 1,63779 1,52687 1,62643 1,62643 1,62643 

-0,02203 0,00466 0,00939 0,0!266 0,01266 0,01266 
-0,0477! -O,OII44 - 0, 0!256 - 0, 01650 - 0,0!650 - 0,0!650 

0,938394 0,901371 0,91324! !, 235338 1,349845 J , I 03547 
0,91324! 0,91324! o, 938394 I , 26!280 1,380858 ! 1! 25997 
0, 880187 0, 886537 0,880187 1,20379! 1, 313009 ! ,073615 

T a5 nH ua ( npoaon>Kemte ) 

2 3 4 5 6 7 
i,285!37 !, 241573 !,!95400 1,819286 1,822709 I ,6I890I 
1,48!34! 1,462269 0, 98! 049 0, 39105 -0,463446 -0, 4806!0 

-0,506975 -0,522903 -0,002322 0, 838009 1,662022 ! ,530873 
-------- ·-------

0,174532 0,!74532 
0,!7425! 0,174467 
0,!73009 0,174429 

0, 438 0,426 
0,244 0, 249 
0,060 0,009 

~- 4861 i 

- ----- -·-
0,174532 - 0, 087266 
0,!74208 -0, 070476 
o, 173964 -0,066126 

0,384 86,62 
0, 248 0, 242 
0,025 0,0042 

0 
...l "' 5893 A 

D 

0, 087265 0,174532 
0,089770 0,!74567 
0,090698 0,!74570 

1,98! 0,791 
0, 214 0,402 
0,026 0, 00089 

0 
.J.. ~ .. 6563 A 

8 

I,O 
0,087266 

nponaH4DaTl 
cr. Eq,6 
• TKI6 

G' 
3650 A0 

c 
1,045!55 
0,000860 

- 0,00!099 
1,58494 
O,Gli480 

-0, 01826 
1,62643 
o, 0!266 

- 0, 01650 
0, 295022 
0, 2977!5 
0, 29!538 

--
8 

2,8642II 
0, 034!65 
0,06540! 
------
0, 087264 
0, 087264 
0,087264 

1,924 
0,304 
0, 00003 



06~HCHeH~e C~KBOAOB, ~CIT0Ab30BaHH~X B Ta6nHge 

-yrnH nyqel, npKBaAnez~Hx 
i;1 J '1: .(> J 'r: 3 ( }11 I ,I)<, I }13 ) 

COOtBeTCTBeHHO OCHOBHOI, I-ol rro6oquol H 2-ol rro6oqHOI ~AHHe BOAHH 

nocne BDXO~a H3 paAHaropa ( npH3WH J; 

~ = s~n :i cosy cos i 
h1 = 

ti'G 
sin ()I -Y,-Y., ~) cos 1i cos;;_ 

.11.-B 11 1-n cos t h =---,.p z 
" .tlt 

tJ & j 

1 {t.li)/'1Qi(,. 

h3=h; (t.t)No.KC. 

r ,11;e ( t;l)) it (/J 7.)M -118.KCHllaJlbHiie pa3BOCTH B yr nax 
MIOJ<' · Q~C. 

))L u 'Cz ( i • I, 2, 3 ) AJUI ,llaHHoro cnyqaa. 

3aKeTHM 3,llecb, qro 

IJ /3 - J:..&.__ . 
~- h1 

ITapawerp h
3 

npe,~~;craBnaer co6ol wepy anoxpowarHquocrH ,~~;aaaol 

cHcteMH, tax KaX ou ,~~;aer oruomeuHe pa3pemao~HX cnoco6uocreA 

cqerqHXa npH HCIT0Ab30Ba.HHH aiTOXpOMaTHqeCKOI CHCTeMH H 6e3 aee 

( ~weerca B B~~y pa3pemao~aa cnoco6uoctb, Koropyn rr03Bonaer ,~~;acnep

caa, a ue ~pyrHe ~KTOpH ). 
ilpH pacqere B cnyqaax I r 7 B KaqeCTBe OKpyzao~el cpe~H ( n~ ) 

np~HHManca B03~yx co cne~yD~MK 3HaqeHHHMH rroKasarenel npenoMAeHHa: 

...\..3650 • I,000284; 

1 D • I, 000277; 

lG, • I,000280; 

1 0 • I,000276. 
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Ha ~aaaux, npHBe~eHH&X B radnHne, uozao c~enarL Hexoropue 
3aKnlllleHHR: 

I.CpaBHeHHe cnyqaeB I H 2 we~y codoD noxaauaaer, 11ro B 

KaqeCIBe OCHOBHOI ~HHHH BOHHH1 Ha HanpaBReHHe KOIOpOI CBO~RICR 

JIYIIII OCTMLHYX ,ltByx )I;HIIH BOJIH 1 cne.n;ye:r npHHIUiaiL :ry, KOIOpas nezi!I 

Kez~y KpaDHI!YH )I;HI!HaKH BOHH. 

2. C.11yqaa 4 Hs:repeceH :rew, 11:ro pO.IIL anoxpoKatllllecxoro .n;yd.11era 

ITOIITB ITOJIHOCTLil BHnOJIHRe:r nepBaa npH3Ka ( H3 ODTKI!ecxoro Cie&na AK3 ;; 

B npaKIHIIeCXOK C.llyqae HaBepao KOZHO dH.IIO dH orpaHHIIHTLCR ell O~HOI. 

3. B C.llyqae 5 .IIYIIH n~all:r Ha ITOCJie)I;Hilll rrpenOKJIRil~Yil rpaHL npH3-

KH ITO,It yrJIOK,OIIeHL 6RH3KHK K yr.11y ITOJIHOrO BHy:rpeHHero O:rpazeHHR,H 

C 3THK CBS3aHH dOJILmHe 3Hal!eHHR BeJIHIIHH h
1 

i! ( t.))) MOI<C . 

4. O:rwerBK BCK.IIIlllllteJILHO Ka.IIYIJ OCiaiOIIHYil paCXO)I;HKOCIL .11yqe1 B 

C.llyqae p~HaiOpa Ha BO~e ( CJ!YIIaft 7 ) H Ha rrponaHe ( C.llyqal 8 )• 

JI 



.. 

nPHnO)!(EHHE IIJ 

npoue.oypa " Rad" 

ITpoue)(ypa "rad" BuqHCAHeT 3HaqeHHH KOOp)(HHaT TOqKH, B 

KOTOpOH Ayq H3AyqeHHH BaBHAOBa-qepeHKOBa BHXO)(HT H3 pa)(HaTOpa, H 

qHcAa , nponopUHOHaAbHWe HanpasnH~~HK KOCHHycaw nyqa nocne ero BW

xo)(a H3 pa)(HaTopa. ITpoue)(ypa 3aKaHqHBaeT pa6ory, ecAH: 

l nonepeqHwH pa3Mep pa)(HaTopa He)(OCTaToqHHJ - B~OA Ha MeTKY 

small 

2. nyq HCfiWTaBaeT BHyTpeaaee OTpaEeHHe Ha BHnYCKHOH rpaHH 

paAHaTopa - BHXOA Ha MeTKY innerreff 

3. sa)(aqa pemeaa. 

~eHTK~HKatopw ~pMaXbHHX napawetpoB npoueAypw: 

real arr& r(1 :6) 

b - /3 r(1) - XJ 

n1 - n r(2] - :/ 
n2 - n' r(3] - l; 

d - ci r(4] - n'cos «.' 

xO - Xo r(5J - n' cos/3' 
alfa - ~ r(6] - n' COS/ 

fi - r 
fiO - 'eo 
rO - -t, 

wenz 

small 

innerref 
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~eHTH!flrutaTOpii 1 JIOKaJII'I30BaHH!ie B TeJie npoije,l\yph! : 

real 

pi Jr cksi cos~ 
teta e s s bF 
ksi s m cos oc. SLn(8+'i) 
t t ( HF-rn.2} sga.ma 

fl sin lD xg 1 KOOJj-HHATJI gh 
d. t; ot. (GH -;He. 2) yg 'TbVKW 6 (f11c. 2./ k 
~n s 

E£2£~~~~ rad(b,n1,n2,d,XO,alfa,fi,fi0,rO,small,innerref) 

result:(r); y~~ b,n1,n2,d,XO,alfa,fi,fi0,rO; 

£~~ b,n1,n2,d,xO,alfa,fi,fiO,rO; ~~ r; 

1~~ Small,innerref; 

£~!~ ££~ pi,teta,ksi,t,s,xg,yg,cksi,m,sgama,gh,k; 
pi:=3.141593; 

teta:=arctan(sqrt((bx n1)f2-1)); 

cksi:=-sin(alfa)x cos(fi-fiO); 

g abs( cksi) < 10-6 ~ 

££~!~ ksi:=pi/2; ~ !2 continue ~~~ 
ksi:=arctan(sqrt(1-cksit2)/cksi); 

!! ksi <O ~~ ksi:=ksi+pi; 

continue: m:=cos(alfa)x sin(teta+ksi); 

t:.=dX sin(teta)/m; 

r[1) :=xO+tx cos(fi); 

r[2J ==tx sin(fi); 

r[3] ==0; 

g r[1]f2+r[2]f2>rOj2 ~!:!:! ~ to small; 
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sgarna: =n1 X sqrt( 1-(m/sin(ksi) )f 2) 1 

g sgarna~ n2 !!!~~ fl2 !2 innerref; 

gh: =dX sin(alfa)/cos(alfa); 

xg: =XO-gh X: cos(fiO); 

yg: =-ghx sin(fiO); 

s:=sqrt((r[1J-xg)t2+(r[2]-yg)f2); 

if s < 10-5 !!!~~ 

£~gi~ r[4]:=r[5]:=0; r[6]:=n2; fl2 !2 rect ~a~; 
k:=sgama/s; 

r[4]: =kX: (r[1)-xg); 

r[5] :=k 'l< (r[2J-yg); 

rl6l:=sqrt(n2f2-sgamaf2); 

rect : ~a~ rad; 

llDOUe.!IYPa "doublet" 

ITpoueAypa " doublet'~HqHcnaer 3HaqenHa KOOPAHHaT roqKH, B 

KOTOpOI nyq H3RyqeHHR BaBHnOBa-qepeHKOBa BHXOAHT H3 ABOIHOI 

KORbUeBOI npH3WH, a TaKXe 3HaqeHHR HanpaBRRD~HX KOCHHYCOB ~yqa 

nocne ero BHXOAa H3 npH3WH. OHa nocrpoeaa na rpexKparaow npHweaeHHH 

npoueAYPH " cone" , KOTopaa auqHcnaer napawerpu nyqa B cnyqae ero 

npenowneHHR aa KOHHqecKoR noaepxHOCTH. 

ITpoueAypa " doublet" 3aKanqHBaer CBOD paOory, ecnH: 

I . nyq ne nepeceKaer OAHY H3 npenoMRHD~X rpaHel npH3M~ , 

T.e. Oil RH0 0 npOXOAHT BOOO~e WHMO npH3WH, RH00 BHXOAHT H3 aee He 

qepe3 npeROMRRD~YD,a 00KOBYD rpaHb - BHXOA Ha MeTKY nocross 

2. nyq HCllHTHBaeT llORHOe BHyTpeHHee OTpa%8HHe Ha OAHOI H3 

npenownaD~HX rpaneR npH3MH - BHXOA Ha werKy totref 
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J. nyq B pe3yHLTate npeHOKHeHHH nonyqKn HanpaBH8HHe B CTOpOHY 

06patHyD, qey qaCTHUa, KOTOpaH ero HcnyCTHHa - BHXO~ Ha K!TKY return; 

4. 3~aqa pemeaa. 

B np one.llype ·"cone" ae HCKHDqeao nepenonaeHHe B cnyqae, ecnH 

npenoMHaD~aR rpaHL napanneBLHa ontuqecKoR ocz ( V • 0 ) • 

.llJteHTHciJHKaTOpH ci>OPWaJILHHX napM!eTpOB npone~ypH "doublet": 

real 

n1 n1 r2 'l:z. 
n2 111. v2 ~ 
n n' r3 i.s 
z1 l1 v3 ~ 
r1 "t1 r4 til-
v1 ~ 

_!:£r~ 

s[1:6] t [1 :6] 

s [1] :t' t[1] .)(! 

s[2] y' t[2] y3 
s[3] a:' t[3] l.J 
s[4] n' cos rx.' t[4] n' cos ot3 

s[5] n' cos {3' t[5] n' cos [!,3 
s[6] n' cos o' t[6] n' cos '{

1 

148TKH nocross,totref,return. 
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l1,zr.eHTi!qJI'IKaTOpH, JIOKaJii!30BaHHHe ll TeJie npOUe,ItypH "doublet,.: 

_EE!l__ 

y[1:6] z [1s6] 

y[1] - .)(1 z[1J - X:~, 

y[2] - y~ z[2] - 'j2. 

y[3] - i!!1 z[3] - il..z. 

y[4] - n1 cos cx4 z[4] - n2, cos cx.2, 

y[5] - n1 cos {31 
z[5] - n1. cos ~2. 

y[6] - "" cos d1 z[6] - Oz. COS J'z. 

~~-
z2 - l2. zo - 2_, ( 21.) 
Z3 - 23 rO - -t3 ( "'z.) 
z4 - lljo 

11,zr.eHTii<Jlii!KaTopH q>opwanbHHX nap<U4eTpOB npone.ItYPH "cone": 

-~E£~-

e [1 :6] r[1~ 6] 

e [1] - .II. a f' [1] - .:J.' 

e [2] - Yo f[2) - y> 

e[3] - ao f[3] - ;s> 

e [4] - n0 cos a.0 
f[4] - n>cos~ 

e [5] - n0 cos ~o f[5] - n' cos P.: 

e[6] - n0 cos ifo f[6] - n' cost 
__ £ea.± __ 

n1 - no x1 - } "''"""'" ""' ,_ 
n2 - n' u1 

_ 11eK ( pHc. 6 ), KeJ:-

v .ltY KOTOplilll! 3aKJI~I!eHa 

v - x2 - npeJIOilJISI~IJlaR noBepx-
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iUleHTl1cjll1KaTopu, JJOKa.JI1130BaHHI:le B TeJJe npo~e,llypl:l "cone": 

real --------
pi J[ d D 
cv cots v k k 
tv tl·V e r 

D 
k1 cosz rt,0 + cos 1.;3

0 root VB 4 -AC 
COSZJO 

k2 .Jl0 COS 01.~ +Yo cos ~o h if 1
- Zo 

cos !o n0 C05fo 
b 8 xO i!.o 
c c a A 
q (i!•)1 m (a~-l.o}l:.,f'-V 
0 nl1,_noL+k1, p max { f, '-o) 
r (!.') p1 p1 2, 

p2 
Pz. 

E£2££~~£ doublet(n1,n2,n,z1,r1,v1,r2,v2,r3,v3,r4,s,nocross, 

totref,return)result:(t); 

yal~ n1,n2,n,z1,r1,v1,r2,v2,r3,v3,r4,s; 

E~~! n1,n2,n,z1,r1,v1,r2,v2,r3,v3,r4; ~~ s,t; 

label nocross,totref,return; 

2~5!~ ~EE~ y,z 1: 6 ; E~ z2,z3,z4,zO,rO; 

EE2££~~~ cone(n1,n2,v,x1,u1,u2,e)result:(x2,f); 

~~£ n1,n2,v,x1,u1,u2,e; E~~ n1,n2,v,x1,u1,u2,x2; 

~e,f; 

2£Sin ~2l pi,tv,k1,k2,b,c,q , r,d,k,g,root,o,a,h,m,p, 0 v,xO, 
p1,p2; 

pi:=3.141593; 

cv::cos(v)/sin(v); 

x2:=X1+(u2-u1)x cv1 
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p1:=x1; p2:=X2; 

g x1 > x2 ~~ beg~ p1 :=x2; p2::x1 ~~; 

x0;=x1-u1x cv; 

if abs(cos(v))> 10-6 !~~ ~ !~ continue; 

££_~ent KOHHqecKaH noBepXHOCTb npeBp~eHa B nnOCKOCTb 

f[3]:=p1; f[4]:=e[4]; f[5]:=e[5]i 

f[6J::sqrt(n2f2-n1f2+e[6]f2); 

5~ ~~ all; 

continue: £~~~~ B cnyqae KOHHqecKoR noaepxHOCTR; 

tv:=(1/cv)f2; 

k1: =(e (4] f2+e [5]f2)/e [6Jf2; 

k2:=(e[ 1] X e [4]+e [2] X e [5] )/e[ 6]; 

a:=k1-tv; 

b: =k2-e [3] x k1+x0 x tv; 

c::e[1]f2+e(2]f2+k1X e[3Jt2-2X k2X e[3]-tvx xOt2; 

:!:! abs(a)< 10-s ~~!!~ £!!.s!!! q:=-c/(2x b); s.2 ~~ comp ~~~ 

root: :sqrt(bf2-a x c) 1 

q:=(root-b)/a; 

r::-(root+b)/a; 

comp: p:=!f p1> e[3] !~~ p1 !!~ e[3]; 

g q>pAq<p2 ~ f[3]:=q ~!! r>pAr<p2 !~~ f[3]:=r 

!!l~!! s~ ~ nocross; 

all: h:=(f[3]-e[3] )/e[6]; 

f[1]: =e[ 1]+hxe [4 ]; 

f[2]:=e[2]+hx e[5]; 

£2~!!£~ 3HaqeHHH KOOp~HHaT TQqKH n~eHHH Ha npR3yY 
BllllRCneHH; 

:!:f f[3]=P1 !~~ ~ ~ fin; 

m: =tvx (f(3] -xO); 
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d:=sqrt(f[1 J f2+f[2] f2+mf2); 

k:=mx e[6] -f(1] x e[4]-f(2]x e[5]; 

!f k<O ~ d:=-d; 

k::k/d; 

o::n2j2-n1f2+kf2 ; 

g o ~ 0 !~~!! 15~ ~ totref; 

g:=(sqrt(o)-k)/d; 

f[4] :=e[4]-gx f [1]; 

f[5] :=e [5]-g xf [2]; 

f[6] :=e [6]+g x m; 

g f[6] < 0 !~~ ~ !~ return; 

fin: ~~ cone; 

cone(n,n1,v1,z1,r1,r2,s,z2,y); 

cone(n1,n2,v1+v2,z2,r2,r3,y,z3,z); 

if v2x v3>0 !~ 

£~~ z0a=z2; rO::r2; s~ !~ triang ~~~; 

z0:=z3; rO:=r3; 

triang: cone(n2,n,v1+V2+v3,zO,rO,r4,z,z4,t) 

~ doublet; 

.!!P.OJ:t!~l.P!'-_ ':£!!nt£!!::_. 

!Ipo~e,~~;ypa "centre" OCYl!leCTBnl!eT npeoC!pa30BaHHe CHcreu:u KO-

op,~~;RHaT cornaCHO nyHKTY 3 rnaBH 2 HaCTOH~eR paC!OTH B TOM cnyqae, 

ecnH ocb c~pHqecKoro 3epxana napannenbHa ocH ~ crapoR cHcreu:u 

Koop~HHaT ( r.e. ecnH He Hcnonb3yerca HaKnOHHOe 3epKano ;. 
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~eHTH~HK8TOpU ~pManbHUX napaweTpOB npoueAYPU 

~r~ 

a[1 :6] 

a[1] - .x1 b[1] -
a[2] - Y. 

napawer- b[2] -
a[.3] 

pu nyqa - i!1 b[3] -B crapo~ 
a[4] - cos oc.1 CHCTelle b[4] -
a[5] - cos {31 KOOMHH8T b[5) -
a[6] - cos ;, b[6] -

ECJIH aepmHHa 3epKM8 He JieJ:RT H8 OCH Z 

TO CJie,llyeT llO,IlCT8BHTb: 

a (1] - .ll.1 - 1:! COS 'V 

ar2J - )1 +A SLn l) 

££!! z lv 

E£2£~~~~ centre(z,a)result:(b); 

.Y~~ z,a; r~~! z; ~!l a,b; 
be o-in _g_ 

b [1): =a[1]; b [2] :=-a[2]; b [3]: :z-a[3]; 

b[4] :=a[4]; b[5] :=-a[5]; b[6] :=-a[6] 

~~ centre; 

_.!I.P.9Ee.ll1.P~ ':!~£!!~" 

b [1 :6] 

.X.o 

Yo 

J 

napauer-
phi nyqa 

~0 B HOBO~ 

COS 01.0 
CHCTeMe 

cos ~0 
KOOp,llHH8T 

cos [o 

crapo~ CHCTeYH KOOp,llHH8T 1 

!Ipoue.Jlypa "inclined" ocYUieCTBJIHer npeodpa30BaHHe cHcrewu 

KOOp,llHH8T COrJiaCHO nyHKTy 3 rJI8BH 2 H8CTOH~eR padOTbl B TOM 

CJiyqae
1 

eCJIH OCb c¢epH'IeCKOrO 3epKana H8KJIOHeHa OTHOCHTeJibHO 

OCH Z CTapoR CHCTeMU KOOp,llHH8T ( r.e. eCJIH HJleeTCH RaKJIORHOe 

3epKan o J• 
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~eHTH~HKaTopu ¢opManhHHX napaMerpos npoue~ypu: 

To xe cauoe, 'ITO H B cJiyqae npone~pu "centre". 

z mi 

delta -

~eHTH~HKaTOpH, JIOKaJIH30BaHHHe B TeJie npdne~ypH 

q 

r 

s 

cos!~' 

sln f

cos s 

t 

u 

~~~£~~~~ inclined(z,mi,delta,a)result:(b); 

sLn 8 
CO Sf< COS~~- Sln f COS 8i 

~~~ z,mi,delta,a; !£~ z,mi,delta; ~EE~ a,b; 

~S!n ~a! q,r,s,t,u; 

q::cos(mi); 

r:=sin(mi); 

s::cos(delta); 

t::sin(delta); 

u:=llxa[4]-r)( a[5]; 

b[1] :=a[1] x q xs-a[2] x r x s+Ca[3]-z)x t; 

b[2] ::-a[1] X r-a[2]xq; 

b[3] ::a[1] x q xt-a[2] x rx t-Ca[3]-z)x s; 

b[4] ::t x a[6]+s Xu; 

b[5] :=-rx a[4]-qxa[5]; 

b[6] :=-sx a[6]+t xu 

~2: inclined; 
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"mi " ITponegypa rror 

ITpoue~ypa " mirror" BWiHCJlHeT 3HaqeHHH KOOp,ltHHaT TOQKH, B KOTOpOA 

caetoao~ nyq rra,ltaet Ha c¢epHqecKoe 3epKano, a Taxxe 3HaqeHHH Hanpaa

naD~HX KO CHHycos nyqa rrocne ero otpaxeHHR sa 3epKane. ITpoue,~typa 

3aKaHQHaaeT pa6oty, ecnH: 

I. Jlyq He rr~aeT Ha 3epKa1lbHYD rroaepXBOCTb 3epKana - BHXO)t Ha 

MeTKY nomi r ; 

2. 3~aqa pemeHa. 

~eHTH¢HKaTOpH ¢QpYR1lbHHX rrapaueTpOB rrpoue,~typH : 

~ 

s [1 :6] z [1 :6] 

s(1J - .Y.o z[1] - x~ 

s[2] - Yo z[2] - i 
s[3] - ilo z[3] - Ill 

s[4] - cos 0(,0 z[4] - cos CX-
1 

s(5] - cos ?..0 z[5] - cos B) 

s[6] - cos do z [6] - c.os t 

E~&. 

r R 
u pa,ltHYC 3epKa1lbHOD rroaepXHOCTH 

0 pa,~tHYC OTBepCTHH B 3epKane j 

real 

A p 

= - J 
KOpHH 

A q 
ypaBHeHHH (,27) 

a 

a1 

b 8 w - J..lZ. +-t'l. 
c c d - ~D 

va•-Ac k - ill-:!., 

cos;o 
root 

42 



EE2£~~~ mirror(r,u,o,s,nomir~~esult:(z); 

yal!!~ r,u,o,a; ~ r,u,o; ~~ s,z; !!!!?el nomir; 

bes!2 E~ a1,a,b,c,root,p,q,w,d,k; 

a1 :=(s [1] X s(4]+s[2] xs [5] )/s[6J; 

a:=(s [4] t2+s[5)j2)/s[6]f2+1; 

b::a1-s [3]x<a-1 )-r; 

c:=s(1]f2+s[2] f2+(a-1))( s[3Jt2-2 xs[3] xa1; 

root::sqrt(bt2-a')( c); 

p:=(root-b)/a; 

q::-(root+b)/a; 

z[3] ==!!: P <q ~!!~ P ~~~ q; 

k::(z[3]-s [3] )/s[6]; 

z [1 J: =s [1 ]+k x s [4); 

z (2) :=s [2)+kx s f:5J; 
w:=z [1]t2+z(2J f2; 
g w<ot2VW>ut2 ~~ ~ ~ nomir; 

d:=2 X ( z [1] X s (4] +Z [2] X s[5]+(z !)J -r) X s [6J )/(w+(z C3J -r)f2); 

z[4] :=s[4J -d x z [1); 

z[5]:=s[5]-dX z[2]; 

z[6]:=s[6]-dx (z[3]-r) 

~~_mirror; 

Ilpoue.nttla :'plane" 

IlpOL\6,Upa "plane'BiiliHCJIHeT 3HatJeHHH KOOp,ltHHaT TOIJKH, B KOTOpOI 

CBeTOBOit .IIYIJ nepecexae:r ITJIOCKOCT:b, napaJIJieJII>HYJ) OCH y CHCTeJUi 

KOOp,JtHHaT, a :raxze paCCTOHHHe 3TOI TOIJKH OT TOIJKH, B KOTOpOI 3TY 

nJiocxoc:rb nepecexae:r OCb cae:roaoro KOHyca,Ha&JIOHeHHaR no,Jt yrnoM ~ K 

OCH iS 
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~eHTH¢HKaTOp~ ¢QpYa!bHSX napaueTpOB npoue~yp~: 

arr& 

z[1 : 6] m[:l:~ 

z[1] - Xo m[1] - 1.j 

z[2] - Yo m[2] - i 
z[3] - .ilo m[3] - ill 

z[4] - cos tt.0 m~J - d 
z [5] - cos f.>o 

z [6] - cos fo 

--E~~-

a - a. epsilon - e 
eta - "l 

~eHTH¢*KaTop~, noKanH30BaHH~e B Tene npoue~H: 

_..E!:!l_ 

t ta c. u a.-ao 

v cos do + t~ £ cos (1.0 

EE2£~~~ plane(a,epsilon,eta,z)result:(m); 

~~ a,epsilon,eta,zl E!:!! a,epsilon,eta; arr!l z,m; 

~1~ £~! t,u,v; 

t::sin(epsilon)/c~s(epsilon); 

u:=a-z[3]; 

v:=z[6]+t X z[4]; 

m[1] :=(z [1] X z (6]+u X z [4])/v; 

m[2]: =z [2]+z [5] X (u-z[1 ]Xt)/v; 

m[3]: =a-m [1] X t; 

m[4 J: :sqrt( (m [1] - 2 x a/( t+sin( eta)/cos( eta)) )f 2+m[2] f 2) 

end pl ane; 
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