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BBe!1eHHe 

nnsr yny'ill!9HHH paapelllaJOIUefi CTIOCOOHO't::TH llHcp<j}epeHUHanbHblX C'i9T'IH

KOB lfepeHKOBa, HCTIOnbayeMbiX Ha yCKOpHTensrx B COTHH fsB, B PHll9 cnyqaeB 

HeOOXOllHMa KOMneHCaUHH llHCnepCHH pallH8TOpa C llOMOlUb!O axpOM8TH'i9CKOH 

CHCTeMbi /1 I, YcnOBHH axpoMaTHaauHH HanyqeHHH B C'ieT'iHKax '4epeHKosa 

c noMOIUbJO npenoMneHHH H oTpa:>KeHHH Ha rpaHHUe paaaena paanH'IHhiX cpea 

paCCMOTpen <f>paHK /2/, 

B pa6oTe /3/npHseaeH pac'ieT anoxpoMaTH'iecKoro ayonera npH3M B 

C'i9T'IHK8X lfepeHKOBa, AnoxpoMaTH'ieCKaH CHCTeMa H3 llBYX KOnbU9BbiX npH3M 

noaaonsreT llOCTH'ib oqeHb xopolllefi KOMneacauHH llHCnepCHH paaHaTopa. OaHaKo 

ss"H'ay CnO:>KHOCTH H3I'OTOBneHHH H BbiCOKOfi CTOHMOCTH TBKOfi CHCT9Mbl 

:>KenaTenbHO H309:>K8Tb ee HCTIOnb30BaHHH, B HeKOTOpbiX cnyqaSJX MO)I(eT 

0Ka3aTbCH BnOnHe JlOCTaTO'iHbiM npHM9H9HH9 OllHOfi KOnbUeBO:li npH3Mbl C 

llBYMSI HnH llB:>Ke TOnbKO C OllHOH KOHH'i9CKOH rpaHbiO ( BTOpaSI rpaHb 

nnOCKaH), OapaMeTpbl TaKOH npH3Mbl MO:>KHO Bb!OpaTb TaKHM oopaaoM, 'iTOObl 

CHCTeMa ohma axpoMaTH'ieCKOH, 

B Hacrosrmefi paooTe paccMorpeHhi cnocoobi pacqera axpoMaTHqecKHx 

KOnbU9BbiX llpH3M, KOT0pb19 ll03BOnHJOT BhiB9CTH HanyqeHHe BaBHnOBa-I.fepeH

KOBa ansr llBYX pa3Hb1X llnHH BOnH B OllHOM H TOM :>Ke HanpaBneHHH, B npHnO-

:>KeHH srx I H II llpHB9ll9Hbl anrOpHTMbl paCCMOTpeHHb!X paC'i9TOB, O<j}OpMneH-

Hhie B BHlle npoueayp Ha H3hiKe ALGOL- 60. 
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I. I1pH3M8 c llBYMH KOHH'leCKHMH rpaHHMH 

PaccMoTpHM onTH'Iecxyro npaaMy, qepea KOTopyro npoxonHT Hsny'leHHe 

BaBHJIOBa-l..J:epeHKOBa, B03HHK8!0IUee B HSKOTOpOM TBepllOM pallH8TOpe (pHC, 1 ), 

fpaHb panaa Topa, 'lepea KOTopyro BhiXOllHT Hsny'leHae, npennonaJ:'aeTCSI 

pacnOJIOlKeHHOil nepneHAHKYJISipHO onTH'I9CKOil OCH CHCT9Mbl QQ' , COBn8ll8!0IU9il 

c aanpaBneaaeM JlBHJKeHHSI 'laCTHUhi, A6con!OTHbie noxasaTenH npenoMneHHSI 

9J19M9HTOB CHCT9Mbl 0603H8'1HM CJ19llY!OIUHM o6pa3oM: p8JlH8TOp8 - n 1 

OKPYlK8!0IUei"o 1:'838 - n2 , npH3Mbi - n 3 

P8cnonoJKeHHe npenoMJISI!OIUHX I"p8Heil 8XpOM8TH'IeCKoil npH3Mbi 6yneM 

onpenenSITb YI"J18MH v, H v2 .• YI"OJI VI o6p830BaH nepBoil npeJIOMJISI!OIUeil 

I"p8Hb!O C onTH'I9CKOil: OCb!O C'I9T'IHK8 1 H ei"O OTC'IeT npOH3BOllHTCSI OT OCH, 

HanpaBJ19HHOil B CTOpOay llBHlK9HHSI '18CTHU1 YI"OJI Y2 o6pa30BaH nepBOil H 

BTOpoi! npeJIOMJISI!OlUHMH I"paHSIMH, H OTC'I9T er<b npOH3BOllHTCSI BHyTpH npH3Mbl 

OT nepBOil: KO BTOpOll: I"paHH, YI"Jibl naneHHSI H npeJIOMJ19HHSI OTC'IHTbU~8!0TCSI 

OTHOCHT9JlbHO COOTBeTCTBY!OIUHX HOpManell: naneHHSI, HanpaBJ19HHe ny'la nocne 

BbiXOlla H3 npH3Mbl 38ll8HO YI"JIOM II 1 KOTOpbill: OTC'IHTbiBaeTCSI OT onTH'IeC

KOll: OCH CHCT9Mbl. npH 9TOM 3HaK J1!060I"O YI"JI8 npHM9M OTpHU8T9J1bHbiM1 eCJIH 

91:'0 OTC'I9T npOH3BOllHTCSI no '18COBOil CTpenKe H nOJIOJKHT9JlbHbiM - B 06paT

HOM cny'lae. 

...... 
Ha pHc, BHllHO, 'ITO 

X •1'- VI 

y-y-V 2 

EcnH aapSIJKeHHaSI 'laCTHUa llBHJKeTCSI co cKopoCTb!O 
l 

f:J·>n;-

( 1 ) 

1 TO B 

panHaTope B03HHKaeT Koayc Hsny'leHHSI BaBHJIOBa-4epeHKOBa c nonoBHHoil 

yl:'na (}=arc cas l/ n 1 {:3 , l1a panHaTopa aany'leHHe c onpeneneHHoil JlJIHHOil 

BOJIHhi A o BbiXOllHT non yi"noM ----
r =ore sin 

v{:32n:-l (2) 

{:3n2 

YI"OJI BbiXOJla H3JIY'I9HHSI C llPYI"Oil JlJlHHOil BOJ1Hbl OTJIH'IaeTCSI OT 3H8'19HHSI 

r Ha B9JIH'IHHY 

4 

\ •., 

:~-· 

' 

' ~nl {:32nl2 ~n2 -2-~r = - ( __ --- - --- V {3 ~ 
vf32n2-({32n2-l)- nl yf32n~-J n2 

2 I 

I"lle ~ n I H ~ n 2 - pa3HOCTH B nOK838T9JISIX npeJIOMJ19HJ 

panHaTopa H oxpyJKaiOIUeil: cpeabi llJISI OllHHaKOBOI" o llHan, 

3anHweM 38KOHbl npeJIOMJI9HHSI Ha I"p8HHX npH3I 

n 2 cos x = n 
3 

sin y , 

n 
3 

sin y = n 2cos ( x + y- R), 

I"lle R = r + ·y- 11 • B ypaBHeHHH (5) r onpenenSieTcSI c 
COI"Jl8CHO (2) 

1 
II 

- Hanepea aaaaaaoe HanpaBneHHe ny'l• 
y 

(5) 
HCKJ1!0'189TCSI npH ITOMOIUH ypaBH9HHSI (4), B pesynb 

ocTaroTcSI aeHaBecTabiMH YI"Jlbl V
1 

H V
2 

onpet:teJieHbi H3 llOITOJIHHTeJibHOI"o' ypaBHeHHH, Bblp8>K8}( 

, KOT• 

axpoMaTH38UHH: OllHHaKOBhiil: yi"on 11 anSI t:tByx pasHbiX 

~ 11, , = 0 . T oi"aa H3 ( 5) nony'IHM 
"I' "2 

I"t:te 

~y = 

a ~n 2 H 

tg y = ~ y 

~-~-
n2 n3 

( ~n2 _~)cos (r -V
1 
)-sin(r-V 1 )~r n2 n3 

~ n3 

y ( ---!!..J_ ) 2 - COS l X 
n2 

- H3M9H9HH SI n 2 H n3 

l1a ypaBH9HHH (4) H (5) MOJKHO nOJiy'IHTb: 

tg y = 
cos( x -R) 

~I+ sin (x-R) 
n2 

5 
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11r=- ( /1nl {32n2 11 
2 2 - -- ---

1
- n2 v/3 n2-({32n2-1J nl ·'{32 2 -,-- -n -- yf32n:-1 ), 

1 v n 1- 2 (3) 

I'.[le /1 n l H f1 n2 - pa3HOCTH B IIOK83aTel1SIX IIpel10Ml19HHSI COOTB9TCTB9HHO 

paAHaTopa H OKPY*aiOIUeii: cpeAhi AllSI OAHHaKOBOr o l:tHarra3oHa Bona 11 A 

3arrHUieM aaKOHbi npenoMneHHSI Ha rpaH.SIX rrp.H3Mhi: 

n 2 cos x = n 3 sin y , (4) 

n 
3 

sin y = n 
2
cos ( x + y - R) , (5) 

rAe R =r+,y-v • B ypaBHeHHH (5) r O!Ip9i:t9llSI9TCSI CKOpOCTb!O "18CTHUbl 

cornacao (2), v - Harrepel:t 3aJ:taHHoe aanpaBneHHe nyqeii: nocne rrpH3Mhi, 

y HCKlliO"'aeTCSI IIpH IIOMOIUH ypaBH9HHSI (4), B pe3yl1bTaTe B ypaBHeHHH 

( 5) ocTaiOTCSI HeH3BeCTHhiMH yrnhi V1 H V 
2 

, KOTOpbie MoryT ObiTb 

onpe,o:eneHbl .1!:3 .O:OIIOllHHTenbHOI'O ypaBH9HHSI, Bblp8)!(810Wero ycnOBH9' 

axpoMaTH38UHH: O.O:HH8K0Bbiil: yron V i:tllSI ABYX pa3HbiX i:tllHH BOllH 0 T.e. 

11 vA , = 0 . TorAa H3 (5) nony"'HM 
1 ' "2 

tg y = 11 y 

~-~-
rAe 

n2 n3 

11 y = 
(_11n2- ~)cos (r- v!) -sin(r- v!) 11r 

n2 n3 

a 11n 2 H 

y ( ___!!_}_ ) 2 - COS 2 X 
n2 

f1 n 3 - H3MeHeHHSI n 2 H 

!13 ypaBH9HHH (4) H (5) MO)!(HO IIOllY"'HTb: 

tg y = 
cos( x -R) 

_!!l. + sin ( x- R ) 
n2 

5 

n3 

(6) 

(7) 

B .o:Harra30H~ 11A=A 1-A 2 • 

(8) 
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CpaBHHBaH npaBbie CT;;)pOHbi ypaeuenHA (6) H (8), nony"'HM ypaeuenHe 

ll.JlSI Be.JlH"'HHbl X 

(cos x- l!.r sin x )[.!!..! + sin(x-R}]-y'( n3 ) 2- cos 2 :-cos(x-R)-0. 
~- .!!!.L n2 n2 -

(9) 

n2 n 3 

PewaH ypaeHeHHH (10) B npoMe)KyTKe - 11<x < 0 , onpelle.JlHM x , a 

nollcTaBHB ero B (8), onpelle.JIHM y • Hcnonb3YH ypaaneHHH (1), nony"'HM 

v1 H v2 

Pe3y.JibTaTbi pac"leToB no clJopMynaM (8) H (9) 6yllyT npaBH.JlbHbiMH 

npH C06.JliOll9HHH C.Jl9llY'101IlHX yC.JlOBHil:: 

1. L\nL ,j. ~ 
n2 n 3 

2, I sin y I< __!!.z,_; 
n3 

3, sin(V
1 

+V
2

) >sin (v) - eC.JlH 3Ha"l9HHe yrnoe ( V 1 + V2 ) 

.Jl9)KHT B nepeoil: "19TBepTH 1 

4, sin (V 1 + ~ )>-sin(v) - eC.JlH 3Ha"leHHe yrnoe (VI + V2 ) 

.Jl9)KHT BO BTOpoil: "19TBepTH, 

3aM9THM 1 "'TO npHB91l9HHbi9 3ll9Cb cPOPMY.Jlbl MO)KHO npHM9HHTb H K ra30Bb!M 

C"'9T"'HKaM npH ycnOBHH n I = n 2 ...... 
B npH.JIO)KeHHH I collep)KBTCH anropHTM HaXO)KlleHHH 3Ha"leHHA yrnoe 

VI ' v2 ' onpe,!le.JlSilOIIlHX axpoMaTH"'eCKylO npH3My. AnropHTM oclJopMneH 

B BHlle npouellypbi "ACHROMAT " ua H3biKe 

6bi.Jl8 npoaepeHa Ha Bbi"'HC.JlHT9.JlbHOii: M8lliHHe 

ALGOL- 60 

CDC 1604A. 

II • llpH3Ma c nepeaneil rpaHbiO, nepnenaHKYIIHpHoil 

nyqKy '{8CTHI! 

1 KOTOpaSI 

BHllOH3M9HHM Bblllle paCCMOTpeHHYlO CHCTeMy TSKHM o6pa30M 1 "'T06bi 

nepellHSISI rpaHb npH3Mbl 6bi.Jl8 n.JlOCKOii: H napanne.JlbHOii BbinYCKHOii rpaHH 
I 

pallHSTopa ( T,e, nepneHilHKY.IlHpHOii: OnTH"'9CKOii: OCH CHCT9Mbl 00 - Hanpae-

neHHlO ny"'Ka "laCTHU, - pHc.2). Xoll nyqa uany"leHHH Baaunoea-t.{epeHKOBa 

B TaKOii: CHCT9Me onpe,!leneH C.Jl91lYlOlliHMH cPOpMy.JlaM~ 

6 

cos (} = J -{3--, 
nl 

n 
1 

sin (} = n 
3 

sin y , 

n3 sin ( V - y) =n2 sin ( V- v). 

3To CHCT9Ma Tpex ypaBH9HHii: C "19Tb!pbMH H9H3B9CTHbiMI! 

V , v , YcnoeHe axpoMaTH38UHH CHCTeMbi ll.JIH 

aonu (A 1 H At !!. v' A = 0 llaeT eme OllHO Helloc 
1\ I • 2 

CBSI3b!B8l01Ilee 4 H9H3B9CTHbiX B9.JlH"'HHbi: (} • y 
HHSJ a6CO.JllOTHbiX nOK838Teneii: npe.110M.Jl9HHH n

1 1 
n

2 

cKopocTH "'aCTHUbi f3 C"'HTaeM aaaaHHbiMH, TaKHM < 

OnTH"'9CKOii: CHCT9Mbl 1 T,e, BB91l9HHe n.JlOCKOii: nepellHeil: BXOil 

"19CKOii: npH3Mbl 1 nepneHilHKY.IlHpHoii: ny"'KY "18CTHU, ll0CTHI'81 

o6meii: CHCTeMoii: ueuoii: yTpaTbi B03MO)KHOCTH aapauee .::: 

.Jl9HHeM BbiXOlla H3.JlY"l9HHH H3 npll:3Mbl, 

Ypaaueuue, Bbipa)l{aJOmee ycnoaue axpoMaTH3aUHH OJ 

nonyqaeTCH llHcjlcjlepeHUHpOBBHHeM nocne,!lHeii: cjlopMy.Jlbl B 

(10) H H8.Jl0)1{9HH9M ycnOBHH f'!.v = 0: 

--'---=[ n3-- nz +Jl(-~) 2 • t~ ~)2 I 

sin2(V-v) l!.y "3 

J.13 nepBbiX llBYX cjlOpMyn B CHCTeMe ( 10) nonyqaeTCH Bbl] 

f3 
lly= (lln

1 
v' f32n2-(f32n2-J) 

3 I 

f3n v'f32n2-___ J..._ -!!. n __ I_ 
3 

v'f32n2-J f3n3 
I 

Pewag CHCTeMy ( 10) 1 MO)KHO Haii:TH Bbip8)1{98He 

TIOilCTaBHB ero B ypaBH9HHe (11), nony"'HM ypaBH9HHe T 

H3B9CTHbiM t V 

(cos 2V)1,2 

(Q-P )(Q -R)±yRP(2Q-P)(2 Q-R) 

Q2 

7 



1 -' cos 8= ~ 

n 
1 

sin (} = n 
3 

sin y , 
(10) 

n 
3 

sin ( V - y ) = n 2 sin ( V- v ) . 

8TO CHCTeMa TpeX ypaBH9HHH C '19Tb!pbMH HeH3B9CTHbiMH yrnaMH: (} 1 y 1 

v • v 

sonH (,\ 1 

• Ycnosue axpoMaTH38UHH cucTeMbi .unH .usyx pa3HhiX .unHH 

H .\ t !i v ,\ 
1

, ,\
2 

= 0 .uaeT eme o.uao ae.uocTaromee ypasaeaHe, 

v H v • 3aa'le-CBH3bJBaiOIUee 4 H9H3BeCTHb!X senH'IHHbi: (} • y 

HHSJ a6comoTHbiX noKa3aTeneli npenoMneHHH n1 , n2 , n 3 , a TaK>Ke 

cKopocTH 'l:aCTHUhi f3 C'IHTaeM aa.uaHHbiiCIH. T aKHM o6paaoM, ynpomeaue 

onTH'IecKoli cucTeMhi, T.e. sse.ueaue nnocKoli nepe.uaeli sxo.uaoli rpaHH axpoMaTH

'l:eCKoli npH3Mb1
0 

nepneH.UHKynHpHOH ny'IKY 'l:aCTHU, .UOCTHI'aeTCH no cpaBH9HH10 C 

o6meli cucTeMoli ueaoli yTpaTbi soaMO>KHOCTH aapaaee aa.uasaTbCH aanpas

neHHeM Bb!XO.Ua uany'l:eHHH H3 npH3Mbl, 

YpaBH8HHe, Bb!pa>KaJOIUee ycnOBHe aXpOM8TH3aUHH OllTH'IeCKOH CHCT9Mbl, 

nony'l:aeTCH .UH$$epeHUHpOB8HH9M nocne.uHeH $opMynhi B CHCTeMe ypaBH9HHH 

(10) H aano>KeHHeM ycnoBHH !iv = 0: 

( 

!i n;t. !i n .t.~ 2 
--1--- = [ li3 - ---;;z + 1 H-~ )2

• 
sin2(V-v) !iy n3 

( 11) 

l1a nepBbiX .usyx $opMyn B cucTeMe (tO) nony'l:aeTCH Bbipa>KeHHe .unH !i y 

- f3 f3n vf3
2

n:-1 liy- (lin ___ J__- !in --
1 3 

vf32n2-(f32n2-1) vf32n2-1 f3n3 
3 I I 

) . (12) 

PeiUaH CHCTeMy ( 10) 
1 

MO>KHO HaRTH Bbipa>KeHHe .UnH sin-.l ( V- V ) , 

no.ucTaBHB ei'O B ypaBH9HH9 (11), nony'IHM ypaBH9HH9 TOnbKO C O.UHHM He-

H3B9CTHb!M V , 

(cos 2VJ 1•2 

(Q -P )(Q -R )±..jRP(2Q-P)(2Q-RJ 
Qy--

7 

(13) 



DpH 9TOM 6blllH sseaeHbi 

n 2 
Q- __ 3_, 

2n 2 
2 

{32n2 -J 
R= J 

' {32n/ 

s = 
n 1 !!!. n1 

n2 ' 
2 

cneayromHe o6osHa'leHHSI: 

T-~- ' 
"2 

U-~ 
"3 

p,. 2Q(I!!. y)2 
2 2' (U-T) +(l!!.y) 

B pesynbTaTe Bbipa:>KeHHe ( 12) npHHHMaeT BHa 

l!!.y. (S-UR)
2 

(2Q-R)R 
( 14) 

3Ha'leHHSI cos 2 V , Bbl'iHCneHHbie no~ q,opMyne ( 13), 6yayT sceraa 

22 22 l ( ', peanbHbiMH, ecnH {3 n 2 > {3 n J - T,e, HSny'leHHe He HCllbiTbJBa-

eT nonsoro sHyTpessero oTpa:>KeHHSI sa s~nycKHOA rpaHH paanaTopa). 

Yron BblXOaa nsny'leHHSI H3 npH3Mbl OTHOCHTenbHO OnTH'IeCKOA OCH 

CHCTeMbl Bbl'iHCnSieTCSI no cPOpMyne 

v .. V - arc sin ,j P. (15) 

...... Bo ns6e:>KaHMe n6nsoro sHyTpeHHero oTpa:>KeHHSI nsny'leHHSI 

BbiDYCKHOA rpaHblO npH3Mbl aon:>KHO BbmOnHSITbCSI ycnosne 

{_!!!.n3 -~)2>[(~L)2_J](I!!.y)2. 
\: n3 "2 "2 

B npHno:>KeHHH II. coaep:>KHTCSI anropHTM HaXOlKAeHHSI npenoMnHJOwero 

yrna npH3Mbi V H yrna v , onpeAenSiroJUero sanpasneHHe aany'leHHSI 

nocne BbiXoaa ero H3 npH3Mbi. T aK :>Ke, KaK H s nyHKTe 1, anropHTM 

oq,opMneH s sHae npoueaypbi " PERACHROM ' sa SIS biKe ALGOL -60 , 

KOTOpaH nposepSinaCb Ha Bbi'IHCnHTenbHOA MSlllHHe CDC -1604A. 

naTepaTypa 

1, B.n. 3penos, l13ny'leHHe Basanosa-LiepeHKosa H ero npaMeHeaae a 

cjJH3BKe BbiCOKBX aaepruli, '1. II , CTp, 127, MocKsa, 1968, 

2, H.M. cllpaHK, Y cnexa cjla3, aayK , fi§.. Bbm, 1, 111 ( 1956), 
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a. B.n. 3penos, n. nasnOBH'I, n. lllyneK, npenpHHT 011.RI1, P13-34; 

lly6aa, 1967. 

4, M.H. Arees, B.n. AnaK, P.M. ranac. AnropHTMbi {1-50), Bbr'lr 

Hblli ueaTp AH CCCP, MocKsa, 1966, 

0 

PyKonacb nocTynana a H3ASTenbCKBII ' 

14 HJOHll 1971 rona. 

Pac, 1, CxeMa XOAS ny'leli B OnTH'IeCKOli CHCT&Me, COA8PlK8f/l8il npM 
C ABYMll KOHH'18CKBMH UOB&pXHOCTliMH, 

0-

Pac, 2, CxeMa XOAS ny'leli B Onl'H'I&CKOil CHCT&Me, COA8PlK8In&li npM 
nnOCKO il rp8Hbl01 nepneHABKynl!PHOli OCR CHCT&Mbl 00' ( BnH HanpaBt 

ny'IKS 'ISCTHU), 
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s. B.n. 3penoe, n. naenOBH'l, n. lllyneK, npenpHHT 011.SU1, P13-8488, 

.Uy6Ha, 1967. 

4. M.H. Areee, B.n. AnHK, P.M. ranHc. AnropHTMbl {1-50). Bbi'!HCnHTenh-

Hbllt ueHTp AH CCCP, MocKea, 1966. 

0 

PyKonHCb nocTynHna a H3naTenbCKHli oTnen 

14 HroHH 1971 rona. 

PHc, 1. CxeMa xona ny'leil a onTH'IeCKoli cHcTeMe, conepll<ameil npH3MY 

C ABYMH KOHH'IeCKHMH noeepXHOCTHMH, 

nz 

0- ------·------·------ -------0' 

PHc. 2. CxeMa xona ny'leli a onTH'IeCKoil CHCTeMe, conepll<amelt npH3MY c 
nnocKo a rpaHbro, nepneHAHKyngpHoli OCH cHcTeMbi 00' ( HnH HanpaeneHHro 

ny'IK8 '18CTHU), 

9 
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npuozeue I 

npO-nema "achromat" ------
npo~ema "achromat" BY'IIICJiaeT 3H8q&8IJI M8CC11BOB V , s II h 

aa oC80Be pesy~~raroB rnaBY I 8acroameR pa6ors.lxa 8axoz~e8Ha 
Kopea ypaB8e8HS (9) acnoxL3yerca uero~ ~ene&Ha •~epBaxa nono
xaa (anropxru 4a B / 4/) c npe~apHrex&8YM pa3~exe8Heu npouezyrxa 
( -7T, 0) 88 10 yq8CT!OB,npH118M DOHCK KOpHel BCIJIB3H rp8HII~ J118CT
K8 onyme8.3&8qe8Ha xop8a x BY1111Cxaorca c norpemaocr&n,ue&&meR 
11eu IO~.npo~e~p8 38!8811RBaer p8Ciory,ecxx 

!.Her nepeue&Y 3&818 H8 K08~8X BC8X 10 Y118CT!OB npOM8ZJTIC8 
( - 7T, 0.) - oc~ecTBnaerca BYXO~ 88 ueuy onesign ; 

2. B pa~arope BXR paccqHrYBaexoR DPJ13ue npoHcxo~r noxaoe 
BHyrpeHH88 orp8Z8BHe XOTS C!H .US O~HOI .UB8Y BOXBY -
BYXO~ B8 ueuy totref ; 

3. xyq ~a aexoropol 113 ~·8 BO!BB ae naA&er H8 npa3MY (coor
sercTByll!llee fi ~ ~ ) - ssxo~ H8 xeuy notal.l ; 

4. He BKDOXH8BY orpaHH118RHS 1 HKI 3.nepe11HCXeHHYe B KOH~e 
r X8BY I - BYXO~ 88 M8TKY limit ; 

5. 38~8q8 pemeaa. 

lxe&rK~8ropa ~puax&BYX D8P8Merpos npo~e~py : 

ll ( 1 J 
ll [ 2] 
ll [3] 
ll [41 
ll [51 
ll (6] 

ll [1:6] 
n$ 

An1 

na 
.ana 
n~ 

- £ln.s 

hf1z5] 
h [1] - .lv/dr 
h (2] - d/Jja'r 
h [3] - .sit1/dJJ 
h [4] - :1. Av 

h1 Ar 

r- ( '))) 
h [5] -A(& 

-~!L 

s [1z4J 
s [1 J - r;, 

i 
s [2] - ~ 
s [3] - aV. 

)I~ 

s [4] - v .... 
2 

v [1z2] 
v [1] - Vt 
v [2) - v, 

( aep8 8XpouarH38nHH cxcrexa,npxqex 
M"( 4 V ) - P83HOCTH B 3H8qe&HRX yrJI8 

~a nyqel C p8CCM8TPHB88MYMH .UBH8KX BQIB); 
- p83BOCT& B cxopocr• qacrll~,coorBercrByn
lll&a pacxouuocu A v nyqel c paccerpHB8eMYMH 
~HH8MJI BO.IBY ). i II ). R DOCX8 Upii3MY. 
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real 

b /3 ni v 
~8B!JI~aropH_nOK8XB30B8BBYe B rene npo~e~pi 

m [1z3] 
m [1] - n1 

m (2) - n, 
m ( 3] - n~ 

pi - 7T 
bn1 - ~'n1' 
bn2 - ~ n, 
root1 - V tJ'n'-1 I 

~ 

3&8qealla 86coxoraax noK8S8renel 
npenoueHHJl .UJI .uu BOJIB >. 1 11 A, 

_£!!!.. 

p 

q 

1 
rpaHHI 
ZJ1'K81 
Btero J 

JP8BBt 

root2 - ~/J~:-ln/+i' f 

g 
~ 3&8qel 

t!Jr 
cropo1 

dr - ~- A!J, n n, 
B8JUIJI 

X 

dn2 tJn! 
- .:::..:&. 

X 

er 
g1 

1 
r 
0 

R 

u -
sum -

ar(q) -

rep(p,q) 

fun( a) 

n, ri 
.1:?1 y 
n. r 

~+Va v-(VI+V. 

-~~a!-E~~~~~--

BY11HCJJJier 3&8qeua yrJJ8 tl" B ,JtH8D830Be or • 
~a xoroporo sin(ar)=q 

..E22!~ 
BYqHcxaer saaqe&Ha yrx8 p B ,JtHana3oae c 

~o + II , ,ua xoroporo sin(p):q ,c Br. 
2 

H8 ueuy totref , ecxH q ;;,. 1 ; 

BHqiiCJiaer 3H811eHHe "&"' XGBOit cropOHY yp 
(9) 11 nepeueaaolt y .ua rex~ero 3H811e 
UeHBOR X C BYXO.ItOII H8 Uerxy no t eCXH . 

,a sa 3roM Mecre ae onpe~eneso. 
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real 

b jj ni y 

~8B'fK~8'fOPY~OI8~B30B8BBY8 B 'f8~8 nponeXJpY : 

!1'-!!L 

m [1•3] 
m [1] - nl saaqeaaa aOco~mrawx noxasarenel 
m (2) - n, 

), 1 t A, • npenoKneHKa ~a ~·a sons 
m [ 3] - n5 

..£!!!.. 
pi - Ti p -

l 
rpasxna npo11e-

bn1 - ;J' ,..,J, q - zyu:a,co,~;epza-

bn2 - ~ n, 111ero xopea~o 

root1 - Vf.J'n'-l 
ypasseaxa f ·0; 

I 

root2 - ~ln:-ln,'+/ f - \ ............. 
llr g - cropo& B ypas-

dr - iJ!!.J _ lln, B8HKB (9)J 
na n, X - X 

dn2 
_ tm, er - R 

n, g1 - fi 
u - A y - y 

n, r - r 
sum - ~+Va 0 - v- ( VI + V, )+ 7i 

2 

-~--a!-E~2~~~--

ar(q) - BY1UICiaer 3H8li8HHS yrna iT' B ,ltii8D830H8 O'f -!f. ,1;0 + Jl , 
2 z 

rep(p,q) 

fun( a) 

~a xoroporo sin(ar)=q 

;eroce~ 

BYliBCJUI8T 3B8li8BHa yrJia p B ,JtBaD830B8 OT - f 
,1;0 + j[ , ,J;U KOTOporo sin(p):q ,c BYXO,JtOII 

2 
sa 118TKY totref , ecnH q ;:,. 1 ; 

BYliBCnaer 3H8li8HB8 -a* JI8BOR CTOpOHY ypaBH8HHa 
(9) x nepeuessol y ~a rex~ero ssaqesHa nepe
ueaaoR x c BYXO.JtOII sa uerxy no ,ecJIH ssaqesxe . 

• a sa sro11 11ecre ae onpe,~;eJieso. 
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·~ 

I 

'I 
LIL 

...... 

EfO~~ achromat(b,ni,n,v,s,h,onesign,totref,nofall,limit); 

Y!J:!:!! b, ni; n!!! b ,ni; !I'.Ji:l!;I n, v, s, h; 

!~ onesign,totref,nofall,limit; 

E!S!a ~!! pi,bn1,bn2,root1,root2,dr,dn2,q,x,er,g1,r,u,y,p,o,:t, 

g,sum; !nteser i,j; ~Ill m [1:3] ; 

~ :2_~! ar(q); value q; real q; 

ar:::arctan(qjsqrt(1-qt2)); 

l!£22~~ rep(p,q); !!~ p; !!..&.! p,q; 

!! abs(p)>1 !~ S2 ~2 totref !!.!! q:=ar(p); 

£!!! a; 

E!s!!! ~ cs; 

cs::cos(x) ;_ 

g1:=ar(cs/u); 

er:=r+g1-ni; 

a:=sqrt(uf2-csf2) x cos(x-er)-(u+sin(x-er)) x (cs-dr JC 

sin(x)); 

g: abs( a) < 10-10 .E!!!! 62 ~ :tin 

!~fun; 

pi:=3.141593; 

u:=n[5]/n[:3] 1 

bn1:::(bxn(1] )f2; bn2:::bxn [3]; 

root1:::sqrt(bn1-1); root2::sqrt(bn2t2-bn1+1); 

r:=arctan(root1/root2); 

dr:=(n [2] x bn1/(n [1] x root1)-dn2xroot1)/((dn2-n [6] I 

n [5] ) x root2); 

p:=-.1; x:=p; fun(!); 

!~ 1: =1 !!~!l! 1 !!a~!! 10 ~ 

E!s!!! 
x::-o.3 x 1; :tun( g); 

q::p; p:=X; 

g: sign(g)::sign(f) !e!!! S2 ~ no; 

12 

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

~ sign(g)=sign(f) ~h2a q:=x !!!! p:=x; 

!! abs(p-q)~ 10-G ~:2!~ 62 ~ iter; 

fin: y::arctan(cos(x-er)/(u+sin(x-er))); 

~! abs(sin(y))~1/u ~ 62 ~ totref; 

V [1] ::r-x; v [2] :ag1-y; 

sum:=v [ 1] +V (2] ; 

y: sum,.. pi/2 ~~ 62 ~ con; 

!£ sin(sum)~ sin(ni) ~h~B 62 ~ limit; 62 ~ 

con: !! sin(sum)~-sin(ni) ~!: 62 ~ limit; 

rip: h [ 1] :asin(x) x cos(y)/(cos(g1) x sin(ni-sWD.) 

h [ 2 J ::bn2 x cos(r) JC root1 K b; 

no: 

h [ 3] : =h [ 2 J /h [ 1 ] ; 

!2£ j:=1 ,2 22 

Eegin 

!2£ i:=1,2,3 22m [i] ::n [ 2 xi-1] +(j-1) 

rep(sqrt((bx a [1])t2~1)/(bK m [2] ),s [; 

!£ s (j] ~ v (1] ~ a2 ~ nofall; 

g1:=ar(m [2] x cos(s (j] -v (1] )/m. [3] ' 

rep(m [3] x s1n(g1-v [2] )/a (2] ,o); 

s [j+2] :asum+o-pi/2 

!~ j; 

h [4] :=abs((s (4] -s [3] )/{h [1] x (s [2] 

h [5] :a(s (4] -s [3] )x h [2) /h [1]; 

62 ~ solved; 

end• -· 
62 ~ onesign; 

solved: ~ achrom.at; 18 



, 

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

if sign(g)=sign(f) then q:=X else p:=X; ..... --- --
g, abs(p-q)~ 10-6 ~!!-!~ 152 ~ iter; 

fin: y::arctan(cos(x-er)/(u+sin(x-er))); 

!! abs( sin(y)) ~ 1/u ~ 152 ~ totref; 

v (1] ::r-x; v (2] :=g1-y; 

sum:•V [ 1] +V [2] ; 

!£ sum.,.. pi/2 ~~ 62 ~ con; 

g, sin(swa)~ sin(ni) the~ 62 ~ limit; 152 ~ rip; 

con: g, sin(sum)~-sin(ni) ~S; 152 ~ limit; 

rip: h [1] ::sin(x) x cos(y)/(cos(g1) x sin(ni-swa)); 

no: 

h [ 2 J ::bn2 x cos(r) JC root1 x b; 

h ( ~) : :h [ 2 ) /h ( 1 ] I 

!2£ j::1,2 22 
~esin 

!2£ 1:=1 ,2,~ 22 m [1] ::n [ 2 x 1-1] +(j-1)x n [ 2 JC 1] 1 

rep(sqrt((bx a [1])t2~1)/(bx m [2] ),s [ j] ); 

!! s [j] ~ v (1] ~ 152 ~ nofall; 

g1:=ar(m [2) x cos(s (j] -v [1] )/m (~] ); 

rep(m ( ~] x sin(g1-v [ 2] )/m [2] ,o); 

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

!~ j; 
h [4] ::abs((s (4] -s [~] )/(h (1] x (s [2] -s [1] ))); 

h [5] :=(s [4] -s [~] )J< h [2) /h [1]; 

152 ~ solved; 

end• -· 62 ~ onesign; 

solved: ~ achromat; 13 
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IIpiiJiozeuxe II 

Ilpoue~pa "perachrom" 

--------------------------
Ilpoue,JtYpa "perachrom" Br.lqHcJUier 3H81l8HHJI nepeMeHHol v 

H M8CCHBOB s H h H8 OCHOBe ~OpMyn,paccuorpeHHHX B rnaBe II 
HacroR~el pa6orr.~.Ilpoue~pa aaxaHilHBaer pa6ory,ecnx 

I. npoxcxo~r nonuoe BHyrpeuaee orpazeuxe Hanyqeaxa aa Bl>l
nycxHHX rpaHax pa~aropa xnx npHaur.~ - BHXO~ Ha uerxy 
totref'; 

2. aa~a11a pemeaa. 
DI!H.UellaHHe. Ilepexo,~; Ha Merxy no B npoue,JtYpe "perachrom" aa
IIIH~aer pa6ory npoue~pw or cnyll8JI cos .?A > .J .B arou cnyqae 
coorBercrBy~e 3H81leHHa nepeueayHX v,s x h nonaraorca 
P8BHI>IUH HYRil. 

H~eHrH~Hxaropr.~ ~puan•HHX napauerpoB npoue,JtYpl>l 

n [1:6] 
h [1:2,1:5] 
s [1:2,1:4) 

v [1:2] 

~ 
/1 xax B cnyqae npoue~pr.~ "' ac.hrorne?l , 

HO nepBI>I8 HH~8KCI>I B ~yxuepHHX U8CCHB8X 
fiOK83WB81lT,OTHOCJITCJI KH 3H81l8HHJI nepeMeR
HOI K npH3Me C yrnou Vi HRH K npH3U8 
c yrnoM ~ • 

v(1] - V1 
v (2] - ~ 

-~ 
b ~ 

H~eHrH~Hxaropr.~,noxanHaoBaHHwe B rene npone,JtYpw 

._!:2!!_ 
z a q - a 11 _ j5ni-1 

a 1 ' 2 r - R 12 - (1n,-(3n1 +1 s 13 ;Sz 1 1. a c - - n6 -jJni+i t - T y - ~li-t ( \>- v) u - li z -
14 

' 

p g 

d 

r 4 r )a 
( 0.-P}{Q-R) 
2A 

p 

dis VRP(RQ-P), 
a 

X (1] 
X (2) 

X (1:2) 
(co~ 2V)~ 

(cos 2V.{ 

-~!:!!.!_ 

m [1] 
m [ 2] 
m [3] 

~~~~ perachrom(b,n,v,s,h,totref'); 

m [1:3] 

y~~ b; !:~1 b; ~_!:!!.! n,v,s,h; 1!£!! totref'; 

£~~~ !:~ q,r,c,t,u,g,p,d,dis,a,11,12,13,y,z); 

!~~~!: i,j,k; ~!:!!.! m,1 (1:3] ,x [1:2] ; 

q::({n [5] /n [ 3] )f2)/2; 

r::({bxn[1] )t2-1)/(bxn[3] )f2; 

if' r;;;.1 ~~ 52 .!:2 totll.'8f; 

c: =n [ 1 J x n [ 2] /n [ 3 J f 2; 

t: =n [ 4 J /n [3 J ; u: =n [ 6] /n [ 5 ] 

g::({c-u x r) f 2)/( (2 x q-r) X r); 

p:=2x q xg/((u-t)+2+g); 

!~ p~1 ~~ 52 ~2 totref; 

(n,)"'· 
( n,)A.: 
( n3).>.. . 

d::(q-p) )f. (q-r); dis::sqrt(r x p x (2x q-p) .x. (2 x q-r) 

x [1] :=(d+dis)/qf2; x [2] ::(d-dis)/qf2; 

f~ k:=1,2 8:2 
£egin 

!f abs(x [k] ) >1 ~~ 

£es!n ~ i:=1,2,3,4 ~ a [k,i] :=0; v [k] :• 

~ i:=1,2,3,4,5 ~ h [k,i] :=0; 52~ no~~ 

a::arctan(sqrt(1-x [k) f 2)/x [k] ); 

if a<O then a::a+3.141593; 

v [kJ ::a/2; 
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1 

p g 

d 

r 4 r J2 
( Q-P}{Q-R) 

2A 

p 
dis VRP(RQ-P){2Q-R) 

a 

_!£!:!.!.. 

X ( 1) 
X [2) 

X (1:2) 
(co~2V)~ 

(cos 2V1 
m [1:3] 

m [1] 
m (2] 

m [3] 

~roc~~ perachrom(b,n,v,s,h,totref); 

y!lue b; !:~ b; !X-E!l n,v,s,h; !ab~l totref; 

E~~ !:~ q,r,c,t,u,g,p,d,dis,a,l1,12,13,y,z); 

~~~~!: i,j,k; !£!!l m,l [1:3] ,x [1:2] 

q::((n [5] /n [ 3] )f2)/2; 

r::((bxn[1] )t2-1)/(bxn[3] )t2; 

~! r~1 ~~ 152 ~2 totref; 

c: =n [ 1] x n [ 2 J /n [ 3 J f 2; 

t:=n [4] /n [3] ; u::n [6) /n [5] 

g::((c-u x r)f 2)/((2 x q-r) x r); 

p::2 X q X g/((u-t)f 2+g); 

~!: p~1 ~~ 152 ~2 totref; 

( n, )>..: 

( nl)A' 
(n3) 

A; 

d::(q-p) 1< (q-r); dis::sqrt(r x px (2x q-p) x (2 x q-r)); 

x [1] :=(d+dis)/qt2; x [2] ::(d-dis)/qf2; 

f2!: k::1,2 2-2 
EetS:!;n 

~f abs(x [k] ) ::>1 ~ 

£~~ !:2£ i::1,2,3,4 2-2 S [k,i] ::0; V [k) :cO; 

!:2£ i:=1,2,3,4,5 2-2 h [k,i] :=0; 152 ~no~~; 
a::arctan(sqrt(1-x [k] f 2)/x [k] ); 

if' a<O then a::a+3.141593; 

v [kJ :=a/2; 

15 



~ 

-. 

I 

.lL__' 

!2: ;):=1,2 ~ 

2eg1n 

' 

ls 1:=1,2,3 42 m (1) :=n [2 x1-1] +(j-1)x n [2x 1] 

11:=(bx m [1] )f2-1; 12:=(bx m[2])f2-11; 

13:=(bl( m [3] )t2-11; 

8 [k,j] :=arctan(sqrt(l1/12)); 

y::arctan(sqrt(l1/13)); 

z::ll [3] x sin(y-v (k] )/m [2] 

8 [k,;J+2] :=v [k] +arctan(z/8qrt(1-zf2)); 
~ 

.!! iJ=2 ~ 6.2 ~:tin; 

h [k,1] :=-cos(s [k,;J] ) I( cos(y-v [kJ )/(cos(y)x 

sqrt(1-zt2)); 

h [k,2] ::b I( 8qrt(l1/12); 

h [k,3] l•h [k,2] /h [k,.1) 

:tin: ~ j; 

h [k,4) :=(s [k,4] -s [k,3] )/(h [k,1] x (s [k,2] -8 [k,1] )); 

h[k,5] ::(8 [k,4] -s[k,2] )xh[k,3] 

no: ~ k; 

~ perachrom; 
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~ 

Y CJIOBKJI 06MeHa 

npenpHHTb! H cooomeHHil OJ.HIYl paCCbinaJOTCI! 6ecnnaTH( 

HMHOrO OoMeHa,yHHB8pCHT8T8M 0 HHCTHTyTaM, na6opaTopHil 

H8Y'l:HblM rpynnaM H OTAenbHbiM Y'l:8HbiM 6onee 50 CTpaH. 

nonyqaTeni!M H31l8HHli OYlHYl npeAOCTaBnSieTCSI B03M0)1(} 

SIBHTb HHHUH8THBY B 6ecnnaTHOR ITOCbinKe ny6nHK8UHR B D 
OOM9H8 TIPHHHM8IOTCSI H8Y'l:Hbl9 KHHrH, )l(ypHanbi 0 npenpHH' 

ny6nHK8UHH no TeMaTn:Ke OY!HYI. 
EAHHCTBSHHbiR BHil nyonHK8UHR 0 KOTOpbiR HaM npHCbln 

8TO penpHHTbl ( OTTHCKH CT8T8R 0 y)l(e onyonHKOB8HHbiX B H8 

1:3 pSI/lS cnyqaeB Mbl C8MH o6palll89MCSI K Hay'l:HbiM Y'l:I 

6onee KpynHbiM nony'l:aTenSIM Hamn:x H31l8HHR - c npocb6ol 

CnBTb H8M K8KHe-nH60 KHHrH HnH BbiTIHC8Tb AnSI Halllei!: 6H( 

)l(ypHanbi 0 H3Jl810.IllH8CSI B HX CTp8H8X. 

0TAe.lbHIJie 3anpociJI 
Yl3il8TenbCKHR OTnen 9)1(8rOAHO BbiTIOnHSIST OKOnO 3000 

COB Ha BbiCbinKY H31l8HHll: OliiHlil. B TBKHX 3anpocax cnet:. 
YK83hlB8Tb HHilSKC 3anpalllHB89MOrO H31l8HHSlo 

A.11peca 

nHCbM8 no BC8M BOnpocaM OOM8H8 nyonHK8UHSIMH 0 a ' 

oTnenbHbre H3AaHHSI cneAyeT HanpaBnSITb no aApecy: 

MocKBa, 

rnaBHbiil IIO"lTBMT, IIIH 79. 
H3aaTenbCKHil oTaen 

06beaHHeHHoro HHCTH~YTB 

HaepHbiX nccneaoBBHHil. 

AApec AnSI ITOCbinKH BCSX nyonHK8UHJl: B ITOpSI/lKS OOM 

oecnnaTHOR nOAITHCKH Ha HBY'l:Hhle )l(ypHanhl: 

MocKBa, 
rnaBHbiil IIO"lTBMT, IIIH 79. 

Hayqno-TexHH"leCKBH 6n6nnoTeK 
06beaHHeHHOrO HHCTHTyTB 
~l/:repHbiX nccneaoBBHHil. 


