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BBEnEHHE 

B npeDhlDYmeA pa6ore [l] BhlYHCD8Hhl ,MaTpHUhl TpHnneTHOA 

IOKYCHpyromeA CHCT8Mhl, paCCMOTP8Hhl IOKYCHpyromHe CBOACTBa 

TpHnnera B CTHrMaTHY8CKOM pemHM8 H306pameHHH H rpalHY8CKHM 

~8TODOM onp8D8D8Hhl napaMBTPhl KOHKp8THOA CHCT8Mhl, 

8 HaCTOHmeA CTaTb8 TaKme paccMaTpHBa8TCH D8ACTBH8 TpHn

nera B CTHrMaTHY8CKOM pemHMe H306pameHHH np8DM8Ta H DaBTCH 

P~Ill8HH8 npo6n8Mhl B 6onee o6meA H TOYHOA IOpM8, a HM8HHO 

. npHMblM YHcneHHhlM P81118HH8M COOTB8TCTBYIDmero DOCTaTOYHO cnom
-5 

Haro ypaBH8HHH C TOYHOCTbID DO 10 , 

8 3aKnIDY8HHH npHB8D8H pacqer CTHrMaTHY8CKOA IOKYCHPOB

KH TpHnnBTHhlX CHCT8M, HCilODb30BaHHblX B YCTaHOBK8 " OH-naAH

CDHH- 3" Ha KOMnneKce HCHADU-2 B OHHl-1, 

CTl-1fMATl-14ECKOE l-1306PAiEHl-1E 

TpHnneT B o6meM cnyqae HBDH8TCH aCTHrMaTHYHOA CHCT8MOA, 

0DHaKo npH onpeD8D8HHOM COOTHOIII8HHH napaMBTPOB OH M·omeT C03-

DaTb CTHrMaTHY8CK08 H306pameHH8, 8 3TOM cnyqae paCCTOHHHH DO 

H3o6pameHHA Ha o68HX nnocKOCTHX xoz H yoz ODHHaKOBhI( bc=bd=b, 

pHc. 1 a,6 J. 

llnH nonyY8HHH ycnOBHH CTHrMaTHY8CKoro H3o6pameHHH HanH-

1118M ypaBH8HH8 TpaeKTOpHH qacTHUhl B MaTpHYHOM BHD8! 

X 1 1 a 

( 1) 

x' 0 1 0 1 

y 1 bd tlld ti2d 1 a Yo 

(2) 

y' 0 1 t2ld t22d 0 1 
, 

Yo 

I Oblt1'...-~ I flles,IWJ tltC.:ttlOUUml . 
SWSnttOTEKA 

._,_. ---- -~ I 



rl!e a- pacCTORHl18 l!O npel!Meta, be 11 bd- pacCTORHl1R l!O 1130-

6paJKeHl1fl or KpaR fll1H3bI Ha nnocKOCTRX xoz 11 yoz, ti 11 ti. 

3fl8M8HTbl Matpl1U Tc 11 Tdtp11nneta [ 1]. 
Jc Jd 

Pacn11meM ypaBH8Hl1R ( 1) 11 (2) B Bl1ll8 

x=(t +bt )x+(at +·abt +t +bt )x' (3) 
llc c 21c O llc c 21c 12c c llc O 

x' =t x +( at +t ) x' 
21c O 21c llc 0 ( 4) 

y=( t +b t ) +( at +ab t +t +b t ) ' 
lld d 21d Ya lld d 21d 12d d lld Ya ( 5) 

, 
y =t21dy0+( at21d+t11d)yo' • ( 6) 

M3 (3) 11 (5) np11 x = x 0= y = y
0

= o (p11c. 1a,6) nonyq11M 

b = -( at +t ) /( at +t ) 
c llc 12c 21c llc ( 7) 

b = -( at +t ) /( at +t ) . 
d lld 12d 21d lld ( 8) 

B cnyqae cr11rMar11qecKoro 11306paJKeH11R (p = b) 113 C 7) 11 
C d , 

C 8) nonyq11M 

( atllc +\2c) / ( at21c +tllc )- ( atlld +t12d) / ( at21d +tlld) =Q • ( g) 

PemeH11e 3toro ypasHeHl1R l!aer 11HwopMau11~ o napaMetpax 

rp11nnera, orseqarom11x ero l!eflcrs11ro B cr11rMar11qecKoM peJK11Me. 

- Dl!HaKo, yq11nrnaR CflOlKHOCTb 3fl8M8HTOB t_. 11 t. , COll8pJKam11X -
, IJC Ijd 

CR B ( 9), ero aHan11r11qecKoe P8lli8H118 H8BO3MOlKHO. Il03TOMY llflR 

P8lli8H11R 3Toro ypaBH8H11R 3ll8Cb 6bm 11CilOflb3OBaH q11cneHHblfl 

MBTOll (CM. nporpaMMY: "iter-sti.bas" B np11nOJK8Hl1l1 ) • 8 3TOM 

pacqere WOKYCl1py~m11fl napaMeTp ( f\Ll 
2 

11 HanpRJK8Hl18 U1Kpaf!Hl1X 

KBal!pynonbHbIX fll1H3 [ 1] npe,llCTaBn8Hbl KaK WYHKU1111 paCCTORH11R 

2 l!O 11306paJK8H11R b ( b=b =b ) • IPOKyc11pyrom11fl napaM8Tp ((32L) , c d 

HanpRlK8Hl18 u2 CP8l!H8fl KBal!pynonbHOfl fll1H3hl 11 paCCTORHl18 l!O 

IlP8llM8Ta ~ cnyJKaT napaM8TpaM11. 
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8 Ta6n. 1 ~ 2 np11aea~Hhl H8KOTOphle pe3ynbTaThl 3T0f0 pac-

48Ta. Ben11411Ha d (d=bc-bd) B nocneaHeM CTon6ue 3Tl1X Ta6n11u 

aeACTBl1T8nbHO npeacTaBnReT T04HOCTb, C KOTOPOA pemeH Bonpoc 

CTl1fMaTl148CKOro 11306pa~8Hl1R npeaMeTa Tp11nneToM. 

Ha p11c. 2 npeacTaBneH1i1 pe3ynbTan1 a1i11rncneH11R 3Ha4eHl1A 

( /31L)
2 

11 ul B 3aBl1C11MOCTl1 OT KOopa11Han1 b. 3Tl1 pe3ynbTan1 

BilOnHe COBnaaaroT C pe3ynbTaTaM11, nonyqeHHhlMl1 rpal1148CKl1M t 

MeToaoM [ 1 J. KpoMe Toro, OHl1 11Mem 6onee 06ru11A x apaKTep . 11 /, \ 

T04Hee, 48M npeawayru11e, 11, B aononHeH11e, He orpaHl148Hhl Y3Kl1M 
a11anaJ0HoM b. 

lliTpl1XOBaR KPl1BaR Ha p11c. 2 npeacTaBnReT rpaHl1UY CTl1rMa

Tl14HOA 11 aCTl1rMaTl14HOA o6nacTeA ( np11 ({32L) 2 ~ 0.2129 

(U~ 700 8)). 
2 

Heo6xoal1MO OTM8Tl1Tb, 4TO B paccMaTp11saeMOM Bhllli8 pacqeTe 

3Heprl1R 4aCT11Uhl E BbI6paHa paBHOA E = E
0 

= 50 K38. flanee 113 

Bblpa~8Hl1R [ 2] 

/3 = 2/d. (ZU /E ) 1
/

2 

10 10 0 
Ci=l,2} (10) 

/3; = 2/d. (ZU. /E ) 1
/

2 

1 
(1=1,2) (10') 

BbITeKaeT, 4TO np11 113M8H8Hl111 3Ha48Hl1R E 113M8HR8TCR /31, a 3Ha-

411T, 11 napaMeTphl 11306pa~8H11R- OaHaKo ecn11 Mhl M8H~8M oaHOBpe

M8HHO 11 u1 TaK, 4To6w cornacHo (10) 11 (10~ s1imonH~nocb ycno
s11e 

/3 - /3 
I - 10, 

TO nonyq11M u
1 

= E/E
0
.ui0. 

flp11 3TOM ycnos1111 KPl1Bbl8 Ha p11c. 2 np11 113M8H8Hl111 3Hepr1111 

4aCTl1Uhl (E i E) OCTaIDTCR H8113M8H8HHhlMl1 • OaHaKo senl1411HY . 0 

uiO Haao 3aM8Hl1Tb Ha ul .KpoMe 3Toro, eal1H114HbIA B8KTOP Ha OCl1 

ul YMHO~aeTCR Ha E/Eo. 

noao6HblM o6pa30M B cnyqae MarH11THoro Tp11nneTa nonyqaeM 
ycnos11e 

I = ( E/E ) 1/
2

• I . 
I O 10 

4 

'' 

• 

(/31L)2 

0.334 

0.336 

0.339 

0.343 

0.'344 

0.350 

0.353 

0.353 

0.353 

,0. 350 

((31L) 
2 

0.416 

0.436 

0.458 

0.485 

0.483 

0.472 

0.462 

Ta6n. 1 

Ul a b 
C bd d 

1097.86 35.00 0.208540 0.208530 9.89E-06 

1105.87 9.19 0.224402 0.224439 9.34E-06 

1113. 20 5.30 0.240916 0.240917 ~1.lOE-06 

1127.55 2.70 0.281316 0. 281321 -4.80E-06 

1131. 90 2.30 0.296610 0.296618 -8.14E-;06 

1151.20 1.20 0.403447 0.403404 4.33E-05 

1160.20 0.80 0.540589 0.540657 -6.81E-05 

1160.20 0.70 0.609082 0.609027 5.52E-05 

1161. 36 · 0. 60 0.711319 0. 711261 5.76E-05 

1150. 81 0.40 0.126975 1.216917 5.76E-05 

Ta6n. 2 

Ul a b 
C bd d 

1366. 73 5.80 0.069852 0.069855 -3.48E-06 

1433.83 1. 90 0.100187 0.100187 5.96E-08 

1505.56 1.00 0.149021 0.149022 -1.45E-06 

1593.45 0.40 0.344502 0.344506 -4.23E-06 

1588.55 0.30 0.459611 0.459618 -7.84E-06 

1550.18 0.20 0.702205 0.702223 -l.81E-05 

1517.27 0.16 0.912620 0.912609 1.06E-05 
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ITPHMEPbl cr11rMAT114ECKOH rilOKYCl1POBKl1 TPl1IlnETHblX CHCTEM 

HHme KpaTKO rrpHBeneHhl pacYeThl CTHrMaTHY8CKOA IOKYCHPOB

KH TpHrrneTHhm CHCTeM, HCITOflb30BaHHhm B YCTaHOBKe "OH - naAH 

CITHH-3" Ha HCHAITIT-2 B 011Hl1 (pHc. 3). 

PHC- 3.CxeMa YCTaHOBKH "OH-naAH CITHH-3" Ha HCHAITIT-2 B 

011Hl1:1-cerrapaTop; 2-3neKTpOCTaTHY8CKHH TpHrrneTHaH nHH3a 

( IP .1); 3-Typ6oMoneKynHpHhIA Hacoc ( TMH .1 J; 4-TP. 2; 5-oTKno

HHTenb; 6-TMH.2; 7-IHflbTp; 8..:.TP.3; 9-HMrrnaHTaTOp; 10-TMH.3; 

il-TP.4; 12-pelpHmepaTop 

Ha nHHH~ HOHorrposona K ycTaHOBKe "CITHH-3" Memny cerrapa

TopoM H ll8HTPOM pelpHmepaTopa neACTBYIDT Y8Thlpe TpHrrneTa 

( pHC. 4) . 

~== <ID□□! IDD□b=E]-410r]p:f] 
i 2 3 't f 6 'I-

PHc. 4.TpaeKTOpHH YaCTHU B TpHrrneTHhm nHH3aX ycTaHOBKH 

"CITHH-3":1-cerrapaTop; 2, 3, 4, 6-3neKTPOCTaTHY8CKHe TpHrrneT

Hhle 'flHH3hli 5-HMrrniHTaTop; 7-pelpHmepaTop 

IlyYOK YaCTHU, BhmonHmHx H3 cerrapaTopa,IOKYCHPY8TCH rrep

BhlM TpHrrneTOM, Bhmon KOTOporo RBnReTCR onHoBpeMeHHO BXOnHhlM 

IOKYCOM CHMM8TPHYHOA IOKYCHPYIDmeA CHCT8Mhl, COJnaHHOA H3 BTO

poro H TpeTbero TpHrrneTOB- IlYYOK YaCTHU B rrpocTpaHCTBe, CB0-

6onHOM OT rronH Memny BTOPhlM H Tp8TbHM TpHrrneTaMH, rrapanneneH 

OCH CHCT8Mhl H IOKYCHPY8TCH Ha Bhmone 3TOA CHCT8Mhl, rne onHo
BpeMeHHO ITOCTaBneHa MHW8Hb HMITnaHTaTopa. 

IlpH H3MepeHHHX C opHeHTHPOBaHHhlMH HnpaMH HMrrnaHTaTop 

BhlKn~YeH,H ITYYOK YaCTHU BHOBb IOKYCHpyeTCH YeTBepThlM TpHrrne

TOM H rrorranaeT B ueHTP pelpHmepaTopa. 

11crronb3YH ypaBHeHHH (3), (5) H rrporpaMMY "stig- foe. " 

(CM- rrpHnomeHHe) ITPH x =XO= y =Yo= 0( ITPH pacCTOHHHH OT 

cerrapaTopa no sxonHoro KpaH rrepsoro TPHrrneTa a= 0.47 M, 

6 

·t)~ i 1 

\) 
l~ 

.~ 

3HeprHH YaCTHU E=50 K3B H reoM8TPHH TpHrrneTa [l]); rronyYHM 

paccTOHHHe OT HJo6pameHHH no BhmonHoro KpaH rrepsoro TpHrrneTa 

b=b=b. 
C d 

8 Ta6n: 3 H 4 ITPHBeneHhl pe3ynbTaThl 3Toro pacYeTa C TOY-

I -2 -4 
HOCTbID d = b -b j:, 10 H 10 M. KaK BhITeKaeT H3 naHHhlX 

c d . 

3THX Ta6nHu, rronyYeHHe 6onee TOYHoro CTHrMaTHYHoro HJo6pame-

HHH B03MOmHO flHWb ITPH YCflOBHH 6onee TOHKOA perynHpOBKH Ha

rrpHmeHHA u1 H u2, KOTopoA MOmHO noCTHrHYTb TOflbKO C ITOMOmbID 

crreuHanbHOro HCTOYHHKa BhlCOKoro HarrpHmeHHH-

Ta6n. 3 

((31L)2 
,, 

Ul u2 b bd d 
C 

0.30392 999.1 895.9 2.054298 2.058832 -4.53E-03 

0. 30392 999.1 896.0 2.055708 2.51935 3. 77E-03 

0.30396 999.2 896.0 2.053374 2.055304 -1.93E-03 

0.30396 999.2 896.1 2.054785 2.048426 6.36E-03 

0.30399 999.3 896.0 2.051043 2. 058672 -7.63E-03 

0.30399 999.3 896.1 2.052449 2.051772 6.76E-04 

0.30399 999.3 896.2 2.053853 2.044921 8.93E-03 

Ta6n. 4 

((31L)2 Ul u2 b 
C bd d 

.. 

0.30269 995.040 893.160 2 .112130 2.112068 6.27E-05 

0.30269 995.042 893.160 2.112075 2.112150 -6.53E-05 

0.30269 995.044 893.162 2.112054 2 .112070 -1.64E-05 

0.30269 995.046 893.164 2.112039 2 .111986 5.34E-05 

0.30269 995.048 893.164 2 .111984 2 .112064 -8.0lE-05 

0.30269 995.048 893.166 2.112013 2 .111914 9.89E-05 
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• 8 CHMMeTpHqHoA CHCTeMe, COCTaBneHHOA H3 BToporo H Tpe-

Tbero TpHnneTOB, paCCTOHHHH OT ~OKYCOB no KpaeB CHCT8Mhl Ha 

o6eHX CTOpoHaX B nnocKOCTHX xoz H yoz onHHaKOBbl [3] 

z = z 
fc2 fc3 

z = z 
fd2 fd3 

Mcnonb3YH ypaBHBHHH ( 3) H (5) npH x=y=x'=y'=O, nonyqHM 

Z = Z = b =-t /t 
fc2 fc3 c llc 21c 

Z = Z = b =-t . 
fd2 fd3 d lld /t

21
d 

3aM8HHB CTPOKH 380 H 400 B nporpaMMe "stig-foc" 3THMH 

BhlPfl*BHHMH H HCKnIDqHB BenHqHHY A, nonyqHM B pe3ynbrare pac

qeTa Ta6n. 5. 

Ta6n. 5 

(/31L/ Ul u2 b bd d 
C 

0. 2116928 695.90 658.85 0.7301863 0.7302506 -6.42E-05 

0.211708 695.95 658.90 0.7300921 0.7300673 2.49E-05 

0.2118144 696.30 659.20 0. 7292389 0. 729255 -1. 61E-05 

0. 2118297 696.35 65925 0. 7291456 0. 7290731 7.25E-05 

0. 2119209 696.65 659.45 0. 7283866 0. 7284446 -5.79E-05 

0. 2119361 696.70 659.55 0. 7282937 0. 7282638 2.30E-05 

0.2120273 697.00 659.80 0. 7275372 0.7276350 -9.77E-05 
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1. ITporpaMMa"iter-sti" 

0 rem"iter-sti.bas" 
10 read s,l' 
15 input IO,IN,IP,jO,jn,jp,aO,an,ap 
20 for i=IO to IN step IP 
30 for j=jO to jn step jp 
40 for a=aO to an step ap 
50 ul=i 
60 u2=j 
62 v=sqr(ul/20)*1 
64 w=sqr(u2/20)*l 
70 p=(exp(2*v)+exp(-2*v))/2 
80 q=(exp(2*v)-exp(-2*v))/2 
90 m=(exp(v)+exp(-v))A2/4 
100 n=(exp(v)-exp(-v))A2/4 
110 ch(2*w)=(exp(2*w)+exp(-2*w))/2 
120 sh(2*w)=(exp(2*w)-~xp(-2*w))/2 
150 cil=cos(2*v)-s*v/l*sin(2*v) 
160 cl2=(wA2-vA2)/2/v/w*sin(2*v) 

ITPHTIO)l{EHHE 

170 cl3=s*w/l*cos(2*v)-l/2*sA2*v*w/lA2*sin(2*v) 
180 tllc=cll*ch(2*w)+(cl2+cl3)*sh(2*w) · 
190 c21=1/v*sin(2*v)+2*s*cos(v)A2 
200 c22=s*w/v*sin(2*v)+w/vA2*l*sin(v)A2+1/w*cos(v)A2 
210 c23=sA2*w/l*cos(v)A2 
220 tl2c=c2l*ch(2*w)+(c22+c23)*sh(2*w) 
230 c31~2*s*vA2/lA2*sin(v)A2-v/l*sin(2*v) 
240 c32=w/l*cos(v)A2+sA2*vA2*w/lA3*sin(v)A2+vA2/w/l*sin(v)A2 
250 c33=-s*v*w/1A2*sin(2*v) 
260 t2lc=c3l*ch(2*w)+(c32+c33)*sh(2*w) 
270 dll=cos(2*w)-s*w/l*sin(2*w) 
280 dl2=(v/2/w-w/2/v-sA2*v*w/lA2/2)*sin(2*w)+s*v/l*cos(2*w). 
290 tlld=dll*p+dl2*q . 
300 d21=1/v*cos(2*w)-s*w/v*sin(2*w) 
310 d22=2*s*cos(2*w)+(l/w-sA2*w/l)*sin(2*w) 
320 d23=-w/vA2*l*sin(2*w) 
330 tl2d=d2l*q+d22*m+d23*n 
340 d3l=v/l*(cos(2*w)-s*w/l*sin(2*w)) 
350 d32=-w/l*sin(2*w) 
360 d33=vA2/lA2*(2*s*cos(2*w)+(l/w-sA2*w/l)*sin(2*w)) 
370 t2ld=d3l*q+d32*m+d33*n. 
380 bc=-(a*tllc+tl2c)/(a*t2lc+tllc) 
390 if bc<=O then goto 450 
400 bd=-(a*tlld+tl2d)/(a*t2ld+tlld) 
410 if bd<=O then goto 450 
420 d=bc-bd 
430 if abs(d)>.00001 then goto 450 
440 lprint vA2,ul,u2,a,bc,bd,d 
450 next a 
460 next j 
470 next i 
480 data .032,.078 
490 end 
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2. ITporpaMMa"stig-foc.bas" 

0 rem "stig-foc.bas" 
10 read s,l 
15 input IO,IN,IP,jO,jn,jp,a 
20 for i=IO to IN step IP 
30 for j=jO to jn step jp 
50 ul=i 
60 u2=j 
62 v=sqr(ul/20)*1 
64 w=sqr(u2/20)*1 
70 p=(exp(2*v)+exp(-2*v))/2 
80 q=(exp(2*v)-exp(-2*v))/2 
90 m=(exp(v)+exp(-v))A2/4 
100 n=(exp(v)-exp(-v))A2/4 
110 ch(2*w)=(exp(2*w)+exp(-2*w))/2 
120 sh(2*w)=(exp(2*w)-exp(-2*w))/2 
150 cll=cos(2*v)-s*v/l*sin(2*v) 
160 c12=(wA2-vA2)/2/v/w*sin(2*v) 
170 c13=s*w/l*cos(2*v)-1/2*sA2*v*w/lA2*sin(2*v) 
180 tlic=cll*ch(2*w)+(c12+cl3)*sh(2*w) 
190 c21=1/v*sin(2*v)+2*s*cos(v)A2 
200 c22=s*w/v*sin(2*v)+w/vA2*l*sin(v)A2+1/w*cos(v)A2 
210 c23=sA2*w/l*cos(v)A2 
220 t12c=c2l*ch(2*w)+(c22+c23)*sh(2*w) 
230 c31=2*s*vA2/lA2*sin(v)A2-v/l*sin(2*v) 
240 c32=w/l*cos(v)A2+sA2*vA2*w/lA3*sin(v)~2+vA2/w/l*sin(v)A2 
250 c33=-s*v*w/1A2*sin(2*v) 
260 t21c=c31*ch(2*w)+(c32+c33)*sh(2*w) 
270 dll=cos(2*w)-s*w/l*sin(2*w) 
280 dl2=(v/2/w-w/2/v-sA2*v*w/lA2/2)*sin(2*w)+s*v/l*cos(2*w) 
290 tlld=dll*p+d12*q 
300 d21=1/v*cos(2*w)-s*w/v*sin(2*w) 
310 d22=2*s*cos(2*w)+(l/w-sA2*w/l)*sin(2*w) 
320 d23=-w/vA2*l*sin(2*w) 
330 t12d=d2l*q+d22*m+d23*n 
340 d31=v/l*(cos(2*w)-s*w/l*sin(2*w)) 
350 d32=-w/l*sin(2*w) 
360 d33=vA2/lA2*(2*s*cos(2*w)+(l/w-sA2*w/l)*sin(2*w)) 
370 t21d=d31*q+d32*m+d33*n -
380 bc=-(a*tllc+tl2c)/(a*t21c+tllc) 
390 if bc<=O then goto 450 
400 bd=-(a*tlld+tl2d)/(a*t21d+tlld) 
410 if bd<=O then goto 450 
420 d=bc-bd 
430 if abs(d)>.0001 then goto 450 
440 lprint ul,u2,a,bc,bd,d 
450 next j 
460 next i 
470 data .032,.078 
480 end 
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