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1. BBE,l\EHHE 

CpeAH MHOr04aCTH4H~X npo6neM KBaHTOBOA MeXaHHKH 3aAa4a Tpex 

4aCTH~ C 3neKTPOMarHHTHbiM B3aHMOAeACTBHeM 3aHHMaeT OC06oe Mec­
To/1/. 3TO- KHHeMaTH4eCKM npOCTeAwa~ H3 MHOr04aCTH4H~X 3aAa4, 

o6naAa~~a~ B~COKOA AHHaMH4eCKOA CHMMeTpHeA / 2/,K KOTOpoA npHMe­
HHMa TeOpH~ B03My~eHHA; KPOMe TOrO, 3Ta 3aAa4a HMeeT 6onbWOe 
npaKTH4eCKOe 3Ha4eHHe, TaK KaK K HeA CBOAHTC~ OnHCaHHe MHOrHX 

~BneHHA aTOMHOA H MOneKyn~pHoA ¢H3HKM. AKTyanbHOCTb 3aAa4 Tpex 
4aCTH~ oco6eHHO B03pocna B CB~3H C HCCneAOBaHH~MH M~OHHOrO Ka­
TanM3a ~AepHoro CHHTe3a B CMeCH H30TOnOB BOAOPOAa/ 3/. ,l\n~ npo­

BeAeHH~ 3TMX HCCneAOBaHHA He06XOAHMO B~4HCnHTb 3HepreTH4eCKHA 
cneKTP M-Me30MOneKyn C B~COKOA T04HOCTb~, An~ 4ero cneAyeT 

y4eCTb pen~THBHCTCKHe H P~A APYrHx 3¢¢eKTOB. 
HaM6onee T04H~e pe3ynbTaT~ B 3TOM HanpasneHHH: KynoHOBCK~e 

YPOBHH 3HeprHH Me30MOneKyn/4/,pen~THBHCTCKHe H np04He nonpaBKH 
K HHM H T.A./5/, nony4eH~ B paMKaX aAHa6aTH4eCKOrO nOAXOAa K 
3aAa4e Tpex Ten /I/, rAe noMcK peweHH~ cTa~HOHapHoro Tpex4aCTH4-
Horo VOaBHeHMR WoeOMHreoa BPOPTCR R RMOP na~nn~PHMR no cnfirTRPH-

HbiM f!>YHK~HRM ¢JJ;, 71; R) AHCKpeTHoro H HenpepbiBHoro cneKTpos 
KBaHToeoA 3aAa4H ABYX ¢MKCMPOBaHH~x /Ha paccTORHMM R/ KynoHos­
CKMX ~eHTPOB /6/. /3AeCb e, 1 -s_e .:S oo, M 71, -1 <;_ 71 .$ 1,- BbiTR­
HyT~e c¢epOMAanbHble KOOPAMHaTbl /6/ I. npo6neMa CXOAHMOCTH aAMa-
6aTM4eCKoro pa3noJI(eHMR 6blna MccneAOBaHa B pa6oTax /7,1/; B 4acT­

HOCTM, 6~no nOKa3aHO, 4TO npH OnMCaHMH penRTMBMCTCKMX, CnMHOB~X 

M APYrMX 3¢¢eKTOB B Tpex4aCTM4H~X CMCTeMaX MQJI(HQ npeHe6pe4b 
Henpep~BH~M cneKTpOM 3aAa4H ABYX ~eHTpos /S/. 

Cy~ecTeeHH~M 3TanoM npH peweHMH ypaeHeHH~ WpeAMHrepa B aAHa-

6aTH4eCKOM nOAXOAe RBnReTCR Bb14MCneHMe MaTpM4HbiX 3neMeHTOB ra­
MMnbTOHHaHa Tpex4aCTH4HOA CMCTeMbl B aAHa6aTH4eCKOM 6a3HCe, cso­

AR~HXCR K MHTerpanaM cneAy~~ero BMAa: 

I (R) = f cte 'd71 f(e. v; R), 
I -1 

e +fc-+e.,., t: ·R) 
a R <, <Pe~-~~- vee . .,.,; R) X R 3 2 2) ___ ------f' rce. I]; R) = -s ce - Tf aRrRaeeeaiJ .,., 

r + r c+ r 
a R "' Tf¢ ce . .,., ; R) 

X ---------'--------

aRrR ae •g a.,., r 71 

IHelHrlCt;:iWt l:ltt11tTJT -~ 
Qe,IIWX ~U1!_~~~ ,_.·:1rd 

61-tSJJ.,,u fEKA , 

© 06be.QHHeHHbiH HHCTHTYT li.QepHblX HCcne.QOB8HHH ,[ly6Ha, J984 
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R3 2 2 
rAe v(~. TJ; R) - t1>YHK1..11-1fl OT ~ , TJ 1-1 R , a MHO>K!-1Te11b T (,; - TJ ) 

R3 
COOTBeTCTByeT 311eMeHTY 061>eMa dV =d.; dTJ S (,; 2 - TJ 2) B BbiTfiHYTbiX 

C$epOI-1Aa11bHbiX KOOPAI-1HaTaX. 
lkn011b30BaBWI-1ecfl paHee MeTOAbl /8,9 / Bbi41-1C11eHI-1fl /1 I ocHOBblea-

111-iCb Ha: 
1 I B03MO>KHOCTI-1 tt>aKTOPI-13al..ll-11-1 aaeHCHMOCTI-1 f OT nepeMeHHbiX .; 

1-1 TJ , CBfl3aHHOA C pa3Ae11eHHeM nepeMeHHbiX .; 1-1 TJ B 3aAa4e ABYX 
KY110HOBCKHX l..leHTPOB/6/, a TaK>Ke C fiBHbiM BHAOM raMH11bTOHHaHa 
CHCTeMbl Tpex 4aCTHLI C KY110HOBCKHM B3aHMOAeACTBHeM /I 6/; 

2/ OTCYTCTBI-11-1 OC06eHHOCTeA y nOAbiHTerpa11bHOA 4JYHK1..11-11-1 
f(,;, TJ• R). 

,ll11ft onepaTopoe, onHCbiBaiOlJIHX pe11fiTHBHCTCKHe 1-1 cnHHOBble 34>4JeKTbl, 
o6a 3TH YC110BI-1fl He Bbln011HfiiOTCfl 1-13-3a npHCYTCTBYIOlJIHX y 4JYHK1..11-11-1 
v(,;, TJ; R) 116/ MHO>KHTe11eA THna 1 I(,;± TJ)", 2 ~ n .:S: 5. Yc11oeHe 
1 orpaHH4HBaeT B03MOlKHOCTb MOAHQHKal..ll-11-1 aAHa6aTH4eCKOrO 6aaH­
ca /IO/. 

B AaHHoA pa6oTe onHcaH a11ropHTM Bbi4HC11eHHfl HHTerpa11oe THna 
OnHCaHHbiX e/1/ OT C!JYHKI..II-11-:: f C HHTerpHpyeMbiMI-1 OC06eHHOCTfiMH 1-1 
Hepa3Ae11ftiOlJIHMHCfl nepeMeHHbiMI-1 .; 1-1 TJ, OCHOBaHHbiA Ha 4HC11eHHOM 
HHTerpHpOBaHI-11-1 C nOMOlJibiO paCWHpeHHbiX KBaApaTypHbiX $OPMY11 raycca­
KpHCTO$$e11ft /PKtt>rK/ /pa3Ae11 2/. B pa3Ae11e 3 KpaTKO onHcaHa npo­
rpaMMHafl pea11H3a1..1Hfl 3TOrO a11rOpHTMa, OpHeHTHpOBaHHaft Ha 3BM 
CDC-6500 1-1 npeAHa3Ha4eHHafl A11fl Bbi4HC11eHHfl MaTpH4HbiX 311eMeHTOB 
Oe11ftTHBHCTCKOrO raMH11bTOHHaHa CHCTeMbl TOeX 4aCTHU /c OflHHaKOB~­

MI-1 3aPfiAaMH ABYX RAep/ B AHCKpeTHOM CeKTOpe cneKTpa aAHa6aTH4e­
CKOrO 6a3HCa. 

2. KY5ATYPHAR tt>OPMYnA ,anR HHTErPAnA /1a/ 

PaccMOTPHM 6o11ee noApo6Ho HHTerpa11 /1a/. Ha o61111-1X ceoAcTe Ky-
110HOBCKHx C$epOHAa11bHbiX ¢YHK1..1HA AHCKpeTHOrO cneKTpa/6/ 1-1 RBHbiX 
Bblpa>KeHHi1 A11R ycpeAHReMbiX onepaTopoe/5/ C11eAyeT, 4TO: 

1 I B 06lJieM C11y4ae f ce. TJ; R) HMeiOT HHTerpHpyeMble oco6eHHOCTH 
B T04KaX .; = 1 , TJ = + 1 ; 

2/ f(,;, TJ; R) y6biBaiOT 3KcnoHeH1..1Ha11bHO npH .; -."" 1-1111-1 TJ -. 0; 
3/ f(,;, TJ; R) 11AOCTaT04H011 r11aAKH BHYTPH o611acTH D 

= l < .;, TJ > I~~ 1. I TJI ..s. 1!. 
BBHAY 3Toro paao6beM o611acTb D Ha ABe noAo611acTH DI 1-1 D2: 

D=DI u D2 , DI,2 =l(~. TJ)/,; 5a,[TJ[~l,a>11, 121 

1-1 COOTBeTCTBeHHO npeACTaBHM HHTerpa11 /1a/ B BHAe 

I=II +12, /3a/ 

2 

rAe 

a-1 I 
II= f dx fdy · fi-(x, y), 

0 0 

r1-(x, y) = r(,;, TJ) + f(~. -TJ), ~ = x + 1. TJ = sgn TJ· (1 _ y) 

1-1 

I 2 = f dxe-x ~ dy · f
2

(x, y), 
0 0 

eX X 
f (x, y) = -- [r(,;, TJ) + f(,;, -TJ)], .; = a +-. TJ = sgn TJ. (1 - y). 
~ Po Po 

/36/ 

/3e/ 

3Aecb Po > 0 ~ a > 1 - HeKHe /noKa HeonpeAe11eHHble/ napaMeTpbl; 
aaeHcHMOCTb I , I I, 2 , f, fi, OT R noApaayt~esaeTcR. 

Hawa 1..1e11b - nocTpoeHHe KY~aTypHblx t1>0PMY11 A11R Bbi4HC11eHHR HH­
Terpa11oe /36, 3e/ e o611acTRX D1,2 cooTBeTcTBeHHo. PaccMOTPHM 
OTAe11bHo HHTerpa11bl II 1-1 12 • 

2.1. n11R onepaTOPOB pe11RTHBHCTCKOrO B3aHMOAeACTBHR nOAbiHTe­
rpa11bHaR 4JYHK1..1HR fi(X, y) /36/ HMeeT BI-1A 

t 1 (x, y) = Pn-I (x, y) ·1/1 I(x, y)/(x + y)", /4/ 

rAe Pn-l - OAHOPOAHbli1 MHOr0411eH CTeneHH n- 1, KOMneHCHPYIOUIHA 
np~-1 n > 1 C11HWKOM CH11bHYIO CI-1Hry11RPHOCTb 1 I (x + y)• e T04Ke 
X = y = 0' a 1/11 (X, y) - AOCTaT04HO r11aAKaR 4>YHK1..1HR B D 1-. nerKO 
y6eAHTbCR, 4TO B OKpeCTHOCTI-1 X = 0 tl>YHKI..IHR 

I 
FI- (X)= r dy f I(x, y) /5a/ 

0 

HMeeT c11eAY10U1HA BHA I c r 11aAKHMH FIR (x) 1-1 FI s (x)/: 

FI (x) = F1 R (x) + lnx . FI s (x). /56/ 
x->0 

,ll11R 4Hc11eHHoro HHTerpHpoeaHHR tl>YHKI..IHA c He$aKTOpH3YIOlJIHMHCR 
oco6eHHOCTfiMH Tl-1na /56/ n.A11eKCaHAPOBbiM 1-1 aBTOPOM paapa60TaH Me­
TOA nOCTpOeHHR paCWHPeHHbiX KBaApaTYPHbiX 4JOPMY11 raycca-KpHCTOtl>­
$e11R /PKtt>rK/. nycTb x 1 1-1 w1 , i = 1, •.• , N, - Y311bl 1-1 eeca 
PKOrK nopRAKa N , o6ecne4HBaiOlJIHe T04HOCTb Bbi4HC11eHHR /5a/ f > 0: 

a-I N 
( dx FI (x) = ~ w 1 FI (x 1 )+ R, 

0 i=I 
[R[~f[III· !6! 

3 



1'lnR np!-1MeHeH!-1fl /6/ HY>KHbl 3Ha4eH!-1fl F 1 (x) np1-1 x x 1 , x 2 , ••• ,xN. 
npeAeTa8>1M F, (xi) /5a/ 8 8>1Ae 

I 1 4 
F1 (xi)= fdy----4 l(xi +Y) f 1(xi,y)l. 

0 (xi + Y) 
171 

B e1-1ny /4/ 1-1 /16/ MHO>K!-1Tenb 8 ¢1-1rypH~X eK06KaX rnaAOK 8 Dt . 
.l\nR 8bl4>1eneHI-1fl >1HTerpana /7 I 8oenonbayeMefl KBaAPaTypHo~ ¢opMy-
no~ rayeea-Kp>1eTo¢¢enR /K¢rl</ e 8eeoM w(i) (y) = 1/(x i + y) 4 no-
PRAKa N (i). 06oaHa4afl ee y3nbl 1-1 see a 1.1epe3 y 

1
\i l , w

1
.(i) , j = 1 , 

(') •.• , N 1 , >1MeeM 

F ~ ~(i) (i) (i) 
I (xi ) = "'- . w j f I (xi, Yj ) + R , 

j.SN(l) 

rAe ,Z.Ol ~~ w.O>. (x. + y(i) )4. 
J ] I ] 

N 
~ ~ ~(i) (i) 

I 1 =."'- wi""' YJ1· f 1(xi,y. )+R 1• 
•=I j s_N(I) J 

!81 

TaK!-1M o6pa3oM, 

/9a/ 

B npaKT!-14eeKI-1X pae4eTax /rAe nDAXDAfiU\>1M oKa3aneR Bbl6op a = 2/ 
Anfl o6eene4eHI-1fl OTHOei-1TenbHO~ T04HOeT!-1 I /1a/ t = 1.10-7 AOeTa­
T04H~MI-1 oKa3anl-1eb PK¢rK nopRAKa N = 12/6 / 1-1 K¢rK e 8eeaMI-1 
wO>(y)= 1/(xi +Y) 4 nDPRAKa N(i)= 12, i = 1,2,3,4. K¢rK c 8e-

1''-- ,,t ,- ---- ---· ---· --·- ---······ 
""VI"I If \.n.4 T )J VV'""-"'-'11\.,..-,t'I~0\...-1 ViJ 1\J-,11\J'""tU f'l llt-'1"1 UUI-,J'I'-".11._.,,,.,,., 

F(xi )/7/ Anfl i = 5, ••• , 12. B e1-1ny 3Toro Ky6aTypHafl ¢opMyna 
Anfl 8~4>1eneHI-1fl /16/ np!-1o6peTaeT 8>1A 

12 12 ~(k) (k) .. 
I1 = .l wi .l w. f (xi, y. )+ R1 , IR 11 < £ I I 11, k = mm(1, 4). 

1=l J=l l I 
/96/ 

I <·> 
Y3nbl H 8eca AnR K4lrK 6/ (xi , w.i) 1-1 K<l>rK e 8eeaMI-1 w ' (y) = 

1/(Xi +Y) 4 , i _::; 4/B/ ( yj!J , w/il), npi-1BeAeHbl B Tu6n.1,2. 

2. 2. B npeAene e-> 00 6aal-1eHble ()lyHK~I-11-1 Al-'feKpeTHO[O eneKTpa 
¢ e r <e. 7J; R) y6bl8a~T 3KenoHeH~I-1anbHO KaK e -p f,r (.-I)' rAe Pf ' 
Pr '- TepMbl eOOTBeTeT8YIOU\>1X peWeHI-1~ 3aAa41-1 A8YX ~eHTPOB / 6,B/, 
a K03¢¢1-1~HeHTH~e ()lyHK~I-11-1 v(e, 71; R.) /16/ >1MeiOT eTeneHHO~ poeT. 
OnpeAenHM 

I 
F2 (x) = fdy f 2 (x, y). 

0 

np~-1 x .... oo F 2 (x) 8eAeT ce6R eneAYIO~I-'fM o6pa3oM: 

dx ( F2 (x) = e rj12 x), !_t~.L , X » 1, d = 1- Po 

4 

/10/ 

/11/ 

Ta6nHJ:~a 

3Hat~eHHH ysnoe xi H eecoe w i , i = I , ••• ,_ N, PK<llfK 
nopHAKa N = 12 c cPYHK~HHMH w(x)= I H w1(x) = 
= -lox . e-P~ p = 20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

xi 

0,704459890301&-3 
0,9083277583517-2 
0,3678809310154-1 
0,9161994176291-1 
0,1759900930544+0 
0,2879543058014+0 
0,4212501187182+0 
0,5654631695992+0 
0,7073657231746+0 
o,8329124170197+o 
0,9292226307032+0 
0,9862644710136+0 

wi 

0,2611461652455-2 
0,1625490188244-1 
0,4045823483217-1 
0,6958155293886-1 
0 9883970652008-1 
0:1240449917249+0 
0,1407864325066+0 
0,1454001012936+0 
0,1360304995335+0 
0,1128079885498+0 
0,7803801992184-1 
0,3506610844380-1 

rAe r/12 (x) paeTeT e X He 6~eTpee HeKOTOpOttt eTeneHI-1 X • ,l\nfl 8bi4HC­
neHI-1fl >1HTerpana 

oo -x 
I 2 = f dx e F2 (x) 

0 
/12/ 

~enecoo6pa3HO >1enonb30BaTb K¢rK e eecoM e-x /ll/. 06o3Ha4>1M 4e­
pe3 M, xi 1-1 wi, i = 13, 14, ••• 12 + M , ee nopRAOK, yan~ 1-1 ee­
ea eOOTBeTeTBeHHO. IIOPfiAOK M K~IK e eeeOM e-x, o5ecne4HBa~U\11~ 
Tpe6yeMy~ T04HOeTb B~4HeneHHfl I 2 /3B/, 3aBHeHT OT 8enH4HH~ d/11/; 
Ha npaKTHKe Henonb30BanHCb KtrK nOPfiAKa M = 8,12 H 15/ll/. no-

eKOnbKY 8 o6naeTH 0 2 3Ha4eHHfl 
XM . e = a + --~ /3B/ AaneKH OT eHHry-

Po 

nRpH~x Ta4eK <e. 71) = (1, ±1). AnR B~4HcneHHR F (x) /10/ noAxo­
ARU\e~ RBnReTcR KtrK e eeeoM w<4l(y) /eM. n.2.1 J.TaKHM o6pa3oM, 
Anfl Bbi4HeneHHfl I 2 nony4aeTcR eneAYIOIIIaR KyGaTypHaR ()lopMyna: 

M+ 12 12 ~ (4} (4 l. 
I 2 = . l w .l w1. f2 (xi , y1. 'J + R2, 

•=13 J=l 
IR21 '< ( II21 . /13/ 

2.3. 06beAHHfiR peaynbTaT~ nyHKTOB 2.1 H 2.2, nony4aeM Ky6aTyp­
Hy10 ()lopMyny AnR B~4HeneHHR HHTerpana I /1a/: 

M+l2 12 
I= l l:wij f ij + R, IRI < c ·III, 

i=l j~l 

rAe 

~ (k) k . (" 4) wii = wi w i , = mm 1, , 

/14a/ 

/146/ 

5 



6 

3Hat~eHH.!I Y3JJOB Yj(i) H secos 
~OPMYJJ/8/ raycca-KpHCTO~eJl.!l 

= I, 2, 3, 4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

I 
2 
3 
4 
5 
6 
7 
8 
9 

.LU 
II 
I2 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
I2 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
I2 

y.<o 
J 

0,2172671503245-3 
0,2358231281626-2 
0,1588966873817-1 
0,5492095691185-1 
0,1229783631059+0 
0,2187761568151+0 
0,3391797929401+0 
0,4767706443149+0 
o,8287350549098+o 
o,~754939091077+o 
o 1 8999969706892+o 
o 19799427525824+o 
0,1352097272905-2 
o,8930643468613-2 
0,2988427741035-1 
0,7682452308872-1 
0,1422148561358+0 
o 12378955768707+o 
0,3571000607679+0 
0,4944248122354+0 
o,8410701951876+0 
u 1 ·roo:~o::~o::~::~o::~ooo~u 
0,9039528882765+0 
0,9807777904393+0 
0,2581530151521-2 
0,1471919847803-1 
0,4067119936515-1 
0,8561944606299-1 
0,1536354390964+0 
0,2462556364222+0 
0,3821024361532+0 
0,4968282667562+0 
0,6414363157169+0 
0,7832591717797+0 
o,9035200514949+o 
o,9806607381238+o 
0,3909555796529-2 
0,2135670649699-1 
0,5542618007203-1 
0,1092718753069+0 
0,1850629587687+0 
0,282~543035743+0 
0,4006426951187+0 
0,5330235457674+0 
0,6716274361815+0 
0,8039786042053+0 
0,9136854158423+0 
0,9828223140582+0 

Ta6nH~a 2 

(i) . 1 12 W j ,J= , ..• , , KBa,z:J;paTYPHbiX 
c w(il(y)=1/(x1 +y)4, 

w.<il 
I 

0,6464436592859-3 
0,5061461415609-2 
0,2486310429823-1 
0,5358325653046-1 
0,8229864694847-1 
0,1087842344779+0 
0,1311389018478+0 
0,1465985051372+0 
0,1510843875373+0 
0,1392295852441+0 
0,1059290851159+0 
o 15078238790982-1 
0,3667525499450-2 
0,1271281849773-1 
0,3077748577380-1 
0,5588105837243-1 
0,8278177864317-1 
0,10811~5539971+0 
0,1294113631013+0 
0,1437926574160+0 
0,1472877049947+0 
u 11348744187643+0 
o,1020062796829+o 
0 1 4869535517723-1 
0,6756032556217-2 
0,1820546141553-1 
0,3460731298082-1 
o 15599101830080-1 
0,8030051209976-1 
0,1047132974792+0 
0,1262338201524+0 
o,1414373098830+o 
0,1459802400068+0 
o,1345381546756+o 
0,1022642991634+0 
0,4897254166958-1 
0,1012357191646-1 
0,2522626151437-1 
0,4346687749701-1 
0,6460309060988-1 
0,8701077976891-1 
0,1083929372727+0 
0,1261427355227+0 
0,1372198939223+0 
0,1379111245994+0 
0,1240238048218+0 
0,9230050119876-1 
0,4357842133486-1 

{

f 1-(x 1, Y\kl), i .$ 12, k = min(i, 4), 

flj = 
/14e/ 

f 2 (x1 , y~
4>), i > 12, 

HnH B TepMHHaX HCXO~HO~ nO~~HTerpanbHO~ ~YHK~HH f(~. 1'/; R) /1a/: 

fij 

[f(~.l'/;R)+f(~.-1'/; R)]l~=x 1 +l-,1J=l--r?'>, 

k = min(i, 4); 1 .$.i .$ 12; 

-pO (~-a) X· . (4) 
e [f(~.IJ;R)+f(~.-1'/;R)]I~=2+ :o· IJ=l-yi Po 

i > 12. 

3. nAKET ~OPTPAHHbiX nPOrPAMt1 ,llJUI Bbi411CJ1EH11.R HA 3Bt1 
MATPI14H~X 3JlEMEHTOB B A,lli1A6ATI14ECKOM 6A311CE 

naKeT nporpaMM r~IN Ha ~3~Ke ~OpTpaH npe~Ha3Ha4eH ~n~ rpyn­
noeoro c4eTa no6oro 4Hcna MaTPH4H~x 3neMeHTOB n 8 ~ 1 onepaTo-
......... - - --··-t::'--····--··-·· t:--··-- '··-···-·· ----······ " ~ ,n .::--··-'"'''''" 
,.. ................ ""' ............... I .. , ____ ." ..... ' '' ......................... I ···-··'MJ ...... ..,IJI.HI'IP'I .., ~ -- ..... """ ....... _ ........... . 

$yHK~H~MH ~HCKpeTHOrO cneKTpa 3a~a4H QHKCHPOBaHH~X KynoHOBCKHX 
~eHTpoe ~n~ 3Ha4eHH~ napaMeTpa R, R = 0,1 /0,1/ 20,0/. MAIN pea­
nH3yeT on~caHH~~ e paa~ene 2 anropHTM 4HcneHHoro HHTerpHpoeaHH~ 
~HTerpanoe THna /1/ c noM~b~ KyfiaTypHo~ ~opMynbl /14/. 

~ 

3.1. PemHM pa6oT~ MAIN 

npe~ycMOTpeHa B03MOmHOCTb B~6opa pel!<~Ma pa60Tbl MAIN no He­
CKOnbKHM npH3HaKaM. 

A. 3a~aHHe T04HOCTH napaMeTpOM Npr· MHHHManbH~H nop~~OK M 

K~rK /13/, o6ecne4HBa~~H~ Tpe6yeMy~ T04HOCTb £ a~4HCneHH~ l2 
/12/, 3aBHCHT OT eenH4HH~ d /11/. npH rpynnOBOM 8~4HCneHHH He­
CKOnbK~X HHTerpanos THna /12/ C pa3H~MH pf H p, d MeH~eTC~ 

B npe~enax 1- 2·Pmax1Po s;d:; 1- 2·Pm11/p 0 , r~e PminH Pmax­
M~HHManbH~~ H MaKCHManbH~~ cpe~H BCTpe4a~HXC~ TepMOB. npH no~­
XO~~~eM B~fiope napaMeTpa p0/3e/ MOmHO ~OCTH4b TpefiyeMO~ T04-
HOCT~ B~4~CneHH~ I 2 npH scex p , Pmin~ p ~ Pmax, c MHHI!fManbH~M 
M . B 3aBio1C~MOCTio1 OT 3Ha4eHH~ ynpaen~10~ero napaMeTpa N pr = 1 
HnH N pr = 2 Po~ M e~6Hpa~Tc~ TaK, 4T06~ o6ecne4HTb T04HOCTb 
B~41o1cneHio1~ I /14a/ £ = 10-3 HnH 10-7 cooTBeTcTaeHHO. BpeM~ c~.o~e­
Ta npH Npr = 1 e 2 pa3a MeHbWe, 4eM npH Npr = 2. 
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6. Bb16op MHomecT8a 6a3HCHbiX I!>YHKl.lH~. KpoMe nonHoro 8apHaHTa 
N 20 nporpaMMbl MAIN, 8 KOTopoM MaTPY14Hble 3!1eMeHTbl onepaTopo8 

8bi4YICJ1FIIOTCFI MeJKAY nep8b1MY1 20 6a3HCHbiMY1 <!>YHKl.lYIFIMYI, npe.QYCMOTpeHbl 
ynpOIIIeHHble 8apHaHTbl, Y4HTbl8aiOUIHe 8KJ1a.Q TOJlbKO nep8biX 8/ N8/ HJlH 
2/ N2/ <I>YHKl.lH~ a.QHa6aTH4ecKoro 6a3Hca. B PFI.Qe cny4ae8 y4eT 8Kna­
.Qa orpaHH4eHHbiX MHO»<eCT8 6a3HCHbiX <I>YHKl.lHii onpa8.QaHo /1, 5/. Ynpo­
llleHHble 8apHaHTbl MAIN 3aHHMaiOT cyUieCT8eHHO MeHbWYIO onepaTH8HYIO 
naMFITb j 8PeMFI C4eTa y6bl8aeT KaK 8 2. 3aMeHa 8apHaHT08 OCYUieCT8J1FI­

eTCFI c noMOlllbiO nporpaMMbl UPDATE. 
B. Bb16op 3Ha4eHHi1 napaMeTpa R. MHomecT8o 3Ha4eHHi1 napaMeTpa 

R , .QJlFI KOTOpbiX 8bi4Y1CJ1FIIOTCFI MaTpH4Hble 3JleMeHTbl /1/ 

R=Rin• R;n +oR, Rin+2·8R, .•• ,Rfin• /15/ 

onpe.QenfleTCFI TpeMFI l.leJ1o4HCJ1eHHbiMH ynpa8!1FIIOUIHMH napaMeTpaMH R;, 
~R, Rr: Rin = Ri/10, Rnn= Rr/10, BR=~R/10; 1 ~ R;,f ~ 200, 
~R 2 1 • B o6nacTH H3MeHeHHFI R , r.Qe 3a8HC11MOCTb 8bi411CI1FieMbiX 

MaTPI14HbiX 3!1eMeHT08 I(R) /1/ oT R .QOCTaT04HO rna.QKaFI, MOmHo 
11CnOJ1b308aTb ~R > J , 80CCTaHa8!1118aFI 3Ha4eHHFI MaTpi14HbiX 3JleMeH­

T08 8 nponyllleHHbiX T04Kax R 11HTepno!1Fil.lHei1; npH 3TOM 8peMFI C4eTa 
COKpaTI1TCFI 8 ~R pa3. 

3.2. 3a.QaHI1e FI8Horo 8H.Qa ycpe.QHFieMbiX onepaTopo8 

naKeT nporpaMM MAIN npe.QHa3Ha4eH .QJlFI 8bi4Y1CJ1eHHFI MaTPI14HbiX 
aneMeHT08 onepaTOP08 Y cne.Qy~ero o6111ero 8H.Qa: 

nd 
Y=a . ~ Y. 

s id=1 1d • 

yid 

n~ n.,., 

~ fR + f~ + f T/ n R 2 2 2 2 f 
a R <e -1) -~~__:!__} __ v(~ • .,.,; R)! X - Ia ---------

= aRrR a~Te a.,., f.,., d <e- T/)n_({+ 71) n+ 

-> rR + ·~ + •.,., a 
X -. ---. ---- • 

aR•R a~·~ a.,., •.,., 

/16a/ 

/166/ 

CTpenK11 Ha.Q C11M8o!1aM11 .Q11<!>!)>epeHl.ll1a!1bHbiX onepaTop08 8 /166/, Ha­
npaeneHHble Ha:;eeo /Hanpa8o/, 03Ha4aiOT, 4TO np11 8bl4~cneHI111 MaTpi14-
HbiX 3JleMeHTOB Tl1na /1/ BblpameHI1e 8 4>11rypHbiX CK06KaX .QOJl)!(HO 6b1Tb 

YMHOlKeHO Ha COOTBeTCTBYIOllll-le npOI13BO.QHble OT QYHKL.ll1i1 8 06KJ1a.QKaX 
cp f (~ • .,., ; R) I cp r <e. .,.,; R) /. as ).1 ad - l.leJ1041-tCJ1eHHble K03<t><l>l-ll.l11eHTbl. 
MHOlK~-tTeJl~-t y <I>YHKL.ll-111 v(~ 71; R) 8 CKo6Kax 8bi.QeJ1eHbl .QJlFI ynpOllleH~-tFI 
3ani1C11 v (~. 71; R). .iVJFI 6oi1bWI1HCTBa Y <I>YHKL.l11FI v (~. 11 ; R) 11MeeT 8~-t.Q 

8 

' 

l 

n j. k. 
v(t, .,.,; R) = ~ a. ~ 1 11 ' . i=1 I 

/17/ 

B .QaHHOM 8apl1aHTe nporpaMMbl MAIN Ha napaMeTpbl B <t>opMynax /16/ 

11 /17/ HaJlOlKeHbl CJ1e.QYIOUII1e orpaHI14eHHFI: 

-9999,:Sa 8 , ad ~99999; 1.::;nd ~36; n 1 = 1; 

O~ER,E~, E 71 ,rR,r~,r 71 ::;2; O~ER+E~+E 11 ::;2; rR +r~+r71 <2; 
/18/ 

-9-s_nR 'S_10; O,:Sn± s_5, 1-s_ns_32, 

-999 .::;a; .:S 9999; 0.::; j;, k; s_10. 

B80.Q HH$OpMal.l1111 0 FI8HOM B~.Qe .QaHHOrO onepaTopa Y /16/ 

OCYllleCT8J1FieTCFI C nOMOUibiO nep!)>OKapT. 
KapTa tr 1, co.Qepmalllafl /no c!JopMaTy /lX, A2, 7X, 315// 

N, a
8

, nd, ~- /19a/ 

3.QeCb N - 11 11MFI 11 onepaTopa Y H3 .QBYX 6yK8eHHbiX HJlH l.l11¢lP08biX CHM8o­
!108. np11 HeOTPHl.laTeJlbHOM ~m 8bi4HCJ1FIIOTCFI MaTPH4Hble 3JleMeHTbl onepa-

TOpa Y JlHWb MelK.QY <!>YHKl.lHFIMH cp f H cp , MO.QYJlb pa3HOCTH MarHHTHbiX 
K8aHT08biX 411CeJ1 /6/ m f H mr KOTOpbD'( pa8eH ~; npH ~m = -J npa8H­

J10M oT6opa no ~m npeHe6peraiOT. 

I...Jit:J.IY~J I lld UJ.IHU 1111lHbiX rJJYilll KCJJ.Jl C 11H(jlUpMC1411el1 0 lid , ld = 
1 , 2, ..• , nd : 
KapTa N" 2.1, co.Qep>Kalllafl /no <t>opMaTy /lOX, 915// 

kr, ad, cR, fR, f~, £71 , rR, r~, r 71 , n 1 • 

EcnH v(~. 71 ; R) HMeeT 8~-t.Q /17/, 
KOTOpble J.1Mei'JT 6onee CJ10)!(Hbli1 814.Q , 

H onpe.QeJlFIIOTCFI 8 nOJ1b30BaTeJ1bCKOH 

CTPYKTypoii: 
FUNCTION F (ITYP, X, Y) 
COMHON /TERM/ R, EMPTY (180) 
GOTO (1,2, ... ), ITYP 
CONTINUE 

F= ••• 
2 CONTINUE 

F= ••• 
RETURN 

END 

/196/ 

kr = o; <!>YHKL.ll-111 v (~. 11 ; R ), 
HyMepyiOTCFI HH.QeKCOM kf =1 ,2, ••• 

no.QnporpaMMe F co cne.QYIOllleii 

npl4 3TOM no.Qpa3yMeeaeTCFI OTOlK.QeCT8JleHHe kr -> ITYP' ~ -> X' .,., -> y' 
R ... R. 9 



KapTa N' 2.2, co~eplKal!lafl n, n~, n"l.! n_, n+, al, h, k 1 , 
a2,j2, k2, ••• ,an, jn, kn no !I>OPMaTy '(6X,5IZ,8(I4,2I2)/(16X,8 
(I4, 2 I2) ~. Ecn11 ~Ilfl ~aHHOro Y 1d I k 1 > 0, cne~yeT noi10lKI1Tb n = 
a1 = 1 , 11 = k1 = 0. 

3.3. Beo~ 11H!I>OPMa41111 e MAIN 

A. .llnR pa6oTbl MAIN Heo6xo~11Mbl KapTbl co cne~YIOU111MI1 ~aHHbiM11: 

1 I 3Ha4eHI1fl ynpaenflf')U111X napaMeTpoe I eM. n. 3. 1 I R1 , R f' ~R, N pr 
no !l>opMaTy (lOX, 415); 

2/ 411cno ycpe~HfleMbiX onepaTopoe n 8 /no TOMY IKe !l>opMaTy/; 
3/ 11H!I>OpMa411fl 0 fiBHOM Bl1~e ycpeAHfleMbiX onepaTOpOB B yKa3aHHOM 

nopfi~Ke /eM. TaKlKe n.3.2/. 
5. Heo6xo~11MO TaKlKe np11coe~11HeH11e /4epe3 TAPE 2/ K !l>a~ny c 

411CJleHHbiMI1 3Ha4eHI1fiMI1 napa60I1114eCKI1X KBaHTOBbiX 411Ce1l 17j , nli , 
02i 11 m1 BCeX 20 6a311CHbiX !I>YHK411~, i = 1 , ••• , 2Q/6/, 11 CO 3Ha4e-
H11fiM11 COOTBeTCTBYIOUII1X 11M TepMOB p 1 (R) KOHCTaHT pa3~eileHI1fl 

Aj (R) 11 HOPMI1POB04HbiX K03!1>!1>11411eHTOB N i (R), 11X nepBbiX 11 BTOpbiX 
npOI13BO~HbiX no R/~Ilfl ecex 3Ha4eHI1~ R = 0, 1/0,1/20,0/. 3TOT !l>a~Il 
COCTOI1T 113 201 6eC!I>OpMaTHO~ 3ani1CI1: 

1/ 3ani1Cb 113 80 4e11blx 411Cen 171 , n 1 , n
2

, m1, 11 2 , n
1

, n
2 

• 
l I 2 2 

{ 
0, p 1 = g 

m 2' · · · ' m2o; 17 1 = ; 
1, pi = u 

2/ 200 3ani1Ce~ 113 181 ~e~CTBI1TeilbHOrO 411Cila /no O~HO~ ~Ilfl 
KalKnoro R = 0. 1. 0.2 ..... 20.0/: 

R, PI (R), PI(R), p')(R), A1 (R), A;(R), Ai'(R), NI (R), N'1(R), Ni' (R), 

p2 (R), p'2(R), ... , N;(R), p3 (R), ... , N:!(i(R). 

3. 4. Bbleo~ 11H!I>opMa41111 

,llnR Oni1CaHI1fl !I>OPMbl, B KOTOPO~ BbiBO~fiTCfl Bbi411CileHHble MaTpi14-
Hble 3IleMeHTbl, BBe~eM HeKOTOpble 0603Ha4eHI1fl. 

MaTpi14Hbl~ 3IleMeHT <Y>onepaTopa y /16/ fiBilfleTcfl c-411CilOM 1111wb 
B Cily4ae f R = rR = 0; B 06UieM Cily4ae 3TOT MaTpi14Hbl~ 3IleMeHT -
onepaTop e npocTpaHcTee <!>YHK411(1, 3aBI1CfiJ!111X oT R : 

fR •R <- >. • 
a aP 

<Y> = I I --r- y, (R)--. /20/ 
x;;o p=O aRI\ "P aRP 

3~ecb YAp(R) - 411CilOBafl MaTPI14a. Onpe~e1111M 

{
rR+1, fR=O, 

Q-
- 3· (fR+ 1), fR> 0. 

ConocTaBI1M nape 11H~eKCOB (A, p). 0 ~A~ eR, 0 s p s rR' 11H~eKc q' 
1 .$ q ~ Q, Cile~YIOU111M o6pa30M: (A, p) --+ q = 3. fR+ rR + 1, nepeo6o3-
Ha411M Yq (R) = YAp(R) 11 BOCCTaHOBI1M y y (R) 11H~eKCbl f 11 r 6a311C­
HbiX ¢yHK411~ ¢ f 11 ¢ r , C nOMOUibiO KOTOPbiX qBbi411CileH MaTPI14Hbl~ 3Ile-
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MeHT Yq(R) /1/: Yq(R) =Yqfr(R). 411CileHHble pe3yilbTaTbl, noily4eH-
Hble np11 pa6oTe MAIN, BbiBO~fiTCfl Ha TAPE 3 e e11~e /o~HOTI1nHbiX 
np11 ecex 3Ha4eHI1fiX R I rpynn 6ec!I>OPMaTHbiX 3an11ce~. 

3 an 11 c b 1 : R , n 8 • Aanee cne~yi')T n"' nap 3an11ce~ co cne~YIOUI11M 
co~eplKaHI1eM: 

3ani1Cb 2.1, COCTOfll!lafl 113 6 4eilbiX 11 O~HO~ XOilepl14eCKO~ KOH­
CTaHT: is• Q, S, ns, eR. rR, N. 

3ani1Cb 2.2 -113 Q -S(8+1)/2+1~e~CTBI1TeilbHbiX 411Ce1l: 

R ' Y I I I ' y I I 2' ' ' • ' y I IS ' y I-22 ' y 123' ' ' ' ' y I~S' y 133 ' 
• • • • YJSS • y211 , y2 I 2 , · • ·, YQSS · 411CilO 3an11ce11 Ha TAPE 3 np11 
111060M R : 2n 8 + 1. 

3.5. CTPYKTypa naKeTa nporpaMM 

OcHOBHble !I>YHK41111 no~nporpaMM naKeTa MAIN, 6noK-cxeMa KOToporo 
npi1Be~eHa Ha pi1CYHKe, CBO~fiTCfl K Cile~yi')J!IeMy. rnaBHafl nporpaMMa 
MAIN opraHI13yeT Bbi411CJleHI1fl ~Ilfl nocne~oeaTeilbHOCTI1 3Ha4eHI114 R 
113 MHOlKeCTBa /15/. no~nporpaMMa INIT o6pa6aTbiBaeT BBO~HMYIO B 3a­
KO~HPOBaHHOM BH~e HHQOPMa4HIO 0 fiBHOM BH~e ycpe~HfleMbiX onepaTo­
pOB. B no~nporpaMMe PRINCE 11HTerpailbl I 1 I Bbi4HCilfiiOTCfl no Ky6aTyp-· 
HO~ <!>opMyile /14/. no~nporpaMMa DISTR BbiBO~HT pe3yilbTaTbl Ha 
TAPE 3. no~nporpaMMa CALC opraHH3YeT Bbi4HCileHHe 3Ha4eHH~ 6a3Hc­
HbiX ¢YHK4H~ B Y3IlaX Ky6aTypHOi4 <!>OPMYilbl /14/. 

MAIN 
----' R;, Rf, LIR, N...-

~'!..!!.c§!!.!c..t-r-r____J ns 
_.JN, as, nrt.,Lim 

-~~~--~k.;, act,c~.~· ~. trr..·'l•r'i'' nt 
~~~:rrr--,n, 71!' ny. n_, Tl+-,a.,,j •• k., Q2•''" k., 

BnoK-cxeMa rraKeTa rrporpaMM MAIN, rrpeAHa3Ha~eHHoro AnH 
Bbi~HcneHHH MaTpH~Hb~ 3lleMeHTOB orrepaTOpOB B aAHa6aTH­
~eCKOM 6a3HCe. 

ll 



B AaHHOM sapl1aHTe MAIN 6a311CHble <llYHK1.11111 ¢ f,r Bbi411CJlRIOTCfl 
no <t>opMyne /6/ ¢ f(t. 11; R) = Nf(R) De (t; R) E f (71; R), ••• , rAe 
Nf,r (R), ne .• <t; R) 11 E r .• (1); R) - HOPM11POB04Hble K03<ll<!l111.111eHTbl' 
paAI1anbHble 11 yrJlOBble KYJlOHOBCKI1e c<t>epOI1AaJlbHble <llYHK1.11111/6/. <!lyHK-
1..11111 ne,r <t. R) 11 E r •• (1); R) Bbi411CJlfiiOTCfl no nOAnporpaMMaM GSN' 
PI, CSN 11 KSI cor nacHo anroplnMaM / 6,8/ c 11CnonbaosaHI1eM np11-, 
BeAeHHbiX B /8/ 411CJleHHbiX 3Ha4eHI1H TepMOB Pf 11 KOHCTaHT pa3Ae-
JleHI1fl Af,r /6/. ,r 

4. 3AKill:l4EHHE 

4.1. 06cymAeHI1e peaynbTaTOB 

C noMOII\biO naKeTa nporpaMM MAIN, peani13YIOIJiero 113nomeHHbiH B 
paaAene 2 anropi1TM 411CJleHHoro 11HTerpl1poBaHI1fl c<t>ep011AaJlbHbiX 
11HTerpanos Tl1na /1 I, B aA11a6aT114eCKOM 6aa11ce c eA11HI14HbiM11 aapR­
AaM11 KynoHOBCK11X ueHTpos c T04HOCTb~ 10-5 6blnl1 Bbi411CJleHbl MaTPI14-
Hble 3JleMeHTbl OnepaTOPOB, Oni1Cb1Bai01J111X peJlfiTI1BI1C TCKI1e 11 cni1HOBble 
3$$eKTbl, 3$$eKTbl 3JleKTPOMarHI1THOH CTPYKTYPbl RAeP 11 3KpaHI1POBKI1 
BHeWH11MI1 3JleKTPOHaMI1 11 B3ai1MOAeHCTBI1e C BHeWH11MI1 nOJlfiMI1, Heo6-
XOA11Mble Allfl pac4eTa nonpaBOK K YPOBHRM 3Heprl111 Me30MOJ1eKyJ1 1130-
TOnOB BOAOPOAa C T04HOCTbiO 10-3 38. 

CpaeHeHI1e MAIN c cy1J1eCTBYIOL!\11MI1 MeTOAaMI1 Bbi411CJ1eHI1R MaTpi14HbiX 
3JleMeHTOB B aAI1a6aTI14eCKOM 6a311Ce /2,5,8/ nOKa3biBaeT, 4TO: 

1 n,::..., ... _ _., _....,,,.,,....,.,,..,.,,,._ 'I.I'AT ... T -· .. ··-----····- ---·····--··- - ---··-· --
._....,.,. ,.,..._ • .., o ,,...~,,.,.,_,., ''-' or111 ~ U.I..LI.~ ...,J """"""""' 1 '-''-' 01 ,...., t-"U'-Ioloi'"I ... .._..IIU LJO ..,..._.WJ.II~ 1 U 

Te BKJ1104eHI1fl BamHbiX C $113114eCKOH T04K11 3peHI1fl onepaTOPOB C 11HTe­
rpl1pyeMbiMI1 CI1HryJ1RpHOCTAMI-1 11 Hepa3AeJ1AI'JU~I-1M11Cfl nepeMeHHbiMI-1. 

2. To4HOCTb Bbl411cneHI1R MAIN coenaAaeT c T04HOCTbiO, nony4eH­
Hoilt e /2/ 11 /8/ e Tex cny4aRx, rAe cpaeHeHI.1e B03MomHo. 

3. OnepaTI1BHaR naMRTb 38M, aaHI1MaeMaR r1AIN, npi-1MepHo Ta me, 
4TO 11 e /2,8/; no 6biCTPOAeHcTBI110 MAIN npeeocxOA11T peaynbTa-
Tbl /2,8/ e 5-10 paa 11 AaHHble /5/ e ~ 100 paa. 

4.2. BoaMomHoCTI-1 ycoeepweHcTeoeaHI1fl 1-1 o6o61J1eHI1R MeToAa 
1.1 nepcneKTI-1Bbl era AanbHeiltwero npi-1MeHeHI1R 

Anropi1TM Bbi411CJleHI.1R 11HTerpanoe I 1 I, 113nomeHHbiH B pa3Aene 2, 
MO>~eT, soo6111e roeopR, 6b1Tb ycoeepweHcTeoeaH c uenbiO coKpaiJieHI1R 
11 epeMeHI1 C4eTa, 11 o6beMa 3aH11MaeMOH onepaTI-1BHOH naMRTI-1 38M. 
HHTepecHbiM11 RBJlRI'JTCR eoaMomHocTI1 aaMeHbl PK<t>rK /6/ nopRAKa 12 
11 K<t>rK /12/ nopRAKa M eAI-1HOH PK<t>rK noPRAKa N <M + 12 11 4eTblpex 
11cnonb30BaHHbiX HaM11 AJlR I-1HTerpl1poeaHI1R no nepeMeHHOH y /7 I K<t>rK 
/8/ noPfiAKa 12 eA11Hoilt PK<t>rK HecKonbKO eblcwero nopRAKa. npi1H1.111-
nl1anbHO HOBbiM peweHI-1eM 6biJ10 6bl 11CnOJlb30BaHI1e Ky6aTypHOH $OpMy­
Jlbl Tl1na I 14 I, He ceR3aHHoi1 c K<t>rK AJlR OAHOMepHblx I-1HTerpanoe 
/5/, 17 I, /12/ no nepeMeHHbiM x 11 y • 
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,[\Jlfl nOAbiHTerpaJlbHOH $YHKU1111 f 1 (x, y) /5a/ C OC06eHHOCTfiMI1 
OTJ1114HOrO OT /4/ Tl1na He06XOAI1MO TOJlbKO 3aMeHHTb /8/ 11 /6/ Ha 
K<t>rK 11 PK<t>rK, cooTBeTCT8YIOIJIHe H080MY THny cHHrynRpHocTeilt. TaK11M 
11MeHHO cnoco6oM 6b1Jll1 8bl411cneHbl 3<jJ$eKTH8Hble noTeHU11aJlbl nonRpHaa-
1..11111 8aKyyMa 8 aAMa6aTI-14eCKOM npeACTa8JleHI111, AJlfl KOTOpbiX /CM. 
/4!/12/: f 1(x,y)=t/;JA (x,y)+ln(X+Y)·¢JB(x,y), O<lt/JJA,B(O,O)I<oo. 

Bb1411CJleHHe yp08HeH 3HeprMI1 Me30MOJleKyJl M30TOn08 80AOPOAa Aa­
JleKo He 11C4epnb18aeT Kpyra aKTyanbHbiX <jJM3M4eCKMX aaAa4, pewaeMbiX 
8 aA11a6aTM4eCKOM nOAXOAe C MCnOJlb308aHMeM KyJlOH08CKOrO C<jJepoH­
AaJlbHOrO 6aa11ca/l/: AOCTaT04HO ynOMRHYTb pOJlb Me30MOJleKyJ1RpHbiX 
110H08 Hed11 , Hep11 8 MIOOHHOM KaT aJ1113e RAepHoro CMHTe3a / 3/ · AAan­
TaU11FI MAIN AJlFI FIAeP C Hepa8HbiM11 3aPRAaMI1 He COCTa8JlAeT TPYAa. 

~HTepeC 8bl3bl8aeT MCnOJlb308aHI1e pa3JlM4HbiX MOAM<!Ji-1Kai.IMH aAHa6a­
TI14eCKOrO 6aa11ca/IO/ AJlR peweHI1R w11poKoro Knacca npo6neM K8aHTo-
8oi1 3JleKTPOA11HaMMKM 11 XPOMOAMHai~11KI1. npM COOT8eTCT8YIOIJII1X M3Me­
HeHI1FIX 8 noAnporpaMMe CALC /eM. nyHKT 3.5/, a TaK~e 8 K<PrK /8/ 
M PK¢rK /6/ naKeT nporpaMM t1AIN Mo~eT 6b1Tb c ycnexoM npi1MeHeH 
AnA 8bi4McneHMR MaTpi14HbiX 3JleMeHT08 raMI1JlbTOHI1aHa 11 8 3TMx cny­
l.laRx. 

B aaKJ1104eHI1e a8TOP 8blpa~aeT rny6oKyiO 6naroAaPHOCTb Il.AneKcaHA­
P08Y, C.H.BMHMUKOMY, ,[\.KapaA~08y, B.C.Mene~MKy, Il.H.noHoMape8y, 
T.n.nyabiHI1Hoi1, W.B.nyabiHMHy, Il.H.CoM08Y 11 M.n.<t>ai1<PMaHy aa coAeilt­
cT811e 1.1 noMOII\b Ha 8cex 3Tanax pa6oTbl. 
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5aKanOB a. 
B~4~cneH~e MaTp~4H~x 3neMeHTOB penAT~B~CTCKoro raM~nbTOH~aHa 
C~CTeM~ Tpex 4aCT~~ B aA~a6aT~4eCKOM 6a3~Ce 

11-83-875 

MaTP~4H~e 3neMeHT~ penAT~B~CTCKoro raM~nbTOH~aHa c~cTeM~ Tpex 4acT~~ 
B aAHa6aTH4eCKOM 6a3~Ce CBOAATCA K ABYMepH~M HHTerpanaM OT ~YHK~H~ C ~HTer­
pHpyeM~MH oco6eHHOCTAHH B non~cax c~epOHAanbHO~ KOOPA~HaTHO~ C~CTeM~. anA 
B~4~cneH~A TaKHx HHTerpanoa nocTpoeHa Ky6aTypHaA ¢opMyna, o6ecne4HBa~aA 
OTHOCHTenbHY~ T04HOCTb f ~ 10-5 B~4HCneH~A MaTpH4H~X 3neMeHTOB no BOnHOB~M 
~YHK~HAM AHCKpeTHOro cneKTPa ~aAa4H ABYX ~eHTPOB. np~BeAeHa Ta6nH~a co 
3Ha4eHHAMH y3noa H aecoa Ky6aTypHo~ ~opMyn~. AaHo nOAP06Hoe on~caHHe naKeTa 
nporpaMM MAIN AnA B~4HcneH~A MaTPH4H~x 3neMeHTOB onepaTopoa a aA~a6aT~4eCKOM 
6a3HCe, COOTBeTCTBy~eM eAHHH4H~M 3aPAAaM KynOHOBCK~X ~eHTpOB. nporpaMMa 
~IN Han~caHa Ha A3~Ke ~opTpaH H opHeHTHpoaaHa Ha 3BM CDC-6500. C 'noM~b~ 
naKeTa nporpaMM MAIN c OTHOCHTenbHO~ T04HOCTb" , s 10-5 B~4HCneH~ MaTpH4-
H~e 3neMeHT~ onepaTOPOB, OnHC~Ba~HX penATHBHCTCKHe 3~~eKT~ B Me30MOneKynax 
H30Tonoa BOAOPOAa. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~4HCnHTenbHOH TeXH~KH ~ aBTOMaTH3a­
~~~ OH~H . 

Coo6weHHe 06~eAHHeHHoro HHCTHTyTa AAePH~X HCCnenoaaHHH. ny6Ha 1983 

Bakalov D. 
Calculation of Matrix Elements of the Three-Body System 
Relativistic Hamiltonian in Adiabatic Representation 

11-83-875 

Matrix elements of the three-bodv relativistic hamiltonian in adiabatic 
representation reduce to two-dimensional integrals of functions with integ­
rable singularities in poles of the spheroidal coordinate system. A cubature 
formula for calculating the integrals is obtained, which provides relative 
accuracy , s 10-5 for calculating "'atrix elements over wave functions of 
discret,e spectrum of two-centre problem . The table is given which presents 
points 'and weights of cubature formula . A detailed description of MAIN prog­
ram for calculation of matrix elements of operators in adiabatic represen­
tation is given. MAIN program is written in FORTRAN language and is orien­
ted for CDC-6500 computer . Matrix elements of operators describing relativis­
tic effects in mesic molecules of hydrogen isotopes are calculated by means 
of MAIN program with c~lo-5 relative accut acy . ,_, 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR . 

Conmun ication of the Joint Institute for Nuclear Research. Dubna 1983 

nepeBOA O.C.B~HorpaAOBO~ 


