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B.I1.KOlJKHH 

o nOCTPOEHl111 rnnEPC<I>EPI1QECKOrO EA3l1CA 

B npOEJIEME TPEX TEJI 

C KYJIOHOBCKI1M B3AI1MO}lEMCTBI1EM 



YpaBHeHHe IlIpe,nHHrepa ,nmI TpeX '1aCTHIJ;, B3aHMo,nei:fcTBYIOmHX no 3a

KOHY KYJIOHa, BKoop,nHHaTax 5IK06H Xi, iii (i = 1,2,3),HMeeT BH,n [4, 5, 6]: 

3 

(1)(~6Xi - 6fh + ~ '::1 -E)'ljJ = 0, 

r,ne 

iii = 

mil Zi, i\ - COOTBeTCTBeHHO MaCChI, 3apsUlbI Hpa,nHYChI-BeKTophI Ka:IK,noo 

H3 i '1aCTHU, i = 1,2,3. 

B rHnepccpepH'1eCKHX Koop,nHHaTax p, ai, 8i npH 'Xii = pcos(ai/2); IYil = 
psin(ad2); cos(8i ) = (XiYi)/lxdlYil ypaBHeHHe (1) npHHHMaeT BH,n: 

3,neCb 

1 [8 ( .. 2 8) 1 8 (. 88)]o = sin2 a 8a sm a 8a + sin8 88 sm 88 . . 

Pa3,neJISUI B ypaBHeHHH (2) pa,nHaJIbHYIO H yrJIOBYIO '1aCTH [1] H paCCMa

TpHBM P KaK napaMeTp, npHxo,nHM K ypaBHeHHIO: 

(3) 

P = canst, 0 < P < 00, 0 ~ ai, 8j ~ 7r. 

YpaBHeHHe (3) npH rpaHH'1HbIX YCJIOBHSIX ipn(O) ipn{oo) = 0, n = 
1,2, ... ,N SIBJISIeTCSI OCHOBHhIM ypaBHeHHeM ,nJISI onpe,neJIeHHJI 6a3Hca rH

nepccpepH'1eCKHX nosepxHocTHhIX CPYHKUHH ipn (p, 0) H peIIIaeTcSI '1HCJleHHO 
Ha 3BM BapHaUHOHHhIM MeTo,nOM C nOMOmbIO aH3aua, HMeIOmero BH,n [2]: 

N 

ipn(p,a,8) = 2:Cin)(P)Xk(p,a,8), (4) 
k=l 

1 

.;> 



P - napaMeTp, n = 1,2, ... , Nj 3,ZleCb Ckn 
) -- HeH3BeCTHbIe qHCJIOBbIe K03t:p

<pHUHeHTbI, a Xk (p, 0, 8) - 3a,ZlaHHbIe npooHbIe <PYHKUHH, oOeCneqHBalOUlHe 

aCHMnTOTHqeCKOe nOBe,ZleHHe peIlIeHH$! lJI L(p, 0) B ypaBHeHHH (2.) KaK npH 

P -t 0, TaK H npH P -t 00. TIpooHbIe <pyHKUHH Xk ,ZlJI$! MaJIbIX, Cpe,ZlHlIX H 

OOJIbIlIHX 3HaqeHHH P HMelOT BH,Zl [3]: 

Xk = ~~~~h (03)Plk (cos ( 3 ), 1:::;k:::;N1 ,O<p:::;5 
Xk = ~~2 II. (02)P'k(cos ( 2 ), Nl <k:::;NI +N2, 5<p:::;15 (5)

{ 
. Xk = sin

ik 03C~kk~/k_1(COS03)llk(cos83),Nl+N2<k:::;N,15<P 

n;.(m) ( ) _ n;. ( qm 0 ) ~ (t) = e- t / 2tlL 21+1 ·(t) (6)'J.'nl 0 - 'J.' nl -:;:;- Pcos '2 ' nl n-l-l , 

ll(x),L~(t),C:::(x) - MHOrOqJIeHbI JIarpaH:>Ka, JIareppa, rereHOaY3pa. 

TIoCJIe onpe,ZleJIeHH$! rHnepC<pepHqeCKOrO Oa3HCa nOBepXHOCTHbIX <PYHK

UHH 'Pn(P, 0) OOUlee peIlIeHHe ypaBHeHH$! (2.1 npe,ZlCTaBJI$!eTC$! B BH,Zle: 

N 
5\) t(p, 0) = p- /

2 L Un(P)'Pn(P, 0), (7) 
n=l 

r,Zle CHOBa Un (p) eCTb HeH3BeCTHble pa,ZlHaJIbHbIe <PYHKUHH. 

Ih ypaBHeHH$! (2) ,ZlJI$! HeH3BeCTHbIX <PYHKUHH Un (p) nOCJIe onpe,ZleJIeHH$! 

'Pn(P,O) nOJIyqaeM CHCTeMY OObIKHOBeHHbIX ,ZlH<p<pepeHUHaJIbHbIX ypaBHe

HHH: 

cF 15 1 n [ Qn k d 
d + dd Qnk 1

[d2 - 42 - cn(P) + E Un(p) +L - Pnk Uk(p) = 0, 
P P k=l P P 

(8) 
n = 1,2, .. . N;cn{P) = 4/p2 An{p);Qnk{P) = ('Pnlt/Pk),Pnk = (tp'Pnll,'Pk)' 

LIanee peqb H,ZleT TOJIbKO 0 peIlIeHHH ypaBHeHH$! (3). 
HTaK, peIlIM ypaBHeHHe (3) ,ZlJI$! nOBepXHOCTHbIX <PYHKUHH 'Pn{P, 0), no

CJIe nO,ZlCTaHOBKH (4) no MeTO,Zly faJIepKHHa nOJIyqaeM cHcTeMY JIHHeHHbIx 

anreOpaHqeCKHX ypaBHeHHH ,ZlJI$! onpe,ZleJIeHH$! HeH3BeCTHbIX qHCJIOBbIX KQ

3<P<PHUHeHToB Ckn 
) B BH,Zle [8]: 

N 3 
nL (Dnk - ~ L qmU;:k - Wnk + AnSnk)Ci ) = 0, n = 1,2, ... ,N (9) 

k=l m=l 

Snk = (XnIXk); Dnk = (XnIOIXk) 

U~r;:) = (Xn!u(m)IXk); Wnk = (Xn I 1 IXk)'
cos2(n\ /2) 

2 



B MaTpIP-IHOM BHne ypaBHeHHe (9) 6yneT 

(D - U IV + AS) 0, (10) 

'"
3 

n(m). l,lt
rne D = (D.Ilk;) U = L...J u 11k ' t 

m=l 

0603Ha'lHUI A D - U - I'V, S= - S nonyqHM 

Ac = ASc. (11) 

MaTpHqHOe ypaBHeHHe (11) eCTb o606weHHasI aJIre6paHt.IecKasI 3anaqa 

Ha co6cTBeHHbIe 3HaqeHH.SI. BenH'lIHHbI Qn/n Pnl.: B CHCTeMe ypaBHeHHH (8) 
B naHHOH 3anaqe 3<p<peKTHBHo H yno6Ho BbIqHCJUIIOTC.SI no COOTHOIlleHH.SIM 

_ 1 ( \ \) -11!~ . _ Q2.DQnk - -4 Ak - An luk, "11k - - nk' 

Pa60Ta C npOrpaMMOH BbIqHCneHH.SI rHnepC<pepHqeCKOrO 6a3HCa nOKa

3ana, t.ITO, BO-nepBbIX, npH YBenHqeHHH pa3MepHOCTH MaTpHUbi CHCTeMbI H, 

BO-BTOPbIX, npH 60nbIllHX 3HaqeHH.SIX napaMeTpa p npOHCXOnHT nOTep.Sl TOt.I

HOCTH, 'liTO 3aTpynH.SIno qHCneHHYIO npoBepKy CXOnHMOCTH BapHaUHOHHOrO 

MeTOna. 

EbInO HaHneHO, 'liTO TpynHocTH B03HHKalOT rrpH BblqHCneHHH nBOHHbIX 

HHTerpanOB, HanpHMep, BHna 

Ski = !K 

d03sin
2 03~~~t (03) !1 

dZ3~~:f'" (02)Pl, (z3)1l", (Z2), 
o -1 

2 COS
2 
(02/2) = 1 + cos 03 COS WI + Z3 sin 03 sin WI, (12) 

Z3 sin 03 COS WI - cos 03 sin WI
Z - . 

2 - VI - (cos 03 sin WI + Z3 sin 03 sin WI )2 , 

3neCb Wi <pHKCHpOBaHHbIe KOHCTaHTbI; 0i, Zi rrepeMeHHbIe HHTerpHpo-

BaHH.SI. 

Ha OTpe3Ke BHeillHero HHTerpHpOBaHH.SI (0,11"] 6bInH onpeneneHbI H Bblne

neHbI Y'lIaCTKH, B KOTOPbIX rrpOHcxonHT nOTep.Sl TOt.JHOCTH npH BbI'llHcneHIHI 

Bcem nonbIHTerpanbHoro BbIpa)KCHH.SI B (12) H nono6HbIx cny'lIa.SlX. 
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PaClllMpeHlfe IfC110JIb3ye~IOro rlfl1epCQ:>epWleCKOrO 6a3lfca If y,Be.llIf'lIeHlfe 
06JIaCTIf 3HaqeHlfH l1apaMeTpa P B CTOPOHY ero 60JIbllllfX 3HaqeHHH 1103BO
JIlfnO paCCqHTaTb CeqeHIfSI Yl1pyroro H HeYl1pyroro pacceSIHHSI B CIfCTeMax 
3.4Hed/-l B6JIlf31f 110pora d/-l [7]. 

lfJIJIlOCTpaUIfSI CXO,llIfMOCTIf MeTO,lla paCqeTa l1plfBe,lleHa B Ta6JIlfue 1. 
Ta6JIlfua 1 

Nl N2 N3 f2(En = 4/p'2)..n) 
3 3 105 1.0309243 
3 3 210 -1.0315926 
3 3 276 -1.0316257 
3 3 300 1.0316326 
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KOtDCHH B.H. PI 1-2000-146 
o IIOCTpoeHHH rnIIepccpepHqecKoro 6a3HCa B IIpo6JIeMe Tpex TeJI 
C KYJIOHOBCKHM B3aHMO.lleHCTBHeM 

MO.llHctlHUHpOBaH paHee IIpe.llJlO:lKeHHIdH H peaJIH30BaHHldH B <p0pTpaH-IIpo
IpaMMe rn6KHH BapHaUHoHHLIH MeTO.ll IIocTpoeHIDI «IIoBepxHocTHLIX» rnIIepc<t>e
puqecKHX <PYHKUHH. nOBLIlIleHa Ha IIOPjJJ(OK OTHOCHTeJILH8JI TOqHOCTL BLIqHCJIe
HHH. 

Pa60Ta BLIIIOJIHeHa B na6opaTopuH BLIqHCJIHTeJILHOH TeXHHKH H aBTOMaTH3a
UUH OHSIH. 

Coo6IUellHe 06Le.nHlleUllom HIICTHTyra ji,llepUbix. HCCJJe.nOBatJHH. ,ny6Ha, 2000 

nepeBO.ll aBTopa 

Kochkin V.1. PI 1-2000-146 
On Construction of the Hyperspherical Basis 
in the Three-Body Problem with Coulomb Interaction 

Formerly proposed and realized in FORTRAN programme the flexible varia
tional method for the construction of «surface» hyperspherical functions is modi
fied. The relative accuracy of the calculations is raised by the order. 

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