
0 0-- \46 
Pl 1-2000-146 

B.M.KO'-IKI-IH 

0 TIOCTPOEHMM rnnEPC<I>EPMqECKOfO EA3MCA 

B TIPOEJIEME TPEX TEJI 

C KYJIOHOBCKMM B3AMMO~HCTBMEM 



KotrnMH B J1. 
0 n□cTpoeHMM r11nepc~epw
trec1rnro .•• 
PII-B000-146 

HeHHblH IIIHCH'ITYT 51AePHblX IIICCJleAOBaHIIIH. )],y6Ha, 2000 

......,,, •• <>,•1'"",$,'-',;,."'W_,. 

\ 
I 

';/ 
,t 

YpanHeHne Illpemrnrepa ,nJrn: Tpex qacTnu, B3aIIMo,neiicTny10mux no 3a
KOHY KynoHa, B KoopmrnaTax 51Ko6u x;, Yi (i = 1, 2, 3) nMeeT nu.n (4, 5, 6): 

3 

(-6.x; - 6.y; + L ,!:, -E)'l/J = o, 
n=l 

(1) 

r.ne 

x;= 
ffijffik 

m
1 
(mi + mk) (fk - fj), 

'fi;= m;(mi + mk) (- mjfj + mkfk) 
m1 (m1 + m2 + m3) Ti - (mi+ mk) ' 

i,j,k = 1,2,3, 

q; = 2ZjZk 
ffijffik 

m1(mj +mk)' 

m;, Z;, f; - COOTB€TCTB€HHO MaCCbI, 3apH.llhl II pa.nuycbI-BeKTOpbI Ka:lK,llOll 
H3 i qacTHU, i = 1, 2, 3. 

B mnepccpepII'IeCKIIX Koop.nmmTax p, o:;, 0; npu Ix; I = p cos( o:;/2); l'fi; I = 
psin(o:;/2); cos(0i) = (x;'fii)/lx;ll'fid ypanHeHIIe (1) npnHIIMaeT nu.n: 

_ __!_.!!_ p2.!!_ _ .±_ 0 + ! Qn + 2L(L + 1) _ E 'l/JL = O 
[ ( ) 

3 l 
p5 op op p2 p ~ cos(o:n/2) p2 cos2(o:i/2) 

(2) 
3.nech 

1 [ a ( . 2 a ) 1 a ( . 0 a)] □ = sin2 o: 80: sm o: 80: + sin 0 80 sm 80 · 

Pa3,neJIHH a ypaBH€HIIH (2) pa,nIIaJibHYIO II yrnoByro qacTH (1) II paCCMa
TpHBM p KaK napaMeTp, npHXO,llHM K ypaBHeHHIO: 

o _ !!. Qm L(L + 1) 
( 

3 

4 f
1 

cos(o:m/2) - 2 cos2(o:i/2) + An(P)) 'Pn(P, 0) = 0 (3) 

p = canst, 0 < p < oo, 0 :s; o:i, 0i :s; 1r. 

YpaBHeHIIe (3) npn rpaHH'IHhIX ycJIOBHHX 'Pn(O) = 'Pn(oo) = 0, n = 
1, 2, ... , N HBJIH€TCH OCHOBHbIM ypaBH€HHeM ,llJIH onpe.neneHHH 6a3uca rII

nepccpepH'IeCKiIX IlOBepXHOCTHbIX <pyHKUHll 'Pn(P, f!) II pernaeTCH 'IHCJI€HHO 
Ha 3BM BapnauHOHHbIM MeTO.llOM C IlOMOIUhIO aH3aua, HMeromero BH.ll (2): 

N 

'Pn(p,o:,0) = :z=ct)(P)Xk(p,o:,0), 
k=l 

l o~ w:.:. .. t ;;1:-~ft t.:.:~~m I 
u-:>lliilt 11cc::c,.;;;1.;:.:zQ 

6'16Jlt!OTCKf.\ . ._...., --..., 

(4) 



p- napaMe~p, n = l, 2, ... , N; 3necb ct) - He:inaecT,Hhre ·•rncnoahre K03q>

qm:uneHThl, a Xk(P, a, 0) - 3anaHHbie npo6Hbie cpyHKUHH, o6ecne'IHBaJOIUHe 

acnMnTOTH'leCKOe noaeneHne pememrn '11 L(P, 0) B ypaBHemm (2.J KaK npn 
p ➔ 0, TaK n npn p ➔ oo .. Ilpo6tthre cpyHKUHH Xk nmi: Manhrx, cpenHnx n 

6onbllIHX 3Ha'leHHH p HMeIOT BHn [3]: . 

{ 

Xk = <I>~~~1Ja3)Jt(cos03),19sN,,o<pS5 

Xk = <I>~2k1k (a2)P1k (cos02), N,<kSN,+N2,5<p95 
Xk = sin1

k a 3C~\°'.:_t_1 (cos a3)P1k (cos 03), N, +N2<kSN, l5<P 

(5) 

;r,.(m)(. ) (qm a) 
'l' nl a = <I> nl -:;:: p cos 2 , <I> (t) = e-tf2t1 L 21+1 (t) nl n-l-1 , (6) 

P
1
(x),L!'n(t),C:;_'(x) - MHOroqiJeHbI Jlarpami:rn, Jlareppa, rereH6ay3pa. 

Ilocne onpeneneHHH rnnepccpepnqec·Koro 6a3nca noaepxHOCTHbIX cpyHK

un:ii 'Pn(P, 0) o6ruee pemeHne ypaaHeHHH (t.l npenCTaansi:eTCH B anne: 

N 

WL(P, 0) = p-5
/

2 L Un(P)'Pn(P/ 0), 
·'iJ (7) 

n=l 

rne CHOBa Un(P) ecTb HeH3BeCTHbie pannanbHbie q>yHKUHH. , 
lfa ypaaHeHHa (2.) nnsi: HeH3BeCTHbIX q>yHKUHH Un(P) nocne onpeneneHnsi: 

'Pn(P, 0) nonyqaeM CHCTeMy o6bIKHOBeHHbIX nnq>q>epeHunanbHbIX ypaBHe-

HHH: 

[ 
d2 15 . ] n [ d d ] d2 - ~ -c En(P) + E Un(P) + L Qnkd + dQnk - Pnk Uk(p) = 0, 
p p k=l p p 

(8) 

n = l,2, ... N;cn(P) = 4/p2An(p);Qnk(P) = ('Pnlfp'Pk),Pnk = (fp'Pnla°p'Pk)-
llanee pe'lb nneT TOnbK0 o pemeHHH ypaaHeHHH (3) . 
IITaK, pemasi: ypaBHeHne (3) nnsi: noaepxHOCTHbIX q>JHKUHH 'Pn(P, 0), no

cne noncTaHOBKH (4) no MeTony ranepKnHa nonyqaeM cncTeMy nnHeHHbIX 

anre6pan'leCKHX ypaBHeHHH nnsi: onpeneneHHH HeH3BeCTHbIX 'IHCnOBbIX K0-

3cpcpnuneHTOB ct) B BHne [8]: . 

N ·.. 3 · · ·. 

. L (Dnk - ~ L QmU::i., - Wnk + AnSnk)Ckn) = 0, n = l, 2, ... , N (9) 
k=l. m=l . 

Snk = (xnlXk); Dnk = (xnl 0 1Xk) 

uir;:) = (x~IU(m)IXk); Wnk = \ Xn I cos2(~i/2) I Xk). 
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B l\taTpwrno:11 anne ypaaHem1e (9) 6yneT 

(D - U - W + >.S) ~ 0, (10) 

3 ' 

rne D = (D,,k); U = I°: U,~t>; lF = (TY,,k); S = (Snd-
. m=l 

O603Ha'IM A = D - u - n·, s = - s nonJ'lllM 

Ac.= >.Sc. (11) 

MaTpnqHoe ypaaHeHne (11) ecTb o6o6rueHHM anre6panqeCKM 3anaqa 

Ha co6CTBCHHbie 3Ha'lemrn. Benn•IIIHbl Qnk, P,,i, B CllCTeMe ypaBHCHHH (8) 
B naHHOH 3anaqe 3q>q>CKTHBHO H yno6HO BbI'IHCnHIOTCH no COOTHOllleHl!Hl\l 

Q _ l (, , )-11,· . n _ Q2 . nk - - 4 Ak - An 1 11k,F11k - - nk• 

3 

i~,k = (cp,,I L t" /2l'P1.). COS Om 
m=l 

Pa6oTa c nporpaMMOH BhPmcneHnsi: rnnepccpepnqecKoro 6a3nca n0Ka-
3ana, 'ITO, BO-nepBbIX, npn yBenn'ICHHH pa3MepHOCTll MaTpnubI Cl!CTCMbI n, 
BO-BTOphlx, npn 6onbmux 3Ha'leHnsi:x napaMeTpa p npoucxonuT norepsi: TO'!~ 

HOCTII, 'ITO 3aTpynHsi:no qncneHHJIO npoaepKy cxonIIMOCTll BapnaunOHHOro 
MeTona. 

'BbinO Ha:iineHO, 'IT0° TpynHOCTll B03HIIKaIOT npu. BbI'IIICneHHll naOIIHbIX 
HHTerpanoB, HanpuMep, Bnna 

IT 1 

I . 2 (3) ·1 (2) . ' ' 
ski= da3 sm a3<l>n;I; (a3) . d~3<l>nklk (a2)Fi, (z3)P,k (z2), 

0 --'l 

2cos2(a2/2) = 1 + cosa3 cosw1 + z3sina3 sinw1, (12), 

. Z3 sin a3 cos wi - cos a3 sin W1 z - . . 
· 

2
- ✓1-(cosa3 sinw1+z3sina3sinwi)2 ' 

3necb W; - q>HKCnpoBaHHble KOHCTaHTblj a;, Zi - nepeMeHHble HHTerpupo-
Ba:Hirn. . . . . 

Ha OTpe3Ke BHCllIHero HHTerpHpOBaHIIH [O, 71'] 6bmn' onpeneneHbl H Bbrne

neHbI y<IaCTKH, B KOTOpbIX nponcxonnT noTepsi: TO'IHOCTH npu BbI'IIICneHl!H 
Bcero nonbrnTerpanbHoro Bbipa)KeHHH B (12) n nono6HbIX cny'lcUIX. 

3 



Pacnrnpem1e ncrroJih3ye110ro rnrrepcqiepw1ecKoro 6a3nca n yBenn<IcHuc 
o6JiaCTll 3Ha'JeHHH rrapaMeTpa p B CTOpOHY ero 66JihlliHX 3Ha'IeHlflI II03B0-
JIHJIO pacc'lnTaTb ceqeHn.si yrrpyroro u Heyrrpyroro pacce.simrn B cncTe!\IaX 
3 .4Hedµ B6nu3u nopora dµ [7]. 

lfnmocTpaun.si cxomI!\IOCTH :-.1eTona pac'leTa npnBe.!leHa B Ta6nuue 1. 
Ta6mrua 1 

CncTeMa 4 Hedµ, p = 15.0, L = 0. 

N1 N2 N3 €2 (en= 4/p2>.,,) 
3 3 105 -1.0309243 
3 3 210 -1.0315926 

3 3 276 -1.0316257 
3 3 300 -1.0316326 

CrrMCOK JIMTepaTyphI 

[1] J.H.Macek. J.Phys. Bl, 831 (1968). 

[2] B.E. Een.sieB, O.lf.KapTaBUeB, B.lf.Ko'IKHH. Coo6rueHn.si Olf51lf, P4-
92-297, ily6na, 1992. 

[3] B.E.Een.sieB, O.lf.KapTaBI.leB, B.lf.Ko'IKHH. Coo6rueHn.si Olf51lf, P4-
93-460, ily6Ha, 1993. 

[4] V.B.Belyaev, O.1.Kartavtsev, V.I.Kochkin, E.A.Kalganova. Phys. i 
Rev., A52, 1765 (1995). 

[5] V.B.Belyaev, O.I.Kartavtsev, V.I.Kochkin, E.A.Kalganova. Hyperfine 
Interactions 101/102 (1996) 359-363. 

(6] V.B.Belyaev, O.1.Kartavtsev, V.I.Kochkin, E.A.Kalganova. Z.fur Phys. 
D, 41, 239-244 (1997). 

[7] O.1.Kartavtsev, V.I.Kochkin and E.A.Kalganova. Resonances anf near
threshold scattering in 3 •4 Hedµ. Hyperfine Interactions 118 (1999) 235-

237. 

[8] B.lf.Ko'IKHH. IlporpaMMa Ha .sI3hIKe c:f>OPTP AH ... Coo6rueHue Olf51lf, 
Pll-96-130, Ily6Ha, 1996. 

PyKOilHCh noc-rymma B H3)J.aTeJihCKHH OTJJ.eJI 
21 mom, 2000 ro.lla. 
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Ko'!KHH B.H. Pll-2000-146 
0 nocTpoettnn rnnepccpepnqecKoro 6a:mca a npo6neMe Tpex TeJI 
C K)'JIOHOBCKHM B3aHMOJJ.eHCTBHeM 

MoJJ.Hq>HUHpoBaH pattee npeJJ.JIO)KeHHLIH H peaJIH30BaHHLIH B cpopTpaH-npo
rpaMMe rn6KHH napHaUHOHHI,JU MeTOJJ. IlOCTpOeHH.sI «noaepXHOCTHI,JX» rnnepccpe
puqecKHX cpyttKUHH. IlOBI,JIIIeHa Ha nopHJJ:OK OTHOCHTeJILHa.sI TO'IHOCTL BLI'IHCJie
HHH. 

Pa6oTa BLIIlOJIHeHa B na6opaTopHH BM'IHCJIHTeJILHOH TeXHHKH H aBTOMaTH3a
UHH mum. 

Coofimenne 061>e111111emwro nncTmyra ll/lepnux 11ccne11oea1111ii . .l(y611a, 2000 

Ilepeao.u aarnpa 

Kochkin V.I. Pl 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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