


I I o T e n r M a n H t r e  x p m t r e  u,(R) E x a H a m H M e  @ymw Qp tR;Q) MH Ha- 

x o m ,  p e m  arrre6pamecrcys, 3auany H a  G o ~ c T B ~ H H H ~  ~ H ~ P ~ H H R  

B pa6o~e ~ ~ ~ n e 1 [ $ ~  M e T o n  rmepc@pmec- xoop-T ~ H J I  B n e p m e  

y c n e n u I o  npHlaeHeH x p a c n e T y  E x , ? a c c ~  =TO o ~ a 3 a r m o ~  coc~m- 
H.&i e B =fiehehl MeTOn p a 3 B W C I I  B pa60~ J 2 - ~  (CM. 0630p 
Word). B ~ea-eil p a 6 0 T e / 6 /  o c i l o B f i o e  B-e bun0 yae~leno a3yse- 
IIB~D H ~ K K ~ ~ ~ T H O M ~  m c n e m m  I I O T ~ ~ H ~ M  KPEBHX B K B I I ~ J E H ~ ~ X  BOJIHO- 

BHX @'HIa# C T m T e a m  HCCJIeJIOBaaa0M OUIE~OX,  BOSH- ~3-3a 

orpammemrn xone- --mcnou n n e a o B  B H C ~ O ~ ~ O B ~ E H I Z X  ~ B T O ~ M E  pamo- 
XIKBRX. B B T O ~  p a d 0 T e  T W e  HCCJI0JIOBaJlECb MaTpFXKHe 3JIeMeHTH WaJIb- 

HOB CBRBH,E B Q H ~ ~ H E E  DJTx RaHWIOB BhmOJMeH P a C P e T  OCHOBHOrO 

COCTOIIHBR 8 T O m  He. BOnpOC 0 H ~ O ~ X O ~ C T H  BHXOW 3a -6aTE- 

necmro 1rpi16~1nxe~~rrr HNI C y u e c T B e I f B o r o  n o B m e a m  TOWOCTB p a c P e T o B  

cnempa a n e m  ~~~yxamx~pot~arx c x c T e v  H e o m o K p a T H o  n o ~ p ~ ~ l r a ~ ~ c s  B w- 
T e p a T y p e .  Ol'paHiNeIiEe P4IWJl5- SPaBHeHEXME H e  ZLBeT OTBeT H a  

n o c ~ a a r r e ~  ~ ~ n p o c .  noaroaqy n p e n c T a x m e T  necoaaremdl mepec  BHIIOJI- 

m b  ~ c m a o w x e  ~ m m m  ~emmiaxaaoil C-H H a  ~ B H E  a H e p r m .  

H a C T O J m J 3  pa6o~a nocmeHa anaw3y WKTOB ~eaJr,ua6aTmecxoB carraa 
&7J3 OCEOBHHX COCT r e w e n o n o 6 ~ a o r  c a c ~ e ~  5- , He, Li+ , ~ e * .  

m e w  p a c i o ~  , MH H C I I O W ~ Y ~ M  pexymm H c x o m o r o  m e c T m e p  
iioro y p a B i i e m  I ( l p e m e p a  B rmepa&pmecKHx x o o p m a T a x  x ~ ~ C K O B ~ P -  

aoii cmrcrebfe 06hwrose~wa i t t x @ e p e ~ ~ ~ ~ ~ ~ ~  y p a B H e m B  no ~ . U J X ~ J E H O ~ ~  

nepeuemoil R 

B ~ ~ ~ M O A ~ ~ C T B E I R  e B I I p o C T p a H C T B e  C O ~ C T B ~ H H ~ D ~  @HK@ \VLP,e,) One-  

P a T O p a  odod l se~~oro  yI'JIOBOI'0 MOMeHTa B meCTUhlepHOM IIpOCTpasICTBe MH 

3aI IHcUBaeM B B U e  KOHerUEtIX 3HaKOnep0MeHHHX CyMM. IIPH BhmrrCJIeHHE T a -  

KHX C W  C P C T O M  KBaHTOBOrO Y H C m  ?I ~ H C T ~ O  H a K a r u M s m C R  0 m H 6 m .  

K ~ K  OTMePeHO B p a 6 0 T e / 7 (  H a  64-pa3pKJlWX 3B!d ISpaFcTKrIeCXE BO3MOlRHO 

BhIgHCJIeHRe MaTPWXHhLX 3JIeMeHTOB JIErmb A 0  KmaX -16 (u = pi+ PZ+2n) . W a K O  

3~aseme K = 6 H e  06ecnew~ae~ n o c ~ a ~ o w o l  TOPHOCTH, ~eodxo- 
AMIVIO~ AJUI a ~ m 3 a  ~eaammmoYn C B R ~ H  r r p ~  pemem cucrem ~ ~ A E ~ J I L H H X  

y~a3annoP T ~ ~ A H O C T M  MH B C ~ ~ O J I ~ ~ O B & I I ~ I  

B n a H H 0 f i  pa6o~e H m  ~ H W  BtmHCJEHH 

MaTpK¶HHe 3AeMeHTH BLlJIOTb JIO 3HaPeHHJl  nn,,,= 54 H em,, = 3. w0 KO3Bo- 

m e T  110-6 IIOTeHLtiiaJIbHHe x p m e  c T O ~ O C T ~ D  -0,0001 a.e. 
am H e n p e p n o r 0  rrpononxem n0~e-m  pash her E ! M ~ T ~ -  

3neMeHTOB ~ e a , Q k l a 6 a T K ¶ e ~ K 0 f i  CBRBH, BH¶HCJIeHHHX B y 3 n a X  C e T U  

( 0 A R 4 A, ) H3MeHeHHJl I'ElIepp8JlEyCa R , m m C b  rcg6wecm 
cnnaih-m~epnonmwi. 01rui6~a OT a ~ o a  m T e p n o m m  moro MeHbUle A p y r ~ x  

snrsmcmennmc om6ox. Waqa I I J r ~ - J I ~ m  (I 1- ( 2  ) a n n p o x c w i m p o B a -  

mcb H a  nepa~nwepnott c e T x e  c n o M o u m  T p e x T o n e ¶ m x  ~onewio-pasmc~wur 
@pl'&'JI B T O p r O  IIOpfiAKa TOPHOCTH OTHOCHTeJIbHO mart3 C e T m .  P e m e f i k m  

B O ~ H H K B I D ~ ~ ~ ~ ~  r r p ~   TOM 06061~e~ao# a m e 6 ~ e c ~ o %  3mau a c o d c ~ ~ e n n ~ e  
3 H a P e H m  ~ H J I  HCIIOJIb3OBaIi MeTOn ETe-H l I O A l l p O C T p C T B 7 9 / ,  lI03BO- 

& OAHOBpeMeHHO HaXOAlITb HeCKOJIbKO IIePBHX C O ~ C T B ~ H H H X  3 H a P e H l d  E 

c e s o w  codc~senwur w. 
TO¶HOCTb OKOHnZlTeJ&HOrO p e 3 y J L b T a T a  3aBHCUT OT s H C m  W H ~ H ~  

B CECTeMe ( I  ) , 3HaPeHELtI R - n p ~ ~ 0 f i  l " P ; L H u  O ~ ~ C T B  E m T e m q o -  

B a l W 3 ,  mma W ~ H O C T H O ~ ~  CeTXU A R H KOJIHgeCTBa mTbIBBeM6D[ B w- 
n o x e H E E  ( 5 )  s n e H o a  ( L- t i  6 m c @ e p w e c m  r a p o H m  H n - /a  + i 
n o m O M O B  m06~). AJUI n p a K T w e c x o r o  onpeaenem no- C X O ~ O C T E  

CeTOVHOrO pemeHELtI OTHOCUTeJIbHO mma A k! H BO3MOlRHOCTH n o ~ ~ e q y l o r r l e %  



aKcTpano- no map4coHy aToro pemeHaR nposenem pacnertr OCHOBHO- 

PO COCTaRHlYr OTPH4ifTeJIbHOrO HOHa BOAOPOm H a  nOCAeA0BaTeJIbHOCTX 

w o e  C-cR CeTOK (CM. ~a6JlEUy 1). AHailE3 pe3YJIbTaTOB. IIoJry- 

¶eHIQor LUIR HeKOTOpHX H ~ ~ O ~ O B  MPaMeTWB B H P H C W T ~ J ~ ~ H O ~  CXeMbI H m3- 

naareem no rmepc.@psmecKohw 6aaxcy. n o ~ a 3 m a e ~ ,  ¶TO ceTowoe peme- 
HEe O~JEU@~T CKO~CTblO C X O W O C T H ,  C O O T B ~ T C T B ~ ~ ~ ~ ~ ~ ~  IIOpqWy IICIIOJIbBO- 

M H H d  K O H ~ ' ~ H O - ~ ~ H ~ C T H O ~  LUQlpoKCkPdaUDi. 3TO IlO3BOJLl3eT IIpOBeCTH 

ponaeakle PWHOCTH~~X pememii c nwwm aKcTpanoaamu no PwapncoHy. 
MccneAoBame c x o w o c ~ ~  rwepcQepmecmro 6aalrca no slrcrry s m e a -  
HHX B CHCTeMY (I) Y P ~ B H ~ ~  l3 KOJrWeCTBy I?,,+% ,HCIIOJlb30BaMIhM B 

pa3aoa1e~m (5) 6 a @ p w e c m  rapaoHmc,m npo-sew T a m e  ~a npghrepe 

.OCHOBHOrO COCTORHEYr H-. pe3yJIb~a~H 3THx paC¶eTOB W- 

nee&& y ~ a 3 a ~ ~ m m  sme napaMeTpoB, a Tamice peaym~a~tr a ~ c ~ p a m o ~  
no W.Q' CeTKE, IIPeHCTEiBJIeHH B Ta6JIlZl.E I. H3 3TOE Ta6- B-0. ¶TO 

y 3Ha¶eHEk BHBPI'EE, BWHCJIeHHHX B O~OKaJiaJIbHOM IIPH~JIB)~[~HEE H a  

n o c n e n a ~ a ~ e ~ ~ b ~ o c ~ n  w o e  c ~ c a  cerort, ~3aaeme~ca IIRT& 
3 ~ a ~  nocne a a m ~ o i i ,  Torm X ~ K  nocneAoBaTemioe Bmmeme BToporo, a 
3aTeM TpeTberO IBHaJEl nPKBOAHT K H3MeHeHBII TpeTberO E , COOTBeTCTBeH- 

HO, ¶eTBep!coro 3 ~ a ~ a  nocne aanrr~olt. n o c n e m e e  H a m a m e  nacm 
Ypaxiewd MemeT = IIRTW @py B 3 ~ a ¶ e ~ m i  3~epr.m. Jaaaeihud 
aii-3 ~a6- I n o m 3 m a e ~ ,  ¶TO n p ~  n o b a m e m  w e x a  c yne~aq 

Pmax=2 p e a y ~ r ~ ~ ~ p y m w  a ~ e p r m  BMerneTea B neTsepToM amme 
(- M 0,00086 a. e . , ¶TO o c ~ a e ~ c ~  crrpat3e-u E n p ~  ~ o d a a n e ~ ~ a  

emar = Y ( -  H a  0,00018 a.e. 1. T- o b p m o ~ ,  pqeT TOJI~KO s , p ,d 
H f BOJH HeAOCTaTOPeH AJM TOrO,  ¶T.OdH YCTBHOBETb 3HepHB PeTBep 

T& 3 ~ a ~  nocae aam~ol t ,  H, CnezoBaTexbHo, IIOJDTPHT~ 3~aqeme  ~ H ~ ~ E E  

C TWIOCTblO 1 0 ~ a . 8 .  3TOT BHBOA IIOWOCTLD COBCyeTcR C p e 3 Y B -  

aa, Bhmomrennoro B pamu MeTom m o x e m  RO- 
T- B P ~ O T  BpF3/. , mmcnemoe B muell ~ o ~ e  H w e e  3mqeme a H e p  
rHa ocHoBHoro C O C T O ~ ~  H- WHO -0,5274 a.e., r l ~ o  w o m c r r  B 

xopnueu cormcm c ~ a p s s a m a o ~ ~ h ~  p a c ~ e ~ o ~  11e~epnca 
Em,= -0.5 77 a.e. 
B pa6oTeY61 n-peacTameH pacwr ocaosHoro coc~omur  aTom ream 

B D-aJIbHm npH65eHm H IIPHBeAeHH 3HaPIHBII JBPaMeTpoB. W E  KO- 

Top= OH 6- BHUOJIiieH. 3TO Aa.10 HaM BO3WlWOCTb BOCIIpOH3BeCTH 3TOT 
pacneT B paa~cax Hamelt ~ m c m ~ e w a o l t  cxem. I& n o ~ y m ~ m  maneme 

Em= -2,8987 a.e., ¶TO xopomo cor e ~ c ~  co aaaneme~ E, = 
= -2,899 a.e., npmeze~wrac B pado~e  Axianor- pacse~ B omo- 
m-HOM I I P X ~ J I E ~ ~ ~ H E E  AaeT 3 ~ a ~ e - e  L= -2,8956 a.e. AJM He E 

6= 4,5257 a.e. rwr H-. B paboTe/I1/ B a~ola xe n-pn6amce- 

noJw¶eHH sHaneHm L= -2,895 a.e. m He H E,= -0,5259 a.e. rurrr Ii. 

~ a 6 ~ m a  2. 3~eprm OCHOBHHX COCTO- H-. He, LC , ~ e *  (B a.e3 

H c c n e ~ o ~ .  manorme  n-pmeaeHHwr B ~ a 6 m e  I ,  ~ K W  IIpoBe- 

AeHM TTawe AJM OCHOBHHX COCTO& He, L; , B*. Om IIOATBepaSSadDT 

CJ&3JIaHHHe BWlle BhlBOAH OTHOCHTeJIbHO 3~BklCEIMOCTH 3~a¶e& 3 ~ e p r ~  OT 

napaMeTpoB ~ ~ H O C T H O ~ ~  cxew H rmepc@epwec~oro 6a3~ca .  OKoRsaTenti 

me pe3yJIbTaTH, nowemme rprTeM ~ K C T ~ ~ I ~ O J - Q K L ~ K E  no mary ceTm LU~R 
OCHOBII~IX C O C T ~  B, He, LC , ~ e + +  ,rrpeAcTasnem B ~ a 6 m e  2,  rAe 
OHa C-CR C pe3YJIbTaTM WC'ieTOB BapHaupOHHhw MeTOAOM, MeTO- 

AOM XapTPH+Ka E MeTOAOM HaJiolEeHW Y ~ o H ~ ~ ~ .  B  TOE ~ a 6 w 4 e  Mhl 

IIpaBoJUUd pe3yJibTaTH WC¶eTOB MeTOAOhl H&iOjlreHIVI KOH@-, B3RPMe 



~ 1 3  ~ 6 0 ~  $I3/, B KOTOPHX ~ H W  Y Y T ~ H H  T ~ K  % e ,  K ~ K  K B HZIUMX B ~ H C J I ~ -  

HEUEX, S ,  P , d H f BOJHH. KaK H CJIeAOBa.10 OKHAaTb,  FX33yJIbTaTH 

O Y e H b  ~ J I ~ I ~ K H  npYT iC pJlJTy. 
~ P O B ~ A ~ H H K ~  BbIIlie aJIaTYI3 jr6e.lWTe~IbH0 CBLL9eTeJlbCTBYeT 0 TOM, ¶TO 

A.W IIOlQ'YeHHFi y p ~ ~ e f i  3HePI'IILI C BHCOKO% T09HOCTbH) HeAOCTaTOPHO TOJIb- 

KO IIOBbrmaTb TOYHOCTb BWHCJIeHELR IIOTeHLUfEUhHhIX KPEBHX, HO H ~ o ~ x o A R M O  

TZWKe yBeJlK¶MsaTb ¶iIC,?O ~ I G l J I b H h I X  ~ ~ ~ B H ~ H X I ?  CKCTeMtr ( I ) .  T a K ,  HNI 
p a C s e T a  OCHOBHhlX COCTORHM~~ I ' e J IKe l l0~06HhIX CHCTeM C TOPHOCTbH) -10-~a.e. 
H ~ O ~ X O ~ O  D e C T b  H e  M e H e e  T p e X  KaHaJIOB. TaKElM 0 6 p 3 0 ~ .  pa3- 
~rrdop n a p a M e T p o B  r m e p @ e p ~ q e c ~ o r o  6a3~ca I I O ~ B O J L R ~ T  n p H  O T H o c m e J I b H o  

He60JIbmKX 3 a T p a T a . X  MaUllWHOI'O BpeMeHH U O J y ¶ a T b  3HaYeHLIFI 3 H e p I ' d  C 

AOCTaTOPHO B H C O K O ~ ~  TOUHOCTbXI. 
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MHoro~aHUIbHbIfi pacver 3~eprHii OCHOBHLIX C O C T O R H H ~ ~  

rennenon06~b1x cncteM B p a ~ ~ a x  Merona rnnepc@epnrec~ux KoopmaT 

Bnepea~e B MHoroKananaHo.hl ~ a p a ~ ~ e  MeTona rnnepc@ep~uecmx KoopmaT pac- 
C I U I T ~ H ~ I  3neprnn O C H O B H ~ I X  COCTOIIHHR atoMa He n HOHOB H-, L1+, Be+: qncne t f~o  n3y- 
veHa C X O ~ L H M O C T ~  rnnepc@epmec~oro a m a b a ~ n r e c ~ o r o  6a3uca. npu  pelueHwt cHcTeMM 
PUXHUIbHbIX ypaBHeH&ifi YWTbIBUIOCb OT OnHOrO no lueCTH KaHi3.JIOB. n p ~  3 T 0 M  B pa3nO- 
XeHUH no ~ H C @ ~ P H ~ ~ C K H M  rapMOHUKaM HCnOJlb30Ba.'IHCb WeHbI C o p 6 ~ T U I b ~ h 1 ~  MOMeH- 
TOM OT Hyna no e ,,, - 3. n o ~ m m o ,  w o  m a  nonyveHwi 3~eprnfi  c T O Y H O C ~ ~  - 0,0001 ax .  
H ~ O ~ X O L W M O  pelUHTb CHCTeMy He MeHee, W M  H 3  TpeX pUHUIbHblX yp-HeHUfi. nOJIyWH0 
xopoluee cornacne c pe3yns~aram manornwbrx eb~wcnettnii npyrnMn ~ e r o a a ~ ~ .  no-- 
3W0, wo M H O ~ O K ~ H W I ~ H ~ I ~ ~  e a p m T  weTona rnnepc@epusecmx KoopnHnaT MOXW ycneuiio 
npHMeWbCR, Hapany C H3BecTHbIMH MeTOnaMH, mIi PaCveTa CneKTpoB DyX3neKTpotIHhLX 
CHCTeM. 

Abrashkevich A.G. e t  al. P4-88-91 
Multichannel Computation of the GroundState Energies 
of Helium-Like System within the Hyperspherical Coordinate Method 

For the first time the multichannel version of the hyperspherical coordinate method 
is applied to  compute the ground-state energies of He atom and H-, Li', Be++ ions. The 
convergence of the hyperspherical adiabatic basis is studied numerically. When solving the 
system of radial equations, account was taken of one to  six channels; and in the expansion 
over bispherical harmonics we was made of the terms with orbital momenta in the range 
from zero to  f,, = 3. It ie shown that for detenning the energies up to  about 0.0001 a. u. 
it is necessary to  solve a system of at  least three radial equations. Good agreement is obtai- 
ned wiaith analogous calculations by other methods. It has been shown that the multichannel 
version of the hypersherical coordinate method can be successfully ueed to calculate the 
spectra of twoelectron systems. 

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