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r A e  I - d A w H Y H a f l  M a T p m l a ,  2 H k - A m r o H a r b H t r e  w ~ p w  optlnranb- 
HUX MOMFIHTCJB W HMnYnbCOB ( k2>0) ,  V ( r , r )  - CWMMOT?HV)Iafl MUTPHUa 

n O T e H W a J l O B ,  I j 0 - KOHCToHTa B~BWOARRCTBUR / I / .  HCKOYHWH 
n n p a M e T p w i  f l ~ n f l m c f l  @ ~ H P B C C ~ R H H R ~  H aMnnHTYAbl A. Jlnfl p e u e H n f l  

BToR 3F&UOlrH TIpUMBHRYITCR HOK npf lMH0 MeTOAU YHCJleHHOl'O 

K H T O r P H J ~ ~ t l H A ,  T8K H BBPHaI(H0IfHblB nOAXO@i 12/. 
M p n o l l n o ~ n ~ H e  n o c ~ l o H o a w  ~ W B Y H  ( I ) - ( 3 ) HB nolyocn 

r€c 0, m) BHTeKnDT H3 C E O R C T E ~ ~  CTQUHOIiaPHOCTH @YHKUWOH~JIQ 

Y ( $ ) ~ ( ' 1 8  (%-k2)$)  ( 4 )  

H a  K n H c C e  QIYHKI~HR $(r, k) CO CKanflpHHH llFMIHBIWA0HHeM B C M U C l 8  / I /  
OT~~OCbfTeJ lh~ lCJ  l w v l o R  lMipHnllMH, C O X ~ ~ H R K X & ~ R  aMnJlHTYAH A H &3H 0. 
Haubunee YAOOHOR HWlHRTCn @ J ~ Y J I H p B K B  X~]~LTBHFJ ,  B K O T O ~ R  
H C ~ O J I ~ P ~ Y ~ T G R  AOnOJIHHTeJkvHO8 YCJlOBHe /3/ 

S(+)=O . ( 5 )  



I? S(E) = 8 ( E )  - arctg 2m 
pot 

( 18 

npw n o n o m M r e n a H o u  n p e A n a n o r e n w .  ~ o ~ ~ , / o E  . 2 / ~  ''1. 3 ~ e p r n f l  

p e 3 O H a H C n  E>l' HRXClAYITCfl n p M  3TOM M3 y c n O B n R  

G(E,)  = n ( n + 1 / 2 ) ,  Bb/fJE )E,E,ZOs ( 19 ) 

r.46 n = G ( O ) / x  - quonu CBfl3aHHblX COCTORHMR B nOT6HUMaJle V ( r .  l )  = 

= 2 ( 2 + 1 ) r - '  + V ( r . Y ) .  B VBCTHOCTH, e C J H  V ( r , r )  = ? M U ( r ) ,  TO B 
/6/ 

K w e c T s e  r MnmHo p a c c M a T p M B a T a  r=M . 
B n a ~ ~ ~ f l  pafiCJT0 RJIR pHlll6HVrfl o ~ H o K ~ H ~ ~ J I ~ H o R  3 a A a q M  p a C C B R H W  

( 1 ) - (  5 ) IlPMMfJHilHTCR M H ( J ~ O J I ~ ~ ~ M ~ ~ ~ ~ I ' I ~ C K ~ H  HTepaUUOHHBR CXBMa. 

KOTOpaR o ~ O ~ L ~ E ~ R T  MfjTOA ( 7 ). ~ ~ H J C T B B J I B M H H ~ ~  BJIrO?JUTM nO3BOJlf lBT 

HaXOAMTb pBI 'ynRpHO6 PBllleHMB f)( r. k )  M e r O  npOM3aOAHJno r, k )  /ak, 
3HaVeHMfl @ a 3 H  B(k) H ee nWM3BOnHHX 8b/Ok d a6/OE, a TaKllte 

3BHMCMMOCTM 6 ( k ) ,  6 ( E )  M A n m y  paCCRRHMR a0 % - O B / O k J  k,o. 
F~?:~~.JI~BTE~TH B H Y H C J I ~ H M ~ ~  nJ lR  HeKOTOpHX TIOTBHLlMaJlClB C p B H M B a D T C R  C 

M3Bf3CTHHMM. 



PaCCMOTPUM KpaeBylO 3 a A 3 Y y  AJlR paJ!JfaJlbHOTO ypaBH9HMR 

Utpe,qu~repa H a  o ~ p e s ~ e C  0, R l .  R + m 

I'AB KOHCTaHTH a.b.c M d O n p Q A e J l R ~ C R  BCUMTITOTHYBCKMMM YCAOBMRMH 

( 2 ) ,  ( 3 ). 3a~ana  ( 27 ) - (  29 ) .  annpoxcwxpymqacr npu kR > 1 
aa,qasy ( 1 ) - (  3 ) H a  noayocu r E C 0 . m ) .  AOOnpeAQJR9TCR 

B ~ F I W ~ ~ C J H H H M  yCJlrJBMBM 



5) C nOMOlUbD @OpMYJI 

d k  
kntl = kn + b mlt=tn 

d 6  . 
~ n t i  = On + 'n mltZtn ( 44 

~ n t l  = Qn + 'n $#lt=tn * 

C J T e n ~  M3 KOHeWOp3HOCTHt .n :  ~ K C W M ~ &  C O O T H O ~ ~ H I ~ ~ ~  ( 36 ). 

OnpeAElJMTb H o m e  ~ T ~ H ~ J M X ~ H H ~  H a  n p ~ ~ o R  t= tn t l .  E c ~  3wm 
n o n x o n R q u e  H a n a a b t u e  y c ~ l o ~ w i  kO, QO. OO , TO H T ~ ~ W O H H H R  npuecc 

1 ) - 5) M O W 0  nOCJlB~OBaT0J lbHO p e a m 3 0 B a T b  nJfl n = 0 , 1 . 2 . .  . . A 0  

8 

HOCTMlll6HHR ~ e 0 6 x o n m o R  TOYHOCTH B ~ Y n c J l e m  & , 7 ~  U* n p r y m p H M (  

~ B W H ~  $*( f )  IlpM 3aAaHHOM 3HaYBHHH kk*. m f l  mbopa 
M T ~ ~ l l U O H H O I ' O  U a r a  'T HCnOJIb3y0M CnOCob.  O C H O B B ~  H a  

MMHMMH3aUMH HRBSI3KHn/' 'I. 

me I @(zn)llh- HopMa c e T o s H o r o  onepaTopa,annpoKcnmpwero $(zn), 
a E>O - H a n e p e A  3 a A a H H 0 8  HOCTaTOqHO MaJlO0 UnCJIO. B p a c q e T a x  

z ~ a ~ a ~ a ~ l n c h  E = + 10-12. 

n p e ~ C T a B J l e H H H i 4  aJIl'OpHTM peaJ lM30BaH H a  fl3blKB FORTRAN-'77 H 
a f l a n T Q O B a H  B B6PCHM RM H a  nepCOH3JlhHOM KOMnhmPepe  T w a  IBM PC-XT. 

m f l  ElHaJlMaa TOYHOCTH B H ~ H C J H T ~ J I ~ H O R  CXeMH y ~ 0 6 H 0  

paCCMaTpMBaTh IlPIIMepH C H3BeCTHHMH aHaJMTMWCIMMH pBIlI0HWMH. 

OHHnM,H3 HHX flBJlfl0TCfl OAHOMePHafl 3 a A a Y a  

I 
I c ~ O T ~ H W ~ J I O M  Mope /12/ * 



- a (  x-Xa) 
5 = 2 d e  ; d  = =/a ; s = k/a ; 
w = arg T ( 1 + 2 1 s )  + arg T ( - d + l / 2 - l s ) ,  

3 ~ e c b  T - r a ~ u a - @ ~ q u f l .  

O ~ O ~ ~ H H O C T L I O  p a c c ~ a ~ p n ~ a e ~ n C I  s a ~ a q u  f l m f l e ~ c f l  TO 

OfiCT0RTHJlbCTBO. YTO HEl3aBHCHMafl n6pr3MBHHafl X K'MeHfleTCfl H a  B C ~ R  
OCH -a, < X < +a, IIPHYBM 

COOTBBTCTBYIOT p 8 b r ~ T R  / I 4 / .   TOT I I O T e H q H a n  H3ObpEtX8H H a  pHC. 1. 
T G ~ H O C T L  YHCJIBHHNX p 0 3 Y J l b T a T O B  3aBUCHT OT n a p a M B T p O B  

pa3HOCTH0f l  CBTKH f$,= { Xm2;111n=X0; x i+ lh;  1 = 1 . 2 , .  . . , N; XN=Xm 1. 
H t r o O x o n m ~ e  3 ~ a ~ e ~ u f l  n a p ~ e ~ p ~  xmlnr x-, h o n p 0 A e n f l J I I l c b  

n y T e M  B H Y H C ~ ~ H H C I  H a  n o c n e A o B a T e n b H o c T u  pa3mwx C e T o K .  

I 
B T a b n w e  1 n p e A c T a m e H a  ~ ~ B H C ~ O C T ~  m n u ' I m H  6 OT 3HaP8HHfl  

4 
Xmax. M3 ~ 8 6 J I m t l  CJIBAYBT, ' I T 0  n p H  YKa3aHHOM U l a r 0  CBTKM h T O W O C T b  

B ~ I M C J I ~ H M R  IIOpflflKa 10-A Y C T a H a m H B a e T C f l  lTPH X- > 25 . 
10 

T a f i n w a  3. O a 3 ~  p a c c e f l m  -6 AJIR n o ~ e w a n a  Mop38 
npu x ?: E-5.0.35.01 



PeMCHMfi C O O T B e T C T B y e T  T E J O ~ ~ T M Y ~ C K ~ ~ ~  0 ( h 2 ) ,  T a K  K 9 K  BBJlMYMHa 

o : ( G, - 0 ,,/, ) / ( Oh/, - Gh/, ) r: [ 4.004 ; 4.009 I . 
B 3 T O R  I 0  ~~6. l l l .111e S I C C T ~ U I I O J I ~ O W t I t I I J 0  3Ha'1011Mfl BUJIH'IMIIN 6 

CPEIBHMR3H)TCR C aHFl.nWTM'10CKMMII BHSYeHMRMM. BHYMCJleHHHMM I10  MYJI JIB 
( 52 ) ,  a T a K X e  C; p 0 3 y J l b T a T a M M  YMCJIetlHOI'O p a C Y 8 T a  . A H ~ X H ~  

p e 3 y J I b T a T O B  nOICa3blBEI0T. YTO 3KCTpanOJIMpoEElHHHe BHBYQHMR 

Ofi0ClIbVnBEIfOT TOYHOCT 6 BUYMCJI0HMR @ a 3 H  Z 10-'+1 o - ~ .  p e B y J l h T a ~ ~  

p a d O T N  / I 4 /  COBTraAaDT C aHaJlMTMY0CKMMM JlMluL C ABYMR BepHtiMM 

BHaKaMM, YTO O ~ Y C J ~ O R T ~ B H O  H e B e P H 0 R  ~ O C T ~ H O B K O R  3 a A a Y M  H a  nOJlyOCH. 

Ha p M c . 2  n p 0 A C T a E X e H O  n O B 0 A e H M e  @ a B H  pEiCCeRHMR B 

3aBMCHMOCTM O T  BeJIMYMHH h=k2, M3MeHRI0uefiCfl B MHTepBaJ lB  O T  0.01 A 0  

4.0 . Ha p ~ c . 3  ( a n l o p )  H a o b p a m e H a  ~ ~ H M C M M O C T ~  B (  h )  npn dome 
HM3KMX "3Hepl'MflX" h t [  0.000001 ; 0.091. Ha pHC.  4 M 5 IIpEJflCTaELJleHH 

COOTRATCTRYHlWE( 33BMCHMOCTH t g ( G (  h )  ) . Ha ~ W C .  6 M B 0 6 p B X e ~ a  

CXOflMMrJCTh npM6.llMlK0~MR K BOAHOEOR (PYHKUIIM 14( 5, k )  AJIR k=O. 2 (  h - 0 . 0 4 )  

OTMBTHM, VTO y X 6  IIOCJle n t l p n o R  MTepaUl lM ( n = 1 )  BOJlHDBaR QyHKIlMR 

npMHHMS0T @oI)MY, 6 J l M B ~ y l o  K ~E)UI6HMH). M OTJIMYEIBTCR B~JIHYMHOR 
3MTIJlMTYAH A. nr1M n=5 IlpMfiJ lMI0HHaR aMnJlMTYfla AOCTaTOYHO 6 J l M 3 ~ a  K 

MCKOMOR C B a f l a H H O a  TOYHOCTtdO aMnJ lMTyAe  p0UleHHfl ( n = 1 2 ) .  Ha pm.7 
~ ~ o d p a m e ~ a  C H J I ~ H O  o c u M . n n q y w a R  Bon-ioBafl (PYHK~HR + ( x , k ) ,  

Bt/lIHCJIOHHaR n p M  kz2.0 . H,? p M C . 8  n O K a c i a H 0  n O B e A e H M e  np0nBBOAHOR 
aa a6 2. ~ I J ~ @ M K  n p M  HM3KMX 3HBI)l'MRX hEC 0.000001 ; 0.091 IIpeACTEIBlleH 

H a  pMC. 9 ( 311KJp p M c . 8 ) .  nI)M 3HBpI'nRX. bJIH3KMX K HYJIH), MOXHO 

OI!,eHM'rb nJlMHy PaCCeRHMR i$Op~yJlB 

anma jMCCBflHMR, BHYMCJIBHHaR AJlR TIOTeHUHaJIa Mopse ( 47 ) , (  55 ) 

npx ~ = O . O O O O O I  ( ~ = O . O O I  ), pama aO = 6.5715 2 2n, YTO 

n 0 n T B e p X A a e T  BapMal lnOHHylo  O q e H K y  ( 15 ). H 3  p M c . 9  B W O ,  YTO n p M  

M a m x  L ( k < 0.05 ) B e n M s m a  T I ~ M B B O ~ O R  c ~ a 6 ~ ~ ~ 3 n p y  BTCR 

IlMeHHO B 3TOM UHTBPBaJlB,  YTO I I O A T B e P X A a e T  K O m e K T H O C T b  

ITPOBBABHHHX P a C Y e T O B .  

%cJI€'HHHe a C Y e T b l  IIFOBOAKJI3iCb T a m 8  AJlR HeKOTOpblX MOAeJlbHHX 

n O T 8 ~ a J I O B  'P2/, BUA KOTOpNX Y K a B a H  B 38l 'OJlOBKaX K T B b m a M -  
i2 

t .L Rlc . 1 . EM.4 nose~uiaJa Mapoe 2YU(  x )  Rc .  2.3armomocrs paecenm 
C I I a p a M e T p a M H  ( 55 ) 8 OT h = k Z € [  0.01 ; 4.01 

12.0 

4 

t .t t .t 
~ ~ c . 4 .  ~ B B H C M M O C T ~ ~ ~ ( ~ ) O T  A=RZECO.OI ;~ .OI  PHC.~ .~BBHCHMOCT~ @33H P a C C B R H W I  

B OT x=k2c[ 0. oooooi; 0.091 
40.0 

30.0 - 0.60 - 

28.0 - 
2 10.0 - 

; 
!- 

- 0.88- 
J - 
w 0.0 f x a .., 

-10.0 - s 
-0.50 - 

4 

-28.0 - 
-30.0 - -1.88 1 1 1 1 1 1 ,  

-6  0 6 10 16 28 26 38 36 
-40.0 -L-- 

8-68 @.b3 0 . k  889c.6. C X O A H ~ ~ O C T ~  ~ J I H O B O R  OJWWfH 
t .t g ( x , k )  npn k=0 .2 (A=0 .04) .  -8: 

Pac. 5. ~ ~ B H C H M O C T ~  t g ( 8 )  1 - nocne 1 - R  me- (rial); 
OT h=k2cc 0. O O O O O ~ ;  0.091 2 - nocne 5-R, 12 - R  i r r e p w t ~  (11-5.12) ' 

13 





Tabnwa 3. t g ( 5 )  a n f l  n o T e H u n a n a  H)K~BH. 

C ~ B H ~ H M ~  p e 3 y n L T a T O B  

Tabnwa 1 0 .  t g ( 5 )  nnf l  c T a T n s e c K o r o  n o T e H q M a n a  a T o M a  

BOAOFQAa. C p B H e H H e  p e 3 y A b T a T O B  

n n s i  t1-0. 

B T a b n m a x  8-11 3 ~ c ~ p a n o n n p ~ a ~ m e  ~ H ~ Y ~ H H R  CpaBHHBalarCfl c 
p m y n m a T a M n  paae8r /16-1q'. B ~abnmax 8 rr 9 npuseaem a ~ a s e ~ m  
t@ H CP3BHeHMe C pe3yJ lLTaTaMH,  nOJlyYeHHNMM MeTOAOM P y H r e - K y T ~ a  

( P - K ) ,  ME'TrJAOM HHTBI'PaJlLHCJI'rJ QaBHeHUFl ~ ~ P B A I ' O J I L M ~  (HY@) H MeTOHOM 

c n n a t h l - ~ o n n r ~ ~ a q n n  (C-K) .  B T p e T b e u  c T o n d u e  T a b n n u H  11 TIPMBOARTCR 

p e a y n t ~ T a T H ,  nonyuemne npu n o M o u n  MeToAn @ a a o ~ H x  @~HKU& ( M ~ T O H  

0 . n p M q 6 ~  B IlOCJlAAHHX HByX CTOfibUaX T a b J l w  8-11 AaHH 

3KCTpanoJlKpDBaHHHe 3H€I'4eHHFl t@, nrJJlyYeHHHe H a  nOCnenOBFtTeJlbHOCTM 

c r y q a n q n x c s i  ce~ox .  
M M ~ ~ T c R  X C J ~ l l J e e  COBnaAeHHe n O J l y V B H ~ X  p e 3 y n b T a T O B  C 
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Bmn~qnmil C.H.. ny3unmn H.B., C~npnoe I0.C. Pll-89-865 
Pewenne 3 a ~ a . 1 ~  paccennmn na ocnoee MnoronapaneTpmvecnmx 
H ~ K ) T O ~ O B C K H X  cxeM. O~nonananbnoe paccennme 

Aana noean MnoronapaMeTpmvecnan nuoTonoecnan mTepaqmonnan cxeMa peruenmn 
3a~aqm paccennmn. Yc~anoenena CBn3b 3 ~ 0 g  c x e w  c m3eecTnWn BaPHaqHOnnWm 
npHnqHnaMm 3anaqm paccennmn. Aannan cxeMa peanm3yeT yToqnetime napaMeTpOB 
PaCCeRHHR 0 COOTBeTCTBHH C TeM HflH HHW BapHaqHOHHW flpHHqHflOM 0 3aBHCHMOCTH 
OT @ p w  AononnmTenbnoro acmnnToTmqecnoro eapmaqmonnoro ycnoemn b~ rpanmqnux 
ycnoenil e nenmneilnoil IIOCTaHOBKe sa~aqm paccennmn Ann paAmanbnux ypaenenmil 
Ulpe~mnrepa. C x e ~ a  no3eonne~ naxoAmTb perynnpnue eonnoeue @yn~qmm, 3naqenmn 
Qaou, ee npomoeo~nue OTHOCHTeflbHO sneprmm m mMnynbca, a TaKme mmnu paccennmn 
H wmp#nu peoonancnux coc~onnmil. f lpoee~enu pacqeTu &nn nenoropux noTenqHano0 
H AaHO CpaBHeHHe C H3BeCTHWH pe3yflbTaTaMbl. fl0KalaHa YHHBepCaflbHOCTb b l  3$- 

Q e n ~ n e n o c ~ b  suwcnmTenbnol c x e w  Ann rumpOKor0 mnTepeana anaqenmil HMflyflbCa. 
nporpan~a pean~ooeana na 38M EC-1061 m fl38M Tmna I8M PC-XT. 

Pa6o~a eunonnena e fla6opa~opmm ewmcnm~enbnol TeXHHKH H aBTOMaTH3aqHH 
OHRM. 

npenpim O h ~ e n w o r o  iuicmqm me- ~~ccneaoaumft. &bra 1989 

V l n l t s k y  S.I., Puzynln I . V . ,  Smlrnov Yu.S. P11-89-865 
So lu t lon  o f  the Sca t te r ing  Problem on the  8ase 
of Mult lparameter Newton Schemes. One-Channel Sca t te r ing  

New mult lparameter Newton l t e r a t l o n  scheme I s  suggested f o r  s o l u t i o n  
o f  the s c a t t e r l n g  prob1em.A connectlon o f  t h i s  scheme w i t h  Known v a r i a t i o n a l  
p r i n c i ~ l e s  o f  the s c a t t e r l n g  problem i s  determlned. The scheme def ines more 
precisely the s c a t t e r l n g  parameters according t o  the form o f  a d d i t i o n a l  
asymptotlc v a r i a t i o n a l  cond l t i on  and boundary cond i t i ons  i n  the nonl inear  
representat lon o f  the s c a t t e r i n g  problem f o r  the  r a d i a l  Schroedlnger equa- 
t l o n .  The scheme a l lows t o  f l n d  regular  wave funct lons,  values o f  the  phase 
and I t s  d e r l v a t l v e s  r e l a t i v e l y  the energy and the  momentum, s c a t t e r i n g  . 
lengths and wldths o f  the resonance s ta tes .  The c a l c u l a t i o n s  have been per-  
formed f o r  some p o t e n t l a l s  and comparlson w l t h  the r e s u l t s  obtained before 
I s  glven. Universal l t y  and e f f  l c lency  o f  the c a l c u l a t l o n a l  scheme are shown. 
The program i s  r e a l l z e d  f o r  the ES-1061 and IBM PC-XT computers. 

The i n v e s t t g a t l o n  has been performed a t  the  Laboratory o f  Computing 
Techniques and Automatlon. JINR. I 
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