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· Some practical potentialities ~f the separable expans~on 

of partial harmonics of the nucleon-nucleon po~ential \t(~,Ki) 
of an arbitrary form are considered here. It turned out that 

the most universal expansion has the following form 
. IV . 

\ 1 (~~K'): '>(oC1

) P<l(,~.)P(Y 1 S'\) 
Ve , . L_ . . <J . 1. ..; ' 

'.J..: -:1. 

\Vhere 

- l = \,t (s. ':l· "\ and P is· the ·interpolation 'function~ 
ct. 'J e • ' J J . 

p()/". 'St\:::\((S' S') }-1.=1, .... "'(+1111 . / ' } c. . /I ' . / ' ~ :1. • • tV 

The· possibility of the direct application of the· formula 

of the .mechanical quadrature·to.expression 

.,0 . 

Ve (K,~i)= .2~~ ~V,(t)t2je(~c~je (tc1'c);Ct 
u . ' 

is also discussed. Such factorization appears to be the most 

effective for the square well potential and for potential with 

the infinite repulsion at the small distances. 

The separable representations of potential \Jc(( ~, ~·) 
based on the expansions of the form 

jt ( n) = ~ C ...,e ( ~ ) t-1 ... ( t J 
are discussed.as well.· 

The proof of the uniform convergence of Beitmans' expan-

sian 
\((K,t'').: ~ (ol-i)IJ V(~,Si)V(<>j ~·) 

is given. 
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1. 0,nH03HaqHa51 HHTepnpeTaUH51 Ha6mo,naeMhJX CBOiicT~ 3-:HyKiJOHHhlX 

CHCTOM B03MO>KHa B TOM cnyqae, eCnH npH pemeHHH JlHHaMHqeCKHX. ypaBHe-
. . . . . . . : /1/ . . .. ·. .·. .. . . 
HHH (ypaBHOHHH <l>a.u,neeBa · . B ,naHHOM cnyqae) He npHBHeKaJOTC51 HHKaKHe 

.nononH!nenhHhJe coo6pa>K_eHR51 o CBOHCTBax cucTeMhi; T~e. npu 6esMo.nenh

.HOM MeTo.ue pemeHH.R ypaBHemin •. flpu aToM npoueilypa npu6nR>KeHu.R: .nomKHa 

rapaHTHpOBaTb c:co.nHMOCTb npouecca npuf>nu~eHH51 H. 6biT~· .[lOCTaToqHo yHH

BepcanbHOH ,nng pacqeTOB C . .UByxqaCTifqHhiM B3aHM0.1lOHCTBHOM npoH~BOnbHOH 

ljlopMhi. ,. 

Hau6onee pacnpocTpaHeHHhiM cnoco6oM pemeHR51 ypaBHeHRH <l>a.n.neesa 

51Bn51eTC51 MeTo.n qenapa6enhHoro-npe.ncTaBneHH51 2~qa~ruquoil napuuanbHox 

..;MaTpHUbi: 

N 

I ce. (:i > 11 e (k) ·qe . (k')· 
I,J=l· · I l · ·.I ·. I. . . 

( 1 ) 

··.·· 

p a3rlb>KOliH9 ( 1 ) ecTeC.TBOHHhiM. o6pa30M. B03H~Ka~T; ecnH. aniJpOKCHM.RpO-: • 

BaTh ·ljlypb~-o6pas .:~o~eHuuana ~hipa>KeHue~ BH.na 
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v~ (k, k ') 
N 

I 
l,j=l 

d
1
ej 77 ~ (k) 77 ~ (k ') (2) 

. llnH rrony'I9HHH rrpencTaBneHHH (2) B HaCTOHIUee BpeMH RCI10nb3Y!OTCH .pa3-
.· - /2/ 

nml<ei!HH, OCI!OB8HHble Ha MeTonax Ey6HOBa-ranepKHH8 . ' runb6epTa-
/3/ . /4/ -

-illMH/l.Ta H Eeil:TM8H8 • B MeTonax Ey6HOBa-ranepKHI!a R runb6ep-:-

Ta-:-illMH/1.Ta cpyi!KUHH 7]~' ( k) RM9!0T HBI!b!M BR/1. nRillb IJ.nH. l!eKOTOpblX npoc

TI·IX noTei!UHanoB. llnH 6onblliHHCTBa peanHCTR'-19CKRX IIOTei!UHanOB OHH MO

f'YT ·ai>ITb nocTpoeHhi '-lncnemw, 'ITo cyruecTBeHHO ycnmKHHeT 3a/1.a'ly. Me

Ton EeiiTMaHa npuMeHnM K 6onee lliHpOKOMY Knaccy noTel!uuanoe. 3To paa-' 

nmrwnuo nau6onee yno6Ho, ecnu Ve ( k, k') HMeeT HBHbril: enn, uanpnMep 

Jln51 IIOTOIIUHanoB, HBn51IOIUHXC51 cynepi103HUHeil: !OK8BOBCKHX IIOT9HUR8nOBo 
- - . 

OnnnKo cyruecTnyeT ua6op tjlenoMenonoruqeCKRX noTeHunanoe, TaKux, 
. . . 151" - ' 

KaK IIOTeiiUHlln XaMana-ll1KOI!CTOII8 ; IJ.n51 KOTOpb!X I!H 0/1.1!8 R3 nepe'IRC-

neHI!I>IX IIpoueJlyp 11e MOJKeT 6r,rTb l!enocpeilcTBel!l!o npuMeHel!a •. M hi yKaJKeM 

IIH/Ke Hll HOKOTOpb!e npyrne B03MO/KHOCTH cenapa6enbi!Of'O npenCTODlieH-HH 

IIOTOHUI!Ona V (k, k ') ., KOTOpble I103DCinmoT nef'KO IIOCTpOHTb cpyi!KUIIH 

7] I ( k ) H K091p!llHUIIOIITbl d • 
lj 

PaccMoTpRM cHa'-lana To'-le'!HYIO HHTepnomiUll!O c]lYHKuim neyx· nepeMeHHbiX 

v ( k • k , ) • B 9TOM cny'-1£\e liHTepnonHUIIOIIHble npoueCChl narpa11/K8 ' 

3pMnTa, A6enH-fOH'Iapoea, EepHiliTeiiHa 
161 

naiOT 

rne 

VN (k,k') 

eN-t (k) 
I 

N 

:£ a . p N- I ( k ) pN- I ( k , ) 
l,j=l IJ I j (2a) 

COOTDeTCTBYIOIUHM -HHTepnonSIUHOHI!blM rrocnHHOM. ( HcHo, 

'-ITO H3-38 KCpOTK0/1.9MCTBHH IIOTeHUHana BCe HHT9f'pHpOD8HHH MO/KHO IlpO-

BO/l.RTb B KOH9'-IIlbiX ~penenax) • nerKO BHileTb, . '-ITO -MaTpuua, no-

nyqeuuaSI c noTel!uuanoM (2a), ·conep}KuT n· nepeol\t npu6nnJKeuuu qneu, ue 
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H k, , KOTOpbiil: COOTB9TCTByeT npH6nH)!(9HHIO Hy-· 

neBoro paAHyca. Aeil:CTBHSI SIAepHhiX cHn. IT osToMy cneAyeT O*HAaTh, <tTO AnSI 

AOCTaTO<tHO npOTR*9HHhiX noTeHUHanOB B pa3n0)!(9HHH (2a) uenb3SI orpaHH-. . . .. . ' 

itliB8TbCSI He6onbWHM itHCnOM <tneUOB, C 'Apyroit CTOpOHhi, KaK BHAHO H3 

(2a), .'IHCnO <tneHOB B pa3n0)!(9HHH paBHO itHCny yanoB HHTepnonSIUHii H npH 
. §./ ' ' ' 

He6onhWOM itHCne <tneHOB B STOM pa3n0)!(9HHH H9nb3SI AOCTHrHyTh Xopo-

. weit TO'IHOCTH. TaK, u'anpHMep, STO paan0)!(9HHe B cny<tae npouecca nar':"' 

N = 4,5,6 AaeT AnSI noTeHuHana XIOnhTeHa (wpbe..:o6paa 

KOToporo He HM99T SIBHOrO BHAa) 3Ha<t9HH9 

N· 2 
II v Ck,k ') - v Ck;k ') :1 dk dk, "'

10
_: 

Jl v ( k, k ')l dk dk, 

B To BpeMSI KaK MeToA Bell:TMaHa AaeT AnSI 6onbWHHCTBa paccMoTpeHHhiX 
. . -3 

noTeHUHanoB x 2 "'10 • 

IToKa*eM, 'ITO AnSI cpyHKUHH AByx nepeMeHHhiX, TeM H.e MOH_ee, cywecT

BYIOT ToqeqHbl9 HHTepnOn51UHOHHh19 cpOpMynhi, B KOTOpb!X yBenH<t9HH9 t{HCna 

yanoB M0)!(9T HO yBenHqHB8Tb qHcna qne!IOB pa3n0)!(9HHSI, .UefiCTBHTenbHO, 

paccMoTpHM paano*eaae Bell:TMaHa: 

N 

I 
I,J=I 

yN (k, k;) (d...t ) V (k, s 
1 

) V (s , k') 
. IJ . J (3) 

H 38M9HHM tflyHKUHH V ( k , S I ) HHTepnonHpyiOWHMH clJyHKUHSIMH p (k , s 1 ) , 

KOTOpbi~ COBll8A810T C V (k, S I) B TO<tKaX .:s t ,. • • ·s N 'SN+l ""' 
"···· 

• Toraa ,Bhipa*eHHe 
.. ,· .. ·,. #··: 

'~~ K~K·:ifaBeCTHO, IJHCi!O OllHOMepHbiX HIITerpaiihiibiX ypaBHOIIHit, KOTOpbJe. 

B03HHKaiOT npH cpaKTopHaauHH, nporropunonanhHO N , rrosToMy B03MO)!(HOCTH 

3BM rrpHBO.IlSIT K orpanHqenHIO a'IJaqenHSI N 
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· vN (k,k ') 
N . . . 

. . -1 . . . . ; 
I ( d ) 1 1 

P ( k, s 1 ) P (s 1 . , k ) 
1,1=1 . 

(4) . 

~oarraaaeT c ~yphe~o6pasoM rroTeHunana a ToqKax 

N . 
V ( s , s ) = V (s , s ) , 

.I I I I 
l < < N ·; 

VN (sl ,sl V (s 
1 

,s 
1 

) , l < i .< N + M 

nnsr ITOTeHUHana XronhTeHa paano>KeHHe ( 4) c .· N = 4. H M = 11 aaeT. 

2 -3 . 
sHaqemte X · "" 10 , T.e. He xy>Ke, qeM a MeToae BeiiTMaHa. TaKHM. 

o6pa3oM, paano>KeHne (4) aaeT yHiraepcanhHbiii crroco6 ~aKTopnsaunn rrap~ 

· HOI'O ITOTeHUHana Up01!3BOnhHOll ~OpMbi. 

YKa>KeM eme Ha H9KOT0pb19 BOSMO>KHOCTH rronyqeHHSI Cerrapa6enhHOI'O .. 

rrpeacTaaneHHSI ~yphe-o6pasa rroTeHtinana. f . - I'apMOHUKa ~yphe-o6pa..: 

sa rroTeHmrana V · ( r) HMeeT ana: 

Ve<k.k') !__ F je(kr) je(k'r) V (r)r 2 dr 
2 77 2 0 

(5) 

Han6onee rrpSIMbiM crroco6oM ~aKTopnsaunn sransrei'csr rrplrMeHeHne K BbiPB::

>KeHniO (5) ~opMyn MexaHnqecKnx KaaapaTyp: 

N . l N 
Ve (k,k')=-- I je (kr

1 
)je(k'r

1 
)r~V(r 1 ) A 1 , (6) 

2 772 1=1 . 

I'ae r I AI - ysnbi n aeca. 

QqeanaHo, qTo Bbipa*eHne (6) a rrepaoM rrpn6nn>KeH.nH cooTaeTcTayeT 

8 - o6pa3HOMy ITOTeHunany v'< r) = c 8( r- r 1 ) • Paano>KeHne (6) 
. . . 2 . -2 

N = 4 ansr rroTeHunana XronhTeHa aaeT. 3HaqeHne x "" 10 , '!ITO c 
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3H8'1HTelibHO Xy:»\e TO'IHOCTH, nony'leHHOfi C HCnOnh30B8HHeM p83nO:»\eHHli 

(4). 0JlH8KO /lnH npsiMoyronhHOfi HMbi ~TO'IHOCTh p83no:»\eHHH (6) c N = 4 

( 
2 . -3) . 171 

OK83biB8eTCH JlOCT8TO'IHOfi x "' 10 · • K8K noK838HO B , AnH noTeH-

UH8n8 " hard core " p83no:»\emie ( 6) H8H6onee y.llo6ao, nocKonhKY npH 

mo6oM N npH6nH:»\eHH8H ~838 p8CCeliHHH COBn8Jl8eT C TO'IHOH. 

npyr8H B03MO:»\HOCTb cen8p86enhHOI"O npe.llCT8BneHHli noTeHUHan8 

38Knl0'18eTCH B p83nO:»\eHHH j e ( kr) no nonaoii CHCTeMe WHKUHii {3, ( r). 

B 9TOM cny'l8e Bblp8:»\eHHe (2) npHHHM8eT BH.Il: 

N 

v re (k. k ') I 
. 1,1= 1 

HanpHMep, p8snar8H j 
0 

( kr ) B pHil no nonHHOM8M 8pMHT8, JlnH 

V
0 

(k,k ') nony'l8eM p8sno:»\eHHe: 

.oo m+n 
V0 (k,k') =+I (-I). 

m,:h~ 2 Hm+n)+2 n l m! r (n+3/2)r(m+3/2) 

a mn 

o6na.ll8IOUlee TeM CBOfiCTBOM, 'ITO npH k = k '= 0 TO'IHhiii H npH6nH:»\eH-

.. 'Hb!ll: noTeHUH8nbi COBn8Jl8IOT. 

P8CCMaTpH'i~8H p80riH'IHhre npoue.llyphr cen8p86enbaoro npe.llCT8BneHHH 

noTeHUH8nai cne·AyeT HMeTh B BRAY, 'ITO oan · MoryT HHOI".Il8 npHBO.IlHTh K 

OJlHH8KOBblM p80n6:»\eHHliM. ·H8npHMep, l:Wli . s· -r8pMOHHKH noTeHUH8-

1 . 

- 1- f sin ( kr ) sin ( k ' r ) dr 
kk.' O: 
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BselleM 

1 

V1 (k,k') = 2 f sin (kr) sin (k'r) dr 
0 

Paanmi<HM sin ( kr ) B PHil no CHHycaM: 

oO 
sin ( k r ) · ~- V 

1 
( k, n TT ) sin ( n TT r ) 

n=1 

IlOilCTaOnHSI (8) B (7), nony'IIIM: 

V 1 ( k, k' ) = ~ 
· n, m 

V 1 ( k, n TT ) V 1 ( m TT , k ' ) Vi ( n 1i , m TT. ) , 

110 V 1 ( n TT , m TT ) = o n m ,· cnellOBa TenbHO, 

V1 (k,k') = ~ 
n,m 

VI (k, nTT) v1 (mTT, k') d:
1
m 

tf = V1 (nTT, mTT· nm 

(7) 

(8) 

TaKHM o6paaoM, Mbl nonyqunH, 'ITO paanml<eHHe EefiTMaHa c yanaMii . 

s. 
I 

iTT llnil noTeHuuana npm • .i:oyronbHofi SIMbl aKauaaneHTHO !flaKTOpH3a- · 

UHH, OCHOB8HHOH Ha paanox<eHiilf (8) • 

2. KaK 6i>tno noKaaaHo Bhtllle, paanolKeHHe ( 4) s!BnHeTcH · o6o6menueM 

paanolKeHuH· EefiTMaHa na cnyqafi noTenuuanos, He HMeromux· !flypbe-o6paaa 

B HBHOM BUlle. B cnH31f c STHM aaMeTHM, 'ITO paanolKenue EeilTMana pea

nHayeT IIHTepnonHUHOHHhlll npouecc,· CXOilHMOCTb KOTOpOro 38BifCHT OT CIIC-

TeMbi yanoa sl .• ·CymeCTBYJOT llpyrue lfHTepnonHUIIOHHhie rtpoueCCbl ' 

( HanpuMep, npouecc narpaHlKa.), He· ll8101UHe paBHOMepHoil CXOilHMOCTH llnH 

- . • A. 6 • 181 n 
HenpepbiBHOH 't'YHKUHH npu nJO Oil CHCTeMe yanoa · • OKalKeM, 'ITO llnH 

j • . ' 

pa.3nolKeHHH ~EefiTMaHa cnpaBellnuaa cnellyromag 
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Teo p eM a. · CymecTByeT CHcTeMa yanoB, .omr KoTopoii: 

1) ecnH . lf>YHKUH5l V ( X, Y ) Henp,epbiBHa Ha KOHe'IHOM 0Tpe3Ke [ a , b ] 

TO paano>KeHHe (3) CXO.llHTC5l K V (X, y ) paBHOMepHO Ha [a, b 

2) ecnH v (X' y ) HHTerpHpyeMa Ha 0Tp93Ke [ a , b] 
' 

Tor.oa paano>Ke-

HHe (3). CXO,llHTC5l K v (X' y) ITO'ITH BO BCeX . TO'lK ax oTp~aKa [ a , . b ] 

3) ecnH v (x 'y) HHTerpHpyeMa Ha [ a, b ] il B TO'IKe ( x o • Yo He-

npepblBHa, TO B STOll TO'IKe pa3nO>K9HHe _(3) CXO.OHTC5l K V (x 0 ,y0 ) • 

. n 0 K a 3 aTe n& c T B 0 • ll~Ka>KeM TeopeMy .onsr 0Tpe3Ka [ 0, 1 

Ho, 'ITo nepexo.o K mo6oMy KOHe'IHOMY ol-peaKy TpHBHanea. Bse.oeM CHCT~ 

My TO'I9K a 1 

pHM OTpe3KH f m 1 

. 1 m- I · 
....!...=..:__. 1<i < 2 

2m-l 1 - -
m · -uenoe,· H paccMoT-

[ .l=..L __ i- ) ( KOHe'IHO, B cny<iae i 
2 m-1' 2 m-1 

m-1 
2 . 

OTpe30K f m , 2 m- I· Ha.OO C'IHTaTb 3aMKHYTbiM TaK>Ke cnpaBa) • JlerKO 

'ITO 

f I + f 2 + .. , + e 2- m- I 
m, m, m, 

[ 0, I ] 

Bse.oeM Kycoqao-nocTosrHHYIO lf>YHKUHIO 

'P (x,y) 

r.oe b IJ· 
paBHO cpe.oaeMy 3H8'19Hiil0 

. nocTpOiiM CliCTeMy yanos sl .. 
sl c;. 

v ( sl ' SJ 
) = b IJ 

SJ 
·.t;_ 

v 

rit-f 
~i-;.2 

1 ~ j <_2 
m-1 

(x,y ) npH X 

f m I 

f mj 

(9) 

c; e m I '. yc; t . mj 

( 10) 

( O~eBHJlHo, 'ITO ycnoBue ( 10) Bcer.oa BhmonasreTcsr, ecnil · m .oocTaTo'I-

HO Bell.HKO) • 

. Tor.oa HeTpy.OHO BH.ll9Tb,'ITO 
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wm (x,y) -

d lj v 

2 m.-1 

I ( d - 1 
) 
lj 

l,j=1 . 

·s 1 , s l 

'I' m ( x, sl mm( y·) 
:r .sl.,.' ( 11) . 

C llPYI'OH CTOpOHhi; 'IJim (x, y) .. SIBn5IeTCSI. 0Tpe3KOM pSilla cl>ypbe-Xaapa · 

llnSI iflyHKllHH V ( X , y ) 

.IJim (x,y) K V (x,y) 

, H ace. yTaep)KlleHHSI TeopeMbl 0 CXOllHMOCTH 

cnpaaennHBbi 
191

• A TaK KaK npaaast 'IaCTb ( 11) · 

cTpeMHTCSI K paano)KeHHIO Beii:TMaHa nnst· · V (.'f., y ) , ·TO ace yTaep)KlleHHSI. 

TeopeMhi cnpaaennuabi nnst paano)KeHHst-Beii:TMaHa. · 

ITpu llOKaaaTenbCTBe TeopeMhi Mhi npennonar:-anu cymecTBoaaaue 

• Ecnu nnst nocTpoeHHoii: cucTeMhi ya~oa MaTpHllhi · PHil hi ( d - 1 . ) 
1 
l 

-1 
( d ) I l He cymecTayeT, TO, nepeXOllSI K o6o6meHHhiM CHCTeMaM iflyHK-

x /9/ . ( d-1 ) llHH aapa · , MO)KHO BCei'na rrOCTpOHTb KOHe'IHYIO MaTpHllY · I l 

KaK· annHo H3 · TeopeMhi, paaHoMepHast ·cxonHMOCTb paario)KeHHSI Beii:TMaHa 

nnst noTeHnuana (a, cnenoBaTenbHo, H f.l.nst t -MaTpHllhi) He aaaHcHT. 

oT aaaKoonpeneneHHocTH noTeauuana, B To BpeMst KaK, HanpHMep, paano

)KeHne fHnb6epTa-liJMHllTa CXOllHTCSI paBHOMepHO nHIUb llnSI rrpHTSII'HBaiOIUHX 
. . . 1101 

noT~HllHanoB ( TeopeMa Mepcepa ). 

IToKa)KeM enHHCTB.e.fiH~CTb · pa3no)KeHHSI ( 3). ITycTb HM~eTcst if!yHKllHSI .nayx 
, N . 

nepeMeHHhiX V ( x, y ) • PaccMoTpHM yN (x,y) ':'I all 77
1 

(x)¢
1 

(y). 
l,j=1 

Ecnu 

yN ( x, s 1 ) = V (x, s 

= 1,2 ••• N ( 12) i 
' yN ( s I 'y ) = V (sj•Y 

TO UpOH3aeneHHe a lj 7] I (x) cpj (y) onpenensteTCSI ellHHCTaeHHh!M o6pa30Mo 

.lleii:CTBHTenbH01 

;! 

npH N = 1 
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y1 ( x, y ) 
V(x,s1 ) V (s 1 ,y 

( 13) 
v ( s 1 • s .1 ) 

IIpii N M 

M v ( x, y) 
M-1 

V · (x, y) + {3 ¢1 (x) IJI1( y) 

M-1 M-1 

{3¢ (x) IJI (y) 
[ V (x,sM)- V (x,sM)~[V(sM'y):-V (sM'y )j 

1 1 M-1 
V (sM,sM) -:V (s~ ,sM 

, . · TaKIIM o5paaoM, rra ycnoBIISI ( 12) rrporraBeJleHrre a 11 71 1 ( x) ¢ 1 ( y ) · 

orrpenenSieTCSI onHoaHaqHo. 

3. nepeiineM Terrepb K qrrcneHHOMY rrpiiMepy. B Ta5nrrue rrprme

neHbl peaynhT8Tbi pacq~TOB c rroTeHuilanoM Xron~Tena" MeTo~oM ( 4) 

'c N = 4, M = 11. 

Ta5nrrua 

as at "'a ·"'t "' 2 
ET ·fd a a fd• a r" 

(fm) ( fm ). ( fm) (fm) ( fm) ( fm) 

-23,69 5,378 2,225 -23,7 5,4 2,18 -1,8 ·1o,5 2,7 
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3aeCb a B ;t npH5nmt<eHHbie, a s .. 
H TpHnneTHbie .unHHbi · paccemm.11, ( d 11 

at 

(d 

TO"'Hbie CHHI'1IeTHbie 

. - npH51IH>KeliH851 H .TO"'-

H851 9Hepl'H.II CBH3H .UefiTpOHa, 2a - lly5neTH851 ll1IHH8 nd - pacce.IIHHH, 

E T . - 9Hepl'HH CBH3H TpHTHH, r 
9

. - atf>cpe.KTHBHbili CHHI'1IeTHbiH pa.UHyc,. 
I Ill 

CpaBHeHHe c peaynbTaTaMn pa5oTbi no.uTBep>K.IlaeT BbiBOll o cHnb-

nofi saBHcHMocTH BenH"'HH 2 a H E T . oT cjJopMbi noTeHIXHana .unH no~ 

TeHUH81IOB, He CO.Uep>K8IUHX OTT81IKHB8HHH, 

2 . " 
OpnBO.IlliMbie aaecb aHa"'eHn.ll a H E T , TaK >Ke .KaK H B cnyqae 

pac"'eTOB c npHMoyronbHofi HMoif, IiecK01IbKO OT1IH"'aKiTC.II OT pac"'~ToB 
' . /I2/ 
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