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:.· ..... 

KaK H3BeCTHo, npH ¢eHoMeHonorHqecKoM on~rcaHHH B3aHMoaeAcTBHH 

HyKnOHOB OK83biB89TCH Heo6xoaHMbiM BBoaHTb B noTeHuHan V(r) 

HO_e OTT81IKHB8HH9 Ha M81Ib!X paCCTOHHHHX. BBeaeHH9 OTT81IKHB8HHH COOT

BEiTCTByiOrueA B91IHqHHb1 1 C oaHoA CTOpOHbi 1 ll03B01IH9T OllHC8Tb llOBeaeHH9 

¢aa pacceHHRH npH 6onbWHX aHeprn:Hx, c apyron - yaoBneTBOpHTb ycno-

. ,/1/ . /2/ 
BHHM H8Cb!LU9HHH HaepHbiX CH1I . o ,UOB01IbHO pacnpOCTp8H9HHbiM . ·. . . . . . . ~ . 

CllOC060M OllHC8HHH OTT81IKHB8HHH H8 M81Ib!X paCCTOHHHHX HB1IH9TCH BBe-

'' ·.·. 

aeHn:e B noTeHuHan ".TBepaol!: cepaueBn:Hbi". Yao6Hhll!: anH cpeHoMeHono- ~ . ., . . 

rn:qecKoro onn:caHn:H ¢a3 NN -pacceHHHH- 1 TaKol!: noTeHun:an Bbi3biBaeT 

onpeaeneHHbie Tpy aHocTn: npH peweHn:n: ypaBHeHn:H ill pean:Hrepa B 3aaaqe · 

3-:-x .H 6onee Ten. B CBH3H .c aTHM B nocneaHee BpeMH 6bmn: npeanpn:HHTbi 

/3/ 
cneun:anbHbie ycn:nn:H anH ycTpaHeHHH aTHX TPY aHocTel!:. · 

B paMKax ypaBHeHHl!: t:PaaaeeBa 3aaaqa cBoan:_TCH K OTbicKaHn:IO npe-
. . 

aenbHoro npH Yo -> oo 3HaqeHHH 2-qacTHqHol!: t '-MaTpHUbi, nopmKaa-

9MOit llOT9HUH81IOM Bn:aa: 

r 

3 

~! . 



HH)!{e Haxo.awrcSI sTo npe.aenc'Hoe Bbipa)!{eHHe .anSI 2-qacTH'iHOA 
' /4/ 

t -MaTpHUbi,- ripeilcTaBneHHoA B_ BH.ae pasno)!{eHHSI BeATMeHa 

t ( k , k ' , z) ,;, ~ 
1 J 

saTeM paccMaTpHBaeTCSI B03MO)!{HOCTb BBe,OeHHSI 6eCKOH9'1HOrO OTTanKH

BaHHSI, ocHoBaHHaSI Ha npocTOM pasno)!{eHHH cpypce-o6pasa noTeHuHana 

V(k,k') no cpopMyne MexaHH'i9CKHX KBa,apaTyp. 1:1, HaKOHeU, Mbl 

t -MaTpHUbi ,anSI noTeHun:anoB, 

co~ep:ma.wHx 6ecKoHe~Hoe OTTanKnaaHHe THna "hatd shell " 

1. Y'leT 6ecKOHA'IHoro OTTanKHBaHHSI B asno)!{eHHH 

TaK -KaK npH6nn:)!{eHHe HMaryqn: SIBnSieTCSI qac1HbiM cnyqaeM pas

no)!{eHHSI _BeitTMaHa (a HM9HHO - nepBbiM qneHOM pa~n0)!{9HHSI);, TO . 

,anSI HnnrocTpaUHH HaJt,aeM B 9TOM 
. -~~·,) 

npH6nH)!{9HHH
1 

a- saTeM o6o6lllHM pesyncTaT Ha cnyqaft npOH3BOnbHOrO 

' ' qHcna _ q~eHOB pasno)!{eHHSI BeA":MaHa. 

l1 TaK, nycTh HMeeM noTeHuHan: 

V (I)= (2) 

S -rapMOHHKa OT <iJypbe- KOMllOH9HTbl TaKoro llOT9HUHana ,aaeTCSI 13blpa-

)!{9HHeM: 

4 



....... .. ... 

1 r 
V(k,k')= "[,\ f sinkr·sink'x dr+f sinkr·sink'rV (i:)dt]= 

2rr 2 kk·, 0 rc 1 . 

= v (k,k')+ v (k,k') 
I 2 

·; 

B npH6nH:meHHH .HMaryqH HMeeM: 

v
1 

(k,k ') = 

v (k, s ) v (k'' s ) 
.2 2 2 ,2 

v (k,k ') 
1 

V (s ,s ' 
2 2 2 

- 0 (k 'k ')- 1 

(3) 

-I. 

C noTeHuHanoM v + v 
1 2 

ypaBH9HHe nHnnuaHa-lliBHHrepa npe-

Bp81U89TCH B CHCTeMy 2-x anre6p8H'I9CKHX ypaBH9HHJt H ,nng t -MaTpHUhl 

nonyqaeM: 

.. 5 

•. 

., 

•. 



I. 

.. .. . 
. '. -~ 

' ,."" 

I'.ll9 

.~. • < I 0 ( ' 

- . l V (k',s ) . V
2

(k',s.
2

) V2 (k',s2 y· 
C (k 7 ,z)=-·-[(. 1 ·· 1 I + I )(1+4rri ·)-4rri ( I · + 

1 .·. • i1(z). v (s ~s )·11 :v(s ,s) 12 . 22 . 12_ v (s si) .21 ... . .. 

'/ 

.;, .. . _.!·,· 

. . ", . ~- . . 

' '• > 

, .· .;. 

· .. · .. 

. .. 
• • • • • ·;..... ~ > - ·: ~· • 

·. ·.·· 

•\ ·""· . ·'. 

' . 1 '1 1 .. 2 2 2 ' ' 2 2 ' 2 

v· (k',s > . · 
2. .2 .• I' )] 
' .. 22 

V (s· s ) · . · 
2 2' 2 . . ' 

.+ 

. - · V (k',s) · · V (k',s) V'(k~s) 
C (k'

1
z)>=.:_L[( 1 1 I··+ 2 2 I )(1+4rr,l )-4rri -( 

1 
· 

1 
I-+ 

2 . ·t:. (z) V (s ,s ) 21 V (s 's ) 22 . 11 . 21 V (s 's ) 11 
1 1 1 2 2' 2 . 1 1 1 

V2 (k',s~·)· . 
+ I ) ] . 

V (s s ) 12 · 
2 2' '2 

(6) 

; . 

6 

·. -.· 

, .. 

.•. 



(7) 

Y"'HTbiBaSI noBe.oeHHe HHTerpanoB ( 6) rrpH A ... oo , BH.llHM 1 "'TO 

t -M8TpHU8 ( 4) OCT89TCSI KOH9"'HOil: II pH A -> oo • n pe.oenhHOe Bbipa-

:lK9HH9 HM99T BH.ll: 

0{k,s) 
t{k,k',z) = 1 

A=oo cp(z) 

+ 
V {k,s )V (k',s) 

2 2 2 2 

r.oe 

I {z ) J {z )= ~1u1 __ 
11 A 

J {z)=l {z)/A 
21 21 

cp{z)=J {z)+4rr[J {z)l {z)-1 {z)J (z)]. 
11 11 22 12 21 

7 



.. :.-· 

B cnyqae npoHSBOnbHoro qHcna qneHOB B pasno:>KeHHH ( 1 ) HMeeM: 

- N 
V (k k ') = I 

1 ' 1,J = 1 

M . 

v (k,k')= 
2 

I (d~\,V2(K1.'k()V2(K,,k') 
i,J = ~. 

(d1)1J =V1(s1,sJ) 

r.ne napaMeTpbi s
1 1 • K 

1 
MO:>KHO H8ll:TH 0 HanpHMep, HS MHHHMyMa Bbipa

:>K9HHH 

... 
Jl V (k,k ')- V (k,k' .s 1 ••• sN)I2dk dk' 

X 2 (s) = 

JV2 (k,k ') dk dk' 

· BBe.neM cPYHKUHH 

V (s ,k) 1 < i < N 

T} (k )= 
1 

1 1 

V (K , k) 
2 1 

~ ( k )= 
1 

v ( s 'k )/ >. 
1 1 

1 < i < N 

V(K,k) 
2 1 

8 



l'S_i,j S N 

N+l~i,j:;:M + N 

0 .lln£1 OCTanbHbiX i,j 

N+l$i,j~M+N 

111 J = 

0 .lln£1 OCTanbHbiX i, j 

M+N 
t < k , k , , z , >.. > = l: [ c-1

< z > 1 1 , 77 1 
< k ) 11 , < k '> , 

1, J 

oo 77s(k)77J(k) .. 
c <z>=i> +8rrfL I 

lJ lJ 12 
o k 2 -2fL z-ic 

12 

nepexoLISI K rrpeLieny A .. 00 I rronyqaeM 

rLie 

t(k,k',z)= lim t(k,k'.,z,>..) 
>., .. .;., 

M+ N 
,; l: [(11+1(z))-1 ]

11 
(

1
(k)(

1
(k'), 

l.J = 1 

1
11

(z)=8rrfL
12 

I 
0 

9 

(8) 



... 

... 

TaKHM o5pa3oM, (8) HBmieTCH KoHe'IHbiM npe,llenoM npH A-+ oo pa3no:lKe-. 

Hllit E eitTMaHa ( 1 ) • 

•. 
~~ 'I1cnonb30B8Hile dJOpMynbl MexaH!l'leCKHX KBBApaTyp ,lln51 

t -MaTpllUbi no noTeHuHany, conep:lKameM:y 

5eCKOHe'1HOe OTT8nKHB8Hile 

PacCMOTpHM 'IHCTO OTT8nKHB810lllHit ITOTeHUHBn BHAB: 

V(I)= A cf> ( I ) + 1/J (I ) I < I 
- c 

0 I> I 
c 

nycTb cp (I ) He o5pamaeTC51 B Hynb npH t ::: tc , nyCT{a T8K:lKe cp H r/J · . 
1 

HMeiOT npH I = 0 CllHryn51pHOCTb He CHnbHee, 'leM --- , rAe a ~2' 
. . Ia 

(A) TOr A a AnH s -rapMOHHKil cpypbe.-o5pa3a. noTe HuH ana V( t) 
' . 

HMeeM (npH KoHe'IHOM A ): 

1 rc 
V(k,k')= f-sinki·sink'·tV(~)di 

2 17. 2 k k , 0 

( 9) 

B cHny ycno~H51 (A). K ( 9) MO:lKHO npnMeHHTb cpopMyny MexaHH'leCKHX 

. KBB,llpaTyp: 

I 
1 

, ll 
1 

- y3nbi 11 seca HHTerpnposaHHH 

10 



Bse.oeM o6oaHaqeHHH: 

TJ1(k)= 

. Tor.oa .onH t -MaTpHUbi HMeeM: 

N 

t N < k , k , , z , A > = I · [ c- 1 < z > 111 TJ 1 < k > TJ 1 < k ' > , . . 
~J>1 ' ' 

TT --
.2 q 

I (z) = 
1J 

-"-
2q 

simqi
1

e 
lqrl 

i < j. 

sim q I 
1 

e lqr I i > j 

---q=y2!-£ z 
12 

., 

( 11 ) 

no ycnOBHIO (A) cPYHKUHSI cp(I) He o6pamaaTCSI B Hynb B IIpOMe':lK.yTKe 

, cne.oosaTenbHO, rrpu_ A-+ oo , 1 H .llnH 

t -MaTpHUbi rronyqaeM KOHeqHoe Bbipa:>KimHe: 

tN(k,k ', Z) = -
1
-

·8TTI-£12 

N 

I [1-
1
( z ) ] ~ 1 TJ 1 ( k ) TJ 

1 
( k ' ) , 

1 J . •( 12) 

KOTOpoe He 38BHCHT OT cPYHKUHit cp-(I ) H t/J (I) . • 3aMeTHM
1

, qTo Ha 

11 

·• 

.' 



. • 
Maccoaoa noaepxHOCTH t -MaTpHua (12) He GaBHCHT oT N H pasHa 

TO'IHoMy 3HaqeHHIO aMnnHTY.llbi paccesmHSI Ha 6ecxoHe'IHOM noTeHuHane: 

' 2 tN(q, q' --t-- + i d= _1__ sin q tc e -lqrc 
m 2rr 2 m q 

(12a) 

.[leftCTBHTenbH01 BBe,lleM cpyHKUHIO 

TT I 2q sin (xq)e1 q Y y>x 

I(x,y )= 
rr I 2 q sin(yq )e 1 

q x y<x 

.llna cpyHKUHH I ( x , y) HMeeM pa3no:meHHe BeATMaHa 

(126 ) 
N 
~ -1 

I (X 'y ) "' .. [ I ( z ) ] I (X ' I1 ) I ( t J 'y ) 
1,J=1 lJ 

.. 
I (z)=I(t ,t) 

1 j 1 J 

C p83pe38MH B TO'IKSX t 1 ( no onpe.neneHHIO t 1 = t c ) • B TO 'IKe 

X = I 1 y = I 1 

6. . . 
(12 ) nepexo.nHT B TO'IHOe paBeHCTBO npH n10-

6oM N , noaToMy 

I(,,I 1 ) 
TT • 1qr 

-s1nqt e 1 
2q 1 

~ 

2 - .. 
TT [I-1( )] . . 21qr -z z 11 Sln q I 1 sm q t 1 e 1, 

4q 

OTKY .na Henocpe.llCTBeHHO nonyqaeM Bbipa:meHHe .nnSI aMnnHTY .llbi ( 128
). 

12 

I • 

I 

I 
. j 

l 
-1 

i 
I 

) 

~1 

i. 

3 • t -Ma1-mma 

/5/ 
B pSI.ne pa6oT. . •. 

MOlllH no,TeHuHana BH,lla 

. p_TaaneHHH 9TOT noTeHUH 

O.llHHM qneHoM. Vlcnom:.: 

o6pa30M npHXO.llHM K . OJ. 

3-x 'laCTHU·, B3aHMo.z:ieAI 

/6/ 
TaK:>Ke ). 

VfTaK, nyCTb HMee 

V(t)= >..8 

>, ... 

vi 

noKa:>KeM 1 'ITO cpa3a pt 

cpyHKUHH t/J ( t ) 

,llnSI pacceSIHHH 

u(t) sinkr 

r ki 

G(r,r')= 

M 

4 



lBHCHT OT N H paaHa. 

'HetiHOM noTeHuHane: 

-lqrc 
a e 

aHa 

). B TOtiKe 

oe pa~eHCTBO npH niO-

) .. ] ·..:n q r sm· q r e21 q rl ,.,1 J .. ~ . . 1 J , 

"· 

3. t -MaTpHu;a nm1 noTeHuHanB, conemKamero 

OTT8nKHB8HHe THIT8 '~hard shell "• 

/5/ . 
B pgne pa6oT 6eCKOHetiHOe OTT8nKHB8HHe BBOnHnOCb npH no-

MOIUH rro.TeHuHana BHna V(r )= .\ 8 (i:-rc). (B)~ B HMnynbCHOM npen-
. .\4.~ . 

• CTaBneHHH 9TOT ITOTeHUHan tP8KTOpH30BaH ITO nepeMeHHb!M k • ~ · k ' 

onHHM qneHoM. I1cnonh3YH ypaaHeHHe ct>anneeaa, Mbi ecTeCTBeHHbiM .. 

o6pa30M npHXOnHM K OnHoMepHblM ypaaHeHHHM 1 OITHCb!BaiOIUHM nBH:lKeHHe 

3-x tiaCTHU 1 B3aHMoneitCTByiOIUHX ITpH ITOMOIUH ITOTeHU,Hana ( 13) (eM. 

TaK}Ke /B/ ). 

VfTaK, nyCTb HMeeM ITOTeHuHan BHna: 

V (r) = .\8(r-r }+1/J(r) r < r 
- c 

Cl4) 

.. 
noKa}KeM, 'ITO <j:Jaaa pacceHHHH Ha ITOTeHUHane ( 14) He 3aBHCHT OT 

<j:lyHKUHH 1/J ( I ) 

.llnH pacceHHHH s · -aonH HMeeM: 

u(r) sinkr 
-,----+4rr f G(r,t')V(r')u(r')r'dt' 

r kr 
0 

~ 

(15) 

Mk sin kt cos kr' -- r < r' 
4rr kt kr' 

G(r,r')= 

Mk sin kr ' cos kr 

4rr kr ' kt 
r > r ' •. 

13 

.. -· 



no.or.TaBmlSI (14) B (15), nonyqaeM 

r 

" 
+ 4 1T G (I. I ") u (I,) I" .\ + 4 1T f G(t,I') t/J(I')u(I')I'di'+ 

u(I ) sink t 
-= 

I . ki: 
0 

00 
(16) 

+4rr f G (I, I')V1 (t')u(I~)I'dt', 
re 

rpaHH'lHOe yCnOBHe B TO'lKe 

cne.ooaa'i'enbHo, n u ('t ,) .\ = c 
.\ .. 00 

t 
e HMeeT BH.ll: U (I e) = 0 

.\-ooo 

nonaraSI B (16) I= Ie H .\-ooo Haa.oeM Bbzpa:lKeHne · .onSI c 

. ~Bbi'lHCnSISI npaByiO 'lBCTb ( 16) llpH 

pa:lKeHue .onSI c 

u( t) 

I 

sink t 

ki 

, nony'IHM: .. 

- tg ki 
e 

COS k I 

kt 

H .\-ooo I > I H ucnonb3ySI_ Bbz-
" 

G(I,te) oo 

----'-' -- 4 1T f[ G (I ,I')- G (II')] X 
G( I I ) r 

" t! " 

xV (I')u(t')I'dt' 
1 

TaKHM o6paaoM, ~YHKUHR u(t) H, cooTBeTCTBeHHo, ~aaa pacceSIHHSI B 

o6naCTH t > t e He 38BHCHT OT t/J (I) • O.oHaKo BHeMaccoaaSI aMn-

nHTy.oa pacceSIHHSI Ha noTe HuMane BH.lla ( 14) cyruecTaeHHbiM o6pa3oM aa

BHCHT OT ~YHKUHH 1/f ( t) • npo.oeMOHCTpHpyeM 9TO YTBep:lK,lleHHe Ha 

14 

~ ·~. 

' 

\-

-.llpOCTOM ,.npHMepe·,. B3SIB E 

I 
~ :; . ~ t/J(t)'=' 
; . - ~ \ .. -, 

;-···--·. ··:-'-'. , v- = o -· 
_1 I-

1- .. _ npH Bcex -I T6r.oa .on~ 

t 
f 

;\:~: . - ' 

.. ~ . 

I. 
I:· 

' ' q2 ' ' 1 : 
t (k,k' .-- + id=-: 

2JL !l 

··.:· 

I . . . - - 2 
m V 

0 ---s: 
·2rr 2 q' 

~·-_:': 
I.-

~ v·2: 

~ + - -
2 ·" 2: q . 

. 'mv tqr [ • .( . 
!l=---!Le -·" smqi. 1· 

q " 

~ ,, . 
T.e. 38BHCHMOCTb OT __ V C 

'c~a~A ·noaepxHoCTH aMnm 

T(q,q,q 

· . 
. -. 

· T.e. 'coBna.ctaeT· c aMnnu~ 

B aaKmoqeHHe aTor . .· 
HblMH ·BhiWe cnoco6aMif:z 

,,· llOBe,lleHHH BHe.MaCCOBbiX 

. qHCTbilf {1/f= 0) -" haid , 
.:~~B. (eM~ HH:lK e), no-BH.D 

. 



,G(I,I') t/J(I')u(I')r'di'+ 

(16) 
r 'di' : 

'M BblpB:lKeHIIe . D.nH c 
00 II IICUOnb.3yH Bbi-

>0 

'hi(I ')r'di' 

o, ~aaa pacceHHIIH a 

taKo BHeMaccoaaH aMn-

:TB!3HHbiM o6paaoM aa

: YTBep:lKD,eHIIe Ha 

.. . .... ~ 

, . . '·~ 

' ! ' -~ . . 

t/1 (I)= v·a (r -I 
1

') 
0 . 

·v 
1 

0 

• I. < I 
1 . e 

· ... · 
•. 

Upii scex 'i: Torn.a n.nH t -MaTpiiUbi. IIMeeM: .. ~ ... ' . ~ 

., 

... 

:•' 

q 2 ·. 1 Vo ·. . mVo 1 qr1 
t (k,k' ,-- +ic)=-l-[1+-. -. sinqi e 

· 2p. ll 2rr2 q 1 

·sinki
0

.· 

k 

-··· ·.• 

sink 'I
0 

k' .... 

m'v 2 

---'
0-sin qi 

2 . 1 
2rr q . 

sink'I1 sirikr
1

· 

' k' +. k 
sin k'r~ · 

. k'. ]+ 

niV 2 
sin k~ 1 0 : ·1H r + _.:.._.;_;;,._ . sin q I · e ' e 

2rr2.q~ · · · 0 
· k ·~ 

. sink' r' 
. 1 

k'· 

( 17.) 

. ~ V0 1 q r 
11=--e · 0 

q 

· m V · 1 q r m V n • ·• 2 1 q r~ ] [sinqi.(l+-=..:..a...sinqi e .1 )-__..._sm qr
1 

e ·· , 
e q· 1 q " 

; ... 
T.e •. 38BIICIIMOC.Tb OT .. V O • II I 1 .UpiiCyTCTByeT B HBHOM · BIID.e. Ha: Mac:..£':··: 

;COBO~f noaepxHOCTII BMIInHTyn.a u 7) HMeeT. BHD. 

1 
T(q,q,q) ~ .--=---

2 rr2 m 

sin q I . 
e 

q 
· -:-1 q r0 e . ". 

. " 

·· ... ,·~;.e. coana.rtaeT· c aMnnnTyn.oa Ha noTeHu~ane · "hard· C:ore " ( 12~)~ 
. . ~. ' . . . . '• •. . . . 

B aaKmoqeHne aToro paan.ena OTMeTHM pa~Hnuy Me:lKn.y· nepeqncneH- •. 

• HbiMll :BbiWe cnoco6aMn asen.eHHH 6ecKoHe'!HOI'O OTTBnKHB8HllH. Pasnll'!He 

·· nosen.elinsi BHe.Macco:Bbrx aMnnHTy n.. Ha noTeHuHh~'ax . "hard core. ,;, · ·. ·n · 
.. ; 

hard shell " • , c · Tot!Kn apemi.H :3-qacTII'IHbrx pacqe-

T~B. (eM~ HH:lKe), no-ann.n!"foMy , .. He oqeHb cywecTaeHHo. B non bay . 

. . 
. · .. · 15 ... 

(. 

'. 7 

'•. 

-~ .... '' 

... ... 

·,. 

' ~·. 



. ,, 

· .. ,,.. T8KOrO 38KmoqeHIIH CBII.LleTeJlbCTByeT II O.LliiH8KOBOe.noae,neH!Ie (u = 0) 

.. 

n pH . r < . r c: aonHOBbiX cpyHKUIIl!._.nnH STIIX noTeHuHanoa0 Ko'i'opoe B He-

KOTOpOl!. CTeneHII xapaKTepH3yeT BHeM8CCOBbie CBOl!.CTB8 2-:qaCTH•IHOl!. 8Mn-
. 171 u . • . . 

'JlHTY.Llbl · o <TO KacaeTCH 38BHCHMOC:TH BHeMaCCOBOrO .nose,neHHH t -., . 
M8TpHUbl .OT cpyHKUHII .. t/J .LlJlH. llOTeHUHaJlOB THll8 ( 14) 0 TO STa saBIICH-. 

MOCTb MO)KeT. OKa38TbcH .LlO~T8TOqHO CHJlbHOft, llOC.KOJlbKy noae,neHHe BGJl",; 

HOBOH. cpyHKUHH U ( [ ) npH 

Ilii.Ll8 cpyHKUIIi{ t/J 

[ < [c CyllleCTBeHHbiM .o6pa30M 38BHCHT OT 

4o lfHCJleHHbie pACqeTbl ,llJlHH nd -paccesiHHH II aHeprHH · 

CBH3H 3H 

PacqeTbi npoao.nHnHcb .nnH npHMoyronbHOl!. HMbi c KopoM 

V(r) = 

... 

-V 
1 

0 

[ < [ < [ 
c 0 

[ > [ 
0 

(18) 

3HaqeHHH .napaMeTpoa V
1 

cne.nyromHe: 

[c t 
0 

( Hal!..neHHbie Ea.nanHH A.M.) 

V 
1 

== 48,05 Maa 
I 

V
8 

= 32,3 Maa 

[I . = 0,17 A. , [ • = 1,87 if! 
c ~- 0 

. ' [ s = 0,17 <P 
c 

s 
[ 0 = 1,9 if! . 

noTeHUHaJl ( 18) OllHCbiB8eT S -cpasy B lllHpOKOM HHTepaane SHep-

rHit ( E :: 320 Maa). 3aMeTHM, o.nHaKo, _qTo aTOT· noTeHuHan .naeT 

aaHH)KeHHoe sllaqeHHe cHHrneTHoro acpcpeKTHBHoro pa.nHyca [ 
s 2,15 
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1 

! 
;: 
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PaccMoTpHM cHaqana pa 
' . \ 

. ,bpyrHX, cqHT8H, qacTHUb 

KIIBaHHe B (18) B BII,lle 

A o (~ 
A -o 'oo 

nonyqaeM 3HaqeHHe .nnH 

a. 

':'" 

. 1 31,6. 

2 31,8 

3 31;9 

4 31,9 

CpaaHeHHe c pesy 

,llJlH npHMOyro.iJbHOl!. HM 

llOK83biBaeT, qTO B 6ec 

He TOJlbKO oT cpopMbi 6 

OTT8JlKHBaHHH aoo6me. 
; 

nepel!.,neM 'T~~epl . . ' . ~. 

TpexqacTHqHbiX acpcpeKT 



-~ :' ~ ... ' 

s. noBe.lleHne ( u = 0 ) 

!lH8nOB,-· KOTOpoe B He

iCTB8 2~'18CT.II•IHolt 8MO-
r:. 

BOI'O :UOBeJleH.IIH t -

(14), TO 9T8 38BHC.II;;., 

. ' 

KOnbKY llOBe.lleHHe Bvn-

M .. 06p830M 38B.IICHT OT 

>IHH.H·H 9HeprHH· 

!hi C KOpOM 

(18) 

leHHbie Ea.llan.HH A.M.) 

; = 1,87 1> 

= 1,9 1> • ' 

pOKOM .IIHTepBane 9Hep-

TOT .. llOTeHUH8n Jl8eT 

2,15 I s .. 

.· 

,_ 

.•' 

.. 

·.• ;·. .. 

'.' •, 

.• . . ~ . 
·' 

PaccMOTp~M· CH8'18na pacce.HHHe .'18CTHUH H8 CBH38HHOM COCTO.HHH.II ,llBYX 

. .llpyrnx, . c'lnTaH; qacT.IIUbi OJlHHaKoBbiMn n 6~ccnnHOBbiMH. Bbi6HpaH oTTan

KHBaHne-B (18) B BH.Ile 

A8(I-I )+V 8(I-I1), c ' 1· 

I 1 < I c 

I< I 
- c 

. nonyqaeM 3HaqeHne Jln.IIHbi pacce.HHHH a • 

Ta6nnua 1. 

a v1 ( N\sB ) 

. 1 31,6 40 

2 31,8 + 10 

3 31,9 + 40 

4 31,9 + 70 

I 1 

0,1' 

" 
0,1 

0,1 

0,1 

' /8/ 
CpaBHeHne c pe3ynbTliT8M;~I pa6oTbi . , , B KOTopolt .3H8'1AH.1Ie a 

JlnH llp.HMOYI'OlibHOJt HMbi 6e3. OTT8nKHB8H.II.H OK838nOCb p8BHbiM. a = 28,31<}J,. 

.. OOK83biB8eT1 'ITO B 6eCCll.IIHOBOM cnyqae .IIMeeTC.H cna6a.H 3aBHC.IIMOCTb 

He Ton~Ko oT <}JopMhl 6ecKoHe'IHoro OTTBnKnsaHn.H, Ho n oT npncyTcTB.IIH 

OTT8nKHB8HH.H B006IUe. ~' 

nepeJtJleM 'Tenepb K Cll.IIHOBOMy cny'l810 .II .II3y'IHM ·38BHCHMOCTb 

. 'FpeX'I8CTH'IHbiX a<}J<}JeKTOB OT <}JopMbi OTT8nKHB8HH.Ho· Ecnn OTT8n.K.IIB8H.1Ie 
• 

~. '. ··• 
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·' 

OIIHCbiBBeTCH 'qHCTbiM". riOT~HUH8JIOM • .· "hatd shell , U.8 (I -:-.I c ) ) ; .. TO 
.\:~oo : .. · '· 

.llnH _.lly6neTHOft .llnHH~I , nd -pa~ceHHHH rronyqaeM ·· 2a = _0,53 cp • 
· .. 

:. Y'iHTbiB8H , " hatd cote " MeTO.llOM MeX8HH'leCKHX KB8.llp8Typ H no-

·'-

... 
·' 

·.- .. :. 

-·- ·.~."" 
~ . ~.. ~: 

·--.. . 
'' 

n~~aH a ( 12) N = 3 , .Mbi rronyqnM nnH ny6neTHoA nnHHbi pacceHHHH 

·3HaqeHne . 2a = - 0,6 cp. ~106orrbiTHO,- q·~o aapbHpo~a~ne I 2 . a ( 10) 
. 2. . . 

IIpHBO.llHT. K cna6oMy H3M9HeHHIO 3HaqeH~H 2a ( a= .0,59), _3TOT cpaKT, 

BH.llHMO, . MO)!{eT c:n:y:)!{~Tb YK838HHeM 0 'lTO. TO'lHOCTb y'leTa . " hatd Cote" 

· · n6 <PopMyri~ · ( 12) . c N = '3 HBnHeTCH xopo!lleA. Bn.i:r.Ho, · 'lTO pa3nnqlfe · 

· Me*llY " hard ~hell H '~ hatd cote " . nnH TpexqacTH'lHbiX pac-. 

.• .q·e-io~,--.llOCT8TO'lHO cna6oe, 0rrHCbiB8H OTT8nKH.B8HHe B TpHrrneTHOM COCTOH-. . 

'HHH 'lHCTbiM· "hatd . shell " 0 8 B CHH!"neTHOM . C.OCTOHHHH IIOTeHUH8nOM .. "' 
. a 

BH.llB.. ( 18 ) 0 rr.OnyqaeM 3H8'l9HHH .lly6neTHOft .llnHHbl 2 a· H 9HeprHH casi3H: · 

TpHTHH 
. ,• 

ET , KOTOifbie rrpnaeneHbi a Ta6nnue 2. 0TMeTHM, 'lTO nayxqac- .· . . ' 

-~ TH'lHbi·e rrapaMeTp~I BO acex cnyq8HX BOCIIpOH3BO.llHTCH C OTHOCHTenbHOft 

_ • OWH6KOft MeHbWe 0,5%, HarrpHMep, TO'lHbie 3H8'leHHH: a t = 5,380 cp, · 
l. ' . 

Ed = 7 2,250 M9a, npn6nn*eHHbie 3HaqeHHH: 
. . ·. . x) 

Ed.= - 2,205 M9B 

t . 
a = 5,395 <iJ, 

Ta6nu~ 
.. 

yl I . (cp) 2a ( cp) 
1 . 

ET (M9B) 
,,'. 

. 4·· . 10 .. · ·a,o6 
. -3 

- 7,10 . 

10
4 

0,1 0,267 10,5 
.. 

104 
0,14 0,5 8,8 

X npHTHr'HBBK>IU8H 'l8CTb IIOTeHuHana Be3.lle cp8KTOpH3yeTCH IIO MeTO.lly 
BeA~MaHa, ~pnqeM. :a,~nH'lHHa x2 ae3.lle "' 10-3. . ... . 
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.. 
'. TaKHM o6pA30M,. nMe€!TC5 

9cpcpeKTOB OT cpyHKUHH .1/J 

HOA saaHCHMor.TbiO noaeJJ 
. . 

. .ll8 cpyHKUHH 1{1 • , nocKC 

pacCTOHHHHX, ~0 KpaAHeA 

Ho, TO cymecTayeT B03M 

Ma i napaMeTpbi · KOTOpbi: 

ABTOpbl Bb!p8)!{810T 

· 38 HHTepeo K pa6oTe H. I 

1 ~ F. Calogero and YU. 

. 2.'l'.Hamada and I.D.J 

3.lO.A •.. CHMOHOB, A.M. 

· M.G. Fuda. Phys. R• 

4. B.B. BenHea, E. B*c 

5, R.D. Puff - Ann. ·of 

' zecka, reporl IC/ 69, 

! 6. B.H. EcpHMOB • .Hct:>, . 

7. H,P.Noyes. "Birmil 

Three-Body ProblE 

. 8. B.ct:>. Xap.tteHKO, C.A 

1969~ 



1 " (A8 (I "7 I c )) ·;··TO 
• .\ • .. oo __ · . . 

M- 2a =· ,0,53 cp. 

~KHx Kaaapaiyp H no-
''· ··-: . 
THo I! . anHHbi paccestHHst 

pbHpOB8HHe I 
2 

. B (10) 
.2- : _.: • • 

a= ,0,59), _3TOT cpaKT, 

:T~ y"'eTa - " lund core " 

3HaHo,, 'ITO pasnH"!'ffe 

~JlSI Tp9X"!8CTH"!HbiX pac

ffe a TpHnneTHOM cocToH-

C.OCTO_HHHH noT9HUHanoM .... 

bi 

ChMeTHM, "''l;'O aayx"!ac-, ··-. '. 

[SITCH C OTHOCHT9JlbHOJ! 

H:Hst: a 
1 = 5,380 cp, 

t. . 
· a = 5,395 cp, · 

-3 
) . 

10,5 

- 8,8 .. , 
" 

:>pHsyeTcst no _MeToay 
3 . .. .. 

i' 

TaKHM o6pA30M,. HMeeTcst o"!eHb cHnbHast saaHCHMOCTb Tpex"!acTH"'HbiX 

acpcp9KTOB OT cpyHKUHH 1/J B nOT9HUH8J18X·THna (14), 3To CBSI38HO C CHJib-

'HOI! 38BHCHMOr.TbiO noaeaeHHSI BOJIHOBOJ! cpyHKUHH U (I) llpH I<_ I c OT BH-

. aa cpyHKllHH 1/J .. o nocKOJlbKy noaeaeHHe ~OJIHOBOJ! cpyHKUHH' Ha M8JlbiX 

paCCTOSIHHSIX 0 • no Kpal!Hel! Mepe, B cny"!ae CHHI'~9THOI'O paccestHHSI. H9H3Be.ci-

HO, TO CYlll9CTByeT B03MO)!{HOCTb BBeaeHHSI BH9M8CCOBbiX CHJl tiJop-
Ma H napaMeTpbi. KOTOpbiX H3BJ19K810Tr.st H3 Tp9X"'8CTH"'HOJ! saaa"!H, 

ABTOpbi Bbipa)!{aiOT ?naroaapHOCTb E. B)!{eUHOHKo, P.M. PbiHaHHy 

·sa HHTepeo K pa6oTe H nonesHoe o'6cy)!{aeHHe peaynhTaToa. 
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EenrieB B,E., 3y6apeB A,n, Pl-5345 

noTeHU1!8llbl1 coaep}K8ll.llle 6ecKOHe'lHOe OTT8llKI!B8Hlle1 1! RilepHBR 

aaaa'la Tpex Ten 

PaccMaTpi!BBeTCR HecKonbKO anbTepHaTI!BHhix cnoco6oB pac'l~Ta 3-qac

Tli'IHhiX CI!CTeM, COr.TORII.IliX 1!3 '18CTI!U1 KOTOpbi6 B381!MO)leJICTBYIOT npl! llOMO 

11.111 rioTeHullana, coaep*amero 6ecKoi:eqHoe .OTTBJIKI!BBHI!e Ha MBllhiX paccTo

HHHHx, YcTaHBBllliBBeTr.H, 'ITO ¢aaa pacceHHIIH Ha noTeHun:ane 'TBepaol! o6o

JIO'IKH' llHB8pll8HTH8 OTHOCHTellbHO il068BlleHI!H BHyTpb 060ll0'1Kll npol!aBOJib

.HOJ! ¢yHKUI!ll, naeTCR o6o6meHne MeTOil8 Eel!TM8Ha· illlH noTeHUI!BllOB c 6ec 

KOHe'IHblM 0TT8llKI!B8HlleM, Bbl'lllCllHIOTCH ay6neTH8H illlllH8 nd pacceHHI!H. ll 

SHepl'llH CBH3ll TpllTH.H illlH llOTeHUll8llOB C 6eCKOH6'1HblM 0TT8llKHB8HI!eM, 

DpenpHHT OOO.e.QHHeHHoro HHCTHT)'Ta B.QepHhiX Hcc.ne.l{OBBHHI. 
)Uri5Ha, 1970 

Belyaev V,B., Zubarev A,L, 
I . , 

Potentials with the Hard Core Repulsion 
Nuclear Three-Body Problem 

Pl-5345 

and the 

Several alternative approaches are considered for calculation of the· 
three-particle systems consisting of particles, interacting with the 

·help of the potential with the hard core repulsion at small distances, 
It is established that the phase of scattering on the "hard shell" 
potential is invariant with respect to the arbitrary function- added 
inside the shell, The Bateman method for the potentials with the 
hard core repulsion is generalized, The doublet length for nd scat
tering and the tritium coupling energy for such potentials are calcu 
~~ . ' 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 I 
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