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Abstract: 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 establi
shed that the phase qf 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 n-d scattering and the tritium binding energy for such 
potentials are calculated. 

AHHOTa�H.a: B pa6oTe paccMarp1rna10TcH HeCHOJihKO c11oco60B pacqera 3x.t1ac
TH'l!Hhrx CHCTeM, COCTOHI.qHX H3 qacTHI.\, B3aHMOJ.{eikTBYl0i1J,HX npH no
MOI.qH rroTeHI.\HaJia, coJ.{epmarqero 6ec1<0ttetrnoe orramrnsa1-rne Ha l\taJiblX 
paCCTORHH.HX. Y CTaHaBJIHBaeTCH , 'lJ:TO cpa3a pacceRHHR Ha llOTeHI.VfaJle 
' 'TsepAOH 060JIOt1Irn' ' HHBapHaHTHa OTHOCHTeJibHO J.{06asJieHH.H BHY'f PI-
o60JIO'l!HH npoH3BOJihHoii cpyHHI.\HH. AaercR 0606ll.J,em1e Me·roAa Bef1rMa
Ha ,l{Jl.H IlOTeHI.\HaJIOB c 6ecHOHe'l!HbIM OTTaJIHHBaHHeM. Bblt.JHCJIHIOTCH JJ.Y-
6JieTHaH ,l{JIHHa n-d pacceHHIUI H 3Heprm:I CBH3H TPHTHH AJIH IIOTeHI\H:l
JIOB C 6eCKOHellHhIM OTT8JIKHBam1eM. 

* TamHeHTCKHH rocy .l{a pCTBeHHHH Y HHBep3HTeT.
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1 .  BseAeHbie 

KaR H3BeCTHO, npH «peHOMeHOJIOrlflleCROM OilHCaHHH B3aH1\10i�elicTBH.R Hy

RJIOHOB, ORa3bIBaeTC.fl He06XO,[{HMbIM BBOAHTb B IlOTeHqHaJI V (r) CHJibHOe 

OTTaJIRHBaHHe Ha MaJibIX paCCTO.flHHHX. BBe,[{eHHe OTTaJIRHBaHHH COOTBeCTBy-

1011\eR: BeJIHtJHHbl, C OJ{HOR: CTOpOHhl, Il03BOJIHeT OilHCaTb IlOBe).teHHe <pa3 

pacceHHHH npH 60JibllIHX SHeprH.RX, C ,l:\pyroR: - YAOBJieTBOpHTb ycJIOBH.flM 

HaCbill�eHH.fl .H,l:\epHblX CHJI1) .  ,ll;OBOJibHO pacnpocrpaHeHHbIM2> cnoco6oM OIIHCa

HHH OTTaJIRHBaHHH Ha MaJibIX paCCTO.flHHRX .RBJIHeTCH BBe):\eHHe B IlOTeHqHan 

"TBepJ{Oii cep,[{qeBHHhl . . .  YA06HblH AJIH <peHOMeHOJIOrHtJeCROfO onHCaHHil cpa3 

NN.-pacceHHHH, TaRoii noTeHqHaJI BbI3hIBaer orrpeAeJieHH&Ie TPYAHOCTH npH 

pellieHHH ypaBHeHH.fl lIIpeAHHrepa B 3aJ(atJe 3-x H 6onee TeJI. B CBH3H C S'fHM 

B IlOCJie,[{Hee BpeMH 6hIJIH npeAIIPHH.flTbl cneqHaJibHbie YCHJIH.f13) AJIH ycTpaHeHirn 

3THX TPYAHOCTeR:. 

B paMKaX ypaaHeHHR: ct>a,ll,[{eeBa 3aJ(atJa CBOAHTCH K OTbICKaHHIO rrpe,l.\eJih

Horo IlPH Vo -+ 00 3HatJeHHH 2-x tJaCTHtJHO.tt t-MaTpHqbI, nopom itaeMOH no

TeHqHaJIOM BH,[{a: 

HmKe HaXOJ{HTC.fl 3TO rrpeJ{eJibHOe BbipameHHe J(JIH 2-X qacTHtJHOii t-Ma·· 

TpHqbI, npeJ(CTaBJieHHOii B BHJ(e pa3JIOiKeHHH Beit.TMeHa4) 

t (k, k', z) = � Ci; (z) V (k, Si) V (k', s;) 
i, ; 

( 1 )  

3aTeM paccMaTpHaaeTC.fl B03MOiKHOCTb BBe,[{eHHH 6ecROHetJHOro OTTaJIRHBaHHH , 

OCHOBaHHa.R Ha npOCTOM paanomeHHH cpyp&e 06pa3a rroTeHqHaJia V lk, k') no

cpopMyJie Mexamft{eCRHX RBa.l{paryp. H. HaRoHeq, Mbl o6cyJ(HM CBOit.CTBa 2-x 

tiaCTHtJHOH t-MaTpHqhI J(JIH IlOTeHqHaJIOB COJ{epmaI.qHX 6ecROHCt{HOe OTTamrn

BaHHe THrra ' '  hard shell' ' .  
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2 . YtJeT 6eCKOHetJHOro OTTaJIKHBaHHH B pa3JI02KeHHH
BeATMaHa 
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TaK RaR npH6JIH>KeHHe .f!Mary1.rn HBJIHeTCH 'laCTHhIM cnyqaeM pa3JIO>KeHIU'I 
BeATMaHa (a HMeHHO - nepBblM tIJieHOM pa3JI02KeHHH) ,  TO npeAeJI t-MaTpHl(bl 
npH Vo � co AJIH HJIJIIOCTpa�HH Ha:HAeM B 3TOM npH6JIH>KeHHH, a 3aTeM o6o6llJ,HM 
pe3yJibTaT Ha cny11aA npOH3BOJibHOrO tIHCJia 1iJieHOB pa3JIO>KeHHR BeKTMaHa. 

HTaK, nyCTb HMeeM IlOTeHUHaJI: 

V (T) = { V1 (r) = °A. > 0,
V2 (r) < 0, (2 )  

s-rapMOHHKa OT cpypbe KOMilOHeHTbl TaKoro IlOTeHuHaJia AaeTCSI Bbipa»w
HHeM: 

r oo 

V(k, k') = 
2 'lt'

l
k k' 

[).. J sin k r  · sin k' r dr + J sin k r · sin k' r V, (-r) d-r ]=
0 � 

= V1 (k, k'} + Vz (k, k'), Vi (k, k') oc °A., V2 {k, k') - 1.

Vi (k, k') = Vz (k, 82) V2 (k', s2) oc A ,
V2 (s2, s2) 

V1 (k, k') 
A. 

e V1 (k, k') oc 1. 

(3) 

C noreuuHaJioM V1 + V2 ypasueHHe JIHnnMaHa - lliBHHrepa npeapa�aeTc.P.
B CHCTeMy 2-x anre6paHl!eCRHX ypasueHHA H AJIH t-MaTpHUhl nony11aeM: 

1 V (k ) [V1 (k', 81) t (k, k , z) = 1 , s1 V ( ) 1 St, S1 
4 "  Ci (k', z) ] + 

+ V2 (k, s2) [�2 t', 8f - 4 1t  C2 (k', z) ] :
2 S2, S2 

(4)
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, 1 [ (  
V1 (k', s

) 
(V2 k', s

) 
) 

C1 (k , z) = A ( ) V ( ) Iu + V ( ) Iii (1 + 4 7t Iii) -
.lJ. Z 1 S1, St 2 S2, S2 

00 

Iu (z) = V / ) J V1 (k, s1) Go (k, z) V1 (k, s1) ki dk oc A,I S1, St 

00 

fo (z) = V ( 
1 

) r V1 (k� S1) Go (k, z) Vi (k, S2) k2 dk oc 1 ,
t S 1 ,  S 1  J 

121 (z) = V ( 
1 

) f V, (k, s,) Go (k, z) V, (k, s,) k2 dk oc A.,2 · S2, S2 J 

A (z) = (1 + 4 1t 111) (1 + 4 1t 122) - (4 1t)2 112 121. 

(5) 

(6) 

(7)

YqHTblBa.R IIOBe,AeHHe HHTerpaJIOB (6)  rrpH 1 -+  00 '  nerKO BHAHM, lJTO t-Matpm�a 
( 4 ) ocTaeTcn HOHe1rnoii rrpH A -+  oo .  II pe,Aenhttoe sh1pameHHe HMeeT BHA:

t (k, k', z) = V (k, s,) [ -1 - .  ; (k', s1) (l + 4 1t 122 (z)) _ Vi (k', s2) I12 (z) ] +
A= 00 

cp (z) 4 1t (s1 , s1) . Vi (s2, s2) 

+ V2 (k, S2) V2 (k', S2) J11 
V2 (s2, s2) · cp (z) ' 
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Ju = Iu/A,
J21 = I2i/'A.,
<p (z) = Ju + 4 '1t (Ju I� - Iii Ji,) .

8 CJIY'Iae np0H3B0JlbH0f0 llHCJla qJleHOB B pa3JIOlKeHHH ( l )  HMeel\t : 

V, (k, k') = 2 (d�'),, V, (s,, k) V, (s1, k'),
t, j 

V, (k, k') = 2 (d;'),; V, (x,, k) V, (x;, k'),
t, ; 

rAe napaMeTpbl Si , Xi MOlKHO Hai1:TH, HanpHMep, H3 MHHHMyMa BulpailceHHH 

2 f I V (k, k') - V (k, k', s, . . . SN) 12 dk dk'
X (s) = -----,,--..,,.--.,._....-----f V2 (k, k') dk dk' 

BBeAeM tpyHIU\HH 

H MaTpH�bI 

. 
(k) 

__ { V, (s;, k) ;
'l11 - ··· 

V2 (x;, k) ; 
1 � N,
1 + N � 

i � 
i 
 
� M + N,

{ V1 (Si, k) 
�; (k) = }., 

V2 (x;, k) ; 

1 � i � N, 

1 + N � i s  M + N,

A . - {  (d2);; ; 
JJ.,1 - O ·  ' 

1 � i, j � N, 
1 + N � i, j S M + N,
AJISI scex ccpyq1:1x i, j, 

1 + N S i, j s M + N,
AJIH scex ccpy1rnx i, j. 
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M+N 

t (k, k', z, A.) = 2 rc- 1 (z) f o  1)1 (k) 1); (k'),

i, i='l 

J 
1)i (k) 1); (k) k2 dk

Ci; (z) = D;, + 8 1t µ12 
k2 _ 2 µ12 z _ iE

• 

0 

Ilepex0Jv1 K npeAeJiy 1 -+ oo , nonyqaeM 

t (k, k', z) = lim t (k, k', z, 1) =
A,-+ oo 

M+N 

= 2 [ (A + I z»-'J ,1 �; (k) �I (k'),
i, i=l 

(8) 

TaKHM o6pa30M (8 ) HBmieTCH KOHe11HbIM npe,l:{eJIOM npH A,-+ 00 pa3JIO>KeHH.fl 
BeATMaHa ( 1 ) . 

3. HcnOJib30BaHHe qmpMyJibl MeXaHH11eCKHX KBa,l:{paTyp
AJIH BbJllHCJieHHH t-MaTpHl.(bl no noTeHI{HaJiy,

COAepma�eMy 6ecKOHetIHOe OTTaJIKHBaHHe. 

PacCMOTPHM tIHCTO OTTaJIKHBaIOII(HH IlOTeHI{HaJI BH,l:{a: 

V ,(T) = 1 cp (r) + 4J (T) ) 
A,-+ oo 

V (r) = 0 

T :S Tc

T > Tc . 

IlyCTb q> (r) He o6pa�aeTCH e HOJib npH r :S Tc 
nyCTb TaKme cp H 4J HMeIOT npH 

1  
T = 0 CHHryJIHPHOCTb He CHJihHee, qeM --. r,l:{e a. :s 2.

T« 
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(A) . TOrJJ.a JJ.mI s-rapMOHHKH Cllypbe-o6pa3a noreHI . .\Hana V (r) HMeeM (rrpu 
KOHeqaoM A): 

r. 

V (k, k') = 2 1t'lk k' J sin k r · sin k' r V (r) dr.
0 

(9) 

B CHJIY ycnOBWI (A) K (9) MOHCHO npHMeHHTb q>OpMyny MexaaHqecKHX KBa
JJ.paTyp: 

N 

VN (k, k') = 2 J k k' L [). cp (r,) + ,j., (r,)] I.I., sin k r, · sin k' r, ; (10)

r,, A; - y3nbl H aeca HHTerpHpOBaHWI 

TorJJ,a, JJ,nH t-MaTpm\bI HMeeM: 

t!' {k, k', z. ).) = L [c-, (z)] ,, 11, (k) 'Ill (k').
i, i=l 

Ci1 (z) = d,1 + 8 1t P.12 I,; {z), 

I,; {z) = q = \I 2 P.u z •( 
2 � sin q r, e1"'•, i < j

2 � sin q .,., e1"',, i > j

(11)

Ilo ycJIOBHlO (A) <i>YHKI.\HSI cp (r) ae o6pa�aeTCR e HOnb e npoMemyTKe 
0 :::;;  r :::;;  re , cneJJ.oBaTenbHO, npH A. -+  oo d;; -+ 0, H JJ.JIH t-MaTPHl.\hI nonr1aeM
KOHellHOe BbipameHHe: 

N 

tN (k, k', Z, °k = 00) = 8 l � [Il- (z)] ,; T); (k) 1)/ (k'), (12) 
1t µ12 L., 

i, j 

KOTOpoe He 3aBHCHT OT <i>YHKI.\HA cp (r) H � (r) .  3aMeTHM, qTo Ha Macconott 
IIOBepXHOCTH t-MaTpHqa ( 12) He aaBHCHT OT N H paeHa TOllHOMY 3HaqeHHI0 
aMnnHTYJJ.bI pacce8HH8 Ha 6ecKOHel{H0M IlOTeffl.\Hane: 
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tN ( 
q2 + , '\ _ ) _ 1 Sin q Tc -iqr q, q, -2- 1.E, I\, - oo - 2 2 

• e e • m 1C m q 

,[teiicTBHTeJibHO, BBe,l{eM cpyHKQHIO 

{ 
1t/2 q · sin q x · eiqy' 1 (x, y) = 1t/2 q · sin q y · e1

qx, 

y > x; 
y < x. 

,[tm1 <pyHKQHH J (x, y) HMeeM pa3JIOllieHlie BeitTMaHa

I {x, y) "".2 [r '  (z) 1 '1 I (a; 1°,) I (T;, y),

' i, i=l 
I (z);; = I (Ti, T;),

(12a) 

(12b) 

c paape3aMH B roqKax r; (no orrpe.l{eJieHHIO Ti = Tc) .  B rqque x -:-- Ti ,  y = Ti 
( 1 2b) nepoXOAHT B roqHoe paaeHCTBO IIPH JII060M N, Il03TOMY 

N 

I (Ti, T1) = tq sin q T1 • e1"• =L ::, [1�1 (z)];1 sin q T1 sin q T1 e''•\
i, i=l 

OTKYAa Herrocpe.l{CTBeHHO IIOJiyqaeM BbipameHHe AJIR aMIIJIHTYAh( ( 1 2a) . 

4. t-MaTpHI_\a AJIR rroreHQHana, "CdAep,Kam;ero orTammsam1e

THrra "hard shell" 

B PHAe pa6or5> 6eCKOHet.IHOe OTTaJIKHBaHHe BBO.l{HJIOCb IIPH IIOMOI.U;H IIOTl.?H-  
1..\HaJia BHAa . _ .. 

V(r)· = A, ·o (r - Tc) (1 3) 
1�00 

B· HMIIYJihCHOM rrpe.QCTaBJieHHH 3TOT IIOTeHI.\HaJI cpa1rropH30BaH no nepeMeHHb(M 

k H k' OAHHM tJJieHOM, HCIIOJih3Y.R ypaBHeHH.R <Pa.l{.l{eeaa Mbl CCTeCTBeHHhll\'I
o6pa30M rrpHXO,l.{HM K OHOMepHbIM ypaBHemrnM ,  OIIHChIBaIOI.U;HM ABHiKeHHe 3-x 
qacTHI.\' B3aHMO.l{eikTBYIOl..l.l;HX npH IIOMOI.U;H IIOTeHf.\HaJia ( 1 3) ( CIVI. Ta HiRe6) ) .

I1TaK ,  nyCTb HMeeM nOTeHI.\HaJI BH,l{a: 

l l o  (T - Tc) + � (T), 
1�00 

_ V (r) = 
Vt' (T), T >. Tc,·. 
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IloKameM, qTQ cpa3a pacce�IHH.fl Ha TIOTeHQHa�e ( 1 4) He 3aBHCHT 01 cpyHKU.HH 

\)J {r) .  
�JI.ff pacce.HHHH s-BOJIH HMeeM: 

00 

u (r) _ sin k r + 4 f G 
( 

') V ( ') ( ') , d , -- -
k 

1t r, r r u r r r , 
r r 

0 . 
. 

( 

M k sin k r cos k r' 

, 
- 4 1t • k r · k r' 

G -(r, r ) = _ M k . sin k r' cos k r
4 1t k r' k r 

r < r';

T > r'. 

110.A.ACTaBnHH (1 4) B ( 1 5 ) nonyqaeM

u (r) sin k r '-
-- = 

k 
+ 4 1t G (r, rc) u (rc) rc l + r r 

� . � .
+ 411: JG (r, r') ,Ji (r') u (r') r' dr' + 4 � J G (r, r') V, (r') u (r') r' dr'.

0 � 

rpaHHqHoe YCJIOBHe B ToqRe Tc HMeeT BH,A: 'U (re) = 0 CJie,AOBaTeJII,HO, 

A,�00 
u (rc} l = c. 
}.,� oo 

(15) 

(16) 

I10J1araH B ( 1 6 ) r = TC H }., � 00 • Haj:i_AeM BblpameHHe .t{JIH c. Bbl'IHCJIRH npaay10
qacTb ( 1 6 ) npH T > Tc H }.,� oo H HCI10Jlh3YSI BhlpameHHe AJIR C, no.11yqHM:

u (r) sin k r
-

r-
= 

k r 

cos k r
tg ·k Tc ·

_k_r_ 
G-(r, Tc) 

X 
G {re, Tc) 

X 4 1'  j [G (re, r') � G (r, r')] · Vt (r') u ·(r') r' dr'. 
r. 

T. e. cpyHKQHH u (r) H ,  COOTBeTCTBeHHO,  cpa3a pacce.RHHH B o6JiaCTH r > T.: He

3aBHCHT OT \Ji (r) .  0.t{HaKO, BHeMaccoBa.H aMIIJIHTY ,Aa pacceHHIUI Ha IIOTeHQHa,11e
BH,Aa ( 1 4) CYJ.I.\eCTBeHHbIM o6pa30M 3aBHCHT OT cpyHKQHH .\)i. I1po,AeMOHCTpH
pyeM 3TO YTBepm,AeHHe Ha 11pOCTOM IlpHMepe, B3HB B 011pe,AeJieHHJ� (.14) 
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\fJ (r) = Vo 6 {r - r1), r1 < Tc,

Vi = 0 npH scex r. 

TorAa, Ami t-MaTpHQbI HMeeM: 

t ( k k' q2 + . ) _ 1 
{ 

Vo 
[ 1 

+ m Vo . iqr ] sin k Tc 

, , 2 µ 
1E - A 2 

,t2 -
q
- sm q Ti e 1 

k 

sin k' Tc 
k' 

sin k Ti • sin

k

k
1

' Tc ] + m Va2 1 sin k r1 
+ sin q rc e q'• ----k 2 ,r q  k 

sin k' r1 

k' + 

sin k' r1 } .
k' : 

A =  m
q

V0
e'"• [ sin q r. ( 1 + m;o sin q r, ft"', ) -

- m
q
v. sin2 q r, e'",]

{17) 

T. e. 3aBHCHMOCTb OT Vo H r1 npHCYTCTByeT B HBHOM BHAe, Ha Maccoso.R IIO
sepXHOCTH aMnnHTyAa ( 1 7) HMeeT BHA;

T ( ) _ 
1 . sin q re -jqr 

q, q, q - 2 1C2  m q
e c, 

T. e. cosnaAaeT c aMnnHTYAO:lt Ha noTeHqHane "hard core" (12a) .

B 3aRnIO'leHHe 3Toro pa3Aena OTMeTHM pa3HHQY MeH<AY nepetrncneHHbll\lH 
Bbime cnoco6aMH BBeAeHHH 6ecROHe'IH0rO OTTanRHBaHHH. Pa3nHqHe noneAe
HHH BHeMaCCOBblX aMIInHTYA Ha IIOTeHqHanax "hard core" H qHCTblff (41 :s 0) 
"hard shell" ' C TQqKH 3peHHH 3-x qacTHtJHbIX pacqeTOB (CM. HH>Ke) IIOBHAH

MOMy He oqeHb CY!QeCTBeHHO. B IIOJib3Y TaKoro 3a1mroqeHHH CBHAeTenbCTByeT 
H OAHHakoaoe IIOBeAeHHe (u = 0) IIPH T < Tc BOnHOSbIX cpyHkQHH .I{nH 3THX
IIOTeHqHanos, KOTOpoe B HeROTOPOH CTeneHH xapaRTepH3yeT BHeMaCCOBhle 
CBOHCTBa 2-x llaCTHqHOH aMIInHTYAhI7>. qTO KacaeTCR 3aBHCHMOCTH BHCMac
cosoro IlOBeAeHHH t-MaTpHQbl OT cpyHKQHH � AnH noTeHqHanoa THna ( 14 ) ,  TO 
3Ta 3aBHCHMOCTb MOiKeT OKa3aThCH AOCTaTOtIHO CHnhHOfi:, IlOCKOnbKY n0Be4e1rne 
BOnHOBO:A cpyHKQHH u (T) npH T < Tc CYII\eCTBeHHbIM o6pa30M ::JaBKCHT OT BHJ{a
cp�d \JI. 
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5 .  l:IHCJieHHbie pacqeTbI AnHH nd-pacceRHHH 
H SHeprHH CBR3H H3 

Pac1:1eTbl npOBOJ{HnHCb An.ff npHMOyronbHOtt aMbl C KOPOM 

V (r) = 0, ro < r, I
-V1, Tc < r < ro, 

oo ,  r � re. 

3Ha1IeHHH napaMeTpOB V1 , Tc, To cne,t{yIOll.{He8>: 

v: = 48. 05 MeV,

V� = 32.3 MeV,

r� = 0.17  fm, r� = 1 .87 fm; 

-r::= 0.17 fm, ro =  1 .9 fm.

87 

(1 8) 

IloTeHQHan ( 18 )  OilHCbIBaeT s-cpa3y B WHPOKOM HHTepsane 3HeprHH (E1ab � 
s 320 MeV). 3aMeTHM, OJ{HaKO, 'ITO ' 3TOT nOTeHQHan ,ttaeT 3aHHlKeHHOe 3Ha-
1IeHHe CHHrneTHOro 3cpcpeHTHBHOro pa,ttHyca Ts = 2, 1 5  fm. PacCMOTpHM cHa
qana pacceHHHe t.JaCTHQbl Ha CBH3aHHOM COCTOHHHH ABYX APYrHX, cqma.R 
'!aCTHQbl OAHHaHOBbIMH H 6ecCilHH0Bb1MH. BbI6HpaH OTTankHBaHHe B ( 1 8) R 
BHJ{e 

A. O (r - Tc) + Vi o (r - r,), Ti <  Tc, r s Tr,
1�� 

nony11aeM 3Hat.JeHHe .r:tnHHhI paccesrnHH a. 

Ta6nHQa 1 .  

a (fm) I V, (MeV) I 
1 . 31.6 -40 

2. 31.8 + 10

3 31 .9 + 40

4. 31.9 + 70

T1 (fm) 

0.1 

0.1 

0.1 

0.1 

Tc = 0.17 fm 

(18a) 

CpasHeHHe c pe3ynbTaTaMH pa60Tb19> a koTopott 3Ha'!eHHe a AJUI npsrri.myron1:
Hott HMbl 6ea OTTanKHBaHHH OKa3anOCb paBHbIM a = 28.31 fm, IlOKa3b1BaeT,
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qTO B 6eccnHH0BOM cnyqae HMeeTCH cna6a.H aaBHCHMOCTb He TOJibHO OT cpop
Mbl 6ecKOHe'rnoro OTTanKHBaHHH . HO H OT npHCYCTBHH OTTaJIKHBaHHH B006ll.\e. 

IlepeiiAeM Tenepb, K CilHHOBOMY cnytJ:alO H H3YllHM 3aBHCHMOCTb Tpexqac
THl{HblX 3cpcpeKT0B OT cpopMbl oTTaJIKHBaHHH. ECJIH OTTaJIKHBaHHe OilHCbIBaercn 
" qHCTbIM" noTeHQHaJIOM "hard shell" (1 6 (r - Tc) ) ,  TO AJIH AY6JieTHOit A:JlIHbl 

l-+oo 
nd-pacceHHHH nonyqaeM a2 = -0,53 fm. ¥°qHTbIBaR ' 'hard core' '  MeTOAOi'v1 Me-
xaHHqecKHX KBa;{paTyp H IlOJiara.H a (12) N = 3 Mbl nonyqHM ):{JUI AY6neTHOfl

AJIHHbI pacceHHHn 3HaqeHHe a2 = - 0,6 fm. JI106onbITHO, q ro aapMrpoaaHHe 

T2 B (10 ) npHBOAHT K cna60MY H3MeHeHHIO 3HaqeHHfl a2 (a2 = - 0, 59 fm) . 3Tr.T
cpakT, BHAHMO, MOlKeT CJIYlKHTb yKa3aHHelVi, qTo TOl{HOCTb yqeTa "hard core" 

no cpopMyne (12) c N = 3 nem1ercSI xopoweit BHAHO, qTo paaJIHtrne Me>KAY
' 'hard shell' '  H "hard core" AJIH TpexqacTH"IHbIX pacqeTOB AOCTa·ro,rno c..,a- 

6oe. OnHCbIBafl OTT�JikHBaHHe a TpHnJieTHOM COCTOHHHH "IHC_'.I'bIM_ ' 'hard shell". 
a B CHHrneTHOM COCTOHHHH noTeHQHaJIOM BHAa (18a) . nonyqaeM 3HaqeJIH.R 

AY6JieTHOH AJIHHbI a2 H 3HeprHH CBH3H TpHTHSI Er, KOTOphle n.pHBeAeHhI B Ta- 
6JIHQe 2. OTMeTHM, qTo AByxqacTHqHhie napaMeTpbI so acex cnyi-ianx aocnpo

H3BOAHTCH C OTHOCHTeJibHOit OI�IH61<oit MeHhWe 0.5%, HanpHMep, TQqffbie 3Ha

qeHHH: a' = 5.380 fm, E
).. 
= -2.250 Me V, npH6�Hm:eHH&Ie aHaqeHHH: a' =

= 5.395 fm, E 11. = - 2.205 MeV*,

Ta6JIHQa 2. 

Vi I T1 (fm) I a2 {fm) I Er (MeV) 

104 0.06 - 7.10-3

10'' 0.1 0.267 10.5 
104 0.14 0.5 8.8 

TaKHM o6pa30M, HMeeTCH o_qeHb CH.nhHa.H 3aBHCHMOCTh TP,eX"laCTHqHbl.X 3cpcpeK.: 

TOB OT cpyHKQHJ:1 \V B noTeHgHa�ax THna ( 1 4) .  �TO CBH3aHO C CHJibHOiL 3aBHCH�
MOCTblO noBeAeHHH BOnHOBOH cpyHK�HH u (r) npH r < r C OT BHAa cpyIIKl�HH \V·:
IlOCKOJibKY noBeAeHHe BOJIHOBOH cpyHKQHH Ha MaJibIX pacCTOHHHHX, no RpaA:..i 

Heii Mepe, B cnyqae CHHrJieTHOrO pacceHHHH HeH3BeCTHo·. TO CYI.I\eCTByeT B03-
MOiKHOCTb BBeAeHHH BHeMaCCOBbIX CHJI \V, cpopMa H napaMeTpbl KOTOpblX
H3BJieHalOTCfl H3 TpexqacTHqHQH 3aJ{aqH. 

Asropb1 Bb1pama10r 6naroAapHOCTh E. BmeQHOHHO, P. M. PhIHAHHY �a 
HHTepec k pa6oTe H noneaHoe o6cymAeHHe peayJihTaToB. 

* IlpHT.HrHBaIOI.I\aH 'laCTh IlOTeHI,\HaJia Be3Ae cpaKTOpHayeTCfl 110 MeTO!{Y
BeA:TMaHa, npHlleM aenH"IHHa x2 se3Ae - 10-3•
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POTENCIJALI ODBIJANJA NA KRUTOJ JEZGRI I 
NUKLEARNI PROBLEM TRI TIJELA 

V. B. BEUAJEV i A. L. ZUBAREV

Laboratorij za teorijsku fiziku, Dubna, SSSR 

S a d r z a j 

U radu se razmatra nekoliko nacina rjesavanja problema tri tijela sa
stavljenih ocl cestica, kod kojih postoji uzajamno djelovanje potencijalom 
potpunog odlbijanja na krutoj jezgri pri malim daljinama. 

Utvrdeno je, da je faza rasprsenja na "hard shell" potencijalu invari
jantna u odnosu prema proizvoljnoj funkciji koja se dodaje potencijalu 
unutar ljuske. 

Takoder se poopcuje metoda Batemana za potencijale potpunog odbi
janja na krutoj jezgri, te racuna duzina dubleta za n-d rasprsenje uz ener
giju veze tricija za takve potencijale. 




