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§ 1. B B e ~ e H H e 

M3 BeCbM8 oomHX COOOpa*eHHH Tp8HCnRUHOHHOH HHB8pH8HTHOCTH 1 HH

B8pH8HTHOCTH OTHOCHTenbHO BpameHHH H OTP8*eHHH B 'leTbipexMepHOM 11pOCTp8H

CTBe cneayeT 1 'ITO ABYXHyKnOHHblH ITOTeHuHan MO*eT coaep*8Tb ITS!Tb He38BHCHMblX 

qneHoB pa3nH'IHOH cnHHOBOH cTpyKTyph/ 1,2/. TaKHMH qneaaMH RBnRlOTCR: 

ueHTp8nbHbiH 1 CI1HH-CI1HHOBbiH1 TeH30pHbiH 1 CI1HH-OpOHT8nbRbiH H CITHH-HMITynbc

HbiH ( HnH KBaapaTH'IHbiH CIIHH- ·OpOHTBnbHbiH) 110TeHUR8nhi. IT pH 9TOM Ka*

):lb!H H3 110TeHUH8nOB MO*eT 38BHCeTb He TOnbKO OT Monyng OTHOCHTenbHOrO 

p8CCTOSIHHR Me~y HyKnOH8MH 1 HO H OT KBanp8T8 OTHOCHTenbHOI'O HMITynb-

( 
--+ 2 

C8 V1 ==V1 r,p ) •. 

Ycrremao pa3BHB8eMaSI B rrocnenane ronht Me30HH8R Monenb SinepHbiX 

B38HMoneHCTBHH1 a HMeHHO Monenb IIqTeHUHana onH00030HHOI'O OOMeHa (OBEP), 

IIpHBOnHT K orrpeneneHHbiM Bbipa*eHHRM JlnSI KB*noro H3 'lneHOB JlByXHYK

noHHOI'O IIOTeHUH8na 1 OTBe'lalOmero OOMeHy Me30HOM C naHHblMH KB8HTOBblMH 

'IHcnaMR. B '18CTHOCTH 1 CIIHH-RMrrynbCHbiH qneH RMeeT BHJl ( m - Macca 

HyKnOH8 1 paBH8SI ynBoeHHOH IIpHBeneHHOH M8CCe B CHCTeMe ABYX HyKnOHOB) 

" 
w " " " 1(4-+ -Jo-+ ........ ... .... ] 

2m2 ( a I p ) V a P ( r )(a 2 p ) + ( a 2 p ) Va P ( r )(a I p ) • 
(1) 

IlpeacTaBnSieT HHTepec H8HTH SIBHble BbiPB*eHHSI M8TpH'IHbiX 9neMeHTOB orre..,. 

p8TOp8 W JlnSI pa3nH'IHblX CllHHOBbiX COCTOSIHHH JlBYXHyKnOHHOH CHCTeMblo 

3T8 3808'18 pern8eTcSI B §2. 
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B §3 paccMaTpnsaeTCR CBR3b noTeHunana npRMoro HyKnoH-aHTHHyKnoH

Horo B38llMOaeHCTBHSo B03HHKaromero 11pH 06MeHe Me30HOM aaHHOH CHMMeTpllHo 

c aHanorH'IHbiM 110TeHUH8JIOM B CHCTeMe aByX HyKJIOHOBo HccneayeTCR BO

rrpoC o 3H8Ke 9¢~eKTHBHOH KOHCT8HTbl B38HMOaeHCTBHR B CHCTeMe HyKJIOH-

aHTHHYKJIOHo 

§2. MaTpH'lHhie aneMeHTbi Haepnoro CIIHH-HMIIynbcHoro 

IlOTeHUH8R8 

JV\aTpH'IHbie 8JieMeHTbl CllllH-HMITyJibCHOrO 110TeHUH8JI8 ( 1) 1 KOTOpbie 

o6o3H8'lllM qepe3 K J LL' , AJIR COCTORHHH CHCTeMbl H3 AByx HyKJIOHOB C 

p83JIH'IHbiMH 110J!Hb!M MOMeHTOM J H 110J!Hb!M CllllHOM S 

cneayromnM o6pa3oM: 

K .,I. (LJ -SlS \JJ)(L'J -S'lS;\JJ) 
JLL S S ~ z z z z z z z 

z z 

1 217 

orrpenenRroTCR 

( 2) 

f f d cos 0 d ¢ y * (f).¢ ) < s 
LJ -s z 

1 w I s ' > v , ,co. ¢> 
z L J -s 

-1 0 z z z z 

3aecb YLm(O,¢)- c~epn•xecKne ~yHKUHHj (LJ z -SzlSz I JJz ) - K08~~HUHeHT 

Kne6rna-f opaoHa; < S z· I W I S; > - MaTpll'IHbie sneMeHTbi B npocTpaHCTBe 

CllHHOBb!X. uepeMeHHbiXj L - 3H8'leHHe op6HT8JlbHOrO MOMeHT8 KOJIH'leCTB8 

aBH)l<eHHRo Dony'leHHbie B pe3yJibT8Te aoBOJlbHO rpOM03L\KHX Bbl'lllCJieHHil: Bbi

pa)l{eHHR OK83b!B8IDTCR p8BH biMH: 

s.,o 
( 3) 

v (r) a v, (r) a v (r) J(J +1) 
K ap _L _a __ ( r 2-- ) + ___£_£..._ - - Gp --· 

JJJ m2 r2 a r ar m2 a r m2 r 2 
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S=l 

K =- vap(r) _l_L(r2L)- v,;Jr)(_a_+.!.)+ VaJr) JO+l) 
JJJ m2 r 2 a r a r m 2 a r r m 2 r 2 

(4) 

K = _1_ ~P(r) _1_ .Lc r2.£._) + _1_ V/,P(r) (_L+ }+2 )- ~P (r)(J+lXJ+2> _.!. . 
JJ+lJ+l'2J+1 m2 r2ar ar 2}+1 m2 ar r m2 2}+1 r2 1 

K =--1- Vap (r) _1 __ a_(r2L)- _l_v;p(r) c.L- J-1 )+ 'Mr) J(J-1) ...!..-(6) 
JJ-lJ-I 2}+1 m2 r2 ar ar 2J+l m2 ar r m2 2J+1 r2' 

KJJ+I J-1 

2y10+1) 

2] + 1 

K =-J.J-1 J+l 

2ym:;:T} "c,P(r) ..1 ....L ( r 2 _L) + 
2]+1 7 r2 ar ar 

2yJ{f;1} 

il+l 

v (r) a 
....2£....._ ---

m 2 a r 

Vq9 (r) ( _L _ J-1 )-
m2 ar r 

V (r) 
~ 

m2 

aJ +1)CJ-1) v~ 

2] + 1 

1 
r 2 

2yj(J +I) vap (r) 1 a a 2yJ(J-:1J vap(r) a 
-------(r2-)- ---ni2 a;-2] + 1 m 2 r2 a r a r 2] +1 

2y'J(J+l) v;.,Cr) a ]+2 va (r) 2J0+2)y'JCJ+l) 
--- -- ( - + --) - ....\!.~!._ 
2]+1 m2 ar r m2 2]+1 -;2. 

( 7) 

( 8) 

H3 ~opMyn ( 3) - ( 8) snnuo, 'ITO crrnH-HMnynbCHbiil: noTe Hunan npnsonnT 

K H3MeHeHHID 8¢~eKTHBHOii: llfJHBeneHHOil: M8CCbl 0 pa3Jlll'IHOMy L\JlR p83Hb!X COC

TORHllfto nnR CHHrneTHOrO CllHHOBOrO COCTORHHR 

m (r) 
m 

:31!>~ 1 
~ 

..J!I?_ 
m 
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llrrSI HeCMelllHB8IOlUHXCSI TpHIIlleTHbiX CIIHHOBbiX COCTOSIHHM 

. L = J, L '= J , 

m ( r)"' 
m 

9¢¢ 
1 + ~ 

L=J+l, 

m9t~¢ ( r) = 

m 

L '=J+l, 

m 

1- _1_ 
2] + 1 

Vap (r) 

m 

L =J -1 , L '= J -1 , 

Ill 

ma¢¢(r)= 
Va p (r) 

1 + 
2J + 1 m 

illiSI CMelllHB810!UHXCSI TpHIIlleTHblX CIIHHOBbiX COCTOSIHHJ.i: 

m 
ma¢rjl ( r) = 

2{FJ+ l) Vap(r) 
l + 

2]+ 1 m 

( 10) 

( 11) 

( 12) 

( 13) 

KpoMe Toro, H3 tflopMyrr ( 3) - ( 8) crre.nyeT, 'ITO B pa.nHanbHbiX ypaBHeHHSIX 

UJpe,llHH_f'epa BH.llOH3MeHSieTCSI 3<P<!JeKTHBHbiJ.i: UC!I'rpo6e>Kilb!J.i: IIOTeHUH8llt IIOSIB

llSIQTCSI .llOIIOliHHTellbHbiJ.i: qneH C rrepBOJ.i: IIpOH3BO.llHOH BOllHOBOH <jlyHKUHH H rrpo

HC'XO.llHT H3MeHeHHe a<jl$eKTHBHOf'O TeH30pHOI'O B38HMO.lleftCTBHSI 1 CMe!llHBa

JO!Uei'O COCTOSIIIHSI C L .., J ± 1 , 
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HaJ.i:.neaHbie Bb!pa>KeHHH .llliH MaTpH'IHbiX arreMeHTOB rroosorrSIJOT BKliJO'IHT 

CIIHH-HMIIYllbCHbiJ.i: qrrea (1) B IIpoue.nypy 8H8liH38 yrrpyroro HYKliOH-HYKllOH 

HOI'O pacceSIHHSI HapaBHe C XOpO!llO H3BeCTHbiMH UeHTp8i!bHbiM 1 CIIHH-CIIHHO 

-BbiM 1 TeH30pHbiM H CIIHH-op6HT8llbHbiM 'IJieHaMHo 

BooMo>Kao, qTo y•Ii3T aToro qrreaa oKa>KeTcSI cymecTBeHHbiM .nrrH nyqwer 

OIIHC8HHSI HeKOTOpb!X rrapaMeTpOB ( H8IIpHMep, rrapaMeTpa CMelllHB8HHSI) yrrpy 

roro HyKnoa-HyKnoaaoro pacceSIHHSI. 

Kor.na .naaaaH pa6oTa roTOBHrracb K orry6rrHKoBaHHJO, B rre'laTH rroSIBHnac 

CT8TbSI/5/ t 8BTOpOM KOTOpOJ.i: T8KlKe 6blliH IIOl1Y'IeHbl M8TpHqHbie 911eMeHT 

CIIHH-HMIIYl1bCHOI'O IIOTeHUH8ll8o 

( /5/ 
3aMeTHM 1 o.naaKo, 'ITO B o6weM Bbipa>KeHHH (¢opMyna B.14) pa6oTbi 

IIOCT8BrreH O!llH60'I:HbiJ.i: 3H8K rrepe.n IIOClle.llHHM 'IJieHOMo flpaBHl1bHOe Bb!pa 

>KeHHe HMeeT BH.ll 

_1_ [ ;; • p V ( r)-;; • p + a-> • p V ( r) a . p] = V ( r) I _l ( S + (/ .1I ) p-> 2 + 
2 1 2 2 I 3 12 I 2 

+ [s1~+; (S12+a ... l.;2 )S L ]~ __g__ .11:._)1 + dV(r) ..!.(s t-a_.a }( - SL 
r d r r 2 dr 3 12 1 2 ar 

§3. AMnnHTy.aa npaMoro HyKnon-aHTHHyKnouuoro 
!' 

B38HMO.aeHCTBHH H HOTeHUHan 

EopHOBCKHe aM rrnHTY.llb! .nnSI npSIMoro HyKnoH-HyKnoaHoro H HyKnoH 

8HT!t!HYKllOHHOI'O B38HMO.lleJ.i:CTBHll:, KOTOpb!M COOTB9TCTBYIOT .llH8I'p8MMbl O.llHO 

6030HHOI'O o6MeHa 

-+ ...... 

P~r 

:f 
I 

-+ --L.__ .,. , 
- p ------ -----._ - p 
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HMe!OT CJie.llyJOII!He Bb!pa)KeHHSI: 

2 
F (<L p-')= g 2 m u(p')f', (p',p)u(p) 

NN ( 2 -> 2)1/2 " m + p . 

M' 
_P_u(n')[' (n',n)u(n), 

_. 2 a .\.' 
q + f.L 

mz 
F_(q';p)=g2 u(p')f'.\.(p',p)u(p) 
NN (m2 + p 2)1/2 

AA' 
p v(n))_,(n,n')v(n '). 

-qz + f.L 2 

3.oech 

qA=P~-PA, no =Po= (m2 + P 2)1/2 
... 
n 

... 
- p, 

( 15) 

( 16) 

['A - IIpOH3Be,lleHHSI y -MaTpHU,- COOTBeTCTBY!OIIIHX 38.ll8HHOit CHMMeTpHH 

Me30H8 H ero CBSI3H C HyKJIOHOM, g - KOHCT8HT8 CBSI3H, 

3TH aMIIJIHTY.llbi COOTBeTCTBY!OT narpaHlKHaHy B38HMO,lleil:CTBHSI 

L = y 4 rr g ~ 1.\. 1/J cp .\. 
( 17) 

.UJISI cpaBHeHHSI Bb!palKeHHil: ( 15) H. ( 16) I!peo6pa3yeM 'leTb!peXKOMIIOHeHTHb!e 

CIIHHOpb! V H· V B U H U C IIOMOII!b!O 38pSI.llOBOro COI!pSI)KeHHH C : 

( 18) 
v=Cii v C -1 u • 

DpH 
HCITOJib30B8HHH C(JI:.llY!OOWer)O rrpe.llCTaB(Jie;HSI iJ.llJISI) ~ 

... 
y = , .y .. 

o o 1 -a o 

-MaTouu: 

( 19) 

8 

rronyqaeM n.rrSI MaTpHUhi sapSinoBoro corrpSI)!{eHHSI 3Ha'!eHHe 

IIpH'ICM 

-1 
C =C 

c = y y 
0 2 ·(:, :} 

T - c c -I c 
yfL 

T 
~-yfl 

C IIOMOUlb!O COOTHOIIIGHHli ( }8) 11 ( 20) nerKO IIOK838Tb, 'ITO 

~ (p) y 
flr 

y 
112 

00 0 y 
/In 

V ( q) = (-1) n U ( q•) y 
fL n 

0 .. y y u (p) 
1'-J flr 

( 20) 

( 21) 

J1 CilOJib3YSI COOTHOllleHHe ( 21), M3 Bb!pa)l{eHMSI .llJISI 8MilJIMTy .llbl ( 16) MOiKHO 

38K.TI!O'IHTb, 'ITO 8MITJIMTY.llbl IIpS!MOrO HyKJIOH-llHTHHy KJIOHHOrO B38HMO.llCil:

CTBHSI B CJiy'lae 06MOH8 CK81UlpHbiM (f'.\.~l),rrceB!IOCKaTJS!pHb!M(f'.\.~~),TeH30p-

Hb!M ( [',\ = iy.\. , ['.\. = 1) 1 IlCP!'I.QOBCKTOpHI,IM C ITC()BJ:IOBCKTOpHOli CBS!Zb!O (I_\ =iy
5
y.\.) 

H ITCeBAOTCH30pHLIM C IlCeB.llOT6H30pHorpaJU!()H'l'HOH CBSI3b!O l),_ =y
6 

Me30H8MH 

COFliTI'I.llBJOT c aMITmrTy!IBMH HyKnoH-nyKnonnoro pacceanHSI, B cny'iae o5MeH::~ 

BeKTOpHhiM ( f'A =y,\ ,[' ,\v = ia,u_,) I ITCefl.[(OBeKTOpHhlM C ITCeB,llOTCH80pHoti Cf\SI3h!O 

(IAv =y 
6 

O'AV ) H ITCeB{10TeH30pHbiM C IlCCBHOBCKTOpHorpa.OHCHTHOti CBSI3b!O 

([',\ "'Y
6 

Y,\ ) M030H8MH 9TH BMITIIHTY.llhl OTJIH'Ia!OTCSI TOJibKO 3H8KOM, 

EcnH MesoH SIBJIS!eTcSI H30TOITH'ieCKnM TpHnneToM, To rrpH sapS!.llOBOM 

corrpS!iKeHHH HY:IKHO yqecTb T8KiKe rrpeo6pa3oBanue H30TOIIM'ICCKoil: 'IaCTH 

HYKJIOHHOH BOJIHOPOH !flyHKUJUf, B ::>TOM cnyqac MaTpuueH: rrpeo61Ja3oBaHHSI 

6yne1· M8'l'}JHUCI ~T(y ~ - j) 
T - ' 
> i 0 

T orna npn yqe1'8 COOTHOlllCHHSi 

' * V = 1 T U 
T y i 
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v+ r v 
T T 

"'- u + 1 u 
T T 

( 22) 

y aMrin:lfTYLihl rrpSIMOrO HyKnOH-8HTHHyKnOHHOrO B38HM0):19ftCTB~UJ, B cny'lae 

o6MeHa H30TpHrrneTHbiM Me30HOM IIOSIBnSieTCSI ):IOIIOnHHTenbHbiil: QJ8KTOp ( -1) • 

f1pHBe):leHH09 Bbllll9 paCCMOTpeHHe fiOK83hiB8eT, 'ITO OTHOCHTenbHblft 

3H8K rroTeHUHBnOB O~H06030HHOrO o6MeH8 J:lnH CH~T9Mbl HyKnOH-HyKnOH If 

ClfCTeMbl HyKnOH-8HTHHyKnOH 

_,_, 
i q r 3 I F ( q, p) e d q , 

NN 
v (; ,p) 

NN 

V _ ( 1 ,p ) ~ I F ( q, p) e 
NN NN 

i <: 1 3 
d q 

/6,7/ 
orrpeaenSieTCH QJBKTH'IeCKH G -'I~THOCTbiD MeaoHa 

G ~C (-l)T • 

( 23) 

(24) 

( 25) 

B 3aKnJQ'IeHHe Bbipa:IKaiD 6naroaapHOCTb B.B.Ea6HKOBY H P.M.PbiH.llHHY 

aa rrone3Hbie coBeTbi H aaMe'IBHHH. 
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