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I.BBeneaHe 

B rrocnenaee BpeMSI nenalOTCSI rrorrhiTKil: /1,2 ,3 I rrony"'lHTb e)lHHYlO MHK-

pOCKOI1H"i9CKYlO TeOpHlO BH6paUHOHHbiX B036Y*JleHHll B C~epH"'leCKHX S!Jlp8X 

H poTaUHOHHbiX Bo36Y*JleHHH B SIJlpax ne<jlopMHpoBaHHhix. Ocaosofi anSI sToro 

SIBJ1SI9TCSI <jlaKT, 'ITO 9KCI19pHM9HT8JlbHbie Jl8HHbl9 1 K8*9TCSI 0 I10K83b!B8lOT /4/ 1 

'ITO pOT8UHO.HHbl9 B036Y*Jl9HHSI B )le<jlopMHpOBBHHbiX S!JlpaX rrepeXO)lSIT I1Jl8BHO 

B BHOp8UHOHHbl9 B036Y*Jl9HHSI C<jlepH'IeCKHX SIJlep. nosTOMY 9TH I10I1b!TKH, BO-

o6me I"OBOpH, COCTOSIT B TOM, "iTO )lenalOTCSI yny'lllieHHSI I1pH6nH*eHHSI cny-

"'lBHHOll <jla3bl B KOMMYT8UHOHHb!X COOTHOllieHHSIX JlnSI JlBYXKB83H"'l8CTH"l:HbiX HnH 

JlBYX'l8CTH'IHbiX orrepaTOpOB. npennonaraeTCSI, "iTO y'leT 8HI"apMOHH3M8 I103BD-

JlHT nony'IHTb pOT8UHOHHbie B036Y*JleHHSI H nepel!:TH TeM CBMbiM OT c<jlepH-

"l:eCKHX K ne<jlopMHpoBaHHhiM SIJlpaM. KoHe"'lHO, nony"'leHHhie TaKHMH MeTonaMH 

ypaBHeHHSI JlBH*9HHSI JlnSI JlBYX"'lBCTH"l:HbiX HeJlHBI"OHanbHb!X 8MI1nHTYJl CO)lep

*BT Tenepb JlH8I"OH8JlbHbie 8MI1nHTYJlbl 1 B 'l8CTHOCTH 1 KBallpynOnhHblll MOMeHI2 ~ 
npencTaBJJSI9T TpyJlHOCTH ITOTOM H3BJ19'lb 3TH Jlll8I"OH8JlbHbl9 8MliJ1HTYilbl 113 KOMMyTa-

UHOHHbiX COOTH0lli9HHH H ypaBH9HHH JlBH*eHHSI, B CBSI3H C 3THM B03HHK8eT 

!lt>I1pOC
1 

B03MO*HO JlH OT)lenHTb npo6neMy "l:eTHO-"'leTHb!X S!Jlep OT npo6neMbl 

He"'leTHbiX S!Jlep, EcnH OTBeT OTpHU8T9JlbHbiH 1 TO 9TO 03H8"'189T 0 "iTO H8Jl0 pac-

CM8TpHB8Tb ypaBH9HHSI JlBH*eHHSI JlJlSI 0JlHO"'l8CTH"l:Hb!X 8MI1JlHTYJl• nono6HbiJ.i 

rronxon K TeopHH cTpyKTYPbi S!Jlpa accnenosancSI Y*e rnasHbiM o6pa30M 

KneiiHOM H COTPYJlHHK8MH /5,6/. 

HacToSimaSI pa6oTa nOCBSillieHa perneHHlO ypasHeHHH JlBH*eHHSI JlllSI on-

HO"i8CTH'IHbiX aMrrnHTYJl B cny'lae napHbiX H KBBJlpynonb-KBBJlpynonbHbiX OC-

T8TO"l:Hb!X B38HMO)leii:CTBHJ.i. D.nH npOCTOTbl Mbl OI"p8HH"'lHMCSI CJJY"'l89M "'l8CTHU 

OJlHOI"O COpTa, HBXOJlSilliHXCSI Ha OJlHOil: j - 060JJO"l:K9, HO 9TH Ol"p8HH"'l9HHSI 
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l.~IIJ.LWW,lllW.JJ<.W,III 

He stBliSl!OTCSI npHHUHITH8llbHbiMH B HSWHX paCCYlKLl9HHSIX, 00CKOnbKY Mbl ucnonb3y

eM TeOpHIO B03MYW9HHil:l HSWe peW9HHe npHM9HHMO TOnbKO B cnyqae CHnbHOJl9-

!jJOpMHpOB8HHblX SILlepl T,e, Mbl HCCneLlyeM TeOpHIO TOnbKO pOTSUHOHHbiX B03-

6yJKJl9HHil:, Mbl Cn9LlY9M 38 pa60TOil: /S/ 1 B KOTOpoil: nOCTpOeHa o6WaSI MHKpo

CKOITH'I9CK8SI TeOpHSI MOM9HT8 HH9pUHH 1 HO Mbl He npennonaraeM CHaqanal 'ITO 

B036yJKJl9HHSI M9HSIIOTCSI C MOM9HTOM KOnu'leCTBa JlBHlK9HHSI no 38KOHY I(I + 1 ), 

TBK KBK XOTHM paapa60T8Tb M9TOJl, KOTOpbiil: IT03BOnun 6bi HCK8Tb 38BHCH

MOCTb 3HeprHH OT MOMeHTa, 

B rnase II Mbl onpeJl9liS19M 0JlHO"i8CTH"iHb19 8MnnHTYJlbl H CTpOHM JlnSI 

HHX ypaBH9HHSI, MccnenyeM TOllbKO OllHY pOT8UHOHHYIO nonocy B '19THOM S!ll

pe H npennonaraeMI 'iTO HeT saaHMOJleil:cTBHSI c npyruMH nonocaMu, 

rnaBhi III H IV noCBSIW9Hbi peweHHIO nony"ieHHbiX ypasHeHHil:, Hyne-

BbiM npH6liHJKeHHeM SIBlls:IeTCB npH6liHJK:eHHe XapTpH-<J)oKa-Boroni06osa, Ha 

OCHOBe KOTOporo Mbl HCllOllb3yeM TeOpHIO B03MYIIl9HHil:, 8 ee BTOpOM nopM

Ke ~TpOHM H pewaeM ypaBH9HHSI Jlllst B036y:JKJl9HHi!:, 3HepreTH'I9CKOH lll911H H 

aneMeHTOB KB8JlpynollbHOrO MOM9HT8 "i9THOrO Mpa, 0K83biB89TCst, 'iTO TO"i

HbiM peweHHeM 3THX ypaBH9HHil: stBnsteTCSl pOT8UHOHHbiil: CneKTp C MOM9HTOM 

HHepUHH MHrliHCa, 3TO He OTHOCHTCSI K H9"i9THbiM S!JlpaM, rne ,xpoMe nonpa

BOK K MOM9HTy HHepUHH, BbiCTyllaiO!IlHX B Kp9HKHHr-MOJlenH, B03HHK8IOT non

paBKH, BbiTeKaiOmHe H3 caMocornacosaHHst, 

ll • ilOCT8HOBK8 38~8qH 

PaCCMaTpHB89M CHCTeMy HyKnOHOB OJlHOro COpT8 1 o6nanaiO!IlHX TeM :JK9 

C8Mb!M MOM9HTOM KOnH"i9CTB8 JlBHlK9HHSl x) j • OpennonaraeM OCTaTO"iHb19 

B38HMOLleil:CTBHSl B BHJl9 napHbiX H KBSJlYllOllb-KBBJlpynOllbHblX CHn, 8 TBKOM 

Cliy"iae raMHllbTOHHSH npHHHMaeT BHJl 
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S!BliS19TCSl 0JlHO"i8CTH"iHbiM llpHB9Jl9HHbiM MaTpH"iHbiM SlleMeHTOM KB8Llpyn0llb-

HOrO MOM9HT8, 

!13 KOMMyTaUHOHHbiX COOTHOW9HHil: JlliSI onepaTOpOB pOJK:Il9HHSl H YHH"iTQ-

JKeHHSI BbiT9K8IOT Cll91lYIOlllH9 ypaBH9HHSI llBHlK9HHst: 
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(6) 

nycTb I N n I M > 6yneT COCTOSIHHeM 'leTHoro S!Jlpa c 60llblllHM "iHCliOM 

HyKnOHOB N 1 MOMeHTOM I 

Llpyrux KBaHTOBbiX •mcen n 

1 npoeKuueil: MoMeHTa 

H 3HeprHeil: E (N, n , M ) , 

TOSIHHeM cocenHero stnpa c aHeprHeil: E N _ 1 11 
J 

npuseneHHbie MaTpH"iHhie aneMeHTbi: 
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<N-1v J Jl I a :1 N-2aiM > 

( 7) 
• ( lj M m I J Jl ) a (N -2 , a I) , 

JIJ 

l+m 
< N - 1 v J Jl I (-1) a I N a I M > -· (8) 
.. (IjMmiJJllv (N,a,l), 

JIJ 

+ 
<Na'I'M'IL\ 00 IN-2aiM>a8

11
, 8MMd~(N,a,a ',I), 

(9) 

< N n ' I ' M ' I Q ~M , I N n I M > 

( 10) (I2MM"II'M' l ·------ Q(N,a,a',l,l'l. 
y21'+1 

B noJibHeliweM Mhi 6y.lleM C'IHTaTb ace STH MaTpH'IHbie sneMeHThi1 a TaK>Ke 

8HC!Jl'l-lll B036y>K.ll8HHSI COCTOliiHHJ:t IIJlaBHbiMH cPYHKUHSIMH "'HCJla 'laCTHU, To8o 

nyne :vi rrpeHe6peraTb pa3JlH'IH9M MaTpH'IHhiX 9Jl9M9HTOB HJlH SHeprHeJ:t B03-

6y rlClGHHll ,llJlSI .llBYX COC9.llHHX 'leTHbiX Sl.llep. nosTOMy 6y.lleM rrpeHe6peraTb 

BCIOllY 11 38BIJCHMOCTbiO OT N , Hac 15y.lleT HHTepeCOBaTb TOlibKO O.llHa po

T8UIIOHH8SI IIOJlOCa '19THOf'O Sl,llpa C K8KHM-TO OIIp8.ll8Jl9HHblM D (CMbiCJl STOf'O 

n Mhl .. yTO'IHHM II03>Ke), H Mbl npe,lliiOJlO>KHM, 'ITO H8T B38HMO,lleitCTBHSI 

M9)K.llY STOil: H .llPYf'HMH IIOJlOCaMH, T.e, 

~(n,n',I) .. l) .~(n,Il, 
nn 

( ll ) 
Q ( n , n ' , I , I' ) • l3 , Q (n , I , I ' ) ; 

nn 

3QBHCIJMOCTb OT n B ,ll8JlbH8ii:WeM T8K>K9 He 6y.lleM I1pHHHM8Tb B p8C'I9T, 

Dp11 BhiweyKa3aHHhiX rrpe.llnono>KeHHSIX ypaaHeHHSI .llBIJ>KeHHSI (5) n (6) 

.llJlH M8TPH'IHblX 3Jl9M9HTOB (7) H (8) IIPIIHIIM8IOT Bll.ll: 

[ E II J - (l) (I)- d u.., J (I) = + G ~ (I) VII J (I) -

J-j ( 12) 
- )( q y 5 I. (-1) W ( j j I I' ; 2 J) u ( I' ) Q (I , I' ) , 

I' II J 

6 

ji 

II I 111111111111.111··------- •••••,•·-------·!!!!!! 
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[ fb -w ( I) + f 1 v ( I l • _2_ G 6. (I l a (I) + 
II J VJ 2 VJ 

+)(qy'5 
J-j 

I <-ll 
I ' 

[bvJ • EN-IVJ 

W(jji1';2Jlv (I')Q(I,I'l, 
VJ 

1 1 2 5 
+-G+-)(q ----A 

2 2 2j +1 

(•1;..--t G-.>., 

w (I) • E ( N , n , Il - E ( N , n , 0), 

.>. • .L [ E ( N , n , 0 ) - E ( N -2 , n , 0 ) 1 , 
2 

A • ..!_[E(N,n,Ol+E(N-2,n,Ol1. 
2 

(13) 

( 14) 

3HepreTII'I9CK8SI W9Jlb ~ (I ) II KB8.llPYIIOJlbHh19 MaTpH'lHhle 3Jl9M9HTbi 

Q (I, I') Bblp8>K8IOTCSI qepea O.llHO'l8CTII'lHb19 8MII.IIIITY.llbl n
11

} I) II V
11

J( I) 

CJle.llyiOWIIM o6pa30M: 

1 6.(1). ---I (2J +llu J(Ilv J(l), 
2( + 1 VJ V V ( 15) 

Q ( I, I ') • 

- J-j 

• q y' 5 I (-ll 
VJ 

(2J+1)W(jjll';2J)v
11

J (l)v
11
J(l' ), ( 16) 

a B036y>K.ll9HIIe COCTOSIHIISI C MOMeHTOM 'leTHOf'O Sl,llpa CBSI38HO, B CBOIO 

O'lepe,llb 1 C Bblpa>KeHIISIMII (15) II (16) CJle.llyiOWIIM o6pa30M: 

1 2 ~ 
w (I)- -4- G I [6. (0)1 -[6. (I) 1 + 

+-
2 

)( 2 ~ 
--- I I [ Q ( 0 • I' ) 1 - [ Q (I • I , ) 1 ). 

21+.1 !' 
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~---- --
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·HeKOTOpble t:t06aBO'IHble ycnOBHSI t:tn~ Ol:lHO'IaCTH'IHbiX aMnnHTYl:l BbiTeKa

IOT H3 KOMMyTaUHOHHbiX cqoTHOW9HHII: M9>KilY onepaTopaMH p0>Kl:l9HHSI H YHH'I

TO>K9HHSI, a HMeHHO VCnOBHe 'nonHOTbl' 

I ! 21 + 1 l I l v ! ll l 2 

VJ VJ 

2 
+[a (l)] I 

VJ 

·(2J+1l!21+1), 

J-J 
l: (-1) (2J+1)1V(jj11';LJl[v (l)v (I')+ 

VJ VJ VJ 

(18) 

+a (lla (l')].o 
VJ V J 

llnR 
L " 0 

H ycnOBHe 'opTOrOHanbHOCTH' 

I[ a (lla, Ill+ v (llv, (Jl] .a .. 
1 V J V J VJ V J V V 

I 
l:(-1) W(jjJJ';Lll[u (lla, ,(1)+ 

VJ V J ( 19) 

L 
+ (-ll v (I) v • • (I) ] - 0 

VJ V J 
.anR L " 0 • 

HaKoaeu, 'ITOobl aawe sr.c1po o6nallano onpelleneHHbiM 'IHcnoM 'laCTHU, Mbi Tpe

,6yeM: 

2 
N • l:(2J+1l[v (I)] 

VJ , VJ 21 + (20) ·•. 

Tenepb ypaaaeHHSI (12) H (13} c ll06aao'IHhlMH onpellene&HSIMH (14)-(17) 
H ycnOBHSIMH (18)-(20) npellCT8BnSIIOT COOOII: CHCTeMy ypaBHeHHil:, peweHHe 

. KOTOpOII: SIBnSieTCSI peweHHeM Hawell: 3St:ta'IH, 

1/l • HyneBoe npH6nHJKeHHe 

Byt:teM H3Y'I8Tb TOnbKO pOTSUHOHHyiO nonocy OCHOBHOrO COCTOSIHHSI 

'leTaoro Slllpa, T,e. nonocy, xapaKTepHsyeMyiO npoeKuaell: MOMeH.Ta KonH'IeCTaa 

llBH>KeHHSI BllOnb OCH CHMMeTpHH SUlpa K • 0 ( npH 9TOM BbiOHpaeM D • K • 0), 

B TaKOM cny'lae yllo6ao BBeCTH BHyTpeHHIOIO CHCTeMy KOOPilHHaT, noaepHyTyiO 

8 
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OTHOCHTenbHO na6opaTOpHOil: CHCTeMhl TaK, 'ITO onepaTOp pOT8UHH HM99T cne-

"" ( /5/)· llYIOWHn BHil Cp. • ... ... 
- IJ. 4> -I Jy 6 

U •e e l21) 

rile 4> , 6 - aaHMyTanbHbiii: H nongpHblll: yrnbl na6opaTopaoll: CHCTeMbl, Tor

lla npHB91l9HHble OllHO'ISCTH'IHbie aMnnHTYilbl (7) H (8) BbipS>KSIOTCSI 'lepe3 

'aayTpeHHHe' OllHO'ISCTH'IHble aMnnHTYilbl cnellyiOillHM o6pa30M: 

v (2 1 + 1 )(21, + 1) + 
u (1). I (IjOK'IlK') -·<vJK'Ia, II'K'•O>, 

II J K ',I, , 2 J + 1 IC (22) 

VIIJ (I) .. I {ljOK'I JK'l y(21+1H21'+ 1) J+IC 
K',l' (V]K'I (-1) 

2J + 1 
a iX II 'K ' • 0 > , 
-IC 

(23) 

npH'19M 6narOil8pS1 HBBSpHaHTHOCTH OTHOCHTenbHO oopameHHSI BpeMeHH CYM-

MHpOB8HH9 BbinOnHSI9TCSI TOnbKO no '19THbiM 1 ', 

Tenepb aall:lleM npa6na>KeHHoe peweaae aawell: salla'IH, KOTopoe 6ylleM 

C'IHT8Tb HyneBbiM npHOnH>K9HH9M, 0CHOB8HH9M 9TOrO npe6nH>K9HHSI SIBnSIIOTCSI 

cnellyromee npellnono>KeHHSI. 

1 ) Mollynb npoeKUHH MOMeHTa KOnH'IeCTBS 

BllOnb ocH aeyTpeHHell: CHCTeMbl KOopt:tHHaT I ·x I 
TOBb!M 'IHCnOM, nosTOMY BbiOHpaeM x) II -I :1( I .. 

llBH>K9HHSI He'leTHOrO gapa 

SIBnSieTCSI XOpOillHr KBSH-

2) 'BayTpeHHee' COCTOSIHHe He'leTHOrO gapa He 38BHCHT OT MOMeHTa 

J ( KpOMe HOpManH38UHOHHOrO K09«Ptf>HU HeRTa V 2 J + 1 ) • 

3) Bosoy>KileHHSl COCTOSIHHII: 'leTHOrO gapa CU (I) Manbl B cpaaHeHHH 

C {i; K J , TSK 'ITO MO>KHO nonO>KHTb B ypaaHeHHSIX ( 12) H ( 13) CU (I) • 0 • 

npellnOnarast BbiWeyKa3aHHOe, HllleM pemeHHSI B CnellyiOilleM BHile: 

(O) - 2 I+ 1 
u <n -v2 P<nojo I( I 1 I(> v---

ICJ 2J·+1 
UIC • 

{24) 

x) 
B .aanhaeilweM Mbi 6yAeM nponycKaTb 3HaK a6comoTHOil senH'IHHbi, noM-

Hll1 'ITO K 110110JKHT911bHO, . 

9 
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r.Qe 

(0) - . 21 + 1 
v (I) .y'2P(ll(lj O~eJ J~ely'-

KJ 2J+1 

1 I 
p (I) - -2- ( 1 + (-1) ) • 

Ha ycnOBHii nonHOTbl ( 18) BbiTeKaeT TOI'AS 

~ 
u 

IC 
+v~ .1, 

IC 

a ycnOBHH OpTOI'OHSnhHOCTH ( 19) npHHHMSIOT BHA 

l: (0) (0) 
(I) • v 

2 
8 (I) v 

I V K J K'J K ICIC 

l: 
(0) (I) u (0) (I) -

II 
8 u u , 

KJ K 'J IC 

(0) (0) 

l: v (I) u 
K'J 

(I)- u v 
KJ K 

B aToM npH6nH*eHHH ~Hcno ~aCTHU: 

auepreTH~ecKaH wenb 

(0) 

II 
N.2l:vK, 

K>O 

I'J. (I) - I'J. .. 2 l: u v 

KK 

8 
K 

K>O K K 

a 3neMeHTbl KBBApynonbHOI'O MOM6HT8 

-------

KK 

V IC 

(0) (21+1)(21'+1) (0) 
Q (I,I').P(I)P(I')y' (II'OOJ20)Q (1,1'), 

5 BH 

10 

(25) 

(26) 

(27) 

(28) 

(29) 

(20) 

( 31 ) 

·.r· 

~{ 

. ·' 

I 
I 

il 

l_
.;}, 

' 

' ' 

' 

. ..a-~•••--~·~~--u·•u•~---·•-•-----------------------.-U.U .... ..._ .... _ ..... _._ ______ _ 

r.ae 9JleMeHTbl "'eHyTp~HHero" KBa.apynoJlbHOI'O MOMeHTa Q (I , I' ) paBHSI-

IOTCSI: 

(0) 
Q (I•I')•Q .. 2 l:q v 11 

BH K>O KK K (32) 

j- Kll 
qKl K~ - (-1) q ( j j K I- K ~ I 2 0 ). (33) 

113 ypaeHeHHA (12) H t13J nony"'aeM cne.ayiOmee ypaeHeHHe .anSI u K 

H v 
K 

(6; -t ln • .!..ctJ.v 
K K IC 2 K (34) 

( [l;K + l K ) V K • + G I'J. n K ' (35) 

r.c~e 

f •f-)(QqiCIC 
K (36) 

SIBJlSIIOTCSI O,llHO"'aCTH"'HbiMH 9HeprHSIMH B ,lle~OpMHpOB8HHOM C8MOCOI'Jl8COB8H-

HOM none, a 

6;(0) .. 6; 
K J K (37) 

He 38BHCSIT OT J B 9TOM CJiy'lae, 

BHJlHO, 'ITO B Ka'leCTBe HyJieBoro npH6JIH)KeHHSI Mhl nony'IHJIH BepCii"! 

xopOliiO H3BeCTHOH TeOpHH Sl,llepHOA ~OpMbl ( CM, ,HanpHMep, /7 I). Mbl He c6y

Jl9M o6cy)KJl8Tb pemeHHSI sToA TeopHH H B Jl8JlbHeii:meM 6y.aeM npe.anonaraTb, 

'ITO B9JlH"'HHbl u , . v , lb H3B9CTHbl, 
I( K K 

3aMeTHM. 'ITO, Bhi"'HCJISISI cu (I) H3 dloPMVJihi ( 17). ~hi ueii:cTBHTeJlb-

HO nony"'aeM HYJlb B 9TOM npHOJlH)K9HHH • 
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IV , P.?meHHe 381!8'1H B cny'lae CH/lbliOI!erjJopMHpoBannoro Hapa 

Tenepb,' HCITOnb3YSI TeOpHIO B03MyllleHH~, ITOITbiTaeMCSI yny'llll8Tb 

nH)I(eHHe, o6cy)l(aaeMoe B npeLlbiLlYIIle~ rnaae. BenH'IHHy w (I l 6yaeM C'IH

TaTb "noTeHUHanoM B03MyllleHHSI" H oyaeM Lle~CTBOBSTb cneayJOIIlHM oopa-

30M: BHa'lane paanaraTb peweHHH ypaaHeHH~ (12) H (13) no CTeneHHM 

PH'IHbiX sneMeHTOB "noTeHuHana" w (I l 

u (I) 
KJ 

.. u 
(0) 

K J 

(I) (2) 
(l)+u (I)+ u 

K J K J 
(I) + ...• 

v 
KJ 

( I) • v (O) (I ) + v <I) ( I) + 
K J K J 

v <
2

> (I l + ... , 
K J 

(0) (I) 

& .. & + & 
KJ KJ KJ 

(2) 
+& + 

KJ 

(38\ 

a ITOTOM H3 ypaBHeHHSI (17) nony'ISTb ypasHeHHe LlnSI 9TOI"O ITOTeHUHana. 

1. OepBbl~ ITOPSILlOK TeopHH B03MYIIleHHH. nonpaBKH nepaoro 

PSILlKa K OLlHO'IaCTH'IHbiM SMITnHTYLlSM HIIleM B BHLle 

(I) J (0) J (0) u (I)- I,a ,u,(Il+ I b , v (I) • 
(39) 

KJ 
I( KK K J 

K 
, 

KK K 'J 

~. 

(I) J (0) J (0) v (I) - I a ,v ,(1}- I b 
KK' °K'J 

(I). (40) K J 
K 

, KK K J 
K' 

Opeanon~raH, 'ITO nonpaBKH nepaoro rropHLlKa K saepreTH'IeCKO~ menH 
(I) (I) , 

A I 1 l H KFIRnpyrron&HoMy MOMeHTy 0 (I. I l pasHhl Hymo. H3 ypaa-
HeHHli (12} H (13} nony'laeM 

J (I) (+) J ( & - & , ) a , + & 8 
KK' -~ .n ... 0. 

(41) 
K K KK KJ KK KK 

( & + & ,) b J , (-' J 
K K KK - 11 KK' {l KK' • O' 

(42) 

12 

. ,., ~------

J 
0 • 2 l: p (I) (I j 0 K I J. I( )(I j 0 I( ,. I J I( , ) X 

KK. 

(48) 

X 
2I+1 t»(Il, 

2 J + 1 

.,: . 
~ 1(1(, 

• u u , + y v 
I( K - K K 

(±) 

f1 KK' 
• u V K, %. V K UK, 

I( 

(44) 

(19) ll88T 

J 

a KK - o. (45) 

J 
ypaBHeHHA ( 41 ) ( 42 ) H ( 45) BbiTeKaeT, 'ITO KOscllciiHUHeHTbi a K IC ' H , 

J 
b KK' 8HTHCHMMeTpH'IHbi OTHOCHTenhHO nepeCT8HOBOK HH.tteKCOB K , K 

.3AT0
0 

KSK STO BbiTeKaeT H3 cllopMyn (15) (16) H (18), nonpaBKH nepBOI"O 

SILlKS K 9HepreTH'19CKOft menH H sneMeHTSM KB8LlpyrrOnhHOI"O MOM9HT8 Bblp8-
• J J 

TOnhKO 'lepe3 CBMMeTpH'IHbie KOMOHHSUHB a K K • H b .KK' • flos-

(1) 
H Q (I, I' l aeAcTBHTen~>ao pasHHJOTCH aymo. 113 cllopMynbt 

TO)I(e paBHO ayn10. 3aTeM HSM fiY>KHO ad~aTh Cpaay BHLlHO, 'ITO W ( I ) 

nonpaBKB BToporo nopSILlKa. 

2. BTopoa IT 0 p H Ll 0 K T e 0 pH B B 0 3 My Ill e H H A. Onsrrb Hill eM nonpaBKB 

BTOpOI"O ITOPSILlK8 B BH.tte 

~) J ~l 
u <Il-IA ,u ,(Il+ 

KJ K' KK ICJ 

J (0) 
IB ,v,(Il, 

, KK IC J 
I( (46) 

J (0) 
IB ,u,Ol. 
K, IC K K J 

(0) 
v K'J (I) 

(2) 

v (I ) -
I(J 

I AJ 
1C' K K (47) 

flonpaBKH nepBOI"O H BTOpOI"O nOpHLlKOB K 0LlHO'l8CTH'IHbiM 8MDnHTYll8M 
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Bbi3hlB8JOT cnellYJOIIlHe nonpaBKH BToporo nopSI.IlKa K saepreTH'ieCKOA menu 

H sneMeHT8M KBSilPYDOnbHOI'O MOMeHTa: 

2 
£\ (I).P(I) I J 

(ljOIC 1 1JIC 1 l(IjOIC 2 IJIC 2 )DIC IC 
ICI,ICI,J 

3.aecb 

( +> J J 
• 'I (A +A 

1(11(2 1(11(2 1(21(1 

J 

D K1K 2 

J J 

<-> 
>-el(ll(2 

J 

I 2 

J 

(BKIIC2 

J 

'+ 

J I [ < +> 
+ B ) + ., (aK IC a -bl(l( b I( I( 1(2 K I I( 1(11(2 I 1(1( 2 1 2 

<-> J J J J 
l) e (a KK b I( I( +•1(1( bl(l( I( 1 I( 2 I 2 2 1 

B 

(II) 
Q (I, I '•) - p(I)P (I')..; 5(21+1)(21'+ llq X 

J 
X I 
1(1'1(2 ,J 

J -J 
( -1) w ( j j II , ; 2 J) (I j 0 1(1 I J I( I) (I j 0 I( 2 I J I( II) K I( I( 

1 II 

•. 

rlle 
J 

KK1KII 

<-> J J -Je (A +A l+ 
I( 1 1(2 1(11(2 1(2 1(1 

( +> J J 
+'1 (B +B l+ 

1(11(2 1(11(2 1(21(1 

+ I £ e <-> 
J J J 

• -b b 
I( .1(11(2 K 1(1 1(1(2 I( I( 1 

( +> J b J J b J 
+'IIC IC (aKIC +a K K 2 

I 2 I I( I( 2 K K I 

J 

1(1(2 
) + 

>11. 

(48) 

l-
(49) 

(50) 

(51) 

.QnH nonyqeHHH nocneJlHeA <iJopMyn~>I Mbi HcnonbayeM ycnoBHH nonaoTbi t H:!}. 

YpasHeHHH llBH*eHH H ( 12) H ( 13) JlnH Kos<iJ<iJHUHeHTOB A J I< , B: K 
1(1 2 1 2 

ITpHHHMa!OT BH/l 

14 

J (2) 
J 0 J 

( {f, K -& )A + & . 13 +a + 
I I( ll 1(11( 2 K IJ "I I( 2 K I Kll IC I K I 

( +) J J (-) J J 

] -+ I £ e I( I( • 0 - ., b 0 
K ll 1(1(1 1(1(2 1(1(2 1(1(1 1(1( ll 

1 (+) L\J q-Js 
(-) J 

+-2-G'IKK -X e Q 
I 2 K I IC ll K I K ll 1(11(2 

( &1(1 +&I( 
J J J 

l B + b K K 0 + 
2 "I I( ll I ll "1" 2 

+ I [ 'I<-> 
J (+) J J 

a + e b ]0 
K KKll KK I 1(1( 2 KK I l(l(ll 

(-) J (+) J 

..L G e £\ -X q vs'l Q 
2 K I K ll 1(11(2 "l"ll "1" 2 

r.ae 

J 

!>. 
21+1 (lJ) 

~2IP(I)(1j0K 1 lJK 1 )(ij0K
2

IJK
2
)---£\ (1), 

KIK ll I 2 j + 1 

J 

Q K K - 2 I p (I) p (I, ) (-1) 
I ll I ,I' 

J- I 
W(jjll' ;2J) X 

X (IjOK I JK )(l'jbKI J )-./(21+1)(21'+1) (2) I I 2 "2 ----Q (II') 
2 J + 1 • • 

(52) 

(53) 

(54) 

(55) 

J 
.QHai'OHanbHhi9 KOs<iJ<iJHUH9HTbl A K K Hail:}leHhi H3 ycnOBHSI HOpMHpOBKH 

( 19). 0HH paBHhi cneJlyJOIIleMy: 

(56) 
2 

1 I 
-2- K' K K 

2 J 
) +< b 

KK 

J J ] . [ (a A 
KK 

!13 ypaBH9HHA (41), (42), (49), (51), (52), (53) H (56) nonyqaeM 
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(-) 

'liC IC I 

(-) 
., I( I( 2 

·~l .... '·'··~-·-·"" ~. ':. l~:·' 
,'J. '' ,1,\, ,.'' t 

2 

+ 

+ 

J 

D 
ICIIC 2 

- I. 
IC.;.ICI,IC 2 

(+) 
-., 1(~2 

(/1;1(+& )(/1; 
ICI IC 

+ & ) 
1(2 

(-) (+) (-) e <+> 
(-) 

e I( 'I( , e I( I(' ., I( 1(2 I( I( 2 '1 IC IC I 

_.1-,[- + 11 n 

&I( +&I( &I( +&I( &I( + & I( 

I 2 2 • I 

(-) (-) e I( ,I( 2 .,1C11C2 nJ < n J 
J 

-n I( I( l + 

(/1; +& 
) 2 ICI K2 KIKI 2 2 

K I K 2 

e <-> e <-> '(-) (+) 

+ 

J 
n 

ICIC I 

+-1- G 
IC I K 2 Kl K 2 J -- KIK2.,KIK2 

& +& 

11 + x nl 5 ------- Q 
KIK 2 f., +f., 2 

K I K2 Kl K2 

(-) <-> 

J (-) 
., 

'1 K K 2 KKI 

K m I, te + 

2 IC IIC 2 K/< K I ,IC2 
KIK2 (/1; +& )( & +f., ) 

K Kl K K 
2 

., <+> (-) ' (+) 
<-> e <+> 

J 
KIIC 2 'liCK I ICK 2 '11CK 2 KK1 J 

+ 
& 

[ + )J OKK nKK 

+& & +/l;K /l;K +/1; K 
I 2 

Kl IC 2 K I 2 

(+) (-) 

'1 Kl K 2 '1 KIK2 
J J J 

+ n <n -n l+ 

( /1; K +/l;K 
) 2 Kl K 2 Kl ICI IC2 K2 

I I 2 

<+> <+> < +, e <-> 
J 

J 
+ 

ICIC 
2 (57) 

J 

KIK2 

+ 

(58) 

J 

+ _1_G 
2 

'1KIK2 ICIK2' 

& +& 

I'J.KK +)(qyS 
I 2 

'1KIK2 '1 KtK2 

Q I( II( 2 ---------------
/l;IC +/l;K 

IC I IC 2 I 2 

ct>opMyna ( 17) JlnSI B036y)KJleHHSI W (I) C TO~HOCTbiD JlO BTOpOrO no-

PSIJlKa TeOpHH B03MymeHHH npHHHMaeT BHJl 
(2) (2) 

G/1[11 (Ol-/1 (I)]+ w(Il .. 
2 

+ 

X co> (2) <o> (2) 
----I. [Q (O,I')Q (O,I'l-Q (l,I' )Q (I,I' )]. 

(59) 

2 I + 1 ' 

CoeJlHHSISI <!JopMynhi t3t }, t36} H (50) H TIOMHSI, ~TO H3 ycnOBHSI COXpaHe

HHSI ~HCna ~aCTH~ (20) JlOn)KHO BhlTeKaTb 
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J
',;LJ '' I, 

' : 

[ 'l 
·~ 

__ • .LLI.--..-LJLJ.LI..Lll..lllll! II- W-WPII!I-1111 I I I ~ -·--·-·-··~- ..... _ 

I. 
Kl' K2,J 

nony'laeM 

X 

J 
(I j 0 I( I I J I( I ) (I j 0 1(2 I J I( 2 ) IC 

IC I IC 2 

(0) (2) 

I. Q (I,I'lQ (I,I') 
2 I+ I 1' 

.o . 

1 J 

(60) 

- - - p ( I ) I. ( f I( + f I( ) ( I j 0 I( I I J I( I ) ( I i OIC 2 I J I( 2 ) K 
2 K I ' IC 2 ' J I 2 IC I IC2 

0Tcrona ypaaKeHHe nnH so~6y*neHHH 'leTHoro Hnpa HMeeT sun 

J 
w(Il. I. [P(Il(Ij01C 1 IJIC 1 )(IjO~e 2 IJ~e 2 )-8J 1 ]E 

Kt ,IC 
2 

,J IC I IC 2 

rne 
J 

E ICIK2 
= j_ ( f 

2 
+ f 

IC I IC 2 

J 

) K I( I K2 
..L.ci'J.DJ 

2 ~ 1(2 

<-) (-) 
., 1(1(1 ., 1(1( 2 J J 

... (& 
ICI 

(+) I. 
+& ) el(l IC2 I( 

IC2 IC ,1: IC I • 2 

~~--
(/1;1(+&1( )(/1;1(+&1( ) 

n n 
1(1(1 1(1( 2 

I 2 

/l;K - /1; K 
I 2 

+ -----

.,<-> e <+> ., <-> e <+> 

~~--~ + _1(:.!--~] <-> 

'1 ICI K 2 
I I. 

u;;IC +&I( f 
I 2 

IC" ICI,K2 /l;K +/l;IC /l;K+/l;IC 
I 2 

(-) 
+ 'I nJ 

K I K 2 

(-) 

+..!.. G' 

1(1 I( 2 

J 
11 

<n J 
IC K 

I 

-nJ 
K IC 

2 

+X qyS 'I ( +> 

) + 

2 1C K 
I 2 

I( I( 
I 2 Kl K 2 

J 
Q 

K I K 2 

3aecb Mbl HCIIOnb30BanH COOTHOWeHHSI MelKJlY u K 

Bb!TeK8ID!llHe H3 ypaBHeHHfi (34) H {35), 
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I. 

VK ' 
l I( 

(61) 

+ 

J J 
+ n 1(1( n 1(1( 

I 2 

(62) 

H /l;IC 
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<+> 2 
('IIK+IK+I ) 

) + 
2lb K+ I 

( (+) ) 2 
., 1(1( 

q ----q 
K+ I K+ I 2lb K KK 

(+) 2 ( (+) 2 

('IlK I +21K 2 
) 'II IC II( 2 

) 

+ 24 k 2 I( 1-
1
-I F + 

..f3K I'" I lj; K +I+ lj; K 
"1"2 lb 

I 2 K I 

( (+) 2 
) 

_I_ I [ 
'II K 1-IK 2 

+ qK
1
-IK

1
-I 

j + 

..j6 "1·"2 lb + lb 
1(1-11(1 

1(1-1 I( 2 

'IK-IK- I 

<+> e <-> 
., 1(1( 1(1( 

X K q 
K+1K-1 

------ql(l( 
2lb I( 

+ q 

<-> e <+> 
'II K I+IK2 I( I +IK I 

+ --------

+ 

Q;KI+I+Q;I(2 

., (-) 
KK 2 

e <+> 
KK 1 

[ ( q 

>1 q 
K I+ II( t+l 

) 1 q KK F KK I F KK 
2 

+ F I 1<q +q ) q j 
+.lb K I+ I K 2 1(11(1 KI+IK f-1 I( I +IK I KIK I +I 

"2 

( (+) 2 

'II K I+ IK2 • 2 
q J 

6;1( +1+6;1( 
K 1 +IK 1+ I K /'1+ I 

1 2 

( ( +> )2 ( <+) 

" I( 1+ 11(11 

2 
) 

F 
I 

I( " 2 

2 'II K+ I K+ I 'II K+ I K <-----..----...,....-
2 lj; K+ 1 lj; K + 1 + lj; K 

)q K+ IK+I j KK+ I 
1 X 

+ 

+ 

(-) (+) 

"" r+-1"' e"~+1"2 



+ 

( (+) ) 2 

7J KK-1 

/I;K+/I;K-1 

. 2 

( ( +) 

'1/ K-1 K+l 

/I;K-1+/I;K+ I 

( <+> ) 2 
7J K+ I K+ I 

+ 

q K+ I K- I j K- IK KK+ I 

( (+) 2 
7J K+ I K ) 2 

X q 
K-lK-1 J K-1 K 

+ <-----
2 /I; K+l 

-c:--.....::--- ) q K+ I K+ I j KK+ I ] K q K+ I K- I + 
"'K + <!> K+ I · 

3 
+ --=-y6 

( (+) 

7J K ll K 2 
I.[-----

KtK2 /I; I + /I; K 
Kc 2 

(+)' (-) (+) (-) 

7J KK+I 'KK +I 
I 

--
2
-8 1 G I. 

K 

7J KK KK 

q KK 

I 
~ 12 I ::[t } T q K+IK 

K+l 
KK+ I 

(-) 

2 
---=.I. y6 K 

(+) (-) (+) 

7J KK + I 7J KK +I 7J KK- I 7J KK- I 
----,+--

(/I;K+I +/I;K )
2 

(/I;K +/I; /<.-
I) 2 

(+) (-) ( +) c-> 
e KK+ I 7J KK-1 e 7J 

KK+ 1 
X ( 

KK- I 

/I; K /I; K-1 
+ 

/I;K /I; K+l + + 

( •> 
(Tj KK 

I.---- q 2 
K ]{f, K KK 

I 
(~) 2 

'fJ KK ) 

------ q 2& KK. 
K 

(+) " 
\ 1j KK ) 

+ 

) l 

--2 /I;K- q K "- q K t I 1<- I j 1<- I 1< KK+-1 

e <-> (-) (-) (+) 

K+ I K-1 '1/ KK- 17J KK+ 1 7J K+ IK-1 

+ X 

(/I; K +/I; K+l )(/I;K+/I;K-1) /I; K+ I+& K-1 

q K+ I K-1 K-1 K KK +I 

(+) 2 

( 7J K+ I K+ I ) 
) + -------q 

2/I;K+I K+IK+1 

( (+) ) 2 
7J KK-

( (+) )2 
7J K+ 1 K- 1 

& ... -:~&::;--
(+) . 2 

(7J K-1 K ) 
(+) 2 

( lfK-1 K-1 ) 

--z&--;_-1-
q j + 

K-1K-1 K-IK 

(+) 2 

hq 
K+1 K- 1 

( 7J K 
1
-1 K 

2 

------- q j + 
/I;K _ 1+/I; K K1-1KCI KT1KI 

1 2 

(+) (-) 

7JKK+ I 7J KK+1 
(&:"_& ___ 7 q K+ I K 

K K+ I 
j KK+ I + 

(+) (-) (+) (-) (-) 

e K+ I K- I 

(-) (-) 

4 '/ KJ<-> I 1j KK + 1 1j KK-1 1j KK-1 7J KK -1 7J KK+ I 

. ....;6 ------------ + -------- + 
2 

) 
---------------- + 
( /I; K +/I; K + I ) ( /I; K + /I; K- I 

(+) 

f/ K+ 1 K- I 
( +) (-) e KK +I '/I(.K-1 

------------~ + & +11> 
K K-! 

(+) (-) 

e KK -I 1j KK + I 
) l q 

K+ I K-1 K- I K KK+ I 



'LJ:TOObl nony'IHTb STH ypaBH9HHH, HaD.O 6biJ10 Bbi'IHCJlHTb CyMMbi0 CTOH

IUHe B npaBOi!: CTOpOHe COOTHOIU9HHi!: ( 48), (50) H (61). 8TOT paC'IeT Mbl o6-

cy)KJla9M a npHJIO)KeHHH. TaM JlaHbl TaK)Ke onpeJleneHHH npHBeJleHHbiX B Ta6-

nHue cWHKUHi!:. 

BHJlHO, 'ITO B STOM 1tpH6JlH)K9HHH, T.e. BO BTOpOM ll0pHJlK9 TeOpHH B03-

MyiUeHHi!:, B036y)KJleHHSI '19THOrO HJlpa SIBJlSIIOTCSI poTaUHOHHbiMHo KOH9'1HO, STO 

npHOJlH)KeHH9 XOpOIUO TOJlbKO B cnyqae CHJlbHOJletPOPMHpOBaHHbiX HJlep H HH3-

KHX pOTaUHOHHbiX B036y)KJl9HHi!:, T.e. B CJ1yqae, KOrJla 0 J , . << [b ;t [b , • 
1(1( 1(. " 

TeM )Ke caMhiM MeTOJlOM MO)KHO Hai!:TH nonpaBKH BbiCIUHX nopHJlKOB TeopHH 

B03MyiUeHidt. l13 paC'IeTa BHJlHO, 'ITO Mbl nony'l~i!H Obi TOrJla JlJlSI BOSMyiUe-

2 2 8 ' 3 
HHi!: w (I) nonpaBKH THna I (I +I ) , I (I+ I ) H T.Jl., T.e. Bblpa>Ke .. 

HHe B BHJle pHJla ItO CTelteHSI:M I (I+ 1 ) • H 0 STOrO He CTOHT JlenaTb, TaK KaK 

TaKoe npeJlCT8BJ1eHHe W (I) SI:BJlSI:9TCSI: TIJ10XHM llLJHOJlH)KeHHeM /8/ JlJlSI: Bbi-

COKHX B030Y)KJleHHi!: HJlH MaJlbiX JletPopM8UHi!:. 

.nng MOM9HTa HHepUHH Mbl llOJIY'IHJlH H3BeCTHYIO tPOpMyny l1HrJ1HCa CO 

cnaoHBaHHeM /9/. XoTHM non'leDKHVTb. 'ITO Mbi nonv'IKliH ee B oesvJlbTaTe 

TO'IHOrO perueHHSI: npo61IeMb1 0 H llOSTOMy OH8 SI:BliSI:eTCSI: C8MOCOrJ1aCOBaHHOJ!:. 

(2) 
B HarueM cnyqae nonpaBKH K aHepreTH'Iecxol!: ruenH ~ (I) H aneMeHTaM 

(2) 
KB8JlpynOJ1bHOrO MOM9HTa Q (I,I ') He BliHSI:IOT H8 MOM9HT HHepUHH, Xo-

TSI: OHH BbiCTynaiOT B ypaBHeHHH (61 ). 8TO HeO>KHJl8HHbii!: pesynbTaT. nocTOSI:H-

(2) (2) 
Hble onpe)leJlSI:IOIUHe Bblpa)KeHHSI: ~ (I) H Q (I, I' ) MO>KHO H8i!:TH H3 

CHCTeMbl JlHHei!:HbiX H90JlHOp0JlHbiX ypaBHeHHi!:, }laHHbiX B T80JlHUe. 

4. B 0 3 6 y )I{ ll e H H S1: He 'I e T H 0 r 0 S1: Jl p a. .nng llOJlHOTbl HaiUHX paCCY>KJle

HHi!: npeJlCT8BHM erue peiUeHHe JlliH SHeprHi!: COCTOSI:HHi!: He'leTHOrO SI:Jlpa [bKJ 

C TO'IHOCTbiO /lO BTOporo 1t0pSI:JlK8 TeOpHH B03MYIU9HHi!:. l13 ypaBHeHHfi ( 38), 
(41) II (52) BbiTeKaeT cneay10wee: 

<+> 2 (e KK' ) 
<-> 

(., 1(1(, ) 2 J 
&KJ.&K+!lKK+!, [ 

K'(. K 
----- + ------

l (+) J 

+,--G TJKK/!,.KK 

&I( -&1(, &I( +&1(, 

J - x q...; s e <-} 
KK Q KK 
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J 2 

j({lKK'l+ 

(68) 

l1cnonbsysr tjlopMynbl ( 43), (54),\ (55), a TaK)Ke (63), (64), (65), no

ny'laeM: 

& .& + 
I(J I( 

1 (+) - <-> 
- G '1 8 - X v 5 eK K k 0 q ] + 2 KJ< o· KK (2J)2 

1 
+ --2J 

1 1 ( ) - <-> 
1+-[-c 11 +s 1 -2xvse <kq 2J 2 IUC Kl< I I( I( 

-2 kll ql(l( +4k,y5qt<+ll( 
1<1<+ I 

l]l [J<J+1l+ 

a J+l 1 1 
+ j ( j + 1 ) - 2 I( + (-1) ( j + T )( J + T ) 8 I ] + 

' K-
ll 

J-1( 

+ 40 X 1: <-> k 2 q I<+ I I( .. 1(1( j 
1 

I (-1) [ J( J + 1 ) - K ( K + 1 ) ] + IUC+ 

(+) ll 

2 ({ KK- I ) 

+ ---;-II[J(J+ll-t<(K-1)][ & & + 
(
2
J) K K - •K- I 

(+) 

({ KK+ I 

2 
) (-) ) 

(7f I< I<+ I 

2 

2 
) 

(69) <-> <, 
Klc- I 2 

c c ]j + 
U>l( +U> K-IK 

K-1 

+[J(J+l)-I((K+l)]( {b -& + -- ] j 2 
& + & KK+ I 

J. !' 
I( K+ I I( t<+l 

0TCIOJla BHJlHO, 'ITO STa tPOpMylia JlaeT B ll9pBOM llOpHD.Ke TeOpHH B03-

MYli.l9HHi!: poTaUHOHHObiii: Cll9XTp C MOM9HTOM HH9pUHH TaKHM )1(9
0 

KaK JlliSI 

COC9JlHero '19THOro Sl:)lpa, a BO BTOpOM - nonpaBKH K STOMY MOMeHTy. Ho 

STH llODpaBKH He T0)KJl9CTB9HHbi llOitpaBKaM, B03HHKaiOli.lHM B Kp9HKHHr-Mo

Jl91IH /9/• 3JleCb CaMOCornaCOBaHHe OKa3biBaeTCSI: CYli.l9CTB9HHbiM. 

B SaKliiO'IeHHe aBTOp 6naroD.apHT P.B . .n*onoca sa coTpyJlHH'IeCTBo 

H MHOrO'IHCli9HHbl9 ·o6cy>KJl9HHH. 
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nPlWO>KEHHE 

PacqeT CyMM B BbJpaJKeHHSIX, CTOSIWHX B npaaoA CTOPOHe YP8BHeHHA (48), 
(50), (81 ), llOBOnbHO TPYllOeMKHA. Mbl npHBelleM TOnbKO rnaBHble aTanbJ aTo-

ro pacqeTa. BHaqane Mbl aaMeHHM napbi KoacjlcJlHUHeHTOB Kne6wa-ropllaHa x) 

B CYMM8X BbipSJKeHHSIMH THUS XX) 

(ljOKJJKl(l'jOKJJK l• 

J -J j- K 
.. (-ll (2J+ll :£ (-ll (jj K-KILO)(II'OO I LO) X (n.l) 

L 

xW (jkll' ;LJ). 

3To noaaonReT npocyMMHposaTb noJxxx) • .nanbwe cneilyeT Bbi'IHCnHTb cyM

MbJ no MOMeHT8M1 CTOSIIUHM BHyTpH Bblp8JKeHHA ( 43) 1 (54) H (55) • t.[ T06bJ 

9TO Cllen8Tb 1 nOllCT8BHM B HHX 

I' (I'+ l l .. 

"'2(-l)L y L( L+ll(2L+lll(l+ll(2l+llW(IILL;ll') + (n,2) 

+L(L+ll+l(l+ll, 

x) 
Bee cTaHaapTHhie cpopMynhi anll K09cpcpHuHeHTOB Kne6wa-ropaaHa H PaKa 

MO)!(HO HBIITH, HanpHMep, B /10/, 

xx) 
B 9TOil cpopMyne H BO BCeX cneayJOWHX C'I!IT8eM 

'IHCnBMH, 

xxx) 

I , I' 'leTHbiMH 

np!! paC'IeTe KB8ApynonbHOrO MOMeHTB llOl!Bnli!OTCll '!eTblpe K09cpcp!!UIIeH-

Ta PaKa, COAep)!(Bll{He J , qT06bi COBepWHTb CyMMHpOBBHHe, HBAO ABB 

H3 HHX 3aMeHHTb CyMMOll H9 TpeX no CT8HA8pTHOll cpOpMyne, CTapal!Cb, 'IT0-

6b! B 9TOil CyMMe TOnbKO OAHH K09cpcpHUHeHT COAep)!(an J • 
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I'll (1'+1lll 

• -
2
- ( -1) L . ..j L ( L + 1 ) (2 L + 3) (2L+1 )(2L-1) I (I + 1) ( 2 I+ 3) (21 + 1 l ( 2I- 1) x 3 • 

L 
x W ( I I L L ; 2 I ' ) + 2 (-I ) [ 1 - 2 L ( L + 1 ) - 2 I ( I + 1 ) ] x 

X..; L(L+1H2L+1)1(1+1)(21+1l W(IILL;11') + <n.s) 

ll 4 
+[L(L+1l+1(1+1l) +a L(L+1ll(l+1l, 

nOMHSI1 'ITO 9TH !PopMynbJ cnpaBellnHBbl TOnhKO B TOM cnyqae, KOI'A8 I 

I ' 1 L YAOBneTBOpSIIOT HepaBeHCTBY TpeyronbHHKa, B KOHUe OCT8JOTCSI 

CyMMbl no MOMeHT8M L • 0HH MOI'yT 6b!Tb CBelleHbl K TpeM cnellYIOIIlHM 

BblpaJKeHHSIM: 

0 I- K 1 
F K f< ll • 2 7. P ( L ) (-1) ( j j K 

1 
- K 

1
J L 0 ) X 

x (-1) I -K ll ( jj K ll- K ~~ L 0) • 8 
K IK ll 

F 1 

KIK :1 

I- K 1 
·2 IP(L)L(L+1l(-ll (jjK

1
-K

1
ILOlx 

L . 

I- K ll 
x(-1) (jjKli-KliJLO) 

F
2 

-2 I P(L)L:I 
Kl K ll L 

ll 1-K 1 
( L + 1 ) (-1) ( j j K I - K I I L 0) X 

I -K :1 
x(-1) (jjK:I -KlliLO) • 
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(TI.4) 

(TI.5) 



·-·-__..j.J,Ljlll~!'!!l!l'!~ .,,.,, 

2 
2 

-3 (3K 2 -j(j+l)] 8 + 
I K 1 K 2 

I 2 

+(6(KI +2) 
3 I 

2 
. I 3 

( i + K + I ) ( j- K ) + -2 ( i + ? ) ( l - -2 )( i + - ) 8 'L ]8 t 
I I .. 2 K1 "' Jtt<t+ 

12 3 12 I 3 
+(6(K +-) (j+K

2
+ll<j-K 2)+-(j+-) (j--l(j+-)8 ]8 + 

2 2 2 2 2 2 K2 li K 11(2 + I 

3 
+-(j-K 1 -J)(j-K 1l<j+K 1 +1)(j+K 1+2)8K K + 2 + 

2 2 I 

+-3-(j-K -ll<j-K Hj+K +ll(j+ K +2)8 
2 2 2 2 2 K I K2 + 2 

+ 

+2[j(j+ll+ 2(j+ll2]Fo 
Kl K 2 

- [I-4j(j+ll] F 
Kl K 2 

(n.a) 

KOTOpble rrpiiCYTCTBYIOT B ypaBHeHli.siX Ta6lliiUbl, 0Hii crrpaBe!lllliBbl TOIIbKO 

LlllH riOllOX<HTellbHbiX K I • K 2 • 

B pac'ieTax, KpoMe cTaa.uapTHbiX !pOpMyn cyMM!ipOBBHHH K09!jl!pHUHeHTOB 

Kne6wa-fop.uaaa H PaKa, Mhi TaK>Ke yrroTpe6nHnH peKypeHTHhie dlopMynhi .unH 

Koa~~HUHeHTOB Kne6wa-fop.uaaa, UHTHpoBaHHhle B 
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