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MHo rile xapaKTepi!CTHKII B1!6pal\HOHHhiX cocTO>IHHll c¢epH'lecKI!X H,l:lep 

ycnell!HO Ol!HCb!BaJOTC1I B llp1!6JII!JK€HIIH CJIY'lal!HhiX cPa3 (TIC<II), KOTOpOe 

ll03BOJI1I€T Ollpe,!\eJI€HHblM o6pa30M J'l€CTb KOppeJIHL\1111 B OCHOBHOM CQ

CT01IHHlL lbnecTHo, 'ITO TIC<II HapyrnaeT npiiHL\Hll Tiayn11 11 Ha'lll!IaH c 

[1] 6hrno c,!\enano Mnoro nonh!TOK yJiy'liiiiiTh TIC<II [2-16]. KaK noKasano 

B [11, 12], KOppeJIHL\1111 B OCHOBHOM COCTOHHHH MOryT CJIL\€CTB€HHO BJIH

l!Tb H3 xapaKTepi!CTIIKII B116p3L\IIOH!Ib!X JPOBH€ll c¢epll'l€CKIIX 1I,!\€p. Y 'leT 

a.HrapMOHH-qHOCTH BH6pai..I,HOHHbiX COCTOJIHH:tt Be,llCT K IIOJIBJI€HHIO CB113H 

M€lK,!\J 0,1\HOcPOHOHHblMII II 6oJiee CJIOlKHb!MII K0HcPIIrJp3L\111IMII [17, 18]. 

TioMIIMO CTPYKTYPhl O,!\HOcPOHOHHhiX cocToHHIIll KOppeJIHL\1111 B ocHoBHOM 

COCTOHHHH II€p€HOpMHpylOT MaTPH'tfHhl€ 3JICM€HTbl 1 OIIHCbiBaiOIIJ,ll€ T3KYIO 

CBH3b [16]. )J,.rr11 onHcaHIIH CTPYKTJPhi HHJKallrnHx BH6p3L\IIOHHhlX aos6y

)l():I;CHH:M: BO MHOI'HX CJiyqa.ax ,U.OCT3TO't{H0 orpaHH't{HTbCH BKJIIO't{€HH€M O,u.HQ-

11 ,!\Byx¢oHOHHhrx KOMUOH€HT BOJIHOBhiX ¢yBKL\Hll [19]. B HaiiiiiX npe,!\hl

,1\JIL\IIX P.a60Tax 3WKTbl KOppem!L\Hll B OCHOBHOM COCT01IHIIII C Bb!XO

,[IOM sa TIC<II paccMaTpHBaJIIICh TOJihKO M" 'lacTII'lHO-,!\blpO'IHOro KaHana 

oCTaTO'lHOro asaiiMO,!\eltcTBIIH. B o6IL\eM CJiyqae s¢¢eKTIIBHhlll MepHb!lt 

raMHJihTOHH3H ,ll;OJDK€H BKJIIQ't{3Tb ll CHJibi B K3HaJI€ 'tf3CTHII,a-qacTHI.J;3 C 

OTJIIPIHhlM OT HYJIR MOMCHTOM [20]. BJIHHHHe ,naHHoro KaHana Ha cTpyKTY

py HIISKOJielKarni!X cocTOHHIIll IICCJie,(IOBaJIOCh, HanpiiMep, n paMKax K<IIM 

[19,21-24]. Tip11 3TOM B Ka'lecTB€ 6asiiCHbiX COCTOHHIIll HCliOJib30BaJIIICb 

¢oHOHbi TIC¢. CJieeyeT TaKJKe OTMeTIITh pa60Thi, B KOTOphlx noKasana 

BalKHOCTb J'l€Ta KOppeJIHL\Hll B OCHOBHOM COCT01IHHH C Bb!XO,!\OM sa paMKII 

TIC¢ ,[IJill sapH.!\OBo-o6MeHHOit BeTBII aos6ylK,!\eHI!ll [25, 26] c BKJIIO'l€HII

eM B33HM0,11,€:ACTBHH B KaHa.ne 'tf3CTHII,a-qacTHII,a H B H,!I,pax IIpH KOHCqHO:A 

TeMnepaType [27]. 

B ,1\aiiHOll pa6oTe ocHOBHhie ypaBH€111111 K<IIM ,[IJIH KOJIJieKTHBHbiX B03-

6y>K.!\eHHll 3Jl€KTp11'l8CKOro Tlllla 0606IL\€Hbl Ha CJiyqafi J'l€Ta KOppe.~H[[HII 

B ocnoBHOM cocTO.HHlUI 3a paMKaMn ITC<D rrpH o,rr.nonpeMeHHOM BKJIIO'tfe-
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HHH Ka.Ha.JIOB qacTuu,a-,II,bipKa H qacTHUa-'lacTHUa. Ha rrpHMepe MO)l,eJIH 

C O.UHOtt BbiJXDI{)J;€HHO:ft o60JIO'IKOtt CJ1.€JlaHbl qHCJ1€HHhl€ 0II;€HKH BJ1H.1IIIH11 

qaCTH'IHQ-'IacTH1:{HQI'O KaHaJia H KOppe.TI.HII;Hit B OCHOBHOM COCTOiiHHH H3 

xapa.KTepiiCTIIKII B1I6paiJ)IOHHbiX B036y>K.L\€HHII. 

Mbr HCIIOJih3YeM raMHJihTDHHaH K<l>M [19, 21, 28], KOTOphrll BKmoqaeT B 

ce6H Cpe.L\Hee rroJie B <J>opMe rroTeH~aJia By.Llca-CaKcorra, crrapnBaTeJihHDe 

B3aHMO,D;efiCTBHe, H30CKa.JI11pHhi€ H H30B€KTOpHbl€ MYJihTIUIOJihllbl€ CHJibl B 

KaHaJiax qaCTHII;3-,IJ;blpKa 1f qacTHII;3-TiacTHII;3. 

H = L (2::r (E;- >.r)a}maim- -41 G~01 : PJ (T)Po(T):-
T Jffl 

~X' X' X' [( (.l,a) + (.l,a)) . M(a)+( )M(a)( ) ·l) 
2 L...t L L K.o 0'1\:1 · ).,IJ T >.p. O'T . , 

a ct=±l AI! 
(1) 

P.+ ( ) X'r ( 1);-m + + 
0 T = L...t - ajmaj-m, 

Jm 

M (ph)+ ( ) 1 X' r ( 1)j+m(. -' ' I , )/(.\) + 
All T = ~ L...t - JmJ - m Al-L j'j ajmaj'm'' 

y 2A + 1 jj'mm' 

(pp)+ ( ) ( -1).1-p "' T (. .. ' I )!(.\) + + 
MA11 T = y'IT+1 L JmJ m A11 jj' ajma·'m'' 2>. + 1 . .. ' J JJ mm 

r.[le T- H30TOIIH'I€CKHJ! llH.[l€KC T = { n, p} H -T = {p, n} ( n- H€J!TpOH, p

IIpOTOH); a- HH,ll;€KC KaHana a = {ph, pp} (ph- K3HaJI '-IaCTHI.J;a-)J,blpKa, '[Yfr

KaHa.JI '-IaCTHUa-qacnnJ,a); Er 3H€pf'HH O,l].HO"t!acTH"tJ:HbiX COCTOHIIH:A, xapax

T€pH3Y€MbiX KBaiiTOBbiMH ~nt:CJI3MH jm ( qepe3 j o603IIaqeHa COBOKYIIHOCTh 

KBaHTOBbiX TfHC€Jl nlj); ..\r- XHMHqeCKH€ IIOT€1IUHa.Jibi, KOTOpbi€ Orrpe,LJ,€JIJI

IDTCX 113 ycJIOBHil COXpaH€HHJI ~IHCJI3 H€itTpDHOB H IIpOTOHOB B Cp€Jl:II€M; 

G~O)_ KOHCT3HTbi MOHOilOJihHOro crrapHBaHHJI; K:bA,a) 11 K;~.\.a) - H30CKa.rt.Hp

Hbi€ H H:-iOB€KTOpHbi€ KOHCT3HTbl MYJTbTHIIOJibHOrO B3am·.,fO,U:e:tkTBH.H; f) f.)
o.n.Ho'-IaCTH'IIILie MaTpHqHhre aJieMeHThi MYJlhTHrro~tLnoro B3a.HMo.n.ettcTBH.H. 

:Mbl pa6oTaCM B npe.U,CT3BJI€HHH KBa3H·t::IaCTHU, KOTOphi€ orrpe,I1.e..TIJI€M HC-
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rroJib3Y.H. KanoHH'-IecKoe npeo6pa3oaanHe Boronro6oaa: 

+ - + ( 1)j-m .. ajm - UjOjm + - VJOJ-m• 

faMHJibTOHHaH (1) M0)K€T 6biTb npe.n;CTaBJI€H l..l€p€3 .Il.BYXKBa3H"-l3CTHqHbl€ 

onepaTOpbl H 9pMHTOBQ-COIIpH>K€HHbl€ K HHM [19, 21, 28]: 

B(jj';>.p.) = I;(-1)i'+m'(jm/m' I >.p.}ajmaj'-m'' 
1nm1 

A+(jj';>.p.) = :L,(jm/m' I >.p.}ajm"Jm'· 
1nm 

CoBepnmM Tenepr, Jmnellnoe npeo6pa3oBamre OT onepaTopoB A+ (j j'; >.p.) 

n A(jj'; >.p.) K onepaTopaM po>K.[leHHH II yHH'ITO>KenH>r <J>oHoHoB: 

1 )., · I )., ). · I 

Qtp,; = 2 L,N;j· A+(jj ;>.p.)- (-1) -"'P;} A(jj; >.- p.)}. 
JJ 

0CHOBHbiM COCTOiiHH€M '-I€TH0-'-I€THOrO .H,l].pa .11BJ1ii€TCJI ¢oHOHHbltl BaKyyM 

I 0) (Q;p,; I 0) = 0), a B036Y>K.L\€III!h!e COCTOHIUIH reHepupyiOTCH nyTeM 

.n;ettcTBHR Q!~,i na I 0). Y'-IHTbtBaa, 'ITO pa3Hhi€ ao36y)f{)leHnble cocTO.HHHR 

,l].OJI1KHbl 6bJTb OpTOrDHa.Jl.bllbi H HOpMHpOBaHbl 

((0 I [Q,,,,;,Q~"·;'] I 0) = O;;•), nonyqaeM 

1 
- 2::(1 
2 jj' 

[ 
.li ;;' ,\; ;;' l - qjj') 1/Jjj' ..P;j' - 'P;j''Pjj' = 0;;•, 

me Q,j' = q; + q;•, q; = (0 I B(jj; 00} I 0)/(2j + 1)L pacnpe.[leJie

HHe KBa3HqaCTHU B OCHODIIOM COCTOiiiiHH. XapaKT€pHCTHKH <}>OHOllOB H 

KBa3H'-IacTHU. OIIpe)l,€JIJIIOTCJI H3 H€J1HH€tlHO:fi CHCT€Mbl ypaBII€IIH:ft 1 IIOJ1)'

'!€HHOJ! B paMKaX pacnmpeHHOro TIC<l> (PTIC<l>) [12]: 

G~O) T (j + 1/2)(1 - 2q;) = 1, 
-2- ~ .jt..~ + (E; - >.,)2 

(2) 

[ 
(E; - Ar) (1 - 2q,)l 

N(r) = Lr (j + 1/2) 1- JC..~ + (E; - Ar)2 ' 
J 

(3) 
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M'J"·''' (r) M;"·"' (r)- I M;''·"' (r) D+ (r) = 0, (4) 
( 

M0''·•'J (r)- I M!"'"' (r) M:;''·"' (r) l ( Do (r) l 

r11e 

M:;''·''' (r) M;''·"' (r) Mt''·"' (r)- I D_ (r) 

>.i 2 Af}f.' I: (1- q;i')[(,Pii') - l'P;/rl- 2 = o, 
jj' 

1 2,\ + 1 
q = - "' ( 1 ) ( >.i )2 

J 2 L, 2j + 1 - qjj' 'P;;• ' 
.:\1,] 

I=(~~)· 
B 3Tl!X ypaaHeHl!HX ¢opMyJihi )IJIH 3Hepmll KBa3H'laCTllll 

(5) 

(6) 

~ .. --. 
Cj = Jt:,.~ + (Ej - A7 )

2 
H Uj, Vj ocTaiOTC.H TaKl·le )Ke~'-iaK B TeOpHH EKIII, 

a HOBb!Mll HBJIHIOTCH ¢opMyJibl )IJIH KOppMiillliOHHbiX ¢YHK!1llli 

fl. 7 = 4G~O) ~r (1- 2q;)(2j + 1)u; Vj H XHMH'leCKHX ITOTeHijllaJIOB A
7 

(2), 
) 

(3) (cMOTpH [6, 12]). 

Bae11eM ¢YHKIIliH 

Dn (r) = ( D~i (r) ) , 
D~' (-r) 

D >.i ( ) "'" !,), (1 ) (+) (·'·>.; >.i ) o T = ~ ii' - qii' uii' '¥jj' + l.fJjj' , 
jj' 

D),i ( ) "'T !,), (1 ) (±) (,j,Ai ,),i) 
± T = ~ jj' - qjj' V .. , 'Pjj' =f lpjj' , 

. ·I }} 

)) 

r.n.e n = {Q, +,-h vjj) = UjUp ± VjVp 1 uj;) = UjVj' ± VjUj'. 

M (>.•) ( ) 
Bbipa>KeHHH !IJI>I ¢YHKIIHII t T HMeiOT BH!I 

( 

( (>.,a)+ (A,a))X>.' ( ) ( (\a) (>.,a))X"' ( ) ) 
M"p .. aJ Ko K1 l T Ko - K 1 l T 

I ( r) = ( (>.,a) (A,a))X·I< ( ) ( (A,a) + (!.,a))X),' ( ) ' 
Ko - Kl l -T Ko Kl l -T 

_ } .l.i T ),i ( (+)) 2 
r!lel-{0,1,2,3,4,5 ,X0 (r)=L:;j' X;i' uii' c

1
i', 

4 

X ,),'()=" ,rx>.i (+) (+) . x>.'( )-" .. ,rx>..i (+) (-) ' 
1 T L.,JJ n'uii' vii' w;.1, 2 T - L.,JJ 1iuii' vii' en , 

X >.i l l "' T x>.' r+J r-1 x>.' ( l "' T x>.' ( t+l)
2 

3 T = wii' ii'vi/ vii' W>.,:, 4 T = t....jj' ii' vii' e1i', 

A1 - .. ,7 )., .. , ··I= . .f . . ( (-))2 
X5 ( T) - LJJ Xjj' Vjj' En , En EJ + E1 , 

rtf~ll2 r1 _ %t l 
x>.' '' ) . 

ii' = (2,\ + 1) (E;;' - WX; 

,Um1 <i>oHOHHbiX aMITJIHTYII ITOJiy'la!OTCH CJie)ly!OIIIHe Bblpa>KeHHH: 

,,,>.; ( ) 1 f >.. ( 'I' .. , T = JJ (+) (+ . . " J2Y;' (E;;' - W>.;) ujj' + v)z~' (r) + vj;; 1 z~' (r)), (7) 

>.; r l 1 r. ( r ) <p .. , T = + (+) >.i · 
11 J2Y;' (E;;' + W>.;) u!!' -vii' z+ (r) + vj;;lz~' (rl), (8) 

r)le 

y>.i - 2 (2,\ + 1)
2 

r - ( D~' (r) (~>.,ph)+ x:\>.,ph)) + D~' ( -r) (~>.,ph)- x:\>.,ph)) )" 

D>.i (r) (x:(>.,pp) + x:(>.,pp)) + D>.i (-r) (x:(>.,pp) - x:(>.,pp)) 
Ai n 0 1 n 0 1 

zn (r) = D~i (r) ( x:f·ph) + x:\>.,ph)) + D~i ( -r) ( K~>.,ph)- x:\>.,ph))' 

r.rr.e n = { +, -}. EcnH He y~rHThiBaTh KaHan '9:acTHUa-'9:acTHu;a, TO ypanHe-

HHe ( 4) H Bblpa>KeHHH (7), (8) 3aMeTHO ynpolllaiOTCH [16]. Ycrroane Qjj' = 0 

CBO,IIl!T cHcTeMy ypaaneHHII (2)-(6) K ypaaneHIDIM Teopnn BKillH ilC<l> c 

yqeTOM KaHa.rra qacrniJ,a-"'-lacTIUI,a {21]. 
HcnOJih3YH ycnOBHe nonHOTbi H opToroHaJibHOCTH B036y)f(,ll;eHHhiX co

CTOHHllll PilC<l>, orrepaTopbi A+(jj'; AJl) H A(j/; AJl) Bbipa>KaiOTCH qepe3 

orrepaTopbl ¢oHOHOB PilC<l> CJie)ly!OlllliM o6pa3oM: 

"4 +(jj'; ),p) + (-)'-"AU/;),- Jl) = ( 1 - q,.) X 

xI: ('1';;. + o;;.) (Qt", + (-)'-"Q,_",). 
' 
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3aiiHill€M ra.MHJibTOHHaH (1) qepe3 OII€paTOpbi KBa3HqacTJHJ, H <PoHOHOB 

T,I\€ 

hqB 

H = /in + h'if' + hqq + hqB, 

ho + h'ff = L Cj ajm O:jm, 
jm 

1 XJ..ii' (T) + XJ..i'i (T) + 

hqq = -4 I:, Jy>.iyJ..;' QJ..piQJ..pi'• 
"'J.UIT 'T T 

(J..) 
1 ,f..,( . = -- ___lL_ - >.-1-' + .\J(+) 2 '2 L L tyTI>. ( ) Q;.p;L' (T)+ 

y.&. \J..tiT jj' V.Y'TI JJ 

Q L J..i(-) ( l) ( . .' >.-pi ;;' T B JJ ; >.- JJ.) + h.c., 

xJ.." (T) = ~ yt (D6' (T) + D~ (T) z~i' (T) + D~' (T) z~i' (T)), 

LJ..i(±l ( ) (-l ( ;.; ( ) ± ;.; ( J) ( (-l i+l) il T =vii' + z_ T z+ T u;j' - uii' . 

Mo>Kno noKa.3aTb, 'ITO IIJI11 pernem!l! cncreMbr ypaanenntt (2)-(6) PITOI> 

HM€€T M€CT0 

( Q>.pi I H I Qtpi') = W;.;O;;•, 

( H Qt"' Qt_",) = 0. 

,1:\oKa:JaTeJihCTBO 8Toro yTBep>K,I\eHHH ,I\Jlll PITC<l> MO>KHO rrpoaecTH anaJio

rH'!HO, KaK ,I\JlH ITC<l> [18, 29]. 1·-lnen raMHJihTmmana hq8 CBll3hiBaeT O,I\

uocPouonuhle cocTO.XIIHH c 6onee CJlO)KHbiMH Kon<fmrypaU,HJIMH, narrpHMep 

,I\BYXtlJOHOHHh!Ml-1, Iii OTB€'-laeT 3a ¢parM€HTall,lii!O 0,!\HOtlJOHOHHhiX B036y

)K.!I.€11IIbiX cocTO.HHHtt TICTHo-.. reTHhiX c<i>epnqecKHX JI.LI.ep. BoJIIIOBaH cPYHK

u;~o~JI B036y)KJI,eHnoro cocTO.HHH.X B paMKax K<DM 3aiiHCb!BaeTc.H a BH.II.e 

w.(>.!l) = {z::: R;(>.v)Qtpi + L. P{;t: (>.v) [Qt,p,,,QJ:,p,i,L"} I D). (9) 
a .\n1A212 

6 

Yc~IOBHe nopMHpOBKH B0nnoaon ¢ynKUHH (9) HMeeT BH)l, 

(wv(1 M) 

(1 + K 1 (>.,i,,>.2i2)) 

wv(1M)) = L R;(1v) + 2 L (Ptt;(1v))
2 

X 
.\tii.\2i2 

1, (10) 

r)le 

K 1 (>.1i1, >.2i2) = K 1 (>.,ir, >.2i2 I >.2i2, >.,ir), 

K 1 (>.2i2,>.i' I 
1 

).i, ).2i2) = (2). + 1)(2).2 + 1) O •O . . X 
1 + i,i AI,A212 

l JJ ]2 ).2) 
L . (1 - ~q;.;,j,j.) ( -1 )h+j,+J J4 )3 ). X 

)1)1}3)4 
). ).2 1 

( 
>.i' ..\i .\2i2 ..\2i2 ..\2i2 >.2i2 .\i' .\i ) 

'l/Jjti4'l/JiJi47./Jhi2 t/J;1h - !fJiJj./.Piti/..Piai/Piti4 

QiJhi3i4 = q;i + qh + Q;J + Qj4. 

BbPIHCJIRJI cpe)J.uee 3HaqenHe r~JibTOlmaua (1) no cocTORHHRM (9), co

macHo aapnaunonnoMy npnnunny, c y'leToM ycJIOBHH (10) 

8 ((Wv(>.!l)IH I Wv(>.!l))- Ev((>Irv(>.!l)IWv(>.!l))- 1)) = 0, 

A . 
IIOJJy'-laCM JlHHettuyiO CHCTCMY ypaBHCIIH:it OTHOCHTCJlbHO ~ ( J V) H p>.~\t; ( J V) 

(wJ; - Ev) R;( 1 v) + L P{;;'; ( 1 vJUt;f; (Ji) ( 1 + K.J (>.1i1, >.2i2)) = 0, 
),I ii>.2i:J 

(11) 

2 (w,,;, + w;-,;, + 6.w1 (>.1i" >.2i2) - Ev) Pt;'; ( 1 v) + L: R;( Jv )ut;; ( 1i) = 0, 
i 

~WJ (>.tit. .\2i:.!) 1 . (x"'' (r) + x"" (r) K'p,,,, >.,i I;.,,,,,~,,.,)+ 
-4 L /Y'•"Y'•' 

x'::. (r) + x'"~ (T) ;\J(>.,i,>,,i, l.\,i,, A2i2)) 
jY¢2l2y;~· 
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fipH 3TOM Mhl HCfiOJib3Y8M KBa3H.LI,HarOHaJlbHO€ rrpH6JUDK€HH€ Jl.JUI ¢YHK

UIIll KJ (\,i,, Azi2 I AJi3, )qi.). cho MOJKHO C)l.eJlaTb nOTOMy, 'ITO a6co

JIIOTHbl€ 3HR9:eHHJI ,lU.faroHanbHbiX 'qJienoB Kl (A1 i~, A2i 2 I ..\3i 3 , A4i4) 3Haqn

T€JihHO 6onLIIIe nenHaroHaJihHhlX [19, 30]. MaTpHqHhifi 3JieMeHT B33HMO

AellcTBHR MeJKAY OAHo- " ABYXcPOHOHHhiMH Konci>HrypaunRMH BOJlHonoll 

cPYHKUIIII (9) npHI!IIMaeT B!!A 

(QJvlhoBI [Qt,,, Qt,,,]) = utf: (Jv)(1 + KJ (A,i,, Azi2)), 

U''''('. ) A2i2 ...-.t, T 

rAe 

U"·'· (' ·) - "u'·'• (A ) ...\2i2 1\t = L.., ..\2i2 t, T ' • 
T 

(-I)''+''+>-~y'(2.1,+1)(2.1,+1) L '(1-q;,;,) X 

( 
fi~i' { .\1 Az ,\ } ( . """ JYF J2 it jg LJ:i2 ( r) 1/;f21: <Pj;j: + .C~il ( 7) 1/Jj3

1J\1 <P;22j:) + 

Jtj, { >., .>., 
), } A1i1 A2i 2 >.i 

JY¢1'1 )3 h 
it ( CJ2iL ( r) <Phil 4Jhil + c.;,Lr ( -r) 1/J~i.. 4/'2i2) + 2 )2JJ )3}1 

Jf,j, { .1, >., .\ } . ..\2'2 Atit >.i · . 

{Y~~iz jl j, 
j, (C,;, (ri¢;,;.<P;,;, +Ci;J:(r)'l/!''1)!'"•)) }3}1 )'l)J 1 

C'' ( ) =! (LAi(+) + L"H). 
JlJ2 T 2 Jl12 J2Jt 

9m CIICTeMa (11), (12) !!MeeT perneu11e, eCJlH 

_ I . .. 1 ut,•;_(.\i)ut;;(:..i')(t+K1 (>"i,,:..,i,J)I_ 
F(E,) = det (w,,- E,)o,..-- L 1 ( . . ) - 0. 

2, . , . W>.111 + W>.ai 2 + l:l.w )qZt, A2z2 - E,.. 
Allloll212 

(13) 

YpaaneHIIR (11), (12), (13) IIM€IOT TaKyiO JK€ cPDPMY, KaK OCIIOBIIble ypaB

HeHHR K<l>M, nocTpoeHHbie Ha 6aa11ce cl>ououos IIC<l> [19, 28]. ECJIH He npii

HHMaTb BO BHHMaHHe Ka.Ha.JI qaCTHIJ;a-qacTHI1;31 TOr)l.a IIOJiyqaiOTC.H o6o6-

llle!Il!bl€ ypa.BH€HIIR K<J>M C y'leTOM KOppe.1IRUHll B OCHOBHOM COCTORHIIII 

3a paMKaMII IIC<l> [16]. Ecnu JKe HOJlOJKHTh qi/ = 0 11 KJ(A1i1, A2i 2) = 0, 

npuxOAHM K o6bi'IHO!I: CIICTeMe ypa.BHeHIIll K<l>M, oniiCbiBaiOIIUlX CBR3r. OA

nocl>ononHhiX 11 ABYXcPcHOHHbiX KOMnOHeHT sonuosoll cPYHKUHH (9) 6e3 

yqeTa rrpHHUHIIa f1a}"JIH. 

8 

) 

) 

KaK IIOKa3aHO B [16], HaH60Jibiii€€ BJIHJIHH€ KOppeJUIUHH B OCHOBHOM co

CTORIIIIII oKa3biBaiOT na cTpyKTYPY OAHOcPOHOHHhiX cocTORHHll. IIoaTOMY 

,nJIJI OI.J.€HKH B3a.HMOCBJI3H Ka.HaJia qacTHIJ;a-qacTHIJ;a H KOppeJI1II1;H:A D;eJie

C006pa3IIO na'laTb c paccMOTpeiiiiR CJIY'IaR PIIC<l>. PaccMOTpHM MOAeJih 

H30JIHpOB3HHOrO ypoBH.H, B KOTOpo:A IIOCJie;:ul.fl.H H€33IIOJIH€HHaJI 060JIQq

Ka OT)l.eJieHa 3H€preTHl·I€CKll OT ,llpyrHX O,IJ;HOqacTHqHbiX ypOBHe:A H, CJie

)l.OBaTeJibHO, MO)KHQ C'IHTaTb, qTQ BKJIM OT ,n;pyrHX O,Z:UIOqacTH't!llbiX ypoB

Hel! npeHe6peJKHMO Ma.n [1, 6]. 9To np116n11JKeH11e 3Ha'IHTeJlbHO ynpOII\aeT 

uennuelluyiO CIICTeMy ypa.BueHHll {2)-(6). OrpaHII'IIIMCR O)J;HIIM copToM ey

KJlOHOB 11 B cl>opMyne (6) y'ITeM B cyMMe no A TOJlbKO OI\HY MYJlbTIITIOJlb

HOCTh, AJ1R KOTopoll pernaeM CHCTeMy ypa.BHeHnll (2)-(6). KaK noKaaauo 

B [12], C xopornell TO'IHOCTblO MOJKHO Y'IHTb!BaTb BKJla,L\ TOJlbKO KBa,Lipy

IIOJihHOit MO)J.hL qHCJieiirrble pacqeTbl BhiiiOJIHHJIHCh AJUI A = 2, 

(2j + 1) = 40 n 'IIICna uyKnouoa N = 18. Mb! IICCJieA)'eM 3a.BIICHMOCTh 

3HeprHII B036ylK)l.eHHOro COCTO>IHIIR (w21) (p11c.1), npiiBe,n:eHHOll BepORT

HOCTII nepexo)l.a 3Jl€KTp11'IeCKOro Tllna (B (E2, 2 --t 0)) (p11c.2) II pacnpe

,l1,€JI€HH..H KBa.3H'Y:acTH:U B OCHOBHOM COCTO.HHHII (q;) (pHc.3) OT 3HaqeHH:A 

CHJIOBbiX KOIICT3HT B Ka.Ha.Jiax qacTHIJ;3-,Il;blpKa (K.(ph)) H qacTHn;a-qacTHD;a 

(K(wl). HcnOJlb30Bauhl CJieA)'IOII\He o6o3Ha'leHIIR: 

2 (/(2))
2 

( (2,a) + (2,a)) 
(a) - JJ Ko Kl . 

K - 5(2j+1)Q(O) ' 

2w21 w= .. 
(2j + 1) Q(O)' 

B (E2 ) = lOB (E2, 2 --t 0) 

( 
(2))2 ' r;; 

( 
(2))2 

f)l.€ f jj - O,Z:UIOqaCTHqHbiit M3TpHqHhllt '3JI€M€IIT II€pexO,l1,a 3JI€KTpH't!€-

CKOfO THIIa .. KaK BH)l.HO H3 pHc .. l, y't!eT B33HMO,ne:ACTBIDI B K3Ha.Jie 't.!3CTHI.l3-

qacTHD;a Ma.JIO BJIWI€T Ha pa3HHII.Y B 3H€pi'H..HX B036y:>K,IJ;eHHOrO COCTO.H

HH.H, shlqnCJieHHhiX s PIIC<I> H TIC<I>, no cpasHeHHIO c TeM, KaKoe BJIHH-
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HH€ OKa3hlBaeT CaMO BKJIIQ"q€HH€ HCCneeyeMOffi Kana.na. BTopott OC06eH

IIOCTbl01 Ha KOTOpyJO CTOHT o6paTHTb BHHMaHH€ 1 HBJUI.€TCR TO, 'tJ:TO TipH 

BKJIIO"tJ:eHHH Kana.na qacTHua--qacTHu;a peiiieHl.fe AJIR PIIC<t> CTaHOBl.fTCR 

6mnKe K peiileHHJO TIC<I> B o6nacTH .uo KpHTH'I€CKOII TO'IKH, B KOTopoll 

wrrcq, = 0, XOT.!I cne.uyeT oTMeTHTb, KpHTH'IeCKoll TO'IKH B PTIC<I> HeT. 

Ta.IUIM o6pa.30M 1 MO}KHO c.ueJiaTb BbiBO)l, o TOM, ~rTo BKJIIO'l.J€HHe Kana.na 

'tJ:8CTH:Qa-"tJ:aCTl·UI,a. npHBO,ll,HT K OCJia6JieHHI0 pOJIH KOppe .. 'lRUH:R B OCHOBHOM 

COCTOHHHH, 8TO o6'b.HCHH€TCJI YM€Hhlll€HH€M 'IHCJia KBa3H't!aCTHU B OCHOB

HOM COCTOHHIHI (qj) IIpll BK.'ll09€HHH KaHana qacTHUa-'l:.Ia.CTHUa B 06JiaCTH 

)l,O KpHTH9€CKOtt TOqKH (pHc.3). ,U.n:H TOrO, 9T06hl HarJI.H)l,H€8 npe)l,CTaBHTb 

3TOT pe3yiibT3T, Bbi68peM H 33cPHKCHpyeM W B o6nacTH, r,Ue pOIIb KO]J

peJIHLI,Ht\ 3aM8THa (pHc.l), nanpHM€p W = 0, 3, H IIOCM0TpHM1 K3K H3M€

H.!I8TC.!I B ( E2) B 3aBHC~<MOCTR oT "(pp). lb pHc.4 cne.uyer, 'ITO npH yBe

IIH'I8HHH "lwl B8JIII'IHHa B (E2), IIOC'IHTaHHa.!l B PTIC<I>, npH6JIH)f{a8TC.!I 

K 3Hal.JeHHIO, Bhi'lHCJiennoMy B o6bl'9liOM llC<t>. CneeyeT OTMBTHTb, 't!TO B 

CTpyKType HH3KOJI8)f{BIIIIIX El16panHOHHbiX COCTO.!IHHil ,UOMHHHpyeT KaHan 

qacTHUa-,r:u.rpKa. B paccMaTpHBaeMoit Mo.rr.enH 9TO o3naqaeT, qTo o6nacTb, 

HaTipHM€p K(pp) > 0, 7 1 He HBJifleTCJI HHT€p€CHO:R ,I:VIH 9THX HCCJI€)l,OBaHHtt. 

TIOB8,[1,8IIHe !IpHB8,U8HHOII B€pOJITIIOCTH !I8pexo,Ua (pHc.2) IIO,UTB8p)f{,[laeT 

C)l,€JI3HHhl8 Bbiiii€ BbiBO,[I;bi. 

B )l,aHUO:tt pa60T€ IIOKa3aHO, 't{TO OCHOBIIhl€ ypaBH€HH.H KBa3H't{acTH't.{ll0-

c}JoHOHHOit MO)l,CJIH ~Jl11 9€THO-'-I€THbiX c¢epH't.{€CKHX Jl)l,€p MOryT 6biTb o6o6-

lll.€Hbl Ha CJiy'la:tl yYeTa KOppeJIHUH:tt B OCHOBHOM COCTOHHHH 3a paMKaMH 

npH6JIH}K€Hl111 CJiyqat\HhiX c}:>a3 npH O,IJ;HOBp€M€HHOM BKJIIO'tl€HHH KaHaJIOB 

qacTuu,a-,UbipKa H 'lacnina-qacTHna. YpaBH8HHR K<I>M rro"~y·raroTc.!l IIpe

.uenhHbiM IIepexo.uoM K IIpH6JJH)f{€HHJO cnyqallHbiX q,B3. Ha IIpHMepe rrpo

cTofi MO)l,€JUl npo,o;eMOHCTpHpOBaHO, 't!TO TIO)l,KJif0'-1€HH€ K3HaJia qaCTHUa

~IaCTH:Qa npHBO).U1T K H€60.'lbll0MY OCJia6JI€HHIO KOpp€JIHUH:tt B OCHOBHOM 

COCTOJIIIHH. 
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Puc. 1. iloBe.UeHue 3Hepruu B036Y*JH~nnoro COCTO.HHH.H n 3aBHCHMOCTH OT K(ph). OynKTnp

HaH KPHBaJI H WTPHXOBaJI KPHBa11 HB."'.RfOTCH pemenu.R:MH TIC<I> npu K(pp) = 0 11 K(pp) = 0, 4 

COOTBeTCTBeHHO. ilJTpJ..IXIlYIIKTHpHa.H K(lHUa}[ H CllJlOlUHa}[ KpHB&JI 11BJ11UOTC.H JX'IlH'IIIUlMII 

PnC<l>, r)l.e ,._(w) = 0 u ,._(wl = 0, 4 cooTBeTCTBeuno 
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Pnc. 2. ITose,:xeHae B ( E2) B 33BMCIIMOCTH OT K-(jfl). ITyHKTHpHMI KpHBMI H mTpnxosa.H 

KpHBaR »B.nJIIOTCH pememUIMH TIC<ll npn ,.;:(PP) = 0 n ,oc(PP) = 0. 4 coOTDeTCTBeHHO. illrp~1X

nynKTUpHa.R KpHBaR n cnJimunaH KpHBail HBJUIIQTCH peurCHHHMH PITOI>. r;:~;e ,-;;(PP) = 0 n 

K,(pp) = 0, 4 COOTBCTCTBeHHO 
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PHC. 3. Pacnp€.Ae .. ;IeHH€ KBa3JP-IacTHU B OCHOBIJOM COCTOJIHHH B 33BHCHMOCTH OT K(ph)_ 

CnJiomHa11 Kp1man H mTpHXOBaJI KPHBaJI HBJIJIIOTCJI pemeHHJIMH PITC<P npn ,...(wl = 0 

H K(pp) = 0, 4 COOTB€TCTB€HHO 
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Cesep!OXHH A.ll., BopOHOB B.B., Kapa;uws n. 
BJUU1HHC KaHaTia Y:aCTJ.i.Ua-I..JaCTHUa Ha KoppCJUIUHH B OCHOBHOM 
COCT05IHHH ccf>epHYCCKHX 51,J,ep 

P4-99-121 

OcHOBHble ypaBHeHIDI KBa3HY.acnt\fHo-ctJoHOHHOH MO.Je:m c )'l-JeTOM Koppen51-
unH B OCHOBHOM COCT051HHH, ll03BOJ15IJOWHe Bbiii.TH 3a npH6JH-t)!(CHHC C:I)''!atfHbiX 
¢a3, o6o6weHbl Ha CJIY'!aif BK.motJeHHSI KaHa'la LJ:acrHua-l..facntua. Ha npHMepe 
O.JHOypoBHCBOii MOLlCJlH paco.mTpCHO B.1H5l.HHe 3T0f0 KaHaTJa Ha KOppeJBU{H:H B 
OCHOHHOM COCTOSIHHH H xapaKTCpHCTHKH BH6paUHOHHbiX B036}')K)lCHHii. 

Pa6ora BhllJOJIHeHa B Jia6opaTopmi reoperw-1ecKoH qmJHKH HM. H.H.Eoromo-
6osa 0115111. 
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Scveryukhin A.P., Yoronov Y.V., Karadjov D. 
Effects of the Particle-Particle Channel on the Ground 
State Correlations in Spherical Nuclei 

P4-99-121 

The basic equations of the quasiparticle-phonon model with taking into ac
count of the ground state correlations beyond the random phase approximation are: 
generalized to include the particle-particle channel. An influence of this channel 
on the ground state correlations and the characteristics of vibrational excitations 
for the one level model case is considered. 
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