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B CT aHAa pT Hoi1 MOAeJlH JlHKKe npH BblnOJlHe HI1H YCJlOBI1f1 CHJlbHOH 

CBfl 3 11 I1Me eT MeCTO ¢a30B~H nepexoA B CBepXH3JlY4aTenb HOe COC TOfl

HHe , XapaK Te pl13yeMoe MaKpOCKOnH4e CKHM 3 a nOJlHe HI1eM p e 30HaH CHOH 
/ 1/ MOA~ n onR 101 c nOHT aH HOH nOJlflpH 3 a4Hei1 B nOACH CTeMe Al1 n OJleH . 

OA HaKO AJ1f1 3aAa4 KBaH To Boi1 paAI10¢ H3 HKH 60Jl bWOH I1HT epe c npeA
CTaeJl fl e T Ta K~e HC CJleAOeaHHe CH CTeM c nepeXOAaMI1 B~cweH MYJl bTH

nOJlbHOC TH, B KOTOPblX peaJlH3 YIOT CfI MHorO¢OTOHHble n pOlle CCbl. T aKH e 

nepeXOAbl I1CnOJlb3YIOTC fI , HanpHMep t e c xeMax HeJlHHeHHOro npeo fip a 

30BaH HA kor epeH THo ro HH¢paKpaC Ho r o H3nY4e HHR B BHAI1 M~H AHan a 
30H /2 ~ B CBR3H C 3 TI1M aKTyaJleH eonpoc 0 cy~eCT BoBaHHH CBe p x

H3nY4a TenbHoro ¢aaOBoro nepex oAa B AeYXYPOBHeBoi1 CH CTeMe C ABYX

¢OTOHHblM 06MeMOM. T a Kafl MOAeJl b npHMe HHMa, e CJlI1 n e pe XOAbl Me~AY 

YPOBHflMI1 AHnOJlbMO 3 a n pe~eH~. HaAo OTMe TH T b , 4 TO 06~4HO p aCCMa T 

pHBa KlTC fI CHCTet4b1. COC TOR~He 1013 OAHoro 11 3nY4aTeJlfl .... ABYX MOA 
/ 3 / nOJlfl , 1110160 Ma Kp OC KonH4eCKafl CI1CTeMa , HeJlHHeHHO B3 a I1MOAei1cT

BYlOUlcl .R C OAHOi1 MOAoi1 1l0JlR 141. 

5 YAe M I1CXOAHTb 1013 o606~eHHfI MOAeJlH JlHKKe Ha CJlY4ai1 MHo rO¢OTOH
HblX n pOlleC CO B. n p e AJlO)l(eHHOrO MaK HeHJlOM 101 YOJlJlCOM 15~ 11 Onl-l CblBae 
Moro r aMH11bTOHH aHOM : 

M + N t 
H =Hr + HA_F +H A , H = I ~ ak&k ' H

A 
=( lOr 

F k= l r = 1 

M-"2 N M + _ M l 

H _ r = N A}: ( II a k " r + n ako ) . A r- I k.. 1 k= 1 r /1/ 

Mbi p aCCHaTpH BaeM MOAeJlb C M= 2. 3Aecb, Ka K 06b1 4 HO, ~k 

co6cT BeHH~e 4aCTO T~ MOA nO~fI, xapaKTepH3yeMbi x onepaTopaMH a: 
C nepeCTaHOBOI.lHbl MH COOTHoweHHRMH [ ak , a: , ]=8kk , ,[ ak,a k , I 0, 

A - KOHC TaHTa CBR 3 H, N - 4HCJlO H3JlYl.laTeJleii . a~ = ! (0 S I auY ) 

101 (f Z o n HCblBcllO T 11 3 JlY4 clTeJlI1 . 
Anfl HCCJleAOS a HHfI TepMOAHHaMHKH YAo6HblM npeACTcl BJlR e TCR MeTOA 

KorepeH THblX COCTORHI1 i1 / 8 ,7/, Hc no11b30BaHHblH AJlR T04Ho ro pc we HHR 

cTaHAapTHo H MOAeJlH JlHKKe / 8 ,9 / ,nOCKOJlb KY r a MH Jl b TOHHaH Hawei1 3 a 

Aa4H 

+ + A ~ ( _++ + ) t! zH=w1 &l a l + w 2 &2 & + - .. ur a 1a 2 + (1 r a 1a 2 +. .. u / 2/N r.. 1 ( = 1 r 

HMeeT Henl-l HeHHOCTb BO B3 a HMoAei1cT BI-I H, B03HHKaeT He06xoAHMOCT b 

.. nrCT ~oeHHR olieHoK AJlA CTaT HCTH4ecKoi1 S~MMbI B TepMOAH HaMv,4ec KO M 

nl .. . 
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BBeAeM B nOll HOM npOCTpaHCTBe COCTORHI1I1 J<= 51 e .5 2 <11> J< . I rAe 
5 j - rl111bBepToBo npocTpaHcTBo, Ha KOTOPOM onpeAeneH~ onepa -

TOp~ a1 11 J<s - npOCTpaHCTBO COCTORHI1I1 onepaTopOB Cnl1Ha 
a :t ,Y.Z pa3MepHOCTH 2 N / npoeKTopbl PI (n) 11 P (m) Ha COCTOflHl1fl 

2 
C He BOllee 4eM 0 $ OTOHaMI1 nepBoro copTa ~ He 6011ee 4eM m $oToHa
MI1 BTopor o c opTa .113 onpeAelleHl1fl clleAyeT. 4TO P . (j) -+ I j B CI111bHOM 
CMblCile // 1 ~ / r ll . 8 /. nOllO)l(lo1 M H(n.m) = P (n) P2 (m) HP~ (m) p. (0) 1 
11 paCCMoTplo1M 

Z (n.m) = Tr PI (n) P2 {m) exp(- ,B H (n ,m » . / 31 
IHI 

B /3/ 5 epeTcR cneA onepaTo pa B KOHe4HOMepHOM npOCTpaHCTBe. 06
~eH 0611acTb~ onpeAelleHl1fl one paTopa H B /2/ H onepaTopOB H (n,m) 
RBllReTCR 0611aCTb J{ 0 = In ~ tl (n ) P2 (m) J< 11 Alll3 m06o ro COCTORHI1R 
I/J r;; J<o MO)l(HO YAoBne TBOpl1Tb paBeHCTBY H(n,m)", =H .,r,. B~6pa B AO
CTaT04HO BonbWl1e 3Ha4eHI1R n 11 m. TorAa H(n,m) ... U B c.MblCfle Cl1nbHOH 
pe30n bBeHTHOH CXOAI1MOCTI1 I I 10 ~ rll. 8/ . B 3TOM MOIKHO y6eAHTbcR 

nYTeM nepexOAa K npeAellY no n 11 no m. np l14eM nOPR.aOK TaKoro 
nepeXOAa Hecy~ec TBeH . 

,llanee, nYCTb l rJt . , 6)j I~ 1 - CI1CTeMa c o6CTBeHHblX Be KTopOB 
J J= 

~1 c o6CTBe HHblX 3Ha4eHI1H. 3aHYMepOBaHHblX B B03paCT alOU4eM nopAAKe . 
AllR r aMHll bTOHl1aHa H. ,/J.J1R H(n,m) COOTBeTCTBY~~Y~ CHCTeMy 0603Ha

N 
411 M l l/Jj(n.m), & j(n,m) 1 ~~·2 . Mbi MOIKeM I1CnOllb30BaTb rJt (n,m )

J 
B Ka4eCTBe npo6H~X $YHK4HH AnA H 11 C nOMo~b~ npl1H4Hna MI1 HI1MaK
ca / /1~/rll . 13 / nOllY4I1Tb& l (n ,m) ~&i AllR 1~ js; n. m . 2 N. 
11 3 CI1.llbHOH pe30nbBeHTHOH CXOAI1MOC TI1 H(n.m) • H HeMeAlleHHO Clle 
AyeT, 4TO AnA a, b ~ a(H). rAe a (H) - cneKTp H , AllR npoeKTopHo
3Ha4HbiX Mep onepa TopoB H (n.m) 11 H BblnOnHReTCR P (n.m) ... P B Cl1ll b
HOM CMblClle I l l?lrll . 8/ . (a,b) (&, b ) 

TorAa. cornaCHO c neKTpallbHoH TeopeMe B TepMI1 HaX $ YHK411oHallb 
Ho r.o I1C4I1ClleHI1R, I/J j (n.m) ... I/J j 11 & j (n.m) -+ & j nOT04e4HO no HHAe K
c Y J • OTc~Aa OKOH4aTellbHO 3aKll~4aeM. 4TO B 13/2 (o.m) -+ 2, cornac
HO TeopeMe 0 Ma)l(Opl1pOBaHHOH CXOALo1MOCTH / l lO/rn . l 

B Ka )l(AOM 1013 npocTpa Hc TB 11 BBeAeM yce4eHHbie rnay6epoBc KI1e 
COC TORHI1A 19/ 

Ia I • n > = PI (n) Ia I > , rAe a i Ia j > = a I I a I> . /~I 

To rAa Cn paBeAJ1HBbI COOT HOWeHI1A 

<a, ,n 1 fJ1 ,n > K I (a i ,,B j .n) 

1 2 n , 
exp I - -2 ( Ia i I + IfJ 112) I· ~ (a.'" fJ . f / n' 1 /5/n ~1 I 1 

Tr P. (n) A Pi (n) .l... < a. ,n IA I a . •0 > .r dal 16/1T 1 111i l 1 

2 

r Ae A - npOH3BOnbHbl I1 onepaTOP, 

Tr I ai ' n > < fJ . ,n I = K 1(a 1 • f3. •n ) , /7/1111 1 1 

Pj(n) aIPj(n)= .! (dajaj l aj,n >< aj,n l , /8/ 

PI (n)a;al Pj (n) =! ( dat(la j 12 - 1) lal .o > <a"n I. /9 / 

nOCKOllbKY YIKe AOKa3aHo, 4TO Z (o,m) .. Z. TO AllR nOllY4eH01R H I1)1( 

HeH rpaH"'4~ CTaTI1CTI14eCKOH CYMMbI AOCTaT04HO BOC nOllb30BaTbCR $Op
My n oH /6 / 11 HepaBeHCTBOM 60roll~6oBa-naHepllca 

< I/J I exp A I'" > > <.,r, II/J > exp I<.,r, IA I '" > / < I/J I I/J > I , 

nOllOlKl1B A =H (n ,m) . AnA "yce4eHHoi=!" CTaTI1CTI14ecKoi=! CYMMbl Z (n,m) 
nOllY 411M 0 4eH KY CHI13Y: 

Z(n,m) ~ Tr.!.. (da ld a 2K1(al,a1,n)K2(a2,u2.m) x 
IJ( I " 2 

6 

,2 K!(a a 1 ·n-l) I 12 K2 (a 2 ·a2 ,m-l)
x exp [ - f3 !W I ' 1a l l . + w a . +" K (a 1,u ,o) 2 2 K ( a , a ,m)t 1 2 2 2 

+ ~ ~ .._ u LI_ --4,_K....J...:\(~ ' a 1 ,n_-_l_)_K...l:2~(a.....i2<....-'_a.:;:.2_'_m_-_1) ( a -f u 1 * a * 2 + n f+ a1 a 2 ) +
N f= 1 K 1 (a I' a 1,0) K2 (u2.a 2,m) 

+ f I. 
N n: 11. 10/r= 1 

B3AB CJ1eA B npOCTpaHCT Be J{s 11 nepexOAR K npeAeny n .. "" ~ 

m -+ • HMeeM 2 ~ Z . r Ae
DO 

1 2 2Z da 1 d a 2 exp (- la 1 +w l a I » x 
772 1 1 2 2 

x 2N I cb( fJ Jt 2 I : : 1a 1 12 Iu 2 12 ) I ~ 
/1 11 

Ta KHM o6pa30M, B cl1ny TeopeMbl 0 Ma)l(Opl1pOBaHHo.:1 CXOAI1MOCTI1, 
cnpaBeAJ1I1Ba o~eH Ka /1 1/ . 

,llnA nonY4eHI1R 0 4eHKI1 c Bepx y onpeAeJ1I1M cneAY~Y~ BellI1 4~ HY: 

Zf(n,m) _ Tr P (0) P (m) (1 - f3 H(n.m ) )f

IJ<I 1 2 l' 
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4T06bl He I1 CCIleA OBaT b Bonpoc 0 CXOA I1 MOC TI1, Boc noIlbs y eMcfI 

npl1eMOM, npeA.IlO>t<eH HbIM B 112( AmI :noro BBeAeM 06pe SalOU\l1H ¢a KTOp 

e - y\a j \2 , y > O B Te 4IleHbi raMI1IlbTOHl1aHa, rAe e CTb o nep aTopbl 

nOilR . np l1MeHfl R He p aBe HCTBo rOilAe Ha-T oMnCOHa , nOIlY4aeM 

y 
c-.	 ~ ~ ) ( ).c,f (D.m) ~ r Tl Tr Kt (a 1,al.n K2 a 2 ,a2 	 ,m x 

Y 
x Tr (1- t3 	 H (D,m) { 

12lJ{s l f 
y + 

r Ae H (n ,m) n OIlY4eH 113 H (n,m) 3aMeH0 l1 B 3 H1X onepaTopa x a! a i Ha 

(\a , \2_ 1) e-y\a j \2 npl1MeHRfI K 112/ Te opeMY 0 Ma>t<o pI1POBaHHOH 
1 

CXOA I1 MOC TI1 11 n ona r afl y = 0 1 3 TO e 0 3MO>t<HO B CI1IlY paBHOMe pHOCTI1 

OLleHKI1 /121 n o y I. n OIlY4aeM I1C KOMYIO aep X HlO1O rpaHI1L1 Y CT a T I1 CT I14e 

CKOI1 CYMMbl. 

B I1 TO r e I1 MeeM 

Z< z 	~ exp ( f3 ( w H) » Z , 
- 1 2 	

13/ 

rAe i AaeTcfl Bblpa>t<eHl1eM 

- 2 00 


Z = N rIX) 

dx 1 { dx2 exp [ N I-,B «())lx t + ~X2) + 

o 	 0 


2 
X = ~\2
+ In(2ch ( ,B( V 1 + ;- x x2» I], 	 114t I N ' f 

~ HT er pail 11 4/ 6epeTcfl MeTOA OM nanilaca. MaKCI1MYM n OKa3aTeilfl 

3Kc n OHeHTbi AOCTl1raeT Cfl nplo1 X l =x 2 = 0, cBo60AHafl 3 Heprl1 fl Io1MeeT 

npOCTOI1 BIo1A: 

r = - 1.- In ( 2 ch (t3 ( »). / 15/ ,B 

11 MaKp OCKOnl1 4eCKOro 3anOIlHeHI1fl 6 0 3 0 HHbiX MOA He T: 

a+ a 	 00 "" 

< ~> = 1... 	 (dxlfdx2x . exp [ NI-f3 ("' t x t + W2 X2 ) + 
N Z O O 1 

2" 
+ In(2ch( ,Bv , 2 + .\ x1x » \1--. 0, i = 1,2.2 N ... c>c 16 1 

AnR I1 c cneAOBaH I1 R Cn l1 HOBOI1 nOACI1CTe~ BOCnOJ1bs y e McR COOTHO

WeHI1RMI1 

AN/2 N I (2J + 1) 	 Z(J )= Tr e - 13 H (3 ) 2 = I N 2 (J ) • 17 
= 0 ( ~ 	+ J +1) ! (2' - J) I 

4 

A 

rAe H(J ) n OIlY4aeTcfI ~13 I1CXOA HOro 3aMeH0l1 	 o n e paTopoB Cnl1Ha 1/2 
Ha onepa Topbl Cnl1Ha J 112 /. HMeeT MeCTO OLleHKa 1 121 

412(J) ~ 	 Z(J) :;; Z (1+1) , rAe 2(J) = - Tr (d O eXp (- f:HI (J . 0 ». 

2J+ 1 " { ~ 52 1 


_ 	 A 

i raMI1JlbTOHl1al:'. H(J. n ) nOIlY4aeTCSl 113 H(J ) 3aMeHoi1 o n epaTopOB 

J Ha Be KTo pbl J=J{ sinO cos¢ ,Sin l:l s in¢ . cosO !' TorA<3 , 

eeoAR n apaMeTp ~=J/N 11 nepexoAfi K HOBblM 6 0S0HHblM nepeMeHHblM 

+ 	 -lei> + -lei>A1 = ~ chp + a2 sh p e , A2 = ~ sh p e +a	 chp .
2 

rAe th p;: D= 1 (w +w -V(wl+w2~ -4.\ 2 ~ ~in 21:1 ).
2.\ ~ siD e 1 2 

nOJlY4aeM CIleAY lOII\ee Bblp a >t<eHl1 e : 

_ 1 	 Tl -fJ EOz (N, ~) = _ ( d (;/sin(;/ e eN(-f3 ( ~COSO) 

2 0 ,B /1 8 


' 1--e- E l) (l-e-f3 E~) 

B 3TO)'\ Bbl p a )l(e HVl I1 Eo=~ .Jew) + "'2 " -4 .\2~ 'i; in 2 1:1. 
D2_1 

El = i ("'1 - "'2 + V (W 1 +w2 )2 _ 4.\ 2 ~ Ii>in2 0) • 	 E =E +w -(,) •
2 1 2 	 1 

AmI 2 (J) I1MeeT Me CTO aCVlMnTOTI14eC Kafl Ol1eH Ka 

1 - l'f 11r(lnZ(J~l ) 	 -In ..c: (J)) ~ N (ln6- ~ l ). rAe 6.. = sup G - in! a 
~, 8 ~ J)

-flEo 
a c t: nepeXOAfl B 117/ OT CYMMl1pOBaHI-1 R no J 

(1- e -f3El )(1 -e -~E 2 ) 
K I1HTe rpl1pOBaHI1~ n o ~ , a T a K)I(e nOJlbSY AC b ¢ OPMYilOH CTl1pnl1 Hra , 

nonY4aeM CTaTI1C T Vl 4eC KY~ CYMMY 

_ 1/2 TT 

Z (N. ~ ) - r de- r dI1Sin 6.0 . e:rp [ N {-(l + ~ )ln(1... + ()-.l.(1-2;)ln(..l.-D-
o 	 0 2 2 2 2 

-fj!coson. 
npl1MeHAR MeTOA fianna c a , n OJlY4ae M ypaBHeHI1R Allfl HaceneHHOC 

T e H ypoBHe~ 	VI cBo6oAHYIO 3Heprl1~ 

~ =-l-th(Hd. 	 119 

r = - 1f1n(2Ch({Jf )). 	 20 1 
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nYCT b Tenepb HA npeACraanAeT c060~ npOH3BOnbHY~ 3PM~TOBY_ F 
KBaApaT~4HY~ (j)OPMY no 6030HHbiM nepeMeHHblM C K03(j)(j)~4~eHTaM~, 


1 N / 12 / 

X

•y •zn~He~HblM~ no onepaTopaM -N I. a • np~Me HfHI MeTOA Jl~6a 

t= 1 


CTpo r o nOKa3blBaeM. 4TO CHOBa ~Me~T MeCTO (j)opMynbl /19/ , /20/, 

a ~MeHHo, ecn~ 


-.L 	 M + + + M + 
_ F= 2 , I. (~j aia , + R a , a ) + I. SIJ aj •HA	 j a j

I.J = 1 J lj I l.j=l 

n S+ - 1 ~ X.Y,Z
rAe 	 R iJ' = "'J' \ S" " - n~He~Hbl no - "" a • TO (j)a30 BO

IJ Jl N t= 1 

ro nepexoAa B CBepX~3nY4aTenbHoe COCTOAH~ e HeT, HaCeneHHOCTb 

H~*Hero YPOBHA BCerAa 60n bWe, 4eM BepXHero, cornaCHO / 19/. 

nonAp~3a4~A B C~CTeMe paBHa Hyn~ . nOCKonbKY 


1 N + J ' 1< - 1. a- > I = - slo B = O. 
N t=1 f N 

Ecn~ B ~CXOAHbl~ raMlo1n bTOHHaH A06a Bl.1 Tb 4ne H, nHHe;::;Hbl~ no 6030H 
HbiM nepeMCHHblM, TO $a30BbI~ nepex oA B cBepx~3nY4aTenbHoe COCTOA 
Hl.1e 6YAeT CYlIleCTBOBaTb / 13 / . 
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B 06beAH He HHoM ~HCTHTYTe AAepH~X l.1 CCneAOBaHHH Ha4an 
BblXOAHT b C60PH I1K "HpamKue coo6u/eHUJl Ol1.fl11". 8 HeM 
6YAYT nOMelllaTbcA cTaT bH. c OAep*alllHe opHrHHan bHble HaY 4Hble. 
HaY4Ho-TeX HI14 eCKHe, Me TOAl.1 4eCKl.1e H npHKn aAHble pesynbTaTbI , 
Tpe6 YIOillHe CP04H0i1 ny61H1Ka 4l.111. 6YAY4l.1 4aCT bIO "Coo~eHHi1 
mIR I1" . C Ta Tbl.1, BoweAW He 6 C60 PHHK, I1MeIOT , KaK 11 APyrHe 
11 3AaH~A OI1RI1, cTaTyc O$l.1 4 l.1anb H~X ny6nHKa4Hi1 . 

C60pHHK "KpaTKHe C00611leHHA OI1RI1" 6YAeT BblXOAHTb 

perynRpHO. 


The Joint Ins ti t ute for Nuclear Research begi ns publi 
shing a col l ect ion of papers enti tled JINR Rapid Communi 
cations whi ch i s a sec ti on of the J I NR Communi ca t ions 
and is int ended for t he accelera ted publ ication of impor
t ant results on t he fol lowi ng subj ec ts: 

Phys ics of eleme ntary pa rt icles and atomi c nuc l ei . 
Theoretical physics. 

Experimenta l t echniques and methods . 

Accelerators. 

Cryogenics. 

Comput ing mathematics and methods. 

Solid state physics. Li quids. 

Theory of condensed matt er. 

Appli ed researches. 


Be i ng a part of the JI NR Communications , the ar ticles 
of new collection like al l ot her publi cati ons of 
the Jo i nt Institute fo r Nucl ea r Research have the status 
of off ici al publi ca t ions . 

JINR Rapi d Communications will be i ssued r egularly. 
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