
06hBAMHBHHbiM 
MHCTMTYT 
RABPHbl~ 

MCCnBAOB8HMM 

AY6Ha 

+ 

(;t6; ,t -.f 
3ft;- cP/ 

Pl7 -80-770 

l1 .r.roqes 

llROTHOCTb qACTl1U ~ 

O~HOMEPHOM Cl1CTEMW B030HOB 
C o-OBPA3HWM llOTEHUl1AROM llPl1TH~EHl1H 

HanpaeAeHo e TMtJ> 

1980 



1 • 0AHOMepHaR CHCTeMa H3 N 6o3oHOB c napHbiM o -o6pa3HbiM 
noTeH~HanoM npHTR*eHHR RBnReTCR OAHOH H3 npocTe~wHx MOAene~ 
HeHAeanbHOrO ra3a, AnR KOTOPO~ Ha~ASHO T04HOe OCHOBHOe COCTOR-

~ HHe. B pa6oTax 111 paccMoTpeHo ypaeHeHHe WpeAHHrepa c raMHnbTo

HHaHOM 

t N a2 
H = - - I -- - a I 8 (x - x . ) . 

2t-tax 2 t<j 1 J - 1 

/1/ 

npH a>O aeTopaMH yKa3aHHbiX pa6oT nony4eHbl cneAY~~He Bblpa
meHHR AnR BOnHOBO~ ~YHK~HH H 3HeprHH OCHOBHOrO COCTORHHR: 

a N 
<IJN(x

1
,x , ... , xN)~CNexp(-- I lx. -x.\), 

2 2i<j~1 1 J 

a2 2 
E ~- -N(N -1). 

N 24 

121 

HopMHpoeo4Hbtw K03~~~-~~HeHT C N Bbi4HcneH e pa6oTe 
121

: 

C N ~ N ! [ (N -1) ! a N- 1 ] 'h 

npH peweHHH eamHoro eonpoca o cnpaeeAnHBOCTH npH6nHmeHHR ca
MocornacoeaHHoro nonR* e cny4ae cHcTeMbl /1/ eo3HHKaeT 3aAa4a 
0 Bbi4HCneHHH nnOTHOCTH 48CTH~ B COCTORHHH C BOnHOBO~ ~YHK~He~ 
<ll N (x 1 ' ... , X N) /eM .12•31 I. no onpeAeneH!"IO' nnOTHOCTb 48CTH~ CBR-
38HHOro COCTORHHR B CHCTeMe ~eHTpa MBCC ABeTCR BblpameHHeM

12
•
31

: 

oo 2 N 
p (x) = f dx dx ... dx l<ll I o(x-x )o( I X.). 

N -oo 1 2 N N 1 i~ 1 I 

/3/ 

*3TOT eonpoc CBR38H C HHTepnpeTa~He~ peweHH~ HenHHe~HbiY 
AH~$epeH~HanbHbiX ypaeHeHH~. 

f; ~";.z.~~;,..,,r :;:-, h'1"1'1' 

/.:~~\'',to\ 
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HeTpi-IBHallbHOe HHTerpHpOBaHHe B 131 C <llN 1-13 121 BblnOllHeHO B 
pa6oTax/2,3~ J.1 aBTOpaMH nolly4eHO ClleAY~~ee COOTHOWeHHe: 

2 N-1 
pN(x)=a(N!) ~ (-1)m-1m exp(-mNalxl) 

m=l (N -1-m)! (N -1 + m) ! 
141 

B~nHcaHH~~ a 121 npeAell 

aN 2 1 3 -2 Na X 
p (x) = 11---[1- -ch (--}] + 

N N 2 2 
4 ch2 ( lif!..!..) 

2 

+ 0(-1- N e -aN21x I 
N2 ' ) l 

151 

' 2 -1 nolly4eH npH BblnOllHeHHH yCllOBH~ N ~·::-1, x >(aN ) . TaK KaK CHCTeMa 
I 1 I npH 60llbWJ.1X N KOllllancHpyeT' T. e. B npeAelle N ... 00 PN (x) ... 8 (x) ' 
yKa3aHH~~ B~We npeAell HMeeT MeCTO All~ XBOCTa OAH04aCTJ.14HO~ 
nllOTHOCTH. PaccMoTpeHHe HHTepetHo~ o6llaCTH lx i < (a N2 )-1 npH 
60llbWJ.1X N Tpe6yeT fiOllee nOAPOfiHoro HCClleAOBaHHe B~pameHH~ All~ 
P N (x) . 

HacTo~~a~ pa6oTa noce~~eHa B~4HClleHH~ nllOTHOCTH pN(~ s cHc
TeMe 111. HcXOAH~M e~pameHHeM All~ Hac 3AeCb ~Bll~eTCR e~pameHHe 
141. H3 nolly4eHHoro HaMH pe3yllbTaTa All~· flN(x) MOmHo Ha~TH noee
AeHHe nllOTHOCTH npH 6ollbWHX N eo ace~ o6llaCTH no x. B pa6oTe 
TaKme nOlly4eH~ nonpaBKH K npeAellbHOMy 3Ha4eHJ.1~ PN(~, KOTOp~e 

no cy~eCTBY ~Bll~~TC~ KBaHTOB~MH nonpaeKaMH K KBa3J.1KllaCCHKe 
B 3TO~ CHCTeMe. 

2. AHallH3 K03~~H~HeHTOB P~Aa 141 n03BOll~eT ycTaHOBHTb He
KoTopy~ CB~3b 3TJ.1X K03~~J.1~HeHTOB C XOpOWO J.13BeCTHO~ BellJ.14J.1HO~ 

e TeopHH Clly4a~Horo fillYmAaHH~. ~e~CTBHTellbHO, llerKo npoeepHTb 
TOmAeCTBO (N -1-m)! (N -1 + m)! = AN f2N-i:!(2m~3AeCb AN= 22N-e[(2N-2) tr\ 
a PN<f)=N!/2 2'\¥)!(¥)! eCTb Bepo~THOCTb TOro, 4TO Clly-

4a~HO fillYmAa~~a~ no AHCKpeTHO~ ~eno4Ke 4aCTH~a noclle N waroe 
OKameTC~ B T04Ke f IM~ paCCMaTpHBaeM 3AeCb npOCTe~wy~ 3aAa4y 
0 fillYmAaHHH 4aCTJ.1~~ C eepO~THOCTb~ np~mKa 112 B COCeAHHe y3-

/4/ 
ll~l . B~nHcaHHOe TOmAeCTBO no3BOll~eT npeo6pa3oeaTb e~pame-
HHe 141 K BHAY (x?_ 0) 

dQ2N-2 (¢) I ' 
d¢ ¢=!!.....+ iX 

2 

. 2 
p (x) = l(N!) aA 

N 2 N 
161 

2 

~: 
··~::~ 

,•}.i 
\'~ 

t 
·;.;· 

-~ 
.~ 
t 
··~ 
~~~ 
)':' 

f i 

\ 
I , 

N 
X= Na x, Q N(¢)= ~ P N(f) exp(i¢ f), 

f=O 
~ N 

BeJiH4HHa QN(¢)OTllH4aeTc~ OT ~ypbe-o6paaaQ (¢)=0 ~ P (Y)exp(i¢f) 
N L~NN 

B 3aAa4e 0 Clly4a~HOM fillymAaHHJ.1. 3TO OTllJ.14He He n03BOllReT np~
MOe HcnOllb3oeaHHe 3AeCb HaeecTH~x e~pameHH~ All~ QN(¢). Cy~ecT
eoeaHHe ypaeHeHH~ All~ P N (f ): 

P (f)=.!_[p (£-l)+PN(f+1)), 
N + 1 2 N I 141 I CM. 

p (f)= 80 0 
' 

0 r.' 
p (- f ) = p ( f ) ' 

N N 

OAHaKO, n03BOllReT HanHCaTb ypaBHeHH~ All~ HHTepecy~~e~ HaC 
~YHK~J.1J.1 Q N (¢) ; 

Q N+l (¢) = oos¢· QN(¢) + ~ [ p N(1) -e-i¢ p N(O)), QO (¢) = 1. 

H3 3TOrO COOTHOWeHHR MOmHO B~pa31Hb Q N(cp) 4epea p 
0 

(0) J.1 p 
0 

(1): 

N-1 
QN(¢)=(cos¢)N +l.. ~ [P (l)-e-1¢ P (0)](cos¢)N-n-1 

2 n=O n n 

noACTaBllRR nolly4eHHOe B~pameHHe B 161, npHXOAHM K ClleAy~
~e~ ~opMylle All~ nllOTHOCTH 4aCTH~: 

p (x) = .!_ (N!) 2 a A I[ (2N- 2) ch X-.!_ eX] i 2N-2 (sh X) 2N-3 ~ 
N 2 N 2 

2N-4 
+i ~ M (X)·(shX) 0 /71 

n=O N,n 

rAe 

M (X) = ~ f P (0) eX- i P. . (0) (n • 1) eX· ch X-
N,n 2 2N-n-a :.'1<0-n-4 

- (n + 1) P 
2

N -n _ 
4 

(1 ) · ch X l . 
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nanbHeAWHe npeo6pa30BaHH~ B~pameHH~ 171 He COAepmaT HHTepec
H~X MOMeHTOB,H n03TOMY M~ npHBeAeM OKOH4aTenbH~A pesynbTaT: 

( ) 2N- 2 aN 
2 

( N a X )-
2 [ 1 ( <=)] p x : • -- • ch-- + r c, , 

N 2N-3 4 2 N 

181 

e""shNax, r (g): 2(-1)N-t (N-1). I [!( 1/2 )+( 1/2)1 e-2k 
2 N P (0) k:O N +k-1 N + k 

2N-4 

Ha e~pameHH~ An~ rN<e> MOmHo nony4HTb cneAY~~ee T04HOe pe
KyppeHTHOe COOTHOWeHHe, oco6eHHO YA06HOe An~ HCCneAOBaHH~ cny-
4a~ 6onbWHX N: 

e2 
r (0:- --[3+2(N-1)r <e>J. 

N 2N-5 N-1 
191 

nn~ Ha4anbHOrO ycnOBH~ npH ero peweHHH MO~HO B~6paTb, Ha
npHMep, 3Ha4eHHe ~(f): 

r (~ :se 2(1 + e 2)312 -sea -12e 4 -ae 2 • 
3 

B~pa~eHH~ 181 H 191 npeACTaen~~T peweHHe nocTaeneHHO~ 3aAa-
4H~~HanH3 HeKOTOp~X HHTepeCH~X 4aCTH~X cny4aee npHBeAeH B 
cneAY~~eM pa3Aene. 

3. Ha e~pa~eHHA 181 H 191 HnH np~Mo H3 171 nerKo nony4HTb 
T04HOe 3,Ha4eHHe pN (0) H pN (0) npH npoHaeonbHOM N: 

pN(O) : aN 2 2N-2 
4 2N-3 ; 

p~(O±) :~+ 2a2, 
0, N >2. 

1101 
N: 2, 

3Ha4eHHe p N(O) nony4eHO paHbWe e121 np~MbiM CYMMHpOBaHHeM P~Aa 
141. n~6onbiTHbiM ~en~eTC~ peaynbTaT An~ p~(O): ,', o-o6pa3Ha~ oco-
6eHHOCTb noTeHLIHana 11 I npHBOAHT K pa3pbiBY nepeoA npoH3BOAHO~: 
nnOTHOCTH B cny4ae N =2. npH N> 2 p~(x) ~en~eTC~ HenpepbiBHOA 
¢lYHKL1HeA OT X. 

4 

,,fi)' 
~!?'' 

I 
\,1 

r~·: 
''!,', 
':ll\ 

~,· 

1 

"\,, 

II 

YpaeHeHHe 191 npH 6onbWHX N HMeeT eAHHCTBeHHOe peweHHe 
a a a 

f N: ++~+#+···• rAe ai(X) MO~HO HaATH MeTOAOM nocneAOBaTenbH~X 
npw6nH~eHHA. TaKoe peweHHe He Y4HT~eaeT 3KcnoHeHLIHanbHO Man~e 
nonpaBKH, KOTOpble B HHTepeCHOA o6nacn1 e< 1 (x< ..l._N )HMe~T nop~AOK 

~a 

2N ~ lnpH e>l nonpaBKH TOrO me nop~AKa, KaK nonpaBKH B 1511. 
noACTaenMI peweHHe An~ l'N (g) B PN (X). npHXOAHM K cneAY~~eMy 
Bbtpa~eHH~: 

, rN(x): ~- [1 +~~ + r2<e> + r3(g) 
4ch2 Nax N N2 ~ + ••• ], 

1111 

2 

rAe 

f (g): 1-2g2 ; f (g):_:3(1-4g 2) 
1 2(1. +e 2 > 2 4 (1 + g 2 > 2 

f 3 (g): 
3(8g 4- 24g 2 + 3) 

set + g 2) 3 

nony4eHHbiA 3AeCb peaynbTaT An~ f 1 (0 6bln HaAAeH paHbWe B 
pa6oTe 12/ I eM. 151 I e o6nacTH x;:: (a N2 )-1 • 3AeCb M~ noKaaanH, 4TO 
nepea~ nonpaeKa HMeeT TaKy~ me ¢lyHKl.IHOHanbHY~ 3aBHCHMOCTb OT 
x H e o6nacTH x <(a N2 )-1. TaKHM o6pa30M, npH 6onbWHX N pN (x) 

CTpeMHTC~ K 3Ha4eHH~ aN 21 4ctf!~, AaBaeMOMY * npH6nHmeHHeM 
caMocornacoeaHHoro non~, npH ecex x. nonpaeo4Hble 4neH~ npH 3TOM 
nponOPl.IHOHanbHbl 1IN. 

BblpameHHe 121 An~ 3HeprHH EN cHcTeMbl I 1 I 6blno nony4eHo paHb
we H MeTOAOM o6paTHoA 3aAa4H pacce~HH~ 151 . K eblpameHH~ 121, KaK 
noKa3aHO B 151 , npHBOAHT KBa3HKnaCCH4eCKOe KBaHTOBaHHe OAHOCOnH
TOHHOrO peweHH~ HenHHeAHoro ypaeHeHH~ WpeAHHrepa. B ce~3H 
c 3THM cneAyeT nOA4epKHYJb, 4TO HCcneAoBaHH~ Koeaneea H Koce-

/3/ /2. BH4a , Kanorepo H AP· , a TaK~e HacTo~~ee paccMoTpeHHe noKa-
3b1Ba~T, 4TO H ¢lopMa HenOABHmHoro conHTOHa onpeAeneHHbiM o6pa-
30M CB~3aHa C T04HOA eonHOBOA ¢lYHKl.IHeA CHCTeMbl 6onbWOro 4HCna 
6030HOB. 

B aaKn~4eHHe ~ 6naroAap~ A.Koeaneea, B.<lleA~HHHa, A.KoceBH4a 
H B.UyKepHHKa sa noneaHoe o6cy~AeHHe. 

*3Ta ¢lYHKLIH~ He 4TO HHOe, KaK KBaApaT CTaTH4eCKOrO OA
HOCOnHTOHHOrO peweHH~ HenHHeAHoro ypaeHeHH~ WpeAHHrepa. K 3To
MY ypaeHeHH~ npHBOAHT npH6nHmeHHe XapTpH B CHCTeMe 111. 

5 



I 

n11TEPATYPA 

1. 6epe3~H ~-A., nox~n r.n., ~~HKenb6epr B.M. BeCTH~K MrY, 
1964, cep. 1, ~1, c. 21-24;Mc Guire J.B. Journ. Math.Phys., 
1964, 5, p. 622-629. 

2. Cologero F., Degasperis A. Phys.Rev.A., 1975, 11, p.265-269. 
3. Kosanes A.C., .Koces~4 A.M. ~HT, 1976, 2, c. 913-918. 
4. MOHTponn 3. B KH.: np~KnaAHa~ KOM6~HaTOpHa~ MaTeMaT~Ka, 

noA peA. 3. 6eKKeH6axa, "M~p'', M. , 1968, c. 9. 
5. Kyn~w n.n., MaHaKOB C.B., ~aAAees n.A. TM~, 1976, 28, 

c. 38-44. 

h 

PyKon~cb nocTyn~na s ~3AaTenbCK~A OTAen 
28 Ho~6p~ 1980 roAa. 

HeT ;m npo6eJioB B Barneif 6H6JIHOTeKe? 
8bl MOJKeTe OOJIY'IMTb no OO'ITe nepe'IMCJieHHble HMJKe KHMrM, 

eCJIH OHH He 6b1JIH 38K838Hbl paHee. 

~1.2·8405 

P1,2·8529 

.Q6~8846 

~13·9164 

~1,2·9224 

~-9920 

~9-10500 

~-10533 

~13-11182 

~17·11490 

~6-11574 

~3-11787 

~13·11807 

~1,2·12036 

P18·12147 

Tpy .... IV MeliUlyll&pGAIIOro C8MD03BY" 
Ill& DO .. 381<8 8WC01<8X 3Bepr81 8 3Jie • 
weaTapawx 'I&CT8Jl. Bap8a, 1974. 

Tpy .... MeliCJlyBapOAIIOI -OJIW•CeM8• 
aapa wono .... x y'le8wx. AI<TyaJI•8we 
Dpollneww .. 381<8 3JieMe8T&p8wx 'lAC· 
TQ. C0'18, 1974. . 

XIV co8elllfla8e DO BJiepaol cDexTpo·· 
CJ<ODU 8 TeOpU B.llp&. ~y(IB&, 1975. 

MeliUlYBApGAIIOe COBeUIIlBBe DO MeTO" 
AIIJ<e DPOBOJIO'IBWX J<aMep.~y68a,197_5. 

IV MeliUlyB&poJIIIwl ceMBII&P DO' Dpo· 
llnewaw .. 38J<BBwcoux 3aepral.~y6·. 
II&, 1975. 

Tpy .... MeliUlyaapouol xo8teP•BilB• 
DO ullpaa8WM BODpocaw CTPYJ<T)'pw 
•Jipa. ~yllu, 1976. 

Tpy .... II C8MD038ywa DO xonexT8B· 
aww MeTOJI&M ycxopaua.~yllu,1976. 

Tpy .... X Me:IIIJIYII&pGAIIOI -OJIW 
MOJIO .... X y'leBWX DO .. 3Ue 8WCOJt8X 
38epral. Saxy, 1976. 

Tpy.... IX MeliUlya&poAlloro C8MDO• 
3BYIII& DO BJiep8ol 3JieltTPOB8Jte. Bap• 
II&, 1977. 

Tpy.... MeliUl)'JI&poAlloro caMD038yMa 
DO 836p&8BWM DpGIIJieM&M CT&TBCT8• 
'lecxol wexaaua. ~yllaa, 1977. 

Cllop8u &B80T&IUII XV coaeUIIlBBB DO 
BJ~epaol cDexTpocxoDaa 8 Teopa8 ••· 
pa. ~yllaa, 1978. 

Tpy .... Ill MeliUl)'11&pGAIIOI -OJIW DO 
aeiTpoaaol .. 3axe. Ali}'IIITa, 1978· 

Tpy .... Ill MeliUlyBapoAlloro coae· 
UlllDB DO DpGDOPIUIOBaJI.BWM B Jlpel· 
toJ~Ww xawepaM. ~y6aa, 1978. 

Tpy .... Yl BcecoJ03Boro coaelllfl· 
••• Do ycxopaTenaM 3apa•eaawx 
'I&CTBJl. ~yllaa 1978. /2 TOM&/ 

Tpy .... V Me-..yaapoJ180ro ceM8· 
aapa DO DpollneM&llol .. uxa awco· 
nx 3Bepral. ~y6aa 1978. 

Tpy .... Ill COBeUIIlBBa DO BCDon•· 
30B&BBJO anepao·ta3a'lecx8x Me· 
TOJIOB JIJIB pemeua ll&f'IBO"TeX• 
BB'IeCJtBX B II&POAIIOXOUICTBeB • 
8WX 3&»'1. 

2 p. 051<. 

2 p. 60 1<. 

1 p. 90 J<. 

4 p. 20 J<. 

3 p. 60 Jt. 

3 p. 50 J<. 

2p. sox. 

3 p. 50 Jt. 

5 p. 00 Jt. 

6p. oox. 

2 p. 50 Jt. 

3 p. 00 J<. 

6 p. 00 J<. 

7 p. 40 Jt. 

5 p.OOx. 

2p.20 Jt. 


