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1. BaeneaHe 

B paaaoaecaoH: cTaTHCTH'IeCKOH MexaHHKe O'I9Hb 15on&llloe 3Ha"!eHHe 

E 
I 1,2/ , 

HMeeT HAest H.H. oromo6oaa o 'KBa3HcpeAHHx' • Cornacao 9TOH HAee 

6eCKOHe'IHO M8nbi9 B03MYlli9HHSI MOryT OK83b!B8Tb CYlliE CTB9HH09 BnHSIHHe 

Ha CHCTeMy 0 ecnH OHH H8pylli8IOT K8KyJO-nH60 CHMMeTpiiJ00 CHHM8SI Bblp0)1(Ae­

HH9 ( HnH KB83HBbip0)1(A9HH9), 0HH MOryT A8Tb KOHe'IHb e 9<jl!jleKTbl II pH ycno­

BHH HX CTpeMneHHSI K HynJO ITOCne TepMOAHH8.MH'I9CKOrc• npenena, 0peACT8B-

neHH9 0 KB83HCp9AHHX OK83biB89TCSI 0'19Hb rrone3Hb!M B T90pHH CBepxrrpo­

/2/ 
BOAHMOCTH 0 CB9pXT9KY'I9CTH 0 !jleppOM8rHeTH3M8 H 8l!THQJepoMarHeTH3-

/3 4/ /5/ 
M8 ° H B006IUe B T90pHH QJ830Bb!X rrepeXOAOB , 0JIO T9CHO CBSI38HO 

/8/ 
C HAeSIMH fonACTOyHa 0 "'HapyllleHHOti: CHMMeTpHH" ·, 

B 9TOti: pa6oTe Mbl IIOK8)1(9M 0 'ITO Hapylli8JOIUHe CHMMeTpHIO B03MyiUe-

HHSI H HAeSI KB83HCp9AHHX O'leHb B8)1(Hbl H AnSI TeOpHH Ieo6paTHMbiX IIpO­

UeCCOB, MeTOA IIOCTp09HHSI HepaBHOB9CHOrO CT8THCTH'IE·CKOrO OIIepaTopa, 

17 8/ 
rrpenno)l(eHHbitl: B pa6oTax ' , MO)I(HO cnenaTb ropa3AI) 6onee SICHbiM, ecnH 

BOCIIOnb30B8TbCSI rrpeACT8Bn9HHeM 0 KB83HCpE!AHHX, llns· IIOCTpOeHHSI HepaB­

HOB9CHOrO CT8THCTii'leCKOrO orrepaTopa 6yAyT paCCMaTr•HB8TbCSI 6eCKOHe'IHO 

ManbJe B03MyiUeHHSI 0 Hapylli8IOIUHe CHMMeTpHIO ypaBHeHHSI nHyBHnnSI OTHOCH-
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TenbHO o6parueHH51 B peMeHH, KOTOpb!e 6yJlyT CTpeMHTbCSI K Hymo nocne Tep­

MOilHH8MHqeCKOrO n~eaena, ilpyraSI HileR, KOTOpaSI 6yJleT HCITOnbSOBaHa ilpH 

ITOCTpOeHHH HepaBHOBeCHOrO CTaTHCTHqeCKoro orrepaTopa - HileR H,H,Eor.o­

nro6oBa 06 HepapXHH BpeMeH penaKCaUHH H 0 COKparueHHH B OITHCaHHH He-

paBHOBeCHOrO ilpouec:ca B saBHCHMOCTH OT HHTepecyiDIUHX HaC MaCil1Ta6oB 

/9/ 
BpeMeHH C HX pOCTOM 

8 HepaBHOBeCHhlX rrpoueccax MOMHO paCCMaTpHBaTb B saBHCHMOCTH 

OT HHTepecyiDIUHX HEC MaCilJTa6oB BpeMeHH paanHqHhle CTallHH, KOTOphle 

Tpe6yiDT paanHqHQrO OITHCaHHSI, CyrueCTBOBaHHe 3THX CTa)lH~ rrporue BCero 

ITo.siCHHTb Ha rrpHMepe rasa cpeaHe~ rrnoTHOCTH, B aToM cnyqae apeMSI 

MeMMOneKynRpHoro 3SaHMOile~CTBH51 (HnH BpeMSI CTOnKHOBeHHSI) SHaqHTenb-

HO MeHbllle BpeMeHH CB060ilHOrO rrpo6era (HnH ITpOMeMyTKa MeMilY CTOnKHOBe­

HHSIMH), KOTOpoe, B CBOID oqepellb, 3HaqHTenbHO MeHbllle BpeMeHH MaKpO­

CKOITHqeCKO~ penaKC,lUHH BO BCeM o6'beMe CHCTeMbi, Ha cyrueCTBOBaHHH 

3TH X pasnHqHblX MaC Il1Ta6oB BpeMeHH OCHOBaHa BCSI Teo pHS!: HepaBHOBeCHbiX 

/9/ 
rrpoueccoB B raaax, paspa6oTaHHa51 H.H.Eoronro6oBhiM ( o6cyMJleHHe 

I 101 
Hlle~ H.H.Eoronro6oi>a eM, B rrpHnoMeHHH YneH6eKa K KHHre ) • 

MoMHO pasnHq ITb TpH cTaAHH HepaBHOBecHoro rrpouecca B rase. 

8 HaqanbHO~ CTa)lHH, ecnH Mbl HHTepecyeMCSI COCTOSIHHeM CHCTeMbl 

AnSI MaCilJTa60B BpeHeHH, MeHblllHX BpeMeHH CTOnKHOBeHHSI, COCTOSIHHe 

rasa cyrueCTBeHHO S lBHCHT OT HaqanbHOrO , H AnSI O.ITHCaHHSI HepaBHOBeCHOro 

rrpouecca HYMHO aaoaTb 6onbllloe qHcno cfJyHKUH~ pacrrpeaeneHHSI, 

ilnR MaCil1Ta6o 3 BpeMeHH, 6onblllHX BpeMeHH CTOnKHOBeHHSI, HMeeT 

MeCTO KHHeTHqecKaSI CTallHSI, KOr)la HaqanbHOe COCTOSIHHe OKaSbiBaeTCSI 

HeCyrueCTBeHHbiM, ClCTeMa 0 HeM "aa6bJBaeT" H ITpOHCXOilHT COKpallleHHe 

B ee OITHCaHHH, ilnR OITHCaHHSI ee COCTOSIHHSI yMe llOCTaTQqHQ OJlHQqacTHqHQ~ 

q\yHKUHH pacrrpeaene mR, a ocTanbHbie cflyHKUHH pacrrpeaeneHHSI BhiCillHX rro­

pRilKOB 3aBHCSIT OT BpeMeHH nHillb qepea OllHQqacTHqHyiD, npouecc ycTa­

HOBneHHSI TaKoro CO~TOSIHHSI HaSbiBaeTC51 0 ITO TepMHHOnorHH H,H,Eoronro6oBa, 
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"cHHXpOHH38UHelt" <lJyHKUHA pacnpeaeneHHSI. nnSI KHHe"HqeCKOlt CT8.llHH 

B03MO)KHO nocTpoeaHe KHHeTHqecKoro ypasaeHHSI EonhuMaaa anSI oaaoqac­

/9/ 
THqHolt <lJyHKUHH pacnpeaeneHHSI • 

nnSI M8CWT860B BpeM8HH, 6onbWHX BpeMeHH CBOt)O.llHOrO npo6era,, H8-

CTynaeT rHnpo.llHHBMHqecKaH CTB.llHSI aepaBHOBecaoro 1pouecca, aa KOTO­

polt npOHCXO.llHT .llanbHeltwee COKpaweHHe B OllHC8HHH COCTOSIHHSI CHCT8Mblo 

nnSI OllHC8HHSI COCTOSIHHSI B 9TOA .CT8.llHH .llOCTaToqao ffa6opa npOCThlX rH.ll-

po.llHHBMHqecKHX napaMeTpoB: TeMnepaTypbi, XHMHqecJ:oro noTeHuHana H 

M8CCOBOlt CKOpOCTH 0 HnH Cp8.llHHX nnOTHOCTel!: 9HeprH11 0 qHcna qacTHU H HM­

nynbC8o nnSI rH.llpO.llHH8MHqeCKOl!: CT8.llHH B03MO)KHO llllCTpoeHHe ypaBHeHHl!: 

rH.llpO.llHH8MHKH 0 T.e. ypaBHeHHl!: TennonpOBO.llHMOCTH 0 ~H$$y3HH H ypaBHeHHl!: 

HaBbe-CToKca anSI nepeaoca HMnynbca. 

nnSI )KH.llKOCTH CHTY8UHSI 3HaqHTenbHO 6onee cnC)KH8SI H B006we TepSI­

eT CMhiCn KoauenuHH napHhiX coyaapeaHl!:, a cneaosarenbao, H noHSITHSI 

BpeMeHH CTOnKHOB8HHSI H BpeMeHH CB060.llHOro npo6e1 a. BMeCTO 9TH X Be-

nHqHH BbiCTynaJOT BpeMeHa KOppenSIUHH Me)K.llY .llHH8MJrqecKHMH nepeMeHHbi­

MH, OllHCbiB810WHMH COCTOSIHHe CHCT8Mbl 0 nnSI HepaBH,>B8CHbiX npouecCOB 

B )KH.llKOCTH MO)KHO paanHqHTb HaqanbHYIO CT8.llH10 0 Tpe6yJOWYIO .llnSI OllHC8HHSI 

6onbworo qHcna $yHKUHl!: pacnpeaeneHHH, H rH.llPO.llHHlMHqecKyJO CTB.llHJO, 

nnH OllHC8HHSI KOTOpOl!: .llOCT8TOqHo Ha6opa rH.llpO.llHH8~HqeCKHX napaMeTpOB 

( T8Mll~paTypb!0 XHMHqeCKOrO llOTeHuHana H M8CCOBOl!: CKOpOCTH) • nocne.ll-

HSISI aacTynaeT B TOM cnyqae, ecnH xapaKTepHbie BpeMeaa H3MeHeH~SI rHn­

ponHHaMHqecKHX napaMeTpOB 3H8qHTenbHO 6onbWe Bp~MeHH KOppenSIUHH Me)K­

.llY .llHH8MHqeCKHMH nepeMeHHbiMH 0 OllHCb!B810WHMH COCTOSIHHe CHCT8Mblo nnSI 

rH.llPO.llHH8MHqecKOl!: CT8.llHH Hep8BHOB8CHOrO npouecca B )KH.llKOCTH B03MO)KH0 

llOCTpoeHHe ypaBH8HHl!: rH.llPO.llHH8MHKH. 

17 8/ 
MeTo.ll aepaeaoBecaoro cTaTHCTHqecKoro onepa"opa ( HCO) ' 6bm 

npHMeHeH MHOrHMH 8BT0p8MH K paanHqHbiM 38.llaqaM TeopHH aeo6paTHMbiX 

npoueCCOB K8K .llnSI rH.llpO.llHH8MHqeCKOl!:, T8K H .llnSI K~HeTHqeCKOl!: CT8.llHH 
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/11-28/ 
B TsepLibiX Ten ax, )I(HJlKOCTSIX H ra3aX • B pa6oTe B. n.KanalllHHKOBa 

/29/ 
H asTopa npeuno>eea ellle OLIHH oqeab npocTotl: sapHaHT MeToLia HCO. 

OcaosHaSI HLieSI MeTOLI!I HCO cocTOHT B ToM, qTo LinH ae cnHIIIKOM ManbiX 

M8CIIIT860B speMeHH ~nSI OnHCBHHSI HepaBHOBeCH0£'0 COCTOSIHHSI CHCTeMbl 

uocTaToqao aeKoTopor o aa6opa napaMeTpos F m ( t) 

qaCTHOe pellleHHe ypaBHeHHSI nHyBHnnSI 

H MO)I(HO Hati:TH T8KOe 

ap (t,O) 

d l • 

l 
+ih[p(t,O),H]= 0, (1) 

KOTopoe 38BHCHT OT I.peMeHH nHIIlb qepe3 F m( l ) • OepBbiH apryMeHT p ( t,O) 

YK83biB8eT Ha HeSIBHy:o 38BHCHMOCTb OT BpeMeHH • .llanee B p83Llene 3 6yLleT 

nOSICHeao, B K8KOM C~lbiCne Mbl 6yLleM nOHHM8Tb pellleHHSI ypaBHeHHSI ( 1) • 

rue 

YpasaeaHe nHyB~nnS! (1) MO)I(HO 38nHC8Tb B BHLle 

dp(t,d 
= 0, 

dt 

Ht 

p(t,t)=e 
I h 

p (t ,O)e 

Ht 

I h 

raMHnbTOHHaH H He 38BHCHT oT speMeHH. 

EcnH H 3 aBHC~T OT speMeHH, TO 

+ p(t,t)=U (t,O)p(t,O)U(t,O), 

f'Lle U ( t , 0) - one paTe p SBDn!OIIHH, YLlDBneTBOpSI!OIIIHH ypaBHeHHIO 

a U(t,O) , 
i h --- = H U ,t, 0), U (0, 0) = l. 

d t 

6 
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DoKa)l(eM, 'iTO ecnH cTaTHCTH'IeCKHA onepaTop pI t, 0) 

pS!eT ypaBHeHHIO flHyBHnnSI 1 TO OH CO~neaaeT C 

~ O Et 

p(t,O)=c Jdt' e p(t+t',t') 

IIpH n1060M E > 0 
x/ 

lleftCTBHTenbH01 HHTerpHpyS! ( 2) IIO 'i8CTSIM 1 liOn f'IHM 

~ O Et , d p ( l + l ', t ' ) 
p ( t, 0) = p ( t , 0)- J dt' e 

-oo 

,......_ 0 E t 

p(t ,t) =p(t,t)- J d t 'e 

OTKyaa cneayeT, 'ITO ecnH p 

~ 

p(t,O)=p (t,O), 

d l , 

dp (t + t',t+t') 

d l , 

YLlOBneTBOpS!eT (Ia), TO 

yaosneTBO-

( 2) 

( 2a) 

( 26) 

/29/ 
T.e. orrepaUHSI ( 2) OCTaBnS!eT HHBapH8HTHbiM pellleHHe ypaBH8HHSI flHyBHnnSI 

CrrpaseanHBo H o6paTHoe yTBep*LleHHe: ecnH orr,~paTop p (t, 0) yaos­

neTBOpS!eT ( 26) 0 TO OH YLlDBneTBOpS!eT H ypaBH8HHIO' !HyBHJWS1 0 cneaoBaTenb­

HO, ( 26) ecTb HHTerpanbHaSI <flopMa ypaBHeHHSI flHyBH.InSI. OrrepaUHS! 

x/ 
OrrepaUHS! (2) ecTb xoporno H3BeCTHoe rrpeo6~a3oBaHHe narrnaca-

Kapcoaa OT p (t-t ', -t ' ) , paccMaTpHBaeMoro KaK cj:yHKUHS! t 
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-ft 
£jdt'e 

0 

p(t+l' t') (3) 

T8K)K9 OCT8BJ1SI9T HJ!B8pH8HTHbiM peiUeHH9 ypaBH9HHSI nHyBHJ1JISI 1 H0 1 KBK 

Mhi y6eaHMCS! uanee, OHO MeHee yao6Ho , 'I eM ( 2). 

norapH!jJM CT8 rHCTI1'19CKOro orrepaTopa, YLlOBJ19TBOpS!IOIUero ypaBHeHHJO 

I T8K)Ke YLlOBJleTBOpS!eT ypaBH9HHIO nHyBHJlJISI, cneao-

B8T9JlbH0 1 

,.___..... 0 ft 

En p ( t , 0 ) ~ E n ~ ( t , 0 ) ~ £ f d t ' e En p ( t +t ', t ' ) • (4) 
-oo 

E CJIH orre pauHJJ ( 2) HaLl rrpoH3BOJibHbiM p ( t,O) IlpHM9HHTb n pa3 1 

a 38T9M yCTpeMHTb n K 6eCKOH9'1HOCTH 1 TO B IIpeaene IIOJIY'IHM TO'IHOe 

/29/ 
peiUeHHe ypaBH9HHSI nHyBHJlJlSI • lleHCTBHT9JlbH0 1 o603H8'18SI n -KpaT-

HyiO orrepaUHJO ( 2) IHLl9KCOM n H8Ll BOJIHHCTOH '19pTOH1 IIOJIY'IHM 

IIpH JIJ060M 1 eClH CyiUeCTByeT 
~ 

Eimp(t,O) • TioJIH8SI IIpOH3BOLlH8SI IIO 

BpeMeHH 03H8'18eT (oiiepaUHJO ( la) 1 KOTOp8S! HCIIOJ1b30B8H8 II pH 38IIHCH ypaB­

HeHHSI nHyBHJ1JlSI 1 IIJ:H BTOpOM apryMeHTe, paBHOM HyJIJO, 

OrrepaUHSI ( 2) rrpH £ -> 0 03H8'189T B3SITHe HHB8pH8HTHOH '18CTH OT-

HDCHTeJibHO 9BOJIJOUI H c raMHJibTOHHaHoM II H 6yaeT Ll8Jlee HCIIOJ1b30B8H8 

rrpH rrocTpoeHHH HC ), oaHaKo Mhi 6yaeM ycTpeMJIS!Tb £ K HYJIJO JlH!Ub 

rrocne TepMOLlHHaMHieCKoro rrpeaenhHoro rrepexoaa, II09TOMY orrepaUHJO (2) 

II pH T8KOM CTpeMJie iHH £ K HyJIJO JIY'IIUe H83biB8Tb • OIIep8UHeH B3SITHSI 

KB83HHHB8pH8HTHOH '18CTH", 
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0yCTb COKpaiUeHHbiA Ha6op rrepeMeHHb!X1 OT KOTO Jb!X MO)KeT 38BRCeTb 

p (t. 0) 1 rrpeacTaBnHeT C060H COBOKyiiHOCTb cpeaHRX 3HaqeHHA HeKOTOpbiX 

p 
m 

m - RHaeKC 1 KOTOpb!A MO)Ke r IIpHHHM8Tb K8K , rae orrepaTopos 

aerrpepbiBHbie, TaK H aHcKpeTHbie saaqeHRH. B saBHCR~IOCTH oT Bbi6opa rra-

paMeTpOB p m T8KOA rroaxoa B03MO)KeH K8K B rHapoJlHH8MHqecKOH 1 T8K 

R B KHHeT:RqeCKOH CTaaHHo .D.nH OIIHC8HHH rRapoaHH8MHqeCKOA CTaaRR HepaB-

HOBeCHOrO rrpouecca B KaqecTBe orrepaTopos P m ay:KHO Bbi6paTb rrnoT-

HOCTH 3HeprHH1 HMIIynbC8 H qHcna qaCTHU H (X) , p ( J;), n (X). .il.nH OIIHCa-

p 
m MO)KHO Bbi6paTb qHcna sarron-

HeHRH oaaoqaCT:RqHbiX COCTOHHHA. 

2. KsasHpasaosecaoe HnH noKanbHO pasaosecaoe pacrrpeaeneHHe 

KsasHpasaoseCHhiA (RnR noKanbHO paBHOBeCHbiH) cTaTRCTHqecKRH orre­

paTop COOTBeTCTByeT 3KCTpeManbHOMy 3HaqeHH~ RH~OJM8UHOHHOA 3HTpO-

IIHR 

s -Sp(pfnp) (5) 

IIpH aorronHHTenbHbiX ycnOBHRX IIOCTORHCTBa 

(5a) 

H IIpR COXpaHeHHR HOpMHpOBKR 

Sp P "' l. (56) 

YcnOBHhlH 3K~TpeMyM ~YHKUHOHana (5) COOTBeT:TByeT 6esycnOBHOMy 

3KCTpeMyMy ~yHKUHOHana 
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f(p)=-Sp(pfnp)- I F~p(pPm)-(ell-l)Spp, 
m 

( 6) 

rile F m , (ell-1 ) - na:•paH)KeBbi MHO)KHTenH. 

Ha ycnoaHH 8 f( p) = 0 H8lill8M KB83H'P8BHOBeCHbiii ( HnH nOKanb-

HO paBHOB8CHhlii) CT81HCTH'I8CKHA orrepaTOp 

p = exp I -ell - ~. P F m (t) I = exp I - S(t, o) I , e 11 m 

( 7) 

ell ~ fn Sp exp I-. I P F ( t ) I. 
m m m 

rJie S(t,O) MO>KHO HaaaaT& 'orrepaTopoM 9HTporrHH', T.K. < S(t,O) >= S 

eCTb 9HTpOITHSie 

B qacTHOM cnyq.le rHJipOJIHHaMH'IeCKoro pe)KHMa 

F
0

(x,t)=r:; (x,t), 

( 8) 

F 1 (x,t)=-f3(x ,t)"t(x,t), 

2 
F

2 
(x,t)=- f3(x,tH~t(x,t)-;. v (x,t)), P 2 (x)=n(x), 

-t 
rJie f3 (x,t) - TeMrrepltTypa, ll (x, t) 

-+ 
- XHMH'I8CKHft ITOT8HUHan1 V (x, t) - MaC-

COB8SI CKOpOCTbe 

KsaaHpasHosecHJ.IA cTaTifCTH'IeCKHil: onepaTop o6ecne'IHBaeT YllOBneTBo-

peHHe TepMOJlHH8MH'Ie:KHX paBeHCTB 

10 



8<11 t 
_, -< p 

m >e 8Fm(t) 

( 9) 

8S 
F ( t)' 

8< p m>et m 

t 

r.lle < ... > e = Sp ( p e .. ) ' HO He Y.llOBlleTBOpSieT ypaBHE,HHIO nHyBHllliSI H He 

onHCbiBaeT HepaBHOBeCHbiX npoueccoB. HecMoTpSI Ha aTe•, MeTOJlbi TeopHH 

HH4JopMaUHH OK83biB810TCSI O'leHb nol!e3HbiMH B CT8THCTH'IeCKOJ!: MeXaHH-

/30-32/ 
Ke 

17,81 
3. HepaBHoBeCHbill: cTaTHCTH'IeCKHll: onepaTop 

HepaBHOBeCHbil!: cTaTHCTH'IeCKHl!: onepaTop nony'IHIII _H3 KBaaHpaBHo­

BecHoro (7~ 1 npHMeHIIB K ero norapH4JMy onepaUHIO B3~THSI KB8311HHB8p118HT-

( 2) ( /9/,10/) 
HOi!: '18CTH 1 KOTOp8S1 o6cy~Jl8li8Cb BO BBe)leHHH CM. 

~ 0 

•p .. exp I fn p e ( t , o) I "' exp I ( f dt ' e 
-"" 

e 

_.._ .. ·- 0 (t 

"' exp I - S ( t , 0 ) I = exp I - f f d t ' e S ( t + t : t ') 
"""' 

( 10) 

• 0 
( t • 

= exp I -S ( t, 0) + f dt 'e S ( t +l ', t ') I, 

11 



rae 

S ( t, 0) = ell + £ P (0) F ( t ) , 
m m m 

S(t,O)= 
as< t,o) 

-a-:---+ 

H 

1 
lh-[S(t,O),H], 

---h 
S(t,t')=e S(t,O)e 

( 11) 

£ 4 + 0 nocne TepMCllHHBMHqecKoro npeaena. OnepaTop (11) MO*HO HaasaTb 

'onepaTopoM npoH3BOQCTBa sHTporrHHw,T.K, ero cpeaHee aHa'<leHHe aaeT rrpo-

H3BOllCTBO :3HTpOITHH, 

OapaMeTpbi F m ( t) Bbi6HpaeM H3 ycnoBHSI 1 '<IT06bi cpellHHe senH'<IHHbi 

p m I Bbl'<IHCneHHblE c HCO ( 10)1 COBfl8ll8nH c HX cpeaHHMH flO KB83H-

paBHOB9CHOMY pacrrpeaeneHHID (7) 

( 12) 

t t 

rae < ... > Sp ( p •• ). Toraa <P m> H Fm(t) cTaHoBSITCSI corrpSI*eHHbiMH 

rrapaMeTpaMH 1 T,K, 

8 ell ____ ,_<p 

SF m(t) 

t 

> ,-<Pm>' 
m e ( 13) 

Y cnosHe ( 13) rapaH1'HpyeT TaK*e HOpMHposKy HCO ( 10) 1 ecnH KsaaHpas­
/8/ 

HOBeCHblft CT8THCTH'<IE CKHlt onepaTOp ( 7) HOpMHpOB8H , 

12 



Llm1 COXpaHeHHH HOpMHpOBKH IIOCne orrepaUHH ( :!) He06XOllHM01 "'T06bi 

0 t"t 

I dt' e Ill ( l + l • ), ( 14) _.,., 

rue 

e "' Sp exp I - ~ Pm F m ( t) I ( 14a) 
m 

. - HOpMHPYJOUIHli MHO)!(HTenh HCO ( 10). Bbi"'HCnHH BapHE UHJO neBoli H rrpaBoli 

"!8CTefi ( 14) 1 IIOny"'HM COOTBeTCTBeHHO Bb!pa)!(eHHSJ 

"' 0 
oil> •-€Idt'eft ~< p (t') ~oF (t+ t'), 

0 

co I dt ' ft e 

m m m 

0 

Ill ( t + t ') "' - c I dt 'eft ~<P ~+t 
m m 

oF (t+t'), 
m 

KOTOpbie coBrrauaJOT B cHny ( 12). HCO ( 10) B HeKoT,>poM CMbiCne yuoBneT-

B caMOM uene, 

aenp l 0 

---+-[fnp,H]=-cidt'eft S(t+t',t')=-c(fnp -fnp
0

), (1!':) at ih L ... 

IlpH"!eM Ilp8B8H "18CTh (15) TaKaSJ )!(e 1 KaK H BTOpofi "'neH B SKCIIOHeHTe 

HCO ( 10), HO c uorronHHTenhHbiM MHO)!(HTeneM c 

4T06bi YTO"'HHTh1 B K8KOM CMbiCne p 

flHyBHnnH IIpH f --> 0 0 Bbl"'HCnHM 

13 
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0 
dp(t,t) d (t '---'-- = -- Pxp I - £ f dt • e 

dt d l 
S(t+t ', t +t') I"' 

0 ' (t 

t: f dt e 

~ ·_.-
1 _,. S(t,t) (T -l)S(t,t) 

if 1 r e S ( t + t', t + t ') e 
( 16) 

0 

T.K. anH rrpoH3BOnbHo"o orrepaTopa A(t) 

d 
--e 
dt 

A(t) I T A(t) 

~ f dr ~ 
0 

d A (t) -<r-1 )A(t) ---e 
dt 

( 17) 

'iTO nerKO UOK838Tb 1 pa3naraH 9KCITOHeHTy B pHU ITO ManoMy rrpHpameHHID 

ao nHHeAHbtX qneHoB c yqeToM HeKoMMyTa'lliBHOCTH A(t) H ero rrpHpame-

ITpaBaH qacTb ypaBHeHHH ( 16) CTpeMHTCH K HyniD rrpH £-> 0 , ecnH 

S(-oo,-oo) = 0 , 'iTO BHaHo H3 TeopeMbi A6enH xl, KOTopaH crrpaBeanHBa, 

ecnH cymecTByeT rrpeaen rroaHHTerpanbHoro Bbipa)l{eHHH B ( 16) rrpH t 4 -oo. 

3TO paCCy)I{QeHHe He HBnHeTCH CTporHM, ToKe MO)I{HO yCTpeMHTb K 

HyniD nHillb rrocne Tef>MOUHHaMH'ieCKoro rrpeaenbHoro rrepexoaa. ITpHBeaeM 

6onee CTporoe UOK83.iTenbCTB0 1 ITOK83biBaiDmee 1 B K8KOM CMbiCne p(t, 0) 

yUOBneTBOpHeT ypaBH 3HHID nHyBHnnH ITpH £-> 0 • C yqeTOM ( 15) ypaBHeHHe 

( 16) 38ITHilleM B BHUE 

ap(t, o) 

at 

I 
+ --lp (t ,O),H ] = 

i h - ----0 ' I -rS(t,O) 

fdt'e t:t f dre 
• (T-I)S(t,O) 

S (t + t ', t') e 
-oo 0 

x/ 
TeopeMa A6enH cocToHT B ToM, 'iTO 

fim t: f e t:t f (.)dt ~ fim f(t), 
(-> 0 t_,- 00 

ecnH aToT rrpeaen cymecTByeT. 
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Bbi'IHcnsrsr umyp oT nesoA H npasoA '!18CTeA 9TOI"O ypaBJreHHSI, nony'IHM 

a o ( t • 

S(t+t ', t')>=-~im <S(t+t',t')>, -a - Sp p ( t, 0) "' - f f dt' e < 
t -oo 

-- t .. -oo (17) 

< ... > Sp ( p ( t, 0) 
- S(t,O) 

p(t,O)=e ' .... ) . 

rae socnonbaosanHcb TeopeMoA A6ensr H UHKnH'IecKoA napecTaHOBKoA onepa­

TopoB ,noa 3H8lWM umypa. llnH TOI"O, 'IT06bi HOpMHpOBKE p(t,O) COXpaHH­

nacb CO BpeMeHeM, Hy)KHO nonO)KHTb 

filJI < s ( t +t •• t' ) > .. 0. 
t .,._ 00 

( 18) 

YcnOBHe (18) 03Ha'laeT OTCYTCTBHe npOH3BoaCTBa 9HTpOITHH, T.e. CTBUHO-

HapHOCTb CHCTeMbi npH t'-- oo • B cTauHoHapHOM cny'laE· B03MO)KHO nHIIIb 

noKanbHOe npOH3BOaCTBO 9HTpOITHH, KOTOpasr OTBOaHTCH 'lepe3 riOBepXHOCTb. 

EcnH npH t '=- oo CHCTeMa CTaTHCTH'IeCKH paBHOBeCHa, ro ( 18) TeM 6onee 

IloKa)KeM, 'ITO IT pH BbmonHeHHH ycnOBHSI ( 18) p ( t,(t) 

BOpSITb ypaBHeHHIO nuyBHnnsr npH f-> 0 B CMbiCne KB83:1' CpeJlHHX. 

llnsr npoHasonbdoro He 3aBHCsrliiero oT speMeHH o rrepaTopa A ( noc-

nenHee orpaHH'IeHHe He cymecTBeHHo) HMeeM 

a • 
fim ~ < A > "' fim < A > -

f->0 at £-> o 
.......,..,._ --

0 
- fim f f 

( t I ~ S(t,O) 1 S(t,O) 

f->0 -oo 
dt'e fdr<A e S(t+t',t')e >, 

0 

A= i~ [A,H]. 

( 19) 

'11 
BocnonbaosaBliiHCb npHHUHITOM ocna6neHHSI KoppensruHH H ycnoBHeM (18), 

6y):(eM HMeTb 
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- ............... 
-r S(t,O) • T S(t,O) 

Eim <A e S(t +t ',t ') e > =< A > fim < S ( t +t ', t ') > = 0. ( 20) , , 
t -+- 00 t ...,._()() 

CnelloBaTenbHO, llmi mo6oro onepaTopa A , He aaBHCSIIUero SIBHO oT spe-

M9HH, 

a 
Eim -Sp(p(t O)A)= EimSp(p(t ,O)A), 

f ... o at ( 21) 
f->0 

'ITO H oaHaqaeT, 'ITO p(t, 0) ylloBneTsopSieT ypaBHeHHJO flHyBHnnSI npH f-> 0 

B CMbiCne KB83HCpe~ HHX, 

TaKHM o6paac M, p ( t, 0) YllOBneTBOpSieT ypaBH9HHIO nHyBHnnSI 0 HO 

C 6eCKOH9'IHO Manbiio<l HCTO'IHHKOM B ripaBOH 'I8CTH 0 ripOIIOpUHOHanbHbiM f 

KOTOpoe yCTpeMnSI91CSI K HynJO IIOCne TepMOllHH8MH'I9CKOI"O IIpellenbHOI"O 

nepeXOll8o ITOHBneH~e 9$~eKT8 Heo6paTHMOCTH T9CHO CBSI38HO C Hll99H KBa-

/1 2/ 
aHcpellHHX B cTaTHCTH'IecKo:H MexaHHKe ' • EecKoHe'IHO Manoe soaMy-

meHHe B IIpaBOH '18CTH ypaBH9HHSI ( 16a) OK83biB8eT cyiUeCTB9HH09 BnHSIHHe 

H8 CHCTeMy, T,K, HtpymaeT HHB8pH8HTHOCTb ypaBH9HHSI flHyBHnnSI OTHOCH-

TenbHO 0Tp8M9HHSI EpeMeHH t T,e, 38M9Hbi t->- t t i ->- i H o6pameHHSI 

MarHHTHoro nonSI, E·ecKoHe'IHO Manoe soaMymeHHe cTpeMHTCSI K HynJO nHllih 

nocne T9pMOllHH8MH '19CKOI"O rip9ll9nhHOI"O nepeXOlla, KaK BHllHO H3 ( 21), T,e, 

paccMaTpHBaeMhre c JellHHe lleAcTBHTenbHo HBnSIJOTCSI 'KBaaHcpellHHMH'. B 

H8lli9M cny'Iae 6eCKC•H9'IHO M8nbi9 B03MyiUeHHSI HapymaJOT 0 KpOMe TOI"D, 

H30nSIUHIO CHCT9Mbl )T BH9lliH9I"O OKpyM9HHSI 0 T8KHM o6pa30M, npaBaSI 'I8CTb 

ypaBHeHHSI ( 16a) lle kTByeT, K8K "TepMOCTaT"', npyroH: B03MOMHbiH IIOllXOll 

K nocTpoeHHJO HCO - SIBHhr:H yqeT snHSIHHSI TepMocTaTa qepea HenoTeHUH-

/33/ 
.enhHbi9 CHnhi - paa BHBanCSI MaK fleHH8HOM H IIpHBOllHT K T8KHM Me 

peaynbTaTaM, KaK H H3naraeMhlH Bb!llie M9TOll, I"lle H9IIOnH8SI H30nSIUHSI y'IH-

TbiB89TCSI B K8'19CTE e rpaHH'IHOI"O ycnoBHSI, 
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npHM9H9HH9 onepaUHH ( 2) SKBHBaneHTHO OT6opy :lana31lbiB8101liHX pe­

III9HHl!: ypaBHSHHSI nHyBHnnSI, a onepaUHH ( 3) - onep9)KE !OIIIHX, B 'ISM MO)KHO 

y6ellHTbCSI H3 cpaBH9HHSI C ~OpManbHOl!: TeopHel!: pacceSI~HSI fenMaHHa H 

/34/ 
ronba6eprepa • 0T6op aanaallbiBaJOmHx H onepe)KaJOJUHX peiiieHH"l!: c no-

MOIIIbiO BBelleHHSI 6eCKOHe'IHO ManbiX HCTO'IHHKOB XOpOIIIO H3BecTeH B TeOpHH 

ypaBHeHHl!: MaTeMaTH'feCKOH ~H3HKH H H83biBaeTCSI 'npH~UHnOM npeaenbHOrO 

/35/ 
nornomeHHSI' (eM, , §27). 

Haiii MeTOil nocTpoeHHSI HCO MO)KHO no aHanorHH HaaBaTb •npHHUH-

TIOM npeaenbHOl!: H30nSIUHH': HepaBHOBeCH8SI CHCTeMa pa:cMaTpHBaeTCSI K8K 

npeaenbHbil!: cny'faH HeHaonHpOBaHHOH, KOrlla HapyiiieHHE H30nSIUHH CTpeMHT­

CSI K Hyn10 nocne TepMollHHaMH'fecKoro npeaenbHoro nepe:coaa. npH nocTpoeHHH 

HCO ( 10) Mbi npHMeHS!nH onepauHJO ( 2) K KBa3HpaBHOB3CHOMY cTaTHCTH-

'f9CKOMY onepaTopy, 'ITO COOTBeTCTByeT OT6opy 3ana31li>IB8101liHX peiiieHHH 

ypaBH9HHSI nHyBHnnSI,_ npH STOM HCO aaeT B03pacT8HHE SHTpOTIHH, EcnH 

npHMSHS!Tb onepaUHIO ( 3), COOTBeTCTBYIOIIIYIO OT6opy Of epe)K8101IIHX peiiie­

/7/ 
HHl!:, TO Mbl nony'IHnH 6bi He B03paCT8HHe, a y6biB8HHe SHTpOTIHH 

4• BbiBOil HepaBHoBecHoro cTaTHCTH'feCR oro onepaTopa 

/8/ 
H3 SKCTpeMyMa HH~OpM8UHOHHOl!: SHTpOl_IH~H~---

noKa>KeM, 'ITO HCO ( 10) MO>KHO nony'IHTb H3 ycn)BHSI SKCTpeMyMa 

HH~OpMaUHOHHOl!: SHTponHH ( 5) npH llOnOnHHTenbHbiX ycaOBHSIX, 'ITO 381l8H8 

senH'IHHa 

t+t' 

Sp(p p m (t ')) ""< p m > (22) 
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B HHTepBane - "'-<1 '_s 0 t T.e. He TOnbKO LinSI LlBHHOrO MOMeHT8 1 HO H LlnSI 

BCeX llpO!IJnbiX MOMeH"OB BpeMeHH 

Spp = l. ( 23) 

3TOT ycnoBHbiH 3KCTp9MyM C a<jl$eKTOM 'rraMSITH' COOTBeTCTByeT 6e3yC­

nOBHOMY 3KCTpeMyMy $yHKUHOHana 

.. 
2(p)=-Sp(pfn p)- (<11-l)Spp-

·o ( 24) 

-I d1' l G ( t , t ' ) Sp ( p P ( t ')), 
_

00 
m m m 

"' rae <JI- l H G (t, t ' ) - narpaH>KeBbl MHO>KHTenH, COOTBeTCTBYIOIIIHe 

yCnOBHSIM (22), (23), 

M3 ycnoBHSI aKcTpeMyMa $yHKUHOHana (17) cneayeT, qTo 

.. 0 

8 2 ( p) = - Sp I[ fn p + <II + l I d1 'G ( 1, 1 ') P ( 1 ') ]8 p I "' 0, 
m -ex~ m m ( 25) 

OTKyLia 

.. 0 

p "' exp I - <II -I d l , l 
m 

G ( l ' I , ) p ( l , ) I. 
m m ( 26) 

narpaH>KeBbl MHO>KHT·mH OllpeaenSIIOTCSI H3 ycnoBHSI ( 22) H HOpMHpOBKH 

(23). M3 (23) rronyqHM 

"' 0 
<II = fn Sp c.:p I - I d t ' l G ( t, t ' ) P ( t ' ) 1. 

m m m 
( 27) 

BapbHpyH ( 27) H HCHonb3YSI ( 22), 6yaeM HMeTb 
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.. 
Bell 

----~-<P (t') 
oG (t,t') m 

m 

t 
> 

t+t' 

= -< p > 
m 

( 28) 

EcnH p m - HHTerpanbi l1BH>K9HHSI, T.e. p m( t ')= p m I TO HCO (26) .aon­

>K9H nepexo.aHTb B pacnpe.aeneHHe fH66ca 

p = exp I - ell - I. F 
0 

P I, 
0 0 m m m 

( 29) 

0 

T.e. HHTerpan fGm(t,t')dt' 
0 

.aon>KeH 6biTb paBeH F m • 3TOI'O MO>KHO 
-oo 

,!lOCTH'Ib, nono>KHB 
n' 

G(t,t')~£e F o o C Y'I9TOM :3Tt>I'O CBOACTBa H 
m m 

COOTHOIII9HHSI ( 28) y.ao6HO Bbi6paTb narpaH>K9Bbl MHO>KHTenH B BH,!le 

£t 
G m ( t, t ') = e ( F m ( t +l' ). (30) 

Tor.aa nony'IHM cTaTHCTH'IeCKHA onepaTop B ~opMe (10) 

.. v £t 
p ~ exp I -ell -£ f dt' e 

-oo 
I.F (t+t')P (t')l, 
m m m (31) 

y.aosneTBOpSIIOIIIHA ypaBH9HHIO nHyBHnnH B CMbiCne KBa31!Cp9llHHXo 

TaKHM o6paaoM, noKaaaao, 'ITO HepaBHoBeCHbiA CTitTHCTH'IeCKHA orre­

paTop ( J0) t ( 31) MO>KeT 6b!Tb IIony'leH H3 ycnoBHSI :3KCTpeMyMa HH~OpMa­

UHOHHOft :3HTpOIIHH npH aa.aaHHbiX Cp9.!1HHX < p ..( tl B ni06C>A MOM9HT 11p0111-

noro - oo..::; t 
1 

.:;. t • 

5. ApyroA MeTon qocTpoeHHH Hepasgosec~r~ 

/29/ 
CT8THCTH39CKOI'O onepaTopa 

ApyryiO ~opMy HepaBHosecHoro cTaTHCTH'IecKoro oHepaTopa rrony'IHM, 

ecnH npHM9HHM onepaUHIO. B3SITHSI KB83HHHB8pHaHTHOA '18C:TH ( 2) He K 
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norapH~My KBa3HpasHoaecHoro CTaTHCTHqecKoro onepaTopa, a K HeMy ca­

/29/ x/. 
MOMY 

H t' 
0 .. t 

p = p f "'c f dt 'e e lh 
pf(t+t~O )e 

0 ft s:t+t ',t ') -S(t,O) 
= f f dt' e e =e + 

Ht ' 
--lh-

0 f t' 1 -rS(t+ t ',t ') • (r-1)S(t+t ',t ') 

+ ({ dt 'e f d r e S ( t + t ,' t ') e 
0 

( 32) 

rae BhmonHHnH HHTerJ:HposaHHe no qacTSIM c yqeToM ( ·126). HCO ( 24) 

YLIOBneTBOpHeT ypaBHe fiHIO nHyBHnnSI npH f 4 0 

H ( 10), (26), DelfcTBl!TenbHo, 

B TOM >Ke CMbtCne, KaK 

d 
--p(t,t), 

dt 
d 

---f 
d t 

0 ft 
f dt' e e 

o ct' 1 -rS(t+t',t+t'> 
=- c f dt' e f d r e 

0 

·=-dp(t,t)- p (t,t)). 
£ 

-S(t +t',t+t~ 

(r-o S(t+t ',t+t ~ 
S ( t + t ', t +l ') e 

(33) 

x/ ( fpaHHqHoe ycnOBHe 32) COOTBeTCTByeT rpaHHqHOMY ycnoBHIO ~OpManbHOH 
TeopHH pacceHHHSI re.IMaHHa H Tonha6eprepa anSI BOnHOBOH ~YHKUHH q.(f)( t) 

11' (f) ( t ) = c / d r e cr e ~~ 4> ( r ) d r , ....,., 
rae f4+ 0 B KOHUe BhlqHcneHHH, nocne ycTpeMneHHSI K 6eCKOHeqHOCTH 06'heMa1 

B KOTOpOM HOpMHpy!O"CSI BOnHOBhi9 ~yHKUHH 0 4J( r) BOnHOBaSI ~yHKUHSI 

cso6oaHoro cocTOSIHHil, H - raMHnhTOHHaH CHCT9Mht. HCO (32) HMeeT 
cxoacTBo c HCO, no.ryqeHHhtM no MeToay Po6epTcoHa /43/, oaHaKo oH Hc­
nonhayeT rpaHHqHoe ycnosHe cosnaaeHHSI cTaTHCTHqecKoro onepaTopa c 
KBa3HpaBHOB9CHhiM nfH ta 0 0 a Mhl HCnonbayeM rpaHHqHhte ycnOBHSI ~Op­

ManbHOlf TeopHH pacceSIHHSI H nonyqaeM SIBHoe Bhtpa>KeHHe anSI HCO. 
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3aMeTHM 1 'ITO I1p8B8SI '18CTb (33) T8KOB8 )Ke1 K8K H B1'0pOil: 'IJleH B (32), 

HO C llOI10JlHHTenbHbiM MHO)KHTeneM f npaBaSI '18CTb ypaBHeHHSI nHyBHJl-

JlSI ( 33) COilep)KHT 6eCKOHe'IHO M8Jlbie HCTO'IHHKH 1 KOTO)Jbie CTpeMSITCSI K 

Hymo rrpH f ... 0 rrocne TepMOilHHaMHqecKoro rrpellena. CnelloBaTenbHo, 

HCO (32) YllOBneTBOpSieT ypaBHeHHIO nHyBHJlJlSI B CMbiCJle KB83HCpeaHHX, 

KaK H HCO ( 10). Hs (33) rrony'IHM cooTHollleHHe 

a 
-Spp(t,O)=-f(Spp(t,O)-Spp e(t,O)) 0, 
at 

a (34) 
fim --- <A > - fim < A 

( ... o a t ( ... 0 
> = fim ( ( < A >-<A > e ) = II, 

f->0 

rile A -rrpoHsBonbHbiil: orrepaTop, T.e. HOpMHpOBKa HCI) ( 32) coxpaHSieTCSI 

H OH aeii:CTBHTeJibHO yJlOBJleTBOpSieT ypaBHeHHIO nHyBHJll Sl B CMbiCJle KB83H-

cpeJlHHXo 

HCO ( 32) He ylloBneTBOpSieT ycnoBHIO 9KCTpeMyMa HH¢opMaUHOHHoil: 

aHTporrHH c sarrasabiBaHHeM, paccMoTpeHHoMy B pasaene 4, a yaosneTBo­

pSieT HeKoTopoMy apyroMy 9KCTpeManbHOMY ycnoBHIO. HCO (32) 

MO)KeT 6biTb T8K)Ke I1pHMeHeH JlJlSI I10CTpOeHHSI ypaBHeH~ il: rrepeHOCa, KaK 

H HCO (10), 
/29/ 

'ITO I10K838HO B 

B TeopHH ypaBHeHHil: MaTeMaTHqecKoil: ¢HaHKH rrpHinHrr rrpeaenbHoro 

( 
/36/ 

ITornouteHHSI 9KBHB8JleHTeH I1pHHUHI1Y rrpeaenbHOil: aMI1JlH'TYilbl CM. 1 

§ 27). C¢opMynHpoBaHHbiil: Bbillle peuerrT rrocTpoeHHH Her•aBHosecHoro cTa­

THCTH'IecKoro orrepaTopa ( 10) MO)KHO rrpeacTaBHTb B ¢opMe, ananorH~IHoil: 

I1pHHUHI1Y rrpeaenbHOil: 8MI1JlHTYJlbl TeopHH ypaBHeHHil: M81eMaTH'IeCKOil: cfJH-

3HKH: 

HepaBHOBeCHblil: CT8THCTH'IeCKHil: orrepaTop COCTOSIH~SI, KOTOpOe OI1HCbl-

saeTCSI Ha6opoM rrapaMeT'poB F ( t ) 
m 

, paBeH 
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HT 

p(t,O)=e ih pJ (t+T ,O)e 

HT 

I h 

rne r -o-oo rrocne T9JlMOAHHaMIPJ.ecKoro rrpenenbHoro rrepexona. 

(35) 

IToKaMeM, ~TO tepaB9HOB9CHhlA CT8THCTH~9CKHA orrepaTop (35) 9KBH­

BaneHT9H ( 32), 

CooTHollJeHHe (::5) osHa~aeT, ~To nm1 rrpoHsBonbHoro orrepaTopa A 
HT HT 

- 111 ""j""'i;"" 
EimSp(p(t,O)A:~rimSp(e pr(t+r,O)e A). 
r~- oo T-t>-oo (35a) 

Y CnOBHSI ( 35a) 38IIHl!9M B BHA9 

rim Sp ( p ( t' 0) A ) = Eim Sp ( p e ( t + T 'T ) A) ~ 
r _,_oo r ... - oo 

( 36) 
0 £T 

~ rim £ f dr e 
( ... 0 

Sp(p it+T,T )A), 

rne socrronbsosanHCb TeopeMoA A6enH, CooTHOil19HHe ( 36) rroKaSbiBaeT, 

~To HCO (35) aKBHBaneHTeH HCO (32) B CMbicne cosrraneHHH KBasHcpen-

HHX, ~TO H Tpe6oBanDCb UOK838Tb, 

CTaTHCTH~ecKHir orrepaTop (35) MoMeT 6biTb rrony~eH Hs ycnoBHH 

9KCTpeMyMa HHtPOPMBUHOHHOA 9HTpOIIHH ( 5) II pH AOIIOnHHTenbHbiX ycnOBHSIX, 
t+T 

~TO 38A8Hbl < p m ( T) ·, II pH tPHKCHpOBBHHOM T < 0 , KOTOpOe 38T9M yCTpeM-

nHeTCSI K - oo IIOCnE T9pMOAHH8MH~9CKOrO rrpenena, 

TaKHM o6pa30!II, MOMHO IIOCTpOHTb ABB HepaBHOBeCHbiX CTBTHC-

TH~9CKHX OIIepaTOp8, HBnHIOllJHXCSI p9Il19HH9M ypaBH9HHSI flHyBHnnH B CMbiC-
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ne KBa3HCp9.llHHX (10) 1 (32), i13B9CTHbl H .llPYI'H9 M9TO.llH nony'ieHHSI HepaB­

/36 37 I 
HOBeCHhiX cTaTHCTH'ieCKHX onepaTopoa ' • IToaToMy BOSHHKaeT npo6neMa 

.llOKaSaTenbCTBa 9KBHBaneHTHOCTH (HnH H99KBHBaneHTHOCTH ) pasnH'IHbiX ¢opM 

HCO. nerKO BH.ll9Tb, 'ITO B HH31l!HX npH6nH)K9HHSIX pasnH'IHbie HCO npHBO-

.[{SIT K O.llHH8KOBbiM yp8BH9HHSIM nep9HOC8, 

MeTO.ll HepaBHoaec;:Horo cTaTHCTH'ieCKoro onepaTop.l B mo6oM H3 ero 

BapHaHTOB IT03BOnSieT 0'19Hb npOCTO CTpOHTb ypaBH9HHR IepeHOCa .llnSI pa3-

nH'IHbiX CHCTeM H nony'laTb Bbipa)K9HHSI .llnSI KHH9TH'i9CKHX KoSJ¢¢HUH9HTOB 

qepes KBaHTOBbi9 KOppenSIUHOHHbl9 ¢ yHKUHH 1 HX MQ)KHQ Bbipa3HTb TaK)K9 '19-

pes sanaS.llbiBaJOil!He .oayxapeMeHHbie ¢YHKUHH fpHHa-Eorl)nJ06oaa-TSI6nHK0-

/38-40/ Ll 
Ba , nSI pacKpbiTHSI nony'leHHbiX o61l!HX Bbipa)Kef Hif OK83biBaeTCSI 

O'i9Hb none3HbiM M9TO.ll ¢yHKUHif fpHHa 1 nony'IHBil!Hll ll!HpDK09 npHM9H9HH9 

/38-42/ M 
B CTaTHCTH'i9CKOif MexaHHKe , eTO.ll HepaBHOB9C:HOI'O CTaTHCTH'i9C-

KOI'O onepaTopa He SIBnSieTCSI 91'0 3aMeHOH 1 - 9TH M9TO.llbl CKOpee .llOITOnHSI-

JOT .opyr .opyra, 

ITonbSYJOCb cnyqaeM BhipasHTb 6naro.oapHoCTb B.IT. Kanall!HHKoay, 

B COTPY.llHH'ieCTBe c KOTOpbiM paspa6oTaH MeTD.ll HCO, o6cy)K.ll89Mbiii B 

pas.oene 5, A.n. KyseMCKOMY H 4>.C. 

HHe. 

n H T e p a T y p a 

1. H.H. Eoron106oa, KaasHcpe.llHHe B sa.oaqax cTaTHCTHqecKoil MexaHHKH. 

ITpenpHHT 011HI1, P-788, Lly6Ha, 1961; 

Physicalische Abhandlunden aus der S.U. !2, __ , 118 , 229(1962). 

2. H.H. Eoron106oa, Physica, ~ 1 (1960). 

3. H,Wagner, Zs. Phys., 195, 273 (1966). 

23 



'· !! 

4. N.D. Mermin, H. Wagner. Phys.Rev.Lett.1 !1.. 1133 (1966). 

5. P. EpayT. ~aaOEble nepexo.llb11 MHp, 1967. 

6. J. Goldstone. Nuovo Cim.1 _!2, 154 (1961). 

7 • .ll.H. 3y6apes • .ll&.H, ~40, 92 ( 1961); 162, 532, 794 ( 1965); 164, 

65 ( 1965); npofneMbl TeopeTH'I9CKOA !f>H3HKH, "HayKa", M., 1969; 

npenpHHT HT~-119-6, KHeB, 1969. 

B • .ll.H. 3y6apea, B.n. KanawHHKoB. TeopeTH'IecKaH H MaTeMaTH'IecKaH 

!f>H3HKa, _1 137 ' 1969). 

e. H.H. Boromo6oB, npo6neMbl .llHH8MH'I9CKOA TeopHH B CT8THCTH'I9CKOA 

!f>HaHKe, orH3, 1'~.-n., 1946. 

10. M. Kau. BepOH1HOCTb H CMe>KHble sonpocbl a !f>HaHKe, MHp, M.,1965. 

11. n.n. EyHWBHnH, .ll.H. 3y6apes. ~TT, 11 722 ( 1965). 

12. n.n. ByHwsHnH. >KST~. ~ 1868 ( 1965); ~TT, ].1 1871 ( 1965); 

J!, 2167 ( 1967); Coo6weHHH AH fpyaHHCKoA CCP1 471 279 ( 1967). 

13. n.n. EyH·WBHnH, M • .ll. 3BH8.1l8.1l39. ~TT I~ 1969 ( 1967); 101 2397, 

2553 ( 1968); Phys.Lett.1 24A, 6341661(1967); 25A, 86 (1967). 

14. n.n. EyHWBHnH, M • .ll. 3BHa.oa.oae, r .P. XyUHWBHnH. >KST~. 54, 

876 ( 1968); ~ 290 ( 1969). 

15. H.C. EeH.IlH8WB:mH, n.n. EyHWBHnH, M • .ll. 3BHa.oa.oae. ~TT, ~I 29191 

( 1966); 10, 1224 ( 1968); 111 727 ( 1969); npenpHHT MT~-68-701 

KHea, 1968. 

16. n.n. EyHWBHnHI H.n. fHopra.ll39o ~TT, .!Q, 1181 (1968). 

17. H.C. BeH.OH8WBifnHI n.n. EyHWBHnH. PenaKC8UHOHHbl9 HBneHHH B 

TBep.llblX Tenax, "MeTannyprHsr" 1 1968. 

18. H.C. EeH.oHaWBHnH, n.n. EyHWBHnHI r.P. XyUHWBHnH. )I<ST~I QL 

1231 ( 1969). 

24 



19. H.C. BemmawBHnH, n.n. ByHWBHnH, M.D. 3BHa)la)l.::e. OperrpHHT HT<I>-

68-70. KHeB, 1968. 

20. B.n. KanawHHKoB. ci>MM, -2,2, 786 ( 1966) ; ci>TT, ~ 634 ( 1967); 

Phys. Stat. sol., .£!, 775 (1967); Phys.Lett., 2E~ 433 (1968); 

<I>H3HKa H TeXHHKa rronyrrpoBOJlHHKOB 1 1. 1281,( 19671; HeKOTOpbie Borr-

poCbi MarHeTH3Ma H rrpo'IHOCTH TBepJlhiX Ten, Bhm. 27, Hall. Hci>M 

AH CCCP, CBepJlnOBCK 1 1968; OperrpHHT HTcl>-68-"'9, KHeB, 1968. 

21. n.A. noKpoBcKHH. DAH, 177, 1054 ( 1967); 182. 317 ( 1968); 183, 

806 ( 1968). TeopeTH'ieCKasr H MaTeMaTH'IecKasr !flraHKa, .1...1 ( 1970). 

22. B.r. fpa<~eB, Ycl>)l(, ~ 633 ( 1968). 

23. D.H. 3y6apeB, A.r. BawKHpoB. Phys.Lett., ~. 202 (1967); 

Physica, 22.a 334 (1968). 

24. A.r. BawKHpoB, D. H. 3y6apeB. TeopeTH'ieCKaSI H ME TeMaTH'IeCKaSI 

tPH3HKa 1 ...L N!J3 ( 1969) • 

25. A.r .. BawKHpoB. Teoperr'H'iecKaSI H MaTeMaTHqecKasr tPH3HKa, ~N92( 1970). 

26,T. N. Khazanovich, y.A. Savchenko, Phys.Lett, 27A, 615 (1968), 

27:-r'•N• Khazanovich. Molecular Physics, g 281 (1968); 

Phys,Lett., 19A, 601 (1969). 

28. A.D. XoHbKHH, DAH, 183, 1285 ( 1968), 

29. D.H. 3y6apeB, B.n. KanaWHHKOB, TeopeTH'ieCKasr H MaTeMaTH'IeCKasr 

tPHSHKa, ~. N91 ( 1970), 

30. E. Janes, Phys.Rev,, 106, 620 (1957); 108, 11 1 (1957). 

31. R.S. Ingarden, Fortschr. Phys., ~ 755 (196!:). 

32, v. Bahr, P,Quaas, K. Voss, z. Naturforsch,, 23·!z 633,644(1968). 

33. J.A, Me Lenran. Phys. Fluids, .i• 1319 (1961); Advin Chem,Phys., 

_!2, 261 (1963). 

25 



34. M. Gell-Mann, M.JJ. Goldberger. Phys.Rev., 2,b 398 (1953). 

35. B.C. BnaJlHMHpoB. YpaBHeHHH MaTeMaTH'IecKoA tj!HaHKH, HayKa, 1967. 

36. B.H. npoBoTopoB. )1(3T<fJ, i!., 1522 ( 1961). 

37. c.B. neneTMHHCKHil, A.A. HueHKO. )1(3T<fJ, 53, 1327 ( 1967). 

38. B.n. BoH'I-BpyeBH'I, C.B. TH611HKoB. MeToJl tPYHKUHA fpHHa B cTaTHc­

TH'IecKoil: MexaHHKo, <fJHaMaTrHa, M., 1961. 

39. c.B. TH611HKOB. MoTOJlbl KBaHTOBOA TeopHH MarHSTH3Ma, HayKa, 

M., 1965. 

40 • .ll.H. 3y6apeB. Y<fJH, .1J.. 71 ( 1960). 

41. A.A. A6pHKOCOB, n.n. fopbKOB, H.E • .llaHIIOWHHCKHA. MeTOJlbl KBaHTO­

BOA TeopHH rronH B cTaTHCTH'IecKoA tPH3HKe, <fJHaMaTrHa1 M., 1962. 

42 • .ll.A • KHp:lKHHUo noaeBbie MSTOJlbl TSOpHH MHOrHX '18CTHU. ATOMH3Jl8T 1 

1963. 

43. B. Robertson. Phys.Rev., 144, 151 (1966); 160, 175 (1967). 

PyKorrHcb rrocTyrrHna B H3JlaTellbCKHA OTJlSII 

8 HHBapH 1970 rolla. 

26 


