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P4 - 4957 

~.H. 3y6apea, B.n: KaJiaWHHKOB 

llOCTPOEHHE 

CTATHCTHqECKHX OllEPATOPOB 

~RH HEPABHOBECHYX llPOUECCOB 

Hanp'aaneao B lKypaan ~TeopeTH'leCKa.ll 
H MSTeMSTH'leCKS.II ~H3HKa' 



1. BseaeHHe 

B 5onhlliHHCTBe saaaq CTaTHCTHqecKOH MexaHHKH Heo5paTHMhlX npouec

COB paccMaTpHB89TCSI SBOn!OUHSI COCTOSIHHH HepaBHOB9CHbiX CHCTeM ansr npo

MemyTKOB Bp9M9HH 1 MHOI'O 5onblliHX Bp9M9HH "sa5biB8HHSI" HX .HCXOaHoro· 

pacnpeaeneHHHo B aTHX cnyqasrx yao5Ho nonhsoBaTbcsr coxpaiiiGHHbiM .. onHca

HHeM COCTOSIHHSI CHCT9Mbi: saaaHH9M CpeaHHX 3HaqeHHil: H9KOTOpOI'O Ha5o-pa 

aHHaMHqeCKHX senHqHH H Hsyq~HH9M SBOniOUHH BO BpeMeHH HX cpeaHHXo Bos

MOmHOCTb TaKoro noaxoaa ocHoBaHa Ha Haee H.H.Boronro5osa o coxpame

HUH q11cna napaMeTpOB1 Heo5xo.tiHMbix ansr onHcaHHsr chcTOSIHHSI HepaBHosec-
/2/ . . . Ill 

Hofi' cHcTeMbi B npouecce ee asonrouHH B pa5oTax ?aHoro Hs aBTopos 

• 5bmo noxasaao, q<ro aepasaosecai,rfi· cTa_THCTHqecKHfi onepaTop ( HCO) ansr 

TaKHX .cHcTeM Momao nonyqHTh, Hcnonbsysr KBa3HHHTerpanbr ypasaeaHfi .asH

meHHR noao5HO Tc;>MY,,. KaK B M9Toae CT8THCTHqecKHX aHCaM5nefi . rH5pca UC

llOTib3yroTCSI HX HHTerpanbr. AaanorHqaasr cxeMa nocTpoeHHH HCO aa ocaose 

coo5pameHHfi o BnHHHHH TepMocTaTa qepes no_TeHuHanbHbre· cHnbr' 5bma aei:!a-

/3/ 
BHCHMO npeanomeaa Max neaHaHOM BnH3KHe HneH pa3BHBanHCb TaKme 

/4/ 
B pa5oTe neneTMHHCKOI'O U .HueHKO crjJopMynHpOBaBIIIHX ypaBH9HUe 1 

nossonsrromee . BbrqncnsrTb · HCO 1 COOTB9TCTByromufi COKpaiii9HHOMY onuca-

HHIO HepaBHOB9CHOH CUCT9Mbi. B H8CTOSilli9H pa5oTe Mbi paCCMOTpUM eme 
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.. , ,, 

o~HH BapHaHT nocTpoeHHg HCO Ha ocHo~e KBaSHHHTerpanoB ~BH~eHHg H ~o~ 

Ka~eM1 'ITO 9TH TpH CXeMbl npHBO~gT K O~HHaKOBhlM COOTHOlll9HHgM Me~~y 

o6o6IIIeHHhiMH K00p~HH8.T8MH H o6o6meHHhlMH CHnaMH H O~HH8KOBblM 0606-

Ill9HHhiM KHH9TH'I9CKHM ypaBH9HH9M 1 onHCbiB8!0IIIHM BpeMeliHy!O 9BOn!OUH!O, 

STHX BenH'IHH, no Kpail:Hefi Mepe, BO BTopoM nopg~Ke TeopHH BosMymeHHfi 

- /1/ /4/ 
no BSaHMO~eHCTBH!O, nng MeTO~OB H 9TO .noKaSaHO B pa6oTe DoK,;., 

/5/ 
pOBCKOrO 

2, ilpe~cTaBneHHe IICQ B BH!j9 HHBapHaHTHOH 'laCTH 

KB83HpaBHOB9CHOrO CTaTHCTH'I9CKOrO onepaTOpa 

DycTb cocTogHHe HepaBHOBecHofi CHCTeMhi ·c raMHnhTOHHaHoM II, 

· MO~HO OllHC8Tb Sa~aHHeM cpe~HHX SHa'leHHH H9KOTOpblX onepaTOpOB p m 

( . m - HH~9KC 1 • BKn!O'!a!OIIIHH HOMep onepaTOpa II BCe HenpephiBHbie H ~HCK

peTHhle HH~9KChl 1 OT KOTOpb!X OH 38BHCHT), ner.KO nocTpOHTb KB831ipaBHO-

BeCHoe CTaTHCTH'IeCKoe pacnpe~eneHHe Pe 1 . COOTB9TCTBY!Olll99 , MaKCHMY-

MY HH<lJOpMaUHOHHOH 9HTpOnHii CHCT9Mhl ·npH Sa~aHHblX cpe~HHX 3JI8'19HiigX 

· onepaTopoB Pm 
/6,7 I. 

Pe = exp { -S ( t,o)i, 

S(t,O) .. <IJ +; P mF m(t), <ll=fn Sp exp {- ~ P mFm(t) }. 

0TKy~a cne~yeT, 'ITO 

o<ll 
a F (t) 

m 

t 

<P >. 
m e 

4 

( 1 ) ' 

(ia) 

·,! 

j 
I 

·I ,, 
'I 

'! 
i 

··,; 
·,1 
:i 



.. -.. 

'\ · .. 

Cnenoaa~enbHOI F: m(t) ~CTb napaMeTpbii TepMOJlHH8MH'IeCKH ~onpSI.lK9HHhie 
t I 

c BenH'IHHaMH < p m >e~ Sp( Pep m): • 3HTpOITHSI pacnpenerieHHSI. (1) .·HMeeT _BHJl 

S "'- Sp( Peen Pe ) = <fJ + : <! P m ~ F m (t), 

8S 
F .J. t). 

',.; •:\ 

I 

Kaa3HpaBHOBeCHOe pacn,penenem~e p e He SIBnSieTCSI. HHTei'panoM ypaBHeHHSI 

nHyBHnng H 1 CnenoBaT~nbHO, He; OllHChiBaeT Heo6paTHMb!X npOUeCCOB B CHC-

TeMe. 

- ,llng llOCTp09HHSI o6o6rueHHhiX ypaBH9HHfi nepeHOCa 1 OllHChlB8IOIUHX He

o6paTHMbie .npouecchr1 Heo6xoni:!MO HMeTb SIBHoe Bhrpa.>KeHHe !I.nSI HCq 
1 

OTbrc

KaHHeM KOTOpOI'O Mbl H 38llMe~CSI, 

PaCCMOTPHM lieKOTOpbrfi onepaTop L( p. F(t)) I 38BHCSIIUHfi. OT o60HX 

Ha6opoa aenH'IHH P rri H Fm (t) , • .HBHhifi BHJl <f>yHKUHH L noKa He <f>HKCHpo

BaH. Bhrpa.>KeHHe aHna 

~ 0 lt 

L(P,F(t))=tfdt'e. L(P(t '),F(t+t '))= 
-oo 

0 ( t ~ 
.. l· J dt 'e 

· It~ H tt'H 
~ -:"~ 

e L ( P ; F ( t +t ')) e ( 2) -
. . ·,0 ·lt'-• 1 . 

- ..;L(P,F(t))- fdt'e L(P(t'),F(t+t')), 
. .. 

-

5 



'• 

a'.P (t') eCTb onepaTOpbl p B I'ei!:3eH6epi'OBCKOM npeJlCTaBneHHH .C I'8-
.m . , m , 

MHnbTOHH8HOM·JI' 1 RBnReTCR HHTei'panOM ypaB~9HHR 

NV' 
aL 1 NV\ 

-+-[L,H] .. o (3) 
at i h 

npH £-+ 0. H 1 
cneJlOBaTenbH01 npeJlCTaBnReT C06oi!: HliBapHaHTHYIO · ( TO'i-. 

Hee
1 

KBaSHHHBapHaHTHyiO) qacTb onepaTopa L(P, F(t)) no OTHoweHHIO 

K aBoniOUHH c r-aMHnbTOHHaHoM H • 

EcnH B K8'i9CTB9 onepaTOpa ·-L BSRTb KB83Hp8BHOB9CHb!i!: CT8THCTH-

'i9CKHi!: on epa TOp p . , . . . e 
L(P;F(t))= p , .· . e . 

TO HCO 1 npeJlCTaBnReMbit!: Bbipa)l(eHHeM 

I'Jle 

rvv. 0 'tt' 

P"'P =t fdt 'e 

e -

s (t +t ',t') 
e = e 

-sct,o> 
+ 

0 '1 .+fdt'eft fdr. -rS(t+t~ t') s' ( (r-·t)S(t+t',t~ 
' e t +· t' t ') . 

...oc o . ' e . ' 

lt' H -tt'H 

S(t,t ') •e . h 

S (t,O) = ---

h 
.S (t,O)e 

1 . . 
+- [S (t,O), H 1= 

ih . 

• . ~ t • 

= ~~ p mF m(t)+( p m•-:" < pm >e)F m(t)l 

p 
m 

1 . lh [P , H } , F m (t) = aFm(t) 

at 

6 

(4) 

(5} 
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'· 
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. 6y.rteT T8K)!{9 HHTei'panoM ypaBH9HHSI liH~Bl:InnSI npn t_. 0 , npn'le~ STOT 
) ., ' .. , ' 

npe.rten · cne.r~yeT Bhi'IncnSITb rtocne ycTpel'fneHnSI o6'beMa cncTeMbi K 6ecKo-
' 

H9'JHOCTH npH Bbi'JHCneHHH CpeJlHHX, ne:ll:CTBHT9nbH00 COI'naCHO Bblpa)!{9HH!O 

(4). 

ap 1 
--+-[p,ll]= at i h. · 

0 , 
' £t = £ f dt 'e 

I . , <. : 
-rs(t;tt.,t,· ; 

fdre S(t+t',t')~ 
<r-o s (t+t ',t '> (6) 

-oo. 0 . 

i 
H npaBaSI 'JaCTb ypaBHeHHSI (6) HC'Jeaae.T npH £_. 0 , ecnH npOH3BOJlHaSI 

i . . . 
SHTpOnHH no BpeMeHH CTpeMHTCSI K Hynr npH t '_. -oo • B cnyqae, ecnn 

• • • ' I 

on epa Tophi P ~ - nHTei'panhi JlBH)!{eHHSI, l-o HCO ( 4) nepexoim'T a o6o6memloe 
! 

pacnpeJleneHHe fH66ca. 

i 
HeTpyJlHO BHJleTb, 'ITO HCO (4) nopMnpoaaH Ha e.rtHHnuy: 

Sp p .. Sp'j¥"' = Sp p =l. e . e 

TaKHM o6paaoM, nco 'Pe 

npn nJ06biX 4JyHKUHSIX F (t) . m 

SIBnSieTCSI HhTei'panoM ypaBH9HHSI liHyBHnnSI 
' i 

• Hano)!{HMJHa STH 4JyHKUHH ycnoBHSI 

' 

(7) 

t 
Tenepb aenH'JHHbi < Pm > H F m(!) CBSI3tH.bl 

paBeHCTB8MH i , 

M9)!{Jly C06o:ll: KBa3HpaBHOB9CHbi-

MH. TepMOJlHH8MH'J9CKHMH 

. t 

< p;? 
8<!1 

:a---, 
8F (t) 

m 

Fm (t) ':" 

i 
8~ 

8< p i >t 
1)1 

I 
! 

(8) 

06o6meHHbl9 ypaBH9HHSI nepeHOCa J!ony'IHM, ycpeJlHSISI onepaTOpHb19, 
i . 

ypaaHeHHSI .rtBH)!{eHHSI .rtnSI BenH'IHHhl P.;, i no pacnpeJleneHHJO ( 4). ITpn sToM, 

HCnOnb3YSI COOTHOlll9HHSI (7) H (8), HaXIOJli:IM 

7 



. 0. . . ' '•t . • • t 

--<P > .. <P > 
at . m. m. : 

8' 2<1! , • o !t' 
-~ .F(t) .. Sp(P tfdt'e 

-S(t+ t ',t ~ 
e 

n n m 
8F (t)8F (t) """"'-

m n 

unu, B ilPYI'Oli: cjlopMe: 

a 
F (t ')= at m 

8S 
t 

8.<P > 
. m f 

2 

= ~ 
n 

8 s . t 
. -< p n> 

8< P > 8<P > m n~, 

(9) 

( 10) 

'·YpaBHeHHSI (9) H (10) TO)KJl9CTBeHHbi _M9)KJly co6oli:, llOCKOJrbKY Tep

MOJlHHaMH'IeCKHe paBeHCTB~ . (8) npHBOJlSIT K COOTHOllieH.HSI~ ~pTOI'OH~n~HOC-
·n/ . . 

TH 

8 
2 w 8 

2
S 

t ----------- ---~----~ n' 8F (t)8F,(t) 8<P ,t>8<P :5 
8 mn ( 11 ) 

m n n n 

TipOH3BOJlCTBO SHTpOllHH llpHHHMaeT. BHJl 

t t 
S=-<S(t,O)>,. ~<P > F n (t)= 

m . m 

2 

=-~ 
8 <ll 

(t) F ( t)' F 
8 F (t)8 'F (t) n m 

m n 

( 12) 

• t 

OTKyJla CJ1eJlyeT1 'ITO 'B9l!H'IHHbi Fm (t) H <Pm> HM9IOT CMbiCn COllpSI)I{9HHbiX. 

TepMOJlHH8MH'I9CKHX CHn H llOTOKOB1. COOTBeTCTBeHHO. 

06o6rueHHbi9 ypaBH9HHSI n.epeHOCa (9). MO)I{HO ,38llHC8Tb B Jlpy~oil: cjlop

M91 HCKniO'IHB C llOMOllibiO COOTHOlli9HHH (7) llpOH3BOJlHbi9 r:ro BpeMeim OT 

cjlyHKUHli: F ( t) , BXOJlSIII\He B npaByro 'IaCTb STHX ypaBHeHuri. B pesy~bTa-m . 

Te nonytJaeM 

8 . 

.• 

l 
l 
I 
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. 0 ft' I • -rS(t+t.',t ') 
+ f dt'e f dr I Sp I P e 

-oo 0 n 'II 
lP (t')F ·(t+t')+ 

n n · ( 13) 

' t+t, 
+~(P (t')-<P ~ 

n . · n 
8 

2 
S( t H ') • t+t' J . (r-I)S(t+t ',t ~ 

)---,----< P > e . I. 
t+t t+t, k 

B<P > B<P > 
n k 

CnellyeT OTMeTHTb 1 ''ITO ypaBHeHH.Il ( 13) B paMKaX npHH.Il'I'Ofi CXeMbl COKpa

IUeHHOI"O · omwaHH.Il . a;epasHosecHbiX cHcTeM · .IIBn.llroTC.Il ·To'IHbiMH. YnporueHHe 

aTHX ypaBHeHHfi ·B03MOJKHO npH HanH'IHH Manoro riapaMeTpa •. B Ka'leCTBe 
' ' ·' ' 

npHMepa TaKOI"O ynporueHH.Il Mb1 paC.CMO'I'pHM cnyqafi, KOI"ll8 I"8MHnbTOHHaH 

CHC'I'eMbl HMeeT BHll 

I"lle v - Manoe B03MyiUeHHe. nonyCTHM T8KJKe 1 'ITO onepaTOpb! p 
m 

YllOB-

neTBOp.IIIDT ypaBHeHH.IIM llBHJKeHH.Il 

P =~a . P +P 
· m n mn n m(V) , P = L [P , V], 

.m(V) ih m 

/4,5/ I"lle a mn- MaTpHua 'c -"'HCen. Taxofi npHMep H3y"'eH B pa6oTaX 

B aTOM cnyqae onepaTop npoH3BOllCTBa aHTpoiiHH S<t,Of He· COllepJKHT qne-
/5/ 171 ' 

HOB HyneBOI"O nop.llllKa ·no v· (eM. pa60Tbl H ) H HMeeT BHll 

( 14) 

TaKHM 66paaoM, B HynesoM npH6nHJKeHHH no V • onepaTop 9HTponHH S(t,O) 

.IIBnHe'I'C.Il HHTerpalxOM llBHJKeHH.Il·, n'oaTOMy npHV-;,_0· . HMeeMS(t+t';i');;,S(t
0
0), 

PaccMoTpHM Tenepb o6o6rueHHbre ypasHeHH.Il nepeHoca (13) c TO"'.;.· 

HOCTbiD llO "'neHOB B'I'OpOI"O nop.llllKa no V BKniD"'HTenbHOo npH 9'I'OM
1 

O"'e-

9 



! 
BHJlH01 .MO>KHO onyCTHTb · V B onepaTopax aBoniOUHH no t H. r .H Mhi 

nonyqaeM ypaBHeHHH 

! 

. • . t '. 
- I ( p m 'p) F n ( t)"' :$ ~ mn < pn > + < ~m(V) 

t 

>e~ , n j , 

0 f t, • • t. 1 . 

+ _£dt' e -~ (Pm(V), P n(V) (t')) Fn (t-~;t') + 

0 

+ fdt'ett' I (P , P 
-oo n,k m(V) n 

2 .. 
b :S(t:+t') • t+t' 

I < p > 
t+t? t+t , k {V) 

a< P > 1 B<P > 
n ' k 

t 

(t ')) 

(15) 

rne CKOOKH THna ( p , p j t 03H8'1810T KB8HTOBbie KOppe_ nHUHOHHbie, qJyliKUHH 
m n · . 

t 1 . -f' S(t,O) t . (r-l)S(t,O) 
(P ,P ) .. fdrSpiP e (P -<P > )e 

m n 0 . m n :.n , 
I. (16) 

ITpoH:aBoi:tcTBO · aHTponHH S 5o BTopoM nopH.tiKe no v MO>KHO aanHcaTh B 

BHJle 

• 0 ft' • • t 

S .. J dt' e (S(t, o)·;S (t+t ~t ')) 
"""" 

(17) 

YpaBHeHHH {8), ( 12), ( 15) H ( 17) c·o~nanaiOT c ypaBHeHHRMH 1 nony-
.. /57/ . . . ' ' . . 

'leHHblMH B 1 MeTOJlOM KB83HHHTerpanOB' )lBH>KeHHR, pa3BHTblM B paoo-
/1/ . ' . 

Tax onHoro H3 aBTopoB H ypaBHeHHRMH,, nony'leHHhiMH ITeneTMHHCKHM 
. /4/ . ·: 

H HueHKO a pa6oTe coocTBeHHhiM MeTonoM. 

3. ITpencT·aaneHHe · HCO a K8HOHH'IeCKOI'O 

EcnH B Ka'ieCTBe onepaTopa L(P,F(t)) B3HTh onepaTop aHTponHH CHC-, 

TeMhi S(t,O), 

10 



To HCO , aanHcaHHhifi B <jlopMe 

fV\NI f'I/'IV'/\ 0 £ t , 
paexplfn pel "'expi-S(t,O)I=-expl-tJdt 'e S(t +t ',t ').1 .. 

-oo 
0 £ t, 

= ~xp I - S ( t ; 0) + f dt' e S ( t +l ', t ')1, 
( 18) 

. -oo 

TaKme eCTb HHTerpan ypaBHeHHg nHyBHnnH llpH £~ 0 H COOTB9TCTByeT CXe

Me onHCaHHH Heo6paTHMhiX npoueccoB, pa3BHTofi B pa6oTax 
111

• HCO ( 18) 

M0)!(9T 6b!Tb nony'JeH- H3 ycnOBHH MaKCHMyMa HH¢JOpM8UHOHHOH 3HTpOllHH ', 
. . tt 

· npH coxpaHeHHH HopMHpOBKH Sp p "'l H nocTOHHCTBe cpellHHX <Pm•> anH 
. 171 . 

BCeX MOMeHTOB npownoro B HH'repBane - oo_:$t ~l 0 STa ¢lopMa sanHCH 

HBnHeTCH npHMbiM o6o6meHH9M KaHOHH'JeCKHX pacnpeaeneHHH fH66ca Ha He

paBHOBeCHbiH cnyqati, llOCKOnhKY onepaTOp 

( 19) 

npeacTaBnHeT co6ofi cyMMY. KBa3HHHBapHaHTHhiX qacTefi onepaTopoB Pm F m(t). 

B cnyqae, Koraa P F (t) HBnHIOTCH TO'JHbiMH HHTerpanaM~ ll~H)KeHHH, HCO 
_ m.m · · 

(18) nepeXOilHT B o6o6me'Hnoe KaHOHH'JeCKoe pacnpeaenenHe fH66ca. Boa-

HHKaeT BOllpOC 1 He HBnHeTCH .nH COKpameHHOe OllHC8HHe HepaBHOBeCHOrO 

npouecca c noMOlllhiD HCO ( 18 )- nonnocTbiO aKBHBaneHTHhiM ero onHcaHHIO 

c noMOlllhiO HCO (5)? K aToMy Bonpocy Mhi aaaeeMCH BepHyThCH B oaaofi 

H3 cneayiOlllHX cTaTetl:. 

11 



4. To"'Hhie HHTerpanhi ypaBHeHust iluyaunnst 

Ecnu cTaTnCTH'I.IecKufi orrepaTop p (t,O) 

nuyaunnst 

YJlOBneTBOpsteT ypaBHeHUIO 

T.e. 

rae 

ap(t,O) ·1 [ (tO) H ]=0, 
+- p. ·' --a-t- ih. 

dp(t,t),;o, 

dt 

·lH t 

p (t,t),e h p(t,O)e 

·-IHt - h 

TO OH COBII8Jl8eT CO CBOefi KB83HHHB8pH8HTHOfi "18CTblO 

f\)'V'VV1 0 ( t , ! 

p(t,0)=£fdt'e. p(t+t',t') _.,., 

rrpu n106oM t > 0 • 

'·, 
(20) ' 

. (20a) 

. (21) 

. nefiCTBHTen~H01 'HH;e.rpup~SI i(21) IIO 1.18CTSIM, 38IIUIIIeM STO ycnoaue 

B BHJle. 

~ 0 
p (t,O) .. p(t,O)- J dt'e H' dp(t+t', t ') 

-oo dt' 
(2la) 

unu 

f'VVV'v"\ 0 tt , 
p ( t, t) ""P (t, t)- f dt 'e 

d p ( t +t ~ ttt , ) 

_.,., dt' (216) 

CneaoaaienbHO, ecnu p (t, t) yaoaneTBOpsteT ypaBHeHHIO nuyaunnst (20a), 

TO 

12 

I 

"1 



.~··· 
p (t '0) = p (t' 0), 

·~ 

p ( t ' t ) = p ( t, t ) (22) 

ttTo H Tpe6oBanocb noKaaaTb. 

CnpaBennHBO H o6paTHoe yTBep)!{neHHe. Ecnn: ·p(t,O) ynoBneTBOp.HeT 

(22) I TO OH ynoBneTBOp.HeT I{ ypaBH9Hll!O nliyBn:nng, . 

•neiiCTBHTenbH01 .liS (22) C ytteTOM (216) cnenyeT, 'ITO 

0 lt, 

f dt' e -
dp (t+t ', t+t ') 

dt' 
=·0 

npn: ni06hiX 1i C • 8TO B03MO)!{H0 nn:IIIb npn: 

dp (t+t ', t+t' 
_,:~~:..:;.:...:,_,;..__ = 0, 

dt' 

T,e, ecnH p(t,O) ynoBneTBOp.HeT ypaBH9Hll!O. nn:yBn:nng, 

(23) 

(23a) 

~ 
OnepaTophi L(P,F(t)) H HCO (4). H (18) .HBn.HIOTC.H HHTel"'panaMH 

ypaBHeHn:ii nBn:)!{eHn:.H nn:IIIh B npenene npH t .... 0 • OnepauH.H (2) npencTaB

n.HeT co6oii HeKoTopoe BpeMeHHoe cl"'na)!{HBaHHe. Bhipa)!{eHif.H. L(P,F(t)) • Mo)!{

HO O)!{HnaTb nOSTOMY1 'ITO noBTOpHOe nplfM9H9Hif9 STOll onepaUifli JJ.aCT 6o

nee TOttHhie Bhipa)!{eHM.H · nn.H MHTel"'panoB nBH)!{eHH.H. rlpHMeHmr K on~paTopy 

L(P,F(t)) nocnenoBaTenbHO · n -pa3 onepaUHIO BS.HTIISI HHBapHaHTHOii ttaCTH, 

'ITO 0603HS'l89M lfHneKCOM n_ Han. BOnHHCTOll_ ttepTOll! nonyttaeM 

~ o ··o 
L .. tn f, ... fdt

1
; .. dtnL(P(t 1+ •• +t)F(t+t 1 + .. tn ))= _.., _.., 

• n k-l 0 0 

= L( P,F(t))- ~ c f •··J dt 
n=l . -oo -oo 1 

C(t +•• +t )' 
. 1 k 

••• d t e 
k 

n k n! o o 
;,. ~ (-1) 

k=O 
--- I ... I dt ••• dt 
k!(n-k)-!-oo -oo 1 k 
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I'Jle BhiiiOnHeHo HHTerpapoBaHHe no "'aCTSIM. PaccMOTpHM npeAen npa n ... oo 

Bb!pa)l{eHHSI (20): 
.: n 
""""" 0 0 E(t + •• +t ) 

fiin L ., fim t n f ••• f dt 
n -fOO n-.oo -oo -eo 

•••• dt e 
1 

n L(P(t + •• +tn )F(t+t
1
+•••+tn )), (25) 

n 1 

npeAnonaraSI cymecTBoBaHHe aroro npeAena. nerKo noKaaarh, ''ITO oneparo

phr (24) H (25) YAOBneTBOpSI!OT cneAyiO!IlHM COOTHOIIIeHHSIM: 
n· ..,..... 1 n 

d ~ aL 1 ~ ~ ..!!.. 7 
- L "' -a + -h [ L, H ] "'d L - L ) "'L. 
dt t i (26 )' 

d ..J!.. 
-r.- fim L "' 0 n 
Qt n_.oo · ~ 

TaKHM · o6paaoM, onepaTop fim L · SIBnSieTCSI TO"'HhiM HHBapaaaroM. 
n ..... oo • · 

3ro AaeT rioaMO)I{HOCTh nocrpoe.HHSI HCO, stBHBIIIerocSI TO"'HhiM HHTer-

. pan oM ypaBHeHHSI nayBannst • .[leiiCTBHTenhHO, nonarast 'L -=S(t,O)Ii L =exp(-S(t,O)); 
. ,. 

nony"'aeM, COOTBeTCTBeHHO 

n 
n 

-vvvv-. ~ 
p"' exp(- fim S(t,O)), p "'fim exp (-S(t,OH, (27) 

n ... oo n ... oo 

ap . 1 . . 
npatieM -a +- [p,HJ,o , r.e~ HCO (27) AeiicTBHTenhao yAoBneTBo-

t ih 

pSieT ypaBHeHHIO nayBHnnst npH liJ060M E 

B aaKnJO'IeHHe aaMeTHM, 'ITO HCO ( 4) noXO)I{. aa HCO, nonytiaeMhiH 
> /8/ 

no MeToAy Po6epTcoaa •. 0TnH"'He ·cocToHT B ToM, 'ITO B pa6oTax Po-

6epTCOHa HCTIOnh3YIOTCSI_Ha"l:anbHhle ycnOBHS! COBTI8AeHHSI CT8THCTH'I8CKOI'O 

. onepaTopa c KBaaHpaBHOBeCHhiM npa t-=0 ·, a Mhi .HcnonhayeM rpaHH"'Hhie 

ycnOBHSI raKHe )1{8 1 KaK H B ¢opManhHOH TeOpHH, CTOnKHOBeHHH fenMaHHa 
/9/ . . 

H fonA6eprepa • no~BHAHMOMy1 C 9THM CBSI3aHa llpOCTOTa H3naraeMOI'O 

MeTOAa;.' 
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