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OnHBM Ra ocaoBHhlX npaananoB CTSTRCTR~ecKoA MexaBRKR asnaeT~H nono~eBRe o TOM, 

~TO B CRCT9M90 CBH38HHOA C T9pMOCT8TOM0 ycTaHaBnRB89TCH CT8THCTH~9CK09 paBHOB8CR9. 

npR &TOM TepMOCTST I npencTasnaeTca KaK CHCTeMa c npaKTH~ecKH 6ecKoae~HhlM 

~acnoM cTeneaeA cso6oQhi, Torna KaK non accnenyeMoA CHCT9MOA s cnenyeT ROHRM8Tti 

QHHaMH~9CKYKl CHCT9My C <jJHKCHpOBaHHbiM KOH9~Hb!M ~HCnOM CT9R9HHOA CB060Qbl. CBH31o 

Me~y CRCTeMoA S H TepMoCTaTOM I ocymecTBnaeTca aanu~aeM aez:oToporo nocTa-

To~ao cna6oro BaaHMoneAcTBHH H si 

OnaaKo BBHny npaaananaanbHb!X TpynaocTeA HHTerpanaa MHKpocKona~eCKHX ypasaeaaA 

M9X8HHKH QnH QHH8MH~9CKOft CHCT9Mbl C H98QQHTHBHbiM raMHnbTOHHSHOM 

yK838HHblft npHHUHR TpyQHO npoannKlCTpHpOBSTb Q8lK9 K8KHM-HH6yQb RpOCTbiM RpHMepOMo 

nponeCC ycTSHOBn9HHH CT8THCTB~9CKOrO paBHOB9CHH BR9pBb19 6hln RpOHnnKlCTpHpOBSH 

BoronKl60BUM/ 11 6 6 = aa npuMepe, rne B Ka~ecTse CHcTeMhl S bin Bbl. paa Knaccu~eCKBA 

OCURnnHTOp. HcXOQH H3 ypaBH9HBA z:naCCH~9CKOfi M9XSHBKR 0 SBTOp aTOA pa6oThl noKaaan, 

~TO ·nnoTHOCTb B9pOHTHOCTH p S , RM9BW8H B H8'18nbHbiA MOM9HT Bp9M9HB 38QSHH09 3H8~9-

HH90 CTp9MHTCH K paBHOB9CHOMY 3H8~9HBKl BCn9QCTBH9 Manoro B38HMOQ9ACTBHH C 8HCSM6-

neM 6eCKOH9~HO 60nbWoro ~HCna T8KBX rapMOHH~9CKHX OCnHnnHTOpOBo 

3aM9THM0 ~TO H3B9CTH09 KBH9TB~9CK09 ypaBH9HH9 

I !!!!_ 
dt 

[H, U t] (1) 

onpenenaeT nawb o6paTBMYKl asonKlnHKl KBaHTosofi nnoTHOCTB u, . B oTnH~He oT aero 
/2/ 

BoronKl60BhlM 6blnH nony~e Hhl npu6nuJKeHHbie ypasaeaua ( BO BTOpoM nopanz:e no Teopuu 

B03Myin9HHH) 0 KOTOpb!9 ORHCbiB8IOT aeo6paTHMYIO 3BOniOUHIO M8TpHUbi nnoTHOCTR Ha OCHOBe 

o6paTHMbiX ypaBH9HHA M9X8HHKHo nocKonhKy peweaue STHX ypaBH9HHA B o6meM BRQe BBnB-

9TCH ~p93Bbi~8AHO CnOJKHhlM, HHTepeCHO BaATH peweaae HX H8 K8KOM-HH6yQb ~aCTHOM npH-
1 

Mepe. 

B naaaoA pa6oTe Mbi Bhi6panu B Ka~ecTBe TaKoro npuMepa Monenb c KBanpaTH~HbiM 

raMHnhTOHH8HOM0 KOTopaSI QORyCK89T TO~Hoe peweaae aTHX npH6nBJK9HHbiX ypaBH9HHA0 npeH-

Myin9CTBO &TOft MOQenH COCTOHT eme H B TOM0 ~TO OHa R03BOnHeT aaftTH p: 
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M8TOAaMH 6ea RCDOrrb30BaHRR yxaaaBBhlX npw6nR•8HHhlX ypaBaeaHA, 3TO noaBOnHT cyAHT~ 0 

CTeneaH TO~HOCTH &THX npH6nH*8HHhlX ypasseaHA o6mero BHA8o 

PaCCMOTpHM CBCTeMy ( 5 + I. ), DOnBhlA raMHnbTOHH8H ICOTOpOA HM88T BRA: 

H • H 
8 

+ HI + H8I. , 
(2) 

rAe H 
8 

H HI -cso6oABhl8 raMHrrbTOBBaahl S • I cTeneBH cooTBeTCBeHBO, H 8I. 

raMBnbTOaHaB saaHMoAeAcTBHII, xoTopoA npeAnonaraeTca ManhlM, 11cnonb3yeM MeTOA H. Bo

ron~6osa Ani! non~eHBH npH6nH~eaaoro ypasaeaBH, OVBChlBaiDmero BaMeaeaHe onepaTopa 

nnoTHOCTR p; , BCXOAII H3 aa~anbahlX ycnoBBA 6ea npeABapBTenbaoro Bhl~Bc~eBHH onepa

TOpa xsaaToBoA nnoTHOCTH U • see A cacTeMhl ( S + I ) • BseAeM TaJCoe onpeAeneHHe one-

• 
paTOpa nnoTHOCTH p, • 

s 
Pt - ~ u,· . 

(};) 

npeADOnaraeTCH, ~TO HCCnenyeM8H llHH8MH~eCK8R CHCTeMa 

(3) 

s B ll8HRblft MOMeHT BpeMeBH 

MO*eT B8XOilHTbCH B pRAe B03MO*HbiX COCTORBBA DO onpeAeneHHOMy BepORTHOCTHOMY 381COBy. 

npeADOilO*HM, 'ITO B B8'18rrbHhlA MOMeBT speMeBH, ICOTOphlft ycnOBHMCR C~HT8Tb C • 0, 

B peayllbTaTe coOTBeTCTBy~m•x aaMepesaA saAAeBo, 'ITO TepMocTaT I aaxoAHTCH B coc

T051BHII CT8THCTH'leCJCOrO paBHOBeCHH C nnOTBOCTb~ BepoRTHOCTH rH66COBCJCOrO K8HOHH'leCJCO-

ro aacaM611R, a COCTOHHRe MaiioA CHCTeMbl S 

BpeMeHH onep8TOp nnoTHOCTH HMeeT BBil: 

TO'IHO <jlsJCcaposaao. B aaqanbHbiA MoMeHT 

BoabMeM Sp 
<I> 

0 0 
Uo • ps 'PI. 

0 
PI. • It e 

0 

HI 
--r 

Sp p., • 1 • 
<I> "' 

OT Bbipa*eHBR ( 1) B, Hcnonb3yH ( 2-3), nony'IHM 

dp
8
(t) 

i-d- • Sp[(H8 +HI,+ H 8I.) ;Ut1 
1 ci> 

(4) 

(5) 

(6) 

(7) 

Sp [ H 
8 

, u, 1 • [ B 8 • p: 1 , 
<I> 

Sp [HI , Ut 1• 0 

<I> 

( scneACTBH8 nepecTaHOBO'IHOCTH HI noll asaJCOM Sp ) • Tor11a nony'IHM 
<I> 

BseAeM o6oasa'!eHHH: 

dp 8 8 1 
1 __ t - • [ H , p 1 + Sp [ H si., Ut • 

dt 8 
• c I> 

Sp ( H si ' p I) • H 8I ' 
ci> 

8 8I-Hsi• r' 

• 
H 8 + 8si • 8 s 

Tor11a (8) nepenBWeTcH: 

1.8 
Pt • 8 

l""dt" • [H
8 

1 p t 1 + Sp [r , u, 1 • 
<I> 

noA'!epltHB88M, 'ITO Mbl p8CCM8TpHB8eM TOnbKO Manhle B036Y*i19BHR, DOS 

npB6nH*eBH0 MO*HD C'IHT8Tb 

u. - p~ "I + u; 

rAe u; -Manas senH'IHHa, onpenenaiDmas aanaqile CBB3H Me*l!y s -

noAcTaBilBB (IS) B ( 12), nony'IBM: 

I • • - • 
I --- -- --~ -- ----- -



yttaaaBBbiX npB611HlK8BBblX ypaBR8BRII. 3TO no3BOIIBT CY.IlBTh 0 

), nOIIBblll raMBIIbTORHaR EOTOpOII HM88T BB,Il: 

H • H s + HI + Hai • 
(2) 

raMBIIbTORBaBbl S • I cTeneax cooTBeTCBeaao, H8I 

I!CTBHSI, ttoTopoll npe.nnonaraeTCSI ManblM. Hcno1Ih3y&M M&TO.Il H. Bo

npa6naJKeasoro ypaaaeaasr, OIIHCbiBaiOmero BaMeaease onepaTopa 

aa saqanbHbiX ycnosall 6ea npe.nBapsTenbRoro BblqBc~esasr onepa

u, Bcell cacTeMbi ( S + I ). BBe.neM Tattoe onpe.nenease one-

8 
P, - ~ u, 

(:l;) 

accne.llyeMBSI ,llHBBMHqeCKBSI CHCT8M8 

(3) 

s B ,ll8BRbii! MOM8HT BpeMeBR . 

B03MOlKBbiX COCTOSIHHII no onpe.neneHHOMY BepOSITBOCTHOMy 3aKOBy. 

B aaqanbBbiii MOM8BT Bp8M8BB 1 ltOTOpbiii ycnOBHMCSI cqHTSTb I • 0, 

aaMepeasll sall.neao, qTo TepMOCTaT I saxo.llHTCR a coc

paaaoaecssr c nnoTBOCTbiO aepoRTBOCTB rs66coacttoro ttaaoRBqectto-

Maiiol! CHCT8Mbl S Toqao ljlsttcapoaaso. B aaqanbHbiii MoMea'r 

BM88T BB,Il: 

0 0 
0 o - p B • PI 

0 
PI • It e 

0 

HI 
--r 

Sp p.., • 1 • 
<Il "" 

BbipaJKeaasr ( 1) s, acnonb3yR ( 2-3), nonyqsM 

dp8 (1) 

i-d- • Sp[(H8 +HI+H 8I);U,] 
1 ci> 

4 .. 

(4) 

(5) 

(6) 

(7) 

Sp [ H 
8 

, u, ]. [ H 8 • p: ] , 
<I> 

Sp [HI , u, ]• 0 

<Il 

( acne.ncTBBe nepecTaaoaoqaocTB HI no.n aaattOM Sp ) • Tor.na nonyqaM: 
<I> 

Bae.neM o~oaaaqeaxa: 

d 
8 

8 I~ •(H ,p ]+Sp(Hsi•Ut]. 
d1 

8 
' c I> 

Sp ( H si • p I) • H si • 
ci> 

Hsi- Hsi• r ' 

• 
HB + Hsi • Hs 

Tor.na (8) nepensweTca: 

d 8 
P, • 8 

ldt" • (H8 I P, ] + Sp (r , u, ] 
ci> 

(7) 

(8) 

(9) 

(10) 

( 11) 

(12) 

no.nqepEBB88M1 qTO Mbl paCCMaTpBB88M TOIIbKO Mallbl8 B036yJK,Il8HBSif nOSTOMy npB I ""Q 
npB611BlK8BHO MOJKBO cqBTBTb 

u, • p~ pi + u; ( 18) 

r.ne u; -Manas aenaqaaa, onpe.nenaiOmasr aanaqae casras MeJK.ny S - B I -cscTeMaMB. 

no.ncTaBnHH ( 18) B ( 12) 1 nonyqBM: 

~~ 
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I 

Talt Jt&Jt, ecn• 

dp (I) • 
1+ - [H 8 • P, 1 + Sp [r. u;1 , 

<I> 

DpRBBTb BO BBBM8HB6 (9) B (10), 

sp < P ... n - sp 1 P ... < s ... - s ... >1- if ... - ii ... - o . 
<Il ~ <Il ~ 8~ 8~ 8M 8~ 

(14) 

( 16) 

3alb&eMCII Tenepb H8XOJK.Il6HR6M BenR'IBHbl u; • JlnH STOI'O IIpOt~B<jlqlepeHDBpyeM ypaB

H9BB9 (18) IIO Bp9M9HB B IIO):ICT8BBM B IIOnyqeHH09 Bhlp8~9HB6 yp8BH9HBH (1) B (8): 

dp dU; 
[H; u, 1• iT, pi+ i~ · 

PI He 38BRCBT OT • T8lt lt81t CBCT9M8 I B nocne B38HMO):I9ftCTBHH OCT86TCH 

B COCTOBHBB CT8TBCTB'I6Cit0I'O p8BHOB9CBII, T,e, Mbl npeaeoperaeM BnBIIHBeM CRCT6Mhl S 

BB T9pMOCTaT: 

du; 
~~ 

p~(t) • PI (0) •. 

• 8 
[H

8 
+HI 1 u,] + [H8I1u, 1-[H 8 .p, ]pi 

• • 8 
-Sp[r,JJ,1p,..•[H +H,..IU 1+[r;u,]-[H IP ]p,.. 
<I> "' 8 ~ ' 8 , "' 

(16) 

Ypanaea&e ( 16) uo~ao pemaT& upHona~eHHO, npeaet5peraH qneaaMH, conep~aWH"1H B cet5e 

npOR3B6li6HBH liBYX MBnblX B61111'1HH r II U' ' . Torna, yqHTbtBaH ( 18), nony<~HM: 

dU, [H ;U']+[rlp,pi] 1T ~ o ' 
( 17) 

• a • s 
[ s 8 + s I ' P' P I 1 - sp r r, P s PI 1 PI- [ s s I P' 1 PI -

• 8 • 8 8 
-[H

8 
;p, pi1-[H8 ;p,]pi+[HI'P, pi].o, 

• 
3necb H 0 • H 8 + H I 08) 

6 

• 

Peweaae ypaaaeHBII (17) c y<~eToM aaqan&aoro ycnoBIIII 

(I) 
U0 • o 

IIM66T· BBJ:I: 

(I) , -la0ct-r> ts0ct-r> 
u, • -ife [r; P, pi]e dr 

0 

not~CTB~nllll ( 20) B ( 14) II p8Citpb!B8H KB8BTOBbl6 CltOOKR, IIOny'IHM OKOH'ISTE 

8 
ypaaaeaae nna p, 

o • .I 
dpt H8 p,- P, H8 t -la0(t-" IH0 (t-'t) 
-d- • - Sp [r 1 f e [r; p p,..] e 1 . 

t i ci> o , "' . j 

• • H8p,-p,Hs t -11\)('-" IHoCt-r 
i - jl Sp [r; e (r p p,.. -p p,.. rl e 

<I> ' ... ' ... 

dp, s;p, - P, s; 
~= 

• • t -IR8 (t-r) IH8 (t- r) 

-flfu>r.r<t-r)piie pre dr+ 
0 ( l;) 

• • • • t -IR 8(t -r) IH8 (t-r) t -IH s<t-r) IR 8 (t· 

+fSplre p, e " pir<t-rlldr+ f~ lr<t-rlp,..e p,• 
o<I> o cl;> "' . . 

t -R
8
(t-r) IR

8
(t-r) 

-f. p • 
0 , 

3necb aaeneao ot5oaaa<~esae 

1 sp rr<t-rlrp I ld~. 
ci> 

-IR0(t-r) IRo (t- r) 

- • r. r<t- r) 

• 
Yp8BB9HHe ( 21) MOJKHO 381IHC8Tb B M8TpH'IHOft ljlopMe, B KOTOpoft H8 liH' 

7 
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dp (t) • +- [H 8 • P,l + Sp[r,u;J. 
<I> 

BO BHHM8HH8 (9) H ( 10), 

r> - Sp I p.., ( H .., - H .., ) 1- if .., - i' ..,- 0 . 
(I.l ... 8.-. 8.., 8.., 8.., 

(14) 

(15) 

HaxoJKil&HBeM aenH'IHHhi u; • Jl.ns aToro nponH<MlepellllHpyeM ypas

B noncTaBHM B nony'leHHoe BbipalK&HHe ypaBH&HBK (I) H ( 8): 

dU' dp, . • 
[H; u, ]• ldl 'PI+ 1dt 

, TaK KaK OHCTeMa I B nocne B38BMoneACTBHK OCTaeTCK 

p8BHOB8CHK, T,e, Mbl npeH&flpera&M BnBHHB8M CHCT8Mbl S 

p~(t) • PI (0),. 

• 8 
+HI 1 u, J + [H8I.;u,J-[H 8 .p, ]pi 

• • 8 
PI• [H

8 
+HI ;U, ]+ [r; u, ]-[8

8 
;p, ]pi 

(16) 

npa5nHJKenno, npene5peras 'lnenaMH, conepJKalllHI';IR B ce5e 

r R u; . Torna, Y'IHTbiB8H (13), nony'IHM: 

dU, [B . U']+[r;p, pi] ldt = 0 •• ( 17) 

8 • 8 
HI; P, PI]-Sp[r;pspi]pi-[Bs;p,]pi• 

8 • 8 8 
;p, pi]-[Bs;p,]pi+[BI;pt pi]•O • 

( 18) 

6 

• 

Pemenxe ypasHeBBK (17) c yqeToM Ba'lan&soro ycnoBBK 

(I) u0 • o (19) 

HM88T· BHil! 

(I) t -IB0(t-r) IRo(t-r) 

u - -ife rr. p p..,]. dr 
t 0 t ... 

(20) 

fiOACTa~nHH ( 20) B ( 14) B p8CKpbiB8H KB8HT0Bbl8 CK06KH, nony'IHM OKOH'I&Ten&BO cnenyiOI!l88 
8 

ypasneaae Ana P, 

dp, 
dt-

. . 
B 8 p, - P, 88 t -IR (t-t) IR

0
<t-r> 

-Sp[r;fe 
0 

[r;p,pi)e drl• 
ci> 0 

• • B8 p, -p,B 8 t -ll~(t-t) IR0 (t-r) 

1 -l':l,rr,. <rP,PI-P,Pirl• dr]l 1 

dp, n;p, - Pt n; 
- ~= 

. . 
t -IR8 (t-r) IR

8
(t- r) 

-fl~r.r<t-rlpiie Pr• dr+ 
0 (2) (21) 

• • • • t -IR8(t-r) IR8 (t-r) t -IR~t-r) IR
8 

(t-t) 

+fSplre P,• p..,r<t-rlldr+f~lr(t-r)p e P,• rldr-
o<I.> "' o <~ I . . 

t -R
8
(t-r> IR

8
(t-r) 

-f• P,• lsp[r<t-rlrpiid~. 
o <I> 

3nec& aseneao o5oaHa<~eHRe 

r<t- r) 
-IR0(t-r) IRo (t- r) 

- e re 

• 
YpaBH8HHe ( 21) MOJKHO 38fiRC8Tb B MaTpH'IHOA ljlopMe, B KOTOpoA H

8 
llR8rQH8nbHO, 
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• 

dpt (a,a'l 

dl 

H~ (a) -H~(a') Pt (a,a')-
1 

t -lBe ( ... 
0 

- I fS 1 s a >• ra 8 ca'i• 
ca", a "1 ocf> ra'l{" ~·a- ( •I PI I • P, (a"', a'l e 

dr + 

+ I 
ca", a"1 

t -lH;ca'1a ta•ca~">• 
f Sp lraa" e· p (a"a"')e 

8 p~ r, ,(olldr+ 
o ci> r ~ a .a 

+ I 
ca"',a '"> 

t f Sp I r ( ) -IH: (a-~. 
o ci> aa " • P I • 

lR • cca"'>• 
< " "'> 8 r ld p, a ,a e a"',a' r-

t -tn;ca>• IH:ca">a 
Sp I r " ,;,(z) r "' ' p ~ I d, • - I f Sp • p (a,a")e 

(a".a''l 0 ci> , 
a a a ,a .,. 

ci> 

H:(a)-H;(a') 
p,(a,a')-

t 
-tla: ca"1-a; ca'>l• 

-I f Sp lr 
ca".a•) 0 aa. 

ra"a"' (z)pi l·p, (a"',a'l·. dr + 

I 

+ ~ f. fu> lr np~r"' ,(z)lp (a",a"h 
(a ',a'1 o (};) aa ~ a ,a r 

I • ·• • ,. I -1 H 
8
ca ,-a8 ca , • 

dr + 

I 

. . 
-tla

8
ca">- a

8
ca"11• 

+I r ~ 1r ,(slp ~r ,, , lp (a",a"'• 
ca",a'"'> "o <~> aa ""' a. , a r 

dr-

I 

- I f 
(a ",a"~ o 

SpIra"-<·> r ,. I -tla:ca>-H"ca'11· 
ci> a a .a' P I P, (a,a''l e 

8 
dr . 

8 

. I 

fioTpe!SyeM T8118ph, 'ITOt5bl B &TOM ypaBH81111B cjlyHXIlBB BBA8 

R " " "' (I) • Sp I r "(I) r " "'p I I ~ 0 
aa a a ci> aa a a 

CTp8MBnBCh X ayn~ IlpB • • (t-rl ~-. TorAa B BblpaJK&IIIIliX TBIIa 

t.A.Ca"'a1 • 

[ R CUI" a'&"' (z) p, (CI '", a ') e dr 

lllllKliBit Dp8A8n MOlKliO OTH8CTB aa (- oo) I ( 1- r ) • I I d r • -do 

(r ~ -oo) DpB . ~ .. 
•• 0 npB r • I 

KpoMe Taro, nepexoAH OT nepeMeaaolt HKTerpHposaaaa 
! 

dr K dz , nob:l 

t I.A.(Cl "G ,. ) • 
f Raa'a•a'"(zlp, (a"',a'le dr 

lA I 
•-JR , ,,,(z)p. e 

00 cza a a ·-• 

IACa"'a'>• 

• /R , , ,,C.) p e dz. 
0 aa a a t-• 

OneaHM nonyqeauoe Bbipa)f{eaae npH aepxaeu a HB)f{HeM npeAene. fipH 

'A<a"a~. 
• c 1. fipH z .. oo '!.a·a•a.£•>~, noaTOMY npa aToM npe11ene nc 

cPYHXIlH~ MO)f{HO BHAOH3M8HHTh KaKHM yroAHO ot5pa30M, a HM8HKO: 3A8C 

nO)f{HTh e lACa"~a~a • 1 , 
a P1- • 3aM8HHTh Ha PI • TaKHM ot5pa3 

)f{8HHH ( 22) Bblpa)f{eHHH THDa ( 23) MO)f{HO 3aM81IHTb Bblpa)f{8HRHMH TBna 

" 
f R acz" a,, ( •) p t (a'", a') d1 • 

HTaK, ypasaeaae B MaTpH'lHOit cjlopMe nepenaweTca cneAyiDWHM ot5pa3oM: 

dp
1 

(aa') 
__ d_t_ 

. ') 
8° (a)- 8 s (a p (a,a')-

s 1 

-I f Sp lr ,r,- <•>piidz • p (a"',a')-
ca",a'"'> 0 ( I> aa a a I 

I 
ca'~a'"> 

f Sp I r " "' ( •> r "' ' p I dz p (aa''l + 
ci> a a a a I 1 

9 
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t 

dp
1 

(a ,a') 

dt 

H~ (a)- H~(a') Pt (a,a')-
1 

. - . , 
-tR8 (a )8 ,, , tH 8 (a )• 

Pr (a ,a l • fs.R I r ,_,, r w _ < z l p,.. I • 
O(l;) a " a a * 

dr + 

t -tH:ca'~• tB.(a"''>-

f Sp I r , • p (a" a"') • 
8 

pi r , , <•lldr + 
o ci> u r a ,a 

t 
• IR (a"')o f Sp I r ( ) -rs;ca·~. 

o <I> u" z p I e 
< " "'l 

8 r ld P, a ,a e a'".a' r-

-tH; (G)• lH: (a"")s 

Sp e p, (a, a") e 

<I> 

• 
-H

8
(a') 

Pr (a, a')-

Sp 1r., ,(zlr, , p,.. ldr. 
,.. a a a ,a * 

(..:,) 

I • "• • , I -tR
8

(a J-R
8
(a)o 

Sp lraa' ra"a"' (z)pi I·P, (a"',a'l·. dr + 

~ lr np r (zllp (a",a"1e 
· (l;) aa I a "',a' r 

I • .• • "•I -t s
8
ca ,-s8 ca , • 

dr + 

• • 
-tls 8 ca">-s8 ca"~l• 

~ lraa.,(•lp ,..r ,, , lp (a",a"1e 
<l:> ..:. a, , a r 

dr-

-rls" <a>-R
0 
ca'~ I• 

8 s 
Splr .. _(zlr.w .p,..lp (a,a''l• dr. ,.. a a a .a ..:. r 

(.<,) 

8 

• 

noTpa6yaM T811ep&, 'IT06bi B &TOM ypaBII811KB cpyiiK!lBB BBA& 

R " " "' (s) • Sp I r "(z) r " "' p I I .. 0 
aa 11 a <I> u a a 

CTp&MBnBe& X ayn~ llpll ••(t-r) ..... Tor,~:~a B Bb!paJKeDax TBI!a 

IA(II"'II~ • 

f R ., ,,(z)p (a"',a')e 
0 u a a r dr 

IIKlKBBA 11p8A811 MOlKBO OTBeCTB 118 (- eo) 1 ( t- r) • z ; d r • -dz 

(r .. -• l llpB ..... 
z • 0 llpB , • t 

KpoMe Toro, 118p8XOAH OT 118p8M8HBOit HHTerpHpoBaBRH dr X dz 
0 

IIOIIY'IHM: 

t l.A.(CI "Cz ,, ) • 
f Raa'G .. a'"(z)p, (a"',a1e dr 

o lA(a"Cz ~ .. 

•- f Raa"a"a'" (z)p•-• e 

oo tACa"'a'>• 
• /B , , ,,C.) p e dz. 

0 u a 11 •-• 

{22) 

(28) 

dz = 

OneBHM IIOIIY'18RROe Bblp8)[(8RH8 npB BepXReM II RRlKBeM npe,~:~ene. npa • .. 0 SXCIIOH8BT8 
rAca"ah 

• s I. npa • .. .. ~wa•a..L•l..O' 1109TOMY npB &TOM npe,~:~ene IIOAHRTerpan&RyiO 

cpy!IK!lHIO MOlKBO 'BIIAOR3M8HHT& XBXHM yroARO o6p830M0 a HM8RRO: 3.[18Cio Mbl MO)[(QM 110-
e lA(a"~a~ • • 1 , 

IIO)[(RT& a P,_ • 38MBHHT& Ba P, • TaxHM o6paaoM, npa npe,~:~nono-

)[(BRHH { 22) Bb!p8)[(8JIRH TilliS { 23) MOlKBO 38M8BHT& Bblp8)[(9RHHMH TilliS .. 
f R , , (z)p (a"',a')dz. 
0 u a t 

HTaK, ypaaaeaRe B MaTpH'IHoA cpopMe nepenuweTcH cneAYIOWRM o6paaoM: 

dp
1 

(aa'l 
--d,-

H" (a)- H" (a') 
8 8 

p (a,a'l-
t 

-I f Sp lr .. r .. - (zlp,..ldz • p (a"',a'l-
ca",a->o <I> aa a a * t 

I 
(a",a'"> 

f Sp I r " "' ( •l r "' ' p I dz p (aa") + 
0 <I> a a a a I t 

9 
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+ "I., f Sp I r ,pI. r"'' (I) Ida. P, (a",ll"') + 
(II ,a > ·o ci.> 1111 11 11 

(25) 

+I. J..SP lr ,(s)pi.r11, 11
, ldsp,(ll",a"'), 

<11",11"~ o ci.> 
1111 

8 p93YII&T8T9 MW nony~KIIK ypaBB9BKa (25) AIIR B8XOMnaBKR MaTpBDW DIIOTBOCTK BapoRT-

BOCTB p M81IOII CHCTaMW 5 , B38KMOA81lCTBYJOIIlall C T9pMOCT8TOM, 3TO ypaBB9BK9 B 

onapaTOpsoll $opMa 3anKrnaTcK Ta~: 

s 
dp, 

dt 

• Rapt P, H~ 
- f Sp lrr<slp I. I do • P,-

0 ci.> 

.. .. 
- P, f ~ lr<zJrpi.Idz +j ~ lrp, pi. r<sllds +J Sp lr<slpi. p r I do. 

oc:I> c:I> • o ' 

(26) 

2. PernaKK9 non~essoro ypasaaBKK B c6maM BKn8 ~p93BN:allso CIIOlKBO, noeToMy no

npo6yaM parnKTh 9TO ypaBB9BHa ll.IIK npOCTOII MOA9nK C ~B8Ap8TH~BWM raMIUIOTOBK8BOM, 

nyCTh M81I8SI CHCTaMa 5 npencT8BIIKaT co6oll $apMB-OCDRIIIIKTOp C raMKIIhTORB8HOM 

8 CHCT9M8 

H •(&)a+a, 
s 

I. -aa6op 6ac~oaa~BO 60nhWOro ~BCII8 $epMB-oCDBIIIIKTOpDB 

HI. • I. Col(k)a: alt. 
k 

raMBIIhTOHB8H B38BMO)laliCTBBK 

+ + 
U si. • f f U ( r) I • 1/1 ( r) + 1/1 ( r) a I dr , 

(2.1) 

(2,2) 

rna U(12) -aa~oTopaK nallcTBKT&nDHaK asanaTH~ec~a• $y~nBK, ~oTopaK o6ecne~aBaeT 

CXOARMOCTh; f -BenB'IRB8 uanoro nopKJlKa; 

1/J(r) • ~I. a k e 
..;v t 

.... 
l(k ,r) 

.... 
l k r .. I 

JU(r)e dr •A(!kl); 

+ + 
Hsi. • -= I. I A k ( aa k +a k • ) I • ..;v t 

( 2.3} 

3nach 
V - 06'b9M BCall CHCT9Mbl

0 
~OTOpbiii B p8CCM8TpHB89MOM CIIY'I89 C'IRT89M 6ec~O-

aa'IHO 60nhWHM, 
It -KB83RJlRCKp9THbiii cnaKTp, KOTOphlll B np9Jl91I8 V .. oo nep8X0Jl~T B 

aenpepbiBHbiii. 

10 • 

1\· 
•'' 

noxa•eM, 'ITO DpB T8XHX OtilllKX AODylll&HRHX R npH AOCT8TO'ISO JlnRT&m 

B38RMOJl8liCTBKS B CRCTaMa 6ynaT ycTaB8BnKB8ThCH CT8TRCTH'IaC~Oe paBBOBa 

TYPOll T&pMocTaTa T , np• nocTaTO'IHO wanoM • • Huasao, xoTs aa'!an&. 

CRCTaMbl S TO'IBO R3B8CTB00 BO BcnanCTBHa B3aRMOAaliCTBHK C I. nep 

T9pK3YJOIIlKa AHH8MR'IaCXOa COCTOHHR8 8 -cRCT9Mhl B MOMaBT t '1- 0, 6yJ 

~allBNMR BanK.XB8MB, 38KOB pacnpananaBBH ~OTOPbiX MOlKBO npaJlCT8BRT& C 
.. + 

TOporo rB66coBCxoro ascaM6ns c nnoTsocT&JO P, • p ( t, a(t) , • (t)) 0~831 

DpR AOCT8TO'IBO M81IOM f 9T8 DnOTBOCTh pacnpananeBBR B8 AOCT8TO~HO 1J 
s 

Tepsana Bpewas• annpoxcHMKpyeTcK $ysxnaall p 0 • Po ( t, H 
8 

(0)) , KOTO~ 

~aua t npatin••aaTcH x rK66cosol $ynn•• xasosa~ac~oro pacnpananesa 

CRCT8Mb! S • 

PaccMOTpBM T&nap& ypassasxe (1-28} • npoR3Banau B saM saKOTOpbi< 

nerKO DOK838Tio, ~TO 

T8K 1[811: 

H8:t ~r, ( H8I.pi.) 

5p •t p • 0 
ci.> I. 

• 

+ + 
Sp I A k ( .. k + • k • ) pI. - 0 ' 

..; v ci.> 

5 + 
ci':atpi.•O. Torna 

f "" + + r - Hsi.- -=- I. A ( '"" lla k • + • • I . ..; v (k) k 

Bb!~HCIIRM r(s) • e-IHoa reiHo• 

P831IOlKBM esp 

nony~HM 

-I(Qia +a + I. (I).; •t> -l((l)a +a +I. 
k + + t'j 

• -=- e ..;v 
" 

I. A (It') Ia k 'a + ••\ ,I e 

(k') 

B pKA, TOrJla, BCDOIIh3YH KOMMyT8DHOBBbl9 COOTBOWaHRR J 

+ 
[ak 8 t' 1+ • 8tt'' 

[a; a:' 1 • [a k a k ' 1 + • 0 , 

I(QI k -(l))a + -I(Qik -(1) )a 

r (z) • ...- I. A(jkiJlak a+ e + ••t e • 

v v It I 

nnK Bbl~HCIIaHHK BaiiH~HH, CTOKIIlHX DOll HHTerp81I8MH B ypaBH9HHB ( 1-26), I 

COOTHOWaHHHMR 

11 
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+ , I,_ f Sp I r ,p ... r"', (al Ida· p, !a",a'"l + 
(a 'a l o <Il aa "" " a 

(25) 
+I f.SP lr ,(a)pira"'a' ldap1 (a",a'"). 
<a", a"~ o "<Il aa 

nonyqana ypasaeaae (25) ~na aaxo~eHBa NaTpBrrH nnoTHOCTB sepoaT-

s , B38BM0~8IICTB:YJOIII811 C TepMOCTaTOMo 3To ypaBH8HBe B 

9 38ITHlli9TCH T8X: 

H • H 0 

8 P, - P, s 

.. 
-f Sp lrr<alpiida•p,-

0 <I> 

lr(z) r pI ldz +I (8.J) lrp, PI r<z>lda +/ Sp I r!a) PIp' rIds. 

(26) 

nonyqeaaoro ypaBH9HBH B c6meM BII.Qe qpe3Bbrqallao cnOlKHO, nosTOMY no

TO ypaBH9HB8 ~nH llpOCTOII MO~enB C KBa~paTBqHHM raMIInOTOHBaHOM, 

H CHCTeMa S npe~cTaBnHeT co6oll ~epMH-ocnannHTop c raMBnbTOHHaBoM 

B • cu a+ a 
8 

(2.1) 

aa6op 6ecxoaeqao 6onbmoro qacna ~pMB-ocnannHTopoB 

HI • I r.~(kla: ak.. 
k 

(2.2) 

HMO~eiiCTBHH 

+ + 
U 

8
I • • f U ( r) I a t/1 ( r) + t/1 ( r)a I dr , 

OTOp8H rreiiCTBBT8nbH8H aaanHTHqecKaB ~yHKrrHH0 KOTOpaH 06ecneqHBa8T 

-senaqaaa Manoro nopHnKa; 

..;v 
I a k e 
k 

-+-+ l(k ,r) .. -+ 
t k r ~ l 

/U(r)e dr • A(lkl); 

+ + 
H si • -=- I I A k ( aa k + a k a ) I , ..;v t 

(2.3) 

Beall CHCT9Mbl 0 KOTOpb!ll B paCCM8TpBBa9MOM cnyqae cqHTaeM 6eCKO-

k -KB83HllHCKp9THbiii CneKTp, KOTOpbiii B npenene V -+ 00 nepexonHT B 

10 

,;: 

i~i 
lY1J.~ 

:;;,.,.. 

I 

noxa~eM0 qTo rrpB TaKBX 06IIIBX ~0ITYIII8BBBX H npH ~OCT8TOqao ~nBT8nbHOM Bp8M8BB 

B38BNOA8IICTBHB B CBCT8Me 6y~eT ycT8B8BnBBaTbCH CTaTBCTaqecxoe p8BHOB8CH8 C TGMnepa

T;ypoll TepMOCTaTa T , llpB ~OCTaTOqao ManoN l • HMeaao, XOTSI aaqanbaoe COCTOSIHHe 

CHCTeNhr S TOqao B3B8CTB00 HO Bcne~CTBB8 B38BNO~eiiCTBHB C I nepeNeaabre, xapax-

T8pB3YIOIIIB8 ~HBBMaqecxoe COCTOHBBe S -<:HCT9Mbl B MOMGBT " 0, 6yAYT y~e cny-

q&IIBbiMB BGnBqgaaMB, 38KOB pacnpe~en&BBH ltOTOpt;IX MOlKHO llperrcTSBBTb C IIOMIIIbiO B8KO• 

• + 
TOporo r•66coscxoro aacaN6nll c nnoTaocTbro p1 • p ( t, a(t) , • (t)) OxaabiBaeTcsr, qTo 

rrpB AOCTBTOqao ManoN l STS MOTBOCTb pacnpeneneBBH HS ~OCT&Toqao ~nBTenbHOM BB-

8 
TepBane BpeN8BB BllrrpoKCBMBpyeTCH ~yHKnaell p O • P.o ( t, H S (0)) , KOTOpaH llpB ysenB-

qeaBB t npa6naJKaeTca x ra66cosot ~yHKnaB xaaosuqecxoro pacnpeAeneHBll e --J-" AnB 

CHCT8Mbl S • 

PaccNoTpBN orenepb ypasaeaue ( 1-28) B npouase~:~eN B aeM aexoTopbre ynpomeausr, 

nerxo IIOK838Tb, qTQ 

Hst ~~ ( HsiPI) 
+ + 

Sp I A k ( a a k + a k a ) p,.. • 0 , 
..;v <I> * 

(2.4) 

TSK K8.Jt s + <!, 8 t PI • 0 • Tor~:~a Sp •t p • 0 
<I> I 

B 

f ...:: + + 
r- H .... -=- I A<"·lllat• + aa I. 

~M y V (k) k 

(2.5) 

BbiqucnaM r(s) • e-IHoa reiHo• 

-I(()) a+ a + I (&I a~ ak) 
k 

+ + 
-t(cua a +I C&> •k" • k" + k'' 

A(k'llak,a + aa:,l e 

PaanolKHM esp 

nonyqBM 

•-==-e I 
..;v <t'> 

), 

B pHA, TOI'~a, BCIIOnb3yH KOMMyTarrBOBHbl8 COOTHOID8HBH ~nll <j>epMHOHOB 

+ 
[ak ak, ]+ • 8tt'' 

[ata:,] •[akak,]+•O, 

+ l(r.>k-r.>)a 
r!sl •-=- I A<iklll•t a e 

..; v lkl 

+ -l(r.>k -r.>l• 
+ aa k e (2.6) 

nnsr Bbiqacne&Bll BenHqHH, CTOHDIBX 110~ HHTerpanaMH B ypaBH9HHH ( 1-26), BOCIIOnbayeMCH 

COOTHOID9HBHMB 
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' J1TaK: 

Sp a k a k ' pI • 0 , Sp a k ak' p • 0 , 
ci> ci> I 

+ -
Sp aka k ,PI • Bkk' • n k 

ci> 

Sp ak ak' PI • ukk,• (1-";;k)' 

ci> 

+ + 

D k •. 

Sp akpiak • Sp piak ak •nk' 
ci> ci> 

<»& 
-y 

--T e + 

1- D".- -cuk/8 • 
a 1 + e 

+ + -
Sp a k p I a k • Sp p I a k a k • 1 - n k, 

ci> ci> 

sp 1 r r < • > PI I 
ci> 

Sp lr<zlfpi I 
ci> 

f ~ ~ +
- I A <!kill aa Dk 
v (k) 

l(t»k-cu)z + -l(t»k"(U)z 
+a a(l- ;;-k )e I 

f~ ~ + _ l(t»k-<»l• +- -l(t»k-cu)a 

- I A (I kIll a a (1- n ) e + a a n e I , 
v (k) k k 

8 f~ ~ + 8 - -l(ll>k-<»l• 8 + - l(t»k_,. 
Splfp p f(t)l • -v I A <1~<1lla p anke +ap a U-nk)e 
<I> t I < kl t r 

(2.7) 

l ~ ~ + 8 - l(<»k-<»)a + - -l(t»k-cu)a 
Splf<z)p

8
(t)pir I• -V I A <l~<lll• p an,ke +ap 8 (t)o (1-nk)e 1. 

ci> Ckl t · 

BaeneM HOBbie o6oaHa'leHHSI H nepellneM K aenpepbiBHOMY cneKTpy: 

1 ~ 

t(cuk -<»>• 
1 ~ 

l(<»k-<»l• 

F(z) • VI A <l~<lle a-:-:-r J A (lklle dk. 

(k) (217) (2.8) 

1 ~ 
l(<»k-<»l• 1 ~ l(t»k-cul• - .. 

<l>(z) • VI A (\kiJ iik e • ::--:-T f A <I k IJ e n k dk. 
(k) (217) 

12 

,. 

~~~ 

\\8: 

B HOBYX o6oaB8'18BRBX ypaBH9HRSI (2,7) nep&DRWYTCB cneny~WRM o6p&30N 

~ + 
Sp lff(z) pI I• t •• <l>(zl I F!-zl- <I> (-zl I , 

<I> 

~ + a + 
Splf<zlfpii•t• aiF(z)-<l>(zll+t ao <1>(-z), 

ci> 

a + ~ + 
Splfp

8
pir<zll•t a p

8
a<l>(-z)+t ap 8 aiF(z)-<l>(zll, 

<I> 

~ + a + 
Sp lf(zlp

8 
Pifl• ·l a p8•'~<•l+ t ap 8 a IF<-•l-<1>(-•) 

<I> 

npeJlCT8BRM Tenepb M&Tpmy nnoTHOCTR B BB)le: 

3!19Cb 

+ + + 
pt • pt (O,O)aa + pt (l,1)a a +pt(0,1)a+pt(l,O)a , 

0 11 . • -I 0 0 I 

+ I o ol. 
• • - 0 1 ; 

+ . - 0 0 
l1 , o I . 

+ 1 0 
•a•lool· 

P 
8 

<• > • 1 P oo Po ~ • 
Pt o P 11 

no!ICTB,BBM ( 2.9) B ( 2.8), TOr !Ia ( 1.26) nepenRweTCII cnenyJOWBM o6paac 

dp t 

---;j'l -

dp-(0,0) 

dt 
.. + dpt(l:l) + 
+-• •+ 

dt 

• la1pt (0,1) - i<»Pt (l,Ol -

dp, (1,0) 
a+-

4p t (0,1) - dt dt 

~+- 1+-
-l •• f <l>(a)pt (O,O)dz- l a aJIF(-z) -<1>(-a)lp (l,l)dz-

0 t 
0 

M -~ • ... I -• af<l>(alp,(0,1)da-f a JIF(-a)-<1>(-a) p,O.O)da-
o 0 

- -_,a •• + Pt (O,Olf <1>(- a) dz- ~~ •+ aPt (l,llfiF (a)- <I>(- a) lda-
o 0 

IS 

a 
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Sp a k a k • p I • 0 , Sp a k ak • p • 0 , 
<I> <I> I 

Cilk 

e 
-y 

a+a p .akk''nk 
k k' I nk -. -r 

e + 

Sp 0 k ak• PI, • 0 kk •' (1-;k)' 

I> 

+ + 
Sp a k pI a k • Sp pI. a k a k • n k 

<I> <I> 

+ + -
Sp a k pI a k • Sp pI aka k • 1 - n k' 

<I> <I> 

- . 
1- nk • 1 + e -<Lik 

t 2 2 +- I(Cilk-<U)z + - -I(CIIk-<d)z 
,.. I•- I A <lklllaa nk e +a a(l-nk )e 
"' v (k) 

II 

(2 
2 

+ - I(CIIk-CII)a +- -I(CIIk-<d)a 

-I A <lkllla a(l-n )e +aa n e I, 
v (k) k k 

{2.7) 

t 2 2 + 
8 

_ -l(CIIk-CII)o 
8 

+ _ I(Cilk'"Cil)a t 

r(tll • y- I A <Jkllla p
1

anke +ap,a U-nk)e 
(k) 

t 2 2 + 8 - I(Cil k-CII)a + - -l(CIIk-<U)a 
(t)p Ir I• -V I A <lkllla p ank e +ap 8(t)a (1-nk )e I. 

(k) t 

H rrepei!neM K H91Ip9pb!BHOMy CII9KTpy: 

l(wk -CII) • 
~ f 2 I(Cil - ) (2;jT A <\klle k Cila 

{2.8) 

2 
A ( Jkl) e dk. 

I(Cilk -CII)a 1 2 I(Cil k -<U)a 
nke •::--:-1" fA <Jklle 

(21r) 

.. 
Dk dk. 

2 
A (\k I) 
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• 

B BOBblX oflo3B&'I8BHBX ypaaaesHB { 2. 7) nepenawyTcB cnenyiOtnBM o6pa30M: 

a + 
• Splrr<zlpi.I•t •• ~(zJIFI-zl- cll(-zll. 
<I> 

a + a + 
Splr<alrpii•t a aiF(z)-~(zll+t •• cll(-z), 

<I> 

2 + 2 + 
Sp lrp

8 
PI, r<zll• t • p

8 
•~(-•)+ t ap 8 aiF(z)-cll(zll, 

<I> 

2 + 2 + 
Sp trtzlp8 pI rl- ,, • Psdl<•l+ f • Ps a I F(-z)- ell(-•) I 0 

<I> 

npellCTSBHM T81l9p& M&TpKny IIIIOTBOCTB B BB)le: 

3AeC& 

+ + + p
1 

• p
1 

(O,O)aa + p
1 

(l,l)a a +p
1

(0,1)a+p1 (l,O)a • 

0 11. • -I 0 0 I 

+ I o ol. 
• • - 0 1 ; 

+ 0 0 
• • l1 , o I • 

+~ .. - .1 0 
I o o I · 

P s h > - 1 P oo Po ~ • 
P1 o P 11 

noncTS,BBM { 2,9) B { 2.8), rorna ( 1,26) nepenHweTcs cnenyJOtnHM oflpa30M: 

dp t -

dl 
dp

1
(0,0) 

dt 
•• 

dp,u;u + dp 1 <o,l>. dp 1 o.o> 
+---••+ •+ 

dt dt dt 
+ 

- la~p, (0,1) - la~p, (1,0) -

a + 00 a + .. -faa J~(a)p 1 (0,0)dz-f a aJIF(-z)-~(-a)lp (1,l)dz-
O t 

0 

-fa a j ~(a )p
1 

(0,1) da- ,• a',._ it F (- •)- ~ (- •) I p1 (1,0) da -
0 0 

_,a •• + p
1 

(O,O)j ~(-•) da- t
2 •+ a p 1 (l,lljlr (a)-~ (-a) lda-

o 0 

IS 

+ a 

{2.9) 

{2.10) 

{2.11) 



.. . 
2 2 + 

- l ap,(O,ll/IF(z)-41(zlldz-f a /41(-z)dz•p,(l,O)+ 
0 

.. .. 
2 + 2 * 

+ t a apt ( 0,0) /41 ( -z) dz + t a' a f IF ( 1) - 41 ( 1) ldr • p t (1,1 ) + 
0 0 

+ t 
2 a+ ap (0,0) j 41 (z) dz + t 2 a a+ ji F (- z) - 41 (- z) I dz p, (1,1). 

' 0 0 

MTaK, llnH MATPH'IHbiX aneMeHTOB ypaBH9HHH 6y11yT cneayromHe: 

dt 

.. .. 
2 2 • 

- t J41(z)dz •p
1 

(0,0)+ t f{F(z)-41(zHdz•p 1 (0,0), 
-oo 

op 1 (0,0) 

apt(0,1) • 1161 _,2 j F(z)dzlpt (0,1) 

01 ° 

ap,(l,O) I 2 f
00

F(-z)dzlp (l,o), -- - -161 _, ' • 0 

opcU.1l 2 • 2 .. 
Bt - -· f IF (.) - 41 (.)I dz • pI o.n +t f41 (z )dz • p' (0,0). 

-~ -~ 

3aAM9MCSI Tenepb Bbi'IHCn9HH9M B9nH'IHH F(z) H 41( z). 

nonO)KJIM 

-

1 2 I( 61 k - Cil) a 

F(z) • -:-:--:T fA {jkpio 
( 217) 

.. 
dlr. -

1 .. .. 2 • ('2;'iJ' [d" fdlr. A {jlr.j)8(61k -ll)e 1(11-61)8 

1 2 .. 
~ fA {jkj) 8 (61k -11)dlr. • I (II). 
( 2rr) 

14 

Tor11a 

(2.12) 

( 2,18) 

. 
1 .. 1(11-61)0 

F (o) • -y;;-- f 1(11) e d11 
0 

oo 1 - 2 tCc»~t-cu>• ~ 
f 41 ( 1) do • ~ f dz fA <!Jr. I ) e ii k d lr. • 

-eo (2rr) -oo 

61k --,-
1(61k -61). e 

2rr 
f e dz • 

1 .. 2 
•-:-:-! f dlr. A {jlr.jl ~/8 

(2rr) 1 + e 

1 .. 2 

61t 

.--r 
61 

--r 
=~Jdlr.A(!Jr.i> 8(61k-61)•l(61) 

(2 ") 1 + e -k /IJ 1 + ;w/8 

61 -..,.-
• f 41( z) dz • I (61) -10 

1 + e 

1 
J{F(z)- 41(zlJdz • I(61) ~ 

1 + e lr 

1 • 00 I (11-61 +It) z 

JF(z)dz • -Jd11I(11)Je dz• 
0 2, 

0 

.1' 

I(.,) 
--f dll• 

217 0 11 - 61 +1< 217 

.. I(.,) 
f -- d11 + \>I(61), 
0 "- 61 

15 
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~ .. I ~ + . 
•Pt (O,llfiF (z)- ~(z) dz-t a J~(-z)dz •pt(l,O)+ 

0 

.. .. 
+ .~ i-

"Pt (O,O)j~(-z)dz + t aa JIF(z)- ~(o) ldr•pt(l,1)+ 
0 0 

a+ ap (O,O)j(/)(z)dz + t~aa+jiF(-z)- <b(-z)ldzpt (1,1). 
t 0 0 

MBTpH'IHblX :s>n9M9HTOB ypaBH9HHSl DYllYT cnenyiOll{B8: 

(0,0) .. .. 
2 ~ 

-• f<b(z)dz 'Pt (0,0)+ t fiF(o)-<b(z).do •p,(O,O), 

.. 
~ 

• liw-t fF(z)dzlpt(O,l) 
0 

.. 
• I - leu - t ~ f F (- z) dz I p t (1,0 ) , 

0 

200 200 

• -l f I F(z)- (/) (zlldz • P, (1,1) +f J~(z)dz •p, (0,0). 
-oo -oo 

Bhr'lncnerrHeM BenB'IBH F ( z) B (/)(z). 

) • I ~ I(W {2;)T fA <I k pe k - cu) • .. 
dk -

I 
00 

.. 2 1(11-W)a 
• ;:--:-r( ) fdv fdk A <iki!B(wk -v)e 

2, 0 

I ~ .. 
~fA <iki!B(wk -v)dk • I (v). 
(2w) 

14 

"*' 

Torna 

{2,12) 

{ 2, 18) 

. 
1 00 1(11 -w )a 

F(o)•-r;;-[l(v)e dv 

00 1 oo 2 I(CU k - W )a .. 

f/b(o)dz·~ fdzfA <l~<ile ilkdk • 
-oo (21F) -oo 

"'t --,-
I(Wk -cu)a e 

2, f e dz • 
1 .. ~ 

• -:--:-! f du <ik I> -._;e 
(2~r) 1 + e 

I .. 2 

"'t 
.-T 

"' -r 
=--~ fdkA <l~<ll 8(w k -w)• l(w) 

(2w) I + e ._k /() I + ;<"/() 

"' • --u-
f (/)(z)dz • l(wl ._;e 

I + e 

I 
JIF(z)- (/)(zlldz • l(w) ~ 

I + e !r 

1 .. .. 1 [v-cu + 1t] • 

f F(z)dz =- fdvl(v) f• dz • 
0 2, 

0 

J> 

l(v) 1 .. l(v) 
• -- f dv • -- f -- dv + \>l(w), 

2" 0 v-w+lt 21F 0 v-w 

15 
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3,1l8Cb ot503R8'1HM 

00 I(QI,...JI +If) a 
fF(-a)da • -

2
• f dvl(v)fe dz • 

0 , 0 0 

.. l(v) 
•- f --- dv + "1(01). 

2tr O Ql - II 

.. l(v) 
f -- dv • J (c.~) • 

2tr 0 11-QI 

Tor.lla (2.12) 6y.llyT HM&Tb BB.Il: 

a 
f apt (0,1 l • I Hr.~- ,a Hr.~ ll-
2 a, l(c.~) lpt (0, .1) ~ 

a 
f 

apt (1, 0) - I - I ( Ql - fa J ( Ql) ) - 2 1.{ Ql) I p t (1,0 ) • 

at a 

- TI(QI)t 

HTaK, Pt (0,1) a Pt (1,0) 3aTyxaiOT xax e npH I .. oo • 

• 

apt <o.o> 

a, 

ap,0.1l 

a, 

a "' 
f l(cu) -...,.-

- _.!!Lie p
1

(0,0)-pt(l,l)} 

1 + e 11 

Ql 
a 

f 1 (cu) -7r 

+ e -f-
lpt{l,l)-e pt(O)} 

Ql 

-T a c.~ 

a(p 1 (1,1)- e Pt!2•0)) ' HCill -fd- -7r 
•----::c;i{l+e llp

1
(1,1)-e p

1
(0,o)} 

a. 
1 + e "IT 

Ql 
-8 a 

-l I(QI)t 

p
1 

(1,1)- e Pt (0,0) • e 

Ql 

lim 
t .... 

-8 
lp

1
(1,1l-e pt(O,Oll .. o. 

16 

Ql 

s -rr 
Hcaonb3yew cooTaomeaae Sp P t • p t (1,1 ) - e p (0 ,0) • 

(~ I 

0KOB'l8Ten&HO aony'IHM Ql 

p
1 

(0,0) .. , .... + e _., 

-""J 
e 

(1,1) .. -'f P, , .... 1+e 

TaKRM o6pa3oM, .llna aamell MO.Ilena Mhr nony'lana pemeaaa npa6naJKeBil 

'18CKOrO yp8BH8RBH ( 1-28) 1 KOTOpble OliBCblBalOT nponeCC lipH6nBlK8HHH K pel 

Mhlo B38HMO.Il8ACTBY!Omell C TepMOCT8TOM. npeBMymecTBOM 9TOA MO.Ilena !!Bnl 

OR8 ,llOiiyCK88T TO'IH08 pemeaae 6e3 BCiiOnb30B8HHH lipH6nHlK8HHhlX ypaBH8HHj 

B8.1l8M STO pemeaae R nony'leBBhlil pe3yn&T8T Cp8BBRM C T8M1 'ITO Bb!T8K88T 

naJKeBBhlX ypaaaeaall. 

8. HTaK, paccMoTpRM TY JKe Mo.llen& c TeNR JKe aa'lan&BblMR ycnoaaa., 

~aTpRiiY nnoTHOCTR 
8 

pt 

+ + + + I 
H (I) • c.> b b + ; Ql k a k a k + ~ A k ( b a k + a k b ) , 

8 
u (0 l • P 0 ' PI • 

npencTaanaeM B BH.Ile 

+8 + 8 8 +8 
p

8
(t) • bb pt (0,0) + b bp

1 
(1,1) + bpt(l,O)+b p 1 (0,1), 

8 

p -t 
Sp I u ( t) I 

ci> 

PaccMoTpHM MaTpH'IHhte sneMeHTht ypaaaeHH!I ( 8.2): 

"' 
8 

p (1,0) - < 11 Sp I u (I) II 0 >- < 0 I b (0) ll >< 11 Sp I U(t) II 0 > -
' ci> ci> 

- Sp I b (0) Sp I U(l) II - Sp I b (0) u (I) I 
C8l I I8I> 

o 1 I 
b - I o o 

+ 00 
b • l1 o I 

17 
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B'IHM 

00 I(QI,...JI +If) o 
{F(-z)dz • -·- f dvl(v)fe 

2tr 0 0 0 

I 00 l(v) •- f --- dv + "I(QI). 
2tr 0 ... - ... 

.. l(v) 
f-- dv • ](..,). 

2" 0 ... - ... 

dz • 

) 6yayT HM9Tb BHa: 

ap, <o.I > 2 , 2 
---- -IH{<)-f J({<)))- T l(a~)lp,(O,.I)~ 

2 

a P • o. o > - I - I<.., - '2 J <.., > > - ~ H (II> I P • o.o > • 
2 

-T I(QI)t 
) H Pt (1,0) 3BTYXBIOT KBK nps t .. oo • 

ap, <o.o> 

a. 

ap,O,I) 

a. 

... 

2 .... 
f 1(..,) -..,... 

_.!!L le p, <o.o) -p t (1,1) I 
l+e 11 

2 
f I({<)) 

.... --u-
+. -i-

lp,(l,l)-e p,(O)I 

-8 2 ... 
a(p,(I,I)- e p..{J,O)) t 1(..,) -t -0 
______ _;:;:.,___•---..,(l+e lip (1,1)-e p,(O,O) I, 

a. 1 + .-71 • 

.... 
-8 2 

-f I(O.I)t 

Pt (1,1)- e Pt (0,0) -. 
lim ..... 

... 
-8 

I p • 0.1 l - e p • < o,o l I ... o . 

16 

• 

Heuon&ayew cooTBomease 

0KOH'I4T9HbHO DOHY'IHM 

P, (0,0) 

... 
8 

Sp p t • 
(8) 

-..,. 
P, (1,1)- e P, (0,0). 

(II -.., 
• ..... + • _.,. 

p (1,1 ) .. ------=-:JI[ 
t t~oo l + 

8 
----r:F 

TaKHN ol5paaoN, ana Hamel! Noaen:. Nbi nony'IHHH pemeHBH nps6nHJKeaaoro KHH9TH

'19CKoro ypBBB9HBll ( 1-26), KOTOpble OUHCbiBBIOT UpOU9CC DpH6HHlK9HHll K po!IBHOB9CHIO Crre'I'9-

Mbl, B3BHMoaeftCTByiOmeft C T9pMOCTBTOM, npeHMynteCTBOM STOll MOaenH !!Bnli9TCll TO, 'ITO 

osa aonycKaeT TO'IHoe pemea•e 6ea Kcnonh30BBHHll nps6nHJK9HHhiX ypaaaeanll. HHJKe Mbl nps

ae.new 9TO pemeHHe B UOHY'I9HHblft peayn&TBT CpBBHHM C T9M1 'ITO BbiT9KB9T H3 peiUeHHll UpH15-

nBJK9HHbiX ypaaaeaaA. 

s. HTax, paccMoTpHM TY JKe Moaen& c TeNa JKe Ha'lan&HhiMH ycnoBHliMH: 

+ + + + 
H(t)•c.>b b +~{<)kakak+ ~ Ak(hak+akb ), 

8 
U(O l • P0 ' PI 

~BTpBilY UHOTHOCTH 
8 

p t Up9JlCTSBHli9M B BHll9 

+s + 8 8 +s 
p 8 (t) • bb P, (0,0) + b bp, (1,1) + bp,(I,O)+b P, (0,1), 

s 
p -• Sp I u ( t) I 

Cil 

PaccMoTpHM MBTpH'IHhi& sneMeHThi ypaBH&HH!I ( 3,2): 

" 
8 

p (1,0)- <liSp IU(tliiD>•<Oib(O)Il><l[Sp IU!t>IIO>-
• ci> ci> 

~· 

• Sp I b(O) Sp IU(c})). Sp lb(O)U(t)) 
cs> I csiJ 

0 I 
b - I o o I 

+ 00 
b - 1, o I 

17 
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8 + + 
p (0,1) • .<OI:SJ> U(I)Jl>• <lJb (OlJO >.<OJ Sp U(tlll>• Sp lb (O)U(Ii. 

t (l:l <Il (Sil 

8 + p t (1,1) • Sp I b (0) b (0). U(l) I . 
(8Il 

• + 
p t ( 0,0) • 52_ I b (0) b (0) • U(l) I . 

(81;) 

Bocnon~yeMcH cBoAeTBOM onepaTOpoB 

Sp I A (0) u ( t) I· Sp I A (t) • u (0) I 

Torna ypaBaeaaa (3,8) aanamyTcH Tax: 

8 
p

10
(t) • Sp lb(t) •.U(Oll•<b•(t) >, 

(81! 

8 + + 
p 01<tl • Sp I b ·hl • u<o> 1 • <b (tl> 

(Sil 

8 + + 
p ll(t) • S.J! I b (t) b (t). U(O) I· <L (t) b(t) > • 

(8~ • 

B + + 
p

00
hl • Sp lb(l)b (t)•U(Oll• <b(t)b (t)> 

<si> 

(8,3) 

(8,4) 

+ 
3.1111Cio CHMBOD .< > 03H8'189T KB8HTOBOM8XBHH'I8CKOe cpB.IlHee, OnepaTOpbl b (t) H b (t) 

H8XO.IIHM H3 ypBBHBHHH .IIBH*BHHH 

db (I) • [ b (t) ; I b I .. _dl-

dA(tl 
1-- [A(t) • H (1)], 

dt 

+ + t + + 
; I Cil b b + I Cil k a k a k + -=- I Ak ( ba k + b a k ) lJ . 

k ..;v k 

(3,5) 

(t) 
3.119Cb onepaTOpbl a k ,b (t) He HBnHIOTCH nonHOCTbiO H838BHCHMbiMH1 TBK KBK B MO-

MBHT I ,. 0 CBCTBMbl s H I B38BMO.Il9ACTByiOT. no9TOMY npB nepeCTBHOBK8X 3THX 

onep8TOp013 He06XO.IlHMO y"'HTbiB8Tio KOMMYTBIXHOHHbl8 COOTHOWBHBH .11011 cpepMBOHOB 

[b(t)a(l)]+• 0, 

18 

• 

b(t)a +(I)+ a +(t)b(l) • 0, 

+ 
[b(t) b(l) l· 1. 

Torna nony'IHM: 

db( t) 

i--· 
d.l 

ei~b(l) +....!.-...I A kat (tl. 
..; v k 

HallneM BbiPB*BHHe .llnH a k (I) : 

da ( t) + + 
i--1<- • [ak(t) •lei~b (t)b(t) +I wL,aL, (I) a L,(t) + 

~ ~- . . . 
t + + f 

+ ~ I A ,(b(t)a ,(t) + b a ,(t)) • Cilkak (t)--=- b(t)A. ..; v k, k k k ..;v & 

Ha (8,7) aallneM a.k(tl H1 DO.IICTBBHB ero 3H8'1BHH9 B (3,6) 1 nony'IHM: 

db ( t) 
1-

dt 

t2 t 

ei~b(t) + -fk(t-r)b(r)dr + f(t). 
I o 

3.119Cio DpHHHTbl 0603HB'IBHHH: 

:i l(l) 11 1 2 -tcuk• -+ 
k ( t- r) • k ( •) • ..:._ I I A k I e- k • --, fl A <I kIll e dk 

v k ( 2tr) 

f(t) - ,. .. -leilkt 
( 2 IT )ah f dk A k a k (0) e 

BoabMBM KBBHTOBoMexanaqecKoe cpeJlHBe OT ( 3,8): 

d <b(t) > 
1--- ~ "'<b(t)> + 

dt 

2 t 

~ fk(t-r)<b(r)>dr + < f(t)>. 
l 

HO < I ( t) > • 0 TBK KBK < a k (0) > • Sp < a k (0) p > = 0 • Tor!la, y'IW 

<I> I 
nony'IHM 

19 
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+ + 
< 0 I :S_p Uhll1>- < 11 b (0) I 0 ><O I Sp u (t) ll > - Sp I b (0) u (lj. 

( l:l (!,) (SI.l 

8 + 
p '(1,1)- Sp I b (O)b(O)· U(l)l. 

C8Il 

8 + 
P, (O,o) • S~ lb(O)b (0) • U(lll 

(8l:) 

CBaftCTBaM anepaTOpoB 

Sp I A (0) u (I) 1- Sp I A (t) • u (0) I 

38BHIDyTCll T811:: 

8 
p

10
(t) • Sp I b(l) • .U(Oll· <b(l) > , 

C8I> 

8 + + 
p 01!1l • Sp I b !tl. U(Ol I. <b !1l> 

(SI) 

a + + 
pll(l)- S.J! I b (l)b(I)•U(Oll•<b (t)b(t)>. 

(8lJ 

8 + + 
p 00 (1) • Sp lb(l)b h)•U(Oll• <b(t)b (I)> 

C8I> 

(8,8) 

(8.4) 

+ > aaaaqaeT KBBHTaBaMexaHH'IecKae cpenaee, OnepaTapbl b (I) H b (I) 

llBH)!{9HHll 

dA(I) 
1--[A(I) • H(t)], 

dt 

+ + ( + + 
[ b ( t) ; ! b ;{ OJ b b + I Ol k a k a k + -=- I Ak ( ba k + b a k l I]. 

t ..;v t 

(I) 

(8,5) 

a k ,b (I) He liBBliiOTCll nanHaCTbiO H938BHCHMbiMH
0 

TBK K8K B Ma-

S H I B38HManel!cTBYIOT. naaTaMy BpH nepecTaHaBKax 3THX 

Y'IHTb!B8Tb KaMMYTBnHaHHbie CaaTHameHHll llBll <jlepMHaHaB 

[b(l)a(l)]+. 0, 

18 

• 

Torna nany'IHM: 

db( t) 
i---

dt 

b(l)a +(t) +a +(t)b(t) • 0, 

+ 
( b(l) b( I) ]• 1 • 

Ol b (I) + --!,._ I A k "t (I) • 
..; v k 

Hal!neM Bblpa)l(eHRe nnll a k ( t l : 

da (I) · + + 
i--1<-•[alt(I)•{Olb (t)b(I)+IOJL,a ,(t)a ,h)+ 

~ ~- • It k 

( . + + ( 
+~I A ,(b(t)a ,(1)+ b a ,(lll•Olkak(l) --=:-b(t)Ak 

..; v k' k k k ..;v 

11a {8,7) Hal!neM ak(t) H, nallCTBBHB era 3H8'19HH9 B (8,6)
1

nany'IHM: 

db(l). t
2 

' 
1-- = OJh(t) + - f k(t-r)b(r)dr + f(t). 

dt I 0 

3necb npHHliTbi a6aaaa'I9HHll: 

I 2 -IOl • I . 2 -IOlk• ... 
k(l-r). k(z)-- I IAk I • k - -,frA<Ik!JI e dk 

v k ( 217) 

f(l) • f ... -IOlkt 
( 2" )a/2 f dk A k a k (0) e 

BaabMSM KBBHTaBaMexannqecKae cpenaee OT { 3,8): 

d <b(t) > 
1---- Ol <b(t)> + 

dt 

2 • 

~ f k(t-r)<b(r) > dr + < f (t) > 
1 

(3.6) 

(8.7) 

(3.8) 

{3,9) 

HO < f (t) > • 0 TBK KBK <a k (0) > • Sp <a k (0) p > = o • Torna, Y'IHThiBall (3.4), 
<I> I 

nony'IHM 

19 



8 
dplo(ll 8 t a 

i--d-,- • ~»Pio(t) + 

I 8 
f k(t- rlp 10(r)dr 
0 

npoH3BQAQM npeo6p83QB8BHQ nannaca ypaBBSBHSI ( 8,10): 

.. -pi 

l(p) • f l(t)e dt • 
0 

8 
.. dp

10
(1) -pt 8 8 

fi---e dl • lpp
10

(t) - lp 10 (0) 
0 dl 

nonoli(JIM, 'ITO np• • • (t-r ) .... , k(•l .. 0. TorAa: 

-

' f dt • e -PI f k ( 1- r ) p 8 
( r) dr • 

0 0 10 

-pi I 8 
•fdte fk(zlp

10
(r)dr• 

0 --

-pt 0 8 eo 8 -pt oops -pa 
f dte f k(z) p 

10 
(r)d• • fp 10 (t)e fe k(z)e dz • 

0 1110 0 0 

-pa - -pt pa 
•fk(z)e •fp (r)e e dtdz• 

0 10 

.. 
-fk(•l• ...... 

0 

oo 
8 

-pr s 
ds f P 10 ( r ) e d r • k (p) ' p 10 ('p) • 

0 

20 

(8.10) 

' I 

TaB:HM o6pa30M, npeo6p830B8HH8 nannaca ypaBBSHHSI (8,10) 38DHWSTCSI CJ 

8 
p 10 (p) -

8 
p IO(O) 

p + I~» + t
2 

k (p) 

HaiiAeM k (p): 

3ASCb 

I1T811: t 

00 -p• 
k(p) • f k(z)e dz • 

i -~rut. ~ 

a f dz f I A k -1 . e dk e -P• • 
0 (2tr) 0 

.. • f .. a I( ~ o dz f dk IAk I e lp-wkl• 
1 

- -:--T (2tr) 

.. a 
fdz fdkiAk) 
0 

• f dvll(v-~» k )e 
0 

l(lp +Ill• 1 ... 2 CIO 

(2tr)l fdkiAkl fdv•ll(v-w lf:f(lp+Jil 
0 . k 0 

1 -+ 2 00 ooi(-E+II+If)o 

~ f dk IAkl jdvll(v-~»k) £• dz. 

I oo I (II) dv . 1 oo l(v) ,. 
• -- f •- f-- dv + l{/I(v)ll(v-E)dv 

2tro-E+v+if' 12trov-E o 

• -IJ(E) + l{I(E). 

E • R a (lp) ( lp • - E + if') 

" J (E)> 0 l(E) > 0 • 

8 
p 10 (0) s-

p 10 (p) • p+w+(t./2)1(E)-it 11 J(EJ 

npoH3BSASM o6paTH09 npeo6p830B8HH9 nannaca: 

pi 

l(t) • - f l(p)e dp ,. 
21TI _ 00 

21 

I - . - -



8 s 
dplo(t) • <»p IO (t) + 

f ~ t s 

dt 
f k(t-rlp 10(r)dr 
0 

Ba.Rae Jlannaca ypaaaeaaa ( 3.10): 

s 

-pt 

f(p) • f l(t)e 
0 

dp 
10

(t) -pt 

1---- e dt • 
s 

lpp IO(t) 
dt 

dt • 

s 
lp 10 (0) 

• • ( t- r ) .... , k ( •) .. 0 • Torna: 

t 
-pt s 

dt•e fk!t-r)p
10

(r)dr 
0 

-pt t 8 

dte fk(z)p (r)dr• 
-00 10 

-pt 0 8 oo 8 -pt oo P• -P8 
f dt e f k (z) p 10 ( r) dz • f p

10 
(t) e J e k(z) e dz • 

0 00 0 0 

-p• .._ -pt P• 

k(z)e •fp (r)e e dtdz• 
0 10 

oo s -pr s 
dz J p 10 ( r ) e d r • k (p) • p 

10 
fp) • 

0 

20 

t# 

(3.10) 

. I 

TaKHM o6pa3oM, npeo6pa3oaaaue Jlannaca ypaaaeaaa (3,10) 3anaweTca cnenYJOillHM o6pa3oM: 

s 
p 10 (p) -

s 
p 10 (O) 

p + '"' + .~ k (p) 

HaAneM k (p): 

3nec& 

HTax, 

00 -p· 
k(p) • f k(z)e 

2 -tcuk • .. -pe 
dz • --8 fdz fiAk-j e dke • 

0 (h) 0 

oo .. 2 l(lp-wk)• 1 oo .. 2 

• ;:-:-r f dz f dk I Ak I e • :-:--7 J dz f dk I Ak 1 • 
(2rr) o (2rr) o 

I(IP+V)o 

·fdv8(v-<»k)e 
I .. 2 00 00 l(lp +V)a 

-:---T fdkiAkl fdv·8(v-<» lfe dz • 
0 (2rr) o k o 

I -+ 2 00 oo 1(- E + V + If) o 

:-::-:-r f dk IAkl jdv8(v-cuk) f• 
(2rr) 0 

dz • 

I .. l(v)<iv" 

- -f -2 rr o - E + v +IE' 

oo l(v) .. 
f-- dv + ~fl(v)8(v-E)dv• 

12rrov-E o 

• -IJ(E) + ~I(E). 

E • Ra(lp) (lp •- E +It') 

J(E) > 0 I(E) > 0 • ~ 

s 
s- p 10 (0) 

p (p) - • !l 
10 p+lt.l+(t/2)1(E)-It J(E) 

npoH3B8118M OOpBTHOe npeoopB30B8HH8 Jlannaca; 

pt 

l(t) • -- f l(p)e dp ,. 
2rrl _

00 

21 

(3.11) 

(3.12) 



.. pt 
8 1 B e d 

p (t) - - p (0) 1 i p • 
10 211'1 10 -• p + lw + (1 

1 /2)1(E)- if J(E) 

Bbi"'HCnlleM STOT HHTerpan no Bbl"'eTaM. 

nonOJKBM p- IE + ,· • 

nony'IHM: 

1'+ /J(E) • 8, 

fa 
w- 2 HEl•w, 

-8• S s -101 1t 

p 10 (I) • P 10 (0) e e 

1 8 
TaKHM o6paaoM, npH 1 ... .. ( 1 >> -y-) , p 10 (I l aaTyxaeT K&K 

f • 

peaynbTaT coan,onaeT c TeM, KOTOpbiil 6bm nonyqea a paaAene 2. 

e 

,a 
-T1(w)t 

3TOT 

llnH H8XOJKA8RHR AHSrOI!SnbHblX sneMejiTOB MSTpHllbl DnOTHOCTH BOCDOnb3y8MCll ypaB

BeHHRMH AnR 381123.!lhlB8lO!IlHX H onepClKS!O!IlHX cPYHKUHil fpHHS, 

... + 
c, •• (1-t',l')- till£t(l-t')]<[b(l);b (t'll>-«b(t);b (t'l» I• (4.1) • 

ad,. 

d + - . + db(l) + 
1-d « b(tlb (t'l»• + B[+(t-l'))<[b(l);b (l'll>•«--;b (l'l» (4.2) 
. t dt 

db(t) 
noACTSBHM B STO ypaBHeHH8 3HS'IeHHe --dt- t H81lA8HHOe H3 ypaBHeHHR ABI!JKeHRR 

db (t) 1 
1 

t 
I~ • wb(l) + T [ ldt-r)b(r)dr + I( I) , (4.3) 

a 

I.!_ G ,(t -t',t') • .j: 8 (t.(l- t')J + w G, (I -t',t') + ~ fk(t- r). 
dl a a I 

(4.4) 

+ 
• G, (r -l')dr + « l(t)b (t') », 

• 

PaccMoTpHM cjlypbe-o6paa nonyqeaaoro ypaaaeHBR (4.4): 

• -t.=ct-t'> • 
G, (t- t', t') • f G, (E,t'le dE 

a -oo a 

22 -

d .. -tl<t-t~ • 1 .. -tact-t'l 
l- fG, (E,t'le dE• ±-fe dE+ 

dt -• • 2rr..,.. 

- -• • • -IB(t-t') I t • • -tE(r-t ~ 
+lllfdEG,._,(E,t')e + !.._Jk(t-rlfG,(E,t')e 

-- .. l 0 -- • 

-ti:<•- ,. > 
+fi/I,<E.t'le dE 

• 

3A8Ca DpHI!liTO 0603118"18HB8 

.. 1 00 + li:(t -t') 
1/l,(E,t'l•-f«f(t)b (t'l»,e d(t-t'), 

2tr _ 00 a 
• 

Ma ypaaaesBR (4.5) nony"'BM: 

rAe: 

a 
- .• 1 • f • .. .. 
EG, (E ,t') • - + wG, (~!>,t'l + -

1 
G, (E,t')k• (-IE) +'I' .t'(E,t' * 2 rr a •a t a 

1 - ' -
2 

+ 1{1, (E ,t ) , . -G, (E,t') • • a • 
E - 111 + It kt (-1 E ) • 

f. E±lt' 

"'ke(-IE) • - J{El ± ~I(El. 

3A8Cb E - A81lCTBBTenaHO. BenB'IBB8 ~f(-lE) H8XOAHTCll TSKBM lK 

Bblme (3.11). TorAa (3,8) nepenameTCR cneAyJO!IlBM o6paaoM: 

1 
G ( E + If', 

1 
• ) • 2;; + 1{1 ( E + If', t' ) 

+ 1(8 + ,. ) 

G(E- It', t') • 

E-w 
f 

f,; + 1/l(E -lf',t') 

E - 111
1

- I( 8 + t') 

23 

. 

1 2'jF +1/l(E+ 11',1 

E-w,+l81 

1 1i" + 1/l(E-If',t 

E-w,-18, 



.. pt 
1 8 e 

- p (0) f i dp • 
2 rl IO -oo p + Ia~ + (f 1 / 2) I (E) - if J{E) 

HBTerpan no ew~eTaM, 

+ ,· 

•' + / J{E) • 8 , 

f 2 
Ql- 2 I(E) • a~, . 

8 8 -kll·' -lit 
P 

10
(t) • p

10
(0)e e 

1 
t .... (t >>-yo) 

f 

8 
p 10 (I) saTyxaeT xax 

c TeM, KOTOpbtil 6btn nony~es B pasnene 2. 

e 

• 2 
f 
-~ I(QI)t 

3TOT 

llHBrOHBilbHbiX 31l8M8JITOB MBTpHUW UllOTHOCTH BOCUOil&3y&MCR ypaB

H onepe}f(BIO!UHX cpyHKUHll rpHHa, 

... + 
(1-t',t')- -ti9[-t<t-t')]<[b(lhb (t'll>·«b(t);b (t')» 2• (4,1) 

• 

+ + db(t)· + « b(t)b (t')»c:;: /l( +(I-I ')]<[b(t);b (I')J>•«--;b (t')» (4,2) 
dt 

db ( t) 
ypBBH8HH8 3HB'I8HH8 --d

1
- t HBilll8HHOe H3 ypa8H8HHR nBII}f(8HHR 

f ~ ' 

+If k(t-r)b(r)dr + l(t), (4.3) 
0 

~ 
f 

G ,(t-t',t') • +ll(.f:(t-t'll+a~G,(t-t',t')+-/k(t-r). 
a a I 

+ 
• G, (r -t')dr + « l(t)b (t') »

1 

-o6pas rrony'IeHHoro ypaeHeHBR (4.4): 

- -~(t-t') .. 
G, (t- t',t') • f G r (E,t'}e dE 

_,. . 
22 

t# 

(4.4) 

d .. -•1<•-•1 • 1 .. -•icc-•'> 
ld/G,(E,t'}e dE•t-fe dE+ 

t -• a 2rr _.., 

. . ' 
oo • • -IB<t-t') f2 t oo • -IB(r-t ) 

+1»/dEG~t,.(E,t')e + -Jk(t-r)/G,(E,t'}e dEdr + 
-• a I o -• a 

.. . -tt<t-c'> . 
+ f rp, (E,t')e dE 

• 

(4.5) 

3nec~ DpRBRTO 0~03B8~8HR8 

.. + 
"'· <i. c'> • ...!_ 1 « f(t)b <t'>», 

2tr -- • 

tiet -t') 
d(t-t'), (4.6) 

• 

Ms ypaeaeBBR (4,5) nony~RM: 

2 
- .• 1 • f • .. .. 
EG, (E ,t'). r; + a~G, {t;,t'} + TG.~ (E,t')kt (-lEl+'P,..(E,t'} ' 

• • • 
(4,7) 

. 
G, (E,t') • 

2ir + r/1, <E,t'> 
• (4.8) 

- 2 .. 
E - a1 + if k f (-I E ) 

rne: 

f•E±if' 

• * kf(-IE) •- J{E) :t ~I(E). 

3nec& E - nel!CTBBT81l&BO, BenR~BHB ke(-IE) HaxonBTCR TBKBM JK8 o6pa30M 0 KBK B 

Bbtme (3.11). Torna (3,8) nepenRmeTCR cnenyiOIURM o6pasoM: 

1 
G(E + if',t') • T; + rp(E +if', t') 

E - cu < + 1(8 + •' ) 

1 
G(E- 1<', t') • T; + rp(E -lf',t') 

E -~~~.-1(8+f'l 

23 

-i,;- + rp (E + if',t') 

E-a~,+lll1 

1 Trr + rp(E-if',t'l 

E-cu,-18 1 



rne BB&A&Bhl o6oanaqeaBs: 

2 
""• • Ql- • ](E)' 

I 
f 

8
1 

•2l(El+•'•8+•' 

Bocnom.ayeMCH B3B8CTHOII <jlopMynol!, YBhlp8lK8JDIIl811 Cp8AB88 OT DpoB3B8A8BBll ODepa'I'OpO" 

qepe3 ~yBKnBB rpuaa: 

P
00

(t,t'l • <b(tlb+(t'l>• .!...jc(i\H,',t'l-C(E-If',t'l -t•c•-•'> 
I- 1 + • -P• • dE. 

1 .. -t•c•-•'> 1 • T_[ e I r;;- + 1/t(E+k',t') 

1 + • -{3• E - a~ t + 181 

1 Tii + 1/t(E -k',t') 
~-~--.:.._...:_ ld E • 

E- ""• - 131 

(4.11) 

BhlqHCnBM 1/t ( E + If' , t ') B 1/t ( E - If' , t' ) , 

3nec& 

YqTeM, qTO 

Torna 

• 

I(B :t tt'H•- • ') 
• + 

1/t(E tlf',t') • 2 f «f(t),b (t'l>>-~ o 
d(to-t'). (4.12) 

"-- . 
f{t)- f .. -IQit• 

(2J.f/2 JdltA t• t(O)o 

+ 
b (t')-

+ + 
1 '0 +lao b (0) + If ( p ) 

2ii! Jl p-IQI+fik+(p) 
'o- oo 

p.' 
• dp • 

+ 00 -pt, 

' <p>- r. 
0 

+ 

t .. lcut" 
::-:ali JdkAt a:(O)e t dt" 
(2 rrl • 

+ 
<[a k (0) , b (0)] > • 0 , <[a k (0), a k (O).] > • 1 , 

+ k ( p) • - If ]( E ") + ~I ( E ") , p • - IE "+ r0 

(4.13) 

(4.14) 

(4.15) 

2 oo I(E+If'let- I 'l 00 j:l(t- 1 'l r 

r/J (E ± It', t') • + ~ f d(l-t')e f 
0 

dr. 
(2rr) -oo -oo r -If" 

24 

C-IB"+ro>•' 

f dE" e 

f dk I A II -IQik. k • • 
ao I(QI +B"+II(, r. 

0 

E" +t»'' + lv' 

3nec& upuasTo o6oaaaqeaBe: 
f 2 

a~" • ...,+ t
2 

J(E"l, B'• T I(E") +r
0 

• 8"+ 

HBTerpBpyeM (4,16) DO Bhlq8T8M (BhlqQT B TOq£8 E"•-a~"-18"

nonyqaew: 
' I Ia~"•' -IQik • 

t;(E t lf',t') • 
- f 2 d ~Ak I • • 
+ 1-- f-.:...-.!~------

(2rr)1 ""t -~»"-1(8"-•) 

-3 "t, 
• e 

.. 
r dr .. ---- f I(B tr , 

-r-1•" • doe tlf)a 

3" > • ( TU: Jtalt • -6ecJtoHeqao Manas, a 8" -Manas, no JtOBe'IJ 

IS"-• • 8° 

Talt Jtalt t- t' • I • '1'0 

Tu:Hw o6paaoM, 

-l~»t• 
e 

2 

-I(A)ka -ll»t•' 
• e • e 

.. 2 r dk I A k I . e- I ""t.' 
Q)k-1»"-180 

- f r/J(E + If', t') • + -:---:-1' 
- (211) 

.. 
dr _ 1

2 -8"• 
·2rr r 

-oo r 
~ 8(E _...,1:. :t:.r ±If') • + 1--1 • e 
- • (2rr) 

dkl Ak I • -IQit•' 
·!~~~~~--~~ 

o <~»t- a~"- 18o H-t.~»t + E -Ito> 

HaTerpan B (4 •. 18) sBnseTcs cxonHIIlBMcs. CnenoBaTen&ao, npH 1' ... . 
aaTY:xaeT Jtu: e- • TaltHM ol5paaoM, B ~opMyne ( 4.11) Mhl MO 

quoll 1/t (E ,t'l • Torlla nonyqBM: 

p 

-IB(t -•') 

(t,t'} •<b(t)b 
1 • 1 

<t'>>-- r . rw t----
1 1 + 0 - {3B " E - ..., 

1 
+ 181 

-IE c•- • '> 
1 - e 

•rf -fJ •I8(E-..., 1 )dE. 
-ao 1 + e B 

nonolKBM t .. t' , TOrAa nonyqBM: 

P (t) : 
00 

25 

I . ..... u •• 



0603H8'18BHB: 

I 
w, • Ql- t J(E) ' 

I 
f 

B f - T I( E ) + f' - .B + f' • 

u 35ecTBOR ¢opMynoR, yBhlP8*&mmeA Cpe~aee OT DpoB3B8A8BBSI ouepaTopoB 

fpuaa: 

P
00

(t,t'l • <b(t)b+(t'l>• ..!_jG(~It',t')-G(E-If',t') -111(1-1'> 

1 - 1 + e -P• 8 
dE • 

1 .. -111:(\-1') 1 • T_£ 0 I :ril + r/t(E+If',t') ....!....+r/t(E-If',t') IdE. 21r 

1 + e -fJB E -a~t + 181 E - 61. - IB I 

(E+it',t') H r/t(E-IE',t'). 

I(E :t lt')(t- I'> 
. + 

rp(E~lt',t'l•rf«f(t),b (I')»~ e 
n'- DO a 

d(t ~I'). 

f(t)• f .. 161 
(2J:f/1 fdkA t• k(O)e- tl 

+ + 
1 '0 + loo b (0) + If ( p ) pi' 

- f e dp, 
2~rl 

1 
p-Ia~ +t 1 k+(p) 'o- oo 

+ 
b (t')-

+ 1)0 -pt, 
I ( p) • f e 

0 

• (2rt)a/l fdkAt a~(O)elwkl" dt" • 

+ + 
<[ak(O).b (0)]> • 0, <[ak(O), ak (0).]>• 1, 

+ 
k (p) •- ltJ(E") + ~I(E"), p •- IE"+ r0 

~ 00 I(E+IE')(I-t'> oo :!;l(t-t'>r 

(4,11) 

(4,!2) 

( 4,18) 

(4,14) 

(4.15) 

rp(E±It',t'l•"+~fd(t-t')e [
0 

, dr. 
(2rt)-oo -oo r-1• 

24 

• 
~ 

(- IB"+ro )t' 

• f dE" e 

I -ttu11t • I(QI +B""+II(,)t" f dk I A k I . e • f e dt" 
0 

E" +cu'' + iv' 

3~eCb·DpRBBTO 0603B8'18BB&: 
~ 

, J , f 
a1 •al+t J(E ), B'•TI(E"l+r

0
-B"+r

0 

HaTerpapyeN (4,16) no Bb1'18T8M (Bhl'I8T B TO'IXe E" •- w "-Ill" -lro) . 

Ilony'laew:: 
a ttd"t' -w11 t 

_ ,a dqAk I e e + 1-- f _ _.;::.._ ______ _ 
(2rt)

1 
Q)k -a~"-1(11"-•) 

r/t(E ± lt',t') • 

-8"t, 
• e j _d_r_ 

... , - it" 

oo I(E ± r ± II'> a 
fdae 

(4,17) 

B" > f ( TU: 1[8][ 

B"-• • 8° 

I -68CKOH8'1HO M8118B0 8 B"-Manaa, ao KOB8'1B&H) o6o3BA'IHM 

TaK xaK t- t'- z ' TO 

Tu:BM o6pa3oM, 

-IQikl 

• 

I 

-I Qlk a -IQik I' 
• e • e 

-+ I dk I A I . -I Q)k I' 
f t e 

Q).-Q)"-180 

' - f r/t(E +It' ,I) • + -:--1" 
. - (211) 

·-8"t, lQ) "t , 
•• • & 

dr _ f 2 -B''t, ltd "t , 

e •2rt f I B(E -a~k :t.r ±It') • + 1--1 • e 
-oo r- l (2rt) ( 4.18) 

dkiAt I • -161.1' 
. f 

o <61.- 61"- 111u H"'a~•-; E - lt 0l 

HaTerpall B (4,J8) HBIIH8TCH CXO~HmHMCH, Cne~OBaTeii&HO, DpH t' .. oo r/t ( E + IE', t ') 
n-- ~ -

38TyX88T KU: e- , TaKHM o6pa30M, B ljlopMyne ( 4, .JI) Mhl MOJIC8M Dpeae6pe'l& BeliR-

'lUoA r/t ( E, 1 ') • Tor)la nony'lHM: 

-IB(I-1') 

p (1,1') •<b(l)b 1 e 1 I 
(l ') > - T f - fJ• • Yi" E 

1 + • 

-Ill ( 1- I'> 
1 ... 
rf -fJB •IB(E-a~ 1 )dE. 

1 + e 

IlonoJKHM 1 .. 1' , ror~a nony'IHM: 

P oo ( 1 ) : + e- {JoJ 

25 

-a~,+ ill, 
• IdE • 

E - a~, - 111, 

(4.19) 

(4.20) 



I 

e 
-{Jr.> 

p II( t) 
1 + e-f3r.> 

TaKHM o6pa30M, B pe3ylfbT8Te cna6oro B38HMOllellcTBHH Manoll cacTeMbl c TepMocTa

TOM, KOTOpbllt SI8XOllHTCH B COCTOHHHB T8pMOllBB8MBqecKOrO p8BBOB8CHSI 0 M8TpBll8 DnOTBOCTH 

Manoll CBCT8Mbl CTp8MBTCH K CB08MY p8BHOB8CHOMy 3HaqaHBIO npH llOCT8TOqHo llnBTenJ>HOM 

Bp8M8BB B3aBMOll811CTBHHo 3TOT pe3ynJ>TaT COBfiallaeT C TeM, KOTOpblll oObln nonyqea llnH 

STOlt ~e MOllenH fiyT8M HCDOni>30B8HRH npa6nB~8RHbiX ypaBH8HHII oPmero BBlla. 

B 3aKnJOqeaae asrop Bblpa~aeT rny6oxy10 6naronapsocTI> axall9MBKY H.H. Eoronro6osy 

3a DOCTaBOBKY 38llaqg H DOCTOHHB08 BBBMaHB8 K pa6oTe0 a TaK~e npo$eccopy A.H.Tasxe

nRll39 B H. Ksacaaxosy 3a none3Hble o6cy~eHHH. 
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