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Ca1mR161e pemefinsi ABymepHoft cToxac'rIVICcKoul CHCTCMbI BaBbe-eToRca 11 
coo'rBe'rcTnylow.ue ypanneirai KoiIMoropoBa 

M. H. Bnuiiii it A. H. RoTE 

Es wird die Existenz cines stochastischen Prozesses bewiesen, der Lãsung cmos zweidimen-
sionalen Navior-Stokesschen Systems mit weiBoin Rauschen und periodischen Randbedingun-
gen ist. Die entsprechende Kolmogoroffsche VorwiLrtsgleichung wird in der Kiasse der expo-
nentiell fallenden MaBe gelost. Ferrier wird für die entsprechende Kolmogoroffsehe Rückwãrts-
gleichung eine veraligemeinerte Losung konstruiert. Diose einerHolder.Bedingung genugende 
lAisung wird dureh cin Wienersches Kurvonintegral gegeben. Sie wird mit Hilfe der Greenschen 
ldentitiit für die Losung der Kolmogoroffschen Vorwiirts- und RüekwartsgleiChung definiert. 
Far kleine Zeitintervalle ist die verailgemeinerte Lösung der Kolmogoroffschen Rückwärts-
gleichung eine Losung im klassischen Sinne. 

CTpOHTCH cnyafliiiifi npotecc, yonJ1eTn0pRI0uI1fl wyMepnoli cToxacm'lecHo1 CHCTCMC 

HaBbe-CToxca C 6ernu.i IllyMoM upsi uepuouiecsmx hpaeBhlx yC10BH$iX. JJIH C00TBeTcTBy-
tonero npaoro ypanneuna Ko.IMoropoBa H0CTOH0 pemeue saa qu HomH a toiacce 
3KCfl0HHUUIbH0 y6IBa1oI1u1x mep. flocvpoeHo o6o6UeHHoe peumenue C00TBCTCTBIOIIF0 
o6paTIr0I'0 ypaeiietiwi HorIMoropona. Oiio mIpaaeTca 1111'rerpa.Tiod Buiiepa no TpaeKTo-

HHM ii yJLonJIeTnOpHeT ycoonino Pe:1IAepa. O6o6ueHHoe pewerme OHOCOCTCH C UOMO,bi 
ønerpaoiioro M"AeCTBa I'puiia gan peuieiniil npnoro it o6parnoro ypanHeHu ROJIMO-
ropoBa. Ha MailoM HpOMeyTKe Bpemeim o6o6neniioe peiiienne o6paTtloro ypanneilun 
HooMoropona HBoneTca KJIaccIIqecKsIM. 

A random process governed by a two-dimensional, stochastic Navier-Stokes system with a 
white noise under periodic boundary conditions is constructed. The solution of the correspond-
ing Kolmogorov forward equation is obtained in the class of exponentially decreasing measures. 
Furthermore, the generalized solution of the corresponding Kolmogorov backward equation 
is also constructed. This solution possesses a probabilistic representation as path integral and 
satisfies a Holder condition. The generalized solution is defined by the Green identity for the 
solution of the Kolmogorov forward and backward equations. On any small interval of time 
this generalized solution of the Kolniogorov backward equation is the classical one. 

Bueeuwe 

PacemaTPI(BaeTCH gnyepiian cToxacTngecmcag CHCTeMa H aBhe-CTo}ca npi! nepisojmu - 
'ecxitx paeBbix YCJTOBIIfIX C miepuogoro 27t no x 1 it x2: 

J iqi, x) ± (u, 17 ) u = - P'p(t, x) -4- v/lu -4-- 1(x) - th,(t, X),

	 1 
l(17,u)= 0 ,	lo<t<ti.	

() 

llpeJuIoJiaI'aeTcrl, 'rro BCe )HI1_XI11I a (1) nepuogueciixc C riepHogom 2r no x' ii 
Tan -q o cucTeMy (1) MOHI1O PCCMTPHBTh iiaii CIICTeMy na TOpe T2 = R2/2tZ2. 
B (1) qepe3u(t, x) = (u1(t,x),u2(t,x))o6oaHaqeHaciopocmTeqeHh1gaI1JcocTn,v >0 
—ce BH3nOC	 aB TB, p(t, x) - JoeHne, /(x) = (1 1 (x), /2(x)) - I1.flOTHOCTI, BHCInHHX 
/(x) E H	[L ( T2)]2 . Iaiec, w1•(t, x) = w(t - t0 , x), rje w(r, x) -_ (w1(r, x), 102(r, x))
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- BHIIepoB Mi . cJ1yqahHIJ r!pollecc B H'	[H h ( T2)]2 (c1. [1-2]), acoui xoueq-



HhI CpeH1t j1 BHxpb:

	

aW2	awl 
E ll rotw(r,.)11 2 = t • 8 1. < + oo , r>O, rotw-----.-.	(2) 

	

x 1	9x2 
-1epea j[-11 o603naqao'rca Hopma H L2(T2). 06031IaqHi!: 

os	{u(x) E [118(T2)] 2 : ( F', u(x)) = 0, x E T2}. 

CIICTCMU (1) CTaBIITCH aajaqa Komi 

= u0(x),	x E T2 .	 (3) 

3jeci, Haqaj!hHoe noae cEopoeTeli u0(x) E °' IIBJIHeTcH c.nyaiiHoik 4yHKInei C pac 
npeeJIeHHeM u0(du0) HpenoJ1araeTcn, qTo AJ131 Heicoropol'o c > 0 

= E exp (x 1120112) = f exp (a IIZOI[2),Uo(dUO) < ±, z0 rot u0 . (4) 

LJIn •npocTomI 113Jioneiiui npegnoJlaraeTcn, qTo f( . ), u( . ) w(r,.) HMeIoT HvaeBbe 
CHHC 110 TOPY T2. 

B § 1-3 Fl acToankefi pao'ru nocTpoeH n3MepIlMb!fi c.ny1auHb1ü UOW3CC u(t) = u(t, x) 
co 3I1aqenunMIl B ., y, itomeTBOPRIOLIA14ii cToxacTH4eCHo aaa qe hollIll (1), (4). 
1T oRa3b1BaeTcn, qTo TaKofi r1poiecc CI[OCTBBT H eJHHcTBeHeH. 

,Lajiee a pa50Te 113y4aIOTCJL aayau Ko,iiii Ami HPHMOO 14 oSpaTHoI'o ypaaaeHnñ 
HoJiMoropona [17], cBJlaaHHhIe CO cToxacT1I'1ec1oi c,lcTeMol (1). A IIMeHH0, paccMa-
TPUBIOTCH MCbI /L(t, du) Ha 0,01 , to	 t	t 1 , HOTOMe BB.JI11IOTCH 
c.J1yaHofi Jyiiiiitu u(t, .), .yoaeTBop	(1), (3). IloHasallo, 'ITO	BTl-IX

ep BJIUOJIHHeTCH iipmioe ypaaiienie RoJIMoI'opoBa (44), COOTBTCTBY1OW8 (1) (CM. 
[1,.3-5]). flpii 3TOM Ha4aJIhHBIT hiepa	duo) = yo(duo) ioicer 6blTb rn06of. Mepoa 
Ha	YL0BJ1TB0PH1OITC1 ycJIoBH!o (4). Ln mep 1u(t, du) flOJICH al-ia ir 4)OpMyJIhi
['puHa. 

Hapnyy C flHMbIM ypaBtienmem PCCMBTPI1BCTC5I Ta1e o6paTHoe ypaaee 
KoJiMoropoBa, COOTBTCTBY!OWO C11CTMC (1). BTO YPBHHHC nMeeT B14g Ilapa-
6oJufecHoro 6ecHoHeHoMepHoro YB11HHH B BapHaWtoHHblx HpO1I3B0.JHMX 
BTO0F0 nopna 

-- (t, u) + (b(u), D(t, u)) ±	((Q, D 2 (t, u))) = 0, 

10 <t<t 1 ,	uEH2. 

3jecb (t, u) € C([t0 , t il x 0I), Dø(t, u) Ft D 2(t, u) - cooTBeTcTBeIIHo flepBh1t 
BTOP0	1H44)epeH[HaJthl ()y I1KIuloHaJIa 0 no u, (., •)) - caipiioe npOl-13-
BJCH11 B °®.° ((,•) - B	= *'o), a TaH?le HCI0T0MC Cr0 pacwIIpeHMn. 
KpoMe Toro, b(u) = H(—(u, F') u ± v4u + I) HH 'a E )P2, i'je TI - opToroHaJlbHbIi 
HPOCKTOP B H - [L2 (T2)]2 Ha A. 

113yvaIorcH o5o6nenrnie penien (t, 'a) ypaaen (5), IloHHMaeMbIe B CMblCJIe 
IlHTerpaJlbHoro T0?HJCTB 

f (t, u) 1u(t, du) = f	'a) u(t, du),	t0	I	it.	 (6) 

B aTOM TOHqeCTBe Mepi a(t, du) Jlpo6eraloT }cJzacc peuieuuii nprn%loro 
KoJiMoropoBa, y1OBJiCTBOpRIOEUHX HCK0TOb1M ecTecTBeHHI.IM oLeHKaM. AJIR 1.nacct-
'lecRHx pemeHnt ypaeiia (5) Togecmo (6) CJIpaBegJII4B0 BBHAY 4I0pMaJibHOt con-

1flKHHOCTH (5) it flHM0FO ypaBHeHIIH KoJiMoropoBa.
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JJoKa3aI1bi cyIJecTBoI3aHue It eI1HcTBeHH06m O6O6We HH OrO pewetltlH (I)(t,u) aajaq 
1oum jJi1 ypaBlieHitH (5) npii Haia.mHori yC.JI0BIIIL	 0 

Ii(ti,u),p(u),	uE.'..	 (7) 

IlpewioJIaraeTcn, qTO 

(u) E C(.*"),	jtp(u)I	C . exp (Yo 11u 111 2), rme Yo < ,v/S 1 ,	(8) 

x> 0 - HeHOTopan nojiowreju,naci EOHCTaHTa. 06o5nleHHoe perneie cJ)(t, ) 
IlpegcTaB.JrneTcH HnTerpa.moM BuHepa: 

(t, u0) - Ei(u(tj - t, u0)),	t < t i ,	U0 E 401•	 (9) 

3jeci, u(r, u0) -- cJIyafllibffi IIpo1ecC, yoBJ erBop mnfi dllcTeMe HaBbe-CToKca 
(1) if BUXORh11lft 113 TOVHI1 u0 : u(0, u0) = U0 H.H. 

Aim pemeiiii ø(t, u) V t <1 1 BMUoJUIsTeTcH yC.noBHe i'eJlbgepa no U € -71el c 
ixoHaaaTejie.Nt fl, > 0, fl, ^ C/(1 + (t 1 - 1)), ecui () YAOBJIeTBopfieT THOM 
yCJI0BI410 Feinepa c noHasaTe.ueM j9> 0. 

B § 6 eopea o C11CCTBOB3HII11 lJ1accH qechoFo pC[IIeifHH 
aajaqn Kolull (5), (7). 11peJnoJ1araeTcH, iTO HaVaJIbIibiii (f)yHRLi11OHaJI V)(U) yoii-
JIcTBopneT, ipoe (8), cieyioiiiui ycJIoBHnM: 

II/)vi(u)ll.r a ± [D 2 v(u)IJ 'c	IJD3 (u)ILi ^ C ep (Vo JuIj2),	€ 4°'.	(10) 

3jwci, [ .ft* npn k = 2,3 - HOpma B H0CTHCTBC k-J1nHeHhIx 4)opM ua 4°. 

aro icjraccnqecioe peinetine Ii(t, U) CUCTBYT ripit MJIbiX t 1 - t: •* + C '
—

 <z	re C> 0, it jaeca Tame 4opiiyioii BliHepa (9). 1i(t, u) y)oBJIeTBOpcIeT 

TOJCTB (6). 
OTMeTHM, wro BnepBie 3aJa'a 1{oInH )J1n 6ecKoHeoHoMepiIoro Jlapa6oJrn'oecKoro 

ypaeun (5) B cJiyae, Rora b(u) orpanHqeHHEafl onepaTop, paccMaTplanaJiaci. 
B pa6oTax 10. JI. ,LJAJIEIWOFO [6]. 

§ 1. CvihIIbIe pouieiiiui c'roxac'ri qecicoli CRCTCMM HaBbe-€'roRca 

B 3TOM naparpa4rn MbI npIlne)zeM TOHIO IIOCTHOBI aajam (1), (3) it c4opmy-
jiupyeM Teopemy o ee paaperHHM0cTH. CHaaJ1a BBJM Heo6xouMIIe ()yHxulioHaJ1b-
iuie npocTpaHcTBa. Hycm s € R. 

0npee1eHHe 1.1: fl8 — npocmpancmeo fiyHIcq.uti u(x) € [Jf8(T2 )]2 C 
cpeFhw.U:	 0 

(u(x), 1) = 0, T. e. ((x), 1) = 0,	(u2(x), 1) = 0.	 (1.1) 

0npeeJIeHHe 1.2: 48 — npocnzpancmoo cojzenouOa,iuuux ceinwpuu noJieü 
u(x) E H', T. e.	

0 

8t(x)	2(x) 
( I7,u(x))	+	=0,	.xET2 .	 (1.2) axt	ax2	 - 

3ajntHcltpyeM B 4° = 400 OpToHopMHpoBaHHhIfi 5a311C I3 4yiiictni 

ek (x)	._ k I cos kx, €k(X)	k sin kx, k € Z' \ 0,	(1.3)
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re k 1 2; 0 n k2 > 0 npn k, = 0. 3Jecb k' = (k2 - k1)/I k I . Jlio6ag 4yrnuI!n u(x) € 
Vs E R pacmagmBaewff B CxOHinicg B .° pRJ 

u(x) = ' [(t'(k) et (x) + "(k) ei"(x)].	 (1.4) 
k 

HopMa B	aaaec 4opMyJxofl 

IIuU,2 = Z* (1 -- kl) [gF(k)j2 4 V'(k)1 21,	u E	 (1.5)
Ic 

HopinI B H8 1! B H8(T2) TaK?Re 6yeM o603Haam 'epe3 H[,. Mepea fl. o6o3IIaaeTcH 
Hopma B H = H°, B Af = ;ro II B 4(T2). 

0603HaLIM gim u(x) = (u1(z), u2(x)) E H8 

z(x)	rotu(x)	-	'() € H8-(T2).	 (1.6) 

Toria na (1.1)—(1.6) BIIJHO, 'ITO 3 C,, C l, > 0, lIpli BOTObIX 

C8 I lulL	Ilrot	C,' I jull,	u E .iY.	 (1.7) 

BBeeM JIPOCTP&HCTBO U TpaeliTOPHil cIIoTeMhI (1). LJIfl )TOPO oóoaHavuM qepe3 
(61 6 ) , re 0 < 6 < LLPOCTPHCTBO yIIKLH1 u(t, x) € C(t0, 1,; °) c ioneq,io rrnay-
HOPMO

llu(t.)_—_u(s•)ll 
llUlkC(5) = sup	 < +oo.	 (1.8) t.8<t^t1	S	 S 

Onpeeuii TaHme HPOCTPHCTBO 222 llyHK1H1 u(t, x) E L2(t0, t1; A02)	222 C uoHe'i-
HOI uOpMoil 

lluI(J. = 
(f. 

llu (t, ') 1 12 2 dt).	 (1.9) 

OupegeJieHile 1.3: U = U(t0 , 1,) =	n 222 - npocrnpaucmeoØyuuii u(t, z) 
C pwuecuoü uop.Ato(i 

lltllv	l!ulk coi + 11U l12'.. < +00.	 (1.10) 

ByjeM HcuaTb peinenue u(t, x) cncTeMw (1) B 1TOCTHCTBC U, a OTHOCHTJTLHO 
aienna p(t, x) npeI1oJ1Oa1aM, 'ITO 

p(t, x) =	(t, x), re q(t, x) E C(t0, t1 ; H2(T2));	 (1.11) 

flP OR5BO1 H8R 110 t !1OH11MTCH B CMhICJJe o606E1eHHb1X 4) YHR411 ii . 
Mck qHrI AaBjienHe p(t, x) 113 (1). L1rn 8T01'O BBCM OpTO1'OHaJILHU1 npoewrop 

11 B H na °. Jlio6an 4yHHrns1 u € H goriyetcaeT paaioenue 

u(x)=	' (ak cos kx + bk sin kx),	 (1.12) 
kEZ'\O 

rje ak, bIc € R2, n pnj (1.12) CXO)1ITCH B H. Oqennjno, 

llu(z)= E (ii(k)ak coskx+fJ(k)bk sin kx),	 (1.13)
kEZ'\O
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re [1(k) a a	(a,-)
	

jjg a E 1(2 k E Z2 \ 0. CoJIeHoJIgaJthIIocm npaBOH
IkI

acn (1.13) BLITeHaCT 113 T0MCTB 

(11(k) a, k) = 0 npii a E R2 ,	k € Z 2 \ 0.	 (1.14)

148 (1.13) If (1.5) BuJHo, qTo ji v(x) € H 

Hv(x)=0sp(x)Ell'(T2):v(x)= Vp(x).	 (1.15) 

• OTMeTIIM, qTO U0II3B09RbIC 110 t  (1) fl0HI1MIOTC11 B embaciie 0606ILeIIH&X yHKIH}4. 
3ro 3Ha4HT, qTo (1) 3KBHBajIelITfIO HHTerpajibHOMY T0IKJeCTBy 

•	u(t, x) - 00 , x) + f (u, 17 ) u(x, x) dr 

=	17(q(t, x) - q(t0 , x)) ± vf Zlu(r, x) dr + (( - t) /(x) + w,,(t, x) 

V  € (to, t i ),	 (1.16) 

re MCII0JI133OBHO ycJioBue (1.11), a iierpa.mi n0HIIMa0TCR B cMhIcJle BoxHepa [7], 
HaR uerpaii 01' BKTOHhIX ()yH1cLBfi Co 31laqeHHHMII B H. llolca,KeM, 4T0 am 
HI1TFP3JthI cxoJRTcsI. Jrn HIlTerpaiia B npauo 'lacTir 3T0 oqeBIIJwo, fl0CK0J1bl 
u € U	L2(t, t;	2). l'IHTerpaJI B JIeBOI1 vacTil CXOIITCH BBIlJ OIHKU 

ll(u, 17) uFl 5 C IlU II2
2 u € .i 02 ,	 ( 1.16') 

coTopaii caejjyeT 113 yoHa3usaeM0ii Hiie oi.eniit (1.18). LeficTBHTeJIbHo, 113 (1.16') 
BhITeKaeT, 'ITO 

(u(t), 17) u(t) € L 1 (t0 , t 1 ; II),  

IIOCHOJIbKy U € Uc .2122 . HaKone1, fl1IMlIHR K (1.16) orrepaop 17, AIN i1ony'faei 
BBuhiy (1.15) u (1.11) ypaBi-lemle 6e3 gawielillfl 

fI(u(t x) - 11(t0 , x) +f(u, 17 ) u(r, x) dr + v  Au(, x) dr - (t - t0 ) f(x) 

- w,(t, x)) = 0 2	to <t <1 1 .	 ( 1.17) 

I1oKaMeM, 'ITO o6paTHo, 118 (1.17) c.neyeT (1) H (1.11). 

flpexoneuue 1.1: Ec4u U € U yE?oeIlemaopiem ypaemewo (1.17), the Wt.(t,X) 
€ C(t, t; H), mo u eCMb peuienue cucmeA& (1) C UOObi.4t p( l , x) Oix nomopoeo 
cunoiuuiemca yc.aoaue 

1J,oHa3aTeJlbcTBo: 3a1eTIIM, 'ITO BCC ciiaraeue B (1.17) nog 3IIaHor'.IlinpHHaji-
JIe?KaT C(10 , t; H). LeflcTB11TejLbHo, win Ecex CJlaraeMbIx, Hpome TpeTher'o, 3T0 He-
110CPCTBCHH0 BNTeEaeT 113 onpeTeJ1eHuuI (1.8)—(1.l0), flOCKOJ1bK I € H, a jii 
TpeTbero cjlaraeMoro To CJICyCT 113 (1.16"). HoaTo1y B CIIJI (1.17) Bbipa•ceHue 
Ii0 BHaK0M 17 B (1.17) parnio - 17q(t, .) cor.macHo (1.15), rje q(t,.) € H'(T2). flpH 
TOM MOMWO BbIGpam q(t, x) € C(t, t; H 1 ( T2)) , rI	.n ocKohiy 17q € C(t0 ,	H) I 

lip e JJI 0 ne H ne 1.2: CnpaaeaJiucb& oteutt 

ll(u , 17) 111	C lJu11 1 '2 II?tjIl llU11 211 ,	u € *'2 ;	 ( 1.18) 

ll(u, 17) v ll_j	C 111111 111 11u11 1 1 ,12 lIvll h I2 llvll 1 112 ,	u, V € Jel .	 ( 1.19)
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JJ,olca3aTeJIbcTBo: HO iiepaBeHCTBY JIabn'4eHcKofi ([8, 9]) npii n = 2 

JUIL,	C 1u11 u12 IIuII i lIa , rpe L4 = [L4(T2)]2 .	 ( 1.2O)

C jpyroft cTOpOHhl, 118 HPBOHCTB KOUIH-ByIIHKOBCKOFO cJ1eJyer, qro 

I(u, 17) UII ;5 C IIUIIL, I!	 (1.21) 

lIpuMeHsTa 3ecb (1.20), noJIyae?I (1.18). 
JJrn AoHa3aTeJlbCTBa (1.19) 3aMeT'4M, 'iTO 

2	av a 
(u, V ) v E uk —

x = L'— 
0X

(ukv),	u,vE.i*°',	 (1.22) 
k=1	a	k  

1I0CK0J1bH E	Uk(X) = (17, u(x)) = 0, x € T2. UoaToMy aHa.morIi'iHo (1.21) uMeeM: 

II(v 17) va_i ^ C	' JUkvII ^ Cl IIuIIL. . IVIIL,.	 (1.23) 
k 

OTcIoJLa 14 143 (1.20) c.rrejyeT (1.19) I 
)aJ1ee, J'444JepeHIwpyn (1.17) no 1, nOJIy'H.IM BB'4Iy (1.16') 3l3nrJajIe1irlIoe 

YPBHCH11

+ TI(u, 17) u = vzlu + ]If + -- (17wg(t, x)),	to <t <1 1 ,	(1.24) 
at 

rje HPOH313091Ib1 110 t noliBMaloTcH B cmucae o505neHHh1x ()yHHLWi. OnepaTop 11 
npoeupye H Ha '4 H8 iia 11pM rno6ori 8 E R. floaToMy '43 (1.24) BHHO, 
'iTO, 6e3 orpaHu qeHlIFl 05nH0cTn, MOHmO c'lMTaTb 1(x) ii w,(t, x) cOJ1eH0L4aJ1bH&MH 

yHRE1MH, T. C. 

1(x) €	,	w,(t, x) € C(t0 , 1,;	') .	 (1.25) 

B AaabHeftwem 6ye11 upeyuioaram ycJIoBll}f (1.25) BhInoJlHeHHbIMI1. 
BBee1 0503Ha'ieH'4e: 

b(u) = —17(u, 17) u + vJu + I,	u € *'2	 (1.26)

Torja (1.24) c y'ieoi (1.25) MO?KHO 3anI4CaTl, B mige onepaoporo ypaBHeHnr 

(t) = b(u(t)) +	 < t < t.	 (1.27) 

11peIoaceH'4e 1.3: Onepamop u --> b(u) itenpepumo ôeucmeyem 113 2 a .*' 
yôoeiiemcopaem otfenv.e 

lb(u)I1 ^ C(I[u!12 2 + 1),	u € i°2.	 (1.27') 

LoHaaaTcJubcTBo: 01ieH'4a (1.27') BbITKT 113 (1.16') '4 113 TOrO, 'iTO /E a". 
Henpep[JBHocm b( . ) cjieAyeT 1,13 aTofi OtdHKl1, Tait HK b(u) - KBapaTM'iHW 
(neo Hopo Di1.I1i ) oneparop I 

HTaR, B CIIJIY npeioeHiin 1.1 ypaeøe (1) JJJ11 U € U HM YCJIOBIIII (1:11) 
aMsHBaJIeHTHo (1.27). C4lopMy.n'4pyeM CT3TMCTH'iCH1O 1I0CTHOB}C aaa'iu (1.27), 
(3). ,Ljin aToro II0CT011M BHHepOBCHHft npoiecc w(r, x) B Ael no aajaoy one-
paopy Q (cat. [1-3]). 

HyCTb Q - nMHeftHbIii CaMOCOflpsnHeHHwi3 11HhD1 HeOTplliAaTeJIbHblfi onepa'rop 
B

Q*QO,	8=SpQ<+oo.	 (1.28)
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Onpee.niii orieparop K = rot Qrot*: W(T2 ) —>H-'(T2), rje rote : II'(T2) —>H(T2) 
- coupfiwemmi g onepaop K rot: H(T2) - H-'(T2). HaJ1onM Ha Q OHOJiHfl-
Te.nb}Ioe YCJIOBueHACPHOCTII onepaopa K: 

S 1 = Sp K = Sp rot  rot* < +00.	 (1.29)

BBeeM o6o3IIaqeHI4n: 

' 8(t0 , t) = C(t0 , t1; 08),	'8 = C(0, t1 - t; O8)	s 	R. 

HpeIoaeHIe 1.4: Hycmb jjuneün&ii onepamop Q 6 .° y0oc4emeopiiem yCdZO-
oa.,i (1.28)—(1.29). To2Oa na neomopot 6epO.RMIWCMHOA npocmpancmee (Q, 2, F) 
cyuçecmeyem e.sy'aanbu 8unepo8C)cut npotecc w(r) = w(r, (0), r ^ 0, E Q, C Xoppem-
quoitubmt onepamopo Q; w( . ) E (1 nat., U orno6pa.scenue w —> w( • , CO) u3.tepuJ.w, xai 
omo6pacenue (Q, .) ->. ('1, (2)) 

Ho onpeOeiieuuw eunepocciwo npozecca [11-12] w(t) - ayccoecicutt flpOtfeCC C 
Koppe./&JllfuR.tu 61100 

E(w(rj ), v 1) (w(r2 ), v2)	mm (r i , r2 ) (Qv 1 , v2) V ', 2 > 0, Vu1, V 1 E .?°.	(1.30)

LJ,oKaaaTeJlbcrBo npeyoneiiirn 1.4 npOBOAHTCq MCT0JMfl [2]. 

0503HaqiI ii 'iepe 2(dw) 6opeJleBcKylo BOHTH0CTH1O 1iepy Ha — pacl1pe)e.1IeHue 
ripouecca w(r). OTMe'rldM, 'iTO, flOCKOJThIi 2(dw) - rayCCOBCKaH Mepa, oisa O)HO-
8IlaqHo or1peJeJu1eTcn no Hoppeii qEtHHM (1.30) is, crajo 61Tb, no onepaopy Q. 
3aMeTnM TaIcKe, 'iTO 118 YCJ1OB1H (1.29) c.neJyeT, WOreep 2(dw) icoiieqe 
MOM6HT (cp. (2)) 

I IIrotw( r ) I 22 (dw) = r . 1 < +1	> 0.	 (1.31) 

IIycm, c ApyrOft cTopOHhI, u0(duo) - B6O1ITHOCTH0H 6opeienciiasi mepa na 
y;oBJreTBopnIouaH yCJIOBIIIO (4): 

= f exp ( 11z0112) 1u0(du0) < +oo,	Z0 - rot u0 ,	 (1.32)

Ilpil HeHOTOpOM CC > 0. PaccMoTp11r1 BepoflTHocTHoe LIOCTHCTBO 

(.?°' x ó',	x "),	x )).	 (1.33)

QnpeeJ1HM Ha 3TOM npOCTpaHCTBe cJ1y'iaiHhIe 4)yH1c4}IH u0 H w no opyiia 

u0(x, w) = u0(x), w(r, x, (o) = w(r, x)	V 	(u0(x), w(r, x)) E dFl x'.	(1.34) 

Tora u0 iirieeT pacnpeieieiiise u0(du0), a w(r, x) - pacnpegenelllle 2(dw). iloaToMy 
HB YCROBHFI (1.32) BbITeKaeT (4), a ma (1.31) — YCJIOBiie (2), re E - onepaop 
MaTeMaTu qecKoro o,KHJan1Ifl isa npoc'rpaise (1:33). 

FITaK, nycTb u0(x) B (3)-c.ny'iathsaa 4)yBIcIUIH 113 (1.34), a w,,(t, x) B (1) is (1.27) - 
cjiyvaHa cyHKi11H w(t - t0 , x), re w(r, x) onpeeieo B (1.34). OTMeTHM., 'iTO 
c.my'iallHbIe 4yHiciiin U0 is W na npOCTpaliCTBe (1.33) HeaaBldcHMJ,I. B §2, 3 6ye'r 
1wcaaHa c zeyyionass 'reopeMa 0 paapemuoc'ris cToxacTn qecxog aajaqus Kouns (1), (3). 

Te op e Ma 1.1: flycmb epa 1u0(dzz0) y8oe4emoop.ciem yCiweulo (1.32) npu neitomopoi 
> 0, eunepo8ci.'i 'iepa 2 nocmpoena no oneparnopy Q, 0.'z.'i xonwpoeo 8biflOJWJUOTflCR 

yClio6Uai (1.28)—(1.29), u /(x) E H = [L2(T2 )1 2 . ToaOa: 

1. 3a9a'ia JCoiuu (1.27), (3) uiseem eOuncmeennoe pezuenue u(t, x) = u(t, u0 , w) E U 
fl/)U ecex (u0 , w) E °' x lel , ipo.4te .uno - ;cecmea z0 x 2 - .4tepu 0.
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2. Omoópacxcenue (u0 , w) —> u(t, U, w) ua.epuo no Bope.vo, nwc omo6paicenue 
;*' xC' —> U. 

3. Ec.'zu a <v/S 1 , 20e x > 0 — nenoznopaa Kowmamma u S, = Sp K (cm. (1.29)), 
nw cnpaeeOiuzea oLfeiva 

E (exp (a IIz(s)12) + f 1 1 I7z(t)12 exp (a llz(t[2) dt)5 C oa(8_is)E1.	(1.35) 

3aecb z(t) = rot u(t), u(t) = u(t, ), a = C(i[f11 2 + aS1). 

LORaaaTeJJbcTBo 3T041 Teopc.mm 1TOBOJMTCH B § 2 it 3. 
Ha TeopemEj 1.1 BLZTeKaCT caegyioutan ieMMa 1.1, ncnoilbayeMan B gaimueftmem. 

PacciJorpI!M aajay Jouiii 

= b(S(r)) ± lb(T),	°	' 	
(1.36 ) S(0)=u0. 

JIeMMa 1.1: 1. 3aaa'a Kozuu (1.36) Vu0 E	u.Heern eOuncmeennoe peuteae 
S(T) = S(, u0, w) E U(O, t 1 - t) npu ece.x w € V1 = C(0, t 1 - t0 ; J*°'), TApo.me	o-



HCCTB 2 — mepEj 0. 
2. Onw6paaicenue w —i- S(r, u0 , w) u3.epuMo no J3ope.uo, Kax omo6pa3ceuue 
—> U(0, t 1 - t0). 

3. Eciu 0 < a <xv/S 1 , mo cnpaeeuea oqeua npu 0	t1 — to 

f
(exp (a Iz(r, u0, w)1t2) +	u0, w)112 cxp (a IIz(s , u0 , w)12) ds) 

C ear eU:.I',	 (1.37) 
eae z(r, u0 , w) = rot S(T, u9, w) u z0 = rot u0. 

4. Eciu E > 0 a 
r <xv/iS1,	 (1.38)

7flO u..ueem .ecnw oqena 

f
exp ( / lz(s, u0 , w) 2 a) 2(dw) ^ C e	e"4'11 3 .	 (1.39) 

,L	 BoabMeM B TCopeAte 1.1 po = 
ecm U0 E B,

V  jo, ec.nn u0 B,	
E  

IIpUMeHHM TOPCMY 1.1 K TaHOII Atepe 4a0 it ROJIOHflIM 
S(r, u, w)	u(r	t0, u0 , w),	n. B. wE",	 (1.41) 

rje u(t, u0, w), 0	1, — iipoi.ecc, orIpe)cJIeHnIJu Ha (1.33) it I100TpOeHHbIH B
reopeMe 1.1. Torya yaepneiin 1 .-3. JIeMMH 1.1 BWTeRaI0T 113 cooTBeTcTByIouD1x 
y'rBepnceH11ü TeopeMbi 1.1, flOCKOJ1bK	epa /to X 2 cocpeoroeHa Ha {u0} X rel.
B qaCTHOCTH, oIelIKa (1.37) no.J1yaeTcH its (1.35), noc}coJlbHy E = exp (a fJII2 

J111 MCJThI lao = 
Oue IIHy (1.39) BbMegem 113 (1.37) apu a = E • T. ,LJ1H 3Toro, Bo-nepablx, 3aMeTBM, 

'iTO	 - 

EA exp ( I jz(s)IJ 2 ds)	E (1 +	(f Jz(s)11 2	 (1.42)
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c'je z(s) = z(, u0 , w), a B4 o6o3HaacT onepaop ycpeenn no mepe 2(dw). Ho no 
uepaecy reJ1bJepa npci k 2 

(j[z(8)Iz)k 
^ TkIk'

	Iz(8)IId8.	 (1.43) 

3ech	+ . = 1, oiicya ,kJk =	= t'. flon'oriy 113 (1.42)—(1.43) &-



TeKaeT:
I	t 1 oo€kr 

B4 exp f z(s)j d8)	B2 ( + -	k f ItZ(8)112k ds) 
0 

	

'max (1--)f B4 exp (er I1z(s)Ii) ds.	 (1.44) 

OJnaKo npii ycJIoBiln (1.38) noiytiae its (1.37) C ix = 
B4 exp (er 1z(8)11 2) !E^: C e . elI,lI' npii 0	8 :!-, T. 

Orciopa it na (1.44) Bu'relcaeT (1.39) I 

B sammemae aToro naparpaa npejei BancHyio oteHny BapHaqHlf TPHTOPHH 
cIccTeM1I (1.27). 

flpeioaenue 1.5: Hycmb u1(t), u2(t) E U(t0 , t 1 ) yOoeAemeop.cuom cucmee (1.27) 
npu Oiwu u mowsce w1,(t, x) E C°(t0 , t 1 ). ToeOa Oia ,,eapuazuu" r(t) = u2(t) - u1(t) 
crtpaeeô.icuoa oce,uca

B" 
Jfr(t )112 + V  11[7r(s)112 ds	[r(to)I2 exp (

	
J 

I! Vu1 (s)fl2 ds)	t E (1, t1), 

(1.45) 

e B> 0 ne aoucu,n om u 1 (t), u20), a rnasce om v> 0 ii t > to. 

JIonaaaTeJIbcTuo oieniui (1.45) HMeeTcn B [8] (crp. 165). 

CJIecTB11e 1.1: Ec.vL u1(t), u2(t) € U(t0, t 1 ) yOoeizemeop.vom (1.27) u (3) c o8u-
?4106b4.4u V0 u w, mo u1(t) = u2(t) npu ecex t € (4, t1). 

§ 2. raIepKHBcKne npø62uIeunsc cToxacTll q ecicoli CIICTCMbI HaBbe -thoKca 

ByJeM CTPOIITb npo[ecc u(t, x), yoBJ1eTBopa1ouu1ii (1.27) it (3), MeTOAOM FaJIepHicHa. 
06oaaaiii qePC3 T', :inHelinyIo 060.u04ny jyHHI11 ek(x) 14 €k(X) ua (1.3) upa 

o < Iki rn. flycTb TI,. - OpTOrOHaJIbIlMü npoeKrop B H = H° iia. Vm. 11iiiieflnyio 
o5oioay cos kx it sin kx, 0 < IkI ni raaHe 6ygei 0503Haqam qepe3 Vm : a 
OpTOI'OHSJIbHbIII IIPOCKTOP ua nec B L2 (712) - epea 17m• 

I'4epzcncoii annpocuatueti clicreMbi (1.27) H3OBM HOHHOMCPHY1O CHCTCM 
liro B V,,

= b,n(Um(t)) + thg m (t) ,	I > 4,	 (2.1)
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rite bm(U,,4 ) = [Imb(Um) H Wt,m(t) _ IimW.(t). B KaqeeTse Haqa.nbl-Ioro yCr1oBHR B03bMM 

Um(to) = Uo.m	Ji,u0 .	 (2.2) 

BBee1 a-a.nre6phl Z. -_ o(u0, W(s), 0 :5 s :5 r), r -^> 0. Torja uo ,. E V. Hsme-
pHma OTHOcIITeJIbH0 Z, a Wj..m(t) - 13HHepoBC}c11t npoiece B V,,, OTHOCHTeJIhHO 

[11-13]. OTMeTHM, 'ITO cJIyqaHHe IRHLHhI Uom it Wt.m Ha flO-
CTPHCTB (1.33) ueaaBIcIiMbI. HOC i OJIbKYHm OpTorOHajxbiibifi npoecop BL2(T2), 
TO 118 (1.32) ubIreRaeT: 

B exp (a ftz0 J) = B exp (a IIh1mZ0I12) E 1 < +00 Vrn € N,	(2.3)

i'jie z0 - rot u0 , Zo.m = rot Uom = rot HmUo = 11mZO. 

Paapeumriocm ra jiepHm HcHofi 3agaqHHoinn (2.1), (2.2) yCTaHaBJIHBaCT CJejyioivan 
JIeMMa.

C 

JI e M Ma 2.1: 1. Peweuue aaôai€u (2.1), (2.2) V m € N cyuecrneyem C eepo.mnocmbIo 
I npu ecex 1>10' Um(t) = U(t ' (0) € C(t0 , t 1 ; Vm) npu ,o x 2- n. 6. w = (u0 , w) € .Q 

.r' x. 
2. Omo6paaceuue co -> Um(t, co) uaeputo no Bope.iuo, nax it omo6pa-vcenue Q 

C(t0 , t 1 ; I*m); omo6paasceuue (1, co) -> Um(t, co) u3tepu.Mo no £opeiuo, xas omo6paascenue 
(1, 1,) X Q - Vm. 

3. IjAs .vo600 q> 0 cnpaeea.izuea oqeica 

B IJUmIIo(ö)	Cq < +00	V  € N,	 (2.4) 

aOe C ne aaeucam om vi. 
4. Eciiu a <xv/81 , o8e x > 0 - ueewrnopai Kmcmaunia, mo v 1 > to etno.'u-tjerncjl 

oeewa, noôo61tai(1.35): 

B (exp
 

(a IZm(S)112) + 
t 

f 1 117Z.(t) 1 12 exp (a I1Z m (t)11 2) dl) 

C ea(-	m € N;	 (2,5) 

3ôeCb Zm(t)	rot Um(t), C ne aaeucum om m, a = 0i (1I/112 -+- AS,), C1 > 0 ,e 3aeucum
om M. 

HyHITM 1. it 2. 3TO1 .aeMMu oKa3I,IBaoTcH aHaJlorIIvHo COOTBeTCTByIouHM 
yTBepHeHHHM MB [1, 3]. OIeHRa (2.4) TaJooe 1oHaabIBaercH MTJMM [1. 3]. 

JJ,oRaBaTeJIbcTBo o1eHHI1 (2.5): 11oiy'ni its (2.1) aBo.nIoI.HoHHoe ypaeune 
JJ1H z'(1) = rot 2Lm(t). flocKwmffy rot Tim = 1 'm rot, TO, upiireeuna onepaop rot ic 

BhIBoIlM: 

m(t) = TI 	b(Um(t)) + m(l),	 (2.6)

rite m(t) = rot Wi,.m(t). Laaee, iia oupeAejieHHII (1.26) ciiegyeT, 'ITO yJH u € V. 

rot b(u)= -i7 rot [(u, V)]+v4z+g, z_ rot u, g rot /,	(2.7) 
IlocKoJibRy rot H = H rot. HaKoHeI, na YCJIOBHJI co.meHoIIgaJlbnocTIl (17, u) = 0 
BITKT TofcjecTBo (TeopeMa reJIbMroJ1bI.a [14]) 

__	 a rot [(u, 17) u] =	[(u, 17) u'] - -j [(u, 17) u'] = (u, 17) rot	(2.8) ax' 
u 	V,,,.
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OcoIIaTeJibiIo ii (2.7) it (2.8) BhIBOHM, 'iTo ypaneue (2.6) npMo6peTaeT B11 

.(t) = 'h1m (?2m , 17) Z, + VLIZ m + (Irn + m(t),	g,,	11mg.	(2.9) 

OIeHHa (2.5) noiy'iaecri ripiieiieuie	4OpMyJthI liro iin Bhl'iHCJ1HUR 
d exp ( IIZm(t)11 2) B cilay ypaeimn (2.9). A HMeHH0, t) = rot HrnWg o(t) BBJIROTCH 
BMH0BCIilIM npo1JeccoM OTR0CI!TJIhHO rioroKa a-aJlre6p {Zg_,,)gg. flocKo.rIbffy 
m(t) = 11m rot w.(t0), TO K0PPCJiHU1101-11-fb onepaop iipouecca m( t) pBH IImK[I,n, 

rje K = rot Q rot* (ci. (1.29)). RpoMe Toro, z,(0) _-- rot Urn(0) = rot Uo.m II3MI1M 
oTnocIlTeJthHo 1. CjlegoBaTejlbHo, rio 4opMy.ne 14To ([11-13]) no.Jryvaei: 

d exp (a l[Z rn (t)112) = exp (a Ikm( t )II) {2(zm(t),(dZm(t)) 

+	[(2ct(zn,(t), dZm(t)))2 + 2o(dZm(t), dzm(t))]} .	(2.10)

1-10 )B CHJI (2.9)nrieei: 

@.(t), dZm(t)) =	1rn(1), I7Zm(t)) + (Zm(t), g) + (Zm(t), d.(1)),	(2.11) 

BQCHOJibR (Zrn, [Im(Unz, 17) Zm) = (Zm, ( Urn, 17) Zm) = 0. lloc.neyHee paBeHCTBO HaBecmo 
xax 3ROH coxpaHelina BHXPH [14] it JoKa3i,IBae'rcs IlnTerpIipoBaHHei no qacTBM: 

JJfl U, Z m € 

(zrn,(m, 17 ) Zm) 
= 

f (u(x) v zm2(X)) dx = f(17 , Um(X)) Zm2(X) dx = 0, 

Tax MaR (17, u,,(x))	0. JJaiee, 110 flPBHJ1M HT0 [11] iiOj BW)*CHMM (Zm(t),
dZrn(t)) 2 flOH11MCTCH H$epeH[IaJIbHaa OJ1R (Zm(t), 17m 't'/7mZm (t)) dl. (1)opMambHo 

(Zm(t), dzm(t))2 = (Zm(t), HmKTImZm(t)) dl.	 (2.12)

AHajxorH'rilo,riom dZm(t), dZm(l)> nopaayieaecri Sp ltmKj7m . dl. (1opMaJI}10 

(dz 4(t), dzm(t)) = Sp TImK Tim dl.	 (2.13) 
Bnceie o6o3IlaqeIIne: 

J(t) = exp (C, I rn (t)I[2).	 (2.14)
Tora, r1ocTaB.ngn (2.11)—(2.13) n (2.10), no.Jlyuaersl: 

dJ(t) = J(t) {2O[V(17Zm(t), Vz,(t)) ± (Zm(l), g,)] dl 

+ 2(Zm(i), dCm(l)) + [2 2(Z m (t), 11mK11mZm(l)) + a Sp h1mK11m ] dl). 
(2.15) 

0npeeJn1M MapKOBCKHfi MOMeHT 

TX = r,y((U) -_ mi {r ^ t: ItZm( T, co)I1	V},	IT. B.	co € Q -

(2.16) 
H )JOJIOMflIM i,y(s) -_ t,y. (s, CO) = mm (s, r), s	l. 05oeHatulM JJ1R Zrn E Vm 

L(z,) = —2c.v(l7z,, 17Zrn) + (z 4 , g) +	TTmKTImZm) 

+ a Sp 17 KIT..	 (2.17) 

3 Analysis ld. 1, Ileit 3 (1982)
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Toi'j ua (2.15) nojiyq HM,	 not OT to jo tAt(s) (cm. [13]): 
i,y(s) 

= J(t0) + f J(t) L(zm(t)) dt + f J(t) (z (1), dC(t)),	8 > to.	(2.18) 
to 

B03bMeM MaTeMaT11 qec}oe o?IflaHne Or o6enx qacTei (2.18). TaK 1aff MaTCMaTII-
ecHoe onu1arn1e OT anTerpaMa 14To PBHO HyJIlO, TO rlo.nyvaeM: 

t.AP(s) 

EJ(t.4r(s)) = EJ(t0) + E f J(t) L(Zm(t)) dt.	 (2.19)
t. 

OTcIoa npn IJOMOIIW HepaBeHc'rBa PpoByoJIJIa a&Been oeiy (2.5). LJ.nH aTOrO 
HyHO OtHHTb BbIWHHC L(Zm), BXOLflnee B HBiO qacm (2.19). 

Ha onpee.rLeHnn L(Zm) B (2.17) i.rreiae'r, qTO 

L(Zm) ^5 —2ov II ZmII2 + C lIgmlI-i IlZmIIl + 2a28 i I1Zm II2 + 048 1 .	 (2.20) 

flo HepaBe}ICTBY pupxca IlZmII	C1 J JJZ,11, flOTOM 

—2cv II m 1I2 + 22S1 IIZmII 2 :!-, (-2xv + 20t2S1C1 2 ) [I7Z,Ij 2 = -E JJVZ 112 ,

(2.21) 

rje t = 2xr - 2x2S1 C1 2 = 2xS1C12 (-'- - x) > 0, ecaii B3fITb x =	B TOMC 

1.1. AeACTBIM.TibHo,	 -	 -OC > 0 110 YCJIOBH1O 3TOÜ 

KpoMe TOrO, cojiraciio iiepaeacmy IpagpHxca 

C IIgmll-i 11Z .111 C2 I/11 l!rnfl2	IImll +	I/II,	 (2.22) 

flOCKOJIbf IlgmII-i = IIH, rot Ill-i 5 C 
HojcTaBJrns! (2.12)—(2.22) a (2.20), no.myaeI: 

L(z,) :5 	II1 rn l12 + a,	a =	+ 0,S1.	 (223)C22 JV112 
2	 2e 

HaKoHeI, nojCiaBJin (2.23) B (2.19), BbIBOJUIM uerpaiioe HepaBeHeTBo: 

EJ(t.,(s)) + j Ef J(t) 1117Zm (t)1[2 dt	EJ(10) + aEf J(t) dl,	s > to. 
to

(2.24) 

'4To6Ej UJ4MUHTb i (2.24) iiemmy I'pOHyOJlJJa, Heo6xonMo, rpy6o FOBOpH, nepe-
CT&BHTh B npaBOfi qacii onepa'rop E C HHTP8J1OM 110 1. 

jJ1H aroro 3aMeTI4M npene acero qTo nPH I <lAP(S) = mm (t,p, s) nMeeM: 

I = mm (t,y, I) - tAP(t).
	 (2.25)

IloaToMy

"r (3)	8 

E f J(t) dl = E f (A'-()) dl = E f 9(t.,-(s) - t) J(tA-(t)) dl.	(2.26)
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UpuMeHnM K r1oc.meHeMy HHTerpa.,iy reopey Dy611HH [18]: 

Ef O(t 4c(8) - t) J(ty(t)) dt = f EO(t,y(l) - t) J(tc(t)) dl.	 (2.27) 

TeopeMa (Dy6ii rn BPMMHHM B (2.27) 110 c.ne)yioruwI upMrnHaM. Bo-nepi.ix, 
no&urerpaian yHrn.UTfl orpaHwleHa: upii r E (to, &) ii II. B. co € Q = c'1 x't 
(CM. (1.33)) 

0	O(tq. (s) - t) J(t,y(t)) = 9(t,y(s, w) - t) J(Ar(' w))	exp 

Bo-BTopiix, 3TB 4yHK1ll}1 usmepHma no Bopenio no COBOKYUHOCTH (t, co) E (to, 8) X . 
eCTrnjTejjbHO, 13MHMOCTh t,y(s) = mm (tA-(w), 8) 110 Boperno no CO E Si BbITC-

KaeT 113 H3M}1MOCTl1 Tv-(w), TxoHasaHHOfi B [15]; I43MePMMOCTb J(tAr (t , w)) 
= exp (0, IIZm(tj(t, CO), (0 )112) cneyeT xie H3MPHMOCTI4 l,y(l, o) no (I, CO) H R3 oaMepH-
MOCTH Zm(t, w) no (I, w) (cm. n. 2. aerwua 2.1). I'FraK, 113 (2.26)—(2.27) no.1y'IaeM, 
yqumiBafi, 'ITO (9	1:	 -. 

t4r(8)	a 
F f J(t) dl !E^ f EJ(t-(e)) dl.	 (2.28) 

flojcTaBJJa 3TY oieocy B (2.24), Bb1B09HM, HaKoHe1, IiiITerpa.nbHoe HepaBenerHo, 
K KOTOPOMY ripHmeHmma .neMMa FpoHyoalJla:

8 

EJ(tr(s)) + + Ef J(t) II 17Zm( t )112 dl	EJ(10) + afEJ(t.iv( t)) dl. (2.29) 

OTc1oJa 110 HBHCTBY rpollyoJula 

EJ(tr(s)) ^5 EJ(t0 ) e-(--to) .	 (2.30) 

Ho its onpejeeiin (2.14) BbJTKT B C11.uy (2.3), 'rro 

—'7J(to)	E 1 < + oo.	 (2.31) 
iloaroMy, 11O7CTBJ11H (2.31) it (2.30) B npayo qacm (2.29), 6ygeri 1IMeTB oLeHKy 
BHJ (2.5):

£.Ad(8)	 8 

EJ(tt(s)) + -- J' J(t) J Vz,(t) J2 dl	E 1 + aEoif e0(l_ Is) dl.	(2.32) 

Ma (2.32) oueina (2.5) no.uyaeTcso 1I11 .K -'- oo. )eticTBHTeJ1bHo, ii (2.30) coraaciio 
HepaBeHCTBy 4e5brn.IeBa BiTeaeT oieHia 

P(tAr(s) < s) exp (a./V2)	EJ(tA-(a ))	E 1 exp (a(s - ta)), 8 > t.
(2.33) 

CJIegoBaTeJlbHo, 
P(t,-(8) <8)	 0•	 (2.34) 

C Jjpyroii eTopol-Ib!, tAt (S) H y6hIBaCT HJ)H BUJ1I1'ICHI1H .K. ll1!3TOMy 113(2.34) cieJyer, 

tx(s)	s	ii. ii.	 (2.35) 

HaHoHeI, 113 (2.32) B CHJ1 (2.35), npu .iV -> oo no iiewae 4IaTy noJiy'IaeTcn (2.5). 
,TIeMMa 2.1 JoFca9aHa. U 

3;
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3. lipejesi.rniIi IICPDXOM 

B 8TOM iiaparpae goiia3blBamfl Teopema 1.1. 4T06b1 HOCTPOIITb npoiecc u(t, x), 
YJ0BJITBOP1HoIIW (1) it (4), Aoiiawem, 'ITO pacnpee.r1e1iiuz npoieccoB Um(t, x), ji,in 
1OTONX BLIIIOJIHHIOTCfl (2.1) it (2.2), CX0flTCH HpII rn —;- CO. 

118 TCOPCMbI BJ1oaeHnn Jy6iiiicicoro [3] BMB0IITCH cJ1oRyIoueo yTBepneHne. 

flpeIoeHue 3.1: Biioicenue U(10 , £) c C°(t0 , t) 

L oaaae.ucso: llycTb Uk(t) — opranuqeiian nocJIeyoBaTe.J1bHocT1, B U(t0 , t1). 
3T0 3ilaqHr corJlac}Io (1.8)—(1.10), 'ITO 

(to 

11	
IIuk(t)	Uk(S)II1 Iukt[22dt) + Sup	 M < + oo, 	k E N,	(3.1) 

t. ,S,	^1 

	

8<t,	
It 

rje Al He SaBHCHT OT Ic. Bos11eM B TeopeMe4.1 113 [3] (cTp. 123) E0 =	E = 
= .'. Tora Uk) B CI4JIY (3.1) - oprannenan noãJIe)oBaTeJ1bHocTi, B L2(10, t1 ; E0) 
14 paBHOCTeHeHHO nenpepauan s C(i, t; E1 ).. CieoBaTerrbHo, coriaciio yKa3aaHoi 
Bblme i'eopese 113 [3] nocJIeosaTeJIb1IocTb {Uk} npeKoMnaKTHa B C(10 , t1 ; E1) 
:=_ C°(t0 , t 1 ) I 

OTo6paaeIIue Ct) Um(, to) II8MCtUMO no Bopeiio H3 Q ii C0(t0 , coi'iaciio n. 2. 
.TIeMMM 2.1. f1o9To1y OHHO onpejenam pacnpeeieiie c\"1aino )YHK1UiH Urn, 
icait öopeJreBcxyJo iiepy Pm na C0(t0, ti): 

Pm(B)	Ito X	€ 1?: u,( . , w) € B))	V  € (C0(t0, t i )).	(3.2)
Jlpioeuiie 3.2: Coeoynnocmb ep (P,), rn € N, ciia6o Ko1.cnamnauaC°(t0 , ti), 

,Lo a a a TJI b CT B 0 143 oIeHo11 (2.4), (2.5) no.TiyqalOTCH aaMeHoii nepeeunix 
= Um(, (0) cooTseTcTByIo[IHe oIeHxu gun ziep P,: 

i (i l!Vz(t) !2 exp ( [z(t)112) de + Iulto) P,(du)	C < + oo , m € N, 

(3.3) 
i'ge z = rot u 11C, ne 3a811d11r OT Vt. OTcioga npii q = 1 BblTenaeT CorJIaCHo onpe-
gejienino (1.10): 

f Ilullu Pm(du) ^S C < +00,	Vi € N,	 (3.4) 
vge C iie 3aBIICHT OT M. 113 (3.4) cor.nacno HepasellcTsy Ye6MmcBa riouivaeri, 'ITO 
YE> 0 nagecn Ta1oe M > 0, 'ITO 

Pm({U € U: I lullu < M}) 2t 1	. .	 (3.5) 
1-10 {u € U: I[uI[u < Al) - [1KOMflHT B '°(t0 , t 1) CO1'JIaCHO npegutoaeniiio 3.1. 
CuiegoBaTem1Io, no'reopeMe flpoxopoBa [16] mepw P cua6o Ro1naRTHM Ha '°(t0 , t1 ) I 

uTaH, CIICTBCT nogllocJlegoBaTejlbnoCTb rn' —1- 00, guisi HOTOpOII 

Pm	 P.	 (3.6) m - 

3gecb P — 6opeuieucHaa mepa na (0(g0, t 1 ). BBegeM oTo6paeHI1e .il, CBH3h1BaIonee 
epy P c iiepa	ii 2 (CM. HHKC (3.10)). )1uin aoro npegcTasnM (1.27) B Bilge 

du(t) -_ u(t) - u(t0) + fb(v(r)) dr = w 1(t), t0 <t <t1.
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Tora aajavy Romit (1.27), (3) MOH(HO npaTHO aarncam Tai: 

9u = (u0 , w1 ,( . )), rye Wu	(u(to), du(t0 + )).	 (3.7)

Hpejioeune 3.3: 0mo6pa4ceuue : U —%°x*° uenpepbi8Ho. 

LoIaaaTeJIbcTno: HeilpepIiluHocmoTo6paaceHnH u—* u(10) 113 U B .' BMTRT 
na onpejeJieHHH (1.8) LI (1.10). OnepaTop d: U --'C° RBapaT1IHbIii(HeogHopoJuofi). 
H03rOMy ero }1HPCPbTB}IOCTb c.rIeJyeT 118 ero orpaHn qellHocTn. OrpaHIIveHaocrb d 
BhiBouITC}I ita (1.27'). A HMeHHo, B CiiJ1 (1.27') b(u(r)) € L1 (t0 , t 1 ; .) upn U E U. 

IJO8TOMy f b(u(r)) dr € °(t0 , t 1 ). Bwiee TOrO, B czijiy (1.27') 
f. 

max fb(u()) dr ^ C f(I1u(t)1122 + 1) dt < Ci(lJuI}u2 + 1) 1 
£E(t.t1 t to 

Upeoeiiue 3.4: 1. Mepa P e (3.6) R6.-memciz eepo.nznocnznot (xax It Pill); 
P cocpthomoen.a ua U € P4('°) it yOoeizerneop.cem ot1enica.. 

I I1I1(( (ô> P(du) < -1-	eq > 0,	 (3.8) 

(exp (a IJz(8)11 2) + f I1 z ( t) exp (a jZ(t)1 12) dt) P(du) 
to 

C	 S € (to, 1 1 ).	 (3.9) 

2. Ilpu omo6paaiceituu 91: U	. x VO,, onp&ezeu?w e (3.7), .itepa P ,iepexoum
o 1,10 x 2:1)

(3.10) 

TO iIpej.rIone11IIe JOK33hI1l8CTCB aHaJlolIl qHo reopei1e 2.1 ii:j [1]. flpii 3TOM 
OIWHHH (3.8) it (3.9) ubiTeKaloT 113 paoepuix rio m o[eHoLi (2.4), (2.5). ToaecTBo 
(3.10) joua3b!Baercn, i iax it [I], ripee.ablthIM nepexojo rn —> co B aajioruqix 
ToHecTHax j.an raJ1epic)ucH11x ep P,. 

JoRaeM. IlenoJihayfi (3.10), LITO aaa q a lowii (1.27), (3) pa3)ernh1r1a C BepOfiT- 
LIOCTbIO 1. 1Ioo6iioe yTBepKeHIIe yoia:aiio ii [1]. OJUiaHo Mb! F1I1BCM aJecb 
JoKa:3aTeJ!bCTBo, I1OCIcO.'11,Iy OHO COJC1:UT IOiiCTpyHJUi1o, !ICIIOJIb3VCMVI0 HImce. 

I1peioweuite 3.5: Cyuecmcyern maoe .itioaicecmco. 1 c	 '11120 

€ .(.°*x*C1),	UO x 2(.) = 1 ii	(= 91U.	 (3.11) 

)J,oKaaaTeJIbcTBo: 11oCRoJ1Ily U - ceuapa6eJ!blloe 3aHaxOBo lIpocTpaHcTBo, 
TO ITO eopee Pileca ([16], crp. 374) V.JV>O HaiJeTcu Ta!o4 KOMflHT KX CE U, 
VTO

P(K-41)	1 - 1/.4.	 (3.12)

ItoJIo?KIIM

U0 = UKr.	 (3.13) 

	

1) Mepa /to neooiae'rca ho Gopeioiiciofi Mephi ua °,. 11OCHOJ1bH	()1) = .1
aIIaJIorIi qHo, A - 6OpeJ1eBcia8 mepa iiii WO.
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Tora U0 € p4(U), a n (3.12) BbITelcaeT, 'iTo 

P(U0) = 1.	 .	 (3.14) 

Coriacno npeioeio 3.3 oTo6paneHie 91: U ->-.;f XWO  HenpepblBllo, noaToMy 
- }OMna}cT B	IT 

91U = U 91(K) E 2 (°x°).	 (3.15)

Ha (3.10) it (3.15) c.meJyeT, 'ITO 

JU0 x A( 0) ^ P(U)	1.	 (3.16) 

UaKoHei, no.moani	=	n ("x"). 1'ora no Teopeme 11.2.1 its [3) uMeeM: 
€	X f'), flOC1cO.flbHy *" X " c ° X - HenpepNBHoe BjIoaceHHe MeTpH-



'Iec}cHx npocTpaHcrB. 1-poMe Toro, /20 x 1(*'x") = 1, Talc Hax duo(°') = I H 
= 1. 110aToayn3 (3.16) BbITe}caeT, qTOUO X A( 1) = 1. l4Taic, (3.11)Jolca8aHo I 

'4T06M IIOCTPOHTB nporecc u(t, w), YJOB31eTBOpHIOEUII1 (1.27), (3) it mmepitmmft na 
BepowrHocFH0M flPOCTPHCTB (1.33), goitawem c.r1eyioiwie ji,a npeJioIceHHa. 

llpei1oeHHe 3.6: Omo6pad;ceiue 9f. U ->	une,mucno. 

)iocaaaTeJIbcTBo: HycTb u 1 , u2 € U it 

91u 1 = 91u2 .	 (3.17) 

Ho Torga BBH/ (3.7) U1 H U2 YAOBJIeTBOPHIOT (1.27) it (3) IIPII OJH11X H TX we 
(, w,1). iloaToMy u1 = U2 corjiaCHOcJ1ecTBMTo 1.1. I4Ta11, 91 1Iwbe}cTHBHO I 

11O1ofdHM 

U1 = 91-'().	-	 (3.18) 
IIpei1ofceHI1e 3.7: Omo6paasceiue 21_ 1 : .	U1 uaiepuito no Bope.uo, eiiu 

-_ .(U) n U1 ,	) =	°x") n 

EtoHa3aTe31bcTBo: OT06paiceHI1e 91-1 onpee.Ie110 Ha	, aic iiax	91U B 
ciixy (3.11). I4aMepHMocTb 91— ' oaHaqaeT, q o 91(B) € V BE .Q(U 1 ). JOCTaTO'I1IO 
IIPOBPHTb OTO CBOiICTBO JilfiUb gan B, 8aMIcHyThIX a U 1 : B = B1 r U 1 , rise B1 aai-
11HTO B U. 

FIycm K - KoMnalcTbI 113 goHa3aTeJIbCTBa iipegao^HeHHFi 3.5. Tora B1 n 
- IC0MUaHT B U H, cJIeJoBaTe.JIbno, 21(B1 n K) - KoMnaI(r B °X'0 . HpoMeToro, 
91(U1 ) = JF, € .(rx°) BBIIJ (3.11). HoaToMy 

21(B n Kr) = 91(B1 n K,y) n 21(U1) € (°x°) rI 

=	$*"x*6*1 ) n .	=	 (3.19) 
C jpyro CTOpOHhT, 91U 1 =	3VO = 91U0, it 6To6panceHue 91: U —> 
11Wb1CTL1BHO HO npeiJio2fceI11aIo 3.6. CJIejoBaTeJ1buo, U1	U, a ocioja BBH	(3.13)
Bhrrexae'r, 'ITO 

B= U BnK. -	 (3.20)

flo9ToMy 113 (3.19) noJIy'IaeM: 

918= U 91(Bn'K)E.Sr i ) I 
JV=1
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• oHaaaTeabcTBo Teoperu& 1.1: OnpeernM lIcKoMbffi cJIy'IaHbI11 npoiecc 
U(CO) He Q = "x" 4opMyJ1ol 

c_ 1((uo, w)), ec.uu (u0 , w) € 
•	 U((UO, w)) =	 (3.21) 

0, ecJiii (it0 , w) 

flpóBepiiM, n'o TaK onpeAejieHHbifl rrpoiece u yJzoBJIeTBopHe'r BceM 'rpeSOBaIniHM 
TOMh1 Li. 

Je1fcTBuTeJ1bHo, yTBepneH11e 1. 'reopeMw 1.1 eieye 113 (3.21), nOcicOJ1biy 
/A0 X A( 1 ) = 1, 11 113 upeJJiO1ceH11fl 3.6. Janee, TaR Raic 3 € (Q), TO iio 
ioceiiwi 3.7 BhITeIcaeT II3MOJ3HMOCTb 110 Bope.aio OT06pa?tceHH$t Q —> U, nepeBo-

jnuero o = (U0 , w) B u(w). HaicoHeJ, oLeH1ca (1.35) BbITeKaeT n (3.9), B0CKOJLB'cy 
paCnpeeJJeH11e npoiecca 'a COBTiaAaeT c MepOtk P. AeACTBlITejibHO, II8 (3.18) c.megyeT 
BBHJ (3.10), 'ITO P(U 1 ) = /to x 2() = 1 corilacHo (3.11). floaToMy 118 (3.21) 11 
(3.10), nOJIy4aeM, 'ITO VB € R(U) 

/L0 X 2({w € Q: 'a(o) € B)) = ,o x 2({0v €	9I(w) € B)) 

= U0 X (3 n 91B) = PD X A(t(U 1 n B)) = P(U 1 n B) = P(B) U 

§ 4. HpsDioe ypanene KoJDloropoBa. ToacjecTBo FpHua — boBma 

jia S € (t0 , t1 ) 0603Ha'IIIM qepe3 y8 onepaop cieja: 

= U(8, -),	'a € U.	 (4.1) 

He OUPC1eJJeHHH 1.3 BhiTeicaeT, 'ITO y8 U —> .*' — H11MBHMII OlIepaTop. 06o-

BHa'1MM qepea p(s,.) ôopeJleBcKlle Mephi Ha A, RBJIHIoIwfecH cyMceHHflMH Mbl P, 
nocTpoeHHoli B § 3 (cm. (3.6)): 

p(s, B)	(y8*P) (B)	P(y3 'B)	V B € (°),	S E ['a, 1 k ].	(4.2) 

113 (3.9) c.ne.gye, 'ITO raepi u(t,•) yoBJIeBopnIoT oueue 

f exp (a 11z11 2) p(s, du) +f(f I1 Vz II 2 exp (c hula) 1z(t, du)) dl 
to 

^ C c'1E 1 ,	s € (to, ti),	 (4.3) 

rme z =— rot 'a. floaTOr1y MePIJ p(s,.) cocpeoTo'IeHhI ua	flH BOex S € (ta, t1 ) n 
.A'2 11PH El. B. s € (1, t 1 ). OTIeTlir, 'ITO 4(.01) c	(*') no Teopeme 11.2.1 its [3), 
lloa'roMy p(s, .) — 6ope.neBciclle mepEa He	npø Bcex s € (to, ti). 

B [1] 6b1J10 IIOHaaaHO, 'ITO 3T11 MepH YIOBJIeTBOPH10T HPHMOMY YPBHOHHJO ROJI-
MoropoBa, coOTueTcTByIorIeMy (1): 

ay
(1, v) 

= f exp (i(u, v)) [i(b(u), v) — -- (Qv, v)] u(t, du), 

fl. B. I € (to, ti). 

	

3flecb (., v) — X8KTCMCT11'I0CKIIH tyH11LU4OBaJI Mepblp(t, du):	•	• 

y(t, v) = f exp (i(u, v)) 4u(t, du).	 (4.4') 

•I1poB3BolHan -jf B (4.4) noi	n uiMaeTc 11pM (f)HxcHpoBanHoM . v € .° B cMblcJle o6o5- 

lUeJlHhlX 4yHFcuIiu OT I € ( to, ti).
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OHpeerIeHI1e 4.1: PelueKueM npx.1to2o ypamemas Roitoopoea (4.4) Ha HHTe-
paaae [t0 , t ] 6y)eM HaBbiBaTh ceMeftcTBo 6opeJ1eBcK1x mep (t, du) Ha Ye', t E [t0 , ti], 
o6.iiagaiounx cJlellyJouumni cBOcTnaMII: 

1. (., v) € C(t0 , t) flll Ha*{JOM B4RCIIPOBHHOM V € WI , rje z - 4yiuciu0øai 
(4.4'). 

2. lipH HaIOM 4HHCHp0BaUH0M V € _Wl BbIflO31HRCTC ypaiiene (4.4), B KOTO-

OM	nolIHMaeTcn B cMhjc.me OôOSIUeI-IffbIx 4IyHEIU4fi OT t, a rrpaan qaCTB npeg-

noaaraecg cyMMMpyeMofi 4)yHRUHeft OT t € (to, ti). 
3. BIrnOJIHIHOTCA oiern (4.3) c ne1oTop111 X > 0. 

CKa3aHHOFO BhIIIIC (CM. (1.4)—(4.4)) BbITeHaeT CJ1paBe)1HBOcTb CJIC/XylofUeIl 
eopei hi. 

TeopeMa 4.1: 3aOata I(ouu 0jut npiitoo ypamenua Hoiiioopoea (4.4) ripu 
?a'a4bu0.,u yC408UU 

i(t0 , du) = /L0(du)	 (4.5) 

uieem peweune u(t, du), t 0	t	t1 , ec.iue Ka'uiJtbuaJl mepay, y80eienl6op5iem yc.ioauiO
(1.32) npu uelwmopo.0 a > 0. 

BMBeeM y.rui peuieiiiiii YPaHIIOHHH (4.4) auaiior ToçecTBa Fpiina. I-IaHOMHHM, 
'iTo	- OpT0I'OHaJIbHbIl llOITO B	Ha 1T m O6oBHa4llM 'iepe	m(to, t,)o. 
flOCTHCTB0 4)VllHIl4oHaJ1oB 0(t, u) Ha [t0 , t1 x a", IjIjjIIt jjgp II q CCHIIX no U: 

cP(t, u) = ø(t, TI U), npii'iexi	i',,, € C000([10, 11] >( 17m) 

Tora pLan (t, u) E	t1) cnpaBej.mno iipecaniieiie (t)ypbe: 

(t, u) =f exp ( iKu , v)) P(t, v) d-4/'V,	t E	ti),	u E	 (4.6) 

3)ecb d.Kv = dv' ... dv.At, .'V = .V(m) - 1) 31 P H 0CTb Vm, v' - 
ioopjiiHaTii ma V,,, a b(t, v) - Ilpeo6pa3oBaHBe (Dypie OT (t, 

1)(t, v) = (2) - f exp (—i(v, u)) t(t, u) d-4'-u, t E (t0 , t 1 ), V € Vm.	(4.7) 

IIoexo1b}y I(t, . ), C Co( 11m), TO P(t, V ) Vm € .3(v 	rIoaTo1y 113 (4.6) rlo.myaei
ciejyiourae npeJ6raBJ1eHun gan Jy4epem.l1aJIoB (Dpeme OT t(t, u) itO U: 

(t, u) = if v exp (i(u, v)) 4l(1, .v) d.'v, 

U) = j2  v 0 v exp (i(u, v)) 1(t, v) d.'+'v.	 (4.8)
V. 

TaM HaK cii(t, )Iv. € S(V,,1 ), TO 113 (4.8) CJle.T(yCT, 'ITO 

u) C Vm,	 u) € V. 0 V. V (t, u) C (to, t 1 ) '/	'.	(4.9) 

,Heia4.1: 17ycmbi.ep&(t,du),t0	t	t 1 , na All .edt.omcapewenueMnp..4(oo 
ypaeueftus Ko.oeopoea (4.4) 6 cw.uc.le onpe0eAemma 4.1. Toa v m E N it V ø(t, u)
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E ',.(to, t 1 ) 8uno.uuemci nzo:ci3ecme0 I'puna-(J-'o5uua: 

f	u) 1z(t1 , du) - f (t, u) u(t, du) 

= f1f	, u) + (b(u), ø(r, u)) +	,	U)))] 

X t(t, du)} dr, t E ['a, t i l.	 (4.10) 

Bupaicenue, cmoauqee a Øueypn&x cco6icax a (4.10), - eymmupyemaa /iyioctwi orn 
E (1, t 1 ), iipu'em no onpeôe.aenuio (cp. (4.8)) 

((Q,	2 (t, u)))	i2f(Qv, v) exp (i(u, v)) (t, v) ddl'v.	 (4.11) 

J oica3aTejico: Ho OnpeeJIeHn1o4.1 iiaypaieiiitn (4.4) cJieyeT, 'iTo Vv € 

I ,(t,	at d'r v)	
v)	= fif e' li(b(u),?)) -	(Qv, 

V)l 
-  

x i(r, die) (I(r, v) dr.

	

	 (4.12)

YcTpeMJicIn (r, u) - 0 npl1 r E [t, t 1 ], flOJ'iHM H3 (4.12) (aHaJIornHo [9]) TOHCCTBO 
I.

) 
7(t 1 , v) (t 1 , v) - y(t, v) (t, v) - f x(r	

(r, v 
V)	dr 

=	 e!(	1u,c) i(b(u) v) - ._ (Qvv)] (r, du)}v) dr.	 (4.13)f{f  

13hIpaneHne, CTOHwO B fi1Iryp}1b1x cIco61iax B npaBoii 'iacii (4.13), iisiepuio no 

(r, v) E (t, t) x Vm. Jei1cTnnTeJIbIIo, OHO coBnaaeT c LX (t, v) npia dt x dA'v - H. B. 
at 

(t, v) B CIIJIV (4.4), a y(t, v) 1enpep1i13ua iia (to, t) x Vm BBH	OIHOK (4.3). 11pej-
CTBHM x B J1e13011 qacn (4.13) B B1t (4.4') it npouerppye oôe qacTii (4.13) no 
V € Vm. flcpecraBuM iiHTerpHpOBalIIie no v C IlHTerpHpoBa}IHfiMH HO T 11 U, 'iTO 803-
MO?KHO B CL1J1 OlCHOK (4.3) u OTMO4eHHOI1 BbIfllC 113MPI4MOCTH no (r, v). Tora 113 
(4.13) nujy (4.6) it (4.8) noJIy'iaeTcn (4.10) I 

OTMOTHM, 'iTO TOjCTBO (4.10) CflpaBO1.J1I1BO )UIR Gojiee IUHPOKOI'O ijiacca 
iiaoaaion ø(t, u), qeM C°m(to, ti). 

§ 3. 0606ueiinire peuieiiiin 06paTlIoro ypainicumiltoamoropoita 

113 TO ecrBa l'pllHa (4.10) BruHO, 'iTO ijopMaJIbHo COflffifHflhIM K JIHMOM 
ypaBøeøio Koi ioropoa (4.4) BBJIneTcB YP8BHCHIIC

ao 2P(i, u) = -+ (b(u),	ii)) +	((Q,	2 (t, u))) = 0	
(5.1)at 

Vu€°,	tE(10,t1). 

Orio ua3blBaeTcn o6pamnuM ypaauenue.;t Ifoiioeopooa, coonzeemcm6yiouçu.4e cucme.Me 
iIaabe-Cmo?wa (1), (1.27). I-1!IKe B § 6 6yyT C4OpMyJIHpOnaHu P03YJibTTbI 0 HJ13CCI4-
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ecHHx peiueax ypauiieita (5.1). B AaHHOM uaparpae 6yyT flOCTOHM o6o6- 
uAeHHEje peweuci OTcIFO ypaBHeIlBH. To6b1 ollpe)eJrnTb, qTo TaKoe o6o6uerrnue 
pemen YPBHHHR (5.1), 3MTHM cJ1e)yIouee. To ecro (4.10) JOKaOaHO Hamm 
ME pntieccnx 4yHRrzioHaJIoB a) E .(to, t 1) V m € N. OI1aHo 0110 cupa-
BeJInBo Mn ropaayo 6onee mpoioro R.nacca YHK1U1OHJ1OB a), B qaCTHOCTII, JJ1H 
1cjIaccn qecmx petuernii ø(t, zt) yparneiia (5.1), U0CTP0HHb1X H}1fl B § 6 (cm. 
ieuy 6.1). J1in 3THX TJ1acduqecHHx pewe	T0JJCTBO (4.10) B C11ul (5.1) upu-



HHMaeT BHA 

f 0(t, u) 1u(t 1 , du) - f a)(t, u) u(t, du) = 0,	1 € [to, ti].	(5.2) 

3T0 T0RJCTB0 H 6epeTCII aa oc11oy onpeeiea O6o5WeHIjbIx peIue}iHi ypaBHeRMH 
(5.1). Tovilee, PCCM0TPHM 0parHy10 8aja'1y 1{0[HH gim (5.1) C lfJIbRHM YCJIOBHCM 

001, u) = tp(u),	u E .".	 (5.3) 

flycTB HaaJ1bHbI1k 4yHKIHoHaJI p(u) o6J1aaeT CJ1)Y!OIIU1M14 cBo1cT8aM11: Ran HeHo-
Yo € R 

V: .°' -* C I43MepHM no Bopeiio it 117pll,. = sup (exp ( — yo 11z 112 ) p(u)I < + 00, (5.4) 
ueJr 

re z = rot u. 

OnpceJIeH11e 5.1: 066u4eium pemenuem o6paTllOfl 3aaq 11 I{oinn (5.1), (5.3) 
Ha81rBaeTcg 1HKLH0HJ1 a)(t, U) na [to, 11] x o611a)a1onH cJ1ejy1ollHMn CB03-
CTBaMH: 

1. BNH0JIHHe'rcg uuTerpa.nbEloe To,IecTBo (5.2) V  € [CO3 11] jwrn .ino6oro pemeuun 
(s, du) ypaBilelina (4.4) Ha HHTCB1 [1, C 1], YAOBIeTBOP giomero oIeHrcaM (4.3) 

(c C0 = C) iipi HHOTOPOM x> Yo. 
2. a)(t,.) iipn HaoM C € [10, 11] 113MCHM no JieSery oTHocuTejibBo juo6ort aoHe'i-

Hoil 6OpeJIeBcHo1 Mepbi na LI YAOBICTBOPReT (5.3) npn H. B. U € 3'l OTHOCH-
TeJibHo .n1060ti TaHot1 Mephi. 

BBB1y (5.3) ToffecTBo (5.2) 3KBIlBaJIeHmo T0KCCTB 

f V(u) u(ti, du) = f a)(t, u) u(t, du).	 (5.5) 

TeopeMa 5.1: Tlycmb v(u) yaoeiiemeop.cieni jciweu.c (5.4), aae 0 < Yo <xv/Sj. 
Toeôa ma uiunepeae (to, t) .#uo6oü ôiunu cyuçecmeyem thuncmeennoe o6o6uqennoe peute-
nue a)(t, u) aaOa'iu (5.1), (5.3). CnpaeeOituea oqewa 

	

C exp (a(tj - 1)) Ikp II.,	C € [t,, t i ],	 (5.6) 

eôe a > 0 U	onpeae4eno 8 (5.4). 

L oRaaaTeJlbcTBo: EW11CTBeHH0CTI, a)(t, u) BWTOHaeT 118 ToKecTBa (5.5) BBHAY 
npoHaBoJlbHocTH (no eopeie 4.1) HaqajibBofi riepii 1u(t, du) — peiuena npnoro 
YBHOHI1H HOJIMOI'OpoBa (4.4) Ha RHTPBJ1C (1, ti). 

LJIH go}a3aTeJIbcTBa C[ECTBOBHHH HoHaHIeM, qTo urerpaii BuHepa 

ø(t, u0)	f (S(t - C, u0, w)) 2(dw),	(1, u0) € (to, C 1 ) X °',	(5.7) 

MunneTca UCKOMbIM peujeHhleM. 3ecb S(-r, u0, w) = 8(r), r E (0, C 1 - — pemeune 
oaaqii ( 1.36), H0CTOHHOC B aemme 1.1 11pM A(dw) - H. B W € ('. 1JeIkCTBHTeJ1bHO, 
(5.3) BhiTCKaCT 113 ( 5.7) B cHjiy HaqajlbHoro YC.JIOBHJq 118 ( 1.36): S(0, u0, w) = u0 upu 
A — H. B. W € 'Ci . gaiiee, I1POBPHM gim a)((, u), onpejenennoro B (5.7), ToHecTBo 
(5.5). Tora BBH	(5.3) noJ1yHM (5.2).
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llyCTb 1u(s, du), I ^-, s :!g 11 , - npoH3BwlbHoepeineHne IIPHMOFO YPaBHeHIIH Roi-
oroposa (4.4), yjo 1erBoprnouee oIeHHaM (4.3) flJ1f HHOTO0M M > Yo. MORHO 

C'IHTBTb, 4T0 a <,cv/S, H0CKOJIbH Yo </8i• IIpMMeHHM Teopemy 1.1 i czyaio 
to = I n u(du) =_ 4u(t, duo). Torja rIoJiyHM, VTO Ha upocpaucme (1.33) CYUCTBYT 
IIpoiecc ' u(s).= 8(8, U0 , w), 8 t, onpe/eJieHHbIt 11p14 Bcex (un, w) E 1°'x, 
icpoe MHoKecTBa 1u(t, duo) x (dw) - Mepi nyJib, yoBJ1eTBOprnonu1 (1.27), (3) H 
oLeHRe (1.35) c10 = t. OTMeTHM, '2T0 npoiecc 8(8, U0 , w) orIpeje.ueH npi II. B. (v0 , w) 
oTHodilTejibBo Mepbi 4u(t, duo) x A(dw) n oTJI1s'}1e or npoiecca 2(r, u0 , w), ffOTOphlii 
onpe/e.neR gan mo6oro 4uI1CdHpoBallHorO Uo € *' npii 2(dw) - 11. B. W € W1 . 060-
Han1M 'lepea P(du) 5opeJIeBciym mepy Ha U(1, t)	pacripejeiee npoI.ecca 

8(s), t	s	t. HaK yxasuBajioeb B § 4 (CM. Teope1y4.i), CBHHH (s, du) = y8*P
Mephi P Y10BJITBOPOT HPHMOMY ypaenio H0JIMOI'OpOBa (4.4) ii oiene (4.3) c 

> 0. 1103To1y iaa Teopemm 6.2 o e11HcTBeHHocTH (ci. Hmme § 6) BHBOHM, 4'FO 

/2(8, du) = /i(s, du)	y8 P,	t !!^ 3 :!-^- 11.	 (5.8)

CJIejoBaTeJ1bHo, BBHB B (5.8) s = t , noJryq11I1: 

f p(u) /2(t 1 , du) = f p(u) /i(t, du) = f t(u) (yP) (du).	 (5.9)

CeJ1aB nOACTaHOBHY u = ) P ,V, re V E U(t, ti), 6yeM ilMem: 

f p(u) (yP) (du) = f tp(,v) (dv).	 (5.10) 

ilpHMeunM oSoaHaqeHwI 11 peyjirami §3 K ciyaio to = 1, 1u0 ( . ) -_ u(t1,.) H 
P - P. Tor)a 113 (3.10) 11 (3.18) IToJIy11M, qro P(U1 ) = (u(t,.) x 2) (8) = 1. OTC!O1.a 
jsiR oT06paKeHIIH 9(': .	-> U 1 c.JIeyeT BBHy (3.10). WO (c111)* (/2(1,. ) x 2) = P.
IlOBTOMy, flO1I8BO01 B (5.10) aaieny v(s) = S(8, u0 , w) =- %'(u0 , w) (s), rfle (u0 , w) E 
(CM. (3.21)), nony'laeM: 

f ?p(y,v) P(dv) = f zp(S(1 1 , u0 , w))jz(t, duo) x 2(dw).	 (5.11) 

HpHMCHHH TeOpemy 4y611Hn H noCJ1e/HeMy llHTerpaJIy, BL1BOJHM 113 (5.9)-(5.11), 
']TO

f p(u) /2(t, du) = 1(1 (S(1, o, w)) 2(dw)) /2(1, duo).	 (5.12) 

Ilpu 3TOM HCnOJIbBOBaHa 113MdHMOCTb npoiecca S(s, U0, W)q no (u0 , w), goHaaaHHaR 
B TOMO 1.1. KpoMe TorO, B (5.12) uduoJIbBoBaHa (a6comoTHaH) CXO/U4MOCTh nHTe-
rpana B npanoil 'oacTn (5.11), IcoTopafi BLITeKaCT 113 CXOHMOCT11 paBuoro ey linTe-
rpaJla. B JiCKO1 qac'rn (5.9). CxO)ZHMOCTb 3TOO nocJiejfllero uerpana ciejxye 113 
(5.4) B CllJly o1JefloK (4.3) Aim/2(s, du) npu 8 = t, flOCKOJIbX Yo 

3BMeTHM, 'lT0 TOBJCCTBO (5.12) no BHJpJ HanoMuHaeT (5.5). 4T06M flOJ1'l11Tb (5.5) 
ci (5.12), JocTaTOHO flpoBepllTb, qTO 

f	u0, w)) 2.(dw) = J(t, u0) nPH /2(1, duo) - II. B. U0 € *".	(5.13) 

l'IHTerpaJIB (5.13) 3aBucnT OT t, flOC1OJ1b} npoiecc S(s, u0 , w) nocpoeu no Haqasib-
}lO epe /2(1, duo), 3agaHHOii B M0MeHT BPMHH S = 1. B1eJeM (5.13)113 coBnaJeuh111 
npoIeccoB 8(8, u0 , w) It S(s - 1, u0 , w). 

1peJIonceHMe 5.1: fIpu /2(1,.) - n. e. U0 € 

8(1, U0) w) = S(s - 1, U0 w) npu I S- s 15: t Oja 2 - H. B. w € V.	(5.14) 

)oKa8aTeJIbcTBo: flycm . j c .?°1 X , - MHOBCCTBO /2(1, .) x). - MPL1 1, 
IlOCTpoeHHOe B flJiO?HHHM 3.5. 0apeAeanm ero ceeun 

-_ {w € '': (u0, w) € F}	Vu0 E .°'.	 (5.15)
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Torja, TaH KR 3 E (. (f' x€'), (u(t, .) x 2)	= 1, TO HO eopeie cDy1IH11 {18] 

BE (°'): u(t, B) = 1 ii	= 1 Vu. E B.	 (5.16) 

Jlpi4 u0 € B paeiopnn 8( . , u0 , w) yaoBaeTHOPFieT (1,27) 11 (3) c t0 = t npi 2 — U. B. 
w E '" n S( . — t, u0 , w) Tae o6iajaer 3THM CB01CTBOM. CJIeoBaTe.nbHo, Hl1 u, € B 
no eopee eHHcTBeHHocTn (cJIejcTBffe 1.1) 3TH TP11TOPH14 COBriaAalOT np 2 — 
Ii. B. w € V. OTcloTha caegyeT Zo1a811BaeMoc npeJ.noernie, fl0C1OJthRY 4u(t, B) = I I 

B ciy (5.14) 113 (5.7) BHTeKaeT (5.13). 14a (5.13) u (5.12) cJ!eyeT (5.5). 
ilpoBepuM rerieph H8MO11MOCTb (t, ..) (cm. ii. 2. oIIpee.11eIlHn 5.1). ReBan qacm 

(5.13) npil ianoi HlCHOBHHOM t E [t0 , t 1 ] Hmepmma no JLe6ery oTIIocHTeJu.Ho 
epii 1u(t, .), BC3IjCTB11 TeopeM& by611H11. IIO3TOMy B C11J1 paeiica (5.13) H 

TaIl?Ile u(t,.) — HaMepBM. OTc1oa aerHo 131ABOHTC11 113MHMOCTh 
oTHoeBTejibilo .n106otl HOHe qHOVI 6ope.neBc1co1 Atepm iia 

UacoHeU, (5.6) BbITeUaeT na (5.4) II npejcaen (5.7) B Cluly olkeHw (1.37) 
npii x = Yo: 

10(t, u0)j	f lkt'll. exp (yo JZ(t1	t, U0 , w)j}) 2(dw) 

llv'll. C ec2 -0 ey. flz II' ,	z0	rot u0. 

TeopeMa 5.1 goxa3aiia I 

HoEaeM, 'ITO eCJTH HaqaJlbHbli4 (1)U11FI11oHaJ1 (u) YJ OB11TB OP 1I CT YC.TIOBHto 
Feii,epa, TO o5o6iucniioe pemeue '(t, u) TaI?Ice o6JlaaeT BTHM CBOI1CTBOM rIpil 
Bcex t < t 1 . Ojiaio r1ota3aTe.n1, FeJ1bepa yMeHbluaeTcR (Boo6I1e I'oBopH) HH 
I —> —oc. 

TeopeMa 5.2: flpthno.ito:cust, 'nw V(u) gôoe'iemiop.ciem ycioetws (5.4), ode 
0 < Yo <v/S 1 U, Icpo.41e nioao, yc.iiocu,o I'efibôepa cileôy,oueo cuôa: 

— (u2 )j	c exp ( yo(11z 111 2 + llz 2)) ju l — u2 11 fl	Vu1, U2 €	, 
q	

(5.17) 

iae z	rot u, C > 0 it > 0. Toaöa o6o6uennoe peiuenue (t, u) 3aOa'tu (5.1). (5.3)
maxo(.,e yOoaiemeop.c em aua4o2utinoAqj yciioeuio I'eIbOepa: npu iuo6o. y> Yo 

ø(t, u 1 ) — OYI u2)1	c exp (- y (lJz 111 2 + llz12)) JJU, — u211' VU I , u- 	Yel,(5.18)

ode= C#/(I + (t — I)). 

JoIaaaTej1hcTBo: J1OCTaTO'1HO PCCMOTPOTb cJiyafi y < x vIS I . 14:3 J1peJcraB-
JIeHHR (5.7), Y qHTblBan (5.17), BhJBOJI4M: 

10(t, u 1 ) — OYI u2)1 
= f [

ip(S(t 1 — 1, u1 , w)) — ip(S(t j — I, u21 w))] 2(dw) 

of exp (- yo(IIz( t i — 1, u1 , w)t 2 + llz (11 — I, U,, W)112)) JS(t 1 — I, U1 , w) 

— S'(t 1 — I, u2, iv)JJP 2(dw) .	 .	 (5.19)
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06osHa4ur1: u 4 (r) = S(t, u,, w), 0	- t, i = 1, 2. Tora ito npe).noneHHH
1.4 IlOJly'lIIM, CHMMe'rpllayn ripayio qacm OUCHICH (1.45)110 u1 it U2 , q*rO r!pHA - H. B. 

IS( 1 - t, u1 , w) - S(1 1 - 1, u2 , w)II 

:S 11211- Ufl exp	 f Iz(s, u, w)I12 ds) . exp 
(YB fIIz (s U2, W)11 2 as). 

(5.29) 

3aMeII1r1 B (5.19) Yo ia yj € y), a - ia flO11BOJIbHO , € (0, fi] (HHe 
Bbzôop j9, yT0HHeTcR B (5.25)). Tora, HCCHOJIbKO yBejim qiiB C, 1t0JIHM no (5.19) 
HepaBeHcTBo 

Kt'(t, u3 ) - i(t, u2 )1	C 1 fexp (- - y (IIz( t i - t, u1, 
W)112+ Iz(ti - t, u2 , w)112)) 

x JS(t 1 - t, u 1 , w) -	- t, u., w)' A(dw) .	(5.21)

Je1CTBHTeJ1bH0, OTO nbITe}caeT HO OL CHRH 

C FS(t 1 - 1, u,, w) - S(t 1 - t, u2 , 1vII 

c i exp	(yi - Yo) (IIz(t i - 1, U 1 , w) 2 + !z(1 1 - t, U2 , w)II 2))	(5.22) 

cnpaBeJ11tHot1 flH J0CTaT0H0 60JIbIIIOM Ci , H0CI0JIbK	- th > 0 It Y,- Yo> 0. 
no no (5.20) BbiB0JIIM, q o 11H 2 T 11. B. W € 

S(t 1 - t, u 1 , w) - S(1 1 - 1, u, 

Ju - u211' exp (f thJllz(s u, w)112 d6) 

x exp
(YB	

Jz(s, U2, w)I 2 cis).	 (5.23) 

lioAcTaBjinH (5.23) B (5.21), noiyaei: 

00, u 1 ) - 0(1, u2 )1 ;S C IlUl - u211 tf exp(__. 'i iizti - 1, U1 , w)112) 

x exp (-- y Dz(1 1 — t, U, w)112) . exp ( flif Rz(s,.uj, w)11 2 ds) 

x exp (fit f IIz (8, U2, w)11 2 ds)) 1(dw).	 (5.24) 

BM6epeM Telleph fl, € (0, 9) TaR, 'lTO6hI BbIIlOJIbHH.flOCb HepaBeHCTBO 

• j + .-th(L 1 —t)	Y.	 (5.5)
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Tora

+	+	- +	
(t1 - t)	

1,	 (5.26) 2y	2y	2v	y	2v	y 

H 1103TOMY MO?KHO HHMCBBTb K H HTerpa jiy B (5.24) OT 4Tb1CX COMHOBflITeJIefi liepa-
neHcTBo Tebjepa C HoHa8aTennMhl COOTBTCTBHHO 

2y	2y	2vy	 2vy 
P1 = - P ==tyl- t) 	-	 (5.27) 

ilpit 3TOM flwly'n4M }lepaBeHcmo 

( t , u 1) - (t, u2) ^ C 1uj - u2IJ'(Ea exp (y Iz(tj - I' , u1 , w)112))1IP

,p. 
x (E1 exp (' Ilz (ti - t, U2 , w)II 2)) 1 IP. (Ei 

exp (t, 
y
 tfz(s u 1 , w)I12 ds)) 

t,—t	 lip, 

x (E2 exp (i;-^Y:
	

IIZ(8, U2 w)112 ds)) 	 (5.28) 

rje E2 - ycpeiee no mepe A(dw). 
Tenepb 3aMeTHM, WO jwn	y/(t1 - t) 11 r tj - t BblnoJIHHeTcfl ycione 

IiOCICOJIbHY e - T = y <xv/S 1 . HoaroMy na (1.49) Jl$1 3THX S H r r1oJ1yaeM: 

lip, 

(E2 exp 
(t, y— fIlz(8 U 1 , w)1 2 ds)) 

(C exp (a(t1 - t)) exp (y Ijz i II 2 )) 1iP 5 ig exp 
(Bfl t (t,	t) 

11z 1 11 2).	(5.29) 

Aiiájiorøqno 0UeHHBaeTcR xieTBePTEM nHTeIpaJl B (5.28).0 Apyroft cTopoHbl, na (1.37) 
cleyeT, 'ITO 

(E2 exp (y lz(tj - t, u, w)112)) I IPI	(C exp (a(t 1 - t)) exp (y I1ziI2))1IP 

C exp -- 11z 111 2 ,	 (5.30) 

H allaixormqHaii oiena dilpaBe.ThMBa )JIH BTOpOI'O HnTerpa.na B (5.28). HOICTaB1HH 
B (5.28) oLeHKH (5.29)—(5.30) U aHaJlornqnhle MM fl BTOPOI'O H 'leTBepToro MUoKu- 
re.ne3, rloaly'IHM HBHCTBO 

u) - (t, u 

;5 c I lu l - u211' c1 
exp (-- 

(y + 
Bth( t1 - t)) 

(Iz i II 2 + I IZ2I 2)) .	 (5.31) 

BBHJy (5.25) ocioa BMTeKaeT (5.18). I4TaK, oueHa (5.18) AoHaaaHa, a 113 (5.25) 
BIIgHO, 'ITO M0?lH0 Bhlópam fl t = cfl/(i + (t 1 - t)). TeopeMa 5.2 goaaaa I
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§. 6.. Kjiaccnqecg.ae peuicinui oöpamoro ypasueua hoJIMoropoBa 

B 3TOM naparpae OMYJI1lY1OTCH peayiami 0 CUCTBOBHIIH KIaccI1ecHI4x 
pemeHmi aaga'rn Homn (5.1), (5.3) gan o6paTHoro ypaBHeHHR HoJiMoropoBa, coo'r-
BeTCTByIOILeI'O cHcTeMe HaBbe-CToKca (1). 3ecb flPflBOHTCR JIULLIL ngen oxaaa-
Te.IIBCTB. floJp06HbIe goHaaaTeJibcTBa 6y)yT OIIy6JIHKOBaHbI B JPYOM MecTe. 

BBeJ eM iiiiacc rHrnJ,HoHajIou (t, u), B KOTOPOM 6yJeM HcHam peiueue 3agaqH 
(5.l),(5.3). flycTb k E N. 060Ham1 qepea __y(k) flOCTHCTBO neupepizsnix k-jjuaefi-
nwc 4opi B" na .,*° C xoHekIot HOPMOt1 

__ IIBkIrk __ sup	
.,Vk)t

(6.1) 
-,("\(O}	IIVIII ... ilv iI	 - 

OnpejeJrnM in yrnoaia O(U) Ha Ael flOH3BOJH10 no HanpaBjieHIII0 v E O1 

(L 1'(u 
+ )I,=0
	 (6.2) 

ecJin aa J1POfl3BO)HH cyuecTByeT. 

O ri pexe JI e HH e 6.1: flycTb Vu € $° ii Vvi , ...,-vk €	CyI1eCTByiOT flpOH3-



BOjiHige ., ... 2p(u). Ec.rin nocjieec sirpaacene anJlReTcH k-JrnHegHoti CnMMeT-
p11 7111011 4opMo11 or v1 , ... , Vk,TO 6y)eM Ha3hIBam )T	opy k-.4t ôug50epe1-u1ua.4oM
no f'arno om 1p a nwwce u H 6ygeisi o603Havam ee vepea 

uk.p(u) (v 1 , ..., t)	 ... 2 3 p(u).	 (6.3) 

OnpegeJieHile 6.2: HycTb r € N, y> 0. "(t0, t,) - K.aacc ØyHlci1 uona,,ioe (t, U) 
E C([t, t1 ] x	,comope y8004emeop.vom cdieay!olqu.4t yc.o6wi.'.: 

1. HPH .J11060M 4mKCIip0B8HHOM u E *" 06061eHHaH 11OH8BOHH 3,cP(t, u) peryJi-
npa 11 Oi'paHU71eHa, T. e. 

3( . u) € L(t0 , t)	Vu €	 S	 (6.4) 

2. V (t, u) € [to, t,] X *" CYWCCTBYIOT gH44epeH111aJIN no rT0	"(t, u) UM 
0 :—:, k	r;	U"(t u) (.,...,.) npogo.naaeTcn c	go Henpepi.rniiott k-JniHe11HoM
4opMbI na °, T. C. 

U) E 0()	V (1, u) € (to, t i ] X k".	 (6.5) 

3. Vu€'1 H

U) (v,, ..., v,) € L(t0 , t 1 );	 -	 (6.6)

HoHeqfla HOpM& 

iiiiii•	supexp (—y Iiz ii 2 )	ess id(t, u)i 
uE" 

I
	 \ tE(.,t,l 

+ sup	 u)iIri < ± oo;	z - rot u.	(6.7) 
£EIt.,t,I kO	 J 

Huae 6ygeT C4OpMyJIHpOBaHa reopeMa 0 PaapemHMOCTH aagau H011114 gim ypa-
HHHR (5.1) a Rjlacce 2 ( t0 , t 1). VTOHHM ce,k qac, B XHOM cice II0HHMae'rcn 
ypasaeuie (5.1) Aim 0(t, u) € ?2r( t0 , t1). 

IlepBoe cJIaraeMoe a (5.1) Vu € J°' flHH5JIO?fLlT L(e t 1 ) no onpegejieauio 
(6.4).
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BTopoe c.riaraerioe Tarn+e o6jlagaeT BTHM CBOftCTBOM. LeicTB11TeJ1bHo, corjlacHo 
iipexoeiiio 1.3 b(u) E .° npt u E 12 1103Tor1y 113 (6.6) npn k = 1 ii v 1 = b(u) 
noyaeM, 'ITO 

(b(u), 9,0(t, u))	u) (b(u)) € L(t0 , t 1) Vu E	 (6.8) 

	

rpeTbe cjiaraeMoeB (5.1) Ta Ier1pI1HaJIeK14T L(t0 , t ) Vu €	VTOBILBOk1TCH
i3 ciejyiouero timme ero onpege.rieivan. A iiieiio, o6OaHaq IIM 'iepea Ak, k € N, 

co6cTBeHHhie q}ic.jia onepaopa Q u	ii 'tepea q(x) - cooTBeTeTBylotulle c06cTBeIl-
}1bl	yHKHfl: 

Qq = Akqk, (qk, qj) = ökj, 2k 9, 2 = SpQ = E Ak < +00. 

CyluecTBoBaIIne Taicux Ak, qk II TTOJthOT q, H *° cieyio 113 (1.28) no eopee 
-E'IIJ7b6epTa-ll1MI4gTa. Onpeieriiii gim rIpoIi3BoJIhHOti 611JIHHe1HOt 4op1hI 82 E o(2) 

nupaneiie 

((Q, B2)) =AkB2(qk, qk).	 (6.9) 

I1ocJ1e;1H1lfi pH) a6COJIIOTHO CXOJLHTCH, nOC}cOJibHy '*	o, . ,..	S < + 00, a 

IB2(q, q )l	JB2 J ow IIqkII2 = B2jjo, TF HaK ItkIL = 1. OflpWeJfl1M TPCTbC c.iia- 
raeMoe B (5.1) no 4lopMyJle (6.9). 3T0 B03MOHO 1 nocioJ1Iy	u) € °(2) 
V (t, u) € [t0 , t 1J x	coi'aciio (6.5) iipu k = 2. flpH 3TOM 113 (6.6) ii (6.7) noJIyaeM: 

0 (t, u) (qv, qk) E	t1),	
(6.10) 

sup	u) (q, q )l	IIIIlk. exp (y IzI2), 
t€tt,.t,I 

rje z = rot u. IloaToMy 113 CXO)(IMOCTH pnia	wiTeiaeT, qro 

(Q, 	'u))) = 'Ak(t, u) (q,, q ) € L(t0 , t 1 )	Vu € °'.	( 6.11) 

14rai, BBH.gy (6.4), (6.8) it (6.11) iioaHo c.Tie;(yiouAn .rq o6pa3oM npivam CMbICJI 
BHH1l1O (5.1). 

OnpeeJ1eHlie 6.3: H.ijaccu'ec#u.4t peuienue.'4 ypaenenw (5.1) HB3hlBCTCff TaRoA 
4yH1woHaJI (t, u) E (2.(g0, t 1), y E It, 1OTOpb1fi yOBJIeTBOpBeT (5.1) B CMhICJIC 
L(t0 , t 1) Vu € 

3áMe4aHiie 6.1: )1.irn uuniiipvecicoro 4yu1uuoHaJIa (t, u) E'ó°m(to, t) aii-
HOC B (6.11) onpeeiene BbipaaHeffllq ((Q, u))) cosnayae c.npe?!HnM ero 
II0HHMaBBeM (4.11). ;LencTBHTeJ1bHo, 118 (6.11) BBHAY npecaieiiiin (4.8) jijiii 

u) nojiyqaeM B CI4JIY JIOJIHOTBI 

((Q, 2 ( t, u))) = if E A(q, v)2 exp (i(u, v)) (t, v) d-4tv 
V. 

	

= j2  (Qv, v) exp (i(u, v)) (t, v) d.4tv,	 (6.12) 

'ITO COBfl&CT c (4.11). 

OnpeeaHM Teriepb iiiacc ilaUaJIbNbiX YHHUHOH8J1OB (u) B Ha qaJlbHoM YCJIOBHM 

(5.3).
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OnpejeJIeHHe 6.4: '"? - Kilace (!yHFcIuloIlaJrnB v(u) E C(r/ë"), icoTophle oöjia-
jaIoT cJ1 e1y Iouu4 11411 cBoicTBaMM 

1. Vu € )1°' cy[LecTByeT 9,(u), iipei .nHHeMHan 4opMa ,p(u) (.) npoJoJIna-
c-911 o HenpepblBHOVI J1uHeHofi OMbi Ha	T. e. 9,(u) E (9'_1) = j0l 

(v) E C(°')	Vv E °-'.	 (6.13) 

2. Vu € 0 iipi 2 15^ k r cyluecTByloT AH44epeMmajibi no ['aro Q kV,(u), npieii 
k-JrnHefiHaR (j)opMa 9uktp(u) (.,...,.) HOJOJDRTCH go HeflpephJBHoi k-rIuHeHoi 
(OpMbJ Ha .i;r T. e.	,"tp(u) € 

(v 1 ,..., Vk) € C()	Vv 1 , ..., Vk E	°.	 (6.14) 

3. Koieqi-ia iiopma 

= supIexp (_ y IIzIF) (I(u)I + Iu(u)IL;r 
ucr 

< + oo;	z —= rot u.	 (6.15) 

OCHOBH bIM peayi braToM jaHHoro naparpaa HBJIHCTCH caey1oua1i TeopeMa. 

TeopeMa 6.1: Ilycrnb ip(u) € (6 1y., 2öe r 2, 0 < Yo <xv/S 1 U flCb Oizuna 
uiunepeaa (to, t) ôocmamoiuw .aiza: 

Y	
ti —to 

Yo ± C(r)	 —,	 (6.16) 
V	 S1 

ai)e C(r) > 0 - Itewmopoe iucIw. Toa 3aOat€a ICornu (5.1), (5.3) iu.eem peuzeuue 
0(1, a) €	 (t, 1) e c.ucJie onpeOe.izewi.c 6.3, yäo8.'Ieme0p.uou4ee oteuia-. 

lll Ir, ^ C, IkPIir),0 .	 (6.17)

IJpuBe.tkeM 3OCb JIlILUb OCHOBHhIe i1eH JOKa3aTeJIbCTBa: 
1. Pei.ueiine 0(t,u) aaaq (5.1), (5.3) onpeeJIHeTcn (opMyJIoii (5.7). 4T06M 

flpoBepllTb JJI11 TaKoi'o HK1AHOHJ1 0 ypaeie (5.1), paccapnaaioc ra.nep-
HHHCRHC arinpoicuawin 

Om( t , u0) = f ip(Srn(t i - t, /I u,, Wm)) 1(dw). (6.18) 

3ceb Sm(t, 11 710 , Wm) - pciueiae raJiepiHHcKo11 ducreMbi l'ITO (2.1) (c to = 0), BbiXO-
jinuee 113 4)iII. d1IpoBaHHoii TO'{HH IJmUO flH r= 0, T. e. ripoecc S. HBJIHeTCH 
raJieplrnHcico}i annpoFccHMaw4el ripouecca S(r, u0 , w) 113 (1.36). Padnpeme.rI eH He S,, 
o6oaHaHM qepe3 P,(du), a padnpeeJIeH He S - 'epea P.(du). 1'oia ai-iaJiorwDlo 
(3.6)

p	 Pu.m—oo 

iIpu noriotuii (6.19) ma (6.18) Bb1BOJI4TCH, LITO 

(l),(t, u0) = f ip(u(t i - 1)) P,.,(du) 

,u-*w I ip(u(t 1 - 1)) P,(du) = 0(1, u0).	 (6.20) 

2. tDyilKiuIoiIa.1m& 0m(l, u), onpeJeJ1el-lHhie 110 opiiyjre (6.18), yiBJierBopnioT 
HOHeH0MepH0M y o5paTHOMy ypaBFieHHIO RoJiMoropoBa, cooTBeTcTByloueMy dlicreMe 

4 Analysis BU. 1, Heft 3 (1982)

(6.19)
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i'ho (2.1):

	

+ (b( [1mU), 1u'1m(t, u)) +	'XQ' Q2m(t, u))) = 0,	 (6.21) 

E [t0 , ti], U € aTO yparn-teitue xopomo H3BCTH0 [12] gjiff ciyan orpaHM4eHHMx 
HO344HEUIeHTOB BMecTo b([ImU). 06o6rieinie H& ciyva1 HC01'PaHHVCHHbLX Koa440-
W1HTOB b(lTmU), C00TBeTCTBy10IIIIX cnceie HaBbe-CToJca (1.27), riojiy qaeTCH npi 
rI0M0ILu HCfl0J1b30BHHfl MK0BCKUX M0MHT0B OCTaHOBRU. 

3. Ha ypaueuua (6.21) upH m .- oo IioJIyaeTcR (5.1). flpii aroM RCnOJIbByIOTCH 
paBuoMepHie no m oIeHKu J1P0HBB0JHh1X OT tu rn BuJa (6.17). Hp01131101tb1e 00 
BblqHCJIfIlOTCH Ha npeACTaBjieHNn (6.18) no opMy.ne i'ITO B CHJIY cucTeMbi (2.1) ii 
aaTeM .nerRo o1eHuBaioTc1. n epeiuuami m(t, u0) no u0 Bbl'UfCJIHIOTCH TaK)f 
113 (6.18) 110 4)OPMYJIe yII()4)epeHLHp0BaHnH CJOHHOI1 4)yHRLwll. ilpu 3TOM pema-
iouyio po.,ib urpaIOT oieiimi BapHa1u4i . . u0, Wrn) OT npoiecca S,,,(r, u0 , we,) 
HO 2L,,.

4. TU rIocJIeLI1He BapI1atHu onpepe.nnIoTcn I1HKTHBH0 npn J10M0ILH pC1yp-
penoro C00TH0IUHHH (i'je Wm	IlmW) 

9v,Srn(t, Uo + EVk , Wm) -	... v,Sn,(T, U0 , tOrn) 

f v iS'm(t, U0 + 9Vk, w) dLo V E € R npn A - H. B. w € W1 . 

(6.22) 

I4eHTpaJu,Hoe MCCTO B 0Ia3aTeJ1bcTBe Teopembi 6.1 11, B qaCTHOCTH, 0IHOK (6.17) 
3aHuMaeT ciejyiouan jieizia. 

JIeMMa 6.1: Tlycmb k = 1, 2, ... ii -t > 0 t3ocmanio'uw .tao: 

C,. 
< p - T ; -, 

V 

oOe C,. > 0 - Hev.omopw iojwma,ma, me aaouc.ujat om m E N. Tooöa Vu E V,,, a 
Vt' i , ..., V € Vm cyuecmcyiom npou3800nue 1Vk viSm(r, U0 , tOrn) e c.icite (6.22). 
3mu npou3eof3?bie Oiia 95urcupoeanuux U U V 1 , ..., vk nenpepWHu no r npu 2 - n. e. 
w € CC'. Bunouwomca oiencii 

llvL.•.	 u0, w)112 + v f	V. ...	,Sm(S, u0 , w)111 2 ds
0- 

C,.(v) Iv,.j1 2 ... Jv i jj exp (2j 1Zm ( 8)12 ds) HP 11 - H. B. w € ó', (6.24) 

e C,.(v) > 0 me 3aeucJm om m U om U, v 1 , ..., V, a C,. - me we, 'mo e (6.23). 

[1puBejeM npnep IICTIOJIb3OBaHIIH Teopemm 6.1. .LIjin aoro Ct0pMyJI1tpyeM 
c.neJyIouyIo .rIeMMy. 

JIeMMa 6.2: Hocmpoejtuu(z 0 meopette 6.1 fyi uo,uz.j tu(t, u), onpeôeJlReI.uü 
op.yiioi (6.7), y1oeiemeop.'1em nwcm8ecmoy rpuna-tPota (4.10) c epaitu 1u(8, du), 

ecluL x> i, et3e ix > 0 - KonImauma ua oijen,cu (4.3). 

143 Teopemu 6.1 i-i .neiiMi 6.2 BhIB0iiTCfl cieyionan Teopebia eABHCTBCIIHOCTEI. 

(6.23)
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TeopMa 6.2: Peutenue (8, du) aaOa'u Houu (4.4), (4.5) a ccjje onpeäelienuiL 
4.1 OAa npatoo ypaonenua I(oiii4oeopoca eOuncmeeuno ia unmep8aile (t 0 , t 1 ) .voóoti 
8unu, eciu na'a4bna .4epa/z0 yOoeitemeopem yczoeuio (1.32) npu iieiomopo	> 0. 

,goKa3aTe jlbcTBo: ,IocTaToqHo pacawTpeTb cJIyiai MaJibix t - t0. Boawsesi 

> 0, Yo < 111in Lx, ,c _!_. Tora iipn A0CTaT0qH0 MaJibix t - 0 HbIflOJflIHTCH 
yconue	"	SI1 

yyo±C(2)tlto <mm	
' 

V 

	

V	l	
(6.25) 

rje C(2) - }coHcTaHTa 118 (6.16). C.neoBaTerIbIIo, no Teoperte 6.1 saAa qa Roi.un (5.1), 
(5.3) HMeeT pemeimue b(t, u) € '2(to, t 1 ) . npIl J1I060M ip E -. Ho cor.nacno .qeMMe 
6.2 )VTH LL It 0 BB11J (6.25) CIIPflBCJJ1HBO To}cecTBO rpuHa-(DoHma (4.10). YHmIBan 
(5.1)u (5.3), npueei 8T0 TO,IeCTBO c BII)Ly (5.5). Fla (5.5) npn t = 10 noJIyaeM: 

f p(u) u(t, du) = f I'(to, u) P(to du).	 (6.26)

OTcIoja B CHJIY IIpO11BB0JIbHOCFll V(u) E 'C v uieicae C4HHCTBHII0CTh t(t 1 , du) 
npu aaJauHoft mlaqambuofi zeepe	du) I 
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