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A (H, || - ) A2&—ANSER] 43 1 Hilbert 2518, SCHR [1, 2] X—2RE BB ML EREAL
IR
dX(t) = A()X ()dt + F(t, X (£))dt + G(t, X (£))dW (t) (1.1)

3177 N SRR PR A7 AE R — ME AT T 118, A(¢)(t € R) 2T & “ Acquistapace-Terreni” )
%#%*ﬁﬁ%%%ﬁ%ﬁﬁ?%ﬁﬁﬁbwzaee%mLLKzaaﬁGMJHi

a+p>1,F
K

2p U{0} C p(A(t) = Ao),  [[R(XA(L) = o) < FEY]

(1.2)
Fil
I(A(t) = Xo)R(A, A(t) — M) [R(No, A(t)) — R(Xo, A(s))]]| < LIt — s|*[A]”,

Hbt,se R Ae)y,={ e C—{0}:|arg\| <0}, F: Rx L*(P,H) — L*(P,H)
G : R x L*(P,H) — L*(P, LY) & /& — & %M BB EE s 4. {(W(t),t € R} &— 1wl
Q-Winer id 72,

SRS Oy, R e H 35 T R S B ATL I R AR 38 g Al M R L R ) SR —
S B A J5T DA ST 7 TR S R 2 (1.1) B — 27 F2 00 JE A S 35 5 LR i O
SCHRBEAT T e B0 {H H E N B A SCER A U R S T e AR =
B0, P BEATLGL S J7RE (1.1) B350 77 3 A Jl SR Ak ) A 6 P AN e — PR R AT T8, X e AR
LR EETAE.
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K (Q, F, P) #R5e & M. (K, |-x), (H, |-]|) %P7 4 6 Hilbert %5,
Ly(K,H) &5 K — H A Hilbert-Schmidt 8 744K, IFRFEEL || - ||o. BAHC
MR (7] T L2(P, H) FRs—285m a1, 3575 af AR BE LIS FR 0 44k, W L2(P, H) W82 —
A~ Banach Z¥ (8], H AT HEECN || X || r20.m) = (E||X]|?)Y/?, X5 E(h) = / h(w)dP(w).

B % !

u'(t) = A(t)u(t) t>s,
u(s) =z € L*(P,H)

AN —BERERNE T TR {U(t,s) : t,s € R H t > s}.

EX 210 L2(P H) kA REWH T {U®R ) t,s € R Ht > s} #lRRERRK (2.1)
T ITITIR, Redi LUT 46 A4 AL

a) U(t,s)U(s,r) =Ul(t,r), r<s<t.

b) X T e X R (t,s) - U(t,s)x RELEM, HA UL, s) € L(L*(P,H),D), t > s.

c) BH (s,t] — L(L*(P; H)), t — U(t,s) AWM HA %U(t, s) = A()U(t, s).

ENX 2.2 128 —ANESEHIERE X : R — L2(P, H) $OWAE 2 375 8EE 110 48
RIMERR) € > 0, HFAEDE () > 0 IHERKEN I(e) IXBEDUET D1 H

(2.1)

sup E| X(t+7) - X@)|* <e,
teR
PTG 877 W R ML AR ) 44k ie oy AP(R, L (P, H)).

EX 2.3 —NESMBENEE X « R — L*(P,H) BARAE R ¥ 77 8 10 8% H W) 2
FRWR X BBER X =g+ ¢, g € AP(R,L*(P,H)), H ¢ € SMCy, 3+ SMCy = {h :
R — L*(P.H)lh RAELEM, H lim E|[at)||* = 0}, 577 35408 WAL A2 10 4 i
AAP(R,L*(P,H)).

AR SBC(R, L*(P, H)) Fn2hA FOESIBENE . T4

X loe = sup(E|z(t)]*)"/?,
teER

&S SBC(R,L*(P, H)) s&—"> Banach %[

5138 2.4 010 SpF—ANFENLEFE X - R — L*(P,H), &

(1) Mt ¢ — B|| X (t)]]? & —BOELEN;

(2) AP(R,L*(P,H)) C SBC(R, L*(P,H)) &—A-M¥ =,

(3) (AP(R,L*(P,H)),| - |loo) 72— Banach =%[H].

B, SMCy(R, L*(P,H)) /& SBC(R, L*(P,H)) H—/M&MTa500, & L5
|2]loo = suE(E||x(t)||2)1/2, SMCy((R,L*(P, H)) /5% T /2 —> Banach 7% [i].

te

EX 2.5 02 —ANEAESRE f: Rx L2(P,H,) — L*(P, Hy), (t,y) — F(t,y) FR{ER
Tt € R A[TTMEIHK BT y € A —BURL (X B A C L2(P, Hy) 2% W), 2&fa a1t
THEER e >0, FAE—N (e, A) >0, HIFEEKE N (e, A) HIXEIRDEAE -7 FH

sup E|| f(t+7,y) — f(t.y)]5 <e.
teER
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EX 2.6 —NEEEESMRE f: R x L?(P,H,) — L*(P,Hy), (t,y) — F(t,y) F{ExT
t € R EVTHENEMAMN BN Ty e A —8BUsor (X8 A C L3P Hy) 2&%M), i a
f=g+¢, g€ AP(R x L*(P,H,), L*(P,H,)), p € SMCy(R x L*(P, H,), L>(P, Hy)).

IR 2.7 W ADEREELEES f - R x L*(P, Hy) — L*(P,H,), (t,y) — F(t,y) 1E
t € R E¥TITMAMKEXNT v e A —8Ukar, BB A c L2(PHy) %M, B f e
Lipschitz 2AF E| f(t,y) — f(t,2)|5 < KE|y — 2|3, y,z € L*(P, Hy), t € R, W4 K > 0. N
S FAEE L TR BENLEFE 0 - R — L2(P,Hy), #4 t — f(t,0(t)) 72X 07 & WIpE LT

.
3 FELR

TEIX—HB 4y, 1 e LM

(HO) 55 A(t), U(r,s) EFAZHI, FFHWE U(t, s) Wik, RIFTEEE M, 5 > 0
fF13 U, s)|| < Me00=5) ¢ > s.

Ak, R(No, A(-)) € AP(R; L(L?(P, H))), X B N [ (1.2) FHI Xo.

(H1) BRAESRB F : R x L>(P,H,) — L*(P, H,), (t,y) — F(t,y) Tt e R ZEHH
B AR I BTy € A(A € L2(P, Hy) %) 2800, JFHA F =g+ h oL, K
g€ AP(R x L*(P,H,), L*(P, Hy)), h € SMCy, % F Al g % /& Lipschitz 214

E||F(t,y) - F(t,2)]* < K1 Elly — 2|1,
Ellg(t,y) = 9(t, 2)|* < KsElly — 2|1,

XH K, K3 >0 ~AHH, y,2€ (P H,) HteR.

(H2) BXAESMB G : R x L2(P,Hy) — L*(P,LY), (t,y) — F(t,y) *T tc R &¥HH
WAL AR AR BTy € A(A € L2(P, Hy) #=2%1) =&—8U0, A G = g1 + hy oL, Hrp
g1 € AP(R x L*(P, H,), L*(P, Hy)), hy € SMCy, ¥ G 1 g, /2 Lipschitz 2% F

E|G(t,y) — Gt 2)ll7g < K2E|ly — 1%,
Ellgi(t,y) — 91(t, 2) 179 < KaEly — 2|,

K Ky, Ky >0 AWK, y,z € LP(P,H,) HteR

(H3) © = M?(ﬂj1 K '5Tr )< 1.

3138 3.1 B i A(t) i 2 “ Acquistapace-Terreni” 4518, U(t, s) e#iiafae i HA
R(Xo, A()) € AP(R; L(L*(P,H))). & h > 0, MXHMEREN e > 0, #AFLE 1(e) > 0 [FAHERE—
AMJER L XA EBEDSOE—A T B Ut +7,5+7) —Ult,s)| < ee 309 @iar, ix i
t—s>h.

W SCER (1], PTAETTRE (1.1) e

X(t)=U(t,s)X(s) + / U(t,o)F(o,X(0))do + / U(t,o)G(o,X(0))dW (o), (3.1)

XHEt>s seR.
T A B R
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EIE 3.2 7F (HO)-(H3) FIMB& 2T, HHFE (1.1) A ME— 13 5 #im v F 3 i
t

X(t) = /_ U(t,o0)F(o,X(0))do + / Ul(t,0)G(o,X(0))dW (o) (3.2)

WE oG, AR SR (1] e B 3.3, FRATAIEAE (3.2) T E LR, Haw e (3.1).
7E X
t
(BX)(t) = / U(t,s)F(s, X (s))ds, X € AAP(R, L*(P, H)), (3.3)

(WX)(t) = /_ t Ult,s)G(s, X (s))dW(s), X € AAP(R,L*(P,H,)). (3.4)

JEiE (OX)(t) #hor2B T HHE A I, A F, X € AAP(R, L*(P,H)), it bL4

F=g+h, gcAP(R,L*(P,H)), heSMCQCy,

X =z, 4+, 1 € AP(R,L*(P,H)), € SMC.
T A 1 3]

F(s, X(s)) = g(s,21(s)) + F(s, X(s)) — g(s,21(s))
= g(s,21(8)) + F(s,X(s)) — F(s,21(8)) + h(s, z1(s)).

éi)ié h(s,z1(s)), & A = z1(R), W A &N, FILAFTE 01,05, ,0,, € A flifF 2(R) C
U(Gi,s), BB

i=1

Bi:{tER,l‘l(t) EB((%),E)}, 1 <1 <m,
TEn 153
F(s,X(s)) =g(s,21(8)) + F(s,X(s)) — F(s,z1(s)) + h(s,z1(s)) — h(s,0;) + h(s,6;).

t
IR, (s, 21(s)) FEHITRE NI, T i SCHR (1] 7740 / Ut, )g(s, 21 (s))ds 1577 BE 31
f. HOABE -
t
/ U(t, $)[F (s, X(5)) — F(s,21(s)) + h(s,1(s)) — h(s,0:) + h(s, 0,)]ds

= SMC, 4y ERIT,
HASEL (a+ b+ ¢)? < 3a® + 3b* + 3¢* 153

E||/;U(t, $)[F (s, X(5)) — F(s,21(5)) + h(s,21(s)) — h(s, 0:) + h(s, 0,)]ds]| 2

< 3E||/_;U(t, $)[F(s, X (s)) = F(s,z1(s))]ds|?
+3Zm; 2l /;U(t’ s)[h(s,z1(s)) — h(s, 0:)]ds]|? (3.5)
+3f; E /_;U(t, s)h(s, 0;)ds|?

=10+ 1+ I,
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HEaRAUEN I, I, Is € SMC,.

Il —

<

<

yA
77
3L (HO)« (H1). Holder A%, Fubini /& #4

3E|/_ U(t, s)[F(s, X(s)) = F(s,z1(s))]]|*
3E|| /000 Ut,t —s)[F(t—s,X(t—s)) — F(t —s,z:(t — 5))]||?
3M2(/0OO e %%ds) x (/000 e K Byt — s)|*ds)

3K \M? [
([ el - 9)Pds)
0

SN 2a() € SMCy, ARt FAEEM ¢ > 0 HAE N, > 0, 4t € R\[=Ny, Ny] B,

Ellxo()||? < & WAL 74, N
Mt — s> Ny I Me 009 < ¢ piar. M, 24

I, <

<

<

Ult,s)|| < Me=9¢=) BT _Ei& i e > 0 /776 Ny > 0,
t| > N1 +N2 HTJ-, ﬂZ‘ﬁ

3K, M? o X

U / e~ E|lza(t — s)|%ds)

0

K,M? [N >
B[ e Bl 9)Pds + [ e Bt - 9)ds)
5 0 N2
3K M? & —¢?

DS coup Bla(t - 9)).

teER

th e WEEME, 153 tlim I, =0 oL, Bl I, € SMC,.

Hx, UEW I

H1 A5 2

I, =

IN

<

<

€ SMCy, H (H1) H%n

B|h(t,y) = h(t, 2)|I* < 2(K1 + K3)E|ly — 2|,

3ZE||/ U(t,s)[h(s, z1(s)) — h(s, 0;)]ds|*

32:E||/0 U(t,t — s)[h(t — s,2,(t — 5)) — h(t — s,0;)]ds]|]?

m

3M2(/ eésds)xZ(/ e S K3E||zo(t — ) — 6;]%ds)
0 i—1 YO
6(K) + Ks)M? N, [ s,
(153)2(/ e Bz (t — s) — 6;]2ds)
i=1 70
6(K1+K3)M2m
52 E.

EB 9 H@{E%’Eyri, ’?%?U thm Ig = 07 ED IQ € SMCO
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BJGIUEM Is & SMCy i, i1 (3.5) XA

m

I, = SZEH/ h(s, 6;)ds]|?
- 3ZE|| | e — s, 00)ds]?
3M2/ e %%ds) x Z/ e E||h(t — s,6;)|ds)
0 i—1

m

M? >
5 . Z(/ =S Bh(t — s, 0,)|2ds)
0

=1
3M?*m
< 52
FH A5 1) lim I3 =0 oL, B I, € SMC,.

25 EFTR I, Iy, Is € SMCy, B3R (0X) () 277 B Wi, 250, A4
H(UX)(t) FMAE. AR, Xt (BX)(t) ¥ E A, BN H P AHE Winer 12
W AR SCHR [1,6], A S5 T R B R W (s) = W (s +7) = W (r) B R R R. W I
FE 2 —> Winer IR HEZ W 1) L. (9X)(¢) :/ Ul(t,s)G(s, X(s))dW (s), HHH
G € AAP(R x L*(P, H,), L*(P, Hy)). % -

G = 0g1 + h1791 c AP(R X I/Z(P7 I‘Il),LQ(}D7 HQ)), h1 S SMC(),
X =2y + 39,2, € AP(R, L*(P, H,)), xy € SMCy.

AN, FTLLAS 2]

G(s,X(s)) = g1(s,21(s)) + G(s, X(s)) — G(s,21(s)) + ha(s,1(s)) — h(s,0;) + hi(s, 0;).

IN

IN

&

SR g1 (s, 21 (s)) ST RER 00, LSO [1] 7740 / Ut 5)gu (s, 21 (5)) AW (5) 977 18
PR BATT E R -
t
/ U(t, 5)[G(s, X(5)) — G(s,21(5)) + ha(s,21(5)) — h(s,0;) + ha(5,0)]dW(s)  (3.6)

BT SMC,.
R BIHIER, A

o / (1,9)[G(s, X(5)) = Gls,1(5)) + ha(s,21(5)) — hls,00) + I (s, 6,1 dW (5)
< 38 / U(t, 9)[G(5. X (s)) — Gs,21(s)JdW (s) |2

+3ZE|| / U(t, )l (s, 21(s)) — ha (s, 6]V (5)]?

+3§;E||/_OO (t, s)h(s, 0;)dW (s)||?

=Ji+ o+ Js.
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JEiL (HO). (H2). Holder A~%53(. Fubini A

J = 3E|/ Ul(t,s)[G(s, X (s)) — G(s,21(s))]dW (s)]?

= 3E|/0 Ut,t —s)[G(t —5,X(t —s)) — Gt — s,x1(t — 5))]dW(s)]|?

< 3TTQM2(/ e %%ds) x (/ e Ky Bzt — s)||igds)
0 0
3TrQKyM? [
< SR el - o)y
0

HL I TR, X TEEN e > 0, /77 Ny > 0, £ R\[— Ny, Ni] W, E||lz.()|| <€
AL, BAN, B |U(t, )] < Me=%¢=9) Bl Eidf e > 0, fF7E Ny > 0, bHXHt—5> N,
I, Me=0t=%) < ¢ or. Rk, 2 [t > Ny + Ny B, 0

3TrQK,M? ¢ — &2

<
Jl_ 6 ( 5

+ esup El|xa(t — s)||?),
teR

HUEFRATTR 5 Ty € SMCy.
TS Ty, J5 BUERH, MR (H2) 152 E||h1(t,y)fh1(t,z)||%g < 2(Ky+ Ky)E|y—z2|?,

Jh = 3ZE||/ U(t, ) I (521 (5) — b, 0)JdW (5)]

IN

6TrQ(K2+K4)M2/ e %%ds) x Z/ e E|zy (t — 5) — 6|3 5 ds)
0 i=1

6TTQ(Ky + Kq)M? b
A BRE S (Bl =) = g
i=1 70

6TTQ(K2 + K4)M2

IN

IN

)

Jy = 3ZE||/ U(t,s)hi(s,0;)dW (s)|

m

3TrQM2(/ ‘5Sds)><2(/ e E|hi(t — 5,0:)||7ds)
0 0

i=1

IN

3TrQM? oo

?Z(/ e Bl|hy(t - 5,0,)|2ds)
i=1 “0

3TrQM?m

T2 ©

IN

<

HAFH] J1, Jo, J3 € SMCy, MTTH (3.6) 2& XK REE T SMCy. 25 Bk, 153 (3.2)
T 7 AR (135 77 A ) SR A
B i It Banach N2 U EIE A 75 FE 25 75 810 M B At g o —
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4Y,7 € AAP(R,L*(P, H), & Wt
t

(TY)(t) = / U(t,s)F(s,Y(s))ds + / U(t,s)G(s,Y(s))dW(s), (3.7)

— 00

t

(FZ)(t)—/_ U(t,s)F(s,Z(s))ds—l—/ Ul(t,s)G(s, Z(s))dW (s). (3.8)

— 00

W LIAIER], F1 T 2 AAP(R, L*(P, H)) LRTEBUN. 9 T 5EBAEM, FIET & — M EgEm
W i (3.7) F1(3.8) Rl 15

E|TY(t) ~TZ@#)|? = E|/_ U(t,s)F(s,Y(s))ds+/_ Ult, s)G(s,Y (s))dW (s)

t

—/_ U(t,s)F(s,Z(s))ds—i—/ Ul(t,s)G(s, Z(s))dW (s)|>.

FIRAZER (a+ )% < 202 + 202, 135
B|TY () -TZ()|* < 2M2E(/t eI F(s,Y (s)) — F(s, Z(s))||ds)?
+2E(]| /_; U(t,s)[G(s,Y (s)) — G(s, Z(s))]dW (s)|])*.
AR SCER (1] (H1). (H2), £33

ﬂ/‘éﬂ“%F@YGD—F@Z@H%V

7
< Kl(/ e_‘s(t_“")ds)2 sup F||Y (t) — Z(t)||2
o teR
K
=5
[FFE, FIF Tto #14y, AT LA1S 3

E(II/_I U(t,s)[G(s,Y (s)) — G(s, Z(s))]dW (s)[])?

<TrQ- M2K2(/ e 2N sup E||Y (t) — Z(t)]?
teER

MK,

<TrQ 2|V - 7w

oy 4 2K K TTQ P 2K
b, BB E|TY (1) -TZ(1)|* < M*( 521 + s Y = 2o B (H3) 4%%DM2(6—21+

Ko TrQy 4 W51 T /240U, f Banach R8h BT &I T (8 AAP(R, L2(P, H))

EAME—RAB AL ARSI R R DY (3.2) 208 X X (1).
gr bR, (3.3) AR (1.1) RInf— R85 7 i R JA) Uit
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SQUARE-MEAN ASYMPTOTICALLY ALMOST PERIODIC

SOLUTION ON A CLASS OF NONAUTONOMOUS STOCHASTIC

DIFFERENTIAL EQUATIONS

YAO Hui-li, WANG Jian-wei

(Department of Mathematics, School of Application and Science,
Harbin University of Science and Technology, Harbin 150080, C’hina)

Abstract: In this papre, the square-mean asymptotically almost periodic solution is studied

on a class of nonautonomous stochastic differential equations in a separable Hilbert space. By

using the “Acquistapace-Terreni” conditions, evolution families and Banach fixed point theorem,
the existence and uniqueness of square-mean asymptotically almost periodic solution on this kind
of nonautonomous stochastic differential equations are discussed. The problems on the existence
and uniqueness of square-mean almost periodic solutions on this kind of equation are generalized.
Keywords: square-mean asymptotically almost periodic solution; nonautonomous stochas-
tic differential equations; Banach fixed point theory
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