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RANDOM ATTRACTOR OF STOCHASTIC
ZAKHAROV LATTICE SYSTEM

Yu Bai® and Shengfan Zhou®?

Abstract In this paper, we consider a lattice system of stochastic Zakharov
equation with white noise. We first show that the solutions of the system
determine a continuous random dynamical system with random absorbing
set. And then we prove the random asymptotic compactness on the random
absorbing set. Finally, we obtain the existence of a random attractor for the
system.
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1. Introduction

Stochastic lattice differential equations arise rapidly in a wide variety of appli-
cations where the spatial structure has a discrete character, and uncertainties or
random influences are taken into account [1, 2, 3, 4, 5, 8, 10]. The global random
attractor was first studied by Ruelle [7] to capture the essential dynamics with pos-
sibly extremely wide fluctuations. Later many researchers developed some general
theories of random attractors.

Let n be a positive integer, and write L2, [2 as

L2 = {b: (bj)jGZ" j: (jl;j?v" ;,]'n,) (S Zn,bJ S C, Z |bJ|2 < OO}7
JEL™

P={b=(b));cz0 1§ = (1,2, -, dn) EZ",b; ER, Y b7 < o0},
JEL"

Let (Q, F,P) be a probability space with
{Q=weC(R,*xR):w(0) =0}

F is the Borel o— algebra generated by the compact-open topology of Q, P is the
Wiener measure on (€, 7). Define (6;),.p on Q by

bw()=w(+1t)—w(t),teR.
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Then (€, F,P, (6;),cp) is an ergodic metric dynamical system (see [1]).
Consider the following stochastic Zakharov equations on infinite lattices:

Ldij + adzj + (A(z + | 2| %)) dt + Brjdt = gjdt + ajdw?, (1)
idzj — ((Az); + xj25 — iyz;)dt = hydt + 25 o dw?, '

where j € Z", z = (2j);czn € L2 x = (25) jezn € % a = (aj);ezn € 12, i is
imaginary unit, a, 3,7, A are positive constants, g; and h; are given , (w}, w?)jezn
are independent two-side Wiener process on probability space (2, F,P) , o means

the sense of Stratonovich in the random term. Define the coupled linear operator
A in the following way: A = > A, A, = By B), = Bl, By, where B, B/, and
m=1

A,, are all linear operators acting on I or L?, m = 1,2,...,n. defined by: for any
b= (b));cpn € 12 or L2,

(Amb); =2b(j, o, ocgmrein) = OGrodaremsimt1seeesin) = PGt ,d2semdom—1reeerin)

(Bimb)j = b1 jareimitrin) = OGrodaremsimsemin)

(B,b)

m0)j = Ot gaveedm o) ~ Ot s senosin)

Zakharov equation (in the form of partial differential equation) was introduced
firstly in 1972, which successfully explained the density depression problems in the
laser targeting practice from the international physics community and has received
great attention. Recently, several authors have studied the asymptotic behavior for
the determined lattice system arising from spatial discretizations of Zakharov equa-
tions without noises. Of those, Zhou, Zhao and Yin etc. have studied the existence,
upper bound of Kolmogorov e-entropy and upper semi-continuity of the global at-
tractor, uniform attractor and kernel sections for autonomous and non-autonomous
dissipative Zakharov lattice equations, see [9, 11, 12] and the references therein.
Zhou & Zhao [10] and Han, Shen & Zhou [3] gave some sufficient conditions for the
existence of a random attractor of stochastic locally coupled lattice dynamical sys-
tem on the space of infinite sequence. Until now, as we know, there is no any result
on the long-term asymptotic behavior of stochastic Zakharov lattice equations with
white noises. In this paper, we consider the existence of a random attractor for
stochastic Zakharov lattice system by using the method in [3, 10]. Firstly, we prove
the solutions of the system determine a continuous random dynamical system with
a random absorbing set, and we then prove that this random dynamical system is
random asymptotical compact on the random absorbing set. Finally, we obtain the
existence of random attractor.

2. Continuous Random Dynamical System
Define the inner product and norm on spaces (% and L? as : for any = = () jezn,

Yy = (yj)jezn €l?or L?:

(z,y) = Z z;yj, (%y)kﬁ = Z AN Bmx, Bmy) + A\B(z,y),

JEL™ m=1

2
l2l® = (w,2) = D> Jayl’s Nallls = (2, 2)a8 = A Y | Bm|® + A8l

JEZ™ m=1
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where y; and y; are conjugate ,and then the norms |- and ||-[|, 5 are equivalent to
each other.

Let lf\ﬁ be a Hilbert space with inner product (-, ),z and let D = lf\ﬁ x 12 x L*
be a Hilbert space with the inner product and norm given by

(80(1)7 ¢(2))D — (x(l), "E(2))>\B + (y(l), y(z)) + (2(1)7 2(2))
= ¥ (X ABua™);(Bua®); + A8 2l + gy +202), (@2

J

jeQZ" m=1
lellp = (e, 90)p,
where 2](2) and zj(?) are conjugate, @) = (:zr(l),y(l),z(l)) = ((Iy)), (y§l)), (Z](l)))jGZn €
D, 1=1,2.
Let {ef }jeZ" is the orthonormal basis on I? and w (t) = Y. ajwj (t)e’.

jezr
We consider the following Ornstein-Uhlenbeck equation

{ dX + Xdt = dw(t),

dY + Ydt = dw?(t), (2.2)

where w(t)(w) = w(t), then the stationary solutions of (2.2) are X (6,w) and Y (6w),
respectively, with properties:

lim Ol — gy Y0w)
t—oo . |t| t—o00 |t‘ . ’ (2 3)
tli)r{.lo I X(fsw)ds _ tli)r{.lo I Y(st)ds -0, .

X (w), Y (w) are tempered and X (f;w) and Y (6,w) are continuous with respect to
t for a.e. we Q.

Set
— 5 __afX
y—x—.i;/pex—)\X (Oww) (p= 555735 > 0), (2.4)
2 =eYO) s (|25 = |2]).
Then
T+ pxr—y =X (bw),
g+ (X —p)y — (adp — BA = p?) x4+ Adz = (A + pA — aX?) X (w) (2.5)
— ANz + Mg, '
24 iAZS 4 yzt = —iz"Y (Qw) — ixz* — ihetY (0,
Write
x
¥ = Yy ’
Z*
pl -1 0
C=| (BAX+p*—arp) I+ AN (aX—p)] 0 , (2.6)
0 0 tA+~I
AX (Htw)
(0w, )= (A+pA—aX?) X (Bw) — A |z* > +Xg |- (2.7)

—iz"Y (Qyw) — ixz* — ihe (O1)

Then system (1.1) can be written as

¢+ Co =1 (0w, ). (2.8)
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Lemma 2.1. For a. e. w € §, the mapping ¥ (Gw, ) : RT x D — D is continuous
with respect to t and ¢, and for a. e. w € Q, t € [0,T], T > 0, ¢ (61w, ) is locally
Lipschitz in ¢.

Proof. Let B is a bounded set in D. For o), (2 € B, fora. e. we Q, t € [0,77],
[4(Orw, o™M) = (B, o)|3
= [0, =AA(z* VP = [P ), —iY (Buw) (2" - 2*))

iz W) @) @)

< RAID = Ol + 2 O + DO - @O
HY (B ("0 = @)
< nRLEB) - O + DD - o) 42 (50 - @),

+Y2(0w) " - 2P

1
< (640X + 1+ /\_ﬂ)L(%) +Y2(0u0))lle™ — o3

< MM — @3,

where M = ((64n)? + 1+ 55)L (B) + max;ejo,7) Y (iw)), L (B) = sup,ey llel7
are positive constants. So the operator v is locally Lipschitz with respect to ¢ in
D. The proof is completed. O

Theorem 2.1. For a. e. w € Q and ¢g € D, there exists a unique solution
o(,w,00) € CLH[0,400),D) to system (2.8) with initial data p(0,w,pe) = ¥o.
Furthermore, o(t,w, o) is continuous with respect to t and po, and measurable in
w.

Proof. According to the existence and uniqueness of solutions of differential equa-
tions [6], for g € D, there exists a unique local solution ¢ (-, w, ©o)€C* ([0, Tmax), D)
of system (2.8) with ¢(0,w, o) = ¢o. Then we prove Tinax = +00. We take the
inner product between z* and the third equation of (2.5) and take the real part, we
have

1 d %112 %112 7 W *
52 1217+ 12717 = Im(he™ ), 27),
where
) 1
Im(he™ @) 2% < = n))? + 2|22,
v 4
Thus,

d 2 2 _ 2,0 7 2

—||z* 2 "< = A =Iz*II" -

P+ 2y 17 < 2 i+ )
By Gronwall’s inequality, we get

* 112 * -3 4 2
"7 < [[z" (0)[" e ”t+3—,y2|\h|| : (2.9)
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Taking inner product (-,-), of equation (2.8) with ¢, and taking the real part, we
have

Re (¢, ¢)p +Re(Cp,0)p = Re (¢ (0w, 9) , 0)pp - (2.10)
In fact

d 2
el (2.11)

N =

Re (¢, 9)p

Re(C,¢)p Z Mo([[Bm||? + Bllzl?) + p(p — ad) (@, y)+(aX = p)[lylI*+~]12*]*.

m=1
By p= % > 0, we know p — aX < 0. Choosing o = a\/az)\2+1jg+a2)\+4ﬁ< 0,
which satisfies 5 919
A (p—o0) (%)\ —p—a) e Pﬁ/\ .
Then
a N
Re (Co, ) — olllzl3s + llyl*) — oh lyll” =~ 112711
- aA
= Xp=0) O IBmal® + Blzl*) + p(p — o)) (z,) + (5 —p—0) ly|I?
m=1
pa)\
> Ap—o) Z [Bmal|® + 8 |z]1%) Z 1Bma|* + 3 l]*)2 |1y
m=1 \/B m=1
a\
o)l
Therefore a
Re (Co, ) > o([l|3s + Ilyll*) + ||y||2 +yllz)1?, (2.12)
Re W (etw) ) SD)D = ()‘X (etw) 7;6))\{3 + )‘ (gu y) + ()‘ + P)\ - CY/\2) (X (etw) 7y)

“MA(Z* ), y) + Im(he™ O) 4 2y (9,w), 2*).
By Young’s inequality:
2
(AX (0w) @) 55 < § l12ll35 + 551X (0) (135

< § llzl3s + an w2,
Aa,y) < L llyll* + 2 gl*, 2.13)
(X (6).) < 2 P + 21X (60) .
MA("P).) < ol + 24>
Im(he™ O) 4+ 277 (Bw) . #%) < LA+ 3 1271 + 2] Y (0w).
Put (2.9), (2.11) - (2.13) into (2.10), we get
Dol + ol + (20 + 22— A=, ||y|\2 + (52— 2y (g |22
< QUi (”pi ~O) 1 el + 2 gl + 2 g
64n\ 512n)\

—IIhH +—= 2 ()" e + = [|27 ()] |Al|* =27,
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Write
5:min{o,2o+%—w,%’y}>0,
_ Nantp) | AA+eA-ar?) 4x 2 1024nA
G= ma‘X{ o + o a0y T 9an® I (214)
n * 4 n * 2 2
Q = S22 |27 (0)]" + 522 || ()] [|2]”
2 2 2 4
n (Oww) = [| X (Gw)[|” + lgll™ + [[R]]" + (2]
Thus

d _3
T el + (8 = 2Y (i) l¢ll p < G (B1w) + Qe (2.15)

By Gronwall’s inequality, we have

t
ol < llolfy ™70ty [0 G 0,0) + Qe

t
< eOt+2 Jo Y (sw)ds H‘PO”% + G/ e—é(t—s)+2 N Y(GT(,J)dT?7 (osw) ds
0

n /t o—0(t—s)—Fst2 ! Y((’T“’)dTst (2.16)
C O g
L Qe—tt+2 [y Y (0rw)dr /t e85=2 5 Y (Orw)dr) (Osw)ds
0
et [ Y (Brw)dr /t (5= 47)s=2 J§ Y (0,w)dr
0
<

t
TV O (g} 1 G [ B 0y (5,0
0
t s
+/ o(6-37)s—2[5 Y(6-2)d7 (). (2.17)
0

Hence, for t € [0, Tmax), ¢ (t) = (2 (t),y (t),2* (¢)) is bounded, which implies that
Timax = +00.The proof is completed. O

Theorem 2.2. The solution of system (2.8) ¢ : RT x Q x D — D is a continuous
random dynamical system.

Let ¥ = (z,9,2)" € D, then ¥(t,w, ¥g) = P~1(0,w)(p(t,w, P(w)¥g — n(w)) +
I 0 0
n(f:w)) , where P (6w) = | pI I 0 and 1 (,w) = (0, AX (Aw),0) "
0 0 eiY(Htw)I
Obviously, P(f;w) is reversible .

Corollary 2.1. The solution ¥ : RT x Q x D — D generated by system (1.1) is a
continuous random dynamical system .
3. Random attractor

The existence of random absorbing set and random attractor of random dynamical
system ¢ will be discussed in this section.
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Definition 3.1. (Tempered random set) A random bounded set K(w) C D , is
tempered in (6¢)tcr , if for a.e. w € Q|

tlim e V'sup {||b]|p, b€ K(0_yw)} =0, Vv >D0.

Theorem 3.1. There exists a bounded, closed, tempered random absorbing set w —
R (w) of random dynamical system @, that is to say , for any tempered set w — K (w)
in D, there exists Tk (w) > 0, such that for t > Tk (w), ¢ (t,0_w, K (0_4w)) C
R (w).

Proof. Assume w — K (w) was a tempered random set in D. For any ¢ (w) €
K (w) C D, it follows from (2.16) that

lo (tw, @ @D < e 2l YO i ()7,

t
+G 676(t75)+2 f: Y(t%.w)dT?7 (esw) ds
0
t
_|_/ e—é(t—s)—%vs-{-?f; Y(GTw)dTQdS.
0

Making the pullback mapping 6_; : w — 6_,w and integral transformation, we
obtain

e (t, 01w, @ (0—)) |5

< ORI Y (Bems)ds | (0|l + G/t e=St=)+2 [LY (Ormrw)dTy (9 ) ds
0
i /t o 0(t—5)=3ys+2 [} Y (07—} 0 g
0
< TR 6 (0 )|} + G / LRI Y O (5
—t
4o 3t /0 e(6=37)s+2[? Y (0-0)dT 0 g
—t
< ORI 16 (9 0)|2 4+ @ / Y el Y0y (0 w) ds

0
—|—e‘%7t/ 6(5—%7)s+2fs°Y(efw)erdS'
—t

Recall Y (w)’s properties and ¢ (w) € K (w), there exists T1 (w) > 0, such that for
t>1Ty (w),

1

¢ PR o (0w} < 5.

Furthermore, because (6 —3v)s > 0 (s € (—t,0)), there surely exist 5 (w) > 0,
such that for t > T» (w),

0
e_%vt/ e(é—%v)s-‘r? J? Y(OT“’)dTQdS < %
—t

Denote 0
7o (w) _ G/ e6s+2fso Y(O,-w)d‘r,'7 (95(.«)) ds,
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then for any v > 0,

0
e (fw) = e MG / 2LV Oy (9 ) ds

— 00

—t
_ efth/ 65(S+t)+2 fsit Y(etw)dT’[] (95(4}) ds.

Then
tlim e Vro (0_4w) = 0. (3.1)
So w — rg(w) is tempered random variables. Write r (w) = 7o (w) + 1, then

r (w) is also tempered random variables. Denote a bounded closed ball R (w) =
Op (0,77 (w)) with radius 7z (w) and centered at origin, which indicate that R (w) is
a bounded, closed, tempered random set. For any tempered random set w — K (w)
in D, choose Tk (w) = max{T1 (w),T2 (w)} , then for t > Tk (w),

lp(t, 0w, (0—w)) D < r(w)  (V@(0-1w) € K (w)).

Therefore, w — R (w) is the random absorbing set of random dynamical system .
The proof is completed . O

Now let us consider the random asymptotic compactness of ¢ on the absorbing
set w — R (w).

Theorem 3.2. Let R (w) be the absorbing set as in Theorem 3.1. If g € 12, h € L?,
then for any e > 0, a. e. w € Q, there is T (e,w,R) > 0, J (c,w) > 0, such that
the solution (x; (t),y; (1), 2} ()T of equation (2.8) with initial data ¢ € R (w),
satisfies

Z ||90j (tv 0w, ¢ (9_,5(4])) H2D <e, Vt=T (vav %(w)) ’
ldo|>J (e,w)
where |jo| = maxi<k<n {[jk[}, 7 (m)] = max{[jo[ , [jm| + 1}-

Proof. Choose a smooth function f € C' (R, R) as follows:

f(a)=0, 0<a<l,
f(a) =1, a>2,
0<f(a) <1, 1<a<2, (3.2)

If'(a)] < fo, fo>0, VaeR".

Let J be a positive integer and ¢ = (p, g, v)T ,

(63 emn = () @) @) Jezn = (D Py p0lyyr

Taking the inner product of system (2.8) with ¢ = (p, ¢, v)T, and taking the real
part, we have

Re (¢,0)p +Re (Cp,¢)p =Re (¢ (fiw) , 8) .- (3-3)
(i) Consider the first term of (3.3), we have

Re(¢,0)p = Y, (A (Bmi); (Bmp),) + Y (AB(d5,p5) + (05, a;) + (25, 05))-

jezn  m=1 jezn
(3.4)
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where
(BuiBap) = Y 1) (B, (B,),
JEL™
+ 3 2 By~ )
jezn

(3.5)
It is easy to check that

S O o G

—%‘)%‘1 »»»»» Gm+1,., jn)|

jen
gl 1 .
= ‘Zf/(j)j(x(]l ..... it L) — E5) TGt jn)‘
jezn
r(w 202 R o
< B v im0+ 20 S 000 el (6)
ljol>J
and
J J n .
YL g = 3 A (B, (Bae),) + 48 )
jezr jezn m=1

+(g,q9) + (25,0). (3.7)

Synthesize (3.4)-(3.7), we obtain that

Re(o,¢0)p = Z f(|];|)()\ Z (B (Bmx)j)+)\ﬁ (&, p) + (9, q) + (2°,0)
JEL™ m=1
+A Z Z (f( / (m - f(|j})|) (x.(jl,...,jm-l-l,...,jn) — i?j)
JEZ™ m=1

2 /\
> LS B gy, - 2T S X )
JEL™ ljo|>J
_nfor(w) (2% +1+2)9) (3.8)
37 p . .
(ii) Estimate the second term of (3.3) :
Re(Co,d)p = Ap Z B, Bp) — A Z By, Bmp) + A > (B, Bnq)
m=1 m=1
+Aﬁp(:vp (p° — aXp) (z,q) + (aX —p) (y,q) + 7 (z%,v)
+Re (iAz*,v). (3.9)
In fact
(z.p) = ¥ fBhat, (yp) = ¥ f(B)ye; = (2,9),
JEZ™ JEZL™
Joly,,2 F *(2 (3'10)
W)= > fCF)y;, (o) = X fFE)IE]7
JjeZ™ JjeZ™
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Y]

>

(BmI;Bmp)
= Y B, 0 - 1By

jezn

= Y B, ) (B, (LU gy )

J
jEzZn

¥
]
=
<
=
3
S
[ )
>
=
<
w
v
=

(Bmw, Bmq) — (Bmy, Bmp)
|jol

|j
= > (@t — T3) (f WnrdmtLrgn) = (55)Y5)
J J
JEZ™

jezn
_for(@)(1 4 2)8)
- \BJ '

m=1jezZ"

- |j("w| U0| * *

—Im Z Z (f( 7 ) — f(7))|2(j1 ..... Gm+1,. jn)||zj|
m=1jezn

n.for(w)
_ OJ ' (3.13)

Substituting (3.10)-(3.13) into (3.9), we get:

Re(Co0)p 2 30 FED 00 37 1(B), 2 4 A8 s + (0 — adphesy
m=1

jezn
B nfor(w)(?)p—i— 1
J B

+(aX —p)|yi* + 7|z;‘|2) +2X+1). (3.14)
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Since

ol oy 3
Re(Cp,0)p = D FEI OO Y [(Buma) P + Al + [y )
JEZ™ m=1
A N
T ly;[* + 7125 1)

S 1 (o= )0 3 (B + 3810, + (52 = p =

JEZ™ m=1
n for(w )(3p+ 1
J p

] a

5 1o - o)ty 2 4+ (22— p = )l l? — porrayu)

JEZ"

_nfor(w)(3p+ 1
J g

_nfor(w)(?)p—i- 1
J

Y

+po(p — aX)z;y;) — +2X+1)

Y

+2041)

Y%

F2X+1),

Jo - a\
ReCo.0)p = 3 1D o0 S (B, + A8l Py )+ SV 2
JEL™ m=1
nfor(w) (3p +1
J g
(iii) Estimate the third term of (3.3):

Taking inner product between v and the third equation of (2.5) and take the
real part, we have

+7|251?) — +2X+1). (3.15)

|]0| * |.]0| *
O S LRI YR Sl AL SIET:
[go|>J UO\>]
— Im(h ’LY Gtw) Z f |j0| Z f |]0| |h |2
|J0|>J |J0\>J
by (3.13),
J 7 J 2n for(w
dthlol\JH—Zflol Zf|0||h|2 0()
[gol>J l7ol>J \go\>]

By Gronwall’s inequality, we find

> rhp < R
lo1>7 |gol>J
L2 5 plinly e )
+/Oe Vjoz;f(ﬂ']” T
s rWen LYK |j°| ) 1hsl* + 4"for( ) (3.16)

[jo|>J
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In fact

Re(¢ (iw) , ¢)p

where

(N*B,, X (0w), B

>NX

jEezZ"
Lol

—f( 7 )z;)

doN(X

JEL™

+) (X

jezn

Jjez™

IN

IN

()‘26X(9tw)7p)

(A", q)

(J1se--

(J1,--

oo 1, (O20)

32 (CBX(0). Bu) + (WAX (00).0) = (V="
((A + A — aX) X (w), ) + (g, )

+Im(he () 4 2*Y (6,w),v), (3.17)

D)

A 1gn) (i) — VTG rin)

A Legn) (Oe0) — TGy 1)

— Xj (Htw

16n\*
0)\5

2

> X (6w)?,

[dol>J

(3.18)

) f@)(%mxj(etw»

JEL™

oAB ljol
SN LA

JEL™

IN

Z X5 ()%,

Lm|>J

(3.19)

> 20420

UOV>]

IN

20 + a

48n)\?
20 + aA

IN

48n )2 .
20 + a

IN

48n\?
20 + aA

IN

2—1—04)\
+O'

3\2 20 + al |70
5 2

JEL™

> f(@)yf

JEZN
20 + a\ |j0| 9
]; FCEFy

EE: jw|]0||h P

|dol>J

r?(w),

> gz +

ljol>J
>g=4

ol
>

[Fol>J

20 + aA
1

) 2

[gol>J

r? (w)efg'yt +

Zf

JjezZ™

64n\?

(20 + aX)y
64”2A2fb
(20 + ai)yJ

v+ (3.20)
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(Goa) = 3 f(@mgj,yj)

jEZ"
|Jo| 2, 2U+a/\ |Jo|
P 3 g 2 5 o
[jo|>J JELN
Im (h 1Y (0rw) % etw Z f |.]0| h 1Y (Orw) +Z*Y(9tw))
jezr
D IO B S C N R d O B (322)
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By Gronwall’s inequality for ¢ > Ty (w),
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Making the pullback mapping 0_; : w — 0_,w |
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Since || (T, 01w, Po (—1w))||% is bounded, for any € > 0, there exists T} (¢, w, R)
> Ty, such that for t > T3 (¢,w, R),
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where T* > 0. Since w — X (6w) is tempered and X (6,w) is continuous with
respect to t, there is a tempered variable £ (w) such that

X (0w)|)? < € (w)e3l!, vt eR.



Random Attractor of Stochastic Zakharov Lattice System 169

y (2.3), taking sufficient large T° > 0 such that for any 7 < —(T° + Ty),
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Thus for t > T° 4 Ty, we have
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Setting T* > max {% In %f(“), TO}, then
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Let T* be fixed, by the Lebesgue’s dominated convergence theorem, there exists
Ji (g,w), such that for J > Jy (g,w),
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By hj € L?, r (w) is tempered random variables, therefore exists J3 (¢,w) > 0, such
that for J > J5 (¢, w),
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Since F (w) is a tempered random variables, there exists Ts (e, w, R) > Ty, J4 (e, w) >
0, such that for t > T (e,w, R), J > Jy (e,w),
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Now that w — r (w) is tempered random variables, there exists T3 (e, w,R) > Ty,
such that for t > T5 (g,w,R) ,
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Denote
J (an) = max{Jl (an) ) J2 (va) ) J3 (va)v Ja (an)}v
T (e,w,R) = max {T1 (,w,R), Ta (c,w,R) , T5 (e, w, R) , T* + T} .
By (3.23)-(3.29), we have that for any ¢ > 0, eachw € Q, ¢t > T (¢,w, R), ¢ € R (w),

Sl 0w @0l < 3 oyt 0-0, G0 p <

ljol>J (e,w) Jer

O
By Theorem 2.2, Theorem 3.1, Theorem 3.2 and Theorem 3.1 in [10], we obtain
the following main result.

Theorem 3.3. There exists a random attractor w — o (w) to random dynamical
system o in D, and

o(w) = ﬂ U o (t,0_w, R (0_w)), w € Q,

T>TK (w) t>T

where w — R (w) is the random absorbing set to .
According to Corollary 2.1 , Theorem 3.3 , we know

Corollary 3.1. The random dynamical system ¥ generated by equation (1.1) pos-
sesses a random attractor w — g(w) , and g(w) = P~ (w)(o(w) + n(w)) , w € .
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