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Abstract

In this paper, we investigate a global random attractor for a stochastic local modified
Swift-Hohenberg equation with multiplicative noise in Stratonovich sense. Through
the Ornstein-Uhlenbeck (O-U) transformation, we obtain the random dynamical
system associated with the stochastic local modified Swift-Hohenberg equation.
Using the properties of the O-U process, we derive the specific uniform a priori
estimates, using which we prove the existence of global random attractor for the
corresponding random dynamical system.
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estimates; random attractor

1 Introduction

Swift and Hohenberg [1] proposed a model for the convective instability in the Rayleigh-
Bénard convection, also known as the Swift-Hohenberg (S-H) equation, which is included
as an important equation in different branches of physics, such as Taylor-Couette flow [2,
3], the study of lasers [4], and so on. After that, Doelman and Standstede [5] proposed the
following modified Swift-Hohenberg equation for a pattern formation system near the

onset to instability:
uy+ A%u+ 2Au + au + b\ Vul* + u® = 0, (1.1)

where o and b are arbitrary constants. In the case of b = 0, it is the usual Swift-Hohenberg
equation. The additional term b|Vu/|? arises in the study of various pattern formation phe-
nomena involving some kind of phase turbulence or phase transition that breaks the sym-
metry u — —u. For more references, one can see [6—8] and the references therein. The
dynamical properties of the S-H equation are important for the studies of pattern forma-
tion and global attractors, and the stability of stationary solution and pattern selections of
the S-H equation have been extensively investigated; see [9-11].

It turns out that a stochastic equation can conform to physical phenomena better in
some cases. These random perturbations are intrinsic effects in a variety of settings and
spatial scales. In fact, when the Rayleigh number is near thermal equilibrium, the influence

of small noise or molecular noise is detected in various convection experiments [12, 13].
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As the effect of thermal fluctuations on the onset of convective motion into the Bénard
system is considered, the stochastic local S-H equation with additive noise [1] is proposed:

uy = s — (1 + 00)’ut — 1° + 0. (1.2)

Furthermore, a local stochastic S-H equation driven by multiplicative noise arises when
the effects of small possible noise from p is considered [14]:

uy=pu— 1+ 0 u—u+ouck, 1.3)

where o >0,and & = % is the generalized derivative of a real-valued Brownian motion.

There have been a lot of outstanding work and important results related to the existence
and uniqueness of solution and attractors for stochastic partial differential equations. For
research progress on these aspects, we refer to [15-19]. Until now, there are few results on
the dynamics behaviors of the stochastic local modified Swift-Hohenberg equation with
multiplicative noise in Stratonovich sense. This is our main purpose. After making use
of the O-U transform and changing the stochastic equation into the corresponding de-
terministic equation with random parameter, we obtain uniform a priori estimates under
some additional assumptions and prove the existence of global random attractor for the
random dynamical system associated with the stochastic local modified Swift-Hohenberg
equation. It allows us to overcome the computational difficulties according to the proper-
ties of the local modified Swift-Hohenberg equation. In particular, showing the existence
of a random attractor needs a lot of technical skills to obtain the desired results.

In this paper, we consider the following one-dimensional stochastic local modified Swift-
Hohenberg equation with multiplicative noise:

du+(A2u+2Au+au+b|ux|2—us)dt:auodW(t) (1.4)
with initial condition

u(x,0) =ug(x), xe€DbD, (1.5)
and the boundary conditions

ulsp = Aulsp =0, x€9D, (1.6)

where D is a bounded open interval, |b| < 1 is a constant, Au means u,,, and A?x means
Uxxxx-

An outline of this paper is as follows. We devote Section 2 to recall some definitions and
results referred to global random attractors and to present some notation. In Section 3, we
not only introduce the O-U transformer, but also obtain uniform a priori estimates of the
solution for the stochastic local modified Swift-Hohenberg equation. Finally, the proof of
the main theorem on the existence of global random attractor is presented in Section 4.

2 Preliminaries
There are many research results on random attractors and related issues. For simplicity of
the structure of the article, we only list the definitions; for the relevant theorems, we refer
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to [20, 21], and so on. Let (X, | - ||x) be a completely separable Hilbert space with Borel
o -algebra #(X), and let (2, F, P, (6;):cr) be an ergodic metric dynamical system.

Definition 2.1 (See [15,16]) A measurable mapping
P R"xQxX—>X, (towx)— ot wx),

has the cocycle property:

(1) ¢(0,w,x) is the identity mapping on X;

(2) @(t+s,w,x) =t 0;w,0(s,w,x)) for all s,t > 0,x € X, and w € Q2.

We call ¢ a random dynamical system (RDS) on X over (2, F, P, (6¢);cr). Furthermore,
the RDS ¢ is continuous if ¢ (¢, w, -) = ¢(t,w) : X — X is continuous for all £ > 0.

Definition 2.2 (See [15,16]) A random compact set A(w) is said to be a random attractor
for RDS ¢ if the following conditions hold:
(1) pullback attracting property:

lim d((p(t, 0_iw, @(G_ta)));A(a))) =0,

t—+00
(2) the invariance property: ¢(t, w, A(w)) = A(6;w) for P-a.e. w € Q and all £ > 0.

Remark Let (22, F,P) be a probability space with Wiener measure P. The Wiener shift
(0¢)¢er is defined by

Osw(t) = w(t +s) —w(s), t,seR.
Then (2, F, P, (6;)cer) is an ergodic metric dynamical system; see [20].

For the convenience of the following contents, we introduce some functional spaces
and some notations. L7(D) is the Lebesgue space with norm || - ||z¢, and || - |2 = || - |I.
Particularly, ||u| 1 = esssup,.p, [u(x)| for g = co.

H? (D) is the Sobolev space {u € L*(D),D*u € L>(D),k < o} with norm | - ||z = || - [|o-
Especially, H2(D) is the Sobolev space {u € L*(D), D¥u € L*(D), k < 2, g—z lxeap = 0}.

For notational simplicity, C is a generic constant that may take various values from line

to line; Av means vy, and A%v means Vyyyy.
3 Uniform a priori estimates of solution
In this section, we mainly show uniform a priori estimates of a solution for the stochastic

local modified Swift-Hohenberg equation.

The original equation (1.4) can be rewritten as follows:
t t
u(t) = ug — / (au +2Au + A%u + blu,|? - u3) ds+o f u(s) o dW (s).
0 0

We now introduce an O-U process z(6;w) that solves the following It6 equation:

dz +zdt = o dW ().
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By [20, 22], the random variable z(6;w) is tempered, and for every w € Q,t > z(6,w) is con-

tinuous with respect to ¢. Especially, the properties limy 100 290 = 0 and

Il
t
limy 400 22%2% _ 0 hold,
Let v = e %) y(¢). Using the It6 equation, combined with the original equation (1.4), we

get

dv(t) = e 2% du(t) — u(t)e 7% o d(z(@tw))

= —(A% + 2Av + av + 203 4 pe V) dt + 2(0,0)v(t) dt.

Thus, we consider the following system:

dv

7 + (a - z(Qtw))V +2Av + A%y 4 2203 4 bez(e””)vi =0, (3.1)
v(x,0) = e #yy, (3.2)
Vlop = Av|yp = 0. (3.3)

Similarly to [8, 23], by the Galerkin method and some a priori estimates we can prove
that v(t, w, vp) is unique and continuous with respect to initial value vy in H3(D) for P-a.e.
w € 2, where v(t, w, ) is the solution of system (3.1)-(3.3). Define the continuous random

dynamical system {(¢)}:>0 by
w(t; , VO) = V(t’ , VO)

for all vo € H2(D), t > 0, and w € 2. Furthermore, setting u(t, », uo) = PO y(t, w, vp), we

have
B(t, , 1) = ult,», o) = E%v(t, w,vo) = %y (8, w, vy).

Then ¢ is a continuous random dynamical system on H3(D). It is straightforward to show
that the existence of a random attractor for ¢ is equivalent to the existence of a random
attractor for .

In the following, provided that Z is a collection of tempered random subsets of Hg (D),

we will prove the existence of an absorbing set in H3(D) .

Lemma 3.1 Provided that vy € B = {B(w)}, C &, there exist a random radius p)(w) > 0
and Tig(w) > 0 for P-a.e. w € Q such that

|v(t6-,v0(0-)) |* < p1(@), ¢ > Tig(ew). (3.4)

Proof Taking the inner product of equation (3.1) with v, we have

%%Hv”z + (o — z(6,0)) | v(2) ||2 +(2Av,v) + [ AV)|? + (e24%)y3, v)

+ (bez(efw)vi,v) =0. (3.5)
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Noticing that €2 (13, v) = ¢2%)||v||?, and applying the H8lder inequality and €-Young
inequality, we get

1
@A) = ZIAVI® + 4llv)*.

Now, we deal with the last term on the left side of equation (3.5). By integration by parts

we have
f bezwf‘“)vivdx = —be?0®) / V(vy)y dx = —be? @ / (vzvxx + vvfc) dx,
D D D
and thus

be?%) | V2ydx = - b 4 | 2y, dx.
* 2
D D

Applying the Holder inequality and e-Young inequality again, we get

1
be?*) / vivdx| < bCe VI vrll < 4 IVl + > Ce vl .
D

Taking b small enough such that 4>C < %, we obtain

1 1
2 2z(6rw) 4
< —|v + —e v .

be?r) / Vivdx
D

Putting all these inequalities together, we have

ld 2 1 2 2 2
5z MIm+ S lAvi + (B = 2(6,0)) IIVI* + (= B =4IV

1
+ 5V =0, (3.6)

where 8 > 0 is a constant such that « — 8 — 4 < 0.
By the Sobolev imbedding L*(D) C L*(D) we get

d
Envn2 +2(B - 2(6,0)) IVII* + | Av||?

< -y, —2C(a - B - D)Vl

We can change the right-hand side of this inequality as follows:

_622(9:60)”1,”24 -2C(a-B8- 4)||V||1244

= 20O (|ly)2, + Ce 0 (o — B - 4))° + Cla — B - 4)2e ),
Then we have

d
= V1% +2(B - 2(6,w)) IVI* + | AV]|* < Cla — B — 4)%e 20, (3.7)
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)| e T T
+ Clo— B - 4)2/ e—2z(95a))—2ﬁ(t—s)+fst 2z(0r w) dt ds. (3.8)
0

Furthermore, replacing w with 6_,w in (3.8), then we have

[v(t,6-10,v0(6-0)

0 2201 w) d
< e*‘“*if_t et

0-0)]’

+Cla-B- 4)/ —22(05—¢)-2B(t-5)+ f”2zerwdzds
0

0, 220 w)d
= e_z’f(ﬂ_/_t Z(tw)) °)

0
71:0)) H2 + C(Ol - 4)2/ e—2z(05w)+2f3s+f50 2z(0r w) dt ds

-t

792 dr
< o 2p- vo(6-)|*
2 0 25(/3 05(1)) [s Qra) ) dt )
+Cla-B-4) e ds. (3.9)
—-00

Because of the properties of z(6;w), there exists T15(w) > 0 such that, for all £ > T}3(w),

0
J-, 226, w) dt _B
t -2

It follows that

e—%(ﬂ*M’ Vo(Q,tCl)) ” 2 = eiﬂt || VO(Q*tw) ” 2'

The random set & is tempered, which implies the boundedness of the first term on the

right-hand side of (3.9). The second term on the right-hand side of (3.9) is convergent.

Thus, there exist Tig(w) > 0 and a random variable p; (w) such that, for P-a.e. w € Q and

all £ > Tip(w),

||V(t7 9_t(,(), Vo (9_,:6())) ”2 = pl(w)

O

Lemma 3.2 Provided that vy € B = {B(w)},, C Y, there exist a random radius p,(w) > 0

and Trp(w) > 0 for P-a.e. w € Q such that

t+1
/ | Av(s,0-1-10, v0(0-110)) | *ds < pa(@), £ > Top(w). (3.10)
t

Proof Multiplying equation (3.7) by e261-/o 20r@)dt \ve get

t t
%[ezﬂf*fo 22(91-w)d‘r||v”2] + e2ﬂt—f0 22(9rw)d‘r||AV”2

<Cla-p- 4)26—22(0tw)+2ﬁt—f(§ZZ(OTw)dr. (3.11)
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Set T <t <t+1.Integrating from T to t, we have
t
eZﬁt—féZz(E)rw)dt ||V(t) H2 +‘/A 2Ps=1o 220z w) dr ||Av(s) Hst
T

( :6 4) / —22(050)+2Bs— [ 22(07 ) dT ds + e2/3T fO 2z(0r w) dt ” (T, o, Vo(a))) Hz
T

Multiplying this inequality by e 2#t+/o 26r@)dt and getting rid of the first term, we obtain

/teZﬂ(st)+f; 22(0; w) dt HAv(s)||2ds

T

< 2PT-04 [£22(6cw) dr V(T @, vo(@))]| 2

+ C(O[ /3 4) / —2z(Osw)+2B(s—1)+ / 2z(0r w) dt ds. (312)
T
Now, substituting ¢ for T in (3.8), we obtain
~ 2 _ogFe (T 2
V(T 0 vo(@)) | < & T 2602y ()|
+ C(Ol B - 4)2/ —22(0s0)-2B(T—s +f 22(0; w) dt ds. (3'13)
If we plug (3.13) back into (3.12), we have
t
/A eZﬂ(s—t)Jrfst 22(0; w) dt HAv(s, o, vo(a))) ||2ds
T
<e ~2Bt+[¢ 22(0; w) dt”v (@) ”2
( :B 4) / —22(0sw)—2B( t—s)+f 2z(6; w) dt ds. (314)
0
Replacing o with 6_;w in (3.14), we get
t
/A B0+ [ 2200 dr || Av(s,0_0,vo(0—_0)) || * ds
T
< C(Ol IB 4)2/ —22(0s—rw)-2B(t-s +fs 22(07—tw) dt ds
(3.15)

e B

In order to obtain the result, we need to substitute 7 for £ and £ for £ +1 in (3.15) as follows:

t+1
f 2B=t=1)+ [ 2260 1w)dr || Av(s, 0_i10,vo (9_,_1w)) || > ds
t

< e-zﬁ(t+1)+f(§“ 22(0;_s_100) dv H Vo(6_s10) ” 2

t+1
+Cla-p- 4)? / 2705 1-10)-2B(t+1-5)+ [ Oy s 1w) dT ds,
0
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that is,

t+1
/ &P (=014 [,y 22(0r ) de || Av(s, O_i 1w, Vo (G_t_la))) || * ds
t

19, 22007 0) dt

<2 B
0
2 —22(05w)+2ﬁs+f_0 2z(6; w) dt
+Cla-B-4) e s ds
—t-1
s(pe1)( o1 220 ) do )
<e EDB-=mn— )HVO(Q—t—lw) ”
0
+Clo — B - 4)2/ e—2z(93w)+2ﬂs+fs0 2z(6r w) dt ds. (3.16)
—00

According to the properties of z(6;w), when -1 <s -t —1 < 0, we can deduce

t+1
/ 2B6-t-1)+ [, 22(6;0)d | Av(s,0_t-10, v (O—-10)) | > ds
t

t+1
> e 2B-2max_1<r <o |2(6r @)l / H Av(s, 0, VO(@_[_lw)) ”2 ds. (3.17)

t

Combining estimates (3.16) and (3.17), we prove that there exist a random variable p,(w)
and Typ(w) > 0 such that, for P-a.e. w € Q and all £ > Typ(w),

t+1
/ | Av(s,0-1-10, v0(0-r1)) | ds < pa(ew).
t

The proof of the lemma is now complete. g

4 The existence of random attractor
Lemma 4.1 Provided that vy € B = {B(w)},, C Z, there exist a random radius p3(w) > 0
and T3p(w) > 0 for P-a.e. w € Q such that

| Av(t, -0, v0(0_0))||* < p3(@), t> Tsp(). (4.1)

Proof Taking the inner product of equation (3.1) with A%y, we have

LA+ %] + (25, %) + (o - 2(6i09) | AVIP
+ (eZZ(sz)VB, sz) + (bez(@w)(vx){ sz) -0. (4.2)

Applying the Holder inequality and e€-Young inequality, we get

(240, A%)| < i” A%|* + 4l Av|2.
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By the Gagliardo-Nirenberg inequality ||v||;6 < C|/v|| v A%y B (see [8]) and the e-Young

inequality we have

’(eZZ(Btw)VS, AZV)‘ S Ce2Z(9[u))||v||i6 || AZV” E C62z(9tw) || A2V|| . ||V||% || AZVH%

16z(0rw)

<m| a2’ + Cl)e 5 IvI3.

Similarly, by the Gagliardo-Nirenberg inequality |v.|;4 < C||v||% ||A2v||% and the e-

Young inequality again, we obtain

(B2, 8%)| < [BICE | A% ualZ, < 6ICE ) | a2 ¥ v ¥

< | A2[* + Cln)e F v 5
Taking n; =1, = %, we deduce
i||Av||2 +2(B - z(6,w)) | AV|1* + 1|| A
dt ! 2
< CeF Ny F 424 -a + B AVI2. (43)
Integrating (4.3) from s to ¢ + 1 with respect to ¢, we have
||Av(t +1, w, Vo(w)) ||2
t+1
< || Av(s, w, Vo(a))) ||2 + 2/ (z(@za)) - ,3) || Av(t,a), Vo(w)) ||2 dt
S

t+1 22
+ / [Ce§z(01w) [v(z, 0, v0(@) | +2(4—a + B)| Av(z, w,v0(w)) ||2

]dr.

Integrating from ¢ to ¢ + 1 with respect to s again, we get
|| Av(t +1, w, vo(a))) ||2
t+1 9 t+1 9
< [ Iavsomo@) P ds+2 [ (a0 - ) | av(z,000)| de
t t
t+1 16 22 t+1 9
+ / Ce340:) ”v(t,a), V()(a))) || Sdr+2(d-—a+ ﬂ)f ”Av(r,w, vo(a))) || dt
t t
t+1 9 t+1 9
<(9-2a+ 4/9)/ ||Av(s, w, vo(a))) H ds + 2/ |z(9ra))| ||Av(t,w, vo(a))) || dr
t t
t+1 16 22
+ / Ce370:®) ”v(t, w, Vo (a))) || 3 drt. (4.4)
t
Replacing @ with 6_; 1 in (4.4), we have
2

” AV(t +1, 9_1_10), Vo (9_,;_1(1))) ||

t+1
<(9-2a+ 4/3)/ || Av(s, 0_s1w, Vo (G,t,lw)) ||2 ds
t
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t+1
+2/ ’z(@r_t_la))|”Av(r,G_t_la),vo(Q_t_lw)) szr
t
t+1 % 22
+/ Ce3 #0110 Hv(r,e_t_lw, vo(G_t_la))) || 3 dr. (4.5)
t

According to Lemma 3.2, the first term on the right-hand side of the above inequality is
bounded:

t+1
(9 -2a + 4,3)/ ” Av(s, 0_;_ 1o, vo(G_t_la))) ”2 ds < |9 - 2a + 48| p2(w).
t

For the second term, taking into account the properties of z(6,w), we have |z(6;w)| <
e'r(w). Then

t+1
2 / |2(0s—110)| | AV(T, 6100, v0(6-1100)) | e
t
t+1 2
< 2/ e r(w) || Av(‘r, 0_s_1, vy (B,t,lw)) || dr.
t
Noticing that |t — ¢ — 1| <1 and applying Lemma 3.2, we obtain
t+1 9
2 / |2(0:—t10)| | Av(2,6-110, v (6-11)) | dT < 2er(w)pa(@).
t

Now, we estimate the last term. Replacing ¢ with 7 in (3.8), we get

[v(z, @, v0(@)) |* < &7 20y (@)

+Cla-B- 4)2 /T 6—22(9311))—2;‘3('L'—S)Jrfsr 2z(6rw)dr o (4.6)
0

Substituting w for _;_j in (4.6), we obtain

[v(,6-m10, v (0-)) | 2

< e-2ﬂr+f0’ 22(0_s_1w) dr ||V0(9—t—la)) ”2

+Cla-B- 4)2 /f e—ZZ(HS,t,lm)—Zﬂ(r—s)Jrf; 22010 dr g (4.7)
0
If we plug (4.7) back into (4.5), we obtain

t+1
/ Ce%ﬁz((i,_,g_la)) |:e—2[3r+f0r 22(0y_¢_10) dr ” vo(0_r10) ” 2
t

1

T
+ C((X -B- 4)2/ e—ZZ(GS_t_lw)—Zﬂ(t—s)Jrfo 22(Op_¢1w) dr ds:| 3 dr
0

E /Hl Ce%z(ef‘t_lw) |:(e—2,€31+f0r 22(0r—¢-1w) dr ||V0(9—t—1w) ”2) 1371
t

u

T
+Cla-p - 4)% </ 6—22(93-_,3_140)—2;‘3(r—s)+j: 22(0y_s_1w) dr dS) 3 ] dr

0
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i ft+1 Ce% 207 ——10) ( e—2ﬁr+f01 22(6y_s_1) dr ” vo(6r1) Hz) 4 dr
t

Cla-p-4)%
t+1 16 T . %

y / B0 r10) ( / 2260 10)2B(e=)4 [ 220610 dr ds) dr. 4.8)
t 0

Next, we estimate each term on the right-hand side of the last inequality. For the first term,
we have

C /t (?' 2f ff 22(0y—t-1w) dr || 0( tilw) H 2) 1 ¢ 136 Or—s10)
t 0 3 2(0¢ /
— C/t+1( —2p fT tl lzz(erw dr”] 9 10 || ) Z(gr (-10)
t 0 s
C / (e 2B(x +1+t)+j’ft 1 22(0rw) dr || 0( _t_la)) || 2) 1 e 136 o) d
| Vo (0 3 z(0

0 1
< Ce'$ max-1=r=0 \z(e,wn/ (e—2ﬁ(r+t+l)+f_0z_lZ\Z(Qrw)\dr)? dr
-1

18 max 1< <o |20 )| ’ —2ﬂ(l+1)+f0 2|z(0rw)| dr % -2gr
=Ce3 —l<t=< T (6 J-t-1 r ) e 3P dr
-1

0
— Ce% max_j <z <0 [2(0r )| ( —2B8(t+1)+, t 12\2(0rw)|dr) . / e—%ﬁr dr
-1

< Cel?ﬁmax—lsrso |2(0r )| ( ~2B(t+1)+ [, 212( 9rw)\dr) , (4.9)

where the first inequality is due to the properties of z(6,w).
For the second term, similarly to the above method, as £ < 7 < £ + 1, we have

1

t+1 T
Cla-8- 4)%} / elgéz(@rftflw) (/ 6*22(9sfz71w)*2ﬂ(f*3)+f; 22(0y—t-1w) dr dS) ° dr
t 0

2w [ K 0 3
Cm_ﬂ_4ﬁi/ egwf“m<f 5h@tmmg+ﬂaamm4anﬂ> dr
t 0

1

2 t+1 16 T-t-1 0 3
C(O{ -B- 4)? / e§z(9,,[,1w) (/ e—22(95w)+fs 2|z(0rw)| dr-2B(t—t-1-s) dS) dt
t —t-1

<Cl-p-9%
. 0 0 4
x / eTz(GT,t,lw) (/ e—Zz(Gsw)+2ﬂs+fS 2|z(6rw)| dr+28 ds) dr, (4.10)
t —t-1

where by the condition £ < T < ¢+ 1, =28(z — £) < 0, we get rid of the term e"2*@=). Then
the last inequality can be estimated as follows:

1u

t+1 T
Cla-B- 4)% / e L 2(br—t-10) (/ e—ZZ(t‘)s-z-1w)—2/3(r—S)Jffsr 22(0y_t-1w) dr ds) ° dt
0

t
1

t+1 0 3
< C(Od 13 4)23—26%[3/ e%z(ﬂ,_t_lw) </ e—22(9¢u)+253+f30 2|z(0rw)| dr ds) 3 Jr
t —00



Guo et al. Boundary Value Problems (2017) 2017:19 Page 12 0f 13

s

0 0
< C(Ot _ :3 _ 4)%e¥ﬂ/ e%z(erw) </ 6—22(95w)+2,35+130 2|z(6;w)| dr dS) dt
—00

-1
11

0 u
<Cla-p- 4)%(3%136%6 max_i<¢ <0 |2(0r @) </ e—ZZ(9sw)+2ﬁS+fS° 2|z(6rw)| dr ds) ’ . (4.11)
—00

In summary, from estimates of (4.9) and (4.10) we obtain that the terms on the right-hand
of inequality (4.8) are bounded. Therefore, we prove that there exist a random variable
03(w) and T3p(w) > 0 such that for P-a.e. w € Q and all ¢ > T3p(w),

|Av(E+1,6-10,v0(0--1)) ||2 < p3(w).
This completes the proof. d

Based on the above arguments, it is easy to deduce that there exists a random absorbing
set for the random dynamical system generated by system (3.1)-(3.3) in H3(D).

Theorem 4.1 Assume that vy € B = {B(w)}, C 9. There exists a random absorbing set
B*(w) for the random dynamical system associated with system (3.1)-(3.3) in H3(D).

Proof We can take T = max{Tg, T»p, T3} and p(w) = max{p;(®), p2(w), p3(w)}. Then, for
all £ > T and P-a.e. w € Q, there exists a random absorbing set B*(w) for the random
dynamical system associated with system (3.1)-(3.3) in H2(D). O

Based on the above results, by Lemma 2.8 in [10] we claim that  is asymptotically
compact. Therefore, the existence of a random attractor for ¢ follows immediately from
Theorem 2.2 in [15].

Theorem 4.2 Provided that vy € B = {B(w)}, C ¥, there exists a global random attractor
in H(D) for the random dynamical system associated with system (3.1)-(3.3).
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