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We consider the uniformly random attractor for the three-dimensional stochastic nonautonomous Camassa-Holm equations in
the periodic box [0,1]° in this paper. We associate with the concepts of uniform attractor and random attractor and produce the
concept of uniformly random attractor for a process. Then we establish the existence of the uniformly random attractor in D(A'/?)

and D(A) for the equations.

1. Introduction
The Camassa-Holm equation

Uy — Uy + 3uux - 2ux”xx —Ulyyy = 0 (1)
models the unidirectional propagation of shallow water
waves over a flat bottom [1-4]. It has been paid a large number
of attentions due to its rich nonlinear phenomenology. It is
completely integrable [1], and it has stable solutions [5]. It
possesses the peakons u = ™I which has been proved
stable [6, 7]. It has been shown that (1) is locally well-posed
for initial data u, € H*(R) (s > 3/2) [8, 9]. There are a rich
variety of global solutions and blow-up solutions obtained in
[8-10]. The global existence of weak solutions, conservative
solutions, and disispative solutions was investigated in [6, 11,
12].

Following the Camassa-Holm (1), some generalized types
of the equation have been deeply considered by many authors,
for instance [13-18]. The authors in [19] considered the three-
dimensional Camassa-Holm equations subject to periodic
boundary conditions:

2 ou— o Au) - vA (oPu — o*Au) - u
0 1 0 1

ot

x (vX(a;u_afAu))+PivP:f<x),
0

V-u=0,

u(x,0) = u, (x).

2)

They established the global regularity of solutions of the
equation and provided the estimates for the Hausdorftf and
fractal dimensions of the global attractor.

In [20] the authors analyzed the effects produced by
stochastic perturbations in the deterministic version of
the three-dimensional Lagrangian averaged Navier-Stokes-«
model:

% (u — aAu) + v (Au — oA (Au))

+ - V) (u-alu)—aVu" - Au+Vp
=Ft,u)+Gt,u)W({¢), 3)
V-u=0, in DX (0,+00),

u=0, Au=0, on 0D x(0,+00),

u (0) = uy,

that is, the persistence of exponential stability as well as
possible stabilization effects produced by the noise.



In [21] the authors proved the existence of the pullback
and forward attractors for three-dimensional Lagrangian
averaged Navier-Stokes-a model with delay:

% (u — aAu) + v (Au — A (Au))
+ (- V) (u-adu)—aVu" - Au+Vp

=f({t)+F(tu),

V-u=0, in DX (1,+00), (4)
u=0, Au=0, on 0D x(1,+00),
u(t)=¢@t-1), in (r-h1)),
u (1) = u,.

In [22] the author investigated the existence of finite
dimensional uniform attractor for three-dimensional nonau-
tonomous Camassa-Holm equations with periodic boundary
conditions:

— (acu—a;Au) —vAlau — o Au
0 (odu-o o

ot

1
_ux(Vx(océu—ocfAu))+ FOVp:f(x,t), )

V-u=0,
u(x, 1) =u,(x).

In [23, 24] the author studied the existence of uniform
attractor and convergence of the attractor as ¢ — 0" for
a nonautonomous three-dimensional Lagrangian averaged
Navier-Stokes-o« model with singularly oscillating external
force:

% (u—alu) + v (Au — al (Au))

+ - V) (u-alu)—aVu" -Au+Vp = g°,

V-u=0, in DX (1,+00), (6)
u=0, Au=0, on 0D x(1,+00),
u(r) =u,,
where
9" (x.y.2.1)

1
9o (%, y,2,t) + s (%, y,2,t), €€(0,1], pe[0,1),

90 (% 3:21), e=0.
(7)
Motivated by all their works, we initial our work to

investigate the equations perturbed by an additive noise. We
consider the following viscous version of three-dimensional
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stochastic nonautonomous Camassa-Holm equation in the
periodic box [0, n°:

2 ou— o Au) — vA (oPu - o* Au
0 1 0 1

ot

-uX (V X (oc(z)u - ocfAu)) + Pin
0

(8)
= f(x%1)+QW,

V-u=0,

u(x,1)=u, (x),

where p/p, = 7/p, + oc(z)|u|2 - ocf(u - Au) is the modified
pressure, while 7 is the pressure, v > 0 is the constant
viscosity, and p, > 0 is a constant density. The function
f is a given body forcing, and &y > 0, «; > 0 are
scale parameters. W(t) are two-sided real-valued Wiener
processes on a probability space which will be specified later.
Q : R" — L*[0,1]?) is a bounded linear operator. Also
observing that at the limiting case oy = 1, &, = 0, we obtain
the three-dimensional stochastic Navier-Stokes with periodic
boundary conditions.

Attractor is an important concept to describe the long-
time behavior of solutions for a system in mathematical
physics [25-27]. The notion of uniform attractor parallelling
to that of the global autonomous systems has been systemat-
ically considered in [26]. In the approach presented in [27],
to construct the uniform attractor, instead of the associated
process {%,(t, 7),t > 7,7 € R}, one should consider a family
of processes {% ,(t,s)}, o € Z, in some Banach space E where
the functional parameter o,(s), s € R, is called the symbol
and X is the symbol space including o,(s). The approach
implies that the structure of uniform attractor is described
by the representation as a union of sections of all kernels of
the family of processes. The kernel is the set of all complete
trajectories of a process.

While in the real world, a system is usually uncertain due
to some external noise, which is random. The random effects
are considered not only as compensations for the defects in
some deterministic models but rather essential phenomena
[28-32]. In order to capture the essential dynamics of random
dynamical systems with wide fluctuations, the concept of
pullback random attractor was introduced in [29, 33, 34], as
an extension to stochastic systems of the theory of attractors
for deterministic systems in [25, 27, 35-43]. A pullback
random attractor & (w) which can be constructed by a closed
random absorbing set % (w) for an asymptotically compact
stochastic mapping S'(¢, s, w) is given by

d (@) = Ut 7.6, 0, H (6, ), )

ST t25

where 6, is the metric process on probability space. The
existence of random attractors for stochastic dynamical
systems has been investigated extensively by many authors
[29, 33, 34, 44-49]. In our paper, we associate with the
concepts of uniform attractor and random attractor together
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and give the concept of uniformly random attractor. Then we
consider (8) in an appropriate space and show that there is a
uniformly (with respect to f) random attractor &/(w) which
all solutions approach as t — ©0. To our best knowledge,
the long-time dynamical behavior of the three-dimensional
stochastic nonautonomous Camassa-Holm equations has not
been discussed, and we believe that it is a significant work to
obtain a uniformly (with respect to f) random attractor for
the system.

The paper is organized as follows. In Section 2, we
present the abstract results describing the uniformly random
attractor and some relevant definitions. In Section 3, we give
some functional settings which are foundations for us to
obtain the existence of uniformly (with respect to f) random
attractor of (8). In Section 4, we convert (8) with an additive
noise to deterministic equations with random parameters
and define a process corresponding to the equations. In
Section 5, we obtain the existence of uniformly (with respect
to f) random attractors for (8) on the basis of the above
preparations.

2. Abstract Results

In this section, we associate with the concepts of uniform
attractor and random attractor and obtain the notion of uni-
formly random attractor. Let (E, || - ||5) be a separable Hilbert
space with the Borel o-algebra B(E), and let (Q, #,[P) be a
probability space.

Definition 1. (0,),cg is called a measurable flow on probability
space (Q, F)if0 : RxQ — Qis (Rx %, F)-measurable, 0,
is the identity on Q, 0,,, = 0,00, foralls,t ¢ R,and 6,P = P
forallt € R.

Definition 2. A random bounded set {B(w)},cq, of E, is called
tempered with respect to (6,)cg if for P a.e. w € Q,

Jlim e d (B(6_w)) =0 VB >0, (10)
where d(B) = sup,. gl x|z

Definition 3. A random set { % (w)},c(, is called an absorbing
set of a stochastic mapping §(t, s, w) in E if for every random
bounded set Band P a.e. w € Q, there exists tz(w) > 0 such
that

S (t,5,0,,w)B(0,_; (w) € H (w) Vt=tz(w). (1)

Let {Z(t,t,w)} = {%(t, T, w),t > 1,t,7 € R,w € O} bea
three-parameter family of mappings acting on E:

(t,t,w):E— E, t>1, t,TER, we Q. (12)

Definition 4. A three-parameter family of random mappings
{%(t,7,w)} is said to be a process in E if it is (B(R") x
B(R) x F x B(E), B(E))-measurable and for P a.e. w € Q
it satisfies

U (t,s,0,_,w)o U (s,T,0) = U (t,T,0),
Vizs>1, 1T€R, (13)
U(t,T,w)=1d, 7T€R.

Definition 5. A family of processes %, (t, 7, w), ¢ € %, acting
in E is said to be (Ex X, E)-continuous, if, for P a.e. w € Q and
fixed t, 7, t > 7, the random mapping (u,0) — %,(t, T, w)u
is continuous from E X ¥ into E.

Definition 6. A random curve u(s,w), s € R, is said to be
a complete trajectory of the process {%(t, 7, w)} if for P a.e.
w e

¢t r,0)u(r,w)=u(t,w), Vizt, t,TeR. (14)

Definition 7. The random kernel //(w) of the process
{2 (t, 7, w)} consists of all bounded complete trajectories of
the process {%(t, T, w)}:

N (w) = {u(,w) | u (-, w)satisfies Definition 6
(15)
and |u (s, )| < M, (w) for s € R}.

Definition 8. The random set
N (s,w) ={u(s,w) |u(,w) € /(w)} CE (16)
is said to be the random kernel section at time t = s, s € R.

Let Bi(w) = Upes Ut #5(s,t,0,_,w)B(0,_,w), where

B(w) is a random set. Denote that B(w) is closure of the set
Bw)and R, ={t e R | t > 7}.

Definition 9. Arandomset 7, 5(B)(w) =[5, m is called
the uniformly (with respect to ¢ € X) random (pullback)
omega-limit set of B(w) which can be characterized as
follows, analogously to that for semigroups,

y€W .5 (B) (w) & there are sequences {x,}CB (GT_tnw) ,
o) <2 (1) R,
such that ¢, — +00 and

U, (tn, T, GT_tnw) x, —y (n— 00).
17)

Let Blw) € B(E), and its Kuratowski measure of
noncompactness x(B) is defined by

k (B) = inf {6 > 0 | B admits a finit
(18)
covering by sets of diameter < 8} .

Definition 10. A family of processes {#,(t,7,w)}, 0 € Z,
is said to be uniformly (with respect to ¢ € X) random
(pullback) omega-limit compact if, for P a.e. w € Q and
any 7 € R, the set B,(w) is bounded for every t and
lim, _, . ,x(B,(w)) = 0.

We now present a method to verify the uniformly (with
respect to 0 € X) random (pullback) omega-limit compact-
ness.

Definition 11. A family of processes {%,(t,7,w)}, 0 € Z, is
said to satisfy uniformly (with respect to ¢ € ) condition



(C) if, for P a.e. w € Q and any fixed 7 € R, tempered set
B(w) € B(E), € > 0, there exist t, = t(7,B,&,w) > Tand a
finite dimensional subspace E; of E such that

(1) MUpes Urst, %5t 7,0,,w)B(0,_,w)) is bounded,
and

(i) I = I (Uyes Utzto Us(t,71,0,_w)x)| < & Vx €
B(0,_,w),

whereIl: E — E, is a bounded projector.
Therefore, we have the following results.

Theorem 12. Let ¥ be a metric space, and let T(t) be a
continuous invariant semigroup T(t)X = X on X. A family
of processes {%(t,T,w)}, 0 € Z, acting in E is (E x X, E)-
continuous (weakly) and possesses the compact uniformly (with
respect to o € %) random attractor s (w) satisfying

o5 () = Wy5 (By (w) =Wz (By (w))
- 0w, VreR, (9)
o€
if it
(i) has a bounded uniformly (with respect to ¢ € %)
random absorbing set By(w), and
(ii) satisfies uniformly (with respect to ¢ € %) condition
(C).

Moreover, if E is a uniformly convex Banach space, then
the converse is true.

3. Functional Setting

We consider the probability space (Q), &, P) where
Q={w= (0, @,....w,) €C(R,R"):w(0)=0}. (20)

F is the Borel o-algebra induced by the compact-open
topology of Q) and P the corresponding Wiener measure on
(Q, ). Then we will identify W (¢) with

W) = (w, (), w, (1) ,...,w, (1) =w(t) forteR.
(21)

Define the time shift by

Ow()=w(+t)-w(), weQ, teR. (22)
Then {0,},cr is a family of measure preserving transforma-
tions on probability space (Q, &, P) in Definition 1.

Next we define a symbol space Z(o;) for (8). We assume
that the function f(-,t) = f(f) € LTOC(IR; E) is translation
bounded. That is, for f(s) € Li(IR;E), we have

t+1
2 2 2
17 =1 ey = sup | 1f@lds <o0. 29
teR Jt
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Definition 13 (cf. [41]). A function ¢ € L (R;E) is said to be

loc
normal if, for any & > 0, there exists § > 0 such that

t+0 )
sup J Hgo(s)"Eds <e (24)
teR Jt

We denote by LG([R{; E) the set of all normal functions in
L} (R;E). Obviously, L:(R; E) ¢ L}(R;E), and it is proved
in [41] that Li(R; E) is a closed subset of Li(IR;E). Let a
fixed symbol g(s) = fy(s) = f,(-,s) be normal functions in
L} .(R;E). That is, the family of translation {fy(s + #),n €
R} forms a normal function set in Lfoc([Tl,TZ];E), where
[T, T,] is an arbitrary interval of the time axis R. Therefore,

2(a9) = Z(fo) = {fo (s +m) I 17 € R}LTOC(R;E)' (25)

After integrating (8), one can easily see that

d 2 2 J'
il —&Au)dx =
= j{w (2u - ) dx

SCE LOJP QW,dx.

(26)

On the other hand, because of the spatial periodicity of
solution, we have J[O e Audx = 0. Then we have

a J océudx = J fdx + J QW,dx. (27)
dat Joup 0,1° (01°

That is, the mean of solution is invariant provided that the
means of the forcing term and the perturbing term are zero. In
this paper, we will consider the forcing term, perturbing term
and initial values with spatial means that are zero. That is, we
assume _[[O’l]g fdx =0, o QW,dx = 0, and I[O,l]3 u.dx = 0.

Next we introduce some essential functional spaces.

(i) We denote by 77 = {¢ ¢ a vector-valued
trigonometric polynomial defined on [0, 1]?, such that
V-¢ = 0and j’[o,lP @(x)dx = 0}, and we let
H and V be the closure of 7" in L*([0,1]*)* and in
HY([0,11°)*, respectively. We can observe that H*, the
orthogonal complement of H in L2([0,1]%), is {Vp:
p e H'([0,11*)} (cf. 38, 41)).

(ii) We denote by P : L*([0,11*)® > HthelL? orthogonal
projection, usually referred to as Helmholtz-Leray
projector, and by A = —PA the Stokes operator with
domain D(A) = H*([0,1]*)’ V. Note that, in the
case of periodic boundary condition, A = —Alp 4 is
a self-adjoint positive operator with compact inverse.
Hence, the space H has an orthogonal basis {e j}‘;" of
eigenfunctions of A, that is, Ae; = A je;, with

0<A <A< <A<,
(28)
Aj — +00, as j — oo.

In fact, these eigenvalues have the form |k|*47r/L?
with k € Z°/{0}.
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(iii) We denote by (:,-) the L*([0,11*)® inner product
and by | - ||, the corresponding L([0,11*)® norm. By
virtue of Poincaré inequality one can show that there
is a constant ¢ > 0, such that

-1
clAull, < llullge < ¢ llAull

for every u € D (A),
(29)
|Aul, < Nl < < [AM2],

for every u e V.

Moreover, one can show that V = D(AY?) (cf. [38,
42]). We denote by V' the dual of V. Hereafter ¢
will denote a generic scale invariant positive constant
which is independent of the physical parameters in
the equation.

(iv) Following the notation for the Navier-Stokes equa-
tions we denote yhat B(u,v) = P[(u - V)v], and we
set B(v)u = B(u,v) for every u, v € V. That is, for
every fixed v € V, B(v) is a linear operator acting on
u. Note that

(B(u,v),w) = - (B(u,w),v)

(30)
for every u,v,w € V.

We also denote that B(u, v) = —P(u x (V x v)) for every u, v €
V. Using the identity

3
(b-V)a+ Y aVbj=-bx(Vxa)+V(a-b), (31
j=1

one can easily show that
(Bw,v),w) = (B(u,v),w) - (B(w,v),u)

(32)
=(BW)u-B"(vuw)

for every u, v, w € V, where B"(v) denotes the adjoint
operator of the linear operator B(v) defined above. As a result
we have

B(u,v) = (B(v)-B" (v))u foreveryu,veV. (33)

The next lemma will present some properties of the
bilinear operator B.

Lemma 14 (cf. [19]). The operator B can be extended continu-
ously from V x V with values in V', and it satisfies

(B w), | < ettt |4l | 4,

1/2

2
(34)

|<E (u, V)’w>v" < C||A1/2u“2”AUZVHZ||w||;/2|'A1/2w||

for every u, v, w € V. Moreover,

<§ (u,v) ,w>V, = —<]§(w, V) ,u>V,, for every u,v,w eV
(35)

5
and in particular
<1§ (u,v) ,u>v, =0 forevery u,veV. (36)
Furthermore, one has
(B o), w) 0] < ctuto 4] A ], awl
(37)

foreveryu € H, v € V, and w € D(A) and by symmetry one
has

(B v),w) 0] < |, 1auty|a ], bl

(38)
foreveryu € D(A), v eV,andw € H. Also
(Bl )y
< c (I a"ul,” a1 Al (39)
+||V||2“Al/zuHZHAI/Zw";/Z||Aw||;/2>
foreveryu € V,v € H, and w € D(A). In addition,
(B w)y
<c(laul 14, o

HvlalAullol 4w,

foreveryu € D(A),ve H,andw € V.

4. Stochastic Nonautonomous
Camassa-Holm Equations

We now apply the result in Section2 to the stochastic
nonautonomous Camassa-Holm equations. To associate a
family of processes % ,(t, s, w) with the stochastic equations
over (X, T(t)) and (Q, F,P,(0,),cr), we need to convert
the stochastic equations with a random additive term into
deterministic equations with a random parameter.

First we define the bounded linear operator Q in (8) as
follows:

Qe=Yxh, x=(x,%,....x,) €R (4

=1
where hj €D(A),j=12,...,n
Given j = 1,2,...,n, consider the Ornstein-Uhlenbeck
equation:
dy; + uy;dt = dw; (t). (42)

One can easily check that a solution to (42) is given by

0

¢ (6,0;) (1) dr, teR.
(43)

y;® = y; (6w;) = ‘P‘J

—00



It is known that the random variable | Yj (w j)I is tempered and
that y;(6,w;) is P a.e is continuous. Now we put z(6,w) = (a@+
oA Z;’;l h;y;(0,w;). By (42) we have

d ((x(z)z (6,0) +a’ Az (Gtw))

+u (océz (B,w)dt + ol Az (Htw)) dt

(44)
= Y hidw; (t).
=1
Employing Cauchy-Schwarz’s inequality, we get
2
|z (Gtw)"; + ”Al/zz (Gtw)"2 +]Az (Otw)ui
(45)

= CZ|YJ (Gr“’j)r’

j=1

To show that (8) corresponds to a process {%,(t, T, w)},
we let v = u — z(0,w), where u is a solution of (8). Then for
v(t, w), we have

% (océv + (fov)
+7A (aév + i Av + ayz (B,0) + o Az (6,0))
- (v+z(6,w))

x (V X (océv +alAv + oz (B,0) + af Az (Gtw)))

1
+—Vp
Po
= f(x,t) + paiz (6,0) + o Az (6,0)
(46)
defined in the periodic box [0,1]?, satisfying
V-v=0,
(47)

v(x, T, 0) = v, (x,0) =u, (x) - z(0,w) € H.

We apply P to (46) and use the notation in Section 3 to obtain
the equivalent system of equations

% ((xév + oc%Av)

+7A (océv + @ Av + oz (B,0) + aF Az (Gtw))

+E(v+z(6tw),oc(2)v+ocfAv (48)
+ogz (0,w) + &} Az (Gtw))
= Pf (x,1) + papz (0,0) + pe; Az (6,0)
satisfying the initial condition
vix,T,w) = v, (xw0). (49)
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By a Galerkin method as in [19], it can be proved that if
f(x,t) € L* ((0,T);H) and v, € V,forPae w € Q, (48)

loc
has a unique solution satisfying for any T' > 7

v(t,w,v,) € C([1,T);V) ﬂLz ([r.,T); D (A)),

(50)
dv 2 .
o < ([, T);H)

and such that, for almost all t € [7,T) and for any w € D(A),

<% (rxév + cfov) R w>

+v <A ((xgv + ocfAv

D(A)

+ayz (B,w) + aj Az (6,0)) » w>D(A)' (51)

+(B(v+2(60),aqv + a7 Av
+(X(2)Z(6tw) + “fAZ(et“’)) ’ w>D(A)’

= (Pf (x,1) + pogz (0,0) + pai Az (6,0), w).

Now for any f(x,t) € Z(f,), (48) with f instead of f,
possesses a corresponding process {% f(t, T,w)} acting on V.
It is analogous to the proof in [27] to prove that, for P a.e
w € Q, the family {(t,7,0) | f € Z(fy)} of processes is
(V x 2(f,); V)-continuous. Let

Ny (w) = {vf (x,t,w) fort € R | vy (%1, w)
is solution of (48) satisfying (52)

”vf(x, t, w)"H < Mg (w)Vt € [R}
be the so-called kernel of the process {%f(t, T,w)}.

5. Uniformly Random Attractor for Stochastic
Nonautonomous Camassa-Holm Equation

In [19], the authors have shown that the semigroup corre-
sponding to the autonomous system possesses a global attrac-
tor. In [21-24], the authors have proved that the deterministic
version of nonautonomous system has a uniform attractor.
The main objective of this section is to obtain the existence of
uniformly (with respect to f € 2(f,)) random attractor for
the stochastic nonautonomous Camassa-Holm equations in
V and D(A).

Lemma 15. Let {B(w)},cq be tempered and v (w) € B(w).
Then the process {% f(t, T,w)} corresponding to (48) possesses
a uniformly (with respect to f € X(f,)) random absorbing set
FHo(w)inV.
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Proof. Letting w = v in (51), we have

%% (a2 + 2|2 ) + v (o 42 + adlavi?)

=-v (ZAth’j (etwj) ’ V>
j=1
- <E <v +2(6,w), aqv+ afAv+ ihﬂ’j (Gt“’f)> ’V>
j=1
+(Pf (x,1),v) + <Z#hjyj (6r;) V) :

=i
(53)

Now we estimate the second term of (53) on the right-hand
side. Applying Lemma 14 we have

<E <v +2z(0,w),00v +a’ Av + Zh]-yj (Otwj)> , v>

=

(B (z (B,0),08v+ ol Av + Zhjyj (Gtwj)> ,v>

i=1

< |4 z0w)," Jaz00],"

x 471,

(x(z)v + ocfAv + ihﬂ’j (Gtwj)
j=1 2

+c|Az (6,w)],

océv + AV + ihjyj (et“’j)
=1 2
<A,
< |42z, IV + | az @), |47

2
Vol
1 2
+ —||Av
7 1AVl

+c[a"z(0,0)|, | Az @), | A

+ c“Al/ZZ(etw)Hz“Az(et“’)“z
we (0 o,
2
vocz
+clAz (@)L IM3 + = 1A
+c|Az@@ LIV + c| Az @) 3] 4,

v Az + Y|y, (6.0, |4}
j=1

u 2

+ CZJJ’J' (Gt“’j)|
2
2

< 0 + €. | (0| (e + o34
j=1

v <YLy, (00, (10IE + oA

j=1

+ Czl|yj (6)["
=
(54)

By Poincaré’s inequality, we have

v

(gAhjyj (6,0;), v)

P Y
j:1
2
(BF G0, < bl < =g Ao + el 71

< j_il#hjyj (6:w;). ")

2 n
< L:)”Al/zv”j + cj;|yj (Gtwj)|2.

(55)

Associating with the above inequalities and employing
Poincaré’s inequality, we have

e C R P

2
+9, (oc(Z)IIVIlg +al ||A1/2v“2)

n
< cz |yj (Gtwj)| ((XSHVH; + ocf”Al/zv"j)
=1

n
+e Yy (0))| (adlvi? + ] 4;)
j=1

+ CZlJ’j (Gtwj)r + c||f||‘2,,
=1

(56)
Applying Gronwall’s lemma, we have
2
aollv(t, @3 + ;A2 ()|
Lt (2 2, 2| 41/2 2
<e (ao "VT (w)”2 + o “A v, (w)”z) (57)

t
T

3| (CZlyj (6.;)[" +<llf > o) g,
=1



where

(., tw) = —vAt+vA T+ czn: Jt |yj (Gswj)' ds
& (58)
noot
+ CZ J .y]- (Gswj)rds.
T
Replacing w by 0_,w in (57) and (58), we have

alv(t, 0_,w)||2 + o "Al/2 (t, G_tw)"

< 00 (océ [[v (G,tw)"; + ocf "AI/ZVT (G,tw)ui)

' -[0 (Ci'yj (63 j)lz + C“f (s+ t)“\z/' > 0 s,
Tt 1
| (59)

Note that {| yj(Qtw J»)I};.’:1 are stationary and ergodic (cf. [24]),
then it follows from ergodic theorem that

lim - J ‘y] Gw |dT— ('yj(a)j)D. (60)

t—oof

On the other hand, we have

tll{lgotJ‘ 'yj (6.w;) |dT‘ (|J’j(wj)')=%’
(61)
i [ b0 ae =2 () =

Employing (61), we have

lim MZJ}P@(”M”L iéj |y] Gw)'d‘r

§——00 s

21 (0 2
S [0

(62)

So for P a.e. w € Q, there are Tj)(w) > 0 and g, > 0 such that,
for s > T\ (w) and p > py,

J1 (5,0, 0) (S,O a)) WA, +CZ JO 'yj(Gij)|dT

Sy (o)far <o
18 s

J;(s,0,w) — —00, as s — —co.

Since {| y]-(w j)I}?zl are tempered, the integral

7 (w) =J Z|y] Gw | 109 g (64)
0 j=1
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is convergent. For any t > 7, there exists K € N such that
—-K < 7 —t, and we have

[ 1o+ oleswas

o TR N
Tt

0
= J_K Ifols +t + p)|2ne/ O ds.

Then by piecewise integration, we have

0
J Ifo (s + £+ ) |2e” 09 ds
-K

P (66)

—n+j
Y WGl ds

By differential mean value theorem, for each 1 < j < K, there
exists s; € [-n+ j—1,-n+ jl, such that

K —n+j .
) J 1o (s + £+ )20 ds
j=1J-ntj-
67
K (s 00) —n+j ( )
Z J‘—n+]—1

||f0(s +t+ 17)“‘2,,(15.

By the property of normal function, there exists M , which
just depends on f, such that

t+1
supJ Lo ds < M. (68)
teR Jt

It is easy to check that the series Z(;; /16704 s convergent.

Associating with (65)-(68), for any ¢ > 7, we have

0
J If(s+ t)||‘2,,e]‘(s’0’w)ds <1, (w)), (69)
Tt
where
v 0
ry (@) = My Y h %), (70)
=

Therefore (64) and (69) imply that, for ¢ > 7, the second term
on the right-hand side of (59) can be bounded by

JO <ci|yj (Gswj)|2 +e|f(s+ t)||‘2,, ) 1500 4o r (@),
Tt i=1
J (71)

where 75(w) = cry(w) + cry(w). For v.(w) € B(w) being
tempered, there exists T} (w) > 0 such that, when t > T,(w),

100 ((Xg v, (0_)|; + & || A2y,

ta))" ) <r;(w).
(72)
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Letting T5(w) = max{T,(w), T,(w)} and r,(w) = 2r;(w), when
t > Ts(w), we have

oc(z)"v(t, G_ta))”i + ocf"Al/zv(t, G_tw)Hi <1y (w),

Vt > Ty (w), f €2 (f).

(73)

We define

Hi @) = v eVl
(74)

2
+(xf ”Al/zv(w)”2 <ry (w)} .

In conclusion, % (w) is a uniformly random absorbing set

for {2 (t,7,w)} in V, which complete the proof. O

Lemma 16. Let {B(w)},cq be tempered and v (w) € B(w).
Then the process {% f(t, T,w)} corresponding to (48) possesses
a uniformly (with respect to f € X(f,)) random absorbing set
H,(w) in D(A).

Proof. Integrating (56) into [t, t+1] where t > T;(w), we have

ol (£ + L)l +a2[A"y (¢ + L w).
. t+1 ) 12 2 2 2
o[ (@ s o]+ diavis ) s

< (v (L) + oA v ()]
n t+1
+ CZ L ')’j (Qs“’j)|
j=1

X (oc(z)llv(s, w)ll% + ocf "Al/zv(s, w)“z) ds 73)

n t+1 2
ey |y (0w)

j=1

x (a1 (s @ + o4y (s ) ds

n

t+1 2
+ cz L .yj (Gsw]-)| ds.
=1

Replacing w by 0_,_;w in (75), we have

R 1/2 2 2 2
v L (oco "A v(s, 9—t—1w)“2 + o || Av (s, G_Hw)"z) ds

< czn: J
j=1 7t

|yj (erle)| ((xé"v (s, 9—&1“’)“2

+<xf||Al/2V (s, G-t‘lw)“z) &

n t+1 2 5 5
Y [ e (@l se o)l
=1
+(xf||A1/2v (s G,Hw)"z) ds
nootrl

+cj_zlj

t

|yj (Gsfrfle)lzds

+ (oc(z) v (t, G_Hw)"; + ocf "Al/zv (t, O_Hw)"z) )
(76)

As the previous consideration in Lemma 15, for s € [t,f + 1)
where t > T,(w), we have

o |v(s, 0_,)|s + o2 "Al/zv(s, G_Hw)“z <rs(w), (77)

where r5(w) = "7, (w).
Associating (76) with (77), we have

t+1 2 12 2 2 2
|| (a7 500 + adlav(s o0l ) ds

<16 (W),
(78)

where

no0
1s (W) = crs (w) Z J |}’j (Gswj)' ds
j=1771
n 0 2
+ crs (w) Z Ll |yj (stj)' ds (79)

no0
+ CZ J 1 |yj (Bswj)'zds + 15 (w).
-

Now we let w = Av in (51), and we have
1d

> 55 (Ao + odnaniy)

2
+v(aglavi} +ad]a*],)

= —v<iAhjyj (Gtwj),Av>

j=1

(80)

- <§ <v +2z(0,w),00v +a’ Av
+Zhjyj (Otwj)> ,Av>
j=1

+ (Pf (x,1), Av) + <thjyj (Gtwj) ,Av) .

=
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Employing Lemma 14, the bilinear term in (80) can be  Associating with all the above inequalities, we have
bounded by

% (ocg”Al/zv”z + ocf||Av||§)

<1§ <v +z(6,0), 00V + o Av+ Y By, (Gtwj)> ,Av>

j=1 < c(oco||v||2 + o ||A1/2v|| )

2
<c < |a2v + A2 (6,0 || “lAv + Az(6, w)|y? + c(oc§||A”2v||§ + af||Av||§)

oy + o Av+ZthJ Gw

=1

reyly; (6.)f
| 1)
2

+eY |y (00)]

i1
+c<||Av+Az (6,)], oc(z)v+0cfAv+ ihjyj (Gtwj) '
j=1 2 +c (ocollvll2 +a ||A1/2v|| )
x| vl A3/2v||;/2> x (a2 A2 + a2llaviz)

% v XLy, (O] (212 + a2
< v 4] + S AvI; =

2
(it + | el £l
+claglvlls + gAY

i Sy (000 (w4, +ahant).
+e(a| A + o2laviE) = )

1/2 20 41/2. 12 2 2

e (060||V||2 T "A V" ) <% “A V"z " %”AVl'Z) Applying Gronwall’s lemma on [s,t + 1] where s € (t,t + 1)
and t > T5(w), we have

+ ci|yj (Btw | (oc0||v||2 + %"AI/ZV“ )
=1
J cx2|'A1/2v(t +1, w)“2 + ocz||Av (t+1, a))||§

u 2 2
+cjzzl|yj (Btwj)| (06(2)||A1/2v||2 +¢X(2)||AV||§) ( “Al/zv(s w)“ + & Av (s, @) ) Ty (s,t+1,0)

t+1 n

+cZ|y] Ow | . +CI Zl)’; ' 2O gr
= (81)

t+1 n

+CJ Z|y] Gw b”“‘”d‘r
The other terms are bounded by
n . v [ o e e
’ <2Ahjyj (Qt“’f)’AV> : %"AV";*CZb’j (00))]" SH .
i=l j=1 +c J- Z

2
VK,
[(Bf (1), V)] < [ f A, < =2 1AV + ] £l

¢ <Zhjyj (61;) ’A">
=

(rxollv(r a))||2 + o ||A1/2v(r w)” ) L (Tt+1w) g

vo z 2
R ADVACTYE re j (v @+ 2|4 (@)} e,
(82) (84)
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where
I, (s, t, )
o 1/2
—c (ocollv(‘r, W+ a|A 2y (x, w)" )

+c r ((x(z)"Al/zv (7, w)“j + ocf||Av (1, w)II%) dr (85)

|

Replacing w by 0_,_, w in (84) and (85), we have

M:

|y] Gw 'd‘l‘
=

L (t,t+ 1,0, )

t+1
<c j (cx(z)"v (r
t

+al “Al/zv (7, G_Ha))"z) dr

e " )
+CJ; (oc0||A v(‘r,O,t,lw)"2

+ oAz, 0. ) ) dr

n t+1 2
+e), L [ (Or-sa))[
j=1

> 9-t-1w)||§

(86)

<cr5(w)+cr6(w)+cZJ |y] Ow .d‘r
j=1

é7’7(‘0)-

And then

2
(xé"Al/zv (t+ I,H,Hw)"2 +al||Av(t +1, G,Hw)"i

< (420050} + o av (5.0

+ce”r (w)* + ce”@ jo ib’j (Gij)'ZdT
-1 =i
0 n .
+ce”@ J Z'yj (waj)| dr
-1 =1
t+1
+ce”@ J If @ dr
t

+ce”“r. (w) JO Zn:'yj (Orwj)rd‘r.
-1 =t

(87)

1

Integrating (87) with respect to s over (¢, t+1) where t > T;(w)
and employing the property of normal function in (68), we
have

2
o "Al/zv (t+1, G_t_lw)"2 +alfAv(t+1, G_t_la))";

(88)
<rg(w), VE2T;(w), feZ(fy),
where
re (@) = 1 (@) €7 + ce”“ry(w)?
+ce”@ J Z|yj(0 w; | dr
0 n
wed @ [ 3 |y () e (89)
a5
+ ce”(“’)Mf0
Wi 03 2
+ e )1’5 (w) J,l ]Zi|yj (Bfwj)| dr.
We define
;) = {v(@) € D(A) | |4 v(w)]
(90)

+ai|Av()]; < rg (W)} .

In conclusion, #,(w) is a uniformly random absorbing set
for {%(t, 7, w)} in D(A), which complete the proof. O

So much for that we have proved the existence of bounded
uniformly (with respect to f € 2( f,)) random absorbing sets
in V and D(A). Next we derive the existence of uniformly
(with respectto f € 2(f,)) random attractorsin V and D(A).

Theorem 17. If f,(x,s) is a normal function in L] (R, V"),
then the process {2 fo(t’ T,w)} corresponding to (48) possess a
compact uniformly (with respect to T € R) random attractor
9 (w) in'V which coincides with the uniformly (with respect to
f € 2(fo)) random attractor o5y of the family of processes
{“st, 0} f €2(fo):

oy (w) = sy (W) = Woxsy (H1) = U N ¢ (0, w),
fEE(fo)
(91

where F (w) is the uniformly (with respect to f € Z(f,))
random absorbing set in V and N ¢(w) is the kernel of
the process {%f(t, T,w)}. Furthermore, the kernel ,/Vf(w) is

nonempty for all f € Z(f,).

Proof. We only have to verify condition(C). As the previous
section, for fixed m, let H, be the subspace spanned by {e j};”:l
and H, the orthogonal complement of H, in H. We write

v=v,+Vv,, Vv, €H,v,eH,foranyveH.  (92)
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The proof of boundary of v, is similar to the proof in
Lemma 15. We need to estimate v,, where v = v, + v, is a
solution of (48). Letting w = v, in (51), we have

%% (“(2)”1/2"2 + (xf"Al/zvz"z) + (océ”Al/zvzui + ocf||Av2||§)

= —v(iAhjyj (etwj),%)

j=1

- <1§<v+ z(0,w), v + o Av

+ihjyj (Qtwj)> , v2>

j:l
+(Pf (x,1),v,) +p <Zhjyj (Gt“’j) > "2> :
j=1
(93)

Employing Lemma 14, the second term on the right-hand
side of (93) can be bounded by

(E <v +z(0,w),00v +a’ Av

+ihjyj (Qtwj)> ,v2>

j=1
<c|v+z(60)]," "Al/zv +A" 2 (etw)“;/z
n
x lagv +oqAv+ 3 hyy; (6,0;)] Av,,
=1 2

+ C“Al/zv + AV, (Gtw)"2

océv + ocfAv + ihjyj (Gtwj)

X
j=1 2
x a2, ) v |y

2 2
Y& 412 12, Y% 2
< — —_—
<3 ”A 1/2"2 + 3 ||A1/2||2
20 12 20 41/2. 1%
+cloglivlly + o ”A v“2
rne 2 2||A "2
o V||, + aillAvl;
272
+e(agIviz + og] 4" )

2
2 412 12, 2 2
+ c((xo "A / v"2 + o ||Av||2)
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+ czl|yj (ejw].)|2 + Czl'yj (91‘”1)|4
j= Jj=
n
Y ly; (00,)] ("‘3"”5 top ||A1/2"||§)
=1

v <Yy, (0,0,)[ (oA + a2iavie).
=
(94)

By Poincaré’s inequality, note that

(ZAhjyj (6,0)) V2>
j=1

v

2 n
<SSy (o)
j=1
2
(PR < 1 Tl < 2 [A ) 4 el s 99)

u

2 n
= %"Al/zvz L+ CZ;VJ (607)["
=

Associating with (93)-(95) and applying Poincaré inequality,
we have

d
2 (@l + o4 ])
o (@l + aifarll) O

<c|fli + Gt w),
where

G(t, w)
= (agivl + aa)

(o] + adnan)
n 2

+ czl|yj (6:07)]
£

+c (agvi} +af|a)

(el + i)

+ C.Zl|yj (Qtwj)r
i
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v 3Ly, (@) (a2 + o]
j=1

+ ci|yj (etwj)|2 (ag ||A1/2v||§ + af||Av||§) ,
=1

(97)
Applying Gronwall Lemma on [¢,t + 1] where ¢t > T5(w), we
have
oc(z)"vz(t +1, w)“i + ocfHAl/zvz(t +1, w)"i
—yA 2 2 20 A1/2 2
<e Tm (‘Xo ||v2 (t, w)"2 + o "A v, (t, w)"Z)
t+1 (98)
+ J G (s, w) e Mids
t
t+1 2
+c J; £ ()|e " ds.
Replacing w by 0_,_,w in (98), we have
ag v, (¢ + 1’9471‘*’)"2

o100

< e—w\mn ((x(Z) ||1/2 (t, G_t—lw)ui

+ocf'|A1/2V2(t, 6’“1“’)“2) (99)

t+1
+ J G(s,0_, ,w)e " ds
t

t+1 2
+ct ||f(5)||V,e ds.

Now we need to estimate the second term on the right-hand
side of (99). As the previous consideration in Lemma 15, for
s € [t,t + 1) where t > T;(w), we have

ag||v(s, G—t—z)lli +al ”Al/zv (s, H,t,z)"i <1y (w), (100)

where ry(w) = eZM‘r‘l(w). As the previous consideration in
Lemma 16, we have

2NN 2 )
J; ((xo"A v(s,@,t,zw)"2

(101)
+al [[Av(s, G,t,zw)”;) ds <1y (w),
where
noco
710 () = crg (W) Z J , ')’j (Gsa)j)'ds
=17
noco
+ 1y (W) Z J , |yj (Oswj)'zds (102)
e

no .0 5
+CZJ- 'yj (Gswj)' ds+ 1y (w).
j=1772

13
Replacing w by 0., , in (84), we have
ocg"Al/zv(t + I,G,Hw)ui +al|Av(t +1,0_,,0)|>
< (s o,
+al || Av(s, G,Hw)"i) 2t 10-20)

t+1 n ,
e J Z'y]' (er—t—z“)j)l (L0 0) 1o
¢ g

t+1 n \
e J Z'yj (efft—zwj)| eIZ(T’tH’eft—zw)dT
t j:1

t+1 n 2
e L 213 (6ea0))]
j=1

x (agllv(r. 600
+ a?" A0, , “’)Hi) A R
t+1 ) R
ve[" (@bl
t
2
+a Az, 0., w>||§) L0 0 g

t+1
re L L @) 1029 g,

(103)
Analogously to the previous estimates, we have
L (r,t+1,0_, ,0)
Bl )
<c Jt (040 [v (7,6 _,0)|;
2| 41/2 2
+o “A (T, O_t_zw)“z) dr
Bl 5
+c J; (“o HA v(T, e—t—zw)“2 (104)

+alAv (5,0 0)[;) de

n t+1

+czj

), 17 (Beiz0;)[ dir
=

where

noo
1 (W) = crg (W) + cryg (W) + CZ J , |yj (Gij)'sz- (105)

=17



14

Integrating (103) with respect to s € (t, t+1) associating (100),
(101), and (104) with (68), we have

(xé ||A1/2v(t + 1,0_t_2w).|z + ocf ||Av(t + 1,0_t_2w)||§

<rp (W), (106)
where
1, (@) = cryg (w) e
T @ J_Ol Z'yi (9ij)|2611
4 @ j"l ]Zl' 7 (0,0))['dr )

0 n
2
@ [ Sy (00t
14
j=1
+ cro(w)?em@ + choer“(w).

Replacing s, t + 1, and w by t, s, and 0_,_, w, respectively, in
(84) where s € (t,t + 1) and t > T5(w), we have

oAy (5,0, ,0)|, + a2 Av(s. 0, 0)|
< (a0 0]

+ocf [Av(t, G_Hw)"i) A
t+1 n ,
e J Z|yJ (er—tfle)' eIZ(T’tH’e—t—lw)dT
t =

t+1 n 4 (410 )
o TS PR
t 1

~.

t+1 n 2
“L 2175 (O]

i

~

x (aglly (7.6 103

+(Xf|'A1/2V(T’ eitilw)nj) eIZ(T’tJrl’e’t’lw)dT
I .
+c J (oco ”V(T, G_t_lw)”Z
t
2
+ocf” AVy(5,0., | “’)"2) PTHLO. @) g

o 2 J(tt+1,0_,_ )
+c If@lle dr
t
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<1y, (w) e«

+ce”@ JO Zn:|yj (01wj)|2d1
-1 st

|yj (Brwj)rd‘r + cer7(“’)Mf0

0
-1:53

+ce”@ J

n

J

+crs (w)ze”(w)

+crg (w) 7@ J-Ol ib’j (Gij)'sz
5

£ 113 (W) .

(108)

Associating with the above inequalities, we have

t+1
J G(s,0,,0)ds <1, (w), (109)
t

where

714 (W) = crs(w)2 + 61’13((4))2
0 n )
+c 'L Z;|yj (stj)| ds
i

+ cr5 (w) 115 ()

e J 0 ib’f (6.0;)] s (110)
-1 im1

0 n 2
+ crs (w) J Z|;Vj (95“’1‘)| ds
&

L

0o n 5
+cry3 (w)J 1 Z|yj (Bswj)' ds.

a5

j=

According to the property of {A j};’il mentioned in Section 3,
for P a.e w € Q and Ve > 0, there exists M such that for
m>M

e "Amn (oc(z) v, (2, O_t_lw)“i +o “Am"z(t’ 9—t-1w)||§)

75 (w
< SM( )Ssrs(w),
e’ tm+l
t+1 (1)
_ 14 (@
J, 00 e s B <o, (o),
t+1 cM
2 9,
e IO s s b <
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Therefore, we deduce from (99) that, for P a.e. w € Q,

v, (t, 9_tw)||§ + (xf"Al/zvz(t, Q_tw)ui

<eters(w)+ery (W), Vi>Ty(w), feZ(fy),

(112)

which indicates {# f(t, T,w)}, f € 2(f,) satistying uniform
(with respect to f € 2(f,)) condition(C) in V. According to
Theorem 12, the proof is completed. O

In the following we prove the existence of uniformly
random attractor for the families of processes {% f(t, T,w)},
f € Z(f,) corresponding to (48) in D(A).

Theorem 18. If f,(x,s) is a normal function in LfOC(R, v,
then the process {% fo(t, T,w)} corresponding to (48) possess a
compact uniformly (with respect to T € R) random attractor
d,(w) in D(A) which coincides with the uniformly (with
respect to f € X(fy)) random attractor As s, of the family

of processes {%f(t, T,w)}, f € Z(fy):

o, (W) = dyp) (W) = Woss) (H>) = U N ¢ (0, w),
FeZ(fo)
(113)

where K ,(w) is the uniformly (with respect to f € Z(f;))
random absorbing set in D(A) and N p(w) is the kernel of
the process {% f(t, 7,w)}. Furthermore, the kernel N f(w) is
nonempty for all f € Z(f,).

Proof. In Lemma 16, we have proved that the semigroup of
processes {% ((t, 7, w)}, f € 2(fy), has a uniformly random
absorbing set in D(A). Now we testify that the semigroup
of processes corresponding to (48) satisfies uniform (with
respectto f € 2(f,)) condition (C). Analogously to the proof
in Lemma 16, we easily check that v, is bounded in D(A).
Letting w = Av, in (51), we have

-z (aé"Al/sz"z + af"AvZ"i)

+ v (cx(z)"AvZ"; + ocf"Ava"z)

=-v <2Ah]~y]- (Gtwj) , Av2>

=

- <§<v+z(9tw),(x§v+o¢fAv

+ihjyj (Gtw]-)> ,Av2>

j=1

15
+ (Pf (x’ t) > AVZ)
+u <Zhjyj <6twj) ,Av2> .
=1
(114)

Applying Lemma 14, the second term on the right-hand side
of (114) can be bounded by

<E <V +2z(0,w),00v + o’ Av

Shyy, (Qt“’j)> ’A"2>

j=1

2 2
Y, Vo 2
0 2 4302 "

< 3 ||Av2||2 + > "A i,

2002 20| 41/2 “2)

+c (oco Ivl5 + o "A v,

20 41/2. 12 2 2

X ocOHA v"2 + o || AVl

22
+ c(oc(z)llvlli + ocf"Al/zv“z)

+ c(océ"Al/zvuz + ocf ||Av||§)2
" 2 i 4
+CZI|J’1 (etwj)| +C.Zl|yf (Gt“)j)'
Jj= =

c 20 2 12 2 41/2. 12}
+e [y; (B[ (a3l + o 4724])
=1

+c nE |yj (Gtwj)r(océ"Al/zvni + ocf||Av||§)2.
j=
(115)

Note that

v

(Zhjyj (6w;) AV2>
=

2 n
< 20 pan i+ Y]y, (0,
j=1

2
VX
|(Pf (o 0), Av)| < £l [Avil, < =2 Avally + el £l

¢

(ihﬂ’j (0r0y) ’AV2>

j=1

2 n
< %"szui + CZ')’;' (Otwj).z.
=1

(116)
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Associating with (114)-(116) and applying Poincaré’s inequal-
ity, we have

& (@A} + adlan)

+ VA0 (oc(z) “Al/zv2 “2 + o | Av, ||§) (117)

<G(tw)+ c||f||f,,

Applying Gronwall'slemma over s € [t,t+1] wheret > T, (w),
we have

ocg ||A1/2v2(t + 1,w)|'2 + ocf”sz(t +1, w)"i

< (“3 |av, @, w)Hj + o7 A, (2, w)||§) et (g

t+1 A t+1 2
+ G(s,w)e "mds +c ||f||v,e milds,
t t

Replacing w by 6_,_;w in (118), we have
2

A0,

+ ocf”sz(t +1, G_Hw)”i
< (océ”Al/zvz(t, G_Hw)“z

o] Avy (8,60 w)[;) e (19)

t+1
+ J G(s,0_, w)e " ds
t

t+1 N —W\mﬂd
+ct I 1ve s.

Analogously to the consideration in Theorem 17, for P a.e.
w € Q and Ve > 0, there exists M such that, for m > M,

. (“(Z)"Al/zvz(t, 9-:-1“’)“2 + o |Av,(t, 9-t—1w)“§)

< 1 (W)

T < erp, (W),

t+1
_ 714 (@
J G (5,0, w)e ™ mids < s (@) < eryy (w),
t eVAmH

t+1 cM
CJ £ () |one " 1 ds < Loce.
t

eW\mH

(120)
Therefore, we deduce from (119) that, for P a.e w € Q,
2 2
o “Al/zv2 (t+1, G_Hw)“2 +ai|Av, (t+1,0_,_,0)],
vt 2 Ts(w), feX(fy).

<etery (w)+ery(w)),

(121)

Abstract and Applied Analysis

which indicates {# f(t, T,w)}, f € 2(f,) satistying uniform
(with respectto f € 2(f,)) condition (C) in D(A). According
to Theorem 12, the proof is completed. O

Now we introduce a homeomorphism ®(6,w)u = u +
z(0,w),u € E, whose inverse homeomorphism @71(9&))” =
u — z(0,w). Then the transformation

7t T,0) = O (0,0) 0 U, (t,7,0) 0o ® ' (0,0)  (122)
generates a process corresponding to (8). Note that the two
processes are equivalent by (122). It is easy to check that
7 4(t, 7, w) has a uniformly (with respect to 0 € X) random
attractor provided %, (t,7,w) possesses a uniformly (with
respect to 0 € X) random attractor. As a result Theorem 17
and Theorem 18 imply that (8) has a uniformly (with respect
to f € X(f,)) random attractor in V and D(A).
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