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Abstract

This paper consider the long time behavior of a «class of nonlinear damped Kirchhoff equation
Ve
U, +ayU, — YAU, —(a+ﬂ||Vu||2) Au = f (x). Study the attractor problem with initial boundary value conditions, then using

priori estimate and the Galerkin method prove existence and uniqueness of solution, we obtain to the existence of the
global attractors. The squeezing property of the nonlinear semi-group associated with this equation and the existence of
exponential attractors are also proved.
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1 Introduction

In this paper,we study the existence of the global attractors and the existence of exponential attractors for a class of
nonlinear damping Kirchhoff equation:

U, +aU, — yAU, —(a+,B||Vu||2)p Au=f(x), 1.1)
u(x,0)=u, (x);u, (x,0)=u,(x) , (1.2)
u(x,t)|n=0,Au(x,t)|,=0, (1.3)

Where Q is a bounded domain of R" (n 21) with a smooth boundary 6Q, ¢,,y,c, are positive constants, and the

P
assumptions on (a +,B||Vu||2) Au  will be specified later, f () is an external force item.

Since the 1980s, on one hand, because of the practical problems and the push of the other disciplines, on the other hand
because of the mathematics development deeply, the infinite dimensional dynamical system research to be one of the
important research subject in power system. From the point of a partial differential equation theory research, the infinite
dimensional dynamical system problem is mainly to full time solution of progressive qualitative research, its core and the key
problem is to the solution of a prior estimate of time t consistency. An infinite dimensional dynamical system is an important
concept of global attractor,global attractor is the largest of all the attractor and it is sole. For ordinary differential equations, H

has a finite dimensional, existence of global attractor has been studied. For infinite dimensional dynamical system, the

6686 | Page
November 2016 www.cirworld.com



ISSN 2347-1921
Volume 12 Number 10
Journal of Advances in Mathematics

existence of the attractor is behind have been proved [1]. R.Teman, C.Foias and so on put forward the concept of
exponential attractor in 1990s [2]. exponential attractor is one who has a finite dimensional fractal dimension of the tight is
invariant set and the exponential attractor like in space orbit.Because of its solution is exponentially attractor orbit, so it has

better stability than the global attractor,and the exponential attractor is not the only one [3].

In [4] ,Perikles G.Papadopoulos ,Nikos M.Stavrakakis study the global existence and blow-up results for an equation of

Kirchhoff type on R"

u, —¢(x)[Vu (t)||2 Au+68u, =u"u,xeR¥,t=0 , (1.4)

with initial conditions u(X,0)=u, (x),u, (x,0)=u, (x).

In [5], Zhijian Yang, Pengyan Ding, Zhiming Liu are concerned with the existence of global attractor for the Kirchhoff type

equation with strong nonlinear damping and supercritical nonlinearity

U, —or([Vul ) Au, = (VU ) au+ F (u) =h(x),inxR" (1.5)

with initial conditions U |.,=0,u(x,0)=u, (x),u, (x,0)=u, ().
In [6], GUO Chun-xiao, MU Chun-lai consider the classical diffusion equation of exponential attractor
u —Au —Au = f (u)+g(x),inQxR" (1.6)

In [7], Ke Li, Zhijian Yang are concered with the following strongly damped wave equation on a bounded domain Q c R®
with smooth boundary 0Q

Uy —Au, —Au+p(u)=f | 1.7)

More research on the global attractor and exponential attractor see reference [2-17] and [21-23].

This paper is structured as follows. In section 2, some preliminaries are stated. In 3, global attractor is proved, In section 4,
exponential attractor is proved.

2. Preliminaries

For brevity, we define the Sobolev space as follows
H=L (Q),Vl = Hé(Q)x L? (Q),V2 = <H2 (Q)m He (Q))x H, (Q)
where (,) and |||| , are the inner product and norm of H . The inner product and the norm in V, space is defined as
follows
VU, =(u,v)eV,i=12 ,
we have

(Ul,Uz)=(Vu1,Vu2)+(v1,v2) , (2.1)
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Wl =(.0), =[vul +[v" . (22)
set U = (u,v) €V, , v=u, +&u, the equation (1.1) is equivalent to

U +H(U)=F() , (2.3)
where

cgu—v O
H(U)= (al—g)v+(gz—gal)u+ygAu—7Av—(a+ﬂ||Vu||z)pAuJ'F(U):[f(X)J'
3. Global attractors

Lemma3.1 (u,u)eH;(Q)xL*(Q), f e *(Q), V=U, +&U, then the solution (u,v) of equation(1.1) satisfies

(U,V) e Hé (Q)x L2 (Q) and

2 W(0) ,, C "

A L] @
here
p+l
a+MW%W)
W (0) = 2 v ull? 2 (—’
= IuF 319 el e o
thus there exist M, and t, =t,(€) >0, such that
@)y =V OF V@ <Mo(e>1) (33)

Proof : We use V =U, +&U and equation (1.1) to inner product and obtain

(u“+a1ut—;Aut—(a+ AV “Z)pA u}z( )" (3.4)

by using Holder inequality , Young inequality and Poincare inequality , we have
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1d
(u“,V) = (v, —eu,v)= __"V"2 —¢(u,v)
dt

;jnvn ~o(v-au,v)
=G st el +o*(uv) @9)
>——||V|| ~e|vf ——IIUII ——||V||
>§E" I~ ——IIV I ——||V||
and
(V) = (@t b, +6u) = a {V—eu y—eu)+(ay, su)
—a o -2ag(uv)rag ol ras S
2o -aglo| - aehd e gl bast S o
(o) +(e )l e st Sl
we use —yAu, and V to inner product and we have
(=AU, V) =y (-A(v—-zu),u, +&u)
=7(-A(u, +&u),u, +&u)+ye(Au,u, +u)
= y|vuf +7‘9 d LIVl +7‘9 d ||w|| +y62|[Vu|| % e (Au,u, +u) -
=7[vu +%&‘-IIVUII + e’ IIVUII +L IIVUII +yet [vul *
=7[vu +37 a VUl +2° IIVUII
we use —(a+ A[Vu[) Au and v toinner product and we get
[_(a plwul) Au,v] ~(a+ BVl ) - (~auv)
=(a+ Bl ) -(-Au,u, +2u)
(- pIv ) (5 S wul el @9
~(a+pIval ) 2 Swulf +(a+ g1Vl ) 2wl

“sp el Al Je{a i) s,

take proper & «, [ such that g||Vu||2 205+,[;’||Vu||2 then (3.7) have
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1 o
2o ai @A) (e pvul ) el e
1 d 2\p+1 2\~H1 .
> 2(p+1)ﬁa[(a+ﬂ||Vu|| ) }+(a+/3||Vu|| )
by using Holder inequality and Young inequality, we get
(£ ()0 <[ £ < 2+ 1P (3.10)
2 2y,
then we have
2dJH|— ""———WV||——4M| +(a —ae )V +(ae® e ) Jul”
1 3ye d
+%g?wq+ﬂmw+7€ [Vulf +256% [vul? (3.12)

+mdt[( 'B"W") } (‘“ﬁ"VU") S%||v||2+2iyl||f||2,

that is

+1
, (a+plvaf)

d
o M +3re |[Vul|*+ eqe Ju]| *+ ey +(2a1—2a g-2c—¢g*—y )

2 +
wr+{4wﬂ_gzﬁvqr+@aﬁ2_z%;mqr+sz+ﬁpnmjpls%mf"? (3.12)
1

next, we take proper y,&,a,,«, f such that

a =20, —20,6-2c-¢*—y, >0
2

a, :4752—%20

a, =2a,e" 20,6 >0

taking o, = min{al,i,i}

3ye oye

iWﬁﬁ@W@Siwrhq, (3.13)

N

where

+1
a+pIvul)
W (t :V2+375Vu2+a5u2+(— (3.14)
()= 2ol e+
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by using Gronwall inequality, we obtain

-5t C —5it
W (t)<w (0)e™ +§l(1‘e ), (3.15)

1

let k =min{13y}, so we have

2 2 2 VV (0) s (: s
oy =BT ool <2 e s S fame ), @19
- 2 _C _
Itlmll(u,V)II Sﬁa (3.17) so, there exist
—o 1

M, and t, =t,(Q)>0, such that

e =IO +VuO] <M, (t>1,), (3.18)

[(u.v)

Lemma3.2 (uyu)eH?(Q)xHy(Q), feH;(Q),v=u,+e&u, then the solution (u,v)of equation (1.1) satisfies
(u,v)e HZ(Q)X Hé(Q), and

2
2

[(u.v)

H2xH!

2 2 _W(0) , C
=|Vv|" +Au] sTe 5‘+Z?((1—e ‘”), (3.19)

where

Vigy =IV%[ + e Au | (3.20)

thus there exist M, and t, =t,(Q)>0, such that

2

=[O +[aut)] <M, (t>t,), (3.21)

J(u.v)

H2xH?

Proof : We multiply —Av =—Au, —£Au with both sides of equation (1.1)and obtain
2\~
u“+a1ut—;Aut—( o+ iV ﬂ) A A Y=( FA )y (3.22)

by using Holder inequality, Young inequality, Poincare inequality, we have
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(Uy,—AV) = (v, —eu,,~AV) = l%”VV"2 —&(u,—Av)

_1d

2d — [V —&(v—eu,~Av)

—||Vv||2 — &V |V + &% (Vu, W) (3.23)
>——IIVVII —e[vf ——IIVUII ——IIVVII
>——IIVVII —e v ——IIAUII ——IIVVII

we use ayU, and —Av to inner product and we get

(U, —AV) = &, (V— £u,—Av)
= a,|VV| + e (u, Av)

a.& a.&
> e[V -4 vulf - S5

and

2

d
(—7AU,, ~AV) = (=AU, ~AU, - AU) = 7| Au [ +7‘9 ol

)
we use —(a +ﬂ||Vu||2) Au and —Av to inner product and we obtain

(—(a + /if||Vu||2 )p Au, —Avj = —(a + /)’||Vu||2 )p (Au,-Av)

2

a+B|Vul") (Au,Av)
Au, Au, + gAu)

A, A )+ (e + Vulf ) (Au,nu)

Il
—_——~

N

+

<

=

o
\-/\-/\—%\—/
—_ o~ o~ o~

au, A )+ (a+ BIVuff) -z |au
take aright «, 3, suchthat 0<C, < (a+,8||Vu||2)p <C,, then

(a+ BIVU[) (a0, Au)+ (@ + BIVul ) - 2lau]

(3.27)
>~ - 2w+ el
by using Holder inequality and Young inequality, we get
A& 2 1 2
(£ av) < VA vl < o+ Ve (328)
1

then we have
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oe
> dt S —elvf ——IIAUII ——IIVV||+a1 [V == vl

d
A+l + 2 aulf -—3||AU|| - SIIAUtII +Coe Al (329

sﬁuwn s i,
4 /1131

reduction to

d z
ST + refaul )+ (2051 % et ae —%juwn

) , (3.30)
+ 2C,6 - £ —c, ||au|f <==—|vf[ +C,
A A&
take proper ¢;,¢ , such that
b =2, -2¢-¢ —ozlg—h
2
b, = 2C,e - < —C, >0,
A
. . b
taking &, = mln{bl,—z}
ye
d 2 2
ad (1)+6V (1)< ﬂj—g"w |"+C, =G, (3.31)
1
here V (t)= ||Vv||2 +yg||Au||2, by using Gronwall , we get
—5,t C5 —5,t
V(t)<V(0)e +§—(1—e 2 ) (3.32)
2
let k=min{l,&¢}, we have
2 2 W(O) —5,t Cs —o,t
(u, v) e =YV +Au] sTe 2 +ﬂ(l—e 2 ) (3.33)
2
C,
liml(uv)le... <5k (3.34)
exists M, >0 and t, =t,(€Q)>0, such that
||(U V) H2xH! "Vv(t)nz +||AU (t)"2 = Ml(t >t2)’ (3.35)

o , there

Theorem 3.1  (see[12]) (u,,u) e H*(Q)xH;(Q) , f e H3(Q) ,equation (1.1) exists a unique smooth solution

(u,v) € L” ([0,+e0); H? (Q) x H; ().
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Proof: By the method of Galerkin and Lemmal —Lemmaz2 , we can easily obtain the existence of  solutions.

prove the uniqueness of solutions in detail.

Assume u,v are two solutions of equation, let W=U-V, then, the two equations subtract and obtain

2\¥ 2\
W, -+ — AW, (e + BIVU[ ) Au+(a+ Bl ) av=0, (3.36)
by multiplying the equation by W, we get

(th + oW, — JAW, —(a + B|vu’ )p AU + (a + BV )p AV, W, ) =0,
by use w, and w, toinner product and we have
<ol (338)
In a similar way, we get the following

(o W) = [w |
(=, w,) =7 [Vw | = 74w,

(_(m/snwuZ)" au+(a+ [ ) AV,WIj
- (—(a +BIVUlF) au(a+ BVl ) av-(a+ AIVul) av+(a+ v ) Av,wt)
=~ (ac+ pIvU) (A w[)+(_(a+ V) ave (e pIv ) Av,w[)

»r1d ’ W,
(e A9 S 4wl + (s o150l | a5

+ —(a+,6’||VU||2)p Av+(a+ﬂ"VV||2)p Av,wt)
2 1 ioe Cuone Caron e
> (as pIvlF) 2 wulf - Sepouft - S o

2\» 1d 2 G 2 G4 2
u ) 'ZEHVW" —7||VW|| _T"Wt”

(

(

(
+(—(a+/5'||VU||2 | v+ plvif ) Av,wt)
(

(

by lemma 2 0<C, <(a+BVu[) <C,, 0<C, <(a+ W[} <C, , then

(a+ BIV) av=(a+BIvdf*) av<(c,-C,)av,
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((C3—C2)AV,Wt)=IQ(C +~C JAv-wdx=(C 5C )ZJQAV-

<(C,-GC,) (I AVZdX);(J. wtzdx);
<(c-Cy)-c{f, o] ([, w o
<(C=C.) [0 ],

n _n
< Cy ], = Co v

e

ool
2 2

then

(e 194 suv{ap1o ) )

p 1 d C
(a+ﬁ||VUI|) IVl - SIIVWIIZ— 3;1 Jw
IIV | || ||

p C C
z(awuwu) -Mukutgnvwnt .

e

IIWt I IIWIIIZ

—C A4 — 5

1d
S |+ 7 o] (+ 1] LAl
2dt

]

C w’
S -y -, ML,

<0,
2 2

(a+ AV} 4

pm ||+ f&"vwﬂz <(Cody +Cohy +Cy =2, =272,

o+ Co [

2
taking 6, = max<C,4 +CyA4, +C, —2¢, - 2y4,, S , we have

(e Vo)

P
d . a+ plvof
S| (e ol S| < o i%uvwn
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by using Gronwall inequality , we get

, (a+pIvul)

(+ BVl
o+ 2=l < ]+ [V [e* =0, (3.46)

so we have W(t)=0, the uniqueness is proved to be.
Theorem 3.2 LetF be a Banach space, and S(t) are the semi-group operator on F .
S(t):F > F,S(t+x)=S(t)-S(x)(vx,t>0),5(0) =1,

where | is a unit operator. Set S(t)satisfy the follow conditions:

(1) S(t) is bounded, namely VR>0 , |u|.<R ., it exists a constant C(R) , so
IS (t)u]. <C(R)(Vvte[0,+x)),

(2) It exists a bounded absorbing set B, € F, namely, VB c B,, it exists a constant to , so that

S(t)Bc B, (Vt>t,),
(3) When t>0, S(t) is acompletely continuous operator A .

Therefore, the semi-group operator S (t) exists a compact global attractor.

Theorem 3.3  Under the assume of Theorem 1, equations have a global attractor

A=a(8,)=US(t)B,,

x>0 t>x

|2—|2><H1 = "u|||2—|2 +||V||2H1 = MO + M1}’

here B, = {(u,v) e H?xH":|(u,v)
B, is the bounded absorbing set of H?(Q)xHg(€) and satisfies

(D S(H)A=A

(2) limdist(S(t)B,)=0, here B<H?(Q)xH;(Q) and itis a bounded set,

t—oo

dist(Y,Z)=sup inf

yey 2€

y - Z||H2><H1 !

6696 | Page

November 2016 www.cirworld.com

that



ISSN 2347-1921
Volume 12 Number 10
Journal of Advances in Mathematics

Proof: Under the conditions of theoremi, it exists the solution semi-group S(t), where Y =H?(Q)xH;(Q),
S(t): H?xH' > H*xH*,

(1) From Lemmal — Lemma2, we can get that VB c HZ(Q)x H;(Q) is a bounded set that includes in the ball

H?xH? < R}’

flww)

2 2

= ulle M < Tl +[volls +C. < R+, (vE20,(05, %) < B),

HY —

"S (t)(up. Vo)

H2xH?

this shows that S(t)(t>0) is uniformly bounded in H? (Q)x Hj (Q),

(2) Furthermore, for any (u,,V, )€ H? (Q)xH; (Q), when t>max{t,t,}, we get

2 2

Julfe +IMEs < Mo +M,.

"S (t)(Uo. )

So, we get B, is the bounded absorbing set.

H2xH!

(3) since H?(Q)xHg(Q)—>H;(Q)xL*(Q) is tightly embedded, which means that the bounded set in

H?(Q)H; (Q)is the tight setin H; (©)x L* () ,s o the semi-group operator S(t) is completely continuous.

So, the semi-group operator S (t) exists a compact global attractor A

4 Exponential attractors

We will use the following notations, let V,,V, are two Hilbert spaces, we have V, —V,, with dense and continuous injection,

and V, -V, is compact. Let S(t) is amap from V, into V,,i=12.

Definition 4.1 The semi-group S(t) possessesa (V,,V,) compactattractor A. Ifitexists acompactset AcV,, A

attracts all bounded subsets of V,, and is invariant under the action of S(t), thatis S(t)A=AVt>0.

Definition 4.2 A compact set M is called a (Vz,Vl)— exponential attractor for the system (S(t),B), if

AcM cBand

1) S(tH)M =M, vt >0,

(2)M has finite fractal dimension d, (M) <0,
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(3)there exist positive constants m,,m, such that dist(S (t)B,M ) <me™,t>0,where dist, (A B)= supim:3 [x—y],
' xeA Y€ L

BV, is a positive invariant set of S(t).

Definition 4.3 S (t) is said to satisfy the discrete squeezing property on B, if there exists and orthogonal projection p,

of rank equalto N such that forevery u and v in B, either

[S(t)u=S(t.)v], <sju-v|, ,5%0,%)

or

Qu(S(t)u=s(t)v), <[R (S(t)u-S(t)v), .

Vi
where Q, =1-PR,.

Theorem 4.1  Assuming that

(1)S(t) possessesa (V,,V;)— compact attractor A,
(2) it exists a positive invariant compact set B <V, of S(t),

3) S (t) Is a Lipschitz continuous map with Lipschitz constant | on B, and satisfies the discrete squeezing property on

B.
Then S(t) hasa (V,,V,)— exponential attractor AcM on B, and

M=J S(t)M*,M*:Au[O Us(n)i(E)k],

o0
0<t<t. j=1 k=1

moreover, the fractal dimension of M satisfies d, (M) < N, max {1,

In(16LB+1)},

In2

where N, E(k) are defined as in.

Theorem 4.2 (UVo)€Viok=12 hen the problem (1.1)-(1.3) admits a unique solution (uv)e L°°(R*,Vk). This

solution possesses the following properties:

Ja I, =Vl <M Jo =9+ Jauff <M, 2t k=12
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we denote the solution in Theorem 4.1, by S(t)(u,,v,)={u..,v..),then S(t) isacontinuous semi-groupin V, , we have
01 Y0 (1) 1

the ball:
B, = {(u,v) eV, :||(u,v)|Lj1 < MO},
respectively is a absorbing set of S(t) in V, and V,.

We notice, there exists t,(B,) such that B= | J S(t)B, is a positive invariant compact set of S(t) in V,, and
O<t<ty(By)

absorbs all of the bounded subsets of V,. According to and Theorem 4.1,we can have the semi-group {S(t)}t>0

possesses (V,,V,)— compact attractor

A=Us(V)8,.

s20t=s

where the bar means the closures in V, and A is boundedin V,.
Lemma4.1 Forany U =(u,v)eV,, we have (H (U)u ) >6,|u ||51 +6, ||Vv||2.

Proof: By (2.1) and (2.2), we have
(H (U),uU )V = g||Vu||2 —(Vv,Vu)+(e —g)||v||2 +(52 —gal)(u,v)
' ) 4.1)
72 (Bu) + 7 [V + (e AVl ) (YU, ),

By using Holder inequality, Young inequality and Poincare inequality, we deal with the terms in (4.1) one by as follows

1
1 _1 g2 _t
(- )(uv) 2 (&7 o) s [Vl 2~ | 2 |Vulf + o
1
(4.2)

2
2 =2 vulf - ==,

e (Au,v) = —fs(Vu,Vv) > _§||w||2 ~pre|W, (4.3)

((a+ﬁ||Vu||2)p - j(w V)= C(Vu W)= _%nwu 2_%||w|| ? (4.4)

substituting (4.2), (4.3), (4.4) into (4.1) available
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& ca’
(H(0). U, 2elV § (=)l VIV =21 IS
_f 2_ 2 2_9 2_9 2
<ol el vl - S 9
(e C 2 e’ e (o, C 2
e LRI CRs TR PR
s’ C Aa

when f—EZO, a,—e——>0, y—y’c——>0,thatis C<e< =,
272 A 2 Ata

2

. C

let o, :mln{/;ﬂ1 2 ,al—e—gzl },55 :;/—725—5, then we obtain
+a

(HU)U)= 4, V[ +& I,

let S(t)U, =U (t)=(u(t),v(t))", where v=u,(t)+eu(t), and

set

o (t)+H(U)-H(V)=0, (4.6)
and

9(0)=U, -V, @.7)

Lemma 4.2 (see[17]) (Lipschitz property) Forany U,,V, € B,T >0, we have

"S (t)Uo =S ('[)\/0"\2,1 <e” ”Uo _Vo"\z/1 ’

Proof: Taking the inner product of the equations (4.5) with gp(t) in V,, we find that

S allo®F +(HO)-HW).0() =0 “9
similar to Lemma 4.1, we get
(HU)-H(V).0(1), 24, ||¢(t)|ﬁl +6, ||Vy(t)|ﬁl , 4.9)
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substituting (4.9) into (4.8), we have
L1of +25, o)+ 26, [y (V)] <o (.10
further, we have
el =25 o0 @)
by using Gronwall inequality, we obtain

e <& [o(0)f =€ [o(O)f . 412)

so we have

"S (t)Uo -S (t)V0||\2/1 <e” ”Uo _VOH\Z/1 :
We introduce the operator A=—A from D ( A) to H with domain

D(A)={ueH|AueH}={ueH?|u[,=Vu|,=0},

Obviously, A is an unbounded self-adjoint positive operator and the inverse A™ is compact. And thus there exists an

orthnormal basis {a, }

©
i=:

, of H consisting of eigenvectors of A, such that

VN denote by
P=P,:H —span{w,---,w,},

the projector
Q = QN = I - PN I}

In the following, we will use

[l =[au] = 2., Jul. vu € Q, (H* ()N H (),
Q] <ufl.u e H-.

Lemma 4.3 VU,,V, €B, let Q_ (t)= Qn, (U (t)-Vv (t)) :Qmo(p(t) = (Wmo Y, )T , then
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1
c,A?2
lon, 0, { ok e“‘JMw(o»r-

Proof: Taking Qm0 (t) in (4.6), we get
#n, (1)+Qp, (H(U)-H(V))=0, (4.13)

taking the inner product of (4.3) with ¢, (t) in V,, we find that

Salon O +afon, (O +o o, (] <o @14)
Son O 22}, 0 @19

by using Gronwall inequality, we obtain
lon, O <& [0 (O)f (4.16)

Lemma 4.4 (Discrete squeezing property) For any U,,V, € B, if

“Pmo (s(T7)U, —S(T*)VO)L s“(l —Ry )(S(T")Us =S (T°)V,) K then“(s(T*)u0 -5(T')V,)

, <[0-R)(s(T)ue-s (T,

Vi

1
Ll < g"Uo Vo "v1 '

Proof: If “Pmo (S(T")Us-S(T°)V)

then

2

Is(T7)us=s (T v < (1= )(s(T)u -8 (T)v

P, (S(T7)Us-8(T")V,) j

Vi

+

(4.17)
2
SZ‘(I —Pmo)(S(T*)UO—S(T*)VO)Vl
S VAVA
let T be large enough
—25,T* i
e 24T < 8" (4.18)
substituting (4.17) into (4.18), we have
. 1
”(S(T Ju-gT) g“v s§|| v K (4.19)

Lemma 4.4 is proved.

Theorem 4.3 (u,,v,) eV, ,k=12, f eH, V=uU,+¢&U, then the initial boundary value problem (1.1)-(1.3) the
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solution semi-group S (t) has a (V2 ,Vl) — exponential attractor on B,

s

M= U S(t)(AU(_ 1Q13(T*)i (E(k))D’

0<t<T"

and the fractal dimension is satisfied

d, (M)<N, max{l,M}

In2

Proof: According to Theorem 4.1, Lemma 4.2, Lemma 4.4, Theorem 4.2 are easily proven.
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