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Abstract

In this paper, we study the wellness and long time dynamic behavior of the
solution of the initial boundary value problem for a class of higher order Kir-

chhoff equations u, + M (”Dmu Z)(—A)Zm u +,B(—A)2m u +g(u )= f(x) with

strong damping terms. We will properly assume the stress term M (s) and

nonlinear term ¢ (ul ) . First, we can prove the existence and uniqueness of the
solution of the equation via a prior estimate and Galerkin’s method, then the
existence of the family of global attractor is obtained. At last, we can obtain
that the Hausdorff dimension and Fractal dimension of the family of global
attractors are finite.
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1. Introduction

This paper intends to study the initial-boundary value problem of higher-order
Kirchhoff-type equation

U, +M ("Dmu Z)(—A)Zm u+B(-A)"u +g(u) = f(x), (1.1)
u(x,t):O,%:O,i=1,2,~--,2m—1,anQ,t>o, (1.2)
u(x,0)=u,(x),u (x,0)=u,(x),xe Q= R". (1.3)

where m>1, and meN*, QeR"(n>1) is a bounded domain, 0Q de-
notes the boundary of Q, g(u,) is a nonlinear source term, A (—A)Zm u, isa

strongly dissipative term, B3>0, f(X) isan external force term.
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Kirchhoff-type equation model is one of the hot topics in mathematical phys-
ics equation research in recent years, which shows the importance of its position
and influence. There have been many achievements in the study of the long-term
behavior of the solution of Kirchhoff-type equation, for details, refer to refer-
ences ([1] [2] [3] [4] [5]). Cheng Jianling and Yang Zhijian studied the asymp-

totic behavior of the solution of Kirchhoff-type equation in reference [6]:
u, —M (||Au||2)Au —Au, +h(u)+g(u)=f(x),(xt)eQxR",

ai

u(x,t)=0,EL:=0, i=1,2,,m-1 xedQ,t>0,

u(x,0)=ug,u, = (x),xe.
The existence of the global attractor of the corresponding operator semigroup
S (t) in phase space is proved.
Recently, Lin Guoguang et al studied the existence of global attractors for

higher order Kirchhoff type equations with nonlinear strong damping terms in

reference [7]:

v™u

U +(-A)" ut+¢(| 2)(—A)mu+h(ut): f(x),

u(x,t)zo,%zo, i=12--m-1xedQ,t>0,

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

They proved the existence and uniqueness of the solution of the equation by
using prior estimation and Galerkin’s method, and then obtained that the at-
tractor exists in space H?" (Q)xH™(Q).

Guoguang Lin and Changqing Zhu studied asymptotic state of solutions for a

class of nonlinear higher order Kirchhoff type equations in reference [8]:

Uy +M ("Dmu 2)(—A)m u+8(-A)"u +g(xu)=f(x),

u(x,t)zo,%zo, i=12--,m-1xedQ,t>0,

u(x,0)=uy,u, =, (x), xe Q.

For more results, please refer to references ([9]-[15]).

2. Basic Assumptions

For convenience, space and notations are defined as follows:

H=L*(Q), D=V, H{(Q)=H"(Q)NH;(Q),
HI™ (Q) = H*™ (Q)NHg (Q), E, =H™(Q)xL*(Q),
E, =HZ™™(Q)xHg (Q). Remember that A is a family of global attractors
from E, to E,, B, is a bounded absorption set in E,. In which
k=12,---,2m, C(i=012,) is a constant; (),

product and norm on space H, namely (u,v)= _f u(x)v(x)dx, (uu)= ||u||2 :
Q

||| represent the inner
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Kirchhoff type stress term M (s) satisfies the following conditions:
(H) M (s)eC?([0,+%),R);
(H) e+l=p, <M ()<,

1+ B 2 Bl A
The nonlinear term ¢ (ul) satisfies the followmg condltlons

(H,) (9(s).5)20,vseH™(Q):]g(s)|<( " 6e(0,0).0+6' =15

ot o1

where 4,4, are constant, 0<e&< min{

2l A2p -2 2 }

(H,) Thereis o€ (O,l) s

Vse H™(Q)NH™(Q);
(Hs) "9'(5)"00 <G,.

3. The Existence of the Family of Global Attractor

Lemma 3.1. set M (S) satisfy assumption (H,),

(Up ) e By =H™M(Q)xL*(Q), f(x)el’(Q), and uel” (0,+oo; H2m (Q)) ,
vel”® (O,+oo; L2 (Q))ﬂ L’ (O,T; H2" (Q)) , then the smooth solution of problems
(1)-(3) u(x,t) and v(t)=u,(x,t)+eu(xt) satisfy

[, = oy

2 2 _ C |
+|v|" < w(0)e™ +F1(1—e bt).

where =y +au, w(0)=fuf’ o7l o]y
R,, so that

, where constants t, and

2C
||(u v)||E(J ng: Ry(t>1,).

Proof. It is proved that the inner product of v=u, +&u and Equation (1.1)
can be obtained

o

Utt V

D"u

E)(—A)Zm u+B(-A)"u +g (ul),v) =(f(x),v). 3D

_ 3
R Y Y e 62)

g L A R
_Mi VA

v™u v™u

M

L ! "M ( vy z)”VZ"‘u " (3.3)
> 2l o veeuf
By using the Poincare’s inequality, we obtain
(B-a)"uov)= v =(pe(-a)"uv)
2 Dyt L fenuff 2 P L o

2§”Dzmv ? +&:m||v||2 —’BnguDzmu ?
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By using the hypothesis (H;) and Young’s inequality, we obtain the following

estimation
(9(u).v)=(9(u) u+gu) (9(u).u)+(g(u,),eu)
>(9(u).u)-¢g(u || u||
+ (9()8)-<(0(s) o9
1
2(1—6)(g(ut),ut)—a’g§ ||D2"‘u G
1 1
e om 2 0
2(1—8)(g(ut),ut)—7”D2 uf —55
&2 1 2
(fCv) <M< SV + =11 (3.6)
Substitute Inequality (3.2)-(3.6) into Equation (3.1), therefore,
S ot oo | 257 -2 o+ 20
(3.7)

1
2 =~
2 <M+ 20'g?

1
+| 2eu, — pe’ — &7 "Vzmu ‘y <5 .
£ 20'-1

Zle
2

ﬂf”‘ 2 : 7 b
let b= —-&°=2¢, b, =261, - Ps"—¢%,andlet b=min{b,—=, &,
£

1
2 V5
= ||fl| + 20'e7 , then
& 20'-1
w(t)+bw(t) 'B||D2m <c, (3.8)
dt ’
where
w(t) =V + &?ulf + w72 (9)
By using the Gronwall’s inequality, we get
w(t) <w(0)e™ +%(1—e*m). (3.10)
where
w(0) = + &2 | + V2w (3.11)
Then
2 a C N
(u, V) o2 —||D2’“u|| +[v|* < w(0)e™ +F1(1—e "), (3.12)
and
B (Tl amy|P
?IO A™| dt<CT. (3.13)

There are constants t)(Q) and R, we, get

DOI: 10.4236/0japps.2021.116055 753 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2021.116055

G. G. Lin, Y. G. Wang

2

(W, < % =Ry (t>1)). (3.14)

Lemma 3.1 is proved.

Lemma 3.2. If lemma 3.1 holds, and the condition is (H,), set
(Ug, V) € H 2m+k (Q)x HX (Q), k=12, m. fe H* (), then the smooth so-
lution of Problems (1.1)-(1.3) U (X,t) and V(t) =, (X,t)+ eu (X,t) satisfy

[
(w v +— (1-e),
where constants t,(Q) and R, then
2C
(wv)f 2 -

=R:,(t>1,(Q)).

Proof. Set (—A)k V= (—A)k u, +£(—A)k u. It is obtained by inner product of
(—A)k v and Formula (1.1).

px*u(t)] +[D*v(t)] <M (0)e

g 2mk K _|

Hka Hk -

(M (Joul] =) s A1 0+ 9 (u) (-4 V) =( (), ()],
(3.15)
(un,(—A)k v):(v —&u ,(—A)k v) o4t ||D v" ||D"v||2 +,92(u,(—A)k v)
(3.16)
2 d 3~k 2
=2 Lo —eor - S S0 oo
(ﬂ<—A>2”" (-0 V) =B (v-cu). (-a)'v)
=(B(-2)"v,(=A) v)-2B((-A)"u,(-a) )
2ﬁ||D2m+k 2 ﬂ;“z ||D2m+ku 2_&;""@(\/”2 (3.17)
>ﬁ D2y | _8_25 D2k +ﬂ DI
- 3| 2 | 6 " ” )
(M( D"u z)(—A)zm u,(—A)kv)z§%| D2y +g§o|D2m*ku ? (3.18)

From hypothesis (H,), we get
(9(w).(-4)v)
<[g (u)][o*v|
<C, ||D2kv||(1+ g”(—A)k U,

.

<C, ||D2kv||(1+g"Dz"v—gDZku")H

<CiJov](a+efo*v] et ol
<C,[o*v| {1+ £D*v| + £* D]

2
<C, [+ Cie|D?V] +C e [D*v] Dy
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<y, (oo oo
gcs+c4(g+gz),afm*k D" +C,e? 22 D2 ul
Then
(9(u).(-a) V)2 -C—C, (e +2) 2™ D2y —C,e222™ D™
(3.19)
(oar) (v reg o Lo oo

8

Substitute Inequality (3.16)-(3.20) into Equation (3.15), therefore,

T Y

ol I T R LT

+ 26Dl +(268, - pe? ~Coe222m* ) D2 Hu (3.21)
+[£_c4(5+52)wk}| o+ 2 o <M ’
Let o = pi” —-2e-£°2>0,
a, =2&5, - fe* —-C,e? A" >0,
§—04(5+gz)zfm*k >0, and let o= min{al,%,es}, C,= "V;"2 +C,,
then
(;jt M (t)+aM ( .28 | piy <c,. (3.22)
where
t) =Dt + & DAl + 5 ||D2m+k (3.23)
By using the Gronwall’s inequality, we get
M (t)< M (0)e +%(1—e’“t), (3.24)
where
0)= [0 +&7[Ous[f + oD | (325)
Then
[N s =[PP u@) + D ()] <M (0)e +%(1—e’“t), (3.26)
and
g [} [o+[ de<c,T. (3.27)
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There are constants t,(Q) and R, then

||(u’v)|2HZm+kak S&:

R?. (3.28)

[

Lemma 3.2 is proved.

Theorem 3.1. Assume that the nonlinear function M (S) satisfies (H,), (H,),
(Up,u;) € By, f(X)eL?(€), then the Problems (1.1)-(1.3) have a unique global
smooth solution (u,v) < L” ([0,4),E,),and ve L*(0,T;H;"(Q)).

Proof: The proof of existence is divided into the following three steps by Gale-
kin’s method:

Step 1: Approximate solution

Suppose the eigenvector W; of (—A)Zm ; = ﬂjzma)j generates an orthonor-
mal basis for H?", where A; is the eigenvalue of —A with homogeneous Di-

richlet boundary on Q, define k order approximation U, (t):

u, (t) € span[ey, @, & ], Uy (t)=j§k_;gjk (t)o;.

(0 (1) M {Jomu (] J(-aF" w0+ B(-a)" i () + 9 (u,) )

(3.29)
= (f (x), o, )
where 1< j<k,
Uy (0) = vy, Uy (0) = Uy, Ugy , Uy, € SpaN[ey, @, -, @ |-
with in H,
Uge = Ug, Uy = Uy, (3.30)

This system of ordinary differential equations about g (t) can determine
Uy (t) in the interval [O,Ik ] ;need toprove t, =T .

Step 2: Prior estimation

According to the conclusion and proof method of lemma 3.1, (u, (t),uy (t))

is uniformly bounded on E,, then

Ju (1) <R (3.31)
[D?"u, (1) <R (332)
Jlus (1) <R (3.33)

thus it can be seen t, =T , Inequality (3.32)-(3.33) shows U, (t) is bounded in
L”(0,T;H?*"(Q)),and u(t) isboundedin L*(0,T;L*(Q)).

And it’s actually available U, (t) in L~ (0,+oo; H2 (Q)) and Uy (t) in
L (0,+e0; L* ().

Step 3: Limit process

According to Danford-Pttes theorem, Space L* (O,T; H2 (Q)) conjugate to
space L'(O,T; H2" (Q)) ; Space L~ (O,T; L’ (Q)) conjugate to space
L'(O,T; L2 (Q)) , select the subsequence U, (t) from the sequence U, (t), such
that
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uy, (t) — U weakly * converges in L” (O,T; H2" (Q)) ,

U (t) > u’ weakly * converges in L” (O,T; L’ (Q)) ,

Ur (t) > u’ weakly convergesin L (O,T; H" (Q))

According to Pellich-Kohdarachov theorem, H®"(€) is compact embedded
in L° (Q) and L? (Q), u, (t)>u is strong convergence almost everywhere
in L”(0,T) and L*(0,T).

M (||uk (t ||p)—> M (||u (t) "p) convergesin R”.

M (Ju O ((=8)°" u (£), D%"w, (£)) > M (Ju (O )((=2)"" u, (1), D*"w, (1))
is weak * convergence in L (O ).

ﬁ(Vzmu,i (t),Vszj (t)) N ,b’(Vzmu'(t),Vzmwj ) is weak * convergence in

L”(0,T).

(uh (t),a)j ) = (;j—x(uli (t),a)j ) - (u"(t),a)j ) converges in D'(O,T) .

(g (u; (t),a)j )) - (g (u'(t),wj )) is weak * convergence in L” (O,T )

From the Formula (3.30), we get

(u"(t),a)j)+(M (||D’“u||Z))(V2mu,V2ma)j )+ﬂ(V2mu'(t),V2mwj)
+(g(uw).o;)=(f(x).e;)

For Vj,according to the density of @y,@,, -, ®,,--.
(u",p) ( (”Dmu" )) Vi, V) + B(VETU' (1), VE"0) + (9 (U ). 0)
=(f(x).0)

VoeH* (Q) and u (0)—>u(0) weakly converges in L*(Q), and in
H*™(Q).

(3.34)

u, (0) > u(0),
(ug (0),a)j)—>(u',a)j)t70 =(u'(0),e;),

(uc (0), @) = (w0 ),

then (u’(O) O ) - (ul, o ) is satisfied for all j, so that existence can be proved.

Then prove the uniqueness of the solution.
Set U,V be two solutions of the Problem (1.1)-(1.3),let @w=u"—V", then

(Ol Jeaymw-m(forv

»(0)=0,0'(0)=0. (3.36)

@y +ﬂ(—A)2m @ +M (

ca(u)-a(v) -0

” ) v (3.35)

Take the inner product with @, and (3.34).

(a0 +B(-8)" @M (| O] )-2)"v |

(o O )i~V 9(u)-(x)r) -0
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1d
(o, @) =§a"a’t"2 (3.38)

A((-a)" aar) = 2o af. (3.39)

By using hypothesis (H;), there are ||g S ||w <C,, then
(o) -0(4))w) = (g (s)wem)

By using hypothesis (H,), Lemma 3.1 and Differential Mean Value Theorem

[ (oo™ =m (o o -y

<C, |w’ (3.40)

D"u”

:%(M (| D"u" p)E"Dzmw +M (| D"u" (t)"z -M ( D"V Z))(—A)Zm v*,wtj
3rglons s oo oo
“ 2" el ~c, [orufforw]
S B LR
(3.41)
To sum up, we obtain
il < ool ) < SHorof’ < Sl + o)
From Gronwall’s inequality, we get
2
Jwi +/J||D2mW(t)||2 < e#ﬁjllmt ( [w(O)[ + | D?"w; (0)||2) =0. (3.42)

Therefore u” =V, the uniqueness is proved.

Theorem 3.2. [9] Let Ebe a Banach space, S(t):E — E Semigroups satisfy
the following conditions

1) Semigroup S(t) is uniformly bounded in £ then Vr >0, there is con-
stant C(I’), so that when ||u||E <r, thereis "S (t)u”E <C (r),(Vt IS [0,+oo));

2) There is a bounded absorption set B, in £

3) S (t) is a fully continuous operator. That is, semigroups S (t) have com-
pact global attractors A, .

The Banach space E'in theorem 3.2 is changed into Hilbert space E,, there
are the following existence theorems of global attractor’s families.

Theorem 3.3. Under the hypothesis of lemma 3.1 and lemma 3.2, Then there
is a family of global attractor A, (k =1 2,---,2m) for Problems (1.1)-(1.3). That
is, there is a compact set A, c E, < E;, make:

1) S(t)A =A,Vt>0;

2) lim dlst( (t)By, Ak) 0 (VB c E, isabounded set), among

ILmdlst( (t)B,, AK)

generated by Problems (1.1)—(1.3).

)X— y"Ek, S(t) is the solution semigroup
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Proof: It is necessary to verify the conditions (1), (2) and (3) of Theorem 3.2.
Solution Semigroup S(t):E, — E, generated by Theorem 3.1 and Lemma 3.2
to know Problems (1.1)-(1.3).

1) Knowing the arbitrary bounded set B, — E, by Lemma 3.2, have

||(u’v)|2HZm+kXHk < R12 and
2
||S(t)(uo.vo)||5k =||U||2H§m+k(9) +||V||.245(Q) s||uo||2H5m+k(Q) +[vo o SRE (3.43)

where t>0, (U,,Vy) € B,, this shows that {S (t)} (t=0) is uniformly bounded
within E,.

2) Further, about V(U,,V, ) € E,, there is
||S(t)(u0,v0)||ik =l

Then B, isabounded absorbing set of semigroup S(t).

g @ +[VIis o SREHRISRE (3.44)

3) According to Rellich-Kondrachov compact embedding theorem E, c E,,
then the bounded set in E, is the compact set in E,, therefore, the solution
semigroup S(t) is a fully continuous operator. Therefore, the family of global

attractor A of the solution semigroup S(t) can be obtained, where

A =W (By )= US(t)By (3.45)

0<z<t

The theorem is completed.

4. Dimension Estimation of the Family of Global Attractor

First consider the linearization of Problems (1.1)-(1.3)

m||P 2m mlIP mllP ' 2m
U +M 7] (-a)"U +M D] p(Du p)(—A) u )
+B(-A)"U, +9'(u,)U, =0.
U (xt),,=(-A)U(xt)  =0k=1-2m-11t>0, (4.2)

U (x,0)=&,U,(x0)=¢&, (4.3)

where (&,&,)eE,, (u,u)=S(t)(Uy,u,) is the solution of Problems (1.1)-(1.3),
known (Ug,u;)e A, S(t):E—E,canprove V(&,&,)eE,, the linearization
Problems (4.1)-(4.3) have unique solutions
(U0, (1) L ((0:+)E, ).

Theorem 4.1. Vt>0,R >0, the mapping S(t):E, — E, is Frechet differen-
tiable on E, , and differentiate the linear operator of
G(t):(£.&) = (U(t),U, (1), where U(t),U,(t) is the solution of prob-
lems (4.1)-(4.3).

Proof: Set ¢y = (Up,Uy) € Eys ¢ =(Up+&,U,+&,) € E,, then
||¢0||Ek < R,H%“Ek <R, from this we can get the Lipchitz property of S(t) on

the bounded set of E, , that is,

S(t)g - S (t)¢0H2Ek <e“|( @&l - (4.4)

DOI: 10.4236/0japps.2021.116055

759 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2021.116055

G. G. Lin, Y. G. Wang

Set o=0-u-U, then

o+ M ([D"u)(-2)" o+ p(-a)" o =h. (4.5)
o(0)=¢.0,(0)=&,. (4.6)
let s=[vmull.s =|vral
then
h=(M(s)=M (3))(=A)" a+ pM'(s)[V"u[* [Vl [DmU (~a) " u

(4.7)

+g(u)-g(u)+g'(u)y,
Take the inner product of (- ) o, and both sides of Formula (4.5)

|Dk " D2m+k

"+ g™ o _( —A)kot). (4.8)

zal?al Mo

Let U=u-U, according to lemma 3.2, differential mean value theorem and
poincare’s inequality

m, [|P~2

((M(5)-M (8))(-a)" a+ pM"(5)|v"u
- (" (as +(1-2)8)(s-5)(-a)" -+ pM(5)|v"
(M (as+(1-2)s)(v"T, o] ) (-a)" 0 (-a)' at)

+(pM "(s)[V™u (-A)"u,(-A)" o-l)

=L+1,+1;.

v™u(|D™U

(~8)"u(-a) o))
(-8)"u(-a) o))

p-2

V™ull|[D™U

p
v™u

P [vru[|omu

(4.9)
vl o] -a)" a ) o
"‘1)<—A)2““ a(-a)
a4 0.(-a) o)

"‘1)((—A>Z”" i(-4)' )

l, = (M (as+(1-a)s )(Vm
I
:(M"(5)(as+(l—a)§_s))(vmﬁ, m

-M "(5)(1—a)(§—s)(VmU,

V2m+k

v"a

p-1 ~
vTul|  +[[V™a

<c|

[Vonseil
(4.10)

W' (s)( v Vi {2y 0. (a) )
~pM (s)(Vmu+Vm vl ) (A" a(-a) )
M’ (s)(v"a v
(

- pM s)(

) yra,(-a)

)

Q
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<M (s)|veral v vera] i |
+ M (s)[V o] [ [vEna] v |
<C, (|v2’“+kU ’ +|v2’“+ka|)|v2"‘+kat |
(4.11)
1, =—pM’(s)[v™u" [v™u v’“u||( ) a(-a) o)
+pM (s) vy ||( P u,(-A)" at)
= pM'(s)[v ( —VTU-V"e, V") ((-8)" T, (-8) o, )
<o oo el
v toforal” fvrafea
<Cy (| v+ o |)| Vo

It can be obtained from hypothesis (H1), Holder’s inequality, Young’s inequa-

lity, Poincare’s inequality and differential mean value theorem, let W, = U, —U,
(9(u)-9(u)+ o' (u)V(-A) o)
= (9" () wi () o) =(9"(u )W (-4) &) =(9"(w ) (-A) o
(0" ()l (-a) o )~(9' () o () o)
<Cy (V2" Il + V¥ o ) V2" o

Substitute (4.9)-(4.13) into Formula (4.8), then it can be obtained by Young’s

inequality and Poincare’s inequality
8 lao=of +Jo'a )

< C12 (||/lD2m+kO'

i +||Dkq||2)+c13(||ﬂozm+ka

|4)+cl4(|

2
V2m+kwl || )

According to Gronwall’s inequality

[Dfo[ oo <y (&5 ), (419)
When (&4, )”; —0, there is
#(H)-¢(t)-U (1)
el

<Ce®(&., )||ik —0. (4.15)

The theorem is proved.
Theorem 4.2. Under the condition of theorem 3.3, the family of global at-

tractor A, of Problems (1.1)-(1.3) have finite Hansdorff dimension and Fractal
2 7
dimension, and d,, (Ak)<?n d (Ak)<?n
Proof: assume ¥ =R.® = (u,v) D =(uv,),v=u +eu,
T . . . .
then R, :(u,u;) —(u,u +e&u) isanisomorphic mapping.
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Linearize Equation (4.1)

Y o+AY+T(P)=T. (4.16)
¥ (0) = (U, Uy +6U, ) (4.17)
where ¥ ={u,u +eu}’, F(¥)={0,g(u)} , F={0 f(x)}
el -1
_ _ m P
A=AMY)=ly { A2u —gﬂ] A" g fAT gl | (4.18)
p
Y, =F(¥)=f-A¥-7(¥). (4.19)
R=F(¥)P. (4.20)
P+A,P+h(¥)=0. (4.21)

where P ={U U, +eU }T ,g_t(‘I’) P= {0, g, (u )V }T. Uis the solution of (4.16).
For a fixed (UyV,)eE,, Let &,&, & be n elements in E, . letting
U, ('[),U2 ('[),"-,Un (t) is several solutions of linear Equation (4.1) with initial
value of U, (0)=¢,U,(0)=¢,,---,U, (0)=¢,. Available by direct calculation
U, (©) AU, () A AU, (O],
(4.22)
JaAsA-AG [ e[ uR (¥)Q, (7)or).

where A represents the outer product, # stands for trace, Q, (2') represents
the orthogonal projection from E, to the subspace generated by
U, (1)U, (1)U, 1).

For a given moment 7, let W, (‘r) = (51 (T),T]J— (r
dard orthogonal basis of space U, (t),U,(t),---,U,

Define the inner product over E,

((¢.m).(€.77))=(D*"*&,D*™*&) + (D7, D*7). (4.23)

))T ,J=12,---,n Dbe the stan-
(t)

To sum up, there are

trF, (¥ (7))Q(7) = Z(Ft (¥(7))Q. (7)w; (7)., (‘r))E . (4.24)

(A o, o, )Ek

Chad

:((ggj—nj,(w

= e[| +(|v| |

D"u

z —,Bg) AE 452 +DE + fAY, —en, ),(5j 1, ))

D"u

Z _ﬂg_l)(DZerksgj’Dzmknj)

+82(Dk§j’Dk77])+(DkD§j,Dknj)+ﬁ||D2m+k77]||2 —8||Dk77j||2
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> 2|07 & [~ (M - e -1) [0 & | D2, |+ B[ D7,
—elon| -5 ID““ 4 [Ip*nl

-] IID"“ P e R

e ghomal (4 2ol Aol

2,1”‘ (|D2m+k§J" +||Dk ") Ci
2 C m+ 1 m i
s kfju“[(?—z)% iz Jol
i
_% bz, [

(4.26)

j ﬂﬂ«JT & j

Present hypothesis {Uy,U;} € A, according to theorem 3.3, A is a bounded
absorption setin E,.
w(t)={u(t),u (t)+eu(t )}e D(A); D(A)={uev,AueH}, thereis
s€[0,1] with mapping h :D(A)— p(v,,H)

R, = sup |A <o, (4.27)
(w,n7)eA
SLI‘K i ‘|gl (u, )|p(VS’H) <R<m, (4.28)

where ”gt )o, 77]" satisfy

"gt a) 1 " < I’”a) " (4.29)
Comprehensive the above contents are as follows
(o) =-a{Jo +lotn [ )-Sfer
(4.30)
<5l al +lotnf )+;nsju -
where
o=+, +|ota [ =1 (431)
g(ﬁ(w(r))a;j (r),wj(f))Ek S_E L||§J || (4.32)
Almost any t has
<Sa (4.33)
=
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So
na rt ..
TrFl(l//(r)Qn(r))s—7+E A
j=1

Set

g, (t)=sup  sup <1[1jtrFt(s(r)t//o)Qn(r)]dr.

WOEADJEEK,‘DKI“ 0

gy =limsupaqy.
It can be known from (4.32)

na rxt o,
q <——+—2 A
) 2% !

(4.34)

(4.35)

(4.36)

(4.37)

Therefore, the Lyapunov exponent (je N) of By, isuniformly bounded

n-1
L+ py ot g, < —E+£Z/1j5’l.
2 24

From the above knowledge, thereare n>1 and Se [0,1] ,

na ryt ryt na
) <——+ YN st =
(9). 2 +2Zl J 2; N

na r =2 5na
<——1-—S" 5t <=2
% 2 [ z ! j 14

na =
So
max(qj)+ L2
1<j<n |qn| 5
Thus, we can get the conclusion
2n n
dy (Ak)<?’dF (Ak)<?
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