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http://creativecommaons.org/licenses/by/4.0/ Guoguang Lin and Sanmei Yang [1] had studied the existence and uniqueness of

(@O} Open A
the solution and global attractors for the higher-order coupled Kirchhoff-type

equations. Furthermore, we consider the Hausdorff dimension and Fractal di-

1. Introduction

mension of the global attractor for the following Hinder-order coupled Kirchhoff

equations:
Uy (|Vu|| +|vvf ) ) u+B(-A)"u, +g,(u,v)= f,(x), (1.1)

v, +M (||Vu|| +|vvf ) )" v+ B(-A)" v, + 9, (u,v)=f,(X), (1.2)
u(x,0)=uy(x), u (x,0)=u,(x), xeQ, (1.3)

V(%,0)=v,(x), v (x,0)=v,(x), xeQ, (1.4)

u,, =0, %:o, i=123.,m-1 (1.5)
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v =0, &Yoo, 12123 m-1 (1.6)
ov

o

where m>1 is an integer constant and Q is a bounded domain of R" with a
smooth Dirichlet boundary 0Q and initial value. z; and v, are the unit outward
normal on 0Q, M(s) is a nonnegative C' function, (-A)"u, and (-A)"vy,
are strongly damping, g,(u,v) and g,(u,Vv) are nonlinear source terms, f,(X)
and f, (X) are given forcing function.

When considering single Higher-order Kirchhoff-type equation,
p= G("Vmuuz) , 9(u,v)=0 and m=1 in M(s), becomes following High-

er-order Kirchhoff-type wave equation with nonlinear strongly damping:

Uy +a(|Vmu 2)(—A)m u, +¢(||V"‘u||2)(—A)m u=f(x), (1.7)
U(X,t)=0,%=0, i=1---,m-1 Xe@Q,te(0,+oo), (1.8)
u(x,0)=uy(x),u (x,0)=uy(x), xeQ. (1.9)

This equation had been studied some main results that are existence and uni-
queness of the solution in H?"(Q)xH{ (Q) and global attractors by Yuting
Sun, Yunlong Gao and Guoguang Lin, see [2].

In case of =1 and m=1 in M (S), the Equation (1.1) becomes a High-
er-order Kirchhoff-type equation with nonlinear strongly dissipation and source

term:

m 2
un+(—A)mut+M[H(—A)2u ](—A)mu+g(u):f(x),XEQ,t>0,m>1, (1.10)

u(x,t)=0,a—u.=0,i=1,---,m—1, XedQ, xeQ,t>0, (1.11)
ov'

u(x,0)=uy(x), u, (x,0)=uy(x). (1.12)

This equation had been investigated the existence and uniqueness of the solu-
tion, global attractors and estimation Hausdorff and fractal dimensions of the
global attractor by Chen, Wei Wang and Guoguang Lin, see [3]. As for the study
of estimation Hausdorff dimension of the global attractor, we applied different
method from theirs.

Under the situation of =1 and M(s)=(a +,B|Vmu z)q, the problem (1.1)
becomes a class of strongly damped Higher-order Kirchhoff-type equation:

U, +(-A)"u, +(a+,8||V"‘u||2)q(—A)mu+g(u): f(x), (x,t)eQx[0,+0), (1.13)

u(x,0)=uy(x),u (x,0)=u,(x), xeQ, (1.14)
u(x,t)=0,%=0, i=1---,m-1 Xe@Q,te(0,+oo). (1.15)
14

This equation had been studied the existence and uniqueness of the solution,

global attractors and estimation of the upper bounds of Hausdorff for the global
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attractors and the existence of a fractal exponential attractor with non-supercritical
and critical cases by Guoguang Lin and Yunlong Gao, see [4]. Their novelty is that
V™u

2\4
it overcomes (a + ,B| ) by using generalized Gronwall’s inequality in Lem-
ma 2.
Next, the main purpose of this paper is to study a precise estimation of upper

bounds of Hausdorff dimension and Fractal dimension of the global attractor.

2. Preliminaries

To better carry out our work, We denote the some simple symbol, |||| represents
norm, (,) stands for inner productand H"(Q)=H"(Q),

HZ' (Q)=H"(Q)NH;(Q), HE"(Q)=H™(Q)"H;(Q),

fi=f(0)(i=12), H(©Q)=(Q), H=e> H.=H.» v=vul vy
¢ (i=1--), s(i=0,1) areconstants. A" is the first eigenvalue of the operator
(-a)".

Next, we give some assumptions needed for problem (1.1)-(1.6).

(H1) M(s)eC?(Q),M’(s)=S,>0. (2.1)
o, i(|le9 ? +|Vm0' 2)20,
(H2) 0< <M (0)< s, p= gt 2 2 (2.2)
7 a(|V"‘0 +||V"‘a|| )< 0,
(H3) VM >0, there exists ki, k,, such that
o (0.9) - 0 (0.9)]. < (Ja-ulf <o -v["*). ey
o0 (0.9)- gy (). <k Ja=u" <7 ). @
g (u,v)eCH(Q). (2.5)

Lemma 2.1. (Young’s inequality [5]) Forany ¢>0 and a,b>0, then

ab<f ar 4 (2.6)

where l-i—lzl, p>1q>1.
p q

Lemma 2.2. (Gronwall’s inequality [5]) If Vte [t0,+oo), y(t) >0 and
3—¥+ gy <h, such that

y(t)<y(t)e s, (2.7)
g

where g>0,h>0 are constants.

Lemma 2.3. (Sobolev-Poincare inequality [6]) Let’s be a number with

2<s<+4o,n<2m and 2<s< ,n>2m. Then there is a constant & de-

pending on Q and ssuch that
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Jul, <k|(-)z ul, vu e HE (). 25)

3. Hausdorff Dimensions and Fractal Dimension for the
Global Attractor

3.1. Differentiability of the Semigroup

We denote E; =H™xH"xL”xL?. The inner product and the norm in E, space
are defined as follows:
Vo =(U Vv, P, 0) € Eg(i=1,2), we can get

((011602)50 :(VmUmeUz)+(VmV1’VmV2)+( P P,)+(0,,0; ) (.1)
e, =(Z<"1’¢1)Eo 2 (3.2)

m m 2 2

=V u1| +|V V1| +||p1|| +||ql|| .

Setting V¢ =(u,V, p,q)T eE,, p=U,+é&u,q=V, +¢&Vv, & >0, the equations (1.1)

and (1.2) are equivalent to
g, +H(9)=F(9), (3.3)

where

mo | (3.4)

0
0
PO (1M (0))(-a) u— g, (uv)+ £, (x) | (3.5)
(1=M(v))(-A)"v=g, (u,v)+ f,(x)
Lemma 3.1.1. Vo =(u,v, p,q)T € E, , we can get
(H(0).0)g, 25l + 2ol + £ vl (3.6)

Proof. According to (3.1)-(3.5), Holder inequality, Young’s inequality and Poin-
care inequality, we can obtain
(H(0).0),,
= (ngu -V p,Vmu) +(gV'"v—qu,V"‘v)+(—gp +B(-A)" p
+e2u+(1-58)(-A)"u, p)+(—gq +B(-A)" g+ ev+(1-28)(-A)"v, q)
v™u v"'p

=&

AVl
+&° (U, p)+&° (v,q)—5B(V"u,V"p)-£B8(V"v,V"q)

"solof -l -l + 5
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vy 2+€||va||2 —€|| p||2 —sIIQI|2+ﬂ veof
2 2
ol e
A (3.7)
Blgm 2
EL B
2 2 2
z(g— a _ﬁi} Vmu2+[5— ¢ ]||v o +£fomof
22" 2 22"
B om ’
Lo o[ oL o 4 +(—e——juqnz
& 2 m m ﬁ m 2
> ([ + [ +lplF +lalf )+ £ 7ol +£]va
£ 12 Bgm
2 2lole, + 41770l + 4177l
The proof of Lemma 3.1.1. is completed.
The linearized equations of (1.1)-(1.6), the above equations as follows:
U, +M (0)(-A)"U +2M'(0)(VU,Vu)(-A)"u 8)
+2M(0)(VV, W) (=A)"u+ B(=A)"U, + gy, (UV)U + gy (UV)V =0,
V +M (0)(-A)"V +2M'(v)(VU,Vu)(-A)" v (39)
+2M(0)(VV, W) (=A)" v+ B(=A)"V, + Gy (UV)U + Gy (U V)V =0,
U(xt),_, =0U(x0)=¢,U,(x0)=&, (3.10)
V(%)) =0V (x0)=m,V,(x0)=7 (3.11)

where (&,71,&,,1,) € Eqg, (U,V,u,,V, ) =S (t)(Ug, Vg, Uy, V, ) is the solution of
(1.1)-(1.6) with (Ug, Vo, U;,V,) €A
Given (Uy, Vo, Uy,V;)€A and S(t):E; — E,, the solution
S(t)(Ug, Vo, Uy, V;) € Ey by stand methods we can show that for any
(&.1.&,.1,) € By, the linear initial boundary value problem (3.8)-(3.11) possess

a unique solution:
(U (1),V(1),U,(t).V, (t)) e L" ((0,+); ). (3.12)

Lemma 3.1.2. For any t>0,R>0, the mapping S(t):E, - E, is Frechet
differentiable on. It is differential at ¢, = (uO,VO,ul,Vl) is the linear operator on
Fi(&m &) —(U(t).V(t),P(t),Q(t)) ., where U(t) and V(t) are
solutions of (3.8)-(3.11)

Proof. Let ¢, =(Ug,Vo,Up,V;) € Egy By =(Ug + & Vo +70,U + &,V +17,) € By
with ||ng||EO < R,||¢~7||Eo <R, we define (u,v, ut,vt) = S(t)(po,(U,V,Ut,Vt): S (t)(ﬁo.
We can obtain the Lipchitz property of S (t) on the bounded sets of E,, that is

"S (t)% =S (0(50"; <et "(511 My S0l )||2E0 . (3.13)

Let #=G-u—-U and o=V-v-V aresolutions of problem
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O +M (V) A9+ BATG, =h, (3.14)
o +M (v)A"c + A"0, =h,, (3.15)
6(0)=6,(0)=0, (3.16)
o(0)=0,(0)=0, (3.17)

with
h =(M (v)-M (0))(-A)" a+2M’(v)(VU,Vu)(-A)" u

+2M " (0)(VV, W) (=A)" u+ g, (u,v) =g, (0,7) + gy, (u,v)U +g,, (U,V)V,
(3.18)

h, =(M (0)-M (5))(-A)" 7+2M(0)(VU,Vu)(-A)" v
+2M " (0)(VV, W) (-A)" v+3, (u,v) =g, (0,7)+ gy, (u,v)U +3,, (u,v)V,
(3.19)

where v = ||Vu|| + ||Vv|| ||Vu|| + ||Vv||
Taking the scalar product of each side of (3.14) with 6, . Because of

(Vu,Vu)=(Vi-Vu-Vi,-Vu) = —(Vi-Vu,Vu)+(Va,vu).  (3.20)
(V0G,Va)=(Vi-Vu+Vu, Vi) = (Va-Vu,va)+(Vu, V). (3.21)
So

(Vu,Vu)—(Vva,va) =(Vu-Va,Vu+Vva). (3.22)

(
(M (0)-M (5))(-A)" d+2M " (0)(VU,Vu)(-A)"u
+2M'(0)(VV, Wv)(-A)"u,6,

=(M"(6v+(1-0)0)(v-5)(-

=M’ (6v+(1-6)5)((Vu,Vu)-

A)"0+2M'(0)((VU,Vu)+(VV, W))(-A)" 0,4,
(Va

Va,Va)+(Vv, W)~ (V4 V9))((-4)" 0,6,

=M’ (6v+(1-0)5)((Va,Vu+ Vi) +(VY, Vv+Vv))(( A)" U,Gt)

(V. W))((-2)"u.4,)

=[ '(Bo+(1-6)5)((Va,Vu+Va)+(VV, Vv+Vv))(( )G,@t)

(
(
+2M'(0)((VU,Vu) (W, W))((-4)"u.6)
(
+2M’(0)((VU,Vu)+(

M’ (v)((Va, Vu+ Vi) + (V\?,VV+VV))((—A) a,et)]

+[ M (©)(va,vu+va)+ (v, v+ Vo)) ((-a)" 6.4

+=2M(0)(VU, Vu) + (VY 7)) (-a)" 0.6,

+2M'(0)((VU, Vu)+ (W, W) ((-4)" ”'Q‘)J

((
)
~2M'(0)((VA+ V0, Vu)+ (V0 + Vo, W) ((-4)" 0.6 |
(
)
+ 13,

=l +1,
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I/\

<

<

(3.23)
L= (M(00+(1-0)5) - M’ (0))((Va, Vu+ V) +(Ve,Vv+ V9)) ((-4)" 0,6,

M”(£)(5-v)((Va,Vu+ Vi) +(VY, VV+V\7))((—A)m 0.6)

I/\

(&) (Iaflivu+va]+[vefvy+ val)* v

<2M"(¢) (||Vu|| [Vu +Vu|| +||Vv|| [Vv+vi| )

vrdl (vul+|val)* +

v

<22 (¢)

i (fov]+[val)*)|7a

(3.24)

I, =M (0)((V0,Vu+Va)+(V¥, W+ V9))((-4)" 0,6

~2M'(0)((Va+V0,%u)+(VV+Vo,W))((-4)" 0,6,

=M’ (0)((Va,va)+(Ve,W))((-4)" 4.6 )

(0)((Vo.vu)+(Vo, w))((—A)"“ 0.0,

)(Ivalf +[velf )vraffve|
~2M'(0)((VO,Vu)+(Va,v))((-A)" 4.6, )
(IIVGIIZ Vol
vyt |v| ()(|vefivu]+

0)((VU,Vu)+(WV,W))((-4)" 0.6,

2M’(v
2M(0)((Va-Vu=V0,Vu)+(Vi-Vv-Vo,W))(V"a,V"4,)
2M (

—2M
'(v)

IA

M'(v

(3.25)

+[|V"o V"

[vv])

A’ ||

J([Vallvul+vel|vul+ Vel + v ollv])jv"a

v'a

21, 2 M '(v)(

[vu +||v

a""Vv") v"a
) m
" )

vl voul+[vra

)

277 M ’(U)(

2 2
+( "l +(V™u )

ofivul(
v

t

+|V"o VTul[+|V™a

(3.26)

where UG=u-0,Vv=v-V.

By (H3) and Young’s inequality, we can get

(9
=(9
(9
=

— 0, (0,9)+ gy, (u,V)U + gy, (u,v)V,6,)
(u v) 9, (0,9)+ gy, (u,v)(G—u—0)+g,, (u,v)(I-v-0).6,)
(U V) =g, (0,9)+ gy, (u,v)a =gy, (u,v) 0+ gy, (u,v)V =g, (u, )a,et)
9, (u,v) =g, (0,v)+9, (0,v) - g, (0,9)+ gy, (U,v) T+, (U,V)V,6,)
+(-9u (uv)0 -9y, (uv)0,4,)

/\/\
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= ((glu (U,V)— glu (f,V))G-ﬁ-(gl\, (U,V)— glv (U'n))v’gt)

+(~0y (UV)0-g, (uv)o,6,)
<Jow ()= gu (£ [alE]+] gu (uv) - g, (G.1)]... V] e1] (3.27)
0y (V) e+ | g (u V)] Il

|k |k ~ [k + 2
< ]+ ke (™ (Il o) + 191" e+ Co Ol + 1007 +C o

+

By using Young inequality, we can get

h s&"vmu —vmg’ +&||vmv—vm\7 * 1 Cavralf + S ool
£ £ £
e jomat2 m-l2k+2 5 2 m|[2k+2 2 2 (3:28)
+T"V 61" +Cy V™ +Z||49t|| +Cy ||V v" +C, |6 +Cs o] -
From (3.23)-(3.28), we have
D10+ M (0) L fvmaff scg("vma"“ +[vme| +[vra] +|vro 2)
dt dt - s i (3.29)
+ (Va7 e <[ ).
Take the scalar product of each side of (3.15) with o, . Because of
Lol + M ()S"o] <ca[vna] < [vnoff +[7mef +[v7off)
(3.30)
+C, ("va 2k+2 +lvme 2k+2 +||9;||2 )
Summing up (3.29) and (3.30), we have
{16 1o + a(|vel +[vof))
<Cp, (||9t||2 o +,u( vl +[vre 2)) (3.31)
e 4 _|12k+2 _||12k+2
+Cy, (”V"‘u" +|V™V +||V"‘u Y )
By using Gronwall inequality, we can get
[+l + w(fvmel +[77o
t 4 4 2k +2 2k +2
< C e O( vea| o]+ vral et + v )dr
2
<C e [(”V”‘;"Z vl + &+, ||2) (3.32)
" 2 m 2 2 5 k+1
+(lalf vl +ter |
< Cpe%! (Il(él,m, o )i, +l(&ms &) ZEZZ)

where C,,C,,C,,C,, >0.

From (3.32), we can get
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[6()-0(t)-BOL,
‘(fl.mléﬁzf 2

Czoecmt (
<

Ep

(51'7711521772)T

(51’771v§21772)TH; +‘

2
)

(§1v771’§2’772)T £,

2k+2)
Fo (3.33)

(511771’6&2’772)T Z:j—> 0,

(§1,771'§2’772)TH;

<C,e™ O

here
B(t)=(U(t).V(t).U,(t).V, (1)) (3.34)

As (&m,&.1m,)" =0 in E,. The lemma 3.1.2 is completed.

3.2. The Upper Bounds of Hausdorff Dimension and Fractal
Dimension for the Global Attractor

Consider the first variation of (3.3) with initial condition;
, T
Wi+ p(p)¥ =T, (p)¥Y+I,¥",¥(0)=(&,m.6.m,) €Ept>0, (3.35)

where ¥ =(U,V,P,Q)" €E,,P=U, +sU,Q=V,+&V and
=(u,v, p,q)T € E, are solutions of (3.35),

gl 0 -1 0
0 ¢l 0 -l
p(o)= Lo ¢ ol (3.36)
0 & 0 &
0 0 00
. 0 0 00 G )
Yl -0y (uv) =gy (uv) 0 0 ‘
~Go (UV) =gy, (uv) 0 0
r,=(0 0 ¢& &), (3.38)

where ¢ =& +(1-p¢)(-A)",&, =—¢l +B(-A)",
& =[1-M (v)](-A)"U =2M’(0)(VU,Vu)(-A)"u-2M’(0)(VV, W) (-A)"u,

&, =[1-M(0)](-A)"V =2M'()(VU, Vu)(-A)" v=2M'(0)(VV, V) (-A)" V.

It is easy to show from lemma 3.1.2. that (3.35) is a well-posed problem in
E, , the mapping S, (r):{uo,vo, p1'Q1} —>{u,v, p,q} , where p, =u,+eU, ,
=V, +&V»

P=U+&eU, q=V, +&V.
go(r) = {u (z’),v(r), p(r) =Uu, (z’) +eu (T),q(z') =V, (2') + ev(r)} is Frechet dif-
ferentiable on E, for any t>0, its differential at ¢, ={Uy,Vy, P, is the
linear operator on E, (51,771,52,772)T —)(U (t).V (1), P(t),Q(t))T , where
(U (t).V (1), P(t),Q(t))T is the solution of (3.35).
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Lemma 3.2.1. For any orthonormal family of elements of (EO," ||E0) ,
T

(é:lj’égzj)T’ (771ja772,-) ,J=12,---,n,, we have

n |4 2 n
SIATE | <2 utvelo), (3.39)
j=1 j=1
n |1, : ny
2|Am| <23 pit vel01), (3.40)
= j=L

where { u, }:jl is the eigenvalue of (-A)".
Proof. This is a direct consequence of lemma VI 6.3 of [7]

1-
Theorem 3.2.2. If we take proper ,,S satisfy %+ 2K A, ™R? Sg and

(H1)-(H3) hold, then there exists p(R,)> 0, such that the Hausdorff dimension

and Fractal dimension of global attractor A in E, satisfies

. 1 £
d, (A)<mininn e N,=> 0t <=1, 3.41
H( ) {1 h nljz:;,ﬂ, 4,0} ( )
de (A)<2n, (3.42)
where R; isasin[1],and
(n—2)(P—1)—2’ n Sngn+2m,n22m’
5= 2 n-2m n-2m (3.43)
O,n<2mor0<r< n ,N>2m,
n-2m

here i=12.

Proof. Let n, e N be fixed. Consider n; solutions ‘Pl,‘l’z,---,‘{’nl of (3.35).
At given time 7, let Q, (¢) define the orthogonal projection in E, onto
span{W,, ., W, | . Let y,(s)=(&;.7m; &;.77,;) €Ep j=12,-,n, be an
Orthonormal basis of

inEOZSpan{\Pj[!\PZI'”v\Pni}v (3.44)

with respect to the inner product (,). and norm ||||EO .

Eo

Suppose
o(7)=(u(7).v(2), p(z).a(z)) €A, (3.45)

then ||¢(r)||EO£MO,Vs>r.By "yj"E =1 and Lemma 4.1.1, we can get
~(plo(9)y,(5).,(5)),, =54 4

(12 (0(8))y, (513, (9),

(=0u (W V)& = Gy (UV) 5.5 )+ (=0 (U V) G5 = G (UV) 557, )
(—glu (Uv)&. & )+ (—glv (uv)my. &, )

+<—92u (V) &) )+(—ng (u,v)m; "721)

Vil (346)

Vmgzj"Z _
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"Gl

¥

Af%(gm(uxv)’hj)

< A’%(glu (uV)& V7% +

(3.47)

A 2 (92u (U V 51] gZu (U V 771]

"V 03]

where A=-—
By the hypothesis (H4) in [1], the mean value theorem and Sobolev embed-

ding theorem:
Hy" (Q) < D(AZKJ cH™(Q)c'(Q)c L2 (Q)c LY (Q)cH™(Q), (3.48)

where £=l—m,l i—l xke[0,1).
g 2 n gq ¢

Thus, by Lemma 2.4. in [1] and (3.47), for n=1,
HP* (Q) e L (Q) e L(Q) e H ™ (Q) = (HI (@) (3.49)

There exists Cy; (R;),Cys (Ry),Cys (Ry):Cyy (Ry) >0, such that

A*g(g1u (uv)&;)|<Cy L <Co (Ro)|&] (3.50)

glu (U, V)élj

<Cy

A_E(glv(ulv)nlj) glv(ulv)ﬂlj o SCzA(Ro)”ﬂlj”’ (3.51)

Af%(gm (U'V)glj) ! SCZG(RO)"é:lj"' (3.52)

<Cy |9y, (U:V)fu

Ro) | (3.53)

Af?(gzv (U’V)ﬂu) <C,

gz\/(uvv)’hj 2 <G,

For 1<n<2m, by HJ(Q)cLl(Q)cH™(Q)c(HI(Q)),q>0, there
exists Cyy(R;),Cs, (Ry).Csy (Ry ), Cs6 (Ry) >0, such that
N

A7 (9 (V)& )1 < Can 0, (V)& | 2 < Co (Ro) . (3.54)

A% (g3 (u9)77,)| < Ca o ()52 < Coa (R | (3.55)
A (G2 ()&, ) < Ca o (W14, £ <Gy (Ro)[- (3.56)
m(gzv(u V)75 )| < Cas | 9 (U0V) 35 | 2 < Cag (Ro )y |- (3.57)

For n>2m, by (H4) in [1] there exists C; (R,),C(R,),Cs(R,),Cso(R,)>0,
such that
A2

Ms
A2°E (3.58)

(glu (u, V)gu) Y (U'V)‘flj”Lnfznm <Cy (Ry)

DOI: 10.4236/jamp.2017.512197 2421 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2017.512197

G. G. Lin, S. M. Yang

m

Ai?(glv(u’v)nlj) < g1v(ulv)’71j

m m
_m Ms
2 (92u (u, V)é]) 92y (u’v)é:lj"l_%l <Cy (Ro)|[A2 &,
_m m
A? (gZV(u’v)nlj) 9a (U V)’h," <Cyo (R )[A2 12y
From above, we have
(Fl(‘ﬂ(s)) y;(s).y; (S))EO
C ms m C ms m
S% AZ GlIA% & +T42 AZ il A% S,
C ms m ms m
+T43 Az &A%, +% A il A%y
my m my m
SC45( A? §1j Azfzj +|A2 Thj A2§2j
m, m m m
+HAZ Gl A my |+ A |l A2 |

where C,, =max{C,,,Cy;}, C, =max{C,,Cyq}, Cu=max{Cy,Cy},

Cho =Max{Cy,Cy},
C45 = maX{C41’C421C43’C44} .

According to Lemma 2.4. in [1], we can get

(T2 (2(9))¥,(5).v;(5))
= (l_ M (U))(Vmélj V'S )—ZM

(1M (0)) 27
—2M(v)4 E((Vfu Vu)+ (V. V) ) (V7Y )

)74 |

(Vmﬂlj -vmﬂzj )

m
Q2

< (1) 27 |77, e 22 Rim

(1) [ 2R

Sl—%gg(

"l Ol el )

+AMIRES A2 (2

Vo, ||2)

"l 2|+ 2l

m
2

1
2“012 + 2, MRS A2,

where g, € [0,1] .

L%1SC38(RO) A? il

(3.59)

(3.60)

(3.61)

(3.62)

'(u)((vglj Vu)+(Va, ,W))(Vmu,vmgzj )

V" ulllel+ e )

("V 511"”’721" "V ’711""’721")

(3.63)
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1f (&, +[n;[ =0 then P, s-%nl, g, <0.
By Lemma VI 6.3 of [8], Young’s inequality and existing 4,,S, satisfying
1-py +4S,4, m+1Ro2 /12 ﬂ
2
if ||§2j||2 +||772j "2 =r=0, then

pnl<s>=i(—p(w(s))m(w(s))wz<¢><s>>y,-(s>,y,-<s>)E0

j=L
B+

/1j —fs 0, we obtain
8

A2 681] +§|Vm§2j”2

m
< Z |
=1

8045

m
2

A

+

7721" ] 2”‘)/12 +22, " RIS A,

m
2

N\B

N
Z(l “0/12 + 2, ™R2S 4]

57l e )- 8} e

B SJ 32c§5

m
2

r—
1y

oo|m oo|m

L]
Z(l “0/12 + 24, ™RS4

=1

2 P& 51
<—Zn + 53 4,
g " 2%”’

(3.64)

2
where 0<r£l,p:%.

If —> /1" 1 hold, then
4p 0y JZ—;‘

5-1
dp, _Ilmlnfsupsup sup I pnl )ds< pn{g——Zﬂ ] <0. (3.65)

t=0 7eR ®cEy w(T)EA 1 j=1

Thus, by Lemma 4 of (S. Zhou, 1999 [9]), we obtain (3.39) and (3.40). The proof

is completed.

4. Conclusion

In this paper, we study estimation of the upper bounds of Hausdorff dimension
and Fractal dimension of the global attractor for a class of Higher-order coupled
Kirchhoff-type equations. In the process of research, we have avoided further re-
striction by taking the overall treatment of M (s) item, thus making the appli-
cation of this model more extensive. Although the theoretical derivation of the
beam vibration model is not combined with the application in real life, it is ne-

cessary to combine with practical application to further study.
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