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RAMERS

Abstract

In this paper, we try to study the global attractors for a Kirchhoff-type plate equation
with strong damping and memory. Consequently, we introduce to prove the existence
of a bounded absorbing set and asymptotic compactness of the semigroup by combining
the prior estimate with the contraction function. Ultimately, we obtain the existence
of the global attractors.
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1. 5]

AR B B A D2 A 58 B JE /Y Kirchhoff B4R 75 2

U + A%u — M(||Vul|?)Au — Auy + k(0)A%u + [° K (s)A%u(t — s)ds

+0f(ur) = g(u) + h(x), reQ, t>0,

u(z,t) = Au(x,t) =0, r eI, t>=0, W
u(z,t) = uo(x,t), u(x,t) = Opuo(z,t), e t<0

WG T IAFAENE, Hrh Q ¢ R™ 2 RGBT 0Q WA FIT X, —Aw, A5mfEJETI, k(-) T
JEE(0) > 0, k(00) >0, f(u)(0 < & < 1) NN, g(u) &—MIELMERSL, h(z) € L2(Q).

BREL M (), f(), g(-) 73l 2 an MRk
(1) BB M () W2 IR s € RT, H

M(s)=s%, VYm > 1. (2)
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R A

(2) BB f(-) € CHR) FFH. f(-) A& ERITIEIG, W2

f(0) =0, 3)
l‘uln inf f'(s) > 0, (4)
[f(s)l < CL(1 + |s|), Q)
Hptin>50, 0<p< 2, ¥n <48, p=0.
(3) L g(-) € CH(R), Wi f2:
(a) MM
19'(s)] < Co(1+ [s|"71), (6)
Hhtin <4lf, ¢g=1; Zn>40, 1 <qg< 2,
(b) FEHUMEZAT
lim sup @ < A, (7)
|s]—o0
Hoay /2 A2 B8 — M IERFIEE.
RS2k (1], o T 284
77t(957 S) :U(l‘,t) —u(x,t—s). (8)
5 u(s) = —k'(s) HH k(oo) = 1, WL (1) ALk
g + 20%u — || Vul| " Au — Au, + /OO w(s)A%n'(x, 8)ds + 6 f (u;) = g(u) + h(z) 9)
0
il
Ne = —Ms + Us. (10)
XF L EL IR A 251
u(z,t) =0, red, t>0
n'(z,s) =0, (r,8) €N XRT, t>0
u(z,0) = up(z), z € (11)
u'(z,0) = uy (z), x €N
n°(z,s) = mo(, s), (z,s) € 00 x RT,
Hrp
uo(z) = uo(x,0),
uy () = dyuo(z,t) |i=o, (12)
no(x, s) = uo(z,0) — uo(z, —5).
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(9) AAICIZAZ R EL () W52 T HIMERR

p(s) € CHRY) N LY(RT), (13)
pu(s) = 0,4/(s) <0, (14)

/OOO pu(s)ds = 6, > 0, (15)

1 (s) + d2p1(s) < 0. (16)

) (1) Y8 TSR B, e T B AR P sl VY BRL s AR, IF LSS 1 B sk A )
HRE AT R S AR R Bk B, IXFHE U H Kirchhoff B4 TE H Woinowsky-Krieger 75 3CHR [2]42
s, PR LK 1, Wit E AL T X — Bl BTy R R B AR

EI H EA [
Ut + 7@%931::6 - (; + 2,0l/0 |uz|2dx>um:r = 07

Heh H = 242 B FRWIRBE, A FRORBERTHAR, A SRR (K5 12 9 i [ B2 T S ) &, T 3%
INFEBRTH ) B 2150, p KRB, H Rox B L g, Wil H > 0, MERIRK I, X200
SR PR B AR AT AR M R I P IO TR 46 T Ball 7530k (3] R e T2 FE R e . B S, X
MR [AJFIFFC T L 2R R — R WA 2 A T (403 e

T BA B2 Kirchhoff BB 7 FE, 20114F, LAZOTEXC [5])# Jaiz Fl 4 #i i) Galerkin J5
IR T B2 B Kirchhoff 77 758 544 55 i i A7 78 1tk

T
wyy — M(||0u]|®) Au + / g(t — 7)Au(z, 7)dT = 0.
0

SCHR [6)0F 50 T RS U AR S M RE Je 10, BRIV BEJE 15T LA Ze 1 R B A T8 T i sl 7 R 1 R A
W51 IR A AE

wy + a(x)g(u) + Au — KoAu — /00 K'(s)Au(t — s)ds + f(u) = h(z).
0
BT, SC[7T)HAE T BA R A SR e AR AZ T Kirchhoff 3% 7 72 4% R W 51 - A7 78 14 DL S T 44
uy — M(|Vu|?)Au — Auy — k(0)Au — /OO K'(s)Au(t — s)ds + 6 f(ur) = g(u) + h(x),
0

Hp M(s) =s% (m>1).

R FER R ST TR, N HA4E Kirchhoff BUAR 7 FEIIA DG 45 B, Scik [8]1Fie T AR A
AL TR HE 2 PEBE B 1Y) Kirchhoff BUAR 77 F2 42 R 51 7 A7 EE.

g + aA*u + g(ug) + Au — /OO wu(s)Au(t — s)ds + (p - 5/ |Vu|2d:1:) Au+ f(u) = h(x)
0 Q

Horb, JELMEBHE R g W2 [g9(s)] < k(1 +]s]7), 4N < 48,1 <qg< oo, 4N > 5 Hf,
1< q < NEAEBRET F W [f/(s)] < ko(L+s]?), M1 >N <4, p>0, %N >5

4
1§Q§m~
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R A

5 EIRS ST R K, A SO 78 B A IR AZ TN 52 B JE ) Kirchhoff RIAR 5 78 42 )R W 511 HI A7
FEPE. ARSCIME R AE T, B 6, Kirchhoff T 28 £ SCHR [8] (0 2 1 bR B3 9 AR LR e B M(-),
SO0 iR P PRl TE A TE S A R TOMERE. FLIR, AR (1) TR E AR 6 f (), A 9 FH JE T
—Auy , PR — 283 E S N4, R 2.

ASCEER BARGT : 55 800, RSO T8 RN R, 55 =882 FH IS 46 s BGEIE ] 1 4R
517 HAFAETE.

2. & ITAE

W LP = LP(Q), H* = H*Q), H =V, = L*(), Vi = Hy(Q), V2 = H*(Q) N Hy(Q), HF
p =1, k>0, H* j& Sobolev Z¥[f], HY #& C5°(Q) 1£ H* HHIHAAL.

2R H AP AARAEEO B () (|- || 2R, Vo BR8] Vg 3R, o A 22 [ 2 ] (5%
A (-, ) &

EX%%A : sz — V—Qa
(Au,v) = (Au, Av), Yu,v € Vs,

D(A) = {u € H*(Q) N H)(Q)|Au € L*(Q)},
WA 26 H R BAEE T, HAEZE Vo F i EW. 2 LEF AR A%(s e R), TR
] V, = D(A?) J& Hilbert #[A], HAFFIEHEERRW0T

(u,v)s = (Afu, Aiv) = / Ady - Afude,

Q
lull2 = (u, u)s = [|ATul|.
1
[ulloy = llulls = [[ATul] = [V,
1
[ullo, = llullz = [[A2ul] = [|Au].
E X

2 . _ . - 2 s
LARTV) = (R =Vl [ p(e)lnte)lfds <oc). i=0.1.2,

‘B2 Hilbert 228, 52 % MK ARRATTE R AN

(M1, M2) i = ; M(S)(Wl(s)anz(s))idé‘,

Inls = (00 = / " u(s)lin(s) 2ds.

BB, ESHZR B = Vo x Ly x L2(RY; Va), HoxtRuECh

(ot e, )13, = Al + [fue* + 1IE117 o
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i Poincaré A5z nT %0

1
IVul* = Af [[ull?, Vu € Vi,

Hr > 042 AW —MFEE.
FEMX 2.1 [9] [10]FRIHE LT FAFRI S HHR{S (1) : X — X o N ERETN(X,d) -
IR
(1)S(0) = I
(2)S(t +s) = S(t)S(s),Vt, s > 0.
ENX 2.2 [9] [11]# X REAMEREZE, {S(t)}iso /& X RINESER, X P14 AR
{S(t)}ez0 IR T, #7 A W2 NI AT:
(1)(BE) AR 1%
(2) (A1) S(t)A = A, ¥t > 0;
(3) (M M)W F X FIME A R4 B, #4 dist(S(t)B,A) — 0 (t — 0),
Hrf dist(A, B) %/~ A, B ] Hausdorff -FE S, %€ SUN dist(A, B) = sup inf, dist(x, y).

z€AYE
EN2.3 [11] # X £&—PBanach ], B & X FHIH T8, FREXE X x X ERIEH o, )
N B x B EI— ARG RE. WARSHERRIFA {x, )50, FETIFH {z,, 72, C {z,}52,, 15

lim lim ®r(z,,,x,,)=0.
k—o00 l—00

b4, it B x B ERIERARREH C(B) £os.

SI3E 2.4 [11] & {S(T)}ixo & X HH—AHE, I HA D FBNEE By, Bt P EBOHER
% e > 0, f£1E T(By,e) < t M &(-,-) € C(B), 1# 15

[S(T)x = S(T)yllx < e+ Pr(z,y),  Va,y € By,

W {S(T) }rso £ X HETIEE, BIXMESA T {ya}oo, C X A {t,}(— 00), {S(tn)yn}oz, £ X
e

3. FEL

IR (1) PO PR3 8 128 DA B A oS WM R B2, 7T 1 Faedo-Galerkin 1838 V5 53k 4%, X B
AHEFRE, BATERZSE T AEER.

BT 31 B(2)-(10)MSE, TRHE R 20 = (worus,mo) € Ho, R (1) 45— i) i
z = (u(t), u(t),n) W2 z € C([0,T); H).

HHE B3 IR AN, Al (1) EZSE] H BRI RU AR — AR R R S(1). € X
St):H—H, S(t)(z0)==z(t), t>0.

Horz(t) RYME 20 M RHISSME. B, S(t) : H — WS
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EH 3.2 % (2)-(10) AL, Wil i (1) B A B02E8E {S(6) }iso £ H HH A FIRICE.

IERR fE L2(Q) HF (9) X5 w MENBUIFRIA (10) A5

g 1 2 2 1 mez Lo _/ )
= (2||ut|| A+ s [Tl Sl — [ (G) + huda -
+ [[Vue||? + (0, m5) 2 + 6(f (ur), ug) = 0.
HhGu) = [ g(s)ds.
B (16) AI %0
o0 1 o0
()= [ n(s) [ Anandods = =3 [ w(s)anlPas
0 Q 5 - 0 5 (18)
> 2 [ uelsnlas = Ll
/Q“\
B(O) = 3 lual? + 18l + s Va2 + Sl ~ [ (Gu) + hu)da (19)
— gl m—+2 g 1Mz = | '
MPKs (18) A1 (19) 4R (17) XT3
L)+ [Vl + 20l 5 + 6(f (), ) < 0. (20)
¥ (20) A 0 B ¢ B 15
t t (52 t
B+ [ [Vuds s [ Rl s+ [ 0 (w), u)ds < BO) 1)
0 0 0
I f PR SRAETHIS(f (ug), ug) > 0, HHILATHEH
t t5 t
[ Ivudeas [ Znlds+ [ a7 uds >0, (22)
0 0o 2 ' 0
ghbr (21) F1(22), SHTERI ¢ > 0, #H
E(t) < E(0). (23)
WU (7) 2%, BEEREORI Gy > 0., 548
A
o), )] < Ml < 5 Jull? + Col] (24)
F
A1 5 A 9
[ Gtuds < Hul? < 1l + Gl (25)
Q
Hf o <A< 23X, Q] N QEIE.
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B Young ANSER AN, FA7EH $e > 0, 115
2 1 2
| [ hudz| < eljul|®> + —|A|]>. (26)
Q 4e
AN, FFAEFHN IR 0 < X+ 4e < 22X\ FIHH Cy > max{C;, L}, {5115

1 1 1 1
EQ0)>E(t) > = 24 | Au|)? + —— T2 Inll2 ., — Ca(I9 ). 27
(0) 2 E(t) 2 glluell” + I Aull® + —== Vul™" + Slinll,. — Ca(le2] + [I12]%) (27)

¥ (9) Wit 5 v = u, + eu 7E L2(Q) FAENRIEEE G (18) 715

d /1 2 e 2 2 1 mt+2 | € o, 1 2
i (3117 = Sl hal? + il Sl + Sl — [ (G0 + e

. 5
—ellul® + 2e[| Aul® + ]| Vul| 2 + [V ||* + fllnlli,z +e(m,u)u2 —e(g(u),u) —e(h,u) <O0.
(28)

é\

1, 2 €% 12 5 1 £ 1 /
_ 2 _= A - m+2 4 = 24 Znl?, - hu)dz (29
At) = ol = S llull” + | Aul® + ——== [Vl + S Vull® + S lnll.» Q(G(u)—i— u)dz (29)

i
1)
B(#) = ~llual + 2¢l|ul®” + <[ Vull ™ + |V + 2l
(30)
+e(n, U>M72 —e(g(u),u) —e(h,u) <0.
Mgk 4 (28)-(30) H
d
A1)+ B() <0. (31)
HRATE A(t), fEH Young A% XA Poincaré A% XA
e / hudz |< IR + = || AP (32)
o =3 20 '
G4y (25) (32) FERA Poincaré AR, TRMEHAELE e R — 5 — 2 — o +1> 1
I H C5 > max{C3, 1} ¥, H
AW > Sl + Laul? + L v SVl + Sz, - o590+ IBIP). (33)
=92 2 m-+2 2 9 1Mh,2 ° ’
TG TEB(E), T Young ANFEXFN (15) AT %I
51 2 2 2
| s 1< il o + < Au)?. (34)
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R A

¥ (24) A1 (34) RN (30), MAFEE—N5 Cs,e, h HRIVER Cy > 0, 115

B(t)
Oy

EN €
2 2

B4k, 4 (31) A 0 B ¢ By, B
A(t) + /t B(s)ds < A(0).
0
¥ (33) #1(35) £fRN (36) AT TS

1, ., 1 1 € 1
- - A 2 - m+2 e 2 - 2
S0l + S lAu? + —— [ Fu)™2 + Va4 Sl

t )\ t t
+ C’4/ (—2 - E)Hu(s)Hst - 504/ Hus||2ds + C4/ ||Vu5||2ds
0 2 2 0 0

t t C 5 t
o2 =) [ Au(s)|Pds +Ca [ [Tum s+ S [l s
0 0 0

1 1 e € 1
< 0ol + 1 Aul + —— Vol ™2 + 5[V ol + 5 ol

DN | —

R

illwllm+2 + S| Vul? +C /t [Vu(s)||™*ds + cuo /t In]|% 5ds >0
m+2 2 *Jo 4, w2 '

MBUE /N € L € + (557 — 5)e SOMO0 <e < )\1%, P42 F Poincaré A% 2UAT LAHEH

EAN1 €

t ¢
04/ (5 - 2)Iu<s>\|2ds—ec4/ Ju|[*ds
0 0
t t
+C4/ ||Vus||2d8+C4(2€—52)/ | Au(s)||*ds > 0.
0 0

M@ (38) A1 (39) wl%n
1oy 1o g 1. o 1
S0l + S lAulP + 2l < 2
HH Young A% A Poincaré AR, fFEAEHE Ry > 0 {15

1 1 1 an | € 1
§||UO||2 + §||AU0H2 + m”vuon 24 §||Vu0||2 + §||W0||i,2 < Ri.
KL, FAAEH 2L C5 > max{2, % + 1} ffif5

luell® + [ Au]® + [Inlly 2 < Cs(lvll* + [ Aull* + [In]l},2) < Bi.

m o1
> —ellug]]® + (=5 — ) llull® + (26 — )| Aull® + || Vul| "2 + || Vu||* + ZHU”Z,z-

(35)

(36)

(37)

(38)

1 1 oy € 1
[|voll* + §||AU0||2 + m“vuou 24 §||Vu0||2 + §||770||i,2- (40)

(41)

(42)
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2R, By = {(uo,u1,m0) € H | |Auoll® + [[ua]l® + [|noll?.o < Ru} 2T (1) KI5 EFT L 1
BE{S(t) im0 WA AL, #E—20 B = Ui S(6) By WA FINISER. IEEE.O

EIR 3.3 BRILFAME(2)-(10) Bz, TG (13)-(15) B2 AR ERE {S(t) hiso £ H A ME—IA)R
5T A

MERR WHERIN ¢ € R, BE (u(t), we(t), 7' (£)) 5 (v(t), ve(t), X" () A (1) HAT (o, w1, 7m0(-))
5 (vo, v1,m0(-)) BIPIDEIME. 2 w(t) = u(t) —o(t), £(:) = n'(-) + X'(-), W w(t), £ () WL FIITRE.

wyy + 2A0%0 — | Vul| " Au + || V|| ™ Av — Aw, +/ u(s)A%¢ (z, s)ds
0

(13)
65 ()~ 57(0) = glu) — gf0)
Al
€= €t (14)
E X
Palt) = S 1Aw(®)I + 5l + S€ 12 2. (15)

M w5 (43) #£ Ly EAEREL, JEA O 21T By,

T T T T
/ /wttwdxdr—F/ /2A2wwdxdr—/ /||Vu||mAuwdxdT—|—/ /||Vv||mAvwdxdr
/ /Awywdxdr—k/ // 5) A% (2, s wdsdxdT—!—/ / df(ug) — 0 f(ve))wdadr

/ / ))wdzdr.

JEIT (46) BT%n

(46)

2 *JawPdr = - [ ey + [ w©uo+ [ " Jwelar

T T T
- / IVul™ Ve ?dr — / / (IVul™ — Vo] ™) VoVwdedr — / (€0 )adr (47)
0 0 Q 0

AIve@F + 9w - [ [ o5 - sseoasar+ [ [ (o0 - gpwaaar

iid (15) A1 Young AZESK, AT DIHEH AFAE —NHEL o0 > 0, 175

T T T
(€', w)adr| < ag / €2 5dr + 6, / JAw|2dr. (48)
0 0 0
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R A

# (48) AN (47) B

T T T
2/ |Awl]2dr < —/wt(T)w(T)dx—I—/wt(O)w(O)dx—i—/ ||wt|2d7’—|—51/ | Aw]||2dr
0 Q Q 0 0

T T T
- [ vl = [ [ (vl = 190 Ve edadr +ag / €1 e (49

S Iw(T) P + ST () - //5f w) = 6f(v) wdxdr—i—/ /(g )wdadr.
SeSbh, H we 5 (43) 16 Ly BAEARTG
d

G (Sl + 18wlP + S ) + (€ €+ Vurl?

1d
—|—/ ||Vu||m(Vw)2dx+/(|Vu||m— |Vo|| ™) VoVwdz (50)

+ / (6f () — 6 (vr))wrde — / (9(u) — g(v))wedz = 0.

¥ (18) 1R (50) H&E# (45) H

d ] m m
dtfw(t)Jr2||€tlli,2+||th||2+/ﬂ(||VUI| = [Vol[")VoVw,de

(51)
/ [Vl 5 < (V) + / (6f () — 6 (ve))wrde — / (9(u) — g(v))wedz < 0.

Q

¥ (51) M s B T #3153
52 g t)12 ’ 2 g m m
Lu(T) + 5 [ € 2dr + [ V] Pdr + (IVul™ = [[Vo[™) VoVuwdzdr
s s s Q

T 1
+;/ (|Vu(T)||™(Vw(T)) de_m// ||Vu||m_1Vut(Vw)2dex—/ [Vu(s)||™(Vw(s))*dx
Q

/ /(5f u;) — 6 f(vr) wtdxdT—/ / v))wdzdr < Ty (s).

(52)

K (52) M0 I T BT

5 [T (T L, T T ) T T . N
w(T) —|——/ / 1€ \|u2der+/ / [[Vw| der—|—/ / / [Vu|™ — [|[Vo]|™) VoVwidzdrdr
/ /||Vu W™ (Vw(T dxdrf—/ // V| ™ ' Vur (Vw) drdzdr
—7/ /||Vu N™ (Vw(s dmdr—l—/ / / 0f(ut) — 0 f(ve))wedzdrdr
/ / / )wedzdrdr </0 w(s)dr.
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1 T 52 T T T T
5 [ [ Ivu@Im ) edr+ 2 [0 ¢ arar s [0 [ [vularar = 0. 60
0 Q 0 s 0 s

HIL(3)-(5) WIH, FFAEHRCs L > 0, 15

/ / / 5F(up) — 0 f (vy))wedadrdr > Cs.p / / / w2dzdrdr > 0. (55)

454 (53)-(55), Al

T T
TFw(T)g/ s)dr 4 = / /||Vu W™ (Vw(s dmerr%/ // Vaul|™ ' Ve (Vw)* drdadr
0 0 QJs

/ / /HVUH — |V |™ Vvatdxder+/ / / ))wedzdrdr.

(56)
A, 51 X0 B T A
5y [T T T
Fw(T)+2/O ||§t|]i)2dr—|—/0 |Vw,g||2d7“—|—/0 /Q(||Vu||m— |Vol|™) VoVw,dzdr
~I—;/Q|VU(T)|m(Vw( 2dx—// [ Vu| ™V, (Vw) 2d?“dgf:—/ [Vu(0)]|™(Vw(0))?dz
(0f(ug) — 6 f(ve))wedadr — Jwgdzdr < T, (0
/ , flu fv))wedadr / /Q Jwdzdr (0).
(57)
it (3)-(5), FIAIELEHRHC, > 0, fH13
T B T
/ /(5f(ut) — 0 f(v))wpdadr > Cs +/ [|w ||*dr. (58)
0o Ja 0
# (58) FARN (57) 15
T 5. (T T
1)+ [+ 2 [ e+ [ IvuPar
T 1
—/ /(||Vu||m— ||Vv||m)Vvatdxdr—/ Vu(T)||™(Vw(T))?dz
0o Ja 2 Ja (59)

T 1
+m// ||Vu|]m1Vut(Vw)2drda:+/ 1Vu(0)||™ (Vi(0))2da
2 QJOo 2 Q

—Cs — / / v))wydadr + T, (0).
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