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Abstract

This paper is concerned with the development of memory viscoelastic equation with
singularly oscillating external force terms and weak damping terms. First, we prove
the consistent boundedness of the uniform attractor A° of the equation in # = H}(Q) x
H}(Q) x M when the external force term and the memory kernel satisfy the appropriate
conditions, and then the upper semicontinuity of the uniform attractor when ¢ — 0"

is achieved.
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Wl 5 EERGE YL, fesE, KRR VB A5 B ARRE S U B ok K B R
AE R AEACVE 1A F L e Fe L i RE R BRI TRIAT AT . BAAE 1994 5 V.V, Chepyzhov A1 MLL
Vishik 7£ [1] &5 T AF B 6 R EETREFTXT RN 75 4E34F B 8 RGN — B0 51 5 A7 e PE B R AT
HEZE. B, A BB 2 i 0 78 N AR B8R RGN — BRG] T 3EAT TIRANRIBEFT [2-5]. Rt
HREA N F BB — EF AT REY. EEEL BaEMEL HBEAMEL SR TrE
J& B AR e KRR SR RRAE, 10 HATREVEARAE, D SRR R s AR LA R, X
SR FAE 1) A2 RIE IR AT [6-10]. kTG 71 PSS IR BT A M 1T 2 BT
7¢ [11,12]. 2014 4F, R, BLRHBFTKIILESC [5] HaFFE T BA I 2R AR MR 3 77— 3
W51 5 AR, (IR AR FC I —B0R 5] 7 1) _EAFIELEYE. 11 2017 £, V.V. Chepyzhov S5{E3C [13]
I R AR SRR A I AR B R SR R AR AT AT O, DAL T I BT SRR, AR S
Remtsein ™ BAT 75 R 41 1 0UR 55 BHLJE T 0 A2 B kG 5 e e U R
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|ut| U — Auy — Au+ f (s)Au(t — s)ds + f(u) + uy = go(z,t) + E%Ogl(x,t/s),
e t>r,
! ! (1.1)
u(z,t) =0, (x,t) € 02 x [T, +00),
|z, 7) = ug (), w(w, 7) = ui(2), u(z,t) = u(z,1), reQ,1TeR,
LI e — 0T BT HIARPR 7772
Jug|” e — Augy — Au + fo (8)Au(t — s)ds + f(u) + uy = go(z,t), x€Q,t>T,
u(z,t) =0, (z,t) € BN X [1, +00), (1.2)
u(z, 7) = uf(x), ulz,7) = ul(x), u(z,t) = u (z,t), rzeN,17eRT

HhQ c R 2 EHEIFIAT 00 BB R XK, e € (0,1], po € [0,1]. —Auy, BTN, 4 21012
%, f AR REL, u, RTIIE, go(z,t) + S g1 (2, t/e) RARFTFIRGIN, u- (2, t) (u T ZRE)
XA ¢ < 7 BY TSR 8 WA, |ug|” REBARLIEM RS S, b p 2 S8, 7 B 2

M n > 3, I<p< 27 Tn=120,p>1.

IR L? 7518

+oc
M=L2(R", Hy(Q)) = {u ((RY — Hy(Q) | /o w(s)||Vu(s)||*ds < —l—oo} ,

il TIPSR AV IINER 4

(1, 0)q = /0 ) ( /Q Vu(s)Vv(s)dw) ds,

+oo
2 = \Y% 2ds.
= [ ns)ITu)Pds
SMER o € R, FATE UFFAER Hilbert 28] HO := D (A°/?) , KN 516805 5K
(u,v), = (A"/zu, 14"/21))L2 ,
lulls = |40
HA=-AREHT L2(Q) L™ IERAEE T, D(A) = H2(Q) N HE(Q), R,

H'=H'Q), H=H'=L*Q), H'=H}Q), H?>=H*Q)NH}Q).

HHAH = HHQ) x HY(Q) x M.
TAVERG T I N SE n=n'(z,s), M

n=1'(z,s) =u@,t) —u(z,t—s), t>7,(z,5) € AxRY,
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B E AT
(@, 8) = —ny(z,8) tue(w,t), t>7, (2,5) € QxR

I HA

(2, 8) = ug(@) —ug(z,7—s), (z,3) €AxRT,
+00 400 +00
/ p(s)Au(t — s)ds = / w(s)dsAu — / w(s)An'(s)ds,
0 0 0
e BN (1.1), BEI D RS

( [ug|” g — (1 — f0+°° u(s)ds) A — Ay — f0+°° w(s)Ant(s)ds
+f(u)+ut:go(wvt)—f—g%ogl(l"t/g)a $€Q,t>7’,
nt 40k = u, (1.3)
u=0, (z,t) €N xR, n'=0, (z,t,5) €N xR xR",
\U(JL‘,T)ZUE(JJ), ut(xaT):u‘lr(w)v T]T(QJ,S):UE(JT)—U(I‘,T—S).
A MBS H) %A T
(H1) KTl 2 ik
W RT = RY 22—/ C k%L e
+oo
u(s) < +oo, ag=1 —/ p(s)ds > 0,
0
HARRAFE— N IEF L &, 5
p'(s) < =&pu(s), Vs>0.
(H2) T4 5t e
BBEARLMER S f € C*(R), £(0) = 0, Hil 2 R4 4F,
|fu) = f(v)| < eo (T+[ul’ + +oP) lu—v], Vu,veR, (1.4)
Hrp
HAn>30,0<p< A5 FAn=1,21,p>0.
fw)u > F(u) >0, Yu€R, (1.5)

Hrh Fu) = [y f(s)ds .
(H3) < FAh I i
MR HL go(t) = go(@, ) ALK 91(t) == gu(z,t) A LT, (R; L2(Q)) H-FREA 5, RIS T3¢
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E# Mo, My, B

t+h
p 2
lgoll7z = ilelﬂlg/ llgo(s)[I” ds < Mg, (1.6)
t

t+h
Jonlz =sup [ lloa(o)” s < a2 (1)
teR J¢
(L7) B B

t+h , (t+h)/e ,
[ las/olds = [ (@)l ds < e+ 17200z < 2013
t t/e
HXHERR € € (0, 1],
o (/)11 < 2245

£
go(z,t) + g1 (z,t/e), >0,
g (x,t) == €
gO(xat)a £ :Oa
FEXTF e > 0, .
471z < Mo+ VEM: -
Fir A, %

0. = Mo+ V2Mi -5, >0,
T M, e =0,

WAxFAEE e € (0,1), i
lg°llz2 < Qe,

EERE, He — 0% I, [|g7|| , ATRALNER S5 H, gesb, Ak

dgi € Ly (R; (1)), i=0,1.

2. TR

EX2.1 [3] () & E & Banach [0, MR WS HIEE T {Ut, 1)} = {U(t,7) |t > 1,7 € R}
i A2
VU, s)U(s,7)=U(t,7),Vt>s>1,T €R,
U(

(
(2)U(r,7) =1,V7 € R,
AU, 7))} & E Lyt fe.

PR (U, (6, 7)) KT 28 0 € 8, o f382 (U, (1, 7)) BORHE, $ R GE ). 3%, L

A2

=z
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TR R O T L RRE (U, (¢, 1)}, 0 € B RROLH. W REME— TR, IF B FR e
BEA{T(s)] s >0} e
T(s)L =3,

il [73
Us(t+5,7+5) =Upso(t,7), Vo€ Bt >1,7€R, 5 >0.

ENX2.2 3] (—BAR) EXBE) NEREE NES, MM EESES B € B(E) i
UUEEUTERUtZTUJ(t, T)B € B(E),

LSRR {Uy(t,7)} 0 € S E(RT 0 € X)) —80F 7.

ENX2.3 [3] (—BUR) WRMEEN 7 € R, LK B € B(E), fF1E tg = to(r, B) > 7, 13}
iAWt > to, A UpesU, (t.7)B C By, WML%EH By € E XTI {U,(t,7)},0 € 8 (KT
o € ) —FR .

513#2.4 [14] (Gronwall A%EX) % X € L' (0, T; R™) Jili &
t
X(t) < a(t) + / b(s)X(s)ds, ae. t € (0,T),
0

e a,b € £(0,T), a-) 9. WA

X(t) < a(t)elo b)ds

3. EEHER

i (L1) M2 R (ug, ul, n") R RAAEEMME M CHIR 2050 E ik (nf 2 0 [5] [13]).

P

W2
B (ug,ul,n") € H (V1 € R), R, = [r,+o0), BB (F1)-(H3) BT, A4 181 (1.3) F71EME— (1)
%}%% (U, U, 77t) € C([OyT]yH)y /fi?gf

ue L™ (R,,Hy(Q)) ,u € L (R,, Hy(Q)) ,upr € L* (R, Hy(Q)) ,n* € L (R, M).

3.1 (— B S TAAENEE ) Rk Q & R P RH FORTE X, JF H (H1)-(H3) Bz, i
AW (1.3) XL RR R (U, (6, 7)), ¢ € H(g®), t > 7, 7 € R fEH AR —8ET
g° € H(g%)) Wal¥ A°.

MERR 12 % FEAIE B 5 SRR [5] e B 2.3 BOAIE B 2R, VR L SCRR [5].

P TR AT R EA R, I R E S e . N T3 FESE, 6T e e (0,1], LK
T € R, BAEHIEMT [
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04]” vet + Av + Avy + [ p(s) AC (5)ds = k(t/e),
Ctt — TCt + vy, (31)
(U(T)7 Ut(T)v CT) = (Oa 0, 0)7

HAEZEM o eR, ke L}, (R, H?). &

loc

k(t,T):/Tk(s)ds, >
t
TR 2 RS

5I3E3.2 i [ > 0,

t+1
sup LIkl + [ Ik lRas) < (2)
t

t>7,7TER
B2 0B (3.1) BME—RE V(t) = (v(t), v (2), ¢H) Wi 2
IV ()||lger-1 < cle, YVt >,

Hrfe> 0T & .

A (3.2) REOLIL Bl ke Lo (R, H )N L, (R, H?) &2— N T] > 0 fEF4b
T SCIF I [ ) 30 e B, O .
/ k(s)ds = 0.
0

3183.3 I (3.1) 76 < = 1 BIAME—AE V(£) = (u(t), i(¢), C') MR A

t
IVOR <c [ eIk

SHEA ¢ > 1, AN 88 2 > 0 KE T HIE 7.
JERA % 5 BEUE B 5 SRk [13] A e B 2R, 1 LSRR [13).
AN — S 250, SRARIE T FE (1.1) —EUR AT A — T ¢ € (0, 1)) F1E, X264+
HARE g A, SINTRRIS I go (2, ) + g1 (2, t/e) HINTT FARG, K4 WT:
i/% t
&@ﬂz/gwﬁathfeR

XFHEE >0, f
2 i 2
swp {16+ [ 16Dl dsh <2 33)
t>1,7ER t
Hhv ek
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FEERUWT:

EIE3.4 B (H1)-(H3) or, L& Gy 2 (3.3), A, SEFTE I po € [0,1], —EWR 5|1 A° 1E
HFR—(KT e (0,1] )H I, B

sup [[A]],, < 0.
e€(0,1]

WERR 15 e € (0, 1) R EM, & U(t) = (u(t), ue(t), nt) RKBT W A 1,
P = dolt) + S n(t/e) € H(g").

R 1 t
a@m%i/gﬂ$@,t21

Pt > 7, % V() = (v(t),ve(t), ¢) AU NEHEBI IR BRI S 715 31— 20 5] 11 ki, f
Fee€(0,1], Ll 7 € R, BSeH A0 @

|vg|” vy +AU+AUtt+fO (5)AC!(s)ds = E%gl(t/f)r (3.4)
Ct = TC + U,
BAYME v(1) =
HRYE 513 3.2, AU F AN
[V () |lggr-1 < cle'=ro. (3.5)
W(t) = (w(t),wi(t),€") =T) = V(1)
R T RS
|Ut| Ut — |Ut| vtt—f—Aw—FAwtt—f—fO Agt( )ds+f(w)+wt
= —[flw+v) = fw)]+9.(2), (3.6)
& =T + w,.
7E X
&+ ¢
RGHAYME R
W(r)=U(r)

M w + aw 57718 (3.6) 12 H _EAERR, THEAINE 15
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d .
o (||Vw||2 19l + 20 (A, ) + 2(F(@), 1) + allwl + [|e]2, ) + 2lor”

(|Ut| Uttawt)+2a(|ut| Uy, W )—2(|Ut| Vg, We —2a(|Ut| vttaw)

+ 2a(f(w), )+2a</+m (s)A&!(s)ds w) // (s)| Vel dsda

=2(=f(w+0v) = f(w),w) +2(=flw+v) = f(w), 0w) +2(go(t), wi) + 2 (90(t), aw

Hof (F(w), 1) = [y f(y)dy
/?\,\

Ey = ||Vw|?* + ||th||2 + 20 (Awg, w) + 2(F(w), 1) + allw|* + ||Et 2

(e
St (3.7) A, B o 540/, B A AR Poincaré H4L.

), (3.7)

2a(f(w),w) > a)‘HVWHQ -G (38)
1
2 (|ut|putt,wt) -2 <|Ut|p’l)tt,(.dt) S 50&/\ ||VWt||2 s (39)
1
o (Jue|” wge, w) = 20 (|ve|” vu, w) < 504)\||VUJ||27 (3.10)
+oo
—2a (/ M(S)Agt(s)ds,w) < a||[Vuw]| H/ (5)VE(s)
0
< TIIVWII2 +7 e (3.11)
N AL A (3.4) KIESRAN Hy — LP(Q), 135
R 2 1 e

2 (o we) < aflwel|” + —llgoll”, (3.12)

1 . .
2(g,, aw) < Za)\HVwHZ +dar™! z. (3.13)

H Young AN453(, BLK (1.4) #1 (3.6) 7
2(—flw+v) = f(w),w) = / =2f"(w + v)vwdz < 21/ vwydz
Q Q
< alwell” + o PATHE Vo, (3.14)
2(—flw+v) = f(w),aw) = / —2af'(w+ v)vwdz < 2la/ vwdx
Q Q
< imnwn? +4PaAY |V, (3.15)
# (3.8)-(3.15) fRA (3.7), 15
d 2 2 1 2
%Ea + ad||[Vwl||” + 2 [Jw|” + 500\ [|Vew|
<(a "IN 4P ) elet 0+ (a7 +4ad ) (167 + €,
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d 1
7 o+ aA[Veol* +2 Jlwel” + 50A Ve |*

<0 (1 +

aol* + lel”’O) :

H O = max {a A2 + 4PaX™ ot + 4o O, T

— —aX|[W, 12, <
“ B+ saA WLl < O (1+

Jo 2 + lEl_p°> .
LTE 4, FEAERI A IE#8L By, Bo > 0, 1473
BuUlWally, = C < By < 8o [Walli, + C, (3.16)

I CE

d
it @B <O (11 + 1)

Hrhw = Lax > 0. FH Gronwall 512 LK (1.6), AI45%

1 1y
Eo(t) < Bo(r)e @ 4 O — (L +1e70) (L—e = D) + O (1 + ) M?
w w

1 1
< Ey(r)e ™ + O = (1+ 1)+ Cy (1 + ) Mg
w w

< Ey(r)e ™™t 4 Cy (1+ 124+ MY,
Hh G, =0 (£ +1) . 1 (3.13) W#%

W (0115, < B (IWe(7)lly) € =07 + Cs (1417 + M)
Ht Oy = ' Co + C. 1T W, (1) = W, (1), FiTLA

IWo )15 < B2 (WD) e =7 + G (1+ 8+ Mg), VE>7,7€R.

FH (3.5) Al %0
IWo (3, < el’e' ™" <el’, VE2T,7ER,

BRI u(t) = w(t) + v(t) W2
W (O3, < Bo (IWulr)|l,) e =D + 0y (L+ P+ MZ), Vt>7,7€R,
XERAE, MATA ¢ € (0,1], EFE {U,- (¢, 1)} A DKIT e FIRIEE,

B = {IWa0)l, < O (1422 +343) )
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MO AR e € (0,1], A
A e B*.

THEAER, 24 e — 0 B, —800 5| T L2 B st
e LB (1.1) A (1.2) 7E R —WME RO A, WEER € > 0, Wil {U,- (t,7)} T

5(0) = ol6) + 01 (8/6) € H ()
fFIf N
UL = (ue(t) uer(®) 7).
W2t TAEEFE RN 7 € R, 218 (M = = 0 () i

Uo(t) = Uso(ey (£, T)U=(7) = (uo(t), uo(t), ) -

5B 3.2, FATATLAE T2 ¢ = 0 WHAUTE L. H—3CH 7t

sup [|U-(t)|ly £C, Vt>71,71€R. (3.17)
£€(0,1]

PUAEE SUX AN R 2
U(t) = U.(t) - Ua(t) = (a(t), a(6), 7).

AT AR SO 31T b S HAE D, Bl 6 T 0 0 o sk
S1383.5 R =i

1T @) < ele?=Poect=7) vt > 1,

Hof e > 0 KT ¢, 7, 65, B U ().
SEBR W V(1) = (0(t), vi(t), 1) R (3.4) WAV V(r) = 0 HIfiR, At

W(t)=U(t) = V(t) = (w(t),wi(t), '),
T2 17 (3.6)
|we|” wge + |v¢]” v + Aw + Awyy + f;oo w(s)AE (s)ds + f(w) + wy

= —[f (uc) = f (wo)],

5; = Té’t + We,

BAYIE W(r) =0, Nifi45 2]
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d .
%IIWH?{ < lwell* + co 1 £ (ue) = f (o)l

M (1.7) f1(3.17) , B
1 (ue) = f (wo) || < colltfly < collwlly + collvlls,

BT
V() |l <ce™=, Vt>r,

g5 5 L AT, 153

i W2, < ellw||?, + ce2 7o),
dt H H

B Gronwall 5| ¥ R[5
W13, < e207rleect=7) v > 7.

POk, BATE 2 e — 07 I, — BRG] RS RIIEY].

EIE3.6 W go(t) M g, (t) £ L2 (R, H) 2 FRA M, 7 H G, W2 (3.3), 4, MMEEM
po €10,1], He— 0" B, =BT A° 7E H H¥% Hausdorft “-2E g8 ®] A°, RI

. . & 0y __
El_1>r(1;1+ disty, (A7, A%) = 0.

MERR X e >0, WU, & A° —"MEZ TR, B4, H5lH 3.5, Ht =00,

U — Uy (0, 7)U(T)||,, < ce' ™0™, V7 <0.

[P

HUbRIR, 24 A° AMUET 7 € R —BURIL, KT go € H (g0) — B, B, & v > 0 753/,
B (3.17), BTG 7= 1(v) <0, 15

disty (U (0, 7)U.(7), A°) < 1.
BT
disty (UE, AO) < eelmPoemT 4y
LR U, € A°, HWFN4518
disty (A%, A%) < '™+,
PLA

lim sup disty, (A%, A%) <.

e—0

G, Mv — 0B, IEE K.
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