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Abstract

In this paper,we analysize the long-time behavior of solutions for the non-local diffu-
sion equation with time-dependent memory kernel. When nonlinear term adheres to
subcritical growth condition and in the time-dependent space H;(f2) x L7 (R*; Hj(f)),
by use of the Galerkin approximation method, the well-posedness and the regularity
of the solution arise achieved. And then the existence of the time-dependent global
attractors is proved by applying the delicate integral estimation method and decom-

position technique.
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1. 5|5

ASCWEFE 1 I R RBACAZ A% AN E R 3 B A% 0 RE AR KT AT

Ou — a(l(u))Au — /_ hi(s)Au(t — s)ds + f(u) = g(x), z€Q, t>T,

u(x,t) =0, x €09, t>T, (1.1)
u(z, 7) = ur(z,t), reQ, t<,

HI T30 70 R G A A BRIUR T Z AR, SR T8I s (WLSCHR [1-3] R L51HT), BRIk st
CILXS B 1 R G AR 2 7 A S L. 07 RE P S AL TR T 8] ¢ I, s RS AR R 1
Bt 5 I TR R 2 T 2k, B B E AL 5, WA, 2RI R4 ST SEAEk, O 1 SE 4 (R S
AE R RREIAT Y, G R AR R AR ARIRITE S, AATER I T BAT AR )R S R
YRR G X T AR B w7, Chipot £E3CHR [4]FHRTT 1 HATAE RN a( [ w) BIIMPALE
e, HAIH] Brouwer AN mi e BUEW] TR IIAFAENE, £ESCHR [5] FFors AR R B mian e 2 1 5 — B R
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s, T

BT a(l(u), Hi 1 e L(L2(Q);R). FRYHHELESCHR [6]"FFIH Galerkin i3/ A g & Al v 7T
T I ACAZ AR B G AR R A R o 7 BB 1A AT . BB AR R M s R g b A R
JR3 BB O RT LA SE 4 Aok VF 22 SEBR R R, BETOTRE (1.1) S1E 7T RS2 BB HR.

FE— S SRR R DB 1) L HESN T, — B RAT KN RS2 I R e Q23R8 T
=BT TUER. B, Giorig E3CHR 3]SI T — AL wis 7> 77 18

¢
coOru — koAu — / k(t — s)Au(s)ds+ f(u) =h, z€Q, t>T,
o (1.2)

u(x,t) =0, x €0Q, t>T,
u(z, 7 +1) = ug(z,1), reQ, t<0.
I AT FEAH S RS A o) A 2 1 AR (847 . #E— AR R (1.2) o, AR XS R g (-, -) BT
JE SAEAR T w BRONAN 3T — & 73 BE T AR 21N 3 5 2
t
coOru — koAu — / k(t — s)Au(s)ds+ f(u) =g, x€Q, t>T,
u(z,t) =0, z e, t>T, (1.3)

u(z, 7) = up(z,0), x € Q.

Ht g(x,t) = h(z,t) + [T k(t — s)Aug(z, s)ds,x € Q, t > IR T FE (1.3) fkigd 22007558
A HFREAERS E] B e —ANME, B ) A e AR S A 2 [ R = A — AN B 1 R8N T
fif RS 1) L, 4R 3 T PR ¥R T SR

55— Dafermos 7ESCHR [7]H 52 H 13 14 () JEARURICASE FH 0 07 v, o ol s SO AL =

/_too k(t — s)Au(s)dr = /OOO ((s)An'(s)ds

BETAE AR TR (1.3) 22l Rk ANais I ) B Ve R 5

oo~ kadu— [ uls)A (s + ) =g, wEQ 1>,
0
ni(s) = —nk(s) 4+ u(t), r€Q, t>1, scRT,
u(x,t) =n'(z,s) =0, red), teR, seRF, (1.4)
U(CE,T):’LLO(.’E7O), %EQ,
n" (@, s) = mo(s), zeQ, seR*.
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H (1.4) X RIYME (u(0),n0) HIEHE (1.3) B, LA =708 no A—EMWKH T uo(-), IS EA
FEEE R L2 () x L2 (RT; Hy(Q)) & —Ash RS, HHER RG] 7 RFEE. BT
R (1.4) & ME (1.3) BIHE, MIAREER R4t (1.4) RG] F AR 2 @ (1.3) .

R EBRTTERA TR RN, YR (ET ) k() = e %!, dy > 0 B, FIFHZT
AR 7 SCER (1) BRI AT DAAE BRI BR L o ¢ (—o0, 0] 45 8 IAH 2 1] qué s AR R — AN B R
W5 TR EIEBh I R, MM A > O, [0 [|ip(s) 13 ds < +oo. Bk, 4 k() JofREUH AL
B AT DR [1) R i 5 VIR R 1) (1.5) S 5] - RAELEPE.

t
coOpu — koAu — / k(t —s)Au(s)ds + f(u) =g, z€Q, t>0,
’LL(ZE,t):O, ZEGaQ, tGR,
(1.5)
u(z,0) = ug(x), z €€,
U({I},t) = go(:v,t), rzeQ, t<O.

R TI IX AR bR ROAT BEXTAZ R Ko () AL BRERL () 7P AEARKINI PR, DONTEAR 216 0L F )5
I AR L B E BT BRI T AR 2] L2(Q) x L, HAb3fa 47 50k A 57 2 of B0
RO BT T 5 — BCFR AR =) 0 18, 8 vy DA S A3 A SR (8] o (0 20 49 20 HH 12 Al 45 R i >4
SCHR (8] 5 A M AZ TR A - 18] ¢ I, J5 R A AR JR 7 5, B 1) T A2 A% RS i e 2 FE H
Fh TR AR IAE TR T AR A, DRI AE AR S A 58 25 R AN I FR 15 DL

B, BT CIZ % R B T ), € SRRt (OR8] 5 80 MEASR]L Lk, H 3 A AR e
AL 2 T 5 e 1R 228 i T3 I AN o AN S SUTE VR AT 5 R (1.1) ARG HICHE A TH R g o R (0 5 PR SR
N T ek AL IR M SRATTAE B SCHR [9-12] BOULAL, ZEBT BB HESR T, AIFHAR Ml THE AL T
JEI) e AR Ak 5 R BT AR A S S XE RS, A5 E 1R 0 3 R AT I U, T R TR AR A
W51 AR

ASCHINBHESRANS : 28 2 Fieh [alB T — L5020 N2, F7 5 Aas(a) g L. 5 3 WEUI THEMI AT
M EZEER, HYUEW] 17 i AR A AZ A% AN R J= &R 9 B e 7 R A (3 PR AN IR U, Hk
ER T I TR AR S SR A A7 ARV, f5e A AR 0 A THERIE I T I RIS 51 5 R A7 AE 1

2. ERIE

IR I AR RSAC 12 A% B AR R 0 75 R 2 A SCERIT T -

Ou — a(l(u))Au — /_ hi(s)Au(t — s)ds + f(u) = g(x), z€Q, t>r,
u(z,t) =0, z€N, t>T, (2.1)

U(iU,T):UT(x‘,t), I'GQ, th,
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s, T

Hrp Q& RY LB IR A 1 G 7K. Mt e € C(R, RT) A AR E AR REE La(R) 1%
BRI Ay R R K HL

a(l(ur)) — a(l(ug)) < Lo(R)[I(u1) — l(uz)], 0<m < a(r), VreR (2.2)
I AL AL R ALy (s) AR, D) BT A, I How 2

hi(s) = / we(y)dy, Vs € R, t e R.

B e (s) = —0shy(s), FFHBLET (¢, 5) = py(s) : R x RY — RT H53CHk [9]H e (s) & CAHIHE.
FRYESCHER [13, 14] BRI, & SCHT I 7 S0 A8 &

) Jo ult —r)d 0<s<t—r,
' (s) = (2.3)
N(s—t+7) —l—fo u(t—r)dr, s>t—r.

FIH pe(s) = —0shyi(s) F1 hy(00) = 0, ALK JTRE (2.1) AIEE4E N

By — a(l(u)) Au — / ne(s) A (s)ds + f(u) = g, (2.4)
ARRIHIS 2 1
u(z,t) =0, €N, t>rT,
n'(z,s) =0, (r,s) €N XRT, t >, (2.5)

u(z,7) =ur(z,t), €, t<T,
N (x,s) =n.(x,s8), (z,s)€ QxR

Horb () 2 AAAENADIEF R R Mo < 6, 1875

/ e 2| Vu(—s)|*ds < R.
0

&A1 g € L2(Q2), HAEL T f € CH(R) W2 £(0) = 0, H Hi 2
(W) < CA+ [uf’), f(u)>C1, YueR, (2.6)
Hp C, >0, C NIEHE B f i SRR

liminf f'(u) > =y, (2.7)

|u|—o0
XH A > 08 —A 1£ Dirichlet 1526 F T HIZE —RAILE. 828, I35 (2.7) K, £ 0: 0 <0 <1,
15

(f(u),u) = (F(u),1) - %(1 = O)ull} —cf, (2.8)
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(F(u),1) > 5 (= )l — ¢, Yue HY(©), (2.9)

Ht F(u) = [ f(s)ds, ¢; > 0.

2.1. REFERTFS

ZHCHR [15), FHEMEHE T A TR —A HE U8 D(A) = HY(Q) N H?(Q). %+F Hilbert 2% [f] %
D(A%), k € R, I FH NG %

Horp () ) |- ) 2 L2(Q) AR ST

SFALREM & > s, HEHAN D(AS) — D(A3), LEXTFHIAN k € [0,2), HiESHA
D(A%) — L7575 (Q).

20 <k <3 He = D(AS), ||+l = "l =1I- sy WAEASCHR A H 2R L2(92), Ha
T HY(Q), Ho FRoR HE(Q) N H2(Q). 1R hy(s) T2 I, 20 < o < 3 B, 58 ez a5

My = 12, (R o) = (€ R 5 Ha | [ (o) (925 < +o0},
0
R T H AR S5

(1 € pay = / () (5), € (5))ads, €2 = / (s ]€4(s) 2.

R b, RE SCHS 1] 2 1) J e 4
& = Ho1 X M, 12112 = I (s )12 = Null—y + In*[34e -

H* o -1 80K ]HIEAS.
MRAEZAE (M), N TAEER 0t € M2, H

I3y < K @)lln'lRg, ¥t >, (2.10)

HABELLHRA
M7 — M7, Vt>T.

SR 9], Ty /220 M7 AR E R L 55 /NE T, IR — R . B A
TR e
Mo orfhaas =5 [ Om(o)ln'(s) s, o' € DT, (211)
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s, T

WG AT (M) TR, SRR E ) ¢, BRAL s = pe(s) AR, H 9, (s) <0, M

(Ten',n" )y <0, Vn' € D(Ty).

B (2.10) =X, AT
T, CTy, Vt>r. (2.12)

2.2. &R

2|38 2.1 [16] ¥ X, Y, Z H=A Banach 2. 51T T > 0, % X s Y <5 7, Al
V= {ue LP([0,T]; X)|0wu € L"([0,T]; Z)},V1 = {u € L>([0,T]; X)|0u € L"([0,T]; Z)},
Hpr>1,1<p<oo W4,

V —— LP([0,T);Y), Vi == C([0,T];Y).

513 2.2 [12,16] % p € CYRT) N LY(R) ZAEM KL, HHE: WRAFEE s € RY, 117
w(so) =0, W p(s) =0 X THEM s > so AL, JAh, W By, By, Bs /& Banach 20, H+' By, By
H s HL 2

BO — B1 — BQ,
HAMKN By — By . W € C L2 (R*; By) A2

(i) € £ L7 (R*; By) N HA(RT; By) H;

(i) sup [n(s)||%, < h(s), Vs € R, h(s) € L, (RY),

nee
W e L2(RY; By) .

EN 2.3 [13,17,18] & {Hi}ier NG L M2 H, S FUSHA TR UG, T) : H, —
Hy, t > 7 € R, iR TR

() N TAEEM 7 € R, U(r,7) = Id & H, FRITEZEIRGS

() M TEBEMt>s>7, TeR, AU, s)U(s,7) =U(t, 1),
WFR U(t, 1) £— .

BN 2.4 [19,20] #H—MEKE A= {A} er W2 00T
(i) MTHEREM ¢ € R, B A, 7£ X, THZ R
(ii) A RRLE 5], B A R —50F 51, H B3 — A —B0F FHEE C = {Cihiex,

lim distx, (U(t,7)C-, A;) = 0;

T——00
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(iii) (Be/ME) BAFAE—DNEIE D = { D her W52 (i) M (id), A Ay C Dy,
MIFR A = {A; brer R Ut 7) HINFRR A4 R 5] 5.

EIE 2.5 [12] WRER U@, 7) ZHHLEKN, BEA K = {K={K }ier : K, C X, NEHE, K
ARSI} AR AR AR 2 RG] T A = {Asber FAEHME—.

EX 2.6 [12,21] IR —ANMEWE B = (B, }rer N—FH 1, B sup,ep [|Bellx, = supsep supeep, [€]lx, <
+oo, HXTH— R > 0, FFEEFHE 7. = 7.(R) > 0, {15

U(t, 7B (R)CBy, Vt—72>r1,

WFK B = {By }rcr JIM AR SR,

EN 2.7 [12,21]) WRNTEHEANt € R, MAEE—DFHRR > 0,8 C, c {z € Xy 1 |2]x, <
R} = B,(R), Vt € R, MIFRA FEE C, C X, FIEGTE C = {C}ier 22— 30A TN

E X 2.8 [12,21] & U(t,7) &AFH T B8 E X, ) — A, X TEERt > T,
Ut,7) : X, — X, 2380, HIA N EAKE 2 /%51 A = {A@0) her, W A 2 AAZ K, B,
U(t,7)A; = A, YVt > 7.

EX 2.9 [12]) Wit — Z(t) € Xy, &
(i) sup [[Z(2)[[x, < oo;
teR

(ii) Z(t) =U(t,7)Z(1), V7T < t, T € R,
WFR Z(t) A U (e, ) 57840 FH450LE (CBT).

EIE 2.10 [12,16,22] % Z(t) &R U(t, 7) F5EEE RH0E (CBT), WS Ut 7) i [E
WA R G A = {A(t) her AR, WA= {Z|t — Z(t) € X;}.

3. FEL

3.1. FRRVEE M R IEN 1%

N TS BIARIIE R PR AT RERAG U, AT EAEBI LR 4518,
ST 3.1 &

O(u,nr) = 2+t = 7)[(t = 7)E(T) [l (1 1190,0] + 20107 s

HE ' € M2 Cc Mg, Hrh
7' 134e < ®(u,n,), Vtelr,T), (3.1)
HH
171134y < ®(u,ne) KL (t) € L'([7,T)). (3.2)
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s, T

5I1FE 3.2 [9] & n, € D(T,), WX TAEER ¢ € [7,T], n* € Wh([r,T]; M2), K.
om' =T, n' + u(t) (3.3)

TEZE ] MO bR
3.3 HIF MZ = M7, (2.12) 50, dFAEREER ¢, H

o' = Tn' + u(t) (3.4)
TEZS A MY FAROE.
3.4 Yt € D(T,), i (2.10) 1 (3.3) ZRAUERH AT %0
100" 134y < W(u,nr) K (1), Vte|[rT] (3.5)

W (u,ne) = 60wl (7 0 + 105734 -

31383.5 9] iIL I =[r,T], % ve C;H,) Hn € CLR",H,) N D(T,). A4, WFFAEEM
7<a<b<T, LA

b ') b
g = [ ) + 0n (s o) st < g +2 [ (0.7
HEIL 3.6 [9] W THAER 7 <a<b<T, URbTHREAL:
b b oo
|Wm@+§/mwwwmmw<wmx¢3/é (Bugae(5) + Dupia(s)) ' () |2 dsclt
b
<wmafmjkwmwmﬂt (3.6)

EX3.7T e l=[rT].FEENT >R, %gec L*Q), H 2. = (ur,n,) € EL WHE
(i) u(t) € L=([r, T} Ha), n* € L=([1, T]; My);

(i) n* W2 (2.3) =

(iii) M FAEER ¢ € Hy Flae. t € IH

<@m@+mwwmwx+£mm@Wﬂ@¢mu+umL@—@@»

WIFR 2(t) = (u(t),n) A (2.4), (2.5) FERTAIX[E] T B35 EVIE 2(7) = 2, BI55HE.

EIE3.8 GEEMMIENME) i T = [r,T,VT > 7. B (1.7), (1.8) LA (M,)-(M,)
iz, g € LA(Q), WX TEANT > 7 € RHERS EMVIE 2, € &L, 2 W2 [z ]e2 < R, &
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(2.4), (2.5) fEAEME—F9f# 2(t) = (u(t),n') = U(t, 1)z, S TAEZEER t, 7 nt € M}, N

t t t
sup (0l + [ wwlledy+ [ u@lidy + [ o)y < @

T

:/H\:EP Q = maX{Qla Q37 Q4} '[ijl\v
12()7: < Ce“TAED (7|2, t € [r,T],
i 2(t) = 21(t) — 22(t), H 21(8), 2o(¢) 2 (2.4), (2.5) W EVIE 20 = (w1, n1.), 22 = (uz.,m2.)
1) 55 i
UERR 7 FE (2.4) 5 u fEWNAL, 7118

d
dt

Hep L(t) = [ul®.
FIF (2.8), (2.9) =X, AT4n

L(t) + 2a(l(w)[[ull + 2(u, n") g + 2(f (u), u) — 2(g,u) =0,

=2(f (u),u) < 2(1 = 0)[ull§ + 4ey,

H/\EF' 0<@ <1 ,[,Hfﬁ]*,
2<g u> < 2m”uH ||g||
’ = ! 2m/\1 ’

Ltk 254 (2.2) SATF

SL(E) + 21 = O)lJullE + 2 1) ey < Qo (37)

EXH Qo = 55 9l + 4ey
Xf(3.7) IAE [r,t] B, 15

t t
L(t) +2(1 - 6) / lu(y) 2y +2 / (") dy < L)+ Qolt—7), Vi >7.  (3.8)
P EH 3.6, Al &1

L) + [ [ + 21— ) / lu(y)2dy - / / (Dupaa(5) + Dupie(9)) ¥ () sy
L) + [0 + Qolt —7), VE> 7.

=
AR,

lz(®)llzr = £(t) = L(t) + 0" < T+ )IIZ(t)IIgl (3.9)
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s, T

5}

C(t) +2(1 - 6) / lu(y)|2dy - / / " Gutte(s) + Bupae()) I (5)]2dlscly

< L(T) + Qo(t — 7).

(3.10)
iy,
t t
sup [l2(1)Ilg; +/ IIU(y)II?dy+/ K(y)In* I3 dy < Q1. (3.11)
:/E\EP Ql = C(R7 Ta 53 2<1 - 6),77’1)\1, ||g||7 Cf)
HE (2.4) 5 ou fERHR, 15
|0pul® = —a(l(u))(Au, Oyu) — / pe(s)(An'(s), Opu)ds — (f(u), dyu) + (g, Oyu).
0
H (2.6) =, /T3
[(f(u), O] < [IF () 4 |sullps < O+ [[u(®)[[})[[Deull,
I ELHI M (M) 73
‘—/ 1e(s)(An'(s), dyu)ds| < ||5tu||/ pe(s)||An'(s)||ds
0 0
< ol ( / ut(S)dS> ( / ut(S)IIAnt(S)Izcb)
0 0
< Nowull v/ K@) 17" |, -
LS A (2.2) U7,
[0pul]* < C(m[|Au@®)]| + 1+ [Ju(@)||} + /&) |AD | m, + gl ]| Opul]
SO +mQi® + Q1% + /w()| A0 | ae, + llg])1Brull
1
< §||5tUI|2 + C(R,T,m,cy,|gll,0,6)(1 + ()| An'|34,)
1
= §||6tu||2 + Q21+ k()| An'[|34,), VE € [7,T). (3.12)
[/

t t

[ 1wlPay < 20u1+ [ w(o)|1807130,99) < Q. (3.13)

DOI: 10.12677/&&111.2023.1212517 5277

INAREEtin


https://doi.org/10.12677/aam.2023.1212517

san i, I

T (2.4) 5 AufE AR, 5

d
CLa(t) + 20(1()) [0l + 2ot 1) g + 20F(w), Au) — 2{g, Au) =0, (3.14)
Horbt Ly (8) =l
i (2.6) =X, %0
~2{f () Aup = =2 | '()[VuPde < Cllul?,
Q
A 1
29, Au) < 2lglull < gl +mull.
R4 (2.2) 14,
d 2 t 2 1 2
S Lat) + milull3 + 20,1 a2 < Cllull + (3.15)
Xt (3.15) :AE [, t] LR, 15
t t
L)+ m [ fulo)ld+2 [ )y
t 1
<L) +C [ Juw)lidy + ool - 7). (3.16)
AR 2 3.6, A&
t t
Lafe)+ [ty + IR +6 [ wto) gl
¢ 1
<L)+ el +C [ TulwlRdy + gl 7). ve > (3.17)
AR,
. 1
2012 = £1(6) = Lu(®) + I e < (14 )00
[l
t t
£y +m [ Nulldy +8 [ sl e dy
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s, T

t
1
<L)+ C [ luwldy + gl — 7). ez
MN.H Gronwall A%§5, 15

t t
supll2() |2 + [ ulldy+ | w(o)l" ey

t>7

< C(l[=(7)llez, T, 0,m, 6, [|gll, v, ¢p) := Qu. (3.18)

B M (IESEIE ;)52 B Awy = Ny, j = 1,2, 8 {g 132, 2 L, (R #a) ERIIERS
%,EA%‘ :/\jgjy _]:1,2, X‘j‘;.}:/l\TLGN, ﬁEﬁBEéﬁ% IE—[J

Hn = Span{wla e 7wn} C Hh Mn = Span{ﬁa e ,gn} C Lit (RJraHl)

SEX P, : Hy — Hy A H, EIERRF, Qu: L2, (RT H1) — M, N M, ERIEAZH.

Wz, = (ur,nr) 2RI {2, = (ur,,nr,)} C EE WHME, Ko u,, = Pour — u, T Ha,
e, = Quitr — 1 T M},

MTHE =N n e N ¥ 2z,(t) = (un,nh) N EEEEE R, b w, = S0, TP (Hw;, T €
CH([r, 1)), I H nl, = 27 A} (t);, AF € CY([r,T)). B4, X TAEEK ¢ € H, %u/l\t € [r,1],
20 (t) = (un,nt) WiE:

(Ot ) + (a(l(un))un, )1 + /OOO pe(s)(m (5), @)1ds + (f(un), @) = (g,9), (3.19)
SR
un d ) 0 < S < t— T,
i (5) = { b " (3.20)
N (s—t+7)+ [ un(t —y)dy, s>t—7.

i ¢ € Hp %%E‘J, WX FEEAS 0> m, (3.19) 3K K (3.19) 3L ¢ € Cgo([r, T]) I
f [ ] 1:1:1/\

/ (Bt @) + (al ()i, o)1 + / () (5), @)1ds

+ (f(un), ) = (9,))dy = 0. (3.21)

TR {z,}, (3.11), (3.13) F1 (3.18) 2kor, WA a1 &5
Oyuy, 1€ L2([1,T); 1) LB,
w, 15 L®([1, T); Ho) LB R,
w, 15 L*([7,T]; Ha) A5,
m, 4E L([r, T); M) EAFE.
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T [/ ()l 4 < OO+ uall?) < C, 70

f(uy) fE L3 (Q) LA F
12 Galerkin @i /7%, W RIFAE 2 = (u,n') € L>=([r, T); £2), 1£15
Oy, — Opu 7E L2([7,T); H1) L FIUEL, (3.22)
w, — u T L®([1, T); Ha) L 55*I8k, (3.23)
w, — u TE L2([7, T); Ho) F5318K, (3.24)
nt — ¢t 1€ L=([7, T); M?) E55*iiesk, (3.25)
flun) = fu) 78 L3(Q) 5548k (3.26)
RS 2.1, 454 (3.22), (3.23) 2, &0
w, — u fE C([r, T); Hy) E5RICEL, (3.27)

I H.
Up — u fE [7,T] x Q L a.e. BT,
BT f LR, )
Flun) = F(u) 76 [ T] x Q | ae. .

T ¢ € H, C Hy, 1113 ¢ € P,LY(Q). Bk, f (3.27) R,
(f(un) — f(u),o)dy — 0.

S f(un) A0 f(u) 72 L3 (Q) 45, N2 0 S 22, A5

T
772 = 77:; - Tﬂ Up = Up — U, Tr, = N7, — N7y Up, = Up, — Ur.
gE A %A (M) HFIH
i (5) = Jo Un(t = <)ds, 0<s<t—r,
T (s —t+7)+ [0 T Gu(t —)ds, s>t—7,
EYEcE|
1720302
<K- ()17, 3
() / O [ ualt = slids + [ oot (s = t47)
t—T

DOI: 10.12677/aam.2023.1212517 5280 I FH# e


https://doi.org/10.12677/aam.2023.1212517

i,

TE3E

t—1
+/' 0 (0)ds [2ds)
0
<caw%TﬂwM%mﬂﬁn/‘uxwh+2/ (s -+ £ — )|l ()]12ds
0 0
+«T—Tfma%wﬂﬁn/’u4@m>
0

<SC(D)(@2+T = )T = )t |7 myi90) 5(7) + 207, [3ar) = 0, V€ [7,T].

AR AR PR A ME—1E, R " = 0t
SRR AT (M) AT,

{éwudﬁhﬂwxwhds

_/Ot”m(sx/osun(t—§)d<,<p>1ds+/jo 16(8) (i (5 — £ +7), p)1ds

t—7

+ /OO ,ut(s)</tT Ui (s)ds, ©)1ds

t—1 0

:/Ot_Tut(s)/Oswn(t—§),g0>1d§ds+/ooout(s+t—7)<ﬁ7n(s)7¢>1d5

JF/OO pe(s) /t@n(g)wphdgds

t—T1 T

<lanllerry; myllel (T = ) B (#)5(1) + [l K () £(7) 1777, [ a2

+ ltnll oz el (T = ) K- (£)k(T) =0, a.e. t € [r,T].
PRI, N
lim wie(8)(0L(s), p)1ds = 0, a.e. t € (7,T).
n—oo 0
XA

Amm@xm@x@ﬂs

< [ m@ el
< Il VEOREIT g € LT

R4l Lebesgue 2| SUE #E, A

T ')
lim ¢A 11y ()7 (5), @Y rdsdy = 0.

n—oo
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R, 2 = (u,n') NI (2.4), (2.5) KISSHE.
T THIIE A 39 A 0% T HME R IE AR . 5
21 = (w1 (t),mh), 22 = (u2(t),m})
NIER (2.4), (2.5) KIADEEME. B4 2(t) = (a(t), ') = z1(t) — 22(t) Wi

Oy + a(l(u1)) At + (a(l(u1) — a(l(uz))) Aus + /OOO pe(s)An' (s)ds = — f(ur) + f(ua),

/\q:l
fo a(t—r)d 0<s<t—r,
'(s) =

(s —t+7) —l—fo a(t—r)dr, s>t—r.

T (3.28) 5 u fEHNFR, 18

%F“) +2 /OOO () (7 (), a(t)) 1 ds

< —2mlafl{ — 2L (R)|I]|a] Juzlli[[@] — 2(f (ur) — f(u2), a(t))

2m 1

< =l = 2mal® = o La(RZ(P[af” uall? + C (L + flual|Ze + lluallZo)l[allZs

A1

2m _ _
< (_Tl —2m)al® + C(1 + [Jur|[§ + [Jua|})[|al®

< C(R, M\, m)F(t), te[r,T),
He F(t) = |lal®.
X (3.30) :AE [r,¢] R, 13

t t
F(t) +2 / (). ) aaydy < F(r) + C(R Aym) / Fly)dy, ¢ € [r,T).
HEM 3.6 Al
t
T+ [ @I Ry < 1l +2 [ 079,00

B F(t) = F(2) + |71 41

1201z = F(t) < ClI®|3;-

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)
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s, T

gh4 (3.31) 1 (3.32) I, 19
t
F(0) < P+ O Mm,0) [ Flo)ay
N Gronwall A~ZE=, N
1Z()]7 < CeCEALmIED (1) |24, t € [7,T].

[EF, B (2.4), (2.5) $59fF 2 = (u,n') BIME—PEAFIIE. O
FRE 2 B 3.8, AT LASE il (2.4), (2.5) 7F & LHIf@t e, B

Ult,7): &L = &L, U, )2, =2(t), Yz, €&l t>T, (3.33)
T t T

H AU, 7)} AERT & LRERER.

3.2. A EMKHIIR U SRRV F7E M

EIR 3. 9(FEHIME) &M (2.6), (2.7) VARERAT (My)-(My) BOL, g € L2(Q). U(t, 1),
t>71,7€R &2 (3.33) e LR, MFAERMYIE 2(7) € B.(R) C EL f#fE e >0, Ry > 0
AR RE U (¢, 7) AE1E RS AR AR IS S, BV

Bt = {Bt(RO)}tER'
JEBR 12 H Poincaré ANEEAXFAF (M), AR (3.15) A5
C(t)+(1-0 / lu(y) 2y + (1 — 6 / lu@)] dy+5/ )1 dy
L(T) + Qo(t — 7).

E]ja
) + 2 / Lly)dy < L(r) +e / L(y)dy + Qolt — 7).

Hrfe = min{(1 - 0)\;,6 ér[lf ] k(y)}y. B SCHR A IR0 T Gronwall A% 45
ye|T,t

1AL,

||Z(t)||(2€t1 =L(t) < (1+)\i1)‘| (r )||2 —e(t—r) 4 1t o
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<1+A1>R

XH Ry = 2Qoe ST R >0, 71E o = to(R) = i In <tV Ry > 0, f#i15

TLt—1t)=> U(t,T)B-,—(R) C ]Bt(Ro)

3.3. BfEMKFIR 5| FRIFTEM

N T A3 B Rt R B T M, TR A AR T, R o A T A 1S
f(s) = fi(s) + fa(s),

R fy, f> € CHR) I H 2 AT %A

|f1(u)] < C(1+ [ul?), Vu € R, (3.34)
fi(u)u >0, Yu € R, (3.35)
|fo(u)] < C(1+ [ul?), Vu € R, (3.36)
liminf f3(u) > =1 (3.37)

SEHE 3.9 RAFE U (¢, 7) A KBRS B = {B, }iep. W TAEREM 2, = (ur,n,) €B,, i
(2.4), (2.5) IR U(t, )z, S HEN:

U(t,m)z, = Uo(t,7)zr + Ur(t, 7)2,,
Hf Uy(t, 7))z, = 21(),Ur(t,7)2r = 22(t), Bl 2(¢) = (u(t),n?) = 21(t) + 22(t), N:

u(t) =v(t) +w(t),n' =&+ at)=1),8),  a)=(w))

By + al(u)) Av + / " ()A€ (s)ds + fi(w) =0,

0E" + 0,E" = (1), (3.38)
U($,t)|3g =0, Q)(l',T) = uT(xvt)7

gt(x)s)bﬂ :07 gT(st) :7’]7—(.%‘,8),

v(t —r)d O<s<t—r,
SOE {fo

&(s—t+T) —l—fOt_TU(t—r)dr, s>t—T,
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s, T

z(t) WAL

Dy + a(l(u)) Aw + / ()AL (s)ds + Flu) — u(v) = g,
0, Ct + 0,¢t = w(t),
w(z,t)|on =0, w(x,7)=0,

Ct(.T,SNaQ = 07 CT(st) = 07

[Swt—r)dr, 0<s<t-—r,
C'(s) = { .

fot Twt—r)dr, s>t—rT.

(3.39)

5132 3.10 X (3.34), (3.35) LA SR (My)-(My) WML, g € L*(Q). IBATTHE (3.39) Wi &
1Uo(t,7)2 |2 < C(R)e "7, Vi > (3.40)

JUERR J7FE (3.38) 5 v fEINAR, mI43

d

NO+ 2a(l(w)) 0]l + 2(v, &) aap + 2(f1(v),v) = 0, (3.41)

HA N(@) = o]
H (3.35) =, 15

d

SN+ 2ml[o]3 +2(0, €)1 <O (3.42)

Xt (3.42) NTE [, t) LRV, B
N(t) +2m /t lo(y)[I3dy + 2/t<v,£y>M;dy <N(r), Vt>T.
R4 2 #E 3.6, 19
N(t) + €30 +2m /Tt lo(y)[IFdy + 5/: KWIIE ()R dy < N(T) + 1 [[A, VE= T
BRHE
lz1®)l1E =N (&) = N + €100 < 1+ %)Ilm(t)llig-

PRI,

+2m/ )2 dy+5/ 9167 () 3 dy < N(7).
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san i, I

Ell]
Mﬂwq/Nwngm+q/N@w

Hri e = min{m, )\1,5 1nf H(y)} J%FH SR AR 73 B Gronwall A5 15

N(t) < N(r)e~alt=m),

B2,
1
a1 = N (0 < (1 ) l21(n) e 7 < C(R)e™ 07,
1
3 o), < R 0

513 3.11 # (2.6), (2.7)M1 (3.34)-(3.37) AL SFAT (M7)-(My) WAL, g € L2(Q). X TH—A
T > 0 AUEEVUHE 2, € &L, FFAEIEFE P = P(||g||, |zr]lex, M, T), (457772 (3.39) HIfEH 2

||U1(T+7',7')2THZ% =||2’2(T+T>||Z% < P. (3.43)

T4r T+

WERR 7FE (3.39) 5 Asw fEN RIS

d

77+ 2al(W)[w®] +2(¢",w wt)) 3

+
= 2(g, Asw) = 2(fa(v), Asw) — 2(f (u) — f(v), ASw), (3.44)

e J(t) = lw(®)]3-
H (2.6) 1 (3.36)3, 15

oler

2 fo(v), Abw) gc/(1+|v|2)yAéw|dx< C(/(1+|v|13 o) H ( /|A3w| dz)
Q

<SC(1+ [[v)3o)l A5 wl| e < <mwg\5ww@+c, (3.45)
HH
—2(f(u) — f(v), ATw)
SC/G+WF+MWMM%Mw<ﬂMﬁs%M&mewﬁwhg
Q
Cllullf + ol wl s ASw] 2 < Collwl3, (3.46)

et Co = Co(Qu), M TN Ha — L', Hy — LT, IR Hy — LS — L5,

A, ,
1 m 2 |lgll

Asw)| < i+ : 3.47

2l{g, A3w)| < S llwlly + — V2 (3.47)
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s, T

s (3.45)-(3.47) AN (3.44) K,

d

EJ(t) + 2<Ct,w(t)>Mt% < (3.48)

(Co —m)w(®)|I1 +C.

A (3.48) RAE [, T+ 7] BB, 18

T+ T4t
I rn+2 [ () gy <T@+ Co-m) [ )iy +CT.

— 2 t)12
J(t) = lw@®)1 + ¢ HM?

FIFEH 3.6, A]

T+t T+1
TE+n+8 [ kTGN jdy < T+ (Co-m) [ )iy +CT.

[iXd
T+
JT+71)<TI(1)+Co J(y)dy + CT.
% Gronwall A&, H
J(T+7)<eT(J(1) + CT) = CTe"".
a3
| 22(T + T)HZ% =J(T+ 7)< CTeT = P.
T+
R, (3.43) 2oL 0
MTAERR ¢ € L2 (RY;H,y), Cauchy Al (W [13,17,20])
atCt = 785<-t + w, t> T,
(3.49)
<7— = CT?
HME—fE ¢t € C([r, +00); L. (R Hy)), IHAFRIEA
fosw(t_y)dy7 0<8<t_7_7
("(s) = (3.50)
fOt_T w(t—y)dy, s>t—r.
S FH B2 ik
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san i, I

0 B, NERE 3.9 s 2RI TR EIR I EE. 15
ICT = HU1 (T, T)BT,

HAT:Hy x L, (RT;H,) — L, (RY;Hy) 22— MEEHET

51 3.12 & 25(t) = (w(t), ") A& (3.45) HIME. IR (2.6), (2.7) AT (3.40) — (3.43) LA K

Bt (My)-(My) ROL, g € L2(Q). ATALELEN T > v, (LR P = P(|B,|s1), 1

() K FEL2, (R* ) N HY (R Hy) ERATRG:
(ii) sup [IC"(s)|I7 < Pr.
nTekr

MERR MR#ER LR (3.50), F
w(t—s), 0<s<t—r,
a@Ct(s) =
0, s>t —T.

M EE A e P 3,11 B0 (i) sUor.
HIR, Z %I

s P
()] {ﬁwwauwﬂmyék lw(T —y)lhdy, 0<s<T .
s)ll <

ST (T = y)[hdy, s>T—1

AT EE (3.43) %0 (i) =URRAZ.

&

(3.51)

(3.52)

5138 3.13 Bisc 7| 3.12 A7, W TAER S EM T > 7, Uy (T, 7)B, 1E EF b AT &,

EE3.14 WU, 7) 28 (2.4), (2.5) FIFEER. & (2.6), (2.7)H1 (3.34)-(3.37) ALK& AF
(My)-(My) B45L, g € LA(Q). A, 88 U(t, 7) 1A I R84 RG] T A = {A}er. BEAF, W5

TRAZH, B U, T)A, = Ay, Yt > 7.

IERR SEEE 3.9 R U(t, 7) HATI IR B, = {Bi(Ro) }eer. HRAEIIHE 3.10 AN

311, X F R K EH 3 Ry, 5% Bf = (BF (R))bier &40 18 31 1, Kb B (R) =

{CIHCIIgtg < Ry}
4E4 (3.40) F1 (3.43) X, A

distes (U(t,7)B, BF ) < dister (Up(t, 7) B, + Ui (t,7) By, B)
= diste: (Uo(t, 7)B,, B}
< C(|B-ler)e 7,

Hr e =min{m, \;,0 inf s(y)}.
ye[r.1]
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s, T

HF £} EMIEEH I B = (B, (R)}rcn, ML 3.9, THE to = to(R) £15
T<t—to=U(t,7)B-(R) C B,(Ro).

BRI,
diStgtl(U(t’ T)BT, Bt) < wee1toe—e1(t—7—)7
Hfbw= sup [U(t,7)B.|e:.
0<t—7<to

N5 HE 2.4 F1EH 3.8, A[ 15
diste: (U(t,T)BTJBt%) < O(|[B,||er)e=1 7).

ZEATITE 3,13 K0, I (2.4), (2.5) HIRERE UL, 7) 7€ &) LIRS, RFIERE 2.5, EH 2.10 AN
SEHE 3.8 WK, 7E & FAFTER KI5 T A = {A her, H A AR, BT

Ut,7)A, = A,
I H
A=1{Z|t = Z(t) e & H Z(t) &2 U(t,7) # CBT}.
R O

4. REE5RE

ARSCHET M. Conti 5252 /48 (0 1) 00 31 TB048, 4898 T 65 9897 BT a(1(u)) %445 R
I RAEAZ B2 0 2 57 R B B0, OIS R Galerkin SIS, 4L T RSN 5 T E I 1 R
Z5{i] H(Q) x L2, (R HE () #4307 7 40 6] (R iz R = s B0 24 5 7 R 1 e
7oA.

ST 4 T AT AZ B AR B BT B R 5, A J LR ML T T K 22 BT S A, A
4 G AR ST AL VI K R I O R0, 7% F 0 AL P SRR I 0 K O . B 4
S I L4 £ 3 00 2 28 5 1 0

EEUH

B BRI RS TUH (S 11961060; 11761062).
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