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Abstract

In this article, We consider the asymptotic behavior of the solutions to the beam equa-
tion with time delay and strong damping: 0?u+ A?u—~yAdyu+ f(u) = g(x, up). First of all,
when the growth exponent of nonlinear terms satisfies the optimal growth exponent
1<p<p = %, N > 5, by applying Faedo-Galerkin approximation method, energy
estimation and time translation method, we obtain the well-posedness of solutions;
Then, using the contraction function method, the asymptotic compactness of the so-
lution process is verified; Finally, the existence of time-dependent global attractor is

obtained in the time-dependent space Cy .
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1. 5|5

AR 8 A I i AT 5 BELE O T

Ofu + A%u — yAOu + f(u) = g(z,up), (z,t) € Q X [1,+00), (1.1)
u)on = Aulan =0, (1.2)
u(x,7) =uo(x), Oz, )= ui(x), (1.3)
u(z, 74+ 0) = ¢po(x,0), Owu(z,7+0)=¢1(z,0), €, 0¢c[—p,0] (1.4)

I TR 2 SR R 51 7 A AE R, Horb oy > 0 NBHEREL, Q € RY(NV > 5) RAA U ANAFIX
3, f (u) FEARNETR, g(, ug) A2 H A I ST 5.

B feCi(R), f(0)=0,1<p<p =FF N5 L

liminf@ > =), (1.5)

|s| =200 S

If'(s)] < C(A+|s]P7h), Vs€eR, (1.6)
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bt A > 0 N5 T —A /2 Dirichlet i 5252 (0 55— SR AEH.
E 11 AR (1.5) W AFAE— DR Bo, W L < By < 1, {4

A
M

<f(5)75> 2 *(1*&0)A1||3”2*050, VSERv

WL, Hork F(s) = [ f(
E1.2 N>5 Ha Sobolev EiA%EEEEIEé;%'riIﬁi&TEﬁ p I 2 2L R

BE—20 WFEER T > 0, F XEB - [1 — p,T] — L2(Q). S&—"t € [1,T), BATH up F
TNFEXAE [—p, 0] LRIBHAF AL ug(t) = u(t +0), 0 € [—p,0], 0 < p < o0,
N T T ERRR Iuﬂf@ KT s a0 8 SCRIER .

— i, & X 2 Al 43 1) Banach Z[i], 3£ H C,(X) = {¢ € C([—p, 0]; X); limgy_,_, p(0)FF1E T X}, H
HIEHL [|allc, x) = sup_,<pco () [Ix-
Bis g - Q2 x C,(X) — L2(Q) i &2
Hy) SHT € € C,(X), Bt 2 € Q — g(x,&) € L2(Q) & nlliry;
Hy) XA/ 2 € Q, g(x,0) = 0;
H3) 71E Cy > 0, i i 2 € Q, ¢,n e C,(X ) 75 ||9(17 &) — gz, )l < Cgll€ —nlle,x
Hy) T77E Cy > 0, M 2 € Q, u,0 € C((r—p, T]; X), [ |lg(2, ug)—g (@, v0)[?ds < Cy [ \“9—

vg||%ds.

F 1.3 Vb (Hy) — (Hy) B2 nT LR, 57 8 F 1400, Lipschitz 2950, #R e 20

TR, TE T 4ES) ) R SR N AT FU 4 5 ORTE. A T4k J1 R ge b, 38 H FIR 51 1R %)
g )N TR B 0 2247 . e SR T IR 53 4EB 1 R GE I FE CATIR 2 R, AT 225 SCHR [1-4).

RN RIS R G, £ KRB (R 450, TS Ras 5 AL N &
TREEA N AR T 51N RE S R i (e B, R AR IR R 5 Sk SRSl
I NS PR [ SR 0 SRAE A S s A AT 7 AL I AR FUMR B I TR AT ORI, AR R
ANA PR B B A £ 5 BURR I T35 RO, B AL R B R i B TR e s,
Wt QiR AR REA A U, AR IR R GUR T AT U, AU T 2 AR, ik Tl
FIEB TR APIRES.

TE R J 77 R H 5] NI i 10 0] DA RS B Hb 5 18 R G I sh 28 AT . 9l an, s A I ¥ I ) 242 07 2 w]
DL 40U 1 52 2] 30 25 F A7 e 1R g I, JF o B 3 00 S5 Bt 37 98K i 5o A7 22 45 4 PR S SR B2 ). 56 TR
I S T FE A — 26 55, ansg b1 AL T — AN I s A A ﬁﬁt{m%ﬂ%ﬁﬁﬂ*wﬂé SFAERT AR
B A AR R I 75 F8. SC [6/ER BRI 0] Cyy, ) EAFFE T — AL BB AR RRAE AN AR R 50 47 B i
AR BVRY BT B ETEATON. MR DU 2R p — 1(p > 2) M2 UG, 3F B4 )50
h e L (Ry H-1(Q)) I, AEZWEIT 1 iz [0 51 5 P A7 A8 P A0 1E D) 14

X T AN B I ¥ R 75%3, 3C[TWEE AR AR LRk 0 A2 I T SRR, B T PR 4 42 )R
ST AR BB 5] T A AENE, ST 893 1 A AR = & 58 FHJE 4 e Y 5 REAE IRl 7 26 A T 22 Rk
ST BIAEAERE, 3C (90T 7 — AR R AR R R B U5 RE AT PR 4k 55 2 )Ry W 5| 1 A oW 51 5 IR A7 R 1,
3C (103 H T 24 f (u) BRIREOHE: 1 < p < po = YO0 B, MRRAAIE 2 M, IE M PE A ) (A1 47
R IOVL PN

(
(
(
(
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FEBATF AN, X TR (1.1)-(1.4), 244350 A I i, B (e R 51 1 A R g . 5
ETRIRS, D7 A% r BT B (R I i AT A 2 PR TR 25 A (0 RE RICVE A T, A7 SR WRlic S A7 8 A28 DL B ff 1 1) i
AR S8R R T AR S VR . BATTIE I N2 P WAe 4 o K, RE B A T RTIRE [8] A ) 73, A IR A A
W57 AR B 18, ToliR 1R SRR, JF HAEW] 147512 (1.1)-(1.4) ARZR I I00AY 1 4 4 o 2
1<p<p' =32, N > 5, B RGEIR G572 [ KBS ] Chy BIAFENE.

AR FRANEE R 20T 58 T FAT A [l 00 SR PR o G 2 SR 2 = 0 U 55 g )0 R 1
55 DY R R WA R 805 A B TR 51 1 ROAFAEVE, 58 U i g 5 J 2.

ARSI, lFT S C RomIEW L, FCH MBUEA R T A4 C R KRR B 1
H, FATBH Cii e N R AFRIEERL, C(, ) B 552 HAT RIS HL

2. Fg&FIR

id Vo = L*(Q), D(A%) =V,, D(A™%) = V_..
B A= A2 B ATEE U D(A) = HY(Q) 0 H2(Q) sk EEER, 75 L2(Q) T4 540,

TE D(A®) N AR ANEE S RN N (u,v)s = (ATu, ATv), ||lulls = |ATul|, Vu, v € V.
XF s € R, & X Hilbert 285 V, = D(A*T), WEFIEE ) AR R A:

<u,v>s—/Aiu(m)Aiv($)dx, IIulli—/ [Afu(z)Pdz, Vu,ve V.
Q Q

N Sobolev RN EH, 24 55 > 51 B, H EIRNFIES R -

Ve, o= Vs, (2.1)
V, = L%, 5> 0. (2.2)
WR) A (1.1)-(1.4) 7T LS BUEF IR
u+ Au+ A0+ f(u) = g(z,ug), t >, (2.3)
u(T) = ug, Opu(r)=uq, (2.4)
u9<7—> = ¢07 81&“0(7-) = ¢17 9 S [_P, 0] (25)

%€ X Hilbert 2[5 H = Vo x L2(Q), H1 = V3 x Vi, Cy = Cy, x Cp2(q), Cuy = Cy, x Cy,.
HAHGE AR (213, = [lull3 + 10wul?, 112113, = lull3 + 19:ulli,

1211E,, = llusllZ,, +10uellE,, > 1212, = lusllE, + [0kuallE,, -

T I B4 5 SR P TR AR BT A '
EN 2.1 [11,12] ¥ X &I W, RUSEETH (U, 1) X — X} 2, g
D SHEZER e R, U(r,7) =1d /& X ERESH T
2) WHEREI) o € RAMEENI t > 7 > 0, U(t,7)U(7,0) = U(t, 0).
B X 2RI WAt e R, X X B REOYB(R) = {z € X||z]|x < R}.
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EX 2.2 [11,12] WMRAEFER R > 0, 818 C C B(R), WKES C Cc X WERK ¢ = {0} &
EER IR

ENX 2.3[12] WHRMEEN R, > 0,54 B C X, fFIEHH tg =to(R) < t, G r <t —to =
U(t,7)B(R) C B(Ry), WA —F0H AR B = {(B(R,)} £IFE Ut 7) BRI #R 1k

A SR R AT — AN I T AR IS R, IR 4 P AR e FE R

3138 2.4 [13] %z, R—MNERAFIFHH ¢ € C(R) & — MR E, N (liminf, o z,) <
liminf, o ¥(xy,).

5138 2.5 [14,15] % X, B 'Y A Banach 258, X T > 0, WHEE X —-— B <= Y,

W, = {ue LP([0, T]; X)|u, € L7([0,T); Y)}, 1< p < oo,
Wy = {u € L>([0,T]; X)|u, € L"([0, T Y)}, r>1,

W Wy << LP([0,T]; B), Wa << C([0,T]; B).

EIE 2.6 [12] MR UL, 7) WL HESK={R={K}: K c X %% a5} £
2B, W AR H T R A7 TE HME—.

EX 2.7[16] # {X} & —j&% Banach i), H ¢ = {C} 2 { X} W—EERTHE BXTFT X x X
R E oL () RN C x C bR dE sk 3. 0 EAHE R E E I ¢ € R AERIES {,)22, € C,
TFAE—NFIFH) {x,, 122, C{xn ooy, 13 limy oo limy oo 0L (T, Tn,) = 0, V7 < 8, TATH €(0)
FoR C x C LRGBS

EIE 2.8 [16] W U(-,-) & {X} EMERE, 3B — B AR IE B = {B(R,)}. W
RIMEEW € > 0, FE D TFI T(e) < t, ¢ € EB(R)), €43 U, T)x — U, T)y| <
e+ oh(z, y), Yo,y € B(R), AHMEZRE ER t € R, W U(-,-) SEHiL 1.

IR 2.9 [13,17) # U(-,-) NIEHF Banach 2% { X} AR, W U(-,-) A B H 4 5 K
FlFA={A}iE A=N U Ut r)B, ZHNH

s<t T<s

(1) U(-, ) FEAER AR IR IS SR B = {B(Ry)}; (i) U(-, ) Wi %1

EN 2.10 [13,18,19] WRKMFTHER 7 < t, 8 U(t,7)A = A, MK EKEIL S F A = {A} &4
.

3. FRREEM

2, FATRE L (2.3)-(2.5) BIARLE H 0 R E X
EX 3.1 MMEBEM 7 eR, 7 <t FERE w € Vo, up = u(t +0), 6 € [—p, 0], WIHE
ug € L=([1 + p,T); Cv,) N L*([7 + p, T); Cvy), Opug € L=([7 + p, T); Cr2y) N L*([7 + p, T7; Cyy),
FHim 2
(O2u(t), w) + (Au,w) + V(A2 du,w) + (f (u),w) = (g(z,uq),w), t > T,
u(x, 7) =uo(x), Owu(z, )= ui(x),

ug(7) = ¢o(x,0), Oug(T) = ¢1(x,0), 6 € [—p,0].
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WFR T y = (ug, Drug) WA (2.3)-(2.5) TEIX ] [r, T L-#—F5f.

EI 3.2 ® (1.5)-(1.6) MALH g(ug) € L*(Q), WA —AT > 7, 0 € [—p, 0] & (2.3)-(2.5)
(I3 (ug, Drug) € L®([7 + p, T); C) N LA([7 + p, T; Ca,), HH 82ug € L([7 + p, T); Crzay) N
L3([1 + p, T); Creey), Wi

t
s (0)[2,, + 0o (DI, + / (I9ruo(s) 12, + lua(s)]I%,, )ds

T+p
< O(R,T,7, Bo, phos A1, ¢o, ¢1,Cq, Cp,, Ca), t > 7. (3.1)
BEAN, S92 T FIPE
(i) (FEHUME) FAAE— AN IEH L Ry, (15
[(¢0, #1)llcy, < Ro, Yt =t(R), (3.2)

Hrp 7 <t —t(R) M1 t(R) KT R BIHEL
(i) (ReE=E) W B—" 1 < 1,0 € [-p,0] FHlRERESER

t+6 t+6
Eug(t), dyug(1)) + 2 / Beu(r)||2dr = 2 / Gu)Ou()dr + E(oé1),  (3.3)

BT, FH B (ug, o) = [[uoll2,, + |0wuolE, ., + 2(F (ug), 1).
(iii) (39 Lipschitz &) % (ug, Oyug), (ve, Orvg) FEZIA Cy, x Cv, 122 Lipschitz ZE2E (0, B

120() 1y, + 1020 (B)I[E,_,
< pallzo(n)NIE,, + 10e20(DIE, ) + C(R, T,6,7, Bo, Avs bo, é1, Cgs Cays Co). (34)

Horb (20,0029) = ug — vo, (ug, yug), (v, Orvg) A& (2.3)-(2.5) 73 HIKTHUE ¢y, bi, (0 = 1,2) [

MERR: (i) (S9MRIAAAENE) FRATE Sexd vl @ (2.3)-(2.5) MM —LesRiefbih. FHOTHE (2.3) 5 du
£ L? PEARR, A

%[E(U(t)ﬁtU(t))] + 29[10wull} = 2{g(x, uo), Oru),

Hors
E(u(t), Opu(t)) = ||ull3 + [[Opull* + 2(F (u), 1). (3.5)

X EARTE [s,¢] AR ¢ + 0 B dfe ¢, WTUETF (3.3) 0L
BT

2[(g(x, ug), Ou)| < 2g(x, up) ||| Orull < 2Clugllcy, |Ovul

< Collual2,, + 10ul®. (3.6)
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VEBE, BSCIR
il
t t t
B(u(®).0(®) + 27 [ [u(s) s < B(uo.u) + €2 [ fualfe ds+ [ |0lPas. (37)
75 (3.7) Nk, F ¢+ 0 B ¢ 15
t+0 t+6 t+6
Eun.dru) + 2y [ [owalids < BGn. o)+ C2 [l ds [ Joalas
< Elgo, 1) + C2 / ol ds + / [9roll3, ., s (3.
ﬁiEP E(UQ,atUQ) = ||UQ||%V + ||8tU(9||%L2(Q) + 2<F(UQ), 1).
Y (1.1) AT 2 f, F(ua)da > —(1— Bo)lluslZ,, — 2Cs, > (B0 — Dlluallz,, — 2,
B (1.6) RN Vy < LPTH(Q), 715
2(F(u), 1) < 201 ([[ull® + lull 75 < Ca(llull3 + [lull5™). (3.9)
W E(¢o, ¢1) = ldollE,, +l61llE,, ) +2(F (us(7), 1) < H<150H20V2+H<151||20L2<Q)Jrczl\dﬁoll%+02H<150Hp+1
< po(ll oIy, + 1611122 ) 36 10 = 14 Ca.
HAAAE Ny = max{1,C% + (1 — Bo)}, 13
E(ug, Oug) < E(do, é1) + N1 [[[10suall?, , ., + llusllZ,, +2(F(ug), 1)]ds +2Cs,,
Xt AN Gronwall A5, Af 15
E(uﬂaatUG) (R T ﬁ07M07>\17¢07¢1’Cg’Cﬁo) (310)
g4 (3.9) F (3.10), /F1E uy = min{1, By}, 15
pa(lluolle,, + 10l , ) — 2Cs, < E(ug, druo) < C(R,T, Bo, o, Ar, do, 61, Cy, Cp). - (3.11)
4E4 (3.8) Al (3.10) A5
t+6
/ Hatu||2d3 C(R Ta7750)“’07/\1)¢07¢170q70ﬁ0) (312)
i
t
[ 10l ds < CUR.T. 9, o i M 0,61, ). (3.13)
T+p
H Azu 5 (2.3) 8 L? PERBIATR
d 1 1 1
(O, Au) -l + Ll + (F(u), Abu) = (g, ug), Abu) + 0l (314)
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B2, A RIAEEE (3.14) BT

1 1 v 1 _
[(g(,up), AZu)| < [|g(ue)||A2u] < 5““”3 +37 O3 |luellZ,, »
1 1
[(Opu, A2u)| < [|Opul|||ull2 < 1”““% + [|Opul?,

N—-2

(/ |A2u| ¥ de) 2w
Q

2N N+2
N

[(f (u), A2u)| < Cl(/Q(IUI + [ulP) ¥+ dz)

1
< Cilflullz + ul)lluli < 5 llulli + Ca(lull3 + [[ul3?), (3.15)

HA TN Ve < LY F1(1.6).
P RGN (3.14), F $(0u, A2u) + Full3 < Co(l[ull3 + [[ul3”) + 377 C2llugllZ,,, + Orull?.
1E [r,t] B3, FFH ¢+ 0 B4 ¢ 711,

) 1 t+6 t+60 t+6 1 t+6
@uun Aty 45 [ JulBds <G [ Julds +Co [ s+ 3972 [l s
+/ |8yull3ds + (Dua(T), A2ug(7)).

XA (Do (r), A2ug(1))] < 10uo(T)|12,, , + §lus (DS, = FlollE,, + lé:lE

1 0
W (Grup, Abug) + 1 [ [ull3ds < Co [ uallZ, ds + Ca [ ullZ, ds + [* 19rua2,, ds

— t
+ 377105 [ lluollz,, ds + gll@ollZ,, + 61112
L

L2(2) L2’

L2’

t
[ Tua(s) 12,05 < CORT. o os7: M0 60,61,y ). (3.16)
T+p

B8 (2.3), it (3.15)FIRAN L R L5 (Q) s Vi, L2 ey Vo, AIFE

107w (D)I[E,, ) < NuollEy, +7°1100u0llE,, , + I (u)E,_, + ColluslE,

L2(Q)

< uolley, + 72 10wolE,, ) + 1 (o)l |, + Collusl,,
L P

L2(2)

2
< uolle, +7*10wolE,, o) + luolle, + Collualle,

L2(Q)
< C(R7 T7 507’77#07A17¢07¢1>Cg70B0)7 (317)
1f (wolllE, | < Cllualle . + luolle )
LN+2 L N¥2

< Olluolg,, + lluall,)
g C(R7T7 BO?M07A17¢07¢170577060)7 (318)

‘[‘H: at2u9 € LOO([T +p7T]7CL2(Q))7 f(ue) € L2([7_ + paT]chf1)'
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B (2.3), iR (3.17) AL R Vs v L¥F2 ey V., W45

107 uo(DN1E, ) < ol + 72 10kuallE,, + [1F (o)l | + CFllualley,
< luollZ,, + 72 10cuoliZ,, + luslie,, + luslieh, + CollusllZ,,

< Cylluslleh,, + llusllZ,, +~7110usll?s,, (3.19)

A 83’&9 € Lz([’r + p, T], CL2(Q)).
i (3.5), (3.8), (3.9), (3.10), (3.13) A (3.16), Al {5 (3.1) FYAL.
ROk, BATIE B )8 (2.3)-(2.5) MIRAEZSIE] C([1 + p, T); Co) N L2([7 + p, T); Coy, ) EWIAELE
P W yp = (ug, Opuy) 72 (2.3)-(2.5) BIfE. Z 50ttt (3.1) XF Galerkin &1 /541 {yy } AL, I,
TFLE (ug, Opug) € L=([7 + p,T); Cyyy N L2([7 + p, T); Cy ), 02ug € L=([7 + p,T]; Cr2(ay) N L2([7 +
T); Craqy), 815

(ug, Opug) 1€ L ([T 4 p, TT; O, x Creqy) FIT*WELT (ug, drup),
(uy, Oyuy) £ L*([1 + p, T); Oy, x Cy,) FIFELT (ug, Orug),
Ofuy 1E L= (1 + p, T); Cra()) ST 0Fus,

Ofug 1F L ([T + p, T1; Crao()) HHUECT 0.

RiFI3I 82 2.6, W78

00 <n <1, (ug, duy) £ C([T + p,T]; Cv,_, x Cv_,) TUST (ug, Opuy), (3.20)
ug 1€ L*([7 + p,T); Cv,) TUELT wg, B ug(z,t) £ Q x [1 4 p, T|TJLFAAEWEL T ug(a, t),
(3.21)
Owug TE L*([1,T); Cra(a)) ST dyue, (3.22)
Ju) T L5 ([ 4+ p. T C ey ) FIET £ (), (3.23)

IHER & € C5° (), 71

T

[ i~ v < [ 130wt < [ 1650 - w@)lo el o
JEAh, RHER I € € Co(Q), T4

T T
/ (FGa) — Flug), €10t < Cy / (L 15+ N2l — wollallén lad
< C(R) Ta 507 /\1)¢07¢17N13 Cg’ Cﬂ())”ug - u9||L2([T+P»T]7CV2) — 0.
R, RHERE & € Cgo(Q), T4
T T
[ totu) — gtun). €14t < G, [ 1y~ wallow, 1411t < Gyl = sy = 0.

R EFTIR, P18 y = (ug, Orug) MR (2.3)-(2,5) Wi 2 (3.1) [MfiF.
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2, UE AR (2.3)-(2,5) BIfE y = (ug, Oyug) € C([T + p,T; Cyy).
R (ug(t), Opug(t)) € C([T + p, T); Oy, x Cv ) NL>®([7 4 p, T];C), A
(ug, Orug) € Cu([T +p, T O, [[(uo; dru) oy < liminf [|(ug(s), Oruo(s)) o -
SHERM ¢ € [r,T), 145 (3.3), A4l
tim 5 (ug(s). dyup(s)) = B (ug 1), dyug (1)), (3.24)

i (3.21), A3 s — t B, u(x, s) = u(x,t) ae. v € Q, MAH 5 2.4, ¥ 1.1 il Fatou 5|3, &

lim 2{g (o), u(s)) = 2g(uo), u(t)), [ (uo(#), Dot (1)), < lim inf(l(uo(s), Druo(s) 2,

/Q (2F(us(8)) + (1~ Bo) M fug (1) + C(By))da
< 1i§njgf/s)(2F(u9(s)) + (1= Bo)Ailus(s)[2 + C(By))d

< liminf/ 2F (ug(s))dz + (1 — Bo)A1lluel®* + C(Bo)|€,
Q

s—t

Ep
/2F(u9(t))dx < limin/ 2F (up(s))dx.
Q st Ja
B IR (3.22), A
tim sup (9o (5) %, + lim inf uo(s)][3,, +2(F(ua(s), 1)

s—t s 2

< lim([10iug ()12, + Iluo ()1, ] + 2(F (ua(s)), 1)

— D)2, + lua(®)2,, + 2P (us(t)), 1)

< limin [0uo(s)|%,, + lmint Jug(s) 3, + 2(F(un(s)). 1),
ESJL:

Bro0)]%,..,, = lim [Bug(s)]2,..,

CEEEIES

luo(t)][2,,, = lim [|ug(s)[12.,, - (3.25)
2 s—t 2

*E?E?I‘Eﬂ CH El‘]*ﬁ(ii_?i’fi, %% (3.24), (325) *n (ut,atut) € Cw([T + p, T]; CH), ﬂ/% (Ut, Btut) €
C([r + p, T1; Cy).
(i) ( Lipschitz FEZ1%) 4 u v & (2.3)-(2.5) W2 (ug, uy), (vo,v1) € H HIE, N 2 = u — v,
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i 2
022(t) + Az + yA2 0,2 + f(u) — f(v) = g(ug) — g(ve), t € [1,00), (3.26)
2(7) = up — vo = 20, Dyz(T) =y —v1 = 21, (3.27)
20(7) = ug() — ve(T), Brze(T) = Dyug(r) — Dyve(r). (3.28)

TE NG T, FATESE 6 AR/ IEFE 2L
F 24728,z + 20 A3 2 57572 (3.26) 1E N F1S

&K(z, 0:2) + H(z,0,2) = L7 T + 2610:2|1 1, (3.29)
b K (2,0,2) = 20(02, A7 2) + (10,2121 + 1217 + 26121, H (2, 8:2) = 261217 + 2+]10s2[|*, T1 =
—2(f(u) — f(v), A" 20,z + 6A"22), Ty = 2(g(ug) — g(ve), A"2 8,2 + SA32).

BT 126(0ez, A3 2)] < 201|210zl —a < 280 F[12llal1Bezl| -1 < 6AT F 12113 + 87 F[19hz]2,.

AFAEREL s, s,

ps(l2@IF + 10e2(1)[121) < K(2,0e2) < pa(ll2(®)IF + 18e2(8)1I2,), (3.30)

o iy =1 — A7, pa =1+ 0A] 2 4+ 207)] 7.
FH A B 3, I 15

Tl < 2/ F(u) — F(0)] - | A2,z + A 2)da

<2cl(/(1+|u|13 1_|_|U|p 1)2 2de 5 /|ZN 2(1 a)dx e

N-2(1—¢)

.(/ |A™20,2 + §A™ 22| V3o dg) 2N
Q

200 (L + [lulls ™" + ol lzlli—e (A2 0s2 1—c + 81 A2 2] —.)
—(1 1 2 1
312113 + 10s2 1> + ATV Co (1 + [l + Iloll3 ) 123
2 1) 2 1)
Co(L+ [[ull 3% + ol =) =113,

<
<

gLz
+7 N
HrhIRATAE] Sobolev fiAN: 0 < e < 1, Vi_. —ves LPTL(Q).

2| < 2lg(uo) — g(vo)[l[[A72 0,2 + 26||g(uo) — g(vo)|[|A™2 ]l
< Cgllug — volls,, + 110e21125 + 0°Cgllug — vollés,, + [1211%

<207 + A0l + (v IATICG + SATECE) [[ug — o[, -

0L B (3.29) 38, AT

d

e 2(p—1 1 b 2(p—1
SR (1), 02(1)) < TG (1 + [l 4+ ol 3TVl o AT Gl 3

+ RT3 + (v TIATICE + SATEC) s — vl + 20X, *10iz].
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ESCAE [, t]) BRI JF ¢4 0 B i ¢ W1

t
K (20(t), rz0(1) < K (z0(7), 0p20()) + 07 179C / L+ [aal227 + g |27 ) 20112, ds

1+2e

t
1, — 2(p—1 2(p—1
+YTIA T Gy / (1+ uallg2 ™ + [loal[ &2 ) 12001, ds

t 1 t
+(71)\1‘10§+5/\30§)/ |ue—vg||%v2ds+25)\12/ 19iz0l,,, ds
g K(Z(’(T)v 8tZ9(T)) + C(R7 T7 57’77 )\17 BO? (bO? ¢17 097 Cﬁ0702)- (331)

M (3.4) kAL
(iii) (FEHCEE)H 20pu + 20u 5572 (2.3) 1E AR AT 45

d
7 50w, 0v) + 28 |[ul[5 + 2910l + 20(f (w), w) — 26[|0pu]* = 2(g(uo), 20pu + 20u),  (3.32)

et Ky (u, Ou) = [[ull3 + [|0vull® + 20 (0w, u) + 0y [|ullt + 2(F (u), 1).
BESE, 1126 Cu, Opu)| < OAL* [[ull + 0Ay * 0wl A1 (3.1), PIRIFFAERHL s, o,

ps | (u, Oeu) |13, — 2C5, < Ki(u, pu) < puol (u, O |13, (3.33)

Horft i = min{1 46X, 2, By + 0y 2}, e = max{1+ 26X, 7 + Cy, 1+ 5\, 2, Co}.
M (3.1) A1 (3.9), W13 2(F(u), 1) < 20 ([[ull + [[ullfri) < Colllull3 + [[ull5).
HIVE (1.1), AR 26(f (u),u) = 2680 — 1)|ull2 — 26C;,.
&s

[(g(, ug), 20yu + 20u)| < 2[|g(ue) ||| Oeull + 25||g(ue)|[|ull

_1 _1
<Oy CylluellE,, + 10cull® + CFlluglE,, + 0N, *[|ull3.

¥ B THRN (3.32), £33

d
7 51 (w, ) + 26 w5 + 27| O

< (Cy +0A 2 CY)luoll,, + Xy * [[ull3 + (1 + 26)[|0yull* + 26C;,, (3.34)
M [, 8] B0, IR ¢+ 0 Bt v
t t 1 t
K (ug, Opug) + 25/ luol|Z,, ds + 2’7/ 18ug|[2,,, ds < Ki(do, d1) + 0, ? / luollZ,, ds

1 t t
(@4 [ ol ds+ (1+26) [ 0wl

g C(R’Ta 6777 )‘1’/607¢07¢1’Cg,0[30702)~ (335)

)ds +26Cg,(t —T)

L2(Q

MIFRHE (3.33) F1 (3.35), ATIERF )@ (2.3)-(2.5) fil HIFEHLE.
MR B 3.2, AT LLE XA (2.3)-(2.5) BIAR U(t, 7) WIF: 20(t) = U(t, 7)20(7) : Cyy = Cy.
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4. BEfREIR 5| FRIFAEM

BB (R B AR A 2

Ml 2 B 3.2, WA S| T 4

4.1 BOEH 3.2 MG, WRXHER YA (o, u1), (vo,v1) € {B(R)} C H, IBALFLE
Ry > 0, 15X B F il f (2.4)-(2.7) W FE U (¢, 7) 7 I R8I ISCEE, BI4ETR 98 = {B(R,)}.
NI 1 (2.3)-(2.5) BIRIERE U (t, 7) #EAT SPELRAE. Nk, fon B e s it

Wou,v 22 M (2.3), (2.5) 20K THUE (uo,ur), (vo,v1) € {B(R)} Wil MR % 2 =u—v

i LR TR
22(t) + Az + A2,z + fu) — f(v) = g(m,ue) — g(a,ve), t € [r,00), (4.1)
2(7) = upg — vg = 20, O2(7) = Uy — vy = 21, (4.2)
Zr =y — vy, Ohzr = Opuy — Oyvy. (4.3)

BATHG 4> LA R DU2E AT S B8 A it
2 F(4.1) :RLL 20,2, HAE [s,1] x Q BRIy, ATHS

+2’y/ /|A Opz(1)] dxdr+2/ / 0))0sz(r)dxdr

—2 t | tatu0) = st vn))2yz(r)ndr

Sop H(t) = 0,202 + 1202, BT < s <t
T 2f Jo (g, ug) — g(x,v9))0z(r)dadr < 2C, fstfp lug — volI2,, Jo Oez(r)dadr,
JIES)

H(t) — H(s )+27/s [ At0,2(0) dxdr+2/ / )3y (r)dadr

t
< 2Cg/ l|lug — vg||év2 /Qatz(r)dxdr. (4.4)
s=p

F0 K (4.1) XL 2, HHAE [T,1] x Q@ BRI, 155

/atz (e + L)1 + //(f dxdr+/ 122 dr—/ 19,2 [2dr

/ / g(x,ug) — g(x,vg))z(r)dedr + / 0z(T)z(T)dx + %Hz(T)H?d:r (4.5)
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R (4.4), (4.5), F t + 0 B ¢ 713

t+0 t+0
A HMM—L (182 2 + | 2(r)|)dr

t+6
<c, [ Hwvma%/dﬂmﬁry/&ATVGMx+QVHW%wgw&m%ﬁ
Q Q

T—p
t+ t+0
/atz(;(t)z(;(t)derQ/ |0e2(7)]| dr/ / r)dzdr
)
t
<y |lug — 1}9||20V2 / ze(r)dxdr—l—/ O z(T)z(T)dx — %Hze(t)H%Vl — / O zg(t)zg(t)dx
T—p Q Q Q
t
/ [ ) = Fonza(r)dedr + JDfdr+2 [ oz, 0
T+p 2 T+p “
<y ||U9—U9||CV /Zg( )dxdr—i—/atz Z(T)d(IJ—*HZg( HCV /atZQ )zo(t)dx
T—p
[ | (st - vm@mww+|MH|m+z/meﬂqm) (4.6
T+p
B=D X (44) 1R [Tt] BRT s By, ¢+ 0 Bt ¢ /15
t+0 t+0
Yt+60-T) / H(s ds2/ / / v))0yz(r)dxdrds
46
+2C, / / ||u9—v9||cv /atz(r )dxdrds
<G, llug — vellz,, / o(r)dzdr 4+ Gtz dx—/ / (ug) — f(vo))zo(r)dadr
T—p 2 Ja T4p

t
- [ aatvza(tds +2 [ 10?4+ JID)d
Q T

—2/ / /(f ug) — f(vg))Orzepdadrds + 2C, / / [lug —Ug||cv /&zedmdrds
T+p Js+p

B i
C(M) = JIADIR + [ 0(T)=(T)ae, (47)
JFH

@%((UQ(T), 8tu9(T)), (”Ug(T), 6tv9(T))) = \1’1 + \I’Q + \Ijg, (48)
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1 ¢ )
v, = (3] [Q/T ||8tz9||CL2(mdr/Qatzf;(t)zg(t)dac],
U, = r)dzdr + 2 Orzgdxdrds/|,
2 t—|—9 T) /T+p/ (ug) — f(va))zo(r)dadr + /T+p/5+p/ (ug) — f(vg)) tZ@CL'?"S]

1
(t+6—-T) - 2 - Oz (r)dadrd
U3 = (t+9—T)[C /TpHue ve”cv/ z(s)dzds + 2C, //SpHue v9||cv/ ,z(r)dzdrds].
PRt

Hy(t) < Car + @7 ((uo(T), Orug(T)), (vo(T), 0pve(T)))- (4.9)

1
t+60—T
N TETERATPRE R FHUSCAE R BT VAR B ) R (2.3)-(2.5) fiffach A% AT T Sk

EIE 4.2 W (1.5)-(1.6) L H g € L*(Q). X THERFE EM t € R AMEEHFRD {1,152, C
(—00,t] (4 n — oo W), 7, = —o0) LRI TAEEFA {2,}5°, C Hoy, ATFH{U(t, 70) 20 122, FF
TE— ML T4

WERR OHER € > 0 AIEER) ¢, 7776 T < t, 13 47 < e MRATEH 2.8, JA 1L 7 LIENI
TR EER A o € CB(R)).

B (ug, Opuy) 2T (2.3)-(2.5) KFHIE (do, 1) € B(R) M. HEH 3.2, WM [lug (|2, +
10vug |2, A T X TAERBEER ¢ AERI G € [T,1].
HRE Alaoglu EFE, 517 2.5 AEH 3.2, AMERN 7 < T < t, RR—BehE, &

ug & L°([1 + p, T); Cyy) FEHFRELT up, (4.10)
Owuy 1E L=([1 + p, T]; Craqy) "FI LT Oyue, (4.11)
Ofuy 15 L= ([7 + p, T); Cra(e) "HE ST 0Fuy, (4.12)
uy 1E L*([1 + p, T]; Cvy) IFWELT e, (4.13)
Owug 1E L*([1 + p, T); Cyy) T IGUSLT Dyug, (4.14)
Ofuy TE L*([7 + p, T); Cra(q)) FFWELT 07 uo, (4.15)
ug 1€ LPT([7 + p, T; Cposi)) ST uy, (4.16)
uy 75 L*([7 4 p, T]; Cv, ) HIFUELT o, (4.17)
ul 7 LPFY(Q) ST w 3 H wl (T) 78 LP(Q) AUBT we(T), (4.18)
dwug 7E L*([7 + p, T); Craqey) HIFSLT Opu,. (4.19)

HAF R H Sobolev A Vy << LPTL(Q) .
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FRAE (3.40) H] %0
(ug(s), Opug(s)) C O([T,t]; Cx) A Cauchy FF5, (4.20)
IEHAFTE (ug(s), Brug(s)) € C([T,1]; Cy), 1513
(up (s), Dy (5)) 7E C([T, 1]; Cop) FULELT (up(s), Dyug(s)). (4.21)
NI, ARER (4.8) MR — T E S, Alih Oy A (4.19), WS

t
lim lim / 10ty — Oyug' ||, ds = 0, (4.22)
T

n—o0 m—o0

lim lim [ (Quuy — Owup')(uy —ug')de < lim  lim [|Quy — Opug'||||ug — uy'||
— 00

<t Tim 190 — 00 g 05— e, =0 (123)
&3 (4.22)-(4.23), TR
lim lim ¥; =0. (4.24)

n—o0 m—o0

FR, A TE Uy, ARHE (4.17) FI15

Jm tim [ ) [ () = ) = ) daas

<Ctim tim [ gl gDl — 2, ds
T+p
t
< : . n__ ,mi2 =0. .
< Cnlin;oyr}gnoo T+p||u9 ug'll¢,,ds =0 (4.25)
i
/ /(f up) uy'))(Qpuy — Oyuy')dads
T+p

_/Q (ug())dx—/F(ue(T—i—p dx—i—/Fue 0)da

/F(ue (T + p) dx—/Tﬂ)/ f(u?)atugdxds—/Tirp/gf(ug)atugldxds. (4.26)

FIF (1.6) AV, s LPH(Q), TR

|/ (ug(t)) — F(up(t)))dar| < /If ug(t) + 0 (ug () — ug(t))[[ug (t) — up(t)|dx

(i (¢ >||ch+1®+|| A7 1 Y [ 1 1710 R 3] A
< Ce. (4.27)
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n— oo,m — oo B HT fug) € L2([7 + p, T),Cv_,) M Oult € L*([1 + p, T]; Cy,), PIHI

t t

lim lim (f(ugy), Opuy’)ds = lim (f(uy), Opug)ds

:/t <f(u@),8tu@>ds:/QF(Ug(t))da:—/QF(UQ(T‘FP))dI-

T+p
[FEF B[4S lim,, o0 im0 f;+p<f(u§”),8tu3>ds = [ F(ue(t))dx — [, F(ug(T + p))de,
(Al

t
lim lim / / (Flu) — Fum)) (Ol — Dy )dads = 0. (4.98)
n—o0 Mm—o0 T+p Q

XHF AR 4 | [ [ (F(f) — Fug)) Oy — Oug)dadr| R4 T, WHEE Lebesgue #61
Weshse e, T

t
lim lim / / /(f(ug) — f(ug"))(Oruy — Opugy')dzdrds

= / lim lim / / (ug) up"))(Opuy — Oyug')dzdrds = 0. (4.29)
T+p s+p

n—oo m—roo

1 (4.25), (4.28) 1 (4.29), AT43

lim lim ¥, =0. (4.30)

n—o0 m—roo

e, BAMETT s ARHE (4.17) ,(4.19) 13

t
lim lim / /(g(:r,ug) —g(x,uy"))(Oruy — Opuy')dzds
Q

n—o0 m—oo T

t
<Cy lim lim ( sup |u3—u§”||cv2(/ |\8tug—3tu§”||20L2ds)5):O. (4.31)
T

n—)oo m—00 SG[Tfp,t]

lim lim / / (9(z,uy) — g(z,uy')) (uy — ug')dzds

n—o0 m—0oo

t
<C, lim lim ( sup |u3—u§”|]cv2(/ g — g2, ds)*) = 0. (4.32)
T

n—>oo m— 00 SE[Tfp,t]

XA — AN E ) ¢, |f Jolg(@,up) — gz, uf")) (Opuy — Opuf)dadr| A K, MARYE Lebesgue %
il ShE B, 4R

t ot
lim lim / / /(g(:c,ug)—g(x,ug””))(atug—6tu’0”)dxdrds
n—o0 m—r0oo

t

/ lim lim / / x,uy) — g(z,up'))(Qpuy — dpuy')daxdrds =/ 0ds=0. (4.33)
T

n—oo m—o0 T
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F (4.31), (4.32) F1 (4.33), A45

lim lim W5 =0. (4.34)
Zr bR, WG o7 ((ur (1), 0puo(T)), (va(T), 0ve(1))) € E(B(R)).
EIE 4.3 & (1.5)-(1.6) L H g € L2(Q), W ] (2.3)-(2.5) FHEE U, 1) : Oy — Cn
AFAE R R RN 5] 5~ 2A = {A}.

MERR 3 3.2, @ 3.3, EHE 4.1 FE B 4.2 S, AR UK BIR 5] T A = {A}, HZWR 5] 7
A AL,

5. BESRE

A SO AR R L JE 5 I i 3R FAE T, AR 8 B TR O 42 )R R 51 7 A AEVE IR, e e T
FE AN i AN SR BHLJE , 3% 3 ) R oA O BB FUBORME SR AR ME B N FH 128 2 B I T AR 4
JRI W 51 BORIE 5, AELAE BN TR AR e 26 R, B2 Faedo — Galerkin 3811 77 7%, e & Al v RIS [6)°F
W7k, A2 T R RGP 38— 0 N eR B0 i, BRAIE T LR (L Kk, iR Ja IRAS TN R K
A R 1T AR

I i I A T 8 ) A ORI 7 I AL, O R S BREAE I i A 7 RO AR AACME. DRI, SR oy Ty
TR IR i 1) AR 7E V0 BBl B, AT LASE A A R R SRR I B0 AT 8. ASCIER 1 AR PR TIAE IR I 515
LI I TS 4 JR R 5 1 (RIAFAE T, 5 SEATF FC BE 75 R% I 3 A2 D BT LI i B3 {2 Mk T M 54 0 T
Ul P IR TR0 A58 22 R B 5 1 RS (LA FRATTER A .

EEUH

E K BRI EIE ST H (A5 12561041; 11761062).
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