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Abstract

This paper studies longtime behavior of solutions for an extensible beam equation
with structural damping in the #, space. In the first instance, we show that the global
well-posedness of solutions for the equation with nonlinearity f(u) under subcritical
condition. Moreover, the asymptotic compactness of the solution process {U(t,7)}
is proved by using the method of contraction function. Finally, the existence of the

time-dependent global attractor is gained.
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1. 515
B QR RV(N > 5) P HEAGHELI A T, 5 &0 T A g e T e 5T
e(t)0Pu + APu+y(=A) 0 + f(u) = g(x), z€Q, t>T,
U(lﬂ,t) =0, red, t>T, (11>

u(z, 7) = uo(x), du(x,7) = ui(x), z €,
Hoe (3,1),vy>0, f(u) RAREHT, g(z) R4 FIT.
7E19504F, Woinowsky — Krieger 7E [1]H#&H T 41 F 272

Ofu + A%u — M(/ |Vul?de)Au = F(x,u, Oy, Adyu). (1.2)
Q

LT RER st e, thT RS0 B SRR AN S S A LA F T 51 RS (0 2 4 e BB i vE Al I 5K
N, BLE—fer] 7 JysmFLe, 55FHJE 54 T W 2 (el I E5HIBLJE. X T 00 f% (1.1) Fil e(t) = C
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ERIBF I A T E TR0 05 (2L T A IR VO 57 4% T B 4 3 TR SO
BT HITAERE, SC (S T 44 T RS BLIE o R R 7 2 YK A P 4 R B - 07 2 1,
M0 < 0 < 1, S AR TFIT T — KAk R RS AR 04 R 5 e R 3 R RO B
ST 50 < 0 < 1B, f(u) BRI, SISO < p < py = A2

TR e(t) 2 C W, WU (1.1) 25850 N5 8, P56 3L 30 00 R 4500 4 L3
T, H 5 TR 3] TR A 1R 020 R (1.1) KR II5) /1547 . A2 Conti 4Rt
T I DA ) BB AL, ARG T S0 T RO 31 T 2. S (6] 3 7 o F A

e(t)0?u — Au+ y(—A)*Ou + f(u) = g(x), (1.3)

X e (0,). BHH T4 1< p<p™ = NE2(N > 3) BRI, 41 <p<p = NN >
3) I g A e 1, BETIA5 1 B TR e 51 - BIAFEAE . ST [7)RISC [8]43 ik T 327 2 A Plate
7 T2 (P B TR I 5| - A7 A, T B AT v R A 5 LA S5 BELJE 8 F 28 42 7 2 i e [ 4 it e 5|
HEATHEFC. 32 CA_ESCHRI S A, AR S S FE T I 7 VIR T 1)@ (1.1) R0 3d e, F5R) R UAc i e
BT VRISAE 76 I R I R, B SRS B TR AR 5 - AR AE .

2. TR FIR
B, AT G, BAMEH LR RS
LP = ILP(Q), H* = H*(Q), Vi = Hj(Q),
Va=Ho NH?, |- l= 11 llee, |l =1l - llee,
Hrp > 1L MHBRAN Vo s L2 Vg, EXHT A: Vo = Vg,
(Au,v) = (Au, Av), Yu,v € Vs,

W AR L? B AESE T HAE Vo EREIE, FATEATLUE LA K% A°. AR E%REa310] V, = D(AT)
HALUTHNR S

(u,v)v, = (ATu, Av), ullv, = [ATull, s€R.
DT (1.1) AT RAS AT AT B Ak
e(t)0?u + Au + yAgé‘tu + f(u)=g(x), 2€Q, t>r,
u(x,t) =0, €I t=T, (2.1)

u(z, 7) = uo(z), Ou(z, ) = ui(z), x € Q.

SE SR [AJAR A8 2 17 0y
Ht = VVQ X L2,
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I HAHX B AVEHCN:
1w, Ow)lf3,, = llull¥, + e(t)[[Dpull*.

A C IR, T30 B A F T i R — A C 3R I X B BOE, RATE A
Ciyi € N RFRHAIEH L B e(t), fu), g W2 FIIFM:
(Cr) Bt e(t) € CN(R) 22— LRSI A F1 R £, TR 2

tiigrnooe(t) =0, (2.2)
HAFERH L > 0, {15
supll«)] + (0] < L. (2.)
(C2) feCU(R), s € RIFHE:
up = liminf@ > =), (2.4)

|s| =200 S

Hep >0 85T AR FEE HH N > 5 A
N + 20

! < pfl < — .
I <C+IsP). 1<p<py= A2 (2:5)
(C3) g € L*(Q), (uo,u1) € Hr, HA ||(uo, w1)|ln, < R.
F1 O (24) WIR, AAEFER D, 0 < A\ —n < 1, 15
F(s) > g2 C, f(s)s = —ns® — C. (2.6)

2
Hrf F(u) = fou f(r)dr.
W2 N <AW, BIE Vo — Lo, JrUIRATEENR Y N > 5 B EE R,
3138 2.1 [2] % X, B MY j& =/ Banach [0, i @A X —— B =Y,

W = {u e LP(0,T; X)|u, € L'(0,T;Y)}, 1<p< oo,

Wy ={ue L>®0,T; X)|u, € L"(0,T;Y)}, r>1.

i
W —— LP(0,T;B), W; =< C([0,T); B).

E2.1[9) B UG, ) 2 {Hiher B—NERE, HHA —ADHERIHE B = {B}ier. AN,
WX Ve >0, 745 T(e) < t, ®L, € C(By), 1§13
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U T)z = U, Tyl < e+ ®r(x,y), Y,y € Br,

IAERBEER t € R, W U(-,-) —BLRHHT .

N 2.1 [9] % {H,bier &1 Banach %50, C = {Cibrer 12 {H }rer (0500 R T4, 3
IIFR e LAE Hy x Hy ERIRREL BL(-, ) N Cp x Cp FINHE %0, R XHMEREFE R t € R, EEF
Bl {an}o2y C Cr FAE DT FH {20, )32 C { )iy, 145

lim lim ®!(x,,,z,,) =0, Vr <t
k—o00 l—00

BATH C(CHFER C, x C, NG REES.
5138 2.2 [10] % @, ¥, A e UES KL, Hiw 2o A%

U'(t) < (t)U(t) + A(t), t > 0,

o
t
W(t) < W(0)elo ) +/ A(s)elt #)r g,
0

L 7=y
W'(t) + BO(t) < A(t),

B, Herr 5> 0.
¢
T(t) < e P10(0) —|—/ e P9I A(s)ds
0

SIFE2.3[10] 1< p, pp<o0, 0<s<I(s,l €Zy). #

9 -5
B -1

NMEISIE
E\:?\3

W <o <1l

lullsp < Cllullgyy 7y, -

EIE 2.2 [11] (Banach — Alaoglu E#) # X £&—AH &M Banach 2*[0], & B C X /&H 71,
W B TEgS b2 X HHAHX .

ENX 2.2 [12] W {Hiter & ERIE R, WSHEFE (U, 1) He = Het > 7,7 € R}
AR UL TR

D) SHMEZER € R, U(r,7) = 1d & H, ERESHE T,

2) WA e e RHIMERKI t > 7 >0, Ut,7)U(T,0) = U(t,0).
WIFR U (t,7) & FE.

EN 2.3 [12] WRMEEN t € R AFAE—NFHR > 0,13 C, C {z € Hy : ||2||ln, < R} =
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Byi(R), WHKH 2 C, € Hy KIEER C = {C}ier & EAH .

EX 2.4 [12] WRIMEER R > 0, fAEH K to(t, R) < t, 3 7 <t—ty = U(t,7)B.(R) C B,
WIFR—BCH SRR B = {Bihier £ U (¢, 7) S TR IS 2E.

EX 2.5 [12] R B = {Bihier —HA I, HXMERM R > 0, fAEERE to = to(t, R) < t, i3
T <to = U(t,7)B,(R) C By, WFR B =Hr =R

FEX 2.6 [12] iIIFE U(t, ) B TARATIR 517596 2 a0 H BT R/ INR A = { A e
1) /l\ At ’—f,JT: /Ht EPI%%E‘J,
2) A ZH RIS, BRI A — B0 7R C = {C) }ier, PR

lim 6,(U(t,7)Cy, Ay) =0

T——00
BT, Hod
0B, C) = sup inf [z = yl,
FonBEA B A C ) Hausdorff - FE 5.

IR 2.3 [12] WL U(t, ) LK, MES K = {K = {K  }er - K, C H, NEE, K 9filH
W51} R ARAS R, T TR 51§ A A7 (E HLME—.

EX 2.7 [12] R VL > 7, U(t,7)A; = Ay, WRRE TRARBIR 5] 5 A = {Ashier A

EIE 2.4 [12] W U(-,-) AYEM T Banach A& {H, }rer FIIERE, W U(-, ) A I TEOM 42 5 R
17 U = {A} brer T2

A =NUvEns,,

s<t T

M HAY
(1) U(-,-) AAAER KBRS R B = { B, }ier;
(i) U(-,-) R HTT %M.

3. EEM

EIE 3.1 #H 5K (C)-(Cz) gL, MR (2.1) H—A559/F v, B (u, 0,u) € L([r,T7;
He), Ovu € L2([7,T1; V), HAT PRI

t
(. 00), + [ oru(s) 2, ds < Co, vt >, (3.1)

Hr Cy = C(R,6,||g]). B, H1<p<py= %Jr_zf B i B DL P
() XHEER t > s > 7 Ml (u, 0u) € Hy B FHIREREIE S AL
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B(u(s).0u(9) + 5 [ Wlo(n|Pdr = Bu(e), ) +7 [ ol (32

=

E(u(t), du(t)) = %(Ilullzvz +e(t)]|0pull*) +/QF(U)d$ — (g, u).

(i) z=u—v 7'7]@ (2.1) X R THME (ug, 1), (vo,v1) MR, MAZFRE ] Vo x Vg H
Lipschitz 4L, BIXt 7 <t < T, A

12, 0e2) ()3, vy < Csll(2,0e2) (DT, vy (3-3)

Hp €3 = max{Cy, Cs} = max{{2y +bSL + 6, L + bL}, {12 + oL 4 SbL, bo~y, b}}, IXHH 6, b 7S
ﬁj\/J\, HH 2 &L TR

12OB, , + @003, <e (|20, , + @) d=n)E,)
-kai/erwﬁﬁw@z@m2+n4®|axm. (3.4)

(iii) MMEREM 7 < ka < a <t < T, (u,0u,0%u) € L>=([a,T]; Vayg x Va_g X V_g) N L?
([0, T): Vi x Va x L2(Q)), £ F R

t+1
[ullY,, + l0wlly, , + @ 107ully, +/ (lu()IIT; + 10eu(s)IIT, + 107u(s)|*)ds
t

30 eColt=7) 9 - 16
=2 (=4 —)co(t—ka)z 3+(f+

8
< — - .
<O+ )+ —)h(t) + =C, (3.5)

&Co(ka—7) O (t—ka)

Hrb k>0, v =min{26,v — 0L + 0}, h(t) =

MERR 77 HE (2.1) Febh O,u

) C’4 = C<R» 57 ||g||7L) .

(ka)? (t—ka)T=®

1 /
&E(u,é‘tu) +[1ully, — 3¢ O 0eul* = 0, (3.6)

Hors .
E(u, 9u) = 5 ([[ully, + @) 10l®) + / Flu)dz — (g, u).

¥ (3.6) 1E [s,t] LAV AI45 (3.2). HI¥E 1, Holder A%, Young A% LA K Poincaré A% n] 15

S~

Plude > =Flul* = € > =5 [ul}, - Co). (37)

2

o
(9v10) < 35 9l + Tl (33

402
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B
Bl 01 = 5 (000l + i)+ | Fluyde = (g.0)
> S @10l + (1= Dllulk,) - (g.0) - C)
> d (. 000) [, ~ C(G. g, (39)

Hrpd = min{%7 % — "+25 Y% (3.6) Mo B ¢ By AT

B0, 0i) + [ 1006 s = 5 [ < 6)10m(s)1Pds = B, 0m(). 3.10)
i e(t) AL IR AT R0
E(u(t), Owu(t)) < E(u(r), 0pu(r)).

)
I(u, D)1, < C(R, 0, |lgl)- (3.11)

.jj’)’>0 s (311) H
t
[ owats)3s < (.6 g (3.12)

e Co = C(R, 4, |lgll), 456 (3.11) A1 (3.12) W43 (3.1).
(ii) ¥ w, v ATTHE (2.1) S LTHME (uo, ur), (vo,v1) BRI, W z = w — v 32 T
e(t)0Fz + Az + VAZ O,z + flw)— f(v)=0. (3.13)

¥ (3.13) 5 24729,z + 262 A

S H(2,002) + 28], + (2 — 26=(0)] 902 — £ D19,z — 26 (8){0z, )

= —(f(u) = f(v),2A7 28,2 + 262), (3.14)

Hor
Hy(z,012) = ) |0e27_, + 20e(t)(Dp2, 2) + ||23,_, +¥5I=IF,-

KN Vag — Vi, FTEA

[e(8)(0r2, 2)] < e(B)|A5 02| - [| A% ]

—~

et L
< Diaeali, + 2z, .,
26 TN,
H,(2,02) ~ 2019221, + 1120, (3.15)
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M N = 4 i, Xﬂ“l<r<oo,7§V2t—>LT'i—’[N 5H¢ F0 <6< 1, ﬁm o, A
Vo o LR R 1 < p < pp = N2 Ly Mool o 2N hidy V, < Lo . Holder 9%
i, Young A5 DL R A {8 i B AT 15

[(f(u) — f(v),2473 8,2 + 262)|
<c/(1 =t 4 oY) 2| (A3 802 + 6] )da

A
<C(1+ HUIIN@ oy + ||’UHN<;. )] (A72 00zl 2, + 02 22e,)

N— 2(2 5)
CO+ ully, ™ + I, Dizlves (A2 0r2llv, + dll2]lv,)
<Collzllve (10e2] + 0l zlv2)

0
<0021 + §||Z||%/2 + Co, (3.16)

o)y 04220 4 No2G20) | N0 — 9 5 <2, 0 < 2. FTUAKE RSN b > 0, 45 (3.16) AR
(3.14) 7115

%Hl(z,(‘)tz) + bHy(z,0:2)
< [2 = 26e(0)][|0e2]1* + [€'(t) + D) |Oe213-, + OllBrz]* + bl 2[5,
1)
+ 26]|2[|3, + b5|\z||%/6 + 20¢" (£)(0ys 2, 2) + 20be(t)(Orz, 2) + §||z\|%/2 + C,. (3.17)
1]
|20¢"(t)(0rz, 2)| < 20L||0, 2]/ 2]
oL
< 20L)|0,2|]2 + 7||,z||%/2. (3.18)
1200 (t)(0s2, 2)| < SOL(||0e2]1* + |12[13,)- (3.19)

g4 (3.17)-(3.19), HL Oy = max{2y 4+ bSL + 6, L + bL}, C = max{22 + 2L 4 §bL, béy, b}, WA

|2y = 26e)|0ez]I* + (£ (t) + be () [10e2]7._, + (20L + 6bL)||8,2|1* + 5|02
< (27 +bOL + 0)[|0e2]|* + (L + bL) 10217,

< O1)|0:2|2. (3.20)
2 2 2 5L 2 2 5 2
20||2lly, + bdvllllv, + bllzllv,_, + 5 ll2li, + S0L[2lly, + glizly,
176 6L
< (g T D)=l + b0zl + b=,
< Calz},- (3.21)
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¥ (3.20)-(3.21) /RN (3.17) 157

d
SH(2,002) + bH1 (2,0,2) < G100 + 1211, (3.22)
Hrf O3 = max{Cy, Co}. ¥ (3.22) £ [7,t] LizH Gronwall 5| #EA[#3 (3.4).
(iif) TR (2.1) KT ¢ KF, /1T v = G i L TTHE
e(t)D2v + €' (£)Dv + Av + A2 B + f'(u)v = 0. (3.23)
H A=20,0 + 6v 5 (3.23) fEFI I 15
d 1, , _e
7 H2(0,000) + 8|V, + 5’ OlIowlly., + [y = seONow]® + (f (w)v, A2 0w + bv)
=0, (3.24)
e 1 1
Hy(v,00) = Sle@lI0wll, + [0]7,_,] + 0e()(0w, v) + 5v[lv]lT,-
y\j ‘/2—0 — ‘/97 Fﬁw‘
[e(£)(Dvv,v)| < ()| A5 0] Al o]
e(t L
< Do, + Lol
2 6 787y /N
Hy(v,00) ~ (0)00]]3, + [0l (3.25)
5 (3.16) HIfliih2E10, &
(f' (u)v, A= 20,0 + 60)|
gC/(l + [ulP =)ol (1A~ 2 0,0 + 8lv|)dz
Q
SCA A+ [lulfyg- 1>)||v||N 2 v (A2 g, +Sllv]] 22r))
<O+ [ull%, D lollvs (1A~ 20501y, + 8v]v;)
<Collvllve (10wl + 6lvllvz)
2 6 2
<ol + S, + Co. (3.26)
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% (3.26) fAA (3.25) 7%

d 9
3 H2(0:0) + 260lly, + [y — d2(t) + d]l|ow])”

1
< Collvllt,_, — 38Ol + Co.

H e(t) BIBIRIERT 1S, X785/ MNP § Fl v = min{%é,v —0L+6} A

%Hg(v, 910 + v([[o]12, + 180ll?) < CoHa(v, dy0) + Co. (3.27)
Fl 8 Lk (3.27) AT1E
d > 2 2 2
37 (17 Ha(v,0,0)) + vt? (o]}, + 0,0]*)
< Cot? Hy(v,0,0) + Cot? + Ct°7 (e(8)|0,0]|2, + vlZ, ,), T €R. (3.28)
B Vo e L2 < Vo, Al (3.1) A2
If(w)llv_, < ClF )| < C(llull + |ul},) < Co. (3.29)
ey, =e®)|0?]lv-,
< || Aullv_, + ¥ A% dullv_, + | f(w)lv_, + llgllv_,
< v, +A10llvag s + £ @)llves + llg]
< Cy. (3.30)
4h4 (3.30) FHfE e E 43
EF @00l , < a0l , <S¢ 10l + Co,
E7 ol < 7 ol ol < St ol + Co,
Hrp RN T 2 -1 < 2 8BRS RN (3.28), FFFIH] Vs e L2 15
%(t%HQ(v,&gv)) + 263 (ol + 1000]?) < Cot? Ha(w, ) + Cot?. (3.31)
H e=Cot=7) 3R LL (3.31), FFAE [r,t] LR A5
0wl + ol , < 5 (3:32)
N H it
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SHERM 7 < a < t, % (3.31) Flh e~ (=) JETE [a,t] LA 1E

! Co(a—T7),Co(t—a)
2 e®o e
KOM%+WMW®<VGE

Fi e=Cott=7) 3L (3.31) JFE [t,t + 1] LRI H

t+1
v
Hy(v(t + 1), 8o(t +1))e” P17 2/ e~ T (Jol|7, + [10v]*)ds
t

< Hy(v(t), Byo(t))e @7, (3.33)
PR A
t+1 , , 9 oCol(t—7)
[ el + lowlPas < 2 (339
t 0
454 (3.32) F1 (3.34) H
t+1
e® 0wy, + lvIT,_, +/ ([0]l3; + 10w]*)ds
t
<(1+= 2 tl Colt=T), (3.35)
)EH Au ‘5 (2 1) ﬁilj\j 7Ny T?%I‘
li _ 2 A
5 3 14V + 1l = (g = f(u) — (), Au). (3.36)

HAp+1< M , FTUUA Vo — LrHL HAIH Young A%, Holder A5 A AN e H n] 13

[(f (), Au)| < [I.f (w)[[| A

O+ llullye) lullpllullvy

< Collullvs [lellva

1
< Cot glull, (3.37)

(g — e(t)07u, Au| < (lg]l + @) |07 ull) |l v,
1
< C(llgll* + L[ 0Fu]*) + EIIUII% (3.38)
4 (3.37)-(3.38) AR (3.36) A5

d
v il + el < 2Co(lgl® + L2107 u®). (3.39)
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Ma>0,0<k<1;8a<0 k>10, SMEER 7 < ka < a <t, % (3.39) Fbh (t — ka)77 A3

d 1 1
k)l ]+ 2~ ha) el

Tat 2(
< Colt = ka) ™o (g2 + L2[0Full*) +

0—1
St~ k) F ull?,.,.

Hfd e 2 #A Young AE5EUH

1 ot 1
gt —ka)=lully,,, < C5—5
1 1
< gt —ka)== Jull, + Cllull?,-

-1 _
(t — ka)== ||u]l3, °llul,

FrbA A
Tat
XT (3.42) 1E [ka, t] #A55, FERI AT A2 45 8 H
t
Nllvs,, </ ()3, + L2107 u(s)]|*)ds
ka
< 2C(t — ka) ™7 + %h(t),
Horp

Co (ka—T) ng (t—ka)

T (ka3 (t — ka)To

Xt (3.39) 1E [a,t] LA RIS

/nwww T uta) R, + /(M@Hw+Lﬂy(>H)

16Cy 1-6 8C, 16 eCola—7)gCo(t—a)
< —k A — —h 2 ¢
7 (a — ka)>7 + - (t —a) + —h(a) + — —~
ok Cy = C(R, 6, g, D).
X (3.39) 15 [t t + 1] Bl n15
G 1600 1—-6 804 16 eCO(t_T)
t— 2= - h(t
| e s < S0 - k) 4+ B e+

Z54 (3.43)-(3.45) I TR

t+1
|mm%@+[ u(s)2, ds

2

16 - 2 16 16 eCot-7) g
<+ 7)Colt — ka) = e= + (5 + 7,

7y) ()+7T/ +3 t7

454 (3.35) F1 (3.46) 43 (3.5) AOL.

d 1
—[(t — ka)77 ||ul|},, ] < 2Co(t — ka) 7 (||g]|* + [[ul}, + L2 07ull®).

)

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)
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S, L

2z = (Un, Opuy) FE TR (2.1) XS HJEALTTRERI#E, 5550 (3.1) X Galerkin IEAF 2z, H/2

FRALIP). RIS, A77E (u, Opu) € L°([1,T); Hy), Oru € L2([7,T); Vp),
13
(U, Optiy) 55 % WL T (u, Opu) TE L®([r, T]; Hy) H,
O, FIWSLT Opu TE L2([7, T); Vo) .
N 51 EE 2.1 0] 45
Up — u 1€ L2([7,T); Va), Oyu,, — Opu 1€ L2([1, T); L*(Q)),

(U, Ogtin) = (u, Opu) TE C([1,T); Vas X V_s5), (3.47)
Flun()) — f(u(t)) £ L* HEREL, ¢ € [7,T1,
U (@, ) 76 Q x [7, T] FJLP A BT u(a, t).
Hi Vo < LPHL I (2.5) A/ 4%, XHERE ¢ € C°(Q)
T
[t~ fw.car
T
<C [ [t tual o ol
T Q
T
< C/ (U flunllbin + lellbi)lun = ullpralClpsadt
T
< C/ (1 JJunllfy "+ Nl D lln — wllvs [I€llv At
< Collun — ullL2(r1yv2) — 0.
FTAMS 3] 2 = (u, Opu) RV (3.1) IR (2.1) TS
SHERER t € [1,T], M (3.2) F1 (3.47) 7715
lilg E(u(s),0wu(s)) = E(u(t), yu(t)),
Mx e Qi u(z,s) = u(x, t)(s — t) JUTAbAL,
(u, 0pu) € C([1,T); Vars X V_g) N L>®([1,T]; Hs).
i Fatou 5| HLANVE 1 A[ 15
lim(g, u(s)) = (g, u(t)),
1(u(®)), Bru(t) I3, < liminf [|(u(s)), Deu(s)|3,,
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EG, TEHE

/ (F(u(t) + Dut)? + C)d

<liminf | (F(u(s)) + g|u(s)\2 +O)da

s—t

<hm1nf/ﬂ (u(s))dz + DI + 019

s—t

frb
/F(u(t))dx < liminf/ F(u(s))dz. (3.48)
Q s—t Q
i Bl E AT A5
o] 9, 1 2 o
hmlnf(ie(s)Hatu(s)H —|—2||u(s)||v2)+hm1nf/F(u(s))dx
s—t s—t Q
< lim((s) o) + (o), + [ Flu()da)
Q
= 3OO + 3luOIR, + [ Plu®)is
NS | 1 o
< liminf(=e(s)(|0pu(s)]|® + = [lu(s)3,) + lim mf/ F(u(s))dx
s—t 2 2 2 s—t Q
e
cO0u®I = limin <(s) ()| (3.49)
lu(®)][3, = liminf [lu(s)[3,. (3.50)

g5 (3.49), (3.50), 28] Hy BI—BUNMER (u, Oyu) € Cu ([, T); He), W13 (u, du) € C([1,T);
He).

4. BB SR

B 4.1 B (C)-(Cs) AL, SMEFM 7 < T, 1) 8 (2.1) FRE SR v E. B0 R
21 = (u1,Our), 22 = (g, Opug) W (2.1) KFHME |21(7) I, < R, [22(7) I3, < R KM, X EM
R > 0 &—ANH%, N

121(8) = 22(B)[[3,, < e D|z1(r) = [lz2(n) |13, VE € [1,T]. (4.1)
HERR % z(t) = {u(t), 0,u(t)} = 21(t) — 2o(t), M 2(¢) W5 2 J7 F%
e(t)0%u(t) + A+ yAZ 0yu(t) + f(uy) — f(uz) = 0. (4.2)

H 20,a(t) 5 (4.2) AR, AT
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S, L

d

gy Hs (@ da(t)) + 2y[|8,a(t) |17, = —2(f (u1) — f(u2), pa(t)) + €' (B)l|0a(t)|?, (4.3)

Hrp
Hy(u, 0pu(t)) = e(t)]|0pu(t)||* + [l

i e(t) AL IRAE AT 15

d

&H3(U du(t)) + 2y 0ia(t)|I, < —2(f(ur) — f(uz), Biu(t)). (4.4)

| = 2(f (u1) = f(uz), Bu(t))| <C/(1 +lua P+ fuaf") al|0pa(t) [

<O+ Iy + Nl )17 1B a()] e,
0+2=35 E T

N— 2(2 )

SO+ flually " + lluzll, llalva 10ca(@) v,

<Colltllv,_; l|0ru(®) v,

<Collally, +~llda®)ly,- (4.5)
4 (45) fON (4.4) TT7E
%ng dvi(t)) + ()3, < Colllull?, + ()| da(t)]|?)
T4 ;
&Hg(u Owu(t)) < CoHs(u, 0pu(t)). (4.6)

45 (4.6) Febd e~ Colt=m) JEFE [1,¢] LR FIAR
21 (t) = 22 ()13, <@ z1(7) = [[22(7) 13, -
HOERE 3.1, 4.1 ATHEN, 24 1 < p < po W, ATTATLLE A (2.1) SRR U (L, 1)« He — Hay,
U(t, 7)(uo, u1) = (u(t), Qu(t)), t >,

o w(t) 2 (2.1) B THME (uo, ui) € H, BFIME—ME, IF HAZEFEH H, BN H, RIELLH.

EIE 4.2 WRFM (C)-(Cz) AL, L By(R) = {2 € Hy : ||2]|ln, < R}, IALELE Ry > 0, f§145
B = {B,(Ro) }rer IFE {U(t,7)} KIS KR EE, HXF Sy > Ry, 2

—+o0
sup (UG )z e + / l0u(y)lldy} < So. (47)

zr€B,(Ro)

WERR mE 3 4.1 KL (7], [13], BE (4.7) BOL
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5. BBk #iIN S| F
5.1. Feiafhit

T AR (2.1) BIRERE U (¢, 7) Bona Sk, JATHEHEAT U Al

W (ui(t), Opui(t)), i = 1,2 ZT5FE (2.1) RFWHE (ui(7), Opui(7)) € B, (Ro) HIfE, i
w(t) = uy(t) — ug(t). W w(t) Wi

e(1)0Pw + Aw + A2 dw + f(uy) — f(us) =0, x € Qt>T,
w(xjt):()’ .’L‘GaQ,t}T,
w(z, ) = ur (1) — ua(7), Ow(x,7) = Oui (1) — dyua(r), x € Q.

4 (5.1) A WAL w, IELE [, T] x Q LSS

/Qe(T)atw(T)w(T)dx —/ e(1)0yw(r)w(r)dz —/ / s)Oyw(s)w(s)dzds

—/T/E (s)|0pw(s)] dxds+/ /|A2w(s)| dxds—i—/ |A1w(T)| dz
/ / (uq) )dxds—/|A4w (7)[*dz = 0.

H w, FeLL (5.1), F1E [s,T] x Q ER, A

1

—l—’y/ /A Oyw(t) dxdt—/ / t)|0w(t)|*dzdt

+/S /Q(f(ul) — f(u2)0yw(t)dzdt = 0.

& Gult) = § foe(0)|0aw(t)? + | Abw()])da, Wil (5.3) T

- ' | () = fpnte)aads - 5 [ ) | el Pasar

Gu(T) = Gu(s)
—|—’y/T/ | A% dyw(t)|>dzdt = 0.

1 e (t) JorbIR B BT A3 (1) < 0, BETTA

// )|0yw(t)|*dzdt
< Guls) — // (1) — f(uz))Byw(t)dadt — 4 //|A Dyw(t) 2dadt.

2/ (1) 0yw(T) Pz — ;/ £(5)|Ow(s)Pdz + = /|A2w )|dx—/|A2w s)|da

(5.1)

(5.2)

(5.3)

(5.4)
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FRE, TEIE

M ()| w(t)[* < 5Le' (1) Opw(t) [, HTEAA

/ST /Qg(t”atw(t)!zdxdt
/ / (u1) — f(uz))Opw(t)dadt — L’y/ /|A Oyw(t)[*dadt. (5.5)

X (5.4) RF s 1E [, T) x Q EFUy, 713

T—-7)— / / / t)|0pw(t)[*dadtds
/ Gy (s)ds —/ / /(f uy) 2)) 0w (t)dzdtds
s / ' / ' /Q 1A% 0,00 (t) [2dwdtds. (5.6)

44 (5.5) M1 (5.2) B

[ Gutoto =L [ [ ctompantoants L [ [ 1abutorass
-/ ) | e@lpaofards + 3 [ emomrueae+ 3 [ |aturfa
L cmmtrmnns [ [ opmtoutonn
_/ / () — f(us))uo( s)dmds—/|A4w( )Pda
/ [ () = £t

T
—Ly/ /|A2§tw(s)|2dxds+1/5(7’)32511}(7')11}(7')(1.%‘—7/ |A%w(T)|2da?
T Q 2 Q 4 Q

/|A4w J[2dz — & // (1) w(s)dzds

I 1
+5 /T /Q Loyw(s)w(s)dwds — 3 /Q e(T) 0w (T)w(T)dx. (5.7)

B (5.7) AR (5.6), FH1 e(t) gt m] 14
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2R%,

GolT) <TL_7GW<T> s 2(T1_) / c(pnlryulr)ds + g [ 1At s

T
flur) — f(u2))dyw(s)dzds — 7L //|A28tw(s)|2dxds

(T —7)
4T7 /|A4w T)|*dx

_ / / / ’LLl UQ atw( )dxdtds -
77'

S A% pw(t)|*dadtd
+2(T—7' /T /Q (zl v(t)] dadids

- i [ e - / / (1) — Flug))o(s)dads
/Q\‘\
Cm = LGu(7) + ;/(Zg(T)atw(T)w(T)dx+ Z/Q|Aiw(7)|2da:. (5.8)
O (1 (7): Doun (7). (ua(7), Bpa(7))) = D I (5.9)
Hof

Q(TlT)/QE(T)atw(T) dx+ = / /Latw s)dads,

/ / (u1) — f(ug))Oyw(s dxds—/ / (u1) — f(ug))w(s)dads

- / / [ () = Flu) g (oydndras]

- T T ,
Iy = - (T_T)/T / /Q|A48tw(t)

(5)|*dxds.

11:

i %w 24y
e L At

i (5.8), (5.9) A%

Ot + 7 ((ur(7), Qpun (7)), (ua(7), Opua(7)))

1
(T'=7)

5.2. AL &M

A TR R Wi b B TR RAE I DT R (2.1) X L R R AR T B
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FRE, TEIE

5.1 WHRFAM (C))-(Cs) Bor, XHEZEREER t € R, AT {2, )2, € H,,, SIEEFFI
{m}oz, € [—00,t)(n — oo, 7, = —o0) B, MFEF {U (¢, 7)o, AELTFI.

TERA B (un (1), Orun () AW (2.1) KTHMA (ui(7), Opui(7)) HIME, FHEFR 3.1 ALK |ju,||2, +
e(E)|Opun|? AT, B, ||un 3, A FH; HARAE (C) ATHL X € € [1,T), (&)
A R, FTEL ||0pu,||? 52 5. M4 Banach — Alaoglu SEHH, FEHH 3.1, 517 2.1 A LA F 45 R

Uy — u fE L®([r, T]; Vo) W55 = 8L, (5.10)

Oytiy, — uy TE L2([7, T); Vi) HHE3UR8L, (5.11)

Opti, — uy 18 L°°([1, T); L?) H 55 + 8L, (5.12)
u, — u fE L*([1, T]; Va), (5.13)
Opu, — Opu 1E L2([7,T]; L?), (5.14)

U, — ufE L2([1, T]; Vag), (5.15)

HAHET 6 <20 <2.
SHEE e > 0 FEER T > 7,18 T — 7 B8R, WG

1
fCM<€

HE PE 2.1 WA, BATRFUEHAHMERE M T, 7 € C(B-(Ro)) MOLEITT. ik, FATIE WAL 2
(5.9).
e, HEH 4.2 1 (5.10) - (5.13) A48

lim lim [ |A%(u, — u,)[>dz = 0. (5.16)
Q

n—oo m—oo

lim  lim / / | A% (Byu,, — Dy [2dzds = 0. (5.17)

n—oo m—oo

KN Vo — LPT Fgh4E (5.10) #(5.13) A4S

lim lim [ e(t)(Qyun — Optum)(Upn — U )dx

n—oo m—o0 Q

< C lim lim L)y — Optim v, |tn — tmlvy
n—roo m—roo

< C lim lim L0y, + Ot |lvs || tn — tm ||y, = 0. (5.18)

n—oo m—roo

T
lim lim / /L(@tunatum)(unum)dxds
Q

n—o0 m—roo

n—o0 m—roQ

T T
<C lim lim ([ |G, — atum||2ds)§(/ l|lwn, — um||2ds)% =0. (5.19)
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2R%,

lim lim /T/Q(f(un) — f(um)) (up — ty,)dads

n—oo m—roo T

T
< C lim lim / /(1 + un [P+ | [P [ty — Uy, |Pdads
Q

n—00 Mm—00 T

T

<O Jim im0 o+ Dl —

T
<Clim lim [ (14 Junlf "+ um ) s

n—00 M—00
T

< Cp lim lim lun — wm|3,ds = 0.
n—o0 m—roo

454 (5.16) - (5.17), LA (5.18) - (5.19), A

lim lim I; =0,
n—oo Mm—0oo

lim lim I3 =0.
n—oo m—oo

[

N

/\y_’\,

/ T [ (F0) = £ )) @1t = Do)

:/TT/Qf(un)atundxds—/TT/Qf(un)atumdxds—/TT/Qf(um)atundxds

+/TT/Qf(um)8tumdxds

:/QF(un(T))d;v/QF(un(T))d:I:/TT/Qf(un)atumdxds/TT/Qf(um)ﬁtundxds

um||p+1

—um||%,2ds

(5.20)

(5.21)

(5.22)

+ /Q F(up(T))dz — /Q Fluy, ())dz. (5.23)
i (2.5) Al Vy < LPH1 W[ 45
| (Pl (t) = Fu(e))aa < / (F(un () = Flu(t)))]da
< [ 1) + M 0) = wl) a (6) = e
<c / (L + fun (O + )P (8) — () Pda
O+ lun(®I27% + N2 fn (1) — u(t
O+ un (@)1 + N llua(t) -
< Coe. (5.24)
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FRE, TEIE

B (5.14) A[1%, i n — oo, m — oo BH

T
lim lim (f(up), Optiy,)ds

n—oom—oo
T

= lim (f(un), Opu)ds

— [ tw.omas
:/F(U(T))dx—/F(u(T))dx. (5.25)
Q Q
FA, A .,
Jgrrgonllinm (f(um),atun>ds:AF(U(T))dx—AF(u(T))dx. (5.26)
454 (5.23) - (5.26) 715
7}1_{20 W}l_{noo/ / fluy) — )(O¢tty, — Optlyy, )dxds = 0 (5.27)

SAEBEEK T, | 7 [ (wn) = F(un)) (Ot — yu,)dadt| A FE, HETT H Lebesgue 12 i 8k
5 B ] A

lim lim/ / / (up) — ) (O, — sy, )dadtds
/ (lim hm/ /(f Un) — f(tm))(Optiy, — Optuyy,)dadt)ds

n—o0 m—oo

- / 0ds = 0. (5.28)

4h4 (5.27) F1 (5.28) AT {5
lim lim I, =0. (5.29)

25 113 T € C(B,(Ry)).

EIE5.2 WM (C))-(Cs) BRAL, A4 @ (2.1) WM AIERE Ut, 1) : Hye — He B— DAL
(RIS TR AR 51 T A = { A }ier.

WERR HERE 2.1, EFE 3.1, M 4.1, EF 5.1 HiF.

6. ZILS5RE

AICAEE 3 F M UEST TR (2.1) MERIAEAENE, 28 4 B S TR E— PRI AR {U (¢, 7)) 1Y
I T AR R, B 558 5 BRI {U (¢, 7)} BT SRt 45 7 I TR AR 51 1 FOAEAE 1.
WEPEEMR T R AT BT, B AR R R AR AVE L. BT e () A HOsT
IS TA) ¢ FR) R B, 30000 T R B Ak A o i SR A B B DR i, T WA 4 R B DT VA AR G b o 13X —
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EG, TEHE

RO, AELEE B P rhfSe i e B i a e R 2% HLBAE . MOSCTE RBHE 1 f (w) FEIR I F 25 1F A Y
AR (RIS T B 3 54T, A4 Ja BRTE 7 A T LA FE A £ i 7 st e 5155 DL T RO PR R

EEUH

[ 5 H AR ARG I (S 12061062; 11961059).
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