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Abstract

In this paper, the authors study the asymptotic behavior of the solutions to the
beam equation with rotational inertia and strong damping: £(¢)(1 + (—A)*)9?u + A?u —

~AOwu + f(u) = g(x), Where a € [0,1). When the growth exponent of nonlinear terms

satisfies 1 < p < p* = ]1\]\/22’ N > b, firstly, by use Faedo-Galerkin approximation

method and asymptotic regular estimate technique, the well-posedness and regularity

of solutions are established; secondly, the asymptotic compactness of the solution
process is proved via the method of contraction function; finally, the existence of

time-dependent attractor is obtained in the time-dependent space H{ .
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1. 5|8

AR e A e A E R T e

e(t)(1 + (=A))0Fu + A%u — yAdyu + f(u) = g(x), (x,t) € Q x [1,+00), (1.1)
ulog =0,  w(x,7) =up(z), OJw(x,7)=ui(x), =x€Q (1.2)
FRIIS TR S, 5| ¥ B A7 AE 1, HerP e B R B o € [0,1), v € (0, +00), Q € RN(N > 5) 2 EH N
WL BIA G, f(u) AR, g(x) &5 T B TEAKE R EREL e (6) RS REL f(u) 53
I AR
We(t) € CH(R) s —/N AR ICE SR &L, T 2

tEeroos(t) =0, (1.3)
HAEAEEH L >0, i
igﬂg[lﬁ(t)l + ') < L. (1.4)

=
&
8k
4
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HH feCYR), f(0)=0,HH1<p<p =8=%, N >5 I, L

lim inf 7f(s) >

|s| 200 S

—A1, (1.5)
[f'(s)] < CA+[s["71). (1.6)

Horp A\ NELT —A 7£ Dirichlet 3 5244 T H8 — 45 E{A.
1.1 MR (1.5) AR AEE—ANEEL B, TR 0 < By < 1, fHif5

1 — By)\2
BN, sem

(f(s),8) > =(1 = Bo)Aills|* — Cs,,  s€ER

Wz, Jorbt F(s) = [2 £(

BB TR r%ﬁﬁ&ﬁj\ﬁﬁﬂlj REZFRE, FoR B s s . EARZ TRA R, Wikt
R A MR UL T g A RS 1w AL R, BERA SRR, SR REPEIE AR, XA At T
JFMURS PR BT IR BB R AR 4. RSN JIVE IR, RSk 7= AR S MR AR T, 10 HLAR T 2 BB I 8]

AR, PSR 7 22 D7 iR TR S AR I F AN BE 5 4 IR W SEBR O0, TR LR B 22 1) A F FE 72 Jie e
15 Tix&f?*ﬁﬂ%féﬁﬁﬁf@ﬁ,ﬁﬁﬁnz%f P RURG S IR Bl 5 R B B 22 R T 2 —

4 (1.1) PRI RE e JHEL B e SR ¢ TGRS, X1 B B sl 5 & ) hr R 7 AR BRI 2
B 248 21 (1.1) F19 o = 0 i, Silva A1 Narciso 7E3C [1)#F 50 7 B A JELe 1% S5 #4 FH S i m] $iz e 2
TR

02u + A%u — M([|[Vul]?)Au + N(|[Vu|?)(—A)*du + f(u) = g(z), = € Dt >0, (1.7)

Hor, FEHUIE 2 0 < o < 1L SCPAEERE T —AEMRRIEFIEL, 1 < p < oo (N < 4)M
1< p <p'i= oy (N 2 5), FFHLIRIRIE R 5 e ol At A0 55 9 3 2 ok, L RGBS (2]
WAE B I RGN TTVEIE T AR AT SR EUR 5 F I AEE. X T a =0 Eﬁﬁ EHFF AT LA
ik [3-6].

2 (1.1) I « > 0 B, 7E 2008 4F, Chueshov 1 Lasiecka 7£ 3 [7)#2H T HAEH /111 Berger
AR GE () 7
(1 — wA)OPu + APu — yAdu + (Q + || Vul|*) Au = p(u, du), (1.8)

Hh, 28w > 0 Forliei 11, 280 Q FonIMAER RN ), B3 p R HO T608 o Al
B Opu W R B0AT, SCHRAEE HL 1 %07 R B IE € PR AR O BEPERS. 2 w > 0 B, XM e et ik
TN PR AL R R ARt 7 AR R BB D158 AT N, M w = 0 B, J7FE (1.6) i@ 1 Berger HRAR
(8]

£ 2020 4, Niimura 7£3C [9)BF 58 1 AF R & 45 K4 BH Je 1524

(1 — al)0Pu + A%u — ¢(|Vul]?)Au — M (||Vu||*) Adu + f(u) = h, (1.9)
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Hrf o e [0,1], CHREEFIEM T 2 REIEEYE, 2R 5 IIAEEYE, B S RG] 5 IR 0%
Btk

TESC (9] 2R I #% AAESC [10]HBE SRR REae &I e — M (|| |%) Adwu ARE T AR
ZERIFE —M (|| Vul|?) Adyu 1532 T LAY

(1 — aA)Ou+ Au — ¢(||Vul|?) Au — M (||€.)17)Adiu + f(u) = h, Q x (0,00), (1.10)

Hhae [0,1], 1€l = [I(w, 0w)||% = ||Au||? + ||Oul|? 22508 H 165, SCHIEE R T — AN
R IE S FE 3 p* = (%fi), N > 5, JF HAEW] 72 R s e 1, $a 80% 51 7 A4 Jm W 5| - AR AE T
FE L.

M e NGIFIA] ¢ A K IR A 5 bR Bk, 95 AR RN, b T B He s R iR 7 R TR
b e(t) AETETFIE T 0 I A AR A5 O B 2% I RO RIME AR U5 I TRI e 5%, FRATTHD 1)
EAE BIG ITETE TR, T RS RERZ AR T IR ¢, JFHAE t — co,e(t) — 0 RF RGN
FEROVE R R A T AL, A RO I AFAE MR AR XE AT BE Y, — e S BR (2 R 5] 1, — Bk 5l
TR VERT X 1] R A e 2 2 7 R BRI Conti 88 ATESC [11, 12]H & Hy T4 1E B[] iz (5] I
1 RS A [ A6 4 SR W 51 7 RO, FE 5 REAR IR 3 1 24T AT I I

ORI, A FI7R2 (11), % o € 0,1, e(t) WAL A (1.3)-(L4) I, I T RIUR 3] T (77 FEMEE A
e, SR, IR AL A R B R UR R VT AR R A 78 TR B I 77 T
U 3 FRO AR B PE B IE A4 T 2 R PR A . 6 30K R, S i3 A 6 U R, U048 5
T P U T 0 31 T B0, JRA AR e 7 R R A, FRAER T 477 (1.1) IR MO KA 5
W1 <p<p =22 N> 5 A}, BRI T R My (b

RSB R SR 8 A5 BT TR KU 5 s 2 = R S ARAE R 1
5 TE DU 55 U9 P TAIE 2E D0 (- R 6 207 5 0 e 6 A 31 T 0 7 1 s 8
PG R

2. Fn&EIR

TEMLIRSY, A 28— LTI LIS 71 R G5 1010 B R e R 45
TV, = ( ), D(A3) =V, D(A~%) = V_..

WA= A B AT D(A) = HY(Q) N H2(Q) hREMEN, £ L2(Q) FEEFRK. £
D(A®) Hf NFFIEE S R R

<u7U>D(AS) = <Asu7 ASU>7 ||u||2D(AS) = ||Asu||27 Vu, v eV
X s € R, & X Hilbert ZF[0]J& V, = D(A%), NEFNEE 2 5 FR 8 N:
(1, v) = / Abu(z)Abo(z)dz, [ul? = / Afu(z)Pde, Vu,ve V..
Q Q

] Sobolev HR A TE B, TATAAF 2 51 > 5o B A EIRA:

Vi, o= Vg, (2.1)
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MHEBHR A
V, =L, (2.2)
N Poincaré A&, MMEREM v e Vi, H
)\f/ lv]2da < / |A2v|2d. (2.3)
) Q

M, WA (1.1), (1.2) /LS RS TR

e(t)(1 + AMO u + A%u + yAdwu + f(u) = g(x), (x,t) € Q x [1,+00), (2.4)
ulon =0, u(z,7)=wuo(x), Owu(z,7)=ui(x), x€Q. (2.5)

€ X Hilbert 4% [a]jfk:
Ht2+a = ‘/;1 X ‘/24»04 9

FEHE L F:
12052+ = [l(w, 0c) 5 240 = Ilull} + e()l|0eull3 10 (2.8)
KR, Hilbert 45 8]
HE =V, x V,, (2.9)
Hyaue Lk
12150 = [1(w, Q) 3 = llull3 +e(®)]|0pull2 (2.10)

AN, Ha>00,H
HETY ey HE,
I T PR A R 4 SR T R R R I A T

EX 2.1 [13] W X, A& RRE s, RUASHE TR (Ut 1) X, = Xt > 7, 7 € R} 22—
AR, R

1) AMEEM 7 e R, U(r,7) =1d & X, EESHE T,
2) MEER o e RIMEREM t > 7 >0, U(t,7)U(T,0) =U(t,0).

ENX 2.2 [13] RMEEM t € R, FEFEH R > 0,613 C, € By(R), Vt € R, MFAFRLE
C, C X, WELIE C = {Chier & FH R

EX 2.3 [13] WRIHMERER Ry > 0, fFIEFE t = to(R) < t, 3
T<t—ty=U(t,7)B,(R) C By,

JUFR— B0 IR B, = {Bi(Ro) her —XLFE U(t, 7) [N R UEE.
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513 2.4 [14] ¥ 2, DA FFIIM ¢ € C(R) /&AL R 2L, T

Y(liminf z,,) < liminf ¢ (z,).

n— oo n— o0
3138 2.5 [15,16] ¥ X, B 1Y f2 =4 Banach Z[a], % T > 0, WHRE X <= B = Y,

= {u € L([0,T); X)[u, € L'([0,T);Y)}, 1<p < o0,
W = {u e L=([0,T); X)|u, € L"([0,T;Y)}, 7> 1,

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

IR 2.6 [13] WAL U2, 7) #LEK, BIES K = {R = {Ki }ier : K; C Xy NEE, 8 LA
G} AR R, W TR AN 5] 5 L A7 AE ELAfE—.

TEMX 2.7 [17] % {X; }rer & Banach 20, H € = {C; }ier & { X rer M—E—80H FT4E.
EXTF Xy x Xy, ERIERE o, (, ) RN Cp x C. _ERIUZE R . W B HER E 2 ¢ € R AYER T
P {zn}52, C Cr, FFE—NT TN {xn, 132, C {z, )20, [E15

lim lim ¢! (2, ,2,,) =0, V7 <t

k—o0 l—o0

FATH €(Cy) Fom Cy x Cp EURAE BB

EIE 2.8 [17] B U(-,-) & { X hier LHI—AERE, - HA — AR B IEE B = {B,}er. It
A ABBETAERE ] € > 0, AAE—DNTFH] T(e) < t, ¢ € €By), 15

IUt,T)e = Ut Tyl < €+ ¢r(x, ), Yo, y € Br,

SHEZEBEER t € R, W U(-,-) &HE % .
/E.ILEZQ [13] W U(-,-) 71FM T Banach 28 { X, }rer FIIERE, W U(-, ) A I B84 R 515
={Ather Wi A = N U U, 7)B,, BHAY

s<t T7<s

(i) U(-,-) FEAER AR USSR B = {B,(Ro) }er;
(i) U(-,-) Wi & .

EX 2.10 [13,18,19] B FTAER 7 < t, A
U(t,7)A; = Ay,

DI T AR AR 517 A = { Ay ier A

3. FREYE E MEFIIE N 1%

2, FATHE A (2.4), (2.5) FIRME R E X
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EX 3.1 MEEMreR, <t Mwels, i
u® € L>=([r,T); Vo) N L2([7, T); V1), O™ € L>([r,T); V) 0 L*([r, T]; V1),

I 2
() (1 + AM)FFu®,w) + (u,w)a + ¥{(Bu®, wh + (f(u®),w) = (g(z),w),
MIFR T4y — (u, Oyue) BRI (2.4), (2.5) ZEIX A [, T) |85 k.

EH 3.2 W (1.3)-(1.6) ML H g € L2(Q), WX H—NT > 7,0 € [0,1), HE (2.4), (2.5) K155
ity = (u, du®) € C([r, T); HY) N L2([1, T); Vi x V1), 02u® € L>®([1,T); Vaa) N L2([7, T); Viu_3), i
fE:

[ ()12 + c@lIoa ) + e(®) [ (]2 + () 2u (1) |2y
t+1
+/ ()2 + () 2u” (s) |2 3ds+/ 18 (s)]2ds
t
< C(Ryﬁ()) ||g||a/\1701a027L)) t 2 T. (31)

B, 553 2 R S
(i) (FEHLME) FFAE—DAMKAHT o € [0,1) FIEWEL Ry, 15

(a0 g < Ro. ¥t > 1(R), (3:2)
Hirr <t —t(R) M t(R) RAMKIT R KIHEL
(ii) (REESEN) X—A 7 < s <t, THIRERSN
B(u® (), 0u™ (1)) + 24 / 0ru () |2dr = / P8 (r)|[2 + &' (r) |9y (1) |2
+ E(u®(s), 0pu®(s)), (3.3)
oz, Herp
B(u® (8), 0u°(2)) = e (@) 2 + ()0 (B2 + [u ()13 + 2(F (1)), 1) — 2{g, u” (1)-

(i) (fE59F 21019 Lipschitz ELEME) vy = (u®, Ou®) FEZE[E] Vig g X Vou_1 L& Lipschitz
S, J
t
[a* ()10 + ()]0 (t)[15, +/ (la>(s)[|3 + [[0sa(s)||%,)ds

Hs Gor—r) | M3 2ot
< (B2 4 B G (7)o + ()06 (7)) (3.4)

Hoh go = (a*,0,a%) = y¢ — g, v = (uf, o) (i = 1,2) R (2.4), (2.5) 2 5 K T H1H
(wig, wiy) (i =1,2) 554, F£H

C~’O = C(R7 /807 HgHv )‘17C17 027L7 5)
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(iv) (t > 7 BT RIENME) SHEER 71 <ga<a<t<T (Ma>00,0<q¢g< 1,8 Ha<0Hh,

q>1),
(Ou®, 02u®) € L>=([a, T); Viga X Vaa_1) N L*([a, T]; Vo x V),
T 2
t+1
10|13 o + (107 U501 + / (02u* ()12 + l|0vu(s)]I3)ds
t
11 4. G et
< (— 4 —et0)—— L Vit> T 3.5
G TR G =1 (39
5 R
u® € L=([a,T); Vs—o) N L*([a, T); Vi—a),
T 2
t+1
o+ [ (o) ads
t
< Cue® =99 (¢ — ga) + G eCalt=aa) (f — gq)~1
= 6(1—0)
. S C1(qa—7) 5Co(t—qa) _ 1 S _ ACi(t—7)
g Oyttt o T TE T o LO e T D)
k1 Cy (qa — ) ki1 Cy (t—1)
+e7 % (Che® 1 (¢ — ga) + C, (3.6)
Hrp

C~11 = C(R7507 ||g||7 A1, O, Oy, L75)7 CN’Z = C(R7 Bos ||g||7 )‘17027L76)7
Cs = C(R, By, |lgll, M, C1, Cay), Ca=C(|gll, L),
65 = C(R7ﬁ07 ||g”? /\1702)'

SERR 4hFBE I 3.2, T WA I R 2 LA 0, 34 u = ue.
B YIRS (3.3).
g TR (2.4) F1E Q LB, B

%[6(15)”@1415)”2 +e@lou®)E + u®)3 + 2(F(u(®)), 1) — 2(g, u())]

+ 2910pullf = €' ()| 0ull® + &' (1) [ Drull3.-
Xt EAAE [s,¢] ERUY, ATUESS (3.3) ML,
FETH W] (3.1) AOL
T e(c) B UIBRIT, M &' (t) < 0. HAh,
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E(u(t), dyu(t)) + 2y / 10,u(s) 2ds

< E(UO,Ul)
< C(R7607 ||g||7 )\17 02)7 t > T. (37)
1 (1.6), ¥ 1.2 HHRA Vo —— LPHH(Q), AI{R

2(F(u),1) < 20 (Jlull® + ull7riy) < Colllull3 + llul5™). (3.8)

B g € L?(Q), /%1
4

Bo i 12 2
< — .
2ig. )] < P lull + 553l (39)
Sjiia
E(uo,ul)
= e(m)lurl® +e(m)uall3 + lluoll3 + 2(F (uo), 1) — 2{g(x), uo)
1 i 4
<e(m) (14 ) w2 + luoll3 + Callluol3 + lluolE) + = lluoll3 + =5 lgl”
)\1 4 60)\1
< po(e()[lua % + lluoll3 + [[uoll5™) + C*
< C<Ra 507 ||g||7)‘1a02)>
S g = max{(1-+ ), o, 1+ Ca + &0}, O = o lgl”, 7149 (3.7) R,
FHE 1.1, "I 40
2/ F(u)dz = —(1 = Bo)[lut)|l3 = Cs, = (Bo — V)l[u(t)|3 — Cp,- (3.10)
Q
F (3.9) A1 (3.10), A4
pa | (u(t), Deu(t)) I3 — Cs < E(u(t), 0u(t)) < C(R, Bo, [lgll, M, Ca), (3.11)
;H\:EP M1 = min{L %}7 C3 = ﬂ%}@”glp + Cﬁo'
RYE (3.8) Al (3.13), A3
t
/ ||at’u,(8)”%d8 < C(Raﬁm Hg||a77 )‘1?02)7 t=>T. (312)
BN L5 (Q) e Vg s Vg FIJTHE (2.4), TT15
2107 u(t)]]5 -
< u@IP + 22 10eu@®)22 + [[f (@)]1Z4 + llgll%.4
< C(R, Bos llgll v Av, Co)(lu()1” + 1015 + 1F (I 1 + llgll*)
< C(R, Bos [lglls v Ay Co) (a3 + [[u(®) 15" + 101 + [lg]1*)
< O(R7 507 ||gH7’77 /\1702)- (313)
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(2 4) '5 Aty T/Flj*] Ny T?%l‘

d

7 EO + A") 9w, A7Mu)) + Jull? + y(Ayu, A™Hu) + (f (u), A )

= ()| 0wul|®, + )0z, + &' () (1 + A)Ou, A~ u) + (g, A u). (3.14)
HE—25, 4 BIALTR (3.14) 14— T3
_ 1
(g, A" )| < lgll—sllulls < ZIIUII? +C(llglls A1),

_ 1
(A, A7 )| < Al dsull aflull < Zlullt + C (v A 9rl,

({1 + A)dyu, A™u)] < Lilul |yl + Lljulla-z]19rulla
< C(A1)Llull2[|0ul
< C(R,ﬂo, ||g||7/\17027L)7

£/ (£)((1 + A0y, A~ )| < Ll allyal + Liulla—2l0pull
< C(A1)L|ull2]|0ull
< C(R) /605 ||g||7 /\13027L)

[(f(u), A )| <01/ |A” 2 ul| A u] + ul?| A ulde
< OO Ol + Crll A e Hlull” o,
L N¥6

< CO(R, Bo, [lgll, A, C1, Ca) + Cl”“'h”“”i%

—_

< Sllull? + C(R, Bo, lgll, A1, Cr, Cs). (3.15)

S

B ERAGTHOAN (3.14), 1

d

a 1 2
(1 + A%, A ) + )

C(Rvﬁov ||g||, )\17 CZ;7)||atu||2 + C(R7 /607 Hg”v )‘17017 027 L)?

t+1
/ u(s)2ds
t

t+1
< C(R, Bo, Igll, M, Cr, G, L) + C(R, oy lgls M 02,7)/ |Byu(s)|2ds
t

C(R7BO7||g||7)\1701702777[/)~ (316)

[

EEIHN L < Vg, (3.15) 1 (3.16), &
IF @25 < Clul® ax, + lul 2y, )
L NF6

([leell3 + 137

<
< (R7507||9||a)\1702)7

Q Q
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L f(u) € L2([r,T]; Vos).
B f(u) € L2([r, T); V_3), N L¥%6 (Q) < V_5 HIFTFE (2.4), A3

()10 u®)lazs < u@)IF + 2 0u)]Zy + [ F (w25 + gl
< C(R, Bos llgll, Ar, v, Co) ()} + [0u)F + llgl*)
< C(R, Bo, gl Ay, Co)((lu(®)IT + [18su()]17)-
FRAE (3.12) F1 (3.16), n] 15
02u € L*([7,T); Va_s). (3.17)

H1 (3.7), (3.11), (3.12), (3.13), (3.16) il (3.17), A3 (3.1) BT

E=H B (2.4), (2.5) WEAZNE C([r, T); 1) N L2([r, T); Vi x Vi) b 77 1E P %
Un = (Un, Opuy) FE 1 (2.4), (2.5) HIME. B HAE T (3.1) XF Galerkin BT 741 {y,, } oL, Bk, f77E
(u, Ou) € L>®([1, T]; HE) N L2([1, T]; Vi x V1), 02u € L>®([1,T); Vas) N L2([1, T; V_3), 1445

(tn, Byuun,) TE L ([7, T); HE) FHFFHFELT (u, Opu),
(tn, Byun) 15 L2([7, T); Vi x Vi) FEBUCELT (u, Dyu),
02y 78 L°([r, T]; Va_a) HHEAUELT 02,
Ofun 1E L*([1,T); Vars) TESLT 07 u.

N 5IEE 2.6, A1

00 << 1B, (un, Qpuy) 7 C([7, T); Vary X Vy) FUELT (u, Opu), (3.18)
U 16 L2 ([1,T); Vo) ST w, H w,(x,t) 7E Q x [7, TR JL AN T u(z, 1), (3.19)
Oy, TE L2([1,T); V) FUEET O,u, (3.20)
Fluy) 78 L5 ([r, T]; L5 () HPUST f(u). (3.21)

IHEEM & € C(Q), A
T T T
/ (A, — A%, )dt < / 1A (£) — u(t))|]| AG, [[dt = / 1t (8) — () €1 2t — 0.
IEAh, KHEREH & € Cpo(Q), T8

T T
/ (f(un) = f(u),&1)dt < Cz/ (1 Nl ™ + el lwn — ]l ]|2dt

< O(R, |gll; Ay Co)lJun — ull L2 ((r71,v2) — 0.

gE FRTIR, 7118 y = (u, Opu) SEFAR (2.4), (2,5) W2 (3.1) FIf#.
20 UEB R (2.4), (2,5) BIfE y = (u, Oyu) € C([1, T); HE).
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R (u(t), du(t)) € C([1,T); Vaey X Vary) N L (7, T; HE), B
(u, Oyu) € Cu ([T, T 1),
1w, D)l < lim inf [|(u(s), Dpus))||g-
SHER t € [7,7T), #R4E (3.3), ATH
lim B (u(s), dyu(s)) = E(ult), Opu(?)). (3.22)

i (3.18)-(3.21), \lf3 Y s — t B, u(x, s) — u(x,t) a.e. x € Q, MA 5 H 2.5, 7 1.1 1 Fatou 51 ¥, A
£i1>1%2<gvu(5)> = 2<gvu(t)>v

I u(t), Do) 3 < limind [[(u(s), Ou(s) ey

/Q (QF (u(t)) + (1 — Bo)\2Ju(®)” + C(Bo))da

< liminf /Q (2F(u(s)) + (1 — Bo)2u(s)[2 + C(Bo))dar

s—t

< lim inf / O (u(s))d + (1 — fo)\2[ull® + C(50) €,

s—t

R
/2F(u(t))dx < lirsl[l_j?f/ 2F (u(s))dz.

i iR fE TR (3.18)-(3.21), 4

tim inf < (s) 9, (s) |2 + <(5) | Bea(s)]12] + T inf ()] 18] + 20F (u(s)), 1)
< limfe(s) [Bu(s)]* + () [Beu(s) 2 + ()13 + 2(F (u(s)), 1)]

— =(t)|ru(®)|* + OO + )3 + 2(F(u(t)), 1)
< lim inf[=(s) [ Byu(s)]1* + () Bpu(s) 2] + lim inf () 3] + 2(F (u(s)). 1),

Pl
e@lQu®)* + el Orut)l5 = lim[z(s)||0u(s)I|* + (s) | Oruls)]2].
EEEEIESS
()3 = lim [|u(s)]l3. (3.23)

RG2S 0] He M — SRS, 254 (3.22), (3.23) Al (u,0u) € Cu([r, T);HS), AT 13 (u,0u) €
C([r, T HE).

—FEEE%%E;EI‘ETJ Vvl—i—a X ‘/204—1 EPE(] LlpSChltZ iﬁééi‘ri
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B yl1) (G = 1,2) R (24), (25) W2 i) s < R (G = 1,2) W00, 00§ = (6 047) =

Y — Yo, {%E
e(t)(1+ A*)0}a + A%+ yAdi+ fL — fo = 0, (z,t) € Q X [T, +00), (3.24)
,T) = ug, (z) — ug, (), Opu(z,7) = uy, (z) — ug, (2), (3.25)

)
ﬂ|aQ = 0, ’LNL(LI,‘

B fi = flu),i=1,2.
FE R R T oh, FATE S 6 AR/ IE R L
¥ (3.24) X5 24°710,a + 26a fENF, AT 15

d .. - - - -
3 K (@, 0,) + 20[|al3 + 2y deally, — 202 (t)|0vullg, — 202 (t) |0,

I + &' @08y + &' ()10 50 1, (3.26)

M-

j=1

st
K (t,0,u) = 20e(t)(A“0ya, a) + 26e(t)(u, Oyu) + (t)||0yal|2_,
4 O + 1l + 73R,
T, = 26¢'(¢)(0yi, @),
I, = 26¢'(£) (A%, @),
My = —2(f(ur) — f(us), A*~0ya),
Iy = =2(f(w1) — f(u2), 0a).
MRHE (1.4) LK 200 — 1 < 1+ o, 7740
1205(0) (3,00 < 4Ll + “ 20,005,
1206(0) (470, ) < 4L, + S oyl .
TFAEF L o, ps, A
a0 3+ (10D 30 1) < K (i, 001) < ps[8ONo + DO Bor), (327
Hort iy = mind}, 1 - 852L}, py = max{3 + 3,1+ 32 +882L}.
h (3.1) FIRE( 52 58, 774
M| < 287 Lljl 0 + 2 0,

_ L.,
M| < 28°Li[a] 31 o + 5 10kl[Za—1,
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1, < /|f w) — f(uz)] - | 410,/ da

<201+l )5 T [ o an)
Q
([ a0 #5dn) 5
Q

<O [lua |57 + uzlis™ D Nlall3—, + (4% 0ral)
< C(R, Bo, llgll; v, Cr, Co) (a3, + 10301

< 6<1||a||§ +1106]12) + C(R, Bo, gl A, Cr, Co, ) ([l + 10630y,
| < / () — (o) - |oilda
< 2C8( / (14 Jur [P~ uz P~ 5T da) 77 ( / a7+ dz) 7
C(R. Bo, lgll, M. Cr, Co, )3,

a3 + C(R, Bo, gl A1, Cr, Co, )|

(=%}

NS

HAFRATH E] Sobolev #A: 0 < n < 1,
Vo = LPTH(Q), Vi == Vaa1, Vo= Voo, = Viga.

400 E AR (3.26) X, 778
d
3 K@ o) + k(llall3 + l|oall?)

C(Raﬁm ||g||7)‘17017027La/7a 5>K(ﬂa ata)
= CoK (@1, 0,1), (3.28)
b k= min{¥,2y - 20L - —2Lo5},  Co = C(R, Bo, |lgll, M, Cr, Ca, L, 7, 6).

XF(3.31) M. H Gronwall 5IBEHAE [, T) LAy, Al

pa([[a®)1F 40 + () 10a(t)]120 1) +k/ D (|las)[3 + l19ra(s)]2)ds

< (1) R + () 00T o).

FEIUE AR R (2.4), (2.5) fRFERTE.
W Ky (u, 0pu) = E(u, dyu) + 20e(t)(0pu, u) + 28e(t)(A*Opu, u).

seAh, -
46°L
2450) 00 < Sl + = ol
462L
2450) (4D )] < Sl + = ol
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pua| (u, Opu) 3 — Cs < Ki(u, Ou) < pis | (w, 8yu) 3 + C(R, Bo, [lgll, A, Ca), (3.29)

2 2 2 2
Hrp Ha = mln{l % - i‘%ﬁ - ;*i,ﬁ}, M5 = max{%, i% j\lg i} Cs = 4@ ||9||2 + C(Bo)-

¥ (2.4) RIELL 20,u + 20u FEE Q BRI, A4

d
dt(Kl(u o) + Cs) + 0(K 1 (u, Opu) + Cs) — &' () (||0sul)® + ||0ul|2) + 2v5{Adyu, u) + 27||0sul)3
+ 6lull3 + 26(f (u), u)) — 30e(t)([|Opull® + |0pullZ) — 2(6¢’ (t) + 6%(t)) (u, Dyu)
= 26(F(u), 1) + 2(6¢'(t) + 6%e(t)) (u, A*Oyu) + 6Cs. (3.30)
s (1.4), FH
26°L
216%e(t)(u, Oyu)| < A2+QI|UI|2 *IlatUHi, (3.31)
) 253 L §:L
2|6¢" () (u, Opu)| < “TFa Jull3 + 7II3WII (3.32)
1
26%L
2[6%(t)(u, A*Byu)| < b= == lullz + *IlatUIli, (3.33)
, . 253 L §:L
2|6e" (t) (u, A*Opu)| < e [[ull5 + 7||5tUI|2- (3.34)

1

i (3.1) M1 (3.10), A3
20(F(u),1) +0C3 < C(R, Po, |9, A1, C2, C3,9).
i (2.3), AT%0
1298(Adu, u)| < [0l + L || 13,
26(f (u),u) = 20(5y — 1)|IU\|2 - 25050-
¥ EIRAETHRN (3.30), 1331

dt( 1(u, Opu) + C3) + §(Kq (u, Opu) + C3) + Y (u, dyu)

C(R7 /607 ||g||7>‘170270376)7 (335)

=

62 283L4+202L  20°L +262L

T(u,@tu) = (2550 - — ﬁ - )\%4_0‘ - )\%—a

Mull3

1 .
+ YA T = 35L(1 + F) — 6L — 82 L)||0sul)% >0
1

R (3.29) F1 (3.35), AIEAT A& (2.4), (2.5) M AIFERLIE.
FHE U EE (2.4), (2.5) @4 R IE .
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B (2.4) KT ¢ RSH, IHFHA v = O, 1T
e(t)(1 + A2 + ' (t)(1 4+ A*)Ow + A%v + yAdw + f'(u)v = 0.
¥(3.36) :IELL A2 100 + dv FEHAE Q ERUY, AI1R

%Kz(v(t% (1)) + 20]|vl3 + 2(y — de(t) — de(t)Ar ") [Ow]|2 = ZM“

=

Ky (v,0v) = 20e(t) (0w, v) + 20e(t)(A%Opv, v)
+e)0wl5_1 + @001 + lvlliia +ollvl3,

M1 = —2€l(t) <Aa8t'U + 5}1}, Aa_latv>,
My = =2(f"(u)v, A% 10w + Sv).

R4 Holder A%, 745

1
11901,

N 1
2[0e (1) (A% 0w, )| < 46°L[v]110 + 72ON100 501

FEAEHEEL s A iz, 1515

2/0e(t)(Owv, v)| < 48°Lijvl¥,, +

pe([91 10 +e®0w]30-1) < Ka(v,0) < pr(lv]T o +e(®)]|00][50-1),

Horb g = min{3,1 — 86%L}, pr = max{3 + )\a ,1+85°L + 76}
FIFAL 1 (3.1) A1 Poincaré A%, 15

M| < 2L[|0301 + 2L]10,v][5 -

HI T AR f IR R 1 < p < p* = 5=%, AT

Mol <23 [ (Ul lollbelda + 201 [ (1 fup ™)l 4°0y0lda

CLO(L A+ [[ullFre) [0l Zoer +2C1 (1 + [fulls™ ) (ol + A% Oy0l7)

<2
< 8102 + dllvllz + C(R, Bo, gl v, Cr, Co, 6) (10113 1o + 10001130 -1),

HABATHE T 1.2 FHRA Vo, — LPTHQ), (0 < n < 1).
hL Rt (3.37), 71

d
2 (v(t), 0 (t)) + kr(lloll3 + [[0w]12)
C(R7 Bo, ||9||7 A1, Cr, Oy, 7, 5)K2(U(t)a atv(t))7

(3.36)

(3.37)

(3.38)

(3.39)
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HAf k= min{d,2y — 261 — 20LA7® — 6}
KL t > 7, % (3.40) IRV (¢ — 7)2, 772

%[(t — 72 Ka(v(t), 0po(t))] + ka (t = 7)* (V13 + [[9w0]]2)
< O(R, Bos llgll, Ar, €1, G, 0)(t — 7)* Kz (v(t), Opu(t))
+2(t = Dpr(llvliia +e®0wl501)
< O(R, Bos llgll, Ar, Cr, Co, L)(t — 7)* K (v(t), Orv(t))

k
+ é(t - T)2||8tv||i + C(‘Ra 505 HgH? )‘17027L76))
Horr, B0 il

2(t — T)ure()]|0pv[3a—1 < 2(t — T)prl|Opv]lae(t) 07 ull 302
k
< ?1(2‘: - T)QHO{UHi + C(R) /BOa ||g||a /\17027L75>7
20t — T)prl|vllt o < 208 = T)prl|v]l26 (1)1 Oul|2a

k
< 5 (t=7)0]3 + C(R, Bo. gl M1, Ca, L. ).

PRt

d 9 k1 2 2 2
7 (8 = 1) K2(v(t), 9u(8)) + o (t = 7)*(llvllz + 19v]])

< C(R, Bos ||gll, A1, C1, Ca, L, 6) (t — 7)2K2(U(t)7 dyu(t))
+ C(R)ﬂO) ||g||7/\1702aLa 6) (341)

X (3.41) Nl Gronwall 51 HIFLE [r, T] LA, AT#S

P 02 eél(t*‘f) v 549
K < =— T .
2(”“’)7 tv(t)) =X C, (t )27 t>T, ( )

=

CNfl = C<Ra 507 Hg“a )‘1701a C?aLa 5)7
CN’Q = C(R7 /607 Hg”a >‘17027L75)'

RN 7 < a < t,0(3.40) XN Gronwall 51 FIFAE [a,t] B, £

~ t ~
Ra(w(0). 000(0)e =00 by [ el G (ol 4 0,0]2)ds < Kafo(e). O (a).

1 (3.42) A FkpiiE, AT

1 C~f2 eél (a—T)eéo(t—a)

H?W’ Vt>a. (343)
1

t
[ el + owlz)as <
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% (3.40) NS Gronwall SIHIFLE [t, ¢ + 1] B, AI45
Ky(v(t + 1), 00(t 4 1))els " ~Codr
vh [ et =00 (ol 4 0]2)ds
< Ko (v(t), Qpu(t))elr =07,
(Al Ik

1 éz Go eél(tf'r)
— =€ .
ke, (t—71)2

t+1
[ el + owl2yas < (3.44)
t

gE4 (3.42) A1 (3.44) A5 (3.5) =X, B

t+1
10} 0 + eI ull50-1 + / (107 u(s)II5 + 0vu(s)ll3)ds
t

1 1

C, eCr(t=7)
(4 e =2
He k1

Co
e )6‘1 = Vt>rT.

¥ (2.4) N5 A2ou fENFR TS
’7%”“”3—11 +2llulli_, < 2(e@)(1+ A%)D7u, A2 u) + 2(g, A*“u) — 2(f (u), A" u).  (3.45)
by il

—a 1
12(9, A7 u)| < 4llgll” + llulli-a (3.46)

C 1
|2(t)((1 + A%)DFu, A*~u)| < 8L||0Ful? + §IIUIIi_a, (3.47)

H1<p<p =8=% N>5 I, 65

6— —4+42a

|~ 2(f(u), A>u)| < 204 / (1 =y dr) 72 / Ay v )

(| |43 ? = da) 2>
Q
<O+ [[ull5) | AZ ull2—al|AZ~u]|s

1
< C(R, Bo, llgll, v, Cr, Co)llull3— o + Zllullia- (3.48)
Litr LIRflE, AT

v llli-a + luliq

< O(R, Bos llgll, Ar, Cr, Co)llulls o + Cllgll, L) (107 ull? + 1). (3.49)

SR T <qa<a<t,iiffa>0,0<qg<1,8FHa<0r,q> 1% (3.49) T
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(t — qa)T=, 15

d 1 1
1 ) ) + (- )l

< C(R, Bo, lgll, M1, C1, Co)(t — qa) ™=

1 _1
ulli—a + 5 —ga) = fulli,

(t — qa) ==

+ Cllgl, D¢ = q) ™= (10Fully + 1) + 73— 57— lull,

=

(t—ga)5=
(1-a)?

1 _o
——(t —qa)™= Jull3_, <

— Jul,

1
(t —qa)==lulli_, +

N =

JUES)

d 1 1 1
7&(@ —qa)T=|ull3_,) + g(t —qa)T=|[ull}_,

X
—~
~
|
| =
S
~
-
|
R

< Cy(t — ga) ™= |Ju)|2_, + Cu(t — ga) ™= (|02ul? + 1) + Cs : (3.50)

=

63 = C(R7ﬁ07 ||.g||a /\17013 CQ)a 04 = C(HgH)L)a CN’5 = C<Ra 507 ||g||a )‘la 02)
F (3.50) RIRLA e~ Cs(t=09) I HAE [qa, t] RS, ATH5

Cs

Cs(t—qa) t— -1
al—a)f (t —qa)

[u(t)]2_, < Cae2=99) (¢ — ga) +

é4eég(t7qa)6¢2 66'1 (qa*T)eéo(t*qa)
kl él (qa’ - T)Q

,t > qa. (3.51)

K (3.49) LA e~ (-0 JEALE [a, 8] BRI, TR

~ t ~
IO, + [ el s

t ~
< Ju(@)|Z_. + Gy / e~ Cole- (| 2u2 + 1)ds,

Ak
Cs

t ~ - ~
[ s < €0 e 0 — g+ e

C’g(afqa) (CL _ qa)fl
612 eél (qa—‘r)e@o(a—qa) 1 ég eél (a—'r)eéo(t—a)

+ CyeColaman) 22 tt—a)+ ——2 ),
' PO R P E I U W Ny P o

t>a  (3.52)
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5 (3.49) RIELL e~ G- JEHAE [t,¢ + 1) BBy, ATHH

- t+1 -
e~ lut + 1|15, + / e~ T3 _ods
t

~ o pthl
< Ju(®) e %) + G, / e~ Os=T) (|| 92ul% + 1)ds,
t

PRt
t [ul2_,ds < e—és(é eCs(t—qa) (t — qa) + ieés(t—qa) (t—qa)™*
t+1 et ! ! o(l —a)
- 6‘ C1(ga—7) 5Co(t—qa) . - 1 CN* - oCa(t—T1)
+ yeCalt—aa) Z2 ° © F O+ Cy(— 220 ). (3.53)

klél (qa —7)2 k1 Cy (t—7)2

FR¥E (3.51) F1 (3.53), WJHEFS (3.6) JlOT. a

EIE 3.3 WM (1.3)-(1.6) oL H g € L2(Q). W v = (u$, dpuf), v§ = (ug, dpug) F& ] il
(2.4), (2.5) B HIKTHUE y1, A1 yo, BIPIAE, WXHERR 7 < T, H
5 (8) = y5 (D)3 < Cre" lys, = vz, |50, V€ [, T, (3.54)
Hrp
Cr = C(R, Bo, ||gll, L, A, C1, Co) is.
WERR B g = (4, 0ra) = y1 — yo, W g2
e(t)(1 + A0 + A%U+yAQ G+ f1 — fo =0, 2 €Q, t € [1,00), (3.55)
ilog =0, @(z,7) = ui, () — ug, (x), Opit(x,T) = uy, () — ug, (x), = € Q, (3.56)
H fy = f(w),i=1,2.
¥ (3.55) K5 o,u fEWAL, 13
%Ks(ﬂ, dya) + 29)10vul|f = —2(f(ur) — f(uz), ) + €' (#)|0all® + &' (1) 0.allz (3.57)
Hrp
K (a,0yu) = e(t)[0.al* + (®)[|0all3 + [|all3-
LR ps, 15
1@, 3ya) |3 < K3(@,0ya) < ps (@, 04a)|[3p (3.58)

ﬁ;qﬂ Mg = max{l, 1+ %}
R4 (3.1), AI4e
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_ IR
[’ ®)lloal*] < LTHatuHQ

' Olloal5] < L= ll0val3.

)\1&

| = 2(f(w1) = f(u2), 0}
<2/|f uy) | - |0 a|dx

<204/u+mmpl+mwﬁlumm*%%/“mN4m:ﬁ%/Wamﬁ%@m%?
Q Q

< C(R7 ﬂOa Hg”:Lv Al; Clv CQ)K3(U7 atu)’

B LRGN (3.57) W15

d
&Kg(u 875'114) + C’6||3tu||2

g C(R7 /807 ||g||7L7 )\1701702)1{3(’&7 ata)y (359)
Hrh Cs = O(R, v, L, \).

N FH Gronwall 5|3, AIUEA (3.54). [FBS, FATHRAZE] T 0] (2.4), (2.5) FIFRLEZSE] HE H vk
— k.

MR e 3 3.2 FE 3 3.3, I LA I RE (2.4), (2.5) BIEFE U(t, 7) W'k

y(t) =U(t, )y(T) : HE — H.

4. B EMREIRS | FHIFAEM
4.1 RN EE

PG 3.2 (1), "TARM1 N &5 R

EIE 4.1 BOER 3.2 BFAFEOL, MEXMERIVNIE y(7) € B, (R) C HE, IAFFLE Ry > 0, fif
XN TR (2.4), (2.5) BERE U (¢, 7) P16 IHEARAIR IR, BRI B, = {B,(Ro) }er-

4.2. F£IGfHit

TN (2.4), (2.5) BISRIEFE U (¢, 7) 34T B MIGE. Ak, o i bt
Boyi(t) = (wi(t), Opui(t)) (i = 1,2) 2 (2.4), (2.5) AHKTHME (ui(7), Opui(T))
€ {ET(R)}T@R E(jﬁﬁ: ﬁﬁ52§ ?JN* (t) =l (t) — Y2 (t) = (W(t), atUJ(t)) {V%/%U:Fﬁfg
et)(14+ A*)0fw + yAQw + fL — fo =0, 2 € Q, t € [1,0), (3.60)
wlag =0, w(z,7) = uy, () — ug, (x), Ow(x,7) = uy, () —us, (z), € Q, (3.61)
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H(t) =e®)[ow®)I* +e(®) 0w Bl + lw(®)]3-

TATPR 5 AT TP AT e e il i
E—% ¥(3.60) :NIELL 20,0, IFAE [5,8] x Q LRy, AT15

+2’Y/ /|A dw(r)| dxdr—f—Q/ / (u1) 2)) 0w (r)dzdr
/ / )| 0w (r |dxdr—|—/ / )| A% Oy (r)Pdadr, (3.62)
o)

Kot T < s <t MRHE (1.4), WA
e(t)|we())? + e(t)| AT w,(t)]?
< L(Jwi ()2 + [AZw, (1)]?) — €' (8) (|we (1)]? + [AZw,(1)]?),

JUES)

[ [+ coiatopan
<o [ [ 00w + 1A% )zr
- [ [ 00 + a0 Pasas
T+ L / / (10 (r)I? + |A%w,(8) ) dzdr

—2/ / (u1) 2))Oww(r)dzdr. (3.63)
B3 1% (3.60) RIL w, IEALE (1,6 x Q LB, 951

[ c0lowte + (A a®wlds + J w2
—/ ()0 (T)(T) + (A*Oyo(T dx+/ /|Aw PP dadr
# [ [ ) = etz - / () (B + 1wt [2)dr

= (@)l + / / )P (?) + (A By () ) (8)]dedlr. (3.64)
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A,
A (3.63), (3.64), n[15
/Tt H(r)dr
= /T (@10 (t)[|* + (@) |8 ()| + llw(t)[|5)dr
<HUU+L/¢/ﬂ@w&W+ﬂA%% dmk—2/1/ (u1) — f(u2))Oww(r)dadr
/ / (u1) — f(ug))w dxdr—/ e(t)[Oww(t)w(t) + (A%Opw(t))w(t)]dx
T / )0 + 10(r) [2)dr + [ (D) Do(TIAT) + (A0l T) (D))
/ / )Ow()w(t) + (AByw(t))w (t)}dxdr++%||w(T)||§.
B=% X (3.62) 1F [T,t] LKT s B4y, 13
Ht)(t - T)
</TH(s)ds—2/T/ /Q(f(ul)—f(u2))6tw(r)d:cdrds
< H(T)—l—L/T /Q(|8tw(7’)| + [AZw(t) da:dr—2/ / (ur) — f(u2))Ow(r)dadr
= [ [ () = sua)wtridadr - [ (@t + (470wl (bl
T JQ Q
+ [ o) + [0wE)dr + | AT)ow(TIAT) + (A°0(T) (T
Q
/ | OO0 + (400 O)dndr + F (DI
—2/ / / (uq) ))Oyw(r)dxdrds.
FEUE id
C(M) = H(T)+ DI + [ eT)0oT)o(T) + (470 (T))(T)] (3.65)
7
@7 ((ur(T), 0rur (T)), (ua(T), Dus(T))) = Uy + Uy (3.66)
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¥ =

(t — / /(|3tw (r)|? + |A2 wy(t)[*)dadr

- / £ (1) Dus)(0) + (A" Duo() (1)
+ [ enlowmI? + 0wl

/ / YO (B)w(t) + (A Bw(t))w(t)]dzdr)],

/ / (u1) — f(u2))Oww(s)dads
/ / (u2) Joo(s)dads
+2/’/’/‘ (1) — (uz))Ohe(r)ddrds)],

ES):d

H(t) < —Cor + ((n (T), Bpus(T), (ua(T), (7)) (367)

4.3. FmEE M

T FRAT TR I T Wi ek BT VR UE B )L (2.4), (2.5) M R R i S

EIE 4.2 % (1.3)-(1.6) L H g € L2(Q). S FAEREC M t € R FUEEA AW {r.)2, C
(—o0,t] (Fn — oo i}, 7, = —oc0) LA TAERFFH {2, }52, C HE , MAFI {U(, ) an}oo, 7
1E— ST 3.

MERR XMER € > 0 MEE M ¢, 16 T < ¢, 13 DL < e MR EHEL 2.8, JATEFHE ZAEHIN T
B—AFEEMN t, A o € €Br(R)).

B (Un, Opuy) ST (2.4), (2.5) KTFVIME (Ung, tn,) € Br(R) KIfFE. T H 3.2, ATAI ||un|\2 -
£(Co)l|Orun|2 AT FEH, EL|lun |2 BEHT S0, 3FATRL M S 10 ¢ AUE I & € [T, 1), AR4E (1.4) F
I 1, FTA || Opun, ||2 HA2H FEI.

HHE Alaoglu EHE, 51 2.5 AEHE 3.2, S ERK 7 < T < t, Nk, %

E(C )

w, 1€ L ([, T); Vo) 188 " I8t T w, (3.68)
By, 1E L ([r, T); Vo) 158 ™ USLT dyu, (3.69)
Oy TE L ([1, T); V) 55 " WSk T 024, (3.70)
un, T L*([1,T); V1) " E3CSIT u, (3.71)
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Oyu, 1E L2([T, T]' V1) R gk ST Oru, (3.72)
S 16 L(Ir, T V_a) M T P, (3.73)
u, 76 LPPY([7, T); LPYH(Q)) ST w, (3.74)
w, 176 L ([, T]; Vo) FURSLT u, (3.75)
u, (t) 78 LPTH(Q) ST w(t) It H u, (T) 78 LPTH(Q) P T w(T), (3.76)
Oyuy, 1€ L2([1,T); V) UK T Oyu, (3.77)
HA R Sobolev #k A\ Vy < LPFL(Q).
WA (3.54) FI A
{(un(8), Opun(s))} C C([T,t]; HS) #& Cauchy J751, (3.78)
I HAZTE (u(s), Quu(s)) € C([T,t]; HY), fHifd
(un(s), Opun(s)) £ C([T,t]; HS) TUWET (u(s), dru(s)). (3.79)
I, ALFE (3.66) T
oG, it UL R (3.77) W15
t
lim Tim L/ {184t — Oyt ||? + [ Ortts, — Byt |2]dls = 0, (3.80)
n—o0 m—0o0 T
lim lim [ e(t)(Qpun — Optum) (U — wp,)da
n—,o0 m—0o0 Q
h_)m lHm L0ty — Optipn ||[|tn, — |
< lim Tim L([[0un| + [|0uml|)[un = wmll =0, (3.81)

lim lim a(t)(A%&gun - A%('?tum)(A%un - A%um)dx

n—o0 m—roQo Q

< lim lim L||0yuy, — Ot || ||tn — tm||a
n—o0 m—roo

< lim lm L(||0un o + |0tm|la)|tn — tmlla =0, (3.82)

n—00 M—00
t

lim lim e(8)[10stn, — Optin ||* + ||Ostin, — Osttys||2])ds
n—oo m-—oo T
t
< lim lim L/ [|0sttr, — Oyt ||* 4 ||yt — Byt ||2]ds = 0, (3.83)
n—,o0 m—0o0 T
t
lim lim ' (8)(Ostly, — Oy, Uy, — Uy )ds

n— o0 Mm—r0o0 T

<L lim lim ( /|8tun—8tum|| ds)? - (/ lt, — pn|[2ds)% = 0, (3.84)
n—o0 Mm—o0
t

lim lim '(s) (A% Opuy — A O, A% u, — AZu,,)ds

n— o0 Mm—r0o0 T

1

<L lim lim ( /|8tun—8tum||2ds2 (/ lt, — 1w |[2ds)% = 0. (3.85)

n—o0 m—oo
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A 9F (3.80)-(3.85), AT 5

lim lim ¥; =0. (3.86)

n—o0 m—roo

Hk,AGTE U, W45 (3.75) 15

fg@f;éiéﬁ@@—f@ﬁﬂ%—uw¢m8

t
< C lim lim / /(1 + [P+ [t [P [ty — wy, [Pdads
Q

n—oo m—roo
t
<Clim dim [ (U lul57 + w57 - llun = wnll3ds
T

n—oo m—roo

t
< C lim lim / l|tn, — upm ||3ds = 0. (3.87)
T

n—o0 m—roo

Sy

/ / (up) — ) (Ortty, — Optlyy, )dxds

/F(un( Ndz — | Flun(T ))dx—l—/

Q

F(u ())dx—/ﬂF(um(T))dm

Q

f () Oy daxds — f (up)Opumdads. (3.88)
-1, !

FIH (1.6) AHRA VL > LPHL(Q), AT
|/ (un(t)) — F(u(t)))dx|
< A |f(u(t) + I(un(t) — u(®))||un(t) — u(t)|dz

C+ fJun )N Lper + [N Loe) [ (t) — w()]| Lo

< Ce. (3.89)

n— oo,m— oo B, HT f(u,) € L*([r,T]; V_3) M dyu,, € L*([7,T); V1), AL AN

t

lim lim (f(un),atum>ds:/

n—o0 m—o0 T Q

Plu(t))dz — /Q P(u(T))da.

CEEE

t

im Gim [ (f(un), Oyun)ds = /Q Flu(t))ds — /Q F(u(T))dz,

n—00 Mm—r00 T
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PRt
t
lim lim / /(f(un) — f(um))(Ortty, — Optly, )dzds = 0. (3.90)
n—oo m-—oo Q
Xt FHE—ANE E ) ¢ \f Jo(F (un) = f(uim)) (Ot — Oyt )daxdr| A FHHT, AR Lebesgue 121
SIEHE, W15
le li_r>n / / / (up) — ) (O¢ty, — Oyt )dxdrds
1 1 n - at n ('9t m d d d
B R —
/mOds_O (3.91)
T
i (3.87), (3.90) 1 (3.91), A43
lim lim ¥, = 0. (3.92)
Zi LT, AI1G o ((ud(T), Opun (1)), (u2(T), Oruz(T))) € E(Br(R)). O

4.4. BHEMRFNG|F

EH 4.3 % (1.3)-(1.6) AL H g € L2(2), MR (2.4), (2.5) ARHIERE U, 7) : HE — HY

IERR i E R 3.2, P 3.3, EHE 4.1 FEBE 4.2 H1, FEER AR 5] T 4 = { A, }rer, HiZW
517 U A O

5. mEESRE

ASCWETE 1 A e s IR R AN SR FELJE R T FEAE A DG IA A 0Q A S IX I L I R AR 515
FAAEVE A, o TAER TR NN 1 e Sl A5 B IOUMT IR 5] 4088 22 K0 el 8000, 38 5 3 71 R GEA 2 R BIT
T AME AR A L ] T A7 R ek () AR 51 RO BIE 7, BT BA S & 1B IR Az el 5 7 BEE,
2 FSE Rt v VAR T I RE A SRR A, 32 P e B TR IR 1 I R IR I
SN, ATUER] T TR 51 A A7 AE P

o TR R AR 51 ) B A 2 3 5 10 U 7 1) R, WF 7 R O SR AE - I R R (0 SR VR SR IE. PRI,
A 2 i 5 77 RE I T AR, 51 1 il R 2 TR, HL T AR R A 3 S o o 19— S S o ) 7L 72
aﬁzmyﬂ%u&w% SeHh R AR A LR . A SCIEN] 1 AR LR TAE UK F 15 D0 I TR AR 515 (1

AL, J5 SR 9T RE 75 5 BELJE 8 Sy 45 4 B JE 352 A 26 M T0U7E I S A7 O ™ UE B B TR IR 5 - ) R
%ﬁﬁmw)\ﬁﬁn.
EE&mA

[ 5 H AR AR G IUH (b 5. 11961060; 11761062).
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