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Eoow H gl

RBRE A0 THEAEHMIEA Kirchhoff I 2.

()7~ M(IVull?) Au+ (~A)dru + 1) = (@), 7€ (51)

ff BRI AT . SRR f AR RAEEORE 2 < p <3+ 2y B, f§B) Faedo-Galerkin j&
I ML IENAS T, 580 T ARAYE A E NI, SRR W 4s oA HO T 1 00 T A TR Y 34 A0 B 1.
BSGEH T R4 R 5| FAE EH ARRERLZSIR] H(Q) x L2(Q) A RIFEAETE.

X428 Kirchhoff B )y 2, RMMEKBIRTIF, SWHE, ENHE
MR (2000) &4 47J07, 47J15, 47J25

hEES# 0175.29
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onp

§1 5|

B QF R P EAENGERA 00 WHE. ASCEET T Kirchhoff Bk 77 #2:

e(1)0Pu — M(|Vull>)Au + (—A) 0 + f(u) = g(z), (2,8) € Qx [r,+00),  (1.1)

uloo =0, u(w,7) =uo(z), Ou(r,7)=ui(zx), x€Q, (1.2)
FAPRIIRE v = u(z,t) : @ x [1,+00) = R, uo(x),u1(x) : @ — R HITFEX BLAIE.

B TR R B e (t) FAELRIERREL M, f W6 2 an Rk

(A1) e(t) € CHR) K HEIAHE WA F R BT HIHE

dim_<() =0. (1.3)
R, TAEREL > 0, (1%
igﬂg(IE(t)I +IE'®)) < L. (1.4)
(A2) M € CH(RT),
M(s) > My >0, VsecR" (1.5)
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FHH

va = 1slr_>ni101£ M(s) > 0. (1.6)
(As) f e C*(R), f(0)=0. X TAEEN s € R, f i EFEHEL A
W= Ill‘rg}‘_nof;% > — A\, (1.7)
DYE: il Sl
[f"(s)l < Co(1+[sP7%), 2<p<py=3+2y, (1.8)

HABPR Co > 0, 3FE Ay WHLF —A 7E Dirchlet ¥R 4 F %45 E (.
(A4) g € L2(Q).
(As) (uo,u1) € Hy WHRE || (uo, wr)llsz < R.
11 ORI (As) T (L6) A (As) By (L7) WA, FEAE— A8 o, W
0 < Bo < min {4, 1}, f#i75
l[Mvw>om—&b—a&xAﬂw>om—mk—a%xsekﬂ

(F(s).1) > -0 g2 )

(f(s),8) = —(var —3Bo)M|ls||* — C(Bo), s€R
L, FR F(s) =[5 f(r)dr
1.2 MR (As) FRHEY (L.8) BTN, TEE— N IER B 1, 57524 2 < p < py = 3427
i, A
1£/(3)] < Cu(ls] + [s[?~1)
<{@MV% E lsl> 1,
Sl s, #Holsl <1
<Oy 1+ 5P
7.
R (1.1) B TR iR 3 A%, & BE LI BE YIS 5. 1883 4F Kirchhoff
S [1) HRRFE T AR AR ST, SRR T A PR

2 L 2

s = (w5 [ (5) ) g 7 (1.9)
Hfro<az <Lt >0 RHMEE v =u(z,t) F/RRTEM = MEHHE ¢ ALK, H
H, ERRBHRER, pRRTEEE, hRABMBEE, LRRKE, po ZBAVH
Hirhr gy, f BRI X TR BT R, 20T RS R AR R R T T
WEIRBINE. RIS, BRI REA S G R ESE 50 EAE AR E
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REEIRZH TREMBR, PR ME. Jhlt, Ono 1E3C [2] HEESL T ik BA 53R
JEHY L5 AR AR B LA

0%u ou Eh Y /0u\2 0%u

b oo EBHB R AURSLRRE B OB TR B B AR AL, IR AZETR S R S
HBERIE, Bl —Au, (W, [3]). ToB20RIHAY 90 IB 4 31 55 R OUK 5K g i LA Ao
SRR, BT RIS B 25, BH BN EM IS, SEFR I
FEJE, BU (—A)Yu, 0 < vy < 1. SEHRE I8 B drbh R P9 RS 7 5 v IR AH BAE AT 51
By, HFEHUWEA TSR MR B 2 |, BT BG4 e 09 57 R A 52 0r B H 5 sof
R ETR, NTSIE T FZEERBFFE, IR H KRS TR B R (I
[4-10] B FHAH G SCHK).

IR KR (t) = C, FERMIMAEEE M = 1, BLBFHERIEE + = 0 5
v =1, WHRE (1.1) NGB MR 2. S TR, 4 LR 00 2 YR I
KEFIGA AT, Pata 88 AFESC [11-12) HiHiR T HRATE & AR B R 3 24471 . T
PR SHBLB R TR, M4 0<v <3 B, Savostianov FE3C [6] HHRIF T H AR (1.1)
FEAELR ARG F R B R 5 | F S AGBOR B FRIFEFEYE; 4 5 <y <1, Chueshov 7
3C [4] HEFIE T B IR AR AR Kirchhoff J T BMAHHIEDR, HEET 2 RHMHEH
WEIFRIFFTERE; % 5 <~ <18, BHEREALE 5] Pt T BABIGFELETY
Kirchhoff {77 R ) 18 & R0 ¥ k.

ERERRE, MREFRE (1.1) PESEHEBRE (), HH () NETIFEL
TRBH AR LI R, IRAMBE (1.1)-(1.2) FRREMESSER. FOyLREE
HIZ R

E(t)za(t)/ﬂ|8tu(x,t)|2dx+/ﬂ|Vu(x,t)|2d;v,

Hrp e(-) PFEEUHERR S T8 5 B R EAENE, BT E AR BRI T —E
BRI S BTG HE. A T Rt mEE, 7E3C [13-14] H,  Conti S8 AFERLIEI R 5 |14 M B
NP SRR R T AR B | FROMES, R ELESE TR S| RIS, ek
WHEERE b, FESC [15-17] 1, AEE e T FE LR J 77 2 W ok 2 i 1) 4R 8 2 ] H e v 3 1
. REHETHA MR GRS K IES M R, %0 <y < L mt, 72X (7] 7,
IG5 AR T B 0% 5 | 71 A2 7 1 5 I T .

BRATIIA, BT 1 <y <1 BEHAGILE R Kirchhoff I 75 i 78 it [E] 4
% ] HR B A B ] 3l 7 2247 R AR ABFSE. S IE N, R pr e & i S5 LB o,
RAETAM Kirchhoft ZUEJ& R 45 frpy #EHLYEfE TH. B A RUCER PRI DL B e R A
W EERAE R T A FEFE M. ST X SR X, #aiE T E NG AR, s Rk
B 77 AT T IR 5 B8, BN 10T Tk B AR, F ELIERA 7 WIS (1.1)-(1.2)
figb g 1 52 P 5 AE A L R AEZR 0] Hg (Q) x L (Q) HiY Lipschitz ek, FEMRIUET 3 2
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O . B UERA T MR (1.1)-(1.2) Wy OB 4 R 5| TR ) Ho (Q) x L2(Q)
ailibkeeH

82 LS RMELER

AT FEMFERAZINICLS, REESEA—SHRER. PR S (18] iyl

5, Fir
A=A, XA D(A) = H(Q) N H*(Q).

2 & Hilbert Z5[H]jg D(A%), s € R, 3 HIRT &M S0 ERITEEL
b 48), ul? g = 147,
Her () A ABIFRR L2(Q) RIS

RTERIE, BAGIANLS, 8 Ve =D(A2), s € R, NEFTEE R R K-

<u,v>S:/A%u(a:)A%v(x)dx, Hqu:/ |ASu(z)[2dz, Vu, v € Vi
Q Q

<"'>D(A%) =

W Vo = L*(Q), D(A%) = Vi, D(A™%) = V_,.
MRl Sobolev R AN EH, TG EHRA:

Vi, = Vi, 24 51 > s9 B, (2.1)
DY BL3-3/ PN
V, —>Lus. (2.2)
A, Poincaré RAH
A;/ |2 < / A3 o|2da (2.3)
Q Q
B, T (11)-(1.2) TS L FIBR
()02 + M([ul2)Au+ A70u + f(u) = g(), (a,6) € A x [r,400),  (2.4)
ulog = 0, u(w, ™) = uo(x), dule,7) = wi(x), = €Q (2.5)
Heye(3.1)

Hi T = Vigo x Vi,
I ELIG T8 B Ay N AR AT 2
121300 = [1(u(®), @) 330 = ()T 19 + @) Oru(®) 5. (2.6)
R, 40 =0 R, FRMARSER H €T
H = Vi x L3(9), (2.7)
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FH BRI T

lz@0)lF = I (u(t), deu(t))ll3; = lu®)F + @0l (2.8)
B9 =10, FRARZERER H; & XmT:
H? = Vo x V1, (2.9)
HABFTEECA:
lz0)lFz = I (u(t), deu(t))ll32 = lu(®)]]3 + (@) Ocut)Il3- (2.10)

Ak, 4 9> 0 B,
HiTY e HYE
R T WAL E AT, BATRHE LT R
513 2.10) QiR x, WERFHIIEE ¢ € C(R) HHARE, 4
w(lini)inf xn) < 1irginfw(xn).

B8 2.219-201 3% X B MY K= Banach Z5[]. 3 F VT > 0, iFE X - B Y,

JEH
W ={ue LP([0,T]; X)|Oyu € L"([0,T];Y)}, 7>1,1<p< oo,
Wi :{’U,ELOO([O,T],X”atUELT([O,T],Y)}, r> 1a
AR 4
W —<— LP([0,T]; B), Wi —< C([0,T]; B).

FATVRE R LA TSR — Lo 45 2R, BT T e e ) 4808 25 [a] < B[R] 31
FAT AT,

EX 2.1 1) B X, JE— R =], NSO Fi {U (1, 7) : Xr = Xp,t > 7,7 €RY
N, WRIMEEN 1 eR,

(i) U(r,7) =1d & X, LRHEHERT;

(i) XHMEEH c e RAMEER t > 7 > 0,U(t,7)U(1,0) = U(t,0).

B X e TERIE =M. ME—teR B X, B R-BRA

Bi(R) = {z € Xul|l2]lx, < R}.

distx, (A4, B) #Bn WINEE A C X, BIEE B C X, # Hausdorff :FEE], B[

distx, (4, B) = sup distx, (z, B) = sup inf ||z — 9| x,-
TEA z€AYEDB

EX 2.208 WUIRFEAERE R > 0, {15 C, C Bi(R),Vt € R, WIFREHRE C C X 1y
%%b}% <= {Ct}te]R %#ﬁ?ﬁﬁé’]
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EX 2.3 IEIHMEZEE Ro > 0, FEXEF B to = to(R) < t, {15
T <t—to= U(t,7)B.(R) C By(Ry),
PR —BCE FERTE By = {Bi(Ro) brer L8 U(t, 7) HYRFEIHBIRHCLE.
R A — A IR AR, R AR AR RE LY.
EX 2408 B/NE A = {Aher BT UL, 7) WETTEIKBIRS] T, R A 3%

(i) B4 A 78 X, 2 B
(i) & BRLEHRFIH, BIER—3AAw, AN TN —ZHRIE = {Ciler M
At e R, MR
lim disty, (U(t,7)Cr, As) =

AOL.

I 2.1 IR U, 7) REEEN, ES

K = {f = {Ki }ier| BN KAEX, F1EK, RALEIH T}

RAEEN, IBAREKBRG|T A FEAME—, FHES A = {4} e —3

513 2.31° IR U(,-) R g, A hEEr g,

FEX 2.521722 3 (X, biep fE—HK Banach 28], 3 H € = {Ci}ier & {Xi}rer HI—

—HEHRFHE. BOTHRENTE X x X, ERREL OL(-, ) H Cr x O AW REL, W
%XT{]‘E%@E% teR ﬁfﬂ?%%?ﬁl {xn}%ozl C O‘r, ﬁf%?iﬁ {xnk}iozl C {xn}zo:p 1%
5

lim lim ®!(z,,,2,) =0, V7 <t

k—o00 l—00

BATH €(Cy) FTR Cr x Cy LA RBES.

EIE 2209 B U(,) B {Xiher DHER, FRREWE - DREREE B =
{Bi(Ro)}ter. MRIMERER € > 0, FFEF ¥ T(e) < t, % € €(Br(R)), HARIMEERE E
Wt R,

HU(t,T)I—U(t,T)yH < €—|—(I)§“(17,y)7 Vx,y EBT(R)v
A U, ) 2L BT R .

B 2.3 § U(-,-) HEMAT Banach [ { X beer B3R, W U, ) $0HEFE

IR RG] F A = {Af beer, TR Ar = () U U(t,7)B-(R), 24 ALY

s<t TS

() ( ) %ﬁﬁ@'&q&%ﬁ% B = {Bt(Ro)}teR;
(it) U(,-) ZhrmEr R .
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EX 2.6 2572 ¥t — Z(t) HH Z(t) € X, BRI Ut m) — P22 R
HLiE (CBT), Y HAX Y

(i) Sup 1Z ()] x, < o0

(il) Z(t) =U(t,7)Z(7),¥7 <t, T €R.

EX 2,718 B2 RSN 7 <t H

U(t,7)A; = A,.

TIFRES RN 517 A = {Aefrer BRI

TR 2.4 1% 2720 GIRERR Ut ) METEKEIR ST 2A = {Aer AR, B
4B U@, T) WHTA CBT %46 —%, B

A={Z|t— Z(t) € Xy, Z(t) B #E U(t,7) #J CBT}.

§3 WHYE E M S IEN

BIG, BATX R (2.4)-(2.5) MR 0T 2 3
EX 3.1 XMT 1eR, M
ue L>®([r,T;;V1), 0w € L=([r,T); L*(Q)) N LA([r, T}; V),
W2
{e®)07u,w) + M ([[ull){w, w)1 + (Bpu, w)y + (f(u),w) = {g(2),w), Y7 <t HVweV,

MFRTEH y = (u, Opu) MR (2.4)-(2.5) X [, T) LH—4 55

FH 3.1 MR (A)—(As) BOL, WaxtEE—4 T >7 Hye (3,1), M (24)-(2.5)
FAESE y = (u,0u) € C([r, T]; Hy) N L2 ([7,T); Va—y x Vy), 3 H 07w € L([7,T; Vooy) N
LA([r, T);V_,), W2

[u(®)[IF + @) 10u(®)|* + ()10 u(t)]2.2,

t+1 t
+ / (lu(s) 3, + 2(0)|0u(s)]2 )ds + / l0pu(s)|2ds

< O(R, Bo, ||gll, M, C1, Co, Mo, L), t =T (3.1)
HE—2, FREHE R T HIPER:
(i) M) FEAE—DISLT v € (5,1) MIEFH R, 15
I(u, Oru) |l < Ro, VWt > to(R), (3.2)
Hrr <t —to(R), IHH. to(R) FEBTIER XL R #HFZ.
(i) (REEAFR) *ME—1 7 <s <t, THRERSEX

E(u(t), Oru(t)) + 2/ ||8tu(r)||idr = E(u(s), 0ru(s)) -|-/ ' (r)]|Opu(r)||*dr (3.3)
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Wz, FHef
lull?

E(u(t), dpu(t)) = e(t)|0pu(t)||* + ; M (r)dr + 2(F(u(t)), 1) — 2(g, u(t))- (3.4)

(it) (FESHHFPZEMAE Lipschitz FEME) ## v = (u,0u) TEZEM V), x Vo, H1Z
Lipschitz #£20y, B
[a(t)|2 + (t)||oat)]2, +/ (la(s)[17 + 9a(s)|*)ds

< (ﬁe(éo+5051)(t—7)+5051
2

4 B2 G000 e=142600 ) ([a(r) 2 + () O(TI2.,), (3.5)
Hr g = (w,00u) = y1 —y2, HH vi = (wi, Qus) (i = 1,2) ZMR (2.4)-(2.5) 73 HIXTH]
B (uio»us,) (0 =1,2) WHAFH. JHH
Co = C(R, Bo, |9ll, M, C1, Ca, My, 6),
C1 = C(R, Bo, |9ll, M, C1, Ca, My, L).
(iv) (t > 7 BREJRENE) MMEER 1< <a<t<T (HZa>000<qg<1, 5
a<0mfg>1),

(0w, O7u) € L ([a, T; Vi, x Vo) N L?([a, T]; Vi x L*(Q))

i 2
t+1
1eully + el OFullz, + /t (107 u(s)II* + [|Bpu(s)[IF)ds
o ~ =~ oC2(1+C1)(t—7)
< (i + ie,20001+00) _ G a6 —, Vt>T, (3.6)
pe k1 Co(1+Cy) (t—7)

I FE I,

w e L([a,T); Vigs) 0 L¥([a, T; Va)
i 2

t+1
lul,., + / Ju(s)||2ds
t

_ o .
< C5eCtt=00) (4 — ga) 4+ ——5_oCalt=a0)(4 _ gq)~!

Moy(1 =)
. 55854(t_qa) _ Cy _ (Corl oC2(14C1)(ga—7) o Co(14C1) (t—qa)
k1Ca(1 + C) (ga —7)?
+ ELEpeCH (6'5e54(t_q") (t —qa) + G Gutt-an) (t —qa)™"
5Mo Moy(1—7)

63 e(5‘0+52)51 eC2(1+C1)(qa—7) oCo(1+C1) (t—qa)

° k1 Co(1 + Ch) (ga —7)2
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+Cs+ 05(k1 ﬁ o(2Co+C2)C1+Co %)) (3.7)
Horr
= C(R, Bo, ll9]l, A1, C2, C2, My, L, 5),
= C(R, Bo, ll9]l, A1, C2, Mo, L, 6),
= C(R, Bo, [lgll, A1, C1, C2, M),
= C(|lgll, Mo, L),
= C(R, Bo, [l9]l, A1, C2).
W RO AR E A 3.1
F—% IEWREREFR (3.3).
¥ (24) 5 0w BUNTR, 5%
:;t( (O)10pull* + Olu”? M(r)dr +2(F(u), 1) = 2(g,u)) + 2[|0,ul|3 = & (¢)||Opul|*.
Xf ERTE [s,t] LG, A% (3.3) WAL
B RN (3.1) KL
HI T &'(t) < 0, A
E(u(t), Ou(t)) + 2/t [|Oru(s)||2ds
< B(ug,u1) '
S CO(R, Bo, llgll, A1, C2), t=T. (3.8)
Hog b, MIERSPEEBA (As), 715
;%M@w M@l < max, M(s)ulf (3.9)
Hr 0 <o < ullf. 1 (As) Y (1.8) MIEHRA Vi —— LPHHQ), A7
2(F (u), 1) < 2C1([lul® + [lull 75 o)) < Colllull + [[ulf™). (3.10)
1 (Aq), AT
2lig.u)| < P ull + 5 gl (3.11)
R It
E(uo, u1)

luoll3
=dﬁmW+A M(s)ds + 2(F(uo), 1) — 2(g(), uo)

1 BO
< ()|l ]* + e M (s)luoll + Ca(lluoll§ + [luoll )+ZIIUOH?+5 N lgl®

s€[0,[Juoll?
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< po((r) lua|® + luollF + fluolF*) + C
g C(Rvﬂ(b Hg”?)\laOQ)v
ﬁ\:l:{: Ho = maX{la C? +
M 1.1, 540
lw(t) I3
/ M(s)ds + 2/ F(u)dz
0 Q

> (var = Bo)llu(®)[[F = C(Bo) — (var — 3B0)[[u(t) T — 2C(Bo)

M(s) + 82}, C = - lgll2. # (3.8) L.

ax
s€[0,]luol|?]

> 26ollu®I2 — 3C(5o). (312)
Hifliit (3.11)-(3.12), AT A
| (u(t), 3%@))”%@ = C < E(u(t), 0pu(t)) < C(R, Bo, llgll, A1, Ca), (3.13)

ot = min {1, 2}, € = 24 |lg]12 + 3C(Bo)-
RHE (3.8) M1 (3.13), 7] 15

¢
/ ||8tu(s)||,2yds < C(R, Bo, llgll, A1,C2), t=T. (3.14)

BN L (Q) oo Vo v Voo, FIFTER (24), AT
2 ()] 0Fu ()| 2,
< M2 (@)D u®)3-2y + [0eu@® + 1 f (@[22, + llgl2 2,
C(R, Bo, llgll M, Co) (lu®3-2, + 0@ + [ @215 + 191%)
C(R, Bo, llgll; A, Co)([[u(®)F + [lu(@) [T + [9u(®)[|* + lgll*)
C(R, Bos llgll, A1, C2). (3.15)
Y (2.4) 5 AU JEEL TS

NN

N

%(E(t)@tu,fll‘”u» + M ([[el)lull3-, + (A" Opu, A7) + (f(w), A u)
= e(t)|cull?_., + ' (£) (Du, A Tu) + (g, A ). (3.16)
AR B (A2) AR

M([[elDllull3—y = Mollull3 .
T, SrAAEE (3.16) KAyRE—.

M,
(A7 Dpu, A=) < | Opu |y [fufla—y < =2

4
le(t)(Oru, AT u)| < Llulla—2y [0vu]] < CA)Lull1[|0wull < C(R, Bo, llgll, M, Ca, L),

€' (1){0ru, A u)| < Lijulla—24 |0l < (M) Llull1]|0pull < C(R, Bo, gl A1, Ca, L),

1
2 2
lello— + 310wl

_ My
9. A7) < gl e < 22l + Clgl Mo M),
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(), A7) < € /Q (lul + [ul?)| AV ulde

1y 11—y 1—
<Oy | A7 ul|AZ u|+ ulP|AT Yu|de
Q

< OO C)lulli + Crll Al s

p
ol g
< C(R, Bo, |lgll, A, C1, C2) + Collulla— [[ull® s,
L3F2%
X » P05 (191, A1, L1, L2 2[|U||2—~||U|| 6
< C(R, Bo, llgll, A1, C1, Ca) + Collull2— [lull7,

Ra 603 ||g||a Alv Cla 02) + CQH’U’HQ—’YH’U’H;[{
Mo
4

~ =

<C
< ||u||§—’y+C(R7507||g||7)\17017027M0)7 (317)

Hr2<p<p,=3+27.
B L fE AR (3.16), 155
d _ My
&(f(t)@tuw‘ll Tu)) + THUH%—V
1
< M)H@tulli + C(R, Bo, |lgll, A1, C1, Ca, Mo, L).

A I,
t+1
/t lu(s)[3_ ds

< CO(R, Bo, llgll; M, C1, C2, Mo, L) + MLO /;H [0¢u(s)||3ds
< C(R, Bos ||gll; A1, C1, C2, Mo, L). (3.18)
FIF BN L5t < Vo, f1 (3.18), 075
IF@IZ, < ClF@I2

3F2v

<COl? g + Il )
< C(lullf + [l
< C(R, Bo, 9]l A1, Ca),
W,  f(u) € L*([r, T); V=), 7 H
2107 u®)|2, < M2([lu@®)I)lw®)ll5— + 18:u@®)2 + 1 F @2, + lglZ,
< C(R, Bo, lglls A, Co) (lu(@®) 5, + [0eu®)15 + llg]l*)
< C(R, Bo, lglls A, Co)(lu(®) 5, + [0 (t)13)-

FHRPE (3.14) F1 (3.18), A[15

|

Ofu € L*([r,T); V_,). (3.19)
i (3.8), (3.13)—(3.15), (3.18)~(3.19), A&+ (3.1).
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E=& IEHIE (24)-(2.5) WIRTEZR C([r, T HY) 0 L2 ([7,T); Vaery x V) HIEFE
TETE.

By = (un, Opun) EITEL (2.4)-(2.5) WM. SAfH (3.1) Xt Calerkin @35 %51
{yn} W3z, B, FETH y = (u,0m) € L7, T;HY) 0 L2([r,T); Va_y x V,) F
Ofu € L=([1,T); Voay) N L2([7, T V- ), 15

(tn, Dyun) 18 LZ([7, T); Hp) 135 UCBL T (u, Or),
(Un, Opun) FE L*([1,T); Varry x Vo) FHEFHELT (u, Opu),
02, TE L7, T; Vooy) 158 Wesk T 02u,
OFun ¥E L?([7, T); V_y) FEFHKT 07 u.
M HGIH 2.2, 715
W 0<n < LB, (un,pun) TE C([7, T) Vioy x Vo) HIBLT (v, Opu),
un £ L ([7, T); Vi) LT
H oun(z,t) 72 Q x [, T] FILFLLAHECT u(z,t), (3.20)
Opun, FE L*([7,T7; L*(Q)) ST Opu,
Flun) 4E L5 ([7,T); L () IR f(u).

P,
T
M (un(8) ) — M ()3 Pl
T 2
</ (/ I Ol () + (1= M)l ) PN | un () — a0} 1) i
T
< C(RBo. gl M, Co) [ (lun(®ls + [u®)2)?un(6) = (o)
< OB, gl 2O [ o) — (@t — 0.
X TAEREH € € O (),

T
/ (M (|lun ()IF) Aun — M(||u()|7) Au, €)dt,
TT T
=/ (M(Ilun(b‘)l\?)—M(IIU(t)Ilf)MAun,S)dH/ M([[u(®) 1) {Aun — Au, €)dt

< C(R, Bos llgll, M, C2) (M (lun ()I1F) = M (luIT) 22 o7y + lun(t) = w(®)ll20,m3v4))

— 0.
A, MTERH ¢ € C(Q), T
T
/ (f(un) — f(u), €)dt,
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T
<Co [ (Ut a4l lhan =l
< C(Rv ﬁOv Hg||7 )\13 OQ)HUW- - u||L2([T,T]7V1) — 0.

gi bErR, FIRERE y = (u, Opu) 2R (2.4)-(2.5) BYSSMEH ELIE 2111 (3.1).
T RATEHER RIS (2.4)-(2.5) B v = (v, 0pu) € C([7, T HY).
BT (u,0u) € C([1,T); Viey x Vo) N L (1, Ty HE), AT H (u, Opu) € Co([r, T HE) B

o, D)y < im i (), D)) .
XMTEER ¢ € [, T], R4 (3.3) WA
E_rﬂ E(u(s), 0ru(s)) = E(u(t), Oru(t)). (3.21)

WG (3.21), 24 s — t B, 117 u(x,s) = u(z,t) ae.x € Q. MHASIH 2.1, 7 1.1 fil Fatou
g3, WG

lim 2(g, u(s)) = 2(g, u(?)),

I (u(t), Do) 13y < Timn i || Cu(s), Buu(5)) s

a2 lim inf Ju(s) |7 ()12
/ M(r)dr < / M(r)dr < liminf M (r)dr,
0 0

s—t 0

/Q (QF (u(t)) + (var — 380)MJu(t)]? + 2C(6o))da

< lim inf/ﬂ(2F(u(s)) + (var — 3B0) M1 |u(s)]* +2C(Bo))dx

s—t

s—t

< liminf / 2F (u(s))de + (var — 380) A Jull? + 2C(Bo) |2,
Q
il
/ 2F (u(t))dz < lim inf/ 2F (u(s))dx.
Q s—t Q
i B fETHF (3.21), B

llu(s)I13
tim inf (< (5)]| ()] ) + liminf ( /O M(r)dr + 2(F(u(s)), 1)
lu(s)II3
<m0+ [ M+ 2(P(().1)
llu(t)I3
zs(t)HBtu(t)HQ—i-/ M(r)dr + 2(F(u()), 1)
0
lu(s)II3
< ()| 0u()|? + nrg?ffo M(r)dr + liminf 2(F (u(s)), 1)

llu(s)I13
< liminf(e(s) |Fu(s)]?) + lim inf (/O M(r)dr + 2(F(u(s)),1)).
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it

e(t)[|Oru(t)]|* = lim e(s) | Dpu(s)|*. (3.22)
GRS

lu(®)F llu(s)IIF
/ M (r)dr = lim M (r)dr.
0

s—t 0

s, A M) > Mo, 24 s - ¢ B, T
lu(®)lIF

0< Mo Ju®lf ~ e I<) [ M o
u(s 1

&l
lu®)][} = lim [[u(s)II3- (3.23)

RYEZS ] HY JE—B0MH, Beh (3.22)-(3.23) A& (u, 0pu) € Cyu ([, T); 1Y), 715 (u, Opu) €
C([r, T); Hy)-

THEIEHBAEZSA V., x V_., F1fY Lipschitz 54 1.

Boyi(t) (i = 1,2) B (2.4)-(2.5) W vi(T)llwe < R (i = 1,2) 898 Wy =
(U, Opt) = y1 — y2 T2

e(t)0u + %MlgAﬂ + %(Ml — Ms)A(uy +u2) + AV0u+ f1 — fo =0,

(z,t) € Q x [1,00), (3.24)

o =0, w(z,7)=u,(x) —ug(x), ulzr,7)=uy,(x)—ug(z), e, (3.25)
HA Myo = My + Mo, M; = M(||lugl|?), B fi = fug), i =1,2.

TE TG, BAOTEEE 0 AR/ MYIERL

¥ (3.24) R G 24770u + 20u fEWNFR, TI75

d . ~ ~ _
aK(u, Opt) 4 S Mo |3 + (2 — 20e(t))]|0¢tu||? + 6(My — M) {(A(uy + us), )

4
=3 T + 202" (t) (9, w) + £/ (t) | 9ut]|> (3.26)
j=1

Hrt
K (i, 0y1) = 20(t)(u, 04u) + £(t)[|04ul| 2, + %anmﬁ_w +8jal|2,
I = (M (Jlua [ D) (Aur, Opur) + M ([|uz||F) (Aus, dyus)) a7,
Iy = (My — My){A(uy + us), A770,1),
s = =2(f(w1) — f(u2), A7),
Iy = =2(f (u1) — f(uz2),6u).
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ATt (3.1) AR (A2), B
2
Z M + |M/ (R7 ﬁ07 ||g||7 A17C2)7 (327)
i=1
|M1 - M2| < C(R7 ﬁ07 ||g||7 Ala CQ)”:JHI (328)
IR B (A1) FHY (1.4) ATHI
o~ A~ ~ 4 ~
2lde(t) )| < 2022 + "D a2,
muﬁ@%ﬁ 2, (43, 1&’?%
pe(a@); +e@loa|2,) < K (@, aa) < ps(a)l +e@)aa)]2,), (3.29)
HA o = min {%, 0 — 252L},,u3 = max {%, d+26%L + —C(R’ﬁ;;'%zﬂ’ﬁl’@) }
TR
2
() =D l0mwil2,  va(t) Z||Uz||2 - (3.30)
i=1
R4 (3.1) FPHEASEXTTH

g~ L., ~
120" ()@, 0| < |02, + 20° L],

|6(M71 — Ma2)(A(u1 + uz), u)|

1
< 5/ [ M (Mlu[[ + (1= N)l|uz|DIAA(A(ur + uz), @)

R, Bo, llgll, A, Ca, ) (lua I3, + [Juzll5_)[[@l?
R, Bo, llgll, A, Ca, §)2(t) [l

R, Bo, lgll, A1, C2) (lualla— 18w ||y + llualla— | Bpusally) T3 .,

< C(
=0(
L | < C(R, Bo, llgll, M Co)(lunlla— | 0pually + l[us lla— 10cuzll) 1l
< C(
<C(

)
R, Bo, [lgll, Av, C2) (w1 (t) + w2 (1)) 1]l
)

Tz| < C(R, Bos llgll, Avs Co)l[ullr ((luall2— + [luzlla—) | Orull—)

| <

oM ~
< —OII 11+ C(R, Bo, llgll, A, Ca, Mo, 8)vba (1) [|0pu]|.,,

/|f w) — flus)| - | A= Byiilda

<20, / (14w P! + |U2|P-1)|a||A-vata|dx
Q

§201(/(1+|u1|p Ut Jug Pty o 1d |u|p+1dx i

/ |A‘76tz7|p+1dx) i

SO+ ual ot o) + Mzl ok o) (TN i1 ) + AT 007011 ()
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C(R, Bo, HgHﬂ A1, Ch, CQ)(HEH%—n + Hatmﬁ—?y—n)

My, - - ~ ~
< 6(—°||u|\‘f + Hatuu“‘) +C(R. Bo. llgll: M. C. Co, Mo, ) (]2 + 104]2.,).

M) <2 [ 1fu) = fu2)] - s

< 2015/(1 + Ju [P~ + Juo P[] de

<2015(/(1+|u1|p Ut JuglP~ 15 1d |u|p+ldx 741

<2C16(1+ ||U1||Lp+1(g) + ||U2||Lp+1(Q))(||U||LP+1(Q))

(R 607 ”gHa /\lacla C?a )”qu—n

(5M ~
< —O” Hl +C(R Bo, Hg” A1, C1, Ca, Mo, )HUH?W

HA, Bo<n< 1B, BAMEHAT Sobolev #ikRA: Vi, < LPTI(Q).
Rl LSRN (3.26) X, A%
d

3 @ 00) + k([ + [19:a*)

C(R, Bo, llgll, A, C1, C2, Mo, 6)(1 + 1 (t) + ¥2(t)) K (u, Opr)
= Co(1+ 1 (t) + 1o () K (T, 0,10), (3.31)
Hit k= min {2 9 257, — 5} 3£H. Co = C(R, Bo, ||gl|, M1, C1, Ca, Mo, 8).
B (3.31) FIEL o= Co T Atintam)dr 32 B 7 [+, T] EAY, WA
p2(([a@®)13 +e@)oa)l.,) + k/ o Co [ Arvn@)+u2(dr ((15(s) |12 + || 8ya(s)]2)ds
< @O0 S A va kvl (15(7) |12 +T€(T)H8tﬂ(7)||2_7)

< Gt oD ([i5(r) |2 + () |Du(r) 2.,

%

t
/ 10,us(s)]2ds < C(R. Bo. gl vy Cu, Co, Mo, L) = G,

t+1 ~
/ lus(5) 13— ds < C(R, Bo, |lgll, M, C1, Ca, My, L) = C.
B, HATITLIGEE] (3.5) R
EmE RATRHENIFE (2.4)-(2.5) MR FERTTE.
% K1(u, 0pu) = E(u, Opu) + 28e(t)(Opu, ).

R

2
28 (1), Do) < 5

Fiftivt (3.1) X, AFTEREL pa, ps, HFF
pall(u, 0u)ll3; — Cs < K (u, 0pu) < ps|(u, O[3, + C(R, Bo, llgll, A1, Co), - (3.32)

e(t
Ll + = o
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Forft g = min {3,780 — 25L} = max {1, 25L} Oy = - |gl2 + 3C(5o).
B (2.4) TV 200u + 26u FHTE Q LFRS, W1

((ft (K1 (u, 0pu) + Cs) + 0(K1(u, dyu) + Cs) + 20(M (||u||f)|\u|\% + (f(w),u)) + 26(A7Opu, u)
+ 2||8tu||i — (35e()||0sul|* + 2(8€ () + 62e(t)) (u, Opu) + €' ()| 0sul|?)
—5 Olu”? M (s)ds + 26(F(u), 1) + 6Cs. (3.33)
B
21p2e(0) o, 000)| < 20 Ll + o, (3.34)
206¢!(#){u, By} < 2k 2‘5 L + Lo (3.35)
A (3.1) 1 (3.9)-(3.10), 778
5 O”ull M(s)ds + 26(F(u),1) + 6C5 < C(R, Bo, |gll, A1, Ca, Cs, ).
54
1260479y, w)] < |ull? + %nun%,

[0ull = AT|0pul?,
20 M (|||}l +26(f (u), u)
> 26(var — Bo)llullf — 26C(Bo) + 26(—(var — 3B0))lullf — 20C(Bo)
> 465 |[ulli — 46C (Bo).
¥ B AR (3.33), 193]
LK, 0u) + Cs) + 6(K (w, D) + Cs) + T (u, dyr)

dt
g O(RaﬁﬂvHg||7)\130270375)a (336)

o

Y (u, Opu) = (4550 - QiL - 2551]: - Af?w)llulll
Ao 4(5L)H6tu||2 >0
RIE (3.32) F1 (3.36), FIHEAGHIEL (2.4)-(2.5) fRATFERLYE.
SRS AR (2.4)-(2.5) W4 R EE.
e (24) ART ¢ KB, HHS v =0, A1
£()0%0 + ' (£)dyv + M(||ul|?) Av + 20’ (||u)|?) (A2 u, A2 u) Au
+ A0+ f(u)v = 0. (3.37)
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¥ (3.37) LA A0 + 0v FHHIE Q LB, W15

d 5
(), 00(t)) + 26Mo[o]f} + 2(1 - 6=(1) | 0ro]* < ;r (3.38)

%

K(v,8v) = 26(1)(80,v) + e ()80, + M ([Jul})l[v]IF—, + o013,
Iy = 252" (£) (0w, v),
Iy = —2(¢' ()0, A~ 70w + dv),
T = 2" (|[ulf) (A2 u, A2 dyu) |v]lF_,
Ty = —4M'(|ul?){A%u, A2 du)(Au, A~V d0 + 6v),
s = —2(f'(uw)v, A~70v + dv).
4% Holder A5, A[15
2|0e(t) (9w, v)| < 26°L|v]f3 + s( )0ewll2,
Et, FIEFHE ne F1 pr, (15

pe(lvl + (O 0w]2,) < Ka(v, 8r) < pr(|lo]lf +e@)]|0v]]2,), (3.39)
HA g = min {4,8 — 202L}, pr = max {3, + 20°L 4 CULA0l 20,020
1

0 Ps(t) = [|0ul2, ¢alt) = |lull3_,. FIFAEH (3.1) Al Poincaré A%, w15
04| < 26 L|jv||? +

ITa| < 2L)| 9|2, + 202 L||v||? +

1 1
,L 2
S8l
|F3| < C(R7 Bos Hg”v)‘lﬂ 0275)”1‘”2—VHUH’Y”UH%—V

C(R7 Bos Hg||7 A1, O, 5)(¢3(t) + ¢4(t))||v|\3a

T4l < C(R, o, llgll, A, Co)[v]l1 (Au, A™7 0w + bv)
oM,
< —OH I3 + C(R, Bo, llgll, A, Co, Mo, 6)va(t)(I[v])3 + 9] 2).- (3.40)
M T ARZAETT [ HIEIRFER 2 <p <3+ 27, ATAN

D] < 204 / (11 + [ufP~Y)|o]|6v + A~ Fyolde
<201 (1 + [Jull5 ) vl Lo (8]0 osr + AT Opv]| o)
C(R,ﬂo, HgHﬂ A1, Ch, 0276)(”1}”%—6 + Hath%—Q'y—n)
SM
< 31000l + 2ol + C(R. Bl Av, .o, Mo, Y0l + 00l (341)

Hoof, AT TR (As) 0 (1.8) AUBEA Vi, = LPH1(Q) (0 < n< 1).
¥ LR (3.37), T778

%Kz)(v(t), dv(t)) + kr([[olIf + 10w]?)
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< C(R, Bo, [|gll, A1, C1, C2, Mo, 6)(1 + 13(t) + ¥a(t)) K2(v(t), v (2)), (3.42)
A by = min {6My — 405 L, 2 — 20L — £63 L — 5}
SHEER t > 7, ¥ (3.42) XU (¢ — 7)2, 715
%((t —7)?Ka(v(t), p0(t))) + ki (t — 1) (0] + [|100]%)
< C(R, Bo, llgll; M Cr, Ca, Mo, 8)(t — )% (1 + 3(t) + 9a(t)) K2 (v(t), By (1))
+2(t = ur([loll3 +e(@®)|0w]2,)
< C(R, Bo, [lgll; A, Cr, Cay Mo, L)(1+ 3(t) +¢a (1)) (¢ — 7)2 K2 (v(t), dpu(t))

k
+ é(t - 7_)2H6t’UH2 + C(R, 507 Hg||7 )\17 027 MOa La 6)7

o, R TS
2(t — Tz (®)l|Ow])”., <

[]

(t = T)urCllopwlle(t) 107 ull -2+

< = 11900l + OB o, gl A, Ca Mo, L,)
D93
2t — sl < iy + (e — 72Dl o]
< 7+ prs () (t — 1) 2 K2 (u(t), 0pu(t)).

B

St~ 7V Ka 0(t), D0 (t)) + St~ (el + 1900l)

< C(R, Bo, llgll, A, Cr, Ca, Mo, Ly 6)(1 4 3 (t) + 1ha(8))(t — 7)* K2 (v(t), Opo(t))
+ C(R, Bo, llgll; A1, C2, Mo, L, 0). (3.43)

¥ (3.43) KTk e~ CURFollgll:A1,Cr,C2, Mo, L,5) [ Qs (m)+va(r)dr 3¢ 7 [r,t] LR,
AR
(t = 7)* Ka2(v(t), Oro(t))

t
< C(R. o ] A, Ca Mo, L,) [ €Al A OuCodlo 1) 1 1in () e

T

< C(Raﬁf)a||g||7)\17027M07L76)
h C(Rv ﬁOv Hg”v )\13 Olv 027 MOv Lv 5)(1 + O(Ra 603 ||gHa Alv Cla OQa MOa L))
. eC(R7ﬂ0)”g”)>‘1)Cl)C2;M07L76)(1+C(R7ﬂ0)Ilg”))‘l)Cl7C27M07L))((t_7)+C(R7ﬂ0)Ilg”))‘l)01)02)M07L))7

m

Ko(o(t), dyo(t)) < ——C3__(Ga0y €T

Hrp
61 = C(R7 507 ||g||7 )\13 Olv 027 M07 L)7
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Cy = C(R, Bo, |9ll, M, Ca, Ca, My, L, 8),
Cs = C(R, Bo, llg]l, M, Ca, My, L, 9).
XERH T < a < t, ¥ (3.42) RIFEUL e~ CRA0MgllA1,C1,C2,Mo.0) [ (s (1) +da(m)dr
T [a,t]) LR, B

K2 ('U(t), at’l}(t))e_c(R’BO7HgH7)\1701’Cz’MO’é) fat(l'i‘wS (r)+tpa(r))dr
t g
s / e~ CRBoullgl Ar.Cr.Ca,Mo.8) [ (s () Ha (A ([pl12 4 [|Gy0][2)ds
= Ky(v(t), atv(t))e_éo S (A4s(r)+ea(r))dr
t — .
Tk / e—Co fa(1+w3(r)+w4(r))dr(|‘v||§ + [|0yv]|?)ds

< Ks(v(a), 0rv(a)),

%

60 - O(Ra 607 Hg”v )\13 Ola 027 MOa 5)
il
t

1ol + oo iPyas

< i _ va3 _ e(ao+52)51 eaz(1+61)(a_T)eéO(H_al)(t_a)7
k1 Cy(1 4 Cy) (a—7)?

Bt (3.42) RFELA = Co T Mrva(tbardr Jegpe (1 ¢ 1] LRLSY, W[5

Ko(u(t + 1), 0ot 4 1))~ Co 77 (ws(r)a(r))ar

vt > a. (3.45)

t+1 _
Tk / e~ Co J7(4vs(r)+ea(r)dr (11512 4 ||9,0]|%)ds
t
< Ka(v(t), (9tv(t))e_5° f:(1+¢3(1”)+1/14(1”))d1”'
2

t+1
/t ([o]12 + 1eo]2)ds

X iif\/ C3 — 6(2504‘62)614‘50 ecz(l+01)(t_7—)
k1 Cy(1 4 Cy) (t—7)?

B4 (3.44) I (3.46) 1% (3.6) =%, BP

t+1
1002 + e(8)|02ul2, + / (02u()|I? + Bru(s)|2)ds

(3.46)

~ ~ . ACa(14Cy)(t—T7
G e 2D

11 56,646
S (%Jrkle )52(1+51) (t—72
¥ (24) XG5 Au FEWRR, Hib M(|ul?) = Mo, 715

d
&Hul\fﬂ + 2Mollull3 < 2(e(t)07u, Au) + 2(g, Au) — 2(f(u), Au). (3.47)
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5yl

AL M
|2e(4)(07 u, Au)| < MIW?UIIQ + —OIIUII§, (3.48)

4 M0
2(g, Au)| < —||g||® + —
12(g, Au)| MO”QH

[l 3. (3.49)
Mop < 342 B, AHN
| = 2(f(w), Au)| < 201(1 + [[ulls, 1) Vul|3 0

C(R, Bo, |9l M, C1, Ca) 3,

M,
< C(R, Bo, |lgll, A1, C1, Co, Mo)|Jull? + TOHUHE- (3.50)
g Lidfhit, WG
d 5M0
E”u”%—i—'y —— lull3
< C(R, 607 HgHﬂ /\17 Clﬂ 027 MO)H“H%-{-W + C(HQ”? MOa L)(||at2u”2 + 1)' (3'51)

WMEBEW r<qu<a<t,HRa>0H0<qg<1l, HFHa<0Hqg>1 % 351 =R
FLL (t — qa) ™=, A

d 5M() _1
St = aa) 7 ullf ) + 22 (¢ — ga) 7 Jull3

1 1 v
C(R, b0, lg]l; A1, C1, Co, Mo)(t — qa) ™ ||ull3 ., + m(t —qa)™ |lull,,

+C(llgll, Mo, L)(t — qa) ™ (|07 ul® + 1)

C(R, Bo, |lg]l, A, Ci, Ca, Mo)(t — ga) ™ |[ul|3..,

. = M,
MLt—ﬁ2217( ga) 20— ga)T=
C(llgll, Mo, L)(t — ga) ™7 (|07 ul|” + 1) + Mol =72 llull? + 4( qa) ™ [|ul3,
He
1 T Mo (t—ga) ™=
—(t — T—v < —(t— l'v - 7 .
= (= a0l < SR - 0) ™l + Tl
[
d
gt —aa)™ = |lull? ) + Mot — qa) ™ ||ul3
2,112 (t qa)
C4(t—qa)1 ~||u||1+,y+C5(t—qa)1 ’Y(Ha U” +1)+Cﬁw, (352)
He

Cy = C(R, Bo. |lgll, M1, C1, Ca, My),
Cs = C(|lgll, Mo, L),
Cs = C(R. Bo, llgll, M. C).

B (3.52) RIELA e~ C10-99) 3£ HAE [qa,t] LRSY, TG

1
(t = qa)™= |lulli},
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~ -~ - Cﬁ ~ ol
< C eC4(t—qa) t —aa % + eC4(t—qU«) t—qa)T7
~ ~ _ . _ .C 1+5 a—71) C 1+5 t—qa)
+ CgeCalt—qa) (t— qa)ﬁ . i7~ Cs __o(Co+Ca)C1 & e 0(2 e )
k1 Cy(1+ Cy) (qa —7)

Bp

~ ~ C ~
2 < Ca(t—qa) (4 6 Cy(t—qa) t— —1
0 1, < CoeC™ =t — ga) + e — )
+ 55654(15—%1) _ 03 _ 6(504—52)61 e
k1Co(1 + Cy) (ga —7)?

t > qa. (3.53)
¥t (3.51) RFELL e CaC=9) JEALE [0,1] LSy, W1E

—Cu(t—a 5 M ‘ —Ca(s—a
D + 250 [ O s

C2(1+C1)(qa—T) oCo(1+C1)(t—qa)

)

t _
< lu(@) |24, + Cs / o= Ca(s=0) (|| 920 ? + 1)ds.

Hit, 4t >a,

t
/ Jul3ds
4

~ ~ CG C —
< eC4(t—a) C eC4(a—qa) a—qga) + 7604(11—11‘1) a— qa 1
5M (Cs (@~ qa) Moy(1 =) ( )

C2(1+C1)(qa—T) oCo(1+C1) (a—qa)

+ CyeCila—aa) ___ Cs __o(Co+Ca)C1 &
leg(l—i—Cl) (qa—T)Q
eaz(1+51)(G—T)eao(l‘f‘él)(t_a)

.
k1 Co(1 + Cy) (a—1)

¥ (3.51) T e Catt—7) FEHAE [t ¢t + 1) 1By, A8

. 5MO t+1 .
e—C4(t+1—T) ||u(t + 1)H%+’Y + T / e—c4(s—7')HuH§dS
t

). (3.54)

~ ot
< Jult)F e 4 Gs [ e (Jo2ul? + 1)ds,
t
A 1t
t 4 G (0 Co _cut :
s < 5o (oot — ga) e ga)
t

_|_
G2 (1+C1)(ga—1) oCo (1-+G1) (t—ga)

4 6‘5654(t—qa) _ 03 _ 6(504-62)51 €
k1Co(1 + Cy) (ga —7)?
_ _ ~ ~ = = aCa(14Cy)(t—7)
+C5 + Cs (i LS NNCTC A L ))- (3.55)
k1 Cy(1+ Cy) (t—r)
DA

AR (3.53) il (3.55), AIHERS (3.7) AL
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EE 3.2 HHRMA (A)-(As) AL 1R vi = (w1, Our), y2 = (ug, Orus) F[MIFE (2.4)-

(2.5) 435136 THME 11, A v, E’Wi/\ﬁ’%, WIAHERM 7 < T, 4
Iy (t) = v (O3, < C et
8

M7, — M. -
! 2 A(uy + ug) + A0+ fL — f2 =0,

”ylo y20||’2H}_7 Vt € [T, T]

e(t)0%u + M;“‘Am
toa =0, u(x,7) = u1,(z) — ug, (), dwulx,7) = uy, () —ugy (), z€Q,

HerreQ, te[r,00), Mia =M+ My, M; =M(||w]|?), fi = flw), i=1,2.
¥ (3.57) 5 o fERR, w1%

d
- Ks(,0) + 21|02 = ZA + ¢ (t)]|0))2,

e
Ko(@,00) = (0|04 + 5 Maa
Ay = (M'(Jlur[F)(Aur, dpur) + M (|Juz|[F)(Aus, Brus)) ||l
Ay = —(My — Mo){A(u1 + u2), 0sr),
As = =2(f(u1) — f(u2), Opur).
R, FHENHC s, oo, HET
sl (3, 0y < Kl 0) < poll (3 0D

ﬁ\:l:{j M8 = min{la MO}a H9 = maX{la C(Ra 507 Hg||7 )\17 CZ)}
I
2

=D Ml ¥s(t) = Bl o(t) = [|Opuz|.
i=1

W% (3.1) X, w1
A1 < C(R, Bo, lgll, A1, Co) (| (Aus, Bpun )| + [{Auz, Oru)|) T3

C(R, o, llgll, A, C2)(lualla— 1Bt ||y + [luzlla—s | Bruz]l ) Ill3

< C(R, Bo, llgll, A1, C2) (5 () + 1 (t) + 12 (t)) |13

|A2| < C(R, Bo, llgll, A, Co)[[all 1 ([[ullz— + [luzlla—y) - [0l

1 ~
< 106l + C(R, Bo, llgll, v, Co)(lunlla— + l[uzllz—)* - @l

1 ~
< 106l + C(R, Bo, llgl, v, Co)a ()l

(3.56)

(3.57)

(3.58)

(3.59)

(3.60)
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$e LBAEHARN (3.59) AT
%Kg(u 0i0) + 50,2

< C(R. o, llgll, M, C2) (s (8) + 6 (t) + w2 (1)) [Tllf + As

< O(R, 00, llgll, A, Co) (@5 (8) + w6 (t) + w2(t)) ([Tl]T + (@)1 0eal]?) + As

< C(R, b0, llgll, A, C2) (5 () + he(t) + ¢2(t))iK3(ﬂa 9) + As

= Cr (s (t) + 6 (t) + 1a(1)) K3(T, 0yi1) + As,

364t Gr = C(R. ol M, o, Mo)
/Iﬂ‘ (3 61) fj‘@u e_c7 (Y5 (r)+e(r)+1p2(r))dr J{FHT— [T t] J:iF ]:}’, ﬂﬁ%

(R O LA )

30" & s _
+3 / e Or [ (s var) 4 9, 72

t ~
< MQ(HE(T)H? +E(T)H5t17(T)H2) +/ e—C7J; (ws(r)+we(T)+wz(r))drA3dS.

#H—, 4 2<p<py, =342y B, WO As. RIHSHRS, 7165
Ay = —2/Q(f(u1) — F(us))dyiida
= —2/ I (u1 + 0(ug — uy))udyude
Q
= —E/ f'(u1 + 0(ug — up))u’de —|—/ fi(ur 4 0(ug — wy))u’da,
Q
Heroco,1]. Hitk
—2/ / (u1) ))Orudadr
t
—/ I/ (ur + 0(ug — up))uda |L +/ / fl(ur + 0(ug — up))u?dadr.
Q T JQ

4% Holder A5, 715
- /Q £ (ua(2) + 0(us(t) — w1 (1)) de

<c /Q (1 + Jus (B~ + Jua ()P~ (1) 2d

<O+ ur O3 + lua @)1 ) @O
<O+ uaOIF ™ + [l T[T,
<Ol + C(R, Bo, lgll, A, Cz, ) a(t)II3

<+ ELCUR, o, gl oo B)e o OO )2+ o)

(3.61)

(3.62)

2.),

Hr, HAMERAT Sobolev #ixA: Vi, — LPTH(Q) (0 < n < 1), HFEBIEHE 0 (£
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/AN AR

/ [ (ur (1) + 0(uz () — ui(7)))u(r)’dz < C(R, Co)||u(7)||7.
Q
P8 Holder A&, #J15
t
/ / fi(uy + 0(ug — up))u*dadr
T Q
t
<Co [ [ (a2 4 JuaP ) (0] + [Orus P dacr
T Q
t
< CX)]C (1+ HU1H§§2‘+'HUQﬂﬁEQ)(H5%U1Hng; 4—H5%u2Hng;)HﬂH%6dT
t
<CE/X1+HUN?Q+WWﬂﬁ_% ([0l o + [[Oruall Nuwdr

C(R. Bo, llgll, v, C1, Ca) / Do () + VBe)lla()|2dr,

Hp 222 4 522 4 L1 38 H24 p <3+ 2y B, £;<ﬁ%.
FT By, "TA
. b
(us_5eC7C1+C7C1(T—T))(||a”%+€(t)||ata”2)+/ eC7fs(ws(r)-‘rwe(?“)-‘rl/lz(?“))d’"||5tﬁ||’2>ldr

< (C(R, Cp) + pg)eC7 J7 (s +wsr+v2)dr (15(7) |12 4 e(7) | Bya(r)||?)
+ “3C(R Bo, llgll, A, Ca, 8)e(CotCoCrtCrl(T=m)+Coli+ CrCh (|57 ||2 4 e (r) || Bsi(7)|2.,)

+ C(R, Bo, llg|l, A1, C1, Ca)e Cr [H (w5 (r)+1pe(r)+aba(r))dr
[ W + R E + <lo) )ar

< (C(R, C) + pio)e O+ T |i(r) [} 4 &(7) | 04ii(7) )
A o oGy CoCr Cr G (1 -
+-HE—C%R Bos llglls A, Ca, §)el ot CotrtCrENT=nT AT (5(r) |F + & ()i (7)]*)

+ C(R, o, |lgll, A1, C1, C)eCrEr+CrOnT—r)

/ ) + V)W + e(r)|8e(r) |2)dr
< Gol[[a(n)|2 + e(r)l|aea(r)|?)
+ G / (V) + B ([G0)2 + ()18 (r)|2)dr, (3.63)
o
1 1
A= max{F, /\—.{},

58 — /148 _ 660701+C701(T—T)

Coy = (C(R Co) + o + L22C(R, Bo, |lgll, M, O, 5)6(5o+5051)(T—T)+5051)65751+5751(T—T)
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Cio = C(R, Bo, |lgll, M, C1, Cs)eCrO1+CrCL(T 7).
I Gronwall 3188, WHEA (3.56). RN, FATWRR]T MG (2.4)-(2.5) WIRTEZSE] M}
o fg B — .
ARYE I 3.1 AERE 3.2, AT LAE SRR (2.4)-(2.5) WAt AR U(t,7) W
y(t) = U, )y(r) : Hy — Hy,
FHH, ZAEE HE N H] RIEEEN.

§4 B EIRBBZS| FHEEN

§4.1 BfEMREIRIE
WIEE 3.2(1), AT ER W TR,

T 4.1 FEEM 31 WRERET, WEMEZGVIE y(r) € B.(R) C HL, HLtE
T Ry > 0, XN FIE (24)-(25) W38 Ut r) FA R RBITIE, Mgk
B, = {Bt(RO)}tER-

§4.2 SERRAMEIT

T RATRER T (2.4)-(2.5) W 2 U (¢, 7) #EATRAERIE. Jhit, AT T
i it
B yi(t) = (us(t), Opui(t)) (i = 1,2) SZMIF (2.4)—(2.5) A FNTHE (ui(r), deui(1)) €

(B (R)}rer HIfR. BMRZZE G(t) = y1(t) — y2(t) = (w(t), dew(t)) & LA T I
My — M,

£(t)0%w + M;QAW + A +u2) + A0 + fr = =0, (4.1)
wloa =0, w(x,7) =u1,(z) — ug, (), Sw(x, 7) = uy, (z) — ug, (), (4.2)
HAFrzeQ, te[r,00), Mia =M + My, M;(t) = M(||u;(t)|13), fi = f(w), i=1,2.

X
H(t) = Ol + 3 Min(0) | ()

N PHE4R 9 AT DO BT SR A

S (41) RIRLL 2000, FFELE [5.1] x O LR, S

// )| Opw(r)[*dadr

—/ M(||U1H1)<A53tU1,ATu1>/ |A%w(r)|2da:dr
s Q

t
- [ Ml Ao, 4% ) [ |abe) Pasdr
S Q
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+2/ /|A Opw(r |2dxdr—|—2/ / (uq) 2)) 0w (r)dadr

_ / (M — M) / AT (uy + u9) A3 Oy (r)dardlr, (4.3)

H T <s <t
RABMRBE (A1) HY (L4), 7715

e(®)lwr()* < Llwe(t)[* — €' () lwr (1),

/ / )| 0pw(r) 2 dadr
<L/ /|8tw |dxdr—// )| 0w (r)|*dxds

<H(T)+L/ /|8tw(7“ )|2dadr
T Jo

i

t
+/ M/(||U1H%)<A%3tul,z4%u1>/ |Azw(r) | dadr
T Q
t
+ [ Ml 00un, 4% ) [ |4 Padr
t
/(M1 M) /A u1—|—uQ)A Opw(r)dxdr

—2/ / (u1) 2)) 0w (r)dadr. (4.4)
B8 B (4.1) AU w, FEIE [T, x Q@ BBy, 53
[ e®dattotds - [ emownT)ae + 3wl - 3lw(T)3
Q Q

1 [ 1
—I——/ (M7 — Ms) /A% ul—i-uz)A%w(r)dxdr—i-g/ Mlz/ |A%w(r)|2dxdr
T Q

2
// (u1) w(r)dadr
/ )| O (r H2d7“+// 7)Ogw(r)w(r)dadr. (4.5)

A, AR (14)-(45), A7
/H
= [l + Srtalomiar
T
<H@)+L [ o) Pdr+ [ B)AT O, 475 ) o(r)

t
+ / M (||uz[7)(A2 Byu, A= ug) lw(r)|Fdr
T
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/t(Ml Ms) /A (u1 + uz) - Az Opw(r)dzdr
) / / (ur) — f(us))Buw(r)dadr — / / (ur) r)dadr
- | ewpwta(s + [ AT)0(Te(T)da

1 1 [t L 1
3l - 5 / (M — Mp) / A} (ur + up) Abw(r)dadr

// )| 0w (r |d$dr+// ) 0w (r)w(r)dadr.

B=H Xt (4.3) 1€ [T,1] LRT s 4,
H(t)(t=T)

/ H(s)ds — 2 / / / (ur) — f(us))Prwo(r)dadrds

—// My — Ms) /AT (uq +u2)A§8tw(r)dxdrds
//M’ w1 [2)(A% Bpus, A% u1>/ | A w(r)[2dzdrds
//M (l[uz]|?) (A% Byug, A" us /|A2w )?dadrds
< H(T) + 5 |w(T)| + L /T |9ueo(s) s
+/Tt M/(|u1||?)<14%3tu1aAZTWUDHUJ(S)H?C{S+/t M (|ual|?) (A% dpua, AT us)|w(s)||?ds

- 1/ (My — M)(u1 + ua,w(s))1ds —/ (M — Mo)(A™2" (uq + uz), A% By (s))ds

9 / / (ur) — f(uz))yeo(s)dds — / / (u) 5)dads
—/Qa( Ve (t)eo(t )dx+/€( O (T)w(T)dz
+/t (5) B ()] ds+/t '(5) (9 (s),w(s))ds
i / / / (ur) — f(us)) P (r)dzdrds
// My — Ma) (A2 (uy + up), A3 Bywo(r))drds
+ /T / M/ (s |2){A% By, A%y oo (r) | 2dlrds
[ Ml AT o, 4 )t Raras
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FmE il

C(M)=H(T)+ %Hw(T)H?Y +/Qs(T)8tw(T)w(T)dx (4.6)
1994
@tT((ul(T), 815U1(T)), (UQ(T), 8tuQ(T))) = \Ifl + \I/Q + \113, (47)

L ¢ ) 1
(t T)/T 19rc0(s) (t—T)

# t w 2ds ! t w w(s))ds
+(t_T>/ ()Hﬁt()lld+( L | F 0w e

// (u1) — f(u2))Oww(s dxds—l—// (u1) w(s)dxds
+2 / / / (u1) 2))Bhw(r )dxdrds),

= L ([ M) (A3 00, A ) () s
t T
- T

o

/ £ (1) (D) (t)dz

t
+/ M (Jluz||3) (A2 puz, A2 ug)||w(s)|Fds
T
t
—/ (M — M2)<A 2 (uy + ug), A% Oyw(s))ds
T
1 t
/(Ml Ma)(AZuy + ug, AZw(s))ds
// My — Ms){ A% (u1 + usg), A%Btw(r)>drds
" / / M (usl12) (A% Bpur, A% o) [2drds
T Js

[ Al A B A5 )t )
1
H(1) < O+ ®h(u1 (), Opus (1), (ua(T), Dy (1)) (4.8)

§4.3 IR
T T B A PREF T e 48 eR BOT IR RTAEE (2.4)-(2.5) il RR AT S 4.

IR 4.2 WIRFEM (A)(As) oL, M PEEEEN t e RAEEERN {m)oz, C
(o0, t] (M n—oolt, 7, = —oc0) UERMPEEFS {zn)oz: C B, (R) C Hy , AT
G {U(t, 7)) n fory FAE—PUETFF.

iE SHMEE e > 0 MEEW ¢, 77 T < t, 15 25 < RIEEH 2.2, RITEF
BRI TRE—EEN t, F F € ¢(Br(R)).
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B (tn, Opun) FENIHE (2.4)(2.5) KT HIE (tng. tn,) € Br(R) (9. HEH 3.1, 740
unll? + £(€)|0unl|® BAEFM, H [lua|? BEFE. STIEBFEEH ¢ FVE € (1,6, 17
# (14) FI s AN, TR |0 | R R,
RYE Alaoglu EHE, F[HE 2.2 MIEH 3.1, MMERM 7 < T < t, NE—Kik (EL#@id
FHIEK), 1%
un 18 L%(7, T Vi) 58 T w, (4.9
Opun AE L (7, T); LA()) 55~ WS T Opu, (
OPun 76 L=([7,T); Vooy) 5§ HCBLT OPu, (
un TE L*([7, T; Vary) HEFUSLT w, (
Opun, 1 L*([1,T]; Vy) HFWHLT Opu, (
Ofu, 16 L*([1,T); V_.) FIFUELT 0w, (4.14
(
(
(
(

up X L4 ([r, T; LPHH(Q)) FST w,
un 7€ L*([7,T]; Vi) T w,
un (t) € LPTH(Q) ST w I H. un(T) 72 L1 (Q) 8T u(T),
Ovun AE L*([7, T]; L*(2)) FHRET Oru.
Hr, Y p <342y B, FATFA Sobolev RN Vi < LPT(Q).

R (3.56) )|
{(un(s), Deun(s))} C C(IT, 1) 1) B4~ Canchy 71, (4.19)
IEEAFTE (u(s), Dru(s)) € C(T, s HL), 7%
(tn(5), Dpttn(5)) 7E C(IT, 6 HY) AHCECT (u(s), Dyuls)). (4.20)

THE, BATRALRE (4.7) By &EE—T0.
B, M (4.16)-(4.18) A7

t
lim lim L/ | Ottr, — Ot ||*ds = 0, (4.21)
T

n—oo m—roo

lim lim e(t)(Orun — Optm) (U, — U, )dx

n—oo m—oo Q

< lim lim L||Osun — Optm ||| tn — wm|
n—0o0 Mm—roo

< I : _ _
< Tim lim_ L0yt + 19rt ) — ]| = 0, (4.22)
t
lim lim £(8)||0stt, — Qs ||*ds

n—oo m—roo T

t
< lim  lim L/ |05ty — Opttyn]|*ds = 0, (4.23)
T

n—00 M—>00
t

lim lim ' (8)(O¢un, — Opthm, U, — Uy )dS
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< L lim lim / | Osttr, — Ot ) ds / [t — wm| ds) = 0. (4.24)
n—ro0 M—r00
Bifr (121)-(4.24), 778

lim lim ¥ =0. (4.25)

n—oo m—roo

HR, W4E (As) H1H7 (1.8) A1 (4.16), AT71%
lim  lim / /Q (F () — F(tm)) (1t — i )dads

n—ro0 M—r0o0

t
< C lim lim / /(1 U [P A g [P [ty — U |Pdeds
Q

n—0o0 m—roo T

< Onh_{go n}gnoo . (1 + ||unHLp+1 + Hum”Lwl) llwn — umH%pHdS

t

<Clim lim [ (U fun [T 4 a7 - lun = wnlids
n—0o0 Mm—r0oo T

t
< C lim lim / 1t — U ||3ds = 0. (4.26)
T

n—o0 m—roo

P
/ / (F (1) — Fm)) Ortis — Dyt )drds
T JQ

:/Tt/ﬂf(un)(?tundxds—l—/Tt/Qf(um)Btumdxds—/Tt/ﬂf(um)ﬁtundxds

—/t/ f (u)Orumdads
/Fun d:z:—/ Flun(T ))dx+/F(um( dx—/Fum T))dz

/ /f (um, atundxds—/ /f (un) Oy dads. (4.27)

FIA (1.8) FIHRA Vi < LPTY(Q), 775

\/ (un(1)) — F(u(0)

< [ 1At 4 900 0) = e 0) ~ w0
<c /Q (L [un (O + | (w(®)[?)un(t) — u(t)|de

CA A+ [Jun()I 7o + @7 psa) Jun(t) — w(t) || Lo
< Ce. (4.28)

Y n— oo, m— oo i, T flu,) € L*([r,T);V_y) AR Oeur, € L2([1,T); V5), #
¢
lim lim (f(un), Optir)ds

n—o00 m—oo |
t

= lim [ (f(un),0:u)ds

n—00 T



o1 W% FIAR e
:/ (f (), Bpu)ds
T
:AF(u(t))dx—LF(u(T))dz

tim tin [ (), D) ds = /Q Plu(t))de — /Q F(u(T))da.

n—o0 m—roo

GRS

A I

lim lim / /Q(f(un) — f(um))(Orun, — Ortty,)dzds = 0. (4.29)

n—oo m—oQ T
XEFEE—DEEW ¢ [ o (un) = f(um)) (Ostn — pun)dadr| A T, MARYE Lebesgue
Pl soe, W5

lim lim /t /t/(f(un) — f(um))(Optr, — Optiy, )dzdrds

n—0o0 m—0o0

:/ lim lim // (un) — f(um))(Orupn, — Optiy,)dadrds

T n—00 M—r00

:/ 0ds = 0. (4.30)
T

H, H (4.27)-(4.30), #[15
lim lim ¥y =0. (4.31)

n—oo m—roo

Ja, BAMET Us. o (3.27) f1 (4.20), F
lim lim / /(Mn - M) -A%(un +um) - A
Q

n—o0 m—roo

[N

(Up — U )dads

t
<Clim lm / 1A ()| / 1A% (i + )| - [A% (= 11| dds
T

n—ro0 M—r0o0

< C lim lim ( sup ||un — umlh / / |A n— Um)| dxds) ):O. (4.32)

n—oo m—roQ SG[T,t]

FIH (3.28) Fil (4.19)-(4.20), A 75

lim lim / / M, — M,, =R (un + Up,) - A%(Btun — Oy, )dzds
n—o0 m—0o0

n—ro0 M—r0o0

<Clim lm / 1A% (1 — )| / AZ (un, + 1) - A3 0,y — Dyt )dds
Q

<C lim lim sup |Jun — uml
N—00 M—300 ;eI 4]

t
. . d d 2—y o 22—y a
'ﬁ&%ﬂoTﬁﬂ%m+EWMﬁ—M2%mM@%J—M2WWA%Mw®

< C lim lim sup lun — wm|1

t
(i Jim [ (Sl + 5 ) m—/ < Jlulds - / < lufi2as)
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= 0. (4.33)
Lis%i Lebesgue BRI ERE, MTE—-MEEW ¢, BT
/ (M, — M, = (un—|—um) -A%(atun — Oty )dxdr
A, Bk
lim lim / / / (M, — M, = (un—|—um)- g(8tun — Oty )dzdrds
n—o0 m—oo
:/ 0ds = 0. (4.34)
1 (3.27) i (4.19),
t
lim lim M(||unH ) (A%Btun,A%umHA%un—A%umHst
n—,o0 m—oo
t
<Clim lim / HA%(un_um)n?/ 1A% Oyup| - |AZ 0y |dads
t 1t 1
< . . 2 2 2 2 2
< Jim tim (s o= ([ 10tZds) ([ ul-rs)°)
<C lim lim sup [un — wml?
n—00 Mm—00 SE[T,t]
—0 (4.35)
Al
t
lim _Tim M(|\um||§)<A%atum,A%eum>|\A%un—A%umH?ds:0. (4.36)
RLAT (4.35) E’Jﬁﬁ‘, Bk
t ot
lim lim / / M ([[unl2)(A% Optin, AT )| A3y — Aty |2drds
n—oo m—oo T s
¢ ¢ ol 2—v 1 1
:/ lim lim M (||un || (A2 Ostin, A2 up)|| A2 Uy — AZu,,||*drds
T n—oo m—oo s
t
- / 0ds = 0 (4.37)
T
Al
¢ ¢ o 2—~ 1 1
lim _lim / / M (|[um ||T) (A2 Optin, AT um)|| A2 Uy — A2,y ||2drds = 0. (4.38)
R4 (4.32)(4.38) TT75
lim lim U3 =0. (4.39)

n—oo m—roo

Zi b, R 07 ((un(T), 0ua (T)), (ua(T), Opuz(T))) € E(Br(R)).
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§4.4 BEMREEBES|F

EIE 4.3 R ER 4.2 pHRIEGL, ARAR T (2.4)-(2.5) BB RS (Ut 1),

Hi) WHE—DAZEHIREEBR ST A= {A} e

i RIEEHE 3.1-3.2, BH 4.1-4.2, A LIEREHE 4.3 L.
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Abstract In this paper, the authors study the well-posedness and the longtime dynamics

of the solutions to the Kirchhoff wave equation with structural damping:
e(t)07u — M(I[Vull?)Au+ (=A) 0pu + f(u) = g(x),

where v € (%,1). When the growth exponent satisfies 1 < p < 3 + 2+, firstly, by use
of Faedo-Galerkin approximation method and asymptotically 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 global attractor is obtained in the natural energy space
HL(Q) x L*(Q).
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