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Abstract

In this paper, we study the asymptotic behavior of solutions of Non-autonomous
Kirchhoff-type wave equations with strong damping and nonlinear perturbations. The
existence of time-dependent pullback attractors is verified by using contraction func-

tion and asymptotic prior estimation.
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1. 515

NN E T Q c RY(N > 3) %, ZEW Mo A mL e MSELEP s mAEaE
Kirchhoff B4y %

e(t)ure — (1+ 6] Vul)Au — Auy + h(ug) + f(u) = gla, 1), (2,t) € Q x R,
u(z,t) =0, v €00t €R, (1.1)
u(@,0) = uo(x), ue(z,0) = uy (), zeQ,

Hr 6 €[0,1] h(u) A f(u) RARLIED, g(z) £AM I

Kirchhoff %75 #2I H Kirchhoff 37 (4 ] {45 28 8 17 SR 3l ) /L (WL SC [1]). % T 57 (1.1), 24
e(t) RIEHEIN, CEAREZF AR, Hlun, 24 e(¢) = 1 I, 20084, BRI (2] 7 BA Ak
LEAEFLJETN ax)g(u,) 1 Plate J5REAEA S8 (4 R 5| 7 MAFEPE. RIS, 7E3C 3] HEIT 1 9F
B Plate 77 FEAEA S8R — B0 51 7 BIAFAETE. 20094, BAESC [4]HHTF T Plate J7REAE TG 15
AARRIEIE S, ST (5], VERTTT T AR EA AR OT RERIERIEAT Dy, JRaE Rt N BT R 4 R AN RE R A 1T
UEW] T — BB 51 TAE ] Hy x L2(Q) EHIAAAETE. 201448, fRANZEAESC [6]FBFFT 1 AF BRI OT =
HIBN 1 2EAT N IFUEASBL IR 5] 7 HIAFAEE. AR (7] st 1 B A e fHF B ¥R Kirchhoff 757
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PRI B0 5] A A7 AR

2 e(t) NREA TR EAETC T m AN T 0 FRR N, T (1.1) ARG IR 2%, IX A2 I R
SR AT 8] ¢ TR, JiRE (1.1) U3RAEAR BVATETE T idig. v 7l kX S8, Conti 5 AAESC (8]
SR T BE T e 51k 0 ek Az [ 51 5 RO BE S, FFIERS S [9] Phinio 45 A FE IR 8] 4484 18] L
FESLHIR ] B XA NAEST [10]H RHISC [9]MITTEWTIL T Plate J7 FEAE SR # #h23 18]_E I ()4
SR R 51 . 0% T A SR P (M 9E B VA Kirchhoff ¥ 75 #2 (I (B 4K #6180 /1 447 ik K WA 5t. 1£
ARSI S R AR LR IERE JE , AF B A P J B Kirchhoff 7Y =l ) #5145 R AR FRIE B A1 5K 1 IR A
1] g D3 1 A 1P DY e RS A STHE 7 (R OB e %, ML STIR (1135 3 Ao 4 e B ik, BAASC
WA [12] F B2 Bl ) R 4t 0 5 T LI R o UEM 75 RS (1.1) BRSPS B 51 B A7 AE .

ASCEE TRy FeoR T A AR N A E PR, B RS T MR AN IS TR AR A [ R ]
FHAENE.

2. T ER

S C o MNIEHE, AP MBS A C AR RASSE AR B AUE, ¥ €(-) &
— AR I A BB AR (), h(uy), e(t), AT g(x, t) A2

(Ay) BHL £(t) € OF(R) F—ANbigAs B Lk 2

tlim e(t) =0, (1.2)
FERE L >0, 15
sup(le(t)] + ['(1)]] < L (1.3)
teR
(Ag) BARLMETT f € C'(R) WAL
b 1
[f()<CA+]s]7), s R, (1.4)
FERUIE 2% F
l‘iﬂninf If ()] > =i, (1.5)

YN 23M,1<p<p =32 A 9 —A 7E Dirichlet 1 55648 T3 —RFAEAH.
(As) WARLEPEIRBIT b € CH(R), h(0) = 0, h ™R, H BA

l‘iI|ninf h'(s) >0, (1.6)
Ih(s)] < CQL+ [sf),s € B, (17
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UN23,1<qg<p =T

(A4) T30 g(2,t) € L7 (R, L*(Q)), BA
/ ¢ [lg(s)[|2ds < oo, (1.8)

Hrb 0 <o < 2,y N5RE (1.1) MG Ak v T A2 96 e A0 b (03 SR 2

SIF1 B AL (1.6)-(1.7) X, BXTAEREM § > 0, FFE—NHEE Cs > 0, X 1
u, v € R, {15
lu —v]* <+ Cs(h(u) — h(v))(u —v). (1.9)

gha okt (1.3) LS EE BTG, fAAE— N Oy, 115

N +2

1F) = ) < G+ [l 4 ol — o], Y, v R 1< p< 2 (1.10)
/Q“\
F = ds,
() / f(s)ds
TR (1.4) R4
/F(u)dx > —5||u||2 - C. (1.11)
Q 4
M 55 15 \
> [ F(u)dz — >|ul)®* - C, 1.12
() > [ Plajda =l (112)
Hrpx <\

BUERATE X L FAMHET A VI — Vo4, (Au,v) = (Vu, Vo), Yu,v € Vi P ET A K
E NI D(A) = {u € L?|Au € L*} = H>N H}, Au= —Au X} u € D(A).

TATATLAE L A BIRSEHT A% (s € R), 2800 V, = D(A?) ZHilbert 2 [W], A M AFIEEL
(u,v)s = (A2u, A%v), lully, = A%

BT S TR ] %, = Vi x L2, 3 ELIR FARREIOSEH || ()13, = [Vl + €(t) e
W (X, d) ZEF/MERTN, (Q,p) NERZHE, WIAFRF T2, 0 = {0, }er &EXAE Q LI
WY MERT Pi=s
(1)Vq € Q, 6o(q) = q;
(2)Vg € Q, t,7 €R, Oy1-(q) = 0:(6-(q));
(3) (t,q) — 0:(q) IEEE.

EX 1 RS ¢:RT x Q x X — X WiL:
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() Y(g,x) € Q x X, ¢(0,q,2) = x;
(2) vs?t E R+7 (q7'r) e Q X X7 ¢(t + 87q7'r) = ¢(879t(Q)7¢(t7 q?'r))?
MFRWE ¢ RY x Q x X — X /& 0 %S It

EX 248k #) B X N Banach 6], B A X THIHFLE, O(-,) £EXE X x X LK
H, WARSMER P {20 )02, C B, FFETH {zy, 172, CH{zntye,, HE

lim lim ®(z,,,z,,)=0.
=00 k—00

WFR @(-,-) N X x X _ER4E 8, € FomE AEE X x X Bl i ge 4.

EHE1 2 (0,0) MQx X EHAERGINI ARG, BBERGK D = {Dy}geq N o K FIRIEE
H ¢ ZHrlal D— #L KK, W ¢ HARER G T A = {Ag}eq, HF

A= o(s.0-:(0), Do_.(0)), q € Q- (1.13)

t=o s>t

EIE2 4 (0,0) NQx X EHAEHEIINARS, HREE D = {Dy}geq 5D = {D,}4e0 W
SEXHEREN g € Q, FE— N t, = t(q,D,D) > 0, f#13

¢(t79*t(q)7D0—t(q)) C Dy, Vt =t (1.14)

AR € > 0,9 € Q, FHAE—At = t(e,D,q) > 0 5 X Dy, x Do_,, LML

Dy o(-, ), HEERE 2,y € Dy, , 4T

t(q) t(q)

t(q)”’

||(;5(t, 9—t<Q>7I) - d)(t)e—t(Q)ay)HX < €+ (I>t7q(xay))

o 1E X _EJEHL D— WK,
3. ERER

3.1. FEHFEEE—M

XFFI7E (1.1) WA EE W] LB AR AE ) Faedo — Galerkin 751245 2.

EIR 3(fRMIAFAEME—E) B (1.2)-(1.8) KL, yo € Xy, g(+) € LE (R, L2(Q)) WAEX[H [, ¢]
b, SHEE IV (w0, vo), WL (1.1) 716 ME—fiF:

(u,ur) € C([r, ], H*(Q) N Hy(Q)), ue € C([r, ], L*())-

i
Yo = yr = {uo,un}, y(t) = {u(t), w(t)}-
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I (L.1) FTEEZS A X, 3 — R R 1 R, SRR r € R, 4 Q= R, 6,(r) = t 4 7,
SE X
¢(t77-7 yO) = ¢(t +7,7, yO) = {U(t + T),U(t + T)}? TE Rv Svt = 07 Yo € %7'7 (21)

HHTHE (1.1) R RIAFAEME— 1m0
¢(t + 8,7, yO) = ¢(t75 +7—7¢(37T7 yO)); T E Rv s,t > 07 Yo € %'ra

HH, SHMEER 7 eR, t >0, W (2.1) 2E XIS o, 7,-) : X, — X, AAESEM. KL, B ¢
5 X, LS IE b
N h(-) € L2, (R, L2(Q)) i 2 (1.8) X, Rs RFTEHEE r: R — (0, +00) IS, L

lim er?(t) =0, (2.2)

t——o0

H Dsx, #XHEER 75 € Rs, 13 D(t) € B(0;r5(t)) I D = {D(t),t € R} M, Hh

B(0,75(£)) R LA 0 ArFls 5 (1) LRI FHER.

3.2. hiEIRIEHFE M

XETRE (1.1) BRAE S 18] X, Hsse s ftiit.
2 G(t) = ze()uel® + 31 Vull® + $IVull*, & Lhe R EH

K(t) = G(t) + / F(u)da, (2.3)
Q
i (1.10) XA
1 2
/QF(u)dm >~ IVl - ¢, (2.4)
Hi (1.2) M Holder A%, A
et 0] < el + E e (25)
B (1.3) LA Vi — LPTH(Q), 15
/ F(u)dz < C/(l + [Pt dz < €(||Vul?). (2.6)
Q Q

1 (1.4) 3% Sobolev N, TEIERHL o, Co LA JIENI B2 €(s), {473

coG(t) — Cy < K () < C(G(1)). (2.7)

DOI: 10.12677/aam.2022.117483 4567 I FH# e


https://doi.org/10.12677/aam.2022.117483

HELM, I

W0o<pB<1, 45 (1.1) FLh u, + Bu, AT

S + [t ¢ O a2~ ge(t) 21z + | V]

+ p(1+ IVl ) [Vull* + BlA(ur), u) — B (u), )
= (g(t), ue + Bu) + Be'(t) (ur, u). (2.8)
o K (t) = K () + Befur, u) + 58] Vul?. BN
af3? a 2 )
{g(t), us + Pu) < KHVUH2 + Sl + aBlu, w) + —llg(®)|,

FITA

d

S (0)+ B () + A) < o) (29)

Hrp
AW = [ [htun)u - ﬁw 2 = Be(®luaPlds + B(h(ue), 0) + B(F(w),u)
e
=3 [ Plde+ (8- 5 - - IVl + 35| 7w
— B2e(t)(u, u) — B (t) — a)(u, uy).
B (1.3) 2LK Holder A%, H
(€'(t) + @) (ue, w)| < Cllue[lull < 57||Ut||2 + 7| Vul*. (2.10)
i (1.6) =0 A1 (1.7) =X, Ar43
|| woyuca] < ()l
< C/Q|u|dx+c/ﬂ(h(ut)ut)pil|u|dx
< C/Q|u|dx+c/ﬂ(h(ut)utdx)fﬁl/Q(|u|P+1dx)pil
< C/Q|u|dx+C/Q(h(ut)utdx)pil||Vu||
< C/Q|u|dx+0(1+/ﬂ(h(ut)utdx)|Vu||

< My + || Vul]? + C(G(r)) /Q h(uy)upda. (2.11)
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Hehn >0 28/, M, o & NS HREF@EwEE. B (1.11) 20/ (1.12) 38, w713

B(f(u),u) — /QF(u)dJE > B(/Q F(u)dz — 2i/\1||Vu||2 -C —/QF(u)dx)
>~ [Vul? - 6C. (212

gty (2.7) A (2.10)-(2.12) R, &

A0 = [ 10 - et - SO - 5" 4 Ly pias
F IVl -5 -2 -2 - I8 anvue - gty (213
i (1.4)38, /775 m > 0 F |s| > Ry, A b/ > m, K,
ZﬁWMMw>mQMJ%JM%x (2.14)

xF By AN, ATH

/uwmm—mmm
Q

>m lug|*dw — By / |ug|*dx — B / |ug |2 d
Q{|us|>Ro} Q{|us|>Ro} Q{|us|[<Ro}

> (m—51)/ |ut|2dm+ﬁl/ |ug|*dz — 23, R2| Q). (2.15)

Q{Jut|>Ro} Q{lut|<Ro}

W B =n?, &g 28N T 1 - BOE(T)) > L, 48 (2.15) ANF] (2.13) A, 745 A(t) >
—BM, q. BATAI#Z

SK(1)+ B (1) < My + 2 g0 (2.16)

X} (2.16) PIILIFIREL ePt FEAE [t — 7, ¢] BRI, H
Kit)<B 1 —e)+e " —K({t—71)+ z/ e 7|\ h(s)|*ds. (2.17)

MMEEM yo € Dy—ry t €R, £ >0,
M.H Gronwall 5|2, B (2.7) =X, IATH

4 [t ,
[p(r,t — 7 90) I3, < 2Ce Ky (t —7) +2My o1 — e "7) + o / e | [n(s)||*ds. (2.18)
t—7

B (Qp(1))2 <201 — e P7) + 4 [1 e %||n(s)|]>ds, % & X, FIIAIER By x,, 5 X Bg, X, = {y €
X, lyl, < (Qs(0)%}, 46 (2.7) A, B x, 23LE ¢ L] Dy x, WS, O
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EE 4 Rk (1.2)-(1.8) Ror, MTTHE (1.1) FAMAERIRII I RS (0, ¢) 1£ X, FAFAERLA]
Dpg x, 5.

MERR FESRE AR FEA b, AT DA E AR TR (1.1) PAEAE BRI RS (0, ¢) 1 X, THFAE
firlnl Dz, WSk, O

4. RIEIR5|F

4.1. Figfhit

SI38 2 ik (1.2)-(1.8) Bor, & AE X x X FHIRRE ®(-, ) /& de ek 4L

R SHMEER Lt € R, 2y = (ui(t),0uw:) (i = 1,2) NHFE (1.1) KT HME 4 = (uh,v)) €
Dy_r x Dy_, W, Horbr 7 > 0. 8 7T 7B, i w(t) = ug(t) — ua(t), W w(t) W ELLF 72

) )
e(t)wy — §(||Vu1||2 + | Vua|H)Aw — = (V(uy + us), VW)A(uy + us)

“Aw — Aw; + h(us,) — h(us,) +2g(u1) ~ g(us) =0, (2,1) € Q x R,
w(z,t) =0, z €Nt eR, (3
(2, 0) = r, () — sy (2), 0 (w,0) = r, () — ug, (2), zeq.
N
Ko®) = 5 | EOla(t) + 590
+ 0Tl + Vsl V)l
4 (3.1) R e (), H1
S Kalt)] — 52 eI + (hlane) — hun), €0
= 2T+ 1a), V(T (1 + 1), Ve (D)) + 7 Ko (1)
— T — ) — Fam) (1) (32)

7 [s, 1] x Q LR, 36 £/(1) < 0 J% h (TR, 45

e K, (t) — e K, (s)
<2 / OV (un + uz), V()Y (i + uz), Veor(€))AC + / OCK(C)dC

/ / €7 Vw(¢)[*dzd¢ — / / e’ (f(ur) ug))w (g)d;dg (3.3)
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X (3.3) KT s [t — 7] LB, B

r KL (1) — / " K (5)ds

< 4y / / e K, (¢)d¢ds — / / / e (f (uy) w(¢)dxd¢ds

- — e'YC Uy U2 w Ui Us Wy s
2/t_7/s (V(u1 + uz), Vw(O)(V (ur + uz), Vw(¢))d¢d

/; /st/Qe"’CHth(C)HdedCds. (3.4)

BRI, 4 (3.1) RIRLL ereo(t), B

d yt 2 1 2 J vt 2 2 2
3¢ EONw @I + S VoI + Se (IVurl” + [V [F) [V D))

= 2 (Vs 4 wa), V1)) £/ (Dn(E)lt) — (hlane) — h{uze), (1))

= () = fluz)wl0) + 2 0 o ()] + 5T (3.5)
xf EAE [s, 8] x Q EARSY, IR b HIPERT, A
2 [ [ vl v veordsc + [ [ SO0 + 5vuOR
<= [ et + 5T+ [ s (els) + 5 Ts) o
— = / / eV (uy + uy), Vw)?dazd( — / / e (f (uy) Yw(¢)dadc¢
+7/ /evC Olw (O + = |w dxd(+/ / (0)e wi(Qw(¢)dzdl. (3.6)

Xt (3.6) KT s 7E [t — 7, 1] LRI IERLL 4, B

/t / /(756“(||Wu||2 +IVur[*)[Vew(Q)[* +ve™ (e(t) lwe (O + 1IVW(C)Iz))dﬂchds

g—/ /e"’C (u1 + ug), Vw)?d¢ds — / //e'yc (u1) Jw(¢)dzd(ds

— o [ Ot + 5Vl e+ / / | #@ucr(Ozacas
T / / [ SO0 + 519w(0)dedcas
m/t T/e% S)un(s)w(s) + = \w( )[2)dds. (3.7)
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¥ 3.7) XM (34 KX, F

KL (1) — /t K, (5)ds

/ /«ff*C (u1 + uz), Vw) d(ds—/ /e"< (uq) wy(¢)dxd¢
t—71 Js

—’y/e%(e(t)wt() (1) + 51V + 1 /t// (Ow(¢)dadcds

/ / 7|V (¢)|*dzd¢ — / / / e (f(ur) Yw(¢)dzd(ds

_ / eWC<V(u1 + u2), Vw(O)NV (u1 + us), Ve, (¢))d¢
21‘//a%“w W’Wwﬂmmm
1 ' 674 w ods. |
L1 [l + 5lVulo)dn (36)

TE [t — 78] FBUY (3.5) R, JEH b BOVERR, &

1)
2/ /evs (IVur* + [[Vua [|*)| Vew(s)[*dads
t—7 JQ

g/ /6”5<V(u1+uQ) Vw) dxds—/ /e” (ur) Jw(s)dzds
t—1 JQ

+’Y/ttT/Qe“(€(s)|wt( )2+ = |Vw dxds—/t T/evs §)|wn(s)2dwds
—/Qe”t(e(t) w(t)w(t) + = |Vw d:z:—l—/lt T/ (s)wi(s)w(s)dzds

+ [ @D el — rhen(t — et — 7) + 5|Vl — 7)) (3:7)

S~

¥ (3.7) XN (3.6) X, &

K (t) + /tt e K, (s)ds

<- ”’e4<><>o+|wm )z + 5 [TL[; ()dwddds
/t/ €7V (uy + uz), Vw) dCds—/ /eﬂC (uy) wi(¢)dzd¢

e’ (V(u1 + uz), Vw) dxds—/ /e”s (uq) Jw(s)dxds
t—r1

-[ e

+’7/ /6% 8)|we(8)]? + = |Vw dxds/ /e” s)|wq(s)|*dzds
t—T1 t—1

//674|Vw O)fdxd¢ — / / /e“YC (u1) — f(uz))w(¢)dzdlds
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e (e(t)w: (t)w(t) + %\Vw(t)|2)dx+ /t_ /Qel(s)wt(s)w(s)dmds

_|_

S—

T (et — Twe(t — Tw(t — 1) + %Ww(t —7)[*)dz

9 / (Y (uy + ), Ve (O))(V (g + un), Ve (€))dC

+///< (Dl (Q)F + 5 Vw(Q)P)dwdcds

/”/Qe%(e wn(s)w(s) + = |W( )[2)dads. (3.8)

[\]

XF(3.2) AAE [t — 7, t] LR, IFH e(t), h(uy) BITERT, W15

t
- / e’ K, (s)ds
t—7

1 1
< ——"K,(t) + ="K (t—7T) —/ /e“’ (ur) — f(ug))wi(s)dzds
t—7

v v
;y - e (V(u1 + u2), Vw(s))(V(ur + u2), Vwe(s))ds. (3.9)

¥ (3.9) AN (3.8) X, H

eV K, (t) g—” /e%( (t)wq (t)w(t) + \w 2)dx + =+ /t// ¢)dxd¢ds

/ /e”c (u1 + ug), Vw) dCds—/ /e”C (u1) — f(u2))we(¢)dzd(

¢
¢

—/ /eVs V(uy + uz), Vw) dxds—/ /e”s (uq) Jw(s)dzds
t—1 t—T1

—l—’y/ / e(s)|we(s)]* + = ]Vw dxds—/ / 8)|wy (s)|*dxds
t—71

1
e”tK()—i— —e'tEK t—T—/ /e”s wy(s)dzds
t—1

/ / 67<|th(é )[2dzd( — /t ) / /Q 7S (f(ur) Yw(¢)dzdlds
—/Qe (e(t)w(t)w(t) + = \Vw dx+/t T/ s)dzds

+ /Q 67(:7)(5@ = Twi(t = T)w(t —7) + §|VW(t —7)[}dz
o [T ). V) (T + ). Ve 5) s

-3 / UV (un + us), Ve () (V (1 + us), Veor (())dC

72 s t t 1
/ / /e% Dl QP + 5 Ve drdcds
t

/:T/e”((e S)wr(s)w(s) + = |Vw( )[2)dards. (3.10)
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4E4 (3.8) :-(3.10) K, A

(Pt,‘r((uclh vé)a (u37 Ug))

:_(7+1)/ev<( (B (Ow(t) + = |Vw dx+/t // Owr(Q)w(C)ded(ds

/ / e (e(s)wi(s)w(s) + = |Vw Hdads + ~ / / g’ (s)wi(s)w(s)dzds
t—7 t—1

/ / e’*g V(uy + ug), Vw)2d(ds — / /6’7C (u1) — f(ug))w(¢)dzd(

t—7 Js Q

/ /e” 8)|we(s)]? + = |Vw dxds—/ /67 (5)|wq(s)|*dxds

t—1 JQ t—T1 JQ
- / /67<|Vw )|*dzd¢ — / / /e”c(f u1) — f(u2))w(¢)dzd{ds

Q Q

—E . Te'“(V(ul + ug), Vw) ds—/t T/ﬂe”S (u1) — f(ug))w(s)dxds

6 t
B 2777— t—7
0

— 27/ eV (ug + uy), Vw(OWV (uy 4 us), Vwy (€))d¢

e (V(u1 + uz), Vw(s))(V(u1 + uz), Vw(s))ds

e“’tK /tT/ e (f(ur) — fluz))w(s)dads
+L / - / / OO + 5IVe(Q)P)ddCds. (3.11)

,g,,-
K/ (t) < o

H B2 = [ e (e(t — Twi(t — T)w(t — 7) + L Vw(t — 7)|?)dx + %eV(t’T)Kw(t - 7).
B (s U, ) P RIRIUAE (ul, ul,) € Dyry X Dyry B EHT ||V, |2 24 S0 B (1.2)-(1.3

RY_, + @07 ((ug) (vg), (ug) (v5)), (3.12)

A XS FAERBEER t—70, € € [t—70, 1], €(C) A I, WM £(C)Jun, |2 47 5% IBL [Vt 242 (C) [, |12

HAHRIE Alaoglu EHE, A LA T4

U, — u £E L°(7, T HE(Q)) H85 « I8L, (
Up, — wy TE L7, T; L2()) H 55 + YL, (
up — u AE LPH (7, T5 LPT(2)) sy, (3.
Uy, — u 1E L2 (7, T; L2(Q)) Famiicsh. (3.

N (3.11) AR T (3.13)-(3.15) XK, A7

lim lim [ e (e(t) (Dottn — Brtim) (1t — 1) + %|V(un ) 2)da = 0. (3.17)

n—oo m—oo Q
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t
lim lim / / e L(Oyttn, — Oytiy) (g, — Uy, )dxds = 0. (3.18)
n—oom—oo [,
t t
lim lim / / / L(Opuy, — Otiy) (U, — Uy )dzd{ds = 0. (3.19)
n—oom—oo f, [ Jq
t
1
lim  Tim / / P (L(Dytty, — Byt (1t — ) + <[V (1, — 1))zl = . (3.20)
n—oom—oo f, 2
t t 1
lim lim / / / 7 (L|0stty, — Optin |* + = |Vw(ty — 1wy, )|?)dzd¢ds = 0. (3.21)
n—ocom—o0 [, s Ja 2
t
lim lim e"s(V(ul + ), V(up — up))?ds = 0. (3.22)
n—o0 m—oo
lim lim / / eV (uy + up), V(up — up))2d¢ds = 0. (3.23)
n—o0 m—oo
t
lim lim eV (ur + uz), V(up — )YV (ur + uz), V(Ortty, — Osttyy,))dC = 0. (3.24)
n—oo0 m—roo s
t
lim lim e’ (V(uy + uz), V(up — um))(V(ug + uz), V(0ru, — Oruy,))ds = 0. (3.25)
n—ocom—oo [,
lim lim / / €7 (L| Byt — Byunm)|? + | (. — 11pn)[2)dds = 0. (3.26)
n—o0 m—oo t—1
t
lim lim / /e%(f(un) — flum)) (U — ty,)dzd¢ = 0. (3.27)
n—oom—oo [, [
t t
lim lim / / / P (f(un) = ftm)) (U — U )dzd¢ds = 0. (3.28)
n—oom—oo [, [ Jo
i (2.8) LA Holder A%,
[ ) = ) G, =
t—7
< / / PO 4 [un|P™ 4 [ [P7Y) - by — U | - |t — Upn, |d2dC
t—7 JQ
< /t ﬁc(c(l + Hun| Lz(p+1> Q) + ||um||i;(lp+1)(g)>
Nn = vmllLosi() - [ltun, = tm, |22 @)d<
t
</ O+ lun ()T, + llum ()17 )
t—7
Nun(s) = wm(s)llLeer @) - lun, = tm, || 22(2)dC,
i .
lim lim / / e (f(un) — ftm))(tn, — Up,)dzd¢ = 0. (3.29)
n—oom—oo J, _ [
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A, 6 T E L 4, | [ [, P (f (n(€)) = F(tm(€))) (tn, (C) = tm, (O))dxd(| F 5, thih UG
S e #H T 1S

g i [ 6~ Fm©) an €) = m (€)ricls
= [ i [ 000D £ ()00 (e

n—o0 m— o0

=0. (3.30)

[k, 7T EASE) @y ((uh, v5), (ug, v5)) 9 Dimry X Diery, ERIMRATRRL O

EI5 75N (1.2)-(1.9) A (1.11) AL T, B (1.10) F~AMFEEIRBI I RS (0, ¢) 1E
Hy HPAFAERS TR [ W 5] 1.

MERA - gl 2 2 50, (3.11) 3E SRR EL @, ., 2 — U He ek B, 45 3 2 Mg B 3 W] A ) et
(1.1) P=EMFAEAIREN I RS (0, ¢) 1F He FAFER EAKIRBLEIR 5] 7. O
5- IL.\-Q—:IE

Kirchhoff 77 R 7 W3 2 vh nl 4R 48 B8 m) 4R 2h B 5 |2 I K AR B L. L7 fE— B2
N T LAY P A EAT RS, ARl 2, PR S, T E, A ) . 1002
ok, A R AR, ATAE Kirchhoff 75 #2082 8385 AN W4 K, Kirchhoff 77 2 i3 A B 7E A
Wik ) ORI 55T Kirchhoff J5 2 FISCF B RIAG DLEE . A SO A0 1 7 A o B JE ARk 1k
s IHE B ¥ Kirchhoff 3 7 #%, 1 S0l AR #E R Faedo — Galerkin /74453 1 f AFAEME— 4, I
YCRH T et v i vk e 7 AR B R T Ak B R 4h J7 350 Kirchhoff A2 4k J&) 3 50 7F 301 L U
AT SR 10 PRI A, 55 J 32 FH WSO bR ORI AT S0 360 5 1 1) 7 V2R B 1 BT TR AR [ R 51 PR A7 A
[ AN 2 35 4 2 B O T TR 55 4R 50 1 R G R BUS KA TS R, T8 R R T 5
FIAFAEE RS, 457055 45 1 R G E R E R 7 FE I Se AR 21 1 S8 T2 R .

EEUH
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