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B2 Mindlin-Timoshenko g RS AU S FaETE.
W QR PWERFE, 00=T="ToUl(ToNT =0) & Lipschitz 15 %%,
H T BREFAESHMIFAE, To#0 EHX .

A T B A LA B Jo R B A —4E Mindlin-Timosahenko &40
p1ve — D(Ype + 1_Tu¢yy 1+ N¢wy) + KW +wy) =0, (z,y,t) € A xRT,

1+u

p160 = Dby + 5 ba + o) + K(B+0,) =0, (m,y,0) €0 xR, (1)

powit — K[(Y + wy)e + (¢ + wy)y] =0, (z,y,t) € A x RT,
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o, pr= 2o oo = ph, p BEE, h EAEE, pe (0,1) & Poisson K, D= E
(B WML FRmessit, K = ;22 ( HIRGE, B W IRH) FoRrvsE, m
¥, Fl w BRIT (2,0,1) € Q x R Fmu 25k f AR Y B (75

B FSFAF R8G5
P —— (z,9,1) € To x B,
Dlathe + undy + 5Ly + 62)n] =, (2,9,1) € Ty x R*,
Dlisdy + o + P Wy + 6] = o, (2,9,1) € Ty x R, .
K(g—(';+ul1/)+ug¢):u& (x,y,t) €T3 x RT,
(U(2,y,0),6(x,y,0),w(x,y,0)) = (Yo1, do1,wo1), (2,y) € &,
(Vi(2,9,0), ¢ (2, y,0), wi(z,y,0)) = (Yo2, Po2, wo2), (z,y) € Q,

Hrr, v= (v, ) & T BEAINERTE, U®) = (u1,us, uz) EHA R, 5245 (1.1)-(1.2)
AH A BB AN 775 2 7 STk (8]
EXRG (1.1) 18 t BZIRRER N
1

B) = 5 [ D00 + 100l + 21, + T340, + 6. + K1+

1
+lo -+, Pldady + 5 [ [ (4] + lor )+ poln Pl

HTRRIERR, MEBEEN & = (. 6,w),® = ($,0,0), XM TFEMEHETF RN
LVEIZ -
2 u¢my) - K('@[J + w1)7

Lo{, 6,0} = D{dyy + g b+ 2 00) ~ K (64 wy),

Fi{i,0) = Dlvithe + pndy + 2y + 6200,

LA{9, 6,0} = D(ta + L0 +

Fo{ab,0) = Dlady, + pwt + + 2, + 6:)01],

Fu{y, 6,0} = K(52 + v +120),

a(¢, o, w; '@/lj\a 37 @) =D /Q[wm{b\m + ¢y$y + N('Q/[J\w(bu + %QA%) + 1_TM(% + wm)({b\y + {b\m)]dxdy
+K /Q[w + W)W+ Ba) + (6 + wy) (¢ + &y)]dady.

FINREZER W = {(,ow) € [H(QP[Y = ¢ = w = 0,(z,y) € To}, MTIEEL
(s 6, )3 = a(®h, b, wi b, b, w), Hert HY(Q) —r Sobolev 2a] 20,

ZE[M H = (L2 (Q))? x L2, (Q), BT (0, ¢, 7)|1F = Joler(Ip]* +14l?) + p2|r[*]dzdy, B
4 W, H #J2& (&)Hilbert 2%[H].
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2 H =W x H, BT IEE N, ¢, w;p, 0,73 = (0, 6, 0) |5 + (0,0 7) 17, B
H ’@,75—-/\ Hilbert 25[H].
EX U = (L2(T))*, MTFELNUIG = [, ([l + |uz? + |us?)dly, IFA U WRE—A
Hilbert 25 [H].
TR H, B =E U S, L@ = (@, 0,w),Y = (P,P), V0 = (o1, Po2),V, I € H
I U(t) = (w1, ug,uz) € L*((0,00);U). FIEEA THEHERER R (%)

o U / e (1.3)

(), U1) = §||3)(t)||% + §||U(t)||z24= (1.4)

XH, gE&—1IEWE.

ASCRFASCHE (17] MR BBt R ik, BIXME RS AR 6 > 0 fl— PG iEm
MBS T > 6, & SCREERTRIFS] t, = k6, k = 0,1, M PH—DEZ] ¢, 7EHRRTTM
B0 [tr, tx + T] PN, SRAGFFERBAREE RIS, iy 0K 0 PR st S 4 o 00 2 7 1) S 4
BIREFE] [tr, te + T) WERAEFIRIE. V() U(t) 53513 & 3l B R AR 42 i A8 1
Vi (5 Vo, t0), Ur (-, Vo, to) 23 ANZRARTEA PRI [0, '] P i B 0428 1l ] G e IR S e 42
Wil AMER S, BARWTBCE BN X A, AT RS RS D X BRE L. Bk
B

25 E REERTE] 6 > 0 AKTRMIEIE T > 0, 24 k=0 B, to =0, Y(to) = Vo, TERTTE
[t ti, +T] PIRARLLT H RS AR 1

tr+T
JrV(t),U) = min / (), UH))dt, (1.5)

min
UeL?((tr,tr+T);U) UeL?((tete+T)iU) J¢,

1+u

P1r — D(Z/J:cz + I_T'u‘/’yy ¢ry) "’K(‘/) "’Wm) =0, (513 Y, ) €O x (tkatk +T)a

1+u

P1Pit — D(¢yy + 1_Tu¢ww wwy) +K(¢+wy) =0, (:E Y, ) €N x (tkatk +T)7

pP2Wit — K[(‘/’ +wm)m + (¢+Wy)y] = Oa ('rvya ) € Qx (tkvtk +T)7
Yp=¢=w=0, (z,y,t) €l x (tx,tx +T),

D[Vldjw"f'ﬂyl(by'i‘l_TM(wy"'(bw)Vﬂ = Uy, (l’,yﬂf) 61—‘l X (tkatk+T)7 (16)

1—
D[V2¢y + MV2¢w + Tﬂ(wy + (bac)yl] = Uz, (l’,y,t) € Fl X (tkratk? + T)7

Ow
K(a— + 1Y+ 10¢) =us, (x,y,t) €Ty X (t,tp + 1),

(w(zayvtk)a d)(xvyatk)aw(xvyatk)) = (wtklv(btklawtkl)v (:an) € Qv
(wt(x7y7tk)7¢t(x7y7tk)uwt(x7y7tk)) = (¢tk27¢tk27wtk2)7 (‘T?y) S Q

A SORE TE PR s S 0 1 1) R e AL O A PR SR B AP L. A Bl 7475, X — ﬁFE
R RSO R AT, B T AR AR — B EOERAy. 8, (S EIk, &
SrJEEEA Bellman Ut EE, BEIRLHRAERM, HIIEN T RICPERIEBOEM
.
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2 SafFRYEIEfhit
HIE, WATFIBEBWMRE Vo € W A PRI B9 R 7 (0CP)

T
min Jr (Do, U) = min /o Y(t),U(t))dt, (2.1)

UeL2((0,T);u) UeL2((0,T);U)

1+p

1 —
P17/1tt - D(wmm + D) u‘/’yy + 5 d)my) + K(1/) +Wz) =0, ($7y,t) €0 x (OaT)a

)+ K (@) = 0,(,9,0) € 0 x (0,T),

1—p
p1¢tt - D((byy + D) d)mm +

pP2wWit — K[W +Wz)z + (¢+Wy)y] = 07 ('rvyat) €0 x (OvT)v
1/):¢:w:0, (337yat)€F0><(07T)7

Dlinge + pundy + -5y + Gl =w, (@9,0) €T3 x (0.7), 22)

D[V2¢y + MV2¢1 + ]N_Tu(dju + ¢I)Vl] = U2, ($7y7t) € I‘1 X (OvT)a

0
K (5o + v+ va6) =us, (2.9,t) € Tt x (0.7),

(7/1(357%0)7¢(l’,y70)aw($7ya0)) = (U)Olv(b()law()l)v (Iay) € Qv
(djt(m?y70)7¢t($7y70)7wt(x7y70)) = (¢027¢027w02)7 ("E7y) S Q.

EMX 2.1 (HERE) XMNE—WHRE W € H, & XTOREEERE: Ve :H—RY,

Voo(yo) = inf {JOO(JJO,U)}

UeL?((0,400);U)
He (V. U) RARSE (1.1) A1 (1.2) 5 R, & ARMSIERE: Vi H - R,

Vr(o) = UGLQI&iOI,lT);Z/{){JT(yO’ U}
H O, U) RERS (2.2).
EMN 2.2 (55 &
(2.2) WIESME, RN TER
vt €10,T],7 € [0,t] {15

W eM, Ucl, M2 AT @ :A(Z/J,d),w) EE
Y, 0,0) € CH[0,T] x Q), 7E Ty £, @ = 0, AEXF

T > 0,
B = (
/Q{pl[wt (t, 2, )P (t, 2, y) + ¢i(t, 2, )b, 2, )] + powr(t, z, y)B(t, 2, y) }dady
- /Q{pl [W020(0, 2, y) + Go2d(0, z, y)] + p22i3(0, =, y) }dady
t ~ o~
- /0 Q{pl [1/}75 (T7 xZ, y)‘/’t (T7 xZ, y) + (bt (Ta x, y)¢t (T7 xZ, y)] + P2Wt (T7 €, y)a}t (T7 €, y)}d,fd’ydT

t t
+/O a(y, p,w; 1, ¢, w)dr — /0 /1“1 (Yuy + Pus + uz)dl'dr = 0. (2.3)
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@Rl 2.1 HBET >0 €M, Ue LX0,ThU), MRS (2.2) FIEHE—HHHE © =
(1, ¢,w) € CO([0, T); W) N CH([0,T], H) W /&
1@l coqo,r:w) + 1@l coqo,rymy + [ Petl L2j0, 77w+
< C(1®Porllw + 1Pozlla + Ul 2(0,17:4)) (2.4)
Hi COHE C ERFH T TR —FERHE) &5 Po1, Po2, U TLRHIIEFEL.
HE I8 () = a(y, ¢, w; 1, ¢, w) + [olpr([e]? + 16¢|%) + palw|*]dady, NIFH

d(Ii(tt) _ 561(%/1;%5;;%/1;%“1) +2/Q[p1(¢t¢tt + Grdur) + powiwyy|dady

= 2a(¢7 (baw; wta (btu wt) + 2 ,/Q[thl{d], ¢7 w} + ¢tL2{¢= ¢7 w} + th3{¢= ¢7 w}]d;vdy

- / (oL, 8} + 60 Fa {10, 6} + wiFy {0, 6, w}]dT
I
<2 / 0 1o+ b+ - / [l 4 sl s . (2.5)
W F = (fi f2) 0 B2 JE O iR, ELE Ty 1A f — 0, WAETE o > 0, 7E Ty

LIUPAAER f v >0,
)LE 2My = min{plpl}aRO = (m?§§{|f|,|fm|;|fzy|}7l = 1,2 ﬁl:'j’ |f|2 = f12 + f22 X'T
x,y

vt €[0,T],7 € [0,t], ¥ f- Vb, [ -V, [ Vo 2 HIFURLS (2.2) BET =5, 7E[0,¢] x Q LK
SrFFAR AR

/0 /Q 1 f -V + O f - Vo) + powie f - Vw|dadydr
t
—/0 /Q[Ll{w, d,whf -V + Lo{tp, ¢, w}f - Vé + La{9), p,w} f - Vw]dzdydr = 0. (2.6)

R 1%
/Q[Pl (Yif - Vb + ¢o f - V) + powr f - Vwlbdady

t
_%/0 /Q[Pl(f VIl? + £ V|ge?) + pof - V|w|*]dadydr
t
+/ a(/lb? (bvw; f : V’QZJ, f . V¢, f . Vw)dT
0
t
—/0 /F [F1 {0, ¢} f - VY + Fo{th, ¢} f - Vo + F3{2b, ¢, w}f - Vw]dl'1dr = 0,
B
/Q[Pl (of - Vb + ¢ f - Vo) + pawr f - Vwlhdady
t
=3 | [ -0l + 16 + pafilarsas

L[t
g [ diesloa(lon + 10x?) + palen Pldadydr
0 JQ
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+/ a(y, ¢,w; [ -V, f -V, f-Vw)dr
0
t
—/O /F [Fi{v, 0} f - VO + B {4, ¢} f - Vo + F3{p,p,w}f - Vw]dlidr = 0. (2.7)

X T

/0 a(/lb? ¢7w; f : v’lb, f . V¢, f . Vw)dT

t

= D/ / 1/11 flzd}z + f2m1/)y) + ¢y(f1y¢gc + fzyd)y) + /“/)m(fly(bz + f2y¢y>

F1dy (fre¥e + fautby) + (1/Jy + ¢2)(fryte + fay¥y + frate + foudy,)]dadydT

+K/ / [(d] + Wm)(flzww + fzmwy) + (¢ + wy)(flywm + fzuwy)]dl'dydT

0 JQ
t p—

+3 / / V1l 4+ £ V16,2 + uf - V(W) + 525 Iy + 6o dadydr
0 JQ

t
—I—E/ [f-V|z/1+wm|2+f-V|¢+wy|2]dxdydT
2 Q
fiz f1y 1/)90 + U¢y
=p [ [ Ve dadydr
t _
0 JQ fou f2y ¢y + pty
—I—K/t/ Vw - i iy ¥+ ws) dadydr
Q f2z f2y ¢+wy
2 [ 60+ 2t + 2 + Pl
K
/ [0l nf? + fo o, Phdadyr
/ i S0 14, + 23, + 10, + 6 Pldadyr
——/ / divf[|e + we|* + |¢—|—wy| |dzdydr.
2 Jo Jo
H
/ [ 0ol +1602) + palenflarads
I
= /Q[Pl (e f -V + ¢ef - V) + powr f - Vwlidady

1/t .
b [ [ el 160 + gl Ptz
0 JQ

t
+/0 a(¢7¢7w;f'vwaf'V(b,f'V(U)dT
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- /0 /F (FL {6 0} - Vb + Fo{th, 6} - Vo + Fy (b, 6,0} - VwldT 1 dr.
BT HERL, i
L= /Q 1] -V + 6uf - V&) + pawnf - Velbdady,

1 t
=5 [ @R+ 16+ pafo Py
t
+D/ /Vz/;. i iy —I—,u(by dadydr
0 Q f2;n f2y 2
+D/t/v¢. ha fiy —5 s+ 02) dzdydr
0 JQ foux ny ¢ + pty
¢ flz fly
K Vw - dxdyd
+//gzw<f2zf2y)(¢+wy)$yr
/ i+ 19, + 200, + 510, + 6 Pldadyr
—/ /divf ([0 + wal? + |6 + w, [2|dadydr,
D _
fim D[] P 10+ 2ty + 250, + P

K
/ / ¢+ wel* + |¢ + wy [*)dT1dr
Iy

- / / ({4, 6} - Vb + Fo{th, 0} f - V6 + Fy{4b, 6,0} f - VeldTydr.

NHER I, I, I ATt
i1 Poincaré i Cauchy-Schwarz AR M, FIES ¥, o, w TLRMIEFE C1, Oy #15

t
|Il| < C'l |:a(1/}7¢aw;1/}7¢aw) + /Q[pl(|1/}t|2 + |¢t|2) +P2|Wt|2]d$dy}
0
< Ci(I(t) + 1(0)),

Ry [* 3Ry [*
1< G2 [ [ Il + 1) + gl oy + 252 [ a(w 60106007
0 0

t t
< 2Ro[ /0 /Q[pl(w T 16e[2) + polweldadydr + /O a<w,¢,w;w,¢,w>dr]

t
= 2R0/ I(7)dr,
0

RCD2

1) < o // (b + iy 2 + (292045, + b [2JdT  dr
RoCy K2
+ oL 2

//[|¢+wm|2+|¢+wy|2]dl“1d7
0 Iy
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t
+CoRy / / U {6, 6} + |Fo{th, 8} + | Fs (), 6, w}JdTydr

t
- 022RO/ / [F{, ¢} + [Fo{ap, #}° + | F3{t, ¢, w}|*]dT1dr
o Jry
t
+CQRO/O /F (F {0, 6} 2 + | B, 6} % + | Fa {6, 6, w} |?JdT dr
t
B 3O;RO /0 /n““l'Q + [ua|* + |us[*]dT1d7.
Hi, ®ITH

t
| [ Gl 416+ o yarar
0 JI'y

< ULMO {Ol(l(t) +1(0) + 230/0 I(r)dr + 30330 /O /Fl[|u1|2 + Jug|? + |us|}dT1dr
t t
< Cj3 [I(t) + 1(0) +/0 I(T)dr—l—/o /F [Jur |2 + |ua|? + |u3|2]dr1df}, (2.8)
XH, O3 BHEAMEFE
i (2.5) F1 (2.8) X EI1%
I(t) < Cy [I(O) +/ I(r)dr —|—/ /1* [|u1|2 + |uz|2 + |u?,|2]d1“1d7'}7 (2.9)
0 0 1
XHE, Oy BHEANEFE
A Gronwall RERE
I(t) < C5 |:I(O) =+ / /F [|U1|2 + |’LL2|2 =+ |u3|2]dF1dr] R (210)
0 1

XH, Cs BREAERE. B
1@l coqo,r:wy + 1@ellcoo,r):m) < ColllPorllw + [Pzl & + Ul 2 ([0, 17:01))

XHE, Cs BRAIEWI.
MFER Z = (21,22,23) € W, B || Zllw = 1, ¥ Z = (21,22, 23) HHRG (2.2) fi=KFE
H HERRR, FHaiiasi

[((ees Pres wir), (215 22, 23)) we xw | = | (Vs e, wie), (21, 22, 23) ) 1|
= |a(¢, p,w; 21, 22, 23) — / (w121 + ug2ze + uzzz)dl
Iy

< Cr(||(@, ¢, w)llw + [ (ur, uz, uz) )l (21, 22, 23) [|w,

XE (L Ywexw BXEE, ()r 2, G BEANIEFH. EHH, & (2.10) X5

T T
/ | (Wst, Pet, wie) [|w=dt < C/ (120, @, ) llw + [[(u1, ug, us) o) dt
0 0
< C(I1Po1llw + |Pozllar + U L2(j0,7720))-
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TRA
@]l cogo,r1w) + 1 @ellcoqo, 71y + | Peell 2o, w) < CUIPorllw + | Pozll#r + U]l L2(j0,7700))-
FHE
/ A (|eh¢|? + |pe | + Jwe|2)dTdr < C(T / A (Jur | + ug|? + [u3[?)dTydr.  (2.11)
1 1

i 2.1 JEEE. |

3 REHIEEE—

EI 3.1 XMNTPERET >0 UK W € H, BRI S (OCP) FE1EME—f#.
WE - BRAF AR ER A ﬁ%rﬁfiﬁﬁﬂfﬁ o1 HARBREL Jr (Mo, U) I E K,  Jr(Do,U)
W A TR, B TR

UEL%I(IOf,T;Z/I) r(0,U UEL%nofTZ/I / “ ))dt =6 < oo. (3-1)
b, IR FMEFS] (UL} C L0, T U), #75%
TrO,Un) = ok (30, U) = 6. (3.2)

=LA, U, FEFHES T3, Ayilhidh U, , B
U, 5 U* = (u},us,uy) € L2(0,T;U). (3.3)

H1 (2.4) RH1, XFLT {UL}, REEFFS{®,} C L0, T; W), { @i} € L*(0,T5 H), {Prte} C
L*(0,T : W*), F#IEFF, Thch {2},

o, Y5 @, in L=0,T;W),
By 5 ®Y,  in L2(0,T; WH).

T, BAPFEN: 4 U=U"B, o Z2RY (22) KM R
StFAERZ t € [0,T),7 € (0,4, UE VD = (¢, 6,) € CH([0,T] xQ), AFET, I, H & =0,
TR, (3345 64 XA

t N o~ o~
[ 0s0055.8,) = v, 6,5, 6.0))ar — 0,
t
/0 /Qm{[wm(x,ym) — O (g, DO (@, y, 7) + (e, y, 7) — &F (2, y, 7))o (2, y, 7) YdadydT
t
-I—/ /sz[wm(x,y, 7) —wi (z,y,7)|0(x, y, 7)dxdydr — 0, (3.5)
0
t
/0 /Qﬂl{wnt(w,ym) — i (z,y, D) (2, y, T) + [Ont (2, y,7) — ¢F (2, y, T)]de (z,y, ) }dadydT
t
+ /0 /Q pQ[WHt(xv Y, T) - W? (IE, Y, T)]‘Dt (I, Y, T)dIdydT —_— O7

t
/ / [(u1n — ul)¥ + (uo2n — u3)p + (uzy, — u3)w]dl'1dr — 0.
0 JI'y
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N (24) AR, MTHEE € [0,7], {®n} & H FWFEFRTFS, HiL, LHEEFHIK
SHTH, UhEh {Pn), B O — & € H. XMTHEE t € 0,7, EXWTHT
A:HY0,T; W) — W=, Hr, W* g W BxHEE. Ra8F A R#ELEr, AN TR
XeW,f/

(P4, X)) = HILH;O<A(I)nt7X>W*><W

= i (@, A" X) g1 0,15 x (7 (0,702

= (@, A" X) 51 (0,7,W+) x (H (0,T5W*))*
= (AQ}, X)wxw. (3.6)

B, A FR A WERSET, B AW — (0,7 W) B, MR ¢ € [0,7),
P VP = (4, 6,0) € C1([0,T] x Q), BHAE Ty LH © =0, KATH
/Q{pl[wnt (Ia Y, 7')72(1’, Y, 7-) + ¢nt (Ia Y, T)Q/b\(xv Y, T)] + pawnt (‘Tv Y, T)@(IE, Y, T)}dxdy

—*A@Mﬁ@%ﬂ%%yﬂ+@@%ﬂ&a%ﬂ+m@@wmﬁ@%ﬂwwy (3.7)

H, M4 U=U"&, X (3.5)F 3.7) X, & n— oo RS, o BREA (2.2) 5
. T, IMEZEER U = (w1, uz,uz) € L2(0,T5U) B (O, ®;) € L=((0,T]; H) BB ZiE
Efy. SOl HARRELR & AT AL, BAREREL Jr(Do, U) 255 T AELN, XESE

0< JT(yo, U*) < lim inf JT(JJO, Un) =0 < 0.
n—oo UcL?(0,T;U)

Bk, (0, U") REAMREE (2.1) WRARLSK (2.2) R BT JrQo,U) R
), TREMMZME—. IEE I

4 BikrERE
EIE 4.1 FREMTEERSR

1—p 14+p
p1¢tt - D(wmm + 92 wyy +

5 Gay) + K +we) =0, (2,y,1) € 2 x (0,T),

L)+ K6+ ) =0, (5,,6) €0 % (0,T),

pr6u — Dy + L 00 +
P2wWit — K[W +Wx)x + (¢+Wy)y] = 07 ('rvyat) €0 x (OvT)v
1/):¢:w:0, (337yat)€F0><(07T)7

Dlinghe + pundy + 5y + Gl =w, (@9,0) €T3 x (0.7), 4.1

Dlvady + st + (0, + 6] =, (@,9,0) €T1 % (0,7)

0
K (52 + v +v20) =us,  (2.9,8) € [t x (0.7),

(z/;(a:,y,O),(b(x,y,O),w(x,y,O)) = (0,0,0), (Iay) €,
(wt(x,y,O),gbt(x,y,O),wt(x,y,O)) = (0,0,0), (Iay) €
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YRR
1—p 14+p
P1Ptt — D(pmc + D) Pyy + D) qgcy> + K(p+rz) =91, (337%15) € x (0,T),
1—p 14+p
praee = D(ayy + —5— oo + —5—Pay) + K¢ +7y) = g2, (2,9, 1) € 2 x (0,T),

pP2Ttt — K[(P+ T‘m)w + (q + TU)U] = 93, (l’,y,t) € Q X (OuT)u
1/):¢:w:0, (337yat)€F0><(07T)7

D[lez + ,UJquy + —lu(py + qm)VQ] = 07 (357% t) € Fl X (Oa T)a (42)

Divagy + pwaps + —5 =y + 4] =0, (2,9,8) € Ty x (0.7),
or
ov
(p(z,y,17),q(z,y,T),r(z,y,T)) = (po(T),q(T),0(T)), (x,y) €,

(pe(z,y, 1), qe(,y, T),re(,y,T)) = (p1(T), o (T), (1)), (x,y) € Q,

K( + V1p+ V2q) = 07 (l’,y,t) € 1—‘l X (OuT)u

HHA (91,92.93) € L*([0,T;W*), ((po(T),a0(T),o(T)); (p1(T), ar(T), m1(T))) € H* x W,
H*W* 3RIFR HW R @, EASLE M T H%F

T
/ / (pus + qua + rus)dldt
o Jr,

T
:/0 (¥, 6,w), (91,92, g3))wxw=dt + ((po(T), qo(T), 70(T)), (Vi(T), ou(T), wi(T)))
—=((p19(T), pro(T), p2w(T)), (p1(T), 1 (T), 71 (T))) w s - (4.3)

iE T (poq.r) € CO0. T W) NCH(0,T); H) L I (p,q,7) S BITRLLRSE (4.1) BT =
2, 7E[0,T] x Q LRG3 MTE

/OT /Q[p 1(Yuep + dreq) + powyr]drdydt
B /oT /Q[Ll{w’ ¢, wip + Lofh, ¢, wiq + La{y), ¢, wr|dedydt.
o> ERER 15
[ s = v + (600 = b))+ paferr — ) sy
T T
+/0 /Q[p1(7/}ptt + ¢qu) + powry|dadydt + /O a(, 6,w: p, g, 7)dt
- /OT /Q[Ll{‘”’ 6,wip+ Lo{t), 6,w}q + La{t, ¢, whrldedydt,
Hp

/Q 1 (Ge(T)po(T) — (s (T)) + (61(Dao(T) — S(T)ar (T))
2w (TYro(T) — w(T)ry (T))|dady
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T T
+AELMWm+@M+mwMM®&+Aaw¢wm%ﬂ&
T
= / / [u1p + uaq + usr]dlydt.
0 Iy
M
/Q P ((T)po(T) — (s (T)) + (64(T)ao(T) — H(T)r (T))
T
+p2(wt(T)ro(T) — w(T)r(T))]dxdy + / / [p1(¥pe + dque) + pawry]dazdydt
0 Q
T
+ / / (GF {p,q} + 6Fa{p. a} + wFi{p, q,r})dT1dt
0 Iy
T
= / { / [WL1{p,q,7} + ¢La2{p, ¢, 7} + wLs{p, q,r}|dzdy + / [u1p + u2q + ugr]dl; }dt
0 Q Iy
A
T
/ /F (pus + qua + rus)dldt

T
—/O (¥, 0,w), (91592, 3))wxw=dt + ((po(T), qo(T), 70(T)), (Ye(T), p(T), wi(T))) g
—((p1(T), p18(T), p2w(T)), (P1(T), 1 (T), 71 (T))) w =

H RE R 2B G i 7 R0 T o B Y AT P R AR 4 (4.2) B9 (po g, ) € CO([0, T)s HF) N
CH([0, T); W), i W, H, L*([0, T); H) 22 37E H*, W*, L*([0, T]; W*) 8%, mHHEEmEes

(p,ga.7) € C°([0,T]; H) N CH([0, T]; W).

JEEE, - |

EHE 4.2 & (D0) = ((¢,6,0); (W1, U2, Us)) BHmMEH M (OCP) By HmAMM, MWL
T i
pl@tt_D(Ezz—’—l_u_ 1—;M
1+p
2

azy) +K(@+ww) = 07 (:c,y,t) €Qx (O,T),

_ _ 1— n—
p1¢tt - D((byy + (bmw +

5 Vuy) + K (6 +@y) =0, (x,y,1) € 2 x (0,7),

pQGtt - [W ) + (5+wy)y] = 07 ($7y7t) € Q x (OvT)v
Yv=¢=w=0, (zx,y,t)€Tox(0,T),

[Vlw +MV1¢ + — - W +¢ ) ] _ula ($7y7t) € I‘1 X (OvT)v (44)

Dm5+wﬂfﬂ;—w+wmﬂ:m,@wﬁenijx

0w
K(a—“’ +uih+ad) =Ts, (x,y,t) €Ty x (0,7),

(I Y, )ad)(x y,O),_(x,y,O)) = (1/}017@501;“)01)7 (I;y) S 97
(z,4,0),,(2,y,0), 0 (2, 4,0)) = (Yo2, bz, wo2), (z,) € Q

(
(

¥
¥y
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—H_ 1+ p_

_ _ 1— h—

B B 1
p1Py — D(Pyy +

1;M%Q—K@+EMAL%U€QX&T%

_ _ 1—p_ 14+ p_
P19 — D(ny + 2 qu;ﬂ + ) Mpwy) + K( U)
1-— 14 pu— - _
[pl(btt + D((byy + —(bww + —w;ﬂy) (¢+w’lj)]7 (l’,y,t) €0 x (O7T)7

p2Tie — K[(P +Tu)z + (@ +Ty)y)
_(p2wtt + K[(E + wm)m + (a"i_wy)y])v (xu yvt) € Q X (OvT)v

(4.5)
ﬁ:q:TZO, (Iayvt)erox(ovT)v

1
D[P, + pny + — (B, + @, 2] =0, (2,y.t) €1 x (0,T),

2
1—
D[VQGy + ,UJV2§x + 2 lu(py + Qx)ul] Oa (Ia yvt) € F1 X (OvT)v
or _ _
K(@ +u1p+1eg) =0, (z,y,t) €1 x(0,T),

(p(x,y,T),q(:zr,y,T),w(x,y,T)) = (0,0,0), (Iay) €,
(ﬁt(xava)vqt(Iava)vft(Iava)) = _(Et(T)vat(T)awt(T))v (Iay) € Q.

Hef (p,q,7) € CO([0, T H*) N CH([0, T); W) BMBRE (4.2) W%, HAE[0,T)x T BF
(P,7,7) = —B(u1, T2, 3). (4.6)
i E R kA
g 1 2 6 2
00 = [ GIVOI+ SO

T T
= %/0 a(¢a¢aw;¢a¢,w)dt+%/o ‘/Q[pl(|wt|2+|¢t|2)+P2|wt|2]dxdydt

T
+§/ (Jur|* + |uz|? + |us|?)dT dt. (4.7)
o Jr,

XETAERLEYT (ur, dus, dus) € L2([0, T];U), Xt H AR R EAFAL T

8JT()}0;U)5U n 0Jr (Yo, U) Sus + 0Jr (Yo, U
6’11,1 ou U9 ou us

T
-/ W¢wwwmmw+//ﬁumw«mw+wmwmww

)511,3

+ﬁ/ / (u1du; + ugdus + ugdug)dldt.
0o Jry

SRR 1

9Jr (Do, U)(Sul n 0Jr (Mo, U) Suz +

OJr (Yo, U
8’[1,1 8UQ 8’[1,3

)6’11,3
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T
= —/ /0[51/)(911/)& + Li{v), ¢,w}) + 0d(p1dee + Lo{9), ¢, w}) + dw(pawre + Lz{t), ¢, w})]dt
0

+ / 1 (GO (T) + 8&(T)B1(T)) + padioTwn(T)|dardy

T
+ﬁ/ / (U15U1 + usdusg + U35U3)d1—‘1dt,
0 Iy

Hoft (59,60, 6) € OO0, W) N CH(0,T]; H) Rebd T RGHOTM
L 00)ay) + K (B + (G)a) = 0,
(x,y,t) € 2 x(0,T),

1600 = DGOy + oL (0)ra + 0L (50)ay) + K (56 + (30),) = 0,

P16y — D((&/))zz =+ I_T'u((w’)yy +

p20wy — K[(0¢ + (0w)g)z + (00 + (dw)y)y] =0, (z,y,t) € Q x
5¢:5¢:5WZ07 (xvyat)EFOX(OaT)a

_ (4.8)
DI (30) + 11 (06), + 5200, + (08).)va] = Gus, (2,5,0) € T1 x (0.7,

DIva(30), + pa(00)a + 52 ((00), + (08))m1] = Gz, (2,5,0) € T1 x (0.7),

A (5w)
v

(6¢($, Y, 0)7 5(15(;57 Y, 0)7 6&](.%‘, Y, O)) = (07 0, 0)7 (557 y) €,

(5wt(xa Y, O)a 5¢t(xa Y, O)a 5Wt($7 Y, O)) = (Oa 07 O)a (Ia y) € Q.

K(

+ V151/) + V25¢) = 5U3, ('rvyat) € Fl X (OvT)v

N —Br e RS T
T
- /0 /9[51/)(011/1& + Li{vp, p,w}) + 60(p1¢e + La{th, p,w}) + dw(pawrs + La{y), ¢, w})]dt
+ [ [pr(UTIT) + 39T (T)) + (T (7))l
T
1) ) 1) =0. .
+5/0 /1“1(U1 u1 + ugduz + uzduz)dlrdt =0 (4.9)
H—IH, HEM 4115
T
/ / (pduy + gous + rdus)dl';de
o Jr,

T
:/0 (69,69, 6w), (91,92, 93))wxw=dt + ((po(T), qo(T), r0(T)), (6¢1(T), 664(T), bwi(T)))
—((p109(T), p10¢(T), p20w(T)), (pr(T), 1 (T), 1.(T))) w xww= (4.10)
UL (4.9) AT (4.10) KX, FF1 (dur, dug, dug) € L2([0, ThU) MERHE, EATATUIGE]

)~ K ()],

1—
g1 = _[pﬂ/)tt + D(¢zz + D) u7/)yy +
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92= ~[prue + Dby + 15 00 + 5 4) ~ K (9]

93 = —[pawir + K(( + wa)a + (6 +wy)y)]
po(T) = qo(T) = ro(T) = 0,
pi(T) = =u(T), 1 (T) = =¢¢(T), r1(T) = —wi(T),
(p,q,7m) = —B(u1, u2,u3), (x,y,t) € [0,T] x Ty.
B 128 5 R IS B B BRI AL (4.4)(4.6) . IERE. I

5 BEMMHSRREEHEEOSNE
4 11 i Mindlin- Timoshenko Hi 45 4 RS UL 15 2 SRk RLAS B 2 (710
R WSGRANTRAH [21) 977N T R .
BI3E 5.1 BEAELE (10.30) € B2 W T = {(z.y) € Ta|(z — 20,y — o) - v > 0} F 25,
WEAE T) > 0, EEXER T > 71 &
T
C 2 b2+ |62 + |5 ?)dTdt, .
1MMH§A‘AWI+MI+II)Ft (5.1)
BET >0, BN EZT>ThH
T ~ ~
Col| oll3; < / /(|¢t|2 + | ¢¢]? + |@¢)?)daxdydt, (5.2)
0 Q

Her, 1, Co MRS THXMIERE, @ = (0,6,0) RIITHFRALHFTM, H (9,9, €
(0,7 1), H

~ ~  l-p~  l4p~ ~
plwtt - D(¢zz + ) ul/fyy + 2 ‘ud)my) + K(¢+Wz) = Oa (Iayvt) € Q X (OvT)v

~ ~  l—p~  14p-~ ~
P11 = D(Gyy + 5o+ —0my) + K(043,) =0, (2.9,1) €2x (0.7),

P2l — K[(@Z‘Faw)w + (a"'ay)u] =0, ($7yat) € Q x (O,T),
U):d):&: ; (xvyat)EFOX(OaT)a

Dl + iy + + Gy + ] =0, (5,9,0) €T3 x (0,7), (5.3

Dlsdy + wabe + 2520y + 8] =0, (@,9.0) €Ty x (0,7),

ow

ov

W(%%O)Mb(%ya0)7‘;(33,%0)) = (1/101,%1,‘001)7 (x,y) € Qa
(Jt(xay7O)agt(xvyao)vat(xayvo)) = (w027¢025w02)7 (Iay) € Q

W Fz,y) =n(z,9)(x — x0), (y — w0)), HH, FF n(-) € CH(Q) HMRTE T L,
n=0; 1l Lk, n=1 XHHRTEWTFHE

Iy = {(z,y) € T1|F(z,y) - v > 0},

K( + Vl{/;"' V2$) = 07 ('rvyat) € Fl X (OaT)a
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fl = Fl\fl = {(l‘,y) S 1"1|F(w,y) v < 0}

W M? = max_|F(z,y)]* = max {|z —x0]> + |y — wo|*}, 2My = max{p1,p2}. ¥
(@) €0 (2,4)€0

F -Vi,F -V, F- Vo SRIFURS (5.3) Bi=R, F7E0,7] x Q LB, NH
T ~ ~ ~ ~
0 Q
T ~ o~ ~ ~ o~ ~ ~ o~
=/ /Q[Ll{@baqﬁ,&}F N + Lo{th, ¢, 0} F - V) + Ls{t), ¢, @} F - Vo]dadydt.
0
AT
T ~ ~
| 0loa 0B + 164) + pol Pl
0 I
= 2/9[/’1 (G F - VY + ¢ F - V&) + pain F - Va§ dady
T - — T . .
[ [ AFI TP + 5P+ palorPlasdydt +2 [ a(,5,3:0.5,5)a
0 Q 0
T ~ ~ ~ o~ — ~ ~
+D/ / (F ’ ’/)[|¢w|2 + |¢u|2 + 2uthL 0y + 1—M|¢u + ¢w|2]d1—‘1dt
0 I 2
T ~ ~
+K/O /F (F - v)[|W + @z > + ¢ + &y |]dT 1 dE
T _ ~ ~
—D/ / AivF[[(e]? + oy |? + 2utbudry, + 1—“|¢y + G| dadydt
0 Q 2
T ~ ~
—K/O /QdivF[|¢+c~um|2+|¢+&y|2]dxdydt,
By
T ~ ~
/ / (F - v)[pr(|te]® + |9e]?) + pal@|*]dT1dt
0 I
=2 / (o1 (Ui F - V) + G F - V&) + paldy F - V3]G dady
Q
T T
T2 |2 ~ |2 bbb b5
2 [ [ 0P+ 18 + ol eyt +2 [ a(3,6.3:6.5.3)a
T
~ ~ -~ 11—y ~ ~
2D [ [0 + 18,2+ 20008, + =515, + 8. Pldadyi
T ~ ~
—2K/0 /an + Ta)? + ¢ + Dy |*]dadydt. (5.4)

A Poincaré AR5

/Q[Pl (Ve F -V + 6o F - V) + palin F - V&](:erivdy’

< { /Q o1 (|2 + |6e|) + pal@eP1E dzdy + a(h, ¢, &; 1), <7>,w>|oT}
< 2¢11(0). (5.5)
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¥ 0, 6,0 S RITRU RS (4.3) BT=5N, 37 [0,7] x Q _LRUN RN, 75
T ~ ~ ~ ~
/ ~/Q [pl (wttdj + ¢tt¢) + pzﬁtt&]dxdydt
0
r T 7 ~ ~ ~ ~ ~ ~
= /O /Q[Ll{w,aﬁ,a}w + Lo{9h, 6,3} + Ls {0, 6, &} ddydt,
vyl
T B N r
[ [0 4160 + paforfidadyet - [ a(3,6.3:.6.5)ae
o Ja 0
= /Q[Pl ('@Zﬂz'ﬁ‘ 515(75) + p2 (@3] 8 dedy. (5.6)
F-H Poincaré A& 15

T - - T - -
‘ / / 1 (T2 + 18e2) + pafePlddydt — / o, 3,55, 3, 3)dt
0 Q 0

<col(0).  (5.7)

t (5.4), (5.5) il (5.7) 578
T . ~ o 1 /T B B B
My [ IR 415 + B> 5 [ (o + 150 + ol arar
2/Ta(gz,a,w;&,a,a)dt—2011(0)—cof(o). (5.8)
0
N (5.8) &15
T T ~ ~
/ a(¢=¢7a}7¢7¢7a)dt2/ /[p1(|wt|2+|¢t|2)+p2|&t|2]dxdydt_00‘[(o) (59)
0 0 Q
[ﬂ]ﬂj, EE] (5.8)7(5.9) ;T:tﬁ%
T
MM b2+ | |2 + | |21dTd
/ /fnw +|Bf? + [@PdFar
T ~ ~
> / / 1 ([ + [0]?) + polPIdzdydt — 21 1(0) — 2¢01(0). (5.10)
0 Q
 (5.8) A1 (5.10) AT
T
|2 + |2 + @ [2)dTd
MMl/O /fnw 1B + (@ PldTa

T N N T

> / / [p1 (|9 |? + |@e]?) + po|@e*]dadydt + / a(th, ¢, w59, ¢, w)dt — 4c11(0) — 3coI(0)
0o Ja 0

> TI(0) — 41 1(0) — 3¢o1(0).

H, 12 Th =41 + 3¢ >0, 24 T > Ty K, iﬁclzm(T—Tl)ZO,ﬂl'Jﬁ

T ~ ~ ~
Cull Yol = CaT0) < [ [ + 13 + [ )t
0 r
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#(5.1) RAFE.
X (5.7) X%

T - - T - -
/ / 1 (18 + |B?) + pol@r[P)ddydt > / a($, 6,58, 6,D)dt — co1(0).
0 Q 0

154
T
2 TACENPRE &2 dedyd
/0 /Q[pluw +132) + poln[Pldadydt
T _ _ T o -
Z/ /[p1(|1/)t|2+|¢t|2)+p2|"~‘)t|2]d$dydt+/ a(?/),gb,&;?/),gb,&)dt—COI(O),
0 Q 0
Bp

T o~ ~
2 / / 1 (2 + 13]2) + palePldedydt > TI(0) — col (0). (5.11)
0 Q

H, I Ta=co>04T>T B, it Co = g3 (T — To) > 0, W (5.11) 1%

T
o102, = C21(0) < / / (82 + 132 + (32 dadydt.
0 Q

M, (5.2) AAFIE. T2 5.1 JEEE. |
EIE 5.1 BRE Yo € H, RYE (1.1)-(1.2) RERLMK H R — B Huliesi®@] 0, BIFFES Vo
TR, M T HREEFE M, o #15

2 - 2
VIl < Me™[[J]l5,

2 HAY RESRE 24 (5.1) RO
W (I) 7
BEEARAS (1.1) Ml (1.2) BEEH, HIELME—HmRN

® = (1), p,w) € C°([0,00); W) N C'([0,00); H),
AR T > 0, LM FEH R4

1—p 14+ p
P1¥i — D(@/ng + B Vyy +

5 Guy) + KW +wy) =0, (z,y,t) € Qx(0,T),

) + K6+ w) =0, (wy,0) €0x (0.7)

1—
pré1 = D(dyy + —3 s +

pawit — K[(Y + wa)e + (@ +wy)y] =0,  (z,y,t) € 2 x (0,T),
1/):¢:w:0, (xvyat)EFOX(OaT)a

D[Vﬂ/)m + ,UfVl(by + 1_T‘u(1/}y + d)m)VQ] = —1/%7 (l‘,yvt) el x (OaT)a (512)

Dlisty + patbe + 50y + 6] = ~61 (@y.0) €Ty x (0.7),

0
K (5o + v +v20) = —wr, (w.y.1) € Ty x (0,7),

(1/)(33,%0),¢($7ya0)7w($,y70)) = (1/101,%1,‘001)7 (x,y) € Qa
(wt(xayvo)a¢t($7y50)7wt(xay70)) = (w027¢025w02)7 (Iay) €.
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e, drwe IHIFRUAREGE (5.12) BT =K, FFTE [0, T1] x Q LB SFAEI, FAH AR AFHFE

Tl d Tl
3 g [ / 1442 + 164 + fun 2JdT 1t = 0.
0 t

Th
2 [ [ 1+ bl + fPar e = 10) — 171, (.13
0 I

it

WHNRSE (5.12) MM A @ = @+ O, Jrr, © RS (5.3) WHM, = (4,6,0) €
CO(0, T); W) N CH([0,T]; H) LA T REE

~ ~  l-p~ 14p-~ ~
plwtt - D(¢zz + 2 ul/fyy + ‘ud)my) + KW +w$) = Oa (Iayvt) € Q X (OvT)v

1+u

~ ~ 1—p~
pl(btt - D((byy + ) (bzz

P2l — K[(@Z‘Faw)w + (a"'wy)u] =0, ($7ya ) € Qx (O,T),
12)\:5:&}:07 (xvyat)EFOX(OaT)a

Yoy) + K(G+3y) =0, (w,9,) € 2x (0,T),

D[Vﬂz)\m + ,UVl(gy + 1_T‘u($y + ;b\m)VQ] = —1/%7 (ZE, yvt) el x (Oa T)a (514)

Dlady + pae + (0, + Bl = ~61, (@y.0) €Ty x (0.7),
K2 LG+ md) = —w (y0) €Ty (0.7),
(D(,9,0), 6(,,0),8(,,0)) = (0,0,0), (x,) €D,

(Jt(xayv ) th(x Y, ) (I y,O)) = (0,0,0), (‘Tvy) €.
H BEMPE SR K 2.1 (2.4) K0

1 ~ ~ -
10) = @) o< 5 [ [ (G +13 + |@)drade
0 IR

1 Ty T R R R
< 5{/ (pe]* + |¢t|2+|wt|2)drldt—|—/ (B0 + 132 + 5|2 )dT st
0 I 0

I

T
<c / / (4 60+ Tl (5.15)
H (5.13) fl (5.15) 75
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Stability and Optimality of 2-D Mindlin-Timoshenko Plate System

Zhang Chunguo Fu Yuzhi Liu Yubiao
(Department of Mathematics, College of Science, Hangzhou Dianzi University, Hangzhou 310018)

Abstract: In this paper, 2-D Mindlin Timoshenko plate system with local boundary control
is studied. By using the receding horizon control method, the infinite time domain optimality
problem is transformed into the finite time domain optimality problem. With the help of the
multiplier technique, a priori estimation is made for any finite time domain system, and the
observability inequality is obtained, which proves that the energy of the system is uniformly
exponentially decay. Furthermore, with the aid of dual system, by means of the variational
principle and Bellman optimality principle, the suboptimal conditions of the system in infinite
time domain are obtained, and it is proved that the optimal trajectory is also exponential decay.
Key words: 2-D Mindlin Timoshenko plate; Receding horizon control method; Optimality;
Exponential decay.
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