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KL, EE (3.11) 13
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psy (z) = %emx(emx ~1); piy(z) =
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h21 = 0, h22 = O’ h23 — m2)\7 h24 — _m2>\;

h31 = [1 +O()\_1)] (% +m1)>\em1)\é +O(>\_1)’

hgs = [1+ O] (% - ml)Ae*WH)\Z o0,

h33 = g[eﬁ[ 4 O(}\fl):| emz)\z + O(}\il)’

hgy = O()\*l), hyo = O(A71)7

has = (772 + mQ)A{eﬁl + O()\_l)} PRUEEY + O()\_l),

h44 = (772 - mQ)A{eiﬁé + O()\_l)i| e—m2)\€ + O(/\_l)
Ty

= [A<m1 - %)efml)‘z + A(ml + %)eml)‘z + O(}Fl)}

—( ¢ e

2m”2+m2)\4)+m2>\2(n2+m2)em+M2)\Z+O(>\—l)i| +O(>\_1)

~[m2)\2(n2 —ma)e
_ M\ —maae MY mire
= [)\(ml M)e +)\(m1+ M)e }
[maX2 (s — ma)e™ T 4 a2y o) ] 4O
=Di(\)+0\1) =0.
BN TS KRE, D) =Di(A) +O0\A1) =0 H#IELE K Di(A) = 0. B
_ M\ —maex MY miex
Di(\) = [A(ml u)e +)\(m1+ M)e }

. [m2/\2(772 - mz)e_hé + mg)\Q(T}Q + mQ)eM] =0,

ﬁﬂP h = ma) + 20;112'
FrE
_ My —maea MY\ miex _
/\(m1 u)e +)\(m1—|— u)e 0, (3.15)
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maA%(ng — ma)e™ ™ + ma? (g 4+ ma)e™ = 0. (3.16)
i (3.15) 1%
(E _ m1>eim1£)\ — (E + 7,T_L1)e’ﬁ’7,1/€)\7
Iz K
B
e2mitx _ L Hm
m + pma
1
1 _
LIS il — n — pmy > 0,
__ 2mil |+ pmy | mal
)\1,n = (317)
1 n — pmy 2n+1 | <0
n ) — um .
2mil  |m + pmy 2mq R
i (3.16) 1%
(2 — ma)e ™ + (2 + ma)e = 0,
B
J2ne _ M2
ma + 12
i
1 _
i In| 22" —|—Lm mo — 12 > 0,
__ 2am2 2mol meo + 12 mol
)\Q,n = (318)
¥ 1 1 mo — 12 2n+1 | <0
n T, Mo — :
2am2 2mal | mo + 192 2mal 27"

BT A WA EE R {Maln € Z}U danln € Z).

XF R D(N) BB A R R Rouché EH A AR FHAIL R
B 3.4 HFAMENL, Hm #pmy,ne #mo. W AKE o(A) S AE—ATEE K
B, MERSER, HhmTam, B

O'(.A) = {/\1,n7)\2,n;n € Z}

J:‘r Njon| FEAPREE, N BEERFIER \w = N +O0Njin ), Hr Ain HI (3.17) #1 (3.18)
2.

IR R AREY HALY D) =0, HEAEREISE 1B, 82 Hamsie
SERR k&5 Rouché & BRA— AR, HEH#A o #2 /& % Rouché Efﬁqj%ﬁ‘E’JBAﬁE. I 4k
E R 2.

4 HHBIET A REEMER

AP RN EZFRRL (24) BRBEREEMTT A 8] AL RS Riesz 2
IR, HTERELER, BIOGIAMBETF A

Aoy = {v L
p

" n 2 0" _ T
0 7¢7p K P0K¢ ) VY [’U,,U,QO,(b] GD(-AO)7 (41)
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u(0) =0, ¢'(0)

=0
D(Ag) = { [u,v,0,¢]” € H> x H' x H*> x H' ’ .
) {[ P07 € HEX AT ey = —nro(o), wm——mmm}

VR BATEMBRE m # pma,ne # ma.
4.1 BHF A MR
E%I‘QHL%X%HKJW /Ela v Yi:[uiaviawh(bi]TEHa i:1527

L

¥/ l ¥/
<nnb=/pm@m+/pwm@w+g/M%M+g/%%m+w@mw,
0 0 0 0

i
4 4 4 4
VIE= [ mrde+ [ pr(@2deep [ Pdera [ (oPa

A DAE X A R 5 R Y B SE A
FHE 4.1 A B HME A REHT
EF AL MEN S E R 2.2 K0, X EEE R0
513 4.2 MEFF] {e,} ZZE H #—4 Riesz 2, F5 {a,} W& an #0, %4 [n| — o0
B, & a, —a#0. B4 {ane,} WA ZE] H # Riesz A.
HRHETF Ao 2T ERN, Bl A ik AR EEHAR. FHEE FTEHSR.
T 4.3 HF A BARIEEA

J(AO) = {§1,na§2,m§0 - Oa ‘ n e Z}v

HHt G = Ajn B (3.17) 431

ol 1 mo — 12 n . ( 1 )
= s 2, ma—me >0,
2am? + 2mol . ma -+ 12 + m2£m to n M2~
CQ,n =
ol 1 mo — 12 2n+1 | 1
- ! (), ma—m <o,
2am3  2mol . ma -+ 12 2mol mto n m2 2

H AR By AR B AL (M (0, -)2) B9 — A Riesz .
it WY = [u,v,0,¢]" €D(Ao), A & Ao B — ML, N v(z) = Mu(z), ¢(z) = (),
B u(x), o(z) W27
poN?u(z) = pu” (z), 0<z <,
PoENp(z) = a”(x) = Myp(z), 0<a <Y,
u(0) =0, ¢'(0)=0,
pu'(£) = =Amu(l),  ¢'(€) = =Anzp(l).

it Koy T R

poXu(z) = pu" (), w(0) =0, pu'() = —Amu(l),
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%
o2 Loxe _ m — +/Pol
n + \/Polt
Bomy = o, 1
! | —mi, 1M —pmg >0
C 2mil |+ g m N ! ’
1,n =
1 N1 — pumy 2n+1 |
, — < 0.
2mql m + pma 2mql T e
7] P i o 7 7R

po KN () = ap” (z) — Myp(z), ¢'(0) =0, (€)= —Xnp(l),
FAMEE o =0

2 1 ma — 12 n o ( 1 )
- 1 o 2), ma—mp >0,
2am3  2mol " ma + 12 * mgﬁm to n M2 =72
CQ,n =
5y 1 mo — 12 2n+1 | ( 1 )
- 1 -, — 12 <0,
2am3  2mol T |ma + 12 2mol mto n m2 =12

Hefmy = (/22K FRUSET Ao BIARTEE N o(Ao) = {Cin, Cans Coln € Z3
THER {Cuk ) R ASAE [ B A ] Vi (0,0) x L2(0,4) i Riesz 2. KT I, &

14

1 — pma
ﬂl =1n n — pmi ,
n + pmy
W Vi & Cup XA AAE 1) B
sinmi(y xx
Uk At A
Y, = ( ) — Ci.k
Vg .
sinmiCy kT
g
H, = L?*(0,¢) x L*(0,¢), Y € Hy,
ivg
g o
ePrrt+L5 + e Pr—L5 ebrT e~ bz .
Yy (COSmlcl,kx> 2 2 2 ( eri t
sinmi x® et B g kmis e emhiE e it
5 2 2

BH {em T} & L2(0,0) HIERHE, BT {(e7'F,e 7 ) |k e Z} & L2(0,0) x L*(0,) Hffy
EAH. XHEY
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EXFTT,

W T & H, FiEREEETHESM, FiL (V) & H F Riesz 2. Wi {Vi} &2
B8] Vgt (0,€) x L2(0,¢) # ) Riesz 3.

é\

2
SQ(CI@) _ pOKCI;+ ')’Ck

‘VXL Zk S Hl(o,g) X L2(07€) 7% CQ,k X‘TEZE/‘JZIKEWE:

R 1 Ok sin S({2,x)x
0 Pk sin S(Co.1)
. o S(C2,k) 0 COSS(CQ,k)x S(C2,k) 0
Zp = ( k) _ Ca,k _ C2,k T
Pk 0 1 sin S(Ca,k)@ 0 1

Y G KR, &

)

EX,Z;EHM

S(Ca.k)

Co.k

FIFI I8, BEW {Zi,k € Z} & Hi 8 Riesz BN FIEW {Th,k € 2} & H,
¥ Riesz . [ BT S — 0 WEH, BHIES {Thk € Z} Z7318 H, ) Riesz . HIL
{Zn, Zo:k € Z} 2318 HY(0,0) x L2(0,0) {4 Riesz . FFUA {Ya, Zi, Zolk € Z} ¥ ALZ5A]
(H,(+,+)2) B — Riesz .

Hit 4.4 HT A (AIEERR A,

it HT Ao WARTEE MBS AR, T {Gn) BREFHEMN. MT X e o(d), 4
Al = oo B, {Con} MRS, N LA A9 8 RIS 048 2 T B iy . I T Ao B ARTE
(ERSAE RN

#it 4.5 HT Ay £ Co BE.

W B {Cn G, Ctnez BET Ao BASAEME, HA B A AE 184

{(Ym O)a (07 Zn)v (0, 20)}n€Z-
Hﬂﬁﬁﬁaiﬁ%ﬂ {Cl,n; CQ,n}nEZ %ﬁﬁﬁ‘é‘]) H. {(Yn; 0)7 (0; Zn)}nEZ 1"‘9555 (H7('7 )2) EPH,‘J—‘/I\ Riesz
Fe MIMGE Ao AR Co BES(t), Ve e H A

She =3 St (@, Y;7) <}(/)”> + ) ebent(a, Z7) <Zon> + (2, 78) <Z£)O> ,

nez nez
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4.2 BEF ABEEF A zEWXR
wRZEH EEXHTFP-H—H

P(u1,v,¢,0) = (u,v, ¢, 0),
B u(z) = ui(z) + g(x)p(0). RAERE g(2) = —La, W4
p (€) = p (€) — Bo(L).
TRHEF P B D(A)
u1(0) = 0,¢'(0) =0,
D(Ao) = { (u1,v,0,¢)7 € H> x H' x H* x H' | puy (€) = —mv(0), (4.3)
¢’ (6) = —m0(()

F| D(A) ZE. MXERER (u1,v,0,9) € D(Ao)

v —g(z)p(l)
Uy
, Ly D g wyett
PLAP =" 0 0 (4.4)
@ ¢
0] a oy, B ’ § o B

—g(x)p(C)
“ B, ko
v — (@) (0)
B _ | po Po , (4.5)
7 0
¢

_ Ul — _ _
pok PoKw POKSD Png

n#E
Ao+ B =P AP, (4.6)

G0 BRAEFREHAT, A GEMFEFHM. hEM 345, HF A WikE Az
EfE. ¥ (4.6) BB A
A=PAP ' +PBP,

M, ARHT PAP ! H—NHFHID.
5 BT AR Riesz EMERFREMIERTEM

ZAATIEWI T e BAE BT A BT CASAE ] 4G A2 %5 A1 Riesz 2 I TIT 36 W] R 42 1Y
TR . H TN R i 4 3 e 2 AT LAAR B R Y 4538



5 3 Fhe4s. BA R R 04k Timoshenko % 2 55 i 45 B fa & 14 573

FE 5.1 BT AL Co B, MHETF A BAIE &3k B = [RE H P RFEE S,
B SE R Y

ik AT ST Ao 7B H AR Co B, H A=PAP L +PBPL i BEA
REWHET. dEiwksheEm, 57 AL H EWAER ) #.

THIEHAT A BiEe 2%, Bl Sp(A) =H, Hrd Sp(A) FR A ARMER AT X
AAE [ 2RI R A Lt T2 . LB vo € H, yo L Sp(A), B R*(\, A)yo 7 H 1%
B, BTRL R*(\, A)yo TEEEA T L f#fr, SO mEL

BT AL Co B, WEE—NMHEE D = {z;0 <x <bX=ux+it}, H R*(\, A)yo 1E
X3 D LRI, Y2 >b8 e <abf, HRAFMRNEER, B[R\ Ayol| BHEEE R
. 2 RN — oo B, [[R*(N, A)||— 0, 8 [|[R*(N, Ayol| £ RA < a & RA>b LREFFH.
VRIEFLKZBEL L, ||[R* O\ Aol INER. B E K Phragmén — Lindelof & B 5.
IR*(\, A)yol| £ D LA FH. B R*(\, Ao FEHATE H LEHFH, B 3M >0,
B RO\ Ao |< M. T R*(N\, A)yo XZHEEE, i Liouville ZH, B R*(\, A)yo &—
NMEERE. BN Jim [ RE(X A)go [|= 0, BrEL | B (A A)yo [|= 0, B B*(A, A)yo = 0. Tl
R*(NA)# 0, BT yo = 0, Bl 0 L Sp(A). Bt Sp(A) =H, BT A #9352 585 0.

N TIER A ) CAAE [ 1A A 42 25 1A /9 Riesz 2, BA1FHE T Ay 45 R 0.

T 5.2 ¥ X E— A4 Hilbert 25[0], A& Co K8 T(t) BT, BREHT AW
S LU %A

1) A W IER 2 BB o(A) = 01(A) Uoa(A), H oa(A) = {52, BRAMLAERE
ENNRIERN®

2) Y AXMEERBER —BAEF, B supm.(M) < oo (k> 1) HF ma(i) =
dim E(\, A)X FRMNT A\ BIACECEEL

3) FTE—HKBEHAK R\ = o WHHET AREr &k, |

sup{RA|A € 01(A)} < a <Inf{RAX € 02(A)},
HE o2(A) BAT 2B, B
inf |Ap, — Am| > 0 (n # m).

R 2T TH #4518 B AL
1) FETEERE T(0)- AT 2R X, M Xy BAMR

o(Alx,) =01(A), o(Alx,) = 02(A),
EF2EE Xo B, FEMI{E, A)Xa}72, B Xo B —F 20 Riesz 2, WHEH
X =X; ® Xo;
i) WRAIEBSE R —BCE A1, B sup|[E(\,, Al < oo (k> 1), IAH
D(A)C X1 Xy C X;

iii) 2% 6] X A B
X=X18X,
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T 2 A A SR B A RSO R, B sup élE(Ak,A)H <o (n>1).

EE 5.3 BT AWMENL, BE m # pma, n2 # me, WATIE A B —51]" XA
H, EMMEEZ0E H—A Riesz 2. TR TR E M.

it X TASCHF S RS, THOREIER &2 5.2 FHY&KMF 1) - 3)

1) 5 A B3 i P 4

o(A) = o1 (A) Uoa(A), o1(A) = {—o0}, 02(A) = {Aialn € Z}U{danln € 2},

Bl oo (A) M RAL B PR 2 A A AE {8 4 %5

2) Y4 |\ FTAKE, D) =Di(A\)+0XN") HRHLEE, HERTHEHAERNI, 25N
AAEE R EA. FUHF A ARIEEZE A RERN;

3) K 01(A) = {—c}, 02(A) = o(A), H m # pma,n2 # ma, MLFIEHEE o F15

—00 = sup{RA|X € 01(A)} < a <inf{RA\ € 02(A)}.
RS0 A BIERT 5. A B B Ba, B
inf |\, — A >0, n#m.

FHEHE 5.2 B4 ): £F=NE X, b, FEMI {E(\, A) X2k € Z} I X2 #9—4 Riesz
.

N ARER B, X1 ={0}, Xo =X, i {E\, A) X k € Z} M E 0 H #)

—> Riesz 2. UL RSE (2.4) W6 2 A E WG AR AF.
AT AR R WA, 5T A B o(A) ARRIILL, B

mn — pmy
m + pumq

X LRA AR, HERITTHARLREHRER.

1 Y 1 ma — 12
RN = RN = 1
2mqf ’ 2 N 2mol " mao + 12

B 2am

2 £ X |
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EXPONENTIAL STABILITY OF A SYSTEM OF LINEAR
TIMOSHENKO TYPE WITH BOUNDARY CONTROLS

DU Yan XU Gengqi
(Department of Mathematics, Tiangin University, Tianjin 300072)

Abstract In the present paper the stabilization problem of porous elastic solids is
considered. The kinetic behavior of porous solids is governed by equations of linear Timoshenko
type which is generally asymptotically stable but not exponentially stable. For the exponential
stability, boundary velocity feedback controls are applied with one end clamped and the other
free. Firstly, it is shown that the operator determined by the system is dissipative and generates
a Cy semigroup. Hence the well-posed-ness of the system follows from the semigroup theory of
bounded linear operators. Secondly, the asymptotic behavior of eigenvalues of A is obtained
under certain condition. Moreover by using an auxiliary operator Ag, and by means of spectral
properties of Ag , it is proven that there is a sequence of generalized eigenvectors of A which
forms a Riesz basis for Hilbert state space. Finally, the exponential stability of the closed loop
system is given by use of the Riesz basis property and spectral distribution of .A.

Key words Linear Timoshenko type system, boundary feedback control, Riesz basis,
exponential stability.



