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Global attractors of coupled suspension bridge equations

with nonlocal weak damping term
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Abstract: We investigate the long-time dynamical behavior of coupled suspension bridge equations with

nonlocal weak damping term. Firstly, we establish the well-posedness of the solutions based on the

monotone operator theory. Secondly, the dissipation of solution semigroup {S(z)}~, is obtained. Then

the asymptotic smoothness of the solution semigroup {S(#)} ., is verified by the energy reconstruction

method. Finally the existence of global attractors for the coupled suspension bridge equations with nonlo-

cal weak damping term is proved.

Keywords: Coupled suspension bridge equation; Nonlocal weak damping; Global attractor

(2010 MSC 34B15)

1 3]

|1

AR A AR RS RS TS & A e
wy Tt + e, 2w, HR (u—0) " +
Q) =hg(x),(x,t) €[0,L] XR,
Ve — Ve T v, | 20, = (u—2v)" +
fs(v) =hs(x),(x,t) €[0,L]XR,
u(0,0) =u(lL,t) =u,, (0,t) =u,, (L,t) =0,
v(0,2) =v(L,1) =0,
ulx,0) =uo () su,(x,0) =u, (x),
w(x,0) =v,(x) ,v,(x,0) =v; (x)

oy

B HA: 2020-06-12
HEE£WH: ERAKRB2EI4 (11961059, 11761062)

)R s F A P L, 2wy o, 7o,
NARRFREH R, p=0, k* JEGE R AT
Ui hg(x) s hs () €L2(Q)s PRE(u—v)" =max
{(u—0),0}. AR IC Q=[0,L], Nu=
Upprr s —AV= — V.

K, XT M A BRE RS FRrRc
WG T — RGN EE SR, 2005 4, k(2]
UORTE TR A MRS 2 RRE. 25,
SCHRE3 ] WA T A 7 R A i A R i 4 )Ry I 5 -
HIAFFEME. BE4h, Park 1 Kang 76 3CHR[ 4 ] b5
TG ARGk R B AT 7 R A R g | AR AE

TEF/: T 19930, Lo, Wik, RBP4 h 1 &5 KA. Email: 1550790155@qqg. com

BiEE: 5152, E-mail: maqzh@nwnu. edu. cn

021006-1



% 58 &

W K FFIRCH RFF O

%28

P SCHRLS ] 3145 THE ARG )5 i — 20k 5|
T RIAFAENE  SCRRLO A5 By e 4 e K0 O L3 21 1
HAT I AR B A7 BRI 5 | 5 A7 AT
. SCHRL10] i e A A 7 kA 21 1
A7 A A JR B 55 B e T A RT3 R G T A A I S 1
DR AR AR, ARSI SCRR10] 42
W7 IEESE T Al A AR R B s B RO & AR T
it (D) AT ] 3 2247 0. ol T 05 R 2 i
AT LN (w—o) AT RLSCHR10] Y
RE H H VR TEFRATA IR b AN 27 A 4 TR X
ARSCEEHANT . 2 2 9 45 b ERY T FI O
fi B RS BEARAS TR AIE EVE. 26 3 T RAT
TIRERECS (O} o BOFRRPE, UERA TR (1) 42
JWes | BN, ASCHH B C S C, HFRIE
W HIRgE i BE—4b CIFAsEeAFE.

2 AR

RUge—fgebE, iV, =L2(Q) .V, =H) (Q),V, =
H?*(Q) NHI(Q). & X 25[H]

H=V, XV, XV, XV,,

H (u7ut’7}’7}1) ” H —

(5l 2+ T, 112+

Vo 12+ 1o, 7))V
H4 Poincarée A4 )15
Il Aw 1220 lul?, YueV,,
IVa 12207 lul? YueV, (2)
Hof o, FoR L BITEEL 1 >0 J2 A AL
u(0) =u(L) =u,, (0) =u,, (L) =0 K45 —F1F(A.
WA =N,D(A) ={u€ H (Q) NH (Q
L (000) =u (L) =0}, W A2 J& — A W
u(0) =u(L) =0 BY5E—FFHE{H.
HAh, AR £, €CH(R), fs €C'(R) H.
T 2 LA Bk 2 1 -

lin‘1 iry;f@ >—X,
lim inf@ S (3)

| 5o | <CA+]z|"
| fs(@[<CA+z|"), Yr€RPp=0 (1)
R4 (1) P AT, AETE A IEH AL K,
K., HAEMEE w.vERA
| () — fCo) | <K, A+ |ul?+|v]|*) |u—2]
(5

| fs() — fs (o) | <K, (1 +|ule +]v]®) |u—2]
(6)

4 Fy (o) = j:fﬁ(a)da,Fs(T) . J:fs(a)da. y
0<A<<A I, H (3) RAffs
Q 2

j Fs(wde =—2 |vll2 —C %
Q 2
2 ;-
o0 = [ Fytode =34 w2 —C,
Q
2 -
(fs('v),'v)>J Fo(oyde — A |02 —C
a 2

(8

513 2.1 &% X —7[ 43 Banach #3[H],
L,Cab; X) 3R Bochner A pR#L £ [a.b]>X H4
ST, 1<p<cofliff | £C+) | x €L, (a.b).
M %g—A~ L, (a,b; X) j& Banach 25 [i], HHA 5L

b
17 iy = 1A T80, 1< p < o=,

I f i wsmx =esssup{ I f() |x:t€[a,
b1}

FATH Clasb; XD FRBUET X P58 IELE
PRI ZS (1]

Wht(a,b;X) =

{(f€Ca,b;X):f €L,(a,b;X)},
He ffOFR FOFXTF oS8 R
] W Cay b XD 5 M asb 5] X |- (46 % 3% 45 bR
BAEGAH—3K.

EN 2. 20017 R u (). v () € CO,
T3V, XV FME w(0) =uyu,(0) =u;, v(0) =
vos v, (0) =vy. BN

(S) [nf@ (1) FEX L0, T Ay fi, g

() VO<a<b<T, HucW" (a,b;D
(A, vEWH (a,b; V) su,s0, EWH (a,b0;V) s

G MILFFRAR t€[0,T], A Ault) +
A7 o(1) +Du, () +Dv, (1) €V,, HAE T DL
SCERL 12 ] R g 1. 15

GiD) LA c€[0, T, Jift (1) 1E
Vi BT

(G [alf (1) FEX L0, T B/ L, n
RAFTERE (D W5a g7 750w, (O} {v, (D},
/H\:%)J{Ej](u(m9”17197107;91117:)9 {E*iﬁgf

) 1 1
Immax{ | du—u, | + |AZu—A%u, || +
n—>cot€[0,T]

I —a0, | + | ATo—ATv, ||} =0.

021006-2



%24

EHEE, F: FERFBARAGARE T H TR 2EEI T % 58 &

EL R 7O R, AT SR 12 ]
P L1 IR B F D:D(AT)—~[D
(AT ) RS, L D) =0, BIXHHTA
(1 wus0€D(AZ A (Du—Dusu—v) =0, K A 1
(D(u+2v) s v) & RN RIS A S HES KA. It
o, ABEFEE—MEA W DAY, g%t
T weWH D(w) €V, HW £V .

EHE 2.3 BEMEEHE T DYV, mE
Vi, H DRk st 7, AR %E LR
Fy BIXHER e >0, A sup{ [ D) [y :u € Vo,
lu || <e) oo, IBA, ARFET Uit 551, BIXT
T weV,weV,, M rel0, TINA T AL
JYAT

(D) = () — | (Auo) ) -

(Du,(o),a)) +((]’L13 */22 (u *“U)Jr*
S sw))ds (9

(0,(D) ) = (01 30) —J;«A%v(a),u) -

(Dv,(6)sv) + ((hs + k£ (u — )" —
fs(0))sv))de (10)
2. 47 W u,v€ H,H & — Hilbert
5], HNAAEE A Ce s R« n.
WO LAFAEMAE T v FIEH R C, 75

(lulltu—lolh vu—v) =
JCy lu—vll#, y=2,
_ 2
lcy (Nu ||||Hu+ T\}Z‘J lHiH)%77 I=y=2
#iL2.51 S D)= Ml Pp,. e B
2.4 113
(D) =D sppe =0 =C, |l oy —v, 1772,
p=05p,50, €V, an
MIBHJE B D J& s 5L .
EE 2.6 WAEEM T>0. 7R (3), (4)

T LR S5 ar
() Y Cugsuisve.v1) €ED(A) XV, XV XV,
¥ Auy +A% v, +Du, +Do, € L2(Q), ] i) i (1)
FEX [0, T FAF7EME— (e, ffifS
Gy sty sv,50,) EL70, TV, XV, XV XV,
(u,sv,) €C, ([0, T];V, XV,
(uysv,) €C([0,T];V, XV,
Au(t) +Du,(t) €C,([0,T];V,"),

A% o(t) +Dv, (1) €C,([0.T];V,") .,

Hoih C, Fom A S s Zs . ELJ7 R ek 2
et %
EQ +j;< L, |l 2u ) do +

j;< Lo, 1| %0, 0,0 ds = ECO) (12)
Hrp

E() = 1

5 1 1
- 2 — 2 — 2
w2 w2+ o, 2+

Livo 222 | w—o" |12 +j Fyde +
2 2 a
j F5<v>dx—j hBudI—J heode  (13)
Q Q Q
1 1 1 )
Ev® =g lu, 1244 | du 2+ o 12+

R A AR Y RCEO R RNV

(D) XEE (o sursvosv1) €V XV XV X
Voo FEAEME—YT At (75

(usu,sv,v,) €ECLO, T3V, XV XV XV )

(15)

FER 2.6 A UEIA AL T SCRL10 ] e B 2. 3
MINERT, SORATH 45 EEEE .

HiL 2.7 i (D fExE H BAR T —1
HNRG(H.S()), Hip

S (ugsuysvosvr) =) su, (1) s0(t)

v, (1)),
M () s o) FEWIE R Cuos tr s vos v1) BT TR
(1) M.
AT U E 258, AL 2N ) — L
& SUFN&,
EX 2.8 —AF ARG X SOHPFR A

SEWHEEH N, EXHMEEAERE D, M >0 mA
S(HDCD, HAFE—ANB4%E KED, 1§15

lim dy{S(D,K} =0,
Hh dy{A,B} =sup.eadisty (x, B) & Hausdorff
e fF B

ENX 29" —AHREEACX B
R (X, SO MR G+, i

(D) ARBAZE, XMEZE:=04H S
A=A;

(D) A B—8W5n, IXHEERREMC
X A1 lim dx (S(OM, A} =0.

EIE 2. 108 # (X, S(0)) SR 5845 5 723 |H]

X EWEh RS, d &2 X FER. RXEE

021006-3



% 58 &

v K FRCH KA F O

%28

BHRIEAZLHE BEX, Y T>0 BAFE—ELEAR
PREL r: R =R FI— R o € C0, T35 X0
fiif5

(1) Vs>0, r(s)<<s, Hir+(0)=0;

GO ThEE &y B—NERE, I EET
Sz, } CB, FAEFIFH (2, HEF)TFH {3} C
CO.T; X)X TR yi J& Cauchy Wesry, H
oy (o) =S, ;

(i) FAASELT -

d(S(D) y1 . SCD y,) <r(d(y1,y2) +

AEUS@ ) 1S Y.y €B
(16)
HA{S(y, iasE CO, T:; XD A pREL v, (o) =
SO yii=1.2 45 H. WX, S) EHHITEIT 1 3h
VIEY: W

FBE2 11" XSO AR R
) X _RRER S 1 R G WXL, SO HA —A4>
B2 R |4 HACY B oa i .

3 =RK5IF

B 3.1 RBEAAE 3, () T, H i a) s
(D AERIIEN 1 ZE 5 (H, S FEZs ] H JEFE#
). MAEAE R>0, SMEREARES BCH, 1 =
to(B) >0, fEFX T A1 y€B, X 1=t BfA

ISy =1 &) su,(©),v(),

v, () [ B<R.

BB O u, teu Mo, tev 5 (1) BIW

ANTFRRAE LP (Q) EASNAR, THEARINS AT 1%

1 1 .
2 — 2 — 2
S g 124 1 du 2 45 o, 2+

% | Vo H2+%k2 I o) 12 +Cuyrew) +
(0, .e0) +j F () dr +J F.(o)de —
Q Q

JQhBudx —Jghsvdr) el I e |l Al —

elo I +ell Vol? +e” | (u—o" [*+

( ” U, ” puzﬂur +E]/l) +( H Uy H /"U,,‘U, +€U) +

eFu) vi) +e( fs(0) o) —sjghgudf _

eJthvdx =0 1n
gha O (RS

A
>— 4 2,
JQFB(u)dx =50 I Aw |l C

I'Vol?—=C 18

J Fe(o)de =— 2
Q

2VA
4 Holder A%, Young A%E0H1 (2) F
o1 s 1 )
Uﬂhsudx <Limsnz+L s,
U hsvdx\ L L o
a «//i 4
(19)
ZEA (13 (14) KA AR H
E([) >CoEo([) 7C0’ O<Co <1 (20)
S W) =E) +(u, s ew) + (v, ev). BIE Holder
ReERF Young ANEA
2
el )| < e 12+ 1 a2
1 el
o) | < o, 24— Vo 2 (2D
) 4 Ja
ZEO (200 (213, TETE €0 >0, {524 0<<e<<e, BT
W(t) 2('1E0(t> 7C17 O<[,'1 <1 (22)
I EAGVOEWEY,|
%W(t) FeW (D) +Y () =0 (23)
Hrp
Y@ =Cllu, | Pu, u, teu) +
Clloe 170,50, 4e0) =5 T, 12 =5 o, |12+

2
S Vo 2+ ot 2+
e(fplw),y u) *SJQFB(u)dr +

e(Fs(0)s) —ejﬂst)dx .

e (u, ) —e* (v, ) (24)
g (2 M) Anrf

e(fp(w,uw *eJQFB(u)dx >
_ & 2
9 | € =
_ & 2
78 I Au || eC (25)
e fs(0)20) —EJQFS(wdx >

*%HUHZ*6C2

eA .
- | Voll?2 —eC (26)
2v/A0
i Young ANEERHN AFELE ¢35 05 >0 {15
(upsu) = llu, 12<cy +e3 lu, |72 27

 (12) 1 (20) &K, A Cp >0 ffif5

021006-4



% 2 # EEE, F. FELHFRBERAGIZESFHF ARG L BRI F % 58 %
E, () <CA+E@) <C(1+E0) <Cjp (28) e e e &
M4 Cauchy A2, Young A2 K (2) (28) 2 20 A 2 2/0 Va
Z—Ctﬁ 2—¢ _S%JC B _eCaC B ~0
|l 1P sew) | < A2V
WA Y () = —eC.. FHACAF] (23) HAT/E
el 1G24+ )< ”ﬁd CoAHILAR] ) T
dtW(z:) +eW(t) <eC, (33)
€ €
S 1772 45(C, N 1772 40) [l |12< ' o
2 7 4R Gronwall R4t A14
3 eC, ot W) <W (e @ +C,(1—e %) (34)
5l 72+ 5 | 2 4
o PG 4E4E £ =1, (B) =—1n WEO),ﬁ St AT
+ Il Au
o . 1= A WD) <2C,. H (24) RIS
5 o 1 €C,
? | e I Z+ E @ | b I+ [ (usu,sv,v,) l H<2C1C<F(:l R (35)
1
%"EOQK WHR, EH 3.1 BHREESR B = {(u(D),
1
scc u[(t)yv([)yrlh(t)) EH: ” (u(t)3ut(t)av(t)a
€ 9 g B —+2 N
o ha = e 172 1eCo 29 () 1w <RV RS R (1) 4 % 1 fi% 2F B
[FE, iy (28) 2 AT 15 (S} o WA M.
EE 3.2 RSN (3, (D) Hior. MAETE
oy 1170, ,e0) | < o, II#42+ o ,E
2 Ty >0 K5 T HRMHEEC >0, MEXHHHE (1)
eicfch H v, || p+2 +EC3 (30) E‘J{fﬁﬁ/l\g%@(ul’Ul)v(u297)2)7 %/l T>To HTJ‘
2V/A 7 PR R
LEA (29), A
EE (29,30 TE. (1) +J1E,,,(t)dt<
|( Huz “Puz’u1+5u)|> 0
T T
Cc.C w . ) 2 2
Q=5 =53 lu 72 =eC, 3D Ca[ e rde+ ] g 1dr +
[Clog 70,50, ew) | = j (Dt &) ) de +j (DCag) £ de +
C.C f
17£7€ s~ B , 2 —eC 2
A=y =y ) e el GD [ TDwer e ta[ 1o 1t
—~ . eI T
(2 ~ @D AR G, GHAAHG [Tuven e nas 1ven- g e+
Yyo=ta-—< 8CCB) &t 2+ !
= C3 2 A 4 ‘ T
j H Vstdz+J | velzde+
(La-gClny ey, ;
N Jod J I Vel » g Il de+
i_i_i 2 € el T
oo ) e Ty [Tac["1wgn - g nac+
& Vo 2 —eCy —eCs—2eC—2 (2 !
S0 IV 2 e~y —2eC— ] ) = futu @) spt)de |+
T
_eCLy CCyy o @) = fon ) g dr |+
2\ ZN/Z 0
T
HUFEA /N € >0, fiif ] ) = fye @) g ode |+
1, e €Cp 3 e T
WA Y Rl ] sConr ) = fiw @) gt |+
1 e eCCp. 3 e ’I‘
LT Ry R R el [ a J<f,3<u1><r>—f,g<uz><f>,¢,<f>>df|+

021006-5



% 58 & W K FFRCH RAF O % 23

T T
| jdzj Fso (@ — fs() (@D (e |}

(36)

L
E) =ur (1) —u (1) s () =v1 (1) —v, (1)

M

m

E,(0=2Cllg 1+ 1 acl2+

I 12+ 1vgl®,
D(t,¢&,) = e 1Py, — llus Il Pus,
D@t g = lloy 1Py, = [fva [ 705.
GE O FEH ) =u () —u (). L) =
01 () —u, (ORI TP
€yt TD(@,E) R (uy —v) "
k (us =) "+ f(uy) — fpu,) =0 (37)
Co =8 D E) —F (uy —o) "+
k (uy —vy) "+ fs(u) — fs(vy) =0 (38)
e 37, (38) ol 5 &, ¢ #E L7 (Q) BB,
THRARI ST

1d :
G

(kz(ul 7v1)+ *kz(uz *'Uz)+ 951) +

1d
_._?E H AE ||2+(D(fas/)7gl)+

o) —fB<u2>,a>+%$ e, I2+

14d | )
?a H VC ” z +(D(t7§1)7§[) _(kA(ul _'Ul)+ -

kz ('le 7“02)+ 9&) +(fs(“01 ) 7][5(7)2),&) =0
(39)
Iy

iE,,,(o (D) 80 +(DGED £ =

— (B (uy =) " =k (uy —vy) L6+

(B*(uy —v) " —F (uy —v) "8 — (fp(uy) —

fuluz) &) —(fsCui) —fsCuy) &) (40)
XF(40) RAELe. T RSy AT 15

T T
E. )+ | (D) gde+ | (D) e =

T 5
) = [ =)~
kz (uz *'Uz)‘ 351)d‘[+
T
[T =0 =0 e

t

.
J o) — fuCun) E0de —

| rston = fston gode 41)
(37, (38) il & ¢ #E LP (Q) EMEL,

021006-6

HEAIE TS
d d i

g 12+ 1vel?+D&,&6),8 +
(D(t,¢),0 =— R (uy —v1) " —

B (uy =) 7,8 F (R (uy —ov )t —

k Cuy —vy) 00 —(fpuy) —

Su2) 8 —(fs(v) —fs(v2), 0 (42

Xt 42) RAEL0, T ERrnl s
ZJTE <z>d¢—2JT e H2dz—2f Ig, Il2de +
o m 0 t 0 t

G |1+ 1T+ (Due) od+
| e o -

[T o G e ode
J:kz (s — o) —F (s — o) 2 Odl —

| ot = potu ode -

T
| rston = fsto o

Hidr (2) LA E A
ol <y Cle 2+ 161D =CE.0,

(GO l<5ClIlg 12+ 1¢I5 <CE,

1
2
(43)

K, F AT
9 JTE,n(t)dt < C(E,(T) —E, (0) +
0

T T
2 Ne ez ] g

T T
(D) o - @l
TR G — o) B G — o) S de

0

J.
J
JTU@Z (wy —0) =k (uy —0) " O dt —
J
J

0

=

(feCu) — fpCuy) . &)de —

0
T

O(fs('vl) — fs(v), Ode 44

7 (4D KA (=0 4
T
E,(0) = E,(T) +j0<D<t,s,>,s,>dt+

T
| gy gode+



B2 H IEE. F

i A B3R BB PR R AR A AR T AR e & B R AT % 58 A&

=

(k2 (u1 7‘1}1)} *kz (Z,{z *'Uz)‘ 981)d[+

0

(B (uy —ov)" =k (uy — )" ¢)de —
0

L) — Fulu) £ dr —

0
T
jo FsCon) — FsCon)otde (45)

MAh, HEF DR, K 41 FE[0,T] 1
A ACIE =
TE,(T) — JFE (Odr <

%ﬁ%

T T
*Jodz‘f F —ov)" —F (uy, — )" ,6)de +
.
Jodtjo (/32 (U] — U )+_:I€2 (uz _Yb)+9§z)df_
T T
JodtJ FoCu) — fCu) E0de —

T T
JodtJ (fsCo) — fsCo)sE)de (46)

i A
1v5 I2< g I12+Clig 1® 0

YR | wy —ov )" —(uy —v) " | <L | (uy —v1) —
(uy —v) | (L>0 22— EE0, M| (usu,,
v,v,) | u <R. 454 Young A (2) (47)
XA
| (B2 Cuy —01) T =R (us —vy) 7,8 | <
L | Cuy —v1) —(u, _‘Uz)‘ ‘ .| 15 I =
LEF[e=¢ll « [l <CR) | VE? (48)
[F) L AT A
| (R (uy —v) " =k (uy =) "D | <
CR) IV ® (49
| (B? (uy —ov) T =k (uy —0) L8| <
CR [Tvel « [le | (50)
[ (R* (uy —v) " =k (uy —v) ") | <
CRIIvel « g | (5D
ghh (44 ~ (51) R (36) K. JEEE.
FETRTRATIGEUE DT IR (1) i Xof Bz A e >
(S } o AW CH Y.
il 3.3 RIRAME (3)(4) Bar. W fn)
(D I3 1 RGE(H, SO EZS ] H T
oG Y.
WA pEB 3.1 AlAL £E By 25N
(1) AR (SO oo B FR WA, R4
E S RATHELEAE 10 =0, FEXN G t =0 A
S()B,CB,. % B= U=, S()B,. TR B &%

(H,S) WA R IEARZE. T MHMEEA R4
& B, Y =u(BHWA S(OB CB,, BIXf TG 1) ¢
=1, +t(BYH S()B CB. Wik, B &4 Fmg
.

B Cuy o) FlCuy s vo) REREL (1) FEAZZEE B
T BN [E 0B ) 5 i, BOXTATERE vos 1 €
BA

Cur () sy, (1) sv1 (1) v, () =S o »

Cuo () s, (1) y02 (1) v, (1)) =Sy, (52)
BT A6 XA Themyust |« e g
AR d AREES Y, HA T 2 2. 10 i
Mk B T>0. T B RARAEALLE, HkE
R 2 XA

JO(D(ul)auh)dt+J()(D(v1),vu)dt+
T
J (D(uz)auzt)d[+
0
T
JO(D(vg),vzz)dt ~C, (53)
T
Dty s 0r w1ty 2 03) :jo I vel - e | de+
T T
j I vel - I Hdt+j | Vel 2de +
0 0
J | ve sztJrJ.Tdt j I VED - & I det
0 0 t !
T T
j dtj I Vel - g lde+

. (f‘s(ul) *fB(uz)sgD)d[ “.‘

(fsCu) — fsCu) s de [+

~

(fCu) — fuz) s dr [+
(fsCu) — fsCu) g de [+

-
dtJ (feCu) — f(u) s ) dr [+

o
de | (oo = folo) g |
2, WE o E XA

T
D1 (uy s 51y 50) <CB.T{JO H Vé ” ° ” & ” dr +

T T

jo I vel - el dz+J0 | Vel 2de +
T T

jo | ve ||2dr+jo | oG — fulu) | =

T
lolhd+ | I fsCo) = fow) |« gl e+

021006-7



% 58 &

v K FRCH KA F O

%28

T
|0 = futwd 1w g de
T
jo | FsCod — fsCo) | o gy Ide) (54)
i Cauchy R30I AR L O<a < 7]
i
T T
j I vel - lle \|dt+J | Vet <
0 0
T K T
CJ | ve \|2dz+5j0 le | 2de +
JO | Vel 2de <
T . T
cB.Kj | A% g Hdeﬂj E.(Od (55
0 0
jo I vel - el dt+J0 | vellzde <

2 K 2
cKJO RARRE: J lg l2de +

JO | el tde <

Co [ NA g 2d i EL0de (56)
MR B 3. 1 FBsEARAE () X s fs B BIRR
il M Sobolev #x AGEFE, 1% ¢ Fll ¢ J& Holder FL4g
FREL X F n=1, & ¢ BUEK. WIXT 2G5/ AL
EE]

I feCur) — felu) |2 =

JQ | s G 0 —u) (uy —wp) |Pda <
c|
Q
cj At w124 w 1) | w4y —w | de <
Q
cEj (14w |2+ wy |2)de]" -
Q
(J | i —uy ‘Zjdx)l’/? <
Q

CR) |lur —us 13 < CR) | AT |2
(57)
Hrp 0o<g<1. [WHEA[15
| fsCo) = fs o, ) [ 2<CR) | A3 || 2
(58)
H. G, GOHXKRAA

T
| st = futu 1+ Tglde s

T
|0t = futwr 1+ T e <

T T
C. j | FisCu) — FuCu) szt+/cJOE,”(t)dz <

2
1 ‘H Uy +6(u1 _UZ) ‘q)2 ‘ u — U | d.l‘<

T . T
CB,KJ | Az f¢ || 2dt +ICJ E,()dt (59)
0 0
T
jo | FsCod — FsCo) || o Il I de +
T
jo | fsCo) — fsCod Il o llgy Ilde <

T 1 T
Con [ 1AM 12+ [ En0dr (60)
0 0
gEb (54) ~ (60) XL, BANTE
T 1
(P’I'(ul s U1 s U2 3U2) < CBK(T) JO H ATZ?UJS H 2de +

T . T
Con(T) J | At og [2de + 4k j E,(Ddt

(61)
Hrp k>0, w=min{a,B). WIEEH 2.4, % J, €
CRY) & — A ™= % 388 () 1M oK KL, Jo (s) =
C, 72572, p=0,],(0) =0, {fif3
Jolutoll?Cut+o) — lultu,v))=
Jo(Cyp lo ey =1vll?s u,v€Vy XV,

(62)
H Jensen A5 ] 15
T T
JO le I2de <JOJO(D(I,5,),&)dt<
7, (L jT<D<z £).6)dD —
0 T 0 vGt/ 2Gt
)
GO(JO(D(t,S,),E,)dt) (63)

Hrp Go(s):T]o(%). [Fi] 34 7T 15

T T
[Tz <6 e od 6o
H1 Canchy A2 Sobolev i A &2 B, 7716 /2 15
AN 70 (755 0 <=L A7

| (D(ed.0 | < Il <jﬂ< Dy | #2ery —

H Uz, H ’u Zr)zdx)l/z <
ClelCllay 122 Iuy, 117+
F s 1122 s 1)V <Cpllell <

Cy Il A7 7 | (65)
EE R
|[(D(t,¢).0 | <Cp | A7 ¢ | (66)

LEOETR 3.2 [ (61) ~ (66) R, X FALE >
0f
1 T
TEIH(T> +7J Em(t)dt <
2 Jo

T
Cul (G, +1><JO (D(t.e) e de +

021006-8



% 2 # EEE, F. FELHFRBERAGIZESFHF ARG L BRI F % 58 %

T T .

jo (D) e dD) +JO AR | de +
T 1 T 1 .

jo | A¥ g | de + Cry J | Abog | 2ds +

T 1
Cor JO | A or | 2de), 67)

B AR, X T (67) X, 4 6 =min
{wﬂ]}-m'J

T
E.(T) < Cor Gy + D[ (Dt 6dt +
T T .

jo (D) £)dD) + Crr j | Atog | dr +
T 1

Cor [ AT i <
0

Cur (G +1><JO (Do) ) de +

T
| gy g +
CurCsup |AZ 220 | + sup | A72¢) |
t€[0,T] t€[0,T]

(68)
W Q) (s) & — NI M REL Q (s) =

(Go+D~

B s=0H(G,+D !
(s) <s. 'ﬂJJEEI (67) v

Q(E,(T) = (G, + D (EntD)

<
2Cpr )

T
G +D LG +D <jo (D(t.8)E)de +
T
j (Dt EDdD) +

( sup_ | Az &) | + S, IAZ 9 )} <

?
1
2
%{ swp [ ATE0 |+ sop AT 1)
(69)
H4E (45)(50) (51) (57) HIZ i A EFA
T T
| (D gode | (D) Eode =
Em(o) 7E171(T) o

T
JO B2 (uy — ) =k (uy, —v) 0 E)de +

T

B2 (uy —0)" =k (uy —v2)" ,E)de —

fCus) €)de —

T

(fsCu) — FsCo)st0de <

I
| vt —
I

{J (D(1.£), S,)dt+J (D(t.e) Lo} +

E,(0) =E, (D) +Cpr( sup | AT || +
Sup. A=) 1) (70)
M 69 KArs
E,(T)+2Q,(E,,(T)<E, (0) —E, (T) +
CprC sup | AT |+
sup_ | Az o) 1) (7D

t€[0,T

T s<r>,g<t>m~ﬁzﬁﬁﬂﬁ, H D(A? )=
D(A7 )V, , T il R %75

IAZ 96 | < & 1Bty » & |n <
CR H S(Z) ” 1=mn ’ O<771 <1 (72)
1Az ¢ || < | §(z) 1.k, o g I <
Cr 5 1772, 0<gy <1 (73)

WX TAEER € 0.1] A
E, (D) +2Q,(E,. (1)) <E,(0) +
CB.T([GS[]BIP[] &) | HL,S[%E«] [R{EON K]

(740)
T
| S(T iy —S(Dy, | =<2 1+2Q,] "
1
{? [ Y1 Y2 [l 2 JFCB.T([ES[I(%PT] &) || =+
Sup, g 19} <
201+2Q)1 4 Clly —e || +
CrrGeltr 1@ |7+
Sup, leo 119)1/2)%} (75)
B €0, ] UUEES)
||s<T>y1 —S(Dy, | 1<
VZLLT+2Q,0 {5 Cll

CprCsup &) |7+
t€[0,T]
2 7 1/2
Sup. g 1972} ] (76)

)2 I+

1/2

2
é\ru):ﬁ((HZQo)*l(“?)) .

XlTi({Sryl}a{SryZ}):
CBT( Sup Iy () —us () |7+
Sup, Hvl(z‘)—vz(z) <) (77
= (NEET
|| S(T)yl *S(T)jw H ng( H M1 T Y2 H +

xbU{Syi )+ (S 1) (78)
TR, BB W E R 2. 10 B ARAT
s AR SCERC10 TR 2SRRI N, [l (1)

021006-9



% 58 A Wl K

FRCH A F RO

%28

FELO, T LRI A i O BE o o f SRR, L,
HEH 2. 10 Al F1 R4 (H, S () i 6 1.
JEEE,

e, HER 3.1 fify
%inb

EIE 3.4 RN () Wz, M )i
(D) A &8 (H.S(O)#Ezsa] H 3 %
)4 R 51 7.

Sk

[1] Ahmed N U, Harbi H. Mathematical analysis of
dynamical models of suspension bridge [J]. SIAM ]
Appl Math, 1998, 58 853.

[2] Ma QZ, Zhong C K. Existence of global attractors
for the coupled system of suspension bridge equa-
tions [J]. J Math Anal Appl, 2005, 308; 365.

[3] Zhong CK, MaQZ, Sun C
solutions and global attractors for the suspension
bridge equations [ J]. Nonlinear Anal-Theor, 2007,
67, 442.

[4] Park] Y, Kang ] R. Global attractors for the sus-
pension bridge equations [ J]. Quart Appl Math,
2011, 69 465.

[5] Ma QZ, Zhong C K. Existence of strong solutions

3.3 BpAR IR &

Y. Existence of strong

and global attractors for the coupled suspension
bridge equations [ J]. J Diff Equat, 2009, 246;
3755.

[6] Kang J R. Longtime behavior of a suspension
bridge equations with past history [J]. Appl Math
Comput, 2015, 265: 509.

[7] Kang J R. Global attractor for suspension bridge e-
quations with memory [J]. Math Methods Appl
Sci, 2016, 39: 762.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Ma Q Z, Wang S P, Chen X B. Uniform compact
attractors for the coupled suspension bridge equa-
tions [J]. Appl Math Comput, 2011, 217; 6604.
Wang S P, Ma Q Z. Existence of pullback attract-
ors for the non-autonomous suspension bridge equa-
tion with time delay [J]. Discrete Cont Dyn Syst-
Ser B, 2019, 22. 1.

Zhao C X, Zhao C Y, Zhong C K. The global at-
tractor for a class of extensible beams with nonlocal
weak damping [J]. Discrete Cont Dyn Syst Ser B,
2020, 25. 935.

Pata V., Zelik S. Smooth attractors for strongly
damped wave equations [ J]. Nonlinearity, 2006,
19. 7.

Chueshov I, Lasiecka I. Long-time behavior of sec-
ond order evolution equations with nonlinear damp-
ing [J]. Mem Amer Math Soc, 2008, 195; 912.
Xu L. Zhang ] J, Ma Q Z. Existence of pullback D-
attractors for non-autonomous suspension bridge e-
quation of Kirchhoff ~type [J]. J Sichuan Univ: Nat
Sci Ed, 2020, 57 657.

Showalter R E. Monotone operators in banach
spaces and nonlinear partial differential equations
[M]. Providence: AMS, 1997.

Bochicchio 1, Giorgi C, Vuk E. Long-term damped
dynamics of the extensible suspension bridge [J].
Inter ] Diff Equat, 2010, 2010. 1.

Simon J. Compact sets in the space L” (0, T;B) [J].
Ann Mat Pure Appl, 1987, 146. 65.

Wang Y, Zhang ] W. Long-time dynamics of solu-
tions for a class of coupling beam equations with
Nonlinear boundary condition [ J]. Math Appl,
2020, 33 25.

L e M s s

} Bl AAER

t

b Y:I%%,QE@.%#%%%@Eﬁ%ﬁé%ﬁﬁﬁ%%ﬁ%ﬁ?ﬁl@Mk#%ﬁ:ﬁ%ﬂ%ﬁ,mm,i

i 58: 021006.

8 e

S

+ term [ J]. J Sichuan Univ: Nat Sci Ed. 2021, 58. 021006.

;

3 Wang L L, Ma Q Z. Global attractors of coupled suspension bridge equations with nonlocal weak damping Jr

t

et ettt e e

021006-10





