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Bezh 7 e — SRR (R el 75 RE, AEAEE b i R ORISR P 2 B g i 1) 5 5805 22 1)
FHRCIAMIR R FECE FBEFAEN B LRI LESE PR i BRI e T, AL SRS 3 —LE M
PIE (FIMR) (s, DL, BENLBGE TR 3] 7T iz iIm 7e, B+ EE RIS E . IT
R, KT BENLEBI T RE AR AT N IZ — PRS2 TR AT IE, Walsh[1] S 50K w1 e s
IR IBEAL 7 7 Rt N AT TIARET, Millet[2] 55 NHeEIEW 1 5 R 2k 1 2 1000 (1 i AL
27 RE G AAFAETEANME — 4, ST BELJE BRI RENLE BN 5 #%, Bo(3] 55 AL AFZ LR 2
TR BE ALY 3 7 R SR A AR R R, Jiamg R Weild] SIERH T — 2512 IC PE R BEALRELJ& 8 2 77
FEMRIME—FFAENE, Wang[5] IEW] 1 AERCLeRG 2 26411, A BEHJE UK BE AL B 75 R g L7
AeAEFREIREE . TR TR BB AR VAR, Z R e kL —, KB+
Z [6-8], WihRaR 2z BRED BED T MED . AR, X TR T
FRIARAEL, BT IR 22 00 2ok S B

FEA SR BATEZEAG & W 7 BB U BEAL B2l T3 F% (9]

Pu(t,z) Ou (t, x) .
EYe =Au(t,z) —«a 5 +V(ultz)+W (t,z),2€(0,1),0<¢t<T
’LL(O,QZ) = Uo (CE) ) @ (0,:0) = Yo (:C) T € [071] (1.1)

ot
u(t,0) =u(t,1)=0

Hrha >0, BB RE, Au(t,z) Fom u(t,x) A REE T, W(t2) £T554E Q-
Wiener I$#%2, V (u (t, ) AAELNMEDN, 85 A BER L, wo (v) € Ho=L?([0,1])vo (z) €
H_1 (sobolev).
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Ao (t,x) = (t,x), B4 (1.1) RATLLEH

du (t,z) = v (t,z)dt

dv (t,z) = Au(t,z)dt + V (u(t,z)) dt — av (t, ) dt + W (t,z)dt,0 <t <T (1.2)
uw(0,2) =wuo (z),v(0,z) = vo (z),x € [0,1]

u(t,0) =u(t,1)=0

oo KIBHEALN {2 = 1) n e N, MEHUBRITRN
o (15) =0 (15
o (0 E) = o o (050 o (520 (0 )] v (o (02)) - (1)) a1

dt+\/ﬁdW( k)

t, —
n

b A A ERHRERE, TR

-1 1 0 0
1 -2 1 0

A= (1.4)
0 1 -2 1
0 0 1 -1

N
LV (u(N)) =uMT AN 4 3 p (u,(CN)), Horb P (u) 8% R BB FAE AR 2N
=0
T
PR S, HiXHE oY) = u((JN),ugN), . ,ug\z,v)) )
W] 22 G f) e it pR 550N

H (u,v) = %|v|2+V(u).

(1.5)
MR [10], B TnT LA BB HOE s A2 50 A1 N
7N (dudv) 2% exp {—%H (u, v)} H dugdvy,. (1.6)

R AR AE TE PR ZE 2 8] o R B BRI 5

1 1
lexp{—zc/ v (x)|2dac} dv Xexp{—2c/ “
Z Jo 0

7 (dudv) = U (a:)‘2 + P (u (az))} dac} du. (1.7)

2 FEHLK BN IERY55RE

2 Ho=L?([0,1]) NWE A [0,1] E-FJ7r n] BLe& £ (1) Hilbert =3 [a], AR
L

1K (..>07
O [y {es (o) = Fysindo,i= 1,2, b Ky Ho FIAM—HLIERE, $EAE(ER

i
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i?io=1,2,---}. ¥ C5e([0,1]) A B RHEM T H R kB0 iy H, JE8N
hﬂZ(Aﬁﬂ,saRés>rmﬁA%ﬁT%J{cHw

TR B 2 1 AT AR, MR (Q, F, P). o {Fi,t > 0} 2 — ek 4 fk,
R* x [0,1] ERIRA MRS Wt ) R QF x By (RT x [0,1]) LR s EEHLI0EE W 53
1SR B W (¢, 2) =200 s

E(W (t,z) W (s,y)) =s2,0<s<t<00,0<z<y<]1. (2.1)
HRAE Walsh S22 2 8 [11], XTﬂ: f e L2 ([o, t] [0,1]), FATTAT LIS EHLAR 73 & L —

AN SAEES LR (W, (f )}t>0, fo fo (s,2) W (dsdzx).
Rk, 29 f = o € Hy, W (t, fo fo (x) W (dsdz), IXZ—N—4Am iz, &

v, (1 2
A fy e @) dz = (i, 0),.
R FAT AT A 2] — > Hy ERIFEATRIIZE) (cylindrical Brown motion)

W(t) = Z Bi () ei. (2.2)

H 5 = { = Jy Jy e (@)W (dsda), ¢ > 0} R~ WML BRI 123 B

oo

W (t2) =376, ()i (), for (t,2) € R x [0,1], (2.3)
ﬁ oo
W (t,) = Zﬂ (t)ei. (2.4)
R (1.1) "TRLECS Ay
(92;;(15) = Au’ (t) — a%t(t) +V (u(t,z)) + \/EW (),0<t<T
u (0) = o, 2 (0) = vy (2.5)
u® (t,0) =u° (t,1) = 0.
Bk

{us(t)uo—&-/otvs(s)ds

¥ () =vo + / (Au® (s) + V (s,u® (s))) ds + \/E/O dW (t)

0

/\ H = HO x H_ 1, I)_“J H IE Hilbert % IEU Ij‘]*/\jj

() ()
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oA (g é ) B = (—A)E, B [12] E Ei L, A4S E

At cos (tB) B~ 'sin (tB)
© - —Bsin (tB) cos (tB) '

U I e g R W)

ue(t):].g(t)uo—l—k(t)vo—i—/o k(t—s)V(s,uE(s))ds—&—\/E/O k(t—s)dW (s), (2.9)

XH k(t) = B 'sin(tB),k (t) = cos (tB).
3 ENHBANEIL

TEWR B T R BT i, A IR Z 7 T ie i kL —, AR ZE 0 kR
B3 T3 R (R SR PR DX IR 4 P 2 4 B2 ) 20 A BR AN A%, XS TR 59 R MR AT SR A

MR SCHR [13, 14], B SR SRAME X IAEAT MRS K1) 7, BTN IEHEE mn, € 2 TR0 K
h=L WK r=L Q= {z]z; =ih,0<i<m}, Q= {tylty =kr,0<k<n}, MK
RN Qe =y x O, RN v = {uf0 < i <m,0 <k <n}.

(1) BXEH

A TR S5 07 R 59 ONTEA M i _E S B 7 75 R, BIAS3) (1.1) MBS HUE

8%u 8%u

W(t .)*W(t .):*aa(t »)*V(U(t,l’))JrW(t,:c),0<i<m,0<k§n
kyTq ksTq kT
u(0,2:) = uo (i), Gu =1 (z;),0<i<m (3.1)
0t {(0,0:)
u (o,tk) = u(Tm,tx) = 0.
P A R O ZE BT RE A 2,
@ - u(tk+1,$i) — 2u (tk,illi) + u(tkfl,a:i) (3 2)
ot (tg,®s) 7
@ ou(te, wiv1) = 2u (te, i) +u (tr, Ti1) (33)
x|, .\ h? '
ksTi)
ou o u(teyr, @i) —u(te-1,@i) (3.4)
ot (tos) 27
R E =R (3.1), BEILLUF Z 46
k41 k k—1 k k k k41 k—1
u,; — 2’(1/1‘ =+ u,; . Ui+1 — 27.L7; =+ Ui—1 _ u,; — U, . k . ]
T2 h2 =G 2 Vv (uz) + W (tkyxz)
0<i<m,0<k<n1
Wt —ut (3.5)
uf = uo (z;) , — 27_1 =u1(x;),0<i<m
u (o, tk) = u(Tm,tr) = 0.
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FIRAR RGN T RGBT A uy !, AV —RX k= 0 WL, i R4 w, ' BT
W B r =7/, B (3.5) REHBILL T =2 BHER:

1 ot _
uf""l = <1+O¢T/2> <'f'2 (ui_671 +u§+1) +2 (1 _7-2) uf - <1 - 7) 'U/f: ! _TQV (Uf) 7—2
W (toe),  1<i<m-L1<k<n-1,
u) =ug (), 0<i<m
1_L( a0 0 aT 2,0 _ 2 0
up == (r (ui71+ui+1)—|—27’<1—7)u1(x1-)+2(1—7“)ui—T V(uz)
+7°0,W (0,2;)) , 1<i<m-—1
L uk =uk, =0, 1<k <n.
(3.6)

FERGENESRA v < 1 ROLIS, REASINBEHLI 30 5 RE, IXHE 1 22 70 1 Q0 i ME— A7 4E

HZWSRBURS g [13].

(2) BaE=2n
FERGZEIMET, AT A Zf O DO Fag 2, B

o? 1( 6? o2
57, 3 (a—xu * | (37)
(tg,@;) (tr—1,:) (trs1,2i)
FH R OZERRE N

9*u 1l (u(te—1, mip1) — 2u(tp—1,2:) +u(tp—1,Ti-1)

8z2 T2 h2
(tg,@;) (3.8)

U (b1, Tir1) = 20 (e, ) +u (et a:l-,l))
+ 2 .

L [RIRE AT L 2R DL RO R AU AR 2R, B2 20 T R4

2 2
r ar T
- Sl (1?4 )l - Sl
2
=2uf + % (uf:f + ufjll) — (1 +1% - %) T v (uf) + 7°W (tg, x)
1<i<m-1,1<k<n-—1,
ud = uo (z:),0 <i<m, (3.9)
0 _r2y (u?) + W (O,xi)) ,

u) % (1"2 (u?,lJru?H) + 27 (17 %) u1 (x¢)+2(17r2) u;
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N T SERITE, # (3.9) NS OB
14r°+2r —§ 0 ub Tt
_é 14724 oz _é ul2c+1
—5 147+ -5 Uy
0 L+r2 4+ ) \ul
b+ 2 = (ug T us ) = (T4 = ) uf T = PPV (uf) + 72 (tr, z1) + 5 u’(§+1
2u2+—(u1 +uf) = (1412 —ﬂ) ub™t — 2V (u) + TPW (tr, 22)
2ufn_2—|—§( b)) - (1+r 2) ul = TV (uk, o) + TPW (tk, Tm—2)
2ufn_1+§(ufn_2+um - (14— )ufn ! —TQV(um )+ 7 W (tk, Tm—1) + 2ufn+1

I B ALE R ORI 18] )2 RS (5 2.
XA INBENLIR A sl TR, B2 o0 i U e — A7 ELZ2 ISR RS i g Y [13].

4 BUERUT

(3.10)
XFEEE S TEN E, TR v AHE,

TERERRL A, FATEE K 7=0.01, B[P h = 0.01, BB T = 20, JiE o = 1,
WERR e A, BB RE o = 0.5, ug (z) = sinz, u; (z) = sinwa.

B A FEZE e BRI E

K1 Sz o A BB 1A

2000

K 2: FaalZz A BB 18

ML P e B R DU B 22 ik A B B Bl e B /N T R N0k, AT RER TR

A TRMCSIOE S BT 2L

el A e 22 0 [ 2 RN Y 10 AN, JR4 HARATH R B -
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=] =] =] =] =]
ol o o o o
[T} w3 [t uy [t
=] o o =] o
: dﬁd “ ﬂh .,.AM ﬂ ih [nlﬂlﬂmllﬂlih
(=] (=] o (=] o
o =) =] =) =]
o (=1 a =1 a
(-1-0.9] (0.8,0.9] (-1-0.91 (0.8,09] (-1-0.9] (0.8,0.9] (-1-0.81 (0.8,09] (-1-0.9] (0.8,0.9]
o (=] a (=] a
(8] (o] o~ o~ o~
wy w wy wy wy
a o o o o
] [te] m" It} 0 It}
(=] (=] o (=] o
[=1 =] =] =] =
o =1 a =1 a
(-1-0.9] (0.8,0.9] (-1-0.91 (0.8,09] (-1-0.9] (0.8,0.9] (-1-0.81 (0.8,09] (-1-0.9] (0.8,0.9]

P 3. J 22 73 1A i 14 A i R AR 1
(S —HEAAE B KON 10 2 50, 2 ZHEM A B KN 60 21 100)

9 = a = a

ol o o o o

[Te] =] ) L= Ll

(=1 o o = Q

: - : d ﬂ “ “h, : : Jﬂmmm
=} o o o o

=] [= =2 = o

=] =} [=] =} [=]

(-1,-0.8] (0.8,0.8] (-1,-0.81 (0.8,0.9] (-1,-0.8] (0.8,0.8] (-1,-0.81 (0.8,08] (-1,-0.8] (0.8,0.8]
[=] [=] o [=] o

ol [ o [ o

[t} [t=} i) [t=} i)

=] o =] =] =]

s} iz} 5] iz} 5]

=} o o o o

o o =] o =]

=] =} [=] =} [=]

(-1,-0.8] (0.8,0.8] (-1,-0.81 (0.8,0.9] (-1,-0.8] (0.8,0.8] (-1,-0.81 (0.8,08] (-1,-0.8] (0.8,0.8]

P 4. B2 g3 TRD e i 19 A I B AR [
(S —HEAAE B KON 10 2 50, 25 ZHEM A BIA KN 60 21 100)

AT DA HH TP PR S A B i O B SR R T O I, T R BB B 1 B, A
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STOCHASTIC WAVE EQUATION WITH DAMPING AND ITS
FINITE DIFFERENCE SIMULATION

LI Qiu-ci
(Schaol of Mathematics and Statistics, Wuhan University, Wuhan 430072)

Abstract: In this paper, the stochastic wave equation driven by Gaussian time white noise

is introduced, and the weak solution of the equation is discussed, and the numerical simulation of

the solution is carried out based on two different methods.
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