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1 5|F
B QeR? (d=1,2,3) B—POMEBHERE, HHFH 0Q, T >0 HFEEHF. 4K30%
J&—]7 H) Rayleigh-Stokes FifA 7 Z i S XA
Byu(z,t) — (1 +7 §07)Au(z, t) = f(z), (z,t) € 2 x (0,T),
u(z,t) =0, z € 0Q,t € (0,T),
U($, 0) = QD(E), z €,
u(z,T) = g(), z €,

(1.1)

ooy > 0 RHH, o(z) R X L2(Q) Lwisds, B 5 fop FRMEha (0 <a<1)
i Riemann-Liouville 43¥[S %

ta—l

o —i tw — Tu(z, 7)dr, w = —
forue,t) = 5 [ winalt—muledr, wa(®) = fr.

t

HA T(-) 435 Gamma pF%L.
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TER (L) 1, Y4 f(z) CHIE, WRBUE—MIERBE. R f(z) 2R, MR
E— M. X, FEE AR u(z, T) = g(z) ZIRFRMBEI f(z). R, 7&
SRR, g(z) RABESMESET. FI, BB R o(z) MIEEE R ¢%(z)
i 2

Ig°¢) — gl < 6, (1.2)
Her |- || 2 LA(Q) {54 6 > 0 RpERiREE.

VAR, WML Rayleigh-Stokes [ [ ZEfiR I & i miSSE 2R IR AR h 227
WAREEIER, JIEFZHITEN 122E. T Rayleigh-Stokes [W[ B L[, CL5F]
REWEFF. SCK [2] T, VEFFIH Fourier REUSHF 3B Laplace 4 #esK #% Rayleigh-
Stokes [MIHAIAEAME. SCAR [3] i1 T 7~ X Rayleigh-Stokes [M]ZH R L0 4R 12 3l B K5 B &,
%5 T TORR TR % 35 i 0 S BE S AR Y B AR AT RIE S, 3] Fourier 1E5% AP #efil Laplace 48
e T RGBS ESIRIRS). 7230k [4] F, EFEAS SO SO R EH R
[ Rayleigh-Stokes [FI&. 4k, —&23z FHEE BT Rayleigh-Stokes [A]&1. STk [5]
i, VEEFI AR B ZEEET R, BT &6 2050 S50 ) UG Rayleigh-
Stokes [AlfB A KB f#. ScHk [6] ', T HA Riemann-Liouville 5% SEAT T L ik
P B stokes [MIFR, &4 T —FitBERANEEIEAE . SCBR [7] 1, 3 X ZBriR
fift) Rayleigh-Stokes [F8i, #&H T —MfEA TN AT BUET %, SOk (8] 41, B3
T Rayleigh-Stokes 25— [F ) VU B 25 ()R BEX{E 715, ik [9-10] #, TR R EAEH S
¥H T LB iR ik B Rayleigh-Stokes [MERAYECEM. SClk [11] H, RIS 2048
Galerkin S H AR fE 2 0 H N Rid S 2, R PR TR R TR 2 B 7k, iE
B BB R B TR A 8, 251 Galerkin iV HIRZEMGTT. SClk [12] &, 1EE%
H— DS BUEAE X S LSy, H BRI 22 A B sk o 2, R B e BT T A Y
WS R oA R e . STk [13] 1, FEE PRI B H WA R R A4y 7 (MLBIE)
F5rHT FGMS RS IS, 7ERT UM = BUR Fl i /N _Fk. &5, fEERE AT
Xy Sylvester FHE, WAR R EFRE, IEZMEETE LRAEE AR, Sk [14]
1, W 45 B Rayleigh-Stokes [MI5, F=SLi IR w22 046 AR AR 1] 2 bR 500 AR,
FEX T PO IR T AR, UEIAZE S IS AR i, AR T IR SR B R s 2R

ELFRF R, REFFHRENAZ R BE RS2, EhEATERERNS
B, YsESEL W, WAL R A SRR AN . B SRR R A R K S
0, 1 H PRI G Rayleigh-Stokes i [78. 4% H BT AT IIREAE, Rayleigh-Stokes
[ & S (I RR B AR R A PR . SCAR [15] 5, AEE A = HE AL 31 i 8 I LE WA s
BT Rayleigh-Stokes [ ] [MI&H. SCHK [16] H, VB AW =50 MEAL A 3 69 08 I8 16 A 7 2R 71
Rayleigh-Stokes [A @ AR, 25 H IENE SR TEZ BIMIRZEN T, (HIENESEUEE T
SRR ORIERRN, Sol E NS ER PR MBI BR A, SCHk 17) T, fEEFRT — M #
HISEE T HOT R R M. AT ILFIRAIREE R S5 20 . UL kg o444
R, X CPU BRI T T iR, BUE 4 THE LR AR, JFUM 7% M &
HRE FERT CPU B 7).

TER ) P 7 P I B R AU, A /1 42 A0 P 288 1] R ) LE Ak 7 . 48104, 14K # Tikhonov
IE M4 Fr 3k 18191 Tikhonov 1EMIAK 774k (BO—21 ) 45371 B 1E 4k 7k 22250 41386 1F JU) 4k 07
(26271 pirkig A% 753 (28—29 ity 1E 4k 7732 1391, Fourier 1E MY 77 181733, Landwe-
ber ECIENI 4k 773 B4-381 3%y Landweber 15X 1E N4k 7k 391 445,

AR F 23 %0 Br Landweber 35415 NIAL 7360 3543 80F Rayleigh-Stokes 75 B2 A KIVE IR

) Klenn) Mass) #h Rammlaw ZE 50 %k J40] i dzel 3 3#0f  Landweberi aR M7, ek
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[41] H, FEHEFIH 4> 5Br Landweber 1ENI4b 77k 0 B — 2880 F Oy R IR M. A SCAESB A G
IR NS HEEEAN T, 25 IE N SR T2 AR ZE T, B8R IE NS5 AR 1]
MR, TAKERE AR CRR. EdBUEm 1, KB SEW Landweber 1E 4715 5K fi#
X —2 % a5 I, Landweber 1E N4V, FEEH K.

ASCHL G, 565 2 WA M (1.1) WAEEERE (1.1) R B &8
TaErE. 5 3 5, FI 9% Landweber 1E N4k F AR I (AR, 315 3] 586 M
JERWSGRZEMGTT. 8 4 B B{ERFSE Landweber 1ENI{E 73145 Landweber
IENHE IR B SR oA, FEX RO IR T IO, 58 5 WA A U £ B R,

2 (B (1.1) BTAEEESFNRGREEER

TEX 47, EETHeME (1.1) BBt trmg e et £X Q L, 27
B A{An}o2y 1 {xn}oly A —A WRHLEMFFAERE, HHBL

{ Axn(z) = —AnXn(z), T € Q, (2.1)

Xn(x) =0, z € 09,

HE <A <Ao< o< Ap < vvry Jim A = +oo Al xn(x) € H2(Q) N HF(Q), {xn}321 TR
Z=[H) L2(Q) F1i—4IbRHEIESCH:. X FAERM p > 0, & ZEH] HP(Q) i1F

H7(@) = {¢ € Q)| D1+ () |8 xa)? < o0}, (2:2)
n=1
Hrr (-,-) #iznE L2(Q) LW, N HP(Q) J&—4 Hilbert 2[5, JEE0E LN T
gl = ( D1+ An)) I xa) )" (2.3)
n=1
SR St [42] BG5S, LR (L1) T —Home, M9
oo 00 i
u(@8) = Y- entnal@) + Y [ tnlt = D) fr(hta(o), (2.0
n=1 n=1v0
HA o = (9(2), xn(2))s fo = (F(2), Xn(2)) & Fourier REL, FH un(t) WA
Uy (t) =/0 e A, (s)ds,

H

An(s) = Y AnS®sinar '
" T (=8 + Apys@cosam + Ap)2 + (Anys@ sinan)?

AN w(z, T) = g(z), RIE (2.4) X, H15F

o0 o

T
0@ =Y ntin(Mxn(@) + 3 / Un(T — 1) foxn (). (2.5)

n=1 n=1
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A It .
gn = (P'nu'n(T) + f’n/(; un(T - T)dT, (26)
H g, = (9(2), xn(z)) J& Fourier 3. @xt (2.6) X, WLBEH f(z) WHHMBILT
IO — S———) 27)

i fOT un(T — 7)dr

HA hn = gn — onun(T). KT BT EBRAEEME, 45 —EET (.
518 2.11% X FEH un(t), n=1,2,---, H FFIHEE.
a) un(0) =1, 0 < u,(t) <1,t>0;
b) %t > 0Hf, un(t) ESEEHIEE;
¢) fy lun(®ldr < 3£, T > 0.
51 2.206  {§i% o € (0,1), X TAERER t € [0,T], AW F AL
C(v,a, A1)

>
Un (t) Z oW >

Hrr g ’
e %' s%s

Cly,o, M) = sinam/ _ .

(7a ) 1) Y 0 7232(1 + ;_; +1

Beak, AT AT AL

T T
/ un(T — 7)dr > / Cly, o, Al)dT = ¢, Al).
0 0 An An

FAY% n— oo Bf, Ap— 00, ESpiia ﬁ 00. HARK (2-7) A4, 96(93) /NS

HEEIE flz) WERAE. B, FE(1.1) 2—PAEE M.
BTk, B hiE f(z) WAMREHENSR. & f(z) € HP(Q) WEITRF A

1Oz @) = (Z(H(A)) Gx)?) < (2.8)
e B A p BORERCEL.
EHE 2.1 BEERA (28) ML, MAMRGEGERN F
If@) < CiEFH ()|, p>o, (2.9)

Hf G = (TC(y,0, M) 2.
i (27) R, FHAEA Holder A%, LIS

@I =] 3
n—l

Fot X oy
& memt h2 523 (. 5\ 523
nz=:1 (fo un (T — T)dT) E:1 ((fo un(T dT)p+2) (hn)

IA

=1

(Z (fb up(D e 7\d7"z+2)p+2(nz_‘lh2)p+2 (2.10)
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RIEFIH 2.2, AT LIGE]

1 1 An P
(Jo un(T —7)dr)"" = (ST un(T — 7)dr)” (TC(fy, o )\1)) : (2.11)

WIE (2.7), (2.8) f1 (2.11) X, H

2

Uy un(T = m)dr)p2 T 4

h2 ( An )p
1 (S un(T - 7')d7')2 TC(y,0, A1)

M

= nz=:1 (TC('y,la, Al))p)\ﬁfg = n2=:1 (TC’('y,la, Al))p()\i)%fg
TR

1

3
I

IA

e C(%la, M)”E? 2.12)

R (2.10) F1 (2.12) X, &

If@)? < ((m)pEz)piz (ghi)#
1

2p
_ p+2 % 1’27p= 9 ﬁ :71’
= (zcpany)” EPPIbE)F = C1BF (@))%,

H € = (TC(y,a, A1) ™72,
HI, 7RSS N4 R
15 (2)|| < CLE7=||h(z)| 7=, p> 0.

T 2.1 EEE. |

TET—1, E5E5IA Landweber $ECIENI{L Tk, #32] Landweber 35CIENIfE, )5
75 H 5B Landweber 35S IENIfE. R A /5B Landweber 3% 1E W4k 7532 3K i AS 3 22 [v]
= (1.1).

3 4K Landweber X UIENIL A AFIMSURE MG 1T

TEE—T, FEFEALEH Landweber 3£ (QIE NI Bk AT 2 M (1.1). 72
546 1E U AL 2 B8 OIS 1E AL 2R O NI B8 60 T, 45 SR 3 f-L 12 U e 22 1]
HyBCHR 224G T RAINRIR f () T AR AL SR AT ARG U5

(KF)(@) = /Q k(z, ) f(€)dE = h(z), (3.1)

i

0 AT
K@) = / un(T = T)drxn (@)X €):
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H R k(z,€) = k(€ ), B K R—DEFET. & () WIEESIRE (11) &
Landweber A fCIENE. EHMD TR fi = ([ - aK*K) f1 + aK*h RAETTR KfL = h,
H BB T AR

@) =0, f(@) =T -aK*'K)f{" °(z) + aK*ho(z), m=1,2,3,, (3:2)

Hrh I B—8AHT, m B, BV ENSE, o ZAmIE T, HH5H
RO0<a<gp BT K—PEERT, TLLUELMTRFRER Rm: L2(Q) — L2(Q)

m—1
’R,m=aZ(I—aIC*IC)kIC*, m=1,2,3,---.
k=0

L, SEA R () AT
m—1

(@) = Rmh(z) = a Y (I — aK*K)* KR (z).
k=0

FIHT K B4 2GR (3.2) &, 775 Landweber #EACIE NI T

= 1—(1—a(f un(T —1)dr)2)™

@)=

8 x .
s fOT un(T — 7)dr haxn(z), (3.3)

/E\:EP hi, = (hs(m)aX'n(m))
NE&HNEIRE § W5 80 Landweber 1E NI ##

® 1 - (1—a(f un(T — 7)dr)2)™|?

i@y =3k

8 xI). .
> o i B @) (34)

E A RHEHER 2B Landweber 1F ) ##
© 1 - (1= a(fy un(T —7)dr)?)™|?

W@=Z[

oot fOT un (T — 7)dT
Htm > 1 HRBENSE, 0<a< W, 3 <B 1AM BHL

3.1 ETEREMNCSZERAMBSIRE T
T 3.1 & f™0(z) A EE Landweber sE{CIENIR, RkMRAET (3.4) R4
. BOClAA&M (2.8) MR (1.2) ML EEUENRSEOY m = [b], H

- (B &

TS F AR Al ]
I7™2() = FOIl < CoBwrago%, (3.7)

Hof [b] #RMNTFRET b BB, Coi=va+ (rraohoasy) | BEHE
S A RS T

2=
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e (1.2) X, WH/

I = sl = [ 35 1

(1 = a(fT un(T — 7)d7)2)™8
f(;run(T T)dT

b, Xn ()

—(1—a Up T)dr)*)™ B
Z = f{in(T TT)dT - @)
— (1 —a(f, un(T —7)dr)2)™)8
I T e haeel

< sup(C'z (n))?8?,
n>1

Jt Ca(n) o= BUmeprnEon R gy (T - r)dr RELT K WA, S0

T un(T—7)dr

0<a< g HIL0< a,(fOT un (T — 7)d7)? < 1. 4% Bernoulli REER, w15

1= (1= [ sl = nar))" < \/1_ (1-af [ wutr-rer)’)"

T
< \/am/ U (T — 7)dT,
0

M Ca(n) < vam, B

H (28) &, W1

IF™C) = FOI =

IA

IA

<

lF™8 () = ™) < 31;11) C2(n)d < Vamé.

fo un (T — T)d’T)2)m]ﬂ

Hzl = fo un(T — 7)dr xn ()
B P B |

= T un(T —7)dr
(1= (1= a(f un(T — 7)dr)?)™]8 —
; [1-@ (f{,iun((f— T))ddT) P -1
3 [1-@ —T a}ofqguzv(z;T_—T;)lif) "1 -1]
e

S 0=at [ @ = a0 F )

2

haXn (37) H

2
han(x) ”

hn

T
sup ((1 — a( un (T — T)d’l’)2)m()\
An>0

sup (03(>\n))2E2,

Ad 20

2
(n) 2 () B (3|

fo un (T —

Z(l—a [ @ - many - %(An)ffnxn(x)\lz

(3.9)

T)den( )”
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H C3(n) i= (1 — a(fy ua(T — 7)d7)2)™(Aa) 5.

ARSI 2.2, F i X
Caln) < (1‘%) ()5

# H(s):=(1- %)ms_g, §:=Ap.
1% so W& H (so) =0, 715

T2aC?(7y,a, A1) (dm + p)\ 3
so=( aC%(v,a, A1)(4m P)),

p
E5fiid
_ p m  T2aC?(y, @, A1 )(4m + p)\ — %
H(S)SH(SO)_(1_4m+p) ( P )
b i _p
< (m) (m+1)"%. (3.10)
il
m P i -z
1F™C) = FOI < AS:"11§>OC’3(11)E <H(s)E < (m) (m+1)"%E. (3.11)
245 (3.6), (3.8), (3.9) 5 (3.11) X, W15
1F™3() = FO)Il < CaEw+2 673,
HoF Co = Va+ (qrgorle o) - 5 3.1 IELE. I

3.2 ETEREMNtSHERAMIMSIREEIT

FEIX—7, F B Morozov A —EJFHE 181 410 5 5 1E ML S ORI, 45 HAE
JE B IE N SR BN T BIUC SR Z 4G T
R > 1 R—PEEHHE. ERIENESRBERCRNM T 45L

™) = h°()| < 76 (3.12)

1 m =m(8) € No FE—UHBE, AL, Hd RS > 6 BHE.
53 3.1 4 p(m) = |Kf™°(-) — B2(-)||, FTRASEIIn F 4%,
a) p(m) Z&—MESEL
b) lim p(m) = ||
c) Jlm p(m)=0;
d) X TFAEAT m € (0, +o0), p(m) E—ATTA% . HH I A BE L
E RPE p(m) H2RIEX

= T 2 B 2718\2 %
plm) = (3001 (1 —af | = nantym? - 128)2),
ATUAE S, PR AL, G5 3.1 JEEE. |

B2 0AR FEH FEAZ B, B D | (B12)r S HE B ani i Mo Y.
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513 3.2 (RiZFERFHM (2.8) ARk (1.2) oz XFFEEMN 7 > 1, i1 Ri#E 5 Morozov
A—F R (3.12) RIEPUENEZE, IAENLSE m = m(8) BEW LM TEER

a4 a4
m < (2aT2Cp2-E_7?a, )\1)) (7' i 1) - (%) . (3.13)

EFER L —a(f) un(T —7)dr)?)| < 1, 1 (L2) X, A

o0

T
78 < ™1 — b = || (1 - (1 - o /0 Un(T = 7)d7)2)™ 1P = 1)hd x ()

n=1
oo

<[> -a-a /0 tn(T = 7)d7)2)™1) = 1) xn(2)

n=1

S —a Tu —7)dr)?)y™ (S — z
<|Xa (/0 o(T = 7)dr)2Y™ (S — hy)xn ()

n

- T 2 -1
+| - || = n)ar o)
00 T
<o | S —a([ unl? = r)arf o).
)”JJ - -
6 <8+ Z(l—a(/o un(T — 7)d7)2)™  hpxa () |- (3.14)
e 28) &, #

oo T
S (1 - af / n(T = 7)A7)2) ™ hy ()

(e <] T T
— ;(1—a(/0 un (T — 7)d7)*) /Oun(T_T)dT()\n) 2(An) 2 frxn(@)

<[> -af /0 (T — 7)dr)2)™=1 /0 (T — 1))~ 5 (1 + (A)2)3 Faxn (@)

< sup Cy(M)E, (3.15)
n>1

Hh Cahn) = (1 — a(f§ un(T — 7)dr)2)™ 1 [T (T — 7)dr(As) 5.
RIETIH 2.1 f15|3E 2.2, 715

T2aC?(y,a, A)\™ 1, \_(2
e e I

A I(s):=(1- 7:1’%028(27,%)\1))m—ls_(g_H), §:= Ap.

WG I(s) REX, F

Ca(hn) < (1 —

2 2 m—2
I'(s) = (m — 1) (1 — M) . 2T2a02(7, a, )\1)8_3_(%4.1)

(P 4 ysmG- [ TPeCh A0yt

g2 y,
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B 81 B I (s1) =0, A5
(m—l)( T240C2 (’}’,Ol )\1)) 2T2aC2(’y,a )\1) —3—(2+1)
s
—(E+1)-1 T2ac (’Yaaa)\l) m—1 _
~( s B (12 Tl
2(m — 1)T2aC?(y, 0, Ay )s72 = (g + 1)(1 - M’;’a’)‘l)),
51
4 -2
st = (TR ) TP (e ),
B
_ (T?2aC?(y,a,\1)(4m+p —2)\ 2
f1= ( p+2 ) )
A I
_ p+2 2aC?(y,a, A1) (4m +p— 2)\ 2
(1) = (1 dm+p — 2) ( p+2 ) (3.16)
p+2 =2 _pi3
= (2T2aC2('y,a )\1)) m ' (3.17)
WIE (3.15) A1 (3.16) =X, &
T
'Ufn(T - T)dT)z))m_lhan(w)
0
p+2 P2 2
< s Ca(WE < I(5:)P < (2T2a02 e /\1)) m- "2 E. (3.18)
44 (3.14) 1 (3.18) &, W[5
p+2 1 \7lz/E\+
m< (2T2a02('y,a,)\1))(7—1) (E) )
78 3.2 iiFEE. |
513 3.3 MIE (1.2) M B12) KX, FH
ICF™C) = FO)N < (7 +1)6. (3.19)

i

ICG™C) = FON =

n=1
oo

n=1
oo

n=1

T
S ([1- (1—af / Un(T = 7)Ar)2)™P — 1hnxa(z)

T
+3([-(1- a(/o un (T — 7)d7)?)™)8 — 1)hixn(w)H

T
- Z([l—(l—a(/o Un(T = 7)dr)2)™)B = 1)(Fin — hE)xn ()
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- T 2 '
< Zp—dﬁuwr4Mﬂ»(m—mmm>
00 T
+ §:a1—u—wu/ Un(T — 7)dr)2)™B — 1)hS 3 (2)
n=1 Y
< (T +1)6. (3.20)
5|7 3.3 {EH8. |

EIE 3.2 % fm™O(z) & (3.4) RA TN (1.1) B EH Landweber 3£ {CI1E N f#. %
JEUR R A (2.8) MBI (1.2) ¥IRSL. A0SR IENIALBE m = m(5) BB & Morozov
A—FFE (3.12), MAERMn M iRZEAN

1579() = FOI < CsBradat, (3.21)

3 Cs = (zckidan)* ()77 + Calr + D7 RIETHL.
S = R

1F™°C) = FmON < 1™ = FPON+ 1) = FO- (3.22)
RiE512#H 3.3 f1 (3.9) X, 75
™, m p+2 3 1 ﬁ 2 P
1F74C) = FmOll < Vamd < (2T202(% a, Al)) (T — 1) Errzowes. (3.23)
P AR R &M (2.8), F
o T
1F™C) = FOllay = || D)3 — (1 - a(/0 un(T — 7)d7)?)™)P — 1] frxn(=)
n=1
< DA+ On)D)E faxn(@)|| < E.
n=1
Mok, MIEEH 2.3 M5 34, F
IF™() = F()I < Cu(r + 1) 7P Evra 5753, (3.24)

44 (3.22), (3.23) A (3.24) X, 7§
1F™5() = FO)Il < CsEwva 57,

1 _2 P
HH Cs = (amacktyany) * (751)77 + Ci(r + 1)
SEFE 3.2 JFEE. |

4 BIEFIF

TEX—FR4Y, it JLABEA T UE R Landweber 340 1E AL 77 1/ 8% Landweber
AN EUUE v Rt o= 1y i i g %
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B Q=(0,1), T=1 ¥, BFHRIEFM (4.1) o0& LB 9(z).

Oru(z, t) — (1 + v802) Au(z,t) = f(z), z € (0,1), t € (0,1), a € (0,1),

u(0,t) = u(1,t) =0, t € (0,1), (4.1)
u(z,0) = (), z € (0,1),
u(z,1) = g(z), z € (0,1),

Her fx), o(x) R&HER.
HWR, FAIRAARESEERE 4.1). WA, AFETHHETER, EmEsER
(BD) A1 Crank-Nicolson 243 (C-N), X FE B AR S AR ER. & X

th = kAt(k = 0,1,--,N), z; =iAz(i =0,1,---, M), (4.2)
He At = & BHEFTRMZEK, Az= L RZERFRAEK.
%‘5‘6%\& BD & A#R. B—, FlH Griinwald-Letnikov 2R, B 8L Riemann-Liouville
517 19
1 [tx/h]
Rat u(,1) |z, = he ]ZO w u(zi, tx — jh) + O(h9), (4.3)

Hop [th/h] T3 th/h BB, w0 BRAEBEH w(za) = zo @2 W RHL

T (43) X, B g=1HH w(z,a) = (1-2)* &, EHH MR LK Grinwald-Letnikov
AR L FEXFAEL T, B HEREAR

FIHHERY = = (—1)7(59).
R h = At, 7718 (4.3) FTH M

Fotu(m,t) |z = A= At)a Zw(a) k=i 4 O(AL) (4.5)

VI u(z, t) SRR
S, |WEMARNEN~ZREEMDET

Cub !
80u(@,1) lau = “x— + O(AD) (46)
=
kb, —2uf +ul
Buat(z,1) ooy = 211 Ao+ OB, (4.7)

R (4.5)-(4.7) X, FATLUSEIRE (4.1) # BD BEAUEX, =AM

k
uf = b b+ Y w2 i, k=12, N, i=1,2,---,M,  (48)
3=0

Hey 1pp= 0] (Ba)?, paasem(ARV T/ (Ar)? 5 ieZuls= by Heuk vk
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BTk, A (4.1) M5 mE AR, Bl Crank-Nicolson iE{t77%. Crank-
Nicolson £ GILEA Pk EE. HI, XF ¢ €[0,T], TRATET & Un—1 Fl Up Z 3740
E. MR SCHk [46], WTLIS 2R (4.1) By Crank-Nicolson EfCAE AT

h{uft! — uf) - p(ufjr"ll k+1 +ulth) - quk (! — 20 Lk = £, (4.9)

Hrk=1,2,---,N— 1,i=172,'.',M_17h_L7p_(Am)27q_(At)aa(Am)2 %wo =1,
(a) =(1- a+1)w(a)

k%l BD #EACAT Crank-Nicolson #£/:, F MATLAB #{:4mfEiE1T, A LAASE R EL
g, BT DA — A S AL
FJ5, g T RERBEEF Landweber 1E %

m—1
=0 (I -aK*K)*K*g’,
k=0
it T RIERGH 7 EH Landweber 1E I f#
_aZ(I I —aK*K)*)PKc*g°,
Hfl<p<l

TESFR A, B g HAEEE M BATE]. Xk, Mar-E—EmillERE. 7R
i, WEAE g i EFENLEES), SEILREALIE S AR R RE ¢°, HI

g° = g+ ¢ - randn(size(g)),

HAP e ¥ randn() R AERCFIEDY 0 H7ER 1 (HEHLEL e RMMRE. L3 RE
8 R"mA

1 M+1 s
o . — 2
AT BB EM AR, LN OnE T AR TR R
n n 1/2
o) = (Um0 - 1@/ 30 1@0?)
i=1 i=1

Hr n FRR ML B EL

SERIENME S BRI BRI 4T LA, XTE bR R RES . T
HHF T3 T R %E L 2 30E BN (3.12) ik Landweber 40 1E N4k, 78 fil 4 BB
Landweber 54X 15 N4k 7718 B 20 fT e e k.

WA R, AR (2.0) L, M T e =1,2,- -+, AILEE A, = (n71)2 5 xn = V2sinnnz.
£ (4.1), (2.8), (3.12) 5 (3.4) &, #Hli# y=1,p=2,7=1.01 5 8=0.55. & M = 100,
N =40, #5 A F = 8UEH T

Blon-2 B HEREED () = (w(lat- ) Tsin(5rom) | e [0) Lypz) =

(U

N
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Bl 2 HENSBOGHE R
(0, 0<z< 3,
4(3;—%), i<x5%,
flz) =4 5 ) 5 e(z) = 2z,z € [0,1].
{ 0, Z <zr<l
B 3 ZE—1PIELEEE

0, z€l0,1/3],
fl@)=41, ze(1/3,2/3], o(z) = 0.
0, ze(2/3,1].

B 12 AR TH 178 o = 02,09 WFELT, X TARBMHEXTIRERZEKT e = 0.01,
0.005,0.001 WAEHEM f(z) M Landweber ELIEN#% f™°(z) 4 BD fl C-N Wifhik L
A TR, B 34403 RTH 17 o= 0209 WELT, FARENHITRZEKTF
£ = 0.01,0.005,0.001 FIXEHfE f(x) FIAEE Landweber 1% /CIE % f™%(x) 7 BD fil C-N
MWFEARER T .

Kl 2

15 L — Bt
o 5::;1 O =001
2 1 1
2
E
8 !
5 05 05
i B 2
55' 4
E o5 L
;
-1 |
# £
15 -15
(1] 02 04 06 0.8 1 o a2 04 06 o8 1
x
(a) «=0.2 (b) =09

#l 1 7 BD AT, ££ a=0.2,0.9 THT e = 0.01,0.005,0.001 {¥5H# f(z)
5 Landweber EJIf# f7™°(x) 91080

15 1 o
— Bact — Baact
o =001 08 o e=001
1 8 £=0005 0005
& Q  =0001 8 06 O #0001
g % 7
- ¢ % ¢ § 04 X,
¢ § ¢
02 %
¢ & ¢ !
of ¢ b ¢ of
¢ b ¢ 2
¢ & ¢ i§ 7’
¢ ) ¢ 5 7,
¢ Y ¢
LW -0 o
-08
E 02 04 06 o
x

&
&
ix) and

The exact solution fix) and its approximations

iy
&

)

(a) =02 (b) a=09
il 1 78 C-N AT, £ a=0.2,0.9 FXT e =0.01,0.005,0.001 F¥56ME f(z)

5 Landwebercd & fi%’a(a:) il 8
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15
—— Exact
—a—e=0,01
E 1 —+—e=0.005
¥ —%—e=0.001
B
g 05
2
T 4
20
&
5 <
-]
3 05
2 -1
£
-15
] 02 04 06 08 1

x

(a) a=0.2

‘The exact solution f(x) and Its approximations

—— Exact
—A—e=0.01
—+—=0.005
—%— e=0.001

0.2

04 0.6
x

(b) =109

08 1

3 {17 BD AT, £ a=0.2,0.9 FXT = 0.01,0.005,0.001 fHEHI#E f(x)
543%1r Landweber IENIf# f™° (x) i L

—— Exact
—&—e=0.01
—+—¢=0.005
—— g=0.001

The exact solution f(x) and Its approximations
o

[ 0.2 04 0.6 o8 1
X

(a) a=0.2

The exact solution f(x) and Its appraximations

— Exact
—&—e=0.01
—+—=0.005
—*—¢=0.001

[} 0.2

04 0.6
x

(b) & =0.9

(] 1

B4 #1714 C-NZEREBAT, 7 a=02,0.9 F3T e =0.01,0.005,0.001 @55 f(z)
5438 Landweber IR f™° () iy HE:

K1 MTAEN o 7 e, fI 1 MHHESENRZ BB B G REE

«a a=0.2 a=10.5 a=0.9
Landweber BD  0.0099 0.0083 0.0075
e=10.01 C-N 0.0072 0.0052 0.0041
43809 Landweber BD 0.0088 0.0076 0.0061
C-N 0.0063 0.0048 0.0039
Landweber BD  0.0042 0.0039 0.0034
n(f) e=10.005 C-N  0.0041 0.0035 0.0025
5180 Landweber BD  0.0038 0.0035 0.0021
C-N 0.0031 0.0028 0.0011
Landweber BD  0.0025 0.0019 7.9678e-04
€ = 0.001 C-N 0.0020 0.0011 5.5690e-04
S¥% Landweber BD  0.0018 0.0010 7.1943e-04
C-N 0.0011 8.7631e-04 4.6982¢-04

F 1 B RTH 14 BD 1 C-N WFZEREXT, M TAMEB e = 0.01,0.005,0.001 1
a = 0.2,0.5,0.9, Landweber 3£ fCIENI{E A 8153 4B Landweber 758 1E W4k 77 75 BORE 0
EENfE2 [Ff AR iR 20 . % 2 87737 %117 BD il C-N FFEIERT,
X R 0 2 1= Di01, 0.005;0.00 Fnal = 0.200.5, 0:9;| Landwsbers 2EALNE R4k ok R0 Bk



442 Box 9 B o2 W) Vol.41A

Landweber = 1E ML AR TR S5 1 IR 2 B S B bods. R 3 BT #1178
BD Al C-N FifELIER T, ST AFEW € = 0.01,0.005,0.001 F « = 0.2,0.5,0.9, Landweber
ERIENAL A 5380 Landweber 3£ fCIE ML 5 1AM 088 5 IE N 2 7] 89 CPU Z=17H
Il

x2 MTAREH o 7 e, F 1 FREHESIENR 2 BEERRE

a a=02 ao=05 a=09
Landweber BD 24027 9658 30
e=0.01 C-N 25556 31634 37652
53809 Landweber BD 19683 6514 21

C-N 21423 23963 29685

Landweber BD 46820 21349 34
AR (m) €=0.005 C-N 27941 30652 39541
B Landweber BD 39870 12981 29

C-N 19685 23916 33921

Landweber BD 79686 38679 44
€ = 0.001 C-N 35719 42387 52802
3% Landweber BD 68765 27695 38

C-N 26985 34796 44348

®3 MTTEH o 7 ¢, §] 1 REHFSIENREZ[EE CPU HifE

o a=02 a=05 a=079
Landweber BD 480.54 193.16 0.60
e =0.01 C-N 511.12 632.68 753.04

58Py Landweber BD  393.66 130.28 0.42
C-N  428.46 479.26 593.70

Landweber BD 936.40 426.98 0.68

CPU H}d] (unit: s) &= 0.005 C-N 558.82 613.04 790.82
% Pr Landweber BD  797.40 259.62 0.58

C-N 393.70 478.32 678.42

Landweber BD 1593.72 773.58 0.88

e = 0.001 C-N 714.38 847.74 1056.04
%r Landweber BD  1375.30  553.90 0.76

C-N 539.70 695.92 886.96

MFE 1-3 HA[LLR B, £ BD A1 C-N WffEfCkE T, JTik/& Landweber 25 fCIENI{L
TR 2 B Landweber 3£ CIERNIAL 7, FHAITIRIRZE n(f) FE o BERIMRE/N,
WEE e BIUNITRUDN. MTFERZSE m iTE, 7€ BD ERBAT, BE o MEKIMRE/D,
F e WBEUMTSR, (BAE C-N BT, HE o WEXTEKR, WE ¢ /MR
F#E, Xt T CPU BfA], 7& BD ZEUERKT, HE o WEEXTE/D, HE e MRUNTHEK,
{H7E C-N FMBAT, HE o MIEKTHK, HE e MREUNMNTEGR. KA, Toit@mxty
FARIRZE n(f) « EREH m, iB5& CPU B, 73+%Br Landweber 35 fC1ENIAL 77k i S 45 5%
¥ ¢}y P Landweberi ik Rab Ml Bt Fe




No.2 ##iM%: iH% Rayleigh-Stokes J7 FEIF I/ 8% Landweber #5{CIENI4L 7 ¥: 443

B 56 FRIBERAT #l 27 o = 02,09 WA T, MFRRGHMEZKT e =
0.01,0.005,0.001 ({5H/# f(z) Fl Landweber iE/RIENfE f™(x) 7E BD Al C-N Fifiik
RIEATRLE. B 78 2HBRTH 27 a=02,09 BHERT, TAREMHEXREZEK
- & = 0.01,0.005,0.001 fAEHARE f(z) M5 Landweber #54C1E N f™%(z) 7& BD il
C-N FFuEAUB A iy .

—— Exact ﬁ —— Exact
i o =001 9 & o =001
8 0005
&% o e=0001 8

N

g o ot
/
f

“o 0.2 04 0.6 o8 1 0.2 04 0.6 0.8
x x

> &

o © o 8 o o o o
& 5

The exact solution f{x) and ts appraximations
n

The exact solution f{x) and ts appraximations

24

(a) a=0.2 (b) =109
B 5 f 24 BD RBAT, 4 a=0209 FHTF e=0.01,0.005,0.001 F¥5HE f(z)
5 Landweber IF NI|## f?’s(w) Yy e

12 12
— Exact — Exact
2 o =001 a © =001
§ 1 ﬁ] £=0.005 s 1 €=0.005
] P O e=0.001 ¥ R O e=0.001
E 08 @éf’% E 08 N
H S ! H
g ;0 %Q i 5 .
= g 2 3
g 04 g %5, g 04 °°°
1 § ! 1 £
§ 02 j %e § 02 3
®
& > ¥
£ cfemgmis g R
) 02 04 06 08 1 2% 02 04 06 08 1
x X
(a) a=0.2 (b) =109

B 6 fl 2 78 O-N ST, 78 a =0.2,0.9 FXT & = 0.01,0.005,0.001 f¥EHifE f(x)
& Landweber T f™°(z) fHE:

1

é & E 08
g g
= 06
£ o z
3 E
a H 04
B E o3
g g%
5§ § !
5 g 0
E ]
02
: !
£ -0 F -04
08
X X

(a) =0.2 (b) a=0.9
B 7 %24 BD #ER#BAT, 7 a=020.9 F4T = 0.01,0.005,0.001 f¥EHE f(z)
SFHEY Landveber TR S7H () f b
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The exact solution f{x) and Its approximations

"o 0.2 04
x

0.6 08 1

(a) a=0.2

The exact solution f(x) and Its approximations

0.2

04 0.6
x

(b) =10.9

538 Landweber \EJI# f™°(x) i LB

08 1

B8 27 C-NZBUER T, 7€ a =0.2,0.9 TXT e =0.01,0.005,0.001 {¥&HM#H fz)

®4 MNTAEN o 7 ¢, §] 2 MEHRESENRZ BHEXHERIRE

fo" a=02 a=03 a=0.9
Landweber BD 0.0243 0.0128 0.0088
e =0.01 C-N 0.1039 0.0864 0.0747
418%r Landweber BD 0.0208 0.0106 0.0075
C-N 0.0931 0.0705 0.0628
Landweber BD 0.0155 0.0116 0.0076
n(f) €=0.005 C-N 0.0838 0.0725 0.0634
% Landweber BD  0.0191 0.0103 0.0063
C-N 0.0786 0.0596 0.0413
Landweher BD 0.0033 0.0019 8.6476e-04
e = 0.001 C-N 0.0589 0.0362 0.0295
% Landweber BD  0.0021 0.0011  6.5483e-04
C-N 0.0412 0.0268 0.0105
E£b5 MWTHEN o # & §l 2 WHERBESENRZEBHERRE
o a=02 a=05 a=09
Landweber BD 22348 6987 29
e =0.01 C-N 3717 5816 7425
%% Landweber BD 16534 3768 19
C-N 2674 4168 6123
Landweber BD 34258 12368 33
EREE (m) £=0.005 C-N 6670 8126 11198
43809 Landweber  BD 22369 6879 26
C-N 4396 6021 8934
Landweber BD 79463 39654 41
e =0.001 C-N 15285 86956 131965
%% Landweber BD 54986 21685 33
G:N) 13210 69663 133824
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K6 MTAEH o M ¢, §] 2 (RHESIENEZEE CPU Ki§

a a=02 a=05 a=09
Landweber BD 446.96 139.74 0.58
e=0.01 C-N 74.34 116.32 148.50

%% Landweber BD  330.68 75.36 0.38
C-N 53.48 83.36 122.46

Landweber BD  685.16 247.36 0.66

CPU & (unit: 8) &= 0.005 C-N 133.4 162.52  223.96
3% B Landweber BD  447.38 137.58 0.52

C-N 8792 120.42 178.68

Landweber BD 1589.26 793.08 0.82

€ = 0.001 C-N 305.70 1739.12 2639.3
3% Landweber BD  1099.72  433.70 0.66

C-N 26420 1393.26 2276.48

74 BRTH 275 BD fil C-N BRERERXT, T ARFEM e = 0.01,0.005,0.001 Fi
a = 0.2,0.5,0.9, Landweber #&CIE W4k /72 f1 53 8L Landweber 75 fCIE WA 7512 B4 ot
HIENf# RIEFE X AR ER NE. R 5 BT #l 2 7£ BD A1 C-N BFhEAER
T, *FRFEH e =0.01,0.005,0.001 fl o =0.2,0.5,0.9, Landweber 3{CIE M4k 753k M1 5%
B Landweber %% 11 AL 77 34 FORE B -5 I M 2 RIS ARIR B k. 3% 6 R T 4
2 X T A e = 0.01,0.005,0.001 fil @ = 0.2,0.5,0.9, Landweber 1518 1F NIk 77151 20 B By
Landweber 358 1ENIL 7K 4% 5 IE N A% = [R1HY CPU 247 (A1 LK.

3R 4-6 W[LEH, 7€ BD il C-N #EHEXT, FieZ Landweber 75 (CIE NIk 710
=SB Landweber EARIENAL T, XTI ITRIRZE n(f) HE o MR/, BEE
B/ NTTRUN. X F CPU BYE], 76 BD AT, SME o WKL, HE e B9
AR, H2 C-N ERBEREE o W ATEK, WE e BEUVMNTER. K003, 3+
BB E m, BD BEAKAFEE o BWHEATID, FEE e (PR, HAE C-N ZEHAKK
T, WEE o WK A, FEE e MBU/MNTER. oL, TLRBHAMEITRIRE n(f) . &
REE m, & CPU BffE, 4% Landweber #EACIE NIk A1k i 1548 45 /v T Landweber
FEACIE AL 7 B A 45 .

12 14
— Bxact — Exact
© =001 O e0.01

€=0.005
O &=0.001

N

€=0.005
O e=0.001

<4
»

e
o
=3
@

e
=
o
@

o
N

The exact solution f{x) and Its approximations
o
S

The exact solution f{x) and Its approximations

2
o
N

&
o~

02 04 06 (X1 1 02 04 06 [

(a) =10.2 (b) a=0.9
9 4137 BD ERBEAT, % a=02,09 FXIT e=0.01,0.005 0001 FHE f(z)
£ Dandwebir aEME 7 P16 iy s
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The exact solution f(x) and Its approximations

-]

5
o~

0.2 04 0.6 0.8
x

(a) a=0.2

‘The exact solution f(x} and Its approximations

g
o
& t
o
00| o
g
o ﬁ’{pﬁw :

— Exact
o =001

£=0.005
O  e=0.001

02

04 0.6 08 1
x

(b) =10.9

10 43 4 C-N ZRBEXT, & a=0.209 FXTF e=0.01,0.005,0.001 FkHE f(c)
5 Landweber TENIE f™°(z) L4

N

e
@

ted e =4
o b > o

The exact solution f(x) and Its approximations
w
&

& & b
2

o
o

02 04 06 o8

(a) a=0.2

‘The exact solution f{x) and Its approximations

12

1

08

(b) & =0.9

B 11 £ 3 £ BD #{UEXF, 7€ a = 0.2,0.9 FXF e = 0.01,0.005,0.001 [#¥&H f(z)
538 Landweber \EJI# f™°(x) i L8

The exact solution f(x) and Its approximations

x

(a) =10.2

K 910 pAlRAT #l 3 1 o =

The exact solution f{x) and lts approximations

12

1

08

(b) a=0.9
12 f] 3 #F C-N #HRBAT, % a=0.2,09 FHT =0.01,0.005,0.001 {HEFH f)
543%¥r Landweber IENIf# f™°(z) 1 HEL

0.2,0.9 FAFLL T, M TAFEMAHIIREKF ¢ =

0.01,0.005,0.001 {J¥EHM% f(z) 1 Landweber 3EfCENIE f™°(z) 7€ BD f1 C-N Bifhikft
BRTHE. B 11-12 3 5IRR Tl 3 7 o = 0.2,0.9 WIHHR T, X TARFHAIRZEK
- & = 0.01,0.005,0.001 (AEHRME f(x) FI4EF Landweber 3L 1F Nf# F™%(x) 7£ BD fl

CHN) BRI AT i e
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KT HTAREH o 7 e, §I 3 WHHESENRZ BB HFREE

o a=02 a=05 a=109
Landweber BD 0.0287 0.0196 0.0100
e =10.01 C-N 0.1867 0.2375 0.2735

%fr Landweber BD  0.0234  0.0165 0.0008
C-N 0.1529 0.2143 0.2568

Landweber BD 0.0176 0.0102  0.0050
n(f) e=0.005 C-N 01679 02139  0.2228
/Y% Landweber BD  0.0153  0.0088  0.0016

C-N 01428 0.1796  0.1928

Landweber BD 0.0068 0.0036 0.0010

e = 0.001 C-N 0.0924 0.1428 0.1522
¥fr Landweber BD  0.0053  0.0018  2.5638e-04

C-N 0.0723  0.1256 0.1347

®8 MTAEM o $0 ¢, §] 3 MAEHESIENREZ BERKREK

« a=02 ao=05 a=09
Landweber BD 47906 21398 29

€ =10.01 C-N 4837 8878 19844
4y ¥¥r Landweber BD 31695 10321 18

C-N 2968 5367 16482

Landweber BD 74840 46709 33
EEE (m) e =0.005 C-N 10244 168704 52632
88 Landweber BD 62390 300987 28

C-N 7688 11326 40986

Landweber BD 121803 76895 42
e = 0.001 C-N 238323 638825 788528
88 Landweber BD 98465 54326 37

C-N 196524 419168 568238

x99 MTAEH o M ¢, §] 3 MIRHESIENE2EE CPU Ki§

o a=02 a=05 a=1079
Landweber BD  958.12 427.96 0.58

e =0.01 C-N 96.74 177.56 396.88
578 Landweber BD  639.30 206.42 0.36

C-N  59.36 107.34 329.64

Landweber BD 1496.80 934.18 0.66
CPU Hitja] (unit: s) e =0.005 C-N 204.88 3374.08 1052.64
%% Landweber BD  1247.80 619.74 0.56

C-N 153.76 226.52 819.72

Landweber BD 2436.06 1537.90 0.84

e = 0.001 C-N 4766.46 12776.50 15770.56
%% Landweber BD  1969.30  1086.52 0.74

G:INN e 3930.48. A 18383136 rest1364.76
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FT7TEARTH 37 BD fl C-N FAZEMAEAT, X FARM e = 0.01,0.005,0.001 I
a = 0.2,0.5,0.9, Landweber iEfCIERIAL 7 IEA 2808 Landweber 35 IE MIAL 7775 RS 18
5 IE N R 2 R RAR T E F IR Z T . % 8 WR T4 3 7£ BD f1 C-N WiffiE LR
T, M FAFEE e = 0.01,0.005,0.001 f o = 0.2,0.5,0.9, Landweber 3% {L1E N4k 7 5514
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Fractional Landweber Iterative Regularization Method to Identify
Source Term for the Rayleigh-Stokes Equation

Yang Fan Wang Qianchao Li Xiaoxiao
(School of Science, Lanzhou University of Technology, Lanzhou 730050)

Abstract: In this paper, the inverse problem of identifying the unknown sources for the
Rayleigh-Stokes equation with a Riemann-Liouville fractional derivative in time is considered.
We prove that such a problem is ill-posed and apply the fractional Landweber method to solve
this inverse problem. Based on the results of conditional stability, under the priori and poste-
riori regularization parameters choice rules, the error estimates between the exact solution and
the regularization solution are given respectively. Finally, several numerical examples are given
to illustrate the effectiveness and feasibility of these methods.

Key words: Rayleigh-Stokes equation; Inverse problem; Identifying unknown source problem;
Fractional Landweber iterative regularization method.
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