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1 FULC®HIC

IR D TS FR BB 2 B0 & S W RE LG R, RN OTERYE QLR ERN DY)
HOBE TR ZIHBHLOFIHET VL UTHN, BFEFHEZHL TV [1]. ZELHAGER
DEAERETFIEIE, FEBBEEMS OBV E M S FIERFEMEEIN TV S [2].

EARfREDARIE IR AR OBEMIED O L DT, BHAEGFEATH S Laplace HfERE KO
Helmholtz HREAICE W TEMEELRBEMR 2 52 5 FEE LTHIONT WS [3]. Bl TIRILES
RO &SRR R Z ik 4 5 AR T 2MEETONDDH 20, FHAMIZ X 2EEZ W
% DIFZEMPEFLIZET 2 A DA TH Y, BEEFEIZOWTIRENEEZAVWEZEDORETHL. I
D& D AR T, EF T EE IO R U R AT AR 2 R I ER A 2 THA
R BURE A L, ZOMWE 2 BUAFEIZ X D FNRT 4], TOME, RHEZIATR WG ICIE
RKERMEZLRNEDD, M UEZBIZHEWALZENZEC 2 ehibhr otz T OBEIIH RN
AR RE R BIR TH 2720, RO 72 DI IZR B ALIC OW T S D TRV MRE LR 5.
Z I CEZHILRENER D720, KEIZDOWTIXEENERZT0T, BARAARS % Lubich 12
& > THZE X 17z Covolution Quadrature Method (BAF, CQM)[5] (2 & b WEET 2 Tk % Mat L 7-.

RBEHTIEFEOTA T 7L, REERLOBICHE L 22 HMN A0 MEME L LT, %
#4333\ (Backward Differentiation Formula, AN BDF) # & U2/ Runge-Kutta %% #H U 72554
g A AERIZDOWTRT.

2 EFRFBELUXICNT 5 CQM DER
Q CR? 250705 0Q %23 DH D SR LI L § 5. AFHTIE QI2B 1) 5 RFHLEK
FARRZBWT, WIHEE YT & U 79 -5 5

8u(t, x) = Au(t, x), t,x) € (0, T)x Q, (1)
u(0,x) = 0, xeQ, )
u(t, x) = £(t,%), (t,x) € (0,T) X 6, 3)

EFZ, TOM ut,x) &HERMBEUMIEIZ L ORDZFIRIIOVWTEET LS. ZZTT >0 IFEHK
THY, feC0,T] x0Q) NC0,T) xdQ), f(0,x) =0 ZifE=THD LT 5. KIS 20K
Bald0<a<l 29 ERTHY, a=1DGGITREDIINE,0< o<1 ODEGEITREILRE
T mb, IFEHES 07 1% Caputo DFEKTHEZ 5.

ARGHEE C O 2 BRI AU C I M - RSB RTE (1)-(3) DI URDREIZ B W T, ZEEIZD
WTIREHE DL THEEL L, BRI DO WTIREARAAEO DO, THhDLME u(t,x) %

M f
Utx) =y fo gn(T) G(t, %5 7, yu)d, )
m=1
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TEHBINDZEB U, x) TEMT S, 22T, MIZIEOBETHY, G, x; 1,y) 15N (1) D3
A fie

(a.)

(t—7)! 20| |x _.)’|2
H* , 1>,
G(t,x; 1,y) = mlx -yl V2|4t -1) (LDLD) %)
0, t<s,

Y ERA\Qm =1,2,--- M IZERADYE B HEAMRDOEM LR EDME, gu-) 1F55 y, (CHR
AP WIEAMOELORMZ(, H) X Fox ® HEEERT. X @) BN BHAALHN %
Laplace Z#1 % HHWCTEKT 5 &

M
1 (1 "
U(r,x)zz_’f% fr ﬁKo(\/s_“lx— Yul) fo e"""0q,, (1) drds, (6)

5. ZZTI ={z[Rez=c} C C(cFMEYREDEEL) 1Z1¥ Laplace ZHIZH WSS TH D,
Ko() 1% 0 ¥R 2 FA Y Bessel B TH 5.
K (6) D () ITBT 2R IE, HHS SRR OWERE

d
d—f(t) = sy() + gm(n,  ¥(0) =0, (N

DIRETH B Z 25, Lubich ® CQM DT 1 77 2 AW THE(L T2 Z &3 TE 5 [5]. A#EETIL,
CQM iz B 5 #ft#ft. & LT, BDF & & U'f2# Runge-Kutta 5DV & D TH % 2 Bt 3 XD Randau
A EZ2HWZEGEIZOWT, BIEEBREZIT - MR ZDOMITDOVWTRT [6].
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1 FC®IC

TARMEEYICN S 2 BERIFERELZE Z 256, INKEHSIhATWEay 2V — MROE
R ETHS. a7 ) — MIEIEMBTH 2720, ZONEZ Rk T 2 M o 228135
AR R L THEMETH 5. RIJETIE, KENEIRO 70 O ERRNZMEERHEE Z HIVE L,
Self-Consistent Method [1] (SCM) 12 X 2 M EEBHEE21TS. SCM O —DTH % Effective Field
Method T3 77Uz BRI U TR RIER D A% KD 2 ERICTH 2 78, MEEEEGEHE O E R
fLZEBIET 5. £/, SCM TREL 2R 2MTEWNC X 2 IREIRELTICIRE R EREZHWS. KK
3 Ko ENG B 2 2B D 08, HIEIRET L LT 2 KoTHsMREIEZ 5% S .

2 BRWRFE
H%:'FEﬁ?F: % e_th 35 H# FEIEJEEJ*D tﬁﬁ/ﬂ‘{ﬁ Incident Dy Transmitted

BBEELD. TIT, DEEHEA, 0 P e L ovave
B, t BEAITH S, ® 1 ICRT & ; O S <:>’
502, 2 JRTME R AR i S B o0 (e B ; %

DT = U, D, C R? BEEL, FHIEEA a
BELT 2B R E X 5. NMEWOINRERE ,;(:)

DI =R2\UZ, D, & L, SMEREIBIIR T '

O O=
8 Dy, Z0fthdtER Doy T D! = Dy, UDy i 6
rEING. CCT, s BEARRT. 7, § . <:>i

: L :

n BEONEN D, LABHEROBERE 5,
Dy, ¥ Dy, O %E S, &3 5. L

W DY, DU b b IS RS b WSROI 5 5 FIROME
By, EOEN u I B KRSERIERCH S,

pl V2 (x) + p! I wu(x) = 0 for x € D'UD (1)
I, p 3B, p 3MEEMERE, ENET e I zheh DI, DI CHibds e 2Ry, i
FS, TIIEN e RE OGN 2 RET % &, R Dy POROESRFIIRATRINS.

u(@) =)+ S /S (U7 (@ 9)a(y) - Q' (@, y)uly))} dS(y)

n:NL+1

u* ()

N
=3 [ U@y - Q'@ yuw)}asy)  frzeD, @
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ZZT, q(=upn-Vu)lZRHET], niTERZ by, U b Q 3EN L RESDHEAM, N X Dy,
WKHEETA2NMEWORTH 5. Tz, v FARDODAFETH D, o IZFFER Dy B % AFH
HTH%. SCM T, v* ZEHNZHEVER TR SN2 HREARM ST 20 A2 L, RIKES u b
u PRI 2 ERCTHOE AN 2 EET 5.
HEACTIERO BT HEHMEAROIE TR ERT 5.

C§5UT11(33) + 2025“?12(“’) + 024"“?22(517) + prwiu’ (x) =0 3)
T ZT, e, 13ZERIMIT, C;; 1% Voigt ERDHMEER, b « ZEHRNLMEERICHINT 2 Z &
PRI, FEHCuw & vt e L TWS Z e Difiicik, 1) u*, X 3) I u ZHENT TR
Dy u (UiVL D,) iZbicoTHES LAERXDEZH WS, Gauss DFEBEHTHWTEM T, 20D
KOEBFRD XS cRIN B,

g {a"(@)u(x) — g(x)u’(x)} dS(x) = 4€ (e(x), € (2), ;) — w’U (u* (@), u(z),p")  (4)

I, BME, U ORESREOBE LERT 2. 1, e 30TAH, ¢ RAROREITH 5.
¢"(x) = na(x) { C55uy (2) + Clsuz(@) } + no(@) {Clsuly (@) + Clyuy(a) §

L, u, ¢ BRX Q) 2HMET 325G, HEM 2] 26X @) Eliztneind. 20z, X 4)
Elnruariznd e HoEEHSRFr LTHWS.
BIEET T & - CEBNBMEER C, Ck, Ck, p* XD BFIBELUTTH 5. &5, L
% (n) BREGED n 27 v THEERT 5.
n g o, i, e, p O w#ET 5.
D n=1355.
3) MpRbEsoe CcpY, oY e | pntn=) v 3 L (3) 20 & K wi(), e
R 5.
4) R Q) KHIET 2RO HREAEME, ¥R D, hOZH u™ v UFH ™ kD 3.
5) ZfL e 0FAE u™, w5 v 3z 48 — WU =01 koT, CEM, Cr™,
crlm | ) 3k 3,
6) Mk Ci™, o™, e | i) iR T v FOMY L CIEEERTTS . IGRL
72356, REFTBEEZKRT TS, IWELTWAEWES, n=n+12LTRATy 73 IRS.

EROREFHRETKRD Cfy, Cis, Cis, p* 226, BREBHEEZEET 5.
3 &bDHIC

ARGTIX, SCM Z W7 IREIEIC N 3 2 B THROME Z B U 72, BUEMTEIR & Z D
I OVWTIEYHIRE T 5.
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1 BE

FERHIBE DR RS 2 W O W TS EATE D . BEREO D D L OiER
EMRIHINTNS, L L, IFBEEEORMD AR T 2 BABRRIT OV T R 72K
L IADEZAD D, RBHTIE, TEXILE D LOD 2 ZLEBAEZ RN 2KOH D7 F ORI IERE
BEEDOWaHBNS Z L ZHAT 2, IFBBREOBRILETERICEH L. 203 2 Y8
MBI E 52 2 00, AEHEOHWTDH %,

2 ESExHEN

RD & 5 BEEHEEREEZ D0 Opap = 0 DHE. ZOHERE, 10cm BREOMHHEMOA
BRI EFED T, ML —F = R25TFEKCEETRT I 7 LEBROBD, 77T Ok D XA HE
RTHZZebhroTW0d (1, 2,

%w@$ﬂ+&m+%+vmm¢m&0=0i/p@§W@3%ﬁﬁ

AVl ON
Pote,8.0) = (g1 + (vo )9 ) 0(r.8.0) )
Y(r, 8, O) = a(r,8) (3)

ZZT. WHEH D opap 1F. KFPTEIEFE DILICHIEI N2 EEVERT, Ml X0 T
B 7 > 0 SF58E L7254, HEREE w(r) TR LH S B OZLERAF 2R T,
—H. B I 2L —>a itk b, [TEIEF VYD 2 HEIE. FH R w(t) &
w(t) ~ t~ ) (4)
DK BARFWRFHERLRT ZEBHHNTVS [3, 4],
3 KREBRRAT—ILTOEE
HRAKICIRE L » TR ZTERE ORI 7 L FEBRED DT o L KERZAT — L TOWETH
5, FHE. ZOXSBKRERRT =T, LOEHNImXTEXDBIIRD TR DM & i —2
TH5Zehbbhol,
Owu(r,t) +nofu(r,t) — DoAu(r,t) + c - Vu(r,t) + oqu(r,t) = S(r,t), (5)
7272 L.
n=mn(a) = Ouap7® (6)
20D BROMAS—HT 5 L1E. [ d(r,8,6)ds & u(r,t) PHHERNICTHELL R L w5 EKT
H%,
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4 F®

FEREHURE DRERI ) & R R RN FER AR I N TE LD, 2D &5 BRI
XN HRBHRIIFEETDH D, PO 1/2 BEOWMDITRE IR TV, SN, BB
S 25 E OEED LI TER 725, IEBEFSOM D R EZH SIS L,

71T AEBIZOWTIE, #ERE S VX LY =212 X D ERMEREZMARETE 2 Z e ohn
TW3 [5l, LAL, EBEEROEREOIR2 0D Y OREEEGRE S > X467+ — 27 THETE
2DV TUTFAR STV, EHRR Z > X 47 + — 27 ORI OIR 2 FCITHHE NS, R
IERFPE DILBT IR DIRIC AR 223, SRIOMIIC LD, &7 L FEBERORFFHOIR 2 E DT 1+ o B
DILBAERICKRL I NS Z e 75 h o Tz,
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1 #BE

WA, FERILEUR ¥ OB E iR T 2 R SRR L O R O AR R X, BEEE S 20
MIE BUERNT D BAWCRELTE . —7, ZOMERIIT 2MRIEELDRL, FoEiEaD
LraFIERE e MR e SIS TV,

AL [1] WD E, DIT O 2 FEOIFRHPSILECR O WA - SR ERTEZ R D %S -

K
o (k) : o
0; (uk — Uy ) — div(Ag(x)Vuyg) + g cre(x)ug =0 in Q x (0,7), k=1 K (1)

=1
up =0 on 00 x (0,T),
o (u —up) — div(A(x)Vu) + C(x)u=0 in Q x (0,7), @)
u=0 on 90 x (0,T).

72721, QCR? (d e N)IZES2EER 0O 2 2RHER, o€ (0,1),T >0,K € NIZEHK
ThHY, 0 : Hy(0,T) — L*(0,7) 1% [2] TEFRI N o BRI ZRT. (1) cBVT, &
A, € CH; R % Q BT O —REIEEME, (cre) € L°(QREXK) 2 Q THFIEEEME Y L,
uS RS kY we OFIBIMEE R T, (2) IKBWT, A € ORIy % Q) FCREESME
TN AR T VL, C e Lo R % Q THEIEEEME L, uo = (u), ..., ul)T
Fu=(ur,...,ug)T OFMBIEZERT. XoT, (1) ZFEER, (2) FREERTH 2, BETE
K=d RS2, £/, 9RERICET2ETHE 3] 22D, (1)-(2) 3 BITITXNTORMD
DAL o ZHET 5 LIRET 5.

AR T 2 REMBWHED—>r LT, A#BHIUTOMER2EZET 3.

IR 1 (FrEm ). wid (1) H20IE (2) i3 L &, u ORKIL t = T 2B 2 8Hl
7 — X W THIIE up ZTREE &

R A = MO RETMEE T RIS X > TFERIT, flZREER (o =1) OBEIEHD
T, WEAER (o =2) DHBARREBRVIERASLATVWS. ac (0,1) e %, HEXD
I EIRE =1 DL T XD EPICHTHN D, FORMMHEMEOREYIED o =1 X b KIE
WK X 5. B EROBEEE [4, 5] REZ L DRATHAEL D 205, RiHEIES FTHLNIMG
RBEMBERETILL, EBI=2—I 02y bV —2 RO BIEREZBNT 5.

2 |EMEDEYIY C EREDREM

ERIE (1)-(2) 20T

o (u—up)+Au=0 in Q x (0,7),
u=0 on 90 x (0,T)
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DEIEHRT 2L, AFEHCHE»OIEEMD 2 BEMAWERZETH 2 2 e 3nhr 5. —ikimc X
D, AZREER {On, on(x)} Zdo0T, BMGEN L FARCHE (3) O#EUIIERE 3.

BE 2. uc (L2Q)K 2L, (3)IXkE—20Mu e L0, T; (H2(Q) N HL(Q)F) BTFEL,

u(-, 1) =Y Bai(=Ant®) (o, @n)en,  [[u(-,t)lla20) < Clluol| 2oyt
n=1
DI DNLD. 727U, Eqq & (-, ) &2z Mittag-Leffler ¥ 2 (L%(Q))K oWNfEE &KL,
C>0Fa,QAKETZERTH 3.

TR oOEERER WS &, HE 1 0O—EM S X O Lipschitz ZEMEIFES ITHES .

FE 3. LEOT > 0L up € (HAQ) N HY(Q)K ekt L, #7—20 ug € (L2(Q)K 2T7eE
L, uo Z¥IHAMEICDD (3) D u ik u(-,T) = ur Ziid. 61 o, VAT IKEFT 5 EH
Cr>0 ﬁ’ﬁﬁb, ||u0||L2(Q) < CTHUTHHQ(Q) i AIRVASH

3 Za—JIlxy bT—UIC&BBIEBIER
2 L EDBE, —Ricid A DBEIESR {(\, ¢n)} DEKBIEETRVOT, EEMICHESH
MERGEIIEZ . 20729, M1 2 AN-HIBR ur = Kug & A% L, Tikhonov IER{E%Z H
WTHHAMEZE wo ~ (K*K +el) 'K*ur £ LTHRZ, F% (KK +el) 1K 23 LFF ¥ 21D
—a—IN%y FU—=7TiEMT 5. FEAE LT
of(u—wup) —Aut+u—v=0
Of(v—vy)—LAv—u+v=0
u=v=0 on 99 x (0,7)

in Q x (0,7),

X, BRIZOTd = 1,2 DEEICN L TBIERIE 21TV, —a—J b3y N —7 OEMEZ M
FEL7=.

SiEE AW, REEMIRESS GRERS 22K13954, 23KK0049) OB ZEZIT TN 5.
BE N
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