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Wixt)=%(x1)=0, x€aIQ
X2 QCR (d=1,2,3) RAAR 0Q A REH. £ y(x,1) =mg—mpg &
RAABADTFRZ LW, K mg A2 mg AR o Fo B 455 F X,
F(y)=1(y*—1)> RAH y 695K R RIS o M(y(x,t) REEHSE,
e REFH, ¥ Rf KHRAR R4 &b FH,
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Bl BHFEBRAKRFA: 55b— R FRON IR FAZG A A
KR BERAVERTOGEMEEZ AR, dodhix XipH R, 8% 4%
B REN h, BHA p, BRAENGYTREAAETCEERL
WA R, RECHFTEABKI SHEGRMR, Fidlp 5
—Ah BRI o ABIXIEARE R (VA JEF ), X2V AAEELAS L
B AR, VIARAE AR RS FE R NRE LS —hPVp RIELL,
Frliikeyi@ gy —nPV2ip Bk, REW AT TREEE, AE LR
BT 133

oh

ot
B3R T AR AT RAROYN & H42. £0F Cahn-Hilliard 742, B4
B h=0 RIS IAA R FAZL B E, LR HEA RS LA Rk,

—V-(K*V(Ah)),
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& -1t p 7 aAz

2. By HTAERR GRS

#. A HE:

AR BRIy TAEE, TUEEERKEAL
(23 Bl 7 A2)
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@B R E LT RS ZAREA, T a &M kARl — e
FHEA:
BRIEME o= (o, -, o), EoF oy £IF 7 ¥EE, iz

H % E HiT. ﬁrﬁyﬁéaﬁé’l%/\faZﬁ, st o€zl F=xeRY, E L

la| =04+ + o, |x|:\/x%+~~+x]2v,

al=oy!---oy!, x® =x g

A =1, 2L ZV P&mAF a>B: Fk=1,---,N, o> Bo

X (s HT)

T RE—ANEH L £ F I —ANH RO HFEIAERAET. 3
5 D= F, CHERETHDH v LBE u X T x 91k HE. Pk
Dy= 5 & AT, HHamsHT.
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HMe2FIHF Sty T
0 D=V =(F, -, 5) HMAMEIT.
o MEHK (%) F=(fi.fo,.fv), BINBE

divF = div{fi, fo, -, fv} = 7+ e
8xN

ﬁ?h%/’ﬁ%o J*if"*ﬁ%’l'y/\%ﬁxiﬁ% EHF e HEAR, BV F
o M A= a PR 4 + ﬁ#;l:},nﬁfr (Laplace) #-1
o mELHH (%) 17“—(P(x,y,z),Q(x,y72)7R(x,y,Z)), fre &5

dy dz dz dx'dx dy

B F 895 (ith curlF)o 25T T AR mth B 5T 34 % 94 L
FeA, BP VFE
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T@ T
_ 92 9. 9
Cox2 dx +x8y
L RARRFT o

Ko RETHRE, Bm=|al, 313 m Ke9thmn i

pe—perpey 9
! N ol oxy

Blde (1) a=(a,), £+ |af=2 % |a|=3.
(2) a=(ou,m,03), £F |a| =2 F= o] =3,
R g 6 i i H T a9 K
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KFBE

ML, T
o F— MMy EF L #HE
(1) F# c TARE AL T899 E

Licu] = cL[u].
(2) 1B Bs> 551k 42 P/ B B8 fn b 5 T 546 A 3 b2 Ao
Lju + ] = L] + Lus].
s (1) #2 (2) 12
Licyur +cauz] = ¢1Lfu] + e2Lfua),

X ¢ Aoy RETHE, WAZAMaMHT A XERELH T
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W & o ST AF A K ey R BT X 8 T AR AR A R R B T
A2, BRAA 4T X

Y au(x)D%u= f(x),

o] <m
Bp AL % F ok do b A 2 B Tl S AR B K E ag(x) (Jaf <m) Ao f
RIS B 0 AR B, f(x) FAEFRAKD G 2o
FEFATA =0, MAREHFREMA D FAL. T AR K TR B A S
AL,
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F o, BB AR BRI S A
(1) 4o B —ANMBRA F A28 R & 1o FHAR B, T A sy o T
GO AR 5 T R AR B RS, Bp BAT 4 T K

Z ag(x)D%u+ag(D™ 'u,- - ,Du,u,x) = 0,

|otj=m
W ARG Ay F By A2, X2 ag(D™ 'u,--- ,Du,u,x) 2 AEXEUAR
A dm By HAG AR F 2T B 2.

(2) R Mo T ERXT A H RO RSN hFREIEY, JFHZHMK
MTFEEZ x=(x1, - ,0n)s KB RAC IR RFHA, BPEA T
X

Z ag(D" 'u,- - Du,u,x)D%u+ ag(D™ 'u,- - ,Du,u,x) =0,
|ot|=m

W AR E A DA AR 77 A2
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(3) R —MaMy HTAEXTCHRS N FHAIFZMG, NEKCHT
43 KA D T AL
A EAVE A B AL 6 I

RX (lmths 7 A240)
5 4m

3
3
\

F(D"u(x),D"™ 'u(x), -, Du(x),u(x),x) =0, xeQ
A m BlayAAER, X2

F o REN" 5 RKN™™' o L REN « RK « @ — RK

RLERGE u: Q- R, u= (', - uf) RAIE,
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X (la#a 742 (4) ¥h#)

— MR AR (42) 5 e 3 80 B SR K AMB R
£ () B, e

(@08 @ e 8d N )
aanv ’8)(%, 38x17 7axN,7uax17 XN | =

A m Fﬁ'fﬁ]fﬁiéy\ﬁﬁio XE x= (xl,xz,m ,XN) €ceQ HN > 1o ‘ﬁﬂ%i‘fﬁﬁ;ﬁ—éﬁ
x€Q, K u et hFRHELF X (x), REMBHE u=u(x) £ () £ Q
LR R |
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20

o KM T AL
(1) ko7
Upr — Au=0.

(2) —Ai Az

N N
ii .
U — E a juxl.xj —+ E bluxi = 0
i,j i

(3) Mt 7 (Vi)

(8) {24742
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20

o FEMAMATAL (f(u) #0)

(1) ¥4 Poisson 7 #2

(2) F&HHARTHAE

(3) &bk 7 A

BE (AR EHERFER)

~Au= f(u).
U —Au= f(u).
U — Au = f(u).

A A2 Fr ik AR

2025 %7 A4 288



o MK MARIKL AL
P-Laplacian 742

div(|Vu[P~2Vu) =0,

. Du
(G ioume) =
o RAAFKMLTAL
det(D*u) = f.
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20

o P& M TALA
(1) A TJEA5P IR Navier-Stokes 742

ou—Au+u-Vu+Vp=f,
divu = 0.

£ (x,))ERIX(0,T), T R—ANEWARE, f AP LBLER £
HEIE. ulx,t) F2 p=px,t) EFARTERRE (x,t) oG KInik fFo
JE3%)
(2) *T/EAEM A Navier-Stokes 7 #2
{ %‘,)eriv(pu) =0,
% | div(pu@u) + Vp(p) = pAu+ (A + p)V(diva) + pf.
X2 p(p)=ap’, a 7% %K.
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T2 77 AL &) R AR 1P AL

R (s 7 A2 69 R %P 2

— AR, WA SR AR S RAR A R BEA, —Mar A2
R 5 ¢ AR L 9 R 2R — A R AR

— A AT LA

(1) Cauchy FIERXMERM: AXB Q FL s 742, £ Q8%
AT 4T Ko R F R0 69 F 289 N E G e i

(2) HAEFH: ARH Q 4 7By 7, BiAR IQ L7 Ak
BRECHFHOENELHAR 50,

(3) RAFA (WERA): ERXM Q LA mmsy 742, HLEk
Foly R R 09 FH 8 A E B WA A T KA
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BB T AL o) R E) A

1. Reh ARG EBFIA: 723k F 42
2 2
%% 232 flx,1),0<x<1,t>0. (2.9)
— M 7% & A9 IR B K DLITAR R T #0450t 2 5% X 09 K S Ae 18 372 & A 35 BT 3109
ARG, B, AT S —NEAREIZIRS)
B IR E C A R R A R
MR L S EAMBITR =0 {5tk E

, BRT P R T AL eASh

(2.10)
w(6,0) = y(x) (0<x<1).
X ox), y(x) A LFhHE,

®E (AR FERFEMFFR)

A A2 Fr ik AR
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BB T AL o) R E) A

AREM,: — LR A
o Cimak Az AL AN A &9 T AL, BP

u(0,1) = g1(1),u(l;1) = g2(1) (£ > 0) (2.11)

AL g1(1)=g2(t) =0 B, HRAZEXEA BRI,
o Linfeif BT £ A TIREMINAER. BB XELTFEREMNIAA

. du
Tosinoe = Totano = Ty | — ,
dx x=a

Tosin = Tytan B To(gu) )
X/ x=b

EREEEANE A

-~

0
*Toafgx:o:gl(f),

)

- (2.12)
TO$|x=l = 25(t).
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BB T AL o) R E) A

Y g1(t) =g20t) =00, HRIZEXEA B BRK, XAFHHEL
89 & B A KFA,
o Lihasn RAYALAL HET L I AE B 6g— /NS

d
_Tal|x:0 +aqu(0,1) = g1 (1),
X
(2.13)
T% + ou(l,t) = g (1)
ax x=I 2 1) =82 )

REt>0,04>0,i=1,2., HAL g1(t) =g2(t) =0 B, RT5Z69M35E

REREIAL, o (i=1,2) A&7 LAY R K.

AR (0<x<1,t>0) LdFz42 (2.9), #1454 (2.10) ARAR
KAF (2.11)-(2.13) F ) 69 4L & — AR Y & AR )RR AR Y SE R B HAREY R
A A

FERHR (—o0 < x < o010 >0) £, FFHALAAUAE FAF 40K 89 R 19 A

AR ) 53R B AL B AV{E 1A AR (& Cauchy 15 4),

®E (AR FERFEMFFR) B H AT kR 2025 %7 A4 288 56 / 89



A% 3 7 AL 0 R 1) A

2. #tEF (F#) ZTHEGZB/EAE: "EFH4
du

E—azAu:f,

HF az—p"C, f=0, AR=4% Laplace 55, % f>0 HATHRR; %

f<OMRFRIC, AT RRATHIRNIEED>H, KL F ZHal ik
P 3R B A 4E B R A A BGR R e R % B8 B B AR A # k. Andh A Ak

u(x,y,z,0) = o(x,y,2), (x,y,2) € Q.

BAREH: —MLRAZL

ulg=gxyz1), TZ=0Qx[0,c).
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A% 3 7 AL 0 R 1) A

TR Y g AN, RApRegL RxFER,
o LAl 0Q B #H=E
K% lr=g(x,.2,1),
HP v AhH QLIS ERE, g>0 A TRAN, ¢<0 kATiRd. &5
L o=08, RTdhtkak,
o LB 0Q b5 FEAR A K

k2% s ao(g0 )
52—050(5'0 u)ls,

3

d
(5o +au) |s= glx,3.2,0),

XY g RTABNRBE, o RTAREEK, a=2>0
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Laplace #2692 f# =] &

3. Laplace ZA28G 2 RS : A7 & &AL 5T T AAIP) A Ao An i
{RLI5) AR, 3X 2k 5] R BRAR B 8] 2 AR B T B ) K 2, é,ﬁ]lﬁé/@%iﬂﬁw
ﬂ@i%ﬁ FHAEH Ko IAERMKIELTALE A, ERFAHR,

AL R A A F R AN, EFCHL NSRS 757&7?95%
BT EHILAR, EAFEA G AR, AR R F ] A&
iR, SHRAE RS HAER K, T A RA AL R L) AR T AR
HE T BT RS B OGS IR RS

—a*Au= f(x1,x3, XN )-

# A Poisson 742, f=0 B#A Laplace 77 #2. Laplace 7 AZ8YE fiE |5 # F ,
AFFAT £
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Laplace #2692 f# =] &

o B—RYMERA (KA 2E (Dirichlet) FIA): FHR—AF3 u(x),
x=(x1,x0, - ,xy), REARB QCRY LRAMY, FHAELR
0Q Lt u=0¢(x), £+ ox) RZLAKXE Q é’aij% 0Q Lb#y—

ANERIESEHK. Q X—AAEGHTAHE (B) LFahd (4
%) 90 # MR H, B

—Au= f(x), xeQ,
u(x) = o(x), x € Q.
o F_RKYMEFA (%17 % (Nuamann) [#]A2)

_x:(xl,_xz,...

: FRABE u(x),
), EEAERKR QCRY ERIFAG, EAF Lk
A Nuamann &4

du
W =i (P(x)v

®E (AR FERFEMFFR)

A A2 Fr ik AR
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Laplace #2692 f# =] &

PP 9] R Ay

9ux) — g(x), x € IQ.
X2 vAAR IQ ﬁﬁi&ﬁhého Fletis R A AW &4 (B2 HH2?)

/tm(p(s)dS—l—/ng(x)dx:O.

o BZARMMMA (% (Rubin) DM : FR—ABHK ux),

{ —Au= f(x), x€Q,

x:(xl,xg,--, ) ﬁzﬁ/&l:ﬁ(‘QCRN LR PFEY, EAR 0Q E#HZ
2 b= o),
Sk h(x) Fo @(x) RAR LS DK, BFRAFAA
Au;f ), x€Q,
+I3u— (x), x € 9Q.
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Laplace #2692 f# =] &

o PORHERM: FHE —NBE ux),x= (x1,x2,--,xn), LHEK
W QCRY LRIAF, EAR 0Q 89TE A4 B £ A 6y R
Ftho — AN RAX R RGBT 2

du

u=@(x), x € 9dQy, >

= @ (x),x € 9y,

£ 9Q=0Q,Ud.

LR v Ay 2 AL AR AR A R BIRLAE R A, X 5] A G S KRG AR ) A
ANT AR : —ZFTEHGEAFEIM, ARG AELT K
895 =R R IR AL ) A 4G BF oL AR RSN A B K,
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%X (Rl f ALY R 1)

— Mty AL R AR L R K C P ARAERE (well-posed), 423k
T @ = A S AR
1. £C v HLE—AM;

2. MRME—EY;
3. MBI F AR (M. AAEA R ) 69 E AR

#] 1. BiE u(x,y) =y*> +x & R? E4Y Cauchy P14

ox )
u(0,y)=»* (yER)

9 i
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#: du

5= u0)=07+0(0.y) =y
Bl 2. BBAE u(x,y) = x> —y*,u(x,y) = e“siny #fih L FAL
Au =ty +uyy, = 0.
f&: BA
Uy = 2%, Uy =2, Uy=-2y, Uy =—2
FIvA Au=0, Afm u=x*—y> #HZ Au=0,
uy =€e'siny, wu, = e'siny,

— X — 1
Uy = €°cosy, Uy, = —e'siny.

MK u= e siny #H 2 Au= 0,
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# 3. I23E u(x,y) = cos/x2+y? & Cauchy ]

{ PGP =1-0,

u(0,y) = cosy
a4
#: BH
du 2x X
U sinR2 2 = siny/x2 +y2,
Jx vty 224y ) Vo
du 2y Y
2 sinx2 42 =— sin\/x% + y2,
N
I/L(O,y) = COsY.
FIT VA
d d
(5502 +(52)7 =sin? V2432 = 1—cos? /5P 432 = 1 - i,
X y
XA se

F1E o
®E (AR FERFEMFFR) B H AT kR 2025 %7 A4 288
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L O R AR A

Bl 4. GER B u=u(x,y) = <55 sinnx (n € N) & Cauchy 742
U+ IE=0, (xy)eED

u(x,0)=0,  (x,y)€D
GO — s (xy) €D

y n’
aft, XRE D={(xy)+y* <1}, ﬁ‘iﬁ'af]i?lglf”@z‘%fiﬁiéﬁ
PR EHBRIEMETE R neN, u,(x,y) =
Cauchy FJR &9, X n—oo, X x,yeD K x;«éO,y;«éO,|un(x,y)|
w, ¥nooeoft, A6 Cauchy Iﬂﬂﬁ%&nTlﬂ%

“sinnx AL R
o A —

+ a 4 =0,
(x 0) =0,
Ju(x,0
2 — .
R A F AR u=0, BTABT# j&69 Cauchy 5] 38 TS & SRAR 1 T w04k 54+

Mt T E A,
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R 15) R 6 22 S i

B o 77 AL R AR 19 L0 22 SRR ok

(1) 4T EF—R& S HAE Cauchy P49 D' Alembert 2 X3

(2) A BT ERMELARARRBEGEN T, BieFH 4200
QAR AL, A T AL 6 L ARIE) AL

(3) A Fourier % #ik KARAEH) AL, A% F AL 69 A0ds 948 ;

(4) A Green &£k KA 75 A2 69 2 AL AL 5

(5) A&,

(6) 1wtk 7 A2 LA K AF.
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FH—: MEVTREFAXEA

K —: MEVTREHXFEA
o MAEF: I AMEBAERE PRI, HAAE BIHE R E LURKE
A RS e B IR R, R — AL TR R E LK B, R
MNEIRBHIE K, BRECHAREHRA AR, REL KB L
b, REBEZAER K. AERT MR, BAEWRIGREEDT K
Foil RiAZ, SATIH KA A B E E A KX, AREHTUIRE K49
LAl
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FH—: MEVTREFAXEA

[ 1522 5471

Yo 5 R VE 5] A2 B9 IR T A% 46 5T VAF A AR IR 2 18] BE B R F B Y
#adAE, Reasd W dudh AR o 7 AR R OB E IR AR ALE, &
LSS 3 P AR AL EL 2] 690 5 & kel R T AZBR 5 F R B8 TAER
X, XE5MEFARGBSBGTAZA X, LB RIS KA IR ZR 6 R
BARF . B AARAZNARFCEZER (BB ER), mAZHE
2 89 L E W) A7 e L) 2R F

EANEREIRS S04 MEREGTNE, FME LR
B RAHEE; NEHA TR R NRAE,; FEARBLRGTR
A2 E

4\4,»
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FH—: MEVTREFAXEA

[ = A48k ]

()&W%%k%ﬁﬁL*%*$ﬁWﬂ%ﬁ FHB AR E, BE
AR Z BT, TR Fe KA Foh

m)n%%%ﬁmM#imé,w$hﬁmk&$ﬁ%@@ﬁ%ﬁ%5
&8 IR A AR IE b

(iii) AKXRFTMERLREE TRFEORM AR, B2EH EARY
AAXT R Y & HIRF IR RIE L AR 69 K AR & ATk AE A
2o it

(iv) ZRFy Iy, RFORF AZEEANRLRE HIFE L
7% I 1'%%7{‘{ ST FIRMEFAMNBOAR T, WMNLERAA T
24 &é;oﬂ—uﬁam ER N . u ARADE 6 RBE,
uilﬂ%iiﬁﬁ LT
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FH—: MEVTREFAXEA

(B A M 2]
(1) ME KRB T

TR BT 2 TAE r =0, BIE RN LRR S, £ R, 2 FE
— % (x,y,2) QR EREIRA Clx,y,z,t)o BRI (i) A

G=—k-grad C,

k R HAH, grad ETHE, I5ATHRES@ORERGHT I Hk. FK
FRRXB Q, Lk Q N EERR—3%k D, OB D MHh@A S, SHhEE
WEH TV, WA [i+A] AR D MBS ABOAREN

t+At
Q]zi/ ./ q'VdeL
t
S

®E (AR FERFEMFFR) A A2 Fr ik AR
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FH—: MEVTREFAXEA

D WIRFEER

Q2 = /b//[c(x7y7Z7t+Al> _C<x7y,Z,l>] dXdde,

HREFER
01=-0s.
I By AR89 Guass AR, 153

/ / G-vdo — / / divg dxdydz —— —k / / / div(grad C) dxdydz = —k / / / AC dxdydz,
S D D D

AP div REEIRT
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FH—: MEVTREFAXEA

E R DIVENE -4t
t-+At t-+At aC
k /, /D/ / AC dxdydzds = /t /D/ / o dxdydzat,

W T AARE HA Q% (0,00) 1*11\ , [t +Ar) Ao D BAEF, AR kK AF
H (R, E@RE), #U/\q’fﬁﬁ.i&lﬁéﬂ

%—f =k div(grad C) =k AC, (1)

XA Y BRI T AR
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FH—: MEVTREFAXEA

AR (i), 4046 &M A1k o A AR JR 500 B R B B, TTiC Atk
C(x,y,2,0) = Q 8(x,y,2), (2)
0 BT RAGIAE EF, 8 (ry2) AEEIRAMERDH. T (1)
WAL (2) A

Q _ x2 +yz +2

C(x,y,2,t) = We

AR FANFAEEND , MEKE C 5 ERRAKRE ¥ +)>+72=R?,
FAMEREFE R G, CHERAEERY M, XE 1 — o B Cx,y,z,1)
A FE
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FH—: MEVTREFAXEA

(2) FiEMEN ARG TR

FRE—RFOFTMEORE, iR ELRILA [, ME
HEH C(1), KIEH 1(1). #BARIL (i) BF

&~ —acy), 3)

o RIBEHAEATOKR K, LRARNREM (1= lo) WIREITHE L, P
1(l) = Ip. (4)
AL (3) A (4) T oM A

1(1) = Ipe~ *Jo 0% (5)
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FH—: MEVTREFAXEA

(3) BB REESE T E KX IRAYLTF
LR s IR E R F AT AR ELETG, FIMEHEAME
B RIBA R E LT, RAZFTAAME BN E Y ot RiE Ly R
H—ANRE KR, B4, RELHRGEA, NEhREHE G LE
RPAKHRWZS, MBS RE&E RHEE u k2. RIBREIL (iv) LY
é>%w, (6)
MERLEREHE, KHTRAARMELZH K. BBEIEL (i) 2458 ) FiTk
AR T8 KA L RBT AL, FFAR LI E B B2 AUB $9AR R 5% Ao

AE e A RALILA 2 Hb L&, T BE 1 =o KiLRAE
z=—co &, W (6) TABH

efaff;c(x,y,z,t)dz >1—u. (7)
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