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111 EXSHTF

KT REEH w2, 5.) HBES FRE— Y u BRHE O
SR, K BRHRIENI B LR RS 7 RN B, TR R
B R

F(:I?, U, Du: Up oy Ug,z, ' s u'.c“a:“) = 0, ) (111) ’

HA, g = (20,20, ,T0), Du= (e, Uay, ,us ), F RETEEE z HKRA
mu By NEREMEEARCHES. F TUAERERNBH « KHEH
HE, EULASHROBENREE. FXRFRENEEETHHHIA—
#EAFE ¢, WALZE iR mi o TN — e R ER b BB+ 1 M
B BRARBBERILMEE 0L MR TREBE— RS 7,
7 4140 69 KRR R L BRAE T A R B m I R A BB, BRAERE R, RATRH E
FE = (5,23,  z,) BEEHE, HFERAE « RHHAAFTETRE B RR

FTELE. '

WEG— R (Eﬁﬁﬁ%ﬁ%ﬁ_iﬁﬁﬁ)ﬁﬁ ﬁﬁﬁm = (1, 22,7+,
z,) REELEBE RS, FHEFHE (FEYE) Phs— ﬁﬁ*ﬁﬁﬁﬁ
BeEfAFTR (FR4) FMELANESR, ﬂUﬂ‘:Wﬁﬁ (ZAEBEH) BEHE (7
B memEas.

TRt s BT BARR A Kbk od, R EXTRARBE LG RBEEE
SRR, EH, ROV A 6. FELHTRE () P, MR BRTROMBHL
BRUrE, Fling m Briege, R, SR RBEM T RaBHBIET
m PR, WRER m g 5E (4a). #m BN REINEEER
RS, MARXMALRETE (@) 2n a8 (4). AERSH A
() RIS R (A) M dan F2 (o). EEMHE (4) h, BEM
SHEP—FE XA E & TAK FhAFEFAL FE @) % FTHEHLH
— e
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PAF A R, AR ¢ TR, (1,20, , %) BR n EEMH
TR FUIET
A= i + .4+ Eﬂ,_
ozl Bz
HLaplace(4 827 X+ TR, EREHATRIREENET, XK
FRERIMEZE S T RIFAE, BESR FERIER R TAZ.

ﬁlj 1.1.1 :"»Q'T'iglﬁ?i:u(ml,xz,'” smn')t) HJ?’L *ﬁﬁjﬁi
= a*Au, (1.1.2)

Ad,0>0A%H
BR—ANMZHERESEFE. Hn =1, EHEZHRSIHERES
b4 3%: % = 2 B, EHRBARE ERKEREEARES; T2 =3 B,
BHR ARG
112 S—-ARRARSGEERLRRET RN, RRESF u(c, i) B
A FFR
u; = kAuy, o (1.1.3)

Fb k>0 AEK

AT R B BN, FSART . WENSBEURESEME
o 7% B B0, B BRI TR, '

#1.1.3 £FF¥ulz, 22 ,2,) 0570 # Laplace FHEA

Au = Uz,m, + YUpym, +--- 4 Ugz, = a. (1'1'4)

TR v RV AA & 4 XEBTFRER LREEE. £NATRZHE
B Y HBRAEFWE, M Poisson(Ga4) F&. ENER G4 548 T
FEPRIE M R RE . FRRATHESRENT KL ENFSBRDXALE.

BLE AR MR RETRE, eNTRESEHRZOAE. ikt
FRE—EELR

114

Lu = Z a¥ (L) g,z + Zb e T c(z)u = f(z), (1.1.5)

Bi=1
_ﬂ_",,aij=a3’ 3’.7_1:21"' 3 T2y —ﬁ--i}ﬁ'-4\a ?EO
Bl 1.1.5 HMNAFBLLEZAEH LA L BRGSE AR BR, ER
BB F A, B B8 A

(14 U2 tae — 2058, Uqgy + (1 +ud)u,, =0. (1.1.6)



il 1.1.6 =B FBE — A T Korteweg-de Vries ¥ 4, R #k
KdV ##.: :
Uy + CUU, + Uy, = O ; (1.1.7)

EREARMFRPRELEHG, XF, u=als, ) RZAREEMK
B1.1.7 —A kBB A REH TR EFE R u(z,t) & Hamilton-
Jacobi(4-2 4 — ¥e*Tbk)
u, + H(Du,x) =0, (1.1.8)

‘i“:’?’ o )Eﬂ }té‘fﬁ] E iis Du = (u$17u2:2! e 7“3.,)! H(é-am) i-ﬁ'él E'E!:ﬁ#-
KM EH.
$11.1.8 XKEpoil, ~MLBKBHENEZHu(z,y) FAR v(z,y) BE
Cauchy-Riemann(# & - £ &) — &AW FE4
{mz%’. B CEY

Uy = =,

KT R (ul(x,y),v(z,y) MAXKR TR A RES.
W, URBFBRHERSHIEEETREANET.
ﬁ] 1.1.9 #&u J%ﬁ ii (t,xl_sxza"' 53:?1) 9 5 F E H:

u= (1, Uy, ", Un),
Au= (AUI,AUQ; s 1Aum)a
WA R R

u, — Au = f{u) {1.1.10)
-G ETEATRE
u, + divF(u) = 0, (1.1.11)

EPd F:R*"—=R™ F:R™ - R™.
1.1.2 fmRE

EYE ., HERMEESEF, SRS EG 2NN, HLAARRER

bk e BB BT 4 (AR S T R S B Bk B 7= A O SR R B (B

B, XA FEH S0 AL HEENRENBRAERMAS RS HER

REZEMSHE BOUKRERED TR (1.1.5) AARVEARINEREE.
(L.1.5) W RAH

Lu=f. (1.1.12)
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R 0 A L F B
(1) B R Lu, = fiy, 1= 1,2, ,m, HP m AHRER +oo, WEHT
HBBHE u = cu BBEFE Lu =3 cf. YHBEFRIN, WER

B BIE L 7 IR 5 AT RBP4
(2) | u(z;y) W Lu = flz;y), BF ¢ = (01,25, ,2,) REARE, T
y= (yla Ba, 1ym) Eﬁﬁ, Zﬁﬁﬁ ’
m@=/mmw@

W B R L HHEKRBUB S RRPTRBRKENES, B Ue) #%
AR :

LU(z) = fn f(z;9) dy,

B, dy=dy,dyy - -dym, y € 2, 2 CR™ £FF4.

EXHBaER 2B JFR B — A L 2 ) R A SR AR AL O JLAN e 18] 22 () A A o
i, W e A LU Y. R TENAF iR BN REANA.

#1 1.1.10 £ Poisson ##

Au = z* + 3zy + ¢/ (1.1.13)

LE D
B (1) ORI R u (. y), BRE

Auy = z* + Jzy + 1~
BTIERAE RN B RARERK, o % v, RHER
. u, = az + bz’y + ey,
K, a,b,c REEHH. BERAIE, &

Ay, == 1202% + 6boy + 12c° = 27 + 3g:y'+ Tal
KRR RE, 5

T4
_ 1., a 4y
ulﬂ.lz(:c _+6my+y),. _

(2) *Eﬁ 'U(mvry)s ﬁﬁlﬁ Av =0.
. ‘{ . ;



tEZE# =2 n=y(i=v-1), R
I Ygg = Uy, = Q.
BT s=¢(+n, t=¢£—n, AEHTEND
Vs = 0$

Be -
v=f(s)+g(t)

= f(§+n) +g(f —mn)
= flz +iy) + g(z ~ iy),

i, f, g REBER ZEETHRRE.
(8) AR INFL, Poisson 2 (1.1.13) WEMR

u(z,y) =v+uy

. , 1
= f(a+1y) + glo —iy) + 5(z* + 6% + 4.

1.2 & # i &

1.21 EEEHSEROEE

B EmRH 1.1.10 B8, ~ MR a T EBEE LTS MR FUp R
B, RETRAAERDESHE R, 2K AE R RN, H, 4
n=2MNK, 7% (1.12) TPURRA—TFARR LK BERHBEBEERAES, rm¥
R FRARE RSN, HREN, ERERE AN ERE, ERK
u(z,y, t) AR L ESEARE N ER - EHRMH S RERE N, X
BRR AR R 4. RITIEF R A B L N S A&
WARFH, — T EEE LEREFRAR— 20 - —BURK, ¥R
SR FA T A4 & (1M Cauchy F44) R R4 XS, N E RN E
WY 2 4 ) M (B Cauchy =) A8) ) 24 4 &) 8. A8 ) FOURR 320 11 1ol MBS A AR & s
REBZFNRYE: EERBNNEER RS WK — MmN, mE
SEXBEM A LS (N RIE R E B Rl A 2SR sk
FREVRU R EEBAR), SR HRE, 3 5240 1630 B0 TG i R i sR 4
2 S T A (A R A IR RS ) g B B 44 B30 1
{Eaih AE. FrE, XA ERN M LR &l R, wayﬁi Mk
{8 =M. TESHLNMT.
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1.2 ERAEE0,]] EREHHY R BB

U — B Uge =0, 0<z <, £t >0,
u(0,t) =0, u{l,t) =0, t 20,
u(:c,U) = (P(LE), ut(wa 0) = “ﬁ(ﬂ:)s Iszg Z:

Yo u(z,t) AFLEMNt EE o MASATREN R T B1) FHLHE
B. mHBEREE, B w(0,t) =u(l,t) =0, BB A o(z), e A H
Y{z), BRENH. AT, a>0 REAHAERE.

L EH, MR EE D E—DBRRRPRE, RDB A E AN T A
AT (AR L ), U TR A E e R AR At
EERERT. FU, AR EGRIERT AT #ig L0 U EZEETRE,
FREAH TERVEES (R Cauchy H): |

$i1.2.2

Uy — G2 Uy, (2,8) =0, —c0 < 2 < 400, £ >0,
u(z,0) = p(z), u:(z,0) = ¥(z).

_ RENE=ZFTRERXE 0 FREMRENR ulz,y,2), BEIHHESL
p(x,y, z). HERZRERM, u(z,y, z) B2 Poisson H Au = —4np(z, y, 2).
FHAE 2 LA LRRATY o(z,y, 2), MB B Poisson ﬁﬁmﬂlﬁﬁ@

. fli23

u(z,y,2) = o(z,y,2), (2,9,2) €N

TE P, & KA #7470, NI Laplace Jy R ik 18 ja &
#1.2.4

{ Au= —47:30(175 i .?.’), (ﬂ';, Y, Z) € Q’

AU—D, (xvy: ) < 'Q:
'u'ﬂ(wn i z) = (P(I: Y, Z), (:L‘s Y, Z) €90

EEAE R SR % - R4 5 8, BAY Dirichlet (B# £.8) P, B MR
RRBAELF LIME (FRAF— RARActh). B, BREF - R0 W4, B0y
Neumann (347 %) )8, BV A5 BRF7E LI L 0 VB AL (B h 4 =
Kb FAett); A F Z £ 24 FA, M Robin (¥ &) 78, HEHREBRK
LS AR AAS HEEASHE AR = £ R4e4) EX5BE
X, EE BRI R AR E .

1.2.2 EREEEEEE

 RREL B, R IR R R T SRR L T, — LK,
-6 -



BRAEAM—, F EAMHSE il AREA R AR RN S
WS (BRARIIAE M) TR, B T mRE e S

MEEEENEREEN, R EMHENEEZRETRAEE. I
HAESE, MR EAER S £ 6, TR RS 26, FRRNEREERITE
T AE— /B ) B e 1) AT B %o R 0 R S e i e R R
BHRMETEANR, UREEEMOTEAR. CREEREAN Bl BEK
EAERAH. B0, BRATBAT R EEEEE . § R AMR.

THEHERHENENREENEEHNE REERETEY H, Bk
AN Fs. u Mou, BABKETFEREIE R o Ao, MR- ERREN
. NIRRT T REN: £ e > 0, HHES > 0, HBHRE o, — oillx < 4,
BRE |u: — ws||x < e ‘

RN MR R EAAE, AR SR EEMN R EEE. J. Hadamard
(Fiz5) Geti— A EZNEF, REANFEOVLETERREER.

$1.2.5 J. Hadamard 644 -F. FHEAH

Uge +Uyy =0, 02z <, y >0,
w(z,0) =0, u,(z,0) = 51’“_ sinne, nEE¥XE k>0
u(0, y) = u(m, ) = 0.

S AR

; s
u,(z,y) = e, sinnz shny (1.2.1)

BRI, 3F RN, EREAREE, B SRR S F K&
FHIE v = 0 ABECBEAT S0, PR & AT AH 2 52 0 S 3o T LA BT /D (24
n — oo Bf), (IR EITB MR I ZE VB EIEC BB R M X (2,y), TUBEE
BR. FrOEEE R T RS FRAREN, 20T LHEMRE L2(0) 7
B HEAER, WTEMREERTEEN. FU, M RN RRYaE
PR G BB 5, ST LA T A 0 Oy P A ML P s, R A 2 1.

FER B F AN R, AMERRA TGS HEOTRLE R . 5
f, 2SR ERERG SeP, RiEE R AR E) 7 BE L.

1.3 TR rER S KSR

PRRENTERTBAFRENYERFETELRROTR, Ko HE
B T R R R R R A TR I R AR 0 DA R R R LR R

..



R, AL, &ﬂ‘lﬁtﬂﬁﬁﬂﬁﬁ% By ST B M A R T E 0 RS IR,
I:J.ﬁff]ﬂ‘véﬂéﬁﬁﬁﬂﬂﬁﬁ}%

1.3.1 5’%5%13‘17‘:‘&
®OC R"(n > 2) RAE, ER2 LR

Za"(m)u” +F(:x: Uy Uy 5 U ) = 0, - (1.3.1)

i’:'.:i = (Il,.'f:g, ) 1:51.'1)1 ﬂ«‘? — G‘?‘, .’BIE . \
FE(LIDEA2 e 2 s 2R

Z a? (2 Nz z | - (13.2)
R KR -
Q) =3 o¥(=")6&, (133

ﬁl:Fl E (51:62: Tt sgn) € Rn
— %A (1.3.3) MEFE (1.3.1) F4aEs. = &ﬂﬁéwﬁ%ﬁ FE—13k
i 7R il

=3 A, i=1,2,- 1, (1.3.4)

1B (1.8.3) {LhdrdER

Q) =) at@")A, m<n, (1.3.5)

Hep gi(z®) = 1. ERA (1.3.3) AR TR ST SRR EE—

. fER, ZEZ A (1.3.5) A& EWRA 30 fURA-MOR B R (1.3.3)

4B gesE i, HATH (1.3.4) BB W, FTHEXM AR (1.3.1) #£X2° 1
S ABR T (1.3.1) EHRRE

WMRDREE ST (1.3.4) Tk (1.3.3) 1L AIFER (1.3.5), B
PARERE (b)) RIS BRI

6= bz, k=120 (1.3.6)
i=1 i



RIE =0 BIEHHR (1.3.1) 'H:%J
Za Ve, + Fu(€,u, Du) 0, m <n, (1.3.7)

HHE = (£1,&, -, &) TEW(1.3.7) mﬁﬁﬂﬂmﬁﬁ (1.3.1) FE R 2° Bﬁmaﬁ
3. RIFUT %

(1) FHFm =n, AFA a¥(@°)i = 1,2,--- ,n) BEHBKES, WHKHE
(1.3.1) 7E/5 z° BHH 2 K. ﬁﬁ]ﬁﬂ n ﬁLaplace HE (1.14) #En ﬁ?lﬁlmﬁ
ﬁﬁ%ﬁ%ﬁlﬂﬁﬁ‘]

@) Em=n, Ha¥(@)i=12-,n) Bn—1 RS WK 131) &
R 2" BB H m = n, BRIEEMBRAER ol ()i =1,2, - ,n) B4
FAART 1, WK (1.3.1) A 2° RERBRE. G0, n 6 (SHTRIES)
WENHHE (11.2) TEEn+1 B R (z,¢) TR B, oA

uz,zl + uxzxa - u"‘sza - u""'a“’A =0

FE U 22 2 18] B AE 2 s A0 A O 20 .
En=2RERT, 1 (1.3.1) BXER RN AR ER

Uaz — Uyy + F(T, 4, ©, 1z, 1) =0,
WERHNKE —AS, ETLHREETR
E=z+y, n=2—y

> AN |
ey + Fl(é:’?:uau&un) =0,

MENWEE R £ —4p A,

By Em<n HTHE(3L) E2® SRS LRAEBE RPN, HEHH
BE, 575 T d'(@)(i=1,2 ,n) ¥TF (R o' (z°) = 0), MHAESE
EFH o (2°) FHAKNFES, Hu, NREAFRET, WK (1.3.1) 7520 S2E%
LAa A, RIEHRH K. P, AESEFE (1L 3) Effn+1 %8R (2,1)
a3 e g s & Lk N

FHR (131) £ 2 WE— KEEMEN. O Ry, Wasiks
7E 0 ARMER. SR, AFR (1.3.1) £ 2 AREESS EAER
IR NFREE 2 ARRAZM. Hil, Tricomi(dF ERIK) FR

Yoo + uyy =0

ESH « M ENRNE—KBARBEEK.



AERE, SRS TR, AR FREATFEGZENE
MEHIEHR (1.3.1) HEIRE 2 L hR—%E EERE 2 245, H
ERTEERNEE, EXTEMRRETR -RNOERE, AT EaREN
Fl—AZHRIE L (1.3.1) TRNMRM 2 F (FTHEE 2 845) EAR—%
RFRAER. T ESHEXMHERE.

1.3.2 B BERHNAE

P EHER 2 Ry KRR RN —RERR
011 Uy + 20120z, + Qoo + F(2,9, 4, %, 1) =0, (1.3.8)
E:F: Eﬁ T3, Gyz, Gog %ﬁlﬁzﬂzﬁigﬁ L4 LH‘JE&E@%E, #E. @31, dip, Qoo

A HE. _
AR, 7 Q Way > 0. TR, (1.3.8) BIGIER Y

Q(f) = ‘111512 + 20.26:8 + 3225?
Q32 2 - d 3
= Gu[(fl & a—l:Ez) = 53_162]’ _
o
d : ﬂfg e 5511\‘122_ (1'3'9)

M (1.3.8) HI#IS X, # 1.3.1 WhRHAEN, 57 (1.3.8) 7 2 T
2 C 2 AHEMER. XHBERIEDUE, FHEd<0, d>0Rd=07%
Er. HE, € (1.3.8) HHBNE (z,y) HEE—BRTERE.

T, BAIGK HZERAERTERIE (1.3.8) KABAT. %8 (1.38) 1
SfEER

Loy = 011U,, + 20150,y + Ggatty,. : S (1.3.10)
B (z,y) € 2, MM TR _
E=¢(z,y), n= ﬁ(a:,y), | ggi’ :)) # 0. (1.3.11)
HAEEHEREHHERSEER
Lyu = a7, Uge + 2a),%e,, + GopUpy, (1.3.12)

K
a3, = aué; + 20,68, + agfy,
a1z = a1 + 212(&any + M) + 0y, {1.3.13)
a5 = anma + 261,77, + "-132173- '

.10



B, MER e p —HHESTR. B (1.3.13) ATH, Bal, =a, =0, a, #0,
MWAFR (1.3.8) Bidd#k (1.3.11) AR KIS il X6 ¢ Mg E
HE '

41107 + 20139,y + @nypl =0 (1.3.14)

M. FHES L MES, BES B U BT AT R ER .
AR (1.3.14) BAFRE (1.3.8) BRET L, W#ie 58, MARAHENANT M

HE
aydi? — 2ay,dzdy + agpdz® =0 (1.3.15)

R (1.3.8) RET Lo WAttt UFHENITA GL Bk i . e
(1.3.15) SER|BBIRAE ST M 21T R :

d dy '
Q1 (d—z) 2a12dx + agp =0, (1.3.16)

XAHRENEERAESE (1.3.15) MRS Mg R (1.38) RETF
L, Hiskie sy, T FHEHZE, AMTERSHRE (1.3.14) 5 (1.3.15) Z‘banﬁa‘
- B EEET R

ERIFE(1.3.14) B—— M%ﬂkﬁﬁﬁﬁ %JSM@ g, BIMAH TR
SEH:

EE1.3.1 #+ goi #£0, M FE ¥z =plx,y) £(1.3.14) 865 5%
E2AREIMK o(z,y) =c H (1.3.15) @KL, AT, c AEEFH

iEB B oz, y(z) = ¢ & (1.3.15) ARG, FHilN z REWHE, HFi
ey 70, ®

fig g
o (1.3.17)

RN (1.3.16), FHF (1.3.14).

2z = oz, y) & (1.8.14) BI8E, WTE olx,y(z)) = c WiAKRENUHE, 82
LR (1.3.17), TWEAA (1.3.14) R (1.3.15). O

B=FGRER SR (1.8.16) L ET 41, ZE44 5 2 B 3k N AT AE SE AT
F; FE R X 35 P 4 R AR FE A~ B SCAR4F 5 1) T 7E SR R e A B
—ASE AT . B, R R B A X IR P RS AR AR NI R, TR
REH RSN ER (LB 1.1— E 1.3).

$11.3.1 FBFR

(1 — 2% )Usw — 28yt + (1 — ¥ )u,, —u, +u® = 0.
11



HARR d = (—zy)? - (1-2*)(1-3") = (@®+17) -1 &, ERH 22+ > 1
PHERXNHME EHB 2+ = 1 EERWE, EXR 2 + 47 < 1 AR
BH. fEFER

(1 — 2*)dy® + 2zydedy + (1 — y*)da® = 0,
BB (M 2 +4° > 1 ) RBEUHRAVSIES. 267 A 1K BRI
LR .
.fﬂJ 1.32 2Ri1

Y gy + Uy, =0,

X, m 2%
HAR e N

y"dy? + dz? =0,

dy\'__ .
ar ) =Y

B, £ L L TPEH y > 0 RPRETISEHF R, ARG TRIES, AFLF
Wy < 0 REAHHARANLIES. R LR RET L -7
HER

&

T — m("y) T = c,
2 PR3]
Pt om0

Rb, o, o REBWE. XPRRFAREST FHPE (8 11)

¥}

= €y,

o

PAVAAVAY vivivivic

B 11 ¥

. i2.



1.3.3 FARLARER

g A B anil, HER AR AsH (1.3.11) BB (1.3.8) [MAEAE i
£, BRI LR BN IRR, T A=FRR 3.

(1) £ 2 A", #HHRA (1.3.9 FH >0 ithﬂﬂiﬁ(ms) R HN. H
(1.3.16) AR IS

E = 12 + 174 a’;z — 311022 . (1 3 18)
d.’ﬂ a1 ’ -
dy _ g — Vi, — auds (1.3.19)
d.’ﬂ ayy ' -

BT EZ it BRI FIHIREELR
<P1($,y) =c, @alay) =
Bt i, Ol + 2 #0 0, R (1.3.18) Al (1.3.19) B4

6(501) ¢2)
Ay 7O

T2, EFm

§=wi(z,y), n=walz,y)
&, (1.3.13) Fi) a3, M op, HEHF, ATHEBERATRRIE-N I EE S
—H AR, Bl s, # 0. TR, 718 (1.3.8) LA TMA R E gD

Ugy + F(&! T, W, e, un) ={.
B4

&= E +n t= ‘f-' ;’?a

W B3R TR S — i R

Ups — Uz + Fl(sl ts u, uc:ui) = 0'.

(2) £ 2 A, BRK (1.3.9) FBd < 0. HHFHR (1.3.8) BREAR. &
(1.3.16) &FHE (1.3.8) AEEELHIERIET 10, MTIARFAE L KIIFIES. (1.3.15)
HIE S R B

wlz,y) = wi(z, y) +ipa(z, ) = ¢,

ﬁr‘P, ©1 ﬂ‘ﬁz %9;&&: I &' Pzy WPy KWN?‘J@ E!Eleﬂl.S.l,
z=(z,y) HWE (1.3.14). FT#H '

£= (pl(xs y)a n= @2(3}9)
. 19.



H] BAIER

e 4O
Bk, fr(1.3.14) #
a0 = —(am +iv/a11G2 — a2, )9,
4T 5 R |
anée = —612€, + Vonas —aln, (1.3.20)
antle =~y — vanan = aht,. (3

8T 0., # O(H d < 0), 1 L=
by ~ e = YRR (G 4 ).
ERXFAETE FUEFE =7, = 0, FH (1.320) M1 (13.21) KX, TH
£, =1, =0, Nl @, = ¢, =0, SFIREFE.
BT & +in W2 (1.3.14), RAEAFERMES R, 7
au€l + 2688, + 02253 = anT; + 201,77y + ‘12273:,
a1 €27y + @2(6:7, + &) + 4y, = 0,

G (1.3.18) 7 a, = a3y, a3, = 0. TR, B (1.3.8) MAERERER
Uge + Uy, + GE 7, 0, ue,u,) = 0. |
(8) #£ 2 W, HHIR (1.3.9) Pl d = 0. B AR (1.38) Z2MPE. K

€= 0 M anazn = af; 2 0, FAR a1, an ARERFE (BN, (1.3.8) TE=H
78), HEIERY, h¥HEERTTHE (1.3.16) AI#

dy 12
dz  ag: ™ L

B LRRE K, W8 o(e,y) = o TR, 6= plo,y), W # HH, FiE
HHn = a(z,y), %g—ﬂ% # 0, FIMETH g = x, X

Nz, y
8&m
Aay) 27
FHXE FHE =0, WH e, £0, B0 = /a5t + Gt = Vot B =0,
TR é=8 FBE. WEE =0 BANHA TH 2 PTFEERSXEH F
B, EXABHZ T, (1.3.8) L ERER

Ao thnn + G (&, 7, u, Ug, un) =0,

14



Hof, az, # 0, FIEE RN, AL (13.8) Wi iR
Uy + G (€, 7, 4, 1, uy) = 0.

F LR, 6

Uy = @t + BTt + o+ Y,
T ¥ 2R S R ) 2R e

=D (-;- /; ' b;(g,ﬂ&), (1.3.22)
BHEIXT v OHHE

% * *
Upn = @0 + v + dj.

B, AEHAXT » 69—
$11.3.3 HFE
Uz + Yty = 0 (1.3.23)

AL, Fleehhirpl.

BB d =y, 8FHE (1.3.23) £ LEPH y > 0 PERWER, £TF
FHPRNME, £ 31 LR, MESS - B EASNE -REANLE
AR, BAE, W (1.3.23) b 0IRAERY.(1.3.23) BFIRRE S R

dy® + ydz* = 0. (1.3.24)

(a) Zy=0H”, HIE (1.3.23) % » B EMHEBFRERAE TR D4
y =0 EERE, B w,, = 0. Shof, BHEHRY dy = 0. IR = BRME—K—
FHRREER, AT FESIhE, AT (1.3.23) WM RA LA, ETXAE
B, ERE o« B — RIS P R AR 100 8 A 1 I B R 3 R e, R 2
LR DX A TR [ — AN 2 (1.3.23) B=Fhasa.

(b) ZEXHMBREE y < 0, B (1.3.24) KRG (1.2.23) HIFEHIGAELE

{=z+2V/-y=q,
n=z—2/~y=c.
FR, fede# |
{ E=a+2/~y
n=x—2/—y.
L, AREHE (1.3.23) £ FEFENRER

gy + (g —u,) =0, y <0

1
2(¢ — n)
.15,



KRR IR y — —i(:r o MEARE KR, c B—MEREE. SR
ERA S B € = BB TR MM ARy — B BAE
5 o B (R LM —— AR HI. Ry < 0 AT T
M y = (v - o, RELRA s # (B 12).

rA

o

RXKKXRRXK

A1z ek
() TEMARE S y > 0 P, $HIEHE (1.3.24) MRABMEHB
dy +iy/gdz =0
1
dy — iy/ydz = 0.
B dy — i/gde = 0 HIE M
z+2i/y=c
EXH S ER AR BE, 12
‘E = n= 2\/5?

EIEH HERB LR (1.3.23) 78RR PmikiRaE
Uee +‘U-q,, - 1—']_;’16,1 =0, y>0.

Bl 1.3.4 HibFf

Yllze + (‘1‘- + yJuxy * mu‘ﬂb‘ = 0 (13'25)
MR, FKGx#y BHER.
W HAH R
_et+y)? o (@-y)
A=y ~w="7 20

J16-



1

¥
dz

d
y—z=¢6

FIBLY o = y B, HIRRIEL % 1 £y B, FRET R, R, b (1.3.18)

f1(1.3.19) BB
LA AL LR

2 2
Yy —x =ca

EA R R ELRBEMERY ek (B 1.3).

1.3 ﬁﬁEﬁ

H T 7E XL i B DX A

3(5013 ‘Pz)

BOTEBRE =y — =, n =y - 2* HRBLT, BLHEAH (13.25) 0

il

N, y)

1
' ’u-g,?+ Eu,, =0.

ATRITBHEMR, 5 LN

(f“-q).s = 0,

Bam

= f(),

.é’un



He, § RAETHRE. Bit

u=%]ﬂ@®+ﬂﬂ

1
o - —h - |
oy =)+ =iy~ 2%),

Hp, g M h BREB"RESTTHEE. XRED = # vy B7E (1.3.25) MR

1,

. 18.

3 & 1

ATHARIFTRE T, HANERREH. LEEG. MERHELE
Kay, HFHLUA T M-

(a) Uy — Au =0

{b) ty + Ugzez = 0;

(¢) div(|Dul*~?Du) = 0

. Dau
(d) d“’((u— |Du12)é) ol
(€) uy +divF({u) =0, F: R - BR™;
(F) u — A(w?) =0
(g) v, — Au = f(u);
(B) m+u-Du- Au= —-Dp,
divu=0, z € R*, u € R*, Du € R™;
(i} w,+divF(u) =0, F:R™ — R™, z c R®, u € R™.
AREEFHER D ={(z,y) |[0<z<,0<y <1} LHRBDFEHY
18 =8

Uy = 0, (2,%) € 12,
u(m,O) = fl(a:): ?.6(33, 1) = f?(‘T)s
w(0,9) = au(y), u(l,y) = g:(),

-ﬁ-‘f’, fla f21 1, G2 ﬂiaﬁﬁﬁﬁlk 'iil"ﬂ: klﬂﬂi%iiiﬁ?

C AR (131) BERAKE X HEE A(°) = (a7(z0), AHEEA

A Az A SEFHE(131) AR 20 B TRABAS K LN HIE4 3k
ZHR S, MACEBOY, ZAFHEEFEERn—1 AR5, NKE
ANGE, HFEFEES G FEEGIERRT L, HFELR RGN, £5
FH-AMEEARE, MARELREE. KiE: RS £E5131 ¥y
FREZ KK



4,

10.

11.

Wit KFFE
By, — 2Ugy + 2uy, — 2uy, + 3u,, +Du, —u, + 10u=20
WENABERGHAEMEAFRARBEY, Foechhioes.

- BrE S TR (13.6) AR (1L31) ARBE (13.7).
. PIE T R FARM AR

(8) Tthos + 24ty + Ytiyy = 0;

(b) ez + (& — y)’uyy = 0;

(€) Bgr + XUy, = 0;

(d) Ytize + (-’E + y}umy + 2uy, = 0

(e} sin® wzy — 2cos 2 Uy, — (1 +sinz)u,, = 0

(£) Ueg + 20y + 3oy + Usy + Uys F Upy — U, = 0;
(8) Tge — 100y, — 22uy, + Tuty, — 16U, — 1z, = 0;
(h) ety — U, = log(a® + ¥* + 22 + 1).

KT R FRAFAR:

(8) #*uy, + 2zyu,, + y*u,, = 0;

(b) s, + zyuy, = 0

(€} Uzr — 2cO8TUL, — (3 + 5i0’ T)uy,, — yu, =0;
(d) e — e‘/ﬁzuw t+uy =0, x> 0.

A & Tricomi 4%

Upe + T, =0

Sy RN, A I A e A B AT AR

AT R FREAEARAR:

2

(2) Z Z dr. 0z, 0

b Z Bzc,awk
£ i?ﬂﬁ HERFTE
(A + 2)Ue + 22y10,, — Yoy, = 0

R B AR L5k A 4 BUR, SF BBt A sk
WA

1
U, =0,y<0

Uz + Ylhyy + 2



AR U, = 0. B AL 5B R ER LAY X
u= flz+2v—y}+g(z - 2/ ¥),
ot f Aog BRI KRR BT A B
12, GEBR A A A B0 W Bk S A28 1 T8 TS B 60 R R ALK, B A
5'.[3-’(. d= a'fz — @11Q22 T : ‘
13 EREAGERG ARG FEAR AR SR~ TR Y
KE TR (1.3.11) Fokd 40 TR

v = vexp (A + un)

1A
Uge T Uy T v =f
LR W
4. R BEHGHEELSR REALFE
Au+a.uw+buy+cuz+du=f

TR — E R Y
[ A (1.3.22) K fo LM '
15. BTH&FHG R FUARS—~NEBBERGFARS K
(8) Ugs + dttyy + Sty + 30, —u, +2u =0, .
(b) tes + 2usy + Uy, + bu, +3u, tu=0;
(C) Upy — Butgy + 12uy, + 4u, — u = sin(zy).
16. ET?’J?&'ﬁ‘i"ﬁ:’&&Kﬁu— vtw, {7, v iﬁ*ﬁv&ﬁ a‘m&ﬂ-%ﬁ-
’Fb?f.‘r‘%'&ﬁﬁ
u —a@*uy, =0, 0 <z <400, £ >0,
(8) 4§ u.(0,17) = g(t), £ 20,
L u(z,0) = @(z), u,(x,0) =¢(x), 0Lz < +oo;
(41, — a%u,, =0, 0 <z <L, t >0,
(b) S u(0,8) = u(t), u(l,t) = w(z), £ >0, |
L@, 0) = p(z), w(z,0)=vz), 0z <]
(w0 — P, =0, 0z <1, t>0,
(€) { ~1,(0,8) = plt), wallyt) + u(l.t) = w(2), t >0,
111,(:6 0) = pl(x), u.(z,0) =9(z), 0Kz <.
17. ﬁ*ﬁﬂﬁx-&ﬁﬁiﬁu =v+w, AP, v R RhERE ﬂ.ﬁﬁiw EA
. 20.




18.

18.

20.

21,

FARABALFIM
Uy = Uyr + flz), 0 <z <1, £>0,
w(0,t) =0, u{l,#) =0, t 2 0,
w(z,0) =z}, 02!
AR F A, AREF AL R A

A BN TR =vw, XF v AHAs R XL w £F7L
u,—um—k-aux+bu=f(x,t) ’
A
vy = Uy = f(z,8)
w75 X,
AR ENRBL=a—at, n=¢ BFHR
e + au, = @,
1 3
Uy = @ Uge.
% u(x) & Laplace 78 Au = 0 ##, 3 u RAEKE T = o] HEHK,

B u(e) = i(r), REPH 4(r) BREGTHSFE
Ru RAHF IR, — e, =0 R oRu RALLERE =1/
#& M, B u(z,t) = 6(6), KB a(f) RAGE MY FR. LML T
A0 #h 46 F R A

Uy — @y = 0, 0 < 7 < +00, tSD,

u(0,£) =0, t 20, ‘

w(z,0) = up, 0 <z < +o0,

-E"F'; U J&%&

.81



E2F —HlkiERE

zlﬁﬁﬁﬁ

“Mﬁﬁ%ﬁﬂﬂﬁ%ﬁ
F{z,u,Du) =0, | - {2.1.1)
HY, 2= (21,20, ,2,) Bn EHTER, u =u(zx), Du 2 u KHBE. F£ES
B BB AEMILANERAHI TRXBLE. SRR HEdlE
BB TEAMSE), RISFRBITEN 24 & T RBHREs R
F—Frimid s FREAEEXMES. TH, RONITEHESABRORR S

B, FEERR R T USRS BE M AERNER, E2.1.2 TR
Ja, O AR SL T B AR R AR R B B

2.1.1 HEMESRSHE
— TR RATEA
alz, y, u)u, + bz, y, ulu, = c(;r:,y,u'), (2.1.2}

ﬂ*, U= U(Lr,y)- ﬁﬁr‘ﬂ (a(:r:,y, Z), b(riyiz)? C(.’E, y,Z)) %ﬁﬁ (21‘2) m#
AEFd, EER RR PR 2 BEXT —1HRl. BARLLEN A
{a,b,c) THITRIBHERRF R (2.1.2) K4z o & BISERENSER %

z=a(t), y=y(t), z =2(t), t € R B R FHKM,

W HHAFAE ek B8R AL T =
de. dy dz
alz,y,z)  b{z,y,2) o,y z)
Rl
dx d d
5 = oleu2), 2 =blay,2), T =cla,y,2) (2.1.3)

MRERBFTR (21.2) BBEFE. B (21.2) T, Koo @z = ulz,y) (Y
(2.1.2) HIfE) MAELLSHEF HHEDNSE. SEHSERLHEE T
. 22,



RIER:

EF 211 ZRaEdHHEy L% P(:rn,yo,zo) EFoodams:
w(z,y) L, 0y E£pEF S L

iR (F21) &y HHERE

2.1 fHEmLSH4 R

z=o(t), y=y(t), z = 2(t).

M B 0 LA, R (2.13) BORR, HEERE BB ¢ = 1, ¥
B ox = z(to), _y0.= yto), 20 = 2(bo) = (%o, Yo)- HFR& M, P =
(m(to):’y(tn): z(to)) €S i

U=U(t)=2(t) - u(m(t),y(t))..

Pe S BllU{t,) =0 H(213) 8
80 e AP T
@ dt e T v
=c(z, ¥, &) — ugalx, y, z) — u, bz, y, 2).

T2

dU

T =@y U+ ul@,y) — ua(@, y)alz, v, U + ulz, )

uy (%, y)ble, u, U + ulz, y)), (2.14)

R,z =a(t), y=yl). ,

Wz = ulz,y) & (2.1.2) B FTELU =0 £ (2.14) B, BIER%SH
BYME R R — R R, B Ul) = 0 R U() =0, B 2(2) = u(z(2), y(1)),
Flycs. O

RS AT X, SRS ME LS - AF £ EHE. TR Rk
SEHR, BAFE RS A TR BT Py, BTUAAR S BT S ARFE thZRRY3E, AN
S LB —R#A-FEE7 S PRIST . ﬁz ﬁn%&ﬁs z =ulz,y)
FAFIE MR, NE 4~ .

A5, BEEHETHEY, BT AN P MRS HHBGE 4T 48 P

. 85.



FRFIE 4R + AR, R2Z, MR HE S, M S, FE MR ~ HZHAH,
W) SRFRAEER. B b, BHE y B P R S, M8, BPPE o Mo,
- E A E R P AAERETT ® (2,5, c). Bl a # m, Frbla, o, IR
RNEHNH (a,bc). XEXyEP LHURT BWBTF 7, Mn, FUT H
F 1 (a,b,c), it v BEFIEHL.

2.1.2 YMEIE)RR

BLERT R RIS R E—B AR (2.1.2) HERE—MBRIAK,
SRR R AR R IIF. DL ER)R, THETTFE (2.1.2) MATHE R (tm
Cauchy ). R#E MY HE—H, TR HARNGELE.

B 22 A

vy, 2) = (fls), g(s), Als)), sRBH.

RIFR (2.1.2) BMAMERBRRERE: RHH (2.1.2) 188 2 = u(z,y), FHR
h(s) = u(f(s), 9(s)), BN HEIT R L v. £ EHE, TRy HRHE
BE, M REAERE. TREH y=0 AN ulz,0) = h(z), TIRH
RUEARA R (2.1.2) REE ML EEROWE N E XN, 206l
&y MBEAR s =5,y=02=hz), WHBE 22 FH L, Bl z 5%

RATEAEN: 72~ I8, AR (2.1.2) MAMEREEHRTERE— B
v AR TR LM BT RACIFINAE #, HFEG M FRpHI AT
WE— i, WIATUE SRR, SR AT T 3R e J R AT :

EE2.1.2 EHLEY: (z,9,2) = (F(s),g(5),k(s)) £, B f2+g%+£0,
1 & Fy = (20, Yo, 20) = (f (50}, 9(80), h(s0)) #bAT7) &

s oG
a(Zo, Yo, %) &(Zo, Yo, Zo)
Xk alz,y,2), z,y,2), cle,y,2) £y WELE. M =SH

{ a(z, y, wu, + bz, y, v)u, = c(z, ¥, u),
u(f(s), 9(s}} = h(s)

ASMs=s G—BRAALE—B HRIEORLEER,
WERR (B 2.2) s AL, BPXYEE 6 > 0, FE s — sl < 0 F, E3R (2.1.3) 9
- _

%0, (2.1.5)

(2.1.6)

z=X(s5,t), y=Y(s,t), z=2(st), (2.1.7)
Wt =0 KHER (z,,2) = (f(5),9(5), hls)) ML, B, [s -5, <6, 0<
t< T izm%_ﬁt v E& R (5,0) (s — < 8) Fr Rt f J £ 0,
-84 '



z=u(x, y}

B 22 REE

WA (2.1.7) BIRTA RN 5, ¢, BEARAR=ZKARB R AP AR R
2= u(z,y), BRRERMRSHE. TH, RIIN (2.1.7) HE, Fﬁﬁ%ﬁ'ﬁﬁ‘]
FERE P BB, :

F R 5 75 PR KO ) AR O A AE M — HE RS, A (2.1.3) TR —HO AR
H (2.1.7), BEFIRFREN—MRAEE. TR, BF1%T s BSHHHL

X.=a(X,Y,2), ,i=bX,Y,Z), Z.=c(X,Y,Z)  (2.18)
R '
X(5,0) = f(s), Y(s,0)=g(s), Z(s,0) = h{s). (2.1.9)
B £ 0, WARRREER, T (2.1.7) FRIFRARLGE R E
T5=8(5y), t=Ty), Hls—s)<d, 0<t< T,
B S0, o) = 50, T{To, o) = 0. W |
2= Z(S(z,u), Tz, ) == ulz,y) : - (2.1.10)

RERE (216 MREME (B X 27 XN EEE 45 =
min{8,8,}, T* = min{T, T3}, WIH |s — so| < 5,0t < T- W}, &

Z(8(z, 1), T(z, y))|omo = Z(8,8) = h(s),

B w(f(s), g(s)) = h{s). FrEABRYK (21.10) W2 FE (2.1.6) WAWHENE. FiE
WL (2.1.6) PHRE. (2.1.10) HBIRt o,y KREE, &

Z,=2,8.+ZT., Z,=Z.5,+2T, (2.1.11)
(2.1.7) BIPIR 4 AX = KRS, TE®
1 1
S.= % T.=-3Y, (2112)

CH, AT XY, — XY, £ 0(F J £ 0). X0, m(zn) IR y KR
RS, TR




Bt =R (2.1.12) /A (2.L11), TOR (2.111) B—X R a(X,Y, 2) MB=R
FH(X,Y, Z), &

[a(X,Y, %)%, +B(X,Y, 2)Z,] A
= (Z,Y; - ZY.)a + (—Z,X, + Z.X,)b.
W = X, b= Y, WEFUCA LR, SR A ISR, (s
| a(X,Y,2)Z, + 6(X,Y, )2, = (X, Y, Z),

W u(z, y) = Z(S(x,y), Tz, y)) RYHEFE (2.1.6) K. FEEMERE.
Y OBEE 211 4, AAETHE y MESHEEAE v bE ANSIEHS,
Hik, PEASHSEERHEE (2.1.7), \TTRERSXMEHES, FRE
ME— . : 0
M1 &4 (2.15) B0 J £ 0 RIET BIER v ZER B = (£(30), 9(80), h(30))
KT AR BAE J =0, A (2.1.6) THIE s = 80,z = f(s0),y =
a(so) &b, =AMRERK

bf' —ag'=0; k' = flu,+g'u,, c=au,+bu,

FRIL. I bR — cg’ = 0 I ak! — cf’ = 0, N
| f_g_*w

b

' a b c

By ZEA P, BEBEN . BT, SRR v NIESIE e R Al T BaLm.
oy RIS ME, WEAE (2.16) $HLFENH. Bk, Btk L
HBA P SIFRESRME (2.1.5) MAERMLE v, IFLL v 00 i 4% 47 (8 i) B
(2.1.6), RABBXLM. miEE 2.1.1, WA FTERRE 5t a3 KAk i
ﬁ . ‘ . :

B2 EHHRE(2.12) P e b 5 e ERKHc £ u FREEH, TRER
Hh :

o, Y + bz, y), = ol v)u + d(z, y). (2.1.13)
o, BUERBA SR (2.1.5) WA
L ) =) (2:1.14)
s RER |
T (2.1.15)

JfE (2.1.14) B (2.1.15) #e T PR LM MKRREK, FRZH #ﬁ&ﬁ (Rifks




), BREEGEMERA oy PH ENED. EREREY (o), y(0) ERE
(213) WBE=AFE

& = ofe(t) YOz + d(a(),4(0), 2.1.16)

KH () RBBFILEHLR v : (2(t), y(1), =2(2)).
ME3 KT n TlRE u=ulz,z, - z,) FHURE—MHBEEEER

Zai(;cl,mz,----,a:mu)u:d = (T, T2, -, X, W) (2.1.17)

(2.1.18) -

%% = C(wls b1 PR ,I",Z).

{ %%1 = a2, T2, ,Tp,2), 1=1,2,-+ 1,

TIHE Il B R e A R PRIER (2.1.17) RS BE z = w(zy, 20, -, 22),
fEz BT SRR R n — L B -

{'T'i =fi(31132:"' :sn—l): i1=1,2,---,n,

2.1.19
z="h(s,8,* ,8,1)- . )

My EB—PTRBEEH (51,8, 9,-1) FAHRRMEREE, HIkH (2.1.18) K
%t:ow%a:(fhfﬂs"":fmh) E(]ﬁ ’

T; = Xi(sl._.é?z, it 1Sn—17t)! =12+ ,n, (2120)
k. Z(Sl, 32, g 'gn—l’t)'
Pk 2hs
a a .,
ro| : 0 2.1.21

3f; o "afn 5& ( )
8n—1 Sp—1
a, B Gy

ZT, BRREGEH (2.1.20) Bl n MRTFMHEH 51,8, -+, 8001, ¢, BEMRA (2.1.20)
A8 n+1 ’?fﬁ?, RBERIME 2 = u(zy, 22, -, z,), EREFE F B

2.1.3 g

THSHLTAKKAT. £EBHI A ZRNEH.
. 27.




Bl2.11 ekdliyio=s y=s z:g, 0< 5 < 1. KMAnih A

{uuz+u,,=1,

R B&, &4 (215 RO, ARES b

11
51

'y 8
J= =1—--#0 0<s<l.
a b 27‘é

WRE RS T R R E

dx dy dz
—i —:]_ —_— =
{dt o= @b

(mﬂy!z)|t=ﬂ = (S,S, %),

t+s t+s, t2+3t+s
= _ mins e — 3
2 Y ’ 273 X

HERARL s, ¢, HFBELAAE T, BR

- dy —2x—y°
2(2-y)

2 A Dyt sk s T A

z=nu(z,y) =

v:x=8 y=10, z=h(s),

IRk 3 42 ¥ K R. Courant(FBH) Al K. O. Fﬁedrichs(%%%i%%f) E
1948 EERNFIFOB T ERABE N R RBIR TR (CIERE 1(a) &).
TR v = ulr,y) T CARRERN « 3 LR y SAREES, THBRRTE
— AN AR RN, WA EE.

TS TS 8 FHILH E £ Cauchy-Kovalevskaja E B I &
IS E:
12.1.2 & pc,Non 2% 8, KR
(p—y— Nu)g—g— = CNH% +c, y<p
. u{0,y) = 0. . :
e WLy MBRFTEN:

z=0,y=s, z=0.
.08




£y E

1
J = 0 =s—-p#0 (Hs<p).
p—s-cNn
R (21 g
%%:;;fy—Nz, H%z—an, %:c,
z=0, y=3s, z=0,%t=0Hm,
&
x=(p—s)t+cN{n—1)*/2,
y = —cNnt 4+ s, (2.1.22)
z=rct.
N (2.1.22) TR
1

t= g [P~ ¥~ V= e 2N+ Dal,
BWERA (2.1.22) WE=ARAT, BH
-z =u(z,y)
2.1.23
=m[(p—y)—\/(?—9)2—26N(n+1)m]- ( )
THEHEBENAEREFHIL.

ﬁlj 2.1.3 'ii w = u($13$211"3)1 'ﬂaﬁ#ﬂﬁrﬂg
Ou iz N _a,
{31%14'2.’523'% +3E- = 3u,

U(.’lﬁl,mg,O) = (19(3:1! wz)-

B R
N B = 8y, &y = 8y, T3=0, zt@(s,,sz),
vyt
el 1100
J= %%% ={0 1 0|=1#£0
T 2:, 1 51 287 1
BARANTMER S
{6;1—1;1—=9:1, %=232, %=1, %§=3z,
(€1, Tay T3y 2}|2m0 = (81, 52,0, (81, 82)),

29



#

x; = set, 2y =8:6% x53=1, z=(s,s)e"
MEI=AHFRMEH ¢, 5, B 5o, WENRA = HiRRER, B
_ 7 = u(zy, Ty, T3) = (L€, wee 2™ )&%,
#1214 Fu=ulzt), 2cR", 0<t <oo, XEEFFERAFE
u, + F'(u} - Du =0, v € R", 0 <t <o, (2.1.24)

X ¥
F:R-R, F=(F,F, - F,),
Du = (uz,sumza"' 1”’3,,)' .

48 H4t u(z,0) = g(a). | -
B CBHBRPRNt R 2., MUTRt HEXIRDBETRSE, M4
t = 0 B (R R A T 2

I's zy=s,i=12,-.-,m, Tnp =0, Z=g(81,83,"' 5371)'

BATTIRRE u(z, t) HEME. SEHERE R
dx,:

E:F{(z), i=1,2,--~,n,.

dfl?n.l. 1
dt
dz

=

BB P TR AT A
Tpy1 = t, z = ﬁﬁ = z't:ﬂ = 9(315327 RN Jsﬂ)‘

W 2, = OCFIEEMTE M £ R LERE) E—& 20 — (29,43, ,2°),
E T ZHAE (a2, 53, -+ ,50). WL 4 HE 4 A R BRAE B 28 1 2 M= T i
o

=1,

dz, 3
= =F 0 ;= v
dt :(g(w ))! Z 1,2, ' 7L

B3
= F:(g(ﬂ:n))t + "‘U?’ i= 1:21 Ry Bper = tr Z = g(mo)
EER FRSTHRE
: ¥ 1z = F{g(z"))t +2°, i=1,2,--- .
. 80



ERSAR FHE

y(t) = (2(8),8) = (F (g(a")t + 2°,0)

(> 0). HIBALSMH7 1, FFR B u 5 AL E SR R, B
2= u(@,@ny1) = g(a°).

Ll B, FroRB % u i o° € R HHE RN ek R B E & %
HUEHE o(y°). ¥ g(2°) # 9(3°). PERBHLTBAERLRZ] t > 0 3, £
EEAEBE g(2°) = g(¢°), 5HEFE, BIE g(z) = BH XU Smm (&
it : MHEERSEE X8 —BAELE. IMIFEFSE®E2.12 rig—
B ARTEAE By B AR T — MBI,

TEKE T B REAA AR AW, DR 253144 H T Y HRE
EH, FRAIME— e R AL

$215 FEEAHE ‘

Tu, +tu, =cu, € R, t 20,
| {u(m, ey (2.1.25)
AP, c R¥ & -

B TENERY (o,t,c) A (0,0,c) HBUAE (EHRE 1 B IS B3 ).

BAIh ik

Fiz=st=1z2= f(s). (2.1.26)
1oL & WA ot e 4 4
z
E =, E =t, E = ¢z _ (2.1.27)

M R (2.1.26) BIRER
z(T,8) = ge”, t(r,8) =¢", z(7,8) = f(s)e”".

BB TEBE r = logt, s = z/t, BENRABZAFE, ARG
(2.1.25) KM% : '

z=wn(x,t) = f (%) £

Hf=8% He> 00, Bulzt) £z e RE >0 HEE FRABER, 5
c< OB, @t - 08 u— oo, RXMARLMAENE ¢ =0 “BE”, AMLHR
HRATEE. LT c=1.

RAeEBR—ANAENR A, AR ML ¢ BOSIES, X84041R
PEEA AT B (2.1.27) IR EREHEER = of (« BREEREH),
BRI ot FHEFRSHESER. B (2.1.27) B=A5E0EE 2= 58t (3 T

. 31.



BEEE). TRAAMNEHEZNZE
| z=7, t= 5 2 (g) . (2.1.28)
BeAWHihgE, MEESF (s=01) A%
2(0,7) =7, t0,7) = g 2(0,7) = (g) .
T, 2 (2.1.25) PR HiTieE thek (2.1.28) FIfER
2 (s,7) = 16", t(s5,7)= (:—E) e, z(s,7)= (9) ret (2.1.29)

a4

KR, BT R RAHE MR, BT (2.1.5) RAWE, B (2.1.20) RIHEAT
BRI 7, s M—HHEN o,t MR R, THERE u(z,t) = (B/e)c 5
u(z,t) = St FRASAENME A E(ED (2.1.25) Th A RELUSIE MLk (2.1.28) A¥%E
Higk) AR XL, BT HE S RERN, EVEAENER (Hc=1) &

u{z,t) =g (%) ¥

K, g(2) RHAL g(o) = § WERTTHER. MK, X MEEFMEREE X
ZAE. RS2 1 2R/ M 3 REET —FIE.

22 N B

E—HrRM R, H B R A R N
w+b-Du=0, z€R", te (0,00) (2.2.1)

MR, A Fae, HF, b= (b,b, - ,b) ROHn #HERE o =
u(z,t), Du= (Up,, Ue,, " +Us,). BFI Laplace F1E (1.1.4), 5 H#E (1.1.3)
By FRE (112) RREAS TRP UM BRELANLE Sn=1H, 78
(2.2.1) BAEIBFE A RFEERE, I, oz, t) BRrERZ ¢ BEE. o
DURRT— TR AR TR AR (2.2.1) OMIMEHE. £, BRATEAG—HE
HiE FEUMTERRE. Uk RS ERERN— RS BRE .

BATE (2.2.1) AW vz, t). HFBRHNBITUEL, vl t) B— H
PTG NMES TS FEL Be—K (o) e R, S

2(8) =u(z +bs,t+s), seR.

.39,



TR
dz

ds

ﬁﬁ—ﬁ%ﬂlgﬁlﬁ w2 (2.2.1). Bk, B =(s) LK (z,t) BRFH

I (b,1) € R MBS FECH . BFLL, QURBATEIEW « ERKEHE E—
AR, NRA ARk ES ERE. ﬁﬁ%’lﬂi?ﬁiﬁ@@]ﬁf]@ﬁﬁﬁﬂi

2.2.1 Fix ﬁ&ﬂ%ﬂﬁlﬁlﬁ TR

WacR REGHAE, [ R REBSEES TRARTENTE
FE

= Du(x + sb,t + 8) - b+ u,(z +sb, i+ 3) =0,

u,+a-Du=0, (z,t) € R* x (0,00),
w(z,0) = f(z), = € R~

o FESE (2, 8), WA (o,8) HRAFHH (0.1) NERHSHRY (x + as, t +
s), seR Hs=—t i, WHERETHEH I R x {t =0} T K (z — at,0).
bSO w B BRI B, T AR A, u(z — at,0) = f(z — at),
1

(2.2.2_)

w(z,t) = flz—at), zeR", t20.  (2.23)

BrEl, g (2.2.2) B, L (2.2.3) ¥R, BERE—K; R, & F —ME
SEaT, W eT B0 U th (2.2.3) RTHEE u(z,t) £ M (2.2.2) B
BMiE1l ®zcR, FF$a>0 ROFTITHE(223) MR 118K
P, ulx,t) REMA c ENR ¢ BB, 38 « BYD - HKENE,
MERE, u(z,t) = f(z — at) BEFETE ¢ BARER (FIEB). Kz, L0
¢ = 0 B (s, 0) = fz,), AL >0, 8o =2+ at BB
f(z — at) = flxo +at —at) = f(xs) (B 2.3). L, MEER £ >0, flz—at)

S=f () Fardty]
N

7l | w
A

o X xgtal +.
W23 e

. 39.



RIETER S f(z) MERERAPFBIER o MHRN. FHH, & =1, WS
R a, W[ f(z) ISEEARTLUER o MERE, B f(r—af) 547
B YL, B f(z +at) H A7k BRRLGITHERIETH, BREFL—HD
fEIRMIB. £ T, BRI (2.2.3) Ea‘rﬁ# HAHEEERENS g%
e, REBBITHA.

B 2 EEBLRE S AR, HE (2.2.2) BB ER T, )
ik, HEFE ;F REL, AR (2.23) ATFREMBLTHR (DEH) #HET
—ARIAER. S, ROTUBHLEMRMEERNRE o BAEE
(2.2.2) B ZESRHARRTEE FERETE) RETRHREH, EETJX
R RITEER IARERXF .

- 222 FEFRIFWAE

f’é‘ﬁﬂﬁ?&%ﬁﬁﬁﬂ‘lm{ﬁfﬁj ]

{uﬁ—a-Du:f, reR", t>0,

224
u=9g, r&R* t=0. ( )

ZRXEERENE R, BIMBRERE (o,t) € R™, s e R, 4 z(s) =
u{z + as,t + s). W

d
£ = Du(z + as, t + s) -E+Us(-"i+ﬂ'3:t+3)
= f(z +as,t+s).

i5)l:

w(z,t) — g(z — at) = 2(0) — z(—t) = %ds

=f0f(:c+as,t+a)ds
- ft f(d’} + G(S - t),S)dS,
T BEAE (224 BEzcR, t >0 L&
u(x,t) = g(z — at) + /ﬂ flz +als —t), s)ds. (2.2.5)
£ —8, BMAREB KRB — R B,

solilos



3 M 2

RTFAMERAKE (FEY A REz, yR):
(a) u, +uu, =0, u(z, y)ly:[l = h(z);
(b) v +u, = u, u(@,y)|,_, = cosx;

(C) Uy — YU = U, u(wv y)|y=0 = h(x):

[ u=h(y/2? +y7)er==t=)]

(d) @*u, + ¥, = 2, w(z,y)l, ,, = 1;
(e) a':um + y’uy U, = U, U (53,%0) = h(miy);

(f) ZI’“ -3u, w(®y, By, 1) = R{E1, ¢, T )

B 1(a) M, Koy $@ L i (s,0) A& ERE. bl X, E0:
(8) % h(s) RIEFFEH, FM1(a) £yc R L2k EEAER
[ 7 AE5215]

(b) Bk MERY BT u.(r,y) IRBIAT vw.(z,y) TALF X
gouthkl y 894k (L A'(s) < 0). B}, FRM ulz,y) REMHILET —
hOBMBEEE” R e’

CRu RER

(@, Y + bz, y)u, = —u

Ly FRGADELENRZ LETC X LAEN IR L

a(z, 1)z + bz, )y > 0. B v = 0.

[ #87: FMAGREERR KA Fth, EBBRLFF X

maxu<(] mlnu>[]]

.iﬁwﬁﬂﬁ

y+b-Du+eu=0, (z,1) €R" x (0,00),
w(z,0) =g, =z €R",

K, ceR, beR" HAFH
[ #24: M 2.1.2 —¥ F#9BHE 3]

. 35.



w3E WS

REFREN AR
—afAu=f
FPME BRI ERE. EF a>0 R¥EE, >0z 2, 2 CR BFF
Bou=ulzt) ERFNEERE, [ = flo,t) REMELHRE, A BRTZH
TE © = (7,22, ,%n) K Laplace HF. ‘
 EWMBERCEKF SR, HASNBIRS (n = 1), BEAMDERES

(n = 2) MBBEERKTEDIERS (n = 3) KHELBZEURBERZ HE. AiXE
PEERY, u(z,t) BRHEL z ENA L 2 0 FRERBE T mEae. RA0H
THRABHR AR K ES RN REL

BREAEFZ4SFA R PXEH 2, HEAEA D, £REETH
G C 2, F=F(r,t) R-EN ¢ L FEDR 0G tERIE G LHRHERE.

TR WG ZEMBEARRAIR - | Fouds B8, v £ 066 R
B, AR 1. RS de TR ¢ SR . T2, ANRMIK
G ZEMEH ¢ AR A2 f e, B Newton (44) st

fuud:ﬂ =*/‘ F-ud§.
e}

ME-KBEESE w € CY(G), HHTHMN Gauss(F80) A&, XMKFR2:
fdwwdw f w-i+dS. (3.0.1)

# (3.001) BFark, #
. / Updr = — f divFdz.

Uy = —divF, z € 2, £t > 0.
TR, P 2ABAEE Dy B9, B
iy + divF{Du) =0, z € 2, t > 0.

MG C 2 FHERNR



B4 BN ESD, |Du| 284D, WTHE F(Du) ~ —bDu, b > 0 REEH. #ilb
ARA LS, Hid b= a?, RELFRBEY TR

Uy —atAu=0 &2, t>0. {(3.0.2)

TR & B, I R B R A R R R T ¢ = 0 BRI
FHAAIH u(z, 0) MAHHE v.(z,0) XFTHEE.

BB T, 7 (3.0.2) A7 LUMRICA A B 05R K & thiRah; 26 4
T, EMURSERE B ABRIAE. Y ENDEREZIN HEH
i, AR (3.0.2) K RIEFIRN.

3.1 —HEEBN T RERIHIE R

ERAENHEFEY, BEENR—REETTE _
Uy — QU =0, z€ (bc) CTRY, ¢>0, (3.1.1}

HA o> 0 RER, u=ulzt) EWEL, u REFEHZLRA z A
BB, BrLL, — ks B SEiREh H .

3.1.1 d’Alembert 2% FE 5%
EEEYME B

utt—azum=0,$elﬁ1,t>0. 513
u(z,0) = p(z), w(z,0) = ¥{z), z K" L
MEFHAERNES SR TREFEAS R
a d.,,0 0
(E + aa—m)(a - aﬁ)u = Uy O U = 0. (3.1.3)
&
v{z,t) = (% - aé%)u. {3.1.4)
i (3.1.3), &

v(z,t) + av,(x,t) =0, z € R, ¢t > 0.

XR AR, Bl (3.1.4) fv WEWEEM

v(z,0) = ¥{z) — ag'(x).
. 97.



TR, ek (223)#
' viz, t) = ¥(z — at) — ag'(z — at).
e A (3.14), B/
ue(z, 1) — au,(z, t) = ¥(z — at) — ay'(z — at),
H (z,1) € R' x (0,00).
A IEFF AR T, B8 u(z, 0) = ¢(z), AR (2.2.5) B3
7 L)

= ¢z +at) + /t [%(z — 2as + at) — ay'(z — 2as + at)|ds

i x+at
= glz+at)+ %a /;_at ['Qb(y) - a”P’(y)] dy

-;»[cp(m + at) + p(z — at)] + ;—a P(y)dy. (3.1.5)

UL b d’Alembert (A3 RR) &KX, ERAVWERE(3.1.2) FER
. HEERIUEETE, X o € C2, ¢ € C! B, d’Alembert 243, (3.1.5) BrRRH
B u(x,t) WERE (3.1.2) WHERRMEE&S, WPAE(3.1.2) MWEEER
i d’Alembert A3 (3.1.5) ¥R AK@EIES, HE (3.1.2) WEMAMBRIEH
d’Alembert 2FXFR, bk, HRBE—. F5k, B d'Alembert ARTHER
B A R R [0, 7) A

sup u(z, £)| < supi(a)| + T sup (=) (3.1.6)

Ho z R, te0,T]. AHFEBMNVMERELKENE (BFHFESENRE
), B4 T EENIEEE

Upy — QU1 =0, x €RY, t >0,

ul(mv 0) = (33)9 ul,:(-':-r": U) = ?.bt(f):

N ttoy — 0. =0,z R, t>0,
u3{2,0) = o), a,{z,0) = alz).

RERTFIL, BRIV e, e HART U RO, o= 1,2 HPER v, .,
BABFEXHARMRLELT . @ w=u; —u,, W w(z,t) HWLERE

wy —a?w., =0, ze R, >0,

w(z, 0) = ¢y (&) — wa(2), w(2,0) = 1 (z) — ¥ ().
. 38 -



i (3.1.6), &
sup [w(z, )| < sup i1 (x) — @a(z)| + Tsup [y (z) — Pa(x)l.

FrEA, FERESE PR SO M BTN X, FPEZALIR/D, AT f e e 3 4k R
A, BERREN. ZE U Eitid, BRI

EE S (ERM) # o) e CHRY), ¥(z) € CURY), BEMNA K, 1
AMALFIAE (3.1.2) 9 RARAER— BHARFRE LKA (Rkdg g
FEEAGEH) Adm, M (3.1.2) AELH.

7t d’Alembert A, (3.1.5) F, # u(z,t) B LEFEANBY 6(z + of) M
¥z + at) FIERBHEN:

u(z,t) = ®(z + at) £ ¥(z + at). {3.1.7)

FE, 81 2.2.1 WiSHHE, EH#E E O Alembert AXFBR—BFWHEShHER
{H B B ATENATEN NI E &,
d’Alembert ARERBRNHEEFHHFAPLEA. THE, B —THENSE
HTHARTITZH R M %
f3.1.1 KMEEALR, = {z> 0} L&irihi P&
Uy — Uz =0, TERL, >0,
u(z,0) = g, u,(z,0)=h, z € R, (3.1.8)
u(0,t) =0, £ 20,
R g, h RBeRH, HE g(0)=h(0)=
B asERER#RILTAR LE. ?:‘HHS TR, g, b R EEM (BRY
RS F:

a{z, t) = u(z, t), xz0,t20,
S ~u{—z,1), <0, 1 20,

5l) = {g(:ﬂ), z 20,

_g(_x)i T g 0)

(x), z 20,
h(z) = {
—k{-z), x=<0.
M a(x, t) 62 15 R

Ty — Uz = 0, (m:t) €R x (0, OO),
w(z,0) =7, #(z,0)=h, zcR.



i d’Alembert A, (3.1.5) &
o+t

“w(z,t) = %[g(a: +1) + gz — t)]+ % h(y)dy.

ik, VERE 0, § R WEX, @RS 0 20, £ >0 HEIRIEE (3.0.8) R
u(z, t) :
%[9($+t)+9(w#t)] +%fz WMy)dy, £t 320,
- i (3.1.9)

1 .
-1—[g(m+t)—~g(t—m)]+—f hiy)dy, 0 <z < ¢
2 2 —z 4t

X FFHF O A0 R B AT A R Hh BB RE 40 2 S T SR 15 [ IR A BT AR 6 o e 48 s
. RATE (3.1.9) AMWHEEI. FE(3.1.8) REERABETCH —FLBK
EH RSy R, SRS . B b ERY
Bz, BEENRS). Hz >t > 08, Bl dAlembert 2RFTERE, BRI
B BB TS BN TR ETEEZANEN, MYtz 200, €
LR B FERNETESERS « =0 REFRKNRFEED.

M BT CUARELRIENT I BE (3.1.2) KM%, (1A (3.1.2) P HBRRRIE
S AT R, TR B K AR o, = 0 IR, HERS
FARRHEEAR v = FE) + G(y), HP, FAIG ZRERZWGEEEK. REHA
VIR EA G E R PRI MR RS, & d’Alambert A, (3.1.5). R4ERS
HEEEIE.

3.1.2 KEMEE REXE MwmXE

AN d’Alembert 23 (3.1.5) FH, u(zo, t,) HVIBR ¢, v 7 2 FHY
BT [0 — ato, &g + ato] LEIMEME—PiE, A AT 36 R BRI A (o, to) BT
FITELRY « BN R, BRI A (20, to) HIEME R (B 3.1), % o, v
MR EA A S MR u(z, 1) FEA (T, 1) FIHE.

A—HME, Bz BELLRE Ao, KER 2R HKEREHR |z ¢ <R
HRé-RE5EH+ RO EE z—at=¢-REc+at =+ R, HEL
& (£, Rfa). RU=ARXEMEQHN B). Wb EHERERRES S8,
B(I) LAE— /& (z.t) &K v FEN B =HBERL € - R, ¢+ R] LigyME
M, RATAR B() B\ [ - R £+ R Bk AR (B3.2). TR, HX
B AEX B LASR I IME, HARBWAMRAE B(I) EiE. R — MR &
Bh WA [0, z,] ERIVMEEWIE wx, ¢) FEFRLE R _EHME? R R KER IR
58 B Aix 28 A T iR zo MIRIELR 2 + at = 2, AT =, FIARIELR
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(xy 1)

O xy—at Xohaty
C 31 A (mo, to) MK

r—at =z, 5K [z,,2,) FRENERESE G L. BNH G BEE [z, 7]
F 5 ok X 3 (B 3.3).

t At
! &y
\ xtaf=x, x—at=x,
/B(I)\ | G
OE-R x-ar §x+at E+R * o Tp X =

32 [¢-R(+ R NREXH 33 [fo 7] FIEWEE

PLE=#RBAIRIS, AR T FREOFERKENAR T ENNE

B gl RAVEE T 8 A B S A (K 16 Y T S B R )R

BHRAE. FARNNETHARS: BHNERE ¢,v £X8 (2, 2,) 5
B40%, MAEKKAAREIE. EEBEENES ROIFNEEXEG A
w>0, TEGHu=0(E33). K&, HELERTIUIMHIE R« £ 0 ML
i u=0 WA FAR, TR ERE o MEe & BAVEES 7 EREAN TR
XMELR, BRBEIITERS R REN.

3.1.3 #MECIMAIEER

MDEEE, o(x) 7 ¢(z) FHRTSENNELBFRVEEE, S1&E
ER—EAMBARN. N AEF EF, d’Alembert 2XFRRMBREE L,
HERFNRBIEZRSNAER? MEREEN. FELE, # o), vz )

- 41-



ER EEG MXHERRF [—r,r], r >0, HERBIBIEA) Weierstrass EH 4,
HAERFER ¢, € C'(R), ¥, €C'(RY), n=1,2-, & [-r,7] LHH—H
BT o AT . A R

U — G Ue = 0,
w(zx,0) = g.{z), w(x,0) = tu(z), n=1,2,--.

HIREA u,(z,t). BT (3.1.6) 40

Sup |un (2, 8) = um (@, 1)
< 1S1|.l<p lon(z) — pm(z)| + TIS}LP [ha(x) — ()|

— 0, Fm, n— +oo,

FR, BEF {uz,0)} E (,0) PRRE—FRERG = {(2,8]]2] <
r—at, r >0, 0<t<rfo} E—HBRB—NEERE ulx,t) THTE
u.(%,t) A H d’Alembert AR ERH

2+ at

u,(x,1) = -;- [ea(z + at) + @u(z — at)] + —2*1; Yo (y)dy,
#HEEXH 4 n— +oo, B

wet) = gl ra) +olo—at] + 5 [ v,

Bl w(x,t) P38 d’Alembert AKX TR, HE DAL T HE, BRIOKE DM
(3.1.2) fggmal > L. UL LT R T XMBMRNEESE, EREEE—
B, AT (3.1.6) ATANXF SRRt AR 1N, AT ST X R S5 AR I 4
{HiR B R EER. FL, BEEW AR REEM, I X TR Emes.
LR T DL AT SO AR S DA BB S AR R H R R
B, L@y RBe: ENBPNZAFESHNERAER. EalEEX
AR R, BInEr v B R Bk 2 SRR, ST SCR)— e B ar 8
LS AGE, BRTRERE, BNEFA——ERRT. AETHLYT KRS
AR, XHEERBNRAERRAS SRS B hihem T X%,

=

3.2 —HEEENTRNAILERE

AHNBENATREF BNV ERE. BRXBRENFEIER
7 B R AR R YR TT i, RA1FI BT A GRARAE 228k R i B 5 5% 1) 5 985
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X B oK B8 F — 9 Sturm-Liuville (3 88 — X4 R) FeLE 5910
R,

3.2.1 FORAR ESS

Bk RATVNEE 3.4 FirlTEATNAE ABCD, EHN&LRESHHRE
(3.1.1) AR LER ¢ + at = ¢, 7 —at = d;, i = 1,2. BHRIE, FAEN
(3.1.7) (PR u 20T R LB KRR AT A, B 2 4 =

u(A) + u(C) = u(B) + u(D). O (320)
BAE, % B H 1 1 |
Uy — By, =0, 0 <z < L, t >0,
u(z,0) = f(), u(2,0)=g(z), 0Kz <L, (3.2.2)
w(0,t) = at), u(L,t) = B(t), t =2 0.
kR, R A SRR IE G Bl it i MR AR R 5 1A T RS RIS TE LR, R
XK O <z < L, t >0 BCEREKE (B 3.5).

'Y
A!

v VI -
u=a(f) u=B()

41 m
(¥ 8 Dl

x o WeRTE Lo
7] 0, x)=g(x)

B 3.4 LR & 3.5 FAELEERR

wz,t) FHARBIBEERRXME 0L WhkEXE) LE£—KHHE B

H d’'Alambert 23 (3.1.5), I(NHFHEHBMEETE. WHAXKS I FR R, #All
= (z,t), fERHTA R 4, B, C, D W TEPAT MR, & (3.2.1) #

u(A) = —u(C‘) +u{B) +u(D}, (3.2.3)

H, u(B) HAFEHSH, MET C, D HTHRKI E, Bl u(0), w(D)
ROEEBN. A0, 7JRR o BRI, IV, V, .- ERME, NTE6H
M (3.2.2) FEHER D KA. ﬁ:ﬂﬁﬁ?ﬁ%ﬁ&ﬁ&.

« i



WRERM o« EHEXEMHCLRT 2 & FL20NEK f,9,0.8 &
HYwm A SN E S FHEENY, MERESE « BRI BREH
ETRRM f.g HHIERM o, 8 FHN, HERMEHFA. THRER aﬂ‘]ﬁ
JEFTIEE A 2 &4

a{0) = f(0), o/(0) =g(0), o&"(0)=a®f"(0), (3.2.4)

B8(0) = f(L), #'(0)=g(L), A"(0)=a*f"(L). (3.2.5)

éf, BeC? geC i, LEZSBFIET u € C2 Ffl, HK AeIIE_u(A)

i (3.2.3) HosEAT, NIEH‘J;&D 4 A — D, llu(B) — &0), u(C) — £(0),

1 uw(A) — —£(0) + {0) + u(D) = u(D). HILATLLEBA, ¥ o(0) £ £(0), A
YIELR « = ot, u BHBRER, BRF=4 28— A1,

A B R DU A 35 3 BRI s B8 3k RBYIAE 988 (3.2.2) B, 5
B (322) P, #alt) =6t =0, HEMFEREE. X& f,ge C?, BHEH
&M

FO0)=f£(0) =7"(0) =0, f(L)=f(L)=f"(L)=0,
g(0}=g¢'(0) = 9"(0) =0, g(L)=g¢'(L)=g¢"(L})=0.

1o e L oL AN E R
fl@) = —f{-x), flz+2)=f(x),
g9(z) = —g{—), glz+2L) = glx).

TH, fg € C(RY), BESNUA C’Alembert A3, (3.1.5), RBIZEIR F AR,
WerERE [0, L) ERMRHFRERAE (3.2.2) . AHRIEX W, R
BeMEAn&FHUe. BT fg 2R J:l;l 2L AR R, wH

u(0,) = 5[7(at) + F(=at)] + o / " o)y + [ s
=g fn [9(y) + g(—1)]dy
=0

&
L4at 0
w(L,t) = Z[f(L+at) + f(L - at)] + i [ f g(y)dy + f g9(y)dy]

[ F(L+at)+ f(L —at)]+——futg(y+L)dy

= X T



3.22 TFRHE SBTEEE

4 B3R Btk XK Fourier(1§ 2 ) #Fik, MEITRESITENBUEER
Bk WPCRETHEFPMTHEL fIRRHSBRESETUS
MARFAMMENRENEERSINEDN. TP AEERSIEFEL
glotiten) — glotgliz b — o XIERYFE LFTBNEE. NESARE, BER
ZREFEE : HRESREER+ HRBWER, HAFER>EMEL. H
A RBATEMR L 2 M2 AT, AT 250 R i S O BRI R 7 &4
MR EES B MR

un(xat) = Xﬂ(m)Tﬂ(t): n= 1’ 2) Tt
RBIEENIRIMER, iIdA
ulz,t) = i O X ()T (L)

n=1

FIFAMBEERE ST AR R B, AN B RR, X R
#HEER. _ .
T, RATCAPIRIE 2 KL B B A A E B E R, RS
Uy ~ CCu,, =0, 0< <, >0,
(0,£) =0, u(l,t) =0, t 2 Q, (3.2.6)
u(m, 0) = f(w)a u,(:z:, 0) = g(ﬂ.‘.), 0z < la
B, g WAL
flO)=fH)=0, g{0)=g()=0.
FEERERSRNT: :
(1) DRZRE. Sk HRRMIFKARF R A
ufz,t) = X{z)T(t) #0

HE. BERAFEIRE &G

P BC
P70 = Xy X@TW) #0.

EXEGRE QTR RS, MAMREAER » MR, Bk, SHAYSE
A2 BHEHESRT, ChEEY -, B

T7(t) + Ae*T () = 0, ¢ > 0,
X"a)+AX(2)=0, 0 <z < L.

(3.2.7)

- 45-



AE (e, t) WEAFFE, RAEK X(0) = X() =0 H7.
(2) BERRAE I RE. ROR AR H G2 J7 R A (G ) A
X"a)+ AX(z)=0, 0< z <,
X0 =XO=0 ‘
FHETHRNEHO BEAHEMR, XL ) FHREE (3.2.8) K4, XRET A K
MR X, (x) WHUTHT (3.2.8) RISHAES M, HARARRESR KA. THEKR
TEEE.
(a) 29 A < 0 B, HRRIEERN

X(z) = Ae¥™** + Be™V=,

(3.2.8)

RANAFR &, B
X(0)=A+B=0,

X(l) = Ae¥™™ 4+ Be™V"¥ =0,
HILER A=B =0, 8] (3.2.8) (UHFM, # ) < 0 PRHEHKEHE.

(b) 2 A =0 I, BMA X"(z) =0, RARAFERRBEB X(x) =0, FTU,

A =0 tEARRFRIEH.
(c) B A > 00, FHiC A = k%k > 0), NBFREEES

X(x) = Acoskz + Bsinkez.

HIAAEH X0)=08A=0,H X() =08 Bsinkl =0. BKIEZHE B
B A%, BNE

k:%fmt‘,\,,:($)",n:1,é,---. (3.2.9)
U B AEE MR (3.2.8) PASIEE. MNAIESR, PSTEREA
X, (z) = Bsin Bl = 1.2, : (3.2.10)

| l
Hp, B BIERHE. £ (3.2.9) A A, UA (3.2.7) BB, BH

ann

T(t) = C, sin alﬂt + D, cos 7

X, C,, D, REEEE.

T, B
.un(m, t) = X,.(x)T.(t)
= (C',, COoS 9—?—% + D, sin a—?—“—t) sin %E—:E,

n=12-.--

¢,
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W (3.2.6) T HBMARESE. ¥, C. = BC,, D, = BD, RIERFH, B
. _

(3) BMFH u.(zx,t). BINEN u.(z,t), FERIAEEH LA (3.2.6)
MR AT, e e &, iﬁﬂ&ﬂuﬁﬂ:ﬁﬁ o

nn

u{z, 1) = Z (€. cos Tt + D, sin ———ut) sin - e | (3.2.11)

n=1

R B (3.2.11) —BUk S BXTF ¢ B BT B, W BB E4F
u(z,0) = i C,sin ’—"Em = f(z),

u,(x,0) = ZD 2T sin --:c = g(z).

i Fourier .&ﬁﬁﬁgﬂﬂﬁﬂ% f, g B EEBEEBRE F(0) = f() = g(0) =

o) =0, W C,,, D,,— RAFIE f, ¢ XM [0,1] LR EZFEHARE, T

= —/ f{z) sin —d:v,
A ;

. (3.2.12)

D,=— 1} g(z)sin ?dﬁ.

anm f,

EEMAA (3.2.11), RBIHE (3.2.6) K.

Hif BB 8 3] R e g, X R E A RAITAAER S (3.2.11) 2
F—Els, BETUBTMS. Frel, EAERXBENRE f(z), g(z) B
Hagttfm, U LGRS HEMHIT, AT TR R s, X
MIBHAGELRE, BRI EENEIRBRW T .

EH 3.2.1 (F4EM) FFfeC 0], geC?0,0], #Bf, f', g#z=0
Foo =1 BAEAE, Wil HM(3.26) HERRALE ETATHEK
(3.2.11), i+ A (3.212) X#.

WER B (3.2.12) W C, WA MK, EENKHABERS AR, 1E

3
e 21 / F9(x) sm—d:e:

TR u
IC [‘\_15

2£3f F9|d

A

T



%, A, D, |<ﬁ_ﬁa HHE M, BEEE. WM =M + M, UG
[a 4] o o0 1
3l Z|C|+|Dn\)sMZ—4,
= M 1
2l t<2‘ﬂ00|+|ﬂnn< ”‘“Zns,

g I

P n)“;<2 (T Cu + 1) < M )an,
Ziunmi<2(m |C|+|D§<M )Z

n=1

BHILAT 4N, B (3.2.12) Pidi A3 (3.2.11) &ﬁéﬁ%ﬂ%mﬁiﬁ b/ Rt ¢~
FBNEAAEREFAR S 2 <1, 0t < T L4 H—Buledt, X8, T 24
BEEMES. BT, B (3.2.11) NWRAVILEFE (3.2.6) . O

EREEME, XBEX f 7 g FimP&4EREHRN. REETNHMITE
A E&ARRTS, W f € C°0,1],9 € C?[0, 1}, {BBAHEIE & S I B BT i 11 3
EEERSEEBNER. B — RSP, B, SIHER, R
AR AREE N (3.2.6) HEE. M, B A TREES, XENT
OHINER e

3.23 FFRAE WHERMRITE
FBRF RGBT RLE N E

Uy — Uy, = flx,t), O< 2 <!, £ >0,
w(0,8) =0, u(l,{) =0, t 20, (3.2.13)
w(z, ) =0, u,(z,0) =0, 0z <. .
HTAET f MBI, mEEEL v = X(2)T(t) A, HFFRESEER. A
FEF W BE (3.2.13) BOFFIR T (3.2.6) WFFHE R A2

Xn=sin%m, =12, .

REUSTETPREZEZENEK, B3RO T AR

w(x,t) = i: T,.() sin ?I. (3.2.14)
A ¢ B8 B3, AR AR 12 B B 1) 5 2K 1R B 95 1E R B R R FF 4 Fourier
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S, B, T,(¢) 2 Fourter R, IXERBIERBHORY. BR 3.214) P
0 u(z, ) R (3.2.13) TS REN, BT TAERRE 7.0,  ulz, 1) ¥k
2 (3.2.18) HFRRAIA R, ik, ¥ (3.2.14) KA (3.2.18) R HHTERN
Higdr, B

(==}

Z [T, () + (m) Tl }sm%x= [z, 1),

n=1

u(z,0) = ZT,,(O) sin %15::: =0,

n=1

u(z,0) = ZTH(O) sin %x =(,
=1

% Flx,t) ERME {sin ?:s} FRAHCALEE R, BN EE=R45
RFIL R, B

To(t) + (F) Tult) = £lt),
T(O) T(O) 09m=1727"':

Ho
fm(t)=%/o Ja,sin Trada, m=1,2,--
W
Tm(t) = Jm/;_fm(’r)sinm(t—r)df, m=1, 2,-.-.

I
FEA (3.2.13) MBS

u(z,t) = i (_&% /: F-(7)sin ﬂ;E(t - 'r)dr) sin szw

oA AT LA BB B (M X _
ulz,t) = fo t l EG(I,E,t—T) f(&, 7)dedr, (3.2.15)
e
Giz, £, — Z— ; ———(t—‘r sm%msm—ng

AREFERM (3.2.15) BRAN S, SHE—HHBTESMHEE. WRE
R EB—BRK EXT ¢ BRUAE S BBk, WEHENDE 55
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KT = R BRI RIE R R0k, WedwenE. Bits

T 322(HAEN) B flr,t) Y ATz A& TH B S, f.
Hr=0 0 tREME, B (3.215) ALY R ulxt) LFH (3.2.13) #
R

EAERAEAT AR EES21IGHE, BESFEC SR X8, X f K
R WA DS, AN 51 IE R

Bl EF R EANFRGEMNGIERRE LB KREF A KIEN.
TR E A4 R R BENFTE B B T o R R &4 TRy, B %l
(3.2.13), FILREMHHE - REHE = NNER (X, ) HHANFRLFE&H
TRIFFERER. XFMERAEFT e B 7 M #e4E 2 SR 7 3%

EHEWHER S BERENFER BRI RARMEA TS 4HERTH
MERHE: —MEFRTEFTF LR EMANEBSHFE LA
B, AR REEFRITEHHF U REERNF RIS EEN0AENE. X
PR R R A A IR R TR RN, BT, St — AL A ) R

Uy — Uz, = fz,8), 0< <!, t >0,
00,8 = i), u(,t) = v(t), ¢ 30, (3.2.16)
w(z,0) = p(z}, w(z,0)=¢(z), 0Kz gL

PR ERTTE—BERARRER. B TR AR, RIBF R R E AR
HIFRIA AT RIFEFVRS A, RO R R R A BF 0. Sk, #68k
BIBH h(x,t), FERAFER

he(0,) = (L), Rt} = (L), . | (3.2.17)
MR oz, ) = v — h RIERF I REE |
v.(0,8) =0, w(l,t) =0.

| MCERR TR MR (3.2.17) MR h(z, ). (3.2.17) RFH . WAL
tET T (o) ERBERIEAY i B4 (,v(r), B2 2 — 0 B
R u(t). XS, BB EES

bz, 1) = p(t)z + wlt) — Lu(e).
AR hix,t) fET#H
v(z, t) = u(z, t) — h(z,t) = u{z,¥) — u(f)a: —v(t) + 1u(t),
W AT BE (3.2.16) BRAL A RAFIGA R &RV HE S



Ve — azvm == f(.'l:._,t) e h(m, t), O LT < E, t> U,
ve(0,8) = 0, v(l,£) =0, t 0,

(3.2.18)
4(2,0) = () — h(z,0),
v (x,0) =z} — h (2,0} DL 2 < L
FIHBMER, ¢ v(z,t) = wiz,t) + 2(z,t), w W =2 FRIWEE
wy—atw, =0, 0<z<l, t>0,
w,{0,8} =0, w{l,t)=0, £ 20, (3‘2.19')

‘U)(SU,U) = Lp(.’lf) - h(I,O),
wt(mﬂo) = 7/’(33) - ht(mao)a Dzl

2y — 022, = flz,t) — h{z,t), 0<z <, t >0,
2(0,6) =0, 2(,£) =0, t 20, . (3.2.20)
z2(x,0) =10, z(z,0)=0, 0z £ L

T, AR RS (3.2.10), FAHE R JURF M (3.2.20). B
KRB ) (3.2.16) FHE u(z, t) = v(z, t)+h(z, t) = w(z, ) +2(z, )+ h(2, ).

RERBEAPERMIANFTTIRA. ROUEBER I, TR EREN
ARFAFIA. EARER h(z,t) X o B ZREH.

3.3  Sturm-Liouville $¢4iE{E 7] B

B LR, o RERZHEE SRR EERE. X — Rk
AN, BREN: FIEANFERSRETHE? HERRRETHRES
HEMMRELZR? AETPHRARRETEFIRRARIT X=fB K
A, Fourier ZEHIRN & M 7R RIS, 3 —8 KX 425
VILEEE, 7 EEEENIESH TR REHES T ROREE S,
& Sturm-Liouville 442 4i /8, BRI LRNEL N FEEHES. T
m, BRNE—PMEARNREEEF (A—E2XBREER) MHEXNMER, |
Sturm-Liouville #4416 28 3. 5 5850 th 2 7 72 A471320 8L i3 KL



( Aty + C(2)ns + Dty + Elwhus,

+{(F(t)+ F(z)u=0,a<z<b t>0,

8 u(z,0) = p(z), u(z,0)=9(x), a<z<h . (3.3.1)
au(e, ) + au,(a,t) =0,

kﬁlu(bs t) + ﬁﬂuz(bs t) - 0; t ; 01

B, oy, Bt =1,2) BEHE, Ho?+o2 #£0, B+ £ 0; Alt) 2 A, >
0, C{z) £ Cy < 0, A, Cy REH FERMEEFE<r < b, t > 0 L.
F—RtE, & Fu(x) > 0. )

WHERAEN u(z, t) = X(2)T(1), HERAFERLAES, WRRER
HBEEIRE, AIAXT TE) N

AT () + DT' () + BT+ AT =0 (3.3.2)
T4 {4 ) B
CX"+EX'+ FX - X =0,
o, ¥(a) + 0, X'(a) =0, (3.3.3)
BLX(b) + SX'(b) =0,
BIRAE R (3.3.3) HAETBRE X (8 (FRY I B A0 HAe i) AABRE RIS M (3
1) R B 4 A % ).

FEA FA IR AL 6 0] 2 8, 208 (3.3.8) P HRILAN S50 A /MR
A AREBH -S) RHERM, 6

(—8CX'Y +(SCYX' — SEX' — SFaX + A8X = 0.
2 (SCYX' - SEX' =0, {R#B

-1 *E
S—?exp{./: Edm}
Hﬂ?CQCg{O,'ﬁ—SC:exp{/ gdx}>0.‘$’

p(ﬂ?) = _ch Q‘(:'L‘) = SF2=
T, (3.3.3) PHEMN BEREER

[p(z)X"]) — g(z)X + ASX =0, (3.3.4)
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K
plz) = -8C > exp-{/z lz%ldx} =p, >0,
g{z) >0, §{z).> 0. )
H (3.3.4) EBREHERAE (3.3.3) WTF:
P&} X'] — ¢(2}X + ASX =0, .
o X (a) + a; X' (a) = 0, (3.3.5)
BLX(5) + BaX'(b) = 0.
M (3.3.5) b Sturm-Liouville %fﬁl‘-{t}ﬂﬂ, EIFK S-L 8. ZERM (3.3.5)
ZHY, FeAE B E R BN R R,

3.3.1 HHERPAIER

EHE 3.3.1 (%ﬁ@&?ﬁ B—gH) #X 55X, £33 FF —A4H4EHE
w%ﬂ:—lﬁl'ﬁ, ﬂ']ﬁ'ﬁ-’i'i"g:'*‘&c ‘{iX1 T CXS.
EW B X, 5 X, SREORE FRE =0 K
o Xa(a) + e X, (a) =0
o1 Xo(a) + a:X,(a) =0.

BEH a2 +a2#0, | X, 5 X, B Wronski 7% X7 z = o (IS TR, §
X1(C"f) Xz(ﬂ)
X (a) X,(a)

TR, # X, (z) 5 X,(x) Gt WHEIAEEREC X, =CX,. O
FE332(REXM) FX 55X, 2RSS FHEMN 5 N\ #
A;) Fdpie B, B AL [0, b LAedt S(z) £&, B

b
/ SX;XJ:d.’L' ={.

iERR R X, X; SHRAFTE (3.3.5), 1§
[pX]] - ¢Xi+ A8X, =0,
_ [pX]]" - aX, + A,8X; = 0.
ERPE—RF X, mE_RAR X, B
(A ~ X)ISXX; = Xi(PX;)' ~ X (pX;)’
= [X:(pX;) - X;(pX,))s
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7E [a, 0] RS B, HRIHG A RE, G
( —A)f X, X, = [Xi(pX.) — X, (X1, = 0.

B £ A, BB .

3.3.2 BHEE SHER M RFEER

H T R REEE, R TSI AR EZNREFERN T, RITE
BE e 18 B 2 1) B B A2 ) P S AR AE B AT L (3.3.5), FFHE R b 3K 4 A )
IR A B, TSRS R BN E X

BFE [a,b] LML S(z) FHRRRBEREN L, s, WD

(!}17@2)5 E/ S(x)y (2)yo{x)dz, Yy, 4 € Las, . (3.3.6)
H, S(z) >0 R [a,b] HHEEREK. Fib, £ Clle, b ‘F’ﬂ_ﬁ?ﬂﬁ
(1, Y2)m = / [ple)y, + a(@hnpelde, Yy, v € Cila,b], (3.3.7)

HH, p(z), qlz) & [a,b) LHEERH EXEEH s > 0, oz 2
Po, g{x) >0, ¥z € [a,d].

H (3.3.7) HBRATEEIEH || - ||a. Cla, b]) B EEHLHBHZHIE
Pl ‘Bt Hilbert Z5[q].

DA, gk IR AR (W] 8K (3.3.5). MRIE, ¥ (3.3.5) FRUA KM
HE—R HE X Bhy TR, FIEEREA

(p(x)y’Y = qu+ ASy =0,
yla) = y(b) =

EX 8.3.3 #Fye H)y, dHiE—n€Cola,b] Az (y.9)n = A(y s, WAk
y & (3.3.8) $5 5585,

B, Fy R (3.3.8) B‘J‘Eﬁﬁ MebhERE: K2, # (3.3.8) 1
SRBET Cla, b N C{a,b), WEKRHIHE.

X T BRI, IR R

Ty )_ (y’y)”’ , Yy € HY! (3.3.9)

S

(3.3.8)

B4 B, e 3,

s B



JMI.34(RABRTBM) B0Ay cHY HA
Tw) = st Tw)

0] yo &2 F M (3.3.8) 55 M, Hid
{¥o,Yo)m
A= TR
iR XE—n € Cila,b) REE—FKH o, &
P =(y, + oy, +ony
= (e W) + 20U, ) + (),
Q=Y +ony, +an
= (Y0, Yo)s + 20Uy, )5 + (7, 7)5-

B4 Jlo] = J(y, + on) o = 0 BRAME, #EF J0) =0, B

P,
(a) Jaze = 0.
‘iR
_ Wo: Yo) = :
Wor e = 7,0 5 Wor s =0. (3.3.10)
_ Wor¥o) s
A= (%o, tods '

i (3.3.10) 5% -
| (y()? n)H - A(ymn)s = 0.

BEL , y, 2 FIHE (3.3.8) MIEBAR. .
S 3.3.5 (K#) H)y FHARRSACH PREL.
iR BEHI (.} ¢ By, Bllylle < oo BT yo € HY, Wy HH
Wy, B (BRS5 %552 )

¥n(x) = yufa) + f ’ y,dz = f Iyi.(ﬂf)dm-
FRAMH’
()] < / 1, (2)idz

€ (/: Jy;lzdx)lﬁ(/ﬂm dm)lﬂ
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?ply,® | 12
s(/ -'p—oldx) (bh—a)*

(b — a)*?

< Tllynl\x
elb— a)'/?
=2 —g'_“f‘/‘:,)_, n= 1,2,-'-
Do

By (n=1,2,--) T Cla,b| H—HAR. B, WEH h, La+he
s, FLEASHTR

z+h
ey i) f .|z

b4
a2
"<- 1/2 “yn“z‘i
- Po

c‘lh!l/?

7z
0

B, yo(n =1,2,---) % [a,b] L EEREELE. B Arzela-Ascoli (MR 4 - ¥
A#) REXK, {v.) BTFE Cla, 8] TR, B {v.} £ Clo,b] PHER. O
BES AT EESER: '
EE 3.3.6 (RABKFEY) AkycHY, #A
J(y) = il J(z).
EB Rk, RRENFA y € B, @HHE (z,2)s = 1 WHH
ze H;’:: E (y,9)u = inf(z, 2) - WA IREN A, B (2,2)s =1, T&

b b
a2 4 .o q(x) .
(2 2) = |12l 2 f @)z > inf 5 ] Sedz

_ in g
" max§

MWD, A > 0. FiEFEy € HYL, WR (v, y)a = A 12
K={zeH), |(2,2)s =1}
BB {5} CK, BiI% k> o B, H

”ykNiI = (Ye, Y} — A

=c>0.

P47 A e A A

Ny + well% + Ny — wells = 2wl + 2095 (3.3.11)
. 56



*F Ve > 0, B [yl — Ak — o00) &, =ik, FHKH,
Il < A+ 5, ally <A +2,

N | |
2(lwall’ + Nloull) < 4x+e. (3.3.12)

A, BE
g + wll% = Al + w2 (3.3.13)

I (3.3.13) A (3.3.12) 4R (3.3.11), & .
lgs —wllE <4x+e = My + w3,
BRI THAEAR, B
e — wliE < 43 +& = A2lwald + 2lml2 — llye — wl2)
=4Ate—- M- g —wl?) (3.3.14)
=&+ My — w3

B {5} £ H! FHRFF, B5IE335 MEE Cla, b HR, $E T, 132
# {w), WR

Iax e(2) — w(x)} = 0, &, ! — o0,

M, Bk oo B, H
e — wlls = f S(z) (e — 1) dz

: <m&xlyk—yil”/ S(E)dm
— {.

B, 2 kL BRI, B |lys — w2 < /A FR, Bk, 1 F50KN, i (3.3.14)
B o — wlk < 20 ¥ {0} REZW H! FUEEFF, TREEyc HY f
7Eﬂ"”“F‘ykﬂy(k—wo) Eti(yk,yk)uﬁA BRBE (y,9)x = ). -
& 3.3.6 55(H 3.34, FRATEEE B (3 3.8) BMRMFEEH.
BLFERL T LAS P B0 52 X
EMX 337 K = Hm, #

g =it B0 (¥ W)x
y;ﬂ) (y: ?J)s
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RAFIEAE P M (3.3.8) 67 % —~ AR, X AR AR A
(31, %1)n _

{3, 91)s
Bati0£y € K, A8 T4\ s4ie &8
BB 3.5.6 41, IR ¥ y RAFEMN. FW
K; ={y € Ki|(y, ;)5 = 0},
AT e 3.3.6 BIUE B VT 4, 25 19 Kl

A = inf [T

. vek; (ys y)S
FEDRE O £ v, € K, F1E, #8
. _ (Y2, %)
= e W5
— s, RATHK |
K.={y € Kil(p,pi}s = W ta)s = - = ), ¥n-a)s = 0},
MR8 53 ) R
yEKn (y’ y)S
B/ DR# 0 £y, € K, F17, R
— nrYn)e
A B (yn:yn)S
T, Bii1H

EE 3B (A MBEMEBEBIR) ) EHE4TH (338) ¢
B Agpiedh, yp & (3.3.8) Mxr 8 FHAEM N, MHREDK —&D,
M(n=1,2,---) £ (3.3.8) 898 n AWM, y(n=1,2,---) 2 (338) & F
FRAE{E A, 9 $5AER H. '

B 0< A <A< <A< dast < o0 BRI R T BEAB ST,
FH, | A, = Ao, R334, #EEIF$#:£[¢ # ¥ = Y, BE
(Uny Ynt1)s =0 FA.

3.3.3 SEENEN=EM

EHAAMEENHERERG: X— FRE¥FIETEERIOEM? &
=, AR AR ERR (y..n=1,2,---} BFREE? TH, BIVKX
(] B 3 P A 1) A :

EE 3.3.9(ERM) %Hn—oc B, A — +ox.
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R HRRERR y.(n = 1,2, ) BIEERBAIESER L, PRE
W, AGHRETIME L s FRRER, B (v, v)s =1, n=1,2,..- . RiE:
Bn— oo B, A, DT +oo. WE ().} BB, BFEEEHE >0, &
A <kin=1,2---  HA BRXH |ynlla <k, n=1,2,--- B {y.} B H]!
B RFET. 51335, {y.} & Cle,b) FEFF, BS, EE L, s PEF
Fl. BATFH, TREHR {y.}, 7 Los T, B (|3 — vl — O(n,m — o0), (B
x5 ; :
Non = 9mllz = Nyall% + gmlls — 2(pn, ¥m)s

=2, Vmyn=12--,m#n

HFE. O

EE33.10(REEXH) BEZKRE (v} AL TRAESEXE.

ERR  EAMSR, HESEEME BN L, £ Hilbert FH, HURAEH
{v.} BISEEAEENTT. SBiF: Fy € LoysN HY! AR (1, 90)s =0n=1,2,---,
My=0 RUE:Ry£0 By 5FF vy, EX, Hy, HEXEHNyec K,,n=
1,2, . BTEL

(¥ W=
(,9)s
HiEEH 3.39, )\, — +o0o(n — oo}, L ERFATBERRN, frlly =0. BF H{!
7 Ly s PHE (WEHQORIE), MMEE y € Lis AWE ,0.)s=0,n=

ZA,n=12,--.

1:213{ﬂﬁy:0 ﬁuv{yﬂ}%%ém- : |
W8 Fourier 247 KB &, HEHES.3.10 KFRIE, AXER f € L, BE
¥) Fourier BIF -
=Y cua
K

cn-(f:yn)3=f S(w)fyndwu n=1:2="'}

B f ERELEERTEEER {v.} LB Fourier BAFRE.

B3R 1 LA RS A (3.3.8) Mitie, MR T B AU A &M ya) =
y(b) = 0. HRAB _RIB RGN E&M4, LReBMRES. Hit, FHEH
B S(z) >0 BER S) >0, glz) > 0 R HR q(z) >0, B S(z), oz) H1E
la,b] LIRS T R, BiE e RRT.

Bt 2 WERHNE, BAIEREEM HO iR TR SRR,
PREGIEX L ERE I I EE. i, RN e UEmi, R
FHEN P ar e, AR — BT HM (B X) BERK, L (3.3.8).
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RGBT, TR U A ER B RT PR, U RN USRS, T
oL, 5 B8 A2 A - A 1 O — B R ] T8 S AR AR M AR ) 2 3
WHE, WERS ¥ DLy, ity BEHBAE, W LtREH

REGERI N, BT LD R R AP IE

BERVIAERE (3.3.1). CAINENKFEHERME(3.3.5). HS-LARE
ERENE 1 50, BIEE (3.3.5) HASREME M\, n=1,2, - FEFE, I3 E {X..}
B L TRREZR. 180 RAXT T BZKHEM5R (3.3.2), BEMR

. To(t) = a T3 (t) + 0T (2),
Hp, T: 5T & (3.3.2) AN REER, B2
vy =1 a0y — 0.
Tn (U) T 1! dt (0) T 0:
TPEVNE | s
T (0) =0, “2-(0) = 1.

Bnf

u(z, t) = Z(G"T; + 5,72 X,.

n=1

R SRS

[= <]

n=1

RE o(a),¢(z) € Ly s, BF
Ay = %/ S(z)e(x) X, dz,
b= o / S(a)p(2)Xdz,
K

b
M= / S(z)X3dz.

 (3.3.16) LA (3.3.15), {E’ﬁmﬂlﬁrﬁjﬁ (3.3.1) IR,

Do Xn=p(z), Y bX, =v().

(3.3.15)

(3.3.16)

HREREABERS, BUERSBERERMTHRITEN, EHTH
ERITEEH, FREAAVRRNE® HEBRRNTEEXHRTA

5h). TS LR
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f13.3.1 edeRf iR
4 Uy = G2y, D<z<L,t>0,
w(z,0) = p(z), 0Lz <!, (3.3.17)
w(0,t) =0, u.(,t) +hull,t) =0, t 20,

Ad A>0RFK RASEEFELH.
B Lu=X(@)T(t), HRAA G317, FHE%ER

T'(£) + Aa?T(2) = 0 (3.3.18)
FUEM RS

{X”(a:)+)\X(x) =0,0<z <l

X(0)=0,X'(1)+AX{(H)=0, h>0. (3.3.19)

HA=0K, B (3.3.19) #8 X =0. FLl A =0 FRIGHEHE.
FEESREE ) DEELHE. #(3.3.19) M

i 1
A f X P dg = — f X" Xda
0 0

']
— XX+ / X'*dz
L]
1
— _X'()X() + / X Pid
[}]

i
= XD + f X' Pde
Q

z 0.

S5 a0 REEM, N ERFS AT R, BN, 4 f X' Fds = 0, T,

X'=0, B X = %8 = 0. TR, BEM N DRATENLH. AT, (3.3.19)
o R AR

X(x) = C,cos VAz + C,sin vVAz.

MAREME X(0) =08 C, =0, Bw = | SILARELHE
X'(1) + hX(l) = Ca{(vAcos VAL + hsin vAL) = 0.
Frel, SR EWE = AR

—VA = htan VAL,
' . 61-



wEN
—H = h.i’ta.np,_

K, p= V2L FIREFEREETETEE =8 T BE (E 3.6).

] f=hltanp

36 M

HEE 3.6 ﬂ]ﬁﬁﬁﬁ%ﬁgﬁkﬁﬁm n= 1125 Ty —H-un — +00. ?‘%! ﬁ
I -

A=) n=12, - (3.3.20)
FORT R R AL R 3

X.(z) =sin\/Zm=sinl':—"m, n=12---
A, A (3.3.18), 1§
T.(t) = Ce®™ n=12,---.

)PEA un(m,t) = C“e—u’.\"t sin ‘\/Kws #ﬁjﬂﬂfﬁ Un, “1:%

u(x,t) = i C.e~* > sin \/.\_n.r (3.3.QIj
B &HE, NA
u{zx, 0) ZC sm\/_sc-—

RHERKC,, %ﬁﬂﬂ‘%ﬁ%ﬁﬁ {sin/ Az} B2HE L2([0,]]) PHEEER
BER. ZEENIEHESRE, FEERE. ® X, 1 X, 25ENET A,
A, PRREREIFEm#£n. TRE

_ X +AnX.=0 X, +AX,=0.
. 62. '



Bl x, 1 X, 3R bXPaE - A0E R, RAEEIE MR, SmE
0,1} £¥4, 8

i ) i
(An = Am) / X X pdx = / (X, X, — X.X,)d=z
o 0

= 0,

LiBE SR X, B X, FBEALREE. Bm#n FE A, £ A, K
MAERH |

H z _
/ X, X, dz =-f sin o/ A,z sin /Axde =0, m # n.
0 o _

M, = /0 ' ein? \/dez:;
R E RS E 8
= M%, /U | i s s
#HIeAAA (3.3.21), EHRVRLERE (3.3.17) MBI
u(:c,t)=i . fn ze*ﬂ"‘n'p(g') sina/ M Esin v azde, . (3.3.22)

M,

HIF e 4\, — +oo MREUA TR, I RBER ¢ € C, Wil (3.3.22)
AP R RS (3.3.17) S 8. OUF R 32047 i 40 TR AT BRIk -
2t 0B, 88 ulz,t) XF « Ft HTEEFTRAEAMIEES IR,
#1332 FR-_BAHFTEEENSPHRLAA
Uy = Upe T Uy, £ >0, 0<z<a 0y <h,
ult:n = ‘P(:ﬂ»y): uelz:n = z!:(:s,_y), 0<z<a 0 Y < b, (3°3'23)
ulm:D = u‘l:z::a = u|y=u == u‘ly:b - 0. . . '
BABEIBETERRNAIB e = TOV(x,y), A (3.3.23) P HEFLE
LERA | -
T"({) + AXT(t) = 0, (3.3.24)
Vie + Vou + AV (z,y) =0, Viy =0, (3.3.25)
EE, I BEERAA. XN V(s,y) $ESBEE, 4 Viz,y) = X(2)Y(y), £
.69



A (3.3.25) &
X"Y + XY" + AXY =0.

U XY B EXHBOR

KR EAWRES, WUNRERE B 4 TR 86 (3.3.23) PHAR%&
A4 43 2 5 M4 i) R _
Xz) +pX(z)=0, X(0)=X(a) =0
Y"(y) +8Y(y) =0, Y(0) =Y (b) =0,
KA, 8=A-p #Erﬁ&iiiﬁ’i‘f]ﬁﬂﬁﬁﬂﬁ?ﬂ#ﬁﬁﬁﬁ%ﬂ%

m?n
B = b2 aymz\/;sul b -y m=12---.

AR E iR (3.3.25) KIRHMEE SIFERBCY

2

n2
Anrm = ﬂ:z(; + _b;'),

2 mn
Vi = Tsin%xsin?-y, mn=12-..

m1n=1121"' ’

ab

HE, Lo Mo WEAE, R L M 6 ke =15 B, X‘J’ﬁ*’i‘kmn "R
E}E{Jmﬁn @Jm ﬂmllnlﬁ

m_k_m
Tiq o { B n !
B E-<] _
(5 + T8 = A = A, = (5F + )2,
X, M RF—MEFIEM N, RE PRI F AT E
Vo e 2 nE_ MK
= _'\/E sin = rsin Ty,
v _ 2 Ty m "

sin ——z sin
a b 5 ¥

Vab
EIBRIFIEE ) £ 3% MERA A 8. SR SFINOBNER & 7
HAERR. Zo,b FHEAN, FR—EHEFRBABHER, TR =8
(B1EE:T).
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§l 3.3.3 £ M #4L K L Dirichlet =M
{Au=0, % 2?4y < 10t
uzf(:r,y), & r® +y* = 16,
R, f ARSI .
®  BTEHEALR (r,0) EEHH (3.3.26) WTF:

U, 1, + U =0, r<1, 08 < 21
u(1,8) = f(#). .
¥ u(r,8) = R(r)6(6), /A (3.3.27) #HER, rHERA

R’ +rR - AR=0, _
8" +28=0.
T o EeE, Ml on HAM, XK, F
6(8) = 8(8 + 2r),
FRUCAAER AN &4 B (3.3.29) A (3.3.30) ARUFEEHE

0"+128=0,0< 6 < 2r
6(2rn + ) = 6(0).

PEREEA
Ar=n% n=0,1,2,...
FIRS R AR R B
e.(f) =a,cosnl +b,simnf, n=0,1,2,---.
CAFEELE ), O (3.3.28), 1478
Ry=cy+dolur, X n=0/;
R,=c,r"+d, v, 5 n=12--- B

EEBu=ROTEr =0 EREFN, BSFd. =0, n=0,1,2,---.

BBl A R &4 IBHH u.(r,6) = R. 0, BN, 8

u(r,8) = %E o+ Z r™(a, cosnd + b, sinnd).

=1

B &P u(1,0) = £(0) 78

g — .
_f(9) = gt zl(c:r.n cosn@ + b, sin nd).

(3.3.26)

(3.3.27)

(3.3.28)
(3.3.29)

(3.3.30)

(3.3.31)

L

(3.3.32)
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| S ARERMRA ER

= 1/ !f(ﬁ) cos nhdé,
T (3.3.33)

e % /0 £(6) sinndé.

I a, b, fAA (3.3.32), {48 Dirichlet Ml (3.3.27) BERBE. BRI
AN, RE f(6) #eE, WM (3.3.32) R TEAMBA B (3.3.27) K LA,
HHue C(IEHBEESEN).

3.4 *ﬁ?é&i&ﬁ]ﬁﬁﬁﬁ@]ﬁrﬁ]%

ZREHTRERFER. BREERAESERR P RERE, RXBE A #
& &; _ﬁﬁa‘bﬁﬁﬁﬁ?ﬁiﬁﬁmﬁmﬁﬁiﬁt%m%ﬁ%ﬂﬁ ReE
% A . AR B sh H R AME .

3.4.1 BREAFENX Kirchhoff 4%

ERZHEF BT REVE R
{ Uy —a’Au=0, z= (21,23, 23) € R3, £t >0,

emo = @{T), s)smo = (), (34.1}

H, ouw=ulzt), A =4, EE—HEFEE W 341D FHEBER
T o(x) = @(r), ¥(z) = () B p0) = 9(0) =0 Lok Hb,
r=lr| = /x® + 22 T 1l IHSH'T AR v = ulr, ) PATEHLENE
. TR, HBE(3.4.1) RHHEIT{N
2
Upe = 0% (Upr + )
4 ru=w, MBXTF v WTERVIHES

Wy = a2w,.,r >0, £>0,
Wemo = r0(r), wili—o =rp(r), v > 0.

# o R FERE (—00,0), Z —00 < 7 < +o0, t >0 LR BB, &
d’Alembert 243K, 1iB#3.1.1, B
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—[(r + at)p(r + at) + (r — at)e(r — at)}+
1 r+4at

— rp(r)dr, A r zat 20,
2ar f. .,
ulr, t) = <

«1—[(7' + at)p(r + atf) + {r — at)plat —r)]+
1 r+at

—— ry(r)dr, %0 < r < at B
\ 20;1" —rtat

AT B BOR RERA AR RO, T B LAk = 48 2 v e T A8
FERN TR DL RAE R 4 R R AL A — R M A R AR, BT A=A T T HRIRE,
Bl £ ik

HEEEHEz eR®, 5. BBl ARD, r= |y - 7| ibﬁiﬂﬁﬁ‘ﬁﬁﬁﬁ y Bk
WS, L3R, 513 u Mk F5 28

Mulr,t) = EE/S uly, t)dS,, (3.4.2)

Hrh, dS, REREMEL. dw=2L22 W =1, ERFEMBRE S, T
BERR v 2T S, B1EArdbeEm. FH 45, RAEARMEE G, RIIF
ds, = r*dS,. &, (3.4.2) ATH

1

Mu=— u(x + wr, £)dS,. (3.4.3)
i | =1

bhd% (3.42) &5 (3.43) 18
/ u(y, t)ds, = r? f .u(w + wr, t)dSw. (3.4.4)

2, 54

% (3.4.1) PRITREBRE |y — 2| <r L#H2, FEEREE (3.0.1) H&fA4914k
hERar, HHE 34.4) A, B

f U dy = / a’ Au(y, t)dy
ly—=igr ly—=migr ’

Ju
_ 2 | U¥
=a | o (g, t)dS
3
= azz f witty, (, 1)dS,
: =1 7 5

. 3
e f wo,, (2 1 wr, £)dS,
w|=1

i=1 V|wl=

§ -8
= a*r? f —u{z + wr, t)dS,
Jwl=1 a‘r



22 = (Mu).

Pl

= 4ne

i)t
dna?r? (Mu), = / e (3, )y
ly—=|&r

=f dpf e (y, £},
0 s,

FKETF r KRHEHE, FEBy =2 +wr A4S, =r%dS,, B

4m2(r“(ﬁu)r)r=/ Uy, 1)dS,

= (r* flw 43 w(z +wr, £)dS,),
= An(r* M),
BRI 4nr £ 0, 4
(rMu)y — a*(rMu),, = 0.
#5211 ¥ ERATHERE
rMu = w,(r + at) + walr — at).
HEAHESr -0, B w(ot) = ~wy(—at). FTREAXTEN
rMu = w,(r + at) — wiat — 7). (3.4.5)
% - RIROERE, T/E4 r — 0 BURKR, &

lim Mu = 2w} (at).

—l)

i (3.4.3), B
v _
11_1_-.% Mu = = ufz,t)ds, = u(z,1).
M L=RaR
u(z, t) = 2w, (at). (3.4.6)

BT W, REMERE (3.4.1) BWGEE&GE—BRZEN v, REN T HHE
. B, (3.4.5) RoHXtr i_Fu t KintE S

(rMu), = w,(r + at) + wi{at — 1),

1, — ; ;

a:(w'Mu)t =w,(r +at}) — w,{at — 1),
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4t — 0, BG4, 8
(B ) oo+ (r B img = 20 (1)
L =RA Y
oo = (5 [ ol +wn)ds.), = (Fp),

1, — r ’ T .
a(‘f‘MU)tlg:o = m _/51 ‘if)(.T -{-wr)dS,,, = EM’dl.

B L
u(z,t) = 2w, (at) = tMy + (tEMg),

= g [ 905+ (g [ otaas),

BRI TR BME I (3.4.1) #284 Kirchhoff A X, . SARFAEREAER
(at, 0. ¢) PRIRZAR

u(x, 1) = Er[ f Wz, + aat, 2, + Bat, z3 +yat)dsS
] ]

(3.4.7)

5,1 [ g (3.4.8)
el (E /0 /0 @z + aot, zs + Bat, T3 + 'ya.t)dS),

#E ER P, =sinfcosg, §=sinésing, v=cosf, d5 = sinfdfde.

B8 Kirchhoff A3 1% hit B 4, FMEAE (3.4.1) WEMEL >0, z €
R _ERT C? BHIMAT B Kirchhoff 2%, (3.4.7) B, REERLE—. K2,
C ONE @ € CRP), ¥ e C*(RY), M Kirchhoff AR, (3.4.7) RNMOHEI u(z,t)
BT C* RFHENE (3.4.1)(WIFWEL ). H5h, WA (3.4.8) BaH, T
E%ﬁ'—:ﬂﬁ £ >0, TURBIER §, FRAE

lo— @l <8 [ —9| <3, |D‘P D‘Pl <9, (3.4.9)
NEERHTMo<t< T AEHE
ufz, t) — @z, )] < &, (3.4.10)

Ko, u, @ RARNETIE ¢, © 5 ¢, ¢ HE (34.1) WM. TE, RITES
EEILL(EEMN) #ypcC(RY), ¢ € CHR), Mtk sh ARy
FIM(3.4.1) Bz c RS, t 20 P AABR—iF 0K, B Kirchhoff 2 X, (3.4.7)
EF. B, 4 (3.4.9) # (3.4.10) BT, ﬂ&?ﬁ'mwm m«m{t;& A

£
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3.4.2  [&%3E Poisson A3

2 18 B B AT L

S 4 = 2 .
{-u,u @ (Ua,z, + Ugea,) =0, {1, 22) €R?, £ 0, {3.4.11)

Ulmo = 2(X1, 22}, Uglemo = Yz, 22).

MRRE (3.4.11) PR RE w AR BEEEXRTZEANEBEBE=Z45N
R L XKRE, A5 THERE (1, 20, %) MRN8 o5 LK, W
Kirchhoff 223 KSR 7 4, i @M Kirchhoff AXKBATZER 2., A
PR IR (3.4.11). IXFF FE 7RG 48 ) R A AP0 L B (IR 48 1l R RO AR BV 7 M e 4 o
72 M J.Hadamard B B2 H 1.

BLEE, BRATHRM Kirchhoff A3 (3.4.7) Eﬁﬁstﬂﬂﬂ (3.4.11) M. X&E
Ei B ROEERS. FANBSES o, X, FUE S, LOTS
(3.4.7) T A= BISR '

Za G —a) + (- a5)” < (at)’
LERIEABRI. XE, HE 2N QELER M(x,, ), 2R at. B 5., BHE
Sat 2 (€~ @)’ + {n— 22)" + ({ — 2)" = (at)®
M S W LAIRE 57, WHTER
¢=(at)’ ~ (€ —=)? — (n - 9)? + a5,

Y
f /.; 4na3tdS
¥
"~ 4na _/ 52 @ dS

~ dna f /M at\f + (&)? + (¢,)2dedn

- IE&//SM at)zw(;p(i’f;i e

BT ¢ 5 23 BXR, EAPRBERERE THERE S, LHESS ERNM4
RHAR. Hik

W&

[, o= ma f,w Tt



B, r? = (£ — 2,0 + (5 — )% T RLOUALEE Kirchhoff A% (3.4.7) H%T
B o R4, ATOE 3 RS (3.4.11) HIfE

Wy, Ty )
~ma( [, Ve
- s
m/ f (e + 70088, 7, + rsinb)

Viat)? =12

Gt p2n w(z, +rcosb, z, + rsin )
815 / / V(at)F —r? dEd?‘) ’

Hif, r= (-2 + (n—mg)z. AR (3.4.12) M R T ENE R
B Poisson & K. U, W LI = 4 ¥ 5 B4 I B A Kirchhoff
AR (347 HER, AAREZERSI —EEDHTENERE (3.1.2) B
d’Alembert 23, (3.1.5)(iEH BELN).

AAEERR, T RREER S R, TS NSRS (RE3.4.1)
HEAZ " fa@nEet. HEEHacsixMrEEEe®

R (3.4.11) KIRBE— K (29, 22, 1°) M. B (3.4.12) RANEKME N H
P 7 = 0 _HE :

Zoto 1 (2] — 21)* + (2§ — 22)° < (at°)? (3.4.13)

ERIEIHEEAE o By BEGSE, SHESMTHEEER. FrLRER (3.4.18)
Bl (29, 25, 1°) P4 B, TIARLL (20, 23, %) TR A, WIS (3.4.13) IS
B (B 3.7) -

(2 — 20 + (37 — 25)* < a®(t — t°)? _
R B (3.4.13) 5 R K 8, 132 B84 [ 488 1 A 4 — A IO R I 240 & 75 [ 4
TR, R AR, 1R 8 R E RS

(22— a3 + (72 = 25 < (at)?, £ 0

B R (1, s, 8) B PRAL B HE AR B0 (20, 22, 0) I vh B 3, (B 3.8), BN
g & R R K T B & A (29, 22, 0). l:.TEE (w1, 25, t) AP
(a,23,0) ATMRBAY R LFTESES, HBEE « B0 A R arctana. BIHLE
&, VIR TPHE =0 LE—KH 2 MERRKEL 2 *%A’—iﬁ‘]ﬁml:ﬂﬁﬂﬁﬂﬁﬁ
AT Bl RS HPT X35, T AL, ST

.71



% s A 04, 2, 0)
B 37 HREBShEXE B 38 (zf,27,0) MR

oy — 29)2 + @, — 12)? = a?(t — t°)2
1 2

AT RN EEREER, R _ETBRN NG,
{5 LB, Z‘ﬁ%ﬁjdéﬁﬁﬂlﬁﬁﬂﬁﬁmiﬁ% A, EERBHT
T2 KT #E

(22— 29)" + (2 — 22 + (s — 23)* = aX(t — ),
RS U R . |
3.4.3 JEFTAHE Duhamel Jﬁg

AN BRI RS AR AR . T RAEREER R R
(] BB 5 R — AN FE U TR (A, 2 1 T R o R e B e PR M
SR R, BEMXA N Dubamel AA, XU FiLEE, BAY
HYAER A ERE. TH, aafrauﬂtﬁ_zﬁsireﬁmmﬁﬂmmfaruaﬁ
B, PRI TR . RS

{uu-aAuzf(:z;,t), g €R?, £ >0, (4,10
Ulsmo =0, Ulemo =0, zE€ R
FREWUE, F wa,t;r) BB
R P ton B A T,
AR, TR 3 |
' ‘ u(z,t) = ‘/: w(z, t; 7)dr (3.4.16)

B (3.4.14) . THAE (3.4.15).
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4% lu(wth T) = 'w(-’";at ot T;T), Jﬂlj v %Erﬂﬂ

vy —a?Av(e, ;1) =0, z e R3, £ >0,
vz, 0;7) = 0, vz, 0;7) = flz,7).

i Kirchhoff 43,18

1
ATy = ,TidS,.
o= g [ sams

RE f(z,t) € C?, W LM Rm v ERFM (3.4.17) BHF, BEMRNA (3.4.16),
%

(3.4.17)

u(z, t) = ft v(z,t — ;3 7)dr

y:
” o / A z|=a(t—7)
a.t

_ f fyt- 2 s,
4na (y—zj=r r

H, r=alt — 7). HI, ﬁlﬂ(3414 ivy: ol

ly —
1 Flut - 222
u(z,t) = L " T (3.4.18)

R, B v PRHRt ER s MEHCIER F EJZ 7=t — |y —o//a B
TR |y — z| < at LENRS KRR, WE [y —z|/c SHTEUEE « BN
y 53 ¢ FTis e, By EA7EE L3R (3.4.18) Roh iR 4. _

PL g8 T 048 o) B i i, S T 91 E B, — iRk AR &=,
BN AR, o o BB BRI R SHERME. TES & — e FE Lk
fEA AL D -1k e HélHﬁTmﬁJﬂﬁ{l‘]#ﬂE{lﬁnﬁﬁ#&M?ﬂﬁimH;@

341 KMR Frid@Ez@kshrEmREAME '

o — a2Au = flz,1), ..":E]R3 t >0,
u(:c,D) = p({x), u(z,0) =¥(z}, ' (3.4.19)
Ule,=0 = {2, T3, ),
BRE, o=, 0, %), R = {z € B3z, >0} #3544
| @(0, 22, 23) = (T2, T3, 0), (0, T2, 25) = (s, 7, O).

DATF U8 R A2, #&Emﬁ*tﬂﬂ.ﬂﬁﬁ foe ¥, n E‘Jﬁﬁ#&
HIEg:.
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W ou(z, t) A (3.4.19) B8, Hid
At = pryxy + PEazss

g
b0 ) = 0T | pulnnl)
= h{zz, T3, t).
<
u(z, t) = vz, t) + plzs, x5, ) + %mfh(rg, T3, t), (3.4.20)

W v(0, xz, x5, £} = 0, F H v #EFE
b = A0 = f = §(0,20,73,8) ~ 523y — a*Agh) = Gz, ),
o(2,0) = $(2) — wn,73,0) ~ 32h(w2,75,0) = E(a),
(2, 0) = $(@) ~ {2, 35,0) — 5th(2,25,0) = ¥(),
HF, —0o < zg,25 < 400, 2, 20, >0, BARRI
GO, 23, 24, 1) = B(0, 24, 55) = P(0, 25, 25) = 0.

FR UHEHC, IR F 3 oo <z, < 0.k FOTTHEHBES TN
G*, o B o, MAAW T RE |
{'u,t —a?Av = G*(z,t), z € R?, t >0,

v(z,0) = ¢*(z), wlx,0)= ¥ ().
FIFR MR, # L& WS CEVT R B (3.4.1) F (3.4.14)
SRR, TR PR E IR FMAORE v, SR o FON (3.4.20), RS
BRIBEEN -0 < 33,25 < +oo, 1 2 0, t > 0, REBFHE I F (3.4.19)
B ulzx, t). ‘

3.4.4 Huygens R¥ KEISREL

Kirchhosff 243§ (3.4.7) Ml Poisson AR, (3.4.12) 4B FR=g ik _ 43
HFEHE AR, BT (3.4.7) M (3.4.12) 4 BIELERER AR5, HHEREM
HRE O, UK (3.4.7) &5 (3.4.12) RRAMES H h & & Wi &R XFH
Tk A IR R A R 2 .
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HEREROEE. BRIHRE o, REE—FRAERG, WEC 4

== 0. FEH £ > 0, & oo MR
1 .
- [ b

8, 1
+ 5 (o ]h, o e(y)ds).

Fid d = dist(zy,G) > 0, D =sup, ¢ [zo —2|(E 3.9). HZ0<t<d/a i, BRE
|y — o] = at SXI G B3Z, T u(zo, t) =0, REE xy SEBIE, HERZHRD,
Ydfa <t < Dfa b, B ly—x,| = at 5KIRG 183, —BKWR, ulz,t) #0,
BBz, KZBMBN; B D/a <t < +oo B, A |y — 70| = at 5RE G 7533
MTT u(z,, t) = 0, BMIRB B&TE 2, o, IKEBIERE.

MIE, ENH t =1, B, MIRRBAT 2R ulz, t). ARSI KR

0 =1{2|8% NG A} = U Sz

ek, S, BRUL 2 A, ato FARRIIRE. @mzmmmﬁ 00 RIRTH K
{UeesS2, } FIRERE. Hi2 d A CHMER, TRY Y, > d' /o i, BEETH
RN TE S A RS T, 45 RTEE S SR, B 3.0 Bt T
G EERN 2R RN ENMENS EHE, efI23RER at,+ R E

- RMS G AOHRE, XEYE ER=4EG¥aI FENR AR ER
Z—. bR EBTIR, =45 R il d R R B R — e 2, A5IRERR
R IE) 9 R BT JC e 1 5 B, ELuk 4% 3B il A AT D T 5 5 R T , RO R R,
' #F N Huygens R E.

-

w(Zy, t) =

X,

E 3.9  RELSIHEHE T HE 310 EMNEESEEE
o FE



AFEHEHRNEE. RNERFIRPE_EFRAXHECA, 5D HEX
R 2, BZEFZ AT R RIVNEZARRBIEI. B Poisson AH

ufxg, 1) = I L:? .'/(at)ﬂ - |:r - -’Eu(r‘"d

L 19 plz)
2ra 8t Jsso 1/(at)? — |z — 2P

%0 <t<dla b, ulze,t) =0, Bz, MEKRFHREN. 2t > d/a B, —K
ulzo,t) # 0, B z, SIFIEIRTD, KB ¢ > D/a B, BATBHIIKE D 24
BEERIRE 250 2/, HOEELFEE D L#fF, —8 u(z,t) £0. B
Wk, zo A—EMEMAERFFE, EY ¢t — oo B, B1 D HH REARBE
FHATE, Mu(z,t) — 0. HRRE, o AMNHEH L =d/a FHHRE, N2
B, TR, ERE TR KRR, —ANRs— B, Hieih
BF . MMRIRTTW IR, PRI oo AW TEH B B iR e,
SR, EMNEREMHRRS R WEE LS, CAEWNITEE TSR
T, XFBLR Bk 46 2 B 0 RHE TR0 KTE LA —F RIS B M5
& Bib b, WUE RN E R EE R A TR B B R B o £
B, TR, A RE— SRR RIS R 5 R0 M2 3R & SRS
e, A —EHRS F &, Bl ARS8 NEms.

3.5 MeEY: BRME—S5REt

AWt S =R AR R R AR R et RS
fe ¥k, HEERETYRSE. DRAEAEIEFNEE FERERERY
RERL T XTRMIRBFAMEEASR, AEN5FHE Y I8 H B K
—fe SRR, XM EEE MR, AEWME T, ROV g
AATR, Brid BARRI I T BRI TR, A R .

ﬁﬂ:%ﬁmﬁfﬁ?,_ HE M v —ERASRR, EIINAR S & i
4 BWPARER 2 FRAAFHEBONE. BEEE 2 LHREAM/ MRS
RIS, MR B p AR RE T BREBL, w(z,v,¢) TREELE
R (z,y) ENZt BET (X,Y) BEEFEHSCE. B4, BEEET (X,Y) &
FTES S, KEEEN Fl,y,t), AR 00 NEFED p(s,t), s 2 H
SR



REH. B FHTE, BIRIERZ] ¢ FIZhHE K () MOLRE P(t) a3%

// ~ul(z, y, t)dzdy,
= // (5 ul + u) — Fu)d:r:dy+/ (—pu + %uﬂ)ds,
XE, o > 0 RAFWE OB RY. T2, BRENR ¢ RAHERE

o)
/f (u? +u Fu)d.’z:dy | a5

/m{—pu + -2~u2)d.s.
3.5.1 REREHR VLAEEERRM—H

HWHEERE, SEBERAETZI N, A F = P= 0, REM B REETIE,
B B(t) = B4 TH, AEE LU ER, EﬂﬁE—-— =i,

R NRIRSTE LS 1, HAB R u(z,y, t) ?ﬁﬂ%&&ﬂ?‘iﬂﬂ
FrRi A F M '

Upr = 6* (U + tyy) a,lz--Z
T e s T (3.5.2)
{ (T% + U'U.)|an =0,
b, v £ 00 BB AMNER. IR, (3.5.1) AR
E{t) = (pu“ + (0l -+ ul))dedy
/ f” 2 (3.5.3)

g
e :]/ (Ortettes + T (Uatter + y1y) ) dzdy
dt I

+ f auu.ds.
an

Eﬁiiﬁﬁ‘lﬁ Green (B#) AR, B

// Uy Ugdzdy = // (u,lu,),,dwdy—// U U dady
fr] 2 ’ n
=f umuems(u,x)ds—_/f U, dxdy,
o n



S fpli,

B, F
/f uyumdmdy:/ uyutcos(u,y)ds—// Uyt dady.
n an [

TR, #88 3.52) R, &
%)— = p\/_/ﬂ 0, (‘Uu Az az(um + uw)).dxdy

Bu
+ /a.rz Uy (T"é; + Uu)(.is
=0Q.
Bk
E(t) =#%¥%¥ = E(o)_. (3.5.4)

HER AT F X FTHEHEEIEHRNE—ERGRA.
WH TR BE T B PAE i &
Uy — @ Uy + 1y,) = f(2,4,1), (2, 4) € R, >0,
u(z,y,0) = p(2,9), wlz,y,0)=v(z,y), (z,y)e 2,  (3535)
(Tg% + ou)|sq = p(s,t), t >0, 7
K, f £ 0 RREANREZENN, 0 20, v £ 00 BBALLINER. &4|‘1ﬁ
FEFE 3.5.1 (" — ) FIM (3.5.5) B E 4K
iEBl BAB My, w, Su=u —u HBNSRED . BIH
M (3.5.2), ATIxt u BOLBRER (3.54). &P ulmp = o = 0, @TH
E(0) =0, FR E(t)=E(0) =0. B} '

P _I: 2 2 G a4 _
//( 2(ux+uy))dmdy+£02u ds =0.

HEBHRPEEREEN, o2 Lu=0, T2 Lu. =y, =u =0, Hibl
ﬂ=f§l§'ﬁ=u|¢=g=0, Epu1=u2. O

3.5.2 MERAFX WLEEEROIEEE

AEB R (3.5.5) MATHHEMBEEER, %Eﬁﬁiﬁﬁ%ﬂ?ﬁ%ﬁ. 4
w(z,y,t) BEWERE (3.5.2) FME—RE,

Eolt) = f /ﬂ o
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F£

df_fiot(t) _9 / /;, urt,dzdy
e [ [y

< 2(Eo(e))? (EE(::))*.
FIAREK, #EE%J E(t) = E(0), {Eﬁ

VEs(t) — /Eo(0) € \/7 f E(r)dr = [ E(0)t. (3.5.6)

MR R ERE X 2
Eo(t)<2E0(0)+%E(0) 357
AU — %ﬁmﬁéi$%ﬁ(@¢?ﬂ)
Eolt) < e Eo(0) + 2 (e — 1)E(0). (3.5.8)

EEg bl kA4, 55 ¢ BRI, fhit R (3.5.7) (3.5.8) |, EZ ¢ BAH,
(3.5.8) tb (3.5.7) 3R. Fx b, RMTLIBB—H (3.5.8) EABHZ L > 0 4
EEFJEBQJF%E% Hx L, H(356) @

Ey(t) € E,(0) + ——E(O) + 2t/ E,(0) \/7\/E

B®J5—IH Young A&
2ab < sa® + %b“, Ve >0

wok, 8 ,
Eo(t) < (1+€)Eo(0) + (1 + 1)2iE(0) (3.5.9)

AHBAE, HIE (3.5.9) APWe =1+ 12- —6—, t>0, I BEESRASAK
" {3.5.8) 3&. _
THH E'éﬁ?%ﬁﬁﬁﬂ Sz T RYNLE A R (3.5.5) B TH{E A
BE. WRE (3.5.5) AR« ZFMERERISIMEN oz, v) +a(z,y) F
P(z,y) + &:(z, y) B, Hmﬁlﬂ (3.5.5) RN v + n(z, y,t). WEHBNEREBL 5
WERE
T — ﬂz("?u + 'qyy) =0, (IL‘, y) €2, t>0,

n(z,y,0) = &1z, ), n(z,y,0) = ez, 9), (3.5.10)

(ng + crn) lse = 0.
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TR, XT n EAMISA ¢ = 0 KAREN
£0) = [ [ siaaay,
E(0) = E(f/- (e2+ (e, +€2,))dedy + E/ £ids).

MAEEBEER t, >0, Mt e [0,t,) i, HAERARER (3.57) &

/fn (z,y,t)dzdy
€2 // gidzdy + 2t2( /f g5 +a’(el , + €l y))da:dy-%

/ 2ds)
P Jon
FEBE

R 3.5.2 (MoTlk) =& FRmUMFM(3.55) HRATRELT
(TMEAREY: REmEREGTLE

sl zatay, New zliaays llenullizamy: €2lliim, el @m

WA, WAL ERLE )]0 & Infleg 80, EF, Q=2 x[0,t]
TEERWE (3.5.5) FIFNEFRM f(z,y,¢) BRaEME. AFME, R
R 2 RZEISA. At 73RART IO EAR, %Eiﬁﬁ’l‘ﬁﬂ?ﬁ '
HBEERSR, REALTSERE SR,
Wou(r,y,t) P b8
Use — 0 {Upg + Uyy) = Flz,0,1), (z,9) €N, t>0
u(z,y,0) =0, ﬁt(.?: ¥ 0)=0 (3.5.11)
(T + cru) lan = 0.

F(t) =[ Pz, y, t)dzdy.
B (3.5.3) AFREREEERE B() FHHERR, HAFurt ¢ KB, BAF
%ﬂ =p/./n g (uﬁ — a*(u,, +uw))dmdy.

du
-+ T— + ds.
/;gut( = ou)ds
. 80



TEXZ (35.11), &
_d—‘ggﬂ=p]/;utfdxdy

s‘p(ffnugdxdy);(//r; fzd:zdy)%

<o(CEW) VFED
= \/20E()F2).
Bl AER, B
VEI) - VE@O) L \/g/ VF(r)dr € @(] F(T)dT)%,

B t
E(t) < 2E(0) + pt f F(r)dr. (3.5.12)

EEIEHRSREAER 35.7) W, H
VEo(t) = v/ Eo(0) € \/gft v E(r)dr,
X EFS f(z,9.0), 8 E(t) EAFE. AL, Hikt
VEo(t) — VEs(0) < \/g /0 VE(r)dr < \/%( /ﬂ B(r)dr)?,

HH .
E,(t) € 2E,(0) + %l E(r)dr.

8 (3.5.12) fiA LR, ERFTBENGRRAER

Ey(t) < 2E,(0) + STfZE(n) + o8 / () (35.13)
IR, 7 B E352009E 8, W LA % W (355 WABNIEFRIT
flz,y,t) PIRBEY (FHEFEN).

3.5.3 ¥HERRERRAME—1E

AT BE B VEE B 4B ah  TEME R R AR M — . 39tk RZiFER
Frk e

Uy — (Moo + Uyy) =0, (z,y) €R?, £t >0,

s Oyt g, 5 00 0 (8514

. 81 -



REFHLEu =0 PR—BWE REDTEPHER.=1. &8 BTH
gAY

E@®)= / (u +u2 + ul)dxdy
AIERRHL, MRtk iR UE B R — 1.

FERRAE BRI _E— 15 M, = (20,30) RIEH R > 0, JEHAE4E (1 3.10)
K: (-2 +(y-m)*<(R-1t)?* 0t R

B 3.11 #eiFéE

K E£FEt =0 ERRE AR S
Do (®=20)" + (¥ —w)* € R
EE:J:’?M*K =B 2, MoksE KR, SRR ¢ 5, K
2 (@w—x) ' +y—yp)' < (B-tP, 0<t<R
A& R R BE u(e, y,t) B 0 AR E&RTELEE. U, 0 PHERAR
M 2, PRIGEE. ReRM, 2 0, PREAE W 0 FHELNERF. U
TEERMERE. D

E(t) = f (uf +u? +u,2)d.rdy

- t
= —/ d'r'f (uf +ul +ul)dl
2 o C{My,7)

HA, C(M,,r) BE 2 frFE-—FE b My HEG, Dr hRenEA. 1

dE t
) f/ (ututt + (Uothas + uyuvt))d‘zdy -

& / (] + u + ul)dl
2 C{My,R—1)

- f f i (e iy B
a, ;



f us@dl = lf (u? +u§+u§)di
ciMo,R—t) OV 2 Joor-1)

= f ut?—tﬁdl - lf (uf + ul +ul)di.
C (Mo, R—t) dv 2 Joire -0

5]
wot < Jue] Dl < (0 2+ 1),
L5 AW e %it) <0, Bk, E@®) < B(0) =0, Wi E(t) = 0. TR,

HOo<t < Rﬁﬁﬁfﬂﬁﬁ’f‘fﬁﬁﬁ"*, U = U, = u, = 0, HILEIFE K §
u= %% = u(z,y,0) = 0. HA M RELHKR HERYE, RIEAuv=0%
R? x R+ i, #F _ ‘
B 3.5.3 (M) — Sk AR FA
U — (Uge + Uyy) = flz, 0, 8), (z,y) €R2, >0, .
{ u(,4,0).= 9(2,5), (29,0} = $(z,9) i
MR,
RIRESAE, AR, AT RE S AR EREY. XTERE
(3.5.15) BIARSTUME M58 2 PRI UE, SR WA B (3.5.5) BTkl &
AR ERR.

3 & 3

L A3L1 MY REGMEPRFNFEFHFAM(1.2) ¥ d Alembert
A |
2. i u € C*R x [0,+00)) RA{LFAM(3.12)(4a = 1) 898, 1
pla), 9(z) AR LE RBHRAMHE K() HFR P 23H
1

K@) =3 / " uf.{m,t')dm,

P(t) = %/ﬂo ul(z,t)dx.
HEBR:
(a) K(t) + P(t) = % ¥;
(b) &t A4 ket K(t) = P(t).



3. KMl iR
Uy — Uge =0,z €ERY, €3> a3,
Usgs = (x),z € R,
Utlt—ae = ¥(x), 2 € R, |
kP, oA+l EASEEc<s<b E KF: AH2EM LR

T
4. EREAE

Uime = 0, Uplees = ¥(x), T ER!

ARG AL BHAA () - 32" = F&, HELEHM, NMTE— &
M TR iiZt=or b AL Sa=21 Ha#+l #, %X
TR AL R MO ERR—HT
5. K% T 5| 2 M 7
; (a) Uy — QU =0, zE R, >0,

U-lx at=g = @(&); Ulapar=o = P(z), ©(0) = 1,()(0);

{uu—um=6(m+t), zeR, t>a,

Uy — U, =0, TR, £ 0,
{uh o = 9(2), Ue-asmo = Y(z), 9(0) = (O
Uy + 2(cos 2)u,, — (sin® z)u,, — (sinz)u, = 0,
{ Uly=sina = @(2), uyly:sin:r: =9¥(z), =,y €RY
Ugz + Ylhyy + uy 0, zeR', y<0,
{uh,_c. — ¢(2), Uplymo = AR
{yqu:.r: Uge =0, 2 €RY, > 1,
tuly=1 = fx), Uylymr = g(2).
6. EHFH
w50
AR "
u(z,t) = g (F(z — at) + G(z + o)),
£, F, G RAAEE_BrETREK & LK ZFTRODIRM
ttimo = (2), Uieli=o = "ﬁ’(-"’)
T RFE vy = 0 (Uge + Uyy +us,) BBHu=u(rt) GFT2aK, X,
N T
-84 -



8. E#3.1.1 b, HhF4u0,8) =0 &H u(0,1) = f(t), FBL

10.

11.

12.

f.g.h € C?, £(0) = 9(0), £{0) = A{D), f"(0) = g"(0).

RERAVGAE I, A RERAREREE s =t LA GG
B .

L EFimw(z ) AEKRME

A wﬂ_aﬂwmw =0: :BE]RI‘; t> 7,
A {wlt»_—f =0, Wle=r = flz,7)
6 M, KAE AR R A :
(e, t) = / wlz, t;7)dr
Q
A XA

Uy — aguzx = f(.‘l‘!’ t)! re Rl; i > 0:
(B)
U'z-o =0, Utlt..o =0

SR RAMIEF R SR f?i-ﬁib Duhamel(#: F7# %) 2,
. kR

RAEFF M (B) 8%

z-+aft—T7) .
u(z,t) = —-f f fy, T)dydr.
r—a{t—7)

#| 7] & o R QUE P M
{ Uy — G2y, = f(2,2), € R, t>0
u(z,0) = ¢(z), ulz,0) = ¢(x)
HRMAE, B R B R X
A EXEELMFE
Uy — QU =0, 0<z <, £>0
#) T 5| 7 4 A F1 84

) w(z,0) = z° — 2z, u,(z,0) =0,
@ 40,8 = w5 =0

hg E0<z<
u(m,o):{‘j‘_x Sesem
b h'z_—c, §C<$~<\fﬂ‘j‘,
uy(z,0) =0,
u(0,t) =u(l,t) =0, t 2 0.
R



13.

14

15

16

17

18

KT 5 A4k
Uge — Uy = Az, O <z <, £ >0,
(8) ¢ u(x,0) = u,(2,0) =0, 0<z <,
w(0,t) =u{l,t) =0, t 2 0;
Uy — @Cug, =0, 0z <l >0,
(b) { u(z,0) = u,(z,0) =0, 0z <,
u(0,£) = 0, u(l,t) = A(sinwt — wt), t 2 0
Uy — G, = bx, 0 <z <!, £t >0,
(e) { ulz,0) = u,(z,0)=0, 0z <,
u(0,£) =0, u(l,t) =DBt, t 2 0.
AXBHR THAH o HADRTMTRAMAE:
Upy + Uyy = 0, 0<r<R, O<tp<d,
{ul=p=0 = Ulpma = 0, ulr=r = f(2, 7).
K, T = VI
(A AR AR AT
A 248 )L
wleater sl 10 € m & 1, 50
u(z,0) = z(z — 1), u,(x,0) =0, 0z <,
#(0,4) = u(l,t) = u..(0,) = u..{l,1) =0, t 2 0.
A7 44 R AL _
. U = @*u,, —bu, D< <, £t>0,
u(xz,0) = up, u(0,t) =0, u(I,t) + hu(l,{) =0.

£, ¥HL>0

R A7 P 4h ) AL
Uy = @ (U +1y,), 0< <0, 0<y<h, t>'_0,
u(J:&ysO):Av .

U‘(Oa i t) = ’u_,;(ﬂ., ¥, t) =0,
u,(z, 0, t) = ulz, b,t) = 0.
Ka, b RTH, ALEH# 3.3.2 648 LHK.



19,

20.
21.

22,

WA A4 ) M
[p(z) X" (z)} — a(z) X (x} + Ap(z)X{z) = 0,
p2p>0 p2p>0,¢20 0<z <!,
AX(0)+ By X'(0) =0, A X()+ B X'(I)=Q,
A2+ B2#£0, A2+ B2#£0
AERBEM AP A B(i=0, 1) A¥HKEB <0, Z¥ K q i

: BEELKXTE BSEF T E AR 69 R4 & B p(z)
x, B

/; p(@)Xm(m)Xn(m)dm = 0? m # n.

ERH 331 PHREEKAR (sinvA 2} REH L[0! FHEEBHE.
AR ERSHH

E(t)= %/:(kui + pu? +qui)d:c
HE B A7) AR
plx)u, = (k(:r:)u,,)I ~qlzyu, O<z <, t >0,
w(z,0) = u,(2,0) =0, 0 < I,
u(0,t) =u(l,t)=0,¢t 20
Hmu=0 Kb, k(@) 2k >0, gz} 20, pz) 2 po >0, F ko, po &
¥
e 4 0 )
Fit wlx, t;7) A FHM
Wy — Wy =0, 0 <2<, t>T,

Wloeg = Wemy =0, t 2 7,
Whmr =0, Wiher = flz,7), 0K 2 <1
88, E I B .
u(z,t) = / flz,t;7)dr
P ALE 4 ' 0
Uy — B e = flz,t), 0<z <!, t>0,
w(0,f) =u(l,t) =0, t 20,
w(z,0) = uy(x,0) =0, 0Kz <
. 87.



23.

24.

25.

26.

27

28.

29,

- B8 .

B8, X2 KRR IE A AR 4 F M 6 Duhamel (AL FTHR) B A, 4o
Fk R

£513.33F, £ d (3.3.32) X (RHa,, b, 31 (3.333) XA L) A7
B u(r,0) ZEMFEIM(3.3.27) YK, HuelC> .
#8.& E = (Ey, By, E;) %2 B = (By, Ba, B;) & Maxwell #4241

E,=curlB
B, = —curlE
divB =divE =0

WM. W v, —Ou=0 %P, u=F £B,(i=123).
A Kirchhoff 2 X £ A 474 ¥ &

Ugy = az(uzz + Ugyy + usz): (mnya 3) € Rs! £> 01
u|!=0 = ms + ygz; utlt:ﬂ = 0 .

i u(z,t) € C™(R™ x [0, +00)) A n Bk sHF B FM
{uﬁ—Au=0, ’.BER", t>0,

Uli=o = A(T), Usli—o = g(z), 2 ER"

B AHERE Rz e R, X u 818G -F 484

1
m)n_rﬂ_l V/l;i_:’:':-ru(y?t)d‘gv:

AP, Wny niwy R AN BREERGERPROR RBELA g HRE
P &M H(w; 1), G(z; 7). RIEH:

UeCm (R, x [0,+00)),
# B3 2 F & Euler-Poisson-Darboux #4284 474k €] 8
{U::—Uw—”;lmzo, r>0, t>0,

Ulz;r,t) =

Ult:D - H: Utltl=u = G, T E R+.

K ulz,t) RELRHFRNEGHE (3.4.1) M, Wi 0,9 RSALKFALL
HELE ERESEEHC, B7F

lu(z,t)| € Cft, = € Rt > 0.
B RS ik N (3.4.7) o 34090 F 2 A01E 5 M (3.1.2) M 6 d’Alembert
EAEW
R 2 FH (341) ¥ o c CXR®), ¥ € CXR®), M Kirchhoff A X
(3.4.7) A F# R u(z,t) HF C° £, FHRHH (3.4.1).



30.

31.

32,

33.

35,
36.

37.
38.

*ﬁ?‘;%iiﬁb FFE 0 A L 9] A
Uge = 0% (Ug + Uyy ), (2,y) € R?, >0,
ez = .mz(m +4)s tgli=g = 0.

RN &S FRLEu, = ag(uxa: +uyy.) ﬂ#ﬁ’ﬁ:ﬁu = u(Tﬂt)l 3t 9,

r = 2%+ 3
E 8 N o ARk ROE ]
U = @ (Uap + Uyy) + U, () ER?, >0,
{ Ule=o = 9(Z, 1), Uslemo = P(2, y)-
[#7: EE# oz, y,2) = *ulz,y), A Kirchhoff 24X X% v. |
R ulz,y, 1) AREAR '
tey — HUpe + Uyy) =0, (2,9) € R?, £ >0,
{'ﬂ-|t=0 = (@, Y}, elr=o = Pl )
M, HF
0, (z,y) €2, -

ol y), ¥(=, y) = { 10, (z,y) € R?\§2

2REFH {(zy) | [z| < Lyl <1} KBSt >0 8, ulz,y6) =0

Ligie o

KA 343 ) F R Bl R Ak F A R B

{u,, = @} (Upp + Uyy) + flz 0t} (z,y} €ERE, £ 0,
tleo = 0, Ue|emo =0
8 4 40 4 Rk XL
HAMEEHAX (3.4.18) £# 34 &
KM = 2R AE Aok ah Al A

{uﬁ =Aut2y 1), (z,5,2) R, {>0,

tpmp = Oy Uylimo = 2% + yz.

7 SMABRAFE, AnRE]
JERFA (3.5.5) MMATEFKA [ AN

ERBEAAGBEBNRHERE O <z <) WHRABEFZ u, =

0ty = €Uy, € > 0. EA LA F R B8, I B HIE WA 48 P A



39.

40,

41.

42,

. 90 -

Uy = O Uge — CUy + fl2yt), 0 <2 <1, £ > 04
u{0,%) = u(l,t) = 0,
u(z, 0) = ¢(x), w.(x,0) =¥(z)

MEPR R UAD I X Finkb At E KA [ R Y,
EFREERMG={(z,1)|0<2 <, 0<t<T} LERLPH

Uy = (k{x)t.)e — q(z)u + flz,£), (£.8) € G,
w(0,t)=u({l, 1) =0,
i ‘H.(.’L‘,O) = (P(fl:), ut(xao) = ¢($)}

£F, k(x) >0, o(z) >0 % flz,t) MAC RAFARHIH RiEH:
# f(z,t) £ G LAMNDRAD, B &7 I RMEC ERRI LA
(37 AR 21 M asik ERg K]

& u(z,y,t) £ FM (3.5.2) s9#, HiL

E(t)= // (guf + %(uﬁ +u’;'))da:dy +f %u“’ds,
E®) = [ [ w(e.v.0do.
HIEA 20 E R R
%@ge&m+§w—nmm

iﬁu(m,y, t) RZMFRBEHFR uy = 0 (e, +uy,) A RIEH K(H 3.11)
W ¥ 4, BT

E(Qf) = f[g {(u + 6®(u? + wl))dzdy,
Ey($2,) = ffﬂf u%a:,y,t)dnédy.

| K3

E(£2,) < E(fX),

Ey(82) € By (1) + (¢ — DE().
AR LY RIER R K sh F A0 F M (3.5.15) HRE T A TR
ELTHARLK: SEELRNe >0, AEEHS, RSB FHhe L
&1 — P, ",bl —n & Lz(ﬂo) MUAE Pre— Pz @1y Pay & Lg(ﬂu} i
BARAARIL I B, DARA K(B 3.11) AR GHEY £ u, — u, 8 L3(K)
ML TR e -



WAE MESHE

#® 2 B R(n > 2) DFE W n SFRMESHER
| u—a’Au=0,z€ 2, t>0, (4.0.1)

Heba>0 BEE

HEGHBRAMSTREERE FRENHTEZ —, BREMMAFE R R
RRR, AEEEHONEER. P, W7 A 85 A% 0RO RA RN
Y H S EDEE RRR 0, FRENTRE. & u(z,)) WPHELc TH
Bt BRE, J(o,t) BREEK (2,6) MREE. MZE AR L BT o
. i) i TR BT I 1 o — (0 A R

/J-vdS.
z

WL, ¥ 2 ME—RFAERLAOFRTHC, ERUMRAARL G 1

HARE
f J-1dS,
FYe)

By B OG WRRISMER. MRS R, HE I BRI S AL B
TR IE W TR R BOMEE, B J = —&D,«, XE, k > 0 W%, B/
RESTR. FLLERAEN

—f kD, u-vdS. (4.0.2)
aG

R A —&HF RS ARNT dr CIREARELRTHEA dz WivHER. TR,
TER (2, 1) FARABAMT de (HRE cu.dz, K. c >0 BA BB
RANKRER, MYNHEEHRENRK, c RER T

= f cude = B ARTH G MR,
i (4.0.2) 8

—/ cudx = —f kD u-11d8S. (4.0.3)
G 8G
. 91.



KEUEEE (3.0.1) HT (4.03) AER, B

/(;(cut — kAu)dx =

HERER SR G C 2 EEN, FA-SIESHE
u —atAu=0, ze 2, t>0, (4.0.4)

Hi o> =k/c> 0. A, HEXEB—RKAUEHERNER PHAAS, THI =
#MESFTE FEHEE-HBHgRLEfPEES, ms HEEN S
HEF—RERE _LAAEAR, WEERE{ISREALHT LAAGE - f6t
t FR, EEE—ERESHE

' o ' Uy — a’fum =0.

R4, ZERTSTY BRI, BIAACRROT B TR BRI S R R i
T, BaRIRLNTE. ASRITRETENERABERENIER. 5
K—Rit, FIORBHE (40.1) FRE o= L.

41 ¥11E W &

M —EF RS F R HEF KL TR0 000 E W, ol s
K& L fET=EF KA T EFE R RFEHOWERE, T
B E—ENMFNITBERERE. RELRBEEFKAEIHENWERE

{ut—Au-—O,_mER", 0<t<T, .
(

u(z,0) = ¢(z), ¢ € R", ——

62
Ba: )

=1

RKEETI, u=ulz,t)=u(z, 05, ,Fn,t), Au=
RRRALLL y S S

1 _,_= :
E@-yt) = 1ne e (412)

WE (4.1.1) hHE, KE ﬁ#&f&%fﬁ {4.0.1) B@J.&Js—ﬁ EEY Tl 3
AR LR, RITRIAFL S 7R 08022 (7] o B 405 7 1R 30
), AEEEHSRERSEBHE B Fourier 2% 7 RARIE i 5E, »
Fourier ZZ#K PR R FIISWER 3 ﬁ%ﬁzﬁ XBENEEAFEHES. &
JEROTE K AR 7] B BRI A

.09,



4.1.1 Fourier TRFE KR
REM f(2) % o € R™(n 2 1) LHLETH A LR TR, WS Fourier
FH |
1O = [ 1@
R f(¢) B Fourier M3 %:
1) = oy | Fl@e=sae,

Ko, B € = 2.6y + 2oby + -+ + 2,8, ERBRARBN ETROBERT,
— B # /¥ Fourier iﬁHﬁﬁﬁiﬂTﬁ%ﬁﬂﬂf F[f] 81 F-1f]. B4R, Fourier
AR T . B, Fiﬁﬁiﬁ]”ﬁ‘]ﬂT—%Eﬁﬁ!ﬁ

{1) W51 _
# f A £, K Fourier BBMAE, HY |z — +oo B, f(z) — 0, WF
_ F[f, ] =i&Flfl,
H, i BB
—RiHh, H

FID® f] = (&) FIfl, |
ﬁ':l:,a O = (allam"' !an) %jﬁjgiﬁﬁ: (a8} (1 = 1:2;"' ;n) E:{Eﬁlﬁﬁ, #
HMse '

fee| = a; + ap + --- + &y,
ol
Ozt 0xs® -+ - fra=’
2 = (2)" (25)™ - (3.)%.
CRKEESR fEZEH, UL £ A B EE T AT Fourier %, B2
{z| —+co Bf, ZMUBAETE. FRH B G2 2 AU A b L.

D=

(2) ﬁﬁﬁﬁ
# f(z) Mz, f(x) FATFEAT Fourier %ﬁ !HU’E‘
F[ lmjf] - BEJFU’}’
— G

. Fl(=i)i*z=f] = DF{f],
K, Bk f R8XE B R R EE.
(3) HHIEIR



(o) EEH f, o ATHAT Fourier 2588, MEAHBH
Fxa@ = [ o=y
AT BEAT Fourier e, HA
FIf gl = FIfIFlg)
(b) # f, g MEAIRIRE fg FTBAT Fourier IR, MLH

Flfgl = Ffl«F'[g]
M DUE (a), (b) FUTTHE. By £, g #E R FHAXIFTAR, F Fubini S5,
H -
Flf +al = F[ [ f@ole -y

= ]R e ds fﬂ ] f(y)g(-'v.— y)dy
= ./nw f(y)dy /Rn g(z)e e,

= / fw)eedy f gla)etedz

= F[f]F|g].
7 O
il 4.1.1 K\ f(z) = & Fourier T4, AP, zeR,a>0.
e
- [ e

=/ e " l(cos z£ — isinz£)dz

Rl

’ 400
=2 f e " cos rEdx
B
- £+ a?’
Bl4.1.2 KRB M () =e 6 & Fourier # %3, HP LR, t>0.
® S

F[f] = (zi)n fn AT

1 +oo o .
— (2_1: e—tE,‘+lng.d§k)

- 94 -



1 2 n
— (Ef gt cosa:kf,,dfk) :
0 .

1 7 e
I(z,) = - / e~ % cos 1y £, dE-
0

#1 Euler(Bk3z) 22

il
I@—% %
$t I(ze) REFJT KOG HBES, B
dI(:Ek) _
dmk 2t I(.’L'k) = O.

BB RS 1(0) Wi, 8 |
T ;\/:t%

HI(a:k (dxt) /% Lﬂ;

B

4.1.2 fRYMEIEHE

BHME B (4.1.1) AR u(z,t) MATGEIR o(c) MURTER o #4T
Fourier &#, il

a(& 1) = / u(z, e " 4de,

#(6) = [ el
FR, 7 (4.1.1) PHEMHEIBHAT Fourier 268, WAXT a(¢,t) WHM
S TEMEN

{d”@’) +lePae.t) =0, wis)
(¢, 0) = ()
. 95.



BEILMA (6, t) = (&)o', M EHF Fourier A, R HH 4.1.2, #
u(z,t) = Ffa(g, 1)) |
= F7'[p(¢)e™™
— Fp(E)] « P
_l=—ul

= (4nt)™™/* / plyle = dy
Rn ]

= (m) " [ B u oty

HY, E(z—y,t) = t""fze'l“x’"g"Ii Y4 (4.1.1) *ﬁ‘%"@ﬁﬁ%i*ﬁ,

T
K(m - yst) = (4n)~n/2E($ - ¥ t)

. - (4.1.4)

= (4nt) "% @

%@J{Erﬁ]ﬁ'@.u) Rm. TR, (4.1.1) HERETRY
als, = / o) (e 1)y, (4.15)

ATEXHNA, ElS HURERIL T LEER:
(1) Kz -4,8) >0, Kz —y,t) e O, Vz eR", ye R, ¢ > 0;
2) (& - A)K(@~y,5) =0, ¥z R, y € R", t > 0, 3XH, A = A,
A
(3) / Kz —y,tidy = ‘1, Ve e R™, ¢t >0
(4) WMERER 6, FRRL:
lim Kz —y,t)dy =0, vz € R

20 fy—nls -
H K MFRER (4.14) BEER (1) # (2) BRBRSE. HIERK (3), #H
FEEBNE y =z + (41) %0, NB

/ Kz —y, tl)dy =g/ f é‘f’”ndn =1,
Rn an
XHE, HT Euler B4 '

f e”"dp = (/+°° e~ds)” = n™2,
KT (1), ERSRB IR LR, @
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lim K{z -y, t)dy = lim xA / e~ da.

1
820 Syl s |nl>a/aE

HT Euler B 2uesn, S bR RETE.

4.1.3 ﬁﬂﬁ#&ﬁ

FEERHES HE (4.1.1) BERR (4.1.5) BB, B THHRNE o)
i) Fourier ZBMAFTE, HABERAR F-1gl = ¢. RBAREER o(z) #0707
BWERESI—BHeE. KL, X o) RINBEBHE&HET, RWIERH
(4.1.5) IR IRE u(z, t) B (4.1.1) KRR,

B 411 (F4R) Lo eCRY), AAETHM >0/ A>0 @&

le(z)] € Me"‘""n, Vo e R® (4.1.6)

A . Bl v (4.1.5) iﬁiﬁ&&u(z t) M (4.1.1) &Eﬂ.ﬂ {(z,t)|z €

R, 0<t<T) EMERM, BEQ EAFATR Lb, T< le

T (1) %0 u(z,t) Bt AWMEH >0, 0< b < T, FHiT
L={(z1)]lzl <a, to <t < T}
FR, # (x,t) € L, Wi (4.1.5) £ .
il <M / Kz -y, tleivdy

\ | |z (41.;)
€ M exp A S d y
c -/Rn {Aly] AT } Y

B, o = (dnty)~2, FE A = —4—11-,, 33t bR RN S, 1§
LE+ AE
A+ A
T

Alyl* + Az —y* = (A + A)|y -

L+ A |=(*
= z|®,
ﬂ:l:it‘f’\i)\(-ell?) %A+A<U EIJT< ;

: AT |2 — ] A A
lulz, t)| < CM'eﬂT| ' -/ exp { (4 + A)|y~ A+Zm’2}dy

Bt

= oM (=) edier, (4.1.8)
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i (4.1.8) AT40 (4.1.5) REIBS7E L Han BBk, I, sthBspr
HERRS u(x,t) £ L S RIESE o Mt BBUES ulz, ) ERE 2 £
L

(2) WAE u(z,t) € C*R x (0,T]) , AHEFE. HERE KT o =
(o o0, , o), K(z — y,t) RFZER (t,2) RIFUBE |

1 eeul?
DK (z — y,t) = (2 — g, %)e‘%

% HERR, FAES (1) BER R

1

ﬁEF, 'gb(:z:,, — Y, vi[t-) E T — Y lﬁ]
(4.1.5) B RIS, TR

- [ # DK -3 00
RSB, BRI L i E—Bokgt T8, %L b W
0 E3f (1.15) R HEE u(s,t) TERASAAMERER, 0
Dut) = [ wIDK(e -1,
BrLL, u(z,t) € C=(R). FIMRERHRE (2) 318
(% - A)u(z,t) = /m go(y)(% — A)K(z - y,t)dy = 0.
(3) T u(r,t) W AR, HHERMER 2, € R", &

lim u(x,t)= e(@o).

PER—BHE, B 2, =0, FE w(z) = p(z) — w(0), W p(z) = ?{0) + v(x). H -
(4.1.5) A BRI (3) & '

u(z:, t) = fmn w(0)K(x — y,t)dy + ./.. w(y)K(z —y,t)dy

= (0) + f vo () K (w — y, $)dy.
B vo(z) HEEH v,(0) = 0, BAMERBENEE « > 0, FEEM 5(c),
|z| < &(e) B, |uo(z)| < e. HASEFRPT AN, |.v°($)’ € 2Merl=l" MFFAETE Y B(e)
REX, 5 |2) > 6 B, 7 |vo(z)| € ee®@=, \Tj, Bz e R, &
/ . vo(y) K (x — y,t)dy

|z —

< Gy f exp{B(eyP — Z W jay.




EXAGS (4.1.7) Xp Ao HEE, ARG 4.1.8) NER, B

B|xi?

£
U (y)K(:c - U t)dy é —ne 48,
[_/R:, Y | (1 — 4Bt)n2 |

Jiidl:1|
€ P

_ ‘\:-.‘ e — X P Y T

HAp, ¢ >OE¥/J\,‘EB(E)—-% <0 TEERD, 4t -0+, ¢ — 0, B
lim Ju(e,8) - (0)] < &, H & KUERIEGER
| lm (e, t) = p(0) .

x T=—t0, F=s

ik 1 AR (1) 0 (3), A (4.1.5) AT, MFARK olz), §
ufz,t) € ( / K(z —y, t)dy)(sg;‘, w(y)) = sup @(y),
H—H JzcR t> 00, &8

inf p(y) < u(z,t) < sup p(y).

M2 BHEEAA, A>0 8/, Xt MEREMNFEERERA. % o)
REH REEREN, MAERH 411 F A >0 TEED, TR, (4.1.5) FiE
BIRRE u(z, t) AVME A (4.1.1) 7 R x (0,00) LHI#.

M3 FEFKEETUER: & YTARRTEENLELGA
35, W (4.1.5) BT MRS u(z, t) THRR HE (4.1.1) MEFRATMME, A
T p(z) MESER Y, Bz oy, t— 08, ulz,t) - o(y). ZRAPSEESE
T AR, ORISR AT, M2 T, SR SRR T i
PR (REE 3.4.1). _

B 4 @ (4.1.5) WELEH, Z5¢> 0 8, ulx,t) KBT ofy) ZHFAL
M8 (RS SRR E EARR, W 342 AP r B s LR),
B o 25— R y BHERMER Z2 BB BWFE o AL u(z, t) K8, R 2 KB
y AE 4%, BRTEEIESLOEWEAD. B IERAE fR ik S B
BAGIE (PIEEIT) BF AT 4488 4. Bk, ZeWIBIG bk iy I 34
HRHBENENRMYE. REEITE ARSI BEARI A4
At ik &, HE=E A Huygens RIEAE MR R IO, S FRE

X | |
. - 8g.



42 BREEERHNE

421 BAERE
BH R (n > 2) P REEE
Qr={(z,Nze R, 0<tLT}

Hop, 2 B R $HERFE T ERENEFRE. 2 drtk e r N R R AR H
MDA I, BIA Qr KA R, B I'r = Qr — Qr (B 4.1).

Or

2
ol - 7

B 4.1 ﬁﬁ-&ﬁrﬁﬁﬁﬂwﬁlﬁ

HERB u(zt) EQr EXT z KIFIH— Mﬁﬁ:ﬁﬁﬁﬁﬁ%ﬂ‘t 1 —BriE
SRR FAAE, ME K u € C*H{Qr).

Fu€CQr) AL v, —Au < (2)0, M u RESESHFEw.—Au=
% Qr LHITH# (L&) RAITH

EEA2L(TRERAERE) Ku(zit)eC>(Qr) £Q, Lkt A
AU FF B —Au=0EQr EHTH. HEEQ, L# BRIt
¥ LR, By

maxu(x, §) = maxu(:n,t)
Qr Ir

HH W, £5Qr LAIFHORERu, ~ Au<0, W v 6 R A LSS
#R LR E,

iEBR (1) %W u. — Au < 0. Bu e C@Q,), HEEL (2.t) € Q,., T/
u(z,t) = T EE(x t) € Qr, Iﬂ']ﬁi"?;'—iﬁut 20, Aug0, FRu, — A'u,> 0,

XE5F®RFE. B, (x,t) € I'r, @)

max o = max i.
Qr Iy
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(2 EQr Wu, — Au< 0. XMIBILH £, 4
v{z,t) = u(z,t) — kt
WoHRe, —Av=u—Au~k<0, TEHE (1) 5@@%%%?%%&0 _
max, TR ' _

maxu = max(v + kt} < maxv + kT
Tr qx T

=n}”axv+kT£ n}.axu+kT,

k-0 %
rraaxu(xr}"axu
THRBAER BRI, BT, maxu—ma.xu [

BE  H ulz,t) E#ﬁ‘f#‘fﬁﬁﬁ e — Au =07 Qr BB B, W —u R
TH#, BEEART LMy R/ LE 2

min u(z,t) = %iﬂ w(z, t).

HSEH 42,1 X ERME AATHE ST ER N ERE (I %),

EEA22(RAJAMEE) Hu(zt) e C*(Qr) £Q, Lkt HA
BAER TR —Au=04Qr LAR. 3 |u] £Q, EHRRMELAENHAR
LEE, B

max |u(z,7)| = max |u(z, t)].
Qr rr

ER 423 (hEEHE) (o) #Hu® fou® RBLEEL22 W4, 4 _
Iy B F M u(?)(utll > u<2))1 [P @T EaFE 0 util(u(l) pr- u(z))_

(b) Kufev MBLERA22 GFHFBv 20, FE D A ju| <o, I
£ Qp EAF < 0.
ﬁﬁ%%%@ﬁﬂﬂ@ﬁ%tﬁﬁﬁﬂ(ﬁ%%ﬁf%?) R K E R BT LHEH
(a), MM (a) TURE (b). KK, (2) AREBREKEEANE, LS (b)
A TR ICHZIR BRI M.

4.2.2 FiNEEHEEME—ESEEN

AN T — AN B TR A T B S 5 R S ) F A e —
SR8 5 R .
EEA2.4(F—HERTH) LR

{ut — Au= f(z,t), (z,t) € Qr,
ul!"—;-

) (4.2.1)
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HFR— B X TR0 2.
iERR FAE (4.2.1) EHENMEw, o, WHBNEE, SIME =

Uy — Uz ﬁ)&:‘lﬁﬁ
—Au =0, (z,t) € Qr,

Ul = 0.
RN SR (EHE 4.2.2), 8

max |u| = max |u| = 0.
[ Tr

FR ZQ, bu=0, 0y =u, HWEE— FiEREk HFu® =1,2) ¥
iy if 2]
uw? — Au® = f(z,1), (z,%) € Qr,
u(i)er = ('O(i)(.’!:,t),
W] = 2w — D 32 jE B
U, ~ Au = 0, (wit) € Qr,
ulp, = — ™.

HBRBAEREH (F14.22), B

— 1) _ @
I%MIUJ max | — ],

T

Fred, MEREEMIES &, & max [ — o] <, B

max fu —uP| <e
™

XTI SR RS FEREN. v

4.2.3  YIEFERERE—E ShE

M 4.1.1 5, RE o(z) £ R &gk AR K44 (4.1.6) Me2=",
MiET (4.1.5) s MR

u(z,t) = / Py)K(z ~y, t)dy

B (411) Mz e R, 0< 4 < T(T < ﬁ) LERR. FEEY: MR

BT BRI (4.1.6) MM, BNAEAERM M, > 0, 4, > 0 S FRMT
lu(z,t)] < Mie®=', vzeR", 0Kt T, (4.2.2)

RS —
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EHE 425 (8 —#) HFM(4LL) My BEM RS (422), AR R
W oo —,

T (1) B u®, u® FRTHE (411) K, MBH u =1 —u® gﬁg
(e

- — n <
{ut Au=0,zcR" 0 <t <T, (42.3)

u(z,0) =0, z € R™.
WMRAEH B (4.2.3) EXH {c e R, 0t < T} LXAFAHE =0
(2) FEBER F—MHR |z| < b, B0 <e < M, HIEHE
A > AL BER >0 TR, Mere < e, Rt a>b TE, B
(4.2.2) &1 '
lu(z, )| € ee?'”, 2 |z| = a K. (4.2.4)

L D = {(z,1)||2] <a, 0Kt < ﬁ} ERE R

e A'lzl?
(V1 ddr)y icabweryTris

AERECHEAE (1.23) THE, ﬂEI‘zﬁﬂ D WA 1zl = o b

w(x,t) =

Wa) = e e { Lo
TFE D MIKHE ¢ = 0 £F v(x,0) > e > 0. H (4.2.4) RAMBE S u(z,0) = 0
8w o 41, % D RRLA LA (u(z,t)] < vz, 1), Wi B (278
123), 72 D WA IARY. B, 8 12 <0, 0<t < oo WA

} > Ee.‘l'n ,

fu(z, )] < e(%)*ﬁe“’“"-

$e— 0, FREHE (2] < b, 0<t }‘:F'u(zt)ﬁO Be>0RER
&, HEXS {z c R, 0<t< o }p’gu_

(3) TR (= € R™, 8;, << oo} PEREER (2) SR, TR
BEA w=0. BT RERYE, MILERIEYE RIS EEHTE, B—iEE.D
Hu® (@ =1,2) ZEE (41.1) FRETFHRERE o9 (i = 1,2) M8, i
EESEN T, i nﬂxlcp‘” - @ < & WHBKHRER (4.1.5) AEE
Kz —y,t) 89HR (3) 8 ,
. |ut? — u®| g ma.xlgo“) — | f Kz —y,t)dy < 4. (4.2.5)
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F2, BAHER
TEHE 4.2.6 (A i) A FM (4.1.1) FE LA KE R EHT A5
BAERBED. -

4.2.4 PIFE

EPFEHIAERRAFHARRKRENAE. 8%, ETeRE:s
AT I AR e — R, MR KI ARG &M (122). TEZA N
Tychonov (FH#K) S HEE T, WX RE&EERTEM.

#l 4.2.1 (A. N. Tychonov) s—##43FFRGMEFA

U, — U, =0, € R, £ >0,
- u(z,0) =0,

B 3f R R &4k [u(z, 1) < Me?", BRI FR—.
B g(t) B R FEIRTHES, WHE v, - u,, = 0 KT HEH

o~ dfgt) 2
wz,t) = dex (2K)"
k=0

@i HE . EREE (1.2.6) K ESE, WE

ngt} 2 LAt «
at- @k—2) | Ze ap @R

d'“"'1 t) x%*
.”*_Z g(t) .

dtr1 (2E) |
- BIEATRL K (4.2.6) BRETE u, — . =0, ﬂ?_’E ER
olt) = { exp{—t"}, a>1,1>0,

t < +oo (4.2.6)

0, 1<

CXRTF t TINRATH, HAE Rt = 0 AEK. SHNRER (4.2.6) fIBSEK
w40 mpsir. ABTERSKIE) Cauchy ARE
5ot k! o7

ddgtﬁ) 21:1_/ Wd
ﬂE—_ t>0, I BB ERE: iz—t[—ﬂt U<t9<1 XTRez>0 %Xz f’FﬂJ
REMEM WL, T I LA TRE

2 =t + 6te'* = (1 + ge*),

Re(— ~) = —¢"*Re(1 + Be'*) =,
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R, BT O BHD, EUHEERAF
Re(1 + ey~ > 1/2,

B
Re(—2z~%) < —.%t‘“,
d*g{t) kool
| < o° #
K <j, W (4.2.6) ATAEMfEH _
(e, 2 \Zk',?gt)k (22 - Loy,

B I, Eﬁ X8 [z,, 2] L, ‘:"It—>D+HT ﬁﬂl’ﬁ'u(:ﬂt)%ﬁ E?U- ﬂi
(4.2.6) RFTHAE KIEBH w(x, t) BYMEFE

ui—Au=0, z e R", t >0,
w(z,0) =0, z € R”

PRI, FRE A Tychonov #.

WERRABFE A (4.1.1) BI— MR, REM L LR Tychonov ﬁ@ mnE
B )R 5 — AR, AT, R — YRR B Sr. BB ‘f’_HE 1
(4.2.2) AR FH. ;

ARG TR, ﬂﬁ%ﬁﬂﬂgﬂ‘]%ﬂfﬂﬁ WA ﬂ?ﬁgfﬁ%
H o B R B ﬁ@.‘ﬁﬁﬁ@iﬁa’zﬂ: ﬂﬁ%ﬂs%ﬂ"fﬁm DY, FERCE L
FRIH —t 8t BARRR SR u, +Au=0. Eﬁﬁrm%ﬁ#‘ﬁ?%ﬁﬁ
FEt < 0 LIRHME A B — AR ANIE 52 1. _FEI-E E. Rothe (%253 2 51F.

fl 4.2.2 (. Rothe) X~ HREFFBw - u,, =0 KA FM
u(z,0) = p(z), ~x <z < +co. '

B Felx) =0, ﬂﬂu(z 1) =0 B—/ MR %
(p(:c)—}\sm A>O

]

| u(m 1) = e 3 sm§
2fE. TTELE N, X)‘?Eﬁ‘d\l?‘] A> 0, FHE p(c) TEBMEETR, FHXAMT

Ht>0 HT?J“EZEJ&%F% At <0 M, ﬁ@ﬁ%i‘? Eﬂﬁﬁ%‘]‘*ﬂﬁ%ﬁ%ﬁ
ARRAL. "
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TR 4 H BE BT AR B3 N T A A B B R — 4 M B T R A e R
BT
7 4.2.3 & A A4 Bt F M
Uy — Uz =0, 0<z<l, £>0,
u(z,0) = ¢(x), 0z <], (4.2.7)
w(0,#) =u(l,t) =0, t 20,
%#, 0 el p(0) =) =0. |
BiE— W oulzt) REABEPRE u(0,t) = 0, FRTER  HEH
u(z,t) Bl [-1,+] L, RELA 20 B AMBEEM TR LR b NS

ERFOTEAE
Uy —Uze =0, 2ERY, £ >0,
u(z,0) = &(z), r € R,

He, B o) W2
~ P(z)=p(z), 0Lz <,
&(z) = —p(—=), 1<z <0,
&z + 2l) = &¥(z), v € R.
BF () 2 [0,1] LIS, AT 9() ER ELESHR, SERFELEH
4.1.1 g A, BT B I B AR 2 " |

w(z,t) = /-_+m S(y)K(z - y,t)dy. (4.2.8)

BT o(r) RARS, &F
+o0
u(0,1) = / F)K(y, dy = 0.

R, BT 6(1 —z) B « AR, &F
+oo
u(lt) = f @)K (I — y, 1)y
= ] " 8- 9Ky )y

= 0.

A, B (4.2.8) FrARKER u(z,t) B0< 2 <!, 12 0 HRARE 4.2.7)
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i RN
w(z, t)

+oo 2n+1)1
-3 [ s v

ne=—no ¥ (2n-1)1

+eoo 4 i
=" f B(y)K(z — y — 2ni, £)dy

n—==—00

= f f d(y)[K(z — y—2nl,t) — K(z +y — 2nl,t)|dy

n=—0o0

= f i P(Y)G(x, y, t)dy.

Hrp

6t = 3 {eme] - B2 2]

n=—o2

- _exp[_h (z+y4; m)ﬁ]}

RED Bulet) = X@TE), RAFRRSNERS

T! _ XH
TrTTx’
AHEAWEEN -, AR TR _
T+ AT =0, X"+XX =0. | (4.2.9)

Wt X (2) R RMIEIAH X(0) = X() = 0, MARSLEHE
{X”(m) +AX(2) =0, D<z <],

X0y =X({)=0.
B 3.2.2 AN A B AR R
., 2
A, = (T) , = 1,2,---_,

FH AL IRFIE R N
; X,,zsin%’jm,n=l,2,---.
T A, = (nn/1)?, B (4.2.9) F—AHE
Ti = a.,,ehtﬂfu)’t. .
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TR, FHE (4.2.7) KIS

u(z,t) Z a,e (BZE) ¥ sin Em _ . {4.2.10)
TG A R
w(z) = 2 tir .sin i—ﬂ-x _
TR

a,,;':% [:" 1 w(z) sin'%mdr.
R () 7 (0,1] Lk, MAFERE K > 0, o, < K WHFE n mRar. Bk,
HHERR ¢, > ¢ > 0, FEFERXE,

E={(z1) ]| 0<z <L to SEE )
RO -1

2.2 22,!;

|qne_ i . sm—x‘<Ke =

BCAZi % (4.2.10) ZE LE AR INAERE £ EAax E— 2, BEMREK
u(z, t) L. Bt > 0 REEHS u(r, ) EO<2 <L, t>0 Hﬁ@ﬁ?ﬁ, xf
HEBt>0H u0,t) =ul,t)=0.

BAh, X EH (4.2.10) X T ¢ BIME - WRXAT « BRHEHKE S
MBI MEHEMEEE T AR B—Fkd, A (4.2.10) BN R
w(z,t) WL R (4.2.7) BFTE BT u(z,t) RABKIHT.

PR AR SRR R, SR SOV B R KA. .

6424 BA—BTARMELRKSHE T8 (z € R, £ 00 <
r<0f0<s<+too LS B HENTRALRAYBRLR AR Lz =0,
BERLEAAFTEHRALA K, £RGBAER ulz,t) &5 EAWRER
Uz, t) 7. F4 BEEALHZRAMA :

r

Uy — YUpe =0, <0, >0,
-IU,.,=0,z>0,t>0,

u(z, 0} = p(z), <0,

U(.’c,ﬁ) =®(z), 20,

u(0,8) = U(0,2), t2 0,

(. (0,8) = 2U.(0,8), ¢ 20,

(4.2.11)
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At p(0)=0(0), wH 2 RALBAER, v I RELEAH
& Hf?@ﬂ?ﬁﬁgﬁﬁéﬂt B, B (4.2.11) i u(z, 1), Ulz,t),
& X R

ym@g=m@¢ﬂ+mﬂ¢§@ﬂi;o,"] @zm)

-EEF' a, b%ﬁﬁ%ﬁ’ﬁ *?Egﬁﬁv(w t) EE:U >0, t >0 H‘f?ﬁﬁiﬁﬁu, g, =
0. FEH B ulz,t) ﬁﬁ”‘i%t

w(z,t) = {u(m,t),_ <0 -

w(z,t); T2 0.

BB EE e R\{0}, t >0 ERETE v ~ yul, = 0. B, u(z,t) REWM
W (o, t) 7 o = 0 A&
- u(0,8) = v(0,t) = au(0,1) + bU(0,1),
B { .(0,£) = v,(0,8) = —au,(0,2) + b\/gUm(b, ).
H (4.2.11) RPBEFANEME, ERXE—SH

u(0,£) = au(0, £) + bu(0, 1),

{n%mn=ﬂm%@ﬂ+m¢f%mq

HlE g b=1, —a!?+bw\/_ 0 a, b RN (1212, ETRY.
‘_-"lm>GBTu 147118 '

u"(z,0) = ap(-2) + b@(\/gzc), z >0
EXEH - -

: (), z <0,
&= atp{—x) + b@‘(\/7 z 2 0.
T%@?ﬂﬁ?ﬁﬁﬂ‘]@ﬁu (z,t) WIYME )

uy — YUy, = Dl_ & E_Rla >0,
u(2,0) = ¢°(z), © € R

B, £ (4.2.11) TREBRR, HERE (4213). 4 y=2/,7, £ (4.213)
: . 109 -
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RS (4.1.1) B, Ri5H (4.1.5) AT

u*(z,t) = 2#\/1-1_?5 /-; u* (/. U)e_(%-y)zﬂm dy, =z € R

YR r <0, ERXRR2ENE (4.2.11) HHIRE ulx,t); ZRH x> 0 B, EX
MR (4.2.12) PR vz, t), HKERI (4.2.11) BB U(x,1).

Hda25 FRARZLA2], EHEAKREFIRY - Au=0 HEXMER
B OWEN 422 ' '

iER  RiIE. ®Ru(z,t) RED, EREBAE, 6T wzt) £ Q, LEL
MLBER S (2, t°) € Qr BUBRAM, & u(z",t*) =M, 7 Iy EBKMED m, T
M>m. it 2 WERN I, FEX '

M-m

v(z,t) = ulz,t) + T (z — z*)%

GEED b v(z,t) <m+(M-m)/(2n)=6M, 0 <8 < 1,1 v(z*,t*} = M,
Frblv(z,t) BAE N ERBERE Mo BER (o,8) € Qr RER
KE, BERTAv <0, v, 20, Aflv, —Av 2 0. BE, HEERIESR
v, — Av=—(M —m)/d® <0, FJ&. BTk, w BFF Iy EELEIRAHE, B —u 2
#u 50w BE Iy EWBIENME, BP max |l = max [u}. O

13 BEKMEES

A — T4 tH RO PR L T #ufe SN Qr EIBIB KB
¥, RATRFRE N & AR 2. TR #E S HBIME Qr LEEK
HEHE, RENBRXERSE.

EME 431 (BRAMERE) KuecCMQ)NCQ) AMBEFRYGT
M, FEAELEP = (2%°) € Qr RETHEQr EHRXMM, ME Q. F
u=M (B 4.2). | '

& TUESAEE, RIVEER=SASE, B o M, DFRE ¢, < T.

51 4.32 HuecC*Q)NCQ) RAHFFIRATRALQ: AR
BEEQr LR XM M. S REQ AALAZHYAR

K: (@-2°+@-17 <
A K AT u< M, FELEOK tAERXKMEEP = (2" ¢), ol =z
WERR (1) ARBHE, AR P Ry # 0K _EHME—RBOCE R BN, TH
K WS oK (IAW—A3KE P /M HIBR R 8.
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E4‘2 EQ;" L‘U-EM

(2) R, $t 2! # &, L P ABRA, UEAPNT 2t — 5| WEBCHERK
r’ﬂﬂfﬁ ( 4-3)- iEFl = K nNé&K,, I',=

SKN\M. BR FEEEH c E8NHF o
(g,)e Ky Hlz—Z|>c. ARTFEDN Lu<M,

WHEERSDESS, B u<M -6, £k K1
R BN

A, Bl > ORE BREKNA>0E gy gm,a0 s
8K L h=0, K % h<0. EEF
oh

o~ Ab= emole="0-012a(n — ¢ + £) — da®|z — 3|%]

h(m, t) — e—a[(z—z)’+(t—i)’] - e—cxr’

g e E-D90(n + T) — 40267,

mmwoa@x,ﬁamr%mmw.

() Sv=uteh HF, B¥e>058 h¥ (2 FUEHH, £ K, L,
%t’”_ _Av <0 BFED Fu< M-5 BTER: >0 S MEET, F
v< M: N A< 0Rus MR < M, ANTHESK, Lv< M.
HFEIK Lh=0 Fitlo(a, ') = M. LUERIERT: v £ K, LHRX
i K WHEIE, BETRARRERE (F84.2.1), KERTRE. BLL,
' = 3. _ [
5/# 4.33 #ue CPHQHNCQ) RABFFRYGTH FLAS
=(z°1") €Qr RECAEQr LU EKEM, nmﬁ%ﬁ 5(t°) = {(z,t) €
QT|t——t°} tu=M
C111-



T (1) RiE, BHE P = (27,1°) € S(°), u(P') < u(F°), HBH 4
EE P 5 P°. du FIEENN, HFEL P ey E8w(P) = u(P"), T ~
TP EP HMFEAP =(,1°) k #EuP) <uP). £y L P
5 P ZHER P € v, fE8 dist(P',0Q.) > 2P P~

(2) BF w(P) < w(P), BufE Qr LWESEHRS, FERS SRR
Tiz=2t0 §<t< 0+ 6 HHHFEEPcIH

w(P) < u(P*) ' (4.3.1)
(3) R (B 4.4)
Ey: (-2 + At -1 < A%, A>0.

!
---—

' 43)

I

t’
P*
Pl Po

(' 1—38)
Oy

o ch' Lot 3

B 4.4 3TIHE 433 W

W I s RAE By AR L FFES A - 0" B B, — 1; 3 hZEeEm
ey, R B, N {t =} EEENK. 6 (4.3.1) 8, F7E A RN RS
—AME Ao, WHE B\, Wu < u(P), FFEFEERQ = (1,1°) € 6E,, HE
u(y, ) = u(P*). 1 (4.3.1) My £, X5 E43.2 F. O
313 4.3.4. #u 5433 fiik, Lk R AEF Qr AHKRFAE:

R:t"—ay<t <t |2? —zf<a, i=12,n0<a, <t
T i

B A4E & P € R A w(P) = u(P). : _
iR (1) RIE, ®R AR Q u@) < w(P)(AE 4.5). B u RIFEEN
1, 2K Q HESBANE u < w(PY), AR Q AMrFt =1 t, WHEE
BQ AP WMRR Y b, FEA P Fu(P) = u(P), Ty BT A Q F
P ZAHIFHER P E#EH w(P) < w(P) ARk, @ P = P, AXE
MEFB oo <1, QBLF t =10 — a0 k. FW, B LAE—ABAK S H it
o iA) . ' _ '
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" (x9—a, £ 0 Oig, 1
{x0—a, %) P G }Frﬁ

B 45 53434 E{Jim :

(2) 8 Ro B R BRH LTIER MRS, XHE—~K P € Ro, 8158 (1) $HEMW
PRI Q WIBER, S(P) BEH v E—ANE. BTy bu < u(P°), Bk
315 4.3.3, u(P) < u(P"). '

IPN: 3 S
" h(z,t) =t —t — klz — 2°)°, B¥ k>0. | (432)

54, ZERMYTE | :
PP —t=klg -2} (4.3.3)

Lh=0 U F HTURKLBRBF R <0, TWE 2 b BARKTHE
B h > 0. W (4.3.2) PELE k>0 BBD, # 20k <1 WER AF

i";_;i — Ah = —1 4 2nk < 0. (4.3.4)

(3) M¥WE 2 U % R AAIHARE, B2 B THES U 2 1
LFAFPZNRNEP LGt = 8, & 2 WEKURWLE, 1 F
u < u(P), MAFTE 6 > 0 fF u < w(P°) — 4. HIEE, AT MIESK « B4
XEaLHAE, B v =u+eh <u(P). £ N IAR L P 54, #E
v=u < w(P), FH(P)=u(l®). £F K, B (434) AR u BHLIT
BRTH EF .'

%-—AU(O

EE‘F%H‘J%MEEE&(EEMU M, £ P e, %‘B’Ev(P <vP°) FL,
—(P“)>0 ﬁEEa(PU)_—Ko LG o
" o _Oh
EE(P) at(P)— 5 (P > 0. (4.3.5)
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FH—TH, B u BHEFTRETH®, B

%‘:—Au<0

£ Qr kiEM. HEH PR« MEBAER, BF Au(P°) <0, N
@(PO) < Au(P?) £ 0.

"5 (4.3.5) Fi&. '
EE 4.3.1 MER (1) RiE, B Q. P‘§u¢ u(F°). FE, §J>ﬁ

— B P C Qo R uwP) # uP), WELEDP = (o) e BB PP HRE
w(P') = u(P%), MHRER PP LHAERPH
w(P) < u(P%). (4.3.6)
(2) Bg kKA (B 4.6)
Q:t—-a<tgt, z,—a<g ~'€$:+a,
_ i=12,---,m, x’:(m;,m;---,w;),
EP, B8 o> 0 X3 MEKFTHQ C Qr. BF[H 434, EHKFHEQ W
u=u(P), MERB PP NQ Lu=ulP)=uP, X5 (436) F&. &
fRiE. | e O
Ly}

PO

Kx'—a, t‘}P/ {x"ta, i)
i)

}{ (x', '=a)

Or

B 4.6 3 4.3.1 FHEH

3 B o4
1. B F By — e, +ou=0, s R, t>0. ‘&ﬁ-ﬂ-u(m t) #3 Fourier %
B}AH UL, HACHBETH
G, +ifig + 4= 0.
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?

oMl G(6, 1) = F(6 —it)e'S, i, F R A& TROERRHR.
# u(z,0) = p(a)(x € RY), Ris X H MG EFROHE
— 1 tﬂf:’-/ —f _w du.
u(z, t) =i e(y) exp{—ty W }dy

. REF#Ha>0, >0, iEH

f K(z —y,a)K(y, B)dy = K(z,a+b);

EARF
Ll = | Kl n0d, t>0
Mt Fa LMt >0 >0, F
Lo e lel) = Ll
. HERA A

1 (E— =)
U(x,y,t,f,ﬂ,"') = me -7
AFEF (2,9.t) BREFE G — (Voo +1,,) =0, KFE¥(E,n,7) HRF
# v + ('”EE + Unn) = 0.
- %‘ul(ﬂ:,t), UQ(y}t) ‘}’}fllil“;jﬁ
Upy ~ Vg =0, & € Ri, >0,
u:(z,0) = ¢ (z)

us{y, 0) = w2 (y)
0, RAEE B v,y ) = wu, RFE

U — (Upe +1,) =0, (7,9) €R?, >0,
u(w, yro) = ‘Pl(-’ﬂ)‘Pﬂ(y)

{ug.t —Upyy =0, ye R, >0,

.
R RS A {E A
ut—(uu+uw}—0 (3: yeR, >0,
w(z,y,0) = p(z,y) = Za ()Bi(y)
& 849 X X
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6. EdeA EEFE y > 0 ERLHIHBEEH u(z,y) BE us Fu, =0 &
u(z,0) = plx), ]ile u =0, P, r = 22+ 3. 5/ Fourier E# KM
u(z, y). |

T REARFEMAY >0, AR Fy=0Lizg]<c REFFTRu=1 4
|| > a 4k v=0. EBR-FRMNENRER

a+x df':c
)

1
u(z,y) = = (arctan + arctan

8. MAniAAE A A
U — U, =0 2> 0, £>0,
ulz, 0} = plx), u.(0,t) =0, ¢(0) =.cp’(0} =0.

(37 AA&EEE)
9. ik v(z, 1) RFIHA

ty~ 6, =0, >0, t>0(,
v{z,0) =0, v(0,i)=1

# 8, B4 Duhamel 44
w(z,t) = ;%[) vz, t — T)u(r)dr
A AL P A

u(z,0} =0, u(0,t) = u(?). .

10. K —RBEFFTHRY — U, =0 (T €RY, 1> 0) ATHEAEHT

) A0 4 ] M

(a) u(x,0) =sinz;

(b) u(x,0) =a*+ 1.
11. BEBXABEFRILA L REF IR AMEAH

U — Uy, =0, 2> 0, t >0,
Cu(0,2) =0, u(z,0) =), >0,

R F, o) BRAEM (0)=0.

12, RM R JRAT 69 #h 4% 5 R A

Uy = Uy =0, & >0, £ >0,

{u,'—a’um={), z>0, t>0,

u(w, D) = ‘p(:r)l x>0,
uz(0,8) + du{0,£) =0, 0 < t < c0.
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13.

14.

15.
16.

17.

18.
19.

3.8 5] M

u(z,0) =1, >0,

'U.ut_u:,m =_0, .T:ERI, t>0,
u(z,0) = -1, <0

Lok 3 _
u(z,t) =

w(giﬁ),

"2 [ »
F— Wi e " dt.
Vv s

X o(r) AREFK:

Ao EEEELBRAE
Uy — U =0, 0 <2 <, £2> 0,
u(x,0) = p(z), 0<z <,
w(0,8) =0, (u, + 00U =0, £ 20,
R, Fdo >0
W RE 422 5EW 423

KEGRAR PHRER, RAVNEARS FHAERGRAME F 8 F kit
B AR TR Uy + 1y, =0 B Mu(z,y) £C LORXMERSLRBITE

ABROG LR KA.

#& u(x,t) € CPHQINC(Q) AFH
Uy — G Uge = [, (2,8) € Qr = (0,1) x (0,77,
u(z,0) =p(z), 0z <, |
w(0,8) = gi(t), u{l,t) = galf), 0K EST

B RE, AR

max|u| < FT + B,

9, F—Suplfl B= mﬂ-x{suplw SUP|91| sup}gzl}
[/ F: #ﬁﬁﬂﬂ&«&w(x t)—Ft+B:i:u(a: t)]

SER LH T RS RE CPH Q) NC(Qy) T RR—H.
(BAMERE) 2% W X b 742

Lu = u, — a®u,, +b(z, thu, + e(z, )u = fz,7).
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#e(zt) 20, Likue M (QNCQ,r) AFELu<0, Mu £0, £

- A ERRELARMAR EZE, B

20.

21.

22,

maxu(z, %) € maxut(z,t),
Qr " I'n

P, ut(z, t) = max{u(z,t),0}.

(5 £HFRELA2] iEW. 2 & IHEREc(nt) 20 &clzt) 2
—co{co >0 AW &) wh, Lk X605k KRBT H KL
(BMAMKE) FRLMYOHTF Lu. & o(z,6) 2 —c, o > 0 EFHK,
L&k ueC*(QrNC@Qy), B# L Lu<0. B maxu(z, t) < 0, A
n%a:xu(a:, ) < 0. i

[Jthﬁ?: duv=ue ™ FRvBLNFE KSR LHA]

AREREE) AR EHFT AT Lu. R c(,t) 2 a(e > 0 2K K),

L& u,v € C*MQr)NC(Qy) AH Lu < Ly, uln, € v, WAEQ, E
uw(z,t) < v(z,1).
EARFRERCR, n22,Q=02x{0,00), I'=02x[0,00). % &AM
U, — Au =10, (z,t) € Q,
(@¥ + ou)|r =0,
u(z,0) = ¢(z),
R, v AT R0 %E, 0, c RFRAMSRGEREH 25 M
C*H Q)N C (Qr) #. 38
E@t) = -l-/u"(:r, t)dz,
2 e
X FERR:
(a) Et) <0, V30
[ 35 £M352 PP TREFFAGRS, EAMEXI 204
E(t) <0 £ Tl Au EFBY FRAN, BEALE D LRSHFAR

BFFHFHED S0 AR PRRBALEGHFER LS
HRE AR A

/vumd;c=/ uvv,-de,—/‘uuzidx,j=1,2,... ,ﬂ_]
e an i

(B) el Mo € Nellzacay, ¥ 2> 0
(c) SEWR AMA0 it 4l 7B 45—
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23.

24,

25.

ERHZLFTREMEFMOEXERER: L EHK u(e,t) AR < [0,T)
Lk AR x (0T Luy, Uy, (5,5 = 1,2, -+ n) sk, AR HK
M>0, A0 RRFREFR .
u(z, t) é M Yz eR", te 0,7

A A K A | .

—Au=0, ek te(0,T),
u(x,0) = g(x).
)

sup u(z,t) = Supgt z).
R=x[0,7T1

4 RRAAT <1, MFAD D e >0, 44T +e) < 1. £HBF L
yeER®, u>0, £zcR", t>0 LELFH

1 =—gi?
’U(.’B t) = u(m t) (_T_-|-E—t)ﬂf'-’ T T

A TR L6 F R AR BZEW v(z,t) < supg(:c) BERY ﬂ!ﬁi
% 4AT < 1 F#H AWM, TH#[0,7] 5.]5}7‘175'&4‘-3&[0 n), [Tl,Tz] ;
[Ty, Ton] #EATIHERA.]
# &R — R AR BH, ulc, t) ;t#.ﬁ-n‘?:&'ﬁm Au =0 #K.
RIEB:
(8) v=O(u) ZMMHFHFEN TH
(b) v = |Dul® + u} &2 F#.
o A FF ok Atk B 7 AR 05 1h PR g
w—Au= f(xt), ze R, £>0,
{u(m 0)=0, r e R".

X, flot) &4, HAAAEFHM >0, A>0 48"
|f(z, t)} < Mot
st >0 —BA . &M Duhamel A5 5 i F18 8 6 519 ik &
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E58 MBHHE

EEMGEYFA
- —Au= flx).
ERMENFRORBRR. Y f(z) MEFTEN, e Poisson F&; =
flz) =0 B, BN A2, BRAFIE MRS, LAEER Y

. n o S
—Au =i Z 8_.’1:: = 0, (50.1)
) i=1 * :

H, néﬁﬁgﬁiz—(scl,xz, ,T,) € 2 CR™ F(5.01) M u b 2 1H
Whe i .

' ﬁﬁﬁﬁﬁﬁ%ﬁ?ﬁﬁ%lﬂﬁ% BES 3 E*?ﬁﬁﬂ‘]#ﬂﬁd‘ﬁ
w3, ﬁﬂ%ﬁ_ﬁ&b‘??ﬁ%%ﬁﬁ, e 8 B u(x, t) SRM ¢ XX, TR
ue = 0, AT (3.0.2) ZRHEFMTE -Au =0 A, §4 53 AHET
HEE, FERE ulr, t) LT RERE, MEFREN R, By, = 0, ATTHE
BHR (4.0.5) &Hh —Au = 0. KEABEYRLAE, HHESLTEER
2 BRI R A R u(z,y, 2), F 2 WHRHEEEEDN oz, v, 2), Wu L
Poisson & —Au = 4rp(x, y, 2); #& 2 HIEHEE, W« ﬁﬁ.ﬂﬁﬁﬁ (5 0.1).

ATERRNNANERE, RINE—E5INTEESR: -
Wik v c C (), FHE 2 FHER

—Au <0 (= 0), (5.0.2)

AR & 2 I F#RA (E#s) Sk
SRR iR B DA REGE i, RIS E B R (n >
3) WIS, AR, A% 0 HREEKR.

51 = K ##

WRFRNEREENTEEEBAOHRTETEENER, FIHERRRE
Green 2330 AT BAZRAR 18 71 o 0 7R — L A K48 I .
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51.1 %A Green 2%

1. ®FXRE
BR(n22) FERs Hy WEEN

r=le-yl= (Z 7~ )
T, ﬁ‘[ﬂiﬁﬂﬁﬁmﬁnﬁﬁﬁ & u = u(r), ﬂ’.}\ 5.0.1) ﬁ
Au = u" ('r')-i—Tu(r) =
BE Y =o', BEH

2—-—-—1‘""" M n>2 M,
clnr, HAn=2 H‘T c AMEEFEE.

£ 2 PER—Ry, #mﬁ'ﬁc=nw ; y) B
k(| — ), B -
; 1 " o 2—n P
Kz —y) = M2 —n)wn s - (5.1.1)
2= In|z -y, n=2

o 1

" arn(=. 5 :

e 2 o Y 5.12)
al(3) nlG)

- 2
o R P EATEREER, $A0H, &
4

Wy =R, Wy = 3:’[. :

Tiﬁﬁﬁ]ﬁﬂ‘l‘gg B ERRTMREER nw,.; *ﬁ% » B0 IR R
B nrlw,, MTHEERE ro,.

B (5.1.1) BH, EABEs Ay HXT 2 Ry ME WM AR HE T
. B EE ﬁ_fﬁﬂﬁﬂ—f:ﬁi'd‘

[Dok(z —y)| <

e

" o
2 _ P TR B
|ka($ y)l = ‘m_ylnv

Hh ¢ B5 2, y TENES D, BrkT o SERISHE KB T
DK XABRYE K BXT ¢ BERFHE MRS 4L R Hessian( B #) .
1271 .

(5.1.3)



2. Green 2% _ :
&’ 0 c R RUANBEHHEARE, F&vk 02 HELrSMNER. 7 Gauss
AR (3.0.1) TE w B ulz) € C*(D) WE R Du, NE

/ﬂAudm = fan Du.vdS = .9;: g—:dS. (514)
# u,v € C?(7), W Gauss A, (3.0.1} FABIE w % uDv Fl vDu, W
il k| _
/QuAv dz = faﬂ gv ds — /Du Dvdz, (5.1.5)
/"?UAu‘dz = /ﬂn vg—:— ds — /an -Dudz. (5.1.6)
RO Green(#4) B—A K, (5.1.5) )5 (5.1.6) AR, B
/ (uAv — vAu) dz = / (u— - vgu)dS. (5.1.7)

A Green F i X,
3. BRENNEERI AR
Bulz) € C*(D). MEBy e 0, FLy BHS. Up BLRERE
B,(y) cc 0. EER 2\ B,(y) FRARFBHERM k(x —y) R Green
F2ARKGLY) M (), B

/' k(:c—y)Audm
-8B,

[M(k@—u—)ds +f (k-———u—-—)dS

HE L REANB AR, 1’%

(5.1.8)

—~—dS

aB, 8B,
e f % 4,
(o) s, Bp
—k(p)/ Aud:c

_ Ho(ﬁlp—mﬂ'ﬂ
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/ uﬁ dS, = —k'(p) uds,
a8, ov

a8,

-1
= / % dS,
nwap™ ™! Jap,

— —u(y), (= p -0 H)
B, % (5.1.8) RF¢ p— 0 7[H .
un) ~ [ WY ke pghdss
f’k(:r: - Aude, ye 2.

R uly) 1 Green &%, SRR B 2 F Au = f, M (5.1. 9) ALIAE
A4

(5.1.9)

fnk(a: y)Audm..fk, el

W&Eﬁﬁ‘ﬁ f B Newton(‘l“m) 15 4. ﬁn% v Q EARRXE, R e
(5.1.9) &

u(y) = f k(z — y)Au(z) dz. (5.1.10)
MR w e 2 HERA, A (5.1.9) RESEMNREN LR 2X
uly) = f ? 3"‘(“”” ¥ g N2) ds,, (5.L.11)

=, RT:.FIEE 12 tﬁﬁ&_ﬁfrﬁﬁﬁﬂﬁﬁﬁnﬁﬁ u, BEERE 2 AE—Ky
F{E, TRERE R HEAMETERELR o0 ERERTHESK (5.1.11) K
TR, H5h, H (5.1.4) B, MUULIERE EIH A B BORAL R

| / ﬁdS 0, - (5.1.12)
B, v & 0n HBAr L m.
51.2 FEMESR

FARREREWHRER LN £ 0F K5 L (T) WRERN A5
WF X BETRDERENS L (F) WRRENTSFNER.
EE 511 (PHEMSK) #fucC2), £N2 PRI

—Au=0 (<0, »0),
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e — A Be(y) CC 2, K

; .
uly) = (S 2)— RH/ wds, (5.1.13)
i 98
1
u(y) = (<, 2)- Rﬂf udz. (5.1.14)
n Bp

S TR, AREUASEHGFHERE.
XA R E AR 3 £ 5, T L Green F—2AREH, BT LI EHEH Green
FHAB3. THEASHRA Green BARMIEE.

iER  7E (5.1.9) RAFW 2 KX B,(v)(p< R), WA

u(y) =/33 (uw - k(m - y)%) ciSz+
' / k{z —y)Aude

8u

=k’p/ udS — k(p — dS+
(o) s, (o) s, O¥

/ k{x — y)Audz
BP

1
C R, PR 3B,

/,; (k(w —y) - k(p))Audw

1
= (<. = ds
(\7 "()nw"p““l /&_Bpu ’

BE—HREANEB, HEkz—y)—k(p) <0 Av= (3,<0. % p—R,
a4 (5.1.13). ERFILRU o=, FHRT p A0 B R B ER (5114). U

5.1.3 mARNMERERHMNA

AR I ET R, —MAR BT R DA R R ES .

FFLL, SR T YR M 5 4 A ] 870 AT B R AR R A, B, et

REABEELRABERLE THRRERE SHASERY LHRBRE:

AR 0 LA R RO AR R 5 A SR B BOA R B ME, e e

BTHE :
AR 6L WF (L) AR LS HREX (B HEE
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FTH5.1L.2(F (L) ARBERWERA (D) HER) #o & 22 T
X)) AN T (L) ARk BAEyc 0,4

u(y) = supu (u(y) = infu),

LIRTRP & o 8
MERE - Au <0, M =supu. X
I

(e = {z € 2 | u(z) = M}.

y € O A 2 JE55. 8 u MEELRPER 0y HINIT 2 LR, 2 € 0, B
B =Bg(z) cC 2 B TFHEAER « — M HRFEHEER

= % = w,Rr

LR v BEEYES), 7 Balz) Fulz) = M, 8 Oy AIRT 0 HEFE A
W2y =0 Mu=MER qﬂﬁﬁj: Bl —u 48 u, ﬁﬁﬂiﬁiﬂl@ﬁzmﬁﬁ
MERE. g
fti: BEHTEES, RERA u(z) e C(2) B R AR L
RUCFHE AR, e FEAR R BAL.
EH L R A X | i SR B jﬁﬂﬁ&?&tﬂ?i&ﬁ%ﬁkﬁfbﬁﬁﬂ ({iE HA 9 4%
%).
_ EE 5.1.3 (F (L )ﬁﬁ@ﬁ%iﬁﬁk(d\)ﬁlﬁﬂ) HL2AFK ue
CINNCHD), -Au<0(20), WK

— M) dx<0-

mgxu = maxu (mmu = min u).

Bt hE®Es51.2 MES, HEwc o) AER w&—mmﬁ&mz
BE &L, W B R AT

HEHS 12 EHES 1 BRI THXTHAREKES KB /MEEA
ERBARMIRE (GEHBEESD).

EE514 (a) (ARBEEANBERARNMINER) —SAER 2(TRA
K) AREFS BRRTRA 2 NAHRRERRE BEEL T

(b} (HRBHNBERARNMES) R 2 AR veC(@NC (), Bi
2 A#Fa, 1)

mase fu(z) | = ma fu(z)].

B BEE5.1.3 BNES, REve () BE 2 AT LEBAF
BEAR, MRBEERML. 88 (b) FHR u EW’E’BER%J%:’C%IJ\{EH‘J I%R
WOR N S BB MEREL,
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it 515 (WABHNHLBEEE) RuvcCUHNCTM), £ 02 vHL
Au=Av, £ Lu=v, WA R Fu=v

#it 516 Fufv FHARARLTARLY £02 Lu=v, BLEQ
Pugu '

di#E 5.1.6 MATEH “ TR XD REH k.

1812 ¥, BROE X T AR SERE 4 EE (80 Dirichlet )
) BB A E R (M Neumann ). ZLFEET, HELBIIXBAN
BRIS R, WR— AR o, WEAEFEER 0 SMAR, TE o0 Lk
RE—FARFHE (BB IAREN), BBLE i u(z) = 0, EH AR
# 2 H Dirichlet ) # (Neumann $h ) . #NHh, 35 1 2 1.2 FPPFEX
1 Dirichlet |8 & Neumann [ ﬁﬁ';‘i}ij # k4 Dirichlet & i@ M Neumann &
. T BB/ ME E B AR Dirichlet Py WK AN B RIARAOME—
FBEMBNE, | |
_ EHE517(E—H5REH) &2 AR PHFER, B Poisson FiE 8

Dirichlet 7 5 % ' ‘
—Au=1f e,

_ {u:(p(m), T £ IR
EE A8, LR8N Tia48 o)

iERR B MEEAEGS5.15, iR B R, TIERE. W
RO APSHATRE e Mo —c(c) MERMBER, K c(2) <6, e >0 BH
3, MARMBY v - v BEIBMHE (z), HEME5.1.440

max 4 — ] = max [ — ¢ + £(z)] = max |e(z)],

50124

[u(x) - u' ()| < max [e(z)| < ¢, ¥ € 2

Bl Dirichlet P Il 808 A E G2 HOM T 3. | B
bt ] 5.1’3(»&——:&51@;@&) # 2 AR + & JKE K, 8 Poisson F42#
Dirichlet #} = # '
—Au=f, € BR"\{2,
u=(xr), ze€an,

Iim u=0

: |a] o0
EF5 A8, LESWRHETRME o).
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i REHuw R, BEABOHEME, Sv=u, —u, WoER\Z R
WAL R &1 =0 K

lim v(zr) =

|| —+o0
$ o(z) FAENE, WE— A 20 1 v(zo) 7 0, FEHB v(ze) > 0. FERR By(0), W
R>0 ABKWR 2 T H 002 B OB, FIAER 0n W, B o], < v(z0),
JiEE'%‘FF llm v(z) = 0 BB FM. :

ﬁﬂlﬂ.’.ﬁ* TR R v EE%??-L__ﬁ-ﬁ . HEHWIBEE 2, LREXE. DR
BAB/MERHE (FH5.14) Mlo=E8 =vwls, =0, X5 v(z") >0 FE&E. B
Bh o, = u,, BE— 'EE‘LIEEF 245l BT LIE BT Dirichlet ﬁﬁf]ﬁﬂ‘]ﬁﬂ‘]%ﬁﬁ (B E
2). a

Uian

5.2 Green B %

5.2.1 Green BHNSGLHEHYER

RITEEF B AARBMESRRS; AR (5.1.11) # C?— REH Green R
7~ (5.1.9) 45K AF W 2 Dirichlet 88
(H) { —Auj 0, z € 12,
uf,, = ()
1 Poisson 7R Dirichlet a8

P) '—Au_z flz), z € 1
u|an = plz).

ﬁm?ﬁﬁﬁ‘ﬂﬂﬁ* au X—THEREE. 8 REEF R Z KA
FAETERE “HR” lH:Iﬁﬂﬁfﬁﬂi ja) L AR IR ? X 5 ) 1 T Green B F S
BAERY B8
BRY h(z,y) XF = E?Cz(ﬂ) 2 PWE -AR=0 Kb, yen
RS HHEFREEEFNER uw(z), FIH Green BE-AX (5.1.7) #
aa(ug-g- - h——-)dS +LhAud:c =0. {5.2.1)

#u fE 0 PR, B ERA
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] (u-aﬁ‘— ha—") ds, =0,
o OV

ﬂtaﬁ’a— (5.1.11) XA, 2 Gz, y) = k(z — y) + h{z,y), BERE 0 L
=0, TERAEI R (H) R

= —-dS —~—dS (e
w = [ vy as= [ o 6:22)
FAuZ0, (521) A5 C*— RBH Green KR (5.1.9) ﬁ*ﬁfm, R iE & (P)
agizEwd ' — ) -
u(y)=/ u(:c)za—dS,-—I-/.G(:t,y)Au(m)dm
= [ vtogas. - [ G it
B G = Gz, y). e 4 X 5 .Q(E'E:.F Laplace ®F Dirichlet M) #) Green &
#. AHEH, RBXE 2 ) Green BRELAKHRE b, BE —DMSTRK
Dirichlet I

(5L_2.3)

(-Ah=0,zen,
{ e (5.2.4)

h’an —k(z —y),
REEE Green B¥ Glz,y) = k(z,y) + h. NTTER (5.2.2) KT LLBHH
MEFEMREREELHESN Dlrlchlet jrd ﬂﬁ‘ﬂﬁ PIXF R Y BH Green
o B k-

BT E, EIE XS R Dirichlet T (5.2.4) BIRFEELRN
UF BHFE M3 —#Z i) Dirichlet fﬁ]@ﬁﬂ‘lﬁ&ﬁﬁ# A B, Green R¥E
AT ERERNE X, XEERRENT )L M:

(1) X FHATE, mRABTESEH LM Green BE, MEXAXIE ER
FEREEILMER V] Dirichlet W BARKFEEREBE T A%, BXRT
R4 (5.2.2) BT Xﬁ“}: Poisson 5 T2RY Dirichlet jul BR0#E, o R
(5.2.3) .

(ii) ﬁﬂ‘%‘”ﬁﬂﬂﬂﬂiﬁ ER ., 27 [E) I —H %, Green ﬁﬁ_ﬂ:lﬁw
%73&3}2{% TR 0 1% 35 _F £ Dirichlet fﬁlﬁﬁffﬁﬁﬁ'ﬁﬁmﬁfﬁq“ﬁﬁ?
IR

(iil) FH (5.2.2) ﬁTUffﬁﬁEﬁﬁﬁ

(iv) DT REH TR —Au = f(z,u) F7K Dirichlet Al fE, 77 BAH Green
RBALAFM RS TR

u(y) = / Ge, 9}z ) da
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FWIT, ATET L AE R — a8 LRMRB—EHEXHER.
TR Green HBELAEEME, BTN BAEE A S8R
- Ml kz—y) < Gz,y) <0,V e R, z#y;
W2 RN, Bxty BT G(z,y) XF ¢ AW E ARG, 3FR

Xy B Gz, y) — o0, H'ﬁr—inﬁm(n>2)3

&3 Groen BEARNE B
Gz, y) = Gly,z), Ve, y € 2, x # y;
e [ Pas-1
ZRERFARR 0 LK Cren REEBRSPENEHDEEN. 8
0 B S AT RO, y 2 0 H—7, AR AR RO,

BB AR AR — WRFHEEEERN, BA, 2 WO

dnjz — y|’
VLA Green ¥ 1 .

RFR, K hiz,y) EEE%@EL@& EE.?EE’?P"EEFJ%EE

Green BRI FREE (RIVEE 3) MIMERR: & o AWM RENEy
BEFE AR T 7R y R AR & R R AL TR e
BRHE. |

5.2.2 B A Green ¥l Poisson FRHBAR

B Green BREHIE XA, KX 2 c R® L) Green REPENREHK
h(z,y), BIKBNWF R, BRIE 2 0 EARSROREEN, ALl
ARCE (R B E) R Green B3 FEUAREIRIE LI Green T¥Y
#, SR T e AR A T

BBy £ LUR A AL, D RALEBHR FHER ﬁ:ﬁﬂﬁfiﬁﬁ b=
y # 0, U A BB MR, BT e Rz # ) SR R R -4—|$——i

AL ER L LB N, RATEE ¢ AT R R AU KR
R)F =yR /|y B RA ¢ HERHSEM @ 5.1), ¢ (k. HaiFmieR
. MET YRR S P g R AT 'EETF%BU%EE@EE:B REEAIR

h(z,y) = ——2—— xRS :r?éy

: 4rlz — g|*
o € 9B, B, NEK

1

h{z,y} = e g
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=t

P 5.1 SRERID LAY Groen ¥

RN h(z,y) MERER, BT

¢= :z :Z:, z €. ' ' (5.2.6)
HT=/AF Oyr 5=/ Oy 181, {Eﬁl
Cle—gl :
EEhe I z € 6By, | (5.2.7)
(52.7) 5 (5.2.6) #tH ¢ = R/|y|, AT
 Way) = 4;]2’ lf[gl = k(¥ g,

TR SHy#£0, |
Glz,y) =k(z —y) + hiz,y)

::mm-yn—k@ﬂm-gu

%y =0, Hif (5.2.9) B R = ﬁk(R) Bk, st EsS Green & 32
) Iyl o — |
gy {kuw o)~ KLl — gD, Hy#o,
k{lzl} — k(R}, Hy=0.
EXlk %n>3 W, (528 R *ﬁﬁ BR(O) LE® Green IB¥ N
R, REPH (5.2.8) KFME R Green & 30 XA

B3 h(z,y), B (5.2.4) M. BRREBIE y # 0 WIHE, 5 y TR
o him) = k(YU o), KT ¢ € B RAREY, M TEREY
z € OBR(0) M Gz, ) = 0, B k(%m - §l) = k(lz — ¢). BRBEEH (5.2.7)
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B0 > 3 RS FEE
o~ 3l = Iyl - 22y + £

_|lwle]" _,lviz Ry l
R R 20
e Ryl (32
R W
= W g

B (5.2.7) RIMERE n > 3 BOL, A (5.2.8) R K G(z,y) & n(n > 2) R
Br(0) LR Green B#.
RAEMA (5.2. 8) AK#E Br = BR([]) - Rn(n >3) R ERIF R Dirichlet
Gif
—Au(z) =0, z € By,
{ u(z) = ¢(z), = € 8B (5.2.10)

BIgE. itk, BB (5.22) X, BWH 98 TERE 0B, LI % @ € 8B, MY,
G WIS I

_0G _ aG lyl -
o B’r =k ZED‘G* e, R Iz~ !
e, r%ﬁﬁmﬂ#ﬁﬁi :F% Ha(522 ) A8
- ly® _plE)
u(y) = W fa N ds;, (5.2.11)

W45 43R LA 82 Dirichlet P Poisson #a-dX. %y = 0 B, dt
RTINS,
%0 =3 B, MAIRANE, ERTEY

(Pm 601 ‘toﬂ)

R(R‘bpa) [ f ©(8, ) sind e (5.2.12)
(f22 +ﬂo 2Rpacosy) 2

HHF, (oo, bo: 00) Eﬁt B A—& y WIREAR, (R,0,¢) RIRE 0B, LBA 2
HIERBAHR, T v R o 5 y KA. BEAZRERE

cosy = cos 8 cosf,; + sin 8 sin 4 cos(p — c,og)

MiE # B EHE;&%‘FJU BL R b 3420 B, Elﬂwmﬁﬁﬁﬁu
% 6Br LHUH f(p), MIZSBIEAT KA B LA v # Poisson B2
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(BB E):

(R —r*)f() ' ;
ul8)= on /; R? — 2Rrcos(e — §) +r? d, (5:2.12)

He | (r,0) REN—ERRBEE . (R, o) REALKERLE.

5.2.3 J:¥§§I‘ETJ:H{J. Green ¥

ZRBR'(n23) PLEFER = {z € R" | z, > 0} LHEAFTEN

Dirichlet |3/ : -
—Au(z) =0, z Ry, _

[ ul@) =pl), =€z, =0} o (5.2.18)

lim u(x) =0,

|| —roc
HA, 2= (2, 2,), Ma' = (@, 22, ,Tny)
| B,y €RY, y=(y,y.) BIHEARy = (v, -v.) (B52).

X
!
y=0' 3,
’
i
77777777777779-7777777-}7777—)— x
. i :
L]
=0 —5)

B 5.2 FEETAK Green B

BrLL, Green BT hiz,y) TRH k(:r:—y),Ey ¢R ﬁ_ﬁr(w,y)
XFreR RAMN. Y FETPH, =0 L, F
Glo,y) = k(z —y) —k(z - y7) = 0.

FR. #(522) R, SHEBy Ry, 4
. - ./' @GS

YER 3 Green RPET (5.1. 11) RMH, HE (5.1.11) iﬁ_ﬁ?ﬁﬁil:iﬁ n Jﬁ:‘[
(ﬂ;.lﬁ% 8 @) @ﬁqﬁfﬂﬁﬁu FET ST TAb R B R

c |ou|_ C

< g (] <
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%?I', B3R olr) BRE
le{z'}| < = , H 57!353’7'(51

B, 6 =1x], C REMBE.
HBHRHBSRIER, i 50 HRTE 2, =0 LRE

0G(zy) 900,
ov n=0 gz, 'o-=0
(2.

TRyt
M (5.2.2) AM, FEByeRy, H

- P(%)yn/_ SN 2 C2) B
BRI R Dirichlet FIBIFEF 221 _E/I Poisson 2 X,

5.2.4 Bk Dirichlet [CIERRIFEY

B Poisson A3, (5.2.11) BFrRAHER B, WARZE Dirichlet WERI#R
BIGRME. ENRATHEEREIY Dirichlet FIEE B, L7 B4 S0~
B SR, mmn (5 2.11) mirﬂ‘ﬁﬁéiﬁﬁﬁﬁ!ﬁﬁ LLEH B AT
ﬁﬁ&mﬁﬂ -

)

R2 |w|2
e A . SR € 08 2.14
W x € Br, ¥ € OBpg, (5.2.14}

" FE N Poisson 3, M Poisson BA-AR (5.2.11) Bial B Ek
wo)= [ Pewends. G219

EE5.2.1(FER) 2oy € L(0Br), N & Poisson 442X, (5.2.15)
MAEH uw(x) /£ Bx AR &/, F ¢ c C(0Bg), Muc C(Bg), L4 0B L
u=; Fp € L,(8Bg) (1<p<oo) N‘lé?‘—rl i u, & L, P88 o(x),
TR u, =ulrz), € 0Bg, 0<r <L _

iEM (1) MHEEM 2 € B, Pla, ¥) E?&Ty PIAREH, e c
L.(0Bg), Bibh u(z) RAEGREXLN. BEMENOHE, Plz,y) XF 2 B
*ﬂﬁﬁ Eﬁf{ (P(y)A P(z,y) %ﬂ:y W, 2F o bk, WEH

Aufz) = f p(y) A Pz, y)ds, = 0 x € BR |

Plz,y) =

- 133



Bl w #E By F’EHW MR » € C(0Bg) M ¢ € L,(8Bz), 1<p< 00, U HRA.
(2) RAISULH Poisson 4% P(z,y) Hﬁg§ﬁk)ﬁ
(a) / P(z,y)dS, =1, x € Bg.
H9 L, WA Ple,y) XF o € By RBAK, Bio = ry, y € 0Bz, W
P {E EF5.1.1% '

1 = P(0,y)nw,B"" = f P(ry',y) dS,..
BB,

BB R Ple,y) MR XEBE Py, y) = Plry), TE, o = ry,
e -
1= | P(ry,9)dS,

8Bp

= / P(ry,y')dS,
8Bg

= f P(z,y/)dS, ,
EEU<1*<153]3:€BR HIR (a) ﬁﬁE
RE, Ry € C(8Bz), TR, ¢ € L1(8Bx), HIEWK (1) Blu7E By *iﬁiﬁl :
H ¢ 7 0By LIS, A A, MFEEEM > 0, |oy)| < M, Yy € 8B,.
B wo € OBg, WEBBEN c > 0, FEFKB 2, M6 > 0, FHEY
|y — x| < &,y € 8Ba, WA |(y) - @@l < e Ha € B, |z —x <§/2,
F Poisson ¥ (a), /48

@) - plaa < [ Plaudle) - ploo)ids,
- f|  Ple) - elaalds, +

| /| | JP(E Wl () — wlo)lds,
T (/2)" _

2M(R’ — {2[*) -

e T G R < 26 i - | FEA

He>0 H‘J‘Eﬁﬁﬁ, Eﬁ 'Ua(x) =i (P(JEU): Bz Ty, = € By. ap U(:L") Eﬁ:ﬂﬁm

BEAE, BTLL u € C?(Bg) N C(Bx).

. 184 - -
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(3) BJE, B € Ly, 1 <p< +oo, RERFK, Fid L,(0Br) N L, #
FEREER ¢ > 0, BEH 9(2) € COB), % llg—¢ll, < /3,4

v{z) = P(x,y)g(y)dS,,

OBg
W v(z) 76 B PRI, 755K 0B: LB T g(z). MBABASR:
o —urllz, <l — glls, + llg — velz, + Hor — 2,

Bl (2) R, M1 —r BN, EREUE -FBT /3. REMH
o, — .|, FIFH Holder A8, # 1t

o, — | = |v{rz) — u(rz)|

< P(rz, y}|g(y) — ¢(y)| dS,

8By
1
q

<([ Peowas) ([ Przwew) - ow)Pds,)?

8Bgr . GBg

= /a ’ P(ra, y)lg(y) - oly)[? d8,)"

Bk

f v, — u.|? 45,
BBx ;
= f [v(rz) — u{rz)|? dS;

8

< / . / PG, 1)ig() - pla)P 45, a5,

= /a . lg(w) — e@)F( | - P(re,y)dSs,)dSs,

88n

~ [ low) - el as,
8Bp
= |lg —llz, < (g)”,
B |
o = wella, < .
TR J1-r>088b RE
"(P - ur”L,, < E.

FEA, Hr — 1B, u, #& L, PHEHEERNT . O
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5.2.5 #ElE

1T A MELJECHE 1 7 72975788 Dirichlet 1o BB IME — P AT
SEYE, AHEBRA X REIT Green RPUEUEY T REMTEAEE. RN Hi £,
HUmRErEE— 4 55EE BRATFRE, ﬁﬂ#)‘ﬁi&&!}ﬂiﬁ?&iﬁ*&ﬂﬁ
SR AR TR R S A AR A '

1. HE—t%

B2 C R (n > 3) BAEFRFE, 6N € C'. %8 Poisson 5B Dirichlet
Gl | |

—Au = f(z), € '
{u — o(2). o con (5.2.16)

Heh, f(z) € C(2), o(z) € C(092). -

ER5.2208—#) MM (5.216) R3H A uc C2 (D).

R BaiRkS M Yw=u—0 WENHN-Av=07Fo k
w=0. EEHBEHELT w, TEE R L8R5, #H Green E—AK, (5.1.5) 18

0= */wAw.d:c=f|Dwf2d9:.

FRECHPDw=0, Afiw=%¥% BFTEIMN Lw=0, i!ﬂt&‘ﬂjzw—o
Blu=a. O
2. Dirichlet &I |
AV R AR 0 B (5.2.16) 4T3k —NZ R AR/D B 3, X FhH B
Dirichlet(3#] £.%) A&, Ak, EXERER
Hw] = fn (%\Dwr" ~wf)dz,
He :
wed={weC) | won =¢}.
WA REFiEHRE RIF
TET 5.2.3 (Dirichlet JE#) #ueC*(R) &M (5.2.16) 948, 0
] = EEBI[w] : (5.217)
Bz, #uc ARR(5.217), M u RAFM(52.16) M,
JERR (1)l w e A, W (5.2.16) ®
0= /(—Au - fu—w)dz.
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Al Green £8—2AR (5.1.5) HFFEBRIEMN L Fu-w=p—-9p=0,%8
0= /[Du-D(u—w)—f(u—w)]dw.

]l
/(IDU|2 = ](Du D

gf1|Dui”dw+/(}-|Dw|2—wf)dw.
2 o 2 )

BEBEA Iy < Iw], Yw c A. HLER (5.2.17).
(2) BZE, & (5.2.17) BL. M v € C2(Q), 4
. ir)y=Iu+7v], T€R _
T%ﬁﬁ:ﬁ‘r ERFutve A HTEEI(r)Er=0 EK@J%’J‘{E, &)
() =

i(r) = /_[—%fDu + 7Dv|* — (u + 7v) fldz
i/ﬂ (%|Dul2+rDu-Dv+ I;ID*UF - (u+"rv)f)d:1:,
78 | .y |
0 =4¢(0)= /(Du-Dv—vf)d:v=f(—Au—f}'uda:._

B v € CP(Q) MERMEMIE 2 W -Au = f BISL .
Dirichlet FR# R4 HEAT KRB T EILEHERH—M T, RATH
FEH 6 Bt— b X R E.

53 JAIRSEAL R

BATC & AR RE KRR MR ERFIHEER, SR ARE
PHEEER. 55, RIS 4EIET Poisson AT WMEL—ERA R
FF R, EEERA ST - CMAEEER . %iﬁiﬁﬁg‘% AT IR A
MRHK Ao — L EEM T

5.3.1 FFEHEMR

B, MEELLISE AN R RS PG R ERETEHEARMR
AR, FBEREHRIOLE. THEHERLH T MR,
- 137



EE531 (B FHEEE) REHu(x) L2 AEE, BAEE— SR
B = Bgaly) CC 0, A FHHAF X ‘ -

1
u(y) = — Rﬂl‘/‘a udS$,
) w(z) &£ 2 HFH

JFHER B3R A9 Poisson 4 (5.2.15) W& E5.2.141, X4 —A 2R
Bcc 2, BIE—AEB AMHENER L EIB Lh=v. $w=u-h Ww
# B bigs A% oD FSTR. Bb, MOMER A E B RN, BN w &
B R B EFRESR. dEEs L AN |w| KB KERE OB Lix
B, TRAEB Fw=0, Miliu=h TB W, ¥uk) £8 WM. B Bcc @
RERHE, u 75 0 WA, O

T B A PR S A R P, S I B R .

EE532(AFBHNWAR) & {v., n=12,-} 22 AGREFIK
5, Bu, —BOKS I ARE K u(z), B u(z) ZAsRHE.

5.3.2 Harnack A&

Harnack # % X H: —PMERAENREELROXEA—PETFRELR
BAET U IR MIRU - ERBETXEIRFEFFE.

EHE 5.8.8 (Harnack £ 42R) #u &2 CR AR BRI NN
H—HRFRY CC 2, BE—ARAERT 0,2 Fo 2 GECGE K, 5

supu < cn&:f .
£
MR Bu L W BN, SHERMEL

(1) By € 2, BBEMR R B3R Birly) cc 2, WHEREREK 2,,2; €
Bely), B PHHEER (5.1.14), &
1
w R ~/B=n[1r) -

1
= <
u(wl) ] wan -[Bn(zl)Udm =
u(a:)———l—/ udm>;—f udz
? wﬂ(sR)" Bsr{za) g n(3R)“ Birly) ’
BiEk, u(z,) < 3nu(z,), EILEE] ' -
sup u < 3" inf w. (5.3.1)

Ba(y) Enly)

(2) RER 2 cc 2, WHE D), €00, &

u(z,) = supu, u(z;) = infu.
el L
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ST c? REEs Mo, BIK % R AR < dist(852, 612), B Heine-Borel
FREGEE, 7 % NIRRT @ 8 Q) MERY R HRNES, TR #
M(M < N) MREHE. NE—PERIFE, KES PR (5.3.1), @
T BRI AL AT BRI TPk, HAE M IR BERE
u(ry) € 3*Mulzg). a

Tk # & Harnack AEXM—MRA.

ER5.3.4(—Hlsdt) Fuln=12-)R2CRY AYEAN
BREHEIN AP A—Syc CC R (AR, 87 {u.(v)} K&, Mu, &
12 % — Bl Ak B — AR A 3 '

ERR F8e> 0, FEEBEL Em2n> b, 0 < u,(y)—u.(y) <e.
HiEHE5.3.3%8

SUP(Ue, — Uy) < ci!I?lf(um — tn) € unly) —ua(y)) < e,
ﬂ' 1

m,n>k cXE N, 02 FHEX : _
R {u. ()} £ 2 Pk BeEs.3.2, KERBERE 2 T8
REAME. ' : ' Q

5.3.3 Liouville 8

Tﬁﬁﬁiﬁﬂiﬁﬁ@fﬁ*?ﬁﬁﬁﬁlﬁ Licuville & 3%. _

. EH5.3.5 (Liouville ) A4ZH R EARXY AL I u(z) 2
L E -8
W Lo FEER M, €8 u(@) < M, 2 c B~ XERBER
zeR", RFH RRASK, # R > |z FARNREHTHELAR 51.14), 8

— u(0)] = i — d
[u(z) - u(0) / R f e y[

w, K"

M 5,
g‘w.,R"[ /--dy+ f dy}
M

lul> R {ul<R
le—ul< R |o—ul=R

= w, K" dy

= w,% cwl(R+ Ja])* = (B — lz})"]

R—|»l<|vl<R+|=z|

= Zx[®+[al)y — (B fal)"
= O(R™"), 3 R— +oo K.
4 R — +oo, B3 u{z) = u(0). _ ad
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5.3.4 ﬁ.ﬁﬂi&ﬂiﬂ_

2 AT £ BRI ER T Poisson B4 AR (5.2.15) ZABSRTE
. |
EBEI6(HATEM) #ule) &0\ {w} TR, £oo &H

lim |z — Zo|*?u(z) =0, n > 2.
T—+Tg

MTAFHELBH u &z, §4M, u £ 2 PR

MERR (1) AT, Bz MRS, R Be(0) cC 2, TRESB Lu £
ELZRE. W H Poisson BAAR (5.2.15) #fE—ME 6By L% F u H# By
AR v(c), RIIRFERE Be\ {0} T u=v RALT, BAiXnay
X u(0) = v(0), TREXMNRE u £ 2 FREME.

(2) MEEW e >0 BLRES, 0< 5 < R, ZIBRAK

= e(jaf - B),

HEHAE Be \ B, RMAI, 72 0B, LETR. W SE:IE: i ﬁ&&@fl\&‘]
iE$ 6, 7 6B; BISL

|u—v| < w,,
B KB AMUEEE, 75 B\ B;

.
@A 40 0 ER u— v < w, € B\ {0} AR, e TAEAA,
CHlu=nv7E By \ {0} FEL. _ O

5.3.5 IERIE

—MRENENEZEERTE SRR sbE. ik, |ATESIANEFH
& Horn) BE R WR’EEE%E@%?‘?&T&E&%&E@%E 4
n € CF(R™) K

n(z) = {cexP (I P g Sl =L, (5.3.2)
0, 5 |z| > 1,

oo, ¢ RGN, A f nie)dz = 1. FHER e > 0, RATE N

n(x) = e—nn(f). . | (5.3.3)
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B BARTF. B, 9 cCrR), B
[ ntaaz =1, spin.ia) = B.(0)

XE, spt BRBRBHZE.
EX 537 & f(ﬂ?) 2 2 FHHTR, WHELR

fra) =+t~ [ ne-0)iwd

- ] @) — y)dy, v € 0,
B.(0)

R f HRALRE XF, 2, = {z e 2 |dist(c,00) > e).

RS f- R EW TR

(i) f© € C~(2);

(ii) H e - O, f*— f, ae z €

(iii) & f € C(2), M e — 0 B, £~ 7 2 MAE— T8 L —BR&D

(iv) HFl<p<oo, fELL (1), W% e — 00, f< 7 L2 _(12) i &kD) f.

iR TR REHNAHBMBR S ZAERMNE, XEREE ) MHIEW,
HWMELN. 0z € 2., B A, HEELEBN, Fx+he, € 2, i =
1,2, ,n WEH

[*@+he) ~ f(2)

h

L 1[ (EM) — (%

en ﬂhn &
1 1 x+ he;, —y
= [n(———)

==/ aln . -n("rc%y)]f(y)dy- |
B RENERERNTERET O N, K, @ cc 0. Bh—0 R,
%

() ()] -

£

~&F o ki 9L @) 2, B

;y)]f(y).dy '

:L"—y)

532:

o e /am(ﬂ:—y)f( )iy, 3 € 2,
SAUFTIE, ﬁﬁfi‘?ﬁ*‘% o, D f*(z) FEEE, 3H

D" f*(z) = fﬂ D*n(z —4)f W)y, @ € Q.
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FREL, f= e C=(2.). . m]

TLEE B R R B R i . BT

EE538(EUH) F&Mu(r) AR 2 ARF, HEEAERALTA
T .

] BRuz E2 AREYTH BABERENER () Mo =
n*xu€eC=(2) TIEE 2 Ru=vw. . ExL L Fren, WU :

us = fﬂ ne(z — yYuly)dy
~= [ =

1 £

== [ 0O was)ar
o & " Jem.z)
= Elzu(:z:) /D‘_ 1}(2) L™ dr

- =ufz) / nedy
B, (C}

= u(zx).
FR, ueCo(2,), B e>0 MRS v e C~(N0). | i

FiE BT 2 WERBEMTRET 0 AKE—IR R TR
RBBTE 0 RN, BReEL, XRENREE 2 ABTHRTHR.

5.3.6 WERIEEBMGIT

4y TER TR RTOR B AR, St R B 6 B T L A -
 RESIOMWHAH) Rulz) &0 KWA, HEARB,(5) CC 0
FoBARR o=k 893 €Ki, AR

. Ci '
|D (-To)| e el meons k=0,1,2,- (5.3.4)
.i-t’, 1 +1 k k‘ | )
Go= - gy ST 1R k=12 (5.3.5)

iEER  FREEN (5.3.4) 5 (5. 3 5).
() Zk=0r, HERATHEARDE. Hk=1H, diEHEs3.80, 7 ‘I
VIENE Au=0 PIRT 2.6 = 1,2, .- ,n) KOG, F4 u,, ZWFRRE,
JHEHMEAR (5.1.14) 8 '

e
»falTo
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T l 2 f uVi-d'Sl
Wel™ J8B, . (20)

2n
< —”U”Lwtas rialwa))" (5.3.6)

2 € 9B, (o), W B, () C By(zo) €C 2, TR k = 0 B (5.3.4) M
(5.3.5) A&
u(@) < - ) s
HEUEZR, BHH o =1 H‘J‘El‘] (5.3.4) 5 (5.3.5) .
@) k22 AFFERMAERE ol <k—1 HEEERo B2 W
FHERBESL. BE B.(x,) CC 2 BRWR |of = k ME—BEHRF o. BIXHK
ie{1,2,--,n} & |Bl = k—1# D*u = (D’u),,. RLLF (5.3.6) B@?&v‘? LiE

|Dﬂu($0)| _”D u"f,w(aﬂ,.‘,k(a:n))

Hzrec aBr;k(fBg), il B(J_e..l),-/k (:B) C B,(xu) CC 8, m‘jﬂﬁﬂﬂ’iﬁﬁ, A

2 tin(k — 1))t
pu(a)] < L PET I e
wn( k -T)n-i-k—l

GENLE=Z, B
' {ontink)*
D ua) € E T s, e

Bl (5.3.4) 5 (5.3.5) IR |of = k WL BT o BIL W]
5.3.7 RHtE

EIE 5.3.10 (MAT ) | #u(x) £ 2 ARS, B ulz) £ 2 AR .
O EE () R oo € 0. RAHE u(z) WEME zo BRI N
HMFLE. <

_ r= %dist(.:cu,aﬂ),
my

1
M= g lleell 2+ ¢m, (go3y < 00-
IHE x € B,(x0), B B.(z) C By.(z) CC 2. ?Emﬁﬂs 3.978
||D | £ (B, () € M( )Ia1| [=l, (5.3.7)
F R PR 1
k*ta 1

kll»nc:-lo kler (2m)1/2
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HFEXEH C, FRNFHREZENR o F o < Celéla)l. EED
=1+ 1) = ‘;ii

les[=k

B8 o)t < nivlal, IBXERERMA (53.7), B

2n+1n e

D" gz, ey € CM (=——)"at, (5.3.8)

(2) w(z) £ xo [ Taylor R¥H

Horb, FRNFH B KR o 317, BABRERM Y, HE

T

,$ == Igl < m (53.9)
BE L, RERIHRI
D= 'u(:zo)(a: — )™
Rylz) = u(z
Zﬂ J;k '
_ D*u(zg + t{z — 20))(z — xp)™
lEN ? al ;
HAF, 0<t<l,t 5z H% ¥ (538) 5 (539 RATAE
nHlnla & N
|Rur(2)| < CM IleEN( )" ()
< CMnY e 1); | (5.3.10)
n .
O
5.3.8 fiE

$15.3,1 £R? & £F— KA A 542 Dirichlet ¥ 28 Green & &%.
i B % (o, o) MTHE M. W 5.2.3 Ak EA2 R Green H¥
HREE, AR R Green B¥H
—-(ln \/(3"' — @) +{y — 40)® —In V/(J’ —Z0}2 + (¥ + )2 )
BHEy=0NETF, BEc =0 HFIE. FHTTR (2, 50) T (20, —20) ﬁ“%ll
KTy BEIMNRAN (—20,50) T (—=z0, —10) B 5.3), WBH
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5.3 KE—BIEM Green W

G(-'Bl’ Y3 To, Yo) =§11‘E ( In \/(z — 25)% + (¥ — 1o)?
—Iny/(z — xo)? + (y + 4o)?
—ln/(z + xo)é +(y —w)?
+In/(z + z0)? + (¥ + %)?)
Tao=0My=0HHHE 4 (zy) EE—REELN, BFZHEHEH
B, BERETE/ R PE—F BN Green B
G(z, 13 Zo, Yo)

1 lE =70 + (= v0)*]l(= + 20)® + (¥ + 100)7]
dn (& — o) + (¥ + 90)?][(@ + me)? + (¥ — )]
BATEA AEAR P RIEEB R, B AR BPTR 7 S R E
A, RE—t. ARAERT ST RS R® P55 BRI Green B, ARG
ARZ. TERAB—I N Poisson B4 AR K FIE. ' '
fl5.3.2 & B,(0) BEUREAAP, Ra AFLHER. FeEd

{—Aumﬂ, D<r<a r=y+y

: 1, 0<f<n
”(“’B)zf(e):{o 1< 8<2n

RE M-
B XBEEMBEEMRKA Poisson BIFAR (5.2.12):
1 / " @)

8) = —
w(r;6) 2r f, a® — 2arcos(ip — @) + 72

de.
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FERMHARIEY. i | .

T de 1 vz — d*tan g
L e e —— t
Fo) = [ s — rctan——
P4 .
1
)= c+dcosz’

HEEEE (0,b) PERz=22n~r (n=1,2,---) B, Newton-Leibnitz 2
HAHAL, B

f f{z)dz # F(b) — Fla),
BO<z<n WH F(z) = f(z). TR
/“f(:c) dz = ].i_I.ré a flz)dz

9 v —dzta.nn—z—E
Ve erd
7
VT &

We=a’+rd=-20r,2=¢—-0, BERHOC o<, 00 < 2n, $Y
O<@<nlf, n<z<n TERE

—f
: : a* — r? (az B rg)t_a_ngp 2 P=r—g
u(r, 9) = 11_15)1( o E arctan (a7 )‘pﬂs
1 a+r 8 1 a+t+r 8,
= Earctan(a — rcotﬁ) + Earcta.n(a i ,-tan'j)'

MR r< <2, B&L —2n < z <0, XXRBE F'(z) Z“;F.F?:'Emﬁ z=-=n, F
R

u(r! 6) =§ E]E'Ié [ﬂrétﬂn(a + Ttantp ; 9)] p=0f—r—s

a—7r o=
7 tm arctan (F Tean O] e
=;1t . g + }a:ctan(at:tang).+
portan(3L Teoig) + 12 |
=1+ “arctan(=—t g) + %a.rctan( a cgtg)_
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LR o(r, 0) RERM, SHWELRE£E
| limu(rﬂ):l 0<f@<m,
hmu(ar'1 6) =0, n<6<2m

F LB AT E H, A Poisson F4 A 30K 2RI, T s i Am S Hsve
BRI LA A Poisson B2 3K, MG BE R e R AR
#15.3.3 4r=.27+37 KMEIEE N BFF A4 Dirichlet FH4

] =du=0r<l
ulw__1 = Asin’# + Bcos?§,

A%, A B RCinE K
R HREEE 4 B4, o sinnd '?/fr cosnf AR TR,
A+EB B-A

Asin*@ + Beos? 8 = 5 + 5 cos 26,
X B BIL TR, 550y
u(r,0) = A;B + B = 5 Ar % cos 20.

B15.3.4 LR #4355 246 Dirichlet 17

~Au=0,r>1
2

RVEE T
HARM. b 7=V TP
® AN

_ 1
R/ sy S pn
4 (50, yor 20) € B (0) BITERBERAMAA, TIESBH & (20, y0,20), 1 u

WRUREKE. BT
1 1

\/5 :\/’-_"‘2+a:g+y§+z§—2$um—2ygy—2zoz r=1

a7ty

1
VI+ x93+ 22 — 2z — 2y0y — 2202

beEmid, SNAE
' 24 =1, 2,=0, z, =0,
BrEL
_ 1
o= Ty
g



H:Er )'% (mo:yu,zu) = (03_%:0) S Bl(o)ﬂ }"\W |
: 1

—=.
\/;=+(y+§)2+z’

BI5.8.5 % Dirichlet 74

| ~Au=2, (z,y) e N2
u] a,

iU =

| RY N ASBRIAH, RAEH (—1,0),(1,0) # (0,4/3).
R BES SRR BN
y=0, g+ V3r~v3=0, y— Vir— V=0,
AT, RATAT LI BMATE
u=cyly + V3z — V3)(y — V3z — V3),
Ik, o BRERE BWELREH o, = 0, BEERU o, 8 WENE.

- o RAFTER |
—Au =4v3c =2,

FibA, c= v3/6, Wi u 2

u=?y(y+\/§x\/§)(y\/§x\f§). _
T ERIS B R MEFE B AR E L &) Hadamard (FE L) =H 2
R — . |
Bl5.3.6 #D AR POURERSCHRHER, XA 04 LEH
MNA R, 4o Ry, uw(z,y) 2D T8 FRFihk '

M{r)= max w{z,y), B < <r<ry< R,
o2 yt=r2

*, v = TR W

M(ry) log(%) + M(rg) log(:—l)

log(-:—f)

M(r) <

iR 4
e{r) =a+blogr, r #0,
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2! (P(Tl) = M(Tl)s ‘P('-":z) = M('-"z) ﬁ% a,b E‘J‘[E, 'ﬁ:)\iﬂ, H
M(r:)log("2) + M(rs)log()
QD(?") o Fa .
108(;)

U.(l‘-, y) e u(w,y) - {P( v z® + y2)1 .

Iy
-Av €0, Hr<r<rg i,
lv<o, Br=r Hr=r, H.

B T R B 58 B (5. 1.3)

v €0, By <r<r, Y,

&
_ u(z,y) < @(r), Hr<r<r B,
W :
M) <olr), Hr<r<r i
fﬁ(ﬂt;‘bzlﬂﬁﬁ.

5.4 | Hopf & A (B B 3 & K3

5.4.1 Hopf RXEERRE

RAVIIY, WRTRMSRENOEE G, SRR MR, B
BB A E R E IR, ZEA R BB RRAG AL, A LA b RO
BLRA BTGRP DHESE. BRARSNE L <0, w HEE, v BUH
EAMIRRGEE . R0, TR AR S AE B > 0. RRE, RIAT

BRI &R, K Hopf 3] 2.

TEIE 5.4.1 (Hopf 5|3) # Ba(y) CR* (n>3) AR H$4. ook

y B, ERP -Au <0, BBz € OBg, A
(1) w e C(Br);
(2) S14E#T z € Baly), H u(zo) > u(x),

WEu Bz EHEGO L HREEL LRI TR REX

dulzx,)

W > 0.
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MR 5| BEHEBI R
. _ v(z) =e " —e o,
HEbr=|z—y|>p 0<p< R o RFEehEREN BETEB
Av = € —or (da’r? — 2na).

Bk, Wik a >0 28K, 8 Av 2 0 EHBRE A = Bn(y) \ B,{y) Ltk
B EAYE OB, (y) L ulx)—ulzo) < 0, BIFERH e > 0, B OB, (v) £
w(z) = u(z} — u(ze) + ev{z) < 0.

RANAEATE 0Br(y) LHESL, BAXE v(z) =0.
MFHEH T : £ A F
| —Aw(z) = —Aly — u{z) +ev) = —Au—-cAv € 0,
BE A EFH
w(z) = u(x} — u(ze) + ev(z) < 0.

Hﬂ—Fﬁﬂﬁﬁmﬁﬁjﬁﬁﬁﬁ (EH#5.1.3), w(z)<O0FE A ':F'ﬂﬂ]:ﬁﬁﬁ T,
H wiz,) = (zg) =0, Bp |

_é_l‘?” To) » 200 — oy (m) > o

B, TR RBEEEAE BE

lim inf >0,
—— |2 — ]
HﬂP SMEAEERS, 0<8 < E', B o — ¢ 5 2 AAMERZ BRXE N

S

#-T Hopf 5|3, AT SLRHEE THM Hopf B KER/MAKBEE. £ H—/ 8
& Raed, MRFE—IRBC 2, FRBNIN = ()}, KKK 0 &
zo WAE AR IXB, B 7 FME R\ 7 7E 2 WS EREH

EE54.2(Hopf ARMUEE) REN Y -Au<0(-Auz0), €
80, ¥ 2

(1) u L z, &

(2) MHH z € 2, F ulzo) > ulz) (u(zo) < u(z));

(3) R & zo HRAJREHS, '

Mo e g S8k ik bt TATE) g R B, B RPN RE R,

Jufz,) Aulzg)

o >0X v

<0). .
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W 7o, H— RS ANARR SR EE AT TR &Ly,
e T 5 o (RS EE %) E 00 b HARENER u
1B MBS 4t WA, — RSP MR, AR 2
MAH _(5_2 >0, Ej] = <. _ [1

5.4.2 HMH

T4 H Hopf B KB /MAEIR BB 7R IF 6 5 54 (Neumann) Ji B AR i i

— RN . #8 Poisson F RS — 10 7 &
{ —Au = flz), z € 2,
g%hm = (,o(a':)

A5 EM, Neumann HERRMBAEE, BAE— FHHE u REN—AE, T
Au M E—MEREREREME. BERIATLIEH

EEL543(E—H) R Q2 HE-SABRERFIRABRRES HL
Neumann 8 (5.4.1) 8B — A% S Lok —d.

iEMA B u,,up & Neumann W5E (5.4.1) BFEME W v =u, — w BE
el R -

(5.4.1)

—Au=0, z € £,
={.

R o AMEET R M, W o 3R AR MA R (e FE5.1.4) EK{EJ‘&'E an
k3 i Hopf %J‘Cﬁfl\ﬁlﬁﬂ *u Eiﬂj(‘[ﬁﬂ@!’-iﬂt;ﬁ' >0, 5CM
ZFNG. Bou ¥ 1

EY: A %Jfﬁ‘t#rﬁi!i, RATH BB /MEFR WS T Dirichlet [ AT
WE—¢E SiaEtE, A Hopf HARB/MEREIFM T Neumann [3] BAR I ok — k.
KT AT B Dirichlet &, FIARGERE T E SRR (B R~
thERAI By, R? PHE—BK) B Green B, NIRRT XKL
Dirichlet il EXMERELDERITTARYE. B4, ] DU g8 = HeiF B AR A v —
#, H Dirichlet JJZE n] LLIBAr 2477 #2 /9 Dirichlet |5 B f) K BBEE4 TSk —4 48
R PR AR /) e 4.

B, - TF—MX = | Dirichlet l‘lﬂﬁﬁﬂ‘]ﬁ&ﬁi, ﬁﬁgﬁﬂlﬁﬂﬂtﬂ’ﬁ%
—REBDERE R BT LRIE. S FARMERMLEBENEER S, HHF
WH, XN MBI, A THEIBRNA ERARE, HFUETIABE (ko
I XA KRS, RN, ROGOCENHE R B r B s Rg—. 8=
B =ME ) BB A TEE, AT &A TR R R
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5.5 ABITERIHHE

5.5.1 HEENARTSEMLEDE

WH Hilvert A H, £& D C H. L RENE D LN_HRERUS
BT ATTXRRHEEL BRORH £ L(2), 2 RR" FHRXR N
D = CH2). #41 Ly(2) PHINBEN

(uw,v) = fg uv dz.

MBRE XA D LS ET L MEEN v e DH (Lu,v) = (v, L), IFK
L B LM MES> AT, BO-HEERESET L AEHR

k]

Lu=Za36$6 +Za—-+au, (5.5.1)

ﬁ;F, O = (B (i;j =12, ,n), Hi @5, Gy M a 55l EE 2 J:B‘J:Fﬁ'
BT, —WrES N AR R
FIASBRES AL, ERtERIET - £

o 0%(0:;2) 3(av
L’”“; 9285, Z

B, L = Lﬂﬁ?b%ﬁﬂ’-ﬁ#‘f
- $15.5.1 Laplace X F A = E——gﬂ.ﬁﬁ#‘?ﬂ W—A*ﬁiﬂ#ﬁ

Mg X F. .

$15.5.2 #6551 PAFL BHHEL] a0, =FH ;=081 R
B4 MR T

B R 5 R REXIE O LRRT A RELIET, WEHMIEWMES
FE Rul,, = 0 B C*(0) B u SEEHELREMN R|,, =0 i1 C*(N)
B3 v, HF (Lu,v) = (v, L*o) BRIL, WHHR Lo = g G FEHE

R'UIM =1

£ Lu = f WA EH
Ru|,, =

MM R R4, KE, o Ty %E){E an J:El‘]ﬂ’ﬁ?%ﬁi‘i S B ) B
L'v=g, z €1,
Rtv'@ﬂ =1/)
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RIAMHRE

Lu=f, r € {2,
Rul,, =

(RIOE B 000 P SORMSMT 1 B G, T R A R SURAIR, AR
ST AN & O BT A, BERPILE A LR B ML 4 .
$15.5.3 MAAFENEE— Aok 040 P AL G MR A
B 554 ChoBrikusiT

N N
3] Ju Bu
| Lu—éjzla_xi(ﬂgj%:)"_gai% + au
AR FAE A
Su

Ru'aa = (a + bﬂ)‘an =0,
e

A ¥ du

F v RO $ Rk, AT R R
B LM TR |

N

N
g 0 v B(av)
Ly = Z Fr {135 3m3-) = Z Bz, +:a'u,

3=1 =1

HERMII S FHRE X, NF

f(vLu —~uL*v)dz = 0.
I

RIH S

Q= /ﬂ(vLu ~ul'v)de = ./e;n ; F; cos(w, x,)dS,
Hrf

N .
du O
P, = E (a‘—jv% - a;,ua—;) + o uv,
2

i=1 3
TFRNE
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/ Z @5V cos(u Ti)—

Za L cos(vsc)+Zauvcos(u r)}

$=1

( u + aouv) ds

= ——+b'u~—avud5
fm i o)

— / RE'vuds,
80

N
g = Z a; cos(y, x,),

6
RU—E-FETU

B ERBA RS, R Rro = 0, MIZE 00 k
% + by —av=10.

Py S BT AT P YT TS E AL DY
5.5.2 Eﬁﬁﬁﬁﬁﬁi'&ﬁ
-& , w < LIOC(Q)J %ﬁ

/uD“wdm:(—l)'“'/Wpda:

R

(5.5.2)

RN o € CF(2) I, WA ¢ X u B o ABRH, LH ¢ = D dik
sE XA, Fou WEERXTN o WHEHFE, WEERME 5.52) X, H
W (5.5.2) A v R—ETEBHE X T TR, EIMREE (5.5.2) B¢ 5w B
B, RS D RFWUESEE—FEK, EE, A5HUHNE ki
RN LR, MR —NREWITE M ESHHNEE, WKL R
BT, MR EHAVES & B A b R BEME T, WAR R bk
B, BRMNUBAWHR) Brd k KB ERARNEEZE BR,
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C*((2) c Wh(62). B, BB SEEEINT (SEHAaN HAKENE, B
(R T SRS AR (5.5.2) WARIE.

EES5.L(R—M) Bu BRGAL, Nk —

ERR Ww, Hw, R KBEME SHETXHE N REHRSEL
(5.5.2) WA :
| f (s — Te)pda = 0, Voo € CLYD). (5.5.3)

B0 CC 0, %6 < dist(',00) B, Wi (5.3.3) R X BT noe—1y) €
Ceo(2), ye . 7 (5.5.3) P p(z) = n.(z — ¢), H4 v=w, - w.,

o (y) = f vz - y)dz.

HELATEIR e =6, 0<e, <, i=1,2,-+, 6. > 0%i— 00 W@
{o2(y), i=1,2,--- }. BEIRALBEAPER (iv), BB (o7 ()} 7 L(2) ¥
WIHB o(y), WTTH TH, THiEh (o> (1)}, & 2 FLEREKEE o(y).
M (5.5.3) ME2 Fvey)=0,i=12-., AilTov(y) =0, ae.c € 2. H
cc Eﬁ’EEﬁ‘f’_"f, B8 v(y) = 0, ae.z e R Mw, =0, 2 B)LELHd4
BRL. ‘ O
EE552(FRENEHRE) wRw,=Du it 0 $AZ, FaxF4
EQCR A PILE w, =D _ .
iERE  Bh CIM(2) ¢ OF\(2), # (5.5.2) MTF e C(2) 3. O
ERS5.3(EMMNES) #w,=D%, v=D%,, B v—D"
iERA AHERIN o € C11T(0), BT sk

/vgodx = (—1)|ﬁ’fwaD3(pdx
2 rd
= (_1)1nl+lﬁff uDa(Dﬁcp) dz
I

= (_1)10.+|E|‘/.uDa+ﬂgadw’
2

BB = Doy, , O
EE 554 (BBRARE) Zm oo o, Fu, ~u st L(2) FRE
(— HFBH), REMNGHBMA Du, = v & L(R) # AL, W ulz) AH
Y, ADy — v :
iR MEEe e (Q), B

/(D“um)tpd:c= (—1)“'/umD“zpdm.
2 2
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% m — oo, BB

]mpda:z (—1)'“'[uD“:pdz,
n e

Bl D%y =v. O
T, 2 THEREEEREAE RITER—EA-FARE X F—421%
R, HiTfrE:
i 5.5.5 # f(r) RELE[0,0] LehdadiE i &4, mawuwa
B ESLTHRE f'(x), FRTHFTH :

f(z) =fw1)+/ F(€)dt, Vo, z € [0, a],

9, flz), f(x) € Li(0,a). &b, ¥ LB f'(z) LA f(x) £ (0,0) LEHF
WA REFR, 0 f AABME [ RE&T L1(0 a), B f FHF At
HERNE LAY XKL

Wl 5.5.6 % f(z) £[0,q] L&k, & (0,0) 5 (b,0) LHEBH—I¥
SH F(z), B|f @) <ec M F(z) &2 f(z) £ (0,0) LHI—K R X
F,c>0 2K

iR 4 w(z) = f'(z), & O,q, b_ﬁTHEEEX'EE{J{E TR, WEE
B o(z) € C}0, a); 1

f:f(w)so'dx=_/bf¢’dm+ff90’dx
ff’wdw—f e

Bl w= f'(z) & f % (0,0) LEY—MEBHT. =
ME # fo) 76 b RPES, BHBEM AR BH. Fu

>
G(m)—{l’ 20,

0, z <0,
e TS ; _
I ’ _ — +o0, =0,
E(w)—é(w)—{o, 240,
A

+o0 :
f §(z)dx = 1.
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REE, BEAREERET.
EBETEE. HER 2 CRY(n2>2), WF
Sl 5.5.7 Bulx) AL riksk 50 Tﬂ&}ﬁiﬁrﬁﬂeﬂiﬁ'%%ﬂ_#éﬁ
K%, #4% ulz) »&&*—&iﬁﬁﬁsﬂﬂ%ﬁﬁﬁ’i&ﬂi g, m=1,2m,
W ou(z) & 2 FHEHA, A QL
AR, HiBaBARY, RAHMENE LS — &g T
$i 555 #£B0) AZREHNFTRAREARSHEERE &r=|o] =
VET ¥z F i, E’I:ﬁ:-ﬁ w(z) =Inr £ B,(0) LR#%.
MR 2w =% WMw e Ll (B), £H] ¢ e CYB,), N

/ ui{a dm=/ uf?—d:r—i-/ 3 d:v
el<1 OF: i OF: F<lel<1 3"’*

=/ 6('0 dz —/ o —pdz
B4(0) 83’* slei<1 O

+/ uwp cos(v, x,)dS.
+ Jeog,

34§ - 0 W, 8 u=1Ind, |0B;| = O(6), |Bs(0)] = O(F), #h

' f u@_cp dx — 0,
lelgs O

/ upcos(v, 2,)dS — 0,

Ss

O /
u—dzr = — —pdx,
~/|==IS1 9z; w1 72

B, JU FERST S, O
:k%ﬂﬂhﬁ %—&ﬁ#ﬂﬁﬁm R, e B AR B
MW, Hdemik. HiFmT: '
#l5.5.6 JMulz,y)=f(z)+ fly), flz) eI 0,1] Eohkid 28
o RS, H (o, y) RA—HBRA. R, —RBRE DY) g
HAAETE
]k, %cpecﬂ(n) 2= {(z,y) |0<:r:<1 0<y<1} llE=3

/ f f(:c dwdy“/ /l 3[f(-fb‘)—] y=0.

M
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X fly) FRBEHER. Hi
//f(ﬂr)Jrf(y) ""dzdy 0,

B u(z, ) @B FHR L4 = 0.
5.5.3 Sobolev (& H'(2) § H}(12)

EANAFHHBRIMEERNHBTRERBLABRNZR HI(2) 5 H(Q), B
#EAY Sobolev % . | 2 C R", EXREEE

HY ()= {ueLz(ﬂ)|—~——eL2(!2), z—l 2, ,n}.

B, BMEA RGN, RN ZREPEEFARR v v, SIARS
(U, v) “/("U‘l'zg; 81;'
W H'(2) &—4 Hilbert érﬁ.l. 8 CH{2) ¥ HY(2) FREEE L TE B NE
e H{2), BRER HY(N) WTF=M, T AEEFEXTTH HI(2)
AT 2 LR EATE (BPRESSES R ARRS NI ES) 0 H(R)
MARARNTEZR. FRu e HI(D), ve HYD), MTBEEALAR

ou B
4 a:rivdm s fn uaxi dz (5.5.4)

BT (BEZRN).
EESS5.8(HFBHHHMA) Fulx) e H(D), Rc o, nmz.&

~ v Julz), zER,
u(x)_{(], $Eﬂ1\ﬂ

B O ¥ RE—GHERE (GEVS). |
_ EIES59(AABHNEE) RIcOR), f/ FX uve H(Q). WAL
& ¥ f(u) € H(N), B.Df(u) = f'(u)Du. |

B8R FUHEHES.5.4(EELN). . -0
EN R v WIEBRARNT: '

ut = max{u,0}, u~ = min{w,0}.
M w=rwut+u, |u| =ut —u . FEHS5.590] LI EBE 55 T 555 bk ok 8 55 13k v
i< 37 NIE '
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EH 5.5.10(EH 5 ﬁ'ﬁﬁ@ﬁﬂbﬁﬁ&;ﬁ) #Fue H'(D), MWut, u # |y
WwE&T HY(2), &
. {Du, £ u>0,

0, Zu<q,
Dy < 40 Eu20,
Du, & u <0,
Du, * u>0,
Dlu| =<0, #Hu=0,
~Du, # u < 0.

iiEﬂﬂ BE >0, & XARY
; ={(u2+52)1/2-6, #y>0

0, #H u<0,
A5 2 E5.5.00018 (R4 iE MBS ). 0
FERANER—AERMRS B AR %R, W Friedrichs(#
2REHI) RF

% u(z) € CNR), ﬂg@%&jﬁﬁ:ﬂ, 0<m<ali=12- ,n) f
F K u(z) B2 IR, ﬁ"EE R2Z5%u=0 BRwcCl{H) mE
u(a:) : %dﬁ ie{1,2, }

A Cauchy A2, %0

2 8 '

R T
WA 0, LR, A |

/nugdazéaz ﬂ(g;:)gd;c,

ERXTFi N1 B n kR, B

s Ou g2
*dr g f —=—] dr, : 9.3.5
[war<e ﬂ;(am) (55.5)

HH, ¢ =a?/n.

F u e Hy(2), k5l u,, € CHQ), 1 ur — v ZE H'(R2) “F G 1,
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(5.5.5) FEkor, B , o
| /n'“.‘fnd“"’gc/ﬂi (%)zdm.
& m - o0, 1
/nu’dm gc[?i-(g%)”di=cL1Dui=dm, (5.5.6)
Sest Bl o SURHOBET 2 B, K (5.5.6) 220 Friadrichs F8sE. |
5.5.4 BREEER—E |

1. BEMHE
52

{ _IAu +.c(m)u =flz), e R, (5.5.7)

uan=0’

b, f € Ly(), c(e) R Q@ WLFLHLBEENERTMES £ e
H} (), BEXEE v € HY (), HEBRMEER

/(Z g—;gf}— +c(sc:)uv)dm=/fvdx, (5.5.8)

IFR w R (5.5.7) (1) 45 %%
BfIm X H'(2) FRIRARH

(1, ) = f@w+§:3 &
TRE H'(2) (2 H(2) FRTEH
b = ( f o+ 3o 82)'
ﬂmmmmmET%ﬁEEi&Hﬂﬂ?Tﬂmﬂ%Lﬁﬁﬁ%ﬁ:
Pl = [ 32 a)’ |
ERE NI H(N) LRE®R -
Flv)= / fodz, Yo € H{().
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SR REE. B Cauchy AR Friedrichs AR

< (f f’dm)*('/ v? dx)?
2 [#]
gcl(/ IDu|? )}
1)
= &||v]l gy Y0 € Hy(R2).

BrEl F(v) 2 H(2) RS M, B Riess (£37) AR LEH, FAEE—
B e e HI(), fE

|F(v)| =

(w,v)m = / fvdz, Yv e Hy(02),
: a

Bl o« 0B (5.5.7) HIFHE.
#Fouy, u, R (5.5.8) HBR, Belaita (5 5.8), iR _AMEMH 4
U= 1U — Uy, ‘[Eﬁ

/ﬂ (lD(ul —ug)* + e(z)(u, — ug)z) dz = 0.
Mg _ ' .
_/,? c(z}(wr ~ uz)*dz = 0.

HEE (z) > 0, ae. T 02, Bl u = u & 0 S JLTLLRT. FERA
EHT |
EES5.11(FE—M) £ fel(d), clz) >0 LPL4LETF N LA
A RTR IR, R P (5.5.7) AR — 55 W

it -l

{ |”z_; (0@ BL) +al@)u = fa), v e 2, 559)
Ll PP 0,

WRE o, () = asulz) (5,5 =1,2,--- ,n), B ay(z) ME—SUHE R %4, X
BRIt cR\ {0}, F :

Z as; ()68 2 aZ;‘* a>0 bEK, (5.5.10) |

i,j=1

0(@), ale) HATRH, BE Q % ofz) > 0 VPRLRI, f € L(2). 1
RRMEX A (55.9) WEREXHNEL u() € HI(Q), EHERM
| - 161 -



v € H)(12), HEM T EFA

n a-u av |
/ﬂ(‘;aqaa—% +a(‘£)“”)d$=/nfvd:u,

el REHES1INUERAABRAFER £ NFTEENAERSE
HI$) PREMBE '

2. dEBEREAE

e3- 3]

=—Za (a,,(a:)a” +Za(

T ohyg=1

_f(x)s ‘TEQCRY‘:
an.=0’

CHH,2 RR PEARYE, FIARBERTN. 554, &5
(1) a,;(z) WEMBABEM: (5.5.10), f(z) € L{2)

2)/ )_223“‘(@] dz >0, Y¢ € HX(S), ¢ 2 0.
ERFTEERS ue Hl(.Q) ﬁ&ﬁﬁmﬁw € HI(R), HABMESS,

B(u, 'u) / Z ai;(z ~+- Z a, (:.l:)v-a—‘M + a( Juv| dx

=/ﬂﬁ(x vdg,

MR R w R (5.5.11) (9.5 M.

5512 (FER 1) AR (L) R (2) F, A (5.5.11) ALR—

55#- 5 .
R X HND) FMRIEE R F(r) f Flaywdo, I

Fl)] = ’/ﬂf‘udm| < (_/ﬂfzd@')é(/ﬂvzda:);

< c(iz:;[n(%)”dw)*

= cl|vlnyay, Yv € Hy(2).

B P(v) B H)(Q) EOGHEESETE. 55, ¥ H(0) LHNREBR
- B{u,v), M Cauchy FEA % Friedrichs REX B

|B(u, )} € M|lullm@ vl se

(5.5.11)

ul
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FHHEE W u, v € HI(2) i, B, M BLE @ B (5.5.11) v HEMRELF X
MIEHS. Bk, Blu,v) HF 55 @

B(v,v)

fza 81)81)

EJ—

2a/‘;Z(a—mi)“dx+/ﬂ(a(m)-——iZ(&;"—m:"‘)))vad

2 a”””irg(m:
AR B{u,v) ZBEK. TR, HEZHLSTP K Lax-Milgram (B R — KR
B BB, WEER—HRK e e H)(2) BE B(u,v) = F(v), ¥FA
v € H2) BROL, VAR (5.5.11) 76 HX(Q) FPrTAR. We—E 4 i B g .

B B EX) 55 R R IE W BLAE, R AENSREEHFART CA() N
C(2), FRTERERE AR, BABEREGLE K2, Hu BN
BrsAm, UhEgaNe X e B8R Bit, BRI T BRNE
e, M —ERE LR T AR RE. BT, ATk e
TIRFF A SR ENME MR ZEA R — NMER BT TR, 80 FiEd
HT R, HESFRG RAEHLEER, TIRBRNETER, TR EHE
MIENEERESLAR. XTRIEFR, XTEREUHKNTHARIERT.
HRRENE, BRESEYEYE. WER TRERFE4 A BE&NELE
B EXEMEA R, B3 MR T EO TSR T LEEE, 28
BEE RN BROENERTITE, B, AFEEROED, FER%
FOEARNORES H— 25 R, BT T o AV IE N THI ST,

2) dz

] & s

1. 39 Laplace X ¥ Au ‘f&.iilﬁ{i‘ﬁ (r,8,2) FTAS A&,
19 duy 18 Pu
rars 8r’ " 202 " 87
2. i£% Laplace XF Au ARG 25 (r,0,p) 7 25 ik

Au—ig. f-2a_u +—1_.....6 1 aau +;62u .
“war\"or ) T Eathos 0 88 ) " s 08

3. £ T AR S AR A S
(a) z* — 3zy® #= 32%y —

Ay =
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- 10.
11.
12.
13.
14.

15,

(b) shiny)sin(nz), shiny) cos (nz), ch(ny)sin (nzx),
ch{ny) cos (nz); _ '

(¢) shz(chz + cosy)™" #Fesiny(chz + cosy) ™.
IR F AR AT AT 8 T 5o B il LR Ae F AR

(a) Inr #= 6,

(b) " cosn8 Fe r sinnb, n XK

(c) rInrcos@ — ré@sind = rinrsiné + rf cosé.
#u RWAF R H, FEH: .

(a) ¢ R-R AEAFGHEYK NBHv=0(u) ATFMAfSHK
(b) ## v =|Dul* L FRFRH

ER=fEAFEGL LR (5.1.1) AR (5.1.9) X (5.1.11) K.

B4 WA Z R AL6 Dirichlet 5 M ¥, 4o X8 u(z,y) Riwdk

AFER-—BHTENRE, AL ZRAMGHATR—,
EH R ARG ® I foh 3, BfeRfu(z) £HLEH
. ue) = Olg), g = Ol Bla| — oo
2F, AKX (5.L11) 454 %, 42 y B T $HE—&; KF K HMER(n > 3)
o B R fTEURT IFIE B8 45 b 30057
ik ¥A M Fe A #E Dirichlet s} 528 8948 5T 1. _
EWAAETFHA By, +u, +eu=0(c>0), REAZEAZMRA.
PP REFHFTREAR TR R IE
HE O 5,134 Z.®5.1.4.
HE RS H45.1.5 % #85.1.6.
x5 A A AR

ia”a +Zb Bu s

=1

fﬁﬁ*ﬁﬁ' (2} A EEE, Bp
Za,,)\ A2 QZ/\f, a>04%#,

i5=1 i=1
MEAMBEFE SRe<0, RiEPTHMLBRZ AR NMIAE, o
Fu AR AREHRE AN Lk B u REARRADENE KM
% # K ME
HERLEMFHROEALFTEE A F BB R— R BRI,
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16.

17.
18.
19.

20.
21.
22.

23.
24,

26.

27.

# B AR (n>2) +HRER u(z) RFHE

—Au = flz), z € B,
u=g(z), z€ 6B

SRR ER A LA T R R RO, R

max |u| < C(max|g| + max|f]).

£8] Green HR MK 1 Sl K 4.

AR FIE9H Green 3 6MA 3.
#) B} Poisson 42 &, (5.2.12) KM 5 H

{um+uw+u" =0, 22+ +22 <1,

u(R,@,go)‘ L, =3cos28 +1,
FF, (R, 0,¢0) ZFRE LA,
I % 0 W 3 8 e F & Dirichlet ) 5 8% 89 Poisson = 92 X, #p
(5212 X.
BH RS REB A Green k¥, #h A FHABAHRFTELBRRY
Dirichlet #} 5] #i 45 Poisson #8442 X,
A R* ¢ £54) Green & #.
£ R ﬁ?%;—#l‘&ﬁﬁ Green & .
Rk b = R B e 5 AL F @ ¥ Dirichlet 95
{Au-um+u“=[l, ¥ >0,
ol =)

R=

R
95

ER—Rw, BFERAr SHA AR, RADH c LIRT H)4E:
(a) ’u.lc = Acosy; , ’

(b) u[c = A+ Bsing.

4 8| A # F-H{h % 85.3.140 Poisson M2 K (5.2.11) 3E9 £ FMf ik
PR R4 % 285.3.2.

EABEA ARG ETEIRER 2y 2RRER u(s) BT F 6

Ay iRk
1
== (oyy)

W TREL u(r) £ z=y i, REEy SELERPH. _
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28.

29.

30.
31.

32.

33.
34,
35,

36.
37.

L Y L TORA PR L l;’_(’”;la, 2
FHO<a<], plo) ERATGELF M NEHATAF RGH ML 5
ﬁ Bl M, Bp o = 1.

REZBEB 02 CC Bal0), u(r,0,0) 52 P M, (r0,0) 0 L2
MR =R, Mbo = (rLb ) $hE s BETHRBL0) WA
WAE, he(r,b,0) 8 o (r,0,¢) B ERFHELBTRALF TR A

2 & 02 SRR KR, SRR

2

1 R
1}(?"1.,9, {P) = T_U(.T‘_I’ 9: ‘P)

1

A I D, AR (LT EERI).

2Rk 2 R Ba(0) SFAFE M, B vir,0,0) £ 2 PHRER
BIPRPFt]. EB v(r, 0, @) BH ulr,8,¢) 8 Kelvin(F R L) Tk
# A Kelvin E#AF 5T 54 £ R 82 A A FR &) Dirichlet s+
1 #i4k #% Dirichlet A #) . _
ERFER PARER LGB RBELTELL TR FLEHTEY
BEE VR OR). RIAMABS B R (n > 3) F AR,
iERA Schwarz RH EE: X 2t AR ¥ 2 H 2, >0 FH—-ATEHR,
CRBFR T, =0 —AFRAGT AECGLRS—RHS. Mo &
0w Fge, £ OTUT P, FBAT LFTE Ah

w2, T, = 0
U*(xla"' Twﬂ)z ( Y , ), g
—w{Ty, T )y T <0,

ELHHH W AOTUTUNL =2 FHEP XF, - ROV £ F

z, =0 éﬁi"ﬁ' (EF 7 = {("Bl:"' !"'Bn) € R" l (wls'“ r_wn) € ﬂ+})'
iE#) Harnack RFX: ¥ u £ n B8R Be(0) P4 A, W
B R—|z|) .. _ B R A+ =)
ERHASLE R L EA bR AR RS0 AR
B AR LA

W R A LRy T Ak ot A F B

(#7: # A Hadamard = 2.3 ] -
FER & X5.3.7 % A AR SAHR () 5HE (i),
F #3453 £ #5.3.99£ 85 Liouville & ®5.3.5.
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38.

39.

A Liouville %25.3.5iE8: 4% f(z) € CXR™), n > 3, WA —Au =
f(z), » € R #4748 R EHH KX

ulx) = / K(x—y)f(y)dy+C, z e R",

b, C AEE K.
JE9A 2 FE5.4.2.

i 9 — & X, 8 Hopf alg 1&:{31541‘1’&&#%##&1,#%& '
# u(z) £ & r&:}'hvé&zﬁ&ﬁ#& ﬁzﬁu%ﬁm%ﬁ-&ﬁﬁm

.8, EALE T, ﬁt%’ L >0 ko LEAPRIK Eo s, B

41.
42.

43.

44.

45.
48,

47.
. iEH (5.5.4) X,
49,

g% <0. aitaamﬁ#ammms 4.2.

K J8 Hopf 5| i @R X K DR T (R ES.144) (a).

#1f Hopf RARJARFAZERE IR EEN: LR L SAR
WA R, ﬂdﬁ#ﬁ‘ﬂ%ii&{tl‘ﬂﬂ

(— tou)|,,=f o>0
R
E9: Y Hopf 51 MY, ATHRAZ AR L
(a) £¥J eyl =R Lo=0;
(b) v BAREF12 5o %55 JL <0

B (), REEESAR|z—y|<BRAHBL -Au<g.

T W 5 E

n

Z "a a +Eb e+

¥ ay; = ay, Eiﬁifﬁ.ﬁlﬂﬂ%‘#‘ (5.5.10). Xk c<0, HIEE WM
LA 2% Hopl 313, Fpie R u(c) £#|z| < R AL LR FA, AHR
2 < R Li#sk o RELEDBF |z| = R LXKz RATH SRR,
FEARED Y FOGTOMALE, XF v SR ZRFARBA,
Wz, a4 S <o

EARSF AN Z2RARLERML MR, ,

B Lu=ZY + g—y% +adl HEMMA R T RARET u|, = fi 84
AN |
o RE Ly(2) F un — 6, BR[| D%l o) S ¢, BA u AHHFHD .

HER & 7£5.5.8.
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MLﬁ%ﬁfﬁﬁﬁueﬁﬂﬂhﬁim%i

7
el < /
HUW2) ™= s — a

EF, c RIUEBT 2 #n 89 F 4.

51. iE# & 5¥5.5.94 & #5.5.10.

52. iEWH F 4 (5.5.9) &HI(Q) P HEE— B, %ﬁ%ﬁéﬂiﬁﬁﬁﬂﬁ-'
7&‘% KA TR BT, 2LES MR Bh R 4R (5.5.9) &5 % i,

53. iEHA FIAE (5.5.11) 8955 88 69 o8 — Ik,

u“.Hl(ﬂ)!
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Fe6E THE5iLEIEE

RANTE 5.2.5 DHFAFT Dirichlet R, BIRAJH S BEAE—HERE
FIRAREH T K —AMERCE B BB . XA B R B TR 2%
TR R, B R AR — AN R R AR R BT R EHR RS TR
& MR, XAHERR T EREMRES TRPNELRE, R EsF
k. AR RA— 2540 A B RVREE 0 R B B S A i R R R A

6.1 WHEHABEHETIE

6.1.1 WRMSRES R MIRERE

WS H R T &R ERE, BETR P RRES R REFRHR
FIETRI T A B, MR EAA. 25 R, MLRBE N A R
Mk E R, BERRATEERKE 0 LR, H&ch BT
H % i, e AENARERTERNEE, HE R T HA%
A1 ATHSAE, T R, AMEEEE ¥R |

ZRWEEEE T THEASNAER T IR BERSY, SRR b % H e 7
on b BHHEEEE Fz,y), H u(z,y) REHBES (2,y) € 2 LFETF
FEFENAE. FERTS TR D &

U= T(ff /T a2 dady — 92]).
B TRAR/IMERS, BT w2 + w2 MR, MATZESBR RN Taylor(R8)) RIFZ

PEERNH, B -
= —2*//9(152 + ul)dzdy.

W = f/ F(z,y)udzdy.

B KB TN

TR, REHRN SN
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 Ew)=U

—/f(u + ul Jdady — ff (z, y)w:la:dy | (6-L.1)

BT HROEEE, #ule,v)ee = 0 TR, (611) BREXERTREE
K={ueC' ()| usq =0} LEZE.

F1% RN RER N ARE—ER& R T RIAB P, KK
L fER A K B AL AR B(u) BMARRA B, BT R RE, KT
5.2.5 /N % Dirichlet Jﬁﬁmvhe T4NEE R (6.1.1) Mk BRRR Poisson
A # Dirichlet |1}

—Au=Fﬁ1xen,
{ u=_0, £ € 812 hd.2)

B K2, M (6.1.2) BUAR w BT H (6.1.1) MR EE, B
E(u) = irgEE(w)

FR, RATA LB REZ R (6.1.1) BB RBISEIHLMEEE (6.1.2) FIAE.
EFGE N RZ R D REN R B A ENLERERN TN S A% EHE
- EERNR, 3 THRIERDBYENFES, FRBHEFFREET X AmEH
R REA—EFHTRELTHRETE, RN EFDILE R BN BHE.
Aig, EEABE LT, BETUSBBMRMGEYE, EERA S HE.

6.1.2 ENTFSHFHE
# 2 ER " (m 2 2) Fhﬁﬁ-lziﬁ (ﬁﬁ%ﬂtﬂéiﬁ# an iﬁé‘uj’rs?%) ZEBA

£ BEI2 A8 e
Lu = f(x), = € 0,
{L ul,, = g(@), i=1,2, (6.1.3)

R, LA L, RAKEWAE T (B, Lu = Au, Lu TR 2% Ru), g(2)
M f(z) —RESIRL.

A ERRE AR, B BE 2 FESABEME 6.1.3)
RIRENER, TR = u—uw WEAFRKAAEE Ly = 0 REFKRI 2
Lv = Lu— Lug = f — Lus, A ERABE A FRF WG, B AF% S

Lu= ' 1
L;iﬂ-|an=0: le’zl"'ar
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£ 5 MR B X RYF Hilbert 200 H R—AMBHETF AR Au = f,
HP, AMEXHE D, & H H1—MEMFA®E FLE. MW, 3 H = L,(2) &, W

Da={u|Lyulon=0, j = 1,2, ,r, uREBHIE},

D, £ H PR GIHEMERS. Au BHS5 Lue BEZE D, ERMERM, &
RFDERE (6.1.4) BRRETE D, EXRFHE '

Au= f(z). 6.1.5)

Fibl, Rt RIRETHE (6.1.5) BT, LSHIEARKAES D, L5EH
WS BT L AFINET A B, RET AU MEX MRS ERIHT A
B4 L A EAEBERD, BTOIRHERN u,v € Dy, B |

(Au,v) = (Lu,v) = (u, Lv) = (u, Av).

RAOTHRHRE (Au,v) = (u, Av) IET A R 7. W T RHSRENHE
FIRE (6.1.4) FMPRSAE, TEHAEET RS
W A J5E XAE Hilbert 228 H KF—RUEMETTHE D, LORWET, 73
D, PHEETE v, H (Av,u) >0 HESRI X AN S w =0, WK A REXF.
EEG1L1(E—) FARERF MARGLE) E3H—AMucD,.
iR 4 (6.1.5) B u Ao, WY
Au=f, Av=7{. : »
ZHAHEA Au—v) =0, AT (Alu—v),u—v) =0, Ak A BIEEF, Hibl
u—t=0, Blu=nuw O
EECL2SME) RARMKELT, EHE(6.15) & Dy LAMu,
| RTA Y -3
F(u} = (Au,u) — 2(u, f) - (6.1.6)
MM ERY; B, Bu €Dy £ Flu) G DEK, WA Ay, = /. '
il BR ZEF EHTAREXEHE & Ay = f, WXHE
vE Dy v U, Dy=v—u. BF D, BEMTES, Wyc D, AARTF
A MR FELRL :
F(v) = Fluo+n) = (A(uo + ), w0 + 1) — 2w +n, f)
BRI, B ' _
F(v) = (Aug, uo) +2(Aus, n) + (An,m) — 2(us, ) — 2(n, f)
= Fluo) + 2(Aus ~ f,7) + (An,7)
= F(uy) + (An, )
> F(uo).
« 49 +



RE—HHT A REHETE -FE, ERXHHw £ F 8/ RE

RZ, & ug M Flu) BUENME, 7 B Dy PHE-FTE, Wy + Iy FET
Dy, o\ BEELE. X)) R"SADH, B Flu + ) 2 Flu) WNER
BEE n € Dy, Flue +n) & X BERS, TR, MRERRENLEEEL
Fy(uo + An)' =0, &3 HR/E ' '

F;"A:D — 2(/'1”0:"7) = 2(n:f) = 0,

B (Auo—f,m) =0. H Aug—f € Dy, Bl = Aug—f, H LK EB Au—F =0,
Bi Au, = f; # Auy ~ fé¢D, T D, EEH EPWE, T ¥E 75 0% $0 7Y {7}',,} C
Dy, Bin—oolf,n, > Auy— fEEH FRL, FRE (Aue — fim.) =0, &
n— oo BH/ (Auo— f, Auo— f) =0, H Aug = f. By, BT A= f
i % O

BT EHE6.1.2 KR, ﬁﬁﬂ‘]ﬁh@ﬁﬂ?ﬂf D, EXREH F AR N R BR
REMETHE Au = f, NAZI 2R (6.1.4) El‘]ﬁ FE, BRI
SERR APV N .

B 2 R R™(m > 2) T—HRER, HFLBHR

_Au=f(z), sEN, . (6.1.7)
% (B = PR AR ITAE B BRI R A4
(1) Dirichlet [ |, =

{2) Neumann &) #i: Qu| _

T s

(3) Robin HM: (5% + o(z)u)|,, =0, o(z) 205 >0. .
oA, oo RIEEH, v & 00 WBASMER. & TIEREIX=IG0M Mk bR
Xf RERYIZ R R R I, A E R REE IR A N ETFRMKFEE T
FHE —HAE, B Hilbert 224 Ly(2). 7

%t BT Dirichlet WABEET —A FEX8%

Di={u|ue€ C*(0), ul'an =

& u,v € Dy, H Green BZAK (514), F

(—Awu, v} — (u, —Av) = /(uAt: — vAu)de
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B -A B D, EMHIETF. B0, BueD N, F
(—Auju) = f uln dz

lg ¥ O 12 . (6.1.8)

i=1
/ Dul*dz 2 0,

¥ ANHu ESTEENS SR Hu Eﬁ%%ﬁ&ﬂlﬁ%ﬁ%ﬂ& ? J: u=0.
BrEl, —A & D, EHXHRIERT.
FRET Robin FBIE T ~A Fie LA

D,={ufue C'z(ﬂ) (8u +0(3:)u)|8ﬂ =
W2 u,ve D, &, B Green‘%__/\it (5.1.6), H
(—Au,v) — (u,—Av) = —/(vAu —uAv)dzr

Lo

f (cuv — ovu)}dS
-0,
B -A 2 D, ERMHNT. $ucD,, WE

(—Au,u) = / —Au-udz

f u——dS+/ [Du)* d
on

=faﬂ (o) dS—I—/‘|Du|“daz . (6.1.9)

> min{ee, 1} (;/‘ w45 + / |Duf? d:c]
an D

20,

0 Y % / W ds P f IDuP d FIRE YRR BIE IS BT, Wi

(—Bu,u) = 0 WHBERHR u=0. Bl -A £ D, FHUKRELT.
EE T4 Neumann Y81, ¥ERBIXA HEAR RIHEA R | 8
TR, B, AR —Au = f(o) AE 2 LR, B (5.1.1) RRAREH
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Bk

ff(a:) /Audmmf —dS—O
o oa OV

f fleydz =0

a2

#& Neumann BRI MRE B S, F4h, Neumann FBMBERE—, EHEH
— MBI E—MERREUR 90 M. T (RERE—, AR5
OB BII0, BRI u MRAA: [ uds = 0. B, Noumann FIBNIEH

AN, T2, 479 L% Noumann HERNNET —A 195 L8 D,
mTF:

BTEL, &4

D, = {u| ue C*7), z;: M;=0, H fud.r=0}, '
it}

WRTBLER) —A & D, EWRIRERT (EBEEE). -

TR, RBEE 6,12, FEARNZI0E T EHRERKS FHER T

‘EE -
F(u) = [ (Duf* - 2uf) az

Flu) = ] (IDuf* — 2uf) dz

Flu) = /(IDH|'2 —2uf)dz +/ o(z)u’dS
SWERE D, Do M D, bFAR/NRBR TR
6.1.3 EENT FMFEL

% A RANRESTH, E—ABENT RBETFHE Ay = f HEESR
EE F(i) = (Au,u) — 2u, ) WA HESH. BRINDAEED, LANS
KRR B T AR (6.15) 7 D, WHNEIE & (6.0.6) MBI HET
D, R, (R, SATRER—RREL. 4 D, 0, EH (6.1.6) B
IR TR AR B, b GAEE A 7EN, BB IFIE D, MEEFHRIEH D,
£ (6..0) WEAREFE. BTEARE, RESBUENTERONT,
ExHT.

B AR D, ENGHET, BHERM 1> 0, WiERue Dy B

(Au,w) 2 7 (u, u),

WHRETARD, EMEERT.
17



HTHRERES D, &t A BREYBREEHET. & D, LI AFHH
(u,v), = (Au,v), (6.1.10)

i, #5 () ReFHAE, DXBIRAH (, ). HRIEXHEHARBEL
HRAE, MFARESHNFHEYILN

ol = /(). = V/{Aw ), u € Dy

B TBOR D, 2Bk, BB — /PR Hilbert 250 i34 H,. SR, BXA S
FIRHIE I, RHEE D, 7 H, FRE. ART 4 WEREM

1
”u” N<\ ;”u"t! uE DA, (6.1.11)

XH, || || REEA H R ,

MH (6.1.11) XAATARYER H, 520 H Mk —TRZEH——3 N
RRWTF: HEuec Dy MBu SFFNN; FueH Bug D, B H N
i, MAETES {u.} C H., BFE H, PEEFH u, HR%R (6.1.11) 5 {u,}
& Hilbert Z2[/] H ##) Cauchy FF5, A, {u,} 7 H PB4 K 4,
BATIE v T 4. BMEANMNNGEY] {v.} HEBLE FEER X
N, 8 H, PG, v FRNET B FRTEG 0, Hi=0, WIbFu=r.
C HSE b, BRI, FEFE {u.} C Dy, {va} C Do, BFIFE H, FHHEB u
Ao, WAL H THRER 6= 5. TR, LB RN o Dy, B

(@, U — U)o = (A, up — v)
< Al llun — vall
- KAl (fue — @l + e, — )

- 0, (i—ul - 00 H‘J‘)
BT D, L, PR, S EXHERE e H. R BELXPR o =u— v,
B u-—vu—v.=|lu—v?=0,FBu—v=0 FLLAH Fu=1vy OX
MR——/. T2, i 7 ZAMTEe SEE H PRNETEL WHR—,
¥ H, C H. T, Z% F(u) EFHE020 H, LbdtfeX.

TR GILIMABRFEY) £ A AAHFEZETF, WL & Flu) & H,
A

ERR B(611), 8

1, 0)] < LAl < ‘{ﬂnuu.,
M () B H. PSS E, B Riss RIRE, HLE— u, < . {4
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SHEBEuc H, B (f,u) = [u,u]. T2 Z8 Fu) dER
Flu) = (wu)e — 2{u, to),
= (U — Up, 1 — g }u ~ (U, o)
= |l — w2 = [ 3
= —|lwoll?, Yu e H,.
RRYNZE F(u) 4 u=u, WRIRME O
ERBEZRBRDEARTR v F—ERT Da, ﬁﬁ_HETfF#EEB‘J?
i3 H,, B, itz | Flu) £RARBIDMERE 6.1.4) Biklisk, #24
uo € Dy B, ERTREATER (6.1.4) DB R &4 WA TET A Rk Au,
ARERA RN, ik, AEa7 BRI, ﬁ]“‘ﬁﬁﬁﬁ-ﬁl?ﬁ)@.ﬁ{ﬁﬁ
B (6.1.4). BriA, RATFREAR AL (6.1.4) Brg s (36, 3L8). '
HOM I F—SERFRIEFR (e}, B Ay, = f, WEH (6.1.6)
/SR we WLV HRERAR A '

=Y (o, Piduipe = I_(Frpu)pre (6.1.12)

Bl d A2 H (6.1.6) BIR/NE EHL7E Hilbert 50 H, HHAIEHTEF
{un}, Au, FEXHWHL
5 lim Flu,) =d,

TFCEF {u,.} ABMMAF. BRITE

B 6.1 A(BA TR R sl) FARMNREELT, B Flu) 454
oA Pl gk Hilbert 0 H P9 db e I, HRIKETERF 95
i 3 Up-

iERR W am, % - )
d = F(uo) = —|luolf.
W {u,} BEAEFF), B

Jimn {ffean — 012 = flao 2} = — oI,

M

lim ||u, — wl|? = 0,
n—og

Bl w, 7E H. PIRET u,. BOFER (6.111)(EE H, FRI), H

_ 1 | RS
feem = vofl < ~llten — tialle — 0, 5 1 — ol
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Fril, u, 7 H PHERT u. * O

B 6.1.4 9 LA HIXREI 4518 fﬁfl\ﬁﬁwpf’ﬁ“}ﬁﬁjufﬁjﬁﬁlﬁ
FOR (6.1.4) RIEMRIAR. FridBY Ritz(E I) F R AR MR — o
B, AR KR H (6.1.12) BIHTJLIRIER oA,

M EERSRP RN, ZBET A BYRLEEETE, T‘EﬁEﬁﬂTﬁ
& (6.1.6) KRN RBAAE, I B T R REA MOS8 b k0] 8 3 8] B Y
AR FHERIELE 6.1.2 MW h IR A Ar S EE =28 BT A S
FRIEEH.

fle11l HF-AASHRESLD LEERH.

8 M Friedrichs AR

f Duftda > 1 f

% (6.1.8) REAHF —A WIEEt:. A THEZEEN, THE= @Eﬁﬁl:ﬁ 7]
it
fil6.1.2 XF-A BYMELSD, ERERY.
B RAOTHRER 0 SR, BxeaTHm

={0<z<a 0y <b}
ZH. BAER (6.1.9), AFHEHA RS,

c(/ u2dS+/f(ui+u;)dwdy) > /f u* drdy (6.1.13)
a2 7} ’ 2

FTRIESE ¢ g ApmE,
Su=gv, KW, o RIAMRMRY ¢ BRFECRYE TL

ulul =gt (R +0l) —vigAg + (vzggm)m + (¥*94,) :
2 —v'gAg + (v'9g.) + (v9g,) -
¥ LKA SRAE 0 LES, GRS w5 R U e 5 (3.0, 1), 8

ff(u +ul)dedy = — ffug&gda:dy-i—_/ 'ugggdS
Y
—/f v’gAgdwdyé/f(ui—kui)dzdy—l—
2 2 ' &
u? 148¢
u dxdy< ('u +u?) dxdy-f— |——-|d.9. (6.1.14)
g ov
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i k&, HFFEERER ¢, o AR g, #HF

Ag ' { .
- zZe >0, - = £ Cay 6.1.15
g 1 g 8’) ﬂn. ( )
Wik (6.1.14) 18
¢ //u dzdy < /f(u +u3)d:cdy+cz u’dS.
a8
B .
57
c—ma.x{a 5

BRAEA (6.1.13). TR, #F A% D, EEEEMN.

AHERBWL (6.1.15) AWK, Hna R
: . WE ., WY
g = sin—sin ==,

i iy

1 1
€ = f(? & E‘E):

Cy %%Em#ﬁ-
1613 T -ALESNRED, LEERY,
FIH Poincare( i ) R E &,

/u”digcn./|Duf’dz+c.(‘[ud:r)lz_
L1 if Irl

 WERAS (RS, Kb, ERER o, o (U5 0 MAEERE X
THEHITRERAET A*, % 0 FR_@Fm L —HRRE, & 0 A2
E AR S
Ay = f,__ (z,y) e 2 C B2 .
=0 (6.1.16)
=0,

ag

Bﬁlan
b, v i 00 MM ANER. |
w D RMETI&AHERERES:
(1) 7602 EPUyiEsEaTy;
(i) fEo02 EWHE (6.1.16) *Bﬁﬂﬁ%ﬁﬁ
W6.14 XFA ERAKSD LAMKEZET.
%uc DB, RN G, = 0. tu EHF HERNE, 5o BEIAK
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BE 60 LAANE. BLA
C alen =0, uylen = 0. - (6.1.17)
A* T D _LRISTRRE B Green B—ARMAHERIE. TiEFEH.

(A%, u) = f /ﬂ uAy dxdy
- f fa (Au)? dzdy (6.1.18)
- f/ (42, + Zunatyy + v, Ydzdy. |
RS MRk (6.1.17) it‘f%

// Uty dxdy—/]u dzdy.

C OEHERARA (6.1.18) R, B
A%y, w) // ua, + 2ul, + 4l )dzdy. (6.1.19)
BT (6.1.17) K, jﬁﬁﬁ& u, A u, SBIREE Friedrichs A&, 78

[[anty< g [[Dupassy=1 [[ @ +oi,) amty,

Erd k 1 k ) i

// uy, dody < %/ |Du, | dzdy = %ff (u?, + ) dzdy.
j#] n n

RHE, £ RIERBEE. LTSN, 732

f/ (ul +ul)dzdy < - ff (u7, + 2uZ, + u},)dedy. (6.1.20)

% u F#F Friedrichs A%, 8

//u dedy < = /f (u +ul dn:dy | (6.1.21)

EeE (6.1.20) M1 (6.1.21), FHyERMEN(6.1.19), AR

/:/ u? dzdy £ }:E(Azu’ u).

MWHIEBHTETF A’ E M LRIEEH.
UL A4, AR R R A A 1 (6.1.16) @ TH%#‘:&E

F(u) =_[/ﬂ (A%u - 2 fu)dzdy

-179-



£ D FIENREAT. m b, RABRRE D WHHEELER
th 2L,

62 Laplace B T-IKASEA i G

£ 3.3 i Sturm Liouville RpfE4 R &R, BAl1 O &40 2 S¥EIET
T E SRR AAAEN. BT Laplace BTN EERRANA
RERN, 38 T RRTA AR IR E BN BRN—REF, £
HRei8 Laplace BF —A K0 T REAEAE b

—Au=Au, ¢ € 2,
u=0, r€df,

EH, 2 cR(nz3) BRERRE.
FHEE O ERBue HI(D), v#0, HE

fDu Do dx ='Afuudm Yo € HA($), (6.2.2)
7 i

WK A & Laplace BT —A B (I ) 4421k, ﬂ'ﬁﬁ! w2 (BT -a 8 MEF
FHEE A K (F’X)ﬁﬁ&ﬂ

6.2.1 S SR EEREER
BATIE Sobolev ZF{H] Hy(2) Hi e M W (6.2.1), 2
Q= / [Dupdz = [fulk,, Va € HX(2)
DUEEI Friedrichs T%iﬁ i
Q)= [ Dupds > ¢ [ wds = clulz (623)

Hep c>005 0 MEHER~ FX WEETX HH RFH(D, T
|- Iz A La(92) HEE || - ) 2oy
EXTR

(6.2.1)

Ju] = ;9["] Vuc HA(2), Bu#0 = (6.2.4)

K, ={u|ue H{?), Hu#0}
K, = {u]ue Hy(®), & |uls=1}.
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A (6.2.3) ERE « € HI(?), J[u] 2 ¢ >0, W J £ Hy(2) EHETH, AT
M= inf Jiu] = inf Q[u] (6.2.5)

‘T‘?Es .H— Al 2 c > 0
FER 6.2.1(—A WEHMEE) & (625) AN ZHM AEF-A
EX, 2030k QL Zoti .
W (1) B Qu] BHRAMUTF] {u) < K, BIF
kl:m Qlue] = M. (6.2.6)

BERMEA {(Qu)} FF, B {lulm) AR B HA2) PRIFEARFFHLE
L(2) HERIFIRRES], MAEETH, 1508 {u), BE L(0) FEREFH— &
¥oue L(), B

| o lmfu -l =0, Jula=1 (6.2.7)

(2) 1 (6.2.7), B8

A A N T N
— 0, 1 k,l— 00 .
Bk
”'u.l; +'ﬂ-[ "2 3 “u“2 E 1 % k l_, oo H’j’ (6.28)
B (6.2.5) &1 .
Qlu] = Mllul3, Yu € Hy(12). (6.2.9)
X B . i
Q5] + Q[R5 = Jaiu) + Jotu
TR, 5 ERR Q] WRX, 3#H (6.29) M (6.26), B
*“’Urk - 'U':HH = ”U»k - HH = Q[Uk ;ul] '
< ;Qm] + 5@l — M=
—>.—2—+?—A1=0, 2% k1 — oo B,

8 {u} B HL(2) D Cauchy JFF, B (6.2.3) BARMEME—4k40 (6.2.7) K «
WRFEH {u,.} 7 HA(2) FEBE, B

’}im e — ullm; =0, H we H(2). (6.2.10)
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(3) #(6.2.10) TG
|Qfue]) = Q]| = |||“k||§15 - ”'U':"i:.;‘
—0, B kl— ool

::flivs)
Qlu]

|IUJ_|§ ‘ (6.2.11)

A = Jim Qlw] = Q] =

= Jlu) = inf J[o].
TR, HMERBUEN O £ v e H}N), Jlutte] EHt e R WEBEL=0K
BB ME, Brid o

= =0 (6.2.12)

t=0

HitAdHREE RS
/Du-DUd;B—" %lel | uvdzr = 0. - (6.2.13)

a6 (6.211) X, #R
fDu-Dvda:=)\1/uvd:c.

v H(2) KR, (500, RET —A MKEH, u BN N NERE
(@) B2 A AR MEEH, v e H(Q) A ERAEER, I

va-D(pdsz/vgad:n, Vo € Hy ().
. 17 2 7 :

TERXTH =0, &

BP A R —A BB AMRAER. - O
B 6.2.2(4 MM S REBRRNFEY) —A GHAKEM (BT
) BALF 8 | |
O<h€hs €A <o,

7 g 80 54 5 B

W1, Uz, ooy Umym 7y

B s =1, k=1,2,---.
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iERR (1) HAMEiEZ. BR8N > 0, AYRRFERE o HLE
)l = 1. B3R Ay K u,. '
id Vi = span{u,} C L,(2). AV RTFV; TE Lo(R) FIIERHZEME.
K4
K ={v|0#ve Hy(MnV '}
K.={v|ve K, B v =1}.
(2 EEEHE 621 PXESHE (625 it F R, THUED: Fi
up € Hy(2) NV W lualla =1 R

_Az = Q[Ug] = J['U.g] = inf J[v] = illfl Q[U], (6.2.14)
UGK). vEKy )
f Du, - Dvdx = Ay / uwvde, Vv e K, (6.2.15)
2 n

££8 v € HA(R), METHE
’ U=S¢+¢swEV:=¢'€V|l-
By e Vi, WHEHK o, 8 ¢ = au,, B u, RIFEREE w, € V-, FR

'/Du,-D‘qbd_:L‘=afD'u.2-Duld:n
7

ey / il | (6.2.16)
- =0
B E RS (w2, y) =0, AR EH

/DuzﬂDvda:=/Dug-Di,bder‘/Dugchpd:c
1 -

i

= f Du, - Dgdr
2 .

=)\2/u2<pdw
n

=A2/ﬂu,(<p+¢)dx

=)\2/u2-vdm.
Ly

B v e Hi(2) MEREED A, T -A WEEE, T u, B8 NKEER
¥ mRA K WK, B, BARE 2.
- PBEBRERI-AMAm - 1M HEEO <A <X <0 € Ay
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B FIAEE R vy, way o tmy, Bl =1, k=22 m—1. %
Vior = span{ty, Us,*++ ,Um_1}, A Vi, BN Voo TE Ly(02) PITIESLAME A,
Hid

K, = {U | 0 # vC Hé’(ﬂ)ﬁv,;:ll},

K. ={v|veK, 8 v, =1}
WIS (2) ERT (FIESRS), T
A = inf Ju] = 1nf Q]

R ﬁ:? A RIS m MEFEAL, ﬁ#&ﬁﬁﬁ@ﬁﬁﬁﬁu € Koy [t = 1,
B
/ Du,, - Dvde = A / uvde, ¥ v e HJ(12).

m Km—l & Km, E{]%/\Z, Eﬁ;ﬁ‘ /\m 2 Am~1- ) ¢ D

6.2.2 FHEESHHERNAER

Laplace HF —-A FFIEEAGERHE AT TREEHM:

EHE 6.2.3(C )ﬁ;rﬁ"lﬁk) XF-A#HEafucC>= Bi, EE£N2 L
Sb AL & T

—-Au = Au.

R EHEARE RSN ENEA Y, SRS, .

FE6.24(EHITEHMNFTHE) Laplace HF -A 9 R AFAEGE A, A
Ed (X)) BERHuk 2 LEESEH.

iERA (1) HLBGE XA, RESINRSERE »c H(D), F

Al = = D = d ) 4 = 1.
Qlul = | [DuPds, Ju] |
ZEu NEH ot 5HF o, HEE 5510 F Dut 5 Du- BIRELFT4H
Ay= f |Du*dz

/ |Dut + Du™ |*d

/|Du+4=dm+/|nu s

= Q']+ Qlu]
2 Adllwt iz + Alle|3
= Adflufl? = A,
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WRERLDIEFR, TR
| Q*l= Mt lf Qul=Alwl (6217)
(2) # ot RENE. WH (6.24) 5 (6.2.5) B ERM, ot BN THRAEE
A BUSIERY. H TR 6.23 Mut € O, AKE
' —Aut=ut>20,zecn
ut =0, z€d.

iy AR R ME R (5 5.1.2) S7E 2 B ut > 0, Ml u = ut > 0,
xr € {1l

EEQWNut =0, M0 > v =u RS (6.2.17) R v BEHETHIE
H A, FAFALRE, B—RAHERE 623 Hu e C~, K

—“Au=Mu"£0, z€ £,
u~ =0, x € 812.

MW TRMBREFERKERE (EES1) AE N Hu <0, HF
u=u <0,zefl ) O
THEAAEEIER T 8 3.3 I (Sturm-Liouville #¢AE4E i) ) 480
P 5 R B AR AT, TR R :
FE 6.2.5(EXHE) A TR PIAFEMEYG FiE F A L, (2) FEL
EE6.26(MARR) —A SREEAT] (M) BT +oo, B

EEG2.T(HREME) T8 F B — A0 AR Mo K 02 W A
g _

iERE  RiIE. BErRARGL, RS NTFRGEE )\, S EREERMETL R
A B {w. ). FEIRENIEE L.(2) PRBWIER. mﬁﬁﬁﬁﬂﬁﬁx, =

Hwk”i} = Qwy] = )\ilwklli = A

H {wi} T H)(2) PR, WTE L(2) FFIR, BH 75, 524 {(w}, B
72 L,(2) s ERXBRANERE, BH v, - wi. =v2. - a
EE6.2.8(XE) XHTF-A B8N {u) HALTE H(2) HALE
EXE, A, Bu (b=1,2,) ST LFRAGHEN
iEBR  YERT Hilbert 22 HI(Q) PHHARE v, » HHBE

fu,v] =/Du-D‘ud:L',
2
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M2 (6.2.5) RAFLREM T LR, FAUFIERNS] (v} &£ HI(Q) HETF
R, AR ulley = 1, k=1,2,--- . FiFf {u,} 2 H(Q) BEE. RIE, #F
R, WEEEER v e HY{N), EEMAFRFIERTEES, 8l [v,u,) =0, k=

. B o, BT A, FIFERY, B LRS00 = [u.,0] = An(tim, v).
B . > 0, BBl (t,v) = 0, m = 1,2,---. Bl v 7E L,(12) HE5HEWIT
PR TG, v SIEZM span{u,, ue, +« ,tm_a}, m = 2,3,--- E3, B
veV!: ., m=23,-.-. it

1, 298 s

™ el

@ m — oo, HEM 6.2.6, LREMBET +oo, MARB—MIERER, FE. O

3 @ 6

1. Je Rk 3 A2 A7 A0 FIH

Uy = Uge, 0 <<, O<t < T
u(z,0) = p(z), 0K z <!
| w(z,0) = 9(z), 0< = <1
u(0,t) =u(l, ) =0, 0<t < T
RABBHRT IR, ABHLETFHRLY,. KA L TFEFAERF?
2. iEA B F Neumann AMHNF -A A& MKé& D, L2ENT.
3. W Ly(R) PHERTES

D= wemmnue@@)ann b

#%V£ﬁﬂﬁ¥ﬁ%%@ﬂﬂ-&D$Exﬁ#%A4%—45
AMFHAT, R ENT.
4 EW: RS

d gy dt B 2
—d—a;[(l ey )EJ +5u =112’ — 3v+ 2
AT FMAu0) =u(l) =0 THREL, NRLE—
5 FaMATR

IV AEE - @
B RAH

; u(a) =w(a)=---=4""Y(a) =0,
ufb) = /() = -+ = () =0
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10.
11
12,
13.
14.

TOMBREGATFFRE #BERETFHRELRK & P(s) 2 0,k =
1,2, ,m, # 8 P,(x) A& ET R, WAL FRE L.

RER R GEAZABMA, LK u & 2 A% L Poisson FE —Au = f,
£OQWDRON LR AEAREu=0, sk ohkamn JL =0,
REEAD FRAE - EERGARE LAD R4 SEES, XTF
—A RIEEA.

HERR4H 6.1.3.

[#8F: A4 6.1.3 B M T

SR Ly(02) M EREET AR

M = {u € Ly(2) | u € C*(2), ulon = 0O}.
IEZ LA M LH AT | |
- B 2 2 @ _ __6___ z+y8_"i
Au-u—é;[(a: +y +1)8:1:] 6y(e 611)
RIERH. '

- & Ly([0, 1]) HEETR

M = {u € Ly([0,1]) | u € C*([0,1]), u(l) =0}

B EXAEM L8XF
d, .du

RERF 2 rREXNTF.
iERE % (6.1.6) #I8 FHR—
ERF 621 MEWT, HLRY (6.2.12) F1k (6.2.13) sy
RAER 6.2.2 JER oy B3P
R ZHE 625 5 HE6.2.6.
HoMEM A — NN

B B . . B
Ay = — Za—mi(aja—%) + e(z)u,

*F
a¥(z) = a¥(z) € C'(12), co(z) € C(N), e(z) 2 0,

D a2k, > ole)f, Ya el E€R, a>0.

=1
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Blu,v] = [n ( Z 2 ()1t v, + c{z)uv)ds.

EHEHN SRR u(z) € HI(D) HA
Blu,v] = AMu,v), ¥ v e Hy (D),
¥, () AFL(2) FAR, N#HANEEF A EMEiP 4

Au=2Au, z€
u=0, rcdf?

8 (5 3L) SAedE, B v BRET Y (L) RN KGER:
(a) Arie A Wy 2464840 ), > 0, AW EHEE Ky, > 0;

(b) HHFA £8622 2¥625 FRXME6.2.8 A 3.
[#7: 2 Qu] = Blu,u], £%6.2.1 $£6.2.2 J- ¥ iz



ETE FIERL mNEoHES

7.1 FHERSHMEHEE

3 3 EX RIS H TR Cauchy WABHEHEE, HHHEHEH =L
L ¢ = 0 LI, R EREEEH. AETNBRENTSEE—£FIEL
LB, —BORRBAFE, BIFEVBYCERE T H&E. A5, EF3 &
R ROBRDE B PR E AR i IR R AR A IR 2R () i, Xk
MUK THSHER (F) ZEFERAERNER. Bit, 3 THEAT BN
B, BBE#—SFIHSES (B WD, MRS E2% RIS RERA
FRHFHLE () KBS, ERCARGRIES () BRREXR.

7.1.1 558 ERE 5 58 B B

CTER 3 H 3.3 VH, HTENERRR, FRUSEL: ot =2 5
T —at = @, FEARETEIWER. X 4R FREEAT FIRE R 24T AT 40, S IE T (W
3.7) |
(€ —2)* + (- z5)* = a®(¢ — t°)

R . XEFF I ERNIE, BRISES (0 HWENERs
BHREENL. BNER, HERNEME X LKA ESEmEE. TR,
FHE A —Fr T, BT IR T, AR AN LR E . R, AT
TR AR ), VAN B3 U i e A iR

W2 C RVY(N22) BEEXE, £ @ T Bt ri

Za“j(m)ajgx‘ +Za‘(m)§§ + e(z)u = fiz), (7.1.1)
HF, a'i(z), d'(z), alz) & f(z) B o BELERE B4 BEQ2 FHN -1
EEHTE S, EMFER oz) =0. § 8 2 SABENMFHATHER 2, &

4(H 7.1). _
OEXTLL Fulr) e CH{R)NCHAUUS)NCHRRUS), BE QUL +
BEFAR(TLL), HEESA u §— S Bl W AHES o, £ 5 bA LA
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B71 EER=00uUS8

AR, RiAku RFE (T.1.1) S B ABHR, S = 4550 b .

- HAEXTA, BEERE 0 ERR SR, AR EE AT ARTEREE
C TR XM A E LK. P, B3 EREES AR (3.1.1),
. #7% i Hamilton BB, LB ER u(z,§) RER '

Iu] = %ft fl(pui ~ Tu2 + 2Fu)dzdi |
ARV BB -
K = {u(z, £ )| ue C*[0,1] x [0,4+00)),
u (0,) = u(l,t) =0}
PER N EE, R, o, T RER, 0<t < +oo. TR, RE v RA—HERE
BRWL, H TR T 55RE A o B 4y 8 S 4 Bl 0 R 48 W AT SR, AT

C WETHRRERRENER, NER« AFHBRTHIM e
RIEF—TRATEESRE RGN T FERRNTE

Uy = azﬂmzl T e Rl,_t > 0
B4 MBS ulz, t) = Flz — at) + Gz + at), Kb, F, G RAERN_H
EGTHES,. HG =0, ]
' Jm—at) ~ 1], H [z —af| < 1 I
F(?—at)—{o, % |z~ ot > 1K,

W (o, ¢) Tl Y, (BT KT UNTRE. TR o — at = +1, BATAI R
FRNGER (8 7.2), KHEFA. NHEA BRI ERHFE, RIND
IINHHERIMRS, 7% 3 EXEI I ELE X THESHE. FE, RIVSE
AR FEIN R TGS (D R
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HRER HBIAL

B 7.2 HA[AIEARE .

7.1.2 ﬁﬁsﬁﬁsﬁmﬁ

WM S : o(z) =0 (D #£0) RAE (7.1.1) HBR¥E TEHES
TRHEN&E. BT Dp # 0, FRE S EHE—K 5, BIMHERE— TR
BE# y = y(z), HFAHBE yy = @), wlz) = 0,i=1,2,.-. ,N. EFEHF
T, SHHFE (FEz, D Ryy =0, T v, 40, »yy_, THRFRMLTF S K
i po REVIFEA. Bh o S ERPEHBAN, FUERTA M REEE
5 WHEESE, M u,,, (55 =1,2,- N~ 1) B, ( £ N) ES L5

S, RAEENR u B REE S HNE 2 0, BEEBS Bty £ N) K
RN S M FEAMTREN. TE A8F v EBONR U v, , 7EE
RS B — K, SN o REFTE B SRR S Rk o
AN R HMET. WA

[w] = lim u— lim u

Yy —0* yn—0-
BT~ u S ko, SEGER S NI, MISIEM LM, &
' [u} =0, [u,] =0, §=1,2,--- N, '
[uy,,] =0, 4,7 RRINAN, [uy,,,] #0.
FHLEESIARALRER y, = w(x), i =1,2,--- N, FEz, SERFE
(7.1.1) 4% -

N

S (@ EGEE T = s, (712

Hof, HEEEI BTNy, RS ES R BN, 7 (7.1.2) KP4 84y, — 0t
Ry — 07, BAFMERA, WEEL ARRZHME, R R v REH R
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WE S _RIEREE, E8
3 (@) g ) [ 55t 1 =0

4. =1

il

N

L. O O Fu '
> (@) 5,0 5] =0 (7.0.3)

=1

@5 b oy AWERI. 78 2, 492 [£2] £ 0, Rl

N

Z:%)?gz 0. (7.1.4)

H zo £ § LHERY, & (7.1.4) X7E S LA RGY, RS 6 WiE
RN &N. ERIMETENER, (7.14) A58 1 EPE X EHFE
(1.3.14) —, I EWERD ¢ = c REREEXHIHFESR. Fitl, ZXHBR
F; ﬁ?ﬂﬁﬁﬁfﬂﬁ?ﬁﬁ%ﬁﬁﬂﬁﬁﬁﬁ, BRI L SR M. W T2 8%
B —BE0N, BIOF

RN T.L2 A (714) RFE(TLL) SHEFE; B£S L (7.14)
RAERBE HHKS:p(z) =0 & (711) HERR; FAED TR
(a1, Qaye ) HA )

Z a(zp)ooy; =0, (7.1.5)
MBEFOAFE(T.1.1) £ 5, SEHEFE.

HTHES fEMER (0., 0, 0.,), TRAEDLE (714) 5
(7.1.5) AR, &FIE i B2 L8R M m #E 3S RRAE 7 R B B
AR (7.1.5) MM (7.1.1) RGAE AR, TE, RITMTARBEBH L
A AR RFE f T

711 =8issia

U = @7 (Ugy + Uy + Uz, ).
ERRFE SRR
ol +al+al =0,
ﬁ":':l, (0503051,042, Cfs) %R" *Eﬁﬁﬁlr‘ﬂﬂ, EIJ

o+ taltol=1.
F 192.



B o = 1. BFOL, MAENTI (+1,0,0,0), AT, Hufs S B AE BT 2
HTT ¢ — ¥
9']71 2 RY(N>92) qri,qaﬁay}—;g_

ENRTETRE
Z or =0.

B o, =0 k=12, N U, BNGTREE LWL W, ATEEE
P45 I T
713 —BEHFTE

Uss = @ (Ugg + Uy )

EHRFESER

af = a*(at + a3),
Hib, (an, 0u,0;) BT RKEHA, BF

2 2 2
ag o) +o, =1,

FR
g = % = .
| Jira
mﬁﬁ—ﬁMﬁﬁﬁmgtﬁm%ﬁ%mmmiﬁﬁﬁmﬂ
( cosf gin @ )
¢ﬁ$rm:?uﬁiﬁ

HH, 9%@& B ETT 4, T REE - AR TS MEFILT . M E 2R
0 1, YERLR (20, yo, to) ELEALE RURIAFAE T B0 A B 887 1) (X0

alt —to) + (2 — o) cosd + (y — po)sind = 0, (7.1.6)
% 9 BENRBE—FHEK. ¥ (7.1.6) RAET 0 KB, &
—( — 2o) siné + (y — yo) cos § = 0.
IR G (7.1.6) BEL & ¢, FAFEME (7.1.6) BAKE

(= — 370)2 +(y - yo)2 = az(t - to)z-
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B8, BRRERA (z0, vo,to) WAFMEME GEBEESY), 1P 3 EHERBT
RYFFAE HE I,

B (7.1.3) X5 (7.1.4) M, E£EFEL ()8 LR &Hﬂf:ﬁ—ﬁﬂ‘ﬁﬁ
FE BB BEnE TR R EATE BRI R I A. BTLL, E G BR Ee e
F—FAFMELR (1) L, M Cauchy HE—REFH. THUATEZEN MK
RILRHEH BN B R RX A L. #

at,, + 2bu,, + cu,, = d, (7.1.7)

K, a,bc #ld BT 2,y, 4, u, M u,. Cauchy A —MREHE: Rudk
u(z,y), MBS (7.1.7), HE—% Enﬁli’ﬁ?ﬂ’sizﬁ Bisk & FERGSEIE (13‘“"
{8 LA RAE R H):

w=h(s), e = p(s), 1, = () (7.1.8)
W S HBRHER
x=x(s), y =y(s), 2'(s) 5 v (&) FRMHZ.
Sirih, tha] &4
4 =his), L@ Huale)._ 0, (7.1.9)

: z2(s) +y'%(s)
REEM (7.1.8)(FiEE B CRIFSMH). (7.1.9) B NS5 « ¥
S Bk | .
WL 5 X o KW, B
h(s) = p(8)z'(s) + ¢(a)y'(s).

X AVIREIT N R M EEE. BN u,, v, 5 S R, AHEESD
du,

s = umw'_(s) + umvy’(s)v
du ] r
_d;y" = Uay®@ (8) + Uy ().

T#, gk § LRF

x’u:l:a: + y{uzy — {p’?

TUpy + YUy = 9.
WA o R EE S LSRN EEM. EERETIIARE S IS,
I

{ Qlgg + 2bu.w + Clyy, = d,

A=ay? —2bz'y + e’ =0, (7.1.10)
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W w7 S EMHH R — R W®, WD Cauchy A (7.1.7) B (7.1.8) &
HHR. (7.1.10) KA

ady® — 2bdzdy + cdz® = 0,
HERERD oz, v) =c 8N, &
aps + by, + el = 0.

CERE (7.1.7) RIFIESE, S g pril, BEAE Cauchy WK (7.1.7)
Bl (7.1.8) 4#, B4 Cavchy SBEFTHLEFA AR ER L FzEgI &
S BT FERY Cauchy IS, SIABAEHTA, B u F1 § ZEHK ¢ = 0 L.
XB, Pt = 0 AREBHFERKIFIEE. BEHFt=0 E#&f&%ﬁﬁ&ﬁﬁﬁ%
(), FTUZES 4 T RE R R Cauchy BN, REETHE =0 L&
T RAMBBFME, MARBER N MRS AE: =0 LMEMRBE T,
m Bk, B RATE.

X — BB m B MRS B E Cauchy A8, 240H v DIERS: REX
HHE o(z) = 0 REEE M H Do(z) # 0, T EZE p(z) =0 L& m AH
AHARAT B Cauchy $0iE, IR BH v BHEB m —1 mm&ﬁﬁ'ﬁﬁ iz
Cauchy [A fjﬁﬁ‘]ﬂ?ﬁ&

7.2 HTRAREERE

AREEE, FRRENBEE RS, RIOIFEBRT 5 RRE RN
ﬁ%ﬁﬁ*ﬁ

+Z +Zb’u,+c—0 i=1,2,- (7.2.1)

=1

H, 0¥, b9, ¢ FRKR 2 FF (z,t) MESEBOEL. EIIAm fHHE

ty : ct
U=(s),c=(;),
Uy ol
Mm xm FHEE A= (a¥), B=(bY), WHFEH (7.2.1) 5FARBTESH:

U, + AU, + BU + C =0. (7.2.2)
i 7.1.2 NS, k%ETﬁiﬂﬁﬁEﬁ () EFENHET EFJE%EE
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TMFEER (D SHEMNBAERAEDRXR. Fiil, RETEAE XTEE
(7.2.1) B EIUTAR th R FRFF AT 2, WHETT R (7.2.1) BIAFEEER .

7.2.1 SSEERESHFELR

EX 721 RAEARGE

Iz =a(o), t=14(0), 0, S o< 0y, Bz'{o)+t?(o) #0, {7.2.3)
CRERQ SARKD 50 (RETL). ZAKU £0 5 0, AKRFA,
AT W& U §—BRREE VA —AEAT T oA H % — £ R B,
BRI AU HHABREU a7 RA (721) (K(7.2.2) HHANE.

& I REAWS, ROVAKS [f) RRERY F 28R I HHRE. TL,
MNEEWH U, H U] =0, (U] 5[] FAKIZ. BUEZL 5 Q, P
FTHE (7.2.2), 8#E I ERGIRRR _

AlU,} + [U] =o0. (7.2.4)
A4 FRU EQ XU, E % R U, WKE U] TUETRY
[U] = Us(z(0), £(0)) — Ur(z(0), (0))-

TR EBEIH _

=@ B)lre-(B-T) ke

= [Us]2' (o) + [Uh]t'(0),
EEIS I ¥ U] =0, F8 |
[U.]z' (o) + [Ul]¢'{e) = 0. - (7.2.5)

B (7.2.4) B (7.25), KE—AXTF [U,] 5 U] WAEFRIEL. B
[U.] 5 (U ARE AR, HREREFEAMTREERSGRETARSET
ZF M

A 1 .
o1 ¢f |7 18HE) —&e(a)| = 0,
Ly
a*j—é--d—x =0 (726)
¥ dt 4] r-n

HP, T Rmxm SRR TEBS
;.n.ﬁ'rzz %4:(723)ivéﬁ&ﬁrﬁfﬁﬂ(ml)sﬁ(?zm # 85 &9
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BRE M, M T & (7.2.6).
(126) R—AXT L Mm KEWR. #1241 m 4 (BHEHO HIE
CAEE Mz 1), Aol t), - An{e,t), W T REGE)BTERRS, & (7.2.6) 41
dx
2
BOIRA § MR

%K 7.2.83 ARFH(7.2.6) AFRN(7.21) HHEFE B2 (7.26) &
T

Mz, t), i=1,2---,m

EFEAB N E A (T.2.]) WRERE. \ __
TR, TR (7.2.1)(5R (7.2.2)) BIAREKI5SA BTAR R ] RENT B IE R R A
ELTFHREER, AR (7.2.1) BRERISERESETSEDT:
EXT24 BFBRE(T21)E L A—RORAEF & (Fr A 6 HA4) 4
AL, NAFEE(72]) EELRBY TS £TE L BEIRE LY
By, RFCE L FPARGYFEM, SHEREFE (B A 6 m Hisedd )
ER, AR (7.2.1) At 2 (7.26) £ 02 A—5%K 02 HEE LB
O FE, NHEARERN AN FEE
$17.2.1 #E Cauchy-Riemann F4248

{ te = vy =0, (7.2.7)

vy +u, =0

% (7.2.6) MR, TEHERGES M2

BriL (7.2.7) BA SERBEEES 1, & RAER 24,
Bl 7.2.2 E#EVRT, KB REEK vz, t), LRERD plz,t), K9P,
reER MARITFEHMERAELE:

CE
o+ —2p =0,
{ Tt - (7.2.8)

Py +p0'ua: =0, -

R ¥, co o py HORERH M
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BRI TR
dz 3
A A N

da (dt) %=0
Pa _E |
P g = deo, IR (7.2.8) 28— R EA T A H 5 10 S04 H 1, B7 1

HURBSORME G REL, K EX SRR ¢ = ot = B, HEREPE—~KH
P4 IR AL R

7.2.2 BXWiEARANE R

EHRE (7.2.1) P, Fa¥ = Ab, (1,1 =1,2,---,m), BITE (7.2.2) PoERE
POy :

AL 0 |
A:A: '-_ ,A‘-('i:l,z,"',m)-_fiﬁ,

0 A
W (7.2.1) 5 (7.2.2) HREHER
Ou, - Ou; - ij i :
ot +A§£+j=zlbjuj+c=0:?'=1:2:"'7m (T29)
E
U.+ AU, + BU 4+ C =0, ' (7.2.10)

BAIER (7.2.9)(K (7.2.10)) BB SOk R BAR RN, HR S RE T
MHRNEFRE—PRNBY, TLERMFAANRERFRTE LR —
A BB SO0 h B4 75 AR A AL AR E R R AR S

i (7.2.2) A B m MHRIGEEN M(z,1), i=1,2,--- ,m. FHR

Az, 1) < oz, t) < oo+ < An(z,1). (7.2.11)

MO -
A= L, (7.2.12)
I -

A= (0,2, ™) RABT A KHERNE, CRARHE

A;A = Ai.A"
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B FHA (G=1,2,---,m) HRER

)QE” ;\52) e Aﬁﬂd
Aél) Ag}) . A(zm)

T = . .
XD AD o A

2mT %ﬁﬁﬂaﬂﬁ. BT A% (722 X, #
TU, + TAT*TU, + TBU + TC =0,

Ay
TU + ATU, +TBU +TC =1.

ERAHE— SN
(TU): + A(TU), + (TB =T, — AT,)U + TC = 0.
4TU=V, BT H& BHU =TV, RA LR, &
V;+ AV, + DV + E =0, (7.2.13)

K, D=TBT ! -T,T' - AT,T, E=TC.
FE (7.2.13) B E (7.2.2) HER, HReER R4

%}+/\av+2d’v:+E—0 i=1,2,- (7.2.14)
RIFB, E‘Eﬁﬁ] (7.2.1) MobRHERL.
Bl 7.2.3 HEH 722 PeyisEm. :
B SRAMEETT 12 0 A —co (B BUERER TSR | X REMIGE B
vigi b3 (Po; Co) A (PO: CO) TE

fEurdl 7.2.2 P HBANAFHER

v bs 1]

a5t +c°8 =0
9 _ 0 _,
Bt @
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R p(z,t) MIFMELR © oot = £ (B 7.3) X ¢ KEWH, HAHLEX, B

ﬂ} I

xteg=E
) 3 i
7.3 WIFMERRH

ds _ 9  dpdzx @ _ ap —0

dt ~ ot ' ozdt o8t 8z
Fibl, S z + ot = € L 5= B = 7(6), P, f%pﬁﬂ’ﬁlﬁﬁﬁﬁ M
M, p(x,t) = f(z+ cot). ATREATERBIAIT, Kl 0. REEALRBEEHRE
o hp BECH W pHEt=0 NWHE NARERRRESHREH

7.2.2 HIRE.

7.3 XHEHB G EAR Cauchy o)

Wi, FIEN—PIRBH TR R W LR Cauchy B, AH TR,
LRFEHE (7.2.6) BEMRMK, HE4 (7.2.1) # Canchy FIBNARTRE M.
FrABRA MY R T X0 i B O7 41K Cauchy RIE. %Eﬂ‘ﬂﬁﬂlﬂﬁ X HAN
THER A~ A R AR M R A EHLK Cauchy .

7.3.1 RBHTENRS IJE—'EE

KRR A ﬂﬁﬁiﬂm Cauchy fe] B

Oy, = :
Br + Ai(z, t) 3 z; c,-,-(m,t)v_,—(x,.t) + di(z, t),
2= i

b
zeR, >0, (7:34)

vi(z,0) = g:(z}, i=1,2,---,m, z€R, _
FUV, g 0 d FHELL v, g: M d; ;"Jﬁﬁ'm m ﬁfﬂrﬂi, C= (Cu‘) . N
m x m GEFERE, B (7.2.11) BRIz, A @ (7.2.12) FiR, W (7.3.1) RAREBR
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Vi+ AV, =CV +d, z€eR, t >0,
{‘+ Ty & (7.3.2)

V(z,0) =g(z), z€ R

B 19y BUT L2058 BB AR 7EME— R B TERA. -

(1) R AR (7.3.1) WRBM IR AR FENE—H (1,t) cRx
(0, +00), BUF A (X, 1) 33 s A#F. 0L L t) REERNE((=1,2,--- ,m)
£ 5 ISP IEER A (B 7.4): ,

AT

viX=alnx

7.4 JLA (x,t) BB i REFIEE v,

Y X = a(ry 2, t),
H’*ﬁfi———)( 7). BB v(X, 1) ELR » ETERED v(os(r;2,0), 7).

TR, v Wy X7 K2uess
d’b‘,- 8‘1"' (9'{),- dX

ar o X dr
_ Oy 3'0,
B’r +)\(XT)

= Z Cij{au(m; 2, t), v (a7 2, 8), 7)+

(7.3.3)

’ d,:(a,-(‘l"‘,..":,t),?’), i= 13 2: R (7
LR v XTFrE[0,4 BB B

vz, t) = g:(on(0; 2, 1) + /t zm:c,,-v,- +d)dr, i=1,2,--,m, (7.34)

=1

HA, ¢y, v, Jﬁld MEZR (X, 1) = (ailr;2,t),7). BRARESEESTEA
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(7.3.4) Bi&
Vie,t) =W + 5V, (7.3.5)

i W R w,(i=1,2,-- ,m) ATCEN m SF5IME, T

wy; = w(z,t) -

, ' | (7.3.6)
= Qe(ﬂfi(oi Iy t)) + / dl'(ajlf('r;:cl t))s T)de 1= 1: 25 RN
FV R (FV), (= 1,2, ,m) RAEMEFIAE, Joh
(yV), = [: gcﬁ(ai(T;w; t),T)?J_,-(CI‘-(T;.’L', t)rT)de (737)

t=1,2,---,

B, (7.3.1)(3R (7.3.2) E‘J%JAE(?M}(;E (7.3.5)) BI: RZ, & (7.3.4)(H
(7.3.5)) MMET C* 3, WA (7.3.1)(8 (7.3.2)) FE. BTEL, Eif Couchy
IR (7.3.2)( (7.3.2)) E‘Jﬁﬁf—%’f"&“, RAUERE (7.3.4) (3 (7.3.5)) FER
—H) O FREIT],
(2) Ak, &
' 2 ={(z,t) 10Kt <y, |z[ < oo}, (7.3.8)

Kb B¥n>0 #g, o diy c;(i,7=1,2,--- ,m) ZBH—BrE@E 2 b
gH—HAR FiEX40<t <y n BB, (735) #Eﬂﬁ C! FEERE.
- AR RS

Cr={V(z,t) |V X V.7 0 EgEH—BHF},

FREREH
VIl = max{|V], |V.l},

He
| V= sup (a1,
{x,t}E€R
(7.3.9)
Vil = s 1220l
(a: !)EQ
B4, C; 7 Banach %%[A].
-4

VO(2,8) = (g(0:(0;2,8)); -+ s gl (05 2,8)))"
VO g 8) = TV (z,8), n=1,2,-
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ok, T R Or 5 H S MBS
| Teo=W + 5, VpeC;.
TFiET REEBE. BEAXN o, v € CL T To— Ty = Fp— ¥, Brid, R
.5 REFBRRUT. .7 BMEXR (7378, 7 RO @JE%E@%&H&
8. B4, 8 7 MTEH, HAh
] = Bup, Vi

= max{lﬁ”‘/l (FV)a \}

llVll 1

<nz sup fc.j(m )+

=1 (zen

m

n(Z( sup |y, =(2,t)] sup fe, (752, )+

j=t (.»: c)e!)‘ agrgq

sup CHERH sup v o (T3 a:,t)[))
(=) e 0SrEn

—‘*’?‘1;

e

)

WET gt M Bz
. Xt & MRS ¢ < co. RIEEHp=17" BB, E ' =¢"< 1.
TR, 302 feXR (7.3.8) FK g BUE p° B, yﬁﬂc R R, A
T, T iR, -

(3) HIESERIEED, FEE— mwmv = ¥ ﬁﬁ’fv =V,

MV =W+V. ﬁmﬁEHﬁT(?as) FEW-—-BYV c Cr. WMERV,
Eh(734)ﬁ

vz, t) = wt)wf-ch,,, (T;:c,t),'r)v',-(a;('r;:ﬁ,t),'r)dfr, (7.3.10) -

;':F, 0<t<n. EEB?'&, Wiy Cij, O KTt EETH, U5 KT X EEwH, T
£ (7.3.10) ERBEEN G4 & EFE, RITEH .
R 7.31(FA% M) #£A CauchyR #(7.3.2) ¥, Alz,t), Cla,?),

diz,t) o g(z) £OSt<n, o) <oo LASRXMA AR T LEH 8K
R, W AEEED >0, 48 Cauchy P M(7.3.2), £.89(7.3.1), B0t <7, |zl <
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oo B, AER-HC AR
Viz,t) = (vy(z, 1), 0a(z, 1), -, om(x,8)
7.32 MEBEEH
BB 6 (2) 5 ¢O(e) B Canchy U (7:52) 6 C* Sy
BRZRVO 5vE. FE, B (7.35) M
V@ =wW 4 #VI §=1,2 . (7.3.11)
He WO BB 0P (i=1,2,.--,m) B (7.3.6) RIHE, REBEK v, g
SHMU w? g KRB (1=1,2), i=1,2,--- ,m. B (7.311) 1
IV — V@Y < g0 — g@|| + [|#(VE - V)
<lgV = g® )+ LIV -V,
BTEL

(L= )V =V < g = g

?ﬁaﬁ&ﬁ%%%ﬁﬁazﬁ@”-ﬁm<gajmﬁ"wn_WMMi
e/(1—g°), N2 3]

EH 7.3.2(REH) CauchyH(7.3.2) WMAERMEN C] HEHTH
ik B RA 2 69, B2t Cauchy FIH(7.3.1), ¥ gi(x),gi(z) (i = 1,2, ,m)
A AR AR, B v (2, ) = 1,2, ,m) B A st o s74R R o) )
AR RACHR |

i miEEBENGRRERETI XTAEPERREOESE, &
iT (7.3.10) R ET AR BUIX B RS ¢ 00 B 8 i A B 4 B AL R/ GEE N B

- fFE).

7.4 Cauchy-Kovalevskaja E¥

ABA GRS HEE S — B RE T 5 EERRE, B Cauchy-
Kovalevskaja (478 - 47 L#| XA -F i) R 2 USRI CK EHE. Bifih- Eﬁ

B C-K RTREM Cauchy HBAEE—K RBENTR, RATERBE LN

77 TR i B 50 3R ORI 48 SE 7 AEAGIE AR AT T _E U3 SR B3 (Bl Cauchy 3
) RTH AN EREERTBRITN.
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7.41 Cauchy-Kovalevskaja B 5124
Cauchy-Kovalevskaja % ##2 48, 3§ C-K B, ZBHW

O™y,
2 &m‘
mﬁﬁ-ﬁr K:P: ?"?j - 1:2: frte )N3 o= (ala Qg * - ,Qn) E%E%, k EE“Zﬁ
B, lo| +k < my, k <my,z = (T, 22,--- , Tp) Zn AT HE, B8
o . gl
T ot T Bapony . dane

KGR R

(1) FEREOMPSRKMBRANBAHEE, 82 N :

(i) B3R ¢ WHRMMA: R =1,2,--- ,N) MFRP ¢ PERE
- OB AR A 12 R T, S LN 3 v R A .

#t 7.2.1 F ¥ Cauchy-Riemann HFBEARMM 722 PRIFHTREHASET
BEFr R, 85 3 EINS BB T ERERATRE (N = 1) A6, T4
SRR ESTEAR T A RE. :

C RS (74.1) B Cauchy BE

= Fi(tvxv Uy, Uo, e Un, - 7D:D:u‘j7 SR ) (74.1)

D;

z:fi‘ — Fs(t»,x,’ulsuzq ORI TP 1D:‘D‘;‘uj.’ g .),

iy, - (7.4.2)
= = 'iski=0gl"',mg—l,@zl"Q’.,..,N;

3t ey, ¥ ! . ;

X Cauchy ] f¥ (7.4.2), RINH

EETAL(CK ZE) EF AR (T DI (), ) H R4
WAEHT, o (@) (i=1,2,- N,k =0,1,-- ;m; ~ 1) £ & 2, 85458
MA7, Al Cauchy P H(7.4.2) £ & (o, wo) ¥ RAGMA A LR—HBATR.

B BEX C-K BEX ¢ MR REEEHN, TXT z NESHRH
AR RAR T ¢t = to, FTULEPHEBRARIFES. 88, 7 Cauchy BiBEH#
R L, XMEERHRIL. Bib, & Cauchy BB E— IR AT T
w(t,z) =0 &, WX ¢ = 0 £4F— X, FETENBRTERIEZ G —D
SR RBETE ¢ = £, ERRB— B T, Canchy A (7.4.2) B4R
ERHREE. o |

' 7.4.2 Cauchy SRR

- RMEERM IR C-K B4R Cauchy FIE (7.4.2) M- EEY
Prit—Hrilgkit C-K BAN Cauchy FIEL. T4, FEUEH CK EHR, RA%
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Ja— A REHESTRE BE B B, 3K AFREHA R4k _
Bk, BRI C-K R4 Cauchy B A~ SHEM Ik
# C-K B Cauchy B, X N B0 B LU/ B & B I R B 3RS
IR, RIVEN FORR. . .
B Cauchy rﬁ]E

Uy, = F(E, T, Uy Us Ygy Uty U )
{u|t=u i e R
- H, u=u(t,z). IEHEREN, 4
- -
TR (743) TEH |
| u, = v,
v, = F(t,z,u,v,w, v, 1w, ), (7.4.4)

z,0) = ¢(), v(z,0) = ¥(2), w(z,0) = ¢'(z).
B, Eu B (7.43) B MBWHE (144); B2, zﬁ u £ (744) FIfE, &
(7.4.4) PHRATHER

U = F(tv Ly Uy Uy, w’ut::lwm)' (7.4-5)

| B (44) BRI ARBEATE o (n, — w) =0, M, —w 51 T
¥, XMt =00, v, = ¢'(z) = w, AT, v, = w. FHFXEA (7.4.5), FEHI
(7.4.3) P HER. B (744) FUHEGRES « FE (74.3) PIHEH. KL,
R (7.4.4) 5§ (7.4.3) 254080 .

K, gi1o7elfei—A—irdeskiE C-K BAN Cauchy HEHA—I5H

 HME MR C-K BEN Cauchy FE. ERMFHXN SRR

PR B K S R B, AR X B R A e B R RV ZE R RN, PRI 2
SHERUNE. RIHEA— TR

RFHGEBRATAXBRWEY, Y F = F(t,2,p,9.1,8), C = C(t, 2,99,
) s) KAORW u M v BAENBERt,z HERE. B Cauchy FHE

_ = F(t,z,u,v, 4, v, ), ;
= G{t, 2,5, Y, Usy Us), = - (7.4.8)
'U‘It::o = p(x), 'U|t-n = (x).

&Lﬁﬂ?ﬁﬁﬁ?ﬁ Tew=1u, T=uv, T (7.4.6) ik
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4, = F(t,z,u,v,w,T),

v = G, z,u,v,w,T),

w, = F, + Fu, + Fu, + Fow, + FT,,
T, =G, + Guu, + Gu, + Gow, + G, T,
u(z,0) = p(z), v{z,0) =9(z),

| w(z,0) = ¢'(z), T(x,0)=%(x)

RABEH AT (7.4.6) 5 (7.4.7) BBV (BHELET).
Fi, EK‘[‘E%E B (7.4.2), BITR A Bl C-K AR Cauchy |

(74.7)

fe] R

au ‘n N
{ z=: g ., u) —l—b (t,z,u), (7.438)

Wilemr, = @i(x), 1=1,2,- N = (g, ,Ux)-

SRRk, B (o, wo) RAFRIE AR (0,0), 5 HEAE—AHFLBH .
NABFE o.(z) =0, BM, v, =u,—¢,, i =1,2,:-- , N, BTTER v, BH
4. B, TE (7.4.8) PRI ANFHR ”‘g‘;“ = 1 A—AFRPIh&
’UN+1|t=0 =0, ﬁqj, UNt1 = t. E"ﬁy\, ;F%_“ﬁﬁ, Ef'\ﬁ (7.4.8) EPE‘J a.;lk —'3 bt ﬁﬂ
EHAFEt Tx. Bk, RAISIE Cauchy M8 (7.4.2) AW TR~
#tt C-K GBS M Cauchy [FIH:

BMi i
= E;:la,k 7 u) bz, u),  (49)
u|.5_0-0 S e N u={u, - ,un})

TR, CK BH 7.4.1 WI54risid h
Eﬂ742(CK E#) #d,(zy) 5bu), ,j=12--,N k=
1,2, ,m, 2 RV R 547 K A0 A AT, B Cauchyﬁﬂ(m 9) i£ R+ 44
) A %%&ﬂ#&ﬁﬂéﬁmfr# u(z,t).
CK BHMEHAMERS & & WH - HETRHMNAESHSE
_ B@f]ﬁ#ﬁthﬁt B, E%Wfﬁvff@‘fﬁﬁﬁiﬂﬂim#ﬁﬂéﬁm WA
AEAFHES.

7.4.3 BEH

ENT43 Hola)l oz) MAEERE & — 4R LT AR T, B &
&R o F |Dp(0) < D*6(0), Mk &(x) £R iﬁ‘Jﬂ‘H&l"l A p(x) ¥95E &
£, wAHox b
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fl741l #%n AhMolr) ERIEY—GAARIT, NAELTHL >

0, M>0 245
" Mh

hM($1+$g+"’+I“)

B(z) =

£ plz) HERRH
Hx b, BT o(r) ERAN—BEAENT, RETERSAN—SREP R
ST e
o) = 3 22O e

ol
az0
WEERp = (P11 020 Pn)s s 0, & = 1,2,--- ,m, #3%CK, mﬂﬁﬁ&
- M>0, N —UEEE o, H '

mpa <M,
ol

)

3 : | |
D*p(0)} < —al. 7.4.10
DR (7.4.10)

B b= min [, T4 [2,] + |wo] + - - + || < b B, B

hx

T4

=ge 2 ar (7.4.11)

L (7.4.10) 5 (7.4.11) BRI, |D*»(0)| € D" ¢(0) MMEEF EIHF o R,
# c,q(ac). < ¥(z).

7.44 Cauchy-Kovalevskaja 32 KIiERH

(1) E— (FEXMEE). &
2 V'Uv(mgt) =(u1($,t),u2(m,t),”' JUN(I:t))
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S (7.4.9) 7 R b ELE AT SOBBTR. T, AAVAAS, MEES
BIE o, R

D:u,-(m,t)hx,t):m,u) = 0, = 1, 2, i ,N. (7.4.12)
BT, MRk, FH (7.4.9) P HEA
Dy DIus (%, )] o= (0,0
=D2D{u:(®, t)](2.0)~(0.0)

_DaDk 1[2; ”‘Bx } ii]
—D*- IDO‘[ZZG% *‘]

k=1 j=1

(7.4.13)

(=12)=(0,0)

(zt)=(0,C)

RSt HR, & & AR, ETF (74.12) R, MNEEL BT o RESK k,
R (7.4.13) REHE. TREBEE (7.4.9) HEERE NS :

(z,t) = E Z ﬁD;‘D:ui(0,0)t"r‘*, i=1,2---,N. (7.4.14)
k=0 |a|20
(7.4.12) 5§ (7.4.13) BRDPRIEMEEE R ule, t) 2B S8R AR IT R8s
BEBNRE, A TFRARME N, MBEFRERDHEA (74.9) FRELR
RS (7.4.12) R (7.4.13) ME—ERE. BTUL, £ (7.4.9) TEE SRR
FIRRAR AR, MR (7.4.14), iRAnAet — Ll LiXF M S mimt. HE
R, TERNF R AR AU Z 3T, XA AR R
(2) . ®EFRR RMNCARATEITBERED (7412) 5
(7.4.13) SNMIET MR (7.49) W— I HAFRER (T414). BR, FEER
R —4E s, W R PR (7.4.9) KERASSAMETSE Hit, &
Eﬁ&ﬁﬁ%!ﬁ%%ﬁ%ﬁﬁﬁ(u 14) ¥y itk Tﬁﬁ?&ﬁﬁﬁ%@;ﬂaﬁ
—{E 8.

WAFFERY A, (z,u) 5 Bi(z,u), i,j=1,2,-- ,N; k=1,2,--- ,n, BAI
SRR b, (x, u) R b6z, u) FIFREH. ?Eﬁﬂ‘]ﬁt%ﬁ]*ﬁ‘ﬂﬁ%fﬁl@(? 4.9) |
& 7 2K

{ S ) W NN 1)

Udz,0)=0, i=1,2,--- ,N.

(7.4.15)

SFUXA A Re+ o R B — AR EEREATR U(z,f), i = 1,2, N,
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3 H T B (7.4.14) HRTREHY (o, t) BRERERN W (7.414) WK, ATT5E
A UEAR.
Har b, ER UG =1,2,- N)Eﬁmﬁ(um)ﬂhﬁfﬁﬂu(zt ) MR
. KA, ﬁmm%_fuﬁﬁﬁvfﬁ (7.412) 5 (7.4.13) B HH DIU(, 1)
1 DPDU(z, £) 76 Ro ot G A B, ﬁuﬁyﬁ (7.4.15) MEARZEM. b
(7.4.15) REFITANE—HER UG = 1,2,--- ,N) RERXFOREFE T2
BRARRYERZWLMITR U, E—FNHTRA, (74.13) PEEHRD
@iy (), bz, uw) BN E MM E RS EHRHENT AN, FER
B AL, BRI o, R b MERBEES, €R FIRAL, MEREERE
o AMEREAE U8k, B RS

IDZw| < DU, |D;DZu < DiDIU;, i=1,2,---, N,
el Ui =1,2,- ,N) B ufz,t) BIRERRE.
FE, B FREERREY (7.4.15) M ERARTRU.(i =1,2,-- ,N) 87

7ERE. BN al, R ZEIR SRS P RRAT, 0 7.4.4 SFFEERE A > 0, M > G,

R
Mh

Ema + E“s)

.%ajk A R B R, 13—12 N k—12 on BERA
(7.4.15) [ 2 o

BU, Mh n N AU, _
" (E55+1)

(Emj + EU j e . ~ {74.186)
Uz,0)=0, i=1, 2 . N. '

Alz,u) =

RANFE (74.16) HRAFBR
Uiz, t) = U(s,t), i=1,2,--- N
IR, H¥ s=2, +2,+ -+, W (74.16) BH

U Mh U
{ T h—s—NU(N“EH)?
_ . U{s,0)=0.
HE 2 BHH 2.1.2, FF (7.4.17) W

Uls,£) = —l—(h — s~ /(h— 9y —2(n+ MN# ).

(7.4.17)

N{n+1)
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BR st MHIFERY, B s 5t WAKHETES DT, EREELE (s, 0) VYEES
B A B RR T s, ¢ XTI RORER R I, 25 [t] + Z lz.| < p B (p B

M M, N, h,n REH—ALERH), Ule,t) ﬁEEJﬂE?&ﬂ% 4 E@Jt&ﬁtﬂ‘]ﬁﬁ%ﬁ
BUARATR Uz, t) (6= 1,2, ,N) FFLE. 0

BitE 1 ﬁiﬂﬁ%‘ﬁﬁﬂﬁﬁﬁ%ﬂ#&ﬂﬁ—ﬁ, H A AL R
. BEREFRFE—A Cauchy HEFEIMEITEOTEEY, EAHFERHT
B oh i T — 2 BE B 2 AN 19 28 A AR AT A7 1R VT B . _

MHE 2 BIER A, HEHRARMA Cauchy #iRR & B HIBIT R,
WZEPEBPE ¢t = t, LERKNSBEARTFE - MENE. d—fm, 4
TARXE EERRNXAERAHRN. Eﬁﬂﬁiﬁhﬁ“&—ﬂ REBHHET
Mt = to FI— BB EIRITHE.

MiZ 3 CK BHEFRFREENTILEEGENESLEBE REEE1E
¥ Hadamard BT (1 1.2.5) k25 Cauchy FIRE (EHBR LM, 4 2] <
0o, y > 0 BIHE), i BLEHER— K. Hh, C-K e BMIEAA R KT
MR EEAEERBILEER R A T AR

3 BT

1 PRy FERA L A2 &85 (A7), HBulc,y) £ 02
2, LR RS TH, BRREPRFREAu=0, Lu ) fll LK
BEy -Gk RME. RiEN: L u(z,y) &7 J::Mlﬁ Fr- i 5
BHH, EHLFE Au=0.

2. K THABMBEFAfREF G

(a’) u?’r’ﬁ + umzm, = u“’a”u + u“’ama;
(b) Upy = u:l;l:rl + uw,:c, + ru'::swa;
(€) s = Upg — Uy

3. A TELRER, = Ly, ¥n), i_= 1,2, N, RFEGHN
HOHEEATRENHFTRIRLEST. ARAHABLEGRATTH
SAREFRG RS,

4 ERBrRMSFRBG m BB AN (PELEm - | BHART S £
SH—Am BRERARRSES AN LARBENEYREE.

5. REX m BrAkmy 5 '

Z a,{x)Du = f(a:) reRY

Il €m
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WAL B AT HRBRERE. XF.o 25 EHRKE

6. WENEPRHE (7.1.6) ¢ Q402 B R A5 R RED .

7. REBRH T Uy = 0 (Use + Uyy + U.:) WHIEHE.

8 i (7.1.7) RB{MHFE (FFAMa, b, c PHESB[LE, y ﬁ‘JEa&) R¥
EFED ik Likv:iz=0y) 2 P—RR, €2 5HABAR
MW FRD B L. #u(o,y) & (T.L7) 854 LR85 0B R. X
HERR:

(a) A~y Lu @Ml KA RL
| [uzz](p’ + [u-‘r-y] = 01
[umy}‘l"’"‘l' [tyy] = 05

{b) %U&-@ o i .Uﬁ'.i.fllfr LN 23 208§ %hf,)\ ez, R
EFREATE N LRE '

2(b— cp )N, + (az — 2k’ + Catp® — cga”))\ = Q.

9. KFTHA-MFABRHOHELRTHELARIH X E X
(a) w + a(zx; t)u, + bz, thu+c(z,t) =0,
(b) u. + alz, t)u, + bz, t,u) =0.
10. £ T3 —H-F424 Cauchy FA: _
(aj w, +u, =0, || < oo, t>0, u(z,0) = p(r);
(b) u, +u, =u, |z| < oo, t >0, u(z,0) = z).

11. >
3%1 _ 8_ 61‘.&3
2 @2 4w 022 4 i),
'a;tb( t)3“1+ ol t) " 4 )
B ATHP £ '

12. d& F A ARAL A FFAY:
(a) ut+(1+sin_.r)u:+2v,,+m;[l,
v +u=0;
(b) {m:xu + v,
v, = a’ug + T, a > 0
13. A F R4 (7.2.1) E*#a&ﬁﬁﬁeﬁﬁﬁﬁ‘ﬁiﬁ.ﬁiﬁT#ﬁf
@ (AmaAEd) R&, # (7.21) M EURE
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14,

15.

16.

17.
18,

19,

20.

EW AL (7.21) AR - EHREFH (BERK) BL0 XEGTH
iﬁiﬁéﬁiﬁiﬁﬁfﬁﬁﬁﬁﬁ%ﬁ%ﬁfﬁ(%&ﬁ&)Wﬁ
AERFT 7 B LA R T

IR AR (7.2.1) MM TR

8(2(1“1@) "
%——u—’ilém——+zb%j+c"-=o, i=1, 2,--,m
Fe BB (7.2.1) HAEAGHEF & (HiEdHE)  ARETHA—XH.
AN TFHA AR EM (BAATEE2 ) EH) HE—ERRBNF
A, ARTUBL R BB ER B RRTRLA TEHOHAER:
o = alm, )3~ bl ) + £,

aa”“ = bz t)au‘ +a(z t)av '
EF,b0(z, 1) #£0, i 5 [ RBHBHNEEIH.
HEHERTI2 ERMGTIE.
STLINES TY e T

u + Az, t)v, =0,
v, +u, =0

% Alx,t) >0, £EHx =0 SR TH Eiﬁ.m =0 LAK
F RN, EI LK L R MR TR, e Rk R A
RE—HMA, LEH =0 FEERC o, MG L& Cauchy FIMA
HEB-WMESE ABARZz=0 LTRELFB RN, mEz£0 8
A AL R4 T A '

BiE (7.3.8) Bra sk 2 F, P& (7.3.1) i MaeiH 2 (7.3.4); ;i:a, T
SHARRM(T34) 698E 2 bk BED AAETF C X, §u£(731)
# A

&3k #h 424 Cauchy 58

{uﬂ = 0% (Uge + Uy + Ugs), =00 < T,¥,2 < +00, £ > 0,
u|t=0 = (P(:E, Y, 2:'), ut|t=0 = '/)(93: Y, z)
&k — A b5 14 05 — B A 240 69 Cauchy 9] 2.
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21, HAeipi A 2 AR A Cauchy 7M.

( 8 /< 8,
(f\+u)5(z 5—5;) Fpdu - pp s+ F=0,
% k=1 i

< du;

uilt:(} = We(-’-"'hxzal's)s E

= 't',b-;(iﬂ],.'ﬂg, $3)7 ’
t=0

i=1,2,3

L —A 5 {EMG—BFEM Cauchy M. L+, u, F,1=1,2,3 &
bz, &y F wy W FREG, A p AE K.
22, & C-K 584 Cauchy FHA

{ Uy = (uz)2 + (uy)21

ult=.0 = 0, u:lg:o = emsiny

A — A5 FEME—Hragd C-K #4845 Cauchy FHA.
23. EFEAG ZRAA

utltl = F(tla t2) u, v, utla 'U?la ut,1 vt,) usltz: utzz,)v

Ve, = G(tla ta, u, v, U,y V)2 Uayy Uiy Ve ny, Ve )!

u|t,=0 = (P(t2)a ut1|t1=0 = ﬂ’(tz),

U|t==o = Qa(tl): 'Un,|n_,=0 = Tp(tl)

TRCAF ARG AERFRG—HFTRAGTHPAE.
24, AR H

Mh .
A:c1+:t:2+---+w,.)’ A> 1
AW TAL F o H—ARER '

25. iR B L AMET 5 Cauchy FIA:

u; = uu, +vv, + 3,

@(m):h_(

(a) { v = vy, —i-. w, + Y,
| Ulemo = 7+ 8in (FY), V]emo = ¥+ cos (zy),
B BBy R, £ & (z,0,8) = (0,0,0) B3E;
fut +u, =0,
(b) < L u'.a
| lt=o = sinz, v|=g = cosz,
R R B A, AL (2, t) =(1,0) ML
26. ERA MK (7.4.6) & (7.4.7) ¥ F 4k,
. 214




| 27 Fu= (U, Uz, -, Un) BT = (2,22, ,7,) BIn LERM FRER
A4 Cauchy R A

{ 8ui :Gi(.‘?ﬂ'-’u’Du), ?::1,2,'-' ?N:

oz,
'L'-i(-"?u 2 T O R 0) =1,
b, G RFemMe T LR LM ReAREEFEE HERAB
o B kS 9 13 ) B A 5 B SR AR AT AR
28. KPS T AM G H '
¢ O,

ot :E(tlat%ml:"'axnaula"':uNnvl:“'sUNg!
1

Bu; Ov, 6‘uj)

Bmk’amk’atg '
v,

Bt "_—Gr(tlat‘.!:a:l)’" y By Uy st e UN Uy Uy,
2
4 du; Ov, Bva)
4 83:,,:, 8$k,6t1 1
ui‘h:[) = Hoe(tzpl'l, W By
’Urltgzﬂ - ‘l)br(t11$17 e iwﬂ)!

\’i’rj=1:27"' 1N1; ’f',8=1,2,--- ,Nz; k:1,2,"' ,n,

J AT R AR —
29. TS FEEY S 3L Cauchy HA 7
s aui N a:uj N
ng a:{L, :B)E + ;__:1 b (2, ﬂ:)% +j=zlc.;j(t,m)uj+

di(t,z) =0, i=1,2,--- ,N, 2 € R,
u’l’lzp(t,:c):o - ‘Pi(t?w)i i: = 1;2:"' aN.

HIEH: RB@(t,z) =0 2% (to,5,) EFZEHEBE W CK T84
E. PP & ai, b0, 00 0 AGEMATE M, FMAE (o, z0) EFH LR
G B4 R ;

- 215 -



¥8E | NRBPSEFKW

8.1 X AX=FI

8.1.1 3|

F ik, RAITIHE T WAL 52 1 SL T R i — e A S0 ) R [BlAEA
k, EEESLARHEZLL, P —FRENBAEREERTH, XANE
HASEFRENESR TERWTHRAE—PRE £ 3 ENHs5 B,
B4 RSB RS, LRI SRR, HRIHAHEE T
SN E B RIS IATR, A EN — R ER M B EE Y RN
& BEAETETRRENES. _

EF 4B KXFBEET Fourier THRIKF EHEENNESEH, B
KRS FRESHENE HTE. B, #8{E Fourier BHRMEBERRAS
B —BH LP(RY)(p > 1) RER LR T LY(RY), Mﬁﬁﬂﬁﬁ$ﬁﬁ¢ Fourier 3%
B BERBBL f(z) = 1, IFHEEEH Fourler %3 %F Fourier BHFE
G TERMEERR, ROSERCHPEERE, ATHEEY AR
F :

FREEESH HEFRXMRFA. FEAF e g R 2k g oEn—g
HASHE, MENFRAREXSYHEASRMEBREERRSNEE. HE,
L ¥ K Dirac(RBIE) A TERFHENTESIATHREHLN § B 5(2)
o, HEADEOXMMBEERRFELRTHR. WFEFEREENN S BHR

R R
8(z) = { 2::; mjzub (8.11)
f+m o(x)dz =1, . (8.1.2)

H“iF8R” THEREERE o(2), B

| s@taps = o0, (5.1.3)
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PRI R MR X, (8.1.1) APREBEY; B Lebesgue H4WMS, 811) &
(8.1.2) FI&. ENDEHETSE, 6(c) NEXLFHEH, SRFKBETF LA
ARMEAET 2 = 0 4 (AL TRE) I, 3 o MBS Bk, ML
o AT AR, WA FTE 20 BHE 30 EACRITEER 5 i
i 16 U, IR M IR T, BB 20 4 40 44K, Schwarts ZEA R
TI UREERMER, 4 HRETR CRR” B TR, R
SR “EH MOIE R T ARG, PR 3 T Bk 8
R,

BALLESAFHRE, ¥ RS RS LENT. & (813) R B
SR EEE S A, WM p > 2, B ECh ¢ B 1 +§ —1 0

Ji RV B FKIR, BEER L,(2). BIZBSITIAIRA, RT‘EE% f(z) € L (),
EETA

Flgl = (f,0) = / f@p(@)dz, Yo e L2)  (8.14)

EXT L) E—MRUEEETR: R, o L(0) EAR— R4
637 %, % Riesz RILEH, FEMR M f(2) € L(2) HREREN (8.14)
A TR, L(2) LMAMEEERS L(2) PAE—#F Hp>2 U
0<g<2 B L) PR L,(Q) FRES. WMRBRIE L) N
BT RHN B, WRABAE L(2) vHEHEREH RHE”, A
7o I ERETERE. JE H p K, WRBS RN, L,(2) RS HESDT
EhEERE. TR, RINHE

EX 8.1.1 MARARE AR BUT R LY BEREE LA LA K,
e RAR AR O W R R E N Bde (8.1.4) 697 LR, il — AR
F6 7 LR, P ER 7 LR, REH &R LB

i RS XEERFAN. Sl %@ﬂtiﬁrﬁjmﬁﬁﬁﬁﬁﬂ #l
e, W L(2) PE—RBTHE (8.1.4) A\E—1 C(7) bR
TR, BEMN Y& B, o) LRSS R FR—ekE 1
fl=) € L(R) KA (8.1.4) B (M, » B 7 ENEERY). Flins B
REREAEXE 2H, i(x) MBI E X &

(8(z), @(@)) = 0(0), Ye € (). - (8.15)

B4, TR EE, EEREER. _
TERMELAERWEASE FEITRERY L#T, BRERZE
F(RY) BHERY Eitidsh, REHMEETE FRY) F £RY) BRES
HudferE RY AR —AFFE B |
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ENEEESR 2, RIEEATHASEVTHNERZSIHTT,
EAME-FAX _

x=(Ty, %2, - ,Zn) ERY, £ ={£1,&, - En) ERY MEN HEHER,

a= (dl,az, sy ay) RBERE, P, o (i =1,2, - ,N) BEAEK,

ol =y +op+--- +an, ol =alal - agl

= —$1 z3my, £ =66 6

|z|* = Zm z-§=2:6 + Tl + -+ zaén;

D"‘_D“ --Dg#, Df = D¢’ ---Dgr, ?@}%D”_—gf—

75 7R R R B AESLT, B84 % D R D (0 FIRTOMAIE N D7, 18
D, M Dy BHD,

8.1.2 EEZE Z(RY) A £RY)

LRI, RERERAERAE, LT L EEAE. Hit, §aHEIKN
EXTELARE CERY), DRFEIXENOTRKAHE AR TR, Frid
—A R fz) WXL, BIEES (z e RY | f(z) # 0} AR, 84 spt f(z).
FCrRY) P gmST:

EX 8.1.2 4t R BHKF {p.(2)} C CTRY), mﬁi«ﬁs#

(i) BEEEK, #Fspty.(z) CK, n=12,.

(u) ik % /A, KL

lim sup D%, ( :z:)| =0,

R #R® P {p.(2)} £ CP(RY) $RETE, 238 .(z) = 0(2), # ou(z) -
@la) — 0(2), M p.(z) — e(z)(2). ﬁ?’iﬁl&ﬁ#ﬁ*%i A C”(R”) )
HAEERER DRY), HithEAER D,

' fl8.11 #£5%53 ¥ brEeRniz)c P n(z)c 2.

3 H, spt n{z) = B.(0), spt n.(z) = B.(0), RREJFX, B,.(0) RARLLK
B Blr > 0 HEBEFFER. |

FIF 0. (2) TEBIHE 2 iR Fw, 2 uz) B RY q‘ﬁ%ﬁ?iﬂ@
B, X

() = f uly)le - 9,

W z) € C*RY). HME ulz) FEXE Mu(z) c 2. FLl, 9 FLER

B E2:
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$8.1.2 #R>1, xa(z) RRY # 8 By = Br(0) #¥#ie S, Br

&) = 1, [/ <R
X2 =0, |z > R

5a(e) = [ xula— nte)ae

= [ xelomta -,
lz—tlg1

# 42 Br(x) € CM(RNL Bspt Gr(z) = §R+1(OJ= ¥ fGr(z) € 2, Eﬁﬁ-ﬁﬁ—l(o)
PEFFL |
EX8L3 & {pa(a)} CO™RY). b REL—FEK LA

lim sup |D%p.(z)] > 0, V $ £+ o,

- RFRBET] {pu(2)} £ C=(RY) FRMET L, 1254 p.(z) > (), b K0, (2)-
p(z) — 0(F), M p.(z) = p@)(&). EMNFKBRTFIARABEH TR
C=(RY) AEAZNSRY), BiLH &, )

Mix EARBER, 2 c £ RERN. 554 A 2 R HBE & &
KPR, BN7E 2 PR RPN FE & *Lﬂtﬁ RZARBRE. i, B
n{z) Jf 8.1.1 hld, FHEN

GalZ) =z — N2y, ,an), n=1,2,---

BiE ¢, — 0(&), 18 ¢, /4 0(D)(IFHHESS).

EX 814 RERAZR (ATXH/ LakEm)ACB, £{v)C
A oo 20T AP, MK o, -0 FBF, ik A BERAB, itH
A B. L, BELT I o HEANLF. :

BEZE I E & WXR EARESES BRE Z C & MERSE AT
B, H o — 0(2), HEXZRPRAENZL, BE 0, — 0(F). TR, T%
XABUEFT 2 & HBNEB e 2, B lo=g e & B.EHR, %4
©n — 0(Z) W, B T, - 0(&), BAETF I BESN. TEB 2 — & Y
Wk, 2 S FERARMY. FLE ENeed, B, = Brip, FH, B
RP|8.12 FHEY, BR 0, € 2. BF 5, 7R B,._,(0) TEETF 1, FroAK
EEMENRE R, Hm AR, EK Lo, = MW, HE—FEiGHF
a, Am—-oco i, &

sup |D*(m — )| — 0,
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M, — (&), BLBTR, BRI
EM8.15 & LD LAE PHE.

8.1.3 EZXZE #(RY) RE LK Fourier Tk

BUTE 23, Fourier 2582 KRR AR MIER BT H TR, B,
BASNE 9 b, BINTTEN Fourier BB BFAERT 2; HEAZR & A
*, ERRETTE, FIn=/A &K, Rk Fourier 8. TlE, BATHA—A
& A 23 8], A5 op AR BB B FT#E Fourier Me RS R EAE %
ST,

e, RIVEE—-RFBERRN. BEXERY OB o(x) ﬁs&%ﬁ

(i) ¢(x) € C=(R");

(i) SMEBZ EIIR o 1 5, FEER clo, B) >0,

lz°DPe(z)| € cla, B), ¥z €RY,
TARE R ol . FAEEH (BIE4S), B EE L F &4 (i) 5 TFRE
B EAESH
(il WERLERFE L, F
im z*D%(zx) =

|| —o0

(v) HEREBIIF 8 TR, LRk, §) > 0, 1
(L + 2P DPp(a)| < clk, B).
TR A SR A H B AT R A

EX 8.1.6 FHKRBEEKF {p.(z)} #fcﬁt'f“$ %R‘?fitﬁ T f g,
% m oo B, A .

sup [z D7, (z)} — 0,
RN :

WA pml(@) = UF). F On(2) ~ @(z) = 0(F), M () = 0(x)(F). K
FLEASMEGRREKR S HIEAZA FRY), #REHELEN
. '

: $18.1.8 oo c & _
Bl 814 % f(x),g(x ) €S, MEMBGER

frg(z) = / flz *y)g(y)

HAELRT S
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R BN S(2),gla) €, BB B i
| a= [ 1@z o= [ la@les
WA R & BARES o, H '
(4@l <la7l [ 1fle ~viawley

_ glal & il _ d
mel Clf e - we(ldy+
2ial (Y d

/Iz wui 1| £z — )g()ldy
<2 f iyl o)1 f(z — 3) ldy+
oo —y| g 2L

ol f| . ; Iz — i f(z - y)llo(w)idy

<2°(er sup [ya(w)] +cx sup [ £(w))

lylz'g fpi= 4l

< 2 (e, sup{(1 + ly*)"**lga(y) }+

e sup{(1+ [y =2 £ ()1})
< C_(o:).

ERBE—BRENY f(2) 5 o(z) WRT 7. HHH, Ba = 0, ERBRTT
6. 4%, SHEBS Ml 5, SAUBREE XN () WBHRI (), T
YA LR

C DP(frg(z)) = /RN D’ f(e - y)alydy.
HF D°f € &7, TR FiEHT4l
2 D*(f xg) = 0, % lzf — oo B,
Bk, frge & | B m
Bl8.1.5 KQ@) HSAXPD) = Y 0D REAHBRBRS X

|x|<m

F o EF, o A3 EHRA m RESEH o, 2FH %u(m} €.7, il'liriﬂﬁi%.‘ﬂ
Q(z}P(D)u(z) € &.

HTFRAAEEEN 9 0.7 WER, RIS

EHE8.1.7 2%, L9 4SS vME.
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iR FHREES BREF I c .~ EENFA{p) c 2 H
Om — 0(D), WIFERE K, HATHEE m, H spt o C K, EXERSEE
Ha ¥m-oco i, H
SI;plD“wm(W)i — 0.

F&, HESEEHFS B
sup |27 D% ()] = sup |2 D% ()]

< c(B) sup ID*pom ()]

— 0, Mmoo H‘.l',
HoF, of) 2 # K EFMER. B o, — o), BiLlF 2 — &,

FIERELE. HER o(z) € 7, ERE o.(z) = 9(2)8a(2), EF, B.(z)
Rl 8.1.2 PHIRE, W o, € 2. MIREEHF o, v, F
2D (pm — ) = 3*D7[(Bn — 1)¢]

= Z ;—?—!Ta:“D'(ﬂm —1)D,
laf+]e|=[~I
ERAF, s Mp HEFERK. EEH G, -1 RASHESEE |z <m -1 8
ETF, FHAD(G, - 1) MUK TERLRN &bt |s| HEFSRE,
R
sup |z° D7 (e — )| < cl Ismp Z |zoDPep|
= 2 g

2, 0, 2 m — ool
BRFEREEAT o(z) € & X—F%E. KB ¢, — o(F), At 2 E 7 F

. O

SeEmE 815 fiEds 17 R, BRIF

818 Yo E LS AE vME.

WEEH B SR . _

HHER f{z) € 7, B X B Fourier Z2#4 _

| F©= [ f@eas (8.1.6)
3 g(£) € L(RY), & XL E M Fourier WARBR _ :
J@ =@ [ geeca 617)
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AERIBERTR S PHRELH TR, FU (816 X5 (8.1.7) AF
HRX HhieEels ks FREMERKTMER, FF) = F &
FIF-'g]] = g. B A T 3&iA Fourier Z#A5, FH f(=z) M Fourier 2#%1i0
H Fif], TikE B Hid R F1[f]. Fourier Z#H L FH R

(1) Bl _ ' '

#F i@, glz)e &, MHEBRERK 0, 00, F

Flonf + oag] = en F{f] + aa Flg).
) KSR ._
WH f(z) € &, #H |z| » o B, H f -0, TR

FD,, fl= / (D.,fle"=4dzx

—- [ i) etcas
BN

=i F(f).
— B, M-S EHF o, H |
FD*f]=i¢Flf.

EAE R Fourier 2P #0015 S0 RBBE. 3] A ) e
TS BRFEAL N BB TRERM. KBRHK Fourier ZRERBFMH HE
R T A EE. |

(3) HAMRK

Flz;f] = iD¢ Ff]. .
BB E R AR, — i, R o, B
Flzo f] =i*'D*F[f].
(4) 9 J |
Flf(z — a)] = e7¢F[f),
HP, o cRY RERE.
(5) #REE
F[f % g| = F(f]F(g],

Flfg) = (2m)=" F[f] * Flg]. _
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Wb [ FA g A HEK, G815 & frgc.#, B Fubini REE
FHRERIBL, WGE ’

Fieal= [ ([ fo-dowaartcan
= fng-‘ ([ng flz —_.t)e‘i”"fdz)g(t)dt
= /R . ( fn , f(a:)e*-i(””‘fdm)g(t)dt-

Ry

| = F[f]Flg].
HEXMEE L1 H, H f e S MU Ff) e s B, ERXF#AFEME Fourier
RS FEM TN S FREREAERY S Mg A
Ffgl = F7'[f] » F[g].

Jefult, TR R S8 AL
TEEE 8.1.9(4 B#)) TFourier TH F 2 .% 3| § F hA#.
B XNER e BAEF[fle s BXE Bfes RNERSE
1845 8, 2°f € .7, MBS
7 feimtdy

BN

#3tE (XTF€) —BAK. H Fourier A ¥ R R (3), F
/ xﬁfe—i:c-adx = ilﬁlDﬁF[f]’

BII% R D F[f] 74k, & Ff] € C=(RY). 54 HEREZERRF o, 5, BH
D*(z?f) € &, EHEX Al i Fourier THAER (3) W (2), &
*DPFf]] = 16°Flz° f]]

| =Pl < [ 07l

< s;lwp{(1'+ |z[*Y¥ID*(=" )| } fﬂ(l + |2*) "V dz
= cis;vp {@+ 2D @ )] }
< C(N,Q’,ﬁ), ’

FRF|fl ¢ &. BiEEHMELERE WL} <€ &, H% m — oo Bf,
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fm = 0(S), MRHERZEEIF o &5 8, BUATHATE, Zim > o M, F
e D? L -
< sup {1+ |:c|_2)N|D°($?fm_)|} /.RN(I + |z[?)-¥dr
—.0,

B Fif.] — 0(5), Brbk Fourier 4 F RiELE). BT Fourier ME 5
Fourier Z#e 4 AMA, FETEYERBE & B S H— M EEEERR.
TR, Fourier ¥t F 2 .% 3B SRR t
HiZEETR, XN .7 RiHERNEHE LB Fourier B EMIE
3. ﬂi?ﬁﬂﬁiﬁﬂ‘]ﬁfﬁ%ﬁﬁi’f“iﬁﬁﬁ?fﬂ &' LI} Fourier e
5 B E SRR, BEEREITR.
®f ges FTRERY

/ [ £t asds
s H, R Fubin 238, &
fﬂ @sto)e<dgda

/ r)dz ] fleyet=cdg

/ F()ae / ala)em=*dz,
£TFH RS Fourier BHATRM AER, i LR
[ s@F e [ @
R, MBS
(20) f R @ dedz

HATE WAL, T8
f fz)((2m)~" f g (§)e7w4dE)dx

= (2r)~" ng (E)(/N flz)e = 5da:)d§';

& FRRE, RITE3) |
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TEHE 8.1.10(Parseval (Vi EHR) %) #S, g WF
(1) [ ole) | (@)dz = f i @)

@ [t = [ F e

EHE AL AR Ty Xl Fourier ZHEA.
$8.1.6 &% Parseval FXH—AEA.
X v e CF(RY), EXREH

full = [ [ 0+ IDur)a] "
RN

Ce(RY) # ER A58 &AL TR K Banach ZHHLN HI(RY). B Parseval &
&K, WuecCeRY), H

fulf = | (2 +Z(
= [ (P ik i b
Gl RN TRt
= @0 [ @bl ()P
TEBSM H)(RY) WENTEH

o= [ [ 0 e @ras]’,

ER—AEH L7 . M ITR, LT H 2 BE M Sobolev £ [A].
Parseval %ﬁ?@igﬁEEﬁtT,b_‘ﬁ
5l 8.1.7 & f(&) =e kP t>0, £ € RV, -‘]"Lf & Fourier . £ F'(f].
M HEME

F—llf] = (2;;)—Nf _e_‘lﬂzeiz"edg
jr 1y
- (QE)_NG_%?f e"“—%)zdf
. i

1 (w2 _ep e
= ()" [ o

= (4nt)"V%e 5
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82 - XEHEN

8.2.1 WE5HF

RodiAEN 9, FME LSHEETENED I XEE. & JXiF
B ME TR, CNEENSEARER 2, & R & ;- XaHkEn. HHR
T ErRIERR N - 2 B |, N RE R, 1 X B ) X oA 2 .
#1821 i fAR YHHTRIHM, it fell , WNERTEEK,

F il g
f |f(2)lde < oo,
B fla) BTRFRXALT AP FAEEKT:
Fly) = / f@)o(z)dz, Vg € 2. (8.2.1)

M F BARGEN, TiEEEE. £ e.0) - 0(2), NFEEE
K, f#spt g, CK, m= L,2,--, HEEZERKTF o, Hm — x i,
sup |0°¢,| — 0. TR, Zm—ocif, H

(Pm |_I .f!gom

/ |fmldz
< sup !wmI/ [f(z)[d=z

— 0,

B f(z) B9BERE LR ARBLT 2 T X F. O

BiE HELTRAHSHRAFTHREMNA— WL, 5 9 #xp
Jr ARSI R R — 3 — ), B bR EE L, b (8.1.5) Aw NN &
$o(x) R 9 "X, BEHFRE—NRABTHES f(2) Bt 8.21) R
RETR. FUBR 2 FHLBYEA L, FEMTE.

HTUL, RAVAE 2/ (hith, B &) PRITREN) L ERE. §—
MO RERIR (8.21) AHE—N"XRE. 48, A — I RETHREEER
IR, MEBAM T REN, FRAT XEY f(o). EHERKR, R
FTR B B T B AT R, B, B AN TT I S S BB RS X
§. I XRERERHTREEAHRE.
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Big.2.2 sk pc D, & (8BLE) XELHS HMAE T 1 LAk
Y b5 SR BAN TTHSm — o0, v — 0(2) W, H ©..(0) - 0,
N - |
(0, @m) = ¢m(0) >0, Bm —ocoff,

W § BRI, o e 9. FRTIE, 5 B W E T XER,
B 8.2.3 & f(x)c C(RY), ZAEEHE>0, c>0,4&
[F@)| < e + 2|, V2 e RY,
oy ree
(o) = [ 1@eladn, Vo s

RET A - XLEKF. -
iR XERE e, B FRKELY, FEERe >0, #
(1+ 2 |p(2)] € e,
T£
|Flel=Kf, o)l € | |feldx

v

1C
< ——dz < oo
f (1 + [z]2) ™

¥ {on} C S, B gu — 0(%), BH
Feal = U, el =| [ fiomda]

g 1 2 l§r+ﬁg*=l L
sup ((1-+ )" gl [
— 0, Bim — oc i
BB, F €, MR AR fla) € . ‘ O
8.2.2 | NEMAZEM _

BUAELET LR MH 3T * W DL H8, &

EX8.21 H{T.)CcPB* KT, e P, Fm—oo i

(Tm: §0> = (T;J, ‘P}, v we .

R ELH T, - T,(Z), &ML H T, — Tp.
FTERPAEX & 16 LIS * st XAl RIERE, iF
< 228 -
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F FELATHT
$18.2.4 AR L, B#EH

fm(‘-v) 1 sinmaz

& Lio(RY) + & #S, A\@Tiﬁ‘ﬁ;& 9 AERHF, NE
fm = 8(F).

=1,2,.'..

iEll XNEEBee 2 FH
U = [ Inlaolald
=[.mwmmm,

Hf, spt o C[-4, A], 4>0.
F4h, H

HMEESEN >0, T A RBK, # -4, A] MEEF o XK, HF

1 [{* sinmz €
pf B e 3] G B,
nf ., =z 2

TR
[{Fms ) — (0)]

|/Smm[@ P(O)]ds| + 5lo(0)]

/ﬂ smmm(p( )+ (=) - 29O(O)d |+§ig0(0)|.

£r

[BIE A, B Riemann-Lebesgue 23, 47 7E I8 No, Bm>N, W&
1 / ? i ma 2@+ 2(=2) = 20(0)
nl J, ‘ T :
T 11— 00 B, {fm, @) — @(0) = (6, @), BBD fro = (2"). =
B18.25 FARY FeRH

o<

1

0, Jt—f&»,
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b, |B| 2N BE B,(0) #4R EHSLEK Sk 0 W, 5;. —~ 4§k
P, BE BRAL,

B RE AT LRBE—A R B+, mﬁﬁﬁfﬁﬁﬁiﬁrﬂm&~
B o(z), BE

- 1
8ny ) = dn dz = d s
‘ o )= [ boteiin= [ otee = pte
rEBRE—FH T RSP EEE, 2 B B,(0) TRR 4 a0, EF
Grr &) = 90 = (6, 9.

B, 6, - BRED, 7 R E .
B18.2.6 i {fn(z)} ARY ¥ HRTHRERS, FANTERRRK, AE

|[fm(2)| € Mg, V2 € K, m=0,1,2,---,

E&m— oo B, fu(z) LIS filz), 2 cRY. MHH D /LA,
H fm = fo

EHEES T (3o A Lebesgue &M S e 3).

THEHHEB=NTXEHEEHRR. & fe ¥ B2 &, 8 v € 2,
Uy om) BEX. HH om = 0(2) (m— o), HEHE 17 & .. = 0(F), &
{f, om} — 0. BT fe @', B} & Cc 2.

HaF{(f.) ) B f, = ) (m — o0), IHHEE ¢ € &,
H{fm ) 20 BT Cc S 8ERBeec 2, WF (f.. ¢) — 0, W
fo = HZ). EREW, MAKTFT: 7 — & REEN, XRTEWET
S e @ FERIER & < 5. TRAS

EIE 8.2.2 & — s .

BT XEEF I SHES. T H e, el X—AN Lk
BHY Y [ WP XN [ RS, WM o € 2, M m — oo I, H

iut

ng ) = ([, @)

X, BT X RBE 7 I“XE%I I_Jﬁé—fuﬁ}(?’iﬁ.é” EI‘EJJ:I“XE#:
S} AU O

8.2.3 BTLTEMNTHR

T MERHEE LAE, 3 XREERSNEREFENY. HEXER
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AR, 4 f(z) RETRE, £U LEERIRHFTBRY /(=)
T4, X flo) EARBTRBEE F BEENRIET TS T8, e
Fat e X R AT ERAR R ? b IR LTS
EX 823 MEFAEMAE f(z) p—AEFFERERA:RY -
RN, BLE f(Az) 5 AR~ RZASHAE, FAEENERY AP EERHK
p(z), A

(F(A), o(@) = [|4I7|(F(z), e(47a)),

AP, |A REBREK A é‘m'ﬁli

FER XA EXRBIN, # 8 R R TR SR B (RSB
GEET. HFEERAVHER, LAe XREEH, RZAAZEHRMN Jacobi &,
2 Al

§18.2.7 HHEHRA: x> —x, |4 =(-1), T

(f(=z), o(z)) = (f(z), 9(~x)).
18.2.8 AMERA 2z Iz, A>0 HAXHE |JA =1, ¥F
(FO), p(z)) = Af(z), oA '2)).
Bl LI R AN S, FRRE— M5 TR,
Fl8.29 FHERA:2—2z—h h AHEH EHeY Jacobi piJ 1, ¥%&
(f(x = B), p(@)) = {f(x), p(z+ h)). '

MR FREERE foy), BEy B—MEREAH - TEERK
fCy). T, HERHR f RAET — R — C(RY) RESEmA. 1 XK
¥ Tz, y), RIIFHRBALE. Ll 2 I"mbfE, BRATE |

EE8.24 #acRY, yeRY T(r,y) € PR x RM), i/ L&H &
T(z,y) AET—4 Z(RM) 5] Z'(RY) $9 R bk 8ok, )

i MEREEN4y) € 2RM), HTRIXNEX 2 J:B‘JF)(E&
(T(z.y), ¥(y)): WEE ¢ € PRY), HsE

(T(z,9), $@), 9@ = (T(2,3), p@PE)Y).

e XBABET M 27®RY) I XHAK Bt SERBAN. XFE
{pm} C ZRY), H 9 — 0(2), W @ (2)9(y) — O0(ZRY x RM)). T &, 4
m—oo b, H§ i
{T(zy), v(h)s emlz)) = (T(2,9), Pulz)d(y))
—0.
| . 281 -



BRE (T(z,y), v@)) € ZRY). BETE, £ (Y.} C FRY), A Y
m — oo B 4, — O(Z(RM)), W&H |

(T(2,5), n(y)) = 0,

W Tz, y) BET 4 2RM) 3] 2/ (RV) KB O
L EREE AT, RATHRET LLA Tz, y) B2 T—4 Z(RY) B 9/(RY)
W RS,
WRBNE 6(x)(y) MERNFATE 6(x) 5 o(y) EAKNE S, PxtEEA
FRFMEEE o(z, v), B

(6(z)}o(y), ¢lz,yh = (8(z), (8(y), ¢(z.¥))),
ERFIEH, OF 6(z,y) = 6(x)d(y) BKL.

8.2.4 [ XEHWHORNESTRF

SHEAT WA 2, & F1.57 %W, W0 AE R E R,
HWEER, BRIMIA 2 BT,
% e, M E%f- Bk @ I &, T
a o
(s ) =~ 5o Vo e D
W, RO

Df, @) = (-1)"(£,D%0), Vo € 2,

o, o RER—A TR, AR HWDEES T ACRE R
D R AR A % SUF MM, e SR80, 3 £ 2 o ERATRHNT
S, JCH ST S5T SUMBR RN, 1 SR T LR
B 5 RR A TR R

A, S, SR B R B B A
B LRETUN. o T HA LI b R AT BYREIR, AT B8 I B 15
BHRRERBIE. PI, ©EHERN A, BARASRIRFERE X
SR LR R R B BRI BRI, P BS L, DA
X RHRIT AR R L — .

I CRB MBI TR

BE 1 ) EAERIR.
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PR 2 Fa §RBNMEESRE, N
Dt = D*(D") = D?(D*),
HEA A SRBRFILE.
MES3 #F fn— [(2), WD f,, —» D*f (@) (m — o), T RRS" XK
T SRR RS T P BT RS
Xt B A UE PR AR R ELARAY, B oAl
£ 8.2.10 Heaviside(dk# E&) F &
1, 220
Hiz) = { 0 ; Z 0.
EARXEBY, Hiz) £z =0 KFATH. HER2RBTHN, FL
H(z) € Z’(R"), HFE o(z) € Z(R), H

(=@ P[P
= ¢(0) = (5, p(2)),

FiLk H(z) XA 6(z), B S = 5(c).
ENMHT—IBIF A, ESIARTRES. B a(z) € €=, HEE 9’ L
® f(x), a(x)f(z) HFREX:

(@), ¢) = ([(=),a(z)p), Vg € D.

Bl a(z)f(z) € 2. BATK ofz) £ 2 %5 HLBTEY ¥ RT5 & R
F. EA—A C=RY) BEHE 7 RTH & RT, BRBR » BT B,
a(z) = ¢ BAR S BF. BHER oz) = .7, Malz)p(z) =18
FRTF & 7. FRRIE, TR BSASRESBNA 5 TT.

BT RTBSRITANE, Y C~RY) REARENRERESTET

P(D)= Z q(2)D*
fe| e
fERTHER-1T 2 R TREERY, Bt 2 % & =04 HEEe R3]
5. HE, Ya,(z) £ BT, P(D) & & FAFH— it dsmm,
8211 K flz) Ez—a AHP—-XEHN, LXEAHL LFIRE
[f] % (—o0, a]Ua, +c0) L&k, 3K f(z) 897 LA /.
B flo) 5[ HERBTHER MNMABRET -2 I XEH.
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MFHEE ¢ € 2R, FH
- (f’a%ﬁ’) - #(f,(p’)
- / ez — [ fa)(z)de

a

= /(e +0) - fla-Olpla)~ [ flpda

= tip(a)+ [ [Floda
= (hd(x ~ a) + [f'], p(z])-
TR, f R XHE f SEAEEMRERNT LREEXER
Fr=1f1+héx—a).

ERAB ERAREAR,. ERFETARNTREAERAMA RN, K™
XHHE TR ) 8.2.10 A 8.2.11 T LAE H, RHHFENR EABEN
B UBE AN S AL

BT ABEPIMESR ARG RRTRE X, BITRTUE
XE2HH BN ZSHNREE & f@) e 2, HEBREWM o c 2, 4
z;(i=1,2,--- ,N) BiF EAEA BN e, WG

<f(m + hi) — f(w)j = L, wlx — he}:‘) - so(:c)>
R, b RFREXERSDHESE. B8, Sh-0 R

4

h
# (z + he,) — fla)
h_m(fw & x cp}——( :a$>
(ng,so)
35fi:4

f(w +he;} — flz) _ Bf
h—»O .h 5‘:1:

8.2.5 r“)‘(ﬁﬂﬂﬂi‘ii

WERE, Y— AT N RME AR RN, BERIA

EX 825 E2ARY $FK fe DRY). L& pe D), BA
o) =0 WS RS AED AFFERAED ARTA 2B AFEf 592
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Ef gEQ AR WA f 5940 RAME, Lf=g TN %
XTI RRABRTESERPTENRER, BRITH

 EE8.26 #k[fePRY), HEFs R, BEFRO, RRF=0TF

O:l: 4’9ﬂllf:0-]-RN ‘:P .
F/Ff=0FO, B TR UO, WHiT K. Bspt ¢ =K HRRE, hHEK

 EEES ETEANE, BN Oy, O -0, BET K. GBMMRE
B, W g € D, REABTURSNAMAME (o, i = 12 m), BE
¢ € 2(0), p. 20, ANz e K, 7 Y pu(x) = 1. TR, gip € 9(0,), AT

(f, o} ={f, ZS"-"P} = Z(f: pup) =0.

Bl f =0 FRY #. : : i

1 8.2.12 6(z) =0 F RV \ {0} . _

EX8.2.7 & f REANERFENERAEA [ OLE, 2Hspt f.

mEX&spt f RAE. Bf 82124

# 8.2.13 spt 4(z) = {0}.

18,214 HpeP CEHRH D &HH D, B spt o =spt &

KERE, XA, BESITERESRTESHE FHik,
T oM BT I B A AR B I SRR AE . T R, RITE

EHB28 & rHEATLE

WER EHf e, Bhspt fF AR HARTEHZHKFR BA
W, WAz, espt f, k=12, A¥k - o B, |z — o0, %Tﬁ/l\
wp, k=1,2,-- BRI B, (z0), RT ¥R o < 1. TRUH o € 2(B,.(2,)),
BB (F, pu) #0, W, 5 2, espt f FE. EEK

Cr
=, @n)’ F=L2,

TR o) =1, spt 9 C B, (me), k=1,2,---. B—HE, HEEKREEK,
Sk RSAE, KNspt g, =0, Biblg, =0 F K k£ A, g — (&), TR

kll»IEo(f, gk) = O:

iz%(fs gk>=1ak=112a"'%ﬁvyfp}fﬁgﬁﬁ- l (I
FTT XREBENHS, I R f #7848 2 LESTF—4 0~ &N
@, Bl flo = o, REEXT . LIH o NEEIEFHNE 2/(2) I R, i
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B Y ESONBUE R RIRI (8.1.4) BB REN. BTFZ, ¢ B—AENS
- NERE. BARE N L F 5o WS N fAE 2 EREFTE TRRME

EX829 R ESETAC FROARKTFENREMES
¥ ¥ &, it4E sing spt f.

5 X Al 41, sing spt f A%, H sing spt f Cspt f.

fi 8.2.15 sing spt H(x) = {0}, % ,H(z) £4) 8.2.10 ¥ 45 Heaviside
& #%. BM,sing spt H(z) = {0} C spt H(z) = [0, +o0).

#18.2.16 sing spt 6(z) =spt 8(z) = {0}. .

8.2.6 | NEHEWRER

HEH NREERRESHEE X, %ﬂ‘]ﬁﬁ%ﬁ‘)‘{mﬁ f, g €. ¥HiE. A
8.1.4 &1

frg(z)= / flz —y)g(y)dy € &,
B RETR, $TH S » (@) % 9 /. WAHER o < 2, %
(F g @) = / (w)(f 7z - voly)dy)dz

- Lv(/ngzfy)so(m)dr)g(y y

= fn~ f(w)([“ 9(w)e(z + y)dy)ds
= (@), (o), elz+ ).

- TR, EHREEER AREERNSEE, MERANTE F 5 9 HER
2 XH

(f*g, o)) = {f(x), {9(y), wlz+y)})), Vpe P (8.2.2)

#H-PHRERR, ¥ LRAESmUER. BAS f 5 ¢ BREZ T &
B, (g(y), ple+y)) REBT 2, Nl LIREXEEEXL. EREMHRSHR
HET ¢lz +y) A—ELE (2, y) ZRITRFRIEL. H—MEEENEXE
RIS, WEA MY, N REBRRYL AL, FRIXE R KA
R (8.2.2) RHBEE—AT R, iy, BHEXE ﬁﬁ]ﬁﬁ?ﬁﬁ*ﬁﬁ
R U B X RN AR AT B 1

Wl 8.2.10 #Hged, plx)e D, MY(x) = {gy), plz+y)) € D.

JERE  SBiE ¢(z) € O, SEREEM z0, 2z 7F x, AN, tEA y
FIRE, plx+y) IXEEERN—ITBEK F. 887 > o, i, WHEE—IE
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EfR o, £ K H— B4
Dio(z +y) = Dyp(zo + y),

B oz +y) - olwe +y)(P) HERBLIAMZ < &, Fiblolz+y) —
(20 + y)(£). M, B -z M, H

(W), elz+u) — (o), eloo+ud),
2 x - xp B, ¢(z) — w(zo). FTEL o(z) B8 W ok =1,2,--- ,N) #HiH
MfEZE R '

(o + D) — P(Z0) = (5(w), p(zo + Az +y) — p(Zo + y)>
A T A;,x '

F_EAH7, 3 |Acz| BN, 460 v R,
elxo + Az 4+ 4) — 20 + y)
Apx
HEEETRA—NEEK P, ENERLZERF o, & Az — 0 B, BR

(-’Bo + Az +y) — (0 + y) L p2¢ dyg
Ak$ ¥ 6mk

a¥
DL’

K PR BRAL X

o(@s + Des +y) —plwaty)
Az B:l:k (@)

TR, BT 518 o(c) RS FANSIE % A - 08, &
o i) bz 9

w(m ‘32 1/)(37 ) - (g(y ), -5\_;;&>

ﬂn M e, S, WEEW TR, HERS BRI o, D) B, B

BA wc ) [ P |
U Yo) HREE Hge s, HELBLY, o) HEAKK K
((y) € PRY), BEEK F () =1, T&

¥(x) = {9(y), el +y))
= {C(w)oly), elz+u)
= (g(y), Sz +).

M |z) ZEA K, spt (e +y)Nspt ((y) = 0, B |z| BA KB =, B (W)elz+
y) =0, F, ¢¥(z) =0, W ¢(z) FEZE , _
KRR, v(x)ez. O
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pisc MM BRSO, 7 (8.2.2) X RE g € &, T f RFHA BE
B, R IR B4k, & f(2) € P, {pn(@)} © 2, A¥im - o0
B, onle) — (D). TR, FH olo) MEHE T SEFIRIRIERS. #id

Ym () = {9(y), mlz +3)),
FEBY A R ((y), WIE

PYml(z) = (W9 emlz + 1))
- =) (Wenlz+u))-
W LEH: FE ¢.()(m = 1,2,---) rﬂi%ﬁ?——¢¢tﬁm§$w ﬂ
bm(z) = 0(2) GEHEAEESD . TR, Bm oo W, H
(f* 9, pm(@)) = (F(2), Pulm)) = (2,
B fxge 2. m|
W 8.211 # E(pk(x)z,bk(y (n iﬁtlﬁ**ﬁ) HEBERLA
D(RY < RY} ¥4, x¥, en(z) € Z2(RY), ¥uly) € Z(RY).
iERE  FHER h(z, y) € 2RY x RM), BFFE! >0,
spt hC Q= {jm| <, |y <1|i=1,2,-- N
§=1,2,---, M}

FEQ\spt h H4 h =0 THEH A ARAPWHEXEQ THER h BT
RY x RY o7, M h e C=(RY x RY). T2, F Fourier JEFF
Bz, y)= 3 D Cape™ e,
‘ | 220 18] 320
K, a, BHBRN BES M Bigl LEERAHEHNEREERY xRY £4
BI—BUBHE bz, y) REMHEHKEHEE. W (x) € 2(R]), () € DR},
WA spt bz, y) LWL L)) =1, TR

bz, y) = E(=)(y)h{z,y)

=Y Y capblale G (y)e

|ex| 20 |31 z0
TO) st 0% M P 0 2 0 BB S B0 K B R FE K R 3, 3R ALAE D(RY x RM) il 83
Rz, y). : O
BLAE, BATUBAT BRI HtE. har@8.2.10 &1, fxg FRY, K
AT i 8.2.10 MHEHE R, B fa) e P, gl e & I, HEB v e P, H
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{f(z), oz +y)) € &, Aifl

{g*f, @) ={a(y), (), plz+y)) (8.2.3)
HEX.
FTHER frg=gxf X e BRY) fﬂw(y)ef’?( Y), BRAH
C{f(@), (9(y), p(2)()))
= {f(@), e(x){gly), v(m)))
= {f(z), e@)){g(), v,

{9(y), {f(=), e(z)e()
= {g(), v/ (@), olz)))
= (g9(w), W) {f(z), vz},
Brid
(F(=z), (9w}, (=)W = (9(w), (F(z), e(z)¥(y)).

RAT BRI, ¥Bw 2"; or(@)inly) B, b n HERES
#, ou(x) € DRY), () € DRY), FH_LRAHE

(@) (8, prk(w)dfk W)

= (9(y), (e Zwk(mm ())).

TR, MMLE hiz, y) € DRY « RY), d LXK 8.2.11 TR

(fz), (9(y), hlz, v))) = {aly), {f(x), hlz, v)))
B, FIRER, SHER olz) c 2RY), B

(f =g, ple)) = (f(z}, (g(y), wlz+y))

= (f(z), €y, wlz+y))

= (=}, (9(¥), oz + )

= (g(y), (f(®), Cw)elz + 1))

W), CW{f(e) wlz+u))

@), (F(@), vl +y))
)
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={gx* [, ¢z},

b, ((y) RAEE 8210 PR C(y), UEESATRTFNIES. BL,
frg=gxf MBHMEXHE
2k, BITHREELS T BER— 1 BWE L T:
EN 8212 #,/&T H5S .i_;}‘?ﬁ'-*‘i‘i & ;& BN Ent—H
D ;& R TRRE
(T *8, p(x) = (T, (S, plz+), Yolz) € 2.

BRERTX, F&OTHATE BHEAGRAZRGE LT, |
REE REHXBENEE. R fc P, gc P Hfecd, ged) Mg
WET—A & ENS &, Fidfkg BEX 82128 HEZ e 2, &

(fg, ¢@) = {f, 9(y); plz+y))
= (f /E ) g(yle(z + y)dy)

=i [ ol aota)az)

= [ it ot - ot (3:24)

B —F AR5 X4 Riemann RKRRSG, #FER K Riemann B HES
ShHEL R T RERMNESEY BIX—HLHAR CXHEERSEERS _
BCEIE). A

(fxg, ol@)) = {fos gz — ), ¢(2)), Vio(x) € 2.

TR, 8i1F

EM 8213 MfeP gD (Hfed, gef) AKX

f *g(m) = dfy! g(z - y)) (8..2.5)

TR AP, ge D Bfecs, gec &) I, BH f g BEMIR:

(i) fxglz) e C=(R");

(ii) %*ﬁ?’éﬂﬁ%*’l"%ﬂﬁ (f,g) = Fxg, WER—PUEEHAXTf 5
g SRR LR,

Ffes, ges MEEpe.7, BRER <g, (:c+y)> HE 5
H¥, W (8.2.4) FRAESARAIL, FUHRL (8.2.5)

KT RPER, FAERRA.
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(1) WO R
(R« 8)xT=R*(8x*T).

EREAERAFLER (R, (S, (T elz+y+2)).
(2) T=68xT.
RAtER e 2, F
(@*T, )= (T *8, ¥}
= (T., {3, wlz+u))
= (T:, pla))
= (T, o).
(3) D,T = (D,;6) +T.
(4) D;(8*T) = (D;8) T =5 (D,T).
Bkt AT ERBRERBSET PD)= ¥ oD &

|| Lo
PD)(S*T) = (P(D)S) +T.

HAIE SR &I Cauchy HEEARN ZBAHMN.
(5) MIBHET n KL

_ T = 8, *T.
B 7,T(z) = T(sc‘ — h). XU R IEA B PR
8.2.7 & %8 LK Fourier Lk

BTF Fourier ZBHATRM S HEHFHWELER, FLEEE (B
Fourier HHES HI X BFER LE AT S % ] % X R L ¥) Fourier 38
B EA IR QRSN FXBER, REXNBHRENEES # &
i Fourier FHH—EFRIME. T2, BAIE

EN 8.2.14 # f € .9, € # Fourler giﬁ} B

G, oy ={f &), Vope.s

T

ElAﬁfE 8.1.9 4, fe 7 MENRP f, pe .7, HEHB.LI KB PR

FH(S, 0 = (f, §), BB, I~ XRBrE X BB Fourier Z BB,
Hefplbh, X 5 7B f B Fourier % # f h

(G, o) ={f, ¥). pes
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R e 8.1.9 41, fe S ) .
B AT BB, BRITAH F[f) B= f, A Ff] ®75 f.
EN 8.2.15 Fourier Tk F . TH 5| § % 60— 4 AH.

CIEE BEXM M fes W, B Fifle #, ABREHREMEER
® FH BEHELIIM By c S, Flyl e & HA f, —0(#) W, &

(Flfls ) = {fm, Flel) =0 (m — o),

EiRst P oRESER. U FE . A MRS EEmRE. FEaE F!
R .7 B8 S HiEgm i, T2 Fourier T#: F £ . SRBEEH—4
ik O

P E&HY Fourier ZB#RAF LU FHIR:

(1) &uim

MNHERf, g S A4 ¥a, 5,8

Flaf + fg] = oF [f] + 8Fg].

(2) ERER
MR fe S A

FF[fll = f, FEF(fll =71
EHRER o € &, FIMH 7 B Fourier BHMER, A
(FFIS), ) = (Ffl, P[]

=({/, FIF'[¢]])
=/, ¢
[E| BT UE 55— gL
(3) MW M
HER fe s F
F[Djf] = iij[f]'

EAMER ¢ € 7, AIH & B Fourier ALK, &
(F[D;f], ) =1Dsf, Flel)
= —=(f, D;Figl}
= —{f, F[-i§;p))
= (F[f), &)
= (& F[Sf], o).
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—fH, HEREERF o, 7 _
PD®f] = (i) F[f].
(4) FARMR
MER feS T
Flz;f] =1D,;F(f],

— i, M EEEERIF e, H
Fla f] = i DF[].

XA R AR BE B i _

FAEEFE 7 T RPBRA— T, el U8 XREceRum
(5) MAFA—EML, REEERMKSETHRTIHE AW, & f € 5, v e &,
WHIH (8.2.5) RATLMEH Flp « f] #7E, H Flp * f] = Flp|F[f]. X, &
fe ge& B, ISR Ff  g] = F[fIFg]. |

Pl 8.2.17 £ 7 & f =€ #f Fourier X skba AN BELEH
¥, zcRY, a7 AL FER

B R p(e) € FRY), W

(Fle<], () = (&=, #)

= / l‘z’ el *de
_'(27:)’“[(21;)'”] G?’ei“’“’dx]
= (2m)"¢p(a)
= (8(§ - a), (2m)7p(£)
= {(2m)"4(€ — 2}, #(£)),
BrEd
Flei**] = (2n)Vé(£ - a).
- f8.2.18 F[1] = (2r)V4(¢).
HEH8.2.17T F4 a =0 BB

## 8.2.19 £ Flsinaz].
FAB 8.2.17 &

Fle7==] = 2m)N4(€ + a).
- 248



Ff Fourier ZF# MU 1L 7, 18
F[Sin az] = %F[eia-: _ e—ia-m]
= %(F[ei"“’] — Ple~ie=])

= (20" (6(E ~ o) ~ (€ + o)
=i2"" 17N (8¢ +a) — 8¢ —u)).

%l 8.2.20 F[5(z)} =1.
BERAHER o(€) € FRY), &

*{FI8(@)), @(&) = (5, #) =p(0)

= fk ) P(€)dg
= (1, p(£)),
T#, Flé(z)] = 1. ' . _
FERE A R, R HBR R AT BN Fourier 288k, 7B X ) Fourier Z#R
Bpy,

83 H X 4

AR RRRRS SR GHEREEREBNSAEESE AR
W FTREAE A, F DB SO BE RS R BB, BB Biel, &
W RNERE 7 1 LS. |

8.3.1 EAMBAELE
W LWFIANE REEMEMUDIET PD)= Y, oD%, BRITF

lx| £ m
_ EX 831 #HE(x, y)e Z(RY) RAELERY by P(D) A A#|, £
CHA
P(D)E(z, y) =6b(z —y). ' (8.3.1)
AP, ycRY ZA¥ #HAEELARE( v) é‘Jﬂ.ﬁ‘- Fy=0 MMt Bz, y)
#4 E(x).
P(D) PERBBIMETE P(D)u =0 NEER. EX:@EFME— HA—
PEEFENLTE PDu=0 &ﬁﬁ%ﬁ—’FﬁﬂﬁEﬁﬁ (8.3.1), b RIS
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. Bin TR, AL y EAMR, #1522, EEy HERPRAEH,
WHETUIERARPHEFRTENRERNN S EH. LECREARE T
MEARNETREAREN, RITHABZ 5.

] 8.8.1 Heaviside & ¥ H(z) 22— ¥@oXT %( KFLEFL j—z =
0) # X 5.

#®  mRs2104m %Ij— =%

B832 #FEY Loy—0HBAR KPa A¥MK 2R

dx
® ETE :
i—E +aFE = d(z)
HIPIREL oo, #Eﬁiﬂﬂf?ﬂ 9 I HH e*=d(z) = §(z), FH
———(Ee“) =,

H% 8.3.1 M), Be** = H(z), WH E(z) =e > H(z), EREFRAELLE
BI833 ER PRAASNT S - AR, IR Bo, 22), AR

62E
0x,02,

= 6(3:1, :!:2).

R WEecLl (R, ﬁﬁﬁmr—mﬁeﬁﬁ oe @(Rz) #

(8(z1, x2), ©) (33: Oz, > ( : 83: 89: }

Hp 7
L N
(E, m) = (0, 0}.
FE
1, z,20,2:>0
E(z,, x2) = { 0. I, (8.3.2)
Iy

Fe
? 32213:52> / E3m1 d:Eldmz

6'2
dz.d
w/:,c;>0 Ta>0 Om; 02, it

= (0, 0).

B (8.3.2) TR AR.
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LA L =45 PR R A DR 0 R, O TRV SR AP IS 2 A s X
PR y BAER AL ERAARA, FRTER P(D) =0 HEERE
E(z), WHABR y = ¢ FRRRNEMNEFERE E(z - ). Eﬁ;h H B4,

P(DYE(z) = &(z), MFERE ¢(z) € 2, BITH
(P(D)E(z - £), p(x)) = (P(D}B(z), ¢(z + £))
= (8(z), p(z +£)) = ¢(€)
= (8(z - &), plx))
BLL, P(D)E(z — €) = 6(z — &). ik, LABY 8.3.1 B8, SRRy =& # 0 Wi
- EERR

H(m,y):H(z—§)={3’ o

WikESHA# 8.3.2 1] 8.3.3 WEAR. WA, Ky # 0 HEEET
P RAFNNEARESN QAR TBERMRS, WA T XH BT A

AR A,
BAMAE (i T R ERPTR A EEAEA, ﬁiﬁ?‘ﬂﬂ' THEN A

EERBE RS ATRETHNA. BIOH
EHE 832 i#fcP'[RY), EAPD) HHhi% B E)* flz) RFL

P(D)u=f #1#&.
AER A= B« f(z), WE

P(D)u = P(D)(E(z) * f(z))

= (P(D)E(z)) = f(z)

= §(z) * f(x)

= f(z).
Hu=E@) * flo) BFE PDu = f(o) BBER, WIERY FR® ME
BAIEHE LERBBETEM E(@) « f(z) B DRESEBFREL THEBEHR
KCRY, 9 Pe¥(z), BEK Lz =1, W) fz) c &, TRER
E(z) «{(z) f{z) BFE, BA

P(D)(E(zx) * ¢{z)f(z)}) = ((z)f(z).
REBT K E,BE _
P(D)(E(z) * ¢(2)f(z)) = f(z), z € K, -

X uw = E(z) * f(z) RHEKBEH. s O
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RAREBMERETYE, ERREWBERERT. BEHH, ERER
Girh. BT HED BRI YRR, TELREISALf () BT
FARSENN RN ZE RV BN, MR EE 83.2 NHEEX.

8.3.2 BMEBAERHECauchyitBEARAR

H R R
(2 - AJu@,) =0, € RY, £>0 (8.33)

f B
BIGEX, T (8.3.3) BT (o — A) WIEAM E(c,t) WE

(% — A)E(z,t) = 8(z,1). (8.3.4)
- B H Fourier ZZ# KM, HREX B(z,t) kT BT 5, LRt
IR, B4 sE R, 8z, t) = 8(x)6(t). FR, (8.3.4) AFELXTLE2 £

Fourier 254, 18

AdEED | n boe <
T + € E (£,t) = 8().
H# 8.3.2 &1
B (€,8) = H()e "™,
4l 8.1.7 B4

E(z,t) = F Y H(t)e "] ,
= H{t)F [ 1t (8.3.5)
= (dmt)~N/2 H (eIl /a0,

AKEH E(z,t), e 8.3.2 AR (8.34) AWARI N & I & AR,
R BATH B — 850 W — R R PR FF, B ¢ = 0 BARTHF
ERARENT. WE = 0 REFEES c = 0 Al — MR HRN, WS
EMBESRREEER 835 (N =1). HETEARTHT H(E) HHAY
8B E(e,t) £t < 0 WEEH, iRl REEH ¢ > 0 B9
HMAEF Cauchy il '

9 _a ulz,t) =0, t € RY, £ >0,
ot

‘U(:L', 0) = !p{ﬂ!:)

(8.3.6)
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B X Cauchy K (8.3.6) FIEEMRE E(x,t) € Z'(RY) £iH
(% — A)E(z,t) =1,
E{z,0) = §{x)

KR, FIB Fourier 24, (8.3.7) Zh H@

{dE(”:’” FEPBEH=0,t>0

(8.3.7)

s di
B(€0) =1

we )
E(£8) =ek™,
{E Fourier Ha#:, E1F
E(z,t) = (dnt)~ /2 Iel 1040,
B RHE TR Cauchy B ZA M. ; ;
Rl m MR R EROBEF O — P(D) = & > Dt
Cauchy  fal X

(5 - PO)u(z,) =0, 2 €RY, >0,

{ u(z,0) = up(z) € Z'(RY),

HAA AR X e

{ (ﬁ —P(D))E(z,t) =0, € RY, t >0,

(8.3.8)

at (8.3.9)

E(z,0) = 8(z) € &'(BRY)
W Bz, 0) € 9(RY), ¢ HBY. RF,Ele,t) XT t RRBEEK, - WEd
ERHETH AL — 0 BIRIBHRR. FRE TEER E(, ), 5 (8.3.8), F
EHE 8.3.3 # E(x,t) xuo(z) #4&, M u=E(z,t) *ug(z) £ Cauchy M
 (8.3.8) & fi. .
I B RIAZ e B 1R B3 E 2 H I Cauchy [RIFE (8.3.6) HIMR

u(z,t) = B(z,t) * (z)
= (4nt)~ "2 f ) ply)e “F dy.

XA ARES 4 FEHESHR, FRIEAVER. EXEERET NHHELTH
%, BT XREAFERFRERE, SR BRAE, AXBRBOL
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8.3.3 iKENHTE Cauchy FEAEFRE

KB A BREABES A EEH XRENMIR, CEUASHNFE
M. FHEiT =435 12 Cauchy B NEAR. FN1E X Cauchy FAE

{ (@ —a*A)u(z,t) =0, & = (21,72, 25) €K, 1> 0, (8.3.10)
u(z,0) = 0,u,(z,0) = ¥(z)
B A 2 I
{ (% —0*A)E(z,t) =0, ¢ = (21,22, 2:) € R?, £ >0, (8.3.11)
E(z,0) =0, E,(z,0) = 8(z)

IR E(z,t) € 2'(RS). AT (8.3.10) KIFER E(z,t) » ¥(x).
. RN AR B Fourier B K ) & (8.3.11). & E(:c t) € S'(R3), W
(8.3.11) FERBILKT ik B 1E Fourier Z#, H0 E (f t) = F[E{z,t)],
w1
& E
d¢? )
Ben=0, SZE0=1

+@)E]P E=0, ¢ > 0,

q1na|§|t

E (lel.t) = A

TE
sin a{€lt
alg|

PR BN AR B R TR AR, RN £, Bt o 08, 363 1€ = 5,
R HEE
_ —3 * singpt 2 8 ) i|x|poos 6 .t
E(z,t) = (2n) fo a—p’o dp/D dcp/o ell=lPeos? gin Adp

= (2nalz|}! /m sin(|x|p) sin(apt)dp

1

41:2(11.7;[ A—>+r>c

E{z,t) = FE (gl ] = (20 / | L,

(8.3.12)
/ [cos(|z| — at)p — cos{|z| + at)p|dp

[smA(|:c] —at) sin A(|z| + at)]
|zl — at x| + at

- An2a|z| A—tec
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4m| |[5(l$l —at} — (|2 + at)]

Tz Ol =

41m| |

FE®HEATE 824 Mt > 0 XAFE
FIFHEAAE (8.3.12), @4 Cauchy FIFE (8.3.10) FHER

u(z,t) = E(z,t) x¢¥(x)
. / Bz - 5, )9(p)dy

3
mb‘

&(lx — yl —at)
vy 4l — ] Y{y)dy
8.3.13
f /15@? SIS, (8:.13)

=51, %

ot / " r(r — at){l.dr = t[w}m

a
Hek S BU 2 FHO. Bl > 0 BEBMIRE, [0, £ ¢ £ S, EHRE

T
R, w7 LLE XA Cauchy AR

2
(% —@*A)u(,t) =0, & = (21,42, 75) ER?, >0,
ru’(x!(]) - (P(x),ut(ﬂ:;ﬂ) =0

(8.3.14)

MIEARE, HRAKERRETERS (8.3.14) MR ulz,t) = %@MM), %
M RERE G EES (8.3.12) fi (8.3.13) MWABHOSER. TE, AREX
W 5 BB I B BB 7 Canchy W |

{ (% = a“A)u(x,t) =0, = (21,2, 23) €ER?, £ >0, _

u(;r, ) = ‘p(w)? ut(g"? U) — Q,f)(.’ﬂ)

(8.3.15)

B f
;) .
u(mv t) — 'a_t(t[@]at) + t[w]at-

X EE 3 EPREN Poisson &R, PiliXEEERT NEBEHET.
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8.3.4 Pf. BANRZ AN FHELRE

B, FERY(N > 2) FEBEAETFHRER E(z,y) € Z/(RY), AR
~AE(z,y) =8z -y 2 I"'BR. BT A B ARTFLERNOREEZR T
BT, BITREBWE = E(r) HEFHE, Xhr=|z—y, PF

d*E N-14F
. — = —&(r). 3.1
e N = 8(r) (8.3.16)

FEFGRR Y ERB () =0, 0T = TN_I%} ke % =0,
WA = ol TR

' =N N>2
B(r) = ers > 2,
clnr, N =2

Ho, c REFERE. BN >20, #AR 5.110) FRu=pc 2(0), HF 2
2 RY B spt o Ry MERF R, & '

plies f ke - )Apdz

= e —1N)wN ,[2 [z =y Agda.
B—HE, X EFr)=c*¥(N>2),H
oly) = 8(z —y), o(z))
= (~AE(r}, plz)}
= —e(Ar® ™Y, lx))
= —C<T2_Nr Ap(z))
= —c/ [z~ y|* ¥ Apda.
g EEH, B X
TNV - 2wy’

BN = 2B, R R e = _21—“. BiLl —A B R

P N>2

i 1 2-N
—_— 7Y, N> 2
B(r) = { NN =2y (8.3.17)
~—Inr, N=2. :
2n

AN =30, EXBEHROWERE L. NRA p(o,y,2) REZAB
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oL 3% B P B 9 AT B w(, y, 2) B AL, M w 3 2 Poisson HHE —Au —

uma%QJW%aEﬁyﬁ—¢ﬁ@ﬁ<ﬁuw?ég,£ﬁm%%ﬁﬁﬁ,

K I 31 L B O R A (8.3.16), AR APIRES T 19 R e
HEERET AL, RIATHEE L ENESRE T B

_ A?E(r) = 8(r) (8.3.18)
FI#% BE(r) € 9, B, r R XWRTFTE. FIF -A BEARE (8.3.17) &
‘ e, N >2
AE(r) = { é’l{c mr, N—2 (8.3.19)

B 1
o = N2 —Nuwy

M (8.3.19) R ER A? FIEAR. B N>20,F
1 d ( noidE
eldr Y dr

aﬂ={2@-m”w’N¢4

%ln'r‘, N=14

BN =2 i, RUHER, 7TRE A? HEAREA
E(r) = Sinrz Inw.
SHERWHEF A"(m > 2 ), TUHSHISERNEFHELR—
FFHITTIE, 1A 2
B(r) = { ConT ™ Ninr, 2 2m -N20 HAE%

) — ey,

AR B XK, B

B 1 ftla, (8.3.20)
Hef o,y RAIVS m, N FRMME. TSRS

MERNRE WA EABN T, EHEENE, FHREBEO—RELE
5 X R, BRI A SRR S B H SA AR ERA. BTIN, A
TR IATEEAN, SHRROAERS, MR BERh ™ X E
HAR. BTLURA BB K T SRR, e T TR, TiE B s Sdssiaft
BoiREL 2 3 RO — R MR B R B IR R R, AR
 EIRE RS AR (B, AR, S X R S R R
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X -$RERAE T FIES, FEARRNNARFERRE TERRR,

10.
 ARNEE Q) FERPD), K

11.
12.

3 RL 8

ik ulr) RRY FHRTREY, AR 53 FFRELGARFn.(z) #

u ABAEH Y. EW: He— 0 HTASFEML:

(a) % u € C(RY), B w* — u(C(RY));

(b) # u € LP(RY), 8 u* — u(LP(RV));

(c) & u e &RY), B vt — u(E(RY));

(d) #F ue Z(RY), B v — u(Z(RY)}).

JERE & X 8.1.3 /4 k.

LB C(RY) £ LP(RM)RCRY) FME.

¥ fn € ZR]), g€ DR)), B fug € ZR]) x I(RY), B fo, —
O{Z(RY)) B, fmg — O(2(R]) x Z(R))).

CAERA 8.1.3 W PR R B R SUF &4 (1) 5 EH K4 (i) A4

(iv) ¥4
JER{H 8.1.5 &858
JER EEE.1.8.

L IEWR % A 2(RY) iﬁ‘-ﬂ%%#z, & {gn} C Z2RY), K pn(m =

1,2,) L R—BAR, SRS EHAEa, K
sup-|D°'gom -D%p,| =0 {m, n— o), .

M Fk o € DIRY), & o — @(2RY)).
WEAE A A (RY) LREF F A,
FIol 8.1.5 &9t F, iR L m - 0o B, pnls) — 0(F) # 5 & Hb

| Q(x)P(D)pn(z) — 0(F)
ARY F—s& S,
Rulx) € 5, u RubEFLEBH EB S e — 08, u(z) - uw(z)(F).
Bnle) RES FEI3 FPELNART, (¢} RETFATE— 4\551];
1B mia] > |2 | + 2, &I

o

r(z) = Z 1+|; IT")"' S (R™).

=0
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13. & f, g € &, W F A Fourier RAFUR
F(fg) = (2m)~"F[f] » Flg].
14 W% f, g7 B0, &
Flf»g]= (2m)"F[flF{g].
15. % f €S, o AEE—A$ FHF, L9
Flz*f] = 1*D*F[f].

16. HEH
Fle~!=I"72] = (2m) /e lEI"/2,

A BAAF LIS Fourier E# F .5 — & #iig &8 F Ik
P fe) = m 7 [ fe=ae,
17. 3180 F | — A5 B& Fop sk LR # % H:

(a) sinx;
(b) @;
(c) e
NENCES!
@ 1@ =1y m5

18. FI8F 5 7 LR #O& TR — ’i‘)"i&fﬁ:ﬁ‘iﬁ]

(a) f(x) = e* cose®;

(%) ) = {[1] o

(e} S, vy = E e®(0), Y € C™(R*).
19. 9 [ € P HAILRARANEER KK, AT Ke ZHR R Hom,
A |
ol <e sup|D"p(z)l, ¥ € Z, spt » C K.

el gm

20, A ZF T D b T I AR L
E
() lim = 8(x);

e—0 n(sz z?)
(b) lim \/LEE"M e = §(x).

e—0

21, fEBf4p] 8.2.6.
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22.

23.

24,

25.
26.

27.

28.

& f(z) 5 XLEE, alc) AREGET, 4E8A 2 & Leibnitz 2= &,
Doaf) = 3 ——2 (D)D),

— al(f — a)!
ko 0 RS ERME
HEIab &Y ¢ :

: i, 21,

o= {2 222
vy af dif  d'f
AR B P
i%

)1, z2>0, >0
f(w, y) = {0, Yot

o 0f Of . &f
B dx’ By #Bxay'

FET 824 B b - SUE A A SRR 2 5S4 3.
i/ L@ f(-z) = flo), & [ = f@)(f = —f(—=)), WAk f A& ()
TS #. KIEW:

() 0(z) 5F BARRM S LS H;

(b) 18 /- 5L 69 — B 3 B3 1~ LB
(€) 4— @' /" LFE M f Th—RHRA— MG LEBE — A F 7 3L
oy H 2 Fo:

= U+ﬁ+%w—ﬁ;

b =

(A feP AB/mrLihH SEALSHE—FaBeec D BE
(f, v) =0.
KW ofz) e C(RY) R 7 T (g e s Hape S) &

R FHR HAE—FEHARS, L AL S AR Fi(z), #4F Do) <

|Fs ().
% ¢ € CP(RY), RHX:
(a) (e*6™(z), w(z)), k,m REMH;
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29.

30.
31.
32.
33.
34.

35.

(b) (8(az), ¢(a)), o AAH;
(&) (5(0(2)), o(a), ¥ & C=
(@) tim (3 coska, p(a)).
ELRY flf.lﬁﬁ Heaviside Eﬁ%ﬁ;{r

1 20, i=12,---,N
mo={b 520

0, HA.
HE ]
H(z)=H{z\)o H(z:) 0 o H(zy)

A 9" H(z)

xr

T g~ O@) o d(wa) o0 b{an)
= 6(3:1, - !wN),

kb, HFo kT REANLS
E Y ) 8.2.14.

B (8.2.4) RBE—F 6L,

AR K 8.213 B & ARMMR () Bk (i),

WEHB26 S F RS RBEMGHF I B4 HRFS.
#feS BN THERSFMH

(a) D°F € LARY), |a| < m, a RiE—$ €

(b) €= (&) € LARY), Ja] < m;

(c) P&) [ (€) € L*(R™), stAi# k& < m # 5 X P(e) A%,
(d) (1+1€P)™ § (€) € LA(RY).

HEHKs> 0, FH S PHRLEY

(L4 1€ [ (€) € L*(RY)
8 1 & Adkinh HYRY), # 2 LAR |
o= [ 0+l F©h e

P H(RY) & —A Hilbert % .
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36.
37.
38.
39.
40

4].
42.

43.

44,

£5 X Ple) = 3 auz* € 7, £¢# Fourier 4.
SEWI /- L 8 Fourior THREAF /- B A (1,26 A)
B4 4) B Fourier Z 3§ = A A 54209 2 AWM.
EWRE 833

FABEFFTEOELARKZE A

{ % = g;; +alz, Bu+b(z,t), |2] <oo, t >0
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