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12.2.3 Riesz DRI EH

Hilbert ZZEIICBWTIE. KD Riesz DEBDVHEAMN NP OEETH 5,
JEP 13.2 (Riesz ORBUER — HEii P NIFNETHEETEZ 3)

H X K £ Hilbert 22/, Fe H' 2352 %, Jluc H st
(v,u)=(F,v) (veH).

H=R" DEEMEEKRT 20, EXTAHAID,

AEARIE. 1ZE A Y TR TOBEIRITO 7 ¥ X Mic#loTW 5, [PAKIEER ) 22
HICHERDE1T %) LW FRRERE (EH 13.1) ZHW 2D K4 ¥ M TH 5,
H=R" OHETHI L

TNAEZER] /) — b 2.12 Riesz ORBEH (R” fR)J

2R L THL,

MENER AR GEE. ZOEEE2H-> CTHRO—BFAEZAHT 2 Z & b Hk
W (RDAFTA K2R X). 5D UERRFIZ LT Lax-Milgram D&
NENDBZeDBEW,
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12.2.3 Riesz DRI EH

il 21X, Poisson HFEIRDIEIZK Dirichlet 15[ RE
—Au=f inQ, u=0 onoQ

N LT, Vi=HI(Q)={veHQ);v=0 onl)} T, ZOWNEL /
NIV

(u,v)v :=(Vu,Vv), Jully =+ (u,u)v, (u,v):= /Q u(x)v(x) dx
TERT DL, u DFHREIZ
veV, (u,v)y=(f,v) (veV)
Zi/ed 2 LAMETH 2 (GEIFEEL < 2w,

B H  #i# htt ISHEERATR S 5 13 | ~FREZHRE
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12.2.3 Riesz DRI EH

Bl 21X, Poisson T2 DIFKX Dirichlet 17 5HEfE
—Au=f inQ, u=0 onoQ
X LT, V= H&(Q) = {v € HY{(Q);v=0 on F)} T. FONEL /
VN
(u,v)v :=(Vu,Vv), Jully =+ (u,u)v, (u,v):= /Q u(x)v(x) dx

TERTDE. uD5ReIX
veV, (u,v)y=(f,v) (veV)

23 LEMETH 2 GERIZEEL <72V, ZOHE. v (fLv) &
V EoERFPIEATH 2005, O —EFIEIX Riesz ORBUEH %
FAWT—¥TIFHTE %,

(LT DFRE L DG g1 =0, To =0 THBH B, Xy = X = HY(Q) = V.
FRFHR (u,v) = (F,v) (v € X) 1 (u,v)y = (f,v) (v € V).)

B H #i% htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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12.2.4 Lax-Milgram D&

EH 13.3 (Lax-Milgram O EH)

V i R _E® Hilbert 22, a: V x V — R IFEFMGEEFEA T, V TREN
(coercive, V-elliptic). F7bb

(Fu>0)(Vv e V) a(v,v) > pllv|?
DBRDIDE TS, TDLEVFe V IZHLT, Jue Vst
a(u,v) = (F,v) (veV).

B H #i% htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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12.2.4 Lax-Milgram D&

EH 13.3 (Lax-Milgram O EH)

V xR £ Hilbert 22f8. a: V x V — R FERANGEAK AT, V THRERN
(coercive, V-elliptic). F7bb

(Fu>0)(Vv e V) a(v,v) > pllv|?
MDD T2, ZOLE, VFeV IZMLT, Jlue Vst
a(u,v) = (F,v) (veV).
EHIZ a BRFIZOIE. 2D uiFRDO LS ZHREOT oM 5:
veV, Ju) = vmei‘r}J(v).
7z7ZL )
J(v) = Ea(v, v) —(F,v) (veV).

Wﬁ@igﬂarﬂqﬁﬁﬂﬁﬁ/ﬁ/ffﬁé (D% D Riesz DRBUER 2 — ML L 72),

i - b
# H ‘fb B htd F‘Eﬁﬁfﬁﬁ}#ﬁﬂ i % 13 1 ~ARERL
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12.2.4 Lax-Milgram D&

o BHHEER a: VXV - K BWERTH S L1
(AM e R)(Vu,v e V) la(u,v)| < M|lul[|[v].

B H  #i# htt JSFEERATR S 55 13 | ~FHIREHRY
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12.2.4 Lax-Milgram D&

o BHHEER a: VXV - K BWERTH S L1
BM e R)(Vu,v e V) a(u,v)| < M|ull[[v].

o XD FHOITI6N%) LWVWHDIE. ve VITXHLT,
(Vv eV)a(uv)=(F,v)) < Ju)= mei\r}J(v)

DEDID, LS 2 TH5, (LHATDIEFED (W) < (V) ITHY
55, )

B H  #i# htt ISHEERATR S 5 13 | ~FREZHRE
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12.2.4 Lax-Milgram D&

o BHHEER a: VXV - K BWERTH S L1
BM e R)(Vu,v e V) a(u,v)| < M|ull[[v].

o XD FHOITI6N%) LWVWHDIE. ve VITXHLT,
(Vv eV)a(uv)=(F,v)) < Ju)= mei\r}J(v)

DEDID, LS 2 TH5, (LHATDIEFED (W) < (V) ITHY
T3, )

o Lax-Milgram DJEMIZ, Riesz ORIAEHICHBIF2NHE (-,-) .
JERE FRIGRIEER a(-, ) K—{bt L7 DTH %,
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12.2.4 Lax-Milgram D&

o BHHEER a: VXV - K BWERTH S L1
BM e R)(Vu,v e V) a(u,v)| < M|ull[[v].

o XD FHOITI6N%) LWVWHDIE. ve VITXHLT,
(Vv eV)a(uv)=(F,v)) < Ju)= mei\r}J(v)

DEDID, LS 2 TH5, (LHATDIEFED (W) < (V) ITHY
T3, )

o Lax-Milgram DJEMIZ, Riesz ORIAEHICHBIF2NHE (-,-) .
JERE FRIGRIEER a(-, ) K—{bt L7 DTH %,

EHWICHD 720 D—ffb e LT, XIiZ#iF % Stampacchia OEH
DdH 2 (EHOLRDBENTRNI b H3D),

B H  #i# htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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12.2.5 Stampacchia @&

JEPH 13.4 (Stampacchia D EH)

V iZ R LD Hilbert 2. K 1X V OZETHRWHMES L T3,
a: Vx V=R EERIMGFRER T, K THIEM (coercive) . ThbbH

(Fu>0)(Wv € K) a(v,v) > p|v|?
DD DE T B, TOLEVFe VIIMLT, JlueK st
(t) (Vv e K) a(u,v—u)>(F,v—u).
XHIZ a MR LIE. 2O ulERD XS CHFRHEOSF o 3!

ue K, J(u)=minJ(v).
veK

Jv) = %a(v, V= (F,v) (veV)

B H #i% htt JSFEERATR S 55 13 | ~FREHR
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12.2.5 Stampacchia OFEM @A Lok (255 fvEss 5)

TERE 13.5 (404 [1))
it [1] WY R FED VL Ohdio T\ 5,
@ Stampacchia DEFT, a » K THEEM TR TH,
(Bu > 0)(Vv,v* € K) a(v—v',v—v")>pulv—v?

DD TIETATH S, TOHEME. FIT K=uw+ M, MIiZ V OFE7ZEH
DEEE. ROEMELFETDH 3,

(3u > 0)(Wv € M) a(v,v) > VI

@ K=w+M MZV OESZERE T2 x, ZorER (1) &
(VW eK) a(uv—u)=(F,v—u)

* (Vv e M) a(u,v) = (F,v)
CAETH %, O

B H #i% htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~



https://m-katsurada.sakura.ne.jp/ana/

12.2.5 Stampacchia OFEM @A Lok (255 fvEss 5)

TERE 13.5 (404 [1))
il [1] WIEEYZERD W D20 TV B,
@ Stampacchia DEFT, a » K THEEM TR TH,
(Bu > 0)(Vv,v* € K) a(v—v',v—v")>pulv—v?

DD TIETATH S, TOHEME. FIT K=uw+ M, MIiZ V OFE7ZEH
DEEE. ROEMELFETDH 3,

(3u > 0)(Wv € M) a(v,v) > VI

@ K=w-+M MiZV OMIIEME 32L& EoAEX (1) &
(VW eK) a(uv—u)=(F,v—u)

* (Vv e M) a(u,v) = (F,v)
CAETH %, O

FAxOMBITH LT M =X, up = ‘T1 TaHFLVDHIHEE 352, K =
U0+M:Xg1 tfciéo

B H #i% htt JSHEERATR S 55 13 B ~HRERED
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123 S5EDIE O X 12.3.1 f= —AuplBorioid u bESD

Poisson TR DIE u 38 DR DI S5 & (o7 rTRENE SR D
A SO IERIME L PRI 2 ) 2RO RRE S,

B H  #i# htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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123 S5EDIE O X 12.3.1 f= —AuplBorioid u bESD

Poisson TR DIE u 38 DR DI S5 & (o7 rTRENE SR D
A SO IERIME L PRI 2 ) 2RO RRE S,

u BB T L. 2TERSS ue H(Q) TH 5,

B H  #i# htt ISHEERATR S 5 13 | ~FREZHRE
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123 §9fRDIE S X 12.3.1 f= —Au BB 2513 u BEED

Poisson TR DIE u 38 DR DI S5 & (o7 rTRENE SR D
A SO IERIME L PRI 2 ) 2RO RRE S,

u BB T L. 2TERSS ue H(Q) TH 5,

Poisson 7722
—Au="f

3D, (vk € Zno) u € H<3(Q) = £ & HY(Q) BMBRTH 575, Feffas
BWBEIIE, 2o [f € HY(Q) = u e H2(Q)) P T %,
(FRFZDFEHEIIH»LD —BOEHRFEBI AR OWTHRIT 2, )

B H  #i# htt ISHEERATR S 5 13 | ~FREZHRE
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123 §9fRDIE S X 12.3.1 f= —Au BB 2513 u BEED

Poisson TR DIE u 38 DR DI S5 & (o7 rTRENE SR D
A SO IERIME L PRI 2 ) 2RO RRE S,

u BB T L. 2TERSS ue H(Q) TH 5,

Poisson 7722
—Au="f

3D, (vk € Zno) u € H<3(Q) = £ & HY(Q) BMBRTH 575, Feffas
BWBEIIE, 2o [f € HY(Q) = u e H2(Q)) P T %,
(FRFZDFEHEIIH»LD —BOEHRFEBI AR OWTHRIT 2, )

o QMIXTOXMTHIUL, f e H(Q) = ue HT(Q).
(Z AU fE L)

B H  #i# htt ISHEERATR S 5 13 | ~FREZHRE


https://m-katsurada.sakura.ne.jp/ana/

123 §9fRDIE S X 12.3.1 f= —Au BB 2513 u BEED

Poisson TR DIE u 38 DR DI S5 & (o7 rTRENE SR D
A SO IERIME L PRI 2 ) 2RO RRE S,

u BB T L. 2TERSS ue H(Q) TH 5,

Poisson 7722
—Au=f

X (VK € o) u € H(Q) = £ € HK(Q) BHOATD 555, el

BWBEIIE, 2o [f € HY(Q) = u e H2(Q)) P T %,
(B ZOFEREIIHZ Y —ROEMRURM D TR OWTHRIIT %, )

o QMIXTOXMTHIUL, f e H(Q) = ue HT(Q).
(ZAUIfEE)

o QN CK2MOBEETHIUR. f e H(Q) = ue H2(Q).
(Evans [5] §6.3.2)
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123 §9fRDIE S X 12.3.1 f= —Au BB 2513 u BEED

Poisson TR DIE u 38 DR DI S5 & (o7 rTRENE SR D
A SO IERIME L PRI 2 ) 2RO RRE S,

u BB T L. 2TERSS ue H(Q) TH 5,

Poisson 7722
—Au="f

XD, (Vk € Zso) u € H*2(Q) = f € HY(Q) I3BIS T H 245, Sl

BOWESIE. Zoi [f € HK(Q) = u e H*2(Q)) BHNLF 2,
(13 Z DEFEIZH 75 h — R OBIIIIRH D /RIS OV TRIT 2, )

o QM 1IXITLOXMTHIUR, f e HKQ) = ue H2(Q).
(ZAUIfEE)

o QN CK2MOBEETHIUR. f e H(Q) = ue H2(Q).
(Evans [5] §6.3.2)

o Q MIMEZ AL 51X, f e HY(Q) = L%(Q) = u € H?(Q).
(Dauge [7], £721& I TH % Grisvard [8]. MTRWIEGEIZH LV, )

B H #i% htt ISHEERATR S 5 13 | ~FREZHRE
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12.3.2 Sobolev DR EFH

Sobolev DEMKT DM AIREME TR <. H@DOWIE D DEK T DMWY
AREMEIRE 5 72725 507
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12.3.2 Sobolev DR EFH

Sobolev DEMKT DM AIREME TR <. H@DOWIE D DEK T DMWY
AREMEIRE 5 72725 507

Sobolev DEMKT 143 ER OB RN A HIUS, WBOEIKT DI
B (G, MOYATHENE) 25Mp N, SIS EOMY 7 5,
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12.3.2 Sobolev DR EFH

Sobolev DEMKT DM AIREME TR <. H@DOWIE D DEK T DMWY
AJREMEIRE 9725725 55 7

Sobolev DEMKT T2 R OM D FIREMEA HAUZ, HE D EEKTOHE
S (GEFLME. Mo ATREN) 28N, FRIZEDM Y 15,
ER 13.6 (WHW % Sobolev DHEEF D —D (Evans [5] p. 284))

U R OBERKEES. keN, 1< p<oo, ue WKP(U) 5%,
k—n/p>0THorE, uec Ckl/r-1y T

_ [ 5] +1-2 (n/p PEBTHR VL ¥)
T 1R EOEEOEDH (n/p HEHD v %)

51

[ull ck-trrer-1 0y < Cllullwie(uy -

v

HK(Q) = WK2(Q) TH 225, k—n/2 & DI WEAOESE ¢ &
TRHEE, uec HYQ) = ue CYQ) P Lo,

B H #i% htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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12.4 BIREREMAOIRAF N 12.4.1 /55t

DD, T 2T 2 KITD Poisson HFERD AKX Dirichlet 1 5L
MEZERS 2T 5, BBEER Y 2 v sk

1/2
V=B, el =19l = ([ [ @2+ ) axar)

B H  #i# htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~


https://m-katsurada.sakura.ne.jp/ana/

12.4 HIRERMOBGERME  12.4.1 78t

BE DD, I 2 TE 2 RILD Poisson FTFERDIEIZK Dirichlet 1 5UE
MEZERS 2T 5, BBEER Y 2 v sk

1/2
V=B, el =19l = ([ [ @2+ ) axar)

Y 722 DIFFAEHBEADRDELETH 5,
R/ ND R
up ERBERMEE 35 L %,

o= unlly = min flu= vy

G DARTIE, |- v & |-, up & T 2 E O )
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12.4 HIRERMOBGERME  12.4.1 78t

DD, T 2T 2 KITD Poisson HFERD AKX Dirichlet 1 5L
HEZKRS 22T 5, BEEZER Y v Ak

1/2
V=B, el =19l = ([ [ @2+ ) axar)

Y 722 DIFFAEHBEADRDELETH 5,
R/ ND R

up ZHMERMRE T 5 L &,

o= unlly = min flu= vy

G DARTIE, |- v & |-, up & T 2 E O )

lu—v|l, 5 3REBKMCETE TNV LERES X574
VeV BRIEIZ [u— | < |u—v] 23 FHEDSE SRS,

v &L T 2ZTRVWOY 2 HEZEN u, = I'Ihu ’E*’J)ﬂ?‘%

B H #i% htt ISHEERATR S 5 13 | ~FREZHRE
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12.4.2 1 RITDGE DR 7= 5

WADEME (PYL, L LT, K9 IRSHR o T oi(P) = il

TdbDrLdE. p1, ..., pm EET 1 RZEXEEKD 725 HRIEZEH O
FJRITT2 %,

ve HY() ISR LT, Ny ERRTED 3,

m

Vh(x) = Mpv(x) := Z v(xi)i(x).

i=1

Myv 1% v @ Lagrange #fE. SRR MHIEh 3,
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12.4.2 1 RITDGE O ik Z= 51

fimoeEz {(P}m, LT, Ro1XZIHK ¢ T ¢i(P;) = 6; Ziifi
72FTdbDERED L. p1, ..., om EXIT 1 RXRZBIHALRD 72 THIE 2 D
HKICk 5,

veHY (DN IZHLT, Ny ZXRRTED 3.

Vh(x) = Mpv(x) := Z v(xi)i(x).
i=1
Myv 1% v @ Lagrange #fE. SRR MHIEh 3,
i 13.7

Vv € H2(1) icHt LT

2
V3

v — Tall < 82 ||V

V3

v =l < AVl

AERHIEBI 20X, FERE [9] @ pp. 10-13 IZ#-> TV 5,

B H #i% htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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12.4.2 1 RITDGE O ik Z= 51

FH 13.8 (AREEMOBE (1 XTDOHE))

VF e L2(1) et LT, lup € Vi st up WEFIR, |ually < |If]l. T B
lu—unlly < Chllu”|l, llu— unll < Ch [|u”||.

DO O>HDTEAD S

2
= wnlly = ' = ] < b o]

V3

%1, Aubin-Nitsche @ F VU v 27 (5ll% duality argument) ZFHW\ 5,
ep i =u—u, EBE,

(5) (w,v)y = (en,v) (veV)

Ziti7zz3 we V 2R3 (ZDfE %z L RE e X)),
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12.4.2 1 RITDGE O ik Z= 51

AERA (i %)

w e HX() o w' = —e, TH %,

S5 up i udV, W THENH, en=u—up X MNyw e V, &iZ
ERLTW2 3, 3405 (e Myw), =0 DD LD,

WZIZ (5) IZ v=e, ZIRALT

lenll® = (en, en) = (W, en)v = (w — Mpw, en), < lw — Mpwl|, [lenll,

2 4
< 2w = 2R enl .

2
7’7 /!
2w 2o o)
Hii% |ep|| THI-T

4
llenl| < ghz Hu"H. O

2(unyva)v = (Fyvn) = (u,vn) (v € Vb £D. (u—up,vi)v =0. u—up & e &HEZ
ﬁif\ Vh Z LT I'I,,w }Z)Z OT\ (e;,,l'lhw)v = 0)
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12.4.3 2 RITDLGE D ik 51

Q RIEZMAIFHEE (C R?), K7 1 XZHEATE2 W = HY(Q), V = H}(Q)
DIMIZER W, Vi ZEAT 2,
RD KUV DX Q % (B) =M T o%d 7 2hEls 2,

@ Urer T=9

Q@ FEDOERZ SO>O=AIINEHE2HEE LR,

Q@ EEO=AFOEREDHEKIZ., MO=AFOHKRE LTS, H
WTQoAaEZRITIOYELNTHS (H2=AFDAEICHID=
AEDOTERDH 5 Z 21iERW),

X 1. &E2b, TE/M HAPMLOBRZDI EITH B, RATDIXE X
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12.4.3 2 RITDLGE D ik 51

TeJ DEE (= sup |x—y| =T ODHEMHDIER) ORKEZ h &
x,yeT
BL:

h:= max hr.
TeT

“AWHE T 2. ZO h ZRT2EKRT. 9, FEL 2220,
H(Q) D& 2 /A4 Jul, 7 ZRATERT 5

1/2
|u|2,T = |:// <|UXX|2+2|qu|2+|uyy|2) dXdy:| .
T
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12.4.3 2 RITDGE DiiE

1RZIEAT T OFESET v YBT3 b0% Nu £ &L,
i 13.9 (JRP iRz )

T 2=, ue H(T) ¥ 3L %,

My — UHL2(T) = C1h2T ’U’2,T,

1
IV (Mu = u)| 27y < Clmhr |ulp,7 -
72720 0 =T D/ NAA . GUWET=u IR R R IE A, )
SERE. U DT [9] A B &, 0

ZOMEIXT VRAMP NI E 2R TWVWE L5720, FIZEAID
%, TEIOBERZIRS b, HRICZ K O=AELANRITHE 2 DT, —iKICIE,
W BTHNEW O DHTRS K5 RDEIDIFENRDD 5%, £5785¢E
F LB REETHMINE SNRNES S Z I ZBB Bk S, 22 TR
DESBREEBLZEIZT %,
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12.4.3 2 RITLDE DR 2= i

EF 13.10 (ZAESE OBEOIERIE, Zldmal Of/NEME)
=AITEIDIRE { T} o DIER (regular) &1,

(6) (361 > 0) gf min 01 > 6.

T,
&t % Zlamal OR/NAESME L FESR,
R i 72 SR

(7) (3 > (VT € (T} VT € T) Z <u.

Mbd, 722U
pr = T ONFEMDELR.
(G&fE (7) 1E. 3XTOHEICHEHT 5, )
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12.4.3 2 RITLDE DR 2= i

FEH 13.11 (KRIERIAHRRRZE)
{%}h>0 i))J—_EEIJt.C—.ﬁﬂ:; \gjﬁtj‘é =N

IMpu — ul| < G A |U|2Q (u € H*(Q)),

IV (Mpu — u)| < 9 hlulyg (ue H(Q)).
ZZTC G I3HHE 139 FICHN B IEERTH 5, )
AERALE, WX D EE#E [9] &R Ko O

#i B htt ISHEERATR S 5 13 Bl ~FIREZREO BRI R~
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12.4.3 2 RITDLGE D ik 51

TEFE 13.12 (H 3278 31H1)

QIZMZ AR, { T}y & Q DIEAIRZAEIEOBKE T2, ueV %
FfE. T, OEHIRIXS 1 XZEATHERA TR S DDOLKE V,, up eV, %
ARERE T 5L &,

|u—unlly < Ch|u|H2(Q) :

7L C = C(6,,9) > 0.

MAERNDFREDN S, Vv, € V, LT,

llu = unlly < flu=wally -
vi £ LT Myu ZART 2 &,
llu = unlly < flu=Thully < C(01,Q)hul,q -

Wz

o= unlly < C(61,2Q)hlul,q. O
R T— IR S 25 13 ) ~ BRI
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12.4.3 2 RITLDE DR 2= i

TEH 13.13 (L2 BRAZFTA)
EM13.12 L FICIRED D & T

lu = upl| < C'H |ul gy -

EF 13.8 DEFDEERH & [FFEIC Aubin-Nitsche @ + U v 7 & Hw»
Ao O]

v,
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o H ERFEFHEIC OV TIE
o 1 JUTOREMNZ, 7R/ N D JFHE + Ml B o R 72 R 72
o 2 KITOFEIIE, FAFER/ N D JF I+ IR O Ja T 72372 + 0 El o
IERIE 2 & 8 2 KIAY 7 37 FTiff
o L2 FHZEFHMIX, H! BRZEFHMEL D D h OED 1 mVIHliAE s h B
(Aubin-Nitcshe @ bV v 712X %)
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CORHOZ Y TIUVDSHE

TR R DRI 72 BUERE T H 2 BIRERIEDFH Y | FreeFem++
&35 I I OWTRS L 7=,

GIREREZ, BEAEENI LoD LTWB 70, #ifH - FfEH g
FILRTWAHEE WR S (EBRIHELDNTWAFIETSH. £ OMERIRIL
EHBTERVLI 2 EBLL RV,

AREREE  BEEFT AT, BIERRE L 20w n e HEc OV TR EHE VLD T L5 8 Ab VS, doknhnwikd -

L2 LEREBERETIXRTHEIFL WD TRV, 2FELITLE
B ZFOMANPHE LN D H D, EEBRICHHT 25512, BROZY
HIZOWTHEELRMET DB 5,

HEIZ, ELELE->TATRE W,
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