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12.2.3 Riesz D& E B

il 21X, Poisson SR D [FIXK Dirichlet 35 FSUE &
—Au=f inQ, u=0 ondf2

LT, Vi=H(Q)={veH(Q);v=0 onl)} T, ZOWEL /
N

(u,v)v = (Vu,Vv), Jully =+ (u,u)y, (uv):= /Q u(x)v(x) dx
TERT DL, u DL IX

veV, (u,v)y=(f,v) (veV)
Zii7- 9 I L TH B,
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12.2.3 Riesz D& E B

il 21X, Poisson SR D [FIXK Dirichlet 35 FSUE &
—Au=f inQ, u=0 ondf2

LT, Vi=H(Q)={veH(Q);v=0 onl)} T, ZOWEL /
N

(u,v)v = (Vu,Vv), Jully =+ (u,u)y, (uv):= /Q u(x)v(x) dx
TERTDE. u DR EIL
uev, (U7V)V:(fa V) (VG V)

27§ ETH D, TOHH. FRO—EMFEIE Riesz ORBUER 2 M
WTFETIEHTE %,

(MHIDFES L DXIE: g1 =0, T2 =0 THID5, Xy, = X = H}(Q) = V.
F 72558 (u,v) = (f,v) (ve X) 13 (u,v)y =(f,v) (veV))
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12.2.4 Lax-Milgram D 7ER

B 13.3 (Lax-Milgram D 7EHE)
V 1 R _Eo Hilbert 22/, a: V x V — R IFHFRBEERERT, Vv CHEER
(coerdive, V-elliptic)s Fhbb
(B> 0)(Vv e V) a(v,v) > p|v|?

BEDVDET S, TOEE, VFeV IZHLT, Jlue Vst
a(u,v) = (F,v) (veV).
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12.2.4 Lax-Milgram D 7ER

TERE 13.3 (Lax-Milgram O 7E HH)
V 1Z R LoD Hilbert 2. a: V x V — R I RMEABA T, V THREWN

a7y 7

(coercive, V-elliptic), T%bH

(B> 0)(Vv e V) a(v,v) > p|v|?
DRDLDOET S, COLE VFeV IZHLT, Jlue Vst
a(u,v) = (F,v) (veV).
IHIC a WS, 2D u lFRD LI ITHEHED T o 5:
uevV, J(u):vmei‘r}J(v).
el
Am:%xmn_wm>wevy

SEWIIA4H [1], Brezis [4] 75 £ % R k.

B e htt
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https://m-katsurada.sakura.ne.jp/ana/

12.2.4 Lax-Milgram D 7ER

o MHIEIE a: Vx V 5o K SR TH % L 1
(AM e R)(Vu,v e V) |a(u,v)| < Mul|v]l.

B M 4 htt VT B At i A
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12.2.4 Lax-Milgram D 7ER

o MHIEIE a: Vx V 5o K SR TH % L 1
(AM e R)(Vu,v e V) |a(u,v)| < Mul|v]l.

o RD7Y: RO oNnz, LWv)DIE, ve VIZHLT,
(Vv eV)a(uv)=(F,v)) < Ju)= mei\r}J(v)

DIRYILD, V) T ETH D, (MHIDEED (W) & (V) ISHY
5, )
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12.2.4 Lax-Milgram D 7ER

o MHIEIE a: Vx V 5o K SR TH % L 1
(AM e R)(Vu,v e V) |a(u,v)] < M|ull|v].

o BDIw: RO o6Nsy Lw)DiF, ve VIZXLT,
(Vv eV)a(uv)=(F,v)) < Ju)= mei\r}J(v)

DIRYILD, V) T ETH D, (MHIDEED (W) & (V) ISHY
5, )

o Lax-Milgram DEF L, Riesz DERBIEHICE T 2N () #.
ARSI a(-, ) ic—BILL 7= b DTH 5 (EE: NHEIZM
FERAERABERIEIEATH ), 935 2 & TIRHICEEL CTEf &
%o T3,
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12.2.4 Lax-Milgram D 7ER

o MHIEIE a: Vx V 5o K SR TH % L 1
(AM e R)(Vu,v e V) |a(u,v)] < M|ull|v].

o BDIw: RO o6Nsy Lw)DiF, ve VIZXLT,
(Vv eV)a(uv)=(F,v)) < Ju)= mei\r}J(v)

DIRYILD, V) T ETH D, (MHIDEED (W) & (V) ISHY
5, )

o Lax-Milgram DEF L, Riesz DERBIEHICE T 2N () #.
ARSI a(-, ) ic—BILL 7= b DTH 5 (EE: NHEIZM
FERAERABERIEIEATH ), 935 2 & TIRHICEEL CTEf &
%o T3,

SHIBHD 7DDt L LT, KIZBIF % Stampacchia D& P
3% % (EEOLRPECTHEVLI LD H DD,

B e htt ISR E TR 28 13 ~Fi BB O BRI S~
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12.2.5 Stampacchia D E#

EH 13.4 (Stampacchia DEH)

V1 R kD Hilbert 22, K 1& V OZ2ThLEIMNMESLET 2,
a: V x V — R 2G5BT, K THEER (coercive) . T4bH

(Bu > 0)(Vv € K) a(v,v) > p]v|?
DD DETE, TOLEEVFe V' ITNLT, JlueKst.
(1) (Vv e K) a(u,v—u)>(F,v—u).
51 a VRS, 2D v IFRDLHICHREDO T 5 5:

ueK, (u)—‘rjél}r}J( V).

7ot L
1

J(v) = Ea(v, v) —(F,v) (veV).
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12.2.5 Stampacchia DEH  f#1 Lok (29 v 9 fviEns 2)

T 13.5 (% [1])
@ Stampacchia DEHT, a 28 K THIENTHE L TH,
(3u > 0)(Vv,v* € K) a(v—v*v—v*)>pullv—v?

BRI TIEH D TH B, TOFMIE, FITK=u+ M, M2V OB
FEMOEEE. ROFEMELFAETH S,

(G > 0)(Vv € M) a(v,v) > u|v]?.

@ K=u+M MIZV OPRZREBLET 2L E, ZoA%EN (1) I3,
(Vv eK) a(u,v—u)=(F,v—u)
® (Vv e M) a(u,v) = (F,v)
LIAfETH 5, O
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12.2.5 Stampacchia DEH  f#1 Lok (29 v 9 fviEns 2)

T 13.5 (% [1])
@ Stampacchia DEHE T, a % K THEMN TR TH,
(3u > 0)(Vv,v* € K) a(v—v*v—v*)>pullv—v?
D3R SLT i“+6}’ca5z>o ZDEMIE, FIZ K =uy+ M, M X V OFFE
DG, ROFGMELFMETH 5,
(3 > 0)(Yv e M) a(v,v) > u|v|?.

@ K=u+M MIZV OPRZRBLET 2L E, ZoA%EN (1) 13
(Vv eK) a(u,v—u)=(F,v—u)

® (Vv e M) a(u,v)=(F,v)
EHEETH 5, O]

o

ﬁ’?@Fﬁﬁ%ﬁKﬂLT\ M:X, up = rl“Cgl u%bb’&)%}%ﬂﬁ& k?%(‘:
K=u+M=Xg Ehke b,
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12.3 DM O X 12.3.1 f=—Auslornsid u biFsH

Poisson XD YA u 3 EDREDIG S 0> (5 ATREME L EE %D
- RO IERME LI 5) 2RO DR K9,
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12.3 DM O X 12.3.1 f=—Auslornsid u biFsH

Poisson XD YA u 3 EDREDIG S 0> (5 ATREME L EE %D
- RO IERME LI 5) 2RO DR K9,

uRBIRET DL, $TEEDS ue H(Q) TH 3,
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12.3 DM O X 12.3.1 f=—Auslornsid u biFsH

Poisson XD YA u 3 EDREDIG S 0> (5 ATREME L EE %D
- RO IERME LI 5) 2RO DR K9,

uRBIRET DL, $TEEDS ue H(Q) TH 3,

Poisson 77zt
—Au=f

L0, (Vk € Zso) u e H2(Q) = f € HKQ) I35 Th 378, &fint
RWiEIcid, 2o Tf € HY(Q) = v e H2(Q)) 2T %,
(FF 2 DFEHEIID 7% ) — RO BRSO W TRIZT 5, )
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12.3 DM O X 12.3.1 f=—Auslornsid u biFsH

Poisson XD YA u 3 EDREDIG S 0> (5 ATREME L EE %D
- RO IERME LI 5) 2RO DR K9,

uRBIRET DL, $TEEDS ue H(Q) TH 3,

Poisson 77zt
—Au=f

L0, (Vk € Zso) u e H2(Q) = f € HKQ) I35 Th 378, &fint
RWiEIcid, 2o Tf € HY(Q) = v e H2(Q)) 2T %,
(FF 2 DFEHEIID 7% ) — RO BRSO W TRIZT 5, )

o Q M LRITLOKETHIUL, fe HNQ) = u e H2(Q).
(ZAUfEH, )

B e htt ISR E TR 28 13 ~H R
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12.3 DM O X 12.3.1 f=—Auslornsid u biFsH

Poisson XD YA u 3 EDREDIG S 0> (5 ATREME L EE %D
- RO IERME LI 5) 2RO DR K9,

uRBIRET DL, $TEEDS ue H(Q) TH 3,

Poisson 77zt
—Au=f

L0, (Vk € Zso) u e H2(Q) = f € HKQ) I35 Th 378, &fint
RWiEIcid, 2o Tf € HY(Q) = v e H2(Q)) 2T %,
(FF 2 DFEHEIID 7% ) — RO BRSO W TRIZT 5, )

o Q M LRITLOKETHIUL, fe HNQ) = u e H2(Q).
(ZAUfEH, )

o QS CH2 HOBHEATHIUL, f e HKQ) = ue H2(Q).
(Evans [5] §6.3.2)
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12.3 DM O X 12.3.1 f=—Auslornsid u biFsH

Poisson I D55 v 3 EDRE DU & 0> (T FTREM R ERI K D
HEE--- RO IERIME LML) ZRODFAXRE I,
uRBERETEE, FTEERDPS uec HY(Q) TH D,
Poisson 22
—Au=f
£ 0. (Vk € Zso) ue HH2(Q) = f € HY(Q) ZH S 2 TH 223, FiFH

BOBAIIE, Zoi Tf e HNQ) = u € HK2(Q)) D9R%T 5.,
(RIF 2 OFHFEITD L) —BROEHERER TR O WTRLT 5, )

o QM1 XILDKETHIUL, f e H(Q) = ue HT2(Q).
(ZHUfEg, )

o Q2 CF2 oA ThIURE, f e HN(Q) = u e H2(Q).
(Evans [5] §6.3.2)

o Q BME MBI S 1E. f e HOQ) = L2(Q) = u € H*(Q).
(Dauge [7], £7:1358LTH 2% Grisvard [8])
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12.3.2 Sobolev Ok & #H

Sobolev DE TOM AIREME Tl 72 { . @B DOMIE D DB TOMY
HEEEIZE ) B 725922
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12.3.2 Sobolev Ok & #H

Sobolev DE TOM AIREME Tl 72 { . @B DOMIE D DB TOMY
HEEEIZE ) B 725922

Sobolev DEIL T3 2 BIE DM AR H LI, I DK TOM
5 E (EFEME, MO VRENE) 2SE N, BRI EORE LD,
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12.3.2 Sobolev Ok & #H

Sobolev DE TOM AIREME Tl 72 { . @B DOMIE D DB TOMY
HEEEIZE ) B 725922

Sobolev DEK T3 2 BB DB AIREIEA H UL, FHMO K TOM
57 (HEME, Moy TTHENE) 2, BRI EDMRE R S,
EH 13.6 (V2 % Sobolev DB EFD—> (Evans [5] p. 284))
UD R DFERLZES, keN, 1<p<oo, uec WkP(U) &7 3,
k—n/p>0ThHoLE, ue Ckl/r-ly Zz0
. 2] +1-2 (n/p HIEHLT\ & %)
LR DEREDIEDE  (n/p WEEHD & F).
I I
[ull c-trrer-1 0y < Clullwre(uy -

HX(Q) = WK2(Q) TH 206, k—n/2 KD/INSOVERKOEL % ¢ &
T2EE, uec HY(Q) = ue CYQ) 2D 31D,

B e htt S FH B AT
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12.4 BIREEMOTZG  12.4.1 T8t

fHHDO -0, 2 2 TlE 2 RILD Poisson JTFER D [FEIZ Dirichlet 535U
Mz 12T 5, BIEZRE 2 Lol

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

FE H #i %2 htd BT R 48 13 ] ~4iHagE
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12.4 BIREEMOTZG  12.4.1 T8t

fHHDO -0, 2 2 TlE 2 RILD Poisson JTFER D [FEIZ Dirichlet 535U
Mz 12T 5, BIEZRE 2 Lol

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

FE L 72 B DIFALIFEADRDEHITH %,
AR /N D S

up ZHIREEMRE T2 L &

Ju = wnly = min lu=vily-

(S DA TR, |||y & -, up & T EFO7, )
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12.4 BIREEMOERME  12.4.1 J5#f

%ﬁ@t . 22T 2 RILD Poisson HFRER DA Dirichlet 5354l
MEZHKS 2 &2 5, BIEERE 2 Lol

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

FE L 72 B DIFALIFEADRDEHITH %,
AR /N D S

up ZHIREEMRE T2 L &

Ju = wnly = min lu=vily-

(S DA TR, |||y & -, up & T EFO7, )

lu—vl, »&2HEAKNICIETETINSLI LETEE X9 %
VeV, 2R |[u— ) < |lu—v] £V FHEDES NS,

v ELT, 2Z2TRVHOIEEZIER uy =Ny ZHHT 2,
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12.4.2 1 XILD 4 D i 2= 3 i

fiimDek% {P,’}}ll & LT, X1 XK p; T C,Di(Pj) = 5,‘j % it
TbDRED L, @1, ..., om 13X 1 REEARMAKD 22§ L2 D
FKIC% 2,

veHY N IZRLT, Ny ZRATED S,

m

Vh(x) = Mav(x) ==Y v(x)@i(x).

i=1

Myv 1& v D Lagrange flifdl. MR L TIENn 2,

B e htt ISR E TR 28 13 ~Fi BB O BRI S~
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12.4.2 1 XIu D6 D i z= 3

fliioatkz {(P}r, &£ LT, K 1REHRK ¢; T @i(P)) = 6; 2
THDRED L, 1, ..., om FXT 1 XRETEARED I THIZZEH O
FKIC% 2,

veHY N IZRLT, Ny ZRATED S,

m

Vh(x) = Mav(x) ==Y v(x)@i(x).

i=1

Myv 1& v D Lagrange flifdl. MR L TIENn 2,

filied 13.7
Yv € H2(1) I2/t L T,

-~ 2 - 2
=l < SR IV =) < o).

AEPH B Z 0, 7RI [9] @ pp. 10-13 IZ#-> T 5,

B e htt & i o B D BRI B~
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12.4.2 1 XILD 4 D i 2= 3 i

T 13.8 (HIREFMOEHEF (1 XTEDHA))

VF e L2(1) 12t LT, up € Vi sit. up EIHE, |lually, < |Ifll. 51
lu—unlly < Chllu"||, [lu— unll < CH [|u”|.

HED O HDOAEFEXD 5

2
= wnlly = ' = ] < b o).

V3

#F1%. Aubin-Nitsche @ bV v 7 (Jll4 duality argument) Z V> 5,
ep=u—u, £EBE,

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

BT we V ERD B (2 ORIER LR R L IR,

B e htt ISFHBEMTR R 55 13 [ ~F BREEREE O BRI St~
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12.4.2 1 XILD 4 D i 2= 3 i

UEHH ('I}h )

w e HX(1) 2D w' = —e, TH %,

351 Up X ud thj‘ AT TR IN=N €p = U — Up [ Myw € Vj Elx
ERXLTWS 2, T4bb (e, Myw), =0 23D LD,

WZIZ (5) IC v=re, ZFRALT

lenl|®> = (en, en) = (w, en)v = (w — Mpw, en),, < |lw — Mawl]y [lenll,

i /" i i _ﬂ 2 Z
< Hhlwll- "l = 3 leal [lu"]]
Hji% ||en]| THI-> T

4
lenll < 5 [l”]]. O

a(uh, Vh)v = (f7 Vh) = (u, Vh) (Vh € Vh J: P)\ (U — Up, Vh)v =0. u— Up ’2 €h &%f%?
T@Z)_VC\ Vh <]: LT I'I,,w ’gf &OT\ (eh,l'lhw)v = 0)
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12.4.3 2 RICDEE D72 i

QIFL AR (C R?), Ky 1RSI L 2 W = HY(Q), V = H}(Q)
DIEANZE Wy, V), 2B AT 5,
RD 3G D L1 Q % () 2% T 0%t 7 1207 5,

UTeT T=Q

RO 2 oD = AIBIENEZ G L 2w,
TEOZAFOTEDEN X, O =ZAFOEEE LTS, W
WTQOAZZTILOEL LN THS (b5 -MEOA LD =
AIDTER DD 5 2 L ide ),

©eee

1 EHAD, TEM, FEPMUOBEEDAEICHZ, RATDIXY A
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12.4.3 2 RILD 6 D ii 2= 3 i

TeJ DERE (= sup |x—y| =T DHEHDIER) DiRAEZ h &
x,ye€T
B<:

h := max hr.
TeT

SMaEl T 2. 2O h ZWIRT ZERT, 7, EECIEDS G,
H?(Q) D 2/ Vb fuly r ZRNTERT 2

1/2
|u|2,T = |://’_ <|UXX|2+2|uxy|2+‘Uyy’2> dXd_y:| .

B e htt & i ] PRI st~
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12.4.3 2 RILD & DRI
1RZHEAT T OFRE/RT u EEDS T E2HD% Mu £FEL,
HlidE 13.9 (JRrEikERE)

T #M=fF. ue HY(T) L35 L %,
My — ull 27y < ClhT|U’2 T

1
IV (Mo = )la(ry < G gyghr lulo -

770 07 =T OR/ADNA. G 13 T % u IR EER,

AEHIE, 030 PR (0] R X, O

g_O)%ﬁ%a BT OLRAMMP NI EZ2RoTWA LK) D, BEIZMbE»H
THEOBEERD & HRICE L DZMENINRICE DT, —RIC
\w<%1§¢§merﬁmf%%;7&\ﬂwﬁﬁﬁbﬁéo%5&
% EFELREEMIDE SN WSS 2 ERASICGEES, 22
TRDEI)BRREZEL 2 LITT 5,
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12.4.3 2 RJLD

T 13.10 (ZAESHIOBED IERIE, Zldmal Dim/INiSEtT)
=R DR { T} s DSIERN (regular) &1

. . > 0:.
(6) (391 > O) Igj 7[2{2/7 01 > 61

ZDEM% Zlamal DRIINEBEME & WS,
I il 7 S 12

(7) (Fv1 > 0)(Y.Th € { T} (VT € F) Z: <.

BH5b, 727201
pr = T DNEMDERE.
(SFF (7) 13, 3XTEOBEC LIBT3, )
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12.4.3 2 RICD A D #7531

TEH 13.11 (KIS HITTRE )
{T}nso DEIZ =AM AHIGE T2 & &,

IMpu = ull < GA? |U|m (u € HA(Q)),

IV (Mpu — ] < - 0 hlulq (v € H2(Q)).
22T G EHE 139 PIcEN s EERTH B, )
AR, 0D i (9] 2 & O

B e htt
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12.4.3 2 XL D6 D i A= 3

TEPE 13.12 (HY 3725

Q 1Zh% TR {%}h 0 2 Q DI =M HOBRET 2, ueV %
g5fE, 7, Ok Xy 1 KEWATEIRT 0 127 5 b DA% Vi, up € Vi %
AIREERMRE T DL E,

|u—unlly < Ch|U|H2(Q) :

EL C = C(61,Q) > 0.

AIEEH.
FERNDFEHD S | Vv, € Vi I LT,
lu—unlly < llu—wvally -
v ELT Myu ZRAT B L
lu—=unlly < llu=Thully < C(62,Q)hul,q -

W 21T
lu = unlly, < C(61, Db ul,q. O
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12.4.3 2 RILD

EM 13.13 (L2 FRAEFH)
1312 LRICIRED S & T

lu = upll < C'H |ul ey -

AlkHA.

EM 13.8 DD & [FERIZ Aubin-Nitsche D bV v 7 % Fw»
60

O

o

B e htt

D BRI B~
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o H' BRI D\ TIE
o 1 RILOFEEINE, AR DB + B E D SR il 25 37
o 2 RILDAFIIE, BRI JE B + WHFBIE D SR TN 25 352 + 3 El o
TR & 3852 2 RIS 70 R TEA
o L2 BZEFHMiIE, H! BAZEGHE L D D h DD 1R EHI 2 S B
(Aubin-Nitcshe D b v 712X %)
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