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%1% BanachZERg

§1.1 JILLZER

AHEFZTIIUT, K=RERECLT 3.

&R X KBEEME T2, BB X > RBPX FOJINLTHS L
X, URZi35rTh5.

1. fFEDz € X 1THL ||z|| > 023 H 2.

2. |zl =0tz=0RFAMTH 2.

3. EBDceK, z € XITHL |lez|| = |¢|||z|| 23D LD.

4. EEDz,y € XL |z +y|| < [|z]|+ |yl (EBFREFR) 2D LD,

CorE, HX D, HBEVIFHICX, &/ ILLZERILIER.




M. (X, |- IDZ/vazEle s s, FEOz,y € XITHL

2l = llyll| < ll= - yll
DR DILDZ L ERE.

Bl (BT FILVER).neNE$ 5. K'd (#%) Euclid /JLL
n 1/2
||$||= <Z |117]|2> ) ZIJ=(£IJ]_,,ZIIn)€Kn,
j=1
CRIL T/ M aZEfie 2. GEBIZEIT 2 (FiBo L2 /)L 4 O Rk 235

BTHD). /VarlE, TOLS52RT LD “BX" PRoWEZME L
T, — b L7zd DIz & 7w,

Bl KM, Eo (E#E) Eulid /L 20OXRE2— LU=

n 1/p
||m||p=<z|xjp) L l<p<os,
J=1

x = maXx |x;
lelloe = max |z,

=1,...,

WRBL TS /v aZElins. FEHEAERS 2 (Ridho LP /v 4 DRk
BTH3) .

R (TR D2z € KMiTxfL,

Jim el = flelloo

DD DT e ZRE.

ffl. K c R"Z2HEHRHAEEG L L, C(K) % K Lo KEEREESKOES
3%, C(K) LoBRBMERAAS—E%2, TEOu,v ¢ C(K)BXU
c e KITHL

(u+v)(@) =u(@) +ov(@), (cw)(z)=cu(z); =z€kK,

TEDZ Y, C(K)IKEER 2. £/, TEDuc C(K)IIHLZ
DO—H/ L%

w|| = sup |u(x)| = Mmax|u(x
lull = sup Ju(x)] = max ju(a)|

TEDB Y, C(K)IZ/ VAEMe k5.

. FO—kE VLD ) VLD EERT- T BiEID K.

o B AR

e 1.1. X2/ Va2l 35, EEDz,yc XITRNL

dist(z,y) = ||z — y||
LEDD L, distid X LOEMTH 2 (BRBRIERLITR) . Thbb,
1. £EDz,y € X 1IZH Ldist(z,y) > 0D D 7O,
2. dist(z,y) =02 R 37-DOREFSEMFEr =y TH 5.
3. FEDz,y € X 1R L dist(z,y) = dist(y, z) AL D 31D,
4. fFEDz,y, 2 € X2 Ldist(z,z) < dist(z,y) + dist(y, z) HED

VLD,

SEER. IXIEIHS A7 DT, FERIEEIET 5. O]




o BB

ETHE. X E/VLAZERET%. X FoBRBRMMEE X, BRREH»SESE
BZHHOZETHS.

AR DU, v AZEENZ, FEICZE 0 BARRAEICEI U THRHZER & A8
£-oT, X LORF(2))jenP e € X TPERT 2 &
Jim Jla — ;]| =0
HEOIOZ e L AfETH S, @HE@ED, Ik
r=limaz; 2V x; >z (j — o)

J—00 J

RYTRT.

Bl. K CcRPEERBEALT5. C(K)DIEEOBBINCHRL, —k/ L
LT AR e —HRINRIZFRIEFETH 5 2 & 2t

8

o EBEDESE
W 1.2. X2/ VA% 35, 2ot E, DURADILD.

1 EX x X - X 3EETH L. T48DB, o5 - apDy; - yKb
3, x4+ y; = o+ y DRI,

2. AW 7K x X - XI3#EHTH%. T48DbL, ¢j »chDr; —
751, C]xjﬁcxﬁ)ﬁib_\io

3. A X = RIGETH S, $748D5, x; = K613, |zl —
]| 538 D 325

SERH. 1. mj—>x7510yj—>yZ3‘Z) v, ZAARERLLD
@ +9) = @+ )| < e =25l +lly -yl > 0
MDD, Ko TX LOIATERETH 5.
2. ¢j—=chor;»aToe, ZANERLD
Hca: —CjCCjH < le = ¢jlllz]| + lejlllz — 4] — O.

B DD, KFoTX FEDOAH S — 538K TH 5.

3.z, >zLTBHL, “AREXKD

21l = llll| < llz — ;1 — 0
MDD, KoTX LD/ NV AIERTH 3. L

. ai 1.2 L, e-damiiz HWBELRIEHEZ S 2 X.
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o %/ ILL

EE. X ZKBPZERE 35, X EO22oD V4| -1, - |2 DFEHETH %
Yix, $%c¢,C > 0PFEL THEED 2 € X ITH L

clzllr < llzll2 < Cllz|l1
MDD ZETH 5.

EE 1.3. X 2K#EZEHe L, |-l l22 X LOREZR /v ae$ 5.
ZorE, ||l l22e@AEEEh s X EoMEEZR—TH 5.
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SRR, X Lomd () jen@ |- 1 & |- 2B 2 INRARETH 2 Z b %
FEE L. FF, |1 cBLTe; sz T B,
lz — zjll2 < Cllz —zj[l1 = 0
BOT, || |2iB LTy » o k2. M| 2L Ty w2z T2 L,
lz —ajlly <
BOT, |1 CELTe; 5 x5, Lo TERI RS, [

|1,‘ —LL‘jHQ — 0

AR XDPAERBXTE S, X EOFEBED20D / VAIKEIETH 5 Z & h
Hontsbh, /VaZEe LToMEfEE—ENTHE. —F, XHE
RETTDGE X, X EIQFERMEO B WIZFEE T2 W 2 LV ADBFEL
IR E OGS TFET 5. FEFIE AN S 5.
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§ 1.2 BanachZEfj]

EE. / VA% X EORF (2)) jen 7 Cauchy FITH 2 L 1F,
Ve>03INeN st. Vj,k>N |zj —zil| <e
MDD ZETH 5.
AR X LOEEOPCRINZ Cauchy S TH 5. £, bl — %5613,
lej — il < llzj — 2l 4 [l =zl = 0 (4, k — o0)

MDD, (. e-damikz W E LR Z 52 X))

T /NVLAZEBXDPRETH B 21X, X FOEED Cauchy¥IBn X 0H 3
MR T 222 TH 5. 5w/ NV L2850 %2 Banach ZE( & FEA.
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. K"Z, FEEDp € [1,00] 120 L, |- ]|picBIL TBanachZEfTH 5.
FERHIZ BT 5.

Bl. K CRPZERMAESEL TS, C(K)E—H/ 1212 L TBanachZ
B3,

SEFH. Z 2T ZEMED AN D 5.

Step 1. (uj)jen% C(K) LD Cauchy¥le 3 5. %3 MROMA & 7% 2B
Buzfi$2. fze KITHL, jk 00Dk &

luj(z) — up(x)] < |luj —ugll — 0
THBILIEET L, (uj(2))endK ED CauchydITH 5. &oT,
2 RUMRR

u(z) = ]I|_>r20 uj(x)

PFEEL, TAREDBEBu: K 2 KZEDLZEDTES.
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Step 2. RiZu € C(K) Z/~3. ¥3 CauchyFlDERIC XiuX

Ve>0 INeEN s.t. Vj,k>N Juj —ull <e
MDD, TRE/VLDERICED

Ve>0 3INeN st Vj,k>N Veze K |uj(z)—u(z)] <e
THY, 22Tk —so0FdE

Ve>0 INeEN st. Vi>N VeeK |uj(z)—u(z)<e (M)
215, TSRS (uj) jen A ul —HRINOR S 2 2 L ZEIKL, Lo
THEDPICu e C(K)TH 5.
Step 3. &i&ICC(K) DMAMHICBWTu; > uTHZIL2RT. (M) —
B/ L aDEFED

Ve>0 INEN st. Vj>N |[uj—ul <e
TH3. LoTEFRIIREINE. O
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Bl (BRRZEM). (X, || |x) BLF Y, - |ly) ZBanachZEfie 55, 1
D (z,y), (', y) e X xY &ce KiZxfL

(z,9) + (@ y) = @+ y+y), clz,y) = (cz,cy)

YERTDE, X x YIRKBEERY22., X5EED (z,y) € X XY
WXL

(@, Wllxxy = llzlx + vy
CEFETDY, (X XY, | |lxxy)&BanachZEfir 725,

. LoFiRZHESD K.
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§ 1.3 Lebesgue ZEf]

ARETIELAT, (Q,B,pn) ZHEZERE T 3.

EE.pc[l,0) 33, QLEOLPER%E
LP(Q) = LP(Q, B, p) = {u: Q = K wlAlfllzo /Q ulP dp < oo}
TEDS. £, FEDue LP(QITHL, FOLP /L%

»o \MP
lellp = Nulzs = ([ lul” dn)

TEDD. 1221, QRIFLALEZ L A —HIT2HBIRA—-HT 2D
95,
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EFE. 1. AHIEEe: Q > RAQ FTREBMICEICERTH 3 213,

dM eR s.t. u< M a.e.on
MDD L TH 3.

2. A u: Q = RIZHL, ZOXREHNLEREZ
esssupu = inf{M ER;, u< M a.e x¢€ Q}
TREFTS. 7270, uhbQETAENIC LITERTRVE 2121,

esssup u = oo
YIEDD.

B (EEORHIBE R w: Q — RIZHL,

u(z) < esssupu for a.e. z e
MDD Z L ERE.
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E&. QLo L>ZEM%*
L®°(Q) = L>®(Q,B, 1) = {u: Q = K; widn[llo esssup |u| < oo}
TEDD. 72, FEDu € L®(Q) XL, ZOL®JILL%

lullse = Ifull o« = esssup |ul

TEDD. 1221, QRIFLALEZ LA -HIT2HBEA—HT 2D
95,

FE. LI, LebesguemHIEES U C R™MIZH LTI, FHCH h 233 1UZ,
LP(U) 13U Lo LebesgueHIFEICRE S 2 LP R 2 RT DL T 5.
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TIE 1.4 (Holder DARFER). p,q € [1, 0] 1
1<p<q<oo, —4o=1
p q

i3, 2FL, p=10r &R, = c0c RIS, DL X,
FEDu € LP(Q) v e LI(QD WL, BuvliZurlfEoThh,

wol dp < ||u|lp||v
S vl di < Jallplollg

N ARVASN

SA. p=1, g=co 2 b
S tuwvldi < oo [l i =l flollo
DT, FIRHPMD LD,
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RZl<p<g<ookTd. ZOrE FITEDa,b>0IIXL
w§£+g (%)
p q
DD IO L ICHET 5. EKE, f(a) = aP/p+b1/q —abb B L,
fl(a) = aP~ 1 —bkD, fla) > FY/@P1)) = 0o T (&) D
5. ET, |lullpllvllq = 0% 5FRIGHAS2ZDT, |lullpllv]lq 0L
Tk, Zorx, (&) XD

ul ]

i
e [l [ g,
l[ullpllvllg /2 2 |lullpllvllq

1 1
<7u7p/ ulPd 7,0711/ v|?7d
< ully? [ el d+ 2ol [ ot a

1 1
=" 4+-=1
P q

TH5. Lo TERMBRINT. []
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T 1.5 (Minkowski DARER).p € [1,00] T3, ZDOL X, (FED
u,v € LP(QQ WX LT, u+veLP(Q)ThHD, IHIC

lu 4+ vllp < [lullp + [[v]lp
DEDALD. KRS, LP(Q) | - lp LT/ L L% 2 5.

FERE. p = 1,00 B HERIEHLVODT, 1<p<ool T ZOrE, T
BEDu,v € LP(Q) IFLAEYTARTDx € QITXL
lu(e) + v(@)P < (Jul@)] + [v()])”
< (2max{ju(@)|, [o(@)|})"
< 22 max{Ju(@)[?, |o(=)["}
< 27([u(@)[P + v () [?)

MDD, Lo T, utve LlP(Q)TH5.
22

X512, HolderoFRER LD, g=p/(p— 1)KL
lutollp = [ [u(@) +v(@)P d
< [ lu(@) +v(@) P u(@)| d
+ [ lu@) + v(@)P o) du
< ([ 1ut) + v<x>|<p-1>qdu)l/ " (Iullp + l115)
= lu+ ol (Ilullp + [v]1»)

TH%. bL[lutvlp# 0%, FROMBE |ut o[/ ITH S v Tx
BROREXDHES. —7, |lu+vlp = 0DHAIIE, FROFEHERIIHS
BTHB. ko TEREIRINT. u
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TR 1.6. TEDp € [1,00] XL, LP(Q)IXBanachZERTdH 3.

SERR. SEmtEEENDIUIT LWV, T I TlEp < coDFEDARL, p=ocodD
BEEME LTERKT 5. (u))jen % LP(Q2) LOEE®D Cauchy ¥t 3 %.

Step 1. H 3E75 (uj‘k)keN?bi‘ﬁTfL"C,
||“jk+1 —wjillp < 27k
MDD, FEEE, NEXID D251 > 1BEFEELT, EED > j iRl
Juj — ujyllp < 27F
MR DILD. R, jo > j1 BT HRELENE, TBED) > jollxfL
lluj — wjyllp < 272
DD IO, THAEEDIREIZ I,
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Step 2. vk:u]ktﬁg{’ wp, w3, . .. GLP(Q)’:{:, Fr e QITXL

-1
wy(z) = [v1(@)|+ Y |vgy1(@) — vp()]
k=1
TEDL. [EED2z € QITHL, FE (w)(x));>0 FHEFAIEEDP LD T,
w(x) = l”m wy(z) < oo
—00

MEETEH, ZOLE, 5lwe LP(Q)THs. B, HFHICGRTH
¥ Minkowski DRz & b

wPdy = Iim/ wPd
Sl dp = Jim [ g
-1 p
< lim v v —v
l_m<|| 1||p+k§::1|| k41 k”p)

< (Iloallp +1)" < oo
THs. FiZ, widQLIZr AYEZ L ZAHARTH L Z L ICHERET 5.
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Step 3. IZL AL TRTDz € QITHL

v(z) 1= kli_ggo v () (%)

PIFEL, EHIZv e LP(Q)THB. EE, TEDz e Qem > LTHL
m—1

lom(x) — v (@) < D |opg1(2) — vp(@)| < wm(z) —wi(z) (W)

k=l
THY, BLAYITNTDz € QITHL (w(x));>2 4 Cauchy S TH - 7z
s, Mlre QIIXLT(®IENHT S, 2512, ZAFRERLD

(@)l = im_Jup(2)] < lim wy,(z) = w(z)

DT, we LP(Q)bv e LP(Q)HHES.
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Step 4. LP(2) DAMHICBVT, (vp)pen Do IR T 2 22 2RT. (&)
WKHEELT, (M)IBVWTm s oot T st

v(@) = ()] < w(z) - w(@) < w(z)
TH%. we LP(Q)IERLT, LebesguellHEMZEHA LT3
Jim [Jv —vylp = 0

DHES.
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Step 5. MRIT (u)) jen Do ITPRT 2 2 Z2RT. [EEDe > 01X LD
5N e NMBFELT, EED4, 1> NIZHL

lluj —wllp <€
MDD, ZIZTl=j,o5Tk—00bT2L, TED; > NIZHL
luj —vllp <€

D DILD. THXD FIRBUES. [

f.p=ococlZXfL, EH 1.6 DitH%Z5Z XK.
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. ATHIZER (N, P(N)) LOBX EIFRE# %, EEOE Cc NIz LT
#(E) =Y 1= (EorxofE)
jEE
TEFETE. Fpc[l,c0]lTXL, LEM%E
P(N) = LP(N, P(N), #)
TEDD L, FH 1.61Ckh ZhEBanachZElTH 3. ZIUIHIC

PN) = {u: N> K; [ullp < oo},

1/p
<Z |uj|p) pe[l,o0)DLE,
ullp = § \jeN
sup |ul p=ooDl X,
jEN
EHRINDG. TIT, u(j) =u; LFE VL.
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AE. 1. pe[l,c0) it L LEOFRETRTICIE, MTFOHEFICERETIUX
v, 9, EEOBEBu: N - KIZP(N)AIHITH 2. X561, Th
M ARG 72 5 72D DT 5%

Z luj| < oo
jEN
Thh, Zor =,
/Nud#= Zu]‘
JEN

MY o, (M. ZhziErod X.)

2. [FkRIZ, P(Z)REDBERINDG. TRNTEeDTHIZPLELIZLD
H5.
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§ 1.4 5Efwft

EE. X &/ v L%EH, X %#BanachZEflr L, J: X —» X 25453,
(X, ), 20X, X DOFEHELETH 2 1%, LRPEDIIDOZ L THS.
1. JIEETH S, Tibb, TEDz,yc Xce K IIHL
J(@x+y)=Jz+Jy, J(cx)=c(Jz)
B DALD.

2. JREETHS. Thbb, TEDz e X ITHLU ||Jz|| = ||=|| 255K D 3T
D (ZDr ZHHZ, JIFHEHTHB.)

3. JOBIIX CHETH2. Thbb, (£EDT e X LEEDe > 010t
L, Dbz c XHPFEELT|T — Jz|| < e DD,

BB XEXDOEBELD/ VABHIC || BN FHOEHTKAE X,
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FIE 1.7. FED /LA X L, 205 (X, J) BEEST 5. %
72, X O 2 L A ZEEOREIOE W R BRWT—ENTH 5. T7bb,
(X', J) b X OFEMLTHIUE, HEHEEEREG T X — X/ HFEE
LT

JoJ=1.J
VD RYASR

SEEA. Step 1. WD —RWIEETRT. HEDZT € XITHL, JX C X2
BrIeho, X LOD2R5(2)) jenDFELT, Jo; > 2885, J,J
BEREROT, (J2;)jentd X' £ Cauchy3ITH D, IURT 5. 22T
Jz = lim Jz;e X'
J—00

LEDZE, TREFROMEZMLTWS GHllldEE §2) .
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Step 2. Hr3FMLEERTEIZ I V. 2 TR X BB Y LT
MK $ 5. ZDRDIT,

x={(z;) = (@)jer; (#;)&X E® Cauchy3i}

*BE, X LoB®%R ~ %, (acj), (yj) exwiTxLT

def . _
(z) ~ (yj) = Jim lzj —yill =0

TEETZ. 75, ZNERAEMFETHS. Zhsz2HWT,
X=2x/~

LEDD. THIMEDT = [(z)],7=[(y)] € X e e KITHLT

z+y=I[(xj+y)], cz=[(cz;)]

YEFTZ L, Zhdliwell-defined TH D, X IHHEZEMe s, 1B,
F00 € X ida; — 0 L % 55 % RETTH S FEA [(2)] TH 5.
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Step 3. RICX LD/ A LEWKT 5. TEOz = [(z)] € X ITHL
1zl 2=].|'_[gol|wjll (%)
PETEL T, ZOEIFMBITLOBIH KSRV, FEFE, k> 00D &

1l = el < llej — zill = O
ROT, (&) DIWEDIHE. £z, (2)) ~ (y) T 3L
251l = lly;ll| < lle; =l = 0

BOT, (#)FRFTUCKS RV, 51, 20| [ BX LD/ LA s,
ERE FEMEBIC|Z| =0tz = 00REMIIMASLATHY, £/

|| = lim |l = lim |l = T
el = tim flea;l| = le] lim_|lz;] = |el|7],
17 +gll = Jim fla; + w5l < Jim (2] + lly;1) = 12l + 7]
J—00 J—>00
MDD,
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Step 4. X 3%EMTH 5 &mT. (3;) %X Lo CauchyFle 3%, I
FEOBRHERRL XS, &) NISH URETE L 5T

= @], @)y ex,
BB, COrE, HjeNITHLE € NEHSI#EA

Viom >k Jle) — o) <57
rTEs. $5L, @) = @) e xTHE. H, DI NE
L

o — oIl < o — o) + o — o™l + l1a{™ — 2|

mkm
ZLVCEL\VC, \_k_"Cl—H)oZTZ)Z

ot — 2| < 57+ 118 — Fmll +m 50 (Gym — 00)
218%.
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Rz () B = [(ml(;))] €EXWURT 227 T. XD/ LLDEHKE
SATER, b OB AICED
N O BN C)
17 = 3l = Jim flayg” =l
) ) ) () ()
gll?lﬁ“tjp(llwk, —ap |+ Ml — )
< limsup ||:Jc,(€l) - x,(f.)H +57t
[—00 ! J

Th3. Z :*c‘\(x,g)) €EX XD, FEDe > 01T LB 2 NMBEELT

) l i
LHI>N = ||a;,(€l) —m,(ci)H <e€

Step 5. BHRICHDIALT: X - X 2R T 2. JERDEAEDERTE
E
J=rmou: X5 x5 X=%/~, z— (z)— [(2)].

ZZT(2)XEELSFITH S, JIZHSPITHELOERTHLDT, b
3B IX A X THER Z L 2R V. AEOE = [(2;)] € X THLT

T—Jxi|| = Iim ||z — x;
& = Jajll = Jim Jlay, — 2]

TH2H, (zj)3CauchyFITHLWZ, j2REL TUIHLIIWL 5T

DD, Ko THER, j> NOL & BNEXLTES, Lo TIXEX THETH 5. []
Iz =2l e+t
5%, WA ()33 ITCRL, XidBanach %M T5 5.
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§ 1.5 Ao

] (SobolevZER). U C R* 2L TRHRWHESTS. FEDE € Ny =
{0}JUN¥&pec[1,00)icxfL

kP U) = {ue CPU; lullep < oo}, lullkp= > 0ullp,
la|<k

vBE, CPPUYE |k CBIL T/ VLY 25, 20 L LD
S2lii{tz U Lo Sobolev ZBR L .08, WkEP(U) T .
Bck =00t %, Lebesgueftisyd—liid 5, COP(U) C LP(U) &/
WA lop =l llpcBAL TH%ELZOT, ZEMbo—EELD

WOP(U) = LP(U)
CR—HEN 3.
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EE. MHZEM X AN TH 3 2ix, (B OWBELRHESESD C X DT
ETZZTH3.

FEH BB 2%  OBIBZEMIEAI 07273, 2 2 TRUTOBIDAZENT 5.

FIE 1.8. (2, B, p) BMEZM L U, MUNEH2 3 HIEE R HIES O
{Ej}jen C BHPHFET 235 EROWERRLE € BX e > 012X L,
HZHEBMED 51, ..., iy DIFELT,

N
E; NE; =0 for k#1, u(EA U Ejk> <e
k=1
MDD, ZZTAFIHMETHS. 2o, FEDp € [1,00) 15t
L, LP(QBA D TH 5. Ko THIZ, P(N), HIEIE®D Lebesgue Al
HBAHU CRMISHT 2 LP(U)IFA D TH 5.
39




SEFH. K=R or CIZIHL T,

= {Z ajxg; a1,--.,an € Qor Q(i)} C LP(Q)

N=1
8L 22T, QU)IXGaussHEBERDEEEZRT. DPAIRERZ LIk
HO2RDT, MENEZH#EI»D LS. LAL, EEOuwe LP(Q)E, || p
CBIL T, QERIBQM) MEBEBTLMEN, £ BN ERMBIIXE,
DHEBFITEME NS, Lo THEELHS.

BFOFRICOVWTIE, Q=NAZLE; ={j}, $Q=UCR"%5

{E;}jen = {((a1,b1) x -+ x (an,bu]) N U; a, by, € Q}
rriud . ]
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EE 1.9. (Q, B, 1) SHEZEMT, 53 E,€B, jeN, BEFELT
E;NE,=0 forj#k, u(E}) >0

DOV OL T2, ZorE, L®(Q)EAIS TRV, XoTRIC, (°(N)
%, HIEIE®D Lebesgue AJHIEA U C RIS 3 LO°(U) XA TR,

AR, EEOFHEEAESD = {uj}jen C L®(Q) 2L 5. ZOLE, {E
HEojeNicL, Ry =marERickd
Ixm; — xBujlloo > 1 E720E lIxg; + xm;ujllc > 1
DA B. BIEDPRYILOL Elda; =1, Z5THRVE EFa;=-1LL
<, v= ZjEN ajXE; eLX®(Q) By, (TEDkL e NIZHL
lv —uglloo > 1
3. ZHUED C L®(Q) PREICIE DB w2 EKT 5. []
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F2E Hilbert 22y

§ 2.1 HilbertZR]

EH. X 2P KEPEME $5. BB(,): X xX 2 KPP X LORETH 2
ik, URZHi-dTh3.

1. fFEDx € XL (z,z) > 0D D LD,
2. (z,z) =0 x=0XFMETH 3.
3. EEDz,y € X 1K L (z,y) = (y,z) B DD,

4. EFEDa,be Kt x,y,z € XITHL (az + by, 2z) = a(z, z) + b(y, 2)
LD LD,

ZDrE, (X, () FREHICX 2RBEER LT,

AR ME3 41X, WEIEEB2EBICH L TP L 2%,
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Bl (R MILER). K& (3 Euclid N
(x7y) = Z %ZTJ’ T,y € Kna
=1
WX DNFEZER L 72 5.

B (L2ZERD). (2, B, p) ZHEXE 5. L2(Q) X L2HE

(u,v) = /Q wvdp,  wv € L2(SQ),

KD NEZER e 5. BRBuw AT TH D Z X, Holder DAERD
LHES. Kz, 2(N) o

(u,v) = Z wjvj,  u,v € EQ(N),
JEN
THEZBNS.

44

o BB/ IILL

T 2.1. X ZAEZEME L, TEDz e XITHRL

llz]] = v/ (2, )

CEDD. ZOE, DI DD,
1. (Cauchy—Schwarz OFRER) TED z,y € X LT

[(z, )| < |||yl
D ALD.

2. |- [BX ED/ALTH .

FE. Lo |2 X LoBRB /LR DI, NEZEEIZERR L
LB LT/ IV AZER e AL, BRI A7 T
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SERR. 1. y Z 0L LTEW. ZOrE, a=—(z,9)/|[y|2tBLL
0<(z+ay,z+ ay)
= [lz)|? + a(z,y) + aly, z) + |a?[y]?
= |lz)I% — |(z, )%/ ]lyl|?
RDT, Kb 2EEERHHES.

2. ZALRERDAZERT. Cauchy—SchwarzOAFRER XD

lz + gl = l|z)1* + (z,9) + (z,9) + llylI®

< |l + 2l2lllyll + llyI?

= (|l + llyl)?

DT, KD BAGMmHED. N
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o MTADELE

R 2.2 X ZNHEZEME 35, ZorE, AE(,): X x X — KIZHEk
TH2. I5bH, z; »ahDy; —ykold, (zj,y;) = (z,y) TH5.
FERR. x5 -,y oy I AL

|(@,9) = (@), 9))| < (@ — 25,0 + (@), — y))]
<l = ajllllyll + ll;llly — ;] = ©
z21§5. O]

a7




o NTRZEEDREIT

T 2.3, 1. (PREE) X 2NEEME 35, BEDz,y e XITHL
Iz + yll® + llz — ylI* = 2(]|z[1* + [lylI*) (©)
DA RYASR

2. X B/ NLZEBE T2, b LEEDz,y € X IR L (V)LD
5, K=C,ROZRZHITHL

1 . . . .
() = (Il + ol = llr =yl +ille + iyl| — il — i]]?),

1
(@,9) = (Il + vl = o —vI°)
BFEXICHEZED L. EHICTNHDONIE X LDITAD /L4 L HEL
T3, Thbb, (,)AEDSEARR/ AL BT 5.

AR FR2CHNANED L 22 X 3 RRANE, BEEFH L T,
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SEEH. 1. D a,y € XITHL

Iz + ylI + e = ylI2 = |22 + G, 9) + (=,9) + |ly]?
+ |2l = (z,y) — (z,9) + |lylI?
=2(||=] + [lylI?)

TH5.

2. ZZTEK = ROFAEDAERL, K = COBEEME T3, LUF,
Y,z € XIHMEEE T 3. 7,

_1 2 2Y — 1112
(2,2) = Z (2= + [0]%) = ||z = 0

Thbh, Fl(x,z) = 0z = ODFEHEARZ 21X/ L2 DWEDSHES
Rz,

1 1
(@y) = (lle + ol = llw = ol%) = (v + 2l = lly — 2]?) = (v, 2)

49

s, (-,-) DB LRI T 28EEEZErD LS. (V) ZHVWD L

(z,2) + (v, 2)
1

=4 (le 2%+ lly + 20 = e = 2% ~ lly - =I1?)

_1

8

1
= 5 (2l + v+ 2l + 2012l - ||z + y]1?

=2llz+y— 22 =2 - 212+ = + yI?)
= (z+v,2)
PRES DT, HLIFAIT—EEEFEINEI I V. LoFREL

(le 4y + 2212 + 2 =yl = e +y — 22| = |l= — y]?)

(@ 9) + 2) = (0,9) = 5 (Ibll> - | - wl?) =0

50

rab¥de, EEOmM e Z1THL
(mz,y) = m(z,y)
DAHB. m#A0ODLE, zhm oz TBEXEIL L
1 1
(Cay)= @)
m m
LD, WRIEREDE € ZITRL

MDD, KoT/NVLDEGEEXD, ce RITHL
(cx,y) = c(z,y)

DB, ()D|- || EHNLT 2 Z 2 @3S ROT, FiRRSN, [

. BB 2.30FR2%2K = CIZHf L TRE.
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R 2.4.(2,B,u) ZREEBEL, p € [1,0] \ {2} F3. 3LH3
E,F ¢ BIFELT

ENnF=0, uw(E)>0, u(F)>0
BE DI TIE, LP(Q) EOWEETLP /LA L WAL S 2 & DIXTETE LR,

SEEA. p = co DIBEREML, p< coDHBEDAEZD. DL X

u=w(E) YPxp, v=p(F) Yrxp
B, ENF=0KFEELT,

2 2 142 2 2
lu+ ol + llu— o2 =222 2(|u)2 + [[o]|2) = 4

#2182, EH 2.3XD, LP VA LTHENTT 2NENEET 5113 2112/p =
APRETH DD, Thidp £ 2IXFETS. ko TERIIRENSZ. [

f.p = co DIFEITH L, EH 2.4 DFEHZ 5 Z XK.
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o Hilbert Zfg
EFE. HAK /L 202B U T5efi7e NFEZEM % Hilbert ZE/ & FEAR.
Bl (L2Z2/). (, B, p) ZMEZE 32, L2(Q)ICBWT, L2H#EIZL?

JIAETNT 5. £ L2(DIRL2 )V ARELTHETH o7, WRIZ
L2(2) 13 L2 NRcB LT Hilbert 22T 5 3.
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EIE 2.5 (FEONEERM X 2oL, H2HilbertZZfMX 5% J: X — X
T RZHZZTHDOPBEFET 3.

1. JIZETH 2. bbb, FEDz,ye X tce K IZHL
Jx+y)=Je+Jy, J(cx)=c(Jx)
DI D LD,

2. JREWEEHED. Thbb, TEDz,y € XIIHL (Jz, Jy) = (z,y)
DD ID. (ZDE ZRIC, JIZHHTHS.)

3. JOBI X THECTH2. Thbb, FEDT e X LEEDe > 0120
L, bz c XPHEELT||Z — Jz|| < e DY ILD.

X512, Z0X5k X IFNEEMOFRHOEVCERWT—ENTH 5.
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HEA. X% X O/ VA% LToRMbe L, J: X — X 2353 28
HAAE TS, TEDz,y € X IZHL, HREHYL JOHEEMEDNS

[Tz + Jyl|? + | Jz — Jyl|? = 2(|| Jz[|* + || Jy]|?)

DD ILD. T2 X C X OWBEIEL /v A0EkiHE» S, FEDT, g e
XTHLT

1z + 711> + |2 — 911° = 2(/|zl1* + |17]1*)
DD H, X ICHESAS. XoTXIZHilbertZefie 722,

FTIR1E3WFEHE 1.705605. FFR2EEH 1.7 b EZERD S0
5. BBICFAEE X O —BIHTEE 1.7 5085, O]
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5l (SobolevZEf]). ZETHRWHESU C R k € NglZh LT

Z /U |80‘u(m)|2dm < oo},

laf<k

W= 3 [ 0"u(@)d% () da,
laj<k "V
By, (CR2U), (), 3NEZME 5. ZheEitLTtEohns
Hilbert Z2f% kB D Sobolev ZER ¥ IO HE(U) TH Y. Zhix, &4
LCRMENCER L WE2(U) ¥ —F L, RMfER 2 vazio.

ck2) = {u e ck);
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5l (SobolevZER). ZETRWVHESU CR" & k € NolZh LT
C’S(U) = {u e C*(U); suppu e U},

(u,v), = 0%u(2)0%(z) dz, wu,v € CE(U),
i= .Zk L k

B, (CEWU), (o )p) BNEEB 25, CheEltLTEons
Hilbert %% HE(U) T#F. Zhd SobolevZER L IFZN 5.

AR 1. BB ‘e 3N ay s MGEETHL L BRT.

2. opIcHE(U) ¢ HRU)TH D, X61Icb LU = R SH#HIE—
B35, Lal, ROMESU C RMISH L TEm#HFE—BLZW.
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§ 2.2 EXMEIESFFE

o BEXM4

E&R. X Z Hilbert 2 3%, MOHEAL,M C XHERXRT B LI
VeeL Vye M (x,y)=0
BEDILDOZETHD, ZOLEL L MrEL FC1IEEARL = {2}
MLUTE, ¢ L MEdEL £, LC XOBEXHBEMLL %

LYf={zeX; z 1L}
TERT 2.

B, X ZHilbertZefie L, LCc X ¢35, LYI X OO ZETH2 2
rEIRE.
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o 1IE&¥%
FIE 2.6 (ESEEE). X Z HilbertZ2filv L, L C X ZEEDZEME 3
3. IOk X,
VeeX 3yelL Jzelt st. z=y+z
A RYASN
EE.y 2z D LADOIESE L, ESNEIERRLY Pr. v — y TEHT 5.

SEFH. Step 1. TR DRO—BEWERT. Hdz e XITHL,
c=y+z=y+2, yyeL, z Lt
rEFETS. :@t%y—y’=z’—zeLmLLT‘i)éﬁﬂ’o,
ly—vIP=@w-v,y—y)=0, [lz=ZP=(G-2,2-2)=0
ThHb. FoTy=y,z2=22kb, DRO—EMELIH»5.
59




Step 2. RIDRDOFEEZRT. 2 € X &T5. TDLE,
6= inf llz —y

LEE, y, e LTz -yl - 6LR2bDEL DL, (y;)jend Cauchy
S ChH B, FEEE, HREEID

(@ —y) + (@ —y)|I? + (@ —y;) — (= —yp)?
= 2||z — ;]2 + 2[|z — yi)I

1 N .
THhbh, E(y]—i-yk) ELIEERETSL, jk—>00Dt X

1 2
Iy = il = 2llz = u511% + 20l = il = 42 — S Co; + )
< 2|z — y;)1% + 2llz — yyl2 — 462 = 0
¥i%. XoT, WM (y;)jenid CauchyFITH D, My € X Z2HD.
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&, LE3AKBDOT, ye LTH5. blidz=2—y&BWT, z L LER
IV, EEDOne Lt e RIIHLT
82 < ||z — t(z,mn]?
= [|2[|2 — t(Cz, ) (z,n) — t(z,0) (1, 2) + €3] (2, ) |20l
= ||z — ylI? — 2t|(z,n) > + t2|(z,n)|?|In]|?
= 62 = 2t|(z, )| + £3|(z, ) ? |l
DT,

0 < —2t/(z,m)|% + t2|(z, m) 2|7

TH5H, bLl(z,n) #0522, FLORFERRZTEDL € RITHLTIX
WAL LR WDTFETHS. £EoT(z,n) =0THY, 2 L LEH?. [
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o EM
E&R. X T Hilbert ZEf 2 35, OB L M C XTL L MtRB2bD
WX LT,
LeM:={y+zeX, yeL, z€ M}
ZLeMOEFMEITS.
AR 1. LORBOTT, £EDz € Lo MITHL, EMITHE
r=y~+=z2 yeL zeM
B—ENTH 5.
2. IESHEM X, TREOMMSZEM L C X 1L T
X=LaL"
BDIIDZ e, LHREATES.
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o BRREEH RS AN M

EFE. X T Hilbert =iy 35, HMOHEEL C X1k (KT S) BERDZE
iz,

span L = {clm1+--~+cnxn; chK, :chL, nEN}
DZEeTHb.

AR 1. EEMEOFRMEFFFENA TV S D, MEMNIFFSA TR,

2. spanLiX, L& X DIEDZEED S B TRINDSDTH 5.
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Rl 2.7. X Z HilbertZEfi 3%, FEOHDEESL C XITxHL
(LHt =spanL
DX DD, FHC L C X BTS2 THIUL, (L)L = Lok b o,

SR, L = (spanL L)L“C‘Zé% Y REBCHEDDENEDT (T ),
iR, L C X DS ZEosac (LY = L2 Re3+9Ths. o
YE, EFELD

LcC(LHt

BERGIChb»S., —h, ve (LY)Led2y, EHEERLD, Hiyel
e LADHEHELCe=y+2ETF3. LiL

z=xz—yeLtn(L)t
BDT, 2=0THhbh, a=ye L%EHE2. IoTt(IH)LtcLthsr. L[
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§ 2.3 RREHERR

o IEHER% (ONS)

EE. X Z Hilbert 2 35, @& HREHIEE {e;}je1 C X HIERE
X% (£721ZONS) TH2riE, TEDj, ke IITHLT

(ej,er) = i
MDD TH5.

W 2.8 (BesselDFFR). X % Hilbert ZE 2 L, {e;}cr C X ZIEM
ZHRETEH. ZOLE, ROz e XITHLT

3z, e)? < |22

jel

ﬁ%b

DD ILD.
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SEBR. (In)nen % I DEREIEED 575 2 HFIERPID R LY, 37205
ILic---CcIlyC---Cl, U[n:]

55 ZOE, AEEDn e NIIX LT

0< <x — Z (z,ej)ej,x — Z (a:,ek)ek>

JjE€Iy kely
= |22 = Y (@, ep)(z,ep)
kel,
- > (me)(ej, )+ D (z,e))(w,ep)djp
Jj€ln J,k€ln
= [lz]? = Y (=, ¢;)I?
j€In
ROT, Y [(ze)P < |z|PtkB. Hridn —» o ThUTIV. [
Jje€ln
66

o STLIEMERFR (CONS)

EHE 2.9. X ZHilbert e U, {e;}jer C X ZIEMEZRE T2, LIT
BHWIZFRETH 5.

1. span{ej}jel X CHETDH 5.

2. EEDz € XITNLT, =) (x, ej)e; (HKRE Fourier I ER) .
Jjel
3. E%\@%y € X@:jﬁb"c, (.’L’,y) = Z(m:e])(yve])
jel
4. EEOz € X ITHLT, ||z =Y [(z,¢))? (Parseval D) .

jel

5.z € XDMEED) € 1ITHL (2,e5) =0 %7575, =0.
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SEBA. DUT, L =span{ej}jer & BX.

1= 2. (In)pen % I OAREDEED 5722 BIRIERPWMD R LY 5 5.
fFEDz e X ¥n e NIZHL,

zn = Y (z,e)ej € span{e;}jer

JEIn
By, mE 28&D, n>m o0 E
2
|lzn — xm||2 = Z (z,ej)ej Z |(z, ej)|2 —0
jeIn\Im jeIn\]m

DT, (zn)peniE Cauchy¥TH 2. ZOMREZE e LB, {TED
ke llTxtL

(z—&ep) = (z,e) — D (z,e5)(ej,e,) =0

jel
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THHh5, e —Ec LT ={0}THbh, £HE2H7ES.

2= 3. NHEOERMELD,
(.’E,y) = Z (maej)m(eﬁek) = Z(xvej)w
7,kel jel
&5,

3=4. =y NIHSLTH 3.
4 = 5 HLDLTH 5.

5= 1.zelle¥st, &h5kha2e=0TdH3%. T2 LFEHHEMX
DX =Le{0}=LtkoT, &HF12H>. [

EE. WS Fourier BB DIERIC X bW B ICHEREY k.
69

. FHIERR (¢)}jc PRETH 2 L 13, £ 2.9 D&IFZMET ¥
ThH?. TETFHELZRIICONS IR b D 5.

AR EREMEZRZEREREE (X7213ONB) LIFRZ b H 50
REERELERLRVESTEENLETDH S.

% 2.10. Hilbert 22/ X I35E2IEME R {ej}jer C X 2RO T5. Z
DrE, B

X =02, zv (z,¢5)jer
W Hilbert ZZORE, kbbb, NHEEROMERSHEFNTH 5.

B, 52 o BESRIETH B Z L IZER,LOHSLTHY, F-HHE
EROZEHEE 29056905, FHCHHFROT, Hid2ftEr iR
fv. EED (¢j))jer € PN ELD. ZOLE, IOARHEIEEL %2
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FEREOHFAIEHPED R UF (In) pen XL, 2L
=) cjej = lim > cje;
jel je€ln
FEXIWZBWTPORT 5. B, FEDn >m > 0L

2
> cjej— D cjej =< Y ceg Y CM)

Jj€ln J€Im JE€I\Im keIp\Im
_ 2
= > > earlejer) = Y gl
FEIN\Im k€Ip\Ip, JE€I\Im

Z{:O)VC“, (ZjEIn Cjej)nechth)Cauchyﬁﬂ’G% D, KT 2. 35 EE
Djc L, WHEOMEHIE L SEELD,

(z,e5) = (nli_>|’nOO > ckek,ej> = lim_ > cplerej) = ¢

kEln ke,
OO, CHREROBENEHTHZ Z L 2EKT 5. ]
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o 5l : Fourier {#=RE

FIE 2.11. L2(—7,n) IZBWVWT, DK
{(zﬂ)—l/Qeinx}nez

WBERTERERRERT. RS, TEDu e L2(—7,m) ITH LT
1 o0

u(z) = — Z cne™: ¢y,

1 T
V2, 27 V2r -/—ﬂ'

u(z)e " dz,
IR D LD,

IR EOPGRIZL? 7 L 2B AICROBE®RTE Z 5. LOWMBUER%
Fourier {3 ER, c, % Fourier{®ix MEA.
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SERA. IEMIERRTH 5 2 L B3R TEZICO2 5 DT, etz Ry,

Step 1. £, u e C([—m,7]) D, {EEDn € ZITHL
(u’einx) =0

iz T3, ZOrE, u=0TH3IERED. ublUEMHEM
72FDT, wlFEHEEE LTIV, RiCu Z0IRET L, F5Ei#Hic
WMhizszZickh, H2xq € [—m, 7] Tulzg) > 087K 5. udiEih
&Y, o (—m,m) 2 LTEWV. T3k, XBIZHB6c (0,m)IcxfLT

u(z) > u(xg)/2, z€l:=[xg—6x0+9]C[-m, 7],
M DALD. &

h(x) =14 cos(xz — xg) — CcOSd

73

By, [EBDON € NgizxtLh(z)N € span{e™} kDT

0= /: w(@)h(z)N dz

_ N N
—/Iu(w)h(x) d:c-i—/[_mﬂ]\lu(a:)h(w) dz

MDD, XT, I' = [xg — /2,20 + /21 Bk, H3n > 0IH
LT

(%)

h(z) >1+non I, |h(z)[<1on [-ma]\I
R0, (b)) DERAUHEIHIEIN oDl &
1 n
Ngp> 1t N
/Iu(x)h(m) dz > 2(1—|—17) u(zg) /I’ dz — co
TH5. —J7, (&) DEALIHE 2K

/[_ﬂm]\]u(x)h(x)Ndx‘ < /[_W .

)

\ |u(x)| dz
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L, NZXOFTIWWERTHZ., ZHEFETHD, u=0%15%.

Step 2. K2, u € L?(—m,m) BEREDn € ZITH L
(u, ™) =0
il T3, u=0ThH2IERES. 5, uc C([-m,n]) %
() = /_m u(dt+ (2m) ! [ : tu(t) dt
WCEDEDZ L, ubRIUEMFERMZT. EEE, FubinidEMERELD
(i,1) = ./:r <./jru(t) dt> dgc—i-/j;tu(t) dt
— /::T(ﬂ'—t)u(t) dt+/j;tu(t) dt
=0
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THY, FAFEDOn e Z\ {0 L

(1, ) = /_ : ( /_ ‘i u(t) dt) eI (i
= (—in)! /_:((—1)” — e ) u(r) di
=0

TH?. $§52Step LOFERLBT=0THH, THh 5 Lebesgue DY
DEBIZED

w=0 a.e.on [—m, ]

b, WRIEM 2.9D5MEE AT B. []
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§ 2.4 Schmidt DERILE

{2} C X B AT EAPO—IBIBHNEEL TS5, DL &

o _
e1 = Y1 =1,
lyll
_ Y2 —
ep =", yo=uxz2— (z2,€1)e1,
lly2ll
Y3 _
ez = m, Yz = 23 — (ﬂv3,61)61 - (5537 es)eo,

EBLILITED, XDIERERR{e;} ZMMT2 A TE5. DMK
FlEZ Schmidt DELEL R, FEON € NU {oo} ixf LT
span{mj}?’:l = span{ej}é-V:l

THBILITHEET 5.

7

o REIFRERRDEE

T 2.12. A[ 7 Hilbert 232 S IFHERL R 2 £,

SERR. M A PR OWE LIRS {o;} C X 2L D, ROBIERATS.
1. 21 =07% 6z ZIDERE, 25 TRIFUIID BRA L.

2. xj4q € span{zq,... ,xj}7£6$j+1 ZIWDOERE, Z5TRIFIIED
B 720,

HoHEEE {4} £ T2 L, {y) ZEA TP KIITTH . {y;)
= Schmidt LR A LT, ERESR (e} HRT 2. Tov

span{e;} = span{y;} = span{xz;}
3 X THERLDT, {ej} 3ELTH5. []
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% 2.13. X # HilbertZEMe 32%. UROEMHITHNCFEETH 5.

1. X I EHERREZED.
2. X IHilbertZefiy LTR FABTH 5.

3. X3 TH5.

EFH. R 2.10 2 EH 2. 12 F Huviud k. []

. % 2.130ZFHOEME 5 2 X.
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B3IE WERR

§ 3.1 IRAERR

AETIEIMT, X,Y %#BanachZlr $ 5.

E. W2 D C X 0L TERINFVER
T: D—=Y
EABTIIHICX DS Y AD (FH) (ERRLIER. (EHRT S5 Z 6/
LE, ZTOEEE, BRABLUOKEETATH
D(T)=D, R(T)={Tze€Y,; ze€ D(T)},
N(T) ={z € D(T); Tz =0}
THT.

FAE.D(T) # X ThHhoTd, OETE TXOEYANDIEAZET 552k
MEZNWT=0, KFETHZOEBEIRS 21T 3. B MEHET: X - Y
YWD R ERIBUCGEMR R E TG 2720, BIAB IV,
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EE. 1. X»OYNOEHET, SITHL, T+ S%
(T+ S)e =Tz + Sz, xc D(T+S)= D(T)N D(S),
TEDS.
2. XHOYNOIEHRTBL L ce KITHL, RAF—ET %
(cT)z = (Tz), =€ D(cT) = D(T),
TEDS.
3. XY ANDEHZETEXIVY o ZADIEHFESITHL, BST%
(ST)z = S(Tx), =€ D(ST) = {z € D(T); Tz € D(S)}.
TEDS.

AR EFRBICHET 5. oI, IOLBHEUBBEARE 2o TW5.
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§ 3.2 BRIEAZR

EE. X0 Y NOWMEERRT PEFRETH S 21T,

zj,x € D(T), xj == = Tz;—Tz
BRI DZ L THA.
FE 3.1. X 25 Y NOMYYSIERRT it & 72 5 72D121%

IM >0 s.t. VezeD(T) ||Tz| < M|z| ()
DO DZ EBRET DI TDH 5.
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SERA. F3MEMEZRT. (O) DMV WERET S, Thbb
VYn>0 3Jzn, € D(T) s.t. ||Tzn| > nllzal
55 ZDrEFy, =n" Y| le, b B L,
lynll =n~t =0, ||Tyall > 1
DEDIALODT, TIFEBTIERL.

KMz Rmy. (O)2RET2 L, zj2e D(T), zj DL E,
Tz — Tzjl| = |T(x — z;)|| < M|z — x| — 0
DEDALD. KoT, TWEHERTH 3. N
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EE. XDPOYNOERRTHERTHZ 21X, D(T)=X2D

IM >0 st VzeX |[|Tz|| < M|z
DEDIIDZ e THS. BFRMEFARTISHL, ZOERAR/ ILL%
|T|| = inf{M > 0; Vo € X |[Tz| < M|z||}
TERTD. SORXXDPOYNOHMARRKOEEZ B(X,Y) TXL,
X =YD EEB(X) =B(X,X) xEL.
AR, 1R, TR X HOY NOHFRERAZELRSIE, B € X ITHL
[Tl < [|T[l|]l
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2l 370, HLRHFNEME: X - RBPFELT

F(x) = f(x) forxe L, F(z)<p(z)forzeX
DI D LD,
AR, L ETERSINLREFGIBEE 2, X 2EAREIGICINRTE 2 2 2
ZIERTWS. ZOBIZ, L ETHRD o TWed 2 1FH0, X ETHE
DD XSIHNETE 3. %72, X I/ NV AELZELRVAICHTEY

¥ EZNIRDOIEELEZTHRWY; ZO XS XEZILGE, FRD2
SORERIZENFNL, X LT TEgGME) ICTHYT 230 B2 3).
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o Zorn D&

EE. £OS LoZIHBR <A S LOHIBFTH 5 L 1d, LUINDSRMFZ
TIETH5.

1. fEEDa e SITHLTa X aPlihii>o (KEHE) .
2. a=2bhDb=akba=bMRHD (R .
3. a=XbDb=<ckhba<cHRDIIo (R .

TorE, (S, <) FFHICS 2 HIEFES LT
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EE. SEHEFEEL T 5.

1. So C SHRIEFBWHERTH 5 L3,
Va,b € So (a<b %721% b < a)
BRDIDOZ e TH3.
2.beSHSgC SOERTHZ LI,
Va€e Sy a=xb
BEDIUDZETH 5.
3. ce SHSDBATTH 3 L3,
(aeSP»PDc=a) = a=c
MDD Z L THB.
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EE 5.5 (ZornD##E). S HEFEEL T 5. SOEBEDORIEFHITE

ARSI ERZ2R051F, SI3mATZHo.
FEBA. AIES 5. [

EI2 5.40EA. Step 1. ¥ T FOREMEENT 2. 20T,
S={F:M >R, LCMC XFHI%M, FidM EOBRBAMKT
F(z) = f(z) for w € L #2 F(z) < p(x) for z € M}
YBL. fFESIDSAPTHEILICHRETS. SITBET 200K
F:M—>R, F:M >R
WAL T
F<F 2L McM »oF=F|y,
YEFERTDZE, (S, ) BFEFEETH S.
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X T Zorn DHIEE BT 272912, EBEORIEFHTEE Sy C SHSITL
5‘?‘%*#0: t %ZT—\‘% 5 SO = {F)\: M)\ — R})\e/\@ck 5 0:@32?{7,"“'1,
M= |J M,

AEN
eBe, MCX3HnEfchs Beds). £, FEDre MIC

NUHBZNCATrCc My7%3bD%E—DAT,
F(z) = F)(z)
By, Zudwell-defined Z REEINBEREF: M - REED2 R
53). KESE FOWMBROLIH»6, LM
F(z) = f(z) forx e L, F(z)<p(z) forze M

DBRDIUEL, XoTFeSThb. ¥z, TOMEDLI»S FHSyd L
RelhoT03dZdahb.

XoTZornofiEIC LD, SIIMATTERiD. D, MATTEF e S2—D
HoTHEEST 3.
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Step 2. FOEHFRBP X IT—HIT 2 %2/RT. FOEFRHE M LT,
M= X%REEIV. 4, M#EXEREL, 2€ X\ MZ—2EELT,

M={y+tz€X; yec M, tcR}
YBL. ZITHEEDz e MIZHNL, Fr
r=y—+tz, yeM, teR

B—ENTH B L ICERT 5. BB, Zhud

r=y+tz=y +t'z, yy eM, t,t' eR,
L5k,

y—y = (' —tzeMn[(X\M)U{0}]
LRI hobhb. ET, Fc e REMBREELT, F: M - R%

F(z)=F@)+ct, z=y+tzeM
TEHLES. FAM LORWENEETS 5 2 L OMRBRESTH 5.
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EFRLD FRFOWIRY %2 2 LIZHWPRODT, c € REBEHISGEAT
F(z) < p(z) for z € M )
YLTEBRZLRRT. ZOE01I2, £F, HBcc RIIHLT

F(y)+c<p(y+=z) forye M
F(y)—c<p(y' —z) fory e M
EhBZERT. EE, EEDy,y € MIZHLT
Fy)+FQ)=Fuy+vy)<ply+7v)
<ply+2)+pQy —=2)
TH2h6, F(y)—p(y —2) <ply+2) - Fy) THH, £oT
sup [F(y) = p(y' — 2)| < c < inf [p(y +2) — F(y)]
yeM yeM

iz ce RPENS., ZDceRIIHL, UMTDO LI (O)BmRtES .
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t>00Dk %,

F(z) = F(y+tz) = F(y) + ct = t[F(t 'y) + ]
<tp(t "ty +2) = ply + tz) = p(z);
t<0Dt X,
F(z) = F(y+t2) = F(y) + ct = —t[F(—t"1y) — ]
< —tp(—t~ty —2) = p(y + tz) = p(x);
t=00D¢& %,

F(z) = F(y) = F(y) < p(y) = p(a).

MECEDFeS, F<XF, F£Frk3dM, THIFOMAMIIKT .
FoTM=XTdh53. O
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M. X ZKfBZERE L, L C X ZHn%He 35, FEO KB
fiL—-KIZNL, 2 KENBEBEF: X - KPFELT

F(x) = f(x) forx € L
MR DO L BT,

B2, EF 5.4 D RIS, Zorn DMEZ VT RT I ENTES. &
BT ER L TEWT, T2 L0oT, sfildgkys. L




o EERHIR

EE. X PCHYPZEME 5. FBHp: X - ROBF¥FJILLTHZ I, M
To&tEzili-3z2Ths.

1. fEBDc € Cx € XITHL plex) = |c|p(z) KD Lo (GExdHF
R .

2. EEDz,y € X1 Lplz+y) < plx)+p(y) B3R DHILD (SBIEMN) .

. CRUEZEM L/ v A ZHEIHNIERMEE 22 2 & 2Rt
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FIE 5.6 (Hahn—Banach DFEE, E&RHAR). X % CHEZEERM, p: X —
REZ¥ /N l, LCXZHA2EME S5, CHIFINERf: L — CH

[f(@)| < p(x) for z € L
Ziilz 755, % CHIBRBEEF: X — CHTFEL T

F(z) = f(z) forx € L, |F(z)| <p(z) forze X
N AIRVASH

AE.EH S AEBOTELFEROZ NSRS, 262 HESHY L.
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SEFR. g = Re fIdL C X Z R¥FBZER & [ 7z & =D REFTEILBEET,
g(z) <p(x) for x € L
Zhied. $HLEM 5.45D, X FORRBNBEEGT
G(z) =g(z) forz e L, G(z) <p(z) forze X
BT bOBFEET S, 5, f(iz) =if(x) &b

f(@) = g(z) —ig(iz), zelL,
YRBILICHERT B,

F(z) = G(z) —iG(iz), =ze€X,
DRD BNBIE L o TV B, R, FOfOIETH 2 Z L IZHLLTH 5.

142

%72, FIZASHICRIIGTH 255, X512
F((a+ ib)z) = aF(z) + bF(iz)

= a(G(w) - iG(ix)) + b(G(iw) - iG(—a:))
= (a +ib)(G(z) - iG(iz))
= (a+ib)F(x)

DT, #WHCHIETHS. REIZ, € XITHLT
F(z)=re", r>0, 0€eR

YERTZE, e F(2) = F(e 2) 358720 T,

|F(2)| = e “F(2) = F(e "2) = G(e "z) < p(e ) = p(x)
B DALD. L
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R57.X%E2K/NVLAZEM, L C XEH7%2EMe L, fel*rd%. ZO
YEF € X*T

F(z) = f(z) forze L, |[[Fllx-= |/l
Eiii7z T b OHEET 5.

SR, K=RD¥ %=, p(z) = ||fllpllz]| & LTEH 5.4%0EH T2, &
LRGN E: X - RT

F(z) = f(z) for x € L, F(z) <|fllg|l=]| for z € X
BT HORTEET S, FEDz e XITH LT

—F(z) = F(=x) < ||+l — =l = Il Fll =l
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HHILDDT,
[F ()] < (£l el
THhH, R
FeX* |Flxs<|fllr
215%. —J, € LITWHLTIE
If(@)| = |F(@)| < ||F|l x|l
DT,

Il < [1F |l x+
TH%. LoT|Flx=|fll L% 5.

K=Cor %, p(x) =|fllrllz| et L CTERM 5.6 2#HAL, F2FU X
ST U (B T3). ]
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R 58 XEK/IVLZEME TS, FEDzg € X\ {0} IHNLT, 3
FeX*T

F(zo) = llzoll,  [IFllx+=1
BT OMBFET 5.
AE.FIC, z € XPEED f € X¥ITHL f(z) = 0%ii=8E, =0
ThH3. HrWE, X #{0} %53 X*# {0} TH53.
SEBR. 2 L = {teg € X; t € K} OB f %
f(z) = f(tzg) = tl|zgll, z=tzg€L
TEHETS. WIS fIZL EKEET, X512

|f(@)| = |f(tzo)| = [t|l|lzoll = |lzll, = =txg € L,
BOT, fEL*DPO|fllps=1TH3. HridFk 5.7EAVIUILV. [
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% 5.9. XEK/)VAZEH, L C XEH7EMEL, 20 € X\ LT 5.
bld:=infycrllzg—yl| >0%5, HBF e X*HHFELT,

F(zo)=1, F(y)=0foryelL, |F|<d?!
i RIRVAON

SEER. 2L = {tag+y € X; t €K, y € LYITHLT,
f(@) = fltzg+y)=t, z=tag+yeLl
YEFT DL, Zhudwell-defined» o L FCTKEHTH D,
f(x0)=17 f(y):OfOI’yEL,
BT, X6, x=txg+uy, t 0, ITHLT

|F @) = [l /ltmo + yll = ll2ll/llwo 4+t yll < [|=]l/d
BROT, fel* |flz. <d ITHE. HrFK 57MHUIIV. [
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§ 5.3 DHETIE

EE. X &2/ LLZEHE T 5.
1. KCXMPOhTHhs ik, TEDz,yec K&tec[0o,1]iaxL
te+ (1 —-t)ye K
DRI DZETH 3.

2. K,K' C XPfe X*\{0}ickhDEESThZ X, TEDx e K&
' € K'\THL

Re f(z) < Re f(a') €]
BEDIDODZETH 5.
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AR KK 2 fe X*\ {0 itk bpHians e %, FiZ, H2ceRHFF
ELT

Ref<c¢ on K, Ref>c¢ onK' (%)
DD LD, ERE, (O) 0L ER, A0 NREZRUE
sup Re f(z) < inf Ref(z)
zeK a'eK’
ERBDT, ceR%
sup Re f(z) < c¢< inf Ref(z)
zeK 'eK’

B X ENE, (R)DEDHILD. BB, () IEEMINIIK, K'DPX
WNOEFME

{z € X; Ref(z) =c}
WED XN E Z e B2 EKRT 5.
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ETIE 5.10 (9BEE). X &/ VLZEW, Ki,Ko C X 2L L,
K#0, KinK,=10

35, ZOE, HBfc X \{OIDBFALELT, fIZK L Ky ZolEs

3.

FER.ARETIE, MRS Cc XL, ZONEEEROESEE SCTERT.

EE.XE/NVLZEMEL, KC XI3MB7HEAT, 06 K35, 20
v &, KOHR—MEHE (MinkowskiAEED) pr: X — [0,0] %, (£E
Dz e XL

prc(z) = inf{A >0; AN lze K}
TED5.
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WE5.11. X2/ VA% L, K C X 3NN HEET, 0e K°v3 5.
ZOrE, KOYR— A pr G 2T,

1. 20 > 0DFELT, TEDz c XIZHLO0 < pr(x) < C||lz|| A3
URVASR

2. EEDOA>0k 2z € X I L Tpr(Az) = Apg () DIK D 37D,

3. TEDz,y € XITHLTpr(z+y) <pr(x) + pr(y) B DAL,
4. K°={z e X; pg(x) < 1} 2D ILD.

5. K={z€X; pg(z) <1} HRD D,

FRCFRL,3&D, prld X ETHEEITH 2 Z L DHES.

AR X eRMPEME R T, FR2,3XD prB3HWETH 5.




SEER. 1. p IEEMER Z X IXERPSHHTH S, RE0 € K°&D, b
be>0DFELTB(0,e) C KM ID., T5k, Dz e X\ {0}
WL ez|) 1z € B(0,e) CKTHBI»b,

pr(z) < 2¢ x|

®18%. EH#D 5 pr(0) = 0092 30T, LORERIZr = 0THHRT
T5.

2 A=002 EFREIFSHLEDT, A>02 LTIV, ZDOLE, +R—
MRAEKODEF LD
pr(Mz) = inf{u >0; p Iz e K}
= inf{,\,/ >0; plze K}
= \pk(x)
21535,

152

3. Bz, ye X1THL, \u>0&  le, p lye Kers k5t 5.
T2, KOMMEXD

1 A -1 [
T (r+y)= " Nle 4 €K
A4—u( y) woy

Atp Atp
L 2DT,

pr(z+y) <A+p
2195, LOHATN picBT 2 TRZ 24X, KD B AFEAXIMNES.

ZIT, pg DT R TEL. FR1,3&D, £EDz,y € XITXL

pxc(2) = pic ()| < max{px(z — v),px(y — =)} < Cllz -y
MDD Z e Th 5. ZUudpr OiEfEL EFK T 5.
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4. F¥rx e Kov332. §32, cDHDEHEU C XPFEHELT, U C
K¥rhk?z., ZZTRAA7—EoEEEEZHWS e, Hde > ODFHELT,
Q1-e)lzcUCKEns. ZhiZ

pr(z) <1l—-e<1
EEWT 5.

WIS, € XOpr(x) <12 T3, ZZTprDEfGHEEHVSE, 20
HBEEUBFELT, FEDOy e UL

pr(y) <1
DD LD, THEH BN € (0, 1) LAy € KA D> 2 & &2 Eik
L, KomtEeHWwas &

y=((1-MN0+1x\"1y) e K
Y%, XoTUCKTHY, xe KO%H5.
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5. 2¢ K, $bb, x e (K)r$5. ZOrE, (K)DHEATH?
T RN T —EOEGMED S, HBe>0IHMULT(1+e) Lo e (K)eh
Do, ZAUTERC

1+e lz¢ K
EREEL, LzhoT
pr(x) >14+e>1

b, EE, dlpg(x) <l4ekddr, H2Xe€ (0,1 +e)lTXL
A lz e KM Iop, 22 TKOMERZHAWS L,

A4+ lza=0-Q+) N0+ 0+o) N o) ek
EROTHEREL 5.
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W, € XDOpr(x) >1e35. ZOrE, priEfilEihzod 2
EBEUNFELT, (FEDOy e UKL
pr(y) >1

DD LD, Zhidy ¢ KZERT 3. £, ye K328, 17 lye K
E0pr() <1EBoTLESILBTHS. koT, UNK =0ThHh, &
Nz ¢ KEHEKT 5. O

EE 5.10 D3, FTRENCED, 0 e KS LT, F7, EEDzg €
Ko ZEIELT

K:$0+K1—K2:{.'IJO+$1—JI2€X; z1 € K, :L’QEKQ}
kL.
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Step 1. ¥3, KI3IMEATH 3. FHE FEOx,ye Kbk, Th
S5iEH>bx1,y1 € K1 a0,y € Ko AWT

r=z0+T1—22, Y=0+Y1—Y2
DOFICETS. T2k, K12 KoDEick b, EDt € [0, 1] L
tr+(1-ty =0+ (tz1+ (1 - t)y1) — (te2 + (1 - yp) € K
DI D VLD,
Step 2. Ri20 € K°®Rd. EE, REWCED, Hbe > OBFELT
B(0,e) C K1 biiD. 35, FEDz € B(0,¢) C K1ITXL
r=x0+zc—29 €K

D ARYASN
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Step 3. EHCxg ¢ KO THb. FEBE, zpe KCLELTFEEZETS.
Ot E, FEDy € Kol L T5/h&72é > 0% ulzg+dye KL
RBDT, Hbxry € Ky1tas e KoWFELT

o+ 0y =xz9+ 21 — 22
rEFZ. T, ZoFHERE KoomEickb

L+0)tey=01+0) ly+ A+ ter e Ky
D5, Hrlx

(14+06) "1z, € K3 (©)
ERENUR, REK{NKy =0ICFET 5. Step 2LAMRIC, Hde>0
% B(0,6) C K1 ¥ 3 k5 1ct 3k, HFEDOw € B(0,e6/(1 + 6)) 1Tk
L, KyomErs,
L+8) ey tw= 1+ ter +5(1+86) (1 +8)5 tw) € Ky
Y5, ZHUEHEPIC(Q) BEKRT .

158

Step 4. ¥C, EHOFREAMHAL LS. Steps 1, 2¢ i 5.1112k D,
KODHKR— Ml pr: X — [0,00) 1I3IEEMELDEMETH 2 Z L IR
T5. %, L={ g€ X; € R}2BWVT, RIFEIEBK S L - R%
EEDy = dxg € LIZRLT

F() = Apk (x0)
TEDIUZ,

f<pk onlL
LA, THRLEM 545D, HEARFEIEEF : X - R PFELT
Fi=f onL, Fi{<pg onxX
MDD, @l 5.11DFERLIED I X ETHEBTHEZ b 0h 5.




T, K=R,CttTezhth
F=F,F —iF(-)

LEDD Y, FiZX Lok KEFIBEBE 222 (B3
%). ¥/, TEDxc KIZHL, m# 5.11 2 Step 3EHWS &,

Re F(z) = F1(z) < pg(z) <1 < pg(xo) = Fi(zo)

MDD, LiehoT, £EDx € K1 BXUxp € KplIxflL, LOF
Fhrr=204+ 21 —20 c KITBVWTHHAT L,

Re F(z1) < Re F(z5)
2182, XoTERIWREN. L]
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§ 5.4 F2HEZEH

T2 5.12. X #BanachZEflr 5%, z € X IZHL,

ba(f) = f(z), feX*
CERTDE, pp € X = (X TH3B. 512, ZOHE

X = X*, = ¢y
WEREMREEHZREED 5.

FAE. LOZEMDAAZELTX C X L ARTIENTE S,

161

SEBA. 2 € X 2§53, FEDANpueCl f,g e X*ITHLT
dx(Mf +pg) = (Nf + ug)(x) = A () + pg(x) = Ao (f) + uédz(g)
BRDT, ¢pp: X* > CIIRETHS. IHIEED fe XHITHL

|6z ()] = [F (@) < 1 fllx<llxll x ()
BDT, ¢pp € X*%155.

(M) D5 |[gall xox < 2llx BADB. Pl xe+ > ||zl x ZRZED. z#0
& LT&W. Hahn—Banach®E®E (DFR) &b, fe X*ZHYIHEAT,

f@) =lzlx, [Ifllx-=1
LTES. I5L

zllx = [f(@)] = |9z ()] < |zl x+ N fllx+ = [Pl x
BREEND. O
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EF. BanachZH XA X = X 232 &, XIIRMNTHZ 0.
fll. Hilbert ZERNEE IS TH 5.

Bl EEDp € (1,00) IR L LP(Q) BREIITH 253, L1(Q) & LX(Q)
E—RICIE BRI T A0,




§ 5.5 55t

EHE. X Z Banach e 5. PBEII{f;} C X*25f € X*ITRFFUNR
(F*INR) T2, HFEDz e XITHLT

nm_fi(x) = 1)
PR UOCLThE. COLE, [E{f}ORBER G ER LT,
G L g wlim g =
BETHRT.
M. 1. MM R T,

2. {fi} €eX*Df e XXX D/ NVATIHT 2 Z L LRI T 5 2
LOEWEEETHHAL, MEDMIFGBERICOV TR L.

AR FHRICH L TR ED X5 2RUIHRIZBIR E 3N 5.
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FIE 5.13. X # BanachZ2fii 5 3. X* DEEDNFTIELTHE FRAT
BB, oI, {fj} CX*Dfe X ITRFIERT 2745,

1711 < timinf 5]
ME D LD,
SERR. EF O FRIZ—HEE S ¥ Banach—Steinhaus OEH O E W72

iz & 70, []

EE 5.14. X Z#BanachZf e L, {f;} C X*t9$2. FEDz € XIZ
U f(2) IR S 278, {f;HENFICRT 5.

SFRH. Banach—Steinhaus DM L INFEICROER 2 S 6~ TH 5. [

EE.EM 5,143 X* OPLFSAAHICEE T 2 5 IEICHY T 3.
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FEIE 5.15. X Zn[4) Banach 22 ¥ 3 5. EROHRII{f;} C X* 1355
IR ER 33 2 8D,

SERR. {z)} C X EWBmAAIEHSEG L 55, £T{f;j(z1)} C CFHR
Bl DT, BBEIHI{f1,;} C{fIPEELT{f1j(x1) FBIGRT 5. X
Z{f1,j(x2)} C COHERINLDT, HBEMAFN{fo,;} C {f1,;}PFELT
{f2,j (@) ENLR T 5. LUR, WIS {f, ;} BHET 5.

T2 {fan FATIRT 5. FEE EEOz e XITHLT

|fn,n($) - fm,m(w)|
< ‘fn,n(x) - fn,n(xk)| + |fn,n($k) - fm,m(xk”
+ [fmm(zr) — fmm(2)]
< 2(sup ||fn,n||)H9c —xill + |fn,n($k) - fm,m(mk”
BOT, {fan(z)HFCauchyHTHYD, XoTIHRT 3. HLITEM 5.14
ZHVAUT L. []
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FIE 5.16 (Banach—Alaoglu). X # Banach %l ¥ 3%, X* OB
BRIZINFIa > 2 v TH 5.

AR V7 P egAa YT NI RICIERLRAEETH 5.

SEER. IR, X*OEAHAMEKE B § 5. HEf
L XF s CX f e (f(@)aex
EHELT, X*Z2ZDB(X*) LE—MHT 5. X*ONFLAEEFEAHEZZM
CX DEpZEf e LTOMMIC—HF 2 LICiEET 2. Aaik
u(B) C I:={(zz) €C; |2z| < ||z}

LIDay g ME (Tychonoff OEH) Kb, HEiZu(B)H IO
BTHZZntid L.




F=@))eex €(B)CItT5. 53 fOMEHEZHEIDS. FED
z,y € X%r3. BEREMMHCHAUOERLD, TEDe > 0L, 3
g € W(B)MPIFELT

I[f(z) —g@)| <e, |f(y) —gW)|<e, [flzt+y)—glzt+y)l<e
Y TCEB. 55k

(@) + f(y) = F@+ )| = [f(@) —g@)]+ [f () —9(W)]

+fx+y) —glz+y)]
< 3¢

BOT, ¥R f(x+y) = f2)+ fQY) 3005, AREEDacCl
z € XIZTHL flax) = af(x) 22 Z2d0nD, fOREEIRINT.

Fhfelno|f| <1HHHNTHD, XoTfeu(B)TH5.

EwED o(B) CIEARETDHZ Z e nh o7, [
168

E&E. X ZBanachZME§%. s¥ll{z;} C Xz € XITHNRT L
W, RO f e X* T T

lim f(z;) = f(z)
j—o0
PRD IO L THE. COLE, ok {z;} OBERY LY,
;% T —T w-limz,;, =z
J ’ J ’ j—00 J
RETRT. FIKE OXED /212, @ OPGR % 58INER © FFUF,
S H —
;= @, i;llorng ==z
BRETRTIEND 5.
M.z; 325003, o, % e TH3 L 2R
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8 5.17. {z;} C XHFICKLTWIUS, BRI —ENTH 5.

SEEH. W E,
. wW <W /
T — Z, T — X

YIRETS. bl 275, Hahn—Banach®EHE (DFR) &b, 3
feEX*DIEFHELT

fla—a)=lz-2a'#0, |fl=1
Th3. Ll

f@—a) = f(2) = fa') = lim f(z;) = lim f(z;) =0
J—o0 J—00
ROT, ZIIFETH 5. H
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Bl. 450 {x;} C 2%

z; = (0K )k
CEDEDZE, {21130 € LITTICRT 275, BN L,

SIEA. RO f € ((2)* %2 5. RieszORBTEHEID, B2y e (2HFE
LTf=(,y) tEFSDT, j 200DL X

W

f(zj) = (zj,y) =9, > 0=f(0) .. z; =0
TH5. LL, FED) £ UKL
|zj — x| = V2
%DT, {z;}13 Cauchydlicidzz b 1F3, FRIPR LW, []




T 5.18. (EEOFIGIIGHRIITHS. E612, {o;} C XMz e X
CIRT 755,

llz| < Ii]rgg)gfllell
A RVASR
SERR. ¢j, 0 € X &K f e X ITHL

i (f) = f(z;), o) = f(=x)
ELTERTS. EEDf e XFITHNL¢;(f) = ¢(f) DT, EH 5.12
—REE R ERE (2 Banach—Steinhaus D) 12Xk b,

sup ||z;]| = sup [|¢;]| < oo
BXU
llz|l = ll¢ll < liminf ||¢;|| = liminf ||z;]|
Jj—00 Jj—o0
2185. []
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FI 5.19. X Z Hilbert 2 L, {z;} C X, 2 € X ¥ 5. z; S ah
Dlzjl| = [z %5, z; > TH3.

SEBH. j - 00Dk &,
e — ;|12 = [|z]| + ||z;]|* — 2 Re(z, z;) — O

ROT, WPCe; >z THS. ]
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EE 5.20. X 24 Banach 2 L, {z;} C X35, ERDf €
XATHU [ () PINRT 2725, {a;} EBIGRT 5.
SERR. BEOIAA X C X2k bz e XDRE ;e XL L,
o(f) = lim ¢;(f) = lim f(z;) for fe X~
j—o0o j—o0

YIEFRT S ¥, Banach—SteinhausDEM I D o€ X* ThH2S. RELD
X =X"%DOT, Hbxc XPFELT, [EED fec X*IZHL

f@) = o(f) = lim f())

THs. Thide; Bz 2EKT 5. ]

AR TG Banach 22 D S50 HHIC BT 2 SEfittE 2 Rk T 5.
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EI 5.21. bt Banach 22 OEE DO H A D 2 J9ICRE 5 2 & L.

i 5.22. X x4 BanachZef, L C X ZBHEDZEM 35, LiZX
D7 NAIZE L TR Banach 22y 72 5.

SEBA. LA'BanachZEf 722 Z X IZHWATH S. ¢ € L™ T 5. {TED
fex*wxt, flpeL* [Iflolics < |fllx+TH s I LIERLT,

() = o(fIL)
LEDDY, Y EXTERD. FTHLXBRHENRDT, HBaMFELT
¢(fl) =o(f) = f(z) forall feXx* @)
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TRz ¢ L35k, Hahn—Banach DEH (DFR) 12k D
Ife X* st flp =0, f(z) #0
50, ZHF(Q)FETS. koTxe LTHS. 5 (V)LD

o(flp) = flr(z) forall f € X*

TH5. HUUHahn—Banach®OEH (DFR) IkD, [EEDge L*I3H 5
feEX*ZHVTg=fl,OBICET S LICERET S L,

¢(g9) = g(x) forall ge L*
MELNS. []
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8 5.23. X ZBanachZEMt 3%. X*20[ 06X A0 TH 5.

SR {f;} C X*EMERARHAREL T, {z) C X &

£l = 1f50/2, Nzl =1

Zifli7e 3 L 518, L = span{x;} B, PHITL C X IZAT 9728
B TH B, WE, RICL # X 8RET % 2, Hahn—Banach OEH
(DFR) &b, B2 fe X*DEMALT

flL=0, f#0
TH5. LU, Zlf - fi,l<l/noksct2t

I f5ll/2 < 1f(xj,) = [, (@) < 1/n
BDT, f;, »0t%D, ThHEFETHSL. EoTL=XTH5. [
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EE 5.21 DA, X 2 Banach 22/, {z;} C X 2HFIL L,
L = span{z,}

YBL. W 5.22X) LEKHHTHD, KoTL*™ = LIZA5TH3.
T3 LAl 5.23 XD L*IZA 04D T, EH 5.15 & D {z;} C L* 1IN
IHFR A 2 o, IR & S9PCRDEFR K D, T4 {z;} C LA
WEF 2 HD 2 LTl & 7. []

fi. Banach 22 X OERE DG FIIAEICRE 352 Fio75 6, X I3THARX
TTTH Bt
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§ 5.6 HIHMEAR
EHE. X, Y #Banach 2], T X6 Y NOEMEL L, D(T) C X1
B T2, YO X NOEHZET 2T XS ICERT 2 | 5t

If e X* st. Vexe D) g(Tz) = f(x) )
BT EORg c YOEEED(T*) L, EIEDg € D(T*)I1Txt
L(Q)Zifi7T feX*2oT

T*g=f

LEDD. T TOHEBIEAR CURMEAR) LA

FE.ge DTN, f,f € X*DP(Q) Rllil-LTnwad2 5. {ERED
xe XML, iR 25{z;} CcD(T) 2t bk,

f@) = Jim f(z) = lim g(Te) = lim f'(;) = f(2)

THs. XoT, f=fThh, T*iZwell-defined TH 5.




EE. TIiEHilbert £ X 226 Y NOIEHFET, D(T) C X 3H%r 35,
ZDtE, yeY T

I eX st VzeDT) (Tz,y)y = (z,8x (%)

BT bDODEEE DT L, THRETEDy € D(T*)IHL (&) &
e X R oT

Ty =¢
CEFRT L. TR TOHRBEAZ L IEA.

AE. BanachZER Tl (aT)* = oT*, HilbertZEMTid (aT)* = aT* T
HDHIEIWEET 5.

180

Bl.T € B(C",C™) v F5%. O %, CrOEMEREKe,, ... ent CM O
HWERLK £, ..., fm ZHWT

tij = (Tej, fi)
LB Y, TRITA (1), THEBEATA () ; CITFIERE NS,

n m
SR y =T, z= ) zjej, y= > yifi £33,
j=1 i=1

vi= . f) = > zj(Tej, f;) = Y tijz;

DT, TIIHENIC (tij)i,j WX DITHIFRIRE NS, [FRRIC,

sij = (T" fj,e;) = (Te;, f5) = tj;
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W 5.24. TR X 2o Y NOERAFZTD(T) C X 3M%ELr 35, zot
E, TYRY* Do X*NOHEHZETH 3.
SEFA. gj € D(T*), g€ Y™, fEX*T, j 500D E
gi—9 T'gi—f
CIRETS. ZOLE, EEOz e XITxfL
g;(Txz) = (T"g;)(x)
Thh, ZZTj—oo0kTHE

9(Tz) = f(x)
2%, Zhudg e D(TY), Trg = f2EKRL, LdoTT*IZHMEHE
ThH5. [
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W 5.25. T X 2o Y NORMEAFZETD(T) C X 3% 35, $5¢&

TeB(X,)Y) < T"eB(Y* X"
D DD., XBIZ, ZOLX|T| = ||T*| 2D D,
. T e B(X,Y) e RET 3. fEEDg e Y IIHL, f:=g(T")
X LofENBEETH D,

Ve € X [f(x)] = [g(T=)| < |lglIT|llzl] .. feX*
Thb. XLIEHERISIHLII
Vee X ¢g(Tz) = f(x)
DT, g D(T)»OTrg=f=g(T )Dbhr3s. LOFLEXID
Ve e X [(T*g)(x)| = |g(Tx)| < lglTIlll . [1T*gll < IT[gll

BDT, T € B(Y*, X*) 2 ||T*|| < ||T|| 5503,




WIIT* € B(Y*, X*") 235, [EEDx € D(T)IZH L, Hahn—Banach
DEHICED g(Tx) = ||Tz|, |lg| = 1%Zii7Tge Y 2L B I LT,
1Tz = [g(Tz)| = [(T*g)(@)| < T gllllz]l < T[]

MEonsd., ZorREFEAL, THHAERETHZ2BIUD(T) C X
FBThr2dbBsl, TeB(X,Y)TRIFINIEZ SNV Lhb
3. T3, LORERDS, E512||T| < ||T*| bbb 3. O
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R 5.26. LRI D LD !

1. T,S € B(X,Y) TR L, (T + S)* =T*+ S*;

2. T € B(X,Y), A€ CizrfL, (A\T)* = XT* (¥ Hilbert 22 Cl&
(\T)* = \T*) ;

3. SeB(X,Y), T eBY,Z)icxL, (TS)* = S*T*.
SERA. 1ZIZH S 2 D TREHIZ AN S 5. []
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W 5.27. TIE X DO Y ANDIEHZET, D(T) C XBXUD(T*) C Y*iE
FNENHETHDLTH. 2o, HOAAX C X*BXUOY C Y
DRTTE X PO YHADIEHRL AR T

A RVASN
SERA. x = ¢ € D(T) C X*™ 2353, ZOr%E, EED g € D(TH) I
XL
ba(T*g) = (T*g)(x) = g(Tx) = ¢7,(9)
DAL D AT DD T,
x= ¢y € D(T*), T2 =T""¢y= ¢, =Tz

EE. B2 HBREEAOHDIAAICE LT, TH 5.12%22ME1E X.
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EE. TIEHilbert EM X 2056 X ANDOEHET, D(T) C X 3% 3 5.
THORIMERZETH 5 21X

TCT* (37%bBD(T) C DT BOT* iy =1T)

BEDIDOZ e THD. ki, THEHCHRIEBRTH S X
T=T*
BRI DZ L THB.
e 5.28. Td Hilbert 22 X FOEMAZRT, D(T) C X 3% L $5.
T AT D % 7201213,
Ve,y € D(T) (Tz,y) = (z,Ty)

D DNDZ  BREASTH 5.

iEEA. BT 2 (Mrd2). ]
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§ 5.7 FAEIHEIE

EH. X #BanachZBlir 53, MOHEEL C X, M C X*IZHLT

Lt ={f € X* Vo€ L f(z) =0},
‘M ={zeX; VfeM f(z) =0}

e BL.
2 5.29. TiXBanachZEf] X 205 Y NOBIERAZE T D(T) C X 3%
E3BEH. O E
R(T) =*N(1*), R(T*) = N(T)*
VD RYASR
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fEBH. y=Tx e R(TY) & 5%, FEDge N(T*)IZXL

9(y) = g(Tz) = (T*g)(xz) =0
BODT, ye LN(T*)TH 5. LEdoT, R(T) CLENT*)THY, fR
R(T) C *N(T*) %18 5.

WOEHEMBRERES. Hbyg e IN(TH\R(T)DHEELELTEE, b
5g€Y*T

g9(yo) 70, Vye R(T) g(y) =0
72T ONGFAET L. BEIX
Vee D(T) g(Tz)=0

EEKL, LEMo>TT*g =0, 2¥bge N(T*)Thb. $§5kyg €
IN(T*) &0 g(yg) =0TH 30, ZHEIRECTFET 3. ]

. R(T*) = N(T)1L zRt.
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T 5.30 (BEEEIE). X,Y #BanachZE#e L, TIZX25Y DR
fEHZET, D(T) C X i3MfZE e 55. UTOEMHTHEWVICHEETH 3.

1. R(T) C Y I 2 TH 5.

2. R(T*) C X*\3PHER D ZEMTH 5.

3. R(T) = +N(T*) 3 b 3ro.

4. R(T*) = N(T)L»3 b 3ro.

SERA. &M% ¥ %. K. Yosida, “Functional Analysis” Z&E4 k. []
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FO6E LYIRYIFEZARI ML




§ 6.1 LYILRY

o EHRLEANME

ARFETIEHIZ, XZCLoBanachZEle§5. —fRICX LOPAEART &
2 € CITHLRDIDODHEND S -

1. z=T)"13EFELRV. (§EDEN(z—T) # {0} TH3.)

2. (z—T)"LFET 525, B(X) KBS R0,

3. z=T)"I1FEL, B(X)ITET 5.

FEE. X IR E O AHRGED A - TWB 728, EERINE S
DFEL AR, ZOMMEE OBtk GHEEE) 12 B2 H 3.
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E#. BanachZ=/ X FOERET IR L,
p(T)={2€C; 3-T)"T e B(X)}, o(T)=C\p(T)
ZERERT DLYIARY FES, ARTMILEER. 2 € p(T)ITH L,
R(z) =R(zT)=(2—T)" !
ETOLYIARY IR, 72,
op(T) = {z €C;, dJxre X s.t. Tx = zm} C o(T),

ETORARYT ML, op(T) DItk TOBBELIER. X512, 2 € op(T)
DE N-T)DETOBEBRI ML, N(z-T)% 21T 2TO
EEZEM, dmN(z —T) %z DEEE L LA,

FE 6.1 (LYILRY MATER). T % Banach 22 X FOFAEHER L § 5.
EED z,w € p(T)ITRL, XROEAXDD D :
R(z) — R(w) = (w — 2)R(z)R(w) = (w — z) R(w)R(2).
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EBA. R(R(w)) C D(T)WCIFEELT,
R(z) — R(w) = R(2)(w —T)R(w) — R(2)(z — T)R(w)
= (w — 2)R(2)R(w).
A, R(R(2)) C D(T)ICERELT,
R(z) — R(w) = R(w)(w — T)R(z) — R(w)(z — T)R(2)
= (w — 2)R(z) R(w).
X o THFRIFREN. []

AR LRy ARG, B,
1 1 w—z w—z
T w-T G-Tw-T) (w-"T)(z-T)
Y HET B,
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THE 6.2. p(T) C CRIEIEEGTHS. £/ R(2) & p(T) LTEHITH
D, R(2) = —R(2)2 A DD,

SRR 2 € p(T) 2T 5. |¢— 2| < ||RGR)||"ZH#ETIEEDC € CITHL
S= Y (—1)"(¢ - 2)"R()"THEB(X) T/ A AIBHLTHD,
n=0

S(¢—=1)

= io: (=)™ —2)"R(=)" + i (—1)(¢ — 2)"TLR(z)" T = 1,
¢ Ds =

= io(—l)”(é — 2)"R(2)" + io(_l)n(g _ IRyt = 1

&0, ¢ € p(T), EoTp(M)EFATHS. 2515 = R(OEFER(z)D
Taylor BBi% 52 50T, FAMEB XU R (2) = —R(z)2drahs. [
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o HIMEAZEDOL VLAY k

FI 6.3. T% BanachZE X FoRAfEAZ L L, D(T)IZ X THR%TH 3
¥¥%. Zorx

p(T*) = p(T), R(z,T*) = R(z;T)"
MR D LD,

JEE. Hilbert 22T H UL,
p(T*) = p(T), R(zT")=R(zT)"
M D ILD.
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SEEA. Step 1. z € p(T) e F 5. (z—T)" 1 € B(X)DEFET2DT,
(z=T)"1)* e B(X*)DEET 2. Fh(z—T*) L bEET 5. EHIE,
gENEZ-THETEL, TEDxr € XIIHLT

9((z = T)x) = (2 = T*)g)(z) =0
7ZH, R(z—T) =Y RDT, g=0TRIFAUIELERL.

WEfeX* =D(((z-T)"D)eF2r, [TEDze D(T)ITHL

f@) = f((z=T)"1(z—T)x) = [((z = T)"1)*fI((z — T)x)
BDOT, (z—T)"1)*fe D(z—T*)»>

G-TYE-T)"Y'f=Ff ()
Bohd. ZHUIR(z—T*) = X*2BEMWKL, LEMRoTHZ S 7EMX
D, (z—=T*)"LeB(X*)TH2. Ficzec p(T*) 218%. E512(M) D
W (z—=T 1223 C, (-T)"D)*=G-T13br3s.
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Step 2. z € p(T*) & §%. ERELD (2 — T*)71 € B(X*) HFET
5. %7 (G-T)13HEETS. E, ce N-T)t 55, £8D
g € D(T*)ITRLT,

((z=T")g)(x) = g((2 —T)z) =0
THEHN, WER(Zz—-T") = X*BDT, ZNUIz=0%EKT 3.
D((z—T) Y cY@3W#EcthsicihET 2. £, RE—T) #Y
CIRET % 2, Hahn—Banach®DEM LD, H2 g€ Y*\ {0} BIFEELT

Ve e D(T) g((z—T)z) =0

ThH3. LrL, THUI(-—Tg=0%EKL, g=0%Ro>TFETH
2. ko T((z—T) L)y »Eskxnz.
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WEgeD((z-T*) T2, EFEDy e R(z—T)ITHLT,
9() =9((z =)z =T)"ty) = [(z = T)gl((z = T) ")
BDT, (z—T%)ge D(((z—T)"H)*)»o
((z=T) DH*(z-T9=yg (©)
2183, Zhnb
X*=R(z—T") C D(((z—T)" 1"

MNbnb, M7 7EMEY ((z —T) 1)* € B(X*) ¥725. ¥ 5.25
I (-T)1eBX)ThD, Hicze p(T)TH3. 5I2(V)H15H
(G=T)"DY*=@G-T"1sbr3. []




o ANRY MILHERE

®E6.4.TcBX)L,
r(T) = limsup |T7(|}/7 >0
Jj—o0

B (ZAETDARY RILER SR
1. {z€C; |z| >r(T)}Cp(T)THDY, |2| >r(T)ITHL
R(2) = i Pk ()
j=0
R ARVASR
2. 0(T)N{2€C; |2|=r(T)} EDTH 5.

AR KFCo(M) Cc{z€C; |z <|T|}TH 3.
200

SERR. 2| >r(TY e L, e> 0%z —e>r(T)td. ZOLENE+TD
KEv2y, FEDj > NIZHLTlz| —e > || T mDT,

Y T < 27 Y [ = o/lel] < oo
j=N j=N

TH5. koTS= Y 2777 B(X) DA TR S 5. FH 6.2
j=0
DFEFFHL AR LTz € p(T) BE TS = R(2) BWREN5.

Rco(T) N {z €C; |2| = r(T)} = 0 LlRET 3. o(T) ZHEATHS
5, Hbe>0NFELT

D={z€C; |z| >r(T)—¢€} C p(T)
725, FHCR(2)IEDIZBWT Laurent i cRah, 23 (M) TH %

55, L UERMEGO#HR L FECLT, (#)i3{z€C; |2 <r(T)}
TRIGRLRVWOT, CHEFETHS.
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§ 6.2 HEHARIEAZED ARSI LI

T % Hilbert 24 X LOMFMERAR E §5. 20 %, TEDz c XIIXL
(Tz,x) ERTHBILIIFERTS. EE, ik

(Tz,z) = (z,Tx) = (T, )
THBIehrobhrd. 5y eRBEFELT, [EED 2 € D(T)ITXL
(Tz,z) > 7|z
DO &, TEFICHEERTHZ WV, ThET >~yD Xk 51cEL.
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F 6.5. T % Hilbert ZM X LOHOHAEALLr T2, Zok &,
o(T)CR
MDD, Fiz, BT >y ThHIUL,
o(T) C [v,00)
DI D NLD.

SEEA. 2 € C\RE T 3. {EEDz € D(T) ML,
Iz = Tz|> = [Im 22|z + [|(Re 2 — T)x||* > |Im 2|
THHIEDD,
1(z = T)z|| > [Im 2|||z| (%)

DD LIERT S, ThED 2z - TIRHEHTHD, (2 —T) 1517
ET22enbhrd

203




HEIWFR(z-T) = X ZmE8iUu, 72 7EHED 2 € p(T) DES. ()
YTHEERZTHZ 220, $TR(2-T) C X IZHTDZEMTH 3.
zeR(z-T)Le¥3¢L

vye D(T) ((z—T)y,z) =0=(y,0)
ThhH, ThiZ
ze D(T*)=D(T), (-THz=(z-T)xz=0
PEWTS. - TR ZDTz=04D, Rz—-T)=X%15%.

T >y DEEIOWTHFABICHIHTE 3. []

. T > yDHEITHT 2 FROMHZ G Z L. (Lo TIZEBShTWY
% RERA DR & Hed &) .
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8 6.6. T % Hilbert 22l X Lo HOHXEARE 55, TEOMHRL S
EHEMEN, p € op(T)ITHL

NOA—T) L N(u—T)
MDD,

SR, FEDz e NOA-T), y e N(p—T)ITHL, \,p e RZFET B &
Mz, y) = (Tx,y) = (2, Ty) = a(z,y) = p(z,y)
2DT,
A=w)(z,y) =0
TH5. NF pRodT, (x,y) =0%155. []

AR WMFMERIRTORILT 5.
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FTTE QAN MERE

§ 7.1 ERLEANMEE

EE. X, Y ZBanachZEfr L, T2 X0 Y NORUERZL 35, TH
AVNT b (FRETRES) TH3riE, D(T) = X »oEE0BRA
{z;} C XU A{Tz;} CYDPPHIAINEROI L THSL. X oY AN
DarRy MEHER2KROEEE B.(X,Y) TEXT.

@8 7.1. B(X,Y) C B(X,Y)Th 3.

SERR. T € B(X,Y) & 95, THARTRVETSE, fil{z;} CXT
lzjll =1, Tzl = oo (j — o0)

2T bODBFEET S, LhL, ZOLEMASPIT{Tz;} C Y A5
A E e T, TUEFETH 5. OJ
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EE 7.2, 2287 MEAREIIS & BRI 5 O F.
. 2, BT s EFTx; 5 TeTHEI LIERLTHL. IR, (E
BEOfeY ITMLT,
f(Tzy) = (T f)(zj) = (T f) () = f(Tz)
ThH%.
WK, bLTz; A TeTHERE, Hoe>0inbl{z;} C {z;} T

Tz — Tay| > e (%)

Bz T ONLNG. {2y} STUICRT 2 2 L SRICHIIITH D, (U
I2&Db, %Bﬁﬁ”{w‘]//} C {le}f{iju}?b‘gﬁiuy*j_é borehsds. LarLl,

l[im T.Tj// = w-lim T.Tj// =Tx
j"—o0 j"—0o0
DT, ZHX(R)IXFETS. []
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FIE 7.3. B.(X,Y) C B(X,Y) XD ZEHTH 5.

BEER. T,S € Bo(X,Y), A peCtl, {z;} C X 2ERDOAEIIET 3.
ZDY ZEHRLD, {wj}@@5%K%§U{$1,j}iﬁﬁﬁbf{Tx]_,j}biuysﬁj—é.
SHIHUERLID, {z1,;} DD 2EDI{xs j} HIFAEL T{Sxo ; HILER
5. PSP {(AT + pS)xo jHENHT 2D T, AT + pS € Be(X,Y)
1835,

209

RIZ{T;} C B(X,Y) ZB(X,Y)DPERAE L, ZOFEZT &5 5.
{wj} C XxARYET 5. {x]}o)%égﬂﬁj\ﬁﬂ {Z‘LJ}Z’?‘T?EL’C{T]_x]_J}
RS 5. 251 {xlyj}@@5%5%5”{332J}i7’ﬁ{£bf{TQIZJ}&i”yﬂi
35. LUK, :ﬂ%ﬁbi@b’c{mk’]}%%ﬁkb, Yj = Tj; EBL. T
DL E{Ty;} BIUKRT 5. HE

1Ty — Tyell < 1Ty; — Toy;ll + 1 Thy; — Tyywell + 1Ty — Tl
< 2T =Tl sup [ly;1l + [ Tiy; — Tyygll
J

WD DODT, EEDe > 01K L, FTIZREXLLEoTHEEL, HWT
L kEREL DL

ITy; — Tyl < e
YTED. WRICT € BAX,Y)TH 5. [

T 7.4.T c Bo(X,Y), SeBY,2)1k5, ST € B(X,Z)ThH5%. %
72, TeB(X,Y), SeBY,2)%5, ST € B«(X,Z)TdH 5.

SEBE. 9T € Bo(X,Y), SeBY,Z2) L, {z;} C XEHRIELT 5.
DL E, {Tz;} BICRE DY 2H5, Si3dka0T, {STz,} bIHE
DHNEED. XoTST € Bo(X,Z2)TH 5.

RIZT € B(X,Y), SeB(Y,Z) L, Bl{z;} C X&HMILT 3.
D E, {Tz;}3EFRINBDOT, SO 7 MEp S {STx; HIICRE
HlaFD., ko TST € Bo(X,Z)TH 3.

N

13

FAE.EM 7.3, 7.4 X DFRCB(X) C B(X) XHRMA F7 A THh 5.
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EHE 7.5 (Schauder). T € B(X,Y) 2 $3%. ZDr %, T c B(X,Y)
TH21DDOREFTDHFRMET € Bo(Y*, X*) TH 5.

BET7.6.TcB(X,Y)%BIZ, TX CYRZADHOEHTH 3.

SEA. B={z € X; ||z|| <1} 2 LT, TB C Y AR LZREIX
X,

W,

Ve>0 3IHMEAF.CTB st. VYyeTB dist(y, F) <e
MDD Z L FEETS. KB, 25 Thuwedsy,

Je>0 VEREAEFCTB JyeTB dist(y,F) > e
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THs. ZOLE, y; e TBRZERCEEL, XUF, y; € TBZIEX

Jyo € TB s.t.  dist(yz,y1) > e,
Jyz € TB s.t.  dist(yz, {y1,92}) > ¢,

DESITERZEHTES. T8, ZORITTD S {y; }IPCRED 2+
7S, CHUETOay 7 MECFET 5.

EoFREHWT,

n=1

U, G C TBIZAIENOHZETH 5. L]

213

EIE 7.50F8A. (BWEM) T eB(X,)Y)tL, {g} CY*2EED
[HANE S 2. £F T IFNPCRIIIN 2 F>D Z e 2/RS. flid 7.6 &
DZ :=TX CYRZAGHEIEHRTHD, {g9lz} C Z*3HFIND
T, &M 5.15 XD H2HIHN {91z} & Z* W TR Z2HD. ZDh
% Hahn—Banach ®FHIC XD Y ERRICHER L2 D% g & THIZ,

Ve e X gy(Tz) =gylz(Tz) - h(Tz) = g(Tx) as j =
72DT,

TH3.

214

ST(O)DWHICRTH S Z e %2Rz 5. b L(O)DEBIERTIIRVWE T3 &,
XHIHRHNEL DRBT I THDe> 01T LT

1T*g;0 — T*g| > e
tLT&W. §28, H2{x)} e XDFHELT

legll =1, [T*g;ay) = T*gCap)| > 2

LTES. 5, WAPIRL DBRBT LT, {Tey}3I0RT 5 2 LTEL,
DL E

|T*9j/(90j/) - T*g(wj/)|

< Ty — ap)] + 779 () = T g(a)| + [ T*g(aps — )]

< NlgyllITy = Tl + (T*gy = T*9) )| + g1 Ty — Tay|
BDT, EFTKZRELL-THEEL, RZj2REL DL, HIFWL
LTHNELTED. ZHUIFETHD, LoTT € B(Y*, X*)TH5.
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(+9M) THeB(Y*, X*)bT5. @il 527124,
XCX™ YcCcYy*™ TcCcT*™

LAHRELIEIHERTS. T, WE{r;} C X C X AT S
&, HrEOEGERD 5 AE {2} BPIFEL T, {Tx;} C Y B3I 7%
5. L2L, T2y =Try € YBODOT, {Tzy} 3ERY OHAIITH 5.
FoTT € BAX,Y)TH 3. L
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§ 7.2 OAYN\Y MEBRZRDFI

o Hilbert—Schmidt 292 EREE

BET7.QCRIZHEARLL, ke L2(QxQ T3, o, £E
Du e L2(Q) IR L

(Ku)(@) = [ k(z,y)uly) dy
LiEDDE, K e B(L2(Q2))THD,
1/2
1K < 1K ks o= Wkllz = ([ 1k, dody)
DD LD,

FE. Eo X5 % K % Hilbert—Schmidt S ERE L W, |- |us &
K O Hilbert—Schmidt / JL L ¥ FE-2.
217

SEER. K OBEFMEB XU/ L 2R ERTEM 3.3 D% OFITEHIT/R L=z T,
avoy MERRT. {u;} C L2(Q) 2HRIIE T 5. EH 5.21 kD {u;}
BEHBue L2(Q)IHFHIKT 22 LTIV, v; = Kuj, v=KutBW\T,

vj = v E L2()
PR L. RELD
(vj—v)(z) -0 forae xze
TH%. —J, Cauchy—SchwarzdDAEFX XD

(o) =)@ < (U g = wl2) [ 1K)l dy

DB DT, |v;—v[21E IS RV BT LA SFHBE TV 5.
X o TlLebesguelllHTHIZ LD

f 2 g . 2 _
Jim o —vl22 = tim_ [ o;(a) —v(a)Pdz =0

THH, K e B(L2(Q)) Db 3. []

o [UBBROIEAR
EE. P HRITTOMEHR Z BRI/ L IE.

W 7.8. T € B(X,Y) DM ERZ 51X, TWEa>y 7 +Ths.

SRR {z;} C X2HMIE T2, oL E{Tz;} C R(T)IFAERIICZE
BoFRIITHY, ARIGTEMBRI (FH) 2287 8 THEZehb,
{Ta; } FIHER D HN 2 & L. ]

% 7.9.7 € B(X,Y) PEARDOIEMIRIN{T;} C B(X,Y) OHIRTH
215, TIZav U+ ThHs.

SEEA. ER 73l 7.8 X DL TH . ]
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o BFEDEHM Z IR
FEDs e RIZx L
0252 = {u: 2% = C; |julls < oo}

YEDHB. ZIT
25 12\ M2 > n1/2
||u||s=(2(n> |un|> ) =(14n2 4 4 n3)
nezd

Y55, (25(2% 13 BanachZ2f] (i3 HilbertZ2f) TH 5. HSHIC
s<t = 24z c25zh)
MDD Z L ITEET 5.
EE 7.10. TEDs < tiTH L, H#OAALER
J: 24z < 024(2%)
Zav k7 hTHS.
220

SRR, N =1,2,... TRL, fERE N (242 — 252 %

| up for |n| < N,
(Iyun = { 0 for |n|> N,
TEDZ L, INIFHLPICERLONBERLZDTa Y 7 v THD. 22
T, FEDu e 21z 1T L
1T = DullZ = Y (n)%|un|?
[n|>N

= > ()P ) unl?
[n|>N

<@+ N)~E 2
THBILnb,
Iy = J in B2z, 025 (2)
Thd. koTJbav 7 ThsdI LIS, O

221

o Rellich® > /NY MEOHIAHTEIR

TEDs e RITHL
HY(1) = {u e D'(TY); @€ @D}, uls = |l e
LYEDD. T ZTuldFourier Rl
i = Fluln = 202 [ e u(z) dz
PHEE B2 LORKE T 5. LRI,
F: HY(TY — 25(z%) (W)
W HilbertZEfiie LTORME 52 5. R
s<t = HYT% c H5(T?

MDD,
222

FEIE 7.11 (Rellich). TBE®D s < tITR L, HDAALES
J: HY(T) — H*(T%)
Fav s rThH3.

SEER. EF 7.10 2 [AL (M) 2SS TH 5. []

W 7.12. (FTEDs € RIZH L C°(T9) 13 H3(T) OB R L ESTH
3. £, FEOIEAEE > 0ITHRL, 5c¢,C > 0DFEELT,

Yu € C°°(T? < 9%u||2 1z <C
ue C®(TY)  cllully < D 10%ll72 < Ollullg
la| <k

LAY RYASN

FEBA. BT 5. ]
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B#EAQCRIL k€ Z ITHLT
C§(2) = {u € C*(); suppu C QUEa YA},

(w,v)p = > /Q O%u(z)0%(x)dx for u,v € C’S(Q),
|| <k

LEDBE, (CE(Q), (-, ) @Mz 25, ZhEEmbLTEsh
% Hilbert %2l % HE(Q) THT. Ho2IC

L2(R2) = HJ(2) D H(Q) D H3(S2) D - --
A RVASR

SEE. HE(Q) RHIATIHO % ¥ 2 MO %M ¥ A5 815,

224

EE 7.13 (Rellich). QXEFREED L &, HDIAAER
J: H(Q) — L?(Q)
Fary 7 v THB.

SEBA. N > 0N LTy = R/(2rNZ) e BL. N > 0%k toK&Edtr3
Y, QRRERP—F AT, OFWIEE L ARES 1 QCTE. ZOR—H
& HI(Q) C HY(TE) b A%E, Zor FEH 7.111C X ) UEFED
E

H§(Q) — H'(T) — L*(T%)
FarRr b, ZOBREBROBIIHSPICLA(QITEEATVS
», KR HA(Q) — L2(Q)1da v 7 b THB LS. O
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§ 7.3 AN MERZEDARI R

o EFBLEDR
FIE 7.14. X #ERIOTEE Banach M L, T € B(X) T3, 2D
LE, OIOAERLIGS, BRI OBAAIFR {2} C C\ {0} BEFELT,
{2} Cop(T) C o(T) = {2z} U {0},
BIU,
{2;} Cop(T*) Co(T*) = {2;} U{0}
DD LD, EBITH 2 ITH L
dimN(z; —T) =dimN(z; — T") < oo

MDD,

226

& 7.15. T%# Banach 22 X FOMWEHZEL T5. 20 ZLIRDOSEME
IHEWICHEETH %!

1. 3z € p(T) R(2) € Be(X);
2. Vz € p(T) R(z) € Be(X).
FEEA. LY ARy MHREREEE 740 0H00THSE B TE). [

FE.ME 7.150%MANIT A E, TIEAVYNI RLYILRY R EFD
LWVWH T rIZT B,

227




% 7.16. X #ERXTHEHEBanach 22l L, T3 X FLoOMEHEZETa Y
R PLYNARY b REOET 3. 20X, B EREAERREZV) 5
OFE A AIE L {2} CCOHFELT,

o(T) = op(T) = {zj}, dimN(z;—T) < oo
MDD, EBITD(T) C X 3RS, FL{zHxLT
o(T*) = op(T*) = {z;}, dimN(zj —T") < o0,
B,
dimN(z; —T) =dimN(z; —T%)
DI D ALD.

228

EBR. 2 € p(T) & —2[EET 2. 0¢ op(R(2)) KHEETZ L, EH 7.14
EDORDAERMULIG L AR OEAAIHZ {w;} C C\ {0} BFELT,

o(R(2)) = {w;}U{0}, op(R(2)) = {w;} (©)
DD IO, —T7,
o(R(z) ={(z-07teC; ¢cea(m}u{o} )

MDD IHET S, EE, BEOCeC\ {zHTLT

R(z)—(z—0O)"1=-(-0O"1¢~-T)R()
YRDBILWHFRET S,

(z— Ot e p(R(2)) <= € p(D)
rih (Br33), (O)HHES.
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ET, VWEz =z—wj_1 YB3 THL(Q)E(O) &,
o(T) = {2}
DPRES. Fie
N(zj —T) = N(w; — R(2))
Ths. ERE, hiZ
r€N(zj—T) <= Tx=zx
= -Tx=(z—2z)z= wj_lw
<= R(2)x = wj;x
<= x € N(w; — R(2))
Pobhhd. THE
op(T) = {z]}
DES . HEBAFHZRICH T 2 FRITEM 6.3 LM 7.1402 585605, L
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o FIE 7.14 DEEEA
LT, ZoOfHiTtik X 2#RIRTEEZBanachZEf e L, T € Bo(X) 25 5.

W 7.17. FED 2z € C\ {0} LU R(z — T) C X ZHEHZEMTH 5.
SERR. {z;} C XL {(z —T)zj} C Rz —T)PBIKLzT2. ZD
tE {grcXxe

zj—& EN(E-T), gl <2dist(zj, N(z—T))

LB bL{GIPHERRS, TOay s MRS, H5H5{¢;} C X
KN LA{TE ) C X BIKT 5. T2

g =2z —T)zjy+21T¢
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BOTLE} C X BIRL, LinisT

lim (z = T)x; = j/li_r)ﬂoo(z —T) = (2—T) j’llnoo e R(-T)

J—00
ThHa. LoT{GIRBIFERL LTIV, B} T oo BB
DEL ST, ny= &7 e B
Injll =1, (z=Tny = llgy " (z = Ty — 0
TH3. TaE, LrARICLT, WG ) OFESTES. Z0
WiREn 328, ne N(z—T)#%DT,
dist(zn, N(z = T)) < [[&n — [€ln]
= & lllln;m — nll
< 2||njn — | dist(zjn, N(z — 1))
DD LD, THEFREFVF T ey € N(z—-T)TH2 I L ZEIKL,
XoT(z—T)z; - 0€ R(z—T) %15 5. [
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B 7.18. L C X RHHHNZEME T3, ZOrE, TEDe > 0ITHL,
Hrec XBIFELT

lle]| =1, dist(e,L) >1—c¢
LD ALD.

BEFA. R Dz e X\LZoTHEET 2. L C X3HHMIRAETDH 200,
§ :=dist(z,L) >0
AV RVASN ijL’gf
§j=|lz—yjll =0 asj— oo

EirzT k128D, ;=0 (z—y) ¥ B FToE, || =1THDY,
FAEEDy € LITX LT

lej —ull =06, Mz —y; — 0y > 6,76 -1 as j— oo
DEDID. Ko THARERZRFIIHLTe =¢j eBFIXE. U]

233

8 7.19. 0p(T) C o(T) C op(T) U {0} DI D 2D

EBA. 2 € C\ (op(T)U{0D) 2T 5. (2 — T) L OFMEIEIHALIRDOT
R(z—T) = X 25R8E, M7 78MIckd (z —T)"1 e B(X), T%k&
bbbz e p(T) o THEMDBHES.

WER(z—T)C X RELT,
X;=(z-T))X forj=0,1,2,...
eBL. ZorE, REEWE 7.1712kD
X1 =R(z-T)C X =Xq, X1&XoDHE752eM

TH5. HFT, (2—T)|x, € Bo(X1)WTHEET B L, Xpld X1 OHEPAEY
EMTH 2 ZepRERITIRENS. T, miliiz, $XXTo;=0,1,2,...
LT X113 X, OHEMRDZERTH 5.
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SCHHE 7.1812& D, Hl{z;} C X %

. 1
T S Xj, ||xj|| =1, dISt(:L'j,Xj+1) > 5

DEIITEAS. ZOrE, TED] < kIZHLT

%(ij — T:ck)H = ‘xj — {%(z —Txj+ xp — %(z — T)wk] H
> dist(mj,Xj_H)

DT,
[l

Tx, —Tx.|| > —
ITa; — Tagl > 2

e b, {Tz;} BIEREDSI % & A5, LL, ZhETOa> 827 b
HIZFETS. oTR(z-T)=XtAD, fiEoFENREINE [
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BB 7.20. 0,(T) C Cld (RELLT) 0ICOAERLES.

SERR. op(T) W3z € C\ {0} ICHRIET 2745 {2;} CC\ {0} {z;} C X T
llzll =1, Tx;=zjxj, 27~z forj#k, lergozj =z
T b OPFEET S.

{a;} BRYEHITH S Z L 2R 2 5. BMO {o1} SRIEIL R Z 2135
MTH2. N>21RL, {z1,...,2y_1} P HIITH 2 LIREL T,
Az + -+ Ayey =0

LT 5. Ay TREASbDLEEL DL
<1 - ﬂ)/\1961 +-- 4+ (1 - ZN_1>>\N—137N—1 =0
ZN ZN

LRBDT, WEKED AN =---=Ay_1=0THh3. Zh% LA
T2 Ay =0db»3.
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WE, Xj=span{zy,...,z;} B X; C X4 THD, Ml 7.1812
&b, ﬁ”{ej} CX%

. 1
€j € va ||e]|| =1, dISt(ej7Xj—1) > 5

rehd. EED > EITHLT, e; =cjz; +y5, y; € X1, rEITIZ,
Tej — Teyl| = ||zjcjz; + Tyj — Tey|
= |lzjej — zjy; + Tyj — Tey|
> |zj| dist(e;, X;—1)
DT,

1
Te; —T > —inf 0
|Tej — Tegl) = 5 jnf || >

27%oC, {Te; HINEREDH 2 B H52 V. LrL, THRTOa >Ry
FMECFIET 5. Lo THIEN RN, ]
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8 7.21. 2 € op(TH)\ {0} ML AIMN(z —T) < 00 TH 5.

SERA. dm N (z —T) = co THIUR, ¥PMILR {z;} C X T
lzjll =1, Tz; = zx;

BT OREET 5. VE, Xj = Span{$1,...,$j}}:j'5< ZX] -
X1 THY, Wi 7.1812& D, Fl{e;} C X %

1
€j € X_]v ||e]|| =1, diSt(eijj—l) > 5
tehd, ZorE, FED > EIIHLT,
. z
ITe; — Tegll = Il — exll > |2|dist(e;, X;_1) > =
E7%oTC, {Te;}I3NBREDH 2 EAR2V. L L IR T D327 b
HICFIET 2. Ko THiEI /RSN, []
238

WE 7.22. FEDz € C\ {0} 1T L
dimN(z —T) = dim N(z — T*)
LAY RYASN

SERH. EE D2 € C\ {0} TR L
n=dmN((z-T), m=N((z-T%

B o(T) =c(T*) &Hi#E 7.1912& D m=0%n = 0XFRHEZDT,
m#ZOBLUNnA0DFTm =nZRBEX+7TH5%.
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FIn>mERT. m>n>02REL,

{z1,...,2n} CN(=-T), {91, ---,9m} C N(z—T%)

EXNZROEMOREL 35, f;€ X*BEUy € X%

f](ftk) = 5]k for j,k=1,...,n,

g](yk‘):(sjk for j,k=1,...,m,
Ziizz s Lo b Ok HMERZA—RINCEIKT 2)

S=T+ 3 £(- )y € Bo(X)
j=1

LERT .

240

e SHHHTHE. K, o € X13(z — S)z = ORI T RS,

J
DM g, ZIFHEE 2 Z L T,

fi@y; = (—-T)x
-1

fr(@) = g((z = T)z) = ((z = T")g)(x) =0
t#%. (M), (V) &breN(E-T)EDT,

n
j=1

LEIBH, BO(D) DN =04bhD, v =0»E5N3.

(&)

)
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SiZayRr yThh, z— SEHEHFHZOT, ME 7.19LD R(z-8) =X

ThH2. FoTHEEDy e XITHL, Hbzec XBEFELT
y=(z—-8)x
vEIB. THUCg, BIEAE RS Y,
In+1(¥) = gnt1((z = S)z) = (( = ") gp41)(x) =0
YD, guy1 ZOWRFET S, UETED, n>m%z55.
Kizm > nERES. THHFOMREHEAT 2 &
dimN(z —T*) >dimN(z — T*")
¥%%. —J, T CT*RKDT,
dimN(z —T") >dimN(z—T)

TRITNUIESRW., Lo Tm > nkH3.
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FIE 7.14 DA, @ 6.4 BXUHIE 7.19-7.22& D, HLF0 € o(T)
ZREREEV. BL0ep(D) efET 2 Y, EHELD T € B(X)MTFLE
T3, 35y, BB C XIZHLT 1B Cc X 3ERESTHD, Toa

VR MRS
B=TT'BcXx

AN RS a2 o827 FTHB. LA L, ZhiFdimX < coZEmHEKL, NE

WCFET 5.
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L]




§ 7.4 AVNY b RECHRIERER

EIE 7.23. X #ERIGTEE Hilbert 22[, T € Bo(X) % H O EHE
9%, ZorE, OLUNCIRERLERY, AR, OEAIRZ{N} CR
PETEL T,

op(T) ={\;}, dimN(\j—T) < oo for Aj #0
MDD, Pje B(X) &N\ — T)NOIESEERARE T2, £ED
jE EITHL
Thh, XHIMFEDz € X ITH L THRIGROEKRT

T = Z Pjz, Tz = Z)\jpjx
J J

D DALD, FZO0 ¢ op(T) 5 0l op(T) DEMERTH 5.
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R 7.24. X 2HRIOTEA Hibert 2L L, T3 X LoB HKERR
TaYy 7 PLYARY L EFOET S, ZOLE, RI{\} C RPFE
LT,

op(T) ={N\;}, dimMN(A;—T) <oo, lim || =00
J—00
DDILD. Pje B(X)%Z N\ — T)NDIESHEEHR L T2 L, EED
jE kAL
PiP,=0 (¥%bb, NOAj—T) LN, —T))
THY, XHITHPERDEKT

m=Zij for z € X, T:C=Z)\ijx for x € D(T)
J J
D RYACH

245

FEER. R 7.16 XD o(T) C CIIBERMZDT, D5 € p(T)NRA N
5. R(\) € Bo(X)3HCHETHZ L, 0¢ op(RON))ICERET S &,
TR 7.23 XD OIS 2GR, O 5% {u;} C R\ {0} FELT,

a(R(N) = {uj} U{0}, op(R(N)) = {p;}
v#I 5. K 7.16 DitHAOHERERDIETE, N =) — uj—l BV,
op(T) = {N\;}, N(\j—T)= N(pj — R(N))

BEDILDZEAREND. N(Aj—T) = N(p; — R(N)) NDIEFFAEH
FePjrdarr, B 7.23kD, EEDj#EEITHLT

PjP, =0

246

HEDILE, XL, TEDr € X I L THRIROEEKT
= Zij, RNz = Zujpjx )
MDD, WE, E,%foj)y e D(T) a:ﬂbf,] r€X%y=R\)ztk
5 E9I1TERY,
Ty =TR(\)z =z — AR(\)z
THh, (O)zHVwB L

Ty = Zij — )\Z,uijm = Z(l — A\uj) Pjr = Z)\juijw
ERb. (<>)]0)§|§2fﬁ63 IJDk T B tijR()\)az = ukka]c‘:ZK% Zehb,
Ty = Z/\ijR(T)x = ZAijy
J J
2155, [
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o FIE 7.23 DIEEAD %15
LUR, X ZERXITHilbert 22/, T € Bo(X) #HCOH&EHEL T3,

WRE 7.25. L C XH»TL C L&M= ks, T(LY) Cc LE-TH 3.

SRR, z e Ll e¥3. o E, (TEDy e LITHLT

(Tz,y) = (z,Ty) =0

%OT, Tee L Ths. koT, TLYH) cLtTh53. []

248

WE 7.26.0(7) = {0} 25, T=0TH5.

FERR. RETRBE T THS:
Vre X (Tz,xz)=0. (%)
FEE, (#)DBEHITOET B e, EED 2,y € XIZH L, BEHilbert 22
DEEX
1
(Tz,y) = 2 [(T(z+v),2 +y) = (T ),z ~y)

+i(T(z+iy),z +iy) — i(T(z — iy), = — iy)],
F7FEHilbert M OEGEIXT* =T 2 HWT

1

(Tz,y) =, [(T(x+v),2 +y) = (T~ ).z~ v)],

BENZNED LD (BedT2) OT, T=029E5.
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WE, (®)DEDVTBROVEAES S, £TOFLR 2T LERFELT,
A= ”SIl‘Jpl(T.r,x) >0
cLT&w. fSl{z;} Cc X%
lz;ll =1, (Tzjz;) — A

ted. EHB521&D, {z;}3Hbre XITHIRT 2L LTLL, T2
CEM 7.2XD, {To;} 3T CBICRS 2. ZorE

(Tz,2) = Jim (Taj.a) =X o] =1 (&)
DD SO, FERR, AiE R

<|[(Tz,z —x))| + || Tz — Tz

250

oI CIbRrs. BEIIOVWTE, EH 5187557 |z|| < 123000,
EY

A =2 = T/, z/|l=]) < A
B ||z]| > 125bH 5.

ST, Fox, MiTHtLT

Tr = A\x
DBEDDZ e BRT. THEREIE, N € op(T) = {0} &> TPEHIE
s, EEOy e L= (span{z})1 2t 3. oL %,

(T(x + ty), =+ ty) — Az + ty||
= 2t Re(Tz,y) + t2[(Ty, y) — Ally||?]
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TH57, bLERe(Tz,y) >0%45, NSVt >0IIIHL,
(T(z+ty),z+ty) — Mz +ty|[> >0, z+ty#0
L%oT, ThEFBETHS. £oT
Re(Tz,y) =0
TH3. #HEHibertZHTHIUL, yZiy TEEIEZT
Im(Tz,y) =0
bEo5NS. FoTTLC LTHY, #i#E 7.2505T(LY) c Lt RoT,
3ueC st. Tz=pux

%, ZZT(M)EHVWDE, p = ATRINERSRWZ erbhD,
RSN E S ST, [
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T2 7.23 DA, FH 7.14 2 FEH 6.512& D, OLSMTIZER LER W,
HRPOEAFEL N} C ROBFELT
op(T) ={N\;}, dimN(\;—-T) < oo
THiIehbhrd. $-HE 6.6XD,
Pjp,=0 forallj#k
bbb,

T

L =span|JPjX
J
YBWTC, L= X%RE5. L+t # {0} RETS. TL C LEDT,
725 X0 T(LY) C LEDD LB, To :=T|, 1 € Bo(LY) b Azt
3. ToPHCHETH 2 2 b3 QLD ENS.
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LTy #0%RS, il 7.2612&kD, A€ op(Tp) \{O}DFEET S, T5L
Jx € LL\{O} Tox = Az

THEH, ZUIzBTOEERZ L THLZ e REKRL, € LEko
TFETHS. £>TTg=0TH 5D, Lt # {0} &b, ZHZop(Tp) =
{0} 2EKT 20T, LeFARCINDIFETDHS. AL =X %2{57%.

(M. UTro#EmziE»d & 1) EEDxz € XL

J
PRS2 Z 33 Qi ohn, FEOEINL P (z—2) =0TH5
b, x =2 TRINERSRN. T2, Zahb

Tx = z )\ijx

J
BITLCIDDSB. FHTO ¢ op(T) 22 op(T) MO REBML BV ERET 5
Y, dimX < co b BoTAREHETHZ L bbhb. []
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§ 7.5 oA : R M#EIE LD Dirichlet Laplacian

TR 7.27. Q C REZFEB Y L, Hilbert 22 L2(Q) LOFRE A%
Au=—Au for u€ D(A) :={u € H}(Q); Aue L*(Q)}
TEDD. ZOrE, AZHACHEDPDA>0THS. FHCQBERERT
HuX, AlZa v 7 LY ARY P RED.
SEBA. w,v € D(A) &L, uj,v; € CF(Q) %

uj —uin HF(2), v — v in H3(Q)

trb. 35k
(Au,v) = lim (Au,v;) = lim (u, Avj) = lim lim (ug, Avj)
j—oo j—00 J—00 k—o00
= lim lim (Vug, Vv;) = --- = (u, Av)
j—o0 k—o0

BOT, ABMMMEHRTD 5.

255




KiZ—-1€p(A)TH2Ze®iErD2. 3, TEDOuc D(A)ITHL,
HUH%z < lluII%z + IIVulliz = (u,u) + (Au,u) < [[(1 + Aul|2llull 2
DT,
llull 2 < (1 + Aull ;2
THD, 1+ ARHEETHE e brs. RiHEEOw e L2(Q) &L 5.
(-, w) 23 HY(Q) EOBFSIEIBEEBIZ DT, H2u e HF(Q) DL T
('7w)L2 :( 7U)H1

rEFE. Zhidu e D(A) 22 (1+A)u =wZEKRL, LA>T1+A
BFEHTHB. DlEickh -1 € p(A)TH 3.
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XCTueDANELES. ZorE, 14+ AFRHTHEZDs, 5
v € D(A)DBIFELT

(14 A= (1+A"u
r#EIFS. T2, FEOwe D(A)IHLT

(A1 + Dw,u) = (w, (1 + A%)u) = (w, (1 + A)v) = (1 + A)w,v)
DD D, ZhFu=ve DA)ZEKRL, LkoTAFHCHETHS.

ERDu e D(A)ITHL, (Au,u) = ||[Vul[;272DT, A>0TH5.

R(R(-1)) = D(A) C H}(Q)#DT, QHPER%S Rellichda vz
MEDABTEHEID ADLYARY MIary 7 M TH 5. [
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FIE 7.28 (Poincaré DARER). Q ¢ R H 2 HRFEBIC & % 2 fEE L
3. 0% H5C=Cq>0DFELT, fEEDu e H(Q)ITHL

llullz2 < ClIVull 2
DD, FHCEM 7.2TDAFA> C 2> 0%,

SERR. O AL Y FATRENCED QCc{z eRY, 0<ay < M}ELTX
V. EEDu e C§(Q)ITHLT

uer )P = | [ orue v ag] <ol [ 1orue )P de

ul\ri,y - 0 1uls, Yy > |71 0 1uls, Yy
WD ILDODT,

M M M?2

lulZe < [, ([ lealder [ lorute, P de) dy < =71 9ul2
2185, ThEDA>C23EHTH . O
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FIE 7.29. Q CRIZHFRIEKE TS, COr X, 3

O< A <o <y lim A; — oo
j—00

uj € H3(2), {uj}: L?(Q) DL FHERR
BFIELT,
—Auj = )\juj
DR D LD, FHZuj € CF(Q)TH 5.

SERR. uj € C°(Q) ZARBIR IV, ZhUE APy = (—\)Fu; € L2(Q)
¥ SobolevHDIABLTEHN S D0 5. []

FAE. CoTHERWS , GRER EOBGERR Y E F—F 2 L FEM
DHETHEL e B TE L. ZHIRBICDINETZ 5.
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