EREIXFHMRH



W iZ e b

IFRE BUE SKE HE

EFRETXF R



nEMESN

ARSI EE, F-ENFEREEHOELMERER. FoEABRER
Hzsi, PR ANSR Hilbert 22 iy R EET A HX RIS, B0
LR N 25 0] k(0 SRS IR ARYE ST L R R ] B R HET IR AR T R
e, HEAM R Banach K% AFRERFHHER, KA THEELRA
TR, SHRENGIZ BT R TR A — R — Hilbert
2] By A R RER T8 SGE RS R

ATV N R SR A R e & LR A B E M TR R B R LB T
2 3% B4 AT 00 BOb SR LA K A 8 RO BT itk ek ST BE R G

BElHEREB (C 1 P) iR

R AT | Earae, BEDEE, BikERE. — LiE HE
TR MR, 2002, 12
ISBN 7-5628-1317-5

LR... ILE... HLZ&EMT - SEEE B IV. 0177
o [ R A< PR 13 78 CTP BUdlz (2002) 55 072892 5

Bz Rz &5

TR WL BOKE MWE
AR AEARE TR FA& 850 x 1168 1/32
dut RETTERREE 130 5 Epgk  5.75
8R4 200237 EBiE (021)64250306 | % 149 T5
Wit  www.hdlgpress.com.cn BR# 2002 4E 12 A5 1k
2% BriehE LRI Epk 2002 4F 12 A% 1K
EDRI LT EERA AR EIR) Epggk  1-2050

ISBN 7-5628-1317-5/0 - 66 EAfr 12.00 7T




¥

ZEAMBRAKRKEN—NEELX, eEGEAI . K
KoL ERTERRINEEFR T LA, BAELE
B AN, 2 T Ut B, BB AE R, AT A BB R T
HE) . ZEAMTHBRA. 20F 7B BERFSNAK
FREGMFAGESZ X F, Ao TR, BEL, EibWHE,
ARA %, ARERRREFEKZEE EEE T —BHEAK
HERTBEEALA.

APREGHSERHRZ BN GER LHZAT B A
AXBMERETRN. ETUENBERREERNEALES
VAR AR IHAELE L VR EFTZ BT NEM A
HAMRKUAT &M IFRABKETHE L EA.

EAGHREARY, BH I RKBEIAUTH L.

(1) AREWH, FAZE I FER AL ERRANE
# , E DN s Lebesgue M E f Lebesgue 4. EAEXH Y
HEZHT, RAFTU LN ENFEMBEEEF T ZE X
TR,

(2) & 45| # 7 Banach REMB AT —LERER. £%F
7 Banach K # ¥ E ey E b oy Ead 1, N4 T Banach i f
Hilbert Z 5] F F R & UF FHH—REL, TN ETELETH
H 38 5T i a4 .

B AHBRINMHEHEALNEATEEST HE 4, £t
AEEALROKERE. EAELXHL, A REHE 8 4.
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ER, HREEAXAENEIFHARURS AT, EEEZT
R BAAMAOREARNER A EH,

LHEARQNEE. THFERZESNMAEANE, FLER
# x Hilbert ZF L AR AMK T X EX R A ER. X—
FPHRFERELADNE _HEHGERMEAFHRRRHR
ERILEHEERARTRIAN. XIBLNERFRLT ZRIH
EERFFRTHRA. AXENEEFFAXLTLARRET
PAJR] 3 X —

EAHWRELREY, BRI TERAEIREFRERREF
AWANXH. HE VA XEFCLRAESATENARAT XHH
Fw, FHEARRTECHES. BTFRIONAFAR, FH#
et AFAER, FEREFTFHY, WEABFRERE.
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¥—E B E X 4§

PRI RS A SR , 0 B {2n}T TTH, & |2 — ol
=0 (n = oo), MFEHHF {2,}7 YA z0 R, XALAZIA 20
HIE s w0 TERCRN LRYBE BT 8 (7] T2k ME. XS AR AT LAES™
B —RAEEE. TEA TS, BRI IR 2 ] P A 6 Y BE X
— S R A B B R R, B R BV EE B = R,
R, FrBER MRS T Ee, HEPEAATR (5
JEREFRAFIA ) A AT LR TN FERE. X FEE
B, BT AT AR AR IR EG 2% 1] Fp AR R A% il e 3 e SEAR PR
i,

1.1 PEEE=EENE X R BIF

R SR T 4ERKZE R PHFTEE (2,y) —
lz—yl, 2,y € R EMERR S ZHXMFZIER,

EX 11 % X £ NEZTES, wRXRAL— AKX xX =
{(z,y)|z,y € X} 82 R d9ae st d: X x X — R, HA4EA4T
r,y,2€X, d HR:

(1) d(z,z) 20, B d(z,y) =0 H BB z=y (FHH¥);

(2) d(z,y) = d(y,z) ( AR );

(3) d(z,y) < d(z,2) +d(z,y9) (ZATFX ),

WA d(z,y) H X ® z,y Z R4 IEH (matric K distance), & &
TS d %S X #RHIEH T IE (metric space), 2 A (X, d).

o e



& () EXE X x X EWET—»ZTEE d(,-) RE
W (1), (2), (3), HBFRNER. XE “EE XMELKEHHA
T A E A B BB R, TR X A R
UERRREE; W& (1), (2), (3) Bk A — RS s ik
B TR IR .

(2) BRI i A X FIBERS M d Frea . R —1 e
X EEAPWARRWEBEL di M do, WRITAN (X, d1) #
(X, d2) RFEAREREE R 2.

(3) A X F—E RS, WA—EHRBLEN. HEWE
W, AEHEERZE X PEER A7, Pl e X, Mz
K “X RE A

fEEFH e, B ASsRIEEGHN FERTER
256 (X, d) AR A RS BE B R 3 d, AR “BEAYZSIE) X7,

#l12 B RRAEKES AL d:RxRoR H d(z,y) =
|z —yl, Rl (R,d) B—A~368 %],

1.3 2

R*=RxRx:--xR={z= (21,22, ,2p)|z: €ER, 1 i < n}.

X da: R* xR" = R A da(z,y) = (Z[z.- Hyilz)i, £
i=1

T = (xlast" . amn), Y= (ylay21"' 7yn) € Rn-

#] Al Minkowski 7~ F X T w2 (R, d2) & —A~3E& T ],
AGHR do A R L&k L Z #2368 (Euclidean metric); (R", d-)
A n %I Z & T B (n—dimensional Euélidean space),

7E R LI LLE CHABE R, & WA

Bl1.4 AR xR L2 d,:R* xR* > R* # dp(z,y) =
(; |zi — !Ii|p)p (1< p <), deo(z,y) = max |zi = yil.

SIS

Al Minkowski AZF R BLER] (R", dp), (1< p < o0) 2
FE B S [),
@15 A R® ={z= (21,22, ,&n, -+ ) |Zn €R, n 21} L

.



EMA D) 14 AFER L dy, B AP R L5 BT R R K.
ERMNTRE X AEEE, e, X d:R° xR >R #

l#; — gl
d(2,y) = Z P+ |7 =
N (R=,d) & 36& %,
iEEH X;j-{f{ﬁl r= (1171,1132,' ) Y= (y17y27 ) € ]Rooa

o0
|zi
d =
(1‘,:’/) ;211+‘z,_yz Zzl 1

B, d(z,y) BEEX. d(,) BRABEEX 114 (1) M (2. T
H{UER =AAREA.
HEEH () = T (62 0), BT ¢() >0 (6> 0), 8 o0
TE B PR AT XT:.F z,y, z€ R, BH
|2: = yil < l2d— 2zl Flzi—wils i =1, 25- -7,

Frek, XHAEAR 4,
|zi —yil o _lwi — 2] + |z — wil
e — gl ~ 1+ |2 — 2i] + |20 — yil
|z — 2i |zi = yil
\1+|Ii—2¢| 1+|z,-—yi|’

Yil)

NI

o0 o0
|mz yz |(E, - Zi' Izi = yil
< D% 3 ;
Z 2(1+ |z —wil) Z 21 + |ai — 2i) ; 241+ |zi = wil)

B d(z,y) < d(z,2) +d(z,y). O
Bl 1.6 % & R~ 69T %

[* ={z= (21,22, ,Zn, ) € R® | sup |z;] < o0},
i
AN do: 1 %1 = R A do(z,y) =sup|z; —yi|, N (1~,d.) &
96 & 22 Jd],

WEBA: d.. WARWEAERE S 1.1 Ry (1) A1 (2). FTHIEM =/
AL



1 FXHES 2, 9, 2 € 1= A,
doo(z,y) = sup |z; — yi| < sup(|z; — 2| + |zi — yil)
< sup |z; — 2i| +sup|z; — yjl
i J

= doo(x’z) ~}= doo(zvy),

Hit d, 21~ LiERKE. O
Bl 1.7 AR~ 6TE

co={x = (T1,%2, " &, ) €17 ,}L"o‘ox":o}"

ERAN ] 1.6 FoYSE B TR (1=,d.) HESB R ETE ¢
Lt (co,d.) MR =ASEH T, KAVAKRE H 1= &-F 2.

— i, JATH

EX 1.8 % (X,d) R—EHZTR, X) H X &HT%, Azk
SER KRS A Xo x X, L& X L&9—A3EH (ARE, 75A
d 2 3EH), KRANAEFZNE (X,,d) AREZE (X,d) 84T
=R,

fl1.9 £& R 65T %

(s o}
P ={z= (21,22, ,2n, ) ER™| Z|:c,:|” < 400},

=1

(1<p<oo). RXF# dp: P xIP >R A

dy(e,y) = (_i_oj 2 = wil?)

= (x1,22,--"), 4y = (y1,y2,---) € P, A M Minkowski 7~F X T
WEA (1P, dy) X —AIEH TR,

B 1.10 & Cla,b] & L &M K 3] [a,b] k45 48 5 A1k,
#t x(t), y(t) € Cla,b], £X d.(z,y) = tgx{g,)g] |z(t) — y(t)|. R]HiE
(Cla,b),d..) Z36& =4,

#l 1.11 A Cla,b] EXX F—AEHHHK dy (1 <p< o)

L
P
3

ol



dp(z,y) = ( rlw(t) = y(t)l”dt) %, z, y € Cla, b,

A R & B ARS8 Minkowski R F X TiE % (Cla,b],dp) —
A~3E & 2 ],
112 % X RE—T 45, X H d: X x X SR P

0 X z=y
d(z,y) = ’
{ 1 »Rz#y

NV (X, d) RIEBTR], IANIEHARABHKIESR (discrete
metric),

1.2 EEZFEPHRE

AT LR IE B A RS, REEIHERR , BB
RIEESEPA EE, FE L, B e T2 E R Sy
R, WrEE. M. SN, MR, PSS, BiBESE L
“BiE” B — AR B ],

EX 113 & (X,d) R—ANEHFBTW,20€ X, r€R, >0,
i& B(zo,r) = {z € X |d(z,20) <r}. #& B(zo,7) A xo %) r- 4F
3% (r-neighbourhood),

EM 1.14 % A RBEBTH (X, d) 89— TFE, 202 AF
— %, REFE >0, %F B(zo,r) CA, WA x9 A A 89—/
A %, (interior point). #k A 49K 544 H A 6 K4 (interior), 72
A A%, e R AFHAEMR ANGAL, FpdeR A=A° MFk A
HF % (openset), RITMETE O AFE.

8L xo AHL, rAEREFFER B(zo,r) (zofy r—2R1). Xt
FAEfI y € B(zo,r), H=E=AARFRX, By, — d(z0,y)) C B(zo,1),
By R B(xo,r) BIHR. B, FFBR B(zo,r) WA L.

EE115 B X A—NBETE, OA X PFEGL%4, A

— 8=



(1) X,0€0;
2 £ Aa€cO (@A), U Aa€ O, £ A 21— (HH &

acA
7 ) B9Aetr
B) F{AIT R n A&, n 2E— R, N N A€,
i=1

JEBA: (1) 2 BARH.
2)id A= U Aa. tEB 2o € A, N 2o ER TR Aa.

a€cA

BT Aa, BIFE, 20 B Aa, WK, BT zo B—1 0- 403

B(zo,0) 815 B(x0,0) C Aay C A, BPEAEMT— 4K z0 #2 A B
M, B A %ﬁ%

()3 A= ﬂflz,xoeAﬁllJmoeA,,(z—l -,n), BH

=1

A AT, Fﬁuﬁ?‘f& >0, f B(xo,d;) C A;. ] 6 = min 4,

1<ign
n 6 >0, BX&—4 i, B(xe,d) C A;, AT B(zo,8) C A, T2
ro W AN, I A AHE. O

— g, TENMHENZA—ERIFE. Flm, mER A, =
(= 10), (0= 1.200), WA 4, 2 R HRFE H A=
N 4y =[0,1) FRIFS, FH [0,1) 1 0 TR A KPILK.

EIH 1.16 & A, BRAEETH (X,d) POHANETFE.
(1) %X AC B, ff 4 A° C B
(2) AGHI A° A AMELNFETHORKIFE;

(3) A A B X8R FT A# B ASPHZ,H (ANB)° =

A°n Be.

EBH: (1) % = € A°, Wl B(z,r) C A C B X3IEH r AL,
TR« BHMHNA, Btk 4°c B,

(2) A°Cc AZBRE, THIE A° 2H 5. £ e A°, NF
r>0, 1% B(z,r) CA. ¥ THE—H yeBr), HAEEH=FA
AR AH By, r—d(z,y)) C Bz,r) C A FHiby e A°, iy y 7E
B(z,r) PHEBEFR, Be,r) C A% B 2 A° BN, XA

- 6—



Koz fE A PEE A, B A BHE,

M B Z2HEHBC A, NMH(1)B°C A% Bl B=B° C A°.
Hih A% & A FraSisKIrE.

(3) EEJE. O

FATRT LA F SR80k @ SCHE 8 25 6] s 51 S 2.

EM 1.17 & {z,}7 RIEH TN (X,d) 957,00 X £
—ABRG L, R lim d(z,,z0) =0, NARKI) (2.} &IER
d KB 2o, o 2o MRA {zn}7T GRIR, HF2H lim z, = 2o, &
Tp =T (n—00), FTX, {zn)7 WELE 2o WASLELYR
HUEE eSO HFLAREN, 3L n>NKE, A dz,,x) <e

Bl 1.18 & {z,,}7 & n T H (R, do) T&5.85), N {2}
AR PKEE z GEHSLBENR 2, BRESKHE ¢ 693 5
L4k, Bipkik, Z on = (@020, LeThT 2 (B, 23, -2 ),
R 2y >z (m—00) HERZEHE 2! > 2 (M > 0), k=
A e

SEO. i FER SR,

£ — o] < (le -xm) = d(om, ) < VA max |~ 7,
k=1, n, SEATE S L8 25 o A BB O e b
Ll

EX 119 & X ABBETNE,AH X &FE, 20 X,

(1) 4o R zo B9EATARFEALT A BRT 2o 695, Bt
T € >0, (A\ {2z0}) N B(xo,€) # 0, N4k z0 A A HHIK &
(cluster point);

(2) £ ARMEHAMAFA AT HEE, 2H A,

(3) £4 AUA #rA%4L AWM E (closure of A), i1k 4;

(4) wRES AL AFMAGKIRS, B9 A'C A, RIfk A HH
.

H1AE X 1.19 (1), 28 St th F AR =iy



(1) o & A HIMRFR A ;
(2) FERA {zn}7 C A B4 2, £ 20, H 2, = 20 (n = 0);
(3) FERI {zn}y CAFER o # 2m (S n#mit) Ha, - 20
(n = o),
€ X 1.19 (2) #1 (3), & 54 FHE BB
88 ARAEHN RS VERMGER A=A
Bl 1.20 AR a0 AT, r AFEGHR

B(zo,7) ={z € X | d(z,20) <}
ZEH z, € Blxo,r), Tn =y, MK
d(mﬂ)y) g d(l’o,(l?n) o d(.’En,y) S (5 d(xnay)

F, A n— o0, /F d(ze,y) <r. ZHIA B(wo,r) EACHA MK
R85, B3R B(xo,r) AME,

THEMUHT fEESER A, FEMAERZU “XHE”
BRXFER.

EE 1.21 BRETE X Y56 ARAEHAH»LELY
A AWARE A=X\ARFE.

WEBH: B R AR, z R A PEE—K. Rz A
&= AN, BRERE S, MATERIES 6, B(z,0) AEERS
A H B B(z,0) P &F AWE. Bl o ¢ A Bkl B(z,0)
GERT o ARHR, ol ANRRE. BT A RHE, &
z€A XM ze A FRE. XHEH ¢ AR A R, H A
I,

FEOME: IR AC BRI A RREME, ManE A f—14
WAz, EFR g A Blzed, BHh A BHFE, & BEHN
W, FRULERRED >0, 18 B(r,0) C A°. XL B(z,0)
FRAE AR, XM B2 ANEREFE. Bk A SHEEHE
MRMR A, B A RS, O

T 1.22 5 FRIEFTE X PHAGAETRGES, N
(1) X 4= Qe F;

-8 —



(2) FAF A nAWE, n 2E—8 K, N UFE.’F
(3) F F,eF(a€A), N N F,eF, ﬁ-ﬂ’A»;&f—(Fﬁ‘%&.

acA

AF) dd8ink.

EBH: HiESIE. O

el 1.23 8 S REBEHTH (X,d) F=m,ARS #9—
AFE MARTZER SHFELAMREAELEX YK O &
FA=SNO; ART=E SeHHELARLAEALE X PHE F
#% A=SNF,

MEER: (LEHSEHEN, MEMEN RERRERTT.
BA=5Sn0, B O R X PI—/1FHE. #2ec A E—F
r>0,{# B(z,r) O, #11FH

r€SNB(z,r) CSNO,

EEEE S Bz AL, r BEBRIFAERE SN B(z,r), Bl «
TR S FES SNOMAE. B A=5n0 & S FAhHF
5.
Rad¥k, & ATES PRITE, MXE -1 oe A FEr >0,
fE% A FEFFER SN Bz, r,) BETE A . Hilk
A= JSnB@r)=5n | B@r.)=5n0,

T€EA €A

W O= U Bla,r:) & X FHE. 0O

T€A

EX 124 B ARBETR X 9 FE, 2 X, R 2 094
— 0 APRPBEH AMS, XATET AW, AEEEHK S
Bl A B(z,0)NA#D e B(z,6)NAS £, Mk z A A 6ha R
&, (boundary point), A 6§ R 2K AREEGARA A IR
(boundary), i % 0A.

WER, AMAFATEBRT A WATREARET A, T 4
iR 0A, BATA TEHEHRVIARA.

EE1.25 5 A REBTE X FE, M AWIR A%

+i9 —



—H%, L A= AN A-,

iER: EfEIE. O |

EMN 1.26 % A REBETE X §FF, R AGREGHAS
# A #9h38F (exterior), Bp (A°)° # A &9 5F0.

T A @SR — S 2, HEXUFEE—E®Rr >0, #
B(z,r)NA#0. HESHAT. FNE, BREHEXTH, T
B EWEM— A EE A, B IERZ RS A =845
AWHNER, AR, A BN, Bl

X = A°UAU (A°)°, A°NBA = A° N (A°)° = BAN (A9)° =0,

E—RAEL T, A° Ml (A°)° KEAAEZE, H 0A F 8 S FTRER S
BT A B—HAARET A 3, F 0AC A M4 ABE—D
M #Fo0AnA=0, 4 A RE—-DIE.
A MR R AT E FHE L M — PR —FER
B . XA HFE LN A ERES Q EXEHES R A “H
&, —fehh, RATHE W T A E X
EM 1.27 % A, B ZBEHZTE X PHEANET T L.

(1) % AT BRAEY, R AGWNaELA B W ADB; ¥F
i, ko RAEA ¢ € B, ¢ GEMARRAEA A Féy, N
# AT B AE;

(2) R ACB, L A=B, W4 A & B +#%F; R 4=1X,
HRALEX PAE, RAFAH X GAETE;

() wREHTH X AATHHAETE AELLI A =
{za )y, 3 A=X, MARIESZH X & T4 4) (separable),
B 127, HHEMES Q REHE R WHETHE, BAE

AL Q BAIEW, Fril R 2 —AI4rAyIE B 25 [H).

7 SUEH T E S
128 wR AALBYHAE, BAC THAE, MNALC

A E,

iEEA: BfEJ@. O
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