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1% [35, 10, 20, 39] 22D Z &, & Al HiTlE, EADSEM N EHD
KEDOHEMBEHEZELOTWVDS. 55 A2 HiTl, GBHROMEORMEHIH
ZEFLOTVWS. B A3 HiTE WRERLIENAEASDOABEHIEEZ £
EHTWVWDB. B A4 Tl FEREZEM L MAHZEMOER L HIRHIHEZ £
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HEOHHNZOWT T D, INoDZ ez I<HREL TWAEAIZ
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ExBEL X DRk LI E
UE::{xGX; »H% FEe& MHFIELT, z e B},

Ee&

(E:={zcX; $RTDEc&ITHLT, zeE}
Eec&
LREDD. B, IRAFEAENNT, € = {Ey; a € A} ={Bo}aca & &

Wiz
U Eas M Ea

acA acA
ERT . a# B, B € A)ITRLT, E,NE; =2 OL&E HEHIK
{Eolaca WEWICHER &\ 5. MDHEAKNA N THRAF NI 6B & §
5. §5bE, {E ey 2525, ZOLE, ZOELSKO LIBR & &
Rz 2 Zh

limsup F,, := ﬁ [j Ey; liminf F,, := O ﬁ B

n=1k=n n=1k=n

LEDDB. THLE
limsup B, = {z € X; AIBMED n 12 LT,z € E,}
liminf £, = {z € X; ABRMED n 2B\ XTIZH LT,z € E,}

CEXIEELI DN S.
HMAESE, FCX DLE E\FIZ&oT, ZNoD%EE2RT. T4
bbb

E\F={zeX;z € ErDa¢gF}
Ths £H ECX Of&EE%2 E° TKRY. 4005
EC=X\E
ThHb. ZD& Z, De Morgan DILH]

(UEQ>C:ﬂE§; (ﬂ EQ)C:UEg

acA acA acA acA
ML T 5.
EHX LY DERZ X xY &EL. I5bb

XXY:{(Ly);xEX,yEY}
TH5. EREDOES X, Xy, ..., X, DEM

X1 X Xy X oo x Xn (ijm%\w)
j=1

HRBRICEZETS. R, X1 =Xo = =X, =X DX &, X; x X, x
ex X, B XM B EL
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é&fﬂjf Ln+?’rF?n5ﬁ A2 E{%&

A2 Ef
A21 EBROEREHE
FAL ()XY 2ZTRVERLTSE. ZDLE
o X DIERDILITH LT
o TDIIMIETEY ODHBHAZ1D526N05
L35 ZDZL%E
f: X =Y

EEL, fEXDS5Y ANDE/HEND.

(2) X 254 f OFHREK, Y 254 f OB L WD,

AR A2 (1) X, Y 2ETRVERL L, eV % 1 DEATHEELT
BLIDEEEHR fF: X Y %

f@) =y  (reX)

c:otbi&bé IO f ZEEFTHRENS.
(2) X 2ETHRVEARL L, ACX &35, ZOLE X 5 {0, 1} ~
@5@11A X — {0,1} %

)1 (x € A)
]IA(”T)_{O (z€ X\ A)

LEDEDD. O 1, 2 EBEK (7 IHHESR) LS.
(3)X,Y 22 THRWMESLL, X CY &35, ZOLE Gl X - Y
&

(z) =x (x € X)

c:ot DEDD. 1 ZEBEBHRE V. R, X =Y D& 1 %2 idy &K
L, BEEHLE VS,

(4)X Y #8BCHRWES [ X oY 25K L ACX, Ao &7

5. Z0LE5Hfl,A-Y %

fla@)=flz)  (z€A)

IZEDEDS. IO f|, & fDANOHIR(XZIHRERK) L0,
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EFE A3 f,g 2542 TD. fLgDERBENELL, [ & g OFffilsk
EEHELL, THITf, g DEFRKDEEDIC x IZRH LT, f(z) = g(x) DV
DDl E f=gRU, BB fLglFFLVWEWS. £/, BH f &
g IMFELLRWEE, f#£g &ERT.

EE AL XY ZZTHVES [ X Y 25/ed45 Z0LE,
G(f)c X xY %

G(f) = {(z, f(2)); v € X}
WEDED, ThEBH fDITZ 720D,

A.2.2 BREWR

FE A5 XY 2ETHRVWVERLL, X oY 25KHET5.
(1) X OFBES AITHUT, {f(x);z € A} 254 [ IZL2HPES
ADBEVW, fA) EL F(X) 25 f OEHE NS,
(2)Y OEREE BIZXHULT, B4 f 1245 BOMIR f1(B) %

f7(B) = {z € X; f(«) € B}

TEDD. KL LT, {f e B} LHEL.

B) f(X)=Y DLZE flIEREHE VS,

4z, 2" € X, x#2 RO f(x)# f(a)) THRHLE, fIXEHFL NS,
(5) f MWEFPDHFNDE & 2BEHE VD,

SEAG X, Y 2ETHVESEL [ X — Y 25HE U, A, Ay, Ay C
X,B, B, B CY £F5%. ZDEE D (1) ~ (10) B2 D 72D
(1) Ay C Ay 72513, f(Ay) C f(As).
(2) f(A1U Ay) = f(A1) U f(Az).
(3) f(AL N Ap) C f(A1) N f(Ag).
(4) f(AL\ A2) D f(A1) \ f(A2).
(5) By C By 61X, f74(By) C fH(Bo).
(6) f7H(B1UBy) = f_l(Bl)Uf_ (B2).
(7) 71BN Ba) = f~H(B1) N f1(By).
(8) f1(Bi\ Ba) = f~ 1(31)\f '(Ba).
(9) fH(f(A) D A.
(10) f(f4(B)) C B.

Proof. SN [35, pp.32-33] 22D Z & O

fird A.6(3)(4)(9)(10) I2BWT, FESDRL LR WHlZE H 1T 5
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é&fﬂjf Ln+%F?n5ﬁ A2 gg%

AR AT 5B R >R 2%
fl@)=2" (z€R)

WZEDEDS.
(1) Ay =(-1,0, 4, =1[0,1) T 5 &

f(A1 N Ag) = {0}; f(A1) N f(Ag)

=[ 1);
AN A2) = (0, 1); (A1) \ f(A2) =

Y75,
2)A=[0,1),B=(-1,1) ¥ 5¢&

FUA) ==L f(B) =10,

Eins. 0

PR A8, X, Y 2ZETHRVESEL, f: X - Y 2ERELU, A A, Ay C
X,BCY £33, ZOLE XD (1) ~ (4) BD /=D

(1) f PRSI, f(AINAg) = f(A) N f(As).
(2) f PREE7ZRSIE, f(AL\ Az) = f(A1) \ f(A).
(3) f MHHR S| ,f (f( )) = A.
(4) &, f
3

)

[T T TV

4) f BeEz5E, f(f74(B)) = B.

Proof. GEBHIZ [35, p.37] D &, O

A.2.3 BEHEBEH

F A9 XY, Z2ETHRVELREL, f- X >Y, g Y - Z %25
@é’.'&é D E X NS ZNDEMH go f %

(go @) =g(f(x) (ze€X)
WEDEDDB. gof & f & gDEK(XZIFERER) 205,

B AL0. X,Y, 2, W 2ETHRVES, [ X > Y, 9:Y — Z, h:
Z W A5/ Z0OLE

ho(gof)=(hog)of
THd. K, ho(gof) & (hog)of ZEHBIT hogo f ERT.

Proof. GERHIZ [35, p.40] Z2HD T &, O
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R A1l XY, Z 2ZTRWES, [ X - Y, 9: Y = Z 254
Y5 ZDrE (1),~ (3) B,

(1) f, g BEFZL O, go f R,

(2) f, g DHEFIZRSIX, go f B B,

(3) f, g WEHPNLRSIX, go f HEHEH.

Proof. FERAIZ [35, p.40] 2D Z &. O

A3 HAEES - BTEES - RE

EEAL12. (1) X, Y 2HETRVWEGLT L. X 5 Y NORRHIF
ET2LE X LY IZBEIFLVEVS.

(2) ARDTHh SRS NI EAZBREAL VS . ERDTH SRS
NHEEGEEREG LN D.

(3) HABMRKDOELE N LIBEVNELVWESZAEEAL VD,

(4) G X DARESFZEAREESGDOL & X IE4AAEEEL WS,
(5) AIAEEGTHRVWERES ZIETEEG L VD,

B A.13. (1) BREAKOES Z L HHB2HROES Q XAHEST
H5.

(2) HARE d iz LT, N4, 24, QF IXAHESTH 5.

(3) EBEERDESLS R 225 N ORES 2V IZEENEFL L.

(4) X 2B THRVELRLTE. ZDLE X 1o X OBESLS 2X ~0%
BHIAEL 78\,

(5)d #ERBELT L. ZOrE R & RYIZEENEFEL L.

Proof. 3EBIE [35, pp.68-80] 2 BHD Z & O

A.4 FEBE&IHE

A.4.1 [REEZEFE

EE AL X ZETRVWESGL TS, Bfd: XxX — R HRD 3
Al d e d 2 X LOBRRRAKE W, M (X, d) = BREZERE L
W9,

() EED 2,y e X ITRHULT, d(z,y) >0 TH 3. KiZ, d(z,y) =0 &
r=y CThH5.

(2) fEED x, y e X ITHUT, d(x, y) = d(y, ).

(B) EED x,y, 2 e XUTHU T, d(z, 2) < d(z, y) + d(y, 2).
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FE AL dEEARBE L, X =R 295, FEEEKOH L LT, Euclid

J IV
d
|x|2,q = in (= (21, 72, ..., 7q) €RY)
j=1

D5 EF % Buclid Ol d(x, y) %
d(@, y) = |t — ylo.a(x, y € RY)

TEDS. 0

E&E A.16. (X, d) ZHEEEEME T 5.
MHzeX, r>0ZXLT

B(x;r) ={y € X; d(z, y) <r}

Z, b o, P r OFRBKE WS,

(2) X DHDNEE ADVREETHD LI TED s ATHLT, Ir>0
ZZEALT, Blr;r)CAETEBHILITHS.

(3) HEADMHEGZRARE LV D.

(4) ADPERTHDHLIF,TreX & Ir>0%2FEALTACB(x;r) &T
EHILTHS.

EFE A7 (X, d) ZHEHZEME U, {1, }heny 2 X ORFIET 5.
() zeX &95. bl {z, ey Mz IZPIRT 2 &1
lim d(z,, z) =0

n—0o0

RO Th5.

(2) 355 {2 nen HY Cauchy SITH 3 & 1%, FEED e > 012 LT, H3
NeNDHFHELT, m>N,n>NRBSWK do,, 1, <e LB ILT
b5,

(3) Cauchy FIMHEIZIRT 5 & &, HEEEEM X EERmTHH L WS,

EE A18. (X, dx) & (Y, dy) ZiEMiEME T8 5B [ X - Y A
MreX TEBETHDI LI, FBED e> 0120 LT, H5 5> 0B FEL
T, EED 2/ e XITH LT

dx(z, 2') < § = dy(f(x), f(2')) <e

'O, D 2mEed5. ZDLE CHPEILAVWAERSE, @il [C = DI FEE
FIRT D, LzhioT, A=0 OHEEIZIE, EED v € A BENR VDT, HELEHH
BETHD. RKZL-oTE, gD &> g2 T EEAIHESTHE L %
HRT25EEHD L7 ZOMmEEMHS L EEEIHEATED L bbb,
Euclid fiAHZEBIZ B WT, ZHEG L 2ARESIIHICHESTED D, HESTDH 5.
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EATEEEREWD . AED 2 € X T f Ao, Bz fidski e
W,

(2) BB f BN —hkfETH D L IE, ETRED e > 01T LT, H5 6 >0
FHELUT EED 2,2’ e X IZHLT

dx(z, 2') <6 = dy(f(z), f(2') <e
N zD &%\,
EE AL9. X 288G, (Y, d) 2HE2EHE TS f, fi, fo, ..o, fu ... &
X 25 Y NOEGEDHETS.
(1) {faulnen D f IZBRINRT 5 L 1F, EED 2 € X IZH LT
lim d(fu(z), f(z)) =0

n—o0

ThdILENS.
(2) X OHDEE A(# @) 1T UT, {fulnen D fIZ A ET—HRINKRT
% &%

lim sup d(fn(z), f(x)) =0

n—oo T€A

MDD Ex NS,

A.4.2 (IHEHZERE

EE A20. X 22 TRVESELTS. X LOESTK O Cc 25 RO
(1) ~ (3) A2 E, 0 % XDMELVS. Ml (X, 0) Z(HE%E
BEWwW>. O D% X DFELEE NS,

(1) 2, Xe0.

(2) A, Be O 7%5lX, AnNBe€O.

B) {A\haer 2 O DL SKIEAHE Lz &

UA)\ eO
AEA
Thsd.

& A21. (X, 0) 2ifHZ%EME T 5.
(1) ACX 9% ADINTOMIHEEDN S5 % {Or}rer & F
5. ZDEE ADRHE A %

m:U@

AEA
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BELRAGTF Fp A5, R OHLER

WEOEDD. £72, A° Dtk A DHmEWND.
20 ACX 95 A%2BLIRTOX OHSHEE» SR HEE
{CA})\GA tj—%) :O)t%, A @Eﬁ@ CI(A) fi’

cl(4) = () Ca
AEA

ICEDEDD. £z, cl(A) DitE A DR EZ NS,
B)ACX 295, . 0A=cl(A)\A° &L, ADERL V.
(A ACXtdb. 2 A DEE AlFx DEFELVD.
B)ACX LT3 . 0,={0NA0€0} T5L, 0,4 1F ADRME
BB Ik A LOBRMEE WS,
) ACX T2 ADRNXIZBVWTHBETHS X, cl(4) =X 43
ZeThb.
() X WERTHDeE, X OEm~ BRI ES AT, X ITBWTH
BRLOVFEHETDHLETHD.
)X AAVIRINTH B LIF, X ILEDOREE {Orlrer, THhDE,
X =Uyer Ox LT, A OFRIBAEE A PEFEL T, X = U,c4, On
LB ERZND.

EE A22. X, Y 2 MHEMET 5.

() B/, X - YLERTHALIE Y OEEDORHES B IzxfLT,
fHB) X DEELRDLE 2 WD . I OEHRITEEHZEM OERE
BOEHZLELGLTWVS.

(2) EHEEGEEHR f: X - Y THEHK ! bEfiorE X &Y
XEMETHE VD, £/, f ZEABEHREWVS.

B A23. ()X, Y 2MMHZEME L, f: X = Y 256 T5. X
DAV MRREE AITHUT, f(A) XY Dav 2 MEREEE
5.

(2) (X, dx) &332 NEEEEZER, (Y, dy) ZBE#EZERE 95, X 225
Y ~DHEREEG L —FRERETH B

Proof. GEFHIZERE. O

A.5 R DIrsR

FELERU{—00, 00} ZR & ELZ2IZT 3. R TOHBEELUTD LS
IZED S,

o FEHUIHT BT EFEIED .
e a cRIZHULT, —00 <a < oo.
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e a cRIZNUT, AFDXIIZEDS.

— a+ (+00) = +00, 00 + a = +0.

— a>0DL &, ax(+too)=+o00, oo X a = Foo.
— a+ (£oo0) = £o0, 00 + a = +o0.

— a<0DEE, ax(+oo)=Foo, £ X a= Foo.
— 0% (£o0) =0, oo x 0 = 0.

— 0/(%00) = 0.

e (+00) +=£(00) = Fo00, (+00) — (Foo) = +oo0.

e (+00) X (d00) = +00, (£00) X (Foo) = —00.

o (+00)/(+0), (+00)/(Foo) IFEHRESINRVED LT S,
o |+ 00| = +oo.

o R OWMES A(£ 2) IKHLT, ER supA ¥ TR inf A 2VEE
D, RIZfEEL S,

e a,beRIZOWVWT, FAKIH [a, b] LBIXMH (a, b) %
[a, b)) = {z € R; a < x < b}, (a, b){r € R; a < x < b}

WZEDEDB.

A.6 BRIFIRESZEXM

B OALHIE [39) 2B L. 5 A2 HilX [35,pp.26 — 29] Z{EH L7z,
B A3 MK [39) ZMEA L. 5 A48 [39] & [35] 2 U7z 2B A5
% [39, pp.18 — 19] ZfEMH L 7=.
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