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ZOET, BE - B4 MMHOEANLFEHEELDOTWD. F#LL
1% [45, 10, 20, 4] 2SO Z L. 5 0.1 fiTl, LAEDSEMH W L HDOE
BOREMEEEZ T LOTVWS. 0.2 BT, BHEOMEDEFHEL %
EHTWVWD. 03 HITIE, TRESGLIIHMAEGORERELZZ L DT
W5, 0.4 HiTIE, IR E AR O R E BRHEHEZ Z LD T
%. 5 0.5 BTk, EBOIERTH 5 RU{—o00, oo} IZE 1) 2 HE DK
WZOWTEEDH. ZN6DZ 2 ISHBLTWAIGEEIZIE, Z0E%
FARIZLTH K.

0.1 S£E5wDEZEFEL

0.1.1 #HDESE

BOELGIZH LT, RO S Z2HWAZ 2IZT 5.
: IEOBBDOES (0 2FR<),
 BHORE,

. AHBOES,

: HEBOESA,

. EEBROES

a ® OO N Z

95,

0.1.2 H£EDE=

AR 0 LU, £E X OTRTOMAEGE DL 28 LilT
Thbb

2X = {E;ECX}

TH5.



EeLit s ) %0, YEf

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,, := G 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
WEANLT 5.
EHEX Y OEREE2 X xY ¢EL. Thbb

XXY:{(x,y);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



é&fﬂjf Ln+?’rF?n5ﬁ 0.2. E{%&

0.2 Eff
0.2.1 BROEZEMHE
& 0.1. (1) X, Y 2B TRVWEALTE. ZDLE
o X DIERDILITH LT
o TDIIMIETEY ODHBHAZ1D526N05
L95H. ZDTL%E
f: X =Y

EEL, fEXDS5Y ANDE/HEND.
(2) X 254 f OFHREK, Y 254 f OB L WD,

FE0.2. (1) X,)Y 2ETRVESE L, el 21 DEATEELT
B IoeE, BB . X Y %

f(@) =10 (z € X)

A M)i&)é O f2EEFHRENS.
(2) X 22BTRVWEAL L, ACX 95, ZDOLE X 256 {0, 1} ~
@5@11,4 X —{0,1} =

)1 (x € A)
11,4(:0)—{0 (z€ X\ A)

IZEDEDD. ZD 1y 2ERER (F72ITFEER) 0.
B)X,Y #ZETHWELGLL, X CY &T5. Z0LE B X - Y

R¢

1(x) =2 (x € X)

c:ot DEDD. 1 ZBEBHREVD. FHI, X =Y O E 1 % idy & &
U, BEFEHRE WD,

(4)X Y Z2ETHRVWEA f X 5 Y 258U, ACX A0 LT

5. Z0LE 5B fl,A-Y %

fly@)=flx)  (ze€A)
KEDEDEB. 20 f|, & f O ANOHIR (7 ZHRER) 205,



EeLit s ) %0, YEf

EF 0.3. f, g 25/ ETE. f & g DEFEENELL, f & g DD
FLL, oL f, g DEBHOMEREDIE z IZTHUT, f(z) =g(x) D7D
72208 E, f=g&RU, BB fLgldFELVWEWVWS. £/, BH fLyg
DELIBRWEE, fA£g &RT.

£04. XY 2BTHRVES, f: X Y 25K T5 20L&,
mﬁchY%

f)=A{(w f@)); v € X}

WWEDED, TNEE/R fOTZT7L 0.

0.2.2 R&MR

£ 05 XY 2ETRVESLL, f: X =Y 25H2T5.
(1)X®iﬁﬁu\;%/\A IZHLT, {f(x); z € A} 254 [ 12X 2AEE
ADBREV, f(A) EEL F(X) %:Ef%z f DEZSE NS,
(2) Y OFNES BIZHLT, BB fi2&d B O#HK f~(B) %

f7(B) = {z € X; f(x) € B}

TEDS. KL T, {f € B} £H&EXL.

B)f(X)=Y D& &, fiFEFE VS,

4z, e X,x#£2 8ol f(x)# f(2)) THRHLE, fIXBEHFE WD,
(5) f WERAPODHHND L &, £BEFLEND.

REE0.6. X, Y BLETHRVESLL, [ X = YV 2EHEL, A A, Ay C
X,B,Bl,BCY 2F5. ZDLE KD (1) ~ (10) ARV 72D

1) A; C Ay 72613, (A1) C f(Ag).

2) f(A1U Ap) = f(A1) U f(A2).

3) f(AL N As) C F(A) N f(Ay).

4) f(A1\ A2) D f(A1) \ f(A2).

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

5) By C By 251X, f~Y(By) C f~1(By).
fHB1UBy) = [~ 1(Bl)Uff( 2).
7) f7HBiN By) = f~H(B1) N fH(B).
8) [N (Bi\B) = f 1(B1)\f (Ba).
9) f7(f ( >) DA
10) f(f71(B)) C
Proof. FEHAIZ [45, pp.32-33] 2D Z L. 0

fTRE 0.6(3)(4)(9)(10) (2B WT, FEIKL LR\l E BT 5
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é&fﬂjf Ln+%F?n5ﬁ 0.2. gg%

FERO07.54 fR—-R%
fla)=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 0.8. X, Y 2ZETHRVWELGEL, f: X - YV 25HEL, A A, A, C
X,BCY 953 ZDLE XD (1) ~ (4) H7 0 /=D

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

)

=4
{
'
%

[T T TV

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

Proof. GEBHIZ [45, p.37] D Z &, O

0.2.3 BKER

EE09. X,V, Z 2 EBTHVWESGEL, f: X =Y, 9:Y = Z %%
B35 ZDLE XS ZNDEH go f %

(go fl(z)=g(f(x) (reX)

WEDEDDB. gof & f & gDEK(XZIFERER) 205,

& 0.10. X, Y, Z, W ZZTRWES, f: X =Y, g:Y — Z h:
Z - W xzEH{ETE Tk

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

Proof. GERHIZ [45, p.40] Z2HD T &, O



EeLit s ) %0, YEf

R 0.11. X, Y, Z 2 ETRVWES, f: X =Y, g: Y = Z 25H{L
T5. Z0LE (1)~ (3) H7 =D,

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

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

(3) f, g MEBHFLSIE go f & RES,

Proof. FEWAIE [45, p.40] Z2ZHDZ L. O

0.3 HAREES - FUEERS - RBE

EF 0.12. (1) X,V 2ETHRWERL TS X 56 YV ~NORHEHIF
ETHLE X Y ILBENELLEWVD.

(2) ARDTHh SRS NI EAZBREAL VS . ERDTH SRS
NHEEAEZEREGE NS,

(3) HABEERDOES N LIRENELVWVESGZAHEEA L V.

(4) G X DARESGFZEAREESGDOL & X TG4 AEEEL WS,
(5) AIAEGTRVWERES ZIETEEG LWV,

B 0.13. (1) BEEAKOHES Z L HFHEBEHROES Q XAHREST
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. ZEBHIZ [45, pp.68-80] Z & MDD Z &. O

0.4 EhEEE UM

0.4.1 EFREEZER

EE 0.14. X 2 TRWVEARL T 5. Bifd: XxX = R RO 3 5t
AT EE dE X LOBEBEEE W, M (X, d) ZEBERE WS,
(1) EED 2,y e X ITHLT, d(z,y) >0 THB. KT, d(z,y) =0 &
r=1y ThHb.

(2) EED 2, y e X AIZTH U T, d(z, y) = d(y, ).

(B) ERED x,y, 2 e X ITRUT, d(z, 2) <d(z, y) +d(y, 2).



EeLit s ) 0.4. PHEEE A

R 0.15. d #HAKE U, X =R &9 5. JEEEEAROH] & LT, Euclid

J IV
d
|w’2,d: Zmz (m: (xla Loy vy *CEd)—r ERd)
j=1

D5 EE 5 Buclid Ol d(x, y) %
d(z, y) = |x — yls,q (@, y € RY)
TED 5. O

EF 0.16. (X, d) ZHHEM e T 5.
(HzeX, r>0I1ZXLT

B(z;r) ={y € X; d(z, y) <r}

Z, by o, R r OFRBRE WS,

(2) X DEREES A VREATHIHLIE, TED s c AITHLT, Ir>0
ZEAT, Br;r) CALTERZL I THS.

(3) MEGOMESEZRAEE L WS,

(4) ADPERTHZLIF, JreX & Ir>0%2FATACB(;r) £T
XHZETHA.

T 0.17. (X, d) Z2HE#EME U, {2, ey & X ORiFIET 5.
(1) zeX &35, 1 {x,}nen DY 2 IZPORT 2 2 1&
lim d(z,, z) =0

n—0o0

N D7=DZ L TH5.

(2) 7 {xn neny 2 Cauchy FITH 2 & 1F, EHD e >0 1T LT, HD
NeNDPFELT, m>N,n>N Bol da,, 2, <e £7RBI LT
H5.

(3) Cauchy FIWNEIZIPIRT 5 & &) R X ER®THL 0.

E# 0.18. (X, dy) & (Y, dy) ZiEMZER 5. G f. X - Y &
HMreX TEBETHDILIE, FED e>0IZH LT, D 5> 0 BFEEL
T AEED o e X IZHLT

dx(z, 2') <d = dy(f(z), f(a')) <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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EeLit s ) %0, YEf

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, ") <6 = dy(f(z), f(2')) <e
MDD &a20S.
& 0.19. X 288, (Y, d) ZEM=EMET5. f, fi, for ooy fn-- &

X o Y NDODEMLDY T 5.
(1) {fotnen 2% fIZEBUNERT B L1, (LD 2 € X IZHLT

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

n—oo

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

ANANUNAoRaE- S AR N

0.4.2 AN(ItHZEME

T 0.20. X 2B TRVWELLTS. X FOEATK O C 2 BIRDZAM:
(1) ~ 3) 2A2E2&E, 0 2 XDAEEWS. M (X, O) ZHBZERF &
WS, 0 DE X OFESEE WS,

(1) 2, Xe0.

(2) A, Be O 7%6lX, AnNBe€O.

B) {A\haer 2 O DI SKIEAKE Lz &

UA)\GO

AEA

E# 0.21. (X, 0) ZhitHEME T 5.
(1) ACX 9% ADINTOMIHEEDN S5 % {Or}rer & F
5. ZDEE ADRHE A %

m:U@

AEA
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B R e i 0.5. R O¥LHE

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 0.22. X, Y 2R E T 5.

() B/, f: X - YLERTHALIE, Y OEEDORHES B IzxfLT,
fHB) X DEELRDLE 2 WD . I OEHRITEEHZEM OERE
BOEHZLBEEL TS,

(2) EHEEGEEHR f: X - Y THEHK ! bEfiorE X &Y
WXREETHZ VD, £z, f ZEABBEHRE VD,

@R 0.23. (1) X, Y Z2MHEME L, f: X = Y 2GR T5. X
DAV MERREE AIZHUT, f(A) XY Dav o MEpEEE
5.

(2) (X, dx) &332 NEEEEZER, (Y, dy) ZBE#EZERE 5. X 225
Y ~DHEREEG L —FRERETH B

Proof. GEFHIZERE. O

0.5 R DILE

FHERU{—00, 00} ZR & ELZ2IZT 3. R TOHBEELTD LS
IZED S,

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

11



EeLit s ) %0, YEf

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.

0.6 ERFRESEXE

5500.1 Hild [44] 2MEA U7z, 26 0.2 Fil% [45,pp.26 — 29] ZfEH L 7=
H9500.3 fiild [44] ZMEA U 265 0.4 #il [44] & [45]) 2 U7z, 2 0.5
ffild [44, pp.18 — 19] ZfEFH L 7=.
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