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BAE @HE: £5 - BR - it
D1EH

ZDFETI, BE - B4 - MHOEARNLFHIEHEZFLHDTWS. FFLL
i 35, 10, 20, 39] WD Z &. fi A1 T, HADSEM VW EHDE
BORBHIEZ FLHOHTWS. fHi A2 Tk, GROMEBE DR HIEE £
EHTWVWDS. fi A3 Tk, IRESGLIFNAESORARHEZ ETL DT
W5, fi A4 Tl FEREZEME S AMEROER L HEFEHEE L OTW
%. fii A5 TlE, EBOILETH S RU{—oc0, oo} IZH1) 2 HBEDHIA
WZOWTEEDH. ThoDZ ez KSHBELTWBREAIZIX, Z0E2E
MARIELTH L.

A.l BMDEEM[FEWV

A.l1.1 HOESE
BOESIZH LT, MTORERHAVEZLIZT 3
. EDOBBDES (0 2H<),
L WO DL

C HHEBOES,

L ERDES,
 HEBOES

QO ® O N Z

95,

A.1.2 £E5DE=E

LR o LU, EE X ODITRTOHPESDOEE 2X L. ¢
mbhb

2¥:={E; EC X}

Ths.



EeLit s ) $ A fE: BA - B - AMHOEH

ExBEL X DRk LI E
UE::{xEX; »b Ee& MWFEIELT, € E},

Ect
(E:={zcX; $RTDEc& IHLT, z e E}
Eeg
LEDD. WH, WATHEAEHNT, € ={Ey a € A} = {Eo}taea &

Wz b

UEs ) Ea

a€A acA
ERT . a#£ B, € A)ITHULT, E,NE; = @ D&E EETE
{Eolaca WEWICHIR &0 5. MAHEAEN N THRATZMITIShE L
T5. $hbb, {Elney 2525, 2O E, ZORLKED EIBR &
THBR 2 Z N2

limsup F,, := ﬁ G Ey; liminf F,, := G ﬁ Ey

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

LEDD. THBL
limsup B, = {z € X; HERMED n 127 LT,z € E,}
liminf B, = {z € X; ABRMIED n 2RV FRTIIH LT,z € E,}

LEXEELZZENDNS.
HMAESE, FCX DLE E\FIZ&oT, ZNoDEE2RT. T4
bbb

E\F={zeX,zc ENDz¢F}
ThH EHEECX DBEA % ECTHRYT. Thbb
E°=X\E
ThHhsb. ZD&ZE, De Morgan DER

(U Ea>cz M B (ﬂ Ea)cz U E; (A1)

acA a€A a€A acA
NI RYAC ISR
EEX LY DERER2Z X xY ¢EL. T4bb

XxY:{(x,y);xEX,er}
Thd. BREDOES X1, Xy, ..., X, DIEFE

X1><X2><.--><Xn<HXja%%%T>

Jj=1

HRBRICEZETS. FIL, X1 =Xo = =X, =X D2 &, X; x X, x
ex X, B XM B EL
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é&fﬂjf Ln+%F?n5ﬁ A2 gg%

A2 Ef
A21 EBROEREHE
FAL ()XY 2ZTRVERLTSE. ZDLE
o X DIERDILITH LT
o TOLIHIET 2 Y OB E 1 DE5x 605
L35 ZDTL%E
f: X =Y

LRU fEXDPOY NDEBEEVS.

(2) X 254 f DEES, Y 254 f ORE LS.

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

f@) =y  (reX)

c:otbi&bé IO f & EEEHREND.
(2) X 2ETHRVEARL L, ACX &35, Z0LE X 25 {0, 1} ~
@5@11A X — {0,1} %

]lA(x):{ 1 (x € A)

0 (xe X\ A)

RO EDS. ZD 1, & EREAW F-IX HFHEER WS,
B)X, Y ZETHVERLL, X CY LT3 Z0rE 5fi: X - Y
%

(z) =x (x € X)

c:ckbﬁzsbé.z%@‘éﬁ{%tmi.%c:,xzy DEE % idy &R
L, BEEKR L.

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

5. Z0LEEHfl,A-Y %

fla@)=flz)  (z€A)

IZEDEDD. IO f|, & fDANDERELFHREE 0.
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EE A3 f,g 2EHETD. &g DEBENPELL, [ & g ORI
EEHELL, THITf, g DEFRKDEEDIC x IZRH LT, f(z) = g(x) DV
D7D ZE, f=gRU, BB fLgldFELWEWVWDS. £/, BEE f
E g MWELLIRBRVWEE, fAg &RT.

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

f)=A{( f@); v € X}

WEDED, ZTNEER fOTZ7 &0,

A.2.2 BREWR

FE A5 XY 2ETHRVWVERLL, X oY 25KHET5.
(1) X OFBES AITHUT, {f(x);z € A} 254 [ IZL2HPES
ADg VW, f(A) bEL. f(X) 254 f OEEF LW,
(2)Y OEpEE BIZXNLT, 5% fIi2&5 BO#g f1(B) &

f7(B) = {z € X; f(«) € B}

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

B)fX)=Y D&, fEEH WS,

D)z, o' € X, 0 #2725, f(z)# f(2)) THIEE, fIFEHFH LWV,
(5) f BERRPOHEHFD L E, £2HEHE LW,

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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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)
ZEOEDD. gof 2 fLgDERELZIFIEREHR &\,

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 ZHETRVWESR, f: X - Y, g: Y - Z 25/
95 . ZDrE (1) ~ (3) BmbiD

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

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

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

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

A3 HERS - FTBRRS - RE

FAL12. () X,Y 22THRVWERLTE. X 6 Y ~NOEHSF
ETHLE, X LY IZEBENMELWLEWVS.
(2) ERDOITI ORI NI ELEE BRESGL VD, BRDILH S M
INLHEEE BREGE VS,
(3) HABMRERDELE N LIBEVNEFLVWESZ AIE LG V).
(4) BEH X VWARESEZEMHEEADLE X TGAABEE LV,
(5) AIAEGTRVWERESGZ IETEEEL VS,

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

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

(3) EHEERDOELS R & N OREES 2V IZEENFEL V.

(4) X 2B THRVESGLTE. Z0LE X o X OREES 2X ~02
BHIFAEL 2\,

(5)d #EHRELT L. ZOrE R & RYIZEENEFELL.

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

A.4 FEBE&IHE

A.4.1 [REEZEFE

AU X Z2ETRVWEALTS. Ghd: XxX — RARD 3 %
ﬁ:’a?a&t’é‘c‘: E,d% X Lo BEBEAK v, fl (X, d) % EBEER &
W,

() EED 2,y e X IZRHULT, d(z,y) >0 TH 5. KT, 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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EeLit s ) A4, ke A

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, B DRK &V,

(2) X OWNEL ADVREE THLLIX, ABD 2z AITHLT, Ir>0
ZZEALT, Blr;r)CAETEBHILITHS.

3) FEADOMHEGZ ATE LV D.

W APEBERTHHLIFX, IreX & Ir>0%2FALTACB(a;1) T
52 ThHB.

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 FIDPEIZINHR T 5 & &, fEHEM X T ElE THDH WD,

EE A18. (1) (X, dx) & (Y, dy) ZEEZEME 95 B4 f: X - Y
PRz eX TEBETHLLIE, EED e>0IZH/HUT, 5B 6> 0 27
LT, AED 2 eX ITRLT

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(2), f(2)) <e
BIRD DL EENS.

EE A19. X 2584, (Y, d) 2iE#EME TS f, f, for ooy o, -
X DS Y NDEGDHE TS,
(1) {fulnen DY fIZ BRI T2 213, EED v € X ITHLT

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

THHIEEVD.
(2) X OMHES A(# @) IZHUT, {fulnen B f 12 A ET—HRIEK
ERSRAE

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

n—oo T€A

ANANUNAoRaE- S AR N

A.4.2 (IHEHZERE

EE A20. X 2ZETRHRVWESLSL TS, X LOELEK O C 25 DBIRDEM:
(1) ~ (3) 2A=TLE 0% XDOME LV, # (X, 0) % (HEMH
WS, 0 DtE X ORFESE WD,

(1) 2, Xe0.

(2) A, Be O 7%25lX, AnBe€O.

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

U Ay e O
AEA

& A21. (X, 0) 2ifHZ%EME T 5.
(1) ACX 9% ADINTOMIHEEDN S5 % {Or}rer & F
5. 20LE ADRE A %

m:U@

A€A
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BELRAGTF Fp A5, R OHLER

ZEDEDD. T, A DR ADHKR LS.
20 ACX T3 A2BULIRTOX OHSHEE» SR HEE
{CA})\GA tj—%) :O)t%, A @@CI(A) f‘&

cl(A) =[] Cx
AEA

TEDEDD. £, cl(A) Dtk A DR WS,
(B)ACX &F3. 0A=cl(A)\A° L, ADER LS.
A ACXEdDd. 0cADeE, AlFcDHEFE LN,
(B)TAACXETE. . 0,={0NA; 00O} £TBL, 0,1F ADN
Hekhsd, e A EOBEAHE &V,
6)ACX T2 ARXIZBVWTHB CTHL LI, cl(4) =X %5
ZEThHb.
(NXHPADTHD LI, X OE4 BT HEAE AT, X IZEWTH
BRLEDVFETDHLETH 5.
Q)X A AVNRI R THB LI X DIEED FHE {Or}renr, TROD,
X=Uyer Or ITHLUT, A DERIBADERE Ao BIFEL T, X = U, cp, Oa
LRBEEEND.

EFE A.22. X, Y 2MifHZERE T3,

5/ X > YHERTHDLIE Y OEEOFHES BITHLT,
fU(B) IZ X DGR &R WD . ZOERITIHZM D HESE
BOEHRELELELTWS.

(2) BHEZEREMS f X - Y THEH ! il E X &Y
FEETHD LV, o, f 2 AEEKR &S,

i A.23. (1) X, Y 2z e U, f: X — Y 254G e 5. X
DAVNY NERRESG AITHUT, f(A) XY Oav Ry MNBpELE L
85,

(2) (X, dx) &332 MEEEZER, (Y, dy) ZHEZERE 5. X 225
Y D BRI R TH 5.

Proof. GEHIZEARE. O

A.5 R DIrsk

FELERU{—00, 00} ZR & ELZ2IZT 3. R TOHBEELUTDO LS
WZEDD.

o FHUTEHT 2IHFAEIZIEHRIED .
e a cRIZHLUT, —o0 <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.

— a/(£o0) =0(a € R).

o (+00) + (+00) = 00, (~00) + (~00) = o0, (+00) — (~o0) =
+00, (—00) — (+00) = —00.

o (£00) X (£00) = +00, (£00) X (Foo) = —o0.
o (+00)/(£o0), (£0)/(Foo) BERINZVDD LT S.
o |+ 00| =+o0.

o R DIBHES A(# @) TR LT, ER supA & FIR inf A 235E &
H RIfEZELD.

o a, b R IZOWT, FIKM [a, b] LBIKM (a, b) %
[a, b] = {z € R; a < z < b}, (a,b) ={z €R; a <z < b}
IZEOEDD.
2B, ATFD 4 D13EH L.

(+00) + (=00), (=00) + (+00), (+00) = (+00), (=00) — (—00).

A6 BERERESENM

fi A1k [39] 2MEH UL B A2 1% [35,pp.26 —29] ZfEH L 72,
fi A3 1 [39] ZMEH U, fi A4 11X [39] & [35] 2R U 7-. fii A5 X
(39, pp.18 — 19] ZEH L 7=.
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