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164 F B 3L topology HiEI K, X EEIE T A XK & i, FEH#E
1847 FEH IR ENT (Gauss) )24 Listing 5] 3F. 7EMLZ 3, BFEFRMIPEANL
B 5#7 (analysis situs), 3X 2B ERFSE K RARYE 2047 10 75 B 42 H ) — £ LT 1) .
b R IR R B RS EMB N — L2 RIEEEKFR Klein £H1, 5
& /REAIR (Erlangen) 4410 AR, & UM 52 n] & AR B BESE AT 20 28, BULfAI 2%
Rt A (KB ) R T AR flin, BRI ZRNIGEST
WM B, 075 LR RSP0 3 AR 3 T IR MR (T 3R, %%

WIMEH RS REHR ISR (HFRE) TRARREAZRMER. Frif R RS
B X 5Y &% X5 Y ZRFENEELE (B E HEL) XM, B
BER X ERRTFREOER TILER Y. HiMlEPRABEMRIZRX 5Y
AR B, BRI FRAR R IUAT 5.

MR B S KE, IIMERIET 19 4 o ol DART — S90S ) R B 57
B 17 {40 Euler KIL T AL EAEKTEANE d, B E e, TN v FE—
MNRFw —e+d = 2. Buler Y0 FHAMIE, 2 & (T4) REMHIAZE, B
%K) Euler-Poincaré ;R MES. 18~19 4D, B2 FHR T HEE @&, BPFE (5
BRi) i EE LM BE A B E XA A REE. X4 1890 £
HER T H AA B E R R LR, FFRH T WMEE ta] LUK FE AR, BIE 4 A9 M6 ) 3.
BRI AECEFIBKTE I Poincaré 7~ H0A XEKIY. IEAE, Jordan M2k e#: VL
6] 6L P ) 2 45 1 THI 43 RGN FB 43, BTF EHLGS A — EAL S B R SR LB RIS
— WL ST (0] R, 1 S5 A FR A K ) L

NG 5 R BT S N AT T Riemann 26 T B #l [ 8] (996 $1 50 K 10 45 .
19 {4 A i, Riemann & B T 4 {8 528 BT of BO0T #5444 VAT 1 T L #) SR (T o B, JF
15 H P T 3R b 5> 26 B il HR R R 4 28 R BRIE AN TSR B A (BF) 2R
I 5& F A5 R KA. RN E P RS B X 5 R e R AT
HERBF KR T X5

HIMER BRI — 1% RN IHT) T Poincaré. ffERFF R (B R, B9
TiRe) BER L, S AR 0 A TN R4 A, B Betti £, £ R
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FeE Y GRAEAUE YRR, £8H Euer FEN—BEAREAH, K
Xt B eRSE R e 1894~1912 FE/H KX —RIERE, HREFHSHIMEY
Bz

1910~1920 4E 724, L Hausdorff, Alexander X 4RE 4 SEEH X —4 3.
1930 SEA R ERR TG BEAHARINE, 48 HMIMERAYHER A BIRIM. 1940
§ %4, B Whitney X3 WM KR ARE, =ETHAIHBINX—4X EFH
SUARE ML 60 JLAT IR X — 43 3¢, FiE BRI B wT5E ¥ F)| Poincaré 138N 3,
BREEEILHERFBRENHRNGE.

RB|EIMZEEBPFRRBHBIMER, Ao TE. RERIMEHRZ R HE
RA BANZE B B3R 4 250, FISARSI T B. BUMRMETF R M2 H TR 3
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BRI T R 3,45 EIRINAB A ZBMEMRHTH 25K

FHIERBISRESHEENNX, HEETNE BN E. HIMEORA
AR B RSO, BT EME R H B BRI, RS LA, 8
EZTYHESEANGE. PP EEAERIMAYERIMNMBERPOASE
R 4R ST R FOE R AR B b B R,




$—8 HitE @

1.1 B & %5 A

BESR"={z= (21,22, Tn) | L RAERELE, 1 <i <n}, WY n=23H
F 23 (A ARAT LT SRR B S & R K S R A, P R P 2 = (21,22, -+, %)
M, o Az MRS E. FR o,y KEERARE

pay) =[P (@i -] eR!
=1
REYn>3H R BRAENEYN B z = (21, -, 22) TIUHA, plz,y) 711
x,y Z 6] HIBEE.

M R | R 933 f:R™ — R & n ML SRS, BAVR £ &L
R TEE R” PHEROES. £4 R" BT EARER p:R” xR* —» R |
(R™,p) Mk KT HE. ER p MERKEEGEAF AT IMEEERIREL
LIFHB: p:R* x R™ —» R! BIEGREH

(D1) p(z,y) =0 <= z=1y;

(D2) X #RME: p(z,y) = p(y,2);

(D3) ZARER: p(z,2) < plz,y) + p(y, 2).

Hed R (D3) BE BRI A R B X F R Schwarz 1R,

HERIEEANES R, MAEMRFOEE0ER o, REHMER (D1)~
(D3), LT LAS| 3 5 — A ) L B =5 1),

EX 111 #% X AE HaEWHE B8 2,v,2,0: X xX - R At
%2 (D1)~(D3), W (X,p) Mg A &% E, K¥ p M (X,p) KK F.p(z,y) UL z,y
] BEES. 7EBHFRATR T 0 o B,(X, p) AIHTIE A X.

$i 1.1.2 n #KKZE R" = (R",p) RERTH, HER oA

n

pla) =[S w0

i=1

#l 1.1.3 Hilbert 5[] R¥ = (R¥,p) REEZH, HHES R = {z =
(z1,22,-7) | z; € RYi = 1,2,---, 52 a2 < +oo}, TER R xRY - R &




4 . B—# HHER

XH )
ple,y) = [ 3@ —w)?]” GRS

=1

B o W2 (DI)~(D2). ZHEH (D3) B, _IUJFE% n KK ZE R™ FH=
AFERFHS n — oco.
P 114 WRE X AHAXAE [a,b] EFAELRY, &

pu(@(®),(8)) = max | 2(t) ~ y(t)|

b .
mWMW=/mwwm$

(X, p,), (X, p,) ERBERZME ().

Bi11.1.5 X AE—RE EX p(z,y) =0, Hz=y;plz,y) =1, Xz #y, W
(X,p) REERZZE), LB KA E TN _

RAEBRATELEFEMTP OSBRSS HERZE. M PEFRE (a—¢,ate)
MBS a i e 4818, BIEBI LS K o BEBANT ¢ TR A BRAMED T2 X

CEN 1.1.6 B (X,p) HEREH, ¢ € X,e HEXK W X BFH B(z,e) =

{v€ X | p(y,x) <e} MIELLE = KL, Bh e ARBRsR M ARK, BFRA = 10 ¢ 48
1. .
Wl 1.1.7 §& BARBRTNE (X,p) IARBEHLRME, U:
(B1) X = UpesB;
(B2) # z € B1N By, {1 By, B; € B, ML = FIERFEABIR B, F v € B, C
By N Bz (1 1.1.1);

(B3) ¥ z € B,B € B, M #E X MERE 48, B, iz € B. C B.

A

\/

A 1.1.1

i (Bl) WAEA ¢ BT ENEMBRIBAR, # X = UpesB.
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11 EEE s "5

(B2) ¥ B; = B(zi,&:),% = 1,2. & ¢ = min{e1 — p(z,21), 2 — p(z,22)}, W
z € B(z,e). WMER v € B(z,e),p(y, i) < ply,z) + plz,zi) < e+ p(z,3;) <
gi — p(z, ;) + p(z, ;) = ei(i = 1,2), B y € B(z1,€1) N B(zq, €2).

(B3) # B = B(z0,¢0), B € = &9 — p(z, z0), W] z € B(z,¢) C B.

FELRRBILTET OEEE), LHL O FERBHAAAROES (HES),
R BEAE

EX 118 HARBRZEE X HTFHE ec AN AMEX PHAL R a
A-HIEAE C A A ME X PEAASEME A K9 X 1943, ig/E IntA.
AR X BT A=IntA.

il 1.1.9 ARHE — ARETHESEIHE (HIE).

EE 1.1.10 ) 7 ZERSE X KT S48, I 7 %2

ONX =R O RT T;

(02) % 01,0 €T, M O1NO; €T;

(03) EREZNFFE (B T M5 K& e 7.

iE  (01) #n (03) BB RH. MAEIERH (02). # 01N 02 =@, Mgy (01) B
ERIFE R 01N0; # 0,z € 0 N0 HE—JH, N 01,0, HF&E. HERE
W B(x,e1) C O1, B(x,e2) C Oy, AT z € B(z,61) N B(x,e2) € Oy N O2, frfH
1L.1.7(B2), f#ZEER 4B IR B(z,e) f# x € B(z,e) C 01 N O,, Bl = KA.

EX 1111 BRFR X PMFEANY X AL MR ARNRE X\AR X
B FF4E.

EHE 1.1.12 § FABESNE X NeAmEa sk, N F e

(F1) X iz O € F;

(F2) A, B e F,IM FLUF € F;

(F3) EE LK (B F MR ML, € 7.

i BT de Morgan A3 (1.1 3/ 1), AEEMEHE 1.1.10 Al HAHSH.

Bl 1.1.13 A5, AR FESIIRMAE —FRME —HKKZHE R
HIFIXIE (a,b) £ EANHAEKFH. REFIEH LTSN FEOTESLREFFL.

FEHA TR, MRS R E MBS R, S PR 2.

EX 1114 R ARFEETH X 78 e X, # z E—REHH B(z,¢)
5 A\{z} IS, o A A K (F X ) MRE. A FIERITAR SR8
AFEX B me, it A R A=X, | Anfg X mEEFE

$#l 1.1.15 ¥ X =R!, ﬂﬂ%/]—{l,z,-”,n, -} U},'::ix———%GA,fﬂZ:;%A
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. 6- B—& #HHER

WA Ao=0¢ ABERANEA O, 1HBRA=[0,1) WEA & cABE
¢ A R WEEABREAETA

oM 1.1.16 (1) X WARTELEA.

(2) X MFEITTH A NEFAEERAT A EEEY W A XRA.

(3) ARME = A=A

i RATRIE (3), 18 (1) A1 (2) HETE. ¥ A MK, T X\A TR B
s € A\A, Wl = € X\A, & = WERIEAHE, B C X\A, B2 B, N A\{z} # 0 (XRHA
Bk ANER BRRETE NTRER A\A=0,4A=4 K2, £ A=14,
TiX T ¢ € X\A, MR ¢ WE—RBEEBRSTF X\AMzeAA5A=4F
& WA z KR4S B C X\A, X\A HFFEE, M A RHAK.

B 1.1.17 ERSENTRRIACESE TR

(C1) @ = ; '

(C2) AcC4;

(C3) Acq;

(C4) AUB=AUB.

iE (C1) A1 (C2) MELAE X EERH. 4 (C3). HEXsc A=z i
-8B U@ FEAN—Ryyc A=y BB KR WO &F AH—K=
FIR G 1.1.7(3), ATHL W (y) C U(e), Bt = ME—461 U(z) 8% 4 —AK 2,
TR LB H < € 4.

(C4) HHERH. BA AC AUB, HEX AcAUB, RA#M,B c AUB, At
AUB c AUB, B RIERIEY AUB c AUB. @z cAUBTM ¢ A H
z¢B. HEX 1114, F—HR U@) A& AWS, Bz H—488 V() R4 B
B, SRIERE 1.1.7(2),2 H—8BE W(z) CU(x) NV(2) AAE AUB A, 5
z € AUB F/&. '

EX 1118 {z.} RERZEF X H5FFc e X. WRNT o HE—RE
481, B(a,e), FEHRY N, X FHA n> N H o € Ba,e), AT {2} &k
%5 a {z,} —a.

BM 1110 o RERDF X b~ THAMRK — Ao} FE—1
M5 AR R A AR ATIE o

ZEATE AT, TRATHR 6 A B X — A

(1) BERASE X MFTH A, B RN
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0, YA BT H
p(A,B) =
inf{p(z,y) | z € A,y € B}, A, BEIEST

(2) X dh—p z BIFHE A KRN ERRFH.
B XHFHEAWALE

0, MA=0

diam(A) =
() {sup{p(:v,y)lfv,yeA}, HA# O

% diam(A4) < oo, FF A AAH R K. —tH, M = ¢ ARGEHEHp(z, 4) > 0; A
ANB =0 e p(A,B) >0, HEFH
W 1.1.20 # A# 0,z ¢ A W p(z, A) > 0T ).

3 &
L 8t X ARE{A} A X B—KTE TH o FTREMNNMETLAREER, K de

Morgan A=,
X\ Ua Ae = Na(X\Aa), X\ Na Ao = Ua(X\A4a)

2. HHMEXL p,0,: R"XR" >R A

py(z,y) = ggﬁgﬂﬂ zi —yi |}

p(@y) = loi—w |

i=1

E#: p1,p2 MEES R” LHER.
3. ¥ (X, p) AERZE, HHENL pr,p2: X XX >R A

p1(xvy) = Tf(‘;(,_——g,)y)’ $7y€X
p(z,y), Hp(z,y) <1
pa(zy) =
1, Yp(z,y) > 1

WEH: p,p, &2 X LHER.

4. B X E—MER p, IEH: HBIHE | p(z,2) — p(y, 2) [< p(2,9), EE 2,9,z € X,

5. ik Hilbert %s[H] R* M{ERR =,y H— “P &7z BE 2z # p(x,2) = p(y,2) =
Lp(z,y). BEESEARLAE MR XA R® 0TS 02H 3.

6. JERA: ) 1.1.4, #7/8 1.1.9, A8 1.1.20.

S —



- 8- B—F Hi=E

7. #% f:R" - R ARKEZSH R™ LHELERY, E¥: %E f > 0(f 2 0) H=ER R"
w7 () 78

8. Rif:(a) IntA £ A FAFHHAEFRHHE

(b) A RIFEE A MHBKITE.

9. RBHE T 5P ALK AT A E:

@) {@y) [1<a®+y* <2}

(b) R? BREF &%

10. # A RERZE X O RO X X FFEL ERH:0CANO.

11. # (X,p) AERTE, AN X E=FE E¥: AR X WHEYANEER
ze X\A % p(z,A) >0. :

12.(1) RAEHFE R? RIS REME A, B ##78 p(4,8) = 0.

(2)iE#: p(A, B) = inf{p(z, B) | z € A}.

12 i #h =

B 25 6Dt A AT PR S 00, 082 1 B RS St L, {E BRI 4% 3 o
¥ SV AR R SRS | S M. TRAE M BB RO, BT TR AR
T A, RREEHE 1.1.10 sRIFRHER (01)~(03), RATHIZEHHh23 B M.

BN 1.2 8 X HEAT £ X — 1 THEE LRAKEFEAE (O~
(03), Tl T HAM X FHI—Aadt, T WRAKA X 7 £ & X EREHHEHL
T Wb 4edt 2, a4E (X, T), ERBIRT 0 T B, (X,T) THEN X.

Bl 1.2.2 FERZE (X,p) MR p TUBEHABTE BEE 1110, &4
FRF R T, %2 (01)~(03), HMLERZM (X,p) R—MEHEE (X,T,),
TR B T, AR pff $ 6 d6dt. B2, BHEINER (X,T) HE X LR
p 8 T Bt p FSUEIN WK (X, T) BfEAFRIHIEMA.

§11.2.3 (EREHRE X, BRMBRBROED £ T X MSEIFHAT
RAR, FERNEEBD, WF s B2 T = 2X(EF X HEBTRERNE)
W& KB, BSEIR MRS 115 BB BT S S

$1 1.2.4 # X = {a,b,c}, &

T= {@, {a}, {a, b}’ {a) 0}7 {a’ b, C}}

FHERIE,T £ X k3. Hit,(X,T) BEFHaE.

—————



1.2 Hithasial K

i 1.2.5 &% X ARTEE 4
T ={X\C | CRXtYRIHFE&} U {0}

(X, T) R hfb=E.

JE RS A ERTE AR k% B 2B PR 7, W TiE, BERFER BETA
AR (AR 1.1.9), X5 m E ZSA 45— m B 0T (i B ) # S R oG HE A
MILZAL. Pk, A B BIE T, 5. SRal 1.1.7(1),(2) Fin T X

EN 1.2.6 HES X WFEEB={B.} A X 89464 &, #

(BL) X = UqBa;

(B2) % = € Bo N B, Miff{E B, € B{# z € B, C B, N Bg.

WAL, AR )b BB AR BOE AT (A hE 1.1.9) —#%, JAIA X f9h b
BB K, iE X K— 10T

EX 1.2.7 & B={B.} % X R E, YB‘J?%A”LHMZ#BXfT‘B hE
%, MR AR BhHETRAKIE

ZTHRERTLUR T B, LI E T B WA Fik L E F4- s vl LLALEE 0
MDY, R RARXS T B #)FF 5. Ba € B 4R RAX T B KFF4.

Al 1.2.8 X 78 A BRMX THIMNE BHAKE — XMiac A F1E
B,eBffiae B, CA(HH).

EIE 1.2.9 # B={Ba} &% X KRIME, WHFAHEXT B #IFF L4 RN
TFHEET & X —Aih HBCT. $55H, & B AGER X B9—nh W
B=1T.

XEMIS T a4 K B %-F654610, 11 B mgdaibasil (X, T) b
.

E HEINERMER (B1) LR EHER 04 B ISR IFEE, B (O1) B4R
S BBA B ETRAKA TIFER B A TREKIFE, Hitk (03) M. B
UEBH (02), B T Mt U, Uy AR Ur U 52 T . # ¢ € U1 Ny,
HarRE 1.2.8, F71E B WHLB By, ffi z € B; C Us(i = 1,2). R3F B ¥ (B2), £
EBHERA Bffice BCBINB CU NUz. BHMGE 1.28 MU NU; £ T K%
B TR T WR (01)~(03), & X 3Rth. BR BCT. 5, X4 B EE—1M
i, BHYERT (03) FIE X 1.2.7 $BE B="T.

—MEBFRA L ARIKRHME, HIRKIRESE R KEH R p A 1145
SR 2 RIER p,,0,, EATTREN =D AREREBBERE R B=1RFH




