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e ERIRBUA I — R BB

n AR REAOBE S, B s T Y, A NS s S A, A
D DM M ERG AR RAE. AE 0 2 SRS R 1R 3 i
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AR M AR L, SR= — ARSI, DL (]38 TG BR ) 22 k.

FATAAT FEAETL 20— 3L ST 1) AR Rk — 4 20 (1 5 o 22 ST ke ™ 6 11
NEESRERR. BMRERK, RATEERARESRREARLEH, DL
VERBA TR O R ZFC AR 2 H AR I Zorn 5.

R H IR, B HmE R RGNS, TR, MU
RERESIINR, DPaS TESRBER. o, Hhimaxtia
FETHE. RJa, = RIERE AR M RRE” htRnEE K <8 [
B, BATRT RS RN — 2. fJa, BV R R8T 58 R A Fh -k
HEE R AR M THE, O T SR FOR UK 2 4B 1.



Varay

F—E SANERRZ

ARERMNEGAT TR, TR TRANBSIIE, £E51NTE,
T, B, BLUEASIFAMA, IR HR A h i AR I I8 T B

1.1 &8, tE

EX 1.1 (Cantor) £& (set) FiHEFARL R LA P — L7 b, jtH
A8 X A 69t LR f kb9 BAR, X et R AR A ZE S8 TTE (elemen-
t) . (A set is a gathering together into a whole of definite, distinct objects

of our perception or of our thought, which are called elements of the set.)

EX 1.2 %12 AL AWATE, #f 28T (belongs to) A, itH z € A.
EMLA = ¢ A

DAL Cantor T 1895 FFEHIRSCHXTES T “E XL MR, Mk
Ui, FIRIR AR AR R B e 0, A, BATHEF k%
IBEFMEEYI P YN - 3 =R/ W

PLE 2 X0 #R THEAM=M0, e, I, TP, g
CLE B, TR 2R

AE 1.3 A FIAFAGES, AN ARk R BE N AR EEME,
7 ARTEHEE Q ATRALESE R AFRESE, C AT 8HK.
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4 Fom EEIEA

A
M

&

T T 5 AR R T T A R Y — MRS A AIZAE, idik
PR3

FIBSERGE SRS P TR AN LR, R BV, [ERARES,
AR MATEEFNEE, FI VL1 703 LA 7~ A (3 DA I 5 e 3 3 4% 14
JoER. AN, AT AR =2 F B, FFAErA R G RITTR AT B <517
K.

R IEN A A T u R BT B PR AR s RSOk, HAR i
A

A={zeUppx)} HA={zeU:p(x)} plx)Er sz LGEMHRp
BRI, TN 2SE G i AT LA g S MER YT K
r€A <= p(x)
Wt LA_EJ7i, AT BLE 2R 25 PSS A 55 T E X
EX 1.4 HAANESL A B A%, X
r€A << zeB
FEANTT e, FATELTE AN UG & I BIORES:.

EX 1.5 L ZFE (null set, empty set, nonvoid set) & # & A AT
TFOEL.

EX 1.6 THRES A, AR A WTEAKANESLS A 09 EH (cardi-
nal) & Mt (order), itA |A|, card(A) & #A. R b, 4% |0 =0,
AMRE A, B XL |A| = co.

~ @ 11 ~
B)RE 1.1 T E LT R TRGE LS, A
g={x:z#x}
RG] : 2R AE—H.



1.2 1% "E 5

1.2 F&, B&

EM 1.7 (FE&) # Ve e B,z € A, N# B & A & FE (subset), AE
4B, BEB&TA, ith BCA.

EiLHh A+ B, W B A At HE (proper) 5, AEEE B, BE
BETF A, itH BC A.

MRz, L o RAEMESGTR.

Wl 1.8 MAHMES A, % BC A, N |B|<|Al

IS S, HH C ®on®, ¢ B G onAaE, ALERINIA
KA SAEAF PG EREILILS.

EX 1.9 (BEE) Chhs A A GHATEBRYES
{X[x Cc A}
A A 8 BE (power set), itH 24 & P(A).
WAL 1.10 24 ARE A, [24] =241
ST 111 M F—AES X, HTTFE ACX LA AL !

1, z€ A
xa:X —{0,1} T —>
0, z¢ A
MAFIER R X AR ET TR A, @
A={zr e X :xa(z)=1}

W, RZ, AEfT—A X 2] {0,1} #9B4 y LAREE x (1) ={z e X:
x(z) =1}, k2T —ATH, LENFROFIEHHAL v A F, TEF%K

PR T RE SRS, TATH BTEBE PR L B4, W AT A Ik — T R A, AR
PRAEIXAASHL.




FdoFA——3t

2% —=  {X 2| {0,1} &4}
A f— XA
1) <~— X

X g e BAVT A B P R A T R F R AR,
~ @ 1.2 ~
SRR 1.2 iFEE R A BUR IR (1.10).
SR 1.3 B A, C A, C A3 C...CA,=A, Kik:
Ay=Ay=...=A,
I 1.4 RS X P, KiE:

ACB < Ve X, xalr) < xs(r)

1.3 H£EMEE

EX 1.12 (32, #) &4 % & A B, £ XX (intersection), # (u-
nion) ,

ANB={zlxr € A,z € B}

AUB={z|lxr € A & € B}

HAH, # ANB=0, it AUB=AUB, #kh ITXH. ?
EX 1.13 (&, #) %L A B, L EE
A—B XA\ B={z|lr € A,z ¢ B}

AN, EH— AN REU, L U\ A= A, 4% A 893ME (com-

plement) .

X EIEA IS B R BB E T ERINIE S, —B'S MRk L.



1.3 HLAEWIZH

HMEA 0 CA.

LA HHZA, BMOREGWEHE. XTIBH, BOVEENIEEE
BEEA MRS AR, 0N A £ T AR A I B FEE M.
&

M 1.14 £4% U T, A B ,Ce2V, ZH4rBLH b FHRA

(1) AnB=BnA.
AUB=BUA.

(2) (ANB)NC=AN(BNC).
(AUB)UC =AU (BUCQ).

(3) AnA=A.
AUA=A.

(4) (AUB)NA=A.
(ANB)UA = A.

(5) AN(BUC)=(ANB)U(ANCQC).

AU(BNC)=(AUB)N(AUCQ).

(6) oNA=0.
gUA=A.
() UnA=A.
UUA=U.
(8) AnA=g2.
AUAc=U.
(9) (A9)° = A.

(10) (AN B)¢ = A°U B°.
(AU B)® = A°N B“.

(Rt )

(45564)

(")

(BN )

(2 BAE)

(ZH)

(% ##)

(AME)

(EAE)

(De Morgan #)



8 Fowm EENEAME

WERA Fr A RRERI AR VR SR AR, by BSE by EAE AT RIE

5. O
AN PATAE B 7 R A, FRATTAT DR P A AR D0 4 T R it i

BRAN BRI DL

EX 1.15 (BIR3Z, BRH) sk b A As . A, TRABEHE L

ABAREHR, HoT

AINANAsN ... NA = (A1NA)NAsN...NA,
HH n—168FL

T O, BATE  fE AR SR AR AN AR & LI, fE A REAE
FIRANE L2 B IE T, A1 51 Tt X Fh e SO B TA IR
T L.

EX 1.16 (—HR, —f&H) Ch—HEE {Ai}icr, [ AHRE, =X
U{Ai}iel = UAi ={zx:JielstxecA}
il

(WAitier =(Ai={z:Viezc A}

el
PR, £ i 4j el 8 ANA =, Wit
Na=1
iel el
e T3
25 S WAIE, W T T F A IR T, (1.14) HI4REE, De Morgan At
AT DL SR UHE T BITE ST I, R TR,

BN (UAi> =JBn4a) BU (ﬂA,) = (BUA)

i€l i€l i€l i€l

w-0e 0y

el iel i€l i€l



1.3 HLAEWIZH 9

SANFE 117 SRR H (1.11), F IR EiX kR A8 SR B AR R
A iy X HAERE, p A U, X 4RSS, N

m=min{y; : ¢ € I'} p=max{y;:ie€l}
AT XCU, &
Yxe =1—xx Xy =&Y 894FEE K B

— R EE R EWA T AR Venn &, ifEURES Z X AR RRH
WIEAE, ARG B D&, N EFR.

U U U
A . .
BCA ANB AUB
. U U . U
A-B Ac ADB
K 1.1: Venn K

~ @ 1.3 ~

SRR 1.5 %S A B, Bik:
(1) % X CAXCB, W XCANB;
(2) % ACX,BCX, W AUBCX.

S 1.6 % AnNCCBNC,AUC CBuC, M AC B.



10 HE RENEAMS

SRR 1.7 £ R EF &, KiE:
(1) FEGAT, RIRHHFE;

(2) FRGANERME, HEHIMERTE.

(3) MR A TR, R A A K.
ERE 1.8 (M MHAXEEMR) &M1& R L&,
(1) 3 F—31HRHE 4%k §={F}, BETF TR ERRTGH R
ZAE=, B
(V& CF: #6 <),[|6# 02
FKik: NF # 2.



1.3 H£AMiBHE 11

(2) WL (1) &9 R Ak L 47
(3) B (1) FEH R A2,

B 1.9 (MFRE) & X AANE A WNFRE (symmetric difference) A®
B=(A—B)U(B—A).
(1) A Venn B &7 A® B;
(2) KIE:
(a) AeB)eC=Aa(BaC), 3/ Venn BiT;
(W)AN(B&C)=(ANB)® (ANC), # A Venn B XF.
(c) R4 IE S H (1.11) A (a)(b).
(3) KiE:
())AesBC (AeC)U(Ba ().
(b)(Ar U A3) & (By U By) C (Ay @ B1) U (A3 @ Bs).
(c)(A1 N Ay) @ (B1 N Bs) C (A1 & By) U(Ay @ By).
(d)(A1 — Az) @ (B1 — Bs) C (A1 @ B1) U (A2 @ By).

BIRR 1.10 (LR, TWR) s F—21%& & {X,}2,, TAE XL ETHR
PR

limsup X,, = ﬁ G X, liminf X,, = G ﬁ X,
nreo n=1k=n noree n=1k=n

IER
(1limsup,,_, o, X, = {z: 2z HANELBREA X, ZF}.

(2liminf, o X, = {z: 2 ATRHAEHRAD X, ZF}.

(3) BICAFIER S (1.11), T x, £ X, RFIEZHEK, o £ limsup X,
n—oo
AR H S, o 2 liminf X, #94FAEH 3. KiE:
n—oo

limsupx, =0 liminfy, =t
n—oo n—00



12 Fow EEREANS
1.4 Cartesius R
EX 1.18 (=t Cartesius 1) T4 =E 5 A B, it
A x B={(a,b)la € A,b € B}

#Z A A,B # Cartesius 1 (Cartesian product) & H# (direct
product) . ¥ ¥ (a,b) % BFX} (ordered pair).

A X HIE LA AR, AR 1 AR 3 DB T

EX 1.19 (BIR Cartesius 1) Sk = %4 A, As,... A, THAiE)E
Ho o U TRANE S0 Cartesius #Rde T

Al X Ay x Az X ... x Ap = (A1 X A3) X A3 x ... X A,
WA n—168FL. B, XHFLEXLT BF n ThH (n-tuple),
(ar,a2,a3,...,a,) = ((a1,a2),a3,...,a0,)

EX 1.20 (—f% Cartesius 1) Lo —I 2 E S {A}icr, £X

HAi_{f:I—>UAi

icl icl

Viel, f(i) € Az}
Sopit SR f R E U, A 0S5 Bt P TEA S —Hic
&, T f:1I— UieIAi ek
(ai)iel fy@{ai}iel
HEF a; = f(3).

e LEHERIGHAHEE, KOV REL TRARFY (a1, a2, a3, ..., an)
ATDAE {1,2,3,. .., n} HRTIBLE. AN e, FFRHRATA 2K «5)
tHok?, T “70 AL E B, T E PR, e E A « B
ERTEEREN f(2).



1.4 CARTESIUS #R 13

ENX 1.21 CsEb A #HEBT L A = A" x A,n > 1. ®3tF—H&
a8 E I, 2 3L
A =14

el
Bp <] ARA %A A F 893 N6 Cartesius 3.

ST 1.22 (KXH) H T Cartesius BRI i, £AMT e AL
LT BT AmAES L B, PRANESAMRALE, KMNELT
K AR RR G L F. Bk MiEde T, TS {Atic, FELHE
MF ATIRE Y, FE

{(ai i) ;€ Aji e I} = | | (Ai x {i}) C (UAi) x I

iel iel
MRS, MK R SR |, A, Fr R TRH
~ EEE 1.4 ~
SEE 1.11 (AXB)XC:AX(BXC) UEJ?

SRR 1.12 KiE:
(1)Ax (BUC)=(Ax B)U(AxC);
(2)Ax (BNC)=(Ax B)N(AxC).

SRR 1.13 S A RES A B, Kik: |[Ax B| = |A| x |B|.
SRR 1.14 %45 A B, X CAYCB, £if: X xY C Ax B.

SEFE 1.15 6%%{3\ Al,AQ,A7B1,BQ,B, A1 X B1 —% A2 X BQ Z:i, /]L'\
1E:

(A1XBl)U(A2XB2) = AxB <— A1UA2 = A,B =B =B RA = Al = A2,31U

SIER 1.16 KiE:
()X xY)N(Ax B)=(XNA)x (YNB).
(2)(X xY)U(Ax B)C (XUA)x (YUB).



14 HE RENEAMS

ZIE 1.17 (EFEEKE) ¢amES XY, #R F, £ X X = YV E&
FEIESE B
FPOYI—(f. X xY = F}
F L (aij)xxy R&E (i,§) = aiy. X =Y BREA (a;;)x, FHHRA T E.
(1) EHnsEE A = (aij)xxy, B Vj €Y, RAAMRE i € X 147
ai; £ 0, MAR a;; APV RRE, KAFHE 6 T kAT 2 PV A IRAEH
(2) CHg ) {x,}, {yn}, BT FTH {ai -, #

n
Yn = E An kT
k=1

A# 3 6) TH (transform) , X F4E %5 5 RiL.

(3) £7 % B #RHEFERE A HH

EA=AE=A

L, i=y,
0, i#j

(4) X, % AB=BA=FE, NA A Ti#. it FE—-A BRA
AB =FE, 12 A R #694)F.

(5)(CTRREEAR) K i

n n

b= (~1)F <Z> ar & a, =Y (1) (:) by

k=0 k=0

WE: E = (0;;), £+ 0 & Kronecker-§: 6;; = {

1.5 Russell 1Fi£

i gt
S ={AlA ¢ 4)



1.5 RUSSELL 17i& 15

RARTAEALLA S N REG IR ES K. THEE S £26HUHE
HoeE. M
SeS «— S¢S

FIE. AT R, WHARMKE R BT TS,

KRR MBS HENZE RG], BIE MR, Bl ME
BRI ERR, H O RSGIA A CEARKAEK. Hinf b E s |
Bk, gt T HORMEN, Bk A A% A CBK, G5 E O
K. AFR S EFEZ AR EL T

EA7 LV

A AREREIFTAEAN
AeB B % AHE
A¢ A ANGFHCHK
S BT

T AN A R A R E F, BRATHRNIE A AR S I AR vk
TR, MW = ¢ o $RIEN

i p: AR p N

KA BEASBEN I, MANBENE, AT AT JE. X EE T —amd &
HARE 3 —H B HER A, XA IEHR L I 10 18 HA 1A e fa) 5
AR a1 B S R SLIE A B ‘=7 SRR, ML AUE I fi7 E —Lew]
P ERHE B R IE A 2R R IR

PAETFJE, fEABESR P IEE R “BE” AFed 7o OR fRAIEX
FERIRIAAN L. AT SR =EE 25— MPR, RHEFUSIAE
B AT RGN



E-E My

AT BT 8. BUATREER SRR, 280 TR E 2 H IR
ZONTATTE TR G Z B R A/ R TIEE. AR T ESEENTE
Jit, ARV T — rGZ R, IF RS T ia RS

2.1 BRETEYZE X
EX 2.1 (BRE) 4T EA XY, %5 fCX XY, BHiHR:
Vee X,FycY,s.t.(z,y) € f

A I EATHEAE— &R fAX B Y GBS (mapping) & K
(function), it# f: X — Y. # X % EXHE (domain), Y # #i5
(codomain) & [ . T (z,y) € f, T f(z) =y, Ry K = 891&
(image) , z A y 9 JR1& (preimage) . #4KT LAITE
f: X — Y
T — Yy

Bt i, Sebr EIRATZH “oRE EBlE 7 SkE kA, X R T L
IR Z TA] )R 2.

[B]17,— % Cartesius U E X (1.20), FATH 2] T WL FIMES, SLbr
ARG, SRS BRI — AT AR R @SR Cartesius 1, 1
TE WS, P8 LM Cartesius B, {H A2 AHAE 32 5L AT DA 52 LG 11X
—H9, Frilte AR A 14T

16



2.1 BLE X 17

BN y IME—, WL f(z) =y, &2 RENXH (well-defined) (R
TE X ARETRE ), R, AR, X554 8 S BB R AR — 2L,
FATX BAIE R0 RN A TR S MR R C. 74h, IRATE S
12 Y AEEERIRHE, FR f ARE AT OB, AN ix B 44 16 (1 0
TEFH R A B BAS TR R, W SR 2 Y ST R

T ITAEAR L, AERE SRS A B 52 . FRATT 2 el B A E X
FIERERN fro—y B f(x) =y
EX 2.2 T

Y¥={f:X =Y}

AR X 2| Y a4t

XERTIHEIM Cartesius BLE X (1.21) R YIXI 54— AN Hrp
I TC 3R 2058 18 B 3 e VR A P4 R e 2, B

(a)iex €Y feyX

MIRX I E RN R —FERYI IR ek, ABE B Refs 3.
FEEMZ RN E X (1.9) DURFHEREL (1.11), S2hr EREMILS 2%
A {0,1}X Mid 52 —m.

WA 2.3 HTFARE XY, XY= x|V
EXN 24 (B) L& f: XY, FACK, T
f(A) ={f(z)|lx € A}
A A A fTH& (image) X {EIH (range), 453, T f(X) =Im f.

F b, Bk A WOE f(A) KRR, 7T BLALE—A> 2% — 27 [t
5.

EX 25 (Fg) &4 f: XY, E#BCY, it
fH(B) = {z € X|f(z) € B}
# A B & f T8 RI& (preimage).



18 B WL
FiRt B YuE f1(B) MR, sTRAEM A 28 — 2% [
PA_E5E SCRIERATHT TR E SORAHA R, BN f({2}) = {f(2)}.

W26 & [ X Y. T, RIEALTHA:

(1) # A1 C A, C X, f(A1) C f(Ag).

(2) # BIC B, CY, f~YBy) C fUB,).

(3) MiE&E AC X, AC fL(f(A).

(4) *H1£& BCY, f(f~(B)) C B.

H#% BCImf, M f(f~4(B)) = B.

(5) sFHEEM AC X, f(A)F C f(AY).

(6) tFH&EM BCY, (F1(B))° = f(B").

(7) MFHEE (A}, €25, &

f (ﬂ Az) C(f4) f (U Az-) =Jr )
il el iel iel
(8) A F4:%& (B}, C2V, A
i (ﬂ Bi) =By (U Bz) - Jrm)
il ier il iel

(9) & B1,B: CY, f7H(B1\ Ba) = fH(B1) \ [H(Bo).

MERA SR O

EX 2.7 F RO TABSZ L4 TF -

o Lhs X, IEFMES (identity) # 2 XK

dy: X — X
T —

BERARRFHOFALTTAER X, B id



2.1 WURE X 19
o LaEL X, ACX, BEMES (inclusion) # € X 4

iAIA—>X

a —— a
ARG ARAGHILT TAALIEILH idy.
o Lhnkbh XY,y €Y, BEME #E LA
Yv: X — Y
T = Yo
o LHEL X1, Xo,..., X, WEME (projection) 72 LA
pi: XixXox...xX, — X,
(T1,%2,. .., Tpn) —> T
o CdolEbik (X bier, B8 BB AR LK
pe: [Ler Xi — Xi

(xi)ier +— %

o WLRRI (1.22) 92X, T HEHk { X ier, LA T oA A I8
ARG,
p: ey Xi — 1
(z4,1) — i

Bp s s RIF P L AP
EX 2.8 (PRE) % f: X -V, T

f|A5’XQf|A A — Y
v — @)

A f & A L&y RS (restriction) .



20 BoE g

£ A _ERIPREITCIR R 2 SO da 2] 75 A L, M0 A AN 4L
BAE L.

EX 29K £ XV, EXCUYCV, &% qg:U—V, B
glx = f, WA g A f 89 # 5K (extension) .

Pk ARR IR RS 5. BUAER, BREIAY5KAE U R R T A
o, (HEESE b BRAAIY 5K AR S 7R B 5 s #E EEAAE F.

~ @ 21 ~

S8R 2.1 iE9 (2.9).

SRR 2.2 B (2.6). FtAagd (7) B AKX T IR F 56T

S 23 S f: X Y, KiE: f(A)C B < AC f71(B).

Bl 2.4 ©4 f: X =Y, T ACX, Kik: f(f1(f(A)) = f(A).



2.2 WUFEHE 21

EER 2.5 ((AME) €4 f: X =Y, HES S ={AC X|f'(f(A) =
A},

(1) Kik: S = {f~'(f(A)|A C X}.

(2) ij’ﬂ:' Al,AQ S S, ;}"\111 A1 ﬂAg S S

2.2 BUTHIEH
ENX 210 CadH f: X Y, g:Y - Z, 2L 40 ESE

gof: X — Z
z — g(f(z))

RFP A A ] BN ORTE, 12 ROV & 4 A

R 211 CdH X oY, g:Y > Zh:Z W, WA

(1) ho(gof)=(hog)of (4464)
(2) foidx = f. (& #A4z1E)
(3) idy of = f. (E¥#454)

(4 T ze€Z, FcAY Bl 2 B9F RS, N cof £ X 2| 2 895K
B At (ERHE)

(B) T yeY, FcA X 5 yagFHKekgt, W gocx X % gy ¥
H Fm gt (BRE)

JUERR AL O



22 HoE W
EN 2.12 (B5) el f: X Y, &
f@)=fly) <= z=y
A f 2 B (injective) X HEF K 1-189, itHh f: X < Y.
] a0, 55 RS R A B SR
Rl 2.13 X TEH A4 THA
(1) f:A—> B REHLHRYEAEE g: B~ AT
gof=idy
(2) /b gHa0 54T A 2 4,
(8) # fog R¥S, M g AFA4.
(4) A FEZARE XY, A& X Y 692 HRY (X[ <|Y].
WEBR (1) Feor i,
o) =f) = 9(f(2) =9(fly) Le xz=y

M ZEVEN T ZRIE g X F Im f, X g: f(x) =z, BN f(z) =
fly) <= x=y, W g RREXH. X TRRMELS A\ Im f, [LEFEE
g WEBMERIRT. @lan, hT A 675, f71E a € A, TATE X

g: B — A
r y=f(z)€lmf
{CL y¢Imf

y

HEBWAE, ¢(f(2)) = =.
(2)(3) TLREEI R SR S WE. (4) TERE, MUREATIE X, Y hE
DA |X| AFARE. 0



2.2 BLSIIZ 23
EX 2.14 (H5) Sl f X oY, %
Y =ImX
AR f 2 %8 (surjective) REBI L&, ieh f: X » Y.
EIERS AU IR
Rl 2.15 X T A4 TR
(1) f: A~ B R#MEAREEL g: B — A 43 (Bl it
fog=idp
(2) iS00 54T & i 4t
(3) % fog Awdt, M f LHH.
(4) ¥FHARE XY, AE X - Y 8955 ERY | X| > Y]

MR (1) et Yy € B, v = g(y) 18 f(z) =y, W y € Im f.

DVEVEN FEEIE g0 N TR y € B, MBS f~1(y) B2, Hn]
BIARE A @, € 1 (2). B

g: B — A
y — .Iy
HEWAE, A g(y) € f'(y), BT f(9(y) = v.

(2)(3) HEmd e XA SKAE. (4) RIESERE, §— 1Y Frk
R —A “B9%E”, B X PR E — N ST, BT E
OB LT 0
ENX 2.16 (W) Cadi f: X oY, & f RALSLRHBSH, WA f
2 WG (bijective) K 1-1 IR 3 1-1 Bl b, ieh f: X 8 Y.

EBERSUS RS e
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WL 2.17 X TG A e TR
(1) f:A—> B RBHLEERLEAERS g: B~ A %1% (51 L)
gof=ida fog=1idp
HixH by g RoE—#).
(2) AAUGHEY AL & 4T
(3) % fog RIS, W f A, g 2EH
(4) T THRE XY, £ X Y 894 s HE | X| =Y.
WERR (1) Fe o VERRIE AT T A . 06 BV NIE B I g, 8 X

g: B — A
y=1[() — 2

X — AR E IS, g ME—RFRER o 2 %4, W
gof=ida=g of=go(fog)=go(fog) ie g=¢g
(2)(3) MRHEATIH A, (4) W2 Th4L. a

EX 218 T4 f: A— B, & (2.17)(1) HA=< 8 g #ARA f 89 HF
¥ (inverse function) sk RReR#, iTH f1.

WL 2.19 Ca S f,g, KT EAA 4 TFHRA:
(1) id™! =id.

(2) (fFH =1

(8) (gof)t=ftog™"



2.2 WU 25
WERR (1)(2) ¥ LARERARK. (3) AR NG A
(ftog ™ o(gof)=id

W (go f)~t=f"tg O
bl E (4) BN EAEAE R, RE TR, e TR
BT eyt R A2 R S AR, BRI R

AEiEE A tin s

IR f
it 1
gl =2 g
ik a5 g !

ENX 2.20 (BMEGH) s T4£4 X, ¥ X 2 X 69 AmPHA X 69 5
ARET .

WER 2.21 T HMRES X A4 f,
[ AR — [ R#HH

IERR THEL O
IR T T 5 5 WIAKE, BIANFEEORE f(x) = e & BL5R T AN 2 1
. f(z) = 23 — o RTHFTIA R R

~ @ 2.2 ~
SRR 2.6 GE9] (2.11).

SRR 2.7 GEWF 3] AL E 8

(1)f ~¥4.

(2) BAE g 1£1%F go f =id. (X#2 (2.19))

(3) HAE#HH g 1£4F go f =id.

(4) 3 FAEATO Mgt hk, HooFLR%E2F foh=fok — h=Fk.
(5K, BALTAESL)
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RIH, T3 A2 S0

(1)f &4,

(2) B g 1543 fog=id. (XA (2.15))

(3) BHEES g 1843 fog=id.

(4) * FHATE WS hok, Al FLAKXFE hof=kof < h=k.
(3K, LEBIETALE)

SIER 2.8 A2 (2.17) 89 (1) 69RO RAEA R (2.15)(2.15) Higah
g, ML RHHME—KRY

ZIE 2.9 S ABA fg, &
fogof=f fogogof=idx

Kif: g R f it B,

SRR 2.10 iEA R - R 694 /AN — FHALA.
SRR 211 M TFAHAMRELAR =RV, F oV -V RE&MET#HR. KL

fREH — [ RiHH



2.2 WEHIEE

27

B 2.12 F @, &AM KT EAANAREZ B GBS, L4, HH, Wi

#%8. % mak An T B, f:A— B,
(1) B4 f B9A4L.
(2) B4 [ A4

(3) #5t [ a4

EJRR 2.13 A n AHFAER m MET, K:

(a) B FEHK;

(b) TR #&T AR TR 69 4 & 75 iR 4L ;

(c) FePr B AR & AR Bl Ly 3 & 77 ik 4.

B m ATRBRHEIN n ARBRETF, £

(a) %5 k%8 ;

(b) HEAETEV —/NM5kHR .
ZIE 214 (Fzhm) A TEA X 6 anst £, A

Fix f = {z € X|f(z) = «}

A f 8 FEhE (fixed point) &, #

Fix f* = {z € X|f(f(2)) = =}

A fOHRERE. WEUTEA:



28 B B

(1) Kik: Fix f C Fix f?;

(2) A& —A Fix f # Fix f2 8951

(3) % |Fix f?| A%, Kik: Fix f # @.

(4) B X =R,
(a) & f #A#H¥E KiE: Fix f = Fix f?;
(b) % x+ f(x) RF4, Kik: Fix f = Fix f%;
(c) % f([a,b]) C [a,b], B f(z) &%, KiE: Fix f N[a,b] # &;
(d) & f([a,b]) C [a,b], B f(z) %A, KiE: Fix f N [a,b] # 3;
(e) K=k &ZHEK f(x) = ax? + bx + c WA EAAR R &

(f) LA RE LTSGR f(z) 1213 f(f(x) =22 — 32+ 3.
(9) AR A ELI f(x) -7 f(f(2)) =227 — da.

(h) & Yo,y € R,|f(x) = f(y)| < klz—y|, &+ k<1, Kik: f R
H o — oy e .

2.3 HE

BATHAERXTNA—"NE O LAE, 2mE. SHERT S Z2ES,
EENCbub S A
Ao B

N

C
BATIRIXA A P2 SR ), WK g o f = b 28R, JPRER L, X4 —Fi
FEA (B0 B /& = M) Bsc e B i e SCE— e U sg e, A
o, AE R RE HAT I B R
I PSS BEWS |E T 52 B L Hi R — L AR 5 ORI O 1R 5.



2.3 A 29
il 2.22 (Cartesius FARVZMR) A F—% %4 {A}ier, W

(P, {m;}) P=]JAim:P— AR

el
i#h Rk T 84 2 PR
VES X VM {0 X — A} X
Ikt A X > P A;\i
s.t. Viel,mol=y; P—— 4

WERR EARRUE IR AU N R A BB ¢ I

A X — HiEIAi
r > (pi(z))ier

HIAT. T neE— PR RVE R BE AWK A, B Nz) = (5)jer, M

mio Nx) = (%) jer) =

WRAE AT 2 = i), FTEL LTI X SEME— L FE. O
PAEmt it <32 MR SonfRi s — T, Mt BT — R o

AT L& FF N — A BIH IR Cartesius RIS, (815 KA — D0 E#H S

Ut ;. WG TE 5 52

X
V:HAZX_><HAi> {pi : X = A bier — A
i€l iel

Hov 20U, POy Rkl 2

A= (0 Nier

KR LR AR, SRR i R oRA H R S Bl R T
HEIRIR H, XAEMEFR S 4 E T Cartesius .
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S

X

K 2.1: Cartesius FRHI7Z 15

HEL 2.23 W (2.22) WREY (P, {n;}) Z 1AL R T A 35, Bikk
W, &

(P, {m:}), (P, {m})
R (2.22) Wy, WEE o P— P ,3: P — P, 4%

aof =idp p'

Boa=idp 4\*
al 18
mof =m, \ ¥

——
’ . i
T, 0Q =T, d

WERR  SGHL (2.22) M X = P = ), MIARHE (2.22),
38: P — Ps.t. mofB=n

R, e PP, WA
Ja: P — Pls.t. moa=m

AR EMACEWLE T, N, B (2.22) M X = Pp, =m H
&, BAR, idp RWEFMRI— B, 1 X = 8o a i

TioA:ﬂ'iOBOOé:T(;Oa:’/Ti:goi

RYEME—1E, idp = Boa. A, aof =idp. O



2.3 K 31
SFE 2.24 (BF) M F kAt {1 A — B}, BMTAE L
H%‘ 5 HAi — HBi (a:)ier — (@i(ai))ier
iel iel il
BPAEAD B HIER . FIR L, T8 4o F & 245 3]
Hie] Ai —— A;
N
N i
\ \§
[lic: Bi 5— Bi
1B I VIV HAZ — Az,pl : HBl — Bz %jﬁ%ﬁﬂ%%, m']ﬁli/g\é\ ©; O Ty, ﬁ‘
FIR (2.22) PR TREWA e 0i
AWM, do R — A3 RS0 (BlAe B Cartesius #2), L35 41
A BRATAR A, BP X NRAEL B AR A R A B RAAREXARAIEA RF

(functor) .

R, — AN A A k8B B SR 4. [ (1.22)
A H R L

SHTE 2.25 (KERFRIUZMER) T —%ES {Aiticr, N

(U, {u:}) U=||Aiu: A - URSEBA

i€l

ith R e Y2 R

VES X VB (g A X} | X

A .
st AU > X Ay

s.t. Viel, Ao =; U<— A,

IERR MfE—RIE R

A LliEIAi — X
ac A, — yi(a)
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A EARHIE. 0
WAL, BT DO — R SR [R] 1 S 38 e s SR AT P ok &
Jl— AN WL

¥1

K 2.2: TR Iz PR

SINFE 2.26 WAL (2.25) PR (U, {1;}) Z 100 R T AR 2305, %

(U, {ui}), (U {1i})

WA (2.25) WM, MBE a:U—-U,B:U — U, &/

aOB:idp/ U’
— 4\ J
Boa=idp o N
Bou =1 \ ¥
’ le%AAZ
oL =1 i
WERR AR (2.23), B AE SR O



24 BHS5EHE 33
SRR 2.15 iEW (2.26).
SRR 2.16 AIA (2.25) iEH

AU (BUC)5(AUB)UCZ 8] #2334t

24 BE5ERE#
ez, EFRARRT C 2N BREGHIEE, REREE, Ziea
Z U s SR B, NI E S s S R AAOE S
EMX 2.27 (BE) %46 XV, Z, F0A f: X xY - Z, WA f £
— A X 42 Y L2 Z 69 Z5T (binary) BE , B4R EE (operator). 3t

EX 228 (RIEE) o f R—ANR X Ao Y L3 Z 9 =iz, B3
fr. YxX — Z
(y,2) — flzy)
#A f #9 R (opposite) BE .
Bl AT Bn%, SLbr BT LR f— A R B —oom#, At
bl oa+b RN +(a,b). AR, FERZHI &, BEALFT 5 LR, W

“®> +a —, X, %, 7 /:%‘E

EX 2.29 (HAZE) 258 f: X x X = X, WA f 5 X Loy EiFH

—tiEE (binary composition), ##& # 4] (closed) iz # .
Prig s e, ERERITIEE, tTREASBB S EEGIEH. %

BT bR, A WA IAN, BOIRE. X iz S 2 ARH S 1) 32 ST

TR



34 B R
ST 2.30 (n TLEEHE) LA, ARTAE LA n LELHE LA
X" —> X

FAH, n =08, RMNEZZL RN EEH58 Cartesius . EHm HA
stk G, “BA” L6 Cartesius FRINALEEE [x}, IR2ARLT
BHAAZELE.

XA, BANA Z LSBT, Bldest LML, 2 —AN—TiEH. H=
NEETS, AN AIEL.

ENX 231 (1EF) £E8H [ XxY - Z Nk fRXAEY L5 Z 69—
ANEER (left-action) , RARMER . AA—MEH, T f(z,y) = zfy.

EFYXxXZ R fAHXEY L3 Z9—AEHER (right-
action) . ALK —HEH T f(y,z) = yfu.

1l fn 2 % 2 A vh i B et 2 — AME . Bk, X R-[a) & 22 (A
v, WH
RxV — V
ANx) — Az
B, 24K nox n FEFEAE n ool E A ZAER, 12 0 uiT IR R B A
EH. #2,
(ks 90°, /¥ 1 ALY

FE~F I AR

ST 2.32 FHR L, BMT AR ZY, B Y 3| Z 69 2hBA, sER AT
Y 3 Z Loy “ER7, EERRAR N,

do: ZY XY — Z
(fry) — fy)

— AR LA E X A2 Y EdefT4E AL



24 BHES5EHEE 35

FIRE, ARFER X £ Y E8ERATAN X — ZV §—A 4t
Blde, T f: X xY — Z, st3t g T

F: X — 27V
x — [xF—:y— xFy]

Radk, F: XYY, g TR

f: XxY — Z
(z,y) = [F(2)](y)

P, AT f X XY > Z AN ET X - 2V 9k
5, #&)EH, RAVE LA

ARE CIVABREAUESEEE oy

F—Za, YY, BPY ARG —TEzH TA—/NX £Y L
AER, BT UAA R X DAZAY Loy—n3thEH.

T, FATKG IR R, BliE A
EX 2.33 (FBEE) e X LeyHAEHE <7 %
Ve, y,z2€ X, (x-y)-z=x-(y-2)
N Ax «“” f 54 (associative property) .

Sethe TRMSG & X houRlE 7 BEASH S RBR, 50,
AERAEGEN—F AT RS BRERS

(a-(b-¢)-d

I MRS A 25 S Y (B WA 1) 58 ST ST [AD ), SRAT TN
P DL ARER R 5 A ARM, X FoA s P .
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I
i

50 Eow
EN 2.34 (KIRfE) T4 X Lotz <7 &
V.T,yeX,{I}y:yx

AR “7 & RZHEE (commutative property) .

SGme TG 5 X PIuRME 7 BE R B, BIE
ARAFEE AR, WATRAER — & X ug/EL T, o

(@-(b-c))-d=((b-c)-a)-d

EN 2.35 (BAIfE) G4 X LWHNEHE “7 &
JeeXVzeX,z-e=e-x=uz

NAR X A “7 6 BALTT (identity)e.

Wl 2.36 KiE: F{z AR,

WERR EHWANRLIG e e/, Me=e-e =¢. O

EX 2.37 (BR) O X Lyl <7, %
JoeX,VzeX,z-0=0-T=0

WA X A “7 8 BT (zero)o.

Fltn, 1€ R HERIEMAAITT, 0 € R Fh2INERIBAI T, Bhr FEsk
TR M SRVA I SR T, AR AR AR PRI I B AL T, ] B R A
7% [ I PR AT

i, 0 € R g2 ow. FH B 1E .

EX 2.38 (DR O X LeyHFABEHE 47, «7, | %

Vee X,y,zeY,x-(y+z2)=z-y+x-z



24 BHE5IZHEE 37
AR “7 3“7 F ESDBCEE (left-distributive property) . %
Ve,y,2€ X, (y+z2) - z=y-x+z -2

WA« 3t ‘7 B AOHELE (right-distributive property) . Bl B i#
R A B A DBLEE (distributive property) .

B2 (1.14), B 7 3ATH BRI 2 B, ATEA K THEEIE
JrBEeIplT.

EN 2.39 GHER) @4 X fo Y 3] Z LYz i “7 %
ry=x-z2 < y=2z <X,y z€yY

WA 7 %2 AR (left-cancellation property). %
Yy-r=2- < y=z y,z€X,xeyY

W AR« ik % FHiHERE (right-cancellation property) . B # L A%
A H A G AR B JHEE (cancellation property) .

o, FEFER AN L T, fn

(0 1)(0 1>:<0 1)(0 2)20
0 0 0 0
~ i 24 ~

SIRR 2.17 45 An UL T AR RAGE A

(1) 24 Y RE X £, X Ee93HEHE 47, GRELE HER
B B KA.

(2) LY EVERE X £ Z H#RE X b GRELEHAAE
BB Ay 2k A it



EAREH

1]
ik

%\-

AEEI R G I G, EE BN ES RNREE. AT
W T ERAHIEL A R, A = AT B A RIS UER) R T 2B E
.

3.1 EAREH
AT IR T RAM AN, A5 NIEHL B

EN 3.1 (Z8H, £8) oL s XY, THES f: X &V, 0
# XY RFHMW (equipotent) K A 48 &9 ¥ (cardinal), T4
|X| = Y] & card(X) = card(Y) 3k #X = #Y.

B, REEATHRES IR —BUn. B8 (2.17) 19 (4).
L, FHAFMIEM: |X] = Y[V = 2] = |X|=|Z|.

f5 3.2 (Hilbert HiE) |N| = [N*| = |Z].

WERR fE

. N N* '
/ - k. =2k
n — n+1 n +—

38



3.1 HEAERIHEE 39

¥ 3.3 Hilbert 848 2 —ANF 4 093 P8 F, Hilbert H—RA “L% "
P 18 69 5RAE A2 PR By T ARAZ 69 M O T,

(1) R T — 8 EA, FAVTARHHSE R, ¥ 1 5 580 EA#R
2255, 2 FH5RMGEARE 3 TEN, 3 FTHENNEARE 455
B, gt £, 15 AR T R, TS R — AN .

(2) RTRFZAZEA, SAVT XM SH S, 45 1 5 5 1 a9 F A
E255M, 2 5EMMEARE AFTER, 3 SEAMNEARE 654
8], do gt KA, AT AT 69 5 AR R R AR T VANS B LT A A ]

5] 3.4 |N|] = |N x N|.

WERR R AR N < N fRk— 5,

Kl 3.1: IN| = |N x N|
a:NxN-—N n+— a,
T/ NxNENS%H. O

5 3.5 |Q| = |N|.
URTRAT LT B, 5 R AT 5




40 FEE KA
IERA (IR (3.4), X CA—IE > O

5 3.6 [[0,1)] = |[0, 1]| = [[0, +00)| = (0, 00)[ = R].

MEER  fE
f: 0,1 — [0,1)
x/2 IneN;s.t.x=27",
T —
x  HAWEG.
s
g: [0,1) — [0,+00)
1
T — 1_33—1
PR B ). O
5 3.7 |N| # |R].

JEBR AN, FE £ NS R, % f(n) HT3ER N ECH

f(0) = ago-ap1a02a03 - - -
f(l) = A10-0411012013 - - -
[(2) = ax.a21a22a03 . . . VneN"ieN
. S ani € {0,1,2...,9}

fn) = ano-aniGn2an3 .. .

HREXT Lk {aii}, TE# %) {aj;}:
, 2, ay =3,

Qi =
3, (0773 75 3

o /A
b= ay.07,099035 . ..

ESESL
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H b AFETAEAT—A f(n), HA b Y5 f(n) Z2OF—ALEART, ANA
28 n i3 f(n) =b, FFETFE. O
IRIX VR FR N Cantor X EZ 75,

EMX 3.8 (AIHEKE) %4 X, ¥ |X|=|N|, WA X A AH (count-
able) £ X AIFIEE, A |X|=R) R w. AREFTRELSHRAES
(at most) AJ#EE .

ZITCREI], ATHCER IR ORRS R0 T EL <F R, B i AT R
W, Z,N*, N x N #f2 ] #4k.

5 3.9 EZTHENTERE S THE.

IERR AN, TEBON N* TR, A RBE N* R
Bt rE S ARAIRE, WERTLKE] S T2 n NI a,. EHHE T —
AN

a:N"— § n—> an,

KRR G, AT ERRBIEED], XT s e 8, W s BIRZ S PRl s
INHIEL. O

Bl 3.10 25 THANAESTHEZFRES THH.
IERR IR (3.4), IXECA—IE > L O

ENX 3.11 (EES) 4k X, £ |X| = |R|, WA X A EEL (con-
tinuum) , iTH |X| =c.

~ @ 3.1 ~
SRR 3.1 M (8.5) AR (3.10).

SR 3.2 ©he |Ay| = |Ay|, KiE:
(1)|A; x B| = |A3 x B|;
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(2)AP| = 4F);
(3B = B
(] = 2.

3@ 3.3 KiE: |N| =|N x {0,1}|.

SRR 3.4 Kik: EARHESEERELSFH

SRR 3.5 KiE: R L9447 X Al AR 2 5 et

SR 3.6 Kik: THRENSKARTEARNESRATHE

SRR 3.7 KiE: R =R\ Q).

SRR 3.8 AP\ b r R EZ G, Kik: F&E BT LUK & & R RAL
VR 69 &S PT 408y (FTAE Y 248 52 7T 1 69 2% S B = 1] 89 3T % ).

SR 3.9 FAM x REMERH S AR, WA 2 2 RKBE (alge-
braic number)

(1) Kik: #FZHLAXATHY.

(2) Kik: FREEAT 8.

SRR 3.10 KiE: |R| =|C| = |R x R|.

SRR 3.11 Kik: &RMF B A LS.
A E, 3.12 (Lindelof BEE) Kif: R PAATHF EEH4A E S T
T RE. B, ERFEE (Ulicr, oA I 9THRTE J 1243

Uvi=Uvy,

iel jeJ



3.2 FHFMIHE 43

BIER 3.13 =& F 5| A
(1) Kik: ESTHELEATRKEF@EE.

(2) Kik: AIReE R-EMZRARAES TROATZRARLFHE

=
I

(3) Kik: Akt Q- BT MAEME S TRYATEHEE

3.2 EHAIELE

ENX 312 &S XY, EHAEH [ X oY, WiT | X| <Y



44 HBEE ESNEY

AR, MG (2.15), “<” HAKBRE: |X| < |Y]|Y|<|Z] = |X]| <
|Z].

R (2.15) A1 (2.17) BIXEIR R, BLF UL, SRS IRHL, ) 827, 7778
B f X =V BHMEEERS g Y - X JHAMAE (X <|Y].

N E B < R BRI, Bl a <bb<a=a=0b.

Wl 3.13 MEA X, F ACX, N 4] <|X].

IERR B REE AT

O

ST 314 RHERHRIENE, FT—AkEs (X}, A U, Xi| <

\Uier Xi|- B A BH 2IATH AL H 4. RS ER §2.96 (2.25) v &

AW AT 3k Y.

XA e 1) S AN, BN AT L — s 2 F BIRAR 241 1.
ZEIE 3.15 (Cantor-Bernstein-Schroder EIE) C4MmES X, Y,
(X< Y]V < [X] = | X[ = [Y]

WA W f: X —=Y,g:YV = X, 1E
{Ai}: Ag=X Aipr = (go f)(
{Bi}: By=g(Y) Bi1i=(g0f)
{Ci}: Go=Y Cit1 = (fog)(
{Di}: Do=f(X) Diy1=(fog)(Bi)

BEOHRIN T REP T

X=42B2A 2B D...
Y=C,2Dy2C,2D;2...

fx) dneN,s.t.z € A, — B,,
h(z) =
g Hx) HREE.
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Horp gt XU glpx) HIRE, HASRIE,
h(An \ Bn) =D, \ Cnt1
h(Bn \ Ant1) = Cu \ Dy
h (ﬂj; A;) = ﬂfil &
M h(X) =Y. O
PAEEBERW], < 52 BAT ROARIE.
UE R AR B T .
X

3.2: Cantor-Bernstein-Schroder 7&#
AN HE RIS O I3RS R L
EIE 3.16 (Cantor EIE) T4 E4H X, U |X| < [2X], B
| X[ < 2% |X]#[2%|

WERR H %G, fEE ¢ X — 2% HEH o(x) = {z}, T2 |X| <[2¥|. F
B BAAEXUT f - X — 2%, BEES

S={zeXlz¢flr)}
L 5= f71(9), M
sel < s¢ f(s)=S8
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xE. O

X HEIRRATE S R G HF AR — K, (RIS H# A L B0
KIS,

XFh T2 Cantor Xof f 2k 7774

XAMEHA =N ERMERE. WRBAHBELERRES X, AT
SRR M bRIC BB AR SR AR I TR R R T IX N LER, S AR
B, HAT WA ®, TRE—ATEEs N — R, £ 2% vJLL
AU X ESIXUR, W) 2X 58 X Al X Uik T —4khs, 47 RoR—
ANTFAE. SRBT RN A 2R, PRIt 7S 2] X A KT 58 —A1T
KT EAE (KA ZADEH — R AME), NiFE. W~ E .
X — B R 2R AR O S 2 T R R I R

W

3.3: Cantor T

5 3.17 |R| = [2V]. AR ¢ = 28,
WERR X 2 € (0,1), K3 2 BEHIETF A

0.az1Qz2 ... Qpp - - -
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WEXE LT —A N* 75 N, = {n € N*: ap, = 1}, XR G, BIA

rn ]-
“”:Zagn =D on

i=1 neN,

RZ, FFE—A N {74 S, #E LT —A 3 2l /N

oo

1
xzzg—n:O.bwlbwg...bm...
nes

KRS, N S = {n e N* 1 by, = 1}, FIRAM TG ILEHE. O
Cantor &5 E T i KB AEE, 0T 1 ) 220 B B T
INEBAFAETE.

AR 3.18 AT —ANEMRE X, |N| < |X].

WERH BWERE X, & 2 € X, HAERR o € X — {x0}, R
Ty € X — {wo, z1}, PALISHE, R ORIEDILIRIEA GRS A
ek, XFEE T DN EERES {o,}, REARE N EH. O

W 3.19 (GEESRRI) 1900 F, Hilbert R FRRAERET 23
ANRE B P T 2GR FRMNEART, EkALE L “Hilbert23
AR AT, EGERFRAZEAE, FROABZRTNGEES X 157
Ny < |X| <c. Godel T 1940 FiEATHLEHRFERE ZF NEHKZ TIE,
Paul Cohen T 1963 ik 7 =S RIFRE ZF NIZIKF Ik Hilbert %
— [P AR R

~ 3@ 3.2 ~

SRR 3.14 & |Ay| < |Ag|, KiE:
(1)|A1 x B| <|Ay x B|;
(2)|AT] < |AF;

(3)B| < |BA2|;
(4)121] < [2%2].
SHEFR 3 BRI T G LT R




48 B A

a7 3.15 iE ¥ Cantor-Bernstein-Schroder % 3285 M 458 (T AR
£3): % ACBCX, H |Al =|X|, KiE: |B| = |A|.

K] 3.4: Cantor-Bernstein-Schroder &
SRR 3.16 KiE: A X A LAYk 4k RO A SRR A LA, KA
ok A A EEK.

)8R 3.17 WA T 5| A
(1) Kik: 2KFEHI 5 R FH, B

[RY| = [R]

(2) Kik: RE ELRELR B R ELLG.

[BIFR 3.18 WA T 754
(1) B =R LTk (U}, K82 (U] RE S ThA

(2) KIE: F# ELKEASHAELS,



3.2 FALLEL

[B]ER 3.19 iEBF 52 4 _EAEAT IF S AR A T SN TS A8 3 X 8] 69 5

B)RE 3.20 HAVEIEBEATR B [ 694 MIR G AL RE L &
{zeR: f(z+0)<oo,f £z tREL)
AFTHAS. T
S={xeR: f(zx+0)< oo}
By ={z€R:30> 02,y € (x—06,2+0), | f(z) — fy)] < %}

(1) Kik: f &9&8 A (), E,.
(2)S\ E, RT#H%E.

(3) B AE,

S8R 3.21 KiE:
(1) AT —ATIRE, LR 545N F4a9F4%&.
(2) HEAT—NMRBE, 2ROLE—NE5 NFHGALTE.

(8) Kik: EMT—MARE, LROE—NFYHAETE.

(4) FAE: AEAT—ANLFRIE, Wik KiF A RATE BRAFY.
[Bl@ 3.22 (Cantor &) #£ [0,1] Mg —F|E &k T

C() - [0, 1]
Oy =[0,1/3] U [2/3,1]
Cy=1[0,1/9]U[2/9,1/3] U [2/3,7/9] U[8/9,1]

49



o0 CER i SNE S

BP AR & XA P ] 1/3 B, de T B AR

0 1

K 3.5: Cantor £
(1) KAE:
C=(\Ci#2

=0

(2) KAk:
C| =127

SRR 3.23 L P = {plp RFEHK}, WETHIFA:
(1)(Euclid) Kik: |P| = |N|;
(2) ik |N| # [N,
(3) M THE—N neN, #TAE—EH

_ k1, ke K
nipl p2 pm

W) n =T VAR e A

M n e NP {8 |N| £ |NP|, & AMBEIAIE?

b
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3.3 =XEiE
EIE 3.20 EEAANAES XY, N
(X< Y] &|Y] < |X]
IR 3.21 HTAMRE X,
[ X] = |X x{0,1}]
B |X] = |X]| x 2.

EIE 3.22 T ALRE X,

|X|=|X x X|
BrX| = |X)?.
TAVER LT CAIEN 7 X = N AUM5, 20, (3.18), ~J#13.3, LA
K (3.4).

DA b = % e BRI B A0  Z0A FH e 3R S BESR I DAUE B B IR B A 2R
I N —Zorn Bl EE (5.23) UEBHE N L, FATEIN A FEE, XA
M ERAA RAIERATE 4. AN i TR R HE3.22 7 B E .21, FrbA R
BATF P BRI HEVS AR X 4, B5 5 T E B 4% .

PLUR A& H 3. 21 A HE S

Rl 3.23 £46 A B X PR LMRE, N
|AU B| = max(|A], |BJ)
IR AWk A< B @i f: A— B, W max(|A|,|B|) = |B|, W

\AUB|%|B><{0,1}|:B

AR, RSB F T R ARA T TP A HR <IER” 1.
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Horp
g: AUB — Bx{0,1}
(f(2),0), z€A,
}_>
(x,1), x € B.
BHIAE h 2. O

i 3.24 L LRE C, & |AUB|=|C|, N
Al =[C] &|B| =|C]
PR 2 e 3. 2211 HE 18

Wk 3.25 ¥ A ALFTHEL,
(1) % 0 < |B| <|A|, W:

Al = |A x B]
(2) % 2 < |B| < |A|, M:
24] = |BA| = |44

(3) "%k {Bo}taca, £F Va e A |B,| = |B| W

U

acA

= max(|A], | BJ)

WERR (1) AL b € B, NI
A=A x (B}] < |Ax B <A x A

FIE ).
(2) B

24 < 1BA] < |A%] < (24 = 12

HAPHH T Cantor EH (3.16), |A] < [24].
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(3) % fo: B, & B, fF

[+ UseaBa — AxDB
€ B, — (aufa(x))

NORIERE X, &« J&T 24 B, Rk —A B, Wi, ke Xz
T, HHRUEE I G, T |Uyen Ba| < |A % Bl O

~ S 3.3 ~
S8 3.24 EATAMRE X, FY C X #HE|Y| < |X|, Kik: [ X\Y|=]|X].
@ 3.25 AT —ANARRELARGEE—NFHOTE, EFAIFLFY.
SRR 3.26 A AT — T a9mA R IRIE F A ARGT RS,

4] = JAUN]

SRR 3.27 LMRE A MPTHARTEARESWEAKE A HE.

3.4 Cantor 1%

AT R RE TR P S — A F L AR
FRIARGERINGES U, HHE 2V 122, 1R Cantor &2

U] < [2Y]
B 2U B—sefE A RINEES, 1)
oV cU

AT
271 < U]
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FIE, P TR, SHERATIAR R HI TS,

XAMEW HAEAE SR B8 m = A, I RAIABAEE “i I
27 EAEHRES S N TR REGHE, AT HEA AT 4
&7 S HH “ 2 (class) " KFRIFE, REWEFNRESRELH TN, —
PIRIA S KM JE T8I ANEM S, At e L — SR E R nfE L &2
b BInFRATEE, fEIRE E SCEEA IR, D AE R — R RS 1R
R S, IXAEAE ] PLARIE Russell 118 AN H L. FATH “EZE (proper
class) 7 RERAZEA T, HIAIHTIH Russell 210 “£E7, DUKLIF
WA EGART “Ea7, MARES, T H2EHK.



BFHE xR

ARENARRRR. RAFFEEENNES PR KEiTiR
TRALEIZH, R E TR AN RIS,

4.1 X%

EX 4.1 (RR) %L XY, RCX XY, WA RN X Y £ty —
JLKR R (relation), MARXZ. & (z,y) € R, Wit xRy, WA z Ry.
EY=X,MNAERMNX EH_TXAZ.

EX 42 (RER)RA X fo Y LT XKEF, BN
R? = {(y,z)|xRy}
HAH ROREE.

BV ME AR, (HoR RIS ] LR CA P IR 8, TR E IR R,
R RARMER (2, y) 2K, ZMEMEELTH KRR RIAL
FERENRABEAT R 2G4 58 iE, TATH e Xl —4
IR AR, AR FCEAMLEIERR 58 R A2 “4F” (1, BUERTT
(. XA RS YIERCA R R, K2 B LA DR, BATRAE
Ja TR #2347 58 2 LK.

BlansEsum s+, KT, A F, KT&ET, M FET, AFT, A
AR B RIREEE R E BT AN, 2 BT InAE RIS LT, B AT
A7, WZARSZARY), SEBR L #GRXT 1 L (075Xt 4R €.

55
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SFE 4.3 DILAMAT BRI A IER K (1.11), 5 F RC X xY %R
Aok F WS A — — 3

1 xRy
0 zRy
B ARLEMNT A {0,1} AR {RHELXFR, BRXFR}, KRB A —/ Bk
HRAG R, XAERFRMmA K.
%I, BAVET AFF LA R XA A4 X F2 X 2] {0,1} #9=

R:XxY —{0,1} (x,y)|—>{

EX 44 (BXRR, EXR)RA X Y EWY_AXE, % R=0, N
MHMRATERR. ER=XxY, N RAEXR.
RA X Ety—aX%, #% R = {(z,2)|lr € X}, WA R AIE
F (identity) % A X BLIXFR, LA 1.

EX 4.5 (BiIB) R A X LA X7F, *
Vz € X, xR
& R H BiREY (reflexive), BRI X R SHY .
BlanE S % &, Hlnsesy B =, <, >.
EX 4.6 (RBEIRM) R A X E#Y—_T KR,
Vee X,z Rx
# R A RBEIRH (anti-reflexive), RERH X RREH .
EX 4.7 (W) R A X Loy X7, &
xRy <— yRx

#& R H 3FREY (symmetric) .
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FlansEH i =, #.
EX 4.8 (RMFRME) R A X LY %7, #
zRy,yRr = x =y
# R H RIFFRA (anti-symmetric) .
plnses b =, <, >.
EX 4.9 (f5iBM) R A X Loy %7, &
zRy,yRz = xRz
& R H 5% (transitive) .

Blanses B =, <, >.

BAR, BWRAEMIR, AR, M1 T — B . T4 R2 iR, XK,
i), fHEER R HIR, S, AR, W3 BATIRGEBI T RHAE R R
T

N, EATN AL RAOPINT I TR —SRRBIRSERHERE.

WE 4.10 (RXEWER) XABRZZ2RATATNESLNXEZ, ATH
MNESGB TR AN, EETAARRFE. T X L8XE R AR
kET X POALEK, F o Ry, WK 2y, 20 A ERAATKAE. HlmE s
+{0,1,2,3} E#9XZF

R = {<0> O)a (Oa 1)7 (23 1)a (37 2)? (1a 3)}

TAERTA
2K,

o RKFAMHKRBIE.
o BIEXF BT ATLEAA A S A0 8 5 09 .



58 FIE KA
Q71
v

K 4.1: {0,1,2,3} LII%AR R

o MARK AN RFTH LA “HEH=
o WX AMA, AT EZ ] EA B, AN wA0E.

WA RRAGEHT, 3 TAANAEGXRELTH, AE 244
(K, AEEe—RE&ME EREAALBOYXET, TR 52 aF
Bfrk. ERAAABBENXE T, REA BRI T R @EEGA K.

WEE 4.11 (ERER) ¥ F X A2 Y E8£Z R, SRR K% T R,
MATR X, IAT Y, % 2Ry, WE o,y B4R 1, FHUARK 0. b
{0,1} AR O 4E %54 AR A Boole 4E1% (Boolean matriz), 13 % 697 ) & R
# Boole ®# B #9ZHH K. e, 45 E {0,1,2,3} %] {a,b,c} LBXZ

R= {(O,Cl), (176)7 (2’(1)7 (S?b)7 (170')}

TARTA
a b c
0 1 00
1 1 01
2 1 00
3 0 10
2R,

o RAFA KA HE .
o FlX AT AL (PRAMNAK LR 1 ).



4.1 KR 59
o HUEM — AKX LEELRZ1
o MM = tE AR
~ @ 41 ~

SRR 4.1 Kk
(1) BB XAHABRXAMOARABDRKXR;
(2) BEXFZSEMXAZAGHARLABRXE;
(3) SHARK R HIARK RO ZHMANARKXF;
(4) H#EX R 5HEXFZQGATHKXE;
(4) R XFEEHBXZNHRLRLEBEKXF.

SRR 4.2 HEn LE M EH_TXE R, k-
(1) % R &% 8 ;
(2) B XA R &% A ;
(3) A% E R 494H;
(4) BAT#RAX % R 6948

S 4.3 RA X EWIER X F, KiE: R TR AM A, #ide X
AR ALY,

JBE 44 RA X LHZAXE, &
2Ry, yRz =z R 2

# R A RAGE 8. BT 5
(1) BoiE: @ k£ A% R E#Y, 2P 0 TR,
(2) £ N ®L*F:

TRy : < z+yAaHK

KIE: R AR AEEE



% B KF
(3) Lot X, X = AUB, Kik: FAXFRAM B
2Ry : <= (x,y) € Ax B &(z,y) € Bx A

(4)(Mantel, 1907)KiE: & 2n THE A M EXMHXE R, #HE
|R| > 2n?, W M RRERAL#HE.

S/ 4.5 3 F Boole 4£1% A = (aij)nxm, B = (bij)nxm, & XEH
Aand B = (min(a;j,b;;)) Aor B = (max(a;;,b;;)) notA=(1-—a;)

A, Fd, A Mp A7%84 X A=Y LXF R 0%, KiE:
(I)MleRz :MR1 andMRz;
(Q)MRIURQ :MRl OrMRz;
(8)M re = not M .

4.2 XZEWEZHE
TSI R A T

EN 4.12 (XARMWES) O X oY LW E(E R Y 40 Z Lth%F S,
EXLKRENES

RoS:={(z,z) € X x Z|Fy € Y,s.t. xRy, ySz}

KR EMW—MEFNPI TR K KRN BT KAWL
B LT KA
ORI 25 T LA LR R, BRI AR B A,

S 4.13 (EAE) O X Y LWERE R Y & Z LW£E S, Z
fo W L8 FE T,

Ro(SoT)=(RoS)oT
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WA Ro(SoT) = {(z,w)|Fy €Y,z € Z,s.t. xRy, ySz,2Tw} = (RoS)o
T. (]

WE 414 XZWESAEXZNR TP ORILZIE T A 654 T B 69 & &
Ao B & A0 R 0 S ARk

K 4.2: XAMERK
T ZE SRR A TE, N T 47556 R 1 A R R OB, R AT 7 5 X
Boole SEMERIEFE, itk, TA1%E 31 A— LB 4Hiz 5175
EX 415 (5, %, ¥) & {01} brsl, 5, %, Fal

aandb = min(a,b) aorb= max(a,b) nota=1-a

P
a|blaord a|b|aandbd
0|0 0 0|0 0 a | nota
or:| 011 1 and:| 01 0 not :| 0 1
110 1 110 0 1 0
1)1 1 1)1 1

KL, 5, SUsH A G/, R, IS EMHAE iR K HE.

/'_‘E_‘S( 4.16 (BOOle %EBE) X“l-ﬁ__ Boole %EBEA = (aij)nxm7B = (bij)mxk7
AR &

AB = (Cij>n><k Cij = (ail and blj) or(aig and bgj) or... or(aim and bmj)
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B G WAIE, AR B RE E SCREL, RAA R RVESCN and, ki
or. [FIFFE 5 KL, Boole MiFEHIsfizA 45 1.

R 4.17 &% FA R, S, T, il Mp, Mg, My A THEXZ4EE, N
T=RoS < M;=MzpMg
JERR @RS X SYv B2 x5 7. HHE%
Mg = (syz) Mp = (1.y) My = (t.,)

FER
2(RoS)z <= JyeYs.t.xRySz

HHNHEDE A y 13 ry, sy B4 1, B
...or(ryzand syg)or... =1
KIERHEMFMERIEN, T =RoS <= Mr=MpMs. O
~ @ 4.2 ~

SIRR 4.6 A
(1) BB XF 5B XFANELLAALBKXE;
(2) AKX FE MK FZGELSLERFARKXF;
(3) F R XEEHBRENESALAFEXR.

SIRR 4.7 359E: Boole 4E1% K 4554, BPAFT Boole 4615 A, B,C, &
A(BC)=(AB)C

@)@k 4.8 (Luce, 1952) & %7 Boole #E1% A = (aij)nxn, & A & IF
B = (bij)nxn 1247
AB=BA=1
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MAR A TTi# B A A& ¥ T Z%A4x Boole 1%
AREGBGRIER A TE = A REHREE! AFRAHE.
(1) Kik: & A Ti#, WiERE—Y.
(2) % A #HZ: 3i,Vj,a,; =0, KiE: A RTE,
(3) &% A #HZ: a;; =1, Rik: by = 1, B Vk # i,bj, = 0, Vk #
Jrbrs = 0.
(4) Kik: A Ti# <= A REBRIESE BEFTEINAFLRH A1
Wo4EIE ), HLiE R SAEE .

4.3 KEHAG

ENX 418 4 X LW £FA R FABXE S HA, A TFTHEMARKXZ
T,
RCT < SCT

WA S A R # BiRFE (closure) .
T BB A IAR, i, BT AT B XER, RIEAE 492 L.

W 4.19 AT X ZQMa, #
(1) [X] e Aelg—a, L5T

S = ﬂ TOR

[X] % TDR

EiLkF R & [X]HEH (R), N

(2) RC (R). (38 )
(3) SCT = (S)C(T). (A )
(4) ((5)) = (S). (R%H)

PRMEAT I B —A 1 ISR
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(5) R & [X] #9% A% (R) = R.
L [X] Rk Bi&, dAR, £ 2 F 69T —

WEER (1) BHWAE, [X] FIRARM (EE) &R [X] 1, BT RAR R,
i
S= () T2R

X]RXRTDOR

A [X] K&, NIAHERT [X] K& T,
RCT «— SCT
(X PERAER. TEAPA [X] FE S, S,
RCS «— ScC¥ RCS «— §'CS

NP2 EEA R
(2) M4 w X

FilBARARE L.
(3) M (2)

(4) &5 RAL,

5 R (2).

(5) —J7 T, MH#EE L (R) B4z [X] K&, N (R) = R EW%E R
BX %R 5O, & R ASCLR [X] %%, M X, (R) = R.
O

N T FRE R RN, 64, RIIGH (182, 25X RidA 1,
I5E X

R =R"0oR n>1

AN, ELR A, SRRV, F5 A5 B r(R), s(R), t(R).
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R 4.20 O X WX R R A TEMAOA T2 &

e REYAIANE

r(R)=RUI

o R #9346
s(R) = RUR®

o R &MEIHIHE
- U R

1EN*
IR R T HRAGUANIRAERRIEIE R &S, WS NEE R itk

KE, HT
zRy,yRz = xSz

WUR? C S, DU, R C 8. %R B e U,y B CERAEHT, B
% xﬁy, yRZ, i& a:Riijz, D—I\Uﬁﬁ ay1,0a2,...,0;_1; bl, bg, ey bj—l 'fi?%l“

Q,'RCLlRCLQR e RazRbelegR e Rb]RZ

TJ& 2Rz, NTi xRy. O
X Sk R FH 56 R 0 BIR 4 B A IURIE I, #IBE X R EIRP R R

MEEGRIEN, xRy RRKRE z,y Wb SEWDRER], BARWT:
M R X “EZDRER]” geR, DAMLISHE, %ﬁéﬁﬁﬁiﬂ% Uien B

W oR “HeR, AL IS MEAE B TR AL BBk GEoRIE 0 B

#, T/ U R RIS

~ @ 4.3 ~

SRR 4.9 A AZE (4.20) 9, ¥ F % F Ry, Ry, Kik:
(1) B
T(Rl U Rg) = T(Rl) U T(RQ)



00 LS

K 4.3: “TEW SRR

(2) 3+ARH &,

s(Ri U R) = s(Ry) Us(Ry)
(3) # & &,

t(Ry U Ry) D t(Ry) Ut(R,)

(4) & t(R1 U Ry) # t(R1) Ut(Ry) #961F.

S/ 4.10 &4 X E#X R R, Kik:

(1)R R AE*F, WHAFHE s(R) R BEWN, FEHNE (R) A
B

()R AAARH A, W QBN G r(R) ARG, B G (R) 2H
et

()R RAFHB#Z, M AKRINE r(R) R4EHM, SHHRAE s(R) AL
R,

B8 4.11 C4e n TEA X L% FE R, KiE: R ®9fE#IA 6

i(R) = |J B



FHE FMXRSEFXR

ARERAN AR BV EER R R.

5.1 FNMxFRESXS

EX 5.1 (FNXKR) Cksd X LHXE ~, F ~ BT

Eql Vz € X,z ~ z. (BIRM)
Eq2 2~y <= y~z. (XTFRME)
Eq3 2 ~y,y~2=1x ~ 2. (&%)

WA ~ & ZFN (equivalence) XF. T z€ X, 3T
2] ={ye X2 ~y}
A x PN FEMSE.

FEMRABI TR, WEoe IR, SRR AR, &F, A1
(S 2P

G52 Chhh X LHERNEE ~ oye X, £TFEMEATHR
Ji :

(1) z~y <= z€y] <= [z]=[y);

67
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(2) 2ty <= ¢y < [Nyl =2;

WERR (1) BN
T~y AL y~T EX x € [y]
ARE— — B — ZFEAH

xEFRYE, ARidE
z <

z€x] <= x~ yr~z <= z€y

@B = B Q)W — WEEHE HE A — 2K
M

fN] =z e zellzel] e aray~z B

2, 1 (1)
T~y = [z]=[y]=>[x]N[y #2
(3) SR, IR EENE, o € [2]. =

WA UL, M RE AL, LA
EMX 5.3 (X)) eiEbs X, 2564 FC2X - {0}, H:

x=|]s

SeF

WA F H X #9%45 (partition) S TRXHDEE. (B F FR R AA L
%Hh o, AtERA X.)

R 5.4 CaELS X, N X L9 AENXFEFf X -~ RHoME,
BiE R BARRIE,

e HFFRLF ~, ARMRIDH

{[z] 12z € X}
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o MTRIN F, ARHEFNKEA
T~y = x Ay BER—X
o H-H 7 i¥,

IERA RUTE (5.2), C&UM {[z] : z € X} DR T. MXFRIS 3,
Hfe X ABE 5B E5EN KA. .7'3&1775%% x, HHWRAHS
— 2 ATAT 2,y AAER 2R, Wy, 2 MRMAEE—3; 45 o,y My, 2 7E[F
—2K, W z, 2 FEF—K.

KFH, FATE G RAE, FMRR ~ e RIS KRN

r~y = x5y ER—FME

Mz S8t [z] 297, BEENT y € [o] FhT o~y MR § 6ER
SRR PTRE IO,

2] ={y € X :y M oz fE[F]—K} =z FrERIF—

W {[z]:z e X} =3. O

A LB R — AN, R — R B A R ER, TATE MK R
NP ERBUEAE R, T2 Bkt o] DU AR L7 R 7). oA B2, 72X
R R, ADIFBAA W KBRS R, HERITRA R L E
A 2 /DI, TR AR RS B A, JC 243 K B, 3
M2t “EADBRAAREE, AU B XA RAAR R, XIE
& RS AN E R IX ).

EX 5.5 (&, RRT) 24%s X LOHENXE R, =X
X/R={[z]:z € X}

#HA X 897 (quotient) £.

£ )i CX BB {1} = X/R, L i#jw, [z]n[z]=2. W
fr{z} AERNFFE ~ B—BRET. ¥ F yela], LRy £ [2] ¥R
A 7.
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PRI — N E MR 2 — MEE PR TT R RN IR 2548
R, XA R R 2 U IR —IR” oc R A BRI AT

BEETR TR LHZYEN ARG, —NREN IR R AR Tk
Y, 3 B3 R U] AR SR Te s 2 A AT SR AR 2 5 (8, FE R R R A
53 IARELY, METE A, By Y — 15,

RECE AR BRI E TR TAE R S LIS B SR IR 7
T4E, UL Cartesius #1, ikT4E, Cartesius UL Fi 4k K R EE & 11
PERT, SRR R A A ), R P2 AR R B AR 5, IRAEIAT
RANE T HEZ N R, 5 KGR, fR ST ET 2, RATEAERFR
S 2B 43 0 A B A

ST 5.6 (EMIIBMER) DLk ReHAa (4.18), HR XL b AL
BAEM, AMNALZXLT FNAG, KN ERARZAERBFNEXR,
AR,

Es X EWIXF R L5H47 S B, HTFRTENLE T,

RCT «<— SCT

MR S H R AERGEFNXF.
HEHBAE, (4.19) 9ILESTFMEHL. SR FFENXRZLAAL
BOZ &, AR DAS.S.

SR 5.1 KAXARWETRETHFMNX R F2XI 5
SR 5.2 KA X REERETHFMNX R AR5

S 5.3 KiE: A AFN X R AL QBT QAT AR Q6958 8, £ 3T
AR 6,69 B 34 ] 6L 69 H5  ] 6,, R AR ) €L 89 4 ] 6L 69 B IR 8, {2
T A BB 6,09 38 ) & 69 3 AR ) 6, R AR I8 ] €49 B 3R ) 6 89 3T AR 1]
8, WRAEBF QO ITARA L8 AR K . BT ARE LR AR B
ATAL.



5.1 ZFMRRERS 71
BIRR 5.4 (IN4H) T4 bk A C 2% B C2X F*
VACA,IB€B,s.t.ACB

W AR A Z B 69N (refinement). CoELS X, AANFM X ZF
Ry, Ry

(1) KiE: Ry C Ry AR LEHZMHR X/R & X /Ry #9/ntm.

(2) % Ri C Ry, KiE: Ry 95 MERL Ry B9 — R FMEZH.

(3) KiE:

[z]1€X/R1,[yl2€X/R2

X/(RiNRy) = ( U {lzli N [3/]2}) —{o}

(4) % |X/Ry| =n,|X/Ry| =m, KiE: | X /(R N Ry)| < mn.

212, 5.5 (Bell #) % L Bell # {B,} #2:

" /n—1
anz(k_l)Bn_k By=B=1

k=1

(1) Kik: n TH X LOFENXRZHEA B,.

(2) KIE:
B, =

|

oo kn
2%
k=0

I 28 5.6 (B2 Stirling #) & X # 2 Stirling ¥ S>(n,r) #H2L:

&>

"t = Z Sy (n, i)zl
i=0

A ol =gz -1)(2-2)...(x —r+1)
(1) Rik: E= X6 R 2, BPIRIE Sy(n,r) & AR <.
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(2) KiE: B BN
Sz(n, k) = kSQ(’I’L — 17 k) + Sz(n — 1, k — 1)

(3)iEM: n LHE X LHR X/~ | =k 9FNEE ~ IHEH
Sg(n,k).

5.2 FNxXRSME

EX 5.7 (BRME) %S X EOENXER ~, %A (2.7) 9%,
2 3L
T X — X/~

# B#R (natural) BRET .
AR, E SRR
EX 5.8 (BEh#x) a8 XY, [ X oY, 2LFNXF
v~y = f(z)=fy)

WA GENE R [ BEOENERA [ A FONS, K S
8 FMN1Z (kernel) .

BHWIE, f RS < [ MRFSEMIZRIES KR

WL 5.9 A TFAANAELS XY, B o X =Y, Bik o BFHENEHN
~ fRBA T T X = X/~ AARMRS, ] Y A amg, 1

(1) AEE—HEH ¢ X > T 1EF Lop = .
(2) BEE—WEHR 0. X/ ~— Y 1£1F o = .

8) AEE—WWH ¢: X/ ~— [ EfF topom=p.
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X——;;7»Y
|
P OR

@

WERR BATER (3), FIARKIAAAETERME— LRI, & X

ESW5|

2] =[y] <= v~y = () =9o(y)
W B S, ELRE BT, TR AR, ¢ BB T MW, fEEtAHE. % T
— M, JEE R, AR R

(togom)(z) = ¢([z]) = p(x)

XA E g R O
A UG UL, AT S A — AN R AL L E A L

EX 5.10 (IBF) HFeoE4 XY, Y WRE Y/ ~, &M f: X -
V,87:Y >Y/~RAKRMS, Wg=nof: X =>Y/~ M fRyg
# 27t (lifting) , g TARHA A f.

K IRAE X (2.9), HERBIRGILhR L2 OSWHRAELBES
BREL
WiE 5.11 (FEMEEMNIHME) &4, TEAHEATB, T4
& X

c BoAFR A KBNS A X, KA
FATE X~ HARBS 7 X X/~ R,
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e RZ, MEF—ANEH f. X 5V, BB Y 895 X 40T 4%
Im f.

BRZ, =4 f X ->Y, 48 X 5Y $H9HE X/ ~.

x—t .y x— oy
Im f X/~

e MTEL XY, X TH A ROEWA A X, R f: XY
Hg: A=Y 95 KE f=go.
HTFEES XY, Y BEY/) ~ RARBRHF 7Y - Y/ ~, #
XY Ag: XY/ ~8RAY f=70g.

X*>Y

1A S

Y/~
~ 3@ 52 ~
S 5.7 M THH [ X oY, RAFFOFMEN ~, Kik:
X/ ~={fy) :yeY}
BIRR 5.8 (BH) £ NxN bz L#£7%
(v,y) ~ (2',y) <= FJzeNstat+y +z2=2"+y+=z

(1) Rik: 2 REMEF,
(2) KiE: 4o F B4t

f: NxN/~ — Z
[(a,b)] —— a—b

R IGT.
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il 5.9 (BIEH) £ ZxZ LRXXFZ:
(a,b) ~ (¢,d) : <= ad = bc

(1) Kif: ~ REDEE,
(2)(a,b) g FMmETA a/b, & Ik Ae e ik

(a/b)(c/d) = (ac/bd)
(a/b) + (c/d) = (ad + be/bd)

KAk

(a) Lk % LB RZ S (B REALLRE %)

(b) Kik: Aok B LipEFa s S, RiEH i Efetd 54, Tkt
I ik B,

(c) Kik: WS g:Z - Z X7 ~, 4%

g(m) +g(n) = g(n +m)
g(m)g(n) = g(mn)

B8R 5.10 (FZE]) T2 m vV, T2E W, 2 L£F
a~fBi<= a—-pBcW

(1) Rik: ~ REMXF;
(2)a FEMRITA a+ W, & L ikfa ik

(a+W)+(B+W)=a+B+W
k(la+W)=ka+W

KIE:

(a) L LBREL (BPEREALARAK), L V/~ AENKE
B, A VW, &HVEW H = HE.

(b) 3 TFHRAELMEZE V, £if: dimV = dim W + dim(V/W).

(c) ZFHH2 Az =0 09 =1A W, % Az =b HiE, Kik: L
ERBEW B FHTE.
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(d) 3 FV L& MT# o, Kik: V/KerZ § Imo/ BIH. (i
B AR ERARRYE)
XTH=N, wHETH.

Kl 5.1: 7& %3]

7R E 5.11 (B#) w2 R/A, S={2€C:|z| =1}, TiHA4t

fr R — S
xr — e

EMT @UIER p:[0,1] — S a9ELE BT AL — LS54 TE—
RIAEZEHF p:[0,1] - R

P 7
s
- J{f
s
S

0,1] —
(1) % p FAHS, Kik: p A&,
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(3) KiE: #F a € (0,1, HHRE pla) = 20 HA f(o) = pla), W p
A fE—0.

R A B LAIUTESL, AMBRIENT, TR L — K% BL5%
& S iﬁfa “REIE 7, XA A HERETEEN .

5.3 WFEXAE
EX 5.12 (IlRFE) %4 X LOXER < & < #HA:
PO1 Vre X,z <uz. (8&H)
PO2 Vry,yeX, z<yy<z=zx=y. (BT Atk )
PO3 Vr,y2€X, z<yy<z=2z<z. (fFittx)

A < & —ARF (partial order) X &, # (X, <) R —MNRF&E
(partial ordered set, poset) .

IKHE “w”, JEN partial, SEFR ERIR “H7>7, BENERNES
I ARRTA TR AR RELLETRD.

EX 5.13 (EFXAR, ) coEs X EWXR <, £ < ABAXE,
ka1

Ve,ye X,z <y Ry <=z
AR < Z—A2F (total order) X & K kM7, WA (X, <) A—A 2
[F% (totally ordered set), & $% (chain) & 23%, MEFEE .

fi 7 5120 AL, s B <, IR ERVEBERR R, RAEHIE
TRREE
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N T ITEBANBR P R RN <, HFEER X

JifE, I < R, € SCH WIS IR

a>b:<—= b<a
a<b:<= a<ba#bd
a>b:<<= a>ba#b

AKX 8]
[a,b] :={z € X|a <x < b}
(a,b] :=={z € X|a <z < b}
[a,b) :={z € X|a <z < b}
(a,b) :={z € X|a <z < b}

S R RS TR R
HwFEE. T TR

WF 5.14 (Hasse Bl) ATRAXZAME T AR BEFXEZ, RMNENS
—ANEZWANNITE —Hasse . 3 TAHRMGAE X, BTG HK

EE, AT

Fa<batmBE DT bHHE

RIG I % 3 Bl KR ST ALE KN L&, 1517

WEENTLE a <b, HL (a,b) =

6]

Bl {1,2,3,4,5,6,7,8,9,10,11,12} 3% X £ 4 Hasse B4 F.

LR, —RARELT AR I T XETF.
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T HEIRATEIN S Tl i Fr & Fh 4y B IR (K TR 2R 5 IR AR
EX 5.15 (RATT, =/IT) CoamAE X, Ge X, iHi:
Vee X,z <G
A G & |ATC (greatest element). | € X, i#HZ
Vee X, <z
A 1 Z &/NJT (least element) .
flan, wTH P Hasse B9, 1 25/ G, A BTG,
Wl 5.16 R AT, R TA LN AE—4).
EX 5.17 (AT, RNTT) Rl e X, M c X, #HA:
M<z < M=z
AR M 2 AT (maximal element). m € X, i# 2
r<m < r=m
M #& m & #ITT (minimal element) .

DL e CEFE R UL, R IT %A BRI RIIGER. B, B m
Hasse Eh, 8,12,9,7,11 &H k7T, 1 ZH/hc.

EMX 5.18 (EF, TR) &4hAF% X, ACX, M e X #HA:
Va € A,a < M

WA M &2 A £ X ¥89—4 £R (upper bound). m € X, i#HZ:
Yae Am<a

WA m £ AE X 89— THF (lower bound).
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ERE, XEABER me A, REXR m e X. #li, A Hasse &
W6 5 {2,3) BIES, 1 2RSS 4,8 f 12 #2 {2,4) BB 1 F1 2 #6
A (3,7 WA LR, RETR 1L

EX 519 (R/MER, RATR) CohAFE X, FE2THE ACKX,
(1) % A#ER SeX

VA 8 ER M,S <M

MA S £ A £ X P8 HJ/INER (Least upper bound) & L F
(supremum) , iTH sup A.
(2)F AWMTRTecX HA:

VABTRmm<I

MA I 2 A& X PHRATH (Greatest lower bound) & T#F
(infremum) , T4 inf A.

il n, A ) Hasse EIH, {4,6} M5/ B4R 12, KT RN 2;
{3,4} /N EFN 12, ®EK R IN 1

Wl 5.20 244 F% X, ACX, N
(1) AER SeX AEHRYL XY

Ve < S, (z,S]NA# o
2) AWTRITeX ATHFL LMY

Ve>I,[I,z)NA# @

WERR (1) A1 (2) AXTER, FrCAFRATRUEH —A.
(1) JeiE L. KA « < S H13 (2, S]NA=wo, AN

Vo€ A a<8 << a<zBzr<a<s
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HUIHTRE a € A, a < o, WU o R EHA S T LR, TIE.
R, ooyt IR AMER M, #FH M < S, W (M,S]NA # 2,
WMATE ae A M<a<S X5 MZAKERTE. O
SEBR b, R SN A ) s S 4 T P o g
Ui, LA R AN EFY R SRR R B A

Rl 5.21 &A% X, AC X,
(1) % A AR, MR DB T HF.
(2) & A HRKT, MR KT EHR.

WERR FIRE (1) A (2) SEXHEE, BrBAEAT AR —A (1) ' A &Kot
NrxeA Bz LR Hy R AW EFMESE 2 <y. O

Wl 5.22 R EFRAR KT RAENZE—.
WEER G A3 HAN R LA — 18 > . O
~ @ 5.3 ~

R 512 (MFRR) Shke X LOXA < & < Rl A GLfE
@k, B R AR, WA < A—AFUF (preorder) % 7, (X, <)
AR

T~y = r<Y,y<w

RENEF.
(2) Rif: X/ ~ £R

[2] 2yl : = 2 <y

AR E Lk A
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@ 5.13 (IRFREAMNEFENEN) s X LHXE < F
(1) AEMNe e X,z &£ x;
Q)M )r <y y<z=z<z.
< R=AFERGHFXER.
KiE: PRARF K R Al R R I, BEHT
SRR 5.14 KiE:
(1) 25 R0 RRTHAEMKT.
(2) PR EAE—MRT, ZRRKTALARKL.

K 5.2 &Z%
(3) H FRAR P ZA E— IR T, MZMKTAR KL,

3@ 5.15 a5k X, ACBCX,
(1) % A, B #F L#F, Kik: sup A < sup B;
(2) % A,B #H T#F, Kik: infA > inf B.

S/ 5.16 el % X,
(DAC X & L#HF, 1

Vo€ Aja<c < supA<c dJa€Aa>d < supA>d
(2)AC X AT#HK, N

Vac Aja>c < infA>c dJa€Aa<d < infA<d
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5.4 Zorn 5|8

RN B GEFEABEN Zorn 518, HENMEERERITELIN
AR, Zorn 51 BLRBAINK. A0y 18 G HE O mE, FATAE
ZHLEERIER].

EIE 5.23 (Zorn 511) Ca=hrE X, & X 95— Fi4E X F
HER, N X AR

XH X PR B X KOV ERPER T8 B, Zorm 513
R VLIE PP 5K T, R R — 2R BE T LA Ry L4k 0 4, 84— %€ AT LA SE 4L
S5O BT IS PRI T BESE Y — HR AR .

K 5.3: Zorn 5|#
N, FRATRIE §3.3K T 19 =2k & B IAIE .
EIE 5.24 EEAANMES XY, N
X < Y] &]Y] < [X]
IERR fEEES

S={(ANHACX, BHf: A=Y}
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KRR R WP “HEHR”

(Aaf) < (B,g) = AgBag|A :f
TS P ER—KEE S, BIE

= [J 4
(A.f)eS
L Ve e B, aoeA (A f)esS, EX

g: B — Y

EAERENH, W (B,g) € X, & S B LS BHE Zom 513 (5.23), ¥ F
WKTE, BN (C,h), FATE =,

C=X8hC)=Y (%)
SME 290 € X — Cyyo € Y — h(O), IBIEIE h(zo) = yo K h T 73
CU{zo} b, X5 (C,h) &M KRITHE. NI (x) AL, M

|X] < Y] 8|Y] < [X]
B,

§>

EIE 5.25 T ALMRE X,

| X] =[X x{0,1}]
WERR  E A FR B 3 > 83,3, A1) 321, fEEES

S={(ANACX, f:AG Ax{0,1}}

A IN| < |A|, T N| = [N x {0, 1}, # EEAIET, & U7 FEFE A ER

(A, f) <(B,g): <= ACB,gla=f

TS AR K S, B B = U s pyes A VA (5.24) TEWth—FEH]
X R GS g FRATUER (B, g) € X.

HIFSIAE f: B S B x {0,1}.
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o W RFNTRE o £y MEERL N A, Hep (A, f) €S, BN
f(x) # f(y), \Ifi g(z) # g(y).

o WHRINTE (z,...) B, Kz BN A Ho (A, f)e S, KA
Fr A AX{0,1} 5 (x,...), MITRWHS

MG (B, f) /& S W EF, #4E Zorn 51HE, ¥ A KIC, WA (C,h),
4
o X —C NERE, X X — C EE LR EIEH SRR 47 &

« X —C NAHERE N |X| =1C|, |X x{0,1}] = |C x {0,1}|, AT
1X] = X x {0,1}].

g

i RASIE. O
EIE 5.26 T ALMRE X,
| X[ = [X x X]|
WERR [RIRE, RS
S={(AACX,f: AL Ax A}

KA IN| < JA|, T IN| = [N x N|, # EEAIE2S. 3 EmAER, © Ak
Kit, N (C,h), &

o 1= X1 [X| = |C] = |C x €] = [X x X|.
o |C] < |X]|, tRHE (3.24), | X — C| = |X|, ik

AT

g:CLUC & (CuC)x(Cuc) gle=h
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Cl

c

M5 (C,h) BIRRMT JE.
W (3.21), FFEEA | X| = |X x {0,1,2}], #

¢ =1Cl=1CxC[=[CxCxA{0,1,2}
=[(CxCYU(CxCYU(C'xC)|
=|(CUC)x(CUuC)\ (CxCO)]
WP Nk C' - CxCUC xC'UC x C, W k M h &
FHREAFIATITER g.
i AHEE. O
JE AL 2> FRH 2] Zorn 5] HE.
~ @ 54 ~
B 5.17 (Hausdorff 1R K[RI8) Hausdorff R K R¥Z: eIk %
X, X 09— FEHa e MR RET.
(1) B Hausdorff € 2 iEF Zorn 5|3,
(2) B Zorn 313235 Hausdorff & 3.

ZIERE 5.18 (&MTE) M F&BEN V, —AFTE T CV #HL, AT
HIEA @y,... @k, €T HEMTA

M1+ ...+ A2, =0

HAHOM AN =...=)\, =0, NA T&MTX.
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HFFHESCV, mRMEMxcV HEER S LEGEMEAL, BF
A
w:ZAss (i [k Fe )

seS

HEMA S ART V.
BMEZL B R—AAIBHE BCV REMLX, LAERT EA V.
(1) KAE: AT oM = AR B

(2) & —Hf, KiE AEATEAMEN, ETCSHA T ANBALX, S 4
mRT V, MNAEELB#HEL LCBCS.

(8) Kik: & —mk HEATEAMLKEATART ZRTEY LA
75—,

(4) HKAE: AT &R T B 6 F = A A A AN ] (Bp 52 AR AR
8] 69 52 1] ).

(5)(HERTRTR) T &2l V, £ &HmaL BB #L B =B

718 2 5.19 (Cauchy /512) €4 f:R - R i# 2
fl@+y) = f) + f(y) (%)
(1) F @ b4 1 AL A = A A e WA - A
veeQ, flz)=f)z

(2) TREOFAEEHGHAT, f(z) = f(1)z FAEZHLHRL. K
AR (x) 8 f, TG AFH
(a)f (x) #5;  (b)f(x) ¥A;  (c)f(x) £ 0 %ES;
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(d)f(z) & 0 WLAT;  (e)f(xy)f(1) = f(2)f(y);

(Hf (@) = f(1)z.

(3) T @by P RRAE R ERE A LAHRTAL (x) 69 A E 2
(a) KiE: R & Q Lag& el
(b)) B R &g—2mk B, Kik: |B| =c.
(c) KiE: HAFAL (x) 09 B% [ & R 5] R 8 Q KPemkst;
(d) Kik: BAEFBLFAL (x) BHH [, 12 f(2) # f(D)z.

7IRE 5.20 () £ R-AMZTH V FHTE CHAARDE, X
Ve,ye C,0 < A< 1, A4+ (1-NyeC

FiE: HTEE—ARLRORS, EAE-NOEERARSRE, A
ERTHEA B K BRE D 0o LT —A K

JIE 2 5.21 (MEH) HFME C DR, —AEBH f:C R AMAA D
T4 4o B

Ve,ye C,0<A <1, fOaz+ 1 =Ny >M(x)+1=Nf(y)

—/xt g HEAMTFE D, B oo,y € D= T e D — A& HAA
% RS R A R

Yo,y € C,0 <A< 1, f(x;y> >f($);f(y)

(1) e o B ik 5

(2) KAE: P 50RO 5 — K
(3) KAE: B a0 B0 o $ s AR A O 3L

(8) Kik: BAE—AF &0 & HADR & O .
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58E 5.22 FF—AEGE (R AARE ), —A Atk Rk 458 - — A
Th B AT B, —A THEZRAK AL 69 R A E A A0 [ b ] AR AT — A
LARIFIAE A B G AT — A AR ARAR T AR o — T & o i 4 2
A —/ ZAEAR.

/

Kl 5.4: SRR



xie

A W EAE H BAE TR AN RE G R B A H A AR AT 5 PR e 31
ok, MG AR 2 AR EH b PR BN — B AW IR, 55—
HEEETRES R E AT L T RR K, D iRiE#E AN ERA
[R5 > IS AT UG 3 34T . HAR RIS, ANES 70 19 H B HAE T IR &8
&, T A R R SR k.

BrEH—P 7 #NEE T L2 Halmos 1 [29] 8L Jech 7 [34]. Hi
# & UTM %% (Undergraduate Text of Mathematics, 3% [E AR} A4 #2
) AP, JEE NGRS IRTT 2.

DA 2240 2% H PP,

1B (1.14) A, FRATGH T —SES MBS HEE. b b, Xeis ]
DU R Boole AREL, FATSAE §14. 4N R, 2, (14.26).

BLI0NA THEE E TR, X2 AN EERA i E, HRE
> A () 2 XA s EAE S AR GG, Ak, W TR A
H R, DU bR AR PR R, IR W R A i — AN, 2 WL [28]P2, P38.
Borel-Cantelli 5|32 FiXFhZ| 25 B 7E ) LA AL & T, S 7E—7
LG IR, Z W, [55]P42 Exercise 16.

I T R IR EA AR B 2. SR, <X TE A AT g Bk
T K F AN PR AR IR 2 S, X R 7~ K L) 58 SO BRAR ) 2 —
R — MBI RX N EEG N, R 7 IR BRAE R AR S
WL R, BATSAESR R AN E NS,

SR8 H T — AN X A1 B AIHE) T, SEPR b, XAV S 2 S

90
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i, FAT B R A (3.6) UEHTE — B

SIEL.9IRE] T MFRE HIMS, AT (2) & HAREURHE, F5 1
se H A g S, IX7E Boole AUBH A L. (3) W H A HTRFE,
Hor i B SO, IR G 138 22 IR RR Z2 4 0 Bk 22 2 4 il 5 B RTH4E
BRI RRZEARZE “AR/N I, I HAZ IR AR ZE “IR/N,

§1.41 br 8 /& Cartsius F2, P3¢ Cartsius W 75 B 48 5 2 25 14,
#& Cartesian product. ZEfIH)H Euclid, Diophantus, & & Eu-
clidean, Diophantian.

7E (1.22) w7 AR R SE I TG 28 IF X M T B AL AR D e A 3 A
WIE P K, (2 s i SEAR A F AL

ATHE L) IR EE AT AR 2 FIER, 7 5 A IE B AN R
TR, T2 M B eR S, K B eR BCF A — AN B PP RS [ R S22l 25 159 3]
TR AR XA A XA R Z W [10]§1.5 P29.

> RE2. 13 R B o8 T Ge s / 3 BR 1) R TH 3R] R S B A IR 2 AR TR
KT BOANFE, GAFOIAR, R AEERY, 2B QG2 AR 2 KN
) R, A AT SR, SR R RO R TR R b 2 = IR A S
REENTZE UL . MRMANE S [6]§1.3 P14.

A (2.21), Brh AR WS 7R = WA EFES = 3
B, B R 2] 812,11, BN Ax—Grothendieck EIE. X5 H K
WA LAFEmo887504K F).

R 14T IR B A R SRR B HUeeh AR E
H R e T ANEh A, 5 1T SR FR P 4 R JEEE ) 2 DL 3] 6,35 K HyE e, R
M Brouwer TEImER, KNP LIS, [11]P31 5 —%F §5.1 8¢
[49]P5, P110, P252. Z B4 HT ) Schauder FE1=EIR, I [21]P149
§V.9, fF i AR ER , 2 W41 R HEL.

SR04 (4) 1 (g) =AFEE B CW IR, BT BAAR LT AT F At 1) S
BR. XA YR A T RS T f(z) BIRBUTRE f(f(2)) = g(z), XPEFR
N EERKH (iterated function).

fE §2.3 71, WAINA THAZ MR, XEFRERZERCE


https://mathoverflow.net/questions/88750

92 il

W RO TAE R L& 57, B DAEIX B A R A st dt A7 /i 48,

BAE (3.1) & LT HEFAHSE, 78 (3.12) 8 X T EEI i, 52 %
F—NES X, |X| SR a? — MR R E ChE X FAM
B S G EEIZE, (BE G WE, XFEFREESR (20 §34). HRIFW
BRI R T 23R 30 1) P 4L

I3 I3 T A H AR & R, (R T “EEINEEST, W UL &
P I b F B, MIEEEL Baire 905€ B, 0L (13.18) K HyFid. Ry
FEAART O, VR, 251801 5 1 AT Ltk A (R #nT DAE L4ERL, K 5
T R AEAN Q- MR EURIES S, WA HELTEER S UK
7 1) [ e, G0 SRRAX A B 2R T DA o AT, 40X AT A 1) B AR AR AR
T R X ZEAAEER.

EEGRR (3.19) B L+ BB, KA FALT-FATTAT LK 3t
NS B H R, SRR ML T IAT KK AN E = AR
HRATE & B i AME R Y. FHERATSE 2, BES sk, akE
ARFE, W /2.5, 21812.6, > /i12.7 ) Hidic.

1 (3.17) HHER] |R| = |2V] B, FRATER 2] T HLYE /N EA 7] 7, 1% A2 i
SRR T /N O A ST PR AR R . 4R, VEIE S TR B 5 A
Pk 3 SAU I 1, FEIX =P, AR & S A |R| < 2IN|. ik ]
75 5y H 1] FEE LS /N B e R, il 1 = 0.9, B 1 AR R R Tk, &
AT R NN BB A TR/ANER A JE T A2 9 /N & G 5RiE, H
PR/ INECRAT PR AR R s 7725, IR LR FRATTAD 28 M B e D g )N B 3 XU
TiEED. M—MmE, FIAH Cantor £ (2 WL 2]#13.22) 53] 2N < |R|
TN — 1,

£ 21399 FAT e T AR, AT S ARG 4y, I8, 4k
Bivhit. HEZNEY KT IK, Z W [26] Chapter V P155 5 [14] 25 8
B, AT BT 1 N A AR — M B AR, A AR T v A
W2 B (FEIB) Bt M.

LSEBR b, R ERRER K, k-ZRMEEN V) kIR B8 O VO RITTER A LAE— S B g IR

G, TUHHEEZ 1 RN 0 MICRARET B x k, 53T max(|B|, |k]), £ 2 i AN 0 BT
FAEIEET max(|B), |k|), PAEHE, FTEOFA R0 TG 75 HE 4L
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Lindelof B&=EIE (S #3.12) /2 —MRA H R e, Lk bt
ARAT 58 AT B R P A A (35 0E (2 00 2 fRT.18). IXFE BP0 4 2 1) 9 B
4 Lindelsf Z3/8] .

15 2] 3. 22 FRATT /L T 4 L ) Cantor — 43 4, |ATIE &£ 2]
6.8k 22 151 18 Cantor £EMIMER. 2 T AHWNAIES, Cantor &M
JEWA A — B, Z 0 [55] P8 P38 P4T.

H b, (3.22) 1 | X| = | X x X| SE£br L fLg S A FEN 1, Xk
FRN Tarski EIE .

TE2T A AR AN T Mantel @3, e #8EE®R. R —14
n AE G AT n?/4 %18, W G BRE—N=ME. SN, [35P57
§4.3.

1 2] A8 FRATI 18 T Boole #H A iy n] 38, 45 I A4 N1
M SR b, 78 Luce B CH, Al T — % Boole 1% ) Boole Hi[%
HI AR 7, 20 [43].

15 §4.3, AT T R R P, XA N J5 S48 4 1 00 A AL 42
BB H—H, KRAPAGERRZTHENRBIERSOMNE, 20
[38].

STEA M S T4 B 7 SR 3 AL ) — Fhh 57 72:, Warshall 45 H
T ANERSEE, $iFRN Warshall B3 FFES I [38].

SI#5.525H T Bell #1532 X, 2, [6] P45.

15,645 H 1 Stirling 8RS, SEbr b, AP Stirling £, —#&
BN, WA SRR ST R 173 S i I % A 3. Stirling #04 ] BLE
B I REO SR, R H BB HMEM KRN KR B2, 0
[6] P102, P104, P105.

S5 825 tH T —Fh M B AR EHE B B 1) ik, 0. [57] P74 §4.1. —
FEEHh AT AR — AN 22 e K B AR T UG I a0 A, IX #7778 Grothendieck
Bt 2L [14] §3.2 B [42] P40.

S5 9% Y T — I G A BN T, S, [57) P4 §4.2. — i,
XA AT A T — R, xR R, S0 (11.9). S0 [14]



94 il

§5.3 B [26] P117.

A, FAT ) HRBMMMK? — 2 Peano AR H)iE1E,
[57] P13 Chapter2, 7 —F 2 M HES G, Z 0 [29] §11. #FE—H3K
AT 1A SEBOAn A A PR G, RMBARVEIR 2, FIFEEREIR S, £
THR I =Hh

o HLRRHEH R/ 00 [7)P23 §1.1 B¢ [57]P331 Chapter B.

« Cauchy 5 {j#it. 2 W, [57]P94 Chapter 5, L >1#6.33, DL A
19.36 Jx HiFic.

o Dedekind 77E|. 2. [50]P17 3%, LA (14.6) KIHiEid.

1 5. 1O 21 1 75 25 18] R R4 3 S B b B TR 2R AR 2 K, SR T B
T T R T R T

151158 T B3 SRR IR, X 2R I M E B, e
B 4 15 2 ARBOR s K, 2 0 [49]P50 5L [31] P28

GWTH FERERZSET0H R, B8 E 55808 2 — 4.
HEOZBHABKIEE, Z WEGRKEFR [29]P74 §19, [34]P17
Chapter 2 3{—SARE BB, W1 [14]§1.2, 5L [26]P631 §A.3. HZ T
Hi 1) Burali-Forti 1Fi£ H 2 F.T Russell 1£i8.

16 §5.4—717, AR T EBEAE, Ao HE ARG, ¥
SRR ZEM AN A, HlandE G2 [29]P59 Chapter 15, 342k
[46]§1.9, fREFA W1 [26]P628 §4.2. FHL FHIRE A& ML
TIEFEAE, Flan (2.17) 19 (1). 52NN RiR%E, 58 m DURA
fEwiki: Axiom of choice H#KH]. FHFhH Wl Tychonoff EHE, Z Il (8.22),
AEH R AR ERAR FIAAAENE, 2 W21810.12, W)FH il Zorn 513, 2
W (5.23), 501 Hausdorff $ KR, 2 W21 #8517, B RF AR, 20
(12.18), HHETAFAE, Z W.>113.7.

£ §5.4—717, WATEAUE Zorn 51 ¥ (5.23). Zorn 7| BV LA H 7
BELSIUEM, FIRES AN [14)P15 §1.3, 5k# [26] P635 §A.4. EHHIIEW
ALAZ L [29]P62 §16 (44K, IEBH 2 RIK).


https://en.wikipedia.org/wiki/Axiom_of_choice

95

2518, gt T 2V A B E X JFIER] TARAENE. XM ST
PR L R IRAERE T LS [33] P239 ChapterIX.

28519 411 Cauchy 7518 AR AP, B8 787 S 80 73 Hir v
RLZ sk 4 MTE, XA T A A S AFE S IR . AT ARG,
A LA 38 TG 55 22 A 4 A R B0 2 %A

215,202 3] 7 gk, B W LIS [51] P56 Chapter 3, 8¢ [21] P99
Chapter IV 7E— &M 2% 8] L1915 18

>J 5. 2125 P A BR HK TE AN SN K S ). 3K A A AR I A
uh? R EH.

252252 3 | ZIERRMR ML, IATSAES 1958, Skbr b, X
FNRAR R Lt TR A b — (1.

2 http://www.mathcounterexamples.net/a-discontinuous-midpoint-convex-function/


http://www.mathcounterexamples.net/a-discontinuous-midpoint-convex-function/
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Il

=
~7F

G325 0T DA ] EEMEFE R IR o R4y T PR 22 2 B PR (R HE T, #%
‘i I A A E KRR .

P A 200 WO 3 N AR (set-point) $HAMERIREIA I 22, BIEH
WHFRN—M (general) #Hi4h%, IKERMNEBMNHHNE. SERPFX
REFEA >, JEHFR U2, IRELEARPIE S . B, B2 7R
XET AT AR B T AR SRR AN, SRR AR SRR b AN T] 2D,

AR 22 W2 IR U, ATA SN HKRZ.

A H AR ATE TR0 RS Fh 40 5 (0 % U R, T 2 e E Y,
IR MIE PR R, DAME LR B I e B AH .

A=, FANFERAERINFNEARES, F450, M40, &
SR, DAKRIRIRAE K. 5 LF N4 B A BRA AT A ER e, PR A B
XF 0 175 18] B B CABR 1], A8 2 e 3 FH 4 i 22 4R, 28\ 5@ X0 4h
FIMEE BT ) U8, AR RO R I, IR AE S B S R A S A
BT R I D A R8s
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BARE  FRIMIEREE

Zliﬁﬁﬂﬂﬁﬁﬁzlﬂ‘%/“ﬁ’ﬁﬁé HSERIT MR LA g, 4
JaFE TR, BN, RS, S A

6.1 FRFMAUE X FNFF
EX 6.1 (3R, FENIE) codkxEL X, TC2X, HA
(Opl) 9,X € T.
(Op2) T W EHAMAET T.
(Op3) T W9AMRIAARET T.

WAR (X, T) H—A (FRAE) 2 XL $RIMEE (topological space),
T % TN, T 4R R W 46417 149 FFEE (open set) . # A, ARk
AR T H X L.

EX 6.2 (FEfh, AEQNE) e4dFm s X, TC2X, HA
(Cl1) 9,X € %.

(CI2) T W9 HRHIRET .

(C13) T Wy &R ET T.

99



100 FENE AN AR S

WA (X, T) A—AHENILR S RINEE, £ T A HER, T 69R R
A 46412 0 #) 15 (closed set) .

WHE 6.3 EEAE LA RS X, BRI RA T WA &%
T={F:F°c%}

LA %R T W TR %
T={G:G°cT}

HEAR-_HBHEMe. L2, KRN TEHEEISZE X, LaxhfET
PSOSA:OR X A

L 6.4 CadpdlEiE X, AC X, N
ARFTR — AZME

5 6.5 (BRX=iE) R" & 46 4= W], s A KK = [E (Euclidean s-
pace) . EMEHF AT FIER LT i LIa41092 L (SR 1.7).

5] 6.6 (BEIATM) CodEm A X, @ LFFHEMAL 2X, 1 X it
2 1A, # A BHL (discrete) #Hi].

5l 6.7 (FIL#RFN) C4dk=2 b X, RXFE#4AE {0, X}, W X A4
A=, A L (trivial) ¥hiM R ZFHZE (indiscrete) ATl .

il 6.8 (RAMRAI) FEZEE X, EXHNEATAART EA X K&
F. BEHBiE, T — e IH X BT RORERATRGRA
X, #% 45 % RARAI .

5l 6.9 (RATHIHAIN) MHEZEE X, RXMNEATATHTEA X &
F. B HIAE, XRA—AEA (B AT R OEE A A TR LR T #
89). ZH X T EHRERRTHORA X, ¥F & KRATKAI.



6.1 MR SO 1 101
EX 6.10 (4B1}) € 4eiadl =l X, ACUCX, ¥
IF£0,s.t.ACOCU

MU K A 8P (neighborhood). R iEAZL, AR U & v 694R A R
U A& {z} 6948
EAH, A AR —ANOSas A NWTFRGTSR

A REEE R EI <A ARRBATIX B IT AR, FATAK I T
(RIS f) BV

R 6.11 C4dad =W X, x € X, * TARA 4o F R
(1) Vz 894RA, B, AN BHXE x 8948,
(2) B2 A A% z 894R3% = BR = B4R,

WERR (1) BFUAFHEEASIE IR, (2) BAA. O
DA B35 — 25 MR T B, A5 B AR &8 480 10 5858 A& A3, gk 2 1, AT BRI
CHEIET AT DAR B —AS B 58 AP, FRATA S i Bk
i, x WARIR R R “SEiE o KIIRER 7.
— o g T A S B T A 8 AE S RUHR E AR IR E X, 2 WL 2
6.3.

EX 6.12 (A=, W) e4rdedt=i] X, v € X, ACX, %
J o 89480, s.t. UCA
WAz 2 AGHE. ANESKRARIRA A°, 4 A &9 HAEB (interior) .
MAE (6.11), BT “La )7, 2P EYATRIBGE T AT K A FFARIR.
EX 6.13 (H18) Cadedl =l X, v € X, ACX, &

Vo @ABU, UnA#o
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6.1: PE5SPNHEL

WAz 2 AR F, 2RI o At ELILH A A A A
(closure) .

HAE (6.11), it “Ga 7, % S BYARBRGE T A8 K % FFAT .

Rl 6.14 C4eisit =M X, AC X,
ARG ER A ANEG &
A F a4 E R A AR A,

MERR BRI
re(A) = z¢A

— Bz W U,s.t. UNnA=0)
= (Fz WA U,s.t. U C A9 < z € (A)°

P =~ VY: R O
Wl 6.15 C4deil 2l X, AC X. sEMFLE U,
UCA < UCA°
H A° 2 A &0 mAFEZIF. EAIRE,
e A° C A. (i)
e ACB= A°C B". (FR7)

. (A°)° = A°, (%)
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e A=A BHMRY A RATFTE.

BPARFELAMRENHE -5 v e AHMELE v WK U KT
U C A

AR B, R A BERAITRZIFN V, BRREITE AR, XR
—AHE T eV, W

U CARHE s.t. 2€U

RSB E X, U Wi —A o BRI, i 2 e A°, It vV C A°.
Rz, BHIRYEE SCEERE A° C A, IATHEAEY] A° 2T, X
BE A R—DMUET A KIJHE, T A° C V.

Vo e A°, 3 = AR W,,s.t. 2€ W, C A

ZHE, A% = Uy po Wa & SEIFEERIIE, AT —DIFEE.
MHEREATO LR T H AR PAS, R ERM, Ky

ACB=A°CB < A°CB°
WERINEERIRT A° C A° <= (A°)° C A°. O
#iL 6.16 T4rdedl Tl X, AC X. sHEMIAE F,

FCA <« FCA

HAROS AR NEZR. AR,
. ACA (3%
« ACB=ACB (& F)
. (A)=4 (%)

e A=A BHANY A ZMNE.
PP A RAEL ARG 3E o 94ETABR U ##5 A =, N
zeA.
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HWERR R4 (6.4) LAK (6.14), BUREEIE. O
Rk 6.17 C4edsdl =l X, A/ BC X. N
AUB=A4AUB ANBCANB
(ANB)°=A°NB° (AUB)° D A°UB°
AL A BELA R I Fo ] 6 5T LA, A TR S A 3R 7T A 3.

WERR SREBAETIEMISES. 1o, MIERFIE, (ANB)° C A%, (ANB)° C
Be, i

(ANB)° C A°NB°
RZ,A°NB°C ANB £2— M, il (AN B)° 2 A° N B°. FlR2EHKM
. O
EX 6.18 (HAT) coiedl 2l X, ACX #HZ A=X, Nk A 27
#H (dense) . .

Fh, AT AR A A B R,

5l 6.19 A Q £ R FAK. B ALATE AT Ak A L& L.

~ @ 6.1 ~

SRR 6.1 el X, v € X, ACX. KikE: A & x 494R3% % HIX
Y g A°.

B)# 6.2 (Kuratowski HBQIE) 4 dk s £46 X, Bat x: 2% - 2X
it

(1)ACA. (1)
(2JAUB = AU B. (54 I T A4
(3)A="4. (RFH)
()% = o. (%)

# % A Kuratowski M @HEF. Kif: X LA ARE—R 62 R E3
] 8,382 *.
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B15E 6.3 (AMHAIE) Clhb X, BHEE o e X, HBR—A 5, C2¥
i L

(15 # 2. (A=)
(2NU € §.,z €U. (&)
(3NU,V € §o, UNV € Fs. GCRE LY,
(UNU €3, UC A= AEF,. (#) L 3HiAH)
(5NU € §0, 3V CU,s.t.Vy e V,Y €F,. (RAFE)

B §, h w AR, KR X A AE—RABAE ARG o R
8 BT A AR R B

IR 6.4 F5h (6.17) &R BT, AR IR LG R B

S 6.5 (BF) CadeitElE X, xe X, ACKX, ¥
vV x 89ARRU, UNA# o3, UNA+2

o B AMARLE IHG 2 EART A6ALR (boundary), A
Bd A. KiE:
A=A°UBdA

SRR 6.6 (Bm, BE) Cedeitwl X, 2 X, ACX, ¥
Vo QARBUU —{z}NA+0

WA x £ A 4B S (accumulation point, cluster point) & PR =
(limit point) . A 692K ELH A, #H A 69 5. KiE:

A=AUA
SR 6.7 S THAFE, AR, T FEMAEZIAR, §AHAITHL T

WEAREBIZRNLETHT, AFELE AN EfTT—F$,
FLT VAL BB = Bk R B @
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Py B

Kl 6.2: T M

(BT 40 R, A KRR EH A, BB E TSRS — R
—ANFFERET AR A A TR, iR KR AT

SIR 6.8 KiE: JA3.2272 X8 Cantor A M E. B Cantor £ F %
LAY (Canotr FHTAE2E).

Bl 6.9 Kif: ¥ r RALEHN, Z+rZ={m+m :mnecZ} £R ¥

.

Z1# 2 6.10 (Dirichlet) s L #HK », KIEFAELFT N9 p/g e Q 1%
P
p 1
rT—=| <=
q‘ q?

6.2 FZE], FZE
I T AN B ) R AT T T AR AT R AR LA A
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EX 6.20 (FZIE) i 2H X, ACX, A
AWFEKZE={ANU :UR X 897 %}

KA A t4e4l, A F A 4e4l. 4k A % T8 (subspace).

W 6.21 (FREEHTIE) Ol X, ACX, WXFFRE
BA A = TR E

(FFE) A FEHM 1w ANU, U & X 69FE. #5%, & A AFi2
—ANFE IR A A T RATRE A 50T L.

() A M EHMm ANF, F 2 X 9F%. HHx, & A KFHA
—ANHE, R4 A B ERERITHE A 08 0HE.

(4ME) z € A £ A FRASBEN 4 ANU, U A X ¥ o 894805, 451
W, E A AGHA @ —AARE, I L o BRI A 04
W o AR

(A1) BC A& Abayais AnB.
SRR (F4) MR4EE . (M)A HIOMERR A\ (ANU) = A\ U =

ANUS, H U £ X (T4, Bl ANF, F 2 X %, (AR) FAJT
Seanik. (M) BN

B AL = (] (AnF)=An () F=ANB
BCANF BCF
F & X sk F 2 X [
A EAHIE. g
Rl 6.22 C4eisdt® M X, BCACX, Il B4R AWF=i, A%
A X WFEAE B AEEAN X F2H Livici AR 6.

R RN BNU =BN(ANU). O
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5l 6.23 »FF & R E&9F 201 (0,1]U {2} U (3,4], ] (0,1/2] £H %,
(0,1] BRAFEXLRAE, (1/2)U(3,7/2) RFE.

EX 6.24 (F=E]) S4deil=m X, BE X/ ~, &
X/~ 0%k ={U: 7 "(U)& X 897 %}

Ao A ARES. XRA X/ ~ 06, RAFE B X/ ~ &
A @Z0E] (quotient space) .

il 6.25 (AFTEEWERE) Chidedhzl X, HEY =X/ ~, NXT
TR I 4o T B E

(FFE) Y 9 FE U, 2 7o 1(U) & X 7%,
(FEE) YV W E#F4 F, H2 o 1(F) & X 8%,

(B y=n(z) €Y £ Y FHRBEF 4o o 1(U), U £ X F o 8948
K.

WERR (OF4R) MRYEE L. (M) RIEE AR (2.6). (BI) FvIFEAL.
(]

7 22 ) — A e L R R B A R 23 b BRI ok &, T T 41
TARGF UL T (7]

il 6.26 £ A=[0,1] x[0,1] LR XEMh X7
(21, 91) ~ (T2, 2) 1 &= =1 = @2,y = 0 &1
W A~ A0S T Fa “EF
f5] 6.27 (Mobius ) £ A=[0,1] x [0,1] L& LFMXZ:
(T1,91) ~ (T2,y2) 1 = 1+ 22 =1,y, =0 &l

W A/~ ¥48 % T3 44 Mobius 7 .
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| (.

63 cc;‘—fgﬁ%”

j ;
€ &

K] 6.4: Mobius 7

] 6.28 (%LHETE) & A=1[0,1] x [0,1] LEZXFM AR
(21,91) ~ (T2, 42) : == (21 = o,y = 0 K1) R(y1 =y, 7, = 0 K1)
M A/ ~ 485 T4 F 49 SERATH .
5] 6.29 (Klein #i) & A=1[0,1] x [0,1] LR XFMXF:
(z1,91) ~ (T2,90) : == (21 = To, 5 = 0 K1) (21 +22 =1,y =0 K1)

M A~ ¥A8EFELGKlein #. £FFTFTERUR, AFTALH
F[15% &89 Klein #R. Klein A3 3 AR, PTAAERBL, RANA T %
T Klein #., & 258 47 18 k& .

Bt U, BATRZE REE” I RN —AEE IR, Frfs 2100w S0t
K AT R AS R
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(A

K 6.5: ¥ AT

| (.

g ¥

6.6: Klein Ji

HIE R S T R AR E S, BATTEARR & 2 —A> “4Bi” . 7
AR AR, TCARRIE T2 B A AR A, 72 A pr i, Blix s
CREE B AR, ToARMRE ST RS S X R AT AR 26 I F 2.

ST 6.30 (MR Chodedh i X, AC X, W FHBLREN. A
ZA—AFH R F

r~Yy < z,y€A

EH BRI X/ ~ WA X /A ZHREHA A 9T EER—
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N, RN, ZANTAGINA

(X\AU{x}=X/A
XA, X/ACU & x 694885 A U 69RIEAZ A B4R

~ @ 6.2 ~

IR 6.11 ¥ TiedbE R X, 2N X/ ~, Kik: X/ ~ QEANTEAL
X oA ek

SRR 6.12 B E R BAEA: CheisitmE X, —H%FE {Udicr,
X =Uie, Ui, At

Fﬁ%]ﬂ% < FQUZ;’E UZ éljﬂ——%

SIE 6.13 (B8) M T2l X, AC X, &M% A 2 BHH, &
A VR T =B E B A ik

(1)Q CR T2 &HH.

(2)Z CR 2 BHH.

({217 LR B,

(4) B R™ $ 8B T RARAE S THH.

71 E 6.14 TF@ R?2 LA B HESE A, Kik: sHE&E n, —2H
EARBIFEE A PO 0 ANATE, A
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: ‘!’
s“

N

Kl 6.7 Mt A i n MITER

BlF 6.15 A =t K # 59 AE 2@ KBEEA, LR R—THEKE,

ﬁ%ﬁ%ﬁ%ﬁ.@m%xﬁw”i%ﬁzﬁ%@ivﬁu%%ii%x

ﬁiﬁ% EARAHFFI AL TR 232X’ A2%FaL L&
%é%é&&%ﬂﬁ¢%@k& Kl Wil A

K 6.8: i 7K iE HEIE S )

A
&

5 UK L 2> 4 K /T v/ R U
2?[1’26’] NMEMEIR Ks g £ T
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R, ke RiX =t REA Klein #RIC M @ LI T A B0, hikH

EREA

s A
‘hﬂmmj‘ [mTnlnm[a]
ool AaRAC

— o

© ® D

K 6.9: #efiaim LRI

6.3 TELERRET

N, FATHIBG R PR INER R R, Horb, <l BOmL, B R
FEAT AN AL T

EX 6.31 (FEE) Caiad =l XY, f: X =Y, 20X, &
A f(l‘o) éﬁél‘iéiv, f_l(V)ng Zo éﬁ/’\;'zt&

WA f £ 2o & ELL (continuous) .
EMh, EE f(ro) BAR V, BA o $948%R U 1243 f(U) C V.

R 6.32 Caisdt 2R XY, [ X Y, X FTESH A THA
(1) 2o € A, W f& zo RS = flf o R4

(2) o€ A°, W] [ oy RHEL — flate xo REL
SIXREIXA Rt AT LA — s K /KT
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IERR (1) EER], (fla) (V) = UV N A, B (6.21) BHIEY. (2)
BRI, B 2 € A°, XU A £z FIARI, R9E (6.21) T
LRILIPRWT, © 78 A PIARIM R © 78 X R4k, #5453 O

el 6.33 Caiedt =l XY, Z, f: X =»Y,g:Y - Z, 20X, & f
Howg REL, g £ flay) RiES N go f £z RiELL.

WERA Y. O

EX 6.34 (ELRE) Ol XY, f: X Y, EVeeX, f &
v A%, WA f A X b ES.

EIE 6.35 Caiedt=l XY, f: X =Y, FReA5H

(1) f £ X EayiEs, (& 5% %)
(2) BEFEVCY, f1(V) RFE. (FERIGRFE)
(3) AR VY, fFY(V) RIAE. (R R AR E)

AR (2) <= (3) WIBEARIIHF N (2.6) LLIKL (6.4).

(1)=(2), SR —s e f~1(V), B f(z) € V, #EX, V & f(z)
ARIE, W F=1(V) & o BIARIR, XEC AU f~1(V) 5.

(2)=(1), SR — 5 v € X, WHEAT f(x) WA V, Ry % IF4E
W i3 f(x) e W CV, XFE, iRIEE XL z € f7H (W) C f7U(V), RfER
YV RN o (AR, O

¥ 6.36 A4 T HIF

ST Eh X, T4l =H] AC X, St NBAT R E LY.

tFiedlEn X, AEE X/ ~, AR R ELSE.

fEfT 64t 0] X B-FFU4edl Y 9B ATER 2 409,
&

BRI X BMEATI63 2] Y Bk 4AR R4 0.
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o HHHERAELM.
B2, (5.9), 7544 B A AL A .

WER 6.37 A FHEAEITH XY, LM o X oY, Bk o B %
a@—%@wz/g ~ fRRAN T R X X~ AARBS, T Y A
&b g,
(1) GEE—WEZHN 0 X > [ EF op=0p.
(2) BERE—EZESHN 0. X/ ~— Y 55 gom = .

e

(8) B E—WEZEWS 0: X/ ~— T HF topor=p.

X ———Y

1< |

X/NT\—éf

UERR R (5.9), CAMFEXFEMIBLS, HEIGURES:. HFREKIE (3),
XFE, ST T WFFE InU, M =Y (o~ (INU)) = oY (U) ZTFEE, &
STHINU) I O

EX 6.38 (FIREBREY) S 4dadlzla] XV, 84t f: X <V, % f, [
AAELE, WA fH X 2] Y & EEME (homeomorphism), KAk
HIRINERR, X 5 Y R

©#FE 6.39 (FFRRET) —NEARF M e A R B AT, ARAA B4 ]
B f X =Y & FFBRET, e R

VHFEUCX, fUCYAFTE
FAAAHIE T VA2 L FIRRET

VREUCX, fUCYRAE
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BAR, WA+ T /RS = R, FRREAFEFEZH-TEL, AREL
89 & ARR M T BA R SR ILA

Ve e X,V x 843 U, [fU)E f(x) 894833
WA v M EFHR TR f(z) G,

SAPFE 6.40 (HRN, FERRET) *-/\)&44’5’4%?@@’3#%4\ RGN, ARFEAIEI
ME s X 5 Y AN, e Ri@id f, X fEAY 9FFHE Im f
FIAE. B f ZES ¥4 H

VAR UCX,3IFE VCY,s.t. VNnlmf=fU)

5z st g e s & BRRGT, R4 RiEBE f, X/~ A Y RIE, B f &
Simat, B
VUCY URFE «— [fHU)RFE

5] 6.41 EGH AR 2R AR, @i AHEAT m A 4E

o:[-1,1] x [-1,1] — §? (2,y) —

2% 00— 0. A=

ST — [~1,1] x [-1,1] (z,y) — 7”2“42(
max(|z|, [y])
B 0 0. XUMEHET ATBARAR AR EIUTE, BAERIEEX
T, &AVTIeE 7/ “4a” R BER. PTARI IEAY & LA TR “hEak 7,
LT MRS e

z,y)

5 6.42 £ R L7 LEM*%ZF
T~y <= r—yerl

MEBEE R/ ~ EELERAA S? = {2 € C: |z| =1} A, @it

[x] > 27,
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5l 6.43 AR X = W] B A 4o T 4 309 T ) AR 69 4] T

1. E']‘EJ [07 1] ’5 (071) Z:Ig]):]zl /?j:m’] 0’1 éﬁﬂ%;’%—é\ “‘k]][.fﬁ' }7(071)7 12*%1};
IR G A Z BT, R EAR AT R REAA (0,1),
AT R 8.

2. KW [0,1] 5 [0,1]U[2,3] REAE. BA [0,1] FAES &AL
=M.

5. R [0,1] 5#£E C={r R | |2] = 1} RRE. BALEME
—AE, $AREFF R (0,1). @R [0,1] T B4R T
RAEF (0,1).

4. K R 5 R? RRE. AAEEMRT—AL R BT 7, 22 R?
L.

5. K0 [0,1] 5 [0,1] x [0,1] RRAAE. BH [0,1] x [0,1] # A& “E=3%7,
 [0,1) ATk

~ 3@l 6.3 ~
SRR 6.16 iEF (6.35).

BIRR 6.17 (FHIESIIB) Chededbm i X, — M £ {4, Ay,... A} &
27T X, 0
fla, %% = fi&%

BlRE 6.18 (LT&ELL) AR R LayRBi f &

(1) E3ES 69, % Vo, limsup f(z) = f(x0).

(2) NELL 8, & on,lg;ff(a:) = f(xg).

KiE: f REESH s f(—coa) AFE; [ RFESH
— [ (a,4+00) RFF&.
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SRR 6.19 M TELEHHK R R, iEAeTELRFE
{reR:3Jy>uxs.t. fly) > f(z)}

SRS L

K 6.10: HH

SRR 6.20 B = TEAS X = {a,b)} E&9-F A3 X, B H e X,
Z el At REL G, RARZ WS, 2R TR R AE.

SRR 6.21 5 —ANE LG T A B IR GG AL A 5] F R de T AE GG p A,
B EABRFERE, BRI LARBY “Ah7mqaF+n, A#5£85 L.
XA B A R R RS, RAXE B IFET FRERF LR IE A
L.

B 6.11: 82X AN 2 [F) 1R

S8R 6.22 ERA: %4t

7:R?* — R? (x,y) — (2,0)
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AR GRS, 12 R R T B4t
Bl 6.23 T @ iXANHHAEHBREG, ST 2 e (0,1), RXAAL =2
WA
z=0.a1az... a; € {0,1}
A2 &L f(x) =limsup,_ 3" a;, Kik:
(1) EAEAT—ANK ] £ f(z) & [0,1] 49T H 55,

(2) 3 f Rimmpik, BAA L 1/2,0— 1/2, ZERE, ZAHRH
—AN (RARELM) 4t
I 2 6.24 (RKIRRIE) A X T4t o) — N E EA XS R R KRR
b1

(1) F f:Q—R™ FH, L+ Q&R PO (E@FL),

Vo e Q32" € Qs.t. | f(x)] < |f(z)]

(2) % [ Q>R ZRELETH, £+ Q& R? PR, 7RALL,

AEHK 2 2T R P9k, &

0? 0?



120 FENE AN AR S

] AR f 7’71}%7&@,#{) FKiE:
(a) F¥EEIE: & f RiIFFHHK

2
f(ZO):l/ flzo+7re)dd YO<r<R
2 J

A REFEXAEL, BPA 20 ARS R AXAHE CQ

(b) & [ A RFB B, WEH AT AAP IR L & —:
(I)Vz e Q,32" € Qs.t. f(2) < f(2) (id) f 2 &K

£ Q&R FHRHE,
(c) &

2 2
A= b o) vieq
oy?

= 0x?

W AR f A BHFRE , Kk (b) b L3t LA AR H A R

6.4 S REYFRTD

AFTEATERGT R A I AN, [BHZ5E 3L (6.1), X EEATI g
IR FRRRITERIR.

EX 6.44 (AR ks X LR &% FC2¥, & X LA B
T i, TR P,

FCP <— TCP
NAR T A FERARN .

Rl 6.45 AT X L& L% F AR 4B1N, A



6.4 RN .
(1) § &Me it AL LE—8), LET
Fammesi = () P

#EIPOF
FILF AR IEIA (F), W
(2) <@ (#3E1E)
(8) FCT=(3) C(%). (&)
(4) ((®) = (3)- (5 E)

(5) § & X E#isdad L LRY (5) =3

WERR A S WAL, AR RN ASE T AR I, MOE AN T L. F R
EERLT (4.19). 0

Rl 6.46 X T X LR &k §F ARMNIEI, AT 22
T AR = F A& R 89 A TR A9 E

(5P ERARH X, FHARH 2. )

Siﬁiéﬁ%#]‘:{UU:GC%} ’B:{ﬂU: rE® }

Ues Ues %] < o0
WERR il AEA T,
FC@ = BCE = TCE

B R T ERE T MG, ZEMERKETEIHMEZMLA
€, TRIFEAA L, R BRIEA R, Z2EN

(U U)ﬂ(U v): U Jwnv)

ves VeRr UeG VeR

Hfr 6, RCB, TR UNV eB, Mifi ERFE T 2. 0
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ST 6.47 (FHRIN) HTLAFE X, KMTUE L T a4 4
{ {reX:z<r}:reX tu{ {zeX:z>r}:reX }
AR E X e A AL, A R A B AR A FHREDN . A R 89 de AT AR
{ {reX:b<z<a}:abe XU{too} }

HEF —co<az<afBR v <a, AL
Bldm, IR E, R L&9iaild= 46440 R .

ST 6.48 (SFHRIN) M THEE X Ae—kdedt =W {V}hier, WA {fi
X = Yi}h MAEAE—A R 0BIMEAT f; SESE. 55461 T RHUT
B Lok R

U{ mo):vry erk }

el
KHIIE f, AR ELE, AALTRIF f, £560463 §, A TCF.
ENX 6.49 (FAIME) s FEAS X EELSR FC2X, £ FTH L

e Ve X,JU € §,s.t. z€U.

e VUV eF xeUNV,IW eF,s.t. zeWCUNV.
CHAH UNV Z—% F iR 695,
A& § 2 AIME (basis). FHAERNIBIHA T, WA F A T bk,
il 6.50 M TE4 X EiEAAF A
3iﬁiéé$6%l‘:{u U:GQS}

Ues

E S BOROE 2 I WAl SEE

WERA H G, BN § C § ARG, il C . ez, BATRALE, A
LEBHR— i, BN
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o X, o e L CarEd.
o XA PRAZI A, POARRYE 73 L%
(U U)m(U v)— U uvnv
Ues ves’ (U,V)eex&’
AR P AR 52 X, AT 2 § IR, T e .

o XPTORRIEE PR
EFERIE 1 /il = 1A O
HiL 6.51 M THEES X LB A G, 463 T, W §F AmSBIAH T S H
2%

. FCT.

e HAFRE U, U, HBEALV ecFEF eV CU.

BP § C T CF Ambyiadl.

WEBR BDA § C T, BBl T C § AR C© T At = <, 15
(]

5] 6.52 R A A4 TFeyiait i

1 1
{ (r—,r—f—): reQ,n € Zsg }
n n

AR GE X R Ae 4 A B A a9 IEd 3R R Akey 6, B4k RHL, &
LR FSHE AR RAAAT R, BT —/NIF AR A — 2w 7 89 5.

INEAEE “HIE” KITERRA T ER AL, Gl EITEERIRZ,
(ECIE SR -(EEE-3

DU SE R ARR B E 7 — MR, T — i &M B A2 07
{8, Bt DAFRAT 75 B8 AR A IR AR 3h 4R
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EX 6.53 (FRINFE) W FES X EEL#% FC2¥, it
B = { ﬂ U: TEB }
Ues |F] < 00
B HIIE, XM RGN, KAARN §F AR FRINE , R F A B &R
TE. & F ARMBIA T, L §F & T a9 FRINFE .
FECIRFN ML S, FRATT5E AT IR,
ENX 6.54 (SMEE) s TFiedl5 X,z € X, & o AR A% U i
4
Vo 894838 V, AU e U,s.t. UCV

MR Rz EA e SRIE . M mARYE (6.11), x 89 P A ARIRED

(VCX:3qUeilst.UCV}
Wl 6.55 L464 TR X Ai6d A §, MF rec X

{UeF:zeU}

Mk x BAEAARBI. RZ, FHF— 8 o R IAREA U, W

U &

zeX

Mk X adedhAk.

WEER  DUNARMI A o MIFEARE § B fE R, M —1 §
BT B 2 o, R T IX AN FFEE.

2, SFHE U, tE8— 5 o e U, #n] LUK V, C U, @4
N Vo, ATRMES V, € Uy, TR U =U,ep Vo B2 U,ex Yo A MIIE
FR4E (6.51) v @ifiiE.

O

5] 6.56 3t x € R, x B A 4= FARRA

1 1
{ <x—,x+>: n € Zso }
n n
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5] 6.57 1EATI6A =T X, o 69 L ARFFARIRAM R = 69—/ NAR A

5l 6.58 T b, sHfEfTedt R E] X, FH — 5 o 8948R U, WA &4
U P8 o ARBRM AR TARRE, BAESE « 943 V, VNUCU £ o
B AT IR

~ @ 6.4 ~

o]R 6.25 (PEHENE) €4 ES X, & Vo e X,IN(z) C2X #HE

(1)N(z) # @. (A=)
(2VU € N(z),z € U. (&)
(3)VU,V € N(x),3W € N(z),s.t. W CUNV. (& T3 H )

(4)VU € N(z),3V CU,Vy € V,IW € N(y),s.t. W CV
AR N(z) A x 89488, KiE: AAE—IBd2H X %43
N(z) & x 89464l

Bl 6.26 (§5¥RM) M TH & X fe—rkdeit 2 W {Vi}ier, WA {f :
X =Y}, i 55464t T H R4 T 2R

f
47 X E#gdadt T, (X, %) —=Y;
BAE (X, T) Bk Tidx :
%ﬁﬁ idxi(X,T/)—)(X,‘z) 1\%25? (X z/)

o) 6.27 (Furstenberg) & —@EAa# e P, @ R 6450
BEAIER T ZFHALT 8.
7 L X E R4 T B4 A A R A 464

aZ+b={an+b:n €} a,beZ

BaE, (1) A —ANZ L&ydedl. (2) T ARESA T AT .
(3)aZ +b REFF XM, (4)L\{+1} = Ugy ,PL. (5) IERAFHA LG
A
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6.5 FRFAFAFS

NHIFE Cartesius B M HRINGH, SFEA 1 L — T HOAHE, X —
R 2 ARNGM 3 IR

EMX 6.59 L@ Aai =R XY, & X xY ERXIBHA TR E4RE
R 46 3]

{ UxV:URX®FEVRARY &9F % }

KA, X xY $FEALARSOETH. ZMARAD TR . T
A, BATVT A7 B8 A& A TR 46 4] 2 18 6 /AR

Rl 6.60 (ZLRFIATELEMEIR) AN XY, X F X xY
Lyl A

(FFE) X x Y W4 1
{UxV:URXSFE VREY 7%}

HABI . BPFEAHRAN W UxV 8H, P U & X 97F L,V
£Y W E.
(&B1E) (2,9) € X XY ¥A

(Ux VU &z 84, V R y WA}

HABA. B (2,y) MABHIRSEAN UxV %S, £F U R o
WAL, V A&y BATIR.

5 6.61 R? fesfeir =0 Rx R L#y4a4t R —& 4y, B A R? & L8404 “F
SE 7 RXLT —AMEBAE RxR WA “BlS” B, BRHHBE, BT
PR 4 — ek E G, LB T A E 4 — R, KA
A8 A 3t 77 69 ARIB AR, A 2 LT AR B9 ARBR, AR e LT AR R B9 4B 4L,
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/'_‘:Ex 6.62 (% R?—:I‘Eﬂ) &%ﬂfﬁ;‘:{#ﬁil‘ﬁlﬂ {Xi}iely X = Hie] X’i' /t"— X
L& UABA A T 5k A AR89 B4

U{ wil(U):H{Xj j7éi;U%Xiéﬁfr% }

icl jer \U  j=1
b o X = X, REMS, XA A TR A Tychonoff $H3 .

[F11Z (6.48), SRR BE, X R HMR SN 0 5 B WS S
1.
TEATBRAE I, Tychonoff 3 HNAFRATHT I & XA 2 58 4 A R,
A
[Tui=Nptw)  ERZ)

i€l i€l

y

6.12: Tychonoff ¥HfMF1 “F6” #i4b

Rl 6.63 RIMTEEMEIR) o — ke 20 (X} e, X = [, Xu.
*F X Lthieil, A

(FF&E) X 097 ERH

[
137 I e x, ek
jer \U J=1
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Aoty AR iaA AR
{ HU,» D U, CX, RFE, ERAAARY U, £ X, }
el
PP FF 2R AR R 4o BB A0

(QBEE) (l’i)iej e X YA

{ HUZ-: U, & x; A8k, RARREY U, £ X; }

il
A ARIRA .

(AB) ¥ TV, CX;, A

[y =1I%

i€l i€l

IERR MR EAEMIRR R T HERRIE. E %, R,

‘ Y, i=j
tiil = ’
ﬂH {XZ- i#
ML RIEMAED C AL K2, R () € [Le, Y 1F 7459
U =10 3 (), WA U, 85 Y; 4758, 58 UN[ e, Vi = [Lie, (V:N0;)
dk%, Wk C . O

~ 3@ 6.5 ~

BIEE 6.28 3t —ik 4B E I {X;}ies, X = [[o, Xi. —H ARG 6 132
WALAL X KT8 (box) HEh, 2 L4 A4 T 46414 4 A&t 45
4

{ HUi: U, £ X; thF % }

i€l
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12 Lt R R KAF, Bl ik RY = RV 3%

f: R — R¥
to— (tt,...)
KiE: £ RY BUAAIEALE, f RiE 4.
[BRE 6.29 WL §2.90 B L MR (2.22) Fo (2.25), RARZ R LT AH

(PAm}) | Fmrzinp =] Aim: P— AREBBA
el

ith R e 2R

Visdhm i X V—kE st (o X > 4} | X

| .
FiELwH N X o P WX

s.t. Viel,mol=; P——s 4
iR LR R (P {m)) Z AL RT Ak 2 FRE, AR,
(Pv {ﬂ-i})v (Pl7 {77;})
R LR MR, N EEESEES o P — P, 3: P — P, 1£{%
(6] ﬂ = idp/ P!
=i 11 !
ﬁ o = ldp o I\N
miof =m, \ ¥
/ P P 7
TLoa=m; i
LE A, Je “BA 7R “BAN T 7 CBRAT T Heax “ELEBRSTY, “Carte-
sius AR ek, AR T R 7, LK Z MR AT
BlRE 6.30 — AN LR F ROMERTRXHTE, &i—ikEd 2N
{Xi}iEI; X = |—|i€IXi' (@'TC (12'?))} qyxii%%ﬁ

{ |_|Uz UZ%XZ éﬁﬂ:% }

i€l
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BB Wik & —ANEAl, Bk R KM (2.25) A= (2.2€) 692 R

3t F—akda 4= 8] {A}ier, W

(U, {1:}) RZAZAU = | |Ai 1 A — UR S & WA

i€l

R e TR R

VieiL ] X V—ikE At {p: A — X} X

A .
SR BB ) U > X N
|

s.t. Viel Aoy =, U~<~— A,

Li

FEEA EBL (2.26) 9T

6.6 E=Zg]

EX 6.64 (BEE) O zES X, d: X x X 5> R HL:

Mtrl d(z,y) >0, 3 HMRY =y BB =" (EZ )
Mtr2 d(z,y) = d(y, x). (AR )
Mtr3 d(z,z) < d(z,y) + d(y, 2). (ZATRHEX)

M d 2 X LY EERESE, (X,d) % EE (metric) |8 & BEZE
] .
#tF oac X, L

B.(a)={zr € X |d(a,z) <r}

AFRAVA a AP, r AFE P
e X EbyieilA

{B.(a):r>0,a€ X}

ENO:SEZE DN
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IR UIR AN ISR S A S R R RARITIL R L, A4 5 B (el 2
FISIE) RN R,

1 —
TV s m—

i 6.65 3 TAEATES X, AE d(z,y) = 0py =
0 z#y

ANBEH, XiEF T BB,

5 6.66 *FFELKX =M R", #H A REGED

dz,y) =@ —yp)2+ .+ @ —yn)? =) Y= (v,
5 6.67 (p HEE) T HEHK Q FoZ K p, TAE X
1 »a
d(z,y) = o TTYsry pta,pfb

Blde p =3 B d(3,0) = d(6,0) = d(12,0) = 1,d(1,0) = 1. i, £ %
B BE=ZAIEFER
d(z,z) < max(d(z,y),d(y, z))

ETMARA p HEE.

EN 6.68 (W) &= X A HEM, 3 FF5 {2,122, CX. # {2,} UK
& (converge) & zp € X %

Ve > 0,3IN > 0,s.t.n > N = d(x,,z0) < €
BP d(z,,x0) = 0. LA x, — 0.

il 6.69 (MIELLM=E) FT R K C-ms=h V, fekd |- [: V>R
£ —AJe# (norm), %

Nml E& z €V, |jz]| >0, B ||z]|=0 < z=0. (M)
Nm2 #4&E& 2,y €V, [lz+y|| <|lz]| + ||yl (ZARFX)

Nm3 & A e R &C,z € V, ||xz]| = Al - [|zl. (FeoktE)
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A AR R C L. & (V]| |]) A—AME (normed) %
MEESiE] .

B, dxy)=|lz—y|| 2V E—AEEH, KX AHERASFHES.
AR X A —ANIEH ).

il 6.70 (AFTE) T R R C-mE=m V, fRa Fams ()
VxV—-RAZ—AMAH (inner product), %

InnProdl & z eV, (z,2) >0, L (z,2) =0 < z=0. (E&

1)
InnProd2 &% z,y €V, (z,y) = (y,2). EX B gLy
InnProd3 &% x,y,2 € VA € R &C, (z+ Ay, 2) = (z,2) + X (y,2).

(&)

HP TR C EeyEie. A& (V, () A—AAFETE .
B ||z|| = (z,z) £V E&—ATEE, FrAH ARIFFTLH.

Wl 6.71 (AFFIEARRIN) A TS ZE X, 1

() F C X AL, o RAEM F PUSE FPIAR R 20080 2] F ASH.
E {z,} CF
T, > Ty = Tg€EF

(1) AC X ®INRAE A PILSF 50L&, BF

r€A = Hx,}>2, CAsta, >

WERR (M4E) WTBAH (PEL) SRHAER, FATEN (FAE). & » e A, WAEMT
EBE n #A Bin(z) NA# o, X, AT LLEEE 2, € Bin(z) NA, It
i {z,} CA, H =z, >z

RZ, B Az, 122, C Aystox, — 2. B o PR V, R4EHE
B AR AN I E L, AFAE Bo(a) €V WEAD ¢ > 0, ZFEAFAE n 15
d(zn,x) <7, XF, 2, € B.(zx)NACVNA#D. O
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EX 6.72 (Cauchy) # X RFEH=ZH, 3 FF7 {z,}02, C X. #
{z,} & Cauchy % %

Ve > 0,3IN > 0,s.t.m,n > N = d(z,, ;) < €
% Cauchy 31 B8 T —4A 29 € X, WA X 58% (complete) .
Rl 6.73 xFEHTE X, FF {z,}22, C X, M
(1) & x, > xo € X, M {x,}Cauchy.
(2) & Cauchy 3| {z,}, v, — 20 = AT x,, — 0.
WERR (1) TSGEHL e/2, WU
AT, Tm) < d(Tp, o) + d(Tm,T0) < €/24+€/2=c¢
(2)= TR k2, HHTH {a,, }Cauchy, B €/2,
A(Xm, x0) < d(XTp, Ty ) + d(X4,,, o) < €

HEPRE S 241 ny, BIW]. O

SFE 6.74 (FEZBEMIES) s TES=H X, TE£Y,ZC X, T
XY B Z9E%7

dY,Z) :=inf{d(y,z) :y €Y,z € Z}
A, d(z,Y) & d({z},Y) 88 5. Kbk Lt
dz,Y)=0 < z€Y

ST 6.75 =& E|, A TFRHEN (X, d), HOESH d(v,y) = max(d(x,y) 1)
BR—AEH, LS TH d B 66 (B H B E LT kR4
—HaY). TSN INEBRES.



134 FENE RIEARM S
EN 6.76 (—HFRIN) M F kB T8 {(X,d;)bier, £ X = [[1e; Xs
R LA E

dloy) = max (Lswp(a(oom) ) o= (e v= ()i
BEHIIE, XA —NEE, AN X Lo —F (uniform) E=£.
Rl 6.77 X FTEHTH (X,d),d £ X x X > R EL [

WEBR 2 (2, y) = . SHMEAT € > 0, 71 § = €/2, {158 (2,w) € Bs(z,y) =
Bg(l') X B5(y)7 :‘[X*ﬁé,

d(z,w) < d(z,2) + d(z,y) + d(y, w) < d(z,y) + e = d(z,w) — d(z,y) < ¢
53— 75 1H

d(z,y) < d(z, ) +d(z,w) +d(y, w) < d(z,w) +e = d(z,w) —d(z,y) > —
AL, O

5 6.78 (FELREIF) T2 X, itdHhk X - R 9ELJ[HKA
C(X), RHBEELSBGERFLAA RX 9F £, i, €(X) L8y
WS RE A — Bolcsk. EAAR A LR BT .

~ @ 6.6 ~

SR 6.31 T RE&EREHEN X, Y CX EATFTENELEZEEHARE Y
LAGE S

SR 6.32 (MEETE) o584 X, d: X x X 5 R HL:

(1)d(x,y) >0, B d(x,z) = 0. (FEZMH)
(2)d(x,y) = d(y,x). (3R )
(3)d(x,y) + d(y, z) > d(z, z). (ZARFX)

MAR d £ X Eoy FTaEE X ES, 2 L% &
r~y <= d(z,y) =0

Ril: ~ REMER, B X/ ~ RHEEZN.
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I 2 6.33 (SE&M) KA 2Ew], o TALATIESR T X, # AL
X, 13 X ROA X R EEH TP R0, HMNF X A X 5%
1. BRI, BESBHN 0 X — X, 1213 (X) C X A%,

(1) &P X # Cauchy Pty A €, AL LR UMESH

(@), (yn)) = T d(zn, o)

KAE: XANRIR A B A,

WEANRIES, FFHFNRE ~ ZRF X=X/~ RAIKLES
A .
(2) =3 0 A F FA,

X — X x— (z,2,...)

RE: RAFBHN 0 X o X, 73 o(X) C X WE.
(3) B X REAH.

(4) HEBA L T PR
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SR 6.34 Cam—k BB TR {(Xi,di)}ier, KAAEI (BN A6.28) &
TR B, RGBT ERA T, —ZIBI0F LA U, KiE:

TCUCDB

HFHHA I R FE, RT EAM#R T4 E.

B 6.35 (E4EAREBIRIE) — N2 &M EERE X, % f: X - X #HE
HEO<c<1 7

d(f(x), f(y)) < c-d(z,y)

Kik: LREE © e X 13 f(z) = 2.

[BlRE 6.36 —ANEIEARMTH V £& Y HAILY 42T 49 Weierstrass F 7l
RO L.
$HEF] {20}, CV, % 5 (o]l Kb, M S 2 dcsk, B

n=1
00 oo
>l <D Il
n=1 n=1

FHIEGEDHIT C(X) ERZEY.
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B 6.37 (Baire NEHE) 4 X RL&HEEZN, & {F,}2, #HL
(E)O =4, )

712 6.38 xEL KK f(x), & lim f(nx) =0, Kik: Er}rl f(x)=0.

n—roo
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ZJiE 6.39 iEWl: FEMFEREMTHEESETROBXES. X2k
4T ol & 35092 [0,1) 2)-F @ 49 7T e it

ZIERE 6.40 % [0,1] EeYESHHK f HT
Vo € [0,1],In,s.t. fr(z) =0

’;H‘;‘:F flzforfﬂfé:forflv"'; }][32‘ fZO



FtE SBEQEMAIHLE

AT B MG P EOR.

7.1 DBERE
EX 7.1 (PBEAE) LRzl X, PEAE 4T
T1 T o #ye X, &z AR U, #F y ¢ U.
T2 EfT o #£ye X, BE z WARRU oy 9BV, £F UNV = 0.
T3 HEMMze X, 1% A R ¢ A, WAL v 94K U F= A BARIR
V,#FUNV =02.
T4 HETA%E A B, %% ANB =0, WAL A WA U f= B A
V,#FUNV=g0.

ZILEPABME—DBERE, EZSBEAE, E=08RE, £
SEARE.

WA T1 AIEE X AARANTL ZE]; #HA T2 N6 X AR
# Hausdorff Z5[8] X T2 Z=[8]; #H 2L T3 N3 X AN EN (reg-
ular) Z5[8] & T3 Z[E]; #H 2 T4 N3 X MANEM (normal) T
i8] & T4 z3/8) .

WA SR SR IE N 22 (e /& 2 T1, IEMUASRIE R 2 T1, A
FAT S T3 A1 T4 I AL e G 7T RE 51 AR BL A Uik

139
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@ @ &

T2: Hausdorff

@@ «

T3: Regular T4: Normal
7.1 EAE

SR, Oy o~ PR A ANE B, BTN R R A0 4 4 A 1] [ i BT AN
AR

R 7.2 BTN X & T1 RO, LELEHR X 92 SERME.

iR BN

Tl=Vo#yec X,z MNARU,s.t.y ¢ U

Vo e X,Vy ¢ {z},3 y MAIRU,s.t.2 ¢ U

Ve e X,Vy € X\ {z}, 3y WAMRU,s.t.U C X \ {z}
Vo e X, X\ {z} 2L

Vo € X, {z} 2L

reee

>

i LA

'%
0

WL 73 XTHoBA~EAWTXAR:
(1)T2=T1. (2)T8,T1=T2. (8)T4,T1=T3.

A TREAE > b e 25 S 9 LA B T1,T2,T3,T4 2 (8], At -
IR R AR
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R 7.4 WBALEE X & TS TR ASLESMHR
Vo € X,V x 89ARRU, 3 o 894KV, s.t.V C U

BRAF AT — S AR IR TT VA LE /s — AR AF ] QL3 R R A9 AR IR Z d, 8] 359K,
B — BARA F] AR IR

MERR & X g2 T3 . X Tz WAL U, Agiilid 4/ —L ik U 2
AR, IXRE, 6 {o} AT U T3 43 AT LIS

x ARV U A W UnNW =g

XFEV CWe C(Ue)° =U, %ML

JRZ, H5 AT RO, W AR B A R {o} ISR A, ) A° 2
x BIARIR, WO AT AN A 3 — ARV 13 V C A IR, V
(V) USRS o F1 A BIPEAS SR O

WL 7.5 B4 EE X & T TS L B 542
V HE AV A BABU, 3 A ARV, stV CU
BRAEAT [F] 5 G AR IR PT LALE )y — AL AT ) 6L L FE R R 69 AR IR Z .
HUERR iR (7.4). O
HEIL 7.6 T3, T4 T A Ak Aheik A

T3 EfM rec X, HIE A R od A WNEAE v 943K U F= A 89473
V,##F 0NV =0.

T4 EFTHAE A B, % ANB =0, WAL A AR U 4= B 694R %
V,##F 0NV =0.

5 7.7 sSERTIERFBL T1, T2, T3, T4 NIE. B4R,

] Eé%glﬁl$,$\%‘é‘%]ﬂﬁ/}, E])’] {x} — {y c X : d(xvy) — 0}} g CF
FIRT (6.77) ARF B A ELGF R,
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e EEAL x#y, W d:=d(x,y) >0, T~ Byp(x) # Byps(y) 2%
x, .

e HE o AANE A BH xd A W d:dz,A) >0, F~R

Baja() | Baj2(a)

acA

wE oz A

e HEME AB. ME—F5 ac A #A d=d, =d(a,B) >0 1£1%F
By(z) 5 B =&, kR4, st be B, #A d=d, =d(b,A) >0 1%
F By(z) 5 A R, AF

U= U Bays(a) V= U Baya(a)

a€A acA

XAHFEATLZE, EWNELE 2 UNV, B d(z,a) < d/2,d(x,b) <
d/2, s¥EAN ac Abe B, 34 d(z,y) <d, FET/E.

~ @ 71 ~
S 7.0 R (7.4) R (7.5).

3t 7.2 &% Hausdorff 21 X, & f: X — X &%, Kie: AR

SIRR 7.3 KiE: 2V HARATEGFLIGI, R$BR T1,T2,T3,T4 N,

JRE 7.4 KiE: RRES LG RARILI (6.8 £ T1 2, 2RE T2

== ]
SIRR 7.5 KiE: BEAeANHER T1,T2,T3,T4 N3,

SIER 7.6 Kk ATRE LR HHAEIHE T1 N,
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I/ 7.7 (FieRihEE) £ X =N B KPT %%
B ={{2n—1,2n} | n € N}

A AL, AR h FBRINTIE . Kk
(1) FEF R E R 2A0R;
(2)X & T3, T4 =0,
(3)X A T1,T2 .

S8 7.8 (VIEHRINEE) £ X =R x [0,+00) £. # a=(a1,a2), TX

{z € X||lz —a| <} as > 0,7 < ag
B.(a) =
{z € X||(a1,r) —z| <r}U{a} ax=0
AT H.
[/ ) P
\ , \

Kl 7.2: UIE R4 E
N 5% &7
B ={B.(a)la = (a,a2) € X,a3 >0 B, r < a}
ABIE. KT X A B AR, RN BT .
KAE:
(1){0} x R B4 &F AR A BT XA 49,
(2)X & T1,T2,T3 .
(3)X A2 T4 =0,

(4)X x{0,1} ™& T1, T2, T4 =), faink=2 T3 =), &+ {0,1}
L Sy & F LB,
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K 7.3: YifEdhdhasial

SRR 7.9 (FBIRIMEE]) £ X =Rx[0,+00) £, i X = Rx (0, +00).
& a=(a,az), X

B.( {reX||lz—al<r}nXT az > 0,7 < as
r\Q) =
{reX||lzx—al<r}nXt)U{a} ax=0
AT H.
[/ \}
\ /
//—\\
[ |
K 7.4: EAR A
) % & 7%

B ={B.(a)la = (ar,a2) € X,a3 >0 B, r < as}

RiBAE. KT X 0B AR BAE, A REIRINEE . KiE:
(1){0} x R AL T 4 2 B 7 S 89,
(2)X & T1,T2 = 14].
(3)X TR T3 % 0.

SRR 7.10 £ X =R E, &
R #4977 &% = {(z,400) : x € R}



7.2 Iy ES APV

()X & T4 =i,
(2)X T& T1,T2,T3 = a].

SRR 711 AR AT HAA 1= 8 695 3
(1)X ={1,2,3},% ={2,{1},{2,3}, X };
(Q)X - {]"27 37 4:}7‘I == {®7 {]"2}7 {37 4}7X}}

SIRR 712 MR T1,T2, T3, T, %%, TEh XA B4 T

T1 T2 T3 T4

K 7.5: T1,T2,T3,T4 K% %

AR L@ 5] A e T

7.2 SELERMR

T ARG 73 B ERE T R ER 2 12 A AR 2 ) L.

il 7.8 X TF =,
(1) T1 ZWEeF=ELR T1 ZH.
(2) Hausdorff = B &35 = BiL & Hausdorff = .

(3) T3 = IMeyF 72 ML~ T3 M.

145
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Kl 7.6: T1,T2,T3,T4 K55 %

(4) Ty =R HF=ERLR T4 2.
MWERR R4 (6.21)(1)(2) 2 EARM, (3) FFEH (7.4) LLK (6.21) X AL

ZUH . (4) 2L (3), R (6.21) X P72 1) () 2 1) U
Rl 7.9 X TFRAR= I,

(1) T1 % AFART WER T1 5 0.
(2) Hausdorff 7= 18] 64 fAZ 8L & Hausdorff #9.
(3) T3 =y RART LA T3 = H.
ERR (1)(2) |WEEREIIPAD JARN 2= ADEH — AN EAF, REHH
(6.63). (3) FWEAH (7.4) X T3 KyzlHE, H4fE (6.63), T —J& T3
{X}, BRI (2)ier € [y X, B MABEIE T TTER A

v=[Ju. REHWRK U £ X,

iel

STXEEWREG U, WV, 5 ze Vi, CV, CU, FHFAEV, = U, 4
U'L' - Xia jzii

VZHVi VZHVZ‘QHUi:U

i€l i€l iel
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\J

K 7.7: T2 fafedk

K 7.8: T3 [t

VBT 7.10 M—AEAEA R (X}, RRAER X = [, X, #

o X & T1 RN — HA X, #A T1 ZH.
e X & T2 RN — HA X, A T2 EH.
o X & T8RN — HA X, A& T3 Z .
o X & T RH — HA X, #& T4 T,



148 FLE SEAEMTHAE
XARA X, BET X 69H T 2.
~ @ 7.2 ~
3@ 7.13 (Sorgenfrey FMH) £ R L, KT E &%
B = {[a,b) | a < b}

A RA AL, A Ry, AN LIRIRIN . KAk
(1) FF R R T &,
(2)R, & T1,T2,T3,T/ = 14.

Sorgenfrey Y- 4569 & AR T 8] R2.

(3) Kik: L ={(z,—x)|z € R} HFEANTEAAN .
(4) KiAE: Sorgenfrey & Tith & T4 N3,

SRR 7.14 S0 X = {1,2,3,4}, £ X

X &% = {2,{4},{2,4},{3,4},{2,3,4}, X}

- G

K 7.9: T4 S EAF B AL
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Kk ;

(1) ik L g L.

(2)X # R Tf N3,

(3) F20 {2,3,4) RiBR T A

S 7.15 AUISA S HHAH Gy HEEIHELAKXE.

7.3 FAIHLIE
[E]1Z, (6.54) 1 (6.49) XF4RIRIEF b 1 2 X
BN 711 (THAER) ededpil i X, AHAE T
Cl X PHAT—S#H £S5 THARA
C2 X ¥AZE%THIedA.

JUES A M E—RTHNIE, EZAHAE.
WA C1 N6 X MARA CL1 28] ; #HA C2 3 X A C2
Z3[E] & 522 (totally) AI4YES[E] .

ST 712 (AIH) Loededl =i X, &5 X A THGAETE, WA
X A4} (separable) .

FE— BT 2T PN, W] 23 FHORARER 58 4 v 29 4 ).

L 713 THRAEA T EE:
(1)C2=C1. (2) ZETH = TH.

WERR (1) #R%E (6.55) NEAR. (2) R BanfhEm & — DR ER
BT R, WAERITEIE AL, O

Bl 7.14 R &% = T4,
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HE AT RER A, A RIA 2 3 C1, W] R S n HO 5 e 1R —
AT AR IR OR O — RN ST T AW S T IR AT e
f, AT R B AR E R BT, .20 2% C1L 5T A
REAFEI C2 1.

SHTFE 7.15 AEEEAAS TR, BTy — C2
BEARRB, F—THARAA {By)(x) :n=1,2,...} A=A z #§—
AT HARB A
BAnSe & =0 X ATHMAETE Q, 4
F={Bi/n(q) : ¢ € Q,n € Lo}

A —ANEI A, BARRB, RMNIEAEE— 5 2, 5. ={U € 3,2 € U}
Mz B9ARIRAE RBARAE (6.55) Bri%.

RERMEE ¢ AR U, T8 E% MEIR U = Byjn(x), IR
q € Bijon(z)NQ, XA

d(x,q)<1/2n
x € By/2,(q) C Byjn(x) d(y,q) < 1/2n ( q): /

d(z,y) <1/n
¥ Bijon(q) € § RS

U —AN T A A B AN — DN E KA.
FIE 7.16 (Lindelof FIB) €2, T5=TY.

WERR Wi SRR X, ATEGRANE § WM SR A, B, B,
W5 T3(7.6), H

Va € A,3 a MARKU,,s.t.U,NB =9

APPELLE N Uy, 515 U, € §, NI {Ua} B2 018, AYEE M ey
{Ui},. FHE, A

Vb e B,3b A8V, s.t. V,NA=2
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AYrEIE gD Vi, M43V, € §, AT (V) EZTH, AP TN
Vi, fF

U,=U.-UJvi vi=v.-Ju
i=1 =1
BERT B AR (U] }e2, A {V/ Yoo, RIFEERR, MIFFEE
U/ — U UZ/ V/ — U ‘/}/
i=1 j=1
T 2
ACU’ BcCV’ Unv =9
FAEN & e Ul NV!,i < j,
reU=ecel; zeV/=>2¢lU

TE. O
Z IR H.

AN

7.10: Lindelsf & H

~ 3@ 73 ~

SRR 7.16 KiE: C1 =BT — 5 o, HA ALK (U2, #H- U,y C
U.



152 FLEm HEAHEAN A
SIRR 717 C2 ZRIKH —AARFE U, Kif: U £ E S THE.

SR 718 £A C2 = X, Kik: BT X XL P FEEHRATHTE
A0, BERAFEE {Ulicr, A 1 9THTE J 1213

Uvi=Uvy,

i€l JjeJ

S 7.19 KAE: C2 R X 694 &8 A AR T AL A — AT K46 4k

A

G

SIER 7.20 £ 54 R B P —/N 41,
{ UUV:URFTZER\Q®WFE, VCQ }

B T AL 3T = M dadl, A P4 A8 e 4169 35 2 ).
(1) KiE: A6 C1 BT 508,
(2) Kik: IR C2 8.
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SIER 7.21 Kk KT HHIeIGRTHERL C1 BH, KT 4.

SRR 7.22 Kik: BT RARIEI (6.8) OARTHERR C1 =), 122

T4
SRR 7.23 Kk KT AT HIE (6.9) WARTHERR C1 2], &R
T4

IR 7.24 KiE: FRAE (BRRLIALIS)R, AT 58 C1 AL RE
C2 = .

SRR 725 £ X =R L=

Fri%E = {(—00,a)| — 0 < a < +oo}

Kik: X & C2 &M, ZWF R AHKIBI, Kif: Rx X £ C1 &,
2R 5.

SRR 7.26 KiE: P —#E 20 RY & C1 =R w2 KT 4.

SR 7.27 &R0 C(la,b]) AT 5.

SIER 7.28 #AE C1, C2, THABE B 0X A, T HXFZ BT
BN L& 5 P e F .

7.4 THAERMER

R 7.17 AT AFF=M,



154 BhE B AT HA T

C1

metric

C2

separable

Kl 7.11: C1, C2, A3 MIZE MR R

Kl 7.12: C1, C2, A p MR E IR MR R
(1) C1 ZWET =LA C1 % 0.
(2) C2 =nm@F=EELA C2 =M.
(3) T 572 I 69 FFF 7% 1AL R 7T 4 89
UERR R¥E (6.21), 5. O
Rl 7.18 X T X TRAREM,

(1) C1 A ESTHRARER C1 ).
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(2) C2 M ESTHEMER C2 M.
(3) T %7 ] 69 7 IR FARIT AT 584

WERR (1) XT3 CL =) (X332, M AAE A 2 € X, A WIAR
g, WIRST ()32,

{ HUi: HIRK U; € Wiy, R u; = X, }
i=1

R PLH RIAIEX A TR, (2) KA (3) AT —FIm = lE { X},
BRI A TR T Q € Xy, A [T, Qi & vl BiA % 14k

KA (6.63). O
ER 7.19 ALATIE-F FLIG A 2 A G R T HAR— 2 RRZ C1 =1,
MR W X =T, Xo WA arBURBe. il X, P JUIt, Wl

T, € Xiys.t. x; MALEEE 206 2 4

W x = (2)ier, #9 C1 A8, AT AL L AT BLK o spdg— Ak
ARG /N BRI, AR U, € 8, A

v, =T[U9 cu.  REHRR L UD £ X,

i€l

BOXLEH IR @ HRIEEN 1, WATLAr S

I, B m € T\, o Loy 2555

icr | Vi 1=1m.

Xi; . ’
V:H{ EI X A X A
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AE U AR, 7. A

|| = <N

Jr

neN

5 I ATH0r .

~ @ T4 ~

SRR 7.29 AR IS, A5 T o 6T F B KL T 4

SRR 7.30 ARBEAT RNV & C2 =R, 427208 R AR C2 =], XA

EXAE?



FINE  FhiMERR

AT G E B SR A .

8.1 ZHM

EX 8.1 (BE, TEE) izl X, ACX. €¢C2¥ &% AC
Uvee U, # € B A £ X 8 FZE (covering) .
HHH, & CHRRARTE, MAR ¢ A FEE. £ |¢ < oo, MAR
¢ A BIREBE. ki, AEBE, THES FmosaRT L.
EFCCMAR ANEE, WA F A €8 FESE (subcovering) .

EX 8.2 (BH) Caipdt = X, ACX, % A& X PHEANTEE
HMAARTEE, WA AL ZBH (compact) . FEHAHG, T —%F
% ¢,

Ac|JU = 3,....U,e€st. ACUU...UU,

vec

5l 8.3 A =ZH R ¥, ACR" REHH — A XARMNE.

Bl 8.4 fAEfTiEA 2, KRR B, HRANE G T =0
BB,

il 8.5 CA i El X, ACX. W ARBBENASLEFMHER A
A X TR R,

157



158 FINE IR

MERR B W {U;NAlier & ATE A PEITE R, W {U}icr & ATE
X s, W {U e, & AE X PIARFERS, W {U, N A,
& ASE A FRIAIR A .

M W A{Uibier & AAE X FRIT B, W {U; N A}ier & A FE
AFERS, WU Ay 2 A ATRERTFERS W {U,
& ALE X PRARTERS. O

RIS AT A, EBURE ST IS “AERIR I A0 N7, B TR R
Ray.

el 8.6 (M MWHXBEEEIE) T#i5H X, X RERGAES L&
SR EFRE,R T H A RER

VE,....,F,, FiN..NEF,#@

MARZIE Npos F £ 2.

WERR A Gk A, v DLE BN E PHEE R Rl k. X 2'BE
1, B § e A RAS ), N

ﬂF:@ = LJF:X

Feg Fes
JREWM {F°: F e 3§} e X MITE R, TRAARTES {FFlL,, X
P, § §
Ur=x = |Jr=2
=1 =1
EHETAHRER. k2, B8 X MBS ¢, HFLARTFES, BEM ¢
FEATAH IR TR ICEE S X, B

VUL, ..., U, €€, Om#Xiﬁ ﬁw¢@
=1

i=1

W2 UL {U°: U € ¢} 2 2 A A AR, %1,
Ui#2 = ([JU#X

Uece Uec
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PR JE. O
BRIt Ah, EEERIE R — L B

Rl 8.7 ©4» Hausdorff =18 X,
(1) ACX 5%, ¢ A, N

Iz 8RBT, A W4ARBYV,s.t. UNV =g
(2) ABCX ¥%, AnB=g, I

3 A WARU, B W4RYV,s.t. UNV =g

HUERA (1) o8 Hausdorff, #k

Va € A, 3z WU, a A8V, s.t. V,NU, =2
NG Gq N Uy, Vo, RIFERI. 1XFE {V, :a € A} 72 A WIER, NITA T
‘i {Vo, by, X

U=V, V=JVa
=1 i=1
SRS x A TTEE, ISR — 25
(2) K5, RE (1),
VYa € A,3 B BIARRU,, o WAV, s.t. V,NU, =2
RGN U,, V, NIFARIR. XKE {V, :a € A} & A KIJFE S, WA T
Bt {Vo, by, XA

=1 i=1

Al B A A FIITSE, AIMEE —2KAiE. O

e, NAERR], ESEI LRSI CAB Hrh, KRR
L — AN A, AN 7 2 R B e 1A (R G P X (8]
I BRI X AL ).
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8.1: Hausdorff FI'Z5 14

STt 8.8 (BEBEREM) AMALAEHMEKET, UEF R HTAR
By, Ak, KRMNZLBHHE R, FI632 0 X 2 BE (locally)
B 49, o RALAT— SA A B RO

SNFE 8.9 (FULME) AAMVT R HBAA R AFEH LT Rl £
BEEEN X P, ACX, % A AT FFIEA AT 5], WA A 2T
B0y, EERKF IR A Py E, MR AR BIE 6. KAEH
MTEEERFNE = BH.

SIEA R B = PR, A TEAFD {o)2,, FRATIKK, L&
REEAT— 5 x € X, A e, 813 {2;} RAARAEN B, (z). 24
{B,(2)} BWARFEE, A A ARG TEE, Kin x; AAARAFE.

FEPE = BB, M TEMFEE U, T L

0: X —R x —> sup d(z, U°)
Ueu

A dAESN, TERIE § SLRAELEL, SNREFERESH EMEKF
DA FEIFE] 6 LBUFRAME (. BA U RAE, K& 5 BiEw )
B 0>0 FTUHAW, HT 0<e<l, EM e X, LREAEU YU, &
& Be(z) CU. #M 3T, AERARA © 45 B(z) BET X, TN, 7T
APk —F) {x,}2,, EFRAZAES > e, X 57 EF G, &AL
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©4h7E 8.10 (Hausdorff) =1L % &M o952 L (6.72). £ 7&K EE
X b, P EMA I E. F ABAX HWTEAR, T §>0, &AM
# B R A #6-F (net), 4o %

| Bs(h)=A ie VacAIbeB,st.dab) <o

beB
Hausdorff 9% 2 22T, T&AZZH X ¥, ACX 3% < V§>
0, A #A LR RE 5-F.

—FAE, BEEA S RHE AN 5-F, AN AR AR AP ik — 7

{x;}2, CA EEFAAIBEH > 5, LEINEFAE. RZ, T 57
{2;}2, C A, &AVRI I REEN

o W {wi}2) = {721},

o MAME 1A Ny, {2}, HBAERRRAEREN N, 69R R yo 5BH
< g, FEREFERTF I {22,352, C {2,

o MATRAY 2-M Ny, {wg}32, HAELIRIAESR LA Ny 89R R ys 5B

o VAL R AR T AT E)

o RMBEZE-AFTINHFEF-ANRAMGTI, AT HEMSF, B4

{z1:} D {zoi} D {zsi} 2 ... 2 {zi}
B

2
Vk > Ovvman > k? d(xmlﬁxnk) S d(mmk7yk) + d(xnlmyk) < E
FFAH, I 1y BRI, d( T, Tn) < %, I {x;} & Cauchy 3, A
sk, XA RAMHRE]T {2} ST .
HEHMT, 6-F#HL § M §Z.



162 FINE R
~ SR 8.1 ~

SR 8.1 AT a4l m i X, A ded A B, KiE: X REEG, HHMRY
W B ARNTREENAARTEE.

SRR 8.2 M Tiedl =l X, ik X ARHAMNL AL E— & v AL

[B]8R 8.3 WIT S ALG6.27, iR Z 69BN A K B8y,

[OER 8.4 T A EREM X, A RF|%H — A RAEW.
SIBR 8.5 A F T3 =M X, ACX REHM, Kik: A L2 ZHM.

ZJ@ 2 8.6 (Ascoli 5|38) WILELHKIF (6.78). FHREZM X £
&0, T FCE(X), Kik: F RP|%69, S HRE —BARLFEES
ECl

{3M>0,vfeF Ifl < M —BA R

=
U
5

Ve>0,36>0VfeF,z,yeX d($7y) < ) = |f(.fL') _ f(y)| <€ %Ezééﬁ
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8.2 ZXEMAYMR
SR, BEMEA B B, B R B IXTE] N ) — AN X ).
R 811 B H R X, ACX, % ARAE, W AZLRHN.

IERR & A 1E X AN {Uitier, W {Ui}ier U {A°} TIRRITE 5,
BEJE X HYSREEAIE. O

Rl 8.12 ©4» Hausdorff =W X, AC X, % A RE &, N A R}
%

IERR RAE (8.7) ik, Ac RITEE. O

HEiL 8.13 4R 84 Hausdorff ®1M X, AC X, M A REHEHW < A
A 6.

HEIL 8.14 H—/ANE A Hausdorff =AARL T4 = 1.



164 FINE R

Rl 8.15 R E S 10 /£ & Sk 4 T 6948 4L B B
HEL 8.16 R R T M H 2 G K.

HiL 8.17 (RETIE) TR &= X, #4548 f: X - R. 1 f(X)
R, f AR ER KR IMA.

IERR PN R R ESER A L. O
fiJr e e A A). TR A 7 2 Bk FE A B, A TRA BRIG 701
AbE.

5132 8.18 (E3IIB) CAieit=l XY, ACX B, ycV, N
VAx{yo} 894B W 3 A BB U, x A% V,s.t. UxV W
WERR WHEAT x € A, (x,y0) € A x {yo}, HABI
(z,90) €U, x V, CW U, #& x 4838, V, =& yo HIARIK

W A{U, Yoea FIRK A BV E S, WHIRTE R {Us, )y,

AEE ARy FIJTE, HU XV CW. O
PRONE 51 PR RO 0 N LA B, 250 .

Rl 8.19 ¥ BUE M A9 A FRALE ) R K BAY.

WEER R ZIEH IS OLRI T, W X x YV e dmdifiiik. % X x Y
&R U, BN
VeY, X x{yl =X

U M X x {y}, MOARTES U, &

Wy, = U U2 X x{y}

Uesl,
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K 8.2: Ey|#

A5,
3y ARV, s.t. X xV, CW,

T {V,}yey R Y WTFES, RHIRTES (V, )0, W

W=,
i=1
145 ) . §
Uv=U Juv=JwioJxxV, =xxY
Uesl i=1UE,, i=1 i=1
KR T X x Y AR O

T T FATT R VR UE AT R SR A [ R R

5138 8.20 N F ARG H TR GTH X, WL HARKLAMRTEEFEEZ
4.
BPURARRTEE BT U ¢ {UTUUAAARTEE.

JERR  FIA Zorn 5|H. EE
Y={u: U X WIER mMIEARTER)
BOHBAE Y # o, HATT—2%8 {U;}icr, #0A L5

=4

i€l
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RN, # U BAARTER Uy,...,U,, XEFEDREIEES RN
U 2, PR IR BRAS o 2R RE Yo, W Uy,... U, € to, BERY
Up,...,U, §ie—1 U MAERTER. MR Zom 513, ¥ FEMRK
JG, BN U, W BT U ¢ U, {U} U Y #HH R FE 5. O

5|32 8.21 (Alexander FEER) x T4 = M X, L i6iF 4 B,
N X REH, SHRLE B ARNTFEEHRAARTEE.

MERR MR AR,

A TENTEEA (8.20), #5 X ANEE, WAAAEN K TCAH IR¥78 55 178
o BAEE, BNU AgESR X. BOVEERS T X, WRERE, 66
P78 a5, Xt U 8RS, T,

MITAE © € X A BNU Eis, BN U 2ER%, B ZHIhrH, v
w

reBN...NB, CU Bi,....,B,eB Ucl
M T84 B;, B UM #E AR T E MG, HXEFEGRLRS B, WX
THEBZAN{Bu,. ROEE, U WERTE (U U W, —TES.
BSp
r¢U = A MEEDSB T = o Ei
zeU, ME&H U B, WATHIFERS 7 o KA R &S, AmAT U

HIE BT . O
EIE 8.22 (Tychonoff ) * T —k B & =M {X,}icr, A Z
X =[x

iel
AR B,

HUERR  AR#E Alexander FH:EH (8.21), R EEUE TR B E. itz
Ui A E S IE

Xi i#j
1T 7 jELU & X; hitsE
ier (U 1=
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HE M EGER AR FES. TN ED U, 2P ERE L
05 32K, ik

U= | R Y FRRE j L
Jel
ERE], AR TCRAE A
s B TEADS X = W EBHETED X,

AW S, JA j e T 178 o, B 7oA X, B0RE, HUR X, IS0,
REFMAVEIE. B0, AHEA j € I, 171 2; € X, AW o, B, T
() er AoME A B3, 5T IE. 0

~ @1 8.2 ~

S 8.7 k¥l M F—pEEEE (X}, KiE X =[[7, X; AFR
BT AR 6. W RARBAN T eI S Ag 002, S HA 4, HpER K
8.

SRR 8.8 P K A ek S AT T #9183 K6y,

SRR 8.9 EIIC (8.8), Kik: Haussdorff 49530 % B =2 1] X H % B AGAR R
.

SRR 8.10 Csmdsdl =M XY, X R, Y Hausdorff, i %69 4+ f -
XV, Kik: f ARME. FARBLATAE [0,1] 2 [0,1] x [0,1] 49:E%
5.

iB]7 8.11 (Baire NEIR) 4 X & Hausdorff ¥ =18, & {F,}>2, i#%
R (F,)° =2, N
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718 8.12 T4 R H Hausdorff =1 X, X 89464 R~ & HAdedl. K
HE: | X| > e

TTIRATI
EX 8.23 ((EEM) CHieilt=l X, k2T5H A B, #
X=AUB = ANB#2 3%ANB#9
MAR X 2 ZE#@RY (connected) .

DL CRARR BE R X IR )&, AiTma s (2 1>
#6.5) LKA

R 8.24 C4mipitE A X, T4 AEFMH:
(1) X #:&.

(2) X TR MAANEE TR R
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(3) X T Ren M AAAE = N 2.
(4) X BT XN THRRA o 4 X &%,

R A HIE (2) <= (3) <= (4).
(2)=(1). & X WA AR ESAZLHERNIF X = AuB,

ANB=ANB=0o ANB=ANB=o

MNTTAS A& S8 ).
(D)=(2), (3), (4). kz, HAEM, WIEESH X = Au B, H
A, B 47, 1118
ANB=@2 ANB=02

KM A = (B) = (B°)° = A°, ¥ A AIEE, B AWML, FFEATE B N
THEE, A PSR, XRE (2), (3), (4) AHH L. O

B, E—MEBEN, MBS LB N EE R RS,
N ) KWL IR ZFERIHIT, HOE K RRITHER. B IE RAEEAT N #A
KR, ARG B e, W5 KRR . !

K] 8.3: # K

HIEWE, —BA K, BANE KGR — DG K, HIX AR
MEBAEXAN RS, REHEH IR — kst e, UL < BRZ K, alLL
BRI e A R AR

P SUR— A AR, e A P B R R R
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i 8.25 £%%# R £, ACR Ri£ifi#) «— A ZKXH,

il 8.26 *ALATIEA T i8] X, AT B4R EE Y.

W 8.27 Lheipdl Rl X, —kE@ T 2N {U)ics, %
Vi,jel, UNU;#@

W J,e, Ui 58

MERR AR — BRI X = U, Ui B Y C X BIJFSCH], Y N U;
£ U; PRETSCH, R YE U, riEm

YNU, =@ o YNU,=U;, ie U CY

HPE AR SO RS {Usier 2BAIE {Us}ier, . {U;}jer,- 739
M 53 I — AT R U, Uy, W

FIE. NI AUn ner s {Un}mer, FOA—HRENEE, TR Y = 0 8X.
]

TR A i e ] L (R R 51 R AN IR AR A R S R, IHOFETE, X2
(e FE i)

HEIL 8.28 Cimdsdl ] X, —AEBF M A —HEBGF TN
{Ui}i617

VieLUuNA# @
W AU (U, Us) #38.

JERR  MR4E (8.27), BHWIE {AU U} B— AN R ERER, FRE (8.27),
Ui (ANT;) IETE. O

RN 8.29 Cnipit =l X, FX ACY CA, N A #i8 =Y &il. 47
Hu, A EBN A EiE
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MR A Y AR XHMAET 75 Z, W Z N A fE A ThEEFF S, ARYE
A W@,
ZNA=0 HACZ

KA Z RAETE A 2 PITFEARTTREI L ZNA = o W0, W A C Z.
R (6.21), MTTTE Y P HEA 75

Y=ANYCZCY
HwzZ=Y. O

EX 8.30 (FENY) CLadeilt=lh X, Hi8% AC X, Fx THAMME
iBE B HA
ACB < A=1B

AR A £ X 89—A~E#5 X (connected component) .
Bl A2 X fgfoREE 4. HARYE (8.29), 7 SZ R 2SR

R 8.31 Cariedtw ] X, X AN EBFEAROL A AE—W—I &
@y L.

MERR WTHE AEFT={FCX|Fi&#,FNA+#0g2}, B
y=JF
Feg
B LR AR (8.27) %0 Y 2@, 25 5k H 2. O

HiL 8.32 —ANBAR A X T AE RiEiB oy X H

©NFE 8.33 (EEEE) — MR TR MAREREAE. T e
AEE X, — 5B (path) #8892 [0,1] —» X &9 ug. fArE i
p:[0,1] - X ##T z,ye X, A4 p(0)=z,p(1)=y. & X FHEEA
SAR E AR, WA X R ERER 6
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R EBLATAREEE, BA, BR—& o, AL y 45 = &
FEE A ARE ) W IE FE 090 R (8.27) 89 54,

BHFE], (8.27) MARER, RAEER FiE b4 R4 EABE, T
AL R — 5 #0908 95, BARKRBL, % p,q AFAKEHR, B p(1) = ¢(0), 1)

p(2t) 0<t<1/2

gp:[0,1] — X t—
g2t —1) 1/2<t<1

A — 555 (Bl ARAEAELEF| 3L, JA6.17).

Kl 8.4: JE B
ALRIAE, S EESSERY T AERETAAEARAFMNXZ
T~y = x,y X0 EIEAE

L. FBoh, BAERER = &8, fHEANRBH LA — LB EBYH
X 89 R

~ @ 83 ~

Bl 8.13 (FRIMFERMIETLHILZ) T @ 6915 F 3L 9 i 38 K oL & 18 54 % 8
#. & X=RxR Lk, #EF%

1
A= {(x,y):y:sin,x>0}
x
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KAE:
(1)A b 34 B Y.
(2) £ A.
(3) KiE: A RAREEIEDH.

7R E 8.14 Camipdtm i X, —kEAMYTEN {Utier, £ 1 £ZX

¥~ oMb aREER, KiE: U, U #i.

EISE 8.15 # FEKAZH Rh 4974, Hil o W HEE,

8.4 TEIEMAYMR
R 8.34 %A T WM £ EL AT a9 % biEd.
HED 8.35 il a4 TR 2 M) Likid

#iL 8.36 (MEEIE) k@ =R X, #44% f: X - R #
z,y € X 17 f(z) < fly), A fBR& f(x), f(y) ZEPA FHEAEL BP
HE f(r)<a< fly), BHEELE z€ X 7 a= f(2).

IERR By R AYEE A XA O
K e ).



174 FINE R
fPER 8.37 FEiA T A A TRAR L 2 EIE Y.

IERR AR EIERI AR ORI AT, 5 X x Vil 2 iR i, W TR

{X x{y}ly e YU {{z} xV}

SR (8.28) MILEAIE, v ARIIE. 0
s BT

K 8.5: I 8] A FRAR

fE0 8.38 il A 4Y AR AR R EiR 4y,

R WX =1, Xo WA RS, AT = (2:)icr, W

5= v v Xi AR
: T ey, st

iel
WAL (8.27) MERIK. MR Uy = Upes, F ZAEBMN. F5KIE
X, i afHIE. 0

~ S 84 ~
SIRR 8.16 KiE: if #8558 o7 1) /2 i L e A T 6945 4uiE 58 aEGE .

SIER 8.17 KAE: i P& EIRF I 94 ZRARAE R IE 8 iEE Y.
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io]7 8.18 (Darboux EIE) * T [a,b] — R 8T FHKEf, iE8A, f &
A MMEME .

v

K| 8.6: Darboux EFH

Bl 8.19 T @&y P A&, & & FT A B A A 69k RO 2 AN B 08 5
K7 EERATG RN, BARALA LG & B A2 4R T fe N LA A
M. FEIJAE.29% LA K f, £ X

0 r = f(x)
g(x)—{
f@) z# f(x)

KAk g(z) RIBEFMMENE, 12 g(z) —z W AREFAMEME.

*la,b] LTSRS, 0L £ £ o HASE, 76 b HAFH



Eic

AR H E TN AR RO EA RS, DUEEE R H 45—
I S R R SR . S AN B AE T i R A AL IIE 5.
[FFE, BT R, RATRNA T 5o AR RS, X PR B B IR $h
SR TURI T A A A . A RIRA TR RN R E T S
7 [46] B [36]. HIE R mASMANE L AR B, A T RN
5 THI THT 0% R, AN I S22 /N0, FEIX AR S Hh AR (1) 2 A3, S5 A )
& GTM %% (Graduate Text of Mathematics, 3% B L AE = 2b) A
4.

AN, AN v, T 2 0 R IE A 9 R I S R, B LAER
1K e 9] = BETHCB AT 21, G ik, AKX 7 GBI AT LS5 [52).

DA 2240 2% H PP

1E §6.1, IATRI A AL T T4, HEE T AR AES
TR R &, AE > dl6.245 H 7 W] F B A FE RE R4, X2
H Kuratowski B /6 &I, BLI 2 #6.345 1 anfel ] @B A 328 Sk e X
b, FEHIGE 21 6.2510 0 41 T T SRS A A B OkE . X, 5
FLUA AN BT SCHY, RIS U 0 2 a0 15 5 R — 2

TR LM U RAL AL L EE L R

SEBR B AT ASS E HSR E SR NS IR, BRI A E S [9], AR A EE P65
§2.3, LA P73 §2.4.
> /6. 581 3 6.6 43 A T I A SR NS, > 86888 T 584

176
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LS, I SEETHSGMES. XBAERE A2 U, XA 50 BLH
bR E SRV P AE LT, X S & AE 2 A A A 2 KR I A, B “9IaE
FUA RIS R B AT PRI SE AN, (HIRA T B AN 2k T

SREIHEIE T T AR AR T 08 S, OB 3RATTT A SO
oM 2R ARG F, S0 2 B350 & ) i13.6, Z W, [36]
Chapter2 2 [3]. 1R Z HB# R T WA EF 28—, fildn [22]P125
§4.3 KL T, [19] §1.6, 1.7 KL T IE T

>Ji6.1092 2 T Dirichlet 155 4 & B, iX 2 A9 %8 JF B R, 2 4L
i Diophantus &I HONHIERIFERE. b b, XMl AT DUEAS 58 D
¥, Hurwitz EIE 8, XLHE o, KIEAFELH N5 p/q € Q 1§
& ,
p
xr — q‘ < \/ng
HIXHR 6 a4 2 #AREH SO T, 2 0 [13] P241 §10.4 BAK [55]
P46 Problem1. SEFr bk ] DUUE BRI G ER AL ~, ny BI/NEGH 40 AMUAE
[0,1] EAi%, HEZ R —H 2% (equidistributed) 1), S AR 714
& Fourier 43#7, 2 I, [54] P106 §4.2 5§ [39] P11 §3.

I AT T #hEESIER , RS ERBELE I A DL e R B
IR R RS, X W] DA SRAIE WY P 2% T8 B R P IE 2 B %, 200 (8.33).

262304 T — AN SRR ZE R R, X2 EE M [20] P5 Exam-
ple 1.3 EFEFIN. SLbr b, B —AXE EROREHNRBEHRE,
W, [47].

619N HRIES W TUEH B (sunrise) 538, 285 gk S HE(R
KTt B, X & Riesz UE M, KL HEFR N Riesz 5|38, &
W, [56] P87 §3.3 B [55] P121 Lemma 3.5.

X624/ 48 7 VAN (harmonic) R E AT FBLE RN R 5, I AR R A
i 5 75 FE I — A BB AR R R R B A 0K 5 T 25 R,
[24]P64 §2.5 5L [53]P92, P102.

15 (6.48), WATNH T 55¥RFD . XA )T 1335 B2 R /0 R R 55 4
#~, Z W [51] P60 §3.8.
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S1R6.29 41 1 RAR A (B SZ MR, X2 U g8 o ISR, R
[F) B R AL 35 I AE A [F] i e s v, B4 Ak e BE e 4 ] R A<
(8], BB — < S “Cartesius FR7—“TFIZS 0], 5k & i, et
TIAE “Phh 2 E I Cartesius F17

1 #6.279 4R T Furstenberg 18 i £ 4 ¥ #MIE B =K E0E 55 R & X
=, Z 0, [23].

fE (6.67) BAINAET Q EWyp HEE . Lbr b p HFEEIE X —
XA, % 4K Ostrowski B R Q ERIZXMERR 7 M R k7K
RIVAEIE, FUARH p HAE T .

WA (6.72) & X T 5e&M, £286.33%5 T TEU LR 5%
FARZ B, B Q MimbATE &S T R, X2 iE S5 —
PO, 28R, TEIRA 8T, Cauchy 517 BLE LR

1
Vk € Z~o,3AN € Z~o,Yn,m > N, d(z,,x,,) < %

BRULZ Ak, iRt Q LA p HEIRME, 58 &b 5133 p #H#EH Q,, X2
REFCL A WA R R, 20 [45]Chapter?, 5 [14] H 1.

MSELe M2 18] (6.69) A FIFRZSE] (6.70) A& IEH #2817 2 25 2 8] 1) 451
T H A e S IR U 2R 1 2 (B 4 AR 4 Banach ZS[8], 58 % K PR 23 [ AR
Ny Hilbert ZS[8], iX /N7 8] T3 212 B A AT B SR A0 R, 2 0 [21].

1 (6.78) HEIM ELRBOIR . EREBLR €(X) & — Ak,
DUZESE bR B0 A T RS 8 E L, 2 0 (10.10). X240, AL, L
] 1) B ELAFF ST R

> 6.35 40 T EGERRIRIR IR, X R BCHHEAR TS U E R —.
LM AT LA I [7] 55 =% P186 & HE 5 5% [1] 25— §1.

> 116.3642 2 () Weierstrass #I| 3l 5% S FH (1) UE B 38 725 Bl A S8 R R
BIRER, 22 W, [22] P152. A] DU e 38 3 ) W 56 46 P2 14 i) &, 51l 40 [55]
P70.

2637 T e A% B S A A Baire 48 (category) EIE,
8112 BB 1Y) Hausdorff 2 (A IMA. 2 W, [51] P42 §2.2. HEZ A2
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PR AT R AR T DA S [1]§2.3. 21 /806.38, ) /816.39 LA K 2] 6. 40#0 &
(T Sz . B 2 b, el I AN F BRI ST S04, 2 0 [48)].
) 6. 3R R R AR K51, BN AT DA ORI 21 € R, £

fla) =1 f221) =0 f(321) =0
PRI A E S 0 € R, EZIHE 20 > 3, X
flae) =1 f(222) =0 f(3w2) =0
CAUESSHE, — D) 5E i R A s R BT AT 0 0. 3RAAS B — A i 1 1 51

x, — oo, 2 f(x,) =1.

2] 6. 38 AN REA 25 AT lim f(nz) =0 Bk Jim. f(nx) = 0. XAHIF
RAER, B ap =1 — L FEKI [+ 1] B SL £ RFE [mon + ap_i] U
n+ ani1,n+ 1] EA 0, n+a, &8 1, HIAMIE DML ZES R AL, X,
KHEE K 2, n 7855 KEF, na 1654 0, HAZRA R 0.

IERL /IE == (8] i e S (7.1) & 7 MRS R AR F], BRI — /> 25 Al
REA Hausdorft P, X AN 75 [A] 14 it 22 21 3 CLA 7T, B DLIE &5 #R 2 (e
Hausdorff 1. {HIRATE R T 583544 R W, HOAEE TR/ 18 D) =2 18] 2
Tl.

ST, 21878, S RT.9, ST 102K T o B — 2 i ], A 5E K
SITA2RAG I B 7. AHELZ T, N T SE R ) AT 28 R A W 25 5 —
gb SRR DI [52]P15 BAK P23 $RE, Bk [3], [8]. oA )T QAR
{£ Moore FH . X #7.13/48) Sorgenfrey i N & 5N H 4 — L1
J .

SR AR L) S e A 3 AR 2R, BT DR DL T HoAh STk, Asad
REFH—A T4 R E T1 B E 4, 20 [46)§32.

SIRRTARN4H T Lindelof BEEEIR , XX 3 /3. 1210 . sL2br L,
BAVER AIFR— 2800 X J2 Lindelof (), W5 Xt R0 7178 o5 e #h A
CEieR: -t

KT TR Tk (7.19) BUER 2 1ER B CAR R, (H 21X AMIE
N B R B, I BE SR AR BH 4RO AR PR R AR [F] 1, 2 00 20 5. 18.
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£ (8.9) AN T FUKME, BIRFHI S ML S mT DLEEAE T $h 0
8] g X, (R IR AR #E B 25 (8] Eihie A A & L, Al sibr BB = FIER
SRR C1 28 (a1 por, I S1 8716, Bk T F 3 53R R 4 eE A 1R
Z a5, (BB AT A&, WX TERESN, FAE T (6.71),
TR IA ZEGER. BB WSS, o & WA E
F RS, FIXPE S A 2581, 20 2] 8i13.50L e 2] #13.6.

(8.9) MEWIH) € #Fr N Lebesgue ¥ .

(8.10) M"4H T Hausdorff M & @, WARXALAT § > 0, #AH 0-M,
WRXFERIVER R A BN EEB R, BARTE[AERE RN, Ao,
LGP EAR I X 0 R R 1 A 23X A A

>]8.6 T 4111 Ascoli 538 AE5r#r b0 EE, W A] LA 5848 2%
B0 1) B 4 B 200 (R.10) SRR FH, A2 B Ia il O f1 k. BRI Z 4b, Ascoli
S E AT DLAREEHE T, 200 [46]§47.

Alexander FEEIE (3.21) WAL — T i) e, X
8. IR, (HEMEFE 2058 AN

Tychonoff EIE (8.22) i 7] LLHI 5 A 77 iR UE B, 5 40 dn 352 A1 TE
JET IR, KR A BBIEF 45 A A T A B UE . Tychonoff &
HERT DAL ST 8. T HE), RN IE I 507 B2 i B R A
. BRIk A, BATZ AR F)E, Tychonoff 5& FE AL A B M, 2
JUE st gt A2 G

2812045 R B [32]P31(4.26).

>)i#8.10% W] Hausdorff B ETTEHZMARE T, BATEL —
LR F2 M Hausdorff 1%, FFEFH DA Hausdorff 1, BN EE/D— LR
S EEE, X R T Hausdorff BEHCEEFINITE. [FIR, XL E T AU
ff) Peano Bh%k HIfF1E.

REEIR (8.17) M EEIE (8.36) 43l 2 1% 52 bR BU7E 11 IX 7] b4
FRVRIHET, BT CAAS ST b, B P AT B P 2 S SO N I M 1 S e, 3 2
X PIAN P M5 2 B A B R P Mo

SIS 15U B T R 2 ] o (%) JF £ 3 5 32 0 ROl 2 SR 1Y), LI B
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JIHERIE I, RIS “RIJF A SRS Skbe b, 2/06.24 41 1 I
AR AR e KA TR B 22 T 1) 7 I8 I, TT DR A AR A s U SRS
K, UEHIBEIF SCH. FEAL GEII M 2 v, MO B2 1034 i 1 B 22 MR ) T8
I AV, AT DR OB A, FE A IE B R R AR
JIE B% T i, A SR EOEAS 2 BRANIT 5., 9 4 A0 R 280X B AT DA
WG 2 VR A 15 21T B 0 A i R B AL P A AR 2 0 kL o
B FRAUT BRI, Sebr BIXPIR 552 S0 .

K 8.7: ARGL o ey A T i 1

>1#8.1841 44 | Darboux FEEIR , XRHEANEHERREIRZ,
A DAANEESE, 288 1900 2% B BA /(A VE I s B R 22, Syt IX A ) j
B[ %2 Conway 13 BR#, Kb b, FEARA]— AN X (8] b Bk S8 i) o8 40
HIRZ, Z W [47]. MMEVEH RN Darboux 1, [20]Chapter 1 AR £ K
wF, B anAEAT ek 28 /2 Darboux BRELSI1IE s SN IR, AT AT ok 20T /2
A~ Darboux A% A1,
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Il

=
~7F

PRI RSB B TT. B SOR UL, AR nskafe 55

MARBCA B R & SR, BRI T R TT e, 2 J5 1887
FBE BT L. JFH, AR H — B st A, A #ig %
AR, A RL HEER A 808, 5346, BRET DU BON FRiE, X0
T2 AR IR ZI AR .

ARE 73 3400 ) B, R 23 SRR FARCR, S (R A 1 1
RO SN S NEARE T . B, AR SR IR 3
BRI ECAARTIRN I 73 3.

ASHR Gy (0 H B FIAE R AE T RRAUREE S R R4, RO AEE R
AR, ANndnfidedt, IR RE, AR GRS 4. ATRANHE N
KRS, 2 T AEIE S .

R IL=F, AR, BRI A, BRI
M —FF, R TEH, BEH, [RZS, SRAREEH; BRI Ah X RF R X 7R
RERIE S, e —WIE 2 PN H—TRIER. BB E RN, FFE
ST AR, A, A, RARGEH; BRILZ AN KR 2 A
HIE; Bn W RN G IR B EmRENA A, RERAA T,
FATxH IR e 120 (1 4.
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BNE BHOERRZ

ARFERSHN IS, BRI EEAIE, f)5 o A2
PRI AR AR .

9.1 FFRVE XA

5147, 353 P — ooz B E L (2.29).

EX 9.1 (Bf) ok fd G G L3AA_TEH - ARyt
(G,), HE

Grpl Va,b,ce G,(a-b)-c=a-(b-c). (4E6HE)
Grp2 dec G,Vae G,a-e=¢e-a=a; (G T)
Grp3 Va € G,3a Y,s.t.a ' a=a-a" ! =e. (B AEET)

AR (G, ) A 8 (group). K+ e #ARN G 8 BALTT (unit, identity),
a”l BARA a 8§ HTT (inverse) . R MEH, KM 2y HELA 2y,
HEIT e=1. FIF, HOEH L S HEBARRD M.

EX 9.2 (5, A¥8F) 25, £ (G,) RHL (Grp1), M (G,-)
) # 8% (semigroup), & (G,-) R#HE (Grpl) #= (Grp2), WA (G,-)
A AHBE X 448 (monoid) .

EX 9.3 (Abel Bf) %33, %2 (G,-) LHL

185
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Ab Va,be G,a-b=b-a. (K%t )

A (G,-) 7 Abel B (abelian group) & 3Z#: (commutative) & .

BT DB 5 Ak, R AL, B A kAR AR, s
BATEAZ AN 0 FRA G 9 FEL, At x WEALHA —x FA G W AT,
52358, 4o R AT 3%IAF R ERAA TIERE.

NTIIERS, TN ab = a - b; FEASHERRERE O T BEEK G
ONRE, SFRE, LR, R Abel B, JFERUONNIRIE -, AT 1.

e ,n =0,

aa...a ,n >0, .
S4h, R THRIE, 8 an = v FEE

ata™l.a7t n<0

—_————

BER, WEA na.
AR 9.4 P09 R 45 TAnAE /N T AR A E— Y.

WEER W G, HEWABALTG, WZ N e, 1, WIZHBE XH e = el =1,
ML TG REME— . EHXNT o€ G BAWANYIC v, 2, W 2 = (yx)z =
y(xz) =y, M. O

R 9.5 £ TP oy A A 4o TR
(1) 11 =1.

(2) (a) ! =a.

(3) (ab)~! =b"la"L.

IERR SEAREIT (2.19). O
TR LT

5l 9.6 (F/LEE) R —ANESRA—ATFE {1}, AAR 1-1=1, sbit
BARM R —ANEE, XA BAMARA LB, RS EAAZELA L.



9.1 FERIE SUFI¥ 187
5 9.7 £ X T #ABTFETF,
1. (Z,+) "k Abel ##, EAA 0, a R ALTA —a.

2. BI#, (Q,+), (R,+), (C,+) #AxRAuik Abel B, BEAAA 0, a 89 R
AR —a.

3. Q*=Q\ {0} *-L@REMER Abel ##, FA2AAH 1, a WETA 1/a.

4' ]’é])f'%’.’ R* = R\ {0}7 (C* = (C \ {0}; (Q>07 '); (R>0) ) %BX‘]’%‘,—:@%&%
e Abel B, BAZTHRA 1, a B9ELHA 1/a.

5] 9.8 (RIKAK) HEARHEEK m, £ 7Z LTUARLEFNKXFZ
r=y <= mlr—y

RHME T AR Z) =, KA m e BAE. T ENSH
£ 7, BHBIE,

Ty =7y T+y:=x+y
RRBRLMEHE.
1. B m R L& E
Zm ={0,1,...,m —1}
xt ] 4> K o e kA s e ik Abel 2, BA 0, a A TH —a. 59,
Y n=p AFEHKH, TF,=2,.
2. B om BRI X PR 6T TR E S
Zy, ={n:(n,m)=1}

st & R A TEAER o(n) B Abel ##, £ F o & Euler H%, ¥4z
A1, a ETAKRRER BhdET, BT (a,m) = (a£m,n),
¥ oaeZl &B%hE (a,m) =1, &I Bézout £, A za+ym =1,

HAEE m ELT, za=1, ki T A2 a $9E L. IHARAE m
8 GERIR K .
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5 9.9 H £ F4EME04%5F & T

1. R E&K mxn 4E%E M, «,(R) 3425 Ha ik A i dm ik AbelAbel
AN O, AWATAH —A.

IS

R EAdR n BT 77 AT 4B RGEE R EE, ARA R Loy —fiRZ
B, 9eH GL,(R), $2 T ARk I, TTiH4EE A 0935 T A #4514
AT TR

3. R EAtkn MAFPI XA 1 6975 st e 5 A VE B, AR A R L9 4F

TREMEEE, it SL,(R);
4. R EAK n BB 5 M 4E AR AR EE, AR H R o9 IE3TEE, it
A 0, (R);
5. R Edatkn M1 XA 1 69 EX 7 Mat46 MRkt 2, /9 R £
89 $FIRIERCEE

6. C Lathn WBZE (B & U U =T 69461% b 1 3592
HERHEE ) dHE R RE R, AR BBEE, it U,

7. C batk n BATHI XA 1 698 75 348 5 F kA s 2%, AR h 457K B
B, h SU,.

5] 9.10 % F &M=, BMEHeHF LT
1. Bz REERE, REEMZ ML, &SR RA
Abel 3, EAA 0,a 9 H LA —a;
2. —ABKRWERV, 2KV -V 8 T# XM TIHEToRAe LM
R—ANEE, R AR AT e, TR F PR STZ
5 9.11 3 FEAS X, i X 5 X 8569 RG2S —A 2,
LA Gy, A X G FREE. AP EEAA idy, WM f HREGETH
Hest fol S, Y X ={1,...,n} B, L Gy H 6, XA—%IF
HERNE KNG E9.69 LARFR.
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f5) 9.12 3 F—2 I BF (B ARKLENGEE), AT B R R AT X
R —AFEIEF

lia|bl|e
llal|b
l|a 1|{1]|a|b|c
1{1]|al|b
1/1]a alall|ec]|b
alalbl|l
ala blblel|l|a
bl1l]|a
c|c all
lla|blc|d
lla|b|ec
1{1|a|blc|d
1|1]lal|bd]|c
alalb|c|d
alalb|cl|l
blble|d|l]a
blble|lla
clel|ld|1l]a
clcl|lla
did|1l|a|b]|c

% ZANFAAR A Klein TTTEE .
S 9.13 (M) C4# G, T 2€G, i
ordz = inf{n € Z>q : 2" =1}

A ox WM, B, LENNE ZooU {oco} PRAE, Wi T AR L AR
Hordr=a<oo BRBE 2°=1. X TUWALTLEL

(1) orde=1 <= e=1.

(2) K orda=n, M am =1 < n|m. E+F 7 F{e9 2R,
ApHER HTLEE FHEE m EF o™ =1, B, B0 EH
LAy ARk,

m=qn-+r qrez0>r<n

Zr>0,M1=a"=a""=a", Afn 0<re{meZ:am =1},
X EMeR XLAFE, 8AH r=0, #EXH njm.
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(3) % orda =mn, M orda® = Ok HF (k,n) £ k,n 89R KAH%.

Bk, (@)D = (@)F0 =1, RARA A REH F—F @,

(4) & orda = st, M| orda® =t.

XAZ (3) 8 A R,
ST 9.14 (H4E) T4 F G, z € G,y € G # A A HIE (conju-
gate)#y, Y AL c€ G 1EF v = cyc™!. BHBIE, EMXZRAFNM

XA, R 89 B —ANFN EARA HIEE (class). B, T—AHA
Abel B0F, THE R 5 A F L. BRI, BHABRIE

(1) (cxe M)(eye™) = cayc™;

(2) ordz = ord cze™t.
~ @ 9.1 ~
SIRR 9.1 KiE: P HEEE, B

ab=ac=>b=c ba =ca=b=c

B 9.2 (BEMFIEEIE) c4kxEA G A G LMy —_niaH - 4
AR (G, ), A

(1)N¥a,b,c € G,(a-b)-c=a-(b-c). (o)
(2)3e € G,Va € G,e-a = a. (BhEEET)
(8Na € G,Ja " s.t.a™ -a=e. (B A )
KAE:

(1)(G,-) A%
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(2) % (2) A BEL AT Je € G,Va € G,ae =a, (G,) LHEVIA

ok

B)E 9.3 (BMFIEEIE) e4kxE 4 G A G LMy —nizH - 4
AE (G,), BEAT X A

a-X=5b X -c=d

£ G PHEE a,b,c,d € G #A M. Kik: (G,-) H#.

SIE6 9.4 ©.4e % G, # Vo € G,2® = 1, £if: G & Abel .

@ 9.5 LB G,z G, n 5 orde B, KiE: ordz™ = ord z.

9.2 TFEHS5HE
I T SR FE ARl TR T - 435 R RN R 5 A DA R 45 4.
EX 9.15 (F8f) ##H G W—NEZTHE H A G g mA—A#,
2L H A G & FEF (subgroup), 1A H < G.
H g G RmE 2 G ASMAFRATT {e} WA, XHATHE
BERRAT N (trivial) T8, HRFRPFIET N (nontrivial) FH#.
f5l 9.16 X T T #HA 4T REHGFT

e ZCQCRCC HE—AEAHS SRR LARIEN kB0 T 24 £
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O(R) = AL AL 2 5 = )24 Z
. SO(R) C Lw) [ GL(R) #—A 045 5 5 1k LA 2 T 24

e {1,a},{1,b},{1,c} & Klein WTE {1,a,b,c} &9 F7H IE-F LT #.
(AR (9.12))

o ZAEAMEBOITA THAN 40 nZ = {nk: k € Z} (R R F &R k).
Wl 9.17 C42 G, H 2 G 89F#, N H 894218 G 698420, B
stacH,aft HPWETE o £ G Fa9iET.

WERR R H WAL TGN e, M ee = e, T 5 e = 1. KT ICHIE N &
FLEHED. O
Wl 9.18 C4# G, kT2 TE HCG, HAGWHTHAR)LESFMN

=4

T
Ya,be H, ab e H

JERR D EMHER, A4 1 =a ' € H, o' = 1la™! € H, ab =
a(b™*)"' € H. O
ﬁ%ﬂ 9.19 Ezéﬂzf' G, % {Hl}7€] "75% G éﬁ%i‘f‘, ﬂ'] ﬂie[ H7 ']7‘773/7}%;,5 G
05 7.
TFHEFRATE LRI, XAERBPZEA, BARKILS. CREE

G, L& ac G, TH H K C G, EXic 5 F:

aH ={ahlh € H} HK = {hklh € H,k € K}

Ha = {halh € H} H '={h"Yhe H}
FEENEREFEN a+ H H+ K, H+a,—H. ¥ aH N H ) EFsEE
(coset), Ha AN H 1) AFEEE.
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ST 9.20 (BEENHR) A T# G, T8 H, AMNTUE G LR LEH

T~y <= z 'yc H
Bz PTE A FH £
2] ={yeG:2'ye Hy={yeG:ycxH}=xH
AR (5.2), A ERE
e x7lye H +— xcyH <= zH=yH;

e v7ly¢ H < v¢yH < zHNyH = Z;

e G=|l,zH. (£ /)

e — FMARA LR, B At
p:H—2aH h — zh
STUAFE |H| = |zH|, TRA H 8 ARELAAER.
B 32, KAV T LAFF 2]

e xy '€ H < v c Hy <= Hxz = Hy;

e xy '¢ H < 2¢ Hy < HxNHy=g;

e G=|], Hx (&%)

R — A AN BMENR, RAHTGEY |H| = |Ha|, H H 894 1%
R A AR . A

0:{zH|x € G} — {Hz|x € G} oH+— Hz™!

KRR LG KT #{zH|x € G} = #{Hzx|r € G}, AR EEEHK
BAeb 88 —4#%.
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EFEAME L H £ G P88 (G H] = #{zH|z € G}. H4Elz
oM, A
G| =[G : H]||H]

XM AR AN Lagrange EIE .

R T R AR DR B L B IERE G MR G/ ~, x FIEE
FAlN o], HERFFEH, & HARIE N 252

[z][y] = [xy]

(B8 i AR T IR Y, B3 5E SCRILON RE X, BTG 25— & 1 i
B TEAR T XA E X, 2 W21 9.9

EX 9.21 (EMFE) 4% G, N<G, #
Ve e G,xN = Nz
MA& N A G & IEMFE (normal subgroup), itH N JG.

R 9.22 L G, ENTFHA W FHMA:
(1) % NG, B N<H<G, W N<H;
(2) % H<GN<G, W HNN<H H HN =NH<G.
(3) % NIG,K<4G, " NNK<G B NK=KN <G.

WUEER 1. O
EX 9.23 (&) &% G, EATH N, T
G/N = {gNlg € G}

xR LA
(zN) - (yN) = (zy)N
HA%E o’N =aN,yN =y N, WF| R4

("Y' )N =2'(yN) = 2/(Ny) = («N)y = 2(yN) = (zy)N
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Mim R EXBEH. A G/N AR G ¥ N 89 EE (quotient
group), £H##{2TH N, aN 89i#TH o 'N.
5] 9.24 3+ Fhik# 7, mZ = {mk : k € Z} —ASENF#H, N
Z)mZ = T,
AHA z—yemZ EE (9.8) EXHRAXZF.
~ @ 9.2 ~

SIEL 9.6 CeB G, B TR HCG, Kit: H A G HTHOENLE
FHA

le H Va,be H, abe H
SRR 9.7 ¥ (9.22).
SRR 9.8 4% G, H K <G, Kik:
HUK<G < HCK %K CH

ERE 9.9 FTEHLAAMH B EXFHEL. S G HHE G/~ T
R, A

[2] - [y] = [zy]
AW 2] bz TESHE BT RESHALENTEH N 217

xr~y < N =yN

(1)[1] & G/ ~ 8, [ £ [2] $9% 1.
(2)]1] & F%.
(3)z] = «[1] = [z, A [1] &ERF .

(4)lz] = [y] = [zy~ '] =[1].
(5) W L5t
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S 9.10 4% G, % N <G, Kift: N 2 G 9 ERTHLAMRY

Ya € G,aNa ' C N

SJf 9.11 (Dedekind kM) ©4# G, % H, L, 7% M C H, KiE:
(MLYNH=M(LNH) HnN(LM)=(HNLM
SIE 9.12 (b)) 4 G, 2 X
Z(G)={reG:Vg€G,gr=u1g}

#A G & Fuls (center). Kik:
(1)Z(G) & Abel #*.
(2)2(G) 2G.

BIRE 9.13 249 F SRR A R F A

BlRE 9.14 Kif: (R,+) ¥9F# H L EATRAMHHZ—:
(1)H = aZ,a > 0;
(2)H #4%%.

M, 9.15 (RMER) T @A AMD b9t i,
(1) o R Lok f, Kik:

{T eRVz € R, f(z +T) = f(x)}

£ (R, +) 09T 2.
(2) Kik: 3R 4R Gl Hol e oD BB .
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(3) FKAE: SHEFT ZAKHK a,b,c AAELDHA a,b,c ARG AEF
HAEHE f,9,h B f+9=h.

(1) B4R LGRAMBE f.g 2P H—A%S, ARLHANE Q
EERBRE, A [+ g RAFIS K.

ZJfE 9.16 L4 G,
(1) % H A= K #ALAARAGH, M HNK CAAARAGH, B
[G:HNK|<I[G:H|G:K].

(2) % H BAARAGH, N oHe ' CEAARAEH, B [G: H) =
[G:azHz 1.

ZJ@ 2 9.17 (AR 4 G, FiE T R o5& 4L R0 464t

{zH :2 € G,[G: H| < o0}

B G IEE A — AN B RAE: AXANEIT, RikAe R TAAR £ L
.

9.3 £ EE
T, TR A P



198 EhE BEEANS

EX 9.25 (EMBFRE) Lo G, T SCG, FT# H HAEMT
2K #H
SCK «— HCK

A H % SHERBFEE, ith (S).
Rl 9.26 &#FH G, THE SCG, A
(1) S AMMTEHAS LB LE—th, LFT

)= ) H
F# HDOS
(2) SC(S). (HHbE)
(3) SCT =(S) c(T). (FiRlE)
(4) ((5)) =(9). (F%i)

(5) S & G By FHHLEMRY (S)=5.
TERA MRAE (9.19), TR TR T, W8 — N5 L. R
e aERT (4.19). ]
el 9.27 ¥ G, TH SCG, S AR THALTZ &

(S) = {s"...8% :n € Zso,{5:} C S,8; = 1}

AFAR n=008, s ... =1. BF S AR TFHEHRE S RN ALY
AR E LS

ERR B S WIEAL A, # (S) € A1 T S C (S), HikZ S
e, HARLE (S) &, O

EX 9.28 (L) 4% G, & S C G ®&HF (S) =G, Mk S ¥
AERITTE, £+ TFEAEMT (generator) .

EHAAMRGLER ALK, WAZENBREMR (finite generat-
ed) #9.
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wER 9.29 T # G.
o 5 G AARAEMRM, N G OEMEE G/N LAA AR,

o EEMTH N Foxt R B#H G/N #RARARL, N G LA R
S0

SERR ARARZIE (0.27), KPR BARM. TR, O
— T 5, A7 WA B TR — st T WA . S5 P12 b )
A,

5] 9.30 (B3 EE) £# G —ALEFAER, B Jac G,s.t. {(a) =G N
G A a £ EF (cyclic) B, SMayfhL L

da e G,Vx € G,In € Z,s.t. x=a"

AT HAE A kB L A Ly, 1 R T SR EERA. B RIEH
AR5 T LR AN, FAIRF 6T 24T 2 b A HR IR 2F

©#MFE 9.31 (Euler EH) %A Lagrange % 32 (9.20) 89 ik, &A1’
BGF, FTaecG FEAXERNE, A= {a"} ez, BZHRIE |A| =
orda < oo, T A XA T#, ZM&4F orda | |G]. BPE LM “TEHHE
&2

E b, RAMNTAF B HKE F F L6 Fermat /)NEIR #= Euler /\EIE
T4 n FlREGY FR LY, ARIE Lagrange EIZH

vm e ZX, mem =1
Bi4e T &9 Euler & 32
Y(z €N, (z,m)=1), 2™ =1 modm
WA, ST 0 REHK p 89FR, o(p) =p— 1, &TIF Fermat /)% 32

Vr € N; 2P =x mod p
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SFE 9.32 (ERMEMTE) Co# G, T SCG, ZEATH N
BT EANF 2 K C G H A

SCK «<— NCK

WAR N H SHERMHIEMRFEE. WEEPALATFEA G2 L6942 R ENTF
2, H
S AR ENT R — N N

EMFHE NDS

EHEHARIE, EXERFT
{g0higihs ... gn-1hn-19n : {9:} € G, 9091 ---gn = 1, {hi} C (9)}
~ @ 9.3 ~
SRR 9.18 EFA (9.29).
S 9.19 &4 G, T S CG,
Ve e (S),3T C S,s.t. |T| < oo,z € (T)
SRR 9.20 Kik: Mk Z, RAFFLGTH — n AFH
SR 9.21 Kik: Z, AERTRA p(n) A, £F ¢ & Buler i, Bp
#{x € Zn : (x) = Zpn} = ¢(n)

SR 9.22 Kik: MEHp £F, ¥, CCF, hRiETabeC, () @+

b) € C, Kik: |C| > 18, C =TF,.

SRR 9.23 S AMRAERE G, HET% S AT G, Kik: AEARTE
TCS AmG.
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A&l

K 9.1: m/2"eT

E)fR 9.24 T # G, FEARERTHARNGESK {H )i FEAEX
EAERAERE. Kik: U, H A#, BEARER. FHANY —AHET
AR T BEARA (R A B, A AR KRR IR A T 2.

ZJE 9.25 LHe B G, ARG TH H, Kik: G RAMAERY
— H ZARAERD.

Z1fi 2 9.26 (Dietzmann) 242 G & zy,...,7, £&, L ordz; <
oo, x; AR AMRAEIE, KiE: G RA R

EIEE 9.27 (MEITFE) S h# G, 2L
G =(zyz 'y 12,y €G)

A G W RAITE & SR, KiE:
(1)G A& EHF 2.
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(2)G/G' # Abel #.

9.4 [EE5SEW

I, TR BB R AR, Horh, U W, B R R
2 SRR

ENX 9.33 (B, EH) T2 G, Gy, ARA ©: G) — Gy, &
Va,b € Gy, p(ab) = p(a)p(b)
# o A Gy 3l Gy ¥ [EZA (homomorphism) . FH
o F o NS, AR o AN G B G, IHERE.
o F o HES, AR A G Bl Gy 8RN (embedding) K BEE .

o B o AMH, Mo A G, Bl Gy 89 [EH (isomorphism), iTH
p:G=H.

IS, R RIRAERL, A7 SRR T T X
HER UK AN HATRE S — .

5 9.34 AR B AT A 2L 69 2538 7 de T i ¥ AIRIE 69 /M) T
1. BATP| KN det : GL,(R) - R 2R .
2. BAEK |- |:C* >Rt &R,
S XNTFAREG, FHRS 0:G— (Z,+), M o RFLRL.

4. S TFARE G, ZHARE ¢: G — C*, W Ime 23[R AEEZR
E.

5 (R,4) 5 (Reo,-) it s 80 it & FIH.
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Q%) 5 (Qso,) RRAM, BHAME 22 =1 ARANME, mEHRAA

(Q*,) 5 (R*,) R"AHM, BAXHKTR.

(Qs0.) 5 (Q,+) FRAM, BHEHTUEEF n kF (M Tk
AR VA n), fAlH AT

(9 14) ‘:Fgﬁ' % — Pk@ﬁé‘vﬂ/\g% \5“[‘]7}@{_ 22,23,24725, IF’J Klem
wT#H 5 Zy NS

VAR — 2 dh 69 F

1.

7.

H &A% GW8TF#, Neswit o H -G h—h ZERL, LK
oo ABERS; it Kere = {1}, Im¢= H.

G/N AHGORE NARYES 7:G - G/N,z— oN Z#FR
A, B 7 h BRES; iy Kerm = N, Im7 = G/N.

B GHeFEs ide: G — Goo— o ARAMH; E Kerid = {1},
Imid = G.

. ?Jﬂﬁ]?\} (p:Gl—)Gg,?ﬂIGQ—)Gg, il ¢O¢ZG1—>G3 )&,f&f’?@i}

st T # G, G = Gy = G = G, n Gy = Gy; EFB G = Gs,
Gy 2 G, M Gy =2 Gs.

42t G, ceG WAFBER G — G o ce PR, B
c=1.

Ot G, R# v:G =G o— o N RM, ik G 2 Abel #.

EX 9.35 (4%, &) CHRES ¢: Gy — Go, T

(1) Kerp = o7 1(1) = {z € G : px) =1} = ¢ 1(1) #&H ¢ 894

(kernel) .
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(2) Imp = (G1) = {p(z) : 2 € G} #HH ¢ & 1% (image) .
R 9.36 HRA ¢: G — Gy, N
(1) Kerp & G, 89 EHT#;
(2) Imp 2 Gy 89T,
(3) Kerp = {1} <= ¢ RERAA;
(4) Imp =Gy < ¢ R#HRL.
WEER (1) JEuiB Ker o & TBf, IEEEF]
pla)=1lpy) =1 = @y ) =1

FUL I IERL T,

Vo € Gy, k € Ker g, p(zka™) = p(z)lo(z™!) =1

W xkx~! € Ker o, Bl Ker o & IERTHE.
(2) A o(@)p(y) ! = lay™), AT
(3) T EMMIIERT 2 = 7.

pr)=9ly) <= ey ') =1
3

ry~! € Kergp

r=y — xy =1
(4) HIH. ]
[ml1Z (5.9), BEFZSA B4 H) Z) .

ﬁ%ﬂ 9.37 i'j"ﬂ—_l_ﬂ]/]\ff'— Gl,Gg, Hk%i’ [Yok Gl — GQ, 7371' : G1 — Gl/Kergo
A ARG, c:Imp — Gy A A BEE, N
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(1) BEE—WHERS ¢: G = Imp £1F 1op = .
(2) BEE—WERLE ¢: G /Kerp — Gy 1% gon=¢.
(3) AEE—wRM ¢:G/Ker - Imp 4% 10pom = .
<]
X/ :%—»1
MERR ATFUEWIEM A58, AR RN, ANYTEELRIE, T 5 R%
¢:Gi/Kergp — Imp  zKerp— ¢(z)
e R E X, BN
tKerp=yKerp <= azy~' € Kerp <= olay ') =1 < ¢(z) = ¢(y)
EIEUEA T @ fErs. HasE LARM. MM @ XU . i

{@(ﬂc Ker ¢ -y Ker @) = ¢(xy Ker ) = o(zy)

¢z Ker p)p(y Ker o) = o(x)p(y) = o(zy)

XYL @ A, MMTFIE. O
I 9.38 (BEEMIEARTEIE) I FTAANH G, G, BAt ¢ : Gy — Go, M
Gi/Kerp=ImG, zKery— p(z)

EIE 9.39 (B—EEWEIR) 4% G, EATH N K, L K CN, 1|
G/N = (G/K)/(N/K)

IEBR FERN, it 7 G — G/K A SRMLGE. fEmst

¢:G/K — G/N K — N
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RN K C N, Wil
K =yK < a2y 'e K = a2y 'eN < zN=yN
WO RE SRS, AR T Ker . TR
afN=N < 2N < zKe€p(N)=N/K

HURAE (0.3%), G/N = (G/K)/(N/K). O
S — R H s R WAE [ A SO, BRI R R IL 2 R A

EIR 9.40 (E_HEMEIE) 8 G, TH H<G, EAFH N<G,
)
HN/N=H/HNN

IERR LA (9.22) MISERIRE T HN =28, N & HN MIEM TR, HNN
& H WIERMFRE. (EM

¢:H— G/N a+— aN
XRBOCWS RS, B 5 1HHE Kerp = HNN. I,
Imp={aN:a€c H} ={aN:a€ HN} =HN/N

HORAE (0.38), HN/N =~ H/HNN. O
BRI T ELR B T TR R A .

~ @ 94 ~

SRR 9.28 C4E G, NJG, % ©Hh G- G/N 9aRRAA.
(1) % N<H<G, ACG. Kik:

T(ANH)=n(A)Nn(H)

mEA N < H GFET—RIRL.
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(2) % X CG/N, Kik:
' (X)= | 2H
zHeX

(3JAC G, BC G/N. Kik:

7Y (n(A)) = AN (= Y(B)) =B
(3)A,B C G, Kik:
m(A) =n(B) <= AN = BN

EEE 9.29 (BMEIME=ZEIE) 4% G, NIG, &% G- G/N 49 A
RRBA. Kik:

(1) 14T G/N 8952842 G EANTEHE 7 T 0%,

(2) 44T G/N 8 ERTEALAE G B9ENENTHAE 7 T 694

B 9.30 (BEIHIEE) 4% G, /A G 2| FRMERELH
Aut G, Z#Ar A BEH (automorphism) £ .

(1) Bif: Aut G & —/ANE.

(2) BICESL (9.14), Kik: AT ¢c € G, = coc™! AR B RM.
XAARA A (inner) BEH .

(3) Kik: 24N AR MAR Aut G 89 EHT #.

(4) B P S e A (A9.12), Kik: R ARME = G/Z(G).

(5) @l e (F1A429.12) % Z(G) ={x € G:Vg € G,zg =
gx} = {1}, Kik:

Z(Aut G){p € AutG : Vo € AutG,poo =00 ¢} = {id}

SRR 9.31 (REM) # (9.83) P a9 R Swestayz LA

Va,b € G, p(ab) = ¢(b)p(a)
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W3t 5 F B &A= Bl M 5 Al A 2 A RE)ZS Fo R [E14E .
(1) BiE T 3R/ F — BRI .
(a) CH 2 G,

1

v: G — G
g — g
(b) 4EIEZE GG 45 5 |
(2) @ite (2.28) st REH 2L, Kik: (G,) 5 (H,-) RFA# % H
% (G,-) 5 (H,°P) A#A.

i)l 9.32 2 T Ak (R, +) FEET—NREZEK r, iTrZ = {rnn €
L}, BRI IR

rZ)(ZNrZ) = (Z+rZ)]Z

W ZNrZ = {0}, Ad rZ/(ZN71Z) 2 7. 128 3 M6.9%, 7+ rZ =
0y, HTARIE R — R/Z 69 A RS RELW, Kd (Z+1rZ)/Z
R/7 RAAZH.

XEHGF PR ETEG? AT A?

9.5 BHIETA
THBRAERE Cartesius BT T HERI 45 1.
EX 941 (ZRER) ©a# G1,G, £ G1 x Gy LR LEH
(91,92) (91, 92) = (9191, 9293)
YR —ANEE, #-% G1 5 Gy 8 HFR (direct product), i 4 Gy x Gs.

EX 9.42 (BRER) &% G1,G,,...,G,, TAB M E UH A
0 BEfl 4T

G XxGyxG3x...xXGp= (G xGq) x Gz x...x G,

A n—18FN.
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EX 9.43 (—RREM) Can—k# {Gilicr, £ [[,c;Gi ERLEH
(gi)iel(gg)iel = (gigg)iel

T, AOTEEHBAREMWER. N TN G RFEET
G1 X Gy x ... x G, MAWIRE G W n ADTHE 050 N [F 44

G ={(g1,1,....,1): g1 €G1},...,G,={(1,1,...,9,) : gn € Gy}

R, FATHI 8 St ok, 255 n ANTRE, I G A TIX 0 ANTRER
H?

EIE 9.44 Ca# G, EATH N, Ny, 2
NlmNQI{l} NlNQIG
DJI] G= N1 X NQ.

HUERR 1R
(,OZN1><N2—)G (xl,x2)|—>x1x2

X+ @1 € Ny,xp € No,

1 1 z1Noxy ' Ny = Ny

T1T2X, Ty €
Nl.’,EQNll';l = N1
ﬁ& xlxgxflxgl S N1 N N2 = {1}, Elj T1To = T2Xq, JZ# N1 5 N2 ':F'E(Jfﬁ
R, AT
(@1, T2)0(Y1, y2) = T1Z2y1Y2 = T1y1 222 = ©(T1Y1, T2Y2)

o RFZ. B NN, = G, U2 ¢ W%, FHKAE Kero = {1}, &

1

T2 =1 4= 21 =2, <= T1=22=1

FSp5| T = l‘;l € Ny N No,. A RASHIE. O
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EIE 9.45 Cw# G, ENTFEH N, N,, ..., N, #HZ
Vo € G,3x; € Nj,s.t.x = 2122 ... Ty,
M G=N; x...xN,,.
IERR fE
@: Ny X...x N, — G (T1yee oy @) > T .o Ty

WERBREAIE IR IX A2 RIS, IR AMRIEAAAE e — 1, LR @ XUR, B4t
FS [ ).

IR, L (9.44) PHER, BATRFEZIEH N, N N; =
{1}, Mi# i BONE 2 € NN N\ {1}, L =z~ B2 1 5 —Fhk
NITIE, T JE . O

HIL 9.46 T4 G, EMT#H N, No,..., N, #H 2
G=N/Ny...N,, 3z, € Nys.t.l=m20...2,
M G=N; x...xN,,.
IERA 5Ll (9.44) AEM (9.45). O
~ 3@ 9.5 ~

I8 9.33 % G =G, x Gy, FiL

Gi={(z1,1):2€ G} CG  Gr={(1,22):z € Ga}
KAk

G, =2G/G, G, =G/G;

SRR 9.34 (EM) Ch—#k# {Glicr, &

@Gi = {(gi)ig € HGi C RH ARG R g £ 1. }

el i€l

Kik: @,c;Gi & [Lie; Gi 9T 3. XAk A M.
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SIRR 9.35 EBIBL, A G Fe=AEMTFEH N, Ny, Ny, B

NN NN N;={0} N,NN;=G

iB]fR 9.36 (Cauchy %) it

A= {{an} c Q"

Ve € QT,3IN €N,
VYm,n > N,|am, — a,| < €.

PRAath A 3 Cauchy 7169 &4&. &

B = {{an} e Q"

Ve € QT,IN € N,
Vn > N, |a,| < e.

B A B 0 AR A
(1) KiE: B<A;
(2) Kik: B/A=R.

B 9.37 H# G =G x Gy, BT G, FRAT {(z,1) : 2 € Gi}. £
TVAIKA Gy CG. i, #f Gy C G A& G & EFIT (summand) .

(1) Kik: G ENFT# H REAMLARE, FATH N #£F
HNN={1},NH =G.

(2) Kik: ZEAFTH KN #HLKCNCG, % K &G #MAEFA,
N K & N #HFaq.

EIEE 9.38 EIIL §2.990 MBI (2.92) A0 (2.23), 4 AR T A
EALEPESR . 3 F—%2 {A}ier, W

(P, {m}) AP =][Aim:P— AREHAL

i€l
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A e - P e ]

VB X VRS {pi: X = A} X

‘ .
IHRAE A X 5 P A\\<
Y

s.t. Viel,mol= P——=A,
R BRI Gy (P {m}) Z B R-TVE 2 R4, BARRB, &

(Pv {ﬂ-i})v (Plv {7‘-;})
HRERSMR, WAEERM a: P — P, B: P — P, {3

Oéoﬁzidp/ Pl

foa=idp 1N~
al |

o =m, \ ¥

/ ﬂ.>Ai

T o0 =T, i

LB, Fe DR A T e BET, CBRATT R B 7, “Cartesius AR
AROCEART, B MR T

9.6 XTFREF
F14Z (9.12) R RHEREERIE S

EX 947 (MFBE) ¥ X ={1,....,n} B, i 6x # &,. AP LE
A Bt (permutation) R HEF|, s ARE 6T 24N BHREE.

W 9.48 |G, | =n!.

WERR ik B 0
AT TR, FATE LS

EN 9.49 HFF 56, it



9.6 XIHREE o
H 2955 5 5| 28] 4

ZBE 48 B2, B an
1234\ (3412
324 1) \41 3 2

b
S 950 Lo=|" “V,

a b c
(1) 7o = (T(m) T(y) ... 7'(2))

@) JTI:<T(a) T(b) ... T(c))

x Yoo oz
(3) 01:<

Y o... Z

b ... ¢)

WERR EETE. a
M7 Ao fe i rid 5.

Q08

EX 9.51 (B, XH#r) & F a1,aq,...,a, € {1,...,n}, k AT R 495,

%
aq a9 cee el Qg
(alag...ak):< )EGn
as ...... ay aq

o — A k-3 4 (cycle). # Ak, 4 2484 ik, A (1) = (2) =
coo=(n) REATEF A

e RAANBRAAETLOAE, ANAFRELHN T (disjoint) ¥ .
R AR, AT AR A 3 A2 T VA 69

WL 9.52 AANAB AR TEA I T MR, ARG E LT,
AR,



214 FILE FEMEANE
WERR 7E {1,....n} B NESRIUELFEN RKRPFEN KR,
i~j <= 3keZs.t.i=o"))

WA Z AR o FERANEN I ERREIE R, 128 (a1, ..., a), FRETR
A AFAENE.

o RN (a...b)(x...y)...(p...q), W FARFEM KR
LRI 73

Ha,...;0{z,...,y}, ... {p, .. q}}

1M o AT AEREAS S 28 B AR AR A Fe e, X L8484 1) B afeids S ad R = 1
SE JRAS R B A, AT AEIE— PE. O

RAEHN R A B REN, MAERIEHE - DIOR, KENMEXNE
BN R, Rk E R, —BE T %, BRIREIFRXAITER. HHMATER
A AR, WAk S PR R AT, ME— PR B 5 W, RO A A FE
FISLZ) B AN

WER 9.53 A A F BART & A — ka7,

MERR B (9.52) Wik 1 Bt — LA A, N AR SR R — L
X IR BN (abe. .. yz) = (az)(ay) . .. (ac)(ab). O
©#TFE 9.54 (REEE) FHE L, HA B M AT 2 ARE, ki
B89 AR R — 0y, AR & — LT, T R BGE 4893898
X, it

1 o) >0

o)= { - #{(1,4) 11 <j,0(i) > o))}

1<icj<n |0 0(i) < o(j)

AE PR, BT sgn(o) = (—1)%).
* o 5—AFik (ab) A A o = (ab)o, N

sgn(c’) = —sgn(o)
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XARARLBE a,b, B a,b ZAEGHTH K AFe a,b IR DXERE, BT
TR, Al ab BFHRIXERE, AEFT—Kk. Amidxtiray
FAGFAIBHFE sgno 89N EM R,

st TR S, EEW o€ &, BB, MARIB (Fr) KA R
R, MAR o A B (F) B, THABRERA A, EHR—NFF, AR
A ZERREAU,.

FIRE, 4B E #09 — KA4F B RALATAR E AR T A B s — 2 3-3035409
FAr. B APl (12)(23) = (123), (12)(34) = (314)(123).

Sl

|

Eml |——J\\\|—|
| _|/|

CCON IR | [

| |~
[0t [y | B B

K 9.2: (12)(34) = (314)(123)

1 ormER
S@wy__4 o R E

B HIIE, sgn A —/NFA&, @ Kersgn =2,. A n > 28, |2A,| =n!/2.

T FRATIOR U B e P 25 R PR A
FATHR—A “H5Hk” BIX PRI A2 RIS S5 A AN AR B XU 2 B B

5l 9.55 T @A LXF “B 7 G AREH. T EL “B7 QIR EAR5, N
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3 2 1
6 5 4

1 2 3
9 8 7

4 ) 6
1 ) 7

7 8 9
9
3

9.3: “H” HIXFFRIYE

B
1 2 3 4 6 7 8 9
3 21 4 9 8 7
e “m 7 B AREE T A2
1 2 3 6 7 8 9
1 5 9 7 3 8 6

T

TAF R, “B 7 At AR B O 46k 4 (WA A ), SHAR (09 4ot AR
). £k, “B 7 e Q GRS (FAA ), AR (B A ARG, %
“B 7 AR T OB 7 8 AR

5 9.56

B “H? FOXTARIERE, RS “HY TSRS, U E

1 2 3 45 6
1 2 3 6 5 4
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1 6
2 5)
1 4
3 4
2 5
1 6
3 6
4
)

K 9.4: “H” BIXTFRME

75 SHY RIRRREET, B
1 2 3 4 5 6
1 53 2 6 4
RTE.

FE 4, DR 2N 2 8] FR) 2 P 5% 28 AN 1 A AR SR RID 4 4K T 6 e o
DRAFIR 30 [A) 2 1 5% A EANAR [ A PR XU R AR IS R . DR R A Y
LA A ORI (BI AR B AR W2 B RIS, W) R9.30.

W¥iE 9.57 (Erlangen H4M) Klein T 1872 K& T AR (X TEAKIL
TR B Y32 F R ) 8938 SR 3, MBS HARA Erlanger AL, W BRI —
WMIATH R R T BFBH T 2. B0 %30, Fuclid JURTHF 569 R 2t 4
TR, R THRLT S, ZETHEMR—ADATREFE. A F QOB T de-FiTiE
RFAIT, ZAHBLER=AF.

X EWEDETREA SV TUT” 69RA K %A E e,
WA L VAT, REX—WERA “RE”, mEVEMAER EZLTIL
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T (3R, AACETRRAAERATUTFET L), LRFALRZIUTH
M, BR AT HEINEL F AW E XA,

~ @ 9.6 ~

SRR 9.39 E n @RI ARMEAAAARN ZEEEE, A Dy (n>3)
RAE

Dy, ={1,0,0% ...,0" Y 7,0m,0°1,...,0" " '7}
EPAF o RATardh, T XA, LB R

o' =1 =100 =1
SIEH 9.40 % A ATRAF@ LWkt FHARNES; B AT FH
TimmtyEs; C AT FBERMEAmGES. KiE: A B,C #E#H,
A
C<dB<A C T2 AWEATE

SIEE 9.41 (Cayley FEEHB) 1547 —AN2E4K ) 40 F — /ot £ 2 49 F 2%

ZJB 2 9.42 (15 HHRIEIE) 15 FHFIAAA —/NE I AFR, H—AH
MR G T E TR 4 x4 4 16 D3k, XGRS, TAARA B IR
. RBARF—SEZIAET NN L ZE R, B 5= AR
BT Ao B R R A2 B . o T B

112 (3 14 112 (3 14 112 (3 1|4
= =

9 | 10| 11|12 9 | 10|11 9 |10 11

13|14 15 13] 14| 15| 12 13] 14| 15| 12

K 9.5: 15 Htk in) @t
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1123
516 |7
9 |10 11|12
13| 15| 14

EX
8

K 9.6: 1514 [

(1) KiE: F BT H I REAL R A 45K

(2) BERE X, THALEETR, M4 15 JBAMBREN—NE
o Kik: o eAs <— X BT VARK LR A AR

712 9.43 iE: M T AME X, |6x| = [2¥].

9.7 EERENT
[B112 (2.31) XHERR)E X

EX 9.58 (BHER) 4% G, £46 X. G AERE X £, AmEeA
(g,2) —g-x, HE

GrpActionl Vzr € X,1-2 = z. ($1454)
GrpAction2 Vg,h € G,z € X,g- (h-x) = (gh) - . (&)

W2 G EAEREES X £, fRZAHBEA (action). #H X &2—
NG5
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TR A SR IE M E LS, HEAN g« MEFEN gz

EX 9.59 LB G, 246 X. GEERE X £, hFRIRA (z,9) — 29,
i 2

GrpActionl’ Vz € X, 2! = 1. (A1)
GrpAction2’ Vg,h € G,z € X, (z9)" = z9". (P4
N GAEER %46 X L.
Y TR AT SR T e B ik
Wl 9.60 T G ARAAE X £, T geG,ito,:xmrg -z, N
(1) o1 = idy.
(2) o400, =0g.
(8) Vg€ G, 0y AV, B o, =0y
Wl 9.61 LB G HEMERAAE X £, T geG, it a9, N
(1) 1 =idx.
(2) <goh = Sng-
(3) Vg e G, gg ABAF. B ¢t =gy

ST 9.62 WL (2.32) ¥ X £ Y LE Z HERFRAT X 8l 2V 0
BRAT, XE B G A X LOBEARFELER G- Gy WRE, BA#KR
FOER, ERFR TR G— XX A2RARIE (9.60), 0 —BSE, FTAT VA
ARG — Gy, BABHRE HARS. mATER BT G — &x RS
KRN G — XX st LAkt —ANFAE A, X Lk KB,

AT R AR A SR K # AEAE .
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EX 9.63 (FE) 42 GHERME M L, zc M, =X
Orbg(z) ={ye M|3ge G s.t.a=g-y} CM
FAE GHERT o 8558 (orbit) .
WAL 9.64 (FEHMR) % G HERE M £, 0

M = |_| Orbg(z)

MERR REHEH], KR
r=y:<= dgelG,;s.t.x=g-y

RAEN SR, NTTHE I3,
(1) HEM: z2=1-2=2=ux;
(2) MFEME: 2 =g-y=>y=9g '
(3) ittt 2 =g -y y=h-2=2=(gh) -2
iR -

FIRUEB R I = RREWHR N ERER.
5 9.65 (EEBAEA) 4% G, g G, EFBIEA 15892
Oy 1T — gx
51 9.66 (AEBIERA) 42 G, gc G, HBEBIEM a2
Sg 1Ty
Bl 9.67 (FI1EA) C4% G, g€ G, HEIEM #5492
oy x> grg !

5 9.68 T L M, 2 Sy ERAE M £, fERKGZ

o,z = o) 9By
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5] 9.69 (3ERESR:E) ©IICLEMEZ G IUABIT (9.9), n Br— A &L 2E4E A
£ R L AERAR89 2

oa:x e Az
5 9.70 (Bi3k) (Z,+) FAEH G L, FRAIKEOR
Onig—g"
5l 9.71 (EBHFR) (R, +) A AE R £ /AL
oq: fz) = flz+a)

5 9.72 (LFTFHENLAEERMEE) DIC (9.9). 2 WAL EEHF

{4

AL FEm C o LFFhm

a,b,c,d € R,ad — bc = 1}

H = {z € C|Im(z) > 0}

az+b A_(a b)
cz+d c d

~ @ 9.7 ~

L R

OA:ZH—

SRR 9.44 B AT 6915 FAR L BEAE A



BT+E FRERRZ

AFRRIT IR, FETHEIH RN, f)E =R H— 2T
I LA

10.1  IFRYE X FA5F
FHZ LR 5E S (9.2).

EX 10.1 (F) e4edkm b R A R EHAMANTERL “4,.7 4
WA (R, +, ), A

Rngl (R,+) #&—A~ Abel 2, £ ¥ itk tHh 0, 4 FTT.

Rng2 (R,) A4, ey
x(y+z) =xy + a2

Rng3 Vz,y,2 € R, (5 BetE)
(y+2)xr =y + zx

WA (R,+,-) A I (ring).

EX 10.2 (AH) #F (R, +, ) LiHL

Ring (R,-) 2—A 42, WRELLEAH 1, A BT RAT KA

JC.
AR (R, +,-) # 4IF.

223
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EX 10.3 (RZ®IF) F7 (R, +, ) LiHL
Comm Vz,y € R, xy = yx. (Rt )
WA (R, +,) & 3Z# (commutative) ¥f .

224358, K87 B0 A T I 8  ELRRABUE 0 & BT, Jacob-
son WA WY T —/NHr A “rng” SRERZR “T L3347, B identity B i Z
BN HBALTT, HARAXAMAFEA 2 85, ik SCRIEE. N 2,
FEA T B B & 4, PN T s — B g, A 1iE 2
B RA A, (HON T 3EH RRFEIE, AT KM RLIFF, K3F, U
LR (P& A) K.

IR T — R N IIEERIA N +, FEERIA -, o8 0, hioe (W
RAHME) M 1.

NTJIME, i

na =

I, 7E L3, BL 2492 141, 312 2+ 1, AL
Rl 10.4 T43F (R B 4 )R, M

(1) Va € R,0a = a0 = 0.

(2) Va,b € R,(—a)b = a(—b) = —(ab), (—a)(—b) = ab.
(3) Va,b € R, (na)(mb) = (mn)(ab).

HUERR (1) RAE O0a =0,

0a = (0+0)a = 0a+ 0a = 0a =0

PERF AT LARH PR ¢ 3R, OB LT R N A
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(2) HIE (—a)b = —(ab),
ab+ (—a)b = (a+ (—a))b=0b=0= (—a)b = —(ab)
(3) RUEB m,n € Nt B, FIRIGEHFH (1),(2) L.

(na)(mb) =(a+a+...4a)(b+b+...+0b)

=ab+ab+ ...+ ab= (mn)(ad)

mn

S5 O N s Ao O

@M 10.5 (Newton ZIIREHE) # T RMHA R, 2,y € R, n € Zsg
H A T a9 = K X

n __ < n i, n—1
(x+y) _2(@)“/
Sop kT R I ARG Aok, X AR LA

n\ n! ~nn—-1)...(n—k+1)
(k:)_k:!(n—k)!_ Mk—1)..1 <2

N LA T

5] 10.6 (FIF) s FHAT—AAoikaE A, 2L 2y =0, A RH—NE 4
R, ZERALE, WELB AL, WIHALEEH 0, % A RA—AT
. BAMRE AR A FIF .

5 10.7 A4 F £ T #a93K
1. 7 st il ke MR — AL, BAH 0, A LH 1.

2. Z[i) ={a+bi:abe Z} Mm—NRILLF, L = -1 2 FHE
12, XA A Gauss EEHIL .

3. Q,R,C 23t Fi@ ik fr REMA—ANRBALIF, BRLA 0, A LA
1.
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4. Z,=1{01,....n—1} st 4 K6y de ik fe R ik (B (9.8)) 1 A —
NZHEIE, RAK 0, 4h T, i FIZAR

5. kZ = {kn:n e Z} dEi@ okt iEMR—ANIHL 4 IF.

6. kZy ={kn:n€Z,} & k Fon R KXAAHEK (k,n) > 1 FHR—
AT LR,

5 10.8 Z,Q,R,C VAR K| 4 £k 7, L6950 X MMty %L
Z[X],Q[X], R[X], C[X], Z, [ X]

HAZILAIF. BEAARSAXO0, 4 nHh AKX 1, Z#HMAZ,QR,C,Z,
L&y IR .

5 10.9 Z,Q,R,C ARFI & £ 7, L& m x m BIEEMERGESL

ALK, BAHEESR O, 2 LA FHE I ZHARA Z,Q,R,C,Z, L
4 FBFE3E .

5l 10.10 3t Fia4b =0 X, 24k X 2| R #9453 €(X), dH ek
e A R IR, ARA X B FEERBIT . BN RS R O
Bl (6.78).

5 10.11 = F Abel ## A, A 3] A A G WA KRARNASARNESL
End(A) = Hom(A, A) L&kt T M MIF, BRI

oty A — A op: A — A
r — o) +y(r) r — o(Y(x))

EF 0 AFARS, 1 AEFud, TMARA Abel #46 BEZ (endo-
morphism) If.
£, dF R-&H=E V, EndV L&kt 4 SMRIR.
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©ANFE 10.12 (5E) & T X3 R, it
Char R = min{n € Z~¢:n-1=0}

# 4% CharR = oo W #9325, &itH CharR = 0. #l42 CharZ, =
n,CharZ = 0. £ —A&#, TUAF L LK R 2L HAFMEA

Char R = min{n € Z+q : Vx € R,nz = 0}

Bl ¥ 4% Char R = co W #9it%, & ieH CharR=0. 24K, —F 2 M%E
9.

S 3E 10.13 (FEF, 24, BE X, BERT) 4 THF R, YA —L4
HoU, AR XE
e T reR FH#/ s R\{0} &F rs =0, Nk r A EFREHF;
EHAELte R\{0} #F tr =0, WA r AEZEHRF. 2RRT %
KRB FoA4H FEETF (zero-divisor). EXHLHF R RAH 0 2K
BT, WA R A EIL (integer domain) . ZEA & #F, RiIkHA 0
ARRT, ZHRHT AR EEEFARH “RAE 0 RARET

o WHIRE RALIK. T recR H4HEscREFrs=1, N4k s
A r &% rHGAE (invertible) ; X 44 t € R 443 tr =1, 1)
ARt A r B9 EE r AR, BBRATE A TE, HE A RIERT
HAEFTR AE, WitAR r A BAL (unit) . B HBIE, 2KE
{2y — A2, FR AR R &9 BALRE .

e T re R FHAENE g EF =0, WAk r LEETT
(nilpotent) . £ ZFF, A—AREL r, 1 —r LAREE BAH
VA S EAEN

1
1—2z
XA RRAATE AN ZRIT, RFELPAZ T —AFEAMAR
L N5

=1l+4+z+22+... A PR A



228 BrE MREAMS
o T ecR, ¥ e=c¢c, Wi e £ BFIT (idempotent) . 24X 0,1

% p—
HAREL. BEARIE, £LFT, e/ i=1—e RE—HL
e+e =1 ee' =ee=0

ik, e CRERRFAT. e H e 89 EH (complementary)
7T

~ @ 10.1 ~

SJR% 10.1 (Boole X¥) Sie44E (10.12), © 4= L 3% R, HANTFH AR
¥, 8

Vre R ri=r

KiE: R A4EIEH 2 49 T IRIR,

3@ 10.2 X T3FR R, 2,y € R, Kik:

(1)vy AT W y AT,
(2)x" AFA4z, Wz AF45.
(3)xr £7T#EmAEAERRAT, W z & ¥4z

ZIE 103 AFX R ¥, F 1 —ay £F42, W 1 -y ZE4.

Z1f 2 10.4 (Kaglansky) T3 R, % z € R P A A FR&Y A & W) oL X
H A, iR

SIRR 10.5 KaE: BEIRAGHFIER 0 RFHK.

S/ 10.6 £ R P, —ANE BRI LR . Kk

ab=cb <= a=c X b=0
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SIER 10.7 KiE:
(1) # % 0 HOR— AL T R IR,
(2) 4E 15K — AL A HIR,
(3) BHIRREIR.
(4) ® & XK 7, REXLHME n REHK.

71 E 10.8 £4F R P, RXXA

zly <= Ja€eR,s.t.x=ay
r~y <= 3J¥{iuc R,s.t.x=uy
(1) Kik: ~ REFMKA, | RIMFRFR (3]A5.12
(1) 3 FH#3X R, Kik: zly,ylz = = ~y.
(2) 3 FHEMF M, (R), £iE: X|Y,Y]|X < X ~Y.

B 10.9 (BMILRHMER) FEHA Z> — R 9B K X, IHFHL
HAAR A BIL (arithmetical) FRH, £ X EZ A AN RBH G ER
(involution)

(fxg)(n)=>_ f(k)g(n/k) = "> f(k)g(h)

k|n kh=n

AR ARk (f+g)(n) = f(n) +g(n). KIE:
(1)X 3thmikfe BARME M TR LI, P A LA

1 n=1
d(n) =
0 n>2
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(2) 3E%] Mobius H# p A% H# 1 #E T,

T AL B B KL F IR Mobius R 2 LA

1 n=1
p(n) =19 (=1)" n £FFEF, & r AREFHH TR
0 n &-F 7 BT

(3)(Mébius R¥EAN) M FaE L3 [, 9,

Y f@)=Fn) <= Y F(du(n/d) = f(n)
d|n

d|n

10.2 FIR5EIF

ENX 10.14 (FI) T37F (Res 4 )R 89— ANE=TE S 3 R 9z
s A — AR, AL S A R 8 AT,
FFLFE R, LRK 1S, F#HZAH FI (subring) .

5] 10.15 # 4= T 15-F
o T 4K R, {0} NATH, ERZL LTI,

ML, 42 (0,3} TAFIH, RARLL TR,

« ZCQCRCC, H—NOAXEHRATFAR.
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o R £ R[X] #F3F.
o 7 EHIEFILGTR, FTA L 4FHRA 42 nL.
o T M, (R) L&9prA L= AsERARGFE U MAR—ATF.
X IR AE B L TE LIRS+ b, BT IAN A I 24550
N TR R AR I

ENX 10.16 (FBIE) C43k (R A 4 )R, (R, +) 9ok T2 A, &

VreRaeA,  ra,ar €A
A& A A R & IBIE (ideal) .

HEAERK racA, WA A ALBE, REKarecd, WHEAAANE
B8 AEA T AT RA, SAAREAA RAIBE .

TR, W T L3 R, BAE A M 1eA & R=2
ENX 10.17 (AIF) 43 R, 28 A, £ (R, +) WAELE
R/A={r+A:r e R}
TUAF R R EA
(x4+2A)- (y+A) =2y +2A
#AIF R AL A 8 FIE (quotient ring), A FERALH 0+95=29.

HEE AR BRERITE, KT o +A A 2mod A, o +A=y+2A
W& ITAH =y mod A.

%umsﬁfiﬁﬁ%z;%&ﬁiz%%(ﬁ%%m@%%&ﬁ 24
BHOEXABTTRETHERXR, RbiET R FRALTRGE
T H e T

alb <— be€aZ <= aZ DO bZ
alblec = alc aZ D VL 2 c¢Z = aZ 2 cZ
alb = albn b€ aZ = bn € a’

a=b modn < a+nZ=>b+nz
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E S S
Z)mZ = Lo,
B A F kA (9.8) = LT F—E—H.
ST 10.19 (ERHIBRE) RH, T —AF R, AMNETUR LT £

S C RERK (&, A, Jih) 1B . &f= (9.25) = (9.26) T4 —H.
mEXMEETUAEEE K, ¥ R RLFN, SC R ARMILAZ

(S) = {szszyz :n €N, s; € S x,y; € R}

i=1

HEAZ n=0WKPFTH0. ¥ RAZIFIFNEZEL—% b

S
Zs-i—sz—i—Zsy—i—szy seSr,yeR

HAFERNES. BT LLind L RiE. AR A, AN ZS
A 4

]

sz+25 ZserZs seS,xz,yeR

HEHPdE— AT FEERGEEMARA £ (principal) IBIE T a € R,
TANLE@REGNK, AR EEBR RaR+ Ra+ aR+ Za. 4713, R &
T, 0 £ RN EIZBILR aR.

~ @ 10.2 ~

SJEE 10.10 T @39 A TR R4 E X P T2 L. €403 R 9% R/ ~
LRI, #HR
[+ W =[z+yl  [=]l] = [zy]
R o] & o ENEHR L KiE:
(1)[0] & R #haikT 2,
(2)j0] &2,
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SJER 10.11 A F L3R R, 248 A, EEE4E we A, N A=R.

BIRR 10.12 (FRARIBAE) s+ TR L3R R, 328 M AR A2 RKIBLE,
Jm BT 40 9

MCACR <= M=AKA=R

(1) BB : HANIFARA MK ILA,

(2) LB HANEZHE A £ R, #ALMKIZE M LT AC M.

10.3 IF[EZS

EX 10.20 (EF, F#) €43k (A& % )Ry, Ry, KA ¢ 1 Ry —
Ry, %

Va,b € Ry, p(a+b) = p(a) + p(b), p(ab) = p(a)p(b)

# o A R, 2l Ry 89 TARZX (homomorphism) .
% Ry, Ry AR AFEZEK (1) =1, THRZARFL.
Ei:

o & o N, R A R Bl Ry 89 (ER) HERZ.
o & HEH, Mo A R B R, 8 (EL) AR (L) BREE.
o & ABSE, AR o A Ry Bl Ry, ) (A) FH, h ¢o: R=H.

EX 10.21 (#%, §) ©4#FBRE p: Ry — Ry, it
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(1) Kerp = ¢ 3(1) = {z € R : p(x) = 0} = ¢ 1(0) F&H ¢ #94%
(kernel) .

(2) Imp = ¢(Ry) ={p(x) : x € R} #&H ¢ 69 1& (image).

N TEUMURE A RRCA G ) — 4, S M BRATE AR TR, T R (1 Rl
LR ROT, N I R IR IESRIR A ), AR S K BAIE A e R, IR
T ARG, WA EGR.

Wl 10.22 AR & p: Ry — Ry, N

(1) Kerp & Ry #9324,

(2) Ime & R, T 3.

(3) Kerp={0} <= ¢ RER .

(4) Imp =Ry < p ZHRAL.
112, (5.9).

WAL 10.23 S TAA (L) 43 Ry, Ry, B4 0 : Ry = Ry, it 7: Ry —
Ry/Kerp A AABAL, 1 : Imp — Ry A2, N

(1) AAE—H (R4) HRAS ¢: R —Imp HF 1op= .
(2) BEE— (L) ERSE §: R /Kerp — Ry &5 o = .
(3) B —0 (L) RHM ¢: R/Ker — Imep 143 togom = .

X\%Y

Wl\><¢ Tt

7 e

X/NT\-—>I
#iL 10.24 GRRIMERTEIE) S TAAD (L) 43k R, Ry, (R 4) RAA
@:Rl%RQ, 91']

R/ Ker ¢ = 1Im R, xKer ¢ — p(x)
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EIE 10.25 (B—HRMEE) 4 (L) 43 R, 328 A B, B A C B,
|
R/B = (R/)/(B/A)

IR 10.26 (BEZIEWMEIERE) 4 (L) 43 R, (L) 4F3*% S, A
AR, N
(S+2)/A=239/SNA

~ 3@ 10.3 ~

3] 10.13 (Frobenius BEIR) £ —ANFIEHN p> 0 89 LK R P,
KiE:

F:R— R x— xP
R —ANFE L, XA A Frobenius BREIZ. FEH k% B —A Fermat
N (9.81) 69 55 SNERR.

ZJ# 2 10.14 (Jordan E7) €4 43 R,S, & n: R— S #HL
(1)¥a,b € R,n(a+0b) =n(a) +n(b);
(2)n(1) = 1;
(3)n(aba) = n(a)n(b)n(a)
WA n £ —AJordan [E7.
(1) AEBA Jordan F) &7 4= F MR
(a)n(a*) = n(a)*;
(b)n(abe + cba) = n(a)n(b)n(c) + n(c)n(b)n(a);
(¢)n(ab + ba) = n(a)n(b) +n(b)n(a).

(2)(Jacobson-Rickart) % S £%AHERT, M

Va,b € R,n(ab) = n(a)n(b) Hn(ab) = n(b)n(a)
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2 10.15 (ETFE) 44K RS, En:R— S #HE
(1)Na,b € R,n(a+b) =n(a) +n(d);
(2h(1) = 1;
(3)Na,b € R,n(ab) = n(a)n(b) &n(ab) =n(b)n(a).
FAVHE AR
Va,b € R,n(ab) = n(a)n(b) &Va,b e R,n(ab) = n(b)n(a)

BP (3) 89 RA TR TR R TR L AL —, BEZ, g AARER
S, SRR A BA
(1) i%
a,b € R,n(ab) = n(a)n(b) # n(b)n(a)
KiE: Vo € R,n(ax) = n(a)n(z), n(xb) = n(z)n(b).

(2) &
a,b € R,n(ab) = n(b)n(a) # n(a)n(b)

HKAE: Vo € R n(ax) = n(z)n(a),n(zb) = n(b)n(x).
(3) EH o AL

10.4 FHER
[ERE, 1) AR AT EFR ) Cartsuis £ BT ELFH.
EX 10.27 (ZtE) T3k (TbB 4 )Ry, Ry, £ Ry x Ry LR X
¥
(r1,m2) + (11, m3) = (r1+ 11,12 +13)
(r1,m2)(ry,m3) = (rary, rary)

Ve —ANIR, #- A Ry 5 Ry, 89 A AR,
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EX 10.28 (BREF) T4 3% Ry, Ro,...,R,, T A )ax 2 SUH A
49 B Aeke T

Ry XRy xRy x...x R, =(R;y XxRy) x Rg x...x R,
Hh n—1 8HFR.
EX 10.29 (—REF) So—#kF {Ri}ier, £ [[jo; R LRXEH

(ri)ier(ri)ier = (rir)ier

KA — A, ARA {Ri}tier MW ER.

P LIS, BRERELIF, BATCRARME (Dier.

NHEHAFAS PR AR, TAIFETER, T EMR R =R, x...x
R,, BOWAEBGELGS 7« R — R; RWHIRIES, AR 54 5 A g 2
(10.24), FEFZ LS Ry, ..., R, #2 R WM. WATTHEZEEK
FONT IR A, Ay 75 R/ 2R,

EX 10.30 GBEMER) S TAHF R, 2B ADB MAARLLEN, E
2A+%B =R.
BR EFNT, BE a,be RIEF a+b=1.

HERA THOR TR, Bt T8 m,n, B mZ,nZ HERY
HALZE m,n BER.

FIE 10.31 (FERKEE, CRT) X 43 R, 28 Ay,..., A, AFHL
=,
R/iNn...Nn2A,) R/ D...0R/A,

MERR E
¢:R— R/ &...5 R/, x— (z+ A,

|
reEKerp «<—= V1i<i<nze, < zcAN... A,
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WO AE A R A e B (10.24), PHEIFRATRZEWRUE Inp = R/, & ... &
R/,. #it

ei:(O,...,w,...,O)ER/Qll@...@R/Q(n
AR b, ATR BSR4, v € R G o(x) = e, BRI o 17
zeA, ... zel+A ... xzeU,
XFEAT AR
r=r+2%,...,m+A,) ER/AL D...&R/A,

REW 2 =rieg +...1en, B4 @o(x) =r. HEXFFRME, BITHERK e,

db; € Ay, a; € A, b; +a; =1
R x=0by... by =(1—ay)...(1—a,), &
rel+2 zreAy ... ze,
XS] T . O
#iL 10.32 (FEFRIKEIE, HFERA) XL37F R, 28 A,.... A, AA
BE, MNEEr,...,r, €R, MawFXF X 69 7AZIELA MR
X =r; mod 2,

X =r, mod?%,
EEXERAT (10.17) AT T.

1 10.33 (HILHFHPERKEE) oo E¥EH my,my,...,m, AAL
#, 0

Lny..oony = Loy X oo X Ly,
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R A289E 55, P THEENEK a1, as,...,a, BIETAEA
X =a; mod my
X =as mod ms
X =a, modm,
& XA R, LR AR mime. .. m, B,
SFNFE 10.34 (FRIEROTRAA) EFRLE, s FH R, 2R 1T, K0T RE L
/32 A8 69 AR

I1-J:= {inyi:’HGN,Z'Z‘EI,yiEJ}

i=1
EP n=08 Y 4R 0, ZHRIET - J L2 A FHEELLT
{zy:zel,ye J} t9hmikins.
Y AB EEN, R AR, KATHER A-B=ANDB. A&,
AR IR A0 2 S

AB CAA-BCHB = A-BCANB
BZ,BiX 1=a+b,acAbecB, AinttlT rcANDB #AH
r=r-1=r(a+b)=ar+rbeAB

B A ar,rb #R4E AB ZF.
Lm st B R AR EAIEAT AR AR —FRHA, 2R Ay, A,
AMEE, WA 5 Ay A, R BAREKB,

R= (A +2A) ... (A +2A,) CA + A ... A,y

B EXBEFBH A, fkbidfk—B R0 A AR Ay 2A,.
EBE T A —F M AL, A A, % R R MR,
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~ @ 104 ~

SIER 10.16 % & 7Z 69324 nZ, i % F| it

ﬁnZ:{O} Z/ﬁnZ%Z

n=2

ﬁZ/nZgAZ cx=(1,0,...) #0s.t.20 =0

n=2

Efep BF KT HD, AHA?

SRR 1017 FESAKX f(X) = (X2 -2)(X2-7)(X?—14), LBARZ—
MNEQ LAR B S AKX, B2 KMNBIEN, MEMT n, f(X) £ Z, T
A .

TR F B 89 b s iR ARIE SRR R AG IR, ATAEAT & 4L
p#2,7,
X?’=2 modp X?’=7 modp X?’=14 modp

ZVPESH—ANKHM @op=208, X2=7 modp H M
X=1,p=7%",X>=2 modp A X =3.

B)EE 10.18 (p HH) FTEAR G HEH p, FELTRELHRAS
iv1:Z/p'7 — L/p'Z z mod p"™7Z — z mod p'Z
X AETS AR — A
Z/)pl <2 7)p*7 L < g7
KAE N
Ly = {(Il)fil € HZ/piZ Vi > 1,041 (i) = %}

i=1
A=A, BB x— (z mod p'Z) & %4, 1212 #H 4T
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BIRR 10.19 FEALLF R, FE4 R' =Z x R, & Lk
(m,a) + (n,b) = (m+n,a+b)
Z A F K (X AAARR )
(m,a)(n,b) = (mn,mb+ na + ab)
KiE: RY R 43, Bl r s (0,7), =ML IFFUBEABEAN—A LI,
SIRR 10.20 iEARAIAEA R =Ry X ... X R, 693 BAA, 4o
A x ... x A,

HEF A 2R, 09HEA.

[B8E 10.21 3 F 43 R, LA A, B #HL
ANB={0} A+B=R

N A B 3+ R RAMhikfa ik E R — AN 43R, L R~ A x B.

e 10.22 ¥ F 4R R, &
REA®.. DA, 2B ®...0 B8,

H A, B #TRERANTH AR, W n=m, BELEEMHk 0 €S, 1&
A Bg(i).
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10.5 ZIRNIF
LA N B EE NI —, FEAEh R B EZ R
EX 10.35 (—REWMAR) &3 R, & R 89T 7

{(an);2y € R : REARYE a, #0}

(an) + (bn) = {an + b, } .,
(@) (b) = (cn) o= abor= Y aib

i+j=n
B HEIEARXFEM T I 2 RER—NF, AT HTRIATELT X 9%
B K ATEANF RF

d
f(X):a0+a1X+CL2X2—|-...—|—adXdIZ(ziXi
i=0

XA f AR ZINN (polynomial) , /A R L&y —xZINIF, 2
ZATH RIX).

2 W 2 BB B IR RIIOANE. 2O o AR, A
MRE I L (H 2 T AR E To AR UE 105 IS, e T FE R RR
. AR 2 I SRAT AR I3 A U 75 RLE H Vi FL, etk o 22 T e

EX 10.36 ©H3 R, BAFFINE A9 L
o Mdn X" € R[X| 895\ XMARA N n K BINX (monomial)
e ST r£0, Hdo rX" € RIX] 9 5HXA n kIR (term) .

o EMAFRZAKX f=3",,mX" € R[X], &X deg f = max{i: r; #
0} < +oo, A f 49 R¥ (degree). F 2498 0 REKH —oo.
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o WAEAMAERSAK f e RIX]#HTAE—HE R ro+r X+.. 471, X"
HEFor, #0, n =degf. A LE & {r}, AL2KEHK
(coefficients) , # r, A BWMARH, ro # BH (constant) Iil.
HALR 0 #9H R F HA=H OR339 A 0.

o AMAHA 1895 AXMAA BE— (monic) ZIR .
5138 10.37 & 43 R, FFRZ AKX f(z),9(x) € R[z] M
(1) deg(f + g) < max(deg f,degg).

(2) deg(fg) < (deg f)(degg).
BREFTHERR f,g OFHAMETH 0.

WA 10.38 (FRMBE) T LHF R, 59K f,gcRX], EgRE—%
FX, WAELE—H qre RX] EF

f=q9+r 0<degr <degg®kr=0
EAhE—H p, s € R[X| 147
f=gp+s 0<degs<deggshs=0

SERR R, AT REDT AT

BEM W f=a+aX+.. . 4+a X" g=by+bX+...4+ X" flitF
m>n, W f=0g+ f MCLES MBS, AP m <n, N

fo=f—a,X"g s.t.deg fo <n
ATPARI N, R fo C2WEWRTS, W fo = qog + 1o, 778 EXAF
f=a, X"""g+ (qg +10) = (a, X" +q0)g + 10

M q=a, X" 1+ qo,r = 1o 1HHEEK.
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ME—E  EHAWHRERE
f=qg+r  f=qg+mr
iy
Qg+tri=q@g+tre = (Qn—q)g=r1—1
AR ZE R A K (10.37)
deg(ry — re) < max(degry,degrs) < degyg
REUNTF g E@W\ﬁ, T degq, —q2 > 0, Iy
deg(q1 — g2)g = deg(q1 — q2) deg g > degyg
AN g BOARECH 1, W (10.37). FJE. M ¢ —qe =0, 11 — 10 =
(@1 —q2)9 =0, NI 1 = g2, 71 = 1o, ME—VEFRIE. U
ST 10.39 (FN) M FRKA R, 2 € R, f(X) =a+aX +...+
a, X" € R[X], =X
fx)=ao+az+...+a,z"
FTAXZNLT R[X] L& IHERTE
¢ R[X]— R F(X)— f(2)

RHFRMLIBETEEIRRES., 2L f 89& R LORKAL f(z) =0 4
T € R.

T E#ILX R, f(X) € RIX] £ R LT 2T deg f 4.

XARA, & f(X) A xo, N f(X) 3 X -z 89FRTRET
%

F(X)=fo(X —xzo)+7r r& %% 1 k8 ie reR
BNz Fr=0. BRI (10.37), deg fo =deg f — 1, EHF—ATF &,
Pl RSB GERGER] — R ZAXRNE S RA — AR, 4% aX +b A AR
T1,T2, ﬁ!l]

arx1+b=ars+b=0 <= a(x; —22) =0
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BAH a#0, 8 01 —x0=0F8 2, =x,. IHERIEATEH
B Ja A4 2 oo 2 il
EX 10.40 (BRITZMN) @31k L ZTLIMNIF
RIX,)Y,...,Z, W] = (R[X,Y,..., Z]))[W]
M f(X,Y,...,Z, W) € R[X,Y,...,Z,W] TAitH

FX,Y, ... Z W) :ifi(X,Y,...,Z)Wi
=0

a b r
= ZZ._.Zalijin ...Wk:

i=0 j=0 k=0

EX 10.41 ((FERTEZWR) M7 R, £EEHFE T TRL S X%
R[Xlicr ={f € R[X;lies : SC I Ak}
~ S 105 ~

(B8R 10.23 XIEA: FIA Ik L IRARA LA Z L6y % X 3R89 B 3R,

S8R 10.24 (#HHIRT) €@ L F R, f(X),p(X) e RIX],p RE—, B
degp=n>1, KiE:

FRE AT n Mag(X),a1(X),...,a-(X) € R[z],s.t. f(z) = Zai(X)[p(X)]i

B]RE 10.25 T @ %R X3k Lz fl o B #4752,
(1) 24 R 895 R X f1(X), fo(X),..., fo(X) A ELE, Kik: 3 F
HEWSZAX a1(X),a2(x),...,a.(X) B4 HAEA

9(X) = a1 (X) mod fi(X)
9(X) = ax(X) mod f5(X)
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LA, BFTA AR f1(X) fo(X). .. fu(X) RI&.
(2)(Lagrange #HEZIN ) T R? LARR B 447 &
($17y1)7($27y2%-~-a(xn7yn)
Kik: BAE—ORART n—1 RO ZAKX f(o) 2R E FELKE
i 3k XL
Z1# 2 10.26 (Lagrange HREZIN) T4 R? L&9& {(z;,y)}0,, &
¥ ox; AATLRE, £ R E# & Lagrange £JK

Hk;ﬁi(m —x) o (rem) () (@ @) (- T)

Lil=) = il —on) (@i —21) . (@i = wim) (@0 = Tis1) - (20— 20)
- 1 i=j
() F8: Lla) =85 =3
7]

(2) Rik: f(z) = S0 yiLi(z) RS {(z,y:) o, OFAT n—1
VEZIEW

(3) CH R B ARAR L n—1 89 Z AKX f(x), Kik: f(z) =, f(z;)Li(z).

(4) & Li(z) = anz" ' +apz" 2+ A ai,, HF a; AXT {x 7,
k3, AR (3), A {ai;} k& T4 T Vandermonde FB[% #91% 45 [%

1 1 1
ay Q2 [¢2%
an_l a2n—1 ann—l

ﬁ)T@&M&fz; Ydz, BZA I;. Kik:

L[ ‘+ IQ +— . +— In = b——a
b2 a2

i+ xols + ... 4+ o1, = Y=o

—1 —1 _ P g
2L o+ 2y 'L+ . 4+ i, = e
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fif LR AR A Z At AR 6 E 2T k.

10.6 1RGN
AR LR PRE Abel BE 1 [01EF, 7 0 35 i 2 — o (R AH 2

ENX 10.42 (1&) ©4 L3R R, hmik Abel # M, R A5 R&E M £, A7
ZITH (ryx)—r-x, FiHZ

Modl VreRz,yeM r-(z+y)=r-z+7r- 9. (5B )
Mod2 Vr,s€eRzeM (r+s)-z=r-x+s-x. (5 BeiE)
Mod3 Vr,se Roxe M r-(s-x)=(rs)-x. (o)
Mod4 VreM 1-z=u. ($124)

MAR M #—/7Z R-18 (module) . H# R-#£.

XTE AP, WA BLE SO B, IR R R E — R R .
B, 7 {5 W AT DR B I RS

EX 10.43 (A1E) T4 X 3F R, #mik Abel # M, % R R E M
L, AFTET (e,r) o1, BA

Modl’ VreRz,yeM (z+y) - r=z-r+y-7. (5 BetE)
Mod2’ Vr,seRxeM x-(r+s)=z-r+y-r. (5 BetE)
Mod3’ Vr,se RoxeM (z-r)-s=uz-(rs). (P4
Mod4’® VreM =z-1=nzx. ($124)

WAR M #—AH R-1&.
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EX 10.44 (FUR) 4o f—Ahmik Abel 22 M BRA—A £ R, X2 —
Nt SAE, Bk R b1k

VreR,seS,xe M, (r-z)-s=r-(x-s)
AR M 2 R, S-XI& .
EX 10.45 (FH&, HH8) 4 L3R R, R4 M, T2 NC M #2
Vr € R,z € Nyrx € N

Ak N A M # F#R (submodule).
T M 8T N, AAVEAR Abel Z09H#H M /N £F 8 AR RALL
4
r-(m+N)=rm+ N

# M/N 7 @& (quotient module) .

15 10.46 1EAT Abel # (B VEhnik )G, # 2 -4, E P FEHR n-g = ng.
F AR T2

Wt R Ui, HIUEFE R-EHZ R, Z-XUHE, T4 S-HE# 2 Z, S-M
. AT BRI AR AT AT 3 OO,

5 10.47 1£1T3F R, R A F3t2 RAE, ’xAH r-s=rs. TRALLH,

5] 10.48 43k K, K-#, ARFEEHE TG ILENE, 2 K-&K M=,
FAERRF R 1), HALRP R E .

5 10.49 T4k K, K-&W=B V, ATk o :V -V, W V ET
DAL K[X]-#, iBidhe TRk

N F AR of T T 2.



10.6  FRTE A 249

WE 10.50 (ARREIZ) T E =6 X3 R, mA R-AE M, N, % Abel #8Y
Bl& p: M — N iHE

Vr € R,z € M, r-o(x) = o(r-x)

WA f & R-IREZ, &Af f A R-ZMRY .
TR, LA ERMEKREE. T RERE o: M >N, &

M /Kerp = Im N

AR NREE—, —FE 4 RA M, T# N, L, L LC N, N
M/N = (M/L)/(N/L)

€4 R4 M, 4 N, L, 0
(N+L)/N=L/(LNN)
~ & 10.6 ~

SRR 10.27 (FEM) 2 T R M, T4 A B,C, % BC A, Kik:

AN(B+C)=(AnB)+C

£ B+C={b+c:beB,ceC}.

I RS 44 1 S



B+—F =

11.1 BV E X Ff5)F

EX 11.1 (1K) ©43F F, % F\ {0} dREER—AE, WK F H 5§
(skew-field) & FR¥F (division ring) .

EX 11.2 (38) €43F F, % F\ {0} stk EAER—A Abel 2, WA F
# 13 (field) .

IR AL 52, RAE—DICRMI {0} BARFEIRE R R — M, (2
FE BTG HLHEBRAE SN, HeR it JAT T bl s A A KT 1.

W 11.3 CRoXMELAHFR F, F RBWAS L2542 F 9B R
{0} #= F.

WERR A EE. XPTARRT FORARFREAE I, ik 2 e T - {0}, W

rleFzel = l1l=z'zel

TR
VyeFlel=y=ylel
T2 F=1I
K2, Ve € F—{0}, KHWAE oF & —NEZHAE, N oF = F, T
J& o Al BRI N 1 € F, FE y € F 615 2y = 1. O

250
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il 11.4 (BF) Q,R,C £—/N&, ELA 0, 4 TH L

5l 11.5 (18 p FIK) p AF K, Z, FR—A, A F,. £hns,
acF,— {0}, BT a,p EM, ¥ Bezout % 3L,

dr,y € Nys.t.xa+yp =1
Mt p EXTH Ta=1, T#HKE T a 9%,

FEJa S5 S h AT F0IE, XA R BT R ph, B R E
SCRME—H) p* A PRI

5l 11.6 (BEARE) FEAHZAXAES X R(z) £A—NE, ELAXR
MK 0, 2R EAXN 1.
f5 11.7 (ETHEK) T a&Mmidw o, 2
H={<a b) :a,bG(C}
-b a
a b o
HF C= {( ) ) :a,beR}, T VAN A
— a
x Y z w
a=z+yi -y xr —w z .
b=z+wi e w x —y LY, Z,Ww S R

—-w -z Yy x

BB Wi ik S4B [ 4 e ik A REAE R — AR, AP RAAEAZ AR TS
O Fe B fs4E51% I. HA1T

1 0\ . i 0 , 0 1 0 i
0 1 0 i -1 0 i 0
NAEAT H P TEATAE R z +yi + 2j + wk. B 0,5,k 892 F XA

P=j"=k>=—-1 ij=—ji=k jk=-kj=i ki=—ik=j
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Bl 11.8 (Zx#uE) Q[vm] = {a+bymla,bc Q}, £+ m Ik 0, 1, £ R
SETHET, AR RRET,
I |
a+bym  a®—b>m
PR &A1) # g b9 5B AL

(a —by'm)

SAMFE 11.9 (FBIE) DICHEIFRM R X (10.15), ¥ T¥7F R, TUAE R X
(R\ {0}) L& LXZ

(a,b) ~ (¢,d) <= ad =bc
BHHFET G TBIELR—AFMRAR, ZHET AL, &ML

#
FracR=[R x (R\ {0})]/ ~

FARALL, T (a,b) PTAEGFNEA ¢ EMTAE L& e ikfe Rk

a,c_gdtbe a c_ac
b d  bd b d bd
5 ¥k, LBt FracR # s — /N3, X AR A R QG EE (fraction

field) .
X IR R AR AT R E R A IR, A LSR5

~ @ 111 ~
I E 111 (T RIEFN) otk K, KiE:

(INz #0,1,(z7 ' —=1)t=1—-2)"' =1
(2Na,b#0,ab# 1,a— (a=' + (b7 —a)™1)~! = aba.

1B 11.2 &4 ACR, Rif: A RBMAS; LB 5HR
(1)0,1 € A;

{a—bE A
(2Va,b e A— {0},

ateA
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SIRR 11.3 3T 4FIEHh p 69 AR F, iEBA: JA10.19F 8 Frobenius 8
RA F £IRERRAM. (B8 EM, (M F PoITEHTAFFF4#. )

SRR 11.4 SRR L (10.15), KiE: A FRET—2 .
SRR 11.5 KiE: A RIRAG oL A F R T R

SR 11.6 (Wilson EIE) Ca AR F, Kik: F PR EFERTHRMR
A —1.

BIRR 11.7 KAVE ZIEPEAT —ANFAA R KIZA, B AL 10.12. 5T
LRI R, B a, KiE:

R/aZ¥B, < a AWM KEH

B E 11.8 (REBUH) =13 A3 9% s Rapde ey 2 L. B ARELE Yy,
B# o RREBSARI EH v RENAEAK S AR, WHA R
HHA algQ.

(2) Kik: algQ # R —A .

(3) KiE: CooBAZRERKSAX F(X,Y),g(X,Y), £if:

é‘]*?‘ (l’o,yo) i%"gj'ﬂ&%i-#(
(4) RAE: AT ARKE A R £89 % 7 X a9 R4 R K8
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ERR 11.9 KA1F L2422 :;mmm/:, KNI AS.22. 3 F—KE, &AM
FTVLVAA @i TR 69 — AT %, @K A AR ie R 35 R, B4
R F A H T F R, WEKAEAMTAMA 0,1 53], BBEARALTEA 1.
HEAHF 0,1 A Fy 89T FE, XA, TAKE FLAAA F- LA T H FX
e E. B —AAEABAX — NAAHMRGTERLE.

UE 1
00000
-~ 000—-0
OOOAAA
>0 000 ¢
O0—~—=00
O>>000

F 111 AERESZLMETER



xi8

ASHR I ) H AE T A AR AR RS, DUEEIR A 2 A
B RTALRE AT I REM IG5 . AR, IR TR0, ATRA N9 TN
HHMBEA P, T B B R A A AR T AR AR 22 . A IR
N T RS ARE A T LS % [26) B [14], ATE =N H T REEA 7T
) GTM Hbt, Beke ok o L BORAT; Ja 38 W2 DL 0 55 1l 1 3k AR
.

PAUR 200 2% H PHE.

fE(9.1) FAiTgs i VRERE S AR (9.4) g T AL TCRME 1
ANIBOS 762 ME— B S, SBR EIRATR LU AR LN B =g
Ry, R, BUEATEE BT, 20 (2.30). A, BATHUA & %
RER=MIsHEEENAITT. BR B, K p Rk, v 2,
1 2455 AT

GxGxG G
uxy &xu :/ \:
G x {x} {x}xG
G x G G x G ‘ ‘
idg x1 idg 1xidg
\\ / b |
G GxG GxG
Y
G

255
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G

(ido y

GxG {L
N
G

XA SEEEN TR S W R SO ), #RFEE bR BAR 2K b
IEEA AR R 2 1], 5 Sk H0 2 i SR i If

1E (9.22) NET IEM PR — SR, (B2 ER PR IE TR —
T S A2 IE AT, 2020 /809.40. LK%+ 2 W MSE1185603.

Euler EI2 fl Fermat /NEIE (9.31) 2F it IEH HEE P EH, X
AT A 25 5y Mt S R 2. JERRR ) SRIE I T LA WL [4] P43.

S1#9. 11448 1) Dedekind SEN 328 T 28 FAgfe— & (1) 7 FL Pk, X AT A
R ARYE 75 §14.20H E— % E.

91445 H T R B RERIZE, Sebr b, XS T I /6.9. BN
R Z+1rZ & R WTH.

ST 1545 T R A — S T, EZ RIS L [12]82.

2191615 AT A BRABE  FF (0 28 10 HAA A IR 3, X FiE Ak
R, G UE R AT F8 B0A B AR S — MR A IR IE
FLTRE, AR FRS B (0.40) fRvk. ATMTIR50A IR T REL ARG
BN A PRI IR B 000 W aT AR BEVE e E, R R B R A G
EAEH EEE.

ST T B LR ARIATS . O, W AR 2 R
], fn SR ok MUY A, MIFRIX /N2 #RFMEE . X TN IR A B4R
WRTRAZ L [32].

1 (9.29) NTHFTHE H 0, A BRA OB RER % A PR AR R, —
M7 77 2 E BB, 2 ILMSE7T896.

>1RR9. 2380 27 194 R il R T2 2, W53 LA,

39242 E FH AL W AR K Cohen iiF BH ) — AN A8 3R T A HLAR
H A PR AR SO B BT 25 EAR A A BR A B BROIE B 52111, 2 00

(v,idg)

A

x G

“w

Na


https://math.stackexchange.com/questions/1185603
https://math.stackexchange.com/questions/7896
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[15]§16 P97 (16.10) 8% [16]P84 exercise 1. SLfr I, IXF1 Alexander F&
EIE (8.21) HIAIGIH (8.20) Al A T2, #iE Zorn FI A HAEH.

2] 719.26 47 48 | Dietzmann [f]5€ B, X ZAE#H 1L [40]P105 15 # 2
[, F3AMZ LGP L ST R [41]) P93 Ex.6.15.

2119124 2R B ARl M) 9. 274 41 ) AL TR R RE Kom — M EERY)
T BRI, CHRBAAAERRR? 2, [41] P93 Ex.6.16. £ H 0 AA
A IRFEH, WA PR

2193041 T BRIMEEE A NBEIMEE. X R RA LKL
A LA BB R EE XA E LI G, BB, — AN 35 44 1 ) n 2R —
BRI LR URE, B X AR A N B R T UG BB F R
B TRE, G C AutG, MEREERE—H %

G CAutG C Aut(AutG) C ...

R —A C MEEME? 20 [5] PT3.

HEFM=AE T (9.38), (9.39), (9.40) AREE i3 A K & B,
X Noether ## . Aid f5k, A8 SRR 5 A77E [F A H AN 2
HEMRIEANFRART “EHR”, T e BT KR SERR F AR i
P AN, X PN E BRI A I E A

1RO, 3210 B K 1) Fh A ANEE 25 W AH S B 1) R 4R, X 3K A (] i)
BHEBRA R RAREOE L E. ARk, 8 IR FHNERE A B, Ui,
55 R R ) [RIAL) 58 SCTCTAE T R IR VR () TR AS). Gr e 44 ) 3 [ 4 s 2 21 ¥ 4
B, 20, [32] P43 (5.31).

15 §9.5, WATNA T B BEAINES:, — N0 25 18 1 1] 2 B 754
—ANFEOT RN — LA A iR R R 22 BT, XA BN B M4 A TR
PSR DUSR. (H2 R — AR XA R SR ME— 7 BRI

G%Hlx...an%’le...me

B —EH n=m, BFEENEHR o 15 H = K,;)? XEEHA
) Krull-Schmidt E, 2 Il [26] P48 §2.2, ¥ — K 1E I /& Ore &b

I ), 20 [27] P127 §8.5.
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SIRRO.3AZ5 H T RER) BRI B E . BN EE R A, RSN EM
TiUA= RS PR oo A AN, IRV ELARA ], DR R i (A R 49 0 3Rk i
TR T AR Bk ob, BREAA — L5 PR,

2 9.365 A T Cauchy 5 Wifi#4is Sc8y, iX HSLfE 2 i RATR 2 &
HOSZRAUMI LT, 2002081633, H 20X B 5 B 2 A 7E F b s
KA R, B A RRE A ARE .

S RR9. 3548 B EFEHETT (9.44), (AR I BITAE . 1o i) 2
B 4O Ny N (NoNs) = Ny N Ny = {1}, {ERIX AR (9.44) 167

3TN E T BRI MM S, IEH SR AR AL T
Y11 4411 Dedekind V£ W), 52 Fr b, X 2 BRI — A, 2 W3]
14.4.

1938 R T BRI SZ BRSO F R ) S 6. 292K L. X R
WV 1) FH PR S

15 HfhRE)RR , >Jf9.422 — N A MBI ECE G R ITH . AR IR
KHEAN Sam Lord ¥ £& % 1000 3G, Nl @S RKIiEH 7%, M
NATTHI D B U8R, BRI A N R, IR AN [l B AN AFTE MR (BVRIR
A BFIRX 4 ZER), 1 HETE 1879 FFHUEH —Lord NZTE 1891 FJF LA
FEMRECRHIXATTR. XU, $05 R 750 A8 5 & AT T i A 32
RAFEHIFHEH. S Mwiki: 15 puzzle.

§O.THATE R ANAT BER, RTR0E, RATEAHENH. BIEM
SRR AT TR, T E ¥ 2. S0, [26] P54 §IL3 5L
[14] §4.4.

>1#10.152F5 E g/ Boole ARELM—ANE X, W, (14.23). 534, 7
—AMNEBRERRMBELE R, M » € R, #AAFLE n(z) € Zso
#1327 =z M R &— AN HIR. ZPF N Jacobson EIE, £ I [40]
P209.

> RI10. 30T # it R AN AR, E R G A A B ) A AT 2 A
(CHSRE AR R HHRN, (HRA RHE AR R e R IE

&


https://en.wikipedia.org/wiki/15_puzzle
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Wi )
1

— =14+ +...
1—=x

RIS, B 1 — 2y F 1 — yo BIERZTE AN
1—zy) ' =142y +ayzy+... (1—yx) ' =1+4yz +yryr + ...
FIT CAFRATIAT 2 0% 1 28 by 55 U,

(1—yr) ' =1+y(1l—zy) 'z

S0 BRI e IR R ). X R T Sk R DA A B R BRI A
#] Sherman—Morrison A X H#E~ Woodbury (55 18F R, &
UL wiki: Sherman-Morrison formula DA wiki: Woodbury matrix identity.

21/810.4048 1 Kaglansky @ #. £ I [40]P25 Exercise 14. HF5L
b, AT m], TR BWRAE AT B LT R LA S
TRAEAT PR RS Lo B SL i, H2 BT M (B W1 81.17) B K
oL, il

BATIR A1 A A )38 Dedekind BFR (finite) , 8¢ von Neumann
BIR, Z U [40]P4.

> RE10. 8t A B R AH A, IX AN BRI OLRAL, 2 n|m, min,
W m = xn. KTHEFERGNHT, 7TLA4REHE, 22 W, [40]P36 Exercise 6 &
HEES T [41]P29 Ex2.6.

STRR10.120E B T B R BEAR A7 AR, AT A 40, XA P2
.

4


https://en.wikipedia.org/wiki/Sherman-Morrison_formula
https://en.wikipedia.org/wiki/Woodbury_matrix_identity

260 Eid

> R10.14F0 > 10,1580 F [5]P131, 26,27,28,29, i 4HIX AN i /K
H [2]§1.4.

210 18KGIE ) Z, B2 p HEEEE, a2 AT 252N p 3t
., 202633 AN e &AL L. SR, PR E X p #EER
— ), KR T I ARE R — . R, XGRS — A S EARR

STE1090 A T W45 T8 L3N B Z 6. EAMIE L AE & 58174 R
b =5 TR A e, (HRARE A 1 LB XA ARG 1.
UHREUCE HAE RS (n,2) = n @ o S EINTERE, XFEIRIERIE X
R

(m @ a)(n@b) =mn®mb+ na+ ab

SJRR10. 204 18 T IR A B AR R 54, BER (GERL) FRENNE A
XAt IS5 18, B A B8 AT L2 R 1) ELAR T8, X2 Goursat E
I, 20 (17). HA6, AR EAR S il vE— 1R 25 RS, XA AN Ao Y
Krull-Schmidt &R E, W,>J8810.22, Z 0 [40]P37 3.8.

2155, BIRE AL R TT R, Lbr b, kR, RN T
T HRATAE — E [ = SO ME— A PR

S1E11.498 H, AR R B IR, 52 R &2 B ER
IR BRER? B R R T EM, Wedderburn /) EIR 45 H 76 BR R IF LA,
2, [14] §5.2.

>1RE11.QUE ] T BB, & — AN HRAREE Y, XA > IR
S L, M ST R AT LGS BRI IE I, RO — A BB S i T
IR ECA PR



EUER 5T
1 4544
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——

Il

=
~7F

[B11Z. §5.30m 7 (K15 3, T 1T 4a G 7 48, AR B8 X & J =ik
dmE ks B

AESAWAH B, — A ERAVER GBI 3P T i
A, B RNHEZMPERRN. L, 5HURRFERNE, A
VERATR X BATTZ BT V8 O — 28 e U — S B G5 AN . i ) i LA
B2 RONB T

AHR I3 2B LB BT L (R EAN, (ER X 5 K57 2] 7T bA g —
FATTIAR 2 10 AN TV, X 2 AR FRATTEE SRR 153X 24 il JLAN 7V

FLBAS TS, 2 e S0 b — 2L 26 1, it ml DA L o — AR A
1y, K. MARSRIN B3 2 26, XML R AN, XK Boole UL

A=, B O ENEEANE TR EZ MW, DA eE 2
M. B == GRRIE A, S D0 A 41 52 %,
TP AFEE A%, B, S ECHE AN Boole fUEL.

262



BT-E RFENEFRHZ

N IR i £ A 4R

12.1 1RIFERIE X F6IF
17, §5.3, FA1 A —

EX 12.1 (IRFE) %4 X EWXFR <, & < HA:

POl VreX,z<u. (81 )
PO2 Ve,yeX, z<yy<z=z=71. (BT ARtE )
PO3 Vr,y,2€X, z<yy<z=z<z (i)

A < &2—/"1WF (partial order) X %, # (X, <) R—NRFE
(partial ordered set, poset) .

EX 12.2 (EFXR, i) o E6 X LHXF <, £ < AWAFKXE,
H

TO Vr,ye X, z<y Ry <z

A < £—A2FF (total order) X & K Z&EFF, MAR (X, <) R—A &
F£& (totally ordered set), 3 #% (chain) & ZMF5& .

B 12.3 (BBELRK D) Z,Q,R %X F < fEmeF%k.

263



264 Bt o®m RTENEANE
5 12.4 (EERR) N* X T ¥k | ERtm 5%,
5 12.5 (BEE) CoiEs X, 22X XTa5T C /P i,

5] 12.6 (F=ME) Ch&ir=l V, V @A TEAXTFEEXE C
FRY

— e, AT —ANEE G, HATR (EA) TEHAT C ERBAE. —
N R, LA THEXT C b ik,

B 12.7 (RIDBIMA) Tk s X, o6 X 9 2WKXI5 X T A (refinement)
Ve B, im0 2

X/ngX/R2<:,> Ri C R,
5] 12.8 (REARNEEE) R LAARZKXT < R F %, £F
[<g:<= VzeR, f(z) <g(x)

EX 12.9 (BiAFSF) ealir % P, 57 {a,} C P,

# {a,} H BB (decreasing) 5 (sequence) %

ap = ay > az = ...

# {an} H F=4& (strick) BBFS %

ag > ap > Az > ...

# {a,} H 1#B1E (increasing) F5 %

ap<a; <ax<...

# {an} H FEHOBIES] 5

ag <a; <ag <...



12.1 W EERE AT 265
(FH) dodife (FH%) #3855 44 % (F48) 8iF (monotonic) FFI.
~ @ 121 ~

I8 12.1 S4lm /% P, CCP. & C FLZARAIL KA, BP

Ve,ycCix Ly, yLx

WA C A R#% (antichain) . #& |C| A REEIK.

(1) KiER Hausdorff € 3. LIt = p 5 X, & X 09— F R4k
RO AR BT .

(2)(Dilworth, 1950) 24 sr+ 1 T/ % P, Kif: P LA KA
s+1 MERKA r+1 8R4

(3) ConA Rt FE P, KK r, KiE: P TUAE R r FRE
a9 135
(4)(Dilworth EI) 4Rl Fk P, RKGREK r, W P T
B r et R, A TIERRA R, KMNA
(a) B2 ERFARZ, pMH P=|]_, C;, Kik: T KK r R
A A |ANC| =1.
(b) B LRERE, HEA P=|]_,C, & P FokkAhrt
BEER A= {A;}7,, & A=UL Aj, R a; = max(ANG;), Kik:

{ai ::1 e

(c) 1EBA & 3.

JBE 12.2 Ak ET, Kik:
(1) HAFFV4A £98F 7).



266 Bt o®m RTENEANE

(2)(Erdos-Szekers, 1935)sr + 1 THFAHE KA s+ 1 6#3E T
FIRKA r+1 &R T .

12.2 HEMHSRFE

EX 12.10 (FE3EEMH) ol /% P, FHEAT LR F ] {a,} #F
RA KRR, WA P #H2EEZHY (descending chain condition,
d.c.c.).

X BARFMN T, HEATERGFF] {a,} AR

AN € N,Vn > N,s.t. a, =apn

PR KA, {a,} 5, KMNARZAHFRA FEBE (stable).
TR S0 2 AR A RIF (well order), 3t 69 & 5 F 44 AR
A RFE.

WL 12.11 B A% P HRAGEL MO IS LE5MR, W% P 3
=T RAH M.

WERR Atk BARTERERE S {a,} A, ARG, RILAREISE
— IS5 R,
WEAE. BN, AR TR S, AR ag € S AT, W

da, € S,8.t. ag > ay

ar WA/ TG, M
das € S,8.t. a1 > asg

PAEZEHE, XS R {a, } I01ERREE SRR AL O



12.2 BFXMERFE 267
WL 1212 25 % P RAFEWESLBAMHA, 2FE P WEET
FAA R
IEER BOAX TN S, /N et e/t O
Bl 12.13 N & < R R A%,
B 12.14 7 FRAR 5 AR i R TRk 51
il 12.15 4 R 869 KRB TER B A .
HIG 12,16 (AGE) S TRAPE X, % SC2¥ HA

o X B9 L €8S,

e MEZF ze X, {y:y<a}CS = zeS8.
AP y<ax 89 R y<az Hy#z N S=X.

SERR U, AL X\ S B ANIE @, B @ RN, M
(y:y<a} C S, XFE 54T 1. .

ST 12.17 (BYFE) £ —A, AMNTUARHEME-NRAFE X 2
BAHY 69FH, AR RIMEMPE, B3 2 c X, BEEM y <z #T
GHZBALT, R BAEER T ETUHRE ¢ WBUE, A “—ARRT
KT AHEHEA X Ly s, BATIA 2 L7 B E S ZH LK
o RS FHE (12.1€) KRS, BARRH, BT ERAE—, T
AL

f: X — Y B f, {6 E<a} =Y 243
s A (i)f, R LI k.
:L‘ ~ ~
R ZE y (i) Rz s y itk R BT ik

FRE ABEMET [ Rk, BAERA f, $& {£ € X
f.(6) = fLO)Y, Ayamik (12.16). X B H I ik R E—8, & y
Uik BV DA BN — 2, BN o RN IE IR 5 & IR — 4.




268 Bt o®m RTENEANE

RE—0, KRB, ES o, ZAEFHEL R, BATUANES
{r € X o R Em), RBE%E (12.16). IERETLT —/Nh3 f, X8
PR R Ty ik
VA ER R SERET Y, A2 AT N H L e NI T AR E.
EIE 12.18 (RFAE) AT —ANE = £ 40T UK T B 5.
UERA  FAEEA Zorn 513, X T4HEA X, HiEMT4E
Y= {(57§S) S c X? (Sa SS) I%a?%}
WA Y R, E X
SCT
(5,<s) < (T,<r) <= Vs, €S, 51 <g 89 <= 51 <p 59
Vse S,teT\ S, s<rt
XRE, X TAE— 24 {(S), <i) bier,

S:USi r<y << Fielstrx<;y
i€l
L FHERIUE (S, <) 2—PMRFE. TR Zom 53 (5.23), & 17
TEMCRTE (S, <). AT S S = X, BN, "TEMEERkIE 2 € X\ S, Al LA
HE|— X FERITER

S =Su{x} a<'b < a<beSHb==zx

XEEY7e <, BRI (9, <) HEGRIER RFE, X5 (S, <) AMTF
JE, o RARE. O
B AR, AT A FHEE 41

EN 12.19 (FHEEH) otk F R P, ZEAT 4@ 57 {a,}
AR A AR, WA P # 2 HAEESRH (ascending chain condition,
a.c.c.) .

F W, TG0 5T {a,) AT,

Fh, EATIEE T REEARKT.



12.2 BXMHS5RFPE 269
~ SR 12.2 ~
SIER 12.3 M TFRAE X, ACX ALER, Kik: A E AR KA.

124 HTRAE X, RiE: & v € X, AL y £F (v,y) = 2,
TAARA z 09 Lk

B 12.5 AINELHMBIK (3.19), BFEES X, HL N < |X]| < ¢, W
| X| =Ry & |X| =c. B AEATELE X (B |X]| = |R|), AHLE—DE
B <, 13 Ve eR, 73 {ye X:y<z} LESZTHE.

I B 12.6 ANELARIL (3.19), £ [0,1] KT IR 12.557 4 = 4y
BRA <, FERIH-MRERMA, £ A B AANAR [0,1] K EHHTL
2 A F a,b AR,

BN,
?
b a ?
0 1
o
sl L :
"

12.1: KER K,

a>b N A MAF b>a N B A

PR g Sk < e ® RERLIEA. ZARAARIIF — S0BEN 0, AL
RINAAANFKEERR § BRIMETE R o, B #HOHK b<a &



270 Bt o®m RTENEANE

BER OB ATHES YR 7), ZFT ol AR BEALZ 0.
WEX R A 42

B S 12.7 AINELGRIER (3.19), RXFaFAETE S CR? £/
HAMALF S RESHA S, 122 S 4= R?2 6957 A F R4 A 5.

[BR% 12.8 (Artin #%, Noether #8) €4 R-# M, # & L A4kF44
A R, XA B R TR A, MAR MR Artin 18, FEA
1 7 S8 R T & &4, WAR M & Noether % .

(1) KiE: 4R 74, 7 YE A & Noether BAETRZ Artin #%.

(2) Kik: 45 A Z-4%, Z, B Noether 4% Artin #%.

(3) Kik: EH Z-#, ZN BRI & Noether # LT Z Artin £,

(4) % & 74

Z[1/pl ={f(1/p) € Q: f € Z[X]}



12.3 w7 LML 271

i M =Z[1/p|/Z, Kik: & Artin ¥127RZ Noether #%.

(5) W HF—AZMEE V

V & Noether 89 < V &£ Artin 89 < dimV <

12.3 1w ERRET
et RS B D2 MR R

EX 12.20 (BFME) C4hAFE PQ, f: P — Q,
o #R f R IBIEERET &

r<y= f(z) < f(y)

A f R FERGISIEMRET , &
r<y= f(z) < fy)

ff R BHMRE. %

r<y= f(z) > f(y)

R f R FERIERARET , &

r<y= f(z)> f(y)
b () B (BH) BIZRATSMA (FH8) BIFRRET .

DL R 3 AR e T B L TE Y.



272 Bt o®m RTENEANE

Rl 12.21 ©mAE PQ R f:P—Q,9:Q — R, W:
fit¥g gih¥e = go fifhg
fi#h¥E gt = go fiBIR
fiBmR, gi#h3g = go fiBIRR
fiBR, g M = go fib g
ANt 75 2 oA BB AR A B 2 A S B R i RAT
A4 T A TR [ B

EX 12.22 (HBMBRE) C4liFEbs P, B4 o: P — P i#HA

Cl1 z < ¢(z). (B3 )
Cl2 z <y = p(z) < p(y). (%A )
CI3 ¢(p(z)) = ¢(z) (F%M)

WAk o A P &—AFAEME X ABEF.

] 12.23 X AGH QL (4.18), HBIE (4.19) 2—AH QLS. SRLT L
B (5.0). FIENRFERESNHAXRZEAT C 09RAE.

il 12.24 A4l A PR &, BB (6.16) £ —H QLBRST. BT E 6
FRARBIZEAGATEXT C 8RAE. FIE, RN ZEBIZ
B & T A FEXT D 895 % L LB

5 12.25 AR e94631 (6.44), B8 (6.45) 2 —AH LA, PTG A
FARGOFRROIATEXT C R/ %.

5] 12.26 £ 89T 2 (9.25), #4B (9.26€) & —AH LS. PrEesth A
ERBNTATEXT C A E.
RlAf, £ by (AA&RL) A (10.19) TR,

5 12.27 &M =E V ¥, GE KRG TS AL —ANF SBRA. PTA
Wi FEAV A TEXT C 89RAFE.



12.3 AR IR ST 273
WA 12.28 S FmAE P, AIQLBSA o: P — P, 1

{p(x):x e P} ={zxeP:x=¢px)}
BP @ 8930 b & o 894%.

WERR AT y = (), By = o(2) = p(p(x) = oly). RZ, T z€P
1513 2 = p(x), A 2 € {p(x) : x € P}, O
17 | R HSRE X (5.19).

W 12.29 S TimA%E P, HaBst o: P— P, AC ¢o(P), N
(1) # A& P PATHAR infA, N infAe o(P), A

A E o(P) BFHR = inf A

(2) #FAEP PYHAHEHAR supA, M A £ o(P) AEEHR, B

A p(P) 8 L#HR = p(sup A)

MR (1) B Va € A, inf A < a, # ¢(inf A) < p(a) = a, KON inf A 2
TERSE, W
p(inf A) < inf A

2z, MRHEEIE I, inf A < p(z), MM inf A = @(inf A), i inf A € {p(x) :
x € P}.
(2) B, A Va € A, a < supA, Ml a = p(a) < p(supA). #
z = @(x) 15
Vaec A,a<zx

M sup A < x, B p(sup A) < ¢(z) = z, fHiiE. O
T AR T AT A T R A A TR A), TR RS IR A T
B, SEAEIRA TR 1 Bk g
T — MG L Galois B4, 1X AN GLILS ¢ RE V).



274 Bt o®m RTENEANE

EX 12.30 (Galois Bk4%) 24k /p% XY B a: X Y, 8:Y —
X, iR

Gall T 21,29 € X,y1,52 €Y, (i wRtE)
1 <o = afz) > alze) 1 Sy = B(y) = B(ye)
Gal2 Tz e X,ycY, (R et)
z < Bla(z))  y<a(Bly))
AR (o, B) A X,Y # Galois B%& (Galois connection) .
Rl 12.31 & (a,8) ARAFE XY 4 Galois B2, N

a(f(a(z))) = alz)  Bla(By))) = B(y)

JUEEH KM
r<Bla@) B oBa@) < a@)
H
y<aBy) "= alz) < a(Bax))
2 ML O

Wl 12.32 # (o, B) AWAE X, Y 8 Galois Bx%, W] Boa A= ao B 4
AR XY 895 e

WERR ERRIZR RN, 1L O

Rl 12.33 (fEFEM) A% XY BH a: X - Y,6:Y — X,
(o, B) A% X,Y 89 Galois B R0 L B 5M4R

y<az) <= v <py)



12.3 w7 LML 275
JERR A
y<alx) = By >0ax)>r = z<py)

IR,
otk 4 Y = Qx, Eill oz < ax ﬁﬁﬁﬁkj, e

z < B(a(r))
& 1 S T2, *Eﬁj:ﬁﬁ X1 S /B(Q(xQ))a % T =aT1,Y = T, Ewﬁija E&
ary < axy

JRZ IR, O
DA B AR 9 Galois BEZS 1) £ Bl 1, IR T 2R A 0H A (a1 1)
(RRTE
(Fw,y) = (@, 7"y)

AR 13238 TT CABR AR L (A AL
5 12.34 %L XY, f: X =Y, 4 (2.6),

Foo2¥ — @) flo @) — 29X
A — f(A) B +— f7Y(B)

& Galois Bx%. HF (2¥)? #6921k % (2V,D).
Galois &% () 7E% 2, 582 1047 3RA11 21 UL
~ 3@ 123 ~
SRR 12.9 BiE (12.32).

SRR 12.10 % (o, B), (o, B) A AGAE XY 4 Galois B, Kik:
B=p.



276 Bt o®m RTENEANE

IR 12.11 FERAFE W, LIRS W — W, KiE: AT
reW,z < f(z). FRLHA W - W 6§ FFHBEIHRA idy.

SIEE 1212 % (a,8) AMBAE XY # Galois %%, Kik: f(a(X)) 4=
a(B(Y)) 15 Ater 5 R R 89

SIEE 12.13 % (,8) A1BF%E X,Y 4 Galois %%, Kik:
y<a(x) <= a(f(y)) < afz)

SR 12.14 # (o,p) AMBAE XY 8 Galois %%, Kik: B(a(X)) =
B(Y). Bp
Yy €Y,z € X,s.t. B(a(z)) = B(y)

SIE 12.15 SamAE X, WS o, Kik: BEBAFEY, AR XY
8 Galois Bc% (o, ), B£4F Ba = .

SRR 12.16 (RNIPAE) ot X 3R R, A [, 3L
VI={zeR|3neN,s.t.a" €I}

A I #9130 (radical) .
(1) Kig: I Z3EH.
(2) K3E: /x: T T A GBS

iB)#% 12.17 (Moore f&) ©4 &4 X, M C 2%, FHZL
(1)X € M.
(2)M G941 AR E T .
WA 9 A Moore 5% (family) .
KiE: Moore #% 5 2X Loy Lm0, L H 7.



12.3 /PRI 277
SRR 12.18 FJEARZR W 9 aKF 2R W, 3 C mth A%, 15

v: W — W
W o — Wt

KiE: (v,v) £V BHE A HF Galois Bk
SRR 12,19 LR R, A TRA [ J, 2 LEENH
(I:J)={reRrJ CI}

KIE:
(1) : ) Rs2A.
2)=:J): I (T:J)5 —-J: 1w~ 1J Fm Galois F%.

(B)I:=):J— (I:J) 5 A FFHR Galois ¥

SRR 12.20 £ EM K, HE n LERAXN K[X,,...,X,| #= K", £)&
K[Xy,..., X, 89 A2 BM sk FER 7, KM TR T R R R
FER P, LA T @R 7, P Z 88 Galois %

zZ:. J5 — Z
I — {zeK":Vfel, f(x)=0}

Far
I: Y — 7
S — {feK[Xy,...,X,]|:VzeSs, f(x)=0}

B f A n Mkded, Kt A8 n ARFR, OB ARG ZE. SHEN

Z(INnJ)=ZI)UZ(J)
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12.4 fRFERER
EX 12.35 (ZLER) eamAFE P,Q, £ PxQ Lz
o Y5 (dominated order)
(@1,91) < (22,42) 1 = @1 S @2, 41 S Y2
. FHF (lexicographical order)
(1, 91) S (22, 92) : = 1 <22 A(w1 = 22,51 < 12)

ENX 12.36 (BRER) C4m A% P, Py,..., P, T#ERE LA R
M 5 509 ZELF A= FHLF

PoPoP®.. 0P, =PP)P®...0PF,
wH n—188HFR.

EX 12.37 (—RER) Cho— kb FE {Plier, £ [[, P LELE
B

(ai)icr < (bi)ier <= Vi€ I,a; <b
Bde | TR—ARFE, BTAE L FEF, T (a)ier # (bi)ier
(ai)ier < (bi)ier <= a; <b;
g R il a; #b} #9RIMA.

UnsE S, UL SRR AR AR WA ) A A PR gl R] 7 xR [
HP R —F. PP S A EIRRZER, WA,

B W PP IR AR — A G5 RAFII TS5, BN 05 A SS M g &
MOPET, (B 7 A DR 4 e O Re I, T

Rl 12.38 C4thFE PQ, Px Q Lty p < n

PQAHERFE — (PxQ,)HN2F%



12.4 fm/PEMEM 279

A

A NN

\J
\J

K 12.3: FHF

5] 12.39 iE%: Nx {0,1} EF# 54 {0,1} x N LFREFTRHM. BA
WHEGEANTEZREARFTALEELZE, BENTEHE.

ST 12.40 (XFHFHF) o TE£4 X, £MAAKL A FEE (al-
phabet) , & 114

W:|2|JX”

A RIEK, AP —ATEFHLF (word) & BiF. BB, e X0 =
N}, NBBRATFE, (v1,...,2,) € X" BEERH 2.0, REKEA
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n. Bde X ALK, £ W L SMNTURAERZES “FR B 2L

(I,'l....’I,'n<y1...ym <

Vi < k,x; =y, .
3k < min(m, n), K(m>nVi<n,z =y

T < Yk
~ SRR 12.4  ~
SRR 12.21 Rik: REEMARFTEFTERRFE.

E)RE 12.22 B [0,1] L&9i@F 5 <, U8 [0,1] x [0,1] EyFHRF, ©L
(1) $eit [0,1] x [0,1] AHEEH.

(2) A2 3Lt [0,1] x [0,1] <A 8 S&ERB 49,

IR 2 12.23 (BIMRAF) &A% K £, 20 %AX%F R=K[X,,...,X,],
BAVTAFELH AN ERIHZ —ANEF <, FHLZBRALHZ T 5
.

(1) AT ERX ¢, 1 < ¢.

(2) SHAEAT AKX ¢, 51,80, 51 < 59 = ts1 < tsy.

WA < A& BINKEF . KiE:

(1) ¥ K3 LF 49 F I A %R
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-~
«\ t00 long tres loin
(0,0)% 41,1
Vo ,'

A NN
N S o 4
'R P
\~—»—>———"

P 12.4: “ERBHISE KA %7

(2)n =18, $RXF#HA
1< X<X?<X3<...

(3)(Dickson)xt TALAT iy $50 KA b9 IF = £ & T, W A AR RES
SCT 1£4%
VieT,3se S, f € R,s.t.t =sf

[ ]
Yyvy

K| 12.5: Dickson EH

NEE LSS Y



BT=F HBHERRZ

AR TR XA IR

13.1 HEEEXSHF

EX 13.1 (IRFEX) Cedk= s LA L EaF < Ambdst (L, <),
i

Latl Va,b€ L, a,b 89 F# 5 inf(a,b) G 4.

Lat2 Va,b € L, a,b 9 L#F sup(a,b) A&

AR (L, <) A 1% (lattice) .

ENX 13.2 (REEN) CdExE b L A= L LMY _TiEHE, ZTA,
FV, BRI (LA, V), #H A

Latl aAb=bAa (R %tE)
aVb=bVa
Lat2 (aAb)Ac=aA (bAc) (o)

(avb)Ve=aV (bVc)
Lat3 aANa=a ("5H)
aVa=a

282
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Lat4 (aVb)Aa=a (BAHE )
(aNb)Va=a
AR (L, A, V) A 1.
EIE 13.3 A LEAANRE L (158.1) = (15.2) ZFM 8, Bk,
o MM L (13.1) 894 (L, <), @it X
a Ab=inf(a,b) a Vb= sup(a,b)
TR SLT —/NRECE LA #E.
o M TREE L (13.2) 894 (L, A, V), BiLE X
r<y:<= sAy=x & sVy=y
X ST — M 2 LAY A
o HoHK T %,

MERR XTI PR E SCRRS, w5 B UE a e T b E SCHT ALV A2 (13.2) 1Y
BB

T a Ab=inf(a,b) = inf(b,a) = b A a, FH—5RILUH.
A (aAb) Ac=inf(a,b,c) =a A (bAc), BRI,
BE# aAa=inf(a,a) = inf(a) = a, H—5RHELUH.
WU (aVb) Aa=inf(aVb,a)=a, KA

a<aVd r<aVb
(i) (ii) — z<a
a<a z<a

[FIRE, 73— 22N



284 BH=F BREAMS

of FAREE S UM, 75 LI E Ay e N < R mT, Bl
(13.1) MEJ5E. B Sy 30 F e

ztANy=xz = zVy=(@Ay)Vy=y =...=> zAy==z
U P RE S, T T AR BT AT ) A
HiEY% e <a <= aha=a.
BN o <bb<c <= aAb=abAc=Db, T

cha=cA(anb)=aN(bANc)=aNb=a < a<c

R a <bb<a < aAb=abAa=b = a=hb.
ETHWAEE inf(a,b) =a b, FAN

] anb<a <= (aAb)ANa=aAb
( { aNb<b <= (aANb)ANb=aAb
(ii)%{ r<a << rNha==x
r<b <<= xAb==x
(zAa)AN(zAb)=zhNz=>xA(aNb) =2 <= z<aAbd

y

3 T U 1.

fJa, R HW, X AL, O
DL S5 SR Ui B BA TAE R AR B, AT AR <, A, v AETE S,
T I I SC R T HA SR

il 13.4 (BYFM) 44 L, a,b,ce L, N
a<b=aANc<bAc a<b=aVec<bVe

BP x AcAe x Ve #RALIE.
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R o < b, N

(anc)N(bANc)=(aANb)ANc=aAlc
Bl aAe<bA e RHER—TZ AU O

f5 13.5 (BER) &L X, BE 2¥ hiR—A%, hAFAOLE C, X
HH N U 4w TH.

{1,2,3}

PN

{1,2} {1,3} {2,3}

> X

{1} {2} {3}
\ | /

21123} 84 Hasse B

F# BAREOE P IR A (1.14) FAZHFER AT 4 4, NEANE LS,
R ABLP-R N R S B B eI, SEAIF AR AR IR .

5l 13.6 (2EFH8) Corpk X, M X fEm—NE, hF A 25, 5
H) B3 ME AR B IR K AR

13.1: 7% Z 1 Hasse K
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5l 13.7 (EEEHAE) EHEH N AR —MHE, BF A ¥R |, At ARK
B R Fa N MER

/\\ ST N

‘ P 4/\/\ \>< ><\\
X><5 \/\/ \\>< ><\

NS N
30, 36,60 &9 R %49 Hasse B

5] 13.8 (LMZEHTEIE) S i =h V, V AT = B4R —
/\7};5, 1 F5 73 €78 (‘@EP%J_I&])Q, Vi, Vo 8 A 35 A Ry

inve  Vi+V,

L — MR, 3 F RAE M, M & FEAER—ANE, A A es (BpF4)C,
My, My %9 A 357 A

My N M, My + M,

Bl 13.9 (BREOTFR) M G, FiA G 9 FTHARGEEER—IH,
oA C, H K #3435 51 h

HnNK (HUK)
BEHR HUK £R&T#, 2R (9.25).

] 13.10 (B¥RIEMFRE) 42 G, /A G 8 EAT B E S1F
R—AAE, A @ C, N, K 89343t 55l A

NNnK NK
5 13.11 (ABEVEF) T4 Ly, Ly, Ly x Ly =A%, A=A

(a,b) A (z,y) = (a ANz, bAY) (a,b) V (z,y) = (aVx,bVy)
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Ss

As
((23)) ((13))  ((12))
(1))

K 13.2: &3 7HM Hasse K&

13.3: N x N Y Hasse &

1% BV ELNK) Hasse BRSO — TKA% s 2L AR IR I, 3K A2 4% 15 44 1) SR
(.

il 13.12 (Z#HIEEB) n 42— HEFER—AHK, XFHAS (and)
F22& (or).
FEE AT 122 #HEK B={0,1}, 2 Xk

0<0 0<1 1£0 1<1
W] n 4z =3 F]HOE A

B"=BxBx...xB
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111

N

011 101 110

| > X

0olr 010 100

000
343t 4 %49 Hasse B
~ S 13.1 ~

SIER 13.1 (EM8) AR (13.1) ¥, ERH (1), WA L A THEHE;
FRA (2), WA L A 4.

BARECE L (18.2), ZFRH (1)(2)(3) ATF2H5, WA L A 3K ;
FAA (1)(2)(3) J&F35, WAk L A FHH148 .

Kik: THFRFNTFH,;, LFEFNTIHFA4.

SIER 13.2 KiE: AR K TR R KT,
SRR 13.3 T4 B, T XA s A o Vv

A: B — BxB V: BxB — B
z — (z,2) (z,y) +— xVy

Kik: (A,V) & B,B x B # Galois #x%-.
ZJf 28 13.4 = XH B ¥ih L
p=aVb=p=a xp=">
8 p A AHEY (irreducible) JT. AR DT 0 894, 2 LiH L
(0,p):={z€B:0<z<p}=90

& p #A BT (atom). AT F|F] A4
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(1) F# L AR DT 0, Kik: RT—ZATRTHL. RZNWTK (3
B ).
(2) % L R Tesk 5, Kik:

Ve € R,ART 4P, P2y s Pr,S- bz =p1Vpa V... VD,

13.2 F1%, IBE5EF

EX 1818 (FI) %4 L 69— AEETE S 3 L a9ia ) (R T
It ) LA A —AH, IR LA S A L 8 F1& (sublattice) .

AR, T ARG K — 5, XTS5 T R A e

S 13.14 (FRSHIRRIE) 4 L W— M EEFE S, S<LWAZAHR

fe B

Va,be SC LaNb,aVvbe S
N PR R IR A%, IX PR R SRR 5 o o B
EX 13.15 (GB18) ik L, ERTFE SCL HL:
Ideall z <ye S=2z€S. (@) T3 )
Ideal2 z,y € S=azVycS. (&) £ )

AR S H—AIBHE (ideal). FRH L (1), MA % FIEIE (order
ideal) .

FiCA AR B 5 DR AL R 7 5 LR 2 oSBT Ay = avy, vy =
@y, TEMRERITEER R ST, 5 UK 52 2R T 5 B AR 52 3

EX 13.16 (BTF) Chots L, k2 FE SCL HA:

Filterl s >yeS=xz¢€S. (161 L3 H )
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Filter2 z,y € S= a2 Ay € S. (&) T3 )
AR S A—AGEF (filter) .

JET R AR B, RSP R A R
ER 13.17 S L, X T FH#A 4 FHA
(1) HAT—AH K [a,b], 24, EFHAE—ATF4.
(2) S, T<L, M SNT<L.

@%I\}E 13.18 (BEMEN) —fms, T L, B TCL ¥48
B EARE AT E LT 8 4
Blde, AT ALK X2 A R E& L Jordan FME

HHom,
A & Jordan EME < inf Zm(sz) . Si FE]j]JL'iﬁﬁ‘, —0

HF m(S;) ARTRGEKIR. B ‘@A 07 BARRLE S, Hlde, 3T R?
q’éﬁ:\i—ﬁﬁilﬂ) % %2 Jordan EMEY, ik KWk, 24K Jordan
KMBEE T £ 28 492,
XS ARAGE L, AXIANP TP ELHAR, ARNERA O
HELFBRERA 0, BARA 0 9ELGTERRTLER 0.
BB, 2RFRESEAR—NEE, Kb RHFANE @

PR, BB AL (x(t), y(t)), B
—M < z(t),yt),z' (t),y' (t) < M

EEBE t B At, z,y EL2E MAt(Lagrange FAEE ), e At, X &M DL — Bl K
N 2MAt WIER B, EFEMNEFFERRE L XA, EERT LNy AM?At, L At
SRS/, SRR RS /.
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©FE 13.19 GETFHIEN) *Hb T8, 8T 69 & X3 2% 2 A& X
Ty K7 Blhet TES X, 2 X, %8 2 QELSMR—NET. &
AN, o RE”, & x 9ESMRE “K7

EM, BT (6.11), * FIEAEE X, v € X, v B9 HKARR F, A
—ANET, BaER, T, AL ‘BE oz HHEL

~ @ 13.2 ~

BlEE 13.5 KN T @AB—RIETHIES.
AR X F, KN EHEXEFENRIEFILET, P R¥FT
RET 22X WET, ETRETE.
X AT AT TS 2] 2 € X 4 o SEATARBAE § ZF.
(1) £F% S C2¥\ {2}, HAARTHE

VU,V ES, UNV#2

KiE: BRIET FOS.
(2) Kik: HEATIET § £ BB —A " < X & Hausdorff 1.

(3) Kik: ¥ FFH ACX, v € A < HAET T A K& o

(4) Kik: HATET § HALE—AET 6 2F 7F 6 Mok — X
RE



202 BH=F BREAMS

ZJRE 13.6 Ry, KMAB—TRMET. L AEAITHRG RS
Z M (net) .
22 XL BME (directed) & A —NAAFE (D, <), 7

Vi,jeD, dkeD,s.t.i<kj<k

PP, BT ARBIL AN Z R RO TE. 2R, 2 —NMA™E.
stFdmn X, —AME—NAaER X s, ST —4AKW
(2:)iep, AW 2] z € X %

Vo 89ARRU, AT € DV > 1, x, €U

B Ao F T AL AR A T
(1) T {zi}iep, T

§={ ACX:JdieDVj>i, z;€A }

B {a )4 F 7 a0 XA —ANET. Bk §OMEE 1 = {2} MKk
2 z.
(2) X TET F, whAm%E

D={(F,xz):z € F €gF} (F,z) < (G,y) <= FCG

R 2 SUA 3% e gt [DM X] BiE: §OMAE] r e= XAFIKE
2 .

BRE 13.7 (BIEF) €% & X, FEA (25,C) EMR#IEFILIET
(P A% T 2X) A BIEF (ultrafilter) .
(1) ¥ FEF §, Kik: §F RAET L LRY

AceF < A°¢ F

(2) Rik: HEATIET §, A EARET 625
2RISR RO R, 2 02 5,12




13.3 A, [FfY 293
SRl 13.8 T iedh = iE X, 1T
C={ACX:A%E

Kik: ¢ B—AEHA,

13.3 [E&, [EH
EX 13.20 (EF, EH) c44& L,S, i ¢: L — S,

o ¥R, Mk o 2 FEE.
b o RS, AR o £ FREH .

o A L2 S REE S oz Ay) = o(x) A p(y).
L o AMATE, AR o & L 2] S 49 3Z[E)H .

o AL ESHHRBEE o(rVy) = o)V ely).
L o ABGE, Ao £ L 2 S & H[E4H.

% o MAXRSELRAFRE, WAk ¢ A L 2 S 69 18R .
L o AMHE, Fr o & L B S 8 18EH .

IR E R, A RSB, 58 AR I RS, =
FEAT (RN AS WL, 28 DU A% R A A

13.4: ¥ HIFEZS

Rl 13.21 T4 L, X TEMHRSHXE T



294 B = RN

(1) # ¢ RXRAZZFASL, W o RERAS.
(2) % ¢ AFRZE, N
plxAy) <p@)Aely)  pl@Vy) = e)Ve(y)
IERR (1) BUONFPRT AR &R B k3R
:L‘Sy < T ANy=z <= zVy=y
FrUMREE (OF) trFe, #52 (OF) RS R
(2) KK

{xAySw = pleAy) < o) = (@) Ap(y)

cAy<y = op@Ay) <o(y)
5 — B .
EIE 13.22 S4ds L, S, o: L — S, N
o RFRAMH = o RRAMH <= ¢ ZAFRAMH — o AHERH

WERR AR = R, RO R P RS, HAXU.
FrlRIRE = SZER. 73 lxt o Aot H (13.21) 1521

plehy) <p@)Nely) ¢ (anb) < e (a)Ap™ (D)
WA a=p(x),b=py), 155
e (@) Np(y) Sz Ay
FHEH L ¢ 13,
~ SR 13.3 ~

SIRR 13.9 KiE: MO MmHARREL.

3



EBTNE FZHIHE

A BERATHKAHEZ IR

14.1 T&EE

EX 14.1 (&) S TFhAE L, EEMEZTFE S C L, #4£ L5
KA T # R0 L A 5EEHE (complete lattice). &, if L AR K
AAegg L, &AVITH 0, 1.
FEAN, it SCL Y ETHR»AA
Vs As
ses ses

Fthye S=o, EHRH 0, THREH 1.
5] 14.2 RFHRRE, ¥ ALEHE RU{Loo} RZEH.

Bl 14.3 THMOREBH T RREHS, BABRMELILFT M RSO
53, A Rk RAREY, Kink bk F C2X 69 EARATHRA

J4a B

AeF BeF

T @ &AM A A B, AT AFHERE R AR T EL.

IR 14.4 ERBFIEEIR) ComFPE L L RZEROWAEZLGZ L
ARAAL, BAEMIEZTE SCL, THAR infS AE£.

295
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MERR A E R BARK. NTHEM FE o1, FATEIMEEIET T4 S #F

e LS. AwifRik S # L, Wit S M EARES
U={zel:VseS,s<a}#0

WA TR o, FATUEMH o 2 S W BB BN

{(1) Vs e S, VueUs<u = s< N\, pu=a

(ii) #HVseS,s<zx = zelU = a<z

=l
&

AFHIE. O
el 14.5 M T % L, Mewkst o, 1

L RZE&H = oL) REEH%
MERR UERD (12.29), ATARE (14.4) DL (12.29) F#ARKE L. O

©4MFE 14.6 (MacNeille EIE) #4MaF %R X HTARNI -4
b, BAEMTH SCX FERTHARAL, MWK
BARRM, AT TR SC X, BT R ERES

L(S)={xe X :Vse S xz<s} US)={reX:Vse S s<uz}
2K,

Gero {L(S) > I(T) gc {U(L(S))

U(S) 2 U(T) L(U(S))

TR (L(x),U(x) & 2% 2] 2% 89—/~ Galois B2, #E (12.32)LoU £
Hl oL gt, mREA 25 REE6, RIE (14.5),

X :=LUER*)={SCX:8=LU))}
XTaGXA CLELHN. KALEH, &
(: X —X y—L{y)={reX:y<az}

X HN X, Bk, 0 REFEH, BA ((x) 89F—RRKAHA 2. T@IE
BAAR £ T A R AL



14.1 SR 297

e BIR SCX ATHIF a, MAKRMETET N,csl(s) =L(a) e X, BH

T e ﬂf(s) = VseSr<s < z<a
ses

e BIX S C X HLEHR b, WLKMNUTE L(b) £ £(S) 89 LHAR, &
k., B UD) R US) WER. £k, £ T=LUT)) e X £ (S)
# LR,

VseS, sels)CT ie SCT
AR b A LR, W U{Db}) = U(S). X4,
U{b}) =US) 2U(T) = LU{Y)) CL(S(T) =T
@ LU({b})) = €(b),

P AAFFIE.

MacNeille 7 32 iE % Dedekind 43 E Fr4F TAEG9 . S A EHK Q
FAThe LR Z BEHKAFE RU {+oo}, ATHREKMNF RN R, B4
T 0,46 5 Uik A T kAo B LB HAE

~ SIE 141 ~
B 14.1 (FEHAEIE) Chn 4t L, f: L — L R EABEM, KiL:

Ja € L,s.t. a= f(a)

BIRR 14.2 @ ILF 464 (6.47), Kik: 2% L RELER — SFRF
1641 A % B 8.

'MAVseS,s<z < b<uz.
ANz <b = Vy>b xz<y E= xz < b.
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14.2 151%
TR (R ) £ A B
EX 14.7 (1R1§) CHdk L, &
Va >c,aN(bVe)=(aNb) Ve
M A L % #&4& (modular lattice) & Dedekind #& .
MHETX Mg LS, HFa>c, H

aNb<b =(aANb)Vec<bVc
aN(bVe) > (anb)Ve
c<a = (aNb)Vec<(aAnb)Va=a

PRI IE— /M ARG B, 7R B 0AIE ) U7 TA).
5 14.8 S 402 G, G W 2K EMNF EEAF AR . EMTFEM 5 A2
NAK=NNK NVK=NK

B RAEAE G IEBARL A Dedekind &N, AW 2 A9.11. X AL R BEAAARA
Dedekind #09J3. A .

5 14.9 BTN V, V 89 246F = AERER. F =065 H 55

=4

72
UNW=UnW UvW=U+W

HIEA 5B AT, L —MA, T RAR M, M & 2R T A mALA.
E L RBEKAT LR E.

RR 14.10 #& L REBH A LB EHRET be L

a>c, (aVb=cVbaANb=cAb=a=c)



14.2  BE% 299

MERR B, BUONBES

auﬁﬁﬁa/\(b\/a):a/\(b\/c) e (aAb)Vc:(cAb)vCu&ﬁﬁc
iV T

Li=an(bVe)>(aAb)Ve=:R

WATEUEY] L = R, JLI

Lvb=aNn(bVe)Vb<aVb RVb=(aAb)V(cVb)=aVbd
M Lvb=RVb, R, WHMEHL, LAb=RAb, KA L = R, i
FHIE. O

HEIL 14.11 (RBHFIE) —Mé L RERW AP LZFHR NG T
T4 Ns

b
0
K 14.1: N,
WUERR X2 (14.10) 1 Hasse FMIFE SURE, @0 O

©4MFE 14.12 (Dedekind #EBREM) *F T84 L, a,be L, N
[aAba] <> [baVi
c +—— ¢cVb

dAha ~<—— d
B A

aN(bVe)=(aAb)Ve=c (dNa)Vb=dA(aVb)=d
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Vb

cVa

dAND

alNb

K 14.2: Dedekind % & J&E N

XA A Dedekind 3% E (transposition) BN . X 22 B H) % — 2 2
AREELZE, B (9.40). T HA.

~ @ 14.2 ~

SIEH 14.3 B9 (14.11).

SRR 14.4 AR L ARK, a<be L, T axc L, 5H5£ yc L #47

WA x £ [a,b] FTAMY. KiE: & z € [c,d] C [a,b], W = & [a,b] FT

ik, M2 [c,d] & Tk,

ZIR 8 14.5 (WHIRS5|3E, Zassenhaus EIE) T4t L, a < A,b < B,

KIE:

[(AANb)Va,(ANB)Val|=[(BANa)Vb (AANB)Vb



14.3  SrHECHE

14.3 DA

EX 14.13 (HEH) Sk L, %

Va,b,c € L, aAN(bVe)=(aNb)V(aAec)
aV(bAne)=(aVb)A(aVec)

WA L A 7ECHE (distributive lattice) .

HEAE AL, TR TR LTS, A
{ (bve)>
aAN(bVe)>(anb)V(aAc)
b

NHAH an(bVe)=(aAb)V(aAc) MK,

(aVb)A(aVe) =[aVb)AalVi(aVb)Ac
=aVianc)V(bAc)]
=laV(anc)]V(bAc)
=aV(bAc)

301
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R BIGE a A (bVe) < (aAD)V (aAc) BPAT. HEHh, s N EIGIE
aV(bAc)>(aVb)A(aVec) Binf.

Rl 14.14 2 BAs— 2 A R4
W Ha>chf,an(bVve)=(aAb)V(aAc)=(aND)Vec O
il 14.15 4% & X, FEH 2X R4, BY
AN(BUC)=(ANB)U(ANC)
5l 14.16 &2/ %A 5B, BA
max(a, min(b, ¢)) = min(max(a, b), max(a, c))

5 14.17 (N,|) o84, BA

~ 3 143 ~
BIRE 14.6 T4 L, KiE: L 5B Y B Y SHEAT a,b,c€ L

(aAND)V((bAc)V(eNa)=(aVb)A(bVec)A(cVa)

L 14.7 T AF R, % R 89T A AREHAHAME A H AR, K
JE: R A9 AAKIZ A R A A R TLAK
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14.4 Boole X#{
EX 14.18 (B#ME) 44 L, H#LTR 1,0,
Va € S,3a’ € S,s.t.and =0,aVvad =1
MAR L % B#b (complement) 1&. o/ #xH a &9 4.

Bl 14.19 ARFEXEZE V 6T 2R AME, W G94NE W, 47
WeW =V.

5 14.20 4 E A X OREH 2X RAAME, SC X #94h2 X — S.

5l 14.21 €40 n 4z 3k BB AE R — A ANME, — B 2 A 8 AR A R
3E not.

N, AT Boole 1LEL
EX 14.22 (HBEX) ©4# B, A LTR, 48, A4b, WA B % Boole
K.

MR —A 2 € BAWANF 2/, 2”7, N

= Nl=a'NaVva")= @' Nz)V (@' AN2")=2"Nx

W <2 R 2" <o, W2 =", Wz BN EME—R).
N, BATEEEE, o/ N o 1%, LTSRN 0,1
Boole f{#(85 De Morgan £,

(xny) =2 vy (xVy) =2 Ny
X R ERERIE.

EX 14.23 (FENX) ©H43F B, EANALFHRF (FVreB,r’=r),
WA B % Boole X% .



304 FAE HEZRR

HEEWAN r =2 VZ1535 2 =0, MELH B MFRHERZ 2. &
F+y?=24+ay+yr+y? =a+y 33 2y +yz = 0, 155
zy = (0 — Vyz = (2 — 1)yz = yr BB, X2 RATHAE > 10,158
T FITE ).

EIE 14.24 A ERAZ L (14.22) A= (14.28) 697 LA FMay. Bikk
.,

o T AR L (14.22) 494 B, N
x+y:= (@ Ay)V(zAY) Ty :=x Ay 0=0,1=1
AR L HG A
o TN (14.25) 89#% B, N
0=0,1=1 T Ay =1xYy rVy=z+y+uzy ¥=1-z

#2 SLHAE

P

HEE,

It

MERR IERAMRZ D
msE kG E
(a+b)+c = (aAbAc)V (a' AW Ac)V (anb' A )V (a' AbAC) = a+(b+c)

FIEN 0. a BINEETTHN a A5, BN a4+ a = 0, BIRINIERL
.
Fesk TG &, BN, FIERRLIT 1. FES A E N
ab+ac = ((aAb)AN(aNc)V((aNb)A(aNnc))
(@ VV)NaANe)V(aAbA(a' V)
= ANaNc)V(aANbAC)
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alb+c) =an((ANc)V(DAC))
=(aNb Ac)V(aANbNC)

BE BR KNP =ara=a.
o R, HE N = #E . BRATCAMEX NI ZRIEN 2 M Hf.
ZEE (aNb) Ac=abe,
(avb)Ve=1—(1—-a)(1—-0)(1—c).
BERE ana=a’>=q,
aVa=a+a—a*=a.
MY (avb)Aa=(a+b—ab)a=a+ab—ab=a,
(aNb)Va=ab+a—aba=a.
FTFE an0=a0=0,
aVli=a+1l-a=1
B an(1—a)=a(l —a)=1,
V(l—a)=a+(1—a)—a(l —a)=1.
SHE aV (DA ) = a+ be — abe,
(aVb)A(aVe)=(a+b—ab)(a+c—ac)=a+ bc— abe.
o “HHWHIFHSLHAIEN T
LRSS O

5] 14.25 R & 249 Boole K& ~Z Fy, X #t A st 445, BARKKBL, 1752
0<1.

5] 14.26 4L X, BREHK 25 MR Boole K3k, 1FH 38y ik Hh 5t
ME (BRIALY).

HooP Ay A A T T VB R AR R, B 2% AL FX, BP X ARZ %88
Fo AR, RLEH LRIEXAH Z— .
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5 14.27 n A = F MR Boole K3k, 1E A 3640k R Tl

al|b|axorb
010 0
xor:| 0|1 1
110 1
1)1 0

~ @ 144 ~

SRR 14.8 KiE: AREYM Boole R#EH Y —2 2 2 897 %.

SR 14.9 &4 Boole RERRB M T HREHK.
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KA H MO T FMoBRE. \TE 1w T R R,
X HEAHESR Hb

PAF A2 2 BV

SIEI2ANAT Rk, DL — RV T REERIH G . F B i 8 8%
& Galvin 45 H B HIIERE. 2 0L [35]P98§9.1, P40§4.2.

S1F512.24 48 T Erdos-Szekers EIR, Seidenberg 45 7 5 NEA
FIIERA, 220 [35]P38 §4.2.

SJR12.60H T —ANE AL, BAARMBR T (A Z T/ T
Hilbert 5 — ). HIEMEFEETRNTLEGERES {(v,y) y <a} B
“THIAR, BIEXTE W) 2, {y :y < o} FOEER y, {z:y < o} #AE “0]
WPy, XA 0] A — AN B HURAS, AT FIRE BR8] Zso b, % [
EW) n, AEERAD m H15 m < n, WHERIANEW S m < n BIBERR
24 0.

112,784 4% B Sierpinski (4518, 20 [48] P54.

SIR12.84 48 7 Artin 2, Noether &, X # 7] LA Jy w45 A PR
PERIBR B, PRI 2 9 28 B 2 AL

A ERRET (12.22) Ml Galois BA4& (12.30) MR- HIMEEAS R FEL
B LA RS AT SRR IER [44] P95 §IV.5, LA SRR AT RIE AN 58
FAG B, 40 [26] P544 §XTV.2, [18]P65 §IV.6 5% [25] §11.3.13.

SIR12.10, 212,12, 2 /812.13, I 12.14, & Galois BEZS LM
BN, X g8k E AR AR HL AR ) A ) 5, P DART RE R LT ART B
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B

SJR12.17T 40 T Moore B&. fE& IFARKENG U124, & Nwiki:
Moore family.

212,160 40 7 EARN RX , XEZ A HE ML, S0, [15]
P14 (3.22) = [16]P8.

112 18K 4N 23 [EALVE—Fh Galois BEZ%, T ENEE IS, RS H
PBRZES ], — M (W)L = W, flins g2 6]

= {(az‘)fﬂ : Z Ja:]* < OO}

=1
B o= (0, 1,0,..), WHIE (e}, WARMIT A W, BBILHK
BT 2 I B ML, TV £ €2, S R 3L

((a:), (b)) = Zaibj

XEERESEE WL = {0}, # (WhHt =2 £W. EHEARSINA L
PR ARSI LL 1. A2, 1EEA € UTE55 I I, 3411 A Befi
ARKAIEA S, ER, R T — 2 IR a8, A 7 UWESE, By BLk
WX 5T T, £ Hilbert ZF[AIE N2 W, [21] P10 2.9.

SR12190 48 1 PN BRARI R, X RSB E S, 20 [16]P8,
B [15] P152 (25.1).

212200 48 T ARE LTI W28 25 8, S bR b > R6. 2 0RAIE P AL
WU Z o T & ST — A hdh, R4E 212,14, Bk, K™ B &g e
SUNER Z(1). B8R @ = Z(K[X,,...,X,]), K» = Z({0}). H

2@ =2 (Z Ii> Z(INJ)=Z)UZ(J)
el el

Hrp S 72 I KImEA G, X e ME AR, XA K | Zariski #h
F.


https://en.wikipedia.org/wiki/Moore_family
https://en.wikipedia.org/wiki/Moore_family
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— RIS, X T X, Y Z Il Galois BEZS, — MO 0] A5 40 40] 2] )
X SR P RLBR, SRR T Y B, Bl I R12.200F K A
Wt o —FR IS BRI, T KXy, ..., X,] EReanrmg? A%
AR Hilbert £ EIE (Nullstellensatz) Wi 5 £ K &R
I, G PR Bl S TF 2 ) /1 2. 16 A AR AR AR, 2 W, [30] P4 1.3A. 1IEZ
W, [26]P307 §VIL.10, [15] P90 (15.7) BE [16]P69 17.

SIRE12.220 A T 57— AN I B AH AN B 38 1 40 b = 1R, FRATTHE 21
BT RGN IEZ 2L, 20218813, X6 A — 1L
Al S, AT LU IEAS A AE [0, 1] AN Bin b [0,1] 4%
TS/, BAEE A GIE IS © + ey i= (2, y), XFF

Tt ey < Tyt eys = 1 < To BT = T2, y1 < Y2)

AN W T3 0 E AN 2 T P T PR AR A L DR h R X A B R R ) B <K
K7, Mo — F LA KRER. B, R FBF#H A LK)
B, HIXEHLLAR EECEFRATNE L.

2IE2.23FATN A T BRI, AR BN N 1 HET T R R
(10.38), X B I 72 IS b “ LR B /N A iF B R T X
REFES T X BLI 7564 Hilbert £ EIE (7715, Hilbert 5 7
FIAERA 2 L [15]P98 (16.12) 8% [16]P81 7.5, FIF] Hilbert 3 5 BEIE B #.10
XFERRFZS N [26] P149 §IV.12 12.2. H1k77 4 1) Grobner % 7Eil 5
RS A, AT LS L [37]P117 Chapter9.

BAVE BT 8 EIPIR A E X (13.1) 1 (13.2), X PiFlE LEMTS
K, SKNEEAY, IXAERCE P AEAE, B0k /AR5 (5.4), HAHITL
PR ZE . XML R Garrett Birkhoff #74 [275 (cryptomorphis-
m) . Boole A&t 2 —MEaas.

& (13.18) AN T Jordan EME | XEH NEHME “NE" =
UL[7] %% P321 § +=4.a.

BRVFALERTT, (13.9) ATV 7 — MBI TRAER — M. [adk
(5], B AN P B ) AR AR [ A, XA R B A7 B R B e,
A DAEA IRBF R BB E, 2 M, mo35455.


https://mathoverflow.net/questions/35455/does-subgroup-structure-of-a-finite-group-characterize-isomorphism-type
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7E (13.18) FRAIA A 7 AR E L. AHAE 54T BN A2 SEAUR:
A o-3B18 | RIIRERNT 2 2 nf B EE 1, BN 734 S 2 b Hh b 2 ]
Bk, XAE T EA . Gl 5 E —A o- B AL, b
R B AR P

o TJLUKE Jordan ZFMAEH B BRATSCA AT EC, IX 5 N Lebesgue
=SS
o S; K IR,
A & Lebesgue FMEE < inf Zm(SZ-) LA D s, =0
i=1

i=1

I “HmA oy 07 ByARLsgE s 2 1

o TEIRFNTE X b, IATATLUE X Z 5 (meager) B —4NEE (first
category),

ARZHE — A=|JF,(F)y =2
i=1
B Z 42 0] DS R — L6 AT I8 AR IR A 1 F. ARIRFRATINE S, =
Bk 8 “BIAH R A, B2 2] 816.37, 1X U6 5¢ 4 JF 2 &
AR Z A, W, =R 2 A
SR AR RAE TR, X T —FIBMAE (A7)0, M {S7}e, M

oo

Acs Soms < =

i=1 i=1
REE, {57}, 50 AR

UAJQU,S'{ Zm(si)<6

j=1 i,j>1 i,j2>1
[l U2, AT JEFLE.

4R, Jordan FMHEMIRE Lebesgue T, (AR ZAR. FEFESF], A & Jordan I HAX

2 A & Jordan ZMEE, FAMGMARIFAZH. Fl Q Wi Jordan Ei4E, B Lebesgue %
W, FAERE Q = {r;}52,, & e > 0, BT BIME

€ €
Ti_ﬁyri"rﬁ

i Q. IXHiZ Lebesgue HIIIEZIR IS HI— Rl AL



311

K ZH oKL, H b, —AREN N, RN LR 2 5 Hr Bbt
& [48]. BREIMEE 2 KB, Lebesgue W EEAHLL Jordan & 58 & /KA
BEAN A T HORT, SRFDIX — #4275 0] DA ) B s R 2R e 7 B RS E
), FHIEAREE T A€ {2} C Rso MIMLZARRE, MR R 22 AT 4L
ANa >0 BN, W B, = {iel: 2>} #ZARE, HUARZER
I,

(@

E,={iel:z; >0}

n=1

IEEA IR S

3.5 & 2 #13.6 8 T M AR . X RmINE A S E
BT EMIES. JETFAE 1935 47 Garrett Birkhoff #&H, FHUAEAR E. H.
Moore #1 H. L. Smith 7£ 1922 4 B (%) W ARES. OAH g+ 50 B 4% —
SE{H R Ab AT A T ERAR LU X i G L X T B D R B e
BALFR, B0 Riemann FR43 &6 T “4i4r” HIRKIR °, LA T LB
KA 9 [21] P15 2| P16 25 % KA f i R 3 .

£ (14.6) FATN2H T MacNeille EE , iX 1Es& Dedekind 43| 14
I7, 20 [50|P17 Bt . FATFRH, iEFHF R X = L(U(X)) M1 U(L(X))
R, S 02081212, M5 RE BRI 2 N AR — B, Dedekind
SEFRAIE X T E (cut) & o C QL

Cutl a #2,a#Q
HARRBL, HIE f ¢ [0, 8] - R, {EEEA
D ={(m c): m RRI%, c RS, AT HHEX LRI

TE ST
(m,¢) < (n',¢) s = || < |7']
H || ZRIS X KRR, ERAN—ANEE. 7EW

{€ataep = €= f(e(i)) d=({mi}i—p:0)
=1
HRIIRIRED f 7E [a, b] L Riemann #4).
O AMKI, HT X CR, FERITTUEL ¥,y 12 X WAKERTHEN D, X Fas
KRMR— T, L e o R [D22Rees sy R] B, ERE], SAHRAE Riemann
FHEE ARSI H I R SUT (R A,
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Cut2 H#qg<peca,llgca.

Cut3 HZpcoa, WHErealfifdp<r.

X1 MacNeille & H2 [k B BB G A E], BN Cutl HEBR T +oo, BIA
Q A P4, MimdE i B E & — A B AE, AT 51 Dedekind 43 % Al
MacNeille FTf# )2 —5H). Dedekind 4 #1405 ab st 2 %A F BUE A 4 bt
PIRES:, IX B B AR IR IE.

SJE4AN BT PR ER, XA E BCT H & A R AR, X2
SR 1410 — N

1 (14.11), FRATE 7R )40 E 2 B, SEbp b o kg A X R 2
H, PR TS Ny, BESRAEUIRH M. EHA HARIIEA 2 WL P549
[26] §XIV.4.2, HAATIABEHZMUEHZ I, [25] P109 §I1.1.1 BLA P85 K] 20.

K 14.3: N5 f1 M

TE2)E45FBAVN B T Zassenhaus EIE, XFRZIHA, FiLH
RS B 25 S A 3R B, B2 W [14]84.6.4. & T N A BRI 5] HE
XAFRIT K H Serge Lang, FHZLFE FIMMGE 1) 13: 35 U 754 205 10 1588, 5140
YAk B L R

SR AAHET T AP E AT RS, 2 020 9.37. S
JRAEHR 9 48B3 (relatively) ATAM, S [18] §VIIL1.

SIREA. TR IRV IR RR Oy IR . 2 IR BRI 7 an bR
W D EWIFEREIR M, (D), F52 b, FHIfiEid Artin-Wedderburn E
1B LA e A E —AhA1H 2 M, (D) A RER. 20 [26] P366 §IX.
3 8 [40] Chapter 1. TiXiEBA SHE [40] P31 Ex.§1.2.5. 0
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