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1.1 &5

[ 1.1.1] HPYOEIDZES LV, EEZBRLTLEELD

B EBERFIITUTA)EWS.
WHEEADBRTHZ L ZiE5Tac A (FllEA>a) XKL, a
IFAICBTS EVWD. ahADBRTEWVWEEIFad A (FHIFAFa)

ERY.




[E% 1.1.2) A B%&8r9%. BOEENITARTADERETHZ T
BIZAICEEND , HBA3WVE AIEB%ZET ¥WoT, AD BFflZ
BCAYRYT. COLEBIFADTDEETHDI LS.

%D

BCAﬁVx(xGB%xEA).



[% 1.1.3] ADBHMDOBDOADEYETA=BEEDHS.



%E% 1.1.4) BEEZVECODLHEELHVESETESYWVHS T, 58850T
ER




(€% 1.15] £A%BRCT3EAEEAHRE LR

IZER/CL, IOBERIICHLT, DEDDESADPHIGLTVWER T
5. COrERTOANSRBIERE{A |ic [} EITRERYSNE
E£AE VW T2 COERROFFEEL VS, COEAEE (A,
BECRT.

T COERIGERTEV. ERLERICIEROMINUETHZOT, BROMIZE
ALledpric5Ezx% (E& 1.3.10) .



1.2 S50D&E

[E%& 1.2.1] 1. A, BEESrLiceE, A BODHCH—AICET
BPERZLHEDIODZ AL BOEHES (FIFM, ) V-
T, AUBTXRY.

2%FD

AUB:{m‘xeAiT:LixEB}.

2. A BOWMAICET3EZRZLEED-DDE A BOHBES (X7
31, ’HH) £LWoT, ANBTKY.
DFD

AﬂB:{:c‘a:EAb".)xEB}.

ANB=0D&E, AL BIFEWIRZWLS.




L AUBHEWIRTHBLE, MIERAUBZALIBLEE, AL BO¥
RHMEWS Z e DHB.

CAICBLT, BICBECTHBRWVWERDEEZ ADS BEEIVWVEEERE LD
T, A—-B%7zl3A\ BTXY.

DFD

A—B:{x‘xeAi)\’)m¢B}.

BRIEEXZEELT, X DBMOERICOVTDAEZIZLE, X - A
Z AD (XICBAT3) HESLL ST A THOHDLT. COLEX %L
FAEELWVS.

CA={A; | i€ [} 2EBITHRFHIISNIERKRLTE. COLEDH
CEHENDVEDD A ICRT 2EREMEZED L DZ ADEHES
(FTIIFES) Lo T U AFLRBU{A |ie }BBVNBUAFL

x7.




2FD
JAi={z|3iel(xe)).

i€l

72, RTDA BT ZEREDMEDHDE {4, | i € [} DHIBE
BYVST 0 A EERN{A i€ [} BBVBNAFLRT.

DFD
(Ai={z | VieI(xeA)}.
el

B3Il =ND X F, UA%':UA mA%mAtﬂbi<

1eN

7. XZz&ERe LIS XCD"I%J\%AU)%T%E?(‘: LTHEIXEEZ XD
h(NE)EE L V> TP(X)THT




2FD
PX)={A|AcC X}.

8. X, YZEBLITHLE &E
XxY={(z,y)|[ze X DDyeY}

XY DEREWD.



A2

1. FEDEGAICDOVWT, 0 CABELTVAC ADEDIIDZ & &EHEAE &K



2. A, B, C%&E533. ADBHhDBDOCHEBIFAD CETRE.



3. 86 A, B, CICX L RZ2TE.
(1) AcCh>BcCcC=AUBCC
(2) ADCHh2BOC=ANBDOC



4 X 22F&ES, A, BZEtDEREGLT 3. R=ext.
(1) A—B=ANB°
(2) (A9)e=4



5. X # 25D, A, BEZOHNEAL TS, RETE.
(1) (AN B)° = A°U B°
(2) (AUB)® = A°N B°



6. A, B,C, D=&EE3%. ROFAZTH.

(ANB)U(CND)=(AUC)N(AUD)N(BUC)N (BUD)



7. X%&EBr T3 XOBPDESA BICWHLTEE - oEXDLSICE
=295.
A-B=ANB, A®B=(AUB)—-(ANB)

ZorE,

(1) BE LU0 IBHSER, BEEANE AT LETE.

(2) EE ICEHT3BMUTREETINESHANE. BETIEEE, &
TOETHBZHE S HANK.

(3) BEGICOVWTH(2) LALZ L RANE.

(4) DEEA(AGB)-C=A-CaB-CHAEDIDOHESHANL



8. RDZtZzmt. IcELBA ZHZ3LEES X DERES.

1) C
(M) -y

) C

)00

el el



9. DT L &FE.
(1)

(2)



10. R@*Bﬁ%AA (ne N)BRTEZLNDEE, TNENIIOVT
U A,k ﬂ A, 2R K.

(1) A, = (07 )
(2) An=1[0,)
(3) An=1[0, 7]
(4) An = (5.1]
(5) An =[5, 1]
(6) An - (_nvn)
(7) An = [n,0)



11. z e RICHL, ROBDEG A, Z A, = [0,2)ICEDEDHS. CDOLE
Qle%Eﬁ%&bJ:.



12. &E5 A1, As, ... IZXLT

lim A,, =

1 \k=n

DY

3
2

~_—

n

(@

D)
2

~_

n=1 \k=n
rIBEE, ROMICER &.
(1) lim A,, C lim 4, #Rt.
(2) A; DAy D - DX ElimA, =lmA, = °rj°1An THBLERE.
(3) A1 C Ay C - DEZE(Q)DESBILAVRBNESHANEL.



A = {n,n+1,n+2,...} n:{BK
L2, n: &

ThHhBEElImA,, limA, ZRD K.



13. (AxB)N(CxD)=(ANC)x (BND)Zzmxt.



14 X, YZ&8, ACX, BCYZERER/LITD. COLETX XxYIIHEW
TAXB) =(A°XY)U (X x B°) Thd_rzrt.



1.3 Ef&

[ 1.3.1] X, Y%2&E8r 33 XOREZRrc XICHLTY DEZHy
BV EORET DL S AEMIEZ XHEY ADEREWS. Wit fHX
NEYANDERTHZDETf: X - Y ERT.

EDERBICIE, XDEYADERf ik, BREX x Y OBHESTH -
T, EFEDr € XICWL (z,y) € fEBRDy e YDV EDEETDZIHD
TH3. (1L.5HEBER)




[ 1.3.2] f: X > YZERCTS.

L fIC&Dze XAy e VICHIGELTWBREE y%& f(x) TRL, 2D f I
£BH WS,
2. XDOEBREGAICHLT, Y OBRES

{f(x) |lz€e A} CY

zZ, &G AD fICLBHB cWHoT f(A) TKY.

3. Xz fOEEE, [(X)%Z fOEEHZVIFFREWVS.

4. Y DERESBICRLT, f(r) e B3 r e XDeEKzZ, fIc&
% B O/ W, f~1(B) TKY.
2FD

f~YB)={z| f(z) € B} C X.



[ 1.3.3] f: X > YZERCTS.

1. f(X)=YThBLE, fLIXb‘BY/\G)J:/\G)Eﬁéifctiﬂf“?é%é:
LWo.
DFD
VyeY, dJxe X, f(z)=y.

2. 21 # w2 = f(x1) # f(w) DI DEE, FIIL T 1 XFIFEHTH
BV,
3.1 1 DM DOEANDERTHZLE, £EHTHBZ VS,



[ 1.3.4] BHSf: X - YHEHOCE, Byc f(X)IZHLT
flx) =ythdrc XHFVEDEETD. CDa%x f(y) tELL
LI fF(X)DBXADE/RERS. iz fOEBREWVS. FIZ fHie
BHETHNL fTLHIY DB XADBRICHS.



[F& 1.35] XY, q:Y -5 Z%BBRr$3. COrZec XIox
LTy(f(x) € ZZRIGTEDIERZ f L gDEK &EW>oT,go fT
xR7.

2FD

gof: X =2,
(go f)(x) = g(f(x)).



[E& 1.3.6) EEXDREZZFNBEHRICSDTX IS XADEBRS:
XDEEFEHREVWS. [BEEEBRZidx Ply EWoTEEETRI N
Z0.

%D

idxtX—>X,

idx (z) = x.



[EE& 1.3.7] XZ&EEG ACX%2EDERLTS. ADERac AZ X
DEBERac XRBZEICEDEBESNZADS XADEREXTEERE
Wo.

DFEDiI: A—- XZABERET B Li(a) = a.

Fic, i A - XHEEEBRTHDIEE, it A= XEECZtHH B,




[E$ 1.3.8] £5X, VICRL, XDSE5Y ADERLEDRTEREY X
ERY.
2FD
YX={f|fRBXDBYADER f: X - Y}.



[EX& 1.3.9] XZz&&ErT3.

L ACXZXDEREEL TS RTEEINDIEHya: X —» {0,1} %
AD (X Eo) FHHEHEWS.

xa(r) =

1 (xed)
0 (x&A).

2. XH5{0, 1} \OERLEDHBITEEZ 2 TRT({0,1} VWS EEE?2
CEVWTW3).



[EE& 1.3.10] [2#E8r93. INGHZIEEBHEANDERODILEIT
AFELTONIESE CVLWW2, T2 COEEKEORTFES, IOTER
Frwns.

AZ [ THRFIITONTEBHL TS T8 £5A>1)Z A,FLEVWT, C
DEEHRZ {Ai},c BEERT.

2 F& 1.1.588.



A2

15. n € NIZX L Tn DIEDKIHRDELR d(n) ZXNIHTE B ERI: N — NI
DVWTROMICER &.
(1) d='({2}) IFE ABRERD.
(2) dY({3})IFE ABERD.
(3) d 1 ({4}) B ABERD.
(4) diZ1x 1D, £z EADEFH.



16. X, Y%%é, fi X — Y%E'f&(\:j—% Al, AQ%X@, Bl, BQ%Y@
MREECITdEIhznt.

(1) A1 C A = f(A1) C f(A2).

(2) B, C By = f_l(Bl) C f_1<B2).
FIERDELXDEDIIONE S HZRN, DI D& FICIFEEAL, D
MiBEWE FITIERAIEEIT L.

(3) f(A1UA2) = f(A1) U f(A2).

(4) f(A1ﬂA2) (A1)ﬂf( )

(5) f~Y(B1UBy) = f~H(B1)U f(By).

(6) [~ (B1NBz) = f~1(B)N fH(Ba).

(7) fb‘%%'f@(\:df@@) (6).

(8) fAEREHDEED(3)~(6).



17 X, YZ2&8, [ X > YZER AZ XD, BzY DEBREGTL IS L
EROEXDHOLONESHIANL. FERPEDILAVEE, LWTh
hOEEEENKD IR SIEENERE.

(1) A= f7H(f(A)).
(2) B=f(f71(B)).



18. X, Y, Z%Z&&, [ X =Y, q:Y - Z%ZBRr95. COIR%z
TE.

(1) f, gDEBICEEHERSIEgo fHEEHTHD,
(gof) '=flog ' THS.

(2) go fHREESIEgDHLHFTH 3.
CDOLEITHICgHEBEHTHNIL fITE2HFHTHS.

(3) go [AABHLSILfHEHNTHS.
COEEIEHBICfHEFRTHNITgIFEHTHS.



19. Ryp={zeR|z2>0}, Reg={zeR|2<0} T3 zcRICXL
Tf@) =22 VWS HIEEEZXS. [EUTOLSBREREEZ LT,
Thehn (1) BHREHESH, (O) £HHIESD, 2B L. TESH
@%AtiiﬁiE@%ﬂ?&Ji.

3) f: Rso — R.

(

(2) F: R - R,

(

(4) f: Rcog = R>p.



20 neNET3. X ={1,2,...,n} D ETP(X)DEHE LU2X DEH%
Kb K.



21. X%#&EEAr 3. Bffy: P(X) > 2X % x(A) = xa TEDHS. I3
HTHZIzRtE. o, xOBEBERIFEDESBHDH.



22 X2 ERE T3 BPESA B C XDRMESEw, VLT LT,
RDZEzTRE.
(1) AC B< a(x) <b(x) Vo € X.
(2) AN BOF4BEEZ crc T35, ¢(r) =min{a(x),b(x)} = a(x)b(x).
(3) AUB® & A DIFMEIE o, b THY.
(4) AN BO¥HEREEZ a, bTKRE.
LA A BIZ

AAB=(A-B)U(B - A)

ICEDEZENBEETAL BOXNHE LHFIENS.




23.neNtd3 X={1,2,...,n}QLEXDHDEROH K.
(1) XH5 X ANDOEFRDEL.
(2) XH5 X ANDOEFTDEEK.
(3) X 15 X ADLHDEL.



24. X ={1,2,3}, Y ={1,2,3,4,5} £ T3 L E, RODDDEHKERD &.
(1) XH5Y ADEH.
(2) XH'5Y ADRHT.
(3) XH5Y ANDEE.
(4) Y H'5 X ADER.
(5) Y 15 X ADLH.
(6) Y H'5 X ADEE.



25. B RxR - RZw(x,y) =zl DEDHD. COeIFa1([0,1]) %
Mt K.



26. B f: R > R%Z f(z) =sinzICEDEDHD. SO EF 1 ([0,1]) &K
H&.



27. Nh 5 ER {0, 1} \DEZRLMEF = {0,1} #£23. fneNt
i€ {0,111 L, FOBPEAC(n,i)ZC(n,i)={f € F| f(n) =i}
ICEDEDS. £ FOWNERNSRIESEE

5:{ACF‘$étbfﬁﬁa

ICEDEDHD. COLIRDIEIFEDILDH.
(1) A, BeE=ANBEef.
(2) AcE= A e .
(3) A, Be = AUBE.
(
(

4)mﬂ%f~€5$iiAn€5
5)Ah@,~65¢V§Anea



1.4 BEiE, B

[£% 1.4.1] (X, |ic [} 2 ITREMIISNIERKRETS. IH5
Uier XiNDER fTHoTVi € I(f(i) € X;) £ BB HDDLMEZ
{X; |ice I}JOBEBREWVWW, [],., X, tEL. BREOTfZ (2;:i €)W
S8EETRY. fcffla; = f(i) TH 3.

oF-39
Ix-{re (Ux)

={(z;:i€l)|Viellr;, € X;)}.

%L:I: {1,2,,71})@1 = NG)(\::S, H’I;EIXi%H?:]. Xz)é)Hfil Xl Z
HES.

VieI(f(i) € Xi)}



(8% 1.4.2] £81R{X, |ic [}, BRI x U, X; DRIES
[Tic; X BT TR, £AM{X, | i c I} OBEMEISHETMEWNS.
2FD

[[Xi={Ga)|icl,zeX;} cIx|]X.
el el



A2

28. BRE[], X; 15 X1 x Xo(EHE 1.2.1 8) ADEK
o: T, Xi = X1 x Xo B o(f) = (F(1), f(2)) TEDB. pldRBET
B3 rEnt.




29. EBHRA{X, |i e IHIHL, BEM]],., X, D S5MEEU, ., Xi NDEK
T [Licr Xi = Uier Xi &7(i,2) =2 TEDD. niI2FTHB L%
Tt.

B, ERBDi,jel (1 £)ICR/LX, NX; =0ThHNL, 7ideEs
Thd_czrnt.



1.5 BE3&

[, 1.5.1] X, Y Z&EEL T3 EREGX XY DPREEZX LY
DEDERELIEX DY ADRBE WS
BWICX =Y TH3E X LOBER LS.
REX Y ORIOBER, §HHBERCX XxY T3 XDEXRzc XY
DERycYIZDOWT, (z,y) e RTHDEET xRy £EL.




1.6 [EHERFR

[E&, 1.6.1) £5X LOBEFE~ (DFED~C X x X) BID3DDEM:

(i) (R&#B) = ~=,
(i) GIFR) o~ y—yn~a,
(i) (HEBE) z~yhDy~z=0~2

ZHICTCE, BR~IIEEX LORMERR THBH LS.




[E%& 1.6.2] BEfR~Z2&HEEX LORERFRETS. X DEFRa € XIIX
L. a CEHEREBREHDRT X DRDEE

Co={zx|zeX, z~a}CX

ZaDEMEEC WS . AEEIFROMEZRD (FE30588)

(i) a € C,,
(ii) a~b=C,=Ch,
(i) a b b= CynCy=0.

L7eht> T, EMBEOEEDHTES{C, | a € X} IE X ZEWZERLED
E£BIC, RIEIB3BLDETE. CORBZEEREGR~ICED XD
AeWnS.

EUEEOLK{C, |ac X} & X/~ v BE, FIEEG~ IC &3 X DML




BrLS3.
Flcae X%C, € X/~IZ5DTER

X—— X/~
W W
a—>C,

ZBABER 5 WIEER BABHERECWS.




A2

30. £EE X EORMEREFR~ICEDa c X DEEEZC, TRILE, KDL
DRDIIDZ ez,
(1) a € C,
(2) a~b=C, =Cy
3axkb=>C,NC,=10



3. neN&93. a,be ZIZXFL, a —bHDnTEIDYNZEFa=b
(mod n) £5EY. CORMFR=IIZ LORMERFZRTH S czmt. i,
COBRICLD ZOBESIZEDL S BEED.



32. FELOHFICET 2 ROEZERIIAEREFRTHZ I zTE.
(1) 3 Fe2D=AFHLER (=) TH3.
(2) ATeDD=AFEHEL () THB.
(3) Afeon=AFomEIELV (=) .
(4) 3FeDDERDTET (/) THD (L LZERN—HT 355D TT
THBEHRT) .



33. RICBWT, o ~ ygT—ye ZICEDBER~ZEDH S &, ChIFENERM
BRTHD_cznt.



34. Nx NIZBEWT, (I,m) ~ (p, q)ﬁ__l +qg=m+pICEXDBEAR~ZEDHS
&, CNIIEMERRTH S Crzmt. £/, Nx N/ ~FED&5BE

ah.



3. X, YZ&E, [ X > YZEBRCT3. XICET3@%~%
T~ yﬁf(:l;) = fYICLDEDD &, CNIIEMERFFRTHSI %

.

XDOZDBEBR~ICLIBEEZXLTE . X=X/~ m: X > X%H
RBER, $hbbr e XIZ, 2 2BCHEEC, € X ZRIEIE3ERK
9% COLE rld2HTHZcETYE. £, B X YR
BFELT, f=fonRINBZILETE.



36. X 2 PELO=AHLKOEE 5. ME3 (1)DEET, X/ =4y
D& S BEED.



37. X = THEO=AFLAOEAL $5. BE3 2)DESET, X/ xidE
DESBERD.



38, X #FALO=ATLKOES LT3, ME32 (3)DEET, X/=i3L
D& > BEE.



3. YA FPELOESSAOES Y §3. MIE32 (4)DEET, Y/ /3D
KOBEED.



40. B33 TEDHLR LORMERER~ZE X2 L, EEM«1FXMHE[0,1)AD
DEDDEHERETHD, £z, [0,1) AOEER B 3 T=DDEHKIZHE
BTHVL. TS50~ 1TH3H5, R/~ BORTH1IOAB &%
TENTE3.

CDOZLICHES>T, RxRICEITZROEHERRICKL ZEERITLESE
ANUET K VWD ZTNRK.
(1) (x,y) ~ (z,w)f}efx—z ELMDy=w

(2) (x,y):(z,w)ﬁx—zEZb")y—wEZ

€



41. EZ#&8r$3%. EOMEGP(E)ICEIT2EMF~%, A~ BﬁA A B

D ERES, ICLDEDHS. CTTTAABIFAY BOXIE (RE
22 (4)BR) TH3. i, ZEEVIIEREETHD (E& 1825
B) . CorE XOBICER L.

(1) ~ISEMERGETH B L 2T E.

(2) ZZEE D L RERESIEEH.



42. N> =Nx NIZEWT, BFR~% (m,n) ~ (p,q)ﬁmq =nplC K DED

5. COLE RDOBICER K.

(1) BR~ IEMERRTH 2 C L 2Rt
(2) COBR~ICEBHESEE =N/~ L, m: N2 & EREERET

32ZE, w(m,n)on(p,q) =7(mp,ng)lc&>T, EICBIT3EE (T
BhHhE, B RE X E — E) "EHoNdezmnt.

ECDI®HICIE, oD welldefined TH B L ZRITHBENDHS. T4HD

5, n(m,n) =x(m',n'), n(p,q) =, ¢)DEE
m(mp,ng) = w(m'p',n'¢') THBZL2m TR TUIE 5%,



B) BRf:N— E%Z, f(n)=7n(n, DICE>TEDHR &, fIFEFTHD,
f(mn) = f(m)e f(n) THBD_ZzTt.

(4) (m,n),(p,q) eN2F3. ERXn(m,n) Oz =n(p,q) ZHTTELS
Bitr € EZRD K.



43 XZz&/¢ L, SZ X LOBR, 805 DEES C X x X T 35.
(1) Ro=XxXZ X LOBReAHFD L, CNIXEERRTHI CLZR
2. £, 2,y € XD 2Ry THAIDIEEDE SR EEZThH
(2) X LOBRRs %
Rs= (] R

SCRCXxX
R IZFMERE%

ICEDEDS. COEFRsIFX EOREREBRTHZ_cERE. D
EERRZ S OEKT BEMERFREWVD.

(3) BfR~%Z X LORMERRT, 2Dz, y € XIZDWTzSy=2~yT
HBIHNDELTD. COLE v XD~ICKBFEEEZCY, RslcELD
FEEECS L33y, CS C O THBLERY,




44, X%Z2&E8 ACXZETRUVEDESLL, AXACX X XDERTD
X EOREEBRE~ETD. COEE o~y To=yFiZ
T,y € Al THH %t £, CORMBEERICEIBESIIEDE
S2IEHDH.



45. X=2&E, Geirds. BER

p: G x X - X
DNROEGEHT-TEE, BGHESXICEDS (uickb) fEET 3L
Wo:
(i) w(g, p(k,x)) = p(gk, x)
(i) ple,z) ==

fcfele e GIRGDE fTT. LIFLIKU(g,2) e X ZEg- 2 &EL. CDE
ETHZEWVWR L, LOXMEIF
(i) g-(k-z)=(gk) =
(i) e-x =x
8B,
XJ:@E@%w’i’xwy?efElgeG:y:g-xLCJ:DTE&)%. ~ |IEMERIfR



Thdremrt.



46. X, Y 28, ~ ~2ThENX,Y LORMEBERET 3.
(1) X x YIcEH38%~*%,

(z,y) ~ (', y) < ' D y~y
e

EEHDE, ~IFX xY LORERARTHZ CLzRt.
(2) X XY/~ (X/~) x (YV/~) DEDEEFZ VO DD N,



1.7 EFREER

[ 1.7.1] £ X FOBBR<HARD3IDDEM:

(i) (R&E) 2z <=,

(i) (RAME) z<yhDy<z=z=y,

(i) (HERE) z<yhDdy<z=z<:z2
ZAHTEE, BR<IIEEX LOIEFER FLIEFIEFBRTH D W
5. FIDE X ZIBFREEEIIFIEFESTEWVS.
JEFFEE X DITDDERx,yD e <yhy < zDIBLEH—FHZzH]:
LTWBREE, 2 EyldttBRAIETHD I WS, X DEEDIT=DDERD
AR TH B e &, COlEFZz2IBF IIFTIER LW\, X Z22lE

FESZWS.




[E& 1.7.2] X ZIEF&ES, A C X ZHRESL I 5.

CXDEFRr e XDHADERTHS ﬁﬁ%‘ﬂ)a cAICNLa<zTHB.
CXDEBERs e XDHADOTRTHS ﬁﬁ%ﬁ@a c ALz <aTdH3B.

AP EREF DT, AIZLEICER THB VLS.

ADTRZFHDOCE, AITTFICER THB LS.

ADEREMT, ADERTHBZ3PDHEFEETDEE, M2 ADRKRITE
WS . RARTIIEFEEIT NIV EDTHBADT, TNZmax A=<
L ADEBEMT, ADTRTHIDDHWEFETDIEE, mEADR/NTEWL
5. RINTIFFETNLLFFVOEDTHADT, TNZEmin A L EL.

L ADEREEDBITESICR/NTNFEETZEE, Tz A DLEF
ISRNEREWVWSTsup ATRY.
ADTREEDBIESICRATNEET S LT, ehe A DFRE.




IFRATREVW-Tinf ATRY.

8. McAX$D M<ahDM#Aal’BdADEHRac ADEFEELEL
cE (DFD, MEDRZFVERDADOPRICBRVWEE) M7z ADEK
JTEWS.

9. meALTB. a<mbhDOm#AalBBDANDERa c ADFELRVLE
E, (DFED, mMEDNETVWERNADRIZBEVWEE) mZz ADFNTE
W3,




[€% 1.7.3] X, YZIEFR&EEL T3 B/ X =YX FED
v, € XICXWL, 2 <2/ BB f(z) < f(2)eBBeE JBFERDOL
Wo.



A2

47. NIZBEWT, mBPIn OB TH B Zzm|n TR & E, COBR|IFE
FTHdzmt.



18. X EEALTE. MEAPX)ICBEWT, GSEECIEETH 3, 18
HIEFTIEAEW & xRt.



49. X ={1,2,3,4,5,6,7,8,9,10} £ ¥ 3. a,b € XIZHL, a < b& at'bD

M EERLICEE, COIEFRICEALT, RDBHDZRD K.
(1) X DRARTERNTT
(2) X OWATTENTT
(3) sup X inf X
(4) A={1,2,3} CXDEZ, supALinf A
(5) A={6,7,8} C XD &, supAkinfA



50. XZZETHWVWERLTS. FCPX)WRDIDDEHF=EHIZLTWDS
£93.
Vg F, XeF
(i) Ae FhDACB=B¢€cF
(i) A Be F=ANBeF
(COEZTFIIXLEDTANLE—THB VD)
Xﬁ%R«@E@éW@@?%@RXEBH%@%;%MT@$5EE

H3.
frgg{re X | f() =g@)}eF

(1) ~I3FMBEIRTHS Z L ERE.
RY % FERSR ~ THBIL, f € RY ORIEA%E C; TRY. Cy, C, O



ICBIR<ZUATDLSICED .

Cr<CpefreX | f(2) <gle)} € F

(2) DR <H welldefined THB & Znt.
(3) CUDEST%SLE!ZRX/;J:U)“IEF%_EST%T“ﬁécc‘i’i’a_'\ﬂ'.

(4) COIEF <HIGFIBFEDE S HERANSE.



5l. X Z2%8, YZIEFEELTS. f,ge YXIIRL
f< g§:>er:L’ €EX:f(r)<g(x) LEELILE, BRIIYX LOIER

MRTHdceTE.



52. £5{0,1}ICEE®D, 2FED0<1WSIEREWLWNS. X ZERC L,
2X (2, MBS DIEFZ WD, COLERE2LDER: P(X) — 2%

FIEFEEROC L ETE. R LP(X)ICIZaEEETIERE W3 (F]
28438).



53. P%R|BFES, X CPr$3. FEDzc X &, FEDy € Py > x)IC
WL, ye XeRBEE, X% upperset WS, iz, FEDzr e X &,
FEDye Ply<z)Ic®L,ye X3 EE, X% lower set &L\,
X H' upper set R5IE X IE lower set H?



54. PEERIBFES LT3, BYlf: P — P, EBDx € PICRL,
v < f(2)BH1EE, [IFEEERTHS.



1.8 E£E5DEE
[ 1.8.1] 3 T=DODEFAX BORICLERMNEFEETRIEE, ALB

IIAFETHZ VWV, A~ BTKRY. COLFALBIERILREDH D WL
FRILERZ/HOEWVWS. ADBESZIAX|A| TRY.

B IITIR, TECRBEZFD] CERERLEY, NREI EEELTLWAL. BEOE
RV LEBDIBERDO TERHRDOAZESRE L.



[E& 1.8.2] nZzBARABCTS. £65{1,2,... ,n} LRNELESDEE
IENEEERTS. FREESIDEEIXOCEEDD. BENMnF/-130 TH
P2EEZTAMREGEVS. AREESTRVESZERES LS.




[E& 1.8.3] BABEAROESNCHNFLESZAEEGTCVD. A&
EC0REZ X (PL7€¥0O)TKRY. AREGCABRESZMRIL T
NENARRESLEWVS.

EHLEDOESRIFAIRETIEAV. ROEEZEHEDEE UL 3.




(% 1.8.4] arpxEEXSNIBELTS. A BR|Al=q, |B|=8
THB3ESBERL TR, EAA][B, A x B, ABDEEIZA, BOEY
FHICEBTa, BOIHCEDEES. FCTa fDOMa+ 5, Bas, mal
ERDLSICEERTS.

1. a+ 5= |A]]B]
2. af =|A X B|
3. of =|AB|



[£% 1.8.5] A BERE£5rT3. ANBOBIWHEALNETHBL
% A < |B|EEL. |A| < |B|HD|A| £ |B|THBELE, |A] < |B| L H
WT, A3 |B| & DS VBB W |B|IE|A] EDAFLEWS.



[Cantor DEIE] |X| < P(X) (BB X]| < 21X])



[BernsteinDEE] |X|<|Y|H2|Y|<|X

51 | X = |V



CEELLBAIREEIR] ETEDEEq, SICNLT, a< B, a=8,a> 8D
WINH D DOHHILT 3.
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55. Cantor DFEIEZ LA TD & S ICEERAE K.
XzE5Ex6N-&E8T3.
(1) | X| < |P(X)|Z=TE.
RIS, | X|=PX)| CIRET D &, EEMDS, 2EH [ X — P(X)H'=FE
93 COfEBRAVWT

A={reX|xg [f(x)}

r6<.
(2) EBEAEBVWTFEEET.



56. X%=E.
(1) NO 1Ry = N
(
(3) N =
(4) RG° # No



57. KEDREICIILTORSR
Tt TORBR|A| < | B SBFERORMERLT L E



58. ATEEDTEES Ay, Ay, ... DO nf:j’l A, IZFIETHB BTt



59(1) N x N NOEEIFELWI L 2Rt
(2) Qx QL QOEERZELVI L ETRE.
(3) Rx RXRDBEIRRELWVWI L &R,



60(1) RD5 {0, I} ADEELAEDEEIZRDEELDAST VI L ETE.
(2) RS RAQEBLEBDREFRDOEELDAZTV LERE.



61. REDBEWIIRHSHVWXRE (LIRS THETHHVETS) &, C
S52FKE->THRAARELI NGV L ZTE.



62. X ZFELOMABRLEDEETL T 3.
(1) XDEERRDEECEFELWI L ZTE.
(2) YZ X DEAEST, FED D, Dy € YICHL,
Di#Dy=DiNDy =0HB>TVWRHDLTS. COLE, YD
ElZE4Aa8THZ xRt



63. NO S RADEHEEDEEIFROEELFLVWI L ZTE.



64. RD'5 RADEHEBEEDEEIIRDEELFLWVWI CZTRE.



1.9 ZEIRNIE, Zorn DFERE, 5| o]gEFE IR

[ERQE] (X}, Z&EEITHRFENITENTESKET, FRDic I
DVWTX; #0932 COEEF, Bic [IIFL X, DERZEATHLS
B 3BEG|HIEFEETS. 2FED, BEfRp: [ — ,LGJIXJC“, FEDic TIZxFL

o(i) € X, EBBEDDEETS. COTLIF[[,, Xi £DLbRES.




[ 1.9.1)] X ZEFESETE. XDEEDLRIBFERPES (ThbH
5 X DEHESTRIEFESBHESICE>TWVWBEHD) NERZEFO L F,
X ZRMNIEFEES WD




[Zorn D#HRE] BFHIEFESIED R LDV EDDEMATZHD.



[E& 1.9.2] £S5 XHBIEETHBLIF, XH2IEFESTHD, X
DETHRWVMEEDEREENRNREFH O ETHB.




[BFrTaEEIE] ERDESIF SFIEBFZERL TPH I TEIE
BICTBIENTES.



[ 1.9.3] FRRE, Zorn OFES & VEFIAIREEIRIZEWICFEET
H3.



Gl
65. X zHRERLX T3 CQEIRDLzRt.
(1) ac XZEAETD. Fu={A|ACX, ac X} &HL, FldX E
DBRB T IA—THDc%zntt. L7 IILZ—DOEDIER
&, Fr < Fo ﬁfl C Fall&k DEDS. X7, T4 I —DEZEIIRRE

5058,

2) Fo={A|ACX, ABERES} LBL, Fl3T7«ILE—ThH3
CrERE. e, BATIILZ—TIEHEWIZRtE. (EVh: B
BB O RHICBETBVERZEXT, G={A|ACX, BUA e F}

*EZRD.)
(3) Fox BTIBAT 1 LZ—HIEHET % Z L% Zorn DI & D IR

T



66. ROFNESH T, ROEFHZHI-THODOHEFEI S czrnt.
& EEDr e RIF, BREED L, ... h, € HE, BRRED
a1, .-, qn € QZAVT,

r=qihi+---+qgnhn

ERVDEEEDICRES.
(EX bk I ROBDEET, QL—RBIBEEDEAKZE X, Zorn D

WHEES. SIS, AC RAQLE—MTI L i, BRMED ... a0, € A
HEERBICEREINSNAQLE—MIITHD, §ahHb5,
Qa1+t quap =088%q1,...,¢, €QlEqr = =¢, =0LD%E
WwWlezWws)



1.10 EHO LR, TR, LR, TR

[Weierstrass DEIE] EHEEHROESRICBOXNERICEBIEFZS
ATIEFERLHA#D. COLE, ROETHWEEDEDESIL, LIZ (F
I2) BRAS5IE, FDOLE (FR) M EETS.



(FIE 1.10.1] £AR%E, RIC2E {400, 00} EOHMAEAL T3,
FEDz c RICHL -0 <z < +o0 L EDHBE, ROIEF EHHET, Rid
IBFFESICRS.

RICBEWTIX, Weierstrass DEEH, ZEEPHER THRVWESICH L THH
NDIID. DFED, AC RALICERTHRIFNUEsup A = +o0c W0 TES
TH3.



[ 1.10.2] {a,} =& T 3.

By {a,} Za, =sup{a; | i >n}IC&EDEDHD. COEFDTR
inf {a, | n € N}z, D O&H{a,} DEHBE WL\, limsupa, TKRT.
2FD,

limsup a,, = inf {a@,, | n € N} = inf (sup ai)

n i>n

BIRRICES {a,} Za, =inf{a; | i >n}IC&EDEDHS. TOI|D LR
sup{a, | n € N} Z, e D&F{a,} DTHBE &L\, liminfa, TKRY.
2FD,

liminf a,, = sup{a,, | n € N} =sup <jnf az->

i>n



A2

67. AC RIWRODEEDEE, sup A, inf A, max A, min AZKRD K.
(1) A=(0,1)
(2) A=10,1)

(3) A={2L|n=1,2..}

4) A={+|n=12,...}U{n|n=12,..}

(5) A={sinn|n=1,2,...}



68. ACRr93. XZExt.
(1) supA<beVaec A b>a
(2) supA>beVe>0,dac A, b—c<a
(3) inffA>beVae A, b<a
(4) nfA<beVe>0,dac A, b+e>a



69. A, Bz LICERLEBOESL L, A+ B={a+blacA beB}&
95 COEIRODzZTE.
(1) sup(A U B) = max {sup A, sup B}
(2) sup(A+ B) =sup A +sup B



70. BRAREY) {a,}2 IS LT, @, =sup{a; | i > n},
a, =inf{a; | i >n}&BE, BB {a,} FHFEM, {a,} IFEFHRHD
LBBT LR,



71. EEH {a, HDODWTRDMICER K. ffeLbe RET 3.
(1) RzTt.
limsupa, =b
& FEDe > 0l LARDI, i DD ILD.
i HRAIBESngHHBEDiTlda; <b+ecTHD
i. EREDESIICXHLTa; >b—cTHD
(2) ZOLODOHZEHTIEL VWEFEICE £.
liminfa, =b
& ERDe > 0ICRLARDI, iDEKDIID.
. H3BESnehHEDITIEL__1THB
i. EREOHESICHLTL_1TH3



72. E&5){a,} ICDWT, liminf a,, < limsupa, ZTtE.



73. E#F){a,} ICDOWT,
lim a, BFEY % < liminf a, = limsup a,,

n— oo

Thdlremt. FIDLE,

lim a, = liminf a,, = limsup a,
n—oo

ThHdemrt.



74. RTEZ 5N 385 {a,} DL & FHEEZKD K.
(1) an = (—1)"

(2) an=(1+73)-(=1)"
(3) an =sin gm

(@) an = (3 + (-1
(5) an, =sinn



. £§&§U {an}‘:OL\—t’ hmlnf apn = lim an 1imsup Qp = lim an %7.]__\

n—o00 n—00

t. 7cfla,,q, SRET0TEDICHDTHS.



76. E&F{a,}, {bp} BELUVp e RICODVWTUTFOZ & ZTRE.
(1) limsup(—a,) = —liminf a,
(2) Vn, a, < b, = limsupa,, < limsupb, N2liminfa, < liminfb,
(3) p > 0% 5(F, lim sup pa,, = plimsup a, HD
lim inf pa,, = pliminf a,,
(4) p < 0% 5IE, limsup pa,, = pliminf a,, B2
liminf pa,, = plim sup a,,



77. 285 {a,}, {bpHTOWTUTORFRNZTE. £, FSHNHILLE
Wz 25 K.
(1) limsup(a, + b,) < limsup a,, + lim sup b,
(2) liminf(a, + b,) > liminf a,, + liminf b,
UFay,>0,b,>0E9%.
(3) limsup(a,b,) < (limsupa,) (limsup b,,)
(4) liminf(a,b,) > (liminf a,) (liminf b,,)



78. E#F){a,}, {0, HZDWT, {a,} BRI TH B & EXRDEFEXETE.
(1) limsup(a, + b,) = limsup a,, + limsup b,
(2) an >0, by > 0D E =,
lim sup(a,by,) = ( lim an> lim sup b,

n— 00



79. a, > O'C‘ZB%iiﬂﬁ'J {a,} Ea € RICDWT, KETE.
(1) limsup 22— < a & I3 L, BB3BESneHhH>7T, n>nglcxfL
a, < a”~ ”Oano AN
( v an
(3) liminf 42— < liminf W




1.11 B/
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80. X, YZ&SR, f: X - YZzERC T 3.
(1) fId2EH< J9: Y - X, gof=1x, fog=1y.
(2) fldEST
=
VZ,Yu,v: Z = X (fou= fov=u=v),
!

77— X5y,

(3) fl3=es
&



VZ,Yu,v: Y = Z (uo f=vo f=u=vw),

f

X oy—=z



8l. {X; |ic [} 2B TREFIONEEEKLE TS,
(1) %] c I‘uﬁb 313‘%]93 Hz'EI X; — Xj %p((azz)) =Ty ICEDEDS.
(ChZeRERRTrVS) AZERLL, &ic IICNLER
fii A X, PERBNTVWRE TS, COLE, BIR
frA= e, XiT 2TDie IR Lpio f = fiEHFTHDNT:
ROEDFETSHczrnt.

(2) &je ITHL, By X; — [Lie, Xi & () = (j,2) ICEDED
3. (L_h%’:ffEEE’J@ac‘:L\D) AREREL, i c I LER

fi: Xi 2 ABBEXSNTVWBLTS. COLE, BER
fillie; Xi = AT, 2TDi € IIZH Ly 0 f = fi ST HDON:
O 2>FEI S czrnt.






8. XY, ZZz&8, [ X = 7Z,9:Y - 7ZBHRIT3. UTFTTEEREIN
35X xY DERES

XxzY ={(z,y) | f(z) =g(y)} CX XY

ZXEYDZLEDT77AN—TBEWS. BfRg: X xz Y —» X,
"X xzY sYZzENENG (z,y) =2, f'(z,y) =ylCEDEDS.
ROBICEZ L.

(1) fog =go f2mt.

2) AZ&EB, u: A—> X, v: A5 YZEBR T fou=govZzdAltTHD
¥93%. CDEE BRh: A X xz,YTCu=g'oh,v=foh%H
T HDOWIRFV e DEFEET B aRt.

(3) [OBEHERSIE, [fPEHNTHZZTE.

(4) fREANDEZRLGSIFE, fHESITHDIcznt.




(5) YHZDEHERT, g: Y — ZHEEERTHZLTS. CDLE,
LHE L f71(Y) 2 X xzY Ty oh: fHY) = XHEEER,
flfoh: f7HY) =YD fDFLY)ANDFREBR>TWVWBRHDH L
VEDOBFEETD L ZERE,




83. X,Y, Z%&ES, [ Z > X, g: Z —» YEBRL T3, EEHOSIC&
DX YEX][[Y DHPESrHET. X [[YICHT 3%

R={(f(2),9(2) | z € Z}

DEKT BEERFRZEZR, CNICEBX][[YOBEBESZ X[, Y T
L, XCYDZICEBMEMEWS. By : X - X ][], Y,

Y = X[, Y 2 BENTZ L EABRFLOERE T 3. ROBICE
A&

(1) g0 f = ogETH.

(2) AZ&ES u: X 2 A, 0v:Y 5> AZBRTuo f =vogZzHcTHD
r¥5. COrE Bfh: X[[,Y - AT, u=hog,v=hof'%
AT HOMN IV DEET S e xnt.

(3) EZ%AL T3 X,YCE Z=XNYT, [:Z =X, g: 7 = YH



SAEHRTHHLE, X[,V RERCXUY tA—HTE5%
R
FEARIC] CIdESWVWS 235D,




84. X, YZ&ESR, f,9: X - Y ZERE T 3.
(1) XDEBREEK %

K={x| f(z)=g(x)} CcX

ICEDED, k: K - X%2GEEHE$3.
AZER uw: A - XEZEBRT, fou=goukHrldbDEd3. C
DEE, BEfh: A > KTu=kohZHldHOMW IO O2EFET
=zt

(2) Y x Y OEHEE

{(f(x),9(z)) |[teX}CY XY

DENT ZEMERRICESY DBEGZCLL, ¢ Y = CZEER
£9%.



AZER w:Y - AZBBRT, uof =uogZHlcdHbDrd3. C
DEE BIRh:C - ATu=hoqxHTHDHIEVEDEFET
7Tt



ax'aw e o
e

B Bt ZE ]



2.1 rPE#EZER

[ 2.1.1] X %2&EET3. X x X EEHRIN-EHERK
d: X x X =R

DPRDIDDEMEHAT-TEEFX LOEBBEEE LS.

()1 2Dz, y € XIZDWTd(z,y) >0
2. d(z,y) =0 2=y
(il) FEDz,y € XIZD2WTd(z,y) = d(y, )
(i) (ZBARER) FEDz,y,2 € XIZD2WTd(z,y) + d(y, 2) > d(x, 2)

EEX 2D LOEBERINE R 5N &, (X, d) ZEEBEZTER & L
3. Ffew,y € XICH LRBd(z,y) 2 &y DIEEREE WV S.




ok W

[E& 2.1.2] (X.d)ZEHRTEHECTS.

RreX&eeRIHL, &EGU(z,e)={ye X |d(z,y) <e} C X%
RrDelifs £V,
O CXb‘\‘X@E'ﬁ%éﬁvx €O ICLIe >0, U(x,e) CO

FCXhX @%ﬁéﬁF%“X DHES.

UC Xb‘ﬁx@i&ﬁﬁx CcOCULRBDIHAERONEFETS.

mr € XDAFE2EDLRIEESZ x DAFERE VWU (x) £ EL.
U(z) DESDESU (2) DB DERAFERTH 3 <
VU € U(z), IV € U*(z), V C U

ACXICHNL, AICEFENS X DHEEGLEDOHESZ A°TRL, AD
REBE 7= ISR E LS.

A°DEE ADHEL NS,




7. AC XITHL, (A°)° %= ADHEBRE LWL, A° TR,
A*DERE ADHZRLWS.

8. AC XICXL, ADAES LUNEBZRL X DReffz ADFR LY,
AT TRY.

9. AC XIZHL, AZBL X OREELAHDOHEEEZ ATRL, ADH
21492
ADEE ADMEL WS,



[E& 2.1.3] EEEEZRE (X, d) DRI {z,}02, Mma € XICINRT 2 <

def
aDEEDEREUICHL, HRIBESnDEELT, n>ny 518z, cUL
ANZSY

CDEEaz R {r, DWMELEWVL, lim z, =a®BVIE
- n— o0
Tn = a(n— o00) &RT.




[E& 2.1.4] (X,d)ZERZER AC XZH0ESLT .

1. x € Xb‘A@%#’E,#I“%éﬁ x DEBDFEEUICHL,
(A= {z})NU #0
2. ADERBRRLHRET ADBEGE LW, A TKRY.

3. AD=a € Ab“AG)i‘)l\l"L,'f—:T\'C“ZB%ﬁ aM ADERR T,




[ 2.1.5] (X,d)ZEER#ZER, A C X ZHR&ES LTS,
1. A?ﬁ)“X'C“%Jﬁ"'.:‘..""(dense)’C“fo)éj:)ef A=X
2. (X,d) b‘ﬁ_f_ﬁj\?ef HIZINEBREEHEEL T, CHAX THRETHS.
3. ANERTHD < (A)” =0




[ 2.1.6] 1. EEREZERE (X, d) DHT {xn}b‘EZFﬁ'J'C“%éﬁ Ve >0

ICL, »23BESngHEELT, myn > noB5IXd(z, 7,) < &3,
2. EBBEZERE (X, d) b‘ﬁﬁ X DEEDEARFIMNINEK T S.



(% 2.1.7] SEREZRI (X, d)H'O /N2 b & X OEBOMBHNKS
EDB LBV DEREEED.



[ 2.1.8] (X,d) =HEHZER, A C X Z8REEL T 3.
§(A) =sup{d(z,y) | z,y € A} Z ADBERLWS.




[E% 2.1.9] EBEEZER (X, d) b‘éﬁ?@?‘iﬁ%’oﬁ EEDe > 0l L, &
BEAK L, X OBHERU;, (i=1,2,...,n)THU;) <cTHZHD
PEELT, X = U U, £ %3,



[E& 2.1.10] (X,dx), (Y,dy)ZEEBEZER, [ X - Y ZERC 3.

1. fhARae X TEHRTHD
< fla) DERDEFEVICXL, aDBBAEUNFELT, f(U)C VL
ANZSY
& EEDe > 0ICXL, %6 > 0D FELT,
dx(x,a) <d=dy(f(x), f(a) <e&Rd.
2. [AIXDELRTERCTHDIEE [ZEHRER WD,




[E$E 2.1.11] (X,dy), (Y,dy)ZERTRE T5.
B f: X - YH—EH TH3
= FEDe >0l L, %6 > 0HDFELT,

dx(z,y) <d=dy(f(z), f(y)) <e &&&rB.




A2

85. XDEAFIIR L DEERERIEUC R B D
(1) f(z,y) = [lz| =yl
(2) f(z,y) =2* — ¢



86. d& X L DIEEERAME LI &, ROBEIF X LOBEHBARICHD L
ZTt. d(z.y)
/ - L,y

(E¥b1a>0,b>0THBLE 2 < 4 4 Lo %Rt )
(2) d'(z,y) = min{1,d(z,y)}




87. ADLUTTERBNBL S, A0, A, AT A, A B ReD &.
(1) A:{% neN}CR

(2) A:{er%‘m,nEN}CR

(3) A= {(z,y) e R? | y > 2?} C R?

(4) A=
{(z,y) eR? | LIKDWTDHER 2 + at +y = 0D FEREF D} C
R2

(5) A:{(x,y)€R2‘x€Q,y€@}CR2




88. EAXICBWT
I, z#y

CEETS.
(1) diZ X L OEBBEBICH S C L &2 RE.
(2) BEEEZERS (X, d) DEIESIBED LS BH D



89. BEREZER (X, d) ICHEWVWT, BEARFDEBRIIEL—RTHO, FEINK
ZFNICINRT B e zmt.



90. (X,d) = EEBEZEEIC §5. X DERES A, BIZHL,
d(A,B) = inbf d(a,b) £&X<.

acA,beB

(1) d(A,B) >0@BIdANB=0Thd_zrt.

(2) ADR—RmD5L2EEA={a}, BPHAEETHZE, ANB=07%
5IXd(A,B) >0 Thd=mt.

(3) ERDERES BICDWT, pp(x) =d(x, B) THER 5NZEHIT X
LOEGEHRTHD L Z2TE.

(4) ABDYNI b, BYHAEETHDEE, ANB=0%G51F
d(A,B) > 0TH 3 LEFE.



91. R2DEPHES A B*
A={(x,0)] z € R}
B={(z,y) | y=e*)

ICEDEDS.
(1) A D BHEHAEETHZ _zTt.
(2) d(A,B)&#RD&.



92. ROBBEIF—MICIFRIZI LBV, REEZT&.
(1) ROBIESORIEMBIE(O, | n € NHINLT 7 0, bEEAT
3.
(2) F C ROBBES, f: R — ROEHLR SIS f(F) BEEETH 3.



93. XZz&8, F(X) 2z X LOERREERBAHREHRDOBTESLTS.
f,g € F(X)IZxtL

d(f,9) = sup |f(x) — g(x)|

rzeX

LEDHB Y, didF(X) EOEBERICHR S L ERE.



4. X #&ESR, (Y,dy) EHEEHZER, F(X,Y)EXHS5Y ADERL2MEDRT
E5r95.
(1) B(X,)Y) C F(X,)Y)ZBRBER (THHLEH(f(X)) <coTHD
K OBRER) 2FDLBITEHAIERTETS. f,ge B(X,Y)IIHL

d(f,9) = sup dy (f(x), g(x))

YEDHB Y, diZB(X,Y) LOEHEKICE B e ERE.
(2) foe F(X, V)=V DEEL,

e -

sup dy (f(2), fol2)) < oo}

reX

LB CDOLEf ge Fy (X, Y)ISHLA(f, )% L AEICED S
CdiEFy, (X,Y) EOEBBEHICH S Z L ETE.



(3) foNBREBIE, Fy(X,Y) = B(X,Y)TH 3 LERE.



05. FRBEZER (Xl,dl), (Xg,d2)‘:j“j L, EE%’S(Xl X XQ) X (Xl X X2)J:
DR d %, (v1,22), (y1,92) € X1 X Xp I L

d((z1,22), (y1,92)) = Vdi(21,91)? + da(22, y2)?

ICEDEDS.
(1) did X, x X, LOEHMBHRTHZ L ETE.
(2) (X1,d1), (Xo,do)BREBICTAVNY FTHZH5IE, (X1 x Xo,d) D
AN R THBczrt.



96. (X,d) % IEMZR, A C X #MOEBLTILE, §(A) =6(A)THBC
L ETRE.



97. (X,d) ZEEREZER, A C X Z®REE LTS, v € XITDWTRDASZNA
ISEMETH D L ZzTt.

(ized
(i) FEDe > 0L, U(z,e) N A # )
(iii) d(z, A) =0

(iv) ADAD5%5 55 {a,) T2ICINRT 3 HDONEET 3.



98. (X,d) zEEBEZTREE 5. Rzxt.
(1) z,y,2€e XDLE,

(2) w,z,y,z € XDEE,

|d(w, x) = d(y, 2)| < d(w,y) + d(z, 2)



99. R%2ICEWVT, o = (z1,22), ¥y = (y1,y2) IIXT L,

di(z,y) = |z1 —y1| + |z2 — y2|

d2(z,y) = V(w1 — y1)2 + (22 — y2)?

r8<.
(1) di, d2 I3 R? EQOIEBEM TH 3 C L & TE.
(2) CHEICEDEXBHERKIZ—HT 5 L ERE.



100. A= {(z,y) eR? |2€QueQ} CR*rT3. A=R*zTH.



101. BIXRS(0,1) € RIZTV /Y FTIRBEVWS L& TE.



102. AZEEBEZERE (X, d) OB LB REE L TD. ADERDSLBIERD
OA—>—=FHA X OmICINEKRITNIE, X IZTRBTHD xR,



103. (X, d) % BEH4ZeR, {2,) % X DEWCHEER 3 Ah 5% % 85T, 128
VDEDDEREEFOLDE TS, COLE {1, IBINRT 3H7?



104. HFEXME (0, 1] OB f(z) = sin 1 1F, EHLTH 3D —HEF TIFAL
Tt



105. EBREZEM (X, d) DA DDEDEET A, BHREBHICAVNT b R5IE
AUBHIAYNI M THZETE.



106. R? EDERERE f =

ry
, (=, 0,0
[ @9 #00
0, (x,y) = (0,0)
TEDD L, fIFREREUATITERTH D, ERTIHERTIIRW %

zrgcl



107. C[0,1]=FAXME[0, 1] LOERREIMEED LR TET LT S.

(1) f,g € Cl0,1]IZxFL
(/ |f(x \da:) :

EEDHD L, dIFC[0,1] LDEREREIICE S e ZzTt.
(2) ne NIZHL, [0,1] L0 f, %
0,
falz) =< (n+2)x —
1

8

n—+ 2
2 )

Y

A ol ol
8 -+
F

+ A IA
HH
INIA
IN 3
=

= = O

3
+
(V)

ICEDEDB L, f, € C0,1]THD, SFI{f,) & ETED-2E8EICES



LTa—>—3TH B LERE.
(3) C[0, 1]1& = DIEHEIZEI L T5=fEn"?



108. C[0,1] 2 ME 107 TED-ER LTS,
(1) f,g € CJ0,1]IZRL,

dso(f,9) = sup |f(z) —g(x)]
x€[0,1]
EEDBE, doo IEC[0, 1] EOIEBERISIC A B C LB TRE.
(2) BIRE107 (2)D{fn}ddoo TA——FNR DB HV?
(3) C[0,1]1&Z DEEEEICEI L TEEH?



100. AHHEEBZER (X, d) 1BV T, BEBERRETHS L ERE. 1o
LBEBRES L I SED DD SR BEEE VNS,



110(1) f(z) =sinzldRE—FREHTHD L Z2TE.
(2) g(z) = zsinz|ER _E—Ho&EHEH?



111. EHIID SR BZEES =
S = {{zn} ‘ T, € R, BREDnZRWVW Tz, =0}
TEDD. v ={z,},y ={yn} € SIIXFL

d(z,y) = max |Tn — Yn|

r85<.
(1) did S EOIEBERICA S C X &R
2) meNET3. EHF ™ = {a}, 5%



ICEDEDHS. CDrESDEH{a™},, 1Fa—>—FTHB %
.
(3) EREEZERS (S, d) IE5elwh?



112. A%, BRI, || OMELIMAEA L T 5. AL T—HESHENIE,
0, 1] L sEiERIs - — BEI B T E B C L BT



113. BEBEZRS (X, d) DS RADTR [, Hap € X CEETHZETS. f
o DEED B TEFETHEWESIE, f(1) =08 BB LT
Tt



114. (X,d) % BEBEZER, E C X 2= THVBHES LT3, o € XICHL, =
i&pE(ZU)%
pe(x) = inf d(z,y)
ICEDEDD.
(1) pe(z) =0THZTHDRBEFDEMEEr c ETHDI Lzt
(2) pe: X > RIZ—HKREH THD Lzt
(3) A, BE X DEDEETANB=0$%. AQAV/INU T, BHE
E£E8E5IE, 30> 0WFELT, IRTDac ALbe BIZRL
d(z,y) > 6 B3 LERE.



115. 22 = {(80751,...) | S; € {0,1}, \V/Z} (\:3—5
S = (50,81,...),T: (to,tl,...) c EQ‘:WL

— |si — i
d(S,T) =) _ >
1=0

cH<.
(1) diz X, EOIERERICHS Z L R,
(2) 513‘%0'2 22 — 22%

o(S0,81,.--) = (81,82,...)

TERID. ol 3EHRERTHD L Z2TE.
(3) n e NIZX L
Per, (o) ={S € X5 | a™(5) = S}



EH5<. Pery (o) DITDERIF2" TH B Z L Z2Tt.

(4) °le Per, (0) 133, THETH 3 & Tt

(5) {0"(So) | n € N} B S, THIBICH B LS HBITS) € S HFET B C
rERE.



116. A= {m+nV5 | m,n € Z} FROPTHETH S LERE.



117. ROMESF A, BT,

ANB, ANB, ANB, AnB

NINRNTERBZELOIBDHDEFITX.



118. (X, d) ZcleRERZEME 7 5.
(1) {F.} %, X DETHVEHALEDHLDT

FrO>OF,D>---DF,D...

ng&&EQ:OT%%$5@%®K?5.:@téﬁ#&ﬁB&
5Y—ETHB L ERYE. N

(2) (1) T TE,DH&EG] CWLWOEREIBVEE, n k= (RN Ik~
F&. N

(3) ()T (lim §(F,) =01 LOSREABVEE, N F, = 0530

n— oo

ZEIT L.



119. (X,d) ZzZlR%aeEazEmE, f: X - X Z#h\BER 5. 1120, hE
BRelE, HEIRBO<r <1HEELT, IRTDz,y € XIIXFL
d(f(z), fly) <rd(z,y)Z2HcTHDTHS.

(1) 20 e XT3, 2, = fM(20) ICEDEZENDE X DRF {2, }iEO—
D=HTHd_ceznt.
(2) fIZAEIR, TH8DE f(z) =2 l%BdR, ZRH O cznt.




120. pZR, CZ0< C < 182K T3 recQICHL

Ck Q—p-—¢o klmeZ, unuptﬁmui)
‘7°|p =
(r=0)

rH< (piEfieE) .
(1) q,r € QITHL

\qr\p = ‘Q|p’7°‘p

g + T‘p < max (|Q‘p> ’T‘p)

DI DZ e zRt.
(2) q,r € QIZXFL
d(Qar) - ‘q - T|p



EHLL, diFQLEDEEBHTH S et



121. (X,d) ZBERZTM, E C X ZFE8L T3
(1)

Gn:{xeX‘pE(x)<%}

FHREETHIczant. (pplil2VWTIIRHEELI4ZR L)
(m‘aanEvﬁéct%ﬁﬁ.



122. O /)ND FEEBEZERISRI D TH B C e =mnt.



123. E#RDOIPHLESR, f: E - RE=ERE 3. &&

I'y={(z,y) |z €E, y=f(z)} CR?

NAVNT LB E5IE, fIRERCTHD L ZTE.



124. ROBAEAE, BLVCEUTOL S ICED B,
Eo = [071]
12
-&—J%—<§§)
12 78
Ba=f- (575) - (575)

WUTFIRHHIC, B, DZRBXB%Z3E2 LAR1/3OR S DOBEXE%
DIRVTESNZES /3" DBREOMESE E, £ L,

C = OriEnCR

£33, Cldhrhb—ILEGE LIENS.




NN N N

1) CIRBEATH D LERE.

2) CIELHTH B LaETRE.

3) ClARLES, TADEC =CTHBLETE.

4) ¥R, 1) DEx KL, TO2ERREE 0, t1,6s,... £ L, b; = 21
r5<.

f(ﬂf) - 07b17b27 cee (35&@&%)

ETRLfIK[0,1)DBECANDEFEZRTH S L zRE.



125. FEBEZTERICH VTR ZERE.
(1) IEKRT2R5E0—>—FTH 3.
(2) A—>—-FFERTH 3.
(3) A—>—FHEBRZH T, ZOERRICINERT 3.



126. RIZFEwTHB zTt.



538

{UFEZERE]

\np



3.1 UHEEDER

[ 3.1.1] £S5 X DENEEDHEODRDIDDEERHT-T & T,
ORXICUABZEEDZ WV, (X, 0) ZAHEERE WS, £z, LIEL
IE 0D % X DAMEE LA

iy DeO, X €O,
(ii) 01,05 € OBBIE0 N0, € 0.
(i) O € O (A € A)@’;D‘i)\LEJAOA € 0.

OD%E X DRESE LS.




[E& 3.1.2] X %Z&E&CL, X DEREEEO,, O, B ENENAIMET,
DZEDBETS. O CO, THBHEE, UL IFUET, &K DEBV, it
(&, AT MR KDFVEVLT, T <TL EHEDT.



A2

127. EE 3.1L1D(I)IEXRD (i) LAETH S Z xRt
o [(ii")] BRE (1EMUL) ODREEDHETTIIHEETDHS.



128. (X,d)ZEHZERETS. XD (X 2.1.2208KD) HEELMEK0, ¢
BB,

O %) X‘E%@xEOkﬁLT Hdc>0MEFEELT, }

GNOR /)

X ICHUEZEDD %zt
COMIEEEHOEDZMABEWVWDS. FICZEHh5RBWLWHE D, FEBEZER
MR A5 S IIEHOEDZIMUBEEZS.




120. X%#&EEr 93 MEAPX) I XICNHEEEDS L ERE.
CDOMMEE X OBEAIEE LS.




130. X%5&EEE93. O={0, X} IIXICUBEEEDHS & TRE.
CDMUMEZEEMEBE WS,




131. BEEREEREZER] (RIREG8 TH R SMT-EEREZEM]) ICEWLWTIX, EHOE®D
ZUMIFHBABE—HNIT B czTE.



132. RICBVWTO ={ACR| A FEREA} U{0} T3, OIRRICAL
MzEDHD_cZzrnt.
CDLMBZRDOYF U I —AEE LS.




133. #£8{0, 1} DT R TORABEET &



134. (UAHDRSE < IFIEBFDORIE (EE 1.7.1) ZHcIT=TE.



135. £E8 X DIEE DI . B
ol UHEIE, BEAMMELDEC, BB L DSV EZ



136. ROLUTOAAEDRGFE ZFANK. BEMUME, FUXF—B 21—y
FEEBREDTE B AIHE, BERIAE.



3.2 H&ES

[E#& 3.2.1] X ZEE[CT3.
FC XX OMES < DX ORES.




A2

137. X 2iIfHZER T 3.
F={F|FIZXOR%&}

ET3LE, ROEREDIIDZez=TRE.
(1) e F, X € F.
(2) Fy, Fy Efjé:BLiFlUFQ e F.
(3) F\eO ()\EA)@B‘;)\QAF)\ € 0.



138. £ X ICEBUMES LUBRUMEZER . T, AEREENTNED
ENRAN IOV



139. RICHUR*x—(itBz 527 &, BERIZEDL S BDHDH.



140. RICOA—2 V)Y FEEREDTED B AEE SR E, [a,b], [a,00) IFEAES
Thd_zmnt.



141. F, (n € N) 3BEETH 3, ‘Ejl F, I3BEATRABVAIESET L.



142. BPEZERICH WVWTIE, —ah SR 2 EGIIHAESTHZ =T,



3.3 EEXR
(£ 3.3.1] (X,0) &HEZ=Hr 5.

1. BBESU Cc XHEx e X@ﬁ%f“a‘é%ﬁ re0CUHDXDHEE

AOh‘@TT%
2. £EHEU,(0) = {U | Uz DiEfE} Z s DIEFEREWVS.
3. £WS.

UO) = {U:(0)} e x Z X DIEFBEREWS.




[ 3.3.2] (X,0)&GHABZEAEL L, U(O) = {Us}, & X DEBRY
T3, o e XICHL, X OBHEADOEKY, 5 SNUAT O %S
FTrE /Y = V), & X OBREFREWS.

(i) Vo C U, (Vz € X).
(i) VU e U IZHL, V CU BBV eV, HFET S,



(% 3.33] X%%Ar353. 88zc XICHL, X OWHEEDLET
BRVEL U, BRER ST ORE (CNERBERONEE VWS 2T L
E, U = (U}, FEBX DEBRTHBE LS.

() UeU, 5Bz e U.

(i) U,V e, B5EUNV € U,.

(i) Uel,, UCVEBIEV el,

(iv) FRDOU e U IZXFL, BBV e U, BEFEEL, V CUDD, FEDy eV
LU €U, 1B,

LY, BN ERDETHRVETH D LIEU, A VLWS T THD. [RTHRLBHE
81 D, TRDED ¢ U, £ VWS ZETIRBV. (SDBEE1) D50 ¢ Uy E1BH)



K H S
MOBASIEZRDNBEZEELZDVWTIS, EERORE (V) HXZ Y
A—RBEHED (TILNNEFR) ICEEL. TlE

VU e U ICRL, 2 €e VCUECRBVTH-T, Vy e VICDWT
Ve, BB EDBHDHFET 3.

THote. THEBIE BEVEWLWSHIFTREC, 2F>1)~(vV)EEX
3¢, BELI-HOLRAETHS.

N

~

/




[& 3.3.4)] X%2&EGr I3 Ehzc XIIWL, X DEREEDLET
BUIEY, B X BT O&MN (CMEBREEROARY W 5) &7
LE Y = V), 3RS X OBAABRCHB L LS.

(i) UeV, B&b5ldx e U.

(i) UV eV, BEIEW CcUNVERBZEIBRW € V, HFET .

(i) FROU eV, I, 2V eV, HFEL, V CUDD, FEDy eV
ICXL, B2W eV, DEEL, W CULBRBEOBHDHEFRET S.




K HN=
BERAERONIE (i), RV

VU e VIR L, 2 eV CUCRBVTH-T, Vy e VICDWT
VeV, ERBEDBRHONEFRETS.

EHoTWE. THUIEHEWL
Bz X, BEEEZERE D e IEELEIX, HESMIZDREZEHT-T L.

N

~

/




A2

143, (2R (X, O) DEERU(O) ESEERDARE (£ 333) 8 &7 C
L ETY.



144. X =2/, O X DHEEEET5. 2O E, FEDz c OICRNL
T, 0lFzDiEETHZ cxrnt.



145, VHIABZER (X, O) DEASEERTHNIE, VIREREERONE (E
% 334)EHETLETY.



146. X Z2&B/EL, V= {WV},cx B X DEKXAER(ELK 334)THBLY
3. X DEBREEDHEOV) %=

oV)={0|0cCc X, Vee0,qU €V, st.U C O}

LEDB. CEDEOV)EX DLETH S - L ETE.



147. XHEAE L, V={V}, .y, V = {V.}, . RX OEFEFERTH S
LT EEDr € XISDWTY, C V. THIUL OV) C OV, T4
HBERIEOV) DBEAMHAEO(V) DBV L ERE.



148. X &AL, V={V,},  EXORKEERTHBLTS. COLE
VIFEHEZER (X, O(V)) DEARER TH 2 Z L ERE



149. VHAMIFEZER (X, O) DEASEER THNIE, BE146 TEE ZMABO(V)
FHEDOREOLELY, THDEONV) = OTHB I LETE.
L <IZOUO) = OTH3B.



150. LORITE148ICHE VT, HEY = U(OV)) IZKFT LBRIILAEL, T4
hEVIRHBT LD (X, 00)) DEFEREIZBESEWL. VEUOW)) LD
BMRICOWVWTERHE L.



151. X ZBERETEME 93, v € X DRERReU,, SAFELARZU, LTS,
ERANPX5

U, = {U(z,e) | e >0}, U ={U(x,1/n)|neN}.

COEEU= (U}, BEVU = (U}, BEIEERONEE H
EFCeRTYE. $ECNSOED BAMIEEL VN L EFY,



152. = (21,22),y = (y1,92) € R2IZH LERKd(z,v),d (z,y) &

d(z,y) = V(21 — 1) + (32 — y2)?
d' (z,y) = max {|x1 — y1|, |22 — y2}

TEDS.
(1) d,d' & R? FOEMBEHRE 55 L ERL, TNTNICHT 3 86EE
SRt &

(2) COIT=DDEHDED ZMAIFZLLC L ERE.



153. RICEE, B, ¥ ¥ —(AE LN E ZRAZRICKHT 3 U, (0)
R &



154, XZ&BEL, V={Vo},.x BXDEXEFERTH B £ T5. VHI&MG
WU eV, &Vy e UICDWTU €V, THDI ZHTLE, FRD
U eV, IJMIMBZER[(X,00)) DREETHB L, T8b5
V. COV) (Vr e X) THBDZrzETH.



155. #a € RIC LRBDOIBREESDIEU, ZU, = {[a,b) | b > a} TED
B8, U={U}, g FEERODEFAFERTH B 2Tt RICCOE
FEEZRHNSE X BMHEE VNIAHEZER (R, OU)) ZVILT > T1) —
BRREWVWS. VLT 7)) —BERICEVWTIIMER DX [0, ) ISEEEH
DHEETHD _cZzmnt.




156. VILF V7 ) —BERDUHEcI—2 )y RIEEENSE XS UHEIFEE S
aNCz AV



157. X #%4, (V,dy) ZE#ZH, F(X,Y) %2 X D5 Y AOEE2EDBT
£85893. foe F(IX,Y)X, e > 0IZxL,

U(fore) = {f € F(X.Y)

sup dy (F(z), folz)) < }
rxeX

L 5<. B e F(X,Y)ISHL, F(X,Y) DBIESORKY;, %

Vi, ={U(fo,¢) | e > 0} EEDH DB &, TRV = {Vy, HIERAFERDOLIE
AT eERE.



3.4 [NEE, 928, BAe

X #(IBZER, AZ X DENESET 3.
[ 3.4.1) AICEFND X DOHESLAEDORIHEEUL TS.

U={0|0cC A, OlFX DB%E}

SO E A = UUE ADKREBH S WVIIRE WS,



[E& 3.4.2] ADMES A°DRIME ADHNBLLWACEL. T&D
5 A¢ = (A°)°.



[ 3.4.3] AOAZBICHAZBICHIZVLWSEBLWEZ ADERS LS.
BRROLMARZ ADREREVW, AT LB $hHHh5 AN = (42U A°)°.



[ 3.44) 2cAxT3. 2cUCALRDEDIB2DEFEUDEFE
THLE s EADRETHZ LS. ADHES A°DHREE ADHEL
Wo.



[E& 3.4.5] AZZTC X DRAEESLEKDRIHEEZT LT S.
F={F|FcCA, FIzXDH%EE}

COLEA=NTFZAOBRTLVS. ADBAGZ A LELCLHHS.



[E% 3.4.6] B% X OHMHERLTS. ADBTHBZLE AIEBTH
BTHBHLWS. b<ICA= X L BB LS AR THIL VS,




[E% 3.4.7] (A9)° =0 THBL T ARRBETHBLLS.



A2

158. ADAZBIFADAREEDEETH B, ADAEBIFADAREEDE
BTHBzTE.




159. AOARFBIZAICEENZRESD S5, dSERICEHL TRROHDTH
B LETE.



160. ADFEIZFAZSCHAESD S5, 228BRICEALTRNDHDTHSC
ey c



16l. e XHNADHNE S UNA=08B2cDFEEUNEFIETS.



162. z € XHADERR < c DERDEFEUICDOVWT, UNA#£0HD
UnNAc £,



163. r € A& I ADHRRFLIFBRA S : DERDEFEUICOVT
UNA#0.



164. RIC, BE, HFURXFx—, 2=V v R, VILF> T —BE, BEMEE

W3 EE, FNEFNICDODVWTUTOEREESDAES K UVEHEBZ K
kK.

{0}, (0,1), (0,1], [0, 1), [0,1], Q R



165. RHIELITNUFEERAL, IEL < BITNIERAIZZT L.
(1) AcB= A°C B°

(2) (ANB)” = A°NB°

(3) (UA)" = UAS

(4) (A42)" = A°



166. (N2, A,)° = N2, A° (ZIEL WAV



167. RHELITNUFEERAL, IEL < BITNIERAIZZT L.
(1) Ac B= A*C B*

(2) (AUB)® = AU B®

(3) (NAX)" =nNAS

(4) (A?)" = A°



168. (U, A,)% = U, A2 |FIE LLVAV?



169. A, B,C={tBZEE X DENEELIS. ACBCCTH>T, AEB
T, BIZCTHEBETH D456, ARCTHETHI zTt.



170. 2R7cA—2 ) w REBRZ2ICEWVWT, U TOREOESDHNERS K U
BERD K.

(1) {(z1,22) | tDZRARIKE? + 21t + 20 = 0D'ERZHF D}
(2) {(z1,22) | tDTRARKE + 21t + 20 = 0D EARZERF D}
(3) {(z1,22) | 21,22 € Q}

(4) {(z1,22) |0 <21 =22 <1}

(5) {(z1,22) | 21 =a+b,xo =0a®+b* (3a>0,3b>0)}



171. SZIFAIRERLE T 3. SORMAEFTAICK L ADFHAE %

i A ANSARFIEES
S AN EEES

EEDHBZETSICMMZ LN ENTES. Chzent. £/, 20
TS ICEVWTIE, IREOHESDHBHDIIFHEESTHDI %
.



172. NOEOES AN L ADFE%

y {n|neNn<maxA} AHLERES
N ADEIRES

EEDHDCETNICMUBZWNEZEDTES. COTEFDOHEESH &L
UL SZ2TKD &.



173. NICLOBE172DMEZ \WN13E. NOBRESDIIA,, As, ... DNEDF,
THEHBEA DAy D ... ZHLTLWNIX, H3EFESnHH->T
A, = An+1 =... B> TWBlrZzrnt. i%)]”@JAl C Ay C ... D%
BlEE5H7



174. FORE173 LRARAC EZMEL7T1OZEBE L URICH ) X+ —uif
ZWNTZEBICOVWTER L.



3.5 RHDIE

[E%& 3.5.1] XZMHEZEELT3. X DRI {z,}hRr e XICINRT
%< cOEROEBEUICHL, BZIERBEN € NHEFEL, n > NB5IE

T, EUCRB.
COCERrZE R {r, ) DEWERE LW lim x, = 232 W&
- n—oo

Ty =2 (n— 00) £EL.



A2

175. V2 IBZEE X OBAREFERLE TS, COLEIRIIFAETHD =
TH.
(1) li_>m Ty =T

(2) VYV € VISR L, HBERKN € NAEEL, n > NESIEr, cVE
7%,



176. ZEMMHEDZE, EDL S BRIIDUNRT 5D, BERABDSZSIXLE
S h



177(1) ROBAEE AN G A TEEOEERD 55 3EETH S L FICAIR
RS THZILTECETRICMEZEDD CENTETEczERtE.
(2) RICEDRHARE WHT-r &, ROSFIDERSERD &
Tpn—2+Tn—1

LTy, =5, 11=0, 12 =a €R
. ¢, =1+

Tn 1’ Ir1 = 1



36 742 —DIE




3.7 EHER EAER{AIE

[E#& 3.7.1] (X,0)%Z(HZER, A C X ZERETLTS. ADERE
B0, =
O4={ANO|0c0O)

EEDDE, OplFADMUMEE B S. COUBEZ X ICL S ADEXNAMEL
Lo,
UMEZEFDOBAES ICHEMNIMEZ VN TARZERE ATt &, BBRZEEE
Lo,




[ 3.7.2] X,Y =(HEEMr$3.
BRf: X - YHRre X TEHTHD < f(z) e Y OEBEDHAEEV IS
LT, s DEEUDEELTFU) CV EBS.
XDRTHOETEHRTHZ LS [IIERTHS, B2V [IEEHER T
HBdDEWD.




[E% 3.7.3] AHAZREORBIOER f: X - YIERD2DODE G EHT-T
¥ EEEBER
FIXEMAEBRTHD LS.

(i) fldEBs
(i) f, flidebicimss

MEZEE XY OFICRABERIMFEI S LS X LY IIRAETH S, Tl
FUMETH B WS,




A2

178. E&Z 3.7.10 O P IHETHZ xR t.



179. X, Y #fIHBZME, U, VEFNENX,Y OEXREEREL, [ X =Y %
BIRC93. RDO2ZHISRMETH B &=t
(1) fASEr € X Tl
(2) YV € Vi) iR L, H3U €U, NEFELTFU) CVERD



180. £EEXICMUMAT, bz LWhTIIEZEEZ ENENX,, Xo &3, TD
EEEFERI: X — Xp B BRRAZERE L.



181. X ZUtHZERM, A C X Z8fnEE L 5. ADEMNMEIL, 2EER
it A= XHERCBDELSBEHUMETHZ I EZzTE.



182. f: X - Y ZEHREHRE TS, RHAELITNULEAL, ELL BIFTNIER
FlzzEif £
(1) O Cc XHDHEELRSIEf(O) CYDHESTHS.
(2) F C XD EHERLBSIEf(F) CYDHRESTH 3.



183. X ICEBBMNUMANIIVW - TVBEE, B f: X —» RIERICESZIHD
FeRH & XICHBABAZ W3 E5D.



184. RICHU XA F—UtEZLWNS. XOERf: R - ROEFEEZRANK.
(1) [ABIEROCE
(2) f(x) =¢"
(3) f(x) =cosx



185. X #{UAHZER, AC BC X 2 SNEE L $5. RETH.
(1) BHEAEEHL D BOEMIETANBOEEESRS(IE, AlXX DEFE
BTH.
(2) BHHEEHL D BOEMIBTANBOBEEERSIE, AIFX D%
BTHS.



186. RODIWPAES (1,2] TR DAES TIFAWLA, BB ZEM (0, 2] DFAESE T
HB3.



187. M, (R)ZEn x n{T72FEDLBIEETLTS. A= (a;5) € Mn(R) D/
VLA & [All = /3, a4 Ic& DEDS.
(1) A,B € M,(R) XL, d(A,B) = ||A— B|| DB &, diEM.(R) L
DIEBLEIMTH B L BT
(2) COEBTHEEZVNLEEM,(R) LR (ZIFEETH S L &Rt



188. M, (R)ICEDRIE187 DfEZE LN S.

(1) 753 L2 DF5IRE G S £ 38 det: M, (R) — RISESETH
ZETE.

(2) GL,(R) = {A | det(A) # 0}HIM,(R) DIELHAEETHD L%
zyc

(3) GL, (R) ICHExHiAB%E W3, det: GL,(R) —» RIZEHETHB %
=t

(4) SL,(R) = {A | det(A) = 1}IZGL,(R) DEAEETH D =Tt



189. BRI (0,1)ICR A5 OERMIAEEVWNB &, (0,1) L RIZFHETHS
BT,



190. ¥ ERRT ={z | 2 >0} CRELUVH
St={(z,y) | 2* +y* =1} C RRICEFhZHERIBZ VNS, B

fiRT & S'% f(x) = (cos 2me iy 2”) TEDB L, flEEmRe

1427
HTHZHREEFRTIIBVWI L ZTE.



191. EHGLREH R - R2TH-T, fHARDS fF(R)ANDEHBEERICE S
W& S ARFIZEZEIFL. 72720 f(R)ICIER2 H S OEMMIEE LWNLB.



192. ¥sMHHIZEHETH 3.



193. B X LY NEMETH B L L, EHEERf: X 2 Y gV - X
T, gof=idx, fog=idy ERBHONEET S LISFETH 3.



3.8 UtHDER

3.8.1 fUHOEC#EE

[ 3.8.1] X%2&EEr 93 BCPX)IIHL, BEEUMAEE2TOH
B, IHAREBOTHHES L H S L SABRFIOMEEZ BHERT 311
HEWWO(B)TRY.




(£ 3.8.2] (X,0)%MHEZEHMLT3. BC ONODEDHSZWIFHET
%5ﬁ EEDOHESONBICE T 5HAEEDMESTO = JOx (O, € B)

ELTERES.
(OEDEESDMESTIIEEETH B, HBWVWIFEOIHNRTS.)



[E% 3.8.3] (X,0)%(BZMLT3. BCONODEETHZ < B

def
DOBEREDTOEBHPE L TREINBZIESLEEDODE LS.
(OEDEEDHBEDITILAEX LHERTS.)



A2

194 XZ&HEBLL, O\Z2 X DUBEC T 3. COJE:ESQ(’),\%XOJHWK@%
JrERE.



195. BEES X OMDPEESDKRLTS. COLEBIE, BOERT 31148
O(B) DERTHZ - L &R L.



196. BZ&EE X DRNEEDIRE $ 5. BzRE LT 3UBIE, FEI NI,
—BENTH3.



197. BZzEE X DEREEDEHELTS. ROIFXHFIIRAEBTHD L znt.
(1) Bi, BOERT 34480(8) DR TH 3
(2) BEEEY 3 X QLN GET 2
(3) BIZRD2EME BT
(i) FEDz € XIZWL, 2 € 0%%30 € BHEET 3
(II) 01,02 € 87:-}:'5‘3:, FEDx € 01N 0y ‘-:j“j'b, reO0CO N0k
%0 € BHWFIET 3.



198. UAHZEEOEAXRFAEERIIRBL RS L ZTE.



3.8.2 HBAMHLEMN

[F#& 3.8.4] (X,0x), (V,Oy) ZAEEEL T3 BERESX x Y I,
MAEADHEB ={U XV |UeOx,VeOy #BE YL 3 3M8% L\
T-MIMEZER%ZE X &Y ODERFRZER LS.




(% 3.8.5] {(X),00)} o) EMABREOKE T35, BEREES
[Liea Xa IS, BRDES DR

B—{HAA

AEA

HAERMODESL C ADEFEELT, A e LAasiE
Ay € Oy, )\%L@BL?ﬁA)\:XA

#BIE ¢ T 30048 (S OMEEERGAEL W S) % Wh R E, K
(X2, On)} oy OEREER - IBIMEIC L ZEREHE LS.




(% 3.8.6] {(X), 00}, EHARZRIOIKE T 5. FEA ], Xo

2, firt8
O = {0 — ]_[ Oy

OA c OA}
€A

Z e ATAABZERZ IR {(X), Ox)}rep PAABFI E WS,



A2

199. &K 3.84BLUVERK 385D BIFHE 197 DG EAT-T L =TE.



200. B 3.85ICBVWTA={1,2}THZE, COEKRTHEREY
[Theqro) X2 &, EH 3.84DBHRTOERERE X, x Xo EEMATH S C
Cemt.



201. X = H)\GAXA %E*E:UEFE, TN - X — X)\ %*J%EE’\J@E#%K?%

(1) ERZEMOMMEIF, 2TDON e AL\ hNERE B3 L D%, 55
DHUHETHD _c=rnt.

(2) m\IFHEHRTHZ =Tt

(3) MA D BABEREIFGSBVWEL S BBz IF K.

(4) AZRMABERIC §3. BEf: A X HNEETHE-DOBRB+HE
HFIFETDOANITH Layof: A— X\DNEREBRBETHB.

(5) AZUMEZEREL, B € MR LEHER f\: A - X 5256N1T
WBET3 COLIERERS: A— XT, 2TDOAIXL
mof=MHZERETHDOWEVEDEFEETDI_cznt.



202. X =] cp XnEMAEH, iy: X\ - X ZRENTIERET 3.

(1) MDA, 2TDON e AICRHLiZMEFHERZ LS54, REDMW
HMTHBcZzrnt.

(2) i ISHESI OEHAERTHDI L Z2TE.

(3) AZMIBERET3. BRf: X - ADERTHB-DDURE+HE
{q:tiéT@A‘:ﬁLf Oi)\i X)\ — Ab‘ﬁﬁ&:ﬁ%: EThHB.

(4) AZIMEZEREL, B e MR LUEHRER f\: X\ > ADREI5NT
WBETD COLIERERS: X > AT, 2TONIHL
foix=fHZHTDOONCIEVEDODEET S cznt.



203. R2ER x RIZFEHETH 3.



204. X, Y Zz(MEZERETS.
(D) U={U,}, V={V,}DEenhenX, YOEKEERTHBI LT,
W(xyy) = {U xV | Uel,,V e Vy} cHIFIE, {W(m’y)} IFERZEM
X XY DEXKEERERDZ LZTE.
(2) ACX, BCY%EBRERLTS. BREEX x Y DBRESLLT
AXxB=AXxBT®H3Z %I E. I-IFLALIZAD X ICHITZHE
A BOYICBII3HEBBOERTHS.



205. X, Y, Z=fUMEEME$3. EFEEBX x Y 15 ZADER
f: X XY = ZhmE(x,y) € X x Y TEHRTH S HDUBE+DEMHFIE
flx,y) € ZOREEBDAEWICH LT, 2 DEFEU Ly DIAEV HEEL
THUXV)CWEBBETHS.



206. X, Y, ZHEAIMBZER, f: X XY - Z%ZERE/MX x Y D5 ZADEH:
BRE$%. Rac XIZXL, BBRf: Y = Z% fo(y) = f(a,y)IC&D
TEEITDL, f[LITERERTHI_ZRE.



207. ROBRIEVTNLERETH S LETE. 112LRY =R\ {0} TH3

(1) RxR— >R
W V)
(a,b) ——=a +b

(2) R— >R
W W
atb— —a

(3) R* x RX —~» RX
W W
(a,b) ———ab

(4) R* ——= R*
W W
ar——>q !



208. XDERIFVITNHER THD L Z2TE.
+

(1) GL,(R) x GL,(R) —— GL,(R)
(A?JB) | AUJB

(2) GLn(R) — GL,(R)
) W
/R

—HRIC, BEGHMABERTH D, BEL Y TR E B3 EGIEKTHD &
&, GEAMBEECVS.




209. SL,,(R)I&GL,(R) DHAEETHZ B LY, BOBETHDI Lz nt.
CDLOBHDZFHARRAEFE VD,




210. B3 G ICERMIMBZ WD &, MIAEBEICRS.



211. I =1[0,1], X; =R (Vi € ) IC& D 5EX SN BHAAREHOIE(X,},., DE
B, X %2, &EBALLO R ={f: I >R} LA—HT3.
DL ERISFAETH S Z L ETE.
(1) T, X: DEFI{ £} B f € [, X IR T 3
(2) &z € IEBWVT lim fu(n) = f(2) TBS
(L LEEE SV ZOHEEROTE AL £ VS HEEEM?



212. XZRLED/IILLZERE, X*ZZDHEZEF[MEL, A ZXDREC TS
(1) RZ FILZRIE LT Hom (X, R) 2 [], ., Hom(RA,R) =[], , R &
BAICR—REN3 Zznt.
(2) LOE—RUCED X* C[[, AREHT, X* ICERZEME[],  RN5
DM E VNS, f € X* >0, BREDESF C XIIRL,
X*DERERU(f,e, F) %=

U(fe,F)= () {g€ X" |lg(x) - f(z)| <e}

reF

ICEDEDHS . COLE
{U(f,e,F)|e>0,F C X \$ERES}
i3 fOERAGERTHZ L z2TE.



C DA% ASSUAR & 5 WIEET*UAE &5 WLWIE*F5UE LS.




213. 2ENBRBIEE X, = {0,1}I1C,d,(0,1) = 1 TEEX S (ME) BHxr 5
ZBEEEX =], X, 2EZX3.
(1) = (zn),y = (yn) € XICH L d(z,y) e R%E

_ — 1 dr(Tns Yn)
d(z,y) _2232_1+d (T Yn)

TESHDE, did X LDOERBEAKTHZ L zrt.

(2) COEBOED BB ERMUMBIIEFELVW EZRE.

(3) CORIMBICE D, X IFTETESSE, IV /NY MR (& 4.21) TH
Z_rERt.

(4) COMAMBEICKD, XIFAY b—ILEES (B 124) CEAMBICKRZ L%
ce



3.8.3 FLfuif

[ 3.8.7] (X,Ox)%MHEEM, YZ&ES, f: X - Y EBRCTS.
Y OB EETE
Of = {O cCY ‘ f_l(O) c Ox}

ZY ICABE SR 3. COMAEE fIC&k B3HAMEE VLY, (HEZER
(Y,0;) % fICKBELEBE WS,



[E# 3.8.8] BIR~ZAHEZMX LORMEREKRE T3, BES X/~IZ,
BB X - X/~ICELBFMEZS R DO ZEERR~ICK
BEEME LS.




[E£%& 3.8.9] X ZAMEZFEM, A C X ZZETHVESZEREET 5.
AxACX x XDEKT 3EMERIR (FRE 44)IC K B EZEMZ &I ZEM A
T—RICHEOIZER VL, X/AEL.




[ 3.8.10] X,Y #AAZRM, f: X - Y225 $5. YOUMEHNf
ICKBFMMBE—BHITZIE, §ahbs FTOCYHRESS 1O
RES] PEDID T FEHFELEREWVS.



A2

214. L 387D O IFUATH B 2T E.



215. % 3.8.7T, fICEDHFLAIBIZ, fZERICT IREBDNUETHD &
zTt.



216. XY, Z = {UtBZEM, f: X - Y 2F LB/ IT3. COLTER
G:Y - ZHEHGTHITEDDRETDEMEgo f: X — ZHEHTH
3 THB.



217. X, Y #ABZER, [ X - Y #EHLLeste L, B 35 DEH
X Y®REZS.
(1) fILESTHZcETE.
(2) fHREEGESISfIIARBEGRTHZ L ETHE.



218. NICEERfitEZ LW 3. NEBXEI = [0,1) DERZEMBN x [IZHEWT
EHZREN x {0} Z—RUCHEDH TELSNZZTEH 5 RZADER

f:NxI/Nx{0} — R?

z, f([n,t]) = (nt,1 =) ICK DED B (welldefined 1'?). COEE fIF
E‘fﬁ@é%ﬁ]"ﬁ%éb‘ BIRERTIEAL.



RS, EHEHROEKED GHEZEM

3.8.4 FHE{UiH

A, BRAHBIC DWW TEL



&5 1 =z
Bl

URZREDOMEE




4.1 DEEINIE

[E% 4.1.1] (AEZEXD T, ZHET ﬁﬁ'ﬁ%@*ﬁﬁ@% 25
z,y € XIIWHL, 2DEEU Ty g U EBRBDDHDHEFHET 3.



[E& 4.1.2) MHEZEEXH Ty 2H7T HSUWIiEHausdorff (/NT X R
JLD)ZEE THB ﬁﬁ%ﬁ@*ﬁﬁ@% 2mx,yc XICWL, sDEFBEU CyD

AFEV T, UNV =0 tB3b00FET 5.




(% 4.1.3] GHBERX A Ty 231 < EEOMEAF Lo e X\ F
L, FOEEU s DFEEVT, UNV = 0 EB36ONEET 3.




[E& 4.1.4] WUAEZEEXD T, ZHLET ﬁfi%@EL\LCQbB@L\%

£EF, KHIINL, FOEGBUEFRODAEEV T, UNV =08835b0H0
FET 5.




[ 4.1.5] {ABZER X AERA](regular) TH 3 = XIFT, & T3 % H
1cv.



[E#& 4.1.6] AIHEZERE X AYER (normal) T“Z(@%ﬁ XiET e Ty % H
9.




A2

219. k&I,
(1) RICEEBMUMEZ ANTZDDIE T ~Ty ZHT TR,
(2) RICH U RE— (A8 AN DT, £ BT, Ed S B,
(3) RiCaA—2 )y RAIAE, VIV > 7 1) —BEROAIHE, BEIEE AN
HDIET ~TyZH7-7.



220. X Z{tHZERIE 9 5. RIXENE.
(1) XIET, 2H77.
(2) X D1=ISEES.



221. X #{tEZERI . 9 5. RIIENE.
(1) XIET, 2H77.
(2) WABRESA = {(z,2) |z € X}IFEREMX x X DEHES.



222. X z{UtEZEEE 3. RILENE.
(1) XIET3% A7
(2) FEDrc X &, a DEEDEFEUICTL, s DEFEV TV CcU RS
HONEETS.



223. X 2{ufEZER 9%, RIENE.
(1) X3T, ZHT.
(2) FEOREESF L, FORRDAFEUICHL, FOEFEV TV CUL
BBHDHEFEETS.



224. X, Y H Hausdorff ZERIGSIFEREBMX X Y HESTHB.



225. Hausdorff ZEICEWVTIL, 25 DOEIRIF—=1.



226. X Z{IMEZERM, Y Z HausdorffZEf, f,9: X — Y Z&EHRERE TS, C
DEE{x| f(z) =g@)} I XDHAEETHZ _rznt.



227. X Z={UtBZEfE, Y Z HausdorffZEfH], AC X &L, f,9: X = Y ZE&ERE
BRE93. fLoghBBREEAL—RITNIAL—KRTEZ xR,



228. IEE#ZERY (X HausdorffZERITH D Z & & E.



229. EREEZEMISIERRZEB TH S 2Tt



230. f: X —» Y &EGARES 3. Y H Hausdorff 2 513 X H Hausdorff |
BBz WIELWLD.



231. 12kca—2o ) v RZERR ZDDONAEF
X =RIIR = ({0} x R) U ({1} x R)

Bz
0,z) ~ (L,y) @x=y DD y<0

DEM T ZEMERERICE 2EERMX/~ZEZXS.
(1) X/~IFHausdorffZZEETIFHW I & ZRt.
(2) BRAGHET: X - X/~ IEHBERTIEBRVW L ZRtE.
(3) X/~DRF{n(1,—1/n)}, DIBRZ KD &.



232. 22R7eA—7 ) v RZERR? DR ZEH
X={(z,y) |0<x<1, 0<y<1}

DR
(x,y) ~(2,y)er=2"€Q

DE T 2 EHERERIC &K ZEZEM X/~ &, T Z &7=9 H Hausdorff 22
Tl3HWZ & Rt.



42 OAVINT ME

[E%AZH]“ﬁﬁ%ﬁXﬁ]yﬁﬁhkmmwaﬁéﬁXwﬁﬁ

DRMED BRSO WEZIFD.
.mmﬁﬁXw%ﬁﬁéAﬁjyﬂahﬁﬁéﬁ%ﬁEﬁAﬁzywah

TH>.

N



[E& 4.2.2] (IHEHZEM X H'5=53>/80 b+ (sequentially compact) T
% < X OEEDRFHUNREBDFZHFD.




A2

233. MR X OFRES A, BHAVNI b EBIFAUBH YNNI T
Bzt



234. (MMEZERE XAV M absiE, FEnkbsguniiEzuwnizvoH 3>
N FTHBZzrt.



235, BEFUMEZEBR X AN T b oI X IFBREETHD e zTt.



236. RICHUXF—(utBz\Wn2 L, RESIEZIANI FTHB z2Tt.



237. 1 RwA—27 Yy FEBRROZETHRWVWFHKBEIEIOI NI bTIFZEWS
cemt.



238. BEEEZEAICHEWVLWTIE, ONI M THB R IAVNI FTHB
CISEMETH B zTt.



239. EREHZERID O /INY FERISERTH S e Zznt.



240. MIAEZEE X ORIz, } P Ra € XIZINRTBHLTS. COLE,

A= J{za}u{a}

neN

XANI b THB I Z2Tt.



241. nRwA—20 )y RERR" OERES A, BICXL
A+B:={a+blac Abe B}

£H<.

(1) AFXIEBHHEELGSIFA+ BbHEETHBI czmt.

(2) A, BEBICOAYNI7 +Bold, A+ BOAVNI b ThBezrt.
(3) A AN b, BHEAEEE5IE, A+ BHHAEETHBS L z2TE.
(4) A, BEHICHHEERBIFA+ BLEAEED?



242, RIFIEELWVA? 2L RZ2ICIEO—2 U w RAfEZ LW S.
(1) R2FIVINT R THB.
(2) RZOBAES {(z,y) | 22/4+ /16 <1}HFAVNI L THB.
(3) RPOBATHVWEDESIFO > /NT FTIFAEL.
(4) RROBAESE {(z,y) |y > 2*}EIAVNI +THS.
(5) RZDIV/INY b THRVLWEDESIFERTIEARL.
(6) AYNT FTRHRVWESIZERICZ<DRZET.
(7) BREDOHEEDEHICEEINIEEIFIVNI FTHS.
(8) R2ICIE, ZTHWVWIAYNY FHESIFFEELAL.
(9) R OEFERABAESIEAVNI L THB.
(10) RZDEAEE AN, T(z,y) € A= 2?/16 +9y*/15 < 1] ZHTLE,
AFANI L THB.



243, XZ&RE, {Garer Z X DEPDECDIRE T SD. X F\Z G\ DHES
ET3. {Grhrea D' X DB LB BRMZ F)ICEAT 3R G TRDE.



244, QAN FZEB X E TEESINEHEEGREE f I L,
Sup,ex f(2) € f(X) ERE.



245. 2RFTA—T )y RZEFR2 OWAEEHE{ A im0 &,
A ={(z,y) |0<z<1,y=1t} TEDS. BESO C R2H A S

E9%. COLE, HB0>0DEFEL, 0<t<iBBIE A4, COEBDB
CETE.



246. X %Z /X7 b Hausdorff ZZEE L, {F;}ienZ X ODEAEBRES DR, O
ZXDREELTS. OB,y FiZ2B8THSIE, H%n e NHEFEL,
Nie, Fs cOr%mdlrzmt. (Hausdorff IZHE?)



247. X% Q> /N7 b Hausdorff ZRE L, O; (1 =1,2,...) ZHTELRRES
EIBEE, 2,0, 3PETHB ZrzTt.



248. Hausdorff ZBERETIE, Z2D >V /NT FEROESOHEE IO /N
Thdrczrt.



249. FIXFS [a, b] LEB SN I- BB £ [0,0] —» ROEETH 3 1= D%
BHHREE ZT0YS5T (1, f(2) | a <z < DY AR2OEREEET
HBLTHB.



250. X 2 A2 /X7 b Hausdorff Zf], f: X —» X 2EREHRETS. COL
I ETHRVEHAESACXT(A) = ALBZIDDHNEETS.



251. O\ FZERIX ORESDRDHIX D Fy D Fy, D - B,
Nic, Fi =0ZH18IE, $2n e NDEFEEL, F, =0TH3znt.



252. X ZpEkZEfE, AZERERC 3. HBDay,...,a, € AL
Elye..yEn > Ob‘ﬁ&b,

A C LnJ U(ai,ei)

i=1
THBDLTBE, 0 =min{e1/2,...,6,/2} EEIFIE

n

| Ula,0) c | Ulas, &)

acA =1

CRBICETE.



253. X ZIEREZERE, AZ X DIAVNT MEBRDERE TS ACOZHTHE
BEORESOICXHL, 56 > 0hFEL,

J U(a,8)co

acA

AN R e ity c



254, X %= A>/\U NEEBEZER, f: X — X 2= RDOE®R, d4bh5, £E
Dx,y € XIZHLA(f(x), f(y) =d(z,y)ZHcTHDETSE. ZDL
% IHRSTHEICLERE. (EVF: oo d F(X)ETBE,
Ty = f(20) TEX DR {x, }F, EEDi # jICL
d(z;,xj) > d(zo, f(X)) > 0ZHcTEETRT.)



255. AV b—ILEBIFIANI +THB L ZTE.



256. X Z=/N\Fw\ZER, X* % FDOHKZTER T 3.



43 ELEM
[E&E 4.3.1)] X =MHEHZEHEECT3.

1. XOBREEABNANB=0=ANB%Z&cTLE, A BZEN
TTEEEWS.

2. ABHX =AUBERBEOBHNIESEDIE, A=0FEB=10
DERIIT D & E, X & (connected) THBD LW S.

3. XDEREGANERTH S ﬁ%ﬁﬁ:’EFﬂAﬁﬁ%T“@%.




[E& 4.3.2] XZAMAHAZEM, 2 € X953 RrEBCRAOERZBIE
B% v % FUEFEM S (connected component) &LV 5.




[E& 4.3.3] (AEZER X DL ERE (totally disconnected) TdH % =
ERERDDET 1IN SES.




[E& 4.3.4] (BZEME X HIIRERS (path-connected) T#H % ﬁﬁ%‘ﬂ)
a,b e XIZHL, a L bZEINEHNEET S.




i



ax'aw =
O

AIL R [



6.1 wiIHAAPfE

1999
1] i) f(ANB) G f(A)N f(B) L5 3Bl B &.
i) AZ X DEOBAEE(AS X)LTB. COLEf: X - ATHE Y
AN Ikt g

2] i) AZRIB&S BZzBRESL T3 COLTAUBIIRRERICRSD
Tt ftlELANB=0kt9%.

i) A, BZRIBEGYT%. COLTAUBIIRAIBERICAZ L Z2TE.
KELANB=09%.

3| ADMEEPA) 24 ={f|f: A= {0, 1} F1 W LICHBT BRI




(aycy

4] RO A, BTHDmaxA, min A, max B,min BOBFEEIT DT 3.

i) AC Babldmax A <max BN Dmin A > min B85 Zzmnt.

i) BIFEDIIDH. TAaHEmax A < max BADmin A > min B85
I$AC BE#3h.

5| RO ADKRDEED Y Tmax A, min A,sup A,inf AZKRDK.
i) A=(0,1].
i) A={L +1|mneN}

2000
6| /: X = XTfIZLHTHSH HEFrasaWilziEn




) XZABES, AZXDBREELTS. COLTANAEEST
X — ADRIRER L 3 H=EN.
i) Nx NIFaIEESICAZ Ccznt.

NIFAETAHLWI ¥ &TRE.

A:{ 11
m n
£9%.

i) sup AZK® K. (RDH3BEFEHEIT.)
i) max A, min A, inf AZR& K. (BFLEITTLL)

‘ m,nEN}CR



10| E#H%){a,}HUNERFT li_)rn a,=a>0THdEITRE, HDES
ng € NHBEELT, n>noabida, >0883 xR,

2002
11| kZETRHE.
i) A,BEZAIE%E, ANB=0r9%. COrEFAUBHAE.
i) X% EES AA8BES ACXr$3 ZOCEX - Ab¥
OBEGERD.
i) X ZIEBEES, AZUEES, ACXETE COLIXLX-A
DEEIFFLL.




£9%.
i) max ABMFELAZVWC EZTE.
i) min A,inf A,sup AZR& K. (BEIFTTLL)

13| i) ACBCRtL,
UA:{xER‘VaEACCﬁLxZa}

ng{xER‘VbEBCCWLmZb}

ZENENA BOEREEKCTS. COZIFUL D Ug%ZRL,
sup A < supBZrt.




i) A, CR A=U> A, IRERTHZLTS.
B={supA, | neN}CR&TD. COELEsupAlFBOLERTHS
CERUsupBIFADERTHBZ%ZRL, supA=supBzrt.

14| 5 {a,}, {bn }D‘K:E)L_Wﬁzfuf hm anp =a, lim b, =b, a>bT

n— oo

hHBdELIBL, ZﬁéﬁﬁnoENb‘ﬁTLT n>no&5ida, > b, &
YU aR i rach

2003
15| ROWBEHLELITNSEERAL BE->TW et kAlz5X &.
) f: X > XDERGSIELFNTHS.
i) f: X S Y%®B& X =AUB, Y =CUDTf(A) CC, f(B)C D
9%, f: A= C, f: B— DOEHEESIE f: X - VIIEHT




H3.

i) XZrBES, AZ XDWMRESLTS. COLTANABERET
X — ADEEG B 3F%Z fFh.
i) Nx NIFAIEERICKRZ e znt.

RaEETBEOXICE L.

Ve e R,Jye R{z+y >0}




£9%.
i) inf AZKSO&K. (RHZ1BEDHET.)
i) min A, max A,sup AZR®H L. (BFZIFTLL)

19| A/ BCRZZETHV, EICERGHOESGCL, ABCRZ%

AB ={ab|a € A,b € B}

ICEDEDS.
FEDac AICDWVWTa >0, MDOEEDLE BIZDOWTL>0THBD &
93.

i) sup AB <sup A -sup BZzxt.
i) sup AB =sup A -sup BZTRt.



20| EFHHNRFTHNIL, BRTHD zTt.

2005
21| 0) [: XY ZBR A, CY, n=1,2,... ZBHERLTS. CDL

TRz TE.
f_l (ﬂ An) = ﬂ f_l (Ay)
n=1 n=1

i) BIRf: X > R¥acRICDVTRETE.




22| ABZ&HR,i: A— BZERETS. RO2FH(1), Q)W EETH S
_zETt.
(1) i: A— B 3B
(2) FRDEEX LEBDER f,g9: X — AICDODVWTRZHIT.
Fif — ighBiE f = g1

23| RER - NOBO2ES%EEEHICD & DfFN.

24| ACRDPRODEETHDEEsup A, max A,inf A, min AZRDKL. (HF
DHTKLY)
) A:{1+%|nEN}
i) A={(1+2)" |neN}
i) A= {sinl |neN}



25| A, CR, n=1,2,... Z80R&EE, A=, A, I3BERTHBLT5.
a, =inf A, B ROFAFERAHE LITNUSEEBAL, EL L BIThIER
7z bl T K.
i) inf A <inf{a,}
i) inf A > inf{a, )

2006
26| X, YV, Z%%SB, [ X oY, g Y > ZEBRETE. ROBEANEL
[FNIFEERA L EE > TWeb Rz 5 R K.
i) gof: X = Z BEHLGSIEf: X - YVIIEHNTHS.
i) gof: X —» Z WBEFASIEg: Y - ZIFEHTHS.
i) gof: X - Z BEeHHDg: Y —» ZHEHFESIE f: X — VIEEesH
TH5.




27| A, BEES, p: A - BEERETS. RO 2EME(1), () HEETHS
_zERt.
(1) p: A = B 13281
(2) FRDES X LEEDER f,g: B— XICDOWTRZHIT.
Ffop=gopBbIdf =gJ

28| RYR - 2ZDOEDEESZEERICOEDEN, 2L
22 ={2l |l € Z} IIMBEEEKDBEITEET LT S.

29| ACRDPRODEETHDEEsup A, max A,inf A, min AZRHK. (&
DHTEL)
) A= {L[neny
i) A—ngl (0,14 2)



i) A= {sinn |neN}

30| A, BCREERLGHDES, ANBAILTE. COLERDFERE
rses

sup AN B < min {sup A, sup B} .
FICESHRILLBVWHIZEIT L.
2007

31 i) X, Y&%8, /1 X 5> YEBRETS. ACX, BCYIZOLWTR%E
.

F(f7H(B)NA)=Bn f(A)



i) XZ&S, [ X > RZERETS. a e RICODLWTRZTE.

f(x) <a—|—l}

n

) NEN x NOEBELZ LW L &Rt
i) BAXR(0,1] £ [0,3] DEEHLZE LW L EFE.

A BCRZZETHRVERRBEDERLTD. COIRZTRE.

inf AU B = min {inf A4, inf B}



34| keNrd953.

. nm
a, = sin —

k
TEz2 N385 {a,} D_EMBERlim sup a,, & TR lim inf a,, Z3K& K.

2008
35 i) A={(n,n) [ neN} CNxN&F3. COrZ EFNICEEH%Z
EFB52ICED, ACNDEEDNFLWVWI EZTE.
i) A={(i,n) [ neN,i=12} CNxN&93. COCE EFICe
BRZzE3 2 ICED, ALNDEENEFLWI EZTRE.
i) 2N IFATEEA TRV L ETRE.

36] i) {An},  EEEOKETS. TEIR lim A, DEBEBRE.

n— 00




i) XZ2&E, [ X =R, f,: X 2 R(necN)EEHRE 3. EEHK
e>0neNIIHLEGA, . C X%

Ane={r |z e X, [fulz) - f(z)| <e}

ICEDEDD. COLEIRD(a),(b)IFEHETH D & ZTRE.
(a) x e XN li_>m fulz) = flz)ZHTIT.

®) ce (1 4,.)

e>0 \n—oo

37| i) limsup {(-1)" + 1} ZRD L. (RHZBELET.)
i) Ay =[(-1)"+ 1,2+ L] CREIBLE lim A4, ZRDE.

n— 00

i) {an}, {bn) EERBREHFNT, an < b, (Vn e N)EHETHDLL,




limsupa, = «, liminf b, = 3, A, = [an,bp] CREEL. TOEE
(o, f) C lim A, C[a,f] THBIZTE.

n— oo

38| BEH - c CICRL, zT2OHEZZRL, arg2 T2 DRAZEKRT.
L, RAIF-—7<argz < mDEEATERS. £1z||2|]| = VZEEDS.
COBREES' =

St={2]z2€C, |lz]|=1}

TEDD. ROBHM fIES! EOERREEICHR DD
i) f(z,w) =[]z — w|
i) f(z,w) = [arg(2w)]

2009



39| XTEZONBRDBHAEESX,Y DEDLEHZVDEDDN.
) X =0,1, Y =[0,3].
i) X =(0,1), Y =R.
i) X =(0,1), Y =10,1].

40| i) {A,},nEEEDKRETS. lim A, lim A, DEHRZBRL.

n—oo n—00

i) lim A, C hmA =TE.

n— 00

i) lim A, C hm A, B3H=FEITL.

n— oo

41| i) ROFDEEDHEDER U [1,1-1]=(0,1)ZRE.
i) X, YZ&8&8, f: X%Y’&E@ AyCY 93 Xzt




_1(lJ-AA>:= U f7H (AN,

AEA AEA
i) BRg: R > Rz g(z) =2 - 20 TEDHS. J g7 ([2,1-1]) &R
n=2
O &K,

ROZETHWEBREDESIIRARTZIFE O ETE.
éJILEF'ﬁSKGE&?'J{ }b‘OLJYEﬁ?‘é?&bLI KiZZILEAXATZIDOR
BrAlcd ezt

aZEDRHETS. a (Z10ERLLIEE) DINEREn LU TZY]
DIETIDBDZa, T3 ROFHDESE{a, | n e N}DERIFaTHS



R Sy e

2010
45| i) y=f(x)PMr =a TEBRTHRVEZ, HEFEBE L THD B L SICEIT.
fcfeLe-0sATNTEL C L.

i)
Fa) = {0, z <0

1, >0

EFTBLE, f(o)ldr =0TERTHEVW L ZRE.

46| ROEBISARTHZF=TE.
i) NxN




i) A={f:N—{0,1} | f(n) = 1% %n € NIZERE}

ROEEGDOHEDOEES f: X —» YV ZEENICET.
i) X =(0,1), Y = (—00,0)
i) X = {(2,9) € B* | max{fe], |y} =1},

YV ={(z,y) eR? | 2 +y? =1}

NICEEDIEFZWNS. ACNZETRVBOEGETS. COLERX
DERHIIEIETH D 2T,

i) AIIBRES.

i) max AD\FET 3.
i) sup A HMFET 3.



49| KE2IEFE, {a,) EKDOEF), a c K&T3. c €K, e>0ICRL,
A(e) CN, B(e) c K%

A(e) ={n e N | d(a,a,) > €}
B(e) = {ay, | d(a,a,) > €}

I EDEDS. 1272 Ld(a, an) = |a— an).

i) {ap} D allNRTB L, EFEDe > 0l L A(e) BBEREESTH
BZCIFEETHD ez E.

i) MEEDe > 012 L B(e) N ERESTH3%H 51T, lim_a, = aT®H

%1 EWSDIFIELWLWA? IELITNISEERAL, IEL L BIFNUIERAIZZ
P&

2011



50| i) X, Y%2%E B, CY (i=1,2,...)2RESE, f: X - Y 2ERYL

935. O
= (m B@-) A

1=1 =1

Thdrzmnt.
i) BRf:R—>R%Z f(x) =sinz TEDHSD. COLE

(=2 5+3])
n=1
ZRD K.

51| ROEGRABRTHZFE2TE.




i) N x N.
i) 8§ ={[a, 8] | 0, €Q, a < B}

52| ROEEDEOEES f: X - YV ZEFMICO<N.
i) X =1[0,1], Y = [-3,5]
i) St={(z,y) eR? |2?+¢y* =1} ¥ TB. CDLT,
X=5"-{1,0}Y=R
i) X =Y =N. 2L, FEDn e NIZHL, f(n) Zn&h3H0.

53| Kz2lEFE, {a,} € KOI—>—5), {a;,} % {a,} DEBRFIE T 3.
{a;, } BUNRZT, klim a;, = a CTHNUL, {a,} BIERHTHD, €D

[RIEIFaTHBZTtE.




A, BCRZERR, ZTHRVEHDESEL, a=sup A, f=inf B&
95.
£5CCR%

C={zeR| —xze A}

ICEDEDHD. COLEXR%=TRHE.

) —alECOTRTHS.

i) e RNMCOTRTHBREIE, —IFADLRTHS.
i) inf C = —a.

X7, £E68D CR%

D={ab|ac A, be B}

ICEDEDHD. FEDac AICDOWTa>0hD, FEDbc BIZCDOWT
b<O0THDEZT kart.



iv) afIEFDDTRTHS.
v) aff =inf D,

2012
55| A BCRZEHRR BETHEVHDEGETS. £E5C,DCR%Z

C={a—-beR|a€ A, be B}
D={deR|1/de A}

ICEDEDS.

i) EEDac AICRL, HBbe BHFELT, a <OHHDIDETS.
CDEE,

(a) sup A < sup BZTt.



(b) inf A <inf BIZBDILDOH? EDILDESIFFEEAL, D iLfc%

W B IERBIE S &
i) supC =sup A — inf BZzRt.
i) inf{|a| |0 £a € A} >085F, DIFERATHZ _zrt.
D 78 5IFEE

iv) DHOBERLGOSIE, inf{la] |0£ac A} >08R3HD? €545
BAL, €5 THVLWALIFRAIZZEITX.
v) infA>0THBEE, supD =1/inf AZRE.

56| Bf&f: NxN - N%

1 ..
3l-1 (3. Tg——z) m VB

Hhm = yl( To1) mnEs



ICEXDEDBE, fIIEBHTHS zTt.

57] XV, Z%%8 o X > YEBRL TS

i) BRp,: Map(Z,X) —» Map(Z,Y)%Z p.(f) =po f TEDHD. B
BRESIE, p. DERTHBI 2T HE,

i) BfRep*: Map(Y,Z) = Map(X, Z2)Z p*(f) = fop TEDD. ph'&E
FE5, " IFEHTHD ZCZTE.

X%&EE YEXDEDES, f- X - YREBERETS. XOME (%)
HHTETY OERES SO EFEETSIC%E, LTOMICLIEA > Trt.

o2l YOBDESAICHL, A= X — A, A =Y —Ard$3.

(k) Y =S50]]f(S§).



f (_U SZ-) = U £,
i) S C XISHL, F(S)=(f(S) =Y — f(X - S) L E®HB. CDL

I, SCTHRBIEF(S) C F(T).

e (f)s) - firss

iv) F(X)D F*(X)D>---DF"X)D---
V) Sp = Fj F(X)e$BLE, F(So) = So.



vi) Sold&fE (k) EHTT.

2013
59| X, V%S /1 X > YEER ACX, BCY¥ET3.
) £(f~UB)NA) = BN f(A)BRDID L& FE.
i) fL(F(A)NB) = AN f~YB) IO IIDN? KD IID%5I$I
L, D7 VMBI BRI &

60| i) X, YE&E, f: X > YEER A\ CY 73,
f*(ﬂz%)zr]fﬂmmﬁﬁéct%ﬁﬁ.

AEA AEA
i) Bfg: R - R%Zg(x) =2 - TEDHS. () g 1 (0,r) EKRD&K.

r>2




X%&ES A, CX (n=1,2,... )2 BNEELTS.
i) (li_mAn) = lim AS =Y.
i) lim A,, C lim A, 2=t

i) A; DA D ... DX EFlimA, =limA, = (| 4, THB xRt
n n n=1

XYZER [ X > YZBEHRETS. BRf:2Y - 285%
f*(b) =bo fTEDB. F=r2L 2% = Map(X,{0,1}) TH 3.
) [AEFESIE, fFIFEFTHDZ cZzTE.
i) f*HBEFRSIE, fIELHTHZ cETRE.

neNIZRL, RICEITZEF~, Zx ~, yﬁn(m—y) EZICEDRE



3.
) ~, ISEMEREFRTHD ZEERE.
i) m,n ENETB. pp = frun 0 pm E78D K D RER
Fom: R o — R o BFIET 3 Z X ¥ m|nTh 3 = L IAFHETH 3

CZTRE. 1220 po, pp & o, ~n ICEET 2 BRABHEETH D, min
EEmbBn DB THBZ L THD.

R—" > R/~,

R/~

i) f,(0)&RDK. 272L0 = p,(0) € R/~, THS



2014
64] ROBBEEEZ 3.

Vee R, dJyecRVzeR: 2>2y—x+22>0

(7720 T & THRBIE) 2RIHRIEBELS, 805 p — qldpHETq
HMBED X Zh, ZOMDIBEIXE.)

) COmEZADSD FGIEELSZENERL) XICt L.

i) COMBOEBZERZ DITTHEE L.

65| X, Y, Z%&E8 ACX, BB CY,CCZ%28nES, f: X =Y,
g:Y - ZZBIRE 9 3.
) f~L(BNB') = fY(B)nfY(B)&ETRE.
i) F~1 (f(A)NB) > AN f~Y(B) &TE.




i) f~L(f(A)NB)= AN f~YB)IZBEOIIDN? BDIID%SIFEA
L, DA WEEIIFIZZETF K.
iv) (go f)"HC)=f"(¢7(C)) ZTE.

66 X, Y, Z%Z&E8, [ X —~Y,q:Y - ZZ2FBRc 5. ROEHNIEL
(THUSEERAL  BEhE > TW et RBIZE X &.
i) gof: X = Z DHEHLGSIEf: X - YVIIEHNTHS.
i) gof: X = Z WBEHFHLGSIEg: Y - ZIZEFTHS.
i) gof: X — Z HBEHHIDf: X - YHeHE5Eg: Y - ZIFES
TH5.

67| [i: X =Y, ZER ¢ Y1 x Yo o YV, ZRRE, B, C Y, Z8NES
(i=1,2) £95%. Xzxrt.




i) By x By = q; ' (B1)Ng; ' (By).

i) (f1, f2)""(B1 x Ba) = fi '(B1) N f3 ' (Bo).

i) fiDBRESIE(f1, fo) bBERTHBZ L Z2TE.
TCT£L<f1,f2>: X — Y1 X YQ (& <f1,f2>($) = (f1($),f2($)) —C’%_-i.Bh
2 E51R.

68| X, Y%2&S, [ X - Y%EEHRr 3. B2V - 2X%
f*(b) =bo fTESDB. 7212L 2% = Map(X,{0,1}) TH 3.
) fHBERESIE, fFIZLHTHZcETE.
i) fFOLEBSIE, fIIBRTHE L ETRYE.

2015
69] ) X.YE&S, f: X = YEER, {B)};c, BY DBHIEEDHLT 3.




Rert.

= (U Bj) =J sy

J€J J€J
i) a c RICHL, ROBAES A, % A, = [0,0)ICEDEDB. £T-
R.o={zcR|z<0}2F3. | A, ZRD&.

acR_

i) BRg: R > R%Eg(x) =2°> - 52+ 6 TEDHD. |J g ! (4,) &K
acR_
K.

70| X, Y%2&E8, AACX BCY%EPDES, - X - Y%2EHRCI3.
) FANA) C f(A)N f(A) BTE.




i) f(ANA) = f(A) N FA)IZEDIIDH ? BDIIDRSIFERL, B
DI WEEIIFZEIT L.

i) f(ANfY(B)) = f(A)NBIZKOILDOH? BEDIID%HSIFEEFAL,
XD ILfc R WERIIHIZEFEITX.

XY ZW%x&ES, [ X =Y, Y > Z h: Z ->WzERCL,
gof,hoghE5H2EHTHD LT 3B.

) gL BETHE T LT

i) fERITIEEFTHZ zTt.

fi X —>Y, fz X %Y;%E—{gt <f1,f2>2 X — Yl X YQ%
(f1, f2) (@) = (fi(2), f2(x)) TEZBNBEHRETS.
) fi, o DEDICEFRESIE(f1, fo) DREH? BOIIDHSIFIERAL,



RO LT WIS RSB ZZEIT L.

i) [IDBEHRSIE(f1, f2) DEFATHZ I ZETE.

i) BRfFOIZ Iy ={(z,y) e X xY | f(z) =yt X LOHEDELHE
5= .

73| X, Y&&, [ X - YZERr9%. B :2¥ - 2X%
f*(b) =bo fTESDHS. 2L 2% = Map(X,{0,1}) TH 3.
i) [T, [FIFENTHZ LZzTtE.
i) fHOEGFERSIE, [FIFEFTHZ cznt.

74| X%Z&E& A, CX (n=1,2,...)2BREELTS.
) (mAn> = lim A¢ %ERE.




i) FEDi,jeN, i <jICRHLA CA;THBDETS.
(a) EEDn € NIZHL,

Ja-Ua A,
1=n =1 1=n

Thd_=z=rt.
(b) lim A, =limA4, = |J 4, THZZxRE.
n n n=1
2016
X YZ&S8, [ X >YZER A, CX (n=1,2,...), BCY Zz&7n
£5L95.

75| i) KRERE.




(a)
(b)

(c)
(ia,) < o

i) n e NIZWHLC, ={n} CNLELEIMC, ZKRDK.



i) %5
() =T 4

IE—RRICEY D IL DD BD I DIFRISEEEAL, D II7c2 W nEIdfZE
FIFL.

B f*:2Y = 2X% f*(b) =bo fTEDHS. ==L

2X = Map(X,{0,1}) T%H 3.

) fxy) = (xpoo) BTE. T2 Lxy, xpox Y, F(X) DR
REZL.

i) [*HEFRSIE, fIFEFRTHIczrnt.

fil X-)K%E'f%, <f1,f2>ZX—>Y1 XYQE



(f1, f2)(x) = (fr(2), foa(x)) TEZBNBER, B; C Y, #BBNESE
(i=1,2) t9%.

i) (f1, fo) "H(B1 x B2) = fy 1(B1) N f5 H(Bo) BRE.

i) f1 DNEERSIE (f1, fo) DESEH? DI DBRSIEIERAL, KO IIR
VISR AIZEZITF &

i) f1, o BEDICRETED (1, f2) IR2HTIRBULEIERIF L.

V) (f1, ) DEFRTHBHEEIF L.

EE5F ={1,2,3,4}%E23%.
) FOREE2TREIFL. (BXRETTLL)
i) F LORMERRRTL L 2D EMEICHRD L SBHDIETV<DHBH?

) X FOBGE~%E, o~ 2 f(z) = f(&) Ik DEDB Y, ~ILFHERS



HRTHDIcznt.

i) BRp: Z — 72/27 x 7./3Z% p(l) = (p2(1),p3(D)) IC&DEDB. =7
Lpn:Z — Z/nZIEBER. | ~m < p(l) =pm)ICEDEFXSZE
DEMERR~ ICEAT 2meaRRZz—D2OFIT L.

80| S'={cC||z|=112F3. S' LOBEFE~%

zr~w s z=wxlkldz=—w

TEDHS. £z, BRg: ST - Sk g(z) = 2 TEDHS.

) z~w<<g(z) =g(w)ZTRE.

i) ) caifi) &D~IXEERERTH . BESS/ ~ SToEO2ES
=—D2EN.

2017



81 X,Y’E%A [ X—>YZEBR AC X, BCYZEDEELT 3.
) f(f~1(B)) C BzxE.
i) ACf H(f(A) 'BRE.
i) A# f7H(f(A) e 2B=2IF L.
iv) f(A)=f(f1(f(A4)))IIEDILDH? FDIIDASEAL, DT
BWEEIEHIZREIT L.

82| X, YZ&ESR, [ X > YZER, {A,}nen, {Artren (FEFELAA0) %
X DEREEDEHELTS.
) RERE.
(a)

f(U AA> = |J f(AN)

AEA AEA



(b)
f(m A,\> c () f(AN

AEA AEA

(c) fHEEtE SIS

f(ﬂ AA> = () £ (4

AEA AEA
ifa) n € NIZHLCp = {n} C NE LTS, lim O, ZRED & .
(b) EEDn € NISHL A, — A, THBEE, im A, — A, THB &
T, '



ifa) fANEEEE SIS
f (hmA ) = lim f (A,)

n

ERB ez,
(b)
f (h_mAn) £ 1lim £ (A,)

ERBMNEHEITL.
83| X, Y%Z2&& [ X > YZEHRLTS. B/ 2" -2X%

f1(8) = Bo fTEDB. fcfzL2X = Map(X,{0,1}) TH3.
) a1 € XETB. I5IC, B3P 2 BEEL, yo, = () THBL




T, 172U xa, E{z1} C X ORI COLFRD () BED I
D=z E.
(x) 7 € XD f(z) = f(o1) BHTEIE, v =2, TH 3.

i) fFHREBSIE, [ITEETHE I L ETRE.

84| fi: X =Y, g0 Xs = YV, 2BIRET 3. LT DERHDIE L ITNISEEER
L, ELLRITNERAIZZFITX. 72720,

(f1, fo)(z) = (f1(2), f2(2)), (91 X g2)(21,22) = (g1(71), g2(2))

ThHS.
I) f1 b\ﬁgq@5‘i<fl,f2> X — Yl X Yg %%Eﬂ'
i) g1 BBEERSIE g X go: X1 x Xo = V] x Yo BB
III) gl,ggh‘c‘:%tlﬁﬁﬁHBLigl X g9 X1 xXo—=Y XY, %%Eﬁ




85| Z LIZXTEEINZERIIEEREFZEL? £/, FEERTHNITTEER
RIRE—DOEIT L.

i)

m~n ﬁ m—nD2FEIE5DEHRTHS.

i)
m=n (ﬁ m—nh 20BN DO5DEHTHS.

ii)

man ﬁmn#()i?’t‘im:n.

86| ) X,Y2%& [ X - YAG5HRLT3. X LOBFR~%,
v~ o f(z) = f@)ICEDEDBE, ~SEAMERHRTHE LR




.

i) BRp: Z — 72/27 x 7./5Z% p(l) = (p2(), ps(D)) ICEDEDB. =7
Lpn:Z — Z/nZIEBER. | ~m < p(l) =pm)ICEDEFXSZE
DEMERR~ ICEAT 2meaRRZz—D2OFIT L.



6.2 wIEAEAR

1999
1| XOBEMIIR EDREBMERIC LTS D.
i) f(z,y) =|2z° — y°|
i) f(z,y) = (z —y)*
i) f(x,y) = min{1, |z —y[}

2| XZz&EBcL,dy,dyz X LR §5.

i) z,y € XIIXF L d(z,y) = max{d;(x,y),ds(z,y)} THZX 5N 3EHIE
X EOERRERICHR D e ZTR Y.

i) X D AZEREFTEL,0(A),01(A),0(A)ZENETNI, dy,ds TETo




CFADERETS. §78bb5
6(A) = sup{d(z,y) | z,y € A}
01(A) = sup{di(z,y) | z,y € A}
02(A) = sup{dz(z,y) | z,y € A}

ZDXES(A) = max{di(A),5:(A)) THB L ETE.
i) d(z,y) = min{di(z,y),dz(z,y)} TEX BNBEHEA 3HTLH X
FORERBIRIC 1 B L IZBR S AL BEREIIC R BB L, B S B LBl E

—DOFDEIF L.

2000



N={n|nidn>2R2888} 93 NOT a,bICDVT,
b<a%Zb=azr,rcN={1,23 -} EHETD. CDLENDERXK,
/N BR, B/ NTERD K.

i) AZERY L, BS AT, BIZAIBERYLTS. COLEA-BLAY
XEICH B A, BOBIEEN.
i) AZERLT3. P(A) L2 I3RFICRBZ e ETRE.

) IRNNIEFESDERZIBN, Zorn D Lemma ZE 7.
i) AZRIBFESLL, {Galres BER . 1ELEGIEBETHD,
A< uDEEGCNCGLET3. CTTERG, DD TS. D

rE
G=] @G



SEFICRB 'R,

ROBIEUIR _EDEEBERERIC R B H
i) f(@,y) = Iz -y

XuE&EH e L, d,do% X LOERREKE 5.

) x,y € X IR Ld(z,y) = di(z,y) + da(z,y) THEXONDEHIIFX
FOEBRERICLZ 7Rt

i) X 5 A BEHSESYTS. d,d,dy TetoT- At BOBEEICOWT
RDAREXADKD IO L ZTE.

d(A, B) > di(A, B) + da(A, B)



i) EOARFXTESHHDIULLBRWHIZFEIT L.

2002

8| pERHETS. 042 ZIZDWT, pYlafehipet! foz &BZ0ULD
BlaZzu,(x) 9% v,(0) =007 3.
z,y EZICDWVWT, z < yZoy(z) > v,(y) LEERT B (k).
CDLE (k) DEERY, IBEFEROAT-ITRE I DDEHFICDOVTEN
N, AT-ITHBIFEAL, AT BVEEIIRFAIZEIT L.

9| i) A, BEZAIE&ER ANB=0t$3 COLTEAUBLIHE.
i) REOBEWIRHSBVWETHVEREIIE, £55FK>2THE4LH
BELHMhNGBEWI EZRE.




10] i) nZBRBETS. sup{ "L | k> n}ERD&.
i) a, = ¢ :L) TE&)bh%%@'J{an}L’)L\Thmsupan ZRD XK.
(£55HKRDBBIEEHET)

11| OB f IR _EDEEBEREIIC R S D
i) flz,y) =2 +y°
i) f(z,y) = (x—y)'°
i) g: R>RZEHFETBIEE f(z,y) = |g(x) — g(y)|

2003
12| 0) [: X 2 YZBERETS. 2,y € XICDOWT, 2~y f(z) = fly) &
E&ETD. COLTHER~IIEAEBRRTHDI Lzt
i) X =1{1,2,3,4,5,6}, Y ={1,2,3 2L, BI&Rf: X > Y &




fH=f2)=fB)=1, f4) =f(5)=2, f(6) =3 TEHRITD =
() ORMEEE TORMEEDOES X/~ = {X,|z € X} RUZTORERT
ZE(T.

13| i) [JEF&ES X T, RATTIEEELABWVWD, BARTHEFET 02T L.
i) X =1{1,2,3,4,5}, Y ={1,2,3} L, X, Y ICEAKDOKNTlEF%Z
AMB. ROFH(x)ZAHTEOIBERS: X > Y OFZzVDOF
7K.
(x) T fIZ2FTHD, 2 <y THBIEBEDz,y € XICDWVWT
flx) < fly) &% 5.1
i) ED(IN)ICEVWT, FEX)ZHTTELOBER TV DHBH.

14| 1) f(z,y) = (z —y)° TEEINZEH fIFR _EOEEBHREIC R D




i) X Z&SG, di,dy 2 X OB, 01,0 ZIEDRBETS. CDL
T d(z,y) = ardy(z,y) + asds(x,y) TEERSIN DI IE X LDEERE

BERRIC TR D D

(X,d) ZIEBEZERE, X > A, BEZETHRVBHES LT3,
) A, BrbIcERGSIEAUBLERTH S LERE.

i) d(A,B) = 0D DANB=0THZPEET L.

(X,d) ZE#ZTEE 5. XHSBEREBEDS 21, 20, . .

I&&
X —{z1,29,...,2,}

XX DHREETHB L ZTE.

L xn € X ZFRV



2003
17| 0) [ X 2 YZBERCTS. 2,y € XICDOWT, 2~y f(z) = fly) &
E&TD. COLIBEHR~IIAERRTHZCZRE.
i) X =1{1,2,3,4,5,6}, Y ={1,2,3 2L, B4R f: X > Y &
F1) = F2) = fB) =1, f(4) = [(5) =2, f(6) = 3TRBTBLE,
(i) DEMERAFRTDRMEEDES X/~ = { X, |z € X} RUEFDRRKRTT
zE7T.

18| i) IBEFES X T, RATTIFFEELABWVD, MATHEET 302 ZFIF K.
i) X =1{1,2,3,4,5}, Y ={1,2,3} ¢ L, X, Y ICEAKDOKNTIEFZ
ANB. ROEM (X)) 2HTEIOIBBKS: X - Y OFZEVD LD
(7.
(x) T fIZ2HTHD. Fle <y THZ3EEDx,y e XICDWT




f(x) < fly) &3
i) LD (i) ICBWT, £ (x) EHETESHRERFIZVNDBHBH

IRINNIERESDEREZ BN, ZornD LemmaZE(7.

) f(z,y) = (z — y) TEBINZEH S IER L OIEREBIC AR B D

) XEES, dy,dy® X FOEBE, 01,0, EEDERETE. CDE

Ed(x,y) = ardy(z,y) + asda(x,y) TEERIN ST X _LDEERE
BREIC BB

(X, d)%EE%EgU:FEﬁKjé Xb‘BﬁBE'ﬂE@)ﬁZEl,xg, ey Ty i~ X%Bﬁb\
&8
X —{z1,29,...,2,}



XX DHREETHB L Z2TE.

2004
22] RICBEIBBEFE~E, a~boa—beZICEDEDS.
i) BR~ IFEERTH B L BT
i) EAR/~EED &S REED,

23| ) XZIEFERL 3. a € XIZDOWT X(a)={x|a<z}E&T5.
YCX(a)ZED, a=supYDPFELLETBE, a=sup YV ZTE.
X

X (a)
i) BIESTRVWESOAZEITL (BEHOTE).
i) X Z0ZRMNEFLTIE, FEDa e XIZDOWT, a <20 &%B3 X
DBAKTT o DFIET D Z &% Zorn DifEZ FEVVRE.




24| 01D 5BBFFTIIARELI VLS BHDOLEDLRITES

ZEZB. SIIAIEESETHBE _LZeTE.

25| 1) flz,y) = (x —y)" TERINZEH f TR _EDEBHBEHUICH S D
i) f(z,y) =22+ > CEERINZEH fITR EOEEBHBEIC A S D
i) X ZED, (V,dy) BRI, g: X - VEBHLTE. COLE
d(xz,2") = dy(g9(z),g(2')) TEERINBZBEHRJIE X EDERERIERIC A
B3h.

2005



) P(N) IFATBEESTIEAVWC e ZRE. RELPN)IENDOARETESE
HHH7T.
i) P(N) DEREE P, (N) Z

Pr(N)={A|ACN, A I3BERES}

TEDD. COLETP/(N)IFAIBEETHB L ZETE.

) RMELDEREET.
i) RINES THVIERFES OB HIF &.

Zom DEBZAVT, ROBMDES H T, ROEHEHT=THDHFE
TBETE.



(R EEDr € RIGERED by, ..., h, € HLERED
qi,---,qn € Q%ﬁﬁb\—t,

TZQ1h1+QZh2+"'+thn

ERVDEEDIZRES.

29| (X,d)ZEEBEZEfE, v,y € X, r,sZIEDERHL T 3.
i) d(Uq(x),Us(y)) > max{d(x,y) —r —s,0} Zmt. &fZLU,(z)ldx
ZHROETBFEEr OBRZRT.
i) d(Up(2),Us(y)) =d(z,y) — 7 — s &8 2BZ2HIT L.
i) d(U.(x),Us(y)) > max{d(z,y) —r —s,0} &2 %ZHITkK.

30| (X,d)%EEEZER, A, (n=1,2,...), B X DEREEL L,




A=U2 Ay 1 = d(An, B) 2B, COEERDERETE.

d(A,B) = i%f{rn}

2006
31| XEZETHVERL TS BIRS: X x X — RARDEHL ~ fA4%H
3 T3 UTORICER &

(f1.  f(z,y) >0 (Va,y € X)
<f2. f(xz,z) =0 (Vo € X)

3. f(z,y) = f(y,x) (Va,y € X)
(f4. f(z,2) < f(z,y) + f(y,2) (Vz,y,2 € X)



) XICBIFT38F~Z, c ~y < f(z,y) =0ICEDEDD &, ~IIEE
BERTHDzrt.
i) x, 2’ y,y € XIZDOWT, x ~2' DDy ~y Bl f(x,y) = f(2',y)
Thd_rczmnt.
i) Y&, FEER~ICED, XOBEESY = X/~93. B
d:Y XY = R%Zd([z],[y]) = f(z,9) IC&DEDHD &, dIFY EDEREE
B THdczmnt. 2L, 2], zDEEEZHSHT.

N={n|nidn>2 THZEARK} £ 3. NDT a,b ICDWVT,
b<aZb=azr,rcN={1,23 -} EETD. CDLENDRXK,
&/ B, BT ERD &K

XZZETHWVEFEEGC T 3.



) S={A|0#£ACX, ABRIEFHRESE} L, SICEEEHRTIE
FeWwhd COLESIBBREESTHE Lzt
i) X%, EERICEAL TEAR, 2IEFHBIEEZH O LERE.

34| ROBHfISR EOEMERICAZH, BAZ DI TEX L.
i) f(w,y) = (x—y)
i) f(zy) =[a® =y’

2006
35| X, YEZETHRWES, f: X > YEERETS. UTOBICEZ L.
) XICBIT3EMFE~%, s ~2' o f(z) = f(2)ICEDEDB L, ~IEE
ERGRTHBI I ETE.
i) X%, BMERER~ICLD, XDBEEEX = X/~r$3. B




X = Y%Rf([z]) = f@)ICEDEDBR L, fISBEHTHEZILER
. 72720, [2] 1, s DREEEEZHSHT.

i) f: X - YHeETHNE f: X - VIIREHRTHZ xRt
N={n|nidn>2 THZEARK} £T3. NDT a,b ICDWVT,
b<a%Zb=azr,rcN={1,23 -} EHETD. CDLENDERXK,
R/ B, BNTTHERD & .

XEZETHVEFES T 3.

) S={A|0+ACX, ARLIBFHHES) L, SICASWETIE
FEWNS. COrSSIIRNEATHB LETE.

i) Xi& S@2EBRICEAL THRAR, 2IEFBRESZRHOCLZTE.



38| OB FIZR FOBEREMKIC LB H, BEEDITTERL.
) fz,y) = (z—y)?
i) f(x,y) = |2* —y°]

2007
39| Xz&Brl,d,do® X LOEBER#KE T 3.
) z,y € X IR Ld(z,y) = di(z,y) + da(z,y) TEAOSNDEHIIFX
L OEREBRICH D L ZERE.
i) X 5 A BEBHEALTS. d,di,dy TEH o7= A ¥ BOIEHIICDNT
RDAREXDEDIIDO L ZTRE.

d(A, B) > di(A, B) + d2(A, B)

i) EOREXTEENMDILRVEZET &,



40| X, YZETHWES, [ X 2 YZERETS. UTORBICER &K
) XICBIT3BEBE~%, 2~ 2 & flz) = f(@)ICKDEDB L, ~I1FFE
BRERTHD _czmnt.
i) X%, EMEREFR~ICLS, XOBEEEX = X/~$3. B
X oYEf(2]) = f()ICEDEDB L, fIZEHTHS %R
. 2L, 2], 2 DEMEE= HSHT.
i) f: X - YHLETHNIE f: X - VIIREHRTHZ I rx2Tt.

41 | i) NIEFEEDERZ BN K.
i) Zorn® LemmaZEI7.
i) IRMNIEFRESTIIRVWERESOHIZZEIT L.

2008



42| XZz&EE/L L ,dy,dy %2 X EOIERERIERE 3 5.

i) z,y € X I Ld(x,y) = max{di(z,y),dz(z,y)} THZX 5N 3 EHIF
X FOERMBARICHED ZEETE.

i) X D AZERER L L,0(A),01(A),02(A)ZENENI, dy,ds TETD
TFADEBERETSD. CDEEFHA) =max{d1(A),0(A)} THB %
.

i) d'(r,y) = min{dy(x,y),d2(z,y)} THEZOSNDIEHEI EHTLHX
FDEEREBIRIC 70 B LIRS L EEBERARIC A BBl &, w5 e LWz
— D9 DEIF&.

2009
43] i) BRLIEFESICRBATAIEET - LETY
i) BRIEFESFRRNIEFESTHSC LETY.




i) (0,1) CRZBERMET3. £EEP ={AC(0,1)]| A# (0,1)}ICIERF
ZCTUWNIZE S, PIIBHMNIEBFRES TIIBRWI 2T E.

44| ) A, B,CEER, f: A— BERBSY T3, COrEREE
A x C — B x CZfEN.
i) NEN x NOEBEAZELWI L& RE.
i) NENx Nx NOEENFLWI L Z2TE.

45| XEZETHVWERLTS. BRf: X x X - RIXDEGFL ~ fa%zH




3T % UTORICER K.

(f1.  f(x,y) >0 (Vo,y € X)
<f2. flx,z) =0 (Vx € X)

3. f(z,y) = f(y,) (Va,y € X)
(f4. f(z,2) <max{f(z,y), f(y,2)} (Vr,y,2 € X)

) XICBIT3BE~Z o~y f(o,y) =0ICLDEDHBZ &, ~II[EE
BERTHhHd_czrt.
i) x, 2 y,y € XIZOWT, z~2' DDy ~y Bl f(z,y) = f(o,y)
TH3cZzmnt.
i) Y&, FERER~ICED, XDOBEERY = X/~93. B
d:Y xY = RZd([z],[y]) = f(z,y) ICEDEDD &, dIFY EDEEEH
B cTHsd ezt 12720, 2]l DEELE.



V) r>089%. ED(Y,D)IcEWVWT, [yl € U, ([z]) BSIE
Ur ([y]) = U, ([z]) THBZcBRE. L

Ur ([z]) = {[z] € Y | d([2], [2]) <}

IZ[z] € Y ZHRDE T 3 Er DRIEK.
V) r>08F3. DY, d)IicEWVWT, 6 (U, ([z]) <rTHBZLETE.
72720 6 (U, ([2]) = sup{d([y], [2]) | [y, [2] € U, ([z]) }EFELR.

2010
46| X, YZ&E, ~=ZTNENX,Y LOREBRCET 5.
I) X X YL?DU'%B@T‘? %1

(z,y) ~ (x’,y’)ﬁx:x’ o y~y
e



EEDHDE, ~IFX xY LORHERAGRTH S L Z2Tt.

iV X=Y-=2
x ~ x’ﬁx—x’ﬁ‘?f“%‘]o IN3,

e
Y~ y’ﬁy—y’?ﬁ‘ST“%‘JD Th3,

e

Y L% BEAL < Z/~ERD&.

47| i) RIEFEATHVIEFESDOREEF &,
i) BATTISODRATER B VIEFES ORI ZEF &,
i) X ZIEFES, X D AZHAEEL TS, supAiF, FEINL, —=

NTHDZzmrt.




48| X, Y ZZTHLVWES, f: X - YZERCL,

S = { |Y/Cl/,8 Y’%X,fos’zly/}

£95.
) S £ 0 ERE.
i) (Y7,s),(Y",s") € SIZRLT

(Y/,S/) < (Y” )j:);Y, cY"ho s |y/ =5
EEDHD L, SHIEFESICKRD _LZzTE.
i) SIFFHRNIEFRESICRD L ZTE.
iv) Zorn @ Lemma ZE\LY, fHA25 %4 5(1F, BffRs: Y - X T,
fos=1ly LBRBHDHBEFEITZI Lz,



Xz&EReL, d; (i=1,2,3,...)%% X LOHEHEKRE T 5.
) Bx,ye XICL{d;(z,y) |1 e N} CRIFBARATHZLTS. CDL
E oy XIILd(x,y) e R%Z

d(z,y) = supd;(z,y)

CEEDHDE, diF X EOERMEBARICHESZ ZLZ2TE.
i) z,y € XIIXLd(z,y) € R%Z

CTEDHDBE, dIgwnd L X EDOFEBEREEICKR S EIFFES5 LY. EBE#RS
BUCHZHE, mEEWlE—DFT DOEIT L.



50| XZz&8r L, B&d: X x X - R%Z

TE®HD. neNT3.
i) did X EDBEREARICH S 2Tt
i) 2= (x1,...,20),y = (Y1, .., yn) € X"IZXF L d,(2,y) € R%Z

dn(z,y) = Z d(xi, y;)

EEDHBDE, d, IF X" EDOEBRRERICES e zmt.



i) o= (x1,...,20),y = (Y1,---,Yn) € X" Ldy(z,y) E R%Z

du(z,y) =t{i | z; # v}
EEDHDE, dy & X" LDEERERICG S _czntE. 7L, fid&E

BDEE.
iv) X ={a,g,h,i,m,n,u} THDELE
d7 ((h7a7m7m7ian7g)7 (h7u7mvm7i7n7g))
ELU
dH ((h7 a7 m7 m’ i? n?g)? <h7 u? m7 m727n7g))

ZRD K.



2011

51

52| S={(zy) ERQ‘x +y—1}2:3'%>( ),

NICK/NERTIEFEZANT, 2IEFESEA#5. COLTE, ROMICE
A&
) BIRf: N> N, a < b&BRB3EEDa,be NIZDWT f(a) < f(b)
EHTETE. COLE, a< fla) L BBILETE.
i) BRf: N = ND, ) DEGEEATZL, M OLBEHRHTHZI LTS D
EE, fIREFEERTHZ Lz,

(z',y") € SIZXL,
(x,y) ~ (& y)%&, o/ =x,y =y&EFldas' = -2,y = —yLERT D
CE, ~IIENERBRTH S e TE.

£72, S/~ DRETOEEE VL ORD&.



REBAFTI AT OAHRER (L1 £0) LT 3.
) AZ2IBFES, {LIrenZROTITTILDHKET, A< pDEE,
LCLYS3 CDLE Uy p, LOBDROATTILTHZ I LZTE.
i) S={I | [RRDATTI} 3. [,JeSIoWTI<JZEICJ
CEETBHLE, SIIRMERICRBZ L ZTE.
i) S DIBATTZERD &.

A BCRZBRLBHDES ANB#£0r93. COLERDFRER%
TH.
inf AN B > max {inf A, inf B} .

FIEFESHHILLZVEIZZRIT £

ROBBE f IR EOEREREBICH DD, TElne NET 3.



) fay) = LY
i) f(z,y) = [gn(z) — gn(y)]
1z L
x—n%rl, lz| > 1
gn(z) = (1+75)z, —1<2<0
1—7#1 z, 0<z<l1

i) f(z,y) = |2* — y°|
iv) f(z,y) = (z —y)?

56| X%&EALL, d, (n=1,2,3,...)% X L OIEHEK L T5.
) &,y € XICHL {do(z,y) | n €N} C RIFERTHZLTE. D




&, x,ye XIZLd(z,y) e R%Z
d(x,y) = sup dy,(z,y)

EEDHDE, dIF X EDOERERICHZ L Z2TE.
i) z,y € XX Ld(z,y) e R%Z

d(z,y) = inf dy, (2, y)

CEDBE, AIZHT LD X FOBEMEHICH B CIFRS 5.

(a) Td(z,y) =0 =z =y1 @ROIIDH. DI DA SIEL, DI
WS REEEET &

(b) ZABFRZERIIRD I DN, MO IDOBSIEAL, KO ITRVESR
BEET &,



2012
57| (X,~), (YV,»)=z[EERR, f: X - Y 2ERET 3. 5, £ED
1 ~ ol XL, f(x1) = f(r) D IIDETS. CDEE, BfR

i X/~ Y/~

75:?(033) = Cfa) ICEDEDS.

i) fid well defined TH2, §HHBEC, DRRTDEDHICLSHWNT
Czmt.

i) X=Y=Z,~% mod4, 2% mod8Y¥3 DLE, fIFHEHT
B3N, fISRFEARSABVFIZREIT L.

58] i) 2IEFERICEVTIE, BMATIFRATTH S L ZTE.
i) IFWBIEFES TEB WD, BATHEEY 5L S RIBFESDOHZ




FIFK.

59| X, YZZETRHRUVWERLT3.

S={X Y, | X cX, Y CY, f: X = Y3285

cH<.

) S£0THB LERE.

i) SICHBITBIERER<%, (XY, f),(X",Y" ") € SIZRL,
(X/,Y/,f/) S (X//,Y//,f//> <:>X/ C X//, Y/ C }///7 f//’X/ — f/

EEDD. (CNHIEFERTHZCEIFROTELVL.) COLE, SIF
IFINIEFEETH S c2mt.



i) SOBATTE (X0, Yo, fo) T3, COLEXy=XFdY =Y T
53 ETE.

60| FEEEZERIDBEIDERSf: X — Y IE FED 2, 2’ € XITHL
d(f(z), f(a") = d(z,2") EHTLE, EEBEFRDOEWVS.
) X, Y ZBEEREEBEZOR, f: X - YAHE 3. COLE, fI3EHE
FEOZrzRt.
i) RZz1Xkma1—o Uy RZER, f: R — R%, EEEEZ R DOBEMHRT
f(O)=0THdHBDLI 3.
(a) FED 2 e RICKL, |f(2)| = [2| THBZ L &2TH.
(b) F(1)=1THBLE, feRDL.

61 {a,}, {bn}, {ca} EEHHNCT 3.




) B (-} ELT{ (1)} D EWBRZ K &
i) FED I Le, <ap+b, THBH, inf e, <infa, +inf b, &IF7%
SRVl ZZEIF K.
iii) limsup(a, + b,) < limsup a,, + limsup b, Zt.
iv) limsup(a, + b,) < limsupa, + limsup b, &R 23FZZFL.

2013
62| X =P(2) Ic2EBEHRTIEBFZANS. 2L [2] = {0,1} T, P([2]) &
2] DEBEETHD.
) X OTOEKIE? BEXREIFTEWN)
i) X DEHEST, TOEHI3ETHZ2HDELTEIFL.
i) iDEEDS5, RIEFEETHZDDDIFLENH?
iv) i DEEDS 5, 2IEFESTIEHBEVDHDENZNICDOWVT, ZOKRK




7T, LBR, AT ZRD K.

63| PZIEFES, f: P — P%2IEFE2FEDE®R, $4bb, 20D
p,qg€ P, p<qllXL f(p) < f(q)B'RDIIDETS. POREDES

A={aeP|a< f(a)}

DNERZFDODEL, a=supArHL. kzrt.
) f(a)IFADLERTHS.

i) o€ ATHSB.

i) f(A) C A.

iv) f(a) =a.



PZlEFES, ABCPt9%. A B,AUBICLENREETSH L,
a=supA, S =supB, v =sup(AUB)

6L {a,f} CPZ2EZXS.
i) yid{a, B} DERTHB L ZTE.
i) v =sup{a, B} THBZTE.

) 7 ¥ Zeo DREID L85 % BIIZ 0 £ DFEN.
112 LZey={l€Z |1 <0}
i) RER\ NORDOL#EE BENIZD £ DFEN.

ROEMEEH-TLRES f: X — YV % BERNICO L DEN.
) X =[0,1] CR, Y =[-2,0] C R. %72 f(0) = 0.



i) X =Y =N. 2L, EEDn € NIZX L f(n) # n.
i) X =Y =[0,1] CR. 2L, E&Dz € [0, 1|ISHL f(2) £ =

67| ACNrd3.
) AHERESHSIFAIAEESTH B L ETHE.
i) LD, 3405 TAWAIBESHSIXACITEBRES TH S IEED
MOH? DI DOBRSIKEREL, DI aWEEIEFEEIF L.
GE. CCTESHHEERACIINEERESED L THDB.)

2014
68| X ={1,2,3,4}9%. m,ne XIIXL,

m < nﬁmm (gHH5E, nhm TEOYINS)



EED, X IZIEFREAND. (INDIEFTH S EIFERHTLLY)
) X DEPEST, TOBEEH3ETHZLDELTEIF L.
i) )DEEDS5, 2IEFEETHD2HDIFLND?
i) )DEEDS5, ZlEFEETIFEVWDDENENIZOWVT, ED&=/)
70, TR, MATTZ KD L.
ULk, ZFEXFEITFTLL)

69| PZIEFES, {Ar}rer £ POBDEADKL TS, £, POBIER
AITH L, ADLRSMEE U(A) TR

UA) ={peP|YVacA:a<p}CP

) Sup ADFEETRLE, s=supAEBITIX, U(A) =U ({s}) THBC
CETE.



i) U (Uxen Ax) = Myen U(AN) ZRE.
i) FABEUPU, ) A ICERPEFEETZ L,

ay =sup Ay, «a =sup (U A>\>

AEA
EHBE<. a=sup{ay | A} THBczTE.

XZIEFES, a,be X, a<b&l, A=, e z) BL.

%%io&x@Xﬂ@f?é% DHEZSL.)
) bIFADBATTH S LETH.
i) X OIEFARIERF THIUSA = 0,5 TH B - L ETH.

XYZ&G, [ X > YZER =Y LOFERRET 3.

(x>bT



i) XJ:@ES%w%xwx’ﬁf(a:) ~ f()ICEDEDHD &, TNIIENER

B"THBrETY.
i) X=Y=2YL, f:Z—Z%f(n)=2nTEDS. ZLORMEEHR~
%, ABEL LTER, $BD5, [~ m 4|l - m)ILkDEDS. T

DEZFNICEDEEDZ LDEHERER~IZED LS BHDH.

72| X%z&5, £z X LOREREFBREEDLRTES L, EICTIRFRTIER
ZWWNB, 9RBHE, ~, ~c XL,

~<x elr~ry=zryl
def

ICEDIEFZEDS. (CNHIEFTH S EIFERDHTLL.)



VO£ ACELTH. X LOBR~4%

r~aysV~eAdix~y
def

TEDDE, ~4 ISEMERRRTH B 2T,

i) ~4 =inf ATHZZ L ZRE.

i) X =2¢ L, ~ NZzZheh2 3ZEL LTERCWVWSEEERET
3. COrEinf{~, M ERDE.

(COMBETIFRHCEBINOEANEE IFFEEEE > TLL))

. REZNHEISEDOLETESLTE. REDEFE~%,

r={z,},y ={yn} € RICHL,

x~yﬁV5>0,3NEN,Vn2N:|xn—yn|<8
€



ICEDEDS.

) x~y & hm Ty = hm yn ZTE.

i) J:@I)J:DNH:H{IEB%1$T@5 CD~ICKBHEEER/~ ERDMEIC
2HHZE (X55MEFTHLVDT) DEDFEN.

2015
74| X ={1,2,3,6}29%. mneXIZHL, m<n < min (§8H5, n

mTEDYIND) LED, XICIEFZANDS. (ChHIEBFTHZ L
Lm;ngbw
) X OFXME([L,2]Z2RD&L. (BRLEIFTEL)
i) X DERRES{2,3} DERAJT, AT, LRZROH K. (FREIFT
&KLV)




75| XZIRFEE a,be X, a<b L, A=, ), B={,,la,2] &
B, (z2>bTHBEL5Br e XHEETIHEDHAERL.)
i) [a,b] # A # Bria30Z5F L.
i) CC X, minC =a, maxC =bTHDEE, C C [a,b]ZTE.
i) alFADR/NTTH B L ZTE.
V) biZ ADIBATTH B - LETE.
v) X DIEFH2IEFE THNIEA = [a, b)) THB ZEZTE.

76| XZIBFES ACXCT3. sec XICEAITIRDEMHE X 2EZX 3.
XVeeX:(zr<s—3Jda€A:x<a).
i) s=sup ATHIN, ¥ ZALIRVEIZETL.
i) sSup ADEETREL, m=supALT3. sc XDNADERTHD,
D X ZAlcBIEm=sTHDzrt.




£46[4=1{0,1,2,3} 2EZX 3.
) 4] DREELTETEL. (BIRLIFTEW)
i) [4] LOEMERERIEV DHBH? (VE I EEBHERI L)

XEEEL TS XOMESP(X) LOBHR~%,

A~B <, AN BHERES

ICEDEDS. 7L
AAB=(A-B)U(B - A)=(ANB) U (BN A).
) A,B,C € P(X) ¥ 5. RETE.

(A-C)NnB°C A-B.
(A-C)C(A-B)U(B-0).



i) ~ IEMERIR TH B L ETE.
i) 2Rt A ) L FHEBES IR

719 XZ2&8, <z X LOBRTRARE (x < 2) CHEBRE(r < yDDy <2
BHIEr < 2)Z2AETHOLTS. X LOBEFKR~%Z

x~yﬁx<y7ﬁ)")y<x
(S

ICEDEDS.
) ~IIEBEARTHZ ZETE.

CORMERRICKPHEES X/~ LOBEFR<%Z

[z] < [y] = day € [z], Jay € [y] : ax < ay

ICEDEDB. (172 L [2] 1z ORIELE.)



i) [z] <[yl &Vaec[z], Vbe |y :a <bTHBZZmE.
i) <lEX/~ELOIEFTHS L &2FE.

80| P QZIERFERCL, f: P—Q,g9: Q — PIIERT, FEDpec Pk
FEDqgcQIXL,
flp) <aep<ge)

DEDIIDHDETB. KERt.
i) EBDp c PIZRL, p<g(f(p).
i) EEDqg e QIZL, f(g9(q) <q.
i) f. gldIEEERD.
V) ACPETD. qe QN f(ADERTHZ L, g(q) e PRRADLE
RTHBCIIEETHS.



v) ADBERZ#HFTIE, f(A)BHERZIFS f(sup A) = sup f(A) DD
ID.

2016

81| ZEICRTERSNZERIIEERRD? e, AERFRTHNIZTEAR
RERE—DOEIT L.

i)

moen & m—nhH2FXIE3TEDYINS.
i)

moen & m—nh2EXLIF4TEIDYINS.
i)

m~n < mn > 0.
i def



m~n < mn>0FXlEm =n.

iv def

82| M C Z%z&hn&&rL, ZJ:@E@T%A}J%E

mn~n<< m-—neM
M def

ICEDEDS. C@Eﬁ%}\w/fﬁﬂﬁﬁﬁ%fﬁ% EE, Rert.

i) 0e M.
i) mEM@BLi‘m]\f}O.

i) m,ne MZE5Em —n e M.



XZETHRVWERGETS. X LOBEBRSHEERZRTHD, hDlEFE
BTHHBIEE, SIFEDELSBDHDH?

P QZIEFES, f: P — QZIEFZRDIER ACPLXTS. minAH
FEITNL, f(min A) = min f(A) THB L Zznt.

mhnDETHZ L VWSEREmnIENLDOIEFTHS. (CNHIEF

THBLIFRDTELL) NICCDIEFRZANS.

) NOERES {2,3,6} DERATT, &/\JT, AT, M/, £R, TR%Z
KDL (BREITFTEW)

UTF, NOBRESICIE ETEDIBFEZ ANS. £z, [2] = {0,1},

3]=1{0,1,2} &L, CNEDRZTEBICIZESEETIEFEANS.

i) P([2]) £{1,2,3,6} DREICIEFREZ—DEN.



i) P([2]) D'5{1,2,4, 8} \DIEF=zF®IOEEHNZz—DFEN. ENIZIER
[EEAH?
iv) NOEBRESTP([3)) LIBFRERDDIEH 2 H7?

ETHWVEREEP THLTPELEFONR P HIEFREE BB Hl, &
5WEH%E—DF DT K.

PZlEFES, A BCPt93%. A, B AUBICTIRAIFEETD L, £
nen
a=infA, f=inf B, y=infAUB

EHEL. {a,f C PEEZXS.
i) v=inf{a, 5} THBZZTE.



i) v = min{a, B} @RD IO ? ROILDOHRSIAL, RO ITHLE
SRHEET &,

88| RIEFLEESTHINBILESTIERVHIEEITL.

89| PZRIEFES, QZIBFESR, [: P - QZIBFRZFRO>BHRE T 3.
) £(P) C QERIEFBHEETH BT LETE.
i) RIIEMETH B = L ETE.
(a) fITEEET.
(b) p<p' B5IEf(p) < f(p').

90| mHAnDFETH D LWVWSEFEmnIEINLEDIEFRTHS (CIHIERT
HBEIFRHTELY) . NICCDIEFRZANS.




i) NOERESE{1,2,3} DRATT, &/)\JT, BKTT, MhiT, LR, TR%Z
RKOL. (BFREETFTTELL)
MUF, NOBRESICIE ETEDIBFZ ANS. £, [2] = {0,1} I
0 < LIC&KDIBEBFZ AN, [2]2 = (2] x [2], [2]> = [2]? x [2] ICIFERIERF
ZANS.
i) [2]2 € {1,2,3,6} ODBICIEFREZ—DEN.
i) {1,2,4,8} 05 2P \DIEFZFRO253H S5 H7?
iv) NOEREET (2] CIEFREELHDIFH B H7?

91| PZIEFES, A BCPt$%. A B AUBICERNZFETSLL, £
nen

a=supA, f=supB, y=supAUB
£HEL. {a, B C PEEZXS.



i) vy =sup{a,f} THBZZmt.
i) v=max{a, S}IHDILDH? HKDIIDHSEAL, D IIfcBWE
S5RAlZEFET K.

PZ|EFEES, AC PEZETRVAREDEE LT 3.

i) max ADEIELBWE S BADBIUEET &

i) PHRIEFESTHB LS, max ADEFET S L%, ADTOMEKIC
BT 3 IRiEE AL TRE.

XZ&8, < Z X LOBRBRTREE(x < 2) LHERBE(@ < yhDy <2
B <2)ZAcTHDETS. X LORBEFKR~%Z

xwyﬁx<y73")y<x
(S



ICEDEDHB &, CNIZEMERRTH S (CNHEEBRHRTH S C & IFER
HTEW) .
CORMERRICKPHEES X/~ LOBEFR<%Z

[z] < [y] = da, € [x], Jay € [y] : az < ay
ICEDEDD. (2L [z]1dx DEMELR.)
) [z] <[yl & Vaelz], Vbe [y] :a < bETRE.
i) <I3X/~ELDIEFTHS Zzmt.

RDEEDOREDOEESZ BFERICD E DN,

) NZNeen = {n e N | nidf88).

ii) R(\_’_R\Nodd TL-T&:\L/Nodd = {n eN ‘ ntiﬁéﬂl}
i) NEN x [2]. 7720 [2] = {0,1}.



iv) ROKR(0,2) & (0,1) U (1,2).



6.3 f&HARR

1999
1] RoA=1[0,1)uU(1,2] £F5.
) R%EEEDIEE TR L B & X, ADKED, S8, BR, e, e
BERD&.
i) RICBESUATIAE LW is & 3, A DRES, S488, R, Bia % Red &
i) RICEEMAEE LWL 3, A DR, S5 BR, BaE R &.
(BEDHTEW. FTHIEFRE)

2| RICEEEMNINE BEMEZELINIEET ROSEF 2, = L OMmREZRD L.

T on

3| (X,d) ZEhBtZER, {2, } Z X DRF,aZz XDRETS.




) RA{z,} NRalCIRT B EDEHRZIDNK.
i) W (o) ZaDEROAFERLTSE. COLETOTD2HFHGIFFEETH S C
Czmt.
(a) z, > a (n— o0)
(b) FRDU c u*(a) ICHLHBESN c NAFELTn > NGBS
x, EUCEB.

4| i) AC X AICHERMIBEZVNZ L, BEER: A XITERTHB
Lt
i) EHRERS: X - Y THEREAGSBUVMZIENK.

2000
5| XZMMZERETS.




) OB X DEEETH B, ﬂC)HﬁEAtﬁbﬁmﬂ%¥H$
nyﬂLMaM%XwﬁﬁAtiét* N F\3EESIcR3 L

XA
.

X Z(MEERE T 5.

) r e XT3 cDEBOEERVr DEROAFEROERZIBNK.

i) TX DOWHEESTHISFERDr e XIZDOWT, 2 eUCOLiB
EUNFET DL 2t

(X,d) = EEBEZER 9 5.
) U(2) = {Us(2) |n=1,2,...} i3z DEREBRTHS C LETRY,
i) X DAZBREERLTD. 1 c XD ADEBRTH I LDEEZIR



N&K.
i) lz € XDADERRTHD < Vn e NIZHLO < d(z,a,) < = &%
B3ADRa, € ANEFET S0 Zzot.

8| X ZEEBETR, X D A, BEBHEALTE. ACBBSIEA C B %
T, (LAY ADBS.)

2002
9] i) XZMUMEEML TS UNzDEBETHIERZIENK. X, BEXiafE
RU (x) DEZRZIBNR K.
i) X ZAMEZ[E, X D AZERES, U(z)Zr e X DIEERETS. C
DL IR=ZTE.
(1) 23U cU(x)FEELTU CALBD. & 2 Z23CHERFTONE




HELTOCALKRS.
(2) X D OV HES. © FRDz € OICDWVWT, %2 U € U(z) B FTE
LTUCOL%RS.

X #HEBZPEE 95, O IROMICEK.

) X DONHERDEEEZEIT. X, 01,0, ' BHEESTHB LT,
O1NO, HbHAERICKRDZ L ZTE.

i) e>089%. z€ XDe-bBEU(2) ISHRERICHZ e Zznt.

XY ZEEBTR, f: X - Y ZBERETZEIREZRE.
ry of20BRESO0ICOVWT, f1HO) I X DHEES. © FEDycY
EEBEDe > 01I22WT, fHU(y) I X DRESR .S



2004
12] RO A=(0,1]U{2} ¥ 3.
) RICEBIIAE WL = ADKER, S5, BR, Ba%Re &,
i) RICEBAIEE WAL &, ADKEE, S, HR, BarRo &,
i) RICZAEE N E S, ADKEE, A, BR, BazRo L.
V) RED—2 1y RIBBECEERETERI L o fo b, ADINES, S5, BR, B
SERD L.
(REOHTEW. FHRIFRE.)

13] i) (X, 0) £HABZERS, X > AZBMHEAL T3, ADENAEOES =
=17,
i) RIc2—2 Uy REEE VNS, £8(0,1] U [2,3] A DIERHE T
EALBBESE, ROBAES ALV EDEF&.




14| XZUMBZERX O AZROEGLTS. ADMB A%

A ={x e X |[UNA#0D, YU € U(x)}

TEETD. CCTU(x)lFdr DIEFER.

) U (2)Z s DEFEFERETS. COELIRDabHEHETH D%
Zcs

(a) x € A®

(b) UNA#0, VU e U'(z)

i) (X,d)ZEHEEC TS COLIRDabHEETHZ znt.

(a) AN X CRBETHS.

(b) FEDx € X EEEDn € NIZHL, (z EnilIbCT)HBa € AD

FELTd(z,a0) <1/nk%3.



2005
15| X Zz(EZEMC 9 3.
) EFEDz € XICDODWT{z} "HAEESTHD LTS COLT X IR
(IHEZEETH Sz,
i) FEDz € XICDOWT{z} W' BAEETH D & EF, X IFBHEBUUBZERT
B3, (BRLEAL)

16| FHEW
X ZMHEZEM, ACX%EZEDES UC X%Zrx e XDEFEXd3. 20
EEF ANU =0BB5IEANU =) THRZETE.
-rELAIZADBE%2RT.

17| X z{tBZ/[, A, BZHICX OREBELLNETL T S.




) AUBH X THETH2 L& TE.
i) ADBIEATHE LS, ANBDH X TRETHBZLETE.
i) ANBAX THRECIEABSBWHIESET L.

18| 1RmaA—7)y FEFRDEBBAEEA=Q, B=ZICRHSDHEXG{L
BELWND.
) AN[—V2,V2]1d, ADBDDEIEETHB L ETH.
i) BIZBEREZETH B Cczmt.

2006
19| R2OMHEE A% A= {(2,0)eR? |2 >0} ICKDEDB.
) R2Z1—2 1y REEMCHEMZTRE &7t &, ADKE, N8, BR,
FAazRo&.




i) RZICEEBIBZ W T2 &, ADRER, S8, BER, BEzRD L.
i) RZICEEMMEZ W2 E, ADREE, S8, ER, BHAEZRD L.
(BREDHTELL. FEHIFFRE.)

X ZHEREZERETS. 01, OB X ODRAEETHB3H 5130, N0y HF
S8 Thdrzrt.

) X Z2BZEEE TS UD e DEETHIERZIENK. X, BAXIE
AU () DEHRZ BN K.

i) X Z206HAEZM, U/ () %k r € X ODEAAERETS. COLEIN%E
ey
XDOHWHES. © FED2cOIIDWT, HBU c U'(z) B FETEL
TU COris.



2007
22| XEAHAZER, A C X EWAEEL TS, 2 € XISHL, U(x) &2 D
BR, U (2) % DEFEERLET 3.
)rcALT3. COLERD(), (b) FEMBETHZ - L ETE.
(a) $3U € U(z)PBEELT, U C A.
(b) B3V e U (2) AEELT, V C A.
i) EEDr ¢ AICHLTHBEED € U(z)BBEELTUNA=0%
3H51F ARBEEATHB L ETE.

23| X={zeR|z>0}eL, XDOEnEEAZA={re X |z <1}IC
SDEDD.
) XIZ1RmA—2 Uy RE-ERDSOEMEZ WAL E, ADK
B, S\88, BR, AazRko L.




i) X ICBEBNIEE Wz &, ADRER, A8, BR, Hazkeo L.
i) X ICBEMMEZ WIS, AR, NEB, BR, HExzRDH L.
(BREDHTEL. SRIERE.)

24| X Z#HEBEZERIC 5. F; (i=1,2,... ) X DEEETH3H 5L
N F, bEEATHB - LETE.
=1

1=

2008
25| ROW, ELWVWHDICIFFEERZ DI, EL K BVBDICIERAIZZEIT &.
fefzU, X, YIIIMEZER, A, BId X OBREEL T 3.
) ROMABIZ—EMICEEXS.
i) X DEEOEBRESIZ, BESHHAEETHS.
i) AESDOMEETH B LS8 X DEAESIFHL.




iv) AIC X D5 OEMMIARE WNB L, ADBERIR X THREEETH 3.
V) 1 X o YEESEB®RE T, ONX OlEaTHNE, F(O)dY

DHEETHS.
vi) (ANB)" =A°NB°. 1efELA° TADOREBZRT.

26| (X,0)), (X,0.) B HABEBLE TS, ZOrZRD(a),(b) IFETH S
ZrETE.

(a) 01 C Oy
(b) VO € O1 &V € OIZXL, 2 € O, COL%BRBEL5%0, € O HFE

ER:Y
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ISREDHTELL. FERIFFE.)
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imChe%ﬂnewﬁﬁéﬁ?iMﬁﬂat@%%%$H$

X %M, A, Ay C X ZEREEET 3.
) (A1 NAy)° = A°NASTH B LETE.
i) (A1 N A" C AN AR BZPEEIF L.
2XRFTTA—U )y RERR? DESNES A B%
A={(z,y) |y<0}, B={(z,y)|y<0}
TEDHD. B°P=ATHBD_%x=Tnt.

X Z M7, A C X 2EPREELTS. 2 c XHADHNATHB L
Y, d(z, A°) > 0TH 3 LISFMETH S - L ETE.
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Thdrzrt. (EEEICOVWTIFERLBEWVWTELL)
@)E%@OeOEﬁLihﬁﬁxt@5$5@$éﬁﬂxhnyﬁ

FETS.
(b) FEDO e OFEBEDx € OICXIL, 2 €O COLBBLD%
O € ODEFIETS.
i) 1k —7 )y FEFRZEZZX 3. AIREOHKENSLRZEE
U={Un},en (Un CRIBEAXME) TH>T, ROESEOHEEEHNUD
TTONESELRBESBHONEFERETBZ L ZTE.
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) {I}HEADBDORAEETHS.
i) {0HFADEAESTHBHHESTIFARL.
i) BN[—v2,V2]Ia BOBEHNOBHESTH 3.
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) flERD? BHZDITTERK.
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ZEZB.
i) 110, [, bs] IREAEATH B Z L =Tt
II) al = b1 137_)5 (\:. 3’, H?Zl[ai,bi] @WE‘B%’:?&JJ:

37| X ZHEBEZER, A C X ZHOEEL TS, v € XDNADNAR(THDSE
reA)THBrl, dr,A) >0THBLIFRETH S zrt.
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X ziEBZEfE, AC X Z2HREEL TS COLIRIFEETHBD L
=t

i) AISEAKS.

i) FEDx € ACICRL, d(x, A) > 0.

EEREZTERE X A2 DU Lz 2O, EEREDE D S MBRIEBAUMETIIR
Wlczmrt.

XzUBEBETS. X OMWOESAICHL, X OBNEEA%E
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ILEDEDS. 1L, Ulz) I3z DEBER. SO ERETY.
) ACBC X%#5IXACB.



i) U,V el(x)BBIEUNV e U(z).
i) A,BC XIZoWT, AUB=AUB.

41| ROWMHEE A=,

A={0U{zeR ||z > 1)
CEDD. FTEADENEEDKO, %,
O1={0OCA|VzeO,Ja,be A:a<z<bhD AN(a,b) C O}

EEDHD. EHIC, ROOA—2 )y RAMEH S5 DEMUEZ AlCLWnrfl
MZz0, T 5.

) O1 PMUMEDREZHT-Tcznt.
i) XD ADERESDEHEZ O, O, TENENKRD K.



o (1,2).
e (3,4).
i) ADBEDEG{r € A| x> 1}IO0;, O D5 OEMEZ VDD
I3, — TR ETE.
iv) O, Oy DAIIEDIETEE RN K.
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ICEDEDS. O, O, TD fDESMEZRARK. ToFELRICIFDA—D
oy Bz N2HDE T 3.
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) TMEE®Da € AICXFLd(a, A%) = 01 &R2BEZFL.
i) RISEETH B L ETE.

(a) AlIBIES.

(b) FEEDa € AICHL, d(a, A) > 0.

X ZEEBETR, {2, ) Z X DRY), r € XT3,
i) {Uc(z) | e > 0}ERz DEFRAFERTH B L zmt.
i) U (2)Z 2 DEREERETS. COEINRIFHETH S L ERE.

(a) nh_)rgo T, = .

(b) EEDV c U*(2)IHL, 3N e NHEELT, EEDn > NI
WL, z,ceVEhsd.

X ZUHEZEME, A C X ZE9ZM, B C AZEnEEL T 5.



) BOAICHITZHE8% B, XICEIT3HEE2BTHEDLT. CDETF,
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i) BICXDBWNTAEXAE, ADS VWNTAEREIE—RT 32
=TE.

45| 0% 0<a< 1 THRARPHETZ. ROBPDESX,Y, A%,

neN}
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n

EEDD.
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(fef2L, ROY U RF—AAEC IE
Oz ={0CR|O° I3AREE} U{0} TEXZMUBETH3.)
i) ROA—7 Uy RMABH S OENUBZ X, VICWNIUBZERZ €
NenXeg, YeE&95.
(a) Xp OABIIBERMIMETH S C L2t
(b) Yr OALIBIIBERMAETIIAW & ERE.
i) ROY U XF—AEH 5 OMXAEE X, AICVWhI-AEZEM%EZNhe
NXy Az 8953,
(a) Xz ODAABISBESAIAETIAAWZ L2 RE.
(b) Az DAIBISBHERNAETH D Z L Z Y.
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BHOB xalE

(@) 1, z€ A
xTr) =
xa 0, zd A

TEEFZEBR Y a: X > {0,1} THD. 1A, BC XL, A@ BT
ALY BOXMEEHSHY. IHHEAGB=(A\B)U(B\A)TH3.
i) {0,1} EDBEEREERE%R dp ¥ EL. A, B C XIZHL,

[A® Bl =) dp(xalz),xs(z))
zeX
Thd_czmt. 2L, EIFTDE#RTH 3.
i) d: P(X)x P(X) > REI(A,B) = |A® Bl LEDB L, diZP(X) £
DA TH S e Zzmt.



X wIEBETER, A C X 2B TAVEDESLL, 2 XT3 CDEE
v €A S dz,A)>0THBLETE. 11ELAIBADNRTH S,

48| X ZHEREZERC T2 HFEDHRIEFEELT, 2D,y X (v #y)

ICX Ld(z,y) > ROEDIIDEE, BBEEdDESD B AMEIFBERATH
Bzt

49| X EMMEZEM, re XL, U (2) k2 DEFEERET 3.

U* () DERDES U (2) Bt TEBDV € U (2)IcXL, 3
W e U™ () BEELTW C VELB) BHETESE, U™ (2) Do DE
KEERTH B LETE.



50| ROMDEEA%Z,

A= {l eR|ne N}
n
CEDSB.
) RICHU RF—fifBz\WN-c &, AR, AEzkeo k. EEHD
=107,

(7721, ROY ) RF¥—{UtHC i
Oz ={0OCR|O° I3BREE} U{0} TEXZMUETH3.)

i) RiCZ—2 )y RABE LN E, AOREE, 8% KD L. (BX
ZIFTEW)

i) RICEEEIGIMBZE LN &, AORER, BBa%ERH L. (BXREIFT
KLV)



XEZTHVERL TS,
) X DETHVBHES L 2D LOLIEFOEL K

S={(A,<a)|0£ACX, <alFALORIERF}
zEZZ, SIC

(A, <4) 2 (B,<p)

- (iACB
def | (i) fERDa,a’ € AICHL,a<sd ©a<pad
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CESIIIBHNIEFREETHE xR,
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52| i) NXZORO2HE % BARICD & DIEN.
i) NN x {0, 1} DElO£E 5= EAFENICO DN,
i) RER\ NOEDE£EH Nz BEMICO & DfEN.

53| X%Z&5, do,d1 2 X EOBEEREKRC 5. 0 <t < 1IHL
di: X x X > RZdy(x,y) = (1 —t)do(z,y) + td1(z,y) ICEDEDB.
i) min{do(z,y),d1(x,y)} < di(x,y) < max{do(x,y),d1(x,y)} THD
CrETE.
i) di 13X EDRREHTH Dzt
i) AC XZ2ZTRWEDES, 6,(A) ZiE8Ed, TR TADER, 974
H5

0:(A) = sup {d¢(a,b) | a,b € A}



rT5.
So(A),01(A) < 400 THBEE, §,(A) < max{y(A), 5 (A)) TH3

LT,

) X %#BEHTRY L, v € X #RDET3EEr(> 0) OBERE U, (2) T

x7.

(a) U, (z) 3EEETH S C L& TE.

(b) M2, Us(2) &R &, (BeadE(S)

ifa) 2/TTaA—2 U w REREIR2ICEWT, —SA 55 3EAIIEEST
FH VT BT

(b) 2RTTA—% U v RZERIR? DRAEE DO {On }pen TH T,
N, 0, HEIEA Y IR BBV DEZET &,



EEZTERDRBIDERf: X - Y&, FED 2,2’ € XIIHL
d(f(z), f(2") = d(z,2") B H-T L E, ERHERDOLWVS.
) X, Y ZBESEERTER, [ X S Y EBHEY T3, COrS, fIdEREE
RO &R,
i) RE1RTI—2Jw RER, f: R —» R%Z, EE%ROEHRT
F0)=0THBbDLT3.
(a) ERDz € RIZKL, |f(z)| = 2| THB L ZTH.
(b) F(1)=1THBLE, feRdL.

X, YAEETHWERL TS,
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r&5<.



) S£0THB LERE.

i) SIcHTBIBFEBR<%, (A,B,f),(A, B, f) e SIcHtL
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BTHBLETE.
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2015

57| ROEEDEDEESZ VL DEN.
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i) fHBELRSIE, old AL OERENTH S LERE.
i) oh A EDIEBASE SIS, fIREHTH S L ETE.
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X FOEBBEMICHZ L ETE.
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THN61(A),02(A),03(A) T3, b5
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RDOAFADHD IO e ZzTt.
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) MEE®Da € AICHLd(a, A°) =01 B 2H%28ITFX.
i) RIFEMETHD & znt.

(a) AIFFIES.

(b) EE®Da € AIZXFL, d(a, A°) > 0.

R*"ZnXgd1—2o )y REMETS.
) aceRETD. R"OFHES
Hl,a = {(xl,...,xn) e R" | 1 >a}

ISHEEETHB L ZTE.
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n
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IFREETHB reTt.
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) NZZ.
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i) Pl3, SEBERFRICEL TBRARRLIEFBLESZIF O znt.

PHREETHRVBEERLTS. BIRf: Px P - RIROEZMESFL ~ 3%
HIcT I 5.

f1. f(p,q) >0 (Yp,q € P)
f2. f(p,qg)=0&p<gq (Yp,q € P)
3. f(p,q) + f(q,7) > f(p,7) (Yp,q,7 € P)

d: PxP—-R%
d(p,q) = max{f(p,q), f(q,p)}



TEDHDEAIFP LOEREHTHZ L Z2TtE.
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) RICEBZMEEZ VNI E.
i) RICH ) 2F—(fi%x \WhicC &,
(7720, ROY ) XF—tB L iE
Oz ={OCR|0O° I3BRESR} U{0} TEXBMETHS.)
i) RICZ—2 Vv Rz LWt &.
iv) RICEEBINIABZ LW &,

X ZEEREZER, A C X ZZEZETRVEIDERE 5. RIEMETHD &
Cace

) AlSEIES.

i) FED 2 € ACICHL, d(z, A) > 0.
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3L ETE.
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S={(AB,f)|ACX, BCY, f: A— BIZ2H4t}

rH<.

) SICHBIBFREG<%, (A, B, f), (A, B, f') € SIZHL
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ATHBLETE.
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H3LETE.



(X,d) ZEEBfZERY, AZES, f: A—> XZB/RCT35. BR
p: Ax A—R%Zp(a,b) =d(f(a), f(b)ICLDEDS.

) [REFGESIE, pld A LOEREHRTHZ 2T t.

i) oA EDEEBERIRA SIE, fITEHTH S e,

£4 X ORI ICH L, B8 I 3K ORERE U, (2: d),
P58 d DS BAMEE O(d) LB . X L OIEBEK, & do H5RAF
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ZH-TETB.
) ROz e X LEBEDe > 0IXFL,
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THBLERE.
i) O(dy) < O(ds) TH B Z L RTE.
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COERIC)EEZS.
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v) 5(C) > 2ynETE.
v) 8(C)ER®D &.

(X,d) zBEBEZERR 93,

) AC XEETHBVENEALTS. RIIAMETHZ L ERE.
(a) AISBIER.

(b) HEDz € A°IZHL, d(z, A) > 0.

i) X DERBLESISHAEETHS cznt.
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AT KLV EERIZAE.)
) A=(0,1]
i) A={25|neN}

2] f,g:R S RELBICEREGRETSE. COLEF(2) = (f(2),9(x) T
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3] (0,1] C RICROEH LML LTHEE NS,
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i) (0,1]I3RBTIIAEV LETE.

4| X % HausdorffZEEfEl& ¢ 3.
) XOEREEA,BHCHICAYNI M EBIFAUB HAVYNI KT
Hdrzxrt.
i) X DEOESAD AN b RBIZAIXX DEHEETHZI %
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i) RIZO> /80 FTIRBVS L ERE.
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i) X,Y (#8201, X D A, YV O BEZhZNBHEEL 3. 5%
FiX S YHEETHA) C BLT3L, A BICHEMMigzE Wik
F f:A— BI3EBTHBLETE.

7| 1) (AEAZEAICEITZRFDINROERZEIRNK.
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neNICDWTx, e FTHBLTD. COLE{z,} Pz e XIZPNR
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i) RO ASERMESTHELTE. COLEFmax ANGFHET B L%
. (Hint. supAZZEXK))
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8| X, YZEAMHMZERM, f: X - Y%2EHKC7T3.
) f: X - YD EROER(AEICL D) Z2ET.
i) ACXZXDENEELTS. [: X > VY HERTHD LT,

f(A) C f(A)zmtE. FIELARADREZHSDHT.

i) f: X — YHERT, f(A) C f(A) & hR2HEEN. £, Eofc Al
AN BMCBBIDESDDHIBAR K.
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_CZETE.

i) AMEZEEX OZEERDIIFAEETHZ Lz E.

i) X Z(MEZERET, £2Dr € X BEELDEEZROBDLTS. T
EE X DRERBHDIIHEETHBZ I L ZzTE.

11| 1) X ZEEBEZER, BR f,9: X —» Ridma € X TERE T 3.
f(a) > g(a)BS5IXaDEEUT, f(z) >g(x) VzeU)rBRdHD
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i) 2XTA—2 1)y REBR2HS 12072 —2 Uy REFRADER
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i) f: X — YHUERT, f(A) C f(A) &hR2HEEN. £, Eofc Al
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.
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i) X (FHausdorffZEETH 3 zRt.
i) AMONT b E5IE, ARX DEAEKETHZ ZcZzrnt.
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i) EHER SR > ROBRS(R)DERTBLESTHILE5IL, [ IFE
HBEAMTHB _cZznt.
i) EFEM S R - RT, BIE#z 8\IBHIC, BIBERZHBEHICETHOD,
THEDE f(Q) C Q¢ f(Q°) CcQeBZHbDIEH5h
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19| ROBAEEA={+ | nec N} BXTAU{0}IZRH S DEFMIBZ L)
ns.
) AlZO>YNT b TRVWEZRE.
i) AU{0}IZOY XU FTHB L ETE.

20| X #IPBHZCR, AC X %2F&ES, v e X T3,




i) o ¢ ABBIE, d(z, A) > 0TH B LETE.
i) BC XHaAYNIFTANB=0%5E, d(A,B)>0TH3I L%
T

21| XZMUMEZEEE T3 £LES{0, 1} IIBEMEZ WIS,
) XWERETHZ L, AC XHEIOEHESLSIFA=0FkIF
A=XTHB3HAEETHD_cznt.
i) XHDNERET, [ X — {0, 1} DEREGRESIE, fIFEFTIEAEVWI L

(e
i) X WERETRVWERSE, ERERf: X - {0,1} T, 2 TH35HDN
FRETB =Tt
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22| ACREZETHVEHESRLL, [1,2]U[3,4], QBLTVAICRNSDHE
PONIVE =k RV g3
i) [1,2] U [3, 4] IHEE TRV 2=,
i) QIFEFTIFHEVI L ZRE.
i) ADERETa,bc A, a <bBB5IE[a,b) C ATHB L ETRE.
iv) ADNEARAIBD DEETHIRSIFTAIF—RDSLBIEFTTHBD L
zTt.

23| ANV FOERICEDTUTZTE.
) [ R REEGRER, A={0}U{: |neN} CRELELE, f(A)
AN b THBEZTE.
i) 25 {a, } HMINHFT, a = lim a, THZETS. COEERDI

n— o0

DNES {0} Ufa, |n e NVUETOVIY R THB L ETE.




i) EEBEZERI X OERES K DIV NY k< EHOBEAEO—ED, 24
ELTKZEBSRLIE KIEZTTIC, FEnsoABOFROERER
ITTEDONS.

24| (X,d)ZEEREZEME, A C X ZZETRHRVHAEEG LT3, B#da: X > R%Z
da(z) =d(z, A) TEET .
) x ¢ A da(x) > 0ZTtE.
i) FREDz, 2" € XIIxXFL, AFEHXd(z, A) < d(x,2') + d(z', A) B’ ARILT
BT,
i) dald—FREHICTHB L ZTE.
iv) Y ZAHEZER, K CYZOYNI MRREEEL, f: Y - X =&l
BHTFK)NA=)THEHDLTSE. DL EROUEEZOED
MehFEEIT B cZzTt.




BEffRg: Y — XDsupd(f(y),9(y)) <eZHHIF, g(K)NA=10

yey
ER%. |
2L, AYNY FES EOEGRABIRIMEZ £ D WD C EidH
EHTKLY.
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25| X, YZAHBZEHE, f: X - Y EBKRETS.
) BIRfIERTHBZEDESRZ, ITFEZFE > TR K.
i) RD(a),(b) IFFHETH B Z2TtE.
(a) fI&ERE.
(b) Y OFEEDHESOIZDOWT, f71(0)IZ X DEEES.
i) ZZ&ER/E L, ZIZUBET, Ty Z#Wh3. CDEERD(a),(b) IEEET
Hd_rERE.




(2) BEE®&1,: (Z,T)) — (2,T,) 8.
(b) Ty < Th.

26| i) I /N7 b THRVWEROFEEBHZ DT TEITL.
i) BEEZTEE X AN Y M5, X IZERTHZ xRt
i) X, Y ZAEZER, f: X - Y ZERER BCYZIAVNI MERL
3. COEFUB)IEaYNT ED? 25A6IFFPEL, £5ThH
ITNIEREIZIEERZ DITTEIF L.

27 | i) TR X WIEBEFETH S EDEEZTHBANE
i) QICRAMSDOEXMEELWNS &, QIFIFEFETHZ xR,
i) XZ&E8C L, XIUET, ThzWh3. S5ICHLATI&DEVWET
3. C0rE (X, T)DERTHNE (X, L) DEETHEZ L%
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28| (X,d)ZEEBZTERIC L, ROXHF(x)ZER 3.
(x) B> 0DEFEELT, 2 £y THRLOIBEERED 2,y € XIIXL
d(x,y) > eo DD ILD.
MUTOMICER L.
) X () Rt EROED D X OSBRI TS S - L%
~t.
i) X (x) BB, X AR THSB L ETRY.
i) XHWERESTHNIEX ITZRTHD e,
iv) TEEBEDESD 3 X DAEDBERAIARSIE X IFTHTH S EWSD
IFIELWA? IBARZDITTER LK.




29| BAXMEI =1[0,1] C RICRA S OEXIEZ WD, X Z{UMEZEME L,
f,9: 1 = XZ&EREBRTI(1)=9g(0)ZATHDETD. COLE

TERINBZERL: [ - XITERTHEIzmt.
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30| R R*Z1—JUyRZEH [ R—->RZERETS.
i) RD(a),(b) IFFHETH B C & Z2TE.
(a) fidERE.
(b) F(x,y) = f(x) —y TEXZERF: R? —» RHER.




i) fOEERSIEfDIST

Ly ={(z,y) eR* |y = f(a)}

IR*OHEETH Dzt

31| i) BEEEBTRIEERTH B L ETE.
i) £8A={1/n|neN} C RELRTI—Z v RZRR OB 2R
Y LCHEBERE #5. COLF AFEBTIIARN LETE.
i) TEEBEZERS X 125 W\T, EEREDESD 3 X ORIEHBEEAIARS 513 X 13
EETHB) LVSDIFELLH? BREEOFTERLE.

32| X =RiZCaA—2Vy REEVNS. XDEBBREEA={1/n|neN}
RUA=AU{0HIX D SDEMMIEE VNS, f: A - XEZERE



95.

i) RD(a),(b) IXFHETH B & ZTE.

(a) fidEHe.

(b) f(1/n) =an,, f(0)=a&dBLE, lim a, = a.

n— oo

i) fARERTHZEE, f(A)IXAVNILTHZ L ETE.

X = RIZ ZariskifiifB%= LW\ 3 .

) XIaYN5 FTHB L ERE.

i) X DEAES AT, AIZIV /Y FTHBHN, BESTRAVNDDED
EDEIT&L.

X ZZETRWIEZEE T 3.
i) XHERERSIE, ZETHEVEDRDERD#AAC X T, AHEEHDH



EETHIHDIIEFELRVI LZTE.
i) FC X%#B%AYT3. XD (a),(b)IFMETH S Z & & TE.
(a) FldEsE.
(b) X DEAEEF, o F = FI [[ a2 & f-tIE, F = 0 £
F2 = @

35| RZ2iCa—2 )y RutEZLNS.

D={(z,y) |0<2<1,0<y <1} CR?

ICRZHA S DEMNUEE VNS, COrSE DIEFETHZ Zrxnt.
(E>VF) READEDHEZETH S Z CIFEEBR LICE> TR,

2011
ET, RIC3A—7Vy MMtz WNT-IMEZERZXRT.



Z T, RIC ZariskifutB%z WA fBZEE 2= 3R T
> /N7 FZEREIE Hausdorff & IXIRE LR LY.

EDENES A, B%x

ICEDEDS.
) AUBIZOYNI R THB I ETRE.
i) AUBORAES, AEZzRD&L. (FEARHDBHEZT)

) Z DEBOMAERIEZALNY FTHB LETE.



i) X % HausdorffZEfi& §%. A, BE XDEEODIVNY FEELT3
EE, ANBHIAYNIMTHB L =TE.

) AZ Z DEDEESTEBEDOTZFOHDLTS. CDOL T AITERS
Thdzmnt.

i) EEXICMET, LbEANS. Ty < T, THR L E, X HT, TEER
S5, T THhEFTHZcznt.

1) EEBEZEREd HausdorffZERITH B C & =nt.
i) Zl3HausdorffZEETIZH W & ZTRE.
i) an =nTEXBNB ZDEF {0, BERS. EEDz € ZIZHL,
{an} Bz ICINERT B cZzTt.
iv) b, =1 TEZRNBZZDOR5{b,} Z2EZXSB. {b,HILICWNKRTB &



ERE. £1o, ZOBRSE—BNTHS L ETRE.
ROMHES A= {0} U{z e R | |z] > 1} IZ

O={0CA|Vze€O0,3a,be A:a<z<bhDAN(a,b) C O}

TEZoNB3UMEOZWNS. (ODMIETH S C CIFEEHTLL)
BfRg: A - E%x,

0, T =
gx)=<xz—-1, =z>1
r+1, =z<-1

ICEDEDS.



i)a,be A, a<bldd. AN (a,b)lFADHESH?
i) gldR0c ATERTHBD L ZTE.

i) gldmac A (J=72La #£0) TEHTHD L ERE.
iv) gIF2BRNTHSzmt.

V) gDEERLHERFR THD L ZRE.

vi) AIXEED ? BEEMITTERL.

2012
ET, RiCa—7)w FMutBz W I-(IEERZRT .
Z T, RIC ZariskifiifB %= W - MEZERI 2R T .
> /NY MZEREIE Hausdorff & I3RTE L LY.

Al1| BRf. E - EZf(x)=2+1T,9: Z > E%Zg(x) =2+ 1T,
h:Z — Z%h(z) =2+ | TEDS.



i) fIEESN? BEEDITTER L.
i) glEEHD? BREDITERL.
i) hidESEH? BREDITTER &

42| 1) O01,0: 2 ZDETHRVHERTLTS. COLEO01N0, #0THBC
tzmrt.
i) Z x El¥HausdorffZZEETIZBWVWI & ZTRE.
i) Z x ZI3EETH B LETE.

43| 2mhoRBEERT ={0,1}2&ZZX 3. TICHEBZ VWNTcZERZ T,
£9%.
i) TOWAEO T(T,O)Hh Hausdorff BRI & 2 2B DE L TEIF L.
i) MMEZEBX (£ )DIEEETHDI L, X D5 TyNDEHHREHN




GHET S CIRFAETHS CERE.
i) TORIOT(T, O)DIERE BB HDERTET L.

44| ROEHDEEA B*%x

nEN}

LEDD. EDSOENIAEE A, BICWNIAABZRRE ZNEN Ay,
Bp L, ZH5OMBEMAEE AICWNIHEZEm%E A, £ 5.

) Aplda >80 FTIRBRVLC EETE.

i) Belda> /N0 FTH B L ERE.

i) Az I3V INY R THB LETE.

A:{leR
n
B =AuU{0}



45 %’%X(# @) ‘:117*@01,02 ZAND. O <O, THBDETB.
i) (X,01)h Hausdorff 2 518, (X, O2) B Hausdorff THB Z &zt
i) (X,02) D ERELESIE, (X,0)bERETHDI L ZTt.
i) (X,0:)DaAN7 +A5IE, (X,00) AN R THZZcZRt.

2013
ET, RiICaA—7Vy FEZ WNIEZERZRTY.
Z T, RIC Zariski il % WN -t HZERIZ R T

46] ) BEEROSHIRBEESRTHZ L ETE
i) EHERTHIDEBRTIIAEVAIZEEIF L.

AT| BIRf: F > E%Z f(vr)=22T,9: Z > E%Zg(x)=22T, h: Z > Z
Zh(x) =20 TEDS.




i) fIEESN? BEEDITTER L.
i) glEEHD? BREDITERL.
i) hidESEH? BREDITTER &

48| i) ZlFHausdorffZBETIZHWI & Zzt.
i) a, =nTEZS5NBZ ZDR5{a,}ZEZX3. {a,}52014.0131|ZUX
i - Sl ek -
i) ¢, = (-1)"THEZXONBZ ZDR{c,} ZEZXD. {c,} IFINRFITIZ
BWZ EZRE.

49| X%uEmE2DOULEECES ac XL, 0={0C X |acO}u{d}
£9%.
) OlEX ORI B3 L ERE.




i) (X,O)l&HausdorffZEfEiH ? EHZDITTEZ K.

50| X &MIMEZER, A C X &HHEM, BC ARHNEELL, it A X%
SEERCTS.
) BOAICEIT2EE% B, XICBIT2HBEBTHOHDLYT. CDLE,
B*=ANBT®H3_&zrt.
i) WHAIHEZER, f: W - AZBRCT3. COLE, 6/
iof: W — XHhEHRGBOSILfbERTHD _LZzmt.

51| X, Y, W ZZETHWIMEZER, px: X XY - X, py: X XY - Y &5
w93,
Ff,ycYel, X x {y}lc X x Y h50EMutE%E LWh3. B
J: X > X x{y}Zj(x) = (2,9)ICEDEDS.



) f: W= XxY%®BERET3. RIIEMETHZcxTE. G
BFTCTH B IFEEAE L TRHTELL)

(a) fiiEs:.

(b) px o f, py o flIFE B 5 HEH:.

i) g(w) =Y ICEDEXSNBEEERg: W - VIIERTHBILZ
.

i) jILESTHBZ L ETE.

iv) jISAEERTHE L ETH.

2014

ET,RICaA—7YVwy Mtz WNTIIEZERZRT.

Z T, RIC Zariski it x WN =R %Z R T. (7=72L, R®D Zariskifi
HEZOz ={OCR|O° I3AMREE} U{0} TEXBMUBETH3.)



EEETRICEVT, 1 5RB3ERIIHAEESTHS ezt
X %#(HEZEM, A BC X$5.
i) A°UB° C (AUB)° &Rt
i) A°UB° # (AUB) B30 E2F&K.
ROWPBHESX, YEXRTEDB.
X = {l eR
n

Y = X U{0}

nEN}

) XZZDEBRESLAHIEE, X DR, Aazko & BHLEIT.



i) Eh S OEMAEE X, YV ICWh - AEREE ZhEN X, Ve &
3.
(a) Xp OEAIREEGIETH 2 - L ETE.
(b) Yy OEABISBEES AR TII RN C L &R

55| i) a, =nTH5R6NBD ZDR5{a,} 2EZXS. {a,}1F2015ICUNERT 3
't
i) b, =1 TEX6NZZDO=5{b,} ®EZXS. {b,} IFLIZPNKRTBZZ &
Znt.
i) ce Z, c£129%. 55 {b, HEcIZIRIE LBV ¥ & RE.

56| X, YZEMMEZERM, f: X - YZE/RCT 3.
)ae XL, U (a), U (f(a))ZENENGa, f(a) DEXEFERETS.




COLERIAETHSD CtZ2mt.
(a) fldma € X TRERE.

(b) EEDV € U*(fa) ISt L, 3 U € U*(a) MEELT,

FU) CVers.
i) RISEETH B L& TE.
(a) flEEETHD.

(b) Y OFEEDOHESOICHL, f1(O)IFX DHESTH 3.
i) AC XZE8NREM, i: A > XZAEER, WZUMEZER™, g W - A
B 93. COCE Giog: W — X HDEFARSIEgHERT

Hdrert.

g:Z - E%&g(x)=2>T, h: Z— Z%Zh(x) =22T

i) gldERmD? BHEDIFTER L.

EDHD.



i) hidEEEN? BEEDITTER &.

58| X, Y, WZZETHRWMIMEZEM, px: X XY - X, py: X xXY =Y %&5&
mETD Fl,ypeYel, X x {y}lcX x Y5 DEXIHMIEZ LN

3 Bffj: X > X x{y}Zzjlx)=(x,90)ICEDEDHSB.

) [ W > XxYZEBE/RCTS. RIEETHZ Cczrnt. GIEH
HR CHD L, EREROEGHIER TH D CISEAEL TR
T&LY)

(a) fIidER:.

(b) px o f, py o flFEH 5B EH:.

i) g(w) =y ICELDEZXONZIEEERg: W - VIERTHD L%z
Tt

i) jITEHRTHD Lz,




v) jISEEERTH B C L ERE

59| XY ZZETHWMIMEZERCTS.
) EFBES [ X 5 YDAEETDIETS. CDLE, Y H HausdorffZE
BAESIEXHESITHI Lz,
i) BEFEZEM X x Y ' HausdorffZEASIEF X HESTHS e Zznt.
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60 Z%ZKRE, AC Z%ZMBRRELTS. ZOHAEEHEO%Z

0={0cz|0° FERES]} U{0}

TEDHS.
) O ZICHHBEEDH S L ERE.



UT ZICIGHE 0% AN S,
i) A, AHEHICEBESTHD L E, AOKD, BazERD&.
i) ZHERESTHS L E, ADKE, BazERD &

61| X ZfUfBZf, A C X Z&0EE, v c X L, U(2) Zx DEBERET
5. X DBREEEHEO(2) %

={0CX |z O0hD0IFEEE}

TEDS.

i) O(z) I3z DEFEERTHZ 2T,
i) RIFEMETH D znt.

(a) FRDOU e U(z)IicxFL, UN A # 0.
(b) FEDO € O(z)IZFL, ON A #0.



X #fABZER, A, BE L HIC X OMBLBHES LT3,
) AUBH X TRETH S LETE.

i) ANBIEATHBLE, ANBH X THEBETHSZ - LETYE,
i) ANBHX THREL B SHRVIEET .

X #UMEZER, A C X %2 EDEM, BC AZSRERL,i: A~ X%
TAEERETS.
i) BOAICHITRE% B XICBII2HE%2BTHOHNT.
CDrE B*=ANBTH3I%ETRE.
i) YZAMEZER, Y - AZBHRETS. O, 8fiof: Y - X
HEHRLSIE fDERTHD Lz,



ds(z,y) = di(x,y) + da(z,y) THEZO5NBEAds 13 X L DERERFIEU
B3 (CHNULIERHTEL W),
)z #£yB5lEdr,y) >1THZETS. COLE, BEHdDTED B
ISRERIETH B C & 2T E.
i) f(x) =2 THEZONBERf: (X,d3) = (X,d1) ITEHRTHZ %
.
i) g(x) =2 THEZENBEBMHRg: (X,d1) — (X, d3) I(&EHEH? EA S
IFEERR L, €5 TRITNIERAIZEIT K.

65| X ZEEBiZoR, A C X ZETHRVEDERL T 3.
) 1€ XNADHRETHBZI LY, d(z, A°) > 0I3ABETHZ L%
Aty
i) ANERESLSIE, AIBRESTHSZ - LETE.
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66] X EfiBZR, A C X £BHEALL, A Z ADHEL T3, THDS

Ca:={FCX|FI3FHA%EEHNDACF}

clLices
A= (| F
FeCa
Ths.
) Rx e XIZNL, RIFEETH S Cczrnt.
() = & A“.

() 22 BCHIMESONBEEL, ONA=0r %3,
i) EiC, X AR TANE TN E, ChSIERE EEETHS
YETY. 1L, d(z, A) = inf {d(z,a) | a € A} TH3.



(1) d(z, A) > 0.

X #(ItHZER, A, B X DEREE LT 3.
i) RIZEETHS L &2THE.
() A* = X.
(1) FEDZETHVEESO C XIIXL, ONA# 0.
i) A, B X THZET, BAREEHESIE, ANBHX THRETHZ L
zot.

X, YRAHMEZER, /1 X > VEE& ac X U, U(f(a) % f(a) DE

IEERET B,

) U, U Cc X923 UBaDlEET, UCU BB, U DHaDBEETH
3CCETE.



i) WIIEMETH B C L ERE.
() fldda € X TEkE.
() EBDOV € U*(fla) =L, F~1(V)Ida DMEE.

69| X, YZAHEZER™, [: X > Y ZEHREREL, ACX, BCYZEDZE
M, i: A= X, j: B> Y%ZE8B®RCT 3.
) BEFEERId: X - XIERTHD _czrnt.
i) i: A— XIERTHD _czTt.
i) Bffg: A~ Bhjog=foiZxdhlcT&TD. CDLTFgIHERTDH
=Tt

70| Oy ={OCR|0€OYU{I} £ TBLOERDAIME RS (BHTL
V) . RICCOMMEE ANMUHEER%EZ Ry ¥ $%. £/-ETRICA—Y




)y Rtz ANTAEZERZ, Z TRIC Zariskifiii8 e AN 78z /[

HRY. 2L, RD ZariskifiifB & 1
Oz ={OCR|0O° I3BREE} U{0} TEFZMUETHS. RO

ICEBRZDITTEXL.
) BRf: Z - Z% f(x) = 2° TEDD. fIHEFRH?
(

i) BRg: Ry > EZ g(x) = TE®HD. gldm0 € Ry TERH?
i) Bffh: Ry > Z%Z h(x) = c TEDHSB. hidm1 € Ry TERH?

X Z(HEZEM, 2,y e XT3, RIFETHD _Z2TE.
() z2€0,yec O THBIMERO, O'T,ONO =0THZ3HDHERE

¥5.
() 2 DFEU Ly DIEEV T, UNV = 0 THZHDOHEET 3.



72| X,V ZZETHWIEEREC T 5.
) ERAES [ X S YDEETDIETD. CDEE, Y H HausdorffZE
AasldXHbES>THD I Lzmt.
i) EFRZEM X x Y D HausdorffZZEfEASIEF X BHESTHBI Zzmt.
2017
MEZEBOBOERICOVWT, NEHREHRTHZI L, AROHRESD
WIRHFHEETHD CIZRMETH D) C CIFFERAEL THE-> TLL.

nEN}

73| ROFNEEA%Z,

A:{leR
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) RICHUZXF—fBE LN S, AORSS, a8k L. BEHD
=207
(7z72L, ROV RF—AH &
Oz ={OCR |0 I3BRESG} U{0} TEXBZMETHS.)

i) RD BEERES LTS, RICH I AF—(il%E \Whic &, BIIHEE

Thd_czrnt.

i) RICA—2 Uy RUMEZ LN S, AORE, a8z KkH K. (BX
2T THLY)

iv) RICBEAIMEZ LWNTce E, AOWEE, B@%x KD & (BXFEIFT
&LV)

74| i) RICH) XF—(UlHZ LWNTcHDIE HausdorffZEFE TIF AW & %
Zcl




i) RiICaA—2 )y FMtEZ LWNTcD DI Hausdorff B TH B & =
Zcl

75| X, Y%ZMWUMEZER, f: X - YEBRE$3. ac XL, U (a),
U*(f(a) ZENENG, f(o) DEROFERETSD. COLIRIIFNETH
drETt.

(1) flds=a € X TEh.
(I FRDOV e U*(f(a))IcXFL, DU e U*(a)DFELT, f(U)CV
3.

76| X &{HAZR, A C X #HHZR, i A > X 2 AEBRETS.
) (ISEETH B L BT
i) WERHEZER, W o ARBRETE. COLE AR




iof: W = XHERLBSILfLERTHSZEZTRE.
i) BC AZBRER/LTS. BICXHHULWNTIHERMEL, ADsuLhn
feERNAIEIF—R T 2 e ETRt.

77| X, Y, WHAHEZME, px: X xY = X, py: X xY S YV EEHELT3.
7z, [ X - YZERERCL, FEDT ST

Iy={lzy) [y=fz)} c X xY

ICERZEMX x YHASOEMMAMEZWVN, i: Ty - X x Y ZEREHRE

3. B X > % f(z) = (v, f(2) ICEDEDHD. SIENERT

HDL, EREROGMHERR TH D CIFAEAE L TERHTLL.

) g: W > X xYZEBBRCTS. pxog, py ogCBE5bEHESIE, g
ISEHRTHD_EZrt.



i) F(z) = (z, f(x)) TEZONBER
F: X—>XXxY

ITERTHZ L ETE.
i) fITERTHZ cERE.
iv) fIXEEERTHZ L ETY.
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