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10.

11.

IIporpammMma B JeTaadax

A3BIK Teopun MHOXKECTB

. IlpuBeanTe mpuMep HEMYyCTOTO MHOYKECTBA, KAaKJBIA 3JEMEHT KOTOPOTO

ABJIAETCA HEKOTOPBIM ITOAMHOXKECTBOM 3TOI'O MHOXKECTBA.

. duig kaxk0ro mesioro n > 0 mocrpoiire MHOXKECTBO A, COCTOsIIIEe POBHO

73 1 3JIEMEHTOB, TAKOEe, UTO JJid JI0ObIX a € A,, a’ € A, mibo a € a’,
6o a’ € a.

. Hocrpoiire Takue muoxecrsa A, Bu C,auro A€ Bu Be C,n0 A¢C.

2.1.1 3axkonsl ge Moprana

. Jokaxkure, 4T0 IjId JIOOOT0 MHOXKECTBA A BBIMOJTHSIIOTCS CJIEIYIOIIHE

CBOMCTBA:

(A) AnA=A,
(B) AUA=A,
(C) AUD = A,
(D) AnD=10

. Hokazkure, 9yTo mjist a00bix MHOKECTB A u B Bkiouenne A C B BBINOJ-

HsSeTCS TOIJA ¥ TOJBKO Toraa, Korma AN B = A umm korna AU B = B.

. Hokaxure, uro eciu A C B,to ANB=A,u AUB = B.

. Hokaxkure, aro misa noamuoxects A, B C X skmiouyenune A C B skBuBa-

neHTHO BKIovenuio (X \ B) C (X \ A).

. s mro6bix 1Byx MHOXKecTB A 1 B mMeeT MecTo CJIeaylolee HeCBI3HOEe

o0beIuHeHne

AUB = (A\B)U(ANB)U (B\ A).

st mo0bIX IBYX MHOXKECTB A u B mMeer MecTO CJIeIyIolnee HeCBA3ZHOe
o0 beIMHeHne

ANB=A\(A\B).

s mrobbix aByx MHOXKecTB A u B ycinosue A C B 5KBUBAJIGHTHO YCJIO-

Buto A\ B = 0.
Hokazkure, uro AN (B\C)=(ANB)\ (ANC).
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Hokazkure, uro (A\ B)U(B\ A) =(AUB)\ (AN B).
O6o3nauum uepes AAB = (A\ B)U (B \ A). Jokaxure, uro

(AAB)AC = AA(BAC).

2.1.2 MougHocTh MHOXKECTBa

Hokazarb, yro ecsiiu Mmuoxkecrsa A\ B u B\ A paBHOMOIIHbBI, TO U MHO-
xkecrBa A uB paBHOMOILHBI.

[Iycrs MommocTs KOHewHOrO MHOKECTBA A pasna n. Kakosa mMomuOCTH
mHOKecTBa 24 Beex ero mojaMHOKecTB (BKJIFOHAs CaMO MHOMECTBO A 1
MyCTOe MHOYKeCTBO)?

JokazaTh, 9TO MHOXKECTBO X KOHEYHO B TOM M TOJIBKO B TOM CJIyvae, eCJTu
OHO He PABHOMOIITHO HUKAKOMY CBOEMY COOCTBEHHOMY TIOIMHOYKECTBY.

ITycTh MHOXKECTBO A COCTOMT M3 M 3JIEMEHTOB, & MHOKECTBO B — m3 m
snemenToB. Ecim A C B, to n < m.

,Z[OKBB&TB, YTO BCAKOE IIOAMHOZ?KECTBO CHETHOI'O MHOZKECTBA ABJIAETCA CHET-
HBIM MHOZKECTBOM.

JlokazaTh, 9TO B KazKJI0M ODECKOHEYHOM MHOXKECTBE CYIITEeCTBYyeT OECKOHEeU-
HOE CYETHOE TOJMHOXKECTBO.

Jokazarb, 910 KazK10e 6ECKOHETHOE CIETHOE MHOZKECTBO MOZKHO IIPE/ICTa-
BUTD KAaK HECBA3HOE OOBLEAMHEHNE JIBYX HELEPECeKalomuXCs GECKOHeUHbIX
(TOXKe CYETHBIX) MOIMHOMKECTB.

JlokazaTh, 9TO MHOXKECTBO IEJIBIX YUces Z CYETHO.
Jokazarh, uTo MHOKeCTBO (Q panmoOHAIBLHBIX YUCESI CIETHO.

Jloka3zaTh, 9TO €CIi W — CYETHBIE MHOXKECTBA, TO X obbeaunnenne A U
— CYETHOE MHOYKECTBO.

JokazaTh, 9T0 00bEINHEHIE CIETHOTO CeMENCTBA CUETHRIX MHOXKECTB €CTh
MHOXKECTBO CUYETHOE.

JokazaTh, 9T0 ecin MHOXKeCTBa X M Y CYETHBI, TO JEKAPTOBO IIPOW3BE-
nenne X X Y TOxKe CYETHO.

JlokazaThb, 9TO MHOXKECTBO MHOTOYJIEHOB C PAIHOHATLHBIMUA KO3 DUIH-
eHTamMu He OOJiee YeM CUETHO.

JlokazaTh, 9T0 MHOKECTBO aarebpamdecKux Iuces He Oojee 9eM CIeTHO.



28.

29.

30.

31.
32.

33.

34.

35.
36.

2.2

[Tokazars, 4ro eciu orobpazkenue f : X —Y CIOpbEKTUBHO, 8 MHOXKECTBO
X cuerno, T0 Y He 60jiee YeM CUETHO.

[Mokazars, uTo ecnu orobpaxkenue [ : X —Y MHBEKTHUBHO, a8 MHOXKECTBO
Y cuerno, To X mHe 60J€€ WM CUETHO.

HOKaBaTb, 9TO €CJIM MHOKEeCTBO X CYETHO, TO MHO>KECTBO BCE€X KOHEYHBIX
IIOOAMHO?KECTB B X TOXKE CUeTHO.

HOKaBaTb, YTO MHOZKECTBO BEHIECTBEHHBIX YHUCEJI HECYETHO.

KanToposo muO)kecTBO C MeeT MOITHOCTH KOHTUHYYMa, T.€. PABHOMOIITHO
OTPE3KY.

Jokazarb, 4yTo ecau X — HecueTHOe MHOXKECTBO, a A — ero cuerHoe moj-

mHOKecTBO, 10 #(X \ A) = #(X).

Ha nnockocru R? paccemmanst "kunonkn"6e3 nmepecedenuit, T.e. TaKue II107-
MHOZKECTBA, Ka2KI0€ U3 KOTOPBIX COCTOUT U3 OObEeINHEHU TPEX OTPE3KOB
¢ obmmM HagasioM. JlokazaTh, 9TO ceMeiicTBO TakmX "KHOMOK'"He Oojiee
YEM CUYETHO.

HOKBBaTb, YTO MHOXKECTBO UPPAIIUOHAJIBHBIX YHCEJI HECHETHO.

IIOKaBaTb7 YTO MHOXKECTBO TPAHCIEHJAEHTHBIX YUCEJI HECHETHO.

Merpuieckue n TormoJornveckue npocrpancrsa. Ilpu-
Mepbl TOMeOMOP@HBIX 1 HETOMEOMOP(HBIX ITPOCTPAHCTB

. Mozer iz map 60IbIIero pajauyca ComepKarbCs B IIAPE MEHBIIEr0 Pa/Iu-

yca?

Jloka3zaTh, 9TO B METPUUYECKOM MPOCTPAHCTBE JII00as TTOCIEI0BATEIHLHOCTD
TOYEK HE MOXKET MMEeTh 00JIee OJHOTO TpeIea.

[TocTpouTs HEmpepbhIBHOE OTODpaXKEeHWE KAHTOPOBA MHOMKECTBA HA OTpe-
30K.

. Jokazkure, 94TO J1s JIOOOr0 IMOAMHOMKECTBA A METpPHUYecKOro mpoCTpaH-

crBa (X, p) byukuus fu : X—R, onpenensgemas dopmynoii fa(zr) =
inf{p(z,a) : a € A}, nenpepoisua. Beerna snu cymecrsyer Touka a € A
rakasd, 410 fa(x) = p(z,a)?

Orobpazkenue merpudeckux npocrpancts f : X —Y HazbiBaercs u3o-
METPUYECKUM BJIOKEHUEM, eCJIM JJis JIIOOBIX TO4YeK T,y € X BBITIOJTHEHO
yenosue p(z,y) = p(f(x), f(y)). Jokazark, 4To 11060€ M30METPUIECKOE
BJIOYKEHWE HEMPEPBIBHO.



10.

11.

12.

13.
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3.

(
(pp):
(poo): poo(37 Q) = maxlms - $q|> |ys - yq‘;

(pj

Orobpazkenue f METPUYIECKOrO HPOCTPAHCTB X B ceOsi HABBIBACTCSH CXKU-
MAIOIIMM, ecjin cymecTByer «, 0 < o < 1, Takoe, 94TO I JIOOBIX TOUYEK
z,y € X somonneno uepasencrso p(f(z), f(y)) < p(x,y). Jokasars, 4ro
Mo60e CRUMAIOIIEE OTOOPAZKEHNE METPHYIECKOTO POCTPAHCTBa X Hempe-
PBIBHO.

Hokazarh, uro 060 HempepbiBHOE oTobparkenwe orpeska [0,1] B cebst
nMmeerT HeHOrZLBI/I)KHyIO TOLIKy.

Hokazarb, yro R™ (¢ eBkiug0Boil Merpukoii) He uzomerpudno R™ upu
n #m.

Jokazarb, uro s a000e npocrpancTBo R™ (¢ eBKJIMIOBON METPUKOIL)
MOXKET OBITh M30METPUYHO BJIOXKEHO B <g.

JIro6oe JIi KOHEYHOe METPUIECKOE MIPOCTPAHCTBO M30METPUIECKHU BIIOXKU-
Mo B R"™ (c eBKINIOBOI MeTPHUKON)? B <<o?

11 BCAKOM Jii u30MeTpuu f IPOCTPAHCTBA <o CYIIECTBYET TOYKA, P TaKasl,
aro f(p)=p?
Jlokazarhb, 9T0 KAHTOPOBBI MHOXKECTBA, TIOJIYIA€MbI€ BHIKAIBIBAHUEM ''MH-

TepPBaJIOB PAa3/IUYHON JJINHBI HE U30METPUYHBIL.

Mozxker siu ipocTpancTso R™ (¢ €BKIUI0BOM METPUKOI) ObITH W30METPHY-
HO CBOEMY COOCTBEHHOMY TIOJAMHOXKECTBY? A mpocTpaHcTBO [o?

. Paccmorpum Ha miockocTn aBe TOUKE S = (Ts,Ys), ¢ = (T4, Yq). Ompene-

M (pyHKIHH:

pa): pa(s,q) =1, ecnu s # q, pa(s,q) =0, ecmu s = q;

po): pp(s:0) = (J2s =gl + lys =" 0> 15

pi($,0) = lys — yql, ecmm x5 = xq, pj(s,q) = |15 — q| + x5 — 2],
€CH Ty # Tq.

[IpoBepurh, ITO OHU ABJSIOTCA METPUKAMHU.

Hokaxwure, aro B MHOKecTBe C[0,1] BCEX HEMPEPHIBHBIX OTOOPasKEHWI
[0,1]—R caexyiomme byHKINH

1 1/p
(00): po(f.) = ({ ) g<x>|pdx) Cp 1

(Poo): poo(fy9) =sup{|f(z) — g(x)]: =z €[0,1]}

ABIAIOTCA METPHUKaMH.

Iycts f : X— R — npon3BosbHas WHHEKTUBHAS (DYHKITHST HA MHOYKECTRE
X. Joraxure, 4ro otobpaxkenue p: X X X— R, p(z,y) = |f(z) — f(y)],
ABJIIETCSI MeTpUKON Ha X.



4. Tycrs (X, p) — merpudeckoe upocrpancrso. JJokazars, 4ro orobparKeHust
p1 1 py: X x X— R 3amannnie Gopmymamu

p1(z,y) = min{l, p(x,y)}

p(r,y)
1+ p(x,y)
SBJILIOTCH MeTpuKaMu Ha MHOXKecTBe X . CPaBHUTD OTKPBITHIE U 3aMKHY-
ThIE MAPBI METPUK p, P1 U P2.

pg(.’L’, y) =

1. JokazaTb, 9TO JI000€ OTKPBITOE MOAMHOXKECTBO MPAMOM SBISETCA OOb-
€JIMHEHUEM CYETHOI'O YHMCJIa HHTEPBAJIOB.

2. MoryT sin pa3suyHble TOMOJIOIMH HA MHOXKECTBE X MH/yIMPOBATH OIUHA-
KOBBIE TOTOJIOTMY Ha, MOnAMHOX)ecTBe A C X7

3. CpaBuuth Ha R eBKINIOBY TOMOJIOTHIO; TOMOJIOTHIO, DA30i KOTOPOIl SBJIsI-
torcst MHOXKecTBa {z € R: a < z < b}, rue a,b € R (mpsimasi 3oprendpest);
¥ TOTIOJIOTHIO, 3aMKHYTHIMU MHOYKECTBAMU KOTOPOI ABIAOTCA R 1 MHOXKe-
CTBa KOPHEH MHOIOYJIEHOB OJHOll IepeMeHHoil (Tornosiorus 3apucckoro).

4. Jloka3arh:

e ClA = AUBdA4;

e Int A=A\ BdA4;

BdA = ClA\ Int 4;

X\BdA =Int AUInt (X \ A);

e A 3aMKHYTO TOIJIa U TOJIBKO Torja, Korga BdA C A;

e A OTKPBITO TOTIA W TOJBKO TOrAa, Korma BdA N A = ();

A\ A =BdA\ A, tie A% — npenemsubie Toukn A (TOYKa T TOIMHO-
JKeCcTBa A HA3BIBAETCS MTPENEIbHOM, €CIIN IS ee JII0O0H OKPECTHOCTH

Oz umeem (Oz \ {z}) N A # 0;

e A 3aMKHYTO TOTJa M TOJBKO TOrda, Koraa A C A.
5. BBIFCHUTD, CIPABEIJINBHI JIU CIEAYIOMNE COOTHONIEHNS:

e ecsiu A C B, 10 Int A C Int B(Cl1A C CIB);
e Int (AN B) =Int ANInt B,

Cl(AN B) = C1AN CIB,

Bd(AN B) = BdA N BdB);
e Int (AUB) =Int AUInt B,

Cl(AUB) = CIAU CIB,

Bd(AU B) = BdA UBdB);



e ClA = CI(Cl4),
Int A =Int (Int A);
e Bd(X \ A) =BdA,
Bd(ClA) C BdA,
Bd(Int A) C BdA4;

e (AUB)? = AlU B

. IlpuBecTu npumep MeTpUYIECKOro MPOCTPAHCTBA U OTKPHITOrO IIapa B HEM
TaKUX, 4TO 3aMblKaHUe L1apa He COBIIa/IaeT C 3aMKHYTbBIM LIApOM TOI'O 2Ke

pagmyca.

. JToKazaTk, 9T0 MOIMHOKECTBO A METPHYECKOTO TTPOCTPAHCTBA X 3aMKHY-
TO TOIJIA U TOJBKO TOLJA, KOLJA IPEJEJl BCAKOI CXOAMIEHcs Ioce10Ba-
TEBHOCTH TOYEK W3 MHOXKECTBA A NPUHAJTIEXKHUT TAKKE MHOXKECTBY A
(T.e. TOYKA T TPHHAJIEIKUT 3aMBIKAHUIO MHOKECTBA A B TOM M TOJIBKO
Tom caayuae, korga inf{p(z,y) : y € A} =0).

. Jokazarp, 9T0 KOHEYHOMEPHOE MOAIIPOCTPAHCTBO HOPMUPYEMOI'O JIHEH-
HOTO MPOCTPAHCTBA 3aMKHYTO.

. Jns kaknx n € N Ha TpsAMOit MOYKHO MTOCTPOUTH 7 OTKPBITHIX MHOXKECTR,
UMEIOIIUX OJHY U Ty 2Ke IDaHuILy.

. Paccmorpum muOXKecTBO V', Oy 9eHHOE U3 CIETHOIO TU3BIOHKTHOTO 00b-
enuHennsi orpe3kos [0, 1] OTOXKIECTBIEHWEM BCEX WX HAYAIBHBIX TOUEK.
Nuadve rosopsi, V' ecrb dbakTopmuokecTBo MHOXKecTBa N X [0, 1] mo cite-
JlyIoliemMy oTHolnenuio skpuBasentnocru: (k,z) ~ (I,y), ecim u TOILKO
eciu (k,x) = (I,y) wm x = y = 0. Ha muoxkecrse V' paccmorpum ciefy-
TOIUE TOIIOJIOIHH:

e T' — (pakropromosorus, Ha KaxKJI0M SK3eMILIApe OTPEe3Ka TOIOJIO-
rud CTaHJapTHAL;
o T? — gEAyIEpOBAHHAS TOIOIOTHA IPH CAEIYIOMeM BIOKEHIH B Gec-

KoHedHoe npoussenenue [0, 1] x [0,1] x [0,1] x ...:

(k,2) > 0Xx0x -+ x0xxx0x0x...;
—_——
k-1

e T3 — MHIYIUPOBAHHAH TONOJOTHS IIPU CICLYIONEM BIOXKEHHH B R2

2 2
(k,z) — <xcoslj,zsin]:-) ;

e T — ynjynupoBaHHAs TONOJIONUA DY CJIEAYIOMEM BloKenun B R2:

(k,z) — (a:cos%,a:sin%) :



o T° — MHIYNUPOBAHHAS TOIIOJIOIH [IPU CJIELYIOmeM Baozkenun B R2:
( 1 ) . T 2r x| 27
T —coS—, —sin— | ;
’ k k' k k)’
o T0 — wHIYNEPOBAHHAS TOIIOJOrHS IIPU CJIELYIONmEeM BIOKeHHn B R2:

(k,z) — (%cos%, %sm%) ;

[ ] T7 — MeTpHuYECKad TOIOJIOTHA 1A METPUKU

_f |lz—y|, ecmm k=1,
p((k;x)7(l7y)) - { x_’_y, ecJmu k#l’

Ji1e KazKA0# maphl TOMOJIOTHI U3 3TOTO CIUCKA BBISICHUTD, KAKO U3 CIIy-
yaep uMeer Mecro: (a) romosoruu cosnaiaior; (6) oxHa M3 TONOJIOruUii
cuibnee (Kakas?); (B) TOIOJIOIMHU HECDABHUMBIL.

. Tokazare, 4o Tomosorus 1! u3 mpenbLayieil 3a0a4n HEMETPH3YEMA, T.€.
He ABJISeTCS MEeTPUYeCKOi TOTMoJIornel HU IJI9 Kakoi MeTpuku Ha V .

. ycrs (X, px) n (Y, py) — merpudeckne npocrpancrra. Jlokasars, 9To
KaykJaasi 13 QYyHKIHi

ps ((x1,91), (w2, 92)) = V/px (w1, 72)° + py (y1,72)°

mpu s > 1mu

Poo ((21,91), (T2,92)) = max (px (21, 22), py (y1,Y2))

3agaer MeTpuky Ha X X Y, MeTpudecKas TOMOJOTHS KOTOPO#l COBIIAIAET
C TOTIOJIOTHEN TTPON3BEICHUS.

. Hokazarh, uto Tomomornsi GeckoHeuHoro mpowssenenusi [0,1] x [0,1] x
[0,1] X ... coBmaaer ¢ METPUYECKOI TOMOJIOTHEl 1JIsi METPUKH, B KOTOPOIi
PacCTOAHUE MEXKJLy IBYMsl TOYKaMu & = (X1, T2, ...)uy = (y1,¥y2,...) 3a-
Jaercss pOpMyIoi

oo ‘.’E—y‘s 1/s
ps(x,y) = Z% )
i=1

rme s > 1. Bepuo 7m T0O ke camoe [Ij1sI MEeTPHUKH

Poo (T, y) = sup |z; — y;[?
7



A BbIHHUKOB

Peopuyk

Ko3saoB

ITacbiHKOB

2.2.1 IIpumepsl romeoMOp@dHBIX U HETOMEOMOP(MHBIX TPOCTPAHCTB.

1.

OTpesku BemecTBeHHbIX ucie [a, b] romeoMopdHbI APYT APYTY [Is pas3-
JIMIHBIX 3HAYEHuit ances a < b.

NurepsaJibl BeleCTBEHHBIX 4uces (a,b) roMeoMopdHbl APYr APYrY s
Pa3IMYHBIX 3HAYEHUI dnces a < b.

TTonynHTEpBAIBI BellleCTBeHHBIX uncedn (a,b] u [a,b) romeomopdHbI ApyT
YTy IJIs PA3JIUTIHBIX 3HAYEHnH qncen a < b.

[e]
OrkpoiTbiit quck D™ B eBrymmoBoM npocrpancrse R™ romeomopden R™.

o
Otkporrsiit Ky6 I"= []} (0, 1) B eBkImI0BOM mpocTpancTee R™ romeomop-

den R™.

Bamknyrsiit ky6 I"™ = []7[0,1] B eBkmmmoBom mpocrpancrse R™ romeo-
MopdeH 3aMKHYyTOMY Jucky D™.

Crenytomue miockue GUTypbl TOMEOMOPQHBI APYT APYTY:

1.
2.

- W

10.

© »®» N o

BCs 1I0cKocTh R? ;

OTKDPBITHIN KBaJIpar;

. OTKpbITad nomymirockocts CT;

OTKDBITBIA KPYT;
OTKDBITBIA IPAMOYTOJIbHUK;
OTKPBITHIN KBa/IPAHT;
OTKDBITBHIA YTOJ;
OTKPBITBIN MOJIYKPYT;
OTKPBbITbII CEeKTOP;

IUTOCKOCTD € BbIpe3aHHbIM JydoM {y = 0,z > 0};

Crenytomue miockue Gburypbl roMeoMOpPdHBI APYT APYTY:

1.

2.

Monynnockocrs {z > 0};

kBagpanr {z,y > 0};



SO AN R

10.
11.

yron {z >y > 0};
nosryorkpsarras nosoca {(x,y) 1y € [0,1)};
kBazpar 6e3 Tpéx cropon (u Beex BepmmH) {(2,y) : 0 < x < 1,0 <y < 1};

KBazpar 6e3 IByX CMeXHBIX CTOPOH (m Tpex BepmuH) {(z,y) : 0 < z <
Lo<y<1}k

KBazpar 6e3 cropons (n aApyx BeprmH) {(z,y):0 <2 <1,0<y <1}
kBazpar 6e3 omHoit BeprHbl {(2,y) : 0< 2 <1,0<y <lzy <1},
KpyT 6e3 ofanoit Tpannunoit Toukn {(z,y) : 2% +y? <1,y < 1};
noykpyr 6e3 amamerpa {(z,y) : 22 +y*> < 1,y > 0}

Kpyr 6e3 paauyca;

Cureyronue mwiockue Gpurypbl roMeoMOpPQHBL IPyTr APYry:

1. mmockocrs 6e3 Touku R? \ {zg};
2. OTKpBITBIT KPYT 6e3 Toukn {(z,y) : 0 < 2% +y? < 1};
3. xombio {(7,y) s a < 2% +y? < b};
4. mnockocrs 6e3 kpyra {(z,y) : 2% +y? > 1};
5. mmockocrb Ge3 keagpara R? \ I2
6. mmockoctb Ges orpeska R? \ [0, 1]
7. monosHenue R2 \ X, rae X ecrb oObeqMHEHUE HECKOJbKUX OTPE3KOB C
OOIIMM KOHIIOM;
8. monomuenue R? \ X, ryie X ecTb He3aMKHyTas KOHEHMHO3BEHHAs JIOMAHA
6e3 caMomepecedeHmit;
2.3 HenpepsbiBuble 0TOOparkeHus
ITackiakOB
1. 2.2. [TocTpouTsh HEmpepbIBHOE OTOOpaAKEHNE KAHTOPOBA MHOXKECTBA Ha, OT-
PE3O0K.
2. 2.3. Ilocrpours HenpepblBHOE OTOOpPAKEHUsI KAHTOPOBA MHOXKECTBA HA
KBaJIpAaT.
3. 1. Iocrostrroe orobpaxkenne f = const y 0 : X > Y |, mepeBozsimee BCE

upo- crparctBo X B rouky y 0 7Y . IIpoo6pas f 71 (U) 060ro oTKphITOro
muoxkectBa U 7 Y jubo mycr, mmbo pasen X.

10



10.

11.

12.

13.

14.

. 2. Ilpoexruposanue pr 1 : R 2 > R, crassuee B coorsercrsue rouke (x 1
,X 2) eé mepByI0 KOODIUHATY.

4. TIpon3BOJBHOMY TOTOJIOTUIECKOMY TTPOCTPAHCTBY X MOYKHO COIIOCTA-
BUTb €r0 IUCKPEeTHBIN ayOankar X d , T.e. IPOCTPAHCTBO HA TOM K€ MHO-
xkecrBe X, Hajle- JIBHHOE JUCKpeTHOl Tonosorueil (cm. m. 3.3). Torga Tox-
necrsenHoe orobpaxkenue id : X d > X mempepbIBHO.

Tomnosorus npocrpancrsa X d nopoxaaercs merpukoii npumepa 1.1.3 (x
7=y 7 xy) =1).

4.6. Ilpennoxenue (reopema o ciaoxHOil Gynkuuu). Eciau orobpazkenus f
: X >Ywug:Y > 7 HEenpepbIBHBI, TO HEMPEPHIBHA, U WX KOMIO3UINS & 7
f:X> 7.

4.1. Cnenyioume ycnosus Ha orobpazxkenue f : X > Y skBuBajieHTHBI: (&)
orobpaxkenue f — menpepbiBao; (d) agia so6oro mogmuoxkectsa B 7Y
semosaeno Cl(f 71 B) 7 £ 71 (CIB); (e) ans smo6oro nogmuoxecrsa B 7Y
Boiosinedo f 71 (IntB) 7 Int(f 71 B).

4.5. 4.5. TlpuBectu npuMep HENPEPHIBHOIO OHEKTUBHOrO oTobpaskenus f :
X > Y mpocrpancrs X u Y , He gsisionierocs romeomopdusmom. Moxkuo
g cautath X = Y 7

4.9. TTocrpoiite romeomopdusmsr: (a) [0,1] wa [a,b], a < b; (b) (0,1] Ha
[0,1); (c) (0,1) na R

4.10. JokaxkuTe, 9TO CJIELYIOIINE IIPOCTPAHCTBa roMeomopdubr: (a) R 2 ;
(b) (x,y) 7R 2:x7(0,1),y 7 (0,1); (¢c) (x,y) 7R 2:x? Ry > 0; (d) (x,y)
?TR2:x2+y2<1;(e)(xy)?7R2:x>0y>0;(f) (x,y) 7R 2: |x]
+y2>x(g) (xy2) TR3:x2+y2+22=1 (0,0,1) (cdepa S 2 6e3

TOUKM).

3BEHHas JIOMaHasi Ha TIOCKOCTH ToMeoMopdHa orpe3ky [0,1]. JokaxnTe,
910 44 BCcAKasI 3aMKHYTast HeCaMOIIepeceKaloIasacs JoMaHas Ha TIJIOCKOCTH
romMeoMopd- Ha OKpyxkuHOCTH S 1 .

4.13. Jokaxute, 94TO CJeiyolue npocrpaucrsa romeomopdunr: (a) R 2
(0,0;( D) (x,y) 7R2:0<x24+y2<1;(c) (xy)7R2:x2+y2>1;
dR2 (x,y) 7R2:xy7[0,1]; (¢) R2 (x,y) 7 R2:x7]0,1],y = 0.

4.14. Tokaxkure, 4ro cdepa S n ¢ BRIKUHYTONW TOYKOH romeomopdua R
n,n ? N. 4.15. Jokaxure, uro kBagpar (x,y) ? R 2 : x 7 [0,1],y ? [0,1]
romeomop- den kpyry (x,y) 2 R 2:x 2+ y 27? 1. 4.16. [Tokaxkure, 4T0
R2 ?xk:k =1,.,n (Bce rouku pasuunbl) romeo- mopbuo R 2 ?D k :
k =1,...n, rme D k — monapuo 1u3bioHKTHBIE 3aMKHYThIe Kpyru. 4.17. B
IAPOBOM CJIOE MIPOCBEPJINIIH [AIMHIPUIECKOE OTBEPCTHE, COEIMHSIO- IIIee
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4.12. JTokazkuTe, 9TO BCsAKas HE3AMKHYTas HECAMOIIEPECEKAIOAICT KOHETHO-



rpauugnbie cdepbl. JloKaxKuTe, 9T0 OCTABIIAACI YACTh TOMEOMOPQHA 1a-
py B mpocrpanctse. 4.18. Jlokazkure, 9TO TPOCTpaHcTBa Z, Q u R monapuo
HE TOMEOMOPQHBDI.

2.4 KOHCTPpYKINN TONOJOTMYECKUX MPOCTPAHCTB.
2.5 AKcuomsbl OTAEJINUMOCTH

2.6 KomMmnakTHbIe IPOCTPAHCTBA

2.7 Teopus romoronumii

2.8 Teopusa romoJormii
3 CobcTBeHHO, caMa IIporpaMMa

3.1 43pIKk Teopuu MHOXKECTB.

1. MuoxectBo. [logmuoxkectso. ITycroe muo)kecTBO. O1HO3IEMEHTHOE MHO-
JKECTBO.

2. Teopernko MHO>XkecTBeHHBbIe omnepamun. Oobeannenne. Ilepeceuenne.
Paznocth. Henepecekailorinecss MHOXKECTBA.

3. CooTHoulenust ornepanuii ¢ MEHO>X)KecTBamu. KomMyTaruBHOCTh. Acco-
UATHBHOCTD. IucTpuOyTUBHOCTD TepecedeHns OTHOCUTEIHHO O0beIIHe-
aus. JJuctpubyTHBHOCTL 00beIMHEHNsT OTHOCUTEIBHO Iepecedenus. /IBoii-
CTBEHHOCTH OOLeINHEHNs U Tiepecedenus (3akoubl ae Moprama).

4. Orobpakenuss muoXKecTB. O01acTh onpenenenns oroopaskernus. O6-
JIaCTh 3HaUeHn oToOparkenus. Tox mecTBenHoe oTodbpaskernne. Ob6pas mos-
muOxKecTBa. [Ipoobdpas nogmuoxkectsa. [Ipoobpas smemenTa. Cyxenus 0T00-
pazkeHuii.

5. Kommosumus otobpakeHuii. abektushoe orobpakenue. Croopbek-
TuBHOE oTobpazkenne. Bzanmuo onposznadHoe orobpaxkenue. O6parHoe 0oTob-
paxkenue.

PapHOMOIIIHBIE MHOYKECTBA.

6. Koucrpykmunm muoXecTB. Hecssiznoe obbeannenne. Kareropuoe cBoii-
CTBO yHUMBEpPCAIbHOCTHU. /lekapToBO mpou3seaenne. KoopauHaTh! 1eKapTo-
Ba mpom3BeieHus. J[eKapTOBO MPOU3BEIEHUs CEMEICTBA MHOXKECTB. Bek-
TopHOe mpocTpancTBo R™ Kak mekapToBo mpousseaenne. I'paduk orodpa-
xKennsg. PakTOp MHOKECTBO.

7. MommHocTh MHOXKecTBa. Pagaomorubie maokecrsa. Teopema Kanropa-
Bepuinreitna o pasHomornabix MHOXKecTBax. Tepema Kanropa o mowHocTH
MHOXKECTBA, BCEX TTOIMHOXKECTB.

12



10.

3.2

10.
11.
12.
13.

14.
15.

VYroopsmodeHHbIe MHOXKeCTBA. JacTUYHO yHOPsHI0YEHHOE MHOXKECTBO.
JIuneiino ynopsgaouerHoe MHOKecTBO. Hampasennoe maokecTBo. Hampas-
seaHOCTh. [locie10BATETFHOCTD 3/1eMEHTOB. JaCcTUYIHBIH MTOPSTIOK HA apud-
MerugeckoMm npocrpancrBe R™. Kondwunansaocts. IlognampaBieHHOCT.
IToamnocsienoBareIbHOCTD.

ITIpsamoii m obparubiii npeaenst. [Ipsmoit u 0OpaTHBIN CIIEKTPHI MHO-
JKECTB.

Bnoane ymnopsizjogueHHble MHOXecTBa. Teopema llepmeno o mosHoit
YIOPSIIOYeHHOCTH! J1I000r0 MHOXKecTBa. KoHeudHble, cCYeTHbIE 1 HECUETHBIE
MHOKecTBa. Kap/inHaibHble U TOPSIKOBbIE YUCJIA.

MeTrpuyeckue m TOMOJIOTUYECKNE TTPOCTPAHCTBA.

Tomostoruyeckue mpocrpancrBa. Tonosorun. CpaBHEHUE TOMOJJIOTHH.
OTkpbiThie MHOXKECTBa. [Ipocreiiiiine npuMepbl. 3aMKHYThIE MHOKECTBA.
OKBUBAJIEHTHOE ONPE/IETEHUE TOIOJIOTUH.

Baza orkpseiThix mHOXKecTB. IIpenbasa.

3ambIKaHWe U BHYTPEHHOCTH HOAMHOXKecTBa. OKPEeCTHOCTh TOYKHU.
Toukn mpukocHOBeHUsT. BHyTpeHHMe, BHEITHIE, TPAHUIHBIE, MTPEIeTbHbBIE,
W30JIMPOBAHHBIE TOYKH TIOIMHOYKECTBA.

ITommpocTpaHcTBa.

Mertpudeckue mpoctpancTsa. [Ilaposas okpectHOCTH. OTKPBITOCTH ITa-
POBO#T OKPECTHOCTH. DBKIIHIOBO IPOCTPAHCTBO.

BemnecrBennasi npsimas. llarepsaj. CTpyKTypa OTKPBITOrO MHOKECTBA
ua mpamoit. Orpesok. IIpocTpaHCTBO palMoOHATBHBIX ducesn. KaHTOPOBO
COBEPIIIEHHOE MHOXKECTBO.

Tormosiorust Ha yIHOPAJOYEHHBIX MHOXECTBAX
HenpepbIBHOCTE 0TOOpaKeHNsA B TOYKE

Ilpenen oro6pakeuns mo Kormm.

Cx0auMOCTD IO HAIPABJIEHHOMY MHOXKECTBY.
EurcTBenHOCTS IIpEsea HAIPABIEHHOCTH.

IIpemes oTobparkenus B npeaejabHOM Touke 1Mo [eiine.

IIpenen orobpaxkenusi B mpenenbHoil Touke 1o leiine st MeTpUIeCKAX
MTPOCTPAHCTB.

HenpepsiBaocTs mo Komm u mo Ieiine.

CaBolicTBa HellpEPBIBHBIX OTOOpaXkeHUii.
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16.
17.

3.3

A

(A) Komuosuuus HeupepbiBHbIX 0TOOpaXKeHuUil.
(B) Cy:keHue HerpepbIBHOIO OTOOPAXKEHUS.
(©)
(

C

D) Bamknyrocrb rpaduka HEIPepbIBHOIO 0TOOPAKEHUs.

HempepbiBHOCTH 00beIUHEHNST OTOOPayKEeHHIA.

KpuBas Ileano.

T'omeomopdusmbI.

IIpumepbl romeoMOpdHBIX 1 HEroMeoMOpP(HBIX IIPO-
CTPAHCTB. 3amadmn:

. Koneunsre Tomosiornueckue TPOCTPAHCTBA B ,ZLI/ICerTHOI./'I TOMOJIOTUUN TO-

MeOMOPQHBI, €CJIM OHU PABHOMOIIIHBI.

. OTpe3kH BelecTBEeHHBIX YHCE [a, b] ToMeOMOPMhHBI IPYT APYTY JJisd pa3-

JIMYHBIX 3HAYEHUH ducesa a < b.

Nurepsasbl BemecTBeHHbIX yuces (a,b) romeoMopdHbl APYr APYry s
Pa3IMYHBIX 3HAYEHU dncen a < b.

. HonyunrepBasubt Beuecrennbix uucedn (a,b] u [a,b) romeomopdubl apyr

APYTY i PA3JIMYHbIX 3HAadeHuil yuces a < b.
[e]
OrxpoiTeiit auck D™ B eBkmmoBOM npocTpancTse R™ romeomopden R”™.

Otkporrsiit ky6 I"= []} (0, 1) B eBkImI0BOM mpocTpancTee R™ romeomop-
den R™.

Bamknyrsiit ky6 I" = []7[0,1] B eBkmmaosom npocrpancrse R™ romeo-
MopdeH 3aMKHyTOMY aucKy D,

Cuenyrorue miockue purypbl romeoMopdHBI APYT APYTY:

1.

.—~
e

© % N o ok w Db

BCA TLIOCKOCTh R? |
OTKDPBITBIN KBa/IpaT;
OTKpLITas moaymirockoets CT;
OTKPBITBIA KPYT;

OTKPBITBIN IPAMOYTOIbHUK;
OTKPBITHIN KBaJIPAHT;
OTKPBITBIA yTroJ;

OTKPBITBIN MOJIYKPYT;
OTKPBITBII CEKTOP;

IJIOCKOCTD € BbIpe3aHHbIM JiydoM {y = 0,2 > 0};

14



Cnenyromme niockue durypbl romeoMopdHBI APYT APYTY:

1

2.

10.
11.

. Honymmockocrs {x > 0};

kBagpanr {z,y > 0};

yron {z >y > 0};

nosyorkpbitas nonoca {(x,y) : y € [0,1)};

KBazpar 6e3 Tpéx cropon (u Beex BepumnH) {(x,y) : 0 < x < 1,0 <y < 1};

KBazpar 0e3 IBYX CMEKHBIX CTOpOH (m Tpex BepmmH) {(z,y) : 0 < z <
1,0<y <1}

kBazpar 6e3 cropons! (1 aAByx Beprmh) {(z,y):0 <2 <1,0<y < 1};
kBazpar 6e3 omuoit BepumHbl {(2,y) :0< 2 <1,0<y <lzy < 1};
Kpyr 6e3 onoil rpannunoit Touku {(z,y) : 2% +y? <1,y < 1};
nosykpyr 6e3 auamerpa {(z,y) : 22 +y*> < 1,y > 0}

Kpyr 0e3 paamyca;

Cuenyromme niockue purypbl romeoMopdHbI APYT APYTY:

1.

N ook @

mrockocTh 6e3 Touxu R? \ {z0};

OTKPBITHI KPYT 6e3 Toukn {(z,y) : 0 < 2% +y? < 1};
kombro {(7,9) 1 a < 22 + y? < b};

mrockocTh 6e3 kpyra {(z,y) : 2% +y? > 1};
ITOCKOCTh 6e3 KBaspaTa R? \ 12

mrockocTs 6e3 orpeska R\ [0, 1]

nonosHenue R2 \ X, rue X ecrb oObequHEHUE HECKOJbKUX OTPE3KOB C
OOIIUM KOHIIOM;

nononnerne R?\ X, rae X ecrb He3aMKHyTas KOHEYHO3BEHHAS JTOMAHAs
6e3 caMOoTepeceveHnii;

15



CsoiicTBa IIPUMEpPOB TOIIOJIOTUYE€CKHUX IIPOCTPAaHCTB:

1.
2.

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.
20.
21.
22.

CTpyKTypa OTKPBITOIO MHOXKECTBA, HA MPAMOIA.
OTKPBITOCTH MIAPOBOl OKPECTHOCTH.
Cuernas 6a3a MOAMHOXKECTBE €BKJIUIOBOIO TPOCTPAHCTBA.

[L1oTHOCTH MOAMHOXKECTBA PAITMOHAJIBHBIX YHCEJI Ha BEIeCTBEHHOH Mps-
MOIi.

HenpepbIBHOCTS KOMIIO3UIME HETPEPBIBHBIX OTOOPaKEHM’IA.
HemnpepbIBHOCTD Cy2KeHUsT HETIPEPBIBHOIO OTOODAXKEHHS.
HenpepbIBHOCTH 00beJHHEH ST HEITPEPBIBHBIX 0TOOPAYKEHMIA.
OKBHUBAJIEHTHOCTH OIpeaeseHunit HempepoisHOCcTH TI0 Komum u mo Teiine.
TomeoMophHOCTL MHTEPBAJIOB PA3IUIHON IJIUHDI.

TomeoMOpdHOCTH OTKPBHITOTO ANCKA W €BKJINIOBOTO MPOCTPAHCTBA.
TomeoMopdHOCTH OTKPBITOrO AUCKA, W OTKPBITOTO KyOa.
TomeomopdHOCTH 3aMKHYTOTO IWCKA U 3aMKHYTOTO KyOa.

TComeomopduocTs mtockocTu 6e3 Toukn R? \ {zg} u orkpbiToro kpyra 6e3
rouku {(z,y):0 < 2? +y? <1}

TomeoMopdHOCTE AByMepHOTO Topa T? 1 JeKapTOBOTO IPOM3BEACHIA OKPY K-
nocreit ST x St.

TomeomopdHOCTH IPYTIIIBI TPEXMEPHBIX CIEIHATBHBIX OPTOTOHAIHHBIX MAT-
pur; SO(3) u TpPeXMEepHOro BELIECTBEHHOIO MPOEKTUBHOIO [IPOCTPAHCTBA

RPs.

Bropas akcuoma cuyernocru. CenapabesibHOCTh HPOCTPAHCTBA CO BTOPOI
AKCMOMOM CYETHOCTH.

Teopema YpbICOHA O METPU3YEMOCTH HOPMAJIHLHOTO TTPOCTPAHCTBA CO BTO-
poii aKCUOMOI CHETHOCTH.

KoMmakTHbIE TOMOJIOrHYEeCKHe TPOCTPAHCTBA. HempephIBHbBIH 00pa3 KOM-
MaKTHOTO TTPOCTPAHCTBO.

KoMmmakTHOCTh 3aMKHYTOTO TIOJAMHOYKECTBA KOMIIAKTHOTO MMPOCTPAHCTBA.
Kpurepuit KOMIaKTHOCTH TOIMHOXKECTBA, €BKJINI0BA IPOCTpAHCTBa, R™.
HopwmanbsaocTh XaycmopdoBa KOMIAKTHOTO TPOCTPAHCTBA.

KomnakrraocTh JEKaPTOBOI'O IMPOU3BEICHUA KOMITAKTHBIX IIPOCTPAHCTB.
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3.4

e
= O Otk W N = O

© ® N o ok w b

T = S
RS

e N A o

KoucTpyKiium TOIOJIOTMYECKNX ITPOCTPAHCTB.
HecBsa3Hoe o6beuneHne.
JlekapToBOo mpousBegeHUeE.
JleKkapTOBO IPOU3BEIEHUE YBKIUIOBBIX TPOCTPAHCTB.
CxoauMOCTh B JIEKAPTOBBIX IPOU3BEICHUSIX.
I'pacduk HenpepbIBHOTO 0TOGparkeHUs .
3aMKHYTOCTH rpaduKa HETPEPHIBHOTO OTOODAXKEHUSI.
TuxoHOBCKOEe MpoU3BegeHUE.
XaycmopdoBOCTh TUXOHOBCKOTO IIPOU3BE/ICHUS.
DakTOp TOMOJIOTHS.

BerrecTBerHOE TTPOEKTUBHOE TTPOCTPAHCTRO.

. Jlenra Mebuyca.

. Top.

. Byreuika Kneitra.

. Konycor u mumunapsr oToOpazkeHunii.
. Hagcrpoiika.

AKkcuoMbI OTZI€IMMOCTH.

TQ,Tl,TQ,Tg,T4. HOpMaHbHOCTb (Tl + T4)

AkcuomMbI OTI€IMMOCTH B METPUYECKUX MPOCTPAHCTBAX.
Bcakoe meTpudeckoe mMpoCcTPpaHCTBO HOPMAJIHHO.

JlemMma YpbicoHa, TeopeMa Turia, pasoueHue eJIUHUIIBI.
Bropag akcmoma cYeTHOCTH.

XaycmopdoBOCTh THXOHOBCKOTO TTPOU3BEIEHUS .
XaycaopdoBOCTh METPUIECKOTO TPOCTPAHCTBA.

HopmanbHOCTH METPHUIECKOTO MPOCTPAHCTBA.

Jlemma Y poicona.

. Teopema Turre.

. Pazbuenne enuHUIIbBL.
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3.5

10.
11.
12.

13.

14.
15.
16.

17.
18.
19.
20.
21.

Teopus romoTonuii.

Yro rakoe kareropusd.llpumepsr kareropwuii, GpyHKTOP, rOMOTOIHYE-
ckuit pyakTop. Kareropus roMoTONMUYIECKIX THUIIOB.

ITynkTupoBaHHbIe IpocTpaHcTBa. Kareropus: myHKTHPOBAHHBIX MPO-
crpancTB. Mopdu3Mbl IyHKTHPOBAHHBIX MIPOCTPAHCTB.

ITaps! TOmoMOTMYECKUX NPOCTPAHCTB. TDOiKM, n—a/pbl.

Perpaxkmusa. Perpakr, medopmanuonnas peTpaknus, 1edpopMaIinoHHbIi
perpakr. CraruBaemoctb. OKPECTHOCTHBIN PETPAKT.

ITapa Bopcyxka.(Ilocruukos, crp.83; Kierounsie npocrpancrsa.crp.15)

®ynmamenTadbHas rpynna. 7 (St). [lepemena ormedennoit roukn. Oyn-
JlAMeHTaJIbHAs IPYIIA JeKapToBOro mnpoussegenus. Teopema Ban Kamiie-
Ha.

Tomoromus HempepbIBHOTO 0TOOparkeHnwusi. KaTeropube CBOWCTBA TOMOTO-
AN

TomoTonmmieckasi SKBUBAJIEHTHOCTD TOMOJIOTHYIECKUX TTpocTpaHcTB. Kare-
TOpPHBIE CBONCTBA.

CraruBaeMoCTh €BKJIMIOBOrO MPOCTPAHCTBA.
Perpakuus, nedopManuonnas perpakiius.
ToMoToTYIeCcKas SKBUBAJIEHTHOCTH OKpyzHocTH n R? \ {0}.

Fomoromnmyeckas IKBUBAJIEHTHOCTH OJHOMEPHOTO rpada u OyKera OKpy K-
HOCTEI.

Axcroma 0 POIOIIKEHUH TOMOTOINNH, €€ SKBUBAIEHTHAsT (DOPMYTHPOBKA
B BUJIe PeTPaKIIUH.

DakTOPIPOCTPAHCTBO IO CTATHBAEMOMY ITOJIMHOXKECTBY.
Hakpbitus. AkcromMa 0 HaKPBIBAIOIIEH TOMOTOIUH.

OyHmaMeHTAIbHAS TPYIINA Iy HKTHPOBAHHOI'O TOMOJIOTUIECKOI0 IPOCTPAH-
crBa. KoppekrHOoCTh Onpesesienns IrpynmoBoil CIPYKTYPBbI.

OyukTopuaabHble CBOHCTBA (DyHIAMEHTAIbHBIX IPYIILL.

[Tosenenune dynaamenTaabHO# IPYIIBL IPU [IEPEMEHE OTMEYEHHON TOYKH.
CBsa3b QyHIAMEHTATIBHBIX TPYII IPOCTPAHCTBA W €r0 HAKPBITHUS.
VYHuBepcajabHOE HAKPHITHE OKPY2KHOCTH.

Borauciienne dbysmaMenTaabHOM IPYIIIBI OKPY2KHOCTH.
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22.
23.
24.
25.
26.

27.

3.6

DyHaMeHTAIbHAS IPYIIIA JEKAPTOBOIO IIPOU3BEIEHUS [IPOCTPAHCTB.
Teopema Ban Kammena.

[Mocrpoenue yHUBEPCATBHOIO HAKPBITHS.

[Mocrpoenne HakpbiTHs 110 nOArpyIine HyHIAMEHTAIBHON I'PYIIIIbL.

Teopema Hunbcena-IlIpaitepa o cBOOOAHOCTH MOATPYIIILI CBOOOIHOM TPYII-
B

CBobo/tble TOMOTOMIH 3AMKHYTBIX TIyTel U UX CBsI3b ¢ (DyHIaMEeHTATHHON
TPYMIIONA.

Teopus romoJsiormii.

. Tomoronmyeckoe mOKa3aTEIHCTBO OCHOBHON TEOPEMBI aareOphl 0 KOPHSX

KOMILJIEKCHOI'O MHOTOYJIEHA.
Teopema 06 OTCYTCTBUH PETPAKIIUU IBYMEPHOTO JIUCKA HA OKPYKHOCTb.
Teopema Bpayspa o HEnoaBUKHOIT TOUKe.

Teopema o0 MpUYIECHIBAHUN €KA.

Criucok aurepaTyphbl

1]

2]

[3]
[4]
[5]

Anekcangpos N.C. Beedenue 6 meopuro MHostcecms u 06uLy1o monosozuso,
"Hayka Mocksa, 1977

Muwenko A.C., Conosbes HO.T., ®omenko A.T. Choprux 3aday no dugdpe-
penyuasbroli 2eomempuu u monoao2uu, Mocksa, 2000

0.4.Bupo n gp. daemenmapnas monosozus,
Allen Hatcher, Algebraic Topology, 2000.

Mocthukos, M.M. Jlekyuu mno anzebpauveckoli mononozuu. Ocho-
vt meopuu 2omomonut, M., «Hayka», I'maBmasg pemaknmsa ¢u3uko-
MaTeMaTuIecKo# uTepaTypbl, 1984.

19



