TOIIOJIOI'N -1
JINCTOYEK 6: TOMOTOIINN

JIEKTOP: I'. C. YEPHBIX

1. a) Jokaxkure, 9ro ecian fi >~ fo, 10 frog >~ faogu ho f; >~ ho fy musa mobbIx
g u h. B gactHoctu, orobpaxkenue f: X — Y KOPpPEeKTHO WHIYIHUPYET OTOOPAZKEHUSI
J7:12.X] = [2.Y) n f3: X, Z) = [V, Z).

6) Jlokaxkure, 9T0 ecaum X CTArUBaeMo, TO Jitoboe otobpazxkenue pt — X sBIISeTCs
TOMOTOINYIECKON 9KBUBAJIETHOCTDHIO.

B) Jlokazkure, 4TO aHTUMCKPETHOE MTPOCTPAHCTBO Beerja crsarubaemo. Kora crs-
rUBaeMO JUCKPETHOE TPOCTPAHCTBO?

r) Jlokazkure, 9TO TPOCTPAHCTBO X CTATUBAEMO TOLJA U TOJBKO TOTJA, KOIJIA It
Jioboro mpocrpancTBa Y Bce otoOpaxkenus Y — X romotomnubl. B wactHocTH, craru-
BaeMble [IPOCTPAHCTBA JIMHEHHO CBI3HBI.

Jlokaxkure, 9TO JTUHEHHO CBI3HOE IIPOCTPAHCTBO X CTATHMBAEMO TOTJA U TOJIBKO TO-
I71a, KOrJIa Jijisd JII0OOr0 JIMHEIHO CBA3HOTO MPOCTPaHCcTBa Y Bce oroOpaxKenud X — Y
TOMOTOIIHBI.

) Jokaxure, aro orobpazkenue f: X — Y sBisiercss TOMOTONMYECKON IKBHBa-
JIEHTHOCTBIO < Ji1st Jioboro Z orobpaxkenue fZ: [Z, X| — [Z,Y] asnaerca Guexknueii.
Awnastorndno i1t oTroOpazkeHuit f.

2. a) [MoxmuokectBo X C R™ HasbiBaeTcs 36€30HvLM, €CIM B HEM CYIIECTBYET TOYKA
x € X, Takast 4ro Jyisi Jio6oil jpyroii Touku y € X Bech 0oTpe3ok [z, y| jexur B X.
JlokaxkuTe, 9TO 3BE3HBIE TTOJMHOKECTBA CTATUBAECMBI.

6) Jlokaxkwure, uro eciu jyis aByx orobpakenwii f: X — R" — {0} u g: X — R”
Beinosineno | f(x)| > |g(z)| (mas Bcex © € X)), o orobpaxkenus f u f+g: X — R"—{0}
TOMOTOITHBI.

B) Jlokaxkure, 4To Jit00bIe JBa orobpaxkenus f,g: X — S™, takue uro f(z) # —g(x)
(st Becex @ € X), TOMOTOIHBIL.

B wacrHOCTH, ecim oToOpaxkenue f: S™ — S" He mMeET HENOJBUKHBIX TOUYEK, TO
ecthb, f(x) # =, TO OHO TOMOTOITHO AHTHIIOJAILHON CUMMETPUY T —> —I.

r) Jlokaxkure, 4To eciu Ha cdepe S™ CyIIeCTBYeT HEHyJIEBOe HEIPEPbIBHOE Kaca-
TeJIbHOE BEKTOPHOE ITI0JIe, TO TOXKIECTBeHHOe orobpaxkenue id: S™ — S™ romMoTorHo
AHTUIIOIAJIBHON CHMMETPUH.

1) Hokaxwure, aro mo6oe orobpazkernune S™ — S™ rOMOTOITHO OTOOPaKEHUIO, HMEIO-
meMy (XoTst OBl OJIHY ) HEMOJBUKHYIO TOUKY.

3. a) Jlokaxkure, 1To orobpazkenne daxkropuzamnuu p: (X, A) — (X /A, %) unaymupyer
ouekmio p*: [(X/A, %), (Y,y)] = [(X, A), (Y, y)].
6) /lokaxkure, 9TO KOMIIO3MIMS C MPOEKIMIMU 33aéT €CTeCTBEHHYI0 OUEKIUIO

(X, A), (TTYao TT Ba)] = TII(X, A), (Ya, Ba)l-

4. Jlna npoctpancrBa X ero n-otl cummempureckoli cmenenvro Ha3bIBaeTCs HaKTOP-
IIPOCTPAHCTBO
Sym"(X) = (X x ... x X)/S,
n pa3
JIEKAPTOBOIN CTENEHU TI0 JIEHCTBUI0 CUMMETPUYIECKON TPYIIIBL S, MEPECTABIAIONIEMY
COMHOXKHUTEJIH, TO €CTh, (Z1,...,%n) ~ (To(1),- .., To(m)). JoKazKuTe, 9TO



a) Sym"(C) = C™;
6) Sym™(CP') = CP™,
B) Sym?

(S') = M — nenra MéGuyca;
r) Sym™(S') ~ St

S

5. Hasee nox aeopMalmOHHBIMI PETPAKTaMU IOIPa3yMeBaIOTCsI BCETIa cmpo2ue JIe-
bopmarmoHHble peTpaKkThl (T.€. TOMOTOINS HEMOBIKHA HA PETPAKTE).

Jlokaxkure, 9T0

a)ect A C X u B CY — nmebopmarmonubie perpakTsl, 10 A X B C X XY —
TOXKe JIe(DOPMAITMOHHBIN PETPAKT;

6) JIOIOJTHEHNE JI0 TOYKU B JIFOOOH MOBEPXHOCTH JehOPMAIIIOHHO PETPArupyeTcst Ha
oyker okpyzkHOCTel. CKOBKO OKPYZKHOCTEl B OyKere?

B) JIONOJIHEHIE JIO TOYKH B IIPOEKTUBHOM IpocTpancTse RP™ — {x} nedopmarmonso
perparupyerca RP" 1. To xe pra CP".

r) ecsim X — n-MepHOE KJIeTOUHOe NpocTpaHcTBo u A C X — IOJMHOXKECTBO COJIep-
JKaleecss B 00beIMHEHNN OTKPBITHIX KJIETOK cTaplieil cremenn X, IPUIEM B KaxKJIOi
TaKOIl KJIeTKe el JIeJKUT He Oostee o/iHoit Toukn n3 A, 1o X — A nedopmarimonto perpa-
rupyercsa Ha X — |J el — momnosHeHne 0 TeX OTKPBITBIX KJIETOK, KOTOPBIE COJIEPXKAT
TOYKM U3 A;

) s ecrecTBeHHbIX BiokeHHit X = X %Y YV — X%« Y u X XY — X %Y
TOAIIPOCTPAHCTBO X siBJsieTcd JeOpPMaIlOHHBIM PeTPaKTOM JomojHeHus X x Y — Y,
a X x Y — nedopmarmonsabiv perpakroM jonosaenns X « Y — (X UY). To xke s
XxY;

e) JonosiHenye Jio (cTanjapTHO BiIoxKeHHOM) ccepbl S* C S™ roMoTonMyYecKn SKBU-
BajienTHO S™ R

8) nonosHenue 10 (CTaHIapTHO BJIOYKEHHOTro) mommpocrpancTsa R” — R romoromnm-
JecKn sKBHBajeHTHO SR

>K) Jono/HeHne J10 (CTaH apTHO BJIOYKEHHOTo) nojnpocTpancTsa RP™ — RP¥ romo-
TONIMYECKH SKBUBajeHTHO R P F1:

3) ponosaerne R™ — {xy,..., x4} 10 k TOYEK TOMOTOIMYECKH SKBUBAJIEHTHO OYKeTY
k
\/ S" ! us k cep;
=1
Z u) jgonosnenue R™ — L0, . 0.} 1o k npambix, npoxogamumx depes 0, TOMOTOIH-
2%—1
JecKM 3KBHBaJIeHTHO Oykery \/ S
=1
K) nosinoropue S x D? 6es l;HYTpeHHefI touku p € Stx D?— St x 9D? romoTonuueckn
SKBUBaJIEHTHO OykeTy S2 V St

J1) JIoNoJIHeHue JIo 3aneryienns Xorda B S? rOMOTONNYECKH SKBUBAJEHTHO TOPY

St x St

M) JomnosiHeHue 110 3anemienus Xomdga B R® roMmoTonnueckn sKBUBaJIeHTHO OyKeTy
S?v St x St

H) JIONOJIHEHHUE JIO JIBYX He3allellJIeHHbIX OKPYXKHOCTeil B S® roMoTonuieckn sKBu-
BajieTHo Oykery S?V StV St



0) JIONOJIHEHNE JI0 JBYX He3allelJIeHHBIX OKpyzKHOCTell B R® roMoronuveckn sxBu-
BajieTHo Ooykery S?V S? Vv Stv St

n) jionosiHenue 1o (cTanjapTHo BioxkenHoit) chepbl S¥ C R™ romoTonndecku sKBu-
BasieHTHO Oykery S"~ 1V Snh-l

p) rpyuna GL,(R) nedopmanuonno perparupyercs Ha noarpytny O(n), a rpymima
GL,(C) — na nmoarpymy U(n).

¢) YeMy roMOTONNIECKN IKUBAJIEHTHO JONOJTHEHUE JIO JIBYX CKPEIIUBAIONIUXCS TIPSsi-
MbIx B R3? A fonosmenue 10 ABYX HepeceKalomuxcs 10 OHOH TOYKe JBYMEPHBIX ILIOC-
Kocteit B R4?

6. a) /lokaxure, 9TO PETPAKT CTATHBACMOIO IMPOCTPAHCTBA, SBJISIETCS CTATHBACMBIM.
Bepno ju, uTo 1mpu J11000M HelpepbIBHOM 0TOOpaKeHNH 00pa3 CTATIBAeMOTro IIPOCTPaH-
crBa cTsaruBaeM’! BepHo ju, 9To eciim mpocTpaHcTBO X peTparupyercs Ha CTITHBaeMOe
norpoctpancTBo A C X, To X camo cTaruBaeMo?

6) IIposepbre, uro ciaaraembie X u Y siBisiorcs perpaktamu Oykera X VY.

B) [okaxmure, 4ro s xaycaopdoBa IPOCTPAHCTBA JIFOOOI €ro peTpakT sSBJISeTCsI
3aMKHYTBIM.

r) Hokaxure, uro eciu A C X gasisercst perpaktom X u jioboe orobpazkenue X
B cebsl MMeeT HeIOoJBHXKHbIe TOYKM, TO M J0boe orobparkenne A B cebs mMeer HeIo-
JIBUKHBIE TOUKH.

1) Hokaxure, aro Job6oe orobpazkenune Oykera X V Y B cebs nMeeT HEMOIBUK-
HbIe TOYKH TOIJIa U TOJIbKO TOTJIa, KOorja Jitobble oToOpazkennss X u Y B cebd MMEIOT
HEITOIBUYKHBIE TOUKH.

e) CymiecTByer Ji HepepbIBHOE 0TOOpasKeHne OTKPBITOro Imapa B cebs 6e3 Hero-
JIBUKHBIX TOYEK !

é) okaxkure, 4TO KOHEUHBIE JiepeBbsi (CBsA3HbIE rpadbl 6€3 MUKJIOB) He JOMYCKAIOT
HEIIPEPBIBHOTO OTOOPaXKeHus B ce0st 0e3 HEIOABUKHBIX TOUYeK. MOXKHO JIH 3/1eCh yOpaTh
YCJIOBHSI CBSI3HOCTU WJIN OTCYTCTBUSI ITUKJIOB?

7. Hopmasbaoe mpocTpancTBO X HA3BIBACTCH AOCOAOMHBIM PEMPAKIMOM, ECJTU OHO B~
JISIETCS PETPAKTOM JII0O0I0 HOPMAJIHLHOTO IIPOCTPAHCTBA, B KOTOPOE OHO BKJIA/IHIBAETCS
B Ka4deCTBE 3aMKHYTOI'O ITIOJIIPOCTPaHCTBA.

Hopwmasbaoe mpoctpancTBo X HA3BIBACTCA GOCOMOMHBIM OKPECTHOCTNHBIM PEMPAK-
MOM, €CJIN OHO SBJIAETCA PETPAKTOM HEKOTOPOH CBOEWl OKPECTHOCTU B JIIOOOM HOD-
MaJIbHOM IIPOCTPaHCTBE, B KOTOPOE OHO BKJIaAbIBACTCA B KadeCTBE€ 3aMKHYTOI'O IIO/-
[IPOCTPAHCTBA.

a) Jlokaxkure, 4TO HOPMAJIbHOE IPOCTPAHCTBO X ABJIAETCS AOCOTIOTHBIM PDETPAKTOM
& st 1106010 HopMaJsbHOro Y, ero 3amkayToro A C Y u menpepsisaoro f: A — X
cymiecTByeT Inpojosikenne F: Y — X.

Takum obpaszom, Teopema Turie—Ypoicona o npooKennn (3aga4a 26 jucrouka 4)
PABHOCUJIBHA TOMY, 9TO OTPE30K U IPsSMAasi ABJISIOTCS aOCOFOTHBIMU PETPAKTAMU.

AHajlornaHo MpoBEpbTE, UTO HOPMAJIHHOE ITPOCTPAHCTBO X SBJISETCS abCOIOTHBIM
OKPECTHOCTHBIM PETPAKTOM <> JIJTsI JII0OOr0 HOpMaJbHOTO Y, ero 3amkHyTOoro A C Y
u uenpepoiaoro f: A — X cymectByer npomokenue F: U — X Ha HEKOTOPYIO
okpectHocTh U D A.

6) IIposepbre, 4TO MpOU3BEIEHIE AOCOTIOTHBIX PETPAKTOB SIBJISIETCH abCOIOTHBIM
peTrpakToM (ec/id 9TO MPOU3BEICHNE HOPMAJIBHO).

B uwactaoctu, R™ u I™ — abco/ifoTHBIE PETPAKTHI.

B) [IpoBepbre, uro ecm X — abcomoTHblii perpakT n X X I HOPMAJIBHO (HAIPUMED,
X merpusyemo), To X CTaruBaeMo.



r) IIpoBepbre, 9TO peTpakThl AGCOMIOTHBIX PETPAKTOB CAMU SIBJISIFOTCS aOCOTIOTHBI-
MU peTpakTaMu. AHAJOTUYIHO, PETPAKThI CBOMX OKPECTHOCTEN B aOCOIOTHBIX OKPECT-
HOCTHBIX PETpaKTax CaMU SIBJISIOTCS aOCOJIOTHBIME OKPECTHOCTHBIMU PETPAKTAMU.

B gactnoctu, namnpumep, cdepbl S” ABIAIOTCH aOCOTIOTHBIMU OKPECTHOCTHBIME De-
TpakTamu!

1) Ilycrs npoussenenne X X I HopMaiabHo (Hanpumep, X Merpusyemo). Pacemor-
puM 3aMKHyTOe mojaMHOkecTBO A C X, HempepbiBHoe otobpaxkenue f: X — C B
HEKOTOPBIN abCOTIOTHBI OKpecTHOCTHBIH perpakT C' u romorornmio F: A x [ — C 1.4.
F(a,0) = f(a). A

Jlokazkute, 4TO TOrJ/Ia CYIIECTBYET Ipojo/KeHue 31oit romoronuu F: X x [ — C

re. F(x,0) = f(z) u F(a,t) = F(a,t).

8. IIposepsre, uto ecan npocrpancTBo X craruBaemo, To C(Y, X) ~pt u C(X,Y) ~
Y.

9. a) JlokazkuTe, 9TO MPOCTPAHCTBO S™° CTATHBAEMO.

6) /s dukcupoBanHubix k < n paccMOTPUM MHOYKECTBO Vk(n) BCEX JIMHEHHO He3a-
BUCHMBIX HAOOPOB 13 k BeKTOPOB B 1poctpancTse R". Kpaitnue ciaydan: ‘N/l(n) =R"-0
u V,(n) = GL,(R) (Bexropsr 110 cronéuam). Scno, aro Vi(n) MOKHO OTOXKICCTBATE C
nojMHOKecTBoM Marput, Mat, ., (R) makcumanbraoro panra. [IpoBepbre, 9T0 510 OT-
KPBITOE IIOJIMHOXKeCcTBO. VHaynupyeM Ha Vk(n) tonojioruto ¢ Mat, i (R) = R™.

MBI IMeeM eCTeCTBEeHHBIC BJIOXKCHHS vk(n) — V (n+ 1), ormpasisiroriyue HAGOP BEK-
TOPOB V1, ...,V € R™ B TOT )Ke HAOOp vq,..., UV, HO pacCMaTpUBAEMBbIIl y2Ke B IIPO-
crpancree R™ npu ecrecrsennom Bioxkennu R™ < R™™! (niepeble n koopuHar).

Paccmorpiy obbeumere Vi, (co) = Uk Vi(n) ¢ Tomonorueit, mOpox AEHHOM BKIIIO-

wenmsnm Vi(n) < Vi (00) (Kak MHOKECTBO OHO COCTOMT U3 BCEX HAGOPOB U3 k JTHHEHO
HE3aBUCUMBIX BEKTOPOB B IIpocTpaHcTe R™).

JloKazKuTe, 9T0 MpocTpancTsa Vi(oo) crarmsacMbL.

B) OupejiesiM aHAJOIUIHO TIpocTpaHcTBa Vi(n), HO MCIOJb3Yys OPTOHOPMUPOBAH-
Hble HaGOPBI BEKTOPOB BMECTO JIMHEHHO HezapucuMbix. Hampumep: Vi(n) = S"1 u
Va(n) = O(n). Hokaxkure, aro npocrpatcrsa Vj(n) (118 KOHEIHBIX 1 < 00) KOMIIAKT-
HBI (B OTJIHYHE OT Vi (n), KOTOpbIe OTKPBITHI B IPOCTPAHCTBE MATPHIL).

Jlokazure, 4o nomupocrpanctsa Vi(n) C Vi(n) ssismores crpormvu gedopmarii-
OHHBIME peTpakTaMu (TyT y2Ke JUis BCeX n, BKJodag n = o0). B wacrrocru, Vi (0o)
TAKKe CTATMBAEMBIL.

DTH IPOCTPAHCTBA HA3BIBAIOTCS npocmpancmeamy LImudgdens.

10. a) I[IpuBennre npumep npocrpancTBa X U JIBYX TAKUX €r0 TOYEK X1 U Tg, 9TO {X1}
sBJisieTcst JieOpMannoHHbIM perpaktoM X, a {xe} — Her.

6) Ilpuseure nprMep CTATUBAEMOrO IIPOCTPAHCTBA, JIJIsi KOTOPOI'O HUKAKAs €ro TOY-
Ka He sBjsgercsa 1edOpMaIMOHHBIM PETPAKTOM.

11. a) IIpoeepsre, uto ecit A C X u B C A — xopaccyoenusi, To u B C X — Toxe.
6) Jdokaxure, uro ecom A C X — kopaccioenne, o u Y C X UyY — Kopacciioemnne
Jitst Jiioboro orobpazkenust f: A — Y.

12. a) Ilpusegure npumep mesamuyroro A C X, takoro uro A — X sBisercs
KOPACCJIOEHHIEM.

6) [IpuBeaure npumep 3amayTOro A C X, He 00J1a/IAI0IIET0 CBOHCTBOM IIPOIOJIZKE-
HUA I'OMOTOIINN.



13. a) IIposepere, uro orobpaxenne X — X X[, x +— (x,0) saBIgETCA KOPACCTIOCHUAEM,
a orobpaxenne X — C(I,X), x — const, sBisercs BlIoxKeHueM JehOPMaIHOHHOTO
peTpaxTa.

6) Jlokaxkure, uro jyisi ao6oro orobpaxkenus f: X — Y cymiecTByer Takoe Ipo-
crpancTBo Z, uro X C Z — KOpacCIOeHHEe W CyIIeCTByeT Takas JedOopMaloHHAas
perpaknus r: Z — Y, uro r|y = f.

14. Ilycrs orobpaxkenne i: A — X dopmaabHO 0018/ 16T CBOWCTBOM ITPOJIOIZKEHUS
rOMOTOINNMH, TO €CTh, s mo0bX f: X =Y n F: Ax I =Y ru. F(a,0) = f(i(a))
Ya € A cymecryer F: X x [ — Y nu. F(i(a),t) = F(a,t) u F(z,0) = f(x)).
JlokaknTe, 9TO TOT/A i ABJIACTCS BIOXKEHUEM, TO €CTh, KOPACCIOCHHIEM.

15. Jlokaxkure, uro HezapucuMo oT 3aMKHyTOCTH A C X Bnoxkenne A — X apisercs
KopaccoeHneM < cymecrByeT perpakimsa X X [ — X x OU A x [.

16. Haszosém nogamnpocrpanctso A C X 3amknymowm Gynkyuonaistolm 0Kpecmmocm-
HoLM 0ePOPMAUUOHHDIM PEMPAKIMOM, €CIIU CYIIECTBYET TaKas HellpepbIBHas (DYHKIIN
u: X — [0;1], aro A = u=*(0), u rakast romoronust H: X x I — X, uro H|xyo = idx,
Vtel Higxy =idgu H(V, x1) C A, tne V,, ={z € X | u(z) < 1}.

Eciu B KadecTBe 1 MOXKHO B3dTh Takyto dyHKImoO, 9ro u(r) < 1 mig Becex x € X
(to ectb, V,, = X u H(X x 1) C A), To MBI HOJIly4aeM MpoOcTo olpejenenue aedop-
MaIMOHHOTO PETPaKTa, TOJLKO 1pu yeaopur, uro A = u~1(0) ana kakoii-To dbynKImy.
HazoséMm Takyro cutyaruio 3amMrEHymvim GyHKUUOHAALHDIM 0ePOPMAUUOHHBIM PEMPAK-
MOM.

a) lokazxkure, aro ec;im A C X u B C Y — 3aMKHYyTbIe (DYHKIIHOHAJIBHBIE OKPECT-
HOCTHBIE JiehopMaImoHHbie peTpakThl, TOo © A X Y U X X B C X X Y — 3amMKHyTHIiI
bYHKIIMOHAIBHBIN OKPECTHOCTHBIN J1ehOpMAIMOHHBI PETPAKT, MPUIEM eCJIH XOTsT Obl
ommau3z A C X u B CY — 3aMKHYyTBIH DYHKIMOHAIBHBI 1e(DOPMAIMOHHBIN PETPAKT,
Ton AXYUX x B C X XY — 3aMKHYTBIIl (DYyHKITHOHATBHBIA J1eOPMAITOHHBII
pEeTpaKT.

6) /lokazkure, 4TO BKJIIOUEHNE 3aMKHYTOTrO MOJMHOXKecTBa A < X sIBJIsieTcsl Kopac-
cJIoeHneM <> A SBJIsIeTCst 3aMKHYTBIM (DYHKIITMOHAIBHBIM OKPECTHOCTHBIM J1ehopMaIii-
OHHBIM peTpakToM <> X X OUA X I C X X [ gBjsieTcst 3aMKHYTBIM (DYHKITNOHATHHBIM
J1ebOPMAITHOHHBIM PETPAKTOM.

B wacrroctn, ecin (X, A) u (Y, B) — 3amknyThle apsl Bopcyka, o (X X Y, A x
Y U X x B) — toxe 3aMKHyTas napa bopcyxka.

17. Ecmu ke nognpocrpanctBo A C X He 00sg3aTe/IbHO 3aMKHYTO, TO HA30BEM €0
PYHKYUOHAADHOM OKPECTVHOCTNHBIM OEPOPMAUUOHHDIM PEMPAKMOM, €CJIN CYIIECTBYET
Takast HenpepbiBHast dbynknusa u: X — [0;1], uto A C u™(0), u Takag romoronus
H: X x1— X,uaro H|xxo=1dx, Vt € I H|axy =1ids u H(z,t) € A ipu t > u(z).

a) Ilposepobre, uto eciu A C X sBisiercs GyHKINOHAIBHBIM OKPECTHOCTHBIM Jie-
dopMaIMOHHBIM PETPAKTOM, a TAKzKe ITPOCTO AePOPMAINOHHBIM PETPAKTOM, TO PYHK-
MO U B ONPEJIEICHUN BBIIIE MOYKHO BBIOpATh Tak, 4to u(xr) < 1 Vo € X.

6) Jokaxkure, urto ecyiu A C X u B C Y — byHKIMOHATBHbIE OKPECTHOCTHBIE
nedopmarmonibie perpakThl 1 A C X — 3aMKHyTOe HMOJAMHO)KecTBO, To A X Y U
X x B C X XY — QyHKIMOHAIBHBIIT OKPECTHOCTHBIN J1e(hOPMAIMOHHBIN PETPAKT,
npuaém ecan xora Obl omuH u3 A C X u B C Y — aedopMalimoHHBII peTPaKT, TO U
AXYUX x BC X xY — nedbopMallnoHHbIN PETPAKT.



B) [lokaxkure, aro BIokeHne A < X sBJIsETCS KOPACCIOCHUEM <> MOJMHOKECTBO
A C X aBngercst GpyHKIIMOHAIBHBIM OKPECTHOCTHBIM J1e(DOPMAIIMOHHBIM PETPAKTOM
< X X0UA X I C X x I asagercs nebopMaIlmoOHHBIM PETPAKTOM.

B uacrroctu, ecm (X, A) — mapa Bopcyka, a (Y, B) — 3amkHyTas napa Bopcyka,
o (X XY, A XY UX x B) — roxke napa Bopcyka. OTmernm, 910 9T0 HEBEPHO JIJIsi
JIBYX He3aMKHYTBHIX rmap Bopcykal

Brisesure, uto eciim A C X sBJIseTCs KOPACCIOCHHEM, TO U 3aMbikanme A C X —
TOXKE.

18. okaxwure, uro Biaoxenne X — C(I, X) u3 3amaan 13 a) aBIsgeTcs KOPacCJI0eHN-
eMm, ecian guaroHasib A C X x X gaBisgercs dyHKIMOHATBHO 3aMKHYTOH. Hampuwmep,
9TO TaK JIJIT METPUIECKUX IIPOCTPAHCTB.

19. a) Jokaxure, uro eciim A C X — KopaccioeHue, TO OTMedYeHHas TOYKa (hak-
ToprpocrpaHcTBa X /A siBjsieTcss HEBBIPDOXKJEHHON (TO €CTh, €6 BJIOKEHUE SIBJISIeTCsT
KopaccyoenueM). B gactHocTH, ecyim mpocTpaHcTBa X U Y MMEIOT HEBBIPOXKIEHHbIE
OTMeYeHHbIe TOYKH, TO mpocTpancTtBo X A Y — Toxe. Hampumep, 3T0 KacaeTcd mpH-
BEJIEHHOW HAJICTPOUKH g X .

6) [okaxure, uro ecsiu K — xayciopdos kommnakt, A C K — ero 3aMKHyTOe MOJI-
MHOKECTBO, & ITPOCTPAHCTBO X 00JiajlaeT HEBBIPOXKIEHHONH OTMEYeHHOU TOYKON X, TO
upoctpancTBo C((K, A), (X, x)) Takxke 061a/1aeT HEBBIPOXKICHHOT OTMEIEHHON TOIKOM
const,. B 1acTrHOCTH, TAKOBBIM Oy/1€T IPOCTPAHCTBO TIeTe b 2.X .

20. a) [Jokaxure, aro ecim A C X siBjisiercst KopaccaoeHueM, a orobpaxkenus f,g: A —
Y romotonnsl, To npocrpanctsa X Uy Y u X U, Y romoronndyeckn sKBUBaJICHTHBI
(IpU9IéM OTHOCUTENBHO Y, TO €CTh, TOMOTOIIMH MOYKHO BBIODATH HEIOJIBIZKHBIMU HA
Y). BoiBequre, uto ecim Bioxkenne A < X dBISETCS KOPACCIOCHUEM U MOMOTOITHO
oToOpazkeHuio B TOUKy, T0 X /A ~ X V Y A.

6) okaxure, aro eciiu A C X u A C Y gBJISIIOTCS KOPACCIOCHUSIME, a 0TOOpazKe-
uue f: X — Y gBjsgercss roMOTONNYIECKON IKBUBAJIEHTHOCTHIO, IpuduéM f|4 = idy4, TO
[ dBISIeTCS TOMOTONMYECKO SKBUBAJIEHTHOCTBIO OTHOCUTEIBHO A, TO €CTh, CYIIECTBY-
er Takoe g: Y — X, gla = idya, uro fog ~idy u go f ~ idy, npuaém romoronvn
HEIOIBIKHBI Ha, A.

Beiseure, uro eciu (X, A) sBisiercst kopaccioenneM u A < X sIBJIsieTcsi TOMOTO-
[IYIECKON SKBUBAJIEHTHOCTBIO, TO B JefCTBUTEIbHOCTH A aBjsieTcs J1edOpMamOHHBIM
perpakToMm IpoctpancTBa X . B gacraocTH, eciin mpocTpancTBo X CTATUBaEMO, TO OHO
J1e(bOPMAITHOHHO PEeTParupyercs: Ha KaxKIyio TaKyio CBOIO TOUKY & € X, UYTO BJIOKEHUE
{z} — X amasercsa KopaccioeHTEeM.

BeiBeure oTciofia, 9TO ecjii MpoCTPaHCTBO X CTATMBAEMO U B HEM BbIOpaHa HEBbI-
POK/IeHHAsT OTMEeYeHHAasI TOUKa, TO IPOCTPAHCTBO 1eTesib 2X B 9TO# TOYKe TOXKE CTsi-
rUBaeMo.

21. /lokaxkure, 9TO ecyim npocTpancTBa X u Y TOMOTONMYECKH SKBUBAJIEHTHBI 1 X
JIOKAJIBHO CTATUBaeMO, To 1 Y — Tozke. To Ke g JIOKAJIBHOM CBSI3HOCTU U JIOKAJIBHOM
JIMHEHHON CBA3HOCTH.

B wacrHOCTH, HHMKAKOE HE JIOKAJIHLHO CTATMBAEMOE MPOCTPAHCTBO HE MOXKET OBbITh
TOMOTOIIMYECKN SKBUBAJEHTHO KJIETOYHOMY IPOCTpaHCTBY. [IpuBenure mpumep mpo-
CTPaHCTBA, KOTOPOE TOMOTONMUYECKN SKBUBAJIEHTHO KJIETOYHOMY ITPOCTPAHCTBY, HO He
roMmeoMop(HO HUKAKOMY KJIETOYHOMY HPOCTPAHCTRBY.

22. JlokaxkuTe, 9YTO ecau mpocTpancTsa X, Y U Z UMEIOT HEBBIPOXKJIEHHbIE OTMEYeH-
HbI€ TOYKHU, TO



a) X xY ~3N(XAY);

6) (X xXY)~XXVIYVIEXAY)

B wacrtHOCTH, ITOKaxKuTe, 9TO HaJACTpPOiiKa 1" HaJ N-MepPHbBIM TOPOM IOMOTOITHYE-
CKU 9KBHUBaJIeHTHa OykeTy cdep. Kakux n ckoabkux cdep?

23. JlokaxkuTe, 94TO ecju /I IPOCTPaHCTBa X CyIIECTBYET KJIETOYHOE IPOCTPAHCTBO
Y u orobpaxenns r: Y — X ni: X — Y, nu. ri ~ idx (X — 2omomonuvecku
pempaxm IpocTpaHcTBa Y'), TO HIPOCTPAHCTBO X TOMOTOINMYECKN SKBUBAJEHTHO KJle-
TOYHOMY IIPOCTPAHCTBY.

24. JlokaxkuTe, YTO ecju mpocTpancTBa X, Y W Z MMEIOT HEBBIPOXKJIEHHbIE OTMEYeH-
usle Toukm, T0 X A (Y A Z) ~ (X ANY) A Z. To ectp, B ciiydae HEBBIPOXKJCHHBIX
OTMEYEHHBIX TOYEK CM3II-ITPOU3BE/IEHIE BCETIa TOMOTOMNYECKN acCOIMATUBHO!



