TOIIOJIOI'N -1
JINCTOYEK 7: ©YHIAMEHTAJIBHAZ{ I'PVYIIITA

JIEKTOP: I'. C. YEPHBIX

1. Jlokaxkure, 9TO BKJIIOUEHHE KOMIIOHEHTBI JIMHEWHON CBA3HOCTH X <> X TOUYKH I
unyupyer uzomopdusm (X, xg) = w1 (X, o).

2. Ilycts X — JjuHeiiHO CBSI3HOE IIPOCTPAHCTBO.

a) Jokaxknre, 9T0 X OIHOCBA3HO <> JJIs JIIOOBIX JIBYX TOUeK X,y € X JroOble j1Ba
IIyTH MEKJIy HUME TOMOTOIHBI (C 3aKPEIIEHHBIMI KOHITAM ).

6) Hokaxure, aro 71 (X) abeseBa < m3omopdusmer L. : m (X, 21) — m1(X, zo) nHe
3aBHUCSAT OT IIYTH 7Y, COEJINHSIIOIIEr0 TOUYKN To U X1.

3. Ilposepbte, aTo ecyim orobpazkenus f,g: X — Y roMOTOIHBI, TO Juarpamma
f
7T1(X, xo) - > Wl(Y;f(xo))

(Y, g(z0))

KOMMYTaTUBHA, TJe 7 — IyTh Mexiay f(xg) u g(xp), mo Koropomy jBuraercs obpas
TOYKHU T( IIPU MOMOTOINNU, CBA3BIBAONIEH f U g.

4. 3aMeTnM, 9TO JIJI MPOCTPAHCTBA X C BBIJIEJIEHHOI TOUKOI 29 MHOXKECTBO €10 KOMIIO-
HEHT JIMHeHHOH cBsasHocTH To(X ) ToKe 00718/1aeT BBIIEICHHO TOIKOI — KOMIIOHEHTO
CBABHOCTHU, COJIepIKaIleil xy. Byiem 0603HaUaTh 9TO MHOXKECTBO C OTMEUYEHHON TOYKO
Kak mo(X, xo).

Paccmorpum Tomosiorndeckoe npocrpascTso X, ero nojmpocrpancrso A ¢ X u nx
00110 BbIJIeJeHHYI0 TOUKY Tg € A < X. Mbl umeeM ecrecTBeHHbIE OTOOparKEHMUs,
WHJIy[IMPOBAHHbBIE BJIOYKeHUAMEI: roMoMopdusM rpyt (A, o) — m1(X, z9) u 0106~
pazkenune MHOXKeCTB (A, x9) — mo(X, o), COXpaHSOIee OTMEIEHHBIE TOUKH.

Pacemorpum Takzke MHOXKecTBO 71 (X, A), cocrosinee n3 KIaccoB rOMOTOINH Iy Tei
v: I — X, takux aro v(0) = xo u (1) € A. D10 MHOKECTBO TOXKE 00/IaTA€T OTMEICH-
HOIl TOYKOI — IOCTOAHHBIM IIyTEM CONSty, .

Bamernm, uro B ciaydae A = {xo} mbr mosmyaaem w1 (X, z). [Iposepbre, uto m (X, A) =
mo(P(X, A, x)), tie P(X, A, zg) — npocrpancTBo mmyTeit B X, HAUNHAIONMXCS B To U
sakanuuBaronmxcs B A. Mbl umeem ecrectBernoe orobpazkenue (X, zg) — m (X, A).

PaccMoTpuM Tak»Ke ecTecTBeHHOE 0TOOPAZKEHIe MHOYKECTB ¢ OTMEUEHHBIMU TOYKAMU
0: m(X,A) - m(A), d([v]) = [v(1)], nepeBojsinee Kiacc TOMOTOIMA IIyTH B KOMIIO-
HEHTY MOJNPOCTPAHCTBA A, CONEPIKAIILYIO €ro KOHEI.

Jlokazkure, 9TO MOCJIEI0BATEILHOCTD

d
m1(A, 2o) — (X, 20) = m (X, A) = mo(A, 20) — 70(X, z0)
ABJIACTCA mO"tHOfZ, TO €CTb, JJId KazKIbIX JIBYX IIOCJI€JO0BaTE/IbHbIX OTO6pa)KeHI/II7I

R npoobpas oTMedeHHOlt TouKn ¢~ !(oTMedeHHas TOUKA) COBNAJaeT ¢ 0b-
pasom orobpazkenusi f (B 9aCTHOCTH, KOMIIO3UIIUS JIFOOBIX JIBYX ITOCJIEIOBATETHHBIX
0TOOpasKeHNii COBIIAJIAET C MOCTOSTHHBIM OTOOPaXKEHUEM B OTMEYEHHYIO TOUKY ).

Bosee Toro, mokazkure, 910 cyIecTByeT Takoe (jeBoe) meficteue rpynist mi (X, xg) —
mo(X, A), 9aTo B AeficTBUTENHLHOCTH IPOOOPA3BI TOYEK MPU OTOOPAYKEHUH ¢ COBIAJIAIOT



¢ opburtamu storo meicrsust (To ecthb, d([11]) = d([72]) < 11 ~ w - Y2 AIa HEKOTOPOI
nerin w). [Iposepbre, uto 06pas orobpaxkenus mi(X,xg) —~ mo(X, A) — 310 OpbuTA
OTMEYEHHOIT TOYKH, MOSTOMY 3TO JACHCTBUTEILHO yTOYHEHHE Pe3y/IbTaTa O TOYHOCTH.
AHanornvno JoKazKuTe, 9T0 Ipoodbpasbl ToYek npu orobpazkennu 11 (X, o) — m (X, A)

coBnajaor ¢ opburamu jeficteus (A, xg) — w1 (X, x0), Tae nojpasymeBaercs Jeii-
CTBUE YMHOXKEHHEM CJIeBa TocpecTBoM roMoMmopdusma rpymn (A, xg) — (X, zo)
(To ecThb, MBI paccMaTpuBaeM TeTiio B A Kak neraio B X U YMHOXKAeM Ha HeE CJieBa

B (X, z0)). Anamornano, obpas orobpaxkenust (A, xg) —~ m(X,z9) — 910 OpOUTA
OTMEUYECHHO TOUKH (€MHUIIBI TPYIIIHI).

5. B »sroit 3ajade Mbl OyJieM CUMTATh W3BECTHBIM, YTO (pPyH/aMEHTaJbHAA TPYIIIa
OKpyzKHOCTH H30MOpdHa Z ¢ 06pa3syrolieil, 3aaHHOi OTHOKPATHBIM 06X010M (B KaKyto-
16O CTOPOHY ).

a) Paccmorpum 6yker jByx okpyzxkuocteit ST v S1. @ynpamenranbnas rpyima sTo-
ro Oykera — cBoOOjiHAsI TpyIIa Ha JBYX obpasytonwx F(a,b), rie a — obxom ogHOi
oKkpyzkHoctu, a b — apyroii. [Ipukienm K 3Tromy OyKeTy JiBe JAByMEpHbIE KJETKU: 110
IETJIIM COOTBETCTBYIOMUM ciaoBaM a’b™> u b?(ab)™2. Buruuciure dbyHIaMeHTATbHYIO
CPYIILY TOJIyYuBIIEerocs aBymepHoro Komiuiekca X . Tpusnanbua jin ona? Yemy pasua
eé abeymHU3AIUA !

6) Borunciure dyngamentanbayio rpymiy gonoanenus R — St no crangaprio Bio-
JKeHHol okpyzkuocTr. UTto HacaéT momnomnenna S° — S17?

B) Borunciure dgynaamentanbayio rpymiy gonoaHenus R — K o yaia Tpuamcr-
HUKA.

Kommyrtarusra jmm ona? Yemy paBHa eé abemmauzarusi! UTo HACIET JOMOTHEHUS
S3 — K?

r) Yemy pasHa dyHjaMenTajbHas IPyIa JonojHernsa B R® 10 k IpsaMbIx, poxo-
JISITIAX 9epe3 OJIHY TOUKY !

1) Beraucianre dbyHsmaMenTasbHyo TPYIILY TPOM3BOIBHON IIOBEPXHOCTH, U3 KOTOPOIi
YA KOHEIHOE YUCI0 TOYEK.

e) Borancaure dynnamentanbayio rpyiny RP™ (He UCIob3yst HAKPBITHSA ).

é) okaxkure, uro dbyHmamentaibHas rpymmna rpymmbl GL,(C) comepxut mpsivoe
ciaraeMoe Z.

k) Yemy pasaa dyHmaMeHTaTbHASI TPYIIIa JOMOJHEHNsI 0 JIBYX HE3AIEIJIEHHBIX
okpyzkHocreit B R3? A B S3? Kakas y atux rpynn abeanuusanus’?

3) Yemy pasHa QyHIaMeHTaIbHas TPYIINa JIONOJHEHUs 10 3arerienns Xonda B
R3? A B S3? Kakag y 3Tux rpyin abeuHusamms’



6. CymiectByer jin perpakius jeHTbl MéOnyca Ha Kpait? A peTpaxiius MOJTHOTOPUS Ha
rparn9sbiii Top? CyIecTBYOT Jin 0TOOPasKeHUs STUX MPOCTPAHCTB B ceds Oe3 Hero-
JIBUKHBIX TOYEK ?

7. Tomeomopden mu mumunap St x I nente Mébuyca? A roMOTOIMYIECKN SKBUBAJICHTEH
s’

8. s npocrpancrsa (X, z) ¢ orMedeHHON TOYKOIl 1 mpocTpaHcTBa Y PaccMOTPUM
orobpamenie [ (X,20) — (Y,yo) n mymb 7: (1,{0,1}) — ¥, 7(0) = 1o, 4(1) =
y1. BEcm Touka xp € X HeBBIPOXKJIEHHA, TO cocTaBHOe oToOpazkenme X x 0 U xg X
I 125 Y moxmo IPOJIOJIZKATH JI0 oTobpaxkenust F': X x [ — Y koropoe JaéT HOBOE
orobpazkenne F|xy1: (X, x9) — (Y, 11).

a) IIpoBepbre, ITO 9TA KOHCTPYKIMS 1aéT KOPPeKTHBLT n3omopdusm L. : [(X, zo), (Y, yo)] —
[(X,z0), (Y,y1)], e 3aBucsmmit or BEIOOPaA MPOJOJIKEHIA TOMOTOIHN [ 1 3aBuCsIIHil
TOJIBKO OT KJIACCA TOMOTOINY Iy TH 7|, npuwaém L., o L., = L.,,, (cpaBHHTE ¢ H30MOD-
dbusmamu L., Mexay byHIaMeHTaIbHBIMI TPYIIIAMI).

B yacrHocTu, Mbl nojtygaeM Jeiicrsue rpymibt 7 (Y yo) Ha Mmuoxectse [(X, xq), (Y, yo)]-
[Ipu X = S! uro 310 32 meiicteue (Y, yo) na cebe?

6) lokaxure, uro orobpaxkenue ¢g: X — Y TrOMOTOIHO OTOOPasKEHUIO, COXPAHSIIO-
IEeMY OTMEUECHHBIE TOUKH <> (T ) JIE2KUT B KOMIIOHEHTE JINHEHHON CBA3HOCTH TOYKH Y.
B gacrroctn, ecin Y smmHERHO ¢BsI3HO, TO ecTecTBeHHOE oTobpazkenue [(X, zg), (Y, v0)] —
[X, Y], sabbiBatoriiee mpo oOTMEUEHHBIE TOYKHU, CIOPBEKTUBHO.

B) [okaxure, uro gasa kiacca [f], [g] € [(X, o), (Y, yo)] mepexomar B omun u ToT
ke kiacce B [X,Y] < [f] u [g] nexar B onHoit opbure neiicteus w1 (Y, o). B uacr-
HOCTH, e/ Y OJIHOCBSI3HO, TO ecrecTBeHHOe orobpaxkenue [(X, xo), (Y, yo)] — [X,Y]
GuekTUBHO. BoiBeaure, 9To Y 0HOCBA3HO <> MHOXKecTBO [S1) Y] (HemyHKTHpOBaHHBIX
KJIACCOB TOMOTOIINH) COCTOUT U3 OJHOI TOUKH.

r) Y6eaurech, 9TO UPEJIbIIYIIIE IyHKThI PABHOCUIBHBI TOYHOCTH [OC/IE0BATEIHHO-
CTU MHOXKECTB C OTMEYEHHBIMU TOYKAMU

m(Y,90) = [(X;20), (Y, 90)] = [X, Y] = mo(Y, 0)

(c yrouHeHHEM PO TO, YTO MPOOGPA3bl OTMEUYEHHONH TOUYKH CPEJHEr0 OTOODAKeHMUsT
coBnajiaror ¢ opouramu geiicrsus w1 (Y, yo) — [(X, x0), (Y, yo)], ananoruuno 3amade 4).

9. IIpocrpanctBo X HazwbiBaercss H-npocmparncmeom, eciim B HEM BbIOpaHa OTMeYEH-
Has TouKa e € X («emuHuiay ) u 3agano orobpazkenue (1: X x X — X («yMHO)KeHUE ),

Takue 4To oToOparkeHust X proplen), XunX X TOMOTOIIHBI TOXKJIECTBEHHO-
My orobpazkennto id: X — X. H-mpocTpaHCTBO Ha3bIBAETCS NYHKMUPOBAHHBIM, €CITHA
oTobparkeHue (i U TOMOTOIIMU COXPAHSIOT OTMeUYeHHbIe TOUKH (TO ecThb, u(e,e) = e n
romororn fi(e,x) ~ & ~ pu(x,e) HEIOABUKHBI IIPH T = €).

z—p(x,e)
R —

pxid
H-mpocrpancTBo HazbiBaercss H -monoudom, ecam orodopazkennss X x X x X ——

Xx X5 XuXxXxX 25 X xX 4 X romorommbr («accoruaTuBHOCTLY ). AHa-
JIOTUYHO JIJIs1 IyHKTUPOBAHHOIO CJIydast (TOJBKO BCE TOMOTOINH, KOHETHO, COXPAHSIOT
OTMeYeHHbBIE TOYKH).

H-vonon)t naswiBaerca H-epynnot, ecau emé 3ajano orobpaxkenue v: X — X

idxv I
(«B3siTHE OOPATHOIO 3JIeMEeHTa» ), Takoe 4To orobpaxkenns X —— X x X - X un

vxid
X 25 X x X & X romorommbr orobpazkenmio B To9ky X — e € X (1 aHAJIOrUIHO
JJTsT Iy HKTUPOBAHHOTO CJIydast).



a) IIposepbre, uTo JTH06asT TOMOJOIUYECKast IPYIIIIA U JIEOO0E TPOCTPAHCTBO IETEh
sBJIstioTCs (IyHKTHpoBaHHbIMK) H-rpynmamu. Jokazkure, aro npocrparctso CP® sp-
nsiercst H-rpynmoit. Oupegennre, 9T0 3HAYUT, 9TO H-TIPOCTPAHCTBO SIBJISIETCST TOMO-
TOIMMYECKH KOMMYTATHUBHBIM ¥ JIOKQ’KHUTE, YTO IPOCTPAHCTBO BTOPBIX meresib {2(2X)

o

BCEr/Ia TOMOTOINYECKH KOMMYTATUBHO. $IBJI€TCS JIM FOMOTOIMYECKH KOMMY TaTUBHOI
H-rpynna CP*.

6) Jlokaxkure, 4T0 mpocTpaHcTBO X sBJsteTcsi H-TPOCTPAHCTBOM TOIJIA M TOJIBKO
TorjIa, KOrJa Jjis JIoboro mpocrpancTsa Y MHOXKecTBO Y, X | MOXKHO cHAOAUTD TAKUM
YMHOXKEHHEM C eJIMHUIIEH, 9TO st J1Ioboro oTobpazkernus f: Y] — Y, uHaynmpoBaHHOe
orobpaxkenune f%: [Ya, X| — [V, X]| aBnsiercs romoMopdu3MoM U epeBOIUT €/HI-
1y B eauuuily. AHagornduo st H-mMonoumoB u H-rpyr, a TakyKe IIyHKTHPOBAHHOTO
ciydast.

Hanpuwmep, miusg H-rpynmsr X muO)KecTBO To(X ) = [pt, X | siBasiercs rpymmoi.

B) Jlokaxkure, 4T0 (HEMYCTHIX) HEIYHKTUPOBAHHBIX KO- H-IIPOCTPAHCTB HE CyIIeCTBY-
€T, TO €CTh, HE CYIIECTBYeT TaKUX IPOCTPAHCTB X, 9TO it JH0O0r0 IpoCcTpaHcTsa Y
MHOKECTBO [ X, Y| MOXKHO CHAGAUTL TAKUM YMHOMKEHUEM C €JIUHUIIEl, IT0 Jiist JIE060-
ro orobpaxenus f: Y, — Y, umaynuposanuoe orobpaxenue fi: [X,Yi] — [X,Y3]
SIBJISIETCA TOMOMOP(MU3MOM U NEPEBOIUT €IUHUILY B €UHUILY.

Ko-H -npocmparcmeom Ha3bIBaeTCd MPOCTPAHCTBO X BMECTe C OTMEYEHHOW TOYKOM

e € X («xoemuuuIieii») u (COXpaHAIONMM OTMEUeHHbIe TOUKHN) oToOpazKkeHueM fi: X —

conste vid
X v X («xoymHOMKeHmeM» ), Takumu uTo Kommosmiuum X 5 X v X VS X oy

id v const .
X 5 X v X =X X roMOTONHBI TOXKIeCTBEHHOMY oTobpaskennio id: X — X
(romMoTONUK COXPAHSIIOT OTMEYEHHbIE TOUKH ).

w
Ko-H-npocrpancTBo HasbiBaeTcss H -komonoudom, ecam orobpazkerns X — X v

vid idv
XEES XvXvXuX5XvX S X vX v X roMOTOMHBL ¢ COXPAHEHIEM
OTMEUYEHHBIX TOUEK («KOACCOIMATHBHOCTHY ).
H-xomonown 1 HazbiBaeTcss H -xoepynnod, ecnu emé 3ajano orobpaxkenue v: X — X

idvy
(«B3siTHE KOOOGPATHOrO JIEMEHTa» ), TAKOe 4TO OTODpayKeHust X LEXvX S X

X5 Xxvx LY x IYHKTUPOBAHHO TOMOTOITHBI OTOOPAXKEHHIO B TOUKY const,: X —
ee X.

r) [okaxkure, uaro Jrobasi puBeéHHAsT HAJCTPOIKa Yo X siBjisiercst H-KOrpyIIoii.
Ompesiesinre, 9T0 3HAYAT, ITO KO- H-MPOCTPAHCTBO ABJISETCSI TOMOTOIUYIECKA KOKOM-
MYTATUBHBIM U JIOKAZKUTE, 9TO BTOPAas HAJCTPOIKa Ye(XeX ) BCerja roMOTOMMIECKH
KOKOMMYTATHBHA.

) okazxure, 9410 npocTpancTBO X BJISIETCs KO- H-IIPOCTPAHCTBOM TOTJA U TOJIb-
KO TOIJIa, KOIJIa Jist JII0OOro IMyHKTHPOBAHHOIO mpocTpaHcTBa Y muOKecTBO X Y],
MOXKHO CHa0JUTh TaKUM YMHOXKEHUEM C €JUHUIEH, ITO Jjisi JTFOOOTO OTOOparKeHUsI
f:Y7 — Y, unpynuposannoe orobpazkenue fiX: [X,Yi]s — [X,Ys3]. aBiserca ro-
MOMOP(U3MOM ¥ TIEPEBOJINT €JIMHUILY B eIUHUILY. AHAJIOTHIHO J1iisi H-KOMOHOUIOB U
H-xorpynmir.

e) Takum o6pa3oM, MbI TOJy4aeM CTPYKTYPBI IPYIIbl Ha MHOKeCTBaxX [LX,Y s
u [X, 2Y].. dokaxure, uro ecrecrBennas 6uekrust 2, X, Y], = [X, Y], asisiercs
U30MOP(PU3MOM TPYIIIL.

é) s xo- H-nipocrpancrsa X u (myHKTHpOBaHHOrO) H-mnipocTpancTBa Y MbI M0JIY-
JaeM JiBa yMHOXKeHUsI ¢ equHuneil Ha muoxectse (X, Y],. Jokaxkure, 910 9111 yMHO-
JKEHHST COBIAJIAIOT U KOMMYTATHBHBI.



B uactrOCTH, TpyIIIOBBIE CTPYKTYPHI Ha [X. X, 2Y ], coBnagaroT 1 KOMMYTATHBHBL.
Hanpumep, rpymma 7 (X, e) abesieBa Jyist JII0O0TO IyHKTHPOBAHHOTO H-IIPOCTpaHCTBA
X.

BeiBeiure U3 OpebLLyIero, 9To Jyisi yHKTUPOBAHHOIO mpocrpaHcTBa (X, zg) Ha
muoxecTBe T, (X, x) 1= [S™, X]s (n = 2) cymecrByer ecrecTBeHHasi CTpyKTypa abe-
JeBoit rpymnel, puaéM 7, (X, o) = 1, 1(QX, ¢yy). Tpynnsr 7, (X, z9) HazbBaroTCsH
20MOMONUMECKUMU 2DYNNAMU TIPOCTPaHcTBa X .

k) [Iposepbre, 910 1151 JIIOOBIX HEBBIPOXKIEHHO IIYHKTHPOBAHHOIO KO- H-1ipocTpancTBa
X (¢ oTMedeHHOH KOEIMHUIEH) W IMyHKTHPOBAHHOIO Y DyHIAMEHTaIbHAS TPYIHa
m (YY) meiicrsyer ma [X, Y], romomopduzmamu.

B uacrrocTH, rpymnma (X, xg) geiicrByer romomopdusmamu (Kakumu?) Ha cebe,
a Takxke Ha abeseBbIX rpymmnax m,(X,zg), n = 2 (B TaKOM ciiydae TOBOPST, 4TO TO-
MoTormdeckne rpymibt m, (X, xg) asiasores (X, zg)-modyaamu). Kak ciempyer u3
CJIEJLYIONIEro MyHKTa — 9TO JeficTBUe TPUBHAJILHO i H-1ipoctpancTsa X .

3) [IpoBepbre, YTO JIIst JIIOOBIX HEBBIPOZKJIEHHO MIyHKTHPOBAHHOIO MPOCTPAHCTBA X
U 1myHKTUpoBaHHOrO H-npocrpancrsa Y (¢ ormevennoit exununeit) peicrsue m(Y) —
[X,Y]. TpuBnaibHo.

B wacrroctn, eciin H-nipoctpanctso Y smHeitro cBssno, to [X, Y], = [X,Y].

u) Joxaxure, ato ecsm emunnna H-npocrpancrsa (X, i, €) sBIseTCS HEBBIPOXK-
JIEHHOl OTMEYEHHON TOYKOW, TO YMHOMKEHHE (i TOMOTOIHO (IIYHKTHPOBAHHO) TaKO-
My orobpazxenuto p, aro (X, p',e) — mpocTpaHCTBO €O cTporoil emunuIeil (To ecTs,
W(zr,e) = x = p'(e,x)). Hpuuém, eciu (X, u,e) 6o10 H-monouzgom, o u (X, 1/, e)
6yner H-monoumom. A eciu (X, i, e, V) 66110 H-TPYIITION, TO CYIIECTBYET TaK¥kKe TaKoe
V', aro ono romoronuo v u (X, i, e, ') — H-rpymra.

10. a) IIpusegure npumMep TAKOro HMOKPbITHS X JBYMS OTKPBITHIMU JMHEHHO CBSA3-
ueivMn A 1 B, uro romomopdusM (A, ¢) #x, ) T1(B,c) — m (X, c) He aBisgercs
CIOPbEKTUBHBIM (371€ch ¢ € C' = A N B).

6) [Ipuseaure npuMep Takoro HOKPbITHS X TpeMsi OTKPBITBIMU JTMHEHHO CBSI3HBI-
vu A, B u C, 9ro BCe NONAPHBbIE [EPECEUCHUs JINHEHHO CBSI3HBI, HO TOMOMOPMU3M
(A, ¢) #x,(c,0) T1(B, ¢) = 71 (X, ¢) He aBisercs MHBLEKTUBHBIM (371ech ¢ € C' = AN B).

11. JTokaxkure, uro cBoboHOE ipousBejienue Z/2x7/3 uzomopduo rpymuie PSLy(Z) =
SLy(Z){+E}.

12. Jlokaxkute, 4TO ecau nojMHO)KecTBO X C R™ gBiisgerca oObeuHeHneM TaKUX Bbl-
IyKJIBIX OTKPBITBIX OIMHOMXKECTB Ay, 9T0 Bee nepecevennsd A, N Ag N A, HerrycTsl, TO
X — OJHOCBSI3HO.

13. Ilycts npoctpancTBo X IIpeJicTaB/IEHO B BUJIe OO'bEeIMHEHUS JIBYX OTKPBITHIX JIU-
HEHO CBS3HBIX MOJMHOXKeCTB A n B ¢ HemycrbiM niepecedenneM C (He 00si3aTesIbHO
cs3HbIM). [lycTh mepecedenne C' sBIisieTcsi U3 BbIOHKTHBIM 00beIMHEHHEM KOHETHOTO
YUCJIa CBOMX OTKPBITHIX KOMIIOHEHT JIMHEHHOW CBA3HOCTH.

Bribepem oy m3 9THX KOMIIOHEHT U obo3HaduM e¢ depe3 Cy, a ocTajJbHbIE — Ue-
pe3 C,,. Boibepem Touku ¢y € Cy, ¢, € C, u 1nyTtn 7&4 u Y2, coepunsiomue Toukn
Co U Co B JIMHEHHO CBA3HBIX MHOXKecTBaX A m B coorBercrBenHo. OOo3HAYNM Uepes
F(ha) cBOOOMIHYIO TPYIIITY MOPOXKIEHHYIO jieMeHTaMu h, (HAXOISAMUMUCS B OUEKITHH
¢ kommonenTamu Cy,).

Torma ecrectBentbie ToMoMopdusMbl 71 (A, cg) — w1 (X, o) n m (B, co) — m (X, o)
u romomopdusm F(h,) — (X, ¢o), nepesopamuii h, B nerio v (v2) =1 unaymupyror



roMoMopdu3m
b 7T1(A, Co) * 7T1(B, Co) * F(ha) — 7T1(X, Co)
Jokaxnre, 40 ¢ CIOPBHEKTHBEH.

Hnst x € m1(Cl, o) 0boznauum wepes a(x) = vAd(z)(v2) ™! € m(A, o) n b(x) =
vBB(2)(vP) "t e m (B, co), tiie 14: C > AuiB: C — B — snoxkenus. Jlokaskure, 4To
ker @ siBasieTcss HOPMAJILHOI HOArPYIION, nopoxKaeuHol ciosamu a(x)(hyb(x)h ')~
g x € 71 (Cly, co) 1 cioamu 12(x) (18 (2))™! mna z e m1(Co, cp).

B wacrHoctn, eciim A m B omHocBsizHbl, TO 71(X) cBobogHa. BepHo sm 910 M1t
06 beIMHEHNsT TPEX OJIHOCBSI3HBIX OTKPBITHIX MTOJMHOKECTB?

14. Tlpuseaure nmpumep Takoro orobpakerus f: X — Y Mex1y JUHEHHO CBA3HBIMI
npocrpancTBamu, 910 fy: m1(X) — m(Y) — nsomopdusm, HO He cymiecTByeT 0ToOpa-
xkeuud ¢g: Y — X, MHIYIUPYONMero n3oMopdusM Ha GyHIAMEHTAIbHBIX I'PYIIIax.

15. st Tomosiornyeckoro npocrpancTsa X obosHaunM depe3 X, MHOKeCTBO X C TO-
HOJIOIWel, YHUBEPCAJBHOM JIJIsi BCeX HelpepbIBHBIX orobpaxkenuii K — X u3 Kom-
HAKTHBIX 1pocTpaHcTB (To ecth, U < X oTKpbITO B X, < 715 1106010 KoMmakTa K
1 J060r0 HernpepbiBHOro orobpaskenust f: K — X mpoobpas f~1(U) orkpoir B K).
[Iposepwre, uTo orobpakenue id: X. — X wmenpepsiBHo. lokaxkute, 4TO 3TO OTOO-
pazkeHue SBJISETCA ITOMEOMOP(MU3MOM JI KOMIIAKTHBIX M KJIETOYHBLIX IIPOCTPAHCTB.
JToKazKuTe, 9TO 9T0 0TOOpazKkeHne Beera unaynupyer ouexrmn [K, X, | = [K, X]| s
JIFOOBIX KOMIIAKTOB K ¥ aHAJIOTHYHO € JIFOOBIMI OTMEYEHHBIMU TOYKAMHE (B 9aCTHOCTH,
OHO WHJIYIIUPYeT OUEKIINY Ha o U 7).

16. IIpoBepbTe, YTO JyId JIIOOBIX JIMHEHHO CBA3HBIX KOMITAKTa K W KJIETOYHOT'O IIPO-
crpanctBa X u orobpaxenust f: K — X wmexay mumu obpas fi: m(K) — m(X)
KOHEYHO IMOPOXK/JICH. B "acTHOCTH, 1000 KOMIIAKT ¢ HEe KOHEYHO MOPOXKJICHHON (DyH-
JIaAMEHTAJIBHON T'PYNION HE MOYKeT ObITh TOMOTOINHWYECKN SKBUBAJEHTEH KJIETOTHOMY
npocTpancTBy. [IpuBenTe mpuMep TaKOro KOMITAKTA.

17. Jokaxute, 9T0 ecjii X JIMHEWHO CBA3HO, TO X * Y OJIHOCBSA3HO.

18. a) [okaxwure, 9r0 /715 06010 JIMHEHHO CBA3HOIO OTKPHITOro MuOXKecTBa U < R”
dynmamenranbras rpynma w1 (U) He Gostee uem cuérHa.

6) Hokaxure, aro jyis 06010 XaycaopdoBa KOMIAKTHOTO JIOKAJIBHO OJTHOCBSI3HOTO
npocrpancTBa X dyHmaMerTaabHast rpymna m (X, ) KOHeIHO TOpozK ieHa (J11st JTH060it
Touky T € X).

RZ e =

B) /lokaxkurte, 9TO MPOCTPAHCTBO Q? nuHelino cBA3HO U ero dyHIaMeHTATbHAS
IPyIIa HeCIETHA.

) R? — () cuéd C —

r) Jokaxkure, aro rpymma 7 ( ) cuérHa, TJIe KAHTOPOBO MHOXKECTBO Ha
ocu abcruce y = 0.

1) Jokaxwure, aro npu n = 3 gonoarerne R" — X 10 106010 3aMKHYTOTO JIACKPET-
HOTO TOIMHOYXKeCcTBa X OJTHOCBS3HO.



