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AHHOTAIINA

Msygaercss paciosioKeHue IMOArPYINT MOCJTOUHBIX (IePeBOIANINX KaXK bt
CJIO B HEKOTODBI €JI0fi) aBTOroMeoMOpMU3MOB B I'DYIIAX BCEX ABTOMOMEO-
MOP(}U3MOB PACCIOEHHBIX ITPOCTPAHCTB. PacciioenHoe TpoCcTpaHCTBO HA3LIBAET-
cst mpoctpancTBoM Bupmas—Xwmibaena (BH-mpocrpancTBOM), €cam B KaxKmoi
[ape MOCJIOMHBIX U30TOMHBIX aBTOIOMEOMOPGMU3MOB 3TOTO IIPOCTPAHCTBA ABTO-
roMeoMOp(MU3MBI €MIe U MOCJOINHO M30TONHBL. JlOKa3bIBaeTCs psifl yTBEPK/IE-
muit o BH-poctpancTsax. B wacTHOCTH, TOKa3bIBaETCS, 9TO BCE JIOKAJIHHO TPH-
BHAJILHO PACCJIOEHHBIE HAJT OKPY?KHOCTBHIO CBA3HBIE KOMIIAKTHBIE TPEXMEPHDIE
MHOT00Opa3us siBisiiorcss BH-ipocrparcrBaMu. DTOT pe3yiabTar MPUMEHHM B
TEOpHH y3JI0B Jjist 0000IeHnsT TeopeMbl ApTrHA 00 M30TOITHBIX KOCAX B ITOJIHO-
TOPUU.
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1 Bsenenue

JlefirMOoTHBOM HaCTOsAIIEH PAOOTHI ABJISAETCS U3y YCHUE PACIIOJIOKEHHUST IIOIPYIIIT
IIOCJIONHBIX (T. €. IIepeBOJLIINX KarK/Iblil CJIOf B HEKOTOPBIH CJI0171) aBTOI'o-
MeOMOP(MU3MOB B IDyNIax aBTOrOMEOMOP(MI3MOB PACCIOEHHLIX IPOCTPAHCTB
(n map mMpoOCTPaHCTB). DTOT BOLPOC CBSI3aH C TEOPUEil IPYIII KJIacCOB 0TOOpa-
JKEHNIT, C BOIIPOCOM O HOHATHA aBTOMOPGhU3MOB U T. II. JIjIs1 pacCI0eHHOro Ipo-
crparctBa F o6o3Haunm 1yepe3 Fib(F) noarpymniy mocjaofHBIX aBTOrOMEOMOD-
buzmoB B (CHAGKEHHON KOMIIAKTHO-OTKPHITOH Tomosiorueii) rpymme Homeo(E)
BCEX aBTOrOMeOMOPGU3MOB IPOCTpAHCTBAa F, a cojeprKaliue TOXKIECTBEHHOE
orobpaxkenue idg xommonentsl rpynn Fib(E) u Homeo(E) obo3naunm depe3
Fib1(E) u Homeoy (F) coorsercrenno. I[Ipu ananuse pacioioxKenus HOArPYII-
ubl F'ib(F) B rpynne Homeo(FE) upeicraBisiior HHTEpPeC, B 9aCTHOCTH, aJjred-
pamdeckasi ¥ TOMOTOIMYECKAsl XapaKTePU3aluyl BKIIOYCHHUN B PAaX HOATPYIII

. Fib(B)
Fibi(E) C Homeo1(E)NFib(E) Homeo,(E)-Fib(E) C Homeo(E),
¢ Homeoy (E) ¢

B TOM 4ncje — uHdOpMaIys o rpyie KJIacCoB OTOOParKeHMi
MCG(E) := Homeo(E)/Homeo: (E),
«TPYIIIe KJIACCOB TMOCJIONHBIX OTOOPAXKEHUIT»
FMCG(E) := Fib(E)/Fib,(E),
7 UX HOJArpymnax — (paKTOPrpyImax

(Homeo1(E) - Fib(E))/Homeo:(E)

(Homeo, (E) N Fib(E))/Fib (E). (1)

B psizie n3BeCTHBIX KOHCTPYKIMIT (CM. CCBUIKH JiaJiee) 3aMEeTHYIO POJIb UIDa-
eT Bompoc o TpusuasbHocTu rpymnisl (1). Hacrosmast pabora KOHIIEHTPHPYETCst
Ha 9TOM BONpOCE. YCJIOBHE O TPUBUAJBHOCTU IPYIIb! (1) SKBUBAJIEHTHO YCJIO-
BUIO 0 cBsizHOCTH rpymisl Homeor (E) N Fib(E) (saBisitoreiicsi o ONpeJIe/ICHII0
IPYNIOH M30TOIHBIX TOXK/ECTBEHHOMY MOCJIOMHBIX aBTOrOMEOMOP(hU3MOB IIPO-
crpancrsa E) wiam, IpYyrEMH CJI0BaAMH, YCJOBHIO O TOM, 4TO B KaxKJOil mape
M30TOIHBIX TIOCIORHBIX aBTOrOMeOMOPMU3MOB PACCIOEHHOTO TIPOCTPAHCTBa F
9JIEMEHTHI €eIlle M 0CI0iHO m3oTonHbl. Ecim rpymmna (1) TpusmasbHa, rpynmy
FMCG(E) ecrecrBenno unrepnperuposarh kak noarpynny 8 MCG(E).

Onpedeaenue. Mer HasbiBaem rpymmy (1) epynnot Bupman—Xuavdena pacco-
eHHoro npocrpaHcTBa E. Ecam sra rpynna TpuBHaidbHA, MbI rOBOpUM (OT-
TAJKUBasCh OT npejyioxkenHoit B [AM20, MW21] repmunosnorun), uro E 06-
aadaem ceoticmeom Bupman—Xuavdena mim uro E ecTb paccaoenroe npo-



emparemeo Bupmarn—Xuavdena nmn BH-npocmpancmeo (BH-paccaoenue). Ec-
Ju E 1upu 5TOM BO3HHUKJIO KaK TOTAJBHOE IIPOCTPAHCTBO HEKOTOPOI'O PACCIIOe-
Hug p: £ — B, MBI TOBOpUM, 4TO p 008/18eT c60licmeom Bupman—Xuavdena n
aBjsgercs: paccaoenuem bBupman—Xuavdena mmn BH-paccaoeruem.

Ipumep. Kombro A = St x [0,1] asnsterca BH-paccioennem u Kak paccioeHne
naj S, m kak paccioenne nag [0,1]. Ipoussemenne A x [0,1] He sBistercs
BH-paccioennem Hu Kak paccioenue Hag A, au kak pacciaoenne Han [0,1].

IIpumep. HakpoiTue okpyzkuocTn sipisiercss BH-paccioenmem ecam m TOIBKO
€CJI OHO He COJIEP’KUT JABYX HEOIHOJUCTHBIX KOMIIOHEHT.

Ipumep. JlokaabHO TPUBHATIBLHOE PACCIOCHHE HAJT OKPY KHOCTBIO, KaXK1as KOM-
MIOHEHTA CBI3HOCTH KOTOPOTO ecTh JieHTa Mébuyca, sBiasercs BH-paccioennem
€CJII U TOJIBKO €CJIU CBS3HO.

Ipumep. JlokambHO TpuBHAILHOE paccioerne R™ — ST co cioem R" ! (n € N)
spysiercst BH-paccioenuenM ecsin u TOIbKO econ = 1.

Hpyrue npumepbl BH-paccimoenuit nambr B Teopemax Hmke. B paborax
[BH71, BH72a, BH72b, BH73, BH17, Zi73a, MHT75, FO1, Win15, AM20, MW21]
BOIIPOC O MIPUHAJIE?KHOCTH PACCIOEHUS K OIMCAHHOMY KJIACCY M3y9aeTCsl B CIIy-
Yae pa3BeTBJIEHHBIX HAKpbITHII moBepxHOCcTelt. B [Vog77, Ohs87] sror Bompoc
paccMaTpuBaJICcs JJIsl Caydasi pacciaoennit 3eiidepra. B nacrosimieit pabore Bo-
MIPOC U3YYAETCS [IJTS CIIydast JIOKAJIbHO TPUBUAJIBHBIX PACCIOCHU HAJT OKPYKHO-
crpio.! IleHTpa bHBIMI PesyIbTATaAME PaOOTE ABIAIOTCS CIIEIYIONIIe TEOPEMEL.

Teopema 1. IIpun € {1,2,3} 6ce ceasHvle KOMNAKMHDIE AOKAALHO MPUBUAND-
HO PACCAOEHHBIE HA0 OKPYHCHOCINBIO N-MEPHBIE MHO02000pa3us (6KAIONAA HEOPU-
EHMUPYEMbBIE U C HENYCTNUIM Kpaem) sasasromes BH-paccaoenusmu.

Teopema 2. Bce A0KaAbHO MPUBUGALHO DACCAOEHHBLE HAOD OKPYHCHOCTNBIO C
TAKEHOBBIM CAOEM 3AMKHYVLE 4-MepHBle MH02000pa3UA (BKAIOHAA HEOPUEHTIU-
pyemovie) asasomes, BH-paccaoenusmu.

Teopemy 1 monosiHsieT ciemyIOmuil Pe3yJIbTaT.

Teopema 3. Fcau n € {1,2}, a M ecmv 3amKnymoe paccaoeHnoe n-mepHoe
MHOo2000pasue u3 meopemos 1, mo exarouerue Fiby (M) C Homeoy (M) sasas-
EMCA 20MOMONUYECKOT IKGUBAAEHMHOCTIDIO.

Kak moka3bsIBaioT mpuBeIeHHbBIE BBIITE MPUMEPDHI, TPEOOBAHMS O KOMIAKTHO-
CTU U CBSI3HOCTHU B TeopeMax 1 u 2 cymiectBeHHBI. Ilo-Bumaumomy, TpeboBanue o
KOMIIaAKTHOCTHU MOZKHO OC.Ha6I/ITB 10 Tp€6OBaHI/IH O KOMITaKTHOCTH CJIOsI, HO MbI
HE pa3BUBaeM ITO HaIpaBjieHHe B HacTosiieit pabore. Teopema 2 obobiaercs
Ha OOITUPHBIN KIacc 4-MepHBIX MHOTOOOPa3uil ¢ KpaeM, Mbl HE IIPUBOJUAM OIIV-
CaHUA, IIOCKOJIbKY OHO O6’bel\lHO n B HaCTOHH];I/Iﬁ MOMEHT HEIIOJIHO. B paMKax
HCIIOJIB3YEeMBbIX METO/0B J0Ka3aTe/JIbCTBa IIEPBBIM HNPEIATCTBHEM K 3KCTpPaIlO-
JIAIIUU TeopeM 1 u 2 na CJIy‘IafI HeXaKeHOBa CJIOd M Ha BBICIINE PAaSMEPHOCTU

L PoncTBentbie BOMPOCH! (BKJTIOUAs aCMeKThI PACIONIOZKeHHs ToArpynnbl Fib(E) B Tpymme
Homeo(E)) ayst ciaydas paccjJOeHHAN HaJl OKPY?KHOCTBIO PACCMaTPUBAIUCH B [Zi73Db].



ABJISIOTCS MHOI00Opa3us, JIOIyCKAIONe TOMOTOIIHbIE HO HE M30TOIHbBIE aBTOI0-
Meomopduambl (cM., B gactHOCTH, [FW86]).

Teopema, 1 umeer psij| aKTyaJbHBIX CJIeJCTBUil. B gacTHOCTH, OHA TpUMEHIMA
B JIOKA3aTeJbCTBE TOrO, YTO B JIOKAJIBHO TPUBUAJIBHO PACCIIOEHHOM HAJl OKPY K-
HOCTBIO CBSI3HOM KOMITAKTHOM TPEXMEPHOM MHOI000PA3Wy M30TOIHBIE TPAHC-
BepCaJIbHbIE 3alEIJICHNs] TPAHCBEPCATBHO H30TOMHBL. DTO 0600IIaeT N3BECTHDII
pe3yJibTaT O TOM, YTO 3aMKHYTBIE KOCBHI B IIOJJHOTOPUU U30TOIHBI €CJIM U TOJIb-
KO €CJIM OHU TIPEJICTABJISIIOT OJIMH U TOT YKe KJIACC COIPSI?)KEHHOCTHU T'PYIIIBI KOC
(em. [Art25], [Mor78, Th. 1], [BZ85, Prop. 10.16], [KT08, Th. 2.1]). Jokaza-
TEJIBCTBO YIIOMSIHYTOrO OOOOIEHHs IPEIIOIAraeTCsa JAaTh B OTIEIbHON padbore.

Mpr BeIBOIUM TeopeMbl 1 W 2 m3 yTBepXKeHHuit b6osee oOIero xapakrepa,
K (DOPMyJIMPOBKE KOTOPBIX IIepexoiuM. B ciemyroleil Teopeme Jijisi TOIIOJIO-
rudeckoro npocrpascrea X depes Mapi (X, X) obo3HauaeTcsi TPOCTPAHCTBO
(¢ KOMIAKTHO-OTKPBITOl TOIOJIOrUeH) HelpepbiBHbIX oTobpaxkenuit X — X,
TOMOTOITHBIX TOXKJECTBEHHOMY.

Teopema 4. ITycmv X — Aunetino c6A3noe MONOA0UYECKOE NPOCTPAHCMEO.
IIpednonooicum, wmo y X He UMEEMCA 20MOMONHBIL HO HE USOTMOMHYIT (G-
mozomeomoppusmos (m.e. Mapy(X,X) N Homeo(X) = Homeoi(X)), u
wmo aubo npocmparcmso epynnv, Homeo1(X) odnocensho, aubo sxaouerue
Homeo1(X) C Map1(X,X) undyyupyem uzomoppusm @yrnoamenmasbmoir
epynn. Toz2da 6CAKOE NOKAABLHO MPUSUAALHOE PACCAOEHUE HAO OKPYICHOCTBIO
co cnoem X asasemcs BH-paccaoeruem.

3amenanue. Ycaosue «imbo npocrpanctso rpynubl Homeor(X) omHocBsi3HO,
smbo Britouenne Homeor(X) C Mapi (X, X) uangynupyer usomopdusm yH-
JaMeHTaJIbHBIX I'DYIII» B TeopeMe 4 (KaK n ycJaoBus IIO‘£L06HOFO TUIIa B HUXKE-
CJIEIIYIONIMX TEOPEMaX) OCIa0IIsIeTCs 0 IPOMO3IKOIO YCJIOBUS, (DOPMY/ITUPYEMO-
ro B TE€PMUHAX MHbBEKTUBHOCTH WHJYUPOBAHHBIX BKodeHueM Homeor(X) C
Map,(X, X) orobpazkenuii KJaccoB CONPAKEHHOCTH (DyHIAMEHTAIbHBIX IPYIII
u ux HNN-pacmupenwuii. B wactrocTH, Teopema 4 [OMOTHIETCS CIydaeM, KOTIa
rpymma 71 (Homeo; (X)) numeer poBHO JiBa KJIacca COMPSIZKEHHOCTH.

Teopema 4 nomyckaer yTodneHusi u 0OOOIEHNS HA CIyYan Iap ITPOCTPAHCTB
u T. 1. [IpuBeeM mpumep TaKOro yTOUHAIONEro 0000IeHnsT Ha CIydail, KOoraa B
mpocTpancTBe X MMeeTCsl MOIPOCTPAHCTBO Z, KOTOPOMY BO BCSIKOM JIOKAJIHHO
TPUBHAJIBLHOM PACCIOCHUU CO cjioeM X OTBeYaeT IOJPACCIOCHHUE, HHBAPUAHT-
HOE TIpU U30TONugAX paccyoenus (Hampumep, X — MHOroobpasue ¢ HemyCThbIM
kpaeM u Z = 0X). Eciiu Z — nomupocrpancrso B X, GyjeM 0603Ha4aTh 9epe3
Map(X, X; Z) upocrpancTBo (¢ KOMIAKTHO-OTKPBITOl TOIOJIOrHedi) HellpepbIB-
HbIX orobpaxkenuii X — X, nepeBousumx Z B Z, a yepe3 Mapy (X, X;Z) —
KOMIIOHEHTY CBSI3HOCTHU TOXKJIECTBEHHOTO oTobpaskenust. [logmpocrpancTso Z B
X nazoseM h-unsapuarmuvim, ecan (1) f(Z) = Z nns moboro f € Homeo(X) u
(ii) 71 BCSTKOTO JIOKATBHO TPUBUATBHOTO paccioerns p: E — St nax okpy»x-
HOCTBIO co cioeM X u jisd Kaxzaoro h € Homeoi(E) BBIIOIHSETCH YCIOBHE
h(Z) = Z, tne Z — oTBeuaomee MOIPOCTPAHCTRY Z MOJpaccioenue B .



Teopema 5. Ilycmv X — aunetino ceaszwoe mpocmpancmeo, 7 — h-unea-
puanmmnoe nodnpocmpancmeo 6 X . Ilpednosoorcum, wmo

Map: (X, X;Z) N Homeo(X) = Homeoy(X)

(m.e. y X ne umeemes HEUSOMONHBIT ABMO2OMEOMOPPHUIMO8, 20MOMONHILEL 6
Kaacce omobpasicerutl, nepecodsuwur Z 6 Z) u wmo Aubo npocmpancmeo 2pyn-
no. Homeoy (X)) odnoceasmno, aubo exmovenue Homeo(X) C Mapy (X, X;2Z)
undyyupyem uzomopgpuam gyrdamenmanrvuur epynn. Tozda ecaroe A0KAALHO
MPUBUGALHOE PACCAOEHUE HAOD OKPYACHOCTBIO co croem X aeasemcs BH-pac-
CAOEHUCM.

Teopema 4 siBIsieTCsl YaCTHBIM ciydaem Teopembl b (Z = (). s dop-
MYJIMDOBKH €ITe OJHON Bapwarmum TeopeMbl 4 TaamM Psifl JOTIOJHUTETHHBIX
obozuavenuit m ompenenennit. Ecim Z — mommpoctpanctBo B X, 0003Ha-
qum aepes Map(X, X;fx Z) npocrpancTBo (¢ KOMIIAKTHO-OTKPBITOH TOIMOJIO-
rueif) HempepbIBHBIX orToOpaskenmit X — X, TOXKJIECTBEHHBIX Ha JZ, d9e-
pes Homeo(X;fxZ) — noarpynny Homeo(X) N Map(X,X;Z), a 4gepe3s
Mapy(X, X;fxZ) u Homeoy(X;fx Z) — KOMIIOHEHTBI CBI3HOCTH TOXKJIECTBEH-
noro orobpazenust B Map(X, X;fx Z) u Homeo(X; fx Z) coorBercrBeHHO.

Onpedenenue. Bymem rosoputh, uro BH-paccioenwe p: ' — B sBisercs
BH-paccnoenunem panza 1, ecin Briouenue Fiby(E) C Homeoi(E) unnynu-
pyetT sunmMopdu3M Ha ypoBHE dYyHIAMEHTAIbHBIX IDYIIL.

3amenarue. TepMUH «paHr» MOTHBUPOBAH BOIPOCOM O FOMOTOIUYECKO# XapaK-
repusanun Biaoxkennit Fib(E) C Homeo(E) n Fibi(E) C Homeo (E).

Teopema 6. ITycmv p: E — S' — jokasvno mpusuasvnoe paccaoenue 1ad
oxpyocHocmBIO0 co caoem X, 2de X — ceaznoe Komnaxmmoe mno2006pa3ue c
nenycmuim kpaem 0X . IIpednoaostcum, wmo 6vinosHEHd, CACOYOUUE YCAOBUSL:

— y X He umeemcs a8moz20MeoMmopPhu3mMos, C8A3AHHVIL MOHCOECNEEHHOT Ha
Kpae 20MOMonuet, Ho He C8AZAHHBIT MOHCIECTNBEHHOT HA KPAE USOMONU-
eti, m. e.

Map, (X, X;£x0X) N Homeo(X;fx9X) = Homeo, (X;fx0X),

— aubo npocmpancmeo epynnv. Homeo1(X;fx 0X) odnocesnsno, aubo exato-
wenue Homeoy(X;fx0X) C Mapi(X, X;x0X) undyyupyem uszomop-
Ppusm PyndamermarvHouix epynn,

— CYotceERUE PACCAOEHUA P HA KAHCOYIO U3 KOMNOHEWM C8A3HOCMU kpas OF
aeasemca BH-paccaoenuem parnea 1.

Tozda p asaaemcsa BH-paccaoenuem.



CrpykTypa paboTbl

B §2 noka3bIBaroTCsl HECKOJIBKO BCIIOMOI'ATEIHHBIX JIEMM.

B §3 moka3swiBaercs Teopema 5.

B §4 mokasbiBaercs MpeJJIOKEHHE O MPOIOJIKEHUH IIOCJIONHON W30TOoNnuu,
HCIIOJIB3YEMOE B JIOKA3aTeIbCTBE TEOPEMBI 6.

B §5 mokassiBaercss Teopema 6.

B §6 Teopemsr 1 u 3 joka3biBatoTcs B caydae n = 1.

B §7 teopema 1 mokaseiBaercs B ciiydae n = 2.

B §8 Teopema 3 mokaswiBaercsd B ciydae n = 2.

B §9 Teopema 1 jokasbiBaercs B cirydae n = 3.

B §10 nokaswiBaeTcst Teopema 2.

B §11 npuBejieHb! aJIbTEepHATHBHBIE JIOKA3ATEIbCTBA YACTHBIX CIIYIAEB TEO-
pemsbl 1.

BaaromapaocTu

Aprop upusnaresien FOpuro Besoycory, Usany dpinaukoBy, Cemeny Iloakopsl-
ToBy 1 EBrennio @OMUHBIX 38 MOJIE3HBIE 0OCY K ICHUS.

2 Bwuyrpucsaoiiabie TOMOTOIIUA U TOMOTOMHBIE Ce-
YeHUusd

Onpedeaenue. Tomoronmio (B wacrnocru, — usoromuio) 7: X X [0,1] — FE
MEXKIy JBYMsI OTOOPAXKEHUsIMU B IPOCTPAHCTBO E HEKOTOPOro pacC/IOeHUs
p: EF — B Oynem Ha3bIBATH SHYMPUCAOUHOT WU BHYMPUCA0EGOT, €CITA s
kaxkjoro ¢ € X npoexiwst p(7({x} x [0,1])) siasiercst Toukoit. Ecim st Kax-
noro z € X upoekrust p(T({z} x [0,1])) siBasiercs crsiruBaemoit B B nerieii,
OyJieM TOBOPUTD, YTO IOMOTONUs T siBjgercsa cneyuaavholi. (IIpoekuuu B 6azy
JIByX OTOODarKeHU, CBA3aHHDBIX CIEIHAJbHON IOMOTONUEH, COBIAJIAIOT. )

Cremyrommast mpocTas JeMMa, JaHa st yaI00CTBa CChIIOK.

Jlemma 1. Jlsa menpepuiHbir 0moodPasCenus Mmonos02uecko20 npocmpai-
CMBaG 8 NPOCMPAHCNBO AOKAALHO MPUBUAADLHOZ20 PACCAOEHUA HAOD OKPYHCHO-
CMBI0 BHYMPUCAOTHO 20MOTNONHDBL ECAU U TOALKO €CAU CEA3AHDL CNEUUAALHOT
2omomonued.

Joxazamenvcmeo. BHyTpuUC/IOitHAS TOMOTOIHS TIO OIIPEIEJIEHUIO SBJISETCS CIIe-
nuabHOM. J[Jist IpoBEepKU 00PATHON MMILIMKAIIUN 3aMETHM, UTO JIOKAJIBHO TPU-
BHAJIbHOE PACCIOEHUE HAJl OKPYKHOCTBHIO IIPEJICTABUMO B BH/JI€ TOPA HEKOTOPOI'O
aBToromeomMopdusma f cyios F' 33 1aHHOTO PACC/IOCHUS:

- F % [0,1]
B (:Ev 1) ~ (f(.%'),())

DTO JaeT OJHOMEPHOE JIOKAJbHO TPUBHAJBHOE cjoeHume £ Ha IIPOCTPAHCTBE
pacC/IOeH s, KaXKIblil CJIOM KOTOPOro HakpbiBaeT 0azy. IIpoekTupyst KakIbrit




IyTh CHelUaJbLHOI TOMOTONMK Ha cJioit I, comepskalnuili KOHIleBble TOYKI Iy TH,
BJIOJIb CJIOEB CJIO€HUS &, MBI IIEPEBOJIUM CIIENAAJILHYIO TOMOTOIHUIO BO BHYTPU-
CJIOMHYIO. 0

Samenarue. Y geMMBI 1 IMeeTCs MyTh AOKA3aTENbCTBA (IpUtIeM [is He 06538~
TEeJILHO JIOKAJILHO TPHBUAJIBHBIX PACCIIOCHUIT) Yepe3 «aKCHOMY O HAKPBIBAIOIIEH
romoromun» (cM. [Ste51, 11.7. Second covering homotopy theorem|), ommaxo
TaKoi IyTh MeHee yJ00eH 1pu pabore ¢ mogpacciaoeHnsMu (cM. mar 1.3 B J1o-
Ka3aTeIbCTBE TEOPEMBI D).

Jlemma 2. ,ZZB(I CEYEHUA AOKANDHO TMPUBUANDHO20 PACCAOEHUA 1nad OKPYIHCHO-
CMBI0 UOMONHBL 8 KAACCE CEHEHUT eCAU U MOALKO ECAU OHU 20MOTONHDL.

Jloxazameavcmeo. V3oTomHble ceueHnst roMOTONHbL. Jlokaxkem obpaTtHoe. Ecym
JIBa CeYEeHMsI TOMOTOIIHBI, TO IIPOEKITUs B 0a3y CBA3BIBAIOIIEH UX TOMOTOIINH JIAET
FOMOTOIIIO TOYKIECTBEHHOTO OTOOparkeHUs 6asbl, T.e. metmio B Mapy (ST, S1).
lomoronus ToXKIeCTBEHHOTO OTOOpAarKeHUsi ITPOCTPAHCTBA CTABAT B COOTBET-
CTBHE KaXXJOH TOYKe IPOCTPAHCTBA IMETJII0 B IpocTpaHcrBe. Jlns merens B
OKPY2KHOCTHU KakK JIjisi OTOOPaKeHMil U3 OKPY?KHOCTH B OKPY?KHOCTB OIIPEJIEJIEH
uHjieke. VHjIeKC TIpUHUMAET Te/Ible 3HAUEHUsI U 3aBUCUT OT TOYKU HEIPEPHIBHO.
CieoBaTesIbHO, y BCEX IETEb 3aIaHHON TOMOTOIINNA WHIEKC OIUH M TOT JKE.
Orciofa BUJIHO, YTO 3aJ[aHHBIE TOMOTOITHBIE CEYEHUsSI CBSI3aHBI M CIIEIUATBHOM
rOMOTOIINEl, — OHa [OJIy4YaeTCs KOMIIO3UIMe 3aaHHoil roMoronun ¢ (o6par-
HOW K WHJIEKCY) CTeleHbI0 TOMOTOINH, <IIOBOPAIMBAIOIIE» KPUBYIO CEYEHUsI
BJI0JIb camMoii cebsi. [1o ytemme 1, cBsizaHHBIE ClIENUAIBLHON NOMOTONUEN CeueHust
BHYTPHUCJIOWHO TOMOTOIHBI. BHYTpUC/IOHAST TOMOTOIINS CEU€HU SBJISETCS U30-
Tomuell B Kjiacce cedenuit. Jlemma jokazaHa. O

3amevanue. Y JeMMBI 2, KAK Uy JIEMMBI 1, IMeeTcs 11y Th JI0KA3aTe/IbCTBa (IIpu-
yeM Jjisi He 00s3aTesIbHO JIOKAJIbHO TPUBUAJIBHBIX PACCJIOCHUN) Uepe3 «aKCHO-
My O HakpbiBaromeii romorormu» (cMm. [Stebl, 11.7. Second covering homotopy
theorem]). DToT aspTepHATUBHBIN MyTh 0600IIAETCS Ha Cilydail, KOrJa B Kade-
cTBe 6a3bl PACC/IOEHUsI BLICTYIIAET IIPOCTPAHCTBO B, 0bJatalolee cyre/ 1y onmm
CBOIICTBOM:

e Bxiouenue Homeoi(B) C Map, (B, B) uanyuupyer suumopdusm GyH-
JIAMEHTAJIbHBIX TPYIIIL.

Cp. co cBoiicTBaMu cjiost B TeopeMax 4—6 u ¢ mpeiozKenuem 5.

3amevarue. Jlemmy 2 mmeeT CMBICT pacCMaTPUBATH KaK OIPEIEJIEHHOI'O pojia
060011IeHIe BBIPOXKJIEHHOIO JI0 OJHOHUTOYHBIX KOC U3BECTHOrO (yHOMSAHYTOI'O
BO BBEJICHUN) PE3YJIbTATa O TOM, YTO 3aMKHYTBIE KOCBI B IIOJIHOTOPHU U30TOIHB
€CJId U TOJIBKO €CJId OHU IPEJCTABJISIOT OJIMH U TOT Ke KJIACC CONPSI?KEHHOCTHU
IPYIIIBI KOC.

Jlemma 3. IIycmo X — monoaozuveckoe npocmpancmseo, Z — nodnpocmpa-
emeo 6 X, a f: X — X — asmozomeomoppusm ¢ f(Z) = Z. ITyemo Xy —



AOKAALHO TPUBUAALHOE PACCAOENUE HA0D OKPYICHOCTDIO O caoem X, omeeda-
rousee asmozomeomoppudmy f:

B X % [0,1]
M= G~ (@).0)

a Zy — nodpaccroenue 6 Xy, omeeuarowee nodnpocmpancmey Z. IIpednono-
otcum, ¥mo Z u X AUHETHO c8A3HbL, G A0dcenue Z C X undyuupyem snumop-
pusm (monomoppusm) gyndamermanvnviz epynn. Tozda u enosicenue Zp C Xy
undyyupyem anumopdusm (MoromopPusm) PyrniameHmarorolz epynn.

Hoxazamesvemeo. dummopdusMel. Besakas mernsa B Xy ¢ 6a30Boil TOUKOIT
B Zy B CHJIy TWHEHHOH CBA3HOCTH CJIOEB N JIOKAJBHOI TPUBHATIHHOCTH PACCIIOe-
HUsI TOMOTOIIHEH TEPEBOUTCS B TETITIO, SBJISIONLYIOCS TPOU3BEJCHUEM TIETIN B
coziepzKareM 6a30ByIo TOUKY cinoe Xo U IeTyiu B Zy, a ecyiu BIoxkenne Zg C Xg
UHYIUPYeT SnuMopdusM dyHIaMeHTaIbHBIX IPYII, TO MeT/st B Xy TOMOTOIIN-
eit B X IEPEBOIUTCS B METIIIO B Z(. DTO PACCYKIEHUE JeMOHCTPUPYET CIOPbEK-
THUBHOCTE 0TOOpazkenus m (Z5) — w1 (Xy) IpH yCIOBHU CIOPBHEKTUBHOCTH OTO0-
paxenus 71 (Z) — m1(X).

Monomopdusmsbl. Ecmu netns A B Zy craruBaemMa B Xy, TO HaifmeTcs
orobpazkenne jucka A: D? — Xy ¢ A(OD?) = \. PaccmoTpuM MH/yIHPOBaH-
noe? paccioenuem p: Xy — S n komunosunpeit po A: D? — S paccioenne =x
manx D? co cioem X, ero moppacciaoenne =y, oTBedaloNee IOAPACCIOCHHI0 £ £
u poobGpas B Zx mapsr (A(D?),\). B cmty crarmsaemoctn aucka D? paccoe-
Hre Sx TpuBHaJbHO (cM., Hampumep, [Stebl, Corollary 11.6]). Cnenosaresnbho,
eciu ByIoxKeHue Z C X uHaynupyer MoHOMOPG®U3M DyHIAMEHTAJIbHBIX IDYIIH,
TO poobpas B Zx MeTau A craruBaercs B =yz. OTHpaBiisis CTATUBAIONLYIO T'O-
MOTOIHMIO CHOBa B Xy dWepe3 ecTecTBeHHOe oTobOpazkenume Zx — X (oTmpas-
asiomee Zz B Zy), MBIl BUAUM, 9TO A CTATHBAETCS B Zy. DTO PACCyKIeHHe
JIEMOHCTPHPYET UHbEKTUBHOCTH oToOpaskenus m1(Zf) — w1 (Xy) mpu ycmoBun
UHBEKTUBHOCTH oToOpaxkenust 71 (Z) — 71 (X). O

Jlemma 4. Ecau 6 ycaoguax aemmot 3 saoocenue Z C X undyuupyem u3omop-
Pusm Pyndamenmanonuix epynn, mo d6a ceuernus noodpaccioerus Zy U30omono.
8 KAGCCE CeHeHUT IMO020 NOOPACCAOEHUSA ECAU U MOABKO ECAU OHU U30TONNDL 6
Kaacce cevenull paccaoenus Xy.

Hoxazamenvcmeo. B cuity nemmbl 3 Biioxkenne Zy C Xy HHAyIUPYeT U30MOD-
dusm byHIaMeHTaTbHBIX TPyHI. Ecam 1Ba cedenns moapaccioeHus Zy M30-
TONIHBEI B KJIacce CeUeHMil pacciaoeHusd Xy, TO OHH IPEACTABIAIOT OJUH U TOT
JKe KJIacC conpsizkeHHocTH B rpyie 71 (Xy), a snaunt, u B rpyme w1 (Z5). O1-
CIOZ]a B CHJLY JIEMMBI 2 CJIeJlyeT, YTO STU CeYeHUs M30TOIHBI B KJlacce CeYeHUil
paccyioenust Zy. O

20Onpenesenust ¥ CBOWCTBA WHIYIMPOBAHHBIX DPACCIOeHmE cM., Hanpumep, B |[Hus94,
crp. 17], [Hat02, crp. 406].



3 Jloka3aTeJbCTBO TeOpPeMBI 5

IIycts p: E — S' — JoKaabHO TpUBHATBHOE paccioeHme co cioeM X, a
h: E— E — mnocjoiHbIil aBTOroMeoMopdusM, HU30TOIHBIA TOXKIECTBEHHOMY
orobpaxkenuto idg. Tpebyercs mokazarh, 9T0 h TOCTONHO M30TOIEH TOXKJIE-
CTBEHHOMY.

ITar 1.1. Csedenue cumyauuu K CAY4G10 A8MO20MEOMOPPHUIMA, UHOYUUDY-
1ouse20 mooicdecmeennoe omobpasicenue na base.

ITocnoiiubrit aBTOrOMEOMOPGU3M IIPOCTPAHCTBA PACCIOCHUST UHIYIIUPYET aB-
roromeomopdusM 6a3pl. O603HAUNM depe3 hp aproromeomopdusM 6azpr ST,
WHIYITUPOBAHHBIN 3aIaHHBIM aBTOrOMeOMOPMU3MOM h, 1 TTOKazKeM, ITo hp Co-
xpanger opmeHTanmio. /g 3Toro BHIGEpEM HpoM3BOJILHOE ceuenne q: S' — E
3a/IaHHOT'O PACCIIOeHUs P (CeUYeHNe CyIeCTBYET B CUILY [IPEJIIIOJIOKEHNUST O JINHEH-
HOIi CBSI3HOCTH CJIosl, — M., HanpuMmep, [Hus94, Theorem 7.1]). Tlpumenus K ¢
W30TOIHIO, TIEPEBOSNIY0 idg B A, U CIPOEKTUPOBAB TOJIY YUBITYIOCS M30TOIIIIO
KpUBO#i B 6a3y, MbI IOJIyIaeM MOMOTOITUIO MEYKTy TOXKJIECTBEHHBIM OTOOPAYKEHH-
em Gaspl (idp) u hp. Kak cienyer u3z xiaccuaeckux KOHCTPYKIHUiA, FOMOTOIIHBIE
aBTOrOMeOMOP(MU3MBI OKPYKHOCTH M30TONHLI. [loaHaB n3oTonuo Mexay hp u
idp 1o mocsofiHo# n3oTonMu mpoctpaHcTBa E (CyIecTBoBaHMe TAKOrO TIOJHSI-
TUSL JJIs JIOKAJIBHO TPUBHUAJBHOIO PACCIOEHHsI CJeJyerT, HanpuMmep, u3 [Stebl,
11.3 First covering homotopy theorem]), Mbl mo/IydaemM MOCJORHYIO U30TOIHUIO,
CBA3BIBAIONIYIO h ¢ aBTOMOPGMU3MOM h/, TAIOMIM TOXKIECCTBEHHOE OTOOPAKCHIE
6a3bl. [TockoabKy h u h' cBI3aHBI IOCJIORHOI N30TONNEI, /1)1 3aBePIIeHns 10Ka-
3aTEJILCTBA TEOPEMBI JOCTATOYHO J0Ka3aTh, 9T0 h' 1 idg MOCIOHHO M30TOIHEI.

ITar 1.2. Csedenue k cay“ar0 a8mo2omMeomopPhusma, C8A3GHHO20 C TONHC-
decmeennvim omobpasicernuem idg cneyuaivnot® usomonueti.

BameruM, uTo npu Beskoil uzoronuu E X [0,1] — FE, cBasbiBaroieii Toxie-
crBeHHoe oTobparkenue idg ¢ aBTOroMeoMOpMU3MOM, UHIYIUPYIOMIAM TOXKIe-
cTBeHHOEe OTOOparkeHme B 0a3e, MPOoeKIusd B 6a3y MyTH KayK0H TOUKU ABJISIETCS
neTJieil, IpuyeM rOMOTOINMYECKUl TUII 9TOH 1eT/in B 6a3e HE 3aBUCUT OT BBIOO-
pa touknu. [TogHuMeM 10 mocsoitaoit nzoronun E X [0,1] — E moaHsI 060poT
okpyzxkHOCcTH (cM. [Stebl, 11.3 First covering homotopy theorem|). Jomonuus b’
OTIPEJIEJIEHHBIM KOJUYIECTBOM TAKHUX MTOBOPOTOB, MBI MOJIyYaeM ABTOMOMEOMOP-
duzm h'": E — E, nocioiino uzoronnslii ¢ b’ u cesasannblii ¢ idg cnenuaibHO
U30TOIIHEH.

ITar 1.3. Csedenue x cayuaro asmozomeomoppusma, cesdannozo ¢ idg
6HYMPUCAOTHOT, 20MOMONUE.

IMockonbky h' m idg cBsA3aHBI CenuAJbLHON M30TONMEH, B CHIY JIEMMBI 1
OHU CBSA3aHBI U BHYTPUCIOHOM romoTonueit. [Ipu 3ToM 13 KOHCTPYKITUU JTOKa-
3aTeJIbCTBA JIEeMMbI 1 B CHILy IIpeJosaraeMoii HHBADUAHTHOCTH MHOXKECTBa Z
CJIEJIyeT, YTO TOMOTOIIMS MOXKeT OBITh IIOCTPOEHa TaKUM 00pa3soM, UTO B KaK-
JIBI MOMEHT B KaxKJI0M cjioe X' TOMOTOIHS IEPEBOIUT OAMHOXKecTBO Z' C X/
coorBercrByomiee nonmuokectsy Z C X, B Z' (Bo3bMeM ciioeHue £ B KOHCTPYK-

30Hp€ﬂeﬂeHI/Ie CHENVaJIbHOU U30TONUU JaHO B paszaeJsie 2.
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[IUU JI0KA3aTeILCTBA JIEMMBI 1 TaKUM, IYTOOBI KAYKIBII U3 €ro CJIOEB COEepPIKAIICS
Jb0 B TOPACCIOEHNH, MO0 B JOIIOJHEHNH K HEMY ).

IITar 2. Iocmpoerue  undyyupoBaHHO20 — PACCAOEHUS — CO  CAOEM
Map(X, X; Z).

JIOKaJIbHO TPUBUAJIBHO PACCJIANBAsCH HAJT OKPY2KHOCTHIO, IIPOCTPAHCTBO F
[IPEJICTABUMO B BHJIe TOpa HeKOoToporo aBroromeomopdusma f: X — X cios X:

B X x[0,1]
(2,1) ~ (f(2),0)’
Aproromeomopdusmy f oreuaer apromopduam Ay morouna Map (X, X; Z),
oTmpassonyit otobpazkenne m € Mapi (X, X; Z) B orobpaskenne fomo f~L.

Paccmorpum onpenestsieMoe aBroMopdu3MoM Ay JIOKaIbHO TPUBHAILHOE pac-
CJIOEHEE HaJl, OKPYZKHOCTBIO co cioeM Mapy (X, X; Z):
_ Map (X, X;7) x [0,1]
(m,1) ~ (fomo f~1,0)
ITockoubky Ay nepesoputr noaupocrpancrso Homeo(X) C Mapi(X,X;Z) B
Hero ke, mojnpocrpancTBy Homeoy(X) orseuaer nogpaccioenue B £, KOTO-
poe MBI 0003HaunM depes H. Pacemorpum Taxzke noapacciaoenue H' co ciaoem
Mapi(X,X;Z) N Homeo(X). B cuiy clieJlaHHOTO B yCJIOBUU TEOPEMbI IIPE]I-
nostoxkerust o ToM, uro Mapy (X, X;Z) N Homeo(X) = Homeo1(X), nmeem
H’ = Hl.
3 KOHCTPYKIIUY CJIeJIyeT, 9TO UMeeTCsl eCTeCTBeHHas OUeKIs MexKly cede-

HUSIME PaccjioeHusi £ U HeIPepbIBHbIMEU OToOpakeHusiMu F — E| miepeBojsim-
MU KaxKJblii ¢10if X’ B TOT Ke ¢J10# 0TOOpaskeHneM, CBSI3aHHbIM C TOXKJIECTBEH-

HbIM oTobpazkenueM idyxs romoronueil (B cja0e), B KaxKIblii MOMEHT [EPeBOJIs-
meit nomnpocrpanctso Z' C X' orBedaroniee MHBADUAHTHOMY IOJIIPOCTPAH-
ctBy Z C X, B Z'. B wactnoctu, nockonbky h' u idg cBssanbl romoromnueii Ta-
KO0 BHJIa, aBroromeomopdusmy b’ oTBeuaer HeKOTOpOE cedenue pacciaoeHus £
(obo3HaUUM ITO CedeHue 4epes Yp), & FOMOTOIUU YKA3AHHOIO BUJA OTBEYAET
M30TONUSA — B KJIACCE CETECHUIH — MEXKIY CETEHUEM Ypr U <MPUSUANDHDLM> CE-
yeHueM 7y ([0f] TPUBUAJIBHBIM CEYEHHEM Mbl IOHUMAEM CEeUeHHe, COCTOSIIee U3
TOYEK CJI0eB B £, OTBEYAIOIINX TOXKIECTBEHHBIM OTOOPAsKEHUSIM COOTBETCTBYIO-
X cjaoes B E).

ITOCKOBKY TOYKH B Y4 CYTh ABTOMOMEOMOP(MHU3MBI COOTBETCTBYIOIIAX CJI0ECB
n3 F, cedenne vy JEXKAT B TOIPACCTOCHAN H., KOTOPOE B CHITY IIPEIIIOIOKEHUIT
comagaet ¢ Hi. g Toro, urodnl yoemurhes, 9To b’ u idg cBa3aHbI TOCIOMHOM
U30TONUEH, JOCTATOYHO YOEIUTHCsI, 9TO Vi~ U 7o W3OTOIHBI B KJIACCE CEUEHUI
nojpaccyioeHust H .

B cayuae, ecau npocrpaHcTBo rpymisl Homeoq (X) OmHOCBS3HO, Yur U Yo
M30TOIHBI, TIOCKOJIBKY B TAKOM CJIydae JIIOOBIE IBa CEYeHUsl MOAPACCTOeHus Hq
usoronnbl. (JIo0ble Ba ceveHUst JOKAIBHO TPUBUAIBHOIO PACCJIOCHUS U30TOM-
HBI, ecin 6a3a — OKPY?KHOCTB, a CJIOf — OJHOCBsI3eH; M., HampuMep, [Hus94,
Theorem 7.1]: B KauecTse 6a3bl paccMoTpuM mpoctpancTso St x [0, 1], a B Kaue-
CTBE YaCTHYHO OIPEJIeIeHHOTO cevenns — obbeuuenne cedennit naa ST x {0}

u nag St x {1}.)
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B cayuae, ecom rioderne Homeor (X) C Mapy (X, X; Z) uaaynupyer uso-
Mopdu3M (YHIAMEHTAJBHBIX T'PYII, U30TOIMHOCTb CEYEHUI Yp» U 7Yy B KJIACCE
cedeHuil nojpaccyoenus Hi cjiejlyerT U3 X U30TOIHOCTH B KJIACCe CeYeHU pac-
cioenusi £ B CUJLY JIEMMBI 4.

Wrak, Mbl OKa3a/M, 9TO MPOU3BOIBHBIN TOCTOMHBIA M M30TOIMHBIN TOXKIe-
CTBEHHOMY aBTOroMeoMOpGU3M h BCIKOrO JIOKAJIbHO TPHUBUAJIHHOIO PACCIIOe-
Hust ' Ha 1 OKpYyKHOCTBIO €O cjioeM X IIOCJIONHO M30TOIEH aBTOrOMEOMOPdU3-
My h'', KOTOpPBIil TIOCJI0HO M30TOMEH TOXKJIECTBEHHOMY OTOOPaskKeHHUI0. DTO JI0-
Ka3bIBAET, YTO BCSIKOE JIOKAJBHO TPUBHUAJIHLHOE PACCIOCHUE HAJ[ OKPYKHOCTHIO
co cioem X sBisiercst BH-paccioennem. Teopema jokazama.

3.1 lonosHeHue

st ymobcTBa cChLIOK cHOPMYIUPYEM B BUIE OTACILHOTO TIPEJIOXKEHIST YTBEP-
2KJ/ieque, JaCTHBIN Cﬂyqal‘;l KOTOPOI'O BO3HUKAET Ha IIare 2 IIPpUBEJICHHOI'O BBIIIE
JI0Ka3aTeIbCTBA TEOPEMBI 5.

ITpengyoxkenme 1. Iycms X  —  monoaozuveckoe  npocmpancmeo,
p: E— S' — sokarvro mpusuasvhoe paccaoerue co caoem X, h: B — E —
erympucaotinoi asmozomeomoppusm. Hycmo G(X) — nopmasvras nodepyn-
na 6 Homeo(X) (nanpumep, Homeoy(X) uau Homeor(X,fxZ), 2de Z —
Kaxoe-nubydo h-unsapuarmmoe nodnpocmpancmeo 6 X). Toeda, ecau G(X)
AUHETHO CBA3HA U 00HOCBA3NHA, 6 6 Kadicdom caoe X' paccaoenusn p cyoicenue
hlx: eomeomoppusma h na X' seorcum® 6 G(X'), mo h u idg ceazanv enym-
pucaotinoti usomonuet, y xomopoti cyscenue wa xadxcowt caott X' aeorcum

6 G(X).

Hoxazameavemeo. YTBepKIieHne TOKA3BIBAETCS KOHCTPYKIHEH U3 1mara 2 mpu-
BEJICHHOI'O BBIIIE JI0KA3ATeILCTBA TeopeMbl H: 110 paccioenuio p: FE — St crpo-
uTcs oTBevaiomee emy pacciaoenne H — St co cmoem Homeo(X). B atom pac-
csloeHun UMeeTcs nogpaccioenue G co caoeM G(X ). Aproromeomopdusmam b u
idg oTBeualoT ceveHust mojpaccygoenns G, B CUIy JUHEHHONW CBSI3HOCTH U OJIHO-
cesizHOCTH cj10st G(X) 9T cevdeHus H30TOMHBI B G, M30TOMMA MKy CEUCHUAMU
B § oTBeYaeT UCKOMasl BHYTPHUC/IOHHAs u3oTonus Mexay idg u h. O

4 O mpoaoJKeHU! MOCJIONHON M30TONnn

st ToKa3aTesbcTBa TeopeMbl 6 HaM Hy2K€H BapUAHT OOODIIEHUsT HA PACCIIOCH-
HBIE [IPOCTPAHCTBA TEOPEMBI O IIPOJIOJKEHUH U30TOINH (C Kpasi MHOI0oOpas3ust
Ha Bce MHOroobpasue). JlokasbiBaemMoe B HacTosIeM naparpade npeiokenne 2
pejicTaBisierT coboit Takoe obobieHne. B simreparype nMeeTcs HECKOJIBKO Bep-
cuil TeOpeMbl O MPOJOJIXKEHNHN W30TOIHH I MHOTOODPAa3uil U UX MOJAMHOr000-
pa3uil ¥ MOJMHOXKECTB, 9TH BEPCHU MMEIOT PA3JNIHBIE BAPUAHTHI 000OIEHMT

4Tlockonbky moarpymma G(X) mpeanonaraercs mopmanesroit B Homeo(X), moxrpymnma
G(X') m, COOTBETCTBEHHO, IPUHA/JIE?KHOCTH dj1eMeHTa g € Homeo(X') moarpynme G(X')
KOPPEKTHO OTIpejiesienbl 6e30THOCUTENILHO K BBIGOPY roMmeoMopdusma Mexay X' u X.
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Ha PACCJIOEHHBIE TPOCTPAHCTBA, MMEETCS TaKXKe HECKOJbKO PA3JUIHBIX ecTe-
CTBEHHBIX IIOJIXO0JIOB K JOKA3aTEIbCTBY MOJO0HBIX yTBepXKAeHuil. OTMeTHM 115t
SICHOCTH, 9TO B IIPUBEJICHHOM BapuaHTe yTBep:KieHus (IIpeijioxkenue 2) Kak
YPOBEHBb ODOOIIEHNsI, TAK U METOJI JOKA3aTeIhCTBA BHIOPAHBI B 3HAUUTEILHON
crerienn Tpou3BoJbHO. C 0JIHOI CTOPOHBI, HAM JIOCTATOYHO OBLIO ObI HoJIee YacT-
HBIX yTBEPXKJIEHUiT ¢ 60JIee KODOTKUMU BapUaHTaMU JI0Ka3aTesibcTB. Hampumep,
B Cilydae, KOrja 0a3a siBJISIeTCsl OKPYXKHOCTbIO, HUMEETCS BAPUAHT JOKA3aTE b
CTBa, UCIOJIL3YIONIUIl TOP 0TOOPaYXKEHUsI, 8 €CJIA OIPAHUYUTHLCS CIy9IaeM, KOTIa
6aza sIBJISIETCST MHOIOOOpa3ueM, JTOKAa3aTeIbCTBO MIPEJJIOKEHNsT 2 MOXKHO COKPa-
TUTh ¢ yueToM Kjaaccudeckoro pesyasrara [EK71, Corollary 1.3] o Tom, 4o uso-
TOIHUST KOMIAKTHOTO MHOT000Pa3ust PACKIIAIBIBAETCS B IIPOM3BE/I€HIE U30TOINI,
HOCHUTEJIb KayKJIOfl U3 KOTOPBIX COJIEPIKUTCS B OHOM M3 3JIEMEHTOB 3aJ[aHHOTO
OTKPBITOro MOKpbiTHst. C JIpyroit CTOPOHBI, IPUBEIEHHOE yTBEPKIeHne 00001a-
ercst U Ha OoJiee MUPOKHUE KJIACCHI MMOJAMHOr000pas3nii, Ha He 00sI3aTeIbHO KOM-
nakTHyo 6a3y (K Ipumepy, Ha CiLydaii HOpMAJIbHOM JIOKAJIHHO KOMIIAKTHOM JIMH-
nenecdosoit’® 6aspr; cM. C,-ipocTpancTsa B [Ste51], Teopemy [Ste51, 11.3 First
covering homotopy theorem| u MmeTon ee mOKa3aTEIBCTBA) U T. I1., HO MBI He TIPH-
BOIMM 3TUX 000OIIEHNIT B HAcTOsIell pabore, OPUEHTUPYSICh Ha TO, UTO JIJIsi
JIOKa3aTeIbCTBA TEOPEMBI 6 Takas CTEleHb OOIHOCTU He TpedyeTcs.

IIpennoxkenue 2 (0 UPOIOKEHUN TIOCTIOHHON uzoromuu). ITycmo F — xom-
naxmmoe mHo2000pasue ¢ Henycmuim xpaem OF , B — nopmanrvroe xomnaxmmoe
npocmpancmso, p: I — B — aokaavho mpusuasvhoe paccaoerue co caoem F,
Ey C E — nodpaccaoerue, omeseuarowee kparo OF. Tozda ecaxan nocaotinas
U30MONUA MoHcdecmseennozo omobpasicenus nodpaccaoenus By npodorsicaemces
00 MOCAOTHOT UOMONUL TOAHCIECTBENN020 0MObpadcEnUA npocmparncmses E.

Joxazamesvemeo. B HACTOAIMIEM IOKA3aTEJLCTBE [l YIPOLICHHS IPOBEPKU
CBOMCTB KOHCTPYMPYEMBIX OTOODAXKEHWI HAM YJOOHO WHTEPIPETHPOBATL M30-
TOINH BCSKOTO TIOANAIAIOIErO MO/l PACCMOTPEHNE TPOCTPpaHCTBa W Kak coxpa-
HAIOIIME BTOPYIO KOOPAMHATY aBroromMeomopdusmbl npoussegenus W x [0, 1]
(xax B [Ep66, Ch69]).

Kpome TOro, mocKoIbKy 3/1eCh HAC MHTEPECYIOT UCKIIOYUTENHHO U30TOINN
TOXKJECTBEHHBIX OTOOPayKEHHI IPOCTPANCTB, Jajlee B JOKA3aTEIbLCTBE IOM H30-
TONMSAME TTOHUMAIOTCSI IMEHHO TAKHME U30TOINN: COXPAHSIONIHE BTOPYIO KOOD/H-
Hary aBroromeomopdusmst W x [0, 1] — W x [0, 1], roxaecrsennsre Ha W x {0}.

IMox npouseedenuem wzorommit 7: W x [0,1] = W x [0,1] u p: W x [0,1] —
W x [0,1] nonumaercss IIpu 3TOM KOMIIOZHIUS ITHX HM3OTONHI KAK aBTOrO-
MeoMopduamos npocrparcTsa W x [0, 1], T.e. mpousBeseHne B CMBbICJE TPYII-
el Homeo(W x [0,1]). Bo usbexkaHue myTaHUIBI, B JajbHeneM Mbl OyieM
0003HAYATD TAKOE IIPOU3BEJICHNE Uepe3 T *

Txp=TOp.

O6pammaa u30monus MOHAMAETCS B COOTBETCTBYIOIIEM CMBICJIE — Kak 00paT-
HBIT ajeMenT B rpymie Homeo(W x [0, 1]).

-
°TIpocTpaHCTBO HA3BIBAETCS AUHIEAEPHOEIM HITH (DUHATHLHO KOMIAKTHBIM, €CJIM U3 JIIOO0ro
€ro OTKPBITOIO TOKPBITUS MOYKHO BBIJIEJIUTH HEe 00jiee 9eM CYETHOE MOAIIOKPBITHE.
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MHO0KeCcTBO BCeX M30TOINIH TOXKIECTBEHHOI'O OTOOparKeHusI mpocTpancTsa W
(obpasyroree ¢ ykazaHHOI oreparyeil Ipon3BeieHns TPYIIILY ) 0603HAUNM Yepe3
A (W).

Iox enympucaotinoti n30TONHMENR MPOCTPAHCTBA PACCIOCHUST UMEETCS B BU-
JIy U30TOIHS, WHIYIUPYIOMas TOXKJIECCTBEHHYIO N30TONHIO B 6a3e pacCIOeHUsI.
[Mox npodossicumbimuy T30TOMUSIMEI UMEIOTCS B BUJLY OCJIONHBIE M30TOIMUU U3
A1 (Ep), npomoimKuMBeIe J10 TOCIORHBIX n3oronmit u3 A (E).

SamMeTuM, YTO IPOU3BEJIEHUE IIPOJOJIXKUMBIX U30TOIUI SIBJISIETCST [TPOJIOJI-
JKUMOI M30TOIuell, MOCKONbKY IIPOU3BEICHUE IPOJOIXKEHNNA ABJIAECTCA IPOLOJI-
JKEHWEM TPOM3BeJleHus. TakuM 0O6pa3oM, JJIsd JI0Ka3aTeIhCTBA IPE/JIOKEHUsI
JIOCTATOYHO II0Ka3aTh, YTO IIPOU3BOJIbHASI IOC/OiHAs u3oromud T u3 Aj(Ep)
pasJjiaraercst B IPOU3BEEHIE TIPOIOJI2KIMBIX.

[TocsoitHast U30TONHST TPOCTPAHCTBA PACCIOCHHS UH/YIIUPYET U30TOLHIO Oa-
3p1. O603HAYNM UYepe3 T U30TONu0 6a3bl B, WHIYIMPOBAHHYIO ITOCIONHON U30-
ronueit 7. B cuity KiaccuyecKux KOHCTPYKIUiT Teopuu paccjoenuii (¢M., Hapu-
mep, [Ste51, 11.3 First covering homotopy theorem|), nzorormst ToxkmecTBEHHO-
ro orobpazkeHust 6a3bl JIOKAJILHO TPUBHATIBLHOTO PACCIIOEHUS C HOPMAJIBHOM KOM-
ITAKTHOM 0a3011 IO HUMAETCsI JI0 MOCJOMHON U30TOINU TOXKIECTBEHHOTO 0TOOpa-
JKEHMsI BCEIO IIPOCTPAHCTBA paccyoenus, Tak 4to B A1 (F) Haiigercsa nocioiinas
U30TONUSA T, HHAYIUPYIOas H30Tonuio 7. Vlcxonnas noronus T pa3jiaraercs B
[IPOM3BE/IEHUE CyKEeHUs u30Tonuu 7 Ha Ey (3Ta N30TONUS-CyKEHUE 110 IIOCTPO-
€HUIO TPOJIOJDKAMA) U HEKOTOPOH BHyTpuCHoitHON n3oronmu 7 € A1 (FEp). Tem
CaMbIM JIOKa3aTe/IbCTBO CBEJIOCH K CJIyYal0 BHYTPUCJIONHONW U30TOIUU T.

B ocraBmieiicst yacTu J0Ka3aTEIbCTBA MBI CHAYAJA, [TOKAYXKEM, UTO BHYTPH-
CJIOIHBIE U30TOMUU TPOOKUMBI B CIydae MPSIMBIX IPOU3BEJICHUI, & 3aTeM Bbi-
BeJIeM M3 3TOT0 O0Iuil Cirydall BHY TPUCJONHON M30TOINH T, BOCIIOJIb30BABIIIICH
HOPMAJIbHOCTBIO 6a3bl U pasJiaras T B IIPOM3BEJIEHHE BHYTPUCTIONHBIX H30TO-
ot ¢ «JIOCTATOIHO MaJIbIMH» HOCUTEJIAMU, ITPOJOJIZKUMOCTHL KOTOPBLIX IIPAMO
BBITEKAET U3 IIPOJIOJIKUMOCTH B CJIydae MPsIMBIX IPOU3BEIEHMUIA.

Urak, mokaxkem crepsa, 4To BHYTpHC/OliHble uzoronuun 7 € Ay (B’ x OF)
npomoskuMbl ¢ B’ X OF ua B’ X F' B cay4ae nupsimoro npoussezenus. (Boobie
rOBOps, 3TO BBLINOJIHSIETCS JJId IIPOU3BOJILHON 6a3bl B’, HO HaM IIOHAI00UTCS
mumb cayuait BY C B.) U3 kiaccudeckoro pesynbrarta [Br62| o BOpoTHHKO-
BOIl OKPECTHOCTH Kpasi METPU3YEMOI0 MHOI0OOpa3usl CJiejyeT, 4To y Kpas OF
HafiryTcst oTkpbiTasi okpectHocts U(JF) B F' u nepesogsinuit OF x {0} B OF
romeomopduszm h: OF x [0,2) — U(OF). OroxaecTBUM HOCPEACTBOM A OKPeCT-
nocts U(OF) ¢ npousseenunem OF X [0,2), BBeast teM cambiM Ha U (OF') K0Op-
JuHaThl, a okpectHocTh B’ X U(OF) — ¢ npoussenennem B’ x OF x [0,2). Jna
BHyTpucoeBoit uzorormu 7 u3 A1 (B’ x OF) oupenenum oTobpaykeHne

7: B’ x OF x [0,2) x [0,1] = B’ x 9F x [0,2) x [0, 1]

dopmyitoit
(b,x,r,t) npu

A( »y T ) l b
( s Tt—r (x)’ ) ) HpH

ST
2
o @

)
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rie b, x, 7, t — koopymuate B B', OF, [0,2), [0, 1] coorercTBenHo, a uepes 70

0603HAUEHO CyKeHue u3oronun 7 Ha caoit {b} x OF. U3 dopmysl sicHO, uTO 7
HEIPEPBIBHO, GUEKTHBHO U MMEET HeIpepBIBHOE 06paTHOe, OTKY/Ia 3aKJ/II09aeM,
4TO 7 ecTh BHyTpHuCaoeBad uzoronus u3 Aj (B’ X OF x [0,2)), upomosrkaoras
usoronuio 7. Mzoronus 7 roxkpecrsenna na B’ x OF x [1,2), Tak 4T0, 1ONOJIHUB
ee TOXKeCTBeHHON n3oronueit Ha B’ X (F\ U(JF)), MbI mosy9aemM BHYTPHCIIOE-
Byto uzoronuio 7+ uz A1 (B’ x F), npojoszKarontyto uzoronuio 7. Ormerum (310
UCIIOJIB3YETC B JAJbHENIIEM), 9T0, KaK BUIHO U3 Onpejessiomeil hopmyJibl,
npoexnus B 6azy B’ nHocuress supp(71) mosyueHHOro NpoJloJzKeH st COBIIAIaeT
¢ 1upoeKnueit Hocurest Supp(7) UCXOAHON U30TOIUMY.

Bepuemcst Terreph K BHYTpuC/I0€Boit m3otonuu 7 Ha Fy. Harma e, — pazito-
2KUTb T B HpOI/I3Be)IeHI/Ie I/I3OTOHI/H‘/JI7 y KOTOprX HOCUTE/INn B OHpe)le.HeHHOM CMBIC-
Jle «MaJIbl» M IPOJOJIZKIMOCTh KOTOPBIX JIEFKO YCTAHABJIMBAETCA. B cHily KoM-
nakTHOCTH 6a3bl B Haijijiercsi Takoe KOHeuHOe OTKpbIToe nokpbitue {U, ..., Uy}
st B, aro Hasr KaxKabiMm U; paccoenne p TPUBAAJIBHO, & B CHJIy HOPMAJIBLHOCTH
HailtyTCst Takue OTKpbIThie noxnokpsirus {U7,..., U,y u {U{,... U]} s B,
uro U; comepxur clos(U/), a U] conepxur clos(U]’) mias Beex ¢ (cM. Tak Ha3bl-
BaEMyIO0 «CKHMAIONIYIO JIeMMYy» KaK OJHO U3 SKBUBAJIEHTHBIX OIPEIEIAIONINX
CBOWCTB HOpMaJIbHOrO mpocrpaHcrBa B [Sch97, crp. 446]). Baobaeok, B cuiry
JIeMMbI Y PBICOHA JIJIl HOPMAJIbHBIX IPOCTpaHcTB (Takxke cM. [Sch97, crp. 446]),
Hadizercs rakoit nabop dyuxumii {1, ..., vk}, wi: B — [0, 1], aro ¢;(U/") = {1}
n (B \UY) = {0},

MpI npeJcTaBUM H30TONUIO 7 B BUJE NPOM3BEJCHUS U3O0TOIUI, MPOEKIUH
HOcuTesell KOTOPBIX COJIepKaTcsi B HocUTessix pyHKImil Habopa {¢1,. .., Yk}
Jlist 3TOTO BBEJEM TOHATHE “aACMUMHOU U30MONUY, OUPEIeTIeMOl 0 N30TO-
muu u GyHknuu Ha upocrpancrse. s uzorormu p € Aq(FEy) u HenpepbIBHOM
byuxmun $: Ey — [0, 1] onpeesnmv otobpaskernne p?: Ey x [0,1] — Ep x [0,1],

noJtaras o) = (pra (p(e,cﬁ(e) : t))7t>7

IJie Yepes pr g, obosHadena npoekuus Fy x [0, 1] — Eg. B sxsusaientHoM suse,

P (€) = pa(e)o(e).

OtoGpazkenue p? HempepbIBHO, TIOCKOJIBKY €ro MmepBas IIPOEKIHSA eCTh CJOK-
Has (YHKIMA OT HeNpepbIBHbIX (GyHKIuil (BKOUYas npousseienue (e,t) —
@(p(e)) - t). Takum obpasom, p? MOKHO PACCMATPHBATH KaK TOMOTOIMIO. Ec-
JII U30TONHUsI P BHYTPUCJIONHA, a ¢ MOCTOSHHA Ha KarxKJIOM CJI0e, TO OTOGpa-
JKeHne p?, KaK HETPY/JHO BHJIETD, elle U GHeKTHBHO, a 06paTHOe OTOGparKeHme
Ey x [0,1] = Eg x [0,1] onuceiBaercst dhopmyoit

7)) = (ors, (770l 1))t ).

sy —1
DTO MOKA3BIBAET, ITO B OFOBOPEHHOM CJIydae (,0“’) HeIIPePbIBHO, OTKY/a MbI
3aKJII09aeM, 4TO JijId BHYTPUCJIONHON M30TOIUU p U IOCTOAHHON Ha KarKIO0M
cjioe (PyHKIUU $ TOMOTOIUs p¥ SIBJISIETCS. BHY TPUCJIORHOM M30TOHEH.
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SameTnM, 9TO, KaK MPSMO CJIEyeT u3 (GOPMYJIBI JJAHHOTO OIPEIeJeHNUsI, st
BHYTPUCJIONHO U30TONMH ) U ITOCTOSTHHON HA KaXKJI0M CJi0e (DYHKIMH @ BBITIOJI-
HSIOTCS YCJIOBUS

supp (p?) C  supp(p) N supp($), (3)
supp ((p*p“‘s)_l) C supp(p) \ (1) (4)

Bepremcs K uzoronuu 7 u Habopy GyHKuii {¢1, . . ., ¢k }. Oupeneanm dyHk-
muu @;: By — [0, 1] npasuwiom @;(e) = w;(p(e)). IlockonbKy u3orouns 7 BHyT-
pucjoitHa, a QYHKIUA P1,..., P B CAJIY OIPEJETEeHNs MOCTOIHHBI Ha CJIOAX,
KOPPEKTHO OIIPE/IEIEHBI N30TOIIH

P0) = 7.-7

p(l) =T % (7"501 -t

C (5)
P(i) = Pli—1) * (pff,l)) :

~—

STI/I HU30TOIINHU Jal0T PAa3JIOZKEHUEe
P (e (#9) ) w10 =
P(1) * Plgy =
Py * P * Plo) =

p P2

PR * PGy % % P % P(G)-

U3 onpenenenus (5) B cuiry (4) nosydaem, 910

supp(p(iy) C supp(p-n) \ @5 (1) = supp(pa-n) \ p~ (U}).
Orcrona, Tax kak {U7,...,U}'} ecTb mokpeITHE Ga3bl, BEITEKAET, ITO
supp(pry) = 0,

TaK UTO [()) €CTh TOXKICCTBEHHAs (TPUBHAIbHASN) U30TOHUH, T. €.
= Pla)* %P * Ploy-
N3 (3) monyvaem, uro st Kaxkaoro ¢ € {1,...,k} BBIIOSHsIETCS YCIOBHIE
supp(p(;y)) C supp(¢i) < p T (U)).

Taxmm 06pasoM, H30TONNS T Pa3IaracTca B IPOU3BEACHNE BHY TPUCIOEBLIX H30-
Tommit X (5 = p‘(’f_l), Yy KaKJIOl M3 KOTOPBIX 3aMbIKaHUE HOCUTEJS JIEXKHUT B

mHOXkecTBe Buma p L (U;), Ha KOTOPOM Dacc/ioeHHe UMeeT CTPYKTYPY IPSMO-
ro npousseieHns. OcTaercs NOKa3aTh, YTO U30TOIUH X (;) TPOJO/KUMBL. IlycTh
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X(s) — CyKemue usoTomnn X ;) Ha Ey Np~! (U;). Hockomnsky na p~*(U;) paccito-
€HHe UMeeT CTPYKTYPY IPSIMOro IIPOU3BEICHH, C IIOMOIIbLIO BhIIIEIPUBEIeHHOI
KOHCTPYKIMH (2) MBI MOMKEM MPOJIOJIXKUTL U30TOMHIO X (;) Ha p~Y(U;), npuaem
TaK, 910 Tpoeknus B U; HOCcHTeNs SUPP(X(;)) HPOJOJIAKEHUS X (;) COBHATACT C
npoexnueit B U; Hocurens supp(X(;)) caMoil u30TOmHH X (;):

p(supp(X(i))) = p(supp(X(i))) € Uj.

Torma supp(X(;)) C p~H(U}), rax |ro

clos (supp (X(1))) C clos (p~"(U})) = p~ ' (clos(U})) € p~ " (Uy).

[lycrs X(;) — oToOpaskeHue, coBmaJaomee ¢ X (;) Ha p~Y(U;) x [0,1] 1 Toxke-
creernoe Ha (E \ p~'(U;)) x [0,1]. Torga X(;) — M30TOMNSI, TIOCKOJIbKY Hempe-
PBIBHBI €€ Cy?KEHUsI Ha HJIEMEHTBI JBYX3JIEMEHTHOTO OTKPBITOTO HOKPBITHUL

{ p™"(U;) x [0,1], (E\ clos (supp(X(;)))) x [0,1] }.

Urak, X(;) — BHYTpHC/IOfiHasd H30TONUSA U3 A1 (E), npomomxarormast H30TOIHO

X(@) = p‘(’;il). D10 3aBepIIAeT JOKA3ATETHLCTBO. O

5 JlokazarejibCTBO TeopeMbl 6

Mpsr mokakem Teopemy 6 KaK 9acTHBII CIydail CJIeIyIONIero MpeII0XKeHuUs.

Ilpennoxkenune 3. Ilycmv X — aumelino ceA3Hoe NPoCMpaHcmeo, Z — Heny-
cmoe h-unsapuarmmoe noonpocmpancmeo 6 X, p: £ — S' — aokarvro mpu-
suavroe paccroenue co croem X, a Z — omeeuarowee noonpocmpancmey Z
nodpaccaoenue 6 E. IIpednoaosicum, wmo 6uinosHens, caedyouue Yeio8us:

- Map1 (X, X;fxZ) N Homeo(X;tx Z) = Homeoy(X;1xZ) (m.e. y X ne
UMECTNCS ABMOLOMEOMOPPUIMOB, CBAZANHBLEL Modtcdecmeernot na Z 20-
Momonueti, HO He C6A3aANHBIT modicdecmeennoti na Z ugomonuet),

— aubo npocmpancmeo epynnv, Homeoy (X;1x Z) odnoceasno, aubo exaio-
wenue Homeoy(X;fxZ) C Mapy (X, X;fx Z) undyuyupyem uzomopduszm
PYHOAGMEHMANOHBLT 2PYNDN.

Ipednonootcum maxoice, 4mo

(C1) napa (E,Z) asasemca napoti Bopcyxka,

(C2) ecmecmsennas npoekyus Fibi(E) — Fibi(Z) cropsexmusna u undyyu-
pyem anumopPudm GyHIAMEHMAALHOIT 2PYNN,

(C3) Kkoaunmecmso KOMNOKEHM CBAZHOCTNU NPOCTNPAHCMEA Z KOHEWHO, KaHCOas
U3 IMUT KOMNOHEHM, KOMNAGKIMHA U, KAK NOOPACCAOeHue 8 Z , ABNAETNCH
BH-paccaoernuem parea 1.
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Tozda p ssasemcs BH-paccaoenuem.

Hoxazameavemeo npedaooicerus 3. Tpebyercs mokasarb, 9TO TPOU3BOJIBHBIN
TIOCTTOMHBINT M M3OTOMHBIN TOXKIECTBEHHOMY aBTOoroMeoMopdusm h: E — FE mo-
CJIOMHO M30TOIEH TOXKJIECTBEHHOMY.

Ilar 1.1. Csedenue cumyayuu x cayuaro 2omeomoppusma h': E — E, y
Komopozo cyoicenue na Z moscdecmeenio u Komopuiti ceazan ¢ idg usomonueti,
npu cyoicenuu ma Z daroweti cmazusaemyto 6 Homeo1(Z) nemao.

Iycrs A — myts B Homeos (F) u3 idg B h, a A — orBevaiomuii eMy IIyThb B
Homeo1(Z) w3 id; B h|;. B ey ycnosust o BH-paccioenusx panra 1 s (C3),
IS KazKJIOH KOMIIOHEHTBI CBAZHOCTH Z€ IIPOCTPAHCTBA Z BLIIOJIHACTCH PABECH-
crBo Homeoy(Z¢) N Fib(Z¢) = Fib(Z¢) (BH-paccioenue), a roMoMopdusm
71 (Fiby (Z€)) — w1 (Homeo1(Z€)) ciopbextusen (panr 1), Tak uTo cyzenne \°
M30TOMAN A\ Ha Z© MOXKHO IOCJIOMHOI M30TOImel OPOJIJINTh 0 CTATABAEMOI
nerimu A B Homeoi(Z°). IlockomnbKy ci0ii JInHEHO CBsi3eH, a h IOCJIOEH, TO
1pu Bestkoit n3oronmu u3 idg B A 1uist m06bx 1ByX Touek &, y u3 E ¢ p(z) = p(y)
(4, B 9aCTHOCTH, JJIs JIFOOBIX JIBYX TOUEK X, Y M3 PA3HBIX KOMIIOHEHT CBSI3HOCTH
HPOCTPAHCTBa Z, HO JeXKAIuX B OJHOM M TOM ke cioe, T.e. ¢ p(z) = p(y)),
HPOEKIMH TTyTell 3TuX TodeKk B 6a3y S cBszambl romMoTONmEll ¢ 3aKpeIIeHHbI-
mu KoHnamu. OTCofa B CUTy KOHEIHOCTH YUC/Ia KOMIIOHEHT M UX KOMITAKTHO-
cru (ycaosue (C3)) HETPY/HO BBIBECTH, ITO MPOJJIEHH A JI/Tsl PA3HBIX KOMIIO-
HEHT Z° NPOCTPAHCTBA Z MOXKHO COIVIACOBATH B CMBICJIE IIPOEKIINK Ha 6a3y, Tak
9TO U UYTh A IIOCJOWHON M30TONHEN MPOJIISeTCs JO CTATMBAeMOil et Ay B
Homeoy(Z). B cuny (C2) myTh A MOXKHO HOC/IONHOM H30TONMEl IPOMIATE 10
taxoro mytn Ay B Homeoy(E), y KOTOPOro cy»xenue Ha Z SBISETCs TeTJIei,
rOMOTOIIHOH meTae Ay, T.e. crarusaemoii meryeit. Ilycrs h' — Komnesast Tod-
ka mytn Ay. Torga 1o mocrpoennio cyxkenne h'|; asroromeomopdusma h' Ha
Z Toxmecrsenno u h' ceazan ¢ idp u3orommeil, cyremue KOTOpOil Ha Z Jaer
crarusaemyto 8 Homeoy (Z) mermo Ay . [ockonbky h b/ cBA3aHBI TIOCTOMHOL
U30TONHUEH, JJId JeMOHCTPAMU TOro, 910 h u idg HOCJIORHO U30TONHBI, JIOCTA~
TOYHO IOKa3aTh, 4To h' u idp mocaoitHO M30TOIHLL.

ITar 1.2. Ilepexod om usomonuu (mexcdy b’ uwidg) x 2omomonuu (mesrcdy
memu oice h' uidg), mooicdecmeennoti na Z.

ITycrs 7: E % [0,1] — E — rakas usoronusi ¢ 79 = idg u 71 = h’, y KoTopoit
cyxenne Ha Z maet crarusaemyio B Homeoy (Z) mermo (e, mar 1.1). Yemosue
0 CTArMBAEMOCTH O3HAYAET, YTO JJIsi W30TOLUK-CYXKEHUs T|; Kak JJis IeTJIU
B Homeo,(Z) maiiieTcss HeNOJBIKHAsT Ha KOHIAX TOMOTOIHS, CTATHBAIONIAS
3TY IETJIIO B TOYKY, T. €. HANHIETCs HEIPEPBIBHOE OTOOPAKEHUE

p: Z x[0,1] x [0,1] = Z
TaKoe, 4To

~ cyxenue orobpaxenus p Ha Z X [0,1] x {0} coBuamaer ¢ cyxennem o1o6-
paxenust T Ha Z X [0, 1],

— 06O3HAMHUB Uepe3 ps; Cyxenme orTobpazkenus p Ha Z X {s} x {t}, ma
kaxxgoro r € [0, 1] momy<aum pg , = pr1 = p1,, = id; .
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ockonbky napa (E, Z) asnsercs napoit Bopeyka (yciosue (C1)), To n mapa
(Ex[0,1], Z x [0, 1]) stBastercs mapoit Bopcyka (MMrumakarums BujiHa, K IPUMEPY,
U3 U3BECTHOIO KpUTEpHsd, ryacdiiero, 4ro napa (S, T) asiserca napoit Bopcyka
€CJIH U TOJIBKO ecytn ojnpocTpanctBo (S x{0})U(T %[0, 1]) siBasiercs perpakToM
st upocrpanctsa S X [0, 1]; em., nanpumep, [Hat02, crp. 14]). Orciona cienyer,
qTO JyIs m3oTonmu T (paceMaTpuBaeMoil Kak orobparkenue u3 E x [0,1] B E)
Halijercst romoronus k: F X [0,1] x [0,1] — E takast, 9ro

— cyxenne orobpaxenust k Ha E x [0,1] x {0} coBmaznaer ¢ 7, a
— cyskenue orobpakenus k Ha Z x [0,1] x [0, 1] copmazaer ¢ p.

O6osHauast uepes ks ¢ Cyzkenue orobpazkenud £ Ha E x {s} x {t}, onpenennm
romorormio 7 : E x [0,3] — E upasmioM (IIpoxojt [0 TpeM CTOPOHAM KBaJIPaTa)

Kot upu t € [0,1],
T{ =4 Ke—11 oput € [l,2],
K1,3—¢ nputeE [2,3]

ITo mocrpoenmo, 7' cesizpiBaer h' u idp u ToxknecrBenHa Ha Z.

Ilar 1.3. Ilepexod x comomonuu (meocdy h' u idg), ne moavko mooicde-
cmeennoti na Z, 1o U 6nympucaotinot, m. e. Ha 6CeM NPOMANCEHUL COTPAHA-
rowetd Kaorcdyro mowky 6 odnom caoe. (Cp. ¢ nocrpoenusiMu mara 1.3 B JloKa3a-
TEJIbCTBE TEOPEMBI 5. )

BaMeTHM, 4To, TIOCKOILKY h' TepeBO/IuT CJION B CJIOM, Z HemycTo (Tak Kak Z
[IPEIIIOJIAraeTCsl HEIlyCThIM), a cJIoil X — JIMHEHHO CBsi3€H, TO TOMOTOIUS, T1e-
pesonamasg idg B b/ 1 ToXKIecTBeHHAs Ha Z, SBJAeTcs chenuanbHoi. OTciomza
B ety JleMMBl 1 caeyert, 9ro idg m ' ¢BS3aHBI U BHYTPUCIONHONW rOMOTONIHEH.
[Ipu 5TOM U3 KOHCTPYKIIUU JTIOKA3ATEbCTBA JIEMMbI 1 BUJHO, 9TO BHYTPHUCJION-
Hasl FOMOTOIIUsI, epeBojsias idg B h', MozkeT GLITH BBIOpaHa 1 TOKIeCTBEeHHOI
Ha 7.

Mlar 2. Hnoyyuposarnoe paccaoenue co caoem Mapy (X, X;fx 7).

Taxum obpazom, maru 1.1-1.3 cBOAAT cUTyanuio K Caydar roMmeoMopdus-
Ma h': E — E, y KOTOpPOro CyKeHme Ha 7 TOMKIECTBEHHO U KOTODBI CBsI-
3aH ¢ idg TOXKJeCTBeHHOII Ha 2 BHyTpHCIOiiHON romoronueii. (Cp. ¢ JoKa-
3aTeJIbCTBOM TEOPEMBI 5, B KOTOPOM CUTYAIMsl CBOJAMUTCS K CJIy4ai0 aBTOIO-
meomopdusma h'’': E — E, ceasannoro ¢ idg BHyTPHCIIOINHON roMoTOnMel, B
KaKJIpIii MOMEHT TepeBOAAIIeil moanpocrpancTteo ' C X', orBewaromniee WH-
BapuaHTHOMY mojnpocrpanctsy Z C X, B Z'.) 3asepinaoomuil mar jokas3a-
TEJILCTBA BOCIIPOU3BOAUT KOHCTPYKITUIO 3aBEPIIAIOIIETO Iara 2 u3 JI0KA3aTe b
cTBa TeopeMbl 5 ¢ 3ameHol MoHouna Mapy (X, X; Z) u rpyunst Homeoy (X; Z)
Ha Monoun Mapy (X, X;fx Z) u rpynuy Homeoy(X;fx Z) coorBeTCTBEHHO: 110
33/IAHHOMY PACCJIOCHHUIO P CTPOHUTCH HHIYIMPOBAHHOE PACCIOEHHE CO CJIO0EM
Map(X, X;xZ) u r. 1. O

Hoxazameavemeo meopemov, 6. Teopema 6 sBISeTCA JIaCTHBIM CIIydaeM IIPeJI-
JoKeHus 3. YKarKeM, U3 KaKUX Pe3y/IbTATOB BBITEKAET, 9TO YCJOBHUS IIPEIJIO-
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JKeHnst 3 B TeopeMe 6 BoIOMHAIOTCA. (MBI HE YIIOMUHAEM YCJIOBHsI, HETIOCDE/T-
CTBEHHO OrOBODEHHbIE B (DOPMYJIMPOBKE TEOPEMBI 6. )

e To, uro Kpail MHOroobpasusi SIBJISAETCA €r0 h-MHBAPUAHTHBIM IOJIIPO-
CTPAHCTBOM, BBITEKAET U3 TEOPEMbI 00 MHBAPUAHTHOCTH OOJIACTH.

e To, uTO mapa, COCTOAMAS N3 MHOTOOOPa3Us U ero Kpas, sABJIsdeTcs Ia-
poit Bopcyka (yciosue (C1l) B dbopMyIupOBKe IpEIJIOKEHUs 3), CIey-
eT, HanpuMmep, u3 pesyiabrara [Br62] o BOpOTHUKOBON OKPECTHOCTH Kpast
(cm. Takxke [Hat02, Example 0.15]).

e To, uro B Teopeme 6 ecrecrenHas npoekius Fiby(E) — Fibi(OF) ciopb-
eKTUBHA W WHAYTUPYET SMUMOPGU3M (DYHIAMEHTATBHBIX TPy (yCIo-
Bue (C2) npegiozkenus 3), BbITeKaeT U3 IPEJJIOKEHUS 2, B CUILy KOTOPOI'O
BCAKas MOCJIONHASA M30TONNS Kpas JIOKAJIHHO TPUBUAJIBHO PACCIOECHHOIO
HaJl, OKPY?KHOCTBIO MHOTO0Opa3usl ¢ KPaeM IPOJIOJIKAETCA JI0 MOCIONHOM
M30TOMHMU BCETO MHOT00Opa3usl. O

6 JlokazareabcTBO TeopeM 1 u 3 B caydae n = 1

B cayuae, Korja paccioeHHe nm3 TeopeMbl 1 ecTb roMeoMopdu3M OKpPYIKHO-
creit p: S — S, ero cioii sBASeTcss TOYKOH U yTBEPXKIEHHS TeopeM 1
u 3 B TakOM CJIydae OYEBHIHBI (IIOCKOJIBKY HM30TOINS MEXKJy ABTOIOMEO-
MOphU3MaAMH  PACCIOCHUS-TOMEOMOPU3Ma B CHJLYy OIPEIeIeHHN ITOCIIONHA,
T.e. Homeo1(M) = Fiby(M)). Crnyuait npoussosbHoro Hakpbirus S — St
cllefyeT OTCIOJa B CHUJIy IPUBEIEHHOIO HIUKE IPEJIOXKeHUs: 4: yTBEepXKIeHHs
reopeMm 1 m 3 crenyror u3 myHKTOB (1) m (2) TpenjIoKeHns] COOTBETCTBEHHO.
(IIpengroxkenue 4 UCHONB3yeTCsl U B JAJIBHERIINX JOKA3aTEIbCTBAX JJISI CBEJIe-
HUsI CUTYAIUA K CJIY9al0 PACCIOEHUH CO CBSI3HBIM CJIOEM.)

Ilpennoxenune 4. Ilyemv F — ceaguuili  mempuyeckut KOMNaKm,
p: M — St — aokaavro mpusuanvnoe paccaoenue co cioem F, c: ST — S —
naxpumue. ITyemv FibP (M) u Fib? (M) — nodzpynno. nociotinox asmo-
eomeomoppusmos 6 Homeo(M), omeeuarowue caoam paccroenud ¢ o p u
p coomeemcmeenno, a Fib{""(M) u Fib}(M) — xomnonenmv, omuzx nod-
epynn, codeporcausue mosicdecmeennoe omobpasicenue idyr. Toeda FibP (M)
codeporcumesn 6 FibP(M) u exaovenue Fib*P(M) C FibP(M) asasemca
2omomonuneckots sxeusasenmmocmuro. Omeroda caedyem, 6 4acmHoCmu, 4mo

(1) paccaoerue p aeasemes BH-paccaoernuem ecau tu MOALKO ECAU CO P ABAHM-
emca BH-paccaoeruem,

(2) exmouenue Fib{"" (M) C Fibl (M) ecmv 2omomonuneckas sxeucasenm-

HoCcmMb.

Joxasameavcmeo. To, aro nonrpynma Fib®? (M) conepxurcs B Fib? (M), 06y-
CJIOBJIEHO CBSI3HOCTBIO ¢J10s1 F': fieficTBuTeIbHO, IIpON3BOIIbHBL ci1oit F pacciio-
€HHsI P sIBJISIeTCS] KOMIIOHEHTOM CBSI3HOCTH HEKOTOPOro cyost F pacciioenus: cop,
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TaK YTO NPOU3BOJIBHBIN 3emenT h € Fib®P (M) nepesomur F’' B KOMIIOHEHTY
CBA3HOCTH CJIOSI h(f?’ "), a aT0 03HAuUaeT, uTo 06pa3 h(F') siBisieTcs cioem JJist p,
tak uTo h jiexut u B FibP (M).

ITepeiinem K J10Ka3aTeabCTBY TOrO, UTO BKitodenue Fib®P(M) C Fib? (M)
€CTh TOMOTOIMYECKAsT IKBUBAJIECHTHOCTD. 3/I€Ch MOYKHO OBLIO OBl MOKA3ATh, 9TO
upocrpaHcTBo rpynnbl FibP (M) pacciamBaercs €O CTSATMBAEMBIM CJIOEM HaJl
nosrpymoit Fib°P (M), — nanomobue Toro kak Homeo(S') pacciansaercs Ha
Fib*(S') B ciyuae nakpoitus c: ST — St Ojnako Mbl ucosib3yeM He paccia-
usanne Fib? (M) uan Fib®°P (M), a paccnauBanust Fib®P (M) u Fib? (M) mas
onuceiBaeMoil Huzke noarpyuuoi I°(M).

O6o3naunM depes S(ll) u 5(12) 6a30Bble OKPYKHOCTH DPACCJIOEHHUIl p U € O p
coorBercrBenHo. ITycTs p — npousBosibHas (COBMeCTHMAs C TOIOJIOTUE) BHYT-
PEHHSAS MeTpHUKa Ha 5(12). O6oznaunM uepes I°(M) moAarpymmy Tex aBTOreo-
Meomopdusmor u3 Fib®P(M), y KOTOPBIX HHJYIMPOBAHHBIE ABTOMOPMU3MBI
5(12) — 5(12) SBJISTFOTCS M30METPUSAME 110 OTHOIIEHUIO K p. BO3HUKAET IErmovKa
BKJIIOYEHUH

I?(M) C Fib*P(M) C Fib*(M) C Homeo(M).

ITokazkem, uto Brmodenue 1P (M) C Fib®P (M) sBiasgercs TOMOTOIMIECKON 9K-
BUBAJIEHTHOCTHIO. [t 3TOr0 3adpMKCcUpyeM NpOU3BOJIBHBI cJ10ii Fy paccioenus
€ 0 P ¥ IPOU3BOJILHYIO HENPEPBIBHYIO CIOPBEKITHIO

¢: Fy x [0,1] — M,

roMeoMOphHO OTIPABISIIONLYIO KasK bl ciioit Fy X {t}, t € [0,1], B Tor win
UHOW CJIOH PACCIOEHUS € O P M TAKylo, 9YTO KOMIOBHUIMS C O P O ¢) WHJYIUPYET
romeoMopdusM Mexty daxrop-nipocrparcrsom [0, 1]/{0, 1} u 6a3080it OKpy K-
HOCTBIO paccyioenns ¢op. Obozravmm depes L noxrpymmy idz x Homeor ([0, 1])

8 Homeoy(Fy x [0,1]). Bamerum, uro L usomopdHa CTArMBaEMON T'pYyI-
ne Homeo([0,1]), a oroGpazkenue ¢ umumynupyer MoHOMOpPOU3M ¢, : L —
Fib{® (M). Kax nerpymuo yocToBeputhes, noarpymnist 17 (M) u ¢, (L) samxmy-
el B F'ib®°P(M), a moboit smement g € Fib®P(M) euHCTBEHHBIM 00pa30oM
IpejCTaBisAeTcsd B Bue npoussenenus ¢ = ab c a € IP(M) u b € ¢.(L). U3
YKA3aHHBIX CBOMCTB BBITEKAET, YTO OTOOPAKEHHE

1P(M) x ¢.(L) — Fib®P(M), ax b+ ab,

sBJistercss TomeomopduamoM. [locientee yTBepxKaenue jisi OOIIEro Cirydast
[IOJIBCKO# Ipynnbl (T. €. cenapabelibHOM TONOJIOrUIeCcKOil IPYIIIBI, JIOILYCKAIONIEi
MIOJTHYIO METPHKY) JIOKa3bIBaeTcs, K mpumMepy, B [Ros21, Theorem A.3| (cm. Tak-
ke [VINK, 27.Vx] nyist cirydast nomynpsiMbix npoussejiennii): Eeau G — noao-
ckas epynna, a A u B — maxue samrxrymoe nodzpynnv, ¢ G, wmo G = AB
u AN B = 1g, mo epynnosas onepavyus uHOYUUPYem 20Meomophusm mesicoy
A X B uG. (I'pyuna Fib°P(M) — 1osbcKasi, IIOCKOJIbKY SBJISETCS 3aMKHYTOM

TIO/ITPYTIIOi B Mobekoit® rpymme Homeo(M).) OTciona B CHITy CTATHBAEMOCTH

GKaK XOpOoIIoO U3BECTHO, I'PYIIIIbI aBTOI‘Ol\leOMOpCbI/ISMOB METPHUYIECKUX KOMIIAKTOB ABJIAOT-
Cs IIOJIbCKHUMHM.
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¢« (L) cnenyer, aro srmodenue [P (M) C Fib®P(M) ecTb rOMOTOIMYIECKAS K-
BUBAJIEHTHOCTb.

Tenepb nokazxkeM, 4ro u BKJtouenue IP(M) C Fib?(M) siBisiercst roMOTO-
[IMYECKOIl 9KBUBAJIEHTHOCTHIO. IIycTh p — MeTpuKa Ha S(ll), MH/IyIIAPOBaHHAS
HAKPBITHEM C: S(ll) — 5(12) U METPUKOU p HA 5(12), a Iﬁ(M) — TOJrPYIIa TeX
aroreomeoMopdusmos B FibP (M), y KOTOPBIX IPOEKIUS B S(ll) SABJISIETCS U30-
MeTpHeli [0 OTHOIIEHUIO K p. VI3 ycioBust o cBs3HocTH C10si F' 91eMeHTapHbI-
MU paccy’KJIeHusMI BbBoguTcs, uto 17(M) cosnanaer ¢ I°(M). Tpuvensst K
srJodenuto [7(M) = IP(M) C Fib?(M) Ty e cxeMy paccyzKJeHuii, 94To U K
BrJtoueHno IP(M) C Fib®P (M), Mbl BUIUM, YTO OHO SIBJISIETCSI TOMOTOIIMYE-
CKOI1 9KBUBAJICHTHOCTEIO.

Orciofia BBITEKaET, 9T0 1 BKJtodenue Fib°°P (M) C Fib?(M) sBasercs ro-
MOTOIIMYECKON 9KBHBAJIEHTHOCTHIO, IIOCKOJIBKY, ecin fi: A — B — romoromu-
“YecKasi SKBUBAJIEHTHOCTh U fo: B — C' — Takoe oro0pakeHue, 9T0 KOMIO3UIHS
f2 o f1 sABiIsIETCS TOMOTOIIMYECKOH 9KBUBAJIEHTHOCTBIO, TO U fo SIBIISIETCA TOMO-
TONNYECKOI 9KBUBAJIEHTHOCTHIO, TAK KaK fo TOMOTOIIHO KOMIO3UIINA TOMOTOIIH-
YEeCKNX 9KBUBAJIEHTHOCTEI:

fa=faoidp~ foo(fiog)=(f20f1)0gy,

e g: B — A — romoronunueckasi SKBUBAJIEHTHOCTh TaKas, 9To ¢ o f1 ~ id4 u

fiog~idg. O

7 Jloka3areJabCTBO TeopeMbl 1 B ciaydae n = 2

Hpe}lﬂO)KeHI/Ie 4 CBOJUT CUTYaIlUIO K CJIy4dal0 PaCC/JIOC€HUA CO CBA3HBIM CJIOEM.

7.1 Cuayuaii cjiosi, roMeoMOP@HOTO OKPY2KHOCTH
DToT ciy4uait caemayer u3 reopemsl 4. Tor dakT, gyTo

Mapy (S, SY) N Homeo(S*) = Homeoy(S*),

T. €. YTO TOMOTOIHBIE ABTOTOMEOMOP(MU3MBI OKPY?KHOCTH H30TOMHLI, XOPOIIIO W3-
BECTEH U BBITEKAET U3 MHOIMX KJIACCMYECKMX KOHCTpyKImit. I3 Broporo (1Boii-
HOT'0) YCJIOBHSL TE€OPEMBI 4 BBINOJHSIETCA BTOPAg 9aCTh yCJOBHsL — O TOM, 9TO
sryovenue Homeoi(S') € Mapi(St, S) unpynupyer uzomopcdusm dyna-
MEHTAJLHBIX TP (CM. TIPEJITIOKEHNE H).

IIpennoxenue 5. Braouenue Homeor (S') C Map; (S, S) asasemes 2omo-
MONUUECKOT IKEUBAAEHIMHOCTILIO.

Jokasamensvcmeo. VIMeercst eCTeCTBEHHOE BIIOXKEHHE
SO(2) € Homeoy(S*) € Map,(S*,S%),

rae o SO(2) C Homeoy (S') monnMaroTes: eBKJIHIOBBI HOBOPOTHI.
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To, uro Broxkenne SO(2) C Homeor(S') ssisercs roMmoronuyeckoit sKBu-
BAJIEHTHOCTBIO, JIOKa3biBaercs, Hanpumep, B [Ghy0l, Proposition 4.2] (rakxe
cM. [McC61, Lemma 3.3]).

To, uro Bnokenue SO(2) C Map, (S, S') asaserca romoromuueckoit 9K-
BUBAJICHTHOCTBIO, CJIE/yeT, HAIPUMEp, U3 Pe3yJIbTaTOB O TaK HAa3bIBAEMBIX
H,-upocrpancrsax, jgokasanubix B [Wadb6] (cm. rakxke [Wad58|, [Koh60,
Theorem (2.2)], [Ada58], [Ada60], [Han74, Theorem 5.1]).

Orcro/ia B CHILY apr'yMeHTa, UCIOJIB30BAHHOTO B 3aBEPIIEHNE JJOKA3ATeIbCTBA
npe tozkeHus 4, moaydaeM Tpebyemoe. U

3amevanue. Tpemyoxenue 5 (1 Tem Gojiee — yTBEPKIECHAE O TOM, YTO BKJIIOUE-
me Homeoy(S') € Mapy(St, S') muaymupyer m3omopdusM byHIaMenTaTb-
HBIX TPYIII) UMeeT aJIbTeDHATUBHBIE IIYTU JOKA3aTeJbCTBA B TEPMUHAX IPY-
ruX KJIACCUYECKUX KOHCTpYyKImil. K npumepy, MOXXHO PacCMOTPETh Paccjioe-
st Homeoy(SY) — SO(2) u Map1(St,SY) — SO(2), re B xauecTse cioes
BBICTYIAIOT ITPOCTPAHCTBA OTOOPaXKeHWl ¢ HemoABUKHOM Toukoii. [lockoabky
9TH CJIOW, KAK HETPYAHO YOENUTHCs, CTATUBAEMBI, JUIMHHAS TOYHAS ITOCJIEI0BA~
TEJIBHOCTH TOMOTOIMYECKUX I'PYIII HOKA3LIBAET, YTO ITU PACCJIOCHUS SBJISIIOT-
cs1 CTabBbIME TOMOTOIMYECKUME 3KBUBAJIEHTHOCTAMH, Tak aTo 1 Homeop (S1) C
Map; (S, S') aBnsercs ciaboit TOMOTONMYECKOl SKBUBATEHTHOCTDIO. [I0CKOTB-
Ky pacCMaTpUBaEeMbIe ITPOCTPAHCTBA SABJISIOTCS a0COFOTHBIMU OKPECTHOCTHBIMU
perpakTamu, oTcioyia B cuay TeopeMbl JIxk. X. K. Vaiitxena ciaemxyer u romoTo-
U9ecKasi SKBUBAJEHTHOCTb.

7.2 Cuyuaii cjiost, roMeoMOpP(MHOro OTPe3KY

Dror ciydail ciaenyer u3 reopeMbl 5 (Kak u u3 reopeMmbl 6). CrarmBaeMocrb
npocrpasrctsa Homeoq ([0, 1]) mokassiBaeTcst n(puMeHEHHEM TPIOKa AJIeKCaHIepa
(cm. [Ham74, Theorem 1.1.1] u [Ale23]).

8 JlokazaTeJabCTBO TeopeMbl 3 B cjaydae n = 2

IIpenyioxkenne 4 CBOTUT CUTYAIHIO K CJIy4Yal0 PACCJIOSHHS CO CBS3HBIM cioeM. Ta-
KIM 06pa3oM, MBI paccMaTpuBaeM paccioenne p: £ — S1 co cioem okpy»xHoCTD
(a mpocrpancrBo E ectb Top win 6yrouika Kieitna). Beegem na E jiokaibHO
eBKJIMOBY METPUKY TaK, 9TOOBI BCE CJIOM PACCIOEHUsI P SABJISIACH [e0e3M-
yeckuMu, 0003HaunM uepes [1(FE) comepKallyio TOXKIeCTBEHHOe 0TOOpaKeHne
KOMIIOHEHTY I'PyIIBbI H30MeTPHil IpocTpancTBa E 1 pacCMOTPUM eCTeCTBEHHBIE
BKJIFOUEHST
I, (E) C Fibi(E) C Homeoy(E).

B cayuae topa E = T = S! x S mpocrpanctso rpymmsr I1(E) romeomopdHo
Topy, a B ciyuae 6yrouiku Kueiina E = K rpynna [;(K) usomopdua rpymie
SO(2) (poxony Bmoab okpyxkHOcTH SO(2) oTBeUaeT JABOWHOI TTOBOPOT BIOJIb
6asbl paccioennst). B [Ham65a] u B [Ham65b] mokaseiBaeTcs, 9T0 BKIIIOUEHHSI
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L(T) c Homeo1(T) u I (K) C Homeoy(K) sBistiorcs caabbIMi TOMOTOIHIE-
CKUMU 9KBUBAJIEHTHOCTSIME; Kak u3BecTHO [LMT72], 3aseficTBOBaHHBIE IPOCTPAH-
CTBa ABJIAIOTCA abCOMIOTHBIME OKpecTHOCTHBIME perpakTamu (ANR); orcioma
B cuny Kjaaccmaeckoil TeopeMbl JIxk. X. K. Yaittxena ciemyer, 9T0o yKa3aHHbBIE
BKJIIOYCHUS ABJIAIOTCS W TOMOTOINUYCCKAMH SKBHBAJCHTHOCTAME. YOeauMcs B
TOM, 9TO B KaxKJoM u3 ciay4daes F =T u E = K u sriouenue [;(E) C Fib;(E)
SIBJIAETCA TOMOTOIMYECKON 9KBUBAJEHTHOCTBIO. VICKOMOE yTBEp XKJIEHUE O TOM,
uyro Fibi(E) C Homeoi(E) ecrb roMoTONNYeCKas] IKBUBAJIEHTHOCTD, IIOCJIELY-
€T OTCIOJA B CHJIYy apryMeHTa, UCIOJIb30BAHHOTO B 3aBEPHICHHE JOKA3ATEIbLCTBA,
pesoxkenns 4.

Cuyqait Topa. Ilokaxkewm, uro Bkmoduenne [1(T) C Fibi(T) ecrb romoro-
IUIecKasi SKBUBAJIEHTHOCTh. BouibepeMm B T TPOM3BOJBHYIO TOUKY & W 0OO3HA-
anm aepes Fiby (T, x) nogrpyuny B Fiby(T), obpasoBanHyo romeomopdusma-
MU, IIE€PEBOAAIUME T B . Kak HeTpyJHO ymocToBepuThest, noarpytst Iy (1)
un Fiby (T, z) samkuyrst B F'iby(T), a mo6oit asement g € Fiby(T) eauHcTBEH-
HbIM 06pa30M IpeJCTaBisercs B Buje upoussegenus ¢ = ab ¢ a € I1(T) u

be Fiby(T,z), re.
L(T)Fiby(T,z) = Fiby(T), ©(T)N Fiby(T,z) = {idr}.

OTcro/1a, BOCIIPOU3BO/Is apTyMEHThI U3 JI0KA3aTeIbCTBa [IPeJIOXKeHusT 4, moTy-
qaeM, 9TO OTOOpaXKeHUe

I,(T) x Fiby(T,x) = Fiby(T), ax b ab,

apisiercs romeomopdusmom. (I'pyumna Fiby (1) — 1osbeKasi, IOCKOJIbKY SIBJIsi-
ercsl 3aMKHYTOIl TOrPyTITIoit B mosibekoit’ rpymme Homeoy (T).)

Tenepb MoKazkeM, 9TO IpocTpaHcTBO rpynnsl Fiby (T, x) crarusaemo. st
9TOro 3aUKCUPYEM KaKOe-HHOY/b IIPOXO/ISINee Yepe3 TOUKY T CEeUIEHUE Y Pac-
cimoemns T = E — S' u pacemorpum cemytomue moarpymnsl Gi, Go 1 Gz B
F Zbl (T, x )Z

(G1 — moArpymnma, cocTosINas U3 BCeX TOMKIECTBEHHBIX HA Y BHYTPHUCIONHBIX
aproromeomopdusmos u3 Fiby (T, x),

G9 — moArpyuia Tex BHYTPUCJIONRHBIX aBroromeomopdusmos usz Fiby (T, x),
y KOTODBIX CYy?KEHUe Ha KarKJblil U3 CJI0eB sBJiseTcsd u3omerpueil (1o or-
HOIIIEHWIO K CYKEHUIO Ha CJIOU MCXOJIHOW JIOKAJBHO €BKJIMIOBON METPUKH
Ha F),

G3 — moarpynna Tex aproromeoMopdusmos u3 Fiby (T, x), y KOTOPBIX CyKe-
HUE Ha KaXX/IbIil U3 CJI0EB sBJISETCs n30MeTpredi (110 OTHONIEHHIO K CyKe-
HUIO HA CJIOM UCXO/HOM JIOKAJILHO €BKJINI0BOI MeTpuku Ha E) u npu sTom
MIEPEBOJIAIINX Y B .

7"Kak XOpOIIIO U3BECTHO, TPYIIIbI ABTONOMEOMOPMI3MOB METPUIECKIX KOMIIAKTOB SBJISIOT-
CsI TIOJIbCKHMMU.
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W3 ompejiesiennii sicHo, 9To npocrpancrsa rpyin Gy, Go u G romeoMop@HbI
(oueBHIHO, CTATUBAEMBIM) IPOCTPAHCTBY CBOBOAHBIX neresb B Homeoq ([0, 1]),
IPOCTPAaHCTBY IeTeqb B R' ¢ 6a30Boiff TOUKOIl B Hyle W IPOCTPAHCTBY
Homeo: ([0, 1]) coorBercrBenno. Takum obpasom, kaxKjas u3 noarpyun Gy, G
n G3 crarmBaema. Kpome TOro, Kak cieiyer m3 IPOCTHIX apryMEHTOB, KayK-
nag u3 nonrpynun Gi, Go u Gs 3amkayrta B Fibi (T, ), a KaxKaplil 31eMeHT
g € Fiby(T, ) enuHCTBEHHBIM 006pA30M IIPEJICTABIISIETCS] B BHJIE POU3BEIEHUS
g=abcca € G1,b€ Gy ucée Gz Orcroga B CULy BBIMIEYIOMSHYTONR Teope-
mbl u3 [Ros21, Theorem A.3| Boirekaer, uro npocrpaucrso rpyuubt Fiby (T, x)
CTSATUBAEMO.

Urak, mbl BuzuM, uro rpynna Fiby (1) TpUBHAIBHO paccjanBaeTcs HaJl IO/
rpymmoit I1(T) co crsiruBaembiM cstoeM, Tak ato Briaoderne [1(T) C Fiby (T)
€CTh TOMOTOIIMYECKas! SKBUBAJIEHTHOCTD.

Cuayuait 6yTeinku Koeitna. B ciayuae ¢ Oyrouikoit Kieitna K Boibepem u
00603HAYUM Yepe3 1 OJIUH U3 CJI0EB paccaoeHus p, oboznaunM depes Fiby (K, m)
noarpyuny B Fiby(K), 06pa3oBaHHyIO 2JIeMEHTAMH, [EPEBOILAIIMMU M B M C
coxpanenueM opuenrtanuu. Kak HerpynHo yzocroBepurbes, noarpyumnst I1 (K)
u Fiby (K, m) samxayTsl B Fiby (K), a o6oit asement g € Fiby (K) enuncTBeH-
HbIM 06Pa30M IIpEJCTaBIserca B Buie npousselenus g = ab ¢ a € [1(K) u
b € Fibi(K,m). TpebGyemblii pe3yiabraT CjeiyeT B CUIY apryMEHTOB, aHAJIO-
PUYHBIX cIy4aio Topa. s npoBepku crarusaemMoctu noarpyuist Fiby (K, m)
110 aHAJIOTHH CO CJIydaeM TOpa MOXKHO orpejennTh noarpynnsl Gy, Go u G3 B
Fiby (K, m) 110 HEKOTOpOMY BBIGpaHHOMY ceueHuto (B onpeesenun Go He yuacT-
Bytomemy ). [Tpu sToM nipoctpancTso rpyis! G 6ymer roMeoMopdHO IPOCTPaH-
crBy Homeoq([0,1]), G2 — mpocTpaHCTBY CedYeHHl PACCIOCHHON HaJ OKPYIK-
HOCTBIO OTKPBITOl JienThl Mebuyca (co cioeMm OTKpbITHI unTepBa), a G; —
MIPOCTPAHCTBY TOXKJIECTBEHHBIX HA KPae MMOCJOMHBIX aBTOrOMEOMOPGMU3MOB Pac-
CJIOEHHON HaJT OKPY?KHOCTBIO (€O c10eM 0oTpe3ok) jentbl Mebuyca. (IIpoBepka
CTATHBAEMOCTH TUX IIPOCTPAHCTB — HECJIOXKHOE YIPAKHEHHE. )

9 Jloka3aTeabCTBO TeopeMbl 1 B ciaydae n = 3
IIpeamoxkenne 4 CBOIUT CUTYaIINIO K CJIYYIAI0 PACCIOEHUST CO CBA3HBIM CJIOEM.

9.1 Cuayuaii cjosi — 3aMKHYTOI OBEPXHOCTH

B canyuae, Korja ciioif pacciioeHus u3 TeopeMbl 1 eCTh 3aMKHYyTasl CBsSI3HAs I10-
BEPXHOCTh, YTBEPKJIEHNE TEOPEMBI CJIeyeT U3 TeopeMbl 4. YKayKeM, U3 KaKux
Pe3yAbTATOB BBITEKAET, UYTO YCIOBUSI T€OPEMBI 4 3/1eCh BBITTOTHSIIOTCH.
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e To, 9YTO rOMOTOIIHBIE ABTOIOMEOMOPMU3MBI 3aMKHYTOl TOBEPXHOCTU H30-
TOTHBI, JloKasbiBaercs B [Ep66].8 9

e To, uTO JIsi BCSIKOW 3aMKHYTOIW CBSI3HOI IOBEPXHOCTH X BKJIIOUEHUE
Homeoy1(X) C Mapy(X,X) unaynupyer uzomopdusM (QyHIaMEHTAb-
HBIX TPYIII, BBITEKAET U3 HIKECJIEIYIONMEro IpeIoyKenns 6.

IIpennoxxenune 6. Ecau ceasnas samrnymas noseprnocms I ne ascaa-
emes nu cfepoti S%, wu mpoexmuenol naockocmwio P2, mo  exaouenue
Homeoy(F) C Mapi(F,F) Asasemca 20MoOMonuveckols sK6UBAACHIMHOCTNDIO.
Ecau F € {S?, P%}, mo yrasannoe exmouenue undyyupyem usomopdusm ma
yposHe GYHIGMEHMANOHOIT 2DYNN, HO HE ABAAEMCA HU 20MOMONUYECKOT IKEU-
BANEHMHOCTDIO, HU CAGOOT 20MOMONUNECKOT IKEUBAAECHMHOCTIDIO.

Jlokasamenavcmeo. JToKa3aTeIbCTBO CBOAUTCS K COIIOCTABICHUIO U3BECTHBIX Pe-
3yJbTaToB O mpocrpaHcTBax rpynn Homeoi(F) u Mapi(F, F). Heobxonn-
Mble HaM pe3ysbrarbl 0 Homeop (F') cogepkarcs B OCHOBHOM B cepuu paboT
[Ham66, HD58, Ham62, Ham65a, Ham65b], a o Map;(F,F) — B paborax
[Got65], [Han83| u [Yam93] (noxpbiBaomux ciayuan achepuaecKux HOBEPXHO-
creit, cephbl U IPOEKTUBHON IJIOCKOCTH COOTBETCTBeHHO). Hizke npusenena 6o-
Jiee TIOAPOOHAsT MHMOPMAIUSI TI0 KaXKJIOMY KJIacCy.

HanomuuM, 4TO, IMOCKOJBKY Jyjisi KOMIIAKTHBIX IIOBEPXHOCTEH H3BECTHO
[LM72], aro npocrpancrBo Homeo (F') siBasieTcst abCOTIOTHBIM OKPECTHOCTHBIM
perpakrom (ANR), a Map, (F, F') taxxe asasercas ANR (em., mampumep, [Hu65,
Theorem 3.1, p.188]), To B cuiry kiaccudeckoiit Teopembr JIxk. X. K. Vaiitxena
Bioxkerne Homeoy(F) C Map;(F, F) siBisiercst TOMOTOIINYECKON SKBUBAJIEHT-
HOCTBIO €CJIM U TOJBKO €CJIM OHO SIBJISIETCH CJIab0H FOMOTONMYECKO 9K BUBAJIEHT-
HOCTBIO.

X(F) < 0 B ciyuae 3aMKHYTO# CBSI3HOI mMOBEPXHOCTH F OTPHUIIATEILHON SHIEPOBOI
xapakTepuctuku npocrpancrsa rpynn Homeoi (F) u Mapy(F, F) romo-
TOIMYECKN TPUBUAJBHBI, TaK 4To BKJIoYeHne Homeoi(F) C Mapi(F, F)
ecrb cjabasi TOMOTONNYECKAs: IKBUBAJIEHTHOCTL. ['OMOTONINYeCKas TPUBU-
ampHOCTD it Homeor (F) noxaspiaercss B [Ham66].10 Tomoronmaeckast
tpuBnanbHocTh s Mapy (F, F) caenyer uz [Got65, Corollary 111.2], tie
YTBEPKIACTCA, UTO Jjisl JIMHEHHO CBA3HOrO acdepudeckoro moamdapa X,

8 Jlyist cotywast 3aMKHYTO# OPHEHTHDPYEeMOll TOBEPXHOCTH POJia BhIe 1 9TOT bakT JoKasan
yxke B [Bae27, Bae28|.

9B |[Ep66| uznozkenue Beserca B paMKax KyCOYHO-JIMHEHHOH KaTeropun. Pesysbrar pacipo-
CTPaAHSETCS U Ha TOMOJIOMUIECKYIO KATEropuio. JeficTBUTEIbHO, IIyCTh ABa ABTOrOMeOMOPdhU3-
Ma 3aMKHYTOH MOBEPXHOCTU TOMOTOIIHBL; TTOCKOJIBKY BCAKHUI aBTOrOMEOMOP(MU3M TTOBEPXHOCTH
usoronen Kycouno-nuneitnomy (|[Ep66, Theorem A4]), npobieMa CBOIUTCS K CIy9ar IOMO-
TOIMHBIX KYCOYHO-JIMHEHHBIX aBTOroMeoMOpPGMU3MOB; TOMOTOIHBIE KyCOYHO-JIUHEHHbBIE aBTOrO-
MeOMOP(MU3MBI KyCOYHO-JINHEHHO TOMOTOIHEI H, CJI€I0BATEIBHO, KYyCOIHO-TNHENHO M30TOIHBI
([Ep66, Theorems 6.3, 6.4]).

10Takum obpasomM, B Ciiywgae 3aMKHYTO#l MOBEPXHOCTH OTPHIATENBHOM SiJIEPOBOH Xapak-
TEPUCTUKU BBIMOJIHSIIOTCS 00a aJbTEPHATUBHBIX YCJIOBHUSA T€OPEMBI 4: U 00 WHIyIUPOBAHHOM
BriogenneM Homeo1 (X) C Mapi (X, X) nzomopdusme dbyHAaMEHTATBHBIX TPYTIL, H 00 OJI-
HOCBSI3HOCTH IPOCTPaHCTBa rpynnsl Homeor (X).
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y KOTOPOTO HEHTP (DyHIaMEHTAJBLHON IPYIIIbI TPUBAAJIEH, IPOCTPAHCTBO
rpynust Map (X, X) crsrusaemo.

T B cayqae topa T = S x S! umeercs ecrecrsennoe BIo:KeHue
T C Homeo 1 (T) C Mapy(T,T),

JIOCTABJISIEMOE M30METPHSIMU TOpA, CHAOGKEHHOIO JIOKAJBHO €BKJIHIOBOI
Mmerpukoii. B [Ham65a] mokassiBaercs, uro Briaoderne T C Homeoy (T)
ecTb ciaabasi TOMOTONNYECKAs IKBUBAJIEHTHOCTh. Ciabas rOMOTONNYIeCcKast
9KBUBAJIEHTHOCTD Jisi BKatouenust T C Mapy (T, T) cremyer u3 u3Bect-
Hoit Teopembl [Got65, Theorem II1.2], narorueii omnmcanume caaBboro ro-
MOTONNYECKOrO THNA JIsi achepruecKnX (JIOKaJIbHO KOHEYHBIX JIMHEHHO
CBSIZHBIX CHMILTHTIHATBHBIX) mosmaapos.tt 12 CrenoBaTensio, Biokenne
Homeo1(T) C Mapy(T,T) ectsb ciabasi TOMOTOIHYECKAsS IKBUBAJIECHT-
HOCTb.

K B cayuae 6ytouiku Kiretina K mMeeTcst eCTECTBEHHOE BIIOXKEHUE
SO(2) C Homeoy(K) C Map, (K, K),

rye Baoxkerne SO(2) C Homeor (K) orBedaeT JIBOHHOMY IIOBOPOTY BIIOJIb
6a3pl npu upejcraBiennn OyTbuiku KieilHa B Buje paccioeHus HaJ
OKPYZKHOCTBIO €O €I0eM OKpy2KHOCTB (cM. [Ham65b, Sec. 4]). B [Ham65b]
JloKasbIBaercd, 4to BRiodenne SO(2) C Homeoi(K) sBiasercsa cia-
GOl TOMOTOIMYECKO} YKBUBAJIEHTHOCTHIO. I3 KOHCTPYKIMY JIOKA3aTelhb-
cTBa BbIIeynoMsiHyTol [Got65, Theorem I11.2] ciemyer, uTo BKIHOUEHHE
SO(2) C Mapi(K, K) saBagercs ciaboii TOMOTOINIECKON IKBUBAJIECHTHO-
crbio. Takum ob6pasoM, BritodeHne Homeoy (K) C Map, (K, K) sBasercs
c71a00i1 TOMOTOINYECKON IKBUBAJIEHTHOCTHIO.

S? B caydae cdepbl S? mMeeTcss €CTECTBEHHOE BJIOJKEHHE
SO(3) C Homeoy(S?) C Map,(S?,S%),

e o SO(3) C Homeor (S?) monuMaroTcst eBK/INI0BB TOBOPOTHI. KHe-
zep mokazan [Kne26|, uro obpas skmouenus SO(3) C Homeo;(S?) sb-
nsercs nedopManmonabIM perpakToM st Homeor (S?), a Xamncen [o-
kaspiBaer ([Han83, p. 364|, [Han90, p. 44|), uro Bkmovenne SO(3) C
Map;(S?%,5?%) naer msomopdusm dyHIaMEHTATLHLIX TPYII, He ABJIs-
sICh TIPU 3TOM T'OMOTOIMYECKONW SKBUBAJECHTHOCTBIO (M, CJIE0BATENIBHO,

113 1ech u maiee B aHAJOMMYHBIX CIyYasdX HEMOCPEICTBEHHO B (DOPMY/IMPOBKAX yKa3bIBae-
MBIX YTBEPKIEHUI pedb KaK IIPABUJIO UAET JIUIIb 00 n30Mopdu3Max IPYIIII, & TO, ITO ITU U30-
MOpPMdU3MBI UHIYIMPOBAHBI NHTEPECYIOMUMI HAC BJIOXKEHUSIMU IPOCTPAHCTB, BUTHO U3 KOH-
CTPYKIIUH JOKa3aTe/IbLCTB.

12 I oTobparkenuit B npocTpancTBa Dilien6epra—Makiieiina ¢ abeseBoil IPyIIIO ommca-
Hue ¢1aboro roMOTOIMUIECKOro THIa ObLIo u3BecTHO u panee [Tho57]; mompoGuee cM. 0630pbI

[Rut97, Sec. 2.1], [Smil0, Sec. 2.1.2].
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OCKOJIBKY MbI uMeeM Jiejio ¢ ANR, He sBjsisicb u cj1aboii roMOTOIN-
"eckoil sKBUBasieHTHOCTBIO). OTcroma ciexyer, uro u Homeoy(S?) C
Map1(S?, S?) naer nzomopdusm GyHIAMEHTATBHBIX TPYIII, He ABJISICH
[IpU 9TOM €J1ab0# TOMOTOIMYECKON SKBUBAJIEHTHOCTHIO.

P? B ciiyuyae mpOeKTHBHOIl IIOCKOCTH P? MMeeTcst ecTeCTBeHHOE BJIOKEHUE
SO(3) ¢ Homeoy(P?) C Map,(P?, P?).

B [Ham65b| mokasano (cM. J0Ka3aTesbCTBO TeopeMbl 3.2 u paszgen b
B [Ham65b|), uro Bnokerne SO(3) C Homeo; (P?) asnsercs cnaboit To-
MOTOITMYECKOH IKBUBAJIEHTHOCTHIO. B [Yam93| mokasbiBaercsi, 4To BKJIIO-
gernne SO(3) C Mapy (P?, P?) ne aBIseTcs TOMOTOIMMYECKOH SKBHBAJICHT-
HOCTBIO (U, CJIeJIOBATEILHO, IOCKOJIBbKY Mbl uMeeM Jiesio ¢ ANR, He saBiist-
ercs U caboil TOMOTONMYIECKON SKBUBAJIEHTHOCTBIO), OJJHAKO U3 PE3YJ/Ib-
taros [Yam93| cieyer (M. MosicHeHus ¢ BoIYUCAEHUAME (DY HIAMEHTAIb-
noit rpynmet 71 (Mapy(P?, P?)) B [GS09, Remark 3.2]), uro BK/OUeHne
SO(3) € Map:(P?, P?) naer mzomopdusMm byHIaMeHTATLHBIX IPYIIL.
Orciona caemyer, aro u Homeoy(P?) C Map, (P?, P?) unaymupyer uzo-
Mopdu3M Ha ypoBHE (DyHIAMEHTAILHBIX TPYII, HO HE ABJISETCS CJIa0O0IM
FOMOTONYECKOH IKBUBAJIEHTHOCTHIO. O

9.2 Cuyu4aii, Kor/ia CJIOil eCTh IIOBEPXHOCTh C KpaeM

DroT ciaydail Teopembl 1 BbIBoaUTCsI U3 Teopembl 6. IlepeunciiuM pesysibrarsi,
13 KOTOPBIX CJIEYET, YTO B CJydae, KOIJa CJIO eCTh CBA3HAas KOMIIAKTHAs I10-
BEPXHOCTD C HEIYCTBIM KPaeM, B TeopeMe 1 BBITTOTHSIOTCS YCAOBUS TEOPEMBI 6.

e To, 4TO aBTOrOMeOMOPQU3MbI IIOBEPXHOCTU C KPAEM, CBI3AHHbIE TOXKIE-
CTBEHHOH Ha Kpae TOMOTOIHEH, CBA3aHbLI I TOXKICCTBEHHON Ha Kpae H30-
Tommeit, nokaspiBaerca B [Ep66, Theorems 6.3, 6.4].13

e Opnocasuocrtb (6ojiee  TOro, CTAMMBAEMOCTH) IHPOCTPAHCTBA I'DYI-
st Homeoy (X; £x 0X) B cayuae, korjga X — cBsi3HAas KOMIIAKTHAS IOBEPX-
HOCTB C HEIyCTBIM KpaeM, JIoKa3biaercst B cepun pabor [Ham66, HD5S,
Ham62, Ham65a, Ham65b| (koneuHo ke, caydaii jqucka cieayeT yxke U3
[Ale23]).

e To, 4TO Cy2KeHMe PACCIIOeHU P HA KAYKIYIO U3 KOMIIOHEHT CBSI3HOCTU Kpast
OF ssnsiercsi BH-paccioennem panra 1, 06bsCHIETCST CJIEIYIONUM 00pa-
3oM. [TocKoIBKY €101 y p eCTh CBsi3HAsI KOMIAKTHAS TIOBEPXHOCTD, KaXK 1ast
13 KOMIIOHEHT CBSI3HOCTH Kpasi OF sIBjsieTcst b0 TOPpOM, OO0 Oy THLITKOM

138 dopmynuposrax teopem 6.3 u 6.4 B [Ep66] peus umer o romoronuax u uzoronusax 6e3
OrpaHUYEHHsI TOXKAECTBEHHOCTH Ha Kpae, HO B npuseneHHOM B [Ep66] mokasaresbcree sTmx
TEOPEM CHUTYaIls CBOJUTCS MMEHHO K CJIyYalOo TOXK/IECTBEHHBIX Ha Kpae M HYKHBIIl HaM (akT
JOKa3bIBAETCSI.
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Kueitna. SIcHo, 4To JIOKaJIBHO TpUBHAJIbHOE paccioenue p': M — S cpas-
HOI'O KOMIIAKTHOI'O MHOI'0O00Opa3usi HaJl OKPYKHOCTBIO PACKJIAJIbIBAETCS B
KOMIIO3UITUIO JIOKAJIBHO TPUBUAJIBHBIX PACCIOCHU

MBSt s gt

TJie Y P CJIOt CBA3€EH, & C SIBJIETCH HAKPBITHEM. B CHJIy pacCMOTPEHHO-
ro BBINIE CJIydasi TeOpeMbl 1 O PAaCCIOEHUSIX CO CJI0EM, FOMeOMOP(MOHBIM
OKpYZKHOCTH, paccyioenne p sapiaderca BH-paccioennem, a B cury Teope-
MbI 3 p asiagercat® BH-paccioennem panra 1. OTciona B CHITy IIpeijioze-
nus 4 nosydaem, uro u p’ = co p ectb BH-paccnoenne panra 1.

10 doka3aTeJbCTBO TeOpeMbl 2

[Ipenmoxenne 4 cBoauT OOIMMit Caydail TEOPEMBbI 2 K CIYYal0 PACCIOCHUS CO
CBSI3HBIM CJIOeM. B cilydae CBSI3HOTO CJIOsI yTBEPXKIEHUE TeOPEMBI 2 CJIe/yer u3
TeopeMsbl 4 B cuity pesynbraro u3 [Wal68] u [Lau74]. B [Wal68] nokasbisaercs,
YTO FOMOTOIIHBIE aBTONOMEOMOPMU3MBI XaKeHOBAa MHOr0o00pasusi M M30TOIMHBI
(mepBoe yesoBue mist cyiost u3 Teopembl 4), a B [Lau74| mokasbiaercs, 4T0 BKIIIO-
uenne Homeoy (M) C Map; (M, M) uanyuupyer uzomopdusm byHIaMEHTATb-
HBIX TPyHI (BTOpOe yeaoBue fyist ciost u3 TeopeMbl 4). Cm. Taxxke [Hat76], te
JIOKa3bIBaeTcst 60Jiee CUIIBHBIN PE3ysIbTaT O TOMOTONUYIECKON SKBUBAJIEHTHOCTH.
B ykazaHHBIX paboTax UCMONB3YIOTCS KYCOTHO-TMHETHAS U TJIa/Kasi KATETOPHN;
Kak ykaszaHo B [Hat76, crp. 343], mepexo/ MexK1y HUMH ¥ TOIOJOIMYECKON Ka-
Teropueil 0becriednBaeTCsi TPUAHTYIAIMOHHBIMI Teopemamu Bunra u Moitza u
nokazanHoit Xardepom B [Hat83| rumoresoit Cmeiina.

11 AJsbTepHaTUBHBbIE JI0KA3aTEJIbCTBA YAaCTHBIX
cjiyyaeB TeopeMbl 1

[IpuBenem asibTepHATUBHBIE BADUAHTDI OKA3aTEIbCTBA TEOPEMBI 1 J1JIs HEKOTO-
PBIX KJIACCOB PACCJIOCHUN.

11.1 BTopoe Jj0Ka3aTeJILCTBO TeOpeMbI 1 AJid ciaydasd aBY-
MepHOro cepuiecKoro CJios

Ilycts p: E — S! — Jjl0KaJIbHO TPHBHAJIEHOE PACCIOEHHE HAJ| OKPYKHOCTHIO
co «cdepuueckum» cioem F € {S% P?} (1.e. co cioem, romeomopdubM 60
cepe S?%, 6o mpoexTuHO MiocKocTH P?). (B Takom ciyuae E ectb am6o
omno n3 mpousseennit S? x S u P? x S, 6o Tpexmepnas 6yrniika Kieii-
na SZx S em. [Sted4, p. 299].) Mur gokasweiBaem, uto p ectb BH-paccioenne,

1K oneuno e, Hy:KHas O/ panra 1 smuMopdHOCTD Ha yPOBHE (DYHIAMEHTAILHBIX IPYIIIL
crenyer yxKe U3 KOHCTpyKumii pabor [Ham65a, Ham65b).
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T. €. ITO KAXKJIbII U30TOMHBIN TOXKIECTBEHHOMY MTOCJIOWHBIN aBTOIOMEOMOPMU3IM
h: E — E ele U MOCJOWHO N30TOIEH TOXKJIECTBEHHOMY.

IITar BO. Csederue x caywaro a6mozomeomopphuama, C8A3AHHO20 C MOIC-
decmBeHHbLM 0MOOPaNCEHUEM BHYMPUCAOTHOT 20M0MONUET.

Paccyxnenns u3 maros 1.1-1.3 mokasaTenbcTBa TEOPEMBI 5 MTOKA3BIBAIOT,
YTO CUTYyalllsl CBOJUTCS K clIydato aproroMeoMopdusma h': E — E, cBsazaHHOrO
¢ idg BHYTPUCJIONHON TOMOTOINEHH.

ITar B1. Csederue x cayuaro asmozomeomopPhpudma, morcdecmserHozo Ha
ceuenu.

ITockonbKy p — pacciioenue HaJ OKPY2KHOCTBIO C JIUMHEHHO CBSI3HBIM CJIOEM,
y p mmerorest cevdenns ([Hus94, Theorem 7.1]). Ilyers v — Kakoe-HHOYb cede-
nue s p. Ilockoabky h' cazan ¢ idp BHyTpHCIIOiHOI romoronueii, cedeHus
~ u h/(y) romoronssl (u, cieJ0BaTEIbHO, N30TONHBI) B Kiacce cedeHuil. [To-
ckosbKy caioit F' € {S?, P?} npesmosiaraercst 0JIHOPOJIHBIM, U30TOINHsl CEIeHHst
MIPOJTIOJIZKAETCS JIO BHYTPUCIONHON M30TOMNN PACCIOEHUsI. DTO CBOJUT JIOKA3a-
TEJILCTBO K CJAydaio aBToroMeoMopdusma hs: E — .| He TOMBKO CBSI3aHHOTO C
idp BHYTPHUCJIOIHOI TOMOTOMHEN, HO €Ille U TOXKJIECTBEHHOT'O Ha, 7.

IITar B2. C(Csedenue ® cayuaro asmozomeomopPhusma, COTPAHAIOULE20
OKPECTVHOCTNY CEYEHUSA.

U3 reopembr 1TIéndunca BHIBOIUTCS, 9TO Y CEUEHUs Y HARAETCS 3aMKHYyTast
okpecTHOCTH N, (HOMHOTOpHMiT Mtk moiHas OyTeiika Koreiina), mepecekarornas
KaKJIplil CJIOW PACCTIOEHUS P MO JUCKY, U 9TO aBTOroMeoMopdusM he BHYTpPHU-
CJIOIHO M30TOIEeH aBroromeoMopdusmy hs ¢ hg(Ny) = N,.

IITar B3. Csederue ® cayuaro asmozomeomopPhusma, COTPAHAIOULE20
OKPECTNHOCTNG CEYEHUA U OPUEHMAYUUU CAOEEVT QUCKOS.

ITockonbKy cyxenme asroromeomopdusma hs Ha KaxKIblil CJIOH paccioe-
HUSI p TOMOTOIHO TOXKJIECTBEHHOMY OTOODArKEHUIO, 3TO Cy’KEHWe U HU30TOIl-
HO ToxaecrBeHHOMy ([Ep66]), Tak uTo B ciydae opmeHTHpyemoro ciost Fo=
S? cyxkenme aproromeoMopdusMa hz Ha KayKIbIi CJIOEBOH JIUCK PACCIOSHMUs
pln,: Ny — S ! aBTOMATHYECKH COXpaHseT OPHEHTAIMIO TOrO AUCKa. B ciy-
qae F' = P? Bosmoxna curyamusi, korja hs nepesogur N, B N, ¢ obpame-
HHEeM OPHEHTAINN CJIOEBBIX JMCKOB. B TakoM cirydae mpejcraBuM cioit P? kak
dakrop-upocrpancrso M /OM mnenrsr Mébuyca M 1o ee kpato OM , 3adukcupy-
eM B M HEKOTOPYIO HEHTPAILHYIO KPUBYIO £ (T. €. HPOCTYIO 3aMKHYTYIO KPUBYIO
B int(M), asnsromtyiocs ajist M peTpakToM) M 3aMETHM, UTO CEUCHHE 7y MOMKET
OBITH BLIOGPAHO TaKUM 006pa3oM, aTobbl pu npoektmu P2 x St — P2 = M/OM
ero o6pa3 comepxxaicsa B £ (Oyaytum, K mpumMepy, TOUKOi), a N, MOkKeT ObITH
BbIOpaHa TaKIM 00pa30M, ITOOBI IEPEXOAUTH B cebs TP BHYTPHUCIOEBOM U30TO-
mmu paccioenns: P2 x S, onnoxpaTno npokpyunsaomeii Top £ x St C P? x St
BaoJb £. Kommosuiust hy aBroromeomopdusma hg ¢ TaKOH M30TOMMEH JaeT XKe-
JIaeMBIi pe3yabTaT.

IITar B4. Csedenue ® cayuaio as8mo20mMeomopPudma, COLPAHAIOULE20
OKPECTIHOCMb CEYEHUA U OPUEHMAUUL CAOCEVLT JUCKOS U MONHCIECTNEEHH020 HA
00HOT U3 napassesets Kpas 3moti OKPECMHOCMU.

Temneps BbIOepeM Ha Kpae 0N, (9TOT Kpait roMeoMopdeH Topy Wi Oy ThIIKe
Kieitna) Kakyo-HuOyIb 3aMKHYTYIO KPUBYIO A, SIBJISIIOLLYIOCS C€UCHUEM JIJIS .
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Eciu kpait 0N, romeomopden Oyrouike Kieitna, To na 0V, nMeoTcss pPOBHO
JIBa M30TONMYECKNX KJIACCA TAKUX cedeHmit (B Kiacce mzoronuii Ha ON.,), n u3
[CCS, Theorem 1.5] cienyer, uro Besikasi uzoronusi 7i: B — E ¢ 19 = idg,
nepeBogamast N, B N, coxpaHseT Kaxublii m3 stux kmaccos (B [CCS| ms-
JIO)KEHUE BEeJIETCsl B TUIAJIKONW KATErOpHUH, MMEPEHOC B TOMOJIOTUIECKYIO KATero-
puro obecrieunBaercst gokazaHHON XaTuepom runoresoit Cmeitna, — cm. [Hat83,
Appendix, (3)]). Orciona 3akio9aem, MOCKONbKY hy u3orones idg, 910 hy(A\) n
A m3orounsl Ha ON,. OTciofa ciemyer, 4TO HEKOTOPas BHYTPHCJIONHAST H30TO-
mig 70 E — E ¢ 79 =idg u 7(Ny) = N, mas seex t € [0, 1] mepesonut hy(N)
B A. Ilepexons ot hy K Kommosurnum hy := 71 © hy, moxydaeM Tpedyemoe.

Ecau xpait 0N, romeomopden topy (a O0N,, COOTBETCTBEHHO, — IIOJHOTO-
pHIo), BbIGEpeM Kakoi-Hubyib cyoii Fy paccioeHus: p, 0G03HAUAM Yepes 1m «Me-
puimaHHy0» Kpusyio 0N, N Fy, opueHTHpyeM KDPHUBBIE A U 1M IIPOU3BOJILHBIM
o6pa3oM 1 0603HaYNM depes [A] u [m] cooTBeTCTBYIONIE FOMOJIOTNYECKHE KIIac-
col u3 Hy(ON,). Torna MHOXKECTBO PACIIONIOKEHHBIX Ha Tope N, cedennii pac-
CJI0eHUs p pa3buBaeTcs Ha M30TONMYECKHUE Kjacchl A;, i € Z, rne A; — Kiacc,
cofepkamuii Kpupble Kiaacca [A| + i[m)].

Kaxk u3BecTHO, B IPOM3BOJILHOM CKOJIb YIOIHO TOHKOM oKpectHOCTH U, (F') 22
F' x [—¢, +¢€] npousBosbHOrO ciiost F/ paccioeHnst p MOXKHO OCYIIECTBATH BHYT-
puciofinyto usoronuio 7y : E — E ¢ 19 = idg u 71 (N,) = N, I TOXKIeCTBEHIYIO
sue U (F'), «nonxpy4nsaontyios» N, Ha JBa IOJIHBIX 000pora (CKpYyIHBaHHS
Hena), T. e. mepeBoAAIIYI0 KPUBbIE KJIAcCOB A; B KpuUBble KiaccoB A;yo. B ciy-
qae F' = S? Takas m30TONMs M3BECTHA U3 TaK HA3BIBAEGMOTO «TPIOKa Jlmpaxas
WM «TPIOKa ¢ peMHeM» (cM., Hanpumep, [BIMPW] u npusejeHHbIE TaM CCBLI-
KI/I); B IIpOllecce OAHON M3 BO3MOXKHBIX peasin3aluii TaKO M30TOIMUU HAyra (OCI)
pemust) Ue(Fp) Ny — B IpOeKIMu Ha CJIONH — 06pa3yeT IeTII0, ITa IeTIIs, YBeJIu-
YUBAsICh, 3aMETAET BECh CJIOM, a 3aTeM BO3BPAIAETCS B MCXOJHOE MOJIOYKEHUE.
B ciyuae F' = P? KoHCTPYKIHs, JAIOMas BHYTPUCIONHYIO H30TOIMIO C TAKIMM
CBOMCTBaMH, ONUCAHA B JOKa3aresnbcTBe TeopeMbl 1.5 B [CCS].

Takum 06pa30M, BOCIPOU3BO/S YKA3AHHYIO MOCIONHYI0 U30TOIMHMIO WJIH 00-
paTHyO K Heil HEOOXOIUMOE YUCJIO Pa3, Mbl MOYKEM MOCJOWHBIMA U30TOMUASIMA
nepesoauTsb IV, B N, ¢ MIOOBIM YeTHBIM KOJHMIECTBOM IIOJKPYTOK, T.€. MepeBo-
JIUTH KpUBBIe Ki1acca A; B KpUBbIe Kiacca A Ji1d j1oboro yeTHoro j —i. Bmecre
¢ TeM u3 nosydeHHbIX B [CCS| pe3ysnbTaToB IPsSIMO CJIE/IyeT, UTO €CJIU BJIOYKEH-
HBIT B 3-MHOrOOOpasme W momnoropwmii V' mepeBomuTcss B cebst m3oTONMEH B
W, To pasHuIa MeXkIy KJIacCOM IeNbiX 1-romosioruii B V' u ero obpaszom 1o,
JIEICTBUEM 3TOI M30TOIMUA HE MOXKET PAaBHATHCA KJAaCCy MEpUAUAHHOI KPUBOU
na OV. Orciona ciejyer, IOCKOJIbKY hy uzoroneH idg (a A 1o oupezesnenuio Jie-
JKUT B KJ1acce Ag), 9To cedenne hy(\) TeXKuT B K1acce A; ¢ 9€THBIM j, TaK UITO
HEKOTOpasl BHYTPUC/IONHAs u3oTonusi, nepepogsamas N, B N, ¢ coxpaHeHHeM
OPHUEHTAIUH CJIOEBBIX ITUCKOB, IePeBOAUT hg(A) B A. JlomosHus Toit nzoronueit
romeomopdusm hy, momydaem romeomopdusm hs ¢ TpedyeMbIM CBOICTBOM.

ITar B5. Csedenue ® cayuaro as8mo2omeomopPusma, COLPAHAIOULE20
OKPECTIHOCTG CEYEHUA U MOAHCIECMBEHH020 HA KPAE IMOT OKPECTNHOCTIU.

KoucTpykius mara 2 J0Ka3aTelbCTBA TEOPEMbI 5 CBOJUT BOIMPOC O BHYT-
PUCIIONHOIT M30TOMHOCTH Cy»KeHus hs|pn, TOMYHEHHOTO Ha MPEIBIIYIeM Iia-
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re asromopdusma hs ToxjecTBenHoMy oTobpakenuio idgy, (uMeercs B BHITy
BHY TPHUCJIONHOCTD B CJIOAX PACCIOCHHUs P|gn.) K BOIPOCY 00 M30TOIHOCTH Ce-
YeHUl HEKOTOPOTO JIOKAJBHO TPUBHUAJBHOIO PACCIOEHUsT HAJI OKPY2KHOCTBIO CO
croem Homeop (S*, *); Bee cedenust TAaKOTO PacCIOeHNs H30TOMHBI B CHJTy JIHHE -
HOII CBABHOCTH M OJHOCBAZHOCTH TIPOCTPaHCTBa Tpymmbl Homeor (S, *), koTo-
poe, Kak HETPYJHO BUAETH, roMeoMopdHo mpoctpanctey Homeos ([0, 1]) u Tem
cambiM cTarusaemo.® (CM. Takyke mpejioxkenue 1 u ero jokazareberso.) Teo-
pema Ilendiuca 1103BOJIsSIET TPOJOJIKUATE CYIIECTBYIONLYI0 B CHJIY 3TOIO pac-
Cy»KJIeHHsl BHYTPHUCIIONHYIO H30TOIHMIO, TepeBojiAmLyio aBToMopdusMm hslan, B
TOXKJIECTBEHHBIH, /10 BHYTPUCJIONHONI m30TOmNu T¢ BCero mnpocrpancrsa E. Ilo-
JIOXKUB hg := 71 0 hy, TOTyYIaeM 2KeJraeMoe.

IITar B6. Csederue x cayuaro asmozomeomopPuama, morcdecmseennozo Ha
OKPECTVHOCTNU, CEYENUA.

Ipumensis npezyioxkenue 1 K pPaccjoeHuio p| Nyt Ny — S! co cioem
muck D? u mopmanbhoit noarpymme Homeoy (D?, fx 9D?), moyaaem, 910 romeo-
Mopdu3M hg BHYTPHUCIO M30TOIMEH aBTOrOMeOMOpdu3My hy7, TOXKIECTBEHHOMY
na INV,. To, uro noxrpynmna Homeoq (D2, fx OD?) numeiiHo CBA3HA U OJTHOCBA3HA
(u, Gostee ToOroO, CTATMBaEMa) JIOKA3BIBAETCsI IPIMEHEHNEM TPIOKa AJIeKCaHepa.

ITlar B7. 3asepwenue dokasamenvcmaa.

Urak, 3a/a9a cBeIach K CJIy9alo TOCJOHHOTO aBTOroMeoMopdusma, Tox ie-
creennoro Ha N, . [Iycts By := E'\ int(N,,). Paccmorpum cyxenust p|g, u hr|g,
paccioenus p u aBromopdusma hy Ha Fs. Cuoit Fy pacciioenust p|g, sBiisiercst
muckoM D? umm jentoit Mé6uyca M, a hy|g, ecTb TOCTONHbIH aBTOMOPMOU3M,
TOXKIeCTBeHHbI Ha Kpae OFs. 3amerum, uro rpynua Homeoi (Fy, fx O0Fy) crs-
rusaeMa (B crydae Fy = D? 3T0 JJ0Ka3bIBaeTcsl MPUMEHEHHeM TPIoKa AJiekcan-
nepa [Ale23]; B cayuae Fy = M sro Beirekaer u3 [Ham65b, Theorem 2.1] B cuity
y¥Ke YIOMUHABIIMXCS Bbime pe3ynbratos [LMT72] u reopembr JIxk. X. K. Vaiir-
xena). Ilpumensisi npeyioskerne 1 K pacciioeHuo p|g,, romeomopdusmy hr|g,
u HopMaJsbHOH noarpyme Homeoy (Fy, fx OF,), nomxydaem, aro hr|g, cesizaH ¢
idg, BHyTpHCIO#HON TOXKecTBeHHOi Ha 0Fy m3oTonmeil, a 3HA4UT h7 CBI3aH
BHYTPHUCJIONWHOM m3oTommeil ¢ idg. tak, Mbl OKa3a/m, 9TO UCXOIHBIN AaBTOMOD-
du3M h OCTONHO U3OTOMEH TOXKIECTBEHHOMY.

11.2 Bropoe j0ka3aTejibCTBO TeopeMbl 1 B ciiydae TOpH-
4YeCKOI'0 CJIOH

IIycrs p: E — S' — JI0KaJIbHO TPUBHAIBHOE PACCIOCHHE HaJ| OKPY’KHOCTBIO
co cioem Top T = S' x S'. Msr nokasbiBaeM, uto p ects BH-paccioenne,
T. €. 9TO KaKJIbIii U30TOIHBIN TOXKIECTBEHHOMY ITOCJIOMHBIN aBTOrOMeOMOp(MU3M
h: E — FE eme u mocJIOINHO U30TOIEH TOXKaecTBeHHOMY. [Ipumensist paccyxe-
ung maros 1.1-1.3 gokaszaresabcTBa TeopeMbl H u mara Bl ms chepuyaeckoro
CJIydasi, Mbl BUJIM, YTO JIOKA3aTEIHCTBO CBOIUTCS K CJIy9Iai0 aBTOrOMEOMOPdu3-
Ma h': E — E, cBazannoro c¢ idg BHYTPHCIOHHOI roMOTONINEl W TOXKIeCTBEH-

15Kak ysKe yIOMHHAIOCH, CTATMBAEMOCTD npocTpancTsa Homeor ([0, 1]) noxaspisaercs npu-
MeHeHueM Tproka Asekcangepa (cm. [Ham74, Theorem 1.1.1] u [Ale23]).
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HOI'O Ha IIPOM3BOJIBHO BHIOpaHHOM cevueHuu y C F paccioenust p. 3j1ecb HUTh
JIOKa3aTeJbCTBa JJIs CIydas TOPUYECKOI'0 CJIOsT OTKJIOHSIETCsI OT IIPUBEIEHHOTO
BBIIIIE JIOKA3ATEIbCTBA JJIs CPEPUIECKOTO CJIOST: MBI BOCIIOJIB3YEMCsl CJIeIyOIEei
JIEMMOI.

Jlemma 5. ITycmv T — mop, x € T — mouxa. Tozda
Homeo(T,x) N Homeoy(T) = Homeoy (T, x),

m. e. gcaruti 2omeomoppusm h: T — T ¢ h(x) = x, udomonnwl mosrcdecmeen-
Homy omobpasicenuto idr, ceasan ¢ idp uzomonuet, HenodeuscHol 6 T .

Zoxasamesvcmeo. Beenem ua T JTOKAJILHO €BKJINIOBY METPUKY. TOrIa JJIst JITO-
6bix 1BYX To4YeK a u b uz T B Homeoy(T) uMeeTcs: e TMHCTBEHHAST M30METPUS,
nepesogsiiast ¢ B b. Ecin 7: T x [0,1] — T % [0, 1] — n3oromnusi, cBs3bIBAIOIIAs
70 = idy ¢ 71 = h, u 71 (x) = z, TO U3oTONUA-IPOU3BEIEHUE P * T (B CMBICIIE
OLIpeJICJICHUIl U3 J0KA3aTEJNbCTBA IIPEJJIOKEHUS 2), [Je Py €CTh U30MEeTPUs U3
Homeo:(T'), nepesongmas 7i(x) B x, cBasbiBaer idy ¢ 7y = h, 6yayuu Hemo-
JBUKHOU B . O

ITpumenum peioxKenue 1 K paccyoeHuio p| E\y: E \y — S co coem — mpo-
kosoretit Top 1"\ {'}, romeomopdusmy h| g\, : E\y — E\ v 1 HopMaIbHOIl 0JI-
rpyune Homeoy (T'\ {z}). Ycnosus npesoxkenust 1 B JaHHOM CJLy9ae BbIIOJIHE-
HBI: CyzKenue romeoMopdusma h| g\, Ha Kaxxapiit cioit nexxur B Homeoy (T\{z})
B cuity Jiemmbl b, rpynna Homeoy (T \ {x}) onnocesisna u, 6osiee Toro, crsiru-
Baema ([Yag00]). Takum 06pa3om, B CHILY IPEIJIOXKEHU | CYIIECTBYeT BHYTPHU-
croitnas mzoronus MexKay idg\ 4 i h|g\y, TAK 9TO CYIIECTByeT BHYTPUCIONHAS
n3oronus u Mexay idg n h. JlokazareabCTBO 3aBEpIIEHO.

3amevarue. IlpuBeeHHbIE aIbTEepHATHBHBIE BAPUAHTHI JIOKA3ATEIHCTB UCIIOJThb-
3YIOT 4acTbh PACCY’KJICHUI U3 IEePBBIX BApUAHTOB JI0KA3aTEIbCTB; KJII0YEeBOE OT-
JIMYWEe B TOM, 9TO AJIbTEPHATHBHBIE BAPUAHTHI HE OOPAIIAIOTCS K IIPOCTPAHCTBAM

Map,(X, X).

Samevarue. Kaxkaplit 3 OMUCAHHBIX B HACTOSIIEM PAa3JIe/ie MOIX0I0B — U MO/l
XOJI, IPUMEHEHHBIN B Caydae chepudecKoro CJIosi, W IIOAXOJ, IMPUMEHEHHBIH K
TOPUIECKOMY CJIOIO, JTAIOT AJIbTEPHATUBHBIE JIOKA3aTeHCTBA TEOPEMBI 1 B CIIy-
Jae CJI0s, FOMeOMOPMOHOro OKPY2KHOCTH.
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