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E.N. 4KOBJIEB

TEOPEMA CVYIIIECTBOBAHUY AJ1d HAKPHBITUII PACCJIOEHUN CEPPA

Amnnoramms. Ucenenyiorcs HakpbiTus B Kareropuu paccioenuit Ceppa. Ilon nakpbiBaromum oTob-
paskeHneM OJTHOTO TAKOr0 PACCIOEHWS HA IPYTOe MOHNMAaeTcst MOpdu3M yKa3aHHOH KATeropnH, Co-
CTOANINI W3 HAKPBIBAIOIINX 0TOOPAXKEHUI TOTAJIbHBIX TPOCTPAHCTB 1 0a3. Paree aBTOpOM KazkIo-
My TAKOMY HAKPBITUIO ObLIA IOCTABJIEHA B COOTBETCTBUE TIO/IMOC/IEI0BATEIHHOCTH TOMOTOMMIECKOM
TOCTIEIOBATENHHOCTH 0a30BOr0 paccaoerus. Takrke ObLIO MOKA3aHO, YTO KJIACC COMPAXKEHHOCTH
9TOM MOJIOCTIEIOBATEIBHOCTH SABJISIETCS WHBAPUAHTOM COOTBETCTBYIONMIErO HAKpbITUs. OCHOBHBIM
PEe3yIbTATOM HACTOSAIIEN PADOTHI SIBJISIETCS TEOPEMa, CYIIECTBOBAHUST HAKPBITUS C 33, IaHHBIM WHBA~
puantom. Kpome Toro, 31ech JOKa3aHO, UTO M3 JOKATIHHON TPUBHAIHLHOCTH 0A30BOTO PACCIIOEHUS
cjeyeT aHAJOIMYHOE CBOMCTBO [IJIsi HAKPBHIBAIOIIETO PACCIOEHMUS.
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BBE/IEHUE

B pabote 1] uzydens! peryagpHble HAKPBITHA B KATETOPUH TJIAJIKAX TIABHBIX PaccaoeHuit B.
JItoboe Takoe HaKpBHITHE TpeCTaBasseT coboi TPOHKY, COCTOSINY0 W3 TIAJKUX HAKPHITHH 0a3,
TOTATBHBIX MPOCTPAHCTE U CTPYKTYPHBIX TPYIII, SIBJSIONIYIOCS TIPH 9TOM MOP(MU3MOM TJIABHBIX
PacCJIOCHUH.

Brito orMeuero, UTO HAKPBITHS TOMOJOTHYECKUX MTPOCTPAHCTB WX MHOT00Gpas3mii, coxpa-
HSTIOTIHE JOTOJHATEIbHBIE CTPYKTYPBI, TPAMEHAIOTCST BO MHOTHX OOJIACTAX MATEMATHKH. IDTO
OTHOCHUTCS, B YACTHOCTH, K pUMaHOBOI reomerpuu (|2|, m. 7.2; [3]), Tomosoruu TpexMepHBIX MHO-
roobpasuit (|4|, . 3), BeraucauTeabHON TOMOIOTNE |5, |6], Teopun cioenwmii 7| u gumamuke |§],
[9]. HekoTopbie apyrue ipyiMeHeHusl TaKUX KOHCTPYKIMIT yKa3aHbl HUXKe B pasjese 4.

Ho mverpyn#o BUgEeTH, 9T0 00BEKTOB KaTeropun BB st OZ00HBIX MPUI0KEHW HEJTOCTATOTHO.
TTosTomy ecTecTBeHHBIM 00pa30M BO3HUKIIA 331a9a 00 00001IeHNY NCCIeTOBAHUN U PE3YTHTATOR
paborsl [1] Ha Gosee MUPOKKME KIACCHI PACCIOEHUI.

B pab6ore [10] namu nauaro ucciegoBanue HakpbiTuii B kareropuu SB paccioennii Ceppa ¢
JIMHEHHO CBA3HbIMY Oa3amu u caoavu. Jls paccaoennii €, é € SB HakphIBAOIUM 0TOOPaYKEHTEM
0 é — £ JIOTUYHO CYNTATH MOpdusM kareropuu SB, cocTosdMit 13 HAKPBIBAIOIINX 0TOOpaXKe-
HUH TOTATBHBIX MPOCTPAHCTB U Ha3. EcrecTBeHHBIM 06pa3oM ompeaensioTess MOPpMU3MBI TAKUX

ITocrynuna B pegakiuio 16.05.2022, mocae gopadorku 16.05.2022. IIpuasgra k nybmukamun 29.06.2022.

Baaronapuocru. Pabora soinonnena npu nojuep:xkke Poccuiickoro Hayunoro ®@onza (rpanr 21-11-
00010), 3a uckiroueHueM pas3zeoB 3 u 4, ucciaeJoBaHus B KOTOPbIX 1O//epzKanbl Jlaboparopueil jnuna-
mudeckux cucrem u npuitoxkenunit HUY BIID, rpant Munucrepersa Hayku u Bbicinero obpasosanus P®,
cormamenne Ne 075-15-2022-1101.
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HakpbrTuit. COrJIACHO MOJTYYeHHBIM PE3y/IbTaTaM KaxKJA0My HakpwiTuio ¢ = (€, 5, ) paccaoenust
Ceppa £ COOTBETCTBYIOT ITIOANOCIEA0BATEBHOCTH S(¢) FOMOTONMYECKOH MOC/IEI0BATEIbLHOCTH
HS(£) 6a3oBoro paccioenus £, 3apucsaiiume 0T Bpi6opa OTMedeHHbIX Touek. OHU UMEKT Bu/

0—Im0y — Ap — A — A — 0, (1)

riae B — npocrpanctso, B — 6asa, F' — cioit paccioenusi £ Ap, Ap, Ap — noarpynmnbsr ux
dyuaamenTanspubIx Tpyni, a Oy : me(B) — m(F) — roMoMopdu3M U3 MOCTETI0BATETHHOCTH
HS (). Mokazano, 4ro s 3aJaHHBIX HAKPBITUH ¢ = (él, 71,€) u g = (ég, 9, §) paccaoenus
£ € SB mopdusm i : g — @2 CymECTBYET TOIJAa M TOJBKO TOIJA, KOIJIA II0CAEI0BATEIbHOCTD
S(q1) compsizKeHa HEKOTOPOIi TIOJIOCIEIOBATETLHOCTH TIocaenoBareasHocTr S(g2). Harportust ¢q
U @2 W30MOPGhHBI B TOM U TOJBKO TOM CJIydae, ecju compsizkerbl S(q1) u S(qa).

VKazaHHble Pe3yabTaThl HEMb3s CIATATH UCUEPIIBIBAIOIIMME TEMY HCCIET0BAHUS, TOCKOJBKY
He OBLIN pelleHbl HEKOTOPBIe BaXKHbIE 3a1a4un. [IepBoil n3 HUX ABJgeTCs MPodIeMa pealn3yemMo-
CTH KJIACCA COTMPSIXKEHHOCTH MPOU3BOIBHOI MOIOCIeI0BaTeIbHOCTH Biuta (1) mocae1oBaTebHO-
ctu HS(€) B KauecTBe MHBApUAHTA HEKOTOPOTO HAKPBITHS ¢ = (é , 7, §). Takke ocTascst OTKPBI-
THIM BOIIPOC: MEPEHOCUTCS JIU CBORCTBO JIOKAIBLHON TPUBHAJIBLHOCTH ¢ HA30BOI0 paccyoenud & Ha
HaKpbIBatowiee pacciaoenne £? OTBET Ha HEO HECOMHEHHO BAayKeH C TOUKH 3PEHUst [IPH/I0KEHHI.

B mammnoit pabore npu HEKOTOPBIX €CTECTBEHHBIX OFPAHUICHUAX TIOJYIEHBI PEIerust chopmy-
JMPOBAHHBIX 3ajad. B pasjene 2 mokasaHa TeopeMa CyIIeCTBOBAHMS HAKpHITHS ¢ = (&, ¢, §),
IS KOTOPOTO TIPU TOAXOJISAIIEM BBIOGOpE OTMEUYEHHBIX TOUEK S(¢) COBMAJAET C 3aJaHHOMN TIO-
crefoBaTesbHOCTRIO Bua (1). Orcioga w u3 pesyabraTos paborer [10], B gacTHOCTH, ClaexyeT
CYIIECTBOBAHME YHUBEPCAIBLHBIX HAKPBITHI paccaoenuit u3 kareropun SB. B pasnene 3 mokasa-
Ha TEOpeMa 0 JIOKAIbHON TPUBHAIBHOCTH PACCIIOEHHS &, HAKPBIBAIOIIET0 JIOKAIBHO TPHBHAILHOE
paccaoenue £. PaccMOTpeHbl TpuMephl HAKPBITHN PACCIOCHWH, YaCTO UCIOIBLIYIOIUXCI B TEOPIH
JAUHAMIYCCKUX CHCTCM.

BamernM, 9TO TP JOKA3ATEIBCTBE TEOPEMBI CYIIECTBOBAHUSA PACCJOCHUS C 3aJaHHBIM WH-
BapuaHTOM B [1]| 6BLIM MCHIOIB30BAHBI SIBHbIE KOHCTPYKIIMU HAKPBIBAIOIIMX MHOr000pasuii Kak
¢aKkTOP-NMPOCTPAHCTB MPOCTPAHCTB MyTeii. 3/1eCh TaKne MOCTPOEHUs He MpuMeHsoTcst. Bee mo-
Ka3aTe/bCTBa B KJIOYEBBIX MOMEHTAX OLMPAIOTCH HA TeOpeMy O HojHsiTun orobpaxkennit ([11],
rinasa V).

1. HAKPBITUY PACCJIOEHUM U UX MHBAPUAHTHI

[Iycte E u B — Tomojioruveckue mpocTpancTsa, p : EF — B — HempepniBHOE 0TOOpake-
aune. Tpoiika & = (E,p, B) naseiBaerca pacciaoenuem Ceppa, ecan s Beex n € N u mo6bix
HenpephIBHLIX oTobpasxkennit f : I — B u Fy: I"' — F takux, uro po Fy = f|m-1, Haiigerca
HenpepbiBHOE oToOpaxkenue F : " — E| ynosnersopstomiee paserctsam poF = fu F|pm-1 = Fj.
Buecs I =[0,1] u xy6 I oroxecrsien ¢ rpanbio I x 0 xy6a I™.

Mopdusm » : € — & paccaoennii Ceppa & = (E,ﬁ, B) nu ¢ = (E,p,B) ectb mapa » = (g,3)
HENIPEPBIBHLIX 0TOOpaKeHHH € : EFE—~EuB:B—B , I KOTOPBIX KOMMYTATHBHA JHACDAMMA,

E-". B
l L@ (2)
E - B

Cumposiom SB obo3nauum Kareropuio pacciaoenuii Ceppa ¢ JIMHEHAHO CBA3HbIMUA O6a3aMu U CJI0-
ssvu. [lpm 9T0M TOTAIBHBIE TPOCTPAHCTBA paccaoeHuii n3 SB Takke OyAyT JUHENHO CBI3HBIMU.
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Hakpoituem paccinoennst & = (E,p, B) € SB mbl Ha3biBaem TPOHKY ¢ = (é, x,€), Tae £ —
paccioenue, SIBIISOIEecs 06 bEKTOM KaTeropuu SB,ax=(e,p): £ = &€ — mopdusM, cocTO ML
13 HaKPBIBAIOIINX 0T06pa>KeHHH e B — E uf: B — B. IIpu sTOM ¢ cunTaeTca peryagpHBIM,
ecin peryasipusl makpsitus (E, e, E) u (B, 8, B) rononorndeckux npocrpancts E u B [10].

PaccMoTpuM HAKpHITHS ¢ = (él,}q,g) uqy = (fg,%g,f) paccnoenust £ € SB u Mopduzm
1 & — & xareropun SB. Torma ecam KOMMYTATHBHA JUATPAMMA,

b6 —= &
| [~ (3)

id
f — 57

TO 7 : q1 — @2 — MOPMUIM 3aJAHHBIX HAKPBITHIA.

Cumsosnom C(£) 0603HAUNM KATETOPUIO BCEX HAKPBITHI paccaoenus &.

Jlns paccnoenns & = (E, p, B) u3 xareropuu SB sadukcupyem Touky a € B, cioit F = p~1(a)
u Touky u € F. Bynem caurars, aro ¢ : F' — FE — BKJIIOYEHHUE CJIOS B TOTAJIHHOE ITPOCTPAHCTBO.

W3 numeitnoit cessnoctn ¢inoa Fciaemyer, 9T0 KOHEN rOMOTONHYECKON MOCIeI0BATE THHOCTH
paccioenust £ nMeeT BU,I

 — m(B,a) 2 m(Fu) -5 (B u) 25 m1(B,a) — 0. (4)

Hycrs € = (E,ﬁ, E) — eme oxuo paccaoenne Ceppa us kareropun SB,¢: E — E, 8: B — B
— orobpaxenusi, » = (g, 3) n Tpoiika ¢ = (é, », &) upejcrasisier coboit HaKpbITHE PACCI0eHus £.
Ecmi roukn 4 € Eua € B BLIODATD TaK, ITOOBI HME/I MECTO paBeHcTsa p(i) = a u £(d) = u,
10 B cuny (2) B(a) = a. Tonoxum F = p~1(a). Torma cyxemne ¢ : F — F oroGpaxenns
e : F — E ompemeseno u sBIseTcs HaKpbiBaomiM oToGpazkenme ([10], memma 1).
PaccmorpuM roMomMopdu3Mbr

Qﬁ*:Wl(p,ﬂ)—)ﬂ'l(F,U), 5*:7'['1(EA,’[AL)—)7T1(E,U> n B*:ﬂ-l(Bad)_)ﬂ-l(Baa)a

WHJIyIIUPOBAHHBIE HEIPEPHIBHBIMU OTOODAXKEHUSIMU @, €, [ COOTBETCTBEHHO, U UX 00pas3bl Ap =
Im¢,, Ap = Ime, uw Ap = Imf,. Torna cormacuo Teopeme 1 u3 [10] ompemenena u TodHA
nocae0BaTeIbHOCTE S(q):

A A
0 —Imd, ~% Ap == Ap 25 Ag — 0, (5)

rie 19 — BKJIOUEHHE, Oy, 15 U Py — roMoMopdm3Mbl U3 HocIegoBarensHoct (4), o u pd —
CY?KEHHS TOMOMOPMU3MOB 24 U Py Ha NOATPYNNBI Ap 1 Ap COOTBETCTBEHHO.

Bynem rooputh, uro mocsegoBaresbHOCTh S(g) MHAYIMPOBAHA HAKPBITHEM ¢ = (f, x,&) n
nabopom rouek {u,a,i,a}.

[Mocaenosareasrocr S(q1) u S(g2) Buma (5) Mbl cauraeM conpsizkeHHbIME B (4), ecsin B rpyIiie
71 (E,u) conpstzkenst noprpynmst AL u A%, Cornacno ([10], Teopema 2) Kjacc conpsKeHHOCTH
nocsaeoBaTeabHOCTH S(g) ABJIFETCS MHBAPUAHTOM HAKPBITHSA ¢ = (é, »,€) B kareropun C(§).
BosHukaer ecTecTBEHHBIH BOIPOC O PEATU3yEMOCTH KJIACCA TPOU3BOIBHON MTOCIE0BATETHHOCTH
(5) B KauecrBe nHBapuaHTa HeKOTOPOro obbekra q € C(§).

2. TEOPEMA CYIIECTBOBAHUS

HaHOMHI/IM, 9TO TOMOJIOTUYECKOE ITPOCTPAaHCTBO X HA3BIBAETCH JIOKAJIBHO JIMHEUHO CBA3HBIM,
ec/In KaxKJast ero To4Yka obaagaer 6a30ii JMHEAHO CBA3HBIX oKpecTHoCcTelh. OHO HA3BIBAETCH MUK-
POOTHOCBAZHBIM (MJIN TOJTYJIOKATBHO OJHOCBSI3HBIM ), €CJIU Jist 000i Toukn x € X Haiimercs
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okpecTHOCTH U, Jjist KOTOPOH MHIYIMPOBaHHbIN BK/IOUYenueM 1y @ U — X romomopdusm dyn-
JlAMEHTAJbHbIX Pyl pased Hysto ([12], wi. 5, u. 6).

Teopema 1. IIycmo £ = (E,p, B) — paccaoenue us xamezopuu SB, ydosaemsoparowee caedy-
T0ULUM YCAOBGUAM:

(A) monoaoeuueckue npocmpancmea E u B 40KaAvH0 AuHETHO C8A3HDL;
(B) monosozuueckue npocmpancmea E u B murpoodnoceaszni.

Paccmompum npoussosvryro mouwxy u € E u nosooicum a = p(u) u F = p~1(a). Bubepem rero-
mopwie nodepynno, Ap C m1(F,u), Ap C m1(E,u) u Ap C m1(B,a) mak, 4mobvs das nux 6v.ia
onpedeaena u mouna nodnocaedosamesvrocms (5) nocaedosamenvrocmu (4). Toeda cywecmsy-
10T PaccAoenue. Ceppa { (E P, B) us xamezopuu SB, naxpwmue q = (é’, x,§), »x = (e,0),
u mouwku @ € E, a € B, ydosaemeopamougue pasencmeam p(a) = a, e(i) = u, daa Komopwvix
UNOYUUPOBAHHAA UMY nocne@osammbﬂocmb S(q) cosnadaem c (5).

Joxasameavcmeo. Tlo moctpoennto kareropun SB Tomojiornyeckue mpocrpancTsa F u B inHeii-
Ho cs3nbL. Orcroga u u3 ycaosuii (A) u (B) crenyer, uro ans sanannex noarpymn Ap C mi(E, u)
n Ap C mi(B,a) HaliflyTcsl HAKDEITHA (E,e,E) n (B, B, B) ¢ MHEHHO CBA3HBIME HAKPBIBAIOII-
MU TIPOCTPAHCTBAMHU Fu B a Takzke TouKn U € E u g € B obJtaiarorye cBOficTBaAMuI
o e(@) = u, (@) = A A
o JIJIsT WHAYIAPOBAHHBIX HAKPBIBAIOIMMEU OoToOpakenusimMu ¢ :  — Eu f: B - B
romomopdusmos e, : m(E,4) — m(E,u) u B, : m(B,a) — w1 (B,a) umeor Mecto
pasenctBa Ime, = Ap u Im 8, = Ap.
IIpu 5TOM cormacHo yemosmio (A) npocrpancrsa £ u B TOKAILHO JTHHEHHO CBSI3HBL.
Nnmeromueca orobpaxkenna o0pas3yioT InarpamMMy

E B
al lﬁ (6)
E 2, B

Hamma mepBast 3aj1a4a cOCTOUT B TOM, 4TOOBI JOKA3aTh CYIECTBOBAHUE HEIIPEPBIBHOIO 0TOOpA-

wenus p: B — B, 3ambIkatomero (6) 10 KOMMYyTATHBHON guarpaMmbr (2).

JIist 9TOro, BO-IEPBBIX, OTMETUM, YTO KOMIIOBUIUS P O € HENPePbIBHA. BO-BTOPBIX, 10 BLIGODY
rouek umeeM p o () = p(u) = a = [(a). Hakonen, B cuay TogHOCTH T10CAEM0BATENBHOCTH (5)
JIsl WHJLY [UPOBAHHBIX TOMOMOPGMU3MOB (byHIAMEHTAIBLHBIX IPYIII CIIPABEIIUBBL PABEHCTBA

(poe)u(m(E,a)) = pu(Ap) = Ap = Bu(mi(B, a)).

Otcroma 1o Teopeme o noxuarun orobpazkenwuii ([11], rr. V) ciaemyer cymecrBoBanme oTobpake-
nust p 2 F — B, 3ambikaiomero (6) 10 KOMMYyTATUBHOH auarpaMmbl (2) U yI0BIETBOPSIIOIIETO
pasenctBy P(0) = u. OHO OnpeseneHo OMHO3HAYHO U HEMPEPBIBHO.

Jasee Tpebyercs 10Ka3aTh, YTO TPOHKA é = (E' P, B ) npeacrasasier coboii paccaoenne Ceppa.

Paccvorpum oTkpBITOE IOJIMHOKECTBO U C B, ABJIAIONICECS IEMEHTAPHONR OKDPECTHOCTBIO
otHOCHTENHHO HakpbiTua (B, 3, B). Toraa B~ (U ) UsUs, e OTKDBITBIE HOIAMHOKECTBA Us
IJIsl PA3IMYHBIX MHICKCOB S IMOMAPHO HE MIEPECEKAIOTCS, & CYKEHUS ,BU U, — U HaKmea}omero
orobpaxenus: 3 : B — B simastorcs FOMeOMop(bMSMaMM TTycrs ES =p- 1(US) EU - U,
— cyKeHne oroGpaxennud p : E — B u fU = (EU,pU, U, ). Torma fU — cymeHHe PACCIOeHUsT
¢ Haz OTKPBITHIM ITOIMHOXKECTBOM US c B. TTockombky MHOXKECTBA BHIA US nag secex U u
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5 00pa3yloT OTKPBITOE MOKpPHITHE IpocTpaHcTBa B, a yciosue Ceppa JjokajibHO 110 0asze, TO
S
JIOCTATOYHO JOKA3ATE, UTO OHO BBIIOIHSICTCH JI/I TOCTPOCHHOTO PACCIOCHHS £ A
Mycts h: I — Ugu Hy : I"1 — E7, — nenpepniBHbIe 0TOOpasKeHHd Takme, 9To p o Hy =
h|n-1. onosxum h = Bohw Hy =co Hy. Torma h: [" — Bw Hy: [""! — E — wenpepuisrbie
orobpaxkenusi. [Tpn sT0oM coryacuo (2)

poHO:pogoﬁozﬂof)oﬁo:ﬂohhn—l :h|1n—1.

Tak xak & = (E,p, B) — paccioenne Ceppa, TO U3 MOCTEIHET0 PABEHCTBA CJIEAYeT CyNIeCTBOBA-
HEE HempepbIBHOrO oTobpakenus H : I — FE| nyst kotoporo po H = h u H|n-1 = Hy.

TMTockospKy coHy=Hy=H |pn—1, a HAKDBITHE (E g, F) Takke aBJsieTCst pACCIOEHUEM Ceppa
TO HaM/IETCsT HENPEePLIBHOE 0T06pa>KeHHe H:I"— E VIOBJIETBOPAIOIIEE PABEHCTBAM eoH=H
n H]In \ = Hp. Ocrasnocs nokaszats, uto po H = h.

Jast moGoit Toukn ¢t € I™ nmeem Sopo H(t) = poeo H(t ) =po H(t) = h(t) € U. Takum
obpasom, po H(t) € ~H(U) = U,U,. Ecu tg € 1" 1, 10 po H(ty) = p o Hy(to) = h(to) € Us.
Orcrona u u3 ceasnoctu Kyba I™ crenyer p o H( ) € U, nast seex ¢ € I™. Ho Torma

po H(t)=(8y)~" o h(t) = h(t).

OTUM JI0OKA3AHO, YTO ff] = (E'f],ﬁ,s], U, ) — paccioenue Ceppa.

13 HOJIYYeHHBIX pe3y/IbTATOB CJELyer, 4ro & = (E, p, B) — oQ%eKT kareropun SB, a mapa
7 = (e, ) ABageTCs HaKPBIBAIOIUM 0TOOpazkeHneM pacciaoenus § Ha pacciaoenue €. [Tomoxum
q=(§8), F=p a)u F=p(a) )

[To memme 2.1 u3 [10] cyxenne ¢ : F' — F orobpaxkenus € : E — E sBIseTCs HAKPBIBAO-
muM orobpazKkerueM. IIpu 3ToM 1Mo BEIGOPY TOUKHM U OMpeeeH WHIYIIMPOBAHHDBII roMOMOPhOU3IM
Oy 1 T (F , @) — 71 (F,u). CormacHo Teopeme 1 u3 [10] HAKPBITHIO ¢ COOTBETCTBYET MOIIOCTEI0BA-
TempHOCTS S(g) TOMOTOMmIYecKoi ocenoBaresrocta (4). IIo mocrpoenmio nakpbiTuii (E, &, E)
n (B’, B, B) ona umeer Bug

A A
0 — Imdy % Im oy —= Ap — A — 0,

rje 1) — BKJIIOYEHUE, & zi\ u pi\ — Cy:KeHus 0TOOpaXkeHuil 1, u P, coorBercTBeHHO. COracHo

aemme 3.1 crarbu [10] orcioga ciaeayer Im ¢, = Ap. Takum obpasom, S(q) coBnajgaer ¢ mocse-
JI0BATEJIBHOCTBIO (5). O

[Mycrs & = (E,p, B) — paccaoenne u3 kareropun SB. Kak u Bbune, 3adukcupyem Touku
uw € FE ua=p(u), nonoxum F = p~1(a). Torga onpenenena Tounas moCaeI0BaTe/bHOCTS (4).

Teopema 2. Ecau paccaoenue & ydosaemsopaem ycaosusm meopemv, 1, mo xamezopus C(§)
gcex naxpumul paccaocerus £ codepocum yHueepcasvroviti obsexm. HUm asasemcs pe2ysaproe
naxpwmue qo = (&o, #0,&) ¢ unsapuanmom S(qo), 6 komopom Ap = Ap =0 u Ap = Im 0,.

Aoxasameavcmeo. Cornacuo reopeve 1 B JAHHBIX yCIOBHAX cymeCTBy}OT pacciaoenune Ceppa
fo = (Eo,po,Bo) u3 Kareropuun SIB, HakpLiTHE () = (507%0,5), rae »y = (€o,50), W TOUKH
ig € Eo, ao € Bo, YZOBJIETBODsIOIIe paBeHcTBaM Po(lo) = dg, £0(lo) = w, st KOTOPBIX
WH/y[MPOBAHHAST MU [IOC/Ie/10BaTEILHOCTL S(qo) nmeer Bu

A A
0 —Imd, 2% Imd, 250250 —0.
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U3 rounocru nocaepoparensnoctu (4) creayer pasencrso Im 0, = Keru,. Tlosromy Imd, —
HOpMaJIbHBIN Aeurens rpymnst 71 (F,u). Takum obpasom, gy — peryasproe Hakpbrrue. Ouesu-
HO, KJIACC COTIPSIZKEHHOCTH TIOCTeI0BAaTebHOCTH S(gp) COCTOUT TOJBKO U3 Hee caMoil. [losromy
S(go) — MHBApUAHT HAKPBITHSI .

Paccmorpum reneps npousBosibHbiil 00bexT kareropun C(§), T. €. HAKpbITHE ¢ = (é , 7, &) pac-
cioenust €. Boibepem Touku U € FuaecB TakK, 9TOOBl MMEJN MeCTO paBeHCTBa P(U) = 4 u
e() = u. Homoxum F = p~'(a). Torma cormacuo teopenme 1 13 [10] nakpoitie ¢ = (€, 5, £) u Ha-
6op rouek {u,a,U,G} UHIYOUPYIOT TOANOCAEI0BATENLHOCT S(q) Buga (5) MOCIe0BATEILHOCTH
(4).

B nocienosarensrocru (5) romomopdusm 1 sBiasgeTcs BriodenueM. CienoBaresbao, Im 0, —
HOArPYIIa IPYHIbl Ap. DT0 3HAIHUT, 9T0 S(g) — IO/IOCIEI0BATEIEHOCTD TOCIEI0BATEIHHOCTH
S(q). Cornacuo reopeme 2 u3 [10] B Takoii curyannu cymectsyer MOpU3M HAKPLITHE 3 : go — .

Takum 06pazom, gy — yHUBEpcaabHbIH 00bekT Kareropun kareropun C(§). O

Urak, nng moboro paccaoenust £ = (F, p, B) u3 kareropun SB 1pu HEKOTOPBIX €CTECTBEHHBIX
yCJIOBUAX CyIIECTBYET YHUBEPCAJBHOE HAKPBITHE () = (é@, 70,&), %0 = (20, 50)- Ilpu sTOM Ha-
KPBITHSA (Eo,eo, E)u (Bo, Bo, B) Totanproro npocrpancTea E u 6a3sl B TakyKe YHHBEPCAJIBHBI.
Ho nyist mHIyIMpPOBAHHOTO HAKPHITHS (Fg, $0, F) ciost F' = p~1(a) 310 BepHO TOMBKO TIPH paBeH-
cree Hyato romomopdusma Oy : me(B,a) — mi(F,u) u3 roMoTOnnYecKoii mocjae0BaTesbHOCTH
(4) paccrnoenus &.

3. HAKPHITHA JTJOKAJIBHO TPUBUAJIBHBIX PACCJIOEHUN

[Iycts € = (E,p,B) u £ = (E,ﬁ, E) — paccroennst n3 Kareropun SB, ¢ = (é, »,§) — HAKpHI-
THe, IpuYeM MOpP(U3M 3¢ COCTOMT U3 HaKpbiBalomux orobpaxkenuit € : K — Fu 3: B — B.

Teopema 3. IIpednoaooicum, wmo & = (E,p, B) — 40KaA0H0 MPUSUAADHOE DACCAOCHUE CO CTNAH-
dapmmuvim caoem F u evinosnenst donosnumenvrve Ycrosua:

(C) daa moboti mouxu b € B cywecmsyem 6a3a oxpecmuocmeti, COCMOAWAA U3 AUHETHO
CBAZHBIL U OOHOCGAZHBLL OMEPHIMBLT NOJMHONCECTNG npocmpancmea B
(D) monoaoceuueckoe npocmparcmeo F a0kasvno sunetino c6A3mo u MUKPOOIHOCBAZNHO.

Toz0a naxpusarowee paccaoenue & = (E, p, B) makoice A0KaADHO MPUBUAALHO.

Hoxaszameavcmso. 1lycrs b— IIPOU3BOJIBHAS TOUKA IPOCTPAHCTBA 3. BoibepeM Touky O € ﬁ_l(l;)
u nonoxuym b = B(b) u v = (). Torna p(v) = b.

[To ycsoButo j0Ka3biBaeMOil TEOPEMBI CYIIECTBYIOT OTKPbITasi OKpecTHOCTh U Touku b u ro-
MeomopduaMm Yy : U X F' — By, mid KOTOPBIX KOMMyTaTI/IBHa JuarpamMmMa

UxF -2 By

n| [ g

v 4y
rme Fy = pil(U) W p; — €CTeCTBeHHas IIPOEKINS TPOU3BEIEHUWS Ha TEPBBIN COMHOKUTETD.
Beibepem Touky f € F tak, arobst Yy (b, f) = v.

Corsracuo yesoBuio (C) MOXKHO €YUTATh, YTO TOAMHOXKecTBO U C B JIMHEHHO CBSI3HO, a €ro
dyunamentanphas rpynna 71 (U, b) TpuBnagbHa. Ipu srom U — snemenTapHas OKPECTHOCT
TOYKM b OTHOCUTETHHO HAKPBITH (B 3 , 3, B). HyCTb U — KOMIOHEHTa JMHE{HOM CBSBHOCTH Io/1-
muoxecta B1(U) C B, conepxarmast TOYKY b. Torna cyxenune [ : U — U orobpaskenus
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B : B — B ssaserca romeoMopduzMom. I1010KmM E = p~1(U). Ouesmno, E(E )=FEyun

CyzKeHue &g : E — Ey orobpaxKeHus ¢ : E—E HpeJicTaBasgeT coboll HAKPBIBAKOIIEe 0Todpa-
JKEHUeE. R

ycrs (ep)« @ m(Ey,0) — m1(Ey,v) n ()t m(Ey,v) = m(U x F, (b, f)) — nngymmpo-
parmble roMoMopdusmer, AY = Im(ep). n AY = () (AG).

Dopmyaoii oF (f') = (b, f') onpenemnm Broxenue o F — U x F. I3 TpuBHAILHOCTH I'PYIIIIbI
71 (U, b) crenyet, aTo I/IH,ZLyL[I/IpOBaHHI)II/I FOMOMop(bHSM 1y m(F, f) = mi(UXF, (b, f)) sBnsiercst
mzomopdusvom. Homokmm Ap = (1) ~H(AY).

Cornacno ycnopuio (D) Hafijyres HaKpbITHe (F',7,F) ¢ IMBEHHO CBA3HBIM HAKDBIBAIOIIMM
MPOCTPAHCTBOM F u rouka f € F' raxue, aro ~( f ) = f W g uEAYIUPOBAHHOIO TOMOMOPdhU3MA
Y m(E, f) = i (F, f) uMeeT MecTo pasencTso Im~y, = Ap.

Onpenemny sioxenne of' : ' — U x F, monaras o' (f') = (b, f') nna seex f' € F.
[TocTpoennble oToGpazkeHns: 06pa3yT KOMMYTATHBHYIO JTHATDAMMY

N
F —— UXF

wl lﬁng

F
7
F —— UXxF.
ITpu sTOM J/TsT MHAYIMPOBAHHBIX TOMOMOPMOU3MOB (DYHIAMEHTAIBHBIX TPYIN KOMMYTATHBHA

JrarpaMMa
m(E, )~ m(U % F, (b, )
l J{(ﬁgX’Y)* (8)
4
7Tl('Faf) I 7'['1(U X F7(b7f))
Tax kak 71(U,b) = w1 (U,b) = 0, 0 zf — m3omopdusm. [Mostomy n3 (8) caemyer
Im(By x 7)s = o (Im ) = of (Ap) = AF. (9)
CocraBuMm quarpammy
U X F EU

UxF -2y By

Bamerum, uro B (10) By XY 1 €y ABILIOTCA HakpbiBatomuMu orodpazxkenusivmu. Ilo Bribopy Touex
nMeeM

Uit oep(d) = vyt (v) = (b, f) = (Bg x Vb, f) (11)
Yu o (By x7)(b, f) = Yu(b, f) = v =¢ep(0) (12)

B cuy (9)
Im(yy! o ep)e = (W )« (AR) = AF = Im(By x 7)s, (13)
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Taxk kak f — paccaoenue u3 kareropuu SB, To BCe ero caou JmHeHHO cBA3Hbl. OTCIOHA 110
IMOCTPOEHUIO TOTOJIOTMYECKUX [TPOCTPAHCTE UuF cjieyeT JUHENHAd CBA3HOCTH MPOU3BEIEHUS
U x F u upocrpancTsa EU CYKEHUST fU = (EU,ﬁU, U) PACCIIOCHHS .

[To ycioButo Tomosiornyeckue npocrpanctsa B u F' jokajibHO juHeHO cBs3ubl. OTciona ciie-
JIyeT, 9T0 OTKpbITOe noaMHOKecTBo U C B, romeomopduoe emy mommuoxectso U C B u npo-
cTpaHcTBO E JIOKaJIbHO TPUBHAJIBHOTO paccioenus & ¢ 6a30ii B u cramgapTHbIM ciaoeM F' rakike
obnajator yxkasanubM cpolictoM. C F' u B CBOACTBO MOJHUMAETCS Ha HAKPBIBAIONIUE UX [PO-
CTPaHCTBA FukE. IlosTomy nmpoussenenne UxFEn OTKPBITOE ITOAMHOKECTBO E C F nokanbao
JINHEHHO CBSI3HBI.

CortacHO MOJIy9eHHBIM B MPEJIBLAYIIHNX JBYX ab3allax pe3yibraraM U y2Ke YIOMSHYTOl Teope-
Me 0 mozsATII oToOpazkennit ([11], rr. V) n3 (11) n (13) caeayer cymecTBoBaHne € TMHCTBEHHOTO
HEPEPLIBHOTO 0TOOPaYKEHNS 9 E — U x F, yI0BIETBOPSIOIET0 paBeHcTBy 0, (D) = (13, f) u
sambIkatorero (10) mo KOMMyTaTI/IBHOI/I JHarpaMMbl

A A éU A
UXxF +——— EU

ﬁgxwl lEU (15)

UxF <V g,

[To rem xe mpuanaam B cuty (12) u (1 ) HalTeTCsT eTMHCTBEHHOE HEPEPHIBHOE 0TODpaKeHne

Yy U x F — Ep takoe, aTo (b, ) 1 KOMMYTATHBHA JHATPAMMA

Ux b Y, B
UxF 5 FEy.

Obveunus (15) u (16) nByMsa BO3MOXKHBIMU CIOCODAMH, CTAHJAPTHBIM OOPA30M IOy ™M
pasencTsa g 0 Y =id u 1/JU ) 9 = id. [TosTomy 1/JU UxF — EA — roMeoMOpU3M.
U3 (2) u (16) coenyer KOMMyTaTI/IBHOCTb JTHArPaMMbI

Ox b 22 By 205 0
BUXVl lsff lﬁg (17)
UxF YU pU U,

re Py U py — CyxKerus npoekuuit p 1 E— B up: E — B paccaoennii £ n § COOTBETCTBEHHO.

Pacemorpum npom3seostbayio Touky (U, f') € U x F' u momoxum b’ = potyy; (0, f'). 1o mocrpoenmio
MHOKECTBa EU mueem b’ € U. B cuny (17)

By (6") = pu oy o (By x W, f') = p oy (B (H), 1 (f).

Cormnacno (7) po@bU(ﬁU(l;’),'y(f’)) = 50(13’). Taxkum o6paszom, ﬁU(IB”) = BU(E’). Tax kax (3 U—

U — Guekius, TO U3 OJIy9eHHOr0 paBeHcTsa ciaepyer b’ = b/, dtum gokazana KOMMYTaTHBHOCTh
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ﬂI/I&I‘paMMbI
T g
L ;)

rae p; — eCTECTBEHHAs TPOEKITHS. R

Takum obpazom, Jjid TPOU3BOJIBHON ToukKu b € B nocrpoens! ee okpecTHOCTb U, TOMOJIOTH-
"eckoe npocrpanctso I u romeomopdusm vy 1 U X F' — Ep, jia xoropeix juarpavva (18)

koMmMyTaTuBHa. CrenoBarenpho, { = (F, p, B) — JIOKaJIbHO TPUBHAIBHOE PACCIOCHHUE. 0

4. TIPUMEPLI

[Mycte M — samknyTOe aBymeproe muOroobpasue, h : M — M — romeomopdusm (mmu
nuddeomopdusm B ciayuae raajakocru maoroobpasus M). Ckaeus touku (z,1) u (h(z),0) upo-
usBegenus M X I, nosmyumum 3aMkHyTOE Tpexmeproe Muaoroodbpasue E (M, h). Ono ssasiercsa npo-
CTPAHCTBOM paccioenns ¢ 6a3oit, ToMeoMopdHOH OKPYKHOCTH.

B mpuioxkeHnsX OOBIYHO WCHOJB3YIOTCS TiagKne MHOroobpasus suma E(M,h). Ouu ecre-
CTBEHHBIM 0OpPa30M BOZHUKAIOT KAK HECYIIUe MHOTOOGPA3UsT I HEKOTOPBIX KJIACCOB JUCKPET-
HBIX JUHAMuYeckux cucreM. Hampuwmep, B pabore [13] mokaszamo, uro 3-muddeomopdusmbr ¢
JIBYMEPHBIMY TIOBEPXHOCTHBIMU GA3UCHBIMI MHOMKECTBAMHU CYIIECTBYIOT TOJBKO Ha MHOTOOODA-
suax E(M,h), rne M = T? — rop. Illupokuit kracc 3-mudbdeoMopdu3MoB, 3aJaHHBIX Ha MHO-
roobpasusax FE(M,h) npeacrasistor coboit muddeomopdusMbl ¢ MOBEPXHOCTHONW THHAMUKOIM,
u3ydenusle B paborax [14] u [15]. Takxe E(M,h) aBasoTcs 00beMITIONIMA MHOTOOODA3AIMA
MMOTOKOB, HAJCTPOCHHBIX Ha 1 HnddeoMopdu3MaMn TOBEPXHOCTEH, ITO MO3BOISET UCIOIB30BATD
TaKWe MOTOKU B KAYECTBE MOJCTBHBIX MPEJICTABATENEH B KJIACCe SKBUBAJIEHTHOCTH (CM., HAIIPH-
Mmep, [16]).

Jlast Hammx mesiet yKazaHHOe MHOTO0Opa3ue W COOTBETCTBYIONIEE PACCIOEHUE yIo0Hee CTPO-
UTh HECKOJIbKO uHade. Oupenesnum jeiicTBue rpynmbl Z ua npsmoit R u npoussegennn M x R
dopmyTamu

t-n=t—n, (x,t)-n=h"(z),t—n),

riet € R,z € M, n € Z. llonoxum B = R/Z, E = (M x R)/Z u onpenenum oTrobpaykeHne
p: E — B dopwmynoit p((x,t)-Z) =t-7Z. Torna £ = (E,p, B) — JOKaIbHO TPUBHAIBHOE PACCJIO-
eHre co craggapTHbIM caoem M. Ero xjace sKBUBaJEHTHOCTH ONPEJIEISeTCs aBTOMOP(MUIMOM
dyHIaMeHTATBHON TPYTIITEI MHOr00Opasusa M, HHIynupoBaHHBIM roMeomopdusmoM h (4], m. 4).

I10 MOCTPOEHMIO PACCIOeHAE & HAKPHITO TPHBHAIBHBIM pacciaoenneM &1 = (Ey,pr, By), rae
B, = R, Eir=M xR, ap; : M xR — R — ecrectBennas mpoexnus. Hakpoisaioiee orobpazkenne
w1 = (e1,01) : & — & cocrour m3 dakrop-orobpaxenuii 1 : M xR — Eu f; : R — B.
[Mockoabky m2(B) = 0, a HAKpBITHE (31, B1, B) yHUBEpCATIBHO, TO JIJIST HAKPBITUS ] = (él, 71, &)
oCJIeI0BaTeIbHOCTD S(q1) UMeeT BH

0—0—Ar — A —0—0,

rae AE = AF = 7T1(M).

[Mpeamonoxkum manee, uro h — mepuomumdeckuti ToMmeomopdusm ¢ mepuogom m € N, m > 1.
1o 3raunt, uto K™ = id u h* # id nna Becex k = 1,...,m — 1. Torya aast TPOCTPAHCTB OPOUT
E = (M xR)/mZ u B = R/mZ naitgyrcs romeomopdusmbl fi: B — M x S'u fg: B — S!
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coorsercTBenno. [ orobpazkenus p : B — B, onpenenerroro dhopmyJioit p((z,t)-mZ) =t-mZ,
KOMMYTATHBHA JHArPAMMAa

E 2+ B

fEl lfs
M x St 224 g1
rae po : M x St — St — ecrecremnnast mpoextms. Taknm o6pazom, é = (E, P, 3) — TPUBUAIBLHOE
pacciioenne co ciaoem M.
Onpegennm orobpaxkenus € : B — E w f: B — B dopvynavn ((z,t) - mZ) = (x,t) - Z
u B(t-mZ) = t-Z. llonoxum » = (,8) u q¢ = (§,,£). Torna ¢ — peryasgpHoe HaAKDPBITHE
paccroennii. COOTBETCTBYIOIMIAs OCTEA0BATENILHOCTD S(q) UMeeT BHI

0—0—Apr — A —mZ — 0,

rie Ap =2 m (M) u Agp 2 m (M) x Z.

Jlerko mocrponts MopdusM HAKperTHil 3 : £ — €. I[09TOMY B ZAHHON CHTYAIINN OIIPEIEICHO
€IIe OJHO HAKPBITHE § = (él, >, f)

Onucanfbie KOHCTPYKITUU TTO3BOJIAIOT MOJIYUUTE WHTEPECHOE ciefcTBue. s mpon3BoibHOM
roukn € M nomoxum L, = (z x R)/mZ. Tax kak (z,m)-m = (h"(z),m —m) = (z,0),
10 L, ~ S'. Ho Torna nonmuoroobpasue L, = 5(ﬁx) C FE takxke roMeoMOpGdHO OKPYKHOCTH
St. Ilpu sToM pasnudHBIe MHOXKecTBa cemeiictBa F = {L,|x € M} obpasyior cioenme Ha F.
Cornacno [17] B Takoii curyannn E = E(M, h) — muaoroobpasue 3eitdepra (cm. Takke [4], om. 4,
5).

B zaksouenre oTMETHM, 9TO Cephsi IPUMEPOB HAKPBLITHII paccjoenuii u3 kareropuit B u SB
npuBejieHa B paborax [1] u [10].
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Existence theorem for coverings of Serre bundles

Abstract. Coverings in the category of Serre bundles are investigated. A covering mapping of one
such bundle onto another is understood as a morphism of the indicated category, consisting of
covering mappings of total spaces and bases. Earlier, the author associated each such covering
with a subsequence of the homotopy sequence of the base bundle. It was also shown that the
conjugacy class of this subsequence is an invariant of the corresponding covering. The main result
of this paper is the existence theorem of a covering with a given invariant. In addition, it is proved
here that the local triviality of the base bundle implies a similar property for the covering bundle.
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