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I[TPOCTPAHCTBA CDo-®YHKINI M YABOEHUE 10 AJIEKCAHIPOBY

A. E. 'yrman, A. B. Konres

Hamamu I 5. Jlosanosckozo

B nannoit paboTe MBI MONBITAIUCH U3JI0KUTH KJIIOYEBBIE STAIbl UCCeq0oBanus npocrpancTsa CDo(Q) =
C(Q)+co(Q), 3eMeHTBI KOTOPOTO SABJISIIOTCS CyMMAMK HEMPEPBIBHBIX U «JIUCKPETHBIX> (DYHKIUI HA KOM-
makre () 6e3 M30IMPOBAHHBIX TOUEK. IIpH STOM OCHOBHOE BHUMAHUE Y/E/IAETCS OINMCAHUIO KOMIIAKTa Q,
peasmsyomiero 6anaxosy pemerky CDo(Q) B sune C(Q). Kpome Toro, 1080100 Gotbnoil pparment cra-
THY MOCBAIIECH AHAJJOTUMHOMY KPYTY BOIIPOCOB, CBA3aHHOMY ¢ mpocrpanctBoM CDo(Q, 2 ) «HenpepbIBHO-
JIMCKPETHBIX» cevdeHuil GanaxoBa paccioenuss Z u ¢ npocrpanctBoM CDg-roMoMopdu3MOB GaHAXOBBIX

paccJIOeHuH.

KuroueBsbie cioBa: 6anaxoBa pererka, AM-TpocTpaHCTBO, YABOEHME O AJIEKCAHIPOBY, HEITPEPBIBHOE
6aHaxo0BO paccioenue, cedenne Ganaxosa pacciaoenus, 6anaxos C'(Q)-Momynb, romoMopdu3M 6aHAXOBBIX
paccnoenuii, romomopdusm 6anaxosbix C(Q)-Mozyseii.

Banaxoso npocrpancreo X = (X, +, -, ||+||) Hax nosem R BerecTBeHHBIX Ynce, CHAOKEH-
HOe (YaCTUYIHBIM) TOPSIKOM <, HA3BIBAETCS 0aHAT060U peuemxot, eciu

(1) mopsiiok < SIBJISIETCsI PENIETOYHBIM, T. €. JIIs JII0ObIX &,y € X CYIIECTBYIOT CYIPeMyM
x Vy u uabumym x Ay (a 3HAYAT U MOJYJIb || := x V —);

(2) mopsiok < cOrIacoBaH € JIMHEHHBIMU ONEPAIUSAME, T. €. JJIs JIOObIX T, ¥, 2 € X u
O0< A eRmarx<<ycnenyer x+ 2 < y+2zudr < Ay;

(3) HOpMa ||+|| MOHOTOHHA OTHOCHTEJILHO MOPsijiKa <, T. €. JIs JI00bIX =,y € X u3 |z| < |y|
oirekaer [|z]| < ||y (orxyna cienyer, uro ||z|| = |||z||| must Beex z € X).
Banaxosa pemerka X HasbiBaeTcs abcmpaxmmvim M -npocmparcmeom ¢ edunuet niu, 6ojee
KOPOTKO, AMj-npocmparcmeom, ecin

(4) llz vyl = max{||z|, [yl } wst Beex 0 < 2,y € X

(5) cymecrsyer Takoii siement 1 € X, uro |z| < 1 paBHocuibHO ||z|| < 1 st Bcex x € X.
Knaccuueckumu npumepamu A Mq-IIpOCTPAHCTB CIIy>KAT (DYHKIIMOHAIBHBIE OAHAXOBBI PO~
CTPAHCTBa C PABHOMEPHOI HOPMOM, CHAOXKEHHBIE ITOTOYEUHBIM TOPSIIKOM:

(2) R™, [|-loc), 7 € N;

(6) mpocTpaHCcTBO £°° OrpaHUYEHHBIX ITOCTIEI0BATEIHLHOCTEI;

(B) mpocrpancrso L*(£2) (KIaccoB) CyIIECTBEHHO OPAHMYCHHBIX M3MEPUMbIX (DyHKITHI
Ha IIPOCTPAHCTBE ¢ Mepoii 2;

(r) mpocrpanctso C((Q) HenpepbIBHBIX (DYHKIMIT HAa KOMITaKTe () (T. €. KOMIAKTHOM XayC-
JIOPHOBOM TOMOJIOIMYECKOM TIPOCTPAHCTBE).

Teopust 6aHAXOBBIX PENIETOK BKJIIOYAET CJEIYIONIUN XOPOIIO U3BECTHBIN (hakT.

Teopema KpeitnoB — Kakyrauu. Beskoe AMi-1pocTpaHcTBO JTHHEHHO H30METPHIHO
" HopsiIkoBo uzoMopgHo npocrpanctBy C(Q) mist moaxosimero komnakra Q (mpudem rakorit
KOMITAKT () SIBJISIETCST €IUHCTBEHHBIM C TOYHOCTBIO JIO TOMEOMOP(U3MA).
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MOoKHO cKa3aTh, 9TO B 0OIIEM CJTy9Iae KOMITAKT, COOTBETCTBYIONHI 1o Teopeme Kpeitnos —
Kakyranu paccmarpusaemomy AMi-IIpOCTPAHCTBY, OKa3bIBAETCsl «HEODO3PUMBIM»  ( «HEsIB-
HBIM», «HEKOHCTPYKTUBHBIM» ), XOTsi Obl IOTOMY, YTO H3BECTHbIE YHUBEDPCAJIbHbBIE MOJIXO/IbI
K €r0 «ITOCTPOEHUIO» CYIIECTBEHHO OIMPAIOTCS Ha aKCcHoMy Bbibopa (mmm jgemmy Llopra) un 3a-
JIEHCTBYIOT TaKue IMOHATHUs, KaK YILTPadUILTPhI, MAKCUMAJIbLHBIE UIeAJbI U T. II. Brrpodiem, Ha
MyTH K UCKOMOMY KOMIIAKTY YacTO BOSHUKAIOT U JAPYIHUE JOBOJHLHO MPOMO3JIKIE KOHCTPYKITHH,
OCJIADJIATONTNE WHTYUTUBHYIO CBA3b C UCXOMHBIM A Mi-tipocTpancTtBoM. Tak, OMMH U3 KIaCCh-
YECKUX CIIOCODOB IOCTPOEHUS KOMIIaKTa (), peasusyioriero gannoe AMi-mpoctpanctso X B
suzie C(Q), COCTONT B CJIEIyIOMEM: CHadajla PACCMATPUBACTCA IOPAIKOBOE IIOTOJHEHHE X
npocTpancTBa X, 3aTeM X TpejcTaBiserca B Bue mpocTpancTia C(Q) HempephIBHbIX hyHK-
it Ha 9KCTPEMATbHO HECBA3HOM KOMIAKTe () (KOTODBIH BO3HHKAET, HAIPIMED, KaK MHOKe-
CTBO BCeX yIbTPadUILTPOB 6asbl X, HaJleeHHOe CIeIUAIBHON TOIOJIOTHel) 1, HAKOHEII, HiC-
KOMBIH KOMIIAKT () IOJIyIaeTCsl B pe3ysIbTaTe «CKJICHKH» TOoUeK (Q, He pasie/isieMbIX (yHKIHs-
MU, COOTBETCTBYIOIIUMHU 9JIEMEHTAM MCXOIHOTO ITpocTpancTBa X . JIpyroii pacmpocTpaHeHHbIi
MOJTXO/T K TIOCTPOEHUIO PeaU3yIoNero KoMmakTa AM1-TIpocTpaHcTBa COCTOUT B PACCMOTPe-
HUM BTOPOT'O COMPSI?KEHHOT'O IIPOCTPAHCTBA U IIPUBJICUCHUN PEATU3AINOHHBIX (DAKTOB TEOPUHU
KOMMYTATUBHBIX OaHAXOBBIX aaredp, 3aJefiCTBYIONNX TaKue «HESBHBIE» OODBEKTHI, KaK, Ha-
puMep, XapakTepbl ajreopnl. [loxkasyil, caMblii KOPOTKUil yHUBEPCAIBHBIN IIyTh K PEATH3Y-
IOIEMy KOMIIAKTY IPOJIOXKEH B [1], T/ie TOUYKM KOMIIAKTa BOBHUKAIOT B BHJE MAKCUMAJbHBIX
HOPSIIKOBBIX HeasioB ucxognoro AMi-npocrpancrsa. (Ho 1 91y KOHCTPYKIUIO 110 MOHATHBIM
IPUYIHHAM BPSIJT JIN MOYKHO CIUTATH «0D03PUMOii». )

Bmecre ¢ Tem O4YeBHIHO, UTO HM3yUYEHHE CBOWCTB KaKOro-imbo KOHKpeTHoro AMi-
MIPOCTPAHCTBA MOYKET CYIIECTBEHHO YIPOCTUTHCS, €CJIN yAACTCSI HATU IBHOE U TPOCTOE OIU-
CaHme COOTBETCTBYIOIIErO PeasIn3yIoNero KOMIakTa. B kadecTse mpuMepa paccMOTpUM HaHa-
XOBY pereTky X, sIBJISIONIYIOCS 3aMblKaHueM (110 paBHOMEPHOIl HOpMe) IIPOCTPAHCTBA BCEX
dbyuknwmit f : P — R, onpeeieHHbIX Ha 6ECKOHETHOM MHOYKECTBE P U SIBJISIIOIIUXCST TIOCTO-
AHABIME Ha P 3a MCKTIoYenneM Konearnoro uncia Todek.! (IIpocrpancrso Takux dynxmuit f
HECMOTPsI Ha CBOIO IIPOCTOTY UTPaeT BayKHYIO POJIb B HEKOTOPBIX BOIIPOCAX TEOPUU PETYJISIP-
HBIX OIIEPATOPOB B BEKTODHBIX PeIlleTKax; cM., Hanpumep, [8]). Kaxkipiit sjemMenT npocrpas-
crBa X MOXKHO ommcaTh Kak ¢yHrmuio x : P — R, mIa KoTOpoit CyIecTBYIOT YHUCJIO A U
0CJIEI0BATEIBHOCTD TOYEK pp, € P rtakume, uro x = A Bue {p, : n € N} u z(p,) — A upn
n — o00. [lockosbky X siBisiercsi AMi-nipocrpancTsoM, oo uzomopduo C(Q)) i HEKOTOPO-
ro kommakTa (. Temepsb ycrpoiicTBo mpocTpancTBa X CTAHOBUTCS COBEPIIEHHO MPO3PATHBIM,
€CJI1 3aMEeTUThb, 9YTO B Ka4eCTBe Q MO2KHO B34Tbh aJIEKCaH/IPOBCKYIO OJHOTOYCIHYIO KOMITaKTH-
dukammo P U {oo} auckpernoro Tonosornieckoro npocrpancrsa P. (B kommakre P U {oo}
TOYKK p € P M30IMPOBAHBI, & OKPECTHOCTAMU TOYKU OO SIBJISTFOTCST JTOIMOJIHEHUST KOHEUHBIX
nosmuozxects P.) Msomopdusm AM;-npocrpancra X na C(P U {oo}) ocymecrsisercs 1o-
onpejienenneM GyHKIUA £ € X B TOUKE 00 IUCIOM A, GUTYPUPYIOIIUM B TTPUBEIEHHOM BBITIIE
OTIMCAHUN T.

[TycTb Teneps () — MPOM3BOJIBHBIN HEIYCTO KOMITAKT 0e3 M30JIMPOBAHHBIX TOYEK U IIyCTh
¢o(Q) — coBokymHOCTb Beex Takux GyHkuuii f : @ — R, uro muOokecTBO {q € Q : |f(q)| > €}
KOHEYHO 151 Jiioboro uncia € > 0. B pabore [9] FO. A. A6pamosua u A. B. Buxcren BBesn
B PACCMOTPEHUE MPOCTPAHCTBO

CDo(Q) := C(Q) + co(Q)

byukmumit f : @ — R, Kaxjas U3 KOTOPBIX MpeJCTaBjsgercs B Buje cymmbl f = f. + fg
HernpepwiBHOit f. € C(Q) u «auckpernoit» fg € co(Q) cocrapmsionux. CTOUT cpa3dy OTMETHTD,
4T0 GJIarogapsi OTCYTCTBUIO B () M30JIMPOBAHHBIX TOUYEK MMEET MECTO PA3JIOXKEHHUE B IPAMYTO

! Asrops! npusnarensus Bragnvupy Bennamunosnay VBaHOBY 38 NpUATHOE 06CY K ICHHE STOrO IPUMEPA.
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cymmy CDo(Q) = C(Q) @ ¢o(Q), a orobpaxkenust f +— f. u f +— f; upeiacrasisior coboii
COOTBETCTBYIOIINE JIMHEHHBIE TIPOEKTOPHI.

1O. A. A6pamosud u A. B. Bukcres nokazanu B [9], 410 0OTHOCHTEIBHO PABHOMEDHOI HOP-
MBI ¥ TIOTOYEIHOrO mopsiaka mpocrpanctBo CDy(Q) mpencrasisier coboii 6aHaXOBY PEIIeTKY,
00J13JTAIONTYI0 HEKOTOPBIMHU BECHMAa 3K30THIECKUMU MTOPSIKOBO-TOIOJOTMIECKAUME CBOMCTBA~
MU, U OTMETHUJIN, YTO HECMOTPsI HA CBOIO «IIPUIY/JIMBOCTB» 9Ta HAHAXOBA, PENIeTKA sIBJISIET-
cs1 AMj-upoctpancTBoM, a 3HaduT (cormacHo Teopeme Kpeitnos — Kaxyrann) nzomopdna

IPOCTPAHCTBY C(Q) JUIST TTONXOJsAIIero Kommnakra (). OcTaBuUB B CTOPOHE BOIPOC O SIBHOM

OIMCAHUN COOTBETCTBYIOIINX KOMIIAKTOB (), aBTOPBI paboTsl [9] TeM He MeHee 3aMETUJIH, UTO
O1aroapsi CBOMM HEOOBIYHBIM CBONCTBAM TaKHe KOMIIAKTHI MPEJACTAB/ISAIOT WHTEPEC U s
o0I1Ieil TOIIOJIOIUH.

[Ipocrpancrea  CDy(Q) (u aApyrue aHAJOTWYHBIE [POCTPAHCTBA  «HEIPEPBIBHO-
JUCKPETHBIX» cbyHKLU/Iﬁ) IOCJIY2KWJIX IIPEAMETOM JaJIbHEHINNX MCCJIeJOBAHNNA (CM., Ha-
npumep, |2, 10, 11]), B paMKax KOTOPBIX TOSIBUJIOCH [IEPBOE SIBHOE OIUCAHUE Peasu3yIOIIero
KOMIIAKTa @ npocrpancrBa CDo(Q). A umenno, B padore [12] 3. DpKan ycraHOBUII, YTO B
KaJdecTBe @ MOXKHO B3sITh MHO)KecTBO ()% {0, 1}, HajeseHHOE CIIeIyIONIeil CXOMMOCTbIO:

(GasTa) — (g,7) TOrIA U TOJBKO TOTJA, KOTJA

fc(‘hc) + Tafd(‘]oc) - fc(Q) + de(Q) JUIST JII000iT (byHKHHH f € CDO(Q)

Teopema [12]|. BeseHHast BblIIe CXOJHUMOCTH COOTBETCTBYET HEKOTOPOH KOMITAKTHOMH Xay-
czropgosoii Torosiorun Ha Q@ x{0, 1}. Conocrasienne kazkiaomy snementy f € CDo(Q) pyHK-
quu f: @Qx{0,1} — R, onpexesenHoii paBeHCTBOM J?(q,r) = f.(q) + rfa(q), ocymecrsisier
nzoMeTpudecknii u nopsiyikobiii m3omoppusm CDo(Q) ma C(Qx{0,1}).

OTOT pe3y/IbTaT CHIIPaJl KJIIOUEBYIO POJIb B IIPOOJIEME OIMCAHUSA KOMIIAKTA, Q, peasnzyio-
mero CDy(Q) B BUIE C(Q).

[Tpe10sKEeHHBII TOIXO0/] K OIPEIEICHUIO Peau3yoNero KOMIAKTa MOKHO ObLIO Obl TOJI-
BEPTHYTh KPUTHKE, 3aMETHB, YTO B OIPEJEJIEHUN €ro TONOJOIMHA B SIBHOM BHJIE YYaCTBYeT
camo npocrpancTBo CD(Q)) — Beib 3T0 06CTOATENBCTBO He TIO3BOJISIET B IIOJIHON Mepe CBeCTH
uzyuerne CDy(Q) k C (@), BO3BpaILas aHan3 ceoiicrs Q u C (@) K PACCMOTPEHUIO UCXOJIHO-
ro npocrpanctsa CDy(Q). Tem He Menee B [12] 6bLIO IPUBEIEHO AJTBTEPHATUBHOE OIICAHIE

CXOJIMMOCTH ceTell B (Q, He mcnosb3yoriee npoctpanctBo CDy(()) Kak TakoBoe U 3aJeHCTBY-
FOITIEee JTUIIB CXOUMOCTD B Q. TToxkastyit, e IMHCTBEHHBIM BO3MOYXKHBIM O0bEKTOM JIJIsi KPUTUKHI
OCTAJIOCh BBEJEHUE TOIOJIOTH MTOCPEICTBOM CXOJAMMOCTH CEeTel, YCI0KHATOIIEE ee OCMBICTICHIE
C TPAJUIIMOHHON «OKPECTHOCTHOW» ITO3UINN.

Kak 6bI To HE OBLIO, OTMEUYEHHBIN BBIINIE <«HEIOCTATOK» OBLI IOJHOCTBHIO YCTpPaHEH
B. I. Tpoungnm B [15]. s ymoberBa BBegeMm nBa orobpazkeHus (+)c, (+)q @ @ — @x{0,1},
oJIarast

ge :=(¢,0), qa:=(g,1).

Kpowme Toro, mjs Besskoro moamuoxkecrsa P C () moJIOXKUM
P.:={p.:p€ P} =Px{0}, Py:={pi:pe€ P}=Px{l}.

B cpoeit «3amerke» [15] B. I'. Tpournkuii onucast ronosoruto 3. Dpzkana Ha Qx{0,1} = Q.U
Qg crenyiomum 0O6pa3oM: TOUKY (4 SBIISTIOTCS N30JINPOBAHHBIMI, & OA30BBIMU OKPECTHOCTSIMHU
BCSIKOIT TOuKM ¢, cayxkar MHOXkecrBa Buga U, U Ug\{qq}, rme U — okpecTHOCTH TOYKHU ¢
B MCXOJ/IHOM TOTIOJIOTUH KOMITAKTa, (). _

[Tocrpoennoe Takum CIOCOOOM TOIOJOIMYECKOE HpocTpancTBo () = Q. U (g, KoTOopoe
06bI4HO uMenyeTcsi ydsoernuem no Asexcandposy (Alexandroff duplicate) kommnakra Q u 060-
3HavaeTcst cuMBoIoM A(Q)), JeficTBUTESbHO 06IaJaeT PsIOM 9K30THYIeCKuX cBoiicTB. Kax
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m3sectHo |7, 3.1.G|, ono xaycmopdoBo n KomMmakTHO (6osiee TOro, B HEM KOMIIAKTHO JI060€
cojiepxkaiiee (). MHOXKECTBO), €r0 «HelpPepbIBHAsI 4acTh» (). romeoMopdHa @), a «IHCKpeT-
Hasd 9aCTb» Qd OTKPbITa U BCIOJYy IIJIOTHa B é OTMeTI/IM TaK>Ke, 9TO yABOECHUE OKPYZKHOCTU
(Ha3bIBaEMOE «JIBOHHON OKPY?KHOCTBIO AJIEKCAH/IPOBa» ) CJIYKHUT KJIACCHIECKHM IIPHMEPOM
HACJIEJICTBEHHO HOPMAaJIbHOTO TOHOJIOTHIECKOT0 IPOCTPAHCTBA, HEe ABJIAIOIIErOCsd COBEPIICHHO
HOPMAaJIbHBIM U YJIOBJIETBOPSIOIIErO IEPBOil aKCHOMe CYETHOCTH, HO He cenapabesIbHOIo U TeM
caMbIM He YJIOBJIETBODPSIOINIErO BTOPOii akcrome caerHocTH |7, 3.1.26].

Teriepb, BOOPY?KUBIIKUCH HOBBIM OIpejesieHneM KoMmmakTa () = Q. U QQg, MOXKHO JIETKO
HOJIyYUTh XapaKTEPU3AIUI0 CXOUMOCTH cereil B () (anasormunyio npuseaenHoii B [12]). ITo-

CKOJIBKY BCE TOYKH (g € (Jq M30JMPOBAHBI, CETH B CNQ CXOJIATCA K (g TOIJA U TOJILKO TOIJA,
KOIJa OHA YCTAHABIMBACTCI Ha (g. UTO 2Ke KacaeTcs TOYeK . € (Q., TO CXONMMOCTL Ce-
™1 (Ga,Ta) K (e PABHOCUJIbHA CJICMYIONIEMY YCIOBHIO: HAYMHAS ¢ KAKOTO-TO MHJIEKCA TOYKU
(Qos ") OTIIMYHBL OT ¢4 ¥ (o — ¢ B MCXOAHOI Tomoornu Q.

IToMuMO HPOCTOrO M SBHOrO OIMCAHHUS TOLOJOIUI @ B OKPECTHOCTHBIX TEpMUHAX
B. I Tpoungnit mpeayioKui CIeAyIONLyIo SJIeranTHyIo Xxapakrepusanuio smeMeHToB CDg(Q).

Teopema |[15|. @yukuus f : Q@ — R npunamiexxur CDo(Q) Torga u ToabKo TOIJA,
Korza [ umeer npesest B Kazk1oii Touke Q). Ilpu srom HenpepbiBaast qactb f. € C(Q) GyHKIUMI
f € CDy(Q) Beraucisiercst popmyioit

felq) = lim f(p) st Bcex q € Q.
p—q

DTOT pe3yabTAT MOCIYKUAJI OYeHb YIOOHBIM WHCTPYMEHTOM, O3BOJIUBIIAM 3HAYUTEILHO
YIPOCTUTH uccyegoBanue cBoiicts CDg((Q)) 1, B 9aCTHOCTH, [OJIYIUTh dJIeMEHTAPHBIE JJOKA3a-
TeJIbCTBA M3BECTHBIX (DAKTOB 00 3TOM IIPOCTPAHCTBE.

Ouepenoit sran usydenus CDo-IIpoCTPAHCTB XapaKTEPU3YETCsl IIEPEXO/IOM OT BEIIEeCTBEeH-
ubix dynknuit f @ () — R k Bekrop-bynkmusam f @ @Q — X, rye X — 6aHaxoBa pelerka.
Nzomopdusm mex ity 6anaxosbivu pererkavu CDo(Q, X) u C (Q, X ) B CJIydae METPUIECKOTO
KoMIakTa () 6e3 U30IMpOBaHHBIX TOUYEK urypupyer yxe B [12]. B Gosee obiem ciyuae cBs3b
Me3K/1y MIPOCTPAHCTBAMU BEKTOPHO-3HAUHBIX C'Do-(hyHKINI 1 HEeIIpEePhIBHBIX (DYyHKIUI UcCe-
nosana B pabore 1. Anmnas u 3. Dpmkana [2|. Janbreiinee pa3BuTne HAMETHBIIEHCST TEOPUH
MMOKA3aJI0, 9TO OCHOBHBIE (DaKThI 0 peanusarimn CDo-TpoCTPAHCTB B BUJIE TPOCTPAHCTB HETIPe-
PBIBHBIX (DYHKITUI BBIIEPYKUBAIOT IEPEXO]] HE TOJBKO K BEKTOP-(DYHKITUSIM, HO U K CEICHUSIM
0OaHaxXOBBIX PACCIOEHUI.

BanaxoBo pacciioenne (nim, TouHee, HEIPEPBIBHOE GHAHAXOBO PACCIOeHNe) HaJl () SBJISIeTCST
dopmamn3armeit HHTYUTHBHOTO TIPEICTABICHNS O «HEPEPLIBHOWY (DYHKINN %, OmMpeseseH-
HOIT Ha () U cOmOCTaB/ISONIE KaXK 10l TouKe ¢ € () HEKOTOPoe 6AHAXOBO MPOCTPAHCTBO 2 (q)
(naszbiBaemoe cjioeM 2 B Touke q). Oun u3 GopMaIbHBIX HOAXOI0B K ONPEIEIEHUIO «Helpe-
poiBHOCTH> 2 [3, § 2.1; 6, 2.4.3] 3aKk/r09aeTcsi B BblJEJEHUN TaK HA3bIBAEMOil HEIPEPbIBHOI
CTPYKTYPBI B Z — HEKOTOPOr0 BEKTOPHOTO IMOJIIIPOCTPAHCTBA 69 MPOCTPAHCTBA CEUEHU

S(Q, 2) = {u: 0 — g@%(q) . u(q) € 2 (q) ms Beex q € Q}

(cHaGKEHHOro MOTOYeYHbIMU onepanusiMu, cM. |3, 1.7.3; 6, 2.4.3]) Takoro, 4ro, BO-IIE€PBHIX,
IIoTO4Ye49Hasd HOPpMa

el = @ =R, el (¢) = (@2 (a€Q)

KazKJIOTO CeYeHNUs ¢ € 69 HelpepbIBHA U, BO-BTOPBIX, 6 2 MIOCJORHO IJIOTHO B 2, T. €. MHOXKe-
crBo {c(q) : ¢ € €9} Bciony mwiorno B £ (q) atst Beex q € . HenpepoiBaast crpykTypa €9
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[03BOJISIET onpeiesuTb coBOKynHoCTh C(Q), Z7) HenpepbIBHBIX CedeHuil paccyioenus 2 Kak
MHOXKECTBO BCexX Takux cedenuit u € S(Q, Z), aro ||u — ¢|| € C(Q) upu c € €y .

[TonsiTre HepPEPLIBHOIO ceveHHsi GAHAXOBA PACCIIOCHUSI MOYKHO DaCIeHHBATh Kak 0000-
IEHNe [IOHSTUsI HEeNPEPBIBHON BeKTop-dyHKun. leficrBurenbho, ecam X — 6aHAXOBO IIPO-
crpancreo, To C(Q, X) = C(Q, Z"), tne 2 — nocrosinHoe 6AHAXOBO PACCJIOEHUE CO CJIOSI-
mu 2 (q) = X, cHaGXKEHHOE HENPEPBIBHOW CTPYKTYPOIi, COCTOSIIIEH, HAIIPIMED, U3 OCTOSIH-
ubiX Gynknumii ¢: Q@ — X [3, 2.2.1].

OT™MeTnM, 9T0 NMEETCs aJIbTEPHATHBHBI — H B OIIPE/ICICHHOM CMBIC/IEC SKBUBAJICHTHBIH —
IIOJIXOJL K BBEJICHUIO HEIPEPLIBHON CTPYKTYPBI, IIPH KOTOPOM HEIPEPLIBHOCTH CEUEHUIT BO3HU-
KaeT KaK 4ucTo ronosorndeckoe nousrue. (Mzmoxenne o60ux mMOAXO0I0B, a TakkKe 000CHOBA~
HUE UX 9KBUBAJECHTHOCTH MOXKHO Haiitu B [13].) O6o3naunm cuMBosioM @ @ 2 obbennnenne
HONIAPHO Hellepecekatonuxest Konuii {¢}x 2 (¢) cinoes 6anaxosa paccioenust 2 Ha Q:

QX ={(q,2): q€Q, z€ Z(q)}

U JUIsl IPOU3BOJIbHOTO cevenust u € S(Q, Z") oupenennm Gynkmuo Q @ u : Q — Q ® 27,
nostarast (Q ®@ u)(q) = (q, u(q)) Jutst Beex q € (). Torna BCeBOBMOKHBIE «TPYOKM»

{(g2) €Q® 2 : g€ U, |lz—c(g)ll <e},

olpeJIe/isieMble CeYEHUSIMU ¢ € 69, OTKPBLITBIMU HOAMHOXKecTBaMu U C Q u uuciamu € > 0,
obpasyior 6a3y HEKOTOPOH OTKpBITOI Tomosornu Ha Q@ @ 2 [13, 5.3]. Ilpu srom uHynupo-
BaHHAasl TONOJIOrHs Kaxk1oil komun {¢}x 2 (¢) C Q ® Z cnoa 2 (q) coBmasaeT ¢ UCXOMHON
TOIOJIOIHE}i TOr0 CJI0sl KaK GaHaXOBa [IPOCTPAHCTBA, & IPOU3BOJIbHOE ceuernue u € S(Q, Z7)
OKa3bIBAETCsI HEIIPEPLIBHBIM TOLJA U TOJBKO TOrja, Korga dyukmus Q @ u : @ — Q @ 2
HelpepbIBHA (B 0OBIMHOM CMBICJIE) OTHOCHTEILHO TOIOJIOrHH TPYy6oK (3, 2.1.7].

Paszyinanble HeIpepbIBHBIE CTPYKTYPHI 61 U 65 B 2~ MOT'YT IIOPOXKIATh OIHY U TY YKe TOIO-
jgoruio Ha (Q ® 2 . B aToM ciiydae HelpepbIBHbIE CTPYKTYPLI 61 U 62 HA3LIBAIOT SKBUBAJIEHT-
HBIMH, & OanaxoBbl paccioenus (2, %61) n (2, 62) oroxaectBiaior. Takoe 0TOXK/1eCTBIIEHNE
OIIPaBIABIBAECTCSI B TOM UHUCJIE CJIEIYIOMNM (PAKTOM.

Teopema |3, 2.1.8|. ITycrb 6 u ¢ — nenpepbiBable ctpykTyphl B 2 1 myctb C(Q, 2| €1)
u C(Q, Z | 62) — coorBercrByIOIITe M MHOYKECTBA HEIIPEPBIBHBIX cedeHuii. Torja cieiyro-
e yCJI0BHS PABHOCHJIBHBI:

(1) €1 u 6> sKxBUBAJIEHTHBI;
(2) C(Q, 2 |61) = C(Q, 2| 62);
(4) 61 C C(Q, 2| 62);
(5) nepecedenne C(Q, 2| 61) NC(Q, £ | 62) nocnoiino miorno B 2.

[Toste3HO UMeTH B BUJLY CJIe/IyIole OCHOBHBIE cBoiicTBa MHOKecTBa C(Q), Z") Heupepbis-
HBIX CeveHuit 6aHaxoBa paccjaoeHus 2 HaJl KOMIAKTOM ().

(a) Ecmmu e C(Q, 2), o ||u]| € C(Q).

(6) Muoxxecrso C(Q, Z") sBisieTcss 3aMKHYTBIM BEKTODHBIM MOAMPOCTPAHCTBOM OaHAXO-
Ba npocrpaHcrBa {°(Q, &) Bcex orpaHu4eHHbIX cedeHuii £ , CHaAOXKEHHOr0 PABHOMEPHOI
opwot |[u]] = |[Jlull]| = supyeq lu(a)])

(B) Ectmu e C(Q, Z) u f € C(Q), ro fue C(Q, Z). B gactaocru, C(Q, Z") sapisiercs
6anaxoBbiM C(Q)-Moysem.

(r) Muoxecrso C(Q, Z") zanonmsier cion 2 . Bosee Toro, /st mobbix ¢ € Q ux € 2 (q)
cymmecrByer takoe cedenne u € C(Q, Z"), aro u(q) = = u ||ul| < ||z

HokazaresnbcrBa yrBepxkaenuii (a)—(B) umerorcsi, Haupumep, B [3, § 2.3|. Yreepxuenue (1)
IPUHATO Ha3bIBaTh Teopemoit Tronpe [13, 2.10]. Ormerum, uro Ta Teopema ciupaBeJiuBa JIJist
faHaxoBa PaCCJIOHUsT HAJ| IPOU3BOJILHBIM TOIIOJOIHIeCKUM TpoctparcTsoM @ |5, 1.1].
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BBe/ieHHast BbIIIE TOMOJIOIHsI TPYOOK MO3BOJISIET HHTEPIIPETUPOBATH PA3HOOOPA3HbIE TOIIO-
JIOTHYECKIe TOHATH 1 (DaKTHI, Kacamomuecs cedennii u € S(Q, Z"), B TepMUHAX COOTBETCTBY-
romux dbysxuii @@ @ u. Hanpuwmep [3, 2.3.7|, ceuenne u € S(Q, Z") umeer nupenen x € 2 (q)
B TOUKe ¢ € () TOT/Aa U TOJTBKO TOT/IA, KOT/Ia mpees GyHKmmr Q @ u : Q — Q ® 27 B ToUKe ¢
paseH (q,x):

limu(p) =z & lim (p,u(p)) = (¢,7) B Q& 2"
Corutacho (3, 2.3.8] u reopeme [lrorpe nociie/iHee COOTHOIIEHNE PABHOCUIILHO CYIIECTBOBAHUIO
takoro cedenns v € C(Q, Z"), aro v(q) = = u lim ||Ju(p) — v(p)|| = 0.
p—q

[Tycrs £ — npousBoibHOE GaHAXOBO paccyoeHue Haj (. Anajoramu npocTpancTs co(Q)
u CDy(Q) sBisiiorcst ipoctpancTBa co- 1 CDy-cevennit

(@, 2) ={ue SQ.Z): |lul € (@)},
CDO(Q7 %) = C(Qa ‘AQ//) + CO(Q7 %)a

cHabyKeHHbIe paBHOMepHOI HOopMOii. [IpocTrparcrBo CDy(Q), £”) 66110 BIEPBBIE PACCMOTPEHO
T. Xoum u /1. A. Po66uncom B crarbe [14] (TaM OHO (pUTYPUPYET KaK CyMMa F(ﬂ')—l-r(ﬂ'())), e,
B YaCTHOCTHU, IIOCTPOEHA JMHE{HAs H30METPHs 9TOrO IPOCTPAHCTBA Ha GAHAXOBO HPOCTPAH-
CTBO BCEX HENPEePBIBHBIX CeveHmii HeKoToporo Gamaxopa paccioenus 2 Hajl yasoenueM
kommakTa Q. (O ToM, Kak ycTpoeHo paccyioenne 2, Mbl TOTOBOPUM 4y Th mo3xke.) Kpome To-
ro, B [14] ycranosiensl HeKoTOpble B3anMocBsizn Mexy C(Q))-JMHEHbIME OllepaTopaMu 13
CQ,Z)BC(Q)u C(@)-HHHeﬁHbIMI/I orepaTopaMu u3 C(@,%) B C(@)

Hocrarouno ouesuiHoe paszioxkenue B npsmyto cymmy CDo(Q, 27) = C(Q, Z7)@co(Q, Z)
[O3BOJISIET BBECTU B PACCMOTPEHHUE JIMHEHHBIE TPOEKTOPHI (+). 1 (+)4 mpocrpancrea CDy(Q, Z7)
Ha cooTBercTByIomue mnoanpocrpanctsa C(Q, Z7) n ¢o(Q, Z"). Takum obpasom, KaxkIoe ce-
gyenne u € CDy(Q, Z) e MHCTBEHHBIM 00PAa30M IIPEJICTABJISAETCS. B BUJE CYMMbI U = U, + Ug
cBoeil HenpepbIBHOI U, € C(Q, Z7) u «auckperHoit» ug € co(Q, Z°) dacreii.

U3 ynomsinyToii Bbiie Teopembl B. . Tpourkoro Jjierko BbIBECTH €€ JOCJOBHBIN aHaIor
IIJIST CEe9eHUIt.

CaencrBue. Ceuenne u € S(Q, Z2") npunamiexxur CDy(Q, Z) rorma u ToJbKO TOIJA,
KOIJIa u HMeeT Ipejies B Kaxkjoii rouke Q. Ilpu srom HenpepbiBHas dacts u. € C(Q, Z")
ceuennst u € CDy(Q, Z") Beraucssiercs: popmyioit

uc(q) = limu(p) g peex q € Q.

Hecnoxuast mpoBepka mokasbIBaeT, 9To morodednasi HopMma ||ul| : @ — R Besgxoro cede-
anst u € CDo(Q, 27) upnnagnexur CDo(Q), npuaenm [lufl . = Jucll u |Jull 4| < [Juall. Taxmm
obpazom, npocrpancreo CDy(Q, Z7), cHabkeHHOe TIOTOYeIHOl HOpMOI |||, siBisiercst perie-
TOYHO HOPMHUPOBAHHBIM IIPOCTPAHCTBOM HaJl Oanaxosoil pemterkoit CDg(()) 1 mpocTpaHcTBOM
co cmemannoii Hopmoit [ul = |[[lu]l|| [6, 7.1.1]. Kpome Toro, us orpanntiensocTy JTuHeiHbX
poeKTopoB (+). u (+)g u momnorsl npocrpancts C(Q, Z7) u co(Q, Z") BbITEKaeT MOTHOTA
CDy(Q, Z") ornocurenbho 3roit cMmemannoii Hopmsl ||+||. Ormernm rakxe, aro CDo(Q, Z)
siByisiercst 6anaxoBeiM CDg(Q)-MOj1y/IeM OTHOCHTENIBHO TIOTOYETHOIO YMHOMKCHUS.

O6parumcs Tenepb K upejcrasiernio CDo(Q, Z27) B Buje npocTpaHCTBa HENPEPLIBHBIX
ceuennii. Corenyst [14], onpenesnum citon Gyyinero 6aHaxoBa paccjoeHus: 2 HaJl yIBOCHUEM

Q = Q.U Qg crenyommM o0pa3oM:

2 (ge) =2 (qa) = Z(q), q€Q.
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Hanee, mist kaxkioro cedenns u € CDo(Q, Z7) oupejesm cedenne u € S (é,% ), rmoJiarast

u(ge) = uclq),  ulga) :==ulq), ¢€Q.

HOKa}KEM, 9TO MHOZKECTBO

%@ = {ﬂ Tuc CD()(Q, %)}

SIBJISIETCST HEIIPEPBIBHON CTPYKTypoii B 2 . [lelicTBUTENIFHO, B CUIy OYEBUIHON JIMHEHHOCTH
OTOOpazKeHUsd U + U MHOXKECTBO - ABJISAETCS BEKTOPHBIM IOJIIPOCTPAHCTBOM S (Q,ﬁ&” )

Kpowme Toro, s moboro cevennst u € CDo(Q, Z7) Mt umeeM ||uf| = m € C’(@) Hakowner,
MHOZKECTBO @7 COJIEPZKHUT IIOCJIOHHO IJIOTHOE B 2 MHOXKECTBO {ﬂ cu e CQ,% } U TeM

CAMBIM CAMO SIBJISCTCS TIOCJIONHO IIOTHBIM B .2 . YCI0BHMCA COXPAHSTh CHMBOJI 2 s 06o-
3HAYEHUsI HEIIPEPBIBHOTO HaHAXOBA PACCIOCHUST (5&” €5 ) HaJI Q U Ha3bIBATH PACC/IOCHUE X
ydeoenuem paccroerus X .

TeopeMa [14]. OTO5pa)KeHI/Ie u — u ocymecrpisier jguneiinyio mzomerpuio CDy(Q, Z")
Ha C’(Q 3%”) IIpu sTom fu = fu st mio6bix f € CDo(Q) uu € CDy(Q, Z).

B KadeCTBe MJIJIIOCTPpAIu MBI yTOLIHI/IM CB4d3b Me}Kﬂy PacCCJIOCHUAMMN U UX yﬂBOeHHHMH
B CJly4ae IOCTOSHHBLIX PACCIOCHNI, a TaK:Ke IIPOJAEMOHCTPUDPYEM COIVIACOBAHUE 3TOH CBA3U
C IIePEXOI0M K IOAPACCIOEHNIO, HEIIPEPBIBHOM 3aMeHOIl IepeMeHHO 1 OrpaHnYeHreM Ha TOIO-
Jloruaeckoe noanpocrpactio. (I1oapobHble 1oKa3aTebeTBa BCeX IPUBEJIEHHDBIX HUXKE yTBED-
JKieHuil umerorces B [4].)

PaccMmoTpuM npousBoJibHOE 6AHAXOBO MPOCTPAHCTBO X U IPEANOJIOKUM, UTO 2 SBJIs-
eTcsl TIOCTOSIHHBIM GaHAXOBBIM paccioeHneM Haj ) co ciosmu 2 (q) = X. U3 onpezesnenust
YIBOCHUST X BMJIHO, 4TO Bce ero cjou coslagaror ¢ X. O6ozHaunm uepes const(Q, X) u

const (Q X ) MHOXKECTBa BCEX IOCTOSIHHBIX CeUYeHUil paccjoeHuit 2 u 2 COOTBETCTBEHHO.
Kak sterko Bujiers,

const (@,X) = {€:ceconst(Q, X)} C C’(QV,EA&;)

CirenoBaresibao, const (Q X ) ABJII€TCS HEIIPEPBIBHON CTPYKTYPOil B .%’ 9KBUBAJIEHTHOH %5,

a 3HAYUNT, Z IIpeJCcTaBasieT cOOOM TMOCTOSHHOE 0AHAXOBO PACCIOEHNE HAJT Q co cimoem X.
Sro Hab/o/leHne NO3BOJIAET 1OYTH (3 U3MEHEHUH 1epeHecTH BCe OCHOBHbIE (PaKTbl O 1po-
crpancrBax ceuennii CDo(Q, Z°) un C’(@,% ) Ha CJaydYail MPOCTPAHCTB BEKTOP-pYHKITHI
CDy(Q, X) = C(Q, X) + co(Q, X) n C(Q, X).

Hautee, nycts 2y — noapaccioenue 6anaxosa pacciaoenuss Z Han (Q, T. e. Takoe 6aHAXOBO
paccsioerne HaJ (), 9T0 Zy(q) ABIsSeTCs GAHAXOBBIM MOAIPOCTPAHCTBOM 2 () JUIst KarK 1ot
Touku ¢ € @ u, kpome roro, C(Q, Zp) = C(Q, Z)NS(Q, Zv) 3, 2.2.2; 6, 2.4.11]. YunrsiBas
oUeBHIHOE paBeHcTBo ¢o(Q, o) = co(Q, Z7) N S(Q, Zo), MBI 3aKII09a€EM, 9TO

CD()(Q, %) C CDo(Q, %) N S(Q, %0)

JIrobombiTHO orMeTuTh, uTo MHOXKecTBa CDo(Q, Z0) u CDo(Q, Z) N S(Q, Zy) Moryr Kak
pasIMyYaThCs, TaK U COBIIAIATE, IPUYEM 0062 CIydas BO3MOXKHBI JJI HeTPUBHAJIBHBIX IIOIPAC-
caoennii 2y (T. e. HEHYJIEBBIX U He PaBHBIX BceMy 2 ). BmecTe ¢ TeM, HECMOTDsT Ha BO3MOYKHOE
orcyrcreue pasercrsa CDo(Q, Zy) = CDo(Q, Z7) N S(Q, Z0), aHaIOrnvIHOE PABEHCTBO JIJIst
YZIBOCHHIT PaCCMATPHBAEMBIX 0OOBEKTOB CIPABEINBO BCeryia: ecm 2o — Tojpacciaoenne 2,
TO 5&"0 — IOIPACCIOCHUE X U, B YACTHOCTH, C’(Q %) (Q 5&”) N S’(Q 3&”0)

[Tepexoas K aHAIM3Yy COIVIACOBAHUS MKy IIPOLEAYPOil yIBOGHUsI U HEIPEePLIBHOI 3aMe-
HOI IepeMEeHHOI, pACCMOTPUM IPOU3BOJIbHBIE HEIlyCThle KOMIIAKTHI P 1 () 6€3 M30IMPOBAHHbBIX
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rouek. [{iist 6anaxosa paccioenust 2 = (£, €9 ) nan QQ u HenipepbiBHOi dyHKImn ¢ : P — Q
cumBosiom 2 oy obo3HauaeTCs GaHaxoBO paccaoenne Hag P co ciosvu (2 0p)(p) = Z (o(p))
U HEIPEPBbIBHOMN CTPYKTYPO#i {cop : ¢ € €4} [3, 2.2.6]. Kak sterko Busers, uop € C(P, Z o)
s Beex u € C(Q, Z).

Oyuruio ¢ : P — ) HA30BEM A0KAALHO YHUKAALHOU, eCoiu JiIobasi Touka pyg € P ume-
er Takyo okpectHoctb U C P, uro ¢(p) # (po) misa Beex p € U\{po}. OxasbiBaercs,
ITO HEMPEPBLIBHBIE JIOKATHHO YHUKAJIbHBIE (DYHKIIUN CAMBIM TECHBIM 00PAa30M CBI3AHBI C TIPO-
crpanctBamu CDg-dyukimit 1 CDg-ceueHunii. A UMeHHO, CJIeIyONIne CBOWCTBA HEIIPEPhIBHOMN
dbyuknun ¢ : P — () paBHOCUJIbHBL:

(1) dyHkuus @ J0KaJILHO YHUKAJIbHA,

(2) poobpas ¢~ 1(q) moboit Touku q € () KoHeuew;

(3) ecmn f € co(Q), 10 fop € co(P);

(4) ecn f € CDo(Q), 10 f o9 € CDG(P), (fo9)e = fo0 9, (f o p)a = fa0 ¢

(5) eciu 2~ — GanaxoBo paccyioenue HaJ Q u u € ¢o(Q, Z7), To uo ¢ € co(P, Z o p);

(6) ecitm 2~ — Ganaxoso paccioenne Hasx Q u u € CDy(Q, Z7), To uo € CDy(P, Z o ),
(16 P)e = 11e 0 9, (10 P)g = a0 .

_ He menee ypaumnoit okaspiBaeTcss CBA3DL JIOKAIbHO YHUKAJIBHBIX (QYHKIUH C yIBOCHHIMH
P=P.UP; Q =Q.UQq A umenno, ecam onpenennTb «yaBoenne» o : P — () dyHKImmn
¢ : P — @ BrosiHe ecrecTBeHHBIME (DOPMYJTAMEI

o(pe) == @P)es  @(pa) = p(p)a; pEP,

TO QyHKIMS @ Oy/IeT HEMpPepBIBHON TOTIa W TOJBKO TOTJIA, KOTJAa (DYHKIUS 0 HEIPEpPbIBHA

1 JIOKaJIbHO yHHKajbHa. HempepbiBHOCTD ¢ : P — (Q maeT BO3MOXKHOCTH paccMOTpeTh Oa-

HaxoBO paccyioenue 2 o @ uan P (rme 27 — no-npexkaemy 6aHaXOBO paccyioeHue HaJ ().
—

Kak u cj1e/10Ba0 0KuJaTh, B 9TOM CJIydae UMEeT MeCTO PaBeHCTBO 2 o ¢ = 2 o ¢, npudem
o@=1uop msascex u € CDy(Q, Z).

IIyctp Teneppr P — HemycToil KOMIAKT 6€3 M30JMPOBAHHBIX TOYEK, SABJISIONIMIICS TO-
noJiorudeckuM noganpocrpaicreom Q. s 6anaxosa paccioenuss 2 = (Z,€9) Han Q
cumBosioM 2 |p obo3Hauaercs GaHaxoBo paccioenue Hajg P co cuosmu (27|p)(p) = Z (p)
U HelpepbIBHOI cTpyKTypoii {c|p : ¢ € €y} |3, 2.2.5|. Cpasy ormernm 04eBHIHOE PABEHCTBO
C(P,Z'|p) = C(P,Z), tne C(P, Z") — MHOXKeCTBO BCEX HENPEPBIBHBIX CEUCHUI paccsoe-
Hust 2, oupezesnennnix Ha P (3, 2.1.2]. BHOBb onpaBibiBasi 0XKUIaHuUs, YIBOCHUE P xommak-
Ta P OKA3BIBACTCS TOMOIOTMUECKIM TIOIPOCTPAHCTBOM yaBoeHHs @ kommakTa Q. Ilpn s1om
HMEIOT MECTO CJIEJLYIOIIIe COOTHOIIEHNUST:

(a) % :%‘1‘5 U, B 4aCTHOCTH, C(ﬁ, %) = C(ﬁ,%);

(6) ulp = | ms Beex u € CDo(Q, Z);

(B) ec/ia u € CD()(Q, %), T0~u’P S CD()(P, %‘P), (U‘P)c = uc\p, (u‘p)d = ud\p.

U3 onpeenennst yasoerus QQ = Q. U Qg BUIHO, 9TO 0TOOpazKeHue (+). ABJISIETCS TOMEO-
Mopdu3MoM () Ha 3aMKHYTOE ITOAMHOXKECTBO (. C @ 910 Hab/IIO/IeHIe TI03BOJIAET, PAcCMaT-
puBas (+). B KQ4eCTBE OTOXKIECTBJICHNUsI, CIUTATD () TOIOJOIMIECKUM HOIIPOCTPAHCTBOM ().
Tora, npuHUMast 9TO COIJIAIIIEHNE, MbI IIPUXOUM K CJIEIYIOIIM PABEHCTBAM:

(a’)%o(-)c:%‘Q =2

(6) wo()e=1ulg=u s scex u € C(Q, Z).

B coorBercTBUM cO cloXKUBIIElicsT Tpaauiuel, BBOJAS B pacCCMOTPEHNE KaKUe-TnbO0 HOBDIE
00BEKTDI, MBI HE MOYKEM MTO3BOJIUTE Ce0e OCTABUTEL B CTOPOHE MCCIIETOBAHNE COOTBETCTBYIONTNX
mopduzmos. [Iycrs 2" u % — Ganaxosbl paccioenusi Hag Q. (Kak u npexue, () — nery-
CTOil KOMIIAKT 0e3 M30JMpOBaHHBIX Todek.) Cnmsosom S[Z, %] 0603HAMHM COBOKYIIHOCTD
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BCEBO3MOXKHBIX (byHKIMiT H , OlpeieIeHHbIX Ha () U COMOCTABIAIONIUX TOUKaM ¢ € () orpanu-
JeHHble JnHeitnsle oneparopst H(q) : 2 (q) — # (q). Kak nerko Buners, S[2", #| asisercs
BEKTOPHBIM [IPOCTPAHCTBOM OTHOCHTEIHHO MOTOYEUHBIX OIEPAITHi.

Hna H € S| 2, % uue S(Q,Z) bynem obosnadars cumposioM Hu cedenne paccyoe-
uust %, onpegensiemoe dopmyioit (Hu)(q) = H(q)u(q). Beemem B paccMoTpenne BEKTOPHbIE
noupocrpanctsa C[ 2, ¥, co| 2, ¥, CDo|Z , %] C S|Z", %], cocrosimiue u3 tex dbyHKIumii
H € S[Z,%], nnsa xoropeix u3 u € C(Q, 2") cienyer Hu € C(Q,%), Hu € ¢o(Q,%),
Hu € CDy(Q,?% ) cooTBeTCTBEHHO. DJIEMEHTBI TUX TPEX MOJANPOCTPAHCTB YCIOBUMCS Ha-
3bIBATH COOTBETCTBEHHO 20MOMOPPUSMAMU, Co-2omomopPusmamu, 1 CDg-2omomopdpusmamu
uz Z B % . UcnonwzoBanue repmuta «CDo-roMoMopdu3M» ONpaBIAHO eIle U TeM (PaKTOM,
aro npocrpanctBo CDg[Z", %] cocrour B Tounoctn n3 tex byukuuit H € S[2°, %], nua
koropeix u3 u € CDy(Q, Z7) cnenyer Hu € CDy(Q, %).

Kak merko Bugers, C[2, %]+ co| 2", % C CDy[Z",¥].

C momoIpIo MPUHTIHTIA OTPAHIIEHHOCTH MOYKHO TIOKa3aTh, UTO SUP,cq ||[H (q)|| < oo ara
aoboro CDg-romomopdusma H. Ilpu srom kaxkioe usz npocrpancts C[2, ¥, co|Z, ¥],
CDy|Z", %] siBasiercst GaHAXOBBIM [IPOCTPAHCTBOM OTHOCHTEILHO pABHOMEPHOiT HOpMS! || H || =
supgeq 1 H ()]l

[TpocrbiM ipuMepoM co-roMmoMopdusma cirykut Jjobast dyukuus H € S[Z7, %], noro-
yeunas Hopma || H|| : ¢ — ||H(q)|| kotopoit npunasrexur co(Q). Tem ne MeHee MHOXKECTBO
co[Z", %], Boobiie roBopsi, He ucuepibiBaeTcs ByHKIUIMU Takoro Buja. leficrBurenso, us
npusesieHHbIX B [14, Example 9| mocrpoennii cieyer, 9To B cirydae cenapabesibHOrO KOMITAK-
Ta () CyIIECTBYeT Cop-roMOMOP(hU3M, MOTOYeUHAs HOPMa KOTOPOTO PaBHA €JIMHHIE Ha BCIO-
Jly IJIOTHOM MOJMHOXKecTBe (). Bosiee TOro, MOXKHO yTBEDXKJIATH, UYTO BHE 3aBUCHMOCTH OT
CBOICTB () MOTOYEUHOI HOPMOii Co-roMOMOpdU3Ma MOXKET OBITH COBEPIIEHHO MPOU3BOJIbHAS
OrpaHUYeHHas MOJIOKUTEbHasA PyHknus [ : Q — R. A umenHo, 1yis JIH060T0 HEITYCTOrO KOM-
nakTa () 6e3 U30JIMPOBAHHBIX TOUEK CYIIECTBYIOT GaHAXOBBI paccioenust 2 u % naj () takue,
qT0 115t pousBosbHON dyuKnn 0 < f € £°°(Q) naiiaercs co-romomopdusm H € cg| 2, ¥ ]
¢ noroueunoii Hopmoii || H|| = f. Crour ormerurs, uro B KadecTBe 2 u % MOXKHO BBIOPATH
[OCTOSIHHBIE PACCIOEHHUs, T. €. CPOPMYTUPOBAHHOE BBIIIE YTBEPKICHUE COXPAHAET CUILY IS
dbynkmumit H: Q — B(X,Y), rme X u Y — 6aHax0BBI IPOCTPAHCTBA.

Kak y»ke oTMeda/1och, CyMMa roMoMOpdHU3Ma U Co-roMoMOpdu3Ma MpeICTaBIgeT coboit
CDy-romomopdusM. MeHee OYEBUIHBIM IIPEJICTABJISIETCS TOT (PAKT, UTO TAKUMHU CyMMaMU
ucuepbiBaeTcsi Bce MHOKeCTBO CDg-roMmoMopdu3MoB. A UMEHHO, UMEET MECTO Pa3JIoXKeHue
B NIPSAMYIO CyMMY

CDo[Z, %] = C|Z, Y] & co| 2, Y]

B uacrrocTH, mo6oit CDg-romomopdbusm H € CDy[Z",%| equHCTBEHHBIM 06Pa30M IPEJi-
crasiisiercst B Bugie cymmbl H = H. + Hy, tne H. € C[2, % w Hy € co[Z,%]. Ilpu srom
|H|| < ||H|| n ||Hgl| < 2||H|| nas Beex H € CDo[ 2, ¥].

Ouesnnnoe nepasenctso ||[fH|| < [[f|||H| (f € CDy(Q), H € CDy[Z",%]) nossossier
saksounTh, uro CDo[Z", #| aBisiercs 6anaxobiM CDg(Q)-Mozyem.

Tereps paccMOTPUM yJIBOCHUS 2 u %Y GanaxoBbIX pacciioenuii Z v ¥ u s Kaxaoro
CDy-romomopdusma H € CDy[Z", %] onpenennm byHKIUIO HesS [5&" ,@ ], 1oJ1arast

H(qe) == H(q), H(qq):=H(q), q€Q.

Teopema. OrobpazkeHue H - H OCYIIIECTB/ISICT JTUHEHHYIO H30METpHI0O OaHaxoBa IPO-
crparcrea CDo|2 , % na C[%, @] IIpu srom girst mrobeix f € CDo(Q), u € CDy(Q, ') n
H € CDy|Z , %] umeror mecTo paBeHCTBaA Hu=Hun fH fH
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JL1st IPOM3BOIBHOI olpee/ientoi na Q dbynkiun G IoI0KIM
G|C =Go (')C = G('7O)7 G|d =Go (')d = G(" 1)

Torna u3 mocsieaneil TeOpeMbl BLITEKAET CJIELYIOIEe OMMcaHue roMoMopdusMos u3 2 B ¥
dyukiua G € S [% R4 ] npunagiexur C [3&" R4 ] B TOM U TOJIBKO B TOM CJIydae, ecJin

Gl e ClZ,%], Gla—G|c€co|Z,¥]

WJIN, YTO PABHOCUJIHHO,

Glga € CD[Z, %], G|.=(Gla)e-

OrmeruM Takzke, yro 06passl npocrpancts C[ 2, %] u co| 2, %] orHOCHTEIbHO U30METPUN
H +— H omnucoiBaioTcs ciienyomumMu popMyIaMu:

(H:HeCl2,%)} = {GeC[Z,7] : Gl.=Cla}
- {GeSZ.Z] : Gl.=GlacCl2,7]},
{H: Hecel2,2]} = {GeCc[2.2] : Gl.=0}

— {GeS[ZH] : Gl.=0, Glacc|2,%]}.

[TpuseieHHbBIE BBIIIE CBEIEHUSI TO3BOJISIIOT JIEMKO OIUCATH IIPOCTPAHCTBA TOMOMOPMU3MOB,
co-romomopduzmoB u C'Dy-roMmoMopdU3MOB B TepMUHAX UX AeHCTBUST B GaHAXOBBIX MOJIYJISIX.
st nipoussosibbix GanaxoBeix C(Q)-momyneit % u ¥ obosuauum cumsojom Hom(%,¥)
6anaxos C(Q)-momysb Beex orpanndeHnbix C(Q)-muneitnbx oneparopos u3 % B Y. Kpome
toro, jyist H € CDy[Z", %] oupenenum dbyukuuio Ty : C(Q, Z) — CDy(Q,? ), nonaras
(Tru)(q) = H(q)u(q) mas Becex u € C(Q, Z) n ¢ € Q. Torma orobpaxkenne H — Ty
ocymectsisier C((Q))-uHelHbIe N30METPUN MeK Ly cireayfomnmu mapamu 6anaxoBeix C(Q)-

MOJLYJIEeN:
Cla, %] — Hom(C(Q,2),CQ%)),
o2, Y] — Hom (C(Q, Z),c(Q, %)),
CDy|Z,%] < Hom (C(Q, %),CDO(Q,@)).

B uacraocTHn, 6anaxosel npocrpanctsa CDy[ 2", %], C’[EA{J,@], Hom (C(Q, 2),CDy(Q, Z’/))

u Hom (C’(QV,% ), C(@,?}; )) JINHETHO W30METPUYHBI. KpoMe TOro, nMeeT MeCTO pa3JIoyKeHHe
B IIPSMYIO CyMMY

Hom (C(Q, 2),CDy(Q, %)) = Hom (C(Q, 2),C(Q, %)) ® Hom (C(Q, Z),c0(Q.%)).

Takum obpasom, Joboit orpanmdennbiii C(Q)-nmueitnsiii oneparop 10 @ C(Q,Z) —
CDy(Q, %) enuHcTBeHHBIM 06pa30M IpeJcTaBisieTcst B Buje cymMmbl T = T, + Ty orpannves-
ubix C(Q)-muneitabix oneparopos T, @ C(Q, Z) — C(Q, %) u Ty : C(Q,Z) — co(Q,¥).
Ipn srom T, = Ty, n Ty = Tx,, tae H — takoit CDy-romomopdusm u3 2" 8 %, aro T = Tg.
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