OT3bIB opuuuaILHOro ONMOHEenTa
HA JIHCCEPTALMIO HA COMCKAHHE YICHOH CTeNeHH
KAaHIH1aTa PU3HKO-MATEMATHYEeCKHUX HAYK
Hpanosa Anapesn AJjexkcanaposu4a ua remy: «Kopapuanrusie
HenpepbiBHbIe PyHKTOPBLI B Kateropusx Comp u P»
no cnenuaiasHocTu 1.1.3. I'eomerpust u TonmoJ1orus

Juccepraumonnas pabora A.A. MsanoBa «KoBapuantHble HENpepbIBHbIE
¢yukropsl B Kareropusax Comp u P» nocssuieHa KareropHo-(yHKTOPHATILHOMY
NMoAX0AYy K npoliieMe METPH3YEeMOCTH TOIIOJOTHYECKOro mnpoctpancTa. Kak
M3BECTHO, UMEIOTCH KIACCHYECKHE PE3YJBTaThl 0 METPU3YEMOCTH. IJTO TeopeMa
I1.C. Ypeicona o TOM, 4TO BCSAKOE PEryJsipHOE IPOCTPAHCTBO cO cuérHOM Oasoii
METpU3yeMO (JocTatodHoe ycnoeue) u Teopema CroyHa O TOM, 4YTO BCAKOE
METPU3YEMOE IIPOCTPAHCTB MMAPAKOMIIAKTHO (HE0bX0AuMOe yClIoBHE).

B Hacrosmiee BpemsA BeCbMa AaKTyalbHbIM M Ba)KHBIM HaNpaBJIeHHEM
pasBuTHA OOLICH TOMOJIOrMM ABIACTCA MCCICAOBAHHE TONOJOIMYECKHX 3ajad ¢
MO3UIMM TEOPUU KaTeropuit M (yHKTOpPOB. B 9HacTHOCTH, aKTHBHO pa3BUBAETCH
HCCIe0OBAHHE 3a1a4HU O ME'I‘pHByEMOCTH INpoCTPAHCTBA B paMKax HCCICIOBAHMA
CBOHCTB KOBapHaHTHBIX (yHKTOpoB Ha kKareropun Comp (KOMIIAKTHBIX
MPOCTPAHCTB M MX HENpPephIBHBIX O0TOOpakeHWi) M Ha Kareropuum P
(apaKoMITaKTHBIX P-IPOCTPAHCTB (IEPUCTBIX MPOCTPAHCTB) M MX COBEPILICHHBIX
oroOpaxkeHuil). B 9ToM HanpaBJIeHHM JHCCEPTAHTOM PELICH PAJl 3a4a4, HOJIYYCHbI
pe3ynbTaThl, NPEACTABAIONIHE CYIIECTBEHHOE PA3BUTHE ITHX MCCIIEIOBAHHIL.

Kak HM3BECTHO, KJIACCHMYECKHMM pe3yJbTatoM B OOLIEH TONOJOIHHM,
NOJIYy4YeHHBIM demcKkuM MarematukoM M. Kareroseim B 1948 roay, apnsgerca Tak
Ha3pIBacMas Teopema o KyOe: ecru kyO Komnakma Aensemcs HAcieoCcmeeHHo
HOPMANbHBLIM RPOCMPAHCMEOM, Mo 3mom komnakm mempuszyem. B 1971 rojuy
aMepuKaHCKHH Tomnosor . 3eHOp NOMYYHI aHAIOr TeopeMbl O KyOe, 3aMCHHB
CBOMCTBO HACJIEACTBEHHON HOPMaJIbHOCTH HAa CBOMCTBO HACJIEJICTBEHHOH CHETHOM

napakoMnakTHOCTH Kyba xkommakra. J[amnee, B 1981 rogy E.B. Illenun BBén



MOHATHE HOpMalnbHOro ¢ynkropa Ha kareropun Comp. Bce Hopmanbubie
(GyHKTOpEI ABIAIOTCA KOBADMAHTHBIMH M YIOBIETBOPSIOT psAy JPYIHX
€CTECTBEHHBIX CBOHMCTB, KoTophie E.B. Lllenun BhIBEN M3 paccMOTpeHUs CBOMCTB
CTENeHHOro (PyHKTOpa M (DYHKTOpAa TI'HIEpIpPOCTPAHCTRA.

Hcnonesys nonaTtue HopmanbHoro Qyskropa, B.B. ®demopuyk momyuwn
cymiecTBeHHoe obOobmenue teopemsl M. Kareropa, oOpatuB BHMManue Ha ee
(pynxropuansHocts. B.B. ®enmopuyk gokasan, 4TO ecau 0 HOpMATbHOZO
¢pynkmopa F  cmenenu >3 na kamezopuu Comp npocmpancmeo F(X)
HACIE0CMEEHHO HOPMANbHO, mo Komnakm X mempuzyem.

Hanee, T.®. XKypaes 8 2000 roay obobmmn rteopemy B.B. ®enopuyka,
HCTIOJIb30BaB pesynbrar M. 3enopa u samenuB B Teopeme B.B. ®enopuyka
YCIOBHE HACIEACTBEHHOM HOpManbHOCTH — npocrpaHcTBa F(X) Ha ycnosue
HACJIE/ICTBCHHOH CUETHOMH MapaKOMITAKTHOCTH.

Ilocne osroro, wMCnone3ys MNOHATHE I[APAHOPMAIBLHOTO MPOCTPAHCTBA,
BBCICHHOE amMmepHKaHCKuM Tonosiorom I1. Huxkomewm B 1984 roay, A.I1. Kombapos
B 2017 roay nonyuun creaylolnee BaxkHoe o0obienue, 1oka3aB, 4To ecau 0aA
Hopmanbo2o Gyukmopa I cmenenu >3 na kamezopuu Comp npocmparcmeo F(X)
Haciredcmeenno napanopmaivho, mo komnakm X mempusyem. CleayeT OTMETHTS,
9TO [OHATHE IIAPAHOPMAIBLHOCTH TMPOCTPAHCTBA ABISETCH OJHOBPEMEHHBIM
00001eHHeM TOHATHH HOPMaJILHOCTH U CYETHOH ITApaKOMIIAKTHOCTH.

Panee, B 1965 rogy A.B. Apxaurensckum OBUIO BBEJCHO IOHATHE p-
IpOCTpaHCTBa (MJIM NepuCcTOro npocrpancraa). Menonas3ys 9To noHsTHe, yuyeHnua
A.Il. Kombaposa M.A. loOpeinuna B 2011 roay BBena IoOHATHE HOPMAIILHOIO
(ynkropa B Kareropuu P (IapakoMIAKTHBIX P-IIPOCTPAHCTB M MX COBEPILIEHHBIX
oTOOpaKEHHH) M Jl0Kasala CICAYIOLYI0 TEOpeMYy: eciu Oasi — HOPMAIbHO20
¢ynkmopa F cmenenu >3 na kamezopuu P npocmpancmeo F(X) nacreocmesenmno
HOPMAAbHO, MO RAPAKOMRAKMHOE P-NPOCMPAHcmeo X mempuzyemo.

@akTuuecku 510 nepeHoc teopembl Pegopuyka Ha Kareropuio P, Gosee

HIHPOKYIO, HEM KaTeropus Comp



B 2015 roay A.Il. Kombapos nomyunn ananor reopeMbl M.A. JIoOpsIHUHOI B

kareropus P 1151 cBolicTBa HACIEACTBEHHOH CHETHOH MapakoMIaKTHOCTH,

B unepson raase jamcceprammm AA. VMBaHOBY yaanock HOJYYHTEH
AanepHedmee 0000wenue ux  pesynbratoB M.A.  Jlobpeiaubon u A.JL
Kombaposa. A HMMEHHO, OJMH H3 OCHOBHBLIX PE€3YJIbTATOB IEPBOM TIIABbI

JUCCePTaLHU CIeYIOUIHH.

Teopema. [lycme X napaxkomnaxmioe nepucmoe npocmpancmeo, F —
HOPMANbHbIU  pynkmop  cmenenu >3, Oeicmeyiowui 6 Kamezopuu P
(NApakomMnakmHuuIxX NEPUCMBbIX NPOCMPAHCMG U UX COBEPULEHHBIX OMOBPANCEHULL).
Tozoa, ecnu npocmpancmeéo [F(X) nacnedcmeenno napanopmansuo, mo

npocmpancmeo X mempuzyemo.

BaskHEIM CII€ICTBHEM M3 3TOH TEOPEMBI SBJISETCS JAPYrOH pes3yibTar NnepBoi
riaBbl juccepranun, oboOmarommii Teopembl M. KateroBa m @. 3enopa B

Kateropuu P:

Teopema. Ecau xyé6 napaxomnakmmuozo nepucmozo npocmparncmeéa X

HACIEOCMBEHHO NAPAHOPMAIEH, MO MO NPOCMPAHCINEO MEMPUZYEMO.

Cnenyromeil 3agadeil, HCCIEJIOBAHHOH THCCEPTAHTOM B [EPBOHl TIyaBe
JMCCepTalHH, ABIACTCA BONPOC O TOM, HACKOJIBKO MOKHO OCHaOHUTh ycClIOBHE
HOPMaJabHOCTH B IIOJIYYEHHOM TeopeMe Tak, 4To0bl COXpaHWJIOCh CBOMCTBO
HenpepeiBHOCTH (pyHKTOpa F. Jlna pemenus sroro Bonpoca A.A. MBaHoB BBOAUT
HOBOE JUIsl KaTeropuu P rioustue noaynopmaivnozo ynukmopa, OTTalIKUBAsCh OT
ornpejieNieHuss noiyHopmanbHoro Qysnkropa B karteropun Comp, BBeJEHHOIO
B.B.®enopuykom. Ilepenecenne aToro nouarus B kareropuio P norpebosano ot
JAMCCEPTaHTa HEKOTOPBIX JIONIOJIHEHUH /Ul COXPAHEHHS CBOMCTBA HENPEPBIBHOCTH

MOJIYHOPMAILHOTO (DYHKTOpa B Kateropuu P.
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A WMEHHO, Ul OCYHIECTBJICHHs TaKOro MepeHoca JAUCCEPTaHT Ao0aBHiI K
CBOMCTBAM MOJYHOpMaisHOro (pynkropa B kareropun Comp JIONOHUTE IBHBIE
YCIOBHS:  HENPEephIBHOCTH oTOOpakenus bacmanosa n,:X"xF(n - F(X), mus
MoBOro HaTYpaIbHOTO 71, a TAKKE CHEeLMaNbHOE yCIoBue (*) o mom, umo cnekmp
splFl=|1,m,n..., (mo ecm» codepycum no Kpainei mepe 3 PpPA3TUYHBIX
HaMypanbHblx wucna) u Oa8 omobpascenus P -m, 20e  Puulil=i,j<m;,
dumlil=m—1,i2m, nepeceuenue F|(¢,,)(F,(n))0F,,(m) ne nycmo.

HecMOTps Ha HEKOTOPYIO MCKYCCTBEHHOCTh ITHX YCJIOBHH, OKaspiBaeTca (M
JICCEPTAHT JIOKAa3bIBAET 9TO B [EPBOH IJIaBE), YTO PAHEE ONPEICIICHHBIC
HOpMa/bHbIE (DYHKTOPBI CTCNCHH > 3 YIOBIETBOPAIOT THM JBYM YCIOBUSM H

II09TOMY OCHOBHOM pe3yJIbTaT MepBOi I7aBbl - CICAYIOIas TeopeMa - ABIAETCS

JaNbHENIINM U BECbMa HETPHBHATIBHBIM 00001IEHHEM ITPE/BITYILCH:

Teopema. [Iycme F — nonynopmanvuviii gynkmop 6 kamezopuu P co
cmenennvim cnexmpom sp(F)={1,m,n,..} u yooeremeopsiowui ycrosuio (*). Eciu
onsa  napaxomnakmuozo — p-npocmpancmea X npocmpancmeo  F.(X)\X

HACAEOCMBEHHO NAPAHOPMATLHO, MO NPOCMPAHCMEO X Mempuzyemo.

Bropasi riasa JMccepTalliM B OCHOBHOM IIOCBSAIICHA M3YHCHHIO BaXKHOIO
nmpuMepa IOJYHOPMaIbHOrO (YHKTOpa A, BO3HHKAIOIIErO U3 KOHCTPYKIHHU
CyneppaciiMpents NpocTpaHcTa. Bo BTOPOH IaBe paccMaTpHBAIOTCA TONBLKO
MeTpHUECKHe KOMIIAKTBI M MeTpu3yeMble (B cMbicie B.B. dejjopuyka) QyHKTOPEL

Cyneppacmmpenne A(X) — 9TO IPOCTPAHCTBO BCEX MAKCHMAIILHBIX
cuemieanpix cucreM npocrpancrea X. Tononorusa A(X) Obuta onpesenena 8 1969
rojly roJUIAHACKMM TOmosioroM jie I'pooToM, KOTOPBIH J0Kasall, 4To cyneppac-
mupenne J000ro Komnakra seiserca komnakrom. B 2013 roxy SLb. Ilecun
ONpPE/ICIII  BEPXHION U  HUICHIOW EMKOCMHblE PA3MePHOCMU  3AMKHYTBIX

[HOJIMHOKECTB METPHYICCKOIr0 KOMITAKTA.



Bo BTOpo# 1y1aBe JMCCEpPTALMH  HCCHEAYIOTCS  GEpXHAA U HUNCHAA
pasmepHocmu keanmosanus — NOHATHA, BBeneHHble B 2019 A.B. MBanossiM u
O.B. ®omMKuHO 111 HEKOTOPEIX (PyHKTOPOB B Kateropuu Comp.

Jncceprant A.A. BaHOB NOKA3BIBAET, YTO BEPXHAA U HUKHSSA pa3MEPHOCTH
KBaHTOBaHMA s (YHKTOpa cunepnpocmpancmsa COBHNAAAIOT € BepXHEH M
HUKHEH éMKOCTHOM pazmepHocTaMH S.b. [lecnna, 0 KOTopbIiX ObLII0 U3BECTHO, YTO
111 MeTPUYECKOT0 KOMIIAKTA CYLIECTRYIOT MIOJMHOKECTBA CO BCEMH BO3MOKHBIMH
MPOMEKYTOYHBIMM 3HAYEHHMSIMM BEpPXHEH EMKOCTHOH Pa3MEepHOCTH M YTO JiJIs
HH/KHEH eMKOCTHOMH PasMEPHOCTH 3TO HEBEPHO.

Bo3nukaer Bompoc, Oy/er JM TO K€ camMOe BBIMOJHATHCS M Ui JAPYIHX
MOJAYHOPMaIbHBIX (PYHKTOPOB? BbUIO TakKe M3BECTHO, YTO BEPXHAA Pa3MEpPHOCTH
KBAHTOBAHMA  MAKCUMAJIbHBIX  CLEIUICHHBIX  CHCTEM  [PUHHMAeT  BCe
[POMEKYTOUYHBIE 3HAYEHMA BIUIOTH [0 BEPXHEH EMKOCTHOH pa3sMepHOCTH
(pesynsrar A.B. HBanoBa u O.B. domxunoit 2019 roma), u ocrasaics
HepaspeleHHbIM e/ IHHCTBEHHBIA BOIIPOC: BEPHO JIK ITO JUI HHXKHEH pasMepHOCTH
KBAHTOBAHHA MaKCHMAJIbHbBIX CLEIUIEHHBIX CHCTEM.

OCHOBHOH pe3yJbTaT BTOPOH I[VIaBbl COCTOHMT B IIOJIOKHTEIBHOM OTBETC HA

3TOT BOIIpOC. HOK&B&HH cleayrulad Tecopema.

Teopema. Jus mo0bozo mempuueckozo komnakma X ¢ HUICHEU eMKOCMHOU
pasmepHocmouio a u M0boeo Heompuyamenviozo uucra b < a, wnandemcs
MAKCUMANbHAS CYENTEHHAA cucmema ¢ nocumenem X, HUICHAA pazmepHocmb

K6aHmMoGanus Komopou pasna b.

B 1enoM u3oxkeHHe cojepxkanus u 0opMIeHHe JHCCePTALMU IPOH3BOAUT
xopomiee BrnedarineHue. Tem He MeHee, CIEAYET OTMETHTh HECKOJLKO
PEAAKIMOHHBIX  HEJOCTATKOB IO  M3JI0XKEHHIO  MCTOPMM  BOmNpoca WU
NpeaLIeCTBYIONIHX Pe3yIbTaTOB.

1) Umeercs HEKOTOpas HEIocIe10BaTeIbHOCTD B CChUIKAX Ha

npe/ecTBYIONIHE paboThl, XOT B L[EI0M BCe HEOOXOIMMBIE CCHUIKH JIaHbl.
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2) CnenoBano Obl emié pa3 Ha CTpaHHIE 45 JMCCepTAlMH BBINUCATH YCIOBHE
(*), Bonne ananormunoe ycinoBuio (*) na crtp. 40, yro obnerymwno Obl uTeHHE
JIUCCEPTALIHH.

3) CymiecTBEHHBIX TEKCTOBBIX IIOIPEIIHOCTEH He O00HapyX)eHo, Kpome
HECKOJIbKUX OMEYaTOK M MEIKHX TeXHHYECKUX omboK. BOT HEeKOoTOphle M3 HHX.
Ha ctp. 35 B 11 crpoke cBepxy Hanucano «B Ilaparpade», a 10/DKHO ObITH «B
nmaparpaje». Ha crp. 39 BO 2 cTpoKe CBEepXy HAmHMCaHO «B HPEABIAYIIEM
paszaene», Xxora pabora pasjeseHa Ha naparpadsl W I71aBbl, a He Ha pasjaensl. Ha
cTp. 43 B 3 CTPOKE CBEPXY HAIMCAHO <JUIA BCEX OJHOTOYEYHBIE MHOKECTBY», a
JIOJDKHO OBITH <« BCEX OJHOTOYCYHLIX MHOXkecTB». Ha ctp. 59 B 5 crpoke
CHHM3Y HAIIMCAHO «I103TOMY 3HAYMT», OJTHO M3 ITHX JIBYX CJIOB Juiunee. Ha crp.
60 ¥ B HEKOTOPBIX MECTax Jajee HMCMOJIb3yeTCsd MHTYMTHBHO MOHATHOE CIOBO
HA/IMHOKECTBO, HO 3TO noHATHE GopManbHO B pabote He onpexaensiercs. Ha crp.
64 npuBoaHTCA OOILEH3BECTHOE ompejenenue 2.3.6 e-ceTH, KOTOpOEe HE

HCIOJB3YETCH H CICJ0BATEIIbHO ABJIACTCS JIHIITHHM.

Hannune nepeynciIeHHBIX HEJOCTATKOB M3JI0KEHUA MaTepHalia JHCCepTALlHH
M TEKCTOBBIX MOrPEMIHOCTEH XOTH M HECKOJIBKO 3aTpy/HsET YTEHHE, HO Ha MOl
B3I/, HE YMaJlsieT OCHOBHBIX docmouncme pabomet.

K HuM cnejyer OTHECTH BHUMATEIbHOE M KPOIOTIHBOEC M3YYEHHE aBTOPOM
[pe/IIIeCTBYIOIMX Pe3yIbTaTOB pasHeIX aBTopoB. C y4€ToM TOro, 4ro B JIAHHOM
HAIpaBJIEHUH HCCIEJOBAHUI MHOIO TEPMHUHOB M I'POMO3/IKMX ONPEJICICHHM, 3TO
nmoTpeboBao OT JAMCCepTaHTa JOCTATOYHO BLICOKOH KBasmdukaiuu B obiacru
o0miei TOMoNOruM, CBOOOAHOICQ BIAJEHHA MATEPHAIOM TEOPHH KATErOpUH H
¢ynkTopos.

Cneayer OTMETHTH J[OCTATOYHO BBICOKMH YPOBEHb IIOJYYCHHBIX HOBBIX
pesynabTaToB B jauccepraumu. Jucceprant npossuia cebs B 9ToM pabore Kak
CephEe3HBbIN CaMOCTOSATEIBHBIM HCCe0BaTellb, CBOOOAHO BilaJeONHH 00NbIIHM

MaTeMAaTHYCCKHM MATEpHAJIOM B JIAaHHOM obJacrw.



B nauccepraunn A.A. MBaHOBa HCCIIEZI0OBAHBI H PEIIEHbl AKTYaIbHbIE 3a/1a4H.
[lonyyeHHble pe3ynbTarhl SBIAIOTCA HOBBIMH M BECbMa BOCTPEOOBaHHBIMH.
Hekoropbie M3 3THX pe3yabTaTOB OTKPBIBAIOT HOBBIE TMEPCHEKTHBBI HAay4HBIX
MCCJIe/IOBAHUI B HM3YYCHHM TOIOJOTMYECKHUX BOIMPOCOB TEOPHM KATEropuil M
TEOPHH Pa3MEPHOCTH.

Bce yrBepkieHus akkypaTHO M 1noapoOHo pokazanbl. Mcnoiaesyembie B
muccepraiiy (pakTel CHa0XKEHbI COOTBETCTBYIOLUMMH CCHUIKAMH.,

PCBYI[bTElTbl, [MOJIYHEHHBIC B [J:':lﬁOTE, HOCAT TEOpB’[’H‘lBUI{Hﬁ XdpaKTcp H
BHOCAT BKJIajJ B pasBurhe OO0LIEH TOMOJIOrMM M TEOPHHM KaTeropui, JOKa3aHbl
aBTOPOM camocrosTenbHo. [lpu pabore Hajx Juccepralmed aBTOp IPOSBHI
BBICOKYI0 MAaTEMAaTHYECKYH0 KBAIH(PUKALMIO.

PesynpTaThl JUccepTalMy ONyOJHKOBaHbl B 3 neyaTHbIX paboTax B HAy4HBIX
uzanmsx, uajekcupyemsix Web of Science, Scopus, RSCI, pekomeH10BaHHBIX
Juls 3amuUThl B HccepranmoHHoM coBere MIY. Agropedepar coorsercrByer
TpeGOBaHMAM, [IPABMIILHO M [IOJTHO OTPAKAET COJIEPKAHHUE JIMCCEPTAIIHH.

PaGora mpomuia MHOrokpaTHylo amnpobanuio. Pesynsratel  paboThl
00CYKIIHCh M JIOKJIA/BIBAINCE HA MEXKTYHAPOJHBIX M BCEPOCCHHMCKHMX Hay4HBIX

KoH(EpEeHIMAX U Ha HayYHBIX CEMUHAPAaX.

Cypraro, 4YTO JMCCepTalMsl OTBedaeT TpeOOoBaHMAM, YCTAHOBIEHHBLIM
MOCKOBCKMM TroOCY/IapCcTBeHHBIM yHHBepcuTeTroM umenu M.B.Jlomonocosa K
paboram mogobHoro poaa. CojepkaHue  JHCCEpPTalMH  COOTBETCTBYET
ciequanbHoctd 1.1.3. I'eomerpusi U Tomosorua (mo (H3HKO-MaTeMaTHYECKUM
HayKkaMm), a4 TaKKe KpuTepusaMm, orpejaencHubiM 1. 2.1-2.5 Ilonoxenus o
MPUCYXICHUM YIEHBIX cTeneHeil B MOCKOBCKOM rocy/1apCcTBEHHOM YHHBEPCHTETE
umern M.B. Jlomonocosa. JlucceprauMoHHOE —MCciea0BaHHE  O(opmIIEHO
cortacHo Tpebosanusm [lonoxkenus o COBETE MO 3alIMTE JUCCEPTALMH Ha
COMCKAHME YYEHOM CTerneHd KaH/W/ara HayK, Ha COMCKaHHE YYCHOH CTEICHH
J0KTOpa HayK MOCKOBCKOIO — roOCyJapCTBEHHOIO — YHHBEPCHTETa  HMCHH

M.B.JlomoHocoBa.



Takum obpasom, couckarens MBanoB Anjiped AJleKCaHApOBHY 3aCIy/KHBAET
NPHCYKIEHHS eMY YYEHOI CTeneHH KanauaaTa pU3HKo-MaTeMaTH4YeCKHX HAYK 110

crienuansHocTy 1.1.3. 'eomeTpus 1 TOMOJIOrUA.
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