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Pabora Bemonnerna 8 @PT'BOY BIIO “MockoBckuii TOCYIApCTBEHHBIN YHIUBEPCH-
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MaTeMaTHIeCKOro (pakyrbrera
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MEXaHUKO-MATEeMATHIeCKUl (DaKyIbTET,
kadepa MaTeMaTHIeCKOro aHai3a)
Odunmansusie onmonentol: IEIIWMH Esrenunit ButagbeBua
wieH-KoppecuougenT PAH, npodeccop
(OPT'BYH “Maremarnaeckuii HHCTHTYT
uMm. B. A. Crexkmosa PAH”, oten reomerpun
¥ TOIOJIOTUY, TJIABHBII HAaYYIHBIH COTPY/IHUK )

NBAHOB I'puropuit Esrenbesuu

JIOKTOP (PU3UKO-MATEMATHICCKIX HAYK, MPOdeccop
(OTBOY “MockoBckuii (husnKo-TEXHUIECKH
HHCTUTYT (TOCYIapCTBEHHBIH yHUBEpcHTET)”,
kadepa BbICIIeH MaTeMaTHKNI )

JINBIIUIL EBrennit /laBugoBud
JIOKTOpP (PU3UKO-MATEMATUIECKNX HAYK
(“O00 DBenpoyt”, PyKOBOAUTEID
HCCJIe/IOBATEIIBCKON IPYIIIIbI )

Benymasa opranuzarmsi: OI'BYH “UaCcTUTYT MATEMATAKA U MEXAQHUKH
nm. H. H. Kpacosckoro
Ypamsckoro otmenenus PAH”

Bamura jJuccepranum cocrourcs 201 r. B 16:45 Ha 3acemaHun
nucceprannonnoro cosera JI 501.001.85, cozmannoro Ha 6aze ®I'BOY BIIO “Moc-
KOBCKUI rocymapcrBennbiii yausepcuteT uM. M. B. Jlomonocosa”, o anpecy: Poccnii-
ckast Oeneparnust, 119991, Mocksa, ['CII-1, Jleanrckue ropsr, 1. 1, MI'YV, Mexaruko-
MaTeMaTH4yecKuil pakyabret, ayauropus 16-24.

C muccepramueii MOXKHO O3HAKOMUTBHCs B DyHmameHTabHON Oubnoreke PI'-
BOY BIIO “MTI'Y um. M. B. Jlomonocosa” mmo ajgpecy: Mocksa, JlomonocoBCKuUit rpo-
crexT, 1. 27, cekTop A.

AsTopedepar pazocian 2014 r.

V4éHbIil ceKpeTrapb JIICCEPTAIMOHHOTO
coseta JI 501.001.85, cozmannoro Ha 6a3e
OI'BOY BIIO “MI'YV um. M. B. Jlomomocosa”,
JIOKTOD (PU3UKO-MATEMATUIECKUX HAYK,
podeccop Copoxun B. H.



OBLUAA XAPAKTEPNCTUKA PABOTHDI

AKTyanbHOCTb TeMbI

[leomerpuveckast Teopusi TPUOIMKEHUIT BO MHOIOM OepeT HadaJjo OT UCC/Ie/I0-
Banuii 1. JI. YebbimmeBa, KOTOpBIt BBET B HAYKY MTOHSATHE HAMIYYIIIEro paBHO-
MEPHOTO MPUOIMKEHNST U CUCTEeMATUIEeCKN TTPUMEHST €ro B IMPUIOXKeHusx, I
MuHKOBCKOTO, KOTOPBIiI BIIEPBBIE UCCJIEI0BAT HOPMBI, OTJINYHBIE OT €BKJIAIO-
Boit, u A. Xaapa, KOTOpBIii u3ydas 4eObIIEBCKIe MOIIPOCTPAHCTBA (CHCTEMBI
HebbImmeBa) B MpOCTPAHCTBE HEMPePbIBHBIX (yHKImit. [lo3nHee ux uien ObLm
nepeHecenbl Ha CIyvail NpuOnzKenns B abCTPAKTHBIX MPOCTpaHCcTBaX. Takmm
0bpa30M BO3HUKJIU MOHATHsT YeOBIIIIEBCKOTO MHOXKECTBa U cojtHia. Camu Tep-
MUHBI “9eOBIIIEBCKOe MHOXKECTBO 1 “‘cosinie”’ ObLin BBegenbl H. B. EdumoBbivm
u C.B. Creuknnsim B 1950-x rogax!.

Benmmaunoit Hamtydiero npuO/InzKeHus, Wil PacCTOSTHUEM OT 3aJIaHHOIO
3JIEMEHTA X JIMHEWHOr0 HOPMUPOBAHHOT'O IIPOCTPaHCTBa X J10 38/ ]AHHOIO Helry-
croro muokectBa M C X, Ha3bIBaeTCd BeJIMYNHA,

pla, M) = mnf ||z —yl|

[TonsiTust 1 cBOCTBA, OUpEEsieMble B TEPMUHAX HAMITYYIIEro MpubimzKe-
HIsl, B YaCTHOCTH, CBOHCTBA CYIIECTBOBAHMUS, €JIMHCTBEHHOCTH, YCTONIMBOCTH
9JIEMEHTOB HAMJIYUIIEro IPUOJINKEHNs, HA3BIBAIOTCH ANNPOKCUMATUCHBLMU.
TaKI/IM ABJIACTCA IIPEKJE BCEI'O IIOHATHE dJIEMEHTa HAWJIYYIIEro HpI/I6J_H/I}Ke—
HAs, WIn OieKaidiieit Toukn. 910 ecTh (I 3a1aHHoro © € X ) rakas TOYKa
y € M, nya koropoii ||x —y|| = p(x, M). MuO)eCTBO Beex baustcatiuuur mouer
(3J1€MEHTOB HAMITY|IIero IPUOJINKEHNUSA, HJIH, KPATKO, HAMJIY IIIIX TPHOJIIZKe-
uuit) B M s 3aans0r0 @ obosHadaercst Pyyx. Uabivu cioBamu,

Pyz:={yeM|plz,M)=|z-y|}.

Hanomunm, aro mogmuokecTBO M HHEHHONO HOPMUPOBAHHOTO (MJIH He-
CUMMETPUYIHO HOPMHPOBAHHOI'O) TIPOCTPAHCTBA X HA3BIBACTCS 4eObUESCKUM,
ecau i Kaxkjioro x € X 3jieMeHT HaumIydnero npudsiumkerus n3 M cye-
crByer u efuHcTBeHeH (T.e. card Py = 1 jyis sroboro x € X). K npumvepy,
MHOZKecTBa Ry, ,, IPOOHO-PAIMOHAILHBIX QPYHKIHUI 1 P, MHOIO4JIEHOB CTelleHn
He BBIIIE N ABJISIIOTCSA IeOBIMNEBCKUMI MHOXKecTBaMu B ipoctpancTse Cla, bl.

st mommuo)kectBa M # & TMHEHOTO HOPMUPOBAHHOTO ITPOCTPaHCTBa X
rouka x € X \ M HasbBaeTCs Moukol COAHEUHOCMU, €CITH CYIIECTBYET TOYKa
y € Pyx Takas, 9To

y € Py ((1— Ny + Az) amsseex A = 0. (1)

1 H. B. Eoumos, C. B. CTEYKIH, HekoTopble cBOCTBa 4eOBIIEBCKIX MHOKECTB, JokA.
AH CCCP 118 (1) (1958), 17-19.



leomerpudecku ycsoue (1) 03HAYAET, 9TO U3 TOYKH Y UCXOIUT “COJTHEUHBIH”
JIy, TPOXOSAIIII depe3 &, A KaxKJI0! TOYKH KOTOPOTO Y ABJIsIeTCs OJMKaii-
meit uz M.

Touka x € X \ M HasbiBaercst moukot cmpo2ot coanewnocmu, eciu Pya #
@ u ycaosue (1) BoimosHeHo Jyist JiI000i Toukn y € Py, Ecmu xe s ¢ € X'\
M ycnosue (1) BeinosHEHO J17Ts J1I000# TOUKM y € Py, TO TOUKa & HA3BIBACTCS
moukot cmpo2otl nPomocosnewHocmu (IIPU STOM, B OTJIHYHE OT TOYKHA CTPOTOif
COJIHEIHOCTH, CYIIIECTBOBaHUE OJinzKaiileil TOUKU ¢ K & HE [PEIoJIaraeTcs).

BamkryTOe HemycToe MHOKecTBO M C X HasbiBaeTcs coanyem (COOTBET-
CTBEHHO, CMPO2uM COANUEM), eCTi KaxkTas Touka x € X \ M sBisiercsa Tod-
KO COJIHEYHOCTH (COOTBETCTBEHHO, CTpOroii cosrednoctu) st M. Muoxke-
cTBO & # M C X Ha3bIBaeTCd CMPO2UM NPOMOCONSHUEM, €CIIA KayKIasd TOIKA
r € X \ M sBjsieTcst TOYKON CTPOroii MPOTOCOTHETHOCTH.

[Monsarne comuna (cTpororo (IIPOTO)COJIHIIA) TECHO CBS3AHO C IIOHSTHEM
MHOXKecTBa KojMoropoBa — Takme MHOXKECTBA YJIOBIETBOPSIOT H3BECTHOMY
kpurepuio Kosmoroposa OtimKaifIero sjgeMeHTa, X0OpoIo B3BECTHOMY JIJIsT BbI-
yKJIBIX MHOXKECTB U, B YaCTHOCTH, JJI MOJANPOCTpaHcTB. VHbIMEU cjioBamu,
TOYKA, He NMPUHAJJIeKaIast COJIHILY, CTPOTO OTIESETCsT OT HErO MOCPEICTBOM
BBIIIYKJIOTI'O OTKPBITOI'O OIIOPHOI'O KOHYCa.

B coBpemMeHHOM TOHUMAaHUHU M€OMETPUYECKasd TeOPHs NPUOIMAKEHUN U3y-
YaeT B3aUMOCBS3M MEXK/Iy PA3/JUIHBIMU AIPOKCUMATUBHBIMEU U M€OMETPHYe-
CKUMU CBOMCTBAMU MHOYKECTB B aOCTPAKTHBIX M KOHKPETHBIX IPOCTPAHCTBAX.
Hapsany ¢ 4eObIméEBCKIMI MHOYKECTBAMI aKTHBHO MU3yYalOTCS U ‘COJIHEYHbBIE”
CBOMCTBA TOJIMHOXKECTB JIMHEHHBIX HOPMUPOBAHHDBIX MTPOCTPAHCTB, MPEJICTAB-
JISTIOITE CODOM AIllIPOKCUMATHBHO-TEOMETPUIECKYIO XapPaAKTEPUCTUKY

“Costania” 06J1a1a10T BaXKHBIMHU XapaKTePUCTHIECKUME Tpu3HakaMu. Vm
HMPUCYIIN Te WX WHBbIE CBOHCTBA OTJIEJIUMOCTH: IIAp MOXKHO OTJIEJINTH OT Ta-
KOI'0 MHOKECTBa TOCPEJICTBOM OOJIBIIETO Iapa WX OIMOPHOTO KOHyca. DTH
CBOMCTBA CTOAT B OJIHOM DPsiJly C M3BECTHBIMHU CBOHCTBaAMHU OTJIETUMOCTHU BbI-
IYKJIBIX MHOKECTB TIOCPEJICTBOM IOJIYIIPOCTPAHCTB (THIIEPILIIOCKOCTEH ).

B pabore u3y4arorcs CTPYKTYPHBIE, F€OMETPUIECKU-TOIIOJIOTUIECKIE Xa-
PAKTEPUCTUKY COJIHIL U 9€OBIMEBCKAX MHOMKECTB (B YACTHOCTHU, CBA3HOCTH W
BBIITYKJIOCTh). By/IyT MOJyYeHbI KaK MPsMbIe T€OPEMbI TeOMETPUIECKON Teo-
pun IpUOIMAKEHUN, B KOTOPBIX U3 CTPYKTYPHBIX XapaKTEPUCTHK MHOXKECTB
BBIBOJIAT WX AIIPOKCUMATUBHBIE CBOWCTBA, TAK U OOpATHBIE TEOPEMBI, B KO-
TOPBIX U3 AIlllIPOKCUMATUBHBIX CBOWCTB BBIBOJATCS CTPYKTYPHBIE XapaKTepH-
cTuku. B KadecTBe anmpoKCUMaTUBHBIX XapaKTEPUCTUK MHOXKECTB OYIyT pac-
CMaTPUBATHCSI CBOMCTBA €JIMHCTBEHHOCTH, CYIIECTBOBAHUS HAWIYUIIETO ITPH-
OJIKeHUsT, YeOBIIIIEBOCTH, AlllPOKCUMATHBHON KOMITAKTHOCTU U COJTHETHOCTH.
K cTpykTypHBIM XapakTepuCTUKaM MHOXKECTB OOBIYHO OTHOCST CBOMCTBA JIU-
HEITHOCTH, KOHEYHOMEPHOCTHU, KOMITAKTHOCTHU, BBIIMYKJIOCTHU, PA3JIUIHON CBSA3-
HOCTH U TJIAIKOCTHU 3TUX MHOZKECTB.



O6paTHbIe TEOPEMBI 110 OTHOIIEHUIO K ITPUJIOXKEHUSM BBICTYIIAIOT B CJIETY-
formeit ponau. BuigcHUB, 9TO mMcciemyeMblii 0ObeKT He obJiajaer “XOopOIrmuMu’
CTPYKTYPHBIMU XapaKTEPUCTUKAMU, U3 ITUX TEOPEM BBIBOJHUTCSH, UTO OH HE
obsasiaeT n “XoporuMu’ AIMmpoOKCUMaTUBHBIME cBoficTBaMu. OOBIYHO, TAKUM
IyTeM YyJIaeTCs YCTAHOBUTH, YTO JAHHBIN OOBEKT HE HABJISIETCS MHOYKECTBOM
CYIIIECTBOBAHUS WU €TUHCTBEHHOCTH.

Ob6s1acTh TPUMEHEHMST TeOMETPUYIECKO Teopun TPUOIMKEHIT Ha, Cero/IHSTII-
HUIl JIEHB JIE?KUT B TEOPUU ONTUMAJILHOTO YIIPABJIEHUsI CUCTEMAMU C PacIpe/ie-
nenubiMu apamerpamu (A. B. @ypeukos, M. B. fmmna), reopun HEKOppeKT-
ubix 3a1a4 (B. K. Usanos, B. B. Bacun, B.I1. Tanana, ®. ®apaun, A. Nann-
30TTO, JI. 3aitnuex), Teopun HEOIHOZHATHON PA3PENTIMOCTH HEJTMHEHHBIX -
dbepennmasnpubix ypasaennii (M. T. Iappkos, B. Puuepu, ®. ®apauun, A. Na-
HU30TTO U JIp.), Teopun npubmmzkenus dyukiuii (C. B. Konsrun, A. JI. Tap-
kapu, C. 4. Xasuucon, 1. T. llapskos, I1. A. Bopogun, K. C. Prorun u 1p.), To-
HOJIOTMYECKUX MUHUMAKCHBIX TeopeMax (X. Kénur, B. Puvepn), reopun kpu-
THUECKUX TOYeK B HersiagkoMm ciaydae (/. Bpaecc, B. Puuepu u ap.), Teo-
pun o0ydUeHust Ipu mocTpoernu onruMabioro onenmmuka (FO. B. Masbixun),
[P UCCJIEIOBAHUN YCTOWYMBOCTU TI0 Pa3JIMYHBIM ITapamMeTpaM perieHuit 0o-
IIX SKCTPEMAJIbHBIX 3a/1a1 1 MHOrO3HAUHBIX oTobpazkenuii (B. 1. Beppies,
A.B. Mapunos, ®@. Hoitu, Ix. M. Jlam6epr, I1. [lIsapuman, M. B. Bajamos u
. Penosur, M. B. Basamos u M. O. Tosry6es, K. B. Hecnokosa u sip.), a Tax-
JKe B BBIIIYKJIOM aHau3e — K IMpuMepy, npu uccienoBannn dyakmmn Mopo n
CBA3AHHOTO C Hell CBOMCTBA MPOKCPETYISIPHOCTA MHOXKECTB U (DYHKITHI, KOTO-
poe dBJIFgeTCH JIOKAJTHLHBIM BApUAHTOM CBONCTBA MPOKCUMAJIBLHON TVIAJIKOCTU U
UrpaeT BayKHYIO POJib (KaK B TEOPETUIECKOM, TaK U B BHIYUCIUTEIHHOM aCIHeK-
Tax) B ONTHMU3AIMI, BADUAIIMOHHOM aHaJIn3e, HeJIMHETHOM aHaM3e 1 3a/a9aX
Boccranosiennn curtasios (P. A. Tosmksun u P. T. Pokadenap , @. Bepuaps
n JI. Tubo, B. Puuepu, E.C. [lomounkun, M. B. Banamos, I'. E. I1Banos,
A. 2Kypanun, JI. Tubo, /1. Barposausi, B. H. CosioBbes u jp.)

Henun un 3amaum uccuaemoBaHusi. OCHOBHOM TeIbI0 PabOTDHI sIBJIAECTCS
perenne pgja OTKPBITBIX JTABHO CTOSIINX MPOOJIEM B T€OMETPUIECKON TeOPUHN
NPUOSMKEHUN W TeOMeTPUN OAHAXOBBIX M HECUMMETPUYHO HOPMUPOBAHHBIX
IIPOCTPAHCTB.

B jmccepraruu uccaeyoTes Caeyolme 33 a4uu:

® JIaTh OIMCAHKME B PEOMETPUYECKUX TEPMUHAX YEOBINIEBCKUX MHOMKECTB B
npoctpaHcTse £ (n);

[ ] YCTaHOBI/ITb COJIHEYHOCTHh MOHOTOHHO CBA3HBIX qe6bILHéBCKI/IX MHOZKECTB
B OOIIMX JIMHEHHO HOPMUPOBAHHBLIX IIPOCTPAHCTBAX;

® U3YYUTHL AIIIPOKCHMATHBHO-I€OMETPUYECKHE CBOMCTBA MOHOTOHHO JIU-
HeTHO CBABHBIX MHOKECTB U MHOXKECTB, CBABHBIX 110 MeHrepy;

® YCTAaHOBUTH CBOWCTBO YHHUBEPCAJIBHOCTH IPOCTPAHCTBA HEIPEPBIBHBIX



dyHKIMI 1719 TUHERHBIX HECUMMETPUYHO HOPMUPOBAHHBIX ITPOCTPAHCTB
U IPOCTPAHCTB C HECUMMETPUYHON METPUKOIL;

® OXapaKTepU30BaTh IPOCTPAHCTBA KOHCYHON Pa3MEPHOCTH, CUMMETPAYIHO
WA HECUMMETPUYIHO HOPMUPOBAHHBIE, B KOTOPBIX BCIKOE YEOBIMEBCKOE
MHOXKECTBO BBIIIYKJIO;

® 110Ka3aTh, YTO B IIPOCTPAHCTBE o BCSKOE COJIHIIE CBsI3HO (u, Gosiee Toro,
MOHOTOHHO JIMHEHHO CBSI3HO);

® JIOKa3aTh, YTO B cenapabebHOM OaHAXOBOM IIPOCTPAHCTBE KOMIIAKTHOE
CBsi3HOE TIO0 MeHrepy MHOXKECTBY 9KCTPEMAJIbHO KJIETOYHOIOI00HO (1,
B YACTHOCTH, P-aIiKJ/IIMIHO);

® YCTAHOBUTDH HAJINIKE HEITPEPBIBHOMN £-BHIOOPKY (13 OMIEPATOPA TIOYTH HAU-
JIy 9IIero mpub/InzKeHns ) Ipu PUOJIMKEHIN COJTHIIAMU B IITHPOKOM KJIac-
ce KOHEYHOMEPHBIX OAHAXOBBIX ITPOCTPAHCTB.

MeTtogunka nccnepoBaHus

Meronka mauccepranuu BKJIIOYAET UCIIOJIH30BAHNE MHOTOYHMCIEHHBIX PE3YJIhb-
TaTOB M3 BEIIECTBEHHOT'O U BBIIMYKJIOTO aHAJM3a, FreOMeTpun 0AHAXOBBIX ITPO-
CTPAHCTB, TEOPUU BBIIIYKJbIX MHOTOI'PAHHUKOB, TEOPUN HEIOJIBUXKHBIX TOYEK,
Teopun MPUOJIMKEHN U TeOMEeTPUYIECKO Toroiornn. B psijie 3aa1 reoMmeTpu-
YECKOH TEeOPHUH MPUOJIMAKEHUN CYIIECTBEHHYIO 3HAYUMOCTD TTOKA3aJI0 BBECH-
HOE aBTOPOM INMOHATAE MOHOTOHHOW JIMHEHHON CBA3HOCTHU.

Hay4yHas HOBu3Ha

PeByJH)TaTI)I Aucceprauun ABJIAI0OTCA HOBBIMHU, ITIOJIYYE€HLI aBTOPOM CaMOCTOA-
TEJIbHO U COCTOLAT B CJIECAYIOIIEM:

e Brepsble mpeabaBisgercd NMPUMeEp HErJIAJIKOI0 HEKBaJIPATHOIO KJIACCH-
YECKOro OECKOHEYHOMEPHOT'O OaHaX0Ba ITPOCTPAHCTBA, B KOTOPOM BCSIKOE
COJIHIIE CBSI3HO (M, 6oJiee TOro, MOHOTOHHO JIMHEHHO CBSI3HO);

e [JokazaHo, 9TO B MPOU3BOJHHOM JINHEWHOM HOPMHWPOBAHHOM ITPOCTPAH-
CTBE MOHOTOHHO JIMHEHHO CBS3HOE YEOBINIEBCKOE MHOYKECTBO SBJIAETCS
COJIHIIEM;

e YCTaHOBJIEHO CBOWCTBO YHUBEPCAJIBHOCTH ITPOCTPAHCTBA HEIPEPBIBHBIX
pyHKIUI 17189 TUHERHBIX HECUMMETPUYHO HOPMUPOBAHHBIX ITPOCTPAHCTB
U IIPOCTPAHCTB C HECUMMETPUYHON METPUKOI.

e Ilosyuena reomerpuyecKkast XapaKTepusalius 9e0bIIEBCKIX MHOXKECTB B
npoctpancTBe (> (n) (3amada TuxomupoBa—bepenca).



e YCTAHOBJIEHA SKCTPEMAajIbHAsT KJIETOYHOIOM00HOCTh (B KOHEYHOMEDHOM
cllydae — SKCTpeMasbHas CTTHBAeMOCTD ) U MOHOTOHHAST JIMHEHAST CBSI3-
HOCTh OIPAHUYEHHO KOMITAKTHBIX M-CBsI3HBIX (110 MeHrepy) MHOXKECTB B
cenapabesIbHbIX 0AHAXOBBIX ITPOCTPAHCTBAX.

e B mmpokom KJracce KOHEYHOMEPHBIX DAHAXOBBIX IIPOCTPAHCTB ITOKA3aHO,
9TO CYIIECTBYET HElPepbIBHAs E-BbIOOPKa (U3 ollepaTopa MovYTH HAKIY I-
IIero PUOJIMZKEHNUsT) TIPU TPUOJINKEHUN COTHIIAMYL.

TeopeTw-|eCKa$| n npakTn4eckasi LUeHHOCTb

Pabora nmeer Teoperndeckuii xapakrep. PazBurbie B Heit METOIbI MOT'YT ITPU-
MEHATBHCH B 3a/la9aX TEOPUN MPUOJINZKEHN, BBITYKJ/IOM aHaJIN3€e, yPDAaBHEHUIX B
YACTHBIX TPOU3BO/IHBIX, & TAKXKe ITPHU UCCIIEIOBAHUT BOIIPOCA € TMHCTBEHHOCTHI
perenunii 3a/1a4 ONTUMAJILHOTO YIIPABJIEHUS CUCTEMaMU, KOTOPBIE OMICHIBAIOT-
cs € TIOMOIIBIO HEJIMHEHHBIX KPAeBbIX 3a/1a4.

Paznensr guccepranuy MOryT COCTABUTD COJEPKAHUE CIIEITUAIBHBIX KYPCOB
JIJISE CTYJEHTOB BBICHINX YIeOHBIX 3aBEJICHUI U aCIUPAHTOB, O0YUAIONIUXCS 110
CHEIUATBHOCTA MaTeMaTHhKa.

Anpobauus pe3ynbTaToB guccepraumm

Pesynbrarsr guccepraiini HEOIHOKPATHO JOKJIAIBIBAINCH U OOCYKIAJINCH HA
CTIETYTONNX CeMIHApax:
MI'Y, mexanukKo-mMareMaTnieckuii paKyJIbTeT:

e ceMHUHAD 110 Teopun (PYHKIHI JIeHCTBUTETLHOIO TIEPEMEHHOTO 10/ PYKO-
BozicrBoM akaiemuka PAH mpod. I1. JI. Viabsuaosa (2005 r.);

e ceMuHAp 10 Teopun (PYyHKIUN JIeHCTBUTEILHOTO TEPEMEHHOTO 10/ PYKO-
BojicTBoM akajiemuka PAH npod. B. C. Kamuna, a.¢.-m.u. mpod. B. U.
lFony6osa, a.d.-m.u. npod. M. U. Ieguernko u wir.-kopp. PAH mpod.
C.B. Konsruna (reomnoxparso, 2012-2014 rr.);

e cemunap “‘Teopus npubamzkeHuUit” 1MOJ, PYKOBOJACTBOM JI.(p.-M.H. TIPOD.
U.T. Hapekosa (Heomnokparho, 1995-2014 rr.);

o cemuHap “Teopusi mpubIMKEHUI U TEOPHUS IKCTPEMAJIbLHBIX 3324 IO/
pykoBojictBoM J1.¢p.-M.H. 1pod. B. M. Tuxommpona u ja.d.-M.H. 11pod.
[.T. Marapun-UnbsieBa (HeomnokparHo, 1999-2014 rr.);

e cemuuap ‘“‘T'puroHomerputdeckrne u OPTOTOHAJIBHBIE PSIJBI 10 PYKOBOJI-
crBoMm J1.¢p.-m.H. ipodb. T.I1. Jlykamenko, a.¢d.-m.uH. ipodp. M. 1. Jps-
qeHko, Ja.¢.-M.H. npod. B. A. Ckpopnosa n a.¢.-m.H. npod. M. K. Ilo-
tarnosa (2014 r.);

® HAyIHO-UCCIC0BATE/ILCKI CeMIHAD I10 aIredpe 1o/ pYKOBOJACTBOM J1.(.-
M.H. ipod. A. B. Muxanesa, i1.¢d.-m.1. mpod. B. H. JlaTeimesa, a.¢.-M.H.



npod. B.A. Apramonona, a.¢.-m.u. npod. B. K. Baxaposa, a.¢.-Mm.H.
upod. E. C.Tomona (2014 r.);

e cemunap “Sajaun quddepeHnuaabHbIX YPAaBHEHUN, aHAIN3A U YIIPaBJIe-
HUsI: TEOPHUs U MPUIOKEHUsT 10 PYKOBOJACTBOM J1.b.-M.H. pod. A. B.
dOypcukosa, 1.¢.-m.H. pod. B. M. Tuxomuposa, wien-kopp. PAH npod.
M. 1. Benukuna u a.d.-m.H. npod. B. FO. TIporacosa (2012-2014 rr);

e cemunap ‘[eomerpuveckasi Teopusi npuOIMKEHUir” MO PYKOBOJICTBOM
a.d.-vH. gom. I1. A. Bopopuna (reopnokparHo, 2011-2014 rr).

MockoBckuii (pbu3uKo-TeXHUIECKUiT HHCTUTYT (rocy/1apCcTBeHHBIN

YHUBEPCUTET):

e cemuuap “MHuorozHa4vHbI aHaJM3’ 10T PYKOBOJCTBOM JI.(D.-M.H. TIPOD.
M. B. Banamosa, a.¢.-m.H. npod. [ E. Banosa u 1.¢.-m.H. mpod. E. C.
[ToroBuukuna (2013, 2014 rr.).

Marematuvyeckuii macTutyT uM. B. A. CrekioBa PAH:

o cemuHap “Teopusi npubJivkKeHuil” 10JI PYKOBOJACTBOM J.b.-M.H. TIPOd.
C. A. TensikoBckoro (HeomnokparHo, 1995-2014 rr.).

Poccuiickuii ynuBepcurer Apy>k0bI HAPOIOB:

e ceMuHAp “DKCTpEeMAIbHBIE 381290 U HEJTUHEHHBIH aHa M3 0] PYKOBO/I-
crBoM J1.b.-M.H. ipod. A. B. Apyrionosa (2014 1.).

WNactutyT marematukn n mexauuku um. H. H. KpacoBckoro ¥ pajb-
ckoro otaejeHus Poccuiickoii akajieMun HayK:

e cemuHap orjesna reopun npubsmxkennii (2000, 2014 rr.).

3a pyb6exom: Ha cemmHape “‘Lehrstuhl Mathematik IV” moa pykoBogcTBOM
upod. I'. Hiopubeprepa (yausepcurer Manureiim, lepmanus, 2002 r.), Ha ce-
muHape “Konvexe Analysis” o pykosogctsom ipod. I1. I'py6epa (Technische
Universitdt Wien, Ascrpus, 1999 1.), a Takxke Ha cemunape “Approximations-
theorie” moj pykosojgcroMm npod. X. Bepencau npod. X.-U. IImuara (mare-
MaTUYeCKHil MHCTUTYT, YHUBepcuTeT dpianren—Hropubepr, I'epmanus, 1999,

2001, 2007 rr.).

PesynbTaThl Auccepranum TakyKe JOKJIAAbIBAJINCh HA BCEPOCCHIi-
CKUX U MeXKJIyHapOAHbIX HAYYHBIX KOH(MEpEeHNAX:

7-s1, 11-s1 m 17-g mexxryHapoiabie CapaToBekue 3uMHEE KO “CoBpeMeH-
Hble 1pobsieMbl Teopun dyHKIumit 1 ux npuioxkenus’ (Caparos, 28 sHBaps—
7 despans 1996 r., 28 auBapsi—4 despass 2002 r., 27 aaBapsa—03 deBpasis
2014 r.) — moJiyueHHBbIE PE3YJIbTATHI OMyOJINKOBAHBI B COOPHUKE TE3MCOB KOH-
depentmit;

Boponexckue 3uMHIe MaTeMaTrndecKne Mko,ibl “CoBpeMeHHbIE METOIbI TeO-
pun byHKIWA 1 cMexubie npobiaembl’ (Boponex, 27 suBapsi—02 despas
2005 1., 27 suBaps—2 denpass 2009 1.) — MOJIyUeHHbIE PE3YJIBTATHI Oy O.IH-
KOBaHbI B COOPHUKE TE3MCOB KOH(EPEHIIHIT;



MezKTyHapo iHad KoHdepennns ‘“Teopusa npubnnkenunit’, nocssmennas 90-
neruto co jHst poxjaenns Cepres Bopucosuua Creuknna (Mocksa, 23-26 aB-
rycra 2010 r.) — mojty4eHHbIe PE3YJIbTAThI OIYOIUKOBAHBI B COOPHUKE TE3MCOB
KOH(DEPEHIINH;

MexKTyHapo iHas KoHdepenius “OyHKIIMOHATIbHBIE IPOCTPAHCTBA, TEOPUS
npuOIMKeHui, HeTmHeHbIit anau3”’, nocssiieHHas crojetruo C. M. Hukob-
ckoro (Mocksa, 23-29 masg 2005 r.), a rakxke Ha psyjie [lkon Creukuna 1o
reopun (DYHKIHUIT, TeOpUH AllIPOKCUMAIwii U npuiozkerusim (1998, 2002, 2010,
2014 rr.).

My6nunkauyuwm

OcHOBHBIE PE3y/ILTATHL AUCCEPTAIMN OIyOIMKOBaHLI B 21 pabore aBTOopa, BXO-
JIAIMAX B CIIUCOK m3Manuii, pekomenayembix BAK. [1-21].

CTpykTypa n obbem aucceprayumn

Jluccepraigd COCTOUT U3 OTJIABJIEHUS, BBEJIEHNUSA, YEThIPEX IJIaB U CIIUCKA ITH-
TUPYEMOIl JINTepaTyphl, HacuuThIBatomero 268 nanmenosanuii. [loyiabiit 06bem
JuccepTanuu coctasisgeT 212 cTpasuir.

OCHOBHOE COOEP>XXAHWNE PABOTbI

Bo esedenuu 1101pobHO ONMUCHIBAIOTCS 331241 UCCJIEIOBAHNS C UCTOPHUEH CO-
OTBETCTBYIOIIEH TEeMAaTUKU, OMUCHIBAIOTCS METO/IMKA U TEOPETUYIecKas 3HaTH-
MOCTbB, & TaKk:Ke (DOPMYJIMPYIOTCS OCHOBHBIE PE3YJIbTATHI.

B nepeoti enase B §1.1 paccmaTpuBaeTcs Kiaccudeckas 3a/a9a 0 Xapak-
Tepusanyuu O0AHAXOBBIX ITPOCTPAHCTB, B KOTOPBIX BCAKOE UEOBINMEBCKOE MHO-
»KecTBO BbIyKJ10. Kiaccuueckas Teopema B. . BepasimeBa—A. Bponjicrea—
A.JI. Bpayna, xapakrepusyioliasi IpoCTpaHCTBa PasMepHOCTH 3 U 4, B KOTO-
PBIX BCAKOE Y€0BIIEBCKOE MHOYKECTBO BBIIIYKJIO, 00001IaeTCs Ha CJTyIail HeCUM-
METPUIHO HOPMUPOBAHHBIX ITPOCTPAHCTB.

Touka s, jexkarasi Ha TpaHUIE €JIMHUIHOTO Iapa B Ha3bIBaeTCs TOYKOM
eaadkocmu mapa B, win equangHOl cheprr S (s € sm B), eciau omopHast
IUIEPIUIOCKOCTh K mapy B B TOUYKe s eJIMHCTBEHHA. 10YKa s Ha3bIBaeTCd 0o-
cmuotcumoti Toukoii mapa B (s € exp B), ecin HaiieTcst OMOPHAST THIEPILIOC-
kKocTh H K mapy B B Touke s Takas, auro H N B = {s}.

Jlnga IByMEpHBIX MPOCTPAHCTB BOIPOC O BBIMYKJIOCTH UEOBIIEBCKUX MHO-
:xecTB perted B 1930-x rr. B padorax JI. H. Bynra n T. Monkunna: B mpoctpan-
crBe X, dim X = 2, Bcsgkoe 4eOBINEBCKOE MHOXKECTBO BBIITYKJIO €CJIA U TOJIHKO
€CJIU TIPOCTPAHCTBO IVIAJIKO, T.€. BCe TOYKU €IUHUYIHON chephbl ABJISAIOTCA TOU-
KaMU [JIQTKOCTH.



B TpexmepHOM citydae OTBET Ha BOIIPOC O BBIMYKJIOCTH I€OBIIEBCKIX MHO-
»kecTB (Teopema 1.A) mosyden nesapucumo B. W, Bepapimerbiv® u A. Bpomi-

cTeoM’.

Teopema 1.A. ITyecmv X AUHETHOE  HOPMUPOBAHHOE NMPOCMPAHCMEO,
dim X = 3. Tozda xascdoe webviuésckoe mHoxcecmeo 6 X BuNYKAO €CAU U
MOALKO ecau Kadtcdas docmustcuman movka wapa B asasemces moukot enad-
KOCTAU.

[Ipomomkas nzydenune BOIpoca O TOM, B KAKUX ITPOCTPAHCTBAX JII000OE de-
OBIIEBCKOE MHOXKeCTBO BITyKsI0, A.JI. Bpayn* BBesr Bazknoe monsarue zpare-
80T CUCTMEMDL BLINYKALLL MHodtcecms. HammoMHIM, 9TO 2pats BBITYKJIOIO MHO-
KecTBa K — 3TO HeIycTOe BBIIIYKJIOE SKCTPeMaJIbHOe TOJIMHOXKecTBO F C K
(r.e. ecoim Aa + pub € Fyrme A, >0u A+ p =1, 10 a,b € F), docmustcumasn
2parb MHOYKeCcTBa K — HemycToe mepecedenne K ¢ OMMOPHOI TUMEPILIOCKOCTHIO
K K.

CewmeiicTBO F HEIYCTHIX 3aMKHYTBIX BBITYKJIBIX MTOJIMHOXKeCTB R” Ha3bIBa-
eTcsd 2paHe8oti CUCMeMOl 8bINYKADIT MHOHCECMS, €CTH OHO 00JIAIaeT CIIeTyIO-
IIIMA CBOMCTBAMMU:

(F1) eciu G C F u NG # @, 10 NG € F;

(F2) eciu F,G € F u F C G, to F — rpaab MmHOXKecTBa (3

(F3) misa kaxjoro HarypaibHoro k muoxectso U{F¥|F € F} zamxnyTo B
npoussegenmn (R™)F.

Ecimm K — Boinykioe teio B R™, To ceMeiicTBO ero cCOOCTBEHHBIX I'DaHei
ABJIgETCA I'PAHEeBON CUCTEMOM BBIIYKJIBIX MHOXKECTB, PaBHO KaK U CEMENCTBO
€r0 JTOCTUZKUMBIX I'DAHEN.

Teopema 1.B (Bpayn). I[lycmv F — epanesas cucmema SoinyKAbis MHONCECTNE
6 R™. Ilpednonootcum, umo xy — IKCMPEMAALHAA MOUKA HEKOMOPO2O INEMEH-
ma F € F, N — oxpecmnocmo mouru xo € R" u N C (UperF'). Ecaun = 1,2
uau 3, mo {y} € F dasn nexomopozo y € N.

[Iycrs [[F,]] — yrBepxkaerue reopemsr 1.B, B kotopom dpasa “eciiu n = 1,2
win 3”7 oIyleHa U3 TPeThbero mpejioKenud. Takum obpasoMm, Teopema 1.B
yreepxaaer |[F1]], [[Fe] u [[Fs]]. Bepuo mu yrepxkaenue [[F,|| npu n > 4 ne
U3BECTHO.

[Ipumersst cBoit pesysbrar [|Fs|| k HekoTOpOit rpateBoii CHCTeMe BBIITYKIIbIX
MHOzKecTB B RY, HOCTpOeHH O 110 4eOBIIEBCKOMY MHOMKECTBY, U HCIOJIb3Ysl TOH-
KHe MeTOIbl ajredbpandeckoit Tormosorun, A. JI. Bpayn ycranosu ciieyroruit
PE3YIIbTAT.

2 B. . BEPABIIEB, K Bompocy o webbrméscknx muoxecTsax, Joka. AsCCP 22 (9),
(1966), 3-5.

3 A. BRONDSTED, Convex sets and Chebyshev sets II, Math. Scand. 18 (1), (1965), 5-15.

4 A.L. BROWN, Chebyshev sets and facial systems of convex sets in finite-dimensional
spaces, Proc. Lond. Math. Soc. (3), 41 (1980), 297-339.
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Teopema 1.C. IMycmo X — aunednoe HOPMUPOSAHHOE NPOCTMPAHCMEO,
dim X = n < oo. [Ipednoaoorcum, wmo svinoanero ycaosue [[Fp_1|| uaun < 4.
Tozda kasicdoe webvuéscroe mrostcecmeo 6 X bnYKAO ECAU U MOADKO ECAU
Kaorcoan docmustcumas movka wapa B aeasemea moukotl eaadkocmau.

B teopeme 1.1 MBI 06001IaeM KIaCCUIEeCKHA KPUTEPUIT BBITYKJIOCTH I€0bI-
mépckux MHokecTB (Teopembl 1.A; 1.C) Ha cirydaii HECUMMETPUYIHO HOPMU-
POBAHHBIX MPOCTPAHCTB U YCUJIUBAEM €ro Ha ciaydait M-1efcTByIOnux ToueK
OTHOCHUTEJILHO PACCMATPUBAEMOr0O MHOXKecTBa M .

Hecummempuunoti nopmoti na X Ha3bIBACTCA HEOTPHUIATEIbHBIN CyOJim-

HefiHbIi byHKIHOHAT ||| Takoii, yTo juisd Beex x,y € X
1) |z} =0 & 2 =0;
2) ||azx|| = af|z|| maa Beex o = 0;

3) [lz+yll < llzll + lyll-
B obmem cayuaae, ||z|| # ||—z||.

g nannoro werycroro muoxkectBa M C X Touka s € S naspiBaerca M-
deticmesyroweti (3mech Oyksa “ M” o3HadaeT paccMarpuBaeMoe MHOKecTBO M),
ecan

s € (Pyx —x)/p nns wekoroporo z & M, tiae p = p(z, Pyx).

Uubivn cioBamu, juist januoit M-jeiictByrommeii Touku ee “anajorom” (mpu
PaCTSZKEHUU U CJBUrE €IMHUYHOrO Iapa) MOKHO KOCHYTbCs MHOKecTBa M.

B cnenyrtorieit TeopeMe fgaercs HAMJIYUIIAN HA HACTOSIIUN MOMEHT OTBET
B KJIACCUYECKON 3aJilade O XapaKTepU3alluid IIPOCTPAHCTB, B KOTOPBIX BCAKOE
1eOBIMEBCKOE MHOYKECTBO BBIITYKJIO.

Teopema 1.1. ITyemv X — aunetinoe HOPMUPOGAHHOE UAU HECUMMETPUY-
HO HOpmuposarroe npocmpancmeo, dim X = n < oco. Ilpednonoorcum, wmo
sunoaneno ycaosue Bpayna ||Fp_1|| wau n < 4. Tozda caedyrowue yeaosua
IKBUBANEHTIVHDL:

a) kaorcdoe webviuésckoe muoocecmeo M e X evinykao;

b) xaorcdas docmuotcuman mowka wapa B asasemes moukot eaadkocmus

¢) Kaotcdas docmustcumas M -deticmeyrowas mouka wapa B asasemes movw-
Kol 2aa0K0CU.

B § 1.2 paccmaTpuBaeTcs 3aj1a9a 0 CTPYKTYPe JIOTOJTHEHUS K IeObITIEBCKIM
MHOZKECTBaM, COJTHIIAM U CTPOI'MM COJIHIIAM U PACKPBIBAETCs €€ CBA3b C KJIac-
CUYECKOIl 3a/1adeil 0 XapaKTepPU3allui MPOCTPAHCTB, B KOTOPBIX BCAKOE YeObI-
MIEBCKOE MHOXKECTBO BBINTYKJ10. B § 1.3 paccmarpuBaeTcs Kiaccuieckas 3a/1a9a
O BBIIIYKJIOCTH Y€OBIIEBCKOI0 MHOY)KecTBa M B JINHEHHOM HOPMUPOBAHHOM MJIN
HECHMMETPUIHO HOPMHUpPOBaHHOM mpoctpancTse (X, || - ||) mpu momosmauTesH-
noMm ycjiaosuu M C H, rie H — noanpocTpancTtBo B X .



[Iycte B — equnnynsrii map B X . YcranaBiaubaercs, uto ecau M C H — ge-
OBIIEBCKOE MHOXKECTBO B X, a | - |9 — HecumMeTpudnas HopMa Ha H, onpee-
ngemast Gynknunonasom MuHKoBckoro Muoxectsa (B —0)NH orrocuresbho 0,
rae ||0|| < 1 — mpomssosbHO, To M — webbIIIEBCKOE MHOKECTBO B (H, |- |1 g)
npu J1000M BbIOOpe 6. VcxXoms n3 3TOro yTBepKIeHUsT HAl0TCA JOCTATOYHbIE
MPU3HAKU U HEOOXOUMBbIE IPU3HAKHU BBITYKJIOCTU U€OBIMEBCKUX MHOXKECTB M
1 OIPaHUYIEHHBIX JeObIEBcKuX MHOXKecTB M B X mpu yciosun M C H.

Bo emopoti 2aase paccmarpuBaercsd KJIacCHUeCKHil BOIPOC 00 yHHUBEP-
CAJILHOCTHU TTPOCTPAHCTBA HEIIPEPBHIBHBIX (DYHKIINIL JIJIsT TPOCTPAHCTB C HECUM-
METPUIHON HOPMO# M HECUMMETPUYHON MeTpukoit. Kiaccmyeckunii pe3ybrar,
Bocxodmuit K banaxy n Masypy, yTBep:K/1aeT U30MeTPUIECKYIO YHUBEPCAJIb-
HocTh tipocrpancTsa C[0, 1] s Becex cenapabesbHbIX JIMHEHHBIX HOPMUPOBAH-
HBIX ITPOCTPAHCTB. /Ipyroit He MeHee U3BECTHBIN Pe3y/IbTaT, TAKYKE MMEHYEeMbIi
teopemoit banaxa—Mazypa, yTBep:K/1aeT, 4To BCAKOe cenapabeibHoe MeTputie-
CKO€e TTPOCTPAHCTBO M30METPUYHO HEKOTOPOMY IMOJIMHOXKECTBY ITPOCTPAHCTBA
C'10, 1]. s mecenapabesbHOTO CIydas AHAJOTH STUX YTBEPAKICHUHN 0Ty ICHBI
Kunsgitbepom u Ilepsunnivm®. Mbl pacrpocTpaHsieM 3TH pe3y/bTaThl Ha, JIMHed-
HbIe TIPOCTPAHCTBA C HECUMMETPUYHOI HOPMOW M IMPOCTPAHCTBA C HECUMMET-
PUIHON METPUKOA.

HecummeTrpuvanble HOpMBI BOZHUKIN TTO-BUAMMOMY Brepsbie y . MuHkoB-
ckoro (“dynknmonan MuHKOBCKOro”), B 6CKOHEYHOMEDHBIIi aHAIN3 OHU ObLITH
npusHecensl M. I'. Kpeitnom® — on BBesr TepMmun “necummempuunas 1opma”
U OTMETHJI, YTO HECUMMETPUIHBIE HOPMBI MOXKHO PACCMOTPETH P UCCJIE]I0-
BaHUM KCTPEMAaJbHBIX BOIIPOCOB, CBA3aHHBIX € MpoOJeMoii MoMeHTOB Map-
KOBa. BaxKHOCTh HECUMMETPUYHBIX HOPM B DPsJe 3aJ1ad BBITYKJIOINO aHAJII3a
U MaTeMaTUIecKOro aHajn3a oTMedaeTcd, K npumepy, X. Kénnrom, a Takxke
I'.E. Usanosnim u M. C. Jlomymanckn' .

Psan zanaq namtydrrero mpubJ/mKeHns B HECUMMETPUIHON HOPMe paccMaT-
puBasica P. Hadpdbunbim un JI. Kapiosumnem, B ToM wncie npudIMKeHUs B
[IPOCTPAHCTBAX HENPEPBLIBHBIX U WHTerpupyeMbix dyukiuit. Y. lanxem wmc-
CJIEJIOBAJI BOIIPOC HAMJIYUIIEr0 HECUMMETPUYIHOTO MPUOJIMKEHUS SJIeMEHTAMUI
KOHEYHOMEPHBIX TTO/IITPOCTPAHCTB, YCTAHOBUB PAJI PE3YILTATOB O CYIIECTBOBA-
HUU ¥ €JIMHCTBEHHOCTU Hamtydiero npubsuxkenus. M. [lbanukioxe-Buakiep
u3ydvaJsl yCJIOBHS, TaPaHTUPYIONINE HEIPEPBIBHOCTH METPUIECKON MPOEKITNU B

5 M. KLEIBER, W.J. PERVIN, A generalized Banach-Mazur theorem, Bull. Austral.
Math. Soc. 1 (1969), 169-173.

6 M.T. KPEH, L-mpo6iieMa B aGCTPAKTHOM JIHHEHHOM HOPMHPOBAHHOM IIPOCTPAHCTBE,
B ki. H. . Axuezep, M. T. Kpeiia, O nexomopuxr eonpocax meopuu momenmos, TOHTU,
Xapbkos (1938), 171-199.

"T.E. UBAHOB, M. C. JIOOVIIAHCKH, O KOPPEKTHOCTU 3a/a4 AIIPOKCHMAIIME H OII-
TUMU3AIUA JJIsi ¢71a00 BBINYKJIBIX MHOXKeCTB U (yHKIwmiA, Qynd. npuras. mamem. 18 (5),
(2013).
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HECUMMETPUYHO HOPMUPOBAHHBIX mpocTpaHcTBax Opsnua. Obime TeopeMbl
CYIIECTBOBAHUS HAWIYYIIEr0 HECUMMETPUYIHOTO MPUOINKEHNsT B OaAHAXOBBIX
npocrpancTeax 6pin nosyaenst O. C. JeBrasu u 1. Muitak.

EcrecTBeHHO BO3HUKAIOT HECUMMETPUYHBIE PACCTOSHUA U B TEOPUM ITPU-
osmkennit pyuxnuii. B 9Toit cBsi3u ormerum paborsr E. 1. Jomkenko u E. A.
CeBactbsinoBa, B. @. Babenko, b. B. Cumonosa, A. . Kosko, A. B. TTokpos-
ckoro, A. A. Uymaxka, A.-P. K. Pamazanosa, E. X. CajiekoBoii, a Tak»Ke MOHO-
rpadun JI. Komnarna, B. Kpacoca® u C. Koozama®. B gactaoctu, B. ®@. Ba-
Y ormeru1, 4To HPUOIUZKEHNUs B IPOCTPAHCTBAX C HECUMMETPUYHBLIME
HOPMAaMU OKAa3bIBAIOTCH “MOCTHUKOM MEXK/Ly HAWIYUIIMMUI TPUOINKCHUAME 1
HAMJTY IITIMHU OJTHOCTOPOHHUMU TTPUOJINZKCHISMHE.

C ToYKM 3peHus MPUIOKEHUN MTPEJICTABISIETCA MHTEPECHBIM HCC/IEI0BAHNE
arapara HeCUMMETPUIHBIX HOPM B CBS3U C 33/[a9aMU TEOPETUIECKOi mHMOp-
MaTuKu npu anajause caoxuoctu nporpamm (JI. M. Tapecua—Paddu, C. Poma-
ryepa, . A. Canuec—Ilepes, O. Banepo, I. Maiiop u ap.).

B reomerpuieckoit Teopun mpubJIMAKEHN U BBITYKJIOM aHAJIM3e HECUMMET-
pHUYHbIE PACCTOSHUS paccMaTpuBajiuch B paborax A. Bpomuacregall, E. Ac-
miyngat?, I1. A. Bopomunal3, 4, T E. Usanosa!®, I. E. sanosa u M. C. Jlo-
IIyMAHCKH, a Tak:Ke B paborax apropall, 17 [6], [11].

Hogoe nampasiienue Teopusi yHUBEPCAJILHBIX ITPOCTPAHCTB Oy YUIa B Pa-
oote I1. A. Bopomunal® nm Haiieno mpocTpaHcTBO, yHEBEPCATLHOE [T METPH-
3yeMBIX cenapade/bHbIX JIMHEHHBIX TPOCTPAHCTB ¢ HECUMMETPUIHON HOPMOIA.

Boposun ycranosui, aro ecym (X, || - ||) — muHeitnoe mpocTpancTBO ¢ HECHM-
METPUYIHOI HOPMOI, cermapabe/ibHOe OTHOCHTETBHO HOPMBI

H6eHKo!

[ ]lsym = maxglz[], | =]},

TO OHO M30METPUYHO M30MOP(HO JUHEHHOMY MHOI0O0ODPA3UIO IIPEIHOPMUPO-
Bauuoro mnpocrpanctsa C([0, 1], 1,0), riae nocsesiiee ecTb JIMHEHHOE TPOCTPAH-

8 JI. Kosuiati, B. KpABC, Teopus npubausicenuti. ebvuuescrkue npubiuicenus u ux
npusosicenus, Hayka, Mocksa, 1978.

9'S. CoBzAs, Functional analysis in asymmetric normed spaces, Birkhiuser, Basel, 2012

10B. ®. BABEHKO, HecuMMmerpuunble OpUOJIMKEHHS B IPOCTPAHCTBAX CYyMMUPYEMBIX
byukuuit, Yrp. mamem. orcypn. 34 (4), (1982), 409-419.

11 A. BRONDSTED, Convex sets and Chebyshev sets II, Math. Scand. 18 (1), (1965), 5-15.

12 E. AsPLUND, Sets with unique farthest points, Isr. Math. J. 5 (1967), 201-209.

3 11. A. BoroauH, Teopema Banaxa—Mazypa, Jis IPOCTPAHCTB ¢ HECUMMETPUIHON HOP-
MOl U ee IIPUJIOXKEHUs! B BLIYKJIOM aHauause, Mamem. samemxu 69 (3), (2001), 329-337.

M TI. A. BorouH, O BBITYKJIOCTH N-4eObINeBCKIX MHOKecTB, M36. PAH. Cep. mamenm.
75 (5), (2011), 19-46.

15 G.E.IvaNov, On well posed best approximation problems for a nonsymmetric
seminorm, J. Conv. Anal. 20 (2), (2013), 501-529.

16 A.R. ALIMOV, A number of connected components of sun’s complement, FEast J.
Approz. 1 (4), 1995, 419-429.

17 A. R. ALimov, Chebyshev set’s complement, East J. Approz. 2 (2), 1996, 215-232.
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crBo HenpepbiBabIX dyHKIWit f € C[0, 1], cHabxkenHoe npedHopMoit

p(f) = maX{O? ||f+||C[0,1}}7 f—f—(t) = max{f(t), 0}7 le [07 1]

B teopeme 2.1 ycranaB/mBaeTcs eIie OJIHO CBOMCTBO YHUBEPCAJILHOCTH €11~
HITIHOTO mapa npocrpanctsa C[0, 1] 1 TOKa3bIBAETCsT, ITO MEMPUIYEMBLE CETIA-
pabesbHbIe HECUMMETPUIHO HOPMUPOBAHHBIE TIPOCTPAHCTBA X MOXKHO U30MET-
putdeckn n3oMopdHo BroKuTh B Kiaccnaeckoe C|0, 1] kak adbdunnoe amHeii-
HOE MHOT00Opa3ue; MHBIMU CJIOBAMU, €IMHUYHBIN II1ap MPOCTPAHCTBA X MOYKHO
[PEJICTABUTD KaK Ilepecevuenne euHnaHoro mapa npocrpancrsa C[0, 1] ¢ neko-
TOPBIM JIMHEIHBIM MHOT000OpasneM, MepeceKaonunii ero mo BHyTpeHrocTu. 13
JIOKa3aTe/IbCTBa TeopeMbl 2.1 cieyeT, 4To Hemempusyemoe HECHMMETPUYHO
HOPMHMPOBaHHOE IIPOCTPAHCTBO X HE BKJa/IbIBaeTcd Kak addurHOe JinHeitnoe
muoroo6pasue B C'([0,1]*) Hu npu KakoM da.

Teopema 2.1. ITycmov (X, || - ||) — aunetinoe npocmparncmeo ¢ necummempu-
nott nopmoti. Ilpocmparncmeso (X, || -||) moorcno usomempuuecku usomopgmo
saoorcums 6 C0, 1] kak addunnoe aunetinoe mrozoobpazue L 6 mom u moao-
Ko 6 mom cayuae, ecau X Mempudyemo u cenapabesvHo.

O6ob6mennem Teopem banmaxa-Mazypa s JTUHEHHBIX METPUUECKUX ITPO-
CTPaAHCTB Ha CJIy4ail IPOCTPAHCTB C HECUMMETPUYHON METPUKON dABJIAIOTCS
caemytomnue yreep:kienns. ChopMmyinpyeMm oT/Ie/IbHO cenapabe/bHbI U Hece-
apadeTbHbBIA CITyJan.

Teopema 2.2. [Ipocmparcmeo X ¢ mecummempuurots Mempurotl 0 u3domem-
PUYHO BKAGODIBAETNCA 8 HECUMMEMPUYHO NPETHOPMUPOBAHHOE NPOCTNPAIHCTNGO
C([0,1],1,0) 6 mom u moavko 6 mom cayuae, koeda X cenapabesvro ommo-
cumeavno mempuky d(z,y) = max{o(z,y), o(y, )}

Teopema 2.3. Ilycmwv a — beckoneunoe kapdunasvroe wucso. IIpocmparcmeo
X ¢ necummempuuroth MEMPUKOT 0 MOHCHO USOMEMPULHO BAOAHCUMD 6 HECUM-
mempuuno npedropmuposarnoe npocmparncmeo C([0,1]%,1,0) 6 mom u moav-
KO 68 mom cayuae, koeda X umeem nAOMHOCNS < 0 OMHOCUMENLHO MEMPUKU

d(l', y) = max{g(:ﬂ, y>7 Q(yv :U)}

31ech, Kak 00BIMHO, NA0MHOCTG TPOCTPaHcTBa X — 9TO HAUMEHbIIIee Kap-
jquaabHoe dncyio d(X) Buma |A|, rae A — BCIOIY IJIOTHOE MTOJMHOXKECTBO PO~
crpanctBa X . Ecim d(X) < Ng, TO TOBOpAT, 9TO IPOCTPAHCTBO cernapadesTbHo.

B mpemuveti enase paccMaTpUBAIOTCS BOIIPOCHI CBSI3HOCTU U COJTHEYTHOCTU
JeOBIIEBCKUX MHOXKECTB M COJIHII. HaltoMHHM, 9TO M3BECTHO 00 CBSA3HOCTH
TaKNX MHOZKECTB B O6HLI/IX JINHENHBIX HOPMHPOBaHHBIX IIPOCTPaHCTBaX.

XOpOH_IO N3BECTHO, 9TO B IVIaJKHUX ITPOCTPaHCTBaXx (I/I TOJIBKO B HI/IX) BCAKO€E
COJTHIIE BBITTYKJI0. [I09TOMY BOIIPOC O CBA3HOCTH COJIHIL ABJIAETCS COJIEPIKATE/ b
HBIM TOJIBKO B HEIVIAJIKUX ITPOCTPAHCTBAX.
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Haunem ¢ mcropmdeckux 3amedanuii. B koHedHOMEpPHOM Cilydae HEPBbIi
HETPUBHUAJIBLHBIN Pe3y/JIbTaT O CBA3HOCTU cOJIHIL B ObLT mostyuen B. A. Kormee-
BRIM'S: 6 KOMEUHOMEPHOM AUNETIHOM HOPMUPOSAHHOM MPOCTPAHCIEE GCAKOE
coanue ceazno. Hammydmmit oOmmit pe3yIbTaT O CBSI3HOCTU COJIHIL B ITPOU3-
BOJILHOM KOHEYHOMEPHOM IpocTpancTse npunajiexut A. JI. Bpayny!®. Nmen-
HO, ecau, M — coanuye 6 KOHeWHOMEDHOM AUHETHOM HODMUPOBAHHOM NPOCMPAH-
cmee X, Mo 0HO AUHETHO CBA3HO U AOKAALHO AUHEUHO c64A3H0. Boaee mo-
20, CYWLECMBYIOM NOAOAHCUMENLHBIE KOHCmanmb, L u «, 3asucawue moavko
om X maxue, ¥mo 0ia 2000T Padauunvr movex x,y € M natidemes nymov S :
[0,1] — M, coedunsowuti x vy, makod, wmo ||s(§)—s(n)|| < L||lx—y||-|€—n|*
dan ecex £,m € [0, 1].

B 6eckonedHOMEpPHOM C/Iydae OKa3aJIioCh, UYTO IPobJeMa CBA3ZHOCTU YeObl-
MIEBCKUX MHOXKECTB OTJIMYHA OT MPOOJIEMbI CBA3HOCTH COJIHIL. B M3BECTHBIX
IpUMepax HeCBA3HBIX 4eObméBckux MHOXKecTB ([Jamxem, Kin) mocrpoenubie
MHOZKECTBa He SBJIAIOTCS COJTHIIAMA. [ IMHCTBEHHBII TPIMeD HECBAZHOT'O COJIH-
na (B GeckoneuHomepHoM npoctpanctse) nocrpoen Komeessin?. Ormernm,
YTO TOCTpOeHHOe KoIeeBbIM HECBI3HOE COJIHIE HE SBJIFAETCA YeOBITEBCKUM
MHOXKeCTBOM. KoleeB TakxKe yCTAHOBMJI, YTO KOMIIAKTHOE COJIHIIE B JIMHEl-
HOM HOPMUPOBAHHOM IIPOCTPAHCTBE CBA3HO, OIPAHUYEHHO KOMIIAKTHOE CTPO-
roe COJIHIIE B IIPOU3BOJILHOM JIMHEHTHOM HOPMUPOBAHHOM IIPOCTPAHCTBE B-CBA3-
HO (T.e. €ro mepecevyerne ¢ JIOOBIM 3aMKHYTBIM IIAPOM CBSI3HO) U UTO HPOU3-
BOJILHOE COJTHIIE B PABHOMEPHO HEKBAIPATHOM HAHAXOBOM IIPOCTPAHCTBE CBS3-
no. CTpyKTypa COJIHIL U IeObIIIEBCKIX MHOMXKECTB B IIPOCTPAHCTBAX C PABHO-
MepHOI HOpMOiT TakxKe n3ydasach X. Beperacom u JI. Xernemrsrom, /. Bpaec-
com, Y. JlanxeMOM U JIPYTUMHU.

B KOHKPETHBIX TPOCTPAHCTBAX BazKHOE ITPOJIBUZKEHNE B BOITPOCE O CTPYKTY-
pe COJIHIL U, B YaCTHOCTH, B 33/1a4e 00 X CBA3HOCTH, OBLIO OJTy4eHO0 Bepencom
u Xernenabrom?! B KoneunomepHoM npocrpanctse £%°(n).

Teopema 3.A (Bepenc, Xernenwbr). Muoocecmeo M C R"™ asasemcs cornuem
6 £°°(n) ecau u moavko ecau omo samrnymo u Lt-evinyKao.

Hanomuum, uto noamuozkectso M C R™ naswisaercs £1-evinykavim (Mer-
PUYECKH BBITYKJILIM OTHOCHTEIBHO £'-HOpMBI), ec/iu jyis Beex T,y € M, x # v,
Haiijercs Touka z € M, z # x,y, Takas, 910

[z = ylls = llz = 2l + [lz = ylh;

18 B. A. KOmEEB, CBA3HOCTD U aIlIPOKCUMATHBHEIE CBOHCTBA MHOYKECTB B JIMHEIHBIX HOP-
MHUPOBaHHBIX pocTpaHcTBax, Mamem. 3amemxu 17 (2), (1975), 193-204.

19°A. L. BROWN, On the connectedness properties of suns in finite dimensional spaces,
Proc. Cent. Math. Anal. Aust. Natl. Univ. 20 (1988), 1-15.

20 B. A. KOWIEEB, [IpuMep HeCBA3HOTO COJIHIA B GAHAXOBOM ImpocTpanctse, Mamem. 3a-
memxu 26 (1) (1979), 89-92.

21 H. BERENS, L. HETZELT, Die metrische Struktur der Sonnen in £*°(n), Aequat. Math.
27 (1984), 274-287.
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31ech || - || — obbranas ¢*-nopma na R™.

Teopemy 3.A MOKHO €CTECTBEHHO YCUJIMTH CJIEILYIOMNAM 00pa3oM: MHOKe-
crBo M C R" smsiercst coitamem B £°°(n) eci U TOJBKO €CJI OHO 3aMKHYTO 1
SIBJIAETCS MOHOTOHHO AUHETHO C8A3HDBIM, ITO TTPUBOJIAT K BayKHOMY ITOHSITUIO
MOHOTOHHO JIMHEHO CBSI3HOIO MHOXKECTBa, BBeJIleHHOMY aBTopoMm B [1|. Vimen-
HO, ycTh k(7), 0 < 7 < 1, — HempepbIBHAsi KPUBasl B JINHEIHOM HOPMHUPOBAH-
oM mpocrpancTtBe X. Kpusas k(-) HasbiBaercst monomonnot, ecim f(k(T))
SIBJISIETCST MOHOTOHHOMN (byHKImedt mo 7 Jyis jroboro f € ext S* (3mech u Jja-
Jee ext S* — MHOYKECTBO 9KCTPEMaJIbHBIX TOUEK COMpsizKeHHOi cepbr S*). Mbr
HA3bIBAEM 3aMKHYTOEe MOAMHOXKeCTBO M C X MOHOMOHHO AUHetHO C8A3HBIM,
ecyii JIIoObIe JiBe TOYKN u3 M MOXKHO COEIMHUTH HEIPEPBIBHON MOHOTOHHOI
KpuBoii (jyroit) k(-) C M.

Oxka3zbIiBaeTCst, 9TO MOHATHE MOHOTOHHO JIMHEHHO CBA3HOIO MHOXKECTBA STB-
JISIeTCsT BIIOJTHE €CTECTBEHHBIM MPU HMCCJIeIOBAHUN allPOKCUMATHBHO-T€OMET-
PUUIECKUX CBOMCTB MHOXKECTB B OaHAXOBBIX IpocTpaHcTBax. K mpumepy, 1aB-
Ho m3BectHO (Bysbepr, 1967), uro MHOXKECTBO R, JIPOOHO-PAIMOHATBHBIX
dbyukuumit 8 C[0, 1] saBagercs B-cBsi3HbIM (r.e. mepecederne R, € IPOH3-
BOJIHBIM OTKPBITBIM ItapoM cesaszHo). C B. Konarun®? nokazan, uro B C0, 1]
21 modoro € > (0 Ha MHOXKeCTBO R, ,, KJIACCUYECKUX JPOOHO-PaIlIOHAIbHBIX
dbyuxmit mwin 0600IEeHHbIX IPOOHO-pannonaIbubiX GyHknnit (cayait Ry,
V,W — nommpocrpaHCcTBa) CyIIeCTBYeT HelpepbiBHAsI £-BbIOOPKA, T.e. OJHO-
3HAYHAsI HENPEePbIBHAS BBHIOOPKA U3 OTOOPaXKEHUs

x— Pyr={ye M ||z —y| <dist(z, M) +e}.

MbI nokasbpIBaeM, UTO IlepecedeHre MHOXKECTBa Ry OOOOIIEHHBIX JIPOOHO-
parmonaabHbx Gyskimit (V, W — mpomsBoJibHBIE BBIMYKJIbIE MOJIMHOXKECTBA
npoctparcTBa C(())) ¢ 3aMKHYTHIM IIAPOM MOHOTOHHO JIMHEHHO CBSI3HO U CTsi-
rIBaeMo, UTo ¢ ydaeToM ojnoro pesyabraTa V. I. Ilapbkosa?? gaet, aTo s jio-
6oro € > 0 Ha MHOXKeCTBO R, ,, 1poOHO-pannonaabuex dynknuii B C|0, 1] (mwm
ux 000bIIeHnit BechMa 0DOIIEro Bujia) CyIecTByeT HellPepbiBHAsSI £-BBIOOPKA.

Hanee, nam norpedbyercs cieytoriee onpenenerune. Caeays A. JI. Bpayny
JUTT OTpaHUYIEHHOTO MHOXKecTBa & # M C X oupenenum obosouky Banara—
Masypa m(M) muoxkectBa M, T. €. mepecedenne BCeX 3aMKHYTBIX IaPOB, CO-
aepxammx M.

[Monmuo)kecTBo M C X HasbiBaeTcst m-ceashvim (ceasnovm no Menzepy),

22 C. B. Konsiru, O HempepuIBHOCTH OIepaTopa 0006IEHHOr0 PaIMoHAILHOIO TPHO/IH-
xenns, Mamem. samemxu 44 (3), (1988), 404.

2 1. T. LIAPbKOB, MHoXKecTBa, 06J1a1aI0II1e HeIPePLIBHOIN BHIGOPKOIT U3 OIlepaTopa, IIo-
9T HAWJTYIINero npubskenust, B KH. Cogpementvie npobaemvl MOMEeMamuKry U MeLAHUKL.
K 80-aemuto mexanuro-mamemamuseckozo garxysvmema MI'Y umenu M. B. Jlomonocosa.
WNza-Bo MI'Y, 2014, cTp. 54-58.
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ecsn
m({z,y}) N M # {z,y}

JUIsE JTIIOOBIX Pa3JUYHbIX TO4YeK T,y € M. Jljasg KparkocTu gajee 0003HaYaeM
m({z,y}) = m(z,y).

Bazkubim cBoiictBoM 0bostouku Banaxa—Masypa m(-, -) (o kpaiiHeit mepe,
B cemapabesbHBIX MPOCTPAHCTBAX X ) sIBJIsIETCS TO, 9TO z € m(x,y) ecid u
TOJILKO €CJIM 2 JIEKUT METPUIECKU MEXKJy T U Y OTHOCUTEJILHO TaK Ha3bIBae-
Moit accoruupoBantoii (o Bpayny) nopwmst |- | (T.e. |[x —y| = |x —z|+ |z —y]).
s mpocrpancTBa £°°(n) acconuUpOBAHHON HOPMOW SIBJISIETCsI CTaHIapTHAS
('-nopMma, Ipu 3TOM [ 3aMKHYTOTr0 MHOXKecTBa B R” (!-BnimyKiocTs 1o Men-
repy paBHOCWJIbHA MOHOTOHHOW JIMHEHHOUW CBA3HOCTH.

Cnenys JI.II. Biacosy, eciim Q obo3Ha9aeT HEKOTOPOE CBOMCTBO (HAIPU-
Mep, “CBA3HOCTH), Mbl OyJIeM MOBOPHTb, 4TO MHOkKecTBO M 0bsajaer CBOii-
CTBOM

P-Q, ecim mpu Beex € X muOXKecTBO Ph(r) # @ m obiamaer CBOWi-
crBoM Q);

B-Q, ecau M N B(x,r) obaamaer cBoiictBom Q mpu Beex x € X, r > 0;

B-Q, ecim M N B(:z:, r) obaajaer cBoiictBoM Q mpu Beex x € X, r > 0.

axcmpemanvro Q, ecmu M N I obmagaer cBoitcrBoMm Q 1151 J1i060ro Opyca
IT 8 X (nmo onpezesennio, 6pychbl CyTh MepeceveHns: SKCTPEeMaIbHbIX
runepnosioc Buga {z € X | a < f(z) < b}, —0o < a < b < 400,
f € ext S*, HOPOXKIAEMBIX B MCXOIHOM IIPOCTPAHCTBE 3KCTPEMAJILHEI-
mu hyHKIHoOHATaAMEA 13 S*).

K nmpumepy, 3aMKHYyTOE TIOIMHOYKECTBO KOHEYHOMEPHOTO TTPOCTPAHCTBa F-He-
IIyCTO, WJIN SIBJISETCS MHOYKECTBOM CYIIECTBOBAHUSA. TaKyKe OTMETUM, UTO MO-
HOMONHO AUHETHO CBAZHOE MHONCECTNBO HEODTOOUMO IKCMPEMAALHO MOHO-
MOHHO NUHETHO C8A3HO. .

OrMmernm, uTO B 6aHAXOBOM IIPOCTPAHCTBE KaXKJ0€ 3aMKHyTOe B-CBs3HOE
MHO>KECTBO JIMHENHO CBH3HO24. 'ZLHH HE3aMKHYTbBIX MHOXKECTB 9TO HEBEPHO J1a-
ke B X = R? (coorBercTrytomuii npumep nocrpoen E. B. Ilenumnbin).

B nanbneitmem ujten n pesyabraThl X. bepenca u JI. XeTrebra mosyanim
pasButue B paborax A.JI. BpayHna B KoHeUYHOMEDPHOM CJIydae, a TaK:Ke B pa-
6orax K. ®panyerru, C. PoBepcu m aBropa B IMPOCTPAHCTBAX ITPOU3BOJIHHOMN
pasmeproctu. Ciefyrornue pe3yabrarbl (TeopeMbl 3.2 u 3.3) SIBJISAIOTCS KJTIO-
YeBBIMU B 33/la9€ O COOTHOIIEHUN MEXKTy KJIACCAMH M-CBA3HBIX U MOHOTOHHO
JIMHEWHO CBA3HDBIX MHOYKECTB.

Teopema 3.2. I[Iycmov X — cenapabesvroe 6aHax060 NPOCMPAHCMBO U NYCMb
Mmruootcecmeo M C X oepanuverno KoMnaxmmo u m-ceAasHo.

24 1.T. HAPBKOB, O CBSI3HOCTH HEKOTOPBLIX KJIACCOB MHOYKECTB B GAHAXOBBIX IIPOCTPAH-
crBax, Mamem. samemru, 40 (2), (1986), 174-196.
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Tozda M MOHOMOHHO AUHETHO CB8A3HO, FKCMPEMANLHO KAEMOUHONOD0OHO
u, 6 wacmuocmu, B-kaemounonodobro, B-ayukaiuuno (omruocumenrvro 10601
HenpepuieHot, meoput (K0)20M0A02UT) U ABAAECMCA COANUEM.

Ecau dim X < 0o, mo, edobasox, M asxcmpemanvro cmazusaemo (6 wacm-
nocmu, P- u B-cmazusaemo) u na mroorcecmeo M cywecmeyem venpepoisha
€-6u100pka s ecex € > 0.

31ech HAIIOMHUM, YTO KOMIIAKT Y HA3BIBAECTCH KACTMOYHONOJOOHVIM, €C-
mu cymectByer ANR (abco/roTHBIN OKPECTHOCTHBIH peTpakT) Z 1 BIIOKEHHE
i 'Y — Z rakoe, uro o6pa3 i(Y) crarmaeM B J11000ii CBOEH OKPECTHOCTH
U C Z; 310 9KBUBAJIEHTHO TOMY, 9TO Y TOMEOMOP(MEH IepecevueHnto CIeTHOM
yOBIBAIOIIEH TOCIIEIOBATEIBHOCTH abCOMIOTHBIX PETPAKTOB (MJIN CTATUBAEMBIX
koMIakToB). [TpocrpancTBo (MerpusyeMoe) HA3BIBACTCH QUUKAUYHOLM, €CIIH
ero TpyIina YexXOBCKUX koromosoruii ¢ koaddurmenramu n3 A (A — npons-
BOJIbHASI HETPUBHAJIbHAs abejieBa TPYIa) TpuBHaIbHa (He MMeeT IUKJIOB, 34
HCKJTIOYEHNeM TIpanunsl). B ciydae, eciam romosorusi (KOrOMOJIOTHS) HMeEET
KOMIIAKTHBIN HOCUTETh U KOI(DMUIUEHTHI I'PYIIbI TOMOJIOTH (KOrOMOJIONHiA )
JIeXKaT B I10JI€, TO MOHATUS TOMOJIOTUIECKOH 1 KONOMOJIOIMYECKON alluKIMIHO-
CTHU COBIIAJIAIOT.

Teopema 3.2 ycwiusaer ciemytomuii pesysabrar Bpayna (1987 1.): 6 ko-
HEYHOMEDHOM AUHETTHOM HOPMUPOSAHHOM NPOCTNPAHCIMEE 3AMKHYMOE M-CEA3-
HOE MHONHCECTNEO ABAACNCA CONMUEM. J1jIsg IPOCTPAHCTB ¢ JTMHERHON BKJIAIbI-
BaeMocTbIo mapos [16] (u B gacTHOCTH, 115t B pocTpancTs £1(n), C'(Q), Co(Q),
() — MeTpHYecKuii KOMIIAKT) TeopeMa 3.2 YaCTHIHO YCUJIUBAET De3yJIbTaThl
M. B. Banamosa u I'. E. anosa®® o iuneiinoit cssznoctu R-ciabo BBITyK-
Jbix (110 Buasiio) MHOXKECTB: B IPOCTPAHCTBAX C JIMHEHHO BKJIABIBAEMOCTHIO
IapOB OKa3bIBAETCS, UTO Iepecederne R-cj1abo BBIIYKJIOTO MHOYKECTBA C 3a-
MKHYTBIM HJIM OTKPBITBIM [IAPOM M-CBA3HO U COOTBETCTBEHHO, B CIyUae orpa-
HUYEHHON KOMIIAKTHOCTH, MOHOTOHHO JIMHEHHO CBS3HO.

st c1ab0 KOMIIAKTHBIX MHOYKECTB BayKHBIM SIBJISETCA CJICAYIOIINI pe3ylb-
Tar.

Teopema 3.3. [lycmov X — cenapabesvroe 6aHaTO080 NPOCMPAHCMBO U NYCM
@ # M C X oeparunenno caabo xomnaxmmo. Ilpednosootcum, wmo M m-
cea3no. Toeda M MOHOMOHHO AUHETHO CEA3HO.

B cremyromeit Teopeme BepBble HaliJIeHO OECKOHEYHOMEPHOE HEKBaJIpaT-
HOE MPOCTPAHCTBO, B KOTOPOM BCAKOE COJIHIIE CBA3HO (M Jaxe, GoJiee TOro,
MOHOTOHHO JIMHEITHO CBsI3HO). OTMETHM, 9TO JI0 9TOrO CBI3HOCTH COJIHI] B KOH-
KPETHBIX 1 abCTPAKTHBIX ITPOCTPAHCTBAX Y/IABAJIOCh JIOKA3aTh B C/Iydae KOM-
MAKTHOCTU COJIHII WJIK TPeOOBaHUsT HEKBAIPATHOCTU IIPOCTPAHCTBA. .

25 M. B. BAIAIIOB, I'. E. UBAHOB, Ci1a60 BBLITYK/IbIE U TPOKCUMAILHO TVIAIKIE MHOKE-
cTBa B 6aHaxoBBIX npocTpancTBax, M3s. PAH. Cep. mamem. 73 (3), (2009), 23-66.
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Teopema 3.4. 1) [Ipoussoavroe coanue 6 npocmpaHcmee co MOHOMOHHO AU~
HelHo C8A3HO.

2) m-ceaznoe (u, mem 6oaee, MOHOMOHHO NUHETHO CBAZHOE) ANNPOKCUMA-
MUBHO KOMNAKIMHOE HENYCMOE NOOMHOHCECTNEO NPOCTPAHCMNGEA Co ABAACNCA
CONHUCM.

3) IIpocmparcmeo ¢y codepotrcum 3a.MKHYMOE MOHOMOHHO CEAZHOE MHONHCE-
CMBO, HE ABAANULLECH O -CONHUEM.

Hns cnyaas X = C(Q), () — merpusyembiii KoMIaxT, pe3ysibrar Korre-
eBa 0 B-CBA3HOCTH OIDAHMYCHHO KOMIIAKTHBIX CTPOIMX COJIHI[ B OaHAXOBBIX
IPOCTPAHCTBAX MOXKHO YCHJIUTD CJICAYIOIIAM OOPa30M.

Teopema 3.5. Ozparuuenno KoMnaxmHoe cmpozoe COAHUE 6 NPOCMPAHCMEE
C(Q) monomonno sunetino cessno u B-kaemournonodobro.

Kax ciieicrBue, orpaHn4eHHO KOMIIAKTHOE 9eObIEBcKoe MHOXKeCTBO B C'(Q))
MOHOTOHHO JINHEHHO CBSI3HO.

Bropoe yTBep:KaeHue B Teopeme 3.5 JaCTHIHO OOpAIaeT XOPOIIO U3BECT-
Hyto Teopemy Biracosa, coryiacHO KOTOPO# OrpaHMYeHHO KOMIIAKTHOE P-aliK-
JINYHOE TIOJIMHOZKECTBO DaHaXoBa MPOCTPAHCTBA, ABJISIETCHA COJTHIIEM.

Coaneunocms webviuésckuxr MHodcecmas. Borpoc o comnednocTn |e-
obrméBckux MHOKecTB n3ydasca H. B. Epumossivm, C. B. Creukunbiv, B. Ko,
JI.II. Bnacoseim, U. I IapskoseiM, C.B.Kounsaruaemv, B. C. Banaramnckuwm,
A.JI. Bpaynowm, B. Bpozosckum, @. Jloituem, 1. Amupowm, [Tx. M. JTamGeprom,
IT. I. Moppucowm, I1. A. BopogunbiM, u ap. B KOHEIHOMEPHOM TTPOCTPAHCTBE
1eOBINMNEBCKOE MHOXKECTBO siBjiseTcst cojHieM. Y. /lanxem mocTpous rnpumep
JIOKAJIbHO KOMIIAKTHOTO 4eOblésckoro Muoxkecrsa B C|0, 1], He sBiisttorero-
cs coJiHIieM. B obreM ciydae Jijist JI0Ka3aTeIbCTBa, COJTHETHOCTH MHOYKECTBA
Ha HEro HaKJ/1a bIBAIOTCsl, KAK MIPABUJIO, OTPAHUYIEHUs TUITA KOMITAKTHOCTH WJIU
HEITPEPBIBHOCTU METPUUIECKOil mpoekiu Py, . Kiaccuuecknm siByisiercs pe3yiib-
tar JI. II. BracoBa, KOTOPBINT yTBEP:K/IA€T, YTO OIPAHUYCHHO KOMIIAKTHOE -
AIUKJITIHOE MHOYKECTBO (B 9aCTHOCTH, 9€0BIIIEBCKOE MHOXKECTBO) B 6AHAXOBOM
IIPOCTPAHCTBE ABJISETCA COJHIIEM. BjacoB Tak»Ke Mmokasaji, 9To B OAHAXOBOM
IPOCTPAHCTBE JIOKAJIHHO KOMIIAKTHOE YEOBIMEBCKOE MHOXKECTBO C HEIPEPbIB-
HOI MeTpumyecKoil mpoekimeil Py, sBisgerca coinneM. OTMeTHM TaKxKe, UTO
B C(Q) wm Cy(Q) 4ebbIEBCKOE MHOXKECTBO C HEIPEPHIBHON METPUYECKOIl
MIPOEKITUEH SBJISIETCST COJTHIIEM.

Nmeer MecTo creayromnuit HOBBII pe3y/IbTaT: COTHEYHOCTD ITPOU3BOJILHOIO
1eOBIMEBCKOIO0 MHOYKECTBA B JIMHEHHOM HOPMHUPOBAHHOM IIPOCTPAHCTBE yCTa-
HABJIMBAETC TIPU HAJIOXKEHUU CTPYKTYPHBIX OIDAHUYEHUN THUIA CBA3HOCTH.
JlaHHBII pe3yIbTaT MOKHO PACCMATPHUBATDH KaK IIEPBBI PE3yJIbTaT, B KOTOPOM
COJIHETHOCTH Y€OBIMEBCKOIO0 MHOYKECTBA YCTAHAB/INBACTCS IPU HAJIOKEHUN HA
HEro CTPYKTYPHBIX OFPAHUYEHUN TUTIA CBA3HOCTH.
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Teopema 3.6. [Tycmv M — MOHOMOHHO AUHETHO CEAZHOE NOOMHONCECTNEO
AUHETHO20 HOPMUPOB8aHHO20 Npocmparcmea. Ipednosoocum, wmo Pyx = {y}
das nexomopoeo x ¢ M. Tozda x — mouka coanennocmu das M (m.e. évinon-
nero (1)).

Kax caedemeue, MOHOMONHO AUHETHO CBAZHOE YEOBIUESCKOE MHONCECTNEO
8 AUHETHOM HOPMUPOSAHHOM NPOCMPAHCTNGEE ACAACTNCA CONHUEM.

CrouTt OTMETUTH, UTO JIaXKe B KOHEITHOMEPHOM CJIydae IeOBINEBCKOe MHO-
JKECTBO B O0IIIEeM ciiydae He 00sA3aHO ObITh MOHOTOHHO JIMHEHHO CBA3HBIM —
ABTOPOM IOCTPOEHBI COOTBETCTBYIONINE TPUMEPHI B JIF000H pa3sMepHOCTH = 3.
B nernajkom ciydae MOHOTOHHYIO JIMHEHHYIO CBA3HOCTH YEOBIMTIEBCKUX MHO-
JKEeCTB MOYKHO TapaHTHPOBATh B mpocTpancTBe (°°(n) u, Gosee 06O, B Tak
HasbiBaeMbIxX ( BM )-pocTpancTBax, BKIIOYAIONUX B cebsl, B YACTHOCTH, TOJIU-
3JipajibHble TpocTpancTBa BUJIA X = X| By . . . oo Xg, dim X; < 2.

Yemeepmas 24a8a JTUCCEPTAIUH TOCBAIIEHa U3YIeHUIO JIOKATbHBIX all-
MIPOKCUMATUBHO-TEOMETPUIECKUX CBOWCTB COJTHIL U I€OBIIIEBCKUX MHOXKECTB B
HanaxoBbIX MpocTpancTBax. [Ipm sToM ocoboe BHNMaHME OYIET y/IeIeHO BOIIPO-
Cy COXpaHEHMs COJTHEIHOCTH, CBA3ZHOCTHU U JAPYIHUX allllPOKCUMATUBHBIX CBOHCTB
[PU [IEPECeUEeHNN TAKUX MHOXKECTB C ITOJMHOYKECTBAME [TPOCTPAHCTBA, (B 4acT-
HOCTH, C IIapaMu, OpycaMi 1 KCTPEMAJIbHBIMU TUIEPILIOCKOCTSIMHA ).

MbI moJtydaeM reoMeTpudecKyo XapaKTepU3aIluio CTPOTHX COJIHIL B IIPO-
crpancTse (*°(n), nomotHss Xxapakrepusanuio beperca u XeTeabra Jist COITHIT
B mpoctpancTse £°°(n) (Teopema 3.A). lasee, MbI peraeM KJIacCHIECKY O 3a/1a-
9y O XapaKTepU3alluu B T€OMETPUIECKUX TEPMUHAX YeOBIMEBCKIX MHOYKECTB
B npocrpancrBax tuna C(Q). s npocrpancrsa °(n) takas 3a1ada ObLia
noctasyiaera B 1980-x rogax nHezasucumo B. M. Tuxomuposbim 1 X. Beperncowm.
CoorBercTByOIIas XapakTepusanus YeObIIEBCKIX MHOXKECTB B £°°(n) maercs
B Teopeme 4.2. Ha miockocTu mcUeprbIBaIONmii OTBET B JIAHHON 3ajade ObLT
nan I1. I'pybepom?® 1y1e Ipon3BoIbHO HOPMBI.

Ham norpebytorcst HeCKOJIBKO OIpeIe/IeHUI.

[Iycrs X = £°°(n) wnu co. [ycrs Takke k € Zy, k < dim X.

[Tycrb cAffy (X)) — kitace Beex adpUHHBIX KOODMHATHBIX (9KCTPEMAJIbLHbBIX )
noirpocTpancTB u3 X pasmepnoctu k. Hamee, nyctb M C X, 2 < k< n, P €
cAffi(X), Q € cAffy_1(P). Mer 6ysem roBoputh, 910 () — A0KAABHO ONOPHAA
eunepn.aockocmy K MuoxkectBy M B nommpocrpanctee P (Q) € locTanp(M)),
ecau HaiiayTest Touka © € PN M u ee okpecrrocts O(x) B P Takue, 9to )
SIBJISIETCST OMOPHO#H rumepriiockocThio K M N O(x) B P. YTBepxKjaeHue, 9ro () —
onopHasa 2unepnaockocms K MHOXKecTBY M N P B mommpocrpanctse P Oyaer
HOHUMATECS OOBITHBIM 00pa3oM 1 3anuceiBaercd B Buje () € Tanp(M).

26 P, M. GRUBER, Planar Chebyshev sets, in Mathem. Structure-Computational Math.—
Math. Modelling, Vol. 2, Sofia, Bulgar. Acad. Sci. (1984), 184-191.
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Teopema 4.2 (xapakrepusalius 9eObIMIEBCKUX MHOKeCTB B £°°(n)). Mnootce-
cmeo M # & asasemes webviuéscrum 6 £°°(n) mozda u moavko moada, koz2da
00HOBPEMEHHO BDINONHEND, CACIYIOULUE YCAOBUA

a) mmoorcecmeo M samrnymo;

b) wmmnoorcecmeo M N P ceasno das mobwx k=1,....n u P € cAff(R");

c) daa mobwx k= 2,...,n, P € cAff(R") u Q € cAffy_1(P) us ycaosusn
Q € locTanp(M) ewmeraem, wmo Q € Tanp(M) u nepecevernue QQ N M
00HOMOYEYHO.

Ormernm crefyiomniee ciejctsre u3 TeopeMbl 4.2, (HamomuuM, ato 6pycst
CyTh HepecedeHus SKCTpeMaibHbX rutepiosoc Bujga {x € X | a < f(z) < b},
—00 < a < b < H4oo, f € extS*. B wacTHOCTH, 3aMKHYTBIN TIAp SIBJISETCS
Opycom.)

B cnenyromeit Teopeme rill o3HaUaeT OTHOCUTETBHYIO BHYTPEHHOCTDH BBI-
yKJIOro MHO2KecTBa I1.

Teopema 4.4. Yebvuuésckoe muoocecmso 6 £°(n) A6AAEMCA IKCMPEMANLHO
webviwésckum. Unvmu crosamu, ecau I1 — 6pyc 6 £°(n), M NI # &, M N
rill = &, mo nepecevernue M NI1 odnomoueuno.

B Teopeme 4.10 nokasbiBaeTcsi, 4TO COJIHIIA B KOHEYHOMEPHBIX (BM)-11po-
CTpaHCTBaX (B 9aCTHOCTH, B KOHEYHOMEPHBIX ITOJINIPAIbHBIX TPOCTPAHCTBAX
Brujia X = X1Beo- . -Poo X, dim X; < 2) yIOBIETBOPSIOT O9€HD CUIIBLHBIM YCJIO0-
BUSIM CBSI3HOCTHU, SIBJIsIsiCb MOHOTOHHO JIMHEWHBIMU MHOYKecTBaMu. Kak cjie/-
CTBHE, MBI TIOJIy9aeM, YTO COJIHIIA B TAKUX IIPOCTPAHCTBAX B-CTATNBaeMBbl, SB-
Jstorest B-perpakrtavu, B-cosHedHbl (TOCTEIHEE O3HAYALT, YTO MepecevdeHne
M ¢ 1106bIM 3aMKHYTBIM TAPOM SABJISIETCST COJTHIIEM ) M 0DJIQIAI0T CBOWCTBOM
CYIIECTBOBAHUSI HEITPEPBIBHON MYJIBTUILIMKATHBHON (&JTATHBHON) £-BBIGOPKH
npu Jodbom € > 0.

Teopema 4.10. [Tycmo X € (BM), dim X < 0o, u nyemv M C X — coanue.
Tozda:

a) M — (skecmpemanvHo) MOHOMOHHO AUHETHO CEAZHO;

6) M — sxcmpemanvro cmazusaemo (6 wacmuocmu M — B-cmazusaemo);

B) M — sxcmpemarvnod pempaxm (6 wacmuocmu M — B-pempaxm);

r) M — sxempemanvio coanewno (nocaedree 03Haaem, 4mo nepecevenue
M ¢ a0bvim 6pycom u, 6 wacmuocmu, ¢ 3aGMKEHYMBIM WAPOM ACAAECMCA
CONHUEM);

n) na M cywecmeyem nwenpepuenas myavmunaukamushas (a0oumueras)
g-6vio0pra npu A0bom € > 0.

e) das aobozo 6pyca 11 C X na mmoorcecmso M N 11 cywecmsyem nenpe-
PoLeHaA MysvMUnAuKemuehas (addumuenas) e-evbopra npu aobom e > 0.
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B cBsasu ¢ yrBepxaenuneM 1) treopembl 4.10 ormernm, aro Ha cosrie M (u
JIazke CTPOTOE COJIHIIE) HENPEPBIBHOW BBIGOPKH U3 METPUIECKOM mpoekiuu Py,
MOZKET He CyIIeCTBOBATH Jazke B TPEXMEPHOM CjIydae B IpocTpaHcTse £%°(3) €
(BM) (coorBercrBytomuii pumMep nocTpoer bepencom u XeTnesabrom).

Bormpoc 006 anmpoKCUMAaTUBHBIX U T€OMETPUIECKUX CBONCTBAX MepecevdeHnii
COJIHIL M CTPOTUX COJIHIL ¢ 6pycamu B npocrpancTse C((Q)) paccMarpuBaercs B
teopeMax 4.11-4.12. EcrecrBenHoCTh Opyca B JJAHHOI 3a/iade MTOKa3aHa B TEO-
peme 4.14.

Teopema 4.11. I[lycmv & # M C X,, — 3aMKHYMOE M-CEAZHOE MHOHCECTNEO
(6 wacmmocmu, M — coanuye 6 npoudsosvrom deymeprom Xo uau 6 X, €

(BM)) u nycmo I1 — 6pyc 6 X,,, M N1l # &. Toeda M NII — monomonno
NUHETHO CBAZHOE IKCTNPEMANLHO KAEMOUHON0000HOoE cornye 6 X, .

Teopema 4.12. [Iycmv X — cenapabeavroe banaxoso npocmpancmeo, M
T — 02PAHUMENHO KOMNAKMHKOE M-C6a3H0e MHoxcecmeo (6 wacmmocmu, M —
oepanusernno xomnaxmuoe coanye 6 X € (BM)) u nyemo II - 6pyc ¢ X,
M NIl # @. Toeda M N1 — MOHOMONHO AUHETHO CBAZHOE IKCMPEMANLHO
Kaemouronodobroe coanue 6 X.

Teopema 4.14. Ilycmo Il # & — 3aMKHYMOE MHONHCECTNEO 6 KOHEYHOMED-
HOM AUHETHOM HOPMUPOosarHom npocmpancmee X,,. Caedyrowue ymaeporcde-
HUA IKGUBAAECHMMHDL:
a) I - 6pyc;
6) [IN M sasasemca MOHOMONHO AUNETHO CEAZHBIM CONHYUEM OAH A100020
MOHOMOHHO AUHETHO c8A3H020 coanua M, M NIl # ;
B) [N M asasemes cornuyem s 1106020 MOHOMONHO AUHETHO CBA3HO20
connuya M, M NIl # &,
r) II Ny asasemes MOHOMONHO AUHETHO CEAZHBIM COANUEM OAf 10601
MoHomorHot dyau v, v NI # .

B Teopeme 4.15 ycTaHOBJIEHO, YTO IlepecedyeHne ITPOU3BOJILHOIO CTPOTOro
uporocosaia M B C(Q), ) — MeTpuUecKuii KOMIIAKT, ¢ 3aMKHYTBIM Opy-
com II C C(Q) siBasieTcst CTPOrUM MPOTOCOJTHIIEM HPU €CTECTBEHHOM IPEe/I-
nostozkernn, aro M Nint I # &. [Ipu srom, ecim crporoe comnne M C C(Q)
OrpaHUYEHHO KOMIIAKTHO, a [1 — mpoussosbablil 6pyc B C(Q), M NI # &, To
M N1TI - connne (He 00sI3aTEBLHO SIBJISAIONIEECS] CTPOTUM COJTHIIEM ).

Teopema 4.16 yrBepxgaer, uto resecubie 6pycot 11 B C'(Q)) xapakTepusyor-
sl CBOMCTBOM, 9TO Tiepecederue [ ¢ mpou3Bo/IbHBIM CTpOruM poTocostHiem M
B C(Q), M NintIl # @&, aBagerca crporum nportocosiaieM. B Teopeme 4.17
([15]) maercs xapakrepusanus crporux cosur B C'(Q)) B TepMUHAX AIITPOKCH-
MaTUBHBIX CBOWMCTB UX IepeceveHuii ¢ Opycamu.

Hanomuanm, ato B C(Q)) 6Gpychl cyTh 3aMKHYTBIE [TPOMEXKYTKH, T.€. MHO-
xkecrsa Buga {f € C(Q) | f(t) € [fi(t), f2(t)], t € Q}, tme f1,fo: @ — R,

f1 < fo, f1 — monyHenpepsiBHA cBepxy Ha (), a fo — CHUBY.
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Teopema 4.15. Hmerom mecmo caedyroujue ymeeprcoerus.:

a) ITycmo M — empozoe npomocoanye 6 C(Q), IT — meaecnwii 6pyc 6 C(Q),
npuvem M Nint 1T # &. Toeda M NI1 — empozoe npomocoanue 6 C(Q).

6) Iycmv M — cmpozoe npomocoarue 6 C(Q), I1 — meaecrnwti 6pyc 6 C(Q),
npuvem MNint [T # @ u M NI asaiemes MHooHcecmeom CyuecmeosaHus.
Tozda M NII - empozoe cornue ¢ C(Q).

B) Ilycmv M — oepanusernno xomnaxmuoe cmpozoe coanuye 6 C(Q), I —
samrnymoti opyc 6 C(Q), M NIl # &. Toeda M NII — coanue 6 C(Q).

B gactrocTH, Iepeceuenne crporo cosriia M B C((Q)) ¢ TpON3BOJIBHBIM 3a-
MKHYTBIM TapoM B(x, r) aBisiercss crporum porocosaiem B C'(Q)) mpu ycio-
Bun, aro M N é(x,r) # & (upu stom M N B(x,r) — cTporoe coJHIe, ecimn
MNB(x,r) — maoxkectBo cymecrBoBannus). Ormernm, aro yemosue M Nint 1T #
& B Teopeme 4.15 Henb3s 3amenuth Ha yciaosue M NI1 # &. Asrop [12] mo-
cTpoust puMep crpororo cosana M B £°°(3), Takoro, aro MNB(z,r) # & g
HekoToporo mapa B(x,r), omnako M N B(x,r) He gBJIsieTcss CTPOrUM COJTHIIEM
B (*°(3) (Oy/Ly1u, KOHETHO, COJIHIIEM ).

B rteopeme 4.16 maercst xapakrepusaiusi 6pycoB (3aMKHYTBIX ITPOMEXKYT-
koB) B C'((Q) B TepMUHAX COJIHEYHOCTHU UX TIEPECEICHUI CO CTPOTUMU COTHIIAMHE
B C'(Q). Bostee nosnblit orser nosyven B npocrpanctse £°°(n) (reopema 4.19).

Teopema 4.16. /laa meaa 11 C C(Q) caedyrowue ycaosua sx6usarermo:

a) II C C(Q) asanemca bpycom;

6) 1N M sasasemca cmpozum npomocoarnyem 6 C(Q) daa ecarozo cmpo-
2020 coanua M (ecmpozozo npomocoanuya M) e C(Q), maxozo, wmo M N
int II # &;

B) [INM sasasemca cmpozum coarnyem 6 C(Q) 0aa 6cAK020 KOMNAKMHO20
cmpozozo connya M 6 C(Q), makozo, wmo M Nint Il # @.

B cienyroreit reopeme [15] maercs xapakrepusaiius crporux costail B C(Q)
B TEPMUHAX COJIHEYHOCTH WX [ePecedeHrii ¢ TeJleCHbIME OpycaMu (3aMKHYThI-
MU TIPOMEZKY TKAMH ).

Teopema 4.17. Caedyrowue ymeepotcoeHus IK8USAAEHTHDL:
a) M — cmpozoe npomocoanue ¢ C(Q);
6) M NII - cmpozoe npomocoanye 6 C(Q) dan amobozo mesecnozo bpyca 11
(menecroeo pyca) 6 C(Q), makozo, wmo M N int 11 # &,
B) M Nm(z,y) — cmpozoe npomocosnye 6 C(Q) das mobwzx x,y € C(Q),
maxuzx, wmo M N intm(z,y) # 2.

B Teopeme 4.19 maerca xapakTtepusanusd 3aMKHYTHIX MHOkKecTB I C R",
HepeceveHne ¢ KOTOPBIMU IeObIIIEBCKOIO MHOYKECTBA (COJIHITA, CTPOIOTrO COJIH-
ma) M B {>°(n) coxpaHseT (B eCTECTBEHHON IIOCTAHOBKE) AIPOKCHMATHBHbIE
cBoiicrBa MHOKecTBa M. OKaszbiBaercs, UTO Takue MHoxkectsa Il B TounocTn
SIBJIAIOTCsT 6pycamMu (3aMKHYTBIMU [TpOMeKyTKamu) B R™.
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Teopema 4.19. Ilycmv @ # 11 C R". Umerom mecmo caedyrouwjue ymeep-
orcoenus:

a) Il asasemca 6pycom 6 (°(n) ecau u mosvko ecau I N M asasemes
connuyem 6 £°(n) das ecarozo coanya M 6 €>°(n), M NIl # @;

6) II asasemcsa 6pycom 6 (°(n) u intIl # @ ecau u moavko ecau IT N M
AAAEMCA cmpozum coanyem 6 (°(n) das mobozo cmpozozo coanua M
6 £>°(n) maxoeo, wmo M N int 1l # &,

B1) Ilycmo 11 — 6pyc 6 £°(n). Tozda mobas moukxa uz 11 umeem edun-
cmeennyro baustcatiwyro 6 M NIL das aobozo webviuwésckozo mroocecmaea
M e (>*(n), M NIl # &;

B2) IIyemwv mmoorcecmeo I C R™ ceasno, samrnymo u nycmov a06as moy-
xa u3d I umeem edurcmeennyro oauoicatiwyro 6 M NII das a06020 webvi-
wésckozo muootcecmea M 6 £°°(n) makoeo, wmo M NI # &. Tozda 11 -

opyc.

ABTop Os1arogapeH HayIHOMY KOHCYJIBTAHTY JIOKTOPY (DU3HMKO-MaTeMaTH-
JecknX Hayk mpodeccopy Uropio ['epmanosuuy Il ap bk o By 3a 60/bI10€ dnc-
JIO TIOJIE3HBIX OOCY2KJICHUN U TIOCTOSTHHYTO TTO/IJICPIKKY.
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