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UEXOCJHOBAIKUN MATEMATUUYECKUN MVPHAI

Mamemamuueckutt uncmumym Hexocao6ayroli Axademur Hayx
T. 3 (78) IIPATA 12. XII. 1953 r. # No 4

-

PaloTsr 9TOT0 HOMEpa ILOCBAIIAIOTCA
ARAJEMURY 9AYAPAY YEXY
KO IO ero 60-xeTHH

O INOJHBIX TOHNOJIO'MYECKUX JUHENHBIX ITPOCTPAHCTBAX

BJIACTHMNIJ HTAR (Vlastimil Ptak), IIpara.
(IHocTynuao B pegaxiuio 11/X1 1952 r.)

Ilocssyaemes arademury OHoyapdy Hexy ko
onw ezo 60-nemus.

I'sraBHOll 1eiblo HacrosAmeidl paGoTe ABRIAETCS 00CYKIeHIEe TEOPeML
© HEIOPEepEIBHOCTUH OGPATHOrO OIEpaTOpa B BLINYKJILIX TOIOJIOIMYECKMX
Jannefinyix npocrpancrsax obmero Tuna. IToapoGHEll anaims IMOKABH-
BaeT, YTO CYL[HOCTL YIOOMSIIYTOM TEOPeMH BHIpKeHA B CJeXYIOHIEX
ABYX OIpeNeleHusX:

Henpeprsroe iuHeiinoe 0TOOpasKeHNe OJHOIO BRILYKIIOTO AUHEHHOTO
TOIOJOIMUECKOI'0 ITPOCTPAHCTBA HA JApYyloe MLl HA30BEeM NOYTH OTKPH-
THIM, €CIII HI OTHO OTKPHITOE MHOKECTBO He OTOOPAMKAeTCSA HM HA HHIJE
He HJA0THOE MHO3KecTBO . BEHNOYRIOe TON0J0IMYeckoe JNAeiHoe MpocTpan-
¢80 X MBI HazoBeM B-TIOJHBIM, eCaN KaKi0e HempepuiBHOe MHOYTH OT-
KpHTOe JuHeiinoe orTofpaskeHMe Inpocrpancrsa X Ha IPOHBBOABHOC
BHIITYKJI0€ TONOJIOPHUECKOe JANHEHHOe HPOCTPAHCTRO Z OyjAeT OTKPLITHIM.

Jlaercs mpocTas XapaxTepUsanWA TPOCTPAHCTB, ABOHCTBEHHEIX B5-
TOJIBIM NpocTpancTBam. MOmKHO ORUEATH, 4TO NOHATHE B-IOJIHOTH
Oyjer TeCHO CBA3AHO C TOHATHMEM HOXHOTHL. s aToro meodxoIuMo
HOAPOGHO M3YHUHTHL NPOCTPAHCTRA, HOJHBIE B cMEICTe A. Beiias. [laerca
ner[()(,:pe;wmem[an xap:m'repmalum DIEeMEHTOB ITOTIOJHeHsg T[pOI/IJ:}HOJlb-
HOTO BHLITYKJIOrO TOIOIOrMYEeCKOTo JHHeHHoro mpocrpanersa. Orcioga
BHITCKALT MHTEPECHAA XapaKTepHaauus IPOCTPAHCTB, BOHCTBEHHHIX
TONHLIM HPOCTPAHCTRAM.

Bropas yacrs pafoTH HOCBAIEHA MBYUEHUIO IIPOCTPAHCTB BCEX He-
NPepHIBHbLIX GYHKUMA HA JAHHOM TONONOIMYECKOM HIPOCTPAHCTBE. YKa-
3aHBL CHOCOGH IOCTPOCHUS HEKOTOPHIX TOMOJOrHYeCKHX npom*pam:'fB
TaK, YTOOH COOTBETCTRYIOIME NPOCTPAHCTBA HENPePBIBHLIX (yHKIMIT
00 A HANlepex 3aJAHOLIMU cBolicTBamu. Mcmoib3ys oTH IIOCTpOe-
HHUS, MBI TIOAYYaeM (ITOMHMO ZPYINX pE3yJbTATOB) IPHMEPH, MOKa3bI-
BapLIUe, YTO TOMOMOPQHLIUL 00pas NOAHONG IHHENHOro MPOCTPRHCTBA
se Oyaer 06a3aTeIbHO IOJHBIM M 9T0 ITOTHOE IPOCTPAHCTRO €118 He J[OIHK-
HO ObITH B-NOJIHLIM.
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§ 1. BBEJJEHUE.

OpunM U3 BayKHENRIINX pesynmaTOB‘ (YHRIMOHANBHOIO aHAM3a GecCnopHo
ABJsETCA BHAMeRUTas1 Teopema Banaxa o HenpepHIBHOCTH 00PaTHOrO 0LIEpaTOpa .
B neckonrpro cmaroii, Ho ndubosee BamHON JIA IpUMeHeHMIT, OpMYyANpOBHe:
aTa TEeopeMa NMMeeT CJHeNyonmil Bui:

ITyemv X — noanoe HOpMUPOGAHHOE AUHEHHOE NPOCIMPAHCINGO, U RYCMb @ —
nenpepuisnoe auneiinoe omobpancenue X Ha HOpMUposannoe npocmparcmeo Z.
Tozda, ecau Z Gydem emopoii ramezopun ¢ cebe, mo omobpancenue ¢ Gydem
NIMEPBIMBLA, & RPOCIPAHCINGO Zi ROLHBLM.

HoxpoOuerit apaaus IMOKABHIBAET, YTO TEOPEMA OCHOBBIBAETCH HA CJEAYIO-
IEM CBOHCTBE IIONHEIX HOPMIPOBARHHBIX IIPOCTPAHCTB: 006pas efunmiHoii cdepnt
ABJACTCS BCEIYa WM HeIIOTHEIM MM OTHPEITHM B Z. OfHolt u3 3ajja4 dacro-
Amreit paboTsr GyAer Hccae0Banne, IPH KAKUX YCJIOBUAX U B Karoil fopme ary
TEOPEMY MOMHO PACIIpOCTPAHNTE HA HANOOJIee IIMPOKYI0 KATETOPNIO JIMHEeHHBIX
IIPOCTPAHCTB.

Heno B ToMm, uro passuTHe QYHKIMOHAJBHOrO aHAJIN33 OYEHbH CKOPO IIOKA-
3aJI0, UTO TEOPMsi HOPMUPOBAHHEIX INPOCTPAHCTB HE MOMKET YHAOBIETBOPUTHL
BceM TpeCOBAHMAM, KOTOPHIE HA Hee HAJATAIOTCA BBUY IpUMeHeHUil B Mare-
MaTHuecKoM apaimae. Taxum 06pasoM, MOHATHE HOPMUPOBAHHOrO JIWHEHHOro:
HPOCTPAHCTBA OKABAI0CH HEHROCTATOUHKIM; HTO 00CTOATENBCTBO, TAK Ke KaK
W DApAITedbHO IPOTeKAaloNiee pasBuTHe OOINeH TOOIOINHN, IIPABEN0 K Heo0X0-
HAUMOCTH JaJbHelinmero oGo0IeH s IOHATUA HOPMIPOBAHHOIO JUHeHd0r0 11po-
crpancrBa. EcerecTBeHHRM 0606 ieHueM LOHATAA HOPMHPOBANHOTO JMHEHHOIO
HPOCTPANCTBA ABIACTCA HOHATHE BHIYKIOIO TONOJIOTHIECKOTO JUHEHHOI0 TPo-
erparcrsa. OfHAKO TeopUsi HOPMHPOBAHHBIX IPOCTPAHCTE Yike cama 1o cefe
ecTeCTBEeHHBIM 00pasoM TpeGyeT BBEEHMsA IOHATUA BLITYKIOFO TOTIOJOTMIec-
KOI'0 NUHEeHHOro MPOCTPaHCTBA, TAK KAk HEBECTHO, UTO OTHOMIEHUEe MERLY JaH-
HEIM HOPMHDPOBAHHBIM IIPOCTPAHCTBOM M IIPOCTPAHCTEOM ¢ HUM COTPAMEHHDLIM,
KaK HOpMUPOBAHHBIM IIPOCTPAHCTBOM, He ABJIAETCH, BOOOUTE TOBOPH, CHMMETPITY-
HuiM. Tak ke XOpPOMIO MBBECTHO, UTO HTA ACCHMMETPHUS HEHMB0EKHO IIPUBOANT
B TEOPHMH K HEKOTOPLIM 3aTPYAHEHHAM, KOTOPHIE B KOHI(E KOHTOB JOJ/KHEL IIPOH-
BUTBCSI, KAK OrpAHWIeHNEe ee IpHMMeHUMocTH B npmioskenuax. Ionarme ke
BHITYKIOT0 TOIOJOTMYECKOro JIMHEMHOro IIPOCTPAHCTBA, B OTJIMYME OF IIpe-
ABIAYINEro, IIO3BOJIAET HAM BBECTH IIPOCTOE COOTHOIICHME JBOHCTBENHOCTH
MEeRAY ABYMA HpPOCTPAHCTBAME [3], B KOTOpPOM Kaikpgoe W3 DIUX HPOCTPAHCTE
SIBJIAETCS HPOCTPAHCTBOM BCEX JIMHEHHBIX PYHKIIMOHAIOB APYTOro, TaK 4ro MX
OTHOIIEHNE BIIOTHE CUMMETPUIHO, M 00a OHM COBEPHIEHHO DARHOIIPABHEL.

IlpefcTaBusAeTca MOBTOMY €CTECTBEHHBIM M IeJecO00PA3HHM 3aJaThCA BO-
1pocom 06 0006IeHUN MSBECTHBIX M3 TEOPUH HOPMUPOBANHMIX HPOCTPAHCTR
TeopeM Ha TOHOJOTNYeCKUe IPOCTPAHCTBA 00Iero THIA. DTOMY M IOCBANBET S
HacToAmas pafora, mpHYeM MHL B TiepBYIO odYepeib 3saiiMeMcs BOIIpoOCAMM,

.
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CBABAIHBIMU ¢ TeopeMoii Banaxa 1 ¢ moHATHEM IOJHOTHL Ve B TEOPUH HOP-
MUPOBRHHBIX JVHEHHEIX IIPOCTPRHCTE BHIACINIACH MPUHIMIHATIBHAS BaFKHOCTD
HpPeIONOEHUA 0 MONHOTE IPOCTPAHCTBA U eT0 CBASE ¢ Teopemoii Bamaxa, rak
4TO Cpasy e BOBHUKAET BOIPOC, B KaKol (opMe HYKHO PACIPOCTPAHUTH
NOHATHe IOJHOTH Ha BHOLYKJbe TOIIOJOIMYeCKHUe JIWHeHHbe IIPOCTPAHCTBA,
4T00B M3BECTHHIE U3 TEOPUU HOPMHPOBAHHLIX IIPOCTPAHCTB TEOPEMAl OCTANINCH
CIIpaBe N BEIMHE. :

Iepssie pesyaprarsl B orom manpasienpm moxyums W. ¢. Heiiman [11].
C rex mop BTHMH BOIIPOCAMY 3aHUMANCH PAJ ABTOPOB, KOTOPHIE AT HECKOMBKO
pasimuubix oupejesennit monxote. Hac Oyjer mpesjie Beero wnrepecosaTs
obmiee orpefeseHre IHOIHOTHL JUTA IPONBBOJIBHOTO PABHOMEPHOTO IIPOCTPAHCTBA,
jnannoe A. Beiinem [13]. Bosuuwraer mpesie Bcero BOIpOC, KaKUM 06paszoM
chopMyIHpPOBATE TEOPEMY O HEIpepHBHOCTH O0pPATHOro OHepParopa B BHIIYE-
JIBIX TOIOJOrUYeCKUX JWHEeHHBIX IpocTpancrsax olimero rtnma. bosee mof-
poOHbIT apau3 IMOKABLIBAET, YT0 CYIHOCTH cBoiicrRa banaxa xapakrepnayercs
CIEJYIONHM OIpe/iesleHHeM:

Buinykaoe monoaozuneckoe AuHeinoe RPOCAPAHCING Ml HA308eM B-noanvism,
ecan ono 06.aadaem cacdyiouum ceoticmeom: NYCmv ¢ — HenpepsisHoe AUHEUHOE
omobpancenue npocmpancmea X HE BIRYKAOE MONOI02UYECKOE ARHEIEHOE NPOCH-
pamncmeo Z maroe, wmo NUKAKAS, OkPecmuocms Hyas 6 X ne omobpasumes na He-
nAOMHOE 8 Z MU0MCECMB0; mo20a ¢ Oydem omEpuImsm.

CaMpM BasHHBIM HTaIiOM JaTRHEHINNX WMCciaeloBaHmii Oyjer npocToit mpuew,
KOTODPHI IosBOJINT HaMm 0e3 TpyHa OXaparTepusoBaTb IIPOCTPAHCTBA, ABOI-
erBenunie B-rionubkiM npocrpaseTBaM. 1loanaysch 5THM IIPHEMOM, MEL ITOKAMKEM,
yro mpocrpaderso X Oyper B-IOJHBIM TOAA M TOJBKO TOIYA, €CIM JBOIi-
CTBEHHOE €My IIPOCTPAHCTBO Y YHOBJICTBOPAET CIEAYIOILEMY YCIOBUIO:

(B) Ecan @ — nodnpocmpancmso Y maroe, umo 048 40608 orpecmuocmu
nyan U ¢ X nepecewenue @ n U* 3amrnymo, mo @ 3amknymo.

(ITpurom U* Beerna obosHayaer MHEOmecTs0, mojdproe k U (cM. oipegesenue
(2,4) nacrommeir paforst). B gacTHOCTH, B cIrydae HOPMUPOBAMHOLO HPOCTPAH-
ersa, ecam U obGosnauaer egunuanyio chepy 8 X, ro U* Gyger romjecrreHo
¢ emuaHoil cfepoit mpocrpancrsa Y).

Ussecrno [9], uro mogupocrpascTBo § mpoerpancrBa Y, J{BOHCTRBEHHOIO
LOJHOMY HOPMUPOBAHHOMY JHHEHHOMY 1pocTpancTBy X, 3aMKIYTO, IIOCKOJBKY
ero liepeceveHne ¢ BaMKHYTOH efuHUHOI cdepoil mpocrpancrBa Y 3aMKRHYTO.
MoskH0 109TOMY OMMATH, u4TO GYJeT MOJesH0 3aHATHCA TOHPOOHBIM HBYYe-
HUEM CTPOCHUH IPOCTPAHCTB, HABOMCTREHHBIX IIPOCTPAHCTBAM, ABJIAIOIIIMCH
€CTeCTBEHHBIM 000011ieHneM MOJHHX HOPMUDOBAHIIBIX JMHEHHBIX IIPOCTPAHCTB.
B oroii pafore Mbr 1mokameM, 4To 9T0 OYyAYT KAk pas IPOCTPAHCTBA, IOTHEE
B cMEicyie A. Beiins.

CaMBIM BA7KHBIM PESYJ/JIBTATOM, KOTOPOIO MEL JIOCTHIHEM B HTOM HANIPABIICHMUIL,
ABIACTCA HENMOCPEJCTBEHHAs XAPaKTePHBAINA DJIeMEeHTOB IOMOJHeHNA 1aH-
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HOIr0 BBIIYRJIOTO TOTIOJIOrHYECKOro JMHEHHOTO IIPOCTPAHCTBA. JTOT Pe3yJkTar,
KOTOpPHIH MBI BEIBOJAM JIBYMsA Pas3JIMYHBIMHA CII0cO0aMu, aeT HaM 0{HOBPEMEHHO
1 HOBOE JJOKA3aTeJIbCTBO MBBECTHON TeOpeMbl O CYINeCTBOBAHUN ITOIOJIHEHMA.
B 7o ske BpeMsa OH II03BOJIAET HAM IIOJYIUTH IPENCTABIEHNE 0 CTPOSHUN HIPO-
CTPAHCTB, JBOMCTBEHHLIX HOJHHM mpocrpaHcrsam. Ham ypacres yeramoBuThb
caejyiolee XapakTepHoe CBOMcTBO: IpocrpamcTBo X Gyjer IMOJHEIM TOrma
U TOJBKO TOTHA, €CHH °ABOMCTBEHHOE €My IIPOCTPAHCTBO Y YAOBIETBOPAET
CIeYIOIEMY YCI0BHIO!

(C) Ecau Q — eunepnaockocm ¢ Y maras, wmo 0as awboill okpecmuocmu
nyas U e X nepeceswenue @ n U* samrnymo, mo u @ samknyma.

CpaBeenne ¢ mpepsyiuM ycsaoBuem (B) moxassiBaer, uro of6a cpolicTsa
BechbMa POflcTBeHB Apyr Apyry. CormacHo TOJBKO-YTO UUTHPOBAHHOMY pe-
synprary Hpeiina n Ilimynsaxa [9] 91 gBa yesioBUS PaBHOCHJBHEL, ecin X
ABJETCA HOPMMPOBAHHEIM IIPOCTPAHCTBOM. JTOT PEBYIBTAT MOMKHO Ge3 TPyAa
PacIpocTpaHuTh W HA IIPOCTPAHCTBA, B KOTOPHIX Touka ( uMeer cyeTHBIX
XapakTep. ABTOD JIOBOJBHO JOJIFOE BpEeMs CUUTAJN, UYTO YHACTCA HOKA3aTH
HKBHBAJICHTHOCTH HTUX JBYX CBOHCTB, T. €. 4T0 Teopemy Bamaxa mosxHO Oyner
PacIpoCcTpaHKTh, HA IIPOM3BOJLHBIE IIOJHBIE IIPOCTpaHCTBA. TOJNBKO KOIHA
aprop y0emumcs, 9T0 DKBUBAJIEHTHOCTh BTHUX JBYX CBOHCTB YIPAMO COMPOTHB-
AFETCA BCEM MOLBITKAM IOKA3aTh ee, OH OOPATMIICH K WBYYEHII0 HEKOTODHIX
ROHKDETHRIX LPOCTPAHCTB.

[ogxonsAupM THIIOM TAKMX IIPOCTPAHCTB sABJA0TcH upocrpaunctsa CO(T)
BCEX HEIIPEPHIBHEIX YHKIMI Ha NAHHOM TONOJOIrmYecKoM irpocrpascree T,
TOTUOJIOTHMBHPOBAHHEE € TOMOIIBLIO IICEBOHOPM, COOTBETCTBYIONIMX KOMIIAKT-
HEIM 1LOIMHOM<eCTBaM mpocrpaHcrsa 7', Tak Kak, II0 MHEHUI aBTOpA, M3y-
deHne 3aBHCHUMOCTel Mexay cBolicTramm upocrpaucrsa C(T) m croitcrBamu
npocrparcrsa 7' MomeT IPHBECTH K MHTEPECHHIM pesyiasTaraM B o0mmei To-
MOJIOTMY. DTHM BOUPOCAM IOCBANIEHA BTOPASA 4acTh Hacroamell paborsl.

Hamerum BKpartie BaKueiille pesysabrarsl »toit dactu. [lpempe Beero
OYeHb JIETKO 0XapaKTepH30BaTL TOMOJIOTHYeCKHe ItpocTpancrBa ', juist Koro-
pax npocrpascrso C(T) asuserca moausM. Bepem mas sroif mesm mpocroe
nouaTie. Oyurigmio x(f), OUpeeIeHHY0 HA BIOJHE PEryJaapHOM TOHLOIOTH-
TECHOM TpOoCcTpancTBe 7', MBI HA30BEM IIOYTH HENPePLIBHOM, €CJV A KaMK{OTO
wommaktHoro K ¢ 7' wactwynas QyHrIuA xx Oyger sHempepuBaoit. llorom
HeTpyAHo jokasars, yro C(T) Oymer IOJHBIM TOITIA M TOJBKO TOIJA, €CJIH
Kasgas nourn serpepsiBuas Qysriusa na 7' meupepusua. G nonsgTueM IodYTH
HeIpepHBHON GYHRIMY TeCHO CBABANO TOHATHE ITOYTH BAMKHYTOF0 MHOMRecTsa.
Muomecrso M c T’ Mt HaB0BeM HOUTH BAMKHYTHIM, €CJII A J000r0 KOMITAKT-
Horo K c T nepeceuenuie M n K samuuyro. flcHo Ha nepBsIii B3NSR, 4T0 B Ipo-
CTPAHCTBE, B KOTOPOM KAAI0Oe TOYTH 3aMKHYTOE MHOMRECTBO BAMRHYTO, Gymer
N KamIas HOYTH HeNpepHBHAA (YHKIUA HeNPepLIBHOIM.

Hernosssys oty pesysIbTaTsl, Mbl IIOKAMKEM, YT0 ToMOMOPQHELH 06pas moaHoro
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BBHIIIYKJIOTO TOIOJIOTMYeCKOTO JIMHEHHOTO IIPOCTPAHCTBA He OYJeT HelpeMeHHO
MOJHBIM. DTOT PE3YJIbTAT MOKET IIOKAB3AThCA HECKOJBKO HEeOMMAAHHEM, ubo
H3BECTHO, YTO roMoMopduEl 06pas 11071HOr0 HOPMHPOBAHIOIO IPOCTPAHCTBA
Beeryia mosamii. (Ilox romomopdusiM orobpaskenuem ML IIOHUMAEM, Kak 00BIYHO,
JUHelHOe 0ToOpasiente, ARIAONIECH OLHOBPEMEHHO HeIPePHIBHAIM M OTPKBL-
THIM).

TlocTpoum muia 9T0or0 BIOJHE PEryIApHOe TOMOJOTMYecKoe mpoerpaHcrso 71,
B KOTOPOM KajKjloe HOYTH 3aMKHYTOe MHOMECTBO ABJAETCA BaMKHYTHIM, TaK
uro C(T) Gyner wouusm. IIpu srom T GyjieT cofepsaTh 3aMKHYTOE MHOMECTRO
B raroe, uto Tonosorus npocrpaucrsa I uEgymupyer va B aucKperHylo Tono-
soruio. Oupepesnnn Teneps auneiinoe oroOpamenue C(7') 8 C(B) rak, 4ro Kam
noit mempepsiBHoil ynrumy na 7’ HOCTABUM B COOTBETCTBUE €€ YACTUYHYIO
¢ynrnnio za B. Mut o6Hapymum, 910 910 0T00parkeHye HeIPePEIBHO ¥ OTKPHITO.
Tax xkax Tonosorusi mpocrpanersa B nuckperuna, ro upocrpauncreo C(B) 6yner,
ouesnaHo, moauuM. IIpoerpancreo T mocrpoeno ograro rax, wro C(T) orobpa-
BUTCH TOJLKO H4 HEKOTOpPOe ILIOTHOe fojmpocrpaderso C(B), orawdnoe oT
C(B), rax uro obpas mpocrpancrea C(T) me Gymer mosmseM. (D10 3HAYHUT, Y4TO
He BCAKY QYHKIMIO, HEIPePBIBHYIO HA B, MOMHO HEIPepPLIBHO PacipocTpa-
HNTH Ha Bee npocrpanerBo 7', rak uro 7' He ABISETCS HOPMAJIBHEIM).

B nanppeiinreM MBI mCcTexyeM CBASH Mesjy B-moaHOTO# IIpocTpaHCeTBA
C(T) n cBoiicrramu upocrpancrsa 7. Ioayunres nHrepecHsiil pesyabrar.

Ecmi C(T) sinsercss B-nonsmnM, To kampoe Muosmecrso M c T, oxHOBpe-
MeHHO IToTHOe B 7' M I04TH 3aMKHYTOE, HellpeMeHHO coBiagaer ¢ 1. Bosun-
KaeT BOIPOC, Temeph yiKe 4HUCTO TOHOIOIMYECKOT0 XapaKrepa, B HKaMAOMIN
BIIOJIHE PErYJIAPHOM IIPOCTPAHCTBE, B KOTOPOM IIOYTH HEIpepBIBHbIE (YHKINN
SIBJIAIOTCS HEIIPePBIBHEIMY, OYAYT ye U HOYTH 3aMKHYThIe MHOKEeCTBA BAMKHY -
toiMu. OTBeT OTpHIATEsIeH, KAK BHIHO M3 LIpPHMepa IPOCTPAHCTBA, IPHBECH-
noro npod. M. Karerossim. Orum mpocrpanersom 7' yute pambuie 1o mpep-
somennio npod. J. Uexa sanmmasnca mpod. W. Hosak, woropmii yeranosm,
uro T we ABIAeTCA HOpPMANBHEIM. M3 mpeapiiyliero HemocpeerBeHno CIeyer,
aro C(T') ecrb mousoe, Ho He B-110JHOE IPOCTPAHCTBO.

B sawiriouenne MOKHO CKasaTh, 4TO BCe MCCIENOBAHMA HACTOAIIEH paborsr
BHIHBJIAIOT JOBOJIBLHO TECHYI0 CBS3b C HEKOTOPHIMH YHCTO TOIIOJOrHYECHIMU
BOIIPOCAMHU, U LPEJICTABIACTCH BECHMA BEDOSTHEIM, 4TO B HTOM HATPABIEHIIIL
GYAYT NMONYUYCHH AATbHeHNIMe HHTePeCHEe PesyIbTaTh.

§ 2. OIPEJEJEHIS I H3BECTHBIE VIHE PE3YJIbTATLI.

B ATOM naparpa(be MBI JaeM CBOJZ(Ky OCHOBHBIX OHpeHGJIGHHf/I 1 M3BeCTHHIX
TEOpPEM ¥3 TCOPUM BRIITYKJIBIX TOIOJJOTMTYECKUX JWHEeWHBIX TIPOCTPAHCTB. Bee o
copepsrarca B paborax [1], [3], [7], [8], [10], [12].

HOJI JNHEHHBIM UPOCTPAHCTBOM MBI IIOHMMAaEM HEIyCcToe MHORECTBO X,-
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ABIAIOMeECs ANANTHBHOM alenesoil rpymnmoit, rje EammMy TeHCTBATIbHOMY
quciy IOCTAaBJeH B COOTBETCTBIIE HEKOTOPHIE ONepaTop, IPUYeM OJIHAHEL
BEINOJHATHCA cjefiyomue TpeboBanusa (3eMeHTH HpocTpaHcTBa Mu 0003HA-
4aeM MaJEIMU JATHHCKUME OyKBaMH, JIeliCTBUTEJIBHBE YNCHA — MAJBIMH Tpe-
9eCKUMH; BJI6MEHT, IIOJYYalomuiici B pesyabrare UPUMEHEHWA K DIEMEHTY
z € X omepaTopa, COOTBETCTBYIOIEMY HeiiCTBUTEIBHOMY YHCIY «, 0003HAYAEM
qepes ox):

(1) omeparop, COOTBETCTBYIONIUIT CyMMe YMCET &y U &,, TOMIECTBEHHO PaBEH
CyMMe OHepaTOpOB, COOTBETCTBYIOUIMX &; M &y

(3 ) @ = g -

(2) omeparop, COOTBETCTBYIOIIHIL IPONIBEJIEHNI0 YHCET X, U Ky, TOIKAECTBEHHO
pPaBeH IIPOU3BEIEHHI0 OIEePATOPOB, COOTBETCTBYIONMMX &; U o,

(xy9) ® = &y(20g2)

(3) omeparop. cOOTBETCTBYIOIINI AelicTBUTEIHHOMY YHCIY 1, eCTh euHWIHEI
omeparop
lo = x.

Ecan X — gunpeitnoe mpocrpaserso, A — peiicrBuresnbroe umenao, 4c X,
Bc X, 10 A - B osnagaer MHOMECTBO Beex @ b, rie a € A, b ¢ B. u anamnorng-
HO AA osHauaer MHOM:ECTBO BCeX Ad, Tie @ € A.

Mnoskecrso L c X HazoBeM JIMHEIHBIM IOJIPOCTPARCTBOM IpocTpancersa X,
€CaU UMeeT MecTO

Aty + Aymy € L

A M00BIX 2y, T, € L, U paa J100HX HeHCTBUTENBHBX YUCe Ay, Ay.

HRasxgoe nuneiinoe IOAUPOCTPAHCTBO IIPOCTPaHCTBA X caMo ABAACTCH B JIETKO
HOHATHOM CMBIC/e JMHeHHbLM npocrpascerBoM. Eciu L — suueiinoe mopumpo-
crpanerso npoerpancrsa X, mut 6ygem uncars Lcc X. Ecan M c X, ro werpya-
HO y0emuTHCA B TOM, UTO HMeeTcd HAUMeHBbIIee JMHEHHOE IIOJIPOCTPAHCTBO
B X, cogepmaimee M. Mot Gymem ero Haswisath siuHeinoil 0600uKo#i MHOMC-
crea M 1 ofosuauvars gepez $(M). :

Orofpassenue f npocrpancrsa X B MHOMECTBO ReHCTBUTEILHEIX YHCET Mbi
HazoBeM JMHeHHOW (yHKIHe#, ecliH OHO OJHOBDEMEHHO AJIUTHBHO M OJHO-
poiHo. (Bo msbemanye HejopasyMeHnii Msr 06painaeM BHMMAHME IMTATEN HA
TO, YTO BHIp&KEHNEM JuHedusi QyRxIuoHAT MEL OyHeM II0Jb30BATHCA JIsA
0003HaUeHIA JHHEHBIX QYHEIINH, TOQUMHAIOIUXCA HEKOTOPHIM TPeSOBAHMAM
HEIIPEePLIBHOCTI ).

MuoixecrBo @ X MBI HaB0BEM THIIEPINIOCKOCTRI0O B X, eciu CyIIecTBYeT
HeHyJdeBas JuHehnas gysriua f na X raras, 9ro @) ABAAETCA KAK pas MHO-
HEeCTBOM BCeX HYJIEBHX Touexk QyHruuu f. B Tanom ciaywae MBL Gy/ieM roBopurs
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0 PHIEPILIOCKOCTH, 06pasoBaHpol snHelinoi fyurnueii f. Herpymuo yGeaurhes,
\TO BCe JIMHeliHble QYHKIMU, o6pasyolie JaHHYI TUIEPIUIOCKOCTh @, oTmi-
4alOTCH JPYT OT JpYTa TOJBKO HEHYJeBHM dYncioBHIM Qakropom. HKammas
runepmiockocrs B X Gyzer, 09eBHHO, ojpocTpancTsom B X.

Mmuossecrso K ¢ X MB Ha30BeM BEIIYKJILIM, €CJHE ¢ KasKIBIMI JIBYMA TOYKAMH
OHO COJIEPIRVT T OTPE30K, COeAMHAION{HI 91U roukn. MEL HasoBeM ero cuMMer-
PUYHEIM, €CJIM ¢ KasKIEIM DIEMEHTOM # OHO COJEp:RHUT U djeMeHT — . MHO-
ectBo K c X HazoBeM CHMMETPMUYHBIM BBRITYKJIEIM TeXoM B X, ecim OHO cuUM-
MeTpUYHO ¥ Beiryrio, u npuroMm {(K) = X.

Jlerxo oGHAPYIKUTE, YTO CHMMETPUYHOE U BrITyRioe MHOsecTBo K c X Oyner
CHMMETPWIHKIM BHITYRJGM TeX0M B X TOr/a U TOJIBKO TOTNA, €CJAU JJIsL Kam/A0ro
x ¢ X cymecrByer A > 0, Tak, 4ro x € AK.

ITycrs X — mpomssoasHoe MHOMecTBO. IIyers w —— cmerema mopMnossecTs
MuoRecTBa X rakas, 4ro

(1) mycTO® MHO'KECTBO U MHOMECTBO X IIPUHAIIEHKAT %

(2) coegumeHye ITPOMBBOJIGHOH CHCTEMH MHOKECTB, HPHHAJICKAUMX U,
TAKIKE TPUHANIIEANUT %

(3) nepecedenue IPOMBBOJBHON KOHEYHON CHCTEMBI MHOMKECTB, IIPHHAJIC-
FRANNX %, TAKKE TPHHATICKUT U.

Torpa mut HageiBaeM % Torosiorueii va X, a (X, #) — TOIOJNOrTYECKHM HIPO-
crpanctBoM. Ecan M c X, To saMmkanue MuomectBa M 1Ipu TOIMOIOrHNH % MBI
obosnayuM uepes ulM.

Eca @, m u, gBe Torionornu pa X raxue, 9To 4, D Uy, T0 At Rasmpgoro M c X
MMEeT MeCTo

u M cu,M .

Tak karx B ganbheinieM TONOJOYHsA HAC GylNeT MHTEpecOBaTh IIABHBIM 00-
PA30M KaK OLepaTop saMBIKAHILA, TO He IIOMeLIaeT BBECTH CJeAYIollee cor/a-
menue:

Ecin u, > u,, To Mb1 OyieM roBopuTh, UTO TOIOJOIMA U, CHJAbLHEE, UCM U,

3zech MOXI0 OB BOSHUKHYTH HEJ0pasyMeHHe, TaKk KAk B JUTepaType eie Her
VCTaHOBUBHISHCA TepMUHOTOrHY. MHore aBTOPH IIOAb3YIOTCA HAa3BaHIeM ,.00-
Jlee CHJBHAS TOLIOJOTMA‘* Kak pas B ob6parnom cmeicie. OfpamaeM BHUMaHue
YUTATeI ST HA TO, YTO 10 CMBICTY HALICIO COIVIALIOHNA T. HAad. cIa0as TOHOI0IHA
JIMHEHHBIX IIPOCTPAHCTB ABIALTCHA KaK pa3 caMoii cruibHOI U3 BCeX SKBUBAJIEHT-
"HBIX €l TOMOJIOruii.

MuosecrBo X MBI HA30BEM BHILYKJBIM TOIOZOTHUYECKIM JINHEHHBIM IPOCTPAH-
CTBAM, eCHIH
(1) X — auneliHoe IPOCTPAHCTBO
{2) wa X onpepesena TOIOJOTHA % TAKAH, YTO HMEET MECTO
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(21) orofpaskenue TomOJOrMYecKkoro mpocrpascrBa X X X B X, craBamee
pape (2, T;) B COOTBETCTBHE DIEMEHT &y - &g, HeIIpepLIBHO

(22) oroOpasmenne TONOJOrMYECKOTo IIpocTpaHcrBa K, X X B X, cTapAmee
nape (4, x) B cOOTBETCTBYIE DJEMEHT Ax, HEIIPePLIBHO

(23) cymecTByer MOJHAA CHCTEMA OKPECTHOCTEH HYJIA, COCTOANAA U3 CHM-
MeTPHYHBIX BBIIYKJBIX TeJ

(24) ogHOTOYEUHOE MHOKECTBO, cofepsamjee sieMeHT 0, 3aMKHYTO.

Jas romonorun, nMelomeii ceoiicra (21)—(24), ML BBeJeM A CORPAIICHUA
HagBaHue: fonyceruMas Tomosxorua na X. Jlerko yeranoBUTH, YTO CBOMCTBO (24)
PABHOCHIBHO TpeGOBAHMIO, YTOOHL IiepecedeHne BCeX OKpecTHocTed HYIs ObLIo
Kar pas Toukoi 0.

W3 cBoiicts (21)—(24) Tomomorun w u us obmero peayaprara Ilonrpsruua,
KACcaIoIerocsi TOHOJOTNYECKIX IPYIII, BHITEKAET, YTO KaKjo0e BBUIYKJIOe TO-
IIOJIOrYecKOe JTHHeHoe MPOCTPAHCTBO BIOJHE PEryJApHO.

Ilycrs f ects aumeiinas QyHKUUA, ompeleJeHHAs HA BHITYKJIOM TOIOIOTH-
qeckoM JuHelHOM Irpocrpancre X. Ecmm f mempepmiBma, To Mul Gynem Ha-
3HIBATH ee JuHeiiHKM QyHriuonanom Ha X.

(2,1) Iycmo f ecmy auneiinan Gynryus, onpedeichnas Ha 6bIRYEAOM MONOA0-
euneckom auneiinom npocmparncmee X. Iomom | 6ydem aunelinvime @Gyrryuo-
Haaom na X nmozda u moavko moz0a, ecau muomcecmso E [f(x) = 0] samruymo
¢ X. x

Benomuum cieyonryio Xopomno H3BeCTHYIO TeOPeMY, PABHOCUIBHYIO TeOpeMe
Xau-Bawaxa.

2) Hycmws X ecmov sunykaoe MOROA0UNECKEOE AUHEEHOE NPOCMPAHCIMEO

b i b4
u nyemv K ¢ X sunywao. Ilyemev @ € X, a non € K. Tozda cywecmeyem auneii-
nurlh Pynryuonan | wa X maroi, umo

sup f(K) > f(a)

yers teneps X — suneiigoe IIPOCTPAHCTBO, W HYCTh Uy U U, — JIBE DAz~
nrie gonyerumsie Tomogornu ua X. Tak rax (X, u,) u (X, uy) BrosHe peryaap-
HEL, TO MHO:KecTBa Beex Qynxrmit Ha X, HenpephIBHLIX HPU TOIOJOIMH %; W Uy,
COOTBETCTBEHHO, OYAYT OTIAMYATHCA APYr or jApyra. Tem He Menee Mouer Ha-
CTYNUTH (M, KaK TPABIJIO, HACTYUAET) Cayyait, 9T0 %, + %y, & MHOMKECTBa BCex
suneiiunx gysrimonasnsos va (X. u,) n (X, u,) coBmapamr. T[oa’r()My 1{eJI6Co~
00pasHo BBECTH CJeAyloliee OlpefesieHue:

ycers X — smmeitnoe mipocrpanctBo. Ilyers u, u 4, — jABe TONOJOIUM HA
X rarue; yro (X, u,) n (X, %,) ABJIAIOTCH BBIIYRIGIMI TOIOJIOTUYECKIMH JIM-
HeifrEMY npocTpadcTBamMu. Mol cKasmKeM, 9To %; M %, BRBUBAJIEHTHH (0003HaYe-
HIE %, ~ U,), eCJAM Kamkpasa juHelinas (YHEIMA, HellpephlBHAs B OfHOI ua
Hux, 6yoer HenpepsBHONW U B APYTOii.
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W3 upepsigymedt TeopeMEL HeMOCPECTBEHHO BEITERACT CJCNYIONHH PesyJib-
TaT:
(2,3) Tonosoeuu u, u u, sreusasenmus, mo2da u moavko moeda, ecau 04s 410~
6020 sunyraceo K ¢ X 6ydem

w K == u,K .

Iyers (X, ) — mpousBosbHOe BHIYKIOE TONOJOrMYECKOe JMHEHHOe Ipo-
CTPAHCTBO M UyCTh ¥ 03HAYAET JMHEHHOE IIPOCTPAHCTBO BCoX JIHHEHHEX (yHk-
nmonanoB Ha X. Torma ma X MoHO BBECTH HOBYIO JIOUYCTHMYIO TOMOJOITIO
TEM, YTO B KaYecTBe IOJHOM CHCTEMBI OKPecTHOCTel Hy A B X BOZbMeM Kak . pas
cUCTEMY BCeX MHOJKECTB BHJa

E Hfz(x)l é Li =12, n],

z
A€ fy, ... fn 1poGeraer BCe KOHEUHEHE CHCTEMbI JMHEMHEIX QyHKNHOHANOB HA
X. Dra TONONOTHA HABHBACTCA cIaboll TOIOIOTHEH, COOTBETCTBY IO TON0I0-
riu u; M 0603HauMM ee uepes 4. Herpynno Bupers, uto u < 4% U UTO % ~ .
Tar rar JJIsL OolIpeJielieltua TOIIOJI0TN i AOCTATOYHO 3HATH TOJBKO NIIPOCTpaH-
CTBO BeeX JMHEeRHRX QyHriinonanos Ha X, To ACHO, YTO HMeeT MeCTo

u~u o= ouw < L
OTo BHAYUT, UTO CPEMI BCeX HOIYCTHMBIX TOHMOMOTUH Ha X, 9KBUBAJIEHTHHIX

TMAHHOM TOTIOJNOTHU %, CYIIECTBYET caMasf CHJbHAA TOIOJOTHA.

He rax serxo goxasars ([1], [8], [10]) cymecrBosanme nomycruMo# Tomoso-
THY TAKOiL, 9TO % ~ %, IPIIeM HMeeT MeCTO

woe~u = o >
ATY TONOJOrMI0 Mbl OyAeM HA3BIBATH MHHUMAJIbHON Tomosorueil, sksHBa-

JIEHTHOM TOIOJIOruM U.

IIyerp remeps X m ¥ — 7Ba BEITYRAKX TOIOJOIMYECKUX JIHHEHHBIX IpO-
crpancrBa. Mer cramenm, uro X n ¥ JBOWCTBEHBl APYI APYLY, €CIM JIIA Kam-
noro x e X u [ KmEoro y € Y onpepeseno gefcTBUTeNbHOE YHCIIO Ty TaK,
YTO BHUIOJHAIOTCA CJIeRyione TpefoBaHus:

(1a) Ecawu f(x) == xy,, rie x-upoberaer X, a y, ects GUKCHPOBAHHDIA HILMEHT
Y, €Y, T0 f ectn sumeinsiit gyurimonan na X.

(16) Ecan g(y) = z,y, roe y npoberaer Y, a x, ecTb PUKCHPOBAHHLII BiIeMeHT
x, e X, 1o g ecrs Juneiinnit gyurmuonan va Y.

(2a) Eecau | ecrs smneiinsii gynrmuonan Ha X, To cymecrsyer y, ¢ Y rTax,
yro JUIA BeeX x e X Oymer f(x) = xy,.

(26) Ecau g ecrs aumeiinsii ¢yunuuonan va Y, To cymecsryer x, ¢ X rax,
ur0 AJIA Beex i e ¥ Oyner g(y) = x,y.
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(3a) Ilycrs y, e Y Tamoit, uro umeer mecro xy, = 0 mias Boex x ¢ X. Torga
Yo = 0.

(36) Ilyers x, e X rmawoif, uro mMmeer MecrTo %, Y= 0 A Bcex y < Y. Toraa
x, = 0.

Heno, uro ecomn X u Y — gsa qBOMCTBEHBHX APYT APYIY BHITYKIILIX TOIOIO-
THYECKUX JIMHEMHBIX IIPOCTPAHCTBA, TO OHU OCTAHYTCA JBOMCTBEHHBLIMHU [PYT
APYry naske eCil B KarHAOM U3 HUX 3aMEHUTH NAHBYIO TOIIOJOrHI0 MPOU3BOJL-
HO#i 9KBIBAJICHTHOM €i TOITYyCTHMOI TOMOIorHelH.

Momno A0Ka3aTh CACTYIONIYIO TeopeMy:

(2,4) IHycms (X, u) — 6MNYEAOE MONOJOSUMECKEOE AUKEUNOE RPOCIPAHCINGO.
Toe0a cyupecmsyem suinykL0€ MONOA0UNECKOE AuMeliHoe npocmpancmeo ¥ maxoe,
umo X u Y Osoticmeennst Opye Opyey.

IIycers memeps X m Y — pBoiicTReHHEe APYr APYry upocrpascrsa. Ecean
Ac X, 1o nyers A* o3Havaer MHOMECTBO

B[4y <115
¥

MuosreerBo 4* Mt GyjeM HasBIBaTH MHOMKECTBOM, NOJAPHLIM K MHOMECTBY
A. Jlerxo yeraHoBuTs, 910 JIA RaKpgoro A muomecrBo A* Gyner cumMmerpu-
HEIM BHIDVKIEM 1 3aMxHYTHIM B Y. (Her HyKus upeanucuBars, B KOTOPOH U3
BOBMOZKHBIX TOTIOJIOTHI npocrpancrsa Y, 6o peus Mjer 0 BHUIYKIOM MHO-
FRECTBE). .

B pambmeiimeM HaM IOHAJOOUTCH CJEAYIONIEe JEIKOe CJEJCTBUE TEOPEMBI
(2,2):

{2,6) Jan kawcdoeo A muodcecmso A** 2643€MCA HOUMEHDULUM CUMMEMPUH-
HBLM BUINYEHYMBIM MHOMICECEOM, codeprcawum A.

Hawerusm joxasareabcerso: Hpemxye Beero, acuo, uro A ¢ 4** nyro maosme-
erBo A** gBAAETCH CUMMECTLHIHBIM BHITYKIHM H 3aMKEyTsM B X. Ecan remepn
ofosHaunTh yepes (' HauMeubliee CUMMETPHYHOE BBITYKI0€ 3aMKHYTOE MHO-
WwecTBo, coyepaniee 4, to Oyger Cc A**,

Ecaun 681 Temeps cyurectBoBaito e A** maw, uro @ none (), 10, COMIACHO
{(2.,2), cymecrBoBasnio Oul ¥ € ¥ TaK, 4ToO ’

Oyl <1, ay>1.

Tak rag AcC n’A[Oyi << 1, Oyaer y e A*. Tar rax y ¢ A* n x € A**, pomrno
Grith jzy| < 1, 9TO OPOTUBOPEUNT AOMYINEHNIO.

*j |Ay| < 1 spaunr: Jas mo6oro a e 4 6yper fay| < 1. 110 MHeHMIO anTOPA HTO HE COBCEM
00HYHOe 0003HAYEHIE HE JIMIICHO WM3BECTHBIX TNPEHMYIIECTB, M OH PeNILI T0JIb30BATHCA
M Besge, IJe oHO yrpomaer samuck. Tark HanpnMep, ecim M —— MHOMKECTBO 4MCesl, TO He-
pasenctso M > 0 o3Havaer, 4ro Bee 4HCAA MBOHecTRa M HeOTPUNATEILHE W T. 11,
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O6paruM BHAMAaHHE HA TO, YTO M3 TeopeMsl (2,5) BbITERAET CJefCTBUE
(2,6) Ecau mroncecmso K c X cummempuuno u eoinyrao, mo

K = K**

. .

Urak, ecau K — 3aMKHYTOE CUMMETPHYHOE BHIIYKJIOE MHOHAECTBO, T0 K
COBIIAJIaeT ¢ MHOKECTBOM K**. D10 06CTOATENLCTBO BMECTE C PeryJApHOCTHIO
mpocrpancTBa X TPHBOAUT HAC K CIEAYIOMEMY COINIANIEHMIO:

Io0 oxpecmuocimoio Hyas mwr 6ceeda NOHUMAEM CUMMEMPUAHYIO SBBINYKAYH
U 3AMEHYMYIO OKPECINHOCTND HYAS.

OCHOBHYIO POJIL B TCOPUN BRIITYK.IBIX TOIIOJIOIUICCHUX JAuHeiHbBIX IIPOCTPAICTB
UI'DAIOT CJAeAVIOIIUe JIBe TeOpPeMbl:

2,9 IIyeme X u Y — 0éa swnyravix npocmparcmea, 0solicmeennsis 0pye
dpyey. Iycms U ecmo orxpecmrocmo nyas ¢ npocmparcmee X. Toz0a muoxncecmeo
U* 6ydem womnarmuuiy ¢ caaboli monosoeuu npocmpancmss Y .

(2,8) Illyeme X u'Y — 08a sutnyrabix monoso2udeckus AUHEHHHL RPOCMPAH-
cmea, dsolicmeennvix Opye opyey. Hycme mmoscecmneo B c X cummempuuno,
SUNYKAO U KOMRAEMHO 8 caaboii monoaoeuu npocmpaiicmea X. Toeda B* oydem
OEPECMHOCIIBIO HYAS 6 MUHUMAALIOLL MON0A0RUL Rpocmpancmed Y .

O}IH& U3 337144 HacroAmei })86()T];{[ 3aKJaI09aeTcH B TOM, YTOOLE TIOKAT3ab
BO3BMOMHOCTL YCHJIEHHUA 3TUX NBYX TeOpeM.

§ 3. [IOJHUBIE IHPOCTPAHCTBA.

B nacrosiuem raparpade Mbi 3aiiMeMCs IIpesjie BCero I0I0JHeHeM JaHioro
BRITYKIIONO TOIOJOrMYeckoro JuHeifHOro pocrpauncrsa. Hav yracres Hecmosm-
HBIM CII0OCOOOM JaTh HEIOCPEeICTBeHHOe OTNCaHUe HJIeMEeHTOB TIOMOJHEeHNs JIaH-
HOr0 IPOCTPAHCTBA U TeM CaMbIM IOJYYHUTh OJHOBPEMEHHO IIPe/CTABJICHUE
0 CTPOeHUN MPOCTPAHCTB, /IBOMCTBEHHHIX IIOJHBEIM IIPOCTPAHCTBAM, IIPUYEM
B BUfie TTOOOTHOro Pe3yIbTaTa MEL IOJYIMM IPOCTOE JOKABATETHCTBO TEOPeMbL
0 CYIIeCTBORAHUYN HOMOJHCHNS JAHHOrO BHIIYKJIOTO TOMOJOrUYeCKOro JIMHEeH-
HOIr0 TpocTpancrpa. [VTaBHEIM Pe3ynIbTaTOM ABIAETCH TEOPEMA O CBAZN MEMAY
TIOTHOTOM JAHHOIO MPOCTPAHCTBA I CTPOCHUEM IIPOCTPAHCTBA eMYy HABOMCTBEH-
HOTIO.

ITycrs pgamo BeITyKSIO€ TOLOJOTMYeckoe JjuHelinoe mpocrpancrso R. Ilycrs
X — nnotnoe nofgupocrparerso 8 K. Torga Kassasiil HewrpepslBHEI JInHeHHbLH
QyuRIMORAJ, ompe/lesenublii Ha X, MOMHO OJJHMM M TOJBKO OJNHHM CI0CO6OM
HEIPePHIBHO - PACHPOCTPAHUTS Ha Bee npocrpanerso K. Kean, maoGopor, ¥y
eCTh HeTpepEBHBLA mumeiinsit QyHRUIoHAT, onpefeleHHut Ha B, T0 wacTHd-
uag PyHRINA ¥y Oyner HerpepsBHRM JHHENHHM GYHRIMOHAIOM, ONpPeJeteH-
usM Ha X,
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9T0 BHAYUT, YTO IPOCTPAHCTBO BEEX HElIPePHIBHAIX JMHEAHNX (yHKIMOHATIOB
Ha R 1t IpocTpanCTBO BeeX HeNpepHEREIX JINHeHEX GyHKmonanos na X Gyayr
B KayecTBe a0CTPAKTHHIX JHHEHHEIX mpocTpancTB usomopgusmm. Mrak, mo-
CKOJIBRY HAC He WHTEpPEecyer WX TOIOJO M3, Ml OyACM MX BCETJa OTOMMIe-
CTBIATE I TOBOPUTE, uto B 1 X UMeI0T OHO ¥ TO e IPOCTPAHCTRO JIMHEHHHX
Pyurmronanos Y. ' ‘

fleno, uro ecam vy U vy -— jABe TomoJoruum Ha Y ramume, uro R pBoiicreno
(Y,vg), u onmoBpemenno X ppoitcreeno (Y, vy). To He Mosker uMerh MecTa
vy = Uy; 00Jiee TOro, STU TOMOJOIMU Jayke He MOIYT OHTH SKBUBAJEHTHBIME.

(3,1) Ilyemv Oano sunykaoce monotosuyeckoe aumeiinoe npocmpancmso R.
Hyems X — naommuoe nodnpocmpancmeo ¢ R. Hyemv U — npouseoasnas.
orpecmuocmd nyas ¢ R. Tozda

U=UnX.

Horxasareascrro: Ilyers 2 ¢ U u nyers W ecrs oTkphTas OKpecTHOCTH
roury z. Torga cymecrsyer 0 < A < 1 Tak, aro Az e W. Tax war 0 < 4 < 1,
Gyaer Az eint U. Muomecrso G = int U n W mostoMy HEmyecro W OTKPHTO,
TaR 49T0 CyI{ecTByeT ‘

zeG@nXcWn(UnX).

Hrak, x e U n X, uro u TpeGoBasiocs [IOKasaTh.

Ha nporsssenun Beero maparpada ML 3afaauMcs QUKCHPOBAHHLIM BBILYK-
JTBIM TOHOJOTMYeCKUM JuHeilHsM npocrpancrsoM (X, u). Hyers panee (¥, u%)
03HAUAET JBOMCTBEHHOE €My IPOCTPAHCTBO B-caaboit Tomosorum.

(3,2) Ompemexenne: Bunyraoe muoncecmeo K ¢ Y mbl HA308€M ROUIMU 30MEIY-
mulm, ecan 0as awboii u-oxpecmuocmu nyas U e npocmpancmee X mHomcecmeo
K o U* 6ydem samrnymois 6 Y.

Mrr BuaHM, 9TO IOHATHE IIOYTH BAMKHYTOTO IONIPOCTPAHCTBA B Y saBucHT
or BEIGOpa Tomosorum mpoctparcersa X. B wacTHooTH, €ciM TONMOJOTUA U IIPO-
crparcrsa X ecthb cirabas TOMOMOTUA, TO Kamg0e MOIPOCTPAHCTBO B ¥ 6yier
IIOYTH BAMKHYTHIM.

(3.3) Ompegexenue: Junciinyw dynryuno r, onpedesennyino na Y msl Hazoses
nowmu Henpepuigholl, ecau 0as awbozo U wacmuunas Gynryus ry. 6ydem me-
RpeEpuIsHOTE 8 MONOL0ZUY Uy . :

Tenepb uMeeT MeCTo CJeyIouias TeopeMa:

(3,4) Iycmv r — auneiinas Pynkyus, onpedesennas na Y . Beedem o6osnavenue
Q = E [ry = 0]. Toeda r 6ydem noumu nenpepuisHOi 6 MOM W MOSEO 6 TOM
¥ .

cayuae, Koeda sunepnaockocmy ¢ nowmu 3amEHymMA.

B pansueiimem Ham monajofures nopobHas TeopeMa IPiA auMHeNHHHIX QyHy-
1uil, He ABJIAIIIMXCSA ONpejedenHbnMy Ha BceM Y. Bo usbesxanue 1ioBropenus
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T0100GHEIX PACCYACHUN MEI TYT e NOKameM BTy GoJjee OOHIYI0 Teopemy.
Hama Teopema (3,4) GysieT 13 Hee BHTEKATh, KAR JaCTHEIA ciydait.

Ilyers (X, w) — BHIYKJIOe TOHOJOTHYECKOe JHHeHHOe IIPOCTPAHCTBO,
(Y, %) — npocrpancrBo, BoficTReHHOE eMy B caaboit TomosorHY.

(3,4) IIyemo Lcc Y u nycmo g(y) ecmo aunetinas ynryus, onpedesennas
na L. ITyems 0as s06020 OeiicmenmensHozo «

Q. =ElyeL,gly) = «].

Toeda caedyowue ymeepucdenus 6ydym pasHocussnwmu Opye Opyey:

(1) g(y) sseaaemesn wy-nenpepwenott na awbom L a U*

(2) 0asn wwboeo x u awbozo U* muoxcecmso Q, n U* omrocumenvio 3amenymo

¢ L,

(3)  0Oasa awboeo U* muoscecmso @y 0 U* ommuocumesvro BAMEHYMO 6 L.
Jorazareascrno: OueBupgno, uMeoT MecTo MMIMEAIWE (1) => (2) = (3).
[Iyers Teneps cupasegmuBo yreep:mpenue (3); AOKaKeM, YTO MMeEET MeCTO

{2). B camom nese, BosbMeM HEKOTOPOE @, U HeroTOpoe U*. Umeem nBe Bosmosk-

HOoCeTH: win @, n U* nycro, Torma MBI 'y HeJN; WK CYIECTBYeT Y, € @, n U* —

TOTJIA MBI YTBEPIKHAEM, 4TO

Qo 0 U¥ = (yo |- 2(Qo 0 U¥)) 0 U* .
IlpaBast 4acTb CONEPIKWTCS, OUEBUNIHO, B jMeBol. BosbMem sarem
¥ eQ,n U*.

Torna, Bo — EPBBIX, Y, — Y4 € Qo BO — BIOPHIX, ¥, — Y, € 2U*, ubo rax y,,
Tar 1 Y, demut B U¥, otiyna v, € ¥, 4 (@ 0 2U*) = y,+2(Q, n U*), nuame
PaBEHCTBO OKABAHO.

Tawx ®waK 110 NPEIOIOMEHNIO MHOKECTBO @y n U* oTHOCHTENHHO 3AMRHYTO
B L, 10 oTCIOfa CIeAyer, YTo 1 MHO3KecTBO @, n U* ornocuresbno saMiuyTo B L.

Ilyers Teueps cmpaBefiuBo yrBepsiienne (2) 1 JorameM, 9T0 MMEET MeCTO
(1.

ITyers mpoussoabno Bagaust U*, y, e L n U* u uneao & > 0. (Koseuno, Myt
upepnogaraem, 4ro g # 0). llpoeemem rumepusockoctn B Lt

Q. =Elyel, gy=gy,—e],
N :

Q, =E[yel, gy=gy,+e.
g

Muomecrso W = (@_ n U*) u (@, u U*) mo upeanosomennio OTHOCHTEILHO
BBMI{HyTO B L. CJICIIOB&T&JII:HO, CyHIGCTByGT CHMMGTPH‘!HQH BBIIIyHJIa}I OKPGCT-
HoeTh Hyssi Vo (mpn Tonmonornu wy) Taw, uro ¥, -V me nepeceraercs ¢ W.
Teneps MEL yrBepH{IaeM, YTO HMEET MECTO MMILJIMKAL A

yeU*n L, yeyg+V = |gy—gy,| < e.
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Tpenuomosmum, naoGopor, uro cymecrsyer y ¢ U* n L, y €y, -~V mak, uro
Y < GYo — &
CareioBaTesbHo, g(yy — y) > & > O,
Momomum A = h——s——, Trar aro Oymger 0 < A << L.
9Yo—¥)
Taxr xar :
yeU* n Lo(y,+V)
Yo € U* 0 L n (yo”‘}“ V)7
M BT J(B& MHOKECTBA BHIIYKJHL, TO GyZeT Tarme
Yo =Yo+ My —w) e U¥ 0 Lo (g1 V).
Jlerxo opmako ybequTeCs, B TOM 4TO
gY- = gYo— ¢,
CIIeJI0BATEIBHO,
YyoeQ o U n(y-FVcWan(y-+V),
YTO IIPOTHBOPEYHT IIPENIOTOHEHMIO.

B nessx ganbHeluero MaioReHUs MBI yike Terieph 0000LINM ompejieleHue
(3,3).

(3,5) Oupegexenme: Ilycms duno L cc Y u nekomopas auwmeiitnas Pynryus
9(y), onpedeaennas na L. Mo nazosem g nowmn nenpepuignoli Pynryueli, ecan
sin0.AHEHO 00HO (@, 3HAUUM , U 8Ce) U3 C60ICIE, YKASAHHBLY 68 npeduidyuelt meopeme.

Jira panpHefimiuX mpuMeHeHUH NpuBegeM Terepb Ges J0KRABATETHCTBA XOPO-
UI0 W3BECTHYIO TeopeMy O cymecTBoBaHum mnomonaxenus [13]. Buopouem, us
HOCAERYIOMNX PACCYMACHUI JIeTHO HOJAYYUTCA B KadecTse 110609HOTO Pesyib-
TATa HOBOE NOKA3aTeAbCTBO DTOI TeopeMsl [ BEIIYKJIHX TOHOJOTHYCCKUX
JIMHEHHBIX IPOCTPAHCTB.

(3,6) Ecau (X, u) — swnyrioe monoaveudeckoe AuKeHOe RPOCMPAHCMEO, O
cyuecmeyem sunykaoe monoso2uneckoe Aunelinoe npocmpancmeo (R, uy) mak,
umo '

1) XcR,

(2) monoaoceus gy undyyupyem na X monoaceuio u.,
3) X naomuo ¢ R,

(4) R ecmb noanoe npocmparcmso.

Hpocmpancmeo R asasemea (¢ mournocmbio 00 uzomopfusna) o00HOZHAUHO
onpedeseHHbLM 1L HAILBAEINCS NONOAHEHUEM npocmpancmed X.

Tenepp Mu MomeMm copMyIHMpoOBaTH yeWIeHHe TeopeMsl (2,7), 0 KoTOpOM
MBI yie FOBOPHIIM.

3,7 IHycmv (X, u) — 6uRYEI0€ MOROAOSUHECKOE AUHEIHOE NPOCMPAHCMEO,
(Y, u%) — dsoiicmeennoe emy npocmpancmso ¢ caaboii monosoeuu. Hycmo R
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03H@Uaem nonoanenie npocmpancmed X u nYcmo wuy 03HAUALN: CAAGYIO MOROAO-
euio na Y, coomsememeyiowyio npocmparcmey K. Tozda umeem mecmo:

Ecau U ecmv npoussosvias okpecmnocms nyas ¢ X, mo muomcecmeo U*
AGAICMCS Wpy-KOMIARTHBIM..

Horasarenbcrso: Cymeersyer okpectnocts Hysist Up B mpocrpancrie R
rak, wro U == U, n X. B 7o e Bpemst uz (3,1) HaM U3BeCTHO, 470

Up=Tnn X T,

Tak 4ro u3 Jemmbi (2,6) caepyer Ug == U** rpe Ha proT pas BTopasd 3Be3H0YKA
03HavaeT, KonewHo, noasprocrs 8 R, Oreona

Uk = Ursx = U* )

Tax wrak Uy —— okpecrrocrs nyisa B R, o U}, KOMIIAKTHO B TOIOJOTHM uj.
Ho w1 kax pas 10abK0 9T0 foRasamm, yro U* = Uk,

Cdopmysmupyem Tereps INIABHYIO TEOPEMY HACTOSLIEro JIaparpada.

(3,8) Ilycms (X, u) — 6HAYKA0E MONOAOSUMECKOE AUHETIHOE NPOCIPAHCHIED .
To20a X Gydem noansia ¢ mosm w MOALEO 8 MOM CAYYAE, AU 6LNOAHIEMES 00HO
ug caetYUur Yeaosuii:

(1) ecau @ — nowmu 3amrmyman 2unepraockocms ¢ Y, mo  samknyma,
(2)  ecanr — noumu nenpepuenviii pynkyuonar na Y , mo r 6ydem nenpepuiisly.

,Z]; ORA3aTeabeTBO: DHBHB&J[OHTHOOTB ATHUX II‘ByX }’C.TIOB]/Iﬁ oueBHHa u3
(3,4).

Hlirst Goabneil ACHOCTH MBI PABIe/INM TOKABATEIBCTBO IVIABHON TeOpeMbl Ha
HECKOJBKO 3TalloB.

(1) Hyemo npocmpancmeo (X, u) nenoano. Toeda cyuecmeyenm eunepraockocib
Q cc Y mar, wno Q noumu 3aMrHyma, 1o He 3aAMEHYMA.

Nyers (X, w) wenonno. Bossmem torpa (B, ug) tar, 4rofe 0HO HMeJI0 Bee
cBoiiersa, tepeduciennse B (3,6). Tar rark X nemoano, 6yger X < R. Tax xar
X mrorso B R, (X, v) w (R, w) 00;1ajia10T OJJHAM 1 TeM 3Ke MHOKECTROM Helipe-
PEBHEX (ynrnuonanos Y.

Brepem remeps na Y coabnie Tomosoruu u§ " ui. Tarx rar X c R, Oyjer
wh > wk. Ommaxo, seupy roro, uro pasencrso X = R He umeer mecra, wy
u wh we ABNAWTCA dRRUBAMeNTHEMU. (ile0BATENBHO, CYLIECTBYET FHIIEp-

1I10CKOCTh Q CC Y, ABIAOMAsCH Wh-3aMKIyTol, HO uy-1soTHol. oramenm,
uro @ moury 3amruyra. Tem camsiy GyfAer joxasasHo, 4T0 yegaosue (1) He BHI-
MOJIHETO.

Pacemorpum Teueps Muomectso @ n U*,

Tak kax Q — uj-saMruyro, a U* — u}h-xomuartno, @ n U* Gyjer KOMIAKTHO
B TONOJIOPMH %j; HO Tak Kak wh > wh muoimsectso @ n U/* Gyjer KoMImaKTHO
W B TOMONOTHU Uy, TO €CTh W-BaMRHYTO.
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TGHGPL HaM HYAHHO J0KasaTh BTOPYIO 4acTh HALIEro yTBePHACHMAL

(2) Ecau npocmpancmeo X noano, mo xancdviii nowmu nenpepwenuii ghynryio-
naa na Y 6ydem nenpepuisHbism.

TIpesse Bcero obparuM BHAMAHME HA TO, YTO KaMJOMY & € X JIEIKO IIOMAT-
HHM 00pasoM COOTBETCTBYET HEKOTOPHINl HeNpepEHIBHBIA, a, BHAYUT, W TOYTH
menpepsBunii pysaxumonan sa Y. CiegoBarensuo, ecan yepes B oGosmauurs
nuHeliHoe IPOCTPAHCTEO BCEX IIOYTH HelPePHBHBIX (YHKIMOHaAJXOB Ha Y, TO
MOKHO cefe IIPeCTaBUTh, Y4TO MIPON3BeieHo morpymenne X c R.

JoxasaresbCrBo MHl IIPOBEJIEM B OCHOBHOM TAKUM 00pa30OM. YTO [OKAMKEM.
9TO IOIOJIEHNE IPOMBBOIBHOr0 IPOCTPAHCTBA TOHECTBEHHO € IIPOCTPAKCTBOM
BCEX 1OUTH HelpepuBHEIX (YHKIUOHANOB Ha Y.

Tem camemM Gyjer jAoKasaHo H TO, YTO HAM HYyxHo. B camom jene, ecan X
ITOJIII0, TO OHO COBIIAJIAET CO CBOMM IOMOJHEHNeM, CJeJ0BaTeJIbHO, Kaykjblil
IOYTH HenpepHBHENL (ysuuuonan Ha Y 00pasoBam HEKOTOPHM DIEMEHTOM
npocrpanceTBa X 1 Gy[er n0dTOMY HelpephBHBIM.

Hycmey (X, u) — RPOU3BOALHOE 6BINYKA0C MONROAOSUMECKOC AUHEIHOE RPO-
cmpancmeso, Y — dgoficmeennoe emy npocmpancmeo. ITycms B osnaxaem auneii-
HOE RPOCIMPAHCME) 6CEX NOYWINL HERPEPBIGHBL (PyHKYUOHAI06 He Y, Mar wmo
Ro X.

To20a na B modcho onpedeiums GulRYKAYIO MOROAOZUIO Uy MAK, N0

(1) (R, up) ecmv noaroe npocmpancmaso,

(2) up undyyupyem na X monoaoeuio w,

(3) upg X = R. ‘
(21) THpemne Beero yacauM cefe, aro fuia awoboro » € B n awoboro U* muonie-
erso rU'* orpanmyueno. 3To ciejiyver HEHOCPeACTBeHHO U3 Toro, 4ro [/* apisercs
U -ROMIAKRTHEIM.

Jlist waskporo U BBegeMm onipejesieHne
Up=E[reR, pU* <1],
¥
rak uto Uy ects tesio B K.

OrpepesnM Tereps TOMOJIOIHIO %y TEM, UTO 38 NOJHYI0 CUCTEMY OKpPEeCcTHOCTeH
HYJIA B TOIOJAOTUY ¥y BO3bMeM Kar pas cucreMy Beex Uy, rue U npoGeraer Bee
U-OKpecTHOCTH Hy A B X.

HMepecedennem Beex Uy Gyiter rak pas rouxa 0, ubo coepunénne scex U*
€cTh Bee MpOCTPaHcTBO Y.

Ouesmyo mast moGoro U Gyger U = X n Up, Tak 410 T0I0JNOIUSA %y HHIY-
nupyer Ha X Kax pas TONOJOTUIO U.
Joxrasmem Terepb, 9ro Y ABJISAETCH Kak pas MHOMECTBOM BeeX HelIpepLIBHBIX

JmHelubx Gynkunonanos ga (R, uy).
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Wrak, nyers z — HeupepeiBHbl Juueiinmit pyurimnonan ua (B, uy). 'Toma
cymecrsyer {7 tax, uro z Oyjer crpaundenusiM Ha Uy, Momuo npernioromnThb
sup [Ugz|l = 1. o
Hyssno naiitir y € ¥ raw, 970011 s seex » € U, nnesio mecro
ry =1z

Hyers pawsst 7y, 7, ..., 1, e Uy Tyers gna moGoro y e U cumBoa ¢(y)

o3gadaer caejyvionuii pexrop B I, g
'P(.’fj) == (TIF/7 oYy o lrny) € En -

Odoguauum 4 == @(U*). Dro cumMerpudHOe BHIIYKIOe MHOMKeCTBO B [,
Ho torpa oru $yusuumu r;y 6ypyr ua U* penpephBHEIME GYHRIHANKI § B TOIIO:
aoruw uh. Taw rax U* ecrs wh-womantao, 1o 4 Gyper romuaxtusiM. Tereps
MBI VTBEPHAIALM, 9T0 BEKTO]

(riz, 1oz, ..., 1) e 4 .

JieiicTBUTENIBHO, B IIPOTWBHOM CiIy4ae, corIacHo (2,2), cymecrsonaau OBl A,

)
sup LAy < TArz.
yeli*

Eecan oGosuauurs r, = X A;, Oyier

SuUp ry < reR .
yel'™

H]ﬁ)ll IEOJJ,XO,’IHHLeﬂ HOPMUPOBKE 7, MOMHO IPEHIIOJ0AUTE

sup [ry| =supry X1, re>1.
yeU'* yeU*

Omraro, coraacuo npejuomenuio sup |Ugzz| = 1,
O <1 = |r| £01,

1

OIYYAETCS ITPOTUBOpEUe.
Mo wasmporo 1 e Uy myers Q(r) osnavaer
ry — DT ) Jras— ol
Q) =ElyeU*, ry=rz].

. v
Taw war 7 nenpepnibno ua U*, sro Gynyr samrmyrsie yacru U*.
Mur TOJIbKO UTO IOKABAJM, 4TO OHM 00pasyIOT IEHTPHPOBAHHYIO CHCTEMY.
Ee nepecevenne apiaseres Kak pas MCKOMBIM ¥, .

Wrar, st gorasamu, uro (R, up) uMMeer TO e IIPOCTPAIHCTBO NUHEHHBIX
dynrmonanos, kax n (X, #). Orcwoga X wiorho B R, 1. e. ugX = R.
(22) Ocraercs goraszatk, yro (R, up) woano. Jorasaresberso LpoBegeM ¢ 110~
MOIIBI0 foKkasaHuolf yae yacry (1). A nmenio,” JoKaKeM CJeRyIoUee yTBEP:K-
HeHwve: i
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Ecau esecmu ¢ ¥ monoaoeuto uy, mo kawcdas eunepnaockocms @ cc Y,
nowmu samrnymas ommocumesvto (R, ug), 6ydem wh-samkrymoi.
Ilyers mama upomssospuas oxpectHocts Hyis U B npocrpascrse X. Msr

VTBEPIKIAEM, UTO
* __ IT*
UR = U* |

B camom pgeie, ecnu MB 0GpaTHM BEUMAHME HA TO, KAk OBLIO OIpEReNeHO
TO MOFRHO HAIIUCATH
Upg, To Mo
Ugp = U**,
Ife BTOpas 3Be3J0YKA 0BHAYAET, KOHEUHO, modspHocts 8 R. Torpa Gymer
X [TEkk . [T*
Up=U = U*,
Urak, wampoe U* Gyper game uﬁ-nomnamumz.
BosbMem Terepb I'HIEPILIOCKOCTD @ CC Y, HOYTH BAMKHYTY0 OTHOCHTEIbHO
(R, ug). Torna umeem:
st moGoro U MuomectBo @ n Ug, GYReT uh-8aMKHYTHIM, MITH U j-KOMITAKTHEIM .
B cuwiy Toabko uTo jokasaHHOro paseHcrsa Uy = U*, cripasepuinBo Tax:xe:
paa moboro U muosecrso @ n U* Gyner u}‘;-ROMnamHmM.
Ho rar rak u% > uz, 9TO BHAYAT, YTO IHIEPILIOCKOCTH {) MOUYTH BaMKHYyTa

orrocnTenbHO (X, %), Tak uTo () GymeT uh-3aMKHYTOM, uTO W TpPefOBATOCH JI0-
Kazarh. OTHM 3aBepINAETCA J0KABATE]bCTBO INIABHON TEOPEMEL.

(3,9) Xon goxazarenncrsa yacTu (2) reopems (3,8) Guur clepyrommii:

Ilpesge Bcero Mul IOKasaaM, 4ro Impoctpanc¢To (X, #) MOMHO IOIPY3UTh
B (R, ug) u 910 nepsde IMPOCTPAHCTEO IIJI0THO BO BTOPOM. D10 GBIIO CREIAHO
B gactit (21). Hacrs (22) Guna DOCBANNEHA JJOKABATEILCTBY IIOTHOTH IPOCTPAH~
crea (R, up). Mas porasareascrea moasorsl (B, uy) ME HCHOAB30BATH Pesyib-
ratet myHkTa (1) moxasartenberBa TeopeMsr (3,8), T. e. B CymHOCTH Teopemy
0 CYHIECTBOBAHMY IOIOIHEHNS IIPOMBBOJIBHOIO BBHIITYKJIOr0 TOIOAOTMYECKOIO
JUHEHHOTO IIPOCTPAHCTBA.

WaziomumM emie ofuH crocol jgokasareibeTBa TeopeMsl (3,8), He MCIOABRYIO-
ugit Teopemsr (3,6). Bonsine Toro, pu oo criocofe JOKa3aTeNbCTBA MBIl KA UM
OJHOBpEMEHHO JI0KA3aTeNbCTBO CYHIeCTBOBANMA MOTIOJIH CHUA.

Ilokasmem NpeKue Bcero, 4ro Ha J MOMKHO OIpefeiluTh TOLOJOTUIO Uy TaK,
aro (X, #) 6yfer TOHOJOTIYeCKN TOrpy:keHo B (R, uy) u JemuT B HEM ILIOTHO;
ATO MOYKHO HpPOBECTH JOCIOBHO TeM 7Ke CaMBLIM clocofoM, Kar B yactu (21) fo-
Ka3aTebCTBA TeopeMH (3,8).

Ocraerca goxasars mouanory upocrpancrsa (B, up). Hycrs Y — wenrpupo-
BaHHAg CHCTEMa BAMKHYTHIX MHOMeCTB B (R, u%y), COepsRAmas MpoNsBOJIBHO
massie muomecrsa. Ilycrs jano upomssoasnoe y e Y. OGosnauum uepes U(y)
cucremy Beex MuokecTB Buna Ay, rie 4 ¢ Y. Herpyaso ybepurnes, B Tom, 9410
U(y) ects nenrpupoBanHas cucreMa Kolmm saMRHYTHX MHOMECTB HA TPAMOIL.
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Hepeceuenve cucrems U(y) 060snauum qepes r,y. Tarum 06pasom MsI moryIuIM
HEKOTOPYI0 anHeinyio PyHKImIO 7,, onpefeaenHyo Ha Y.

Joxamem Temeps CHEAYiolee yTBeprKAeHme: ec/M Aano mpoussonbroe U .
n nmpouspoibHOe £ > 0, TO cymecreyer 4 € Y Tak, 510

red = |[(r—r)U* < e.
JleitcrBurensHo, nycrs faso U u uncao e > 0. Torma cymecrsyer 4 € U rax,
qro A Oypmer mopamka Masgoern eU.*) Oro 8HAYUT, UTO [JIA IIPOUBBOJILHOIO

y € U* muomecrso Ay mmeer guamerp < e. BospMem remepsr umrcupoBanHoe
reA. Ecu y e U*, ro ry € Ay, r,y € Ay. Urar, wur umeem

[ry —roy] < &
Tar rar y 6pwro BHOpaHO TPONBBOIBHO, TO OyeT

. |(r ——ro) U*| < &

Ws TosbKO YTO JOKABAHHOTO YTBEPMKIEHHA CJAEJyeT Ipemje BCero, 9ro
¥, — IOYTM HeIpepHBHELA QyHKIMOHAN. JT0 ACHO MB TOro, 4T0 MIA JI000ro
U* u moGoro &> 0 QyHKIUIO 7, MOKHO PaBHOMEPHO AllPOKCHMIPOBATH HA
U* ¢ moMoupio HeIpepuBHOMR PYHRINY # ¢ HOIPEIHOCTEIO He GOblIe &.

Horasem pgasee, uro 7, gessur Bo Beex A e U.

IIycre mano A € U. Bosemem mpoussoarssoe U. Corsiaciio mpepsiiynieMy,
cyuecryer A, e Y rax, uro

redy = |(r—r,)U* < 1.

Teneps cymectryer r e 4 n Ay. U3 mpeysifyiero mepaBencTBa Torga ciaegyer
7 er,~ U. Tar kar U GBUI0 HpOoUSBOIBHEM, 9T0 8HAYNT, 4To A5 ioboro U mao-
meerBo 7, - U nepecexaerest ¢ 4, uan 7, € 4.

(3,10) Ilycme (X, u) — noanoe epinykaoe monosoeuyeckoe AuNeiLnoe Rpocmpar-
€meo.

Iyemos u; < u, wy ~ u. Toeda npocmpancmeo (X, w,) makoce noano.

Howrasareascrso: Hyers @ — runepmmockocrs B Y rakas, 410 s Juio-

Gyner saMRHYTHM M jis awboro U, tak uyro m3 momsorsl (X, u) caenyer, 4ro
¢ BamMEHYTO.
WMrak, cormacso (3,8), npoerpancrso (X, u,) mOTHO.

(3,11) B reopeme (3,7) MH 0GHAPYMWIN CIeYIONee OOCTOATENLCTBO: €CIH
(X, ») Hewommo, TO CyImIECTBYeT TONOJOTHA v mpocrpaHcTsa Y rawas, 410
v < u%, vnon ~ u¥, npuuem rangoe U* Gyner qame v-kommarranm. Teopema
(3,8) maer HaM Teleph BOBMOMGHOCTH IIOKABATh, YTO BTO CBOHCTBO XapaKTepHO
IVIA HEHOJNHLIX IIpocTpancrs. [leficTBUTeNbIO, UMeET MECTO

*) MnoskecTB0 A HMeeT MOPANOK MATOcTH U 03HAUALT: €l 7y, 7y e A, 10 7y — 1y e e UL

319



3,11) llyemv (X, u) — swnykaoe Monosvuueckoe aunelioe RPOCHPAHCINGD,
nyems (Y, w%) — Oeoiicmeennoe emy npocmpancmeo ¢ caaboii monosoeu.
H pocmpancmeo ( X, u) nenoano moz0a w moabko moeeda, ecau Ha RPOCMPAHCINGe
Y cywecmsyem monoaoeus v maxas, wmo v = uy, vnon ~ u¥, u npumon
kavscdoe muoncecmeo U* aeasemes v-KOMRAKMHBIM.

Horasarenncrso: Beujgy ymomamyroii yike reopemst (3,7) MO0 orpa-
HUYATHCA JIOKABATENBCTBOM JOCTATOYHOCTI upnBe,wm{oro '_YCJ[OBHH Urax,
HyeTh v 03HAYAET ToUoJOrnIo Ha ¥ rarylo, qTo v < uk v non ~ wy W TPUTOM
ramzoe U* ects v-rovnarrHo. Tax kak v < w%, vnon ~ u¥, cymecrsyer Pymx-
proHan 7 Ha Y, ABAAONMIiCA V-HOIPEPLIBHEIM, HO He «3-HEelpephBHEM. Ko
() o3HAUAST HYJEBYH TIHEPIVIOCKOCT: PYHKRIMOHAIA 7, T0 ) GyAeT v-3aMEHYTOH,
HO U }-TIIOTHOIA.

Ecau U* npoussoiisiio, 10 @ 0 U* Gyjer v-ROMIAKTHEIM; HO TAK Kak v < u},
10 ) n U* Gyaer ROMIAKTHEIM U B TOHOLOTHM %%, &, 3HAUNT, I % -3aMRHYTHM.
OT0 BHAUNT, YTO FHNEPINIOCKOCTD (J IOYTH BaMKHYTA, HO He 3amMuryTa. Coriacno
(3,8) mpocTpaHETBO He ABIAETCH IOJIHBIM.

*

Hpencragiasiercst ecTecTBEHHBIM U, KAK BHIACHUTCA B NAJIbHEHINEM, leieco-
00pasHBIM, IIOCTAaBITH BOIPOC, CIPABEJUIMBAIN I IOYLM HEIPEePHIBHBIX
PyurnuonasoB Teopema. amasormupas reopeme Xana-bBanaxa o pacmpocrpa-
Heunn. B pacroauem maparpade Mbl IOKa@eM, YTO KAMALI TOUTH Heupephs-
Hpiii QyHRIHOHAT, ONpejesTeHHBU Ha nomuipoerpancrse L mpocrpancrsa Y,
MOYKHO PAcIPOCTPAHUTD HA MOANPOCTPAHCTBO PASMEPHOCTH HA EMHULY (0JIb-
wedi. K comanenuto, jansueiinmme pesyibrarTsl HOKA3EBAT, YTO HTOT Pe3YIb-
TAT HEe TOAAAeTCH BHAYNTE/ILHOMY YIIYYLUICHHIO.

HOHH?HGMT Ipessjie BCero HeKoTophle BCIIOMOIaTe/IbHbIe TCOPEMBL.

(3,12)  ITyems (X, u) — sunyraoe monooeudecroe AUHeRHOe 1POCINDPAHCINGD .
Iyeme N — cussmempuunoe sunykaoe samkiymoe muoncecmeo. Toz0a
nAN = N.
i>1

HNowrasareascrno: Obosuauum M = n AN. Ouesupuo Oyuer N c M.
i>1
[pexmonomum, aro cymeersyer m e M, mnon e N. Torga eymecrsyver ye Y,
TAK, UTO
my > sup Ny . (1)
M) 3HAUHUTL © = § ] D Ho, o == 0. Ilasg modoro
Ecsu o6osuauntsh up Ny, to Oymer, ogeBngno, ¢ =2 0. Has modorc
A > 1 cymecrByer n, € N rak, 9ro m = An,. Orcioga

my = Inyy X Ao

ats moGoro 4 > 1. D10 osuauaer, 4to my < o, uTO npowmopemu‘ HepaBeH-
erBy (1). Urar, M c N, w oxas3aresbeTBO 3aKOHYLHO.
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Ws reopemsr (3,12) Bhirexaer ciexyoniee yeuieHue reopeMst (3,1):

(3,13) ITyems (X, w) — ewnyraoe monoao2udeckoe AUHEHHOE RPOCAPAHCMGO.
Hyems U — oxpecmuocms nyas ¢ X. Tyems L cc X. Toeda

uli.n U =wlL n U).

Horasareanscrro: Ilpempue Beero sicuo, yro w(L n U)cul o U. Tlycrs,
naobopor, ¢ e wLle 0 U. Ilyers A > 1. Torga muosrecrso AU Gyser oxpectnoctsbio
rouky «. Heaum V —- IpomsBosibHAs OKPECTHOCTH TOYKM X, TO MHOMECTBO
V n AU nepecever L, 1. e. gus soboro V Gynmer

Va(@ni)+0.

Dro zuauur, uro x € w(l 0 AU) = Ju(L o U). Tax kak A 65110 HpoN3BOIBHOE
wuesio A > 1, To, coraacuo npepsaymemy, « « u(L n U), n noraszarenserso sa-
KOHYe10. _
(3,14) Illycmo gly) — noumu henpepulsheii giynkyuonat, onpedeicicnoiii na
I cc Y. Toeda das awboeo U* @ynryuonas g Gydem ozpanunennsise na U*.
NorkazarexpcTBo: JlorameM mpesje Beero, 910 g(y) paBHOMEPHO Hempe-
puisen Ha L n U*. Ilycrs gano & > 0. Torga cymecrByer ¢iadas OKpPeCTHOCTD
uydas V rai, uaTo MMeer Mecro

yeLnaVaU* = gy =i
Ecin reneps i, U ¥, —— JABe ToukH MHOKecTBa L 0 U*, (A KOTophIX ¢, — € V,
10 MW WOIyunM 3(y, — ¥s) € L o U¥ n V Tax uro w3 npuBejienHoil Bhille nM-
IANKAIUN BETeRaer oueHra |g(yy) — g(¥s)| < e Wraw, pasnomepnas mempe-
PHIBHOCTE [JJOKA38HA.

[lo ussecruoii Teopeme g(y) Mo:RHO pacupocrpanuts na L n U* ¢ coxpane-

nuem papmoMepHoil HerpepeisHocTH. OfFaro mMaowectBo L n U* moMnaxTHO.

Ipucrynum rereph K JOKABATEIHCTBY TEOPEMBL 0 PACITPOCTPaHeHNY.
(8,18) Iycms LccY u nyemv gly) — nowmu menpepuignuiil (fynryuomnds,
onpedencrnni na L. llyems y, non e L. OGosnavum wepes Ly nodnpocmpancmeo
¢ ¥, o6pasocannoe mourod yy. Hycmv Ly = L - Ly. Toeda cywecmeyem gyk-
yuonar g,(y)y, onpedeaennsiy n nowmu Henpepusuwii na Ly, seaslowuiiica pac-
npocmpaneres g(y).

JorasareapCTBO: BOBMOMHE JBA CJAYYASA:

(1) nus modoro U dyper

(LnU*o (L+L)c L (1)
(2) mepsmii caryyail He UMeeT Mecra. )
Ob6osnauum rpome toro @ = E[ye L, g(y) = 0]. (Mn npepnosnaraem, xo-

Y
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Heuno, 910 ‘¢ + 0.) IlpemmososkeHme IOYTH-HENPEPHBHOCTH PABHOCHIBHO,
corsacuo (3,4), Tomy, 4ro s Kamporo U mmeeT MeCTO BRIIOUEHUE
Q@oU*nLc@. (2)
Coyuwait (1): Ecan y, € Ly, To Gyner opHosHA4HO Y, = Y -+ Ay,, rie Yy e L.
Iososkum Tenepn
9:() = 9(y) -

Hynesas runepmiockocrs Qyskmun g, Oymer, ciegosarensuo, @ -+ L,.
Haureit 1es1pio siBiseTcsA JOKABATEIBCTBO CHPABEINBOCTH BRIIOUCHUS

@-FLynU*n(L+L)ycQ+L, (3)
A npom3BoybHOro U¥.
Jlorasem mpesie Beero, yro mudA moboro U Oyner
@nU*n(@+L)c@Q. (4)
B camom pgese, M umeeM
@oUN0@+L)=@QaU*n(LoU¥n (L+ L)o@+ L)c
c@nU*aLn@+FL)cQ@n(@+L)=2@.
Bosemem rtemepn mnpocrpanctso @ -~ L, Mmeem @ n L, = (0), ubo name
LnaL,=(0). Urarg, nua ye@Q 4 L, Gymer ommosHavHO § = q - Ay,, rne
g € Q. Tonomum reneps A(y) = A. Briiouenme (4) Torjga 8HAYMT, COIVIACHO
(3,4), uro A(y) ects mourn HenpephBHLIA QyHrIMOHAT HA @ - L,. V3 Teopemst

(3,14) rorma caenyer, aro A(y) orpanmden Ha (@ -+ L,) n U¥*. Urax, cyme-
CTBYeT o* TaK, YTO MMeeT MecTO MMIIMKAIMA

g+ oy, e U* = |o] < o*.
Bossparumes Terneps K JOKABATEIbCTBY BRIIOYEHNSA (3).
IIyers pawo mpoussoabroe U. OmArk Moryr HacTYIHUTh JBA IIO[CAyYas:
(11) @+ L) U¥=@Qn U*.

Torga

AL+L)yc@nTUSnLcQec@-+L,.

(12) uepecesenue (Q - L,) n U* Gomsme wem @ n U*. Torpa cymecrsyior
q,€Q uo,> 0, Tax, 9ro
9, _i’_ OY, == ’U/: eU*. (5)

Teneps MBI yrBep:gaeM, 4ro
. - a* o*
(@4 L) n U = U* a'B [J = g+ g, qe(1+;—)<czn U, 1 g;](ﬁ)
¥y 0 o
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JeiicrBuresnsuo, nycts g -+ oy, = u* € U*, Torga, 0 TOABKO 4TO JOKAZAHHOMY,
lo] £ o*, u MBI MMeem

TpudeMm
o o*\ ok
q aqern(l%————Go)U.

DruM foxasamo paseHcrBo (6), umGo mpaBan YacTh COAEPHUTCH, OYEBHIHO,
B JIeBOii.

Beenmem pua mpocroTH Caepyionme 0003HAYCHUA:
*
19
[ Ga
Ilyers LY osmawaer mopmpocTpaHcTBo, 06pasoBaHHOe TOUKOR U,
‘ 1 oF
B} = E[yZ/Wm 1] é—].
y %o
Pagencrso (6) MOKHO TOI[a IepenyucaTh B BUE
(Q-+L,) n U* =U* 7 (1@ n U*) - BY) . (7
Tax rar

M@ n U*) - By c (@ n U*) +- By,
¥ BBHJY TOro, YT0 MOCIefHee MHOMECTBO KOMIAKTHO, U3 (7) BhITEKaeT majee
@ L) o U co{@n U%) + B . ®)

Temeps mysmno obpasoBarb mepecedenne (Q ~- L,) n U* n (L 4 L,). Yuurs-
Basg ypaBHenue (5), Mbl BUJIIM OJ[HAKO, 4TO

Q-+ L, = Q- L¥,
L+4L,=L--L¥.
Oreiopa, HCHONB3YA BRIOYenue (8), monyvaem
@+ L)nTU* o (L4 L) c(x(@ n UN+4BF) n (L4-LE) . (9
Jlerxo oxHako yﬁenmcﬁ B TOM, 4TO
(M@ n U+ B¥) a (L+LF) c (+(Q 0 U*) n (L+LE) -+ BF, (10)

Tax 4yro u3 (9) u (10) caeayer

@A L)n U n(L-+L,)c (@ n U*) n (LA LF)+L¥. (11)
Jaanee,

&(@n U¥) o (L L§) =a@ 0 UF) n (L4 L) = (@ n U*) o

nax(LaUn(L+L)cx@n U¥nLc@Q.
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d10T pesyasrar BMecre ¢ (11) naer

(@+L) o U* o (L L)c @ L§ =Q+ L,,
4TO OKABKBAET BHiOYenTe, (3) U 3akanunBaer pacemorpenye cayaasg (1).
Cayuait (2). Cymecreyer Uy Tax, uro
LU n(L-+L)ynonc L.
Cymecrryer Toura uy = L, 0,9, I, € L, 0, * 0, upuuem
¥l A L%
uge L n UF.
Mycre pano mpoussoasnoe U*. OGoznauum yepes Ui 3aMKHYTVIO CUMMeTPUIHY IO
BHITYRIYIO 0605109Ry MuOmkeers U* u UY; umeem
CUE = (U U)*.
O6oarayum

f = inf [x > 0, (ug -+ ~UY) o L + 0]. 5

Henpesmenno dyzger f < 1, uto 0 (up -1 UF) n L. Caosa Moryr HACTyIITH
JiBa caydas:

(21) B = 0. Torma MOMHO yTBepHKATH, YTO

(L4+LynUfcLnUt. (12)
OGosnauum omATh vepes Ly mpocrpancTso, o6pasoBanuoe TOUKOM Uy, TaR 4TO
! _ L% S
L+ L, = - Ly .

Hyers paso ¢ > 1. Hyers - Jud ¢ UL, lyers V — uponaposibuan enadas
okpecrHoeTs Hyad B Y. ITocrasum ceGe nenbio jgorasarn, 4o

| % T T Y- Y
(b= Aug V) 0 Lo oUg + 0. (13)
[okrasas 10, MBU THOAYINM
G g 7k (T, =17 %)
(L~ L) o Uf c oL 0 UF) .
Opnaro, Taxk Kak ¢ OBUIO TPOMBBOJIBLHOE Wucdo > 1, coriacuo (6,1), Gyper
7IOKA3AHO PaBEHCTBO
(L L3) n Ut =L UF.
Bossparumes k poxaszarensersy (13). Tak ®ar MHOMeCIBo U: enabo KO-
HAKTHO, CylfecTBYeT ¢ > 0 Taw, yTo & <X ¢ — 1 M TIpHTOM, UTO
JIE -1
&U +C V.

Wrak, coorHomenue (13) Oyier H0KA3aH0, ecjd MBI JOKAMKEM, UTO

i

(T--Pug - eU%) o Lo oU% + 0. (14)

Crupasejiiusocts coornomrenus (14) ouesnjma, ecan A = 0. Eesur e 2 + 0,
TO M3 mpejmogomenua f = 0 ciaejpyer, uro cyuiecTsyer : v

Ze(ilé” 4;—(*)r L. -
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Toria g
: L4z e (I dug 4 eUY) o L.
Tax rar [ |- Au € UL 1t raw gax & < ¢ — 1, Gyper u
I dzeoUs,
n coorwomenne (14) goxasauo.
(22) B> 0. loraseM, 910 B BTOM €JIy4ae HMeeT MECTO
I} ou e Uk = |0 f;-l— . a0 {15)

" 1
Jomycrum, B caMoM jese, aTo CylleerByer |o| > -E TAK, 4T
| ok Tk ‘
l4-ouy =uelU.

. 1 1 E N,
Torga nmeso 061 mMecro - —1 = uf — — wu, caegomarenvuo, uF -+ — UE
. G o

lof

1 ‘
nepecerasocs 6ut ¢ L, 9ro HeBO3MOMHO, N00 ol < B. Coormomenue (15) no-
KasaHo. - : ‘ C

+ Jloramenm pasiee

(L4 L) n Ukc (1 ._) (Lo U%. (16)

Jettcrsurensio, ecan [ -+ oug e U, To npempe Beero

oud e oL o UF) c = (Lo UF),

p

; . |
le— ouf -1 Uk c (1w . ?) Uk

1 .
CIeTOBATEIBHO, le(l —+- 73—) (L n U:). Orcropa caeayer (16).

CpesomMUpoBaB PesyibTaThl, HoayueHHse B mynkrax (21) u (22) [covrronie-
nusa (12) u (16)], Mb MOMKEM Tereps yTBepHIaTh:

Cyueersyer « 2> 1 TaK, 4ro

(L L))o Ukcall n UE). (17)

Jlaist wamsgoro U* wmpr ompepiesunu. Uy rax, uro U*c Uy, Uy c Uy, Tax wax
dpyurimonax g(y) pasmomepuo uenpeprisen na L n U:, cymecrsyer QyHRIUIA
g¥y), oupegenennas I pasHoMepHo HenpepmsHas Ha L n UF, asngiomascs
pacnpocrpaneniem g(y).

Tlycrs g¥*(y) osuauaer suueitnyio Gyuriuio, onpenerenyio na L 4 (L n U%)
TaK, yTOOLI OHA ABIAAACH PACHpoCTPanenued §(¥) B COBHANANA HA MHORECTBE
L Uf ¢ g¥(y). Oyers waxonery g,(y) osHavaeT myeiinyl Qynriuio, onpese-
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aennyio Ha L - L, rakyio, uro6H oOHA cOBIagaja HA 3TOM IPOCTPAHCTBE
¢ g¥¥(y). Torpa, ma coornomenus (17) ciaexyer, uro g,(y¥) HempepsisHa Ha
(L4-L,) n Uk

Wrax, M Bugum, uro piasa kamgoro U cymecrsyer JumHeiiHas Qynxinus
gu(y), oupenenensan wa L -} L,, nenpepsiuas na (L 4 L,) n U: U ABJIAIO-
magcA pacipocrpanennem g(y).

JlokasaTeascTBO Hallelt TeopeMbl OYAET BaKOHYEHO, €CTM MBI TIOKAMeM, 9T0
Bee PYHRIUY ¢p(Yy) NpUHNMAIOT B TOUKE Uy OJHO M TO e sHadenue. Torxa Bee
dyurmun g,(y) 6yRyT coBHafaTh Ha BCEM L - L, u ux ofuee sHauenue Gyaer
3HaYeHNeM MCKOMOrO IOYTHM HerpepslBHOro GyHRuumonana ¢;(y).

Toura uf semnr oguaxo B L n U, a rem 6onee B L 0 U¥, Urak, B Toure ugF
0/JHO3HAYHO Olipefeisercd SHAUCHHE BeeX ¢5(Y), a sHauuT 1 BeeX g (y).

[ocmenmuii peayrbraT MO3BOJAET HAM HONOJIHNTEL TeopeMy (3,8) caemyromum
obpasom:

(3,8) IHycmv X — suinykaoe monosoeudeckoe Auneiinoe npocmpanemso, ¥ —
dsoiicmeennoe emy npocmparnemeo. Ilpocmpancmeo X 6ydem noanbvim mozda
U moavko moz20a, koeda Gydem 6vinoanero 00HO U3 caedyowux Ycrosuii:

(1) ecau @ — noumu 3amrHymoe nodnpocmparcmso ¢ Y ¢ KoHeuHbvim Oepermon
¢ Y, mo Q samrrymo

(2) ecau r — nowmu nenpepwisHwll GYHEYUOHAL, onpedeseHmbill Ha nodnpo-
empancemee L cc ¥ ¢ xoneunvim Oeffemom 6 Y, mo r A6436mcs HERPEPLIBHBIM.

JdoxaszaTedbCcTBO BEITEKAaeT HEIOCPEACTBEHHO U3 TeopeMul (3,8) M TOIBKO-
YTO HOKABaHHOU TEopeMsl O PaclpOoCTPaAHeHMH.

Teopenma (3,8) mo3BoJIUT HAM PACIIPOCTPAHNTD BaKHEI pesyabrar dbepieitna,
WBBECTHHIH [Jifi HOPMHPOBAHHBIX IIPOCTPIHCTB [5], HA IPOM3BOJIBLHBIE BHIILYK-
Jible TOIIOJIOTHYECKUe JIMHeiHEe MPOCTPaHCTBA.

(3,16) ITycmwv X — noanoe suinyk.aoe monoaozuteckoe Auneiinoe npocmpancmeo -
Iycmov muomcecmeo M c X cummempuuno, suinykao u samkrymo. Toeda M 6y-
dem caabo KOMRAEMHBLAM 6 MOM U MOABKO 6 moM cayuae, ecau M Gydem caabo
CUEMHO KOMRAKMHELM .

HJorasareapcrso: Teopema Oyder foxasaHa, eciu IIOKAs3aTh, 4ro IpH
c1aboit TOIOJOrMY M8 CYETHOI KOMIIAKTHOCTH MHOMecrBa M citeiyer ee KOM-
naxkrtHOCTh. B cumay reopemsl (2.7) IUIA BTOYO JIOCTATOYHOIO JOKA3aTh, YTO
MHOecTB0 M* ABAAETCA OKPECTHOCTHIO HYJIA B MUHHMAJBLHON TONOIOTHM
npocrpancrea Y. Hycrs 2z aunelinaa QyHKIUA, onpejneseHnas Ha Y, mus
KOTOPOit sup [zM*| < co0. Tpebyercs goxasarh, 9T0 U3 BTOrO MPEIIOIOACHUA
yike BEITERAET, 4To z HernpeprBHa. O6o3maunM Yepez () HYJEBYIO ruIeplioc-
xocrs Gyrrmuu 2. Cornacno Teopeme (3,8) T0CTATOYHO JOKA3ATh, YT0 () HOYTH
BaMKHYTA.
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Bes orpanuyenus OONIHOCTH MOMKHO NPEINONOMRUT, 4ro sup |zM*| = 1.

Herpyamo gokasars, 9To A KAMJIOr0 KOHEYHOFO KOJUYECTBA Y, ...y Yn € ¥
cymeerByer x € M Tam, 4To

xY; = 7Y, -
Hysuo pmorasars, uro ¢ mouyrm samknyra. llycrs mamo U u myers y, e

€Q n U*. Ecin MB [oKameM, 4T0 2y, = 0, TO J0KasaTeabeTBO OYHET BaKOH-
9eHo.

Jotst 9TOM Itest MBI MCHONB3YEM OCTPOYMHELM npuem Dbepseiina mourn Ges
CYIeCTBeHHBIX U3MEeHeIult.

ITycrs mamo ¢ > 0.
Hepsntit oran. Cymecrsyer , € M rak, 9ro
ZoYfo = 2Yo -
Janee, cymecrsyer y, € @ n U* Tax, gro
[@oys — ool < de.
Bropoti sraun. Cyutectsyer z; ¢ M Tam, 4To

LYo = 2Yo 4
XYy = 2Yy -
Hadee, cymecrsyer y, € @ n U* Tax, g0
]xoy2 - %?/ol < '%8 y
|22 — 19, < e .

Boob6ute n-it sran. IlpepmoomuM, 4To y#e IIOCTPOEHHl BIEMEHTH X,, Xy, ...

veoy @y € M T OTHOBPEMEBNO Yy, Uy, - .-, Y TAK, GTO MMEET MECTO

{oa) Yio oo Yn € Q@ 0 U*

(Bn) ecam namo j (0 < § < m— 1), To mast Beex ¢ (0 < i < §) Gymer
Y = 2Y; ,

(yn) ecmw mamo i (0 <4 < m), To gast Beex § (0 < § <4 — 1) Gyser
legy: — @y, < e .
Bossmem reneps ¥, ¢ M rar, 4ro0bl HMEJIO MecTO
ey =2y, (0 i< n).
Torpa cywecreyer y,,, € @ o U* rax, gro .
[ @Y1 — Tl <& (0Sj<m).

Wrak, cioBa BHIIOAHEHE (%,11)y (Brii) B (Pni1). Tar Kar y,, HAUMHAA C ¥y,
seskar B Q, umeer mMecro: Eean fano §, ro pus seex ¢ (1 < 4 < §) Gyner

T3y ==
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Hanee, pns m1060ro § nMeeMm ¥y, == 2Y,, TAK YTO UMEET MECTO:
Ecomt gano 4, o aas seex § (0 < j < ¢ — 1) 6ymer
sy — 290 < e .

Uz cuernoif wommawrHocT MHOmKecTBa M coepyer, 4ro L0C/IeoBATEIbHOCTH

. e M obxamaer B M xors OfHOIl IIpefebHOIl TOUKOI & B caaboit Tomosorsu
npochaHCTBa X. [laa wammoro (I)mccnpOBa}moro i = 1 nmeer Mecro x;y; = 0,
KOJAB cKopo § 2> 4. Iovromy Gyner i ay,; == 0. Tax Kak 2 SABJIACTCA IpeJieTbHON
TOURON MHOMRECTBA BCEX ®; TO Z JIeMKUT B BAMBIKAHWH BHIIYKJION 060i0urit
Beex ;. ClIeloBaTeIbHO, CYHeCTBYeT HATYPAIbHOe Yneao N 1 HeOTpHIATe IbHbE
aiena Ay, Ay, ..., Ay Tar, ure A; = 1 ¥ npurom

& — BAx; e felU
Bosbmem Teneps ¥y . q; TOrga s § = 0, 1. N dyuel'
Y 541 — ’Uo‘ < g
Eeciut j-0e HepaBeHCTBO HOMHOYKUTD HA YHCJO0 A; M CJIOMRUTD, TO TOJLYIHM
2Y, = Th&Yy, —+ Oke .

OnHoBpeMeHHO M3 IIPHBEJEHHOr0 BHIIE BRIOYEHHA CJIeNyeT, 4T0 XYy ., -
—= Bk Yy 1 = Ole. B obmem momyaaenm |zy,] < e, Tar uro 2y, == 0, Tar Kar
& OBIO TPON3BOIBHO; OKABATEIHCTBO 3aKOIMICHO.

§ 4. TEOPEMA OB OTHPBAITOM OTOBPAKEHUN.

Ilyers (X, u) m ¥ — 1B BEIIYRIBIX TOIOJOMMYECKHX JHHEHHBIX IpocTpail-
¢TBa, IBORCTBEHHHIX ApyT Apyry. Ilyers ¥, ecrs mumorHoe B ¥ mOAIPOCTPAHCTBO.
Mpl yie 3HaeM, 4TO HPOCTPAHCTBO BCeX JIMHEHHHX QyHKIoHAJOB na Y,
MOMHO OTOMIECTBHTh ¢ X B KayecTBe a0CTPAKTHOrO JIHHEHHOIO HPOCTPAHCTBA.
Ominako B gadbHeifimeM Gyger HeodXOAMMO 3HaTh TOTIOTOTHIO %, TAKYW, TTO0LI
(X, u,) Ou1o ABOICTBEHHO K Y,

Cessp MemAy yMeHbineHuem lpocrpamctBa Y jo Y, u coowmvr('myl()lun\r
VCHJIEHIEM TOITOMOIHH % IOKA3aHa B CANYIOIHX JEMMaX.

(4,1) ITycms (X, u) uY — 080 6oinYEABLL MONOAOUNCCKUL AUHETHOIT RPOCTAD AH-
emea, dsoticmeennnx dpye Opyey. Hycms Yy cc Y naomuo ¢ Y. Jlas kamcdon
u-orpecmuocmu 1yaa U, das komopoit ¥y o U* ecmb w’-romnarmuvim, 06pasyen
stromcecmeo Uy = (Yo n U*)*. Toeda cucmema ecex U,y ecmb noanas cucinema
okpecmuocmell Hyas Hexomopoll donyemusoil monosoeuu wy Ha X, umenuel
caedyuue ceolicmea: ‘

(1) U é g,

(2) (X, ) u (Y, u’y) deviicmeenw dpye dpyey,

(3) monoaoeua u, ecmv camasa caabas uz 6cex Monoaouil co ceoticmeany (1)
u (2).
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Aoxasarenscrso: llpesmye Beero AcHo, 9TO TOLOIOrMA %, HOUYCTHUMA
u sumoauser % X u,. llyers y e Y nenpepmsmo mpu romomornmu u,. Torpa
cywecrsyer U, rar, uro U,y orpamndeno, T. e. y e AUy npn noaxogamem 2.
Dro suauurs, uto y e A(Y, o U¥)** mo rax waw ¥, n U* ety uh-wommartho,
To, coriacHo, (2,6) y e A(Y, n U*) u, caenosarensso, yeY,.

Odparno, nyers y, €Y, Odoswaunm U = E [|ay,| < 1]. Muomecrso U*
€X

oanomepno, u umeer mecro U* ¢ ¥, raw aro ¥, n U* ects w’-womuakrusm. To-
rpa yper U, = (¥, 0 U¥)* = U, caepoparensuo, |Uy| < 1, npyrivu ciosamu
#, SIBISETCA W, HeNpePEIBHLIM.

JTHM JIOKa3aH0, 4T0 TONOJIOIUA U, UMeeT cBOICTBO (2).
o3Hadaer MHQHMYM BCeX TOIOAOrMit co cBoiicrBamu (1) u (2).
= Uo, TOTIOTMOTUA Uy OLATH HMeeT

IIycrs wgy,,
Tax Ka® Y, =~ ¥ U 0 HOBPEMEHHO W

cpoifersa (1) u (2).

min min

Iyers reneps U ectb uy,, -orpecraocrs wyasa. Torpa wl ¢ uy, U = U, ran
aro U sisosiercsi rakise 1 u-okpecrHocTbo Hyas. Ilpu srom mo reopeme (2,7)
¥, n U* xommaxtio B tomonoruu uy. TOraa, B CUILy HANIEro CONTAUIEHIIA O 3aM-
RHVIOCTH OKPECTHOCTH 1 TeopeMsl (2,6), ME I0JIy4uM

U = g U = w,U = (¥, n U*)*.

‘min
O’J‘Be'l‘lvll\'f relepb Ha BOUPOC, B HQKOTOPONI CMBICIE Oﬁ})aTH}_\Iﬁ.

4,2) Hyems (X, u) u Y — 0déa cutnykavly MoNOA0SUECKUL AUHEUHL nNpo-
cmpancmea, deoticmeennvx Opye Opyey. Hyemv Y,cc Y naomuo ¢ X. [Jaa
ramcdozo U obpasyem mnonceemso Uy = (Yo n U*)*. Toeda cucmema ecex U,
BYOem noaroti CUCIemolt okpPeCIHOCIEN HyYAs Heromopol JORYCmumMot monroao-
cuu g na Y. IIpocmpancmeon, Osoiicmeennsim (X, ), 6ydem rak pas npo-
cmpancmeo (Yo o U*).

(Bameuanme: {Y, n U*) osupavaer ;1uveiinyio oG0JN0YKY BCEX MHOJKCCTB

Buja Yo o U% rie UV npoGeraer Bee u-0KPEeCTHOCTH HYJs B mpocerpauncree X.)

Moxasareancrso: [lyers npesye Beero ye Y, n U¥).

ITo BHAYUT UTO A Hoaxojpamux A > 0 u U 6ymer v e A(Y, ndU—*). Tax ran
Y, o Ur = (Y, 0 U** 20 |(Y, n U*yFy| < 4

JTO BHAYNT, 9TO ¥ HEIPEPHBHO IPU TOMOXOTNH %, OOparHo, 1yeTh ye ¥
w U rarosu, garo |Uy] < 2. Torga

yeAUE = MY, o U¥y* = iV, o U%) c §¥, o U%) . -

(4,3)  Oupepenenne: Hycmo (X, u), (Z, w) — 060 SHINYKALLL MOROAVSUNCCRUL
AUHETHIT NPOCIMPAHCIER, ¢ — HenpepuisHoe aunelinoc omobpancenve X na Z.
OmoGpancenue ¢ Ml BA06EM ROUNLIL OMEDHINGEM, eCAU HUKARAS U-0KDECIHOCIb
nyag e X ne nepesodumes omobpascenues ¢ 8 Huede HeniomMHoe nodsmnocecmeo Z
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(4,4) Iycme (X, u) — evinykioe MOnoAo2uYeckoe AUHEEHOE RPOCMPAHCINGO,
Y — 0dsoticmeentoe emy npocmpancmso. B maxom cayuae caedyowue dsa ycao-
eus eceeda sksusaenmuyl 0pye dpyey:

(1) ecan ¢ — noumu omrpwmoe omobpancenue (X, u) Ha esnyk.i0e MONoA02U-
ueckoe Aunelinoe npocmparncmeo (Z, w), mo ¢ OMEpPLIMO.

(2) ecau @ cc Y nouwmu samruymo, mo Q samrrymo.

lloxaszarenbeTBO 2T0M TEOPEMEl MOKHO IpoBectu Hermocpegcrsenno. Op-
HaKO MBI IOKAKEM CIIEpBa ee TaCTHHIL caydail, K KOTopoMy Teopemy (4,4) MokHO
TPHBECTH IyTeM HeCIOMHOT0 BU0U3MeHeuns. B To ae BpeMsa Ha DTOM YacTHOM
ciydae BHAYWTE]NBHO pelbedee BEIEIUTCA CYNIHOCTH TEOPEMEH U ee JoKasa-
TeJBCTBA.

4,6) Ilyems (X, u) — ewinykaoe monoaozuveckoe aunelinoe nPoCMPAHCE0,
Y — Osolicmseernoe esmy npocmparcmeo. B makom cayyae caedyowue 0ea ycrosus
sceeda arsusanenmuul Opye Opyay:

(1') ecan Dara Donycmumnas MONOLOLUR Wy 2 U MAKAR, UWNO HUKEAKLL U-0KDEC-
HOLMb HYAS He AeAsemes Husle He RAOMMHOL NPU MONOAOUU Ug, MO Uy == U,

(2') ecau @ cc Y naomuo ¢ Y u 00noepemenno nowmu samsnymo, mo @ = Y.

Hoxaszarenscrro: Ilycrs npempue Bcero srurosHeno yeaosue (17). Iycrs
@ccY wroreo B Y u uyers miiA gioboit u-oxpecrHocrn nydas U mepecedenue
@ n U* samrnyTo.

Hymuo gorakasars, uro @ = Y.

Onpepennym pia kasporo U MHOmecTBO

U, = (@ 0 U%* .
fleno, uro U, 2 U u4ro 910 OIATH CUMMETPHYHOE BEITYKIIOR 1 BAMKHYTOE MHOKE-
erBo. Onpegesny gatee Ha X HOBYIO TONIOJOTHMIO %, TAKNM 00pasoM, 4ro 3a
HOJIHYIO CHCTEMY OKPECTHOCTelH HyJIsS MBI IpHUMeM Kak pas cucremy scex U,
rge U mpoGeraer cueremy BcexX u-okpecrHocoreit myas. Ilpempe Bcero sicno,
4T0 TOTOJNOTHA U, JOMYCTHMA U 9TO U, = U.
Hasiee 6yner
. ] —
U = (Q n U¥** =Q n U*
Onuaro, Tax kak @ n U* samruyTro, 10
Uf=@Qn U*.

Jloramen rereps, To TPOCTPAHCTBOM BCEX U, HEIIPEDPHIBHEIX PYHKITHOHAIOB
ua X sABIAETCH Kakr pas Q.

Hyers y ¢ Y 1enpepuBHO HPHU TONOMOTHU %, JTO BHAIUT, YTO CYUIECTBYeET
U rax, uro y orpanugeso Ha U, ciegoBareisHo s NOAXOHAINIET0 A MMeer
MecTo
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Ecan, saobopor, ¥ € @, To BO3EMEM

U =E [y <11,

tak 90 Gyner y e U*; orciona y € @ n U* = Uy u, ciie0BaTeNbHO, y HEIPePHiBHO
[PM TOIOJIOTHE U,.

Urax, mur moxasasm, aro () obpasyer Kak pas IIPOCTPAHCTBO BCEX u,-HEIpe-
PpHBHBIX QYHKIHOHATIOB Ha X.

Teneps Mpt yreepsmpaem, aro U, = u,U. [leiicrBurensno, Mb 3HaeM, 9TO
= (@ n U*)*.

Onmospemenno, coraacno (2,6), u,U = U**, rje nepBas 3Be3goYKka osHavaer,
KOHEYHO, II0JAPHOCTE B (), OTKYAA

=@nUN*=U

Urak, mMbl BHAMM, 9TO TOIOJOTHA %, MMeeT ciejyioliee csoiicrso: Ilpempe
BOETO %, 2> %, U, BO-BTOPHIX, [yia m06oit w-oxpecrnoctn uysis U, w,U Gymer
%,-OKPECTHOCTHI0 HyJisi. Tak Kax Mpl IpeANoJaraeM BHIIOJHeHUEe yeaosus (17)
Oyner w, = %, CIeJ0BATEILHO, MHOMKECTBO BCEX %,-HENPEPHIBHEIX (HyHKIINO-
HAJIOB JOJMRHO OBITh TOKECTBEHO € MHOKECTBOM #%-HEIpPepHIBHHX (QyHK-
LUOHATOR, U @ =Y.

Ilyers, vaoGopor, BeosHeHo yesosue (2°).

Iycrs pama JIOMyCTHMAs TOIOMOTHA %, = % TAKas, uro s Jwoboro U amuo-
sEecTBO %,U Gy1eT OKpecTHOCTHIO HYJIA IPH TonoJornn %, OGosmauum yepes ¢
MHOYRECTBO BCEX t,-HEMPepHBUEX ynkimonamos ma X. Umeem Qcc ¥ n @
nrorHo B Y. Bosemem pmamee mpoussoasnoe U. fleno, wro U u »,U oGnajaior

B () OJUINM I TeM e TOMAPHBIM MHEOMECTBOM, a UMeHHO
Q n U*.

Onuaxo, rax Kag %,U ABIAETCH 1%,-0KPECTHOCTHIO HYJA, T0 ¢ n U* caxabo
KOMIIAKTHO, a, 8HAYHT, ¥ 3aMkHyTOo B Y. Orciofa u w3 vciosus (2') cienyer,
uro @ = Y, uau u, ~ w. Ho aro suaqur, uro pus soboro U mMeer mecro

U,=u,U=uU=U.

Nrak, wampoe U sABisiercs TakmKe 4,-OKPECTHOCTBIO HYJIA, CJIEJ0OBATEIbHO,
%, 5w, OTRYJAA U, = U.

ITHM BaBEPUIAETCA JOKABATENLCTBO YKBHBAJIEHTHOCTH.

3aR0oHUNM Temeph JIOKA3aTeILCTBO TeopeMsl (4,4).

Mycrs wmeer mecro (1), Hyers @ cc Y uourn samruyro. Har ussecrno, cy-
IECTBYeT BLINYKJIOE TOIOJOruYecKoe Juueitnoe mpocrpancerso (X', u') rax, 9ro
(X', %) npoiicreeno @, W IpUTOM CyHIECTBYeT roMOMOpYUEM @ IPOCTPAHCTBA
(X, u) na npoerpancrso (X', u').
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1

Howamenm reriepr, uro upocrpauncrso (X', #') mieer csoiicreo (1'). Cormacuo
pejbUIyHIeMY , TOTJIa oJyunyM @ = @, man Apyramu eiaosamn, ¢ Gyjer 3a-
MKHYTO. ‘

Jle‘i‘i(:TBwreaxﬁnot‘ii)f(;Tb ua X' omnpejiesieHa emje ofHa JIONYCTUMAS TOIIOJOTHUS]
Uy TAKAS, U9TO Uy 2> w' W IPHTOM HUKAKAS W -ORPECTHOCT YA Te FRITeTCH
HUT/Ie He 1WIoTHOM Ipy Tonosornu %y Herpymuo Bupers, uro oroGpameie ¢
npoerpanersa (X, w) ua (X', ugy) HowTH-OTKpLITO, a, 3HauuT, cornacuo (1), or-
KpBITO, Tak 4o Uy = u’. IIpocrpancrso (X', w') umeer, ciejoBaTensio, 8ol
¢tBo (1'), 9ro 1 TpeGOBANOCH [OKABATD.

yerp nmeer mecro (2). [lyers gano moutu 0TEpTOe 0T00paKeHUE @ UPOCTPAH-
era (X, u) Ba (X, »,). Herpynuo ybequrses r rom, uto Ha X, MOKHO BBecTU
JAOIYCTUMYIO TOLOAOTHIO % TAKHM 00pPAa30M, 4TO 34 HOJHYIO CHCTEMY OKpecT-
Hocrell Hylnda MB OpuMeM Bce Maomecrsa Buja ¢(U), rme U mpoGeraer sce
u-oxpectHOCTH HyJA B X. Tar xar otobpaiKkense ¢ IOYTH OTKPHITO, HEIIOCPE/(-
CTBEHHO WHOJIYYaeM, YTO %, =~ % H HHKAKAS U-OKPECTHOCTL HYJIA HE SB/IHeTCH

HUTAE He IUIOTHOW IPU TOMONOTHH U,

OGosuaunM temepk veped Y, anuuruiATOp HpOCTPAucTBa @-1(0), Tax 4ro
Y, ects BamrmyTOe 1rpocTparctso B Y. Eemu x, € X, y, € Y, 70 ju1 Beex ¢ € X
TaRUX, YTO @(x) == Z,, TPOU3BejleHNe XY, HMEeT OJIHHAKOBOE 3HAYeHMe. ITO
3HaYenne MH IIPUMeM 33 IIPOH3BeleHHe XY, Jlerxo o0Hapymurh, 4T0 IPH
TAKOM OIpejiesleHNH IpousBefileHNa Hamm mpocrpancrsa (X, w) u Y, Gymyr
JBOMCTBEHHBIMH APYT JPYTY.

Tar wax (2) cupaBeynuBo jIs npocrpadersa Y, (2') Gyaer cnpaBeinuro s
npoerpancrsa Y, CorsracHo NpegbiiyIneMy W3 ATOTO CIeAYeT, uTO 1, == W,
APYIIMHE CJIOBAMY, YTO OTOOPAKEHNE ¢ OTEPHTO.

Brenem caepyionge OmpejesieHus:

(4,6) Omnpepexenne. Ilycme X - GRYEAOE 1MONOAO2UNECKOE AUHETHOE RPO-
empancmso. I pocmpanemeo X mbr nasosem B-noansis, ecan 8sinoiieno 0010
(a, suauum, o6a) us ycaoeuli meopemvr (4,5).

(4,7) Oupepexenne. [Tycmv X - BuAYKAOE TMONOAOZUHECKOE AWIETHOC N POC-
cmpancmeo. Ilpocmpancmeo X mee Hasosem Hacaedcmeenno B-noanvis, ecau
oHO sbinoangem 00no (@, snavum, o06a) us ycaosuil meopemo, (4,4).
OGosnaventte ,,B-moimoe’* GBII0O HAMU BRIOPAHO B CBHBH € TEM, YTO B DTHX
IIPpOCTPAHCTBAX CIpaBe/iiuBa rteopema bamaxa s NpocThix oTodparkenmii.
IIpusepem eme ojiHo ompeferenne:
(4,8) Omnpegenenne. Bunyraoe monoaveudeckoe auneiinoe npocmpancmso X
Mbt HAZ06EM HACALOCHBENHO ROAHBIM, ecal 043 1100020 2omomopgussa ¢ npo-
empancmso ¢(X) 6ydem noansim. ’
Temeps cnpaBefiuBa ciefyOMas [POCTas TeopeMma:

4,9 ITyems X - swnykaoe monoaozuneckoe auneiinoe npocmpancmso. Eeau
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X 6ydem B-noanvin, mo ono 6ydem u noawsn. Ecan X nacaedcmeenno B-noano,
MO OHO HACACOCMBEHHO ROAHO. :

,J,()ﬁaaa're.nb CTBO HEMOCPEJCTBEHHO CJe[IYeT M3 CPaBHEHUS YyCJaoBHA (2')
rTeopemst (4,5) 1 yesaosus (2) reopmsl (4,4) ¢ yesosuem (1) reopemst (3,8).

st Toro, 4To0Bl MMeETh BO3MOKHOCTL CPABHEHUS UCCHEHYEMLIX CBOICTS,
TpejicTaBiIAeTcs 1ereco0bpasHeM cOpPMyYIHPOBATE 1IOTYUCHHEE TOJBKO YTO
YCIOBUA B TAKOM BuAE, 4T00B OLIIO MCIOJIB30BAHO HOHATHE IOYTH HelpephiB-
noro Qgysrimonana. C sroil 1{eTbI0 JOKAKEM IPEABAPNTEIBHO IPOCTYIO JIEMMY.

{4,10) IIyemov Q, u @, — 06a nodnpocmpancmea ¢ Y. Hycmo cywecmeyem ad-
dumusnan u odnopoduas Pynryus h, onpedesennas na @, maras, wmo ¢, =
= E [y € @y, My) = 0]. B makomn dayuae @, 6ydem nowmu 3amsrymuim moeda

Y
u moavko moeda, ecau 00nospemerio &, nowmu 3amrnymo u h noumu uenpe-
prisHo.

Jdowmasarennscrro: Hycrs unpemsje Bcero @, IOYTH B3aMKHYTO ¥ A IIOYTH
HeripepeiBHo. Taxk Kak A II0YTH HEIPEPHIBHO, TO COINACHO (3,5), A KaM[0ro
U* umeer mecro

, Q,n(*ancQL.
Ho w1 umeem

QnU¥=Q, nU*n@Q,n U¥=0, 0 U*¥ n Q,n UscQ, o U*,
TaK YTO ) 1OUTH BAMKHYTO.
OGparno, nyers @ mourn samruyro. Cormacuo (3,5), M(y) Torna mouru He-

apepsisuo. Ilyers nano U*. Cormacuo (3,14), umeem
I yh4),

A% = gup [h(y)] < oo .
YeQeoU*

Ecnu sror cynpemyMm paped Hymo, 10 @ n U* = @, n U¥, 1an 9ro @y n U*
samMEnyTo. O[HAKO €cii CYU{eCTBYeT ¥, € @y n U* mam, uro A(y,) #+ 0, TO Mb
JOKAMEM, YTO HMEET MEeCTO

Qo U* = U* n E[I =y~ oY » qle(] 7§~W?~ﬂ) (@, 0 U*),
HAYEN

)u*
o< )

Tax Kax 970" paBeucTBO TpEACTABIAET HaM @, n U* B BAJe TepecedeHus
T®
IABYX 3AMEHYTBIX MHOMCCTB; TO, AOKA3aB €ro, Mel yOemuMesi, 9ro @ U

BaMﬂllyTO.
5 a " 7%
HpaBsast yacrs, 09eBUHO,, CONEPATCH B .TIEBOI'Z[. Iycrs Ha000poT ¥ € @ 0 U*.
] L] s o s
Torna, ouesupno, y — “((J)) Y, JIemur B §;, & TAK Kak |P(y)] < A%, pra TOUR
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*
JGRUT 1 B (1 - W%—)_l) U*. Temepp [0CTATOYHO TOJOMUTE ¢y == Y —
2

h(y) h(y)

———— y2 W YUCHO O = ——- H JI0KA3aTECJIbLCTBO 38KOHYEHO.
h(ys) [A(ys)]

Mcronpsys TogbKO 94TO JOKA3AHHYIO JEeMMY, MLl IpUBefeM ycjosust B-mosi-
HOTHL K BHIY, B KOTOPOM QUIypUpyeT IOHATHE OYTH HeIPePHBHOro GyHriuo-
HaJa.

4,11) IHyeme X — gwnykioe monosouveckoe JUHEEHOC RPOCMPANCINGO .
Tozda X 0ydem B-noanvim ¢ mom 1 MOAbEO 8 MOM CAYHAE, €CAU SHINOAHEHO Cae-
dyrwuee yeaosue:

(3') Hyecmbv r — nowmu nenpepvisubiii PyrkYUOHAL, ORPEOCACHHBLE HA NAVIRHOM
u nowmu samrrymom nodnpocmpancmse L cc Y. Tozda ¢ynryuonanr r nenpe-
pulgen.

IIpocmpancmeo X 6ydem nacaedcmeenno B-noanvin 8 mosm i moavko 6 moss
cayuae, ecau 6ulnoaHeno caedylouiee yeaosue:

(8) Hycmwv v — nowmu HEnpepulenbill (PYHEYUORAL, ORPeOeAeHHbLE HE NOYMU
samrnymom noonpocmpancmee L cc Y. Toeda gynkyuonan v nenpepuiser.

Jdoxasareaserso: Ilyers mpessyie Beero BEIIOSIHEHO VesoBue (3'); mora-
e, 9T0 upocrpancrso X Gymer B-moampv. Ifyers @ ccY maordo u mourn
3aMEHYTO, mpudeM nyets § =+ Y. Bosbmem y, € Y Tak, wro y, non e Q. Ecau
Q, 03HAYACT JIMHEHHYI0 000JI0YKY IIPOCTPAHCTBA ) U TOUKH ¥, W eCJIH II07I0-
AUTh A Y € @y, ¥y = g -} Ay, ,
My) = 23

13 IpejBAyHiel JIeMMEl BUAHO, 4TO ), TTOUTH 3aMKHYTO U A(y) I0YTM Helpe-
peisno. Us yeaosus (3'), clieffoBaresbao, Bhltekaer, 410 kA nenpepssao. OpHako
$yHKIOHAJ f aHHYJANpPYETCH Ha ILIOTHOM Ipocrpanctse @, T.e. h = 0. Ho aro
HaXOAUTCA B IpoTHBOpedny ¢ TeM Qarrom, uro A(y,) + 0. Urak, npegnonome-
uue @ + Y mpuseso HAC K MPOTHBOPEYNIO, KOTOPOE HOKABHIBAET, UTO NOIAHO
Grrh @ == Y, 1. e. wro mpocrpanerso X seisercs B-nosuniv.

ITyers manee npocrpancrBo X B-nmommo. Iyers v - 1ours neipepsIBHEL
GYHKIMOHAT, OIIpefie/IeHHEI HA [I0YTH 3aMKRHYTOM ILTOTHOM HOJHPOCTPAHCTBE
LccY. Tar wax X B-nomuno, 6ymer L =Y, rax 4ro r GyAeT HOYTH HelpephB-
uEIM  QYHKIZOHAIOM, OlpefeiseHHuM Ha BeeM Y. Opsako mnpoerpancrso X
IOJIHO, CJIEJ{OBATEIBHO © HEIPEPHIBHO.

JloxasaTesbcTBO BTOpPOIl Wacru TeopeMbl (0 HackeAcTBenHo B-10aHOM Xpo-
CTPAHCTBE) HPOBOJUTCH MOKOOHHIM Ate oOpasom. BBuy To.bKo uT0 yraszanHok
Xapaxrepusanuy [L-DOJHHX M HacAeJCTBeHHO B-HOJHBIX UpPOCTPAHCTB Ipesi-
CTABJSIETCSA €CTECTBEHIBIM BBECTH CJIEHYIONUe HaTbHellne IIOHATI:

(4,12) Onpepeunenne. Bunykaoe monosozudeckoe aunetinoe npocmpancmeo X
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Ml HA306eM R-noanwia, ecau kancowii noumu wenpepuisHbil GyHEYUORAS, ORpE-
deaennwrii. na naommnom L cc Y, seasemcs wnenpepuisuvin. Mu Hasosem eeo
nacaedcmeenno R-noanwvis, ecau kamcduli noumu HenpepusHuil @yHryuonas,
onpedesennull Ha kKarom-aubo L cc Y| agasemes HenpepusHbLmL.

(4,13) Illyemv X — cwnykaoe monoaozuteckoe AUMENHOE RPOCMPAHCINGO.
Ecauw X R-noano, mo ono 6ydem u B-noanvim. Ecau X nacaeOcmeenno R-noaio,
mo ono 6ydem u wacredcmeenno B-noansis.

(4,14) Ilyemv X — sunyraoe monoaoeureckoe auieitnoe npocmpancmeo, ¥ —
dsolicmeennoe emy npocmpancmeo. Ipocmpancmso X 6ydem R-noamwim moeda
u moavko moeda, ko2da umeem Mecmo:

ecau @ cc Y naomuo, mo Y = YQ n U*).

I pocmpancmeo X 6ydem. nacaedcmsenno R-nosnwsr mozda w moavko mozoa,
roz0a umeem mecmo

(Bameuanwe: Y@ n U*) osunauaer, womeuyHo, JHHEHHYIO 000JI04RYy Beex

muosecrs Buga @ n U*, rie U npoberaer Bee u-okpectHoCTH HYIA B X.)

HMorazareaserBo: Msl IpoBefiem ero Jjinib Ui HacjejcTBeHHol B-moJ-
HOTHL. BTopyro ke 9acTh MOMHO /JOKA3aTH AHAIOIMYHO.

Hycre mpocrparcrBo X macaepcrsenno R-moswo 1 myers fano @ cc Y.

Hymue goxazars, 4ro Q=@ n U#*). Tlpemjge Bcero, 04eBHAHO

Qo U*cQ.

llycrs o, non e (@ 0 U*). Ecau L, osmadaer mpoctpancrso, o0pasoBaHHOe
Touroll ¥, n ecau odosnaunts L == Q - L,, ro pusa wamporo y € L Gyner omuo-
BHAUHO Y == q -} Ay,, The qeQ. Husn yeL monmomum ¢(y) = A Tar mar
yonon € 8@ o U¥), ms (3,5) aerxo Burexaer, uro (Qyuxmuonan g(y) modarn
nenpepusen. Tax kak X nacienersenno R-mosHo, 1o g HenmpepsiBHO. Tak kaw
g(@) =0 u g(y,) =1, 10 y,non eQ—; YeM JOKA3BIBAeTCSA PAaBEHCTBO 0 =
= (@ n U*).

ITyers maoGopor mast moboro @ cc Y imeer mecro

Q=¥ nU¥.

Hyers gaw 0ouyrd HeNpephIBHRI (QYHKIMOHAN 7, ONPeAeJeHHBI Ha LccY.

Hy:mno pgoxasarb, uro » HempepniBuo. OGosmaunM @ = E[yel, ry = 0]
y
Ipeionoenne MOYTH-HEIPEPEIBHOCTH # 08HA4aer, coryacuo (3.5), 4ro

EWFWHLCQ
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Ho rak wax £@ o U*) = @, mm mosxysaem Q o L c @, Apyrumm coosamu,
7 HEempepsIBHO.*)

§ 5. METPU3VEMBIE ITPOCTPAHCTBA.

lipempe Beero MEL BHJieTH, 970 IOJHOTA IPOCTPAHCTBA YKBUBAJICHTHA Tpe-
$0BaHUIO, YTOOH RAMIAS HOYTIH BAMKHYTasA IHUNepIocKoceTs ¢ ccY Guuta sa-
mruyToil. Jlasee mpl swaem, wro auas roro, uroGsr B X GRLIA cupaBeauBO#
Teopema bamuaxa, HeoOXOANMO M JOCTATOYHO BHIITOJHEHHC (ojiee CHIBHOTO
TpeOOBAHNA: KaM0e [OUTH BaAMKHVTOE HOJIIPOCTPAHCTBO ¢ cc Y 3amMxHyTO.
Mer yrme cxasamm, 9ro bt TpefoBaHust, BooGle roBOPA, HepaBHOCHILHEL Op-
HAKO CyUIECTBYET HEKOTOPASA KATeropHs IPOCTPAHCTB, B KOTOPHIX U3 IOIHOTSH
cIeRyer yiKe M HacgejcrBennas B-moiamora. 9T0 HPOCTPAHCTBA, B KOTOPHIX
KBAAA TOYKA HMeeT CUeTHHIH Xapawrep. DTOT Pe3yJbTAT IO CYIIECTBY Vike
NABHO U3BeCTeH (NOHATHO, B HECKOJBKO MHOM BH7E) M Bocxojgur ¥ bBamaxy.
IIJIH HOAHOCTI MBI IIPTABG}IGM HaK COOTBETCTBYIOIME TeOpeMbl, TaK 1 MX JIOKa-
sateabcrsa. JlokasaresberBa He NpPUHANIIEARAT, KOHEYHO, aBropy, MO0 OHUM
fasupyrorea ma ujeax bauaxa. Ipn srom cnocole 10KaBaTeNbCTBA CUETHOCTS
ABJAACTCHA CYHIeCTBEHHBIM q’)ElZH’l‘OI)OIVJ'7 TAK KaK MBI CYIIeCTBeHHBIM 061’)8.30M
HCIIONB3YeM GeCROHCYIIBIe DAL

(6,1) Onpencaenne. Bunykaoce monosozudeckoe AUHENLHOE NPOCPAICINGO
(X, u) Mt HA306EM RPOCIMPAHCINGOM CUEIMHO20 TAPAKMEPR, CCAl CYuLecmeyem
NOAHAS CHEMHAR CUCTNEMA OKPECIMHOCIel 1Y 4.

(5,2) IHycmv (X, u) — npocmpancmso cuemrnoeo xaparmepa. Iycmv ¢ —
2omomopghroe omobpancenue (X, w) Ha BWAYEAI0C MONOAO2UMECKOE ALTLEliHOe
npocmpancmso (Z, w).

Ecau (X, u) noano, mo u (Z, w) 6ydem nosnvism.

JdorazaTeabeTBO: CYMIECTBYET CUCTHAA IOJHAA CHCTEMa OKPEeCTHOCTel
myast U,. Momuo npeamonosurs, uro U, o U, ,,. B npocrpancree Z MuOmRe-

*) MomHO JaTh M HEUOCPEICTBeHHYI0 XapaKkTepuaannio FK-IOINEX NPOCTPAHCTE.
Beinykaoe mononozuneckoe auneiinoe npocmparncmeo (X, u) 6ydem B-noanwim, eciu 0an
Kancdoll 8elNYKEAOIL MONOAOZUL ¥ 2 W, IMONOAOZUR, ONPEOCACHHAL 6CeMU MHOMCECMEAMY Uda

wU, 2de U npoGezaem ace u-onpecmuocmu wyas 6 X, 3R6USAACHIMHE MONOI0ZUL .
HoxazareascrBo: llycrs mpesae scero npocrpancrso (X, u) ABIAETCA I2-110TMBIM.

Boswzmew Torogoriio v = w. IIpocrpanersy (X, v) COOTBETCTBYET B KaueCTBE ABOUCTBEHHOIO
HEHOTOpOe ILTOTHOE NOFNpocTpaHcyso ¢ mpocrpancrsa Y. Hycrs reneps y e Y. Tar kan
(X, w) R-moauo, o corsiacno (4,14) cymecrryer okpectHocTh U Tak, 4to y e (Q 0 U¥)**,
Ho rax xax, ouesirano, (@ n U*)* = ¢U, Bumoansgerca nepaseucrso |(vU) y| = 1, Tak 4ro
Y HENPEPLIBHO 1IpU TOHOJOrHA, oGpazonandol BceMu Muomectnamu suja vU. Tax nar ato
CHPABEIIIMBO A RAKAOT0 ¥ £ ¥, 0T TOMOAOTHS DKBUBATEATHA TOHONOIUN %.

O0partio, HycTs naile yCIOBHe BHIOTHeno. BosbMes II0THOe HOUPOCTPARCTBO @ CC Y.
OBGoz1aunm yepes » ¢Jabyio TONONOTHIO HpocTpancTpa X, COOTBETCTBYIOMYIO HPOCTPAHCTBY
Q.Tycrs y & Y. o 1IpegnodoKenio cyRecTsyer 4-0kpectTHocTs Hyas U Tak, uto |(vU) y| <
< 1. Tag rax »UJ == (@ n U*)*, Byper caegopareasio y & (@ 0 U*)** = @ n U*. Orcioga
CIHe[lyeT PaREHCTRO gTQ N U*) =Y, rak uro (X, u) apaaercsa R-nOIHBIM.
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crBa @(U,) obpasyior Taxime MOHOTOHHYIO CYETHYIO IIOJIHYI0 CUCTEMY OKpECT-
Hocreit Hyds. Ilyers vemepp 2, o3HAuUaer mochenoBaressHocts Homm B Z.
CymiecTBYeT BRIGeJIeHHAs TOCITL0BATENBHOCTD 2, TAK, YTO

1
z;+1»~z;e§;q)((,7n)7 n=12 ..

’

Te VIITEC : 1 U . ’ ’
ernepb CYWECTByIOrT 7, € 5n Un TaK, 4T0 @(r,) == 2,4 —— 2

"

Hycrs x; Takoso, uto @(x,) == 2,.
Ofosuaunm sz n > 1

P _r
Ty == €Ty "']ﬁ ry “']L R L P
TaK 4TO [JIA BCEX HATYpPaJJbHBIX 7 GYJIBT (p(:l‘n) == 21,1 Eenn m > n, TO
. Ly by [
L == Xy ==y =1~ Py 1 ‘*_ Ym—-1 Gﬁ' n On+l n+1 'l“ Cg’r:l n e

Hraw, x, 6yper mnocregosarenpHocrsio Homm 1 sHauWMT, CYIHIECTBYET & TAK
uro x, — z. Orcwaa z, — @(x), a n0sTOMY U 2, — (). CieoBaTenbHO, 2, €CTh
CXOIAMIAACA TTOCIe[0BATETBHOCTD, IT0 I TpeboBaT0oCh J{OKa3aTh.

5,3) Iycmov (X, u) — npocmparncmeo cuemmozo xaparmepa. To2da X 6ydem
s ?

ROAHBIM 6 TOM 1 MOABKD 8 JNOM CAYYAE, K020Q UMEC MECMO: ecall ¢ NOYml
omrpsimoe omobpancenue npocmpancmsa (X, u) na (Z, w), mo ¢ omrpsuno.

JoxasarenbeTBo: IpH COOMIONEHNN YKA33HHOIO YCJIOBHH IPOCTPAHCTBO
X 110/1HO, KAK HEIOCpeAcTBeHHo cienyer ms Teopem (4,4) u (3,8). Ilycrs, ma-
o6opot, pocTpaHeTBO X ITOJIHO; HYHKHO J{0KA3aTh, 4TO COOJTIOASTCS YCA0BIE
(1) reopemst (4,4). B cuny npepsigymero pesyabrara, (5,2), R0CTaTOUHO OJIHAKO
JOKA3aTh TOJBKO cobiofenne yeaopus (1) reopemsr (4,5).

Tyers U, cuoBa 03Ha49aeT MOHOTOHHYIO CYETHYIO TOJHYIO CHCTEMY OKPECT-
HocTell Hyas.

Iyers w, — pomycrumas romosorus B X Takas, 94T0 %, = % ¥ 4704 1106010
U,, muosecrBo #,U, 6yaer 4,-0KpeCTHOCTHIO HYJIH.

IIyers U, ecrs HekoTOpasA %,-OKPeCTHOCTb HYJIA. Torga oHa &ypger u u-
OKPEeCTHOCTHIO HYJIIA, BRAYMT A oxojsuero # 6yner U, c U, cnegosarensno,

w,U, cu,U,=U,,

OTKYJIA BHIHO, YTO MHOMKECTBA %,U, 00pasyioT MOJHYI0 CHETEMY ORpECTHOCTEH
HYJs LIS TONOJOrUY %,. BBeieM masee obosuagenne U, , = u,U,.

Hyers x e Uy,. Cymecreyer x, e U, n (x -+ 1U,,), tax aro

r—x,e3U,, .
Jaiee cyumecrsyer

1
vy e3U, 0 (“”'““’51 -+ QEU:;O) ,



TAK YTO
1
Tl By € g U .

Hotyernm, 4ro MH yie UMeeM Zy, ¥y, ..., &, TAK, 9TO

1
(1) x,-eg__—ll]i,
L 1
(2) “’"?xiéga Uisryo-

Torza cymecrsyer
1 n l )
Tpw1 € ’2',; Un»‘rl 8l (1‘ - szz "}" W Un+2,o)

OTKY/1a
41 1

X — 2, € —s U .
;: i 2,,'.*_1 n+2,0
k3

1
O6osuaumm Teneps s, = 0, ¥, Tak Kak & — &, <5 Uyi1,0 Oymer
1 .

X = u,-lim s, .
Ecau panee p < g, 1o

) 1 1 . 1
— o ; | L -
Sg— 8 = Ay yq By i Ty € % U,.11 5ol Upyro--...C 51 Uyiy -

CireioBaTeNIBHO, S, €CTh U-OyHHAMEHTAJIbHAS II0CJe[0BATETbHOCTD, & TeM ca-
MEIM W %4-CXOAAMIAACH, TaK 410 2 = u-lim s,. Opgmaro Bce §, Jear B MHO-
smecrBe 2U7;, KOTOPOE u-3aMKHYTO, oTKyAA z € 2U,;. Urak, moayvaerca BRIIO-

qeHHe
U,cU,c2U,.

TGM e GII()CO()OM MO¥HO JAOKa3aTh HJjA IIpOM3BOJ[bHOI‘O n
U,cU,,c2U,,
TAK 470 Y%, == U.

Cuernpiit xapaxrep npocrpaHcrBa X ABIHAETCA CYIECTBENHLIM JUIS ITpUMe-
HEeHHOI'O 01100068. JAORA3aTeABCTBA, HO HE ABJJAACTCHA TAKOBLIM A IB-I,IOJIH.OTLI
npocrpatucrsa X. B camoMm jesie, MBI umeem
(6,4) Cywecmsyiom dsa Osoticmeennux 0pye 0pyey npocmpancméa X u'Y mar,
HINO UMEEITL MECINO

(1) npocmpancmeo X nacaedcmeerno B-noano u umeem wecuemunii xapaxmep,

(2) npocmpancmeo Y umeem cuemuwii xaparmep.

HdowasareancrBo: oGosHauum uepes X JuHeitnoe TIPOCTPAHCTBO BCEX
nocjaeoBaTeJbHOCTell AeficTBUTEIBHEIX Yuced & == {x;} TARUX, 9TO I0YTH jUIA
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Beex k Oyner x;, = 0. Tomosoruo va X Mrl BEIGepeM Tak, 4T0 34 IOAHYIO CHCTE-
MY OKpecTHOCTell HYJIf LIpHMeM BCe CHMMETDPHYHBIE BEIIIYKJbE Teda B X.

MpocrpaucrBo X ne umeer cuerHoro xapaxrepa B rouke 0. [HeficrBuresnnno,
ecin U, — IpPOMBBONBHEIC CHMMETPUYBEE BHITYRABE Tega B X, TO MOMHO
3a/1aTh CUMMETPUYHOE BHIIYKJIOe Tedo U Tak, 4To HU [IsA KAKOTO 7 He MMeer
mecra U, ¢ U. O6osHaanm JiA 9Toil mean

op=sup E[d =2, xeU.].
)

Tax rar U, asiaores Texamu, 0yner g, > 0. Teneps gocrarouno Basarh

U=E[zeX, ] X }0,].

OGosuauum dwepes Y JaumeliHoe NPOCTPAHCTBO BCEX IIOCJIEJOBATEIILHOCTEH
JeHCTBUTEIBHBIX 4nced y == {y,}. Tomomorna Ha Y BuOpaHa Kax TOIIOJOTHA
JIEKAaPTOBA NIPOMBBEJCHNA MPAMKX. Ecam onpeje/uTs CRaJAPHOE IIPOM3Bee-
HUe xy KaK CYMMY 22y, 70 X u Y Oynayr asoiicrBensl apyr ppyry (cm. [8],
reopema (2,2)). Howmamem remeps, uro mpocrpanctso X HaciaefacrBeHHo K-
TIOJIHO.

Hycrs QccY u myers y, € Q. Jdoraskem, uto cymecrsyer U Tag, 410 ¥, €
€Q n U*. Jlerro ofmapymurs, uro TpocTpamcTBo Y MOMHO MeTpUSNPOBATH,
HanpuMep, IpH HOMOHIM METPUKL

oyt yt) = 5 & N

U jajiee, YTO CXOJUMOCTL O3HAYAET CXOAUMMOCTH JIO KoopaunaraMm. Tak Kak
Y, € @, CyIiecTBYeT IOCIe0BATEIALHOCTD ¢, € @ Tar, uro s mwoGoro k Gyner

lim Qe = Yoio - -
n

Teriepb MbI YTBEP#KIAeM, 4T0 CYILECTBYET IOCAE0BATENBHOCTD & > 0 TaK, 910
SUP &[] < 00 .
nk

Ecan pasars Quecuposannoe k, TO 10CHE0BATENBHOCTb {¢,.}, Oymer cXoas-
mieifest 1, caejioBarTeabHo, orparnuennoi. Eemn ofosHaquTh

gy == sup Ian‘ ’
n

1
TO JIOCTATOYHO ITOJOHNTD &) = ], CCJIH O, == 0, nx;, == 5_— , €CJIN O, > 0.
4

Mosomum rTeieps
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Hame yrBep:genue Gymer JAOKABAHO, €CJU Mbl HOKaMeM, 4r0 Bee ¢, € U*.
Wrak, nyers @ ¢ U. Hymuo fjorasars, uro |2g,| < 1 gas scex n. Opnako

-~ 1 1
{xgnl = 121;7:(%;1:] :(é Z EE (kuanl —:<,— SUAP (xlcl(]nh —_<—: 1.

5

OTHM [{OKa3aTeIhCTBO BaBEPIIAETCA.

§ 6. IPOCTPAHCTBA HEINPEPBIBIBLIX ®VHEKIMI.

B nacrosturem maparpade Mt 6yAeM MCEIe0BaTh BLITYRIIBE TOMOIOIIYECK e
JMHeHHEE IPOCTPAHETBA crernuanbioro tana. Hexo B ToMm, uro ecan 7' — mpo-
HM3BOJIbHOE BIIOJHE peryJspHoe ToIojgormieckoe mpocrpancrBo v ecau C(7)
o3HAYaeT JHHEHHOe IPOCTPAHCTBO BeeX HelpepwBHEX Qynrwmit va 7, ro C(T')
MOJKHO TOTIOJOTH3HPOBATE € IIOMOMIBIO IICCBAOHOPM, COOTBETCTBYIONIX KOM-
I&KTHHIM TTO[MHO:KecTBaM npocrpaucrsa 1. Tawxum obpasom C(T) cramoBurcs
BRIIYKJIBIM TOMOJOTHYECKIM jwHelnsM 1pocrpancrBoM. Ilpesge Bcero Msr
3aiiMeMes CBABBIO MeRly cRolicTBaMy IpocrpancTsa 7' W pasiudALIME BHIAMN
noguorsl pocrpancersa C(7T'). Mul mosrydus HeKOTOPhie HeoOX0JIMBIE YCIOBUA,
KOTOPSIM JIOJIHO yaoBaersopars T, paa rtoro, uroGe upocrpanerso C(T)
061a/1a710 JaHHBM cBOfcTBOM. Il0aB3ysCh BTHMU pesyJbTATAMM, Mbl TOCTPOUM
HEKOTOPBIe BIOJHE pPeryJisapHBle IPOCTPAHCTBA TAK, 4TOOHl COOTBETCTRBYIONINE
HPOCTPAHCTRA HEHpPepHIBHLIX (QyHKIml umemu TpeGyemsie croitcrBa. M3 raas-
HHIX Pe3yJIBTATOB DTOrO maparpada 3aciysRUBAeT BHUMAHIA IPERIE BCEro
10 ¢OCTOATENBCTBO, YTO IIOJNHOE MPOCTPAHCTBO HE JOJFKHO ObITh 00s3aTeabHO
HI B-I0JTHBIM, HH HACTe[ACTBEHHO ITOJHEIM, U HAKOHeIl, ¥ro B-moaHoe mpocrpaH-
CTBO He TOMHO OBITh R-11osmupiv.

Ilyers T — BroaHe perysApHOe TOIOJTOTUYeCKOe HPOCTPAHCTBO, HYCTh &
03HAYAET CHCTEMY BCEX KOMIAKTHHIX IOAMHO:ecTB mpocrpancraa 1. Cucremy
K,c & w1 wasoBem mOMHOI cHeTeMOil KOMIIAKTHBEIX MIOMKECTB, eCJd JIIA Kak-
aporo K e & cymecrsyer K,e &, rax, sro Kc K, Torga MomHO roBopurb
0 KOMIARTHOM Xapawrtepe npocrpancrBa 7', KaK 0 HaUMEHbLUEH MOLIHOCTH
[IOJIHOM CHCTeMBL KOMIIAKTHBIX MHOMKECTB. BB 5TOM CMBIC/ie, HAIIpUMe], eBRIIHO-
BBl IPOCTPAHCTBA MMEIOT CUCTHBI KOMIIAKTHHIL Xapakxrep.

O6osnayunm gepez C(T') mmuelinoe IIPOCTPAHCTBO BCeX HEIPEPLIBHAX (yHK-
1, onpegenennsix Ha T'. Ecan M c T, vo nyers U(M, &) oHagaer MHOMECTBO
Beex z(t) e C(T) rakux, 9To IS HUX UMEET MeCTO

(Hepasencrso |2(M)| < & osuavaer, womeuno, |x(f)] < e gusa Beex teM.)
Herpynuo Busiers, yro cucrema Beex U(K, ) (K e &, ¢ > 0) oGpasyer moanyio
cucTeMy OKpecTHocTell HYJA HeKoTOpOoW porycermmoit Tomosmormm ma C(T).
B paabmeitmiem Ml Bcerma 6yjgem pacemarpusars C(T') ¢ aroit Tomosgoruei,
Tak yro C(7') Oyaer BHIIYKIBIM TOIOJIOTMYECKUM JTUHEHHEIM LPOCTPAHCTBOM.
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Hanomuum eme, 9ro s aioboro K u moboro ¢ MHosgecrBo (K, ) saMKHYTO.
Heiicrsurensuo, nycrs & Jgemur B sampkannn Muosecrsa U(K, ). Hpenmmo-
JomuM, uro cymecrsyer t, e K Tak, uro o = |2(l,)| > & Uomomum &’ =
= 4(0 — &). MuomecrBo x -} U(K, &'} moamuo nepecerars U(K g). Cym;eo'r
BYyerT, ciefoBaTeabuo, ¥y € U(K, &) 1 x, e UK, ¢') Tak, uro x; = @ -+ x,.

Ho Torna

9TO IPOTUBOPEYUT IIPEAIIOJS0HICHUIO.

(6,1) Oupepeaemue. ITycmb Pynryus x(f) onpedeserna Ha 6noaHe pe2yrapHOM
monoaoeuyeckom npocmpanemee T. Pynryuio x(tf) Mmbl Ha308em nowmu Henpe-
puisHoll, ecat daa awbozo K e & wacmuunas $YnEyus xz HenpepuisHa.

(6,2) IHpocmpancmso C(T) 6ydem noamwm mozda w moasvko mozda, ecau
kancdas nowmu nenpepwsias fynkyus, onpedeaeunas na T, nenpepusna.

Horasarenscrso: Ilyers yexosue Beiosmeno. Ilyers Y — neurpuposasn-
Hasg cucrema Howm samruyteix muomecets B C(T). Ilyers te 7. Ecau A € U,
TO IIOJIOHIM

Aty = E[x = a(t), v 4] .

«
Hycrs A(¢) osHauaer cucremy Beex A—(t)~ Jorantem remepb, 4TO A 1106010
teT cucrema U(t) Gymer newrpuposanuoil cucremoii Homm 3aMKHYTHX MHO-
mecTs Ha nmpaMoit. [Jeitersurensyo, nycrs gano ¢ > 0. Tak Kar ogHoTovednoe
MHOKECTBO, COCTOANIEe 13 TOYKM §, KOMIAKTHO, TO MHOMECTBO ’

U= F [z e C(T), |2()] < €]

Oyner ORPECTHOCTBIO HYJIA B C’(T), Iio upennoinomenmo cyuecrayer 4 € U raxk,
YTO HMEeT MEcTO
Xy, o€ Ad = v —2,eU
W, 4TO TO 3Ke camoe,
Xy, Zye A = |ay(t) —xy(t)] S €.

Iro BHAYUT, YTO A J00oro ¢ muamerp MHO:ectBa, A(f), a, smauur, u A(7),
Gyper we Gombme e. Husa mo6oro ¢ myerh x,(f) o3HaYaeT nepeceveHmne CUCTEME
A(E). v et orpegesusm va ' HeroTopyo0 QYHKOUIO X,(t).

HoxrasmeM Tereps caejyiolee yreepagienue:
eCJIH JIaHo mponseoabHoe KoMnarTHoe K T u mpomssombuoe € > 0, 10 cy-
mecrsyer 4 e U Tax, uro Mmeer Mecro )
zed, te K = |2@) —z,)] Ze.

Heticrsurensno, nyers gano romnartHoe K c T u & > 0. Teneps cyitecrayer
4 € U rax, yro
Xy, Xy € A = :vl»—xgeU(K,e),
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pining
ay, e d, te K = |ay(t) —ay(t)] S e

Orciopa ciegyer, wro AId NpousBoabHoro fe K jpuamerp Muomecrsa A(f)
Gyner ne GOMbINe &, TAK YTO I JI060r0 « € 4 u soboro ¢t € K nosryanm

() — @) < ¢,
4eM H JJORas3bIBAETCs Hanie y’rBepmne}me.

Horaem TeIephb, 4To Pyarua x,(t) HelPepHBHA HA KayKAOH KOMIIAKTHOMN
gyacty xpocrpauncrBa 7. OT0 HENOCPEJCTBEHHO BRITEKAET U3 TOJBKO 4YTO JO-
Ka3aHHOTO yTBep:RAeHNUs, M00 1iist Kamporo Kommakraoro X ¢ T’ u aus Kamgoro
&> 0 Qysrumio z,(f) MOMHO paBHOMEDHO AIpPOKCHMMHpOBaThHa K HelpepsiB-
Hoit JyHKIWell ¢ morpemHOCThI0 He Gosee ¢. Tax KaR MHL mpearmoJaraeM, 9T0
YCJI0BUe Hallel TeopeMhl BEIIOJHEHO, TO &,(f) HenpepeBHa Ha BeeM 7.

Ocraercsi [oKasaTh, urT0 &,(f) demur B mepecedenun cucreMmsr Y. Ilyers
pano A e ¥ u nyers U(K, &)-upousBossHan okpecrHocrs uyns B (CT). s
TpeJHAYIero pesyiabrara clegyer cymecrsoBanue 4y ¢ U raxoro, uro

zedAg, te K = |a(t) — )] Z &

Tax wak cucrema U nenTpupoBana, cymecrsyer @ ¢ A n Ag. Jina aroro x nmeer
MecTo :
x-—x,e UK, &) .
Tax kag U Gsuto BeGpaHO IPOMBBOJIBHO, KAMAAA OKPECTHOCTh TOYRH ¥, Iepe-
CeRAETCH ¢ MHOKeCTBOM 4, T. e. &, € 4.
JTHM BaBepIIAETCA KOKA3ATEIHCTBO NOJTHOTH npoctpancrsa C(T).

Hycrs, waobopor, upocrpancrso C(1') monmo. Ilyers w(f) ecrs $yuruuns,
onpejerennaa Ha T u rtaxad, yro s aioboro K e & gacruusas GyHRUms
wg(f) nempepuiena. Qs kammoro K e & oGosmaynm

A(K) =E [z e O(T), 1 ¢ K = 2(t) = w(?)] .
z
Muossecrsa A(K), oueBugHo, 3amMruyrel. Cucrema Boex A(K) neurpuposaua,
Kak BHTeRaeT us teopemsl Turie. [lamee mmeer mecto
Ty, @y € A(K) = 2, — 2, e U(K, &)
qaske s aoboro ¢ > 0. Urak, cymecersyer x € C(77) raw, aro x(t) == w(t) pusn
106010 t e 7', csteoBaTesIbHO, W HOIIPEePLIBHA.
(6,3) Onpegenenne. Ilycme T — gnoane pecyasapnoe monosoeuueckoe npo-
cmpancmso. Muoncecmeo M c T mvr nazocesm nowmu 3ameEHYmMbM, ecal 0as
rancdoeo romnaxmuoeo K ¢ T nepecevenue M n K samunymo.

(6,4) Iycmv npocmpancmeo C(T) 6ydem B-noanvim. Toeda mu ymeepucaem:
ecau M c T nowmu samruymo w naommno ¢ T, mo M = T.
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Horxaszareancrso: llyers npocrpancrso C(T') asnserca B-nomamm. Ilycrs
M nnorao B T v npurom M o K samenyro s moboro K e 8. Hysmuo noxasars,
uro M = T. OGo3nauum depes ¥, TOHOJOTUIO ¢ 00PABYIONIIME OKPECTHOCTAMU
U(K n M, &). Torna dyner «, = %, u u3 miotHoctd M ciefyer HOLYCTEMOCTD
TOnOMOTHH u,. lokamen Teneps, yro aiaa moboro K

u,U(K, ¢)

6yAer OKPECTHOCTHI HYJI0 [IPH TONOJOTHI %, J[lelcTBNTeNbHO, HOKAKEM
BRJTIOYEHUE '
UK n M, }e)cu,U(K, ).

Iycrs x e UK 0 M, }e) n nyers K, e 8. Hokamem, uro cymecrByer &' Tak,
YTO VMeeT MEecTo
te K, n M = x'(t) = x(t) ,

Jaust aroit nemm obosnauum W == K [t € K, |a(t)] = ¢]; mosromy Gyger M n W ==
t

Teneps cymecrsyer Qymwuuss 2(f) e O(T) rak, garo 0 < 2(t) < 1, npuuem
1IMeeT MecTo
fte(K,u K)n M = 2(t) =1,

te W= 2(t) =

Hosowum @'(2) == a(t) . 2(f) u mokameMm, uYTo &' YIOBIETBOPSET YKABAHHHIM
verosusam. Ilpessge Beero

te Kyn M= zt) = 1= 2'(t) = 2(t) .

Ecam ¢ e K, ro Moryr Hacryuurh gsa cayuas: uam te W, rar uro 2(f) = 0, a
soaromy 1 2'(f) = 0, 1. e. [2'(t)] = & win me tnone W, vo torpa |z(f)| < e,
l2(t)] < 1, caepoBarensuo croBa [#'(f)] < e.

DM M foKaszaI, uTo x € %,U (K, €), 3HauuT JOKA3aH0 M HaNle BRIYEHUE.
Tar raw no npemosomennio C(T) saBasercs B-monuwsM, t0 u, = u. yers
reneps ¢ e T’ joramem, uro te M. Muomecrso U(l, ¢) apnsercs u-oxpect-
HOCTHIO HYJIA, &, CIeJOBATENBHO, H %,-OKPECTHOCTBI0 Hyds. Urak cyuiecrsyer
K’ e & u unesio p > 0 rak, uro U(K' n M, n)c U(t, &). [Jouyerum, ro ¢ non e M.
Omiaro reneps A’ 0 M womuakrHo, caegosareabso, cymecrsyer z € C(T') Tax,
yro (K n M) = 0, 2(t) == 1. Tar rar (K’ n M) = 0, yi8 BCEX JIeliCTBUTEIL-
HBIX A BeloaHstercs cootromenme Ax e U(K' n M, n) u, caegoBareisso, ¢ yde-
TOM IIPHBEJEHHOYO BHIIIE BRIIOYenns Takxe Az e U(Z, €). 910 ojjHaKO HEBOZMOM-
HOo, TaK Kawr x(t) = 1.

Wrak, npusenennce s reopeme (6,4) ycaoBue sBIIAeTCA HeOOXOMUMEIM JIA
Toro, 4rods npocrpancrso O(T) 6sno B-nonusmv. Beuro 61 maTepecro Haiith
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HeoOXouMBle W JOCTATOYALIE YCIOBHA, KOTOPHM JOMMHO YAOBICTBOPATH
npocrpancrso 7', gns roro, grobst mpocrpaucrso C(T) 6uito B-nonusm.

(6,0) Ilycms T — gnoane peeyasproe monosoeudeckoe npocmparcmso. Ilycme
npocmpancmso C(T) nacaedcmeenno R-noano. To20a npocmpancmeo T umeem
caedyrougee ceoiicmeo:

(2) Ecau M c T v mousa t e M, mo cywecmsyem womnarmmnoe K c T max,

ymoite KnM.

Hoxasareancrpo. Ilyers Y osnagaer npocTpaHcTBo, [BOUCTBEHHOE IIPO-
crpancrBy C(7'). Jina wamporo ¢ e T o6osuaunm yepes @(t) ror virement g(t) e ¥,
JUIA KOTOPOro IIMeeT MecTo

2p(t) = aft) .
Iyers reneps M cT u myers te M. OGosnauum wepes @ MHOMKECTBO Beex
y € Y ciaegyoiero Bujga
Y = holmy) + ...+ dplm,),
rie A; — neficrBureasunie yucnaa n m; € M. Uraw, @ cc Y.

Teneps MEr yrBepszaeM, uto ¢(f) € @. B camom ferme, B mpoTUBHOM corydae
cymeersoBasio 6nt x e C(T) rak, uro ‘

@ =0, xzp(t)=1.

Vpasuense 2@ = 0 03HAYAET B YACTHOCTH, YTO [Isa awboro me M Gyper
agp(m) = 0, rax uro x(M) == 0. Ho opmospemenno xp(t) = 1, oprryna x(t) = 1,
aro mporuBopedut romy garry, aro te M.

Tax rax mpocrpaucrso O(T) ABIseTCs MO HPEAIOTOMEHITIO ACTEICTBEHHD
R-noaueM, To cymeersyeT oxpecraocts uydas U B C(T) rax, uro

o) eQ o U*.
Iyers U = U(K, ¢), rme K ¢ T wommarrro. [Joxasmem, uro
te KoM .

IIpesxpe Beero saiimemcs MmuomectBoM ) n U*. Jlowamem caegyiomee yraep-
IEHYe:

Ecom y e Qn U*, y = Zh,p(m,), npuwdyem dopma samucn BHOpana Tak, uTo
A; + 0w Bce m; OTIMYHK JPYT OT Apyra, To Bee m, € K n M.

HejicTuTenpHO, IPEAITOJORUM, IT0 HanpuMep m, non € K. Ioxomum

B=Ku(my) u ... u (m,).

MwuomectBo B Takie KOMIAKTHO M He CONEP!RHUT My, TAK 9TO CYIIECTBYET
z € C(T') rar, uro x(m,) = 1, x(B) = 0. Tar nar «(K) = 0, gaa awboro ¢ > 0
Oyper ox € U(K. &). Ham snemenT y npHHALTeEAT, ofHaKo, K U*; a10 Buaunt,
uro s a00oro o Oymer |oxy| < 1, yro BosMoMHO TodBKO Ipu zy = 0. Ho
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cymsa 1o ToMy, Kagk OBUIO BHOpaHO @, BURHO, YTO xy = A, =+ 0; Homyyame
MpOTHBOPEUNe, KOTOPOE U OKA3EIBACT HAIIE yTBEDIEIenue.

BosBpaTtnmesa K JOKazaTeXbCTBY BRIOYeHNA ! € KnM. Mpentosromum, dro
tnon e Kn M. Torga cymecrsyer z, € O(T) tak, uro

T(KnM)==0, ax,t)=1.
Cori1acHo TOJBKO YTO I0KABAHHOMY, OTCIONA CieXyer
xo(Qﬂ U*) =0, woq’(t) =1,
Y10 TPOTUBOPEYHT BKIHOYGHIIO t) € @ 0 U*,
ITEM 1 3aBEPIIAETCH JOKABATENBCTBO.
(6,6) Iiyemv T — snoane pezyaapuoe monoavzuneckoe npocmparcmso. Iycms

npocmpancmeo C(T) R-noawo. Toeda npocmpancmeo T umeem caedyiouee
C6oliCmeo:

(3) Ecau M c T naomno 6 T, mo coedunenuem scex muozcecms euda M n K,
(K € &), ssanemcs 6ce npocmpancmeo T .

Xo/] {0Ka3aTEALCTBA O[HHAKOB € JIOKA3aTeJbCTBOM TeopeMsl (6,5) ¢ Toit
pasuumeii, Yro0 B HACTOMNIEM CJayvae IMOAIPOCTPAHCTBO @ 10THO B V.

Caenymomast ieMMa HOCHT YUCTO TeXHUYecKHil xapawrep. Msr nmpusopum ee
yie Terepb, YTOOH B IOCJIeCTBAN He HapyOIaTh XOAA MEICeil.

6,7 Lycmv T — enoane peeyaapuoe monoaoeuseckoe npocmparcmso. Ilycme
B ¢ T samrnymo. O6osnanum wepes Cpl B) npocmpancmeo scex HenpepuisHblr Ha
B ¢ynryuii, donyckawwuxr nenpepuisHoe pacnpodcmparerue na sce T. Iycms
monoaceus npocmpancnsa Cp(B) onpedeasemea ceo nozpyoncenuem ¢ C(B).
Has miobozo x € C(T) nyems p(x) osnavaem wacmuunyio Pynryuio zg. Toeda
B npedcmasasem coboii nenpepvisroe u omrpwmoe omobpancerue C(T) na CpH(B).

Horasareascrso: llpempae seero acuo, uro (C(T)) = Op(B). Horamenm,
yro f menpepusuo. Ilyers famo ¢ > 0 n xommarraoe K C B. Torna

BU(K ,¢)) c Eze Cp(B), [o(K)| < €],

TaR 4T0 ﬂ IIETII)C})])IBHO.
yers padee pano U(K, e). Hymuo jorazars, uro (UK, ¢)) Gyner oxpect-
nocrbio Hynst B Op(B). Ilyers 0 < &' << e. Mbl fokaskeM, 94r0 MMeET MeCTO

E[zeCp(B), |«KnB)|<elchUK,e).

Iycrs z € Cp(B) u nyers umeer mecro [2(K n B)| < &' Cymecrsyer x € O(T)
TaK, 4ro ¥y == z. llomomum

W= E

t

Ouesupio, B n W = 0. Caeposarennno, cymecrsyer v e C(T) rax, wro 0 <

Zot) £ 1, o(B) = 1, o(W) = 0. Homomum a'(¢) = «(t) v(t). Ina t e B Oyner

e K, |a(t) =e].
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&'(t) == a(t), Tar 4o ¥p = z. llycrs Teneps ¢ € K. Moryr Hacrynurs aBa couy-
yast. Mo ¢ none W, no rorsa |#(f)] < e, a, snagur, B cusry Hepasencrsa (p(f)] < 1,
rakme u |2'()] < e Umm me te W, Ho Torma o(t) = 0, smauur u 2'(t) = 0.
Urax a' € U(K, &). Onnospemento f(x) = aj == z, TaK 9TO Hallle BKIIOYCHUE
A0KAa3an0, 1 orofpakenue f OTKPHTO.

B panpHeifmeM MBI a7 UM I[IOCTPOEHHE HEKOTOPHIX BIIOJIHE PeryJAapHBIX
TOTIOJIOPHYECKHX ITPOCTpaHcTB 7', BHOPAHHHIX Tak, YTOGH COOTBETCTBYIOINC
upocrpascrsa C(7) uMesan IpenmicanHble cBORCTBA.

lgest mocTpoenysa MePBEIX ABYX HPOCTPAHCTB 110 00Ha 0110 MBIcan XbIouT-
ta [6]. Hpemge yeMm npucTymiTh K UX IIOCTPOCHMIO, HAM HYRHO OVeT 3aHATHCH
1IPOCTOI JIeMMOI.

(6,8) Iycmo nocaedosamesvrnocmu dedicmeumesbHolx wices 8, U G, UMEIOM CAe-
dyrwwgue cgolicmea:

(l) > 0, 8> 8y lim s, == 0,

(2) 0, > 0.

Toeda cywecneyem Henpepvisras Pyrnryus p(s), onpedesennas dasg § = O
mak, ¥mo p(0) == 0, dax s > 0 oydem p(s) > 0, nputem

Spi1 858, = p(s) < a, .

Jdoxaszareabcrso: Ilomomum mpemjge scero ¢, = min (1/n, oy, ..., 0,).
OueBnpuo 0 < ¢, < 0, naiee ¢, < @, U TIpH droM ¢, — 0. Tonomum
reuepb p(0) = 0 1 p(s) = g, nas s > s,. s moboro Harypassmoro » onpe-
ZenmMm p(s,) = 3¢, ¥ HonoNHUM ompegeseHue QYHRIUM P(s) B OCTAILHEIX
TOYKax § > 0 ¢ nomompio JuHefnoll warepnogamun. OmpenereHHas TAKIM
o6pazoM QYHKIUA P(S) VAOBIETBOPAET, OUEBHAHO, BCEM TpeGOBAHWUAM HAlLel
JIEMMBI.

(6,9) Cywecmsyem snoane peeyaaproe monosoeudeckoe npocmpancmeo T co
caedywwumn  ceolicmeamu:

(1) ramcdoe noumu samrrymoe wnoxcecnso M ¢ T samknymo,

(2) cywgecmeyem wnoocecmeo M ¢ T u mouka m e M maw, wmo nu das
kakozo komnarmuozo K c T ne Gydemm e M o K

(3) npocmpancmeo T useem cuemmulii KOMRAEMHBLE Tapakmep.

HJoxasareascrso. Ilyers T cocrour us Beex Hap jeHCPBUTEALHBIX YHCET
t = {t;, t,). s wamyoro t ompepeaum, Kak 00BIYHO,

] = (24 )

= 0 Tawas, 4To

P0) =0, s> 0= p(s) > 0. (p)
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Tonomum
U(p, &) = (m) u h [lte] <&, fty] < p(ta])

Tononorus B npocrpancree T 6y;LeT olnpefiefeHa caepyompm obpasom. Ecau
t,eT, t, &= m, T0 3a IOJHYIO CHCTEMY OKPECTHOCTEH TOYKN f, MBL mpUMen Bee

MIOecTBa BHJIa
1
Uty = B|jt—t,] <—1|,
n(to) t[l | < n]

rjge n 1[1)0691‘301‘ Bee nHarypalibHble YHUCIa. 3a HOJHYIO -ClCTeMY OHPBUTHOCTG‘ﬁ

1
TOYKY N MBL IPIMEM CHCTEMY BCeX MHOH#eCTB BUJA U p.—\, raen n‘po()erae’r
n

BCE HATYPAJbHblE YHUCHA, & P — Bce PYHRINM ¢ YKazaHHLIME 11071 (p) cBoiicrBa-
mu. Ompejesennyio TakuM 00pasoM TOIOJOTHIO IIPOCTPAHCTBA MBI 0608HAYNM
vepes v. OueBugHo, 4To

(1) romosorug v caabee OOBIMHOM eBKIMAOBOM TOLONOINI ILIOCKOCTI,
(2) Ha MHOKecTBe A TOLIOJOTHA ¥ MHAYIMPYET OOBYHYIO TOLOJIOTUIO,
(3) na muomecrse T — (m) TOIONOIUA v HHAYUUPYET OOBIYHYIO TOIIOJIOTUIO.
I[onamem gro mpocrpanctso (7, v) Boomme peryiasapuo. Ilyers jpawa Touxa
toe T, |t,] > 0 u ee oxpecrnocrs U,(4,). Torna dpyumis
x(t) = min (1, n|t —t,])

HelpepLiBHA (fasse 1P 0OGBIYHON TOIIOJOTHM ILJIOCKOCTH) M IUPHHUMAET 3Hade-
nue 0 B TouKe ¢, n 3HadeHwe 1 Ha ponosdenunm muomkecrsa U, (), npudyem mis
moboro ¢ 6yger 0 < a(f) < 1. Ecau remeps ¢, = m u pano U(p, 1/n), 10 Mbt
oupeneaum x(t) ciepyoupm obpasom:
x(t) = 1 Bo Bcex Toukax, ve jyemanmx B U(p, 1/n),
w(t) = nlty| maa rouer t = (0,1,), || < lm. Bean ¢ = (t, 1) e U(p, 1/n)
W WpuTOM ¢ > 0, TO IyCTh %(t) OIpefeAeTesA JHHeHHO nATepHoIALell MeRAY
sHaueHueM nlt,| B Toure (0,t,) n smavemmem 1 B Touxe (p(|ty)), t,). Ecan ¢ =
== (b, £y) € U{p, 1/n) 1 npurom £, < 0, 10 nmyers z(t) oupepesdercs JgmneiiHol
unTeproAnueil Memay sHavenuem nlt,| B voure (0, ¢,) u sHavenmem 1 B ToUKe
("_" p(lt2l)a t
Jlerxo ofmapysmurh, 4ro 2(f) HempephIBHA IIPH TOIOJOIMH ¥, YTO WMEET
wmeero 0 < 2() < 1, 2(t,) == 0 u aro Pysrmms z(f) npunnMaer sHadeHne 1 Ha
nonoanennn Maoskecrra U(p, 1/n).
Nocmorpum Temeph, KAK BHINVIAAAT KOMIIAKTHEIE nonmomecma mpocTpaH-
crea (1, v).
Muosmecrso K ¢ T xoMIakTHO TOTHA UM TOIBKO TOTHA, eCJIM
(x) K womuarTio B 00b9HOM CMBICTE,
(B) cymecrryer uncno & > 0 Tak, 4To

Elte K, |t) <elcd.
t
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Ilyers npessje Beero K — MHOMECTBO, BBHITOJHAIEE 008 HAUMX YCIOBHA.
O6o3HaYIM
K, =KA~~E[}t] = ¢].
i

Muoskectso K, ovesujmHo, KOMIAKTHO B o0biwHOM cMbicae. Taw waw K, c

c T — (m), o K; Gyner KOMIAKTHEM 1 B TOLOJOrUE v, UGO0 TOMOJNOTUA v HA

T -— (m) Beoragaer ¢ obwranoit. Ofosmaunm K, =K n E [}{] < &]. Muomecrso
t

K,, oueBujuo, KoMmaktHo B o0bryHoM cMbicite. Ho rax rax K,c 4, K, Gyner
KOMITAKTHO ¥ B TomoJjorun v, ufo romojornsg v ua A cosnajgaer ¢ oGLIYHOM.
Wrar, muossecreo K wommakrao, rax xag K = K, u K,.

Obpario, nyers MaoskectBo K womnakrtio. Tax kax Toumosorust ¢ ciaabee
00BuHOl Toromormy maockocT. K wroMmaxkrtHo B oOmuHoM comuicae. it no-
KasaTeabeTBa cBoiierBa (B) MPEAIOTOMKIM, HA0DOPOT, YTO CYIECTBYIOT TOYKI
the K, |t,| < 1/n, t,noned. WUs mnocrepnoBarTegbHOCTH f, MOMKHO BBLIACJHTH
TIOC/IeI0BATENBLHOCTD 1, TaK, UTO TOCTEI0BATCABHOCTD by OYACT CTPOTO MOHO-
roHuoii. Ilo memme (6,8) cymecrsyer nenipepbiBHAs QYHKIA P(s), OIpeesIeH-
Has Aas s > 0, mosossurenbHas LA 8 > 0 n orakas, 1o p(lt,]) < |
OfBosnaunm Teneps yepes S MHOKECTBO BCEX U/IEHOB IIOCJIEOBATEILHOCTH f, .
Mzt yveem S ¢ K u manee U(p, 1) n S = 0. CrrefoBaTesbHo, TOYKA M He JICIRAT
B 3aMuIKanuy Muosecersa S. Hpir oTom, ofako, oS ABIAETCA YACThIO eBRINOBA
samsIkanuA MuHomecTBa J, pasHoro Su (m). Uraw, muomecrso S 3aMKHYTO
B TOIOJIOTHM ¥; TAK KaR S C K, MuomecTBo S KOMIIAKTHO B TOTIOJIOIHN ¥, &, BHA-
4HT, KOMIQKTHO W B OGHIMHOM CMBICIE. DTO IIPOTHBOPEUHE JIOKASEIBAET HALIE
YTBepHRICHTe.

MCI[().JII)&%}’H TOJABKO YTO HOJIy‘{GIIHhU?I pesydbTar, Min! BUIUM, 4YTO CUHCTEMa
BCEX MHOMAECTB BHOA

. 1 ..
Elt,=0, it <11 UE [- < < n]
t i n

06})&13}"6']‘ [MOANYI0 CHCTEMY KOMITAKTHBIX MHOHECTB HPOCTPAHCTBA T.

[Iycrs muomecrso M c T mourn samruyro. Jokamem, uro M saMrnyTro.
Hycrs t, e vM. Hyers upesyie Beero t, # m. Muomeerso W o= E[|t —1,] <
t

< t,1] womnarrHo, MuomectBo M n W xomnawrrno o npepiosostenuio. [pu

t
TOJAOMEHNTI0 CHOBA P-KOMIIAKTHO, BHaYUT KOMIOAKTHO M B OOBIMHOM CMBICITE.

Ipemmonoswust, wro mmnone M. Torga cymecrsyer £> 0 rak, 4ro nmeer
MecTo

348



Obosuaunm
P I
W, = E[W Sl —es < e] .
¢ p ===

Iiepecewenne M n W, ecrb KOMIAKTHOE B OOLIMHOM CMBICJE MIOMKCCTBO,
ausbioakTHoe ¢ K. Tlovromy cyinecTByOT HOM0MmUTEABITHIE YUCHA 0, TaK, YT0

El| <ol n Mo W,=0.
t .

Coriacho (6,8) cymieerByer jiajiee nenpepnBuas QyHRuys p(s), oupejeserias
a8 2 0 Tak, yro p(0) = 0, p(s) > 0 mus s > 0 W 9TO0 UMeELT MeCTo
LI _
;Y—‘E:_fsé‘g:\’\])(s) < Oy -
Ho rorjpa mut woayuaem U(p, &) M = 0, Tar uro ne momer Owmith m e oM,
4T0 IPOTHBOPEUUT JONYILCHNIO.

B 7. VuawmrerBasg Buj KOMIIARTHBIX MHO3kecTB B 7, MBI BHAVM OJjHAKO 4TO, A
KARJIOT0 KOMITAKTHOr0 MuozecrBa K cyiecrsyer umciao ¢ > 0 tak, 4T0

Efjtl <&lnM n K =0.
t

D70 3HAYNT, YTO T JIIA KAKOro komuaktHoro K ne Oyaer m e v (M n K).

(6,10) Cywecmeyem noance SWNYEA0E MONOAOZUNECKOE AUHETHOE RPOCHPAH-
emeo X maroe, umo moure 0 useem ¢ nem cuemuwiii xapakmep w npumom X
ne asasemea B-noanvis.

Hdoxasarennscrso: omomum X = C(T), rje 7' — Tomojorudeckoe 1mpo-
¢TpaneTso, nocrpoennoe B (6,9). B C(7') cymecrByer ederHas TIOJNHAA CHCTEMA
OKPECTHOCTEH HYJIH, TAK Kak B npocrpaHcrse 7' cymiecTByer cYeTHAS IOJHAS
cMCTeMA KOMIAKTHLIX MuoskectB. CormacuHo teopeMe (6,6), mpocrpauncrso C(T)
He sBasercs R-oxusiv, Tax kar T’ cogeps:RuT muoraoe MHOKecTBO M 1 Touny
m Tarywo, uro wu s kaxoro I e & ne 6yuer m e M n K. Ocraercs jokasars,
yro C(T") moano. Coraacuo (6,2), B7s 9TOro AOCTATOYHO IIOKA3ATH, YTO KamIad
nouryt HenpepuiBuasi Qyuruns x(t), onpepesenuas na T', nenpepriBua. Wrak,
BOBBMEM MOYTH HeupeprBHylo Qyumimio x(f), omnpenemennyio ma T'; 1ycrs
/. — HpOMBBOJBHOE JleHiCTBATCNALHOE ducjae. PaccMOTpHM MHOMKECTBO

C=E E[teT, x()=21].
¢

dlerko yGepurnest B Tom, uro A oboro K e & Gyner

KnC=E[teK, ax) = 1],
1

Tar uro Muomecrso K (' samkruyro. Mrax, muomecrso C 1109TH 3aMEHYTO
If, CJIej[0BATENbHO, 3aMKHYTO. BBUIY 1IPOUBBOJLHOCTH A 9TO JIOKA3HBAET, 4T0
Qyurius x(t) wenpepsBra. Jlomazaresberso 3aKOHYEHO.
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(6,11)  Cywecmeyem snoane peeyasproe monoavzuueckoe npocmpancmeo T co
cae0YIuUMY CGoTECMeamu.:

(1) masscdoe noumu samrnuymoe sromcecmeo M c T samruymo,

(2) T codepycum zamrrnymoe muomcecmeo B makoe, umo npocmparcmeo-
Cp(B) nenoano.

Hoxasarenncrso: lyers 7' osnavaer, Kag 1 B IPOILIOM CJIy4ae, eBKIU-
110BY mnockocts. Bee o6osnavenns ciyuas (6,9) ocraworesa B cune. Onpegenum
TGHEPB Ha T TOUQJIOI'VIX ¥ CJIGHyIOI]J:I/IM OGPHSOMZ

Ilycers pama touxa ¢, € ' rarkas, uro t,, + 0. Torga sa romosornio v B Touke:
i, IpuMeM OOHYHYI0 eBKIMAOBY TOIOJIOTHIO mwirockoctu. O6parno, ecau be B,
TO B KAYECTBE TTOJHOM CHCTEMEI OKPECTHOCTEH TOYKM b BOZHMeM BCE MHOMRECTBA
BUA

; 1
n
rie » npoleraer Bce HATYPAJbHBE UHCTA, 4 P — Bee QYHKUMN CO CBOWCTBAMMN
()
(T, ») Gyner, 04eBHAHO, IPOCTPAHCTBOM Xaycropda i TAK e, KAK U B IHpe-
ABITYUIEM CJly4dae, DORasKeM, 49TO OHO BIIOJIHE peryﬂf{pﬂo. BBGAQM HaJIbIIeﬁHIe@
oGoamavenne. LA wamporo peficrBuTesibHoro § WycTh A($) osmagaer MHO-

FKECTBO
E[t, = s].
t

Ipempe Beero sicno, 410

(1) Tomoaorus v ciaabee 0OBIYHON EBRAMIOBOIN TOHONOTUM ILIOCKOCTH,

(2) ma rRampoM MuozKecTBe A(S) TOIONOrMA ¥ UHAYIHEpYeT OOWYHYIO TOIO-
JIOTHIO,

(3) ma muokecrBe 7' — B Tonmosorus v MHAYIMPYET OOBIYIIYIO TOIOJOTHIO,

,B;OI{&HQQMVTQHOPI: ciaenyionee yTBepeHHe:

Mnoskecrso K T ®OMIAKTHO TOY/A M TOJIBKO TOTJA, €CIn

(x) K ®mOMIAKTHO B OGHIMHOM CMEICTe,

(f) cymectByer &> 0 1M KOHEYHOE KOMMYCCTBO NEHCTBHTEABHBIX YHCeJ
81+ .., 8, TBK, UTO

1) u.u Alsy) -

Hyers muosecrso K BhimonHser Ipeskie Beero oda mamux yesosus., Hak
U B IpefBIgylieM ciydae, IOCTPOUM pPasJIoHeHNe

npuueMm JIeTKO OGHHP)’?R]’ITB, 970 Kagpoe cJaraeMoe ABJAACTCH KOMITAKTHLIM
B TONOJOIUM 2, CJEJOBATEIbHO, K ROMIIAKTHO B TOIOJOTUH V.

*) 3mech 3HAK -i- O3HAYAET CJAOMKEHHe, a He COCHMHEHMe.
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OGparno, mycrs MuomecTBo K woMmaxTtHo B ronosorny v. Torpa K Oyner
KOMIIAKTHBIM H B OOBYHOH TOHONMOTMH HIOCKOCTH. B wacrHoCTH CynecTBYeT
A > 0 raw, 4ro

te K = |t < 4.

pepmomosum, 9ro He cymecrsyer &> 0 ¢ YKa3aupBIME CBo#crBamMu. JT0
3HAYIIT, YTO HE OJIHO U3 MHOMKECTB

1

d

HEJIB3S LIOMECTUTH HA KOHEYHOM KOJTUYECTBE BEPTHRAJILHBIX LPAMBIX. Urak,
CYHIECTBYET LOCAEA0BATENBHOCTD 1, € K TaK, ur0 [f,s] <1 /n, W cpemu uncen
l,y Her opuHaxoBeiX. Tak wam [f,,| < A, MOMKHO IIPeJIOJIOMNTD, 9TO OCICH0~
BaTeNBHOCTL 1, OblTa BEIGpana Tak, 9To IOCICHOBATENBHOCTD f,; CXOMTCS
K upejeny §,. B panbmeiimem Mpr 6yjieMm pasinuark [Ba CAydasd.

(1) /1A GecKOHEYHOro 9meja MHAERCOB 7 mmeer Mecto f,, = 0. Torma munr
BUAMM, uTO MHOMecTBO B K Gecronedno. Ongmaro mMnomecrBo B 3aMRHYTO,
suaynr, MEOKecTBO B K mommaxruo. Ho romomorms » mupaynmpyer na B
JMCKPETHYIO TOJIONMOIHIO; TAKMM 00pasoM IOJIY4aerTcs [pOrHBOpevHe.

A

I

K, = E[te K, It
t

YUCJIa UHJEKCOB %, TO JIETKO BYJ|eTh, 9TO M3 IT0CHEI0BATEIBHOCTH f, MOMKHO
BHIJICHTE  1I0CAEA0BATONBHOCTE f, TaK, 4T0 |tys| > 0, |t o] > |f,14]. Temeps
CymHecTBYeT HeupepuBHas (QyHRLUA p(s), ompemerenHas AIA s = 0, npuyem
p(0) = 0, nma s > 0 6ynmer p(s) > 0 u B TO Ke BpeMsA
PAtnal) < ftyy — 5ol -

Ecam b osnavaer 1oury (sy, 0), 1o b -+ U(p, 1) gussiogkruo ¢ mMuoxuecrsom S,
COCTOSAIUM W8 BCEX UWlNeHOB rociefnoBarensnocrn f,. Torga todra b me aemur
B BAMBIKAHNYT MioziecTBa S (IPW TOIOJIOTIN v), SHAUNT , MHOKECTBO S BaMKRYTO,
a, cJeyloBaTe bH0, M KoMuakTHo, udo S ¢ K. Ho sro uporaBopeunt Tomy o06ero-
SATEIBCTRY, WT0 MHOMKecTBO S He ABIAETCA KOMIAKTHHIM B OOBLIYHOM CMbICIE

Tem me 1ryTem, ¥T0 U B MpEABIYIIEM CJIydae, MO0 JIOKABAThH, YT0 KasjIoe
noarn samrnyroe Muoskecrso M ¢ T yme saMuRyTO.

OGosnaunm reneps yepes B MHOMECTBO BCeX TOUCK fe B3, Wi KOTOPHX f
panuonanbHo. JloKasKeM Teleph clefyloniee yTBepAsieHie:

ecan z € C(T) raroso, uro &(R) = 0, to cymecsryer toura b ¢ B rax, uro
bnon € R, x(b) == 0.

Urax, uyers x e C(T), a(R) == 0. OGosnauum wepes W, MHOMecTBO Beex
HEeWCTBHTEJIBHEIX YHCes §, TAKHUX, YTO

: 1 1
ty] < — (ty t)] = — .
l z] = = |a(t,, t?)l &= 5
Jorryerum, yro umeer mMecrTo
beB, bnone R = |2(b)| > 0.
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Torja, oueBuaHo, coepudetine Bcex W, TOMJIECTBEHHO ¢ MHOMECTBOM BCeX
uppanuonansanx uncest. llo reopeme Bapa Torma cymiecrByer warypasibHoe
qUeJa0 M W mHTepBaa P na upAMol Tak, uro MuHomecrso W, memur mIoTHO
B . Bosbmem paumomasbroe uneno r e P. Tax war a(r, 0) = 0 w $yuxnus x
HelipepHBHA B OOBIYHOM CMBIcile Ha upsamoil A(7), To cyuiecrsyer wmeso 0 <<

1
U8 < - TAK, UTO B TOUKC { = (7, 8) pynruus @ upnaumaer suadenue |x(f)| <

| . )
e Tenmeps jutst ) € P pymmis a(ty, 8) ABNHETCH HENPEPHIBHON (yHRIMeH

t,. Ha wrornom muomsectse B P ona IprHUMAeT 3Ha4eHNs 110 abcoMoTHOMH Besu-

w1
ynpe > —. Hrax, umeem
: = m

1
> .
t e P = la(ty, 8)| = poogl
. 1
YTO HEBOBMOAIHO, Tak Kak 7 e P ou |a(r, )] < 5
= 2m

Ocraercs joxasars, uro npocrpanctso Cp(B) menoawo. Jlokamem cragasa
cileyoLiee mMpocroe yTBEpHAeHHUe.

Eexn gawo womeuuoe umcao Toder by, ..., b, e B, vo cyuecrsyer x e C(T)
rak, yro (b ) = 0 u z(b) = 1 s Beex ocradbubX T04eK b e B.

D70 yTBEPIRjIeHNE, 0UeBH/(HO, JOCTATOUYHO JIOKABATH A OfHOM Toury b, ¢ B,
TAK KAK B O0ILEM CJOyYae MBI HOJYUHM HCKOMYIO QiyUKI[HIO KaK [IPOH3BEjieHIe
$ynsmuit, coorBeTCTBYIONNK oTReabubM todkam. losromy, eenu pama touna
b, == (b, 0) € B, T0 nomomnm

W) = 0 s by
&ty =1 paa teB, t % by.

Z i”l by 5

B vcraubupix Touxax sHavenus Qyurmyn 2(t) nycrb OYiyT OIpeJedeHE IpH
HOMOU{ AWHEHHO| WHTePIIONAINH BIOJL BEPTHKAMBHMX npaMsx. OdeBHIHO
x(t) e C{T). :

Ornpegenuy dynriuio 2(f) va B caegylomum ofpasom:

2(t) = 0, eciau !, paMOHAIBLHO,
z(t) == 1, ecau f, UPPAIMOHAIBHO.

Tan xar 2(f) ucdesaer vax pas Ha R, To N3 UPEIRIYUINX PACCYMACHUI cire-
ayer, uro z non e Cp(B).
Tlyers renepn K — mpousBoabian KOHeUHAS JacTh MuoxectBa B. OGosnauum
A(KY = E [v e Cp(B), vg== zg]. Muomecrsa A(K), ouenunno, samxnyrst B Cp(B).
v

o Toawko 4ro gorasauHoMy oHK 00pasyiorT HeHTPUpOBAHHYI0 cucremy. [lanee,
ecit vy, vy € A(K), ro misn te K Oyner w(ty) — v(ty) == 0, oTRyga ¥, — vy€
e U(K, &) pame aas rampgoro & > 0. Mraxk, Mp uMeeM HEHTPHPOBAHHYIO CH-
cremv RO 3aMKHYTHIX MIOKECTB ¢ IIYCTHIM IIepecedeHueM.



Jokasarenberso TeopeMsl (6,11) BroJsiHe BaKOHYEHO.

[pusemem eme HelxoTophie fambHelime ¢cBORCTBA TOABKO YTO LOCTPOSHHOIO
npocrpauncrsa 1. Mpocrpancrso 7' se spaserca nopmanbas. [leiicraurensno,
rpoerpauctso 1’ cofepuT BaMKRYTOE MIOMecTRO [3 Takoe, 9To CYIIECTBYET
$ynuxmus 2(f), HenpepsBuag Ha B, KOTOPYIO Heabsst HelpeprBHO Pacmpoerpa-
unrs Ha Bee 7. Bomee roro, raspas QyHKLUA Ha npocrpaucrse B Oyjer He-
npepsBHOi. B TO He BpeMs, Kak MOMHO JIeTKo [0KasaTh, npocrpaucteo Cn(B)
COCTOMT MHEHHO M3 BCeX (byl{[{[[]’lﬁ, ABJAOIINXCA B 06711‘1HO.-’\’T CMBICJIe CJa0Ba
Qynxnuayg mepsoro Kiacca Ha wpaMmoil. (Orciofa, Mewmgy OpouuM, CHOBa
BBITCKAET JIOKABANHOE YiKe HAMN yTBEpRJenue, uro unkaras Gynwnus x ¢ C(1")
HEe MOIKeT YAOBICTBOPUTE cooTHOMEeHHAM 2(R) = 0 u 2(b) + 0 ans mioboro
beB-— R. [eficreurepHo, dacTiuaHas QyHRIMA &, ABIAercs ynruueii nep-
BOT'O KJIACCA HA IPAMOI, HO B TO 3Ke BPEMsI OHA ITIpeTepIieBaeT PasphiB B KaikK-
10l mppanmoHasbpEoil Toure. MHOMKECTBO TOUER pasphipa (QYHRIUN IEPBOCO
RJBCCA HBIHETCS, OJHAKO, BCEIJA MHOMECTBOM 1TePBOIl KAaTCropyu, W MEL IPH-
XO[UM K [IPOTHBOPEYHIO).

Muo:xecrso R asageres B upocrpaucrse T’ samuunyrum (. He cymecrsyer,
opunaro, nukaxoro x e C(T'), roropoe mcuesaso Gm waw pas na R. Orcioma
OOATE BbhITEKaeT, 4TO MPOCTPaHCTBO T ue ABIACTCS HOPMAJLHBIM.

(6,12)  Cywecmeyem nosroe SunRYKEAOE MONOAORULECEOE JUHETHOE RPOCMDPAHCINGO
X u sunyKA0e MONOAOLUNECKOE AHETHOC NPOCMPAHCIE0 Z MAK, W0 Z A6AIEMCA
eomomopren obpasoy X, no Z nenoaro.

Jdorazarenscrso: Bosemem X = C(T), roe T — wouosorudeckoe Ipo-
¢TpaneTBo, nocrpoennoe B (6,11). Bogpmem Z = C'p(B) 1 1mocTaBUM B COOTBET-
creue kamgomy x € C(7') vacruunyio pyurnuio zg. [fo nemme (6,7) sro orodpa-
JRerue ecTh romMoMopduswm; cornacuo (6,11), mpocrpamerso X rmoaHo B TO .
Bpems war Z wemomwo. Mraw, mpoerpamerso X ne sABIAETCH HACTEACTBOHHO
rroansM. JLoKa3aTeNBeTBO 3aKOHYEHO.

B (6,10) Ms1 BUAe U UpUMep HPOCTPAHCTBA CYETHOTO XAPARTEPa, KOTOpoe Obl-
JI0 HOAHHM (&, 3HAYHT, ¥ B-1107H5M), HO He Obito R-mmosiasiv. Horamen remeps,
4To CYIECTBYET aske HOPMIPOBAHHOE II0JIHOE HIPOCTPAHCTBO, HEe ABIAINECCHT
R-noanem. Ero wmocrpoenue Gypger HeCKOIbRO (0Jee CIORHBIM, HO 33TO MBI
OIHOBPEMEHHO YCTAHoBUM, 4ro Teopema (6,5) me jomyckaer obpamenus. Mu
BOCIIOJIB3YEMCSI TP HTOM HEKOTOPHIMIT IPOCTHIMA OIEHKAMY, KOTOPHIe Mbi B I[e-
HAX 0G08pRMOCTIE CHOPMYINPYEM OTIEJIBHO B BUJIE JEMM.

(6,13) ITyemo ay, oy, ..., a4y -— Oeticmeumeavnwie wucaa. lyems ~
Gy oy LS g,

Toeda das Oelicmsumessvnuix v Gydem
28

min Yl @) = ay o boay,
i=0

TR R M gy = oo ty-
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X 28
Hoxasarenscrso: Ecmt ofosraunts @(x) = > |@; + 2|, T0

i
§—1 28 '

pl—a) = > la; —a] -+ D la; —ay| .
i=0 1=8+1

Hdas 3 < s—1 Byner a; < a, Tax 9ro |a; — | = @; —a;, g ¢ > s 1

Gymer a; > a,, Tak uro |a, — a | = o, — a,. Mrag, @(—a,) = a5+ ay,_, -+
G Gy @ Gy ... — . [lamee mmeem

@) = la -t o H3 (- o] o+ a0 =

s—1 s—1 s—1
=2 Zo(t— Xy | g y]) 2= Z [@gs_ s — a5 = Z (@o5.; —a;) .
T i=0 =0
(6,14) ITycmov dawwy wucaa ay, by, by, ..., by, npuuem nyeme b; = 0. Toeda

MUHUMYM BUIPAMNCEHUIL
23
a0 ol o S fau ot by by
=
6ydem Kax pas

{ i ! i . ; ] ;
by b 2by b 3y b by b sbyyy b (5 1) byag i ers b 2y A by .
Ilorcaaa'renb CTBO: l.[OCTaTO‘IHO B IIpHBelIBHHOﬁ BBIIIE JieMMe II0JIOHNTh
e ! !
a; = ao~rb1-;—...+b1-.

(6,15) Cywecmsyem romnaxmuoe monosozudeckoe npocmparncmeo 1 makoe,
amo npocmpancmeo C(T) ne seasemes R-noanwim.

Bawvevanue: Tak rax T wommakrao, To C(T) Gymer MOJHEIM 1 ame HOp-
muposanusM. IIpocrpancrso C(T') Gyper mosrToMy Aaske HacjefcTBeHHo B-
nosinsv. ITpm srom mpocrpauncrso 7' BrmosHsAeT yenosue Teopems (6,5). Mrax,
TOJBKO UTO BHICKABaHHAs TEOPEMa HOKAasLIBaer, vro Teopema (6,5) He momycraer
obpautenus.

Horasarenscrso: Ilyers 7' cocromr u3 uuciaa 0 w M3 BCeX duces BHJ(E
1/n, rie n — marypansroe wucixo. Iyers tronosorus 8 1 onpesesnseres ofuanoi
eBIJINI0BON MeTpuroii, Tar uyro 7' wommaxrio. Beejiem oburansie ofosnavenns.
Ecan a(f) € O(T'), To nosnommm .

xy = 2(0), =z, = x(1/n)
otst marypaabusx . Torja umeem lim x, = x,. Ilyers jus jxoGoro narypasis-
HOTO 7 CHMBOJT €, 0BHa4YaeT eAMHNTHEH BEKTOP, T. €. TAKOM DIeMeHT IpocTpau-
crea C(7'), uto ¢, == 1, B TO BpeMs Kak ¢,, == 0 I BeeX OCTAJbHBIX WHICK-
cos k. Uycrs U osuavaer samruyryio equamunyo chepy e C(T') (B kavecrse nop-
MIPOBARHHOIO TIPOCTPAHCTBA).
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M3BGCTHO, 4T0 JBOMCTBEHHOE IIPOCTPAHCTBO Y TOMAECTBEHO C IIPOCTpaH-

CTBOM BCeX TOCJefjoBaTenbHoCTel ¥ = {y,}y° TaRUX, 4T0

IIpu srom upoussegeHue xy AHO BhIpameHNeM S\:ZJ 5w, M MHOMAecTBO U* TOHIe-
< P Z kT ey
0

‘CTBEHO C MHOMECTBOM BCEX ¥ € Y, AJIA ROTOPBIX

?f?//c[ <.

O6osnauum ganee depes W MHOMECTBO BoEX LeJIbIX HEOTPUIATEAbHEIX YHCeJ.
Ecion M c W, to s ramuoro y € ¥ obosnaunm

My) =2 v, -
keM

Iyers Py, Py, ... 03HAGAET [OCIIEHOBATETBHOCTH BCEX IIPOCTHX UHCEN, YIIO-

PANOYEHHBIX IT0 BeIMUHHe, TAK 4T0 Py == 2, P, == 3, pg = 5, m 1. . os1 xasyoro

HATYPAJIBHOTO N TycThb P, 03HAYaeT MHOMKECTBO BCEX YMCEJS BUA Ph,, THE

m — NPOUBBOIBHOE HATYPAIbHOE uucio. JIjIsa Kama0ro HATyPaILHOro % yCTh

R, osunagaer MHOJKECTBO BCEX whmces Bupa 3m, rge m > n. OGosmauuM pian
n » TH e

RaAYIOTO HaTypaJmnoro n
" M,=R,u P,.

Bee uncia muomecrsa W, ne jemaiiine uu B Kakom muokecrse M, o0bequnaum
B MHOmecrBo M. Hanpumep, Bce unmcoa Bujga 27 (upy HaTypasjbHOM m) HpH-
najueskar k M, O6osnaunm Termeps

Q:E[y€Y7 Mj(y)2077:]727']
Y

Horamenm, uro ¢ — naorHoe mojpmpocrpancTBo B Y. OueBMaHO, N0CTATOYHO
TIOKABaTh, YT0 [UIA RaMKA0T0 x € X, & 0 cyuiecrByer ¢ € @, tak, 4ro xg + 0.

Wrar, yers 2 e X, © + 0. »

Wi cymecrnyer ke M, rag, uro z; + 0. B rakom ciayuae BoznmeM y e Y
Tar, 9yrobH ¥, + 0, B TO BpeMs KaK BCe OCTAJbHEE KOOPAMHATEL er0 PaBHHL
uyso. OueBngoo, v e @ u xy #+ 0.

Wit pns wammporo ke M, Gyner x;, = 0. Torga mo meobxopmmoctu Oyger
lim z, = 0, nGo M, coep:ur croIb yroguo Oosbume wucna. Ilyers b -— mep-
Bas KOOpHmHara, mia Koropoil x, & 0. Torma & > 3. CuoBa BO3MORHEL [Ba
cayyas. R

(¥) Uneao k npunajiesmur ogHOMY M TOABKO OFHOMY MHO#ecTBY M.
Torga eeibepes 1 e P, rak, urolur || < § |2,]. 9ro Bosmommo, Tak xak lim @, =
== (0 1 ofHoBpeMenuo P, comepsmut ckoan yroguo Goasume wucaa. Oupexe-
smm 9 € ¥ orar, uro y, = 1, y, = — 1, & ocTaJbHbE KOOPHMHATH PABHH HYIIO.
Tax waw le P,c M,, 10 M,(y) = 0. Ecau r — sarypajbHoe 9HCJI0, OTTUIHOE
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or n, To knone M, mo unpepmonomenuto; tax kax e P,, we Oyper le M,.

Nrax M, (y) = 0, rar uro y € . TIpn »rom
XYy =, —x; + 0.

(F) Yncso k mpunapsessur xora Ou1 iym Muoskecrsam M. Torua k poaskio

UMeTh BuJ 3m, rae m — HaTypauabHoe uncio. Ho rorga vuosecrsa My, M,, ...,

, M, TpefcTaBIAIOT B TOYHOCTH BCE MHOMKECTBA, KOTOPHIM [IPHHAIRMIT

ymeao k. Jhas wramporo ¢ (1 <54 < m) mw naiigem [; e P, tax, uron | <

1

Zm
¢ROJB YrojiHo Ooapmue yucsaa. Onpegenum Tenepb y € Y Tak, 4ro

]xl] D10 BOBMOKHO, Tak Kak lima; = 0 u muomecrna P, copepirar

Y =1, Yy, = 1 s = 1,2,.
yj = 0 1A BCeX 0CTajJAbHbIX NHIEKCOBRB.

Maeem ay = 2 — 2, — ... —a, == 0, u6o

. 1 :
z ) ——m o |x &L 0.
il o | o = ] *

T TP T

Ipn srom opraro ¥ € Q. Urodnl fokaszaTe 510, BOBBMEM IIPOUBBOJIBHOE HATY P 1b-
noe uiesno j. Hysuo jorasars, uyro M(y) = 0. Eeau j > m, o k non € M;, rax
MBI VIKE BaMeTHaAN paubite. Bogbnre roro, Hu st wakoro [, ne oynmer I, ¢ M,,
u6o nmr 1 < m ouveem Pon M; = 0. Urar, M,(y) = 0. Ecau me, onmaro,
1575 myro ke M, Uz uncen Ly, ..., 1, opxo awurs I; semur 8 M, raw wro
cxopa M(y) = 0.

OnpeseanM temepb y e I caejyionpim obdpasom: ecan b — narypanibHoe
yieao, k = 3m, To nyers

Y == —= .
Y oo

JAois ocranssmx ke Wouyers y, == 0.

IToxaskenm, uto 1as A060ro o > 0 cyueersyer ciadas OKPECTHOCTD TOUKM
¥, He TIePeceRaloNascs ¢ MHOmecTBOM ¢ 0 oU*

T‘al{ Rar I‘HPZ\T()HH'{E‘CKH]';I pi{,‘[ I)HCXOI[HTCH, Cylu(‘,(‘-'l'B_\/'e'l‘ Ha'rypa.nbnoe IGO0
$TAR, UTO

14-db 3~ o4 1.

1
Iyers g € @ u nyers umeer mMecto
ro=s 1, 2,000, 28

{earlq — ),

Horamem, gro

356



Obopnaunum A == R, ;(q). st ywoforo § = 1,2, ..., 25 uMeer mMecro

0= Mq) = Riq) - Pi{q) = ds + Dty -+ Gae0 1+ 2 -+ Pilq) -

Torpa Oyner

© 2s 23
— %:iq/i }-f'zllpj(Q)i = Z Py(q)l
P j=1
2
_— IJ{ - '|q3,- e = a0 T Al
i=1

Ilpenspe BCero samerTum, u4To 9MeaR ¢y (f == 1, 2, ..., 2s) mosomurensusr. [leii-
CTBHTEILHO,

FE TIPS PR SN R
) 72 48¥(s |- 1) = =1¢ 4s¥(s -~ 1)

N3 npeapinyuieii 1eMMbE MBI HOTYYAM TOTHA OLEHKY

il = 95 -1+ 205,

e T P T

ITHM ¥ 3aKAHYNBACTCH JOKABaTEJILCTEO.

(6,16) Cywecmeyem noanoe sunRYKAOE MONOAOUMECKOE JAUHEIIHOE RPOCMpPali-
cmso, 1e asasueccs 3-noanwm.

Hoxasarenncrro: [lns noayuenus npocrpancTBa TpedyeMbIX. CBOMCTE 0-
¢ratouHo, conTacHo (6,2) u (6,4), BsaTs npoerpancteo C(T'), tne T' wmeer cie-
JVIOHUe cBolicTBa: Kamias HOYTH HenpepuBHas Qyuriusa na 7' Hempepninua,
rem ne menee 1" cogep:nr riorHyio 9acrs M % 7' rak, wro M 1moyTH 3aMEAVTO.
Crrejryiomuii ripuMep Takoro mwpocrpaHcrsa npuuaesknr M. Harerosy.

Honbsywces oTum ciryaaenm, uro0nr BRIpasuTh 6aarogaprocrs npod. Hareropy
34 TO, 4TO OH MO MOeH 1pockle BAHHMAIBCA DTHM BOIPOCOM.

(6,17)  Cyupecmeyem cnoane peeyasproe monoaoeudeckoe npocmparncmso I' co
CACYIOUUMU COOUCTNEAMU
(1) Kaordas noumu nenpepwenas gynkyus na T nenpepuvisha,

(2) npocmparncmso T codepyucum naomuoe suomceemso M + T max, wmo M
ROVIRIL 3AMEHYINO .

Joxaszareascrno: Ilycrs 7 ospavaer Brosue peryispHoe LPOCTPAHCTBO,

BO3HHKAKIEe 113 eBKIUI0BOMN HIIOCKOCTI TeM, 9T0 HeIpPePHIBHHMU QYHKIUAMN
.

MBI VCJAOBHMCH CUHTATh Kak pas Bce (QYHKLNM, HEHPEPHBHSE OTHOCHTEALHO
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KasKI0T0 LiepeMeHHoro B orTjesibHocTIL.*) TOJBKO 9T0 OIMCAaHHYIO TONOAOIHWI0
npocrpancrsa T’ mur 0603HaunM epes v. OdgeBunHO, YTO
(1) romosorus v ciaabee 0OHYHON eBRIMAOBO TOMOJOIHH ILIOCKOCTH,
(2) TomosorMA v MHAYUHpyeT Ha K&KA0H IOPMBOHTANBHOW M HA KAMMOK
BePTUKAJNBHON MpAMOil OOBYHYIO TONOJOTHIO.
VYeraHoBUM Ipesie BCEro BHJ KOMIIAKTHHRIX IOJIMHOMKECTB UPOCTPAHCTBA
(T, v). JoraskeM ciejyioniee yTBepHieHie:
Muossecrso K ¢ T OyfeT KOMIAKTHO TOIA 1 TOJBKO TOIAA, CIL
(x) OHO KOMIAKTHO B OOEIYHOM CMsICITe,
(B) cymecTByeT KOHEUHOE YMCIIO BEPTUHAILHBEIX U TOPUBOHTAJILHBIX MPAMBIX
TaK, 410 K ABIAETCA YACTHIO UX COeJIMHEHNA.

Iyers upemne Becero K — MHOKeCTBO, BHIIOJIHAIEEe 0028 HAWMX YCIOBHA.
Torga K Oynmer coejuHeHHeEM KOHEYHOrO 4YHCIA MHOJKECTB, KOMIIAKTHHIX
B OGBIYHOM CMEICIIe, Kasi[0e U3 KOTOPHIX ITOMeIaeTcA Ha HeKOTOPOit BepTUKAJIb-
HOIl mim ropusoHTaabHOM mpamoit. Ho Tak kar Ha STUX IPAMBIX TOIOJOTMA
¥ cOBIAJAaeT ¢ OOBIYHOM, KaMI0e M3 YHOMAHYTHX MHOMECTB KOMIIAKTHO B TO-
nostoran v, Tak 910 1 K Gyier KOMOAKTHO B TOMOJIOLME .

OGparHo, mycrp Muomectso K kommarrio B romogorun v. Torga sicHo, 4ro
OHO KOMIIAKTHO ¥ B OOBIYHOIl TOLOJOIMH [JIOCKOCTH, Tak 4ro K orpanugeno.
IIpepmodosmmy, uro MHOecTBO K HeIB3d IIOMECTUTH HA KOHEYHOM diCie
BePTHRAJIBHEIX 1 FOPH3OHTAJIBHEIX IPAMEX. Torga nerko ybequTsess B TOM, 4TO
CYIIECBYIOT fiBe CTPOTO MOHOTOHHbBIE CXOMAIIMECS MOCJeI0BATeILHOCTH §, U i,
TaK, 4T0 (8, ¢,) € K. Ecam s u t 03HaYaIoT mpegessl II0CIeR0BATEABHOCTER S,
ut,, To 13 KoMIaKTHOCTH MHORecTBa K caesyer, uro u (s, t) e K. Herpynno Bu-
IeTh, YTO CYIeCTBYET QYHKIMA w, HEIPEPHIBHAA OTHOCHTEILHO KAMIOro Ie-
PEMeH HOYO B OTHEIBHOCTH, TAK, YTO

WSy, 1) = 0, w(s,t)=1.

OGosHauuM yepe3 S MUOMECTBO, COCTOAIIEE 13 BCEX WIEHOB HOCICA0BATENb-
HOCTH (Sp, &,). Ero samsikanue vS ecth 4acth 06bIYHOrO €BRJNIOBA BAMLIKAHUH
mHo:kecTBa S, pasuoro Su (s,f). OguHarko, Tar KAK B TOHOJOYMH ¥ TOYKA
(s, t) ornesena or S HerpepsBHOM QyHKIMell w, TO § BAMKHYTO B TOIIOJOIAM ©.
Tar rax Sc K, caepyer orcioga wro S wommartio. Ho oro znaunt, uro S
KOMIAKTHO TAKMHKe I B eBRJIIOBOI TOMOJOPUN, UTO SBJIHETCS IPOTHBOpEYUEM.

Orciofa merKko BBITEKEET, UTO KAKJAA HOYTH HEIPEPHIBHAS HA TPOCTPANCTERE
(7', vy pynruusa ABAseTCH TeM caMbM U HenpepwBHOit. HelierBuTennbuo, yuu-
TEBas TO ODCTOMTEIBCTBO, YTO KA/KABIM BepTHKAIBHLIL # TOPH3CHTAINBHELH
OTPE3OK ABJIAETCH KOMIIAKTHEM B TOLOJOIMH ¥, MbI BHUM, 4TO TOYTH HeNpe-
pusnas Ha (T, v) yrxmua Gyaer B 06HYHOM CMBICIIE HENPEPLIBHON OTHOCHTEND-

*) DT0 mpocTPAucTBo OwLTO BuepBhie ucciegonano . Hosakom s paBore Induktion
partiell  stetiger Funktionen, Math. Ann., 118 (1942), 449--461.
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HO HamJIoro IlepeMenHoro B OTIEJbHOCTH, TaK 4YTO OHA Gyzte'r HerepHBHOﬁ
B TOIIOJIOIUM V.

JoraseM Temeps, YTO KaM0e OTKPHITOE B TOIOJIOIMH ¥ MHOMECTBO MMeeT
HEIIyCTOe OTKpPHITOe AP0 IIPH eBKJANAOBOM Tomosormu irockoctu. [eiiersm-
TeJIbHO, IYCTh %(S, ) ecTh QYHKINA ABYX IEepeMeHHEIX, OlpejieleHHass Ha, Beeit
IUIOCKOCTH M HENPEPHIBHAA OTHOCUTEILHO KAMKAOr0 IEePEMEeHHOTO0 B OTHEJb-
uocru. Ilyers (8y, t)) — durcupoBanuas Touka u nyers ¢ > 0. Jloramem, gro
MHOKeCTBO

H = B [|a(s, t) — 2(so, tp)| < €]
(5,8
COJIEPIKUT MHOMKECTBO, OTKPHTOE B OOBIYHOM TOMOIOrHMH HIOCKOCTH. Tak Kar
(8, ) ABIIACTCA HEUPEPHIBHOM QyHKIMelt OT £, cymiecTBYeT T > 0 Tax, 4T0o NMeeT
MeCTO
[t —tol S 7= [2(sg, ) — (8o, )| < e
O6oznauanm

T, =Elt—t] <7, |s—s < % = [a(s, £) — @(So, to)| < %e] .
t .

Tak kax yHKiua x(s,!) HenpepHBHA OTHOCHTEJIBHO KAMIOYO IePEMEHHOrO,
7o coepunenue Beex T, ToskaecrBeHo ¢ orpesroM |f— fo| < 7. Urax, cymecr-
Byer oTpesok (i, > C {y—7, f +7> U HarypanpHOEe HMCIO M TAK, UTO
{yytey ¢ Ty

Temepn MBI YTBEPIKIAEM, UTO UMEET MECTO
1
s — s,] g-ﬁ, St S b= (s, b)) e H .

Jeiicraureasno, Bo3bMeM QUKCHPOBAHHOE §; TAK, UTO |8 — ,| < 1/m. Pacemo-
TPUM OTPE3OK, COCTOALMIH I3 BCeX ToueE (Sy,!), rie ¢ mpoberaer mHTEPBAT
{t,, tyy. Ha aroM orpeske 1a0THO Jgemar ToURK (Sy, t), tAe t € T, IA KOTOPHIX,
CIEI0BATENBHO,

[2(81. 8) — {8y, bo)] < e .

Mrax, Ha BceM paccMarpuBaeMOM OTpesre Gyer HMeTh Mecro
(s, £) — a(s0 to)] = Be < e
TaK. YTO BCE TOUKH PACCMATPHBAEMOTO OTpeska HmpHHafiemar x H.

B wacruocru, 13 TONBKO 4TO JIOKABAHHOTO CJERYET. UTO KaM0e MHOMKECTBO
M c T. nnornoe B eBKIMIOBOM TOMOJOTHM, MEPECEKACTCH C KAMKILIM MHOKECT-
BOM, OTRPMTGIM B TOMOJOTUN ¥, H OY/leT MOITOMY TLIOTHHM H B TOIOJIOTHHA 9.

Tenepn yixe me cocraBur TPYAA NOCTPOUTH cuerHoe MHO:ectBo M c T rak,
4r06LL OHO OBIINO INIOTHHM B OOBIYHON TOMOJIOIMH INIOCKOCTH W LIPHTOM Hepe-
CERAJNOCHh ¢ KAHUION BepTMRANBHON 1M TOPUBOHTANBHOM NpAMON He Gonee, deMm



B gogeyHoM uucae Touex. Toryga muomecrso M Gyner, 1o TONBKO YTO JOKA3AH-
HOMY, IVIOTHHIM B TOIOJIOIYH v. B TO iKe BpeMs, YIUTHBAA N3BECTHRIA yme HaM
Byji KOMIaKTHEX MHO#sects B (7', v), Mur BuanM, uro M mourn samruyro. Ilpu
arom, ouesnguo, M.+ T
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Summary.

ON COM PLETE TOPOLOGICAL LINEAR SPACES.

VLASTIMIL PTAK, Praha.
(Received November 11, 1952.)

The well known Banach theorem on the continuity of inverse operators may
undoubtedly be classed with the most important results of Functional Analysis.
Under some slight restrictions it assumes the following form:

Let X be a complete normed linear space and let @ be a continuous linear map-
ping of X on a normed space Z. Let Z be of the second category in itself. Under
these conditions the mapping @ is open and the space Z is complete.

It is easy to see that the essential point of the proof lies in the following
property of complete linear spaces: the image of the unit sphere of X is either
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nondense or open in Z. One of the chief aims of the present paper is the inves-
tigation under what conditions and in what form it is possible to extend this
theorem to as wide a class of linear spaces as possible.

The natural generalization of normed linear spaces is the notion of a convex
topological linear space. It is easy to see, however, that the theory of normed
spaces itself necessitates in quite a natural way the introduction of convex
topological linear spaces because of the well known fact that the relation
between a given normed space and its conjugate as a normed space is not
symmetric. The notion of a convex topological linear space, however, enables
us to introduce the relation of duality between two spaces [3], where neither
of the spaces has a privileged position as it is the case in the relation between
a normed space and its conjugate.

It seems therefore reasonable to investigate the possibility of extending the
results of the theory of normed spaces to general topological linear spaces.
This is exactly the object of the present paper, where we concentrate ourselves
on questions connected with the theorem of Banach and the notion of com-
pleteness.

As far as topology is concerned, terminology coincides with that of Bour-

BAKIL The terms convex topological linear space, dual space, polar set are
employed in the same sense as they are used by J. DIEUDONNE [3] and M.
Karkrov [8]. The term neighbourhood of zero is taken to mean; unless
the contrary is specified, a symmetrical convex and closed neighbourhood of
Z€T0. :
Our first problem is to find how the theorem of Banach should be formulated
in the case of general convex topological linear spaces. A detailed analysis
shows that the substance of the Banach property is contained in the following
definitions:

Let X and Z be two convex topological linear spaces. Let ¢ be a continuous
lincar mapping of X onto Z. The mapping ¢ will be called almost open if it cannol
happen that an open set in X has a nondense image under the mapping ¢.

A convex topological linear space X will be called B-complete, if every continuous
and almost open linear mapping of X on a convex topological linear space Z is
already open. '

The most essential point in the further investigations is a simple theorem,
which enables us to characterize B-complete spaces by means of some interest-
ing properties of their duals. For this purpose we introduce the following de-
finition: .

Let X and Y be dual convex topological linear spaces. Let K c Y be symmeirical
and convex. The set K will be called almost closed if, for every neighbourhood of
zero U in X, the intersection K 0 U* is closed.

Using this concept, we can give the following characterization of B-com-
plete spaces:
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Let X and Y .be dual. convex topological linear spaces. The space X 18 B-com-
plete if and only if every almost closed subspace of Y is closed.

Let us introduce another definition:

Let X and Y be dual convex topological linear spaces. Let r be a linear function
defined on Y. The function r will be called an almost continuous functional on
Y if, for every neighbourhood of zero U in X, the restriction of r on U* is continuous
in the weak topology of Y .

It is easy to see, that a linear function » on Y is an almost continuous fun-
ctional on Y if and only if its zero hyperplane is almost closed in Y.

Now it is to be expected that the notion of B-completeness will be closely
connected with the notion of completeness. As a first step toward clearing up
the relation between these two notions, we establish a direct characterization
of the elements of the complete hull of an arbitrary convex topological linear
space. (Completeness is taken in the sense of A. WEIL.) We prove that the
complete hull of a convex topological linear space X consists of all almost
continuous linear functionals on Y. At the same time we obtain the following
characterization of spaces dual to complete convex topological linear spaces:

Let X and Y be dual convex topological linear spaces. The space X is complere if
and only if every almost closed hyperplane in Y is closed.

A comparison with the condition for B-completeness shows that both pro-
perties are very closely related together. Now there is a well known result of
M. Kreix and V. SMULIAN [9] which can help us in the case of a normed space.
These authors, using a modification of an idea of Banach, have proved the
following theorem.

Let X be a complete normed linear space, Y its conjugate space. Let @ be
a subspace in Y such that it« intersection with the closed unit sphere of Y is
weakly closed. Then @ is weakly closed.

In our terminology this result clearly asserts that every almost closed sub-
space of Y is already closed, i. e. that both properties discussed above are
mutually equivalent in the case of normed spaces. This result can be extended
without trouble to spaces which fulfil the first axiom of countability. The
question arises, whether it remains true in the general case, too. The author
expected for some time a positive answer to this question; the study of some
concrete spaces, however, has revealed several rather surprising facts.

A suitable and useful category of linear spaces is formed by spaces C(T') of
all continuous functions on a given completely regular topological space 7,
taken in their k-topology. The study of these spaces from the algebraic stand-
point has been recently undertaken with most fruitful results by E. Hewrrr.
As far ag we know, however, the question of establishing the connection be-
tween the structure of T and the topological structure of C(7') has not been
considered. These seems to be little doubt that such a study would bring inte-
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resting results in General Topology. Some considerations of this type form the
object of the second part of the present paper.

First of all it is easy to characterize topological spaces T whose C(T') is com-
plete. For this purpose it is useful to introduce a simple definition. 4 function
x(t) defined on a completely regular topological space T will be called almost
continuous, tf for every compact K C T its restriction xg is continuous. Now it is
obvious that C(T') is complete if and only if every almost continuous function on
T is continuous.

A subset M of a completely regular topological space T will be called almost
closed, if, for every compact K c T, the intersection M N K is closed. Clearly, in
a topological space, where almost closed sets are closed, every almost conti-
nuous function is continuous.

Now we are able to show that a homomorphic image of a complete space need
not be complete. For this purpose let us take a completely regular topological
space T and a closed set BCT. To every x e C(T) let us assign its partial
function xg. It is easy to see that the transformation thus obtained is a homo-
morphic mapping g of C(T') on a dense subspace of C(B). Suppose further
that, in 7', every almost closed set is closed. It follows that both C(T') and
C(B) are complete. The image of C(T) under 8, being dense in the complete
space C(B), clearly will be complete if and only if it is equal to C(B), or, which
is the same, if and only if every continuocus function on B can be extended
on the whole of 7'.

Our task will be therefore fullfilled if we find an example of a space 7'
satisfying the above conditions, where not every continuous function on B
can be extended.

A simple example of such a space is given. Of course a space of the required
properties cannot be normal.

Further the connection between B-completeness of ('(7") and the properties
of the space 7' is examined. We find the following simple result. If C(T) is
B-complete, then cvery almost closed subset of T is closed. We are thus led to
the following, now purely topological question. Let 7' be a completely regular
topological space, where almost continuous functions are continuous. Does it
follow that almost closed sets in 7" are closed? An example due to Prof. Katétov
shows that this is not the case. Clearly the space of all continuous function on
the space of Katétov is complete but not B-complete.

There is another notion which seems to be of some interest. We have thus
far considered almost continuous functionals defined on the whole of Y only.
Entirely different results are obtained, however, if this supposition is dropped.

Let X and Y be dual convex topological linear spaces. The space X will be
called R-complete if every almost continuous functional defined on some subspace
of Y is continuous.
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We give sonie simple characterizations of these spaces. One of them may.
be used to prove that the normed space of all convergent %equenees though
B-complete, is not R-complete.

All questions discussed in the present paper are closely connected with some
questions of a purely topological character. It seems to be probable that
turther interesting results in this direction may be obtained.
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