Jexuyusn 7

Tonosorus raajakoro MHorooGpasusi. — OTKPbIThIE NOAMHOTO-
o6paaust, — OKpecTHOCTH U BHYTpEHHHe TOUKH.— ['oMeoMoOp-
¢uamer. —INepBast aKCcHOMa CUETHOCTH H JIOKAJIbHAA €BKJIHJ0-
Boctb.—Bropas akcHoma cuerHocTn—Hexaycaopdosur muoro-
06pa3usi. — [ 1aJIKOCTH Ha TOMOJIOTHYECKOM MpOCTpaHCTBE., —
Tonosoruyeckue MHOroo6pasusi. — HyJ/lbMepHbie MHOroo6pa-
3us.— Kareropus  TOP.— Karteropuss DIFF. —TIlepenece-
HHe TVIaJIKOCTH.

IMyets 2 —npoussosibHOe rAafKoe (MM TOMOJOrHYECKOE)
mHorooGpasue,

Onpedeanenue 1. TlogmuoxectBo Oc .2 HasbiBaeTcs
omkpsoimoim (B Z), ecnu aas moboit kaprtel (U, h) MHoro-
obpasusi 2 muoxectBo A (0N U)cR” otkpoito (B R™).

[lpy Z'=R" 370 onpejenexHe JaeT, KaK Jerko BHAETb,
oObIYHbIE OTKPBLITBIE MHOMECTBA B R”.

OTKpLITBIE MHOXECTBA B npocTpaHcTBe 2 =R” (a Takxe
B J1II0O6OM MeTpHYeckoM npocTpaHcTBe .2°) 06/ajaloT, Kak Mbl
3HAEeM M3 Kypca aHaliM3a, CJAelYIOWUMH TpPeMs CBOHCTBaMH:

1° mycToe MHOXECTBO &f M BCE [POCTPAHCTBO 2 OTKPHITHI,

2° oObenMHEHHE NPOM3BONBHOTO CEMEACTBA OTKPBITHIX
MHOECTB OTKPBITO,

3° nepecedeHHe [IPOU3BOJBHOTO KOHEYHOrO ceMeficTBa
OTKPBITBIX MHOXECTB OTKPBHITO.

Tak kak

gh(OanU)=h<<g Oa>nU>

Qh(OanU)=h<<Q oa>n U)

ais moboit kaptel (U, h) u moboro cemefictea {O,} noa-
MHOXKECTB MHOroo6pasusi .2', TO 3THMH Xe CBOHCTBaMH o0Ja-
JlaloT H OTKPHITBIE MHOXecTBa B %

Onpedesernue 2, Muoxectso T MNOAMHOXKECTB MHOXe-
" CTBa Z'Ha3HBaeTcst monoaozuel (WU Monoasoeudeckoli cmpyxk-
mypod) Ha 2, a MHOXKECTBA M3 | — OMKPLUTIBIMU MHONCE-
Ccmeamu, eciu 3TH MHOXKecTBa o0JsiajaloT cBoiicrBamu 1°—3°,
MuoxecTBo 2 BMecTe ¢ 3ajaHHOH Ha HeM Tonojorveid 1
(t. e. coberBenno roBopsi, -napa (2, T)) HasbiBaercs
MONOAORUECKUM N POCMPAHCMEBOM.
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Takum o6pasoM, Mbl MoXeM cKasaTb, 4TO omnpefeleHune |
BEOAHT B KaxJoe MHOrooOpasiie HeKOTOPYIO TONOJOTHIO Wi,
141a4e roBOPH, YTO B CHJY 3TOIO OHDeJesIEHHS Kamooe MHO-
c000 pasue A6AAEMCA MONOACZUMECKUM npocmpancmsom. B atom
CMBIC/IE TOMNOJNIOTHA Ha .2 ABJSETCH CTPYKTYPOH, IPOH3BOIHOK
oT TJIajkocTH Ha 2.

Sra chTyauus BIOJNHE AHANOTMYHA CHTYyaUWH AJS METPH-
UECKHX TIPOCTPAHCTB, TOMNOJNOTHS KOTOPLIX ABJSACTCHA CTPYKTY-
POA, NMPOHU3BOAHOK OT METPHKH.

B panbHeiiiieM, rorops o TOMOJOTMH Ha TJafkoM (MJH
TONOJIOTHYECKOM) MHOrQo6pasiy, Mbl Bcerga OyjaeM HMeTb
B BHAY TOMNOJIOTHIO, BBOAMMYIO omnpejeseHueM l.

CornacHo onpenenexnto 1, aasi TOro 4to6bl NPOBEPHTH
OTKPBITO HJAH HeT JaHHoe NMoamHOxecTBo 0.2, HeobxOAHNMO
paccmorperb MuoxectBa h(ONU) anst Beex kapr (U, h)
muoroo6pasus 2. KoHeuHo, Ha mpakTHKe 3TO HEBO3MOXHO,
1l BO3HKKAeT BONPOC, HeAb3sl JIH 3TH KaPThl KaK-TO OTpaHu-
unrb. OKkasbiBaeTcsi, 4TO BIOJHE JAOCTATOYHO JIMIUb KapT
OJHOTO MPOMH3BOJLHOTO aTJjaca u, OoJee TOro, JAulub Kapr,
nokpbiBaloux MHoxkecrso 0. MmenHo, cnipaBenanBo ciaelylo-
lee HpenNoKeHHe:

Mpedaoocenue 1. MMycmo ((Ug, hy,)} —maroe cemeticmeo
Kapm mrozo0bpasusi X', 4mo

Oc U U,.

[¢7

Toeda, 04 mozo umobo. mroxcecnso O Coiao omipoimo 8 2,
docmamouno, 4mober dan ao€ozo o mHoxecmso hq (ONU,)
Ooeno omxpouno & R*.

HokasareabcrBo. HyxHo fokasatbh, uTo ecl MHo-
xectBo O YIOBJNETBOPSET YCJOBHSIM 3TOTO NpeAJOXKEeHHS, TO
st mobot kapthl (U, h) MHorooGpasus .2° MHOXeCTBO
h(ONU) orkpmro B R”, T. e.—B cayuae, KOTJa 3TO MHO-
HECTBO HeINyCTo,—J/I06asi ero To4yka X ABJASeTcS BHYTPEH-
ueit. Vimes sto B BMLy, paccMOTpUM B MHoroo6paswu 2
TOYRY p=h"1(X).

Tak xak x €A (0NU), 10 p€0NU 1, B yacrHocry, p € 0.
MostoMy cymecrsyer Takoe o, uto p €U,.

B cuay cormacosaunocru Kapt (Ug, hg) M (U, k) mHo-
keetBa My (U NU) u B(UgnU) orkpurer B R™. Kpowme
Toro, N0 YCAOBHIO MHOXecTBO h, (O NU,) Takxke orkpbiro.
osToMy OTKpPHITO M MHOXKeCTBO

ha (ONUNU)Y=h, (0N Ug) N ke (Ug NU).
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C npyro#t CTOPOHEI, rOMEOMOPQH3M
hohg': ha (UgNU)—h(UgnU)
NepeBoNUT 3T0 MHOMKecTBO B MHOXectBo 2(ONU,NU), Ko-
TOpOe, CNeA0BaTeNbHO, TakXe OTKPHITO. [locKombKy
xehOnU,nU)ych(OnU),

9TO JI0Ka3blBAeT, UTO TOUKA X fBJIAETCA BHYTPEHHEH TOUKOi
muoxectea A(OnU). O

i uno, n(vno) orw,,nu, he (ONU N 1), HONLN1I)

UNo, A, (4n0) M[D%ﬂl/, By (U0 ), n(1N0)

Caredcmsue 1. Jan moboii kapmer (U, h) muozooGpa-
3us X nodmnooecmso VU moeda u moavko mozda omkpot-
mo & X, kozda muomecmso h(V) omxpoimo 6 R*.

B wacmuocmu, camo mnomecmso U omxpeimo ¢ Zo [

Ilns moGoro oTKpeITOro noaMHoxectBa O NPOUSBOJIBLHOTO
(xnacca C7) mHorooGpasus 2 Bce kaptul (U, h), aas Koro-
pex UcO, cocrapnsior, ouepuano, arnac Ha O (cM. mpH-
Mep 2 mnpepplayiiedl JeKIHH). DTOT atnac MaKcHMalneH, T. €,
siBAsiercst raakoctelo Ha O (Toro e Kaacca Cr). O6 3toit
rJIaAKOCTH TOBOPAT, YTO OHA UHOYYUpPOBAHA TNaAKOCTLIO MHO-
roo6pasus 2, a MHoxectBo O c 3TOif [VIafKOCTBIO Ha3bIBAIOT
omkpounoim nodmroeoobpasuem Muoroobpasus 2. Ilo onpe-
neqeddio dim 0 = dim 2.

B panbHefiiem Kaxpoe OTKpbitoe MHOXecTBO O Npous-
BOJIbHOro MHuoroo6pasus 2 Mul Bcerjia GyleM pacCMaTpUBaTh
KaK MHOrooGpasHe ¢ MHAYUHPOBaHHOH [J1aJKOCTHIO.

3ametuM, uTo Kaxawtit atnac A== {(U,, hg)} mMHOrooGpa-
aua 2 onpegenser atiac ONA muoroo6pasus O, cocrosi-
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guti U3 kapt (ONU,, ha|0nUa)- Taxum ofpa3soM, 4TOGBI

HOJYYHTh  HIAYUUPOBAHHYIO TaajkocTs Ha (O, HET HYKIB
pacCMaTpHUBaThL BCE KapThl lia Z', ROCTaTOUHO JIHLIL Kapt
0JIHOr0 atJaaca.

3 cpofictBa 2° OTKPHITHIX MHOXKECTB HEMOCPEJACTBEHHO
cneflyeT, 4To Anfl JA0GOro MOAMHOMXKECTBa A TOMONOIHYECKOro
pocTpaHCcTBa 2 CYLIECTBYET HAHOOJbLICE OTKPHLITOE MHOXe-
crso (BO3MOXHO, mycToe), cojepxkaueecss B A (um  Gyger
oObelMHeHHe BCEX CofiepXkKaluXcsi B A OTKPHITHIX MHOXECTB).
9T0 OTKPHITOE MHOXECTBO 0003Hauaercst cuMsosoM Int A (nan
A) M Ha3uBaeTcs eHympennocmeto MHoxectBa A. Ero Touku
1a3HBAIOTCS BHYMPEHHUMU MOUKAMU MHOXecTBa A.

SIcHo, 4TO MHOMEecmBo A moeda u moavko mozda OmK-
pomo, Koeda Int A=A, m. e. kozda ece ezo mouku 8Hym-
JCHHUE.

Jas moboit Touku (uau, Gosmee obuio, aast MoGOro Moj-
MHOXKECTBa) TOMNOJMOTHYECKOro npoctpaHcTBa 2 Kajuoe co-
JiepKaliee 3Ty TOYKY (3TO MOJIMHOXKECTBO) OTKPHITOE MHOXe-
CTBO HA3bIBAETCH OKpECMHOCMbIO 3TOH TOUKH (3TOTO INOJMHO-
xectea). [To onpenenenuto mouka mozda u moasko moada
a6ASEMCA GHympennel moukod nodmroxcecmsa A, Kozda ¢ A
COOEPHCUMCS HEKOMODASL OKPECHIKOCITL 3MOL MOYKU.

Takum obpasoM, npu 2 =R" BBCIEHHOE MNOHATHE BHYT-
peHHEeH TOYKM COBNAJNAeT C MOHSTHEM, M3BECTHBIM H3 Xypca
anaJH3a.

Hns moboit xaprui (U, h) npousBOLHOTO MHOrOOGpasus
2 mHoxectBo U (HocuTenb KapThl) SIBJSICTCS OKPECTHOCTBIO
xaxao# Toukn p€U. Ha 3rOM OCHOBaHHHM HOCHTENH KapT
Mioroo6pasust &' Ha3bLIBAIOTCA TaKXKe KOOPOUHAMMbIML OKpe-
CMHOCMAMU.

flcHo, urto moGast okpectHocts V Touku p € U, copepxa-
masica B KOOpAMHATHOH oKpectHoctH U, Takke Gyner Koop-
JMHATHOM OKPECTHOCTBIO (C KOOPJHHATHBHIM OTOGpaXKEHHEM
i|y). CnenoBatensHo, awbas okpecmuocms O mouku p co-
depjcum  HZKOmMOpyio KoopduHnammyro okpecmuocms (Takoi
OKPECTHOCTbIO OyJer, Hanpumep, nepeceyenne ONU).

MHOXKeCTBO OKPECTHOCTel TOYKH p TONOJNOTHYECKOro Npo-
ctpaHcrBa 2 HaspiBaercs 6a3od okpecmnocmed (Man ¢pyHda-
MeHImarvHOU cucmemoll oxpecmuocmeli), ecau Jobasi OKpecT-
HOCTL TOYKH p CONEPXKHT OKPECTHOCTh M3 3TOr0 MHOXECTBA.
(IlarasigHo roBopsi, 6asa JOMKHA cOjEpKaTh CKOMb YTOAHO
MaJible OKPecTHOCTH.)
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B 3710il TepMHHOMOTHH JOKa3aHHOE YTBEpKAeHHE O03Ha-
YaeT, 4YTO K0OpPOUHAMHbIE OKPECHHOCMU KaXcOot modKy npous-
80bH020 MHO2000pasus obpasyrom 6a3y ee okpecmHocmed.

Orobpaxenue [: 2 — % TONOMOrMYECKUX IPOCTPAHCTB
Ha3bIBAETCS 20ME0MO PPUIMOM, ECTTH OHO OHEKTHBHO H MHOXKECT-
Bo Oc.Z Torza M TOJMBLKO TOTAA OTKPHITO B 2°, KOTAAa MHO-
xkecTBo fO =¥ oTkpeITo B &Y. TakuM o6pa3oM, romeomophuam—
3T0 GUEeKTHBHOE OToOpa’KeHHe, YCTaHABMMBAIOlIee B3aHMHO
OJIHO3HAYHOE COOTBETCTBHE TONOJOTHIA.

[Tpocrpauctsa 2" u &Y Ha3LIBAIOTCS! 20MEOMOPHHHIMU, €CITH
cymecTByer XoTsi Obl ofiud romeomopdpuam 2 — ¥. flcHo,
yTo Tononoruuyeckue cBoficTBa (T. €. cCBolicTBa,
(OPMYIHPYEMBIE HCKJIIOUHTENLHO B TEPMHHAX OTKPLITHIX
MHOKECTB) FOMEOMOPOHBIX NMPOCTPAHCTB OXMHAKOBHL. L aKkHM
06pa3oM, C TOUKHM 3DEHHS TOMOJNOTHYECKHUX CBOHCTB TOMeO-
MopdHBIE NPOCTPAHCTBA HEPA3JAHUMMEL.

[Tpumepom TomosOruYeckoro CBOMCTBA SIBASIETCS CBOHCTBO
TOTOJIOTHYECKOTO TpocTpaHCTBa 2 uMeTb B moboi cBoell
TOYKE p CYeTHYIO 6a3y okpectHocredf. O TakuX NpOCTPaHCT-
BaX rOBOPSIT, YTO OHH YJOBJETBODSIOT Nepsoll akcuome cyem-
Hocmu (MM YTO OHM SIBASIIOTCSI [POCTPAHCTBAMH CHEMHO20
A0KANbHO20 8eca).

Jlerko BHAETb, uTO at060e Mempuueckoe npocmpancmeo &
yoosremsopsem nepsod axcuome cuemuocmu (Aisi moOOH ero
TOYKH OTKDHITHIE WIapbl C LEHTPOM B 3TOH TOUKe, paluyChl
KOTODBLIX SIBJISIIOTCS] DPALHOHAJbHBIMM YMCJIAMH, COCTABJSIOT
CueTHy!0 6a3y ee okpecTHocTei). B yacTHOCTH, nepsoi axcuo-
Me cuemrnocmu yodosremsopsem npocmparcmso R-.

Kaxoe nogMHOKecTB0 A TONOJOrHYECKOrO NPOCTPAHCTBA
2 obnanaer TonoJoruel (HasbiBaeMoON uMOYYyUPOBAHHOL mo-
nosozuedl), OTKPBHITHIMH MHOXECTBAMH KOTODOH  SIBJISIIOTCS
nepeceyeHusi ON A ¢ A oTkpeThix MHOMecTB O NPOCTPaHCTBA
Z. CHaGxeHHoe 3TOH TomoJorHell mMoaMHOXKecTBo A Ha3bl-
BaeTcsi nodnpocmparcmeom mnpoctpaHcTBa Z.

flcHo, uTO JMOGOE MOANPOCTPAHCTBO NMPOCTPAHCTBA, YAOB-
JIETBODSIIOLIEr0 NEPBOH AKCHOME CYETHOCTH, TaKXEe YAOBJeT-
BopsieT aroi akcuome. [Tostomy, B uacTHocTH, 4t060e nod-
npocmpancmeo npocmparcmsa R*  ydosaiemsopsien  nepsod
QKCUOME CHEMHOCIU,

CewmelictBo {U,} OTKDHITHIX MHOXECTB TOMNOJOTHYECKOTO
NpocTpaHCTBa £ Ha3bLIBAeTCH €ro OMKPbiMbiM NOKPOUMUEM,
ecau Jio6as TOYKAa ITOTO MPOCTPAHCTBA MPHHALIEKHT XOTS
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6 OAHOMY 3JIEMEHTY 3TOro cemeiicTBa, T. €. €C/JH
UU,=Z2.
a

Haupumep, Hocutean U, xapr (U,, h,) npou3sosbHOro
araaca Muoroobpasua 2 COCTaBJAAKT OTKPLITOE MOKPHITHE
5TOr0 MHOT006pasus.

[1pocTpancTBO 2’ HA3LIBAGTCH A0KAALHO €8KAUO08bIM, €CIIH
oo o6MafaeT OTKPLITHIM NOKpbiTHeM {U .}, KaxabIi 3meMeHT
U, KOTOpPOTO TrOMEOMODdeH HEKOTOPOMY OTKDBLITOMY MHO-
kecTBY Tipocrpancrsa R* (u, 3HauMT, yJOBJAETBOPAET ME€pBOH
AKCHOME CURTHOCTH).

Ho sacwo, 4To ecaH ToMmoJIOTHYeCkOe NpPOCTpaHCcTBO 2
oGaaaaeT otkpbitbM nokpbitHeM {Uy), Bee snmementst U, Ko-
TOpPOTO YIOBJETBOPAIOT (B MHAYLHDPOBAaHHON TONOJOrHH) Nep-
BOil AKCHOME CYEeTHOCTH, TO CaMO MpOCTPaHCTBO X Takke
YJOBJIETBOPSIET MEPBOil aKCHOME CYETHOCTH. (STOT $akT BbI-
PAZKAIOT, TOBODPA, YTO CBOHCTBO Y IOBJIETBOPATL NepPBOil aKCHO-
MC CYETHOCTH ABJSETCH A0KaAbHbim ceoidcmeom.) Tloaromy
Kax0oe N0KAAbHO esKandoso npocmpancmeo ydosremsopaem
nepsod akcuome cuemHocmu.

C Jpyro#i cTopoHel, M3 cJaelcTBHA | HeNoCpeACTBeHHO
BpTeKaeT, uto 04 aobod xapmet (U, h) npoussorsrozo muo-
coobpasua X omobpaxcenue h: U — h (U) agasnemcn  e2omeo-
moppusmom (npuuem mHoxecrBo h(U) orkperro B R").

|Ha aroM ocHOBaHHHM KOODAHHATHbIE OTOOpaxeHHs A, pac-
cMaTpHBaeMbele Kak oroOpaxenusi na h(U), wHasbBarorcs
O0LIMHO KOO POUHAMHbLIMU 20MEOMOphUIMamU. ]

CJleloBaTesIbHO, MOCKOJNbKY KOOPAHHATHBIE OKPECTHOCTH
COCTABJAAIOT OTKPLITOE MOKPLITHE MHOroo6pasus 2 (3THM
CBOIICTBOM  0GJAJAOT  JlaXKe KOODAHHATHBIE OKPECTHOCTH,
sipisolinecs:  OGJMacTAMH  ONpENe/NEHHA  KapT HeKOTOpOoro
arnaca), a000e MHO2000pa3ue AEARCMCA JOKAALHO e8KAUO08HIM
NPOCNPARCIMBOM U ROMOMY YO0BALMBOPAEM NEpsol aKcuome
CHOMAHOCU.

MHOXecTBO & OTKPBITHIX MHOXKECTB TOMNOJOTHYECKOro Npo-
CTpanCTBa Ha3biBaercsi ero 6asoi (nan—0Goaee pacrnpocrpa-
e1H0 —6a30t OMKpbLIMbIX MHONCECMS), €C/IH KawA0e OTKDHI-
TOC MHOXKECTBO 3TOr0 MPOCTPaAHCTBA ABJASAETCH 06nelHHeHHeM
Mitoxkects u3 §. O npocrpaHCTBaX, 06MaRalOWHX CHEMHOU
busord (T, e. 6a30H, ComepKalledt CYETHOE YHCJO OTKPBITHIX
M{I0KeCTB), FOBOPAT, UTO OHH YIOBJETBODSIOT 8MOpOll aKCUO-
e cyemuocmu (2 TakxKe, YTO OHHM SABJRIOTCH NPOCTPAHCTBA-
MIL cyemmnoeo geca).
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flcHo, 4TO MOGOE MPOCTPAHCTBO, YAOBJETBOPSIOUIEE BTO-
poi aKCHOME CYETHOCTH, YJOBJETBOPSieT M I1epBOH akcHOMe
CUeTHOCTH, HO ofpaTHoe, BOOOILE TOBOPS, HEBEPHO.

B 3rofi Tepmuuosorun Jemma 2 Jekuuu | yTBEpKIacr
(MpUMEHHUTENBHO K NMPOCTPAHCTBY R”), 4YTO BCE OTKPLITHIE pa-
IlHOHAJbLHEIE Waphi MpocTpaHcTBa R”, T. €. wapsl, pajHych
KOTOPHIX pallHOHAJIbHBI, a LEHTPHl HMEIOT pPallHOHAJbHbIC
KOODAHHATEI, COCTAaBJSIOT 6a3y 3TOrO MPOCTpaHCTBA. Taknm
obpa3oM, npocmparcmso R" yOosremsopsiem smopoti axcuomc
cuemuocmu.

TeMm He MeHee CywleCTBYIOT MHOrooGpasusi, He YAOBJET-
BopsliolllHe BTOPOH aKCHOME CHYETHOCTH (Tak 4YTO B 3TOM OT-
HOLIEHHHM BTOPAsi aKCHOMa CUETHOCTH PE3KO KOHTPACTHpYyer
c nepsoit). [Tpocrefiuum npumepom sBAsSiETCA AMIBIOHKTHOe
o6bellMHeHHe HecueTHOro cemedictsa mpoctpaHcTB R”. (Bosee
HHTEPECHBIH NpHMep MHI NpHBeleM B Jekluu 11.)

OueHb yacTo, BBOAS B MHOXECTBO £ TOMOJOTHIO, yKa-
3LIBAIOT IBHO JIMIIb HekoTopylo ee 6a3y. OueBHAHO Ipu
3TOM, YTO MHOKecmeo & nodmroncecms mroxcecmsa X mozou
u moavko moada moxem cayxcums 6a30t omKpoIMbLX MHOKCECHE
Hexomopoli monoaoeuu Ha L, Koe0a nepeceuerue ao€olx 08yx
MHooKecms u3 & seasemcs o6vedunenuem MHoxcecms us &.

B vactHocTH, 633051 HEKOTODOH TOMOJIOTMH MOXeT CJy-
JKHTb JIIOG0E€ MHOXECTBO IOAMHOMKECTB, 3aMKHYTOe OTHOCH-
TeJIbHO TepeceyeHnil.

Tonomornyeckoe npoctpaHeTso 2 HasbiBaetcs xaycdop-
¢hosbtm (MM omOeaumbinm), eciiy JMio€bie 1Be €ro TOYKH p H ¢
06/13a10T HEMEPECeKaloWUMHCST OKPECTHOCTAMH.

SIcHo, yTO MMOGOE METpHYECKOE [POCTPAHCTBO Xaycaop-
(hoBO H, 3HAUMT, B YaCTHOCTH, XayCnopgoBo mpocTpaHCcTBO R™.
Tem He wmenee cywecmsyrom 2radxue Hexaycdopgoser mro20-
06 pasus.

Mpumep 1. Iycts Z=R\{0)U{psr G}, TEE po,
go— HEKOTOphie 3/MeMeHTHl (He npHHaAdexamue R\ {0}), H

nycTsh
U=2\{g}=(R\{0}) U {po},
V=2 {po} = (R\_{0}) U {go}.

Onpenenum GHEKTHBHBIE OTOOPAXKEHHS
h: U—R, k V—R

v e p €R\({0},
» ECIIH P = Dy

topMynaMu

h(p)=-{ g
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s Joboro p €U n

k(q)=

s Juogoro ge U,

SlcHo, yro kaptul (U, h) u (V, k) cocraBasaor ataac, H,
3uauiT, onpeReaslor Ha & CTPYKTypy TIJIafkoro MHOroo6-
pasug (kmacca C®). B ronosoruu storo Muoroo6pasus JioGele
JB€ OKPECTHOCTH TOYEK p, H g, NepeceKaiotcs, H, 3HAUHT,
3Ta TOMNOJIOTHA He Xaycloppona.

HocrpoetHoe raiajixoe MHorooOpasue 2 HasbIBaeTcst pas-
J60eHHOL 8 Hyse npamoll (a TaKxKe HexaycOopgosoll npamod
¢ ocobod moukoi 0 Kpamuocmu 2).

AHaJlorHYHBIM 06pa3oM onpejieasercs Hexaycdopdosa nps-
masn ¢ ocoboil mouxkot 0 Kkpamwuocmu n, rle n-—NPOU3BOJL-
joe neJsaoe YUceao == 2.

| g, ecan q € R\ {0},
1 0, ecn g=gq,

OuyeHb 4acTO CTPYKTYDY IVMIalKOro MHOrooGpasusi INpH-
XOJUTCA BBOAHTb Ha MHOxKecTBe 2, Ha KOTOPOM YK€ €cThb
TOTIOJIOTHA, T. €. KOTOpoe sIBJAsETCA TOMONOTHYECKHM npo-
CTPAHCTBOM.

B s3TOM cayuyae Bcerja MoJYaJInBO Npejnofiaraercs, UToO
3Ta CTPYKTYpa NO/KHA onpejensiTh Ha Z JaHHYIO TOMOJO-
rio, T. €., Kak OObYHO TOBOPST, JOJ/KHA GHITL cozaacosaNa
¢ 3TO#l TOMOJIOTHE.

Has sroro, KoneuHo, HEOGXOAMMO, YTOGHL artvaac, 3afalo-
mui Ha 2 of6najatoulylo 3THM CBOFACTBOM IVIAJKYIO CTPYK-
1ypy, cocrosim us xapt (U, h), nocurenn U KOTODBIX OTK-
puiThl, a oToGpaxeHus h: U —> h (U) aBasiiotcs romeoMopdhus-
mamu. OKkasbiBaercs, 4TO 3TO YCJOBHE M JOCTATOYHO.

lipedaoscenue 2. lTycmo A={(Uq, hq)} —marod amaac
HU monoaozudeckom npocmpatcemse X', 4mo 0aa 06020 o
mnuoacecmso U, omkpoimo ¢ X u omobpancenue hy: Uy -—

»ho (Uy) sgrsemes 2omeomoppusmom. Toezda earadkocme,
onpederseman amaracom A, co2aacoeana ¢ monoaozuetl npocm-
pancmsa .

Hoxasarteasctso. CorylacHo npeiloxeHuo | MHo-
xKectBo OcZ TOrJa M TOMBLKO TOTJa OTKPLITO B TONOJOTHH
Ta, sanaBaemoit raafKocThio, ompeienseModl ataacoM A,
Korja ans Jioboro o MHoXxecTBo h, (0N U,) otkpuito (B R*,
a4 noroMy H B hy(Ug)), T. €., nockolbky orobpaxeHust hy,
ABASIOTCA roMeoMopdH3MaMu, Koraa MHoxectso ON U, oTk-
puro (B Ug,, a notomy—B cuay Toro, 4ro U, OTKpPEITO B
”%"—H B -%‘)
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C npyrofi cTOpoHBI, €c/H MHOXKeCTBo 0.2 OTKPHITO 1
Z', T0,—nockoasky U, oTkpeito B Z',—MHOoxecTBo ONU,
Tak:Ke OTKpHITO B £, a ecau Bce MHOXecTBa O U, oTkphi-
Thl B &', TO BBUAY PaBeHCTBa

(1) O0=U0OnUy)

MHOXecTBO O oTkphito B 2. CleloBaTeNbHO, MHOXECTBE,
OTKPbITbie B TOMOJOTHH [a,—3TO B TOYHOCTH MHOMKECTBa,
OTKPBLITbiE B TOMOJIOTHH IpocTpaHcTBa 2. [

3aMeuanue 1. N nposicHeHHS H3JIOKEHHOTO MOKa-
3aTEJbCTBA CTOHT 3aMETHTh, YTO (DAKTHYECKH OHO CBOAHTCH
K ABYM TPHBHaJbHBIM 3aMedaHHsAM. [lepBoe cocTOHT B TOM,
YTO TOMOJIOTHSI KaXKAoro MHoxectBa U, omnpeaensieTcst HCK-
JIIOYHTENBHO AaHHBIM OTOGpakenueM h, (MHOXectBOo O U,
TOTJa U TOJBKO Torja OTKphito B U,, KOrja MHOXeCTBO
he (0) otkpuito B R*), a BTOpoe—B TOM, YTO AJfl JOGOro
TOMNOJIOTHYEeCKOr0 MPOCTPaHCcTBa £ H JIIOGOrO €ro OTKPHITOTO
nokpuirus {U,} Tomosorus mpocTpaHcTBa .2 OJHO3HAYHO OM-
pellenisieTcsl (MOCpeACTBOM paBeHcTBa (1)) TOMOMOrHAMH 3Je-
MeHTOB U, 3TOro HOKpBLITHA.

3aMedanue 2. B cuny npeasoxeHnsi 2 riafkoe MHO-
roo6pa3ve MOXeT GHITb ONMpeJeJs eHO KakK TONOJOrHYecKoe
OpocTPaHcTBO £, Ha KOTOpPOM 3ajaH arjac, Hocurean U,
KapT (Uy, hy) KOTOPOro OTKPBITH, @ KOOpAHHaTHbIE OTOOpa-
XKeHHsl h, ABAstorcs: roMeoMopthuamamu. Ilpu 3tom TpeGopa-
HHE, UTOOB Adsl Jio6bix o H P MuoxectBa A, (UgNUp) n
hg (Ug N Up) 6b1IH OTKpPBEITHE B R, 6yAeT aBTOMaTHYeCKH BbI-
nosiHeHo. KMenHo 3To onpeaeneHne OOBLIMHO H BCTpedaeTcs
B JiuTeparype (HHOIZa B HECKOJBKO HHOM CJOBECHOM 0(opM-
JIEHHH), HECMOTPSl Ha €ero OYeBHIHYIO METOAOJOTHYECKYIO
JeeKTHOCTDb (aHaJOrH4HOe OnpejelleHHe MeTpHYecKHX NMpocT-
paHCTB— B KOTOPOM 3Ta AetheKTHOCTb MposiBAsieTc HaunGoJee
APKO— IJIacH/I0 Obi, 4TO METPUYECKHM MPOCTPEHCTBOM Hashi-
BaeTCfl TOINOJIOTHYECKOE MPOCTPAHCTBO 2, A KOTOPOTO 3a-
JaHa HempepeiBHAas ¢GyHKUHA p: 2 X2 — R, yAoBaersopsio-
mas OOBYHBIM @KCHOMaM MEeTpPHYECKOrO NPOCTPaHCTBa).

B npumepax npeipiayiiefi MeKHUH MB KaK pa3 H BBO-
AWM TJIAJKOCTH B MHOXectBa (R*, §” u RP?), yxe aBasio-
lIiHecsl TOMOJOTHYeCKUMHU (H JaKe METPHYECKHMH) NPOCTpaH-
cTBaMH. [3a paccTosfiHHe MeXAy TodkaMH cthepbl S* NpHHH-
MaeTcl Yrosl MeXAy pajHyc-BeKTOpaMH, a 3a paccTosinne
MeXJy TOYKaMH MpocTpaHcTBa RP”—yron Mexay HHMH, Kak
npAMBEIME B IpocTpanctBe R**!, B o6oux caydgasx—mnpo-
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BepbTE 3TO! — aKCHOMBI METPHUYCCKHX NPOCTPAHCTB BbINOJIHE-
Hbt |

3anaua 1. lokaxure, yto BBeleHHble B mpuMcpax 1 —8 Jsexuus
¢ 1a npocrpadctax ®#, §% u RPP ruagkocTd coriacoBaHbl ¢ TONOJO-
[1sIMM 3THX TIPOCTPaHCTB.

3aMmeuanue 3. [Tpumep 3 nekunu 6 nokasnipaer, 4TO
J1d4 TOMNOJIOTHYECKOM MNPOCTPAHCTEE EO3MOXKHbl Pa3JIHYHBIE
raaJkocTH (kaacca C®), corsacoBaHHbIe C €r0 TOMOJIOTHeH.

[Ipn r=0, T. e. AnA TOMNOJOrHYECKHX MHOroobpasuii,
CHTYalHsl OKa3LIBAeTCHl COBCEM APYToOi.

[TycTh 2 —TOMOJOrH4€CKOe MHOrooGpasne pa3MepHOCTH
n, u nyctb (U, h)—nekoropas kapra B 2. Ilo onpenene-
IHII0 3TO O3Hauaer, uto U2, a h aBnsercs GHEKTHBHBIM
oto6paxkenneM Buga U — h(U), rae h(U)— OTKpbiTOE MHO-
weerso B R7. Ilpu 3TOM, Kak yXe HEOJHOKPATHO OTMeva-
nock, ecan (U, h) siBaserca Kaproit MHoroo6pasus 2°, To U
otkpbito B 2 # h: U— h(U) siBnsiercss roMeoMopdH3MOM.
OxasuBaercs, uto npu =0 BepHO H o6GpaTHOE.

Mpedroocenue 3. Kapma (U, h) & monoroeuteckom
MHo2006pasuu Z', 0as komopod U omkpoimo ¢ 2, a omob-
pasxcerue h: U — h (U) npedcmasasem cobodl eomeomopgusn,
seasemes kapmoil  mHoeoobpasus X (npunaldsexcum  e2o
MAKCUMANOHOMY AMAACY Ayayc).

s 10Ka3aTeqbCcTBA 3TOTO MPEAJNIOKEHHSA MBI BOCMOJIb-
syeMcs caepylolleii seMMOi:

Jemma 1. Ecau drs kapm (U, h) u (V, k) 6 monoao-
custeckom npocmpancmee X muoxecmea U u Vo omrpeimot ¢
2, a omobpascenus h: U -—>h(U) u k: V- >h (V) sernaomes
comeomopuamamu, mo amu kapmot coenacosarst (8 Kaacce C°).

[Tpennoxenne 3 sBAAETCA HENMOCPEACTBEHHBIM C/NEACTBHEM
JICMMbI 1, TOCKOJIBKY, cOTJIacHO 3TOH JemMe, Kapra (U, h)
N3 npeaJoXKeHHsi 3 corJacoBaHa ¢ Kaxnaoii Kaprtoit (V, k)
MAKCHMAJbHOrO arjaca A, MHOroo6pasns 2 u, 3HAYHT,
B HeM cojepkurcsl. [TosTOMy HaM HYXHO JHWb JAOKa3aThb
Jemmy 1.

NokasaTteabcTBo JdemMbl 1. Ilepeceuenne UNV
otkpeiTo B 2 (a 3uaunt, u B U). ClenosaTe/ibHO, MOCKO/b-
Ky oToGpaxeHnst b u k SABAAIOTCA FOMEOMOPHH3MAMH, MHO-
xkectBa A(UNV) n B(UNV) OTKPBITH (COOTBETCTBEHHO B
h(U) u h(V), a 3naunt, n B R*).

Kpome Toro, Tak Kak oroGpaxeHHs

/llUnV:UﬂV———»h(UﬂV) H k\UnV: UﬂV—+v/€(UﬂV)



129 HYJBMEPHBIE MHOTOOBPA3HUA

ABJSIKOTCA, OquH}lHO, FOMeOMOpq)HSMaMH, TO HX KOMNO3HUHS;
hok-t: EUNV)— R(UNV)

takxke 6yner romeomopdnamoM. Takum o6pasoM, kaptel (U, f1)
u (V, k) cornacoann. [

[Tpennoxenne 3 osxauaer, 4to npu r=0 KapTel MHOro-
o6pasns 2 XapakTepU3YIOTCA HHCTO TOMOJOTHYECKH, T. C.
UTO CPYKMYpa MoOnoA0SU4eck020 MHO2000pasus Ha Mmono-
Aocuveckom npocmpancmee & (koeda oxa cywjecmsyem) onpe-
Oensiemcs eduHcmeeHHom 00pasom. HLIMH clOBaMH, CTpYK-
Typa TOMNOJOTHYECKOrO MHOrooOpa3Hs Ha TOMOJOrHYECKOM
OpoCcTpaHCTBe 2° HE BHOCHT B 3TO NPOCTPAHCTBO HHYEro HO-
BOTO H KJAacC TONOJOTHYECKHX MHOroo6pasHii—s3To MpocTo
HEKOTOPHI MOJKJACC KJacca BCEX TOMOJOTHYECKHX MpOCT-
PAaHCTB.

UTo6n y3HaTh, SABJAAETCS JH JaHHOE TOMOJIOTrHYeCKOC
MPOCTPAaHCTBO 2Z' TOMOJIOTHYECKHM 7-MEePHBIM MHOroo6pasneM,
HaJ0O PacCMOTPETh BCEBO3MOMHBIE OTKPHITHIE MOAMHOMXKECTBA
UcZ', roMeoMopdHbie OTKPBITBIM MOAMHOMKECTBAM IPOCTpaH-
crBa R». Ilpocrpancreo 2 Torja H ToAbKO Torpa Gyacr
MHoroo6pasieM, Korjaa Bce kapTel BHaa (U, h), rae h: U —.-
—» h (U)—HeKkorophlit romeomopduaM (a A (U)—orkpaiToc
MHOXeCTBO B R"), COCTABRJASAIOT aTJjac, T. €.—IMOCKOJIbKY
corjlacHo JjieMMe | JBe Takue KapTbhl COTJIACOBaHbI,— KOTAd
MHOXKeCTBa U/ COCTaBJSIOT OTKPBITOE MOKPHITHE MPOCTPAHCTRA
2. 310 0Ka3bIBaE€T, UTO MOROAGeUdECKUE MHO2000pasus —
9M0 8 MOYHOCMU AOKAAbHO e8KAUQ086L NPOCMPAHCMEA.

Sameyaune 4. CymecTBYIOT JIOKAJAbHO eBKJHAOBLI
NPOCTPAHCTBA (== TOMOJIOTHYECKKE MHOrOOGPA3Hs), B KOTOPhIX
HeJMb3s BBECTH CTPYKTYpy rJaaakoro (kJjacca C' c r > 0)
mHoroo6pasnus. (Takne MuorooGpasus Ha3bIBalOTCSl Heceaa-
gcusaemoimu.) YCNOBHA, HEOGXOJHMblE M JOCTATOYHBlE AJsI
CYLLLECTBOBA HHSI HA TOMOJOT HYECKOM MHOT006pasHH IJaAKOITH,
COTJIACOBAHHOH C €ro TONOJIOrHeH, H3BeCTHbl, HO BEChbMa
CJIOKHDE,

B panbhefilieM, ec/ii TOJMbKO SIBHO HE OTrOBOPEHO MMPOTHB-
HOE, TOMOJOTHYECKHE MHOrooOpasHsi MBI M3 pacCMOTPeHHS
OyleM HCKJIOYaTb.

Kak yxe ckasano B Jekunu 6, ciydalt n =0 Mul, Boo61ue
roBopsi, He HckJouaeM. OpHako Ha caMoM Jesie OH MaJo
HHTEPETEH.

IefictButensto, npn p=0 npocrpaHctBo R” COCTOHT
TOJLKO H3 OAHON TOukM 0, M, 3HAUNT, B HYJABMEPHOM MHO-
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roofipasuu 2 Kaxiaas Touka HMEeT TOJbKO OAHY KOODAHU-
HATHYIO OKPEeCTHOCTb, COCTOSIILYIO H3 CaMOH 3TOH TOYKH.
TakuM o6pa3oM, B HYJbMEepHOM MRorooGpasun 2 KaxkAas
rouka (2 NOTOMy H J0GOe €ro MOAMHOXECTBO) SBJSAETCS
OTKPBITHIM MHOXecTBoM. (O6Jajaloniee 3THM CBOHCTBOM TOIO-
JlorHu€ecKoe MpoCTpaHCTBO HasplBaeTcs Juckpemubim. [Tockons-
Ky JIO60€ JHCKDETHOE NPOCTPAHCTBO 06JajaeT, OYEBHUIHO,
¢/IHIICTBEHHOH CTPYKTYPOH HYJBMEPHOr0 MHOroo6pasus (B Ko-
TOPOH KaXKJas €ro TOYKa SIBJAETCA HOCHTENEM KapTHI), Ml
BHJAUM, CNeNOBaTENIbHO, 4TO HY.bMEepHble MHO2000pa3Us — Imo
¢ MoYHoCmU QUCKpemHKble NPOCMPAKCTSa.

3aMeTHM, H4TO KapThl HYJILMEPHOIO MHOrooGpasHs He
nepecekaiores. [losToMy Mbl HMeeM NpaBo NPUNKCATh TAKOMY
MHOroo6pasmio 11pou3BOJBHLIH KJaacc C'.

Kaxnoe HynbMepHOe MHOroo6pasne (=HCKPETHOe NpOCT-
pancTBo) & METPH3YeMO IOCPEACTBOM METPHKH, B KOTOpOH
paccTOAHHEe MEXAY HABYMA JIOOHIMH Da3JIHYHBIMH TOYKaMH
pABHO eRHHHLle. DTO ONpaBAbIBAaeT HArJsAHOE NPeJCTaBIeHHe
00 & Kak O MHOXeCTBE, PacChilaHHOM Ha OTAEJbHBIE H30-
JIIPOBAHHbIE TOYKH,

B nanbHeiiweM cayuait n =0 umbl §ygeM, Kak [pPaBUJO,
[ paCCMOTPEHHSI HCKJIIGYATh.

Oro6paxenne [: 2 — % TOMONOTHYECKHX TNPOCTPAHCTB
NO3LIBAETSl HENMPCPoISHOIM 8 mouke p € &, ecan ads J6oi
oxpectnoctd V Toukn f(p)B ¥ cyulecTBYeT Takas OKpecT-
noerb U Touku p B &, uro f(U)cV (cpaBuure c (g, 6)-om-
pelleleHHeM HeNpephiBHON (GYHKLHUH).

Oto6paxenune f: 2 ~— &, HeNpepuiBHOE B KaxHoH Touke
p €4, HasplBaercsi HenpepoisHoim Ha L.

Jlerko Bupaeth, 4TO OmobOpaxcenue f. X —+¥Y moeda u
moaoko moada HenpepulsHo Ho X, Ko20a 0a KaxO020 om-
Kpoimoeo muoxcecmsa O < & e2o noanstth npooGpas f~10 =

{peZ; f(p)€O0} omkpaurn ¢ X. IleficTBHTENBHO, €C/H
orofpakenue [ HeNPepbIBHO, TO /A JioGoH ToukH p € f~10
CyIecTBYeT — N0CKOAbKY O SABIAETCA OKPECTHOCTBIO TOYKH
| (p)—Takaa ee okpecthocth U B 2, uro fUc0. Ho Torna
Uczf~'0 u, 3Ha4uT, TOUKa p SIBAAETCS BHYTpEHHEH TOUKOMH
mnoxectBa f~'0. CnepoBatesnibHO, MHOMXeECTBO [~ 'O OTKPHITO.
OdpaThO, ecan Aas JI060T0 OTKPLITOro MHOXecTBa O Y MHO-
wectBo [ 'O & oTKpHITO, TO, B 1aCTHOCTH, AJ1A M00OH TOUKN
PeEX n moGohi oxpectHOocTH V ToukH f(p) B Y MHOXeCTBO
U-=[~'V (comepxaliee TOYKY p) OTKPBITO (T. €. SIBJASETCS
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OKpecTHOCThIO ToukH p). Tak kak fU <V, 10, ciepoBarensto,
oro6paxenue [ HempepriBHO B TO4Yke p. |

Orciopa caepyer, uto eomeomoppusmot f: L — Y —am
8 MOYHOCIU HenpepuiBHole OUeKmuUgHole Omoopaxcenus, 0as
Komopoix o6 pamtoe omobpascenue [~: ¥ — 2 maxuce He-
npepolero. :

HMuvekTHBHOE HenpepsiBHOEe  oToGpaxenne f: Z— Y,
ARJSAOLEECS TOMEOMOPGH3IMOM Ha NoAnpocTpaHeTo f2' < &,
HasbIBACTCH MOMeomOpuImonm (cp. Jekuuio 1),

3aMerHM, YTo ecaH MHOXeCcTBO O < 2 OTKpmito B 2, H
orobpaxenue [: 2 -—% HenmpepeiBHO, TO, BOOOLIe TrOBOpH,
MHOXKecTBO fO MOxeT He GbiThb OTKpHITHM B %. Hanpumep,
TaK 3aBeAoMO 6YIEeT, eCJH MOAMHOXECTRO 2 NpOCTpPaHCTBa
Y He WMeeT HHM ONHOH BHyTpeHHell Toukh. (KOHKpeTHblii
npuMep: &' =R, ¥ =R* n f—aaoxenne x—»(x, 0).)

Henpepoieueie oToGpaxenus f: & — &, ofnapamouiie Tem
CBOICTBOM, 4TO AJA JIO0Oro OTKpbiTOoro B 2 MuoxecTea O
MHOXeCTBO {O = & OTKpBITO B &% Ha3BIBAIOTCH OMKPLIMBIMU.

3apaua 2. INokaxure, yTo:

a) Jlna Ka)kaoro TOMOJNOrHYECKOro MpoCTpaHcTRa & TOXK-
JlecTBeHHoe otobpaxenne id: & — %, p+>p, HENPepBIBHO.

6) [lis moObIX ABYX HeMpephIBHBIX OTOGPaXKEeHHi Buja
[+ & —Y% n g % —ZF HX KOMNO3HLHA

gof: T —3, p—g(f(p),

TaKXe SIBJAETCH HerpepbIBHEIM OTOGPaKEeHHEM.

Crofictea a H 6 o3HauaoT, 4To coBoKymHocTe TOP Beex
TOMOJIOTHYECKHX MPOCTPAHCTE H BCEX HX HEMpPEPHIBHBIX OTO6-
paXkeHH# COCTARJSAET KAmezopuro.

Ecnn & n & —rnaakne MHOrooGpasusi (pasMepHocTeil n
H m COOTBETCTBEHHO), TO AJA JIIOGOH TOUKH p, € Z, no6oro
HenpepuHBHOro otobpaxenns f: L' —% u j0boil KoopaH-
HatHoH okpectHoctd V Touku f(p) B ¥ okpectHocTs U TOUKH
pe B &, ana goropoil fU <V, MBI TakKe MoxeM CuHTaTh
KoopauHaTHoil. [lostoMy, ecin

h: U—h(U)cR" n k V—k{V)cR"
— KOOpJHHaTHble OTOGpaxeHus, To dopmyJa
f=Fko(flu)oh™
6yner onpeaesaThb HEKOTOpoe oToGpaxeHue
(2) f: hU)— (V)
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OTKPBITOr0 MHOXxecTBa h (U) npocrpancrtBa R” B oTkphiTOE
muoxectBo k (V) mpoctpanctBa R™. 3To oToGpakeHue 3a-
naetes m QYHKIUHSTME

(3) Y=, ...,xm, j=1, ..., m,
OT N MEPEMEHHBbIX, BHIPAXKAIOUHX KOOPAHHATHL y', ..., Yy~
toukn ¥ =1 (x) €k (V) = R™ yepes xoopauHatel x', ..., x"

ToukH X € (U) = R* (1. e., uHBIMH CJIOBaMH, JIOKAJIbHBIE
KOOPAMHATBEL TOUKH ¢ = f(p) €V uepe3 jokanbHBEIE KOOPAHHA-
1! TOYKH p € U). Mbl 6ynem ropoputb, uto GyHkuuu (3) eo-
paskcarom (nan 3adarom) omoG pascerue | 6 kapmax (U, h) u
(V, k) (B oKaJIbHBIX KOOPAHHATAX X', ..., x* u y', ..., .

3anauya 3. Jlokaxute, uTo ecsu (U' Ry n (V', k)y—
ApYTHE KapThl, o6nal1aioume TeM CBOHCTBOM, 4T0 p, €U’ n
jU" < V', 10 QJyHKupm J’/, Belpaxkatouine oToGpaxkeHne f B
KapTax (U’ h'y n (V' k) TOTZa H TOJIbKO TOTAQ IVIaAKH B
touke h’(p,), Korga ¢yHkuux (3) raanku B Touke A (p,).

B sTOM cMbicie cBolcTBO rJafkocTH ¢yHKiuuA (3) He
3aBHCHT OT BeIGopa Kapt (U, h) u (V, k).

Onpedenenue 3. HenpepnisHoe oto6paxenne f: 2 — &
Ha3blBAeTCA 24a0KUM 8 mouke P& .2, eclli B HEKOTOPBIX
(a noromy u Bo Bcex) kaprax (U, h) u (V, k), o6rapnaromnx
TeM cBOHCTBOM, 4TO p, € U u fUc V, dyukunn (3), BhIpa-
xKaiolpe otobpaxkenne f, ABAAIOTCA B TOUKe A (p,) TaiKuMH
(yHKunaMH (nanHoro kJaacca C7).

Orto6paxenne f: 2 %, rnagkoe Bo Bcex Toukax p€ 2,
11a3bIBaeTCs 2AQ0KUM.

3anaua 4. Jokaxkure, 4to:

a) Jlns xaxnoro riaakoro Muoroo6pasns 2 TOXKAECTBEH-
Hoe orobpa:keHue id: &' — 2 raaznko.

6) L1 mo6bix ABYX ri1ajknx oto6paxeHnuit Buza f: 2 — Y
H g ¢ — Z HX KOMNO3HLHA

gof: —2, p—g(f(p).
ABJISIETCA TJIaAKHM OTOGpaKEHHEM.

Mo onpenenennto sto osuavaer, uro cosokynuocmoe DIFF
scex 2aa0Kux mHo2000pasull u ecex ux eaadkux omolpasice-
HUL seasemcs kamezopuel.

Onpedecarenune 4. Otofpaxenne [: 2 -—@ raagkux
MHoroo6pasnil Haswraercst dudiqdeomopguamon, ecan

1° oHO GHEKTHBHO,

2° raagko,

3° obpatHoe oToGpamxenne [~': ¥ — 2 raagko (u, 3Ha-
4uT, TOXKE fABJAserca AupheomopduzMonm).
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OuepumnniM npumepoM auddeomMopdnsma sBasieTcss npo-
M3BOJIbHOE KoopaHHaTHoe ortobpaxenne h: U — h (V). (Bo-
mpoc: 4to 3a QyHKUMH (3) 3a4alOT 3TO OTOOpaXKeHHe?)

OG6paTho, JIETKO BHAETb, YTO 048 06020 OMKPpLIMO20
mHosicecmea U eradkoeo mmoeoobpasus X u aw6oeo ezo Oup-
peomopgpuama  h: U — h(U) Ha omkpeimoe mHOxMecmBo
h(UycR® napa (U, h) ssasemes kapmoii mHnozoobpasus X
(mpHHAANIEXKHT ero MaKCHMaJIbHOMY artJiacy). [lelicTBHTeNBHO,
yrBepxaenne, 4Yro (U, h) npHHAAJIEKHT MaKCHMAJLHOMY
ataacy, osHauaer, 4To AJisa so6oit Kaptet (V, k) atoro atnaca
kapra (U, h) cornacosana ¢ kaproit (V, k), T. e. MHOXecTBa
AR(UNVYu kU NV) orkpoitel B R” (MK, 4TO paBHOCUJIBHO,—
B A (U) u k(V)), a orobpaxetie ko A= L(UNV)—kUNV)
apasiercs  angxpeomopduamom. Ho mnepBoe cBoiictBo cae-
ayeT H3 Toro, uro MuoxectBo UNV orkperro B V u B U,
a orobpaxeuns h H k siBAsIOTCA roMeoMopdH3maMu, a BTO-
poe—H3 Toro, 4to 06a 3TH OoTOOpaxeHus (WJH, TOYHee, HX
orpanndenns wa UnV) asnstorca auddeomopdusmamn (cp.
PBIlIE JOKA3aTeJIbCTBO MpepjokeHna 3 u Jemmsr 1). [J

Muoroobpasnsi 2 u % HasbiBalorcs Ougpgeomopproimu,
ecH cyliecTByer Xxorsi Obt oguH anddeomopbuamM 2 — Y.
Takne MHorooGpasusi HMelOT OIHH H Te Xe AH(pdepeH-
lLHanbHbIE CBOHCTBAa (cBoiicTBa, BhIpakalouiHecst B Tep-
MHIaxX IJagKocTeH) H B 3TOM CMBiCJ€ OAHHAKOBBI. B 4YacTHO-
ctd, dim 2 =dim#. '

3apnaua 5. Jlokaxure, YTO IVajKHe MHOrooGpasHs, MoJyuatoumecs

u3 npamoil R BBefleHHeM CTaHJapTHOH TIVIaIKOCTH H IVIAAKOCTH M3 TIpH-
mepa 3 Jekuud 6, auddeomopdHbl.

3aMeuanne 5. MoxHO nOKa3aTb—MoNbITaHTeCh 3TO
caenath! —uto Jmo6oe OJHOMEpHOE HEKOMMAKTHOe [Jajkoe
MHOrooGpasHe, yaOBJeTBODSAIOLLEE BTOPOH aKCHOME CYETHOCTH,
nuddeoMoppro npaMoit R B cranaapTHoll rylagkocTH (a KoM-
nakTHoe —oKpyxHoctH S'). Jlio6oneiTHO, 4TO npH n=4
(v TosabKO NpH n=4) Ha R" CyllecTByIOT I'"MagKOCTH (CTPOA-
lMecs OYeHb CJOXKHO), COrJlacoBaHHbie ¢ Tonosorue#l na R”,
OTHOCHTENIbHO KoTopbix R” ne antdeomopdHo R* B cTanaaprt-
HOH IJAJKOCTH.

[lycts 2 — HEKoTOpOe MHOXKECTBO, % —rJajKO€ MHOrO-
obpasue u [: 2 — & — 6uekrusHoe orobpaxkenne. Toraa Ha
2 cywecmosyem eOUHCMBENHAA 2AQ0KOCMb, 10 OMUHOUEH U0
Kk komopoi | sersemca Ougpgeomoppusmom. Kapramn stoi
rIaIKOCTH SIBASIIOTCS BO3MOXKHHE - naput BHaa (f~'U, hof),
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rue (U, h)—npousBonsHas Kapta MHoroo6pasust . O6 371oii
rJlaKOCTH FOBOPAT, 4TO OHa nepewecesa na 2 ¢ ¥ nocpen-
¢TBOM f.

AcHo, uTO esadkocmu, nepemeceritvie Ha L ¢ Y nocped-
cmeom Guexmusnolx omoGpaxcenutd [ ' — Y u g2 X — %,
moeda u moavko moada cognadarom, xoeda o0molpascerue
gof Y & — & searnemes Oughgpeomopghudmom.



