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B crarbe onmchIiBaeTcsi TOIMOJIOIMYECKasi CTPYKTypa 3aMKHYTBIX MHOI00Opa3uit
Pa3MepPHOCTH HEe MEHbIIEe YeThbIpexX, Ha KOTOPBIX CYIIECTBYIOT muddeoMopdusmbl
Mopca—Cwmeiiia Takue, 94T0 UX HEOIYKIAIOIIEe MHOXKECTBO COLEPKUT IIPOU3BOJIb-
HOE YHCJI0 CTOKOBBIX IMEPUOANIECKUX TOYEK, IMPOUBBOJBHOE YUCJIO MCTOUYHUKOBBIX
[IEPUOUIECKUX TOYEK UM JBE CEIJIOBbIE MEPUOANIECKNEe TOUYKHU. lIpuBomuTca Takke
OIMCaHKe Hecylux MHOroobpasuii muddeomopdusmoB Mopca—Cwmeitsia ¢ MEHBIITIM
TUCJIOM CEJIJIOBBIX MEPUOTUIECKUX TOUEK.

Bubmmorpadust: 13 HazBaHUii.

Kuaroduessbie cioBa: auddeomopdpusmbl Mopca—Cmeitia, HEOIY K Ia0IIEe MHO-
2KECTBO, TOIOJIOTUYECKasi CTPYKTYpa.
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Beenenue. Cucrembr Mopca—Cwmeiisia — CTPpYKTYPHO YCTOWIHBBIE TUHAMUIECKIE CUC-
TEMBI C HYJIEBOI TOIOJIOIUYECKON SHTPONUEil. 3aMedaTeIbHbIM CBOHCTBOM THX CHCTEM
SIBJISIETCS TUTyOOKasl B3aNMOCBSI3b MEYK/Ly JUHAMUYECKIMU CBOMCTBAME U TOIIOJIOTHTYECKOM
CTPYKTYPOil HeCyIux MHOroo6pasuit (M. cpaBHUTEIHHO HeaBHUit 0630p [1]), u To, aTo
OHM CYIIECTBYIOT Ha JIOOBIX (TVIaJIKUX) 3aMKHYTHIX MHOrootpasusx [2|, [3]. B mamuoii
CTaTbe MBI OrpaHmydnMcs paccMmorpenueM cucteM Mopca—Cwmeiisa ¢ IUCKPETHBIM Bpe-
MeneM. Jlunamudeckasi cucreMa C JIMCKPETHBIM BpPEMEHEM TOopoxkjaaeTcs auddeomMop-
du3MOM HeCyIero MHOrooopa3usi, ¥ TaKasi CUCTeMa IIPeJICTaB/IsieT co00i COBOKYITHOCTH
urepanuii mopoxaoriiero mauddeomoppuzma. B caygae cucrem Mopca—Cwmeita 3ToT
nopoxgaromuii guddeomopdusm nasbaercs auddeomopduzmom Mopca—Cwmeiiia (cm.
TOYHBIE OIIPEJIEJIEHNsI B CJIEJIYIOIEM pa3Jielie).

fcHo, 9TO CTPYKTYpa HECYIEro MHOTOOOpa3us He U3MEHHUTCS, €CJIU BMECTO UCXOTHOTO
muddeomopdusma paccmaTpuBaloTes ero ureparuu. [losToMy, He yMeHbITast OOITHOCTH,
MOXKHO (1 MbI Oyziem) paccmarpuBarh auddeomopdusmbl Mopca—Cwmeiisia, y KOTOPBIX

Pabora BbIIO/IHEHA TP HOAIEPXKKE J1aD0OpAaTOPUH JUHAMUYECKUX crucTeM U npuioxkenuii HIY BIITD
(rpantT MwunucrepcrBa Hayku W BbIcHIero obpaszosanus P®, cormamenue Ne 075-15-2019-1931), kpowme
JIOKa3aTeIbCTBA TEOPEMBI 2, BBITIOJHEHHOrO npu noggep:xkke PH® (rpant 17-11-01041).

@ E. B. 2Kvxxowma, B. C. MEABEJAEB, 2021
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HEePUONIECKIe TOYKH SIBJISIIOTCST HEMOABIKHBIMEI TouKaMmu. depe3 M S(M™; a, b, c) 06o-
3HAYNM MHO2KeCTBO jtuddeomopduzmon Mopca—-Cmeitia 3aMKHYTOTO TJIQIKOTO N-MEPHO-
ro muOroobpasust M™ rakoe, uro uHebryzxaatoriee muoxectrso NW (f) soboro muddeo-
mopdusma f € MS(M™;a,b,c) COCTONT U3 @ CTOKOBBIX HEMOJIBHKHBIX TOYEK (CTOKOB),
b UCTOYHUKOBBIX HEMOJBUKHBIX TOUEK (MCTOUHUKOB) U € CEJJIOBBIX HEIIOJBUKHBIX TOUEK
(cemen). Cwmeiin |2| mokaszas, aro Beerga a > 1, b > 1. B pasmeproctn n = 1 Bcerga ¢ = 0
u a = b, a Hecylee MHOrooOpasue dABjsgeTcs OKpyKHOCTBIO M = S'. JInsa pasmepHo-
creit n = 2,3 uMeeTcst OOJIBINIOE YUCI0 pabOT O B3AaNMOCBA3U TOIIOJIOTUIECKONH CTPYKTY PhI
HECYIIMX MHOr000Opa3usax ¢ JuHaMukoii auddeomopdusmor Mopca—Cwmeiina (cm. 0630-
pot [1], [4] n kaury [5] ¢ obmupnoit 6ubmorpadueit). ITosTomy nasee Mbl paccMaTpuBaeM
HeCyIIe MHOroobpasusi pasMepHocT n > 4 (CcM. 3aMedyaHue B KOHIE CTaThbH ).

N3BectHo, uTo eciu ¢ = 0, To a = b = 1 m Hecymee muorooopasue M" sapisercs
n-mepuoii cdepoit S [6]. Imeercst omnmcaHme TOMOJOITIECKOH CTPYKTYPBI HECYIIIErO
mHOrooOpasust M™ u Tpoek (a,b,c) B ciayuae ¢ = 1, cm. upejyiokenne 4. Hacrosimast
paboTa MOCBIIEeHa OMUCAHUIO TOTOJIOTUIECKON CTPYKTYPhI 3aMKHYTHIX HECYIIIX MHOTO-
obpasuit M", n > 4, u Tpoek (a, b, c) B ciiyqae ¢ = 2.

CuauaJia paccMaTpuBaeTcs cirydaii, Korja oba cejyia auddeomopdusma f € MS(M™;
a,b,2) SBISIOTCS CeJTIAMI KOPa3MEPHOCTH OJUH (T.€. OJHO M3 MHBAPUAHTHBIX MHOI006-
pasuit cesies1 ofHoMepHo). B cieytomeit Teopeme uepes N ® S! oboznaueno TortaibHoe
IIPOCTPAHCTBO JIOKAJIBLHO TPUBHAIBHOIO pacciaoenns Ha S co ciroem N. Muoroobpasue
N ® S nonyuaercs us N x [0; 1] oroskaecrsiennem N x {0} ¢ N x {1} nocpescrsom He-
kotoporo auddeomopdusma 7: N — N. Besne namee DF o3uadaer k-MepHBIH 3aMKHY-
TBIiT HCcK, a SF — k-MepHyTO cdepy.

TEOPEMA 1. ITycmwv oba cedaa dupgeomopdpusma f € MS(M™;a,b,2), n > 4, asrn-
omces cedaamu Kopazmeprocmu 00uk. Tozda 6vinosHeno 00HO U3 CACIYOWUT 08YT YCAO-
euli:

1) dugpeomoppusm f € MS(M™;1,1,2) u M™ 2omeomopdro obsedunenuto 08yx k-
semnaapos D"t @ St
2) f e MS(S",2,2,2) UMS(S",1,3,2) UMS(S",3,1,2).

B ciydae, korjia mmeercss TOJTBKO OJHO CEJ/JI0O KOPa3MEPHOCTH OJINH, TOKa3bIBAETCS
CJICIYIOIUI Pe3yJIbTaT.

TEOPEMA 2. ITycmv o0dno cedao dugppeomoppusma f € MS(M™;a,b,2), n > 4,
ABAACTNCA CEONOM KOPASMEPHOCTNU 00UH, G GIMOPOE CEOA0 HE ABAACMCA CEONOM KOPA3-
meprocmu 00un. Ecau 3amvikanus 00HOMEPHDBIT CENAPaMpPuUc ceona Kopadmeprocmu 00uH
obpasyrom cezmenm, mo

1) pasmeprocmov Hecyue2o MH02000pA3UA MOHCEM NPUHUMAMD MOABKO 00HO U3 CAe-
dyrowux 3navenut n € {4,8,16};

2) feMS(M™;1,2,2)UMS(M™;2,1,2);

3) wmnozo06pasue M"™ asasemcs Qussonkmmoim 06sedunenuem omrpoimozo wapa B"
u n/2-meproti chepor S™2 | mononozunecku eaoocennoti 6 M™, npusem ecau n €
{8,16}, mo S™? soxarvno naocko eaosicerna 6 M™.

g ciydasi, KOrja HET CeJiel KOPA3MEPHOCTU OJIMH, MbI JOKA3bIBAEM CJICJTYIONIHi
pe3yabTar.

TEOPEMA 3. ITycmw duppeomoppusm f € MS(M™;a,b,2), n > 4, ne umeem ceden
kopasmeprocmu odun. Toeda f € MS(M™;1,1,2) u mmozoobpazue M™ odnocsasroe.
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SAMEYAHUE 1. Bce muoxkecTBa muddeomopdusmos Mopca—Cmeiia B BbIIle IpUBe-
JE€HHBIX YTBEPXKJIEHUSX, HEIIyCThIe:

MSD" e sStubD" e st1,1,2) # @, MS(S™,2,2,2) # @,
MS(S",1,3,2) # @, MS(S",3,1,2) # &, MS(M™;1,2,2) #+ o,
MS(M™;2,1,2) # @, MS(S",1,1,2) # @.

CrpykTypa craTbu cjieayomas. B m. 1 mpuBoasaTCs OCHOBHBIE OIPE/IEIEHUs U BCIIO-
MoTaTeJIbHbIE IIPEJIJIOKEHNsI, HeOOXO/IMMbI€e JIJIs JOKA3aTeTbCTBA OCHOBHBIX PE3YJIbTATOB.
Bce ocHOBHBIE pe3yJsIbTATHI JJOKA3BIBAIOTCA B 1I. 2.

1. BcmomorareabHble yTBepKaenusi. Ilycrs f: M"™ — M"™ — nuddeomopdhusm
3aMKHYTOTrO TJIaJKOro m-MepHoro (n > 1) mmoroobpasms M™. Hamomunm, 910 TOUKa
xr € M"™ nazbiBaeTcss Hebayotcdaroweti, ecan st Ja0boit ee okpectHoctu U u J1H000T0
HaTypaJbHOro uncia Ny Haijgercs ng € Z Takoe, 9T

ol =No m  fU)NU £ 2.

MuoxkecTBO HeOIy XK Ta0muX ToueK nuddeomopdusma f obosnadaercs depes NW(f).
OueBuaHO, HmepHOAMYECKas TOYKA sBJIsgeTca HeOmyxkupamoomeil. Ilepmommdeckas Touka,
xg € Per(f), f1(zg) = xo, HA3BIBaELTCS 2unepbouveckol, €Ciu MPOU3BOTHAST

Df(zg): TpyoM"™ — T,  M",

paccmaTpuBaeMasi Kak JIMHEHOe OTOOparkeHne KacaTeJIbHOTO IIPOCTPAHCTBA B cedsi, He
nMeeT COOCTBEHHBIX YHCEs, PABHBIX 10 MOJYJIIO eauHwuiie. Jljasa rumnepOoIndecKoil To4-
KI T( CYIIECTBYIOT TaK HasbIBaeMble ycroitunBoe W*(xg) u meycroitausoe W () muO-
roodbpasusi, KOTOpble MOYKHO OIPEJIeJINTh KaK MHOXKeCTBa To4eK y € M™ Takux, 4TO

on (%o, f7*y) — 0 npu k — 400 m k — —00O COOTBETCTBEHHO,

rjae oy — 9710 Merpuka Ha M"™. 3amermm, 9To HeycroitumBoe muOroobpasme WU (z()
ecTb ycroiftumsoe MHOroobpasue ornocutesbio f L. Wzsecrno, uro W#(zg) u W (zo)
romeomopdnbr (BO BHYTPEHHeil TOIOJOIMHE) eBK/INIOBLIM mpocTpamcrTeam R W (zo)
i RIM WY (20) coorpercrBenno, n SBAAIOTCS HHBEKTHBHBIMU TIOTDYKEHISAMHI TOCIICIHIX
B M"

Huddeomopdusm f nazeiBaercst dugipeomopgpusmom Mopca—Cmetina, eciim NW (f)
runepOoIMIecKoe, COCTOUT M3 KOHEYHOTO YHCJIA MEPUOJANIECKAX TOYCK M WHBAPHUAHT-
Hble MHOTOOOpasus W#(x), W"(y) nepecekarorcst TpaHCBEPCAJIBHO (eC/In Iepecetenne He
IyCTO) st JTI00bIX ToYeK z, y € NW(f).

[Iycrs f: M™ — M"™ — muddeomopdusm Mopca—Cwmeiita. Hemogsmxkuas rumep6o-
nmaeckas Touka p € NW (f) maseBaercsa ysaom, ecim jmbo dim W9 (p) = n (B sTom
ciydae p siBiIsiercss cmokom), 6o dim W (p) = n (B 9TOM citydae p sBIISICTCS UCTNOY-
nuxom). I'umepbosmaeckast nenoasmkuas Touka o € NW (f) nasbBaercs cedaom, eciu
ee yCTOUnBOE M HEYCTOHYNBOE MHOIOOOPa3usl NMEIOT HEHYJIEBYIO TOIOJOIMIECKYIO Pa3-
MepHOCTh. Ecim dim W*(o) = i, To kaxayro koMmroHeHTy MHOxKectBa W¥(o) \ {o}
Oy/ieM Ha3bIBATh i-MePHOT HEYCmotuuusol cenapampucotl, a KaxKJIyi0 KOMIIOHEHTY MHO-



364 E.B. >)KY>KOMA, B.C. MEJBEJIEB

xectBa W¥(o)\ {0} 6ymem HazwsiBath (n —i)-mephotl yemotvwueot cenapampucot. Cemto
o € NW(f) nazeiBaercst cedaom Kopazmeprocmy 00uH, €CIU OJIHA M3 €ro CEeHapaTpPUC
oxnomepHasi. I3 Toro, 94To ToUKa pa3buBaeT OJHOMEPHOE €BKJIMJIOBO ITPOCTPAHCTBO, HO
He Pa3dbUBaeT eBKJINI0BO IPOCTPAHCTBO DOJIbINEN PA3MEPHOCTHU CJIEJYET, YTO OJHOMEPHOE
(ycToitarBOe MM HEYCTONIMBOE) MHOTOOOPA3Ue CEJJIOBOM IEPUOINIECKON TOUKU COCTOUT
n3 CaMOi CeJIJTOBOM TOYKHU U JIBYX OJHOMEDPHBIX CENapaTpucC, a i-MepPHOEe MHOroobpasme
IIPU ¢ 2> 2 COCTOUT U3 CEJIJIOBOIT TOYKM M OJTHOIT 1-MePHOI cenapaTpUCHI.

[Tycte W7 (o) — unBapnanTHOE MHOrooGpasue cejjia o pa3MepHoCTH i > 1, rue T
O3HavYaeT CUMBOJ U Wiau s. Ecim ¢ > 2, To obo3HaunM depes ngp(a) cerapaTpucy cejl-
na o, npunasexaintyio W7 (o). Ecmm i = 1 (1.e. naBapuantnoe muoroodopasue W7 (o)
omroMepHoe), To W (o) 03HaYaeT OJHY U3 JBYX CElapaTpuc, KOTOPbIE TIPU HEOOXO V-

sep

T T
MocTu MBI Oyziem obosnadath depes W 1 (o), Wi, (o). Bynem rosoputs, uto cenapa-
tpuca W, (o) ne umeem eemepoxiunuveckur nepeceuenut, ecim OHa He TIePeceKaeTCst

C ApyrumMu cemmapaTpucaMu. Hawm HOH&I[O6HTCH cieyromue U3BECTHbIE YTBEP2KICHUA

(ea. [1)).

uls
[IPENIOXKEHUE 1. [lycmo Wseg) )(O') — d-mepHas cenapampuca cedaa o duggeomop-
Pusma Mopca—Cmetina, ne umerowas 2emepokiunuveckur nepecevenud. Toeda cena-
Wty J 6. W
pampuca Wsep’ () npunadaescum obaacmu npumancenus (p) (coomsemcmeento
ommanxusarus W (p)) posro 0dnoti cmokosoti (coomeememeento ucmouHuko6o) ne-
PUOUHECKOT MOYKY D.

uls
Boaee mozo, ecau d > 2, mo monosozuveckoe samvikarue clos Wsei))(a) cenapampu-

ol WS%%S)(J) PasHO
clos W) (o) = W) () U {p}

sep sep

U ABAAELMCA MONONO2UYMECKU BAOAHCEHHOT d-Mmeprotl chepot.

_ u(s) -
Ecau d = 1 u xaowcdan odnomepras cenapampuca Wsep’j(a), j = 1,2, npunadae-
orcum obaacmu npumasicernus W*4(p;) (coomsememesenno ommankusarus W (p;)) pos-

HO 00HOT cMOK060T (COOMBEMEMBEHHO UCTMOYHUKOE0T) NePUOOUHECKOT MOWKY Pj, MO

uls u(s
MONOAOLUHECKOE 3AMBIKAHUE clos(Wseé)l(a) U Wse; )2(0')) ecmsb AubO MONON0ZUMECKY, BAO-
) K
HCEHHDI 3AMKHYMOLT CE2MERM NPU P1 # P2, AUOO MONOAOLUMECKY, BAOHCEHHAA OKPYIHC-

HOCTD MPU P = P2 .

[IPEJJIOXKEHUE 2. I[lycmv o — cedao xopadmeprocmu 0dun duddeomoppusma Mop-
ca—Cmetina f: M™ — M™, n > 4, u npednosostcum, ¥mo 06e 00HOMEPHBLECENADAMPU-
cvr Sepy(0), Sepsy(0) cedaa o He umerom 2emepoKAUHUNECKUT nepecedenu.

Ecau clos(Sep; (o) U Sepy(0)) ecmvb monosoeuvecku saodrcennasn oxpystcrocms S,
mo So umeem zamxnymyro oxpecmmocms T 20meomopdryro D1 @ S u codeporcauyyro
MOoAbKO d6e HenodBUINHCHBIE MOYKY: ceda0 Sigma U HeKomopwiil y3ea nyg.

Boaee mozo, ecau ng — cmok, mo okpecmuocms T eneped-unsapuarmmua, a ecau ng —
ucmounuk, mo T nasad-unsapuarnmma.

[IPEJJIOXKEHUE 3. [lycmv o — cedao kopadmeprocmu o0dun duddeomoppusma Mop-
ca—Cwmetinag f: M™ — M™, n > 4, u npednonrodtcum, 4mo obe 00HOMEPHDBIE CENAPATIPU-
cvr Sepy (o), Sepy(0) cedaa o He umerom 2emepoKAUHUNECKUT nepecedenu.

Ecau clos(Sep; (o) U Sepy(0)) ecmv monosaozuuecky eaoorcernots ceemenm I, mo I
UMEEM, BAMKEHYMYIO OKPECMHOCMY B 20Meomopdryto n-mepromy ucky u co0eEpHCauLyo
MOALKO MPU HENODBUNCHBLE MOYKU: CEOA0 T U 084 Y340 N, N3 .
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Boaee mozo, ecau ni, ng — cmoku, mo oxkpecmuocmos B eneped-unsapuanmmna, a
ECAU N1, Ng — UCMoYHuKru, mo B nazad-unsapuarnmmna.

Jst cyaast, korpga guddeomopduzm Mopca—Cwmeitna f: M™ — M™, n > 4, umeer
poBHO oxHO cemio, T.e. f € MS(M™;a,b,1), Mbl JijIsI CCBLIOK NPUBOJIUM CJIEIYIOIIEe
yTBepK/JIeHne, KOTOpOoe MOXKHO u3Bjedb u3 pador |7], [8].

[IPENIOXKEHUE 4. [lycmo f: M"™ — M™ — dugppeomoppusm Mopca—Cmetina 3amx-
HYMO20 N-MEPHO20 MHo2000padus M™, n = 4, u npednosostcum, 4mo nebaystciarowee
mnoorcecmeo NW (f) cocmoum u3 a cmokos w, ... ,wq, b ucmounukos oy, . .., u 00Ho-
20 cedaa o. Tozda umeem mecmo 00U U3 CACOYIOUUL CAYHAES:

)a+b=3, mea=1,b=2uwa=2,b=1, u muozoobpazue M" sersemcs
cpepoti S™; boaee mozo, 6 cayuae a = 1, b = 2 neycmotivuswli undexc Mopca
cedara o pasen (n — 1), a 6 caywae a = 2, b = 1 neycmotivuswuti undexc Mopca
cedaa o paser eOUHUUE;

2) a =b =1, u pazmeprocmv MH02000pA3UA NPUNHUMAEM 00HO U3 CACOYIOULUT 3HA-
wenuti n € {4,8,16}; 6oaee mozo, M™ saeasemcs Oudsonkmuvim 066e0UHEHUEM
omxpwmozo wapa B™ u n/2-meprotii cghepu sn/ 2 monoaoeunecky 6.A091CeHHOT
6 M™, npuuem ecau n € {8,16}, mo S™/2 pokanvno naocko eaodicena 6 M
KPOME 9M020, CEON0 T UMEET N/ 2-MEPHBIE CENAPATMPUCDHL.

2. JlokazaTeqibCTBA OCHOBHBIX Pe3yJIbTaTOB. B 3ToM pa3siese J10Ka3bIBAIOTCS
OCHOBHBIE Pe3yJIbTaThl CTaTbU. MBI OyIeM HUCIOJIB30BATDH CJIEIYIONLYIO OIEPAIUIO pa3pe-
3aHIA MHOr0oOpasus M ™ BI10JIb TTIOMHOT006pa3ns KopasMepHocT oauH. Ilyers N1 C
M™ — (n — 1)-mepHoe mommuoroobpasue. Ilon paspesaruem M™ Broms N~ ! momn-
MaeTcs yaasjenne u3 M"™ nocraTodHo MaJoi okpectHocTu U moinuoroobpasus N7
romeomopdroit N1 x (0;1), Tak aTo mosydaerca (BO3MOXKHO, HECBAZHOE) MHOT00OPa-
sue clos(M™ \ U) ¢ aByMst JIOMOJHAUTEIbHBIMU TDAHUIHBIMU KOMIIOHEHTAMU, KayKasl U3
KoTOpBIX ToMeoMopdua N 1. Crporoe 060cHOBaHIE BO3MOXKHOCTH TaKOil OIEPAIINH CM.

B [9].

JIOKA3ATEJIBCTBO TEOPEMBI 1. CHada/a paCCMOTPHUM CUTYAIINIO, KOIJIa CelapaTpu-
CBI KOPa3MEPHOCTH OJHUH 0DOUX CEJeJ He MEPECEKAIOTCS ¢ OAHOMEPHBIME CElapaTPHCa-
mu. ITycrs Sep;(0;), Sepsy(0;) — omHOMepHBIE cenapaTpucsl cemia o;, i = 1,2. CorsmacHo
IIPEJITOIOZKEHIIO

(Sepy (1) USepy(01)) N (W (02) UW*(02))
(Sep; (02) U Sepy(02)) N (W (01) UW*(a1))

Y

%]
J.

CorylacHO TIpeJITIOZKEHHIO 1, MMEIOTCsl CJIEIYIOIIHe TPH BO3ZMOYKHOCTH
(a) clos(Sep;(01) U Sepy(o1)) = S1 u clos(Sep; (02) U Sepy(02)) = S2 — OKpy2KHOCTH;
(b) clos(Sep;(01) U Sepy(o1)) u clos(Sep;(02) U Sepy(02)) cyTh cermMeHTs;
(c) clos(Sep;(01) USep,(01)) — okpyzHOCTD, a clos(Sep; (02) U Sepy(02)) — cerment.

B ciyuae (a), B cuily IpeJjIozKeHus: 2, OKPYKHOCTD S; UMeeT OKPeCTHOCTH Tj, TOMeo-
mopduyro D" @ St i = 1,2. ITokaskem, 4T0O OHA U3 OKpecTHOCTEl T} Briepe/-HHBAPH-
aHTHa, & JPyrasd OKPeCTHOCTb — Ha3a,/l-MHBAPUAHTHA.

[Ipeanonoxkum nporusHoe. sl OIPEIEICeHHOCTH IPEAINOJIOXKHUM, YTO 00 OKpeCcT-
noctu T , Ty nasag-ursapuantnel, T.e. fH(T;) C Ty, i = 1,2. Tax xax muddeomop-
dusm f Mopca—Cwmeiisia mmeer TOJIBKO JIBe yCTONUMBBIE cerapaTpuchl Sep, (0;), Seps(0;),
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i = 1,2, npunamuexarmue T U Ty, To B muoxkecrse M™ \ (T} U T3) et ucrounukos. U3
cBsuocTn MHOKectBa M™ \ (17 U Th) BoiTekaer, aro B M™ \ (11 U Th) nmeercst pOBHO
onuu crok. CrenoBaresbHo, f umeer Tpu y3ia. IlockosbKy HeycToiduBBIE MHOrOOGpa-
sust W*(oq), W"(02) He nepecekarorcst, To B cuity [10] qucio yznos nuddeomopdusma f
JIOJZKHO OBITH YeTHBIM. [losiydeHHOe mpoTHBOpedne JI0Ka3bIBAET, YTO OJ[HA U3 OKPECTHO-
creit T; Brepe/I-MHBAPUAHTHA, a JIPyras OKPECTHOCTh — HA3a/-MHBAPUAHTHA.

[TpemomoKuM st OIPeIeIEHHOCTH, 9TO OKPECTHOCTH 1) Ha3a/-WHBAPHAHTHA, a OK-
pecTtHOCTE 15 BIepela-mHBapuaHTHa. lorma 17 comep:KuT UCTOYHUK « € S7 C 17, a Ty
COZIEPKUT CTOK w € Sy C Th. Ilokazkem, aro B muoxkectse M ™\ (11 UT5) HET HEIOABIIK-
HBIX TOYEK guddeomopduzma f.

[Tpeamonokum nporusHoe. He ymenbinas o6IIHOCTH, MOXKHO CYUTATH, 9TO HUMECT-
e ctok wy € M™\ (Th U Ty). BamernM, 9YTO MOCKOJIBKY HHBAPHAHNTHOE MHOr00Opa-
sue W*(01) onHOCBSI3HO, ero npejeabHoe MHOXKecTBO Lim(W™(01)) siBasteTcst CBA3HBIM
MHO)KecTBOM. 1lo ycyroBuio auddeomopdusm [ mmMeer TOIBKO JBa HEYCTONIUBBIX MHO-
roobpasusi. Otcrofa u u3 BriodeHnit W4 (oq) C T, wyg € M™ \ (11 U Ty) caexyer
BryodeHne wy € Lim(W*%(0q1)). Tak xkax Lim(W*"(01)) cBasuo, To Lim(W*(0q)) ne
moxker copepkarh W (oq) U {w} C T. CienosaressHo,

W(a1) N W (o) = 2.

B cuny npemoxkenust 1 o6bemunerne W (o1) U {wp} = Sg_l €CTb TOIOJIOTHYECKU
BJIoyKeHHast (n — 1)-mepHasi cdepa, KOTOPYIO Mbl 0DO3HAYNM depe3 Sg_l. [TockobKy
ee KOpPa3MepHOCTb CTPOro OOJIbIe JABYX, TO qu SIBJISIETCSI JIOKAJIBHO TLJIOCKO BJIOYKEH-
Hoit cepoit [11], [12]. Omna me paszbmpaer mMuOroO6paszme M™, Tak KaK OKPY’KHOCTb
clos(Sep; (01) U Sepy(01)) mepecekaer Sy~ Tpancsepcamsno posro B omoit Touxe. Io-
sToMy paspe3anue M"™ BOJb Sg_l JIaeT CBsI3HOE MHOr0OOpasue M e JIByMsl TPaHUY-
HbIMU KoMIToHeHTamu My, Moy, Kaxiast U3 KOTOPbIX roMeoMopdHa Sg_l. Bakyenm My,
My n-mepubIMEu mapavu BY', BY cOOTBETCTBEHHO.

Torma MbI MoJryIuM saMKHyToe MHOTOOOpa3ue M™. [TockoIbKy B MCXOHOM MHOTO-
obpazun M" cdepa S"_ nMeJia Ha3a/-UHBAPUAHTHYIO OKPECTHOCTh, TO f MOYKHO ITPO-
JOJIKATh Ha MHOTI0OOpasne M 1o auddeomopduzma Mopca—Cwmeiina f M" — Mn

", 1 = 1,2. Torma HeOmyxKarommee MHOXKeCTBO Auddeomop-

C JByMs CTOKaMu w; € B!
dusma f cocrout m3 cemjia gy, ICTOYHUKA (¢ U, XOTsI ObI TPEX CTOKOB w, wj, ¢ = 1,2, ITO
IIPOTUBOPEYUT ITPE/JIOKEHUIO 4.

Takum obpazom,
NW(f)={a}U{wtU{o1}U{o2} € T1 UTs.

Boaee Toro, maoxkecrBo S; C T oTrajnkuBaioliee, a MHOXKeCTBO Sy C Ty — NPUTATHBAIO-
mee. Tak kak 0T} cyTh KoMmakrt, cymecTtsyer k € N taxoe, uro f*(91}) C Tp. Orciona
creayer, aro f € MS(M™;1,1,2), a mHOroo6pasue M"™ romeoMOpdHO OObEIMHEHUIO
nByX sK3emmigpos D" @ St

B cayuae (b) oboznaunm cermentst clos(Sep, (01)USepy (1)), clos(Sep; (02)USepy(o2))
gepe3 [1 u Iy coorBercTBeHHO. PaccmoTpuM cHavasia ciaydail, Korja /1 aBasgeTcss OTTall-
KUBAIOIIUM MHOXKECTBOM, a [o — npursrusatonmmM. Torna nmeiorcst okpecraoctu U; D I,
i = 1,2, Takue, uro Uy C f(Uy) m f(Uz) C Us. Hosromy B Uy U Uy MozkHO MOmbHTIHI-
poBath [ Tak, uTo0bI oyunTh auddeomopduzm Mopca-Cwmeitna f: M™ — M"™ Taxoii,
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qTO f6yﬂeT UMETh OJIUH UCTOIHUK (g € Uy, omun cTok wo € Uz, u f6yﬂeT COBITQIATH C f
sae Uy U Us. Tlostomy [ asiserca puddeomopdusmom Mopca—Cwmeiiia 6e3 ceioBbix
nepuogndeckux touek. Cienosaresnsro, f € MS(S™,1,1,0) u f € MS(S™,2,2,2).

[IpeamnonoxxuMm Tenepb, 910 [1 u Iy ABJISIOTCS OTTAJKUBAIOIIMMKA MHOXKecTBaMu. Vc-
OJIb3Ysl BBINIEIPUBEICHHbIN METOJ/l yJIaJeHus ceJiesl U Tpejjiozkenue 4, MOXKHO IIOKa-
3ath, aro f € MS(S",1,2,1) U MS(S",2,1,1) u, cnenosarensuo, f € MS(S",1,3,2) U
MS(S™,3,1,2).

Hokazkem, aro ciaydaii (¢) He peaymsyercs. [IpeanosnoKuM nmpoTuBHOE. YJIAJIUB CE/l-
710 03, npuHAIeXKamee cermenty clos(Sep; (02) U Sepy(02)), Mbr ostyanm jtucbdeomop-
dbusm Mopca—Cwmeina f € MS(M™;1,1,1). Cornacho npemioxkenuio 4, obe cenaparpu-
CBI OCTABIIIETOCST CeJJIa 01 JOJKHBI OBITH 711/2-MEPHBIMUA. DTO MPOTUBOPEIUT TOMY, UTO
10 YCJIOBUIO 01 SIBJISIETCS CEJIJIOM KOPA3MEPHOCTHU OJIMH.

Temepb paccMOTpUM CUTYAIUIO, KOT/a CemapaTprca KOPa3MepHOCTH OJUH OJTHOTO U3
ceJies1, CKaXKeM 01, IepeceKaeT OJIHOMEPHYIO CelapaTpucy JApyroro cemjia oo. llokaxkem,
aro Torpa f € MS(S™,2,2,2). Byaem jjisi OIPeeSeHHOCTH CIUTATh, 9TO OJHOMEDHBIE
cerapaTpuchl celien g;, ¢ = 1,2, ABJIAI0OTCS YyCTOWYUBBIME cernaparpucaMu. [lockombky
B rpade CMmeitsia mepuouyeckne TOYKU He 00Pa3yioT ITUKJIOB, TO

W(a2) N W (o) = 2.

Orciona u npesyioxkenus 1 ciaeyer, uto clos(W(ag)) = S™~! asnsiercs Tonosnoruye-
cKm ByIo¥KeHHOM (n — 1)-MepHoit cdepoit, comeprkareit cTox w. Tak kak n > 4, To S" !
SIBJISIETCST JIOKAJIBHO ILIOCKO BJIOXKeHHO#T (n — 1)-mepmoit cdepoit [11], [12]. Paspezas M"
B0sb S™ L mmosyunm MHOrOOGpa3Ne M"c JBYM TPAaHUIHBIME KoMTIoHeHTamMu My, Mo,
KazK1as U3 KOTopbix romeomopdna S*~ L. Tlpuxsens xk My, My n-mepubie mapbt By, BY
COOTBETCTBEHHO, MBI MOJIyIUM 3aMKHYTOE MHOrOOOpasue M. [Tockombky S™~ ! cyThb
NPUTATUBAIOIIEe MHOMKECTBO, f MOXKHO MPOJO/KHUTE Ha M™ Tak, 4ToObI IOy IUTh -
deomopduzm Mopca—Cwmeitna f: M™ — M"™ co crokamu w; € Bl', ¢ = 1,2. Orwme-
M, 910 juddeomopduzm f UMeeT TOJIBKO OJHO CE/JIO 07 W He UMEET HEIOBUKHBIX
TOYEK 02, W.

Ecim muoroo6pasue M CBSI3HO, TO HEOJIy2KIaloiee MHOXKeCTBO N W(f) COJICPZKHT
TOJIBKO OJIHO CEJIJI0 01 C HeycToidmBbIM uHekcoM Mopca (n — 1) u, o xpaiineii mepe,
JIBa CTOKa wj, © = 1,2. 9T0 npoTuBOpeduT npetoxkenuto 4. Eciu muoroobpasue M™ we-
CBSI3HO, TO OJHA U3 ero KommnoHeHT M3 He comepxkut cenen. Cnenosarensro, M3y = S,
a HeDJIy K 1a101ee MHOYKeCTBO N W(f) N Mg B M; COCTOUT M3 CTOKa M ucToIHmKa. OT-
CroJla BbITeKaeT, urto M" = ]Tfln g S FOMeOMopd)Hoj\Z{L, u N W(f) COJIEPKUT TOJIBKO

omuu ucroynuk. U3 npesgioxkenus 4 cremyer, uro f € MS(S";1,2,1). Ilosromy f €
MS(S"™,2,2,2).

JOKA3BATEJIBCTBO TEOPEMBI 2. /[y onpeiesienHoCT OyeM CIUTaTh, 9T0 [ nMmeer
CEJIJIO 0 KOPa3MEPHOCTH OJIUH C YCTOWIUBBIMU OJHOMEPHBIME CEeIapaTPUCaAMU U CEJIJIO T,
KOTOPOE He SABJISIETCS CEJIJIOM KOPAa3MEPHOCTHU OJnH. TaK KaK MHBApPUAHTHBIE MHOTOOOPa-
318l CeJIJIOBBIX ITepuoamIecknx Touek amddeomopdusma Mopca—Cwmeiisa q0IKHBI TI€pe-
CEKAThCS TPAHCBEPCAJIHLHO, OJIHOMEDPHbBIE CEMapPATPUCHI CeJlJIa 0 He MMEIOT I'e€TePOKJINHI-
Jeckux nepecedennii. CoriacHO IpeIoKeHNo 3 TOoIorndeckoe 3aMbikanue clos W (o)
SIBJISIETCSI CETMEHTOM [, Ha KOHIIAX KOTOPOT'O PACIIOJIOXKEHBI UCTOYHUKHU V1, (9.
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Bostee Toro, I nmeer 3aMKHYTYIO Ha3a-HHBAPUAHTHYIO OKPECTHOCTH B romeomopd-
HYIO n-MepHOMy [MucKy, T.e. int f(B) C B. Ilostomy B B MOXHO MOANDHIMPOBATH [
Tak, 9T0ObI mostyanTh guddeomopdusm Mopca-Cwmeiina f: M"™ — M™ rakoit, aro f
Oyner umerb B B onun ucrounuk ap € B, u [ Gyzger cosnagars ¢ f sue B. Jlpyrumu
c/loBaMu, 1o cpasHenuio ¢ f, muddeomopdusm f uMeeT Ha OJMH UCTOYHUK M HA OJIHO
ceito MenbIie. [TockoybKy f mMeeT pOBHO OJTHO C€/1710, KOPa3MEPHOCTH KOTOPOTO OOJIbITE
eJINHUTIBI, B CHUJIY TPEJIOKeHUsT 4 pa3MepHOCTh MHOroobpasust M"™ MOoXKeT TpPUHUMATH
TOJIBKO OJIHO U3 CJIEJIYoNuX 3Hadenuii n € {4,8,16}, u M™ siByisieTcsi N3 bIOHKTHBIM 00'b-
eJINHEHNeM OTKPBITOro mapa B™ u n/2-mepHoii cdepbr S"/2 mpudem eco n € {8,16},
10 S™/? JIOKAJIBHO IIOCKO BJIOXKEHA B M™; Kpome 3TOro, CeJyo oy UMeeT n/2-mepHbIe
cenaparpucel. Bosee Toro, rak kak f € MS(M";1,1,1), o f € MS(M™;1,2,2).

fcHo, 9TO ecu MPEIOIOKUATD, ITO CEJJI0 0 KOPA3MEPHOCTH OJUH UMeeT HEeyCTONIH-
Bble OJIHOMEPHBIE Cernaparpuchl, To noaydnm f € MS(M™;2,1,2).

JOKA3ATEJIBCTBO TEOPEMBI 3. XopoImo u3BeCTHO, 4TO eciu guddeoMopdusm
Mopca—Cwmeitia He COIEp:KUT Cejlesl KOPa3MEePHOCTH OJIUH, TO OH SIBJISIETCS MOJISIPHBIM
muddeomopdusmom, T.e. a = b =1 [1], [6]. Ocranocs gokazars, ¥T0 MHOrOO6pasme M"
onHocBa3HOE. PacemoTpum oTobpazkenue v: ST — M™, npencrapisioniee 3eMeHT ByH-
JaMeHTadbHoi rpynnel w1 (M™). He ymenbinasi o6IMIHOCTH, MOKHO CYUTATH 7 TJIATKUM
BaoxkenueM [13]. Bosee Toro, medopmarmeii oTobpazkeHuss 7y MOXKHO JOOUTHCST TOTO,
4T06b1 06pas (S1) He comepxkan HenmoABUKHLIX Touek uddeomopdusma f.

[Tocko/IbKY MHBApUAHTHBIE MHOIOOOPA3UST CeJIeI SABJISIOTCS 00pa3aMy IJIaIKIX UMMED-
cuil eBKJIUJIOBBIX ITPOCTPAHCTB, W UX KOHEYHOE YKCJIO, TO IOCJeI0BaTEbHO aedopMu-
pys 7, MOXKHO J0GHTLCS TOro, uToObI 06pas v(S!) mepecekasncs TpamcBepcaabHO CO
BCEMU WHBAPUAHTHBIME MHOrooOpasusiMu cejiesi. JleficrBurebHO, CHaYaja TpaHCBep-
CAJIBHOCTh TepecevYeHrsl MOXKHO TOJYYUTh C CelapaTpucaMi, KOTOPbIE He UMEIOT reTe-
POKJIMHIYIECKHUX TePEeCeUEHUIl, TOCKOIbKY BHE HEKOTOPBIX OKPECTHOCTEI HEIO/IBUKHBIX
TOYEK 3THU CEMapaTPUCHl SIBJISIIOTCS BJIOXKEHUSIMH KOMIAKTHBIX 00JIaCTell €BKJIMIOBBIX
npocrpancTs [13]. Bre HEKOTOPBIX OKpeCTHOCTEl 9THX cemapaTpuc OCTajbHbIE Cela-
paTpuchl (C reTepOKJINHIIECKUMU TI€PECEICHUSIME ) TAKKe SBJISIOTCS BJIOKEHUSIMUA KOM-
MAKTHBIX 00JIacTell eBKJIUJIOBBIX MPOCTPAHCTB. TakuMm 0O6pa3soM, MOXKHO CUMTATH, UTO
v(S1) TpancBepcambHO TIepeceKaeT Bce MHBAPHAHTHBIE MHOTOOODA3HUS Ce/IeT.

[To ycioBuIO KOpa3MEpPHOCTH BCEX MHBAPUAHTHBIX MHOI00Opa3uii ceiet OOJIbIIe €JIiMHI-
npl. Tax kax v(S1) — okpyskHOCTD, TpanCcBepcambHOCTD Tlepecedenus v(S1) ¢ unBapuant-
HBLIMI MHOTOOODA3HsIMHE cejies o3HadaeT, aTo v(S!) mpurajekuT 061acTi MPUTIKeHnsT
N OTTaJIKNBaHNA CTOKa MNJIN MCTOYHUKa COOTBETCTBECHHO. HOCKO.HI)Ky TaKad O6ﬂaCTB
romeoMopdHa OTKPBITOMY Iapy, Kpubas y(S1) crarupaema B TOUKy. DTO BjledeT OJHO-
CBSA3HOCTH MHOTOOOpa3ust M™.

SAMEYAHUE 2. AHaju3 J0Ka3aTeIbCTBa TEOPEMbI 3 MOKA3BIBAET, YTO €€ yTBEPXKIe-
HHe CIIPaBE/IJINBO JIJIsi IIPOU3BOJILHOTO dmcIa cesesa. Mbl OsiarogapuM pereHsenTa, oopa-
TUBIIIET'O Ha 9TO Halll€e BHUMaHHUE.

SBAMEYAHUE 3. [ljs yoberBa auTaresiss IPUBEIEM CIIMCOK 3aMKHYTHIX JIBYMEPHBIX 1
TPeXMEePHBIX MHOT000pa3uii, fomyckaomux auddeomopduzmbr Mopca—Cwmeitia ¢ oM
U JAByMs ceJjlaMu. EIUHCTBEHHBIMHU JIBYMEPHBIMU MHOIOOOpPa3UsAMU, JIOMYCKAIOIIAMI
nnddeomoppuzmbr Mopca—Cmeiisia ¢ OTHAM CeIJIOM, ABISIOTCA cepa W MPEeKTUBHAS
IJIOCKOCTh. EJIMHCTBEHHBIM TPEXMEPHBIM MHOT000pa3ueM, JOMYCKANUM TuddeomMop-
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duzmbr Mopca—Cwmeitsta ¢ ogHUM ceJiyToM, siBasieTcst ccepa. EauHCTBEHHBIMEU JIBYyMEp-

HBIMH MHOTOOOpa3usimu, jgoryckaomumn guddeomopdusmbr Mopca—Cwmeitna ¢ aBymst
ceJiyIaMu, sIBJISIOTCs cdepa, Top, OyThlika Kieitna u npeKTuBHas IJIOCKOCTh. 1 pexmep-
HBIMH MHOTOOOpasusimMu, joryckaomumn auddeomopdusmbr Mopca—Cwmeitna ¢ aBymst

ceJIJIaMU, SIBJSIOTCS JINH3bI, cdepa, MpsiMoe U KOCOe IIPOU3BEJICHNE JIByMEpHOi cdepbl
Ha OKPY?KHOCTb.
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