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MoHsTMe PYHKLMOHANBHOTO KIIOHa — OAHO U3 TEX MOHATUI KOTOPbIE
CBSI3bIBAOT Pas/inyHble 0DNACTU ANCKPETHON MaTEMATUKN C
yHUBepcanbHOi anrebpoii. [pexxne BCEro HanoOMHMM, 4TO
(PYHKLMOHAIBbHBIN KJIOH Ha MHOXECTBE A — 3TO NPOU3BOJIbHAS
COBOKYMHOCTb (PyHKUMIA HA A, 3aMKHYTast OTHOCUTENILHO Cynepro3unLnii v
BKJIIOYAlOWAs B cebsi BCe cenekTopHble dhyHKuMM e (xi, ..., X,) = x; (ans
new,i<n).

VnomsiHyTasi Bbllle CBS3b COCTOUT B TOM, HTO AJsisi JitobOV YHUBEPCAbHOM
anrebpsl A = (A; ) ¢ ocHoBHbIM MHOXecTBOM A coBokynHocTb Tr(2l)
BCEX TepMasibHbIX PYHKLMIA anrebpbl A sBasieTcs dyHKLUNOHANBHBIM
KJIOHOM Ha A, a C Apyroli CTOPOHbI, 15t Nt0BOro hyHKUMOHANBLHOTO K/IOHA
F na mHoxecTBe A cywiecTBytoT anrebpol 2 = (A; o) Takne, 4TO

Tr(A) = F (B wacTHocTu, Takosoit byaeT anrebpa Ar = (A; F), roe B ee
CUTHATYPY BKJIIOHEHbI BCe PyHKUMM 13 KnoHa F).
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CoBokynHocTb Fy BCex (byHKLMOHANLHLIX KIOHOB Ha MHOXeCTBe A
YaCTUYHO YNopsilo4eHa OTHOLLEHNEM TEOPETUKO-MHOXECTBEHHOIO
BkatoveHuss C. bonee Toro, oHa siBnsieTcs nonHoi peweTkoli
OTHOCUTENBHO 3TOro nopagka, obosHavaemMoili ganee kak L,.
TpaanumnoHHo sTa peweTtka La u npeactasasina coboit OCHOBHYIO
CTPYKTYPY MPU U3YHEHUU COBOKYMHOCTU F4 BCEX PYHKUMOHANBbHBLIX KJIOHOB
Ha A. B psige pabot aBTopa npeanoxeH psif, UHbIX ECTECTBEHHbLIX CTPYKTYP
Ha COBOKYMHOCTMN Fp, MpeACTaBASIOWMNX UHTEPEC ANst anrebpo-nornyecknx
NCccnefoBaHunii: Tonosnornst n abcTpakTHble OTHOWEHUS Ha F4.

A.T.Munye (HITY) O HeKoTOpbIX HETPAAULIMOHHBIX CTPYKTYE 3/ 22



HanomHnm ocHoBHble hyHAaMeHTasIbHble (DaKTbl OTHOCUTENBHO PELLETOK
L. Mpexpe Bcero otmetum pesynbtat E. MocTa.

Teopema (1)

[1]. Ans gByxanemenTHOoro MHoxecTsa A pewetka La cHeTHa.

Bonee Toro, nosy4veHo ncHepnbiBaroLee onNMcaHne 3TON PELLETKN U BCEX
KJIOHOB ee 0bpasytoLnx, BKAKOYAs HaxXoXAeHne 6a3ncoB 3TUX KJIOHOB.
Cutyauns pesko MeHSIeTCs A1 HE MEHEE YEM TPEX3NEMEHTHbIX A.

FO. AnosbiM 1 A. My4dHukom fokaszaHa

Teopema (2)

[2]. Ansi noboro He MeHee dem TpexsneEMEHTHOrO MHOXeCTBa A pelueTka
La He MeHee YeM KOHTUHYyasbHA.
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O cnoxHocTu cTpoenus pewetok L npu |A| > 3 roBoput n fokasaHHblii
UM ke akT.

Teopema (3)

[2] Mpu |A| = 3 B La cywecTByrOT K/IOHBI, He UMetoLyMe HUKaKUX 6a3ncos.

CNoXXHOCTb U HEperynsipHoCTb CTPOeHUst peleTok Ly npu bonbwnx A
nofYepKunBatloT 1 cregytowme pesynbtaTel A. bynatosa

Teopema (4)

[3] IMpu ycnosun |A| > 3 Ha peiweTtke La He BbIMONHEHO HU OfHO
PEeLLIETOYHOE TOXAECTBO.

Teopema (5)

[4] IMpu ycnosun |A| > 4 B pewetky La Broxuma cBobogHasi cHeTHO
MOPOXKAEHHAS PeLIeTKA 1, B 4aCTHOCTY, B L Baoxuma nobasi KoHedHasi
pelueTka, a cama La, B 3TOM cryqae, He SBASIETCS JIOKa/IbHO KOHEYHOIA.
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B aToii cutyauun npenctaBnsieT NHTEPEC HAaXOXAEHUE PELLUETOK B TOM WK
MHOM CMbICNE “annpoKCMMupyowmx’ Te Win nHble CBONCTBA peleTok L,
HO YCTPOEHHLIX, B HEKOTOPOM CMbICie, bosiee npocTo YeMm L npu bonbinx
A.

OavH 13 nofobHbIX MyTeil OCHOBaH Ha MOHATUM OrpaHUYEHHO
NOPOXXAEHHOTO K/IOHA, BBEAEHHOM B pabote aBTopa [5]. Knon F
Ha3bIBAETCS OrPaHUYEHHO MOPOXXAEHHbBIM, ECIN OH NOPOXAAETCS
HEKOTOPLIM MHOXECTBOM BXOAALLMX B HErO PYHKUWA OrpaHUYeHHOl B
COBOKYMHOCTU apHOCTU. [1ns1 KOHEYHbIX MHOXECTB A orpaHu4eHHas
NOPOXAEHHOCTbL KNOHA Ha A paBHOCWJIbHA €ro KOHEYHOI MOPOXAEHHOCTH,
a AN Npon3BoabHOro A ntoboli KOHEYHO MOPOXKAEHHBIN KIOH SIBNAETCS
OrpaHNYeHHO MOPOXKAEHHbIM.

[Npy 3TOM COBOKYNHOCTb L;‘g OrpaHNYeHHO MOPOXKAEHHbIX KJIOHOB Ha A
ABNSETCA nofpeLleTkoli pewweTku La.
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KtouoM xe K U3y4eHnto CTpoeHUst pelieTok L'y cnyxuT noxsitne
cbparmenTa knoHa, BBeaeHHoe B pabote [5]. Ons noboro knoHa F u
noboro HaTypasbHoro n vepes F" obosHauum n-¢bparmenT kaoHa F, T.e.
COBOKYMHOCTb (PyHKLW 13 F, apHOCTb KOTOPbIX He MPEBbILLIAET N.
CoBokynHoOCTb n-hparmMeHTOB BCeX KOHOB U3 L4 obpasyeT peletky L)
OTHOCUTEJILHO TEOPETUKO-MHOXECTBEHHOro BKMtoYeHust C. [pu sTom ans
n < m pewetka L agnsetca perpakTom peleTku L)' n umeet mecto

Teopema (6)

[5]. Pewetka La siBnsieTcs 0bpaTHbIM NpesenomM peTpakTUBHOIO CMEKTPA
pewetok L (n € w), a pewetka L;\g — NPAMbIM IPEAESIOM 3TOro CrNeKTPa.
[pu aTOoM u cama L;\g SIBJISIETCS] PETPAKTOM peLleTku L.
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/3 sToro pesynbrata n pesynstatos A. BynaTosa [3, 4] BbiTekaeT psg,
CNencTBUiA.

Cnepcrene (1)

[5]. Ecam |A| = 3, 1o Ha peleTke L} He BbinosHeHO HMKakoe pelieToqHoe
TOXAECTBO.

Cnepcteue (2)

[5]. Ans noboro mHoxectsa A pewetku L'y u La V3-3kBrBaneHtHbI.

Oﬂ,HaKO, B OTZINHNN OT PELLUETOK LA NnMeeT MECTO

Cnegpcreue (3)

[5]. Ansi moboro koHeuroro A peletka L sokanbHO KOHeYHA.
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[anbHeiiwne nccnegosaHus pewetok Ly Bbinm cocpepoToyeHs! Ha
OMUCAHNN UX SKCTPEMASIbHBIX 3JIEMEHTOB, KaKNX-11bO MHTEPBAIOB 3TNX
PELIETOK U TOMY MOAOBHOE.

Tak B pabotax [7, 8] . PozeHbeprom onncaHbl aToMbl 1 KOAaTOMbI PELLETOK
La B TepMuHax pyHKUME COXPaHSAIOLWMX T€ UM MHbIE OTHOLLEHNS Ha A.
EcTecTBeHHbIM NpeacTaBAsSIETCS BOMNPOC ONUCAHWUSA AN TPAZULUOHHO
pacCMaTpUBAEMbIX B TEOPUMN PELLETOK TaK Ha3bIBAEMbIX CMELUaNbHbIX
3/IEMEHTOB: GUCTPUBYTUBHBLIX, KOGUCTPUOYTUBHLIX, MOLYASIPHBIX 1 UHBIX.
Onucatve psga nHTepeanos B pewetkax Ly nonydeHo A. Kpoxutsim [9].
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C noHaTneM parMeHTOB KJIOHOB CBSI3aHO MOHATUE Pa3MEPHOCTM KjoHa F
[10], HaumeHbLIErO HAaTypanbHOTO N Takoro, YTO KAOH F 0fHO3HAaYHO
onpegenum ceoum dpparmeHTom F” (ecnm TakoBoe N CywecTBYeT). DTO Xe
MOHATUE NIEXUT B OMNPEAENEHUN HEKOTOPOIA eCTECTBEHHOW TOMOMOrUN Ha
Fa. Tak kak gns ntoboro knoHa F nmetoT mecTo paseHctea F = | F"
n BkatodeHuss F7 C F™ gns n < m, TO BO3MOXXHO BBefieHue Ha Fy
cnenytoweii metpuku p: gns F, F' € Fa nonoxum

ncw

, (min{n € W' |F"# (F)"})7, ecm F # F'
p(F,F') = , -
0, B cnyyae korga F = F
(3peck w' = w\{0}). C nomoLybto 3TOI METPUKM 1 Onpeaensiem
Tononormto T Ha Fa. VI3onupoBaHHbIMYU TOYKaMu NPoCTpaHCTBa

Ja = (Fa; T) SIBASIOTCS KNOHbI KOHEYHOI Pa3MEPHOCTM Ha MHOXeCTBE A
TONIbKO OHU, a onepauun A,V n3 onpeaeneHus pewetkn La sensitotcs
HenpepbIBHLIMN Ha NpoCcTpaHcTee Ja.
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VmeeT mecTo Takxe
Teopema (7)

[5]. Bce npoctpanctea Ja nonubl. [ns noboro HeogHoieMeHTHOro A B
npocTpaHcTBe Ja eCTb npesesibHble To4YKM (KIOHbI BECKOHEYHO
pasmeroctu). B cnyyae |A| = 2 takux Todek B Jao Bocemb ansi |A| = 3
TakoBbIX To4Yek B Jo BECKOHEYHO MHOrO.

CeoiicTBa npocTpaHcTBa Jy BO MHOTOM XapaKTEpU3YIOT CaMO MHOXECTBO
A. K npumepy B paboTax aBTopa foKa3aHbl
Teopema (8)

[10, 11]. MMpocTpaHcTBO Jo KOMNAKTHO TOrZa M TOJILKO Torha, Korga A
KOHEYHO.

Teopema (9)

[10]. Ans pewetku La cywectsyeT nogpeletka obpasyrowyasi COBEPLIEHHOE
MOAMHOXECTBO B MPOCTPaHCTBe Ja Torga n Toabko Torga, korga |A| = 3.
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EcTecTBeHHbIM NpeacTaBAseTCcs BONPOC O TOM KakK PacnosioKeHbI B
npocTpaHcTBax Ja N30AMpoBaHHbIE ToukM. B wacTHocTu, He BygeT nn
COBOKYMHOCTb NoAobHbIX Todek Bctogy nnoTHol B Ja. Jpyrumu cnosamum,
BEPHO NI YTBEPXKAEHME, HYTO Asis ntoboro knoHa F u3 Fa v ntoboro n € w
HaligeTcs knoH F/ Takoid, uto F" = (F')" n knon F' ogHo3HauHo
onpeaenum HekoTopbiM ceoum cparmentom. OTBET Ha 3TOT BOMPOC
ocTaetcst oTKpbIThIM. B pabote [12] aBTopa nosyyeH nuwb HacTuyHbIN
OTBET Ha 3TOT BONpoC. HanomHuM, 4TO KNOH Ha MHOXeCTBe A Ha3biBaeTcs
ANCKPUMUHATOPHbLIM, EC/IN OH BKJIIOYAET B Cebs ANCKPUMMHATOPHYIO
dyHkymo Ha A. VimeeT mecTo.

Teopema (10)

[12]. [ns nroboro mHoxecTsa A B ntoboii okpecTHoCcTU 1toboro
BUCKPUMUHATOPHOIO KJIOHA HAa A JIEXXUT HEKOTOPbIN KJIOH OfHO3HAYHO
ONpeAENNMBINi HEKOTOPLIM CBOUM hparmeHTOM (T.e. U30/IMPOBAHHAS TOYKA
npoctpaHcTBa Ja).
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VkazaHHas B Hayane paboTbl BO3MOXXHOCTb TPaKTOBaTb (OYHKLMOHANbHBIE
KNOHbI Ha MHOXecTBe A kak coBokynHocTn Tr(2l) TepmanbHbix dyHKLMiA
YHUBEPCAibHbIX airebp ¢ OCHOBHbIM MHOXECTBOM A NpuBOAUT K
paccMoTpeHuto Ha F4 psija OTHOLIEHNIA MHAYLMPOBAHHbBIX TaKMMU
OTHOLLEHNSIMU MEXIY YHUBEPCANbHBIMUM anrebpamu Kak “‘pauuoHansHas
5KBMBaJIEHTHOCTL , “ObITb oboraweHnem (obegHernnem) anrebpsbi”,
“anrebpanyeckas, nornyeckasi 5KBUBaNEHTHOCTY anrebp’.
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Mpexxae BCEro HaNOMHUM, YTO MOHATME ‘pauUnOHaNbHOl 3KBMBANEHTHOCTK
anrebp 2A = (A;01) n B = (B; 02) BeeaeHo A. Manbuesbim [14] n
CBOAMUTCS K COMPsKeHUto tbyHKLMOHabHbIX KnoHoB Tr(2A) n Tr(B)
Kakoli-nnbo buekuueii mHoxectsa A Ha B. log “abcTpakTHoli
9KBUBANIEHTHOCTLIO  ~ KJoHOB F1 n Fp us F, bygem noHnmats
paLMOHabHYIO 3KBUBaNEHTHOCTL anrebp A, = (A; F1) n Ag, = (A; F2),
T.e. F; ~ F, Toraa n Tonbko TOrAa, KOrAa CyLeCTBYET NepecTaHOBKA 7 Ha
A, conpsaraiollas COBOKYNHOCTU hyHKLNA, BXOASALLNX, COOTBETCTBEHHO, B
F1 n F. Ha Fj onpesennm Tak >xe OoTHOLWeHNE <, SIBASIOLLEECS
NPOM3BOAHLIM OT OTHOLLIEHUS MEXAY YHUBEPCANbHbIMK anrebpamu, korga
ogHa anrebpa ectb “oborawenne”’ gpyroii. Ans Fi, Fo € F4 nonoxum

F1 < F> Toraa n Tonibko Torga, Korga CylwecTByeT nepecTaHoBka m Ha A
Takasi, 4To 7r(F1)7r_1 C F>. OueBugHo, 4TO OoTHOWeEHNE < ABASETCS
OTHOLLIEHNEM KBa3unopsiaka Ha Fu 1 yepes & 0603Ha4MM OTHOLLEHUE
5KBUBANEHTHOCTM Ha Fp, nopoxkaeHHoe 3TuM kBasunopsakoMm. QuesugHo,
YTO 3KBUBANIEHTHOCTL &2 BOMbLUE YeM SKBUBANEHTHOCTb ~.
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VmeeT mecto

Teopema (11)

[15, 16]. OtHoweHunsi ~ u ~ cosBnagatoT Ha Fp Torga n TosbKO TOrAa,
Koraa A KOHeYHo.

OTMeTUM 0fHO M3 CNeacTBUli 3TOR TEOPEMbI.

Cnepcreue (4)

[16]. Ans beckoHeqHbix A cywecTBytoT KaoHbl F Ha A Takme, 4To Knacc
F /~ copepXuT KOHTUHYYyM MOMAapHO HE ~-3KBUBAJIEHTHbIX KJIOHOB Ha A.

OTtmeTum Tak xe €€ OANH pe3ynbtaT CBsI3aHHbI/i C OTHOLLEHNEM ~ Ha FA.

Teopema (12)

[16]. Konvronkyus otHowennii F' C F" u F' ~ F" gns knowos F' n F" un3
Fa BREKyT paBeHCTBO 3TUX KJIOHOB TOTAa U TOJILKO TOIAA, KOr4a
MHOXECTBO A KOHEYHO.
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MomuMo oTHOWEHNA ~, 2, < Ha Fa ecTecTBeHHbIM 0Opa3oM onpeaensieTcs
eLe Uenblii psif OTHOLLEHUI, NHCMNPUPOBAHHBIX Pa3NNYHbIMN
“anrebpanyeckn 3HaYNMbIMU" OTHOLLEHUSIMU MEXAY YHUBEPCAIbHBIMU
anrebpamu C OCHOBHbIM MHOXeCTBOM A. YKa)keM Ha HEKOTOPbIE N3 HUX
(naywwe oT anrebpanyeckoii, IOrNYECKoii FrEOMETPUI YHNBEPCANbHBIX
anrebp) u Ha psig pe3ynbTaToB C HUMU CBS3AHHbBIX.

HanomHum, 4to anrebpanyecknm mHoxecTBOM Ansi anrebpel 2A = (A; o)
Ha3bIBAETCS1 COBOKYMHOCTb pelueHnii B 2 HekoTopoli cucteMbl (BO3MOXHO
BeckoHeuyHoili) TepManbHbix anst 2 ypasHenuii. Yepes Alg 2 obosHaumm
COBOKYMHOCTb BCEX anrebpanyeckux MHOoXKecTB anrebpbl 2. Anrebpsbl

21 = (A;01) n Ay = (A; 02) HasblBatOTCA anrebpanyecku
5KBMBAJIEHTHbIMY, eCu UMeeT MecTo paBeHcTBO AlgA; = AlgAs.
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Knoubl F1, F» n3 Fp Ha3oBeM anrebpanyecku 3KBUBANEHTHLIMU

(F1 ~aig F2), ecnn anrebpanyeckn skeuBanenTHbl anrebpel Ar, n Af,, T.e.
COBMajaloT MHOXECTBA, ONpefensieMble KakK PELLUEHNSI COBOKYMHOCTE
ypaBHeHuli Mexay dyHkuuamu us Fi n Fp cooTseTcTBEHHO. AHAaNOMUYHBIM
0bpa3om onpenenseTcs OTHOLIEHUE ~ g HA Fa: KNOHbI F1, F> € Fp
NIOFMNYECKN SKBMBAJIEHTHbI, €C/IN COBMAZAIOT COBOKYMHOCTU MOAMHOXECTB
mHoxecTB A", onpeaennmbix beckBaHTOpHbIMU hopMynamu A0rnKkm
nepBoro nopsifka B anrebpax Ag, n Ag,. B pabore [12] aBTopa nonyueH
PAf Pe3yNbTaToB, CBA3aHHbIX C HUC/OM KACCOB ~y/g- U

~ Jogy~3KBUBANIEHTHOCTE Ha COBOKYMHOCTU Fp 1 CO CTpoeHmem 3Tux
KNaCCOB ANA ~ajg U ~jog, B TEPMUHAX pelleTKn L.
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HakoHel, ocTaHOBMMCS Ha B3aMMOCBSI3N CTPYKTYp Ha Fg n Fu ans
pa3nunyHblix MHoXecTB B n A. limeet mecTo
Teopema (13)

12]. [ns nrobbix mHoxecTs B C A pewetka Lg ABAAETCA peTPakKTOM
p B PeTp
petuetku L, a npocTpaHcTBO Jg — peTpakToM NpocTpaHCTBa Ja.
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