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ABSTRACT. It has been establish that the locally finitely separability
of any universal algebra represented over a given uniformly computably
separable equivalence is equivalent to the immune of the characteristic
transversal of this equivalence. Examples are presented that demonstrate
the infidelity of this criterion for finitely separable algebras, as well as
for computably separable equivalences that are not uniform. It is shown
that every infinite and co-infinite set is a characteristic transversal of a
computably separable equivalence, over which only finitely approximable
algebras are represented.
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obJtaratoreit HEHYIEBBIMEU KOHIPYIHIIUSIMH TOJHKO KOHETHOTO WHIEKCA SBJISETCS
BBIYUCJIMMO#, 9TO MOCTABUJIO BOIPOC O CIPABEITHBOCTU JTAHHOTO YTBEPXKICHUS B
obuiem ciyuae (6e3 ycsioBus KOHEYHOMN nopoxienHocru). Oka3anoch, 410 UMEIT-
€S KOHTPIPUMEPBI, MPUYEM WUMEHHO W TOJHKO B KJIACCE BBIYUCINMO OTIEJIUMBIX
anre6p ([8]). Bosee Toro, Besikasi MO3UTHBHAST HyMepalis aireGpbl co cYeTHOH (B
YACTHOCTH, HETEPOBOIi) PENIETKON KOHIPYIHIUIT SABJISETCA BBIYUCIUMO OTIEJIUMOMN
(9, 10]). dpyroit nupumep — npobiema Beprcrpol-Takepa B Teopuu abCTpak THBIX
THIOB JIAHHBIX O CYMIECTBOBAHUU WHUIMAJIHHOIO B KOHEYHO-0A3UPYyEMOM MHOTOO6-
pa3uu oboralueHust /1iist 000 KOHEYHO OPOXKAEHHON 103uTUBHON anrebpot ([11]).
OrpunarennbHoe perreHue 3TOH MPOOIEMbl OBITIO TTOJIYIEHO TPEIbABICHHEM COOT-
BETCTBYIOIIEr0 TPUMEPA, KOHETHO MOPOKICHHON anreOpbl, MMEIOIIeH BBITHCINMO
OTJIETTUMYTO TIO3UTHBHYI0 HYMEPAIUIO ¢ KMMYHHOM XapaKTEPUCTHIECKON TpaHCBep-
caubio ([12]).

Baxkue#mmm moKIaccoM KIacca BbIYUCIUMO OTIETUMBIX aJIre0p SBISeTCs KIACC
PABHOMEPHO BBIYUCINMO OTIACIUMBIX aIredp, A/t 00beKTOB KOTOPOTO CYIIECTBYIOT
AJITOPUTMBI, TTO3BOJISIONTIE PABHOMEPHO 3 (DEKTUBHO TIOPOXKIATH XAPAKTEPUCTHIE-
CKHe MHJEKCHI oT/essonmx MEoxkects ([13]). ocTtaTodHo cKa3arh, YT0 KOHTPIIPH-
Mep K yIOMsHYTO# Bbiie npobseve A. V. MajibiieBa sIBIAseTCs pABHOMEPHO BBIYKC-
JIIMO OTIEJIUMOI anrebpoii, a KouTprupuMmep K mpobieme Beprerpor-Takepa MoKHO
YCUJIUTD, BbIOPAB TAKYIO PABHOMEDPHO BbIYUCJIAMO OTJEIUMYIO IIO3UTUBHYIO KOHEY-
HO TIOPOXKIEHHYIO aredpy, HUKAKOe ODOralleHre KOTOPO He SBJISIETCS CBOOOTHOM
CUCTEeMOIl HI B KaKOM KJIACCe CHUCTEM, KOHEYHO aKCHOMATH3WDPYEeMOM YHUBEPCAJIb-
HBIMH TIPEJIIOKEHUSME CIIENUanbHOr0, HO BecbMa o0miero Buma ([6]). Ormernm,
9TO KJACC PABHOMEPHO BBIYHCIMMO OTAETUMBIX aaredp Becbma obrmuper. Hampu-
MEpP, B KaXKJOU M-CTEleHU COJEPKUTCH PABHOMEPHO BBIYUCIMMO OTIEJIAMAs AJl-
redpa. Ocoboe MecTo cper paBHOMEPHO BBIUMCINMO OTACIUMBIX aIredp 3aHNMaioT
HEraTUBHBIE AJITeOphI, T.K. HyMEPOBAaHHAs aarebpa BBIUUCIUMO OTIEIMMA TOTJIA U
TOJIBKO TOIJIA, KOIJIa OHA AlPOKCHMHDYeTCs HeraTMBHbIME airebpamu ([13, 14]),
T.€. HCKJIIOUUTEHHON 0CODEHHOCTHIO BBIYUCIUMO OTIAETUMBIX aIrebp, B OTIMYUe OT
JIPYTUX HYMEDOBAHHBIX CHUCTEM, SIBJISIETCH WX AIMIPOKCUMUPYEMOCTh HErATHBHBIMU
ajarebpamn.

[Tos c710BOM SKBUBATIEHTHOCTE TIOHUMAETCST OTHOIIEHNE SKBUBAJIEHTHOCTH Ha, MHO-
JKecTBe HATypPaJbHBIX 4HCeN w. Ecin 1) — 9KBUBAJIEHTHOCTDb, TO MHOXKECTBO o C w
HA3BIBAETCSA 7)-3aMKHYTBIM, €CJTH (¢ ABISIETCS O0bEMHEHUEM TTOIXO/ISIINX 7)-KI1aCCOB
(re. v € aAzx =y (mod n) = y € a). DKBUBATEHTHOCTH OyJeM Ha3bIBATH Oec-
KOHEYHO#, eciit OGECKOHEYHO YHCJIO €e CMEXKHbIX KJIaccoB. [OBOps O pacumpeHuun
SKBUBAJIEHTHOCTH 7)g Oy/IeM TIOpa3yMeBaTh €€ PACHIMPEHNUE, SBISIONIEECs OTHOIIIe-
HUEM KBHUBAJIEHTHOCTH, T.€. BCAKOE TaKOe OMHAPHOE OTHOIIEHHE 1)1, UTO 19 C 11 U
71 — 9KBUBAJEHTHOCTb.

Ecnu (A, v) — nymepoBannas anrebpa, T0 ee HyMEPaIUOHHY 0 SKBUBAJIEHTHOCTh
OyJeM Ha3blBaTh, /Ul KPATKOCTH, $/IPOM HyMepauuu u obosuadars vepes ker(v).
Mpr 6y/1eM OTOXKIECTBIISATH TIOHSITHST HYMEPAIINHN W aJITOPUTMHYECKOTO MPEICTaBIe-
HUSI YHUBEPCAIbHON aarebpnl. TOYHO Tak K€, CBOWCTBO MPEICTABUMOCTH AJreOpbI
HaJ, SKBUBAJIEHTHOCTHIO 7) OyeT MOHUMATHCs KAaK PABHOOObEMHOE CBOUCTBY “OBITH
n-aaredpoii”.
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XapaKTepucTUIecKoil TPaHCBEPCAJIbIO SKBUBAJIEHTHOCTHU 1) HA3BIBAETCS MHOZKE-
CTBO MUHUMAJILHBIX TPEICTABUTENEH BCEX CMEXKHBIX KJIACCOB ITON IKBHUBAJICHTHO-
cru, re. tr(n) = {z | Vy(z = y (mod n) = = < y)}. Xapakrepucruieckoii Tpanc-
BEPCANIbI0 HYMepaIuu (AJIrOPUTMHUYECKOTO TIPEJCTABIEHNST) ¥ HA3hIBAETCS Xapak-
TepUCTHYECKast TPaHCBepcasb ee sapa, T.e. tr(ker(v)) = tr({{(z,y) | va = vy}),
KOTODYIO, B LIEJIIX COKPAIIEHUs, 4acTo Oyaem obo3Hadarh depes tr(v). Xapakrepu-
CTHYECKAsT TPAHCBEPCAND MPEICTABIIET COO0I BasKHBIN ATTOPUTMUIECKUH aTpUOyT
KaK 9KBUBAJIEHTHOCTH, Tak U HyMepaimu. Hanpumep, o4eBuIHO, 9TO /sl HEraTUB-
HO#1 (LLO3UTUBHON) SKBUBAJIEHTHOCTH €€ XaPAKTEPUCTUIECKA TPAHCBEPCAJLb BbIYUC-
JIMMO TIepedncnma (KOTepeuncinmMa).

IMycts (A, v) — nymepoBannas ajnrebpa. IlonmuoxkecTBo B anreOpnl A Ha3bIBaeT-
Csl V-BBIYUCIUMBIM (V-TIEPEYUCTUMBIM, V-KOIEPEUUCTUMbIM ), €C/TH BBIYUCIUMO (BbI-
YHCIUMO MEePedHC/IIMO, KOepeuancIumo) MHokectso v~ L (B). Eciu u3 konTekcra
Oyzer sCHO, KakKas HyMepalys UMEeeTcs B BUJLY, TO [IOJIMHOXKECTBA aareopbl Oyaem
HA3BIBATH TIPOCTO BBIYUCIUMBIMU (TIEPEUUCTUMBIMY, KONEPEUUCTUMbIME) 63 TIpH-
CTaBKHU V.

Hamomunwm, uto yHUBepcagbHas anrebpa A HaspiBaeTcss (GDUHATHO OTAETHMOIL,
ecau Jijis BCAKOR ee nopanrebpol Ag u Jiioboro ssementa a € A\ Ay naiinercs
TaKasi KOHIPYIHIMsT KOHEYHOIO WHJIEKCA, [T0 MOJLYJII0 KOTOPOIl 3JIEMEHT @ OTJIMYEH
OT BCEX 3JIeMEHTOB Hojajiredpor Ag. Apyrumu ciaoBamu, Ha s3bIKE€ rOMOMOPQU3-
MOB, CYIIECTBYeT Takoil romomopdusM ¢ u3 ajredpsl A HA KOHEUHYIO aaredpy,
aro p(a) ¢ ¢(Ap). ArasornyaHo, anrebpa Ha3BIBAETCS JIOKATHHO BDUHATHO OT/IEIIH-
MO#, €C/T [IJIs1 BCAKOI ee KOHETHO TMOPOXKICHHON MOJAITeOPhI U JTI000r0 31eMEeHTa,
BHE 3TOU MoJarebpbl HAIeTCs KOHIPYIHIINS KOHEYHOIO WHJIEKCA, PA3IUYAONAs
JIaHHbIE 3JIeMeHT u 1noJaareopy. OueBuIHO, YTO KJIACC (DUHUTHO OTJEJIUMbIX aJi-
re0dp sBJseTcss COOCTBEHHBIM TIOAKJIACCOM KJIacca JIOKAJIhHO (DUHUTHO OTIETMMBIX
asrebp. Cpean 337184, CBA3AHHBIX C AJITOPUTMUYECKON PA3PENTNMOCThHIO AJIre0p, BbI-
JIEJISETCs KIACC 337249, CBI3AHHBIX CO CTPYKTYPHBIMHU CBOMCTBAME THUIA, (DHHUTHOMN
orpenumoctu. C anropuTMu9ecKoil TOYKU 3PEHHsT OCOOEHHO BayKHA JIOKAJIHHO (bu-
HUTHAsT OTJEUMOCTh. 9TO CBA3aHO € TE€M, 4TO JIJIsi KOHEYHO [TOPOXKIEHHBIX [0/IAJI-
rebp Beerma 3heKTUBEH TepBhIil, HAYAIBHBIN AT TOPOXKIEHNUST TAKUX MOAAITe0p
U TIOTOMY TaKue TOJAJITe0pbI OyayT 3 DEKTUBHBIMY, B TO BPEMST KaK JJjIs OECKOHEY-
HO HOPOKJEHHBIX MOJAJIredP MHOYKECTBO IMOPOXK/IAIONINX, KAK U caMa Iojasredpa,
MOXKET UMETh CKOJIb YIOJHO BBICOKYIO AJITOPUTMHUYECKYIO CIOXKHOCTD.

[Ipensapss ciemyromye qajiee CTporue onpe/iesenus OyJlemM roBOPUTh, YTO HyMe-
panus v anrebpbl A BbIYUCIMMO OTAEIUMA, €CIH JIJ1sl JIOObIX PA3IMIHbIX Ao, a1 € A
HafileTca Takoe MHOXKECTBO (OKPECTHOCTh) Ay s 3JeMeHrta ag, 910 ag € Ag,
a; ¢ Ay u nonmblit v-npoobpas MuoxecTBa Ag (T.e. v 1 Ag) BbIUMCUM.

Ocobo nomuepkuem cienyiomiee. Ecau (A, r) — HymepoBanuas anrebpa u v Bbi-
YUCIUMO OTHesuMa, TO (A, V) allllPOKCUMUPYETCH HeraTUBHBIMU aJiredpaMu U ecjiu
upu 31oM 7 (V) UMMYHHA, TO XaPAKTEPUCTUUYECKUE TPAHCBEPCAIHM BCEX HErATUBHbBIX
roMOMOpPGHBIX 00PA30B HYMEPOBAHHOI alreOphl (A, /) ABISIOTCS BRIYUCINMO Tepe-
YUCJMMBIMA TOAMHOXKECTBAMY UMMYHHOIO MHOXKecTBa 7 (v). Ilosromy Bee 9Tu 06-
pa3bl KOHEYHBI U, CJIEIOBATENBHO, anrebpa A ¢unnTHO anmpokcnmupyema. OmHaxo,
BOIIPOCHI (JIOKaJIbHO) (DUHUTHON OTAEIMMOCTH Topa3no Gosiee Tonkue. QYeBUIHO,
910 U3 (PUHUTHON OTAETUMOCTH JTI000H aaredphl CIeayeT ee JOKAIbHO (DUHUTHAS
OTJEIMMOCTh, KOTOPOii, B CBOIO 0UEPEh, TPH BECHMa ODIIUX MPEINONI0KEeHUsX (Ha-
MPUMED, JJIst JTIOOBIX JBYX PA3INIHBIX 3JIEMEHTOB HANIETCS KOHETHO TIOPOXKIEHHAS
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nozajrebpa, coleprKalias OJUH U3 ITUX JIEMEHTOB U HE COJeprKallias BTOPOii) 10~
CTaTOYHO 71 (PUMHUTHON anmporcuMupyemoctr. Ho memodka oOpaTHbIX HMILTHKA-
Ouii He UMeeT MeCTa.

3aMeTnM, UTO BRIYUCIUMAST OTAETUMOCTH HYMEDAIUH MO3BOJSIET BBOIAWTH TI0-
JIE3HBbIE TOMOJIOTHH, 6a3y KOTOPHIX 00pa3yIOT BBIYUCIMMBIE TIOIMHOKECTBA HyMe-
POBaHHBIX alrebp. DT MPOCTPAHCTBA sABIAOTCA Ty-mpocrpancrBamu ([15]) u Bce
OIEpAINU HYMEPOBAHHBIX arebp HeMpPepbIBHBI KAK OTHOCUTETHHO BBIYUCIAMO MO~
POXKJEHHBIX TOIOJIOTHH, TAK ¥ OTHOCUTEIHHO CYIIECTBEHHO 0OJiee CUJIbHBIX — BbI-
YUCJIUMO [IEPEYUCIUMO HOPOXKAeHHbIX Tonosoruii ([16]).

YumecTao ormeruThb, 4o 3hGdEKTh (PABHOMEPHOI) BBIYUCIUMON OTIEIUMOCTH
SIPKO TIPOSIBJISAIOT ce0si M B CiIydae Mojeneil, B YaCTHOCTH — JIMHEHHBIX MTOPSIIKOB.
Tak, BcsKasi HeraTUBHAS HyMepallus JUHEHHOTO TIOPSIKA TUIIA DAIMOHATHHBIX Y-
CeJI C eCTECTBEHHBIM YIIOPSI0YEHUEM TPOAYKTUBHA OTHOCHTETHLHO BBIYUCIUMBIX JI6-
JlekuHA0BbIX cevenunit ([17]).

ITpn srom, neneknumoBo cedenne A|B mureiinoro nopsaka (L; <) (B KoTopom
BCSIKHUIT 9JIEMEHT MOMaaaeT Jubo B HIKHUI Kjaacc A, mubo B Bepxuwmit kinacc B, npu-
qem A(B = 0 u Va € AVb € B(a < b)) HA3bIBAETCS BBITUCIMMBIM B HYMEPAIMN
v JuHeiHoro nopszaka L, ecium BblaucauMo MHOXKecTBO {x|r € A} u Ha MHOXKe-
crBo {{z,y)|vx < vy} HanaralTCd eCcTecTBEHHbIE OIPDAHMYEHUS AJITOPUTMHUYECKO-
ro xapakrepa (BbIYMCIMMOCTH, HO3UTUBHOCTb, HEIATUBHOCTH u T.1.). Kacareabno
MPOAYKTUBHOCTH OTMETHM, YTO CEMEHCTBO BBIYUCIMMBIX CEUEHWH HYMEPOBAHHOTO
JINHEHHOTO TIOPSIIKA HA3BIBAETCS MPOAYKTHBHBIM, €CJIH CymecTByeT ddhderTnBHas
npouemypa, Koropas Jirobomy Bbraucaumomy (B cmbicie FO.JI.Epmosa, [1]) cemeii-
CTBY BbIYMCJIMMBIX CEYE€HHH TOrO MOPHAIKA CONOCTABJAET (MHTEHCUOHAJIBHO, T.e.
LOCPEJCTBOM AJrOPUTMa, CLHOCODA BbIMMC/IEHUS, XaPAKTEPUCTUYECKOIO MHIEKCA)
HEKOTOPOE BBIUMC/IIMOE CEUeHWe BHE JAHHOTO ceMeiicTBa. Boiee meranbHo, cemeii-
cTBO & BBIYHMCINMBIX JI€JIEKUHIOBBIX CEUEHUI BBHIYUCINMO, €CJIH CYIECTBYET TaKasi
ero Hymeparws [ : w — &, aro muOKecTBO {(T,y)|y € pr} BoraucIMMO (aJropuT-
MUYECKHU PA3PEIIUMO) U IPOLYKTUBHOCTD CeMelicTBa D BCeX BbIYUCIMMbIX CEYeHU
o3HadaeT Haau4dne 3P PEKTUBHON MPOIEIyPhI “BbIIAOMEH it JTI000TO BHIMHCIU-
Moro mozcemeiicta & (3amaHHOrO HyMepanued u) cemeiictBa D aaropuTM paspe-
IIEHUsT HEKOTOPOT'O BBIYMCINMOro cevenusi S n3 D \ 6.

B 10 e Bpewms, CyIecTByeT Takoe TO3UTHBHOE IPECTABJIEHUE JTNHEHHOTO MO~
PAJIKA THIA PAIMOHATBHBIX YUCEJ, JIJIsi KOTOPOro BOODIE HET BLIYUCIUMBIX Cede-
uuit ([18]). Ormernm TakKe TOT O4eBUAHBLH (HAKT, 4TO Jyist 000i Hy MEPOBAHHOMN
CUCTEMbL CEMEHCTBO €€ BbIYUCIUMbIX aBTOMOP(MU3MOB 00pa3yer MOIyrPYIIy ¢ €/1d-
auteit. [Ipu 3ToM, 17151 TF060TO BBIYHCINMOTO aBTOMOD(U3Ma MO3UTHBHON CHCTEMbI
obparHbIit K HeMy aBTOMOpP(dU3M Takke BbraucanM. OIHAKO, y?Ke HA YPOBHE KJIaC-
Ca HEraTUBHBIX MPEJCTABJIEHU CYIIECTBYET MOJIeIb — HEraTUBHBIN JIMHEHHBIN ITO-
PSAJIOK, MOy PYIIA BIYUCTHMBIX aBTOMOP(MHU3MOB KOTOPOro GECKOHEYHA, HO e/IUH-
CTBEHHBIM BBIYUCJIEMO OOPATUMBIM aBTOMOP(MU3MOM 3TOH MOJIYyIPYIIbL ABASETCS
ennanaHb ([19]).

O06men3BecTHO, 9TO it 3PPHEKTUBHO 33JAHHOTO CEMEHCTBA KOHTPYIHIHI TPO-
Te/Iypa MOCTPOEHUs UX TOYHOM BEPXHEH rpaHu BroJiHe mpo3pada. OmHako mporecc
’pacirenyienus’”’ KOHTPYIHITUI He sIBISIeTCsS yI0BJIETBOPUTETHHBIM HU C AJITOPUTMU-
YeCKOM, HU ¢ ajreOpamdeckoil Touek 3penus. OKa3ajioch, YTO UMEHHO PABHOMED-
HO BBIYUCIUMO OTIEUMBbIE aareGphl MPeJOCTABISIIOT BO3MOKHOCTH 3D (HEKTHBHO-
rO PACIHIENJIeHnsT KOHIPYSHIIMI TTPU HEKOTOPHIX, BEChMa ODIINX, JOTMOTHUTETHFHBIX
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yeaosusix ([20]), 9To erme pa3 momuepKUBAET BasKHOCTH CBOMCTBA PABHOMEPHOCTH
JITsI BBIYUCIUMO OTIAEJUMBIX HyMeparuii anreop.

KacarenbHo npuHIUNAATBHBIX PA3TUIH MEXK/y HEPATUBHBIMU U MO3UTHBHBIMU
HYMEPAILUSMU, KOTOPBIE COXPAHSIIOTCS TIPHU PEJIATHBUA3AINNA OTHOCUTETHLHO apudMe-
TUYECKHUX TPE/ICTABJIEHNH, OTMEeTUM cieayioriee. Jliobast HeraTnBHas SKBUBAIEHT-
HOCTb SIBJISIETCS Hy MEPAIMOHHOM JJIsT TIOAXO/sIIIel KOHEYHO TIOPOXK IEHHOM KOTPYJHII-
npocroil yuusepcasbuoil asire6psr ([21]). s MO3UTHBHBIX SKBUBAJIEHTHOCTEH HU-
4ero 11og06HOro He umeer mMecra (6oJiee HOAPOGHO 06 TOH 1pobaeMaTuke cM. 0630p
[6]), 4r0 O3HAYaeT Gosiee Gorarbie peaTn3alUOHHbIE BOSMOKHOCTH HEIATUBHBIX HY-
Meparuii OTHOCUTEIHHO TO3UTHBHBIX.

Vcxos 3 cka3aHHOTO, B HACTOsIIE paboTe pacCMaTpUBAIOTCs PABHOMEPHO BBI-
YUCTUMO OTJIEJTUMbIE HyMEDAIUU YHUBEPCATBHBIX aIredp, 00IaJaro0ImuX CBORCTBOM
JIOKAJIbHO hUHUTHOM oTAeuMocTi. OCHOBHBIM PE3yJIbTATOM CTATHU SIBJISIETCS CJIe-
JYIOIIAs aJIPOPUTMUIECKAs XaPAKTEPU3AIHsad PABHOMEPHO BBIYUCIUMO OTIETUMBIX
SKBUBAJIEHTHOCTEI HA, SI3BIKE MPEICTABUMOCTH HAJ HUMHU JIOKAJBHO (DUHUTHO OTJIe-
JINMBIX aJIre0p:

J11s1 paBHOMEPHO BBIUMCIUMO OTIEIUMOI SKBUBAJIEHTHOCTH JIOKAJIBHO (DUHUTHAS
OTIETNMOCTD BCAKOM TIPEICTABUMOM HAT HEil yHUBEPCATBHOI aireOphl pABHOCHIHHA,
UMMYHHOCTH €€ XapaKTEePUCTHIECKON TPAHCBEPCAJIH.

[TokasbiBaercs HEBO3MOXKHOCTH PACLIMPEHUS ITOIO KPUTEPHs HA KJIACC BbIYUC-
JIUMO OTJETUMBIX (HE SBJISIONMXCA PABHOMEPHO BBIYMCIMMO OTIEJIUMBIME) SKBUBA~
JIEHTHOCTEH, & TaK K€ ero CyKeHns Ha KJACC (PMHUTHO OTAEINMbIX YHUBEPCATIHHBIX
areop.

ITokazano TakxKe, 9T0O KJIACC BBIYUCIUMO OTIETUMbBIX 9KBUBAJIEHTHOCTEH, HAJT KO-
TOPBIMU IIPEJICTABUMBL TOJLKO (PUHUTHO ANIPOKCUMHUPYEMbIE aredpbl O4eHb 001U~
pEH, B OTJIMYHE OT KJIACCA PABHOMEDPHO BBIMHUCIUMO OTAEINMBIX SKBHBAJIECHTHOCTE
¢ ToZ0OHBIM cBOiiCTBOM. B mociiegrem ciydae, T.e. /st 66CKOHEYHONW PABHOMEPHO
BBIYUC/IAMO OT/E/IMMON SKBUBAJEHTHOCTH, (DUHUTHAS ANITPOKCHMUPYEMOCTb BCs-
KO anreOphl IPEeICTaBUMOM HAT HEel PABHOCH/IHLHA MMMYHHOCTH XapaKTePUCTHUIE-
CKO¥ TPAHCBEPCAJH 3TON IKBUBAJIEHTHOCTH. B TO 2Ke BpeMms, 11000e KOOECKOHETHOE
MHOXKECTBO (comepxkainee 9ucyio ) aBageTcs XapakKTePUCTUYECKOH TPAHCBEPCAIbIO
BBIUUCIAMO OTIAEJIUMON SKBUBAJEHTHOCTH, HAJ, KOTOPOM MPEICTABUMBI TOJIBKO (-
HUTHO AMMPOKCHUMUPYEMbIE AJTe€OPHI.

1. TIPEABAPUTE/ILHLIE CBEJEHWS

Crnenys FO.JI.Epmoy ([1]) mymeparmeii v He Gojiee 4eM CYETHOIO MHOXKECTBA
N Haz0BeM BCIKOE CIOPBEKTHBHOE 0TOOparKeHWe MHOXKECTBA HATYPATHHBIX YUCEN
w "a N. Ilpm srom, moamuokecTBO Ny MHOKECTBA [N HA3BIBACTCS V-BBIYUCIUMBIM
(v-BBIYUCIUMO IEPEUUCTUMBIM ), €CJIT TAKOBBIM SIBJISETCS TIOJIHBIH 1-TIPO00PA3 MHO-
skecTBa Ny, T.e. ecau MHOXKeCTBO {x|ve € Ny} Bcex v-HOMEPOB MHOXKeCTBa Nj SIB-
JISI€TCsl BBIYUCUMBIM (BBIYUCIUMO MEPEUUCIUMbBIM ). VIHOrIA, KOrua U3 KOHTEKCTa
SICHO 0 KaKOi HyMeparuu ¥ MHOKecTBa N HIeT pedb, MOJIMHOKECTBA MHOXKeCTBa [N
Oy/JieM Ha3bIBATH LPOCTO BbIYUCJIUMbBIMU (BbIYUCIUMO IIEPEYUCIUMBIMU), O€3 IIpU-
craBku V. B ciyuae mymeposannoii anrebpol (A, v) mbl npeanonaraeM Kak d(oex-
TUBHOCTH CUTHATYDBI Y 9TOH aJredphl, Tak u Hajawune 3(PQMEKTUBHON TPOIEyPHI,
COTIOCTABJISAIONIEH KaxKI0i Y-orepanuu F', 3a/IaHHON Ha OCHOBHOM MHOXKECTBE aJl-
re6pbl A, anropuT™ BbluucieHus (KJIMHUEBCKUI HOMEP) TOTaJIbHOI GyHKuuu f,
upezcrapisiomeii onepamuio F' B nymepauuu v, t.e. F(vT) = vf(Z). Ormerum,
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YTO TAKOH MOAXOJ K MOHSATHIO HyMEepAId ajreOpbl KOHIENTYATIbHO BOCXOIUT K
A M. Manbuesy ([5]).

Eciu A — yauBepcaabHas anredpa, TO ee 0CHOBHOE MHOXKECTBO OyIeM 0003HAYATH
rakxke depe3 A. VI3 konrekcra Bcerga OyIeT sICHO O YeM UJIET PeYb.

IMycrs A — yuusepcasnbhas anrebpa, P(A) = {B|B C A} — MHOXKeCTBO Bcex
nogmuoKecTB MHOXKecTBa A n & = {S;]i € I} C P(A) — Hekoropoe ceMeiicTBO
HOIMHO?KECTB OCHOBHOI'O MHOKECTBA 3TOM aynreOpbl. ByieM ropoputb, 94T0 71€MeHT
ag OTIEJISIeTCs OT JIEMEHTa, a1 MOocpeAcTBOM &, eciiu CyIIeCTBYeT Takoe i € I, uro
ag € S;uay ¢ S;. Eciu jy1s BCAKOIM napbl pa3jIndHbIX 3JIEMEHTOB ag, a1 aaredpbl A
MMeeT MeCTO OTIEINMOCTH (g OT a1 JHOO a1 OT ag mocpencTtsoMm &, To & Ha30BEM
MOJTHBIM OTAESIONAM CEMEHCTBOM.

Onpepesnienne 1.1. Hymeposannas arzebpa (A, V) HA3BEAEMCA BLIHUCAUMO OTN-
deAuMot, eCAU BCAKAA TAPG DA3AUNHOLL €€ INEMEHTOE OTICAAEMCA NOOLOOAULUM
V-BbUUCAUMDLM MHOHCECNBOM.

Jlpyrumu CJIOBaM¥, €CJIU Gg, ] — PA3JIUIHBIE JIeMEHTHI aaredpbt A, To Haiimer-
€Sl TAKOE V-BBIYHCINMOE TIOIMHOKECTBO Ag OCHOBHOTO MHOXKeCTBa anrebpnr A, 9To
ag € Ag u ay ¢ Ap. Takum 06pa30M, BBIYUCIMMAsE OTAEJIUMOCTh HyMEPOBAHHON aJI-
reOpbl PABHOCHIBLHA CYIIECTBOBAHUIO TIOJIHOTO OTIENSIONETO CEMEACTBA BHIYUCIH-
MbIX (B JAHHO HyMepalyu) IOJMHOKECTB. 3aMETUM, YTO B CUJLY CUMMETPUYHOCTU
cuTyanuu (JIOMOSHEHNE BHIYUCIAMOTO MHOYKECTBA TaK¥KE BLIUHUCIUMO) U3 BBIYHC-
JINMOI OTIEIMMOCTH Gg OT @1 CJIEIAYeT BBIYMCIMMAS OTACIUMOCTH a1 OT ag. st
V-BBIYUCIUMO TI€PEIUCTUMON OTAeIMMOCTH (TO4YHAs (POPMYJUPOBKA MOHATUS A~
Ha B ompejesenun 1.3) aro He tak. PaccMorpum, Hanpumep, CBA3HOE NBOETOYUE,
KOTOpOE peanu3yem Tak. [IycTh (v — BBIMUCIUMO IEPEYUCINMOE HEBBIMUCIUMOE TI0/I-
mHOKECTBO w, A = {ag,a1} u v = ap nna ¢ € o, ve = ay maa x ¢ «. Torma ag
ABJISETCA V-BBIYUCIAMO TIEPEIUCIAMO OTACIUMBIM OT @1, HO @1 HE SABJISAETCH U-
BBIYHCIINMO TIEPEUNCINMO OTAeanMbIM OT ag 1 & = {{ag}} — mosnxoe ornensiomee
CeMeiCTBO JIjisi HyMepOBaHHOI anrebpbl (A, ) mycToii CUrHATYDBI.

Hamomuuwm ([1, 4, 5]), uro ecim (A, p), (B,v) — HyMepoBaHHBIE AIreOpBI, TO
romomopdusm ¢ : A — B masbBaeTcs Mopdu3MoM, eciau OH 3P deKTuBeH Ha
HOMEDAX, T.€. CYIIECTBYeT BhIumcamMmasi ¢pyukius f Ttakas, uto pu = vf. Econ
B = {(B;,;)]i € I} — cemeiicTBO HyMepOBaHHBIX aJIredp, TO rOBOPST, YTO HYyMEPO-
Banuas ajrebpa (A, p) anupokcumupyercs B-asnrebpamu, €Ciu i BCAKOM mapbl
Pa3JIMYHBIX JEMEHTOB g, a1 € A cymecrsyer MOppusM Y (g q,3 13 (A, 1) B moax0-
Asiyio B-anrebpy, PasIHUAIOMil ITH IEMEHTEL (T.€. Qa0 a,}(00) 7# Pag,a:}(@1))-

Cuemyiomasi, y?ke yIOMUHABINAICS BBIIIE, TEOPEMa O HETATUBHON ammpOKCAMI-

PyeMOCTH UrPAeT BaXKHYIO POJIb B TEOPHUH BBIYUCIAMO OTIEIUMBIX aareop:

Teopema 1.2. Hymepo6aHHaA aA2e0DA BBLUUCAIUMO OTIEAUMSE MO20a0 U TOALKO
mozda, K020a OHG ANNPOKCUMUPYECA HE2ZAMUSHLMU AA2e0PAMU.

Hokasamesvcmeo B [13, 14]).

Takum 00pa3oM, B paMKaX CTPYKTYPHON T€OPUY BBIYUCIUMO OTIAETUMBIX aJIredp
HEraTUBHBIE AJTeOPHI ONMPEIEIISIIOT KJIACC OOBEKTOB, U3 KOTOPHIX CTPOSITCS BCE BbI-
YUCIUMO OTJe/IUMble aiaredpbl (KaK NOAXOMASIIME OANPAMbIE IPOU3BEICHUS ).

Oupegaesnenne 1.3. Hymeposannas aszebpa (A, V) nasveaemes omdesumot, ec-
AU BCAKAA NAPA PA3NUNHDLE €€ INEMEHMOE 0MICAALNCA NOOTLOOAULUM U - BDLUUCAUMO
NEPEYUCAUMBLM MHONHCECTNEOM.
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Eciu cymecrsyer Beraucanmoe (B cmbicie FO.JI.Epmosa, cm. [1]) nomHoe cemeii-
cTBO & OTHENAMAX BBHIYACIUMO NEPEYHCIAMBIX MHOXKECTB ISl HyMEPOBAHHON
anrebpol (A,r) U3 3T0r0 oupejieenus, TO HyMepanus Has3biBaercs 3hGHEKTUBHO
OT/IETMMOIA, T.€. BMECTE C MOJHOTOH ceMeiicTBa & (KasKIbIil 9IEMEHT KOTOPOTO €CTh
V-BBIYHCIAMO TIEPETUCTAMOE TIOAMHOKECTBO MHOKECTBA, A) TpedyeTcs HaInaue Ta-
Koit mymeparuu 4 : w — {v~1S|S € &} mHOkecTBa, 3/€MEHTaAME KOTOPOTO sIB-
JISIOTCs TIOJIHBIE V-TIPO0OOPa3bl dneMenToB u3 &, uro muoxkecrBo {{(x,y)|y € px}
BBIYUC/IUMO mepedncanmo. HedopManibHO rOBOps, HMes [-HOMED MHOMKECTBA, U3
cemeficrBa 1@ MbI ABTOMATHYECKH PACHOIAraeM ajJrOpUTMOM (OCTOBCKHM HO-
MEpOM) JIJIs TIEPEUHCIICHUS 3JIEMEHTOB 3TOTO MHOYKECTBA.

HanoMHEM, 9TO 3KBHBaJEHTHOCTH 7) HA W HA3BIBAETCH OTICIMMON, €CIH I
dakTop-npoCTPaHCTBA W /1) CYMECTBYET MOJTHOE OTIEISIONIEe CEMEHCTEO 1)-3aMKHY THIX
BBIYACIAMO TIEPEYUCINMBIX MHOXKECTB G (MOIpa3yMeBaeTcss eCTECTEREHHAS TPOCK-
TUPYIOIAst HyMepalys 7 : w — w/7 GaKTop-MpOCTPaHCTBa, T.e. T = x/1).

AHaJIOrMYHO, SKBUBAJCHTHOCTL 7) HA3bIBaeTCA 3(PMEKTUBHO OTIEJUMOI, eCIu
CYIIECTBYET HOJHOE OTAENAIONee CeMEHCTBO 7)-3aMKHYTBIX BBIYUCIUMO IEPEYHC-
JuMbIx MHOXKecTB &, obsazaroniee BbYUCIMMON Hymepanumein p @ w — & (r.e.
MHOXKeECTBO {(Z, y)|y € px} Berauciaumo nepeuancaumo). JIpyrumu caosamu, s(pbdex-
TUBHAS OTACIMMOCTDH IKBUBAJICHTHOCTH 1) O3HAYAET, UTO CYMIECTBYET BLIYHCIUMOE
nosHoe To-OTAEIAIONEe CeMeiCTBO 7)-3aMKHYTHIX BBIYACIUMO TEPEIUCTUMBIX MHO-
JKECTB JIJIST TPOCTPAHCTBA W /7).

BaxknO OTMETHTB, UTO M7Isi HyMepOBaHHON anreGpbl (A, V) B KauecTBe 3JIeMeH-
TOB IIOJIHOTO OTAEIAIONIErO CeMefCTBA Mbl PACCMATPUBAEM V-BbIYHCIMMO MEPEIHC-
JIIMBIE TIOAMHOKECTBA, MHOMKECTBA, A M B KauecTBe BLIUMCINMON HyMepamuu 3TOTO
cemeiicTBa BHIOMpaeTcst (€CM OHA CYIMIECTBYET) TOIXOIAIIAS BBIYACIAMAS HyMe-
panys ceMeiiCTBa MOJHBIX V-IPOo00Pa30B 3TUX MHOXKECTB. [IJIg SKBHBAJEHTHOCTH 7)
PacCMATPHUBACTCA HEIOCPECTBEHHO IIOJHOE OTIE/IAIONee CEMEHCTBO 7)-3aMKHY ThIX
BBIYUC/IMMO [EPEYUCIUMbIX MHOXKECTB U, IIPH YCJIOBUU CyNICCTBOBAHMS, BHIYUCIIA-
Mas HyMepaIus 3TOrO ceMeicTBa.

FO.JI. Epmiosbiv B [1] 66110 BBesieHO Hambosiee 00llee MOHATHE OTAETUMON Hy-
Mepaluu MHOXKecTBa (T.e. TAKOH HyMepauuu, sApo KOTOporo Tp-OTAeauMo B Ie-
PEYUCIMMO [IOPOXKIEHHON TOLOJOIMU) U JAHA CJIEIYIOIAs XapaKTepU3alus 1/1ep
BBIUHUC/IUMBIX HYMEpaIuii CeMeHCTB BBIYMCINMO TEPEUNCIUMBIX MHOMKECTB:

Teopema 1.4. (FO.JI.EpimioB, [1]) Omuowenue sK6UBaAEHMHOCTIU 1) HE W A6-
AAEMCHA AOPOM BHNMUCAUMOT, HYMEPAUUL NOITOOAUE20 CEMETCMEA BHIUHUCAUMO Ne-
DEYUCAUMDBLE MHOHACECTNE M020a U MOALKO Tozda, Kozda 1 sPdermueHo omadesuma.

HywmepoBannas asrebpa, siapo npecrapienus KOTopoit oraenumo (3¢ dexTuBHo
OTJEJMMO) HA3bIBAETCs OTAEIUMMON (COOTBEeTCTBEHHO (M MEKTUBHO OTAEIUMO).

[Ipumenenne teopembl 1.4 K yHUBEPCAJBHBIM aaredpam, C yI€TOM HEKOTOPBIX
CIIEIMAJIBHBIX arebpandeckux (PakTOB, JAET CIEAYIONUN PE3yIbTAT:

Teopema 1.5. Hymeposartas anzedbpa omdesuma mozda u moavko mozoa, x020a
OHG ANNPOKCUMUPYEMCA IPPEKMUEHO 0MICAUMBMUYU GA2EODAMU.

Hoxazamesvcmeo B [16].

Takum 06pa3oM, B CTPYKTYPHOM TE€OpWUH OTIEIUMBIX aJredp pOJb U MECTO -
(GEKTUBHO OTIETUMBIX TIOJOOHBI POJIA U MECTY HETATUBHBIX — B TEOPUU BBIYUCIUMO
OTIETNMBIX aarebp.
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Kaxk ormeuasocs B [1], kiaacce 3¢bbeKTHBHO OTIENINMBIX airebp He HMEET yI0BJie-
TBOPUTEIHHOTO ONMUCAHWS B TEPMHUHAX aPUPMETHIECKON MePAPaXuu. ITOT KJIACC
[IPE/ICTABJISETCSA €CTECTBEHHBIM, T.K. OH JIE)KHUT JTOCTATOYHO HU3KO B apudMernde-
CKOfi Mepapxuu i COlIepKuT B cebe BaxkHefimme wiskane knaccer — L | JI19. TTosTo-
MY BOIIPOC O CTPOEHWN HUXKHEH mosrypenteTku 3P HEeKTUBHO OTAETUMBIX KOHTDYIH-
il (& 9T0 MHOYKECTBO SBJISETCS HUXKHEH MOIIOJIY PEIIeTKOM PEIeTKU KOHIPY SHIH
Joboit HymepoBaHHOl anrebpbl [22]), u ee BaxKHEHIIUX IOAIOIYDPEIIETOK MOXKeT
[PEICTABIATH HHTEPEC TAKIKE U C TOYKU 3PEHUs] TEOPETHIECKON HH(DOPMATHKH.

Jajiee, ToBOps O COBMAJEHUY (PA3JIUUUHN) JEMEHTOB VT, VY HYMEPOBAHHON aj-
rebpsl (A, V) 1o MO0 KOHrpysHIWMY § anrebpsl A B HymMepanun v 6y1eM moapasy-
MeBaTh coBHaJeHNE (Pa3/Iudue ) STUX JIEMEHTOB B HyMEpOBaHHOI (hakTop-ainrebpe
(A/0,mpv), rae Ty — eCTeCTBEHHOE IPOEKTUPOBaHKE (3JIEMEHTA B CONEPKALIUI ero
KJ1acC H-9KBUBAJIEHTHOCTH).

Onpepesienne 1.6. Konepysnyua 0 nymeposanmot arzebpu, (A, v) nasweaemca
V-no3umuehol (V-nezamuehol, V-omoeaumoli u m.d.), ecau makoso ee Aopo.

Ecmu w3 xoHTekcTa $CHO, O KAKOW HyMepalyy V WJET Pedb, TO MPUCTABKY V-
Oy/eM OIyCKaTh.

Oupegnesnenne 1.7. Konepysnyusa 6 nymeposannoti arzebpo, (A, ) nasvieaem-
CA PAGHOMEPHO GHIMUCAUMO OMOCAUMOT, €CAU CYULLCTNEYEM YACTNUNHAA EOUUCAU-
man Pynkyus \z.g(x,y, z) maxas, wmo das ecer x # y (mod ker(0)) dynryus
Az.g(x,y, z) aeasemes Tapaxmepucmuueckol dasn nexomopozo ker(6)-zamxnymozo
MHOIICECTNGA, OMOIEAAIOUWLL0 T O Y.

Ha s3bike sKxBuBaIEeHTHOCTEHN, HEPOPMAIBHO, SKBUBAJEHTHOCTD 1) HA W PABHO-
MEPHO BBIYUCINMO OTIEINMA, €CIH CYIIECTBYeT eanHo0Opa3Hasa 3 deKTuBHA IPO-
ey pa, Koropas JJjis KazK/I0# mapbl PA3JIUIHBIX [0 MOJLYJIIO 7) HATYPAJIbHbBIX THCET
"BbIZAET’ AJTOPUTM Pa3PeIleHus 1)-3aMKHYTOIO BBIYUCIAMOIO MHOXKECTBA, OT/IE 151~
IOITIEro 3TU YNCIA.

CoorBercTBeHHO, HyMepoBaHHast ajaredpa (A, v) Ha3bIBaeTCa pABHOMEDPHO BbIYUC-
JIIMO OTETUMOIi, €CTIH CYIecTBYeT 3dp(DEeKTUBHAS MPOIEaYPa, KOTOpas /i 000t
[apbI PA3TUIHBIX JEMEHTOB g, a1 € A "BbIIaeT” XapaKTepUCTUIECKU HHIEKC Ta-
KOT'O TOAXO/SIIEr0 BBIYUCTUMOrO MHOXKeCTBA S C w, 4TO S ABJISIETCs V-3aMKHY ThIM
(re.z€SAve=vy=y€eS),a€vSna ¢5.

Sameuanue 1.8. HecmoTps Ha Hajludue HEKOTOPOIl BHEINHEN aHAJIOMMY B ONpe-
JIeICHAY HOHATUH PABHOMEPHO BBIYHCIMMO OTAENUMOM 1 3 MDEKTHBHO OTAETUMOI
HyMepalyun ajreOpbl, 3TH HOHATHA (DYHJIAMEHTAJIBHO pa3jindHbl. s paBHOMEp-
HO BBIYACIUMO OTIEJIUMBIX HyMepaluii, BOOOIIE roBOps, HU O Kakoii 3hdekTuBHOM
OTJETMMOCTH HE MOXKET ObITh W PEYd, T.K. B JIIOOOH m-CTeNeHn eCTh PAaBHOMEPHO
BBIUUC/IUMO OTIe/uMas HyMepalus, a 3GQEeKTUBHO OTIeNUMbIE JIeKaT B KJacce
19 (cm. FO.JI.Epmios, [1]). C apyroii croponbl, umetorcst 3¢bMeKTHBHO OTIeTHMbIe
HyMEepPaInuu, He SBJISONAECs PABHOMEPHO BBITHCIAMO OT/IEJTAMBIME (TA7Ke BBITUC-
JIUMO OTJICTMMbIMU; IPOCTEHIINI IPUMEP — CBA3HOE JBOETOYME, KO/ BbIYUCIUMO
NEePEYnCIUMOE HEBBIYMCIUMOE @ C W HYMEPYeT OJWH 3JIEMEHT JIBYX3JIEMEHTHOTO
MHOKECTBa, a w \ o — apyroii). Ormernwm, aro B kmacce 119 \ 1Y conepskarcs kak
HOAIPAMO HEPA3IOKUMBIE HYMEPOBAHHBIE alreOpbl, TaK U anrebpbl ¢ apTHHOBLI-
MU penierkamu KOHIpysHumit ([23]), [Ajisi KOTOPBIX BCSAKUE OTJEJMMbIe HyMepaluu
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spistiorest 3¢ dexTrBHO oTnenuMbiMu ([16]). B ciydae BBIYHCINMO OTIENTUMBIX HY-
Mepaiuii BCIKOe BBIYUCIUMO OTJETUMOE TPEICTABICHUE KAK MOAMPSMO HEPA3IO-
KHUMOiT areOpbl, TaK U aJIreOPhbl ¢ APTUHOBOMN PENIeTKON KOHI'PYIHITHH COMEPKUTCS
B x1acce 119, T.e. apnaerca werarusunM (|6]).

Bermme 6p110 OTMEYIEHO, ITO PABHOMEPHO BBIYUCIUMO OTAETUMBIE are0phbl HMe-
10T P/ IOJIE3HBIX IPUMEHEHH, B T.4. B TeopeTudeckoil uundopmaruke. VI uMeHHO
PABHOMEPHO BbIYUCIUMbIE anrebpnl, obpasyloliue BaxKHeHIIIH 10K/1acC BLIYUCIIN-
MO OTJIEIMMBbIX ajireOp, HO3BOJIUIM PEellUTh yKe YIOMUHABIIMECS BOLPOCHI, B T.4.
OTMCATH TPAHWIIHI TPUMEHNMOCTH TeopeMbl A . J1.Majbiera 0 BHIMuCINMOCTH KOHEY-
HO MOPOZKIEHHBIX MO3UTUBHBIX aarebp, 06IaJal0IInX HEHYJIEBLIMA KOHTPYIHITASIMHA
Juib KoHewHoro wHzekca ([8]), a Takke pemurb npobiemy Beprcrpsr-Takepa B
TeopeTHudecKoil HH(GOPMATHKE O CyIIeCTBOBAHUYU IO3UTUBHO IIPeICTaBUMbIX anredp,
HUKakue oboralenus KOTOPLIX He SBJIAI0TCA CBOOOJHBIMU CUCTEMaMU HU B KAKUX
KOHEYHO aKCMOMAaTH3MPYeMbIX YHUBEpcasax Bechma obmiero suma ([6]).

3ameuanme 1.9. KacareapbHO ompejesieHnsi KOHEYHON MOPOXKIEHHOCTH. MbI
npuHIMaeM OecKoHedHbIe 3P (PEKTUBHBIE CUTHATYPBI, HO, IPH 3TOM, aaredpy Ha3bI-
BaEM KOHEYHO MOPOXKIAEHHOMN (JIOKAJIbHO KOHEYHOM), €CJM KOHEYHO [OPOXKJAEHHOMN
(JI0KaJIbHO KOHEYHOM) ajrebpoil sBJsieTcs HeKoTopoe (JI00oe) ee KoHeuHOe 0bei-
HeHne. [[7isT KOHEUHBIX CHTHATYD TaKOe MOHMMAHWE COBIAIAET C TPAIUITHOHHBIM.
OpnHako 1151 GECKOHEYHBIX CHTHATYD 910 He Tak. Hanpumep, mycts A = (w; {fn|n €
{0,1,...}), rme w — MHOXKeCTBO HATYpasbHbIX uucen u Ve € w(f,(xz) = n). Torna
anrebpa A JOKAJTBHO KOHEYHA, HO TMOPOXKIAETCS JHOOBIM CBOMM 3JIEMEHTOM U BCE-
MU CUTHATYPHBIM oneparusamu. Eciau anrebpa A KOHEYHO NMOPOXKJIEHHAS, TO JJIst
J060TO ee MPeJICTABIEHUsT / MOKHO TPUBHAJIBHO TMOJYYIUTh €€ KOHETHOE KOHEYHO
MOpOXKIeHHOe oborarmerne. B camom jere, mycTh ¢y, . . ., €, — TOPOXKIAIONINE TOMN
anrebpet u ky € v 1(cy), ..., k, € v 1(c,). OBoraTnM KoHeUHYI0 CHTHATYDY ¥ aJl-
reOpol A yHapubivu GyHKIuSMA f7, ..., f¥ 70 curHATyphl X ¥ ONpeeInM BhIYHC-
saumble Gyskmn f1 ..., f, IpeacraBasomue onepamun f;, ..., f oboramenns A*
B Hymepammu v Tak, aro Vo € w(fi(z) = k1,..., fu(z) = k). OveBnnno, aro A* —
asrebpa KOHEYHON CHTHATYPBI, TOPOKIaeMast TIIOOBIM CBOUM 3jIeMeHTOM. Bee narmmm
pe3yJIbTaThI, €CJIM HE OTOBOPEHO TIPOTHBHOE, BEPHBI HE TOJBKO JJIsi KOHEYHBIX, HO U
711 6€CKOHEIHBIX (P PEKTUBHBIX CUTHATYP. I103TOMY, TOBOPS 0 KOHEYHOM TTOPOK-
JIEHHOCTH YHUBEPCAJIBHON anrefpbl Mbl, 10 yMOJTYIAHUIO, IIPEANOIAraeM KOHEUHYO
HOPOKIEHHOCTHh HEKOTOPOI'O €€ KOHEYHOr0 O0€IHEHUs.

st HyMepoBaHHO# aire6psl (A, ) 0HO3HAYHO ONPE/IeTIeHO SIPO €€ MpeICTaB-
JIEHUs, T.e. HyMepalluoHHas sKBuBajeHTHocts ker(v) = {(x,y) | v = vy}. C apy-
roif CTOPOHBI, M (PUKCUPOBAHHONW SKBUBAJEHTHOCTH 7) BIIOJHE OIPEIESIEH KIACC
anredbp, UMEIINX HyMepanuu ¢ siapoM 1. Beskyio takyio anrebpy Oy/1eMm Ha3bBaTh
MPEICTABUMOM HAT 1) uian 1-aarebpoii. Takoil momaxo I, siBISIONINNACS JBOMNCTBEHHBIM
C TOYKM 3DEHHUs TEOPUM HYyMEPOBAHHBIX aJre0p, MPeICTABIIAETCS eIeCO00pa3HbIM
11 bOPMYJIMPOBKY M peIlleHus: MHOruX 3aja4. Hanpuwmep:

- €CJT SKBUBAJIEHTHOCTD 1) UMEET FUIIEPAMMYHHYIO XapaKTEPHCTUIECKY IO TPAHC-
BepCcajib, TO BCsKas 7-ajirebpa JOKAJbHO KOHedHa (P 9TOM aJrOPUTMHUYECKAs
CJIOKHOCTH 7] MOKeT OblTb KaKoii yroiao, [6]);

- €CJIU 7) NO3UTUBHA, U He SIBJISIETCS BHIYUCIUMO OTIEIUMOI, TO BCAKAs 1)-aredpa
MMeeT KOHTHHYAJIbHYIO pereTKy KoHrpysHumit ([24]);

- €CNTM 1) BBIYHCIMMO OTJETAMA W HE HEraTWBHA, TO BCAKAS 7)-anredpa mMeeT
HeapTUHOBY pemerky KoHrpysuuuii ([7]);
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- CyIIeCTBYeT Takas OeCKOHeYHas! MO3UTHUBHAS SKBUBAJIEHTHOCTbH 7), YTO BCSIKAs
omepaius J000i 1-anredpbl JefCTByeT Ha KJIACCAX 7)-9KBUBAJEHTHOCTH JUOO KaK
MIPOEKTHUPYIOIIAs, TUO0 KAK KOHCTAHTA, T.€. 9TA SKBUBATEHTHOCTb — "HAMMEHBIIIAS
Cpen BCeX KBUBAJEHTHOCTEH C TOYKW 3PEHUsT TPEICTABUMOCTH aarebp Haj K-
BUBAJIGHTHOCTAMHU, T.K. (DYHKIUHU-KOHCTAHTBHI U MPOEKTUPYIOMHE (A TOJHKO OHM)
COTJIACOBAHBI € JIFO0OH IKBUBAIEHTHOCTHIO (CM. Takke [6]);

GECKOHEYHOE TTOJMHOYKECTBO (v MHOYKECTBA W HA30BEM HACJEICTBEHHO BBICOKUM,
€CJIM HUKAKOe ero HeCKOHeUHOe MOAMHOXKECTBO (BKJII0YAst CAMO (v) HE JIEZKUT B KJIAC-
ce 1Y apudmernueckoii nepapxun Kiunu-Mocrosekoro. IonaTue HaC/IeCTBEHHO
BBICOKOTO MHOKECTBa (KJIACC OTAEIUMBIX SKBUBAJIEHTHOCTEH C HACIEACTBEHHO BbI-
COKUMHU XapaKTEPUCTUIECKUMU TPAHCBEPCAJIAMU BECbMa, OOIIMPEH) IO3BOJIAET JIer-
KO JIOKa3aTh, 9TO

- BesiKast asrebpa, o0IaJaomas OTIeIUMOM Hy Mepaliueil ¢ HacJeICTBEHHO BbICO-
KOIi XapaKTepUuCTUIecKOl TpaHCcBepCaliblo, puuuTHO annpokcuMupyema ([16]).

Ipyrue momobHbIE (aKThI, CBA3BIBAIOIINE CTPYKTYPHBIE CBONCTBA, airedp ¢ aJ-
FOPUTMUYECKUMU CBOMCTBAMHU WX HyMEpAIUil, MOKHO HAWTH B BBIIIEYTIOMSHY THIX
o63opax [6, 7].

Ucxons uz coobpakeHuii NpUOPUTETHOCTH SIIEPHBIX SKBUBAIEHTHOCTEH OTHOCH-
TEJIbHO anredp, NPeJCTABUMBbIX HAJI ITUMHE IKBUBAJIEHTHOCTSAMU, MbI Oy1eM Gopmy-
JILPOBATDH OOJIBIIMHCTBO HAIUX PE3YJIBTATOB HA S3bIKE PEJICTABUMOCTH aJiredp HaJy
9KBUBAJIEHTHOCTSMH, T.€. 7)-aJIredp, XOTs, C YIeTOM OTMEYEHHON BBIIIE IBONCTBEH-
HOCTH, 3T (DAKTHI PABHOCUJIBHBI TEM, KOTOPBIE (DOPMYJIUPYIOTCS C UCIOJIH30BAHUEM
TPAJAMIIMOHHOTO MOIXO0/IA TTPU OYEBUIHON HHTEPIPETAIIUN (POPMYTUPOBOK.

2. HEKOTOPBHIE CBOVICTBA PABHOMEPHO BBIUYMCJINMO OTAEJINMMBIX
DKBUBAJIEHTHOCTEN U AJITEBP

B nacrosiiieM pas/iesie, HOCSIINM BCIIOMOTATEIbHBIN XapaKTep, MPUBEIeM HeoD-
XOZMMBIE B JaibHENHmeM (HakThl O (DABHOMEDPHO) BBIYHCIAMO OT/IEIUMBIX IKBABA-
JIEHTHOCTSIX W aJrebpax, COMPOBOXKIAA UX MPUMEPAMHU.

Cornacuo ompezenennto 1.7 SKBUBAJIEHTHOCTD 1) PABHOMEPHO BBIYMCINMO OT/Ie-
JIIMa, €CJIM CYIIECTBYET TaKasd YaCTUYHAs BblYMCIAUMAsa (DYHKIUSA ¢ OT TPEX Mepe-
MeHHbBIX, 4T0 ecim = # y (mod ), To byukius Az.g(x,y, z) dBIgerca Xapakre-
PUCTHYECKON BBIYUCIUMON (DYHKIMEH /1Jis HEKOTOPOIO 7)-3aMKHYTOTO MHOXKECTBA,
OTIENSIOMIETO T OT .

Hanmomuum onpenesiennsi HEKOTOPBIX SKBUBaJeHTHOCTEH 13 [1].

IIycts a C w. Torga:

1) n*={2z,2z+ )|z € o)} U {2z + 1,2z)|x € a)} U id w;

2) No = @ Uid w;

3) nk = {(z, ¥z N @ =y \ a}, roe ¥ — KaHOHUYeCKas HyMepamns KOHeTHBIX
MHOKeCTB (3KkBuBajeHTHO, 1) = {(z,y)|vz A vy C a}).

JIEerko TpPOBEPUTH, UTO BCE ITH IKBUBAJCHTHOCTH BHIUUCIUMO OTICIUMBIL.

IIpenioxenue 2.1 ([13]). Jaa a06020 o C w sK68uSGAEHMHOCTIL N ABAAEMCA
PABHOMEPHO BUHUCAUMO OMIEAUMOT.

IIpengioxxenne 2.2 ([13]). Jaa arwbozo o C w umeem mecmo c(n®) =, «.

Craencrsue 2.3. Besakas m-cmenens Co0epHCum PasHOMEPHO SbLUUCAIUMO OM-
0EAUMYIO IKBUBANEHTNHOCTILD.
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3ameuanune 2.4. B vacTHOCTH, 9MC/IO SKBUBAJIEHTHOCTEH THIA 7)Y, KaXKIas U3
KOTOPBIX PABHOMEPHO BBIYHUCIMMO OTIETNMA, €CTh KOHTHHYyM. Bosee Toro, pyHK-
us ¢ U3 OIPe/IeJIeHns PABHOMEPHO BBIYUCIMMON OTIEIWMOCTU €IMHA [JId BCeX
3TUX IKBUBAJIEHTHOCTEN

Oupenesienne 2.5. DK6USAACHMHOCTIG 1) HA MHONCECTNEE W HAZLLEAECTNCA DAG-
HOMEPHO ANNPOKCUMUPYEMOT BBIUUCAUMBLMU IKEUBAAEHIVHOCTNAMU, ECAU CYULECTNEY-
em HACMUMHAA SLINUCAUMAA GYHKYUA b om vembiper nepemennvir, 06aa0a10uLas
CAeOYIOUUM CE8OTICTNEOM:

ecau © # y (mod n), mo Au,v.h(z,y,u,v) — unucsumas GYHKYUL, ABAAOULA-
ACA TAPAKMEPUCTNUNECKOT OAS TAK020 PACWUPEHUA 1 IKEUBAAEHIMVHOCTIU 1), NO
MOOYAI0 KOTNOPOTL T, Y MAKIHCE PASAULHDL.

IIpenioxenne 2.6 ([13]) Jxsusasenmuocms ABAACMCA PAEHOMEPHO SOUUCAU-
MO 0MIEAUMOT M020a U MOALEO M020a, K0200 OHA PABHOMEPHO GNNPOKCUMUPYEMCA
BUHUCAUMBMYU IKEUESANEHTHOCTIAMY.

T.K. OCHOBHBIM OOBEKTOM HCCJIEIOBAHUS JAHHON PaOOTHI ABJSIOTCA PABHOMED-
HO BBIYHCJIUMO OT/E/IUMbIE IKBUBAJEHTHOCTH C UMMYHHBIMYU XaPAKTEPUCTUICCKUMU
TPAHCBEPCAJIAME, TO PACCMOTPUM BKPATIE BOMPOCHI CyIIECTBOBAHUS TAKUX IKBH-
BaJICHTHOCTEH.

Bamerum, 94TO HU J1J1d KAKOro o C w 3KBUBAJIEHTHOCTD 1% He 00J1a1a€T UMMYHHOM
XapaKTEePUCTHYECKON TpaHcBepcanbio, T.K. {2z | € w} C tr(n®), xorss MHOTHe
JIPyTHe WHTEPECHBIE CJIyvan peajusyiorcd u mjg 1®. Hanpumep, J1€rko IpoBEpUTD,
9TO €CJIU (v KPEATUBHO, TO N MO3UTUBHA U tr(N%) NpOLyKTUBHA.

Omnpenenenne 2.7. IK6UBALEHMHOCND HA3BLBAEMCA IPPexmusHo beckoneu-
HOU, eCAU CYULLCTNBYEM DECKOHEYHOE BVLNUCAUMO NEPEYUCAUMOE MHOHCECTNEO Ha-
MYPAALHHBLT YUCEN, NONAPHO PA3AUNHBLT NO €€ MOJYAIO.

WNuave rOBOpPsi, IKBUBAJEHTHOCTH 7] 3(P(HEKTUBHO DECKOHEYHA TOTJA W TOJIHKO
TOr/Ia, KOrJa CYIIECTBYeT PA3HO3HAYHOE BBIUUCIUMOE BjIOXKeHue id w B 1) (T.€. [jis
nozxosieit Braucaumoil yukuuu f Bepuo x # y = f(z) # f(y)). Beckoneunyio
9KBHUBAJIEHTHOCTD HE SIBJISIONIYIOCS 3P (PEeKTUBHO OecKOHEeIHOI HazoBeM Headek-
TUBHO OECKOHEYHOIA.

IIycts Ky — Ky1acc 9KBUBAJIEHTHOCTEH C UMMYHHBIMA XaPAKTEPUCTUIECKUMU TPAHC-
Bepcayiamu, K — Kjacc HedI(PPEKTUBHO OECKOHEUHBIX dKBHBAJEHTHOCTEH n Ko —
KJIACC 3KBUBAJIEHTHOCTEH, XapaKTEPUCTUIECKHE TPAHCBEPCAIN KOTOPLIX THIIEPUM-
MyHHBI. IMeer mecTo ciemyroree

Ilpennoxenne 2.8. Ky D K1 D Ks. Bce gkatouenusn cobcmeenmoie.

Jlokaszamenvcmeo. OTHOIEHNsT BKIIOYEHHs 04eBUIHBI. [loKarxKeM CTporocTh 3THX
BKTfodenmii. IlycTb o — MHOXKECTBO ¢ UMMYHHBIM HE THIEPUMMYHHBIM TOIOJTHEHH-

em. Torna ) € Ko\ K1 un, € K7\ K. O

B kmacce paBHOMEPHO BBIYHUCIMMbIX SKBHBAJEHTHOCTEH CBOMCTBA, MMMYHHOCTH
XapaKTEePUCTHIECKON TpaHcBepcann n HedpHEKTUBHON OECKOHETHOCTH OKA3aJNCh
PABHOCHJIBHBIMU.

IIpenioxxenne 2.9 ([13]). Pasromepro sul4uciumo omoesumas K6USAAEHN-
HOCTND UMEETN, UMMYHHYIN TAPAKMEPUCTNIUECKYIO MPAHCBEPCAAL 0204 U MOABKO
mozda, Ko2da oHa HeaPPermueno beckoHeuHa.

CuaencrBue 2.10. Ecau w \ & UMMYHHO, HO He 2UNEPUMMYHHO, MO 15 He A6-
AAEMCA PABHOMEDHO BHLYUCAUMO 0MOIEAUMOT.
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fAcro, 9TO B 3TOM Cilydae IKBUBAJIEHTHOCTH 7)), 3bdEKTUBHO OeCKOHEYHA, T.K.
HAJIMYKMe CUIIbHON Tabuibl 0g, d1, . . . JJId W\ TADAHTUPYET, 4TO M # N = O\ #
On\ @, 6. Y10, # 4716, (mod 1)), Tie v — KaHOHUYeCcKas HyMepalus KOHETHbIX
MHOKECTR.

PaccmorpuM Teneph BBIYKUCIUMO OTIEIUMbIE SKBUBAJEHTHOCTH THIA 1), C WM-
MYHHBIMU XaPAKTEPUCTUIECKUMHU TPAHCBEPCAJISIMHU — C TOUKU 3PEHUS HAJTUIHST CBOM-
cTBa "OBITH PABHOMEPHOH.

IIpennoxenue 2.11 ([13]). Ecau w \ @ ummynno, Ho He 2unepummyHHo, mo
IKBUBANEHMHOCTD 1) HE ABAACTNCA PAGHOMEPHOT,

IIpennoxkenue 2.12 ([13]). Ilycts o — 2unepnpocmoe mmoscecmso ¢ pezpec-
cueHvim donosneruem. Toz20a IK6UBAAEHMHOCTID 7)o, — PABHOMEPHO BUUUCAUMO O
desuma.

IMepefizeM K pacCMOTPEHUIO HEOOXOMUMBIX TIOHATHI U3 TEOPUH PABHOMEDHO BbI-
YUCMMO OTJIEIUMO HyMEPOBAHHBIX YHUBEPCAIBHBIX ajire0p.

Dopmysia HA3BIBAETCSA NO3UTUBHOMN, €CJIM B €€ 3allMCU HET 3HAKOB OTPUIIAHUSA U
ummmkaruu (M. AJI.Masnbues [2], 11.7.4). BameTum, 4T0o m03uTHBHBIE (DOPMYJIbI
YCTOIYUBBI OTHOCUTEJILHO roMoMopdu3MoB (rakxke [2]).

Omnpenenenne 2.13. Becksanmopuas Popmyra Ha3vi8aemcs Ju3sOHKMUBHO-
uMnAUKAMUeHo-nodumuehot (IUII-gopmyrot), ecau ona umeem 0dun u3 caedy-
0WUT MPex 6udos:

1. Al\/\/An—>P,

2. Al\/...\/An—>F,’

3. P,

2de A; — amomapuvie, P — nosumuenas gopmyavs, a F' — “noocw”,

JUTT-cbopMymaMu ABASIOTCS, B 9ACTHOCTHU, KOH'BIOHKIIUN OTPUIIAHIH ATOMAPHBIX
(cayuaii 2), nosurusabie dbopmynbl (caydail 3), a Takke OECKBAHTODHBIE YACTH
OJIHOIIOCHIJIOUHBIX KBa3uTOXkIecTB Buga A; — P (nmpu n = 1 u aromapuoctu P).
VYuusepcanabuoe 3ambikanue JIUII-dbopmysibr HazbpBaercs yuausepcanbabiv JIUII-
[PEJIJIOKEHUEM.

Herarusubie anredpbl, ongaTb-Taku, 00pa3yiOT BasKHbBIH KJIACC PABHOMEPHO BbI-
TUCNMO OTAEINMBIX ajaredp, ITO JEMOHCTPUPYET CIEYIOIast

Teopema 2.14 ([6]). Jas nymeposarnol arzebpv (A, V) pasrocusvho, ciedyio-
WUe YCAOBUA:

1) (A,v) — pasnoMePHO 6BUUCAUMO 0MIEAUMAS aN2e0Da;

2) ecau O — BLIUVUCAUMO NEPEUUCAUMOE MHOHCECMBO YHUBepcasvhor JTHII-npedarooicerud,
peanusyroweecs 6 A, mo (A, V) pasnomepHo annporcumupyemcs nezamuensmu P-
anzebpamu (m.e. He2aMUEHbLMU aszebpamu, 6 Komopur peasusyemca ).

Knrouesast umest moKa3aTeIbCTBA 3aKIOYAETCS B cienyromem. Hadwras ¢ mpo-
U3BOJILHOTO BBIUUC/IAMOTO Pa30UEHUs w HaA KOHEYHOE YHCJI0 MHOXKECTB (ompese-
JIAIONIUX KOHEYHOE BBIYMCJIMMOE DACIIMPEHUE si/IPa UCXOAHON HyMepaluu) Inar 3a
marom repebupaem mpeioxkenusi u3 ¢, mpoepsis WX Ha MPEIMET UCTUHHOCTH Ha
9TOM pa30ueHuu, u eciaum 4ro-T0 u3 P JI0KHO, TO MPOW3BOAUM PACIIEIIEHHE CO-
IacHo Jieoit yactu coorsercrsyfowero JUII-upemioxenus (ecan ¢ € O, =
A1V...VA, = Pu p JI0XKHO, TO PACKJIENBAEM BCE aTOMAPHbBIE (DOPMYJIbI, YIACT-
BYIOIIME B JU3BIOHKIMA B JIEBOI MOCBHLIOYHON dacTu (hOPMYJIBL () U TPOJOJIZKAEM
nporiecc. Ilpenenbras cucrema u 6yAeT HeraruBHOI (paKTOp-anaredbpoi NCXOIHOM -
reOpbi, B KOTOpoii peanudyerca ®. Caemaem Ba BaKHBIX 3aMevaHus. Bo-mepBbix,
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st POPMYJT MMEIOIIUX BHJ KBA3UTOXK/IECTB C HE MEHEE UeM JBYMs MOCHLIKAMU B
JieBoii dacru, ckaxeMm ¥ = A; A -+ AN A, — P (n > 2), upu nomnbiTke peanu3a-
[UU 1P 3a CYeT PACHIEIIEHUs] BO3HMKAET JIUJIeMMa — KOTopoe u3 A; paciienursb?
" stor Bonpoc nmpunnumuaabubiii. Jdug JAUII-dbopmyn Takue 3aTpyaIHeHUsT OTCYT-
CTBYIOT. Bo-BTOpBIX, HA KaXK/JI0M KOHEYHOM IIIAre MPOIEAyPhl PACIIEIIEHUST TEKY-
[I€e BBIYUCIUMOE PA30MEHUE MOKET M He ObITh aarebpoii (T.e. /i KaKoH-TO ome-
panuu Ha KBUBAJEHTHBIX OTHOCUTENIHHO pa3buenusi HaDOpax 3HAYEHUST OMEPAITUT
HedKBHUBaJIeHTHbI). Ho s n1060#i onepauuu f OT n apryMeHTOB Peanu3yeMOCTh
yHEBepcambHOro Tpeoxenns Vr, ylr =y = f(¢,z,d) = f(C,y,d)] (vme ¢, d — ma-
pPaMEeTPbI, BbIIEJICHHBIE KOHTAHTAMU, a 1) — TeKyIlee pa3dueHue), KOTopoe ABJIsercs
yuusepcasbubiM JIWTT-nipepyokenuem, B anrebpe (w/n; f) o3Hadaer, 9ro Ipeaesib-
HOE pa30HMeHne COrJIACOBAHO CO BCEMU OIEPAIUSIMU, T.€. SABJISIETCS KOHIDYIHIIHEH,
[pUYeM HEraTUBHOW, T.K. JIIODAs Mapa 3JeMEeHTOB JUOO HUKOIIA HE PACKIIEUTCs,
MO0 PACKIIEUTCS POBHO OIWH pa3 W OOJIBITE HUKOTIA HE CKIIEUTCS.

Ilpennoxxenne 2.15. Bcakas pa6HOMEPHO GOIMUCAUMO OMIEAUMASA DECKOHEY-
HAA IKBUBANEHTTIHOCTNG C HE UMMYHHOT TAPAKMEPUCTIUECKOT TNPAHCEEPCAABIO UME-
em beckoHenHoe He2amusHoe Pacuuperue.

Jokaszameavcmeo. Ilycth 1 — GeckoHedHasi PABHOMEPHO BBIYMCINMO OTIAEINMast

9KBHBAJIEHTHOCTD, tr(1n) He mMMyHHA U « = {ag,a1,...} C tr(n) — GeckoHeUHOE
BBIYHCIINMOE TIOJIMHOKECTBO TpaHcBepcain. Oborarnm anrebpy (w/n) mycroit cur-
HATYPBI CYETHBIM MHOKeCTBOM KoHCTanT C' = {cp, C1, ... }, CTAHZAPTHBIM OOPA30M

UHTEPIPETUPYs KOHCTAHTY ¢, B djement n/n. [omaraem ® = {¢,, # ¢, | m #
nAm,n € a}. T.k. & — BBIMHCIUMO NEPEUUCTUMOE MHOXKECTBO YHUBEDCATHHBIX
JUTI-ipentoskeHnii, peaan3yoIeecs B pABHOMEPHO BBIUUCINMO OTIETUMOM aared-
pe (w/n; C), 0 no reopeme 2.14 sta anrebpa uMeeT HEraTUBHYIO (haKTOP-aareopy,
B KOTOpOii peanusyercsa P, T.e. MHAEKC 3TOH HEraTUBHON P-KOHTPYIHIMN OECKOHE-
9€H. ]

IIpennoxkenme 2.16 ([21]). Hycmv 1 — bGeckonewnas He2amueHas IKE6UGA-
NEHMHOCTL U ¢ — DECKOHEWHOE 6bIHUCAUMOE NOOMHONCECBO TAPAKIMEPUCTIULE-
ckoti mpanceepcanu tr(n). Toeda cywecmsyem maxoe suvuciumoe pacuuperue n*
axeusasenmmocmu 1, wmo tr(n*) = a U {0}.

Caencrsue 2.17. Bcesakxaa 6eckonewnas pasHOMEPHO BHLYUCAUMO OMIEAUMASH
IKBUBANEHMHOCTD C HE UMMYHHOU TAPAKMEPUCTNUYECKOT, MPAHCEEPCAADIO UMEEM
becKOHEUHOE BBINUCAUMOE PACULUDPEHUE.

HenocpencrBenno BbhITeKaeT u3 npemioxkenuit 2.15 n 2.16.

3. KPUTEPUN JIOKAJTBHO ®UHUTHON OTAEJINMOCTH

Onpegenenne 3.1. Cemeticmeo xonzpysnyui (0;);c., HA3BI64EMCA PAEHOMEDPHO
Hezamuehbim, ecau mrooicecmeo {{x,y,m) | x # y (mod,,)} eviwuciumo nepevuc-
AUMO.

Cuiegytoliee yrBepKIeHue O4eBUIHO.

Ilpennoxenne 3.2. Ilepecewenue 6cex KOH2PYIHUUT U3 A100020 PABHOMEDHO
HE2aMUBH020 CEMETCTBaA HE2AGMUBHBIT KOHZPYIHUUT ABAAEMCA HE2AaMUEHOT KOH-
2pysnyuets, npuvem UHOEKC IMO20 NEPECeNeHUs CMPOUMCH PABHOMEPHO dPdermus-
HO N0 340GHHOMY AA20PUMMY NEPEYUCALHUSA IMO20 CEMETUCMEA.
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B gacTtHOCTH, Iepecedenme 10000 KOHEYHOTO MHOXKECTBA HETATUBHBIX KOHIPY-
SHIUNA ABJIAE€TCA HETATUBHOU KOHI'DYIHIIUEN.

IIpenmoxenune 3.3. Ecau Tapaxmepucmuveckas mpaHceepcaatb beckoreuwHot
PABHOMEPHO BHLYUCAUMO OTNICAUMOT IKEUBANEHITIHOCTIU 1] HE UMMYHHA, O CYUle-
CMBYEM, HE NOKAADHO HUHUMHO OMOEAUMAL YHUBEDCANLHAA 1)-aN2e0Da.

Lloxazameavcmeo. Ilycts 17 — GeckOHEYHAST PABHOMEPHO BBIYHUCIUMO OTIETAMAS
9KBUBAJIEHTHOCTb, A\2.¢(, Yy, 2) — QYHKIUs U3 Onpe/iesieHus PABHOMEPHOCTH 7, t7 (1)
He umMyHHA 1 @@ = {0 = ag < a1 < ...} — GECKOHETHOE BBIYUCINMOE MOJIMHOKECTBO
tr(n). Onpenenum nymepanmio v : w? — Q (re Q — ceMeifcTBO BCexX 7-3aMKHYTHIX
BBIYHMCJINMBIX MOIMHOMXKECTB W), COTIOCTABISAS KaxKI0N Tape (U, an) TP m # n
BBIIHCIAMOE MHOXKECTBO ((mny = 12 | Az.9(z,y,2) = 1}. Ouesmano, 4to v —
BBIYMCIIMAA HyMepanus ceMeficTBa {Q(y, ) | (m,n) € w?;m # n} u moromy, 1o
[IPE/JIOKEHUIO 3.2, SKBUBAJIEHTHOCTD

77/ = ﬂ Xm,n)

(m,n)Ew

(ms BCEX M # M) ABIAETCS HETATUBHBIM W, OYEBUIHO, OECKOHEUHBIM DACITUPEHU-
eM 3KBuUBaJIeHTHOCTH 7). I10o mpemyioxkennio 2.16 SKBUBAJIEHTHOCTD 7)) MMeeT BGECKo-
HEYHOE BBIYUCIUMOE PACIIUpenue ¥, XapaKTepuCTHIecKas TPAHCBePCaab KOTOPOit
eCcThb Q.

IToctporM He JIOKATHHO (DUHUTHO OTIEIMMYIO aarebpy (w/n*;p) ciaeayommm
00pa3oMm:
0, ecitm x =0 (mod n*),
p(z) = { (mod 1)

Gy, €CTM T = apy1  (mod n*),

T.e. GyHKINA p AeHCTByeT Ha KjaccaxX 1*-3KBUBAJICHTHOCTH KaK aarebpa mpeIine-
creoBanmst P (P = {(w;p),p(n + 1) = n,p(0) = 0). dcHo, uTo p coriacoBaHa ¢ 7,
K. eciu ¢ = b (mod n), To @ = b (mod n*) mockoaBKY N* — pacmUpeHue 17, HO
roraa p(a) = p(b), .e. p coracoBana c 1.

Jlemma 3.3.1. Fcau U — ynapHasa aszebpa, codeporcaw,as nodarzedbpy u3omopgdh-
HY anzebpe npedwecmsosanus P, mo U He A0KaAHO PUHUTHO 0TIEAUMG.

Joxaszameavcmeo. Jokazarenscrso. Ilycrs P — noganrebpa yunapa U. Obo3nadum
9epes ¢p — eIUHCTBEHHBIH HEOABUKHBIA 31eMeHT B P (0THOCUTEIbHO AeiicTBud p),
a yepe3 ¢ — euHCTBEHHBI (B P) p-ipoobpas sementa cg. Ilycrsb 6 — KoHrpysHIus
KOHedIHOro nHaeKca aarebpsr U. Torma xorst 661 B OMHOM CMEKHOM f-Kiacce comep-
KHUTCs1 beckoHedHoe MHOKecTBO M smemenTtoB n3 P. Beibepem mpon3BoibHYIO TAPY
371eMeHTOB u3 M, OTJIMYHBIX OT Cp,C1, CKaXKeM G,b M IyCThb JJisi OLPENeJIeHHOCTU
a = p*(b),p!(a) = c1;k,1 > 1. Jlerko mpoBepuTh, 9TO “cKIelKA” TEMEHTOR a,b O
MOIyi0 6 HEOOXOIMMO OTOXKIECTBIISET JJIEMEHTHI C(, €] 10 MOJYJIIO ITOM K€ KOH-
rpysunuu. CrreoBaTe/bHO, KOHEYHO IOPOK IeHHas mozgaaredpa ({co}; p) u snement
€| HE Pa3IU4yarTCs HUKAKOH KOHI'PY3HIMEH KOHEYHOrO0 UHIEKCA. O

J1y1s1 3aBepIIEHNs TOKA3ATEIHCTBA, JOCTATOTHO 3aMETHTh, 9TO ONPEIEICHHA BbI-
1€ HaJ| SKBUBAJEHTHOCTHIO 7) anrebpa (w/n;p) comep:KuT aarebpy mnpenecrBoBa-
HHS B Ka9eCTBE MMOMAITreOpPHI. ([
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3ameuanune 3.4. B emme 3.3.1 BMecTO anredpbl MPEANTECTBOBAHUS MOXKHO HC-
[I0JIb30BATH JIHOOYIO HOAIPSIMO HEPA3JIOKUMYI0 OECKOHEUHYIO Hogairedpy A, B Ko-
TOPOIi /I/IT HEKOTOPOI Mapbl PA3INIHBIX JJIEMEHTOB, COAEPKAIUXCA B JTI000H HEHY-
JIEBO# KOHTDYIHIINM, OJWH W3 HUX JIEKUT B MOAXOMIAIIEH KOHETHO TOPOKIECHHON
nogaJsirebpe Ag, a BTOpOit — He TPUHAIJIEIKHAT ITOI momaaredpe.

Chopmynupyem Kpurepuil JTOKATbHO (GUHUTHOMN OTIECTUMOCTH BCSIKOM anrebpsl,
[peJCTAaBUMON HaJ| PABHOMEPHO BBIYUCIUMO OT/IEIUMON KBUBAJIEHTHOCTHIO.

Teopema 3.5. Jlasa OeckoHeuHol PABHOMEDPHO BHLUUCAUMO OMIEAUMOTE IKEUBH-
AEHMHOCTIU 7] CALOYIOULUE YCAOBUS FKEUBAAEHTTIHDL:

(1) zapaxmepucmueckas mpanceepcans tr(n) sK6UBAAECHIIHOCTIL 1) UMMYHHA;

(2) ecarasn n-anrzebpa A0KAALHO PUHUMHO OMOCAUME;

(8) scarasn n-anzebpa GuHUMHO ANNPOKCUMUPYEMA.

Joxasamenvcmeo. (1)=(2). Ilycts 1) — GeCKOHEUHAS PABHOMEPHO BBLIYUCIUMO OT-
JesuMast SKBUBAJIEHTHOCTH 1 ajredpa A addexkTuBHON cUrHaTyphl Y. IpeIcTaBuMa,
uaz 7. domycrum, uro Ag — koHedHo nopoxaennas snementamu C' = {co,...,¢m}
cobcrBennas nozajarebpa anrebpsl A B curmarype Y (3aMeruM, UTO CUTHATYPA
MOXKET ObITb M OECKOHEYHOH, T.K. II0J, KOHEYHON HOPOXKJIEHHOCTHIO MbI IIOHAMA-
€M TIOPOYKIEHHOCTh KOHEYHBIM YHCJIOM 3JIEMEHTOB U BCEMU HEKOHCTAHTHBIMU Y-
OlepaIUsMHE, [P ITOM HOJIATAEM, YTO BCe YL-KOHCTAHTHI jexkar B C) u a € A\ Ag.
OboratuM CUTHATYPY > MHOXKECTBOM KOHCTAHTBIX CHMBOJIOB I 9JIEMEHTa, a4 W
MOPOXKIAIOMINAX CQ, . . . , Cy, KOTOPBIE ODO3HAYMM TeMu ke OykBamu. Paccmorpum
muozxectso T(C') Becex Y-repmos or Bcex nopoxzaaomux u3 C' U {a}. ITo ycrosuio
vVt € T(C)(a # t), mosTOMY B A HCTHHHBI BCe HEPABEHCTBA U3 MHOXKeCTBA ® = {a #
t|teT(C)}. Baburcupyem Hymepaimo v aarebpsl A ¢ sapom 1), v-HOMep k dJie-
MeHTa a, MuOXKecTBO v-HOoMepos C), = {ko € v Y(co),...,km € v (cm)} TOpOXK-
Jaoimx nonaarebpsl Ag u obosnadum yepes T, (C,) MHOXKECTBO BCEX TEPMOB U3
T(C), B KOTOpBIX BCE Y-OlIEPALMU 3aMEHEHbI COOTBETCTBYIIUME [PECTABIIAIOIIMI-
MU BBIMMCJUMbIMU (DYHKIMAMM B Hymepauuu V. B cuily paBHOMEpPHOCTH CBOICTBA
BBIYMCJINMOMN OTJIEIMMOCTH 3KBHBAJIEHTHOCTH 1), ajrebpa (A,r) paBHOMEPHO arl-
OPOKCUMUDYETCsl HeraruBHbIMEU P-anrebpamu (CM. OPEBLAyIIUil pas3ies, TeopeMa
2.14). Takum 06pa30M MbI MOJIYYaEM TaKOe HEraTUBHOE PACIIUPEHHE 7)* KOHIDYIH-
uuu 1), 9T0 B dakrop-anredbpe (w/n*;3) peanusyercd BbIUMCIUMO [EPEUUCIUMOE
muoxecrso {k # t, | t, € T,(C,)}. Ho xapakrepucruueckas rpaucsepcans tr(n*)
9TOW HETaTUBHOW KOHIPYIHIUH 7)* SIBJISIETCS BBIYUCINMO TIEPEUUCTUMBIM MOIMHO-
JKEeCTBOM MMMyHHOrO MHOXKecTBa tr(n). CienoBaresabHO, * — KOHIDYIHIUS KOHEY-
HOrO MHJEKCA, pa3jimJarolnas daeMent a u nogajuredopy 1T(C).

(2)=(1). [Iycrp Beakag ajurebpa, npeacraBuMas HaJl, 1) JJOKAJIbHO (GUHUTHO OTIe-
suma. Jonycrum, yro tr(n) e ummynna. Torja, 110 upenioxenuo 3.3 cyuiecrsyer
He JIOKaJIbHO (DUHUTHO oTHaenmMast 1-anreopa. [Iporusopeune.

(1)=(8). OueBnHo.

(3)=(1). IIycrp Bcsikas n-anreGpa (UHUTHO AlNMpPOKCHMEUpyeMa, HO tr(n) Gec-
KOHEYHA W He MMMyHHA. TOrja, aHAJIOIMYIHO [TOKA3ATEJbCTBY JieMMbl 3.3.1, jlerko
[OKAa3aTh, YTO CyIIECTBYeT yHapHas n-aarebpa A, comepxkamas moganredpy, u3o-
MopdHyio anrebpe upeiecrsopanud P. Zcuo, uro A He PUHUTHO ALLIPOKCUMU-
pyema. IIporuBopeune. ([l

ITokazkem, 9TO ycCJIOBHE JIOKATBHOCTHU [IJIsi CBOHCTBA (DUHUTHOI OTAEIUMOCTHA B
TeopeMe 3.5 ABJISEeTCS CYyIIeCTBEHHbBIM.
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Ilpengioxkenne 3.6. Cywecmeyem makas PaBHOMEPHO BbIHUCAUMO OTNIEAUMAA
NO3UMUBHAA IKBUBAAEHMHOCD 1) € UMMYHHOU TAPAKMEPUCTUYECKOT MpParceep-
CAADBIO, YMO HEKOMOPAR 1)-GA2e0PA HE ABAACMCA PUHUMHO 0MIEAUMOT.

Jokazameavemeo. dokazarenscreo. ITycrs 6o = {0}, 51 = {1,2},05 = {3,4,5},...
— CHJIbHASA TIOCJIEIOBATEIHHOCTD MOMAPHO HEMEPECEKAIOMIXCS KOHEUHBIX MHOKECTE,
B KOTOPOI MHOYKECTBO 0,, COCTOHT 13 7+ 1 MOCTI€N0BATELHBIX HATYPATBHBIX THCE.
Oupenenum Borauciaumyto byukuuio [ tak, yro f(z) = x4+ 1 upu ¢ € g Ax #
max d;. Ecu ke £ = max d;, To nonaraem f(z) = x.

Badukcupyem Ipon3BOILHOE THIEPIPOCTOE MHOXKECTBO [3 C PErPECCHBHBIM JI0-
[IOJIHEHUEM, HEKOTOPBIil Iepecyer KOTOPOro IPOC/IEKMBAETCA YACTUIHON BBIYUC-
JIUMOIi perpeccupyiomeil dbyukimedi 1) (IpuMepbl TAKUX MHOXKECTB MOXKHO HANTH,
Hanpumep, B kunre X.Pomkepca [3]). OnpenesnM MHOKeCTBO

8" ={z|3n[(z € 5, An € B) Vz =maxd,|}.

U 9KBHBAJIEHTHOCTD 7)g~ = {(z,y) | z,y € 8*} Uid w, T.e. g+ HUMEET €IUHCTBEHHLIH
HETPUBHUAJIBHBIN CMEXKHBIN Kjacc [5*.

JIlemma 3.6.1. Muooicecmeo 3* — 2unepnpocmoe ¢ pezpeccushbim JONOAHEHUEM.

Joxazameavcmeo. OueBnIHO, 9TO 3* BBIYUCAMMO Tepedrcanmo. JlomycTtum, 9To
w\ f* HE TUIEPUMMYHHO U 0¢, 071, ... — CUIbHag Tabuia g w\ f* (T.e. oo, 01, . ..
— IepPEeYrCIuMasd 0 KAHOHMYECKAM MHICKCAM HOCIEI0BATEIBHOCTD TONAPHO HEIIe-
PECeKarOMMXCsd KOHEYHBIX MHOXKECTB, KazKJI0€ U3 KOTOPBIX COJEPXKHUT 3JIEMEHT U3
nonommenns 3*). JIas Beskoro MAoKecTBa o C w Wepes § Lo 0603HAMIM TTOTHBIH
d-mpoobpa3 MHOXKECTBA « IJIst ONPEJEJIEHHOrO BhIMe oTobpaxkenns §. ITocTponm

CTIeIYIONIYIO MOC/IE0BATEIbHOCTh KOHEUYHBIX MHOXKECTB 0, 07, ... IO IIaram.
ITar 0.
oy = U{z|x€6z}.
xET
ITar s + 1.
X
i1 = U {z |z €.},
TETK
rie

k=min{y | [0 to,Nd  (ogU---Uak) =0]}.
Kowuen mara s + 1.

Wuaykumeit o maraM mocTpoeHusi HeTPY/IHO MOKA3ATh, YTO KAXKBIIH AT 3aBep-
[IAETCs TTPEbIBICHNEM KAHOHUYECKOTO WHJIEKCa KOHEYHOIO MHOXKECTBA, KOTOPOE
COJIEPKUT DJIEMEHT U3 JOMOJHEHUS [3 U He MEPECEKAETCsl CO BCEMU MHOXKECTBAMHU,
MOCTPOEHHBIMHY JI0 TAHHOTO TI1ara, YTo MPOTHBOPEYUT TUTIEPUMMYHHOCTH w \ (.

ITokaxkeM, uTo w \ 5 perpeccuBHo. [ljist 3TOr0, HA30BEM 3JIEMEHT MHOXKECTBa Oy,
[IpeIMaKCUMAJIbHBIM, €CJIM OH HE MAKCHMaJIeH, HO DOJIbIIe BCEX OCTAIbHBIX dJIeMeH-
TOB u3 0,. ns ynoberea Gyaem mosiaraTth, 9to dg,d; C f*. Onpenenum BbIYUCITH-
My ¢yHKIHIO 1 caeayomuM obpazoM. s TaHHOrO HATYPAJBHOTO T HAXOIAM
TaKoe n, 9To x € §, n nomaraeM ¥*(x) = f(z), ecnn x He SBISETCS MPEIMAKCH-
MaJIbHBIM B §,,. B poTHBHOM ciiyvae, T.e. JJjis MPEAMAKCUMAIHHOTO I, TIOJaraeM
Y*(x) = mindy ). Jlerko 3ameTnTh, 9TO Y* perpeccupyeT HEKOTODHIH Mepecder
MHOXKeCTBa w \ B, T.K. KaxK/Iblii 3/1eMenT u3 w\ 5 "3amMengeTca” MOAXOAAIMM OTPe3-
KOM 0y, U, TIO CYIIECTBY, PETPECCUPYIOTCS 3TH OTPE3KHU C COXPAHEHUEM KOPPEKTHOCTH
omeparmuu P*. (I
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Cornacuo nemme 3.6.1 1 mpeyIoyKeHnIo 2.12 SKBUBATEHTHOCTD )3+ ABJIAETCA PAB-
HOMEPHO BBIYUCIUMO OTIETUMON SKBUBAJIEHTHOCTHIO C UMMYHHOM XapaKTUPUCTHU-
YECKOW TPAHCBEPCAJIBIO U MOTOMY, 110 Teopeme 3.5, jiobast airebpa mpejacraBuMast
HAJ, 3TOH SKBUBAJIEHTHOCTHIO JIOKAJBHO (DUHUTHO OTHAETMMA. [lOKazkeMm, 4TO HaI
71g= TpeJCcTaBnMa He (GDWHUTHO OTAEINMAsA airedpa.

Badurcupyem sBa asementa s,t € (w '\ 8*) u onpesesuM BLIYUCIAMYIO AIrebpy
A = (w;h), rue

{ t, ecnu y # s,
h(z,y) = _
f(x), ecn y = s.
Odesnzano, 9T0 GyHKIMA h COTIACOBAHA C SKBUBAJIEHTHOCTBIO 73+ M TIOTOMY KOD-
PEKTHO OmpezeseHa mo3uTuBHas dhakTop-anredpa (A/ng«; h) BEINHCIAMOl aareGpsL
A no xourpysuuun 1g-. Torna Ag = (w/ng« \ (8* U {s}); h) — nonanrebpa anreGpor
(A/ng~; h), mony4aromasicst u3 HCXOTHON HaKTOP-AIreGphl YIATEHIEM IBYX IeMEH-
ToB — * u s/ng-. Ilokaxem, aro momanrebpa Ap u ssement J* He Pa3IUIAOTCST
HUKAKOW KOHTDYIHIIMENl KOHEYHOTrO WHIEKCA. [ljIs 9TOro BBEmEeM HA IOIMOJJHEHUU
muOXKecTBa 3% Gynkuuio d : w \ f* — w, KOTOpy10 HAa30BEM paccrosgHueM 10 * u
nonaraeM d(z) = min{n | f7(z) € 8*}.

[TockoJibKY 11t BCSKOIO 1 9UCJIO 3JIEMEHTOB U3 JOHoJHeHus (%, paccrosgHue oT
KOTOPBIX 10 B* 60JbIe 5TOro n OECKOHEYHO, TO BCAKAS KOHTPYIHIIUAS KOHEIHOTO
WHIEKCA, COMEPKUT TAKOH KJIACC KOHTPYIHTHOCTHU, B KOTOPOM COIEPKUTCS Tapa, Ta-
KHX JIEMEHTOB, CKaxkeM a, b, 410 d(a) < d(b). VI3 KOHrpyIHTHOCTH ITUX 3JIEMEHTOB
u Toro ¢akra, 4ro [5* — HeNOABHMXKHAS TOYKA OTHOCUTEILHO JeiicTBus GpyHKuuu f,
3AK/TIOMAEM, YTO 110 MOJLYJIIO JIAHHOMN KOHIPYy3Himu dtementst 5% u f4%) (b) /ns- pas-
b1, xora f49)(b) ¢ B*. Takum 06pa30M, BCAKAS KOHIPYIHIIHS KOHEIHOIO HHICKCA
OTOXKJIECTBJISET dJIeMEHT ¥ ¢ HEeKOTOPHIM 3JEMEHTOM TOHAIreOphl Ag. (Il

Sameuanmne 3.7. [Iycrs T5(C) — abeosoro cBobogHas ainrebpa S-repMos 3dh-
GEKTUBHOM CUTHATYDBI Y. OT KOHEYHOro MHOXKecTBa C' CUIHATYPHBIX MOPOXKIAI0-
mmx. 3adukcupyeM HEKOTOPYIO TEIETEBCKYI0 HyMEPAIUIO Y 3TOi anredpsl. ZcHO,
uro Jiobas Y-anrebpa A, TOPOXKIEHHAS MHOYKECTBOM CHUTHATYDPHBIX KOHCTaHT C|
sBjigerca romoMopdHbiM 00pazom anredpot T (C'). Boibepem Takoit romomopduszm
u HazoBeM ero . Torma nymeparnus vg = 7y — HyMmepanus anrebpel A, Ha3bIBaeTcs
crangaprHoii. HerpyaHo 3ameruTsb, 4To 1jist Jito0oi HyMepaimu U ajaredpsl A cran-
JapTHas HyMEpaIWs Vg CBOIUTCS K U, T.€. CYIIECTBYET TAKAs BHIUUCIUMAST (DYHK-
nust f, uto vg = v f. B ciay4ae mMO3UTUBHOCTU I MMEET MECTO TAKXKE CBOIUMOCTH
UV K Vg, T.€. 3TH HYMEPAIIUU OKA3bIBAIOTCS BBIYUCIUMO SKBUBAJICHTHBIMU. ¥YI00HO
CMOTPeThb Ha TePMBbI OT 3(PPEKTUBHOIO MHOMXKECTBA MOPOKIAIONIAX KaK HA ~mMe-
Ha” KJIACCOB KOHI'PYIHTHOCTH, COAEPKALIMX ITH TePMbl ([Ba T€PMa PABHbI, €CJIU
COBLIAJAIOT UX 3HadeHus B ajaredpe). C 310l TOUKM 3peHus TePMbl MOXKHO BOCIIPU-
HAMATh KaK HATYPAJIbHBIE YUCJIA ¥, B HEKOTOPBIX CJIYUAAX, TAKON IMTOIXOT KaXKETCsT
OPEINOYTUTEIbHEE IEPEXOa OT HATYPAJbHOrO 4uc/ia (TeejeBCKOro HOMEpa Tep-
Ma) K CAMOMY TepMY U, Jajiee, K 3HAYeHUI0 TepMa B ajrebpe Ipu COOTBETCTBY IOLIEM
romomopdusme.

Ormerum ciremytonmit BaxKubiin (pakt. CorsiacHo npemyioxkenuio 3.6 Ha L paBHO-
MEPHO BBIYUCTUMO OTJETUMON IKBUBATEHTHOCTHIO BUJA 1), TPHU HOIXOISINEM KO-
MMMYHHOM (¢ IIpeJcTaBuMa He (puHUTHO oTaenuMas ajireopa. OQnHako, 1o TeopemMe
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3.5, BCsIKast 7),,-aaredpa B 9TOM ciiydae OyaeT JIOKaabHO (hUHUTHO oTaeanmoit. Oka-
3aJ1I0Ch, YTO JJd 9KBHUBAJIEHTHOCTEH 3TOTO BuJa. MO2KHO OTKa3aTbCAd OT YCIOBUA
PABHOMEPHOCTH.

IIpenmnoxkenue 3.8. /as 4106020 o« C w caedyrousue Yeao8us pasHOCUALHDL:
(1) tr(Ne) ummyrma;
(2) ecaras Ny-as2e6pa A0KANHO HUHUMMHO 0TNIEAUMA.

Joxasamenvcmeo. (1)=(2). Byuem roBoputh, uro cemeiicrBo dbyukimii F' corsa-
COBAHO C SKBUBAJIEHTHOCTBIO 1), €CJTU JIJIs KK 10# QyHKIMN u3 F 9KBUBAIEHTHOCTD
1) ABJAETCSA KOHTPYIHITHEH.

Mb1 6yem 6a3upoBaTbCs HA CJEAYIOLIEM YyTBEPXKAEHUHU, JJOKa3aHHOM B [12].

JIemma 3.8.1 (12). Iyecms F — sfipexmuseroe cemeticmeo 6buuciumols Gym-
Yul, COZAACOBARHBLT C Mg, 20e W\ & ummynno. Tozda das 4106020 KOHEWH020 MHO-
orcecmea v C w \ (v CYWECTNBYemn makoe €20 Konewnoe pacwupenue 0, 4mo v C 6 C
w\ a u ecaraa pynxyus uz F cozaacosana ¢ sK6UCAAEHMHOCTIBIO T),\ 5 -

Hcnonb3yem 3Ty MeMMy CAEIYIONIAM 0OPA3OM.

Paccmorpum ipousBosibayI0 1)-anrebpy A. [Iycts Ay — KOHEIHO TIOPOXK AEHHAST
nozairebpa ajnrebpol A u 3aeMeHT a He Jjexur B Ag, .e. a € A\ Ag. Paccmorpum
JIBA CIIydas.

1. @ = a. B arom ciaydae HeoOX0AUMO Ay IETUKOM JIeKNT B w \ . B crity KoHed-
HOI1 TIOPOXKIEHHOCTH 3Ta, MOAAIre6pa BRIYUCIUMO MEPEYUCIUMA, U TIOTOMY KOHEYHA
(r.k. w\ @ ummynno). Ilycrs npoobpas Ag (npu ecrecrBenroM romomopdusme 3a-
JIAHHOM HyMepamueit v : w — A, vae v(x) = x/1q) ectb v C w\ . Tlo temme 3.8.1
CYIIECTBYET TAKOe KOHEYHOEe pacIupenue § D v, 9To v C § C w \ & W SKBUBAJIEHT-
HOCTD 17),,\§5 ABJIAETCA KOHTPYIHIMEH KOHETHOTO MHIEKca aareophl A = (w/Nq; F).
O4eBUIHO, YTO 3Ta KOHIPYIHIM PA3JIUIAET MoAaareopy Ap U JIeMeHT a = Q.

2. a € w\ a. [To nemwme 3.8.1 cymecrByer Takoe KoHeqHOE § C w \ @@, uto {a} C §
u Bee MyHKUMM U3 [ COIacoBaHbl C 3KBUBAJEHTHOCTDIO 7),,\s. Torja obpas a B
KoneuHoil akrop-anredpe (w/n.\s; F) He "ckienBaerca”’ HE C KAKUM 3JIeMEHTOM
He ToJIbKO Ao, HO naxe u A\ {a}.

(2)=(1). Anasoru4no npejoxenuio 3.3. O

TTokaxkem Teneph, YTO CBOWCTBO PABHOMEPHOCTH B (DOPMYIUPOBKE TEOPEMBI 3.5
TaK¥Ke SFBJIAETCS CYIIECTBEHHBIM, T.€. JIJIsi BBIYUCIUMO OTIEJIUMBIX KBUBAJICHTHO-
creil He SABJIMIOIINXCS PABHOMEPHBIMU 9T TEOpeMa, He uMeeT MecTa. 13 mpeoxe-
Hus 3.8 ciemyer, YTO B KJIACCe SKBUBAJEHTHOCTEH BHUIA 1), TAKUX KOHTIPUMEPOB
Her. [losToMy mOCTpOEHME BBIYHCIMMO OTJEJUMOIN KBUBAJIEHTHOCTH C MMMYHHOMR
XapaKTePUCTUIECKON TPAHCBEPCANBIO, Ha, KOTOPOH TIPEJCTaBUMa HE JIOKATHHO (DH-
HUTHAs anrebpa COMPsIKEHO ¢ pACCMOTPEHHEM dKBHUBAJEHTHOCTEH OOJIee CI0KHOTO
BUJIA.

Teopema 3.9. Cywecmeyem makan 6bHUCAUMO OMOEAUMAA FKEUEAAEHMHOCTID
7 € UMMYHHOT TAPAKMEPUCUNECKOT MPAHCEEPCAABIO, KOMOPAA ABAAECMCA AOPDOM
npedcmasienus nodrodswet YHUBEPCANbHOT ar2ebpbl, He ABAANOUETCH NOKANDHO
durummno omoesumot.

Zloxazameavcmeo. JlokazarenscTBo. ByneMm cTponTh HYKHYIO SKBUBAJEHTHOCTE U
anrebpy B aBa drama. CHagasa MOCTPOMM KOHEYHO MOPOXKIEHHYIO aiaredpy A =
(W/Na; f,9), TI€ (v — MHOXKECTBO C MMMYHHBIM JIONOJHEHUEM, A 3aTEM OIPEIeSIUM
anrebpy A* = (w/nk; f*, 9%, h*), tue f*, g* — onHOMecTHDIE BbIUUCIMMbIE (DYHKIUH,
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cTposmuecs 1mo f, g COOTBETCTBEHHO, a h™ — Berauciumast Ounapuas dyakmnus. [lpu
stoMm tr(n}) Gymer uMMyHHOH, a A* — He JIOKAJIbHO (PUHUTHO OTAEITUMOIA.

B pabore [12] mocTpoeHa KOHEUHO MOPOK IEHHAS 7)o-aJrebpa ¢ MMMYHHON Xapak-
TepUCTHYeCKOi TpaHcBepcanbio. Obo3naunm ee depe3 A = (w/na;¢, f,g), roe ¢ —
HNOPOKIAMOIUIT 9JIEMEHT, a f, g — JBe OJHOMECTHbIE BhIYUCUMble DyHKIUM. MOKHO
CYHMTATH, YTO MOPOXKJAIOIINA 3JIEMEHT ¢ HE IPUHAJIEKAT 00beTuHeHnI0 obracTeit
saHavennii pyrkmmii f u g. [lpu 9T0M, K/TACC (2 IKBUBAJIEHTHOCTH 1), SIBJISETCS HEIIO-
JIBUYKHOIN TOYKO¥ TI0 MOIYJIIO 7),, KaK JJIst f, TaK U JJIs ¢, & TTOPOXK IO SJIEMEHT
€ OYEBHUJHO JIEKUT B W \ .

Hamommnym, uro 1), = {(z,y)|Vz N @ = 7, \ a}, rie 7 — KaHOHHIeCKAasl HyMepPaIus
KOHEYHBIX MHOKECTB.

ITepeiiiem Tenepb K HOCTPOEHUIO TAKON HY MEpOBaHHOI anrebpbt (w/nk; f*, g*, h*),
KOTOpasi He SABJISIeTCs JIOKAJIbHO (PMHUTHO OTJEJIMMOMN, HO, IIPU ITOM, XaPAKTEPHU-
CTHYECKAsT TPAHCBEPCATDb ¢r (1)) IMMyHHA.

ITycrs v — KaHOHWYeCKasi HyMepalys KOHeYHBIX MHOXKecTB. Torma tr(nk) — nmM-
MYHHOE MHOKECTBO (B IPOTUBHOM CJIy4ae HaJudre GECKOHEYHOIO BBIYUCIUMO [Iepe-
YUCIMMOrO IOMHOXKeCTBa 7 (7)) IPOTUBOPEYUT UMMYHHOCTH W \ ¥, T.K. KOHEUHbIE
MHOXKECTBA, y-HOMEpa KOTOPLIX Jiezkar B tr(n),) ne uepecekarorcs ¢ «). ITokaxem,
YTO HaJ, 1% TPeCTaBMMa KOHEYHO TIOPOXKAEHHas ajrebpa. Jliis aToro ompesennm
Tpu BhraucaumMbie pyukun f*, g%, h*:

fr@)=~"{f(n) |n €}
g (@) =7"Hg(n) | n € b
h*(x,y) =7 (72 Uvy)-

IMokazewm, yro >1u hyHkuuu corsacosansl ¢ 1%, [Iycts © =y (mod 7). Ilo onpe-
JeEHnIO Yy \ & = Yy \ @. OBO3HAUUM Uepe3 ¢ MHOMKECTBO Yy \ &, TOLAR

@) =~"Hf(m) |n€a} (modny),

T.K. f TOXKIECTBEHHA HA (v IO MOIYJIIO 1), . AHAIOTUYHO,
) =v"{f(n) [neo} (modn),
re. f*(z) = f*(y) (mod 7).

st g* paccyKaaemM TOIHO TakK 2Ke.

IMycts = u (mod n) my =v (mod 7)), Te. iy \a=v \any\a="7\o
Torga v, Uy \ @ =7, U7,y \ @, T.e. h* TakzKe COITIACOBAHA C 17,

TTokakeM, 910 KOPPEKTHO onpeenenHas dakrop-amredpa (w/nk; f*, g*, h*) ko-
HEYHO IOPOKIeHHad. Iy 3T0ro 3adpuKcupyeM y-HoMep OJHO3JIEMEHTHOIO MHOZKE-
crBa {c}, rae ¢ — nopoxaaomuii snement anrebps (w; f,g). [Myers v~ ({c}) = c*.
Yepes h*(x1,. .., Ly ) 0DO3HAUAM CYTEPIIO3UINIO

h*(x1,h" (zo, ..., K" (Tm—1,Zm)) .. ).

Ecmun =y~ ({ko, ..., ki}) u ki = t;(c), oae t; — (f, h)-repm, o v~ ({k;}) = t7(c"),
rae t¥(c*) — pesynbrar 3amenst B (f, g)-tepme t; cumona f na f*, g Ha g*. Torga

R (t5(c™), .., 1 (") = n,
r.e. anrebpa (w/nk; f*, g%, h*) KOHEYHO MOPOXKIEHHAS.

Hakonen, ybequmcst B ToM, 4TO ajirebpa A* sBisgercd He JIOKAIBHO (DUHUTHO
ormenumoit. JIjist 9Toro JOKaXKeM CJIEAYoIee BCIOMOraTeIbHOE YTBEPKICHIE
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Jlemma 3.9.1. Cmandapmmaa HYMepayus 6CaAkoU KoHewHol aszebpol KOHEWHOU
CULHAMYPDL ABAAEMNCA BOLYUCAUMOT.

Joxazameavcmeo. Ilycth KOHeUHAss anrebpa B KOHEWHONW CUTHATYPBI YL TIOPOXK-
JlaeTcst MHOXKeCTBOM 3jteMeHToB {b1, ..., b, }. Paccmorpum abeomoTHo CBOGOIHYTO
Yo-anre6py Ty, (X) or cBobogubIx mopokaaonmx X = {T1,...,Ty} ¥ HOCTPOUM
orobpaxenue ¢g : {T1,...,Tn} —> {b1,...,b,}, nonarag @(x;) = b;, 1 < i < n.
Toraa o equHcTBEeHHbIM 06PA30M POIOJIZKAETCs [0 romoMopdusma ¢ u3 Ty, (X)
Ha B. Tem cambIM ompefesieHa crangapTHas “Hymeparms” ¢ u3 anreopsl Ts, (X)
Ha anreOpy B (cM. 3amedanue 3.7). OGoraruM Y( KOHEYHBIM MHOXKECTBOM KOH-
crauTHbix cuMBoioB C = {ci1,...,¢,} u paccmorpuM KoHeunyio anrebpy Ts(C),
HOPOXKIEHHYIO0 CUTHATYPHBIMU KOHCTaHTaMu, B curuarype % = Y J C.

Beenem ornomenne =p na muomectse T2(C), nomaras t; =p ty & ¢(t1) =
©(t2). Torma =p — kourpysuims anrebpsl Tx(C) n dakrop-anrebpa Tx(C)/ =g
nsomopdua B. Crenys A.M.Masbuesy ([5]) onpenennm GbyHKINIO BBICOTHI TepMa
h:T5(C) — w MHAYKTUBHO IO CJIOXKHOCTU TEPMA:

- ecoiu ¢ KoHcranTa, T.e. t = ¢ € C, o h(t) = 0;

-eciut = f(t1,...,t,), vae f € ¥ — n-apublii pyHKunOHANbHBIA cumBouL (n > 1),
to h(t) = max{h(t1),...,h(tn)} + 1.

Herpyauo mousth, uTo Y-aaredbpa B KOHEYHON CUTHATYPHI, MOPOXKICHHAS MHO-
JKECTBOM CHUTHATYPHBIX KOHCTAHT, KOHEYHA, TOT/IA W TOJIBKO TOT/A, KOTIAA JJI HEKO-
Toporo HarypasabHoro n Beakuii T (C)-repm BbicOTbI N paBen (B B) HEKOTOPOMY
T5(C)-Tepmy cTporo MeHbieil BbICOTbI. 3a(hUKCUPYeM HAUMEHbBILIEE TAKOE 7 ¥ OIIPe-
JIeJTAM MHOKECTBO F/ BCceX PaBEHCTB BUAA 1 = Ti,...,tm = Tm (F,ZLe t1,...,tm — BCE
T5:(C)-TepMBbI BBICOTHI N, & T1,. . . , Ty, — NoAxosmne T (C)-TepMbI BHICOTHI MEHb-
e 9eM n), KoTopble BepHbl B B. O4eBnaHo, 4To nHnnmasibHas anredpa Ts(C)/E
IIsl CUCTEMbI TOXKIeCcTB E saBgerca romoMopdHbIM npoobpa3om aaredpsl B (3ot
roMOMOP(HBIH TPOOOPa3 — MHUIHATbHAS aaredpa B MHOr0OOpa3un 3aJaHHOM TOXK-
necreamu E). Tobasum Kk F Bce pasencrsa mexkay Bcemu Ty (C)-repMaMu BbICOTBI
MeHee N U TIOJIyYnM KOHewuHOoe paciupenne E* MuoxkecTBa Toxaects F. T.K. Kaxk-
JIBIit 371eMeHT airebpbl B npescraBiieH HeKOTOPhIM T (C')-TepMOM BBICOTHI MeHee
9eM n, TO WHHIMaJIbHAs cucreMa mias E* nzomopdua B (ecan t1 # to B T (C)/E,
HO t1 = t9 B B, To BBRIOGHpaeM 71 = t1, T2 = to, h(71) < n, h(72) < n m npucoemuHs-
€M PaBEHCTBO T3 = To K F; CyIIeCTBOBaHME TAKWUX Ti,To OYEBHJIHO, T.K. B KAKIOM
KJIaCCe YKBUBAJIEHTHBIX 3aMKHYTBIX TEDPMOB €CTb TepM BbIcOTbl MeHee n). Takum
obpa3om, wHUIMAIbHAS ajarebpa mis E* usomopdna anredbpe B. B cuny koned-
HOH ONpPEIENIEHHOCTH B MHOr000pa3uy, 33JaHHOM TOXKaecTBamu E*| crammaprras
HyMeparnusi anreOpbl B MO3UTUBHA, a B CHITYy KOHEYHOCTH 3TOH anreOpbl — BBIYHUC-
JIMa. ([l

BameruMm, UTO BCAKAA HEOAHOIIEMEHTHas aarebpa MMEeeT HyMepaluio, He fB-
JISOIIYIOCS BBIYUCINMO oTaenuMoit ([25]), mosromy B semme 3.9.1 cTraHIapTHOCTH
HyMEPAIAX CyIIECTBEHHA.

Homycrum, uro A* jokanbuo dbunuTHO oriaeauma. B anrebpe A = (w/nq; f, g)
9JIEMEHT C SBJISIETCS IIOPOXKJAOIIUM, IPUIEM OH SIBJISETC €MHCTBEHHBIM 3JIEMEH-
TOM, B KOTOPBIIl HE TIEPEBOAUTCS HUKAKOM d71eMeHT HU pyHKIuei f, uu dyHkmeii g.
B anrebpe A* = (w/n%; f*, 9%, h*) KaHOHWYECK Wil HHIEKC MHOXKeCTBA {¢} TakKe sB-
JISIeTCs MOpOXKAAronmM dnementoM aist A*. Pacemorpum nonanre6py Aj anreOpsr
A*, 0CHOBHOE MHOKeCTBO KOTOPOii copnaaer ¢ (w/n*\{c*}), rae ¢ =y~ 1({c})/nk,
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a noposk patomumu aeisiorea v~ L ({f(e)}) my 1 ({g(c)}). dcno, uTo ocHoBHOE MHO-
2KecTBO 310l nogasnredpst copnagaer ¢ A*\{c*}. Eciu A* siokanbho dbunurHO OT/1E-
JIIMa, TO B HEKOTOPOI KOHe4YHOI (pakTop-asrebpe aaredbpor A* obpas anemenra c*
He TpuHIIeKUT 00pa3y Aj. Ho B arom dakTope, mo memme 3.9.1, KaxK bl K1acc
9KBUBAJICHTHBIX 3aAMKHYTBIX TEPMOB, B T.9. M COIEPIKAIIANA JTEMEHT ¢*, BHIYUCIIUM.

HasoBem TepM, cocTaBiieHHBINH u3 (DYHKIMOHAJIBHBIX CUMBOJIOB f, g OT TIOPOXK-
JIAIOIIEro 3jieMeHTa ¢ B asnredbpe (w/n4; f,g) (He nmyrarb ¢ f* g*-cumBonamu u -
HOMepoM MHOXKecTBa {c} B anrebpe (w/nk; f*, g%, h*)), a-repmom, eciu ero 3nade-
HU€ II0I1a/IaeT B MHOKECTBO . HerpyiHo 3aMeruTh, 9To y-HOMED JH000r0 a--repma
paBeH MO MOJIYJIIO 1)) y-HOMEpY TyCTOro MHOXKecTBa. IToaTomy 1jist 10GOTO a-Tepma
t nMeeM

v {e) =7 (T {eh), T ) (mod 1) &t € a

Ecau nonmycTurs, 4To 371€MeHT ¢ u mojanrebpa Af pasiamdaioTcs HEKOTOPOW KOH-
TPYJHIMEH KOHETHOrO WHIEKCA, TO mo jgemme 3.9.1 B (hakTop-anredpe mo 3Toi KOH-
rpysunun snement ¢ = v~ ({c}) Bbruucaum, Ho Torma U  BerUCIMMO. IIpoTUBO-
pedne. [l

B wacTHOCTH, CyIIIECTBYET TaKast BEITUCIUMO OTIACTNMAsT SKBUBAJEHTHOCTH C UM-
MYHHOW XapaKTEePUCTUIECKONW TPAHCBEPCAJBIO, HAJ KOTOPOi mpeacTaBuMa He ¢hu-
HATHO OTIEJINMAas ajaredpa.

Takum 06pa3oM, B yCIOBHAX TEOPEMBI 3.5 HEIb3sT OTKA3ATHCS KAK OT ajrebpan-
YEeCKOr0 CBOWCTBA JIOKAIbHOCTHU it (bUHUTHON ormesumocru (npeayoxenue 3.6),
TaK ¥ OT AJrOPUTMUYECKOIO CBOMCTBA PABHOMEPHOCTH JJIs BHIYMCIUMON OT/EJId-
moctH (Teopema 3.9).

Bamernm, 910 1151 HeI(PPEKTUBHO OECKOHEUHON BHIYUCINMO OTIEINMON IKBUBA-
JIEHTHOCTH 1) BCAKas 1)-aarebpa (PUHUTHO allpOKCUMUDYEMa, T.K. tr(1) UMMyHHA.
Bosmozkab! i1 Takue 3pdeKTol 17151 3P PHEKTUBHO OECKOHETHBIX 9KBUBAJIEHTHOCTEH !
Teopema 3.9 naer orser.

Caencrsue 3.10. Cywecmsyem maxas 6bl4UCAUMO OMOEAUMAS IPPeRmUueHO
OECKOHEUHAS IKEUBAAEHMHOCTID, WMO 6CAKAA NPEICMASUMAs Had Hell arzebpa Pu-
HUMHO ANNPOKCUMUDYEMA.

JeficTBUTEIbHO, TAKOBOH OyJeT SKBUBAJIEHTHOCTH 7)), U3 TeopeMbl 3.9, T.K. ee
XapaKTEPUCTUIECKAS TPAHCBEPCAIb UMMYHHA, HO, TEM HE MEHee, 9Ta SKBUBAJIECHT-
HOCTH (P PEKTUBHO OECKOHETHA.

B cienyromem paszesie Mbl IPUBEAEM [IOJHOE PElleHue JaHHOrO BOIPOCaA.

Cyzkas KJIacC HMMYHHbBIX XapaKTEPUCTUICCKUX TPAHCBEPCATIEH /10 TUIIePUMMY H-
HDBIX ¥ PACLIUPAd KJIACC PABHOMEPHO BBIYUCIUMO OT/IEJIMMbIX 9KBUBAJIEHTHOCTEH 110
KJIaCCa BBIYMCINMO OTJEJINMBIX 3KBUBAJIEHTHOCTEN MOTydaeM

Ilpennoxenne 3.11. Ilycmv 1 — 6LINUCAUMO OMOIEAUMAS FKGUBANEHMHOCTIL
C 2UNEPUMMYHHOT TapaKmepucmueckolt mpanceepcanvro. Tozda ecaxasn n-anzebpa
KOHEUHOUT CUZHATYDBL AOKAALHO GUHUMHO 0MIesuma.

Hokazameavcmeo. B jannoM ciydae Besakast 7-ajredpa jokajabHo KoHewna ([6]).
Eciu Ay — KOHEUHO TOPOXKIEHHAS TOAAITE0Pa 7-anredbpst A, To Ag Koreuna. lormy-
crum, 9ro a € A\ Ao n Ag = {a1,...,a,}. 3abukcupyeMm HEKOTOpBIE V-HOMEDA ITHX
371eMeHTOB (ToIpa3yMeBaeTcs ecTecTBeHHas Hymeparms v(r) = z/n): k = v (a)
uk =va),...,k, = v !(a,). Torna B anre6pe A BHIIOTHEHBI HEPABEHCTBA



BBIUNCJIMMO OTAEJNMBIE HYMEPAIINN JIOKAJIBHO ®UHUTHO OTAEJINMBIX AJTEEB

vk # vk; (1 < i < n). MeeM n HeraruBHBIX KOHIDYIHIHMI, HepecedueHue KOTO-
PBIX HETATHBHO M PEan3yeT BBIMEYKAa3aHHOE MHOKECTBO HEPABEHCTB, T.e. (PAKTOP
110 3TOM KOHIPYSHIUUHU Pas3jiddaer dJeMeHT a U nojaiaredpy Ag, HO UHIEKC 3TOM
KOHIDYJHIINN KOHEYEH, T.K. {r'(7)) NMMyHHA. O

[Ipusenem onHy aJreOPaANIECKy0 XapaKTEPU3AMUI0 BEIYUCINMO OTIETAMBIX K-
BUBAJIEHTHOCTEM.

Ilpennoxkxenne 3.12. Jlaa beckonewnoli 8b4UCAUMO OMOEAUMOT IKEUBAAEHTTL-
HOCTU 1) CALOYIOULUE YCAOBUS PABHOCUNDHDL:

1) n umeem beckoneunoe 6HUUCAUMOE PACUUPEHUE;

2) cywecmeyem He GUHUMHO ANNPOKCUMUPYEMAR 1)-aA2e0pa.

Joxasamenvcmeo. 1)=2). Onpenenum Ha BEIYACIUMbBIM DACIIMPEHUEM 1) aIrebpy
MIPEeIIeCTBOBAHNS KaK B MpejIoKeHnn 3.3.

2)=1). Honycrum, uro {w/n;¥) — He DbUHUTHO annpOKCUMHUpyeMas 1)-ajarebpa
a¢ddexTuBHOM curHarypsl . Ilo ycmoBuio, cymecTByeT mapa pa3iIndHbIX dJIEMEH-
TOB, OTOXKJIECTBJISIEMBIX JIIO00H KOHTPYIHIINEH KOHeUHOro nHaekca. OIHaKO, CyIie-
CTBYeT HETaTUBHAS KOTDPYIHIWSA 7%, MO MOIYJIIO KOTOPOI TU JIEMEHTHI PA3TUIHBHI.
WNupekc 310l KOHrpy HIME HeoOx0anMo beckoneden. [lo mpennoxkenuio 2.16 SkBu-
BAJIEHTHOCTD 7)* MMeeT OECKOHEYHOE BBIYUCINMOE PACIIHPEHHE. O

4. PUHUTHASA ANINPOKCUMUPYEMOCTD

N3 npenyoxkenns 3.6 ciaeayet, 9T0O UMMYHHOCTD XapaKTEPUCTHIECKONW TPAHCBED-
Ca/ld BBIYMCJIMMO OTIEJIUMON IKBUBAJICHTHOCTH (6OJIee TOro — Jarke PaBHOMEPHO
BBIUUC/IUMO OTJEJIUMON SKBUBAJEHTHOCTH) HE SBJISETCH JOCTATOYHBIM YCJIOBHEM
(PUHATHOM OTIETMMOCTH JII000H aaredpsl, MPeACTaABUMONR HAJ 3TON SKBUBAJIEHTHO-
cTbi0. AHasIOrn4dHO, TeopeMa 3.9 JEMOHCTPHUPYET, YTO ITO XKe YCJIOBUE HE sIBJISIET-
Csl JIOCTATOYHBIM /IS JIOKAJIbHO (DUHUTHOM OTAEJIMMOCTUA BCAKON asredpbl, mpej-
CTaBUMOI HaJ TaHHON 3KBHBAJIEHTHOCTHIO. MHade obcTonT memo ¢ (puHUTHON am-
MPOKCUMUPYEMOCTHIO. 13 Teopembr 1.2 0 HEraTUBHOM ANMPOKCUMUPYEMOCTH CJIETY-
€T, 9TO BCSAKAs yHUBepcajabHas anredbpa, mpejcraBuMas HaJl IKBUBAJIEHTHOCTHIO C
MMMYHHO# XapaKTEePUCTUIECKON TPAHCBEPCAIBIO ABIAeTCH (PUHUTHO AMMTPOKCUMHU-
pyemoii. Bosaukaer mpuHIunuabHbIN Borpoc. BepHo sum obparHoe, T.€. SBISETCS
JIN XapaKTEPUCTUYECKAs] TPAHCBEPCAJb OECKOHEYHOUW BBIYUCIUMO OTIETUMON K-
BUBAJIEHTHOCTH, HAJ[ KOTOPOI MPEICTABUMBI TOJBKO (DUHUTHO AIIPOKCHMHUPYEMbIE
yHUBEpCAJIbHBIE aIreOpst, uMMyHHOH? [1o Teopeme 3.5 1151 pABHOMEDHO BBIYHCIAMO
OTIETUMBIX 9KBUBAJEHTHOCTEH 3TO TakK. [lokaxkem, 4To B obieM ciaydae (PUHUTHAS
ANIIPOKCUMHUPYEMOCTD JII000#1 anredpsl, MpeACTaBUMO HaJT 33, JaHHONH OECKOHEIHOM
BBIUHUCINMO OTIEIUMOM IKBUBAJIEHTHOCTHIO HE SIBJIIETCS JTOCTATOYHBIM YCIOBUEM
JJIST AIMMYHHOCTH XapPaKTEPUCTUYIECKON TPAaHCBEPCAIN ITOI SKBUBAJIEHTHOCTH. J[0-
KaXkKeM Topaszo 0oJiee CHUIbHOE YTBEDKIEHHUE, KOTOPOMY IMPE/IMOILIEM HEKOTOPHIE
HEOOXOIUMBbIE OIPEIEeIeHHUS.

Omnpegnenenne 4.1. IK6UBAALEHMHOCTD HA3BLBALMCA HEINUMUHUPYEMOTL, €CAU
YUCAO €€ CMENCHBIT KAACCO8 KOHEUYHO U POBHO 00UH CMENCHBLT KAACC DecKoHeuen.

DKBUBAJIEHTHOCTb, HE SBJIAIONLYIOCH HEIJIMMUHUPYEMON HA30BEM SJIMMHUHUDYE-
moit. Takum 06pa3om, r00ast SMUMUHUPYEMAsT IKBUBAJIEHTHOCTh JINDO OECKOHEYHA,
0O COMEPXKUT MO KpaitHeil Mepe mBa OECKOHEYHBIX CMEXKHBIX Kjacca. [lycte W —

CeMeliCTBO BCeX HEraTUBHBIX JIMMUHUPYEMbIX SKBuBasienTHocreit u W = {Wy, W1, . ..

— HEKOTOPBIH (PUKCHPOBAHHBIN IepecyeT 3TOro CeMeicTna.

}
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Teopema 4.2. Ilycmb o — b6ecKOHEWHOE U KODECKOREWHOE MHONCECTNBO, codep-
arcawee wucao 0. Tozda cywecmeyem maxas IKEUBAALEHMHOCTD 1), KAHCIWT 1)-
KAGCC KOMOPoU Komewen, wmo tr(n) = a u ecaras 1-as2ebpa PUHUMHO ANNPOK-
CUMUDPYEMG.

Hoxazamesvemeo. Ilycts o = {0 = ag < a1 < ...} — GECKOHEYHOE HOJMHOXKECTBO
w ¢ GeckorevnbiM fgonosaernem 3 = {bg < by < ... }.

Jamnm BHagasie Hedopmasbioe onucanne. IMlar s + 1 warmeit nHeapdperkTUBHOMN
JMArOHAIBHOM KOHCTPYKIMK OyIEeT TMOCBAIIEH TOMY, 9TO KaK CTPOSAIIASCT IKBUBA~
JIBHTHOCTD, TaK ¥ BCE ee (paKTOpHI OyAyT OTJUIHBI OT TEKYIIEH HETATHBHON SJIMMU-
Hupyemoit sxBuBageaTHoctu Wy. st sToro uHa mare s + 1 Mbl "ckienm”’ TOIXOs-
uryto napy sJsiementoB u3z Wy, cobmniomas nekoropeie ycioBus. Ha mare s+ 1 Oyaem
TaK»Ke CTPOUTh KOHEUHBIH (DPATMEHT 1)s41 IKBUBAJIEHTHOCTH 1], KOTOPAs OMPEIeIs-
eTcs KaK MpeebHoe 00bequHenne 3TuX (pparmMenToB. Yepes w, Oyaem 0603HAYATH
HEKOTOPBII HAYAJIbHBIA CETMEHT MHOYKECTBA BCEX HATYPAJIbHBIX 9HUCE]I, YIaCTBYIO-
IMUX B ONMPEJETeHnN 1), T.e. ws = {z | Jy({x,y) € n,)}.

ITar 0. ng = 0, wg = 0.

Tar s 4+ 1. Beibepem B W Takyio mapy pasjddHbIX MO MOAYII0 Wy 37€eMeHTOB
a,b, aro

(1) a < b

(2) a € a,be B

(3) maxws < a.

Homycrum, uro takag mapa (a,b) cymecrsyer. Torga mojaraem

W41 = {O, ey b},

a B Ka4YeCTBe Ns+1 BbI6I/IpaeM TAKYI0 HAUMEHBITYIO 3KBUBAJIEHTHOCTH Ha MHOXKECTBE
Ws+1, KOTOpast PaCIIUPSIET 15, COAEPKUT Tapy (a,b), a TakxkKe JJis BCIKOTO YNCIA
z € (Ws+1 \ ws) N B, Takoro, 9to a; < z < a1 IS HEKOTOPOTO [, OTHECEM Hapy
(ar, z) K Noy1.

Kownen mara s + 1.

Oupenenum

n= U Ms-
Sew

HOK&}KQM, YTO 3KBUBAJICHTHOCTDH 1) 6y;[eT YAOBJIETBOPATH YCJIOBUAM TE€OPEMBI.

Jlemma 4.2.1. Jas kasicdozo waza s + 1 watidymes maxue a,b, pazsuumsie no
modyaro Wy, umo maxws < a < b, a € a ub € 3, m.e. xasxncdudl waz Koncmpykyuy
KOPPEKMHO 3a6EPULAETNCH.

Zloxazameavcmeo. Bo3bmem 110001 3s1eMeHT a € v, KOTOPBIH O0sbie max ws. o-
nycruM, 910 B Wy 11 3Toro a Bce umciia u3 § Gosibline ¢ PaBHbBL ¢ 110 MOLYJIIO
Ws. DTO 3HAYUT, 9TO MOYTH BCe UUCIA U3 [ (32 UCKIIOUECHUEM MEHBIIUX @) Jie-
xat B omaoMm W-kimacce ¢ a. Ho W, snmumunaupyema, T.e. iubo gyuciao W-kimaccos
GeckoHeYHO (U TOr/a, OYEBUIHO, B KAYECTBE ¢ MOXKHO BBIOpATH JI00O0i 3/IeMeHT 13
Kakoro-to apyroro W-kiacca), mubo ecrsb ee oaun 6eckoneunbiii Wy-kiacc, B KO-
TOPOM JIE2KMT OECKOHEYHOE YHUCJIO JIEMEHTOB M3 (v M TOI/IA ¢ MOXKHO BbIOpaTb U3
sroro Ws-kiacca. O

JIemma 4.2.2. tr(n) = a.
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Zokasamenvcmeo. B KoHIe 1mara s + 1 9KBUBAJIEHTHOCTD 1)s+1 HE 'CKJIEMBAET HU-
KAKOHN 2JIEMEHT U3 N W1 HA C KAKUM CTPOTO MEHBIIUM YHUCJIOM, T.€. BCE YUCTIa
U3 @ MNwsq1 HE 7)-9KBUBAJIEHTHbI HUKaKUM MeHbinuM. 3uauut « C tr(n). C apyroii
CTOPOHBI, BCAKOE THUCJIO U3 [ K KOHIIY TOIXOISIIErO Mara 'CKIeUBaeTcss’ ¢ HEKOTO-
pbIM MeHBIHM wncaoM u3 «. Crnenosarensno, 8 Nir(n) = (), oTkyma cremyer, aTo
tr(n) = a. O

Jlemma 4.2.3. n # Wy daa awbozo s € w. Boaee mozo, ecau n* — pacuuperue
n, mo n* makoce omauwna om Wi.

Lloxazameavcmeo. 1lo onpenesnenuto mara s+ 1 B 3KBUBAJIEHTHOCTD 1) 100aBJIsI€TCSH
napa (a,b), paznuaubx mo Momyaio Wy snemenToB. QOUeBHIHO, UTO 9TH JE€MEHTHI
PABHBI 110 MOIYJIIO JII0O0TO PACIITUPEHUS 7). O

Takum 00pa3zom, /s IKBUBAJIEHTHOCTH 1) BCE 7)-KJIACCHl KOHEYHbL (T.€. 1] TpU-
BUAJIBHO BBIYNCINMO OTIEJINMA), (1) = « ¥ BCAKOE HEraTHBHOE DACIIUDEHHe 1)
nMeeT KOHeIHbIH nHaeKc. I1o Teopeme 1.2 0 HEraTUBHON ANMPOKCHMUPYEMOCTH BCSI-
Kas 7-aaredpa anmpoOKCUMHUPYETCS HErATUBHBIMHU, HO BCAKMA HEraTHBHBIA (PaKkTOp
koueden. CirejoBaTebHO, BCsIKast 1)-aaredbpa GUHATHO AIMPOKCUMHUDYEMa. (Il

3ameuanne 4.3. [Io Teopeme 0 HETATUBHON ANMMTPOKCHUMUDPYEMOCTH BBIYUCIAMO
oraeauMbIx aaredp (reopema 1.2) mobast 7-airebpa annpoKCUMUPYETCs HEraTUBHbI-
MW, T.€. AMEET TIOJHYIO PA3IeIIAIONIyI0 CUCTeMy HeraTuBHBIX hakTopos. Ho Beskuit
HeraTuBHblil dakTop 10 1 (A 1) u3 reopembl 4.2) eCrb HEIIUMUHUDYEMas Hera-
TUBHAS YKBUBAJIEHTHOCTH — C KOHEYHBIM UHUCIOM CMEYKHBIX KJIACCOB, W3 KOTOPHIX B
TOYHOCTH OJWH KJjiacc OeckonedeH. O4ueBuIHO, 9TO JI00ast TaKash SKBUBAJEHTHOCTH
— HeraTuBHas (Jake BLIUUC/IUMAs) IKBUBAJEHTHOCTH KOHEYHOTO WHIEKca. Jlaxke
ecau ObI MBI PACCMATPUBAJIA B KadecTBe W CeMEHCTBO BCEX HETATUBHBIX IKBUBA-
JIEHTHOCTE (BKJIIOYasi HEJIMMUHUPYEMbIE) U, B CJIy4ae OTCYTCTBUS IOAXOALIEH
[apbl JIEMEHTOB @, b Pa3MuYIHbIX 110 MOyII0 W, mpomycKaaun Obl COOTBETCTBYTO-
Uil mar, To pe3yabrar ObiL1 Obl TakuM ke. HeKoTopble HEeTMMUHUPYEMbIE SKBU-
BAJIEHTHOCTH, BO3MOXKHO, YIAJ0Ch Obl "JINKBUINPOBATE B KA4E€CTBE KAHIUIATOB HA
HeraTuBHbIE (haKTOPBI 9KBUBaIeHTHOCTH 7). OmHAKO, GOMbIIOE (HOJTHOE PA3IEIIIo-
11ee) ceMeiiCTBO SKBUBAJIEHTHOCTEN 3JIMMUHUPOBATD HE YAAJI0CH Obl. DTO ceMeiicTBO
COCTOUT B TOYHOCTU M3 T€X COOCTBEHHBIX (PAKTOPOB HOCTPOEHHOU SKBUBAJIEHTHO-
CTH 7], KOTOPbIE UMEIOT KOHEYHBIE WHIEKCHI U 00JIaJAI0T POBHO OTHUM DECKOHETHBIM
CMEXKHBIM KJIACCOM. IDTOT (hakT 00yCIaBINBAET BAXKHOCTH KBUBAJEHTHOCTEH TH-
ma 1), JJI8 KOUMMYHHBIX (v, T.K. HETQTUBHBIE (PAKTOPHI TAKUX IKBUBAJTEHTHOCTEN
SABJIAIOTCS KOHEYHBIMU M HEJTUMUHUADYEMBIMH.

Caencrsue 4.4. Cywecmeyem makas 6eCKOHEUHAA BLIYUCAUMO OMIEAUMAR
IKBUBAAEHMHOCTD 1) C BHNUCAUMOT TAPAKMEPUCTIUYECKOT MPAHCEEPCAADIO, UMO
BCAKAA 1-0A2e0P0 UHUMHO ANNPOKCUMUPYEMA.

Caencrsue 4.5. Cyuecmeyem OeckOHEUHAA BBIHUCAUMO OMOIEAUMAS IKEUBA-
AEHMHOCMD C BBUUCAUMOT TAPAKMEPUCTIUECKOT MPAHCEEPCAADIO, BCAKOE He2a-
MUBHOE PACWUPEHUE KOMOPOT KOHEYHO U UMEE POBHO 00UH DECKOnewHbill KAUCC.
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