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ABSTRACT. It has been establish that the locally finite 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 finite 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 finite approximable
algebras are represented.
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BBEJEHUE

C HeomnpezienisieMsiMu 6a30BBIMY TMOHATHSAMH MOXKHO O3HAKOMHUTHCS B [1, 2, 3, 4].
PaccmarpuBatorcst yauBepcaababe aaredpbl 3MOEKTUBHBIX CUTHATYP.-

Borancinmo otaeumbie anredpbl UCPAIOT U, MO-BUIUMOMY, Oy/IyT UrpaTh B 000-
3PUMOii MMEPCIEKTHBE 3aMETHYIO POJIb KAK B TEOPUHU BBIYUCIUMBIX ajredp, Tak U B
reopernveckoi uadopmarure (cM. 0630pst |3, 6]). Tak, A.J1. Masbuessiv B [4] Obi-
JIO TIOKA3aHO, YTO BCSAKAs TO3UTUBHAS HYMepaInsi KOHEYHO MTOPOXK/IEHHO# aareOphl,
o0sIajatoNIell HeHyJIEBBIMU KOHIDYIHIUSIMH TOJIBKO KOHEYHOTO MHJIEKCA SBJISETCS
BBIUHUCJIAMOM, 9TO MOCTABUJIO BOIPOC O CIPABEIITUBOCTU JAHHOTO YTBEPHKICHUS B
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obiiem ciydae (0e3 ycaoBusa KOHEUHOH mOpoxKaeHHocTH ). OKa3a/10Ch, YTO UMEIOTCs
KOHTPIIPUMEDDI, TPUYEM KMEHHO U TOJBKO B KJIACCE BLIYUCIAMO OT/IETUMBIX aJareop
([7])- Bonee roro, Bcakas BesKast HO3MTUBHAA HyMeparys aareOpbl cO c4eTHOil (B
YACTHOCTH, HETEPOBOIi) PEINETKOW KOHTPYIHIIMI SBISIETCS BBIYUCIUMO OTIETAMON
([8, 9]). Adpyroii npumep — mpobiema Beprcrpbi-Takepa B Teopun abCTpaKTHBIX
THIOB JAHHBIX O CYIECTBOBAHWN WHHUIMAJIHHOTO B KOHETHO-0A3UPYEMOM MHOT000-
paszum oboraleHus Jist Mo00i KOHEYHO MOPOXKACHHO Ho3uTHBHOM anreOps! ([10]).
OrpurniaresibHoe pereHue 3Toi TpoBIeMbl ObLIO Oy YE€HO TIPEIbsBICHAEM COOT-
BETCTBYIOIIErO MPUMEPA KOHEYHO IOPOXKJIEHHON asireOpbl, UMEIONIel BbIYUCIUMO
OTJIEIMMYIO MO3UTUBHYIO HYMEPAIWIO ¢ MMMYHHOM XapaKTEepUCTHIECKON TPAHCBED-
cazmbio ([11]).

BakHe:Rmmm moKIaccoM KIACCa BBIYUCTUMO OTIESTUMBIX aare0p ABIIeTCS KIACC
PABHOMEDPHO BBIYHCJIUMO OTIAEJUMBIX alIredp, Ajisi O0bEKTOB KOTOPOrO CYIIECTBYIOT
AJICOPUTMBI, IO3BOJISIONINE PABHOMEPHO (P HEKTUBHO HOPOKIATH XAPAKTEPUCTHIE-
CKWe MHIEKCHI oTaessonmx MEokecTs ([12]). ocTaTouHo cKa3aTh, 9T0 KOHTPIIPH-
Mep K YyIOMsIHYTO# BbIie pobiaeme A V. MaJiblieBa sIBJISIETCS PABHOMEPHO BBIUHC-
JINMO OTIEJIUMOI anrebpoit, a KoHTprnpumep K mpodsiaeme Beprerpsi-Takepa MOXKHO
YCHITUTD, BEIOPAB TAKYIO PABHOMEPHO BBIYUCJIUMO OTJIETUMYIO TIO3UTHBHYIO KOHEY-
HO TOPOXKIEHHYIO anredpy, HUKAKoe 0DOraIieHne KOTOPOi He SABJISIeTCsT CBOOOTHOM
CUCTEMOIl HE B KAKOM KJIACCE CUCTEM, KOHEYHO aKCHOMATHU3UPYEMOM YHUBEPCAIIb-
HBIMH TIPEJJIOKEeHUSIME CITeNNaNbHOTO, HO BechMa obmiero Buaa ([5]). Ormernm,
9TO KJIACC PABHOMEPHO BBIYMCINMO OTAEIUMBIX airedp Becbma obmupen. Harpu-
Mep, B KaXKJIOU M-CTEMeHU COJAEPIKUTCA PABHOMEPHO BBIYHUCIUMO OTAEUMAS AJl-
rebpa. Ocoboe MecTo cpei PABHOMEPHO BBIYUCIMUMO OTIETUMbBIX Ire0p 3aHUMAOT
HEraTUBHBIE aJireOpbl, T.K. HyMEPOBAHHAS AJre0pa BHIYUCIUMO OTJEJIUMA TOIA U
TOJIPKO TOTJIA, KOTJA OHAa alpPOKCUMHUpYeTcsl HeraTuBHBIME airebpamu ([12, 13]),
T.€. UCKJTIOUATETHHON 0COOEHHOCTHIO BEIYUCIMMO OTIEJIMMBIX aire0p, B OTINYIHE OT
JIPYTUX HYMEPOBAHHBIX CUCTEM, SIBJISIETCS WX AMIPOKCUMUDPYEMOCTh HEraTHBHBIMU
anarebpamu.

[Tos csIoBOM 9KBHBAJIEHTHOCTD IIOHUMAETCsl OTHOIIEHUE SKBUBAJIEHTHOCTH HA MHO-
JKeCTBE HATYPAJIBHBIX UHCeN w. ECan 1 — SKBUBAJIEHTHOCTH, TO MHOXKECTBO o C w
HA3BIBAETCS 1)-3aMKHYTHIM, €CJTH (¢ IBJIAETCS OO'beTMHEHNEM TTOIXOISIITIX 7)-KIACCOB
(re. z € aAz =y (mod n) = y € a). DKBUBAJIEHTHOCTH OyJieM Ha3bIBATH Gec-
KOHEYHO, eciu GeCKOHETHO YHCJIO0 €e CMEeXKHBIX KIACCOB. [OBOps O pPACIIMpPEHUN
SKBUBAJIEHTHOCTH 7)g Oy/IeM TIOPA3yMEBATH €€ PACHIMPEHUE, SBISIONIEECs OTHOIIE-
HUEM SKBUBAJEHTHOCTH, T.. BCAKOE TAKOE DMHAPHOE OTHOIIEHHE 7)1, 4T0 g C 11 U
71 — SKBUBAJEHTHOCTb.

Ecnu (A, v) — nymepoBanHas anrebpa, TO €e HyMepaluOHHY 0 SKBUBAJIEHTHOCTh
OyJeM Ha3bIBaTh, Ui KPATKOCTH, SAPOM HyMepanuu u obosnadarh dyepes ker(v).
Mpuri Gyaem OTOXKIECTBIASTD MOHATHST HyMEPAlWK U aJITOPUTMUIECKOTO TIPE/ICTABIIe-
HUS YHHBEPCAJIbHOI anarebpbr. ToUHO Tak 2Ke, CBOMCTBO MPEACTABUMOCTH AJIT€OPHI
HAJ, SKBUBAJIEHTHOCTHIO 7) OyIeT TIOHUMAThCs KAK PABHOOOHEMHOE CBONUCTBY “OBITH
n-aaredpoii”.

XapakTepuCTHIeCKONH TPAHCBEPCAIHIO SKBUBAJIEHTHOCTH 1) HA3BIBAETCSA MHOMKE-
CTBO MUHUMAJIHHBIX TPEICTABUTENEH BCEX CMEKHBIX KJIACCOB ITON IKBHUBAJICHTHO-
cru, re. tr(n) = {z | Vy(z = y (mod n) = = < y)}. Xapakrepucruieckoi Tpanc-
BEPCAJIbIO HyMepanuu (aJrOPUTMUIECKOTO TPEJICTABICHNS) I/ HA3LIBACTCH XapaK-
TepUCTHYECKast TPaHCBepcasb ee sapa, r.e. tr(ker(v)) = tr({{z,y) | va = vy}),
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KOTODYIO, B LIEJIIX COKPAIIEHUs, 4acTo Oyuem obo3navarh depes tr(v). Xapakrepu-
CTHYIECKAsT TPAHCBEPCAND MPEICTABIIET COO0M BasKHBINM ATTOPUTMUIECKUH aTPUOYT
KaK 9KBUBAJIEHTHOCTH, TakK U HyMepaimu. Hanpumep, o4eBuiHO, 9TO /1Jisl HEIaTUB-
HO (TO3UTUBHOI ) SKBUBAJIEHTHOCTH €€ XapaKTEPUCTUYIECKAST TPAHCBEPCATh BHIUHC-
JIMMO TIepedrcinma (KOTepeuncinMa).

IMycrs (A, v) — nymepoBannas ajredpa. IlonmuoxkecrBo B anreOpnl A Ha3bBaeT-
Csl V-BBIYUCIUMBIM (V-TIEPEYUCIUMBIM, V-KOIEPEUUCIUMbIM ), €CJTH BHIYUCIUMO (BbI-
YHCIUMO MEPEYHC/IMO, KOepeuancaIumo) Muoxkectso v~ L (B). Eciu u3 konTekcra
Oyzer sCHO, KaKasi HyMepalys UMEeeTCs B BUJY, TO [IOJIMHOYXKECTBA aareopbl Oyaem
HA3BIBATH TIPOCTO BBIYUCIUMBIMU (MIEPEUUCTUMBIMY, KONEPEUUCTUMbIME) 63 TIpH-
CTaBKHU V.

Hanmomumm, 4To 9ro yHuBepcaibHas anredpa A HazbiBaeTcsi (GPUHUTHO OTIEITH-
MOIf, ecsiu Jyisi BCAKOM ee nopanrebpor Ag u siroboro snementa a € A\ Ay naiigercs
TaKask KOHIPYIHIMs KOHEIHOIO MHJIEKCA, 110 MOJLYJII0 KOTOPOIl 3JIEMEHT @ OTJIMYEH
OT BCEX DJIEMEHTOB TOmAJredpnt Ag. pyrumu cioBamu, Ha sS3bIKE TOMOMOPQU3-
MOB, CYII[ECTBYET TaKOi TOMOMOPMU3M  n3 anredpbl A Ha KOHEUHYIO aaredbpy, 9To
v(a) ¢ o(Ap). Anasoruyno, anrebpa HA3BIBAHTCA JIOKAJIHHO (DUHUTHO OTIEJIMMOI,
eCJI JIJisi BCAKOM ee KOHEYHO MOPOXKIEHHON MOJAIreOphl u JTI000r0 JeMeHTa BHE
9TOM MOAAITeOPbI HAWIETCA KOHIPYIHIIUS KOHEYHOTO HHIEKCA, PA3JINYalonas JaH-
HbIE JIeMeHT U HoAaIreopy. QueBuIHO, YTO KJIACC (PUHUTHO OTJAEJIUMbIX AJIredp saB-
JIsieTcst COOCTBEHHBIM TTOJIKJIACCOM KJIacca JIOKAJTbHO (DUHUTHO OTIAEJNMBIX ajredp.
Cpeny aJIrOpUTMUIECKUX 337349 aareOpbl, B PAMKAX AJTOPATMUYECKON pas3pernu-
MOCTH, BBIIEIAETCA KJIACC 33J1a4, CBI3aHHBIX CO CTPYKTYPHBIMU CBOHCTBAME THIIA
dunurHOl ornemumoctu. C alIrOPUTMUYECKON TOUKH 3PEHUs] OCOOEHHO BasKHA JIO-
KAJIbHO (DUHUTHAS OT/EIUMOCTD. DTO CBA3AHO C TEM, YTO JJis KOHEYHO OPOXK JIECH-
HBIX TIOHAIreOp Beeraa 3(PMEKTUBEH MEPBbIH, HAYAIBHBIN MIAr MTOPOXKIEHUST TAKUX
moaredp U MOTOMY TaKue MomaJjreOpbl OyayT 3¢ EeKTUBHBIME, B TO BpeMs KakK
J1J1s1 GECKOHEYHO TTIOPOXK/IEHHBIX 110/1a/Iredp MHOYKECTBO MOPOKIAIOIINX, KAK U caMa
noJasrebpa, MOXKET UMETh CKOJIb YIOIHO BBICOKYIO aJTOPUTMHIECKYIO CJIOXKHOCTD.

Ocob6o noxuepkuem ciaenyiouiee. Ecau (A, v) — HymepoBanuas ajrebpa u v Bbi-
YUCIUMO OTIEINMa, TO (A, ) anmpOKCUMUPYETCs HETATUBHBIMU AJIre0pamMu U ecyin
Py 3TOM t7 (V) IMMYHHA, TO XapAKTEPUCTHYECKIE TPAHCBEPCAJIN BCEX HEraTHBHBIX
roMoMOpdHBIX 06Pa30B Hy MEPOBAHHOM ayireOpbl (A, V) aBJIMI0TCA BBIYUCIUMO [IEpe-
YUCIMMBIMU TOAMHOXKECTBAMY UMMYHHOIO MHOXKecTBa tr(v). Ilosromy Bee aTu 06-
Pa3bl KOHEYHBI U, CIeI0BATEIbHO, anrebpa A ¢punnrno annpokcumupyema. OaHako,
BOLIPOCHI (JI0KA/IbHO) (DUHUTHON OTAENMMOCTH ropa3uo Gosiee Tonkue. QueBuHO,
9T0 U3 (PUHUTHON OTIETUMOCTH JII000H aaredphl CIeayeT ee JIOKAJIbHO (PUHUTHAS
OTJEIMMOCTh, KOTOPOIi, B CBOIO 0Y€PE/Ib, IPH BECbMa ODLIUX MIPEIOI0KeHusIX (Ha-
mpuMep, JJisi JTIOOBIX IBYX PA3JUIHBIX 3JEMEHTOB HANRJETCs KOHEYHO MOPOXKI€HHAS
nozairebpa, coaepKalias OJAUH U3 ITUX JEMEHTOB U HE COJeprKallas BTOPOil) 10-
CcTaTOYHO Jisd (puHUTHON anmpokcuMupyemoctr. Ho memodka oOpaTHbIX HMILIHKA-
Uit He UMeeT MeCTa.

3aMernM, 9TO BBIYUCJIUMAsS OTAEJUMOCTH HYMEPAIUU TO3BOJISIET BBOJUTH MO-
JIE3HBIE TOIMOJIOTUHU, 6a3y KOTOPBIX 00pPA3yIOT BBIYUCIUMbBIE TIOIMHOXKECTBA HYyMe-
POBaHHbIX ajrebp. JTu npocrpaHcTsa sapisorcs Ty-npocrpancreamu ([14]) u Bee
OIepallii HyMEPOBAHHDBIX aJirebp HEeNnpepbIBHbL KAK OTHOCHTEIHHO BBIYHCIAMO HO-
POKIEHHBIX TOTMOJIOTHH, TaK ¥ OTHOCHTEIHLHO CYIIECTBEHHO 0OJiee CUIBLHBIX — BhI-
YUCIIUMO TIEPEYNCINMO OPOXKIEHHBIX Torosornii ([15]).
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YumectHo ormeruThb, u4To 3bGdEKTh (PABHOMEDHOI) BBIYUCIMMON OTIEJUMOCTI
SIPKO TPOSBISIOT ce0si U B ClIydae MOfeseil, B 9aCTHOCTH — JIMHEHHBIX MOPSIIKOB.
Tak, Bcskast HeraTuBHAs HyMepallus JUHEHHOTO TOPSIKA TUIIA PANMOHATHHBIX Y-
CeJI C eCTECTBEHHBIM YIIOPSITOYEHHEM TPOLYKTUBHA, OTHOCUTEIHHO BHIYUCIUMBIX J16-
JeKHIOBbIX cedennii ([16]). B To e BpeMsi, CyIecTByeT Takoe MO3UTHBHOE TIPeI-
CTaBJIEHWE ITOrO MOPS/IKA, JIJIsi KOTOPOTO BOODINE HET BBIYUCAUMBIX cedenuit ([17]).
OrMeruM TakzKe TOT OYE€BUIHBIN (DAKT, YTO [1Jis OO0 HyMEPOBAHHON CUCTEMBI Ce-
MeHCTBO ee BBIYUCIUMBIX aBTOMOP(dU3MOB obpa3yer moayrpyumy ¢ eguaumei. [Ipu
9TOM, JJisi JIIOOOrO BBIYHUCIUMOrO aBTOMOP(MU3MA, MO3UTUBHON CHCTEMBI OOpATHDBIH
K HeMy aBTOMOpdu3M Takxke BhrancauM. OIHAKO, yIKe HA YPOBHE KJIACCA HETATHB-
HBIX NIPEJICTABJICHUNA CYIIECTBYeT MOJEJb — HETaTUBHBIN JMHEHHBIA NOPANIOK, IO-
JIyTPYIIa BEIYUCTUMBIX aBTOMOP(MU3IMOB KOTOPOro HECKOHEYHA, HO €UHCTBEHHBIM
BBIYUCJIIMO OOPATUMBIM ABTOMOP(MDU3MOM 3TOU MOLYIPYIIIbI ABISIETCS €IUHIIHbII
(118)).

O6mmen3BecTHO, 9TO 1151 3(hPHEKTUBHO 33JAHHOTO CEMEHCTBA KOHTPYIHIUI TPO-
ey pa MOCTPOEHNUS MX TOYHON BepXHEeH rpanu BroJiHe mpo3padna. OHako mporecce
"pacienienrs’ KOHTPYIHIUN He ABJIIETCH YIOBJIETBOPUTEIbHBIM HU C aJrOPUTMHU-
YeCKOM, HU ¢ anreOpamdeckoil Touek 3penus. OKa3anoch, YTO UMEHHO PABHOMED-
HO BBIYHMCJIUMO OTJEMMbIE aJIredpbl MPEAOCTABIISIOT BO3MOXKHOCTD 3P DEKTUBHO-
IO PACIHICILUICHUS KOHIPYIHIIMA IPU HEKOTOPBIX, BECbMA ODIIUX, JIOMOTHUTEbHBIX
yeaosusix ([19]), 9To erme pa3 momuepKUBAET BasKHOCTH CBOMCTBA PABHOMEPHOCTH
JUIST BBIYUCIAMO OTIAEIMMBIX HyMeparuii aaredp.

KacarenbHo NpUHIUNUATBHBIX PA3TUIHA MKy HETATUBHBIMU U MO3UTUBHBIMU
HyMepaIusiMu, KOTOPbIE COXPAHATOTCS TIPY PEISTUBUA3AINE OTHOCUTETHLHO apudMe-
TUYECKUX [PEJICTABJIEHUHN, OTMeTuM caejayiomiee. Jliobas HeraruBHasi SKBUBAJICHT-
HOCTH SIBJISIETCS HYMEPAIMOHHON [JTsT TIOAXOIAIIEH KOHETHO TTOPOXK JEHHON KOTDYIHII-
pocToii yHuBepcaabHoi anrebpsr ([20]). s MO3UTHBHBIX 9€BHBAJIEHTHOCTE! HU-
4ero moa06HOro He umeeT Mecra (GoJiee TOAPOGHO 06 ITOl MpobaIeMaTuKe cM. 0630D
[5]), 9o o3HAUaAeT Gosee Gorarbie peann3aluoOHHbIE BO3MOKHOCTH HETATHBHBIX HY-
Mepaiuii OTHOCUTETHbHO TTO3UTUBHBIX.

Wcxonst w3 CKa3aHHOTO, B HACTOSINEH paboTe PaCCMATPUBAIOTCS PABHOMEPHO BbI-
YUCIUMO OTIEIUMbIE HYMEPAIN YHUBEPCAJIHHBIX ajaredp, 00IaJa0MnX CBOWCTBA-
MU (JI0Ka/IbHO) buHUTHON oTHeuMocTH. OCHOBHBIM PE3YJIbTATOM CTaThU ABJISETCS
CIeNYIoNasa ANrTOPUTMUYECKAs XapaKTepU3alusi PABHOMEPHO BBIYMCIAMO OTIEJH-
MbIX 9KBUBAJIEHTHOCTEH Ha sI3bIKE MPEJICTABUMOCTU HAJ| HUMHU JIOKAJIBHO (DUHUTHO
OTJEINMBIX aarebp:

JIJIsST PABHOMEPHO BBIYUCIUMO OTIEIMMON SKBUBAJIEHTHOCTH JIOKAJIHHO (DUHUTHAS
OTIEIMMOCTh BCSIKOU TIPEICTABUMON HAJT Hell YHUBEPCAJIBHON aareOpbl pABHOCUIHHA,
UMMYHHOCTH €€ XapaKTePUCTHIECKON TPaHCBEPCAIH.

ITokasbiBaeTcs HEBO3MOXKHOCTH PACIIMPEHUS ITOIO KPUTEPHsT HA KJIACC BBHIYUC-
JIUMO OTJEeJUMbIX (HE #BJISIOLIUXCH DABHOMEDHBIMU) IKBUBAJIEHTHOCTEH, & TaKKe
€ro Cy»KeHus Ha KJIacC (PUHUTHO OT/IEJIMMBIX YHUBEPCAIbHBIX aJIreop.

ITokazano Tak)ke, 9TO KJIACC BEITUCIUMO OTIETUMBIX SKBUBAJIEHTHOCTEH, HAJT KO-
TOPBIMU TIPEJICTABUMbI TOJIBKO (DUHUTHO ANMPOKCUMHUPYEMBbIE aJIreOpbl O4eHb 00T~
PEH, B OTJIMYHE OT KJIACCA PABHOMEDPHO BBIYUCIUMO OTIAEJUMBIX SKBUBAJICHTHOCTEH
¢ omobHbIM cBoficTBOM. B mocnemuem ciy4ae, T.e. i 6ECKOHETHOW PABHOMEPHO
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BBIUUC/IAMO OT/E/JIMMON SKBUBAJEHTHOCTH, (DUHUTHAS ANTPOKCHMUPYEMOCTb BCs-
KO anreOphl IPEeICTaBUMOM HA Hell pABHOCH/IHLHA MMMYHHOCTH XapaKTePUCTHUIE-
CKO¥ TPAHCBEPCAJH 3TO SKBUBAJIEHTHOCTH. B TO 2Ke BpeMms#, 11000e KOOECKOHETHOE
MHOYKECTBO (comepskaiee ancyo 0) SBIsIeTCs XapaKTEPUCTHIECKONH TPAHCBEPCATTHIO
BBIUUCIUMO OTIAEJIUMON SKBUBAJEHTHOCTH, HAJ KOTOPO# MPEICTABUMBI TOJIBKO (-
HUATTHO aNMPOKCUMHUPYEMbIE aJIreOphI.

1. TIPEABAPUTEJILHLIE CBEIEHIS

Onpepesnenne 1.1. Hymeposannas arzebpa (A, V) HA3B6AEMCA BLIUUCAUMO O~
0eAuMOT, eCAU BCAKAA MAPG DA3AUYHOLL €€ INEMEHIOE O0MICAAEMCA NOOTOOAULUM
V-8B UCAUMDIM MHOHACECTNEOM.

Crienyromasi, y»kKe yIOMUHABINASCS BBIIIE, T€OPEMA O HETATHBHON AITPOKCUMU-
PyeMOCTH UI'DAeT BasKHYIO POJIb B TEOPHUH BBIMHUCJIAMO OTIEIUMBIX ajredp:

Teopema 1.2. Hymepo6aHHaA aA2e0DA BLLUUCIUMO OTIEAUMSE MO20a0 U TOALKO
mozda, k0204 OHG ANNPOKCUMUPYETNCA HE2ZAMUSHLMU AA2e0PAMU.

Hoxaszamesvemeo B [12, 13]).

Takum 006pa3om, B paMKax CTPYKTYPHON T€OPHUH BBHIYHCJIUMO OT/IETUMbIX aaredp
HETaTUBHBIE aIreGphl OMPEIEISIOT KIace OObeKTOB, W3 KOTOPHIX CTPOSATCA BCE BhI-
YUCJMMO OTJEIUMbIE AIreOpbl (KaK MOAXOASIIIE MOANPAMBIE TPOU3BEICHNU ).

Hanomuum ([1, 2]), uro ecim (A, ), (B,r) — HymepoBaHHbIE ajJrebpbl, TO T0-
Momopdusm ¢ : A — B HasbiBaercs MopdusMoMm, eciau OH 3(pdeKTuBeH Ha
HOMEpAX, T.e. CyIIEeCTBYeT BbrumCauMass (pynkuus f rakasa, 410 ou = vf. Ecam
B = {(B;,;)|i € I'} — cemeiicTBO HyMEPOBaHHBIX AJATe0D, TO TOBOPSIT, YTO HYMEPO-
BanHag anrebpa (A, p) annpokcumupyercsa B-ajreOpamu, €CJIU JJis BCAKOH mapbl
Pa3IHIHBIX 3JEMEHTOB ag, a1 € A cymecTsyer MoppusM Y q, q,3 U3 (A, 1) B TOIXO-
ALY T0 B-aredpy, PasTHIaiomHil 9T TEMEHTH (T.€. ©{qy.q,}(00) 7# P{ag,a:}(@1))-

Ounpenesnenne 1.3. Hymeposannas anrzebpa (A, V) Ha3616aEMCA 6UUCAUMO OM-
deaumoti (omdeaumoti), ecau ecau 6CAKAL NAPG PABAUNHBLE €€ IACMEHMOE OMOEAs-
emcs NOOTOOAULUM V-BOUUCAUMBM (V- 6BUUCAUMO NEPEUYUCAUMDBLM) MHOHCECTLEOM.

Ecim cymecrsyer Boranciaumoe (B cmbiciae FO.JLEpmosa, cm. [1]) cemeiicTBo
OT/IENISIONINX BBIYACIAMO MEPEIUCTAMBIX MHOXKECTB JJIsT HyMEDOBAHHON aJareOpbl
(A, v) u3 31010 OnpenesieHns, TO HyMepalus Ha3blBaeTCs YPMEKTUBHO OTAEIUMOIA.

HanomuuM, 94T0 S5KBUBaJIEHTHOCTD 7) HA W Ha3bIBaeTCsd OTAeauMOi (3¢ dexTuBHO
orAeauMoit), ecau cyuecrByer To-0Tuessioniee ceMeicTBO 7)-3aMKHY ThIX BbIYUCJIU-
MO TIEPEUNCINMBIX MHOYKECTB JIJIst TIPOCTPAHCTBA W /1) (Bbraucanmoe Tp-0Taensonee
CeMeHCTBO 7)-3aMKHYTHIX BBIYUCIUMO MEPEUUCTUMBIX MHOXKECTB JIJIsi TPOCTPAHCTBA,
w/n). FOJI. Epmossiv B [1] 6110 BBEJeHO Hanbosee obliee MOHATHE OTAETUMOM
HyMepaluu MHOXKECTBa (T.e. TaKOil HyMepaluu, s1p0 KOToporo 1p-0TIejJuMO B me-
PEYUCIMMO [IOPOXKEHHON TOLOJIOIMU) U JAHA CJIEAYIOIAs XapaKTepu3amus s/1ep
BBIYUC/IMMBIX HyMepaIyii CeMeHCTB BHITUCINMO TIEPEUNUCIUMBIX MHOKECTR!

Teopema 1.4. (FO.JI.Epinos, [1]) Omuowerue 9K6UBAAEHMHOCTAU 1) HE W AG-
AAEMCA AOPOM GHMUCAUMOTE HYMEPAUUL NOITOOAUE20 CEMETCMEA BLUUCIUMO Ne-
PEHUCAUMDBLE MHONHCECTNE 0200 U MOALKO Mo2da, K020a 1) dPPexmueHno omaoesuma.

[Ipumenenne 3Toi TEOPEMbI K YHUBEPCATBHBIM AIredpaM, ¢ yIeTOM HEKOTOPHIX
CIIEITUAJIBHBIX aJIreOpandeckux (hakTOB, JAET CIEAYIONINN PE3yIbTAT:

Teopema 1.5. Hymeposarnas anrzebpa omoesuma moz20a u moabko moz0a, xo20a
OHA ANNPOKCUMUPYEMCH IPPHERMUSHO OMIEAUMMMUY GN2EOPAMU.
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Joxazamesvcmeo B [15].

Takum 06pazoM, B CTPYKTYPHOII TEOPHUH OTAETUMBIX aaredp posb U MecTO d¢-
GEKTUBHO OTIETUMbBIX TOJODOHBI POJIK U MECTY HETATWBHBIX — B TEOPUU BBIYUCIUMO
OTIEINMBIX aareop.

Kak ormeuasiocs B [1], kiace abdeKTuBHO OTAEMMbIX a1redp He uMeeT yioBJie-
TBOPUTEJIHHOTO OMHUCAHUS B TEPMHUHAX apudMeTHIecKOi mepapaxuu. ITOT KJACC
[IPE/ICTABJISETCS €CTECTBEHHBIM, T.K. OH JIE?KUT JOCTATOYHO HU3KO B apudmernde-
CKOil HMepapXun U COePKUT B cebe Baxkneitmme nizkaue Kaaccer — X5 | JI1§. TTosto-
My BOIIPOC O CTPOEHWH HUXKHEH mostyperneTku 3G HEKTUBHO OTAETUMBIX KOHI'DYIH-
uuii (2 910 MHOKECTBO SBJIAETCH HUXKHEH [10/110J1y DELIEeTKOM PEIeTKU KOHI'PY SH UM
J000# HyMepoBaHHO# anreGpsr [21]), U ee BaykKHEHIINX TOZMOIYPENIETOK MOXKET
MPEICTABIATH MHTEPEC TaKXKe U C TOUYKN 3PEHUsT TeOPETUIECKO!H MH(MOPMATHKN.

HaJjiee, roBopsi 0 COBIaJeHUY (PA3JIUUUU) JIEMEHTOB VT, VY HYMEPOBAHHON aJjl-
re6pbi (A, V) 110 MOzyJII0 KOHIpYy3HIMY 6 anrebpbl A B Hymepaimu v OyueM moapasy-
MeBaTh coBlajeHue (Pa3jindue ) STUX JIEMEHTOB B HyMepOBaHHOil (hakTop-airebpe
(A/0,mgv), Toe Ty — €CTECTBEHHOE MPOEKTUPOBAHUE (JIEMEHTa B CONEPIKAITUN €ro
KJIacC O-9KBUBAJIEHTHOCTH).

Onpepesienne 1.6. Konepysnyua 0 nymeposanhots arzebpo, (A, v) nasweaemca
V-no3umuehol (V-wezamuehol, V-omoeaumoli u m.d.), ecau makoso ee Aopo.

Ecnu w3 xoHTekcTa SICHO, O KAKO HyMepalWuu U WIET Pedb, TO MPUCTABKY V-
OyaeM OIyCKaTh.

Onpegesienne 1.7. Konzpysnuyua 0 nymeposannoti anrzebpo. (A, v) nazweaem-
CA PAGHOMEPHO GVMUUCAUMO OMOCAUMOT, ECAU CYULLCTNEYEM HACTIUNHAA GHINUCAU-
masn Pynkyus Az.g(z,y, z) maxas, wmo dasn ecex x # y (mod ker(0)) dynryus
Az.9(z,y, z) asasemca Tapaxmepucmuyeckol 0as nexomopozo ker(0)-samrnymozo
MHOMHCECTNEA, OMOCAAIOULL20 T O Y.

Ha sa3bike sxBuBaseHTHOCTEHN, HEDOPMATBHO, SKBUBAJIEHTHOCTD 1) HA W PABHO-
MEPHO BBIYUCIUMO OTAEINMA, €CJIU CYIIEeCTBYeT eanHooOpa3Hasa 3 PeKTuBHaAA IPO-
eIy Pa, KOTOpast s KayKIO0 Maphl PA3JIMYHBIX MO MOIYJIIIO 1) HATYPATLHBIX YUCET
"BBITaT’ AJITOPUTM PA3PEIEHNS 7)-3aMKHYTOrO BBIYUCINMOTO MHOKECTBA, OTIEIs-
IOIEro TU YnCIA.

Sameuanue 1.8. HecmoTps Ha Hajmdue HEKOTOPOIl BHEIHEN aHAJIOMMY B ONpe-
JIeICHAY NOHATUH PABHOMEPHO BBIYHCIMMO OTIENUMOM 1 3 MEKTHBHO OTIETUMOI
HyMepaluun ajreOpbl, 3TH HOHATHA (DYHIAMEHTAJIBHO pa3indHbl. s paBHOMEp-
HO BBIYUCIUMO OTIEJUMBIX HyMepaluii, BOOOIIE roBOps, HU O Kakoii 3¢hdekTuBHOM
OTJETUMOCTH HE MOXKET ObITh ¥ PEYd, T.K. B JIIOOOH m-CTeNeHn eCTh PAaBHOMEPHO
BBIUUC/IUMO OTIe/uMas HyMepalus, a 3GQOEeKTUBHO 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 OTJI€TMMbIMU; IPOCTEHIINI IPUMEP — CBA3HOE JBOETOYME, KOI/A BbIYUCIUMO
NEePEYUCIUMOE HEBBIYMCIUMOE @ C w HYMEPYeT OJWH 3JIEMEHT JIBYX3JIEMEHTHOTO
MHOJKECTBa, a w \ o — apyroii). Ormernwm, ato B kmacce 119 \ 1Y conepskarcs kak
HOAIPAMO HEPA3JIOKUMBIE HYMEPOBAHHBIE alreOpbl, TaK U anrebpbl ¢ apTHHOBbI-
MU penierkamu KOHIpysHumil ([22]), [jisi KOTOPBIX BCSAKUE OTJEJMMbIe HyMepaluu
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spistiorest 3¢ dexTrBHO oTnenuMbiMu ([15]). 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 werarusubM (|5)).

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 ([7]), a Takxke 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 ([5]).

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
CJIOZKHOCTH 7] MOKeT OblTb KaKoii yroiao, [5]);

- €CJIU 7) NO3UTUBHA, U He SIBJISIETCS BHIYUCIUMO OTIEIUMOI, TO BCAKAs 1)-aredpa
MMeeT KOHTHHYAJIbHYIO pereTKy KoHrpysHumii ([23]);

- €CNTM 1) BBIYHCIMMO OTJETAMA W HE HEraTWBHA, TO BCAKAS 7)-anredpa mMeeT
HeapTUHOBY pemerky KoHrpysuuuii ([6]);
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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 € JIFO0OI IKBUBAIIEHTHOCTHIO (CM. TakkKe [5]);

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 TpaHCBepCaliblo, puHuTHO annpokcuMupyema ([15]).

Ipyrue momobHbIE (aKThI, CBA3BIBAIOIINE CTPYKTYPHBIE CBONCTBA, airedp ¢ aJ-
FOPUTMUYECKUMU CBOMCTBAMHU WX HyMEpAIUil, MOKHO HAWTH B BBIIIEYTIOMSHY THIX
o63opax [5, 6].

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.

IIpennoxenue 2.1 ([12]). Jas a06020 o C w sx6usarenmmocms 1% A6A%EMCA
PABHOMEPHO BUHUCAUMO OMIEAUMOT.

IIpengioxxenne 2.2 ([12]). Jaa awbozo 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 BBIYUCINMO OTIEINMa, eCTh KOHTHHYyyM. Bosee Toro, pasuo-
Mepuzyiorias QYHKIHSS ¢ €IUHA /)T BCEX ITUX IKBUBAJIEHTHOCTEIH.

Omnpenenenne 2.5. IKEUBAAEHMHOCTL 1) HG MHOHCECTNEE W HAZBLEBAELMCA PAG-
HOMEPHO ANNPOKCUMUDPYEMOT BBIUUCAUMBLMU IKEUBAACHIHOCTNAMU, ECAU CYULECTNEY-
em YACTIUNHAA GLIYUCAUMARA GYHKUUA b 0M Yembper nepemertbir, 00aa0a0uLas
CALOYIOUUM CEOTCTNGOM:

ecau x # y (mod 1), mo Au,v.h(z,y,u,v) — suvuciumas GYHKYUSL, ABAAOUA-
ACA TAPAKMEPUCTNUNECKOT OAA MAK020 PACWUPEHUA 1 IKEUBAAEHIMHOCTIU 1), NO
MOOYAI0 KOTNOPOTL T, Y MAKIHCE PASAULHDL.

IIpennoxxenune 2.6 ([12]) SxsusarenmHocms A6AAEMCA PABHOMEPHO BHIUUCAU-
MO 0OMOIeAUMOTE M020a U MOALKO M020a, K020G 0HG PAGHOMEDHO ANNPOKCUMUPYEMCA
BHIHUCAUMBLMY IKGUBANECHIMHOCTNAMU.

T.K. OCHOBHBIM OOBEKTOM HMCCJIEIOBAHAS TAHHOW paOOTHI ABIAIOTCA PABHOMED-
HO BBIYHCJIUMO OTJETUMbIE 3KBUBAJCHTHOCTH C UMMYHHBIMHI XaPAKTEPHCTUICCKUMA
TPAHCBEPCATAME, TO PACCMOTPUM BKPATIE BOINPOCHI CyIIECTBOBAHUSA TAKHX SKBH-
BaJICHTHOCTEH.

BameTnm, 9TO HI 1711 KAKOTO ¢ C W 9KBUBAJIEHTHOCTD 1% HEe 00J1a1aeT MMMYHHON
XapaKTEePUCTHYECKON TpaHcBepcaibio, T.K. {2z | € w} C ¢r(n®), xors MHOrHe
JIPyTHEe WHTEPECHBIE CIy9ad peannsyiorca u aisa n®. Hampumep, JTerko IpOBEPHTD,
9TO €CJI (v KPeaTUBHO, TO N 1mo3uTuBHa U tr(N%) nNposyKTUBHA.

Omnpenenenne 2.7. IK6uBaLEHMHOCND HA3BLBAEMCA IPPexmusto beckoHeu-
HOU, eCAU CYULLCTNBYEM OECKOHEYHOE BVLUUCAUMO MEPEYUCAUMOE MHOHCECTNEO Ha-
MYPAALHHLT YUCEN, NONAPHO PA3AUNHBLT NO €€ MOJYNI0.

WNuave rOBOPs, KBUBAJIEHTHOCTH 7] 3(P(HEKTUBHO DECKOHEYHA TOTJA W TOJIHKO
TOr/Ia, KOrJa CYIIEeCTBYeT PA3HO3HAYHOE BLIUYUCIUMOE BjIOXKeHue id w B 1) (T.€. s
nozxosuieit Braucaumoil yukuuu f Bepuo x # y = f(x) # f(y)). Beckoneunyio
9KBHUBAJIEHTHOCTD HE SIBJISIONIYIOCS 3P (MEKTUBHO ODECKOHETHOI Ha3oBeM Headek-
TUBHO OECKOHEYHOIA.

IIycrs K — KJ1acc 3KBUBaJIEHTHOCTEH ¢ UMMMYHHBIMU XaPaKTEPUCTUIECKUMU TPAHC-
Bepcasamu, K — kiacc HedI(PPEKTUBHO OECKOHEUHBIX IKBUBAJEHTHOCTEH 1 Ko —
KJIACC KBUBAJIEHTHOCTEH, XapaKTePUCTUIECKHE TPAHCBEPCAIN KOTOPBIX THIIEPUM-
MyHHBI. IMeer mecTo ciemyroree

IIpennoxenne 2.8. Ky D K1 D Ks. Bce gkatouenus cobcmeenmie.

Joxazamesvcmeo. OTHOmMEHUs BKIOYEHUs O4eBuaHbL. [oKazkem CTpOrocth 3rux
BKJIIOYUEHMIA. HyCTB Q — MHOZKECTBO C UMMYHHBIM HE TUTIEPUMMYHHBIM JTOTTOJTHEHWN-
em. Torma n;EKO\Kl I/I?’IQEKl\Kg. U

B xs1acce paBHOMEPHO BBIMHCIMMBIX SKBUBAJEHTHOCTEH CBOMCTBA MMMYHHOCTH
XapaKTEePUCTHIECKON TpaHcBepcaan u HeIPHEKTUBHON OECKOHETHOCTH OKA3AJNCh
DPABHOCHUJIHHBIMH.

IIpennoxxenne 2.9 ([12]). PagHomepHo 6b%UCAUMO OMOCAUMAA IKEUBANEHITI-
HOCTNO UMEEM, UMMYHHYIO TAPAKMEPUCTIUNECKYIO MPAHCEEPCAAL MO0206 U MOALKO
mozda, K020a 0HG HeaPPermueno becKoHevHa.

CuaencrBue 2.10. Ecau w \ @ UMMYHHO, HO He 2UNEPUMMYHHO, MO 15 He A6-
AAEMCA PABHOMEDHO BBLYUCAUMO 0MIEAUMOT.
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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 ([12]). Ecau w \ @ ummynno, Ho He 2unepummyHHo, mo
IKBUBANEHMHOCTD 1) HE ABAACTNCA PAGHOMEPHOT,

IIpennoxkenue 2.12 ([12]). Ilycrs o — 2unepnpocmoe mmoscecmso ¢ peepec-
cueHvim donosneruem. Toz20a IK6UBAAEHMHOCTID 7)o, — PABHOMEPHO BUUUCAUMO O
desuma.

Tlepeitmem K paccMOTPEHNI0 HEOOXOAUMBIX TTOHATHI U3 TEOPUH PABHOMEPHO BhI-
YUCIUMO OTIEIMMO HyMEPOBAHHBIX YHUBEPCAJIBHBIX AJIredp

Onpegenenune 2.13. Beckeanmophas Gopmysa ma3vi6aemcs 0u3soHKMUEHO-
UMNAUKGUSHO-N03UMUehol (IHUII-dgopmysroti), ecau ona umeem o00un u3 caedy-
OWULT MPEx 6UJ0E:

1. Al\/\/An—>P,

2. Aiv...VA, = F;

3. 9,

2de A; — amomapmvie, P — nosumuenasa gopmyav, a F — "noocw”.

JUNII-copmynaMu IBISIOTCS, B 9aCTHOCTH, KOHbIOHKITUU OTPUIAHIH aTOMAPHBIX
(cayuaii 2), nosurussbie dbopmysbl (ciaydail 3), a Takke GECKBAHTODHBIE YaACTH
OJIHOLIOCHLJIOYHBIX KBa3uToxKaects Bujga A; — P (upu n = 1 u u aromapuocru P).
Vuusepcaabuoe 3ambikanne JUI-dbopmynsr HaszbiBaercs yHuBepcagbHbiv JIUTI-
MIPEJIJIOKEHUEM.

HeraruBHble MOJEIN, ONSATHL-TAKH, 00PA3yIOT BaXKHBLIN KJIACC PABHOMEPHO BbI-
YUCIUMO OTIETMMBIX MOJIEEH, 9TO JeMOHCTPUPYET CJIELYOIAs

Teopema 2.14 ([5]). Jas nymeposanroti arzebpo, (A, V) pasHocusvHbl caedyio-
WUE YCAOBUA:

1) (A,v) — pasromepro eviuuciuMO omoesumas arzebpa;

2) ecau D — 6LIMUCAUMO NEPEUUCAUMOE MHONHCECTNEO YHUGEPCAMbHuLL T IT-npedaoscerud,
peanusyroweecs 6 A, mo (A, V) pasHOMEPHO ANNPOKCUMUPYEMNCA He2amuUueHbMU P-
anzebpamu (m.e. He2AMUBHBLMU ar2ebpamu, 6 KoOmopur peasusyemes @ ).

KnroueBas umest 10Ka3aTebCTBA 3aKJII0UAETC B cieayiomem. Hauwras ¢ mpo-
U3BOJILHOIO BbIYUCJIUMOrO Pa3OUeHHUsl w HA KOHEYHOe YHMCJI0 MHOXKeCTB (ompese-
JIAIOUIMX KOHEYHOE BBIYMCJIMMOE PACIIMPEHUE si/IPa UCXOAHON HyMepaluu) Liar 3a
aroM mepedbmpaeM mpeajokenus n3 $, mpoBepsist UX HA, TPEIMET UCTUHHOCTH Ha,
9TOM pa3dmeHuu, u ecju 9To-TO u3 P JIOXKHO, TO MPOU3BOAUM PACIIEILIEHNE CO-
[JIACHO JIeBOi uacTu coorBercrBytomero JIUII-npemioxkenus (ecimu ¢ € O,p =
Ay V...V A, > Pu p I0XKHO, TO PACKJIEUBAEM BCE aTOMapHbIe (POPMYJIbI, yIacT-
BYIOLIME B JU3BIOHKIMU B JIEBOI MOCHLIOYHON YacTu (GOPMYJIbL () U IPOJOIIZKAEM
nporecc. Ilpenenpras cucrema u 6yaeT HeraruBHOI (pakTOp-aaredpoit NCXOaHOM -
reOpbl, B KOTOpoit peasu3yerca ®. Caesaem 1Ba BaXKHBIX 3aMeUaHus. Bo-TepBHIX,
st (DOPMYJT MMEIOIUX BHJ KBA3UTOXKIECTB C HE MEHEE UeM JBYMs MOCHLIKAMU B
JIeBoii dacrtu, ckaxkeMm ¢ = A; A--- AN A, — P (n > 2), upu nonbiTke peanu3a-
[UU P 3a CYeT pPACIHIEIIeHUs] BO3ZHMKAET JUJIEMMa — KOTOpoe u3 A; paciienursb?
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1 stor Bompoc npunnunuaabubiii. s JIUTI-dbopmyn Takue 3aTpyaHeHNsS OTCYT-
cTBYIOT. BO-BTODBIX, HA KaXKJIOM KOHEYHOM IIare MPOIeLyPhbl PACIIEILICHUS TEKY-
I€e BbIYUCJIUMOE Pa30dueHue MOXKEeT U He ObITb aarebpoii (T.e. /s KaKOH-TO ome-
pamuy Ha SKBUBAJIEHTHBIX OTHOCUTEIHHO pa3dumenust HabOpax 3HAUEHWS OTEPAITUN
HEedKBUBAJEHTHBI). Ho 1 11000# omepanuu f OT 1 apryMEHTOB PEATH3yeMOCTh
YHEBEpCATbHOro mpeatoxenus Ve, yfr = y = f(¢,z,d) = f(¢,y,d)] (rae ¢,d — na-
paMeTpPbl, BbIIEJIECHHbIE KOHTAHTAMU, a 1) — TeKyllee pa3bueHue), KOTOpoe sBJIsdercs
yausepcanbabiv JIUTI-nipeyoxennem, B anrebpe (w/n; f) o3nagaer, 9To npemesnb-
HOE pa30WeHne COTJIACOBAHO CO BCEMU OTEPAIUSIMU, T.€. SIBJISETCS KOHTPYIHIIHEH,
MpUYeM HETaTWBHOW, T.K. JI00as mapa IJIEMEHTOB JInOO HUKOTAA HE PACKJIEUTCS,
00 PACKJIEUTCS POBHO OIWH pa3 M OOJIbIE HUKOTIA HE CKJIEHTCH.

IIpeasoxkenne 2.15. Beakxas pasHOMEPHO BHLUUCAUMO OMOIEAUMAS OECKOHEY-
HAA FIKEUBGAEHMHOCTD C HE UMMYHHOU TAPAKMEPUCNUYECKOT MPAHCEEPCAALIO UME-
em beckoneunoe He2amueHoe Pacuuperue.

Zloxazameavcmeo. Ilycts 17 — GeckOHEYHAST PABHOMEPHO BBIYHUCIUMO OTIETAMAS

9KBUBAJIEHTHOCTD, ¢r(n) He uMmMmyHHa u o = {ag,a1,...} C tr(n) — GeckoHeyHoe
BbIUUCJIUMOE [OAMHOXKECTBO Tpancsepcasu. Oborarum anrebpy (w/n) mycroii cur-
HATYDBI CYETHBIM MHOXKecTBOM KoHcTanT C' = {cg, ¢y, ... }, CTAHIAPTHBIM 06pa3oM

HHTEPIPETUPYsT KOHCTAHTY ¢, B sseMeHT n/n. Ilomaraem ® = {¢,, # ¢, | m #
nAm,n € a}. T.k. & — BbIUUCIUMO NEPEUUCTUMOE MHOXKECTBO YHHUBEDPCAIBHBIX
JUII-tipeaioxKennii, peaTu3yomieecss B pAaBHOMEPHO BBIUHUCINMO OTAETUMON aared-
pe (w/n; C), 1o no reopeme 2.14 sra asrebpa umeer HeraTUBHYIO (hakTOp-airedpy,
B KOTOPOIi peanusyercs P, T.e. MHIAEKC TOM HEraTUBHON P-KOHTPYIHIMM OECKOHE-
qeH. (I

IIpenioxenne 2.16 ([20]). ITycmv 1 — beckoneunas me2amuéHas IKEUSA-
AEHIMHOCTID U O — BECKOHEUHOE SBUUCAUMOE NOOMHONCECMBO TAPAKMEPUCTIUE-
ckoti mpanceepcasu tr(n). Toeda cywecmeyem maroe suuuciumoe pacuwuperue n*
akeusasenmmocmu 1, wmo tr(n*) = a U {0}.

CaencrBue 2.17. Bcakasa 0eCKOHEWHAA PABHOMEDHO BBIMUCAUMO OTIEAUMAA
IKBUBANCHIMHOCTS € HE UMMYHHOT TAPAKMEPUCTNUYECKOT MPAHCEEPCAAIO UMEEM,
becroneuHoe BbUUCAUMOE PACUUPEHUE.

HemocpencTerernno BhITeKaeT n3 mpeaioxkenuit 2.15 n 2.16.

3. KPUTEPU JIOKAJIbHO ®UHUTHON OTJAEIUMOCTH

Omnpepnenenne 3.1. Cemeticmeo xonzpyonuyud (0;)ic, HA3B6AEMCA PASHOMEPHO
He2amusHbM, ecau muoscecmeo {{x,y,m) | x # y(modf,,)} ewwucaumo nepevuc-
AUMO.

Crenytoliee yTBepxK/IeHIe OYEBHIHO.

Ilpennoxxenme 3.2. Ilepeceuenue ecex KoHepysnyul u3 4106020 PaBHOMEPHO
HE2AMUBHO20 CEMETCNBA HE2AMUBHBIL KOH2PYIHUUT ABAACMCA HE2AMUBHOT KOH-
2pYsnYUel, npuiem UHIEKC IM020 NEPECeVEHUS CTNPOUMCS PAEHOMEPHO IPPermue-
HO N0 3G0GHHOMY AAZOPUMMY NEPEUUCAEHUS IMO20 CEMeUCTEA.

B gacTtrOCTH, Tepecedenue 10600 KOHEYHOTO MHOXKECTBA HETATUBHBIX KOHIPY-
SHUUNA ABJIAE€TCA HETATUBHOU KOHI'DYIHIIUEN.
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Ilpenmoxkenne 3.3. Ecau Tapakmepucmuveckas mpanceepcans beckonewHot
PABHOMEPHO BBLUUCAUMO OMOICAUMOT FKEUBANEHMHOCTIU 1] HE UMMYHHA, MO CYUe-
cmeyem He A0KAADHO HUHUMHO OMOEAUMAS YHUBEDCAALHAA 1)-aN2e0Da.

Joxasamenvecmeo. Ilyctb 1 — GeCKOHEUHAsST PABHOMEDPHO BBIYHCIMMO OTIETUMAst
9KBUBAJIEHTHOCTD, A\2.g(x, Yy, 2) — QYHKIUS U3 ONpe/ie/IeHus PABHOMEPHOCTH 7, t7 (1)
He mMMyHHA 1 @ = {0 = ap < a1 < ...} — GECKOHETHOE BEIYUCIAMOE MOJIMHOKECTBO
tr(n). Onpenenum mymepanmio v : w? — Q (e Q — ceMefflcTBO BCex 17-3aMKHY THIX
BBIMUCJIUMBIX MOIMHOXKECTB W), COMOCTABJAS KaXKI0H mape (A, a,) Ipum m # n
BBIYHCIMMOE MHOXKECTBO ((mpny = 12 | Az.g(z,y,2) = 1}. Ouesmawo, uto v —
BBIYUC/IMMAs HyMepaius cemeiicTsa {a(y, )y | (m,n) € w?;m # n} u noromy, 1o
MIPEJIOKEHNIO 3.2, SKBUBAJIEHTHOCTH

77I = ﬂ O (m,n)

(m,n)Ew

(m1s BCeX m 7 M) ABIAETCS HErATUBHBIM W, OYEBUIHO, OECKOHEUHBIM DACIITUPEHU-
eMm skBuBasienTHOCcTH 7). Ilo npenyoxkenuio 2.16 skBUBaeHTHOCTD 7)) UMeeT GeCKo-
HEYHOE BBIYHUC/INMOE PaCUIUPeHue 1", XapaKTePUCTHYeCKasl TPAHCBEPCAIb KOTOPOit
ecTb Q.

IMocrpoum ne sokambHO GUHUTHO OTAEIMMYIO anrebpy (w/n*;p) ciemyroimm

obpazom:
0, ecitu £ =0 (mod 7n*),
p(z) = { Gp, €CIN T = Gp41  (mod n*),

T.e. QyHKIMSA p AefCTBYeT HA KJIACCAX 1) -3KBUBAJIEHTHOCTHA KaK ajredpa mpeiie-
creoanmst P (P = {(w;p),p(n + 1) = n,p(0) = 0). dcHo, uTo p coraacosaHa ¢ 7,
T.K. ecsii @ = b (mod 7), T0 a = b (mod n*) MOCKOJIBKY 7)* — paciIupeHue 7, HO
roraa p(a) = p(b), T.e. p coryiacoBana c 1.

Jlemma 3.3.1. Fcau U — ynapHasa aszebpa, codeporcaw,as nodarzedbpy u3omopgdh-
HY anzebpe npedwecmsosanus P, mo U He 40KaADHO PUHUTHO 0TIEAUMG.

Zloxazameavcmeo. dokazarennctBo. Ilycts P — noganredbpa yuapa U. Obo3naunm
9epes ¢p — eJUHCTBEHHbBII HEIIOABUXKHBIH 3j1eMeHT B P (OTHOCUTE/IbHO AeiicTBud p),
a yepes ¢ — eauHCTBeHHBI (B P) p-ipoobpas asementa cg. Ilycrsb 6 — KoHrpysHIus
KOHeYIHOTro nHaeKca aarebpsr U. Torma xorst ObI B OHOM CMEKHOM f-Kjacce comep-
KuTcs beckoHedHoe MHOKecTBO M 3memenToB u3 P. Beibepem mpou3BobHYIO TAPY
9JIeMEHTOB 13 M, OTJIUYHBIX OT Cg,C1, CKAYXKEM @, b U TMyCTh IJIS OMPeIeIeHHOCTH
a = p*(b),p!(a) = c1;k,1 > 1. Jlerko mpoBepuTh, 9TO “cKIeiKA” TEMEHTOB a,b O
MOIyi0 6 HEOOXOIMMO OTOXKIECTBIISET JJIEMEHTHI Cq, €1 110 MOJYJIIO ITOH 2KE KOH-
rpysunmu. CrieoBaTesibHO, KOHEYHO OPOXK AeHHast nogaarebpa ({co}; p) u snement
€1 He Pa3INYaloTCd HUKAKOW KOHIPYIHIMEH KOHETHOIO WHIIEKCA. O

L7151 3aBepItieHns T0Ka3aTebCTBA JJOCTATOYHO 3AMETUTh, YTO OIPeeIeHHAs BbI-
e HaJl 9KBUBAJIEHTHOCTBIO 1) anrebpa (w/n;p) ComepKuT anrebpy MpeecTBoBa-
HUST B KQYE€CTBE MOAAIre0pHI. (I

3ameuanne 3.4. B siemme 3.3.1 BmecTo asredpbl IpeIIieCTBOBAHUS MOXKHO UC-
MOJTF30BATH JIIOOYIO TIOAMPSIMO HEPABIOKUMYI0 OECKOHEUHYIO TIOIAIredpy A, B KO-
TOPOI JIJIST HEKOTOPO# APl PA3JIMIHBIX JIEMEHTOB, COAEPAKAIINXCS B JIIO00H HEHY-
JIEBOW KOHTPYSHIIWMU, OJIMH W3 HUX JIEKUT B IMOJXOAAINEH KOHEYHO MOPOXKJIEHHON
nozarebpe Ag, a BTOpoil — He IPUHAIJIEXKUT ITOH mnomaredpe.
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Cdopmynupyem kpurepuii JOKAJIHHO PUHUTHON OTIETUMOCTH BCAKOM ajreOpsi,
[PEICTABUMON HaJI PABHOMEPHO BLIYMCJIMMO OTIEJAMOI 3KBUBAJIEHTHOCTHIO.

Teopema 3.5. Jlaa 6eckoHewHol PASHOMEPHO BHLUUCAUMO OMIEAUMOTE IKEUBH-
AEHMHOCTIU 7] CALOYIOUWLUE YCAOBUS FKEUBAAEHTTIHDL:

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

(2) ecarasn n-anrzebpa A0KAALHO PUHUMHO OMOCAUME;

(8) ecarasn n-anzebpa GurHUMHO ANNPOKCUMUPYEMA.

Joxasamenvcmeo. (1)=(2). Ilycts ) — GeCKOHEUHAS PABHOMEPHO BBIYUCIUMO OT-
JeuMast SKBUBAJIEHTHOCTD 1 ajredpa A addexkTuBHON cUrHaTyphl Y. IpeIcTaBuMa,
uaz 7. domycrum, uro Ag — koHeuno nopoxaentas snementamu C = {co,...,¢m}
cobcrBennas nozajarebpa anrebpol A B curnarype Y. (3aMerum, UTO CUTHATYPA
MOKET OBITH W OECKOHEYHOMH, T.K. TION KOHEYHOH TOPOKIEHHOCTHIO MBI TIOHMMA-
€M TIOPOKIEHHOCTh KOHEYHBIM YHCJIOM 3JIeMEHTOB W BCEMHW HEKOHCTAHTHBIMHU Y-
olepaIysMy, [IPU ITOM [OJIAraeM, YTO BCe L-KOHCTAHTHI jexkar B C) u a € A\ Ag.
O6Goratum cATHATYPY Y MHOXKECTBOM KOHCTAHTBIX CHMBOJIOB JIJIsi 3JIEMEHTa ¢ W
MOPOXKIAIOMIAX CQ, . . . , Cy, KOTOPBIE 0003HAYMM TeMu ke OykBamu. Paccmorpmm
muoxkecTBo T(C') Beex Y-repmos or Beex nopoxmatomux u3 C' U {a}. Ilo ycaosuio
vVt € T(C)(a # t), mosTOMY B A HCTHHHBI BCE HEPABEHCTBA U3 MHOXKeCTBA ® = {a #
t|teT(C)}. Babukrcupyem Hymepaimo v ajarebpsl A ¢ sapom 7, v-HOMep k dJie-
MenTa a, MHOKecTBO v-Homepos C), = {ko € v 1(cq), ..., km € v~ (cm)} mopoK-
paonmx nonaarebpsl Ag u obosuadum uepes T, (C,) MHOXKECTBO BCEX TEPMOB U3
T(C), B KOTOpBIX BCe Y-OllEPALMU 3aMEHEHbI COOTBETCTBYIIUMHE [IPEACTABIIAIOIII-
MU BBIYUCIUMBIMA (DYHKIUAMEA B HyMEpanun v. B cuily paBHOMEPHOCTH CBOICTBA,
BBIYMCIINMON OTJIEIMMOCTH 9KBHBAJIEHTHOCTH 1), ajrebpa (A,r) paBHOMEPHO arl-
OPOKCUMUDYETCs HeraruBHbIMEU P-anrebpamu (CM. OpeIbLAyIIUil pas3ies, TeopeMa
2.14). Takum 06pa3oM Mbl OJIYYaEM TaKOe HErATUBHOE PACIIUPEHHE 1)* KOHIDYIH-
uuu 7, 4r0 B daxrop-anrebpe (w/n*;3) peanusyercd BbIUMCIUMO [EPEUUCIUMOE
muokecTBO {k # t, | t, € T,,(C,)}. Ho xapakTepncTuyeckast TpaHcepcamis tr(n*)
9TOI HEraTWBHON KOHTPYSHIIUHW 1* ABIAETCA BBLIYUCIAMO MEPEIUCIUMBIM TIOIMHO-
JKECTBOM MMMYHHOro MHOKecTBa t7(n). CienoBaresibHo, 17 — KOHIPYIHIUs KOHEY-
HOIO MHJEKCa, pa3jimJamolias daeMent a u nogauredpy T(C).

(2)=(1). [Iycrp Beakas ajurebpa, npeacraBuMast HaJl 1) JOKAJIbHO (PUHUTHO OTe-
Juma. Jonycrum, yro tr(n) e ummynna. Torja, 110 upenioxenuo 3.3 cyuiecrsyer
He JIOKAJIbHO (DUHUTHO OTAeMMas 1-aiarebpa. Ilporusopeune.

(1)=(3). OueBumno.

(3)=(1). IIycrp Besikas n-anrebpa (GUHUTHO annpokcumupyema, HO tr(n) Gec-
KOHEYHA W He MMMyHHA. 10rja, aHAJIOIMYHO [TO0KA3ATEJbCTBY JieMMbl 3.3.1, jierko
[0KAa3aTh, YTO CyIIECTBYeT yHapHas n-aareOpa A, comepxkamas moganredpy, u3o-
MopdHyIo anrebpe mpemmectsoBanns P. fIcro, aro A He GDWHUTHO ANMMPOKCAMUA-
pyema. IIporuBopeune. ([l

ITokazkem, 9TO ycJIOBHE JIOKAJIBHOCTHU [1JIsi CBOHCTBA (DUHUTHOI OTAEJIMMOCTA B
TeopeMe 3.5 ABJISEeTCs CYLeCTBEHHbBIM.

Ilpeagioxkenne 3.6. Cywecmeyem makas paBHOMEPHO BBHUCAUMO OTNIEAUMAA
NO3UMUBHAA IKBUBAAEHMHOCD 1) € UMMYHHOU TAPAKMEPUCTUYECKOT Mparceep-
CAADBIO, YMO HEKOMOPAR 1)-AA2e0PA HE ABAACMCA PUHUMHO 0MICAUMOT.
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Joxasamenvcmeo. dokasarenscrso. Ilycrs 69 = {0}, 01 = {1,2},92 = {3,4,5},...
— CHJIBHASA TIOCJIEIOBATETHHOCTD MOMAPHO HENEPECEKATOUXCS KOHEIHBIX MHOKECTB,
B KOTOPOI MHO?KECTBO 0,, COCTOMT u3 N+ 1 MOC/I€I0BATEILHBIX HATYPAIbHBIX YUCEJ.
Ompenennm BeraucanMyoo GyHkimo f tak, uto f(r) = ¢+ 1 mpn & € §; A x #
max d;. Ecim 3ke = max d;, To nonaraem f(z) = x.

Badwukenpyem TpOM3BOILHOE THMEPITPOCTOE MHOMKECTBO /3 C PETPECCHBHBIM JI0-
MOJTHEHUEM, HEKOTOPBI MepecdeT KOTOPOTO MPOCIEKWBACTCA YACTHIHON BBIYUC-
JUMOii perpeccupyomieil dbyukimedi 1) (IpuMepbl TAKUX MHOXKECTB MOXKHO HANTH,
nanpumep, B kaure X.Pomkepca [3]). Onpenesium MHO)KECTBO

B ={z|3n[(z €, An € B)V z=maxdy,]}.

U 9KBHBAJIEHTHOCTD 7)g~ = {(z,y) | z,y € B*} Uid w, T.e. g HMeET e IUHCTBEHHDIH
HETPUBHUATBHBINA CMEXKHBIH Kaace B7.

Jlemma 3.6.1. Muoowcecmeo 5* — sunepnpocmoe ¢ pezpeccushbim JONOAHEHUEM.

Zlokasameavcmeo. OdeBuaHo, 9T0 $* BBIAUCAUMO mepedncanmo. JlomycTum, 910
w\ f* HE rUIEPUMMYHHO U 0¢, 01, ... — ClibHad Tabiuia g w\ f* (r.e. oo, 01, ...
— NepeYrCaMMas 10 KAHOHMYIECKUM MHJIEKCAM MOC/IEI0BATENbHOCTD IIOIIAPHO Hele-
PECEKAIOIINXCS KOHEYHBIX MHOMKECTB, KayKI0e U3 KOTOPBIX COIEPIKUT IJIEMEHT U3
nonommenns 3*). Jlaa Beskoro MaoKecTBa o C w Wepe3 § Lo 0603HAUNM TOTHBIH
4-TpooOpa3 MHOXKECTBa, (v [IJIs OIPEIEJIEHHOTO Bhillle oToOpaxkenus ¢. IlocTpomm

CJIEAYIOIIYIO IIOCIe0BATEIHbHOCTh KOHEYHBIX MHOXKECTB 0’6, O’T ,... IIO IIaram.
ITar 0.
oy = U{z|x662}.
xrE€og
IIar s + 1.
* —
o= Jzlwed),
rEo)
rie

k=min{y | [0 to, N Hog U---Ual) =0]}.
Kouen mara s + 1.

Wuayknmeit 1o maraM nocTpOeHust HETPY/IHO MOKA3ATh, 9TO KazKIbIi mar 3aBep-
LIAETCs PEIbABJICHUEM KAHOHUYECKOIO MHJIEKCA KOHEYHOIO MHOXKECTBA, KOTOPOE
COZIEPKUT IJIEMEHT W3 JOMOJHEHUS [3 U He TMEePECeKAeTCsT CO BCEMU MHOYKECTBAMM,
NOCTPOEHHBIME JI0 JIAHHOTO II1ara, YTO MPOTUBOPEYUT TUIEPUMMYHHOCTH w \ 3.

IMokaxkem, uro w \ B perpeccusno. [ljisi 3TOro, HA30BEM JIEMEHT MHOXKECTBA Jy,
PEIMAKCHUMATBLHBIM, €CJTH OH HE MAKCUMAJIEH, HO OOJIBIIE BCEX OCTATBHBIX 3JIEMEH-
TOB u3 0,. dns ynobersa Gyaem mosarathb, 9to 6o, 01 C f*. Oupenesum BbIYucIu-
Myt GyHKIHO Y* caemyoomuM 0b6pas3om. s TaHHOTO HATYPAIHHOTO T HAXOIUM
TaKoe n, 9To & € d, u nomaraeM Y*(z) = f(x), ecnn & He SABISETCS MPEIMAKCH-
MaJIbHBIM B §,,. B TIPOTUBHOM ciIy4ae, T.e. /I MPEIMAKCUMAJILHOrO I, TOJIaraeMm
Y*(z) = mindy(,). Jlerko 3amerurs, 4TO ¥ perpeccupyerT HEKOTODBIA Hepecder
MHOXKeCTBa w \ 8%, T.K. KaxK/iblii as1eMenT u3 w\ § "3amMengeTcsa” MOAXOAAIMM OTPe3-
KOM 0y, U, IIO CYIIECTBY, PErPECCUPYIOTCSA ITH OTPE3KHU C COXPAHEHUEM KOPPEKTHOCTH
omneparmuu Y*. O

Cornacuo nemme 3.6.1 i1 mpeyIoyKeHnIo 2.12 SKBUBATEHTHOCTD 1)3+ ABJIAETCA PAB-
HOMEPHO BBIMUCIHMO OT/IETUMON SKBUBAJIEHTHOCTHIO C UMMYHHOM XapaKTHPUCTHU-
YECKOW TPAHCBEPCAJIbIO U IIOTOMY, 110 TeopeMe 3.5, jrobast anredpa mpejcraBuMast



158 H.X. Kacsimos

HAJ| 3TOH SKBUBAJIEHTHOCTBHIO JIOKAJILHO (PUHUTHO oTmenmMa. [lokarkem, 9TO Ha,
7g= TpeJCcTaBuMa He (GDUHUTHO OTAeINMAad anrebpa.

Badukcupyem spa asiemenra s,t € (w '\ §*) u onpenesum BbIYUCIUMYIO aiarebpy
A = (w;h), e

{ t, ecnu y # s,
h(l‘, y) =
f(x), ecim y = s.
Odesnano, 9To GyHKIMA h COTIACOBAHA C IKBUBAJIEHTHOCTBIO 73+ M TOTOMY KOD-
PEKTHO OIpefieeHa Mo3uTuBHas (hakTop-anredpa (A/ng«; h) BEINUCIAMOl aareGpsL
A 1o kourpysuimu ng-. Torga Ag = (w/ne« \ (8* U {s}); h) — noganrebpa anreGpsl
(A/np~; h), nonyuatomasics u3 HCXOAHON HAKTOP-AIreOpbl YIATeHAEM [IBYX SJIEMeH-
ToB — * u s/ng-. Ilokaxkem, uro momanrebpa Ap u ssement J* He pa3IUIAOTCST
HUKAKON KOHTPYSHIHMEH KOHEYHOrO WHIEKCA. JIJIs 3TOro BBEIEM Ha ITOMOJHEHWUH
mHOXKecTBa 3% Gynkuumio d : w \ f* — w, KOTOPYyI0 HA30BEM paccrosgHueM 10 * u
nonaraem d(z) = min{n | f™(z) € 8*}.

ITockoNbKy /11 BCAKOTO M 9MCJIO JIEMEHTOB M3 JIONOAHeHus (%, pacCcTosiHue OT
KOTOPbIX 10 B* 60Jiblie 5T0ro n OECKOHEYHO, TO BCAKAA KOHIPYIHLUS KOHEYHOI'O
WHIEKCA COTEPIKAT TAKOH KJIACC KOHTPYSHTHOCTH, B KOTOPOM COIEPYKATCS Mapa, Ta-
KHX JIEMEHTOB, CKaxkeM a, b, u1o d(a) < d(b). VI3 KOHrpYIHTHOCTH ITUX 3JIEMEHTOB
7 Toro ¢gakra, 9To 5* — HemOABUKHAS TOYKA OTHOCUTETHHO AeicTBus QyHKIun f,
3AK/TIOYAEM, UTO IO MOJYJIO JAHHOH KOHrpysHiun stementst 3 u f4Y) (b)/ 13+ PaB-
b1, xora f49)(b) ¢ B*. Takum 06pa3oM, BCAKAS KOHIPYIHIIHS KOHEIHOIO HHICKCA
OTOXKIECTBJISIET JIEMEHT ¥ ¢ HEKOTOPBIM JJIEMEHTOM TOZAIrebpbr Ag. (I

Sameuanmne 3.7. [lycrs T5(C) — abeosorro cBobGogHas anrebpa Y-tepMoB 3dh-
bEKTUBHOM CUTHATYDBI Y. OT KOHEYHOro MHOXKecTBa C' CUIHATYPHBIX MOPOXK A0
mpXx. 3aduKcupyeM HEKOTOPYIO IeJIeJIEBCKYI0 HyMepanmio -y 1o anrebpol. fcuo,
aro jrobas Y-aaredpa A, MOpPOXKIEHHAS MHOXKECTBOM CUTHATYPHBIX KOHCTAHT C
sBjigerca romoMopdHbiM 00pazoM anredpot T (C'). Boibepem Takoit romomopdusm
u HazoBeM ero . Torma nymeparnus vg = 7y — HyMepanus anredpel A, Ha3bIBaeTCst
crangaprHoii. HerpyaHo 3ameruTs, 4To mjist Jito0oi HyMepaimu U ajaredpsl A cran-
JlapTHAsE HyMepalys Vs CBOJUTCS K V, T.e. CYIIECTBYET TaKas BblYUCIUMas (DyHK-
must f, uto vg = vf. B ciaydyae MO3UTUBHOCTU I MMEET MECTO TAK¥KE CBOIUMOCTH
UV K Vg, T.€. 3TH HYMEPAIlUU OKA3bIBAIOTCS BBIYUCIUMO SKBUBAJEHTHBIMU. ¥YI00HO
CMOTpPETH HA, TEPMBI OT 3PPHEKTUBHOIO MHOKECTBA, MOPOXKIAIOMINX KAK HA 'MMe-
Ha” KJIACCOB KOHI'PYIHTHOCTH, COAEPIKALIMX 3TH TEPMbl (IBa T€PMa PABHbI, €CJIU
COBIIAJAIOT UX 3HadeHus B anredpe). C 310l TOUKM 3peHus TEPMbl MOXKHO BOCIIPH-
HUMAaTh KaK HATYPAJbHBIE YUCJIA ¥, B HEKOTOPBIX CJIYUAAX, TAKON TMOIXOT KAYKETCsT
OPEINOYTUTEIbHEE TIEPEXOIa OT HATYPAJbHOrO ducia (TeeeBCKOro HOMEpa Tep-
Ma) K CAMOMY TEpMY U, JaJjiee, K 3HAY4eHUI0 TepMa B aJirebpe IIpu COOTBETCTBYIONIEM
romomopdusme.

Orverum cremyronmii Baxkabiii dpakt. CormacHo npeanoxenuio 3.6 HaJI paBHO-
MEPHO BBIYUC/IUMO OTAEIUMOHN 3KBUBAJIEHTHOCTHIO BUJA 1), IIPHU HOJIXOALAIIEM KO-
UMMYHHOM (@ IPEJICTaBUMa HE (DUHUTHO oTAesmuMas ajareopa. OgHako, 110 reopeme
3.5, BCSIKAst 7),,-aaredpa B 9TOM CiIydae OyIeT JIOKaJbHO (hUHUTHO OTaeanMoit. Oxa-
3aJI0Ch, YTO JJIsI 9KBHUBAJEHTHOCTEH 3TOrO BUIA MOKHO OTKA3aThCsS OT YCJIOBHUS
PABHOMEPHOCTH.

IIpennoxkenne 3.8. s 1106020 & C w cAeOYOUUE YCAOBUA PABHOCUALHDL:
(1) tr(ne) ummynna;
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(2) ecarasn Ny -as2e6pa AOKANOHO HUHUMHO 0TRIEAUMA.

JHoxazameavcmso. (1)=(2). Byuem rosoputsh, uro cemeiicrso dbyuxiumii F' corsa-
COBAHO € 3KBUBAJICHTHOCTBIO 1), €CJIN 1 KaxK10i PyHKIMK 13 F 3KBUBAJICHTHOCTD
7] ABJISETCA KOHTPYIHIINEH.

Mper1 Gyziem 6a3MpOBATHCS HA CIIEAYIOMIEM yTBEPKIEHUH, TOKa3aHHOM B [11].

JIemma 3.8.1 (11). IIyems F — sfipexmueroe cemeticmso suuuciumols @Gy-
Yull, COZAACOBAHHOIT C Ny, 2de w \ & ummynno. Tozda dasn 4106020 KOHEUHO20 MHO-
orcecmea v C w \ & cyujecmayem makoe e20 Konewnoe pacwupenue 0, wmo y C 6 C
w\ a u ecaras dynkyus uz ' coznacosana ¢ sK6UCALEHMHOCTIBIO N\ 5

Ucnonb3yem 3Ty MeMMy CAeayIonimM 06pa3oM.

Paccmorpum npousBosibayIo 1)-anrebpy A. I[lycrs Ag — KOHEYHO TOPOXKAEHHAS
nozasrebpa anredpsl A u syeMeHT a He JnexkuT B Ag, T.e. a € A\ Ag. Pacemorpum
JIBa CJrydast.

1. a = . B arom ciyuae neobxonumo Ay 1eaukoM JexkuT B w \ o. B cuity xoneu-
HOW TIOPOXKJIEHHOCTH Ta MOAAIreOpa BBIYUCIUMO NEPEUUCTUMA U IOTOMY KOHEYTHA,
(r.x. w\ @ ummynno). Ilycrs upoobpas Ag (upu ecrecrsennom romomopdusme 3a-
JAHHOM HyMeparmeii v : w — A, rae v(z) = x/1,) ectb v C w\ a. o temme 3.8.1
CYIIECTBYET TaKOe KOHEYHOe pacmuperue 6 D 7y, 910 ¥ C § C w \ @ ¥ IKBUBAJIECHT-
HOCTD 17),,\§ ABJIAETCA KOHTPYIHIMEH KOHETHOTO MHIEKCa aareopul A = (w/Na; F).
OueBUIHO, 9TO 3Ta KOHTPYIHIMS pasindaer nofgaaredpy Ag u amement a = a.

2. a € w\ a. ITo nemme 3.8.1 cymecrsyer takoe koneunoe § C w\ «, uro {a} C &
n Bce byHKIUH n3 I COTJIACOBAHBI € IKBUBATEHTHOCTHIO 7),,\5. Torga obpas a B
Kone4unol Qaxrop-anaredpe (w/mn,\s; F) e "cknensaerca” HH ¢ KAKHM 3J1€MEHTOM
He TOJbKO Ag, HO maxe u A\ {a}.

(2)=(1). Anasornuno npesoxeHnio 3.3. O

ITokazkem Temeph, YTO CBONCTBO PABHOMEDPHOCTH B (DOPMYJIUPOBKE TEOPEMbBI 3.5
TaK:Ke SIBIASETCd CYIIECTBEHHBIM, T.€. /IS BBITUCIUMO OTIETUMBIX IKBUBAJIEHTHO-
cTell He SABJISIONINXCS PABHOMEPHBIME 9TA TeopeMa He mmeeT mecrta. 13 mpemsoxe-
Hud 3.8 cienyer, 9TO B KJjacce KBUBAJIEHTHOCTENR BHAA 7)o, TAKUX KOHTIIPUMEDPOB
metr. [loaTomMy mocTpoenme BBITUCIUMO OTAETUMON IKBUBAJIEHTHOCTH C MMMYHHOMN
XapaKTEPUCTUIECKON TPAHCBEPCAIBIO, HA KOTOPOU MPEICTABIMA HE JIOKAJIHHO (HH-
HUTHAs aJredpa COMPSKEHO C PACCMOTPEHNEM SKBHUBAJEHTHOCTEN 00JI€e CJIOXKHOTO
BHUJA.

Teopema 3.9. Cywecmsyem maxas 6oUUCAUMO OMIEAUMAS FKEUBAAEHMHOCTI
7N € UMMYHHOT TAPAKMEPUCIUNECKOT MPAHCEEPCAABIO, KOMOPAA ABAAEMCA HOPOM
npedcmasaeHus nodrodswet YHUBEPCANbHOT ar2ebpbl, He ABAANOUEUCH NOKANDHO
PurumHo omaoesuMot.

Loxazameavcmeo. JlokazarenscTBo. ByneMm cTponTh HyKHYIO 9KBHBAJEHTHOCTD U
anreObpy B aBa dtanma. CHagasa NOCTPOMM KOHEYHO MOPOXKIECHHYIO anrebpy A =
(W/Na; f,9), TI€ (v — MHOXKECTBO C MMMYHHbBIM JIOIOJHEHUEM, A 3aT€M OLIPEIeJIUM
anredpy A* = (w/nk; f*, g%, h*), tue f*, g* — onromecTHBIE Bhrancanmble byHKIUH,
cTposmuecs mo f, g COOTBETCTBEHHO, & h* — Beraucaumast onnapuas yakmnus. [Ipu
sroM tr(nk) Gyaer UMMYHHOI, a A* — He JIOKAJIBHO (DUHUTHO OT/IEIMNMOIA.

B paGore [11] mocTpoeHa KOHEUHO MOPOK IEHHAS 7)o-aJrebpa ¢ MMMYHHOMN Xapak-
TepUcTHYECKOl TpancBepcasbio. O6o3nauumM ee uepes A = (w/na;¢, f,g), Toe ¢ —
MOPOXKJAIONIHIN SJIEMEHT, & f, g — JIBE OJHOMECTHBIE BLIYUCIAMbIE (PyHKIAA. MOKHO



160 H.X. Kacsimos

CYUTATD, YTO ITOPOXK/IAIONINIT JIEMEHT ¢ HE IPHUHA/IEKUT 00beIMHEHUIO o0acTeit
suavenuit pyuknuii f u g. [Ipu sTom, Ki1acc o SKBUBAJIEHTHOCTH 1), SBJISETCS HEIIO-
JIBUZKHOM TOYKO# 110 MOJYJIIO 7)o, KaK JJisd f, TAK U JJIsi ¢, & MOPOXKTATONIUHN SJIeMEHT
¢ OYEBHUHO JIEKUT B W \ Q.

Hamommnwm, uro 1) = {(z,y)|vz N @ = 7, \a}, e v — KaHOHHIeCKas HyMepaIus
KOHEYHBIX MHOYKECTB.

ITepeiinem Tenepsb K MOCTPOEHHIO TAKOI Hy MEPOBAHHOIT anreGpsl (w/nk; f*, g*, h*),
KOTOpast He SBJISeTCsS JOKAIBLHO (DPUHUTHO OTHEJUMOl, HO, IPU ITOM, XapaKTepu-
cTUYecKas TpaHcsepcadb tr(n)) uMMyHHA.

ITycrs v — KaHOHWYeCKasi HyMepalyst KOHeYHBIX MHOXKecTB. Torma tr(nk) — nm-
MYHHOE MHOKECTBO (B IPOTUBHOM CJIy4ae HaJIudrne GECKOHEYHOTO BHIYUCIUMO MIEpe-
YUCITUMOTO TOAMHOXKECTBA (1% ) TPOTHBOPEYUT HMMYHHOCTH W \ @, T.K. KOHEIHBIE
MHOXKECTBA, y-HOMEpa KOTOPLIX Jiexkar B r(n),) He nepecekatorcs ¢ «). ITokaxem,
YTO HaJ, 7)) LIPejcTaBuMa KOHEYHO 1I0pOXKaeHHas ajredpa. s sToro ompejenum
TpU BhraucauMbie pyukmn f* g%, h*:

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

IMokazewm, 4ro 311 hyHkuuu corsacosausi ¢ 1. IIycrs © =y (mod 7). Ilo onpe-
JEJEHHIO Yy \ o = 7, \ @. OG03HAYUM Yepe3 0 MHOKECTBO 7 \ &, TOr1a

f@)=y"{f(n)In€o} (modny),
T.K. f TOXKJECTBEHHA HA (¢ [IO MOJYJIIO 7)o . AHAIOIUIHO,
) =7"{f(n) [nea} (modung),

ve. f*(x) = f*(y) (mod 2.

g g* paccygaeM TOYHO Tak IKe.

IMycts = uw (mod n)) my =v (mod nf), Te. u \a=v, \any\a="\a
Torga v, Uy \ @ =7, U7, \ @, T.e. h* TakzKe COITIaCOBAHA C 1),

IMokazkem, 9T0 KOppeKTHO onpexaenentas gakrop-anrebpa (w/nk; f*, g*, h*) Ko-
HEYHO IOPOKIeHHad. I 3T0ro 3aduKcupyeM y-HOMep OJHO3JIEMEHTHOIO MHOZKE-
cria {c}, rae ¢ — nopoxaaomuii snement anrebps (w; f,g). [Myers v~ 1({c}) = c*.
Yepes h*(x1,. .., Zmy) 0DO3HAUNM CYTIEPIIO3UIHIO

R*(z1, W (e, ..., A (Tme1,Tm)) - - - ).
Ecnn =y~ ({ko, ..., ki}) mwk; = ti(c), oae t; — (f, h)-repm, o v~ ({k;}) = t7(c*),
rae t¥(c*) — pesyabrar 3amensl B (f, g)-Tepme t; cuMBoda f Ha f*, g Ha g*. Torma
R (t5(c"), ... 1 () = m,

r.e. anrebpa (w/nk; f*, g%, h*) KOHEYHO MOPOXKIEHHAS.
Hakonen, ybequmcss B ToM, 4TO ajirebpa A* sBigercd He JIOKAIbHO (DUHUTHO
oraenumoit. JIjist 9Toro JOKaXKeM CJIEAYoIee BCIOMOraTeIbHOE YTBEPKICHIE

Jlemma 3.9.1. Cmandapmuas Hymepayus 8CAK0U KoOHewHOU an2ebpbl, KOHEUHOU
CULHAMYDPDL ABAAECTNCH BLLYUCAUMOT.

Joxazameavcmeo. Ilycth KoHewHAss anrebpa B KOHEWHONW CUTHATYPBI L TIOPOXK-
Jlaercsi MHOXKeCTBOM 3jteMeHToB {b1, ..., b, }. Paccmorpum abeomoTHO CBOGOIHYTO
Yo-anre6py Ty, (X) or cBobogubIX mopokaaonmx X = {T1,...,Ty} U HOCTPOUM
orobpaxenue ¢g : {T1,...,Tn} — {b1,...,b,}, nonarag @(x;) = b;, 1 < i < n.
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Torza @o eMHCTBEHHBIM 00Pa30M MPOJOIIZKAETCst 10 roMoMopdusma ¢ u3 Tx, (X)
Ha B. Tem cambiM ompejeneHa crapgaprHas “Hymepanus” ¢ u3 anreOpsr Ty, (X)
Ha anredbpy B (cm. 3amedanue 3.7). OboratuMm Yy KOHEYHBIM MHOXKECTBOM KOH-
crauTHbIX cumBosioB C = {e1,...,¢c,} W paceMoTpuM KoHewnyio anrebpy 1% (C),
MOPOYKIEHHYI0 CUIHATYDHBIMI KOHCTAaHTaMu, B curHatype 3 = g |J C.

Beenem ornomenne =p Ha MHOKecTBe T%(C), nomaras t; =p ty < ¢(t1) =
©(t2). Torma =p — kourpysunus anrebpsl Tx(C) u dakrop-anrebpa Tx(C)/ =p
uzomopdua B. Cuenys A.M.Maubuesy ([4]) onpenenum BbyHKIHMIO BBICOTHI TEpMA
h:T%(C') — w MHJYKTUBHO 1O CJIO0KHOCTH TE€PMA:

- ecn t KoHcTaHTa, T.e. t = ¢ € C, 1o h(t) = 0;

-ecmut = f(ty,...,t,), vae f € ¥ — n-apubiii pyHKInOHANBHBIH cuMBOI (1 > 1),
to h(t) = max{h(t1),...,h(t,)} + 1.

Herpyn#o mousaTs, uyro Y-anredpa B KOHETHON CHUTHATYPBI, TOPOXKICHHAS MHO-
ZKECTBOM CUTHATYPHBIX KOHCTAHT, KOHEYHA TOTJIA U TOJBKO TOIJIA, KOTJA JIJisi HEKO-
TOporo HatypaiabHoro n Besikuit Ts(C)-repm BBICOTHI n paBeH (B B) HEKOTOPOMY
T5,(C)-repmy CTPOro MeHBIIIEl BHICOTHI. 3abUKCHPYeM HANMEHBIIIee TaKoe 1. U OTpe-
JIeJTUM MHOXKeCTBO E BCeX paBeHCTB BUIA t1 = T1,. .., Ly = Tm (CH€ t1, ..., Ly — BCE
T5(C)-TepMblL BBICOTBL N, & T1, . . . , Try — Hopxoginue T (C)-TepMbl BBICOTHI MEHb-
uie yem n), Koropbie Bepubl B B. OueBuiHo, 4yro ununuasibhas aurebpa Ix(C)/E
JLUIsL CUCTEMBIL TOXKAECTB F siBiasercs romomopdubiM npoobpazom anrebpor B (3roT
rOMOMOP(HBIH TTPOOOPa3 — MHUIHATILHAS aaredpa B MHOTOOOpa3UN 38 JaHHOM TOXK-
necreamu E). JTo6asum k F Bce pasencTsBa Mexkay Bcemu Ty (C)-repMaMu BbICOTBI
MeHee 1 U MOJIyYuM KOoHedHoe pacmmpenue E* muoxkecrsa Toxgects E. T.k. kax-
Jblit asieMenT asreOpbl B npejcrasien HekoTopbiM Ty (C)-TepMOM BBICOTHI MeHee
9eM N, TO HHANHATIbHAs cucreMa miusa E* uzomopdua B (ecim t # to B 15 (C)/E,
HO t; = to B B, To BBIONpaeM 71 = t1, 7o = to, h(71) < m, h(72) < n W NpHCcoeTNHS-
€M PABEHCTBO T| = To K F; CylllecTBOBaHME TaKUX Ty, To OYEBUIHO, T.K. B KarXKJIOM
KJIaCcCe YKBUBAJIEHTHBIX 3aMKHYTBIX TEPMOB €CTh TEPM BbICOTHI Menee n). Takum
obpazom, mHuUIMANbHAA anrebpa amsas FB* mzomopdua anrebpe B. B cuny koHed-
HOI OIIpPEeIeIEHHOCTH B MHOIr000pa3uu, 33JaHHOM TOoxKaecTBamMu E*, cranmapTHas
HyMepanusi aarebpsl B TIO3UTHUBHA, & B CUJIy KOHEYHOCTH 3TOW alrebphl — BHIUNC-
JUMa. (Il

Bamerum, UTO BCAKAA HEOAHOIIEMEHTHasd aarebpa MMeeT HyMepaluio, He fB-
JISTOIIYIOCS BBIYMCINMO OTenuMoit ([24]), mosromy B emme 3.9.1 cTraHIapTHOCTH
HyMEPAIAX CyIIECTBEHHA.

Homycrum, uro A* jokainbno dbunurHo orgeauma. B anrebpe A = (w/nq; f, g)
9JIEMEHT ¢ ABJIFAETCS TIOPOKJAIOIINM, TPUYEM OH SIBJISETCS €IUHCTBEHHBIM 3JI€MEH-
TOM, B KOTODPBIIl HE TIEPEBOIUTCS HUKAKOM d71eMeHT HU hyHKIuei f, uu dyHkimei g.
B anrebpe A* = (w/n%; f*, 9%, h*) KaHOHWYECK Ml HHIEKC MHOXKeCTBA {¢} TakKe sB-
JIsleTCsT MOpOXKAAronmM dnemenToM aist A*. Pacemorpum nonanre6py A anreOpsr
A*, OCHOBHOE MHOKeCTBO KOTOPOii copnaaer ¢ (w/n*\{c*}), rae ¢ =y~ 1({c})/nk,
a nopoxaromumu apaaiorea 7L ({f(e)}) u vy~ ({g(c)}). dcno, uTo ocroBHOE MHO-
JKeCTBO 3Toit momaire6psr cobnanaer ¢ A*\{c*}. Ecan A* nokanabpHo GUHUTHO OT/IE-
JINMa, TO B HEKOTOPOIl KoHeuHOi (akTop-anaredpe aaredpsl A* obpas ssementa c*
He npunaIexuT 0bpasy Af. Ho B atom dakrope, no memme 3.9.1, xaskaplit Kimacce
9KBUBAJEHTHBIX 3aMKHYTBIX TEPMOB, B T.9. M COJEPKAIIUI 3JIEMEHT C*, BLIYUCJINAM.
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Haszosem Tepwm, cocraBieHHBIH 13 (DyHKIHMOHAIBHBIX CHMBOJIOB f, g OT TOPOXK-
JIAIOIIEro 3jieMeHTa ¢ B asnrebpe (w/14; f,g) (He nyrarb ¢ f* g*-cumBonamu u -
HOMEepOM MHOXKecTBa {c} B anrebpe (w/nk; f*, g*, h*)), a-Tepmom, ecau ero 3uamde-
HUE TIOTAIaeT B MHOKECTBO . HeTpyIHO 3aMeTHTh, 9TO y-HOMEp JTH000TO a-TepMa,
paBeH MO MOJLYJIIO 7)) y-HOMEpY IIyCTOro MHOXKecTBa. Iloaromy 1jist 10GOTo a-repma
t nMeeM

v {e) =TT (T {eh), T {E)  (mod 1) &t € a

Ecnu momycruts, 4ro smemeHT ¢ u momasrebpa Ay pa3nudaroTcss HEKOTOPOH KOH-
IPydHIMEH KOHEIHOrO HHIEKCA, TO mo jJemme 3.9.1 B hakrop-asnredbpe mo 310l KOH-
rpysunun snement ¢ = vy~ ({c}) Bbramcaum, HO TOrA M v BRIYECEMO. IIpoTHBO-
peune. [

B wacTHOCTH, CyIIIeCTBYeT TaKasi BEITUCIUMO OTAEINMAasl SKBUBAJEHTHOCTD C UM-
MYHHOH XapaKTePUCTHUIECKOH TPAHCBEPCATbIO, HAJ KOTOPO# mpeacraBuMa He (u-
HATHO OTIenMas aarebpa.

Takum 006pa3oM, B yCIOBHSAX TEOPEMBI 3.5 HEIb3sI OTKA3AThCS KAK OT ajredpaun-
YEeCKOI'0 CBOWCTBA JIOKAIbHOCTHU it (buHUTHON ormesumocru (upenyoxenue 3.6),
TaK ¥ OT aJTOPUTMHUYECKOTO CBOWCTBA PABHOMEPHOCTH IJIST BHIYMCIUMON OTIENH-
moctH (Teopema 3.9).

BameTnm, 910 1j1s1 He3(PPEKTUBHO OECKOHEUHON BHIYUCINMO OTIEINMON SKBUBA-
JIGHTHOCTH 1) BCAKag 7)-aarebpa (DUHUTHO allpOKCUMUDYEMa, T.K. tr'(1) UMMyHHA.
Bosmozkab! i1 Takue 3pdeKThI 17151 3P PHEKTUBHO OECKOHETHBIX 9KBUBAJEHTHOCTEH !
Teopema 3.9 naer orser.

Caencrsue 3.10. Cywecmsyem maxas 6bUUCAUMO OMOCAUMAS IPPERMUEHO
OECKOHEUHASA IKEUBAAEHMHOCTID, WMO 6CAKAA NPEICNABUMAA Had Heli arzebpa Pu-
HUMHO ANNPOKCUMUPYEMA.

HelicTBuTesbHO, TAKOBOW Oy/leT SKBUBAJIEHTHOCTH 7). U3 TeopeMbl 3.9, T.K. ee
XaPAKTEPUCTUYIECKAsT TPAHCBEPCAJIb UMMYHHA, HO, TEM HE MEHEe, 3Ta SKBUBAJIEHT-
HOCTH 3P PEKTUBHO OGECKOHEUHA.

B cienyromem paszesie Mbl IPUBEIEM TIOJTHOE PEITEHNE JTAHHOTO BOIIPOCA.

Cyxkast KJIacC MMMYHHBIX XapaKTEPUCTUIECKUX TPAHCBEPCaJIeil 10 THIIePUMMY H-
HBIX ¥ PACIINPAA KJIACC PABHOMEPHO BBIYUCIUMO OT/IEJIUMBIX SKBUBAJIEHTHOCTEH 110
KJIacca BBIYUCIUMO OTJE/JUMbBIX 3KBUBAJIEHTHOCTEH MOJTydaeM

Ilpenmnoxxenne 3.11. Ilycms 1 — 6LIMUCAUMO OMOEAUMAS IKGUBANAEHTTIHOCITIL
C 2UNEPUMMYHHOT Taparmepucmuieckols mpanceepcaavro. Tozda ecaxas n-arzebpa
KOHEUHOU CUZHAMYPHL AOKAALHO PUHUMHO OMmIesuma.

Jokazameavemeo. B naHHOM ciydae Besikast 7-ajarebpa JoKaJbHO KoHewHa ([5]).
Ecnu Ay — KOHEUHO MOpOXK IeHHas nmomaaredpa n-aaredbpsl A, 7o Ay Koreuna. omy-
cruM, uro a € A\ Ag u Ay = {a1,...,a,}. 3abukcupyem HEKOTOPBIE V-HOMEPA ITUX
smeMenToB (MOpasyMeBaeTcs ecrecTBeHHasd HyMeparua v(z) = z/1): k = v (a)
uk =va),...,k, = v 1(a,). Torna B anrebpe A BHIIOIHEHBI HEPABEHCTBA
vk # vk; (1 < i < n). IMmeem n HeraTWBHBIX KOHIDYIHIHi, MepeceveHre KOTO-
PBIX HETATHBHO W PEAM3YeT BBINEYKA3aHHOE MHOKECTBO HEPABEHCTB, T.e. (PaKTop
MO 9TOH KOHTPYIHIME PA3TAYAET IJIEMEHT a W mojanrebpy Ag, HO MHIEKC STOR
KOHI'DYJHIMU KOHEYEH, T.K. tr'(1)) UMMyHHA. a
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[IpuBenem oxnay aJreOpaMvIecKyo XapaKTepU3aui0 BEIYUCINMO OTAETAMBIX IK-
BUBAJIEHTHOCTEM.

IIpennoxkenne 3.12. Jaa 6eckoneunoti 6biuUCAUMO 0MOCAUMOT FKEUBANEHIT-
HOCTU 1) CALOYIOULUE YCAOBUS PABHOCUNDHDL:

1) n umeem beckonewnoe 6LUUCAUMOE PACUUPEHUE;

2) cywecmeyem ne GUHUMHO ANNPOKCUMUPYEMAs 1)-AA2e0Da.

Joxasamenvcmeo. 1)=2). Oupenenum Ha BEIYUCIUMbBIM DACIIMPEHUEM 1) aarebpy
MIPEJIIIeCTBOBAHUA KaK B IpeJioKeHnu 3.3.

2)=1). Jouycrum, uro {w/n;¥) — He DbUHUTHO anupOKCUMHUpyeMas 7)-ajrebpa
s dexTuBHOM curaarypsl . Ilo ycmoBuio, cymecTByeT mapa pa3iIndHbIX dJIEMEH-
TOB, OTOXKJIECTBJISIEMBIX JII000H KOHTPYIHIIHEH KOHeUHOro nHaekca. OmHaKo, cyIie-
CTBYET HETaTUBHAS KOTDYIHIWSA 7%, MO MOIYJIIO KOTOPO 3TU FJIEMEHTHI PA3TUIHBI.
WNupaekc 310i KOHrpyHIME HeoOx0auMo beckoneden. [lo mpennoxkenuio 2.16 SkBu-
BAJIEHTHOCTD 7)* MMeeT OECKOHEYHOE BBIYUCINMOE PACIIHPEHHE. (Il

4. ®UHUTHAY ANIIPOKCUMUPYEMOCTH

W3 npemoxkennus 3.6 ciaemayer, 9T0 UMMYHHOCTD XapPaKTEPUCTHIECKON TPAHCBED-
CaJld BBIYMCJIMMO OTIEJIMMOl IKBUBajieHTHOCTH (60J1ee TOro — Jaxe PaBHOMEPHO
BBIUUCJIUMO OTJEJIMMOl SKBUBAJIEHTHOCTH) HE SBJILETCH JOCTATOYHBIM YCJIOBUEM
GUHATHON OTIEMMOCTH JII000# anredpsl, MPEeACTABUMON HAJ 9TOH SKBUBAJIEHTHO-
CThI0. AHAJIOTUYHO, TeopeMa 3.9 JEeMOHCTPUPYET, YTO ITO YK€ YCJIOBUE HE SABJISIET-
CsI JOCTATOYHBIM JIJIsI JIOKAJIHHO (PMHUTHON OTHEIUMOCTH BCAKON ajredphl, Mpe-
CTaBUMOM HaJ ITAHHON 3KBHBATEHTHOCTHIO. MHade obcTouT memo ¢ (puHUTHON am-
IPOKCUMUPYEMOCTBIO. 13 TeopemMbl 1.2 0 HEraTUBHOM AIINIPOKCUMUPYEMOCTH CJIEILY-
er, 4TO BCAKAasd yHHUBepcajbHas ajredpa, IpejcraBuMas HaJl 3KBUBAJEHTHOCTHIO C
UMMYHHOIN XapaKTEePUCTUIECKON TPAHCBEPCAIBIO ABISIETCS (PUHUTHO AMMTPOKCUMU-
pyemoii. Bozuukaer npuHIUNmMa bHbIN BOnpoc. BepHo jim oOparHoe, T.e. sIBISETCs
JIM XapaKTEPUCTUYECKAasi TPAHCBEPCAIb OECKOHEUHOW BBIYUCIUMO OTIETUMOMN K-
BUBAJIEHTHOCTH, HaJl KOTOPOI IPEICTABUMBI TOJbKO (DUHUTHO AIIPOKCUMUPYEMbIe
yHUBEpCaJIbHbIe ajiredpbl, uMMyHHO#? 1o Teopeme 3.5 /111 pABHOMEPHO BHIYMCJIMMO
OTIEIMMBIX IKBUBAJIEHTHOCTEH 3TO Tak. [lokaxkem, 9To B 00IIeM caydae GUHUTHAS
AMMPOKCUMHUPYEMOCTD JII000H ajIre0phl, MPEICTABUMOM HAJI, 33 IaHHONH OECKOHETHO
BBIUHUC/IAMO OTIEJIUMOM SKBUBAJIEHTHOCTHIO HE SIBJISIETCS JIOCTATOYHBIM YCIOBHEM
JIJISE IMMYHHOCTH XapaKTE€PUCTUYIECKOH TPaHCBEpPCAIH 9TOH SKBUBaJIeHTHOCTH. Jo-
KaxkeM ropaszio 0oJiee CHUJIbHOE yTBEPKIEHHe, KOTOPOMY IPEIOILIeM HEKOTOPbIe
HEODXOAUMBbIE OLIPEIE/ICHHSA.

Omnpenenenne 4.1. IK6UBAAEHMHOCTD HA3BLBALMCA HEINUMUHUPYEMOTL, €CAU
YUCAO €€ CMENCHBIT KAACCO8 KOHEUYHO U POBHO 00UH CMENCHBLT KAACC DecKoHeuen.

OKBUBAJIEHTHOCTD, HE SBJISAIONYIOCA HEIJUMUHUPYEMONH HA30BEM SJIMMHUHUDYE-
moit. Takum 0Opa3oMm, JTI00ast SMUMAHAPYEMasi SIKBUBAJIEHTHOCTD JINOO OECKOHETHA,
0O COMEP’KUT MO KpaifHeil Mepe mBAa ODECKOHEUHBIX CMEKHBIX Kjacca. [lycts W —
ceMeficTBO BCEX HEraTHBHBIX JINMUHUPYEMBIX 9KBuBasleHTHOCTeH 1 W = {Wy, W1, . ..
— HEKOTOPBI (PUKCHPOBAHHBIN MMEPECUET ITOTO CEMENCTBA.

Teopema 4.2. ITycmv a — beckonewHoe u KOOECKOHEWHOE MHONCECNEO, codep-
orcauwee wucao 0. Tozda cywecmeyem makas IK6UBAAEHMHOCTNG 1), KaHCIuT 1)-
KAGCC KOMOPOU Komewen, wmo tr(n) = « u ecaxas 1-a42e0pa PUHUMHO ANNPOK-
CUMUDPYEMG.



164 H.X. Kacsimos

Joxasamenvcmeo. Ilycts o = {0 = ap < a1 < ...} — GECKOHEUHOE TOJAMHOKECTBO
w ¢ beckoneunbiM gonoanenuem 3 = {by < by < ...}.

Hamnm BHagase Hedopmanbuoe onucanue. I[lar s + 1 nameit nHeapdekTrBHOM
JMArOHAJIHLHOM KOHCTPYKIMK OYyIEeT TOCBAIIEH TOMY, YTO KAK CTPOSIIASCS SKBUBA-
JIBHTHOCTD, TaK ¥ BCE ee (paKTOphI OYAyT OTIUIHBI OT TEKYIIEH HErATHBHOW SJIMMU-
Hupyemoit sxBuBajgeHTHOCTH W, [j1st 9TOr0 Ha mare s + 1 Mbl "ckienm”’ mOIXOms-
myto mapy aaementos u3 Wy, cobmomast HeKoTopbie yeaosus. Ha mare s+ 1 6ymem
TaK¥XKe CTPOUTH KOHEYHbBINH (DPATMEHT 7)s41 IKBUBAJIECHTHOCTH 1], KOTOPAs ONPEIeisi-
ercsd Kak Ipeie/ibHoe 00beuHeHne 3tuX GpparmMenToB. depes ws 6ygaem 0003HAIATD
HEKOTOPBIN HAYAJBHBIN CETMEHT MHOYKECTBA BCEX HATYPAJIbHBIX YHUCE]I, YIACTBYIO-
WX B ONPEJENIEHNN 7)s, T.e. ws = {z | Iy((z,y) € ns)}.

ITar 0. ng = 0, wg = 0.

IMTar s 4+ 1. Beibepem B W, Takyio mapy pasjndHbBIX MO MOLYIH0 Wy 37eMeHTOB
a,b, aro

(1) a < b;

(2) a € a,be B

(3) maxws < a.

Homycrnm, aro takas napa (a, b) cymecrsyer. Torna nomaraem

Ws+1 = {0, ..7b}7

a B KQYECTBE 7)s+1 BbIOMPAEM TAKyl0 HAUMMEHbBIIYI0 S9KBUBAJEHTHOCTb HA MHOMKECTBE
Wst1, KOTOPAsA PACIIUPSET 75, COMEPKUT Mapy (a,b), a TakkKe I BCIKOTO THCIA
z € (wsy1 \ ws) N B, rakoro, 4ro a; < z < @41 JJjisl HEKOTOPOro [, OTHECEM Lapy
(a1, 2) K Nsq1.

Komer mara s + 1.

Onpenennm

n= U775~

sew
HOK&}KGM, YTO 3KBUBAJICHTHOCTDL 1) 1 6y,z|;eT YAOBJIETBOPATH YCJIOBUAM TE€OPEMBI.

JIemma 4.2.1. Jlaa xaotcdozo waza s + 1 watidymea makxue a,b, pasausrvie no
modyato Wy, umo maxwg < a < b, a € a ub € B, m.e. Kasxncouil uaz KOHCMPYKYUU
KOPPEKMHO 306EPULAEMCA.

Jlokaszameavcmeo. BozbMem J11000it 371eMeHT a € <, KOTOPBIi 60JIbINe max wy. Jo-
myctuMm, 910 B W 1j1st 3TOr0 @ BCe umcia u3 [ OOMbINHe ¢ PABHBI ¢ IO MOILYJIIO
Ws. D10 3HAYUT, 9TO NOYTH BCe Yucjaa u3 [ (32 UCKIIOYEHUEM MEHBINUX @) Jie-
xkar B omaom Wy-kmacce ¢ a. Ho Wy snuvmuuupyema, T.e. 6o guciao Wi-kmaccon
Heckone4HO (U TOrAa, OYEBUIHO, B KAYECTBE @ MOXKHO BbIOpaTh JII000i 2jieMeHT 13
Kakoro-to apyroro Ws-kacca), mub0o ecThb emme oaun 6eckonednbiii Wy-Kjace, B KO-
TOPOM JIEXKUT OECKOHEYHOE YHCJIO JIEMEHTOB M3 (v M TOT/A ¢ MOXKHO BBIODATH U3
storo W-Kiacca. O

JIemma 4.2.2. tr(n) = a.

Zokasameavcmeo. B KoHie 1mara s + 1 9KBUBAJIEHTHOCTD 1541 HE 'CKJIEMBAET HU-
KAaKOM 3JIEMEHT U3 (N W1 HUA C KAKMM CTPOTO MEHBIIUM YHCJIOM, T.€. BCE YUC/a
U3 @ Nwsy1 HE 7)-9KBUBAJIEHTHbI HUKaKUM MeHbinuM. 3uauut « C tr(n). C apyroii
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CTOPOHBI, BCAKOE YHUCJIO U3 [ K KOHILY MOIXO/ISINEro Mara 'CKIenBaeTcs’ ¢ HEKOTO-
pBIM MeHBbIEM uucIOM u3 «. Cremosarensuo, 8 Nitr(n) = (), orkyma cremyer, ato

tr(n) = a. O

JIemMma 4.2.3. 1 # W, 0as a06020 s € w. Boaee mozo, ecau n* — pacwupenue
1, mo n* makoce omauyna om Wi.

Zokasamenvcmeo. 1lo onpenenennio mara s+ 1 B 9KBUBAJIEHTHOCTb 1) 100aBISETCS
napa (a,b), pazmuunbix 10 Mouyio Wy asementoB. O4eBUIHO, UTO STH IJIEMEHTHI
PaBHBI 110 MOYJIIO JI0O0T0 PACIIUPEHUS 7). (I

TaxkuM 06pa3oM, [jisi IKBUBAJEHTHOCTH 1) BCE 7)-KJIACCHI KOHEUYHBI (T.€. 1) TpH-
BUAJIBHO BBIYUCIMMO OTAEIUMA), t7r(n) = ¥ BCIKOE HEraTMBHOE PACIIMPEHUe 7)
umMeer KoHewHblit nHaekc. ITo Teopeme 1.2 0 HeraTUBHOMN ANIPOKCHMUPYEMOCTH BCS-
Kasi 7)-anrebpa anmpOKCUMHUPYETCsT HeTaTUBHBIMU, HO BCSKWI HEraTWBHBIH (akTop
koneueH. Ciie10BaTeIbHO, BCSIKAs 7-aJredpa (DUHUTHO aNTPOKCHMHUPYEMa. (I

3ameuanmne 4.3. [To reopeme 0 HEraTUBHOI ANMIPOKCUMHUPYEMOCTH BBIYUCIHMO
oTHenuMbIX anredp (Teopema 1.2) mobast r-aarebpa anmnpoKCUMUPYETCS HETATUBHbI-
MU, T.e. UMEET MOJIHYIO PA3EJISIONIYI0 CHCTeMY HeraTuBHBIX bhakTopoB. Ho Besakmit
HeraTuBHbINH dakTop 10 7 (Ays 7) u3 Teopembl 4.2) eCTh HEIIUMHUHUDYEMas Hera-
TUBHAS SKBUBAJEHTHOCTD — C KOHEYHBIM YUCJIOM CMEXKHBIX KJIACCOB, U3 KOTOPHIX B
TOYHOCTH O/iuH KJyrace Geckoneden. QueBUIHO, 9TO J100as TaKas SKBUBAJIEHTHOCTD
— HeraTwBHas (JaKe BLIUMCIAMAs) IKBUBAJCHTHOCTHL KOHEYHOTO WHIEKCA. Jlarke
ecin ObI MBI PACCMATPUBAIN B KadecTBe W CeMefCTBO BCEX HEraTMBHBIX IKBHUBA-
JIEHTHOCTE (BKJIIOYas HEJIMMUHUPYEMbBIE) U, B CJy4ae OTCYTCTBUS IOIXOZAIIEH
[apbl JEMEHTOB a, b PA3TUIHBIX M0 MOAyI0 W, mpomyckaiu Obl COOTBETCTBYIO-
[Eii mar, 7o pe3ysabrar ObuT Obl TakuM kKe. Hekoropbie HEdIMMUHUPYEMbIE SKBU-
BAJIEHTHOCTH, BO3MOXKHO, YAAJIOCH Obl “JINKBUIAPOBATH B KAYECTBE KAH/IUIATOB Ha,
HeraTuBHbIE (DAKTOPHI IKBUBATEHTHOCTH 7). OmHAKO, 6OJIBINOE (MOJTHOE PA3IEIAIO-
I1ee) CeMeiCTBO SKBUBAJIEHTHOCTEH 3 TMMUHUPOBATD HE YAAIOCH Obl. ITO CeMeiiCTBO
COCTOUT B TOYHOCTU M3 TEX CODCTBEHHBIX (DAKTOPOB MOCTPOEHHOM IKBUBAJICHTHO-
CTH 7), KOTOPbIE UMEIOT KOHEYHBIE HHIEKChI U 00JIaIAI0T POBHO OJIHUM HECKOHETHBIM
CMEXKHDBIM KJIACCOM. DTOT (BHaKT 0OYCIABIMBAECT BAXKHOCTD IKBUBAJCHTHOCTEH THU-
na 1), JJIS KOUMMYHHBIX (v, T.K. HETAQTUBHBIE (DAKTOPHI TAKUX IKBUBAJEHTHOCTEM
SIBJISIOTCS KOHEIHBIMU W HEIJIUMUHUDYEMBIMH.

Cuencrue 4.4. Cywecmeyem makas 0ECKOHEUWHAA BHIYUCAUMO OMOIENUMAR
IKBUBAAECHMHOCTNDG 1) C BHNUCAUMOT TAPAKMEPUCTNUYECKOT MPAHCEEPCAABIO, 4MO
BCAKAA 1-0A2€0P0 GUHUMHO ANNPOKCUMUDPYEMA.

Caencrsue 4.5. Cyuecmeyem OeckOHEUHAA BBHUCAUMO OMOIEAUMAS IKEUBG-
AEHMHOCMD C BHUUCAUMOT, TAPAKMEPUCTIUECKOT MPAHCEEPCAADIO, BCAKOE He2a-
MUBHOE PACWUPEHUE KOMOPOT KOHEYHO U UMEET POBHO 00UH OECKOHEewHbLl KAUCC.
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