CpaBHeHHe ollepaTopoB 3aMbIKAHUS B
KJjiacce JnHeiiHO-aBTOMAaTHBLIX (pyHKInii

A.A. Yacoscknx (MI'V mm. M. B. Jlomonocosa, Mocksa)

Wsydensr ocobernoctu omeparopos K, S nu A-zaMbikaHus B Kjacce
JINHETHO-aBTOMATHBIX (DYHKIINI HAJT TIOJIEM U3 JIBYX JIEMEHTOB.

KuroueBble cJjioBa: KOHEYHBI aBTOMAT, JIMHEHHO-aBTOMATHAS
GbYHKIMS, Omepanyuy KOMIIO3UINY, ONEPAIUU CyIePIO3UINN, 3aMKHY-
Thl€ KJIACChl, MAKCUMaJIbHbIE ITOJIKJIaCChHI.

UsBectro [3], uTo B KIacce P Bcex KOHEYHBIX aBTOMATOB JIF000€ MOJIMHO-
JKECTBO, HE ABJIAIONIEECS TIOJHBIM 110 OIIEPAINAM KOMITO3UIIUHU, PACITUPAETCS
1o K-npennomnnoro kiacca. B pabore [1] B P naiijen kiiace, KOTOpblii He pac-
HIUPSIETCA 10 MPEIONHOTO IO ONEPAIUsAM CyIEePIO3UIui. TeM caMbIM, Hafi-
JIEHO HOBOE CYIIECTBEHHOE OTJIUYHE JBYX OMEPATOPOB 3aMBbIKAHWS B KJIACCE
KOHEYHBIX aBTOMATOB. B HacTosImei pabore MOBOIUTCA CPABHEHNE STUX OIle-
PATOPOB 3aMBIKAHUS, & TaKyKe OMepaTopa AMPOKCHMAITMOHHOTO 3aMBIKAHUST
B KJjlacce JIMHEHHBIX aBTOMaToB [5-9).

MHO2KecTBO BCEX MHOT'OYUJIEHOB IepeMeHHOi & ¢ ko duimeHTaMu u3
JIBYX3JIeMeHTHOTO ToJist Fo, Eo = {0, 1}, Mb1 0o603nauaem uepes Fs[¢]. Hau-
GosbIIHit OBl IeJIUTeN b JIByX MHOTOWIEHOB U] U Uz u3 Fs[€] obosnauaem,
Kak npuHATO, (U1, uz). YHC/I0 HENPUBOIMMBIX MHOTOUYIEHOB B Fo[f] cuer-
Ho [4]. IIycrs p;(§), ¢ = 1,2,..., — Bce pa3jM4YHble HEIPUBOJAUMbBIE MHOIO-
wienHsl, mpuydeM pi(§) = &.

CorutacHo [8], KOJIBIIO CTENEHHBIX PsJIOB IepeMeHHON & ¢ KoabdumeH-
TaMu u3 mojs Fy obosnagaem depes Ro. Ilogkoabmo PRy xombiia Ra, co-
CTOsIIIEe U3 PsJIOB, KOI(MPMUIUEHTHI KOTOPBIX 00pa3yroT nepuogndeckue (¢
[PEJIIIEPUO/IOM ) TIOCIIE0BATEILHOCTH, H30MOP(MHO KOJIbILy OTHOIIEHHH MHO-
rousieHoB u3 Fs[€], 3HAMEHATEM KOTOPBIX B HECOKPATUMOM BHUJIE HE JIEJISITCS
ua &. MbI OyeM UCIOJIB30BATD MOHATHE JTHHEHHO-aBTOMATHON (DYHKIINN HA/T
noJjieM u3 JByX jeMeHToB o, BBesiennoe B [5]. Jluneiino-asromarnast byHK-
nust (n.-a. dynxmus) f (21,22, ..., x,) — 910 oTObpakenue u3 RY B Ro, s
KOTOPOTO HalyTcst Takue [, (i € PRo, ¢ =0,1,...,n, 910 JUIsi JTIOOBIX (v,
a; € Re, i =1,2,...,n BBIIOJHEHO PABEHCTBO:
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n
f(a17a27"'7an):Zuiai+M0' (1)
i=1
Mmuoxecrso {y; | i=1,2,...,n} npu srom obozuataem depe3 U(f).

Bynem ropopurs, aTo 1pobu pi; J.-a. GyHKIUA f, 33 IaHHONW COOTHOIIEHM-
em (?77), coorBeTcTByeT nepemennast x;. [lepemennas x j1.-a. QyHKIUN HA3BI-
BaeTCsl CYIIEeCTBEHHOI, €CJIN JIJIsi COOTBETCTBYIOIIE el IPOOU (i, BBIITOJIHEHO:
i # 0 1 Ha3BIBaeTCs HermocpeAcTBeHHOl, ecom (1(0) = 1.

Ha muoxectBe Lo Bcex J1.-a. pyHKIINHM OyIeM paccMaTpuBaTh TPU Olepa-
TOpa 3aMbIKaHUsI, KOTOPbIE OIpe/ieieHbl B padore [3]:

1) Omueparop S-3aMbIKaHUs 110 OIEPAIMSIM CYIEPHO3UIK. B 9TOM ciiydae
st muOoxkecTBa M, M C Lo, gepes S(M) 6yaem obo3HaIaTh MHOMKE-
CTBO BCEX JIMHEHHO-aBTOMATHBIX (PYHKITUH, KOTOPbIE MOXKHO TIOJIYUUTD
u3 dyukuuii Maoxkecrsa M npumeneHneM (MHOTOKPATHBIM) OIl€palluii
CYIIEPIOZUIIH.

2) Omneparop K-3amblkaHust 110 oneparnusiM KoMmnosuruu. OQneparuu KoM-
[TO3UITUH [TOJIy9aeM IIyTeM J100aBJIeHNs K CYIEPIIO3UIIUSAM OIlepaIuu 00-
parHoii cBsizu. [Ipu sTom syist muokecrsa M, M C Lo, uepes K (M)
OymeM 0003HAYATH MHOYKECTBO BCEX JIMHEHHO-aBTOMATHBIX (DYHKIIHIA,
nosyvyaeMbix u3 (yHKumii MHOXKecTBa M npuMeHeHneM (MHOIMOKpPAT-
HBIM) oreparnuii KOMITO3HUIINHL.

3) Omneparop A-zambikanusi. [Tousitue A-3amblkaHust ObLIO BBEJEHO B Pa-
6ore [2]|. dst muoxkectBa M, M C Loy, uepe3 A(M) 6ynem obo3HadaTh
MHOXKECTBO BCEX JI.-&. PYHKIMIA f, TaKuxX, 9T0 JJisi JTFOOOTO HATYpaJsIb-
woro 7, 7 € N, B S(M) naiinerca dynkims, copnagamomas ¢ f Ha
CJIOBaX JIJIMHBI T.

[TycTp MeTacumBost p npunumaet 3uadenns S, K niun A. B coorBercTBun
c [3], muoxkecrBO M, M C Lo, Ha3bIBACTCH P-3aMKHYTBIM KJIACCOM, €CJIH
p(M) = M. p-3samruyTbIil Kiaacc M Ha3bIBAeTCs p-IPEANONHBIM, ecan M #
Lo, vo jygist sioboro f, f € Lo \ M, BBIIOJIHEHO:

p(MU{f}) = Lo

B pabore [8] maiieHsl Bce S-Ipe/ionHble KIacchl B KJacce JIMHEHHO-
ABTOMATHBIX (DYHKIIHIA:

Tu, a € Ey, — MHOXKeCTBO Bcex Jl-a. pyHKumii f rtakux, 9ro uz (?7)
st io6bix o (€), a(§) € Ro, o;(0) = a, i = 1,2,...,n, BBIIOJHEHO:
fla,az,...,00)(0) =q;
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V1 — mHOXKeCcTBO Beex Ji.-a. DyHKIINI, UMEIuX He 0oJjiee OIHON Hero-
CPEJCTBEHHON IIepeMeHHOM;

Vi — MHOXKeCTBO BceX Ji.-a. (DYHKIINI, UMEIOINUX HEYETHOE YUCJIO HEIO-
CPEJICTBEHHBIX NTePEMEHHBIX;

M (&) — mHOKeCTBO Beex Takux f, f € Lo, uro Yy, u € U(f), BBIOTIHEHO:
(&) — p(0) € € - PRy;

M (0) — muoxecTBO Beex Takux f, f € Lo, uro VY, p € U(f), p = 2
u,v € Ey[¢], omouneno: degu < degv;

M (p;) — muoxkecTBO Beex Takux f, f € Lo, aro Vu, p € U(f), ecan
p="=2n(u,v) =110 (v,p;) =1,i=2,3,....

B pabore [5] qst Lo Haiinenst Bce A-npenossbie kiacent: Ty, T1, Vi, Vi,
M(8).

A MmuoxkecTBo Beex K-mpeamonnbix B Lo KIaccoB IIOMHMO BceX A-
IPEJIIOTHBIX TAKYKE COJIEPKUT CJIELYIONINE KIACCHI:

My — MHOXKeCTBO Beex Ji.-a. QyHKmmit f Takux, 910 JJjisd JIEOOOTO L,
w € U(f), crenens uncaurens gpodu p(€) — u(0) MeHbIne crenenn ee 3Hame-
HATEJIsT;

M; — MHOXeCTBO BCeX Ji.-a. QYHKIUN [ TaKux, 9TO JIst JIIODOTO [, [t €
U(f), anciuresns Hecokparumoii 1pobu, pasuoii (&) —pu(0), memurces na p;(€),
1=2,3,...;

RS — MHOXKeCTBO Bcex (yHKImi [ u3 Lo, nMeomux He 0oJiee OIHOIM
cymecrBennoii nepemennoii u U(f) C M(0), a Takke Ji.-a. dbyHKImii f, nme-
IOIUX He MeHee JIBYX CYIIEeCTBEHHBIX [IePEMEeHHbIX, TakuX, 4To Vi, u € U(f),
CTeleHb YUCUTENsT JPOOU 4 CTPOrO MEHbINE CTEIIeHN 3HAMEHATE/Is;

RY — mmozxkectBo Beex dbynkuuit f uz Lo, mveronux ne 6osiee ojHoil cy-
mectBenHoit mepemennoii u U(f) C M(p;), a Takxke s.-a. GyHKIWit f, mMero-
[IUX He MeHee JIByX CYIIECTBEHHBIX IIEPEMEHHBIX, Takux, 4to Vi, i € U(f),
YUCJINTE/Ib> HECOKPATUMOM JIpOOH, PABHOM 4, TEIUTCI HaA P;, ¢ = 2,3, ...}

R%){ — MHOKECTBO BCeX Jl.-a. (yHKuumii takux, aro Yy, u € U(f), ecan
[t COOTBETCTBYET €JINHCTBEHHON HEITOCPEICTBEHHON mepeMeHHoN J1.-a. hyHK-
nuu f, TO cTeneHb YucauTeNs Apodu p He OOJIbINE CTEIeHN 3HAMEHATEJIs,
B IIPOTUBHOM CJIy4dae CTEIeHb YUCIUTENs IPOOU (i CTPOrO MEHBIIE CTEIIeHU
3HaMeHaTeld;

R — mHO)KecTBO Beex J-a. dyHKumit takux, uro Yu, p € U(f), npen-
CTaBJIEHHOM HECOKPATUMOI JpOOLIO %, €CJIN [, COOTBETCTBYET €IUHCTBECHHONI
HEIIOCPEJICTBEHHOMN TIepeMeHHOM J1.-a. dyukuuu f, To (v, p;)=1, B npoTuBHOM

ciiydae p; JIeTuT u, ¢ = 2,3, . ...
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Takum obpasowm, mjst mHOXKeCTB Jg, Jg 1 J4, COCTOSIIINX, COOTBETCTBEH-
HO, U3 BCeX S-UPeIoIHbIX, K-IpeIoablX U A-IPeIIo/HbIX KJIACCOB, HMe-
IOT MECTO PABEHCTBA:

Js = {Tu, V1, Vi, M (&), M(0), M (p;)|a € E9,i =2,3,...},
JK: {Taa‘/laVHaM(£)>M07Mi7R(():aRz’C’RgaRzH|a€E27i:273>"'}’
Ja = {To, Vi, Vir, M(€),]a € Ea,i =2,3,...}.

CupapeiBa CJIeyIoIas TeOpeMa.

Teopema 1. Kaowcdoti A-npednoannidi kaace 6 Lo asaaemes S-npednosrvim
u K -npednoanvim. B Lo xaotcovili K -npednosnvili Kaacc cooeprcumes 6 Hexo-
mopom S-npednoarom xaacce u 10600 S-npednoanvti kaace us Jg \ Ja co-
deporcum posno 3 K -npednoanwx xaacca uz Ji \ Ja.

N3 onpenenennii kK1accoB J.-a. OYHKIINIM, COCTABIAIONINX MHOXKECTBA J 4,
Js n Ji, cIeyioT BKIIIOUYEHUS

My U R§ U RE C M(0),
M; URSUR! Cc M(p;), i=2,3,...,

UCIIOJIb3Ysl KOTOPBIE, TOJIyYaeM JI0KA3aTeIbCTBO TeOPEMBI 1.
Ucnon3yst pesyabrarsl pabor [6], [7] u [8], HeTpynHo mokasars crpase/i-
JINBOCTB CJICYIOINNX YTBEPZXKICHUN.

Teopema 2. IITyemw p € {A, K}. Mnootcecmeo, cocmoswee u3 6cex p-3am-
KHYMOIT KAGCCOB, COOEPAHCAULUT CYMMAMOP U KOHCMAHMMHBLE A.-A. PYHKUUU,
cuemmo. Mnooicecmeo, cocmoauee u3 6Cer S-3aMKHYMBLT KAACCO8, codep-
AHCQUUL CYMMAMOP U KOHCMAHIMHBIE A.-G. GYHKUUU, KOHMUNHYALALHO.

Teopema 3. B xaacce Lo 21060 MOOMHOMCECME0, HE ABAANOWEECA S-NOA-
HbIM, pacuupsemcs 0o S-nednoanozo xaacca.
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