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CliennaJIbHbIX IIPEAIIOJIHBIX KJIaACCOB BO
MHO2KeEeCTBE€ aBTOMATHbBIX OTOGp&)KeHI/IfI

A.A. Ponmun

B pabore paccmaTpuBaiOTCS IPEIIIOIHBIE KJIACCHI, COIAEPIKAIINE
BCe 0.-7. DYHKIMH, B KaXKJOM COCTOSIHUU KOTODBIX DEaTn3yeTcs
dYHKIMS U3 HEKOTOPOro 3aMKHYTOr0 Kjiacca D k-3HAYHOI JIOTUKY.
ITokazano, ITO MOIIHOCTH MHOXKECTBA TAKUX IIPEJIIOTHBIX KJIACCOB
paBHA KOHTHHYYMY Jisi JIF060r0 3aMKHYyTOro D # Pj.

KurodeBble cJjioBa: aBTOMATHBIE OTOparKeHUsl, MPEIIOJIHbBII
KJjacc, k-3HadHasT JIOTUKA.

1. BBenenue

Iycrs k > 2, obosnaunm uepes PF MHOMKeCTBO BCex OrpaHMYeHHO-
JIeTEPMUHUPOBAHHBIX (DYHKINiT (aBTOMATHBIX OTOOParKeHNii ), BXOJHbIE U
BBIXOJIHbIE TI€PEMEHHbBIE KOTOPBIX ONpeJIeJeHbl Ha MHOXKECTBe GECKOHeY-
HBIX [10CJIE/IOBATEJILHOCTEN, cocTaBieHHbx u3 Fy, rie Ey = {0,... , k—1}.

ByzieMm cunrars, 9To Ha MHOXKecTBe PF ompeesennt oneparmn cymep-
nosumun U obparHoil cesizm. Ilycrs M C PF. Bambikanme MHOMKeCTBA
M C P* ornocurensno stux oneparmii o6osmaummM uepes [M]. Mmuoxe-
crBo M C P¥ naspisaerca nonmbiv, ecm [M] = PF.

Uzsectno [1], uro xpurepnii moiuoTe! B P Moxer 6biTh copmyitupo-
BaH B TEPMUHAX IIPE/IIOIHBIX KiaccoB. Muoxecrso N C PF naspisaercs

IIPEeIONHbIM KiaccoM B PR, ecom [N] # P¥, o jyist smi060it 0.-11. DyHK-
man f ¢ N, [NU{f}] = P*. Tlyct M C P*. Mnoxecrso M sBnsercs
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ITOJTHBIM TOTJa U TOJBKO TOTa, Korja M He comep:KUTcs HU B OJHOM U3
npeanoaHsix B PP Kiaccos.

Takum 06pa3oM, IUCIO TMPEIITOTHBIX KJIACCOB SABJISIETCS BaXKHOU Xa-
pakTepucTukoii agdekruBaocTn sroro kpurepus. B.B. Kymapsasiesbim
ITOKA3aHO, UTO MOIHOCTH MHOMKECTBA HPEIINOIHBIX KiaaccoB B PF pasna
koHTHHYYMY [1]. BmecTe ¢ TeMm, mHTEpec npejcTaBisieT 3ajada O UucIe
MIPE/INOJIHBIX KJIACCOB, 00JIAIAIONINX HEKOTOPLIMU Halepes 33 aHHBIMI
cpoiictBamu |2]. imeer mMecTo Teopema, o6obIaoas OiH U3 Pe3yibra-
ToB [3].

[Tycts D — npousBosibHBINA 3aMKHYTHIH Kiace B Py (k-3Haunast joru-
ka). ObosHaunM uepes Pf; MHOKECTBO OI'PAHHMYEHHO-I€TePMUHIPOBaH-
HBIX (DYHKIINM, B KaXKJOM COCTOSTHUM KOTOPBIX PeAIU3yeTcss (OyHKIUS
k-3HagHOM joruku, npuHagaexkaimeii D. [lenbio mamHOl pabOTHI ABIAET-
Cs I0KA3aTeIbCTBO CJIEIYIONIEr0 YTBEPIKICHUA.

Teopema 1. Jlas ecaxozo k = 2 u 045 2106020 3aMEHYMO20 MHONHCECTNEE
D C P, cywecmesyem konmunyym npednosmux xaaccos 6 PF . codeporca-
WULT MHOHCECTNBO Pl’%.

2. OcHoBHBIE onpe/ieJIEHUS

[ycrs f(x1,...,2,) — 0.1. dyHKIUA U3 Py, 3ajaBaeMasi CHCTEMOIH
KaHOHUIECKUX YPaBHEHWUI:

q(1) = qo,
qt +1) = p(z1(t),. .., za(t),q(t)),
y(t) = Y(x1(t), ..., wn(t), q(1)),

e Q = {qo,q1,...,qp} — MHOXKECTBO ee COCTOSIHUIA, & gy — €€ HATATBHOE
cocrostare. OyHKIMIO k-3HAYHON JIOTMKHU, PEAJU3YEMYIO B COCTOSTHUU (;
obosHadnM depes Fy, .

Iycrs ¢ > 1, El — MHOXKeCTBO CJIOB JUIMHBL {, COCTABJICHHBIX U3 E.
[ycrs 4,57 € {0,1,...,p}. Byaem cuurarb, 4ro cocrosiue g; t-j0CTH-
XKHUMO U3 COCTOSIHUSL j, €CJIH HAfiflyTCsl TaKue ai,as,...,a, € EL, 4aro

90(@17- <. 7GmQj) = (;-
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IIycte D — HEKOTOpOE 3aMKHYTO€ MHOXKECTBO (byHKIMIl k-3HAUHOIM
Jioruku. Toria MHOXKECTBO BCeX 0.-11. (DYyHKIINiT 13 P* takux 4ro KazKas
u3 pyHKIII

Fo, Fyso. . Fy,

NPUHAJIEZKUT MHO2KeCTBY D, 0003HAYNM depe3 PE. O4eBuIHO, YTO Pl% —
3aMKHyTOe MHOXKecTBO B PF.

Kax mssecrno, B P* cymecryer ymmsepcambhas 0.-j1. (byHKIHs
u(zy,x2), Takas uro [{u}] = P* [4]. Takum obpasom, B P* cymecrsyer
KOHe'Has ToJHast cucrema. M mosTomy j1oboe MHOKECTBO 0.-71. dDyHKIHi
MOKHO PACIIMPHUTD JI0 IIPEJIIIOJHOTO KJIACCa.

3. /loka3zaTeJbCTBO TeOpeMbI

He orpanuuuBas obrHocTu, OyjieM cuutaThb, 9TO ) COAEPKUT TOXK-
JIeCTBeHHYI0 (bYHKIWO (1) = 7.

[Iycts p1,p2,... — yHOpsSJIOUeHHAs MOCIEIOBATEIbHOCTD BCEX IPO-
CTBIX 49HCes1, OOJIBITUX TPEX.

ITycTb

L:{ml,mg,...}— (1)

[0CJIeJI0BATEIBHOCTD 1rces Takux, uro m; € {0,1} aus moboro i > 1.

[ycrb o.-n1. dynxrms hy'i(z1,22) = y, Takasg uaro y(t) = r1(t), ecrm
t = lp;+m;+1 ns wekoroporo | > 0 u y(t) = xo(t) B upoTUBHOM CJIyUae.
[Tycrs u(x1,x2) — yHHBepcadbHas DyHKIUs ¢ AByMst BXxojamu. Ilycrb
gpi(x1,22) = hyli(z1,u(21,22)), T7E U(T1,T2) — yHUBEpCAbHAS DYHK-
st B PF. 113 mocrpoenns byHKIUN g;:‘i sICHO, uTO pu t = Ip; + m; + 1
BbIX0J yHKIMHN paeH x1(t). Ucxoas us mocienosaresbuoct L onpesie-
JIMM MHOXKECTBO 0.-J1. (pyHKmit My = PB U g;’i” (21, x2), rj1e OObEUHEHIE
bepercst o BceM ¢ > 1. Ilokaxkem, 9To 151 J1E000# MTOC/IETOBATEIEHOCTHI
L Bupa (1) 3ambikanue MHOXKecTBa My He coBIaiaeT ¢ P*. IIycTb

N = {g;zil (T1,22) = Y1, -, gpy° (T1,22) = Ys} —

IIPOU3BOJIbLHOE KOHCYHOE IIO/IMHO2KECTBO MHO2KECTBa ML \ PB
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ITokazkem, uro cymecrByer t > 1 Takoe, uro y;(t + 1) = x1(t + 1)
Jyist sioboro j € {1,...,s}. Boamoxkusl jBa ciaydas. [lycrs m;, = ... =
m;, = m. Torma

t=(pi ---pi,) + m.
[Tycrs Teneps cymecrsyer j € {1,...,s} Takoe, uro m;, # mi;. Bynem
cYuTaTh, ITO JyIisi HeKoToporo d, 1 < d < s — 1,

milz...:mid:O, Mgy = - =My = 1.

S

Torma
t=(pi .. -pid)(pid‘*‘l_1)"'(pid+1_1)-

W3 masoit Teopembr Pepma, caeayer, UTO MO MOMIYJIIO JIFOOOTO U3 YUCET
Digirs- -+ Pis L COBIIATACT C eJIMHUIIEH, U JIEJUTCA HA JTIODOE U3 Dy 5 - - - , Piy-
Taxum 06pazoM, HETPYIHO BHJETH, UTO M3 HAYAJIHHOI'O COCTOSTHUS JIFO-
6oit 0.-1. dyuknun, npuHagIekameir N U PE jumb Takme COCTOSHUS
t-TOCTUXKUMBI, B KOTOPBIX PeAJM3yIoTcsi (PyHKIUU k-3HAYHON JIOIHKH,
npunayiexkaiue D. CrenoBaTesbHO, 3TUM CBOicTBOM Oyser 0bJiagarh
1 JTF00ast KOMITO3UIHS 9TUX (PYHKIUI. A MOCKOIBKY B KaXKJIOH KOMIIO3U-
U yIaCTBYET JIUITb KOHETHOE YUCJIO O.-J1. (DYHKINH, TO B 3aMBIKAHUHU HE
MOXKET OKa3aThCs 0.-J1. (DYHKIUS, B KAXKJIOM COCTOSTHUU KOTOPOIl peasin3y-
ercst k-3naunasi dyHKIws, He npunajiexkaimmast D. Tlosromy [M] # Pk,

Pacemorpum obbennaenne muoxkects My, u My, mist M00BIX OTINAY-
HBIX JPyT OT JApyTra IocienosarenbHocteit L u L'. Torma mycrb i
[IOCJIEIOBATEJILHOCTH PA3JINIAIOTCA B -OM pa3psjie. DTO 3HAYUT, UTO
MuoxkecTBy My, U My, npunaiexar QyHKINR 9191- (x1,22) W gllh_ (x1,x2).
Herpyuno suners, aro h) (9o (21,22), gy (1, 22)) = u(x1, z2). Oysxys
hgi (21, x2) UpUHAIIICKAT PB. Hostomy [Mp U My/] = P*.

Kaxk 6blI0 OTMeYeHO BBbIIIe, B (bYHKIMOHATILHOM ciucreme PF cyme-
CTByeT KOHEYHAsl IMOJiHas cucTema. lloaTtomy Jioboit 3aMKHYTBIN KJ1acc
B PF pacmmpsiercst o npesmossoro. Ilycrs M, L u M, [/ — TPEeINoHbIE
KJacchl, copepxkaiue My u My, coorBercrBenHO. s 0OBIX OTIINY-
HBIX YT OT Jpyra nocienosarenbuocreit L u L' [Mp U M| = Pk,
[TosTomy M, L # M, 1. I3BecTHO, YTO CymIeCTBYeT KOHTHUHYYM IIOC/IE/I0-
BaresibHocTel Buja (1). Takum o6pas3om, MOIIHOCTH MHOYKECTBA IPE/I-
MOJIHBIX KJIACCOB, COJIEPIKAIITIX Pf) He MeHee, YeM KOHTHHYyyM. Bmecte
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C TEeM, MOIHOCTH BCEBO3MOMKHBIX ITOJMHOMKECTB MHOkecTBa PP raxske
paBHa KouTHHYyMy. Takum obpasom, Teopema 1 goKa3aHa.

Sameuanne 1. [Ipu jokazaTeLCTBE TEOPEMBI MBI [TPEIIOJIOKUIIN, UTO
MHOYKECTBO k-3HAYHOl JIOTUKU [ CONEPIKUT TOXKJIECTBEHHYIO (DYHKITHIO
z(x1) = 1. Iycre s10 He Tak. Torga pacemorpum D' = [D U z|. ITonsr-
Ho, uro D' 3amkuyTO, m D’ # P¥ tak kax D # P*. Jlanee odeBnmno,
YTO Pll% C Pg,. ITosTomy, ecim JIOKaxKeM, 9TO CYIIECTBYET KOHTHHYYM
TIPE/TIOJTHBIX KJIAcCoB, coieprammx PE,, o PE toxe Gymer comeprarh-
sl B TeX e caMbIx Kiaccax. CiresioBaTesibHO, it MHOXKecTBa DD TeopeMa
Toxke OyreT BepHa. rak, 6e3 orpanuyeHust OOITHOCTHA, MOYKHO CUUTATh,
yro z € D.

3ameuanue 2. Eciu ke OyaeM paccMarpuBarh (PyHKIIMOHAJILHYIO CH-
cTeMy, B KOTOPOil HeT 00paTHOi CBsA3H, & €CTh TOJBKO OIlepalust Cylep-
HO3UIIUNY, CUTyalust OyJeT HeCKOJIbKO MHas. J[eJ0 B TOM, 9TO B CHCTEME
CYNEpIIO3UINN HeT yHHUBepcaIbHOW dyHKnuu. Tem He MeHee, yTBepKie-
Hue, anajorndioe Teopeme, umeeT MecTo U B 9ToM ciydae. Jlokasarenb-
CTBO OCTAHETCS TOYHO TAKUM ¥Ke, TOJHKO BMECTO YHHBEDPCAJIHHOM 0.-]I.
dbyurImn u(x1, re) ciepyer B3ATh 0.-71. QYHKIMIO OT JIBYX [IEPEMEHHBIX
v (x1,22) ¢ OHUM COCTOSTHUEM, B KOTOPOM DEAM3yeTCsl KaKas-HUOY b
meddeposa pyHKIMs k-3HavqHON oruku. Toraa [Pl%, U (z1, x9)] = PF.
U, crenoBarenbio, J060e MHOMKECTBO, cofepzaree Pl Moo pacrm-
PHUTH JIO IPEIIOTHOTO KIacCa.

ApTop BeIpaxkaer OjaromapHocTh byepmay B. A. 3a mocraHoBKY 3a-
JIaYN W HAYYHOE PYKOBOJICTBO.
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