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Tlopegenve B JaOupuMHTax HEKOTOpbIX aBTOMATOB

c KpacKon

Y.B. Kaumos

1. Baegenue

B o6s0pe [1] pa6oT, nocBAINeHHHIX H3ydeHuI0 BO3MOXKHOCTeH aBTO-

MaToB 10 O6XO,Y MPAMOYTOAbHLIX a6UpHHTOB, OTMeteH akT OTCyT-

CTBUA YHUBepcabHOrO aBTOMaTa, KOTOPHI OOXOJMT BCe NockHe Ips-

MoyroubHbie 2a6upunTH (JI. Bygax, A.C. Tlogkor3un). Hapsay c sTuM

OTMe4eHO CyWecTBOBaHue YHHBepCaIbHHIX AaBTOMATOB Js Kacca BCexX

[peBOBAAHHIX JaOMPHHTOB, Ad 1aGUPMHTOB C ” ThIpaMu”, OrpaHudeH-

HBIMM lO AWaMeTpy, a TakxKe Ji LAOMPHATOB, y KOTOPHIX ” TBIPHI” Orpa-

HWYeHK B OAHOM M3 KOHeYHOTO YHCla HalpaBeHuM C pallMOHaIbHbIM

TaHTeHCOM yraa Hakaona (A.H. 3nipuyes, A.A. Son0THX). Take oT-

Me¥eHO, YTO KOMeKTHBHI ABTOMATOB Tua ” {Ba aBTOMaTa” H ” aBTOMAaT

c [BYM& KaMHAMH” MoryT O6onTH 11060H Wa6UpuHT, HO KOMNeKTUB Tuna

” aBTOMaT C KaMHeM” TaKoll COco6HOCTHIO He O6saaet (M. Bam, JI.

Kosen, I’. Kuau6apga). Jaa aBToMaros, OCTaBIAIONINX OTMeTKH Ha pe-

6pax aGUpuHTa, aH NOOAKUTeIbALIM OTBET Ha BOMPOC O cnoco6HocTu

TAaKUX aBTOMATOB OGXOJUTb Bce MAOCKHe NpAMOYTOMbHbIe NaOMpUETHI

(1pu 9TOM JOcTaTOUHO MMeTb OLE THN MeTok) [3]. B paGore [4] 6ni1a

pellieHa 3afaia OOxOJa MpAMOYTONbHEIX JaOMpHHTOB aBTOMATOM, OCTa-

BISIOLMMM HECTHpaeMble OTMCTKH B BepliMHax JaOupuuTa (aBToMaT c

OfHOU Kpackoil).

B nactosuiei paboTe paccMaTpuBaloTca ABa Klacca aBTOMaTOB C

BepIIMHHOM pacKpacKoH#: aBTOMaTHI C yicuesalowjei Kpackoi (oTMeTKH

ocTaloTCA aKTUBHEIMH KOHe4Hoe BpeMA) H ABTOMATHI C NepuoM4ecKoH
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Kpackow (OCTaBIeHHbIe OTMETKH NepwOAu4GeCKH aKTMBU3UpylOTCA Ha

oun ‘TakT BpemMenn). Iloka3aHo, YTO NepBLI Kacc aBTOMATOB B Olpe-

e@eHHOM CMEICIe 61%2ke 10 CBOMM BO3MOXHOCTAM OG6XOsa 1aOA“pHETOB

K aBTOMaTaM 6e3 KpacKH, a BTOpow Klacc — K aBTOMaTaM C OJHOM Kpac-

xo. Mau, 6onee TOUHO, JA NepBoro Klacca aBTOMaTOB JOKa3aHa CBO-

J\MMOCTb UX MOBeJEHHA B WIMPOKOM KJacce 1aOMpHHTOB K NOBeAeHHIO aB-

TOMaTOB 6€3 KpackKH, a JA BTOPOro Klacca JOKa3aHa HX CNOCOOHOCTS B

1K060M a6 pHHTe MOJeIMpOBaTh aBTOMAaT, OCTaBAAIOMNA HeCTUpaeMBIe

OTMeTKH.

2. Basopbie NOHATHA HM ONpeyenreHuA

Ilycrp D = {e, n, w, s} — MHOxeCTBO HalpaBleHHit Ha MAocKocTH (oT

aura. east, north, west, south). O6osHayum e~!=w, n-'=s, w!=e,

s-'=n. BygeM ropopuTb, 4TO OpveHTUPOBaHHHI OTpe30K AB c Ko-
opguuatramu (X,Y) Ha WiockocTu HJeT B HallpaBleHuH:

e, ecmm X >0, Y = 0;

n, ecru X =0,Y> 0;

w,ecauX <0, Y = 0;

s, ecm X =0,Y<0.

Tycrs L = (V(L), E(L)) — xoneunsii opuenmuposanneti ceasnviii 2epag

6e2 nemeso u Kpamnviz pebep, TO eCTb B HeM Ji06bIe [Be BePIIMAHI Co-

e(MHeHHI NyTeM, B HeM HeT peGep Busa (v,v) HU 43 Mobo BepLINHEI V

BLIXOJUT B Apyrylo BeplinHy wu He Gomee OFHOTO OpHeHTHPOBaHHOrO pe-

6pa (v, u). Kpome Toro, nycTb L sBaneTca CHMMeTPHYHLIM: ecm pebpo

(v,u) € E(L), to u (u,v) € E(L); muoxecrso (v, u):={(v, u),(u, v)}

6yeM Ha3bIBaTb neopuenmuposanneim peépom. Ilpunuiiem Kak JOMy

pe6py p € E(L) ormetxy |p| € D Tax, 1To6nI pa3HEIM peOpam, BEIXoA-

IMM 43 OJHOM BepIIMHH, OLLIM MpuNAcaHb! pasHbie OTMeETKH UM ITOOHI

|(u, v)| = |(v, u)|-? gaa mo6oro (v, u) € E(L).

Onpegenenue 1. Ha3onem L npamMoyroabanim Aa6upuHTom, ecru cy-

uecTByeT TaKa# ero yKayka Ha AockocTH, yTo Vu,v € V(L): (u,v) €
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E(L), orpezox ub, CooTBeTCTBYIONIMi pe6py (u,v), HaeT Ha WocKocTy
B HallpaBlenun |(w, v)|.

MuoxecTBo BCeX IPAMOYTOABHHIX a6UpHHTOB O6o3HaduM Yepes CL,

IIpamoyroibHni Ja6upuut LD na3nipaeTca unuyuanonoim, ect B Hem

BLIJeleHa HEKOTOpad BeplIMHa Vo (IPH 9TOM O6xoOg Takoro JaGupHHTa

6yJeT HaduHaTbca Bcerga c >TO BeplmiMHE). Bes orpannuesua o6uy-

HOcTH 6yJeM CYMTaTb, YTO MHOxecTBO BepulMH V(L) C Z?: aaa upo-

W3BOIbHOH yKiagKu L na NAOCKOCTH, YOBIeTBOpsioniew onpeyeleHuio

1, sTOrO MOXKHO JOGUTECA NepeMelileHweM BePTHKaAbHLIX 1 TOpH3on-

TaJIbHBIX IPAMEIX, COepxKallux pe6pa L, BAOAb COOTBeETCTBYIOMIUX OCeit

KoopauHaT. Hazopem L mozauunsim, usu Z-nabupunmom, ecu AAA He-

KOTOpOM ero yKaJKM Ha WAOCKOCTU BCe OTPe3KH UMelWT eAMHMIHYIO

gauny. O6o3HauuM yepe3s £7 MHOXKeCTBO BCeX MO3AM4HEIX AAOUPUHTOR.

B JaibHeliliem HaM NoHagoOuTcs che_yloulad KnaccuduKalMa Wn-

KJOB B IPAMOYTOAbHEIX JaGupuHTax (cM. puc.):

Tpusuasonesii yurs Tpocmot yuxa Camewannori yuna

IlpumMepH 0uK0B

1) Tpuseuasvnvie yuxabt — Te, B KOTOPHX KaxK Joe HeopHenTupoBall

Hoe peOpo BcTpeyaetca 2 pasa. CoorseTcTsyiommui TpuBnal,

HOMY UMKJy HeopHeHTMpOBaHHHA NoATpad cBasen u we cosepxKuT

IMKIOB, TO CCTb ABIAETCH JEpeBOM.

2) Ipocmvie yuxavi — Te, B KOTOPHIX KaKJloe Heopuen'TupoBRanoe

pe6po upucytTcTByeT poBHo og”uH paz. CoorsercrsyiomMii npo

CTOMYy UMKIy HeOpHeHTMPOBAaHHHIM NOsrpad apaserca weopnenin

POBaHHEIM TMKJIOM.

3) Cuewannoie yuxavoi — Bce ocTambHnte. HeTpyHo 3ameTuTh, "To

CMeIUaHHH WMK MOKHO IpescTaBATh B BU le OGLE /UNeHHA HeEKO

TOPHIX MpOcTHX H HEKOTOPHIX TPUBMAIbHBIX IM KOB.
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Onpegenenue 2. JletepMaHupOBaHHI KOHeYHHIH WHAT MAIbHEIM aB-

tomar Mt, = (A,Q,B,y,%,9o), Tae BxXogHOM aicbasuT A — aTO Bce

HeNycTHe NOJMHOxKecTBa MHOXKecTBa D, BuIxosHOK aldaBuT B copia-

naet c D, Muoxecrso cocrosuuit Q = {q,...,4m}, 9: AXQ7 Q -
yHKus nepexogos, »: AXQ-—>B — dyHkyuA BEIXOJOB U go € CQ) — Ha-

qabHOe COCTOSHHE, Ha3biBaeTCA JaOUPMHTHHIM aBToMaTom (JIA), ecau

V(a,q) € AXQ BrmomHeHo ¥(a,q) € a.

Tak Kak BCe paccCMaTpuBaeMble B JaHHOH paboTe aBTOMaThI ABJA-

JOTCH HHHIMAIbHBIMH, B JaibHelliem 6yeM OyckaTb HHJeKc go B O060-

3Hatennu JIA. DyHKuvoHupoBanue Dt B uHANMaIbHOM AJabupuuHTe L,,

IpOHCXOAUT Cle,yIoujuM O6pasom:

— B HawvabHHI MOMeHT BpemeHy, t = 0, IM HaxoquTca B vp = Vi;

— B MoMeHT Bpemeuu t > 0 SN uaxogutca B v;, B CocToxHHU q(t) H O60-

3peBaeT 3Be3y BepIMHH v;,, Tak 4TO ero Bxog a(t) ecTb MHOXKeCTBO

OTMETOK BHIXOJAIUHX U3 v;, peGep;

— B MOMeHT BpeMenn t + 1 aBromaT SIt Meuse cBoe cocroauue, q(t) >

q(t +1) = (a(t), q(t)), 1 nepexoguT B BepmmHy v;,,,, Takylo ITO

(vit, Vitgs)| a b(t), rae b(¢) = p(a(t), q(t)).
Ilyctb Tenepb BepUIMHH Aa6upuHTa COJepxKaT He TOAbKO OTMETKH

Wcxoys1Hx peGep, HO TakKxKe MOFyT OHITh JONOABUTeLHO Harpy2KaeMbl

cumBosamu °0’ wim 71’. Ccopmyaupyem onpeyenenue aBTOMaTa, OcTa-

BIAloujero HeCTUpaeMble OTMeTKH (Kpacky).

Onpegenenne 3. ABToMaTOM C OJHOM KpacKoOW Ha3biBaeTCA MHMIMAIb-

HIM aBTOMAaT My, = (Ai,P, Bi,¢', d', po), rae Ar = AXK, By = Bxk,

rye K = {0,1}, P = {pi,.- -Pmy}, p" + a(t)k(t)p(t) + p(t + 1),
py’: a(t)k(t)p(t) > b(t)k(t + 1), rae k(t) € K — pacxpacxa BepuimHnt

v;, B MOMe€HT CTOAHHA B Hel Dt,,, a k(t + 1) - B caeqywoumi Moment

Bpemenu. IIpu atom k(é + 1) > k(t), To ectb Kpacka HecTUpaema.

@yukuvouuposanue Mt npoucxogutT akasoruano byHKuMOnMpoBa-
uuio JIA 6e3 Kpacku Itc To AMM pasHuyeH, ITO MM moxer KpacuTs
(Harpy2kaTb cuMBosom 71’) Ty BepuimHy 1aGUpHATa, 13 KOTOpOM OH BEI-

XOJMT, H BOCIPHHUAMATb HHOpMalwio O packpackKe BepIIMHLI, B KOTO-

po OH HaXOJUTCA B JaHHEI MOMeHT BpeMenH. B HayaibHblt MOMeHT

Bce BepUIMHEI AaGMpMHTa He OKpalleHbt (MMeloT oTMeTKy 0’). Oxpa-
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WleHHas BepWIMHa OCTaeTCA TaKOBOH B 11060 MOMeHT BpeMeH Nocae ee

packpacku.

Tpaexmopuet IN 6 zabupunme L,, na t-om waze Ha30BemM Tocze-
HOBATeCABHOCTh NpouAeHHHIX HM BepwIHH 7 = (Vip=Up, U;,,-..,U;,), a
caedom St —- mMuHoxectTBo s; = {v;|v;Ex,}. Byzem POBOpUTh, ITO Mt
o6rodum L,,, ecau U2 8: = V(L); Dt cusvno o6r0dum L, ecau on 06-
xoguT Ly, Jia KaxkJoro vp € V(L). Mycts £C L- HEKOTOPHI Kiacc
AaGupuutos. JIA St, wasonem yxusepcasoneum Was £, CCIW OH CHAbHO
o6xoguTt m060nu L € £. B janbueimem Ham nonagzobstTca NOHATHS T- Hu
S-MOJeiuposanus. By em ropoputh, YTo:

JIA Mz w-modenupyem JIA M, B Ly, ecau Vt>0 7+(Mt2) = m4(Mt,);
JIA Mz s-modeaupyem JIA My Bw L,,, ecau Vt, > 0 Ate > th:

S12 (M2) = s:, (Mt) w Vt < te s:(Me) C 51, (Mh).
Takum o6pa30M, 7-Mojequpyommit aBTomMaT Dt, o6xOJUT B TOUHO-

cTH TY Ke, 4TO mw Qj, NocseqoBaTeAbHOCTS BePIIMH B UAWIMAaIbHOM
AaOupuHTe, a S-MOJeAMpylouuH aBTOMaT OOxO,uT Te x*Ke, ITO A My,

BePILIMHBI (BO3MOXHO, C 3alla3qbIBaHHeM) HM Mp 9TOM He Nocemaer HH-
Kakne [pyre BepulivHbi JaOupunta. OvesuyHo, T-MosearupoBanne Bie-

“eT S-MojetupoBanue. Cxaxem, 470 JIA Itz cuanno r- (s-)Mogenupyert

I, BL, ecau Vup€V(L) My m-(s-)Mogeaupyer Mt, B L,.. Ucxors u3
olpeselenus yHUBepcalbHOro aBToMatTa i 7-(s-)MOjJeIMpOBaHUs, uMeem

Cleqyloujve OYeBU THEE yTBepKAeHHA:

JIlemma 1. Iycme Dt, ynusepcasen dan NeKOMOpOzO KAacca AabupuH-
moe £. Tozda, ecau I’ cuavno m-(uau s-)modenupyem Mt, 6 wobom
LEL, mo Mt maxace ynueepcasen dan L.

Jlemma 2. Iycme IM r-uodeaupyem M 6 Asabupunme Ly. Ecau sm
He o6zodum L,,, mo u Mt sabupunm L,, ue o6zodum.

3. ABTOMATBI C Hc4e3alollen Kpackon

Onpegenenne 4. Asromatom c T-uc¥yesaiomel KpacKoil Ha30BeM Ja-
6UpHHTHEIM aBTOMaT Cc OfHOM Kpackoi, BpeMaA XU3HH yY KOTOPOII paBHo
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tT (r € N,r > 2), TaxToB BpeMeHH, TO eCTb OKpallieHHad B MOMEHT

BpeMeHH fo + 1 BepliMHa OCTaeTCA TaKOBOM TOIbKO mpH t < tg +7. To-

BTOpHOe OKpalliMBaHHe BeplIMH JONycKaeTcs.

PaccMoTpmaM NoBeseHve aBTOMAaTOB C T-HC4esalolleH Kpackol B MO-

3aH4HbIx Aa6upnuTax. HanomMHuM, 4To mo3zauundim, usu Z-sabu-

puxmowm Ha3biBaeTcA 1aOMpUHT, HMCIOLMMA NOcKylo yklaqKky, B KOTOpOn

BCe OTPe3KH, COOTBETCTBYIOMINe pe6paM, UMeIoT eAMHH4HyIO WAMHy. Ta-

kylo yKlagky Z-1abupunta 6y eM Ha3biBaTb 1paBMAbHol.

Ilyctp ¢,(v;,, Uj.) = £1%q...%, — COBO AIMHH r Hay aatpaputrom D,

cooTBeTcTBylollee B Z-1aG6upuHTe HEKOTOpOMY TYTH JAMHEI r, coexuHsA-

JOleMy BePUIMHLI v;, H U;, ( 2; — OTMeTKa i-ro pe6pa B STOM nyTH). O6o-

3Ha4HM YHCIO BXOKTeHnH B C,(v;,,0;,) GYKB €, W, 2, KAK Me, My, Mn U

mM, COOTBETCTBEHHO.

Jiemma 3 (c6anaHcupoBaHHocTb Z-yuKI0B). Tym 6 Z-aabupun-

ME ABAREMCA YUKAOM MO20a U MOAvKO Mozda, KOZOA 6 COOMBEMcmMeEy-

1OUWjEM CMY CHOBE Me = My U Mn = Mz.

JloxasarenbceTso. PaccmMoTpuM npaBMbaylo yKiagKy Z-la6upuuta,

Takylo 4TO BepliMHa V;,, COOTBETCTBYIOMad Hataly NWYTH, Haxog_uTca

B Hatase koopguuaT. [lycrp X,,Y, — koOpquHaTHI BepIIMHEI v;,, CO-

OTBeTCTByloujew KOHUy nyTu. Hatyzem ycroBus, Ip KOTOPHIX NyTb

H3 Uj, B Uj, ABIACTCA WMKIOM, TO eCTb v;, = U;,. M3 onpeserenua Z-

Ja6upuHta caeqyeT, iro X, = 1-m, —1-my, Y, = 1-m, —i-m,. Orcioga

Vi, = Ui, <> X, = Y, = 0 SS Me = My, Mn = My.

Jiemma 4. Ilycmo M, - JA c r-ucuesanowyei xpacnot. Cywecmeyem
AA 6e3 xpacxu Ny, cutono w-modenupyiowut Wt, 6 wo06om Z-nabu-

punme.

Moxasarenpctso. Tocrpoum apromat My = (A,Q,B,y¢,¥,q') m0

apromaty It, = (Ay,P, Bi, 1, ¥1,p’), rage Ay=Ax{0, 1}, Bi=Bx {0, 1}.

B jononHeHHe K BHYTpeHHew amaTuo P apromatTa St, Bpeyem

jit aproMata Qty uamatp H = (Bx{0,1})7, B xoTopow# coxpans-

ores ormMerKu BJ, 1 < 7 < 7, nocneqHMX T UpouzeHHEIX uM peGep
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+) (Vig_-s Vip_pq1) H MOJeNMpyetTca packpacka

B wavaibublii MOMeHT Tlo10%xKUM BCce

(vi,_s 1 Vis)s (Vigngs Vizar)s+»
Wol<j<r, BepmlHH Vj,_;.

Mw =0,a0 = us rae b3 €B npow3B01bHH (HO duKcuposBaHl!). O6o-
3Haqum hJ = (b/,k1),h = (h1,...,h,). Torga BHyTpeHHuM cocTosHueM

q(t) aBromara My 6ygzer napa (p:,h:) € Q,Q = PxH.

Alia onpeyenenua yHKUMH NepexogoB y u byHKUAU BHIXOJOB ~ aB-

Tomata ty BBesleM BcnoMoraTerbuy1 yaKuuio k(h), k: H > {0,1},

KoTOpas paBHa 1 Torga MU TOABKO Torga, Kkorga Ir < T, qas KoTOporo

BHITOJHAIOTCA CleqylollMe yCIOBUA:

1°. Jina caopa b16?...8" m-=my,, Mn=Ms.

2°. 3SHayenue k” pasuo 1.

Ha cogepxatTetbHom yposHe cbyaknua k(h;) onpegeaser mo h; ” pac-

Kpacky” BeplIMHbI, B KOTOpoH HaxoguTca ty B MOMeHT Bpemenn t.

(Crporo sto 6yzeT noKa3aHo umxe.) I[Ipeacranum gas My Gynx-

yuio nepezodos y : AXQ + Q B Buge ¢(-,-) = (%p(-,-), pa(-,-)), rae

Pp : AXQ —- P, gy, : AXQ > H, u onpegenmm yy, Y;, AAA MpousBorb-

HBIX a € A, q=(p, h) € Q caeqytouim o6pa30m:

$p(a, 9) = ¥1((a, b(A)), Bp), (1)

yr(a,q) = (Yi((a, k(h)), p), (b', KY), ..-, (67-1, k7-1)). (2)
noetie: (b1,k1) (62,2) (b* kT)

Tenepb ompesenum gia Mag Gynxyuo evirodes wy: AxQ — B. Ilycrp

Torja NO1OxKUM Jf NpOM3BOIbHLIX a € A, g=(p,h) € Q

b(a, q) = vi((a, k(h)), p). (3)

Mrak, MbI onpeyenumu dyHkyHoHnupoBaHHe Mt,yy KaHOHMYeCKON CUuCTe-

MOM ypaBHeHul:

q(0) = = q’, rae g’ = (p’, ( (5,0), -.-, (85,0)))
(*) q(t+1) = g(a(t), q(t)) — ompegenena p (1) u (2)

b(t) (a(t), q(t)) — ompenenena B (3)
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TloxaxkeM, 4TO ONpeseleHHEI TakuM O6pa30M aBTOMaT 6e3 Kpacku

Mu m-MogzermpyeT St, B NpOw3BOAbHOM MHMUMaIbHOM Z-aa6upuHTe.
Jloxa3aTeibcTBO IpoBeyeM “HAyKuNeH no t>0; NapatierbHO B KayecTBe

BCIOMOraTeAbHOro tpakTa JoKaxKeM, TO B ty k(ht) Mogenupyer pac-

Kpacky BeplIMHH, B KOTOpOl TOT HaxXOJUTC# B MOMeHT BpeMeHz f¢.

I. Basa wagyKuun, t = 0.

Ilo onpegetenmo cynkyvonuposanua JIA B MHMNMaIbHOM AabupuHTe

aBTOMaTHI M, u Dy upu t = 0 HaxogzatTca B HaiaIbHOw BeplIMHe vp,

TO €CTb To(Mt,) = vo= 7o(Mtm). Takxe npu ¢ = 0 Bepuimua vp uMeeT

oTmetky 0 (He okpaliieHa), YTO COBNayjaeT C k(ho), Tak kak upu t = 0

sce ki = 0. Ba3a wHAyKuMM MpoBepexa.

II. MuqgyxTusnoe upesnonoxenne, f.

IIpexznozoxuM, 1To 7;(Mt,) = (ty) u aro k(hy) mpapuabgo Mogemu-

pyeT packpacky Tekymux BepuiuH mpu 0 < Zt’ <t.

(3amerum, 4To u3 STUX MpesNOAOXenuit B cuty (1), (2) w (3) caegyer, 4TO:

a) ecau Bxog NM, ecrp a;(t) = (ar, kt), To Bxog Mtyy ecrs a(t) = a, Tak Kak

a; — MHOXKECTBO OTMETOK BHIXOJAMIMX H3 Vj, peGep;

6) ecau cocrosuue Qty ects g(t) = (p:, hz), To cocrosume MN, ecrs p(t) = pr;

B) ec B MOMeHT BpeMeHH t HeKOTOpble BepIIMHE! 1a6upuHTa Cc HOMepaMu

tery, ---y8t-7,, IXM<--.<7Ts<T, OKpallleHk! B pesyAbTaTe dyHKOUWOHUpOBa-

HHA St, TO B MOMeHT BpeMeHu t cocrosuue Nty Takopo, uro kTM! =... =
kTM =1 ak! =0 gas ocranpanix I;

r) npu t > 7 nepemenutie b/ aBaaloTcA OTMeTKaMM TOCcIeqHMX T pol AeHHEIX

aptomatom Mty (u St,) pe6ep; B mpoTMBHOM cay4ae, B CMY NpOwsBOABHOCTH

b}, HecKoNbKO MocseJHMX MepeMeHHEIX MOryT He GEITh OTMeTKAaMM peabHO

Tipo jeHHEIX peGep.)

lll. Augzykrupanm nepexog, t—+>t+1.

Ilycth b; — oTMeTKa pe6pa, 10 KoTOpoMy Qt, nepexosuT B oyepesHy10
BepIUMHY Ui,,,, 2 b,— oTMeTKa pe6pa, 10 KOTOpOMY OCYIecTBIxeT Te-

pexog tm, coompeneTBeHHO, B Picea: Vimeem, 5, = b(t) = (a(t), g(t)) =

(a2, (pe, h)) &2 ph((as,kk (hz), pe) u bi (a(t), k(t)), p(t)) = be, a, 10
ompefenenuio 1a6upunta, 6;,,, = Ving, TO CCTE M41 (Mts) = me41(M-).

Ocrasocs noKa3zaTb, 110 k(hy41) MogemupyeT packpacky BepIIMHEI Uj, ,-
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AevcTBuTerbHO, NYCTE v;,,, OKPAIEHA aBTOMaTOM Nt,. Dro osnayaer,

4¥TO Jia HeKOTOporO r <t+1, 7 <7, BHINOMHEHH [Ba YCIOBHA:

(i) Vics: = Vier)
(ii) r TaxTOoB BpeMeHH Ha3zaq Ha BHIXOAe M, Gurno k = 1.

Ho (ii) skBuBateHTHO 2°, a no Jiemme 3 papeucTso (i) View: = Yiegior

BreyeT 1° gus hy41. CaegopaTenbHo, B 3TOM cay4ae k(hz41) = 1.

Ilyct Teneps v;,,, HE OKPAMEHA. [oxaxem, 4To Torga k(Rt41) =

0, To ecTb BHINOMHeHHe ycioBuH 1° u 2° HeBOsMOxXHO OJHOBpeMeHHO.

Ilycth BpepHo 1°, To ectrb dr < Ts) My = Me,Myn = Ms IIA

bi, ,b7,,...6{,,. BoaMoxan gpa Bapwanta: r << t+lur>t+l. B

neppom cay4ae bi,,b?,,...bf,; COOTBETCTBYIOT OTMeTKaM NOcleqHUX T

Ipoujenuurx peGep (cm. II.r)) a mo JIemme 3 ycaosue 1° BaedeT copnaye-

Hue BeplUH V;,,, H Vi,,,_,- Tak Kak U;,,, He OKpallleHa, TO U;,,,_, Take

He OKpallieHa u, ClegoBaTetbHo, kf,, = 0 — ycaoBue 2° He BHITOIHeHO.

Bo propo cayyae, r >¢t+1, kf,, =0 B cuay HatanbHoro 3HadeHUA ho

uw dopmyant (2) 218 @yHKOMU MepexosoB Y, To ecTb yctoBHe 2° ONATS

He BHINomHeHO. UTo u 3abepiiiaeT JOKazaTeAbCTBO paBeHCTBa 3HayeHuA

kf, W OTMeTKH BepwmMAL v;,,,- MazyKuMA NOMHOCTHIO JoKaszana.

Wak, MbI Noka3aIu, YTO aBToMaT Wty, ONMCHIBAeMBIM cucTeMou

ypaBHenui (+), CHIbHO 7-MoJeIupyeT I, B upou3soibHom Z-na6u-

pHHTe.

Jlemma 4 noKa3bipaeT, YTO 3a CYeT yBeNM4YeHUA IHCIa COCTOSHUH

aBTOMaTa B 87 pa3 MOXKHO MOJeIUpOBaTb CNOCOGHOCTb aBTOMaTa CTa-

BUTh T-WC4e3alOljHe OTMETKH B BeplinHaxX M060ro MO3aM4HOrO 1abH-

puuta. Jl1s HedeTHHIX 7 9Ta Ol|eHKa, B CUy YeTHOCTH JIMHBI BCAKOTO

UUKla B MO3aM4HOM JaOUpuHTe, MoxeT GHITE nOoHMxKeHa Jo 87~! pas.

3aMeTUM, YTO CTelleHb yYBeMHYeHHA NAMATH MOXKHO, NO-BUAMMOMY, I0-

HU3HTb MCXOAA U3 JeTAaIbHOrO aHalu3sa @yHKNAM NepexoOB Y; MH BEI-

xoJoB 1, Kpacsailero aBTtoMata. Tak, HanpuMep, Jf MOeMpoBaHus

aBTOMaTa, MoBeyeHHe KOTOPOro He 3aBMCUT OT packpacKH BepuIMH (B

TepMHHaX % U yy, STO O3HadaeT, ITO NepeMenHasd k aBiAeTCA PUKTUB-

Hol), COBCeM He TpeOyeTCA YBeAMYCHUA NAMATH: AOCTATOYHO NOMOKUTH

Q = P, 9(a,p)= yi((a,0),p)= vi((a, 1),p), P(a,p)= vi((a, 0),p)=
$i((a,1),p).
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3aMeTuM Tellepb, YTO u3 JeMMEI 4, JemMMBI 2 H TeopemMHl Bywaxa-

Tlogxom3aua [2] caegyer:

Teopema 1 (o Mosam4Hon JoBymKe qua Mt,). Jan «oboz0 M,,

rt € N, cywecmeyem mosauuneiti aabupunm, xomopoiti um ne o6zo-

oumca.

PaccMoTpHM Tellepb NoBefseHve aBTOMATOB C HC4e3alole Kpackol B

IpOM3BOABHEIX (He MO3aM4HEIX) IPAMOYTOABHHIX JaGHPHHTAX C ” nO-

cTaTouHoO 6ObMIMMH AbIpamMM”. VimeHHo, Ha30BemM T-tabupunmom

IpAMOYTOAbHEIM Ja6UpHHT, y KOTOporo BcAKHM MpOcTo WMKA HMeeT

Gomee T peGep. O603HaHM MHOXeCcTBO BCex T-aOMpMHTOB Yepe3 hes

Toxaxkem Jia TaKHX 1a6UpHHTOB JeMMy O MOJeIMpOBaHUH B HUX aBTO-

MaTOB C T-Hc¥esalollei Kpackon.

Jlemma 5. Jaa «06020 aemomama c T-ucuezaiowyeti Kpacxot Dt,

MOICHO NOCMpoums aemomam 6e3 KpacKu Why, cusono m-modesupy-

soujut I, 6 npoussornom T-sabupunme.

Hoxasareascrso. Ecan una mo6oro mpocroro (u, clexoBaTeibHO,

mio60ro CMellaHHoro) WuKIa B T-la6upuHTe Gombe T, TO SN, He Mo-

2KeT, BEPHYBIIMCh B BeplMHy 10 TaKOMy UMKIy, OOHapyKUTb 3aKpa-

WIeHHYIO BepLIMHY, — KpacKa yclleBaeT uc¥e3HYTb 3a STO BpeMs. 3Ha-

quT, IN, MoxeT OGHapyXXUuTb 3akpallleHHy!0 BeplIMHY TOAbKO BepHYB-

DIHMCh B Hee 10 TpUBUaIbHOMY WuKAY (AAMHEI MeHbIei 1uG0 paBHol 7).

Jlerko noKa3aTb HHykiue No Ycry peGep B UMKJe, ¥TO cloBo é Hay B,

CooTBeTCTBYlolllee OTMeTKaM peep TPpHBMaIbHOrO UUKAa, PHBOAUTCH

k "nyctomy” cosy A (o6o3HauuM — é ~ A) nyTeM coKpalleHun Buza

zz! + An AA—- A, rye €B. Acuo, 1To apTomaT 6e3 kpacku My

c namatpio Q = PxH,H = (Bx{0,1})’, rae P — namats M,, Mo-

eT (no cxeme u3 JiemmEI 4) No coxpaH#eMBIM OTMeTKaM 7 TocieqHUX

npoiijeHHEIx pe6ep u Bepumun (b(t), k*(é)),..., (b7(t), 7 (¢)) onpegeastp

packpacky TeKylle# BepIIMHEI v;, 10 NpaBuy:

v;, packpatiena <=> Sr<r : (cnoBo b1(t)b?(t) ...b"(t) ~ A)&(k" (t)=1).

3HauuT, Kak oka3aHo B Jlemme 4, aBroMaT thy MoxeT CUIbHO 7-

MOJeIMpOBaTb MN, B 11060M T-a6upuHTe.
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Wrak, MEI noKa3aiu, ITO 419 M06oro aBTomata Cc T-“Cyesalolleli
Kpackoit It, cyljecTByeT aBTOMaT 6e3 KpackH, CH.1bHO 7-MOJelupyIolmun
St, Bo BCAKOM Ja6upHuTe c” JocTaTOUHO 6ONbUIMMH AbIpaMu”; Ipu 3TOM
AoctTaToiHo 87-KpaTuoro (jaa YeTHOro T) aan 87~!-xKparHoro (ga4 He-

4eTHOrO T) yBeMMYeHUA NaMATM aBToMaTa. OrmeTuM onATD *xe, ITO

HAM HEKOTOPHIX aBTOMATOB C HCYesalolileH Kpackol 3Ta OleHKa NOHU-

%KaeMa 3a CdeT aHalu3a ero *pyHKYMH NepexoJoB u BHIXOJOB. Takxe,

B cuty papenctBa £L = L£, (£ — Bce npsMoyrosbuLle Ja6upuHTH) upH

T < 3, mo6oH aBromaT c 2- au 3-uc4e3aiomel Kpackoli MOJelupyeTca

aBTOMaTOM 6e3 KpackH BO BCex a6upHHTax.

C ucno1b30BaHHeM JeMMHI 4 W JeMMEI 5 MOXKHO TOKa3aTb ce Ty ouly10
Teopemy.

Teopema 2 (06 asTromatax c uc4esalomjen Kpackom). Jaa dan-

nozo aemomama Cc T-ucuezaiowel KpacKoti M, MOWCHO NOCMpoumMd
asmomam 6e3 Kpacxu c 87-Kpamuvim yeeruuenuem namamu; xomo-

pil cusbno m-modenupyem Dt, 6 xarcdom aabupunme u3 L(T, f;-), 2de
L(7, f-) ecmb muoacecmeo npamoyzoavneiz sabupunmoe, y0ob.zemeops-

rowur caedyiouemy ceoticmey: cywecmeyem Gynxyua f, : BT + {0,1}

maxaa, umo 6caxuti nymo S, = (p1,..., Pr) Oaunbi r,r <7, aesnemca

6 sabupunme YUKAOM Mozda U MOALKO Mozda, KOzda

F-(lpil, . 22 1Prly epi, s -) Zr) =1,

2de x; € B npou3zeoavnet.

Aoxka3aTetbcTBO TeopeMbI ONyieHoO u3-3a OrpaHM4eHnit Ha O6beM

HacToAUlel CTaTbu.

B kaecTBe IpaMepoB, yKa3HIBaloljux Ha OTAMYMe NOBeAeHUA B Ja-

OUPHHTax aBTOMAaTOB C UCYesaloljeli KpacKow M ABTOMATOB Ge3 KpacKH,

IpuBeyemM Clesylouue yTBepxK Jena:

1) Cywecmeyem asemomam IN, c 4-ucuesanoweri Kpacxoti u edun-
CME6EHHDIM COCMOKHKUEM, AAA KOMOpOZ0 KEM asmomama 6e3 KpacKu,

m-modeaupyiouezo IN, 6 xaacce uxuyuaaoneir sabupunmoe L', cocmo-
aAwWeM 6ce20 UZ Oeyr 3-aabupunmoe.
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2) Cywecmeyem asmomam M, c f-ucuesmowed xpacroti u deyma

COCMOANUAMU, G MaKoce CUemNDIt KAacc 3-aa6upunmos Cc OdNUM Npo-

cmon yuxasou L! maxot, umo 012 «06020 aemomama 6e3 KpacKu cy-

WJECMBYEM UW KOHEUHOE MHOICECME6O AASUpUNMOE UZ aMozO KAACCA,

6 KOMopbIE On cabo T-Modenupyem M,. (Caa6oe 1-modeauposanue 6

He unuyuanrnom sabupunme L nonumaemca xax cywecmsoeanue sep-

wunes veV(L), maxotl umo umeem T-Modeauposanue 6 uUnUYyUatoHOM

L,,).

Toxasarenpcrso. B xavecrse Kaacca £’ gaa 1) BosbMeM 1a6upnHTH

Li, u Li, (cm. puc.), a B KadecTBe St, — aBromaT, KOTOpHi KpacuT Bce

IpolieHHble BepLIHMHEI H UMeeT OHO COCTOAHHE Pp.

3alqaquM ero chesyIOWMM MHCTpyKuMUAMU (Po

u k aa KpaTKocTH onycKaem): ” vy

({e,n},0) +2; ({s,e},0V1) +e;

({w,s},0V1I)4 5; ({n, w},0V1) > u;

({e,n},1) — e€; Ha ocTambHBIx Ha6opax Jo- |, ” v5

ompejelumM upousBoibHo. PaccmoTpum mpo-

U3BOIbHBIM aBToMaT 6e3 Kpacku Jt; noKa-

eM, UTO OH He MOXeT T-MOJemupoBaTE Mt,

U5

Ta6upunm Li

ofHoBpeMenHo u B Lj, MB Ly, craptya 13 V1 V2

vp. leiicrsuterpuo, MN, B Li mpoxogut

BePLUIHHE Up, V1, V2, V3, U4; Us, U4, U3,-.. H, CCH

IN x-mMoyemupyet M, B Li, To oH uMeeT Vo V3

na BxoJe (|vo|={e,n}, |ui|={s,e}, |val={w,s},

lu3|={n, w}, |val={e,n},---), @ Ha BEIxoge —

(n, e€, $, W,N,...).

Dro osHayaeT, uTo B LS, apromat IN mpowseT MoclesoBaTeAbHO Bep-

WIMHEI (Vo,U1, V2, V3; VO, V1,---), HO He (vo, 11, V2, V3, Vo, U3, -.-), KOTOpHIE

upoxogut B Ly Ht,. Uro u TpeG6ospanocb noKa3zatTb.

[1a yoxasaTeapctpa 2) paccMoTpuM cemelicrso 1a6upuntos LY =

{Lm}, Tae Lm UMeeT mM BUTKOB (cM. puc. Hwxe). Paqom c pucyH-

KOM JaOUpHHTa onucaHE! uHcTpyKuuN Dt,. Henocraiomne crpoxu (a8

|, 7T,.-.), @ Tak%Ke *, COOTBETCTBYIOT MHCTPYKUMAM, JooNpeysemHeMbIM

IPpOW3BOIbHO; 3Hak ’—’ O3HataeT OV 1. Aspromat Yt, kpacuT To1lbKo

Ja6upunm Li,
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Bzoo \

) cocm.: fo a

—________» T; _- t qo *
= + go *

yl ¢em [;— + 9 > Hh
an hb = qo +n

, I | l= t 9 —H
v1 Ge i + 9 TH

F,0 — qo TH

co "1 F,1 + 90 — qo
— TH Ta

Ha6upunm Ly,

BepWMHEI C OTMeTKON ‘+’, To ecTb v; H vi, i=1,..7,m. Ws onpezenenna

IM, BusHO, 4TO B Lm OH, HaYMHaA C NPOM3BOAbHOM BepIIMHH, mpuxo-

AUT B Uo MW M3 Hee COBepliiaeT Nepwosu4eckoe ABM2KeHUe 10 AaOUpuHTY,

HPOXoOAA# JO Vm, = v),_, H O6paTHo B vp.

Nycrp St— aptomat 6e3 kpacku. O6o3HaqHM j.14 Hero yepe3 V,(Lm)

MHOKeCTBO BCeX BepIIHH ueV (Ln), TakuxX UTO B HHAWMaIbHOM J1a6n-

puute L,,, OH TM-Moyenupyet Dt,. O6osnaium uepes Q’(L,,) MHoxe-

CTBO COCTOAHUH, B KOTOpHIX Jt npUXOTUT B vg, CTapTyA CO BCEBO3MOX-

HHIX u 43 V,;(Lm). AHalOorH4Ho MoKa3aHHOMy pu JoKa3aTerbcTBe 1)

JerKO 10Ka3aTb, ¥To ecru Mt 7-mogeaupyer Mt, B Lim, CTAaPTYA U3 Vo,

TO OH He MOJeaupyeT ero B L;, 1 > m, cTapTy4s 43 V9 B TOM Ke COCTO-

anu (”C6oK” MponcXO_UT B Um). Orcioga Qi, 1\Q) = 0, ecan m F I;

3Ha4HT, B CHly KOHeCYHOCTH NaMATH aBToMaTa St, cymiecTByeT AMIUIb

KOHeYHOe YHCIO HHJeKCOB Mm, TaKux uTO Q/, ~ GO. A dTO m o3Ha4aerT,

4uro SJ TOAbKO B KOHEYHOM YAcae Aa6upuuTos u3 L” moxer caa6o 7-

MOJeIMpOBaTb aBTomaT Mt,.

4. ApromaTbI c NepHoqM4eckoM KpackoH

Baeyem cbopMabHoe onpeyelenve aBTOMaTa C NepwOAM4eCKON Kpackoln.
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Onpegenenne 5. ABTomatT M, ABIACTCA JaOHPMHTHEIM aBTOMATOM C
‘-lep#ou4ecKol# Kpackoli, eCIM pacKpallleHHaf HM B MOMeHT BpeMeHH

to + 1 Bepmmuna (to — MomMeHT cTosHua SJ, B BepmimHe) GyyqeT “MET

otmetky ’l’ pu t=to+1+ky, k € Z,, u 0’ 8 ocTanbHoe Bpema.

Jlemma 6. Iycmb Wy — JIA c odnoti xpacxoti, mozda dan 1106020

7 € N cywecmeyem JIA c y-nepuoduxeckoti xpacKxoti u c eo3amonic-

HOCMbIO 3adepacKU 6 BepwuuUHar vabupunma na 1 maKxm epementu, s-

modesupyiouut No 6 s060m unuyuanonom sabupunme.

Moxasarenbcrso. [lycth MNto= (Ai, Q, Bi, 9, , qo). Torga onpezenum
aBTomaT 2,1 Kak wecrepky (A;,QxBxGx{0,1}, Bi, ¢', v', 96), Tae

G = {0,...,37} 4 9 = (40, 50,0, 0), bo € D. Moxaxem, uTo ero MoxHO

OlpeseluTh Tak, YTOOH, Mepexosa U3 1060 BepIIMHEI UV, B COCeJHIOIO

vs, OH YMe ObI pacHoOsHaBaTb He TOAbKO Tekyllylo packpacky vs, HO

ee packpacky BooGile; NapaembHo HaypoBHe alropuTMa ONMIleM OAME

War s-MOJelupoBaHHa UM aBTOMaTa Ito.

Ilycth aptomat Jt, Haxoqurca B coctosHuu 9g! (qs,6,0,z) B

BepuiuHe v, (£ COOTBETCTBYeT pacKpacke BeplIHHEI V,, Kak ee onpe-

nena DN, 1 Ha npesEAyuem ware). Torya oH, Ha OCHCBaHHM MHCTpyk-

nuit Ny, BETIMCAAeT M 3aloMuHaeT MeTKy b pe6pa (vs, vs), @ TakxKe

ompegzeaser HoBylo packpacky k BepmIMHEI v, H HOBOe cocTosHue gf :

(bk) = d(lvs|,2, 9s), af = Pls], 2, 9s); MepexoguT B vy NO peGpy c meT-
Koit 6, packpammmBaeT v, COoTBeTCTBeHHO k wv MenaeT CBOe COCTOSHHe Ha

= (gf,5,1,0). Hanee Nt, ocymecrBiseT Nowck KpackH B vs B Ba

3Talla: _

1) nepememaetcs u3 vs BU, (10 peOpy c MeTKOH 5-1) u o6paruo (10

pe6py c merxon 5) 7 pa3, Uccleqya IPH STOM Tekylyi0 packpacky vy;

Af 3TOTO Ha Kaxk Jou uTepanuu St,1 MeHseT cocrosuue “cieTuMKa” g

Ha g +1, ecau Kpacka He O6Hapy2KeHa, 4 OCTaHaBIMBaeTCA, Nepexoss B

coctosuue q’ = (qf, 6,0,1), ecm Kpacka o6napyxena (Ha 3TOM 3aKaH-

YHBaeTCA OJMH War s-MojeIMpoBaHus).

2) Ecam kpacka B Us Ha peg yylemM stale He OO6HapyxeHa (=

2y — 1), To Mt,1 wxger 1 TakT B vs, Wocne Yero MepememjaeTca B UV,

u oGparuHo ee [7/2] ([-] — gemaa 4acTb) pas, ucclegyA packpacky vy,
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KaK Ha NepBOM orame. Ecau B Kony 9Toro aTana Kpacka B vf He O6Ha-

pyxkena (To ects,g! = (q7,b, 27+ 2[7/2],0)), ro apromat St, , sapep-
waeT War s-MOJeIMpOBaHuA, OCTaBasch B Vs H MeHAA CBOe COCTOAHUeE

ua q' = (q,,6,0, 0). .
Aoxaxem, 4To (1)-(2) faeT pacnosHaBaHMe packpackH BeplIMHE v ifs

Tlycts Bepumna vs PACKPAIIEHA. OG6o3Ha4yum Yepe3 t, MOMeHT

Hawala OJHOTO Wara MosenupoBanusa (Mt, saxoqutcs B Us), a Tepes

t; =ts+7i,7=1,2,3— Moment i-ro nosBaeHua KpackH B Uf} IPH TOM

acHo, ITO 1 < 71 < Y2 < 27 < 43 < 3y.

PaccMoTpuM cay4ai, korga y uemno. Ilycrs odd — (yHkuuA weTHocrTu;

Torga odd (71) = odd(72) = odd(y3). H3 onucanus (1)-(2) cneqyer, uTo

Ha svane (1) apromar St, noapaserca B v)f B MOMeHTH Bpemeny f, +t’,

rae t’ = 1,3,...,27—1 (To ect» Bce HeyeTHEIe, MeHBLIMe 27), @ Ha BTO-
poM ovane — pu t, +t’, rye t’ = 2y, 27+ 2,2744,...,27+ 2[7/2] (ro

€cTb Bce YeTHHe 43 HHTepBada (27; 37]). Hosromy, ecau 7, HeyeTHO, TO

Me, YBUAUT Kpacky B MoMeHT t;= ¢, + 7, — Ha oTame (1); a ecam y,
¥eTHO (a 3Ha4uT 72 M 73 TOXKe), TO B MoMeHT tz — Ha Tame (2).

Ilyctb Tenepb y neuemno. Torga odd(y1) # odd(72); caeqosatennuo,

4u60 771, 1460 72 HeYeTHO, H NOITOMy Mt, o6HapyXUT Kpacky Ha dTane

Ecau, Tenepb, BepiiuHa vj HE PACKPAIIEHA, To ACHO, YTO Ha BHI-

xoye (1)-(2) 6yzer q’ = (a5; 6, 0,0), 17To 4 osHayaeT B TepMuHax aBTO-
Mata It,,) oTcyTcrBue Kpacku B vy. Uro u TpeGoBalocb JoKazarTb.

Hakonell, Joka2KeM 10 UHAYKUMU, ITO aBTOMAaT, OJMH War paborsi

KOTOporo onucaH Bbille, GyseT s-MoJenupoBaTh MM B m060M nAUHE-

aIbHOM Ja6upuute L,,. [ycts rpaexropus Mp B Ly, ecTh (Uo =

U0, U1, U2,.. a

I. Baza wHAyKOMH, tp > U1}.

M3 onncanua ogxoro mara pa6orn Nt, u ero HayanbHoro cocroanus q/,

clelyeT, 4TO OH NepeiizeT B TY xe, ¥TO H Mo, BepuIMHY U1, NpaBuABHO
olpeseluT ee packpacky HM 0paBMAbHO packpacuT tp.

Il. Anayxrusynoe npegnonoxenne, 1;.

3akMo1aeTCA B TOM, ITO BCe NpOueHHbIe BepLIAHH OAMHaKOBO OKpa-

WeHH Ip u DNt,1, M,1 He 3axX07u1 B BepwMHEI, KOTOpEIE Mo He noce-
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Wan, u Nt, WpaBwAbHo pacho3sHad packpacky BepUIMHET tj.

Ill. MaaAyKTHBHLIM Depexod, Uj > Ui41.

HenocpesxcTBeHHo Joka3biBaeTca 43 OOOCHOBAaHUA OfHOFO Iara Mojenu-
popanua (3aMeHOM U;, Uj41 Ha Us, Vs).

CaeqctBuem TeopemEI 1 u3 [4] u Jlemmnt 6 sBiaeTcA

Teopema 3. Jaa 1106020 y € N cywecmeyem JIA c y-nepuoduxecnott

KpacKkotl U 603MOICHOCMbIO Za0EpIcKU Ha OOUN MaKM epemenuU, CUtbHO

obzodawmut mobo npamoyzoannelt sabupunm.

Tenepb ccbopMyaupyeM KpuTepu OOXOAUMOCTH JI aBTOMAaTOB 6e3

3a ep KKH.

Teopema 4. (Kputepui ja asTomaToB c lepHoqH4eckon

Kpackon). B xaacce aemomamoe 6e3 2adepacKu c y-nepuoduueckott

xpacxot cywecmeyem ynueepcasnnoit dan L aemomam mozda u mosvKo

mozda, Kozda y neuemno.

Joxasatrenperso. (<=) Iycrs y seseruo. Torja aptomat u3 Jlemmut 6

C NHKIOM NpoBepKH, paBHEIM 27, u 6e3 3ayep%XKKU S-AOJeMMpyeT aBTO-

MaT C KpacKOli B IpOM3BOAbHOM Ja6upHHTe; B TOM 4HCAe H YHUBepCalb-

Hb O6xoA;RuuMM aBTomMaT u3 [4]. CnreqoBaTenbHoO on No Jemme 1, 6yyeT

TakxKe YHUBepcaIbHHIM yaa CL.

(=) Tloxaxem, 4TO B klacce aBTOMAaTOB 6e3 3aJepxKKE C geTHOMepHoqH-
YecKO# Kpackoli HeT yHMBepcaibHoro aBTomata. /I1a sToro No mpons-

BObHOMY aBTOMaTY Mt, ua 2roro Kacca NocTpouM Aa6MpuAT, KOTOpHIE

Mt, He o6xoguT. PaccMoTpuM aBToMaT 6e3 Kpacku 2p, Momyyalonjaica

u3 Nt, nyrem 3ameau @yukuun y(a;,k,q;) Ha yo(ai,9g;) = (ai, 0, 95)

u yukunu )(a;,k,q;) 8a Yo(ai,g;) := b-, ecru (a:,0,9;) = (b,, k’).

Slcuo, uTo 2g m-MogenupyeT oN, Kak ecau 6bI TOT "He Buen” pac-
KpacKy BeplIMH, B KOTOpbie OH BO3BpalllaeTcs.

Jaa No cymiecrByeT MO3aH4HEIM 1aOupHAT L, xoropntii on He 06-

xogut ((2]). VWcnoabays To, ato 11060% npocTow OMKIB L cocrour

H3 4eTHOrO 4HCIa peep, N0KaxKeM, ¥TO TpaekTopus Dt, B wem Gy-

et copnasatTb c TpaeKTopuew Np (Torga mo teMMe 2 aBToMaT Me,

Tlopeqenue 8 1a6upaHTax aBTOMaTOB C Kpackoli 267

Take He o6xogut L). laa 3Toro JocTaTOwHO JoKa3aTb, YTO BHIXOAA

u3 11060 BepIIMHLI Vv, B MOMeHT BpeMeHH tf}, Me, 6yqeT BO3Bpallarbca

B Hee B MOMeHTH BpemMeHH is (vn) = t, + 2d;,d; € N a, caegosa-
TeIbHO, He CMOXKeT yBHJeTb B UV; KpacKy, KOTOpad NOABIKeTCA TaM

IIpu t (vp) =t,+1+~7-%,7 € N (a3-3a aeTnoctu 2d u HexeTHOcTU
1+~7-1%). Jevcrsureabuo, ecau MM, BOSBpalllaeTca B Uz, 10 TpHBHAIb-
HOMY IIMKJy, TO KaxKqoe pe6po B HEM NpOXoAMTcA YeTHOe 4ucAO pa3

(OquH HM HeCKOAbKO pa3 ”Tyfa-o6parHo”). To ecTb J.1uHa TakKoro WH-

Kila 4eTHa Hu, 3HaduT, Dt, upoxoguT ero 3a 2d TaxTow Bpemenn, rye d

— HekoTOpoe HaTypalbHoe uncao. Ecau xe Me, BOBBpalllaeTcA B Vp, 10
IpOcTOMY IMKy, TO Kaxk Joe peOpo B HeM OH MpoOxoUT HeYeTHOe 4HC0

("Tyqa-o6patHo”)xn+"tyga”. Ilo noctpoennio L kax yeti 1po-

CTOH UMKI B HEM COJepxKUT YeTHOe YHCAIO peGep, cHesOBaTeIbHO, HU 0

Ipoctomy wuKAy Mt, BO3BpalllaeTca B U;, 3a YeTHOe YHCIO TaKTOB Bpe-
Menu. CMeliaHHHl Ke (UK ABAAeTCA OGbeAMHEHHeEM HEKOTOpOroO Yucla

I[MKAOB NepBLIX AByx THOOB. TakuM O6pa30M, aBTOMaT Me, , BHIXOA U3
060M BepwIMHH vz, GyAeT BOSBpalllaTbcaA B Hee TOAbKO 4epes YeTHOe

YUCHO TAaKTOB BpeMeHH, ITO H JOKa3EIBaeT COBNayeHue TpaekTopuii B L

ByX aBTOMaTOB Qty H M,. Iloastomy ON, Take He O6XOAUT 1a6upuHT
L, vo ecb He ABIAeTCA yHUBepCaIbHLIM.

Cnucok 1mTepaTypbi

[1] Kygpasues B.B., Yoraymaua II., Kusu6apga I’. O nopezenun as-

TOMaToB B Ja6upaHtax. //J/uckpeTHad MaremaTuka. 1992. Tom 4.

Bun. 3. C. 3-28.

[2] Kyapasues B.B., Aneumu C.B., logxor3un A.C. Baeyenne B Teopnio

aptromatos. M. Hayxa. 1985.

[3] Kygpasues T’.FO. O spemenu pemienaa Ja6upHHTHIX 3aJa4 KoHe4-

HEIMM aBTOMaTaMi. Jac. KaHJ. :bu3.-MaT. HayK. Caparos. 1990.

[4] Hactipos A.3. 06 o6xoze AaG6upuHTOB aBTOMaTaMH, OCTAaBIAIOWUME

HecTupaemile oTMeTKH. ///[uckpeTHan MaTemaTuka. 1997. Tom 9.

Bum. 1. C. 123-133.


