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OT PEAAKTOPA NEPEBOJA

Ipeanaraemas wnura Aprypa [uana — a0kTOpa Hayk 1o
3JIeKTPOTeXHUKe, npenojasatens Kanudopuuiickoro ynueepcute-
Ta — COJepXUT CHCTeMATHYECKOe H3J0XeHHe OCHOBHBIX BOTIPOCOB
TEOPHM KOHEYHLEIX aBTOMATOB.

B kHHre paercsa cTporoe omnpenejeHve KOHEYHOrO aBTOMaTa,
KaK MOfeNn pealbHOro ycTpoHcTsa, ¢ mamocTpauvel Ha npuMe-
pax. ABTOp, COXPaHfil MaTeMaTHYeCKyl0 CTPOrocth, B AOCTYNMHOH
I8 WMPOKOro Kpyra uurarenelt ¢popme, iCHO M NMOCAeA0BATENLHO
H3/araeT pasJnyHble CIOCOOBI MpeACTaBieHHs KOHeYHBIX aBTOMa-
ToB (Ta6aMLb, Tpadbl, MATPHILLL 1ePEX010B), METOLL MUHMMH3ALHH
AaBTOMATOB, TeOPHIO SKCMEePHMEHTOB Hal ABTOMAaTaMH W pAd ApY-
rux sonpocoB. IIpuHATOe pacnoioxeHne MatepHana oGnerdaet
ero ycBOeHMe HHXeHepHO-TeXHUYeCKUMHM pPaGOTHUKAMH, HMelO-
ILUMH 1eI0 C pealbHBHIMM OGbeKTaMM, TaK KakK NMpH abCTpaKTHOM
NpeACTaBJleHHH TMO3BOJAeT COXPaHATb CBA3b C NPUBBIYHBIMHM AN
HHXeHepa peajbHBIMM YCTPOHCTBAMH,

OCHOBHBHIM OT/IMYMeM KHHMFH OT CYIUeCTBYIOIUHX fABJAsSETCA
NOAPOGHOE U CHCTEMaTHYeCKOe M3J0}NeHHe AOCTHMHeHHH B 06nacTH
TEOPHMH 3KCMeDHUMEHTOB, KOTOpas HaYyMHAeT HAXOAHTh LIMPOKOE
NpHMeHeHNe NMPH pellleHUM 3a3a4 TeXHUYeCKOH AHMArHOCTHMKH AH-
CKPeTHEIX YCTPOHCTB M CHCTeM C MaMATblO, B TOM 4YHCJe BblYH-
CANTeNbHEIX H YNPaBidIOLMX MaLIWH,

Kaxnas rnaasa KHWrM COZEepXMT NpUMepbl M 3aKaHYMBAeTCHA
3ajmauyaMn, 4to o6ierdyaet ray6oKylo npopaGoOTKYy M ycBOeHHMe
ee COAepiaHHs.

KHura sBaseTcs XOpouwuM y4eGHBIM MOCOOMeM AJ CTYAEHTOB,
HHXeHepOB M HayyHHX paGOTHMKOB, 3aHMMAWLIMXCA M3y4YeHHeM
TEOPHH KOHEYHBbIX ABTOMATOB W ee MPAKTHYECKHUMH MPHIIOKEH UAMH.

I1. Napxomenko



NPEAWCJIOBHE

[MocaenHue roasl ABWJANCH CBHAETENIMH BO3HHKHOBEHHS HOBOH
HAyYyHOR IHMCUMIJIMHEI, M3BECTHOM MNOA HasBaHWeM meopusl cu-
cmen. TlosBneHve STOH AWCIMIIMHBL B GOJBLIIOH cTemeHH GbIIO
06yc108/1€HO MPOHUUATEALHOCTHI0 MCCAEN0BaTe/ e B Pa3THYHBIX
067aCTAX HAyKH M TeXHHWKH, HallleALIMX OOGLIMH A3bIK B Mpolecce
ee ¢opmuposanua. Llenn 3TOH Teopunm cocrosna B TOM, YTOOH
€O31aTh apceHal uiefl M CpPeACTB, KOTOphe Gblau Obl B pasHO#
CTeleHK MOJe3Hbl CMelHanucTaM BO MHOMMX Pa3AHyHHIX 0671aCToX,
TAKHX, KAK IMEKTPITEXHWKA, MeXaHUKA, (HU3UOJOrUs M JIMHIBH-
cruka. OHa Oblla AOCTHTHYTa INyTeM PpacCMOTPEHHA clCMmemsl
{(koTopas MOXeT NpeACTaBAATh COG0H XuBOH OpraHuaM, NpOMBILI-
NeHHOe MpeANpUATHe, YrpaB/deMH# CHapsl) He YeDe3 ee BHYT-
PEHHIOI0 CTPYKTYpY, a4 4Yepe3 MaTeMaTHYeCKHe 3aKOHEHI, Onpele-
JA0IHe ee HabmonaeMoe nosefeHue. I1pH HCMOML3OBAHUM TAKOTO
N01X0/Aa, HAa3LIBAEMOrO METOLOM ¥YePHOro AurMKay, Obio Halt-
LeHO, YTO CHCTEMRI, NpeACTaBJAOIHe COBCEM pPasHble PU3HUECKHe
NOCTpOeHHs, MOTyT BCe e ObITh OXapaKTepH3OBaHb B OJMHA-
KOBHIX TepMHHAX H NMPOaHaIH3NPOBAHB C IOMOUILI) OIHOTO H
TOro e HaGopa mpasui.

XoTq MOHATHE O TEOPHHM CHCTeM KaK O He3aBUCHMOH AMCLMI-
JHHE BO3HUKIO COBCEM HelaBHO, OOJMLIIMHCTBO ee COCTABHBIX
dacTeft — 970 ycraHoBHBLIHecs OTpacan 3HaHuR. Teopuio uHdop-
Manuu, Teopuio AuHeHHBIX CHCTeM, TEOPHIO YNpPaBJIEHHS H TEOPHIO
KOHeUHBIX aBTOMATO3 MOXHO pacCMaTpHBaTh B KaueCTBe OCHOBHBIX
COCTaBHbIX 4YaCTel TEOPHH CHCTeM BBHAY TOTO, YTO OHH 3aTpa-
MBAIOT CaMble pa3HooGpasHble OGMACTH HaykH M TexHuku. M3
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YeThlpeX AHCUMILTHH, YKA3aHHLIX Bhlllle, TEOPHA KOHEUHBIX aBTOMA-
TOB AB/AETCA HauGosee HOBOH IMCLMIIMHON, KOTOpasA B OTJIHYHE
OT IPYrMX A0 CHX mop ellle He 0600lieHa B BuAe OTAedbHOH
kHHrH, Tlo Mepe pacliupeHHS MPHMeHEHHA CHCTEM C AHCKPETHBIMH
COCTOSHHAMH BOOGWE, H UHPPOBLIX BLHIYHCIHTENLHBIX MAaLIHH
B YACTHOCTH, NOTPeGHOCTb B TaKOH KHHIe KaK CO CTOPOHH Ha-
'YYHBIX PaOOTHHKOB, TaK H CO CTOPOHHI NMPOMLILIJIEHHOCTH Heflpe-
pHBHO BO3pacTana. HacTosias KHWra, NpeicTaBasiomas coGot
BBOJAHOE H3JMOXeHHe TNOHATHA M MeTONOB, JeKallUX B OCHOBe
TEOPHH CHHXPOHHELIX JeTepMHHUPOBAHHLIX ABTOMATOB C KOHeUYHKIM
YHCIOM COCTOfIHMH, mnpefHa3HayeHa AJA TOro, 4YTOOHI OTYACTH
YAOBJIETBOPHTb 9Ty NMOTPeGHOCTD.

Kak BBOAHOe pYKOBOACTBO HO TeOPHH MalllMH C KOHEYHHIM
YHCIOM COCTOAHWHM, HACTOsULAafA KHHTa OXBaThiBaeT JHIIL Manyio,
HO OYeHb BAXKHYIO ee 4YacThb, H3BECTHYIO IO HA3BaHMEM (TEOpPHA
aBTOMatoB». TakHM O6pa3OM, KHHra OrpaHWYHBAETCA OCHOBHLIMH
TEOPETHMKO-CHCTEMHEIMH aCTIeKTaMH KOHEe4YHHX aBTOMAaTOB, TaKHMH,
KaK: 3aiaHHe yCJIOBHH paGoTbl aBTOMAaTOB, MaTPHLBI {1€peX0i0B,
9KBUBAJEHTHOCTb COCTOAHMH M aBTOMaTOB, MHHHMU3AUMA aBTO-
Mara, SKCMepHMEHTH [0 PacliO3HABAHHIO COCTOfHHME H ABTOMATOB
H M0 pACMO3HABAHMIO HEeHCNPaBHOCTeR, — a TaKKe aClMeKTAMH 4B-
TOMaTOB Ge3 MOTeph HHMOPMALHH H ABTOMAaTOB C KOHe4HOH ma-
MATbI0. Martepuan B 3HauuTembHOH CTerneHu Ga3zupyercd Ha pabo-
Tax, BHIOJHEHHLIX 3a Noc/eAHee JeCATHAeTHe XaddmeHoM, Mypom,
Aydenkamnom, Xonom, TuuaGyprom, 3ame, Cumonom, IloamoM
¥ Anrepom (6oJsee moApOOHHE CCHUIKH pacrpelelleHbl B CHOCKAX
no Bcel KHHre). Oco0oe BHHMaHHe B KHHre YIeleHO MeTOLaM
aHanmM3a. Bonpockl cuHTe3a KOHeYHHX aBTOMATOB 3ZeCh He pac-
CMaTpHBalOTCA. llpHYMHAa 9TOrO COCTOMT B TOM, YTO METOJBI
CHHTe3d MO CBOeMy CYUIleCTBY fIBJAIOTCA CIeLHAJIH3HPOBAHHHMH
H TPeOYIOT MOJHBLIX 3HaHHH OTHOCHTeJbHO AaHHOH HccaenyeMoft
CHCTeMBbl H KOMIIOHEHT, KOTOpHE MOXHO HCIOJNb30BAThH AJIA ee pe-
aNTv3alund; C APYrof CTOPOHE, MeTOAbl aHaMH3a MOTYT OBITb
CAENaHBl BNOMHE OOUIMMH H TPHMeHHMBIMH K J060# cucreme
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(nHanpuMep, HepBHOK KJIeTKe, MATEMATHYECKOMY air ODHTMY, 3JeK-
TPOHHON BBHIYHC/IHTeNLHOM MalllMHe), KOTOpas NMOANAeTCS MOfe-
AMPOBAHHIO C IOMOLIBIO KOHeYyHOro asToMara. OmylueHo Takxke
obLiee paccMOTpeHHe MOAYJAPHLIX NMOC/e10BaTe b HOCTHEIX MAIIHH
(xoTA O JMHeHHHX JABOWYHRIX MAaLIHHAX TOBOPHTCA NMOAPOGHO)
H3-3a TpeOylolleHica AR TAKOrO pacCMOTpeHHA OGLIHPHOR Ma-
TeMaTHYeCKOH# noArotToBku. HakoHelw, OHJIO pellleHO HCKJIOYHTD
M3 pacCMOTpeHHs MaliuHBl ThlopuHra u uenu Mapkosa, Tak Kak,
XOTA STH TeMhl H TeCHO CBA3AHH C MPeAMETOM TeOPHH KOHEUHBIX
aBTOMATOB, OHM COCTaBJAIOT OTAeNbHble H He3aBHCHMHIE MaTeMa-
THYECKHMe IHCLUHIIHHB, KOTOpble B AOCTATOYHOH CTeNEHH OCBe-
LieHbl B APYTHX MOCOGHAX.

OcHoBHaf 4yacTh STOR KHUIH NMepBOHAYadbHO OBIAa HamHCaHa
KaK KOHCMEKT Kypca 10 KOHEeYHHM aBTOMATaM, NPOYHTAHHOrO
B KanudoprufickoM yHHBepcHTeTe B BepKJIH B TeueHHe BeCEHHET O
ceMectpa 1961 rona. Xora kypc GblJ NPOYMTAH Ha 3JIEKTPOTEXHH-
YeCKOM (hakyibTeTe, MaTepHa/l NpelHa3HayaeTca He CrelHANbHO
HHXEHEPY -9TeKTPHKY, a JIOGOMY CMEnHaNHCTy — Gydb OH SKO-
HOMHMCTOM HJH TpaHCINOPTHBIM HHXEHEpPOM, MaTeMaTHKOM HJH
NIPOEKTHPOBILHKOM CXeM, — HHTEpeCH KOTOPOTo Jexar B cdepe
TEODHH CHCTeM. B TO e BpeMs MaTepHan 3Toff KHHIH 0C060 pe-
KOMeHAYeTCA HHMXeHepaM MO 3JeKTPOHHKe H MaTeMaTHKaM-TIpH-
KJaJHUKAM, CMeIHATN3HPYIOUMCA B O6JMaCTH YNpAaBJeHHs, CBA3H
HIH UHGPOBHIX BHYHCAeHHH, CTyneHTaM, KOTOpble COGHPAOTCA
CTaThb CHENHAMHCTAMH 10 BLIYHCAMTENbHOM TeXHHKe H ee NPHIO-
EHHAM, MaTepHal MOXeT JaTh NOJe3HYIO NMOArOTOBKY K KypCaM
10 JTOrMYeCKOMy CHHTE3Y H NpPOr pAMMHPOBAHHIO.

Kunra ve npeanonaraer xako#-mu6o raybokofl MaremaTHues
CKOR MOArOTOBKH y YHTaTeNs, XOTA «MaTeMaTHUeCKasd 3PelOCTbY,
R0GHITas NyTeM NpeABAPHTENLHOR yueOB, HEeCOMHEHHO, “TOMe3Ha.
YpOBeHb H3MOWEHHA COOTBETCTBYeT ypOBHIO aCIHDAHTOB HIH
CTYAEHTOB, HAaUMHAIOIIHX AHIJOMHYI0 pa6oTy. OueHb MesaTelb-
HO, uyTOGH uuTaTenb NOTPYAHICA Hal 8alayaMH, KOTOPHLIMH
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CONMPOBOKAAETCS KAMKAasd aBa, TaK KAK 9TH 3aJayH CIYyHKaT He
TO/IbKO AJA MAJIOCTPAaUMM, HO W AJA TONOJHEHHS TEKCTOBOrO
Marepuana. OaHAKO B NpPHHLHIE TEKCT caM no cebe MOJHOCTBHIO
HE3aBHCHM OT 3ajad.

Aprop ray6oko o6asaH noktopy JI. A. 3ane u3 Kaaupopuuft-
CKOTO YHHMBEpPCHTETa, Y€ CeMHHap MO CHCTeMaM C JHCKPETHLIMH
COCTOSIHHSAMH H aBTOMaTaM (npoBojuBLuMfica B DBepkaH Bec-
Ho#t 1960 rona) BHec GOMBIION BKAAA B TOYKY 3peHHs, NPHHATYIO
B 9TOM KHWUTe, a TakKe B ee CONepmaHWe. ABTOD TaKkKe BHIpa-
xkaer OnarogapHocts AokTopy Jl. A. Xadpdmeny us Maccauy-
CEeTCKOTO TEXHOMAOTMYECKOro MHCTUTYTA 32 HECKOMBbKO MOOLLpAIo-
mux Geceld BO BpeMs ero Busnta B Bepkau BecnHoft 1961 rona.

Apmyp luan



FNABA 1
OCHOBHAfl MOLLEJIb

1.1. Beenenne

ITono6HO ApPyruM TEOpHAM, pa3BHUTHE KOTOPHIX NOOYkAaercs

HYXIAAMH. HAYKH H TEXHWUKH, TEOPHUA KOHEYHHX aBTOMATOB MMeeT
LesO ¢ MaTeMaTHYECKHMH MOJEAMH, NpeAHa3HAYEHHHMH A/ MPH-
GaHKEHHOTO OTOOpaxeHus (H3HUECKUX WM aGCTPAKTHHIX sABJe-
Hu#. 3HayeHHe STOH TEOPHM COCTOMT B TOM, UTO TpHMEHeHHe
ee Mojenelt He OrpaHHuMBaeTcs KakoH-mnGO vacTHOH ob6macthio,
a BO3MOXHO HENMOCPEACTBEHHO AJA pelleHns npobieM NpakTH-
yecku B JM06OH# 06JaCTH MCCMelOBaHMR OT INICHXOJIOTHHM AO ajaMU-
HHCTPATHBHOIO YN pPAaBJEHHS M OT CBA3M MO JHHTBHUCTHKH. Hien
U TEXHHKA T€OPHH KOHEUHBIX ABTOMATOB WCNOJb3YIOTCA AJA pellle-
HHA TaKHWX, Kasamocb OBl He CBA3aHHBIX, MPOGJeEM, Kak HCCIeLo-
BaHHE AeATeNLHOCTH HEPBHOM CHCTEMH yeNOBEka, aHaAM3 AHTJIHH-
CKOTO CHHTAaKCHCA H INPOEKTHPOBAHHE 3JEKTPOHHBIX BBIUMCIH-
TEeJbHHX MallvH. B 5MOXy, KOrAa TEMNBl PasBHTHA HAyKHM CHJILHO
3aBUCAT OT MEKOTPACAEBOrO KOONEPHPOBAHHA, YHH(PHIHPOBAH-
HBIH Xapaktep 3TOH TEOpHHM INpeACTABJIAET HECOMHEHHYIO ILEH-
HOCTb. :
B sro#f rmaee Gyner BBeleHa Tak Ha3biBaeMad «OCHOBHas
MO:le/Ib» KOHEYHOrO aBTOMAaTa, GyAyT AeTaJbHO OGCYMAEHH! Nped-
NOMOKEHHSA, JlexKalle B OCHOBE 35TOH Monenn, H Oyner TMNoOKa-
3aHO, KaK 3Ta MoOjedb MOXeT OHTb MCNOJb30BaHAa IJd pellleHud
Mpo6eM H3 CaMblX Pa3MUYHHX oGmactel.

1.2, MHoronomocHu#i yepHHil A UK

BonmbmunHcTBO npo6aeM, BCTpevalOUIMXC B HAYKE H TEXHUKE,
MOXHO pas6utb Ha cleAyIOLIME 1BE KATErOPHH: 3a1a4H AHO.AU34,
KOTOpble COCTOAT B TNpPEACKAa3aHHW MOBelEHHS OnpeleseHHOH
331aHHOH CHCTEMBI, W 3a1a4H CUHME3Q, COCTOALME B IIOCTPOEHHH
CHCTEMBl MO 3aZaHHOMY moOBefeHHI0. B ato#t kHure mpenmoure-
HHe OyneT OKasaHo CKOpee 3ajayaM aHanu3a, yeM cHHTe3a. Kak
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C TOYKH 3DEHHA aHaJH3a, TaK H C TOYKH 3PEHHs CHHTE3a YAOOHO
nepeMeHHble, KOTOPble XapaKTepH3ylOT CHCTeMY, pasjiuuath cle-
AyoluM o6pasoM: (1) 8x00Hbe nepemernHbie, KOTOpHE INpel-
CTaBJAIOT COOOH BO3AeHCTBUSA, FeHepHpyeMble ApPYroff cvcremoft
(ne noanexamel MccrelOBAHWIO), H KOTOpHE BJHSAIOT HA NOBE-
JeHHne HcclenyeMolt cucTeMbl; (2) 86 x00HbMe nepemennse (peak-
14H), NpeacTaBAsionine coGOff Te BeJHUMHH, XAPAKTEPH3YIOLIHE

B .t”)(f)o—)v——- —07 ”)/t}
,z'w/t}o—->— l—>—0 72t}

! Lucmens :

[} )
I o—— o 2 %)

Puc. 1.1. [lpencTaBaeHHe CHCTEMHM
B BHAE «UEPHOro siuKa».

noBejeHHe NAHHOM CHCTEMbl, KOTOPHE HHTEPeCylOT HCCaeLOBa-
Tens; (3) npomescymodnsie nepemennse — T¢ BETHIHHB], KOTO-
phle He AIBASIOTCA HH BXOJAHHMH, HH BBIXOJHBLIMH IE€PEMEHHLIMH.

CxeMaTUYHO CHCTEMAa MOXeT OBITb H306paxeHa «UYepPHHIM
AIUMKOM» C KOHEYHBbIM UHCJIOM BHEIIHHX MO/IOCOB, AOCTYIHBIX
4aA uccrenoBatens, Bx00Hse NMOMOCH COOTBETCTBYIOT BXOAHHM
nepeMeHHbBIM M CHabXalOTCA CTPeNKaMH, HarpaBJeHHBIMH BHYTPb
INKA., Bolx00Hble NOMOCH COOTBETCTBYIOT BHIXOAHBIM IepeMeH-
HBIM W cHaOxeHbl CTPENKaMH, HanpaBJeHHHMW OT slMKa. Tlpea-
NoJIaraetcs, YTO NMPOMEKYTOUHHlE NMepeMeHHHE, He NpeCTaBA-
lKe HeNOCPEACTBEHHOTO UHTEepeca, COCPeNOTOUEHb BHYTPH AIILHKA,
BxonHble W BHXOAHHE NepeMeHHHE H AUIMK, He HMET KaKoro-
Au60 PU3HUECKOTO CMHC/IA, OHU MPOCTO CAYHKAT ANA HATAAAHOTO
NpeACTaBJIeHHs] TeX NMepeMeHHHX CHCTEMH, KOTODHlE UMEIT OTHO-
[IeHHEe K pelleHHI0 JaHHOM 3alauH.

Puc, 1.1 wunmoctpupyer npeicTaBleHHE CHCTeMbl B BH[e
YepHOro flHKa B TOM CJyuae, KOT1a OHAa HMMeeT # BXOAHHIX
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¥ @ BHIXOJHHX IepPEMEHHBIX, NPHYEM TPELNOJaraercd, 4YTO BCe
1 .
nepeMeHHBIE 3ABHCAT OT BpeMeHH. CHMBOJ = @, 1=1,2, .., 4,

c6)>3HaYaeT BXOAHbIE NepeMeHHBe, 4 CHMBOJ z(j)(t), J=1, 2,..
..., W, —BHXOIHHE NepeMEHHbIE.

1.3. JIHCKPeTHOCTh BpeMeHH

[Tpeanoaaraercd, 4to AK6asg CHCTeMa, MpeACTaBHMas OCHOB-
HOH# MOJENbI0O C KOHEUHBIM YHCIOM COCTOAHUH, cleAylouHM o6pa-
30M YIIPABJAETCH HEKOTOPHM HE3ABHCHMBIM CUHX DORUUD YIOULUM
ucmoururoM. Bce nepeMeHHble CHCTEMB H3MEDPAIOTCA He HENpe-
PHIBHO, @ TOJbKO B AHMCKPeTHHE MOMEHTH BDEMEHH, B KOTOpHE
NONAETCA CUHX POHUSUPYIOUUR cuZHaL OT HCTOUHHKA CHHXPO-
HU3HDYIOWIHX CHTHaJOoB. OTH MOMEHTH BDEMeHH HasHBaOTCA
MaKmoss Mt MOMERMaMmy, TPHYEM V-H TAKTOBBIH MOMeHT 6yleM
o6osHavath 4vepes £, (v=1, 2, ...). Janee npeanoJaraercs,
YTO MOBENAEHNE CHCTEMH B JI060H MOMEHT BpeMeHH £, He 3aBH-
CHT OT HHTepBana BpeMeHH Meway £, u f,_;. Taxum o6pasom,
(aKTHUECKH HE3aBHCHMOH BEJIHYHHOH, OTHOCHTENbHO KOTOPOH
ONpelneNaeTcd KaxAad nepeMeHHas CHCTeMBl, ABJISETC He BpeMs,
a TnopsaiKOBHE HOMepa, CBfI3aHHble C TAKTOBHIMH MOMEHTaMH.
TakuM o6pasom, nobas rnepeMeHHas CHCTeMH O (£) MoxeT OHITb
3alHcaHa B BHie U,, UYTO 0003HAYdeT 3HAUEHHE BEIHYHHBI U
B V-H TAKTOBHH MOMEHT.

CneayerT 3aMeTHTb, YTO BBHILIEH3NOMXEHHBlE MPEANOJIOKEHUS
COBCEM HE O03HAyaloT, YTO HHTEPBANH MeX1y COCEeAHHMH CHH-
XPOHHSHDPYIOLIMMH CHTHAJaMH OLHHAKOBH, A fMepeMeHHBle CHCTEME
BHYTDH HHTEDPBAJOB H3MEHAIOTCA 110 KAKOMY-JHG0 OnpeneNeHHOMY
3aKOHY (CKaxeM, OCTAIOTCA MOCTOSHHBLIMH). ITH MpPenNoOKeHHs
03HaYalT TOJbKO CJAeAyioWlee: KakOH 6b HH Obl HHTepBAJa Bpe-
MEHH MeXNy CHHXPOHH3HPYIOUHMH CHIHAMAMH H KakHe O HH OBbLTH
M3MEHEHHAA CHCTeMBH BHYTPH 9TOrO HHTEpBaja, 3HaueHHA Mepe-
MEHHBIX B V-# TaKTOBHH MOMEHT 3aBHCAT TOJbKO OT HOMepa v
H HE 3aBHCAT OT TEKYUIErO 3HAYEHHA BPEMEHH £.,.

CHcTeMa, ynOBNETBOPAIOWAA HIJIOKEHHHM TPEATIONOKEHUAM
OTHOCHTeJIbHO JHCKPETHOCTH BO BDEMEHH, HA3bIBAETCH CUHX POH-
HO&. ACUHXPOHHBE CHCTEMH, He YAOBIETBODSAIOUIHE STHM Npei-
TIOJIOMKEHHAM, B KHHre He paccMaTpuBaloTcAd. Ha mpakTHke MHOTHe
4CHHXPOHHBIE CHCTEMH MOTYT AJs Uefell aHa/M3a PacCMaTPUBATLCA
KaK CHHXpOHHHe. B kauecTBe npuMepa pacCMOTDHM CHCTEMY,
COCTOAWLYI0 M3 KMOYA M /JaMMABl, KOTOPYD OH BKJKYaET U
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OTKmovYaeT. BxonHoRt mnepeMeHHOHM sABJAETCA MOJNONKEHHE KJI0UYa
(BKJIOYEH WM OTKJIOYEH), a BHXONHOH nepeMeHHOH — COCTOAIHHE
AaMnbl (TOPUT HAW He TOpHT). VICTOYHMKOM CMHXPOHH3HDPYIOLIMX
CHFH4/MOB B. STOM CJlyyae SIBJISETCA ONepaTop, BKJ/OYaollHit H
OTKMOYAIOMME K04, 2 CHHXPOHH3WPYIOUIMM CUrHAajJAOM — MOBO-
por kmoua. B Tex cayuasx, xOria MOXHO CYMTaTb, YTO 3Ha4e-
Hue Kaxiok nepemeHHo# B v-# TakToBLIt MOMeHT (T. e. KOraa
KJI04 HaxaT B V-H pas) He 3aBHCHT OT MHTEPBAJOB MEXKAY MO-
MEHTAMH CHHXPOHHM3AUHH (T. €. MeKAY OAHUM HAKATHEM KJQ4a

Zy S e ——0 Zv”)
z, 2) oy L 5 zv(z)
v | CUemewn ,
: !
Y o——s— YY)

Puc. 1.2. [peacrapaenue CHCTEMB B BHAe
«UEpHOro fIIMKa» C YYETOM MNpeamno-
JIOKEHHS O JUCKPETHOCTH BPEMEHH.

M CJAELYIOIUMM), ONMHChIBaeMas CHCTEMAa MOXET PacCMaTpHBaThCA
KaKk cuHxpoHHad. QIHAKO, CTPOro TroBOPsA, CHCTEMa HABJAETCH
ACMHXPOHHOM, TaK Kak paboTa peaJbHHX KJOUeH H JaMn 3aBH-
CHT OT HHTepBa/la MeXAy IBYMS MNOCNENOBAaTe/lbHBIMM BKJIOYE-
HUAMM, TaK KaK €CJAM 4acTOTa MePEeKJIOUEeHHS CTaHOBWTCH CJIMII-
KOM BHICOKOM, TO y:Ke He MOueT GbITb YBEPEHHOCTH, HanpHMep,
B TOM, YTO CBeT HMeeTC BCeriaa, Koria BkJIOYeH Kawod., Tem
He MeHee, KOrZa H3BECTHO, YTO 4YaCTOTa MepeKJIIOUeHHsd AOCTa-
TOYHO HHM3Kasg (9TO 3HAHME MOXeT ObITb OCHOBAHO HA 3aAaHHBIX
XapaKTEPUCTUKAX CUHXPOHU3MPYIOLLETO HCTOYHHKA), AONMYCTHMO
paccMaTpuBaTh CHUCTEMY KaK CUHXPOHHYIO. MOMXHO OTMETHTb, UTO
aHanu3 GOJIbIIMHCTBA LHGPOBBIX BLIYMCAMTENbHHX MallWH, BCTpE-
YAUIMXCA HA NPaKTHKe, MOXeT OBITb COOTBETCTBYIOLUMM 06pa-
30M MpOBefeH B IPEANONQMEHNH, YTO STH MAIUHHBI NPEICTABAAIOT
co60oH CUHXPOHHBIE CHCTEMBI.
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Puc. 1.2 usobpaxaer mpencrapiennyio Ha puc. 1.1 cucremy
¢ 0603HaYeHMAMH, W3MEHEHHEIMM B COOTBETCTBHM C NPEANIONONE-
HUEM O AHCKpeTHOCTH BpeMenH. CHMBOJaMH P 1=1,2 .., 4
H Z(vj). j=1, 2, ..., w, oBo3HaYeHH COOTBETCTBEHHO BXOA-
Hble W BHIXOLHBIE TEpEMEHHblE B MOMEHTHl BpeMeHH f,.

1.4. Koneunoctb anasura

Crenyioulee NPeAnoNoMenne, KOTOPOE AOMKHO ObITh CAeNaHo
A OCHOBHOM MOZENM C KOHEUHBIM YHCJIOM COCTOAHHH, 3aKII0-
ygeTcsd B TOM, UTO KaxAasi NepeMeHHAs MOMXeT NPHHUMATh TOJNbLKG
KOHEUHOE UHCIO Pas3/IMUHBLIX 3HAUEHHH (KOTOpHle MO cBoeH mpu-
pofe MOTYT OLITh YHCJIOBBIMH HJIH HE YHCIOBLIMH).

MuoxecTBo !) 3Ha4ueHUN, KOTOPLIE TNepeEMeHHas U MOXET NpH-
HMUMAaTh, Ha3blBaercA gaghadumom nepeMenHolt v M o6o3Hauyaercs
yepes V; sneMedT v andasuta V naseiBaerca cumsononm. Ilycts

KD, k@ ..., K™ —KoHeunble MHOKECTBA C COOTBETCTBYIO-
) L@
wumn  onementamu kP, kP, ..., B n NyCcTh MHOXECTBO

K‘”@K(?)@ ®K('") 00603Ha4yaeT MHOXECTBO BCeX YMOpALo-

YeHHHX M-3HaYHHX HaOGOpPOB (k(,-l). k(f), k‘["’). Ecau BxoA-

Hble nepeMeHHble AAHHOM CHCTeMBl CYTh £ %P X 1o

8X00H0% aagasum STOH cHUCTeMBl, 0603HauaeMblt dYepes X,
OINpenenaeTCa BbIpaAXXECHHEM

X=X"x%® ... X", (1.1)
ree XY, 1=1, 2, ..., u, — andasur %,
AHaNOTMMHO, €CM BBLIXOAHBHIE TepeMeHHble CHCTEMBl CYThb

20, 2@ 2™ 10 swxodnolt asgasum Z cucteMm ompe-
ZensieTcs BbIPAXKEHHEM

z2=72"2%® ... ®2"%, (1.2)
rae ZU, Jj=1, 2, ..., w, —aadasur 29,

"y Toustue MroxHcecmso, ecau He 6yldeT CHELHaJbHO OrOBODPEHO,
Beerja 6yner mpeanoJaratb HeynopadoieHnoe MHOXeCTBO, MHOXECTBO
9JIEMEHTOB ¢, &y, ..., ¢, GyJeT 3amuchiBaThCi TaK: {e,, €3 ..., €,}.
UKCAO 37eMeHTOB r HABHBASTCE MOUHOCMBIO MHOXECTBA.

2 A. Tua
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1

Ecin X® mmeer mowrocTs P, a Z9 momuoctb 4; TO
MOIMHOCTH p AAa X W ¢ AAa Z BLIPAasATCA COOTBETCTBEHHO
dbopmyaamu:

®

Pi (1.3)

RS
I
I

q (1.4)

MOWHOCTH p H ¢ KOHEUHH.

M3 onpenenedus BXxoAHoro anadaputa X BHAHO, YTO ORHOrO
CHMBOJMA BXONHOTO aNdaBuTa — 8X00H020 CUMBOAG — AOCTA-
TOYHO JJA ONHCAaHHA BCeX # BXOAHBIX TMepeMeHHHX B Ja06oH
3alaHHBIl MOMEHT BpeMenH £,. AHAJOTMYHO H3 OMNpeaeleHHs
BHIXOAHOTO an¢aBHTa Z BHAHO, YTO ONHOTO CHMBOJA BHIXOAHOTO
andaBUTa — 86 X00H020 CUMBOAG — NOCTATOYHO AJA ONHCAHUA
BCEX W BBIXOAHHX MepeMeHHHX B MIOGOR 3almaHHBIf MOMEHT Bpe-
Menu £,. CleaoBateNbHO, BXOAHHE NMEPEMEHHEE B AL
MOTyT OWTb 3aMeHeHbl ORHOH BXOXHOH nepemeHHO#t X, aiadaBHT
koTopolt X omnpenenserca BupaxeHHeM (1.1). BeixomHble mepe-
mennpie 20, 22, , 2@ Moryr OBITb 3aMeHeHbl OAHOH BH-
XOAHOH nepemeHHO# 2, an-
¢daBuT KoTOpOH Z onpenens-
¢ Luemena 7, ©TCA BHPaXEHHEM (1.2). Co-

OTBETCTBEHHO 4  BXOJAHHX
. KJIeMM MOXHO 3aMEHHUTb Of-
Puc. 1.3. [peacraBaeHue kOHeysoro HOH BXOAHOH KJAEMMOH H w
aBTOMaTa B BHAC «UYCPHOrO flIjHKaA». BBIXOAHBIX KJIeMM — OJHOH

BHIXOAHO# KiaemMo#. B pe-

3yJbTaTe TMOJNYYHM CXEMAaTHYHOE H306paxKeHHe, HMelollee BUA
ABYXKJeMMHOro siluka (puc. 1.3), KOTOpoe sBJAETCA CTaHAAPT-
HHM TpeACTaBJEHHEM OCHOBHOH MOJENH KOHEYHOrO aBTOMAaTa.
A1 HAMOCTPAlHH PACCMOTPHM BHIYHCJHTENBHOE YCTPOHCTBO,

KOTOpPO€ HMEET JAB€ BXOAHHE JHHHH x(l) H x(2): Mo JIHHHH x(l)

2
nonaorca cuMeoast 0 u 1, no aunun x° — cumponwm 1, 2 u 3.
B np0H3B0ﬂbeIe MOMEHTH Bpemeﬂu t, yCTpOHCTBo BblAAET Be.TIPl-

YHH B z() 2)—|—le xv_ H 2(2)—|x(1) 2 xv)_ xv_ |
Taxum o6pa30M. HMeeM:
Y=o, 1}, XP={1, 2, 3},
Z"=1{0.1,234,5 6, z9={0,1, 2, 3}

I
=
=

~.
It
|
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H, CIENOBATEBHO,
X ={(, 1), (0. 2), (0, 3), (1, 1), (1, 2), (1, 3)},
Z =1{(0,0), (0, 1), 0. 2), (0, 3), (1, 0), (1, 1), (1, 2), (1, 3), (2, 0),
(2.1). (2,2), (23). 3,0) (3. 1), 3,2), (3 3), (4,0)
(4. 1), 4.2) 4, 3), (5, 0), (5. 1), (5, 2), (5, 3).
(6, 0). (6, 1), (6, 2), (6, 3)}.

1.5, CocTosHusA

B TO BpeMs Kak B KaueCcTBE BXOAOB H BBIXOHOB BHOHpAIOTCH
TaKHe TepeMeHHble, KOTOPble HCCJIeNOBaTeNb MOXeT HabJaIAaTh
H H3MepATb, NPHPOJA NPOMEKYTOUHHX NMEPEMEHHBIX YaCTO MOXKer
OCTaBaThCA HEHW3BECTHOM. a H3MepeHHe HX — HeBOSMOXKHBIM. 3Ha-
YeHHe INPOMEXYTOUHHX IEPEMEHHHX, OAHAaKO, 3aKJIuaercd He
B XapakTepe H3MeHEeHHfl KaXIOH H3 HHX, a CKOpee B HX KOM-
GHHHPOBAHHOM JEHCTBHH Ha 3aBHCHMOCTH MEXAY BXOAHBIMH H
BLIXOAHHMH TepeMeHHbBIMH. ITO KOMGHHHPOBaHHOe AeHCTBHE,
TAK K€ KAK H TepeMeHHBle, BH3HBAIOLIHE €ro, NOAYHHEHO Npea-
NOJNIOKEHHAM O NHCKPETHOCTH BPEeMeHH H KOHEYHOCTH andaBuTa,
BBedeHHHIM B §§ 1.3 u 1.4. ¥YkasanHoe neficTBHE Ha3mBaercs
cocmonnuen cucreMbl. COCTOAHHE CHCTEMH B MOMeEHT £, GyaeM
06o3HayaTh uepes s,. HaGop BceX BOZMOMHBIX COCTOAHHR CHCTEMHI,
KOTOpble €H TNpHCYIIH, HA3HBAECTCA MHOMCECMBOM COCMOAHUDL
1 o0o3Havaerca uepes S.

TToHsiTHe COCTOSIHHS MOXeT OBTb CTPOro ONpeleNeHO, HCXOAd
H3 TOH pOJIH, KOTOPYK0 OHO HrpaerT B OfpeldefleHHH OCHOBHOH
MOJETH KOHEYHOrO aBTOMarta. IJTa PONb MOXeT GHThb BHIpAXKeHa
CTeAYIOIUMH ABYMs nOJOMXeHHAMH: (1) BHIXOAHON CHMBOJ B AaH-
HbHI# MOMEHT BpeMeHH OJHO3HAYHO ONpele/fercd BXOAHBIM CHM-
BOJIOM M COCTOSIHHEM B JaHHHH MOMeHT, (2) COCTOSIHHE B cle-
AYOUH# MOMEHT BpeMEHH OAHO3HAYHO ONpeleNseTcd BXOAHBIM
CHMBOJIOM H COCTOSHHEM B HAaCTOAILHK MOMEHT BpeMeHH.

Takum 06pasom, rpy60 ropops, COCTOSHHE KOHEYHOrO aBTO-
Mata B 060K 3anaHHbIf TAaKTOBWMH MOMEHT fABJAAETCA TOH nepe-
MEHHOH, KOTOpas BMecTe C BXOAHHM CHMBOJOM Ra€T BOSMOMHOCTb

2



20 OCHOBHASfl MOJEJIb NI

ONPEAEINTh BLIXOJAHOH CHMBOJ B JaHHBIA TAaKTOBLIHK MOMEHT H
COCTOSIHME B CAEAYOIINA TaKTOBHH MOMeHT!).

B kauecTBe mnpuMepa paccMOTPHM HMrpy, B KOTOpOH MOHera
MIOBTOPHO MOAGpAcHBaeTcsl U NMPOHU3BOAATCA OTMETKH NPH NofABJe-
HHHM KaXIOro nepBOro rep6a B cepvu rep6oB M KaxioH, MCKJIO-
yasg nepBHe ABe, uudpel B cepud uudp. B 3TOM mpuMmepe CHCTe-
MOH ABJAeTcA Hrpa, CMHXPOHH3MDPYIOWHM HCTOYHHKOM — WIPOK,
a4 CHHXPOHH3MPYIOWNM CHIHAJIOM — Onepauts GpOCaHHS MOHETH,
BXOAHOH nepeMeHHOH dABJAAETCA CTOPOHa MOHETH,  BBIXOAHOM
nepeMenHo#t — oTMerka npu Opocke. Toraa BXxoAHoH andaBut
6yner {undpa, rep6}, a BHXOAHOH — {OTMeTKa, HeT OTMETKH].
Ilna onpeneneHWs MHOXECTBAa COCTOAHHMH HaXOAAT TaKOe MHOXe-
CTBO yCJIOBHH (KOTOpPHE MOTyT OHTb BHPaXeHbl CIOBECHO, CHMBO-
JaMM, B YHCJIOBOM BHAe WJIH B KakOH-HMOYAb ApPyrol yno6HoR
dopMe), uToObl MO M3BECTHOMY B HaCTOAIMHA MOMEHT YCJIOBMIO
M CTOPOHe MOHETHl OJHO3HAYHO OMpPEeAeaANOCh HaJM4yMe WIH OT-
CYTCTBHE OTMETKH B HACTOALIMH MOMEHT W yCJOBHME B Clelyio-
wu#. M3 omnMcaHM HMIpel MOXHO YCTaHOBHTb, YTO AJfA TOrO,
4TOOBl NpeACcKa3aTh OTMETKY, HEOOXOAMMO 3HaThb CTOPOHH MOHETH
B HaCTOAWMA MOMEHT W B ABa NpeabAyWHX. BpeMeHHO npHMeM
clenyiollee MHOXKECTBO COCTOSIHMH [nosBieHue mepBoR uMdpH,

) TloHaTHE «COCTOSIHME», KaK OCHOBHOE IpPH OMNKMCAHHM CHCTEM,
6uin0 BrnepBble BBeneHO B 1936 r. Teiopuurom (A. M. Turing, On
Computable Numbers with an Application to the Entscheidungpro-
blem, Proc. London Math. Soc., ser. 2, vol. 42, pp. 230—265, 1936—
1937). TMoszxe 9TO MOHATHE ObJIO Hcnoab3oBaHO LIeHHOHOM B ero
ocHoBonojarawoielt pa6ore no teopuu uudpopManun (C. E. Shen-
non, A Mathematical Theory of Communication, Bell System Tech. J,,
vol. 27, pp. 379—423, 623—656, 1948). Eme nosaHee NOHATHE «COCTOSA-
Hue» 6bi0 BHOBb BBefeHO XabdmeHoM (D. A. Huffman, The Syn-
thesis of Sequential Switching Networks, J. Franklin Inst., vol. 257,
pp. 161—190, 275—303, 1954), Kauuu (S. C. Klee ne, Representation
of Events in Nerve and Finite Automata, «Automata Studies», pp. 3—41,
Princeton University Press, Princeton, N. Y., 1956. Pycckuit nepesoxn:
C. K. Kaunwu, llpencrasaeHne coObiTHH B HEPBHBIX CETAX H KOHeu-
HbIX aBTOMartax. B c6opHuke «ABTOMarhl» nop penaxiueit K. 3. Ulen-
Hona u Jlx. Maxkxapry, UJI, M, 1956) 1 Mypom (E. F. Moore,
Gedanken — Experiments on Sequential Machines, «Automata Stu-
dies», pp. 120—153, Princeton University Press, Princeton, N. Y., 1956.
Pycckuit nepeon: 3. ®. My p, YMO3pHTENbHBIE IKCIEPUMEHTH C NO-
CAe10BaTENbHOCTHBIMH MauluHaMH. B c60pHuke « ABTOMATHI» NOA pejak-
nueit K. 3, lennona u k. Makkaptu, WJI, M, 1956), nmocae uero
OHO GHII0 NPHHATO KaK OJHO H3 OCHOBHLIX NOHATHH TEOPHH NHCKPET-
HBIX CHCTEM.
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nosiBJIeHe ABYX uMp, NosBJIeHHe NepBoro repba), rae «mossie-
uue nepBOoft UMPPH» — COCTOIHME CHUCTEMBI, Koraa undpa BH-
nana nepeuft pas nociae repda, «nosBjexne ABYX uMdp» — co-
CTOSIHME CHCTEMH, KOria uMdpa Brnaja nocjae uudphH, K «no-
fABJIeHMe TMepPBOro repba» — COCTOAHME CHCTEMH, KOrza repl
Bunan nocje rep6a waIn nocje uMgpr. OTMeTKa NPOU3BOAUTCA
KaXJH{ pa3, KOria CHCTeMa HAXOANTCH B COCTOSAIHMH <MOfABJIEHUE
peyx uMdp» u BXOAOM dABaferca uudpa HAM KOrja Cucrema
HAXOAMTCA B COCTOfIHMHM, OTJIHYHOM OT COCTOAHHA «TOABJEHUe
nepBoro rep6a», W BxomoMm fBaderca rep6. Ecanm cocrosnune
B HaCTOAIIMK MOMEHT — «MoAB/JeHHe NMEpBO# UUPH» WM «MO-
fiBJIeHNe ABYX UH(P», TO COCTOAHHE B CleAyOLIUA MOMEHT 6yaer
«nosBJAeHHe ABYX uMdp», eClAH BXOAOM ABjseTca uudpa, M «no-
IBJIEHHE MNepBOro repb6a», ecam BXOAOM saBaserca rep6. Ecau
COCTOsIHMEe B HACTOALIMH MOMEHT — «NOfIBJIEHHE MepBOro repbay,
TO COCTOAHHE B CHeAYIOLMHK MOMeHT OyleT «MNOsABJIEHHe nepBoH
uudprl», €CaM BXOAOM fABJsAeTCA LUdPa, U «NOfABJeHHe MEepBOro
repba», ecan BxoaoM sBiserca rep6. Takum oSpa3oM, noarsep-
*KJaeTCA, YTO BHIOPAHHOE MHOMKECTBO COCTOAHHH OTBEYaer npeib-
fABAseMbIM TPeOOBaHWAM, TaK KaKk MO HM3BECTHOMY COCTOSIHHIO
CHCTeMH M BXOAY B HACTOAIMH MOMEHT MOMXeET GHTb OnpeneleH
BHIXOA B HaCTOAIUMH MOMEHT M COCTOfIHHME B CHeLYIOWMH.

Bu6op MHOMxecTBa CcOCTOAHMH B OOlIeM CJayyae sABJAETCA
CMOXKHOH 3anauelt, KoTOpad pewaercss He 06s13aTeNbHO OAHO3HAYHO.,
Tak kak He cyuwecrsyer OGWMX MpaBHJ AJd BHOGOpPAa MHOMeCTBA
COCTOAHMH, TO 4YacTO npHOGeraldT K METOAY MOCJIeNOBaTENLHOrO
NpuGankKeHns MyTeM npo6 M omWMGOK. 3aTpaTH BpeMeHH Ha BHIGOP
COCTOAHHH W WX 4YHCJO, BOOOLIE rOBODA, 3aBHCAT OT HMHTYHLMH
M CTENeHH 3HAHWA HCCAenyeMON CHCTEMBI.

1.6. Onpesenenue ocHOBHON Mome/H

Terepe MOMHO naTh TOUHOE ONpeleleHHe KIACCA CHUCTEM,
KOTOpLle Mbl OyAeM Ha3HBATL KOKEUKN MU a8momamamy. i
KPaTKOCTH B painHefilleM mpeACTaBHTENeH I3TOrO KJacca GyieM
Ha3blBaTh MPOCTO aBTOMATAMH.

Onpenenenne 1.1. Koneunbim aBroMatoM M HasblBaercs
CMHXPOHHAs CUCTEMa C KOHEYHHIM BXOAHHIM anddaBHTOM X —
=& & ..oy Epls € KOHEYHHM BBIXOAHHM andasutoM Z —
= 1% Cg. ey Cq}, C  KOHEYHLIM MHOXECTBOM  COCTOAIHMH
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S={06,, 0;, ..., 0,) ¥ IByMs xapaxmepucmuseckumuy Hyrr-
yusnu f, n fg

z,=F, (xv. sv), (1.5)

Sy+1 =fs(xv’ Sv)’ (1.6)

rie X,, Z, H S,— COOTBETCTBEHHO BXOIHOH CHMBOJ, BHIXOZHOH
CHMBOJI M COCTOAHHE aBToMata M B MoMeHT £, (v=1, 2, .. .)1).

B sTo#t kHure npeanonaraercd, uro astoMatr M, kak 370
creiyer u3 onpeleneHus 1.1, apaserca demepMuUnupOSAHKUM,
T. €. e[0 XapaKTePHCTHYeCkHe (PYHKLUMH MOJHOCTHIO O Pele/eHHl.
3a HCKTIYeHHEM I'1aBH 7, TaKie NPeinosaraercs, 4o asroMar M
6e3 ozpaHuieruli HA Bxode, T. e. MOGOR BXOZHOH CHMBOJ
MOXeT 6HTb NOAaH Ha aBToMaT M B M0GOH MOMEHT BpeMeHH £,

Oco6bit THN KOHEYHOrOo aBTOMAaTa MOJyYyaeTcs NPH yCJIOBUH,

4yTO
fo=(xy s)=F,(xy) (1.7)

Taxko# aBTOMaT HasbiBaeTcd mpusuasbHeim aBToMaToM 2). [lpo-
MEXYTOYHble TNepeMeHHble B TPHBHAJbHOM aBTOMaTe He OKa3bl-
BalOT HNeHCTBHA HA 3aBHCHMOCTb MexAy BXOJAMH H BHIXOIAMH
H, ClelOBaTefbHO, MOHATHE COCTOAHHA B STOM CAYYde OKasdH-
Baerc JAHWHUM. HempuBuaabieim Ha3biBaeTcd aBTOMAT, A4

KOTOpOro
Fa (x4 8y) #F [, (%)) (1.8)

1.7, TlpiMepHl KOHEYHBIX ABTOMATOB

Jlns uamocTpauuH pasHooOpasus CUTyauu#, MOAENbId KOTO-
PHX MOXeT CJYKHTb KOHeYHBI# aBTOMAT, NPHBENEM HeCKOJBLKO
npuMepoB. JIng kaxiaoro npumepa OyAyT yKasaHb: BXOIHOH
andasut X, BbIXOoZHOH andasuT Z M MNOAXOZXAULlee MHOMECTBO
cocroaHuft S. HaspaHua cocrosHu#t cucreMbl 6yayT BHOHpPaTbCs
TakuM 06pa3oM, yToObl MepelaTh YCJAOBHA, ONpere/sdiollHe 3TH
cocrosiHua. Jas kawaoro mnpumepa GyldeT 1aHO ero C/I0BeCHOE
OMMCaHHe, KOTOpOoe 6yaeT CAYXKHTb OCHOBOH MpH BHOOpe MHO-
HecTBa COCTOAHMH,

1) Onpenenenue 1.1 sazaer koHeynw#t apromar Muan. (ITpum.
nepes.)

2) TakMe aBTOMaThl Ha3biBAaWTCA TaKKe aBTOMaramu Ge3 maMaTH
HAH KOMGHHALMOHHWMH ycTpoHcTBaMH. ([Tpus. ped.)
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Hpumep 1. N ano. OpraHusm, Bo36yHaaercs ABYMS CTH-
MyJaMH: NOJOXHTENBHBIM» M- «OTpHLATENbHbIM», OpraHusM He
pearupyer Ha OTPUUATEbHBLIA CTHMY/J M pearupyer Ha yepeno-
BaHHE MOJIOXKHTENbHHX CTHMYJIOB.

X = {nonoxurtenbHE CTHMYJ, OTPHLATENLHHH cruMyal,

Z = {peakuus, Her peaxuuu},

S = {peakuns Ha NOCNeAHHH NONOKMUTENbHBIA CTHMYJ, HeT

PeaKLMH Ha MOC/AeNHHH NMONOKMTENbHBIA CTHMYn).

[1pH COCTOSAHMM B HACTOALLMH MOMEHT — «PEAaKUMS Ha mocaesHui
NONOKHUTENLHHN CTHMYA» M BXONe — «NOJNOKNTENbHLI CTHMY/I»
NOABAAETCA BBIXOJ — «HET PEaKLHH» H CACAYIOllee COCTOSHHE —
HET PpEAaKLHH Ha NOoCAEIHMA NONOKUTeNbHBIH CTHMYA». [lpu
COCTOSIHMH' CHCTeMbl B HacCTOSAIIHMH MOMEHT «HeT peaklHH Ha HO-
cleIHH# MOJOMHTENbHHIH CTHUMY/A» H BXOLe <«NOJOXKHTENbHHH
CTHMY/» MOSAB/SAETCH BBIXOI «PEaKLMA» H CAeLyIolliee COCTOSHHE
«peakuus Ha nmocaelHuft nosoxurenbHbIt cTHMyA». [Ipu Bxoze
«OTPHUATENBHBEI CTUMY/» MNOSABASETCA BHIXON <«HET pPEAKUHH»,
He3aBUCHMO OT COCTOfHMA B HACTOAULMA MOMEHT, a COCTOSIHHE
CHCTEMBl HE H3MEHsercd.

ITpumep 2. JLano. AHMIMHCKMH TEKCT, COCTaBJEHHHHA H3
26 6ykB andaBuTa M NPONYCKOB, NMPOCMATPHBAETCA C UEIBIO
MOACYETa YHUC/A CIOB, HAYHHAKIIMXCA C £Zn W KOHYaolMXCq Ha d
(raknx, kak «understand», «united» w . 1.). Jlag npocTOTH
nponycku o6osnauuM GykBo# m, a Bce Apyrue GyKkBH, KpoMe d, n
M u, — GykBo# A.

X=I{d. n, u, m A},

Z = {cuutath, He CYMTaTh},

S = {HoBoe cn0BO, WIaThb HOBOrO CJOBA, NOSBJEHHE X,

nosiBieHue u-n, NosABJeHHe u-n-d}.
[Ipy Bxome A nosABASETCS COCTOSIHHE B CAElYIOWMA MOMEHT
«HOBOE C/IOBO», HE3aBUCHMO OT CYWIECTBYIOLLEro cocTosHud. [1pn
CYWIeCTBYOlleM B HACTOAIUMA MOMEHT COCTOSHMH <«MOSBJICHHE
u-n-d» v BXOLe [ NOABAAETCS BEIXOL «CYHTaTh»; BO BCEX OCTa/b-
HHX CAYYadx NOABAACTCA BHIXOA «HE CuMTaThy. [IpH HACTOALLEM
COCTOSIHMM «HOBOE C/IOBO» M BXOIe & HacTynmaeT Clelylollee
COCTOSHME «MNOsABAEHHe u», a NpuU BXoje d, n MAH A — cle-
Aylolee COCTOAHHE «¥AaTb HOBOro caosa». [Ipum HacrosuweM
COCTOSIHMH «NOSIBJICHHE £» H BXOXe H COCTOSHME B Cleny-
IOIWHA MOMeHT 6yner «nosBieHue u-n», a npu Bxode d, u
WIH A — cocTofiHMe B CIGLyOWMA MOMEHT G6YIeT «kaaTh
HOBOrO  cnosa», Ecam cocTosHue B HACTOAWMA  MOMEHT
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«MOABJEHHE &-ny» HWIH <«NOsBAeHHe u4-n-d» npu Bxode d, TO
B CHeAYIOMA MOMEHT HACTynaeT COCTOSHHE «MofBAeHHe u-n-d»,
a NpH BXOLE N, & WIM A COCTOsHHe «nospienue u-n». Cocros-
HHE «KAATb HOBOT'O CJOBA» MPH BXOAE, OTAHYHOM OT 7, OCTAETCH
HEH3MEHHBIM,

[Tpumep 3. J aHo. BpaueHue kojeca, NpUBOAUMOrO B ABH-
KEHHe [BHraTe/eM, OMNpelenseTcs ABYXMO3HUMOHHLEIM K/IOUYOM;
npaBoe MNOJOXKEHHe KJIYa COOTBETCTBYET BpallleHHI0 B Hanpa-
BJAEHHH MO 4YacoBOft cTpefKe, JjIeBOe — NMPOTHB YacOBOH CTpenKH.
B MOMEHT M3MeHeHHs HanpapjieHHs BpallleHHs BCMLIXHBAET HHAH-
KaropHas JaMmna.

X = {cnpasa, cnesal,

Z = {namna BK/OYeHa, J1aMRa BHIK/IIOYEHA],

S = {no uacoBo#t crpeike, NPOTHR 4acOBOH CTpenk}.

[TIpyn cocTosiHMK B HACTOALIMA MOMEHT «NO yaCOBOH cTpenke»
W BXOIE «CnpaBa» MJAW NPH COCTOAHWUHM B HACTOAIUHA MOMEHT
«MPOTHB YacOBOR CTPE/NIKH» M BXOJE «CJEeBa» COCTOSHHE OCTAeTCs
HEH3MEHHbIM M HMeEeTCs BBIXOL «/aMna BeikaiodeHa». [lpH co-
CTOSHUM B HAcTOALMHA MOMEHT «MO 4YacoBO# CTpeike» H BXOAe
«CIeBa» HW/JH MPH COCTOAHHH B HacCTOAWIMHA MOMEHT «NPOTHB ya-
COBOH CTpelKHM» W BXONE «CNpaBa» COCTOSHHE H3MEHAeTCA H
NOfB/JAETCH BHIXOL «JAMMa BKJAIOUCHA». )

PaccMOTpeHHbBIE NPHMEPH M NPHMEPHI, NPHBOAHMBIE B KOHLE
9TOH r1aBbl, MOKA3bIBAIOT, YTO KOHEYHLIM aBTOMATOM MOXET Npel-
CTaBJATbCA MIpa, A3blK, aATOPHTM, NEPeKJioyareib, KHBOH opra-
HHU3M, OpraHu3auus M T. 4., T. €., MO CYLEeCTBY, Mobas CHCTeMa,
B KOTOPOH BHIXOZHOH CHrHan B HACTOALUMM MOMEHT 3aBMCHT OT
COCTOSIHHA (B €r0 MHTYHTHBHOM CMBbIC/E) B HaCTOALMA MOMEHT
W BXONHOTrO CHrHasia B HacTOALIHH MOMEHT, a COCTOAHME B Cle-
AYiOWHA MOMEHT 3aBHCHT OT COCTOAHHA B . HaCTOAIHMH MOMEHT
W BXOAHOrO CHrHajia B HAacTOAIHA MOMEHT,

1.8. OnpeneneHHe MHOXECTBA COCTOSHHHU
no BHYTpPeHHel CcTpyKType

[IpoMexyTOuHble M BHXOAHHE NepeMeHHHe B Aa/bHeftiieM
M3NOMEHHH OyLYT Ha3blBaThCA  3Q8LCUMBIMUI  TEPEMEHHBIMH.
B Go/bluMHCTBE CAy4aeB, NPelCTaBAAOWHX NMPaKTHYECKHH HHTe-
pec, MMeeTCl JOCTATOYHAs MHGPODMALNS O BHYTPeHHeH CTPYKTYype
CHCTeMBbl Al OTpeje/eHHs BCeX MePeMeHHLIX, KOTOphE XapaKTe-
pH3YIOT TNOBeleHHe CHCTeMBl. Donee TOro, MOXHO onpeleautsb
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3HaueHHe 1060# 3aBHCHMOM NepeMeHHOH B OG60H TaKTOBHH MO-
MEHT, €C/H H3BeCTHH 3HaYyeHHA BXOAHbIX MNEpeMEHHLX B 3TOT
MOMEHT M 3HayeHH 3aBHCHMbIX TNepPeMEHHbIX B TNpelblAyLiuit
TaKTOBbIA MOMeHT. B Takux cayuyasx, kak OyzeT NOKas3aHo
HHM¥e, CYUIECTBYET METOIHKA ONpelefeHHA MHOMeCTBa COCTOAHMHA
CHCTEMBI.

lycrs 3ananml BXONHHE MepeMeHHble cucTembl x(U, x(2), |

, x®), BHIXOIHbe MepeMeHHwle cHcTeMb 2z(D, 2@, . 2w

M 3aBHCHMbie TniepeMeHHble cucremn y(), y@, . y{) (Myo-
JKeCTBA 3aBHCHMBIX TepeMEHHBIX BKJIOYaeT B ceGsi BCe BHIXOMHEIE
nepemeHHue). [IpeanonoxumM, yto Aad kaxmao# 3aBuCHMOH mepe-

meHHOR y'%) cTpyKTypa CHCTeMbl AaeT cJenyioliee COOTHOUIEHHE:
B — 1 2 1 2
Y=g (¥ ¥D0 o #0L YP e 90 (19)

Ha ocHoBannH § 1.4 BXoZHble mMepeMeHHble MOXKHO NPEACTaBHTD
OXHOH mepeMeHHOR x ¢ andaBUTOM

X=XVRX® ... @ Xw, (1.10)
rae XW, i=1, 2, ..., u, asaserca anpasuroMm x'V; BhXon-
Hble MepeMeHHble MOXHO MPeICTaBHTb OXHOH mNepeMeHHOH 2
¢ an¢gpaBHTOM

Z=Z(”®Z(2)® e D2, (1.11)
rze 29, j=1, 2, ..., w, aBasercs angasurom 2, Amuano-

TMYHO 3aBHCHMble NeEpPeMEHHbE MOXHO TMPEeACTaBHTh OXHOHM mepe-
MEHHO# y ¢ anipaBHTOM

Y=Y0@ro9® ... @YY, (1.12)
rae Y®, k=1, 2, ..., r, sBiasercs angasutoM y®. Toraa
Boipaxenne (1.9) MoxHO 3anMcarth Tak:

W=28y(Xy, Yy_1)- (1.13)

Tak kak kawias BbIXOAHad nepeMeHHas ABJseTCA 3aBHCHMOH
nepeMeHHO#, Mbl TaKxe HMeeM:

Zy= g (Xy: Yy_1) (1.14)

Ilns nepexona oOT npHBefeHHHX Bbille GOPMYa K CTaHAAPTHHIM
XapaKTepuCTHYeCKHM ¢yHKuMaM f, u f, KoHeuHoro asToMaTa
ONpeleNUM MEpPeMeHHYI0 § C/eLYIOUMM O6pasoM:

Sy="Yy-1- (1.15)
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Toraa andasur s, o6o3Hauaembit uepes S, onperenserca dop-
Myao#t

S=Y. (1.16)
Bupaxenns (1.13) u (1.14) MoxHO Tenephr 3anucaTb TaK:
Yy=Ff(xy sy, (1.17)
z2,=f,(xy s,). (1.18)
W3 (1.15) u (1.17) noayuaewm:
' Sop1 =1/ (xv, 5,)- (1.19)

Kak rtenepr BuiHO, ypasvenns (1.18) u (1.19) Bmipaxkaior
MCKOMEIE XapakTepucTHueckue ¢yHkuuu. CrelosatenbHo, S co-
crasasier TpebyeMoe L8 ONMMCAHHMA 33LaHHOH CHCTeMbl MHOXKECTBO
COCTOSIHHH.

Ilng nmpuMepa paccMOTpuM CXeMy, MOKadaHHyio Ha puc. 1.4.
Ha BX0L v, OT UCTOYHHKA NMOCTYNAIOT UMNYALCH CO 3HaueHueM 0

y(//
@
l/” ——— e

z2tn

Vo

Puc. 14. CxeMa ¢ MaXOpPHUTapHHIM SJAEMEHTOM.

M 1 CO CKOPOCTbIO OIHH HMNyJAbC B Kaxable 7 cekyHA. Tak-
TOBblE MOMEHTH BBHIODAHH COBMAJAIOIUMH C MOMEHTaMH TnofA-
BIEHHA MMNY/NbCOB. OieMeHTH d;, dy, d;— 3aLepKKH, KO-
TOpble 3aAMOMHMHAIOT MOCTYNAIHE HA HUX UMNyabChl HA T CekyHA
M 3aTeM TNepelalnT HMX HAa CACLYIOWHHA 33 HHUMH 3JeMeHT. Die-
MEHT m npeicTaBafeT cO60# «MaMOPHTAPHLIA OPraH», KOTOpHIH
Begaer uMnyasc O uan 1 B 3aBUCHMOCTH OT 3HaueHusa (0 wam 1
COOTBETCTBEHHO) O6OJbIIMHCTBA TNOCTYNAIOWIHX HA €ro BXOAH
uMnyacoB. Hac unTepecyer 3aHauyeune MMNY/AbCa HA BHIXOAE Ugyy.
3HayeHHe HMMMy/Jbca HAa BXOLE CXeMbl Uy, B MOMEHT £, MOXHO
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NPHHATL B KayecTBe BXOXHOH mepeMenHo# x(U, a 3Hauenne uM-
MyJbCa Ha BHIXOIE Ugyy, B MOMEHT £, — B KAauyecTBE BHXOIHOH

nepemenHo#t 2V, 3HaueHus MMIy/bCOB, 3aNOMHEHHbiE SJeMen-
TaMu d;, dy ¥ dz B MOMEHT £, MOXHO NpuHATh B KauecTse 3a-

pucuMbix nepeMennnx y<U, y@ u y® coorsercreenno. Toraa
HMeeM:

X={0, 1},
Z=1{0, 1},
§= {(000), (001), (010), (011), (100), (101), (110), (111)}.

D () y@ = 0 3 @ - 3ua-
U3 cxemn Buano, uto y{¥=x{), y@ =20 u y®=y? ; sna
uetine 2() paHO 3Hayenmio GoabliMHCTBA nepeMenubix yi) |, x{)

H y(va)_l. Hcnonbays STH COOTHOLUGHHS, MOMHO ONpeAeiHTb 3Ha-
YeHHs (pyHKLUHH:

1) — 1 1 2 3
Y=g (x{h vyl ¥, v,

2) — 1 1 2 3
YA =g, (x{ yN . y2 . y@ ),

3) — 1 1 2 3
Y=gy (# ¥QL1 ¥21 YO

PesyabTaTe BhiyHC/AEHHH npencrasaexsl B TaGauue 1.1, M3 onpe-
IeNeHHs § CAELYeT, YTO Kamaas CTPOKa 4acT TabAHLbl, COCTOS-
It (@ 3 -
we#t u3 croabuos yM ., y&  n y@ . npescrasaser coboit co
CTOAHHE §,, & KaxAad CTPOKAa YacTH TabJHLH, COCTOAWeR H3
croabuos y, y® u y®-—cocrosuue s . YuuTmpas, uro
xPD=1x_u yP =2z, MoxHO caenaTh BbIBOA, 4TO TaGnmua 1.1
NOJIHOCTBIO OTMUCHIBAET XapaKTEPUCTHUECKHE (PYHKLHM PaccMaTpu-
BaeMOR cxembl. Hanpumep, u3 Tabauubl Jerko Onpenesurbh (CM.
YEeTBEPTYI0 CTPOKY), YTO TPH COCTOSHHHM B HACTOAIIMA MOMEHT
(001) u BXOZHOM CHMBOJE B STOT ¥€ MOMEHT | BHXOA B Ha-
croauiuit MoMeHT Gyaxer 1, a caeaywoutee cocrosnue (110).

1.9. ipyras moaeJb

Jlio6o#t KOHEUHHR aBTOMAT, COOTBETCTBYIOUMA OCHOBHOH MO-
LenH, 3apaBaeMoM onpenenexueM 1.1, MOxer GhiThb NpeoGpasoBaH
B aBTOMar, B KOTOPOM BHIXOAHOH CHMBOJ B HacCTOSAI(H# MOMEHT
SBIAETCA (pyHKUHEH TONBKO COCTOSIHMS B HACTOALIMH MOMEHT.
[lpeo6pasosatue MOker GHTb BHIOSHEHO nyTeM omnpeleleHus
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Ta6avuna 1.1
PYHKUWH gy AJ8 CUCTeMbl pHc. 1.4

Sy Sy+1
‘(v” ”(vlll )’(v2)-1 y(va)—l g1=y(vl) g2=3’(v2) g3=)’(v3)
0 0 0 0 0 0 0
1 0 0 0 1 0 0
0 0 0 1 0 0 0
1 0 0 1 1 1 0
0 0 1 0 0 0 1
1 0 1 0 1 0 1
0 0 1 1 0 0 1
1 0 1 1 1 1 1
0 1 0 0 0 0 0
1 1 0 0 1 1 0
0 1 0 1 0 1 0
1 1 0 1 1 1 0
0 1 1 0 0 0 1
1 1 1 0 1 1 1
0 1 1 1 0 1 1
1 1 1 1 1 1 1

nepeMeHHO# S, KaK yMOpAnOYeHHOR mapwl (X, S,). Andasur S’
nepeMeHHO# §’, C/lef0BaTeNbHO, OMpelenseTcs BHIPaX(eHHeM

S'=X®S. (1.20)
Hcnonbays ypasnenue (1.5), mpeactasuM 2, B BHIe
zv=f;(s;). (1.21)

Ws onpemenenus s’ W ypaBHeHus (1.6) nomyyaeM BhipaxeHue

4 .
aas Sv+1.

Syr1=(Fy i Syi)=(Xypr Fo(%y 8)) (1.22)
Syr1 =I5 (Xyerr 8Y)- (1.23)

Ypasuenua (1.21) n (1.23) onpenensioT BTOPYI0 MOZelb KO-
HeYHOro aBTOMaTta, B KOTOpPO# COCTOSHHME OAHO3HAYHO oMnpeje-

HJIH
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nfleT BLIXOZHOH curHanl). Ecau MOWHOCTL BXOAHOrO afdaBHTa
CHCTeMbl PaBHa P, a MOIHOCTb MHOXeCTBAa COCTOSHMH'S paBHa n,
T0 MoOWHOCTL S’ 6yzer pn.

Cucrema, cOOTBETCTBYIOILAA BTOpPOH MozenH, onpelendeMas
ypasHeHuamMu (1.21) u (1.23), MoxeT 6biTh Bceraa npeiacTaB/eHa
OCHOBHOH MoZenbio, omnpelejseMoift ypaBHenusMu Buza (1.5) u
(1.6), BxodswumMu B onpedeneHue 1.1

DTO MOXKHO ClenaTh, MOJOKHB S =S, . Toria us paseH-

crBa (1.21) nonyuum:
=1 ()=F1(F (% i) =1, (% 5)  (1.29)
U3 onpenenenns s, u ypashenus (1.23) nomyuaem:
Sv+1=S\,,=f;(xv, S;_1)=fs(xv. Sv)‘ (1.25)

HerpyaHo Buners, uto ypasHenus (1.24) u (1.25) Bl paxaloT xapak-
TepHUCTHYeCKHe (YHKUHH OCHOBHOH MOIEJH KOHEYHOro aBToMaTa.

Tak kak 7aw06as cucTema, NpeACTaBHMas OLHOR MoJenblo,
npeicTaBUMa Takxe ApPYro MOIEMbI0 M TaK KaK MHOKECTBO
Tpe6yeMblX COCTOSHMH 149 BTOPO# MOIENM 4acCTO 3HAYHTENbHO
Gonblie, 4eM A9 OCHOBHOH MOIENH, TO HCMOJAb30BAHHE BTOPOH
MOIe/NU He HMeeT KakKHX-auGo mnpeumylecTs. [103TOMY B KHHre
Mbl GyldeM BO3IEPXKMBATLCA OT HCINONb3OBAHMA BTOPOH MOILENH,
M koraa GyAyT #enaTbCsl CCHIIKH HA XapakTepHCTHYecKHe (yHK-
UMM KOHEYHOro aBTOMAaTa, TO CJeLyeT HMeThb B BHULY (PYHKLHH,
onpenensemuie ypasHeHusmu (1.5) u (1.6).

1.10. TIpeackasanue nosefeHHs aBTOMATa

[TocnenoBaTeIbHOCTb BXOAHBIX CHMBOJIOB, B KOTOPOH 3a CHM-
BOOM §; chenyer gl .. gll Ha3biBaeTcs 8xX00HOH nocae-
Ooaame/zbuocmb/o M 3amuchiBaeTcd Tak: §; &y e Eip Anano-

THYHO MOCAENOBATeNbHOCT: BHIXOMHBIX CHMBOAOB &;&; ... ;)
HasuiBaerca 8uX00HOL nocaedosamessHocmsio. UUCI0 CHMBOJIOB
B NOC/I€10BaTe/IbHOCTH Ha3biBaeTcd OAUHOH NMOCAeN0BATENLHOCTH.

Kak caenyer M3 npeano/noxeHHs O AUCKPETHOCTH BPEMEHH,
BO30yMIEeHHA MOJAIOTCA HAa KOHeYHHH# aBTOMAT BCeria B BHAE
BXOAHBIX TMOC/AeN0BaTeNbHOCTEH, a peaKUuM CHHMATCAd Bceria

—

!) Bropaa Monean COOTBeTCTByeT aBTOMaTy Mypa. ({Tpum. nepes.)
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B BHIEe BBIXOAHBIX NOC/AeI0BaTeNbHOCTEH, MpHYEM BXOXHAA NO-
Cef0BaTeNbLHOCTb AJMHB [ BCerga BHI3HIBAET BHIXOAHYIO MNOC/e-
JoBatenbHocTb AAHHB [, CocTosHue aBToMaTa M B MOMEHT Bpe-
MeHH £, HashlBaeTcs Ha4aabHuiM cocrosHuem M. Tak Kak £
NPOU3BOJILHO, TO B KayeCTBe HAaYaJbHOrO COCTOSIHMA aBTOMara M
OGBIYHO BLIGHpAETCd TO COCTOSIHME, B KOTOPOM OH HAaXOLHTCH
nepel HayaaoM paGoTH.

Teopema 1.1. [Tycms Oan nempusuarsnull asmomam M
¢ xapaxkmepucmuveckumu pynxyuane f, u f,. Tozda peax-
yuro asmomama M, raxodswezocs 8 A0O60M HAUGALHOM
cocmosnuu 0, , Ha 406y 8X00RYIO nOCAEO0BAMEAbROCMD

£;,8i, --+ &5,* (@) npedckasame nerb3A, ecau u3secmuy
moasvko f, u f, (6) npedckaszamb MOINCHO, ecau u3becmub
fz' f.f u Ulo'

Hoxasameasemso. (a) Ecnu M He tpuBuaned, 1o us (1.8)
CleLyeT, YTO WMeeTcd Mo KpaHHeRt Mepe ABa COCTOAHHMA O, H O,
M no Kpaftne#t Mepe oauH BXonHo#f cumsos §,, Tako#, uTo

fz (gh' Ou) + fz (gh’ 01/)’ (1 26)

Torza peakuns M Ha noOCAE€LOBAaTENbHOCTD ghgj gft NpH
2

0;,= 0, OTIMYAETCA OT peakuuu Npu o, =o,. CrerosarensHo,

€C/IM M3BECTHbl TOAbKO f, M f,, TO peakuus nmo kpaitHed Mepe
Ha OZHY M3 BXOIHBIX NMOC/AeNOBaTeALHOCTEH He MOXeT ObITb npel-
cKazaHa. (6) PaccMOTpHM HHAYKTHBHOE MPEANOJONKeHHE: eCaH
fs H 0;, M3BECTHbI, TO H3BECTHO COCTOSHWEe O, B KOTOpOe

npuier M noi BosLeHCTBHeM BXOLHOH NOC/AENOBATENbHOCTH
£j,8j, -+ &, Tlpn k= 0 npexnonoxenne ovesnnno. Ecim npexn-
NOMOKEeHHe CNpaBelJHBO s R, TO 0y, W3BECTHO, W TOTAA O,
Moxer ObiTb Haneno Gnaroiaps sHawuio fg:

0ik+1=f-’(§jk' Oik.)’ (1.27)

CnenoBaTebHO, MO HHAYKUMH, Halle NPeLNoJoxeHue Chpases-
muBo s moGoro k > 0. Ecam B nonosnesue K fg M 0 us-

BecTHa GyHKUMA f,, TO R-# BhiXomHOH cuMBON §, MOmeT GLiTh
k
onpellesieH no Gopmyne

& = (85, O ) (1.28)
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rie O‘k HaXOIMTCA peKypcuBHO no dopmyne (1.27). Tpunasas k

sravenns 1, 2, ..., [, mpH u3BeCTHBX f,, f; W 0y MOXHO
NpeAcKa3aTh BHEIXOAHYIO TOC/JAENO0BATeIbHOCTH C;,lc;,Q .. C"t 475
moGo# BxoLHO# mocnenosarenvhocTH E; & ... &

Teopema 1.1 nokashBaer, YTO 3HAHHE XaPaKTEPHCTHYECKUX
(¢yHKUME HEZOCTATOYHO AJA TOJHOMO ONMHCAHHA TOBELEHHA
apromara. C Ipyro} CcTODOHH, TOJHOe ONHMCAHWe Bceria BO3-
MOXHO, KOria, KpoMe 35THX (YHKUMH, H3BECTHO HayaibHoe
COCTOsIHME aBTOMaTa. ITOT ¢aKT, MOxkeT OHTb JErKO NMPOAEMOH-
CTpHpOBaH Ha npuMepax § 1.7, B KOTOPHIX Onpele/ieHHs CHCTeM
He cOlepkaT cBeleHUN O HayanbHBIX COCTOSHMAX. B mpumepe 1
PEAKLHIO HA BXOLHYIO MOCAENLOBATENbHOCTb, COAEPHKAILYIO CHMBOJ
«NOJOXKHTRNbHEI CTHMYJA», NpeLcKa3ath Henb3d. B npumepe 2
He/b3s MpeNcKa3aTh PeakUHI0 HAa BXOLHYK NOC/IELOBaTE/NbHOCTD,
HaYMHAIOILYIOCS CHMBOJOM «m». B mnpuMepe 3 Heab3s npeacka-
3aTh peakUHio Ha M6y BXOLHYIO MocAeloBareabHOCTb, OAHAKO
BCE DeaKlLMH B ITHX NMPHMEPaX MOXKHO NMpencKasarb, ecau Gyrer
OmpeneseHO HauyanbHOe COCTOsHHE.

dra cuTyauus nNOXOma Ha CHTYALMIO, BCTPEYAIOLLYIOCS MpH
aHanuae JuHeRHbix cucreM. CoorHoweHns f; M f, B KOHEYHOM
aBTOMaTe aHaJOTHYHbl YPaBHEHWAM DaBHOBECHS, XapaKTEePH3YIO-
IIHM JHHeHHOe yCTpo#icTBO, a HauaabHOE COCTOfIHMe aBTOMarta
aHAJJOTHYHO HayaJAbHOMY Ppacnpele/ieHHI0 SHeprHH B yCTPOHcTBe.
Peakuus ycrpo#ictBa Ha mo6oe 3alaHHOE BO3AEHCTBHE MOKET
GHITH MpenckadaHa, KOr4a W3BeCTHbHl U YPaBHEHMS DPaBHOBECHA H
HayalbHOe pacnpelejieHHe SHEPrUH, HO PeaKUMs He MOKer GbiTh
TpenCKa3aHa, ec/ii He 3aJaHO Hauya/lbHOe paclpelesieHHe SHEPruH.

3anaun

1.1, Onuwure TPH CHCTEMbI, KOTOPHlE MOTYT GObITh NPENCTABJAEHBI
KOHeuHhIMH aBroMaTaMu. Ilepeuncaure BxoaHOH aadaBuT, BRIXOAHOM
anhaBUT M MHOXECTBO COCTOSIHMH M Jafite 0O60CHOBaHMe Baulero Bh-
6opa MHOMecTBa COCTOSHHIL.

3agaun 1.2—1.9 comepxar onmMcaHHe CHCTEM, KOTOPble MOTYT GHITH
TpeAcTaBJieHH KOHeYHHMH aBTOMaTaMHM. Bxoasas nepemeHHad x u
BhIXONHaf 2Z- yKa3blBalOTCA B CKOOKax B KOHue kauaof 3agauu. Has
Kawao# M3 ONUChIBaEMBIX CHCTEM MEPEYHCAHTE BXOAHOH aadaBHT, BH-
X0AHOH aadaBuT M MHOXECTBO COCTOAHHMH, a Takxke Jaaiite 06OCHOBa-
HHe Bauiero Bel6opa.

1.2, Jdpouunbie uuppst 0 u 1 nojaworcs Ha ycTpoHCTBO, KOTOpOE
CYHTAeT 1O MOAyJAKW 3 HaKOIJIEHHOE YHCJAO EeIHHHL (X — BXOAHLIE
UMPpPH, Z — HaKOTAEHHOE YHCAO).
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1.3. Mouneta MmuorokpatHo noabpachiBaeTcd H JIenaercd OTMETKa
TpH 4YETHBLIX BHINAafAeHMAX LKGPH B TOCAENO0BaTEJbHOCTH LHPP H TPH
Kax/JaoM BTOpPOM (He o6s3aTe/bHO mojpsal) BhlnajaeHuu repba (x — cTO-
POHa MOHeTbl, Z — OTMeTKa Npu Gpocke).

1.4. IIpe naockue ¢uIIKH, Kaxaas W3 KOTOPbLIX MMEET Ha OfHOH
cropode uudpy 1, a Ha apyro#t — undpy 2, noxbpachBaTca OIHOBpE-
MeHHO MHoro pas. [locie Kawaoro noxbpacbiBaHHs NOACYHTHIBAETCH
CyMMa NO MOAYJAI0 2 4Hce], BHINABIIMX [OPH AaHHOM Opocke, YHced,
BRIMABUIMX B NPeAbIAyUHH pa3, H CyMMbl, NOJACYMTAHHOH B mpeabIAy-
Iu# pas (x — kOMOMHauMs [IBYX CTOpPOH (umek, Z—cyMMa npu
6pocke).

1.5. ['py3oBoit audT, 06cayxuBaOLUMil TPEXSTAKHLIH Marasuu, UMeeT
KHOTKY BbI30Ba Ha KawAOM 9Taxxe H paboTaeT no CAelyllHM NpaBHAaM:
€CJM Haxara OJHa KHONKa, TO JH(DT IBHKETCA Ha 9Tax, Ha KOTOPOM
pacnoJoxeHa [aHHas KHOMKA; €CJAH HaXaTbl OJHOBPEMEHHO [IBe HIH
TPH KHONKM, TO AubdT ABMXKETCA Ha caMbll HMkHMH M3 Bcex staxei,
Ha KOTODBIX HaxXaThl kHOMkKH. HM onHa kHONKa He MOMeT ObiTb Haxara
BO BpeMs ABHxeHHs audra (x — sTaw, Ha KOTODOM Ha}ara KHOIKA,
2 — HampaBJeHHe, B KOTOPOM OyleT IBHraTbcs AudT, H 4uCIO sTaxel,
KOTOPble OH TpH STOM NpoHaeT 6e3 OCTaHOBKH).

1.6. Aurauiickuft Tekct, cocroswmuit us 26 6ykB aadasura H TPO-
MEKYTKOB Mexay 6yKBaMH, mpocMaTpHBaeTcsl C LeJbl0 MOACHETa 4YHCAA
cl0B, KOTOphle pudMyloTca ¢ «art» (¥ — 6ykBa uaH NPOMEKYTOK, & —
yBeaHYeHHe obumero cuyera).

1.7. Ha puc. 3 1.1 uzo6paxkena cxema N, Ha KOTOPYyl0 NOCTYmawT
CHIHaAbLl OT JBYX HMIYJAbCHHX TeHepatopoB Hanpsikehus Vi u V.,

N o Bosxod

O——

Puc. 31.1.

Kaxabifi reHepaTop reHepupyer MNOMROKHUTEAbLHBHIH WAM OTpuuATEAbHBIH
MMIIyAbC € nepHolioM 1 MHKpOCeKyHIa. DneMEHT d BRISHIBAET 3aAEPKKY
uMnyabca Ha 1 Muxpocekynay. Cxema N BblIaeT MOJOXHTEAbHBIH
HMOyAbC, KOTJa 062 MOCTYNAKIIMX Ha €e BXOAE HMMIYAbCa NOJONKH-
TeJAbHBl, H BHAAET OTPHUATENbHBIH HMIyJAbC BO BCEX OCTaJIbHBIX CJay-
yaax (x — KoMOHHallusl 3HayeHH BXOJHBIX HanpseHHH, 2 — 3HaueHue
BLIXOJHOT'O HamnpsXeHHs).

1.8. Ha puc. 3 1.2 npexcraBieHa Mojelb HEPBHOH CETH, Iie Heps-
HOE BOJOKHO, 0603HaueHHOe Vg, COENMHEHO € MCTOYHHKOM, KOTOpHIH
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reHepupyeT CTHMYJbl Ouu:m 18 MOMEHTH BpeMeHH ty 1. Boabuwod
KPYXOK TIpeiCTaBafeT HeltpoH, Brixox nelipona B MoMenT 7, BO36yMaeH
(1. . TIpMHMMaeT 3HaueHue 1) TOALKO B TOM cayuae, KOrjia pasHocthb
MeMy UMCAOM €ro BO3OYKIeHHBIX «BO36YHNAI0MUX BXONOB» (IOKA3aHHI

Puc. 31.2.

3ayepHEeHHBIMH MaJEeHbKHMH KPYXKaMH) M YHCJOM BO3OY:KIEHHBIX «TOP-
MO3AILIMX BXOJOB» (MOKa3aHbl MaNEHbKMMH KDYXKaMH) B MOMEHT fy_,
paBHA WJH TPEBHIIAET ero «nopor» (YHc/o, 3alMHCaHHOe BHYTPH 60Jb-
woro Kpyxka) (x = Vg, 2= Vpux).

1.9. Pa6ora BBluHCANTEABHOrO yCTpOHCTBA, HMMEWOIIErO0 BXOA X H
BLIXOJ 2, OIpelenseTcs CAeAyIOUIHMMH ypaBHEHUSIMM:

Zy=Xy @Iy O Wy_y,
Wy =Xy ® Wy—_1s
TAe Kajas nepeMeHHas mnpuHuMaer 3uadenus O waum 1, snak ® o6o-

3HaYaeT CJOXEeHHe MO MOoAyMo 2 (X M Z onpelencHsl B YCIOBHH 3a-
Jaavu).

'y 3ta mozeap BBeneHa B pabore ¢on Helimana (J. von Neu-
m an, Probabilistic Logics and the Synthesis of Reliable Organisms
from Unreliable Components, «Automata Studies», pp 43—98, Princeton
University Press, Princeton, N. Y., 1956. Pycckuii nepesox: k. ¢poH
He il mau, BepodATHOCTHAa® JOTWMKA M CHHTE3 HaleMHHX OPraHHU3MOB
M3 HEHaJeXHbX 3JeMeHTOB. B c60pHHKe «ABTOMaThl», NMOA pelakumuei
K. 3. lennona u k. Makkapry, U/, M., 1956).



FrNABA-2
TABJNIULbI, TPAdbl H MATPHLbI NEPEXOLOB

2.1. Beepeunne

[Tocne Toro kak A4 naHHOM CHCTeMbl YCTaHOBJEHHI BXOIHOH
andaBuT, BHIXOAHOR a1¢aBUT W MHOMKECTBO COCTOSHHH, ClOBecHOe
ONMHCAHHe CHCTEMbl MOMET ObITb ()OPMANM3OBAHO TNPH MOMOLUH
Tabauubl, rpaga wan matpuusl, Tabauusl, rpade ¥ mMaTpHUBL —
pas/anuHble (pOpMBbI NPeACTaBAEHHA XaPAKTEPHCTHYECKHX (YHKLHHA
KOHEYHOTO aBTOMAaTa, KOTOPbHI OMMCHIBAET [OAHHYIO CHCTEMY.
Takoe npelcTaBleHHe COBepLIEHHO HeOOXOAMMO AJS TpOBedeHHs
A060ro TOYHOrO aHadH3a HAH CHHTe3a KOHEYHOro aBTomaTa, H
Mbl OylemM MM IIHPOKO MNOJb30BaThca B HacTosAwe# kHure. [lo-
CKOJMBKY OfHOH opMoft mpencTaBieHHs aBTOMATa BLINOAHO MOJb-
30BaTbCAd MNpPH ONHHX OOCTOATENbCTBAX, APYroff — MPH LpYrHx,
NOJe3HO MNO3HAKOMHTbCA CO BCemu ¢GOpMaMH MpENCTaBJeHHS,
[TosTomy B 3TO# raase O6yAyT BBENeHbl BCE TPH NPENCTaBJAEHHS
H 0oOCYKIeHbl HEeKOTOpHle XapakTepHHIE 3ajayM, IJs pelleHHs
KOTOPHX OIHO NpelCTaBleHHe OKa3bLIBAETCH 6oJiee BLHITOAHBIM,
yeM ApYroe.

2.2, Tabanna nmepexonos

Xapakrepuctnyeckue GyHkuuu f, u f,, onpeneasemble ypas-
vedusimu (1.5) u (1.6), moryr OuwTb mnpexcTaBieHsl B ¢dopme
Tabnuubl, M3BECTHOR Toa HadBaHuemM ma6auybt nepexodos.
Tabauua comepKHT nepeveHb 3HAYEHHH ITHX GYHKUMA 174 BCeX
BO3MOMHBIX apPryMeHTOB, T. €. IAJd BCeX BO3MOXHLIX YMOPAAO-
YeHHBIX map (X, §,), TFAe X, NPHHALJIEKHT BXOAHOMY aida-
Buty X, a S, — MHOMecTBY cocTosHui# S. O6paseu Tabanupl

NepexonoB AMA aBTOMATa ¢ BXOAHbIM andasuTom {&;, &, ..., E,},
BHIXOXHEIM andasutom (§;, G ..., Qq} W MHOMECTBOM COCTOf-
uut {0y, 05 ..., O,) mnpeacraBaed tabmmued 2.1. Tabauua

COCTOMT M3 [ABYX COCEAHHX TOATAGAMIL Zz,-nodmalb.iuiysl W
Sy41-100mab uybl, KOTOPbIE OMpeaensnioT GyHKUMH f, n f, coor-
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Ta6auna 21
O6uias ra6iuUa nepexonon
‘v Sv+1

X,

N 3 ‘ £ ‘ ‘ 5 13 ‘ £ o ‘ £
Sv
g, B kaetkax Tabauisl nome- B kaetkax Ttabamupl no-
0, | WAKTCA 3HAYEHH H3 MHO- | MELAIOTCH 3HaYEHHS H3 MHO-

KecTsa HeCTBa

On {Ci Lov -ovs Cg} {0, 00 «.0h 05}

BETCTBEHHO. ITH noATabauubl HMeloT OGIWHA OCHOBHOH crosbeu!)
(nepbi#t KpaHHu#t cTonbew), B KOTOPOM MepeyHC/eHH Bce BO3-
MOM(HbIe COCTOSIHMA B HACTOALUMH MOMEHT §,; CTOAOUBI B 06eux
noATabAMIAX 03arjiasjieHbl OJHHAKOBO, MpPHYEM KAXKAOMY BO3-
MOMHOMY 3HAYEHHI0 BXOAHOrO CHMBOJA B HACTOALIMH MOMEHT X,
COOTBETCTBYeT B KaxioR noarabnumue cBoft croabeu. Takum
0o6pasoM, CTPOKH 0003HauyeHbl CHMBOJAaMH Gy, Gy, +.., O
a cronbusl cumBoiamu &, &, ..., §, B KieTke Ha mepeceye-

HHM CTPOKH ©; u cronbua &; B mnoprabimue 2 moMellaercs
Havenue f, (§;, 0,) (970 3HaueHue OyleM Ha3LIBATb 3HaYeHHeM Z),
a B moaraGauue S,., Nomewaercs B3Havenne [, (§; 0;) (31O

3HauyeHHe GyldeMm HA3bIBaTh 3HayeHnem S, ). CHMBOJbI, B3amucaH-
HHE B K/eTKax noaTtabiuu 2, H S, i, NPHHAANEHKAT BHXOAHOMY
andasuty Z M MHONKECTBY COCTONHHH S COOTBETCTBEHHO WM
noaMHOXecTBam 3THXx MHOxects, Ecaum f, m f,— xapakrepn-
CTHYECKHE (PYHKUMH AETePMHHHPOBAHHOrO NMOJHOCTHLIO ONpefeseH-
HOTO aBTOMAaTa, TO 3TH (YHKUMH JAO/MKHB ObITb OIHO3HAYHO
onpeneneHn A KaxAoW ynopagoyenuoft napsi (x,, §,), rle
Xy TpHHaNewuT MHomectBy X, a s, — muoxkectsy S. Cneno-
BaTenpno, moarabauua 2z, IOMKHA CONEPKATb B KawIdOH KieTke
i

'} OcHoBHoOil cToa6en npeactaBAseT coGoil nepedeHb HaHMEHOBA-
HHH, pacnonosmenHHx B kpafinem JaeBoM croabue tabauub. CTpoky,

B KOTOpO# B OCHOBHOM CTONOLE CTOUT «K» (HAH B KOTOPOil COAEPKHMOE
OCHOBHOro cTOA6na ecTb «K»), 06L4HO OyieM HasblBaTb «CTPOKOH K».

3*
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TOYHO OLMH 3JeMeHT H3 Z, a NoATab/MUa S, ,; — TOYHO OLHH
s/eMedT u3 S.

Xora onHcaTenbHEe 0603HaYeHHSA COCTOSHHR (BHIOMpaeMble
TaK, Kak B npuMepax § 1.7) 4BAAIOTCA NMOMNE3HBHIMHM A/ MHTYH-
THBHOIO TOHHMaHHWA pOJHM . pa3/IMYHBIX COCTOSIHMH TpH ompele-
JeHHMH COOTHOWEHHMA BXOL — BHIXOA M AAA onpelefeHHs (yHK-
UMt f, W f, MO CJIOBECHOMY OMHCaHHMIO CHCTEMBbl, OHHM CTaHO-
BATCS 6eCno/e3HbIMH MOC/e TOro, Kak 3TH (YHKUHMH ONpeleJietbl,
[TosToMy B TabnMlue mnepexonoB NepBOHaYa/ibHEE 0003HaYeHHS
MOMHO 3aMeHHTb MI0ObIMH ApPYIrHMH, YIOOHHIMH AJA MCCHelOBa-
Tead. B 60JbIIHHCTBE NPHMEPOB, NPHBOAHUMBEIX B KHUTE, COCTOAHHSA
GyayT 0603HayaThCA NpPOCTO uuppamu 1, 2, 3 u 1. A.

Ind uanocTpauHH NOCTpoeHHs TabJHUBI TepexOiOB MpH-
BeleHa Tabauua 2.2, KOTopas mNpeiCTaBaseT coGo# Tabanuy
NepexoloB CHCTeMB, oNMHCaHHOR B mnpumepe 2 § 1.7, Jra
CHCTeMa HasBaHa aBTOMaTOM Al, a COCTOAHHS «HOBOE CJIOBOY,
«KAaThb HOBOTQ CJOBa», <MNOABJIEHHE U», «NOABJIEHWE W-A» H
«nosiBieHue u-n-d» o603Havenbl uuppamu 1, 2, 3, 4 u 5
coorsercTBeHHO. ComepxHMOe K/eTOK TabaHUbl NpeACTaB/seT
COB0H 4HCIOBOE OTpaWeHHe CHOBECHHIX JOBOAOB, OGBACHAIOMIMX

Ta6bauna 22
ABTomar Al

v+1

N O —
SOOoOOO
OCOoOOOO
COOOO
—_OOo00
OSOOOC
AN NN
o ob o DO BN
R bONCGE
— b —
R ob DO RO RO

BHIGOpP MHOXeCTBa coctosHu# B npumepe 2. CpasHenue cnosec-
HOTO OMHMCaHHA ¢ TaG/uled NepexolOoB NO3BOJAET OLEHHTb TOY-
HOCTb H KPaTKOCTb NMOCJeAHeA MO CPaBHEHHIO C MEPBEIM CNOCOGoM
ONHCaHHs,
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2.3, Tlepeunciaenne aBTOMAaTOB .

OnHMM M3 BaXXHLHIX TpUmeHeHHH TaGJIHLLI NePeXOL0B ABJseTCA
HCIOAb30BaHUE ee /IS MePeYyHCNeHHs aBTOMAaTOB, NMPHHALJIeKalHX
TOMY HJIH HHOMY KnaacCy. Knmacc aBTOMaToOB 4aCcTO MOMET ObITb
onpelesedH TNPH TOMOLIM psla OrpaHHYeHHH, HaK/alblBaeMbIX
Ha pacrpeleseHHe COCTOSHMH M BHIXOAHBIX CHMBOJOB B TabaHue
nepexonoB. 3alaHHHI KJIacc aBTOMaTOB MOMeT OBITb MepeyHc/ieH
nyTeM TOCTPOEHHS BCEX BO3MOMHHIX Tal/Hl NepexoaoB, yao-
BAETBOPAIOIIMX 3THM OFpaHuyeHHsaM. YacTo MOIHOCTL Khacca
MOMXeT OHTb Cpa3y OLEHeHa mnyTeM [OACYeTa ONperenseMoro
3aJ]aHHBIMH OTPaHHYEHHAMH uYHcaa CTeneHeft cBOGOABI TPH MNO-
CTpOEHHMH Talaul -mepexofoB. Takoe HCNoAb3OBaHHE Tab/HL
GyaeT NMPOAEMOHCTPHPOBAHO MPH OLUEHKE MOLIHOCTeR HEKOTOPHIX
K/IacCOB aBTOMAaTOB, KOTOpHe OyAyT BCTpeyaThCs B NOCJEAYIO-
UHX T/IaBax.

Kaacc (n, p., g)-asmomamos. (n, p, g)-aBTOMaT — 3TO
aBTOMAT, MMEIOWUR MHOMXECTBO COCTOSHMR S = {0}, 0y, ..., 0,4},
BXOZHOH andaBHT, onpelensemblt MHOMKeCcTBOM X = (E|, &), ...
ce+y Ep}y M BBIXOZHOA an(aBuT, onpelenseMblil MHOXECTBOM
Z={8, & ..., §,} nan nexoropbiM noamuoxecrsom Z. JlioGas

Tab/Kla NepexofOB, HMEIas B OCHOBHOM CTO/OLUE CHMBOJIBI
Oy, Oy ..., O, 8arnaBua CTonbuos §;, &, ..., &, 3HaueHus 2,
M3 MOXecTBa Z WIM M3 MNOIAMHONKECTBA Z M 3HaYeHHUA S, M3
MHOXKeCTBa S, Xapakrtepusyer (n, p, ¢)-aBToMar. MOIHOCTb
N 9TOrO Kjacca aBTOMAaTOB OmMpeaefsercs opmysoft

npgq
Ny, p o= @qn)"". (2.1)

Karacc asno munumarsunx (n, p, q)-asmomamos. Hasosem
(n. p, g)-aBroMaT SBHO MHHHMalbHBLIM, €CAH 1J8 Kaxioro !/
H Kaxaoro j==i umeercs no Kpa#tHe# mepe onHO R Takoe, yTO
f:Cr o)+ £, (& 0;). Jlobas tabiHua TepexoLoB, B KO-
TOPOR BCe CTPOKH B TMOATa6/MlLe 2, Pa3/HuHbI, XapaKTepH3yeT
ABHO MMHHMafbHbIA aBTOMaT. MoWHOCTH N, p, ¢ ITOTO KJacca

PaBHa
n—1

Np, p q=0" l_I0 (g” —r). (2.2)

7
Tle OTpHuarte/ibHHe 3HadyeHHs N, p o CUHTAIOTCH PaBHBIMH HY /IO,
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Kaacc sagno cokpamunnx (n, p, g)-asmonamos. (n, p, q)-
aBTOMAT Ha3biBaeTCA HBHO COKPAaTHMbiM, €CJH B Tal/Hue mnepe-
XOJ0B BHINOJMHAIOTCA CAEAYIOIHE YCAOBHA: CYILECTBYeT O KpaHHe#t
Mepe OlHa Mapa CTPOK, HanpHMep O; H O; KOTOpbIE OLHHAKOBbHI
Kak B NoATabjHUe Z,, TAK M S, | HIH CTaHOBATCA OZHHAKOBLIMH
NpH 3ameHe Kax1OTO CHMBOJIA O; Ha O; (MM O; Ha 0;). Ecam
aBTOMaT He OTHOCHTCHA K KJaCCy fBHO COKpPaTHMBIX aBTOMaToOB,
TO eMy COOTBeTCTByeT TabiMua, B KOTOpPo# Bce CTPokH (B ofeux

4
noxrabivuax 2z, 4 S,,;) pasanmunb. Yucio Np ,, He §BHO
COKPaTHMEIX aBTOMaTOB noaromy onpeflenseTCA BhipameHUeM

N sq H [(gn)? — r]. (2.3)

Ms (2.1) n (2.3) cneayer, 4TO HHXHAA TPaHHLA YHC/a NZ' 5 q
IBHO COKpaTUMHIX (1, P, ¢)-aBTOMaTOB oOMpelenserca GopmynoH

n-—1
Nu, o, q > (gn)’" — g [(gny” —r]. (2.4)

2.4. Haomophunie asToMaThi

Kak ykasuiBanoch B § 2.2, 0603HaueHHe COCTOSIHUH He HMmeeT
KaKoro-a160 0co60ro 3Ha4eEHs U MOXKET BEIOHPAThCS POH3BOJBHO.
ABTOMATH, ¥ KOTOPHIX XapaKTePHCTHYECKHe (PYHKUHHK OAHHAKORBI,
33 HCK/IOYeHHEeM BO3MOXKHHX pa3anuuft B 0003HaYeHMAX COCTOSA-
HUH, Ha3BIBAIOTCA UIOMOPEHLMu LpYyr Apyry. Ecau 3zanan
aBToMaT M, mpenCTaBAfOWMA OTNpefeseHHYIO CHCTeMy, TO Jio6o#
apromat, H3oMopdHH K M, Takke MOMET CAYXHTb Npencra-
BAeHHemM 3TOH cuctembl. Cllef0oBaTeNbHO, MPEACTaB/ieHHE CHCTEMBI
aBTOMaTOM HHM B KOEM C/yuyae He eIMHCTBEHHO.

[lycte M saBaserca (n, p, ¢)-aBTOMaTOM, OMNpelefieHHbIM
taGivue#t nepexonos, Takoff, kak TaGsMua 2.1, PaccMoTpum
Apyryio Tabauuy NepexonoB, MNOAYYEHHYI0 H3 TabaMUH Tepe-
X040B aBTOoMaTa M myTeM nepeCTaHOBKH CHMBOJOB Gy, Oy, ..., O,
¢ mocjelyiolelt 3aNHCbI0 CTPOK B TOM TOPALKE, B KOTOPOM OHH
OblM BHIMMCaHH B MCXOAHOH TabaMue, B pesyibTaTe NOJAYYHTCA
tTaGaKla, NpelCTaBJdiOUas aBTOMaT, M30MOPGHHH aBTOMATY M.
MHOKeCTBO BCeX Pa3/IMYHBIX aBTOMAaTOB, MOJIYYaOLMXCA B pe3y b-
TaTe BCeX BO3MOMHBIX 7! TakMX mNepecTaHOBOK, Ha3bIBaeTCH
cemelicmBom nepecmano8ox apromata M, flcHo, uTO He 00g-



2.4] HN30MOP®HBIE ABTOMATEI 39

3aTeJbHO ABE pa3/iMyHble NMEPECTaHOBKH TMPHBOIAT -K MO/YYEHHIO
ABYX Pa3/HYHBIX Tab/HL NEPEXONOB H, C/E0BATENbHO,. MOLHOCTb
cemeflcTBa MEPeCTaHOBOK MOXeT OuiTh MeHbule, yem nl. Crenyer
TaK)Ke 3aMEeTHTb, YTO [Ba aBTOMAaTa, TMPHHaLJemalle Pa3IUyYHbIM
cemefiCTBaM NepPeCTaHOBOK, He MOTYT ObITb HM30MOPGHBIMH ApYT
1pyry. B xauecTBe npumepa Tabanue# 2.3 npeacraBlieH aBTOMar,
nsomopdHuit aBTOMaTy Al, mnpencraBieHHomy Talamueft 2.2,
OH TonyYeH 3ameHOM mnepBOHavaibHBLIX 00O3HauyeHM# coCTOAHMHR
1, 2, 3, 4u b5 Hab, 4, 3, 2 1 coOTBEeTCTBEHHO.

Tabanuna 2.3
ABToMat, usoMopdHuit aBTomaty Al

v Sy+1

O o N =
cococoo
coococo
coocoo
cooo~—
coocoo
R N
ENFENININ
[ERNENNIN
ot
NN NI

JNemma 2.1. Mowymnocms cemelicmea nepecmarosox 8KO
MUHUM@AbHO20 (n, D, g)-aémomama pasHa nl,

Hoxazamenscmso. CTpoku B Tabanue 2z, ABHO MHHUMAa/be
HOT0 aBTOMaTa pa3/IMYHBl MO ONpPede/ICHHIDO H OCTalTCA pasavy-
HEIMH MOCJe MepecTaHOBKM 0603HayeHH# cocrosHui. Ilostomy
TaéJIHl.lbl, noJayyaempie B pesdynabTaTe pa3/aHUYHBIX NEepPeCTaHOBOK,
padnnunbl. Tak Kak 4YHC/IO DPa3/HYHBIX NMepeCTaHOBOK paBHO 7,
TO JeMMa I10Ka3aHa.

M .

Teopema 2.1. Momynocms NI, kracca asno munu-
ManrsHeLx (n, p, g)-a8momamos, He cO0epIHAUL20 u30oMOpEH-
Relx asmomamos, onpedersemcs opmyroit

n—1
pn
NI =2 Tl @2 —n. 2.5)
r=0

M
20e ompuyamersusie 3HGUEHUA Nﬁf},,,)q nPURUMBIOMCA paB-
Rolmu ny a0,
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Loxazamenrbcmso. MHOXECTBO ABHO MHHHMaALHBIX (7, P, ¢)-
aBTOMaTOB fABJAAETCH OObenHHeHHem!) ceMefiCTB TNepeCTaHOBOK
BCEX aBTOMAaTOB KJaacCcCa, omnpenejeHHoro B Teopeme. I10CKO/bKY
3TH CeMedCTBa NEpPECTAHOBOK SBJAIOTCA HeMepeceKaioWnmHCs 2)
H no Jnemme 2.1 Kamioe CemMeHCTBO COIEPKHT TOYHO n ! pas-
JMYHBIX aBTOMAaTOB, HMeeM:

nINSD =Ny o o (2.6)

7
rie N, p ¢ — MOIIHOCTb KJacCa fBHO MHMHHMa/JbHHIX (%, p, §)-
aBTOMATOB, ompelrensdemas ypaBHeHHem (2.2). Teopemy nOKa3hl-

BaeT pelleHne (2.6) OTHOCHTENbHO N(,,;}Ig,)q.

2.5. 'pad nepexonos

Fpad nepexonaoB mnpeacTaBiseT Co60H CTPYKTYpY, COCTOA-
WY W3 Seputur, N300paxaeMblX B BHIE MaJblX KPYKKOB, H
OpueHmuposannux 0yz, u3oGpamaeMbiXx B BHAe JHHHR Mexay
napaMH BepIIMH W CHaO)XeHHBIX CTpeJKaMM, YKa3blBalOWUMH
Hanpas/eHue OT OIHOR Bepwuuwnl Kk apyro#t. ['pad nepexonos,
OMHUCHIBAIOIMA aBTOMAT C 7 COCTOAHHSIMHM, COLEPMHT 7 BepLIHH,
NpHYeM Kamdas BepLIHHa COOTBETCTBYeT OXHOMY COCTOSHHIO
aBTOMaTa; COCTOSIHMe, H30oOpaxcaemoe BepLIMHOK, CHabkaercs
0603HaueHHeM, COOTBeTCTBYIOLIHM 3TOMY COCTOAHHIO. OpHeHTH-
poBaHHble AYTrH TPOBOIATCA M 0003HaYalOTCA MO ClelyiolieMy

npaguay. Ilyems  X; ={§kl, Ehyr - v o g,,r} NpeACTaBJsAeT
cob60if MHOXECTBO 3HaueHH#t x,, AAA KOTOpPHIX f,(x,, 0;)=0,,
wonycts  f,(&, 0)=%, am h=1,2 ..., r. Ecm

X,; He mycroe®) MHOXECTBO, TO Ayra NpOBOAMTCA H3 Bep-
WHHB O; B BePUIMHY O;; CTPelKa YyKa3blBaeT Hampas/ieHHe
M3 0; B 0; M o00O3HayeHWe NyrM B3aMHCHIBaETCA B BHIe

1} O6'benuHeHre MHOXECTB R, R, ..., RN, 3alHCHIBAEMOE B BHjE
RIUR2U URN, ABASIETCA MHOMXECTBOM, KOTOPOE€ COJEpPIKHT BCe
SAEMEHTH, colepxkaiuecss B R, Ry, ..., R,, ¥ HHKAKHX JAPYTHX sie-
MEHTOB HE COIEPIKHT.

%) Muoxectsa R, R,, ..., R, —Henepecekaomuecs, ecan He

cyllecTByeT AByX MHoxwecTs R; u R;(l s~ j), copepxamux o6muif
BJEMEHT.

%) MHoxecTBO HasblBaeTCsl MyCThiM, €CJAH OHO He COAEPIKHT
HH OofiHOro sJeMeHTa. [lyctoe MHOMeCTBO 06O3HAaYaeTCA HYJAEM.

N
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(Ekl/Czl)\/(Ekz/sz)\/---\/(Ekr/Cz,)l). Kawnbfl. uned Buna
(Bry/C1y):  COACPXNAlUMAC B 0603HaUYeHUH 1YTH, Ha3bIBaeTCA
napoii 8x00-8sx00. HanomenHoe NPaBHIO TNOCTPoeHus rpada
nepexonoB aBTOMaTa HAMOCTPUpyercs puc. 2.1. J10 mpaBuio

yCTaHaB/MBaeT B3aHMHO Of- )
HO3HaYHOE COOTBETCTBHE Me- (T NN AR V(. /G

K1y TrpadoM TnepexonoB H

tabauued NMepexoioB AAA OA-
HOTO M TOrO e aBTOMarTa,

TaKk 4YTO, 3Hafg OAHO mnpel- Puc. 2.1. O603HayeHne AyTH.
cTaBJieHHe, BCEria MOXHO MO-

ayuuts Apyroe. s npumepa Ha puc. 2.2 usoGpaxed rpad

nepexonos asromaTa Al, mocTpoeHwH#t mo Tabauue 2.2.

(/) @/ (n/ON lu/ON /)

/7]

@ o uovam)

@’
Puc. 2.2. Asromar Al.

[To mocrpoennio rpaga Ayra, HanpaBjeHHas H3 BepLIMHEI O,
K BepllnHe 0;, 0003HauYaeTC BXOAHBIMM CHMBOJaMH, KOTOpble
BLISHBAIOT Mepexol aBTOMaTa M3 COCTOSHMA O; B Oj, M BHXOI-
HEIMH CHMBOJIaMH, KOTOpHE BBHIIAIOTCA aBTOMAaTOM [PH 3TOM
nepexone. Ina netepmuHupoBaHHOro, 6e3 orpaHHyeHHRt Ha BXode

') V —craupaprHuii cuMBOJ, 0603HAYAMIUIMH JOTHYECKYH CBSA3b
SHIK»,
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aBTOMAaTa KaXIbit BXOIHOH CHTHAaJ BLI3bIBAET MEPEXO U3 KAWILOr0o
COCTOSHHA TOMBKO B ONHO IPYyroe COCTOSHME; CNedOBAaTeNbHO,
Lyr¥, BHIXONfAlIME u3 /060H 1aHHOW BepIIMHBI, COdEpKaT
MOJHOE YHCAO P Nap BXOA-BBIXOH, Fle P — MOUHOCTb BXOLHOr0
andasura. HenocpenctseHHoe npenMyllecTBO rpaga nepexoioB
COCTOHT B TOM, YTO OH 006/eryaeT onpelesieHHe peaKiliH aBTO-
Mara Ha BXOIHYI0 MNOCJeLOBaTeNLHOCTb MOGOH Aauub. [Ipu
LaHHOM HAYaAbLHOM COCTOSHMK ©; aproMatra M ¥ BXxozHoH

Nocae10BaTeNbHOCTH §ul, §u2. B gul peakuus M nerko onpe-

gensercs TMpociexusaHueM (B HANpaB/ieHWH CTPeNOK) Henpe-
pHBHOR  mocienoBaTenbHOCTH [ Ayr, KOTOpas HauMHaercs
B BeplkHe O; ¥ k-7 ayra kotopolt (R=1, 2, ..., [) coorBer-
CTByeT MNape BXOA-BHXOL (guk/évk). BuixonHas mnocrenosa-

TeNILHOCTb, KOTOPYI0 BbllaeT aBToMaT M npu nojgaue Ha Hero
BXOIHOR MOC/AELOBATENLHOCTH gul, guz. gul, tToraa Oyxer

Q,,l, 'C%, e, C,,l; COCTOAHHE, B KOTOPOE NpH 3TOM Mepexoiut M,
onpelensercs Mo 0003HAUEHHIO BepIUMHH, B KOTOPOH 3aKaH4H-
BaeTCs MOC/AeI0BaTeNbHOCTh M3 | 1yr. Hanpumep, peakuus asTo-
mata Al Ha BXOIHYI0 NOCTEIOBATENbHOCTb Nunlidm npu
HaualbHOM COCTOSSHHM 3 JIerKO onpejenseTcd N0 puc. 2.2 u
6yzer 0000001. IlocnenoBaTeNAbHOCTb COCTOAHMH [pU 3TOM
O6yzer 1, 3, 4, 4, 4, 5 u 1.

Ponb rpada mepexodOB B TEOPHH KOHEeUHBLIX aBTOMAaTOB MO-
106Ha POJM, KOTOPYIO Wrpaer rpaduueckoe 1306paxeHue cxembl
B TeOpMH 3/MeKTpuueckux uenel. 'pad nepexonso npeobpasyer
abcTpaKTHYI0 Molenb B ¢du3Hvueckoe M300pameHHe, yCHIHBAlOLLEe
MHTYHUMIO HCCAEL0BaTeNs, ¥ NaeT BO3MOXHOCTb €My «OTYETJHBO
MpeLCTaBHTbY Da3auuHble MNpOLeCCH M CBOHCTBA, KOTOpHE 6e3
TAKOTr0 K300paxceHHs ocTanvch Obl PALOM CYXHX MaTeMaTHUeCKHX
daktoB. Kak u B teopuu uemelt, rpad nepexonoB yno6HO pac-
CMaTpHBaTh KaK MOIeNb CaMy no cefe, a CHMMBOJBI, HCNOJAb3ye-
Mble B rpade, — Kak aGCTPaKTHbIe KOMMOHEHTH Moleau. [Toatomy
yacTo B JanbHeftiieM Mbl OyileMm rpad, npeicrasasiowkit asro-
mar M, Ha3bBaTb «aBTOMaTOM M>», BepllUMHY, NpelCTaBASIOLLYIO
COCTOsSIHHE 0;, — KCOCTOSHHEM 0;» H, Ha000pOT, OTOXIUECTBJATH
abCcTpaKTHBIE [OHATHA € MX FeOMeTpHUYeCKHMHK MpPEeICTaBIeHUAMH,
MMelolUMKCS B rpade nmepexonoB.

[NouaTHe u3oMOpdMaMa KOHEUHBIX aBTOMATOB, BBeJEHHOE
B § 2.4, B TepMuHax rpaoB mnepexonoB IOMYyCKaeT oOueHb
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MPOCTYI0 MHTEPNpPeTalyio: aBTOMAaThl H30MOPQHL OAKH IPYromy,
ecli OHH HMeT OIMHaKOBble rpadn, oTAHualollkecs, ObTb
MOMET, TOJNLKO 0003HaueHneM BepuiuH. Takum o6pasoM, 4as TOTo
yToGbl aBTOMaT M 3aMeHHTb H3OMOP(HLIM eMy aBTOMAaTOM, Halo
NpOCTO U3MEHUTb 00O3HaueHHe ONHON MM HECKOJBKMX BEpILHH.
AHanOruyHo, uTo6b MONYYHTb CeMeHCTBO NepecTaHOBOK aBTO-
maTa M, LOCTATOYHO MNepecTaBUTb OOO3HAUEHMS BEPUIMH BCEMH
BO3MOXHBIMH CNOCOOaMH.

2.6. Knaccudurauns COCTOAHHH M MOZABTOMATOB

Jlyra OTHOCHTeNbHO IaHHOTO COCTOAHHS, HANpUMep, 0;, MOXeT
OLiTb 3ax00Aueli B O;, €CK OHAa HanpaBleHa K O; 3 APYroro
COCTORHMS, WK ucxodsauweli U3 O; eCiM OHA HanpasBjeHa OT O;
K [IpYrOMy COCTOSIHHIO, WM
nemaseli, ecli OHa BBIXOIWT
3 0; U Bxoautr B o;. Ha
puc. 2.3 nokasaww 3TH Tp1 ‘A
THNAa IYT.

Cocrosiurie, B KOTOPOM OT-
CYTCTBYIOT 3aXOAfAILHE ¥ (HIN)
UCXOodlMe 1YTH, MOXeT OHTb
ONHUM M3 CMelyIoLI¥X THMOB:

(1) npexodaujee cocmosunue — COCTOAHME, KOTOPOE He MMeer
3aXOLAllMX AYT, HO HMeeT, MO KpaHHe# Mepe, OLHY HUCXOZALLYIO
IYTy; M3 3TOTO COCTOSHHS MOKeT OBITb OCYLIECTBJEH MNepexoi,
no kpalHe#t Mepe, B OQHO Ipyroe COCTOsSHHE, HO MOCJe BHIXOZLa
M3 3TOr0 COCTOSHHA, B Hero HeAb3sd MNOMACTb HH M3 KAKOro
apyroro; (2) mynuxosoe cocmossiie — COCTOAHHE, KOTOpOe He
COLEPXHT HCXOIFWKX OYyr, HO CONEPHHT, MO KpalHeR Mepe,
OIHY 3aXOAdllylo LYTy; B TaKoe COCTOSHHME MOKeT OHTb OCy-
WecTB/IeH nepexod, MO KpafHe#t Mepe, M3 OLHOTO Apyroro
COCTOSHMA, HO MOCJE Nepexola B 3TO COCTOAHHE H3 Hero Heqbas
OCYULECTBHTL Mepexold HM B OLHO ApYroe cocrosHue; (3) #30-
AUPOBAKKOE COCMOSAHUE — COCTOSHUE, KOTOPOE He COLEepIKHT
HU  33aXO0nquivX, HKM WCXOJAWIMX 1AYT; K3 TakKOro COCTOSHUSA
HeNb3s nepeiTH HKM B Kakoe APYroe W B HEro Hesb3s MOMNacTb
HW M3 Kakoro jgpyroro cocrosuus. Ha puc. 2.4 npusegen
aBTOMaT A2, B KOTOPOM cOCTOSHMS 1| ¥ 5 #BASIOTCA Npexons-

IMMHA, COCTOSHYMA 2 ¥ 4 — TYNHKOBLIMH, 3@ COCTOSHHE 6 — H30-
JHPOBaHHBIM.

Puc. 2.3. Tuom ayr.
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Jlioboe pa3buenrie MHOMXECTBA COCTOSHUH aBTOMaTta Ha 1Ba
uny Gosblliee YKCAO0 MOAMHOMECTB MOMET ObiTb, OUEBHIHO, Bbl-
MO/MHEHO MyTeM 3aK/AI0YeHHs MpelcTaBAeHHBX rpagoM NMepexonoB

(a/7)
IO (Vi)

b

— i

Sl i @/ 1V (BN 3/7)
Puc. 24. Asromar A2.

COCTOSIHHI KamIOro MOIMHOXECTBA B OTLENbHHH «NPAMOYTOJb-
HUK», paccMatpuBaeMuift kak nodasmomam. Ha puc. 2.5 u

Pue. 2.5. ApTomar A3.

B Tabmuue 2.4 npencraBieH aBTOMaT A3, MHOMECTBO COCTOSHMH
kotoporo S={1, 2, 3, 4, 5, 6, 7, 8, 9} pasgeneso Ha nox-
muoxecrsa S;= {1, 4, 7}, S,=1(2, 5, 8} u S§;=13, 6, 9};
Tp¥ TNOLABTOMAaTa, H306paxeHHble B BHIE MNPAMOYTOJNLHUKOB,
06o3HaueHbl Ha pucyHKe cuMsonamu S;, S; u S,
PaccMaTpuBas Kasabif MOJABTOMAT KaK OIHO «CBEPXCOCTOA-
Hue», MNpexondAllud, TYNUKOBHIK uAX H30JMPOBAHHLIK MOLABTO-
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Ta6auwua 24
Ta6anua nepexonoB aBromara A3
z, Syt1 z, Syt
% a [§] a ) Fv a 5] a [§)
Sy Sy
1 0 1 7 4 6 1 0 6 9
2 0 1 1 5 7 1 0 4 4
3 1 1 9 6 8 1 0 5 2
4 0 0 4 1 9 0 1 3 3
5 -0 0 7 4
1

MaThl MOTYT OBITb ONpele/eHbl TOYHO TaK e, Kak Npexoldllee,
TYNUKOBOE ¥ K30/KPOBAHHOE COCTOSHHME C 3aMeHOH cnosa
«COCTOSHHE» Ha C/OBO «MOAABTOMaT», uMeHHO: (1) npexods-
wuli noda8momam MOXHO NepeBecTH, NO KpalHe# Mepe, B OLMH
Ipyroft NOAaBTOMAT, HO OH HE MOXET ObTb LOCTMIHYT NOCJ/e TOro,
KaK ocTaBieH; (2) mynukossli nodasmomam MOXKeT OHTb
IOCTHTHYT, TO KpalHel Mepe, W3 OOHOrO ApYyroro NOLaBTOMAara,
HO He MOXeET ObTb MOKMHYT NOCJe TOr0, KaKk OH AOCTHTHYT;
(3) usoruposannsili nodasmomam He MOKET ObITbL LOCTHTHYT
HH ¥3 OIHOrO0 IPYroro MNOJaBTOMAaTa M He MOMKeT MPHBECTH
H¥ B Kakoi apyro#t nogasromat. I'pad mepexoldoB 4acTO MO3BO-
JSeT BU3yaNbHO ONpPENE/NHTb, COCTaBJSET MM OMNpeleNeHHOE MOA-
MHOXeCTBO MHOMXECTBA COCTOAHMH mnpexoaflui, TYNMKOBLIA
WIKX H30AMPOBAHHHIH nOZaBTOMAT, M, CJAedOBaTeNbHO, CAENaThb
3aK/aloueHHe 00 OTHOCHTeNbHOH JOCTYMHOCTH STOr0 MOAMHO-
KectBa, Hanpumep, u3 puc. 2.5 MOXHO Nerko 3aKAIOUKTL, UTO
S, — TynukoBHH# nodasToMar, S, — npexoAdwuH MOLABTOMAT,
a S;— M30/MPOBAHHLIA MOLABTOMAT.

Iycte G,(S;) 0603HauaeT MHOXECTBO BCeX COCTOSHMH aBTO-
Mata M, B KOTOpbIe MOXHO MONAcTb W3 JIOGHX COCTOSHWH MHO-
Wectsa §;={0;, 0;,, ..., 0; ) Npy nojaue Ha BXOL MOCNELO-
BaTeNbHOCTH LAMHB R uan MeHblie. B uwacrnoctd, Gy(S;)=S;.
MuoxectBo G, (S,) ectb ob6beannenne S; U Bcex COCTOSHHH,

YKa3aHHBIX B CTPOKaX 0. O, ..., O;  MOATAOMHUL S,

Tabaun nepexomos M. C apyro#t cropoun, G(S;) Moxer
ObTbL  onpeneneno nyTeM npocMoTpa rpada  MepeXOdoB
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apromara M. Ecau 3amano G,_,(S;), k> 1, 10 G4(S;) moxer
ObiTb ONpelefeHO W3 COOTHOLIEHHSA

Gk (Si)= Gl(Gk—-l(Si))' (2-7)

Ecmm G, (S)=G,_,(S) 10 Gy, (S)=0G,_,(S,) nna Bcex
HeOTPHLATENbHBIX LeAbX #; cleloBaTenbHO, U, (S;) cocraBaser
MHOXECTBO BCeX COCTOSHMH, B KOTOPbie MOXHO MONacTb 3 S,
eciM Ha BXOH4 TMOIaBaTb MOC/AELOBATENbHOCTH /0604 ILJMHBL
OnpeneneHrie 3TOro MHOXecTBa, 00o3nauaemoro npocto G (S)).
MOXET ObiTb Temepb OMMCAHO NMPH MOMOLIM ClelyIOLero anro-
pUTMa,

Aaroputm 2.1, JHawo S, nahtu G(S). (1) Ilycs
Go(S;))=3S,. Tlonaraem k=1. (2) Onpenensem G,(S)=
=G,(G,_1(5)). 3) (@) Ecan G,(S)+*G,_,(S;). ysenuuu-
BaeM k Ha 1 u Bo3spawaeMcs K (2). (6) Ecan G, (S,) = G,_(S)),
10 G, (§)=G(S)).

Ecin G, (S) % Gp_1(S), 10 Gp(S;) 10MKHO COLEPNKATb,
no KpaHnel wmepe, Ha O#MH 3jeMent Goabue, uem G,_,(S;).
Tak kak mowHoctb G, (S;) He MOMeT npesbiarh o6llee YHCIO 7

coctosnuft aBromata M, 10 G, (S))

Ta6auwa 2.5 pnonwxHo pasHatbes G,_,(S;) 1as

Aaroputm 2.1 k<{n—r- 1, rie r — MOILHOCTS
Aas aBromara A3 mHoxectsa S;. CnenoBaTenbHO,

H s ;= {5, 6) G(S)=0G,_,(S). (2.8)

B |0p(S)=0,(Cp_,(S))| OIto B8Haumt, uto aaroputv 2.1
Tpebyer He Oonee ueM n— r ure-
pauuit nywkra 2. Tabauua 2.5 ua-
JIOCTPHPYeT TpPHMEHEHHE a/irOpPUT-
Ma K aBtoMary A3, usobpaxen-
HOMY Ha puc. 2.5, 13 S; = {5, 6},
kotopu#t maer G (5, 6)={1, 3, 4,
5, 6, 7, 9}.

Ecau S; cocrour us omHoro cocrosuus o, 10 G (0;) HasH-
BAeTCH 0;-00CMUNCUMBLM MHOXCECMBOM W TpelcTaBaseT coboH
MHOXECTBO BCeX COCTOSHWH, B KOTOpHe MOXHO MONacTb M3 CO-
CTOSHUS O;.

Teopema 2.2. ITycme 0, u 6;— 084 cOCMOARUA 8 a8mO-
mame ¢ n cocmoanuamu. Ecau o; 8000uje 0ocmusicumo u3 o;,

mo ono docmudcumo npu nodade 8x00HOH nocaedosamens-
Hocmu Qaunoli He Goaee n— 1.

b O
o=
= Y=Y=
N
©0©

——b o0
Lo

W —O
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Horxasamenscmso. Ilpu S; = {0;] MOWHOCTb 7 -MHOMXeCTBa S,
paBHa elKHHUe W BhpaxeHue (2.8) nmpuHumaer BHI

G(op)=0G,_,(9)). (2.9

AT0 03HAYaeT, 4YTO O;-LOCTHIKUMOE MHOMXECTBO SBJSETCH MHO-
HECTBOM BCeX COCTOSHMR apToMata M, HZOCTHWKHMBIX M3 0; MpH
nojgaye BXOAIHOH MOC/AeIOBATENbHOCTH IJKHHH H — | WX MeHblle,

Ecan 13BecTHO, YTO Haua/bHOe cOcTOsHMe aTomarta M npu-
HALJEKHT HENyCTOMY MHOXeCTBY S;, KOTOpOe COCTaBjseT TyMH-
KOBLH WAM H30JAMDPOBaHHHI mnozaBTOMat, To M MOMHO ympo-
CTHTb TNYTeM HCKJIOYEHHs BCeX COCTOAHHMH, KOTOpHe HE NpH-
HAQ/MEKAT MHONKECTBY S;, W BCex Ay, HAUYMHAIOWIKXCH B ITHX
cocTosHuax. [TonyueHnsI aBTOMAT XOTA 4 He 0693aTeNbHO ABAAETCS
a1eKBAaTHHIM MpPeICTaB/eHHEM MCXOLHOR CHCTEMH BO BCE MOMEHThHI
BpeMeHH, HO alJeKBaTeH eH B CMbiC/e NOBeleHHSs B Gy0yuen.
310 BHTEKAeT 13 TOrO, YTO MCKJAIOYeHHbie COCTOSHUS HHMKOrLa
He MOTYT OHTb JOCTHFHYTH M3 HAuaJbHOrO COCTOSHMA, H, cle-
IOBaTeNbHO, OHM B HAHHOM cJyuae H3auluHu. Hanpumep. ecau
M3BECTHO, UYTO HauaJbHHM COCTOSHHeM aBTOMaTa A3, u300pa-
MEHHOro Ha puc. 2.5, gBaserTcs cocTosHHe 1, TO TOUHBLIH aHaau3
nosegeHud asToMata A3 B OynylieM MoxeT ObIThb NMpOBeleH,
HeCMOTpsl Ha- To, uYTO cocrosuug 2, 3, 5, 6, 8, 9 u HauuHalo-
decA B HMX Ayrd OyAyT MCK/IOueHbl M3 rpada nmepexolos.

2.7. PasnoxeHne aBTOMATOB M paculenjasgeMblii aBTOMAT

[Iycts H,(S;) 0603HauaeT MHOXECTBO BCEX COCTOSHHM aBTO-
Mata M, CORIMHEHHBIX C COCTOSHUAMH Sl={oil. Opp v oo oir}

MOCPeNCTBOM 2 MAM MEHblLero uucaa Iyr, NpHueM HanpaBJeHue
AYr HecyulecTBeHHO. B wactHoctd, H(S;)=3S,. MuoxectBo
H\(S;) ects obberunenne S;-cocTosHMM, pacnonoKEHHBIX
B CTPOKax 0;, O, ..., O; S,,1-NO0ATabuUbL Tabauupl nepe-
Xonos aBTomata M, M cocTosHH#t OCHOBHOTO cTO/6UA TaGAUUM
Nepexon0B, COOTBETCTBYIOIMX CTPOKAM S, ,-MOATAGANLb, B KO-
TOPbIX eCTb Kakoe-nM60 cocTosHMe M3 MHoxecTBa S;. C apyroft
cropousl, H,(S;) MOXHO CcOCTaBMTL nyTeM npocMoTpa rpada
neépexonos asromatra M. Ecam 3amano H,_,(S))., k> 1, 10
H, (S,) MoXeT 6bITb ONpenefeHO M3 COOTHOLIEHHS

Hy(S)=H (H,_{(S)). (2.10)
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Ecmw Hp(S)=H,_,(S), 10 Hy, ,(S)=H,_,(S;) ana Bcex
HeOTPHLATENbHHX LeAWX X M, cjenosatenbno, H,_;(S;) cocra-
BASET MHOMECTBO BCeX COCTOSHMH, CBA3aHHHX ¢ §; uembio
pebep !) awboli daunst. OnpegeneHue STOro MHOxecTBa, 0060-
3Hayaemoro mnpocrto H(S;), moxer OHTb Tenepb ONUCAHO MPH
MOMOLLK CJeLYIOWero aaropuTMa.

Anroputrm 2.2, [Hawo S,;; tpebyercs Halttu H(S)).
(1) Oycrs Hy(S)=3S,. Tlonaraem k=1. (2) Onpenensem
Hy(S)=H (Hp_1(S))- (3) (a) Ecnu Hy(Sy) + Hy_1(S)), 10
yBeJqMuUBaeM k Ha eIWHULY W Bo3spawaemcs k (2). (6) Ecau
Hy(S)=H,_,(S), 10 Hy(S)=H(S)).

[Ipu noMoly apryMeHTOB, aHaJOTHYHBIX TeM, KOTOphle OBIHK
ACNO/L30BAHN 148 aaroputMa 2.1, MOKHO MOKas3aTbh, YTO afro-

put™M 2.2 Tpefyer He Gonee n—r

Ta6auna 26  yrepayup nynkra 2, rie # — mou-

Aaroputm 2.2 HOCTb MHOXeCTBA COCTOSHUH S aB-

aag A3 u S;={1,4) Tomara M, a r — MOWHOCTb MHO-
wectBa S;. Ta6mua 2.6 wuamo-
e |He(S))=H (Hy_,(S))| cTpupyer npumeHeHue 3TOro anro-
puTMa 1215 aBTOMaTa A3, H306paxeH-
Horo Ha puc. 2.5 nas S;= (1, 4],

Yl Td s H(1, 9=(1, 2. 4, 5,7, 8}.
2| 124578 ABTOMAaT WM MOLABTOMAT, KO-
3 1,2,45178 TOpLIl CcOdepkUT IB3a MAU 60/b-

ee YUCAO M30JMPOBAHHEIX MONAB-
TOMAaToB, OylIeM Ha3hHBaTb Pa3.o-
oumuM. PaHee YNOMHHANOCL, UTO ecaud S; COLEPKHUT elHH-
CTBEHHOE COCTOfAHMe O;, TO K (0;) cocraBaser MHOXECTBO
BCeX COCTOSHMHA, COelMHEHHHX C O; MOCPeICTBOM ueMleit pebep
mo6o# nauHe., Cnenosatensto, ecau /(0;) % S, 1o H(0;) co-
CTaB/AET HEPa3/IOKUMBII H30MMPOBAHHK it MONaBTOMAT aBTOMaTa M,
Ecnau H(0)=3S, T0 MOXHO 3aKMouMTb, uTO aBTOMaT M He-
pasnoxum. Tenmepb MOKHO OMUCATh METOL MONYUEHHS MAKCU-
MGABHO20 DPA3/IOMEHMS aBTOMaTa, T. €. MeTOl pas/OoxeHus
aBTOMaTa Hd MAaKCHMalbHO BO3MOMXHOE UHCJIO H30JMPOBAHHBIX
M0IaBTOMATOB.

Anaroputrm 2.3, OnpenefeHne MaKCHMaJbHOTO Pa3fioxKe-
HUS 3agaHHOro aBToMara M ¢ MHOMeCTBOM CocTosnult S.

1} Jlyra — HanpaBaeHHOE CcOefiHHEHHe, pelpo — HellanpaBJeHHOe
cOsliMHeHue AByx BeplinH rpada. ([Tpun. nepes.)
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(1) Ilycrsb §,=3S. TIlonaraem k=1. (2) Bubupaem mwo6oe
COCTOSIHUE H3 S,,. Hanpumep O, U onpenensem H (o, ) MHoxe-
CTBO H(olk) MHOXECTBO COCTOAHMH R-r0 U30JAUPOBAHHOTO MOI-
apTomata astoMata M. (3) (a) Ecau H(a,l) U H(joi2) u...

.U H((’i,,) # 8, TO nonaraeM, 4T0 S,,; COLEPKUT COCTOSAHHS
MHOXKeCTBA S, He COLepKallliecs B H(all) U H(al2) Uu...u H((’i,,)-

VBenuunBaeM KR Ha eIMHMUY M Bo3BpaulaeMcs Kk (2). (6) Ecau
H((’il)U H(0¢2)U ..U H(oik)zS. TO NOLAaBTOMATH, ONpe-

nenseMble MHOXECTBaMH H(oil), H(oy), ..., H(oik), npen-

CTaBAAIOT MaKCHMa/lbHOe pa3noxenue astoMata M. B wuacr-
octu, ecnn H (0, )=S, To aBToMaT M Hepasnowum.

AnroputM 2.3, KOHeuHo, He o0O6si3aTe/lieH, eCJAd aBTOMAT
3agaH B Bule rpada. OQHAKO OH HYKeH, KOTAa MaKCHMajbHoOe
pas3nomeHHe HalO MNpoBecTH 6e3 MCNONL30BaHusA rpada, Hanpu-
Mep Npd NMOMOWM UUPPOBOH BHUUCAMTENLHOH MAIUMHH.

IBa uau 60Jbluee uyUCAO ABTOMATOB HA3HBAIOTCH CPABHU-
MbiMUu, eCAM OHM HMEIOT OIMHAKOBble BXOIHHE angaBUTHI.

Itycts M|, M,, ..., My —cpaBHUMble aBTOMaTH, MNpeicTa-
Bagiolte N pasnuuHHX CHCTeM, M NycTb M — aBTOMAT, KOTOpHI
COCTOMT M3 H30/MPOBaHHHX nozaBroMatoB M,, M,, ..., M.
M HasnhBaeTCs  pacuenifemulm  GBMOMAMOM  aBTOMATOB
M, My, ..., My un obosnauaercs tak: A(My, My, ..., M)
Ilpu 3aganHbx Tabauuax nepexonoB M,, M,, ..., My tabauna
nepexonoB A(M;, M,, ..., M,) Moxer GHTb NMOCTPOEHA Cle-

dyownm oGpasom. (1) Ilepeo6GosHauum cOCTOSHUA aBTOMaTa M,,
€CM  HeoOXOOMMO, TaK, UYTOGH He OLJIO B OLHOM M TOM Xe
dBTOMAaTe UAM B ABYX pa3NMuHHX aBTOMAaTaX ABYX COCTOSHMH,
0603HaueHHBIX OAMHAKOBO. (2) 3anuiueM cTpoku Bcex N Tabmuy
NocnenosarenbHO B OAHY O6LLyI0 Tabauuy; 3Ta Tabauua fBASeTCS
TabauueRt nepexonoB astomata A (M, My, ..., My). Ecau
M; onpenenenn rpadamu, to rpad nepexonos A (M, M, ..., M)
HB.’lHeTCH NpocTo O0beluHeHMeM BCeX OTAeNbHHX TpadoBs, co-
CTOAHUS KOTOPHLIX MOTyT GHTb NMepeHyMepOBaHH B CaAydae Heo6-
XOAMMOCTH B COOTBETCTBMM € YKa33aHHBIM Bhllle NPaBHJOM.

[lonsTHo, uyTo pacwennsemu#t asTomar A (M;, M,, ..., My
H, clleloBaTenbHO, KamaHH aBTOMat, coLepxkalluift psan noa-
aBTOMATOB, OnpelefeHHbIX TaK ke, Kak M;, M,, ..., My, Moxer

PaccMaTpuBaTbCcs Kak «cucTeMa», KOTOpas ecTb aBToMaT M, wau

4 A. l'man
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Puc. 2.6. Asrtomar A4.

4

@/

(2

(5/7)
Puc. 2.7. Astomar A5.

B9
Puc. 2.8. Aptomat A (A4, A5).
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aproMat M,, ..., unmu astroMar M,. DTa MHTEpNpETalUUd OCHO-
BLIBAETCS HAa TOM ¢pakre, uto ecam A(M;, M, ..., M)
1aXOIUTCA B COCTOSHMM O,, TpHHal/AexallleM MoaaBToMaty M,,
0 A(M, My, ..., My) HuKoria He MOXET NepeHTH B Kakoe-
nubo cocrosnue nonasTomata M;, rae j={, Tak Kak M, u
M;— IBa M30MPOBaHHHX noLaBTOMata. [loBeleHue aBTOMara
A(My, M, ..., My), Haxonsiuerocs B COCTOSHUM O,, COBNalaer
MO3TOMY C NOBeleHHeM aBTomata M, Haxoasllerocs B cocTof-
nuu O,. CnenoartensHo, abroMaT A (M, M,, ..., Mp) moxer
6LITb MpeiacTaBjeH asToMaToM M, uiau aromatoM M,, ..., uam
aBTOMaToOM My, B 3aBUCHMOCTH OT HAYAIBLHOTO COCTOSHHS.

B kauectBe npumepa puc. 2.6 ¥ Ta6audua 2.7 npencTaBAsIoOT
aptoMaTr A4, a puc. 2.7 u T1abamua 2.8 — apromatr A5. Pac-
LlenaseMbii aBTOMaT, cocTaBJeHHbH u3 aBromaToB A4 u A5,
A (A4, A5), npencranen Ha puc. 2.8 u B tabmuue 2.9.

Ta6aupga 2.7 Ta6bavnuma 2.8
ABromat A4 ABromat A5
Zy Svti1 Zy Sv+i
v a B (al| B v a B (a]|Rp
s’V s’V
1 10132 1 |0 |1 |3(4
2 |1 ]0]3|2 2 |11 |1]2
3 0|0 1 {1 3 olo| 4|4
4 1 0] 2](3
Ta6anya 2.9
ABtoMat A (A4, A5)
Zy Sv+1 Zy Sv+1
v a B a B v a B a 8
Sv sv
1 0 1 3 2 5 1 1 4 5
2 1 0 3 2 6 0 0 7 7
3 0 0 1 1 7 1 0 5 6
4 0 1 6 7
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2.8. Marpuua nepexonos!)

Matpuubl nepexolOB ABJAAIOTCA MaTeMaTHuyeckofl komueft
rpagoB NepexoioB; OHM JAIOT BO3MOXKHOCTb (OpMaAU30BATL PAL
onepauu#t, KOTOphHe Ha rpacde nepexogoB MOryTt OblTb BbINOJ-
HeHH BM3yaJbHO. MaTpulubl NepexoIOB NOSTOMY HMeIOT Tpe-
MMYLIeCTBA B TeX CJyyasx, KOrAa 3TH ONepauMH He MOryT ObiTb
BBIMIOJIHEHB!  YE/IOBEKOM-HCCAe0BaTeleM M, CJ1edOBATEe/bHO, He
MOTYT ObITb BBHIMOJHEHH BH3yaJbHO MM KOria rpad mepexonos
HaCTO/MbKO CJOMKEH, 4TO HCMNOJb30BAHHE BH3YaJbHOR METONMKH
6ecnonesHo.

Hna asromara M, nMeiollero n COCTOAHHMH, MarpHua mepe-
XOLOB COCTOMT M3 n CTPOK H n cT0oa6uL0B M 0603Havaetcs [ M].
Ilycts {0y, Oy .:., G,) — MHOXECTBO cOCTOSHMH aBTOMaTa M
M mnycte b,; o6GosHayaer ayry rpapa nepexonos asroMara M,
HANpaB/eHHYI OT O; K o, JaeMeHT (I, j) (1. e. comepxumoe
KJAETKH, pacnoNOKeHHOH Ha mepecedyeHUH [-B CTpOKH H
j-ro cronbua wmarpuun [M] o6osHauaercs €;; M onpele-
afeTcA Tak:

b, ecnu b;; cylecTByer,
e,,:[ 2 4y @.11)

0, ecan b;; He cyweersyer.

Ias scHOCTH OOBIYHO 0603HaYeHHEe R-TO COCTOAHHA O, TPHIH-
CHIBAIOT k-#1 cTpOKe M k-My CTOAOLY M Ha3BIBAIOT HX «CTPOKA Gp»
M «cToabel, O,» COOTBeTCTBeHHO. DBoipaxenue (2.12) usobpa-
’KaeT MarpHly TmepexomoB asToMata Al, 3amzaHHOrO B BHIe
rpada Ha puc. 2.2.

[Al]=
1 2 3 4 5
17 (:/0) (d/0)V (n/0)V (A/0) (u/0) 0 0 7
2| (/0) (d/0)V (n/0)V (u/0)V (A/0) O 0 0
= 3| (/0 (d/0)V (#/0)V (1/0) 0 (n/0) 0 .|
4| (n/0) 0 0 (n/0)V (u/0)V (A/0) (d/0)
51 (zi/1) 0 0 (n/0)V (1/0)V (A/0) (d/0)_|
(2.12)

'y Marepuas, oOTHOCAmuica K MaTpHUaM NEPEXONOB, HaCTHUHO
6asupyetca Ha pa6ote Xona, Cemy, Aydenxamna (F. E. Hohn,
S.Seshuand D. D. Aufenkamp, The Theory of Nets, J. R. E.
Trans., vol. EC—6, pp. 154—161, 1957).
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Ecin p — MOLIHOCTD BXOAHOTO aidgasura aBToMara M, TO
Kaxnaas CcTpoka B [M] 10MxHAa codepkKaTb TOYHO p map BXOI-
BBIXOH, TIpHYEM Kaxaasa TMapa MMeeT BXOLHOH CHMBOJ, OTJHUYHbLH
OT BXOIHOTO cHMBOJMA nMwGoft aApyroft napel. Jlyru, saxonsuine
B COCTOAHHE G, PEACTABAAIOTCA HeAMAr OHAMbHBLIMH 3/1eMeHTaMu 1)
cron6ua G,; 1yru, HCXOAALLMEe M3 COCTOAHHSA Op, NMpPENCTaBAAITCA
HeIMArOHaNbHLIMH 3/EMEHTAMH CTPOKHM Op; MET/IA COCTOSHHA Oy
NpeICTaBAfeTCA IMarOHaMLHHIM 9JEMEHTOM B CTpPOKe G, HJH
cronbue o, CrenoBaTenbHO, eClH O, — Nepexolsllee COCTOA-
HHe, TO BCE HeIMaroHajbHble 3JEMEHTH B cTOA6UE O, (HO He
B CTDOKE Op) paBHB HYJIO; €ClH Op — TYNHKOBOE COCTOSHHE,
TO BCe HeIMaroHa/lbHble 9JeMeHTH B CTpoke 0, (HO He
B CTONM6UE Op) paBHbl HYJIO;-eCMH G, — H30JHPOBAHHOE COCTOA-
HHe, TO BCE HelMaroHa/qbHble 3/EMEHTBl B CTPOKe O, M CTOJOLE O,
paBHBI HYIO,

Ecau Sz={011- Gy - -+» 0; ), TO ompeleieHtoe B § 2.6
MHOxecTBO G (S;) mpencrasaser co6oft o6beinHenne S; u 060-
3HayeHH#t CTON6LOB, B KOTOPHIX 9JeMeHThl, TpHHalexallne
CTPOKaM Gy, G, ..., O; , He paBHb Hymo. OnpelreneHHoe
B § 2.7 mHoxectso H(S,) npeicrasaser co6oft o6benuHe-
Hue S, 0603HaueHHH CTONGUOB, B KOTOPLIX 3JEMEHTHl, MPH-

HAaLJeXallHe CTPOKAM O;, Oy ..., 0;, He DaBHH HYyMI0, H
0603HaueHU CTPOK, B KOTOPBIX 9JeMeHTH, TNpHHAIJEKALINE
cronbuaM o, G, ..., O;, He pasHbl Hymo. Hampumep, u3

marpuubl [Al] acHo BuaHo, uro aaa aeroMara Al Gy (1, 2)=
=1, 2, 3} u H; (4, 5)={1, 3, 4, 5}. Takum o6pasom, acHo,
YTO MaTpHla MNepexolOB ABJAETCA YAOOHBIM MHCTPYMEHTOM IJf
BLINOJHEHMA anaroputMos 2.1, 2.2 u 2.3,

Ina Ttoro urto6bl ONpereNHTh, COCTaBAAET JH MHOXECTBO
Sl-(ol.l, iy -+, 0; ) Tpexolaunil, TYNMUKOBBIH MW H30AHPO-
BAHHLIt TNomaBTOMaT aBToMata M, Hamo CTPOKH M CTOJ6ULI
Matpuubl [M] nepecTaBHTh Tak, UTOGH CTPOKH M CTOAGUBI
;s O - -y O; BAHAMM COCENHHE TMONOKEHHMS, HAUHHAA C mep-
BOH# CTPOKM M MepBOro croabua coorsercrseHHo. Kak mokasaHo
B (2.13), sra mnepecranoBka Aeaut Marpuuy [M] Ha ueTwipe
noaMatpuusl [My], [My], [Myl, [My), npuuem cTpokamu u

') InaroHanbHubIf 9aeMEHT MATPHIB — 3TO 3aeMeHT (i, ), rae { = J,
HenuaronanbHuft anement MaTpHUB — 3TO 3jeMeHT (i, J), rae i =% J.
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cToabuamu [ M;;] ABASIOTCA CTPOKM M CTONAOLBI O;» Opps vy O;

Oy Oy evn O
o, ! T
0’(2 %
. [My] : [My]
[M] =" (2.13)
[My] [My]

O603Hayas MaTpHlly, BCE 3/JeMEHTH KOTOPOH paBHBL HYMIO,
yepes [0], MOXHO CIeNaTb BBIBOL, 4TO S, COCTaBNAET npexo-
asuit nogastomar, ecan [My] =1[0], a [M;,] 0, Tynuxosbit
noxasToMat, ecad [My]=1[0], a [My] # 0, n usoauposaHHbIN
nosasToMat, ecay [My]=[My]=1[0]. B (2.14) npencrasnena
MaTpHlua nepexoloB asToMaTa A3, M306pameHHOro Ha puc. 2.5,
B KOTOpOH CTPOKM M CTONOLB MepecTaBAeHbl Tak, 4YTOOLI Bbl-
Zenuth TymukoBb#t momastoMar (1, 4, 7}, npexomaum# noxn-
aproMar (2, 5, 8} u wusonuposaHHhiit momasTomar (3, 6, 9.

[A3] =
1 4 7 2 5 8 3 6 9
1~ 0 @) (@0: 0 0 0 0 0 0 7
4/ B/0) (0 O i 0 0 O 0 0 0
71 0 (@LV@o 0 i 0 0 o 0 0 0
2| (a/0) 0 0 0 (B/1) 0 0 0 0
=5 0 B0 (@0 0 0 0 0 0 0
8 o0 0 0 :(B/0) (a/1) O 0 0 0
3l o 0 0 0 0 0 0 @®/1) (/1)
6| 0 0 0 i 0 0 0 0 @/1) (B/0)
9l o 0 0! 0 o oi@overn o o |

(2.14)

Ecnmu S, coctaBaseT TYNMKOBHIR MAM M30JAMPOBaHHHHA MOI-
aBToMar, TO [My]=1[0] #, caenoBaTenbHO, Kawias CTpOKa
B [My;] colepXHT BCe p MNap BXOA-BbIXON, lle P — MOLIHOCTb
BXOAHOro aadasuta. Ymanus [My], [My] u [My] uns [M],
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noayuuM Marpuuny [My;] pasmepoM 7 X 7, KOTOPYI MOXHO
TPaKTOBaTb KaK MaTpHly, TpeLCTaBJAIOLULYI0 He3aBUCHMBIN
asroMat M;; ¢ I COCTOSHHAMH, HMEKLIMA TOT Xe BXOxHOMH
andasut, uro u M. Orciola clelyeT TO Ke 3aKJIOYeHHe, KOTO-
poe 60 noayyeHo B § 2.6: ecau aBTOMaT HaxoIMTCA B CO-
CTOSHHH, TIpHHALJEKALeM TYMHKOBOMY MM H30JHPOBAHHOMY
NONABTOMATy, TO BCE COCTOSHHA, KOTOpble HE TpHHAIJeKaT
9TOMY TOIABTOMATy, M BCE AYTH, UCXOHfIIHE K3 ITUX COCTOA-
HURl, MOTYT OBbITb HMCK/IOUYEHHI.

2.9. Marpunsl nepexooB BLICHIEr0 mopsika

[TocnenosarenbHOCTL R AYyr, KoTOpas B rpade NMepexonos
BeleT M3 OIHOrO COCTOAHHA B ADYroe, Ha3bIBAETCA RymeM,

k
k HasbiBaeTca d.auxof MYyTH. P(U) 0603HayaeT MHOMKECTBO BCeX
nyrefl AAuHBl R, KOTOPbIE BeNyT M3 COCTOAHMA O; B COCTOA-

1
nue Oj. MHOXeCTBO P(l} KOTOpPOE COCTOMT M3 OIHOW 4yr,
1
Bedylle M3 O; B O, OyieM oGosHauarb m;;. Ecam P(l,) nycTo

(T. e. eC/M HM OIHAa Nyra He BeleT M3 G; B O;), TO €My NpH-
naetcsl 3HayeHue O (Hyb).

[Tyte nauubl kR, npeictaBasioluft coGOH YNMOpALOYEHHYIO
NOCAENOBATENBHOCTb YT Ty, Ty 1y voes T,y (PHC. 2.9),

CUMBOJINYECKH H306pa>|<ae’rcn YNOpAILOYEHHBIM MNPOU3BEAEHHEM

oo

Puc. 2.9. Mytb 7, m;, ... @
y by p_

o

g, gy voe Ny [TockoabkKy HecylllecTByOllad Ayra no
ONpele/ieHHID COOTBETCTBYET HY/MEBOMY COMHOXHTEN, TO, €C/H
XOTa Gbl 0JiHa Ayra Ha MYTH, CHMBOJHYECKH H300paxkaeMoOM Bblllle-
NpUBeIeHHbIM NPOU3BEIEHHEM, He CYLIeCTBYET, TO BCe NPOU3Bele-
HUE CTAHOBUTCS paBHBIM Hymo. MHOXecTBO nyTeft 3anuchiBaeTcs
KaK HeynopaLoueHHasd CYMMa NPOHM3BeleHHH; KaxA0e POoU3BeleH e
NpeACTaBAdeT JeMEHT 3TOrO MHOkecTBa. TakuM 0Opa3oM,
(k) n n n
Pij 212—1 12_1 Y T Ty gy - T (2.15)
1= 2-

lpey=
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rae Hy/neBble KOMIMOHEHTbHl MHTEPTIPETHPYIOTCA KAK HECYLIECTBYIO-

liiMe MYTH.
Jlemma 2.2,
(B +1
Py = E JTlupuj- (2.16)
Horaszamenscmso. TlpuMenss (2.15), nonayuum:
n n n n n
Zﬂlupu}—zniu{ Z 2 nullnlllz"'nlk_li}=
u=1 =1 =1 [=1 po1=1
n n n n
=22 2. X My My emy, g (2.17)
- — k-1
u=11i=11=1 I =1
3aMeHas MHAeKC 4 Ha [; W wHAekcew [,, h=1, 2, ..., B —1,

Ha [, TOTyYHM:

n

n n

(B) __ \ (k+1)

ZmuP =2 2. Doy, =P (2.18)
=1 l,=1 lk-..—.l

Jina aBTOMAaToB ¢ n COCTOAHWAMM Mampuya nepexodos

Tk
k-20 nopsaoxa o603Hayaercs [M]” M COCTOMT M3 1 CTPOK M
n croabuos, 0GO3HaueHHBIX TaK ke, KaKk M B Matpuue [M].

Dnement (i, j) marpuus [M]™® o6oanauaercs e(l’;) M onpene-
AAeTCA TakK:
e‘,’j’ = P{j. (2-19)
Oas k=1 uMeem:
) = Pl =m;. (2.20)
[/W]“’ anuciBaerca kak [M] M Moxer 6bITh, IONyYeHa U3 [M]
nyTeM 3aMeHB KaxXIOro HeHyneBOro 9sJaeMedta (I, j) B Ma-
Tpuue [M] Ha L7
YMHOXeHHe MaTpHl, TNepexolOB BHICLIEro MOPsAAKAa ompele-
aserca  caeaywouiuM o6pasoM. Ecau [Z] uMeeT ajeMeHt (I, J),
paBHbBIt _a,;, [E]—anemem (¢, 7). paBHbift bij M [5]
[A][B]—anemem (¢, 7). paBHblft €;j M eCAM Kaxias M3

9THX MaTpHl aABAfeTcs KBanpaTHo# (n X n)-Matpuue#t nepexo-
IOB BHICLIErO MOPsAKa, TO

n
¢y =u§_]1 1,by) (2.21)
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YMHOXeHHe 3/1eMeHTOB a;, M b,; (kaxiblit u3 HHX B oOlieM
clyyae npercTaBaser cymmy npousaeneﬂuﬂ 1)) accouMatmBHO H
OUCTPUOYTHBHO 110 OTHOLIGHHIO K CJAOMKEHHID, HO HE KOMMYTa-
THBHO. TakuM 06pa3oM, YMHOXEHHE MAaTPHIL MePeXOA0B BbICIIKX
NMOPAILKOB aHAJOTMYHO YMHOMXEHHI OOBIYHBIX MATPHL, 33 HCK/IO-
yeHHeM TOro, 4YTO MOPANOK COMHOXHMTeNeH B KaXIOM NpOH3Be-
deHuH @b, BOnxeH ObTb COXpaHeH, T. e. @;b,; He sKBMBa-
NEHTHO b, ;0;,.

JlemMma 2 3.
(M = [ (M. (2.22)
Horxasamesascmso. Us (2.19), (2.20) u (2.21) caeayet, uro.
sfeMeHT (£, j) TpoW3BeleHHs MaTpHL [/W][A_'I](k’ ABJAETCA CYM-

n
Mot 2] muP(uk}. Ouaxako, cornacho (2.16) u (2.19), sto — 3e-
MEHT e<’§+1) YTO NOKAa3HIBAET JEMMY.

Teopema 2.3. Jaemenm (i, /) mampugs [M]*, k=
=1, 2, ..., A849emca MHoNecmB80M Bcex nymell Oiunsl k,
8edywux U3 COCMOAHUA O, 8 COCMOANUE O; 8 asmoname M.

orxazameabcmso, TeopeMa 5KBHBA/NEHTHa YTBEDXKIEHHIO,
yto [M]® = [M]*. Ina k=1 310 paBeHCTBO CNPABENIHBO TO
nocrpoenno. EcCAM papeHCTBO cnpaBelanBo aaa k=~h, TO
u3 (2.22) nonyvaem:

[M](h+1) [M][M](h)_[M][M] [M]h-H'. (223)

[To MHIYKUMM C/lelyeT, 4YTO YKa3aHHOe PAaBEHCTBO CMpaBelJIHBO
ana awboro k> 1.

TeopeMa 2.3 NOKa3LIBAET, YTO MHOXKECTBO BCeX NMyTeH AAUHM &,
BeAYIIUX M3 OLHOrO COCTOSAHMA B APYroe, MOXeT OHITb NMO-
CTPOGHO CHCTEMAaTHYeCKH TIyTeM BO3BEleHHA MaTpuubl [ M]
B k-0 CreneHb. HMxHMe HMHIEKCHI COdepKAUIMXCA B MATpHle
nyTefl COOTBETCTBYIOT AyraM, U3 KOTOPBIX COCTaBJEHbl 3TH MYTH.
O6paiaach ¥ rpady MM MarpHue MepexodoB, MOXHO ompene-
AUTb 0603HaueHMA STHX Ay, a CJAeIOBATENbHO, H COOTBET-
CTBYIOILME MNyTAM BXOIHble M BHXOIHblE MOC/AeNOBATEAbHOCTH.

Hanpumep, (2.24) sapaserca marpuuefl nepexofoB MepBOro,
a (2.25) — marpuued nepexodOB BTOPOro Mopsika aBTomara Al,

'} Takue npoussesenua B NajdbheHImeM HA3HBAIOTCA WIEHAMH 3Je-
MEHTOB MATpHlul. ([71punm. nepes.)



58 TABJIMLIBI, TPA®BL U MATPULB MEPEXOAOB [TJL. 2

3ajaHHoro wMarpuuel mnepexomos (2.12). UMz (2.25) swuano,
B YaCTHOCTHM, YTO HMeEITCA IBa MYTH AJAMHON 2 M3 cOCTOAHHMsA 3
B COCTOAHHE 2, a MMEHHO Tiq Ty W TgyTlyg, M HET MYTH AAHMHON 2
M3 cocTosHuA 2 B cocrosHue 4 uau 5. M3 (2.25) u (2.12) Takxe
MOXHO 3aK/IOUUTb, YTO B COCTOSHHE 2 MOMKHO MOMAacTb M3 CO-
CTOSIHUS 5, eCAM TOIaBaTh BXOAHblE TNOCMEAOBATENLHOCTH mid,

HAH 7in, WM TA.
1 2 3 4 5

1Ty 7y ms 0 0 7
2|y my O 0 O
[Al]=3| my 7y O my O |, (2.24)
4|, 0 0 my m,
S5lmy; 0 0 my m5
1 2
LT 77ty - Toflyy - Talyy TuiTlyg 1 TaTlyy - Ti37t5
2 Ty Ty —+ TgeTlyy 1Tl + TgTlyy
[A1]2 =3 | 7570y + TgoTyy 4 3,70y T317lg + Tl
4| T A TagTlyg - Tyt L AELIP)
5 1L TgyTy; - TggTlyy + Tss7sy 51709
3 4 5
71Ty 13Ttz 0 1
T3 0 0
317013 T3Tlyy T37ly5 - (2.25)

Ty Tygllyy - TsTlsy Tyt - Tyl
TsiTg  Tsgllyg + TsgTlsy  TsaTlas —+ TssTlss

2.10. daemenTapHbie nyTH

Myt w, m ... %y, j. BEAYUWMA M3 6; B O HasbBaeTcH
sreMmenmapuuin nymex (LAWHBL k), €ClTM HHIAGKCH [, [,
ly, ..y lp_q1 J pasamunbl. OH HASKLIBAETCA S48 MEHMA PHOLM KOK-
myposm (anvHb R), ecanm wHmekcwl [, Iy, Ly, ..., [,_, pasnuuHwl,
a {—j. Takum 00pa3oM, 9JCMEHTApHLI! MyTb (S7eMEeHTAPHBIR
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KOHTYD) fBJAETCS pPasOMKHYTHIM (3aMKHYTHIM) TIyTeM, KOTOpbI#t
HE TPOXONMT HH 4Yepe3 OLHO COCTOAHMe GoJee OLHOrO pasa.
Or1ciona nMeem:

Jemma 2.4. B asmomame ¢ n COCMOAHUAMU OAUHQ
JAeMEHMAPHO20 nymu He Moxcem Obvimb Ooabwe n—1,
Q@ OAUHG 3NEMEHMAPHO20 KOHMYPA He MOMHem Obme
6oavuie n.

[lyts, He ABAAIOIWMACA 3JEMEHTapHbIM, Ha3blBaercs #364.-
mounsim, B cnenywouiem mnaparpadpe OyAyT pacCMOTpPeHBl He-
KOTOpble 3alayd, B KOTOPBIX NpeICTAaBAAIOT HHTEPeC TOJBKO
3/ieMeHTapHbie NyTH. B cayuyae, korza 3TO uMeeT MecTo, BCe
UMCHBL Ty T g ... %y, j» Y KOTODBIX He BCe MHIEKCH [, L,

Ly, ..., ly_y, J DasanuuHbl, MOryT OBITb HCKJIOUEHBl M3 MaTpHLBI
nepexonoB k-ro mopsaka [M]*; monyuaemas npu Takom MCKJIO-
yeHMH MaTpHua o6osHauaercs Tak: [M’|®), Dnemenr ({, j) Ma-

tpuubl [M’)® npeacraBager co6oit MHOXECTBO BCEX 3/EMEHTap-
HHIX TyTeH N/MHBL k, Belyllnx W3 O; B O0; B aproMate M.

Marpuua [M 1 zanucwiBaercs B Buie [M’] nm aBaserca Ma-

TpHLuel [M], B KOTOpPOH BCe IHAaroHa/bHble 3JEMEHTbl MCKJ/IO-
yenol (T. €. BC€ [IHMaroHafbHble 3JeMEHTbl 3aMEHEHH HYJIAMH).

Jeuma 2.5. [M[M]® codepacum sce sremenmap-

wsle nymu, codepicawuecs 8 [M)*T.

Horxasameascmso. Ilpouecc yMmHoxenus [M] Ha [M]?, xak
cnenyer u3 (2.21), 9KBHBaJleHTeH YBEAMYEHHIO NJUHBI B KaXIOro

nyTH, mpeacrasaextoro B [M]®, mo aauHbl k<1 nocpexctsoM
NPUCOENNHeHHs! K KOHLY MyTH OXHOH M3 1yr, MNpeacTaBieHHbIX

B Marpuue [M]. Ecau nyts u3 & ayr marpuust [M]* uam npu-
COelMHeHHasa Lyra H3OLITOUHB, TO Pe3yAbTHPYIOLLHHA NyTh IJHHB
k41 rtakxke mosxen GuiThb M36biTouHbiM. ChegoBaTenbHo, Npo-
ussedenne [M'] [M 1%, rie [M'] obpasyetca nmyTem _BbIYEKHBa-
HHS M3 [M] Bcex M3GHTOUHBIX nyte#t IauMHBL 1 M (M ](k) obpa-

3yercsa myTeM BbIYEPKHBAaHHMA H3 [M]( ) BCex MBGHTOUHBIX nyteh
IJMHBL k, DOMKHO CONEepKATb BCE d/MeMEHTapHble NYTH, COLep-
wamnecs B [M] [M]®. Tak kaxk [M][M]* = [MI**!, 10 nemma
IlOKa3aHa.

Jl_emma 2.5 o3Hayaer, 4YTO B NpollecCe MOCTPOeHHA [M]
U3 [M] Bce M3GLITOYHBIE MYTH MOXHO HMCKJKOYATh MO Mepe MX

k+1
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nosAB/eHus B n1000#f TpPOMeKYTOUHOH MaTpHUE, Tak Kak 3TO
HCK/IIOYEHHE HHKAKOTO BJMSHHMA Ha 00pa3oBaHHe 3/MeMEHTAPHBLIX
nyTeft He OKasbiBaeT. DTOT pe3yJbTaT MO3BOJSET NPelNOKHTD

yNpollleHHB# MeTOold TOJy4eHHs [M’](k) 3HAYyUTENLHO MeHee TPy~
IOeMKHH}t, YeM MeTOL, MO KOTOPOMY ClMepBa NOAYyYaOT [A_/I]k "
3aTeM HCKJIIOYAIOT M3 [A_'I]k BCe M30OBITOYHble MYTH.

AnroputM 2.4. JlaHa [M], Halo MOCTPOMUTDH [A_'I’]”) nns
[>1. (1) Crpoum [M’], 3aMeHss BCe NMArOHAMbHblE 3MEMEHTHI

B [M] uynsmu. [lonaraem Ek=1. (2) Crpoum (MM,
B npouspesenuy MaTpHl, 3aMeHAeM KaxAbIfl ujeH, NPelCTaBAAIO-
wu# u36bITOuHBA nyTb, Hynem. IlycTb peayabTHpyiolias Ma-

tpuua 6ymer [M']**P. (3) (a) Ecam &—41< !, 10 ysemmun-
BaeM k£ Ha 1 u Bo3BpauaeMmca x (2). (6) Ecau B4+ 1=1I, 10
[ )%+ = A1),

Marpuusl (2.26) — (2.29) wAMOCTPUPYIOT NMpPHUMeHeHHe anro-
putMa 2.4 1na mnocrpoenns [Al’], [A1]?, [A1]® u [A1]?
no marpuue [Al], TIpencTaBNeHHON BhlpaxeHueM (2.24).

170 7y gy 0 07
2/ m 0 0 O 0
[A1]= 3 |my 7y O ;g O | (2.26)
4| m, 0 0 0
5im; 0 0 =, O |
1 2 3 4 5
1T 0 Mty 0 myamg, 0 7
2 0 0 mem, O 0
[-A_I/](?)=3 TgaTyy - MgeTyy Ty, 0 0 Tmys (2.27)
4 Tu57s, T My Mz O 0
51 T547041 5Ty Ty Tyz 0 o
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|AT]Y = .
1 2 3 4 5
IT O 0 0 0 Ty 3Tg4Tys |
2 0 0 0 T09 T 3T0ss 0
= 3| T34Ty5T5, T034704170 2 0 -0 0 .
4 0 T4y TUy3Ta2 = 5751 TTy2 TasTs1501 0 0
5L 0 TUs Ty 3Tlgg = T054T04 12 TUseTUq T3 TUsy 7T 37034 0o
(2.28)
1 2 3 4
170 0 0 0 0 T
2| 0 0 LU VR A0, 0%, A o
[AT]Y=3| 0 mymegm, 0 O 0 . (2.29)
4| 0 memomane, 0O 0
510 sy, 0 O 0 A

MoXxHO 3aMeTuTb, YTO, B TO BpeMsd KaK YHCJA0 HEeHyJEBbIX
4y/JeHOB B [M]k UMeeT TeHIEHUHIO PacTH MO 3KCNOHEHTE ¢ pOC-

TOM KR, 4YHC/IO UYJEHOB B [WI’]" HMeeT TeHIEeHUHI® OCTaBaTbCsA
MOCTOSAHHBIM 1O OMpele/leHHOr0 3HAYEHMA BENMYHHBL 2 W yMEHb-
waThca 414 60AblINX 3HaueHHft k. HeficTBUTENbHO, M3 JeMMH 2.4
MOMHO 3aKJIYHTb, YTO ecAn M sABAseTcs aBTOMATOM C 7 CO-

crosHuamn, 10 [M’]%® 1na Bcex k> n COCTOMT TMOJHOCTLIO M3
HYJIEBBIX YJIEHOB.

2.11. Onpegenenne MHHHMAJABHLIX nyTeH
M MOJMHBIX KOHTYPOB

Jnsa MHOrMX 3alay, MpelcTaBAAIOLIMX NMPAaKTUYECKHH HMHTEpec,
¢ TeHepHPOBAHMEM KAXIOrO BXOIHOI'O CHMBOJA CBA3aHA HEKO-
TOpas CTOMMOCTb, ONpelefseMasd TeM, YTO NMepPeXOl aBTOMAaTa U3
OIHOTO COCTOfHMA B JpYroe BJeyer 3a coGoHt onpenefeHHble
3aTpaThl, MPOMOPUNOHANbHEIE YUCAY AYT, KOTOpble Heo6X0IMMO
npH 9ToM npolty. 1as Toro ytTo6bl yMeHbLW HTL OOLIYI0 CTOMMOCTD,
B 9THX CAy4Yadx >KeJlaTelbHO OMNpeleJuTb HaMkparTyafwuf Hau
MUHUMAAbHBE nYyms MexLy IABYMA COCTOSAHHMAMH,

JleMma 2.6. Munumaronoll nyms, 8edywuti u3 cocmos-

HUR O; 8 O;, ecau OH cywecm8yem, O0ANCEH Obmb 31eMeH-
MAPHHM nymen.
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Horxasamerscmsgo. [lycTb MUHHUManbHBLIA TyTh BhIpaxaercs
TaK: Ty My g, Ty, j A MMEET LAMHY k. Ecan 9TOT MyTh H3GhI-

TOUHBI/, TO MMelOTCS IBa MHAeKca cpelu &, Iy, Ly, ..., l,_q, ],
KoTOpble ofuHakoBbl. [IpennonoxuM, uto [,=1, rne h>g.
Toraa MuHMUMaJbHBI TyTb MONET ObiTh npellCTaBJIeH npousse-
JeHHeM
J'[”lJ'[lllz e nlg—llgnlglg+l PRI nlh—llhnlhlh+l voee nlk_lj =
=T, N, ... 0 Lo .
i, M, 1, Tg—ilg HUglg s Uil Mglh i Ty f
Ecau aTOT NyTb CylllecTByeT, TO B 3TOM TNPOU3BENEHHH Her
MHOXHTeNed, paBHHX Hyaw. ClaeloBaTeNbHO, HET PABHHX HYJIO

MHOXHTeJ el B TTPOU3BENEHUH g Tty Ty 1Tty Ty 0o

a 9TO O03HAYaeT, YTO TaKoH NyTb TOKe cyllecTByeT. Tak Kak
nocaelHuft MyTb KOpoOue, YeM MNpelbAylinf, M, TaK Ke Kak
npeibaywHEil, Beler W3 O; B O; MNpelbldylilufl NyTb He MOXeT
6bTb MUHMMaAbHBEM. OTCI0Aa CJelyeT, 4YTO TMpelNoJOKeHHUe,
Cle/laHHOe B Hayaje NOKA3aTe/lbCTBA, HEBEpHO, T. €. MHHUMAJb-
HH# TyTb He MOMeT ObTb M3OHITOYHHM.

Ha ocHoBaHun neMM 2.4 n 2.6 MoxHO Temepb cdopMy/u-
poBaTh CJAedYIOLLYI0 TCOPeMY.

Teopema 2.4. Ecau cywyecmsyem nyms, komopusLli sedemn
U3 COCMOAHUA Op 8 cocmosHue o; 8 asmomame M ¢ n co-
CMOAHUAME, MO Kpamualwul makoli nyms npedcmagasemcs
Hewomopum saemenmor (I, j) oduwod u3 mampuy [M']P®,
20e 1l Lk —1.

Teopema 2.4 ykasuBaer C/eldyiolilyio Mpoluedypy I/s Onpe-
IeNeHuss MUHUMAABHHX MyTed.

Anroputu 2.5, Ina Toro 4To6H OnpereidTb MHHUMalb-
HHH TyTh, BeAyWHH M3 COCTOAHMA O; B O; B aBroMare M
C N COCTOSHMAMM HaiO TMPOMU3BECTH CJ/eAYIOllue Onepauuu:
(1) Tlonaraem k=1. (2) Crpoum [M1®. (3) (a) Ecan aze-
MeHT (I, j) paBeH Hymo W k<n—1, TO yBeauunBaeM Kk Ha
eIMHULYy M BoaBpalllaeMcs K (2). (6) Ecan ssnement (I, j) paseH
Hynlo W k=n-—1, TO NyTb M3 G; B G; He CylLleCTBYyeT.
(8) Ecin sneMeHT ({, j) He paBeH HYJIO, TO OH MNpeAcTaBiseT
MCKOMEIt MyThb (WM MYTH).

Hanpumep, 18 TOrO 4TOGb HaHTH MHHMMAAbHBHHR MNyTb,
Beayumuit M3 coctosHus 1 B cocrosHue 5 B aBToMate Al,

crpourcs Marpuua [Al]® ana k=1, 2, ... 1o Tex nop,
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noKa mnepBLIl pa3 9/eMeHT, PacnoJIOXeHHBI Ha TiepecevyeHuH
cTpokd 1 u cronbua 5, npuMeT 3HayeHHe, OTJAWYHOE OT HYy.JA,
WAM TOKa k cTaHeT paBHHM 5 (B mocjelHeM c/aydae nyThb He
cyuectyer). Marpuun (2.26) — (2.29) nokaamnBaloT, 4TO mep-
BHH OT/JMYHHH OT HyJ/A S/eMEHT, pacno/OoXeHHHH Ha Mepecege-

Hal cTpokd 1 M croabua 5, nofB/AETCA B MaTpHlle [A_l’](s),
rae STOT 3/eMEHT PaBeH 37y, i,s. OOpaienne k rpady mnepe-
XOLOB puC. 2.2 wiau K Marpuue nepexonos (2.12) nokasbiBaer,
YTO MHUHHUMA/JbHHIM NYyTeM MOXHO NMPOHTH, eC/M NMOLATh BXOLHYKO
noC/AelOBaTeNbHOCTb und.

B asroMate ¢ n COCTOAHMAMH NOAHBIM KOHMYPOM HA3H-
BaeTcs MOOON o/eMeHTapHHH KOHTYp LAuHH n. CienoBaTelbHo,
NOJMHHA KOHTYp — 3TO 3aMKHYTH{ MNyTb, KOTOPHH MNPOXOAHT
yepe3 BCe COCTOAHWMS B aBTOMaTe TOYHO OAMH pa3. [Ipo6.ieMa
onpelefNeHnsl 3JMeMeHTAPHHX KOHTYpPOB BO3HMKaeT TOria, KOria
KaxcIblif BXONHOH CHMBOJ HMeeT OMNpele/leHHYH CTOMMOCTb H
KOTIa IKelaTeJbHO Haubo/Jee OSKOHOMHHM TIyTeM TlepeBecTH
aBTOMAaT M3 HAya/JbHOrO COCTOfIHUA Yepe3 BCe IPYrue COCTOSIHUSA
¥ BEPHYTb ero B HauaJlbHOe COCTOfIHWe (HampuMep, Aas ueJeft
npoBepKH).

Jemma 2.7, Trasuan duazonaas mampuys [M'1[M
codepoicum 8ce noAKbe KORmYpu asmomama M.

Lora3zameascm8o. Tak Kak NMOMHHH KOHTYD ABAAETCA 3Je-
MEHTapHBM KOHTYDOM, TO Jio6He n — 1 noc/nefoBaTeNbHBIX LyT
COCTaBJfAT B TNOJHOM KOHTYpe IJWHB 7 3/JeMEHTapHH{ MNyThb.
MHoxecTBO Bcex myTeff, MOCTPOEHHHX KOOaB/JeHHEM K 3JeMeH-
TAPHBIM MNyTAM ILJMHB #— 1 3JeMeHTapHHX nyTe IJAHHH 1,
COlleDXHUT MNO3TOMY BCE MOJHBE KOHTYpH IJHHH 7. 3HAuur,
[M’][M_’]("'” CONEPKHUT 9TO MHOXKECTBO, H, CJelOBaTe/LHO,
NoJMHbHE KOHTYDPHl ABJSIOTC NyTAMH, BedyLidMH u3 J106Oro co-
CTOHUA B TO Ke caMoe cocCTosiHMe, JleMMa nokasaHa.

OuesunHo, n1060e cOCTOAHHe aBToMarta M MOXeT paccMa-
TPUBATLCA KAaK HayalbHOE COCTOfIHHE B moAHOM KoHType. Cie-
AOBATENbHO, €C/N ONMH AMAroHa/bHbINl 9ieMeHT B [M'] (M-
paBeH HYJIO, 4TO MMEEeT MECTO MPH OTCYTCTBHH MOMHHX KOH-
TYPOB B aBTOMate M, TO BCe IHaroHa/lbLHble 3/MeMEHTH B 3TOH
MaTpule NO/JKHB OWTbL paBHBH HyJw0. JIGOH HeHy/aeBOH Aua-
ronanbubift snement (4, £) B [M'|[M']""" npexcraBaser coboit
MHOXECTBO BCeX BO3MOXKHBIX TOJHHX KOHTYPOB B aBTOMare M;
AWaroHanbubift  snementr (f, j), J ¢, npeiacTaBaseT co6oft

](’1— 1)
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LUMK/INYeCKNe TepeCTaHOBKH COMHOXHTelel 4Y/leHOB, colepxKa-
muxca B ajemente (I, f).

HanpuMep, B peay/ibTaTe nocTpoeHus [A1"] [Al’](4) nonay-
YHJach MaTpHLA, B KOTODOR BCe 3/JeMeHTH PpaBHH HYJI0; 3TO
3HauyuT, yto Al He coIepXKHUT MOMHHX KOHTypoB., Puc. 2.6 u
Marpuua (2.30). npencraBaaioT aBToMaT A4, B KOTOPOM cylie-
CTBYeT NOJHHH KOHTYp. Marpuus (2.31), (2.32) u (2.33)
W/IIOCTPUPYIOT MPOLEAy Py Onpele/eHns 3TOro KOHTypa. Tak kax

yncao coctosHut B A4 pasHo 3, TO Marpuua [A4] [A4’](2),
npeicTaB/ieHHas BblpaxeHneM (2.33), HO/MKHA COIepkaTb BCe
TNO/HHE KOHTYypH Ha cBoe# r/aBHO# AuaroHand. MckoMum moa-
HHM KOHTYDOM SIBJISIETCA KOHTYD TUjoTysTly; WJAN JMIOOOH Apyrof,
NOJy4YeHHHH# M3 Hero uUMKJAM4eCKOR mepectanokOif. O6palieHne
k puc. 2.6 ninm k marpuue (2.30) nokasmBaer, YTO ec/lH Ha-
yanpHoe cocTosiHne A4 ecTb 1, TO TNOJHHH KOHTYp MOXHO
NpoHTH, nolasas Ha BXOIN foo HAH Paf.

1 2 3
1 0 /1) (a/0)
[A4] =2 0 ®/0) (a/1)]. (2.30)
3L(/0)V @0 0 0
1 2 3
IT0 mpy myy
|A4]=2| 0 0 my|. (2.31)
slmy, 0 0
1 2 3
1 0 0 ) 9% o
[A¥)P =2 |mpmyy O 0 } (2.32)
3L 0 mymy, 0
1 2 3
L[ uiomtostlyy 704570570 0

[A4][A4]D =2 0 TyaTs Ty 0 . (2.33)
3 0 0 0317019703
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2.12, Ckenetrnas Mmarpuna

B psse 3ajay IeTanbHOe 3HAaHWE BJEMEHTOB MATPHULH BHIC-
IIero MOpsAiKa HECYIeCTBEHHO, M pelleHHe MOXeT GHTb ToJy-
YeHO TNpH M3yyeHMM CTeleHel Tak Ha3nBaeMOW cxeaemHol
mampuyst, OTAMYAILEHCca TeM, YTO OHa HMeeT CYLLeCTBEHHO
6onee mpocThie 3dneMeHTH. Jlnd apTomMata M ¢ n COCTOAHHAMH
CKeJleTHas MarTpulla COCTaB/afercd W3 n CTPOK H 1 CTO.’I6LLOB.

of03liauaeMux Tak ke, kak B [M], H oéosnaqaeTcn [M] dane-

MeHT ({, j) MaTpuuH [M] obo3Hayaercs eU Ecan b;; 06o3Ha-
YaeT Lyry, BeAyLLYK) H3 COCTOAIHUA O, B COCTOSIHHE oj B aBTO-

mate M, 10 BU ONpelesfaTCa TakK:

(2.34)

~ 1, ecam b;; cywecrsyer,
e[j=

0, ecan b;; ne cyuiecrsyer.

Toraa wmarpuua [M] moxer O6biThb noctpoeHa u3 [M] wm [M]
MOCPeACTBOM 3aMeHbl KaXIOTO HEHY/JeBOrO 3/eMeHTa B 9THX
MaTpuuax Ha 1.

Teopema 2.5. duemenm (i, j) mampuysw [M]*,
k=1, 2, ..., pasex wucay nymed Oruns k, Bedywux u3
COCMOAHUA G, 8 cocmosnue 6; 8 asmomame M.

Horxazamesscmso. Ona k=1 reopema cnpaselnBa TNO

NMOCTPOEHHUIO. HPEII.HOJIO)KHM, YTO TeopeMa CrnpasenjuBa I k;

TOria 3jeMedt (#, j) MaTpuubl [/VI]"’ o603HavaeMbift eﬁl}, npen-

CTAB/SIeT WHCAO TyTeH IJMHE k, BEIYUHX M3 O, B O, Oie-
meut (/, j) warpuun [M][M]* = [M]*"' onpeneaserca ¢op-
MyJI0#

n

et — 2 e,,eh. (2.35)

B Buipanennn (2.35) eNflk} yMHOXaeTc Ha 1, ecan B @, MOMHO
NONacTh M3 0;, MPOHIA TOABKO OAHY AYTy, M YMHOXaeTCs Ha
HYyZ1b B TPOTWBHOM ciayyae. C/ielOBaTeNbHO, 9JEMEHT Ne([’;'-*—l)
PaBeH wuHCaAy nyrtefl Aiumnbm k1, Beaymux u3 6; B o; Ilo

5 A. Tuan
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MHIYKLUMKW Teopema BepHa 1as scex kB > 0.

1 2 3 45
IT1 1 1 0 07
21 1 0 00 )
[Al]=3|1 1 0 1 0 (2.36)
4l1 00 11
511 0 0 1 1
1 23 45
I3 3 1 1 07
2l2 2 1 0 0
[Alp=3|3 2 1 1 1]. (2.37)
43 11 2 2
503 11 2 2]
1 2 3 45
178 7 3 2 17
2|5 5 2 1 0
[A1P=3|8 6 3 3 2. (2.38)
49 5 3 5 4
519 5 3 5 4|

Coxarast uudpoBas ¢opMa CKeJeTHOR MaTpHLB MOXeT GhiTb
HCNO/Ab30BaHA B 3a4ayaX, TIe BAXKHO 3HATL HaAU4Ue WIH YUCAO
nyTeit Mexidy ONpelefeHHHIMH COCTOSHMSAMHM, HO He 0053aTesbHO
3HaTb, KakWe AYTH BXONAT B Kawab# NyTb. MOXHO ONpelefuThb
YAC/NO MUHHMA/BHHX MyTed, BeAyWMX M3 O; B O, NMOCPeNCTBOM
HOCTpOEHHUA [M]k s nocnenosaTeanux 3Haqeﬂnﬂ Rn—1;
ec/n 3sjeMedT ({, j) paBeH Hy/0 B [M] , HO He paBeH Hy/o
B [M]*, 10 snement (, ) marpuusl [M]* npencrasaser coboft
YUCIO MMHHMAa/JbHHX NyTeR IAUHBL R, eciu ajneMeHT (I, j) paBeH
nymo 8 [M]"™', To nyTs Mexay o, u O; He CylIeCTByeT.

Matpuun (2.36) — (2.38) uamOCTPUPYIOT NOCTpOEHHe CKe-
AeTHON MaTpuubl Ajaf asTomata Al, H300paxeHHOro Ha puc. 2.2,
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H TNOCTPOeHHE MO 9STOH MaTpHlle MaTpull BTOPOR H TpeTbel

~ .
crenenu, M3 [A1]® BHIHO, HanpuMep, YTO B COCTOAHHE 5 Heab3d
nonacTb M3 COCTOAHHA 2 HW OINHUM TyTeM, HMelOlUM IJUHY
MeHbllle 4, © YTO B COCTOAHMEe | MOXHO NOMacTb M3 COCTOSA-
HNA 4 NeBATbIO Pa3ANYHHMW TMYTAMH IJMHH 3.

Crenyer 3aMeTuTb, YTO, NMOCKOJAbKY OIHA AYyra MOXeT COOT-
BeTcTBOBaTh O0/ee yeM OINHOW Mape BXON-BHXOH, TO HeHYy/eBOH
sneMeHT ({, /% MaTpuun [M)* He oOs3aTenbHO TNpelCTaBASeT
YUC/IO BCeX BXOMHHX TMNOC/TedOBaTefibHOCTeR IJAWHH R, KOTOpble
nepesoasT asromMar M u3 cocrosuus o; B 6. +Ecan npeacra-

BJsIeT MHTePeC YHCAO BXOIHHX MOCAENOBaTe/bHOCTER, NepeBOndA-
wux M w3 0, B 0;, @ He YHCJO MyTeHl, TO MOKHO ONpeNETUTDH

Modu(fmuuposannyro CKeAeMHRYI0 Mampuyy, oéoaﬂaqaemylo
yepes [M] sneMent ({, j) xoropo#t, o6o3HayaeMmuift eU, onpe-
Ieasiercsl TaK: :

= _{ YMCY Map BXOL-BHIXOL, OGO3HAuawWuX 1yry &,

= (2.39)

0, ecan b;; He cywectsyer.
Ilpu TakoM omnpeleneHdd MaTpuua [M’] MO®eT OHTb MOCTPOeHa
H3 [M] 3aMeHOR KaIOro HeHy/eBOrO 3/eMeHTa B [M] uyucnom
nap BXOL-BHIXOL, colepKalUUXCA B 9TOM daeMeHTe. Martpuiy [M ]
MOXHO paccMaTpuBaThb Kak CKeEJIETHYIO Marpuuy astomata M,
rle kaxiaa Ayra, o603HaueHHas A NMapaMH BXOL-BHXOI, 3aMe-
HeHa £ napajfelbHBIMH IAyraMu, Kaxjaas M3 KOTOPHIX 00O3Ha-
yeHa OIHOH mapoi Bxoé-BHXOHL, Biaromaps Takoft 3aMeHe yuc/O
Ayr, coIepxkalluxcd B KAKOM-AM60 TyTH, CTAHOBUTCA PaBHBIM
YHCAYy Tap BXON-BLIXOL, COepKalUXcAd B OGO3HAYEHUAX BCEX
ayr storo nyTH. Takum obpasom, agsemedt ({, f) MaTpHun [M"*
IOOJ/KEH COBMAaAaTh ¢ OOLMM YHCJAOM BXOIHBIX MNOC/eIOBATENb-
HOCTefl IJIMHH R, KOTOpHe nepeBoiaT M u3 o; B 0.
Marpuun (2.40) n (2.41) HAMIOCTPUPYIOT MOCTPOEHME MOIU-
¢uuMpoBaHHOR ckeneTHOR MaTpuuuw astoMata Al (puc. 2.2) n
NOCTpPOeHHe MO 3TOH MaTpulle Marpulll BTOpOR creneHu, Ha

~
[Al')? BuIHO, HanpuMep, YTO HMelTCA TPH KpaTyaillde BXOI-
HHe MOC/eNOBaTe/NbHOCTH, KOTOpHe mnepesoiaT Al u3 cocros-
HHA 4 B COCTOsHME 2, M YTO ecTb 12 BXOZHMWX MOC/AENOBATE/h-

HOCTeH Anuum 2, koTopuie nepesopat Al u3 COCTOsIHUA S B CO-
CTOsIHME 4,

5
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1 2 3 45
IT1 31 00
21 4 0 0 0
[A11=3|1 3 0 1 0 (2.40)
401 0 0 3 1
501 00 3 1|
1 23 45
175 18 1 1 07
2|5 19 1 0 0
[AI']P=3|5 15 1 3 1 (2.41)
45 3 1 12 4
5056 3 1 12 4|

2.13. YacTHuHOE MOCTPOEHHE MATPHIL

XapakTepHas OCODEHHOCTb pPacCMOTPEHHBIX B MPeIbIYLIHX
naparpagax MaTpull COCTONT B TOM, YTO OHH SBJAAIOTCA KBal-
parHbiMu. CrenoeaTenbHO, OHH coepxar HHdopMauuio, Kacawo-
IYIOCA He TOJbKO IBYX OnpedenerHs X COCTOAHMH, HO TaKke
uHdopmauuio o awbod mnape cocroaHutt, Yacto kenatenabHO
MMeTb Takyl HHGPOPMALMIO, HO OHA MOJAYyuYaeTCs UEHON BHIMOJ-
HEHUSl Hal MAaTpUUAMH TPYyLOeMKHX TNpeobpasoBaHult, CIONKHOCTb
KOTOPHX BO3pacTaeT MpPHMEPHO TMPONOPLUHMOHAILHO KBalpaTy
YHC/a COCTOAHMH aBToMara. B Tex caAyyasx, KOria MpeicTas/slOT
MHTEpeC TOABKO Te MyTH, KOTOpHle HAYWHAKTCA M3 OnpeleseH-
HOTO HAa4a/JbHOrO COCTOSIHMSA, HEKOTODHE 3aTPyINHeHUs, CBA3aHHBIE
C 3THMH npeobpa3oBaHuAMH, MOTryT OwTbL OGOHAeHH Oiarozaps
YaCTHYHOMY MOCTPOEHHID MAaTpHl, Kak 3TO Oyler MOKa3aHO HUKeE.

Jlemma 2.8, ITycms [AT]f 0603Havaem mMampuyy-cmpory,
nocmpoennyio u3 i-d cmpoxu mampuys [M]*. Tozda
(M), =[M]] [M]. (2.42)

JHoxazamersemso. W3 onperesnenns Pfj W, u npeoGpa-
30BaHuit, aHAJOTMYHBLIX MpoBeleHHBM B (2.17), noayuum:

n n
P = .§1 PR = uz_]l PP, . (2.43)
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41
Jlas GUKCHPOBAHHOrO [ MHOXECTBO P(U+ ) COCTONT U3 3/1gMEHTOB

{-# crpokn marpuun [M]**'. Takxke 119 ¢uxcnposannoro
n

&
MHOXKECTBO X, P~ COCTOMT U3 3]EMEHTOB MATpHIb-CTPOKH,
= i uf

MONYYEHHOR YMHOXEHHEM [/W]f Ha [A_'I]. CnenosaTenbHO, paBeH-
¢8O (2.42) BHINOJHSAETCA.

JlemMa 2.8 osHayaer, uTO [M_]f MOXeT OHTb NMOCTPOEHA MyTeM
NOC/EA0BATENLHOT O YMHOXEHNSA [/T'I] Ha MaTpHLY-CTPOKY, a He

Ha KBadpaTHyK Marpuuy. Korla npencTas/siOT HHTepPeC TOJBKO

NyTH, HAa4yHHAIOIINECA B O;, TAKOE YaCTHYHOE MOCTPOEHHE MATPHLLH
ik

OKa3blBaeTcsl JNOCTATOYHHIM, TaK Kak [M]f_) COIEPKHT Ty XK€

undopMannio o6 3Tix nyTax, uTo W scs marpuua [M]*. B pe-

ayabtate o0beM mnpeobpa3sosaHMft Hal MarpHLUAMH COKPATHTCA

NMPUMEPHO B YMCJAO pa3, paBHOe YUCJAy CTPOK B Marpuue [M].
MOXHO 3aMeTHTb, YTO ONMHMCAHHAsA CXeMa YaCTHYHOTO TOCTPOeHHA

HEMOCPEeACTBEHHO TPHMEHWMA K TOCTPOEHHIO MATpPHL [M’](k).
ONHCaHHOMY B ajiroputMe 2.4,

Marpuun (2.44) —(2.47) WUIIOCTPAPYIOT CXEMY YaCTHYHOrO
NMOCTPOEHHA MATPHILK A8 ONpele/eHusl BCeX dJeMeHTapHHX MnyTel
AanHu 1, 2, 3 n 4, HaunHawwuxcs B cocrossHud 1 asToMara Al,

[A_l’]ik) o6o3Hauaer {-10 crpoky Marpuum [A1]P.
1 2 3 4 5
[A1'],=[0 m, m3; O O] (2.44)
3 4 5
0 mgams, O] (2.45)
1 2 3 4 5
0 myamy]. (2.46)
4 5

0 0
1 2 3
00 0 0] (2.47)

[AT[ =10

MoxHO nerko nokasatb, uTO MeMMa 2.8 crnpaseinuBa B cAyuae

3aMenbl [M] Ha [M] nan Ha [ M’]. TIo9TOMY YacTHYHOE MOCTpPOE-
HHE MOXHO NMPUMEHATH A/ ONpele/eHUsl CTPOK CKeNeTHHX MaTpHIL
K MOIZHM(QHUKMPOBAHHHX CKEeTHBIX MaTpHll Pa3HLIX CTeMeHeft,
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3anauu,

2.1. Ioctpoiite Tabauuy mnepexoios, rpad NMepexolOB H MaTpHUY
nepexofoB Aas ciayyaes, chopMyaHpoBaHHHX B 3ajauax 1.2—19. las
KaXJOro cayyas pacCMOTPHTE YHCJAO BO3MOXHBIX HayaJbHHX COCTOAHHH
H BXOJIHBIX MOC/EJ0BAaTEIbHOCTEH H MOATBEPAHTE, YTO BHIXOJHHIE MOCAe-
JOBaTEJbHOCTH, NMONyYaeMble Ha OCHOBAaHHH Pa3JHYHBIX NPEACTaBIEHHH,
COOTBETCTBYIOT TEM, KOTOPHE UPEANONArajHCh COOTBETCTBYIOMHMH CIO-
BECHHIM ONHCaHHAM,

2.2, M3BecTHO, UTO KOHEYHRIH aBTOMaT HMEET BXOAHOH andaBHT
{a, P}, Buxomno# andasutr {0, 1} m muOxecTBO coctonHmit {1, 2, 3},
Haueptute rpad nepexonoB, yAOBJETBOPAIOWHIA STHM YCAOBHAM,

2.3. Moncuurafite yncno pasauyuHux: (a) (n, p, g)-aBTOMAtToOB, B KO-
TOPHX pEaKuHs B HACTOAIHH MOMEHT 3aBHCHT TOJAbKO OT COCTOSIHHS
B HaCTOSIIUHH MOMEHT H HE 3aBHCHT OT BXOJHOTO CHIHANA B HACTOSILHH
MomeHT; (6) (n, p, g)-aBTOMaToB, B KOTOPHX N =p H H3 KaxJOro
COCTOSIHHSL MOMXHO mnepeHTH B mo6oe Jpyroe, nofas Ha aBTOMAT OJHH
BxoAHOH cHMBOX; (B) (n, p, ¢)-aBTOMAaTOB, B KOTOPHX HET H30JHPOBaH-
HBX coctosiHult; (r) (n, p, §)-aBTOMAaToB, B KOTOPHX KAXIHWH H3 ¢
BBIXOJHBIX CHMBOJOB MNOABASETCA B TalJHUE NEepexofoB, MO Kpalineh
Mepe, OIHMH pa3 (IOCTATOYHO MONYYHTb PEKYppPEHTHYI0 GopMyay aas
MoJCYETa STOrO YHCJIa ABTOMATOB),

2.4. TloctpoiiTe aBToMaT, H30MOPQHHH aBTOMaTy, H300paXKeEHHOMY
tabanueit 3 2.1, nocpeacTBOM 3aMeHH 0603HaueHHH coctosuuil 1, 2, 3,

Ta6auma 321

Zy Sv+1 2 Sv+1
Ty a [§] a [§] v a B a B
Sy Sy
1 0 0 1 1 4 0 1 4 2
2 0 0 2 1 5 1 0 5 3
3 0 1 3 2 6 1 0 6 3

4,516 na 2 3, 4, 5 6 ul coorBercTBenno. bes moctpoenns Bcero
ceMeiicTBa MepecTaHOBOK aBTOMATa MOKAXHTE, UTO STO CEMEHCTBO HMeeT
MOIIHOCTD, paBHytwo 61

2.5. IMokaxurte, uyto ecan b obo3Hauaer yncao Ayr B rpade nepe-
XONOB (n, p, g)-aBTOMata, 10 n< b np.

2.6. (a) Iloctpo#ire Tabanuy nepexoioB H MaTPHUY MNEPExo]0B
aBTOMaTa, H306paxenHoro Ha puc. 32.1. (6) Onpesenute npexoasuiue,
TYNHKOBHE H H30JHDOBAHHME COCTOSHHA B aBTOMate. (B) Onpenenute
Ins storo aBToMata G (1), G (2), ..., G (8).

2.7. IlycTh G; — COCTOSIHHE H3 MHOXECTBA COCTOAHHH S aBTOMaTa M.
INycts G (0;) — 0;-AOCTHKHMOE MHOXECTBO H NyCTb MHOXECTBO G’ (g)
COCTOMT M3 SJEMEHTOB MHQXKecTBa S, He coiepxauiuzca B G (o).
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Mokaxute, yrto: (a) ecan G’ (a) =0 u G (o)NG(G' (6))=0"), 10
G (0;) 1 G’ (0;) npeAcTaBagioT CO60M Ba H30JIHPOBAHHHX NOJABTOMATa
aproMata M; (6) ecan G’ (0;) =0 u G () NG (G’ (6;)) =0, T0 G (7))

/NGy @z

@/NGY (/NG
Puc. 32.1.

u G’ (0;) NpeACTaBASIOT TYMHKOBHIH H NpeXOoAsIHE aBTOMAaTH COOTBET-
cTBeHllo; (B) ecan G/ (0) =0, 10 M He CONCPKHT H30JIHPOBAHHHIX
NOAABTOMATOB,

2.8, Tabanua 322 mnpeacraBaser aBtomat A, (a) Hadiaure G (5,6)
ans asromata A. (6) Henoabsys pesyabTaTel 3agaun 2.7, NOKAXHTE,
yto G (6) npeacTaBAIET H3ONHPOBaHHKH nojasTOMaT, a G (2) — TymHKO-
Bu# nojpasToMart. (B) Haliaure makcumanbHoe pasnoxeunue asroMata A.

Ta6auna 322

2y Syt 2y S+t
U 8 a 8 & a 6 o 6
Sy Sy

1 0 1 3 2 6 1 0 5 4
2 0 0 2 1 7 1 1 9 8
3 1 0 2 2 8 1 0 8 9
4 0 1 1 5 9 0 1 7 7
5 0 0 3 2

') Muoxecreo R, )R, osnauaer nepeceueHHe MHOKECTB Ry B R,
H COCTOWT H3 3JI€MeHTOB, NPHHA N1eXallHx o6oum MHoxecTBaM. Hyas (0)
0003HaYaeT NyCTOE MHOKCCTBO,
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2.9. Toctpoiite Tabanuy nepexojoB AAs PacIENAsE€MOro aBTOMara,
KOTOPHIH COCTOHT U3 aBTOMartoB A, 5 u B, u306paxeHHBIX Ha puc. 3 2.2.
2.10. Tlyctb Fp (S;) — MHOXeCTBO Bcex cocToaHu¥ aBTOMaTta M,
M3 KOTOPHX MOXHO mOmactb B Mo6oe COCTOsHHE MHOXECTBA S
npy noaade BXOJHBIX nocnenosaTe.ubHoueﬁ JJAHUHBI k HJIN MeHbuIe,

@) w/y i

@GN Yo @ry

/7 (a/g)
a) 4 4

Puc. 322.

(a) Cdopmyaupyiite aaroput™ aasa onpeaerenus F (S;)-MHOMecTBa
COCTOSIHMH, H3 KOTOPHIX S; JOCTHXHMO NPH MOJaue BXOAHOH MOCHENO-
BAaTeAbHOCTH /0604 Anuubl. (6) IlpumeHute aaroput™ k aBroMatry A
u3 3afayu 2.8 mpu S; = {3}. (B) INlokaxure, uto G (S;) UF (S;) = H (S)).

2.11. ABtomat A orp:ieneH Matpuueil nepexoxos [A]. (a) Onpe-
JeNuTe MpPEeXOAsiine, TYIHKOBHE H H30JHPOBAHHHE COCTOSIHHS aBTO-
mata A. (6) Onpeneaure G, (5, 7) u H (2, 3). (B) llyreM uaMeHeHus
nopsiika CTPoK u ctoabuos B [A] ompexeaxte, COCTaBAAIOT JAH MHO-
wecTBa coctoaHuit {1,2, 4,7} u {3,5, 6,8} napy u3 npexoasiuero u
TYNHKOBOrO MOJAAaBTOMaTOB, Napy H30JHPOBAHHHX MOJABTOMATOB HAH
Napy aBTOMATOB, He NMPHHAAJEKAWHUX HH K ONHOMY H3 YKa3aHHHX THIIOB.

1 2 3 4 5 6 7 8
17 (/1) v (B/0) 0 0 0 0 0 0 07

2 0 (a/0) 0 B/ 0 0 00

3 0 0 (W)VE@E/1) 0 0 0 00

[A]_4 0 0 (a/1) 0 (B/0) 0 00
5 0 0 (¢/0) 0 o0 0 o/

6 0 0 0 00 @)V E/00 o

7 0 0 0 0 (p/0) 0 0 (a/1)

81 0 0 0 0 0 (/0)V@E/1HO 0

212. (a) Tokaxure, uto ecan e{) —enuncTBenHui Henynesoif
saement B i-#i crpoke matpunm [M], 10 €{¥) — enuHcTBennnil Henyae-
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poil snemenT B I-i cTpoke Matpuum [M]* (ans moGoro_ uenoro k3> 1),
(6) Iloxaxure, utO ecau & — €MHCTBEHHbI} HEHYJeBOM 3sneMEeHT
g j-M cronbue Matpuus [M], TO e(jk}——enuﬂcrseﬂuuﬁ HeHyNeBoit

sneMeHT B j-M ctoabue [M]* (ans moGoro uenoro &3> 1),

2.13. TMokaxute, uro [M]' "% [M]* =[M]" (ana Beex &> ).

2.14. lna aBtoMata A mu3 3ajauu 2.11 mocrtpoitre: (a) [A], [A]3
[A]% ©) [A] [A1, ..., (217 @ (4] [A7 (AT () (AL (A,
[A7]3 (1) ycraHoBHTe, 4TO A He HMEET MOJHBIX KOHTYPOB.

2.15. [lokaxure, 4T0O HEOGXOAHMBIM YCIOBHEM CYINECTBOBAHHS MOJ-
HOrO KOHTypa B aBTOMarte M sBAAETCA HaJAHYHME B KAaXAOH CTpOKe H
B KaxJIOM CTon6ue Mmatpuusl [M], no kpaiine#t mepe, onHOro uenwaro-
HaJbHOrO HEHyJEeBOro aneMeHTa. JlOKaXHTe ¢ MOMOINbIO NpPHMEpa, YTO
3TO YCJIOBHE He SBASETCH AOCTATOUHBIM,

2.16. loxcuutaiiTe YHCAO pa3NHUHBHIX CKENETHBIX MAaTpPHI H CKenet-
HBIX MOAHGHMUUPOBAHHBIX MAaTpHLU, KOTOpDHE OMHCHIBAIOT (N, p, §)-aBTO-
MarThl.

2.17. Tpebyetca ompenenuts, CymecTByeT Ju B aBToMate M nyTh,
KOTOPHH BeleT H3 G; B Op uepes Gy, H €CHH CYIECTBYET, TO onpene-
JUTb JJHHY MHHHMaJbHOrO MyTH, COOTBETCTBYIOIErO TaKOMY MEPEXOLY.
CqungnupyﬁTe aNroput™M AJs pelieHus 3TOH 3ajaud.

2.18. Ha aBtoMat M c¢ n cocrosHuaMH TpebyeTcs MOAATb TAKYIO
BXOAHYIO MOCJAEA0BaTENbHOCTb, UTOOH, HaUHHAS M3 COCTOAHHSA 0, aBTO-
MaT nepeulen B COCTOsiHUE O uepe3 (k2 — 1) 4 BXOAHHX CHMBOJOB
(rae 2 k< n) u B COCTOsAHHE G, uepe3 nh cuMBoaoB. [lonaras, uto
aneMentoM (7, j) Matpuunl [M’]” aBasercs snemeHt dY}, HalauTe 4Hcao
BO3MOXHBIX MOCJEAOBaTEAbHOCTEH, KOTOPbIE OTBEYaioT ¢HOpPMYTHPOBAH-
HbIM TpeGOBaHUAM.

2.19. I'pap nepexomoB aBTOMaTa M uMeeT n coCTOsHMH, 0603Ha-
YEHHBIX Gy, Oy, ..., Oy, U M AT, 0603HAUEHHHX P, By, ..., P (1 X m)-
MatpHua [M,] ¢ saementom (f, f), 0603HaueHHBIM uepe3s a;j, ompene-
ASeTea TaK:

alj={ 1, ecnn P; aBasetcs uexonameit ayroit uan nerned,
0 BO BCeXx OCTaAbHHX CIyyasx.
(n X m)-matpuua [M,] ¢ saementrom (I, j), 0603HAUECHHHM uepe3 by,
onpeienseTcs TaK:
by ={ 1, ecau by; apasercs saxoasmedl Ayroil uau netae,
0 BO BCex OCTaJbHHX CAyuasx,

Moxaxute, uto [M]=[M,] [M,],, rae [M,], aeasercs Tpa -
B Manuueill [/]Wb]-[ al [Mpy, rae [My] i TPAHCIIOHHPO

2.20. Mcnoab3ys MeTOAMKY 4aCTHUHOrO MOCTPOEHHS MATHI, OMH-
caunyio B § 2.13, orBerbTe Ha CIeLyloUIHe BOMPOCHI, OTHOCSAIIHECH
K aBTOMaTy, npejcTapieHHOMy Tabauned 3 2.3: (a) Kakue kpatvaitmmne
BXOJHLIE NMOCNeI0OBATENABHOCTH nepeBozLﬂ'r aBTOMAaT H3 COCTOAHHA 3
B coctostHue 1? (6) Kakue BXOAHbIE MOCAEIOBATEAbHOCTH ANMHBI 4 HH



74 TABJIMLIBI, TPA®BI 1 MATPULIB! NEPEXOOOB ira. 2

MeHbLIe NEpPeBONAT aBTOMAaT M3 COCTOAHMA 3 CHOBa B COCTOfAHHE 37
(B) Mmeer au aBTOMaT noaHnle koHTypH? Ecau umeer, To coctaBbTe
BXOJMHYIO MOCNEJOBaTEJAbHOCTb, KOTOPAf COOTBETCTBYET MOJHOMY KOH-
TYPY, HAUHHAOIEMYC B COCTOSHHH 3.
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FNABA 3
3KBMBAJIEHTHOCTb W MHHHMH3ALUA ABTOMATOB

3.1. Bpenenue

B npexnayuyx raapax OHA0 MOAYEPKHYTO, YTO B KOHEYHHX
4BTOMATax He HYXHO HHM Hab/104aTb, HH HHTepecoBaTbcs (H3HYe-
ckot npuponol cocrosunfl. EanHcTBenHas PpyHKUMA COCTOAHWHA
3aK/I0YaeTCs B TOM, yTOGB yYacTBOBATb B Onpeje/leHHH 3aBHCH-
MOCTelt Mexly BXOJaMH H BHXoXaMH astoMara. CijeaosarenbHo,
n1060e MHOXEeCTBO COCTOIHHH, BLINOMHAIIHX STy (YHKUHIO,
ABJISETCA MNpHeM/IeMBIM HE3aBHCHMO OT TOrO, BBIPAXAIOT 9TH
COCTOfIHHA Kakofi-/HO0 HHTYHTHBHBIR CMBICA HIH HeT. DTa CBO-
6o1a BHOOpa MHOMeECTBA COCTOAHHA BecbMa BHIOJAHA, NOCKOJbKY
OHA MO3BOMAET 3aMEHATb OAHO MHOXECTBO APYIHM, YTO MOMXeT
OKa3aTbCH YAOOHBLIM JAJs MHOTHX lereft. B uacTHoctH, oHa
no3po/isleT HaTH ONTHMa/lbHOe MH/IH MHMHHMAajJbHOE, B TOM HJH
ADYTrOM CMHC/Je, MHOXeCTBO coctoanmfi. I1pW Bcex Takmx pac-
CMOTDEHHAX NOHSITHe «3KBHBA/JICHTHOCTH» HIpaeT IJ/4BHYIO POJb.
Kak craHer BHAHO H3 JAajbHefilero, 3TO NOHATHE He TOJMbKO
ApaseTcd (QyHAaMeHTaqbHBIM AJas 6oJjlee TOYHOTO H KPATKOrO
onpeje/eHHs] KOHEYHHX aBTOMAaroB, HO npoJHBaeT HOBHH CBeT
Ha BCIO npoG/eMy aHaMH3a KOHeYHHX aBTOMATOB (TaK e Kak H
CHHTe3a) !).

1) Matepuan sToff rmaBnl yacTHyHO 6Gasupyercs Ha pabotax: Xad-
¢mena (D. A. Huffman, -The Synthesis of Sequeniial Switching
Networks, J. Franclin Inst., vol. 257, pp. 161—I90, 275303, 1954),
Mypa (E.F. Moore, Gedanken — Experiments on Sequential Machines,
<Automata Studies», pp. 129—I153, Princeton University Press, Prin-
ceton, N. Y., [956. Pycckuii nepesox: . . Myp, YMospuTenbHbie
9KCNEPHMEHTH ¢ MOCAEAOBATENAbHOCTHHIMHM MamuHaMu. B c6opuuke
«ABTOMaTH» noA penaxuuedt K. . Llennona u Jx. Makkapty, UJ1, M.,
1956), Muan (G. H. Mealy, Method for Synthesizing Sequential
Circuits, Bell System Tech. J., vol. 34, pp. 1054—1079, 1955) u Ayden-
kamna W Xoua (D. D. Aufenkamp and F. E. Hohn, Analysis of
Sequential Machines, IRE Trans., vol. EC —6, pp. 276—285, 1957).
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3.2. 3KBUBAJGHTHOCTb COCTOSHHH

B nanpueftmeM 6yaem npuMenats obGosHauepne M |0 aas
KpaTkofft 3anMCH BBHICKA3blBAHHA: «aBTOMaT M B COCTOSIHHH O».
Onpenenenne 3.1. TosopAr, 4TO COCTOSIHHe C; A4BTO-
mara M; u cocrostne o; asroMara M, sxeusasenmusi, eciu
M|o; n M2|0j noJ Bo3AeficTeHeM 1060 BXOAHOH nocaea0BaTeNb-

HOCTH BBIAAIOT OJHHAKOBHE BHXOAHbE MOC/HeI0BaTeJbHOCTH.
Ecin 6; W 0; He SKBHBaJeHTHH, TO TOBOPAT, YTO OHH pa3au-
yumul. OGo3navyenHs M; m M, MOTYT OTHOCHTbCH K OJAHOMY
H TOMY e aBTOMaTy.

TakuM 06pasoM, G, M O; SKBHBAJEHTHH TOrAa H TOMABKO
TOrAa, KOrAa, Ha6/Moaas BHEIUHHe BHIXOAbl, Heab3sd OTIHYHTDL
asToMat M, HaxoafAWMACA B HAYaJAbHOM COCTOAHHMM G;, OT ABTO-
Mara M,, Haxoasuierocs B HayaabHom cocrostum ¢;1). Cocros-
HMSl O; M O, Da3/AMYMMbl TOTAd M TOJbKO TOTA3, KOTAA MMeeTCH

xoTa Obl OXHa BXOAHAA MOC/AENOBATENbHOCTb, nojiaya KOTopo#
kak Ha M;|o,, Tak n Ha M,|0; naeT Ha BHIXOAaX pa3nMuHble
NoC/eA0BaTebHOCTH.

OKBHBA/IEHTHOCTb 0; H O; 0003HAYACTCS PABEHCTBOM O; = 0,
a pas/IMYMMOCTb O; H O;— HepaBeHCTBOM 0;=0;. [loab3ysch
onpeaeieHHeM 3.1, MOXHO Jerko nokasaTb, YTO SKBHBAJEeHTHbHIE
COCTOSIHHA 06/1a4a10T CBORCTBOM ped/IeKCHBHOCTH (0; = 0;), CBO#-
CTBOM CHMMETPHYHOCTH (€C/H O;=0;, TO G;==0;) H CBOACTBOM
TPaH3HTHBHOCTH (€CAH O;=0; H 0; =0, TO 0; = 0y). Cneno-
BaTeJbHO, SKBHBAJIEHTHOCTb COCTOAHHR MOMET paccMaTpHBaThCA
Kak OOKYHOe  COOTHOLIEHHEe 3KBHBAJEHTHOCTH, KOTOPOE npH-
MEHHMO K MHOMeCTBaM COCTOSHHR m1060# MouwHocTH. Pasau-
YHMOCTb COCTOSIHHA He 06/azaeT CBOACTBAMH DPedpleKCHBHOCTH H
TPaH3HTHBHOCTH M, CJe10BaTe/lbHO, MOXET OTHOCHTbCA TOJbKO
K napaM COCTOSHHH.

B HekoTOpbIX cJyyasx 3KBHBa/JeHTHOCTb WJIH PasiHYUMOCTb
IBYX COCTOSHHH OJHOrO H TOro e aBTOMaTta MOryT GblTb ycTa-
HOBJIEHbl HCC/ef0BaHHeM TabJ/HIbl nepeXoA0B JaHHOrO aBTOMAaTa,

') BuMecTo BbipaxeHus «pasaUyMMOCTb aBTOMAaToB M, |a; u My |0
6yaer ynoTpe6aaTbCs BHIPaXEHHE <PA3NMUHUMOCTb COCTOSHHE 07 H O0j»
BO BCeX CayuyasX, Korja no KoHtekcty M; u M, noapasymeBaiorCs.
AHalOrMYHO BMECTO BHIPAXEHHs <«peaknus aBToMata M|o» Oyaer
yHnoTpe6AaThCs BBIPAXKEHHE «PEAKLHS COCTOAHM O», KOrAa MO KOH-
TEKCTy aBroMaT M mojpasymeBaercs.
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HexoTophle H3 3THX C/yuyaeB ONMHCHBAIOTCA C MOMOILLI) Cleny-
OILHX TpeX JeMM,

Jlemma 3.1. ITycmy 0; u 0;—cocmoanus asmomama M.
Ecau cmpoxku ©; u o, 8 nodmabiuye z, asmomama M

pas3auiaomes, mo 0;70;.

HoxasamearvcmBo. OueBHAHO, CYleCTByeT N0 KpakHel Mepe
ONMH BXOAHOH CHMBOJ, NpPH NPHIOXEHHH Kotoporo k M|o;
k M|o; Ha BbiXoxe M mOJYYAIOTCHA pas/MyHble BHKXOAHBIE CHM-
gonbl. Cienosarenbio, no oipesedennio 3.1 6,50,

JHemma 3.2, ITycmy 0; n 6;— cocmosinus asmomama M.
Ecau cmpoxu Oy u O; 8 noaxod mabauye nepexodoe asmo-
Mama M oduraross, mo 0,=0;.

Hoxasameasscmso. Tlpn npuioxennn k Mlo, n x Mg,
N106Or0 BXOJHOTO CHMBO/A BHIXOJHHE CHMBOABI H CleayIOlliHe
cocrosnkHs B OOGOHMX cJayyaax OyayT oaHHakoBbl. ITocKO/JbKY
M|o, 1 M|o; nepexoiAT B OAHO H TO e COCTOSIHHE, HX peak-
UHH HA BCE MOAMOC]EROBATEIbhOCTH BXOAHLIX CHTHANOB IOJDKHBI
copnanats. Caenosarenbro, no ompereietuw 3.1 6,=o;.

Jemuma 3.3. Ilyems 6, u 0;—~cocmosanus asmomama M.
Ecau cmpoxu ©; u 0; noaxoi maGauys nepexodos8 asmo-
Mama M cmaHOBAMCA 00UHAKOBBMU NPU 3aMEHe KadXid020
0003xa4esus 0; Ka O; (uau Rao6opom), mo ;=0

Hoxaszameascmso. TIpH npHAOKEHHH JIOOGOTO BXOAHOrO
cuMBona k M|o; n K M|o; BHXOAHBIE CHMBOJBI OXHHAKOBBI
B AByX cayuyasx: au6o M|e; u M|o, nepexoxdr B OaHO H
TO e COCTOfIHHe, JHOO B COCTOAHHA O, H g, (He o6s3are/bHO

COOTBeTCTBenlo). EcaM clenyiwoliee COCTOAHHE OIHO H TO IKe,
TO peaKlMH aBTOMATa HAa BXOAHBIE MOANOC/ENOBATENbHOCTH Gy AyT
coBnanatb. EcaM ClenyWOUWHMH COCTOSHHAMH ABJSIOTCA O; H O,

TO BOCCTAHOBHTCH HCXOJHAsA CHTYyallMs, H mNpHBeleHHble BHIIe
CoO0paxeHHs MOXHO OyleT NOBTOPHTb, YTOOH MNOKAa3aThb, YTO
C/leAyIllHe BbIXOAHBIE CHMBOJBI OAHHAKOBbH B OOOHX CJyyasx.
3aTeM, MO HHAYKUMH, NOJMYYHM, YTO DEakUHH MpH O, H G; Ha
Mo6y10 BXOAHYIO nOC/AeAOBATENbHOCT GYAYT OAHHAKOBBIMH,
OTKy1a C/exyeT, 4TO 0;= 0.

Tlapbt crpok, o6aanatouiie cBORCTBOM, MpHBEAEHHBIM B JeM-
Me 3.1, Ha3bIBAOTCA ABHO pPA3AUMUMBLMU, 3 COCTOAHMA, CTO-
AlllHE B OCHOBHOM CTOA6lE B 9STHX CTPOKAX, — ABHO pasiu-
WuMslmu cocroguuamu. Ilapu crpok, o6.Jaaamline CBOHCTBaMH,
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yKa3aHHEIMH B JemMMax 3.2 W 3.3, HasHBAOTCA ABHO SKBU-
8aleHMHbLMU, A COCTOAHHSA, CTOsIINE B OCHOBHOM CTOAGNE B
STHX CTPOKaX, — SBHO SKBHBAACHTHbLIMH COCTOSHHSAMH.

Takum o6pasoM, HMeeM:

Teopema 3.1. Ecau cocmofrus o, u O, ABHO pa3iu-
HUMBL, MO O;#0;, a ecau COCMOAHUA O; W O, ABHO SKBuBa-
AEHMHB, MO O, = 0.

Cheayer oTMeTHTb, YTO yTBepxJeHHe, o6paTHoe TeopeMe 3.1,
HecnpasesNHBO, T. €, He KaXIaA mapa pas/HuMMHX COCTOSHHHA
ABJIIETCA SIBHO Pa3JHYHMOH M He Kawaas napa SKBHBAJEHTHHX
COCTOSHHH ABHO SKBHBa/JeHTHOR. Hcnoab3ys onpenenenns, ese-
JeHHhe B § 2.3, MOXHO 3aKJIOUYHTb, YTO B SIBHO MHHHMa/bHOM

Puc. 3.1. ABTomar A6.

aBTOMAaTe BCe napbl COCTOAHHA pas3NHYMMH, @ B SBHO COKpATH-
MOM aBTOMaTe HMeeTc no KpaHuef Mepe OAHA mapa SKBHBAJIEHT-
HHX COCTOfHMA.

s namoctpaunn gemMM 3.1-—-3.3 paccmoTpuM astomar A6,
npeiCTaBJeHHHH rpapomM mepexonaoe, H306paXKeHHEIM Ha pHc. 3.1,
u Tabauuef nepexonos 3.1.

M3 Tabauubn nepexoaos BHAHO, YTO CTPOKH 1 H 5 0AHHAKOBBI,
a cTpokh 2 u 6 cranoBATCH OJMHAKOBLIMHM, €CAH KaXAyio
unppy 2 saMenHTh Ha undpy 6 (nam xaxayio undpy 6 same-
HATh Ha uMdpy 2). CrenosaTelbHO, COCTOAHHA B mapax (1, 5}
B {2, 6] aBAATCA SKBHBAJGHTHHMH. PaccMoTpenne noarat-
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Ta6auna 3.1
Astomar A6
Zy Sy+1 2y Sy+1
Vel |v|e|s |y e |e|v|als |y
Sy Sv
1 101|255 5 1{of[1]2(5]35
2 o116 2}5 6 01 1121615
3 o1 1112217 7 oj1i11|6(613
4 101|831 8 10| 1(8]7]|5

JHUbl 2, MOKAa3hiBaeT TaKXe, YTO HH OJHO COCTOfIHHE H3 MHO-
wectBa (1, 4, 5, 8} ne MomeT GbITb 3IKBHBAJEHTHBIM KaKOMY-

MH6O COCTOAHMIO M3 MHOXecTBa {2, 3, 6, 7},

3.3. k-3KBMBAJEHTHOCTH

IOas  nanbHeRumnx o6cyxaeHHH noO/e3HO BBeCTH NOHATHE
«k-3KBHBAJEHTHOCTHY. ‘
Onpenenenne 3.2. Cocrosune o, asTomara M; u cocrod-

HHe O, apToMara M, HA3LIBAIOTCA K-IKBUBANEHMHBME, eCIH
npu npunoxennn k M;|6, n x M,|0; BXOnHOR mocaenoBaTeb-.

HOCTH AJIHHBI R OHH Bupa6a'rbusa10'r OIHHAKOBbIC BHXOIHBLIE TIO-
clleloBaTebHOCTH. Ecan O, H Gj He ABJAITCA k-SKBHBAJEHTHRIMH,

TO OHH HA3HBAWTCA k- passutumsimy. O603HavenHs M; n My
MOTYT OTHOCHTbCS K OJHOMY H TOMY >Xe aBTOMATy.
Takum oGpasom, 0; W 0, fBJAIOTCS k-3KBHBAJEHTHBLIMH TOTIa

H TOMbKO TOrAa, KOrAa, npHK/adblBas BXOJHble MOCAENOBATE/b-
HOCTH ILaMHbl £ M Ha6/01as CHTHA/JAbl HAa BHEIIHHX BHIXOAAX,
HEeBO3MOXHO OTJHYHTL aBTOMaT M; B COCTOfHMM O; OT aBTO-
Mata M, B coctoanuu ;. Cocrofiins 6; M 0, ABAAIOTCA K-pas-
JAHYHMBIMH TOrJa H TOJBKO TOrAa, KOraa HMeercs XoTd OHl
OIHA BXOAHAA MOC/AeAOBATEJbHOCTh HJHHE R, KOTOpPas NpH mpH-
JIOXKEHHH K M1|°z H M2loj BbIpa6aThiBaeT pasHble BHXOAHbLIE
nOC/1enoBaTeJbHOCTH, [lBa 1-pasmMyMMBIX COCTOSIHHSA, COTJACHO
Onpeénenennio, NanuoMy B § 3.2, ABAAIOTCA SBHO DA3JHYMMBIMH,

Ha ocuopanuu onpesenenms 3.2 serko mokasath, uro
k-3KBHBANCHTHbIE - COCTOSIHNA 00J3AAI0T CBOACTBAMH pedaexcus-
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HOCTH, CHMMETDHYHOCTH H TpaH3UTHBHOCTH. Cienoaresbuo,
R-3KBHBAJEHTHOCTb MOMHO TPAKTOBAThb Kak OOBIYHOE OTHOLUEHHE
SKBHBAJIEHTHOCTH, KOTOPOe HEenocpelCTBEHHO NPHMEHHMO K MHO-
WEeCTBAM  COCTOAHMA mwo6o#h MmowmoctH. C  apyro#i cropombl,
R-pasnnuMMoOCTb He o06JadaeT CBORCTBAMH pei/IeKCHBHOCTH H
TPaH3UTHBHOCTH, H, C/elA0BATe/NbHO, 3TO TOHATHE TPHMEHHMO
TOJbKO K TapaM COCTOSIHHH.

Jlemma 3.4. (a) Ecau dsa cocmonnus asasiomcs k-ax8usa-
ACHMHBMU, MO OKU ABASIOMCA U l-3KBUBANCHMHOIMU O
Kaoscdozo | < k. (6) Ecau 08a cocmoanus asagiomcs k-pas-
AUUMBL MU, MO ORU ABAAIOMCA U I-pazautumblmu 048 KA~
0020 [ > k.

Hoxazameavcmso. (a) Tlycts 6; u 0, sBAA0TCA k-3KBHBA-
JIeHTHEIMH, HO Da3/IHUMMBIMH TIPH HEKOTOPOH BXOLHOR noc/elosa-
Te/IbHOCTH, CkaxeM &;, Lauupl [ k. Toraa o, H 0; AOMKHHI

6bITb  pa3NHuUMbl TIPH BXOIHOH TNOC/IENOBATENbHOCTH &6y,
rae &,_; NpeacTaBaser coGoH Mo6YI0 BXOAHYIO NOC/EN0BATEb-
HOCTb AJHHBl & —-[. CrefoBarenbHo, 6; M 0; ABJATCA K-pas-

JHYHMBIMH, YTO TPOTHBOPeyHT YycaoBuw. (6) Ilycts o; H g;

ABASIOTCA k- Pa3/MYHMbIMH, HO [-SKBHBAJEHTHBIMH IJS HEKOTO-
poro I2>> k. Onmnaxo, cornacio (a), eciu O; H G; ABASIOTCA
[-9KBHBA/MICHTHbIMH, OHH NOJIKHBI ObLITb K-9KBHBAJEHTHLIMH L1
kaxaoro k<[l TloayuyeHHoe mnpoTHBOpeuHe AOKA3bIBAET Crpa-
BeAJIMBOCTb yTBepHaeHHA (6).

Cocrofinie, B KOTOpoe MepeXoJIHT COCTOSIHHE O, MpPH foiaue
BXOJHOR TOC/e10BaTeNbHOCTH IJIMHBL R HA3bBaeTCA R-M npe-
eMHUKOM C; TIO OTHOLIEHHI® K STOH TOC/AEN0BATENbHOCTH.
HyneBbIM NMpeeMHHKOM COCTOSIHHA SIB/IAETCA CAMO COCTOSIHHME.
~ Teopema 3.2. Ecau cocmosnus O, u O; ABAAOMCA
k-3K8UBQNEHMHBMU U eCAU UX k-e npeemHuKu no omwouie-
Huw K 210608 8x00HOH nocredosamenrsrocmu OAUHBL R A8AR-
IOMCSL IKBUBANEHMHbBLMU, MO ©;=0,.

Hoxasamervcmso. Ecan o, H 0; ABAAIOTCA R-3KBHBAJEHT-

HbIMH, TO, COrJacHO JeMMe 3.4, OHH BbIpabarblBalOT OAMHA-
KOBblE peaKLHH TPH BCeX BXOILHBIX MOC/eL0BATE/NbHOCTAX IMHHDBL &
uan MeHee. EcaM HMX k-e TpeeMHHKH TNO OTHOLIEHHIO K J1060#
BXOAHOR TMOC/MeN0BaTeIbHOCTH JIJAHHBI R ABJAAIOTCA SKBHBA/ICHT-
HLIMH, TO OHHM BbLIPAGATHLIBAOT OAWHAKOBLIE PEAKLMH TPH BCEX
BXOIHLIX MOC/AELOBATENbHOCTAX, KQTOPbie C/ACLYIQT 32 NMePBbIMH R
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CHMBOJ/IAMH. CnenoaaTeano. O, H O'j Bblpa6aTblBalOT OIJHHAKOBbLIE
BHIXOAbBl TPH BXOIHLIX TOC/JACAOBATCIAbHOCTAX 210608 LNWHBL,

OTKyAa Clelyer, 4To 0; = 0.
Teopema 3.3. Ecau cocmosnus o; u ; A8AAOMCA

SKBUBANCHMHBLMU, MO UX R-e npeemMrHuxuy no OMHOULEHWIO
Kk w0008 8x00r0& nocaedosameavnocmu Oaunst kR u 0as
2106020 R A8ASIOMCS 3KBUBANCHMHBLMU.

Hoxazameavcmso. Tlycts o, H 0;. ABJAIOTCA R-MH TIpEeMHH-

KaMH COCTOSHHA O; H O; COOTBETCTBEHHO MO OTHOLIEHHIO K TPO-
M3BOMLHOR BXOIHOR mocaenoBareqbHOCTH &,. Ecau 01:#0;,
TO MMEEeTCH [OC/AeN0BaTeNbHOCTb, CKaweM &, I KOTOpO# 0;
u 0;. BhIpaGaThiBAT padnnyusle peaxuun. CnenoBatenbro, peax-
UMK A9 Op M O; HAa &,&; LOMKHbBL OblTb PAa3HHMH; STO
TPOTHBOPEYHT LOTMYLUIERHIO, UTO G; = 0.

Bxoanyw nocaenosarenbnocTh, noiaBaemyio Ha Mi|o, H
/WQI(Ij, MOMHO CPaBHHTb C [OByMfA TMYTAMH, HAaYHHAIOUIHMHCA

COCTOSIHHAMH G, M O; Ha rpade nepexoloB L1 aBToMaTos M
n M, coorerctBenno. Teopema 3.3 o03nayaer, uTO eCIM 1B

THEUELIEH TG
THELBLS7EH TN

1
pog

Puc. 3.2. My B aBToMarax M, u M, npH o; =0,

HAYaIbHLIX COCTOAHHMA HA STHX NYTAX SKBHBAJEHTHBI, TO KaXIble
ABA COOTBETCTBYIOUIMX COCTOSHHA HA STHX MyTax (T. e. COCTOS-
HWH, B KOTOpble NMepexOoAAT aBTOMAThl M3 HAYAMbHHX COCTOSHHHA
TOC/Ie TIPOXOXAEHHA OIHOrO H TOFO Ke YHCJa AYT) ABJAAIOTCA
TaKXe  SKBMBa/MeHTHBIMH. ODTO TMOJOXeHHe HJMIOCTPHpPYeTCs
puc. 3.2, rae noxasanubie NyTH ABASIOTCA TMYTAMH, KOTOPbIE

6 A Taan
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npoxolar M; M M, npH TDPHAOKEHHH HeKOTOPOR BXOAHOH
nocaenosaresbHocTd k M,|o; u k M,|o;. Ecan o, u 0; ssas-

I0TCA SKBHBA/NEHTHBLIMH, TO k-e NnpeeMHHKH O[k H Ujk JOJIKHBL

GbITh SKBHBA/MEHTHB AMs BCex R.

M3n0meHHble Pe3yAbTaThl MOTYT ObITh HCNO/Ab30BaHbl BO MHO-
FHX CJayyasx A/ YCTAaHOB/AEHMA SKBHBA/NEHTHOCTH COCTOSHHMH,
KOra SKBHBaJNEHTHOCTh APYTHX COCTOAHHR YiKe YCTaHOBJeHa.
[lycTb, HanpuMep, MW3BECTHO, YTO Mapul coctosauuit {1, 5} u
{3, 7} asromata A6, wusobpaxeHHoro Ha puc. 3.1, aBaslOTCA
skBuBaienTHIMH. Torza mapa {4, 8} mo/mxHa 6LITh TakKe mapo#
SKBHBA/IEHTHBIX COCTOSIHHA BC/AEACTBHE TOrO, yto 4 W 8 sABas-
10TCs1 1-3KBHBA/EHTHBIMH, @ MX TEPBLIMH NpPEEeMHHKAaMH ABJSIOTCS
napet (1, 5} u {3, 7}. Ecau u3BeCTHO, YTO COCTOSHHA B mape
{4, 8] okBuBanenTHH, TO cocroawua B mapax (1, 5}, {2, 6} u
{3, 7} momxHBl OHITb TaK)e SKBHBA/JEHTHBIMHM, TNOCKOJbKY OHH
00pasyloT napbl COOTBETCTBYIOLIMUX COCTOAHMM Ha MYyTAX, HAYM-
HAIOLUHXCA COCTOAHHAMH 4 H 8.

3.4, k-axBUBaNeHTHBE pa3GHeHHs

Ilna uenelt, KOTOpble CTaHYT ACHLIMH W3 CJeAYIOLUHX Napar-
padoB, NpelcTaB/aseT HHTepec HejeHHe HIH «pa3bHeHHe» COCTOM-
HH#l aBTOMAaTa Ha KJAacCH NO cJedyloliMM npasuaaM: (1) Bce
COCTOSIHHA, TpHHalJexalulHe K OIHOMY KJ4acCy, HLO/IKHBL OLITh
k-3KBHBAJEHTHBIMH; (2) BCe COCTORHHA, NpPHHalLJexallHe K pas-
HBIM KJaccaM, LO/DKHB OhTh k- pa3nnyuMbIMH. Takoe pas6uenue
Ha3blBaeTCd R-3KBuBALeHMHOM pa3lueHues aBTOMaTa H 060-
anavaerca P,. Knacc P, HaswbiBaloTca Kaaccamu k-sxsuga-
senmuocmy W 0003HAYaAOTCA Zp, Zp,, Zg, U T. L. CocToaHus,
NpHHal/JexallHe K OLHOMY M TOMY JKe . KJacCy, HasbiBaloTcs
CMENCHBLMI COCMOARNUAMY; COCTOAHMS, TPHHALJIexallHe K pas-
HbIM KJaccaM, Ha3blBAlOTCA Pa300ueHHbMU COCMOSHUAMU,

Puc. 3.3 u rtabanua 3.2 npeacrasasior asromar A7, Has
9TOr0 aBTOMaTa 2-SKBHBaJeHTHOe pasCHeHHe HMeeT BHI

P %,=1{1.3,5,7, 8,
222=[2, 4, 6}, (3.1)
= (9) ...

Jlerko nposeputh no rpady nepexomos asToMara A7,
4TO CMexwHble COCTOAHHA B P, 3aiaHHble BhpaxeHHaMH (3.1),
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gBAAIOTCA 2-9KBHBAJEHTHBIMH, a Pa30OLIeHHblE COCTOAHMA ABJSI-
joTci 2-pasavumMbiMM. Hu omHO cocrosune asromara A7 He
GBAAETCA 2-SKBMBANEHTHEIM COCTOSHHIO 9 (32 MCK/IOUEHHEM CAMOTO
coctosHus 9), M, clemoBaresbHO, cocTosHne 9 obpasyer kiacc,
COCTOSILIME H3 OAHOTO COCTOAHMA, — 00KOIAeMEHmMHBA Kaacc,

(@/7)V(/9)

@/ /‘/

/1) Cj /1) d

/7 /7
Puc. 3.3. Asromar A7

fIcHO, uTO HH OIHO COCTOSHHE He MOXMeT IDHHaANexKaTh
OHOBPEMEHHO JABYM pasjWUHBIM XZ-9KBHBA/MEHTHHIM K/accaM, TNO-
CKOJILKY 3TO 03Haua/jo Obl, YTO 9TO COCTOsIHHE fABJsdgeTcd K-pas-
JUYHMBIM TIO OTHOLIEHHIO K caMoMy cebe. CienoBarenbHo, oblee
YHCJAO cocToAHud B P, paBHo o6uleMy UYMCAy CCCTOAHMH
B aBTOMare,

Jlemma 3.5, k-sxsusasenmuoe pasbuenue asmomama
e0URCMBERHO.

Lorxazamervcmso., Hpennonomum, yto pasbuenne P, co-

cTOfUee M3 Ek , 2,, . Ek , He fBJdeTCd eNMHCTBEHHBIM.
Toraa pnsa 9Toro xe aBTomaTa II.OJI)KHO 6uiTh Apyroe k-3KBUBA-
JeHTHOe pasbuenme, ckaxeM Py, CcOCTOfLEe H3 Ek‘, Z‘k,,
cees 2 - TMyets B = {0,, L o,d}. [TOCKOMBKY COCTOS-
HMR W Zk

ﬂBJ‘lﬂlOTCﬂ k-9KBHBAJIEeHTHHIMH H MOCKOJIbKY He

6.
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Ta6bauna 32
Astomat A7
Zy Sv+1 Zy Sv+1
x'V x'V
5y al| B v a B Y 55 a| B v a B v
1 110[(0 2|25 6 o1 (|1 |8]9]6
2 o] 1] 1 1 4 4 7 110 0 6 2 8
3 110{0 (225 8 10|04 ]| 4] 7
4 011/ 1 3] 2 2 9 011 1 7 9 7
5 110 0 6 4 3

MMEETCs HH OJHOTO COCTOSIHHA BHE Ekr' SBJIIOLLET OCS SKBHBAJIEHT-
HBIM KaKOMY-JH060 COCTOSHMIO M3 Ekr' To B Pp nomxeH GbITb

!
KNacC cocTofAnu#, CkaxeM ZXp, COCTOAWMH M3 COCTOAHHH O,
Oy -++» Or, H He CONePKAWHK HWKAKHX NDPYTHX COCTOAHHA.

T1pelno/IOKHB, YTO r NPHHHMAeT 3HaueHus 1, 2, ..., u, NONYUHM,
Yyto KawIOMy KaacCy B P, COOTBeTCTBYeT HAEHTHYHBIA Kjacc

’ ’
B Pp. TlockoabKy 06uiee YHCAO COCTOAHHH B Pp I0MKHO GBHITH

TaKkMM Xe, Kak B Py, 10 Py w P; JO/DKHH OHTb OJHHAKOBLIMH
W, ClelOBaTenbHO, P, fABJAeTCA eAMHCTBEHHDIM.

Jdemma 3.6. Cocmosanus, asasoujueci pas3obujenusmu
8 P, 0040cHb Ovimb pa3o0ueninsi 8 Py, .

Loxasameavcmeo. Cornacio nemMme 3.4 1Ba COCTOAHMA,
ABAAIOLIMECH R-DPa3JHUMMBIMH, ABAAIOTCA H (£ - 1)- pa3/MUHMBIMH.
Torza . cnpaBeJIMBOCTh JAOKAa3hbIBAeMON JieMMbl HENOCPEICTBEHHO
BHTeKaeT M3 onpelefteHus P, u P, .

HanpuMep, P, aBromata A7 He MOXET COLEpKaTb TaKHe
kaacch, kKak {1, 3, 6} u [2, 5, 9}, mockoJbKY 3TH KaaccH,
kak caenyer H3 (3.1), comepmaT COCTOSAHHA, KOTOpHe B P,
ABAAIOTCA Pa3O6LIEHHBIMH.

Jemma 3.7. Ecau asmomam M umeem 08a pasaudu-
MBX, HO R-3KBUBALEHMHBLX COCMOSAHUSN, MO OH MaKice
doascer umems 08a COCMOARUS, KOMOpule ABALIOMCA R-3K8U-
sasenmubimu, Ho (k- 1)-pasautumsinu.

Loxasameavcmso. Tlyctb 6; W 0; OYAYT pasuyMMBIMH

k-9KBHBA/JEHTHBLIMH COCTOAHMAMM aBToMata M NycTb BXOHOHAadA
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NoC/AeL0BaTeIbHOCTD ghlghz .. .ghl Oyier HaukpaTyaiiuefi BXOAHOH
NOC/eA0BATE/NLHOCTBIO, Pa3/HYalolle COCTOAHMA O; M O; ITO
3HAYHT, YTO O; M O, BbHIPAGaTLIBAIOT Pa3/IMUHBIE BBHIXOAHBIE CHM-
BOJIBl He paHblie, yeM OyldeT MNpPH/IOMKEH BXOLHOK CHMBOJ ghl.
TIOCKO/IbKY G; M O; ABJAAIOTCA K-3KBHBANEHTHBIMH, TO HLOJKHO
6uth [ > k. Tlycrb (I— Kk —1)-MM NpeeMHHKaMH O, H 0; mo
OTHOIIEHHIO K BXOLHOHR TMOC/ea0BaTe/bHOCTH ghl ghz E’h(l-k—-l)
COOTBETCTBEHHO; TAK Kak [ >k, 10 I —k —12> 0,

’
J
W 3TH TIPEEMHMKH BCeraa cyuiectsylor. Toraa o, u 0; MOTYT GBITh

6yayT 0, H O

Pa3NHYMMEl TIDH BXONHOM MOCAeNOBATEAbHOCTH &p En, .

.+ Epp AMMHA KOTOPOH paBHA l—(l—k—1)=Fk-+1. Omu

IBa COCTOAHHA He MOTYT ObITb Pa3/HYHMBl C TMOMOLIbLIO HHKAKOH
Apyrot 6osee KOPOTKOR NOC/AeNOBAaTe/NbHOCTH, TaK KaK 3TO
NPOTHBOPEYHNO Ol YCAOBHIO, YTO O; W O; ABAAIOTCA K-9KBHBA-

nentHbiMH. CnepoBarteabHo, O, M 0;. ABJAIOTCA AR-3KBHBAJEHT-

HbIMH, HO (k- 1)-pazauuumsimu, Jlemma mokasaHa. PaccMorpes-
Hasg CHTyauMs WAJIOCTPHDYeTcd Ha pHc. 3.4

5’/; §"2 B f”z-k-r g”z-/r §”z-ku”' §”z
5”7 §”2 o §”1—A—-7 §”z -k 5”1—#«\7' ’ .5)71

Puc. 34. Mamocrpanusa k aemme 3.7.

[IpeanonoxuM Tellepb, YTO CMEXHblE COCTOSHHA B KaXIOM
K/lacCe 3KBHUBA/NEHTHOCTH Da3bvenHs P, sBAAIOTCA SKBUBAJIEHT-
HbiMU. Torpa acuo, uro P,,, coBnamaer ¢ P, A1S BCeX HeoT-
pHuATeNbHBIX nenblX 4. EcaM OBa CMeXHHX COCTOHHA B P,
ABJIAIOTCA Pa3IMYMMBIMH, TO OHH TNPENCTABAAIOT COOOR NBa pa3-
JAHIHMBIX  COCTOAIHMA, KOTOpble HBJAIOTCA &-3KBHBAJEHTHLIMH.
B srom Cayuae, coryacHo JaeMMe 3.7, aBTOMaT MAOJKEH HMeThb
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IBa COCTOAIHHA, KOTOPHIE ABAAIOTCA R-9KBHBA/IEHTHBIMH, HO (R 4 1)-
pasanunMbiMH. CrenoBartebHO, Pp HOMKHO CONEPKATh IBA CMEXK-
HBIX COCTOAHHSA, KOTOpble CTaHOBATCA Pa3OOUIEHHBIMM B P, ;.
Takum o06pa3oM, eciH CMeXHbHle COCTOAHHA B KAaKOM-HHOYIb
kaacce M3 P, aBAdI0TCA pPa3/IHYHMBIMM, TO pasbuenne P,
-LO/DKHO OTIAMYaTbCA OT pasbuenns P, Ecau P, ; oTinyaercs
oT P, To, corjacHo JemMe 3.6, 1OKHO CYyLIECTBOBAaTb «COGCT-
BEHHOE pasjeneHHe» P,, KOTOpOe ROJKHO MOJYYaTbCcA paclien-
JeHHeM ONHOrO W/IM HeCKOJbKHX KJaccoB P, Ha nBa WIH Gonee
NoxaKJaccoB. B 3ak/ioueHHe MOMXKHO yTBepXnaTh Cjexyiollee.

Teopema 3.4. P, 0040cH0 6bims coOcmBennum pasde-
senuem Py, ecau ne 80 8cex waaccax P, cmedxcuse cocmo-
ARUS ABARIOMCS KBUBAAeHMHNMU. B npomusnon cayiae Py
u P, cosnadaom.

Iaa aBromara A7, HanpHuMep, HMeeM:

Py Z,=11, 3, 5, 7, 8},
Zp=1{2. 4},
23 = {6},
2y, = (9},

(3.2)

KOTOpOC SABJAETCA COGCTBEHHHM paSACHEHHEM P2, H
P S,={l, 3, 8],
242= [2. 4}.
Ty =1{5, 7}, (3.3)
E44= [6}
245= [9},

KOTOpOe€ fBJAETCA COOGCTBEHHHIM pasaejeHHEM PS' OxnHako BHIHO,

4yToO
Pg 3,=11, 3, 8},

E52= [2- 4].

253= {5, 7}, 3.9
E54= [6},

E55= [9}

coBnanaer ¢ P, M, c1ex1oBaTeNbHO, CMeXHblE COCTOAHHA B KaX-
BOM knaacce P, ABAIOTCA  9KBHBAICHTHBIMH,
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8.5. dxkBuUBaneHTHHE pa3bGueHns .

k-3KBHBA/NEHTHOE p336HEHHe asroMata M HasbiBaeTCa SK8U-

saseHMHBM pa3bueduem M w 0603HauaeTcs P, ecqu BO Bcex
KJaccax STOro pasGueHHss CMexHble COCTOSHHA SKBHBAaJEHTHbI.
[Ipn 9STHX YCAOBHAX Kaxabif kJjacc pa3bHeHH HasbBaeTcd
Kaaccom axgusaaenmuocmu. VI3 marepuanos § 3.4 caenyer,

yTo P ABAfeTcs HaMGOMee LeTalbHLIM pa3GuenneM P,. To Teo-
peme 3.4, SKBHBa/JeHTHOe pa3GHeHHe P Momer 6biTh noJayueHo,
ecnn o6pasoBmBaTh P, ana k=1, 2, 3 ... 10 Tex mop, noka
nepBHit pas mojyuutca pasGHeHHe, KOTOpOe cOBManaer ¢ nmpe-
AbAYWHM pas6venneM. DTo pa3fHueHHe H Oyner P. [lyctb pa-
BeHCTBO P, = P; o3Hauaer, 4t0 P, u P; 9BAAOTCA ONHHAKOBHIMH
pa3buennaMu, u nycTb |P;| o603HauaeT uHCAO KJaccoB B Py,
Hcnoabsya sto o6o3HaueHHe, mNpexblayliHe pesyabTaThl MOTYT
O6HTb OGOOLIEHH CJaeRyIOLUM 00pa3oM:

|Pel <P g1l (3.5)
Ecau |Pkl=|Pk+1|v TO
Py=Py,=P u=0 12 ... (3.6)

Ecan Bce n cocrosHuit aBTOMaTa #BAAIOTCA 1-SKBHBaJMeHT-
HbHIMH, TO pa3bueHHe P| COCTOMT H3 OZHOrO KJacca, conepxa-
wero n cocrosHufl. OuyeBHIHO, YTO ecAH BCe N COCTOAHHH
AIBJAIOTCA |-SKBUBAaJEHTHBIMH, TO MX TepBble TIPeeMHHKH MO OT-
HOIIEHHIO K J11060# BXOZHOR NMOCIeR0BATENLHOCTH ABJAIOTCA TaKXKe
1-skBuBanenTHoiMH. TakuM 06pasoM, BCe N COCTOSHHE KO/KHBEL
OHTh 2-3KBHBaJNEHTHHIMH H, caexoBarteabHo, P;=P, Torza,

no (3.6), P;= P u Bce n COCTOAHUA ABAAIOTCA SKBUBANEHTHLIMH.
Hlns aBromara Takoro THma f, (X, S,) fBJfAETCH ONHHAKOBOM
LAf BCeX §, M, caegoBatenavho, f,(x,, §,)= f.(x,). Torza mno
onpeneseHuio, BBeneHHoMy B § 1.6, MOXHO yTBepkaaTh, HTO
4BTOMAT, B KOTOPOM BCe COCTOfHHA SKBHBAa/leHTHBl, sBJdeTCA
TPHBHA/MbHBIM aBTOMaToOM. B nanbHefiiieM, eciu He Gyner cme-
LHabHO OroBOpPeHo, 6YAYT PacCMaTPHBATbCA TOJABKO HETPHBHA/b-
Hble aBTOMAaThl, T. €. aBTOMaThl, B KOTOPHX HMeeTcd, MO Kpafi-
Hell Mepe, onHa pas;nuuMMas Mapa COCTOAHHA MAH B 1-9KBHBa-

JeHTHLIX pa3GHeHUAX KOTOPHIX MMEeTcd, Mo KpafiHe# Mepe, nBa
KJacca,
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Jlemma 3.8, Ecau Py +# P,y mo

| Pe| > k1. (3.7)
Hoxaszameascmso. Ecim P, = P,_,, 10, 1m0 (3.5) n (3.6),
[P, |>|P,_y| ana r=1, 2, ..., k. Tlockoabky |P;|>2,

To (3.7) cnenyer MO HHAYKLHMH.

Jlemma 3.9. Ecau 0ss aBmomama ¢ n COCMOAHUAMU
Py # P,_y, mo #ucao cocmofuuli 8 kaxdom kaacce pa3-
Guenua P, ne npessiwaem n—k.

Hoxazameascmso. CornacHo nemMme 3.8, UYHMCJO KJAcCOB
B P, pasHo, no kpatueR wmepe, k- 1. TlpesnonomuM, urto
ONMH KJacC comepHT 6ojblie yeM n — R, ckaxeM n—k -+ 1
cocroanuit. Torna, nockoabky kaxabih npyroft kaacc B P, noa-
HeH comepxaTb, MO Kpa#iHeft Mepe, OmHO COCTOsIHHe, OOllee
YHC/I0 cocToAHuH B P, 6yneT He MeHee R+ (n — R+ 1)=n—+1.
JleMMa 1nOKa3aHa, TaK Kak oflliee YMCAO COCTOSAHMH He MOXeT
NPEeBOCXOMHTL A.

JNem»a3.10. Aasasmomamacncocmoanuanu P, = P, _,.

Loxazameavcmso. Ecaun P, ++ P, _;, T0, coriacHo nemMe 3.8,
|P,| > n—+1. Tak Kak YHCJO KJACCOB B R-IKBHBA/NEHTHOM pa3-
GMeHHH aBTOMAaTa C 7 COCTOAHHAMH He MOXET TpeBblIaTh A, TO
NOJIyYeHHOe TNPOTHBOpEUHe NOKA3bIBAET JEMMY.

U3 nemMb 3.10 u ypasuenus (3.6) MOXHO BHIBECTH CJenylo-
lllee 3aK/IOYeHHe:

" Teopewma 3.5. Jan asmomama ¢ n cOCMOAHUAMY

P,_=P. (3.8)

TakuM 06pa3oM, mpouecc onpeneneHus P njd aBToMaTa ¢ n
COCTOAHHAMH TYyTeEM MOC/eLOBATE/NLHOrO TOCTpOeHHd P, s
k=1, 2, 3 Tpebyer He Gosee n— 1 mocTpoeHHf.

IlpyruM BapuaHTOoM (OPMYJIHDOBKH TeopeMbl 3.5 sABJseTcs

Cnencteue 3.1. Jlea cocrosHHd aBToMaTa ¢ 7 COCTOA-
HHAMH SKBHBAJeEHTHH, eCJH OHH (n — 1)-9KBMBaJeHTHH, W pas-
JMYUMH, eCJU OHH (n — 1)-pas/JHunMBL.

Onpedesenue P;. P, MOxeT ObITb ONpene/aeHO C MOMOLLBIO
Clenylollero mNpaBH/JA: COCTOSHMSA SHBJIAIOTCA CMEXHBIMH B P
TOrZ4 M TOJbKO TOFa, KOrga OHH AMfl KaXHOro BXOJHOMO CHM-
BOJA Nal0T OLMHAKOBble BHIXOLHBLIE CHMBOJIHL.

Onpedesenue Py, i no P, (k> 1), Tlapbl cMexHBIX cOCTOR-
Huft B P,, KoTopble Mpu A060M BXOXHOM CHMBOJE TepPexonsT
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B CMeXXHhe COCTOAHHA B P, mnpencraBasior cofoft k-IKBHUBaAJIEHT-
HHEe COCTOAHHS,, TepBble TPCEMHUKH KOTOPHIX MO OTHOLIEHHIO
K JI060My BXOZHOMY CHMBOJY SBJAIOTCA R-SKBHBaJeHTHBIMH.
[To3TOMYy TaKHe CMexHble COCTOSHHA aBasloTcad (R -+ I)-skBuBa-
JIEHTHBIMH H LO/KHH ObITh CMeXHHMH B Pp ;. Tlaph CMexHBIX
cocToaHu#t B P,, KOTOphHE TNpPH HEKOTOPOM BXOJHOM CHMBOJe
nepexoadr B pa3obuleHHble COCTOAHMA B P,, NpeicTapadfioT co-
60# R-SKBHBaJEHTHBlE COCTOSHHS, TepBble MPEeMHHKH KOTOPHIX
MO OTHOLIEHHI0O K HEKOTOPOMY BXOZHOMY CHMBOJY SABJAOTCSH
k-pa3nnynMbiMH. [I0STOMY TakHe CMeXHBle COCTOSHHUA ABJAIOTCA
(kB -+ 1)-pasTMuMMBLIMH M 1O/DKHB GBITb Pa306LIEHHBIMH B P, . 1. [lBa
pasoOLIeHHbIX COCTOAHHA B P, noMxHH OblTb DPas0OLLeHHBIMH
Take B Py, ;. TakuM o6pasoM, P,,; MOXeT ObTbL ONpexe/eHo
no P, nenedHeM COCTOAHHR Kammoro kJaacca P, Ha NOAKAACCH
TakHM 06DPa3oM, yToObl 1Ba COCTOHHA HAXOLH/JINCH B ONHOM M
TOM e MOXKJacce TOTAa H TOJbKO TOrAa, KOraa HMX TepBHe
NpPeeMHHKH MO OTHOIUEHHIO K KaXXZOMY BXOIHOMY CHMBOJY fiB-
JAIOTCH CMEXHBIMH COCTOAHHAMH B P,. [loayueHHble NOAKJACCH
ABJIAI0TCA KnaaccaMH P ;. TloCckoAbKy OxHOSJAEMEHTHbIE KJAacCH
He MOryT ObITh pasfefeHbl Ha MOAKMACCH, TO TakHe KJaacch P,
MOTYT OHITb aBTOMATHYECKH BKJIOUEHBl B P, 1.

PaccMoTpuM, Hanpumep, pasGuenne P, naa astomata A7,
npusenerHoe B (3.2). Ilepsble mpeeMHuKkn coctosHu#t 1, 3 u 8
ABNSIOTCS CMEXHBIMH B Zgy NPH Monaye o WIM B W B Xy TpH

nosaye y. [epsble NMPeeMHHKH COCTOAHHH 5 H 7 SBJAIOTCA CMex-
HHMH B Xy, €C/M TIPHJIOKEH BXOsHO# cuMBoa «, B Iy, ecau
NPHIOXEH CHMBOA B, H B X, ecau npuioxeH cumsoa y. Cie-
nosateabHo, (1, 3, 8} u (5, 6} asaslorca kaaccamu P,. Ilepsble

NpeeMHHKH COCTOSHHUA 2 M 4 TO OTHOIIEHHI0 K KaXIOMY BXOI-
HOMY CHMBOJY SBJAIOTCH CMEXHBLIMH COCTOAHHAMH B P;; NMO3TOMY
{2, 4} aBasioTca kaaccom P,. OnHOS/eMeHTHble KJIacCHl [6} u {9}
Nepexonat B P, Ges uameHeHHﬂ [MoayuenHoe pasbuenne P, 6y-
HeT TaKKM, KaK nokasano B (3.3).

Takum o6pasoM, MbHl OMHCAAW MpaBu/aa £Ad noc1enoBaTeb-
HOro mnocrpoenns P, nas k=1, 2, 3, ... Ecan anqa kxawgoro
BXOZHOrO CHMBOJA Kaxnad Mapa CMeXHBIX COCTOSHHA P, nepe-
XOZHT B CMeXHHE COCTOAHHA P, TO HHKaKoe naibHeflllee pa3-
6HeHHe P, HeBO3MOXHO M, C/efoBaTe/bHO, P,= P. Onucaunsle
NpaBuaa MO3TOMY [alOT CNoco6 omnpeneseHHd SKBHBAJNEHTHOTO
pasbMeHus 3aaHHOTO aBTOMATA.
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3.6. Pas6uenue npu momowu Tabaun P,

3a HCKJ/I0YeHHeM TNpOCTeRIIMX cayuyaeB, MPouecC PNpene/eHHs
SKBHBa/JEHTHOrO Pa3CHeHHs 32LaHHOTO aBTOMATa MYyTeM WCC/leno-
BaHHA TabJHL NepexonoB, rpaos HJAH MaTpHU, MO CYLIECTBY,
HEBO3MOXKeH.

B sToM naparpade Mb ONHLIEM MeTOx, MO KOTOPOMY pa3-
OveHne MOXeT OBITh BHITOAHEHO CUCTEMaTHYECKH MYTeM NOCTpoe-
HHA CepPHR TaK HasblBaeMbix madauy P,.

TaGanua P, 3anaHHOro aBTOMaTta, MO CYylieCTBY, mnpexcra-
Bider Co6oR TO ke, yto M moxtabaMua S, ,; AAA ITOrO aBTO-
MaTa €O caenyowmmu oTanunamu: (1) Ecan {0,1, Oy v ees o;’}

npeacTaBagioT cob6of kaacc P, TO CTPOKH 10 Oty o vvy O,

rpYNIMPYIOTCS BMeCTe, MPH STOM KaMias rpymna CTPOK OTIie-
aserca AuHdeft OT cocemunx rpynn. [lopssok rpynm B Tabanue
M TOPANOK CTPOK B Kaxuaoft rpynne mnpousBoabHu. CTPOKH,
TipHHanjexaiive K onHo#t u TO# e rpymnne W, CJaen0BaTeabHO,
NpencTaBAAIOLUIHe KJAaCC R-5KBHBAJIEHTHOCTH, OyneM Ha3HBaTb
CMENHCHBL M CMPOKAMU;, CTPOKH, TIpHHAAJdeXalUMe K PAa3JTHYHLIM
rpynnaM, 6yneM HasbBaTh pas3obujesusimu cmpoxamu. (2) lo-
GaBaserca ctonbeu 2, B KOTOPOM YyKasbiBaerca o0603HayeHHe
rpynn B Tabauue P,. O6Go3HaueHHe rpynn MPOU3BOJLHO H MO-
KeT BHIOMDAaTbCA HE3aBUCHMO B Kawpgo# HoBo# Tabanue P,
(3) Kaxnoe snauenne s,,,; CHaOXaeTcd MHZEKCOM, YKa3hiBAIOLIHM
rpynny, K KOTOpoR naHHOe 3HaueHHe OTHOocHTcA. Tak, ecJH
CTPOKAa O, HAaXOHHTCH B rpymnre, 0603Ha4eHHOR «a», TO Kawpoe
3HaueHHe G, B TMoxTab/Hue §,,; CHAOXKAaeTCA HHAEKCOM <«a».

~ Ta6mnuw 3.3—3.6 spasiorca tabauuamu Py, P,, P, u P,
ana aproMata A7, H306paKeHHOro Ha puc. 3.3.

Iocmpoenue mabauyst Py. U3MeHnM nopanok cTPOK B Ta6-
AWLe TepPexonoB TaKHM O0O6pasoM, uyToOb ORKHHAKOBHE CTPOKH
B MoaTab/aHle 2z, CTaan cocenHUMH. Kaxpas rpynna Takux CTPOK
COOTBETCTBYeT KJ/acCy 1|-SKBHBaAeHTHOCTH, H, CJ/efOBaTe/bHO,
9BJAeTCA TPYNNON CMeXHBIX CTPOK B TaGauue P,. Teneps MOxHO
MOCTPOHTb Tabauuy P; myTeM BbYepKHBaHHA MOATAGAHUB 2.,
pasfeleHHsl TPYNNM CTPOK JIMHMAMH, foOaBieHus cToabua X M
-CHa6KeHHs HHAeKCcaMH 3HaueHHH S, ., KaK ObIIO OMHMCAHO Bhllle.
B kauecTBe WAMOCTPauuu comnemcs Ha Tabawus 3.2 u 3.3,

Hocmpoenue ma6auys P, | no mabaune Py,(k>1). Ise
CMEXKHBIE CTPOKM B Tabamue P, uMeioljie BO BCex CTOAOLAX



8.61 PA3BUEHHE [TPH [OMONIH TABJIHL P, 0

Ta6banna 33 . Ta6anna 34
P, nas aBTomata A7 P, naa aBromata A7
vt *vi1
X, X,
DN e | 8| v 2 N\ e |8 v¥
v v
t 4
1 2 2 | 5 1 2 2 5
3 | 22|25 3 | 20|25
a ) 61, 41, 3a a 5 61, 41, 3a
7 | 6 | 2 | 8, 7 | 6 | 2 | 84
8 | 4 | 4 | 7, 8 | 45 | 4 | 74
2 1 4 4
2 |1, | 4 | 4 s | 4 |35 ]2 2
4 |3, 2 | 2 6 | 84 | 9 | 6
b 6 | 84| 9 | 6p
9 | 7a| % | Ta ¢ 9 | T4 | 9% | 7a
Ta6anuwa 35 Ta6banna 36
P; nns aBromata A7 P, nns aBromarta A7
Sv+1 fv+1
X, X,
Z s Ul e B v Z s Yl e B v
v v
1 |2 2]|s5 1 | 2125
3 | 2% | 2 | 5a a | 3 |2 | 2|5
a 5 6,'- 4b 3a 8 4b 4b 1.
7 | 6| 2 | 8,
At AT
a b b
3| 2 | 2 . 5 | 641 4 | 3,
7 | 62| 2 | 8
€1 6 |8 |%]6 a | 6 |8 ]9 |6
d 9 | 74| 9% | 7, e 9 Te | 9% | 7.
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OIHHAKOBbIE HHIEKCHI, ABJIAOTCA CMeXHbLIMU B Tabnuue P, ;. Ilse
CMeXHble CTPOKH B Tabuuue P,, HMeIOlUHe B HEKOTOPHIX CTOMG-
UaX pasJduHbie WHIEKCH, ABJAIOTCA Ppa3oblUeHHHIMH B TabJHle
P, .,. Paso6ueHHne CTPOKH B Tabauue P, ABJASIOTCA TakKme
paso6uienHuiMu B Tabauue P, ;. I'pynna, cocrosmas u3 onHo#
CTPOKH B Tabauue Pp, COCTOMT U3 OXHOH CTPOKM WU B Tabaulle
P, _.,. Takum o6pa3om, rpynnu Tabauubl P, ; Moryr OHTb BHI-
ABJeHb TPOBEPKON HHILEKCOB B TaGauue P,. Tlocae Toro kak
IPYNNb YCTAHOBJEHbI, CaMa Tab/aulla MOxeT ObITH TMOCTPOEHA 1O
onucaHHoMy Bhille o6pa3uny. IlpuBeneHHble 3lech mpaBuaa MPAMO
BLITEKAIOT U3 Cnocoba NMPUNMHCHIBAHUA HHIEKCOB U H3 OMHCAHHHX
B § 3.5 ycnosu#t onpenenenus P, ; no P,.

B kauectse npuMepa paccMoTpum Tabauuy P, asromata A7,
npeiacTas/iennylo Tabauueft 3.5. B rpynme «a» OnHHAKOBLIe
HHIEKCH BO BCex CTon6uax uUMeloT CTpokH 1, 3 u 8 u cTpoku B
H 7. (MHoexcsl B cTpoKax 5 M 7 OT/MMYAlOTCA OT HHIEKCOB
B ctpokax 1, 3 u 8.) Cnenosareapno, crpoku 1, 3 u 8 wu
cTpoku 5 W 7 o6pasyloT iBe Tpynmbl cTpok B Tabauue P,
B rpynne «b» BCe CTPOKH HMEIOT OLMHAKOBble HHIEKCH BO BCeX
cronbuax, NOSToMy rpynna Ges uaMeneHufi ocTaetca B Tabuuue P,.
Fpynnbl «c» W «d», Colepxalude NO ONHONH CTPOKE, MOT'yT
ObiTh nepeHeceHbl Ge3 W3MeHeHHs B Tabauuy P,.

Ecau u3BecTHH cnoco6bl mocTpoeHus Tabauupl P, a Takxe
Tabauusl Py no tabauue P, (k> 1), TO MOXHO CTPOHMTb Tal-
JAdubl P, 119 Noc/eloBaTeNbHLIX 3HAaYeHHH R 10 Tex TOp, MoOkKa
He Oyler moJyyeHa Tabauua, B KOTOpPOH BCe CMEXHbLIE CTPOKH
HMEIOT OINWHAKOBHIE HHIEKCH BO Bcex croabuax. B ocHoBHOM
cronfle B 3THX CMEXHbIX CTPOKAaX OOO3HAUEHbl IKBUBAJIEHTHBIE
COCTOSIHUA, a CJEeNOBAaTeJbHO, TPYMNE MOCAEIHHX TNPEACTaBAAIT
coB0o# HCKOMBIE KJacChl 9KBUBaJeHTHOCTH. CorJacHo Teopeme 3.5,
5TO YCAOBHE ILOJIKHO HMETb MECTO [/ HEeKOTOPOro 3HadyeHus
k<n—1. lna aBToMata A7 STOMY YCJOBHIO YIOB/ETBOPSET
tabauua P, (ta6auua 3.6).

SxpupaneHTHoe pa3buenue aaa A7 nostoMy Oyner

P: {1, 3, 8}, {2, 4. {5. 7}, {6]. {9). (3.9

3.7. Paa6ueHHe npH NOMOMmH TAGAHILI map

OnpeﬂeneHHe 3KBHBAJEHTHOT O p336HeHHﬂ dBTOMATa MOXET
ObITh TIPOM3BCACHO TaKKe € NMOMOIBI0 TAK Ha3biBaeMoH ma&wuu
nap. Pa36ueHHe BBHIMOJHAETCS TOCJAELOBATENbHEIM H3MeHeHHEM
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stoft Tabauubl. B pesysabrare mosayuaerca cepHs Tabauu, k-1 u3
KOTOPHIX HasuBaercs R-M 8apuanmon Tabnvub ndp. B mepso-
HayaJbHON TabJule (B NepBOM BapHaHTe TabJ/Hlbl NMap) OCHOBHOH
croibel, Ha3bIBaeMbIfi ¢mMoA6yoM nap, COLEPHUT BCE HEyNops-
J0YeHHble Naphl 1-3KBUBANEHTHBIX COCTOAHME {0;, O}, rie { + J.
Kpome Toro, tabauua uMeeT no croabuy Ha Kaxabi# CHMBOJI §y
BXOZHOTO andasdTa. B kaetke tabauubl, Haxoldaweica Ha mepe-
cedyeHHH CTPOKH {g;, 0;} 4 cronbua E,, 3amuCHIBAIOTCA TNepBhE

TNpPEeEeMHUKH O; H O; TO OTHOWEHUIO K E,. Ilopanok pacnosoxe-

HHA nap B cToablUe map U MOPALOK 3amUCH COCTOSHUM B KJeT-
Kax Tabauubl Npou3BoabHb, Tabauua nap mMoxer OGHTb NMOCTPOEHA
HeNoCpeNCTBeHHO no TabJjuue nepexoloB, B koropo# |-skBuBa-
JICHTHBIMU SIBJISIOTCA COCTOSIHUA, TPENCTaBJAAIOUIHE OLHHAKOBbLIE
cTpOkH B noatabauue 2z,. Tab6adua 3.7 mpencrasaser co6ofi mep-
Buft BapuaHT Tabauubl nap aesromara A7 (cM. puc. 3.3).

B nanbhepimiem OyleM Ha3HBaTh omaudaueiics napoll
Nnapy HEOLMHAKOBHIX COCTOSHHH, 3alMCaHHYIO B KJeTKe Tab/ulb,
a 8bl0eNeHHBLMU CMPOKAMY — TAKUE CTPOKH, B KOTOPHX Napa
B KJETKe OCHOBHOTO CTOJOUA BhiJEeNeHa XUPHBLIM LIPH(PTOM.

Hocmpoenune (k- 1)-20 eapuawma mabaiuys nap no
k-uy 8apuanmy (k> 1). PaccMoTpuM KamIyio HeBblAEJeHHYIO
CTPOKY B k-M BapuaHTe; cliefaeM CTPOKY BLLAEJEHHOHN, eC/H
B Heft HMeeTcqa OT/MYAIOWAACA mMapa, KOTopas Ju6O OTCYTCTBYET
B OCHOBHOM CT06Ue Nap, MHGO0 BblIEAEHA HHDHBIM IIDH(BTOM B 3TOM
cronbue, Tabauua, noJydyeHHas NMOCJe PacCMOTPeHUA TNoc/enHeH
HeBblaeJeHHOR cTpokH, 6yler (k- 1)-M BapuaHToM Tabauub map.

Jlemma 3.11. Hesvidesennoie napo 8 KAEMKAX OCHOBROZ0
cmoasbya 8 k- sapuanme mabauye nap asmomama M
o6pasyiom 6ce k-IK8UBALEHMHbLE nAPH COCMOAHUE a8mMo-
Mama M.

Hoxazameavcmso. Ilna k=1 nemma cnpasenndBsa no no-
CTpoedHio. TIpeano/oxuM, 4YTO OHA cnpaBenausa Aaa k. Torzaa
HeBblleJ/JeHHaa Mapa B KJAeTKe OCHOBHOro croJfua mnpeincras/seT
co6oft mapy- k-SKBHBaNeHTHHX COCTOAHMA. ITH COCTOAHUA AB-
A710TCA (R~ 1)-pas/MYMMBIMH TOJMBKO TOrLa, KOrIa HX MepBble
NpeeMHUKH MO OTHOWIEHHIO, MO KpafiHef Mepe, K OIHOMY BXOI-
HOMY CHUMBOMY $BJAIOTCS KR-pa3auuuMbiMH. Tak Kak TaKUMH
TIPEEMHHKAMH AB/IAIOTCA JHGO BblIeJEHHBIE MAPhl B KJAETKaX OC-
HOBHOTO cT0a6Ua, JMG0 OTAMYAIOWIMECH MAPbl, OTCYTCTBYlOUIUE
B OCHOBHOM CTOAGUE (3TH NOC/AEIHHE NAphl ABAAOTCA 1-pas/iuuu-
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MBIMH, a C/el0BaTeNbHO H R-pa3/JHYUMBIMH), TO NAph COCTOsfHUHA,
BhlJeJNeHHbIe B Tpolecce TMOCTPoeHuss (k- 1)-ro BapuaHra no
R-My BapHaHTy, IOMKHH OblTb (R -~ 1)-pa3nMuuMBIMH; TNApH
B KJETKaX OCHOBHOIO CTOJ6UA, OCTaBIUMECH HEBbIIENEHHBIMH,
ZO/KHBL OBITb (R~ 1)-9KBHUBaNeHTHHIMH. T10CKOJBKY HeBhlEJeH-
Hele mapbl B k-M BapHaHTe MpPEICTABAAIOT cobo#f Bce R-9KBUBA-
AeHTHHE TMape cocrosHu#t aBToMatTa M, TO HeBhleJeHHble Maphl
B (k- 1)-M BapHaHTe LO/IKHB NPeLCTaBAATL cobo#t Bce (R - 1)-
IKBHBa/eHTHble Mapu asromara M. Toraa, no MHAyKUMH, nemMa
CnpaBeljuBa 1Jas Bcex R > 1.

Ecnn k-# BapuaHT sBAfieTCA NOCJAEAHHM BapHAHTOM TAGAHUE
nap (T. €. BApHAaHTOM, B KOTOPOM BCE MapH B KJETKaX OCHOB-
HOro CcT0/16La BBIACJAEHB HJIH B KOTOPOM HE MOXET OBITh MOJNYUYEHO
HOBHX BHJEJEHHHIX NAap, TO HEBHAENEHHHE Maphl B R-M BapHaHTe
NpeldCTaB/SIOT CO60# BCe R-3KBHBAJEHTHHE MapH, [Ae B MOXET
6HTb CIenaHO CKOJb YroiHo GOoJbLIKM. STH Napu NO3TOMY
ABJISIOTCA BCEMH NapaMHM SKBHBAJEHTHBIX COCTOSHHH 3ajaHHOro
asromata. CormacHo teopeme 3.D, 3TO MOXKeT HMeTb MeCTO 1/
HEKOTOPOro 3HaueHns kB <{n — 1. Knaccel SKBHBaJEeHTHOCTH MO-
ryT GHTh COCTaB/ieHb M3 SKBMBAJEHTHBIX Tap Ha OCHOBaHHH TOrO
¢daxTa, uTO ecau [0‘1' Oty +«.r Oy ) SBJACTCS K/AaCCOM 9KBHBA-
JIBHTHOCTH, TO [U‘n' 0,2}, [012, 013], cen [U‘r—n’ O’r} ABAAIOTCA
SKBMBAJIEHTHHIMH TnapaMH. B uacTHOCTH, cocraB/eHHe KJaccOB
9KBHBANEHTHOCTH MOMXET OHTb BHIIOJIHEHO C MOMOUIbIO CAefYI0-
LIEro aJropHTMa.

Anroputm 3.1. JJaHo MHOXKECTBO BCeX SKBHBAJECHTHBIX
nap cocrostutt asroMara M, {01, 05}, {01, a}s - .., {ou,, a;,):
Tpefyercs HathTH SKBUBaJeHTHOE pa3buenne asTomara M: (1) Tlycts
k=1 u d=11), (2) Hauvem paccmorpeHue ¢ d-ro kmaacca
SKBMBA/ICHTHOCTH, TIPHIMCAB K HEMY Mapy’ [c;k. ij}. (3) (a).
Ecau & <1, ro yBeanuuM &k Ha 1 W nepefizeMm k (4). (6). Ecau
k=1, 10 d KNaCCOB HKBUBANEHTHOCTH U OLHOSJIEMEHTHEIE KNACCH,
COJepaKallne COCTOSHHSA, He BK/IOYEHHHE B Kako#-1u60 u3 d
K/aaccoB, 00pa3yiloT dkBHBajieHTHOe pa3buenne M. (4) (a) Eciu
06a COCTOSIHHS B [U‘k' o,k] BXOIAT B KakoR-mubo paxee pac-
CMOTpeHHBI!t kaacc, To BepHemcs Kk (3). (6) Ecau Toabko ozHo
U3 COCTOfAHHHA {U‘k' Ujk} BXOIHT B Kako#-Hubyinb paHee pac-

1) k& — HoMep Maphl, d — HOMEP KAacCa 9KBHBaNEHTHOCTH. ([1pun.
nepes.) .
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CMOTPeHHH KJacc, TO A06aBUM BTOPOE COCTOSIHHE MApbl B STOT
kaacc ¥ BepHemcsa k (3). (B) Ecad HU OJHO M3 COCTOSHHH
[o,k, Ojk} He BXONWT HH B KAKOM M3 paHee PACCMOTPEHNBIX
knaccoB, TO yBeauuuM 4 Ha 1 4 BepHeMca K (2).

Ta6auubl 3.7 — 3.10 UAMOCTPUPYIOT TNOCTPOEHHE MEPBBIX
yeTH pex BapuaHroB Tabauu mnap aBtomata A7. Bce noctpoenue
MOMET OblTb, KOHEYHO, BHLINOJHEHO Ha OIHOM NepBOHAYaILHOM
tabauue; pal TaGJML TPHBEAEH TOJbBKO I/ TOro, YToOH MOKa-
3aTh MOCAELOBATEbHO 1Iark nocrpoenus. Tabauua 3.10 saBasercs
TabaHlell map B €€ OKOHYaTe/bHOM (OPME € SKBHBAJNEHTHbLIMH
napamu {1,3}, (1.8}, {2.4}, {3.8} u (5,7}, He BhEeNeHHbIMH
MHUPHHIM LIPHGTOM B OCHOBHOM cTO/6Ue. Ilpumenas aaroputy 3.1,

Ta6bauma 37
Ta6anua nap aas aBromara A7 (nepBulff BApHAHT)
[apu a B Y [Tapu a B v
1,3 22 | 22| 55 3,7 26 | 22| 58
1,5 26 1 24| 35 3,8 24 | 24 | 57
1,7 261 22| 58 4,6 38 | 29| 26
18 24 | 24 | 57 49 371 29 2,7
2,4 131 24 | 24 57 66 | 24 3,8
2,6 181 49 | 486 5,8 46 | 44 | 37
2,9 1,7 49 | 47 6,9 78 | 99 | 67
3.5 26 | 24| 35 78 46 | 24 | 78
Ta6anua 38
Ta6anua nap aas aBromata A7 (BTOopo# BapuaHT)
Mapu a B Y [Tapu a B Y
1.3 221 22| 85 3,7 26 | 22 | 58
1,5 26 | 24 | 35 38 24 | 24 | 57
1,7 26 | 22| 58 4,6 38 | 29 2,6
18 241 241 57| 4,9 37| 29 2,7
24 131 24 | 24 5,7 66 | 24 | 38
2,6 18 1 49 | 46 58 46 | 44 3,7
2,9 1,7 49 | 47 [ 6,9 78 | 99 6,7
3.5 26 | 24| 35 78 46 | 24 | 78
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Ta6bauwma 39
Ta6anua nap gas abromata A7 (TpeTH#li BapHaHT)
Mapu a B Y Mapsl o B ¥
1,3 2,2 22 55 3,7 2,6 2,2 58
1,5 2,6 2,4 3,5 3.8 24 2,4 5.7
1,7 2,6 22 5,8 4,6 3.8 29 2,6
1,8 24 2,4 5,7 4,9 3,7 2,9 27
24 1,3 2,4 2,4 5,7 6,6 2,4 3.8
2,6 1,8 49 4,6 5,8 4,6 44 3,7
2,9 1,7 49 4,7 6,9 78 9,9 6,7
3.5 2,6 2,4 3,5 7.8 4,6 2,4 7.8

Ta6aunua 310

Ta6anua nap aaa asromata A7 (ueTBepThlA BapHaHT)

[apu a B v [apu a B v
13 2,2 2,2 55 8,7 2,6 2,2 5.8
1,5 2,6 2.4 3,5 3.8 24 2,4 5.7
1,7 2,6 2,2 58 | 4,8 3,8 29 2,6
18 2,4 24 57 | 4,9 3.7 2,9 2,7
24 1,3 2,4 2,4 5,7 6,6 2,4 38
2,6 18 49 46 | 5,6 4,6 44 3,7
2,9 1,7 49 47 | 6,9 7.8 99 6,7
3,5 26 2,4 3,5 7,6 4,6 24 78

nonyuaeM 3KBUBa/MeHTHoe pasbuenue {1, 3, 8}, {2, 4}, {5, 7},
{6} u {9}, coBnanaouee ¢ npuBeseHHbM B (3.9).

Meron pasGueHus c noMowblo TaGJAdubl NAP TMO CPAaBHENHIO
¢ MeronoM P, Tabauu, onucauHuM B § 3.6, uMeer TO npeuMy-
LIECTBO, YTO HYXHO CTPOHTb TOJbKO OIHY TaGaduy; IAna aBTO-
MaTa C 7 COCTOAHUAMM MeTONL P, Tabaul MOMET NMOTPeGOBATH
10 n— 1 pasauyHmx Tabauu. C 1pyroit CTOPOHH, Kaxnaas P,
Tabauua YacToO 3HAYMUTENBbHO MeHbllle COOTBETCTBYIOWER TabaHLbI
Nap W MMeeT JONOJHUTENbHOE MPEUMYLIECTBO, COCTOALLEE B MOJY-
YeHHH R-3KBUBANEHTHbIX pasGHeHul 1A KawJaoro R, 4To MOJE3HO
09 MHOTHX 3aj1ay.
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3.8. MarpMuHnR MeToa pasGHeHHsA

Meton pas6uenuns, onuchbiBaeMH#i B HacroslleM naparpade,
Mo CYLEeCTBY, TAKOW e, Kak MeTol, onucaHHHi B § 3.6; pas-
HHUA COCTOMUT B TOM, UTO OMEepALHMH MPOM3BOIATCA HAL MaTpHUEH
NEpexonoB, 4 He Hal moATabauued s,,,. XOTA METOL MaTpHy-
HOro pa30ueHHs He UMeeT NMPEeHUMYLLECTB MO CPABHEHHIO C METO-
IAMH, OTHMCAHHBIMM BHILUE, OH ZAET HOBYIO W MOJE3HYI0 HHTED-
NPEeTAlUHUIO MOHATHA KJAACCOB 3IKBHBAJNEHTHOCTH.

Cummempuneckoli nepecmaro8roll OTHOCHTENBHO MaTpPHLH
Ha3bIBAETCA TMepPeCTaHOBKA CTPOK M CTONOUOB MATPHUH TO OIHOMY
U TOMY xenpasuny. ClenoBaTebHO, ecd 0603HAYEHUA, TIPUCBOEH -
HHEe CTPOKaM M c¢To/6uaM Marpuuu [M], CUMMETPHUYHH OTHO-
CHTEJNbHO TJMaBHONW NMaroHanu, TO 3T 00603HAYeHHA OYIYT CHM-
METDUUHLIMU B JI06O# cuMMeTpuueckolt mTepectaHoBKe 3TOH
matpuus. Cummemputecxoe pasGuense [M] npencrasiser
coboff pasie/nedne Tpynm CTPOK M CTOAGUOB MYyHKTHPHHIMH
JAHHUAMUY TaKUM O0pa3oM, 4TO ecAM uMeeTca NMYHKTUPHAA AHHUA,
pasiensiowlas CTPOKH O; H G; TO HMeeTCA TaKxie MyHKTHPHAA
JHHHA, pasjensiollas croabubl 6; U 0; H HA060POT.

Marpuua [M]® nna asromata M seaserca satpuuett [M],
B KOTOpOH . cHMMeTpHYeCKas MePecTaHOBKA H CHMMETDHYeCKOe
pasbuenne 006naNalOT CAELYIOWMMH CBOHCTBAMM: CTPOKH (H
CTOAGIH), COOTBETCTBYIOUIME CMEXHEIM COCTORHUAM P, crpym-
MUPOBAHHI BMECTE, a Kauas Ipynna oTAe/eHa OT COCEIHHX FPpynmn
NMYHKTHPHHMH JHHHAMY; MOPALOK TPYNN B MATPHUE W MOPALOK
CTPOK (cTOoNOUOB) B Kaol Tpymne TNPOH3BOMbLHH; ecan P,
CONEPKUT F, KJAACCOB, TO CHMMerpuueckoe pasbueHue obpa-
3yeT r, pAlOB MOIMATPHL C r, MOIMATPHUAMH B KaxIOM paly.

Ilocmpoenue mampuys M (1). CrpynnapyeM CTpoKH
Matpuubl [ M] tak, uTo6H JABe CTPOKHM TNpHHALJEHAIH K OLHOH
M TOW e rpynme TOria ¥ TOJbKO TOTIa, KOr1a OHH 06pasyloT
OIWHAKOBHE MHOeCTBA Map BXOA-BHXOL. Kaxmaasa Takaa rpynna
npencrabaser co6oh kaacc 1-skBuBaneHTHocTH. [1poM3BOAA CHM-
METPHYECKYIO TEepeCcTAHOBKY W CUMMeTpHYeckoe pa3bueHue [M]
B COOTBETCTBUM C NPABMAAMH, ONUCAHHBHIMK Bhille, noayuum [M]W),
Ilpumepom MaTpuun mepexosos saBaserca MaTpuua (3.10) asTo-
Mara A7 (puc. 3.3). Crpoku 1, 3, 5, 7 u 8 B [A7] npeacra-
BAAIOT napu Bxon-suxox (o/l1), (B/0) u (y/0). Crpoku 2, 4,
6 ¥ 9 npencrasasior mapwm Bxon-shixon (a/0), (B/1) u (y/1).
Toraa marpuua [A7]D) crpourcs rpynnupoBKo# CTPOK (4 CTONOUOB)

7 A. Tuan
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1, 3, 5, 7 u 8 u crpok (u cronbuos) 2, 4, 6 u 9, npu
STOM TDYNNB pPa3feAlOTCA NYHKTHPHOM JuHHMel. Matpuueft
[A7]D, noayueHHo#t B pesyabTaTe STMX ONepauuil, ABAAETCA
marpuua (3.11).
B+l k

Tlocmpoenue mampunyn [M]( o [M]( ) (k > 1). Nycm
0; U 0; — IB& CTPOKH B OIHOH H TOH e rpynme CTpOK [M](kJ.
Ecau B kawio# U3 MoIMAaTpHL, NepeceyeHHHX CTPOKAMH O; H O,
CTPOKH O; U O; HMEIOT OJUHAKOBHE MHOMKECTBA MAp BXOL-BHIXOL,
TO G; U O; TPEICTaBJAIOT COGOH KR-5KBHBAJIEHTHbIE COCTOAHUS,
nepBLie NMpPeeMHHKH KOTODHX TO OTHOLIEHHIO K J1i060My BXO.-
HOMY CHMBOJY SABJAIOTCA R-9KBHBAJECHTHHIMHU, NOITOMY COCTOS-
HHe ©; W 0; aBaaotca (R - 1)-skBuBaneHtHbiMH. Ecau st

yCI0BHA He HMEIOT MecTa, TO O; W 0, ABaaioTca (k -~ 1)-pasau-

yumbiMd. Takum oOpa3oM, Marpuua [M](k“) MOxeT OHTb TO-
crpoeHa no [M]®), ecanm pasmenuts Kawayio rpynny CTPOK
B [M)® na noarpynnsl Tak, 4TOOH IBe CTPOKH NpHHAIJEKANU
onHON M TOH Xe Moarpymnne TOrga H TOJALKO TOlAA, KOr1a OHH
HMEIOT OJMHAKOBble TNapbl BXON-BHIXOJ B KaxIOH H3 mepeces
KaeMblX HMHM noaMaTpuu r,. Kawmaa Takaa rpynna npexcra-
Baser coboft (k- 1)-skBuBanentHult Kaacc. TlpousBend cuM-
METPHYECKYIO TEPECTAHOBKY W CHMMeTpHuyeckoe pa3bueHHe Ma-
TPHLbI [M]®, noayuum B pesyabrare [M](k+l). Hanpumep,
ctpoku 1, 3,5, 7 u 8B [A71Y) uMeloT onMHaKOBHIE MHOME-
CTBA TNap BXOI-BLIXOA B KaxIOH noaMaTpuue, KOTOPYO OHH
nepecekaior. C 1pyroff cTopoHH, CTpPokH 2, 4 u 6 ob6pasyior
B MepecekaeMbX MOAMATPHUAX MHOXECTBA Map BXOI-BBIXOH, KO-
TOpble OTJIHYAIOTCA OT MHOXECTBA MAap BXOA-BHXOL, 06pa3oBaH-
woro crpoko#t 9. CnenosatenbHo, cTpokd 2, 4 U 6 u cTpoka 9
70T 1Be pasauuHbie rpynnsl B [A7](?, kak nokasano B (3.12).

Marpuua [M]® paer skBuBaseHTHOE pasfueHue Torna, Koruaa
HHKaKoe panbHeflilee pas3fueHHe He MOxeT GHTb NMPOU3BENEHO
(T. e. KOrza Kaxias TNOIMATPHUA UMEET OIHY CTPOKY H OIMH
cTonbel WM KOrga CTPOKH BHYTPH KaAOH MOIMATDHUB HUMEIOT
ONMHAKOBLIE MHOXECTBA Map BXOL-Bbixon). Ilpu sTHX yC/aOBHAX
pasJuuHble TPYMNbl CTPOK (M/AM CTONOUOB) ABJAIOTCA KJAacCaMH
k-SKBHBANEHTHOCTH, rje k& MOxeT ObIThb CIeJaHO CKOJb YTOIHO
60/blIMM; TOSTOMY STH TpPYMNb TPEICTABAAOT cO6OM KJacchl
skBUBaJeHTHOCTH aBToMata M. CoraacHo teopeme 3.5, 3T0 MOXeET
HMETb MECTO I/ HEKOTOPOro 3HaueHua kL n— 1,
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[A7] = .
1 2 3 4 5 6 7 8 9
~1 0 @V Eo 0 0 (/o) © 0 0 [
2 (a/0) 0 0 @nHviyh o O 0 0 0
3 0 @hvEm o 0 yo o0 0 0 0
4 0 BV WD (a0 0 0 0 0 0 0
=|5 0 0 (/0) B0 0 (a/D) 0 0 0
6 0 0 0 0 0 (v 0 @) (B/1)
70 ®/0) 0 0 0 (a/l) 0 oy 0
8 0 0 0 (@hHv@em 0 0 /0 0 0
l9 o0 0 ] 0 0 0 (@yvno @nl
(3.10)
[AT]() = .
I 3 5 7 8 2 4 6 9
=0 0o o 0 0 (a/1) v (B/0) 0 0 0
3 0 0 (y0O 0 0 (@/1) v (B/0) 0 0 0
5 0 (yO 0 0 0 B0 @l 0
71 0 0 0 (4/0) /0 0 (@l 0
— 8l 0 0 (¥/0) 0 0 (a/0) v B/O) O 0
2] (@0 0 0 0 0 0 GHV Wy o 0
4/ 0 @® O 0 0 ®/D V(YD 0 0 0
6/ o 0o o0 0 (@) 0 0 W @
9. 0 0o 0 @OvE O 0 0 0o @M
310

Marpuusi (3.10)—(3.14) uANOCTPUPYIOT ONMHCHIBAEMBI METOL
9KBHMBaJeHTHOro pasbueHus asromara A7. Marpuua [A719 nanp-
Hefillee pa30HeHHe KOTOPOH HEBO3MOMKHO, OUYEBHIHO, CONEPHKUT
9KBMBaJeHTHOe pasbuenne {1, 3, 8}, {2, 4}, {5, 7}, {6} u {9},
coBnajawuiee ¢ pa3buenuem (3.9).

[A7]® =

1 3 5 7 8 2 4 6 9

IT 0 0 (vo 0 0 @/l) vV B/0) 0 0 0 -
3 o 0 (vO 0 0 @/l vV (/o) 0 0 0
51 0 wo o 0 0 0 ®/0) @h 0
o o o ) ®/0) 0 @n o
I (¥/0) 0 0 @hVvEem o o
2) @iy 0 o0 0 0 0 ®/M v n 0 0
4 0 @0 o 0 0 B/ vV (V1) 0 0 0
6l 0 0 o0 0 () 0 o Mm@

-0 0 0 @uyvwn 0 i o 0 o @m |

(3.12)
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[A7)®) =
I 3 5 7 8 2 4 6 9
Im 0 o (vo 0 0 (a/1) v (BN0) 0 0 0
3] 0 o (WO 0 0 (a/1) v (B/0) 0 0 0
5[ 0 (vo) © 0 0 0 B0 @n o
71 o o o 0 (v/0) (B/0) 0 (@) 0
8[ o o O (v/0) 0 0 @1y v B0 0 0
2| @0 0 0 0 0 0 |Mmv ey o 0 )
4 0o @o) o 0 0 ®/1) v (v1) 0 0 0
6/ o o 0 0 (2/0) Y 0 SV
sl o 0o o @yvem o I 0 0 o (|
(3.13)
[47]1¢4) =
1 3 8 2 4 5 7 6 9
IT90 o 0 (a/l) v (3/0) 0 (Y/0) 0 4} 0~
3l 0o 0o o (a/1) v (B/0) 0 (v/0) 0 0 0
gl 0 o O 0 @1V @Bl o (v/0) 0 0
2} (@® 0 0 0 ®Hv @ oo 0 0 0
—4| 0 (@) O B/ v (v 0 0 0 0 0o |
5| o wo o 0 (B/0) 0 0 @ni o
71 0 0 (v/0) (B/0) 0 0 0 @nhi o
6| 0 0 @i o 0 o o lamienm
9gl_0 o o 0 0 0 (@0 Vv (yv/Di 0 i@
3.14)

3.9. OxBHBAJNEHTHOCTh ABTOMATOB

ITonsTHe 9SKBHUBAJIEHTHOCTH MOXHO DAacNpOCTPAHUTb HA BeChb
aBTOMAT C MOMOLWILIO C/IeLYIOUMX ONpene/eHUH:

Onpenenenne 3.3. T'oopar, uto aBromat M; W aBrO-
Mat M, sxeusasesmHs, eCNM KAKIOMY COCTOAHHIO O; aBTO-
marta M, cooTBeTCTBYeT, MO KpalHeH Mepe, OIHO SKBHBAJEHTHOE
eMy cocToauue B aBTOMaTe M, H €C/IH KaxIOMy COCTOAHHIO G
aBTOMara M2 COOTBETCTBYET, MO KpalHeHd Mepe, ONHO 3KBHBA-
MeHTHOe eMy cocrosHde B asroMatre M, Ecau asroMaThl M,
H M, He SKBHBAJEHTHb, TO OHHU PAIAULUMbL.

Takum o6Gpaszom, M, u M, ABAAIOTCA SKBHBATEHTHLIMM TOT1A

H TOJBKO TOraa,

Korua,

Habalo1a8 CHTHAJBI

Ha HX BBIXOJAX,
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Heab3s OTAMYMTh aBroMat M; B 11060M M3 €ro_coCToAHHH OT
apromata M, u astomaT M, B n06OM M3 ero COCTOAHHH OT
aproMara M;.

Astomarel My u M, ABAAIOTCA Pa3NUYMMLIMH TOrAA M TOJbLKO
TOrna, Korja MMeercs, Mo Kpaue# mepe, 0QHO COCTOAHHE B /VII,
KOTOPOE He sBJISETCA SKBUBAJIEHTHHIM HHKAKOMY COCTOSIHUIO B M,
MM ecld WMeeTcs, TNO KpalueH Mepe, o1Ho coctosnue B M,,
KOTOPOE He ABJAETCA SKBUBAJEHTHHM HUKAKOMY COCTOSHUIO B M.

DkBuBaneHTHOCTL aBTOMaToB M; u M, o6o3Hauaercs paBeH-
ctBoM M;= M,, a pasauuumocTb aBTomaroB M; u M, — Hepa-
BeHcTBOM M, = M,. Tloab3ysach onpenenendeM 3.3 Jerko noka-
3aTb, UYTO SKBHBAJEHTHOCTb aBTOMaTOB o6nanaer CcBOHCTBOM
pedekcusHocTd (M; = M;), CBOACTBOM CHMMETPHYHOCTH (eCjH
M;=M,; 10 M;=M,;) ¥ CBOUCTBOM TPaH3UTHBHOCTH (eC/H
M;=M; v M;=M,, 1o M;= M,). Cnenosareabto, sKkBu-
BAJICHTHOCTb AaBTOMATOB MOXMET DAacCMaTpPUBATHCA Kak OObIYHOE
OTHOLIEHHE 9SKBHBANEHTHOCTH M TPUMEHATHCA HENOCPENCTBEHHO
K MHOXMeCcTBaM aBTOMaTOB Jwo6oft mownoctu. C npyro#t cro-

. POHbI, Pa3JHYUMOCTb ABTOMATOB

@/d) e ofjanaer cBolicTBamMH peo-
JEeKCHBHOCTH W TPaH3MTHBHOCTH
M TIO9TOMY MOXMET OTHOCHTbCA
TOJLKO K Mape aBTOMAaToOB.

OnpeneneHue 3SKBHUBAJEHTHO-
CTH aBTOMATOB O3HayaeT, YTO JBa

4/
@/ /0y b8/ (a/y
Puc. 3.5. AproMatr A8, Puc. 3.6. ABTomar A9.

4BTOMATa, MMEIOLWHMX OJHHAKOBhIe TabaulUbl epexon0B (HaH Tpadsl
WM MaTpHubl), AOMKHB ObITb 9KBHBaJdeHTHb. Kpome Toro, mo-
CKOJbKY SKBHUBA/JEHTHOCTb WJM PA3JHYMMOCTb NAPH COCTOAHMH
He 3aBUCHT OT 00603HAYeHHH COCTOAHMH, TO 1Ba H3OMOP(PHBIX
4BTOMATa TAKyE JO/MXNHBH ObITh SKBUBAJEHTHBHIMH,

AstoMaTei A8 u A9, usobpamenssie Ha puc. 3.5 u 3.6
COOTBETCTBEHHO, TNpeCTaBAAT Cco0o#f 1Ba  SKBHBa/NEHTHBIX
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aBTOMaTta. B 3TOM MOXHO yGenutbes, ecad 06paTHTh BHUMaHHe Ha
10, 4T0 A9 CTaHOBUTCA aBTOMaTOM A8, eCTH He yYUTbIBAaTH CO-
crosiine 3 aBroMara A8. CaenoBatenbHo, cocTosiiia 1 u 2 aBTO-
MaTa A8 3KBHBAa/JIEHTHbl COOTBETCTBEHHO COCTOAHMAM 1 W 2 aBTO-
mata A9. Kpome roro, cocrosnua 1 um 3 asromara A8 dBHO
9KBHBAJNEHTHBI H, CJeL0BATENbHO, SKBUBA/IEHTHbI; TO3TOMY COCTOS-
Hue 3 A8 3KBUBAJEHTHO CO-
croaunio 1 A9, Takum 06-
Da3oM, IJIS1 KaxAOro cOCTOf-
AU A8 MBI HaxOAMM 3SKBH-
BaJIEHTHOe CcOocTOosiHHE A9 H
I KaXaoro coctosHus A9
HaXxOIMM SKBUBAJEHTHOE CO-
crosune A8. D10 o03Hauaer,
uro A8 u A9 aBagTCA 9K-
Puc. 3.7. Asromat AlO. BUBAJEHTHBIMH  aBTOMaTaMH.
CpaBuuBas aBTomat A9 c as-
TomaroM A10, uzoGpareHHHM Ha pUC. 3.7, MOXHO 3aMeTHUTb, 4TO
A9 craHoBUTCA OAMHAaKOBHIM ¢ AlQ, eciM He yuWTbIBaTbH CO-
croaHne 3 AlQ;  clenoBaTe/bHO, MJAA KAXAOTO COCTOsAHMA A9
Mbl HAXOIHMM 3KBHBaJeHTHOe cocTosinne A10. OnHaKo, NOCKOMbKY
naps cocroauu#t {1, 3} u {2, 3] ABAATCA ABHO pa3/MHYUMbIMH
H, CIe0BATebHO, PA3THUHMbIMH, YTBePKAEHHE, 0GpaTHOE NOCTel -
HeMy, He BepHo. [lostomy A9 u Al0 ue aBAfI0OTCA SKBHBa-
JICHTHBIMH,

8.10. dxBHBaNeHTHOEe pa3(HeHHE MHOMXECTB ABTOMATOB

Arsusanrenmunoe pasbuerue asmomama, COCTOAUIETO M3
MHOXecTBa aBToMatoB M = (M, M,, ..., My}, npeacrasiaser
co6oit pas6uenne M Ha kaacchl TakuM 06pPasoM, 4TO ABa 4BTO-
MaTa NMpHHAAJIeKaT OAHOMY M TOMY ke KJaccy TOTAA M TOJbKO
TOrAA, KOrAa OHH ABJAIOTCA 3SKBHBaJeHTHBIMH. Kaxabift xaacc
aBTOMAaTOB B 3TOM pa30HeHHH Ha3blBaeTCd KAQCCOM SKEUBA-
aenmublx asmomamog. OUeBHAHO, YTO aBTOMATbl He MOTYT
GHTb SKBMBAJEHTHHIMH, eCJM OHM HecpaBHUMH. Cjen0BaTelbHO,
10 pa3bMeHHMs Ha KJacChl IKBUBA/NEHTHBIX aBTOMATOB MHOXe-
crBo M cienyeT cHavyana pasGuTh HAa MOAMHOXKECTBA TAKHM O6pa-
30M, 4TOGH /B4 4BTOMATA OTHOCHIHCH K OJHOMY W TOMY Xe Mof-
MHOeCTBY TOTJa M TOJbKO TOTAA, KOTJa OHH CpaBHUMBI, BnocJen-
CTBHH KaKA0€ NOAMHOKECTBO MOXET HHAHBHAYAMEHO NOJABEpPraThes
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nadbHefieMy pa36uenno. [lockosbky pa3bueHHe MHOXeCTBa
aBTOMaTOB B COOTBETCTBHM C MX BXOJAHBIM a/1(aBHTOM ABJAsAETCA
TPUBHAJILHON 3aladelt, TO NOTepsa OGWHOCTH Oyler He3HauM-
TeJbHOR, €CTH Mbl NMpPEANONOKHM, YTO Bce aBToMaThl B I cpas-
yuMb. TIpM TakoM JONMYLIEHHH MOMXHO MOCTPOMTb pacuien/iseMbift
asromaT A(My, My, ..., Mp) Tax, Kax Gbilo onucawo B § 2.7,
PasGuenne  asromara A(M;, M, ..., M) Ha oObluHblE
KJa.Chbl SKBHMBA/JEHTHOCTH JIIOGHIM M3 onucaHHbix B §§ 3.6—3.8
cnoco60B, BHABJAET, ABAAKTCA JAA mobble j1Ba aBToMata M,
¥ M; u3 MHOXeCTBA I sxsuBafedTubiMU. JlefcTBUTENbHO, RO

onpenenesuo 3.3, M; n M, ABAAOTCA SKBUBATCHTHBIMH, eC/H
Kau/bl# KJaCC DKBUBAMEHTHOCTH, KOTOPBIf COAEPKUT COCTOsSHHE
aproMata M;, TaKwke COAEPKUT COCTOsuHe aBromara M; u eciu

Kax/IbIH KJIaCC SKBHBAMEHTHOCTH, KOTOPHH COLEPKUT COCTOAHHE
aBToMaTa M; COLEPKUT TaKKe COCTOAHMe aBToMata M;; B mpo-
THBHOM cayvae M; u M; asasiorca pasanunmbivid. Korza onpe-
Jeqelltl BCe NMaphl SKBHBAMEHTHBIX ABTOMATOB M3 MHOxectsa IR,
SKBHBA/MEHTHOE pas3GHeHue apToMatoB M3 I MomeT 6HITH MpOM3-
Be/eHO ¢ MNOMOLIbI0O AJTOPHTMA, aHAJOTMYHOTO aJroputrmy 3.1
(B KOTODOM TeMepPb PacCMATPUBAIOTCA HE COCTOAHUSA, 4 aBTOMAThi).

B cayuasx, koraa yucao aBToMaToB N BeJIHKO, ONMpelefeHde
KJA4CCOB SKBUBAMCHTHOCTH aBTOMaTOB OGJerYaeTcs NOCTPOEHHEM
TaK Ha3bBaeMOW mabauyb, axgusasenmHuocmy L8 pacuiensse-
moro aBromata A (M, My, ..., Mp). Dra Tabanua uMeer cTpoKy
Al KaX0TO KJIAacCa SKBUBANEHTHOCTH aBTOMata A (M, M,, ...

.» Mp) M ocronben AR Kaxaoro asToMaTa M, u3 MHOXe-
cra M. O6wmiA BUA TAGAWUB 3KBUBANEHTHOCTH NOKa3aH B Tab-
quue 3.11. Knerxkn Tab6auubl 3SKBUBAJEHTHOCTH 3anOJHSIOTCS
B COOTBETCTBHH CO C/EAYIOLIHM MpPaBWIOM: B KJAeTKe, Tle nepe-

CeKaTcs CTPOKa {0’11‘ Ohy -+ s Opr,} M cTONGEW M, cTa-
BUTCA 1, eC/IM KaxKOe-HHGYIb COCTOAH Ie B KJACCe SKBMBAJEHT-
HOCTH {Op, O, - - -, Opr,} TpuHasIexur asToMaty M, u 0—

B npotusHom cayuae. TakuM oGpasoM, M; u M; asasiorcsa

SKBHBA/ICHTHHIMK TOTAA W TOJMbKO TOTA4, KOria croiabumi M,
H Mj ABJAIOTCA OJWHAKOBBIMM BO BCeX CTPOKAaX TaGJaHllbl 3KBH-
BaltenTHoCcTH. IlosTOMy SKBHBaJdeHTHOE pa3GHeHue aBTOMATOB MEHU-
BOIUT K pa36fHeHHI0 CTONGLOB TaGAHLBl 3KBHUBAJEHTHOCTH HA MO/ -
MHOXecTBA TakMM O0GpasoM, 4YTo /Ba CTOJAOLA NpHHAITeKaT
OLHOMY ¥ TOMY e MOAMHOXKECTBY B TOM W TOABKO B TOM
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cjayyae, €CJIH OHHM OJMHAKOBBHI

BO BCeX CTpOkax. Pa3Guenue

CTOJ6UOB MOXET GhIThb BHIMOJHEHO BPYYHYIO faxe AJ4 60JbIIOro
yicaa N, NpH STOM cPasdy MOJyuYaeTcs SKBHBAJEHTHOE pa3bueHue
AaBTOMAaTOB §e3 COCTaBJeHUS NepeyHd BCeX MNap 3KBHUBAJEHTHHIX

4aBTOMAaTOB.

Ta6auna 3.11

Ta6nHua SKBHBANEHTHOCTH JXJA aBTOMATA A (Ml, MQ, ey MN)

AproMat
Kuaace
M, | M, | My
011, 012y 0 oy 0'1,1
021, Oggy ¢ v sy 02;2 B kaeTtkax
NPOCTaBAAIOTCA

........ 0 uau 1
Oy O, ’ Glrl

Jlna wamocTpaund, Ha puc. 3.8 npuBeneHbl aBToMaTh All,
Al2, Al3 u Al4, ob6beaHHeHHble B OJMH pacllenseMbit aBTO-
mar A(All, Al12, A13 n Al4).

Ta6auua 3.12
Antomat A (All, Al2, A13, Al14)

z‘V S‘V+l z‘V S‘V+l

X, X

Va8 a B s Vel 8| o B

Sy Y

1 0 1 2 3 7 0 1 6 6
2 1 1 2 4 8 1 0 9 10
3 1 1 2 1 9 0 1 [ 10{ 10
4 0 1 2 3 10 1 1 10| 9
5 0 1 6 6 11 1 1 11 ] 12
6 1 1 6 5 12 0 1 11 | 11




3.30) SKBUBAJIEHTHOE PA3SBUEHME MHOMECTB ABTOMATOB 105
Ta6/anua nepexoloB IJAd STOro pacllenyseMoro apToMara npen-
craBjeda B Ta6auue 3.12. IIpuMenenne M0O60TO M3 METOLOB 3K~
BMBAJIEHTHOTQ pa3GueHus, onucaHHbix B §§ 3.6—3.8, nokasniBaer,

(a/y) @/y

an '
@,
’ v Vi
A
&,

Puc. 3.8. Asromat A (All, Al2, A13, Al4).

yro aas A(All, Al12, Al13, Al4) kJaccaMM SKBUBa/JeHTHO-

et seamores {1, 4, 5, 7,9, 12}, (2, 3, 6, 10, 11} u (8]
Ta6anna 3.13 npencrasaser coGo#t TaGaULy 3KBHBATEHTHOCTH
aa A(All, A12, Al13, Al4), xoTopas NOKa3blBaeT, uToO

Ta6auua 3.13

Ta6/1HuA 3KBHBAJEHTHOCTH
A A (All, A12, A13, A14)

AgToMmat
Kaace
All Al2 Al3 Al4
1,4,5 7,9 12 1 1 1 1
2, 3, 6, 10, 1 1 1 1
8 0 0 1 0
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‘9KBHBA/NEHTHHM pasfHeHHeM aBTOMATOB /A MHOXeCTBA aBTOMATOB
{All, A12, Al13, Al4} sBaserca {All, Al2, Al4} n {A13}.

3aMeTuM, YTO B Npouecce IKBUBAJEHTHOTO pas3bHeHHs aBTO-
MaToB Mbl NMOJAyyaeM TakxKe OOBIYHOE SKBMBAJIEHTHOE Da3bueHHe
KaXAOr0 aBTOMaTa M3 3alaHHOTO MHOXecTBa. Hanpumep, 3KBH-
BajeHTHOe pasGuenne A(All, Al12, Al13, Al4), kax BHAHO H3
Tabmmubl 3.13, nokashBaeT, YTO 3KBHBaJeHTHOe pasbuenne All
ectb {1, 4} u {2, 3}, sxBuBanentHoe pasbuenue A12 — (5, 7}
u {6}, sxBuBasmeHtHoe pasbuenne Al13 — {8}, {9} u {10} u
SKBUBa/JeHTHOe pa3buenne Al4 — (11} u {12}

3.11, MuanmanpHas ¢opma

[Mycts M — aBTOMar ¢ 7 SKBHBA/JEHTHBIMH KJaccaMu, 060-
3HaYeHHbIMH 21, ... Z~, u nycts o' npencrasager cobo#t
Kakoe-HUOYIb coctosiune B 2, Munumasvnasn gopma asTo-
mara M, 060sHauaemasn yepes M, npeicrap/iier coGO# aBTOMAT C n
COCTOAHHAMH, 0Opa3yOILUMH MHOXECTBO {o:, o;, o%]. Mu-

HUMaJbHBI#E aBTOMaT cTpouTcs U3 M caeaywowuM o6pasoM. O60-
3HaUMM XapakTepucTHYeckHe ¢yHkuUM aBToMaTa M wuepes f,

M f,, a aBroMara M uepes f, u f,; Torma, eciau

oG o)=L, w fi G, o@)=0",

TO

F2Gn o=t w fi (. a)=o0, (3.15)

3aMeTHM, YTO ecJu NMpH npuaoxeHun §; k M B ompeleleHHOM
cocroannn M3 I, BhipabarbiBaeTcsl BLIXOAHOH CHMBOJ [; TO npH

NPUIOKEHHH &, B 4/060M COCTOAHMM M3 Z, TaKwie BbLIpaGaThl-
BAETCA BLIXOAHOH CHMBOJ ;. AHAMOTMYHO, €C/M NMPH NPUIONKe-
Hun &, k M B HexkoTopoM cocTOAHMM u3 X, M nepexoIut
B COCTOfHME, NpHHaAJexallee %, TO NPH NPUAOKeHHH &, B 4/0-
Gox cocroaunn W3 Z, M nepexoiuT B COCTOAHHe, NpHHAL/e-

xkauee X, Takum o6pasoM, npu moctpoeHun M mo ycmaoBuio
(3.15) He BO3HWKaeT HHKAaKO# HeONPeneJeHHOCTH BCJeICTBHE

TOro, 4TO U(u) SBJIGE€TCA NPOU3BOJbLHBIM COCTOAHHEM, MpHHAaILJIE-

Kalum kaaccy Iy, u uto o) dB/SETCA NPOM3BOJBHLIM COCTOA-
HUeM, MPHHALJIeKALIUM KJacCy Z,.
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[Tpouecc OTHICKAHHA MHHUMAMbHOH (OPMBI aBTOMAara Hasbl-
BAaeTCA MUHuUMU3ayuell asmomama. MunuMuzauns asroMara M
COCTOMT B OMNpeNe/eHHH SKBUBAMEHTHOTO pasGuenns M u B no-

crepyolleM nNpuMeHeHHH (3.15) A48 NOCTpOeHHUd M. Tak kak
npy npuMeHeHun (3.15) Bce cocrodHus M, npuHaLIexallne
ONHOMY M TOMY Xe KJAaccy SKBHUBAJEHTHOCTH, JAIOT OIHMH H
TOT XK€ Pe3y/abTaT, TO MHAMBHAYa/dbHOE PaclO3HABAHHE KAXIOTO
COCTOAHUA CTAHOBUTCA HEHYMKHBIM; /A Uedefl MHHHMH3aUHH BaXHO
pacnosHaBaHWe KJacca, K KOTOPOMY MNPHHAL/IEXHUT Kaxioe Co-
crosarue. TlosToMy BceM cocrosHuaM M, npHHaAMexalluM KJaaccy
SKBHUBAJIEHTHOCTH Z;, MOXHO NpHnucaTh obliee 0603HAueHHe,
Hanpumep, 0,. [locie 3toro (3.15) MOXeT GHITb HHTEpPNPETHPO-

BAHO KaK (OPMYJHPOBKAa TOro, YTO aBToMar M mnoayuaercs
u3 aBroMara M nyrteM «o6beluHEHHA» OLHHAKOBO OGO3HAuEH -
HBIX COCTOAHUR B OAHO cocrodHne. Cnoco6bl, KOTOPBLIMH 3TO
o6bellHHEHHE MNPOU3BOAUTCA, CYLIECTBEHHO 3aBHCAT OT TOrO,
kakuM 00pasoM onpeleseH aBToMaT — TaGiuued, rpadoM WM
Marpuueit. DTH cnocobbl GyAyT ONMMCaHbl HuxKe, XOTH MOHUMA-
HHE STHX cnoco6oB obJeruaercs Gaarogaps npelilecTByolleft
MHTYUTHBHOR HHTepnperauuu ycjiosua (3.15), Hx cnpaBelMBOCTD
He 3dBHCHT OT 3TOH HHTEPNPETAlM¥ U BHTEKAET HenoCpeAcTBeHHO
M3 CaMoro yc/aoBusl.

Tab6auya nepexodos M. Eciau 3amanbl Tab/iuua nepexonos
M 3KBHUBA/JEHTHOe pasbGueHue 21, 22, Z; aBToMara M, TO

TaGJIulla NepexoAoB aBToMaTa M MoxeT ObITb MOCTPOeHa CJae-
AyiouM oGpasom: (1) 3aMeHUM 0O6O3HaYeHHE KauIAOro COCTOA-
HUA, KOTOpOoe HMeeTcs B TabG/auue nepexofoB M, Ha o6o3Haue-
HHe KJacca, KOTOPOMY JaHHOE COCTOAHHEe NMPHHAMJIeKHT; (2) u3
Kau/IO# TPynnbl CTPOK ¢ OAWHAKOBBIMM OO03HAYEHHUAMH B KJET-
KaX OCHOBHOTO cT0/61a (BCe TaKHe CTPOKH ABJATCA OLHHAKO-
BLIMH B 06eux noAraGauuax 2z, W S,,;) BHIYEDKHEM BCe CTDOKH,
Kpome onHoM. IlomyuenHad npu 3TOM Tabauua aBJasercs Tabmau-
ue#t nepexomos M.

Hanpumep, asromar A7, npeacrtapienHbift Tabmuue# 3.2,
HMeeT kuaacchl sxBuBasientHoctd {1, 3, 8}, {2, 4}, {5. 7}, {6}
u {9}. OGosnaumm ux mnpomssoabio 1, 2, 3, 4 u 5 cooTer-
CTBeHHO. Jle/Mad nepBbiff INAar MNPOUEAYPH, 3aMEHMM Kax1oe
06o3HaueHne «1», «3», n «8% B OCHOBHOM CTOAGLE H B Syr1
noarabiuue Tabauub 3.2 Ha «l», xaxmoe «2» M «4»—Ha «2,
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«B5» M «7» —Ha «3», «6» —Ha «4», «9» — Ha «5». [loayuen-
Hag B pesyJ/bTare Ta6/Muua NepexoioB npuBeiseHa B Tabauue 3.14.
BhiuepxuBanue Bcex MOBTOPAIOUIMXCA CTPOK HaeT TabJHiy nepe-

xonos A7, nokasanHywo B Ta6auue 3.15.
Ta6anua 3.14

War 1 npu mocTpoenuy TaGaMIbI NMEPeXoxoB Ais anTomaTa A7

zv Sv+l zv Sv+l

X X

sy AR vy|a|B|v¥ sy "lafls|v|e|n]|y
1 1 0 0 2 2 3 4 0] 111 1 5| 4
2 o1 | 1]1]2]2 3 110704 (2|1
1 1 0 0 2 2 3 1 1{0] 0 2 21 3
2 0|11 12| 2 5 0l 1]1|3]|5]|3
3 1100 4|21

Ta6auma 3.15
AnTtoMat A7

2y Sv+1 Zy Sv+1
X X
sy Ve ‘ B Yy | @ ( B vs, Yl e Bl v a|B| ¥
1 110|022 3 4 0] 1]1|1]|5] 4
2 0|1 1 1 12| 2 5 011|353
3 11004211

I'pagp nepexodos M. Ecaum 3amanb rpad nepexoloB M
3KBHBaNeHTHOe pa3buenne %, %, ..., T~ asromara M, 1O

rpag nepexonoB aBTOMATa M MoXer OHITL NMOCTPOEH CeLyio-
muM o6padoM: (1) 3ameHHM OO6O03HAuUeHHE KAXKAOTO COCTOAHMS,
KOTOpOe umeercs B rpade nepexonos M, Ha oGosHayeHHe kJjacca,
K KOTOPOMY OTHOCHTCS LaHHOe coCTOsiHHe; (2) oGbeluHHM BCe
OI1¥HAKOBO O0O3HaueHHble COCTOAHMA (paccMaTpuBas ILyru rpacda
KaK «rubkue CBAI3U») W NPedcTaBUM OGbelHHEeHHble COCTOAHHUA
OIHUM COCTOsSIHHEM, HMelolHM obliee 06o3HaueHue; (3) M3 Ka-
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wAOH TPYNNBl Ayr, HMeKllHX ofliee HCXOAHOE COCTOAHHE H
oflilee KOHeYHOE COCTOsIHWE (Bce TakHe AYTH 0603HAueHBl OAU-
HAKOBO), BblYepKHeM Bce, KpoMe OAHOH. [lo/MyueHHBI! B peay/b-
tare rpadp 6yner rpapom M.

B kauecTBe npumepa Ha puc. 3.9 npuBeneH rpad nepexo-
OB aBTOMaTta A7, MOJYYEHHBIA B pe3y/bTaTe NMPUMEHEHHs OMH-
CaHHOR BbIle MPOLELYPHI K Tpa- p

2/
¢y nepexonoB, H30OPAKEHHOMY
Ha puc. 3.3. Hcnoib3oBanHbe
3nech 0603HaYeHH§ KAAaCCOB K-
BUBaJeHTHOCTH A7 Te xe, uTO
6bIIH  MCMOJL30BaHBl NPH  MO-
CTPOEHHH Tab/HUbl Mepexolos.

Mampuya nepexodos M.
Eciy 3alaHbl MaTpvua Nepexo-
J0B ‘M KJAacChl 3KBHBAJEHTHOCTH
Z, %, ..., Z; asromMara M,
TO MaTpHua Nepexof0B aBTOMa-
Ta M 'MOXeT O6bTb NOCTPOEHA
caenywouuM ot6pasom: (1) npo- /7 5
H3BelleM CHMMeTpHYeCKyH0 TNepe-
CTAHOBKY M  CHMMeTpHYecKoe
pas6uenue [ M], Tax uTo6H CTPO-
K# (M cTOMGUB) I'pyNITHPOBAJIHCh COOTBETCTBEHHO KJIaccaM SKBHBa-
JeHTHOCTH M (B pesyJabTare MOJYYHM MAaTpPHLY TaKYI XKe, KaK

OKOHuaTenbHas Matpuua [M]®), noayyaemas npu MaTpUYHOM
MeTOle 3KBHBAJEHTHOrO pasbueHus); (2) 3aMeHuM Bce 0603Ha-
YeHHs CTPOK (M cTOJAOLOB) Kaxao#f TPynnbl, MNpeaCTaB/doLIed
KJacC SKBHMBAJEHTHOCTH, OAHMM OOO3HaueHHEM 3TOrO KJ4c(a;
(3) saMeHNM xakAyw NOAMATpPHIY B pa3GuTO# MaTpuie OZHOH
KJIeTKO#, colepxallest Bce napsl BXOA-BhIXOMA, KOTOPbie HMEIOTCA
B Mo6Go#t cTpoKe 3TOH noaMaTpuubl (BCe CTPOKH B JM0Go#t TakoH
NOAMAaTpHIe COAEPHKAT OAHO M TO Xe MHOKECTBO Map BXOJA-BbI-
xon). IlodydyeHHaa B pe3yabTaTe MaTpuua GyleT Marpuielt ne-

pexonos M.
B xauectBe npumepa npuseseda Marpuua (3.16), npencra-
Basollas co60f MAaTpULy NepexofoB A7, MOCTPOEHHYHO MO Mo-

Puc. 3.9. Asromar A7.

KasaHHo#t B (3.14) martpuue [A7]®. Hcnoab3oBaHHbe 31eCh
0603HaueHHs KJacCOB SKBMBAAEHTHOCTH A7 Te ke, uTO NpH
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NOCTPOEHHH TaG/HILE NepexOLoB

1 2 3 4 )
I 0 (/1) V (#/0) ¥/0) 0 0 7
2| @0) /D) V(1) 0 0 0
A7=3] (v/0) ®/0) 0 (a/1) 0 . (3.16)
4] (/0) 0 0 /) B/
50 0 0 (@ve/ o @Dl

3.12. CpoilicTBa MHHHMAaAbHON (opMbI

B nanbneftmeM OyneM TOBODUTb, 4TO aBTOMaT M, MeHbuie
WiH Goabue M, B 3aBUCHMOCTH OT TOro, MMeer M; cooTser-
CTBEHHO MeHbliee WM 6o0Jblliee YHCIO COCTOAHMH MO CpaBHe-
Huo ¢ M,.

Teopema 3.6. Ecau M asanemca Munumaisnol gop-

Moli asmomama M, mo: (A) M ssasemca eduncmBeHHOU
MUHUMAAbHOR POPMOL ¢ MOUHOCMbIO 00 U3OMOpPUIMQ 1),

(6) M= M, (8) nuraxue 08a cocmosnun 8 M ne asagomcA
axsusaseHmuoimu; (T) He cyuyecmsyem as8momama, 9K8usa-

aenwmnozo M u menvwezo, wem M.

Horasameasvcmso. (a) Ilo nemme 3.5 P, ABiaseTcs eluH-
CTBeHHbIM AN mio6oro R 2> 1 n, clenoBaTenbHo, P,,_1=1’3
SBJAETCA eAMHCTBeHHbIM. TaK Kak npu onpegenenHom P noctpoe-
nue M u3 M ABJAETC eIUHCTBEHHLIM, He yuuThIBas 0603Haue-

HUd, TO M ABIdeTCA eIHHCTBEHHLIM C TOYHOCTLIO 10 H30MOP-
¢du3Ma. (6) PaccMoTpHM Kakylo-HHOYAb BXOAHYIO NMOC/eNOBATENb-

HoCTh ;B ... &y,  TPHIOKEHHYID K M|o'™,  Tycms
COOTBETCTBYIOUIAS MOCAEAOBATENbHOCT COCTOSHHA Gyler 0,
o), ..., o™ u cootseTcTByMOIAA BHXOIHAA MOCAEAOBATED-
HOCTh Oyner lecjz +++ &y, Tenmepb nycts Ta ke BXOAHAA NO-

crenoBatTenbHOCTs npuioxeda x M|g,. Tlo ycaosuio (3.15),

Ha OCHOBaHWM KoToporo cTpourca M no M, COOTBETCTBY oLIaA

NOC/IeA0BaTebHOCTh COCTOAHMH 10/KHA OHTb O, , O, , ..., o,
1 2 l
M COOTBETCTBYIOLIAfA BHIXOAHAA NOC/AENOBATENbHOCTL AOMMKHA

1) To ectb ¢ TOYHOCTBIO JO OGO3HAUEHHA COCTOAHHUH.
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6HITH g,lg,z ;’z' [TockoabKY B np'uaeneHHblx_ paccyXaeHusx

I 1 u aBaAOTCA MPOHU3BOJILHBIMH, TO, CJEL0BATEIbHO, moboe
cocroanne M, NpHHaLJIeKalee KJAACCy 3SKBHUBAJEHTHOCTH Zu'

, -
ABJAEeTCA SKBHUBAJIEHTHBIM COCTOAHHMIO O, aBromara M. Takum
o6pasoM, AIA KaXAOro cocTosHus M MBI HaXOAMM 3KBHBAJEHT-

HOe cocTosHHe M M LAA KaxAOTo COCTOSHMA M  Haxommm
SKBHBA/IEHTHOE cOCTOAHWe M, uTO O3Hauaer, uto M= M. (8)
[TycTb 40; H o,’, ABMAIOTCA JABYMs JMIOGHIMH  COCTOAHWAMH
M’(uq&fu).

W3 nokasatenbcrsa uactd (6) c/aedyer, 4TO O, SKBHUBAJIEHTHO

coCTOAHMAM M, NpHHALJeKalIMM KJIACCY 3SKBUBANEHTHOCTH X,
a 0, SKBMBA/IEHTHO COCTOAHMAM M, npuUHaiiexalMM Kaaccy

3KBUBATEHTHOCTH Z,. Tak Kak HH OJHO COCTOSHHer U3 KJaacca X,
He IKBHBAJeHTHO HMKAKOMY COCTOSIHMIO M3 KJacca X, TO CO-
CTOSHMA O, W O, aBTOMaTa M 1omkHE GHTb PasTHUMMBIMH.
) Hpelmonoxmm, Y10 uMeerca asToMaT M’, axBuBajenTHBIH M
u merbunit M. Tak xkak M=M u M'= M, 10 310 3HaunT,
uTo M'=M u uT0 Kaxaoe cocTosHWe A ABASETCS SKBUBA-
JEHTHBIM HexoTOpoMy coctosiuio M’. Tak kak M Gombue,
yeM M’, To uMewTca, NO KpalHeH Mepe, IBa COCTOAHHMA I'T'I,
KOTOPble 3KBUBAMEHTHbl OAHOMY M TOMy Xe cOCTOsAHMIO M’ u
C/les0BaTeNbHO, SKBHBaJEHTHH APyr Apyry. OAHako, COTJIacHO
yacTH (B) TeOPeMH, 3TO HEBO3MOXHO, YTO NOKAa3bIBaeT OT MPO-
THBHOTO TOT (aKT, YTO He CyLIeCTByeT aBTOMaTa, SKBHBAJEHT-
Horo M, u MeHbuwero, ueM M. "

ABTOMaT, KOTOPHH sABJAeTcA CBoeH MHHHMAJLHOH ¢opMoH
¥ MOTOMY He MMeeT SKBMBAJEHTHOrO ceGe MeHbILEro aBTOMATa,
Ha3LIBAETCA MUHUMAALHOM GBMOMAMOM. ABTOMAT, UMeOLIUH 1
COCTOAIHUH ¥ 7 KJacCOB 3SKBHBAJEHTHOCTH, B KOTOPOM, CJel0-
BaTe/bHO, BCE MAPH COCTOAHWUH pA3JHYMMEI, ABJAAETCA MHHUMAJb-
HHIM aBToMaTOM. K3 TeopeMmr 3.6 cuaeayer, uTO eciu 3anaH
KakoH-im6o asToMaT M, TO MH MOXeM HAHTH MHHHUMAaabHbIH

aBTOMAT X/I, 3KBUBAJEHTHbIH M W ABJAIOIIUHCA eIUHCTBEHHHIM
€ TOYHOCTBIO R0 H30MOP(H3MA. DTOT BLIBOJ ABJAAETCA HCKJIOYH-
TE€JbHO BaXHbIM, MNOCKOJbKY OH TOBOPHUT HaM, YTO KaXAHH
4BTOMaT HMeeT HEKOTOPOe «KAaHOHWYeCKOe» MNpelcTaB/eHue,
He3aBuCdlllee OT cnocoBa 3alaHHWd HCXOLHOTO aBToMaTa. Jleft-
CTBHTEJIbHO B oO0LIeM cJayyas CyliecTByeT paAl  cnoco6os,
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KOTODHIMH aBTOMaT MoxeT ObITh omnHcaH (0cOGeHHO eciu 3TO
CIeNaHO YCTHO), M OKasblBAaeTCA, UTO BCe STO MHOTooOpasue
onucaHuft MoxeT OHBTb, B KOHIlE KOHUOB, CBeleHO K HeKOoTo-
POMY CTaHIapTHOMY npeicTaBnenuo. Dosee Toro, u3 caenau-
HOTO BbIBOJA ClelyeT, uTO CTaHAaPTHOEe NpeacTaBAeHHe ABAAETCH
Han6Gosee KOMNAKTHBIM B CMBIC/E YHUCA2 UCMOABL3YEeMBIX COCTOS-
Hu#t. Ecanm BcrencTBHe HelOCTaTKa OMNBITA WAM H30GpeTaTelhb-
HOCTM y uCCAeNOBaTeNs HaualbHOe mnpelcTaBieHHe TOJAyudeTcs
CHAbHO M3OBITOYHBIM, TO HMeeTCs NpAMOH Cnoco6 YMeHbIMTb
N30LITOYHOCTL [0 Tpelena H
NOAYYHTb MHHMManbHOE Tpel-
CTaBleHHe,

Yro6bl  NMpPOMAIIOCTPHPOBATD
CKAa3aHHOe, PAcCMOTPHUM  cJae-
YUY UTPy: MOHeTa moAbpa-
CHLIBARTCS MHOTOKPATHO; OYKO
3acYUTHIBAETCA MPH v-M noabpa-
CHIBAHMHK, ecau npu (v— 2)-M,
(v—1)-M u v-M noabpachBa-
HMA BHIMANAT COOTBETCTBEHHO:

(/77 ~ undpa, rep6, rep6 uau repb,

Puc. 3.10. Astomar AlS. rep6, repG; B ApYrHX cayuasx

Oouko He 3acuuteiBaerca. OG6o-

3naunB  «rep6» OGyksoft «I'»,
a «uudpy» — byksoft «ll», «ouko» — «l», a «oTcyTCTBHE
ouxa» — «0», MH MOXeM BbOpaTh ciaelylowne BxoaHol anda-
BHUT, BBIXOAHON andaBUT M MHOXECTBO COCTOSHHH:

X={r, I—I}v
Z=1{0, 1),
S={I_II_1, I_Ir, rI_Ip rr})

rle yKasaHHble 4eTbipe COCTOSIHHA OTOXIECTBAAWTCA CO BCeMH
BO3MOMXHBIMM HCXOLaMH TpH (V—2)-M U (v— 1)-M nonbpach-
pauuu. I'pad nepexomnos asToMata Al5, COOTBETCTBYIOLIEr0
3TOMY ONMCaHWI0 WrpH, Tnokasan Ha puc. 3.10. Onnaxko Gonee
KOMNAKTHOE TPEACTaBJeHHEe TIONY4yaeTCA, eCAM 3aMETHTb, YTO
CuYeT OYKOB MPH v-M NOAOPAcbIBAHWHM HE 3aBUCHT HA CaMOM lene
oT (v—2)-To ucxoma (XoTs 3TO MOxerT ObITb 3aMacKHpOBa-
HO YCTHHM onucanneM wurpbl). Toraa Mbl MoxeM BHOparh
¢lelywolHe BXOAHOR H BHIXQZHON an(aBUTH H MHOQKECTBO

oy
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COCTOSHHH:
X =r, 1),
Z=1{1, 0},
S:{I‘, LI},

roe yKasaHHble ABA COCTOSHHS OTOXKAECTBASIOTCH CO BCEMH BO3-
MOXHBIMM HCXoAaMu mpu (Vv — 1)-M noaGpaceiBanuu. B pesyn-
TaTe MOJAYYMM rpad nepexo-

#oB Ans aptomara Al6, mso-  yw )] iy
6paxenHsil Ha puc. 3.11.

MeronoM, ONMHCAHHBIM ‘0.@
B § 3.10, nerko nposepwrs, (/70
yro A16 = A15. Taxum 06-
pasoM, eclIM Mbl He cyMeaH Puc. 3.11. Asromar AlS6.

06HApYKUTb M3OHITOUHOCTH B

YyCTHOM ONMHCAaHWH, MBI BCe paBHO MOxeM Toayuuth Al6 (c
TOYHOCTBIO IO M30MOpdH3Ma) npuMeHenueM k A15 mo6o#t crau-
NapTHOR METOAMKM MHHMMH3AUMH aBTOMATOB.

[TonyTHO 3aMeTHM, 4YTO POJb, KOTOPYIO HrpaeT MHHHMalb-
Has ¢opMa B TEOPHH KOHEUHBLIX ABTOMATOB, AHAJOTHYHA POJH,
KOTODYI0O WrpaeT «SKBMBa/NeHTHas cxeMa TeBeHeHa» B TeOPHH
AuHedHbIX uene#t. O6a npeiCTaBJeHUS CHCTEMBl CAYXaT IJs
OMHUCAHMA ee NoBeleHus, HabM01aeMOT0 Ha NOCTYMHBIX BLIBOAAX,
HanGo/ee KOMMAKTHBLIM CNOCOGOM.

3.13, YmeHbmenne yncaa coCcTOAHMA aBTOMara
nocJeaoBaTENAbHbIM OGBCD.HHEHHCM

[Mycre M — aBToMar, O KOTOPOM M3BECTHO, 4TO €TO COCTONA-
HUA O, U 0; sxsuBajeHTHb. OGbelMHEHHeM COCTOAHHA O, U O

MO npaBuaaM O6GbelAWHEeHHs SKBUBANEHTHBLIX COCTOSHUH NMpu Mu-
HUMH3aUMH, OMHcaHHBIM B § 3.11, MBI MOXeM MOJYuYUTb INpyroft
apToMat M;. TIpH 5TOM COCTOAHHS O; M O; 3aMEHANTCS ONHHM

CocTofHUeM, CKakeM Oy, KOTOPOe MepPeXOAMT B TO ¥Ke COCTOs-
HHE, 4TO M 0; (MaM 0;), U BbIPaGaTHiBaeT TaKOH ke BLIXOAHOH
CHMBOJI, KaK M 0; (MK Oj), MPH MPUAOKEHUH OLHOTO M TOrO Ke
BXOMHOT® CHMBOJA. DTO 3HAYUT, YTO O,; SKBUBAIEHTHO O; U g,

H, Crenosatenbno, M;= M. Jlanee, ecnu u3BecTHO, 4TO B M,
HMEIOTCH 1BA 9KBUBANEHTHBIX COCTOSIHUA, TO, OBTOPAS OMUCAHHY O

8 A. Tuma



114 SKBUBAJEHTHOCTb U MHHMMH3ALINS ABTOMATOB [FJ1. 3

onepauulo O06bEAMHEHHS, MOxHO noayuuts M,= M, dra
NpoleNypa MOXeT MNOBTOPATbCA A0 TeX NOp, MNOKa He Gyler
noayded M,= M,_,, He UMewIHH 3KBHUBANEHTHHIX COCTOSHMH.
O6o3Hauas ucxonuywo ¢opMy astoMata M uepes M, MoOxHO
YCTAHOBUTb, 4TO My (R > 1), nonyueHHHH# C MOMOILLIO OMHCAH-
HOH npouenyps, Bcerda MeHblie M,_; W, clenoBaTenbHO, npel-
cTaBasieT Co6oR coxpauiennyno popMmy M.

CoxpallleHHe aBTOMaTa MNOCJAeNOBaTeIbHbIM OGDbeluHeHHeM
0COGeHHO yNOGHO, KOTAAa paccMaTpHUBaeMbI aBTOMAT HMeeT SIBHO
5KBHBA/NEHTHbIE COCTOAHUA, KOTOPHE MOTYT OBITh OTMEYeHb NpH
paccMoTpenuu TaGauub nepexonoB. ITockoabky, cOTaacHo Teo-
peme 3.1, ABHO SKBHBaJeHTHble COCTOSHHA SIBAAIOTCS SKBUBA-
NeHTHLIMH, TO IMS COKpAlleHHd 3aTaHHOTO ABTOMATa OHH MOTyT
6bITb OObenuHeHH, KaK OMHUCaHO B MNpelblAylleM a63ane. O6b-
eluHeHne 1BYX SBHO SKBUBA/MCHTHLIX COCTOAHMH, CKameM O; U 0,
HanGonee ynOGHO BLIMOJHATH MO Tabjuile MepexodOB, BbYepKH-
Bas CTPOKY 0; M 3aMeHds BCIOAy B noarabauue S,.; 0603Ha-
YeHHe ((Uj» Ha «Gl»'

B «kauectBe npuMepa npuseleHn Tabmuum 3.16 —3.19,
B KOTOPBIX NaHH TOCAeNOBaTelbHble CTAIHH COKpalleHHs aBTO-
Mmara A6, uaoGpawenHoro Ha puc. 3.1 W B Tabauue 3.1. das
yno6etBa Ttabauua 3.1 BOCnpousBeneHa 3lech elle pa3 Kak
tabauua 3.16. B sroit Tabanue napu cocrosuuit {1,5} u {2,6}
SIBAAIOTCA ABHO SKBWBAJNEHTHHIMHM; BblY4epKHUBAA CTPOKH 5 U 6 M

Ta6auna 3.16 Ta6auna 3.17
AsTomMaTt A6 ABTroMar A6,
Zy Syti , 2y Sy+i

£, x,

5y alply alply sy al By al By
1 110[1(2]5]|5 1 11012111
2 oj1j1116{2{5 2 o{1{1}1212]1
3 o|1|11]2|2]|7 3 o111 2|27
4 1o 181311 4 1{01 118131
5 11011255 7 of1])1/1212:3
6 oj1}11]2(6[5 8 1({0] 18|71
7 01 1]6]|6]|3
8 1{o] 1|8})71}5
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3aMeHdAs Kaxaoe W3 o06G03HaueHMH «5» Ha «1» H_Kawmoe «6»
na «2», nonayuuM astomat A6, = A6, NpPeNCTaBACHHbIA Tabnu-
et 3.17.

Ta6auma 3.18 Ta6aupga 3.19
ABToMatr A6, ABToMaTr A6,

2y Sv+1 %y Sv+t
x‘V x‘V
s o | B v]|aflB|y s a| Bl v|a|B|w
Y Y
1 (1]o|1f2f1]1 1 [1lol1|2|1]1
2 oj1|(12|2]|1 2 0|1 (1)2|2](1
3 oj1(1[2]2]|3 3 ol1(1(2121}3
4 1/10({1] 8(3]1 4 1(0] 1(4]13]1
8 1/0] 1) 8[3](1

B A6, napa cocrosuuft {3,7} aBafercs SBHO SKBMBANEHTHOM; BhI-
yepKHBas CTPOKY 7 M 3aMeHsas kaxnaoe o6o3HaueHnue «7» Ha «3»,

By @/ vy b
@/

Puc. 3.12. AsTomat AS6.

nonyuaeM asromat A6,—= A6,, npeiacrapaexHbi#t Tabauueit 3.18.
B A6, sBHo skpuBanentHo#t sBasercs napa {4,8). Bbluepkusag
CTPOKY 8 U 3aMeHss KaxAyil UMPpy «8» Ha «4», nonyyum
apTomMar A6;= A6,, npencrasnennmit Tabanueit 3.19. [Mockoabky

g*
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B A6, HeT ABHO 3KBMBANEHTHBIX COCTOSIHMH, COKpAllleHWEe MyTeM
o6befMHeHHs B TOM BHIE, B KAaKOM OHO BLIMOJHANOCH BhIlle,
NOMKHO Ha STOM 3aKOHUMTbCA. OKasbiBaeTcs, YTO MNOJYYEHHBIH
cokpallleHHbift aBToMar A6; ABAsSeTCA B TO ke BpeMss MHHHMalb-

S
Hoit ¢opmost A6. I'pap mnepexonos A6,— A6 mnokazan Ha
puc. 3.12.

Crelyer NOAYEPKHYTb, YTO, MOCKOAbKY He BCSIKHe NBA SKBH-
BaNEHTHLIX COCTOSIHUSA ABAAIOTCHA ABHO SKBUBAJAEHTHBIMM, OMMCAaH-
Has Tpouelypa COKpaluleHdsl He BcCeraa JaeT MHHHMaibHbIR
aproMar. [Tocse TOro KaK METOLOM MOC/AEN0BaTEAbHOTO OGbelnHe-
HHS TOJy4YeH HAWMEHbIUMH aBTOMAT, CAeNyeT NPUMEHSTb CTaH-
NApPTHYI0 METOIAMKY SKBUBAJEHTHOTO PasGHeHMsl, YTOGbI MOJAYUHTD
MHHHMaJbHy®d GOPMYy aBTOMara HJAM 4TOOB  YILOCTOBEPHUTHCS
B TOM, YTO lanbHefllllee COKpallleHHe HeBO3MOXHO.

3.14, Knacc MHHAMAJALHBIX aBTOMATOB

Ucnoapays onpenmenenus, BBefleHHble B § 2.3, B KauecTBe
cnencTBUA TeopeMbl 3.1 M ompeleneHUs SKBUBAJNEHTHOCTH aBTO-
MaroB MOJyuaeM:

Jdemma 3.12. Sf8no munumassvusiii (n, p, q)-asmomam
Ooadcet 6otmys MUHUMAALHUM. SI8HO coxpamumsii (n, p, q)-
asmomam He Modcem GolMmb MURUMAALHOM.

JonoaHUTeNbHO Temepb AOKaXeM CJAeLYIOLIHe NEMMBI.

Jdemma 3.13. Moujnocms cemelicmea nepecmanosox
MUHUMAAbHO20 (n, p, q)-a8memama pasua n!

Loxazameascmso. Ilycts M, — MUHMManbHbiH (2, p, q)-
aBTOMaT M nycTb M, — aBTOMaT, NOJAyYeHHb# W3 M; mnepecTa-
HOBKOHM 0603HaueHu#t ero cocrosHuft. IlpeanonoxuM, uro mnepe-
CTaHOBK4, C TMOMOILbI0 koTOpoit M, moayden us M;, BKIwYaer
B cefs 3aMeHy 0G6O3HaueHMss COCTOSHMA O, W3 M; Ha «Op
(Js=1). Ecan M; 1 M, uMe10T OIHHAKOBble TaGMHILbLI MEePeXOLO0B,
10 peakunn M;|g; u M,|0; Ha mo6yw BxoaHyw nocaenosa-

TeJbHOCTb IOJKHB GbITh ONMHAKOBBIMH M, ClelOBaTelbHO, peax-
e M;|o; u M; |0, Ha 06y BXOIHYH NOCAENOBATENbHOCTH

TaKxe MOJKHBI ObITh OAMHAKOBBIMH. JTO 03HA4YaeT, UTO COCTOS-
HUA O; W O; B M; SKBHUBANeHTHH M, CreloBareibHo, M; He

ABJASeTCA MHMHMMAalbHBIM aBToMaToM. U3 NOAYy4€EHHOTO MNPOTHBO-
peunsa CJAEAYET, HYTO pa3jHYHBbIE nepeCTaHOBKH MNO/MKHBI 1aBaTh
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B pe3y/bTarTe pa3iHuHBE TAaGAdibl NePexonoB. HUCJO pasmuuHbix
nepecTaHoBoK pasHo nl. JleMma noxaaaua.
Jdemma 3.14. Mowynocms N,, p, g KAGLCA MURUMBAbHBLX

(n, p, q)-asmomamo8, maxux, cpedu KOmMOpwHXx Hem O08YX
u30MOpPHLX Opye Opyzy asmomamos, onpedessemcs 8bi-

pascenuem
-1

Ny o< ap I[ lgn)” — (3.17)

Joxazameavcmso. IlycTb uucao (n, p, q)-aBTOMAToB, He

et}
ABJAAOLIMXCA SIBHO COKPATUMbIMH, paBHO Np p 4 ¥ NyCTb YHCAO
MHHHManbHbLIX (7, p, ¢)-aBTOMaroB, H3OMOP(HLIX HJIH HEH30-
S

MOP(HLIX IpYT APYTY, PaBHO N,’,, py g+ TOTAA, COTNIACHO Nemme 3.12,

Neoa <N b o (3.18)
Cornacio JaemMme 3.13,
N, =N, ., (3.19)
HIH
1Y 1 37 1
n, ps q=n_N"’ P, < ﬂl Nn,p,q- (320)

1"
Hcnoabays ypasnenue (2.3) nas onpenenedus Ny o 4, noay-
yaeM N0Ka3aTeAbCTBO NEMMBI.
IMockonbky 1Ba MHHHMAalbHLIX HEH30MOP(HLIX aBTOMATa

N
RLOMKHBI ObITb pasnuuumbl, T0 N, , 4 pelAcTaBader coboit Takxe
YUCA0 MHUHHUMANbHBIX (7, p, §)-aBTOMAaTOB, Cpel¥ KOTOPbLIX HeT
HA OZHON Mapbl S5KBHUBAJEHTHBIX ABTOMATOB. JTO YHUCAO ILOJMKHO
BKJIOYAaTb B cebf YUCIO N(“ ’q IBHO MHHUMaabHbIX (2, p, q)-
aBTOMATOB, CPeld KOTOPBLIX HeT HH OIHOH Napbl M30MOPQHBIX

(s1M)
asroMaros. Hcnoanays teopemy 2.1 aaa onpenenedns Ny 'p ,
nonyyaem:

Teopema 3.7. Mownrocms N,, p g KAGCCA MURUMQAD-

RoLX (n, p, q)-a8momamos, cpedu KOmMopux Hem HU 00HOU
RAPs. KBUBAAEHMHBLX ABMOMAMOS, onpedessiemcs 8upa-
JHenuem

n-1 n—1
Lo L@ =N <Ny, < o7 I law” — 11 3.2D)

r=0 r=0
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HanpuMep, o6llee uHcAO0 MUHHManbHBIX (2,2,2)-aBTOMATOB,

CpelH KOTOPBHIX HeT SKBHBAJEHTHBIX, 3aKMO4eHO Mexay 96
n 120,

3anauun

3.1. Mokaxure, yTo ecau 0;=4j, a 0; %= Gp, TO 0; 7= 0.

3.2. Ucnoab3ys cuMmMeTpuyHoCcTh rpada nepexonoB, NOKa3aHHOTO
Ha puc. 3 3.1, nokakuTe, YTO 0, =0d,, 0; =0, ¥ 03 = 0.

33. B nonra6aune 2z, asromata M Bce cTpoku opuHakoBhul [To-
kaxuTe, 4yT0 M npeacrasaser co6oH TpUBMaJbHBI aBTOMarT.

3.4. ITokaxure, yTO ecau i-1 u j-a CTpoku Mmartpuubl [M] onuna-
KOBbI, TO COCTOAHKA §; H 0; aBTOMara M HABAAIOTCA 3KBUBANEHTHHIMH.

3.5. CocToAHUA 0; ¥ O ABAAIOTCA k-3KBUBANCHTHHIMH, 2 UX kj-¢

npeeMHUKH MO OTHOIIEHHI0 K J060H BXOLHOH NOCAENOBaTENbHOCTH
LAvHBL k| ABAAIOTCA ko-3KBUBateHTHHIMU. [lokaxute, uto ecau &y + &y, >
>n—1, 10 0;=0;.

36. Cocroanua 0; ¥ G; ABAAKTCA k|-3KBUBAACHTHHIMH, a UX k-€

NpeeMHUKH MO OTHOWIEHHI0 K oGO BXOLHON noCAel0BaTEAbHOCTH
IJuHB k| SABAAIOTCA R;-3KBUBANEHTHBIMHU, HO (k; - 1)-pasnvuuMbiMu.
MMokaxuTte, YTO ecau 0; %= 0y, 10 ky 4=k < n+-2

3.7. Asromatr M uMeeT 1-3KkBUBaAEHTHBIE KJAACCH 25, Zig, .., 2ip,
rae 2, i=1,2, ..., r, conepxut n; cocroaHuil. CocuuTanTe YuCAO
CTpOK B Tabauue map aas M.

3.8. Pas6uenue P, aBTOMara ¢ 7 COCTOAHUAMY UMEET 7 KJaCCOB.
(a) Ecau Py = Pp_,;, KakoBO MHHMMaJbHOE 4YHCJIO KJIACCOB B Fp?
(6) Ecau Py 5= Pp_,, KaKOBO MaKCHMalbHOE YHCJO COCTOSHMH B OLHOM
kaacee Pp? (B) KakoBo HnawMenbuiee 3HaueHue kR, TNPH KOTOPOM Fp
ABJSETCH 3aBEJOMO OJAMHAKOBHIM C Ppy;?

39. Ta6auua 3 3.1 npexctaBaseT co60# YaCTHYHO 3aMOJIHEHHYIO
P, tabauuy aBTOMaTta C meECTbio cocrosHuaMu. Onpenenute 2-3kBuBa-
AeHTHOe pa3bueHue 9TOTO aBTOMara.
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Ta6aunma 331 Ta6appa 332

| Sv+i Zy Sy+1

/ a B a B a B

1 4 ? 1 0olo0o| 5| 4

2 ? ? 2 0 1 3 3

¢ 3 0 0 7 9
3 6 ? 4 1 1 g 3

5 0 0 3

bl 4 | ] 2 6 |ofol2]s

¢ 7 0 0

I S ? ? 8 0 0 5 5
d | 6 ? ? 9 0] 0 1 8

3.10, Haltnure akBMBaseurnoe pazbueHue aBTOMaTa, ONPeleNeHHOTO
rabauneit 3 3.2: (a) noctpoenueM P Tabaul, (6) METONOM TabAHUM Nap.

3.11. Onpeneaute 3kBMBaJeHTHOR pa36ueHue aBTOMaTa, ONpeleaeH-
Horo rpajpoM Ha puc. 33.2: (a) nocrpoenuem Pj tabauy, (6) MeTonom
Tabauupl nap, (B) varpuuHbIM pa3GHEHuEM.

3.12. Mokaxure, uto ecnu M, = M, u My == M,;, to M| %+ M,

3.13. ‘Puc. 33.3 mpencrasaser co6oif rpad nepexonoB aBTOMaTa
C yeTnipbMa cocTtosHuamu. [loctpo#ite rpad nepexooB aBToMaTa
C NATBIO COCTOSIHMAMY, 3KBUBANEeHTHbIH 3aJaHHOMY Ha puc. 3 3.3.

3.14. Kaxnoe coctosiuz aBTOMaTa M, 3KBHBAAGHTHO HEKOTOPOM
CocToaHuI0 apTomaTta M, HO M, 5= M, [lokaxure, uTo aBTOMaT M,
3KBYBANEHTEH JAMGO H30AMPOBaHHOMY, JAu60 TyNMKOBOMY MOJAABTO-
Mary M,.

3.15. Mycts cocroaune g; aBroMaTa M, 3KBHMBAaAEHTHO COCTOS-
Huio 0; asroMata M, MaBecTHo, 4TO MMeeTCA HEKOTOpas BXOjHas NO-
CJE€LOBaTEAbHOCTh, KOTOpas NpoBOguT M |0; uepe3 Bce cocroanua M,

H B TO e BpeMa npoBoauT M,|g; uepes Bce cocrosnua M,. [loka-
xute, yto M, =M
3.16. Onpeneaure, kakue 1Ba 43 Tpex aBTOMATOB, MNOKAa3aHHBIX
Ha puc. 3 3.4, ABAAIOTCA 3KBUBANEHTHBIMM M Kakue paldauuuMbsiMu. Ko-
TOPHH ¥3 aBTOMaTOB ABAAETCH MUHHUMAAbHHIM?
3.17. Tokaxure, uto ecau asromMat M’ aABAAETCAd TYNHMKOBBIM HJH
N~

U30/IMPOBAHHBIM NOAABTOMaTOM aBToMata M, T0 M conepxkuT mnox-
aBToMat M”, kOTOpHI#i ABAsAeTCH MUHuUMaAbHOR GopMol M’, aubo Ty-

e S

NHKOBLIM nonaBTOMaToM M, Au60 U30AMpPOBaHHBIM MoxaBTOMaToM M,
e
au60, HakoHen, aBTOMaTOM M.

3.18. Tlokaxurte, yTO ecau M1 =M2= se =My, TO Ml npej-
CTaBaseT co60H MuHuUManbHyl (OpMy aBTOMATa AM, M, ..., Mp).
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3.19. llokaxure Ha npuMepe, Yr0 1Ba HEMUHMMaJbHHX 3KBHBa-
AEHTHHIX aBTOMATa, MMEIOWMX OINMHAKOBOE 4YUCAO COCTOsHUM, He 06q-
3aTeAbHO ABAAIOTCA U3OMODOHBIMH.

3.20. laHo nBa aBToMaTa (He o6a3areNbHO MuHUMaAbHHIX); cdop-
MyAUpY#iTe aArOpPuUTM IAf ONpelefeHus, ABAAIOTC1 OHM M3OMOPPHHIMY
HaY HeT.

Puc. 334.

3.21. Onpeneaute MyHuMaabHble (GOpPMBI aBTOMAaTOB, 3alaHHBIX
B 3amauyax 1.2—1.9 raaBm 1

3.22. MMoctpoiite Tabauny, rpad u MaTpuly NEepexoi0B MuHMMafb-
Ho#t ¢dopmbl aBTOMara, mokasaHHoro Ha puc. 33.2

3.23. CoopMyaupyfite npaBuao onpeleneHus BCEX ABHO 3KBUBA-
ACHTHBIX nmap cocTrosHuit no TaGaure -nap.

3.24. Tloayuwre MuHuMaabHylo (OpPMy aBTOMATa, U306pameHHOro
ga§ %HfB 3 3.2, MeToI0M nOCAENOBaTENbHOr0 06beavHEHHs, ONMCaHHBIM



rNABA 4
SKCNEPHMEHTbI N0 PACNOSHABAHHIO COCTOAHHA

4.1, Beejpeuue

Kak ©Obino ykasaHo B raaBe 1, peakums HeTPHBHANbHOTO
aBroMata M Ha onpeneseHHble BO3LEHCTBMA He TpeNCKa3yeMa,
ecnu cocrosiiie M HeM3BeCTHO; ¢ APYro# CTOPOHEBI, 3T peakuus
Bceria MOXeT OHTb MpeiCKa3aHa, €c/AH HavajbHOe COCTOSHHE
M3BeCTHO. TakuM 06pasoM, O#Ha M3 OCHOBHBIX 3aJay aHa/M3a
KOHEYHBIX 4BTOMATOB COCTOMT B TOM, uTOOBl pacmosHarb co-
CTOsIHHe HCCnelyeMoro abTomara. Ilocie TOro Kak COCTOsHHE
PACcNo3HaHO, MOXHO OMpeleNHTh TOBENEHHe aBTOMAaTa NMpPH BCeX
JAaNbHERIWNX  YC/AOBHAX M MOTYT OBbITb NPEANPHHATH WArM mo
BBeIEHMI0 aBTOMATd B Pa3/IMyHble PeXXMMbl PAGOTH, Xe/aTelbHble
A7l MCC/IedOBATE .

B sto#t rnaBe Mbl paccMOTPHM IBe HauGoJee BaxkHble 3a1auH
pacmo3HaBaHus COCTOAHMA: 3afauy OMpeNeJieHHd HaualbHOTO CO-
CTOAHMA aBTOMaTa (T. €. COCTO’HHA, B KOTOPOM HaxOIHTCA
4BTOMAT, KOTJAa OH TpeACTaBJ/leH HCC/eldOBaTeNMi0) M 3aauy pac-
MO3HABAHMA KOHEYHOrO COCTOAHHA aBToMarta (T. €. COCTOAHMA,
B KOTOPOM HAaXOIHTCA aBTOMAT, KOrLd 3aBepllieHB HCMLITATEJb-
Hble OMepauUMH, MPOBOAMMble HCCleloBaTeseM). Peulenue nwo6oit
M3 STHX 3a1a4 COCTABJSET pellleHHE OCHOBHOH 3afaud TpHBele-
HUA aBTOM4Ta K NpeACKa3yeMOMY AJs HcClenoBarels Buiy. Kak
OyleT MOK43aHO B CJelylOlled rjaBe, 3TO pelleHHe Bceraa Mo-
Je3H0 B APYrMX 3aaqax, B KOTOPBIX HHCJO MNPelCTaBJSIOLIMX
HHTEPEC HeM3BECTHLIX BeJHMYMH CylleCTBeHHO OoJblle, YeM UYHCIO
BeJM4HH, KOTOPLIe HMEIOTCA B 3a1ade PaCMO3HABAHMA COCTOAHMA 1),

1) Mateprax sTOH raaBbl YaCTHYHO OCHOBHIBaeTcd Ha pabotax.
Mypa (E. F. Moor, Gedanken — Experiments on Sequential Ma-
chines, «Automata Studies», pp. 129—153, Princeton University Press,
Princeton, N. Y., 1956. Pycckuit mepeson: 3. ®. Myp, ¥YMoszputenn-
Hble 3KCTIEPHMEHTHl € MOCAENOBaTeAbHOCTHBIMH MamuHaMu. B cOopHuke
«ABtoMaThl» mop pemakuued K. 3. Ilennona u Mx. Makkapty, WUJI,
M., 1956), 'nHabypra (S. Ginsburg, On the Length of the Smal-
lest Uniform Experiment Which Distinguishes the Terminal States of
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4.2, Knaccupuxanua SKCNEPHMEHTOB

[Tpouecc NpuaoKeHHA BXOLHLIX NMOCAENOBATeNbHOCTeH K aBTO-
MaTaM, Ha6J/0AeHUs MOJAYYaeMEIX BHXOIHBIX MOC/EN0BATedbHOCTEH
MW BbIBOAZ 3aKJIOYeHHWH, OCHOBAHHHIX HAa 9THX HabMIOICHHAX,
OyneT HasblBaTbcA sxcnepumenmor. Bo Bcex HawwMx paccmo-
TPeHHAIX, 6e3 HCK/IOYeHHd, OyIeT MpeANnoJaraTbcs, HYTO aBTOMAT,
Hajl KOTOPLIM MPOBOJHTCS SKCTNEPHMEHT, SIBJSETCS ONevYaTaHHBIM
«UepHbIM SLIMKOM», B KOTOPOM HOCTYMHB TOJNbLKO BXOAHbIC H
BLIXOJHble MOMIOCH. 3aKMIOYeHHs ClelyeT AeddTb TOJMbKO Ha OC-
HOBE TPHJOXeHHBIX BO3AeHCTBUH, HaGM0OAaeMHIX peakiUit W Ta6-
AUl (MM rpadoB, WAM MATPHIL) MEPeXOLOB, €CJH OHH HMeEIOTCH
B PAacnmoOpsKEHHH NPH pellleHHH 3a1ayvH. o

Mu 6ynem pasanuaTb IBa THNA SKCNEPHMEHTOB.

1. Be3ycao8roe sxcnepumenmy, KOTHAa TPHKJIALHBAEMas
BXOIHasd MOC/edOBaTeNbHOCTb TOJMHOCTBIO OMpele/ieHa 3apaHee.

2. Ycao8Hbie sxcnepumenmet, KOT A3 NPUKJIANbIBAeMas BXO~
Had TOC/MelOBaTeNbHOCTb COCTOMT H3 ABYX HJH 60Jjee MOANOC/e~
IOBATeJbHOCTeH, TNPHYEM KaXIad TMOANOCHAeNOBATENbHOCTb (HC-
K/IIOYas MePBYIO) ONpeleleHa HA OCHOBAHHH peaKilu#, BHI3bIBAe-
MbIX MpedblAYIMMH TOANOCAEAOBATENLHOCTAMH.

BeaycnoBHbIR 3KCMepPUMEHT, KAK MPaBUO, Jefye OCYILECTBHTD,
YeM YCJOBHbBI: TNocledHuit TpeOyeT psila MPOMEXYTOYHBLIX pe-
WeHHH Tepel NPHHATHEM OKOHYATeJNbLHOTO, TOTAA Kak MepBHH
He TpeOyer TakoBbix. PaccMaTpuBas ueloBeKa MM MeXdHHYeCKHH
«TeHepaTOp BXOIHOH TOC/eNOBATE/NbHOCTHY, 4bA (QYHKUMA CO-
CTOHT B TMOJa4e Ha aBTOMaT TpeOGyeMHX BXOLHBIX TNOC/edOBa-~
Te/NbHOCTE!, MOXKHO BHMIETH, YTO B 6e3yC/AOBHBIX 3KCMepHMEHTaX
FeHepaTop HOMKeH OOeCMeYdTb eNHHCTBEHHYIO TMOCJAENOBATeNb~
HOCTb. B ycC/lOBHBIX 3KCMEpPHMEHTaX TeHepaTOp, MOMHMO 3TOTO,
Do/KeH ObITb CMOCOGHBLIM BbHIPA6ATLIBATL Psii MOAMOCAENOBATENb~
HOCTel, TpHYeM Kaxnas TNOANOC/eNOBATENbHOCTb OCHOBAHA Ha
MHOOPMALMH, MOCTYMNawllet B OOPaTHOM HamnpaBlieHHH ¢ BHXOL-
HHX noJocoB aBToMarta. Kak Mbl yBMIHM, TNpeMMYLLECTBO He-
KOTOPHX YCJNOBHBIX SKCNIEPHMEHTOB COCTOHT B TOM, UYTO OHHM

a Machine, J. Assoc. Comput. Mach., vol. 5, pp. 266—280, 1958. Pyc-
CkuH mepeson: C. TuH36ypr, O namHe xparuafimero. oaHOpPoOIHOro
IKCNEPUMEHTa, YCTaHAaBAMBAIOUIErO KOHEYHble  COCTOAHMA MamuHH,
«KubepHetnuecku#t c6opHuk» Ne 3, WJI, 1961) u Tmana (A. Gill,
State Identification Experiments in Finite Automata, Information and
Control, vol. 4, pp, 132—154, 1961).
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OTHOCHTE/ILHO KOpOUe; KPOMe TOTO, B HEKOTODHIX CJAy4adX ycJ/oB-
HHE SKCTePHMeHTHl JleTye TOCTPOUTb, YeM GeaycloBHble. CxeMa-
THYeCKOe TpelCTaBleHHe ABYX THINOB 3SKCNEPHMEHTOB MNMOKAa3aHO
Ha puc. 4.1.

OmnH aBroMaT HasblBaercs kKonuell apyroro, ecian o6a as-
TOMAaTa MMeOT OLMHAKOBble TabJHilbl MEPEXOJOB M €C/AH OHH

1erep0mp.

Jmi//'az/ Ty yy 2
nocnedoee- [ > > ~—>»——0
IERHOCITIU

@)
/EHEDOT D Z z

srodon id M g
nocredoea-[ > o
TTIETENOCTTTY

g
Puc. 4.1. a) BeaycaosHblit skcnepuMmeHT. 6) YcaoBHBI#
3KCIIEPHUMEHT.

HAXo4ATCA B ONHOM W TOM e COCTOSHMH Tepel HAauyaloM 3KC-
NMepUMeHTd. IDKCMEPUMEHTH MOTYT OBbITh KJAaCCHPHUHPOBAHBI MO
yHcay TtpeGyeMbX IS MX MpPOBEedEHHA SK3eMnaapoB!) uccrnenye-
MOTO 3BTOMATa.

1. T1pocmeie 3xcnepumenmes, KOria TpebyeTcs eIHMHCTBEH-
HbI 3K3eMIJSAp aBTOMATa.

2. Kpamnue skcnepumenmst, xorga rvpebyerca 60/ee yeM
OIWH 9K3EMIVIAD aBTOMATad. ’

Tak kak GOJbIIHHCTBO aBTOMAaTOB, BCTDPEYAIOUIMUXCA B MpaK-
THKe, MMEIOTCA B eZMHCTBEHHOM 3K3eMIJspe, MPOCTble IKCNEpPH-
MEHTHl TPeNNOYTHTEJbHEe KPAaTHBIX.

Jauna skcnepuMeHTa NPHHHMMAeTcs Kak O6llee YHCIO BXOI-
HbIX CHMBOJIOB, TMPHK/4AbIBaEMBIX B TpOLecCe MPOBENEHHS IKC-
nepuMenta. [lopadox 9SKCNEPHMEHTa TDPHHHMAETCA Kak YHC/O
BXOAHbIX MOAMOCAENOBaTeAbHOCTER (T. €. MOCAeNOBATENbHOCTER,

1) B texkcre opuruHaia ynorpe6aeHo CAOBO «konua». 31ech H Ia-
Jee 3TO CAOBO 3aMeHeHO CAOBOM «sk3eMnasp». ([Tpum. nepes.)
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pasiesieHHHX OMepauMsMHM TIPHHATHA pelleHHH), U3 KOTOPHIX CO-
CTOHT 3KCNEPHMEHT. K pamuocms SKCNEPUMEHTa eCTb YHCIO
9K3eMIIAPOB aBTOMaTa, TPeGylolMXCAd NpH HccaenoBaHuH. Tak,
6e3yCJOBHBI SKCMEPHMEHT eCTb 3SKCMepHMeHT mnopsaigka 1, a
YCJOBHBI SKCNIEPHUMEHT eCTb SKCTEPHMEHT Mopsaika 2 Man 6o-
nee. TIpOCTOH SKCNEPHMEHT ecTh 3KCNMEePHMEHT KPpaTHocTH 1,
a KpaTHbI 3KCMEepPHUMEHT eCTh SKCHEepPHMEHT KPaTHOCTH 2 WJH
6onee. IauHA, MOPALOK M KPATHOCTb SKCMEPHMEHTa MOTYT pac-
CMAaTpPHBATbCA KaK TpyGble Mepbl ero CTOHMMOCTH.

4,3, JIHarHOCTHYECKHE H YCTAHOBOUHBIE SKCIEPHMEHTHI

Hawa ocHoBHass uenb B 3TOH IJaBe COCTOWT B paspaboTke
SKCMEPHMEHTOB I/ DellleHWA CJelYIOWMX IBYX 3ajau.

1. Huaznocmuueckasn 3adava. VsBecTHo, YTO HAHHBIK aB-
toMaT M, Tabauiua NMepexOLOB KOTOPOTO HMMeeTCs B HallleM pac-
NOPSAXKEeHHUH, HAXOAHUTCA B OLHOM M3 COCTOSHHMI O Gip oo os Oi s
Haittu 310 cocTofAHHe,

2. Ycmanosounan 3adawa. H3BecTHO, uTO HaHHBLIH aBTO-
Mat M, Tabauua nepexOZOB KOTOPOrQ HMEeTCA B HalleM pac-
MO PAXEHUH, HAXOAHUTCA B OAHOM M3 COCTOSHHM i Oty vvvs O
Ycranosure M B H3BECTHOE COCTOSIHHE,

JunarHocTvyeckaa 3afaua, caAefOBATeNbHO, €CTh 3addya oOf-
pelelleHHs HayalbHOTO COCTOSHMA M, a yCTaHoBOYHAas 3afaua
COCTOHT B ONpejesieHHH KOHEYHOTO cOCTOAHMA M. DKcnepuMeHT,
KOTOpbIt pellaeT ZHATHOCTHYECKYIO 3ajady, Ha3nBaercs ouaez-
HOCMUYeCKUM SKCREepUMeRmoM; SKCNEePUMEHT, KOTOpbIt pe-
HIZeT YCTAHOBOUHYIO 334134y, HA3HBAETCA YCMAHOBOUH LM IKCNE-
PuUMeRmOM. SICHO, YTO KaXIBI IMATHOCTHYECKHH SKEMEPHMEHT
€CTb TAKXKE YCTAHOBOYHLIX SKCMEepHMEHT, TaK KaK 3HaHHWe Ha-
YaAbHOTO COCTOAHMA M H mNpHIOMKEHHOH NOC/enOBaTeNLHOCTH
03H4a4aeT 3HaHMe KOHeYHOTO coctosHuda. OO6paTHoe, OQHAKO, He
00513aTe/IbHO BepHO,

Ecan oco6o He oroeapuBaercs, TO BO Bceit 9TOM riase Oy-
OeT mpenanonaratbCsi, YT0 M — MHHHManbHBIH aBTOMar. Ecau
aBroMatT M, mnepBOHayaAbHO 3ajaHHBIH CBOe# TabaWueit nepe-
XONOB, He MHHHUMaJjeH, TO OH BCeraa MOMXeT OblTb MHHHMH3H-
POBAH MeTOZaMH, H3/0KeHHbIMH B rJaase 3. Tak Kak TOJbKO
BHEelliHee moBesenne M TpencTaBiAseT WHTepec, MOXHO 6e3
PHCKa 3aMeHHTb TMEepBOHAYaNbHYI0 TabNMUYy ee MHHHMajbHOH
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$OpMOK W, CllefoBaTenbHO, Ge3 moTepH OGLIHOCTH MPEANOJaraTh,
yto M MWHMMaJeH.
MHOXKecTBO COCTOAHHM [0‘1' Orp eos (nm], ONHO H3 KOTO-

PbIX, KaK M3BECTHO SKCINEPHMEHTATOPY, eCTb HayajlbHOe COCTOA-
HHe M, HasbIBAeTCA MHONCECMBOM OORYCMUMBX HAYAAbHHLX
cocmosnuii n o6osHauaerca A(M). Cocroanua A (M) Hasbl-
BAOTCA Qonycmumst My cocmosHuamy., Kak nnardioctuueckas, Tak
¥ YCTAHOBOYHAA 3a4dYH CTAHOBATCA TPHUBHAMbLHLIMH, Korda A (M)
ABSETCA OHHOS/JIEMEHTHbIM MHOXECTBOM, T. €. KOria m==1.
Hawe BHuMaHHe, chaenoBaTe/bHO, OyHET CKOHUEHTPHPOBAHO Ha
clyyasix, Koria m > 2. _

MOXHO 3aMeTHTb, YTO Oe3yCJOBHBIR ILMAaTHOCTHYECKMH HJH
YCTAHOBOYHHIH SKCMEPHMEHTHl He 3aBHUCAT OT MCTHHHOTO Ha-
yanbHoro coctosHus M. C Epyroit cTOpOHB, YCJAOBHBIK ILHar-
HOCTHYECKHHR HJH YCTaHOBOYHBLIR 3SKCMEPHMEHTH 3aBHCAT B 06-
1eM Clyyae OT HCTHHHOTO HA4albHOTO COCTOAHHMSA. ITO CJenyeT
M3 TOTO (haKTa, YTO HaYaJbHOE COCTOAHHE ONpenenseT peak-
U0 M Ha NepBy0 BXOIHYIO MOAMOCAENOBATENbHOCTb; TaK KaK
COCTaBJIEHHE CJelylolet BXOLHOH MOLMOCAEAOBATENBHOCTH OC-
HOBBIBA€TCA Ha peaKlHMM Ha TEKyLlyl0 MPHKJALLBAEMYIO MOLNO-
C/eLOBATeNbHOCTb, TO HayalbHOe COCTOSHME OMpefenser BCe
BXOAHble MOANOCACAOBATENAbHOCTH, HCKIIOYAs MEepBYIO.

4.4, IvarHoCTHYECKHE 9KCNMEepHMEHTHI
AnA ABYX COCTOMHHH

3anaya omnpeleneHusl HAa4aJbHOTO COCTOSHMA aBToMaTa M
B cayuae, korma A (M) uMeeT NpPOM3BOJILHYI0O MOLIHOCTb M,
KOHEYHO, HaMHOTO CJIOXHee OTHOCHTEJIbHO HaCcTHOTO Cciy4ad,
Korga m=:2. Uro6bl pa3anuutL Mexay coSoit oOuIM# M 3TOT
YACTHHM CAyyaW, TepBblt OyleM Ha3biBaTb OUAZHOCMUHECKO]
3adavell 048 m cocmosAruli, a BTOPOM -— duazHocmuuecxoll
3adaieil 0aa 08YX COCMOAHUI.

B sToit rnaBe Mbl pacCMOTPHMM LHAarHOCTHHECKYIO 3ajayy Ajs
OBYX COCTOSIHMH, Mpemnonaras, 4To HaHHbif aBTOMaT M uMeer n
cocrosuuft, ¢ A(M)= {0y, 0;}. Tak kak M MuumManeH, To
Oy, M G, LOMKHbI ObITb PasNHYMMBl M, CledOBaTenbHo, (n— 1)-
pa3AMYMMbl. SHAYMT, CYLIECTBYET BXOLHAA MOC/EL0BATENbHOCTD
AauHBl 1 — 1 uam Medee, Koropas, OyAyuyM NPWIOMKEHHOR K
Moy, v M|oj, BbI3HBaeT Pa3/MuHble BLIXOAHbIE MOC/EAOBATENb-
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noctH. Takasd BXO/1Has MOC/EROBATeJbHOCTL HasblBaeTcsl duaz-
nocmuueckoii nocaedosamessiocmso 048 {Gy, 0}, Ilnario-
CTHUECKHH 9KCMEPHMEHT A ABYX COCTOSHMH Hns astoMata M
npy A(M)=: (o1, 0;,] cocrour, crexopaTensHO, B HPHJIO-
KeHMH K M IHarHOCTHYECKOR MOCAeIOBATAbHOCTH Iaa {0y, Oj,}
¥ B Hab/IONEHMH peakLMH; Ha OCHOBAHMM ITOH peaKUMA MOXeT
ObITL OTPeneeH0 UCTAHHOE HaualbHOoe cocTosiHMe. B ocraBuiefica
YyacTH 3TOrO maparpaga Mbl MOKaxeM, KaK MOTYT ObITb MOCT-
pOeHbl AHArHOCTHYECKHE MOC/IENOBATENbHOCTH AJIS 3adaHHHX Nap
COCTOSIHHH,

Myers oy, ¥ 0 O6yayt [-pasanuumbl u (I — 1)-3KBHBa-
NeHTHbl, Aas HekoTtoporo I, 1 I n — 11). Torna aauHa kpar-
yaftilelt IMAarHOCTMYECKOR TOC/MeNOBaTeAbHOCTA AAA  {Os, Oj,)
ectb . JhoGas nMarHOCTMHECKas MOCJeLOBATENLHOCTb  AJA
{01, Oj,}, LnuHa KOTOpOH paBHa OMpedeieHHOMY Bbllle 3Haue-
HUIO [, GyreT HAa3LBATLCA MUHKUMAALHOL OUAZHOCMUYECKOU
nocaedosamensrocms/o 048 {0y, 0.} 1 0603HauaTsCca & (0, 0j,).
Ecaw oy, u 0y, [-pasanummbl ¥ (I — 1)-3KBHBaMeHTHB, TO
Oy, M Oj, HOMKHb OHTb pPa306LIEHHHMHM COCTOAHHAMM B P, u
ob6bveauHenusiMn B P,_,. TlostoMy [ MoxeT ObTb ONpeneseHo
NnyTeM TNOCTPOEHHS R-SKBUBAJEHTHHX pasGHeHHHt AJA HAHHOTO
aBTOMatTa M M HaXOXIeHMd HauMeHbLUeH BedMYMHBI R TaKOH,
yTo Pj, CONEpXKHT Oy, M Oj, B IBYX Pa3jMuHBIX KJaccax; 3Ta
BeJIMYMHA HOMKHA paBHATbCA [,

Korna & (oi, 0;,) npuknanwaercs k M|o, v M|oj, Bbi-
XOILHble MOCAELOBATE/LHOCTH MOJYYAIOTCS OILMHAKOBHIMH, 33 MCK-
nioueHHeM mocielnHero [-ro cumpona. CrepomatenbHo, k-e mpe-
EMHHKH Gy, M Gj, OTHOCHTeMbHO & (0, O;) saBasiorca (I — k)-
pasnuuuMbiMn ¥ (I—k—1)-sxBuBanenTHoiMu 1A Bcex 0 <k <
<!—1. 310 mnonoxexne usoGpameHo Ha puc. 4.2, rie
& (01, 0;) TpeCcTaBleHa B BMLE TOCIELOBATENLHOCTH &ubu, - -

.gul. ITocnenoBareqbHOCTH COCTOSHMHM, KOTOpble MPOXOAAT

aBToMath M|o, u M|G;, ecTb COOTBETCTBEHHO Oups Oty v es O

H Ujl' 0','2, cee O'jl. HPH 9TOM BBLIXOIHBEIE MOC/ACAOBATENLHOCTH

HMEIOT BHLA Cvlévz.. C(” 415 aBTOMAaTa M|(no H Q,,lc%. .. ;fl’

') Tak kak 0-3KBUBaJEHTHOCTh HE ONpe/encHA, COCTOAHHMA, KOTO-

puie 1-pasnuuuMsl v 0-3KBHBANCHTHBL, JOMNKHBEI CuUTAThCA NpocTo 1- -pas-
JAHYHMBIMH,
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ans astomata Moy, rae ?;(Jl)qeé,jl). Hcnoabays 00o3Havenus
puc. 4.2, MOXHO YCTaHOBHUTb, YTO €CJH Oy Y Oj, [-pasnuuuMbl
H (I — 1)-3KBUMBaNEHTHH U ecJu Bubu, - gul €CTb MMHUMaJbHaA
AMaTHOCTHYeCKaA TMOCAeA0BATENbHOCTb Aas {0, 0.}, To: (1) ana

/f,,,/(o,) /fu/;uz ful_,/:,,,_,/ (&0, /550
/- o.7>m/m/ (L~ 1)~pasmesomsy 2~ paanusustty
(l-7 }'J#é/ﬁilifﬁ/w/y(l‘zj'jrﬂ/ldi  Tonsusanewmusy | PR

/ffu,/zu,/ /ffu/(u/ /éu,_,/lu,_,) //éuz &
-

Puc. 4.2. MuuuManbHas  JAMarHOCTHYECKAas MOC/JHEAQBATEAbHOCTD
aas {0y, 0y}

1L —1 Eu, €CTb BXONHOH CHMBOJ, KOTODHIH MepeBOAUT
0;,_, W 0;, | B mapy (Il — k)-pasmauuMux u ({ —k — 1)-3k-
BUBAJIEHTHbIX COCTOAHMUR i, M (Ijk; (2) gul eCTb BXOIHOH CUM-
BOJ1, TIPH NIPUJIOKEHUN KOTOPOTO K aBTOMATAM M](nl_l H M](I,-l_l
Noc/AefHYUe BbIAAIOT PA3JHUHbBE BBHIXOLHbIE CHUMBOJbI.
Onpedesenue 8u, Ou, 0y, 43 0y, U Ujk_l(l <kKL
<K I—1). Onpenenenue 8u, Oy, M 0j, KOTAA Oy, M O;
M3BECTHBI, MOXeT ObiTb Haubonee yHOOHO MNPOM3BENEHO € TMO-

Mouwpio Tabaui P,, nocrpoenve KOTOPBIX HJS SKBUBAJNEHTHHIX
pa3bueHuit NAaHHOTO aBTOMara omucaHo B § 3.6. O, , M Oj, .

aBaaoTca (I — kR 1)-paznuuumbimu v (I — k)-3KBUBANEHTHBIMH
COCTOSHHAMH; C/IELOBATENLHO, OHM COCTABJAIOT CMEXHbBIE CTPOKH
B Tabmuue P;_, u pasobilenHble CTPOKH B Tabauue P,_,, ;.
TTo3TOMYy CTPOKH O, ¥ Gj,_, B tabaue P;_, JOMKHB CO-

1 ’
AepxaTb IOBE KJETKH, CKa)XeM O'[k . " Ujk . COOTBETCTBEHHO,
KOTOpPbIE UMEIOT DA3JMYHbIE HHXKHHME HHICKCHI, MO MEHbIUER Mepe

’
B ONHOM, CKaweM E, -M crosbue. Tlpn sTom o] 1 0}
- k-4 k=1
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AOMKHBL  ObiTe ([ — R — 1)-3KBHUBA/JCHTHLIMH, T4dK KaK OHH
ABJAIOTCA NMepPBLIMH TpeeMHUKaMHU (I — k)-3KBMBANEHTHBIX COCTOA-
HM# Oy, M Oj OTHOCHTE/ILHO BXOAHOTO CHMBOJA g,  OHH
- - k-1
BOMKHBL ObITb Takxe (/—k)-pasMYMMbIMHU, TaK KaAK G, H 0

k-1 Jr-1
MMEIOT pa3/inuHble HHXKHHMe MHAekch B Tabamie P;_,. Cnenosa-

TeJbHO, 01’ H 0} ABNAIOTCA HCKOMBIMM COCTOSHHAMHM O,

k-1 p—1

W O;,  COOTBETCTBEHHO, M BXOLHOH CHMBOJ g, €CTb HMCKOMHHR
h-1

BXOAHOH CHMBOJ guk. Takum 06pasoM, guk, Gi, H Oj, MOTyT

OblTb OmpeleneHsl MyTeM MPOCMOTPA Tabamusl P;_,.

Onpedesenue gul u3 Gy uGj .0y  uO;  ABIAIOTCA
1-pasnyMMBLIMK; TOSTOMY LOJ/KEH CYILeCTBOBAaTh, MO KpaHHeH
Mepe, OIMH BXOLHOH CHMBOJI, NMPH MPHAOXKEHHH KOTOPOTO K aB-
TOMAaTaM M|(nl_l " M|(Ijl_l nocAelHHe BBLLAIT Pa3NHYHbIE
BLIXOAHBIE CHMBOJIbI. JTOT CHMBOJ, KOTOPBIH SIBJISETCS MCKOMBIM
CHMBONOM &y, MOXET ObITb /IETKO OMpele/ieH MyTeM HaXoxie-
HHA B 2,-noAtabauile CTON6LA, B KOTOPOM CTPOKH 0y _, M 0j,_,
pasJvyHBL.

IlpuBeneHHble MeTOAb MOTYT ObiTh OGbelHHeHbl M Mpen-
CTaB/IeHbl B BHIE CJEAYIOUEr0 aArOpUTMA.

Anropurm 4.1. 0;, m Gj CyTb ABa COCTOAHHS aBTO-
Mata M. Yrto6bl OnpeneMUTb MHHMMAMbHYI0 IHATHOCTHHECKYIO
nocjaenoBateNbHOCTy 1as {0;, 05 ): (1) Tlocrpoum Ttabanust P,
ang M. Hawnem [ Ttakoe, 4TO O;, M O, ABJAIOTCA CMEXKHBIMH
cTpokaMu B Tabanie P,_; u pa3oOiueHHbIMM CTPOKAaMH B Tal-
mue P, Tlpexnonoxum, uro k==1. (2) (a) Ecoim [ —k >0,
To nepexoamm Kk wary 3. (6) Ecom [— k=0, T0 &, cooT-
BeTCTBYeT M0GOMy cToAbuy B Zz,-noarabauue M, TakoMy, uto
CTPOKH Oy, H 0j,_, B 9TOM croabue pasiHyHbL, §u1§u2 - guk
€CTb MMHHMA/bHAs OHArHOCTHYECKas MOCJENOBATENbHOCT AJA
[010, 010}. 3) g,,k COOTBeTCTBYyeT /M1060MYy cTON6LY B Tabauue
P,_,, TakoMy, 4TO CTPOKH Oy, W 0j,  STOTO cTonbua HMeloT
KAETKH Oy, M O, COOTBETCTBEHHO C PA3/HYHBIMH HHAHHMH HH-
HeKCaMu. YBeNMuMBaeM k HAa eJMHMIly M BO3BpalldeMcs k wary (2).

Ana wanocrpaumu paccMmotpum asTomar Al7, npencras-
NeHHbllt Tabavuet 4.1 m m3o6paxenHeit Ha puc. 4.3. Tabauupt
4.2 — 4.5 apnsorca tabauuamu Py, P,, P; w P, asTomara Al7.
Jnq mpuMepa HadzeM MHHMMalbHYIO AMATHOCTHYECKYIO MOC/AeNO-

1

9 A Tuaa
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BareabHocTs mas {1,2), T1. e. & (1,2). Hauuem c paccMoT-
penus tabauupt P, TaKk KaK 3TO «nocienHsas» Tabauua, B Ko-
TOpoH cTpoku 1 u 2 aBasiorca cMexHuiMu. CTpoku 1 m 2 B
tabauile P; MMEOT Das/HuHble HHXHHME MHAEKChI B KJeTKax «4,»
u «5,», KOTOpble HaxomATcA B cToabme B. 3Hauut, B ecTb nep-

Bull cumsoa B & (1,2). B
(@) tabavue P, crpoku 4 u 5
HMEIOT  pas3/uyHble HWKHHe
MHIEKCH B KJETKaX «3,» H
«2,%, KOTOpble HaXONATCH B
cronbue «. 3HAuuT, A ecThb
BTOpo#t cumpoa B & (1,2). B
Tabauue P; crpoku 3 u 2
w7 (@/7) UMEIOT  pas/iMyHble HMKHME
HHAEKCH B KJETKaX «H,» H
«l,», KOTOpble HaxoAATCA B
cronfue ©. 3HA4uT, @ ecTb
tTpetu#t cumon B & (1,2). B
TaKXKe MOxeT OblTb BHOpPaH B
KayecTBe TpeTbero CUMBOJA,

(e/0)

&7 B/ TaK KaK CTPOKH 3 U 2 uMe-
I0T pa3/MyHHe HMKHUE HH-
Puc. 43. AstoMar Al7. HeKCH B KaeTkax «ly» n

«5y», KOTOpHE HAaXOAATCA B
cronbue p. B z,-nmoaraGmmie cTPOKM 1 u 5 MMeWT pasimuHble
kaetku (0 u 1) B croabue . 3HAYUT, O eCTb YeTBepTHH u
nocnenuut cumpon B & (1,2). Takum o6pasom, & (1,2) umeer

Ta6auuwa 4.1 Ta6bauua 42
AsTomar Al7 Ta6anua P, pas Al7
Zy Sy+1 Sy+1
xv xV
sy o B o B E sy o B
1 ] 0|1 1 4 1 1, | 4
2 0 1 1 5 a 2 l, | 5
3 0 1 5 1 3 5 | 1,
4 1 1 3 4
5 1 1 2 5
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Ta6awnua 43 Tab6bavua 44
Ta6anwa P, paa Al7 Ta6anwa Py aaga Al7
Sy+1 Sy+1
xV xV
E s, a [§] E sy a [§]
1 1 4 1 la 4
a1 9 | 15| s a ‘ 2 | 1, | 5
b | 3 |5 |1 b | 3 | 54| L
I A c | 4] 3|4
5 | 2| 5 a5 | 2|5
Ta6aumga 45 Ta6bavuma 4.6
Ta6aunua P, paa Al7 MHHHMaJdbHbiE JHATHOCTHYECKHE
_ nocJaeN0BaTeJbHOCTH JJsl nap
cocTOsAHHuH Al7
Sy+1
(0 ¢
E N a B U[0 U’o 8(U[o' Ujo) Cvl Z;7’1
Sy
1 2 pooa 1 0
1 3 oo 0 1
a 1 1, 4,4 1 4 o 8 1
1 1
b2 ) a5 2 | 3 a0 0| 1
c 3 5, 1, 2 4 a 0 1
2 5 0 1
a4 ] 3 | 4 3 | 4 o 0| 1
e | 5 | 2 |5 3 5 a 0 1
4 5 a0 1 0

BHL foaa uau Bapa. Korna paca npukaanuisaercs k Al7 B co-
CTOSIHUKM | M B COCTOAHMM 2, MOCAeIHMH BHIXOLHOH CHMBOJ €CThb
1 n 0 cootBeTcTBeHHO, YTO J/IErKO MOXeT OuTh MPOBEPEHO MO
Tabavue 4.1 wam no puc. 4.3. Cneposarenvho, ecan {1,2} as-
JAETCSl MHOXECTBOM IOMYCTHMbiX HayalbHLIX COCTOAHMR Al7,
TO IHAarHOCTHYECKMR SKCMEpHUMEHT MoxeT ObiTh MNpOBeleH Ny-
TEM TpUIOKeHHs Poaa M HaGMOAEHHA NMOCICAHErO BHIXOJHOTO

9*
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CHMBOJIA: €c/M 3TOT CHMBOJM — 1, TO HayajabHOe COCTOsAHHE — 1,
ecad 3TOT cuMBoa — 0, TO HavajabHOoe cocrosnne — 2. B Tab-
e 4.6 nepeuMcleHBl BCe MHMHHManmbHble JHAarHOCTHYECKHe
MOC/MeN0OBaTeMLHOCTH 1M BCeX map cocrosuuft {0y, 0;} Al7;
noc/elHe 1Ba CTOJOUA B 5TOH TabiHile YKasbBAIOT MNOCJAELHHE

HabonaeMble BbLIXOLHBIE CHMBOJIbL Lﬁ,tl) H l:g,jl), KOoraia MHWHHMAJb-

Had IHarHoCTHYeCKas MOCJeNOBATeNMbHOCTb MPHUKJALLIBAETCA K Oy
M Oj, COOTBETCTBEHHO. XOTA LA NaHHOH Napbl COCTOAHUH MO-
TyT 6bITb MOCTPOEHB 1Be WM 6o0Jiee MMHMMAMbHBIX LHATHOCTH-
YeCKHX MOCNEeNOBaTebHOCTEN, B Tab/HLE NMPHBENEHA TOMLKO OI-
Ha Takas NOC/e10BaTe/NbHOCTD.

4.5. Pa3HOBHAHOCTH AHArHOCTH4YECKOi 3anauH
C ABYMSA COCTOSAHHAMH

Crenywoluas TeopeMa CyMMHpyeT PacCyIeHWs, NpuBeleHHble
B MpelbloylleM naparpade.

Teopema 4.1. Huazdocmuueckas 3adasa 0as asmo-
mama, codepaucaue20 n cocmosHuli, ¢ 08Yyma OORYCMUMbBMY
COCMOAHUAMY 8Ce20a MOdCem Gumb peuwena npocmsim 06e3y-
CAOBHBLM BKCNe pUMeAmom Osuns I, 20e

1<n—1. (4.1)

Puc. 4.4, Ha xoTopoM Hso6paxeH apToMar Al18, nmokasbisaer,
YTO BEPXHAS TPAaHHLUA B COOTHOWEeHHH (4.1) MOoxeT OblTb 10-

(@/7)

6/0) 5/0) 6/0) (6/0)
Puc. 4.4. Astomar Al8.

cruriyta 4na moboro n. OueBunHo, 4to B Al8 Hukakue aBa
COCTOAHHA HEe MOTYT BbIAATb pAa3JHYHHE BbLIXOAHbIE CHMBOJILI
npexie, YeM OyAeT NOCTHTHYTO COCTOSIHHE /4 M3 OLHOTO M3 STHX
COCTOAHMA ¥ MpHIOXKEH BXOLHOH CHMBOJN @; CJelOBATe/bLHO,
auarHoctHuecknfl skcnepuMent 1A A18 M 1ONYCTMMOrO MHOMe-
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crBa {1, 2] He MoxeT ObiTb Kopoue, 4eM #— I, MuHUManbHas
IHArHOCTHYeCKasd MOCAeNOBATENbHOCTb AN {1, 2} COCTOHT H3
NOCNEeN0BATENLHOCTH #2 — 1 CHMBOJIOB @, BBLIXOLHasA NOCHeLOBa-
TeMbHOCTL OKAHYMBAETCHA HYJeM, eCJH HauyalbHOe COCTOAHHe — 1,
M elMHHUedl, eCqM HavyajdbHOe COCTOSHHE — 2.

JlnarHoctudeckaa sanaya AJd IBYX COCTOAHHMHA MPAMO cBA3aHa
CO chaenywowell samayefi: W3BeCTHO, YTO AaHHbI aBToMat M sB-
nserca 6o aBroMaToM M, B cOCTOAHHM o;, b0 apToMaToM M,
B COCTOSHUH Oj, MpHYeM uMeloTCs Tabmwiupl nmepexonos M;, M,
H M;, M, aBaAOTCA CPaBHUMBIMM aBToMaramu. KenaTesabHO
pacnosHaTe 4BTOMAT M ero HayajabHOe cocToAHHe. [IpocThiM Hc-
KYCCTBEeHHbIM NpHeMOM paccMOTpeHMa M Kak pacllenifeMoro
asroMata M; u M, a uMeHnHo A(M;, M,), ykasanHas 3anaya
MOXeT OHTb Nepedpa3npoBaHa B CJelyiOlleM BHIE: H3BECTHO,
uto JaHHbIfi aBToMaT A (M, M,), Tabnuua nepexoloB KOTOPOTO
LOCTYNHA, HAXOLMTCA B OLHOM M3 cocTosHHH ¢, ;. Hafirn sto
COCTOsIHMe. T4 3ajaya B TOYHOCTH MpEeACTABAACT COGOH NMArHO-
CTHUeCKY!O0 3alauy ILad aBromata A(M,, M;) M XOnycTHMOrO
MHOXeCTBA HayanbHbix cocrosnuh {o;, o;}. Ilpu 0; + 0; 3anava
MOxeT ObITb pelleHa MeTOLOM, onHcaHHbM B § 4.4. [lo Teo-
peMe 4.1, Mbl HMeeM:

CneactBue 4.1. V3BecTHO, 4TO IaHHbIHl aBTOMAT JOJIA(EH
ObTe G0 M; B COCTOAHHH O;, MM60 M, B COCTOSHHM O;, Tie

0, %+ 0; M; u M, cpaBHnuMbl ¥ HX TaGJHubl MePexOl0B 10-
crynuel. Ecmu M, ecTb aBTOMar ¢ n; cocrodnuaMu, a My —c n,
COCTOAHMAMH, TO ILaHHBLIH aBTOMAT M €ro HavyaabHOe COCTOfAHMe
BCerla MOTyT ObiTb YCTAHOBJEHbl MPOCTHIM Ge3YCTOBHBIM 3KCMe-
PHMEHTOM IJIHHBL [, Tle

f<n+n,—1. 4.2

Kax nokasano Ha npuMepe aBTroMatoB A19 u A20 (puc. 4.5),
BepXHSA T paHHLA B COOTHOWEHHH (4.2) MOXeT OblTb LOCTHTHYTa
B TOYHOCTH IJs MoOBX 7, W n,. B nprMepe mpeanonaraercs,
YTO 7y > #, (KOTZA #,= Ny, COCTOAHHe n; B A20 HMeeT eIHMH-
CTBEHHYIO WCXOIAWLYIO Lyry, oTMeueHHyto (a/0) \/ (B/0), koTopas
BelleT K cocTofdHHio #, — 1). [lpexne Bcero 3aMeTHM, 4YTO HH-
KakHe 1Ba cocTosHua [ B aBToMate Al9 M j B aBroMaTe A20
He MOTyT BbLIaThb Pa3/MUYHBIX BLIXOAHBIX CHMBOJIOB O TeX MOp,
noxa He Oyler IOCTHTHYTO cocrosHue 1 M3 { M j n He Oyler
NDpWIOKeH BXOAHOH cuMBOa B. Jlanee, BuiuepkHeM B A20 napy
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BX0ol-Bbix0L (@/0) ucxomdiet H3 COCTOAHMA 7, LYFH, 0003Ha-
yeHHoft (a/0) V/ (B/0), nobaBuM Kk n, nermo (@/0) m paccMorpHM,

w7 w7

(e/t) 5/0) [@/0) 6/

/)y Ve (/) (6/0)

TELELS )

(@/d) 6/7) (@) w/a)

@/0) (p/0) (@) b

(a/1) (6/0)

(e -

(@/2)
A79

AZ0
Puc. 4.5. ABroMath A19 u A20.

KaKk 370 nopausier Ha A20. Kax Toabko 3TO ChenaHo, COCTOAHWA
Ny U Ny— 1 CTAHOBATCA ABHO SKBHBAJCHTHHIMM M MOTYT ObITh
3dMeHEHH OLHHM COCTOSIHHEM, CKaweM f; — 1 cocrosuus ny — 1
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M Ny — 2 ABASIOTCA Tenepb SBHO SKBHUBAJEHTHBLIMM M TaKMe MOTYT
ObITb 3aMeHeHbHl OIHHUM COCTOSIHMEM, CKaweM Hy—2; ...; CO-
CTOAHMA 7, -1 ¥ £, ABAAOTCA TeNepb HABHO SKBHUBAAEHTHBIMU
M MOTYT OBbITb 3aMeHeHBl OIHMM COCTOSHHeM, cKaxeM n,. B cBoeii
cokpaluenHoli ¢opme aBromar A20 oamHakoB ¢ Al9 u, caeno-
BaTeabHO, cocTosHHe I Al9 skBuBamentHo coctosHuio [ A20
1aa Beex I, 1 <{i<n,. Tlo3TOMY MOMKHO cIenaTb BBIBOX, 4TO
Kpartuafimaa BXOJHad MOCAELOBATENbHOCTb, MOJ 1eHCTBHEM KO-
Topoit A19 m A20 no/mxHbl BbaBaTh pas3jiHYHble BHIXOLHBIE
NOC/e10BaTeMbHOCTH, Korla 00a aBTOMaTa HaXOLATCA B HANafdb-
HOM cocTodHMH 1, nomkHa nepeBoiWTh aBToMaT A20 M3 cocron-
HUA 1 B COCTOAHME A, M 3aTeM BXOIHBLIM CHMBOJIOM @ B COCTOA-
nue n;— 1. Tak kaxk cocroanne 1 nomwHO ObITL BHOBL 10-
CTHTHYTO nepen TeM, kak aub6o Al9, mmb6o A20 Buzanyt
pa3/HyHble BHIXOJHBIE CHMBOJbI, Ta #e caMas MOCAeN0BaTeNbHOCTD
10/OKHA NepeBoAnTs A20 M3 COCTOAHMA ny, B cocTofAHMe | W 3a-
TeM OKaHYMBATHCA BXOIHBLIM CHMBOJOM f. I[103TOMY KpaTuafiuuf
SKCTMEPHMeHT, pasauuatoliutt Mexay coboft A19 B cocrosanuu 1
n A20 B cocTosHHMM 1, COCTOMT B NMPUIOMXEHHH A, CHMBOJOB .,
3a KOTOpbLIMHM chelyloT #; — 1 cHMBOJNOB f, ¢ oOwe#l aaMHOH
ny—n, — 1. Tlocnennnit HabGmoLaeMbli CHMBOJ B 3TOM 3SKCHe-
puMeHTe ectb 0, ecau B coctosHuM 1 Haxoaurtcsa aBtoMat Al9,
1, ecam B cocroauun 1 Haxommrea A20,

Crenyer OTMeTHTb, YTO eIMHCTBeHHOe TpeGOBaHHe, Mpelb-
aBageMoe k M; u M, B cnenctsuu 4.1, COCTOMT B TOM, UTO
9; 5 G;. IJ10 TpeboBaHME He 3aBMCHT OT PA3MUYMMOCTH HJIH

SKBHBaNeHTHOCTH M; u My (0; 1 0; MOTYT ObITb Pa3THUHMBIMH

COCTOAHUAMH B IBYX SKBHMBAJEHTHbIX aBTOMarax). ClenoBaTensHoO,
HeT HeoOXO0IMMOCTH PaCMpOCTPaHATh Ha pacluenyifeMblft aBTOMAT
A(M;, M,;) npennonosxeHue o TOM, YTO OTAeAbHbE aBTOMATH M
H M, 4BAAIOTCA MMHHMATbHBIMH,

4,6. lepeBo npeeMHHKOB

B nampuefimem non o-muoocecmsom asroMata M Oyiem
NOHHMATL 11060€ KOHEUYHOe MHOMECTBO COCTOAHMH M; sieMeH-
Tbl O-MHOXECTBA He O0043aTeNbHO pa3inuHbl!). O-MHOXECTBO,

') XOTa 0-MHOKECTBO He ABJNAETCA «MHOMECTBOM» B (POPMaTbHOM
CMBIC/IE (TaK KaK OHO COAEPKHMT MOBTOPAIOI(HECH 3JEMEHTH), OHO 6y-

ZeT 0603HaYaTbCA GUryPHBIMH CKOOKAMH, Kak 3TO HNPUHATO 148 06bY-
HbIX MHOKECTB.
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Colepxalliee eJHHCTBEHHbIt SJEeMEHT, Ha3blBaeTCAd NPOCMbLM; O-
MHOXECTBO, COJepikallee ABa HJHM 6oJiee OJHHAKOBLIX 3JEMEHTOB,
Ha3blBACTCA K PAMHB M, G-MHOXECTBO 0QHOpPOOHO, €CJH BCe ero
9JIeMEHTbl OJMHaKOBBI (POCTOE O-MHOXECTBO ABJAETCA YaCTHBIM
CllyyaeM OJHOPOIHOTO O-MHOXeCTBA).

Jns aBTOMara, Y KOTOPOTO MHOXECTBO JOMYCTHMbIX Hauajb-
HBIX COCTOSIHHH HMEeT MOIIHOCTb m, A-Tpymna ecTb MHOXECTBO
G-MHOXeCTB, NpHYeM m ecTb oOllee YMCIO 3JEMEHTOB BO Bcex
BXOLAWMX B A-Tpynny o-MHOxeCTBaX. YHCIO O-MHOMECTB
B A-rpynne Ha3biBaeTCsl peuweruen rpynnsl. Pewenre A-rpynnsl
He MOXeT MpeBHIUIATh M. A-Tpynna HasblBaerca A pocmol, eciy
BCe O-MHOXeCTBa B He#l 1pocThl; A-Tpynna o0xopodHa, ecau
BCe O-MHOXeCTBa B HeHl OILHOPOIHBI.

[TpennonoxuM, uto G ectb A-rpynna, colepxailas G-MHoO-
KECTBA g, Lor - - -0 &, §Il§l2 gil-npee.urmic G ecTb 1py-

ras A-rpynna, NOCTPOEHHast COTJACHO CJelyIOLIMM NpaBuaaM: (1)
PasbrBaeM kax10e MHOXECTBO &; Ha NMOAMHOXECTBA TakHe, 4TO
IBa COCTOAHHMA &; BK/IOYAOTCA B OJHO M TO e MNMOIAMHOXECTBO,
€CAH M TOJBKO €CJNM OHHM BHIPAOaTLIBAIOT OJMHAKOBBIE pPeakiHMH
Ha BXOIHYIO MOC/MEL0BATENLHOCTD §Il§l2 g,l. CunTaeM Kaxuioe

MOJAMHOXECTBO KaK O-MHOXeCTBO, a MHOXeCTBO BCeX TaKHuX
G-MHOWECTB — KaK A-Tpynny, ofosnauexnyio yepes G'. (2) B o-
MHOXeCTBaX M3 (' 3aMeHsieM KaxI0e COCTOSHHE €ro MpPeeMHHKOM
OTHOCHTENILHO BXOIHOH MNOC/E10BATENLHOCTH §11§i2 g,l. ITo-

nAyuaeMas B pe3ymabTaTe A-Tpynna ecTb §ll§12 ce §ll-npeeMHHK G.

Hepeso npeemnuxos ecTb CTPYKTypa, OnpelefeHHaa a4
IaHHOTO aBToMaTta M ¥ 3alaHHOTO MHOXeCTBa NOMYyCTHUMbIX Ha-
yanbHbix cocTodHuft A (M). Crpyktypa COCTOMT M3 BeTBeH,
Pacrno/IOKEHHBIX B MOCJELOBATEAbHEIX Y POBHAX, MPHYEM BLICLIMM
YPOBHeM ABJACTCA «HYJIEBOH» ypOBeHb, CACILYIOIUMM 32 BLICLIHM
ABAAETCA «NepBLIfl» ypoBeHb M Tak nanee. Hymeso#i yposenb
lepeBa COILEPHHT €IHHCTBEHHYIO BEeTBb, HA3LIBAEMYIO HA4AAbHON
sem8si0. B 1epeBe NpPeeMHHKOB, -MOCTPOEGHHOM IJIA aBTOMara
¢ BXomHbiM andasuToM (&), &y, ..., Ep}, Kaw1ad BeTBb B KM
ypoBHe (k> 0) pacwenasgercd Ha p BeTBeH, NPenCTABAANIUMX
b & - .+, §p COOTBETCTBEHHO M ABJAOLIMXCA BETBAMM B (R—-1)-M

ypoBHe. BeTBb, mnpeacraBadiollad BXOILHOH cuMBoa §;, Hasbl-
BaeTCAd «BeTBb &,;». FlcHO, uTO k-# ypoBeHb JepeBa COLEPIKUT pF
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erBefl. [TocnenonaTeMbHOCTL M3 [ BeTBeHl Takux, uTo R-1 BeTBo
HaxoIHMTCA B k-M ypoBHe (k=1, 2, ..., ), u rakux, 410
(k- 1)-2 BeTBb Nopoxaaerca k-# BetBoio (k=1, 2, ..., — 1),
HasblBaeTCA nymem no depe8y, | HasviBaetca JauHOf MNyTH
no nepesy. Ecim k-1 BeTBb 3TOrO MyTH MO AepeBy ecTb §,

k

(=1, 2, ..., {), TO roBOpAT, YTO 3TOT NYTb onucwsaem
BXOIHYyW nocaenosatenbiocts §,§, ... §, . Takum oGpasow,
1 "2 1

nepBbie k- 1 ypoBHefi nepeBa MpeeMHMKOB comepxat p® nyret,
OMHCHLIBAIOWMX BCE BO3MOXHHIE p¥ BXOLHBIE MOC/ENOBATENLHOCTH
IOJMHbl R, KOTODble MOTYT OblTb MOCTPOEHbl M3 P BXOIHBIX CHM-
BOJIOB.

Kaxnas BeTBb B lepeBe NpeeMHHKOB, NOCTpPOeHHOM aiaa M
n A(M), cBazaHa ¢ A-rpynnofi. A-rpynna, ¢ KOTOpo# CBA3aHa
Haya/fbHas BerBb, ecTb A (M). Ecau BetBb & cBAsaHa ¢ A-rpyn-
nott G, TO BeTBb §,, KOTOpYW MmopoxaaeT b, cBasaHa € &,-npe-
emHukoM (. Takum o0OpasoM, A-rpynnbl, CBf3aHHble C BeTBAMH
k-ro ypoBHa (k& > 1), Moryt OwiTb onpeleideHsl W3 A-rpynn,
CBSI3aHHBIX C BeTBAMH (K — 1)-ro ypoBHA. B aToM Metoze mo6oli
ypOBeHb JepeBa MOMeT OblTb MOCTPOEH Ha OCHOBAHMM MOCTPOEH-
HOTO YDOBHA, KOTODHfl HeMoCpelNCTBEHHO MpeNlleCTBYET €MY.
TFoBopdar, 4T0 nyTb NO AepeBy sedem B A-rpynny U, ecau ero
nocnelHAs BeTBb CBs3aHa ¢ Q.

Wposeks [
0 2 J l4, 54 5
7 i (7 f}.'(izi p 2 '4. fé
Z {/Z,/ (zzf(f, 7} {2 f}.I{ 15} ({i 22347 5445

fﬁy‘—lﬁ]

F (NI HLISLIEE)  (32L0I4M3) (4500450 (15111 (515)(4) (2332} (5445)

Puc. 4.6. llepeso npeeMunkoB paas Al7 M MHOWECTBAa AOMyCTHMEIX
HayanabHEIX cocTofHMi {2, 3, 4, 5}.

Puc. 4.6 nokaswiBaeT NepBble YeTHPe YPOBHA AepeBa MpeeM-
HHKOB, nocTpoeHHOro anad aBroMata Al7 (puc. 4.3) 1 MHOMe-
CTBA 1OMYCTHMBIX HauaJdbHbIX COCTOsHMHA {2, 3, 4, 5}. Kawmuas
BeTBb OTMEYeHa BXOLHLIM CHMBOJOM, KOTOpPbHIH OHa mnpencTas-
Jager, U A-rpynnoft, ¢ KOropoft OHa cBfA3aHa. A-rpynna,
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CBA3aHHAA C HauaMbHOH BeTBbO, CTb MHOXECTBO NAOMYCTHMbIX Ha-
yanbHEIX cocrosuutt {2, 3, 4, 5}. OcranbHele A-rpynnbl MOryT
ObITb HafileHbl ¢ MOMOLIBID TAOJMHMIUBl MM IHAT PAMMBL MEPEXOLOB
aaa Al7. HanpuMep, koraza o NMpHKAALbIBAETCA K COCTOSHUAM 2,
3, 4 1 5, Buxonausle cuMoanl Oyayt 0, 0, 1 u 1 coortBercr-
BeHHO M clelyioliMe cocTosHHA 6yanyT 1, 5, 3 u 2 coorpercr-
BEhHO; TOTIa G-npeeMHHK A-rpymnu {2, 3, 4, 5] cocTouT U3
o-muoxects {1, 5} u {3, 2}. CnenosareabHo, BeTBb @ B NEpBOM
ypOBHe IepeBa MpeeMHHKOB CBssaHa ¢ A-rpynno# {1, 5}, {3, 2}.

Crepyioliye JMeMMB, KOTODble OMHCLIBAIOT HEKOTOPbie CBOMH-
CTBA JlepeBa MpPeeMHUKOB N/ aBTOMara M M MHOxeCTBa AOMYy-
CTHMBIX HAayambHbIX cocTosHult A (M), ABAAIOTCS NPAMBLIMH pe-
3yJbTaTaMy BHILIENPUBEIEHHBIX MPaBHI H ONpelefeHu.

Jlemma 4.1. IHycms wepes A(M)o6osnaueno Gy u nycme
G, ecmv A-zpynna, c883aHHas ¢ R-0 8emsvio nymu no ode-
pesy. Tozda: (a) Pewenue G, pasno uiu npeswiwaem pe-
wenue G,_,. (6) Ecau G,_| codepocum xpamuoe G-mHONe-
cm8o, mo G, maroce Q0AKHCHO COOePIHCAMb KPAMHOE C-MHO-
acecmeo.

Jemma 4.2. ITycmy A(M)=[0il, iy vves oim} u nycms
G ecmv A-2pynna, k xomopoli 8edem nymbs no depesy,
onuceiaoyuli 8x00ny0 nocaedosamersnocmy &. Iycms o,

0603Ha4aem npeemMHurKa Oy, MO OMHOWEHUIO K &. Tozda:

(a) o, ; 01’ —amo m CcOCMOAHUL, c00epacauuxca

8 G- .unowcecmeax G (6) 0; u 0, HGXOOAMCA 8 PAIAULHbLX
‘ 1

g-mroxcecmsax G mozda u moavko mozda, K0200 0y, ¥ Oy

spldaiom PpA3AuUHble B8bLXOOHbE ROCAL008AMEAbHOCMU NpU
nodave 8x00HOH nocaedosamensrHocmy &.

Jemma 4.3. IIycme b, u b, o6o3naraom 0se semsu,
c8a3aHHbe ¢ 00unarosvimy A-zpynnamu. Tozda 6em8sy, c85-
3annan ¢ A-zpynnoti G, Moscem Gwmb docmuzuyma u3 b
yepe3 | 8em8eli mozda u moasvko mozda, K020a 8emsy, C85-
3annan ¢ A-zpynnofi G, moocem Gbuimb docmuzrnyma u3 b,
yepe3 | sem@eli.

7. JlHarsHocTHYeCKOe AepeBo

JlepeBO MpeeMHHKOB, OMpelefeHHOe B NpeLbAYIeM Mapa-
rpade, NO CBOeMY NPOTAMEHHIO OECKOHEYHO M KAaK TAKOBOE
He HMeeT MNPaKTHYECKOTO NpHMeHeHMs. B sToM pasaene Mbt
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IalMM OmpelefieHUEe «YCeUeHHOrO» BapuaHTa LepeBa MpPeeMHUKOB
nyteM ¢GOpPMYTHDOBKH pala <«NpaBuJ 3aBepllieHHsay. [Ipasuio
3aBeplleHHd omnpelenseT, KOMLa BeTBb MOXeT OblTb OCTaB/eHa
B KAuecTBe OKOHE4HOl 8ems8u, T.e. BEeTBH, KOTopas He MOPOxK-
laeT KakWX-aH60 BeTBefl CJelylOIIero ypoOBHS.

Crenywowde npasuaa 3aBeplleHUs ONpPeNeNaioT CTPYKTYPY,
KOTOPYI0 OyleM HasblBaTb OUAZHOCMUHECKUM OepeBOon.

Onpenenenue 4.1. JHarHoCcTHYeCcKoe NepeBO eCTb He-
peBO NMpeeMHUKOB, B KOTOPOM BeTBb O k-TO ypPOBHS CTaHOBHTCA

YposeHs |
174 2545)
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: @ |4 1457
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a | A a | s

I BAVAZI) {4} 15)054) (32), (142} {45) {45)

Puc. 4.7. Juarnocruueckoe lepero nasa Al7 u MHOKecCTBa
JOMyCTHMBIX HaualbHEX coctosHuit {1, 2},

OKOHEUHOH, ecqH YIOBNETBOPACTCA OLHO M3 CAEAYOIMX YCI0-
pufi: (1) A-rpynna, cpssaHHad ¢ b, CONEPHHMT KpPaTHOe G-MHO-
xecTBO. (2) A-rpynna, cBA3aHHas ¢ b, CBisaHa ¢ HeKOTOpoOH
BETBbIO YPOBHA, mnpeniectByouwero k-my. (3) KMeerca BeTBb
k-ro ypoBHA (BO3MOXHO, caMa BeTBb J), CBA3aHHAd C MPOCTOH
A-rpynnoft.

Ycnosue (3) moapasyMeBaer, uTO MepBhift ypoBeHb, KOTOpbLift
COLEPMKHT BeTBb, CBA3aHHYI0 C nNpocTodl A-rpynnof, asasercd
TaKKe MOCTeNHHM YPOBHeM B IHMarHOCTHYeCKOM Hepese. Hepepo,
noc/AelHHA ypoBeHb KOTOPOro ABJMACTCA K-M, Ha3blBaeTCA LEPeBOM
suicomsr k. Puc. 4.7 nokasbiBaer, KaKk CTPOMTCA AMarHOCTHYe-
CKOe ZepeBo Ins aBToMata Al7, nmpencTaBleHHOTO Ha puc. 4.3,
H L MHOXeCTBA LOMYCTHMBIX HauaMbHLIX cOCTosHMA {2, 3, 4, 5.
Betb nepsoro yposus, cBssawHas ¢ A-rpynno#i {5, 1, 4, 5},
ABMACTCA OKOHeuHOH B cuay npasuaa (1). OuepuiHO, YTO Ha
TpeTbeM ypoBHe A-rpynma {1}, {1}, {2}, {1} sBnsercs npo-
CTO#; no3ToMy B cuay npapuaa (3) BCe BETBH Ha TpeThbeM YPOBHE
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ABMAIOTCA OKOHeuHbIMH. B kayecTBe apyroro npumepa Ha puc. 4.8
MOKa3aHO AHarHOCTHYecKOe AepeBo and Al7 M MHOXeCTBa 10-
NYCTUMbIX HauyambHBIX cocTOAHM# {1, 2}. BeTBb mepBOro ypoBHA,
cBAsaHHag ¢ A-rpymno#t {1, 1}, ABAdeTca OKOHeYHOH B CHIY

Yposens |
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! 1
7 {17
77 2 4.5} Y,
2 132} | {45}
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4 2001} 154} (742} {45}
Puc. 4.8. Juarnoctuueckoe nepeso aaa Al7 u
MHOX<ECTBA [OMYCTHMBIX HAaYaJbHEIX COCTOSHHH

npasuna (1). BeTsb BTOpPOro ypoBHs, cBsadaHHas ¢ A-rpyn-
no#t {4, 5], ABaseTcs OKOHEUHOH B cuMy mpasuna (2), Tak Kak
3Ta A-rpynna yxe CBA3aHA C BETBbIO MepBOrO ypoBHA. Ove-
BHIHO, YTO B yeTBepToM ypoBHe A-rpymna {2}, {1} aBrsercs
NpPOCTOH; MO3TOMY B CHJAY npaBunia (3) BCe BETBM HA YeTBEPTOM
YPOBHE SABJATCA OKOHEUHBIMH, :

Jlemma 4.4. Bucoma Ouazrocmuteckozo Odepesa, no-
CMpPoenn020 048 asmomama M ¢ n COCMOARUAMU U MHONHCe-
cm8a OOnYCmMUMbBLX HQYQAbHBLX COCMOARUL MOwHOCMU m,
onpedeasiemcs 8eauvunoli h, z20e

L (m—1D)n™, (4.3)

Lorazameavcmso. Ilycte A-rpynna G COCTOMT M3 G-MHO-
KECTB £y, Lov «-+» &, TIE MOMHOCTL &; eCTb m;. MHOXecTBO
uucen m,, My, ..., M, HA3bIBACTCA pacnpedeneruem pazmeue-

rua G. Yncno pasanuHblx A-Tpynn, HMeEOLIHX TO e pacnpe-
nefeHHe pasMeineHud, 4To U U, MOxeT NOCTHraTh

n"in™ oamr=n" (4.4

Teneps, eciu A (M) o6osHaueHo uepe3 Gy, a G, ects A-Tpynna,
CBA3aHHAA C k-# BeTBbIO MyTH NO JepeBy, TO MO0 pacnpele-
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fneune pasMmeweHus aaa G, Takoe e, kak aaa G,_;, 6o,
no jgemme 4.1, pewenne G, npesbimaer peutedne G,_;. Cie-
nosarensho, ecan G, G, . ..., G; ,m_,| Pa3mMuHLl U MMelOT

OIMHAKOBOE pelleHHe I, TO Gj+nm JOMKHO ObiTh AuOO TOMAE-

CTBEHHLIM C OJHOH M3 npenbllywmx A-rpynn, au6o MMeTb pe-
wenve r’ > r—1. [0 MHIYKUMH, YHCJAO MOCNAENOBATENbHBIX
A-Tpynn c pelleHHeM r HJM MeHbIUHM TaKHX, YTO HHMKakHe IBe
TPYMME He OLMHAKOBLI, COCTABJAET, KK MaKCUMyM, rn™. B uact-
HOCTH, YHCJIO MOCJTeloBaTeNbHuX A-rpynn ¢ peuieHHeM m — 1
MM MeHee TAKMX, YTO HHUKAKHEe [Be TpYMNbl He OIMHAKOBHI,
nocturaer (m — 1)n™. CrenosatemsHo, ecam G, Gy, ...
G(m—l)nm—l Pa3MyYHBL U1 He MPOCTH, TO G(m_l) oM LOJKHE
aM6o ObITb ONMHAKOBOH € OXHOH M3 mpenwecTBylownx A-rpynn,
an6o ObiTs npoctofi. TakuM o06pasoM, nyTb, KOTOpbLIft He 3a-
kanuupaerca Ha [(m — 1)a™]-# Bersu B cuay npasuaa (2), 104-
’KEH 3aKAHYMBATbCA HA 9TOH BeTBM B cuay npasuaa (3). Caeno-
BaTeJbHO, HUKAKOH NyTb B IMAarHOCTHYeCKOM IepeBe He MOXeT
coctoaTb M3 Gonee ueM (m — 1) n™ BeTBel, M TeM caMbiM JeMMa
JOKa3aHa.

Bo BCeXx KOHKpETHBIX C/ayyasx /£ CYleCTBEHHO MeHblle, YeM
rpanuua, Bupaxenuas ¢popmyiof (4.3), Tak Kak B popMyay (4.3)
Mbl He BK/IOYMAM BauAHue mnpasuia (1) HA IJAHHY NyTH HJH
BJMSAHME Ha IJMHY NyTH A-TpyNm, CBA3aHHLIX C JPYTHMH MNy-
Tamu. JlemMa 4.4 nokasvipaer, MO Kkpafinelt Mepe, YTO uYMCIO
YpOBHe#i B IMAarHOCTHYeCKOM JepeBe KOHeYHO H YTO MOSTOMY
NOCTPOEHHE TAKOTO JepeBa MpelcTaBiadeT coO0OH KOHeUHLI mpo-
Hece.

Juazrnocmuveckun nymem OyleM HasbiBaTh w000 nyThb
B JAMAarHOCTHYECKOM lepeBe, OKOHeYHas BeTBb KOTOPOro CBA3aHa
¢ npocrolt A-rpynnoft. Juaznocmuueckoli nocaedosamenb-
rocmbo Ana M n A(M)y= {Uil, iy v e O'gm} OyleM Ha3bIBATb

Mo0yI0 BXOLHYIO MOCTeNOBATE/NLHOCTb, KOTOpas, OydyuH npH-
JoXeHa K M|°"1' M|0,~2, RN M|0¢m, JaeT B pe3ynabTaTe m
Pa3MMYHLIX BbIXOLHLIX NOCaenoBaTensHocTell. Toraa ua nemmbl 4.2
craenyer

Jlemma 4.5, Bxodras nocaedo8amessHoCcms, ORUCAHHAR
Ouaqarocmuueckum nymesm 8 OUAZHOCMUYECKOM Oepese, no-
cmpoennor dan M u A(M), ecms duazrHocmuueckas nocae-
Oosameavhocmy 0as M u A(M).
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Munumasenan Ouaznocmuveckas noOCAe008AMeAbHOCHY
ana M n A(M), obBosnauaemas ueped & (A), ecTb Kparuattwias
IMarHOCTHYeCKan mocaeloBaTeNbHOcTh aad M u A(M). Yce-
4eHHBle nymu  JUATHOCTHYECKOTO  JepeBd, MOCTPOEHHOTO
g M n A(M), npeactasadiotT cobo#t nmyTH, uMeoLiMecs B e~
peBe NMpeeMHHKOB, HO OTCYTCTBYIOLHE B JHArHOCTHYECKOM JlepeBe
B cuay npasuaa (1) nan (2).

JlemMa 4.6, Ycenennne nymu duaznocmuveciozo depesa,
nocmpoernnozo daa M u A(M), He onucwsawm MUHUMAAL-
Hblx Quazrhocmuveckux nociedosamenrvHocmel,

Howxazameascmso. Ecnu nyTts yceued B cuny npasuaa (1),
TO OH OKAaHYMBAeTCA HEKOTOPOH BeTBbiO b, CBA3aHHOH ¢ A-Tpym-
no#, KOTOpas CONepMHT KpaTHoe O-MHOxecTBO. [lo memme 4.1,
Kauabt TmyTb, TNpOXOAAWMH uYepes & B lepeBe TPeEEMHUKOB,
JO/MKeH TPHUBOIAWTb K A-rpynine, KOTOpas COINEPXHT KpaTHOe
o-MHOwecTBO. (CirlefoBaTebHO, TaKOW MNMyTb He MOMET BeCTH
K MpocTol A-Tpynne W TMOTOMY He MOxeT ObTb JHArHOCTHYe-
CKHM myTeM. PaccMOTpHM Temepb yCEYEHHbI B cHAy TpaBuna (2)
NyTh, OKAHYHBAIOLLMHCA HA j-M ypOBHe BeTBH b;, KOTOpas CBA-

3ana ¢ A-rpynno#t G. Toria nomxHa CywlecTBOBAaTb BeTBb b,
i-ro yposHs, Tie [ < j, takxe cpasaHHas ¢ G. 1o nemme 4.3,
ecli B JepeBe TMpeeMHHKOB mnpocras A-rpynma Moxer OblTb
LOCTUTHYTa W3 b; uepes [ BeTBef, TO mpocras A-rpynna rakxe

MoxeT OblTb AOCTHTHYTa M3 b, uepes ! Berseft, CnenoBareibHo,
ecqi B JepeBe TMpPeeMHHKOB JNMATHOCTHYECKMH MNYTb NPOXOIMT
yepes b, 1o uepe3 b, NommeH TaKme TMPOXOAMTb AHATHOCTHYE-
CKHH MyTb, KpPOMeE TOr0, MOCJAEeIHHI LOJKeH 6blTL O0JIee Kopor-
KHM, ueM npeAbliyliud, Ttak kKak [ < j. CuiaenosatelbHo, ecin
lepeBO TPeeMHAKOB CONEPXHT AHAarHOCTHYECKHW MyTb, KOTOPbIN
NPOXOANT Yepe3 bj;, TO STOT MyTb He MOMeT ObiTb OMMCaH
MHHHMAJLHOH JHATHOCTHUYECKOH NOCAEN0BATENbHOCTLIO.
Teopema 4.2. Muoxcecmso nocredosamensnocmeii, onu-
CLiBAEMbBLX OUAZHOCMUMECKUMY RYMAMUY 8 OUAZHOCMUYECKOM
Oepese, nocmpoexnom O0aa asmomama M u mHoxcecmsa
gonycmumslx HawaabHoix cocmoanuili A(M), npedcmasasem
co00ii MHOJMCECMBO 8CeX MUHUMAALHOLX OUAZHOCMUYECKUX
nocaedosamessnocmeli ors M u dan A(M).
Hoxaszamesscmso. Tlo nemme 4.6 MHOMXECTBO JHMArHOCTH-
YyeCKMX TyTeH, TPeACTABJAEMbIX JHATHOCTHYECKHM JepeBOM,
JIOJ/KHO COJepKaTb MYTH, KOTODPble OMHCHIBAIOT BCe MMHHMAJb-
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Hble IHATHOCTHYeCKHE TMOCAeN0BaTeNbHOCTH aaa M n A (M).
Tak kak B cuay npaBunaa (3) BCe NHArHOCTHYeCKHE MYTH, Tpeln-
CTaBJisieMble [€PEeBOM, HMEIOT OJHHAKOBYIO IJHHY, TO BCE OHH
JNO/MKHBL ObiTb MHHMUMalbHbIMH. Ecnu 1narHocTHueckoe nepeso
He TPEICTABASET 1WATHOCTHYECKHX nyTeH, TO BCe STH TNYTH
OKaHYMBAWTCA B CHAy mnpasua (1) u (2), H, caen0BarTesbHo,
no nemme 4.6, 111 M n A(M) He cyllecTByeT AHarHoCTHYe-
CKOH ToCaen0BaTebHOCTH.

4.8, TipocTbie Ge3ycJ0BHLIE AHATHOCTHUECKHE
9KCMEepHMEHTHI

PesyabraThl, mosayueHuble B NpeAbiiyLlieM naparpage, HaBOAAT
Ha MbICJb O MeETOIe pelueHHa AHarHOCTHUYECKOW 3dlauu A m
COCTOSIHWH C TIOMOWLbIO Kparuahuero npocToro 0e3ycaOBHOTO
SKCTepPUMEHTa BO BCeX CJy4aax, KOrla peuieHHe C TOMOLIbIO
TAKOTO 9SKCNMEPUMEHTd CYLIeCTBYeT.

Anropurm 4.2. Iauol aBroMaT M W ero MHOXECTBO
JOTMYCTUMbIX HAYaJbHBIX COCTOAHHH

AM={0; 0 ..., 0 ).

Tpebyerca HaliTu HaualbHoe cOCTOAHHE M ¢ TOMOWBIO KpaT-
yajinrero npocrtoro 6GeaycaoBHoro skcnepuMenta. (1) [MocTpoum
anarioctuyeckoe jaepeso aaa M u A (M). (2) Hatinem mobyio
JMaTHOCTHYECK V10 IOCAEN0BATENLHOCTE & (A), ONMNCHIBAEMYIO STHM
nepeBoM. EcaM HH OIHa Takad NOCJEIOBATENbHOCTb JePEBOM
He OMNHCHLIBAETCA, TO He CYLECTBYET pelIeHHs ¢ NMOMOUILI0 Mpo-
cToro 0e3yc/ioBHOro skcnepuMenTa. (3) Ilepeuncaum peakuuu
Mlo;. M|oy, ..., Mo, Ha &(A). (4) INonammm & (A)
Ha M wn 3apukcupyeM peakuuio. HauaubHbiM cocTosHMEM aBTO-
MaTa ABAAETCA COCTOAMHE Oy, AJA KOTOPOTO peaKUwusd, yNOMs-

HyTtas B (3), coBnanaerT ¢ 3apHKCHPOBAHHOM peakiHei,
Anroput™ 4.2 MoxeT ObTb NPOJLEMOHCTPUPOBAH HA TpPHMe-
pe aBromara Al7, NOKa3aHHOTO Ha pHC. 4.3, M MHOXecTBa
IOMyCTUMBX  HayaibHHIX cocToauu# {2, 3, 4, 5}. B 3rom
CIy4ae JUArHOCTHYECKOE NepeBO, NpelcTaBleHHoe Ha puc. 4.7,
TOK43bIB4€T, UYTO MHHHMaJbHOW IHArHOCTHYECKOH MOCJ/e10BaTEND -
HOCTbIO fBJISIETCA TMOCJAENOBaTENbHOCTL aod. B Tabanue 4.7
NepevynclIeHbl peakluH cocTosHu# 2, 3, 4 u 5 Ha aoo. 3T
PeaKUMH, KAK MOXKHO OblIO OXWAaTb, SABJSIOTCA Pa3IHYHBIMA
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M MOTYT CHOYXATb B KauecTBe KpUTepUA AJd pAaCNO3HABAHWA
HayaJbHOrO cocTodHus Al7, korga OHO TPHHAIJEKHT 3a-
JAHHOMY  MHOXECTBY  JOMYCTHMbIX

Ta6auna 47 HavaabHbIX cocTOAHuMM. Jlpyro#t npu-
Peakunn Al7 na aoa Mep npHBejleH Ha puc., 4.8, BHIABIAL-
IeM, YTO MHHHMAJbHLIMH JHArHOCTH-
Hauatbhoe | b g wa qog|  UECKHMHM  TIOC/IELOBATENLHOCTAMU  AA4
Al7 W MHOXeCTBAa JOMYCTHMbIX Ha-

YaJIbHbIX COCTOAHHA {1, 2} ABJAIOTCA

2 8(1)8 NOC/EeN0BaTeNbHOCTH  Baae W Papa.
2 101 Jlng m =2 1auarHocTHyeckass 3anaua
5 100 CBOAMTCA K JAHATHOCTMYECKOW saiaue

IJId IBYX COCTOAHMH, oA KOTOpoH mo
teopeMe 4.1 Bceraa cyiuecTByer pele-
Hie C TIOMOUIbIO TIPOCTOTO 6e3yC/NOBHOTO 3IKCNepHMeHTa. B 3TOM
c/lyuyae MHHHMANbHAS JIHAr HOCTHYECKas MOC/eN0BaTeNbHOCTb MOXET
Outh Oonee yno00HO onpeneneHa uyepea Tabauubt P,, Kak
onucaHo B § 4.4, IIna m > 2 peureHHe NOCPeICTBOM TPOCTOrO
0e3yC/IOBHOTO IKCNEPUMEHTa CYLIeCTBYeT He BCerja, Kak Moka-
33HO C TOMOUILIO JHATHOCTHYeCKOTO jepeBa aaa Al7 u MHo-
KecTBa JOMYCTHMBIX HauyaJbHWX cocrosHu#t {1, 2, 3, 4, 5},
1306paxeHHbX Ha pHuc. 4.9.

Vcnoabaya nemmy 4.4, Mbl Tenmepb MOMEM WONBECTH clie-
AYIOUIHE HTOTH,

Yposere |
aJ 12345}
a 'y B
| 1
7 {1150 (35 {45146}

Puc. 4.9. Inarnocruueckoe fepeso aas Al7
M MHOMECTBa JIOMYCTHMBIX HauaJdbHBIX CO-
crosuud {1, 2, 3, 4, 5}.

Teopema 4.3. Ecau OJuazrHocmuueckan 3adava 041
asmomMama ¢ n COCMOAHUAMU U M OONYCMUMbBLMU COCMOS-
Huamu sooGuje modxcem Ovimb peutena nymem nposedenusn
npocmozo Ge3YCA0BHOZO IKCREPUMEHRMA, MO OHA MONCEMm
Guims pewena nymem npocmozo 6e3yCA08KH020 SKCHE PUMEHMA
Oaunb 1, z0e ,
: 1< (m—1)n", (4.5)
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Pewlenne IMarHocTHYeCKOW 3alaun AAd M COCTOAHMH Heno-
CPeACTBEHHO MOXeT ObTb MNpPHMEHeHO K CleLyiowel 3ajgauve:
M3BeCTHO, YTO JaHHuM# aBroMar M sABAseTcs aBTOMaToM M,
B COCTOSHHHM, NpHHanjexaueM MHoxecTBy A (M), wm asro-
MatoM M, B COCTOAHHMH, NPHHALNEKaeM MHOXecTBY A (M,), ...,
WM aBTOMatoM M, B COCTOAHMH, TpPHHALMENAlleM MHOXMe-
ctBy A(My). Tpebyerca pacnosnars aBToMaT M W ero nauanb-
HOoe cocTostHHe. B mnpennonoxenun, uro M;, M, ..., My
ABJSIOTCA CPABHMUMBIMH H JJIA HHX HMelOoTca TabjHubl MepexoioB,
BHILIEYTIOMAHYTAA 3a1a4a B TOYHOCTH MpeaCTaB/seT COOOH AHArHO-
CTHUECKYIO 3alauy AJA m COCTOAHHH 1/ pacllenaseMoro aBTo-
Mata A(M;, My, ..., Mp) W MHOXECTBA JOMYCTHMBIX Hauailb-
Hbx coctosiuit A(M)UA(MHU ... UA(My). OchoBroe
NpPeANONONKeHHe O TOM, UTO NaHHB{ aBToMar M ABAdeTCA MHHU-
MaabHbIM, B JAHHOM CJyuae O3HauaeT, 4To Kawabi# aBromar M,
MHHHMAJieH W YTO HH OJIHO COCTOsIHHe B aBToMaTe M, He sBJideTcs
SKBHBAJIEHTHHIM HH OJIHOMY COCTOSHMIO B aBToMare M; (J # i).

4.9. TipocThie ycJ0oBHHIE AMATHOCTHYECKHE 9KCHEpPHMEHTHI

PaccmorpuM B 1umarHocTHueckoM gepeBe aaa M wu A(M)
nyTb, KOTOpHH Beger k A-rpynne (, colepxallet npocroe
0-MHOXeCTBO, HampuMmep {0;} (caMa G He 00s3aTeJbHO ABAAETCA
MPOCTOW, TAK KAK OHA MOMeT CONepXarh Apyrue HempocToe
o-MHOxecTBa). EcAM 3TOT MyTb OMMCHBAET BXOAHYIO MOC/AeNO-
BaTeabHOCTL &, TO A (M) 10MKHO conepxaTb COCTOSIHHE, Ha-
NpHUMep ¢,;, NMPEeeMHHKOM KOTOPOrO MO OTHOLIEHHIO K & fABJfeTcs
coctostre 0,. Tak Kak MHOMXeCTBO {Ul’ B G sBJAgeTCa OJIHO-
S/MEMEHTHHM, TO peaKkuus 0, Ha &, no xaemme 4.2, He MOMer
ObITb MPHMNHCAHA HMUKAKOMY CcOCTOAHMIO H3 A (M), 3a HcKaove-
HueM ¢, CnenoBarenbHo, ecnu CIyYafHO O, ABAACTCS MCTHHHBIM
HayaJbHbIM COCTOsiHHeM M, TO €ro MOXHO pacmo3HaTb BXOJHOH
NOC/MEN0OBATE/NbHOCTbIO, KOTOpas He 0043aTelbHO OMHCHBAeTCA
JHaTHOCTHYECKUM mnyreM. Mcnoabays 3TOT ¢akT, MOXHO TNPH-
MEHATb  MHMHHMaJbHbie JHMATHOCTHUYeCKHEe TOC/JAeJ0BaTeAbHOCTH
MO 4YacTaAM, a4 He ueMUKOM, B Hajexje, YTO HauaabHoe COCTOA-
HHE TAKOBO, YTO €ro MOXHO PACMO3HATh € UCMOJb30OBaHHEM JIHIIb
YacTH BCeH MOC/MeN0BaTeNbHOCTH, ITa CXeMa COCTaBJfeT pelleHHe

JMArHOCTHYeCKO! 3a1a'u 1A M COCTOAHHH C MOMOLLBIO MPOCTOTQ
YCTOBHOTO 3KCTIepHMeHTa,

10 A. Tuag
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Ilenenne MUHUManLHOW AHArHOCTHYECKOH MOC/AEN0BATEIbHOCTH
Ha NOANOC/E10BATENbHOCTH BHIMOJHAETCA CJACAYIOWHM 00pa3oM.
[ycts &, ectb k-1 MOANOC/IEN0BaTelbLHOCT, M TNycTh G, mpel-
craBiaser co6oW A-rpynny, K KOTOPO# BeleT NyTb, OMHUCbiBae-
Mbift & &, ... &, 0603HaunM A (M) uepes G, Toraa &, ecrb
MOANOC/IE0BATEAbHOCTb, ONMUCHBaeMasd MOANYTeM, KOTOPHI BeleT
or G,_; k neppoft A-rpynne, KOTOpaa COAEPKHT, MO KpaHHeH
Mepe, 01HO Gonee MNpocToe G-MHOxecTBO, uYeM U,_;. Tak kak
peureHHe G, paBHO 1 M Tak KaK YMC/IO O-MHOXeCTB B A-rpymne
He MOXET TPeBHINAdTb MOUHOCTH m, COOTBercTByiowel A (M),
TO YMCJIO MOANOC/AEN0BATENbHOCTEH, MOMYyUEHHBIX TaKUM 00pasoM,
He MoOxeT mnpesbimiatb m — 1. Tak, Hanpumep, abroMar Al7
Ha puc, 4.3 M MHOXECTBO JOMYCTHMHX HAyaibHBLIX COCTOAHMH
{2, 3, 4, 5} nawor G,= {2, 3, 4, 5}, G,= {1}, {2}, (5, 1},
G,= {1}, {1}, {2}, {1}; cnenoBarembHo, & =aa W &=a
(cm. puc. 4.7). Tlocne Toro Kak ompejeneHn NOANOC/ENOBA-
TEJIBHOCTH, YCJIOBHHM 3KCNEpUMEHT MOXeT OLiTb BHIMOJHEH cle-
Lyownm 00pasoM.

Anroputm 4.3. Hanu aBromatr M, ero MHOXeCTBO JIOMy-
CTHMbIX HauanbHuiX cocrosuwft A(M)={o,, 0, ..., 0, }

M pasje/ieHHas Ha YacTH JHArHOCTHYecKas MOC/elOBaTe/bHOCTD
& &y ... &, Tpefyerca pacmo3HaTb HayaibHOe cOCTOAHHe M
¢ TIOMOLIbIO MPOCTOTO ycjoBHOro 3kcnepuMenta. (1) CoctaBum

nepevens peakuntt M|o,, M|o,, ..., M|o, Ha &&, ... &,

B cooTBeTCTBHH C pasjeneHHeM BXOLHOR MNOC/IeNOBATENbHOCTH
pasieNnM KaXAYI0 peakuuio Ha r noanocienoparenbHoctedt, [lycts
k=1. (2) Tpuroxum &, k M. (3) (a) Ecnim peakuua M
Ha &8y + .. &) SIBISETCS CBOMCTBEHHOM TOJBLKO OJHOMY COCTOSA-
HHIO B TlepeuHe, COCTaBAeHHOM B (1), TO 3TO COCTOSAHHE eCTb
HauanbHoe coctostie M. (6) Ecan peakuns M Ha &,&, ... &,
ABJAeTCA CBOMNCTBEHHOM 1BYM HJIH GOJiee COCTOSHHAM B TepeuHe,
cocTtaBieHHoM B (1), To yBennunM kR Ha 1 W Bo3BparuMca K (2).

AsroputM 4.3 Moxer GbiTb NMPOLEMOHCTPUPOBAH Ha TpHMepe
aBroMata Al7 W MHOXeCTBa NOMYCTHMHIX HAYanbHLIX COCTOSHHH
{2, 3, 4, 5}, 4% KOTOpbLIX Mb HMeeM & =00 U &,=a.
B ra6anue 4.8 naH nepeueHb peakunit Ha NOCAe10BATENLHOCTD QLOL,
pasneneHHylo, Kak ckasaHo B ware 1. Ecan okasanoch, uto
HayaJbHLIM cocTosAHHeM A 17 aBasercsa 2, To peakuueldi apaserca 00,
YTO MOXeT ObiTb CBOMCTBEHHO TOJbKO COCTOAHHIO 2; CJelOBa-
TeJbHO, B IAHHOM CJIyyae AMATHOCTHYECKHH SKCepuMeHT Tpebyer
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roJabKO ABYX BXOJHbIX CHMMBOJOB. Ecian okasaloch, 4TO Hauamb-
HHIM COCTOSIHHEM sBAfeTcs D, TO peakiua Ha o ectb 10, uro
He MoOweT ObITb CBOHCTBEHHO OIHOMY TOJbLKO COCTOSIHHIO 5
(Ha OCHOBe STOTO OTBETa HAYa/lbHHIM COCTOSHHEM MOXeT ObITb
uian 4, Wan 5), H, Crel0BaTeNbHO, AJd TOro uToOBl 3aBepIUUThb
9KCTMepHUMeHT, Tpebyercd BTopas moO-

CIE0OBATENLHOCTD. Ta6auna 48
QueBHIHO, YTO BCerld, Korjaa Axia- PaculeHeHHble peakiuH
THOCTHYeCKad 3al1aya IJd M COCTOA- Al7 Ha oaa

HW MOXeT ObiTb pelleHa TNPOCTHIM
6e3yC/IOBHbHIM  3KCMEPUMEHTOM,  OHa Hauanbnoe
Bcerga MoOxeT OBTb pellleHa TaKxe cocToRnne
NMPOCTHIM  YCJHOBHBIM 3KCIEPHUMEHTOM,
IAMHA KOTOPOTrO HHMKOrIa He MPeBOC-

Peaxunu Ha

aa

=]

XOIUT IJMHY Oe3yCJOBHOTO SKCTepH- g 8(1) 8
MeHTd M MOPALOK KOTOPOTO HHKOTAA 4 10 1
He mpeBbimaer m — 1. Ilpeumyiue- 5 10 0

CTBO T4KOTO YCJOBHOTO 3KCNepHMEHTA
3aKJI049aeTcss B TOM, YTO OH MOXET
3aKOHYNTbCA paHblie, ueM OGeaycJOBHbIH skcnepuMeHT. KoHeuHo,
TOYHAs [JIMHA YCJOBHOTO SKCTEPUMeHTa He MOxeT ObiTb oueHeHa
3apaHee, TaK KaK OH4 3aBHCHT OT HCTMHHOT'O HAayalbHOTO COCTOA-
HUSl, KOTOPOE OCTAeTC HEeW3BECTHHIM J0 TeX NOp, NMOKa 3KCIe-
PHUMEHT He 3aKOHYHTCA.

XO0TA U3 pellleHHs JHATHOCTHYECKOW 3alaun AJd M COCTOSAHMH
nyTeM TpPOBeleHHd - NMPOCTOr0 6e3yCMOBHOTO SKCMEPHMeHTa Clle-
IyeT pelleHue NyTeM TNPOBeleHHA NPOCTOTO YCJIOBHOTO 3KCIe-
pumeHTa, o6paTHOe HeBepHo, MMeloTca ciayuau, KOrla HauaabHoe
COCTOSIHHE He MOXeT ObiTb Pacno3HaHO HHKAKMM TPOCTHIM Gea-
YCJOBHbIM 3KCTIEPHMEHTOM, HO MOXeT ObTb PAaCNO3HAHO TPOCTHIM
YCHOBHbBIM 3KkcnepuMeHToM. [IpuMepoM caymur aBtomar A2l
Ha puc, 4.10 W MHOXECTBO HOMYCTHMBIX HAuUambHbLIX COCTOAHWMH
{1, 2, 3, 4}. flcho, uro moGas MMHUMAanbHAaA TMATHOCTHYECKas
NOCNEeN0BATENMbHOCTb A AAHHOH 3a1ayM JOJ/DKHA HAYMHATBLCA C d.
Jlio6as Moc/en0BaTeNMbHOCTb, HAUMHAIOWAACA € G0, AdeT OAUHA-
KOBble peakuuu, ecin A21 HAXOAMTCA B COCTOAHMM | wan 2;
mobasg NOCAeNOBATENbHOCTb, HAYMHAKOWIAACA C Of, AdeT OAMHa-
KOBbie pedkuuu, ecan A21 Haxonutca B cocrossiun 3 uiu 4. Cre-
J1OBaTeJbHO, He CylecTByeT MOC/el10BATENbHOCTH, PeaKiHH
Hd KOTOpyIO BCeX uyeTbipex JAONMYCTHMbIX COCTOSIHUH SABJAIOTCA
pasinuHbiMH. ONHAKO eCAM MpPHKIANBBAETCA O, W 3aTeM Habio-

10*
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naercd PeaKuud, TO HMeeTCs BO3MOXHOCTL ONpelesnTh, HaAXOAHTCS
HauanbHoe cocroAne B {1, 2} (xoria peakuuss paBHa 0) umu
B {3, 4} (xorna peakuusa paBHa 1). Ecan nahzeHo, yTto Hauamb-
HOe COCTONHHe Haxoautca B (1, 2}, TO Moxer ObiTb NPHJIOMKEH
cuMBoa B, KoTOpHbiM naer 0, ecau HavaJabHOe COCTOAHHE ecTb 1,
H 1, ecan HayaabHOe COCTOAAHHE eCTb 2; ecau HalleHo, 4TO
HayanbHO® COCTOSIHHe HaxoauTeda B {3, 4}, TO Moxer GHTb TpH-
NOXeH CHMBOJ Q, KOTOpbIt naer 1, ecaM HayalbHOE COCTOAHHE

2 7 4 b1y

@/ (/1) @/ (/)
Puc, 4.10. Apromat A21,

ectb 3, u 0, ec/n HauaabHOe cocTOdAHHe ecTb 4. TakuM ofpasow,
HAYaMbHOE COCTOSIHHE MOXeT OBTb Pacno3HaHO C TMOMOLILIO MpPO-
CTOrO YCJIOBHOTO 9KCMEPUMEHTa MOopsiKa 2 W LaMHb 2. B 3akiiio-
YeHHE HMeeM CJIeIYIOLYI0 TeopeMy.

Teopema 4.4. Kasxndasn duaznocmu'tecxaﬂ 3adaua
048 m cocmosirull, komopas Mmodxcem Gwomb peuena ¢ no-
Mmoubio npocmozo 6e3yCcA08HOZ0 SKcnepumenma Oauns I,
Moxcem Goimbs MAKICe Peuiena ¢ NOMOWBIO NPOCMOZO YCA08~
HO20 3KCnepumerma OAunbl | usu mensvute u nopaoka m — 1
uasu medvute. Mmewomcs oOuaznocmuuvecxkue 3adayu 028 m
COCMOARUL, KOmopbie He MOym Gbims peuieHbl ¢ NOMOUbIO
npocmozo 6e3yYCA0BHO20 SJKCHEPUMEHMA, HO MO2ym Ouimb
pewens. ¢ NOMOWBI0 NPOCMOZO YCAOBHOZO SKCREPUMERMA.

-VCAOBHHH  3KCMepHUMeHT, OMMCaHHb  amropurMoM 4.3,
MO CYIECTBY, ABJAerTcs Ge3ayCJAOBHHIM 3KCNIEPHMEHTOM CO CIO-
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COGHOCTbIO K paHHeMy 3aBepLIeHHIO, OCHOBaHHOW HA HabmoleHHH
peakunh. IlosToMmy TakoH yCAOBHbIH 3KCHEPUMEHT 3aBHCHT
OT CYILeCTBOBaHWA O0e3yC/OBHOTO 3KCNEPHMEHTd M HH B KOeM
cayyae He siBasierca oOwuM. Bosee oOUMM YCJIOBHBIM SKCTEpH-
MEHTOM ABJAETCA 3KCMEPHUMEHT, B KOTOPOM TOCJE NPHIOXEHHA
AI060TO BXOAHOTO CHMBOJA Ha OCHOBe HaGM0IaeMOM peakuuw
MCKJIIOU3eTcs KaK MOXHO 6GoJsbllle NOMYCTHMBIX COCTOAHHH, T. e.
paccMaTPHBAIOTCA TOJMBKO Te JONYCTHMbBie COCTOAHHSA, KOTOPbIM

Yposcns |
g 1534}
e | £
[ 1
7 56} (78} (1244}
@ 4

2 GAGITF (G (T} (10700

Puc. 4.11. [Juarnoctudeckoe jepeBo aaa A2l u
MHOMECTBa JIOMyCTHMBIX HAYaJdbHBIX COCTOSHHH
{1, 2 3, 4}.

MOT'YT ObiTb NMPHNHMCAHB NPOLIJbe PeaKuud. B TepMHHax lepeBa
MpeeMHHKOB 3TO 03HayaeT, YTO MYTb, KOTOpHIH Bener Kk A-rpynme,
conepxailied KpaTHOE G-MHOXeCTBO, MOmeT OHTb elle HCMOJb-
30BaH I/ TNOCTPOEHHd IHATHOCTHYECKOTO 3SKCMEepHMeHTd, TaK
KaK KPaTHOe O-MHOXECTBO MOXeT ObiTb MOMYYeHO H3 JOMYCTH-
MbIX COCTOAHHH, KOTOpbie ObUIH paHee HCKJIOYEHB. JTOT ¢axT
JIeMOHCTPUPYeTCa QHArHOCTHYECKUM JepeBOM IJsa aBroMara A2l
W MHOXECTBA JOTMYCTHUMBIX HauaAbHbIX cocTosHu#t (1, 2, 3, 4},
NOKa3aHHuM Ha puc. 4.11. XoTa nyTH, ONMMCHBAWOLIME AQ H af,
BelyT K A-rpynmaM, cCONepmaunM KpaTHble O-MHOXecTBa {9, 9)
n {10, 10} coOTBETCTBEHHO, 3TH O-MHOXECTBA MOTYT ObiTh
HCKIIOYEHbl Ha OCHOBE peaknMH Ha TepBHH CHMBOJ O MOCHe
TOTO KaK TNPHAOXEHO ¢, MOTYT ObITb HCKMIOYeHbl WIH COCTOS-
HAA 1 H 2, KaK AONMyCTHMbie COCTOAHHA (B 3TOM CJAyuae MOMXHO
npeHeGpeub {9, 9}), mam cocrosuua 3 n 4 (B ITOM Cayuae
MOM(HO mpeHeGpeusb {10, 10}).

O606was npenbulyllHe 3aMeyaHHd, MOXHO OTMETHTb, YTO
NPOCTOH YCJOBHBIE SKCNIEPUMEHT Aad aBroMata M u ero MHO-
XKEeCTBA JONMYCTHMBLIX Ha4a/JbHbiX COCTOSHHH

AM={0;, 0;,, ..., ;)
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MOxeT ObiTb peann3OBaH, eCAH JepeBO NPeeMHHMKOB J1aa M
H A(M) comepwur m nyTe#t, TPUPOAA KOTOPHX YKa3aHa
Ha puc. 4,12. Ha sToM pucyHke 0, 0003Hauaer npeemHuka o; ;

A A

mo6o#t M3 m myTel, MOKA3aHHBIX HAa PHCYHKe, MOXeT MOJHOCTbIO
nepeKpuiBaTh KakoR-nM00 M3 oCTanbHbix nyTedt, B noGapienue

Wosews
; AH)
7
2
J
; {7y}
L log)  (55) {7 {0;,,}

Puc. 4.12. [lyTH 1a8 npOCTOroO YCJOBHOrO JAHAarHO-
CTHYECKOrO 3KCMepuMeHTa,

K TAaKUM TyTAM NPOCTON YCJOBHLIH SKCNepHMeHT TpebyeT psana
npasu: (1) npaBuao Aaa BbOOpa TNepPBOr0 BXOAHOTO CHMBOJA
B skcnepuMenTe; (2) npasuio Bbibopa (B—1)-ro BXxoAHOro
CHMBOJIAa B SKCMEepPHMeHTe NPH YCJAOBHH, UTO JaHa peaKuus
Ha mpeabiayle kB CUMBOJIOB; (3) COBOKYNMHOCTb MPABHJ, KOTOpbie
IOJ/DKHBL JaBaTb B pe3yJbTaTe BXOIHYIO TOC/IeN0BATENLHOCTD,
ONHUCHLIBAEMYIO MyTeM, 3aKaHYHBAIOILMMCA B {Uzhl (h=1,2,.., m),

€CJIH HCTHHHOE Haua/IbHOe COCTOAHHE eCTh COCTOAHHE 0, H3 A(M).

[TocpencTsoM 10Ka3aTenbCTBA, MNOAOGHOTO J10Ka3aTeabCTBY
aeMMbl 4,4, MoweT ObiTb MOKA3dHO, YTO eCJAH MHOMECTBO MyTeH
IJHHB (m — 1)n™ uan MeHblie# He UMeeT CBOMUCTB, OTMeUeHHBIX
Ha puc. 4.12, TO HHKaKOe MHOXeCTBO TNyTeH moOON AJAHHBI
He HMeeT 3THX cBo#cTB. TaknM 06pasoM, Mb HMeeM caelyio-
WY TeOopeMy.

Teopema 4.5. Ecau uaznocmuneckue 3adaqu 041 a8mo-
MAMA C N COCMOARUAMU U M OORYCMUMBIMU COCMOARUAMU
8000uwe mozym Goimy peulens. nymem nposedenuss npocmozo
VCA0BHO20 BJKCnepumMenma, mo OHU mo2ym Obimbd peulers
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¢ NOMOWbI0 NPOCMOZO YCA08HO20 sKcnepumerma Oauns 1, 20e
LL(m—1n" (4.6)

Hna toro utoObl oOnpenenuTb, MOMeT JH ObIThL peaan3oBaH
npocTto#t yCJOBHBIH SKCnepuMeHT I 3alaHHuix M n A(M),
onpele/fiOT CHauaka, cCyuwecTByeT JH TpebyeMoe MHOXeCTBO
nyTe#t. Ecam 910 Tak, TO COCTaBNAIOT TeEpeueHb BCEX BO3MOMHBIX
COBOKYNHOCTE MpaBHa 14 BbiOOpPa BXOAHOW MNOC/eNOBaTeNb-
Hoct. Ecan cymwecTByer cOBOKYMHOCTb MPaBuJ, KOTOPbie BHINOJI-
HAIOT OrOBOpeHHbie Bbille ycaoBua (1), (2) n (3), To Tako#
SKCTMEePHMEHT CYLIeCTBYEeT, H 3Ta COBOKYMHOCTb MOXeT ObTb
HCMOMb30BaHA 1Sl ero BbINOJIHeHHd. Ec/H COBOKYNMHOCTb MpaBHi,
YIOBJIETBOPAIOLIAA ITHM YCIOBHAM, He CYILECTBYeT, TO IHarHo-
cTHueckaqa 3anavya gaa M u A(M) He Moxer OuiTb peleHa
C TIOMOLIbIO MPOCTOTO YCIOBHOTO 3KcnepuMenTa. [1o teopeme 4.4,
M3 STOTO CHelyeT, 4TO 3alayad He MOXeT ObiTb pellleHa HHKaKUM
MPOCTHIM 3IKCNIEPHMEHTOM — GE3YCAOBHBIM HJIH YCJAOBHBIM.

Yro6bt yOelIHTbCA B TOM, YTO MMEIOTCA CAYy4aW, KOrja JMar-
HOCTHYECKad 3a/aya He MOMXeT ObiTb pelleHd HHKAKHM NPOCTBbIM
SKCNePUMEHTOM — 0e3yC/IOBHBIM HJH  YCJOBHBIM, PacCMOTPHM
aBroMaT A21 na puc. 4.10 1 MHOXeCTBO IOMYCTUMbIX Hauyajb-
Hbix cocrosnutt ({5, 6, 7, 8}. Jlio6ad mocrenoBaTeIbHOCTb HIH
NOANOC/EN10BATEAbHOCTb, HAYHHAOWAACA € O, 3aCTaBJAAET COCTOA-
HHg O M 6 mepeliTH B cocToAHHEe 9 C ONMHAKOBHIMU peaKLHAMH;
mo6as MOCAeNOBaTeNMbHOCTb HJAH TMOANOC/IEN0BATeNbHOCTb, HauH-
Halwaaca ¢ B, 3acTaBaseT COCTOAHHA 7 W 8 mepeHTH B COCTOSA-
nue 10 ¢ onuHakoBuiMH peakuusmu. CrenoBarenbHo, yie Mocie
NPHJIOXEHHA TepPBOrO BXOJAHOTO CHMBOJA (/1A TOTO YTOObI Ha-
yarb 06e3yC/AOBHbI WM YCIOBHbIH 9KCNEPHMEHT) HET BO3MOX-
HOCTH KOTr1a-Anb0 pasanunTh COCTOAHHe 5 W 6 HIN COCTOsHMe
7 n 8. TakuM o6pasoM, Mbl HMeeM CJIELYIOLIYI0 TEOPEMY.

Teopema 4.6. Hueomeca duazrnocmuteckue 3adaiu 048
m cocmosnrull, Komopsie He mozym Gbims peuleHsl HU ¢ no-
MOWsI0 RPOCMBLX Ge3YCAO8HBX 3JKCRe PUMERMO8, Hi ¢ RO-
MOWBIO NPOCMBLX YCAOBHBLX SKCNEPUMEHMOB.

4,10. KpatHeie Ge3ycJoBHLIE AHATHOCTHUYECKHE
9KCMEePHMEHTEHI

OueBHIHBIN HELOCTATOK NMPOCTOTO 3KCNMEPHUMEHTA 3aK/MOYAETCo
B TOM, 4YTO OH MOXET OKa3aTbCA PA3PYLIHTEJbHbIM; nefcTBH-
TCMbHO, €eCJH HMEETCA TOJbKO OJIMH 9K3eMNIAp aBroMara, To,
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BOOOLe TOBOPA, HeT cnoco6a CO3HATENLHO BOCCTAHOBHTb Haualb-
HOe COCTOsIHME I TOrO, 4TOGBl MPOBECTH HOBBIH SKCMEPHMEHT,
KOTJa OKa3ajoch, 4YTO TNPeAbAYWHH SKCNePHMEHT HeylaueH.
TakuM 06pa3oM, NpPH MPOBENEHHH TNMPOCTHIX IKCINEPUMEHTOB TMO-
Ne3Has HHGPOPMALKMsa, KOTOPYIO NdaeT HeyAaioluicsad SKCTEPHMEHT,
HUKOTA He MOxeT ObTb WCMOMb3OBAHA JJA TPOBEIEHHS 1ajb-
HeHIIHX SKCNePHUMEHTOB, TaK KaK B TO BpeMsd, Korla uHdpopma-
LM CTAHOBUTCA LOCTYTMHON, HaYaabHOe COCTOAHHE 0OJblie Helb3s
pacnoaHatb, Ecin uMeercd 10CTATOYHOE YHCJIO 39K3eMIIAPOB
JaHHOW MalIWHB, TO MOXHO TMpPOBECTH PpAL 3IKCNEPHMEHTOB,
KaXAbii M3 KOTOPLIX caM To cebe HelOCTaTOdYeH AJa TOTO,
YTOOB PEINTb JIHATHOCTHYECKYI0 3a4ayy, HO B COBOKYMHOCTH
OHH JAI0T JNOCTATOYHYI0O MHOOPMAUMIO A4 TOro, yToObl pacmo-
3HaTh HawanbHOoe cocTOodnue. Hanpumep, Mbl NpuuIn K 3akimo-
YeHHI0, HTO HeT TMPOCTOrO SKCMEPHMEHTa, KOTOPbI pellaer
JHAarHOCTHYECKYI0 3alauy anad aBToMata AZ21, mpelcTaBieHHOTO
Ha puc. 4.10, 1 MHOXeCTBd LOMYCTHMBbIX HAYANbHBHIX COCTOAHHU
{5, 6, 7, 8}. OnHako ecan HMeioTcA ABa SKk3eMmaspa A21, To
peureHHe MoOxeT ObITb JOCTHTHYTO cleiyioliuM oGpasom. Ilpu-
JOXUM 00 K nepsoMy sk3emniaapy A2l W f—ko BTOpPOMY
ok3eMnasApy. Ecian peakuus mnepsoro sksemmiaspa ects 01, To
HauaabHOe COCTOAHMe ecTb 8; ecau peakuus ectb 10, TO Ha-
yaJabHOe COCTOAHHe eCTb 7, ecad peakuus ectb 00, TO Hayasb-
HOe cocTofAHHe ectb 60 5, /mmbo 6. B nocienHem ciayuae
peakuus BTOPOTo 3k3eMmaspa ectb 0, eciM HayaJabHOe COCTOA-
uHe ecTb 5, W 1, ecnn HauvanbHoe coctoaHne — 6, Takum o6pa-
30M, AMarHocTHueckas 3alada Aad A21 W MHOXecTBa JOMYyCTH-
MBIX HadanbHbix coctosHu#t {5, 6, 7, 8} Moxer GuTb peleHa
KPaTHHIM SKCTIEPHMEHTOM KpPAaTHOCTH 2 M IJHHBL 3.

B nanHOM MecTe TO/NE3HO TNpeACTaBUTh CIAELYIOLLYIO Teo-
peMy.

TeopeMma 4.7. B muHumarvHom asmomame ¢ n co-
cmosinuamy  awboe Muosxcecmso r cocmosnuil (2<r<n)
codepricum, no mewsvuiell Mepe, 08a COCMOAHUSN, KOMOpbie
aganwmes (n—r—1)-pagsunumoinu.

Hoxaszamesscmgo. Tlo nemMe 3.9, uucao coctosuuit
B KaXJIOM Kaacce P, MHHUMaJIbHOTO aBTOMaTa C A COCTOAHHAMH
He npesbiuaer n— k. CrenoBatenbHo, UHCAO  COCTOAHHH
B KauJOM Kaacce P,_,., He mpesblmaer n—(n —r—1)=
=r — 1. Cnenoparenbno, TO MeHbllel Mepe, 1Ba COCTOAHHSA
B MHOXeECTBE r COCTOANMH AOJKHB HaXONUThCA B ABYX PasdnHy-
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HbX Kaaccax P,_,,, W, cJlenoBatelnbHo, ABafOTCA (n— r— 1)-
Pa3/IHYAMBIMH.

[Mycts aas aBToMata M M MHOMecTBa IOMYyCTHMBIX Hayaib-
Hbix cocrosHui A (M) mownoctn m G, apaserca A-rpynmnof,
COCTOALIEH W3 O-MHONECTB g1+ Lpos ++-» &pyr Ty COCTOHT
H3 TPOCTOrO O-MHOXECTBA gy, rie gg=AM). G,,, no-
crpoeHo M3 G, B COOTBETCTBHH CO CJIeLYIOUHMH TPaBHIAMH.
Ecnan g,, nMeeT MOWHOCTL F > 2, TO OHO NOMXKHO COJEpXarb,
MO MeHblUe Mepe, 1Ba COCTOAHMA, CKAXeM, G; U O; KOTOpble
aasiorcst (n — r— 1)-pasanunMbiMi. PasobbeM g5, Ha Takue
MOAMHOMXECTBA, YTO J1Bd COCTOSHHA TNpPHHALJMeKAT OJHOMY H
TOMY e TOJAMHOXeCTBY TOTJIa W TOJbKO TOrAa, KOIla OHH
MAI0T OJMHAKOBble peakuMu Ha & (0, 0)), T. €. Ha MHHMManb-
HYIO JMarHOCTHYECKYIO TOC/EN0BATENbHOCTh 1aa {0, 0;). Peak-
uia Ha & (0, 0;) TeX COCTOAHHH, KOTOpble NMPHHALMEKAT JNaH-

HOMY  TOJMHOXECTBY, HasblBaeTCA xapaxmepucmu4eckodl
peaxyuerld 3TOTO TNOAMHOXeCTBA MO OTHOLIEHHIO K é"(oj, 01).

g-MHoxectBa G, ., ABIAIOTCA OIHO3JeMeHTHbIMH B G, H BO BCex
MOAMHOXECTBAaX, MNOJYYeHHHX MO TpelblAylUeMy TpaBHiy.
Ecan g,; He dABJASETCA OLHO3JEMEHTHBbIM, TO OHO BCETJa MOXET
OblTb pa3buTo, TNO KpaliHell Mepe, Ha 1Ba TMOIMHOXECTBAa, TaK
KaK peakundu d; W o, Ha & (0, 0) ABAAOTCA PASTHUHBIMA.
Taxum o6pasoM, ecn Toabko G, He ABadeTca NPOCTHM, TO Gy
BCerjla MpejcTaBisdeT coGo# coberBeHHoe pasienenne G,. Tak kak
MowHotth A (M) ectb m, 10 G, _; IOMKHO OHTb TNPOCTHIM.

OnucaHHBI}l Bbllre mpouecc MOxeT OGbITb NMOKasaH Ha CTPYK-
Type, Ha3blBaeMOW OepeSom Kpamuoz0 3Kcnepumenma, onpe-
nensemot aaa M u A(M)1). B sToM IepeBe kawxiad BeTBb
R-ro ypoBHA TpeICTaBJAfeT HEKOTOpPOe g£,,, 4 Hauajbias BETBb
NpencraBaseTr gq. DBersb, TpelcraBaaiollas MNPOCTOe &,
aBaserca OkoHeuHo#t. Ecin g, He sABafercs NMPOCTBIM U MOXeT
OblTb pa3bHTO, CKaxeM, Ha A TMOJMHOeCTB (CIOCOOOM, OMHCaH-
HblM B Mpeablaylllem ad3alie), TO BETBb, NPEACTABJAIOLLAA 3TO &y,
Paculennserca Ha £ BeTBell CHEAYIOLETO YPOBHA, KOTOPHIH’
MpeACTaBaAeT £ TOIAMHOXECTB, NMOJYUYaOWHXCA B TpolLecce pas-
Onennd, HMcnonbays 3TH TpaBHaa, MOXHO PasBepHYTH BCe IepeBO

') Tepmunoaorus, koropas GyneT HCNOJL3OBaHa NJs NePeBa KpaT-
HOro skcmepuMeHTa, Takas e, KAk TEPMHHOJOTHA, MCMOAL3OBaHHAA
Lag AMarHOCTHYECKOTO JepeBa.
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NyTeM [MOCTPOeHHs K-ro ypoOBHA Ha OCHOBe IOCTPOEHHOIrO
(kR —1)-ro yposuda. Tak Kak MHOXeCTBa g,;, NpPeICTaBJeHHble
Ha R-M ypOBHe, ABJAIOTCA O-MHOXecTBaMH G,, TO OTciola cie-
AyeT, 4TO BbHICOTA JepeBa He MOXeT mpesblwath m — 1.
K ToMy e mepeBO LOMKHO [aBaTb B TOWHOCTH M OKOHEUYHBIX
BeTBell — M0 OJHOMY Ha Kauoe AOMYCTHMOE COCTOSIHHE,

Ilns HarnagHOCTH BCe BeTBH B JlepeBe CJIOMHOTO 3KCHepH-
MEeHTa, 3a HCKJIOUEeHHeM OKOHeUHbIX BeTBel, H300paxaiorca

SposeHs
g n=112345}
E(74)=a
7 7
7 Gn=10223} “ 1 F2=(45}
E(15)=aa E4S)=aaa

2 Gor=112}

E(12)=faaa

yzgz{j) ‘?zj={4) .@4:{5)
7707 Y 7700

J gyt gp=(2)

Puc. 4.13. IepeBo kpatnoro skcnepuMenta gas Al7 # mHo-
KeCTBa NOMyCTHMBIX HAauaJbHBIX cocrosHmit {1, 2, 3, 4, 5}.

B ¢OopMe JIBYXMOMOCHbIX OJOKOB, MPENCTABAAOLIAX IK3EMIIAPDI
3ajaHHoro astoMata. Kaxznaa BerTBb cHabwuaeTcss 0603HAYeHHeEM
NPeiCTaBAfEMOro el g,;. Ecan g, He ABAseTCA ONHOPOIHBLIM,
BeTBb TaKxe O0O003HAYAaeTCA TOCJ/el0BaTeJbHOCTBIO é’(oj. a;),

NPUMEHEHHO! TIPH Pa3bHeHHH g,;, W XapaKTepUCTHUYeCKOH peak-
uMeH g,, MO OTHOIUEHHIO K IHATHOCTHYECKOH MOC/IEN0BaTesNb-
HOCTH, COOTBeTCTBYIOLLEl mpenblayliel BETBH,

B kauectBe mpumepa Ha puc. 4.13 TMOKa3aHO 1epeBO KpaT-
HOTO 3KcmepuMenTa and abtoMara Al7 (puc. 4.3) u MHOwecTBa
JIOMYCTUMBIX HayadbHbix coctosuntt {1, 2, 3, 4, 5}. HauanbHas
BeTBL npenacTasasetr go = {1, 2, 3, 4, 5}, KoTOpOE ecTb 3anaH-
HOEe MHOXeCTBO MAOMYCTHMbIX HauaJAbHbIX cocTodHW#. [lapo#
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cocrosnuit {0, 0;}, HCTONL3OBAHHOW  1nA  pasfueHns Lo,

asasercs {1, 4}. B nauHoM caydae napa coctoAHu# BblGpaa
TAKUM 00pasoM, uTOOGb OHAa Jana Kparyajimee BO3MOXKHOE
é"(oj, g;) (OnHAKO 3TO TNPABWUJO BHIOOPE B JaHHOM MeTONe Hecy-

1ecTBEHHO). Bbi6Op MOXHO MPOH3BECTH C MOMOILLIO MepeyHs To-
C/IeN0BATeNbHOCTEN, 3anNHCaHHOTO B Ttabanue 4.6, rae & (1,4),
OueBHAHO, ecTb . Korma a npunoxeHo k Al7, MOIMHOMXeCTBO
{1, 2, 3} mHOxecTBa gy OTBeuaer peakuued 0, a MOIMHOKECTBO
{4, 5} — peakumeit 1, uTO aerko MOxeT ObITb BbIBEIEHO H3
Tabanibl MepexonoB HAH aHarpaMmbl amd A17. TlosToMy Hayasb-
Has BeTBb pacllen/iseTcd Ha jJBe BeTBM: BeTBb, 0603HaueHHyio 0,
YTO ABJAETCS XapaKTepHCTHYeckoH peakupedt g;= {1, 2, 3}
no orHomwenuw K & (1, 4) =a, u BerBb, 0603HaUeHHYIO 1, uTO

ABMAETCA XAPaKTEPUCTHUECKOW peakuuedt g, = (4, 5} mo ortHo-
weunio K & (1, 4)=o0. Tenepb ua g,; BbIGHpaeTCA Napa co-
croauuit {1, 3} TakuM xe o6pasoM, kak {1, 4} Gbuia BbGpaHa
Ha gy. Korma k A17 npunoxeno & (1, 3)= 00, NOIMHONKECTBO
{1, 2} n3 gy; otsevaer peakuue#t 00, a mnogMHomecTBO (3}
us g;; orseuaer peaxuueft Ol. [losToMy BerBb, MpeiCTaBaf-
was gy, pacuienjsercd Ha JBe BeTBH: BeTBb, 06o03HauyenHyio 00,
YTO ABJISETCH  XapaKTePUCTHYeCKOW peakunel gy = {1, 2}
no otHowennio k & (1, 3)=o0w, u BerBb, 0603HayeHHyio 01,
YTO ABJAETCA XAPAKTEPUCTHUECKOW peakuHel g, = {3} Ha
& (1, 3)=oaa. TlocmenHas BeTBb ABJAETCA OKOHeWHON, TaK
KAK g9y ABJAETCA OJHO3JEMeHTHbIM MHOwecTBOM. OCTAaTOK JepeBa
pasBepTbIBAETCA AHAJIOTHYHBIM O6GpA30OM.

Kak Tonbko nepeBo KpaTHOro sKcnepuMedta A M u
A (M) nocTpoeHo, KpaTHbIH SKCNEPHUMEHT MOeT OblTb NMpPOBejeH
NyTeM PAacCMOTPEHHA Kaxaoro 6/0Kka HA JepeBe KdK OTIENbHOTO
9K3eMIIApd M M NPHIOKEHHd K KAWAOMY 3K3eMIIAPY oCoGol
JHarHOCTHYECKON TOC/Ie10BATENbHOCTH, CBA3aHHOW C COOTBeT-
ctBylomuM OGaokoMm. U3 npasua, chopMyaupoBaHHLIX Aad no-
CTPOEHHs JepeBd, CJAeLYeT, 4TO ecau HabaojdeMasd peakuuda
BCex 3K3eMnaapos M, KOTOpPble PACNOOMEHbl BAOJb HEKOTO-
pOro nMyTH mo jgepeBY, Y.IOBJETBOPAET MepPeuHCleHHHM peaKlUUaM
A4 3TOTO MYTH, TO HavanbHoe cocrosnne M ecTb cOcTosHue,
NpeacTaBaeHHOe KOHEYHOM BeTBbI0 NMYTH. Toraga HawanabHoe co-
CTOAHME MOx»eT OblTb NPOCTO PACMO3HAHO TNYTeM CpPaBHEHHA
NENCTBUTE/NbHBIX peaklUuit SK3eMNAPOB € PeaKuHaMH, 0603Ha-
YeHHbIMW BAOJDb M pPAa3JHYHBIX TyTeH.
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Ona A17 u ero MHOXeCTBAa NONYCTHMbIX HAYaJbHBIX COCTOSA-
Hu#t {1, 2, 3, 4, 5} HCNOML3YIOTCA yeTblpe I9K3eMNiApa. ITH
9k3eMIIApbl, oGosHauennnme Al7;, Al7, Al7; Al7, mnonsep-
raiTcs BO3MEHCTBHIO AMATHOCTHYECKHX MNOCJe10BATENbHOCTEN O,
o, Q00 M PO COOTBETCTBEHHO, KaK MPeNNHCLIBAETCA JepPeBOM
CIOXHOTO 3KcmepuMeHta Ha puc. 4.13. Ecau rtenepb okasbl-
BAeTCdA, YTO HauaibHoe coctosHHe Al7 ectb 2, To Al7; nomkeH
nate 0, Al7, nomxen natb 00 um Al7, nomxen aars 1100.
Tak KaK STH peaKUHWH YIOBJETBOPAIOT peakUUAM, YKA3aHHbIM
BIOJL MYTH MO JAepeBy, OKAaHUMBAILLETOCH B g3 == (2}, Hauaab-
HOe COCTOSIHMe pacno3HaeTcs Kak 2.

QueBHIHO, 4TO JeHcTBHe 3Kk3eMnasgpa M, CBA3GHHOrO ¢ MHO-
KECTBOM &p; COCTOUT B TOM, HTOObl «PAaCIENHTb® 3TO MHO-
KeCTBO Ha JBa WiaW 6oJiee moAMHOxeCTB. TaKk Kak 4MCaO pac-
IWEeNAAOWYX onepauuit, TpebyeMblX a4 TOro, 4Tobbl PA3IeaHTDH
A(M) Ha m OZHOSAEMEHTHLIX TOJMHOXECTB, He TMpeBblLIaeT
m——1, uMCIO SK3eMIJAPOB, BKJIOUEHHBIX B J€PeBO KPAaTHOTO
3KCMlepHMeHTd, He mpeBbiwaer m — 1. Tak Kak jgauHa AHATHO-
CTHUECKOH TMNOC/JAeA0BATENLHOCTH A MaPbl COCTOAHMA B MalllHHe
C 7 COCTOAHHSIMH He MOMEeT NpeBOCXOAWTb n— 1, obwad nanHa
BCeX MOC/AeN0BaTeNbHOCTEH, BKJIOYEHHbIX B JepeBO, HE MOXeT
npespliiat™s (2 — 1) (m — 1). Taxkum o6pasoM, Mbl HMeeM
CIENYIOULYIO TeopeMmy.

Teopema 4.8, Auaznocmuunecxkan 3adata o013 asmo-
MAMA C B COCMOARUAMU U M QONYCMUMBMU COCMOARUAMUY
Modcem B8rez0a Owmb peuteHa ¢ NOMOUBIO Kpamuozo (Ge3-
VCR08HO20 sKcnepumenma Oruns | uw xpamuocmu ¢, 20e

1< (n—1D(m—1), {4.7)
eL<m—1. (4.8)

Ipannua B (4.7) CyLIeCTBEHHO Bblllle, YeM BeJHYMHA [,
BCTpeuaBIllaacad b OOJbIUMHCTBe 33134 (XOTA OHA MOXeET OblTb
JNOCTHTHYT& 149 m = 2), Tak Kak, no teopeMe 4.7, TOJbKO
YacTb TMPHMEHEHHHIX TMOC/e10BATENLHOCTE! NO/MKHA ObITH [JIHHBL
n— 1. Onnako rpannua B (4.8) MOMeT ObITb JOCTHTHYTa NpH
KaxnoM n M m-<n, KaKk NOKa3aHO HAa MNpuMepe aBToMara A22
C 1 cOCTOAHHAMH (Tabmuua 4.9).

Tax Kax KaxAbl# BXOLHOH CHMBOJ NEPEBOANT BCE COCTOAHHS
A22 B cocrodnue 1, BCe NHATHOCTHHECKHE MNOCAENOBATENLHOCTH
OTPaHMYMBAIOTCA OJHMM CHMBOJIOM., Tak KaKk Kaxabift BXoaHOH
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'I: abauna 49
ABromatr A22

zv Sv+1
X‘V
s By Bo | B | lBpcn | Bamy | Bi L B2 | Bs || Bam2| Ea-a
Y
1 1100 0 0 1 1 1 1 1
2 ol 1[0 0 0 1 1 1 1 1
3 001 0 0 1 1 1 1 1
n—2l 0100 1 0 1 1 1 1 1
n—1[{ 0[O0 ] O 0 1 1 1 1 1 1
n 00| O 0 0 1 1 1 1 1

CHMBOJA CTNOCOGEH BBLIMOMHWTL B TOYHOCTH OAHY ONepaLuio «pac-
ILeNnJeHHs > MHOXECTBAa JOMYCTHMbIX HauaJbHbIX COCTOAHMH (He-
3a8BMCHMMO OT MOLUHOCTH STOTO MHOXECTBa), AHATHOCTHYeCKuH
SKCMEepPUMEeHT A m COCTOAHMH naa A22 tpebyer B TOUHOCTH
m — 1 sksemnaapos. JlepeBo KpaTHOro skcnepuMedta ana A22
H MHOXECTBA JOMYCTHMBIX Haya/lbHuX coctosHmt {1, 2, ..., m}
NOKa3aHo Ha puc. 4.14.

MO¥HO OTMETHTb, HTO, XOTA MEeTOJ NOCTPOEHHA KPATHOTO
9KCMEepHMEHTd MOMeT MHHHMH3HPOBATb IJIMHY BXOIHOM moc/e-
JOBATENbHOCTH, TPHKAALLIBAEMO! K KaXJIOMY SK3eMNasapy, OH,
BooOLUe TOBOPA, He MMHHUMH3HPYeT OOLLYI0 JJHHY SKCNepHMeHTa
HIM ero KparHocTb. Bo MHOrMX ciaywadx Kak JJWHa, Tak H
KPaTHOCTb 9KCNEPHMEHTa MOTYT OBITb COKPAlLLeHbl MOCPeICTBOM
HCTIONBL30OBAHUA CHeNYIoWero oueBHaHoro ¢axta. Ecau nanbl nBe
BXOJHble TNOC/IEI0BATENLHOCTH & W &1&5 TO peakuus asBTo-
Mata M Ha &, MOweT GbITb ONpejeneHa NO peakunn M Ha &,&,.
TakuM 06pasoM, ecan Kak &, Tak M &1&, ABAAOTCA AMATHO-
CTHYECKHMH TIOC/Ie0BATENbHOCTAMH, KOTODble JOJIKHBI TpHMe-
HATbBCA B KPATHOM 3SKCMEPHMEHTE, TO B J1eHCTBUTENLHOCTH JOMKHA
TIPUMEHATbCA TOMbKO &,&. HanpuMep, B KPaTHOM SKCNepHMEHTE,
OonucaHHOM Ha puc. 4.13, peakuun Al7, na a u Al7, Ha aa
MoryT ObITb oOmNpeneneHbl Mo peakuun Al7; Ha aaq; craenosa-
TeNbHO, I/ 9KCNepuMeHTa B JeHCTBMUTeNbHOCTH Tpebyerca
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TONbKO 1Ba Sk3eMnaapa Al7. Kak erko MOMXHO YCTaHOBHTS,
JHArHOCTHYeCKas 3azaua aad Al7 W MHOXeCcTBA JNOTMYCTHMBIX

D066k,
g Gor={12....m)
E(12)=¢,
7 Gio=123...,m}
=1} $12d)=¢;
Z .§7zz={tz4,...,/7])
EE4) = ¢,
J
Gy =15} \
\
\
\ Gn-g2=lm=-2, m-] m}
* 60”—2'”7_7/=‘fm-2
m-2 Grn-z2=Um~7,1m}
G-iyy = -2y LSO = o
m=7

G175} Gy 2= (m}

Puc. 4.14. JepeBo KpaTHOro 3akcmepuMeHTta masa A22 u
MHOXeCTBa NOMyCTHMbIX HalaJbHbIX cocToaHui {1,2,.. . ,m}.

HauanbHBIX coctoaHuit {1, 2, 3, 4, 5} He Moxer GbiTh peweHa
NMPOCTbIM 3KCNEPHUMEHTOM, H, C/Ael10BATeNbHO, TMPHUBEJEHHOe Bbille
ynpolLieHHe obecneunBaeT JAOCTHXeHHe HAHMeEHbLUEH BO3MOXHOM
KPATHOCTH 1Ja 9TOH 3ajaui.
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4.11. Kparuble ycia0BHbE ZHACHOCTHYECKHE IKCIEPHMEHTHI

BMecTO nNpHIOKEeHHS OJHOBPeMeHHO BcCeX AHATHOCTHYEeCKHX
NOCae0BaTeNbHOCTeH, KOTOpble TPeOYITC A/ KPAaTHOTO 3KCIe-
pPUMEHTAa, OHH MOTYT ObITb MPHIOXEHL MO ONHOM, MpHYEM Kax1asd
NOC/AeN0BATEMLHOCTb (33 MCKIOUeHHeM TNepBOH) BblOHpaeTca Ha
OCHOBe TNpeiBapHTeNbHO HabmonaeMblx peakuuft. Tako# ycaos-
HbI SKCMEePHMEHT MOXeT GbITb BBINOJHEH CAeLYIOLHM 06pasoM.

Anroputm 4.4. Jauot astoMar M, ero MHONECTBO IOMYy-
CTHMBIX HauaJbHBIX cocTosAHui A (M) = [011, Oy v Gtm} H
nepeBo KpatHoro skcrnepumenta aaa M n A (M), tpebyerca HaltTH
HauaJabHOe CcocTOosiHHe M ¢ TOMOLIbI0 KPAaTHOTO  YCIOBHOTO
skcnepuMenTa. (1) TIpuaOwHUM BXOAHYIO TOC/IEN0BATENLHOCTD,
YKa3aHHYI0 1/ HauajibHOM BeTBH, K MepBOMY 3k3eMmaspy M.
[Tycts k=2. (2) Tlepetinem k BeTBH, 119 KOTOPOH MepeyucieH-
Had BBLIXOAHAA MOCNeA0BATENbLHOCTb COBMAalaeT ¢ peakluel, naH-
Ho#f mochenHedt NpUMeHeHHOH BXOJHOM MNOC/AEI0BATENLHOCTLIO.
(3) (a) Ecan BerBb He dABJfETCA OKOHEYHOH, TO NPHIOKHM
BXOJNHYIO TOC/EI0BATeNbHOCTb, YKa3aHHYI0 [/ STOH BeTBH,
K k-y sk3emmiaapy M. Yeeanuum R Ha 1 W BepHeMca Kk (2).
(6) Ecan BeTBb OKOHeYyHas, TO ONHO3JEMEHTHOE MHOXeCTBO
[Ofn}' CBA3aHHOE C 9STOW BETBbIO, CONEPMKHMT HAYAJIbHOE CO-
crosHne M.

Ietictue aaropurMa 4.4 COCTOUT B TOM, UTOOLl BeCTH
9KCNMEPUMEHTATOPd BAOJb HAaCTHOTO MYTH, KOTOpbLIH 3aBepluaercs
B {Oih}' rie O;, ecTb HCTHHHOE HauanbHOE COCTOAHHe M.

CnenosatenbHo, ycrTpaHdercd HeOOXONUMOCTb B TEX SK3EMIJd-
pax M, Koropble He MOABJAIOTCA BIOJb 3TOTO MYTH.

ANroput™M MOXeT OblTb NPOLEMOHCTPHPOBAH JepeBOM KpaT-
HOTO 3KCnepuMeHTa Ha pHc. 4.13. Ecan WCTHHHOE HawaibHOe
coctosinne Al7 ectb 3, TO TMPUIONKEHHE O K MEpPBOMY 3K3eM-
mnapy A17 naer 0, KOTOpbIH BemeT K BETBH, CBA3AHHON
¢ {1, 2, 3}. CooTBeTcTBEHHO MOC/IENOBATEILHOCTb, NPUMEHEHHAs
KO BTOpPOMY 9K3eMmisapy, ecTb ad, uTo ader Ol W, caepoBa-
TeJbHO, BeleT K BeTBHM, cBA3aHHON ¢ (3). Toraa MoxHO 3akJio-
YUMTb, 4TO HayaabHoe coctodHde Al7 ectb 3.

MakcHManbHOE YHMCJAO 3K3EMIAPOB, KOTOpPOe MOXeT ObiTb
HYXHO JJa pelleHHs JAMAaTHOCTHYeCKOW 3ajaud AJa aBTOMara
C 7 COCTOAHHAMH H m JONYCTHMbIMH COCTOAHHAMH, 3anaercs
YHCJIOM 3K3eMNIAPOB, MOABJAAIWMNXCA B HAaHGOIee IJIMHHOM NYTH
COOTBETCTBYIOILETO HepeBa CJOMHOTO 3KCrmepuMeHTa, flcHO, 4TQ



160 SKCIEPUMEHTHI MO PACIIO3HABAHUIO COCTOSHUM [TJ1. ¢

5TO YHCIO He MoxeT NpeBbllaTh OOUIEr0 YHC/a SK3eMNJIApOB
B nepese. Torna, nmo teopeMe 4.8, KpaTHOCTb KPAaTHOTO YCJOB-
HOTO 3KcnepuMeHTa He mpesbiaer # — 1. Ecau unamsnayasb-
Hble JHarHOCTHYeCKHe MOC/eJ0BaTebHOCTH NOCTPOEHbI BO3MOMXHO
60onee KOPOTKHMH, TO, MO TeOpeMe 4.7, n/MMHA SKCNMEpPUMEHTa
He MOXeT NpPeBOCXOIHTb

Na—r+D=@+nm—1)— Y r=
r=2 r=2

=%(2n —m)((mn—1). (4.9

CrnenoBatenbHO, Mbl HMEeM TeOpeMy.

Teopema 4.9. Huaznocmuueckas 3adaua das asmo-
MAMA C N COCMOAHUAML U M OONYCMUMBIMIU COCMOARUAMU
MONCEMm BCez0a GbiMb PeuLena € NOMOWbLIO KPAMHOZ0 YCA08-
HO20 axcnepumenma Oaunet | u kpamrocmu ¢, 20e

I <5 @n—m)(m—1), (4.10)
eLm—1, (4.11)

Ipannua B (4.10) MoxerT OBbITb JOCTHrHYTa A m=—2 U
nmo6Goro n > 2. I'pannua B (4.11) MOweT GbITb JOCTHTHYTd A
a1060TO0 7 W m < n, KaK TOKA3aHO Ha mpumepe aBromara A22
B Tabmuue 4.9 M nepeBa KPaTHOrO SKcnepuMeHTa Ha puc. 4.14:
eCcJH HavajbHoe coctodaHHe A22 ectv au6o m — 1, an6o m,
TO I JHATHOCTHHECKOW 3agauu AaA1 A22 W MHOxecTBA AOMY-
CTHMBIX HayanbHbIX cocroauutt {1, 2, ..., m} Tpebyercqa B TOU-
HOCTH m — 1 3K3eMNJIAPOB.

[TpenMyiecTBO KPAaTHOTO YCJIOBHOTO SKCHepHMeHTa Haj Kpart-
HbIM 6e3yCJHOBHBIM 3KCNEPHMEHTOM MOXMET ObITh M3MEpPEeHO BesH-
YMHOU, Ha KOTOPYIO YHCAO SK3eMIJAPOB B jepeBe KpPaTHOTO
9KCNEpUMEHTa INpeBbILIAET BHICOTY 3TOro Jepepa. Tabmuua 4.10
NpeACTaBaAseT aBTOMaT A23 C 7 COCTOAHMAMH, 1Js KOTOPOTO
NpeHMYINEeCTBO YCJAOBHOTO 3KCNepUMeHTa Han Ge3yCaOBHLIM 1Jis
A1060TO MHOXECTBA JOMYCTHMBIX HAaYaJbHBIX COCTOAHMH ABJAETCA
cyuiectBeHHbpIM. JlepeBo KpaTHOro skcnepuMenta naa A23 n
MHOXECTBA JOTMYCTHMbIX HaYaldbHBIX coctosnu# {1, 2, ..., m]
(rne 2<<m < n—1 nrie KaKk M, TaK W N1 ABJAAIOTCA HETHBLIMM)
mokasaHo Ha puc. 4.15. OueBWAHO, YTO YHCJIO SK3EMIAPOB,

m
BKJIIOYeHHOE B JepeBO KpaTHOTO 3SKCNEpHMEHTa, ecTb T+1'
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Ta6auna 4.10
ABTOMAT A23

Zy Sw4-1
X‘V
5y a 4 a 4
1 1 1 1 1
2 1 2 1 1
3 2 2 1 1
4 2 3 1 1
5 3 3 i 1
6 3 4 1 1
n—3 %—1 %—1 1 1
n—2 %—1 % 1 1
n n

n—1 > = 1 1
n % 1 1 1

m
a ero Bbicota ectb 2. Takum obpasow, 7—|—1 9K3eMNJIApOB

A23 tpebyerca nns pellleHHs 3a1a4n ¢ NMOMObI0 6e3yCIOBHOTO
SKCMEPUMEHTAd W TOJMbKO 2 5K3eMnasdpa AJd pelleHHd 3anauu
MYyTeM YCJA0BHOrO 3SKCTNEPHMEHTA.

Caenyer OTMeTHTb, YTO MeTOI MOCTPOEHHS KPATHOTO YCJOB-
HOTO 9KCMepUMEHTa, KAaK H MEeTO1 MOCTPOEHHA KPATHOro 6e3-
YC/NOBHOTO 3KCMEepHMeHTd, BOOGIE TOBOPA, HE MHHHUMHBHDYIOT
IMHHY MAH  KPaTHOCTb 9KCMepWMeHTa. JIIMHA H  KPaTHOCTB
BO MHOTHX 3aja4ax MOTYT GbiTb yMeHbIUEHbl ¢ MOMOWBIO METOA,
omucaHHoro B koHue § 4.10.

4.12. ¥YcTaHoBoOuHOe JlepeBo

YCmauoeo'moe ()epeeo, KdaK MW JHarHoCTHYyeCcKoe JAepeBo,
€CTb yceyeHHbIH BAPHAHT JepeBd NPEEMHHKOB, HOﬂy‘leHHbm nyrem
NMpUMeHeHns pala mpaBusl 3aBeplUeHund,

11 A. Tusa
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Onpeldenenne 4.2, YcraHoBouHOe IepeBO eCTb JepeBo
NPEEMHUKOB, B KOTODOM BeTBb & R-r0 YPOBHS CTAHOBHTCA OKO-
He4YHOH’, eCAM BBITOJHAETCHA OAHO M3 CAeAYIOUIMX YCA0BHH:
(1) A-rpynna, cBsi3aHHas ¢ b, ABAAETCA CBA3AHHOH C HEKOTOPOH
BeTBLI0 B YpOBHe, NpeliecTsyioueM k-my. (2) Hwmeercqa sersb
k-ro ypoBHA (BO3MOXHO, cama b), CBA3aHHAs C OJHOPOZHOM
A-rpymnno#.

[Mpasuno (2) moapasymesaeT, 4TO NMEPBLHIH ypOBEHb, KOTO-
pouit  CONEDHHUT BETBb, CBS3AHHYI C ONHOPOAHOH A-rpymnof,
TaKxe ABJAfeTCAd MOCNeIHMM YDOBHEM B YCTAHOBOYHOM JIepeBe.
Puc. 4.16 ZemoHCTpUpYeT, KaK CTPOUTCA YCTAHOBOUHOE JIepeBo
nas astomara Al7, npencrasieHHOro Ha puc. 4.3, ¥ MHOXeCTBa
IONMYCTUMBIX HauanbHeX cocroaunit {1, 2, 3, 4, 5}. OueBuano,
yrto B TpeTheM yposue A-rpymna {1, 1}, {1}, {2], {1} saBnAsercs
ONHOPOJAHOMH; NMO3ITOMY B CHJY Npasuia 2 BCe BETBH B TpeThbeM
ypOBHe fIBJIIIOTCA OKOHEUHBIMH.

[MocpencTsoM [0OKa3aTelLCTBA, AHANOTMYHOTO 10KAa3aTENLCTBY,
NPUMEHEHHOMY B JieMMe 4.4, MOXHO NOKA3aTb, YTO AJIMHA J106OrO
NyTd B YCTAHOBOYHOM JepeBe Aas asToMata M ¢ n cocros-
HUSAMM M m  JONYCTUMHMH COCTOSIHMAMH He MOXeT NpPeBLIATh
(m — 1)n™. Tlo3TOMy NOCTpOEHHEe YCTAHOBOYHOTO IepeBa ecCTb
KOHeyHH mnpouecc. B caenywoulem naparpade Oyier moayyena
rpaHuua, KOTOpas CYIIECTBEHHO HMxe, yeM (m — 1)n™.

Yemanosounsim nymenm 6yier moO0H NyTb B YCTAHOBOUHOM
Jepese, OKOHeYHas BeTBb KOTOPOTO CBfA3aHa C OLHOPOAHOR A-rpyn-
nolt. Yemanosounoli nocaedosamenpiocmpro 118 M n A (M)
6yner no0as BXOAHAas NOCAeNOBaTeNbHOCTb, KoOTopad, Oynyun
npunoxentodt k M|o, v M|a,, rae o; u o; CyThb IBa CoCTOA-
una 8 A(M), naer nBe pasnMuHble BHIXOAHBE ITOC/eNOBaTeNb-
HOCTH, eC/H OHA NEPEBOIMT O, M 0; B BA PA3IMYHHX COCTOA-
uug. Toraa nemma 4.2 4aeT CAeAYOWYK JeMMY.

JleMMa 4.7. Bxodnas nociaedos8amensHocmb, onucwsiéae-
MAA YCMAHOBOYHHLM NymeMm 8 YCMaHo804HOM OepeBe, no-
cmpoenuom 6aa M u A(M), ecms ycmanosoinas nociedo-
sameavHocmy 048 M u A(M).

Munumarvnan yemanogounas nociedosamesbHocms ans M
u A(M), obosuauaemas uepe3 & (A), ectb kpaTyalwas ycra-
HOBOYHas NOCAeNOBATENbHOCTL AAd M u A(M). Ycetennwe
NyTH yCTaHOBOYHOTO IepeBa, NOCTpoeHHoro ans M u A (M),
CYTb NYTH, BKJIOYeHHble B AepeBO IIPeeMHUKOB, HO OTCYTCTBYHO-
UlMe B YCTaHOBOYHOM Hepese B cuay npasuaa 1. Credywowui

11*
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pesyabTaT MOXeT GHIThb AOKa3aH CMOCOOOM, LUEMMKOM gHAamorvu-
HHM cnoco0y, mpuMeHeHHOMY B JemMe 4.6,

JTemMma 4.8. Yceuwennse nymu ycmanoBowrozo Oepesa,
nocmpoentozo daa M u A(M), He onucvisam MuHuMALb-
Holx OuazHocmudecKux nocaedo8amenvrocmel.

Takum oGpasoM, MBl HMMeeM CJAeLYIOWIYIO TeOpeMy — aHajor
TeopeMbl 4.2,

Teopema 4.10. Mroocecmso nocredosamenrvrnocmel,
OnUCHLIBAEMBLX YCMAHOBOHHOMU NYMAMU 8 YCMAHOBOYHOM
OepeBe, nocmpoeHHOM Oaft asmomama M u mruodxucecmsa
donycmunmslx HadasbHbix cocmoAnuli A(M), ecmv muooxce-
CmB0O B8C8X MUHUMAABHBLX YCMAHOBOYHHX NOCAed08amenb-
Hocmeli 08 M u A(M).

4,13.-TIpocTeie 6e3ycnOBHHIE YCTAHOBOYHHE S9KCHEPUMEHTH

PesyabraTel, nosnyueHHbie B NpenbiiylileM pasielse, HaBOLAT
Ha MBICIb O MeTOJe pelleHMs YCTaHOBOUHON 3alaunm naa m
COCTOSIHME ¢ TNOMOWBI0 Kparyaffliero NpocToro 06e3yCa0BHOTO
9KCHEepPHMEHTA.

Anropurm 4.5, Haun asroMar M M ero MHOXeCTBO
IBONYCTHMBIX Ha4YaJbHBIX COCTOSHUH A (M) = [0,1, Oy v oo oim};
Tpedyerca HakTH KOHeuyHoe cocrosHne M C moMoLlpl0 KpaTtyafi-
wero npocroro 6eadycnosHoro sxcnepumenta. (1) Crpoum ycra-
HoBOYyHOe AepeBo aas M u ‘A(M). (2) Bubvupaem niobyn ycra-
HOBOYHYIO NMOCAEN0BATENbHOCTb & (A), OMUCHBAeMYI0 AepeBom 1).
(3) Cocrasnsem mepeuens peakuntt M|o;, Mlo,, ..., M|o,_
na & (A) u cocroanut 0;1, 01’2, ce O;m. B KOTOPblE COOTBET-

CTBEHHO MNepeXodsT Oy, Oy, ..., O; ~NpM Tojaye & (A).

(4) lpunaraem & (A) k M n ¢uxcupyem peaxkuuo. KoHeuroe
COCTOfIHHE €CTb COCTOSHHME O; , A KOTOPOTO Peakuys, BHeceH-
P

Hag B MepedyeHb B (3), copmanaer ¢ sapuKCHMPOBAHHOK pearumeft.

Anropumm 4,5 MoxeT ObiTh NMPOALEMOHCTPHPOBAH HA NPUMepe
apromata Al7 (puc. 4.3) M MHOXeCTBA AOMYCTUMbIX HAYaNbHHIX
cocroanuit {1, 2, 3, 4, 5}. B aToM cayuae ycraHOBOYHOE AepeBO
Ha puc. 4.16 sumaBager, uTO Mnﬂumam}ﬂgﬂ yCTagp304Has nocJe-
IOBaTENbHOCTh ecTh Qo. Tabanua 4.11 coaepxuT nepeueHb

1) B § 4.15 GyzeT nokasaHo, YTO Takas MOCJAELOBAaTEAbHOCTb BCErfa
CYIECTBYET.
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peakuMB M KOHeYHbHIX COCTOHMH [ HAYaJbHEIX COCTOAHHMH
{1, 2, 3, 4, 5}, korza npumensercs aac. Kak™wu crenosano
OXWJIATh, Pa3jMYHble KOHeyHble COCTOAHMA COOTBETCTBYHIOT pas-
JMYHBIM peakUMAM M, CJ1eNOBATENIbHO, DPeaKLUUM MOTYT CAYXHTh
B KauecTse KpHUTepHeB [IJs pacMO3HABAHUA KOHEUHOTO COCTOfA-
uug Al7 npu  yclaoBHH, HUTO
onpeleNeHO MHOXeCTBO JONYCTH- Ta6anua 4.11
MBIX HauyaJbHbIX COCTOAHUE. Peakuusa Al7 Ha aaa
Pelrenune ycTaHoBOoYHOM 3a1a-

YW HENOCPEeACTBEHHO MOXET 6T HauaabHoe | Peaknus Koneunoe
NPHUMEHEHO K CJelylolled 3aia- COCTOsIHHE Ha QoQ cocTosHHE
ye. HasecTHo, u4TO0 3alaHHblHt

asroMar M ectb asToMar M, 1 000 1

B COCTOSHMM, NPHHALJeXalleM % 8(1)8 {
mHoxectsy A (M;), nam asto- 4 101 2
maT M, B COCTOAHMM, MpUHAATE- 5 100 1

waumem MHOXecTBY A(M,), ...,
uam asroMar My, B COCTOSHMH,
npHHaiexameM MHoxecTBy A (My). enareabHo pacrmosHaTh
aBTOMAT M €ro KOHedHoe COCTOsHMe. EcaAM mpeinonoxHTb, 4TO
My, My, ..., My 9BARIOTCA CPABHMMBIMH H YTO MX TaGaHLUB
NMepexon0oB HMEITCS, TO YKA3aHHAA Bbllle 3alaya eCTb B TOU-
HOCTH YCTaHOBOYHas 3afaya IS m COCTOAHMH AJS pacuienise-
moro astomara A (M;, My, ..., My) ¥ MHOXeCTBA LOMYCTHMBIX
Hauanbubx cocTORHUH A (M)U A (MU ... U A(My). B atom
Clyyae B OCHOBHOM MNpeNMNOJIOXEeHWH, 4TO 3alaHHbIA asromatr M
AB/IAETCA MMHMMANbHbIM, INOAPa3yMeBaeTcd, YTO KaXIbH aBTO-
MaT M; fABAAETCA MUHMMAJBHBIM M 4TO HM ONHO COCTOAIHME M0OOro
aBToMata M; He 4BAAETCS SKBUBANEHTHbIM KaKOMY-HUOGydb CO~
crosnnio asromara M, (J + I).

4.14. TMpocTrie ycaoBHLIE YyCTAHOBOUHBIE 9KCMEPHMEHTH

PaccmoTpuM nyTh B yCTaHOBOUHOM fdepese Aas M u A (M),
KOTOPHIlt Befer Kk A-rpynne G, coiepxauleft 0JHOPOIHOE G-MHO-
HeCTBO, CKa)eM {ol’, [0 01’}, rae O; BCTpedaercs h pas

(rak xax G MOXeT coZepkaTb IPYrue O-MHOXeCTBA, KOTOpbI®
He ABJAIOTCA OLHOpOAHbIMM, caMa (O He 006s3aTeNbHO ABJIAETCH
oanopoawnoit). Ecav 10T myTh ONMUCHIBAET BXOAHYIO NMOCAEIOBA~
TeJAbHOCTbL &, TO TOrAa A(M) HOoMmKHO cOlepHaTb HEKOTOpOe
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4NCAO ki COCTOSIHMH, CKameM Oy, Oy, ..., Oj, BCEe IPeeMHUKH
KOTOPBIX 1O OTHOWEHUIO K & CyTb 0,. Tak Kak {ol’, [0/ 01’}
ABJISIETCA OAHOPOLHbIM B G, TO PeaKuws o; WM 0y, ..., WM Oy

Ha &, no nemMe 4.2, He MOxerT OHTb NpPUNUCAHA HHKAKOMY
KOHEYHOMY COCTOSHHIO, 33 HCKJIOYEeHHeM olf. CnenosarennHo,

eClin 011 WU 012, .., HIH Oih ClyvyalHo dABafeTCA WUCTHHHBIM

HaYaZbHBIM cocTosiHMeM M, TO KOHeuHoe cocTosHHe M moxer
GBITh pPACIO3HAHO ¢ MOMOIIBI0 BXOAHOH NOCTENOBATENLHOCTH,
KOTOpas He 0043aTeNbHO OMUCHIBAETCA YCTAHOBOYHBIM MYTEM.
Hcnoabays s1oT ¢(aKT, MOXHO NPHMEHSTb MHHUMAJBHYIO YCTa-
HOBOYHYI0 MOC/eIOBATENBHOCTh He UeAHMKOM, a IO 4acTaM,
B Hajexle, UYTO KOHEUHOe COCTOfIHHME fBJSEeTCA TAKUM, YTO OHO
MOXeT OblTb PACNMO3HAHO € MOMOLIBIO TOJbKO YACTH BCelt mocne-
JOBATENBHOCTH, DTAa CXeMa COCTABJ]SET pellleHHe AUar HOCTHYECKOM
sajayd Ans m COCTOSHMH C NOMOLIBI INPOCTOrO YCJAOBHOTO
9KCNepUMeHTA.

Pacunexense MMHUMANbHOH YCTAHOBOUHOH MOCNEN0BATENbHOCTH
Ha MOANOC/AEN0BATENBHOCTH BBHIMOJHACTCS CJAEAYIOWHM O06pPas3oM.
Mycts &, sBaserca k-# MOANMOCTeNOBaTeNbHOCTBIO U MycTh G
asaseTcs A-rpynmo#, K KOTOPOH Beler NMyTh, ONHCHIBAIOMIMHCA
NOCNEN0BATENLHOCTLIO &8 + .« & 0603HauuM A (M) uepes Gy
Toraa &, ectb NOCNeNOBATENBHOCTb, ONUCHIBAEMAA MOANYTeM,
KoTOpbIR Bener ot G,_; K NepBoit A-rpynne, KOTOpas COAEPHKHT,
NMO KpaHeHd Mepe, HA ONLHO OLHOPOLHOE G-MHOXECTBO GoJblie,
yeM U,_,. Tak kax pemenne Gy ectb 1 W TaKk Kak YUCIO O-MHO-
HECTB B A-Tpynnme He MOXeT NpPeBblIaTh MOWHOCTE A (M),
PaBHYIO 71, YACA0 NOANOCAELOBATENLHOCTEH, IPOU3BENEHHBIX TAKUM
06pasom, He moxer npesbiiath m — 1. Hanpumep, asromar A17,
NpeAcTaBJeHHblt Ha puc. 4.3, U MHOXECTBO AONYCTHUMbIX Hauya/b-
HbIX cocrosnuit {1, 2, 3, 4, 5} maor: Gy=1{l, 2, 3, 4, 5};
G={1, 1), (2}, (5, 1} Gy={1, 1}, {1}, {2}, {1}, u, cae-
IOBaTeNbHO, & =0, a &9==0 (cM. puc. 4.16). Ecan onpe-
JefleHbl NMOAMOC/eL0BATENbHOCTH, YCAOBHBIH 3KCMEPUMEHT MOXeT
ObITb BBINOJHEH CleAylomUM 00pasoM.

AnaropurwM 4.6. Jaus asroMatr M, ero MHOXecTBO AONYy-
CTHMBIX HAyaJbHBIX COCTOAHHMH A(M)={0il, Oy vvo 01,,,} 7

pacu/ieHeHHas YCTaHOBOYHAdA NOCAEAOBATeNbHOCT &1y ... &p
pacno3HaTh KOHeYHOe COCTOsHHe M C NMOMOWBIO YCAOBHOIO IKCIe-
pumenra. (1) Cocrapnsem nepevenb peakunit M | 0, M|012,
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., Mlo,, na &E1&y « .. &,. PacullenseM KamAy peakuMio
Ha r TNOANOC/L0BATeJbHOCTEH TaK, YTOGBL OHWU COOTBETCTBO-
BAJIM pacujieHeHHI0 BXOLHOH nocnaelfosareabHOCTH. [locae kamao#-
BLIXOJHOR MOLNMOC/eLOBATENBHOCTH BHOCHM B IlepedyeHb COOTBET-
cTRyiollee kKOHeuHoe cocToaHue. ITonaraem 2 =1. (2) [1punaraem
&, x M. (3)(a) Ecm peaxumio M na &8 ... &, MOXHO NpH-
nHCaTh TOJMbKO OJHOMY KOHEYHOMY COCTOSHHMIO B IepeuHe, COCTaB-
aeHnom B (1), TO 3TO cOCTOAHME €CTb KOHE4YHOe cocTosHue M.
(6) Ecv peakuuio M na &,& ... &, MOXHO NpHNHCATh ABYM
nau 60Jiee PAa3INYHBLIM KOHEUHBIM COCTOSIHMAM B MepeuHe, COCTaB-
nesHoM B (1), TO yBennumBaeM kR Ha 1 ¥ BosBpamaemcs k (2).

AnroputM 4.6 MoxeT GbITb NpPOAEMOHCTPUPOBAH aBTOMA-
ToM Al7 ¥ MHOXECTBOM JONMYCTHUMBIX HAYaJbHBIX COCTOSHHMH
{1, 2, 3, 4, 5}, IM7 KOTOPHX Mbl MMeeM & =0QQ U &,=0q.
[lepedexp peakuMH HA QQA, PaculieHEHHBIX, KAK ONpeleseHo
B Ware 1, ¥ COOTBETCTBYIOIMX KOHEUHBIX COCTOSIHUH 1aH B
tabanue 4.12. Ecau okasanock, 4TO HayaJbHOE COCTOSHUE eCThb 1

‘ Ta6aunua 4.12
PacuneHeHHne peakuun Al7 Ha aaa

HauaabHoe Peakuus Koneunoe Peakuus Koneynoe
cocTosHUE Ha QO cocTosIHKE Ha @ cocTosHYe
1 00 1 0 1
2 00 1 0 1
3 01 2 0 1
4 10 5 1 2
5 10 1 0 1

v 2, 1o peaxuus Ha oo ectb 00, 4TO MOXET OHTL NpHNH-
CaHO TOJIbKO KOHEYHOMY COCTOSIHMIO 1; CJ€IOBATEJNbHO, B 3TOM
Cyyae yCTAHOBOYHBIH SKCNMEPHMEHT TpeGyeT TOJbKO IBYX BXO.-
HbIX  cumBosoB. Ecanm oxasanoch, UYTO HayalbHOe COCTOSHHE
ecTb 5, TO peakuus Ha oo ectb 10, 4TO He MOXeT OLITh OLHO-
3HAYHO NPUMMCAHO HMKAKOMY OILHOMY KOHEUHOMY COCTOSIHHIO
(Ha ocHOBe 3TOH peakuMM KOHEYHOE COCTOSHHE MOXeT ObiTh
am6o 1, 6o 5), u, crefoBaTeNbHO, NS TOrO YTOOBI 3aKOH-
UATb 3KCnepuMenT, TpeOyercs BTOpas MOAMOC/AeNOBATENbHOCTD.

B sakmouenne Ml MOxeM clenaTh Cledyoliee YTBEPXIEHHeE.

Teopema 4.11. Kamcdan ycmanosoinan 3a0aua 024 m
CocmoAnull, Komopas moxcem OGbimb PelieRa nPOCMbLM
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6e3YCcA08RBM SKCnePUMEeRMOM OAuRy |, Modcem Obimb Peulena
RpOCMbBLM YCAOBHOLM IKCNEPUMEeRMOM OAunb | uasu meHovwel
u nopadka m— 1 uau meHvule.

Takum 00pasom, NpPEMMyHIeCTBO YCJAOBHOTO 3SKCNEPUMEHTA
COCTOMT B TOM, YTO OH MOXeT 3aKOHYMTbCS paHbue, dYeM Oe3-
YCTOBHHIR 3KCNepUMeHT. TOounas AJAMHA YCJAOBHOTO SKCMEPUMEHTA,
pasymeercd, He MOxeT OblITh OlleHeHa 3apaHee, TaK Kak OHa
3aBUCUT OT MCTMHHOrO HAYaJbHOTO COCTOSHMSA, KOTOpOe OCTaercs
HeM3BeCTHHM JO TeX HNOp, IOKAa SKCHepUMEHT He 3aBepUIMTCH.

4.15. Peryaspabie Ge3ycJaOBHHE YCTaHOBOUHHE
9KCMEPHMEHTH

MrHuManbHas AAMHA YCTAaHOBOYHOrO SKCNEPUMEHTa LOCTH-
raercd 3a cyeT NOCTPOEHWS YCTAaHOBOUHOTO Jepesa, KOTOpoOe
B 8alayax, BKJYaoumMX OO0JblUME MHOXECTBA JONYCTUMBIX
HayaJbHBIX COCTOSHMH, CTaHOBUTCA BecbMa TpoMo3ikMM. Ecan
JOBOJIbCTBOBATBCSA YCTAHOBOUHBIM IKCIIEPUMEHTOM, AJAMHA KOTOPOTO
He 0043aTe/bHO MHHMMa/bHA, TO UMEIOTCA GoJee NMPOCTHIE METOLB
NMOCTPOEHHA. YCTAaHOBOYHBIH 3KCMEPUMEHT, NOCTPOEHHBIH ¢ MO-
MOWbIO MeTOJA, KOTOPbIH He rapaHTHpyeT MUHMMaJabHOH IJMHH,
O6yleT HA3blBATbCA pezyAAPHLIM YCMAHOBOHHBLM dKCnepu-
Mermom.

PaccmoTpuM ZepeBo NMpeeMHUKOB 14 aBTomMata M ¢ n co-
CTOSHNAMM M MHOXECTBOM JONYCTHMBIX HAYyaJbHbIX COCTOS~
ot A(M). Tlycts b ectb BeTBb, cBAzaHHas ¢ A-rpynno# G,
COCTOALLEH U3 O-MHOXECTB g1, g9 +.., &, B KOTOPOH, MO Kpai-
Hel Mepe, OIHO O-MHOXECTBO, CKAXeM g,, HE ABJSETCS OLHO-
poanniM. Ecam g, copepxuT r COCTOSHHH, TO OHO JHOMKHO
tolepxaTb, MO KpaiHed Mepe, 1Ba COCTOSHHA, CKaxem O, W O,
KOTOpble ABAfA0TCA (n — r—+ 1)-pasmuuumbivu. CrenosatenbHo,
TNOANYTh, HAYMHAOWIWHACA C b U ONMUCHBAWMACA NOCAEN0BATENb-
Hocteo & (0;, 0y), domxen secth k A-rpymne G’, xoropas
COCTOMT, MO MeHblleR Mepe, u3 (4 1)-ro o-muoxectsa. Cie-
noBatenbto, ecan G ABJfeTcs HeOLHOPOIHOH, TO BCErAa MOXeT
6bITh HalgeH NMOANMYThb AMMHH n —r - 1 HAM MeHblleR, KOTO-
puiit Beer oT (G kK A-rpymne, pelleHie KOTODOH HpeBbllaeT
pewenne G. OnucbiBaemMas TaKUM NOLNYTeM NOANOC/]eEN0BATE /b~
HOCTb HasblBAETCA pezyAApHOL nodnocaedosamervrocmeio G.
Takum oOpasoM, Mbl HMeem CHOCOO, C TNOMOIBI KOTOPOro
MOXEM IpOCJAEINTh YCTAHOBOYHBLIH NyTh B J1060M 3aJaHHOM
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Iepee NMPEEeMHMKOB H, C/IeIOBATENbHO, TOCTPOUTH YCTAHOBOUHYIO
noc/leloBaTeNbHOCTL Aas moboro M u A (M).

Anropurm 4.7. 3agann asToMaT M M ero MHOXeECTBO
JIONYCTHUMBIX HAYaAbHBIX COCTOsIHME A (M); TpebyeTcsa HalTH ycTa-
HOBOUHYIO NMOCAe10BaTeAbHOCTb A M u A(M). (1) llycte A(M)
apaserca U [Tonaraem B =20, (2) (a) Ecin G, He aBasgerca oaHO-
POIHBIM, TO OMNpeieNMM peryJspHY HNOLNOC/IeN0BATENbHOCTD,
ckaweM &, ana G,. [lyctb &,-npeemunxom G, asaserca G, ;.
YBennunsaem k Ha 1 ¥ Bosspamaemcs K (2). (6) Ecau G, onHo-
polHo, T0 &o& ... &,_; €CTb YCTAHOBOUHAA NOC/eNOBATENb~
HocTh Aaa M n A(M).

Taxk kak pewenne A (M) ectb 1 u Tak kak peweHue M060H
A-TDYNIH He MOXeT MPeBbIIAThL YUCAA JONYCTHUMBIX COCTOSHUR m,
TO YUCJIO MNOANOCAENOBAaTeNbHOCTEH, NPOM3BOAMMBIX aJrOpHT-
moM 4.7, He mnpesblinaer m— 1. Ilaga asTomata ¢ n cocTof-
HUAMH JJIMHA MUHUMaJbHOH AMarHOCTHYECKOR MOC/NeN0BATENbHOCTH
Ins M000H Napsl COCTOSHMH He MOXeT NpeBOCXOIUTh n— 1;
C/Ie10BATeNIbHO, IJMHA KAXAOH MOANOC/elLOBATENBHOCTH B yCTa-
HOBOYHOH MOC/eLOBAaTeNbHOCTH, BblIAHHAA aaroputMom 4.7,
He MOxeT npesocxoiute n— 1. Takum o6pasoM, ME HMeeM
CNELYIOUIYI0 TEOpPeEMY.

Teopema 4.12. Yecmano8ounan 3adava 0an asmomama
C N COCMOARUAMYU U M OORYCMUMB MU COCMOARUAMY BCe20Q
MOJcem Obimb pewseHa € NOMOWBIO npocmoz2o 0e3ycA08HO20
scnepumenma oaunst I, 20e

1< (n—1)(m—1). (4.12)

B npuseneHHOM HMxe CJEICTBUM W3JMOXeHa apyras ¢opmy-
AvMpoBka Teopembl 4.12, xotopas GyleT MoJe3HOR B JalbHEHIIMX
o6CcyXaeHunsx.

Cneacraue 4.2. [lyctb M ecThb aBTOMaT, B KOTOPOM
Kaxcaas mapa cOCTOSHMH fABafercss L-pasavyumo. YcCTaHOBOYHas
3ajava Aas M M m ZONYCTHMBIX COCTOAHMH MOXeT Bceria GblTb
pelllesa ¢ NOMOWbI0 INPOCTOro 0e3yC/AOBHOIO 3KCHepUMeHTa
IJWHb [, Toe

I L(m—1). (4.13)

Anmroput 4.7, KOTOpbIH mNpeacTasader MeTol NOCTPOEHMA
peryaspHux 6e3yCc/OBHEX YCTAHOBOYHBIX SKCIIEPUMEHTOB, HE Tpe-
GyeT mocTpoexns Kakoro-au6o Aepesa; OH MpocTo TpeGyeT onpe-
Ae/leHUsl  Pas/IMYHBIX  NOANOC]ENOBATENbHOCTER, ONMUCLIBAEMBIX
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pa3aHYHBIMU MOANMYTAMH, COCTABJIAIWHUMY YCTAHOBOYHBIH MTYTh, 4TO
MOXeT OLITb BBINOJHEHO PeKYDPCHUBHBIM CNOCOOOM, Kak NOKAa3aHO
Boilre. Meros nmemoncrpupyerca Tabmuue#t 4.13, B koTopo# aas
apromMata Al7, nokasaHHoro Ha puc. 4.3, W MHOXecTBa AOmy-
CTHMBIX HayanbHbix coctosnuit {1, 2, 3, 4, 5} nocrpoen pery-
JNSpHEH Ge3ycJOBHbIH yCTAHOBOYHBIH SKCIIEPHUMEHT.

Tab6auna 4.13

PerynapHboift 6e3ycnoBHbi aKcnepHmeHT aas Al7
H MHOXECTBA JONYCTHMbIX HayalbHbIX COCTOAHHR

{‘, 2, 3, 4', 5}
k G, | %% |89 Ty
0 (1,2 3, 4, 5) 14 a
1 {1, 1, 5}, {3, 2) 15 a
2 {1, 1}, {2}, {5, 1} 15 a
3 {1, 1}, {1}, {2}, {1}

G, nmpexcrasager co6oit wmHoxectso {1, 2, 3, 4, 5], a G,
ana k> 1 crpourcs Ha ocHose ,_;, T. €. Ha OCHOBe npeisa-
pPHUTENLHO ONpeleleHHOH NOANMOC/AEeA0BATENbHOCTH (NMOANOCAENO-
BATEJbHOCTH, NPHUBEIEeHHOR B NOcAeiHeM CTOJAOLUe CTPOkH B — 1)
¥ TaGaMubl wau rpaga nepexonos Ans Al7. [lapa cocros-
Huit {0;, 0;] ectb mo6as napa cocrosHuit B M0GOM OLHOPOZHOM
o-MHoXecTBe, colepxauiemca B Op; é"(ol, Uj) eCTb MUHUMAJbHAA
IMATHOCTMYECKAd MOCNENOBATeNbHOCT A  {0;, 0;}, KOTOpas

MoXeT OBbITb MOJy4YeHa MO MeToxdy, onucanHomy B § 4.4. Iasa
TOr0 4TO6B MHHMMH3WPOBATHL AJAMHY MHIMBHIAYaJbHBIX MOAMOC/E-
10BaTelbHOCTER, O, M O; MOXHO BbIOpaThb Tak, 4TOGH OHH
JaBann B pe3yabTaTe Kparyaitiree & (0,, 0;). Ilas asromara A17
9TO MOXeT OBITb BLIMOJHEHO ¢ NoMmolpbio Tabauue 4.6, B KoTO-
poil NpPUBOAMTCA MepedyeHb MHUHHMAAbHBIX AHATHOCTHYECKHX
nocienosatenbHocTelt As Bcex map cocrosuuit B A17. Creayer
OTMETHTb, YTO, BOOGIE TOBOPsA, 3TO NMpPaBUJ0 BLIGOpAa He rapad-
THPYeT MHHHUMAJbHOCTH OOuiel IJHHBI YCTaHOBOYHOrO 3KCIepu-
MeHTa (XOTf B HaileM NMpuMepe OKa3alOCh, 4TO pe3yAbTUPYIO-
Hag yCTaHOBOYHAA MOC/TEHOBATENbHOCThL fABJIAETCS MUHMMAJbHOR).
Crpoka 3 B ra6auue — nocuennss, Tak kak G, AsjserTcs OLHO-
poaHoit A-rpynmoit. ¥cTaHoBOYHas MOC/AeA0BATENBHOCTD CTPOUTCH
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nyTeM BBIMUCHIBAHUA NMOC/ELOBATE/LHOCTEN & (0;, 0;) B NOpAIKeE,
B KOTOPOM OHM MNOMBJAKTCA B nocaeldvem croague. [losromy
peryasipHbifl yCTaHOBOYHbIA 3KCNMEpUMeHT And A17 u mHOMecTBa
JONMYCTUMbIX HaualbHbIX cocrosun#t {1, 2, 3, 4, 6} cocrour
B Nojaye 000 H HaGMIOIeHHH peakuud. Peakuus COCTOAHHH
1, 2, 3, 4 u 5 Ha o ¥ COOTBETCTBYIOUlEe KOHeYHOe COCTOf-
HHe MokasaHbl B Tabauue 4.11.

Teopema 4.12 BbIABAGET OCHOBHYIO DA3HHULY MeXIY LHArHO-
CTHUeCKOH 3ajavet M YyCTaHOBOUHOH 3alaveff. B rTo Bpems kax
IMarHocTHueckas 3afava, soobuie rosops, He MOXeT ObiTh pellleHa
nyTeM NMpoBeleHHs TPOCTOrO IKCNEPUMEHTA, YCTAHOBOYHAA 3anaya
BCEr1a MOXeT OblTb pellleHd NpoBeleHHeM INPOCTOro IKCHepHu-
Mentd. Ecan 3amaH eIMHCTBEHHWH SK3emmdp astomMara M,
TO HaYaabHOe COCTOssHMe M He Bcerfa MOXeT GbITb PacnosHaHO;
OIHAKO BCEria MOXHO mepeBecTd M B pacnoaHaBaeMoe COCTOS-
Hue. Kak To/bKO pacnosHaBaeMoe COCTOAHHME LOCTUTHYTO, AaJb-
Helinaa peakuus M Ha nw6oe ompeleneHHOe BO36YkIAEHUE CTa-
HOBUTCH, KOHeuHo, mnpeackadyemo#. Takum oO6pasoM, Bceria
uMeeTca cnoco6 clenathb npeickasyeMblM aBTOMAT, AJA KOTOPOro
umeercs TabauLA mMepexoloB, HO KOTOPHIH 1O NMpPOBeleHHd ycra-
HOBOYHOTO 3KCMEepUMeHTa Obll HenmpencKasyeM.

4.16. PeryaspHbie ycJAOBHHE yCTAaHOBOYHHEE IKCNEPHMEHTH

Perynspubie 6e3ycnoBHble YCTaHOBOYHbBIE SKCIIEPUMEHTBI, ONKU-
cannbie B § 4.15, Moryr ObiTb npeo6pasoBaHbl B peryasdpHble
YC/IOBHEIE YCTAHOBOYHblE IKCIEPUMEHTBI MYTEM IPUMEHEeHUs MO[ -
nocnenosaresbHOCTE MO OAHO#  BHOGOpa cheiywouweR non-
MOC/Ie0BATENBHOCTY HA OCHOBe DeaKlUMM Ha NPeNbLAYHIYIO ITO4-
nocnenosarenbHocTh. [loaxon Takoit e, Kak B cliyuae 6e3yc/oB-
HOro 3KCMepHUMeHTa, 33 HCKJ/IOYEHHEM TOro, YTO Ha OCHOBAHUM
Ha6MoJaeMOH peakudd BCe, KPOME OJHOTO,  O-MHOXECTBA
u3 G, (k> 1) MOryT ObiTb yCTpaHeHbl M3 AalbHERIIMX DPaccMo=
TPeHUH.

Anropurm 4.8, Iaubl astoMar M U ero MHOXeCTBO
AONMYCTUMBIX HAayanbHblX cocTosHui A (M), TtpebGyercs onpene-
AUTh KOHeyHoe coctosiHne M ¢ NMOMOWbI0 NMPOCTOrO YCAOBHOrO
SKkcnepumenra. (1) Ilycte A(M) ecrb g, [lonaraem k=0.
(2) () Ecit g, mHeomHODOIHO, TO ONpeldenseM Dery.spHyio
ToLnocnenoBaTenbHOCTb, CKaxeM &, LA g. Ilpunaraem &,
K M u nonaraem, uro £, fBNAETCA MNOIMHOXECTBOM g,
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KOTOPOMY MOXeT GbiTh CBOHCTBeHHA HabmoaeMan peakuus. [Tycrb
&re16CTh Xk-npeeMHnK g,;. YBenuuuBaeM £ Ha 1 ¥ BO3BpamaeMcs
K (2). (6) Ecivm g, ONIHOPOIHO, TO KOHEYHOe cocTosHue M
€CThb COCTOSIHHE, COREpIKalleecs B £,.

Ecau g, B amropurMe 4.8 He 9BJIAETCR ONHOPOIHBIM, TO
MOWIHOCTb g4, HLOMKHA ObITb MeHbllle, UeM MOIWHOCTb g. Cie-
JOBaTeNbHO, ecad MowHocTs A (M) ectb m, TO yucjao noano-
clenoBatesbHOCTeR He mpesblinaer m — 1. Jina g, MomHocTH r
BCErla WMeeTcf peryJspHas NOANOCAENOBATENbHOCTb &), AJHHA
KOTOPOH He mpesblliaer n— r—+1, rae n ecth obllee YUCTIO
cocrosHu#t B M. CneloBatenbHo, 06Ilas AJMHA YCTaHOBOYHOTO
3KCIEPUMEHTa He MOXET NPEBOCXONHTD

No—rd)=g@i—mm—1. (414

r=2

TakuM 00pa3oM, MB UMeeM CIEAYIOUIYIO TeopeMy.

Teopema 4.13. Ycmanosounan 3adava 0aa asmomama
C N COCMOAKUAME U M OONYCMUMbB ML COCIMOARUAME MOKCEM
doims 8cezda pewena ¢ nOMOULI0 NPOCMOZ0 YCA0BHO20 SKCNe-
pumenma Oaunn I u nopaora d, 20e

1< 5 @n—m)(m—1), (4.15)
d<m—1. (4.16)

MOXHO OTMETHMTb, YTO PeryaspHbift YCAOBHBIA YCTaHOBOUHHIA
9KCIEPHUMEHT, NOCTPOEHHBI} ¢ MOMOILBI0 aaroputMa 4.8, HUKOrIa
He GhBaeT AJMHHee, YeM pETyasapHbif 6e3yCJIOBHLIE YCTaHOBOY-
HHR SKCIEePUMEHT, MOCTPOEHHBIH MO aaroputMy 4.7.

Ta6auna 4.14

Perynaphoil ycnoBHbI skcnepuMeHT aas Al7
H MHOXeCTBa [ONYCTHMbIX Haua/JbHbIX cocTosHHH {1, 2, 3, 4, 5}

Coenamme k &, % 9y |8 (% 9)) | Peaxunn
4 0 (1,2, 3 45| 14 a 1

3 1 {3, 2} 2,3 aa 01
2 {2}
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Tabauna 4.14 neMOHCTpHpYeT peryaspHui ycJOBHBIR 3KCIe-
puMeHT 1aa Al7, mokasaHHOro Ha puc. 4.3, M MHOXMecTBa AO-
MyCTHMBIX HayaJabHbIX cocrosuuit {1, 2, 3, 4, 5], xoraa McTHH-
HOE HauajJbHOe CcOCTOsiHHe ecTb 4. [lepBhift cToMGen CONEDPIKUT
I8 CTPaBKH TNepeyeHb COCTOSHUA, ueped koropwle A17 mpoxo-
IWT N0 Mepe MpPOBeleHUs SKCEePHMEHTa (9TH COCTOAHUS, KOHEUHO,
He M3BECTHB JKCNepuMeHTaTopy). B astom npumepe g, ectb
{1, 2, 3, 4, 5}, a &, ectb a. Korna a nonaercs va Al7, Ha-
6monaeMas peakuus ectb 1, U3 KOTOpO# MoxeT GHITh BHIBEINEHO,
yro g, ecTb {4, 5}. Toraa g, ectb a-NpeeMHuK £y @ MMEHHO
{3, 2}. [Tonaua é°1=aa Ha Al17 paer peaknuio 01, u3 kKOTO-
po#t MOxeT ObiTb BbiBeleHO, uTO g; ectb {3}. Toraa g, ecrb
o0-TpeeMHuK g, a uMenHo {2}. Tak kak g, ONHOPOIHO, MOXHO
clesaTh 3aKJOYeHHe, UTO KOHeuHoe cocTosHue Al7 ecth 2.

Puc. 4.17 nokasbiBaer aBTOMaT, 00603HaueHHHH M, B KOTO-
poM MOTyT OHTb NOCTMIHYTHl rpaHHubl TeopeMbl 4.131). Kax
MOKa3aHO Ha PHUCYHKE, MHOMeCTBOM.cocrosHufh M* apasercs
{1, 2, ..., n}, BxomHo# andasur ectb (&, & ..., E,4}, a
BbixonHo# andasut — {0, 1}. Boixonno#t cumBoan 1 renepupyercs
TOJBKO TOTAa, KOTAA §,_; MONAeTcs B COCTOAHHMU n. Y13 CTPYKTypHI
M MOXHO YBHAETDH, YTO €CJIW STOT aBTOMAT, HAXOAACh B COCTOSHHH
1, 2, ...,4 j (> i), nonBepraercs BO3AEHCTBUIO JI0GOTO BXOM-
HOrO CHMBOJIA, OT/IMYHOTO OT §;_;, TO COCTOSHHAMH- APEEMHUKaMH,
COOTBETCTBEHHO, apagworcal, 2, ..., 4 jwuwm 1,2, ..., i, J—1.
[To OTHOWIEHHI0 K YCTAaHOBOYHOMY AepeBy aas M® M MHOXeCTBY
IOMYCTUMBIX HauyadbHBIX coctosuu#t {1, 2, ..., m] noxL 3THM
MOHUMaeTcs, 4TO Kparyaum#t nyts, Benymu#t us {1, 2, ..., m}
& A-rpynne, conepxaile#f, no kpallHeR Mepe, IBa 0-MHOXECTBA,
€CTb TyTh, ONUCHIBAIOIIMHACA BXOLHOR TNOCAEA0BATENbHOCTHIO

Em—1bm .- £y A-Tpynma, x KOTOpOH Beler 3TOT MyTb, €CTb
1, 2, ..., m—1}, {a}. Toraa no uHAyKuMH kpaTyalwinH
nyth, Beaywu# ot {1, 2, ..., m} k oanopoxno#t A-rpynne,
€CTb NyTb, ONMCHIBAIOIIMHCA BXOOHOH TOC/AENOBATEILHOCTBIO
Em—1bm ... &,y (AmuHBL n—m 1), 3a koTOpoR caenyer
Em—obm—y -« Epq (AMMHBL 21— m -+ 2), ..., 32 KOTOpOH Cie-

ayer §18, ... E,_ (amunbl n— 1), JauHa sto#t nocaesoBarenb-

') Asropom storo asTomata seasercs Xu66apz (T. N. Hibbard,
Least Upper Bounds on Minimal Terminal State Experiments for Two
Classes of Sequentlal Machines, J. Assoc. Comput. Mach., vol. 8,
pp. 601—612, 1961).
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HOCTH ecTb (21— m)(m — 1)/2, T. e. cOBMalaeT C BbIpaXXeHHEM
(4.14). Tyre Beper k A-rpynne {1}, {a}, {n}, ..., {n}, xoro-
past CONEDP¥UT m TNPOCThIX (M, Caef0BaTeNbHO, ONHOPOJAHBIX)

@/@/ﬂ/w@/ﬂ/ V&SN VE,. /1)

O R
AN
(23 Y& mviemv-ve,.m
& Ve
(43 Yeemvic oo -,/
&\ V&
O

) Y MO sl /D11
(& o/ DX VIE, /0 '

O AR AT A,
Puc. 4.17. AsTomar M*.

o-MHOWecTB. Puc. 4.18 mnokasbiBaeT yCTaHOBOYHOe IEpeRO AJf
aproMata M" W MHOXeECTBA AOMYCTHMBIX HayaJdbHbIX COCTOSHHH
{1, b/ m}; Ha STOM DHCYHKE BC€ OKOHeYHLIe BETBH ONYy-
IieHbl, U eJHHCTBEHHB# NOKa3aHHBI# MyTb ecTb NMyTh, OMHCHI-
BAOIIMH! MUHHUMaJMbHYIO YCTAHOBOUHYIO TMOCJEJOBATENbHOCTD, YIO-
MAHYTYI0 Bblle, $ICHO, 4YTO eC/AM HaYdJIbHLIM cocTOsHHeM M*
OKa3anochb cocrosHue 1, To kpaTyaHluni yCAOBHBLIR yCTaHOBOYHbIH
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'
22 e, m=7 m)

fm-/
(12, m—1 et}
=7 5/17
Yposken 0207, 1782}
L
fﬂ-é’
(72, m7- 1}
=7
f
8., m=2, 771} {n}
777-2
(2., m=2m} {n}
71748 Gt
SroEHED 72..., /77—{ mr) ()
= 5/7—2
(72eec,m=2 ) (0}
6/7-7
{
24..., /77-3,{77-24 (7} {n}
-
{32 {n4,..., ()
&7
oLs (73} /ﬁ},...z, (n}
IposHEL
74} {/E},..., {2}
= 51,7-2
(7r} (n} ..., (n)
7-7

L2 (7). .., frf

Puc. 4.18. YcraHoBouHoe jepeso Aast M* n Muoxecrsa
AOTyCTHMBIX H3YaAbHuEIX cocTosnuid {1,2, ..., m}.
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SKCIepPUMeHT aas M* ¥ MHOMeCTBZ NONYCTHMbIX HayajbHbIX
cocrosuuft {1, 2, ..., m} IOMKeH cOCTOAT M3 m — 1 moAmo-
celoBaTeNbHOCTER, COBOKYMHAA IJMHA KOTOPHIX 3alaHa BepXHeH
rpaHuuel Bblpaxenus (4.15). AproMar M® nokasbiBaer Takxe,
YTO KpaTyaHui 6e3yCMOBHHIHE YCTAHOBOUHBIH SKCMEPHUMEHT MO-
XeT UMeThb AJMUHY (21— m)(m — 1)/2 cUMBOJIOB.

3aMeTHUM, 4TO TaK KaK KOHeuHas A-rpynna Ha puc. 4.18
aBAseTcd NpocTod A-rpynno#, nNOKasaHHBIR NyThb ONHUCHIBaeT
MUHUMaJbHYI0 JAHAarHOCTUYECKYIO TOC/AeN0BaTeNbHOCTh (TaK ke
KaK MYHUMaJbHYI0 YCTaHOBOUHYIO MOCAEI0BaTeNbHOCTb). [ToaToMy
aBToMaT M® mokasblBaeT, 4TO MPOCTOH G€3YCIOBHBIM WM YCIOB-
HBIH IHATHOCTHYECKUH SKCTIEDUMEHT MOMET UMeTh NJIUHY, PABHYIO
BepxHelt rpanuue ! (4.15).

4.17. CnencTBHA, CBf3aHHLIE C 9KCMEPHMEHTAMH
N0 pacno3HaBaHHIO COCTOSHHI

OcoObIM cyyaeM IMarHOCTHYECKOR WM YCTaHOBOYHOM 3amaun
Ins m cocTosHu# Ajas aBToMara M fABiaseTcss AMarHOCTUYeCKas
MM YCTaHOBOYHAs 3ajaya IAJf # COCTORHUH, Tie n ecth ofllee
yhcao cocrosHuit B M. Drta npobieMa BoaHUKaeT, koraa aas M
HE omnpeleseHbl AONYCTUMBble COCTOSIHUA, W B STOM Cayuyae cie-
AyeT TNpeanosaraTh, YTO HayajJbHBIM COCTOSHHEM MOXeT ObiTh
mo6oe ©u3 n cocrosHu#t M. Jias saToro cmeuuasbHOro cayyas
pe3yJbTaThl, NOJAyuYeHHble B NpelblAYILHUX naparpadax, MOTYT
ObITb BUAOW3MEeHeHB W OGOGILEHB CAedYIOWUM 06 pa3oM.

Cnencreue 4.3. [Tyctb M ecTb aBTOMAT ¢ 7 COCTOSHUAMH
W U3BECTHOM Tabnavued mnepexoloB. Eciau HayadbHOoe cOCTOSHUE
apToMata M BooOLe MoxeT ObiThb ONpefesieHO MyTeM MpoBele-
HUR TIPOCTOTO SKCIEPUMEHTa, TO OHO MOMeT ObThb OnpeleseHO
C NOMOIIbI0 NPOCTOro Ge3yCAOBHOrO MM MPOCTOTO YCJAOBHOrQ
9KCNepUMeHTa NJIUHH [, rhe

1< (n—1)n" (4.17)

HavanbHoe coctosHne M Bceraa MoxeT OBITh ONpepeseHo € Mo-
MOWILI0 KPAaTHOro Gea3yCIOBHOTO SKCMEpPUMEHTA AJuHB [ U Kpar-
HOCTH €, TAe

1< (n— 1), (4.18)



e CNEICTBUS, CBA3AHHBIE C SKCIMEPUMEHTAMH 177

U ¢ NMOMOWLBIO CJHOXHOTO YCJOBHOTQO 3SKCNEPUMEHTA AJUHbI lu
KpaTHOCTH ¢, TAE -

1< 5n(@—1), (4.20)
c<n—1. (4.21)

KoneuyHoe coctosHue M Bcerna Moxer OBITh ONpefeNeHO ¢ MO-
. MOUIbI0 TPOCTOTO Ge3yCAOBHOrO 9KCMepUMeHTa AJuHH [, rae

1< (n—1), (4.22)

M C NMOMOWBI0 MPOCTOTO YCAOBHOTO 9KCIEPHMEHTa IJMHH [ M

nopsika d, Tie
1

1< 5 nn—1), (4.23)

d<n—1. (4.24)

Iycre M — aBToMar ¢ BXoAHBIM andaBHTOM [E;, Eo ..., g,,}

H MHOXECTBOM COCTOSHHH {0}, Oy ..., 0,}. Cocrosnna o; u o,

(I J) HasbiBaoTCR §;-cosMmecmumbimu, eciu peakunn M| o,
M M|o, Ha E; ONMHaKOBH M e€CJH 0; H 0; HMEIT OLHOTO H
TOTO e TpPeeMHUKa MO OTHOLle-
Huo k &;. Tlapa §;-coBMecTHMBIX
cocTosaHu#t  H3o6paxeHa Ha
puc. 4.19.

Teopewma 4.14. Tycme M
ecms asmoMam ¢ n COCMOA-
Husmu © 8X00HBM aiga-
sumom X = (&, &g ..., &}
(a) Ecau M codepxcum napy
E,-cosmecmunbix  cocmosuull
048 KaKHcd020 BX00HO20 CUM-
soaa §; uz X, mo Ouaznocmu-
weckasn 3adaa 04R ncocMon-
Hull 0z8 M nurozda ne modcem Goimb peusena npocmeim sKc-
tepumenmon. (6) Ecau M ne codepoicum napv &-cosmecmumn x
Cocmoanull nu 028 Karozo 8x00H020 cumsora &; us X, mo
Ouaznocmuneckan 3adawa 048 n cocmosnul da8 M scezda
Modcem Ovimb peuiena nPOCMbLM SKCNEPUMEHMOM.

Horasameascmso. (a) onada mo6oro BXOAHOTO CHMBOMA &,
Ha M aacramnser napy COCTOAHHH, CKaMeM 0; H O nepeuTy

Puc. 4.19. IMapa §;-coBMECTHMBIX
cocTogHul,

12 A. Tuap
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B OIHO H TO ¥e€ COCTOfHHEe C OJWHAKOBLIMH PEAKIUAMH H, TAKHM
006pa3oM, 06YC/IOBJIHBAET TO, UTO STH COCTOSIHMA CTAHOBATCH He
pasMTMYUMBIMM HHKAKHMH NOC/JENYIOIUHMH BXOJHBIMH CHMBOJIAMH,
(6) ITo TeopeMe 4.12, M Bcerga MoxeT GHITb epeBeNeH B U3BECT-
HOe KOHeyHoe cocTosiHue. ITyCTh yCTaHOBOYHOM mocaenoBatesb-
HOCTbIO, TNpHMEHEHHOH A/ STOH uesaH, ABJIAETCH gllglz glr;

NyCTh COOTBETCTBYIOWIAS BHIXOAHAS TNOCJEAOBATENLHOCTL GYAET
Snp Cpovo oo Chr. a COOTBETCTBYIOWAN MOCAEA0BATENLHOCTD CO-

CTORHuH} Ojpp Gjgr v v e 0. [TpeanonoxuM Tenepsb, 4YTO 0j,
§1k H Chk U3BeCTHH I8 Hekoroporo k, 1 <k -<r; Tak kax

MO MpEeANONOMEHUI0 HH OJHO COCTOsSHMe B M He HMeeT ABYX

3aXONALIMX AYr, HeCymWMX OILHY M Ty e MNapy BXOA-BBIXOZ

(gl /Ch ) TO G,  MOMEeT O6uTbh OnpeleneHO 0AHO3HauHO. O603Ha-
B e k-1

YHM HAyanabHOEe COCTOfHMe M uepe3 O, TOria Oy, MOXeT ObTh
ONpeleNeH0 PEeKYPCUBHO Ha OCHOBE 3HAHHA KOHEYHOI'0 COCTOs-
Hust M ¥ BXOZHOM H BEIXOAHOH MOC/JeA0BATENbHOCTEH, BKIIOYEH-
HbIX B YCTaHOBOYHBIH SKCIIEPUMEHT.

Ha Tabauub nmepexoloB 3afaHHOTO aBToMata M MoxeT ObiTb
JerKO yCTaHOBJeHO, oO6Gaazaer M CBOHCTBOM, YIOMSHYTHM
B yacTd (a), MaAH CBOHCTBOM, YNOMSHYTBIM B 4acta (6) Teo-
peMbl 4.14. TTosTOMy 3Ta TeopeMa OKa3blBaeTCss BO MHOTHX Cay-
yanx TOJe3HOR AMs TOTO, YTOOBl YCTAHOBMTH, MOXMET JM Ha4alb-
HO€ COCTOfHHE 3a1aHHOTO aBTOMaTa ObiTh ONpeleeH0 C NOMOIIbIO
NPOCTOTrO 39KCnepuMenTa. Koraa aBTOMAaT He uMeeT Hu CBOHCTBa
yacTd (a), Hu cBoHcTBa uactH (6), TO €ro HauyajJbHOE COCTOsIHHE
60 MOXeT, JuOO He MOMeT OblThb ONpeldeseHO NMPOCTHIM KCIe-
PHMEHTOM.

3anaun

4.1. Onuiute MaTpUYHBIA CIOCOG PEUIEHMS HATHOCTHYECKOH 3a-
Jauu 1Jg IBYX COCTOsIHHH,

4.2. Tabiugsl 34.1 # 34.2 COOTBETCTBEHHO NPEACTABIAIOT ABTO-
Mathl A u B. llepeuncinte MHHUMaJbHBIE IMarHOCTHYECKHE MOCAENO-
BATEJNbHOCTH AN BCEX Map COCTOAHHH, B KOTODHIX OJHO COCTOSHHUE
BboiGHpaeTcs M3 A, a BTOPOE COCTOSAHHE — M3 B,

4.3. Puc. 34.1 mnoxassiBaet rpad mnepexonos aetomatos A H B.
(a) VssecTHO, YTO 3alaHHEIE aBTOMAaT €CTb A B COCTOAHHM 3 WiH 4.
HMoctpofite kparuafimnii Ge3ycaoBHbI} SKCIEPUMEHT 1M8 PacTO3HABAHUS
HayajabHOro cocTtosHua. (6) MasecrHo, 4TO 3agaHHbif aBTOMAT ecTh A
B cocTossnd 1 wan B B cocroanun 1. IMoctpolite kparuadmuii Gea-
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Ta6aunma 34.1 Tabauna 342
z, Sv+l Zy Sv+1
xv Xv
sy a B a B sy a B a B
1 0 1 2 3 1 0 1 1 3
2 1 0 3 4 2 0 1 2 2
3 0 1 1 4 3 1 0 3 1
4 1 0 4 3 4 1 0 4 2

YCAOBHHIH SKCIEDHMEHT ISl PacmO3HaBaHHA aBTOMAaTa H €ro Hayafb-
HOro COCTOSIHHA.

4,4, 3ajafiTe aBTOMAaT ¢ WIECThIO COCTOSIHUAMH, B KOTOPOM JBa
COCTOSIHHA MOTYT ObITb PpasiHUEHB € MOMOILIBI0 BXOAHOH mocienoBa-

@/
oy e pw 2

w6/

(/) 77/
A

@/q)

i by @)

w7)

(@/2) @/f)
ot

Puc. 34.1.

TeAbHOCTH [IJAHHBL 5, HO He MeHblle. IlpoBepbTe, UTO HpHBeleHHOE
Bbille TpeGOBaHHE YIOBJAETBOPAETCH.

4.5, 3analiTe aBTOMAT C WECTbIO COCTOSIHHAMH H aBTOMAT C IEBATHIO
COCTOSHHAMH, B KOTOPBIX 1Ba COCTOAHHS (IO OJHOMY B KaJIOM aBTO-
Mare) MoryT OblTh pa3jHUEHbl € NOMOIIBI BXOJIHOH IOCJELOBATENb-
HOCTH JJuHBl 14, HO He meHblle, YGeaurech, 9TO ykaszaHHoe TpeGoBa-
HHE yIOBJETBOPAETCA. :

4.6. Puc. 3 4.2 noxassiBaer ypoBHH oT 0 10 3 yacTHuHo cHaGxeH-
Horo o6osHavueHuamu jepeBa npeemHukoB, rae G, G, u G3 cyrb
A-rpynnst. ITokaxure, 4To TPU NyTH, NPOXOAAWHUX uepe3 G, G, u G,
YPOBHA 3, He MOryT NpeICTaBAATb MHHHMAJbHBIX JHATHOCTHUECKHX IO~
crefoBateabHocTedt naa M u A (M).

4.7, Ilokaxure, yTO MuHuUMAJbHAH JMArHOCTHUECKAs MOCAEIOBA-
TEALHOCTL /51 aBTOMaTa C ¢ BBIXOJAHBIMM CHMBOJAMH H MHOXECTBOM

12*
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JONyCTHMBIX HA9aJbHBLIX COCTOSHHH MOIMHOCTH m HE MOXET OblThb
xopoue, uem (log m)/(log q) cumBonoB.

4.8. Onpenenaute MUHUMAJbHYIO IMarHOCTHYECKYIO MOCAEJOBATENb-
HOCTb 1Jf1 aBTOMaTa, mpeicTaBienHoro Tabaunei 3 4.3 U MHOXECTBOM
JOMyCTHMBIX HauadbHbIX coctosauuit {1, 2, 3, 4, 5).

Yposers | .

/4 AM

< |
" L
7 51’.3
'—>—| € P
Z 07 62
< ~
7 G G Gy

Puc. 34.2.

4.9. M3BecTHO, UYTO 3aJaHHBI aBTOMAT €CTh ABTOMAT, ONpEIEJeH-
ubifl 60 Tabauue# 3 4.4, aubo Tabamueit 3 4.5. INocrpoiite kparuaii-
muit 6€3yCNOBHBIM SKCHEPUMEHT JJs pAacCHO3HABAaHWMA aBTOMAaTa U €ro

HAYaJbHOrO COCTOSIHHA.
Ta6auga 343

“y Sv+1 z, Sv41

*y Fy

S

R a B a B Sy a B a B
1 0 0 2 3 5 1 1 6 7
2 0 0 3 2 6 1 1 7 6
3 0 0 8 5 7 1 1 4 1
4 0 0 5 8 8 1 1 1 4

4.10. [na aBTOMaTa, ompejeneHHoro Ttabaumei 34.6. (a) [To-
cTpoiiTe 6e3yC/lOBHbE JAMATHOCTHUECKHE SKCIEPHMEHTBHI, ECAH MHOME-
CTBa JONMyCTHMBIX HauaiabHbiX cocrosuuit Takosul: (I) {4,5}, (II) {1,2, 5},
Iy {1,2,3,4,5). (6) Oaa cayuaes (II) u (III) omumure ycaoBHuiH
IHAarHOCTHYECKHH 9KCIEPUMEHT, €CJIH HCTHHHOE HauajnbHOE COCTOSIHHME
ectb 1 (410 cHAauajna He W3BECTHO). :

4.11. 3agaHHbii aBTOMAT mnpelcTaBieH rpadoM IMEpexoioB Ha
puc. 3 4.3. (a) IToctpoiite xpaTuafimuit G6e3yCAOBHBIH SKCIEPUMEHT IJs
Pacmo3HaBaHUA HAYaJbHOrO cocTosinus aBtoMmata. (6) Iloctpoiite kpart-
gafimni Ge3yCAOBHBIH SKCIEPUMEHT 148 PpAacCIO3HABAHHA KOHEUHOro
COCTOSIHUSL aBTOMATa,
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‘Ta6auna 34.4 Ta6auma 345
Zy Sv+1 Zy Sy+1
X, Xv
o v a B a B s, a B a B
1 0 1 2 3 1 1 1 1 3
2 1 1 1 2 2 1 1 2 2
3 0 1 1 1 3 0 1 2 1

Ta6auma 34.6

Zy Sv+1 zy Svil
xv
s, alB|y|a]|B|~ a|Bly|lalB|w
1 1{0(0]2]2(3 4 0|1|1]|1]|5]|4
2 of1|11]1(2]2 5 0(17113]5]3
3 110(0|4]2]3

4.12. laa asToMara, 3ajaHHoro ta6amnedt 3 4.6, © MHOXeCTBa 10-
MyCTHMBIX HauadbHbix cocrosuuit {1, 2, 3, 4, 5}. (a) Ilocrpoitte kpat-
yaiimii 6Ge3ycaoBHBIH YyCTaHOBOUHBIH skcmepumeHT. (6) IlocTpofite
peryapHuit GesycnoBHEIE yCcTaHOBOUHbIE SKcnepumeHT. () Onuummre
peryJsapHelf yCAOBHBIH yCTaHOBOUHBEIH SKCIEPHMEHT, €CAM HCTHHHOE
HAaYaJbHOE COCTOSAHME €CTh O (UTO 3apaHee He H3BECTHO).

4.13. lna aBTOMaTa, mokazaHHoro Ha puc. 3 4.4. (a) IToctpoiite
peryaspHbelii 6e3yCaOBHBIH YCTAHOBOUHEIH SKCIEPUMEHT, €CAM MCTHHHOE
HayaabHOE COCTOSIHHE €CTh 7 (UTO CHauajda He M3BECTHO).

4.14. Heu3secTHOE HauyaJbHOE COCTOSHME aBTOMaTa Ha puc. 3 4.4
ectb 1. OmuuIHTE YCAOBHBIE 9KCIEPHMEHT, KOTOPHH 6yIeT mepeBouThb
aBTOMAaT B COCTOsAHHE 7.

4.15. W3sectHo, uTO 3ajaHHRE aBTOoMaT ecth au6o A, au6o B us
3anaun 4.2. [Tocrpoiite 6e3ycAOBHBIH SKCIEPUMEHT IJd PaCIO3HABAHHA
ABTOMATa U ONPEJENHTE €r0 KOHEUHOE COCTOSIHHE.

4.16. P,-pa36ueHHe MHUHHMAJLHOrO aBTOoMara M ¢ n coOCTOSIHMAMU
umeeT u kaacco. (a) ITokawurte, uro mo6ag AuarHOCTHUECKas 3a7aga
AJs IBYX cocTOsiHHB 1jaa M moxer GbiTh pelleHa ¢ MOMOWbIO MpO-
CTOro 0e3yCJIOBHOTO SKCIEPHMEHTa, AJHHA KOTOPOrO He IPEeBBIIAET
n—u-1. (6) Moxaxure, uTo mwo6as ycTaHOBOUHas 3anava ias M
MOXeT OBITb pelIeHa ¢ NMOMOUbI0 NPOCTOro 6e3yCAOBHOIO SKCIEpH-
MEHTa, JJuHa KOTOporo He mpeswimaet (n— 1) (n—u -4 1). (8) Ioka-
®ute, UTO A06as ycTaHOBOUHas 3ajada Ans M moxer ObiTh pemieHa
C TOMOLIBI0 NPOCTOTO YCJAOBHOTO SKCIEPUMEHTa, IJIHHA KOTOPOTO He
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IpPeBHIIAET
u—24[(n—u4+2)(n—ui1)/2]

4.17, MoxeTr OHTb MOKa3aHO, YTO aBTOMAT C N COCTOSAHHAMHU H
MHOXECTBOM IONMYCTUMBIX HauaJbHHX COCTOAHHH MOuIHOCTH m BCeria
MOXeT OHTb mepeBeleH B H3BECTHOE COCTOSHHE C MOMOILbIO 6E3YCaA0B-

HOTO 3KCIepuMenTa 1auHe [, rae I  (n—1) (m — 1)} utl 9 um,

@/)N@G/y

Puc. 34.3.

rie u ecTb JMo60e MOJNOXUTENbHOE uenoe yucao!). (a) Haiiaure u (kax
byHKUHIO m), KOTOpOe MHHHMMH3upyeT BepxHiolo rpanuuy l. (6) Oue-
HUMTE HAHMEHbIIYI0 BEPXHIOI0 rpauuuy [ aaa m =2, 4, 8, 1024.

4.18. Ta6auua map asromata M C 7 COCTOAHHAMH COLEPIKHT TOJBKO
pasavuHne mnaph. Ilokaxure, uYTO HauaapHOE€ cocrosHue M Bcerza
MOXeT OHTbh OmpeleneHo MPOCTHIM 6e3yCAOBHBIM 3KCIEPHMEHTOM, JJAHHA
KOTOpOro He mpeBnimaer (n— 1)2

4.19. He cTpos Kakux-a#060 NUarHOCTHYECKHX 3KCIIEPHMEHTOB, TIOKa-
WHTE, YTO IHArHOCTHYECKas 3a7aya 1Ji BOCbMM COCTOAHMH Ias aBTO-
Mara, mpeicraBieHHOro B Tabamue 3 4.3, MOweT GBITb pelleHa C I10-
MOWbI0 TPOCTOrO 3KCIEPUMEHTAa M YTO IHArHOCTHYECKas 3ajaua Ajd
OATH COCTOAHME jad aBTOMata, mpeicrasaeHHoro tabauued 3 4.6, He
MOXeT GbITb pelIeHa C MOMOIBI0 MPOCTOrO 3KCIEpPHMENTA.

4.20. (a) IToctpofite MuHuManbHbd (3, 2, 2)-aBTOMaT C BXOAHHM
andasuToM {a, P}, B KOTODOM HMEETCA MAapa €-COBMECTHMHX COCTOf-

'y ABTOpOM 3TOrO pesyabrata sBasgercas ['mu3bypr (S. Glinms-
burg, On the Length of the Smallest Unlform Experlment which
Distingulshes the Terminal States of a Machine, J. Assoc. Comput.
Mach., vol. 5, pp. 266—280, 1958. Pyccku#t mepeson: C. TuH36ypr,
O nauHEe KpaTuaHIIEro OJHOPOIHOrO 3KCIEPHUMEHTA, YCTaHABJIHBAIOIIErO
11<0Hi3!mbze cocTosHus MamuHH, «KuGepHernueckuii c6opHuk», Ne 3, UJ],
961).
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HuHl ¥ B KOTOPOM IMAarHOCTHYECKas 3aJaya 1Js TPeX cOoCToaHufi Moxer
6hTh peleHa ¢ nomouipio mpocroro 3kcuepuMenra. (6) Iloctpoiite
MUHHMaJbHBIHA (3, 2, 2)-aBTOMAaT € BXOAHHM aadasuToM {a, B}, B KOTO-
POM HMeeTcsi mapa ¢-COBMECTHMBX COCTOAHHH, HO HET HH OJHOH maph
B-coBMECTUMHX COCTOAHHH M B KOTOpDOM NHArHOCTHYECKas 3azaya Aas
TPEX COCTOAHMH He MOXKET OHTb DEUIeHa MPOCTHM 3KCIEPHMEHTOM.

4.21. N3BecTHO, 4TO B 3aJaHHOM aBTOMAaTE C /1 COCTOSIHHAMHM 1)
KaxJOH BXOJHOH mOCAENOBAaTENbHOCTH QHKCHPOBAHHOH AJMHH [ CyIe-
CTBYET Napa COCTOSIHHH, KOTODHE NMEPEXOlsAT B OJHO M TO Xe€ KOHeu-
HOE COCTOfIHHE C OJMHAKOBHMH peakuusaMu. [Tokawxwure, uTO Aas 3TOrO
aBTOMAaTa [OHAarHOCTHYEcKas 3ajaya [Aad 7 COCTOAHHE MOXET OHTb
pellieHa C MOMOIbIO NPOCTOrO IKCHEPHMEHTA.

4.22. TlocTpofite aBTOMAT C NATHIO COCTOAHHAMH, LJf KOTOPOroO
IHarHOCTHYECKAass ¥ YCTaHOBOYHAs 3aJauyd A WATH COCTOAHMH He
MOryT OHTb pEWeHbl HHKAKHM O6€3yCAOBHBHIM 3KCIEPUMEHTOM ILJHHH,
menbued yem 10. ITocTpofite nHarHocTHYECKOE LEPEBO H YCTAHOBOYHOE
IepeBo AAs 3TOro apToMaTa.



FNABA 5
IKCNEPMMEHTbI NO PACIOSHABAHWIO ABTOMATOB

5.1. BpeneHue

B npeabuayuieft riape Haule OCHOBHOE NOMYIUIEHHE COCTOANO
B TOM, 49TO HCCIelyeMblHi aBTOMAT MOJHOCTbIO OmpefeneH Ta6JH-
ued (vam rpadom, uam MaTpuuei) nepexonoB. B paccMoTpeH-
HBIX 3a13a4aX HMMeJNach HeONPeAe/EeHHOCTb OTHOCHTEJIbHO Hauallb-
HOTO COCTOIHMA aBTOMara, B HacTosuieft raaBe Mbl 6ydeM 3aHH-
MaTbca 60Jee WHpokON aagauell, a MenHo, 3anauelt pacno3nabanns
HEH3BECTHOTO aBTOMATa, T. €. TAKOro aBToMara, TabJauua nepe-
X0N0B KOTOpOTro He 3anaHal). Ecam paccmarpuBaTh KOHeuHHA
aBTOMAaT KaK 4epHBLIA flIMK, TO 3aJaua DPacno3HaBaHHWsA aBTOMArTa,
N0 CyLEeCTBY, NpeiAcTaBiseT cOOO# 3amauy omnpenefeHHs s
YepHOTO fILIMKA XapaKTePHCTHK BXOJ-BHIXOA HDH TOMOLUH M3Me-
peHHH Ha ero BHelwHMX BHBOAAX. [ToCKOAbKY AMA 5¢d¢ekTHB-
HOTO YTPABJEHHA W BLIFOAHOTO HMCNOAb3OBaHUA MOOOH CHCTeMbl
HeO6XOAMMO 3HATb €e TOuHbie XapakTePHCTHKH, 5Ta 3a1aya
ABJIAeTCA OAHOH M3 BaxHeRIIMX M HanGoJee 4acTO BO3HHKAIOILMX
NpH aHaJMH3e CHCTEM.

Yro6bl NpOMMAIOCTPUPOBATh Pa3HULY MEXIY 3a4auaMH pac-
NO3HABaHuA COCTOSIHMHA, NOCTaB/eHHBHIMM B TJaBe 4, M 3agauamu
pacno3HABaHWS aBTOMAaTa, PacCMOTPHM CJeAYIOWMK rpyObift npu-
Mep. TlaumeHT ¢ HensBeCTHOH O60/€3HbI0 NPUHAT B OOJbHHILY
I OMarHOCTHKHM W Jeuenns. Jlas nHammx ueqefl naupeHT MOXer
paccMaTpMBaTbC KAK KOHEuHHLIt aBTOMAT, BXOIHBIM al(aBHTOM
KOTOPOTO fBJIAETCH MHOMECTBO pasHYHEIX CNOCOOOB €ro Jjeue-
HUA. BbIXOIHBIM andaBUTOM 3TOTO ABTOMAaTa ABJAETCH MHOXECTBO
BO3MOXHBIX peakuwft nauventa Ha AeueHuwe. MHOXecTBOM CO-

') Marepuaa stoil raaBn uacTHuUHO Gasupyerca Ha pabore Mypa
(E. F. Moore, Gedanken-Experlments on Sequemtlal Machines,
«Automata Studless, pp. 129—153, Prluceton Unlversity Press, Prin-
ceton, N. Y., 1956. Pycckuii nepeBom: 3. &. Myp, YMospHureabuble
SKCIIEPUMEHTH ¢ TOCAEXOBATEIbHOCTHHMH MalinHaMH. B cOGopHuke
«ABToMaThl» mox pepaxunedt K. 3. Ilennona u k. Makkapry, WJI,
M., 1956).
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cTosHH#t aBTOoMata OyJeT MHOMXECTBO BO3MOMXHBIX . QH3NUECKHX
COCTOSIHUH TauMenta. B 1aHHOM npuMepe IMarHOCTHYeCKas
3agaua COCTOMT B TOM, yTOGH OmpeleduTb 60/€3Hb, C KOTOPOH
nocTynua GOabHOR (T. €. OMpeNeNuTb «HAYaAbHOE COCTOSHHEY).
Kak Mbl yCTaHOBWJH paHee, 3Ta 3aJaua He BCeraa paspeliuMa:
BO3MOXHO, uYTO NpHpona O0o0Jie3HH TaKOB4, 4TO, HE3aBHCHMO
OT TNPEANHCAHHOTO JeueHus, O60Je3Hb HCue3HeT paHblie, ueM
6yleT YyCTaHOBJeHAa. YCTaHOBOWHas 3aldua B PacCMaTpPHBAEMOM
NpUMepPe COCTOMT B TOM, yTOOLI BHIIEYHTb MallMeHTa, T. €. Mepe-
BECTH €ro B H3BeCTHOe ¢u3HuecKoe COCTOfAHHe (T. €. KKOHeuHoe
cocTosinue»). Kak MBI paHee YCTAHOBWJHM, 3Ta 3a4aya Bcerla
paspeminMa. Bcerna wMeercs nOC/aenOBaTeNbHOCTb HasHaueHwf,
KOTOpas 006s3aTeJbHO TNepeBeldeT NalHEHTa B H3BECTHOE ¢Qusu-
yeckoe COCTOsiHHMe (KOHeuHOo, He 0053aTesbHO wenaemoe). 3anaua
pacnO3HaBaHHs AaBTOMAaTa B JAaHHOM NpHMepe COCTOHT B ONpe-
IeJeHHH TOTO, KaK HACTOAlas peakuus u Oynyliee ¢pH3nueckoe
COCTOfIHME MalMeHTa CBA3aHbl C Ha3HAYEHHBIM B HACTOdALlee BpeMs
JeyeHHeM M HacTOALIMM ¢(U3HUeCKHM COCTOAHMeM (T. e. B Ompe-
IeNeHuH «TaGauibl nepexoxosy). $lcHO, 4TO 4O Tex mop, Moka
He 6YyAYT YCTaHOBJIEHH YKa3aHHbIE 3aBHCHMOCTH, He MOTYT OBbIThb
npoBeleHb Kakue-aMO0 cepbe3Hble NHATHOCTHUECKHE MPOLEAYPHI
WK Ha3HAueHO JeueHue. [103TOMy onpeleneHne ¢U3HOMOTHUECKUX
XdPAKTEPUCTHK NALUHEHTa, KOTOPble MOTYT OHTH YCTaHOBJ/EHBI
Ha OCHOBaHMHM CBeleHHH O ero Bo3pacTe, NoJje, pole 3aHATHH,
nepeHeceHHbIX 60/e3HAX, LOKHO NMPelllecTBOBAaTh JMIOOHM Aeit-
CTBHAM, MMEIOIIMM LeJblo yNpaBleHHe 310POBbEM MALUHEHTA.

5.2, O6was 3anauya pacno3HaBaHus aBToMmarTa

BydeM TOBOpPHTb, 4TO aBTOMAaT ABJAETCH PACHO3HAHHbIM,
€CaK omnpefeneHa (C TOWHOCTbIO A0 H30MOpdH3MA) €r0 MHHH-
ManbHas ¢OpMa NyTeM H3MepeHMH Ha ero BHEIUHHX BBIBOLAX.
ByaeM roBopuThb, YTO 4BTOMAT PACHO3HABAEM, CTH OH MOXeT
ObITb PACMO3HAH HE3ABMCHMO OT €r0 HAYaJLHOTO COCTOSAHHA.
3azava pacno3HaBaHHA aBTOMaTa B ee Hambounee o6lEeH dopme
COCTOHMT MOMPOCTY B CAEAYIOIIEM: PACcMNO3HATh 3a4aHHBIR aBTO-
Mar M. Hmxe B 3TOM naparpage MB MNOKaMWeM, uTO €CJH
06 aproMaTe M Her aO0CTarouHOH uHpOpMauum, TO o6uias
3anaua pacno3HABaHHMS aBTOMATa HepaspelinMa.

Teopema 5.1. Asmomam M Hepacnosnasaem, ecau
3apanee He u3BeCMeH NOAHOCMBIO €20 8X00HOH aagasum.
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Hoxasamesvcmso. TIPeANONOKHM, uTO HCCAENOBATENI0 H3-
BECTHO TOJBKO TOAMHOXECTBO, cKkaxeM X', BXOAHOro aiga-
Buta X aBtoMata M. [lpeanosiomHM TaKMKe, yTO HEKOTOpPbIf
SKCNEePHUMEHT, HCMOJb3YIOWMA BXOAHYIO MOC/TEfOBaTeNbHOCTh &,
€UMBOJIBl KOTOPOH BHGHPAIOTCS M3 nmoAMHOmecTBa X', BLIABJSET,
yT0 M HMMeeT MuHuUMabHYIO dOpMY M,, MoKa3aHHyio Ha puc. 5.1,

@---- 2@ @

My

(G/GIN(E/E)

@---- - @
Mz
Puc. 5.1. AsroMmat M, u M, k teopeme 5.1,

PaccmoTpuM Tenepb aBToMaT M, (Takxke nokasaHubfl Ha pHc. 5.1),
oTiuyalouuitca ot M; TOJbKO TeM, uTOo B M, K neTiae uiau
HCXOAsUle ayre BceX cOCTOAHHA N06aB/ieHa Mapa BXOA-BHIXOX
(¢,/C), rae &, npuHamtexuT X, HO He npuHamiexur X'. Tlo-
CKONMbKY peakuun M; u M, Ha TOCAeLOBATENbHOCTh & OMMHA-
KOBbI, TO B pe3y/abTaTe YKA3aHHOrO SKCMEPHMEHTa MOXeT OhTb
coenaH BHBOA O TOM, uTO asToMaT M —3TO aBToMaT M,,
C TakoH ke YBEPeHHOCTbIO, KaK M BLIBOA, yTO aBTOMaT M —
310 M;. Oxmnako, Tak kak aBToMaTet M; u M, He CpaBHuMH,
TO OHH, KOHEYyHO, He 3KBHBAJNEHTHH, M, CJ1eJ0BaTe/lbHO, Mpel-
MOJOMXEHHE O TOM, 4TO SKCTNEPHMEHT BBIABJIAET MHHHMAJBHYIO
¢dopMy, He MOxeT OHITh NOKa3aHo. TorAa OT MPOTHBHOrO Clie-
AyeT, yTO ec/Ju BXOAHOM angaBuT aBTOMata M He MOJHOCTHIO
M3BeCTeH, TO aBTOMaT M He MOxeT ObITh DPaCMO3HaH.
Teopema 5.2. Asmomam M nepacnosnasaem, eciu
npedsapumensHo He u3BECMHO MAKCUMAAbHOE 4UCAO0 CO-
CMOAHUL MUHUMAABHOL POpMBL 3M020 asmomama.
Hoxazameavcmso. [1ycTb HEKOTOPHLIM 3KCNePUMEHTOM NpO-
M3BOJBbHON, HO KOHewyHOR AJMHB L ycTaHosseHo, uto M, siBasercs
MUHHMaJbHOH ¢opMmoit asToMata M, nokasaHuHoft Ha puc. 5.2.
[lyctb aBTOMAaT M; MMeeT MHOXKECTBO COCTOsIHUH {0y, Oy, ..., O,).
PaccmoTpum aBToMat M, (Takke NOKa3aHHBI Ha pHc. 5.2),
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HOCTPOGHHbIﬂ B COOTBeTCTBHH CO CJACAYIOLIMMH NpaBHJIAMH.

I3 I3 I3
AptomMar M, wmeer n(L—+-1) cocrosnuft o, 0, .’ ., O Ly

Ecan mnapa Bxoa-Bbixod (£,/5) 0603navaeT Ayry, Belywyio
OT COCTOAHHA O; K COCTOSIHWIO O; B asTomaTe M;, TO B aBTO-

mate M, napa (/L) Takxke

06o3HauaeT Ayry, BeAYILYIO &)
M3  COCTOSHHSA 0;+(u_1)n ---—____@

COCTOsIHHE O ana u=1, ,

]

J+un
2, ..., L; ecnmu x aBTOMa-

Ty M, B COCTOsHWM O,

NPHIOWEH BXOAHOR CUMBOI Ep,
TO BBIXOJHOH CHUMBOJ 6yne‘r

g, # & wu crenylouee cocTos-

nue M, 6yzer o; , . Torza .____ ____
110 MOCTPOEHHIO KaX1ask BXOA-

Hasi MOC/eNOBATENLHOCTD AJIH-

Hbt L wiau MeHbleH Bbipaba-

THBaeT OJMHAKOBBIE BHXO.- .

Hble MOC/TENOBATe/NLHOCTH B

’
M;|o; u B M,|0;. Onnako ‘

ecIM TPHKJIaAbBaeTcH Jo6ast

BXO0JHAd MNOCAeAOBaTeNbHOCTDb /[)

ammnb L+1 kM, {oi " %

K M l()'" TO IBeé BLIxoaHble Puc. 5.2. ApToMaTsl M, u MZ K T€O-
2 peme 5.2.

NOC/IeN0BaTebHOCTH STHX aB-
TOMaTOB JO/KHBI Pa3iHuaTh-
ci TMOCNeIHMMHM cHMBoJaMu. TakuM o6pa3oM, pesyabrar [0-
Goro KOHEYyHOr0 3sKcnepuMmeHTa Hal aBTomMatoM M Moxer
O6bTb ONLMHAKOBO mnpucymuM kaxk M,;, Tak u M,, xora M,

M, He >skBuBajseHTHb. CneloBaTeJbHO, aBTOMar M He MOxer
ObITh pPacnO3HAH HHKAKMM KOHEYHBIM SKCNepHMEHTOM. 3aMeTHM,

4TO eC/IM W3BECTHO MAKCHMA/JLHOE WHCAO COCTOSHMA 7 aBTO-
MaTa M, TO aBTOMaT M, MCK/IOUAaETCAd SKCMEPUMEHTOM NIMHE L
Tako#, uwro (L4 L)n > n. TakuM 06pa3oM, ecau n u3BECTHO,
TO ¢ NOMOLIbIO AOCTATOYHO AJMHHOrO SKCMNepuMeHTa aBtroMat M
MOXeT ObiTh pACMO3HAH.

HWTak, MOMHO CunTaThb YCTAHOBJIEHHBIM, 4YTO HEOGXONUMBIM
ycroBueM pacno3naBaHus aBTOMATa sABJAETCA NpelBapuTelbHOE
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3HaHWe ero BXOZHOro ajidaBhTa M TPAHMYHOrO 3HAYeHHA uUHCIA
COCTOAIHMH ero MuUHHUMAanbHOR ¢opMbl. [lpeaBapHTesbHOe 3HAHHe
BLIXOJZHOTO aidaBHTa, KAK MH YBHIMM B jajbHefilueM, AJ8 pac-
NO3HABAHWSA aBTOMaTa He fBJAETCA 00A3aTelbHLIM.

5.3. PacnosHaBaHHe aBTOMAaTOB H3BECTHOro KJjacca

Han6onee uacto Bo3HMKaolas Ha npakTvke ¢opma 3anauu
PACMO3HABAHWA ABTOMaTa COCTOMT B DAacNO3HABAHWM aBTOMATa,
O KOTOPOM H3BeCTHO, YTO OH MPHHALJEXKHUT K ONpelelieHHOMY
KOHeYHOMY KkJaccy asroMartoB !). B cBsisam ¢ sTuM onpeneaum
ucKAwuumesbHbl  KAQCC, KAK TAKOR  KJIAcC  aBTOMAaToB
{M;, My, ..., My}, B KOTODOM HH OIHO COCTOsSIHHe M06OTO
aBToMaTa M; He SKBHBAJIEHTHO HHK3aKOMY COCTOSIHMIO aBTO-
mata M; (J + D).

Teopema 5.3. Hssecmno, umo 3adannsii asmo-
mam M npunaodaesncum KOHEHHOMY KAGCCY ABMOMAMOB
M= (M, My, ..., My}. Heo6xodumoe u Odocmamounoe
ycaosue pacno3sasadus asmomama M cocmoum 8 mon,
ymobet M 6ua uckarouumervholm KAGCCOM.

Hoxaszamesscmgo. Ecan M He sABAfeTCA MCKIMOUHTENbHEIM
KIaccoM, TO HMeeTcsl, MO KpaHHeR Mepe, olHa napa 3KBHBa-

. ;
MeHTHBIX cOCTONHMN, ckakem o) B M; n o) 8 M;. Torza,

ecmd aBroMar M sBaseTcd JMGO aBTOMATOM M1|0(”, an6o
Mj| o, To HukakuM skcnepuMenToM Hembas YCTaHOBHTb, KaKHM

HMEeHHO aBTOMaTOM OH sBJasercsi. CienoBaTesbHO, uyTOOB ABTO-
MeT M Bcerna O6bu1 pacnosnaBaeM, kaacc IM npomkeH GbiTh
HCK/IIOUHTEIbHbIM. YTOGH 10Ka3aThb JOCTATOYHOCTb YCJOBHA Teo-
pembl, paccMoTpuM asToMaT A(M;, M, ..., Mp), B KOTOpbIH
KaKINA wien MHowmectBa PN BKMIOuEH KaK MS80/MPOBAHHBIA
nonasromar. Ilockoabky I ABAseTcs HCKIIOUHTENLHHM, TO
A(M;, My, ..., M) aBAseTCA MMHMMAJbHLIM M, C/Iel0BATENbHO,
BCer1a CYLIeCTBYeT YCTAHOBOUHBI SKCMEePHMEHT, KOTOPHH ompe-
IelseT ero KOHewyHOe COCTOSHHMe. 3Had KOHeuHoe COCTOsIHHE
apromatTa A(M;, M,, ..., My), MOXHO HAHTH NOZABTOMAT,
HMeloLIM HauaJbHOe COCTOsIHHe, TPHMHalJexallee aBTOMAaty

1) Ecan He ompegeneHo HWHaye, TO GyIeM CYUHTaTh, YTO «KAACC»
aBTOMAaTOB COCTOMT W3 CPaBHUMHEX MHHHMAaJbHHX aBTOMATOB TaKHX,
Cpei¥ KOTOPHX HHMKAaKhe B2 aBTOMATa HE SBJAIOTCH 9KBUBANCHTHEIMH.
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A(M;, My, ..., My), u, crenoBaTelbHo, HalTH aBTOMaT M,,
¢ KOTOPHIM MOXeT ObiTb OTOXAeCTBJAeH aBToMaT -~ M. Takum
o6pasoM, ecan M — nckmounTenbHbIRR KAace, TO M pacnoaHaBaeM.

Teopema 5.3 nokasbiBaeT, yTO JABA «Pa3JHUHUMBIX®» (COTVIACHO
onpegenenvio § 3.9) aBroMara He 0653aTeqbHO Pa3THYMMBI
MO HX BHelWIHeMy TMNOBeNEeHHI0, MOCKOJbKY TaKHe aBTOMATHl He
o6s3aTebHO HckMounTeabHble. Hanpumep, aBromatet A9 n Al10,
n3o6paxceHHble HA puc. 3.6 w 3.7, pasmHuMMbl, HO He ABJAIOTCA
HCKJIOYNTENbHBIME (COCTOSIHUA 1 M 2 aBToMaTa A9 SKBHMBAaMEHTHBI
coctosinaM 1 u 2 apromara A10 coOTBeTCTBEHHO), MOSTOMY He
BCEr4a MOXHO ONpelenuTh, sBAseTcss apTomat M astoMatoM A9
nan Al0Q (MOXHO OmNpeaeauTh TOJMBKO B TOM Cayuae, koraa M
apasercs asToMatoM Al0 B cocrosHum 3), M, ClefOBaTeJbHO,
asToMaT M HepacnosHaBaeM.

[ycts n; 0603HayaeT yMCAO COCTOAHMHA aBTOMara M, u mycThb
aBTOMAaTH B HCKMOuMTeqbHOM kiaacce M= (M;, My, ..., My)
nepeHymepoll\slaHbl TaK, uto 1y, < ;. Torna A(My, My, ..., My)

comepxkur X n; cocrosuut. Coraacho teopeme 4.1, mobbie nBa
=l

cocTosiHus B aproMatre M; sBasiorcs” (n; — 1)-pasmHUMMBIMH.
TMo caeactsnio 4.1, mobbie aBa COCTOAHHMA — OAHO H3 M,
a npyroe w3 M; (J # i) — asasiorcs (n;—+ n; — 1)-pasmium-
Mo, Tak Kak n,4-n;<ny—ny TO MoGHe 1BAa COCTOAHMSA
B A(M, M, ..., My) (He3aBHCHMO OT TOTO, fIBJIAIIOTCA OHH
COCTOAHHAMH OJHOTO H TOrO (e aBTOMAaTa MM JBYX Pa3HHX
ABTOMATOB) NOJ/IKHbI ObITh (1) —+ ny — 1)-pasanunMbiME. Hcnodb-
N

aysa cieacteue 4.2, npn L=n,+n,—1 a m= 2 I; MOXHO
i=1

3aKJIIOUNTb, YTO YCTaHOBOuHas 3amaua aas A(M,, M,, ..., Mp)
BCerja paspeillnMa NpPOCTHM 6@3YCAOBHBIM SKCMEPHMEHTOM LJIHHBI
/N

(n,+n,— 1) [(lzlnl)— 1] WM MeHee,

Tak kax pelleHHe yCTAaHOBOUHOR Bamaud sBJAAeTCA TaKie
peuleHMeM 3a1auM PACNO3HABAHMA aBToMaTa M, MH HMeeM cle-
LYIOIYI0O TeopeMy.

Teopema 5.4. O sadannon asmomame M ussecmuo,
MO OH NPURAOAEHUM UCKAOHUMEABHOMY KAGCCY ABMO-
Mamos {M;, M,, ..., My}, 20e M; umeem n, cocmosnui,
npuvem n,. ., < n;. Toeda asmomam M wmodxcem Oums
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Pacno3nan npocmuoim 0e3yCcA08HboEM SKCIEPUMELMOM OAUHRY 1,
2de

N
z<(n1+n2—1)[(i21n,)— 1]. (5.1)

BaxHLIM wacTHBIM ClyuaeM TeopeMbl 5.4 spasercs ciayuaft,
KOTIAa r; WIM BepXHHe TPAHHuHble 3HAYCHWA N; OLMHAKOBHL A/
Bcex [.

Caencteue 5.1. O 3anaHHoM aBToMaTe M H3BeCTHO,
yTO OH TPHHALMEKHT HCKJIIOUHTETbHOMY KJACcCy aBTOMAaTOB
(M, My, ..., My}, rae kaxapiit aBTOMaT MMeeT He Gonee n
coctostnuil. Torna aproMaT M MoxeT ObITb Pacno3HaH NPOCTHIM
6e3yCNOBHBIM SKCNEPUMEHTOM IJIHHBI [, rie

1< (@n— 1D)(Nn—1). 5.2

JIlmMHa sKcmepHMeHTa, PAcMO3HAIOIEr0 aBTOMAaT, H TPYA-
HOCTH ero MOCTPOEHHs 3HAuMTEe/NbHO YMEHbIIAIOTCH, eCJAH BMECTO
6e3yCJA0BHOTO YCTAHOBOYHOI'O SKCMEPHMEHTa NPOBOLUTCA PAl
peryaApHEIX YCJAOBHEIX YCTAaHOBOYHBIX SKCNepPHMEHTOB. 3To
MOXeT OBIThb CIeJaHO CJAeAYOLIMM 06pa3oM.

Aaroputws 5.1. UsBecTHO, yTO aBTOMAT M NPHHALJIEKHUT
K HCK/IIOuMTe/]bHOMY kiaccy asroMmaroB {M;, M, ..., My}
Yro6bl pacnosHath M NPH MOMOLIM MPOCTOTO YCJIOBHOTO SKCIe-
pumenta: (1) Tlonaraem k=1. (2) I[lpoBoauM Has M pery-
JAPHBIA  yCMOBHBIH yYCTAHOBOYHBI 3KCNEPHMEHT, NOCTPOEHHBIA
ans M, C MHOMECTBOM JONYCTHMHIX HAuyaJbHBIX COCTOSIHMH,
colepxalmm Bce cocrosnus asroMata M,. (3) (a) Ecim B < N,
TO yBeJHuMBaeM £ Ha elMHHILY W Bo3Bpau@eMcsa k (2). (6) Ecau

o
k=N, 10 npuunmaeM, wto o, i=1, 2, ..., N, o6osHauaer

Hactodllee cocTosnue M, cumtad, wto M —so10 M;, W nepe-
xonuM k onepauun (4). (4) IlpoBoznm Han M perynaspHbift
YCAOBHBIR  yCTAHOBOYHBIH ~ SKCNEPHMEHT, MNOCTPOEHHBIH  Aad

A(M;, M, ..., My) ¢ MHOXECTBOM AOMYCTHMBIX HAualbHBIX
cocrosunt (o', o®, ..., o™}, Ecim xomewnoe cocrosHue
apromata A(M;, M,, ..., My) NpHHALIEKNT NOAABTOMATY M,,

10 M sBnsercs asroMaroM M,.

U3 Boipaxenns (4.23) ciaeayer, 4TO BHINOJHEHHe oOMNepa-
unn (2) anropurma TtpebGyetr npu k=1, 2, ..., N He 6onee
N

1

Z—Q—n,—(ni—l) BXOJHbIX CHMBOJIOB, TI€ 1; — 4HCJIO COCTOfA-

i=1
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wait B M,. Ecm n;, < n;, TO, MO CAGACTBHIO 4.2, BLINO/HeHHe
onepauun (4) Tpe6yet He 6onee (n, 4 n, — 1)(N — 1) onepaunt.
M3 teopembl 4.13 chaeayer, uTO NMOPAJOK SKCNEPHMEHTA, ONH-
CAaHHOTO aJdrOPHUTMOM, He TpPEBbIIAET

N N
2<ni—1>+N—1=(Zn,~)—1. (8.3)
i=1

i=1

TakuM 06pa3oM nNoJayuaeM:

Teopema 5.5. Ecsau 3adannsai asmomam M npu-
Hadaexncum UCKAOULEMENbHOMY Kaaccy asmomamos (M,
My, ..., My}, 20e M, umeem n; cocmoanuii u n;,, ny,
mo asmomam M 8cezda modicem Goimb pacno3nan npocmolm
VCA08HBM Jrcnepumenmonm Oauns. | u nopadra d, 20e

N

I <5 | Ym— 1|+ @+mn—DN—1, 6.4

i=1

N
d<(2 n,)—l. (8.5)

i=1

Cnenyer 3aMeTHTb, YTO TpPH TNPOBEAEHHH YCTAHOBOYHOTO
SKCnepuMeHTa Ias /Mo6oro uactHoro astomata My, coraacHo
TpeGoBaHuio onepauuu (2) anroputma 5.1, Hab/molaeMble peak-
UMM MOTYT ObITh HCNOJb3OBAaHB I/ HMCK/IOUEHH OLHOTO HJIH
HeCKOJIbKHX aBTOMaTOB (BO3MOXHO, caMoro M,) u3 nafbHefiero
paccMoTpenuss B kadectBe aToMara M. Koraa BbinosHenwue
onepauun (2) cOMpOBOMAACTCA TaKMM HCKJIOYEHHEM, TO Kak
IJIMHA, TaK Y NOPAAOK 3KCNEePHMeHTa 3HAYHMTEJbHO COKPallaloTCs.

Koraa n, uam BepxHss rpaHuua n, OAMHAKOBLI AJd BCex I,
TO M3 TeOopeMbl 5.5 BHITEKaeT

Cnencreue 5.2. Ecam 3anannbift asTomaT M npunHaz-
JeWHUT MCKIIOYMTENbHOMY Kaaccy aBroMaros {M;, My, ..., Myl
B KOTOpPOM KaxuabiH aBTOMAaT wuMeeT, MO KpaHHeH Mepe, n co-
CTOsHMHA, TO aproMat M . MOxeT ObITb pPAacCMO3HAH NPOCTHIM
YCTOBHBIM SKCNepHMEHTOM MJMHE [ M mopsanka d, rae

I< g N @430 —2) —2n+1, (5.6)

d<{Nn—1. (5.7)
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5.4. 3apaua pacno3HaBaHHA NOBPeXAEHHH

3HauuTeMbHBIH NpaKTHUeCKMH HHTepec MpeicTaBiseT 3a1aua
pacnosHaBaHus MOBpeXIEHHA, KOTOpOe BHI3BAJO HEHCNPaBHOCTb
aBToMara. B cBasm ¢ sTo# 3amaueft yno6HO paccMaTpuBaTh MO-
BpexJeHHBI! aBTOMaT Kak caMOCTOATeNbHHHA aBToMat. [Ipn 3TOM
sajzaya pAacnoO3HABaHHMS MNOBPEXIEHHOTO aBTOMATd, B KOTODOM
NOBpeXIEHHE TIPeANnOoaaraeTcs OTHOCAILMMCSA K H3BECTHOMY KJaaccy
NOBPEXIEHHH, CBOIMTCS K 3alaye pACnoO3HaBaHMA aBTOMATa,
OTHOCAILETOCA K M3BECTHOMY KJaccy aBToMaToB. M3 peayabratoB
§ 5.3 caenyer, uro noBpexieHwe Bceria MoxeT ObiTb onpe-
IeNleHO, eCJAHM KJaacc, K KOTOPOMY OTHOCHTCA TOBpeXIeHHHH
4BTOMAT, SBJSETCH HCKJIOYHTENbHBIM KJACCOM.

YToOr NMPOHANIOCTPHPOBATL NMpPOLELYPY Pacno3HABAHHA ABTO-
Mata BooOOLle ¥ pacno3HABaHMA TOBPEXNEHHS B YacTHOCTH,
paccMoTpuM aBtoMat A24, npeacrtaBieHHbIt Tabanueit 5.1

HaBecTHo, uto aBTOMaT A24 HencnpaBeH M YTO B pe3ydb-
TaTe TNOBPEXIEGHHSs NPU TPHAOKEHHMH K aBTOMAaTy B OLHOM H3
ero COCTOSIHUH BXOIHOTO CHMBOJMA O Ha ero Bhixoie BMecTo 0
nossaserca 1. [MospexneHHu#t aBToMat A24 MoxeT ObITb OLHHM

Ta6anna 5.1 Ta6aunma 52
ABTOoMaT A24 ABTomMaT A24'
%y Syl 2y Syl

x’V x’V
5y [ B a B sy a B a B

1 1 0 2 4 1 1 0 20| 4

2 0 1 3 1 2/ 1 1 3’ 1’

3 0 0 4 2 3’ 0 0 4" | 2

4 0 1 1 3 4’ 0 1 1] 3

u3 asToMaToB A24’, A24” m A24", npencraBneHHHx Tabau-
uamu 5.2, 5.3 u 5.4 coortBercTBeHHo. YTO6HI OMpesenuTH, CO-
CTaBAAIOT AM aBToMaThl A24’, A24” u A24” wucknounTeNbHBIR
KJacc, ClelyeT MPOM3BECTH IKBHUBANeHTHOe pasbuenue L5
aptoMata A (A24', A24" n A24"), T. e. ans pacuenafneMoro
aBTOMAaTa, NOCTPOEHHOTO M3 aBTOMaToB A24’, A24” u A24”.
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Ta6auna 53 Ta6auuya 54
ABToMaTr A24” ABToMaTt A24"
zy Syl %y v+l
Xy Xy
Sy a B a B sy (] B [ B
lll 1 0 2// 4” 1”, 1 0 2/” 4/”
2” 0 1 3” 1” 2/// . 0 1 3”/ 1”,
3” 1 0 4” 2” 3”’ 0 0 4/’/ 2,,,
4" 0 1 1” 3" 4 1 1 17 | 3gm

Pas6bueHne MOxeT OHTb BHMNOJHEHO C MOMOLIbI0 Tabauub mnap,
kak nokasaHo B Tabauue 5.5. Ms 3ToRt Tabaulb BuIHO, YTO
SKBHBANEHTHHMH B aBToMaTe A (A24’, A24”, A24") seasiorca
tonbko napu {17, 3"} u {27, 4”}. CnenosarensHo, aBToMar A24”

Ta6aunpa 55
Ta6auua nap nas aBromara A (A24', A24", A24")

Mapnt a B Mapu a p
1, 1 2, 2" vo4 | 3 3 | 44 )2, 27
1/' 3" 2/’ 4" I &', 27 1/’ 3 3/’ 1”
) | 4 o om 4 I 4 4 4" 1 [ 3 , 3"
1”7 , 3" 2// 4” 4 ” 97 2/// R4 3 '
.' ” .'”, 2 /I 2”/ 4 II 4 V74 2// 3 Il 1 " 1 i 3//
3 "' -' n 4” 2’” 2 ” 4 " 2/1 2/” 3// 3/” 1 ” 1/”
4/ 41/' 3 ’ 1”/ ) 3/// 4” 2/” 1 ” 3/” 3” 1”/

He ABJAETCS MHHHMAJABLHHM, H HH OLHO COCTOSIHHE OLHOTO 4BTO-
MaTta He ABAAETCA SKBHBAJEHTHHM HHKAKOMY COCTOSIHHIO IPYTOTro
aproMara. TakuM o06pa3oM, Tnocle TOro kak asToMar A24”
Oyner npencrasied cBoeH MuHuManbHOM ¢opMOR, aBTOMAT
A(A24’, A24”, A24”") cTaHOBHTCA MHHHMAJILHBLIM K IPHTOM TaKHM,
uTo aproMaTH A24’, A24” w A24" (BCe B CBOHX MHHHMAJbHBIX
¢opmax) o6pasyioT ucknounTeNbHER Kaace, Tabiuua ne pexonos
u rpad nepexonos asromata A (A24’, A24”, A24") npusenexn
Ha puc. 5.3 m B Tabamue 5.6 (aBromar A24” 1nan B cBoeft
MuHHManbHOR o pMe).

13 A. Tunxn
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Tenepb 3anaua ompeneneHus nNOBpexieHHs B aBTomare A24
CBeleHa K 3alaye ONpene/eHUs KOHEYHOrO COCTOSHMA MOBpe-
KIeHHOro aBToMata A24 wiM K 3ajadye NMpOBeleHWS YCTaHOBOY-
HOTO 3KCHepuMeHTa Hal aBTomatoM A (A24/, A24”7, A24"),

(2) %
@/ NG
@) @/
@/
&) )

424” 424”;
Prc. 53. AstoMar A (A24', A24", A24').

OKcnepuMeHT IJs PACNO3HABAHWSA NOBPeXIEHMs ONUcaH B Tab-
auue 5.7, TIe Npeinonaraercs, YTO HAYajJbHEIM COCTOSIHHEM

Ta6anna 56
ABToMaTt A (A24', A24", A24™)

Zy Sv+1 Zy Sv+1
xv x,v
Sy a i) a B sy a i) a i)
1 1 0|2 | 4 2" 0 1 1”7 | 1”7
2’ 1 1 3 1 17 1 o | 27| a7
3 0 0|4 |2 s 0 13| 17
4/ 0 1 V| 3 3" 0 0| 47| 2"
1” 1 0 271 27 4 1 1 17 | 37

aBToMata A24 aBnseTcs COCTOsHHe 2 M YTO B pe3ynabTaTe mo-
BPEKIEHHA TPH NPHJOKEHHH K aBTOMATy BXOIHOTO CHMBOJA @
B cocTofHMM 4 Ha Bhxoze mnoayuyaercas 1. Torla HCTHHHBIM
apTomMaToM sBjsgerca A24™, a WCTHHHBIM HAYaAbLHBIM COCTOfI-
HreM — 2 (910, KOHEUHO, SKCMEPHMEHTATOPY CHAYana He H3-
BecTHO). [lepBuift cronben Tabamubl 5.7 cOZepXHT B KauecTpe
PYKOBOACTBA YMTATENO HCTHHHOe cocrosiune A24” Ha pasanu-
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Ta6aunua 57
DKcnepHUMEHT NO PACNO3HABAHHIO MOBpeX(JleHHs B aBToMaTe A24

HcTunnoe . Peakuuna
cOCTOSHHE k & 9 9% | 8 (% %) 4a suxoze

YcranoBouHbl# skcnepuMeHT aaa A24" u {1', 2/, 3', 4')

2 0 | {1,2,3, 4} {1,2 p 1
17 1 {17, 8"} 1, 3 a 1
L 2 {2}

YcranoBounnit skcnepuMerT paa A24” u {17, 27}
onr 0 {1//' 2”} {1”, 2”} a 0
3" 1 {17}

YcrTaHOBOYHLIH skcmepuMeHT aas A247” u {177, 277, 37, 4"}

3/” 0 { 177 2”/ 3/” 4m } 1/” 2/” o 0
4 1 ,{3/”, 4/”,} 3/”, 4/” o l
177 2 { 1’”/ } ’

YcTaHoBOUHBIM skcmepumeHT Aaf A (A24, A247, A24") u {1/, 17, 1"}

17 0 {r, 17, 1'"} 1, 1”7 ao, 10
8/// 1 {1”, 3/”} 1”, 3" o 0
47 ) 2 {4/”}

HBIX CTaIMAX SKCMepPHMEHTa MO pAaCNO3HaBaHMIO. B cooTBercTBHHM
¢ aJjroputMoM 5.1 cHauana mnpoBeleM peryJaspHbit ycnoBHbIf
YCTAHOBOYHHI 3KCIepuMeHT Ls aptoMaTta A24” ¢ MHOXECTBOM
IOMyCTHMBIX HauanbHbix cocrosuuh (17, 27, 3/, 4’}. B koHue
3TOro 3KCNEepHMEHTa OKa3blBaeTcs, YTO €CJH HCMBITYeMblt aBTOMAT
eCTb aBToMaT A24’, To0 ero KOHeuHbLIM COCTOSHHEM JOJKHO ObITb
cocrosine 2’. Ilaflee MPOBOIMM perynspHbift YCJAOBHBIR ycTaHo-
BOYHBI 3KCmepuMeHT a8 A24” ¢ MHOXeCTBOM JOMYCTHMBIX
HayanbHbIX coctosun#t {17, 2”}. B konue 3toro skcmepuMenta
MOXeT OBbITb CIeJNaHO 3aKJOYeHHe O TOM, YTO eCJAM HCMbITyeMbllt
aBToMat ecTb A24”, TO ero KOHEeYHbIM COCTOSHHEM JOJIXKIIO

13*
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6uitb 1”. 3aTeM NpoOBOJMM pPeryfspHBI YCAOBHBIH YCTaHOBOY-
HBIft 9KCMepHMeHT AAs aBToMata A24" ¢ MHOXeCTBOM LOMYCTH-
MBIX HauaJbHbIX cocTosHu#t {17, 2, 3", 4"}, koTopmil ycra-
HABJMBAET, UYTO KOHEUHOe COCTOSIHME AOMKHO ObITh 17, ecam
HCTILITY eMbIM aBTOMATOM fiBAseTca A24”. Torza B KOHLE TpeTbero
YCTaHOBOUHOrO 3KCMepHMEHTa 3a1aHHLIM ABTOMATOM MOXEeT GbITh
A24’ B cocrosunu 1’ (aca nepesozut 27 B 1) uam A24”
B cocroaunn 17 (aa nepesomur 1”7 B 17), nan A24” B cocros-
Huu 17, Tlo3ToMy Aafee MPOBOLMM PeTYJAPHHMH YCAOBHBIH ycTa-
HOBOUYHBIL 3KcmepuMeHT Ins asToMata A (A24/, A24”, A24")
C MHOXKECTBOM IOMYCTUMBIX coctosHuit {1’, 17, 1"}, kortopuit
BHSABAAET, UYTO KOHEUHBLIM cOcTOsHuMeM sBaserca 4", Tak kak
cocroanue 4” npunaanexut nozasroMaty A24”, 3kcnepuMeHT
NOKA3HBAET, YTO MCNLITYEMbIM aBTOMaToM sBaserca A24”,
TakuM o06pasoM, MOXHO CIeJaTb 3aKJMIOYeHHe, UYTO HMelollee
MeCTo NOBpeXIeHwe Bu3biBaeT nospneuve 1 smecto O npw npu-
JOXeHUH BXOLHOTO CHMBOJMA O K aBToMaty A24 B cocrosuuu 4.

3aMeTnM, u4TO yMeHblleHHe AJMHH DACMO3HAIOLLETO 3KCMepH-
MeHTd [OCTHTAeTCS B TOM CJyuYae, ecaAH TMOocJe TNPHIOKEeHHS
KaXIO# MNOANOCNENOBATENBHOCTH BO3MOXHO OoJbllle COCTOSHUM
apToMata A (A24’, A24", A24") uckmouaeTca U3 PacCMOTPeHHs
B KayecTBe KOHeyHblx. HampuMep, mocje NpuNOMXeHHS NepBHIM
BXOIHOrO CHMBOMA P M MOJyueHHs 1 Ha BbiXoZe cocrosiHus 27,
2” u 4” (B nonoaseHwe K coctosHuaM 2’ u 4’) Moryr 6biTh
HCKJIIOYeHH M3 YMCAAa KOHEeuHBX cocTosHuf. B pesyabrare BTO-
po#t YCTaHOBOUHBIA 3SKCTMEPHMEHT MOXeT ObiTh OMylLeH, a TpeTHf
YCTaHOBOUHBIA IKCIEPHMEHT YKOPOUEH.

5.5. CHABHOCBA3HLIE ABTOMATh

B stoM naparpage paccMOTpDHM BaXHBIH KJaacC AaBTOMAaTOB,
HA3BIBAEMBIX «CHJIBLHOCBS3HHIMH aBTOMaTaMH».

Onpenenenne 51, AproMmar M ¢ MHOXECTBOM COCTOS-
Hult {0y, Op ..., O,} HASHIBAGTCHA CUALHOCBAZHBLM, €CIH Cylle-
CTBYeT BXOLHas MNOCJeLOBAaTeNbHOCTb, KOTOpas MEPEBOAHT
asroMaT M ¥3 m060ro 3aNaHHOTO COCTOAHMA O; B Ji06oe 3a-
LaHHOe COCTOsHHMe O (TA€ / MOXeT paBHATLCA 1))

W3 onpeneneHus chAeiyeT, UYTO CHAbHOCBA3HbIE ABTOMAaThbl
HE MOTYT COZepkaTb B cebe HHMKAKMX NPeXOLAIHX, TYNHKOBLIX
HAM MBOJHPOBaHHBLIX NoaabToMatoB. M nao6opor, Mool apTo-
MaT, KOTOPHH CONEPHHT MNPexOoiAlHi, TYNHKOBbLIR HIM H30-
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JAUPOBAHHHH NOAABTOMAT, He MOXeT OLITb CHJABHOCBA3HBLIM aBTO-
MaToM. TakuM 00pasoM, CHALHOCBASHBIM ABJAETCS TaKoH aBTOMAT,
B KOTOPOM MOXHO MepefTH B KawnoOe COCTOSIHHe He3aBHCHMO
OT MpeIbICTOPHH aBTOMarTa.

[leHa M CJOXKHOCTb MHOTHX aBTOMAaTOB, NpeICTaBJAIOLIHX
cobolt npakTHYeCKHe YCTpOHCTBAa, BO3pAacTaeT ¢ YyBeJHYeHHeM
yucaa MX coctosiHufl. [103TOMY BO MHOTHX aBTOMaTax, KOHCTPYH-
pYeMBIX I/ MPAKTHYECKOTO HCMONb30BAHHA, H36EralT HadHuHs
NpexolfAlivX H H3OJHPOBAHHHIX NMOLABTOMATOB (OHH MpPELCTABJSIOT
NOTeHUHadbHbe YOBTKH, TaK KaK MX COCTOAHHA HEeLOCTHXHMHI).
TakuM 06pa3oM, CHABLHOCBA3HBIE ABTOMATH NPEACTABASIOT coboft
KJacC aBTOMAaTOB, KOTODHE 4acTO BCTPEYaloTCs Ha NpPaKTHKe.

Jlemma B5.1. Ecau asmomamer M, u M, sngaswomcs
CURbHOCBASHBMYU U DA3AURUMBMY, MO HU O0HO COCMOSHUE
8 M, He IKBUBANCHMHO KaAKIMY-A460 cocmoanuio 8 M.

Hoxasameascmso. IlycTb MHOXECTBOM COCTOSIHMH aBTO-
mata M; Oyner MHOXKeCTBO [01, Oy v ey Un.}' a MHOXeCTBOM

cocrosnuit  apromara M, — [0;, 02’,, 0,’1}. [Mpennonoxum,
2
yTO B aBroMate M; uMeeTcs COCTOsHHMe O;, KOTODOe 3KBHBa-

M ’
EHTHO HEKOTOPOMY COCTOSHHIO O B M, Tycts & Oyzer

BXOJHOH MOC/en0BaTeNbHOCTLIO, KOTOPAs MepeBOIUT aBTOMar M,
M3 COCTOfIHMA O; B O), a &, — BXOIHOH NOCJ€N0BaTe/NBLHOCTHIO,
nepepoasiet aBroMaT M; H3. COCTOSIHHSA Op_; B COCTOSIHHE O
aa k=2, 3, ..., n; (Bce TakHe NOC/JEIOBATEJbHOCTH CYILE-
CTBYIOT, TOCKOJBKY aBTOMAT M; CHAbHOCBASHLIR). [IpUAOKHM
NoC/e10BATENbHOCT &8, . . - &, K M|o, n M, |0}, Mocne
NPHJIOKEHHS TOCAeNOBATENBHOCTH &8, ... &, M; OKakeTcs
B COCTOSIHMM O,, & M, —B HEKOTODOM COCTOSIHHH o;k. Tak Kak
01—01' TO HMX MNpPEEeMHHKH MO OTHOIIEHMIO K /o6o# BXonHOMN
NOCAeA0BaTeAbHOCTH AOJIKHBL OBITb 3KBHBAMEHTHBIMH, CJelOBa-

TENbHO, ok=0} s k=2, 3, ..., n;. Takum o6pasoM, 114
k

KaXaoro COCTOSIHHA B Ml CylwecTBYET S3KBHBAJEeHTHOE COCTOA-

’
HHe B M,. Temepp nyctb &; 6yler BxonHoh 1oce10BATe 1b-
HOCTBIO, KOTOpas MEPeBOIHT aBTOMAT M, M3 COCTOAHHSA 0 B O,

a &, — BXOIHOH MOCAEI0BATENbHOCTBIO, KOTOpas nepesonm M?
H3 COCTOAHUSA ok . B ok aa k=2, 3, ..., n, (BCe TaKue

NOCe10BATENLHOCTH CYILECTBYIOT, TaK Kak M, — CHABLHOCBA3HBIH
’ 14 ’
aproMar). [TpunoxuM nocnenoBatenbHocTs &1 . .. &n, kK M| 0,
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H K M2|0;.. Mocne npunoxenns &8, ... &, M, okaxercs B
COCTOSIHHH G, @ M; — B HEKOTOPOM COCTOSHHH O;,. [Tockonbky
olzo;., TO MBI JOJKHBl TOMYYHTb, Kak M Tpexie, 0, =g,

k

g k=1, 2, ..., n, TO ecTb AaA KaKIOTO COCTOAHHA B M,
CyllecTBYeT 3KBHBaleHTHoe cocrosHne B M;. Takum obpasom
NOKa3aHo, UTo eCM 0, =0, 10 M, = M,. 310 npoTHBOpeunT
YCTOBHIO TEOPEMBl H, CJelOBaTebHO, HH OLHO COCTOsHHe B M1
He MOXeT ObITb 3KBHMBAJIEHTHRIM KAKOMY-JHOO COCTOAHHMIO B M-

Teopema 5.6. Ecau M= (M, M,, ..., My} asasemes
KOHEUHBM KAGCCOM CUABHOCBAZHBLX QBMOMAMO8 MAKUX,
¥mo cpedu HUX HuxKarxue 08a asmomama He ABALIOMCSA
SKBuBANeHMHB MU, mo Kaacc I ABaeMCA UCKAORUMENbHbLM,

Hoxasamesscmso, Tlpeanonoxum, uyrto M ue ssasercs
MCK/IIOUNTENbHBIM KJacCOM. Torza s HEKOTOPOM asTomarte M,
JOJKHO CYILECTBOBATL COCTOSIHHE, SKBUBANEHTHOE HEKOTOPOMY
COCTOSIHNIO B ApyroM astoMmare M; (j = £). Onnaxo, cornacuo
nAeMMe 5.1, 3TO HeBO3MOXHO, MOCKOAbKY M; u Mj pasaUuYUMBbL

H CcuAbHOCBA3HB, [lonyueHHoe NpPOTHBOpEuMe HOKA3bIBAET, YTO
knacc M nommed GHITL UCKIIQUNTENLHHIM.

O6mnenunss TeopeMbl 5.3 u 5.6, noayuum

Cnenctsue 5.3, Ecau u3BecTHO, YTO aBTOMAT NPHHAA-
JeXHT K ONpeleseHHOMY KOHEUHOMY KJacCy CHIAbHOCBA3HBIX
aBTOMATOB, TO OH Bceraa MoxeT OHITH pacmosHaH. [lpouenypa
Ppacno3HaBaHus CHJAbHOCBAIBHOTO aBTOMAaTa M OleEHKAa IJIMHBL pac-
MO3HAIOUEr0 SKCNEepPUMEHTad MIEGHTHUHBH TNpPOLEAYpe U OlleHKe,
NpeicTaB/eHHBIM B MpellllecTBYIOWMX naparpadax.

6.6. Hekotopbie cBOHCTBA CHJLHOCBA3HLIX aBTOMATOB

Ob6pamums asmomamom HA3LIBAETCS aBTOMAT, KOTOPBIH
BCEerla BO3MOXKHO YCTaHOBHTb B HauanbHOe cocTosHue. $IcHo,
YTO KaMAHH CHILHOCBA3HBIA a4BTOMAT MABASETCA OOpPATUMBIM,
O6paTHoe yTBepkKieHWe, ONHAKO, HeMpPaBUALHO: OOpPATUMBIR
aBTOMAT He 00fA3aTeNbHO CHJBHOCBA3HLIM.

Teopema 5.7. Asmomam, 8 KOMOPOK KaxicObl U30Au-
POBAKKBU nodasmomam A8AAEMCA CUALHOCBAIHOLM, ABARCMCA
oGpamums s,

Hoxaszameascmso. Ilyctb uMeerca apToMaT M, KoTophift
COCTOMT N3 H30JMPOBAHHBLIX NOAABTOMATOB M, My, ..., M.
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Ec/ay HauaJbHHM COCTOAliMeM apToMaTa M fB/aseTCs COCTOsAHUE O
nolasToMara Mj, TO ero KOHEYHOE COCTOfiHHE 0; ana moboi

BXOAHOH MOC/IEN0BATENLHOCTH TAKKE NOKHO NMpuHaiiexats M.
Ilockonbky M; sBIfeTCs CUABHOCBASHBIM, BCerAa BO3MOXKeH
nepexoa B 0, u3 0,. [locnennee osmauaer, utro M — obpaTu-

MBI aBTOMaT.

Teopema 58, Ob6pamumali asmomam [8A8EMCR
CUNBHOCBAZHBM mo20a U mOAbKO moz2da, Ko20a OH He CO-
Oepoicum U30AUPIBAHKBX NO0GBMOMAMOB,

Hoxasamesvcmso. fcuo, uto ecan oOpaTUMbIR aBTOMAT
COCTOMT M3 JBYX M 6oJee M30JMPOBaHHBIX MNMOAABTOMaTOB, TO
OH He MOXeT OblTb CUJILHOCBA3HBIM. Tenmepb NpelnoJOMUM, UTO
o6paTuMHit asToMat M He COAEPXKUT W3OIMPOBAHHHIX NMOAABTO-
M4TOB, HO COIEPXMUT TMNpeXoZsdluflt (a 3HAUUT, M TYNUKOBHR)
nojaBToMar. DTO0 o3Hauaet, 4TO B asTomate M MoxeT OHITh
HauaJbHOE COCTOSIHME, B KOTOPOE Helb3sl BepHYTbCA, H, Clelo-
BaTe/NbHO, UYTO aBToMAT M He sasiasercsa o6paruMbiM. Toruza mus
MOMYYEHHOTO MPOTHBOPEYHSA CJELyeT, 4TO aBTOMaT M He MOxeT
BKJIOYaTb B ce6Gs MNpexoudllMX TYNHKOBBIX TNOJABTOMATOB.
Tak Kak aBTOMAT ABAACTCA CUMLHOCBASHHM TOrAA, KOTAA OH He
CONEPXKHUT TNPeXOoJAlINX, TYMNHKOBHX, H30/JHPOBAHHHIX MOLABTO-
MaToB, TO, CJeLOBaTeNbHO, ecAH OOpaTHMHH aBTOMAT He CO-
JEPMHUT U30IHPOBAHHHIX NMOIABTOMATOB, OH AOJ/KEH GbITh CHJBHO-
CBA3HBIM,

BaxHbM cBOHCTBOM CH/BHOCBA3HOTO 4BTOMAaTa SABASETCA TO,
YTO OH BCerga MoXeT OHITb YyCTaHOBJeH B mo0oe 3ajlaHHOe
KOHeYHOoe COCTOSHUeE.

Teopema 5.9. Hyecms M a8asiemcs CUALHOCBAIHBLM
asmomamom ¢ n cocmosnuamu. Tozda oH modcem Guimb
yemanosaen 8 Aw060e 3a0aHKOe COCMOKUE RPOCMBLM YCAO8-
Holm dxcnepumenmonm Osunw I u nopadxa d, z0e

I<5@+DE—1), (5.8)
d<n. (5.9)

Hoxasamesscemso. Vcnonvays sbipakedus (4.23) n (4.24),
aBTOMAT M BCErza MOXHO NepeBecTH B H3secTHOe (HO He 009-
3aTe/IbHO 3ajaHHOE) KOHEYHOe COCTOSHHE TPOCTHIM YCJOBHHIM
3KCNepUMeHTOM iaMHB 7 (n— 1)/2 wan MeHee w nopfxka n— 1
win menee. [locie Toro kak asTomMaT OyumeT nepeseiseH B
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U3BECTHOE COCTOSIHME, MOXKeT OHTb NMpPHAOXKeHA LONOJHUTeNbHAs
NOC/NeA0BATENbHOCTb, KOTOpPas MepeselleT ero M3 3TOTO COCTOSA-
Hud B Jo6oe 3ajaHHOE COCTOsAHMe (Takasd MNOC/eNOBaTeNbHOCTD
BCEerla CyLUeCTBYeT, MOCKoAbKY M, no npeinosokeHuio, AsdeTcs
cuIbHOCBA3HBIM). CorsacHo Teopeme 2.2, nauHa 3TOW IONOJHH-
TeJbHOH# NocaenoBaTeNbHOCTH He npeshwaer n — 1. Takum 06-
pasoM, oflas IJAuMHA 3KCNepUMeHTa Gyrer

IKgnn—)4n—1=75@+t+2@—1. (5.10)

O6wuit nopsanok npu 3ToM OyaeT ONpeneNATbCA BHPAXEHHEM

dn—1+1=n. (5.11)

6.7. PacnosnaBanne CHJIbHOCBA3HLIX (72, p, q)-aBTOMATOB

YacTHyHOe 3HaHHMe BHYTpeHHel CTPYKTYpH 3alaHHOTO aBTO-
MaTa BO MHOTHX CJyyasX MNO3BOJAeT BHIBUTb €r0 BXOAHOH M
BHIXOIHOK andasHTLl W uucao ero cocrosuuit. Hanpumep, ecam
aBTOMAT MpeiaCcTaBasdeT COOOH BHIYMCANTENbHHH npuboOp, TO 3Ta
uHpopMauus MoxeT OHTb MNOJAYYeHAa H3 3HAHMA BXOLHOTO
yCTpOHCTBA, BBLIXOILHOTO YCTPOHCTBA M YHMCJAA 3/IEMEHTOB NAMATH
npubopa. Ecay YHCNO BXOAHBIX CHMBOJOB PAaBHO p, YHCAO BBI-
XOIHBIX CHMBOJIOB — ¢, 4 YHCJO COCTOSIHMH — 2, TO 3Ta HHGOP-
Mauus paBHOCHJAbHA  YTBEpXKJEHHIO, YTO 3alaHHH® asToMar
asnserca (n, p, g)-asTomatoM. Ecau, kpoMe TOro, H3BeCTHO,
YTO aBTOMAaT CHJbHOCBASHBIA, TO MOXHO YTBEpX1aTb, 4TO 3a-
JLAHHHH aBTOMAT ABJAETCS CHJABLHOCBASHBIM (1, p, ¢)-aBTOMAaTOM.

Knacc cuabHOCBASHBIX (n, p, ¢)-aBTOMaroB Tako#, UTO HH-
KakHe JBa aBTOMAaTa M3 3TOTO KJ4acCa He ABJAIOTCA SKBHUBAJEHT-
HeMH, OyneM oGosHauate uepes C, , .. Ouesnuno, uro C, , .

ABJISieTCA MOIKJNAcCCOM KJacca MUHUMaJbHBLIX (7, P, ¢)-aBTOMAaTOB
TAKMX, YTO HMKAKME [BA ABTOMATA M3 3TOTO KJACCA He SKBMBA-
neHTHH Apyr apyry. CornacHo Teopeme 3.7, mocaelnufl khaacc
ABAAETCS KOHEYHbIM M, caenosarenbho, C, . . LOJKeH OHTb
Takxe KOHeuHHM. Mcnonbsys suipaxenue (3.21), HaxozuM, uTo
MowHocTb kaacca C, o6oaHauaemas |C onpenensercs
BHIpaXEHHEM

hq "!p!ql’

3
1
—_

ICn,p,q|<% [(gn)? — r]. (5.12)

-
1l
=}
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[MockoabKy, cornacho Teopeme 5.6, C, p, q TPencrasiser coGoh
MCKIlouNTeNbHBIR Kaace, mM00o# ero uymeH Moxer OHTbL Omnpe-
neseH TPOCTHIM 0e3yCTOBHLHIM 3SKCNEPHUMEHTOM AJMUHH [, Tie, NO
caeactsuo 5.1,

n-1
2n — .
1<@a—1)(ICy, p ol n— D<= W ttgny — 11 =
r=0

=M"ﬂ[1 <

(r—Dr Ll @n)?
@Cn —1) (gn)P" n{n—1)

TakuM 006pasoM HMeeM:

Teopema 5.10. Ecau ussecmuno, wmo asmomam M
ABAACMCA CUALHOCBAZHNM (B, P, g)-asmomamorm, mo M
8cez0a Mooic2m Gumb pACNO3HAH NpOCMuM  (e3YCA0BHb M
axcnepumenmom Oaunw I, 20e

2n — 1) (gn)P"? nn—1)
R s exp[———Q(qn)p ] (5.14)

HanpuMep, cuabHocBsisubift (2, 2, 2)-aBToMaT Moxer ObiTb pac-
NO3HAH NMPOCTHM Ge3yCJTOBHBLIM SKCNEPHMEHTOM, LJIMHA KOTOPOTQ
He 6yneT mpeBbllaTh 725 CHMBOJIOB.

5.8. ABTomaTn Ge3 moTepn HEopMauun!)

B rnaBe 4 u mpeablaywux mnaparpagax HacTosilleit TIaBH
MB H3YuYaqH BOTPOCH PACNMO3HABAHMSA HEHW3BECTHHX COCTOSIHUN
1 HeusBeCTHHX 4BTOMaToB. B 3ToM maparpade MLl paccMOTpuM
3ajauy pACNO3HABaHUA [PYroro TuUNa — 3aJayy pacno3HaBaHusA
HeHa3BecTHOR BXOIHOH MOCAELOBATeNbHOCTH, NPUAOKeHHOR K 3a-
IAHHOMY KOHeyHOMY aBToMary. B uactHocTH, 3Ta 3amaua co-
CTOMT B CJeIyIOLleM: HeM3BeCTHas KOHeyHas BXOIHafd TMOCJenO-
BATEJABHOCTb & TNpUKJAanbBaeTcs K asroMarty M, Ttabauua
NepexoioB KOTOPOTO M HaualbHOe COCTOfHME O; (T. €. COCTOsIHUe

1y Matepnan storo maparpada uacTmuHO Gasupyercs Ha paboTe
Xatdmeua (D. A. Huffman, Canonical Forms for Information —
Lossless Finite — State Logical Machines, IRE Trans., vo!. CT — 6,
special supplement, pp. 41—59, 1959).
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nepel MNpPHONKEHHEM BXOAHOH TOCAE10BATENLHOCTH &) U3-
BeCTHb, a peaKuud Ha BXONHYIO TNOCJeNOBATEJbHOCTh & MOXET
Hab/MI01aThCs; MOCTPOUTL SKCTEPUMEHT, KoTophift, Oynyun npo-
BelleHHBIM Hal aBToMaToM M, moc/je npujoxeHu# nocaenoBa-
TeJLHOCTH & pAacno3HaeT 3Ty TNOC/eN0BaTeNLHOCTh, ABTOMATH,
I KOTOPHX 3Ta 3alaya MOxeT ObITb pellleHa He3aBUCHMO
or & u 0, HasLBaTCA asmomamany Ge3 nomepu UREPOP-
mayuu. Asromarh Ges moTepd MHGOPMAUMHM B OTAMYME OT BCex
APYTUX KOHeYHHX aBTOMAaTOB, B KOTOPHIX MPU H3BECTHHX Ha-
YaJbHOM COCTOSIHMM M TPWIOXEeHHOH BXOIHOH MocienoBaTeb-
HOCTH BCerja MOXHO ONpeaeUTh BEIXOAHYIO NOC/e10BaTeNbHOCTD,
MMEIOT IOMNOJHUTeJNbHOE CBOHCTBO: NpPH 3alaHHOM HayaJbHOM
COCTOSHUM TO BHIXOIHOH TNOC/IeNOBAaTe/NbHOCTH MOXHO BCerna
onpelefnTh BXOIHYI0 MOC/eLOBaTe/NbHOCTD.

Bynem roBopuTb, YTO COCTOsHMe O, aBTOoMata M 8edem
8 cocmoarue G, 4epes &/, ecaum TMpPUIOKEHUe BXOLHOH mo-
caenoBateqbHocTH & K M| 0, Laer BHIXOIHYIO mocCienoBaTelb-
HOCTb & W mepesonut aBToMaT M B cocrosnue 0,. Cocros-
HUe 0, OyleM HasbBaThb COCMOMHueM ¢ nomeped'), ecin oHO

BeleT B HEKOTOpOe COCTOfA-

& /R Hue 0, uepes &/F M ue-

pes &,/ rie & n & —

IBe pasauyHble BXOAHbIE MO-

6,/ R crenoBatenbHocTd.  Ilocaen-

Hee onpenefeHne HIIOCTPH-
pyercsa puc. 5.4.

Teopema b5.11. [fasn
mozo umobs. asmomam M
Oon asmomamon Ge3 nomepu ungopmanuu, Heobxodumo u
0ocmamouno, 4mols. Smom a8momam He umes COCMOAHUL
¢ nomepeli.

Hoxasameascmso, Tlpennonoxum, uro asromar M co-
IepXHUT COCTOSHHE ¢ NoTepefl 6, Takoe, KaK TNOKa3aHO Ha
puc. 5.4, Tax xax BHXOIHHe mocaeloBaTeabHOCTH M |0,
npu &, M npu &, OMMHAKOBH W TaK Kak ofe MocaenoBaTeb-
HOCTH mnepeBodAT M B OILHO M TO e KOHeYyHoe COCTOSHHE,
TO HE CYLIECTBYeT NOCAeAYIOLIEr0 SKCMepUMEeHTa, KOTOpHH Gbi
BLIIBUJ, BEHI3BAHA BLIXOAHAA TNOCAELOBATeNbHOCTh of BXOLHOH

Puc. 5.4. CocrosHue ¢ norepei uH-
dopManuu.

1) UMeetca B Buay noreps undopMauuu. ([7punm. ped.)
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OC/AeOBATENbHOCTIO &) MaN &5 Taxum o6pasom, Heob6xoaH-
MOCTb YCJAOBHA TeopeMbl oueBHAHA. [IpeanoJioKMM Temeps,
yTo M He COLEPKHUT COCTOSIHUH ¢ norteped U uTO & HaGaio-
naetcsd MpH TPHJOKEHHH HeM3BecTHOW BXOAHOH mocjenoBareb-
noctn & K aBToMaTy M B M3BECTHOM HayaJbHOM COCTOSIHHH G.
[To Ttabauue nepexoioB OMNpeledHM BCe pasjUyHble BXOIHbLIE
NOCAeNOBATENLHOCTH, CKaxeM &, &, ..., &,, KOTODHM TOYHO
COOTBETCTBYET ¢&; ONHON M3 STHX NocneloBaTeJbHOCTEHd N0/KHA
Onith &. OO603HAaUNM COCTOSHHA, B KOTOpDbHle BeleT G, yepes
VR, EYF, ... &R, 0, Oy, ..., O COOTBETCTBEHHO.
[TocKOMbLKY, COTNACHO IOMYIUEHHIO, O; He SABJAETCA COCTOSAHHEM
¢ notepeft, 0;, 0, ..., O; JHOMKHH ObITb DA3/IMUHBIMH H,
cneloBaTebHO, ILOJIKHO CYLUECTBOBaTb B3aUMHO OJHO3HAaYyHOE
COOTBETCTBHE MEXIY COCTOAHMAMH O ¥ BXOIHLIMH NOC/eLOBa-

TenbHOCTAMU &,. Tenepb NPHJIOKHM YCTaHOBOUHYIO MNOCAENO-
BATEMLHOCTb, CKaXeM &, MOCTPOEHHYIO 1A M ¢ MHOXeCTBOM
IONYCTHMEIX HAYajbHBIX COCTOAHUA {0, 0p), ..., 0;,). O6o-
3HauMM KOHEYHOE COCTOsHHe, B KOTOpOe nNepefileT aBToMaT
nocje MpUaoKeHus &, Uepe3 0; a BLIXOAHYI0 TOC/AeN0BATENb-
HOCTb, KOTOpas MOJMYYHTCA TpH 3TOM, yeped &F,. Ilapa mocie-
LoBaTeJbHOCTe! BXON-BHIXON & py/d%; MOXET OTHOCHTBCS TOJBLKO

K ONHOMY W3 COCTOAHMH O, O, ..., 0; TO CAelylOLHM CO-
o6paxeHusaM: LOMYCTUM, UTO & /%y OTHOCHUTCA K IBYM COCTOA-
HHAM, CKaXeM O; W 0Oy TOTLA O; BeleT B O uepes &6 /K y
n ueped &9l /& . OmHako, Tak kKak & M &, — pasauuHHe
NOC/Ne10BaTe/ILHOCTH, 3TO 03Ha4aao0 Obl, YTO O; fABJAfETCH CO-
CTOSIHHEM ¢ mnoTepedl, UYTO NPOTHBOPEYHT TNPELNO/OKEHIO, NO
KoTOopoMy aBTOMaT M He COLEpXHUT COCTOSHHH ¢ mnoTepell.
CnenoBarensho, & /%y OLHO3HAYHO OMpelenseT COCTOAHHE,
B KOTOpOe aBTOMAaT MEPEXONHT H3 O, MpPH NpHIOKeHHH &, H,
3HauMT, ONHO3HAUYHO onpefefsder &. ITO MOMOKEHHE WIIOCTPH-
pyerca puc. 5.5, rie npeanonaraercd, uro &, sapaserca neit-
CTBUTEJNLHOH BXONHOH MOCAEN0BATENALHOCTBIO &,

ITycTb Sj (0,) obosHauaeT MHOXECTBO COCTOAHMH, B KOTOpoOe

NepexonuT aBToMaT M H3 COCTOAHHA O, € BLIXOLHHIM CHUMBO-
nom §;. Ecam M sBasercs asromatom Ges mortepu undopmaum,

PlMeIOLLLPlM P BXOIHHIX M ¢ BHIXOAHBLIX CHMBOJIOB, TO MHOXeCTBa
S (o)), Sy(0,). ..., S (0,) DO/KHBI COLepKaTb MOJHOE YHUCJIO

snemedtoB p. Tenmepb nycTh «MHOXecTBO D, (0;)» 00603Hauaer
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HEKOTOPOE MHOXECTBO COCTOAHHMH, CKaxeM [0,1, O +ovr O )

JOCTHXHMMHIX U3 COCTOAIHMA O, € BbHayel oXHO# M TOH ke
BHIXOAHOH TOC/JAe10BaTeNbHOCTH IJAMHB k., Toraa MHOXeCTBO
S;(0,)US;(0,,)U ... US;(0,,) aBaserca muoskectsoM Dy, 1(0)).
Ecau M —asromar Ges noTepn uHbOpMauuu, TO YHUCAO 3J6€-
MEHTOB MHOXecTBa D) ,;(0;) HOMKHO paBHATBCA YHCAY BCexX
S/CMEHTOB B MHOwecTBax S;(0y ) S;(04,) ..., S;(0;) ana
moboro j. Takum o6pasoM,
COCTaB/IAf DEKYPCHBHO Bce
MHoxectBa Dy (0;) 1aa Bcex
k n I, MOXHO ONpeneanTh,
ABAseTca aBToMaT M aBTOMa-
ToM Ge3 mortepu nHdopMauun
WU Her.

YxasanHbit kputeput Mo-
#eT OBITb JIerko npHMeHeH
NpH MOCTPOEHHUHN TAK Ha3blBae-
Mot mabauyet nposepxu
Puc. 5.5. TloscHenune 10Ka3aTeabCTBa nomeps. B stoffi Tabauue

TeopeMsl 5.11.

KamigoMy croabuy cooTBer-

CTByeT CBOH, OTJMUYHBIA OT
ApYTHX, BHIXOAHOH cumBoa ;. TaGauua Aeautcs Ha cienyioume
Ipyr 3a ApyroM noatabauubl, NepBas H3 KOTOPHX COIEPXHUT
B OCHOBHOM cToafue cocTosuud ©;, Oy ..., O, aBTomata M,
a COLEPIKUMEIM KJeTKH, Haxoldllelcsa Ha nepecedeHNH CTPOKH O, U
croabua Cj, MeeT MHOXeCTBO Sj (6,). Kaerxn ocHoBroro cronfua
(k4 1)-#i noaTabanuH 3anoaHsOTCA COLePHKUMBIM KeTOK k-# noa-
TaGAULE, TPHTOM TakMM, KOTOPOe He BCTPevyaloch B OCHOBHLIX
cTonbuax npelnlecTsylowmnx noarabauu. B kaeTke Ha mepeceve-
HHH CTPOKH (0, , Gy +v s O;) U CTONOUA ¢ B (k4 1)-# nox-
Tabauue 3anUCHBAETCA MHOXKECTBO Sj((’i,)U Sj(0i2)U USj((r,r),
KOTOPOE MOXeT OLITb COCTAB/IEHO MO JAHHLIM MepBOH NOATAGAULH .,
[TocTpoenne Tabauubl 3akaHYMBaeTcs NPH BLINOJHEHUH OLHOTO
M3 caefyIolnX ycaoBuii: (1) yucao 371eMEHTOB HEKOTOPOro MHO-
XecTBa Sj (0,) (B mepso#t nmoxrabGanLe) MeHbllle MOLIHOCTH BXOI-
Horo andasuta; (2) YMCAO 9EMEHTOB HEKOTOPOr0 MHOMKECTBd
Sj(ol-l)U Sj(0,2)U USj(OI,) (B k-1 noarabaunue, rae & > 1)
MeHble OOLIEro YHC/Ia 37eMeHTOB MHOKECTB S;(0, ), S;(0;,). ...
Sj(ol-r); (3) Hemb3s 100aBUTb HHU ONHOM HOBOH CTPOKH
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B ocHoBHOM ctoabue. Ecau ycaosua (1) u (2) He umeoT MecrTa,
10 M saBasercsa aBTomaToM Oe3 notepn HHdopmaunu, OueBUIHO,
y1o OOflllee YHCJAO CTPOK B Tabjulle NMPOBEPKH NMOTEpPb HE MOXeT
npeBbINaTh

Jh

(”):2"—1. (5.15)

—

r=

TMosToMy TnpoBepka nOTepb WHGOPMAUMM HABAACTCA KOHEUHBLIM
NPOLECCOM.

B kauectse npumepa B Tabauue 5.9 npusenena rabiauua npo-
BepKM MOTepb LJs aBToMata A25, 3amanHoro rpadom nepexo-
noB puc. 5.6 m raGauue#t 5.8. Ilepas noarabauua cTpourcs

/7

Puc. 5.6. ABtomat A25.

Ha ocHoBaHun Tabmuusl 5.8. B ocHoBHo# croabeu BTOpO# Moz-
TabJNLbL MepenuchHBaOTCA U3 NepBo# Tabauun Muoxectsa (1, 3},
{1, 8} n {2, 3}, He colepxaluyecs B OCHOBHOM croalle Noc/el-
Hefl. B kierxe Bropo#t noarabauim Ha Mepecedenun cTpoxu {1, 5}
M croabua 1, HanpuMep, npocrapasercs HaGop cocroanuii, cros-
IMX B KJeTKax Neppolt mnoaTabauubl Ha nepeceyeHuu CTpox 1
M 5 u cronbua 1, a umenHo (2, 3, 4}. OcraabHble KaeTKH
TabMULbl 3aNOJHAIOTCA aHajdornyHo. Tak Kak M3 paccMOTpeHus
tTabauub 5.9 caepyer, uto ycaoeua (1) m (2) He uMeT Mecra,
aBroMar A25 sBjaserca aBTOMaToM Ge3 moTepu HHGOpPMaUMH.
[TpounnocTpupyeM, Kak MOryT ObLITb oONpeleleHH BXOLHLIE
NOC/1e10BaTeNbHOCTH aBToMaTa Oe3 nortepn undopmaunn. Ilycrb
M3BECTHO, YTO aBTOMaT A25 10 npujoxeHus HeusapecTHo# BXOI-
HOI MoC/e10BaTeNLHOCTH HAXONUACA B COCTOAHMM 1, a B pe3y.b-
TaTe TPUMOKEHHA 3TOH NOCAENOBATEIbHOCTH BbILAJ BHIXOLHYIO
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Ta6nuna 58 Ta6banuuma 59
ABTOomaT A25 Ta6avua npoBepKH norepb
AJNA aBTOMaTa A25
z S
v v+1 0 ]
X
s v Q B Q B
v 1 — 2,3
2 — 1,5
1|1 1 2 3 3 1, 3 —
2 1 1 5 1 4 5 3
3 0 0 1 3 5 5 4
4 1 0 3 5
5 0| 1|5 4 1,3 1,3 2,3
1,5 5 2,3, 4
2, 3 1, 3 1,5
2,3,4|1,3,5 1,35
1,3 5 1,35 23 4

nocienoBateibHocTs 111. M3 rpada nepexonos, n3oOpaxeHHOr o
Ha puc. 5.6, MOXHO 3aK/JIOUUTh, 4TO TNoOC/Aen0oBaTeabHOCTh 111
MOJET COOTBETCTBOBATbH BXOIHBLIM MOCJAeJOBATENLHOCTAM Ofic, apf
1 0@f, KOTOpHe NepeBOLAT aBTOMAaT M3 COCTOAHMA 1 B cocTod-
Hus 2, 3 u 4 coorBercTBeHHO. [locaenoBaTeNbHOCTL Off ABAACTCS
YCTaHOBOUHON MOC/TeNOBATENLHOCTHIO AaA aBTOMaTa A25 ¢ MHO-
XKeCTBOM [LONMYCTUMHIX cocToAHu# {2, 3, 4}. Tlpu npuaoxenunu
noc/el0BaTeJbLHOCTH Of B cocTofAHMAX 2, 3 ® 4 BHIXOLHBle
nocjenoBatesbHocTH 6yayT cootBerctBedno 11, 01 u 10. Cre-
IOBATENLHO, UCTHHHOH BXOAHOH MOC/AeI0BaTEAbHOCTHIO OyaeT afa,
afp wian @af, B 3aBUCUMOCTM OT TOro, Kakaa Oyler peaxuus
aBTOMA4T4 Ha MOCJeLOBaTeJbHOCTb Gf (TPHJIOXKEHHYI0 Tocje He-
u3BecTHOM BxonHo# mocaenosatenbrocTi) — 11, 01 uaun 10 coot-
BETCTBEHHO.

AsromMar M Ge3 motepn MHGpOPMALMH MOXHO PacCMaTpHUBaTh
K3aK KaHal CBA3H, B KOTOpOM cooOllleHve, MepelaHHOe HAa BXO.-
HOM KOHLE, NPHHATO B 3aKOIMPOBAHHOH ¢opMe Ha BHIXOLHOM
KOHlUe. 3alaya NeKOIMpOBaHUA TOJYYAEMOTO COOOILEHHS MONeT
ObLITh yCNelWHO pa3spellieHa, ecAM NOJAy4YaTeNdb 3HAeT COCTOAHHE
KaHaja Tnepel nepeldaueft Kaxcioro COOOLIEHHSt M eCaM KaHaj
MOXeT ObITb MepeBeleH B M3BECTHOE KONeuHOe COCTOAHHE Tocje
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nepelayn Kaxuoro coolienna. Ecan mnoayuartenb He Moxer
KOLTPO/IUPOBATH NepelalolHi KoHel, (KaK 3TO 4acTO UMeeT MecTo),
70 BTOpOE TPeGOBaHME MOXET ObIThL YyIAOBJAETBOPEHO, €C/M OTMpa-
BUTEIb «COIVIACHTCA® 3aKaNYMBaTh Kaxnoe cooOGlueHHe Noc/eno-
BaTeIbHOCTHIO &5, T. €. 3apaHee ONpeENe/eHHOH YCTaHOBOYHOH
nocae10BaTeIbHOCTLIO LA aBToMaTa M M 114 MHOXeCTBa jony-
CTUMBLIX HAYaabHBIX COCTOAHMH colepialiero BCe COCTOSHHUA
apromata. Hanpumep, ana apromara A25 W 141 MHOXECTBA 10-
nyctumeix coctosuut {1, 2, 3, 4, 5} ycranoBouHo#t mocaenosa-
TenbHoCThi0 GyaeT aaa. Ecau otnpaBuTes cucTeMaTHyeckH 3a-
KaHuHBaeT Kaxiaoe coollleHHe nepenadyeti Noc/1e10BaTeLHOCTH QRO
(1M nepeldeT @O B TeYyeHHe ONpeleseHHHX, 3apaHee OrOBO-
peHHBIX HHTEPBaJOB BPEMEHH), TO BCE MNepelaHHble COOGLIEHHA
MoryT ObITb pacuindpoBaHbl HA NPHEMHOM KoHue 0e3 HeoOxonu-
MOCTH IOCTYINa K BXOIHBIM 3a)XMMaM aBTOMaTa. MOXHO Takxke
MoKasaTh, 4YTO €CJAM OTNpPaBUTesnb COl/IACeH NepenaBaTbh MOCje-
IOBATENLHOCTb & neped KaxiHM COOOIUCHHEM, TO TPUHHMAIO-
IEMY He HYXHO 3HAaTb HayanbHoe coctoanue M (T. e. cocTos-
wue M, B xoropoM k M Oblm NpuIoXKeH nepBbft CUMBOA CGOJ-
IEHUA), TAK KaK 3TO HaYaJbHOE COCTOsHNE MOXeT OBITh ONpeleneHo
no peakuuu apToMaTa Ha & . TakuM 06pasom, eciM 10 M mocJae
Ka)(I0ro coobLieHNs NepelaeTcs Noc/1e10BaTeabHOCT &y, TO 5TO
cooflieHHe -MOXeT ObITb pPaciM@pOBAHO € TNOMOLILIO TOJBKO
tabauupl  nepexomoB M. B

HAllleM C/yyae 5TO O3Hauyaer, @)

yTO mnepelaya KauIoro co-
o6leHUst NOMKHA HauMHaTLCA
M 3aKaH4YMBAaTbCA MNepenayei
BXOJHOH TOC/IeN0BaTeIbHOCTH
aoq.

3ajgauu
5.1. TocTpoiite aBTOMAaT, OT
KOTOPOT'O HMKAaKMM 3KCTEepHMEH- (7/7) @/ING/YN (3/1)
TOM JJAuHB 4 Henb3s OTJAUUMTH
aBTOMat, 4306paxeHHHId  Ha Puc. 35.1.

puc. 3 5.1, HO KOTOpPHIH He 3KBU-
BajeHTeH 3TOMy  aBTOMATy.

5.2. UsBecTHO, uTO MuHUMaJablbii aBTOMatT M uMeeT 1Ba cOCTOfH-
Hug, BXOaHOH andaBut {o, B} u BmxonHOH aadasur {0, 1}. MsBectno
TaKMe, 4TO HM OfHO u3 cOoctOsinufl aBTOMara M Ha rpade nepexon0OB
He uMeeT nereab. OnuIuuTe 3KCNEPHMEHT, pacmO3HAOUIMA 3TOT aBTO-
MaT, ecay ero HCTHHHOE INpeACTaBJEHHE TaKOe, KaK TIOKa3aHo
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B Tabavue 35.1, v ecan ero geHcTBUTENbUOE MAUANbHOE COcTOmuue 1
(KOTOpOE CHauana ue U3BECTHO).

5.3. MsBecTo, uTO aBTOMAT, OnpejfedeHHb Tabauuef 352, He-
MCMpaBeH ¥ YTO B Pe3yJbTaTe HEHUCNPaBHOCTH, NO Kpaiineil Mepe, BMecTO
onHO# u3 «1» BripaGaTniBaeTca «0». ONUIIKTE SKCIEPHMEHT, pacho3Halo-
Ui noBpexjaeure, COCTOAILEE B TOM, YTO B cOCTOsHMU 1 BMmecTO «1»
ua BHXOJe BalpabaTeiBaeTcs <0», H ecay MayaJbHBIM COCTOAMUEM aBTO-
Marta aBJAfeTca COCTOAuue 3 (UTO CHavyaja e U3BECTHUO).

Ta6auna 351 Ta6bauna 352
Zy Sv+1 Zy Sv+1
¥y Xy
sy a B o p sy o B o p
1 0 1 2 2 1 0 1 1 3
2 1 1 1 1 2 0 0 3 3
3 1 0 2 1

5.4, Ha puc. 352 nokasaH HenoaHbi#t rpad nepexonoB aBTOMaTa

€ IByMa coctoguusMy. ONMINUTE SKCMEePHMEHT Haj aBTOMAaTOM, € MO-
MOWBIO KOTOPOrO MOMHO 3aKOM-

(/) YyuTh MOCTpOEHYUE rpada mepexoaos.
Tpeanonoxure, 4TO UCKOMas Ayra
obosnauaerca (o/l) u BegeT B CO-
o crosHye 1 ¥ 4TO HayaJbUBIM COCTO-

/0 AUMEeM aBTOMaTa fABJAfeTCA COCTOf-
uue 1 (kOTOpOe cHayaja ue M3-

Puc. 352. * BECTHO).
5.5. [Tokaxure, uto aBTOMaT M
C MHOXeCTBOM COCTOAHMH S =
= {0}, 0y ..., 0,3} ABJAETCA CUIbUOCBASHRIM TOTAAa M TOABKO TOTAa,
koraa G(op)=S mna i=1, 2,.,., n [Onpepeneuve G (o;) nauo

B § 26.]

5.6, Tokaxute, 4TO A8 TOro, 4TOGB aBTOMaT M ¢ 7 COCTOAHMAMY
681 CHABMOCBA3MBIM, HEO6XOAMMO M JOCTaTOYHO, YTOOH MaTpuua
n
) [M] ue uMena uyaesbiX 51eMeHTOB.
k=1

5.7. ABroMathi M; u M, ABAAIOTCA CHJABMOCBA3HBIMM M COCTOS-
yMe 0; aBTOMaTa M, 3KBUBaJEHTHO COCTORHMIO 0; aBTOMaTta M,. IMoka-
wure, 4T0 M, = M,.

5.8. TlocTpoiite aBTOMaT ¢ n COCTOAMHMAMY, KOTOPHH aBageTCH
CHAbUOCBA3HBIM, MO He COACPHHT MM OXHOrO MOAMOrO KOMTypa.

5.9. ABroMat M uMeer MHOXxecTBO cocTosuuit S = {0y, 0, ..., 0},
[Mokaxute, uto: (a) M aBasgeTca OOPaTHMBIM, €CAU B KaWAOM H30JH=
POBaHHOM NOjaBTOMaTe aBTOMaTa M MMeeTCd COCTOAMME 0; TaKOe, 4TQ
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G (o)) = F(gy); (6) M sBasieTcd CHUABMOCBA3UBIM, €CAM OU uMeeT CO-
croauue 0; takoe, 4to G (0;) = F (0;) = S. [Onpeneneune G (0;) nauo
B § 2.6; onpeneneuve F (g;) mauo B 3azaue 2.10.]

5.10. TTokaxuTte, uTO ecau aBTOMAT M ABAAETCA CUJABUOCBA3MBIM,

e
TO M Tarie ABAfETCA CUJABUOCBA3UBIM, YTO M O6paTHOe yTBepMAeuHe
ye 06f3aTeNbuO CnpaBeLIuBo.

5.11. JlokaxuTte caeaywoluee HepaBeMCTBO, HCNOAb30BaHHOE B BHIpa-
wenuu (5.13):

n—1

W [ -] <o [~ 5

r=0

5.12. U3BecTno, uto aBroMar M sBaseTcs CHABUOCBA3UBIM (7, 2, 2)-
aBTOMatoM. [Tokaxwure, 4T0 M Bceria MOxeT OBITb pacno3Hau NPOCTHIM

Ge3syCJOBURIM  SKCIIEPUMEUTOM ,
aadus I, rae {2/

(Qn)2n+1
n—1!

I

Beiuucaure Bepxuee 3uaueuue ! 2
npu n=23.

5.13. Hssectuo, uto aBTO-
mar M saBaserca (n, p, g)-aBTO-
MAaTOM U COAEPKMT MOAHBIH KOU-
typ. Haiinute BepxHee 3Haue-
y¥e JAauuBl pacnosuawoimero M
3KcMepuMenTa (MOXHO mNpeamno- Puc. 353.

AOKMTb, 4TO 1 _>> 1).

5.14, Onpegeaure, aBagerca au aBTOMaT Al7, usobpawmenunli ua
puc. 3 5.3, aBTOMaToM 6e3 noTepu uuboOpManuu.

5.15. TTokawure, 4TO aBTOMaT, NpeicTaBaeuunii ua puc. 35.3,
ABAAETCA aBTOMaTOM Oe3 notepu uHPOpManuy, M OMUIIMTE PACHO3Ha-
Bauue BXOAHOH nocaefOBaTenbuOCTd Gof, NpuAOKenuOH K 3TOMy aBTO-
MaTy B COCTOSMuH 2.

5.16. lMokaxure, 4T0 aBTOMAaT ABJAAETCH CHUABMOCBA3URIM, €CAM OU
uMeeT mob60e u3 caepylmux cBOHACTB: (a) My B OAMOH CTpOke nog-
TabaMUbl 2y M€ CONEPHHMTCA NBYX OJMMAKOBHIX BHIXOJMHIX CUMBONOB;
(6) uM B OfMOM CTOABLE MaTpuubl HEPEXONOB He uMeeTcs JABYX MM
60nee nap BXOA-BHXOA C OAMMAKOBEIMHM BHIXOAMBIMU CHMBOJAMH,




FNABA 6
ABTOMATbI C KOHEYHOH NAMATBHIO

6.1. Beenenune

['naBHOe mpeuMylUEecTBO NMPU UCMOJb30BAHUM MoIeH KOHeu-
HOrO aBTOMaTa I/ TNpPeICTAB/IeHUA 3aNaHHOH CHCTeMbl 3aKJI0-
yaeTcs B TOM, YTO TNpeICKasaHHWe BLIXOLHONR peakUUUu CHCTeMBl
He Tpebyer KakMx-1MOO NAHHBIX OTHOCHTEJbHO MPOLIJIOrO MOBE-
IeHHs cucteMbl. Jnas Toro 4toGhl MpeickasaTh BLIXOAHYIO peak-
unio B m060% 3a1aHHBIM MOMEHT BpeMeNH, AOCTATOYHO 3HATDH
BXOIHOEe BO3LeHCTBHE U COCTOAHHE B 3TOT MOMEHT BpPEMEHH,
Torzna, cocTosiHue aBTOMATA B HACTOALUUH MOMEHT BpPeMeHH MOXHO
paccMaTpuBath KaK 0Co0yI0 «BEJUYMHY», KOTOpas B HeABHOMR
¢opme obbvenuHseT Bce mnpouenune COOBITHA, OTHOCALHECH
K OTpele/eHHI0 BHIXOIHOH peakuuum B HACTOAIMH MOMEHT Bpe-
MeHU. 31ech MOXeT BO3IMKHYTh CAeLYIOLIMH BOMPOC: BCeria JH
MOXXHO YCT4HOBHTb TOYHOE COOTHOIIEHHE MeXILY BHIXOIHOH peak-
uMell B HICTOALIMH MOMEHT BPEMEHHW M BXOILHLIM BO31eHcTBHEM
B HaCTOALIMA MOMEHT BPEeMEHM I KOHEYHBIM 4YUCJAOM BXOIHBIX
BO3IeHUCTBUH M BLIXOAHLIX peakuHMi B MpefueCTBYIOLIe MOMEHThH
BpeMenu? OTpuuATeJbHBIE OTBET Ha 3TOT BOMPOC JErKO MOXer

OHITb  MpPOJEMOHCTPHPOBAH  HA

@/ npoctom aBTomate A26, NOKAa3aH-

HOM Ha puc.6.1. B sToM aBToMa-

Te KOHeyHoe COCTOSIHME OCTaeTcs

i (@/7) HeUsBECTHBIM 1O TeX MOpP, MOKa

Puc. 6.1. Asromar A26. He OyleT MPHJOKEH BXOL 0 H
onpeneneHa  COOTBeTCTBYIOLIAA

prixonHas peaxuus. Tak, 3HaHue

TOr0, YTO TpoLIJIbe [ BXOIHBIX CHMBOJOB ObIM B W MpoOLIIble
| BLIXOAHBIX CHUMBOJIOB Gbiin O, Oecnosie3Ho AJ1a TNpelcKasaHus
BLIXOAHOM peaxumu A26 Ha NpUJIOKEHHBI BXOLHOW CHMBOJ @,
HesaBHcHMO oOT 3Hauenua [. TlostoMy nn4 naHuoro aBsTomara
HccaenoBalie erg TNpOW/Oro MNOBeJelds He Bcerga NOMOraer
B TpencKasaHud BLIXOJIHOH peakuMM Ha BXOINHOe BO3LCHCTBUE
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B HacToAWM# MoMenT BpeMeHH. 3HAuuT, B oOuieM ciayyae He
CyLIECTBYeT ABHOH 3aBUCHMOCTH, KOTOpas BHpaxana Obl BbIXOX-
HYIO PeaKkuMio B HacTOALMH MOMEHT BpeMeHH KakK (QYHKUMIO
BXOILHOTO BO3#eHcTBHA B HACTOAWMH MOMEHT BpeMeHH W BXOI-
HBIX BO3JEHCTBUH W BLIXONHBIX peakuumif B MNpellleCTBYIOLIHE
MOMEHTH BpeMeHH. B CBA3M C 3TUM MOXHO 3aKJIOYUTb, YTO
COCTOSIHME KOHEYHOI0 aBTOMaTa OTpaxaeT ero «OecKOHeuHylo
namsATb® B TOM CMHICJe, yTo npeOLIBAHHE aBTOMAaTa B 3TOM CO-
CTOSIHUM SABJSGTCA pe3yabTaToM COOLITHA, KOTOPOE NMPOUCXOLHJQ
CKO/b YTOIHO pajeko B mpousaoM. Hanpumep, cocTosnue, B Ko-
TOpoe TPUXOIUT aBToMat A26 nocae NMPHAOKEHHA NOCAeAOBa-
TeALHOCTH affif ... B MpON3BONLHOH IN/NHHBI, ONHO3HAYHO ONpe-
nenfieTCd BBLIXOAHOH peaxuned Ha neps8uli CUMBOJ 3TOH mMocC/e-
JIOBaTe/]bHOCTH,

B sTto#f rmase Mel OydeM paccMaTpHBaTb KOHEYHbIE aBTO-
MaTh He 0O0lero BHAA, @ JHIIbL Te, B KOTOPHIX Modicem ObITh
YCTaHOB/EHA ABHAA 3aBHCHMOCTb MEXIY BXOILHLIMH BO3IEHCTBHAMH
W BBIXOLHLIMH peakuuaMH B MpollelllHe H HACTOALIME MOMEHTH
ppeMent. XOTA TakKyHe aBTOMATH NPeNCTABAAIOT COGO# ZOBOJBLHO
Y3KHH KJacc, OHU ABJAAIOTCA NOCTATOYHO OOBLIYHLIMH B MpPAaKTHKe,
uro6bl onpasiaTh NoApobHoe Hux obcyxaenuel).

6.2. IlpeacTtapJeHue CHCTEM € KOHEYHOH NMaMATLIO

Cucmemoii ¢ KOHe4HOH namsamspro Ha3bIBaeTCd CHCTeMa,
NpeacTaBUMas KOHEYHHIM aBTOMATOM, B KOTOPOM BLIXOIHAf peak-
uua B 000# OMCKpeTHBI# MOMEHT BpeMeHHM 3aBHCHUT TOJbKO OT
KOHEYHOTr0 HEHY/eBOro YHC/Aa MNpPOLIBIX BXOAHBIX BO3deHCTBHEt
(¥, BO3MOXHO, OT BXOLHOTO BO3IEHCTBHUA B HACTOALIMH MOMEHT
BpeMeHH) ?) H OT KOHEYHOTo YHCAd MPOULABIX BHIXOLHBIX peax-
uuh. 3HAUUT, cUCTEMa C KOHEYHOH MaMATLIO MpeaCTaBUMa KOHeY-
HLIM aBTOMAaTOM, COOTHOLIEHHe BXOL-BHIXOL KOTOPOrO MOXET

1) Marepuan »3TOH raaBHl OCHOBHIBaeTci Ha pabore CuMona
(J. M. Simon, A note on the Memory Aspects of sequence Trans-
ducers, IRE Trans., vol. CT-6, pp. 26—29, 1959) u 3aze (L. A. Z a-
deh, Unpublished notes on discrete — state systems and automata,
University of California, Berkeley, 1960).

2) ABTOMAThl, y KOTOPHIX BHIXOIHAs PEAKIMA HE 3aBUCHT OT BXOj-
HOTO BO37eHCTBHSA, HA3LIBAIOTCA A8MOHOMHbLML, ABTOHOMHBIE aBTOMATHI
B KHure He paccMaTpuBalIcd.

14*
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OuiTh 3anmHcaHo B ¢dopMe

zv=g(xv_ll. xv-—l2: ey Xy lu, zv.—jl, Zy— 12, ey zv._jv),
(6.1)

rie npuHato, yto 0L <L < ... <, n 11 << ...
... < J,o Ecnn no6aButhb pAl HeCYLIECTBEHHHIX MNepeMeHHbIX 1)
M TPHHATD i, =y U J,= W, TO ypaBHenue (6.1) moxHO 3a-
MHCaTb B BHIE

zvzf(xv, xv-—], v sy xv_ul: zv-—l, zv-—2, s ey zv_uz)- (6.2)

Inas Toro uytoObl mnpeoBGpa3oBaThb TNpHUBENEHHOE XapaKTepUCTH-
yeckOe YypaBHeHHe B XapaKTepHCTHYeCKHe CTaHLapTHble ¢YHK-
UM f, m f, KOHeYHOTrO aBTOMaTa, MEpPEeMEHHYI0 § Onpele/uM
TaKk, yroOH §, ABAANach YNOPALOYEHHHIM HaGopoM 3HayeHui

(g Lg) MEPEMEHHBIX (Xy—1s Xy—2s « vy Xyopy Zy—1s Zy—2i -en
...y Zy_yp,). PaBenctso (6.2) Torma npumer BHUI

z,=f,(x, 8y). (6.3)
s onpenenenuda s cnedyer, 4To §,,, ONpeleidercd TaK:
(xv, Xy—1s coes Xy_p41 2w Zy—1s + 0oy Zy—py+ 1)=

=(xv, Xy—-1s eovs Xy—p+ 1 f(xv, Xy—1s o0 0y Xy—pps
Zy—ls Zy—2 «ves Zyepp)s Zy—1s e oes Zy_pr1). (6.4)

CnenoBate/bHO,
Syp1=h(Xy, Xy_1, «v.s Xy_py Zy—1, Zy—2s - -5 Zy_p,) (6.5)
HJH '

Sv+1:fs(xv' Sv)' (6-6)

YpasHenus (6.3) u (6.6) MoryT paccMaTpuBaThcsl KaK Xapakre-
pucTHYecKHe (YHKUMH KOHeuyHoro asrtoMata. ClreloBaTesbHO,
MHOXECTBO YNOpsAnoYeHHbIX HaOopoB 3HaueHu#t (U, - U,) mepe-
MEHHBIX (Xy~1s Xy—2, ooy Xy_pys Zy— 1 Zy—2s + - +s Zy_y,) ale-
KBATHO MHOXGSCTBY COCTOSIHMH CHCTeMH, MpelCTaBjeHHOH ypaB-

1y Hecyujecmsennass nepemennast fABASETCs Tako#l nepeMeHHOMH,
KOTOpas ocTaBageT Ge3 UaMeHeHUs 3HaueHHe OYHKIMM HE3aBMCUMO OT
8HAUEHUs, NPUHUMAEMOro 5TOH NepeMeHHOH.
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HenveM (6.2). Ecam yMc/10 CHMBOJIOB BXOIHOrO H BHIXOIHOTO
andaBUTOB LA CHCTEMBl COOTBETCTBEHHO DABHO P H ¢, TO MOLL-
HOCTb MHOXECTBa COCTOAHMH Oyier

n— pulquz. (67)

B xauyectBe mnpuMmepa paccMoTpuM yctpotictBo A27. Ha
yCTPOHCTBO TepHOLHYecKH mnoctynaioT uudpu O v 1, BHxO1 ero
B MOMEHT [, paBeH CyMMe TO MOAY/I0 2 BHXOZd B MOMEHT Z,_,
M BXOIa B MOMeHT f,_,. OOo03nayad C/OMeHHe TNO MOAy/di0 2
sHakoM @® 1), A27 Moxer ObiTb 0XapaKTepU3OBaHO PABEHCTBOM

2y=%y @2, =& Xy_g Zy_1) (6.8)

Jo6aBnast HecyLleCTBeHHbIe MepeMeHHble X, H X
MOy UUM:

v—1» BMecto (6.8)

2y=f(x, Xy_1 Xy_g Zy_) (6.9)
Bxonuoit andasuT B 3TOM ciyuae

X={0, 1},
a BbIxoaHOR andaBuT
Z=10, 1}.

MHOXeCTBO COCTOAHHH ABAAETCA MHOMECTBOM BCEX YNOPSIOYEH-
HbIX Ha0OpOB 3HAYCHUH Tpex MepeMeHHBIX (X,_;, Xy_g Zy_y)

§=1{(0,0,0), (0,0, 1), (0, 1, 0), (0, 1, 1), (1, 0, 0), (1, 0, 1),
(1, 1, 0), (1, 1, D}.

3aBUCHMOCTb MeXLy X, S, S,4; H 2, MOXeT OHTb npeicra-
BJleHa B Tabmmunoft ¢popMe, xak nokasano B Tabauue 6.1. Cronbub
Tal/MUbBl NOL «S,» MPCICTaBJAT BCe YNOpsAIOYeHHbHle HaGOPbI
3HayeHH#t Tpex nepeMeHHHIX; Kaxabit Ha0op 3anmucaH ABaXIbl
(no omnomy pasy a1 Kaxnoro snaueHus x,). CroaGusl, 0sa-
TJ1aB/eHHBE «S,,;», MOTYT ObITb 3aMOJHEHB MYTeM BOCHPOM3BE-
IeHHA paHee 3aMOJHEHHBIX CTOAOLOB (TaKuX KaK X, H X,_;) H

1) Caowenre no wmoayaw 2 onpejensieTcs CaeiyioluuM 06pa3om:
000=0, 0@l=1 1®0=1 1®1=0. Ecau y npuHuMaer 3Ha-
yeHne O uan 1, 0 y @ y = 0.
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Ta6aupga 6.1
COOTHOWEHUA MEXAY Xy, Sy, Sy41 H 2y AN A27
Sy Syt
xv ZV
Ty-1 | Fy—2 | Zv-i Ty Ty_1 Zy
0 0 0 0 0 ) 0 0
1 0 0 0 1 0 0 0
0 0 0 1 0 0 1 1
1 0 0 1 1 0 1 1
0 0 1 0 0 0 1 1
1 0 1 0 1 0 1 1
0 0 1 1 0 0 0 0
1 0 1 1 1 0 0 0
0 1 0 0 0 1 0 0
1 1 0 0 1 1 0 0
0 1 0 1 0 1 1 1
1 1 0 1 1 1 1 1
0 1 1 0 0 1 1 1
1 1 1 0 1 1 1 1
0 1 1 1 0 1 0 0
1 1 1 1 1 1 0 0

nyTeM HCNOAb30BauMA coortnowenua (6.8) (aaa croabua z).
[Toxasaunyio tabanny y1o0HO HCNOAb30BATb 1/4 ONpene/eHHs Xa-
paxkTepuctTuueckux ¢ynxkuuit f, m f, aBromara A27. Hanpumep,

Ta6auvunma 6.2
Apromat A27
Zy Sy
0 1 0 1
0, 0, 0) 0 0 0,0,0 | (1,0,0)
0, 0, 1) 1 1 0,0 1) | (1,0, 1)
©, 1, 0) 1 1 0,01 | (1,01
©, 1,1 0 0 0,00 | (1,00
(1, 0, 0) 0 0 (0,1,0 | (1,10
(1,0, 1) 1 1 0 15,1111
(1, 1, 0 1 1 oL aLn
1,11 0 0 @1,0 | 1,10
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no YeTBepTOH CTpPOKE MOXHO CKasaTb, UTO €CJH BXOAHOH
cuMBoa 1 nosiBaserca npu coctosnun (0, 0, 1), To BbIxOaHOH
cumBo Oyzer 1 M chenyiollee

.cocrosuue (1, 0, 1). Ipumenss oy
nogo0Hble pacCyXieHus no OT-
HOLIEHHIO K IDYTHM CTpPOKaM,
noCTpoMM TabiaMuy mnepexonOB
A27 (cM. Tabmanuy 6.2).

B ofweM caydae aBTOMaT,
NOJYYeHHHl OMHMCaHHBIM CNOCO-
60M, He MHMHMManabHbI#. OnHaxo,
MUHMManbHasd ¢GOpMa Bceraa Mo-
#eT OBbITH ONpeneseHa /00bIM
3 MCTOLOB MHHHMM3ALMH, OMH- (77
CaHHb5IX B TaaBe 3. Mwunumasb-
Has ¢opma aeroMmata A27 mno-
kKa3aHa ua puc. 6.2, rge co-
croanua 1, 2, 3 ¥ 4 npencTaB/AOT 3KBUBANEHTHble KJACChl
{(1, 0, 0), (1, 1, 1)}, {0, 0, 1), (0. 1, 0)}, {¢0, 0, 0), (O, 1, 1)}
u {(1, 0, 1), (1, 1, 0)} coorBercTBenHo.

Puc. 62. Astomar A27.

6.3. CpoiicTBa aBTOMaTOB ¢ KOHEYHOH NMaMATbHIO

Koneunbift aBTOMar, mNpeiCTaBAAIOWMHA CUCTEMY € KOHEUHOH
naMaATblo, OyaeM Ha3biBaThb A8MOMAMOM ¢ KOHEUHON NAMAMbIO.
Takum 06pa3oM, aBTOMar ¢ KOHeuHO# mnamaTblio M, aBasercs
aBTOMaTOM, B KOTODOM

Zy=f (X9 Xy—1s oovs Xy Zy—1s Zy—2s « o+, Zy_y,), (6.10)

rage JOOH M3 apryMeHToB (32 HCKJIOYEHHEM OJHOTO U3 X;)
MoxeT ObITh HecylleCTBeHHOH mepeMenso#i. Uncaa W, ¥ Py Hask-
BalOTCA COOTBETCTBEHHO nAMAMbLIO X H NAMAMb/O 2 AaBTO-
mara M. llenoe umucno

= max (i, Uo) (6.11)

HasblBaeTcad maKcumasvroli namsmeio M. Ecau B nononHenue
K (6.10) umeer MecTO

F(g Xyoqy cves Xyops Zyts Zy_ge +oon Zy_p) F
F (g Xy oo Xypin Zyor Zyegs oo Zyuy)s (6.12)
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10 OyaeM roBopuTh, yto aBTOMaT M umeer namams N. Takum
0o6pa3oM, WU sABASAETCS NaMATbIO aBTOMarta B TOM cJjyuae, eclH
npeicKasaHWe BLIXOJHOH peaxums, no kpaliHe#t Mepe, Ha OmHO
BXOIHOE BO3ieHCTBHE B MOMEHT BpeMeHH [, TpeOyeT 3HaHHA
BXOIHOro BO3neficTBHA M (MAM) BHIXONHOH peakuWu B MOMEHT
BpeMeHH £,_, (¥, BO3MOXHO, BXOIHHX BO3LCHCTBHH M BHXOIHEIX

peakuHH, KOTOpHeE BO3HHKAIGT B 0O/ee TNO3IHHE MOMEHTHI Bpe-
MeHH), HO He TpeOGyeT B3HaHHA KakKMX-1uGO BXOAHBLIX BO3neli-
CTBUM M BBIXOIHHX peakUMH B MOMEHTH BpeMeHH Gosiee paHHHe,
ueM f,_,.

B nanbHefiurem (g,l/le) (g,z/g,-z) ce (g,l/c,l) OyineM HashBaTb
noCAe008amesbROCIMbLI0 8X00-861X00, €CAH BXOIHas NOCJIen0-

BaTeJIbHOCTb §11§12 ...g,l 3acTaBifeT aBTOMAT TeHEePHPOBATHb
BHIXOJHYIO MOC/e10BaTeNbHOCTD C,-ICJZ Ch' ByaeM roBopurs,
yTO NYTh B OQHarpaMMe NepexoiOB Onucs8aem MNOCAENLOBATE/b-
HOCTb BXO/-BHXO1 (g,l/éjl) (g,z/gjz). . .(g,l/C/l), eCJ/IM ero k-1 BeTBb
ana k=1, 2, ..., | o6o3HayeHa napoH BXOIL-BBIXOI (g;k/C/k)
(¥, BO3MOXHO, IpyrMMM nNapaMH BXxon-Bbixon). Ilytn Oynem
Ha3LIBATh (g,l/c,l)(g,z/cjz) e (gil/le)-cosnadaromuMu, ec/H
KaXIH{ W3 HHX ONHCbIBaeT MOC/eJOBaTe/bHOCTb BXOI-BHXOIL
(gll/cjl) (&2/@/2) e (gll/cjl)'

JJemma 6.1. B MURUMQAbHOM QBmOMAMe ¢ NAMAMLIO L
Sy =8 (Xy_1s Xy_gs <+ s Xyopr Zy—10 Zy_2r « -+ zv—u)' (6.13)

Hoxa3ameavcmso. Tlpexnonoxum oOpatioe. Toraa asTo-
MaT OOJMXKeH colepxaThb NO KpaliHeW Mepe 1Ba NyTH, KOTOpbIe
i o - 1 He-
ABAAIOTCA (g,l/le)(glz/Cjz) (g,u/éju) COBNAnaloUWHMH 419 He
KOTOpPOH NOC/eN0BaTe/IbHOCTH BXOL-BHXOI (g,l/;,l) (81,/54,) - - -
.. (g,u/g,u) H KOTOphle OKAHYMBAIOTCS IBYMSl Pa3NHyUMHIMH CO-
crosHuAMH, TlycTh HawaibHble COCTOAHMA THX TyTeRt OyAyT Op,
W O, W KOHEuHble COCTOAHHA —O, M O, ; NyCTb MHHHMa/JbHas
! i i

JUAarHOCTUYeCKass TMOC/Ae]0BaTeNAbHOCTh 14 Gk H 0; €CTb

" n

~ !
g’u+1§’u+2 .. g,u” (r>1). Toraa o, u 0, IaIOT OIHHAKOBHE
BBIXOIHble peaKiiHH Ha g,l@z. .. g,ugf

e .g,uH_I, HO pas3/IMuHbIE
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. H HeB
peakuHH Ha §11§12 £ §1u+1 §u+ OIHaKO 3TO HeBO3MOXHO,

TaK KakK MO npeanojioXeHHI0 daBTOMAT MMEET MaMATb W H, CJelo-
BaTe/bHO,

2y=F(Xy Xy_1p ooy Xy Zy_pr Zy_gs -een Zy.,). (6.14)

3TO paBeHCTBO 03HAYaeT, YTO BBHIXOLHAA peaKUMA B HACTOALLMUH
MOMEHT BpeMeHH MOXeT OHTb O1HO3HAYHO ONpejeseHa ¢ NOMOLLbIO
npoleiiel Noc/Ae10BaTeNbHOCTH BXOI-BbIXOI AJMHHOR W. Jlemma,
TakuM 00pa3oM, clelyeT H3 NOJAYYEHHOrO TPOTHBODEYHS.

B nanbhefiurem OGyzeM rOBOPHTb, uTO 1Ba WM Oonee myTeit
nepecexaomcs B COCTOSIHUH Oy, €C/IU Op («NepeceyeHues) N0CTH-
KUMO U3 HAyaJbHBIX COCTOAHHMH 3THX nyTelh NpH OLHOH U TOH ke

(f,-,/z,-,; @) G/t

(2, /)

O A

Puc. 6.3. (gil |§jl) (§,2lgjulgju)-cosnaualomue nyTY.

noc/Ae10BaTebHOCTH BXOL-Bbixox. Jlemma 6.1 o03Hayaer, yro
IMarpaMMa NepexOlNOB aBTOMAaTa ¢ MaMATbIO [ J1OJ/KHA 06naanaTh
cnenylolumMy cBofictBaMu. 1yTH, xOTOpble ABJAIOTCA (g,l/g,-l)x
X (g,z/c,z) - (glu/éju)-comanaxomnmu, IOJIKHBI MepecekaT:EcA
B CBOMX KOHE@YHBLIX COCTOAHHAX. KpoMme TOro, n0/KHa OuTb,
no xpaitiedt Mepe, onHa napa (& /%; ) (81,/5),) .- .(g,u/gju)-cogna.
IA0WKX NyTel, KOTOpble NMepeceKkalnTcsl B CBOMX KOHEUHHIX CO-
CTOAHHUAX, HO He HMEIOT ApPYrux mepeceueHuil. Takas mapa nytefi
nokasaHa Ha puc. 6.3.
Jlemma 6.2. Ecau 8 3adannom asmomame M

szg(xv_l, xv_2, “say xv_u, Zv_l, Zv_2, ey zv_u), (615)

mo M ssasemcs G8MOMAMOM ¢ MAKCUMAALHOU NAMAMLO n.
Jorxasamesvcmso. Oas mo6Goro KOHeyHOro aBTOMAaTa

= Fa(hy 5. (6.16)
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Torma nna M

z2,= fo (X, §(Xy 1y Xygy + -+, Kympr Zyats Zy—ge v o zv—u))z
=f(Xy Xypp on Xy Zyo1r Zyam oees Zy_y)
(6.17)

CaegoBsarenbHo, no onpejeneniio, M aBaseTca aBTOMAaToOM C MaK-
CUMaNbLHOH namATbLIO .

B cBA3M ¢ nmpenulecTBYOLUMMH JieMMaMH  B2XHO OTMETHTD
Clleaylolllee OCHOBHOE pasjMule Mek1y NMPOU3BOJbHBIM KOHEUHLIM
aBTOMAaTOM M aBTOMAaTOM C KoHeuHOH namarbio. B mobom xoueu-
HOM aBTOMATe uMmeeTcd, NO KpaHuel wmepe, omHa creyuasvHo
cocmagAennas BXOJHAs NOCJAeLOBATeNBHOCTb (a MMEHHO, ycTa-
HOBOUHAA TOCAENOBATENLHOCTL), KOTOpad, GYLYyuH NPUMN0KeHHOR
K aBTOMAaTy, OJHO3HAYHO OMPenenscT KOHEYHOe COCTOAHHE.
B aBromare ¢ KoneuyHoH NaMATHIO | TO COpPaBesauBO A
Kauxcoofi BXONHOW MOCAenOBaTeJNbHOCTH IJAMHBI U HAX 60jblie
(He3aBUCHMO OT TOTO, CMelMaNbHO COCTaBJ/IcHA TaKas MoC/aen0Ba-
TeJbHOCTb WJIH HeT).

Tecopema 6.1. [Tycmv M — munumarsiuvtli asmomam
¢ namamoo U u 4ucaom cocmosnuli n., Tozda

u<%n(n—1). (6.18)

Hoxasamesvcmso. Ecan asromar M aBaseTcs MHHHUMAJbHbIM
W HMeeT MaMATb (I, TO NOJ/DKHO CYLLeCTBOBaTh ABAa MYTH, KOTO-
pbie TepeceKaloTcs He paHbllle, YeM B CBOHX KOHEYHBIX CO-
CTOSIHUAX, KaK moxasano Ha puc. 6.3. Iycs {ok , 0]’(‘} ABaseTcs

I-# mapo#t cocToaHuM, a {Gk 0,’2[ h] aBAseTCa (l+ h)-#t mapo#t
+

cocroauut (147 < p) — nyteit. Ipenmonoxum, uto co-
BNafaloT (ABMAIOTCA OIHUMM M TEMH XKe COCTOAHUAMU) 0 c Gth'
a Takme o, b © o, b, TOTId 182 myTH, Ha'-lldHalOUJ,ldXCﬂ B Of, H
0,’2[, KaXIbih N3 KOTOPHIX OMHCHIBAET MOCAENOBATENbHOCTb BXOJ-
BHIXOL (E,tl/(;jl)(%,lﬂ/gjlﬂ) e (§i1+h—1/€fi+h—1)' NPencTasnIoT
co00# 3aMKHyTbie My TH, KOTOPbIE ABJAIOTCS (5¢,/55) (8, /B )

« (84,4 p_1f54,, ,_,)-COBNANAIOWNMH, M, ClE10BAaTeNbHO, MYTH

GecKOHCUHON LAMHBI, KOTOpble OMHCHIBAIOT OIHY M Ty Xe TNoC/e-



6.3] CBOVICTBA ABTOMATOB C KOHEYHOM ITTAMATBIO 219

OBAaTeNbHOCTb BXOL-BHXOI, HO He mepecekaioTcs. (puc. 6.4).
ITo nemme 6.1 TakMe MyTH He MOTYT CYLIeCTBOBaTh B apToMare
¢ KOHeyHOH mamaTbio. Temepb NMpeANO/NOXHM, YTO Op, COBNanaer
co, ,adg, co, . Torna Ha-

I+h l l+h
YHHAOLMeCca B ok[ " le nyTH,

(AN I

KaXabli W3 KOTOPHX ONHCHBA-
eT nocaeno0BaTe/JbHOCTb BXO0n-

soixon  (8:,/87)) (8t f80,,) oo
s (gll+h—1/€jl+h—l) &, fCr) -
(§‘t+h—1/ Jygp_y)y TpeACTaBAA-
10T COBO# 3aMKHYTHE TIYTH, KOTOPHIE

spamores (8:,/85) 8y, [5r,,,) -+
) ! &/ 45’1-7/{;'1.‘/ m/fl""’/[‘ "}
ooty fSienny) GfSr) - Wik ol

...(g,Hh N 1) -coBnajaiolu- Puc. 64. Hamocrpanus Ilci-
N - KasaTeJbCTBa ope .1
MM, ¥, C/e10BaTEe/NbHO, NyTH Oecko- Teopems 6
HeyHOH A/IMHE, KOTOpHE OMHCLIBAIOT
OZHY M TY ¥Xe NOC/eL0BaTeNbHOCTb BXOA-BBIXOZ, HO He MepeceKaloT-
ca (puc. 6.5). CHoBa, no nemme 6.1, Takue nyTH He MOryT cylle-
!
cTBOBaTb. Takum 00pa3om, HeymopsizoueHHas [-s mapa {0”1' sz}

Cloorr) oy )
O

Puc. 6.5. Mamoctpanua nokasatenscrsa reopeMs 6.1,

’ o
¥ HeynopsapoueHHas (I Ah)-a napa {oth, oth} He MOTYT

ObITh COBMAAAIOIUMH  HEynopanouyeHHbiMH mnapamu. [losTomy
AMMHa | no00ro M3 nyTelt, MokasaHHBIX Ha puc. 6.3, He MOXeT
NpEeBbIIUATb YHC/AO HEYNOPAAOYEHHBIX NAp COCTOAHMH, KOTOpbIE

MOTyT ObiTh BHIOpAHbI B aBTOMaTe ¢ 71 COCTOAHMUAMH. DTO YUCAO
paBHo

(;):%n(n—l). (6.19)

Orciona cnepyer cootHowenue (6.18).
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6.4, OnpenejeHHe naMsATH aBTOMaTa

B 3ToM naparpade Mbl pPacCMOTPHM CJAELYIOLLYI0 3anauy.
3anaHpl XapakTepHCTHUeCkHe pyHkuuu f, u f, aBroMara (B Tab-
JAuyHoit ¢opMe, B BHae rpacda MM B MarpHuHoH ¢opme). Ompe-
LeJHTh, SABAAETCA JH 3TOT aBTOMaT aBTOMAaTOM ¢ KOHeyHOH
NaMmATbio, W, eC/H ABJIAeTCA, TO, KAK ONpEee]HTh €0 NaMATb?

Paccmorpum  aBroMat M ¢ MHOMECTBOM cOCTOsHMH {0y,
Oy + -y Oq). IMycTs QP 0603HauaeT MHOMECTBO BCeX NMOC/enO-

BaTe/IbHOCTE! BXOZ-BHIXOZ, OMHMCHIBAEMbIX MYTAMH AJIMHH B, KOTO-
pHle 3aKaHYMBAOTCA B CcOCTOAHMHM 0;. [lo nemme 6.1, ecnu M
ABJAETCA ABTOMaTOM € TaMAThIO [, TO

Qg)_l n Qi{ll %+ 0 n1a HekoTophelx [ M j== i,  (6.20)
Q,(f)n Qf{)=0 Bas Bcex I um J+ L (6.21)

ITo teopeme 6.1, ecau M He sABAsteTcs aBTOMATOM C KOHEeyHOH
NaMaTbio, TO

antzn—l)mﬂ QY12 # 0 nas uexoropux I u j 1. (6.22)

CrenoBarenbHo, AJd ONpeje/eHHA NaMATH  aBTOMAaTa MOMKHO
chOpMyMPOBaTh CJeAYIOUMH aATOPUTM.
AaropurM 6.1. 3anan aBToMaT M C MHOXeCTBOM CO-

crosuuit {0y, Oy ..., 0,); TpeGyerca HaliTH namars aBroMata M.
(1) Monaraem k=1. (2) CocraBasemM nocrenosatesbHocTs QD
QP, ..., Q™. 3) (a Ecm QPnQY + 0 a1 Hexotophix !

n j+ 4 to nepexoaum k (4). (6) Ecamu Qn Qg)=0 Jigti
Bcex [ W j=1I, 1m0 kR saBasercs mnamarbio M. (4) (a) Ecmm
k< n(n—1)/2, 1o yBenuuyuBaeM R Ha .1 u BO3BpaulaeMcs
K (2). (6) Ecrm R=n(n—1)/2, 10 M He saBaserca aBTO-
MaTOM ¢ KOHeyHOH naMATbIo.

Bunosnenue adaroputma 6.1 oOjeryaercs NpH HCNOAb30Ba-
HHH MaTpHL Nepexoi0B BHCOKOro NOpaiKa, BBELeHHbIX B Taape 2.

B knetke (I, j) mMaTpuupl mepexonoB k-ro nopsaikxa [/V_I_]k 3anu-
CaHbl BCe MYTH MJHHBI R, Beaylllhe M3 COCTOAHMA O; B COCTOSA-
nue o, llostomy xiaetkm j-ro cronGua Marpuun [M]* npea-
CTaBAAIOT BCE MYTH AJMHH R, 3aKaHUMBAIOULKECA B COCTOSHHH O
Takum o00Opasom, nOC/AenOBaTe/NbHOCTH BXOL-BHXOJ, NpencTa-
BJ/ICHHHE TyTAMH, INEPEyuC/TeHHBIMH B CTOA0LE MaTPHUM [M)*,
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ABAIOTCA 3MeMenTaMH MuoxectBa QY. Tlo marpuue [M])* u
AMarpaMMe NepexonoB AJA aBTOMaTa M MoOxeT ObiTb NMOCTpOEHa
tabauua, B koTopolt j-# cronbew comepxut sneMentsl Q' ecau
HeT ABYX CTOJOLOB, MMeWIHX OOWHH ujeH, TO B A0MXKHO GbITH
namatbio apromata M.

B kawectBe mNpuMepa paccMOTpPHM aBToMaT A28, mokaaan-

Hbit Ha puc. 6.6. Marpuua nepexonoB aBToMaTa A28 3anana
Ta6auna 6.3

Muoxectsa Q) nas A28

o | o ' off | off 0L NP v
Y V17/4
aoy | oo | am | om Gy = oy
(0/1) | (1/1) Puc. 6.6. Astomar A28,

BepaxceHneM (6.23), a MaTpuua nepexOLOB MEpPBOTrO NOpARKa —
BhpaxeHueM (6.24).

’ 12 3 4
170 00  (1/1) 0 7
[428]=2| 0 0 (0/1)\V (1/1) 0 . (6.23)
3| (1/0) 0 0 /1)
4 0 o0 0 om v a/m]l

1 2 3 4
17 0 mypy my 07
=2| 0 0 my 0 . (6.24)
3| my O 0 my,
4] 0 0 0 my |

[A28]

Mo (6.24) u (6.23) moxHo nocrpouts Tabauuy 6.3, B KOTOPOH
nepeunciaens Q{P, (12), Qf” n QY.
Tax xax nocnenoBatenbHocTH BXxOA-Buxon (0/1) u (1/1)

MOAB/AIOTCA B IBYX pas3/HyHLIX cToN0uax 3ToH TabJaMUB, Ta-
MATL apromata A28 Oymer npesbimath 1. Boipamenue (6.25)
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NpeiCcTaBaseT cOO0H MAaTpHUY NepeXxOAOB BTOPOro MOpsAIKa AJd
apTomara A28.

1 2 3 4
. 1 [ 701371y 0 ToTlys  Tyaflag |
[A28]2 =2 | myymy 0 0 Ty |- (6.25)
3 0 Tl Ty Taglly
4| 0 0 0 Ty Ty |

Mo (6.25) 1 (6.23) Moxuno nocrpouts Tabauuy 6.4, B KoTOpO#H
nepeyHcIeHbl QY, Q§2), QY n Q5.
Ta6auuya 64
Muoxectsa QY nns A28

QP o o o

(/D (1/0) | (1/0) (0/0) | (0/0) (0/1) | (1/1) (0/1)

(0/1) (1/0) (0/0) (1/1) | (0/1) (0/1)
(1/0) (/1) | (0/1) (1/1)
(1/1) (1/1)

Apromar A28 nomxeH MMeThb NaMaTh 2, Tak KaK HHMKAaKas nocJie-
JLOBAaTeJLHOCTh BXOL-BHIXOJ He NMOSABJIAETCS B ABYX Pas3iHYHBIX
cronbuax stolt tabaumubl. Ecau 6e1 aBToMar A28 He OwlT aBTO-
MATOM C KOHeYHOH NaMATbIo, TO STOT GAaKT OOGHAPYKHICH GHl

W3 TaG/auubl, Nepeuyncasiolel QY, Qém, Qés) H Qg*).

6.5. MunuMaapnas X-z-QyHKDHA

Ecau u3BecTHa naMaThb W KOHEYHOrO aBTOMAarta M, To aBTOMAT
MOXeT ObITb 0XapaKTepu30BaH ypaBHEHHWEM BHIA
2y =F(Xy Xyotr vees Xy Zymts Zyog +o o Zy_y) (6.26)

dyukuMio f, COOTBeTCTBYWOLLYIO BeIpaxcenHio (6.26), OGynem
Ha3bBaTh X-2z-ghyriyueli astomata M. Yacto x-2z-dyHKuusa
CONEPXKHT UEJMBIH Py HECYLUECTBEHHBIX TNePeMEHHBIX H MOKeT
6bITh CBelleHa K BHLY

szf(xv—il, xv—lzr R xv—iur Zv—jlv Zv—jzv o0y Zv—jv),
(6.27)
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rie 0 < <on . <l 1K << v <Jppaly=np
H (W) j,=WU. OPyHKUHA f HA3LIBACTCA MUHUMAAbHOL X-2-
gyuxyued M, ecim u - v—MUHUMAJBHOE YHC/O APTyMEHTOB X,
H 2;, HEOOXOIMUMHIX 171 BBIPAX<eHHS 2, KaK (QYHKUMH BXOLHBIX
BO3LeHCTBHA W BHIXOLHBIX peakuuit B Qopme (6.27). Takum
06pa3oM, MHHHMa/bHAA X-2-(QYHKUHA NOAYuYaeTcs U3 X-2Z-DYHK-
UMM NyTeM BBIYEPKHBaHMS W3 NOcJelHe#l MAKCHMMAIbHO BO3MOX-
HOTO YMCJIa apryMeHTtoB X; H 2;. llonydyeHHe MuHuMaJbHOH
X-2-QYHKUHH, WIH MUHUMU3QYUA X-Z-QYHKUMH NpeNCcTaBasfeT
HHTepeC IJs UeJOTO psla 3a1ay aHajqu3a M CUHTe3a, Korla IJs
3alaHHOTO KOHEYHOTO aBTOMaTa MKesaTelbHA HauGo/lee KOMIAKT-
Hag ¢opMa ero omucauus, T. e. (opma (6.27).

3ajaya MHHMMHU3AUMH X-Z-QYHKUHH MOXeT 6bITb cHOpPMyITH-
poBaHa GoJee TOYHO HAa s3blke Xx-z-Tabauuel, ob6was dopma
KOTOpOH mokasaua B TaGmauue 6.5.

Ta6aunya 6.5
O6mas ¢opma x-z-TabAHllbl
2y Kv—p | fv=p(Xv—p+t|{Zv—p+t]|. - | Xyt | Zv_1| Xy
&
&
&

Tabauua pasneneHa Ha ¢ TPYNnm CTPOK, MO ONHOW Tpynme LS
KauJO0To BBIXOJHOTO CHMBOJA B BRIXOJHOM anadasure {L, Lo, ...

... &l aBromara M c n cocrosuuamu. pymny crpok, o6o-
3HAYEHHYI0 B CTOJ0UE 2, CHMBOJOM {,, GyleM HaseBaTh [p-2pyn-
nofi. Croabubl X, .. Zy_, Xy i1 Zypttr e Xyop
Z,.1, X, 3anojmsiorca caenyiowuM o6pasoM. Ilycrs (§,/5,)
ABJgeTcd napo# BXOJ-BBIXOH, CBA3aHHOH ¢ Ayro#, koropad Haum-

HAeTCA B COCTOSHUH O, H MYyCTh (g,l/gkl)(g,z/gkz) - (g,u/cku)—
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NOC/eN0BATENbHOCTb BXOL-BHIXOL B MHOXECTBE fo) (Takue mocme-
1
LOBaTe/bHOCTH MOTYT OHTb NOJAy4YeHH H3 TaGaHUBL 1J15 QL),

#
@, ..., QP, nocrpoennod ans onpezenesus p mo aro-

putMy 6.1). Torza nocmeroBaTe/NbHOCTb CHMBOJOB g,l, Ckl, §z2,

Ckz’ s E[u, Cku’ £, (3amHcaHHas B TaKOM MOPsSIKe) ABAAETCA

crpokoht L, rpynnb. Chenys THM HPaBHAaM B OTHOIIEHHH BCEX 7L
COCTOAIHH}, MOXHO 3amoOJIHHUTb BCe KJeTKH Tabauubl. Ecan uucao

!
NOCNeNOBATENLHOCTER B QL) PaBHO r; W YMCJO CHMBOJOB BXO.X-
HOTO a/iaBUTa PABHO P, TO YHCIO CTPOK B X-Z-TaGJHUE PABHO

n
p 2 r; Takum 06pa3oM x-2-Tabauua ABIAETCH TaBMIUYHHIM
- =1

BOCNPOH3BeleHHEeM X-2Z-QYHKUHH, B KOTODOM 3HaYeHHA Z, mep2-
YHCAIOTCA 1/ KaXIOTO M3 TeX YMOPALOYeHHBIX Ha6OpPOB 3Ha-

Ta6aunna 6.6
" x-z-Tabnvua aasg A28

%y Xy—2 | %y-2 Ty—1 Zy—1 Xy
1 1 1 1 0 0
2 0 1 1 0 0
3 0 0 0 0 1 1
4 0 0 1 1 1
5 1 0 1 1 1
6 1 1 1 0 1
7 0 1 1. 0 1
8 1 0 0 0 0
9 1 0 0 0 1
10 0 0 0 1 0
11 0 0 1 1 0
12 1 0 1 1 0
13 1 1 1 0 1 0
14 0 1 0 1 0
15 0 1 1 1 0
16 1 1 1 1 0
17 1 1 0 1 1
18 0 1 0 1 1
19 0 1 1 1 1
20 1 1 1 1 1
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yeHHH (2U - 1) mepeMennbIX (Xy_yn Zy_ye Xy_pi1e. Zypits -«
wees Xyo1, Zy.1s X,), KOTOPbie MOTYT BCTPETHTbCS B NAaHHOM
aBromare. Hanpumep, ta6auua 6.6 asaserca x-z-tabauuedt asro-
mata A28, mokasanHoro Ha puc. 6.6.

M3 marpuunt (6.23) BHIHO, uTO napa Bxon-Buxon (0/0) cBa-
3aHa ¢ ALyro#f, Kortopagd HauuHaerca B coctosHuu 1. Ha ra6-

muus 6.4 BUOHO, YTO MHOXecTBO QY COCTOHT M3 MOCTeNOBa-
TeJqbHOCTE! BxoxX-Bhxox (1/1) (1/0) u (0/1) (1/0). Carenona-
TeabHo, O-rpynma B x-z-tabaMue JIOJ/KHA COIEPIKaTb CTPOKH
1,1,1,0,0 u.0,1,1,0,0. OcranbHble cTpoku B Tabauue 6.6 3a-
MOJHAIOTCA aHAJIOTHYHBIM 06pa3oM. YToObl 06/erynTh NOCAENyIo-
liee H3JIOKEHHe MaTepHala, NPHIAIHM CTPOKaM H  CTOJOLAM
STOf TaGaWLBt MOPALKOBBE HOMeEpA.

3alaya MHHUMH3AUMH X-2Z-QYHKUHH Ha s3blKe X-2Z-TabaHubl
MOxXeT ObTb CGhOPMY/IHPOBAHA ClelylOlMM 006Pa3oM: BbluepK-
HYTb MaKCHMajJbHOE UHCIO CTONOUOB H3 TaGJHUB TaK, 4TOOH
HH olHA cTpoka Ji060o# OoIHO# rpynmbl He CTada ONHHAKOBOH
HH ¢ kako#t crpoko# moGoi Apyro#t rpymnu. IlycTs cTonG-
aMH, KOTOpble OCTATUCh MOCAEe TAKOTO BHYEPKUBAHHS, ABJAANTCA
xv_,l: Kyt coes Xyoiyp Zy—js Zymfpr o s Zy—j . [Tockoabky

v 4 00d3aTeNbHO ABASETCd MHHHMA/JAbHBIM YHCJIOM apTyMeHTOB
H MOCKOJbKY HH ONHH YNOpslOoYeHHHH HaGop 3HaveHu#t # v
NepeMeHHbIX He TNOSBIAsSeTCSd B [IBYX PpasiHuHBIX [,-rpynnax
X-2-Tab/uubt, Mbl HMeem:

Zv :f(xv_[l, xv_[z, se ey xv_[u, Zv_.jl, Zv-—jz, “ oy Zv_.jv),
(6.28)

rlie f—Muﬂumaanaa X-2-GyHKUHS,

Takum 06pa3oM, uToOGbt HAUTH MHHHMAMBHYI0 X-2Z-(YHKLMIO,
MOXXHO BOCNOJb30BATHCA CIELYIOLHM a/ar0PHTMOM.

Anaroputwm 6.2, 3anana x-z-tabauua aromara M. Uro6wl
OnNpeneMHTb MUHUMA/bHY 0 X-2-pyHKuno M : (1) Tlonaraem b= 1.
(2) Ona xaxno# komGuHauuu M3 A cTONGUOB MpoBepseM, leJaeT
JH BbYEPKMBAHHE OCTAIOIUXCA CTOJAOLUOB CTPOKH M3 Pasiny-
Hbix §, rpynn oauHakosuiMu. (3) (a) Ecaum kaxnas komGuHauwus
IeNaeT CTPOKH B PA3MHYHBIX {,-TPYNNAaxX OIMHAKOBBIMH, TO yBe-
JAHuMBaeM A Ha elMHMUY H Bo3BpawaeMcs K (2). (6) Ecau ects
KOMGMHALMA, KOTOPAd He nefaeT CTPOKH B PasiHUYHBIX Lp-Tpym-
nax OLMHAKOBHIMH, TO GepeM 5Ty KOMOHHALHIO, COOTBETCTBYIOLLY IO

13 A. Tuaa
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CTONMOUAM Xy_ts Xy—ty «ves Xvolys Zy=fip Zyojys voes Zvmj,,

MuHuManbHas x-2-GYyHKUMA OMNpelensieTcsd BhipaeHHeM (6.28).

BuinosHeHHe aaroput™a 6.2 CTAHOBHTCA 3HAUMTEJNbHO NPOLIE,
ecad yuecTh caenylouwe ¢akth: (1) Kaxnas paccmatpuBaemas
KOMOUHAUHA H3 £ CTOMOUOB J1OMKHA BKMOYaTh JHOO CTOM-
Geu x,_,, au6o ctonbeu z,_,. (2) Ecan 1Be cTpokH, npunaie-

JaluHe IBYM DAsJHYHHM [,-TDynnaM, OTIMYaloTcs CHMBOJAMH
B elMHCTBEHHOM CTOJGUE, TO STOT CTONOEW BK/IIOUAETCH B KaX-
ILyl0 paccMaTpHBaemylo KoMOuHauuio H3 A cronbuos. (3) Croa-
Gel, KOTOPbI CONEPIKHT OJMH H TOT e CHMBOJ B KamIOH CTpPOKe,
He LOJ/IKEH BKJIOYAaTbCA HH B KAaKY0 PACCMAaTpUBaEMYI0 KOMOH-
HaUMo H3 A cTOAGUOB. (4) JIBa OLMHAKOBHX CTOJ0UA BMECTE He
IOJIKHBL BKJIOUATBCS HU B KaKYI PacCMaTpHBaeMylo KomGHHa-
uMio 3 £ cToa6UOB.
Hanpumep, B TaGmuue 6.6 MOMHO 3aMeTHTb, UTO CTPOKH 3
n 18 pasimuualoTcd TOJMLKO 3HayeHHeM NepeMeHHOH B cToaGue 2.
Crpoku 1 u 16 pasauyaloTcs TOMbBKO 3HAaYeHHeM MNepeMeHHOH
B cronbue 4, ctpoku 1 u 6 — t1ombko B cronbue 5. Craeno-
BaTe/LHO, NpPH TpuUMeHeHHH aaroput™a 6.2 ctoabum 2, 4 u 5
LO/KHBL BKJIOYaThCA B JM00YI0 paccMaTPUBaeMyi0 KOMGHHAUMIO
u3 k croabuos. I1poBepka cTpok
Ta6aunma 6.7 B 9tMX Tpex cToM6LAX MNOKa-
MHHKUMANbHAS x-z-tabanua 3LIBAET, UYTO HeT TaKo# CTPOKH
ans A28 B 0O-rpynne, Kotopas O6bua G6hl
OIHHAKOBOH ¢ Kako#-aH60 cTpo-
v—1 x, ko#t B l-rpynme. Takum o6pa-
3oM, A1d aBtoMata A28 moxHO
3aMHCaTh:

O r—t
—_o
—o

2y=Ff (%, 2, 1 2y_p). (6.29)

B sTOM BbipameHHH uHciO ap-
TYMEHTOB MHHMMAJbHO,

MunumanbHas  x-z-QyHKUHA
MoXeT OBTb mNpelcTaBJeHa B
TabaMuHo# ¢opMe mnNyTeM Bbi-
YePKHBAHHA H3  X-2Z-TaGaHubl
HalleHHBIX NO aaroputvy 6.2 ctoa6uoB M 06belHHEeHHs BCeX
OINMHAKOBHIX CTPOK. ITosyyaemas B peayabrate Ta6IMuA Ha3HBAET-
c MURUMaAbHOU x-z-mabauyefi. MuHuManbHag x-z-Ta6-
adua aja asromara A28 nokasaHa B Ttabauue 6.7.

—
—_——_—OOOo
—_——_—O o0
OO O
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6.6. Jlunelinbie gBOMuHBIE aBTOMATHI!)

B stoM M chaenyowMx ABYX naparpadax Mb Oynem usy-
yaTh CNeUMadbHbLI KJacC aBTOMAaTOB C KOHEYHOH mamaTbio, Ha-
3bIBAEMbBIX AUHelHbMU OBOUMHBIMU QBMOMAMAMU, KOTOpHE
BCAeJCTBHE CBOHX MHTEPeCHBIX W MOJIe3HBX CBOHCTB ONpaBibi-
BAlOT TNOBHIIIEHHOe BHHMaHHe K HHM. B JHHeHHBIX IBOMYHBIX
aBTOMAaTaX BXOIHBIM H BBIXOIHBIM aJj¢daBHTamu ssasiotes {0,1}
H BhIXOL B M000# 3alaHHB! MOMEHT BpeMeHH paBeH CyMMe MO
MOLY/MI0 2 3HaueHHW{ BBHIOP3HHBIX BXOIHBLIX CHMBOJOB B MpO-
IeJUIde MOMEHTHl BPeMeHU (M, BO3MOXHO, B HACTOSILHH MOMEHT
BPeMEHH) H BHIXOIHBIX CHMBOJIOB B MNpOIUelIiHe MOMEHTH Bpe-
MeHH. O603HAuMB C/JAOMEHHE MO MOLYJMI0 2 3HAKOM &), JuHeH-
Hbiff IBOMYHBIA ABTOMAT MOXHO OXaPaKTepU3OBaTh COOTHOLIE-
HHeM

zvzf(xv_ll, Kyl wvvs Xyl Zy—j Zymjp o os zv_/v)=
=xv—ll®xv—12® R @xv—lu®zv—jl®zv—12® v @Zv—j".
: (6.30)

e 0 L << ... <iy,n 1</ i< o< < Y
OcHnoB8Hoe CcocmoAHUue NHEeHHOTO IBOMYHOTO  aBTOMaTa
onpenenseTcs Kak COCTOAHHE dBTOMATa, B KOTOpPOM

xv—ll=xv—12= “ee :xv—lu=zv_-’l=

=2y_j,=... =2y =0.

ByzeMm roBopuTh, 4TO aBTOMAT HAXOIHTCH B nOKoe, €CIH OH
HAaXONHTCA B OCHOBHOM COCTOSIHHH.

Teopema 6.2. IMTycms M ecmv sunelinoili O8ouuHuoill
asmomam, Hax00AWuUlcs 8 noxoe 8 MOMEHRM 8peMeHu [,
u nycmo 8 momenm ty x a8momamy M npuxaadvi8aemcs
8x00Han nocaedosamesvHOCMb Xy X1 ... Xy T020a peaxyus

1y Matepuaa o JauHeilHOM JBOMYHOM aBTOMaTe Gasupyercd ua-
CTHYHO Ha paGorax Xabdmena (D. A. Huffman, The synthesis
of Linear Sequential Coding Networks, «Information Theory»,
pp. 77 —95, Academic Press, Inc. Neu York, 1956. Pyccku#t nepesox:
O A Xadpodmen, Cuures auHefiHHIX MHOTOTAKTHBIX KOAHPYIOUIUX
cxeM. B cbopuuke ne?eaonoa «Teopua mnepenaun coobuenuii», UJI,
M, 1957; D. A. Hufiman, An Algebra for Periodically Timeva-
rying Linear Binary Sequence Tranducers, Annals of the Computa-
tion Laboratory, vol. 29, pp. 189 — 203, Harvard University Press,
Cambridge Mass., 1959).

15*
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M 8 momenm t, (R>0) onpedessemca 8vlpasiceruen
2p=_CpoXo®D X1 ® - .. @ CppXp (6.31)

20e rosduyuenmor ¢y, pa8uvr aubo 0, aubo 1.
Howaszamesscmso. TlycTb aBToMatT M uMeeT mNamaTh M.
Torna M moxer 6bTb OXxapakTepH30BaH YPaBHEHHEM

Zv=60xv®61xv_1® e ®6uxv_u®
@12y 1D&2Z,_® ... DE2Z,_y (6.32)

rie kosdoduuHeHTH O; W &, TpuHUMaloT 3HaveHHs O wan 1. Ecmu M
HAXONUTCA B COCTOAHHH TIOKOA B MOMEHT fj, TO

X g=X_gp=...=X_ =2 1=2_,=...=2_,=0.(6.33)
CrenoBatensHo,
20=60x0. (6.34)
D10 paBeHCTBO IOKa3bBaeT teopemy aaa k&= 0. ITonoxuwm,
yTO Teopema cmpaBeiauea nad k=20, 1, ..., I. Toraa

211 =000, 1 ®6x,® ... ®6uxt—u+1®3121®3221—1 @ ...
N O T =041 @0 X, ® ... OO X, 11D
@e (e, 0@ 1 XD ... Dy, x)®
@& (¢1,0%0D ¢, 1%1® - O €y, 11X )D .ot
v @8 (6, 050Dy, 10D Dy 1 K1)
(6.35)

Tak kak no (6.33) Bce mepeMeHHble X; C OTPHUATEIbHBIMH HH-
nekcamu paBHh 0, To (6.35) MOXHO 3amuMcaThb B BHIe

Z[+1=a0x0®a1x1®...@alxl’®a[+1xl+1, (6.36)

rie Ko3hQHUHEHTH @, MPHHHMAIOT 3Hayenus au6o 0, ymbo 1.
CrnenoBatesbHO, ecad TeopeMma cnpaBenauBa aad k=20, 1, ..., [,
TO OHa AOMKHA ObiTb cmpaBeljuBo# s B =1[-}+ 1. ITo unayk-
UMM, TeopeMa CNpaBelauBa A8 Bcex Rk > 0.

Teopema 6.2, B CYLIHOCTH, YTBEpXIaeT, 4YTO BBIXOLHAS
peakuus JHHeHHOrO IBOWYHOTO aBTOMATa, HAXOLALIETOCH B CO-
CTOSIHHM TOKOS, MOXeT GBITb BhipameHa Kak JHHeHHas KOMOH-
HalUMg BXOIHHX BO3NeHcTBHH B HacTOAWMH W mpollellixe MoO-
MeHTH Bpemenu. Ilycts &) ...E  —BXxomHada mocienosa-

TE€JbHOCTb, MPHUJIOXKEHHAd K IJIBOHYHOMY dBTOMATY M, Haxonsd-
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IEMYCAd B COCTOAHHMH INOKOH, H NYCTb C}k ABJAETCA BHXOLHOH
peakuHeft aBTomata M Ha BxoaHoe Bo3aeHcTBHe g,’k. Torna

g;k = Ck0§;0® Ck1§;1 ®...® Ckkgzk. (6.37)

Amnanornuno mycts EjEV ... Ej, —BXOIHad TMOCTelOBaTENb-

HOCTb, TPHJOMNEHHAd K aBTOMAaTy M, HaXomdleMycs B COCTOfA-
HHH TOKOf, W NMYCThb C’]fk— peakuus aroMata M na Ej,. Torma

" — " " "
e = Caobn@ b @ « - @ cplyye (6.38)
Temepb pPaccMOTPHM BXOAHYH MoOcienoBatembHocTs (&), B &),
(glfl@g;’l o+ (81, ®E},) MOTYUEHHYIO CIIOKEHHEM MO MOZYJIO 2

COOTBETCTBYIOIHX CHMBOJOB NPeIbIAYLUHX ABYX IOCJIeN0BaTeNb=

nocret, Ilyctb Ck o603HayaeT peakuuio astomatra M Ha
"

(§1k®§zk) Torana umeem:

=y (50 ®@E;, BOIM (§,1®§ DO - @y, (5, ®E,)=
= (Chobi0 @ 81 @ - o Dk )@
®(Cko§zo Crfn @ .- @y k)= C}k ® Ijlk- (6.39)

ITosTOMY JHHeHHB# IBOMYHBI ABTOMAT, BbIBEIEeHHBbIH H3 NOKOA,
MOLYHHAETCA TNPHHUMNY CYMepNOSHUMH: BHXOLHAs peakuus Ha
CyMMYy (O MOLY/IO 2) BXOIHBHIX BO3leHcTBHH paBHa cymme (mo
MOLYJTIO 2) BBIXOIHBX peakuu#t Ha OTIHedbHble BXOIHbie BO3-
neHcTBHA.
Teneps BBenem onepamop 3adepycku D, onpenensembiit
TaK:
Dy=y,_,. r=0,1,2,... (6.40)

roe y Moxer o00603HayaTh Kak X, Tak W z. Bmecto DO Gyzem
nucath /. B TepMuHax onepaTopoB 3alePxkH BuipameHHe (6.30)
MOXeT GBIThb 3aMHCaHO TaK:

Iz=Dllx®D’2x® ce @D’ux®Djlz®D/2z® - @D/vz.

(6.41)
[Tpubasass Dhz@®Dz®...® D/ (no Monymo 2) Kk obeuM
yacTaM paeeHcTBa (6.41), nmoayuum:

Iz@DjlzGDDj?z@ . @D/vz=Dilx®Dl2x® ce @Dlﬂx,
(6.42)
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HJH
(DVe@...@D": @D @N)z=(D"®...®D2@D") x.
(6.43)

XapakTepHCTHKH BXOH-BbIXOJ JHHEHHOTO IBOHYHOTO aBTOMaTa M
MOTYT OBITb BbipaXeHbl nepedamouHsim OmMHoULeRIeM, 0603Ha-
yaeMmbiM yepe3d T (M):

D'*®..@D"*@ D"
D'v®...0 D2 @ D)

T(M)= (6.44)

Ecau 3alano mepelaToyHOe OTHOLIEHHE ABTOMATA, TO QYHKUMA f
B TOM BHIe, KaK OH4 npelcTaBieHa paBeHcTBoM (6.30), Bcerna
MOXeT OBTb ONpeleseHa BHINMOJHeHHeM B OGPATHOM MNOpPAlKe
onepaunit, ONMHCHBAeMHX ypaBHeHuAMH .(6.41) — (6.44).

Ha ompenenenus D u pasencta (6.41) craenyer, uto

D'z=D'(D'x®D"x®...®Dsx@®D"z®
®D’22® ... ®D/vz). (6.45)

Ws (6.45) u cBOHCTBA CyNepnoO3WUMH CJelyeT, 4TO ecld aB-
TOMaT, XapakTepuayembi#t paBenctBoM (6.41), Haxozutca B co-
CTOSIHHH mOKo#, TO o06e yactd (6.41) MOTYT ObITb YMHOMKEHH
Ge3 HapYylleHWd pABEHCTBA HAa NMPOU3BOJLHBLIN ToMMHOM oT Di

D*OD* 1@ ...0Nz=D"®D*"1®...®0
(D'x@D"x@ ... ®@Dsx@D12®D:2® ... @ D'v2).
(6.46)

CrnenoBatelbHO, ecad 3aJaHHbI JTuHeRHBIH nBOMYHBLIH aBTOomMaT M
HaXOOMTCA B HayaJbHbif MOMEHT BPEeMEHH. B COCTOSHHH TOKO4,
TO YHCJAMTENb M 3HAMEHaTeJ]b ero MNepelaTOYHOTO OTHOLIEHHS
MOryT ObITb YMHOMeHH Ha NMpPOHM3BOJbHBH moauHom ot D. Kpo-
Me TOTo, ecAH M HaxoIMTCs B HayaJlbHbIA MOMEHT BPeMeHH B
COCTOSIHHH MOKOA W NOJHHOMBlI YHMCJAHTENss H 3HAMEHaTelds ero
NepelaTOYHOTO OTHOLUIEHHS COolepxaT oOWMH MHOXHTENb, TO
3T0T O6WMH MHOXKWTENb MOXeT ObiTb 0Oe3 ywepba cOKpalleH.
Cokpaulenne o6GUIErO MHOXHTENS, KOTOPOe MOMXeT ObTb BBHINOJ-
HEHO C MOMOLUbI aAropuTMa EBKIHNA, NMOHHXKAeT MOPALOK IO-
JAMHOMOB YHCJAWTEN W 3HAMEHAaTeNd B TePelaTOYHOM OTHOLle-
HUM, TeM CaMbiM YNpolas KaK aHajH3, - TAK W CHHTe3 paccMmar-
puBaeMOro aBTOMaTa,
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Ina npuMepa paccMoTpuM JHMHeHHBIH nBOHUHHN aBTOMAT A29,
onpeleneHHH paBeHCTBOM

2y, =%, 10%, 3@ Xy 5@ %, ¢®X,_ ;@
@xy @2, Dz, ¢®@2,_; (6.47)

HJTH
2y @2, @2, 1D2,=

=X, @, ®x,_®x,_;Dx,_3®x,_;. (6.48)
ITosToMy mepelaToyHoe oTHouweHHe a3 A29 uMeeT BHI

DiegD'@oD'@®@D®D*®D
DeD'esDa/

T (A29) = (6.49)

IOnaa Toro yro6u ompelenuTh OOWMH HaUGOJBIIMA NequTesb MO-

JUHOMOB YHCJ/IUTE/A KW 3HAMEHATE/A, IPHMEHHUM aJTOPHTM EBkauna,
3aMEHUB BBIYHTAHHE NO MOLYJIO 2 CcloxeHHeM (H 3aMETHB, UTO

D'®D = 0):

DeD'DDDI | DGG)D1G)D°G)D'G)D'G)D
D@D RO DD D (6.50)
Deg Ds D D? |D7$D°$ @l
D' DG DG Ds @ D?
ofwu# nauboabwmuli geautear > DG DDl | DGG)DGG)D%BD’
Dig D D D?
0.

[Mocaennult memurenb (MOKasaHHHH cTpeskoH) aBaseTcs oOWHM
HauGombiuumM Zeaurtenem. s Toro yto6b MOHHUSHTH NMepelaTOy-
HOe OTHOlUeHWe, PpasjeJHM ero YHC/AMTeJb W 3HaMeHaTedb Ha
9TOT LelHTe/]b:

D‘eoD*e® D

D'eD*eDell Do D@ DfaD®@D*®D (6.51)

D8 @ D7 @ D5 @ D?

DeeD‘oD3® D

DG @ D5 @ D3 @ D2

DieD‘@ D2@® D

Do D‘*®@D2@® D

0.
D3@ [
D4®D3@D@1|D7@D“@D®l (6.52)
D@ Ds@ D*@ D3
D'eD’e Do
DieD*@D®/

0.
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U3 (6.51) u (6.52) nonyuaem:
T (429)— (Do DeD)y(D*®DoD®l)  D*'®D'®D
Do HhD'@eD*@Da® ] Dig [ :
(6.53)
[MTostomy paGora aBromMata A29, HaXOAAETroCs B HayaabHbIH
MOMEHT BpEMEHH B COCTOSHHHM TIOKOSI, MOXeT OBbITb OXapaKTe-
PU30BAHA BLIPAKEHUIMH

2y 3D2, =X, 4D Xy 2@ Xy_1s (6.54)

2, =X, 1®X, ,®x,_4,@2,_3. (6.55)
Hanpumep, ecnmn A29 HaxomHTCA B .HAYaJAbHbIt MOMEHT BpeMeHH
B COCTOSHMHM MOKOf, TO €ro BLIXOJHA# peaKls Ha BXOIHYIO
nocaerobatenbiocts 100111001010 no pasencry (6.55) Gyner
011011010001. MoxHO /Jerko NPOBEPHTb, YTO 3Ta BBIXOJAHAd
peakuus COBNajaeT C peakuueft, KOTOpas MOJyYaeTcs NMPH nep-
BOHauaJbHOM (6oJee IJIMHHOM) COOTHOIUEHHH (6.47).

B ofmeM cayuae He BCe COCTOSIHHS JMHEHHOTO IBOHYHOTO
aBTOMAaTa AOCTHXXMMB H3 €r0 OCHOBHOTO cocTosHHd. Koraa wua-
BECTHO, YTO aBTOMAT HAaXOAHTCS B OCHOBHOM COCTOSIHHH, TO BCe
COCTOSIHHS, KOTOPble HEIOCTHXHMBI H3 STOTO COCTOSIHHS, MO-
TYT He YUYHTBIBaTbCSl, YTO MPHBOAHT K YINPOLIEHHIO TPEACTAB-
JeHHs 3alaHHOTO aBTOMaTa M, CJeJOBaTeJbHO, €ro aHaaH3a.
Coxkpalenne o6uiero- AeHTeNs B NEPeIaTOYHOM OTHOLIECHHH aB-
TOMaTa COOTBETCTBYET HMEHHO TAKOMY YNPOLLEeHHI0. ABTOMAT,
NPeNCTaBJeHHB#t COKPALeHHbBIM OTHOILEHHEM, COILEepPXHT BCe CO-
CTOSIHHMA, [NOCTHXHMHE 3 OCHOBHOTO COCTOSIHHA NepBOHAYab-
Horo asromarta. [Tockoabky GOJLUIHHCTBO JMHEHHHX IBOHYHBIX
ABTOMATOB, BCTPEYAIOLIUXCA Ha MPaKTHKe, HMEIOT OCHOBHOE CO-
CTOSIHHE B KayecTBe HAyaJbHOTO COCTOSIHHS, TaKOe COKpalleHHe
B GOJBIIMHCTBE CJYyYaeB ONMPaBAAHO M KeJaTelbHO.

HITH

6.7. BpemMenHas xapakTepHcTHKA JuHEHHOTO
ABOHYHOr'o apToOMarTa

CB80600RYI0 BBXOOHYI0O NOCAE008GMEABHOCME JTHHERHOTO
JBOHYHOTO aBTOMara M onpeleaHM KkaK BLIXOAHY!O peakuuio M
Ha GecKOHeuHy10 BXOIHylo nocaenoBatesbHocTs 000..., HazoseMm
BHIXOJHYIO NOCJIENOBaTeJbHOCTb aBTOMara Hepuoduueckol, eciu
BLIXOJIHOM CHMBOJ B MOMEHT BpeMeHH £, fBJSETCH TAKHM Xe,
KaK U B MOMEHT f,,, IJIs1 BCEX V; P — NOJOXHTENbHOE KOHey-

HOe 1eJOe@ YHCJIO — HAa3blBAeTCH nepuodwu cB0OOIHOH BHIXOA-
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HOH TOCJAENOBaTeNbHOCTH. ECH BHIXOAHAf peaklMs MOCTOSIHHA,
TO ee mepHon paseH 1. )

Teopema 6.3. ITycmse M — aunelinuli O0sounnsli as-
momam ¢ namameio b o z-namamsio P'. Toz0a c80600-
HAA 8UX00RAA nocaedosamesvHocms cmadem nepuooute-
CKOf He 6Goaee wem Hepe3 vl —+w—1 camsoros u ee ne-
puod

pL 2 —1. (6.56)

Hoxazamesscmso. M Moxer ObBITb OXapaKTepH30BaH pa-
BEHCTBOM
zv=60xv®61xv_1 @ . e @6u”xv_u”®

@82, 1Deg2, @ ... Deprzyy, (6.57)

rae xosppuuuentst 8, u e, paBHnl O Wi 1. ITomoxuM, uTO
HabmioneHHe CBOOONHON BHIXOIHOH TNOCAENOBATENBHOCTH HayH-
HAaeTCsd B MOMEHT tl_u, rae p=max(p’, u”). Torma ana Bcex
v> 1

2, =gz, D2z, _ NOREY @s 2y (6.58)

Torna He Gonee ueM uepe3 |4 CHMBOJOB KaXAbIH BBIXOIHOMH
CUMBOJ OyIeT OIHO3HAYHO ONMPENeNaThCs MpelllecTBYIOLUMH W/
BBIXONHBIMH CHMBOJaMH. C/IelOBaTeNbHO, BBIXOIHAs MOCTENOBa-
TeNbHOCTb CTAHOBHTCA MEPHOJNHYECKOH C MEPHOAOM p, €CaAH IJs
moboro v > 1 yHOpﬂllO‘{eHHbIe HabopH 3HaueHHH |’ mepeMeH-

HBIX (2y_ 10 Zy g -oos Zy ) B (2, 1,0 Zygrp e Ayl u+p)

coBnangaior. Tak kak CylwecTByeT BCETro vl HabopoB 3HaueHu# U’
nepeMeHHbIX, MOCAENHHA OTPE30K LIHHOMR [ B BBIXOJHOR MoCAen0-

BATEJbHOCTH 2.2 ... Z ' » A HME@HHO, Z ' 2 e 2 s
12 27 +u’ 27 +1 27 42 27 +u’

HOMeH OHTh TAKHM e, KAK HEKOTOPH{ mNpellecTsyIOLHI
orpesok AauHoR W', CrexoBaTenbHO, MEPHON HE MOXET MPEBbI-
mars 2%, Tenepb NOJOXKHM, YTO NEPHOL TOYHO paBeH all
Torpa nocnenoBaTeNbHOCTh NO/IKHA COIEPXKATh OTPE30K, KOTO-
puit cocrour H3 P’ nyne. OmHako u3 (6.58) MoxHO 3ak/i0-
YHTb, YTO 33 TaKHM OTPE3KOM NO/KHA CJIe10BaTh GeCKOHeyHas
NOCAEA0BATENbHOCTE H3 HYyJeH, nepHol koTopo# paseH 1,
a ne 2. Tak Kak 510 TIPOTHBOPEYHT N PEANOJOKEHHIO, TO NEPHOL
He MOXET TIpeBhIIaTh 1. [TepronuyHOCTh HAauHHaeTCH
B HEKOTOpDBI MOMeHT £, rie 1<y <2“', H, CIe10BaTeNbHO,
He Gonee ueM uepes W— 2 — 1 CHMBO/IOB.
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BeckoneyHas yacTh BHXOAHON NOC/IEAOBATENBHOCTH, IPOABIAI0-
11139 TIe PHOAMUECKHeE CBONCTBA, HA3bIBAETCA NepuOOUtecKol 4acmsio
BHIXOAHO# TOCAEAOBATE/ILHOCTH; OTpPaHMYeHHas -4acTb, KOTopas
NpelliecTBYeT TIEPUONHUECKON UaCTH, HA3HBAETCH TNePexXOJHON
4acmbl0  BHXOAHOM TOCTENOBATENLHOCTH. Ecau nabaonenHe
32 CBOOOAHOW BHIXOIHOW MOC/AEN0OBATENBHOCTbIO HAaYHHaETCA
B MOMEHT f, M €CJM aBTOMAT HMeeT MaMATb W, TO KaK MEePHOIH-
yecKas, TaK H MepexojiHas YacTH BRIXOJHOH MOC/AeNOBaTeNbHOCTH
3aBUCAT OT 3HAYEHHUH X, _q, Xy g9 -..s X,

oo zV"H‘ KOTOpBIE COCTABJAIOT HA4AAbHbe YCA08USE ABTOMATA.

[lycts p—mnepuod cBoGonHON BHXOIHON TOCTENOBATEBHOCTH
wmyere &, 8, . C,p — NPOHU3BOJIbHAS TIOCAENOBATENLHOCTD U3 P

p M 2y Zygh -e-

CHMBOJIOB, COAepXkaiuasicd B MePHOAHYeCKOM YAacTH BHXOIHOU
nociaenopatenbHocTd. Torma W3 nokasarenncTBa TeopeMu 6.3
c/efyer, UTo @ MOANOC/edoBaTe/IbHOCTeH Aauubl W (rae p' — 2-
NaMsATb), HAYHHAIOIIHUXCSA C CHMBOJIOB Q, . Qiz, e Cl , BOMMHH

OuTb pa3anyHHMHU. Ecan p uMmeer MaKCPlMaJIbHOe 3Haqeﬂue o 1,
TO ITH TOC]EL0BATENbHOCTH COAEPKAT BCe W' -paspsaHble IBOHY-
HHe YHCJTa, 3a HCKMouyeHHeM W -padpsaHoro udcaa Q0 ... O.

Ilns mpHMepa paccMOTPHM JHHeHHBIH IBOHuHBIR aBToMaT A30
C maMaTei0 5 H ¢ 2-maMaTthio 3, ompelelseMEl pPaBEeHCTBOM

2,2 =Xy s®2,.1®2,.3 (6.59)

3amuce (6.60) nokasbiBaeT CBOOOAHYIO BHIXOAHYI0 TOCAENOBa-
TeALHOCTh STOTO ABTOMATA, HAYMHAR C MOMEHTA £, KOTIa Hayalb-
HBIE YCAOBUA X, =X, 4, =X, 3=X, 1 =2, 1=l H X, o=
=2,.3=2,.9=0. & u & 0003HaYal0T COOTBETCTBEHHO BXOI-
HY10 M BHIXOJHYIO NOC/IEeNOBaTeNbHOCTH. Kak, BHIHO, LJTHHA mepe-
XolHo# uacTh B STOM cayyae pasHa 2. Ilepwon pasen 7,
T. €. MaKCHMajJbHOMY 3HAYeHHI0 [IJ 3aIaHHOH  Z-naMsTH
(28 — 1 =17). Hauunas ¢ TpeTbero BHIXOLHOTO CHMBOJA, MMeeTCs
ceMb moAnocjaenoBareabHocrett amuun 3: 111, 110, 101, 010, 100,
001, 011, cocraBasioMX BCe TpPeXpaspsiHble IBOHYHEIE YHCAA
3a uckmouennem 000.

& 11101 00 0000000 0000000 ...
% 001 01 1110100 1110100 ... (6.60)
P — L —— N
Hauaspunie Tlepexon- Tlepuon 1 MNepuox 2

ycaosua Ha4q 4acTe
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[MoBeleHHe JHHEHHOTO [OBOMYHOTO A4BTOMAaTa, HAYMHAIOILETO
paboTaTh H3 CBOErO OCHOBHOTO COCTOSIHHA, YLOGHO XapakTepH-
30BaTb MOCPEICTBOM €ro UMAYAbCHOE xapaxmepucmury. VM-
nyJdbCHAas XapaKTePHCTHKA aBToMaTa M ompelensercs Kak BbIXO.-
Hasi peakuus aBToMaTta M, HaxoAserocs B COCTOSHHH MOKOA,
Ha OeCKOHeuyHY0 BXOJAHYI0 nocaenosatesbHocts 1000 ... Takas
NI0C/eJOBaTebHOCTb HA3LIBASCTCA UMAYABCOM. $ICHO, YTO MM~
NyJAbCHAA XapPAKTEPHCTHKA ABTOMATA, HAYHHAA C MOMeHTa [,
ABNSETCd TaKOH ke, KaK H ero cBoGOJHAas BHXOJHAs XapaKre-
PHCTHKA, HayMHad C MOMEHTa f,,; H NPH HayaJbHHX YCJIO-
BuAx x,=1, 2,=0 uau 1 W npu Bcex TNpeAECTBYIOLHX
BXOJHBIX H/JHM BHXOIHHMX CHMBOJax, paBHmx 0. Torpua, mo Teo-
peme 6.3, ciaelyer, uTO HMMIY/JbCHas XapaKTEPHCTHKA CTaHeT
neproauyeckoft He Gonee uyeMm uepes 2"'-4—}1 CHMBOJIOB, Tle W
ecTb naMartb, a W — 2-maMate aBroMara M. IlepHoX uMmyJabc-
HOM XapaKTepPHCTHKH He MOXET NMPeBhlIlaTh % 1. Tak, HamnpH-
Mep, HMMNyabCHas XapakTepucrthka aBToMata A30, 3azaHHOro
pasenctBoM (6.59), nokasana B (6.61).

& 100 0000000 0000000 ...

&. 000 0011101 goriiol ... (6.61)
——— e e N !
Ilepexoguas Ilepuon 1 Iepnon 2
4acThb

Bxonnyo nocjenoBaTelbHOCTb, KOTOpas aBjagerca 0 BO Bce
MOMEHTH BpEMEHH, 8a MHCK/IIOYeHHeM MoMeHTa f,, 0003HayuM
yepes P,. Buxonnywo peakumio aproMara Ha P, Oynem o6o-
3Hauath %,. o%’v AIBJIIEeTCA MMNYJAbCHOH XapaKTepHCTHKOH aBTo-
MaTa, CJ/IH HMIYJbC NPUIOKEH B MOMeHT £,,. ByneM roBoputh, uto
OC/Ae10BATe/NbHOCTb ¢ SBAAETCA CYMMOH MOC/eN0BaTeNbHOCTEH
& &g ooy &, samHCHBACMOR KaK & DE,® ... @&, ecan

CHMBOJI TIOCJAC€AOBATE/ILHOCTH ép B MOMEHT tv paBen CcyMMme 1mo

MOLYTI0 2 CHMBOJOB TMOCTEI0BATENbHOCTER &1, &gr -+ v &f
B TOT xe caMbift MoMenT £,. TakuM 06pasoM, eciu & ectb O
BO BCE MOMEHTHl BDEMEHH, 3a HCKJ/IIOYEHHEM t,l, t,z, t‘z’
TO BbipaxeHHe & MOXeT ObITb 3aAMMCAHO TaK:

¥=9, 09,0 ... D, (6.62)

B cuny cBofictBa CynepmosHuMH, ecqM & NPHKJIAILBIBAETCS
K THHe{lHOMY IBOHYHOMY aBTOMATy M, HAXOAAEMYCS B HaYaMbHbIH
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MOMEHT BPeMeHH B COCTOSHHH TOKOS, TO BhIXOmHas peakuus M,
o6o3nauaeMas uepes &, paBHa:

(%=(%ll®0%12® [ @(%ll. (6.63)

[TosToMYy BBHIXOAHAf peaKuHs MOXeT ObITh NMOJMYYeHa CIOKEHHEM
O MOAYMIO 2 HMIYJbCHBIX XapakTepHCTHK aBTomara M, Hauu-
HAIOWHXCId C MOMEHTOB t,l, t,z, tl’z' flcHo, utO ecnm BxOA-

HOe B030yXIeHHe CTAHOBHTCA NEePHOIHYECKHM NOCJTE Ol pAHHYEH-
HOTO UYHWCJAa CHMBOJIOB, TO TaKOW e CTaHOBUTCA BHXOAHAA
peakuus. Hanpumep, (6.64) nokaseiBaer peakuuto aBToMata A30
Ha TMOCJeNOBaTeMbHOCTb, KOTOPash CTaHOBHTCS IMEpPHOIUYECKOH
(c mepronoM 1) mocie yeTblpex CHMBOJIOB:

&: 101100 0000000 0000000 ...

%;: 000001 1101001 1101001 ...

%4 000000 0111010 0111010 ... (6.64)

%4 000000 0011101 0011101 ...

&: 000001 1001110 1001110 ...

N ! N ! N !
[lepexoanas  Ilepuon 1 [epuon 2
YacTh

Kaxnas nocnenoBateqbHOCTh o# W3 ENHHHL H HyJeH, KOTO-
pas CTAHOBHTCS MePHOIMYECKOH C NMepuojOM P MOCJAe T CHMBO-
70B, MOxer OHTb 3anHcaHa B (GopMe

(%::O%T @(%p. (6.65)

rie &y — GeckOHeyHasds TNOC/IENOBATENbHOCTb, KOTOpAas CTaHO-
purcsi 000 ... He MO3IHee YeM uepes T CHMBOJOB; % p — Gec-
KOHeYyHas NepHOLHYECKass MOC/AelLOBATebHOCTb C TMEePHOLOM P H
6e3 mepexolHO# yacTH. &y M K p HA3LIBAIOTCA COOTBETCTBEHHO
nepexodnoli cocmasgasiouell w nepuoduuecxoli cocmaganio-
well &. &p obpasyerca crenylomnm o6pasom. Ecam v=mn- kp,
rie 0 <M< p, H B — HeOTpHLATENBLHOE LLE0e YHCTO, TO BhIYEpK-
HEM MepeXOIHYI0 YacTb M MepBble P — 1] CHMBOJIOB H3 MePHOLH-
yecko# uacTu &#. Iloayuennas B pe3ysabTare OecKOHeuHas TocJe-
JOBaTeNbHOCTb €CTb Fp. K TOrAa ONpelenseTcs PaBEHCTBOM:

Er =D &p. (6.66)
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Hanpumep, ans &£ u3 (6.64) nonyuaem:
#p: 0011101 0011101 ...

S, — S )
[lepuon 1 [epuon 2 (6.67)
Hr: 001111 00000000 ... '
—
[lepexoanas
4acTh

Jlerko MOXHO TIPOBEPHTh, YTO MOCJAENOBATENbHOCTh (6.67) yno-
pnersopsier paseHCTBY (6.65).

6.8. Pacnosnasanne JHHeHHOTO JABOHYHOrO aBTOMAaTa

Kak 6b1;10 OTMeueHO B mpeniiecTByOLIEM naparpage, no 3anaH-
HOH HWMNYJbCHON XapaKTepPHCTHKE JHHEHHOrO ABOHYHOTO aBTO-
Mara, Jerko MOXHO ONpele/THTh PpEaKLHI0 aBTOMaTa, Haxonsd-
1Ierocss B HAayaJbHbIE MOMEHT BDEMEHH B COCTOSHHMH IIOKO4,
Ha mobOoe B03Oywaenue. IlosToMy 3HaHMe WUMIY/IbCHOH Xapak-
TEPUCTHKH NMO3BOJISET XaPaKTEePHU30BaTh M1000 HEH3BECTHRI/t aBTO-
MaT, HaxXoAflMHcAd B HayaJbHbHIH MOMEHT B COCTOfIHHH TNOKOf.
B stom maparpade Mbl YBHIHM, KAK MOXHO TOJYYHTb X-2Z-XapaK-
TePHCTHKY MO HMOYJbCHON xapakTepHCTHKE. [lonyuuB x-2-pyHK-
LMI0, MOXHO' 3aTeM NOCTPOHMTb XAPAaKTePHCTHYeCKHe (PYHKUHH f,
H f, 3a0aHHOTO aBTOMaTa TaK, Kak onucaHo B § 6.2,

PaccMOTpHM JHHeHHBI#, HAaXOIALUMACA B HayaJbHbBI# MOMEHT
BpeMEHH B COCTOSIHMM TNOKOs JBOMYHBI aBTromar M, nepena-
TOYHOE OTHOILUEHHE KOTOPOro 3aJaHO paBEHCTBOM

T(My=In,®Dn,® DM@ ... ®Dfﬁl' (6.68)

rie ko3(pduuMenTsl 1; pasHel au6o 0, aubo 1, Toraa ang aero-
Mara M, HaXO&ALWErocs B HAYaJbHbLIA MOMEHT BPeMEHH B COCTOSI-
HHH TIOKO4,

zv=n1xv®n2xv—-l @nsxv—-2® oo @nlxv—-l+l' (6'69)

[Mpeanonoxum Tenepb, YTO OeCKOHEYHAs BXOJHAs TOCTeNOBa-
trenbHocTe 1000 ... (T. e. uMNy/abC) nNpHKaagbiBaeTcs Kk M
B MomeHT f;. Ilpu sTOM MBI moayunM x; =1, a x,=0 1L
Bcex k =+ 1. U3 (6.69) Torna umeem: 2, =", 2="my, ..., 2; =1y
H 2,=0 n1a scex k> I. [losTOMy MMIyJbCHass XapaKTepH-
CTMKAa aBTOMATa, xapakrepuayemoro pasenctsoM (6.68), ompe-
Zenaiomum T (M), umeer Bum M7, ... 1,000 ... Hao6opor,
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€ClM  aBTOMAT HMeeT MMIYJbCHYI0 XapPaKTEPHCTHKY TNy ...
...M000 ..., T0 OH MOxeT ObITh OXapaKTepPH3OBAH Mepena-
TOYHBIM OTHOWeHHeM T (M), koTopoe 3a1aHO BhpaxeHuem (6.68).
[TonyuyeHHHf{t pe3yabTaT fnaeT BO3MOXHOCTH HaHTH mepela-
TOYHOE OTHOIEHHe ABTOMATa, 3aJaHHOTO MPOH3BOJLHON HMIY/IbC-
HO# xapaktepHcTHKOH. Kak Obi0 ycTanosmeHo B § 6.7, uMnybc-
Hasl XapaKTepPHCTHKA & JMHEHHOTO NBOMYHOTO ABTOMATAa MOXET
ObITb BbIpAXEHA KaK CYMMa NepexONHOH{ H MepHOIHYecKo# co-
CTaBMAOWHX Fr H Hp COOTBETCTBEHHO.
[Tycte
Hr =106, ...06.000 ..., (6.70)

(%P=8182 “ee 8,,8182 e sp “os (6.71)

ABroMar, KOTOpHI#t peamuayer ofy, HMeeT NepelaTOYHOE OTHO-
IIeHHe

Tr=01,0D%® ... ®D" .. (6.72)

ABTOMaT, KOTOPHIt peamnsyer ¢Zp, HMeeT NepefaToOyHoe OTHO-
LIeHHe:

Tp=16,®Dey® ... ®D" e, ®
®D% @D e,® ... @D%—lsp@
@D®e,®@D* e, ® ... ®D* e, ®
® ...
= (le;®Dey® ... ®D e ) (@D ®D*® ...)= 6.73)
— (Ie,® De,® ... @D"“ep)Dp;m.

[Tpunumasi BO BHHMaHHe CBOWCTBO CyNepHO3HUMH, aBTromMar M,
KOTOPbI}t peau3yeT HMIYIbCHYIO XaPaKTEePUCTHKY F = & B &% p,
HMeeT MepelaTOYHOe OTHOILEHHe :

TM=T;@Tp=01,0D%® ... ®D" %,®
Ie, ® De; @ ... @ DP7 g,
DI

Bupaxenne T (M) moxer ObITb 3aMMCaHO KAK OTHOLIEHHe ABYX
MOJMHHOMOB OT D, y KOTOpHIX MOMeT OBITb COKpaweH oBuuit
IemHTeNb, KaK Obl1o oObacHeno B § 6.6, Takum oGpasowm,
M0 WMIOyJAbCHOH XapakTepHCTHKe aBTOMara M Bceraa Moer
OhTh ONpeNeNieHO ero mepeNaToyHOe OTHolleHue. [locTpoenue

. (6.74)
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X-2-QYHKIMH MO NepPelaTOYHOMY OTHOLIEHHIO H XAPaKTEPHCTH-
yeckHX OGYHKUHR f, H f; MO x-2-GYHKUHH §BASETCS TMPOCTOH
3anaueft.

B kauecTBe mnpHMepa INDPEANOJOMNHM, YTO JHHeHHBHIH XBOMY-
Hbif aBroMaT A3l BHLIAET HMNYJAbCHYIO XapaKTepPHCTHKY

& =111011101001110100111 ... (6.75)
CrelnoBaTeNbHO,
& p=010011101001110100111 ..., (6.76)
&= 101000000000000000000 ... (6.77)
Mo (6.72), (6.73) u (6.74) nonyuaem:
T,=1I1+4D? (6.78)
I
. DeD'®D"® DS
TA)=I®D*@® DT eT -

_DpD'@D@® D D'@D*0 D1
= D o]
[MpuMeHeHnue anroputda Eskauiza k (6.80) nokasbiBaet, uTO

TIOJIMHOMB YHCJMTENs H 3HAMEHATeNs HMeoT OOIMH IeauTeNb
D*OD?OD @) u uro T (A31) moxer ObITL 3aMMCAHO B BHIE

T(A31)= DeoD*9oDe (D) Dol
T (D*eoD*eoDe(DPeDell D*eDel’
(6.81)
AproMar A31, HaxomAwmica B Haua/lbHbLIE MOMEHT BpPeMEHH

B COCTOSIHHH TOKOS, NMOSTOMY XapaKTepH3yeTcs DPaBeHCTBOM

. 2,=x,Px, Dz, D2z, (6.82)

MoOXHO Jerko NpOBepHTb, YTO aBTOMAr, omnpelenseMbitt (6.82),
NeHCTBUTENIbHO 00/afaeT MMNYJbCHOH Xapakrtepuctuxko#t (6.75).
Crenyer OTMETHTb, YTO PacNoO3HABaHHE JTHHERHOIO ABOHYHOTO
dBTOMATa TOCPENCTBOM €TO HMIYJbCHOM XapakTepHETHKH, Kak
ONMCAHO BhIllle, 3aBUCHT OT CNOCOOHOCTH HCCJ/eloBaTess Bblle-
JHTb TEPEXOIHY0 M TNEePHOIHYECKYI0 YacTH BHXOIHOM peakuHH
TIOC/Ie KOHEYHOTO YHCJAa HabmioJaeMblX CHMBOJOB. 3Ta cnocob-
HOCTb, B CBOIO Ouepelib, TpeGyeT NpPelBAPHTeNLHOTO 3HAHHA MaK-
CHMaJLHON MaMATH aBTOMATa, YTO NMO3BOJISAET ONPELENHTb BEPXHION
TDaHHUY IJHHBI NEPexOIHOH YacTH H mMepHOL (cM. TeopeMy 6.3).
C npyroft CcTOpPOHH, HOCTATOYHO 3HATH MAaKCHMajlbHOE YHCIIO

. (6.80)
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COCTOSHHI B aBTOMare, yToOH Mo Teopeme 6.1 onpenemuTh Mak-
CHMA/IbHYIO MNaMsiTh. 3aMeTHM TaKke, YTO YHCAO COCTOSHUH 7
B JHHEHHOM NBOMYHOM aBTOMAaTe C TMAMSATbLIO |L He MOXeT Tmpe-

Buwars 4", [To5TOMY 3HAHHE P 3KBMBA/NEHTHO 3HAHHMIO BepXHeH
TPaHHUB AN 7, YTO MOXHO OblJIO TpeNnonaraTb BBHLY TeO-
peMbl 5.2,

6.9. He 3aBHcAumHEe OT BLIXOAA aBTOMAaThl

¥

ABTOMaT ¢ KOHEYHOH MaMsAThiO, B KOTOPOM Z-maMsith paBHa 0,
HA3BIBAETCA He 3Q8UCAWUM om 8uix00a asmomamor. Takoro
THIIA ABTOMAT OIpeNe/sieTCs COOTHOILEHHEM

2o=f(xy, Xy_1, v, Xyop) (6.83)

rie mo00# H3 apryMEeHTOB MOMeT ObITb HecCylluecTBeHHbIM. He 3a-
BHCSILLIHE OT BHIXOJA aBTOMATHI, COCTABJAIOIIHE MOLKIACC Kaacca
4BTOMATOB C KOHEYHOH NaMsaTbl0, NPOSBJIAIOT BCe CBOMCTBA, IO~
NMydyeHHble paHee /i KJacca aBTOMATOB C KOHEYHOH maMaThlo.
B uyactHocTH, M3 JemMbl 6.1 HmeeM:

Teopema 6.4. B MuUHUMAAbHOM He 3QBUCAUeM OM B8bi-
xo0a asmomame ¢ NAMAMbLIO | ’

Sy =& (Xyo1s Xy_go +vvr Xy ) (6.84)

3HAYUT, COCTOSIHHE He 3aBHCALIETO0 OT BHLIXOJAA AaBTOMATA
TIOJIHOCTD 10 ONPeleNAeTCS BXOAHOM N0CIe10BaTe/IbHOCThIO JTHHEL |4,
H, Cle0BaTebHO, TAKOH aBTOMAT MOXKET HEMOCPEACTBEHHO YIIpaB-
JATbC HCTOUHHKOM BXOIHOrO BO30yxIeHus. Ecan B aBToMare M

O=8 (B by by ) (6.85)

TO BCe, YTO Tpebyercda, utoObl nepeBeCTH agToMatr M B cocrod-
HHE 0, —3TO NOAATk BXOJHYIO IIOC/IEA0BATENBHOCTD gj gj —
172

N
Tak kak Takad TOC/MeLOBAaTENbHOCTb MOXeET ObITb MOJAHA HA aB-
TOMAT, HaxOoLALHMHCA B MOOOM COCTOSHHH, TO M3 BTOTO ClelyeT,
yro J11000€ COCTOSIHME B He 3aBHCAlEM OT BBIXOJa aBTOMare
MOxeT OblTh LOCTHTHYTO H3 /MIO6OTO APYTOTO COCTOAHMS, @ 3TO
3HAYHT, YTO HE 3aBHCAIUHH{ OT BHIXONA ABTOMAT SKBHBAJEHTEH
CHJILHOCBA3HOMY aBTOMATY. .

Ilycte 3anaH He 3aBHCAlIMH or Beixona asroMar M ¢ ma-
MATbIO U H BxoIHbM andasutom (&, &9, ..., &) x-2z-dynk-

uus (6.83) aBromara M Bceriza Moxer ObiTb MOJyyeHa nonayett
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Ha BXOJA AaBTOMAaTa INOCHENOBATENbHO BCeX P BO3MOXHBIX TNO-
cneloBaTebHOCTEH g}. g}. ces g}. . [Tocne onpenenenust x-2-Ppynk-
' 1772 m

UMM MoxeT ObIThb mocTpoeHa Tabmvua (MM rpad, WAM MaTpuua)
nepexofoB astomara M. Takum oOpasoM, He 3aBucCALIHH OT
BHIXOAd aBTOMAT C OMNpeleNeHHON MaMsITbi0 M BXOAHBLIM andaBH-
TOM BCErJa MOXeT OblTb PACNO3HAH C TOMOLIBIO NMPOCTOrO 3a-
paHee O0e3YC/OBHOTO B3KCHEPHMEHTA. 3aMeTHM, YTO BLIXOLHOH
ANQaBHUT He HY:KeH I/ 3aJaHHUA SKCTIEDHMEHTa, H, CIelL0BATENLHO,
10 3KCTEpPUMEHTa pPACMO3HABAEMHIt ABTOMAT TpHHALNEexHT Oec-
KOHEYHOMY KiacCy aBToMaToB. OIHAKO, TaK KAK KaXIbIfl He 3a-
BUCAIMA OT BHIXOJA ABTOMAT fABJAETCS CHJBHOCBA3HBIM, TO 3TOT
K/aCC SIBJSETCAd HCK/IOYMTEJbHBIM H  YIOBJETBOPSieT YCJIOBHIO
Pa3/MTHYHMOCTH NO Teopeme 5.3.

[MTocnenoBarebHOCTb, KOTOPas COLEPKHT BCE pH BO3MONKHBIE
TIOATIOCIENOBATENLHOCTH gjl gjz... gju H3 | CHMBOJIOB, Ha3bl-

Baercs (p, W)-nocaedogamesvrocmero, CaMasd KopoTkas (p, h)-
TOC/el0BATENbHOCTb ABJAETCS MOC/AEI0BATENbHOCTbIO, B KOTOPO#
KaxIbil CHMBOJI, 33 HMCKJIOYEHHEM TOCJEeIHHX U — 1 CHMBOJIOB,
HAYMHAET PA3JHYHYI0 MNOANOC/AE]0BaTeNbHOCTh IJHHOR W. Takas
NOC/eI0BATENbHOCTb, AJMHHA KOTOPOH obs3arennHo p¥—-p—1,
Ha3blBaeTCd Komnaxmuoli (p, W)-nocaedosamelbHOCMEI0.
Crenyomuit Meton, KoTophift Gyner daH Ge3 NOKA3aTenbCTB,
MOXeT ObiTh HCIIONML3OBAH AJIs NMOCTPOEHHS KOMNAKTHBHIX (p, W)-110-
CJIEeI0BATENLHOCTEN I KAXKAOrO 3a1aHHOTO p H U1).
Anropurm 6.3. Iaa Toro yroObl NOCTPOHTh KOMIAKTHY!O
(p, p)-mocnenoBaTeNbHOCTh A/ HE 3aBUCALLET0 OT BHIXOHA aB-
TOMAaTa C NaMATbio | H BXOAHbIM andaBuToM (§;, &o ..., &p)
HYXHO TpOH3BECTH cienylouiue onepaunu: (1) I[Tycrs §11=§}.2=

=... =§j = §p. Monaraem k=p-+ 1. (2) Paccmarpubas
u

BXOJHON andaBHUT KaK yNopsnouyeHHOe MHOXecTBO (§; — mepBbiit
cumBos, &;—mBTopo#t cumsod, ..., §,— p-# cuMBsoX), nona-

raeM, 4YTO CHMBOJ g] HMeeT HaUMEHbIUHN HHIEKC, TaK YTO nol-
R

NI0C/Ie0BaTeNbHOCTD § 13 ..+ &, HHUTJE He COJlepPIKHTCA
jk—-u+1 jk-—u+2 jk

B MOCJ€L0BATENLHOCTH gjlgjz cen gjk g 3) (@) Ecmu k£ < p¥ 4

1) Merox mpeaaoxen Jlunneaom u dmnmrtefinom (B. Lippel and
. J Epstein, A Method for Obtaining Complete Digital Coding
Chains, IRE Trans., vol. EC6, p. 121, 1957).

16 A. Cuaa
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-+ — 1, o yBenmunBaeM & Ha 1 u BosBpawaeMcs k (2). (6) Ecin
k=p*+p—1,10 Ej Ej “on §J. BA2TCA KOMNAKTHOHA (p, |1)-

NOC/e10BATENbHOCTBIO.

B kauyecTBe mnpHMepa (6 86) mokasblBaeT NMOCTPOEHHE KOM-
naktHo#t (3,3)-mocnenoBaTeNbHOCTH IS HE 3aBHCALIETO OT Bhl-
X0Ja aBTOMaTa C MNaMATbIO 3 M BXOAHBIM anpaBHTOM (@, B, V).
[MocnenoBaTenbHble CTPOKH MOKA3BIBAIOT MOANOC/]ELOBATENbHOCTH
ATHHBL 3 (MMeercs 27 TakuX moAmocnenoBatenbHocTteRt). I[Tocren-
Hf CTPOKAa MOKA3blBaeT CYMMAapHYIO MOC/eNOBATENbHOCTb, AJHHA
kortopo#t 33 4-3 —1 =29,

YYy
Yyo
vyaa
aaa
aap
apa
paa
aay
aya
yap
app
ppa
pap
apy (6.86)
Bya .
yay
ayp
YBa
pavy
ayy
YyvB
YBB
BB
BBy
Bvp
YBY
Byy

YYYGaGﬁGGYGﬁBQBYGYﬁGYYBBBYﬁYY

[MocnenoBarenbHOCTH, NOAYYeHHble mo anropurmy 6.3, 06-
NaJa0T CAENYIOWHM CBOHCTBOM. Ecian mepBHe p* CHMBOJMOB
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Pa3MeCTHTb TIO OKPYXHOCTH, TO KaMuaas MOCNeNOBATeNbHOCTb,
NOCTPOEHHasA CYHTHBaHHeM pY -+ U — 1 MOCeAOBaTENbHHX CHM=«
BOJIOB, 00paayer KOMNakTHYI0 (p, |4)-TIOC/TeN0BAaTeNbHOCTb (He-
33dBHCHMO OT HAayalbHOrO0 CHMBOJA H HE3aBHCHMO OT TOTO, CUH-
THIBAIOTCA CHMBOJBI TNO 4YacoBO# cTpenke Wan npoTuB). I[lo-
CKOMbKY TMOC/TedOBATENbHOCTH, MOCTPOEHHBIG TyTeM BHGOpA
Pa3NMHYHbIX HAyaJbHBIX CHMBOJIOB HAa OKPYXHOCTH (HO MpoAO.-
XKalolHecs B OLHOM H TOM )Xe HamnpaB/ieHHH), 00d3aTe/bHO pas-
JHYHBI, TO KaxJoe NpHMeHeHHe anaroputMa 6.3 Moxer IaTh py
Pa3aHuHbIX KOMIAKTHHX (p, )-nocnenoBatenbHocTelt, Yucno Vo
Pa3nMyHBIX KOMNaKTHHX (p, W)-NMOCTenoBaTenbHOCTEH paercsl)
BRIPaKeHHEM

W= . (6.87)

B 3akmoyeHue npuBeleM CHAELYIOLULYIO TeOpeMy.

Teopema 6.5. He 3asucawuli om suwxoda asmomam
€ u3gecmuoli namameio U 4 BXOOHbIM AAPABUMOM MOy~
Hocmu p 8ce2da modcem Ovimby

pacnosnan  npocmum  Ge3y- TaGauna 36.1
CAOBHBLM IKCREPUMELMOM O4U-
no I, 20e Zy Sv+1
ISP p—1 (6:88) N,
s a B a B
3apaun v

6.1. Kakne ua cucrem, omucan-
Helx B 3afauax 1.2—1.9, npeacras-
JSII0T CUCTEMH C KOHEUHOH MaMaTbio?
[IpenctaBbTe B BHIE X-2Z-TaGJMIb
(YHKIHMK TeX CHCTEM, KOTOphIE HMe-
10T KOHEUHYIO0 NaMATh.

6.2. TlokaxuTte, 4TO aBTOMAT C HyA€BOH NAMATHIO ABASETCH TpH-
BHAaJbHEIM aBTOMaTOM.

6.3. IloctpoiiTe Tabauuy mepexonos (B MMHMMaJAbHOH Qopme) mas
aBTOMaTa C KOHEYHOH MaMATbIO, BXOZHOH M BHIXOAHOH andaBHT KOTO-
poro {0, 1A M KOTOPH# XapakTepHayeTcs PABEHCTBOM 2y = Xy_p X Zy_ 1.

6.4. ApToMmaT, ompejeneHHbl#t Tabauueft 3 6.1, umeeT maMaATbL .
(a) Hafinure BepxHiolo rpanuny p. (6) Ompeaeaute W.

6.5. Ilns aBromaTa, moxkasaHuoro Ha puc. 36.1: (a) onpexeante na-
MaTb; (6) mocTpoiiTe MHHHUMAaAbHYIO X-z-Tabauuy.

WK —
oo
— O
— Q) —t
— NN

1) 3JTOT pe3yabTaT mnodyueH BaH AapieHHOM-JpendecToM w
Ide Bpiounom (T. van Aardenne-Ehrenfest and N. G. de
Bruijn, Circuits and Trees in Oriented Linear QGraphs, Simon
Stevin, vol. 28, pp. 203—217, 1950—1951.)

16*
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6.6. IToxaxure, 4uTO MaMaTh MHHHMAJLHOTO (7, P, g)-aBTOMATa C KO-
HEYHOH MaMsAThli0 He MOxeT GuThb Goabuie, ueM (log n)/(log pg).

6.7. UaBecTHo, uTO aBTOMaT M HMeeT p BXONHHX CHMBOJOB, 7 CO-
cTognui ¥ mamaTth W, HafianTe HHMXHIOK rpanHIy MOILHOCTH BHIXOAHOIO
andasura.

6.8, ITokaxure, 4TO AAKMHA 33aJaHHOTO YCTAHOBOYHOrO 3KCIEPHMEHTA
JJs aBTOMaTa € naMsThi0 [L HE NPEBLILIAET ji.

e
Puc. 36.1.

6.9. JInneHHNi nBoMuHHH aBTOMAT A onpejefseTcsi COOTHOLIEHHEM
Zy=Xy ® Xy_1 ® 2y_;.

(a) CoctaBbTe AvarpaMMy I[epexoi0B MHUHHMAALHOTO aBTOMaTa A
M ompeAeauTe OCHOBHOEe cocTosuHe. (6) Hafinute nmepenaTouHoe oTHO-
nIeHHe aBTOMaTa A M YIPOCTHTE €ro COKpallleHHeM OOGIHero jAeauTeds
NOJHHOMOB YHCAHUTENs ¥ 3HaMeHaTead. (B) [lokaxuTe, uTO aBTOMAT A,
HaxomsAmMica B HayaJbHMH MOMEHT BDEMEHH B COCTOSIHHH [MOKOf,
MOHO ONHCaThb COOTHOLIEHWEM 2y, = Xy {D2y_;. (r) CocraBbTe aua-
rpaMMy INepexofoB MPEACTaBJEHHOTO ‘B NMyHKTE (B) aBTOMara A, Haxo-
AAIErOCS B HayaJbHBA MOMEHT BPEMEHH B COCTOSIHMH IOKOA. ¥ 10cTO-
BepbTECh, YTO 3TOT aBTOMaT COCTaBAseT MHOXECTBO COCTOSIHHM
aBToMara A, KOTOpPHE JOCTHXHMB H3 OCHOBHOrO cocTosHus. (1) Hafi-
IUTE BHIXOJHYK peakuHlio aBTOMaTa A, HaxoAserocs B HauyaJbHHH
MOMEHT BpeMEHH B COCTOSIHHM MOKOSl, Ha BXOJHYI0 MOCJEJOBaTEb-
nocts 101100011100.

6.10. Jlnnednn#t 1BOMYHLIA aBTOMAT ONPEAENAETCS BhIPAXEHHEM

Zy=Xy @D Xy1 D . D Xy B 2y D Zy2 @ ... D 2y,

[TokaxuTe, YyTO aBTOMaT, HauuHalomKd paGoTy H3 CBOEro OCHOBHOIO
COCTOfIHHSI, ABAAETCS TPUBHAAbLHBIM aBTOMAaTOM.

6.11. (a) Moxaxure, uto D @ [ aBaserca aeanteaeM DT @ [ nas
noboro r > 1. (6) IokaxuTte, uto A060i moaxsoM OT D 1mo moaydio 2
C YeTHHM YHCJAOM 4A€HOB mMeeT fAeautear D @ /. (B) Ilokaxwure, uto

p" @ pe..e D *=(D"@ D ®...0 D*).

6.12, Jano
DIO@DQ@DB@D7@D
DeD'oD'eoDal

T (My=

Haiinute x-z-pyuxumio 1as asromata M, Haxopsilerocs B HauafbHbil
MOMEHT BPEMEHH B COCTOSIHHH IMOKOSl.
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6.13. dano
D' @ Ds-1 @ ... @ D"

TM)y=— 7 T
Dlvg Dlv-1 g ... Dt

rae Iy, >y 1> ...> 0 0 Jp> Ju_1> ... > j. (a) Tokaxure, yto
T (M) xapaktepusyeT JvHeWHHH [BOMYUHHHA aBTOMAT, TOJBKO ecJau
Ji1< ;. (6) Tlokaxure, 4t0 ecan iy = j, =0, TO cymecTByeT aBTO-
mat M~!, taxo#t, wro T(M)T(M~')=1 (r.e. ectu M u M~} co-
elMHEeHH B KacCKaja, TO BXOA W BBIXOA OGbeJIHHEHHOrO aBTOMara Ofu-
HaKOBH B JMo6o# MoMeHT BpeMenu)!). (B) Ompegeante x-z-$pyHkuuio

asromata M~!, ecin M onpenensercs BhpaxeHHeM
Zy=Xy @D Xy1 D Xy 2 @ Xy—y D Ty @ Zy_s.

6.14. IokaxuTe, yTo mepuoj] cBoGOAHON BHIXOAHOH mOCIefOBaTENb-
HOCTH JAHHEHHOro JBOHWYHOTO aBTOMaTa, HMEIINEro 4 COCTOAHHS, HE MO-
weT npesbimnats 63

6.15. Ha nuuefiupift 1BoMuHH# aBTOMaT M C mamaATelo P mojaeTcs
BXOJHas [OCJAEN0BaTENbHOCTh MEPHOJA Py. [IOKaWuTe, YTO BHXOAHAs
peakius CTaHeT MEPHOAHYECKOH moc/ie KOHEYHOro YHC/Aa CHMBOJOB H
4TO ee mepuox He GyAeT MpeBbmaTh po (2% — 1),

6.16. MiMnyabcHas xapakTePHCTHKA AMHEHAHOrO ABOMYHOrO aBTOMATa,
M3 COCTOsIHKA MOKos, ecTh 1011001001001 ... Hafiaute Boixoanywo peak-
M0 aBTOMAaTa, U3 COCTOSAHMS NOKOsS, HA BXOJHBIE MOCAENOBaTEAbHOCTH:
(a) 110101000000000 ..., (6) 101101101101101 ... Pas6efite pe3yabTu-
PYIOLLYI0 BHIXOJHYI0 DEaKLMI0 Ha NepexoiHyl0 H NepHOAHYECKYio CO-
CTaBAAIOLHHE.

6.17. ViMnyabcHas XapakTepuCTHKA JHHEHHOrO JBOHUHOTO aBTOMaTa,
HaXOJAIIErocss B COCTOSIHHH NOKOSA, €CTb

101010011101001110100111010011 ...

Onpeneante x-z-GyHKOHIO 3TOrO aBTOMaTa.
6.18. JluueliHHH ABOMYHHI aBTOMAaT onpejefseTcsl BHIPAXEHHEM

Zy=Xy D Xyt D Xy_2 D 2y_2® 2y_s.

HauanbHble YCAOBHS B MOMEHT £y & Xy_ | == Xy _p == Xy _3==Zy_{==2y_o=
= 2,3 = 1. TlocTpoiiTe nocnenoBaTeJbHOCTb, KOTOpas, Gyayun npu-
JOXEHHOH K aBTOMaTy B MOMEHT BpeMeuH f., JaeT NOCTOAHHBIH BHXOJ,
paBnbiii 0.

6.19. UsBecTHO, uTO HE 3aBUCAIMIA OT BHIXOJA aBTOMAT UMeeT Ma-
MaTh 5 u Bxoauo# andasur {0, 1}. [TocTpoiiTe cambifi KOpPOTKMH Ge3-
YCAOBHHH 3KCIEPHUMEHT I/ PaclO3HaBaHHA aBTOMAaTa.

6.20. UseecTHO, uTO 3anaHHbH aBTOMaT M BAsETCSA HE 3aBUCALIKUM
or Bhmxoaa (n, p, g)-aBTomaToM. Ilokawute, yto M MOWeT O6HITH

1y Kak aBromaT M, Tak u aBTOMaT M~ sBasotcs aBToMaTamu
6e3 motepu undopmauuu (cM. § 5.8).
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Pacno3HadH € NOMOINbIO MPOCTOro 683yCJIOBHOI'O 3KCnepuMeHnTa AJHHb 1,
rae
1

I<p"(""1)/2+%n2 —5n—1

6.21. ITocTpoiiTe aBTOMAaT € ABYMS COCTOSIHHMAMH, OTBedawomuit cie-
AyoIuM Tpe6oBaHMAM: (a) 9TOOH OH HE GbLT aBTOMaTOM C KOHEYHOM
naMaTeio, (6) YTo6H OH OBl aBTOMAaTOM C KOHEYHOH maMsaTbio, HO HE
3aBUCAIMM OT BHIXOZa, (B) 9TOOH OH OB HE 3aBUCALIUM OT BHIXOJa
aBTOMAaTOM.

6.22, IlokasaTh, 9TO CJAEIYIOINHME XapaKkTePHUCTHUYECKHE QYHKIHMK
NpeACTaBAAIOT He 3aBUCAIMA OT BHXOJAa aBTOMAaT C maMaAThio 1:

zy=fz(Xy, Sy),
Syt =S5 (xy).



FNABA 7
ABTOMATb! C OrPAHHYEHHAMH HA BXOJE

7.1. Beejaenne

[Tpu HayueHHH KOHEyHBIX ABTOMATOB Mhl OGpAalIaTH BHHMA-
HME Ha CBOMCTBA CaMHX aBTOMA4TOB H He KacaJHCh CBOMCTB
HCTOYHHKOB BXOAHBIX MOC/HELOBATENbHOCTeH, BO3GYKIAOWHKX 9TH
aBrOMaThl. MH JIOTHYHO OpelnoNaraiu, YTO pPaccMaTpHBaeMble
4BTOMATH MOTYT mOJABEpraThcsl BO3AeHCTBHSAM CO CTOPOHH Ji0OBIX
HCTOYHHKOB CHTHAJIOB, JHIIb OH TeHepHpyeMhHe BXOILHble CHM-
BOJILI MPHHAAJeXaau BXOLHOMY andaBuTy aBToMara. B stoft riase
MH OTKaXeMcs OT 3TOTO OpPRANOJIOXEeHHS H paccMOTpHM Gollee
06wl KJacC aBTOMATOB, B KOTOPOM Ha MCTOYHHKHM MOTYT OHTb
HaJIOXeHH onpeleseHHble orpaHuyeHus. Ocobo mbl Oynem Hcche-
JOBaTh KJacc aBTOMATOB, M3BeCTHHX KaK asmomams ¢ 02pa-
HuteHusmMu Ha 8xo0e, B KOTOPbIX He KawIbil BXOIHOR CHMBOJ
MOKeT OBITh mOJAH HAa aBTOMAT, HaXOAAIHACA B OmpeleleHHOM
cocTosiHHU. Taxoe or paHHueHHe HEH3MEHHO BO3HHKAET, MOCKO/bKY
CYIIECTBYET HEKOTOPas B3AHMOCBA3b MEXAY BHYTPeHHeH CTPYKTY-
poft aBTOMaTa H MCTOUHMKOM BXOAHHX CHMBOJOB. A uanocrpa-
IUMH paccMOTpHM npumep 2 u3 § 1.7, rae aHraufickuft Tekcr,
cocroswuit U3 26 O6ykB aiadaBuTa U MPOMENKYTKOB, mPOCMATPH-
BaeTCA C LeJbi0 NoACYeTa YHCJAAa CJOB, HAYMHAIOIUXCH C QUN»
H OKaHYMBaIOWIMXC Ha «d». Korla aBTroMar HaXoAuTcs, HampH-
Mep, B COCTOSIHHM <«mnosiBleHHe u-7n-d», BXOIHOH CHMBOJ «p»
He MoxeT OHTb NOIAH, TAK KAK He CYIUECTBYeT aHMIHHCKUX
COB, COJNEPXAIIHX MOCTAeNOBATENbHOCTE OYKB «undp» (Wau
BepOSITHOCTh MOfIBJICHHS TAKOH mOC/AeNOBaTeJbHOCTH upeaBblyatiHO
Mmana).

[TosToMy A/ BCeX mNpaKTHYECKHX IleJeft CHMBOJI <« p»
(Tak Xe KAK M MHOTHE JpyTHe CHMBOJBI) MOXeT GbIThb HUCKIIOUEH
H3 MHOXECTBA BXOAHHX CHMBOJIOB, KOIIa aBTOMAaT, KOTODHH
ONMHCHLIBAET CHCTEMY, MPOCMATPHBAIOLIYI0 TEKCT, HAXOAHTCA B CO-
CTOSIHHH <«nOABJEHHE 4-n-d».
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B cnenymowux naparpadax Mbl YBHOUM, Kak HeKOTOpbIe
NMOHATHA M METONH, pPasBHTHe B npelblAYLHX maparpagax,
MOTYT OblTb pacnpoCTpPaHeHbl Ha KJIACC ABTOMATOB C OrpaHuye-
HHAMH Ha BXxone!l).

7.2. COBMECTHMOCTb COCTOSIHHM

[1pn ompeneneHHH OCHOBHOH MOLENH C KOHEUHBIM YHCIOM
coctostHu#t (cM. § 1.6) MosYa/AMBO mpelmosarajgoch, 4YTo Xapak-
TepucTHUeckHe (YHKUMH f, M f, KOHEYyHOro aBTOMara ompe-
HemeHbl a8 Kawno# napw (x,, s,). IIpH H3yueHHH aBTOMAaTOB
C OrpaHHYeHHAMH Ha BXOLe YIOOHO BHIOH3MEHHTh 3Ty MOIeJb
M JIOnyCTHTh HamuyMe nap (x,, S,), Aa8 KOTopelx o6e ¢yHK-
unM f, H f, OCTaioTCA HeonpeldeleHHbIMH. B uyacTHOCTH, MH
MOXEM NpeAmoJarath, 4Te f, W f, y aBTOMaTta He onpeleJeHbl
ana napel (8, 0;), Tle §; — BXOLHOH CHMBOI, a 0; — COCTOsIHHE
aBToMata M, eClH HH NpPH KaKHX YC/OBHAX §; He MOXeT GHTb
npunoxed k M|o;; npH TOM TOBOpAT, yto asToMaT M HMeeT
Ozpanudenue HA 8xo0e B COCTOSHHH O;. B TabGmHue mepexoloB
aBToMara M Takoe OrpaHHYeHHe OTMEYaeTCA TeM, YTO KJETKH
B o0Genx moArabauuax z, M §,,;, PACHOJOXeHHHE HA mepeceye-
HHH CTPOKH ! H cronbua &; OCTaloTCs myCTbHIMH (WJH 3amoJ-
HAIOTCA mpouyepkaMu). BXolHas nmociefoBaTeJLHOCTb HA3bIBaeTCA
donycmumofi B COCTOSIHHH O;, eCM npH npuioxeHun Kk M|o;
OHAa He HApyLIaeT OrpaHHYeHHs Ha BXOLe HH B KAKOM COCTOSIHHH
apromata M. B kauectBe mpuMepa Ha puc. 7.1 u B Tabmauue 7.1
npelicraBiieH aBToMar A32 C OTpaHHYEHHsIMH Ha BXole.

Cocrosnus 0; u 0; aBToMatra M C OTpaHHYEHHAMH Ha BXOle
Ha3HBAIOTCA CoBMecmumsisy, ecad ana M|o; u Mloj npH
moiave Ha BXOL moGO# 1OmyCTHMOH 1A O; M O; BXOIHOH
moC/Mel0BATEIBHOCTH Ha BHIXOJe mnOABJAETCA ONHA H Ta Xe

!y Marepuaa 3TOii rMaBhl yacTHuHO GasupyeTcs Ha pa6orax Ayden-
kamMma (P. D. Aufenkamp, Analysis of Sequential Machines, IRE
Trans., vol. EC —7, pp. 299—306, 1958), I'nus6ypra (S. Ginsburg,
A Technique for the Il::‘{eductlon of a Qiven Machine to a Minimal —
State Machine, IRE Trans., vol. EC — 8, pp. 346—355, 1959; S. Gins-
burg, On the Reduction of Superfluous States in a Sequential
Machine, J. Assoc. Comput. Mach., vol. 6, pp. 259—282, 1959) u
[Tayna u Anxrepa (M. C. Paull and S. H. Unger, Minimizing the
Number of States in Incompletely Specified Sequential Switching
Functions, IRE Trans., vol. EC — 8, pp. 356—367, 1959).
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nocJ/efoBaTeNbHOCTs. COCTOSAHHS O; H O; HecoBMecmuMbl, eCiH
cyllecTByeT, nO KpaHHeH Mepe, OolHA BXOAHas mOCJelOBaTeNb-
HOCTb, [HONYCTHMAas Kak Ajasa O;, Tak H WJaf O; OpPH molaue

xoTopoit Ha M|o; u M|o,; aBToMaT BbLIAeT PAa3/HMYHbIE BBIXOA-
Hble MOCJENOBATENLHOCTH. BHIOHO, 4TO coBmecTHMOCTb ObGnmazaer

@

Gy
Puc. 7.1. ABtomar A32.

cpoficTBaMH ped/IeKCHBHOCTH H CHMMETPHYHOCTH, HO He o6Jazaer
CBOHCTBOM TPaH3UTHBHOCTH, TaK KaK MOC/EI0BATENbHOCTH, J10-
NyCTHMble LJA O; H O, He 00f13aTe/IbHO LOMYCTHMbl LS O; H .

Ta6aupa 7.1
AsTOoMaT A32

2y Sy+1
X
AN a B ¥ 3 a 8 ¥ )

v

1 — 1 1 —_ 3 4 2
2 0 — - — 4 — — _
3 0 1 — — 6 6 —_ —
4 — 0 0 1 — 6 1 5
5 | = | — |1 | =] = | =] 2| =
6 0 — 0 1 3 — 2 3

COBMECTUMOCTb MOSTOMY HeJb3f NOHUMAaTh Kak OOGbIYHOE OTHO-
lIeHHe 3SKBHUBAJIEHTHOCTH, a CJIEAYET OTHOCHTL TOMbKO K mapaMm
cocTOAHNMA,
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Chefyer 8aMeTHTb, YTO OmnpelejieHHe COBMECTHMMHX nap
COCTOfIHHH COBmaJaeT ¢ onpejie/ieHHeM SKBHBAJIEHTHH X nap COCTOsA -
HHH, eCJAH Ha BXOIHble MOCAeNOBATENLHOCTH PAaCCMATPHBAEMOTO
aBTOMATa He HAKJANbIBAOTCA HHKaKHe OTpaHHueHHs. Takum
06pa3oM, onmpelelicHHe COBMECTHMOCTH nap COCTOAHHH MOXer
OHTb MOJYUYeHO H3 Ompele/ieHHs SKBHBAJEHTHOCTH map COCTOAHUH,
ecTH B noclelHem (cM, ompeleseHHe 3.1) BbipaxeHue «moGoH
BXOJHOH nOCAeNOBATEJbHOCTHY 3aMeHHTb BhIpaxeHHeM <JII060MH
BXOJHOH mOCAeNOBATeNLHOCTH, AOMYCTHMOR A8 o6oux coctos-
HHH» (9TO HM3MEHEHHE He OTPA3UTCA Ha MPABHJILHOCTH Ompelede-
nua 3.1, Tak xak B aBroMmare Ge3 orpaHuueHH# Ha BXOIE MHO-
XeCTBO JOmy CTHMHX MOC/AEA0BATeNbHOCTER COCTABJAET MHOXECTBO
scex mnocienopareibHocTedl), [1o3TOMy onpellesieHHe mapel co-
BMeCTHMBIX COCTOfIHHH MPOM3BOJHMTCH TaK e, KaK ompelelieHHe
napel SKBHBAJEHTHHX COCTOAHHH, € TOH Jvlib pasHHlleH, 4TO
BCE NOCAENOBATENbHOCTH, HEAONYCTHMHEE A1 OOOHX COCTOSHHH
napel, He YUHTHIBAIOTCA.

B § 3.7 6ul1 onMcaH MeTON, HA3BAHHBIR METONOM mMalbAulsl
nap, LA omnpeleleHHs BCEX SKBHMBAJIEHTHHIX nmap COCTOSAHHH
B IaHHOM aBTOMare. B COOTBETCTBHH C mpHBEIEHHBIMH 3aMeua-
HUAMH 3TOT METOJ MOeT OHITb HCHO/B30BaH IJs OmpelefeHHs
BCeX COBMECTHMBIX nap COCTOSIHHfL mpH YCJOBHH, YTO mepBHH
BApHaHT TaGJAHUH nap BHIOW3MeHAeTCA CJAEAYIOLHM pOpa3om:
(1) snemenTtn B cTOMGUE MApP NPeICTaBASIOT cOGOH mapel cocTos-
HHH, NPH KOTOPBHIX BBLIAETCA ONMH H TOT K€ BHIXOJAHOH CHMBOJ
npH molave J0GOr0 BXOIHOTO CHMBOJA, AOMYCTHMOTO IJsi 060ux
cocTosHHA mapH; (2) ecan BXxolHOH cuMBOJA §, HemomycTHM HJis
0GOHX COCTOSHHA O; H G; TO KJeTKa, pacmoJOxeHHas Ha mepe-

ceueHuy CTPOkH {0;, 0;} M cronbua §,, B Tabmuue nap ocraercs

Ta6auuma 7.2
Ta6nuua nap pas asromara A32

Tlapu a B Y |} IMapn a B % |}
12| — | = | = =l | =|=1|=1]=
13 | — 3,6 — 2,6 34 | — — —
15 — | =124 — 38 ) — | — | — | —
23 | 46 — — — 3.6 36 | — — —
2,4 — — — — 4,6 — — L2 | 35
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nyctoff (uaM 3amoiaHsercd npouepkoMm). Torla mocTpoeHue mo-
CMeYIOWHX BAapHAHTOB TaOMHIL map COCTOAHHH MOxeT OblTh
BLINOJIHEHO TaKHM e o6pasom, Kak 3To omnucaHo B § 3.7,
He BbiaeneHHHe XHPHHEM WIpHGTOM 3JeMeHTs croabua nap B KO-
HEeYyHOM BapHaHTe Tal/MUbl nap npeiCTaBJAIOT BCe COBMECTHMbIE
napsl COCTOIHHH 1M NAHHOTO aBTOMAra,

HanpuMep, Ttabnuua 7.2 npeicraBafseT KOHEYHHH BapHaHT
Tabauuel map Aaa asroMata A32, usobpaxeHHoro Ha puc. 7.1,
W3 tabauusl clrenyer, YTO COBMECTHMBIMH napaMu B aBToMate A32
sasmiores: (1,2}, (1.3}, {L5}., {2.3}, {2.4}, (2.5}, {3.5}.
{3.6} u {4.6}.

7.3. KBasuokBHBaJeHTHHIE aBTOMATH

ToBopAT, YTO COCTOsHHME O, aBTOMAra M’ rsasusxsusa-

AeHMHO COCTOfIHHIO O; aBToMata M, ecan mobas BXonHas
NOC/IeA0BATEbHOCTb, AONYCTHMAast AJA O;, BHI3BHIBAET OJHHAKOBLIS
peaklUMH npH npHIOXeHHH ee k. M|o; H M’]oj. [oBopar, uro
asromar M’ «s8asusisusasenmen aBroMary M, ecam nas
KaXIOTro COCTOSIHHA O; aBToMara M uMeercs, no KpaHHe#t Mepe,
OIHO COCTOSHHE O, aBToMatra M’, Takoe, uTO 0; KBa3HOKBHMBA-
neHTHO ©0;. Ha ocHose 3TOro ompeseneHus asromat M’ moxer
ObiTb HHTEPNPETHPOBAH caeldywoluM o6pazoM. Ecaum zaH He-
M3BECTHHIH aBTOMAaT, KOTOPHIH Moxer Oure M umi M’, w
M3BeCTHAa peAaKUMs ITOTO aBTOMATa Ha Mo6Yi0 BXOIHYIO mocie-
IOBATENbHOCTb, OONYCmMumyo OAf HeKOmOpPo20 COCMOSHUSR
asmomama M, T0 Her cmocoba onpereNHTb, SABJAAETCS HEH3-
BeCTHHH aBTOMaT aBToMatoM M wmu M’., Taxum oGpasoM,
M’ xBasuskBHBaMeHTeH M, eclH He CyleCTByeT cnoco6a OT/H-
uutb M oT M’ npH nOMOWH BHENUIHHX SKCEPHMEHTOB, KOTOpPHE
UCOO/b3YIOT TOJBKO T€ BXOAHBlE MOCAENOBATENLHOCTH, KOTOPHE
JOnyCTHMBE 1JIA COCTOAHH# aBToMata M. 3ameTHM, uTO OTHOLIe-
HHE KBA3WOKBMBAJNEHTHOCTH He MABJAETCS CHMMETPHYHEIM OTHO-
meHueM; TOT ¢akT, uro M’ KkBa3usksuBaleHTeH M, He o3Hauaer,
yro M xBasuskBuBamentren M’,

Iycms 2, 25, ..., 2, — MHOXeCTBAa COCTOAHMA aBToMara M
TaKHe, 4TO KaXI0e COCTOAHHE aBToMaTa M Bk/MoueHO, no KpaltHe#
Mepe, B OIHO MHOXecTBO 2;, MHOxecTBO MHOXeCTB 2, 2y, ...y 2,
Ha3HBAETCA 2pynnupd8rofi; n HA3HBAETCA MOWHOCMbIO Tpym-
nupoBKH. JIBa cOCTOAHHA, KOTO pHle HAXOLATCA BMECTE, Mo KpajHel
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Mepe, B OIHOM MHOXeCTBE X, COCTABJSAIOT COAPANCEHHYIO NAPY;
napa COCTOSIHHH, KOTOpas He SBJASETCHA COMPSKEHHOHW, Hasbl-
BaeTcsl pa3obujennoli napod. [ PynnupoBKa HA3bIBAETCA Apa-
BUABHOG, €CH OHA yINOBJETBOPSET IBYM CAeLYIOLIHM YCAOBUAM:
(1) peakuuu aBTOMaTa Mlotl H M|0i2, Tie o; W 0, COCTaBAANT
MoOylo cOnpsixeHHYI0 TNapy, Ha Jio60H BXomHOH cumBoa §,
AONYCTHMBIH 1S G, W O, OAMHAKOBHL (2) mepBbie NMpeeMHUKH
COCTOSHMA O; M 0, TO OTHOUIEHHIO K §; ONWHAKOBB WM CO-
CTaBJAIOT CONMPSKEHHYIO Mapy.

MycTb aBTOMaT M HMeeT MHOMECTBO COCTORHHA {0y, Oy, ..., Ty}
Tycts aBToMaT M’ KkBa3uSKBUBa/JeHTeH aBtoMaTy M u UMeeT MHO-
KECTBO COCTOAHUH {01’. 'y S 0,’1]. Mo onpeneneHuo KBasu-
9KBHBA/MEHTHOCTH KAXIOMY COCTOSHHIO O, aBToMaTa M LOMXKHO
COOTBETCTBOBATh, MO KpaHHe# Mepe, OIHO COCTOfIHHE aBTO-
Mata M’, KOTOpOe KBAa3WIKBHBATEHTHO O;, PacnperefdM cOCTOA-
HHa aBToMaTa M no MuoxectBaM X, X,, ..., X, TaKuM, 4TO
2; — MHOXECTBO BCEX COCTOAHHH, NO OTHOLIEHHIO K KOTOPHIM
0, KBa3WSKBUBAJEHTHO. DTH MHOXECTBA COCTAB/AKT IPYNNHPOBKY,
TAK Kak OHHM BKJIOYAIOT Kaxaoe cocTosHHe M, mo kpaHHeft
Mepe, oauH pa3, IIyctb o; u G, — NpOW3BO/bHASA Mapa COCTOA-
Hat u3 2; u nycTb §;— M06OH CMMBOA, NOMYCTHMBHA A/ o,
no,. Peakuns M|0i, " Mlo,2 Ha §; HomkHa GbITb TaKOH Xe,
KaK u peakuus M’|o; Ha §;. Tostomy peakuuu Mloil u Mo,
Ha §; ROMXHB ObITh OAHHAKOBLIL. TIPEANOJIONKHM, HTO NEPBLIMH
NpeeMHUKAMH COCTOSIHMA O; U O, TO OTHOLICHHIO K §; ABAAIOTCA
O, W O, W UYTO MepBhifl MPEEMHHK COCTOAHHS 0, Mo OTHOUIE-
Hao K E; ects 0,. Tak Kak O; KBa3MIKBHBAJEHTHO o, MO,

TO O, LO/KHO OLITb KBA3HIKBHBANEHTHO O, H O, . IlosToMy Oy,
1
W O, He MOTYT ObiTh Pa30CLieHHBIMH W IO/KHEI MPUHALIEKATH

OLHOMY W TOMY e MHONeCTBY X,. B 3ak/i0ueHde MOXHO
coenaTb BBHIBOL, 4TO rpynnuposka 2;, 2,, ..., 2, aBToMara M,
MOCTPOEHHAA ONHCAHHBIM Bhile cnocofoM, AomkHa GbiTh Mpa-
BHJBHOH TpYyNNuUpOBKOH.

Ecau nan astomar M ¢ mnpaBabHOM rpynnupoBkoft X,
2, ..., Z,, T0 aBTomMaT M’ MoxeT OHTb NMOCTPOEH MO Che-
Lylolny npaBuaaM, M’ uMeeT n cocrosHu#l, 0603HaYaEMbIX
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’

o, Oy ..., 0. Ecau cocroanve M, npuHannexkaltee MHO-
HECTBY 2,, MEPeXONWT B COCTOfHHMe, TpPHHALAEXKALlEe MHO-
KecTBy X, M TPH STOM BblIAeTCH BHIXOLHOH cuMBOA §, mnpu
BXOZHOM cumBOMe E; TO B M’ cocTosHue O, NMEPEXONUT B O
W NpHd 5TOM BbLAAETCA BBHIXOAHOM CHMBOJ {, TMPH NPUIOKEHHHU
BxoaHoro cumposia §;. HukakoW HeONHOSHAYHOCTH NpPH TAKOM
MOCTPOEHHH He TOJy4YaeTcs, TaK KakK, eClH HeKOTOPOe COCTOs-
HHe aBroMata M, npuHannexawtee X,, TIEPEXONMT B HEKOTOPOE
COCTOfHME, NpHHaLJexallee 3., W NPH STOM BHLLIAETCA BHIXOLHOH
cuMBON L, Ha BXOLHOM cumBOA §;, TO Kadzcdoe cocrosnue M,
KOTOPOe MPHHALNEKHUT Z, W A KOTOPOTO LOTYCTHM CHMBOA §,,

MEePeXOINT B COCTOSIHHE, KOTOPOE NPHHALNEKHT X, U TPH 3TOM
BbLIAETCA CHMBOJA ., Ha BXONHOH CHMBOA §;- M3 nocrpoenns M

ClellyeT, 4TO COCTOAHME O, aBToMara M’ KBa3WSKBHBANEHTHO

KaXIOMy cocTosHuio M, mpunaanexaweMmy MHoxecTBy Z;. ITo-
stomy asromar M’ kBasusksuBaieHTeH asroMmary M. Takum
o6pa3oM, uMeeM ClEAYIOIIAH pe3yabTar.

Teopema 7.1. Kaocdomy asmomamy M’ ¢ n cocmosn-
Husmu, Komopul Ksasusxgusasenmen asmomamy M, coom-
semcmsyem 8 M npasuavnas 2pynnuposka MowHocmu n,
Kascodoli npasuabrod epynnupogie- MowHocmu n 8 a8mo-
mame M coomsemcmsyem asmomam M’', xomopuili xeasu-
snsusarenmer agmomamy M.

[TocTpoenne npaBuAbHOM rpynnupoBkd aBToMara M mnpu
samaHioM M’ u mnocrpoesne M’ npu 3anaHHOH NpaBHIbHORN
rpynnupoBke aBToMata M MOXHO OCYILECTBHTb TaK, KaK 3TO
omucaHo Bore. Ecau M — aBTOMAaT ¢ r COCTOSHUAMH W eClH
n < r, T0 rOBOpAT, ut0 M’ — coxpawennan gopma M. Ecan
He CyllecTByeT COkpalteHHOH ¢opMb M, uMmelowed MeHblue
YeM 1 COCTOSHHH, TO roBopsaTr, uro M’ — munumarvnasn
gopra M, koropas o6osnauaerca M. MuHumanbHas popma M
IaHHOTO aBTOMata M uMeeT TakOe Xe 3HaueHue LA aBTOMATOB
C OTrpaHWYeHWSIMH Ha BXOle, Kak M IJ1d aBToMaroB Ges orpa-
HHYeHUH Ha BXxone: /VI—HaHMeHbmnn 4BTOMAaT, KOTOPHIA BedeTr
cebf Tak e, kak 3alaHHm# asToMar M. OxmHako caelyer
HMeTb B BHIY, 4TO B C/yyae aBTOMara C OTPAaHUYEHHAMH Ha
BXOZe moBedeHue aBTomatoB M u M CPaBHUMO TOJABLKO B OTHO-
IIeHHH BXOLHHIX TMOCAELOBATENbHOCTEH, NOMYCTUMBIX 148 CO-
CTOSHH# HCXOXHOro aBtoMara M.
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Teopema 7.1 mnpeanonaaraer, yro asroMaT M MoxeT OHTb
onpeseneH W3 aBToMata M C 7 COCTOSHHAMH TOCPEICTBOM
NepeyncaeHHss BCeX TNPaBHABHBIX TPYNMUPOBOK aBToMara M,
MMEIOILUX MOWMHOCTL 7 WJIW MEHble, ¥ BbIOOpPAa M3 HUX HAUMEHb-
melt. Ecnu 3amaHa HauMeHbulas NpaBH/bHAA TPYNNHPOBKA, HMJH
MURUMQABHAS NPABUAbHAS TPYNIMPOBKA, TO aBTOMAT, KBA3H-
DKBUBalNeHTHbIH aBToMaty M, Moxer Bcera OHITb NOCTPOEH
ONMHCAHHBIM paHee CrnocoOoM; ITOT ABTOMAT fABAAETCA MHHHMaJb-
HOR ¢opmoi aBroMara M. XoTs 9TOT MeTOL W JaeT pelleHHe,
OH OYeHb TPYNOEMOK BO BCEX Cayuasx, kpoMe HauGonee TpH-
BHAMBHEIX, NOCKOJbKY TpefyeT nepevnc/eHHs MPaBUAbHBIX TPYM-
nupoeok. B caenytowem naparpage Gyner noayueH psi pesyib-
TaTOB, KOTOPHE TMO3BOJAT OTYAaCTH O0OJeryuTh 3ajayy TaKOTO
nepevnceHus,

7.4. Onpenenense MHHHMaJbHBIX dopm

MHoxecTBo 3;, BXOAsllee B TMNPAaBHIbHYIO TPYNNUPOBKY
X, 2y, ..., Z,, OyldeM Ha3blBaTb COBMECIMUMBM MHONCECMEOM.,

Jemma 7.1, Kaoicdas napa cocmosimub 8 co8mecmumom
MHOHCECmBe 00ANHCHA Obimb COBMECMUMOL.

Hokxazamesbcmso. PaccMOTPUM COCTOSHUA 0, W 0, W3 MHO-

’KecTBa Z; NMpaBHAbHOR rpymnuposku 3, Z,, ..., 3. o reo-

peme 7.1 cywecrsyer asroMar M’, B KOTOPOM OIHO COCTOSHHE,

00603HaueHHOe O, KBa3WIKBHBANEHTHO O, H ¢,. Torama peaxuuu
1 2

4BTOMATa, HaxoAsdweroca B COCTOAHUAX 01 WA 01’ Ha 11106}7[0
[ H

BXOIHYI0 MNOCNENOBATENbHOCTb &, LOMYCTHMYIO Aas 06OMX CO-
CTOSHHH, BOMKHE OHTb ONMHAKOBHIMH, TAK KAK Kawias M3 ITHX
peakuuit 10/mkHa OHTh TaKOM Ke, Kak peakuus asromara M’|o;
Ha BXOIHYI0 TMoc/enosarenbHocTs &, ChenoBatenbHo, Mo omnpe-
ZeNeHHI0 O; W O, INOMKHbl GBITH COBMECTHMb.

B nanvhettmieM C-mroscecm8om apromatra M Oylem Hasbl-
BaTh MHOXECTBO COCTOAHHH aBromara M, KOTOpPOe yIOB/eTBO-
pseT IByM cjelyloluM ycaoBuaM: (1) kaxnas napa cocrosHu#
13 C-MHOXECTBA COBMeCTHMa; (2) 5TO MHOMKECTBO He SBASETCS
MOIAMHOXKECTBOM APyroro C-MHOXeCTBa, cOXepkallero GoJbllee
yucao cocrosHui. Jlemma 7.1 Toraa noaeoaser chopMyaupoBaTh
CAeLyIoLYI0 TeO peMy,
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Teopema 7.2. Kaowdoe Muodcecm80 8 npasuisroll
zpynnuposke asmomama M doaxcno Gsms urn C-muosce-
cmsor, wuau  nodmnodxcecmgom C-mHOdNCeCMBA  QBMOMA-
ma M.

TakuM 06pa3oM, NOCTPOeHHE MHHHUMANbHOH (OPMBI MOKET
OLITh BBIMOMHEHO MyTeM NEpevyHCaeHHs BCeX BO3MOMXKHBIX C-MHO-
KECTB C TMocaedywluuM (OPMHPOBAHHEM BCEX BO3MOMXHHIX TpyI-
NUPOBOK H3 MNepeyucNeHHHX C-MHOXECTB WIH U3 NOIMHOMKECTB
sTux C-MHOxecTB, HanMeHblllas rpynnupoBka, KOTOpas OKashl-
BaeTcs NMpPaBUAbHOH, sBASETCS MHHUMAaAbHOM NMPaBUALHOW TPynnu-
poBKOH W npencraBaser coOOR MHHUMANBHYIO (OPMY LaHHOTO
aBToMara.

TMepeuenb Bcex BO3MOMHBIX C-MHOMXECTB MOXeT OBITb Jerko
COCTaBJAeH, KOTAa 3alaH TIepeYeHb BCEX COBMECTMMHIX map.
[epeyenp BCEX COBMECTHMbIX NMap B CBOIO OYepelb MOXeT GbITh
nonayued u3 tabauum nap, kak omnucaio B § 7.2, Ilpouenypa
noayuyenys Bcex C-MHOXECTB H3 COBMECTHMHIX IIap COCTOHT
B CJAELYIOLLIEM.

AnropurM 7.1. Jlannl Bce cOBMeCTHUMBlE MapH aBTOMara M;
tpebyerca onpenenuts Bce C-muoxectBa aBromata M. (1) Tlycts
nepBbH MepeyeHb MHOXECTB COCTOAHMH COCTOHT H3 BCeX COBMe-
CTHMBIX Tap aBToMata M W U3 OTAENBHBIX COCTOAHUH, He mNpH-
HaL/eXAWKX HH K 0XHOR M3 coBMecTHMbIX map. [lonaraeM k=—2.
(2) Has KaxmoOro MHOXECTBa COCTOAHMHA {0,1. Oy v es Oth],
comepxawuxcsi B (£ — 1)-M nepeuyHe, BHIMOJHAEM CcaenyioLlde
onepauun. OnpenmenseM [ cocrosHuft aBToMaTa M, ckaxeM

Oj;» Ojge +- s Oj, TaKux, uro 0; (d=1, 2, ..., ) ne Bkmo-

YeHO B NaHHOE MHOKECTBO, M TaKHX, 4TO Kak10e O o6pasyer
COBMECTHMYIO MAPy C KauIbIM COCTOSIHHEM W3 STOTO MHOKECTBA.
3aMeHsieM MHOXECTBO {011, Cip ovns 0";;] ! MHOXecTBaMu {0,1,

Oty vvvs Oips ojd), d=1, 2, ..., I, Ecou =0, 10 3aMenum
MHOKECTBO {011. Oy oo Uth] camuM coboft. (3) Hckawuaem

M3 HOBOrO TepeyHsi MHOXKECTB BCE OIHWHAKOBble MHOXeECTBa,
OCTaBJSAA MO OLHOMY MNpPEACTaBUTENI0 OT KawAOH Tpynmu OXLH-
HaKOBBLIX MHOXECTB, H BC€ MHOXECTBA, ABJAILIHECA NOIMHONE-
CTBAMH IPYTHX MHOXecCTB. I[1ycTb MOaydeHHbH TakuM 0O6pasoM
nepeuenb OynerT k-M nepeuneM. (4) (a) Ecam k-# nepeuwenb oT-
anyaetcsa OT (B — ])-ro mepeyHs, TO yBeIHYHBAEM £ Ha eIu-
HULY W BO3BpalaeMca k (2), (6) Ecan k-#i nepeyenp cosnamaer



256 ABTOMATbB! C OTPAHUYEHUSMU HA BXOJE [rn, 7

¢ (R —1)-M, TO OH sBAseTCHA NepeyHeM BceX C-MHOXECTB aBTO-
mara M.

BumnoaHenue aaroputma 7.1 o6JerdaeTcs MOCTPOEHHEM Mam-
puybl cosmecmumocmu, ob6osnadaemolr [Cpl, saement (I, J)
koTopo#t pasen 1, ecmn {0, 0;} um (0, 0, — coBmecTumble
napu cocrosHuff, ¥ 0 B npoTuBHoM caydae. [Io mnocrpoenuio,
eciu B KakaOH CTpoke O;, O;, ..., O; colepkurca 1 B Ka-

KOM-1400 NaHHOM cTOAGuE O, TO O;, 00pa3yeT COBMeCTHMble
Mapsl C KaxIblM COCTOAHHEM U3 MHOXECTBa {011, Ciyp oo oih].
CnenoBaTeabHO, €CJH {0,-1, Oipp oves O'ih]—MHO}KeCTBOB(k—l)-M
mepevHe M €CAH CTPOKH O, Oy, +.., Oy ' MATPHIbI COBMellle-
HHA COLEPKAT ELMHULY B CTOAGLE O, MHOXECTBO {0"1' iy - .-

- Uth] OO/MKHO ObITb 3aMEHEHO MHOXECTBOM {0,-1, Oipy von
. ey O'ih. Ojd]'

B kauecTBe mpumepa paccMOoTpuM aBToMaT A32, uzobpameH-
Hbft Ha puc. 7.1. B Tabauue 7.2 mosayueHbl BCe COBMECTHMLIE

napsl aBTomata A32, W3 KOTOPHIX MOXeT OBITb COCTaBJEH mep-
BHI NepeyeHb:

{1,2}, {1,8}, {1.5}, {2.3}, {2, 4]}, {2, 5], {3, B}, {3. 6], {4, 6].
Marpuua cosMeltenuit a1 A32, koTopas MokeT ObiTh NMOCTPOEHa

HEMOCPEACTBEHHO MO TMEPBOMY MepeyHio, MPeACTaB/leHA BbIpaxe-
nueM (7.1):

1 2 3 4 5 6
1IF0 1 1 0 1 07
211 0 1 1 1°
[Chpl=3|1 1 0 0 1 1 (7.1
410 1 0 0 0 1
511 1 1.0 0 0
6.0 0 1 1 0 0|

M3 sTo#t MaTpHLbl W TEPBOro MmepeyHs MOKHO HaHTH BTOPOH
NepeyeHb:

{1,2,3}, {l. 2.5}, {1, 3,5}, {2 3, 5}, {2, 4], {3. 6]. {4, 6].
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Hanpnmep, o6e crpoxu 1 u 2 B (7.1) coldepXaT eIHHULB!
B croa6uax 3 u 5; nosToMy MHoxecTBo (1, 2} mepsoro me-
peuns 3aMeHserca Muoxectsamu {1, 2, 3} u (1, 2, 5}. Tak
Kak B MaTpuile HeT cTOAGUOB, B KOTOPHX 00e CTPOKH 2 H 4
COLepXKaT eIMHHLY, TO MHOXecTBO {2, 4} W3 mepBOro mepeuss
3aMeHsieTcd MHOXeCTBOM (2, 4}. M3 (7.1) u BTOpOro mepeuHs
MOXHO HafTW Tperud mnepeuens: {1, 2, 3, 5}, (2. 4}, {3, 6},
{4, 6}. Tak kak 9TOT mepeyeHb TaKOH Ke, KaKk H YeTBEPTHIH,
TO OH comepxuT Bce C-MHOxecTBa aBToMata A32.

Munnmanbhas popMa A32, a uUMEHHO A32 COOTBETCTBYET
HauMeHblle MpPaBUALHOM TPYNNHUPOBKe, NMOCTPOEHHOR H3 mepe-
yncaeHHBX C-MHOMXECTB MM H3 MOLMHOKECTB 9THX C-MHOXKECTB.
Tak Kak Kaxnas TPYNNHPOBKA NOMXHA COLEPkAThb BCe LICThb
COCTOSIHHN, MUHHMa/bHAA NMPABUAbHASA TPYNNHPOBKA LODKHA HMETb
MOWIHOCTL 2 HaW Goabwe. Oxnako, Tak Kak TPYNNHPOBKA
{1, 2, 3, B}, {4, 6] He sBAsercs TNPABWAbHOM, HUKHAA Tpa-
HHLA MOIIHOCTH, paBHas 2, HelocTHxuMma. [Ipn nomowu
Tabruubl 7.2 MOXHO Jerko nposeputh, uro {1, 2}, {3, 5},
{4, 6} cocTaBasOT NpPaBHIbHYI TPYMNUPOBKY; MOITOMYy 9Ta
IPYyNNHPOBKA H €CTb MHHHMAJbHAf TPaBHJbHAA TPYMMHPOBKA.
MoxHo nerko mposeputs, uto {1, 5}, {2, 4} u (3, 6} cocra-
BJSIOT APYTYI0 MHHAMAAbHYIO MPAaBHIBHYIO IPYNMNUpoBKy. OTciona
clelyeT, YTO MHHMMAainbHasg NPaBH/bHAd TPYNNHPOBKA 4BTOMATA
C OTpaHHYEeHWAMH HAa BXOLe He BCeria OIHO3HA4YHAa. 3HAauMT, 3a-
IaHHbIft aBTOMAT C OTPaHUYEHUAMH HA BXOLE MOMXET HMEeTb He-
CKOMbKO MHHUMAadbHBIX (OpPM, KOTOpbE He 00653aTeJbHO H30-
MODP(HEI APYT APYTY.

Kak TosbKO monyuyeHa MHHMMaJbHasi NPaBUJbHAs TPYNNUPOBKA
apromMata M, Moxer ObITb noaydyeHa Tab6auua NepexompoB COOT-

BeTcTByloue# MUHUMaabHON dopMbl M u3 Tabauuel nepexonos M
CleldyOIHM 06GPa3oM.

Anaropurwm 7.2, Jlana MuHMManbHas NPaBUAbHAA TPYNIU-
poBka aBroMata M, a uMenHo 3, Z,, ..., Z,, The 3, ecTb

’011. Oiyp - vev i }; HagO NMOCTPOHTb MHHHMalbHYIO ¢opMy M
i

1

€ MHOXECTBOM COCTOAHHH {0{. s oo 0,',]. (1) Nonaraem k= 1.

(2) (a) Ecan Bce knerku B noarabmuuax- 2z, u §,,; aromara M,

PACTIONIOKEHHEIE HA MEPEeCedyeHHH CTPOK Op, Ok, «..y Op W
k
cronbua §;, ComepkaT npouepk, TO B KAaerkax mnojrabaun z,

17 A. Tuan
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H 5,,, aBTOMaTa M, Pacno/NOXeHHHX HA TNepeCeueHHH CTPOKHU O,
H croabua §; Toxe npocraBuM npouepk. (6) Eciu, no kpat-

HeH Mepe, OIHa M3 KJAeTOK B mnoATabianue 2, astomara M,

PacMOOKEHHEX HA NePeceyeHut CTPOK Oy Op, - ..y Op H
)
cToabua §;, He COLEPKHMT MPOYEPKA, TO NMPOCTABMM COLEPKUMOE

TAKHMX KJIETOK B K/€TKe, PACTIONOKEHHON HA TIepecedyeHnu CTPOKH T,
u cronbua §; B nonrabauue 2, asromata M. (8) Ecam B mox-

Tabmuue s, aBToMata M ecTh KieTku Ges mpouepka, pacnono-
JEHHbIE HA MIePeCeUeHuH CTPOK Op » Op,y + - .y Op M croabua g,.
[

TO HAXOLHM COBMECTHMOE MHOXECTBO X;, B KOTOPOE BKJIQUeHbl
BCE I/IEMEHTHl, COOTBETCTBYIOWIUE STUM KiaeTkaM. Ilycts o, 6y-
IeT CONEPKMMHM KNeTkd, O6wed 11 CTpokM 0, u cToabua §;

B noxraGauue S,,.,; aBTOMAaTa M. (3) (@) Ecim & <n, 10 yBe-
anyuBaeM k2 Ha 1 W Bo3ppawaeMca k (2). (6) Ecim k=n, o

tabanua nepexonos aas M noctpoena.
Ta6anua 7.3 npeacraBaser co60# TaGauLy nepexonoB aBTO-

Mara A32|, koTo pHfl ABAAETCA MUHUMAaAbHOR hOpMON aBTOMaTa A32.

Ta6auma 7.3 ’ Ta6auna 74
ABTomar A32, AsTomar A32,
‘ %y Sy+1 2y Sy+1
X, X,
s Ve Blv|d|a|[B|v(d s Ve Blv|olalB|v]®
v v
1 01 1] 3({2] 3|1 1 — 1| 1]1|— 3[2(2
2 Ol 1| 1]|—| 3[3]1|— 2 o[0[0|1]2]3]1]1
3 0/0(0]1)2/3]1]|2 3 o|1|0]1]3]3]|2]3

Dra Tabauua MOCTPOEHAa HA OCHOBE MHWHHMAJbHOH TNpaBHABHON
rpynnupoBku {1, 2}, {3, 5}, {4, 6}. MuoxecTBa rpynnuposku
npexcrabiedst B A32; cocrosnuaMH 1, 2, 3 COOTBETCTBEHHO,
Ta6auua 7.4 npencraBaser cobo#f Tabauuy NepexomoB aBToO-
Mara A32,, aABnslowerocs MUHHManbHOM Qopmoft A32. Tabauua
MOCTPOEHA HAa OCHOBE MHHUMAJbHOM NpPaBHALHOR TPYNMIHMPOBKH
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{1,5}, {2,4}, (3,6}, mnoxecTBa KOTOpOH npencrasnenn B A32,
COCTOAHHAMH 1, 2, 3 COOTBETCTBEHHO.

Ha puc. 7.2 u 7.3 npusesens rpads NepexonoB ABTOMATOB
A§21 H AEQ2 COOTBETCTBEHHO. Jlas MANIOCTPAUHH KBa3MOKBUBA-
JEHTHOCTH 4BTOMATOB A§21, Af‘iQ2 MO OTHOWeHWIO K aBToMaty A32

22/

WAl

. /0
@/V(B/Y i (2 % /NG INGY

Puc. 7.2. AstomaT A32. Puc. 7.3. Apromar A32,,

PaccMOTPUM BXOXHYIO NOCAenOBaTenbHOCTh Yydadyafyayppd, xo-
TOpas IOnycTHMa nas cocrosHus 1 aBroMatra A32. Korma sta
NOCAe10BaTENbHOCTb NPHKAanbBaeTcd K A32 B cOCTOAHHH 1| HaH
K A32, B COCTOSHUH 1, WH K A32, B cocrosnud 1 (1Ba mocnen-
HHAX COCTOSIHMA KBa3UIKBUBAJEHTHB MEPBOMY), BHLHO, YTO peak-
1{s ABTOMATOB Ha 3Ty NMOCAEAOBATENbHOCTb OAWHAKOBA Y BCEX
aBTOMAaTOB W Bhlpaxaercs Tak: 10101100000111.

7.5. MeTog ymeHbIIeHHA 4YHCAA COCTOAHHH aBTOMATOB
C OrpaHHyeHHSAMH Ha BXoje

Kak crano acHO W3 mpenmaywux naparpados, ompeneneHHe
MHHUMAJIbHOR (OPDMH aBTOMaTa C OTPaHHYEHUSIMH Ha BXOole —
npouecc O4eHb TPynoeMKku#H. B Tex cayuasx, korma He o0s3a-
TeJbHO TpebyeTcsi MHHUMaiabHas GOPMa, HO yMeHbleHHe yucaa
COCTOAIHUMA BCe We WENaTeNbHO, MOWET OHTEH HCMOAL3OBAH yNpo-
LWEHHBI! MeTON, KOTOPHM 4yacTO HaeT 3HAYMTENbHO COKPALUEHHYIO
¢dopMy (a WHOrZa W MHHHUMajabHyl0 ¢(OPMy) TO CpPaBHEHHIO
C 3alaHHbLIM aBTOMAaTOM. IlpennaraeMblf MeTOm, MO CYIUECTBY,
ABAfeTCA METONOM Tabauu P, MHHHMH3alWH aBTOMaToB Ge3 orpa-
HH4YeHu# Ha BXxone, onucaHHbiM B § 3.6. EauncTeenHoe pasauuue

17*
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Mexay TPUMEHeHHeM 3STOr0 MeTola IL1s aBTOMAaroB 0e3 Orpauu-
yeHUH Ha BXOLe W TIPUMEHEHHeM ero IL1s aBTOMATOB C OrpaHH-
YeHHSIMH HAa BXOIE COCTOMT B TOM, YTO B MOCJAENHEM Cayuae
CONEPIKMUMOE HE3ANOJHEHHBX KJAETOK TaOJHLK, COLEePKALIHX
NPoUYEePK, MOKHO HHTEPNPETHPOBATH TNPOH3BOJBLHO.

B kauecrBe mpuMepa B Tabauuax 7.5 u 7.6 mnpencraBiaeHb!
COOTBeTCTBeHHO Tabauua P; u tabnuua P, 1as aBTomata A32,
3anannoro tabGnuue#t 7.1. TaGaupa P, nonyuena nyTeM samenu

NpOYEPKOB B KJeTKaX MoArabauubl 2z, TakuM 006pasoM, 4TOOH

Ta6aunma 7.5 Tabauna 7.6
Ta6auna P, pas A32 Ta6auna P, gaa A32
Sy+1 Sy+1
X, X,
2 Sy Ve B| v| o 2 sy Ul e B vy| o
1 — 3 4
1 — 1| 3z 4p{ 24 a 2 4, i 2_a
B REE
3 16| 0p| —| — 3 |66
5 | —=| —|2|— b el | =] —
a 5 — |2, —
4 | —|6,]1,]5 4 | =6, | 1,] 5
b 3, —| 2| 3¢ ¢ | 6 |3 =23

muoxectsa {1, 2, 3, 5} u {4, 6} cranm 1-3KBHBaNEHTHHM pas-
O6ueHueM. 3aMeTHM, YTO BO3MOXHbBl TAKXKe LPyrue 3aMeHH Mpo-
YepKOB B KJeTKaX, HO TpH BbHOpaHHOM 3ameHe mOJyuaercs
HauMeHblIEe YHCJO KIAacCOB 1-9KBHBaAeHTHOCTH. Tabmuma P,
noJjyyeHa 3aMeHOM NpouepkOB B kjeTkax Tabauubl P, TakuM
o6pasoM, uro wmHoxectea {1, 2}, {3, 8} n [4, 6} cra-
HOBATCA 2-5KBUBa/sCHTHHM pa3OuenneM. Tak Kak 9TO — KOHeuHas
trabanua P, 10 P, ABASeTCs 3IKBUBANEHTHHIM pa3bueHueM, u3
KOTOPOTO COKpaweHHas ¢opMa MOxeT ObTb MOCTPOEHa MO  aij-
roputmy 7.2. Cnyuya#Ho noayuunoch, 4to MHOxecTBa (1, 2},
{3, B} m {4, 6] TaKme COCTaBAAOT MMHUMANLHYIO TNPABHABHYIO
IPYNOHPOBKY, TAK 4YTO COKPAIUEHHBIH aBTOMAT, MOJy4eHHHIH Ha
ocHoBe P,, sBaseTCA Takme MUHUMAAbHOR dopMof aBToMaTa A32

(me#icTBuTENbHO, 9TO aBTOMaT A32, puc. 7.2). 3aMeTHM, OLHAaKO,
yTO Jpyras 3aMeHa NpouYepKOB KJAeTOK B Tabauue P; MOxer
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B peay/abTare 1aTh 2-3KBUBAJNEHTHOE pa3bueHue {1}, {2, 38, 5},
{4, 6], sarem 3-skBuBanentHoe pa3buenne {1}, {2, 3, 5}, (4},
6] u, HakoHen, skBuBanentHoe pasbuenne {1}, {2}, (3, 5},
4}, (6}. slcno, yTO mocnenHee pasbueHHe NaeT MeHee yNOBJe-
TBOPUTE/bHYI0O MHHMMHU3auuio aBToMata A32, uem {1, 2}, {3, 5},
{4, 6]. B obwem cayuae uenecoo6pasHo MpoGOBATH HECKOMbKO
PasNMYHHX 3aMeH Ha KaXIOM uiare npouecca pasbHeHus u usy-
YaTh, KAK BJHAIOT Pa3iHuibe 3aMeHb Ha YHCIO KJAacCcoB, MOAy-
yaeMblX NMPH OKOHYaTeNbHOM pa3GHeHHH HJAH, MO KpaHuel Mepe,
NpH pa3GUeHHH, HEMOCPEACTBEHHO C/ELYIOIEM 32 I1aHHHM, 3aMeHa
NPOYEPKOB NOMKHA GuTh BhOpaHa Tak, 4yTOOB IaTh HaMMeHbLIEE
YHCIO KJACCOB,

[IpenMyLIecTBO ONMUCAHHOTO METOZAa COCTOHT B TOM, YTO OH
NO3BONSIET HCMOABL30BATh JHYHYIO H306PeTaTeNbHOCT W OMBIT
A TMOJMYYEHHA COKpAaleHHHX (OPM 3a OTHOCHTENBHO Manoe
BpeMs, HenocraTkom ero sBasercs TO, 4TO OH He TapaHTHpyeT
YMEHbLIEHU 4YUCAa COCTOAHMM H, KOHEYHO, He TapaHTHpyeT

Vi

Puc. 7.4. Asromar A33.

MHHHMH3aIMKd 3a0aHHOrO aBTOMAaTra. BaHO OTMeTHTb, YTO MHHH-
ManbHas (OpMa He rapaHTHPyeTCA 3THM METOLOM JdXe B TOM
caydae, ec/H nepenpoBoBaHE Bce BO3MOXKHbIE 3aMEHH TNpoYep-
KOB B KJeTKaX Ha KaxIOM liare OMucaHHOH npouenypwl. [Ipu-
YuHa COCTOHT B TOM, 4YTO KaxIO€ SKBHBaJeHTHOe pa3bueHHe
HensbexHO COCTaBifeTCs W3 HenepeceKalUMXCs  KAacCOB
SKBHBANEHTHOCTH, B TO BpeMA KaK MHHHMaibHas NpPaBH/bHAs
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TPYNnHpoBKa MOMeT 6biTh 00pa3oBaHa U3 MepeceKaloIUXCs cOBMe-
cTUMHX MHOwecTB. Hanpumep, paccmorpum abromar A33, npen-
craBJieHHbifl rpadom Ha puc. 7.4 u rabmuuedt 7.7. P, B aTOM cay-
vae Gyzer {1, 2}, {3}, uan {1,3}, {2}. B kaxaoM us stux cay-
yaes P, Gyzer {1}, {2}, {3}, a aT0 o3Hauaer, uto A33 He MOmeT
ObITb MHHUMU3HPOBAH TIPeAJIO-

Ta6auna 7.7 yeyurm meronoM. C Apyrof cro-
Astomar A33 POHH, ec/Au TPHMEHHTb OOIHR

METOJ MHUHHMHSAUWHW, TO OKa-

z, Syt wercd, yto {1, 2} u {1, 3} saBaa-

1orca C-MHoxecTBaMu ias A33
X,
ANEEEREEE @D
1 —[ 00| —] 1|2
2 ofolof|1]3]{2 ) (/1
5 |1]olo|3la|1| @07
Puc. 7.5. Astomar A3

W 4TO 3TH ABa C-MHOXECTBA COCTAaBAAIOT TNpPAaBHIALHYIO TPYNIH-
poBky. [Tostomy A33 uMeeT MUHHMANLHYIO GOpPMY A33, xoto-
pas coCTOMT M3 ABYX cocrodnuft. Ha puc. 7.5 npusemena srta
MUHMManbHafA GOPMa, B KOTOPOH cocTosnua 1 W 2 npeacrasasior
coorBeTcTBeHHO MHOxectBa {1, 2} u {1, 3} aBTomara AS33.

3apaun

7.1, Mokaxure, 9T0 He cyIIeCTByeT MHOXecTBa B MHHHMaJbHOH
NpaBHJIbHON TPYNNHUPOBKE, KOTOPOE MOXHO OO OBl BKJAIOYHUTL B Ka-
Koe-1160 Apyroe MHOXECTBO STOH IpyNNHPOBKH.

Ta6aunma 371

Mapu a 8 v 8 Mapu ] Y 8
1,2 1,4 1,6 — — 2,6 1,5 —_ -_— 4,6
1,3 1,5 — 3,5 — 34 3,6 2,5 3,6 —
1,5 2,6 — — 3,6 3,5 2,3 — — 1,3
1,6 — 4,6 — — 3,6 — 2,6 4,6 —
2,3 1,3 3,5 — — 4,5 — — -— 1,2
25| 45| — | 1,5 — | 46 | — | — 1,5 | 1,3
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72. Cy, Cy, ..., Cy npexncraBasior co6off Bce C-MHOXecTBa aB-
tToMaTa M c orpanuueHUsMH Ha Bxoie. [lokaxure, uto Cj, Cy ..., Cp
COCTaBJMIOT NPaBHALHYI0 TPYNNHPOBKY H, CJAeLOBaTelbHO, 9TO YHCAO

cocrosuuft B M He MOxeT npeBnlUaTh A.

7.3. Neppuift BapuaHT Tabauubl nap Aas aBTOMaTa C MecTbi0 CO-
CTOSIHMAMH npeiacrtaBien Tabauueit 3 7.1. Haiiaure Bce C-mHOMXecTBa H
MHHHMAJAbHYI0 NPaBHAbHYI0 TPYNNUPOBKY AJs STOrO aBTOMATa.

Puc. 37.1.

7.4, Ha#inure munnmanbuylo ¢opMy aBsTOMaTa, 3amaHHoro TalJau-
neft 372

Tabauuna 372

Zy Sw+t Zy Su+t
x x
svaﬁ Ybalﬂ\’bsvaﬁvbaﬂvb
v v
1 0|0 |—|1]12]|3|—|4]| 4 1[{0(—|1[5]3][—1
2 0|0 |—|—|3|5|—|— 5 [—[O0|—|—|—6|—|—
3 1fo[1]—]4]|6]3|— 6 |—[—|1{0(——4]2

7.5. OnpenenuTe MHHHMaJbHYIO ébopmy aBTOMaTa ¢ OrpaHHIeHHAMU
Ha BXoze, H3oOpaxennoro Ha puc. 37.1.

7.6. YMeHbIIHTE HHCAO COCTOAHMHA aBTOMAaTa, 3aJaRHOTO TaGaH-
uci 37.3, ucnoabays METOIL COKpaLIeHHs, onucanHuft B § 7.5.
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