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OT PELAKTOPA NEPEBOJA

IMpennaraemas kuura Aprypa ['mana — moxropa Hayk o
3JIEKTPOTEXHHUKE, NpenofasaTens KanudopHuitickoro yHuBepcure-
Ta — CONEPXKUT CHCTEMATHYeCKOe U3/I0XKeHHe OCHOBHBLIX BONMPOCOB
TEOPUU KOHEeYHBIX aBTOMATOB.

B xnure npaercs cTporoe ompeleneHne KOHEYHOTO aBTOMATa,
KaK MOJe/d PeajbHOro yCTpoHCTBA, ¢ WMIOCTpanuel Ha MpuMe-
pax. ABTOD, COXPaHAa MAaTeMaTHYeCKYI0 CTPOroCTh, B HAOCTYMHOK
171 WIMPOKOr0 KPyra uurarteseli ¢opme, CHO M NMOCIeL0BATENIbHO
u3jIaraeT pPas/MuYHEIE CIIOCOOLI NMPENCTaBIeHUd KOHEUHEIX aBTOMa-
TOB (Ta6auusl, rpadbl, MaTPHUIE MEPEXOL0B), METOLE MUHUMU3ALKH
aBTOMATOB, TEOPHIO SKCHEePHMEHTOB Haj aBTOMAaTaMu W psl ApPY-
rux Bonpocos. IIpuHATOe pacmosoeHHe MaTepuana oGjeryaer
€r0 yCBOeHME HHXeHepHO-TeXHWUeCKUMH pabOTHUKAMU, HMelo-
LIYMH [IeJI0 C PealbHEIMM OG'beKTaMH, TaK KaK NpH aGCTPaKTHOM
NpPEeACTAB/ICHNN TI03BOJIACT COXPAHATb CBA3b C IPUBLIYHBIMU 1A
MHXEHepa DealbHBIMH YCTPOHCTBAMHU.

OCHOBHBIM OT/IMYMEM KHWMH OT CYLIECTBYIOIIUX SABJAeTCH
NoAPOGHOe M CUCTeMAaTHUYeCKOe H3JIOXKeHHe NOCTHKEHHH B 061acTH
TEOPUH SKCMNEPHUMEHTOB, KOTOpAasd HAYMHAET HAXOAMTh IIMPOKOE
NpUMeHeHHue TMPH peIleHHH 3aJay TeXHWYecKo# NMarHOCTHKM IH-
CKPETHBIX YCTPOHCTB M CHCTeM C MaMsATbl0, B TOM 4YHC/]E BHYH-
CIUTe/IbHBIX M YNPaBJAIOLMX MAUIKH.

Kaxmad rnasa KHHTM COLEDIKHT NPUMEPHI N 3aKaHUMBAETCS
3ajayaMy, 4TO oOJjeruaer rayGOKyl0 NpopaGoOTKy H yCBOeHMe
ee ColepKaHus.

Kuura sBndercs xopowuM yueGHBIM MocoOHeM 1/ CTYIEHTOB,
HHXEHePOB U HAY4yHHIX DAaGOTHHMKOB, 3aHUMAIOLIMXCA H3YUeHHEM
TEOPHUM KOHEYHHIX aBTOMATOB ¥ ee NPAKTUYECKUMH MPUIONKEHUAMH.

I1. Ilapxomenrxo



NMPEAUCIIOBHE

[Tocnennue roAbl ABUANCL CBUIETENIAMU BO3HUKHOBEHHUS HOBOR
HAyyHOH NVCLWNJIMHBI, M3BECTHOH IOL HAa3BAHWEM mMeopuUs ci-
cmem. TlosiBneHWe STOH AUCUMIIMHBL B OOJBIIOH cTemeHU GHIIO
06yC/IOBNEHO MPOHMIATEIbHOCTIO HCCMeNOBATENe B PA3IMUHBIX
06acTaX HAYKM M TeXHVKH, HalleAIINX OoOLIuit A3BIK B Mpolecce
ee (opmupoBanus. Llea sTo#t Teopum coctosna B TOM, UTOGHI
cosgarb apceHan uied M CPeICTB, KOTOpHle ObIM Obl B paBHOM
CTeNeHH IMOJIE3HBI CNelaNucTaM BO MHOTHX Pas3/MYHBIX 06/1acTsX,
TAKMX, KAK 3JeKTPOTEeXHUKA, MeXaHWKa, (QUBHOJIOTUA M JIHHTBU-
cruka. Ona Obla DOCTUFHYTa NyTeM pAacCMOTPEHUs cucmemol
(xoTopast MOXeT NMpeICTaBAiATb COOOH HUBOH} OPraHM3M, MTPOMBILL-
JeHHOe MpelnpuaTve, YNpaB/lIdeMblif CHApAL) He Yepe3 ee BHYT-
DEHHIOI0 CTPYKTYPY, a 4epe3 MaTeMaTuuecKue B3aKOHH, ONpele-
naolye ee Habmomaemoe nosefeHue. I1pu UCMOMBb30OBAHUU TAKOTO
MoAX04a, HAa3bIBAEMOTO MeTOIOM «UYeDHOro fLIMKa», GbIIO Hai-
IeHO, YTO CHCTEMBEI, NpelCTaB/AOLIYe COBCEM pasdHble GUnUecKUe
MOCTPOEHUs, MOT'YT BCe Ke ObITb OXapaKTepU3OBAHBI B OJMHA-
KOBBIX TeDMHHAX M NPOAHAJIH3UPOBAHBI C MOMOLILI0 OIHOTO H
TOro xe Habopa mpaBuJ.

XoTq NMOHATHE O TEOPUM CUCTEM KaK O He3aBUCUMOM MUCLHMM-
JMHE BO3HUKJIO COBCeM HelaBHO, OOJIbIUMHCTBO ee COCTaBHBIX
yacTeif — 3TO ycTaHOBUBLIMeCs OoTpacau 3HaHuik. Teopuio uHdop-
MAlyy, TeOPHIO JKHeHHbIX CHCTeM, TEOPHIO YIPABJIEHUs U TEOPHIO
KOHeUYHBIX aBTOMATOB MOX(HO PacCMaTpuBaTh B KaueCTBe OCHOBHEIX
COCTaBHEIX YacTeft TeOpUM CHCTeM BBHAY TOTO, YTO OHH 3aTpa-
TUBAIOT CaMble PasHOO0pasHble 06/nacTh Hayku u Texuuku. M3



10 ’ TIPENUCJIOBUE

yeTHIpeX NUCUMIIINH, YKa3aHHBIX BEHILIE, TeOPUS KOHEUHBIX aBTOMa-
TOB fB/IAETCA HauboJsee HOBOH NMCUMIVIHHON, KOTOpPAg B OT/IMYUE
OT IAPYyrux IO cux mop eule He o6oOWieHa B BUIe OTHAeNbHOMH
kHuru. ITo Mepe pacmimpeHus NPUMeHEHUs CUCTeM C AHCKPETHEIMU
COCTOSIHUAMH BOOOIle, M LHUPPOBBIX BEUMCAMTE]NbHBIX MALINH
B YACTHOCTH, NOTPeGHOCTh B TAKOM -KHHTe KaK CO CTOPOHBI Ha-
VYHBIX paGOTHUKOB, TaK M CO CTOPOHBI NMPOMBIIEHHOCTH Hempe-
pHBHO Bo3pacrana. Hacrosumiags keura, mpencraBisiollas coGoi
BBOJHOE H3JOXEHHWe IOHATUH M MeTONOB, JeXalluX B OCHOBe
TEOPUM CUHXPOHHBIX JeTeDMHHUPOBAHHEIX aBTOMATOB C KOHEYHBHIM
YUCJIOM COCTOfIHMH, TMpelHasHauYeHa HJIA TOro, 4TOOH OTYAaCTH
YIOBJETBOPHTb 3Ty NMOTPEOHOCTD.

Kax BBOZIHOE pDYKOBOACTBO IO TEOPUM MALIMH C KOHEUHEIM
YHCJIOM COCTOSIHMM, HACTOAILAS KHUTa OXBATHIBAeT JMIIbL Manayio,
HO OYeHb BAXHYIO €e YacTb, M3BECTHYIO MOJ HA3BAHHEM KTEOpHUS
aBTOMaroB». Takum o06pa3oM, KHUra OrpAHWYMBAETCH OCHOBHBLIMH
TEOPETHKO-CUCTEMHEIMH aCMeKTaMH KOHEeYHBIX aBTOMATOB, TAKHMH,
KaK: 3allaHue yc/noBu#t paGOTH aBTOMATOB, MAaTPHIB J1€PeX0/I0B,
9KBHMBAJIEHTHOCTb COCTOSHMH W aBTOMATOB, MHHMMH3alus aBTO-
MaTa, SKCMEPUMEHTHl MO PAClO3HABAHUIO COCTOAHMH M ABTOMATOB
U 10 pacrosHAaBAHMIO HEHCNPABHOCTeH, — a TaKke aCleKTaMu aB-
TOMaToB Ge3 moTepb WHGOPMAaUWM U ABTOMATOB C KOHEeuHOH ma-
MaTbi0. MaTepuan B s3HaumrenbHOR cTenexy 6asupyercd Ha pabo-
Tax, BHINOJIHEHHEIX 3a noc/eaHee necarunerue Xadpdmenom, Mypowu,
Aycdeunxamnom, Xouom, 'musGyprom, 3ame, Cumonom, I[Tomrom
u AHrepom (6osee moApOGHbIE CCHUIKH pacnpefeseHbl B CHOCKAX
no Bceft kuure). Oco6oe BHUMAHWE B KHUre YIENEHO MeTOLaM
aHanmsa. Bompochl cHHTe3a KOHEYHbIX ABTOMATOB 31eCh HE pac-
cMarpuBaiOTCA. IlpyupHa STOrO COCTOMT B TOM, YTO METOIH
CHHTe3a MO0 CBOEeMy CYIUeCTBY SBJAIOTCA CHeLNaTn3upOBAHHBIMH
¥ TPeOYIOT MOJHBIX 3HAHM{ OTHOCWTENbHO NAHHOR HCCIenyeMOH
CACTEMH M KOMIMOHEHT, KOTOpble MOXHO WCIOJb30BATh LN ee pe-
amu3alMd; C JPYrof CTODOHBl, MeTOXbl aHanW3a MOTyT ObITh
CLeJaHbl BOJHE OOIIMMM M NpPUMEHMMHIMH K JI000# cucTeme
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(HanpuMep, HepBHOR KJ/IeTKe, MaTeMaTHYECKOMY aArOpPHUTMY, 3JeK-
TPOHHOH BHIYMCIMTENbHOH MalllMHe), KOTOpas MOLLAETCA Mone-
JAMPOBAHMIO C TOMOLIbIO KOHeYHOro asroMata. OmyiueHO TaKxe
oflee paccMOTpPeHHE MOAY/IAPHBIX NMOC/IeN0BATEeNbHOCTHEIX MALIKH
(xoTa O /MHEHHBIX NBOUYHHLIX MAUIMHAX TIOBOPHUTCS NMOAPOOGHO)
u3-3a Tpebyioulefica AJd TaKOTO PpacCMOTpPeHHs OOGIIMPHOH Ma-
TeMaTuyecko# moArotosku. Hakonen, OBIIO pelIeHO HCKIIOYHTH
W3 paccMOTPeHHA MalluHH ThlopuHra u uenun MapkoBa, Tak Kak,
XOTS STH TeMbl W TECHO CBfI3aHHl C IPEIMEeTOM TeOPHH KOHEYHBIX
aBTOMAaTOB, OHH COCTAaBJIAIOT OTAENbHEIE M HE3aBHCHMBIE MaTeMa-
| TMYeCKMe NUCLUMILIMHBI, KOTOpble B NOCTATOYHOM CTeNeHH OcCBe-
IeHbl B IPYTHX MOCOOUAX. '

OcHoBHad 4acTb 3TOH KHWIM NepBOHAYanbHO ObIIA HAMKMCAHA
KaK KOHCNEeKT Kypca MO KOHEYHHIM aBTOMAaTaM, NMPOYMTAHHOTO
B KanudopHutickoM yrusepcutere B Bepkin B TeueHue BeCeHHEro
cemectpa 1961 rona. XoTa kypc O6blT NPOYMTAH HA 3JEKTPOTEXHHU-
4ecKOM (pakyabTeTe, MaTepuasn NpeiHa3HAYyaeTcs He CIEUUanbHO
HHXXEHEPY-3/IeKTPUKY, a Mo6OMy CcHeuuanucTy — Oydb OH 3KO-
HOMHCTOM WJIM TPAHCNOPTHEIM MHXEHEPOM, MATEMaTHMKOM HIH
NPOEKTHPOBIIYKOM CXeM, — MHTepechl KOTOPOro nexar B cdepe
TEOpHHU cHcTeM. B TO ke BpeMms MaTepuan 3TO# KHUTH 0C000 pe-
KOMEHLYETCS MHIKEHePaM MO 3JeKTPOHHKE M MaTeMaTHKaM-TpHU-
KJIaIHUKaM, CMelyanu3upyolyuMcs B 06/1acTH yNpas/eHus, CBi3H
WM unppoBHX BhYucieHuit. CTyzeHTaM, KOTODEE COOMPAOTCA
CTaTh CHEUMAJMCTaMH 1O BBLIYMCIMTEIbHOR TeXHHWKEe M ee NMPUIO-
MEHHAM, MaTepHal MOKeT NaThb MOJIE3HYI0 IOArOTOBKY K KypcaM
MO JIOTHYECKOMY CHHTE€3y M IPOT PaMMUPOBAHHIO.

Kuura He mpennoJjaraer xako#f-nm6o riayGoxoit MaTeMaruye-
CKOH TMOATOTOBKM Y 4YMTATeNsl, XOTH «MaTeMaTHyecKas 3penoCTb»,
IOoGHTas MyTeM MpenBapUTeNbHOH YyueObl, HECOMHEHHO, TOJe3Ha.
YpoBeHb HB3JI0KEHHs COOTBETCTBYET YPOBHIO AaCIHMPAHTOB WA
CTYZEHTOB, HAYMHAIOKX IHIVIOMHYI0 pa6ory. OueHb wenaresb-
HO, uTOGH uWTaTeldb TNOTPYAWICA Hal 3ajayaMHd, KOTOPHIMH
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COMpPOBOXAAETCA KaXAaA IVaBa, TAK KAK 3TH 3a1auM CAykaT He
TOJNBKO I/l WITIOCTPALMH, HO U I/ TONOJHEHHs TEKCTOBOrO
MmaTepuana. OZHAKO B NPHHLUKMIE TEKCT caM Nno ceGe MOJHOCTbIO
He3aBUCHM OT 3anay.

Atop ray6oko o6s3an noxktopy JI. A. 3ane us Kanndopuuit-
CKOTO YHHBEDCHTeTa, uefl CeMMHAD MO CHCTeMaM C IMCKPETHHIMHU
COCTOSIHMSIMM W aBTOMaTaM (mpoBonuBuiumiics B Bepkau Bec-
Ho#t 1960 rona) BHec 60/bINOMH BKJIAL B TOYKY 3PEHHUs, NPHHATYIO
B 9TOH KHuUTe, a TaKXKe B ee colepikaHne. ABTODP TaKKe BLIpa-
waeT OnarojapHoctb Hokrtopy JH. A. Xaddmeny us Maccauy-
CETCKOT'O TEXHOJIOTMYECKOr0 HHCTHTYTA 32 HECKOJNbKO MOOLLpPSI0-
mux OGecen BO BpeMms ero BusauTa B bepkim Becho#t 1961 rona.

Apmyp T'uaxr



FNABA 1
OCHOBHAfl MOLEJb

1.1. Beenenne

ITono6HO NpYTHM TeOpUSM, Pa3BUTHE KOTOPLIX MOOYkIaeTcs
HYXIAMM HAyK¥ M TEXHHKH, TeOPHS KOHEYHLIX aBTOMATOB MMeeT
Jes0 C MAaTeMaTHYeCKUMU MOAe/AMU, PeiHA3HAYCHHBIMA 1715 TIPH-
OmieHHOr0 0TOOpaXceHnss (U3MYECKUX MM aOCTPAKTHHIX sBJe-
Huft. 3HaueHwe OSTOR Teopuu COCTOMT B TOM, YTO INpPHMEHEHUe
ee MOZLeselt He OrpaHMuUMBaeTcsd Kakoi-MuO0 vacTHO#H 00jacTeio,
4 BO3MOXHO HEINOCPENCTBEHHO [Jd pelleHHs MpobseM MPaKTH-
yecku B nMo6o#t 06/MacTH UCCIeLOBAaHUN OT TNCHUXOJOTMU OO aIMU-
HUCTPATHUBHOTO YyMpAaBJeHUs W OT CBSIBW IO JUHrBUCTHKHU. Mneu
U TeXHHKAa TEOPHH KOHEYHBIX aBTOMATOB UCIOJb3YIOTCS AJMA pellle-
HUSl TaKWX, Ka3anocb Obl He CBA3AHHLIX, NMpOO6JeM, Kak HCcaeno-
BaHHE JEeATeJbHOCTH HEPBHOH CHCTeMBl yeslOBeKa, aHAMU3 aHTJIHH-
CKOI'O0 CHHTAKCHCA M TPOEKTHPOBAHHE SJIeKTPOHHBIX BLIYMC/IH-
TeNbHbIX MAWIKH. B 3MOXy, KOria TeMIbl Pa3BUTHUS HAYKH CHJILHO
3aBUCAT OT MEXOTPACJIeBOr0 KOONMEpPUPOBAHHS, YHU(DULUPOBAH-
HEIff XapakTep 9TO# TeOopuu NpelNCTaBJAfeT HECOMHEHHYIO LeH-
HOCTb.

B sro#f rnaBe OyneT BBeleHa TaK Ha3hiBaeMas <«OCHOBHas
MOZe/b» KOHEYHOTrO aBTOMara, OYAYT AeTalbHO O6CYKIeHE Npea-
MOJIOKEHHUs], Jiexalye B OCHOBE 3TOH Monemn, W OyneT mNoOKa-
3aHO, KaK 3Ta MOIesdb MOXeT OHTb MCTNOJb30BaHA IJA pelleHus
npo6/aeM M3 CaMbIX Pas3JMYHBIX obmacTteil.

1.2, MHOTONOJIOCHBIH YepHbI SMMK -

BonbiinHcTBO mpoGieM, BCTPeyaloLUXcs B Hayke M TEXHUKe,
MOXHO DPa30buTh Ha Clelyloulue ABe KATerOPUHU: 3aNauy aHaLu3a,
KOTOpBle COCTOAT B TMNPEINCKA3aHUM TIOBeleHHs OlNpeneTeHHOR
3aIaHHOM CHCTEMEl, W 34144l CuHmMe3a, COCTOSAIINE B TOCTPOEHUH
cHCTeMBbl IO 3aJaHHOMY TIOBeleHHI0. B oToft kHure npenmoure-
Hue OyneT OKa3aHO CKOpee 3a4ayaM aHamusa, yeM cuHTe3a. Kax
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C TOYKM 3peHHsl aHa/Iu3a, TAK M C TOYKH 3PEHHs CHHTe3a yIOOHO
nepeMeHHble, KOTOPHe XapaKTepHU3yIOT CHCTeMYy, PasinyaTh CJje-
nyowuM obpasoM: (1) 8xodrsie nepemennsie, KOTOPHE TMpel-
cTaBasfiOT co6oft BoO3ZeficTBUSA, reHepupyeMble APYro#t cucreMoi
(He moanexaulet uCCleNOBAHUIO), U KOTOPHIE BJHAIOT HA TOBe-
IleHne UccaenyeMol cucteMbl; (2) 8stx00Hbe nepemertsie (peak-
uMM), TPeACTaBJALINE CO0O# Te BEeNMUMHEI, XapaKTepHuayloulue

2Mt) o—s>—— L]
T jo—— —>——o0 7))
: CUCITIEME :

1 1
‘va”)(ﬂ O—— [—>——07 M//}

Puc. 1.1. [IlpexcraBieHue CHCTEMBI
B BHIE UEPHOrO SIIHKA>».

noseleHNe JAHHOU CHCTeMBbl, KOTOpble MHTepecyloT HcClIenoBa-
Tens; (3) npomescymoursie nepemerrble — Te BeJNYUHB, KOTO-
pHie He SBJAAIOTCA HU BXOJHBIMH, HHM BBLIXOJHBIMM IePeMEHHEIMH.

CxeMatnuHo CHCTeMa MOMeT OmTh M300paxeHa <«YEPHEIM
AUMKOM» C KOHEYHBIM YHCJIOM BHEILIHHX MOJIOCOB, NOCTYMHBIX
IS uccienoBarens. Bxodrble TOMOCH COOTBETCTBYIOT BXOIHBIM
MepeMeHHEIM M CHa0KaloTcd CTPeJKaMM, HalpaBJeHHBIMH BHYTDb
AUKA, BolX0OHbe IOMOCH COOTBETCTBYIOT BHIXOAHBIM IepeMeH-
HBIM W cHaOXeHBl CTPeJKaMH{, HAalpaBjeHHBIMH OT Awmuka. Ilpen-
MoJIaraeTcs, 4TO NMPOMEXYTOUYHbIE NepeMeHHEHe, He IMpeACTaBJsA0-
1111e HENOCPeLCTBEHHOTO HHTepeca, COCPeOTOUeHbl BHY TPH ALIMKA.
Bxonueie W BHIXOIHBIE NMepeMeHHHEe M fLUK, He HUMelT KaKoro-
a60 HU3NYECKOro CMEICAA, OHM MPOCTO CJAYXKAT AJA HArJIsIHOTO
NpeNCTaB/IeHUs] TeX NMepPeMeHHBIX CHCTeMbl, KOTODble UMEIOT OTHO-
IIeHWe K pelleHMI0 JaHHOHM 3anauu.

Puc. 1.1 unnmoctpupyeT npeacTasl]eHue CHCTEMBl B BHIE
YyepHOro fLIMKa B TOM Clyuyae, KOTAa OHa MMeeT # BXOIHBIX
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M W@ BHIXOJIHLIX MepeMeHHLIX, MpHYeM INpeNnoJaraercs, 4TO BCe
NepeMeHHble 3aBUCAT OT BpeMeHH. CHMBOJ x® ®,i=12,.., 4

(6)>3HauaeT BXOAHHIe mepeMennte, a cumBon 270 (8), j=1, 2,...
..., W, — BHXOJHbIE NepeMeHHbE.

1.3. JINCKPEeTHOCTb BpPeMEeHH

[Tpennonaraercs, yro mo0ad cucTeMa, NpeiCTaBMMas OCHOB-
HOM MOJe/bl0 C KOHEUHBIM YHCJIOM COCTOSHUH, clelylouM obpa-
30M YMpaBJsieTCs HEKOTOPHIM HE3aBUCUMBIM CUHX POHUIUD YIOU UM
ucmo4HurKom. Bce mepeMeHHEIE CHCTEMBl H3MepSIOTCS He Hempe-
PbIBHO, a TOJBKO B NMCKDETHblE MOMEHTH BpeMeHH, B KOTOpHIE
TIOLAETCS CUHX POHUIUPYOUUE CU2ZHAA OT UCTOYHHKA CHHXDO-
HHBHPYIOUWINX CHUFHAJI0B. OTH MOMEHTH BpeMeH! Ha3bIBaloTCA
MAKMOBLLMU MOMEHMAMY, TIPUUEM V- TAKTOBHIH MOMEHT OyleM
o6osHauaTh uepes £, (v=1, 2, ...). Jlanee npennonaraercs,
YTO MOBENEHHE CHCTeMHl B 06O MOMEHT BpeMeHH f, He 3aBH-
CUT OT MHTepBajJa BpeMenn Mexady £, u f,_;. Taxum o6pasom,
(axTUyecKH He3aBHCHMOH BeJMYMHON, OTHOCHTENbHO KOTOPOH
onpelenseTcd Kaxias NepeMeHHas CHCTeMBl, fBJSeTCA He BpeMs,
a TNOpsIKOBHE HOMepa, CBs3aHHEIE C TAKTOBBIMH MOMCHTaMH.
Taxum ob6pasoM, mobas nmepeMeHHas cucTeMBl U (f) MOXeT OHITb
3amucaHa B BMIE U,, 4YTO 0003HAYaeT 3HaYeHHe BEJIHYHHB U
B V-# TaKTOBHIH MOMEHT.

Crenyer 3aMeTuTb, YTO BHILIEU3JIONKEHHHE MPELNOJOKEHUS
COBCEM He O03HAyaloT, YTO HMHTEPBAJbBl MEXLY COCeIHHMH CHH-
XPOHHM3UPYIOWUMH CUTHANAMH OJMHAKOBEHI, a MEepeMeHHBle CHCTEMBI
BHYTPU HHTEPBAJIOB M3MEHSIOTCS MO KaKOMY-/UGO0 onpeleNeHHOMY
3aKOHY (CKaXeM, OCTAlOTCA MOCTOSHHBIMM). ITH NPENNOJIOKEHHUs
03HAYaloT TOJbKO Clelyiouiee: Kakoft 65l HU OB MHTepBal Bpe-
MEHH MeX1y CHHXPOHHM3UPYIOLIMMH CUrHaJIaMHU U Kakue Ol HU OBbLIH
M3MEHeHUsl CHCTeMBH BHYTPM STOr0 HMHTepBaja, 3HAUEHMs Nepe-
MEHHBIX B V-fi TakTOBHI#f MOMEHT 3aBHUCAT TOJbKO OT HOMepa v
¥ He 3aBUCAT OT TeKYLIEro 3HAYeHH BPeMeHH f,.

CucreMa, YIOBJIETBODSIONUIAS H3MOMEHHBIM [PELMONOXEHUAM
OTHOCHTEJIbHO AUCKPETHOCTH BO BPeMeHM, HA3bIBAeTCHA CUH.X POH-
HOli. ACUHXPOHHbLE CUCTEME, He YIOBJETBODAIOLIME STHM Ipel-
MOMOMKEHNAM, B KHHI'e He paccMarpuBaiorTcs. Ha npaxTtuke MHOrHe
aCHHXPOHHEIE CHCTEMBl MOTYT IIfl Liedleft aHa/mM3a paccMaTPHUBATLCA
KaK CHHXDOHHHe. B xauecTBe npuMepa paccMoTpuM cHCTeMy,
COCTOAWLYI0 M3 KJIOYA W JIaMIbl, KOTOPYIO OH BK/IOYaeT H
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oTkmouaer. BxonHo#t nepeMmeHHOH fBIAeTCA MMOJIOXKEHUE KJIOYaA
(BKJIIOYEH WJM OTKJIOYEH), a4 BEIXOIHOH mepeMeHHOH — coCTosHNIe
naMnbl (TOPUT WM He TOPUT). MCTOYHMKOM CHHXDOHH3HPYIOLIMX
CHTHATIOB B 3TOM Clyuae S$BJfeTCS ONEepaTop, BK/OUAOWUR U
OTKJIOYAIOWHUK KJIOY, 8 CUHXPOHHU3UPYIOUIMM. CUTHAJIOM — MOBO-
poTr kmoua. B Tex caydyasx, KOria MOMXHO CYMTaTh, YTO 3HAue-
HYe KaXIOH mNepeMeHHOW B v-# TaKTOBHIH MOMEHT (T. €. Koria
KJI0Y Haxar B v-fi pas) He 3aBUCUT OT WHTEPBAJOB MEXIY MO-
MeHTaM{ CHHXpOHM3auuMu (T. €. MeXIy OJHUM HaxaTHeM KJoua

Jv(’) L o | fe—p——O Zy( 7)
Zy A — —>—0 Zv( 2)
’
v | Cuememnn ,
: :
P — )

Puc. 1.2. [IpexcraBaeHue cucteMbl B BUle
«YEpPHOro SIIMKa» C YYeTOM Hpejmo-
JIOXEHUS O NUCKPETHOCTH BPEMEHH.

W CleNyIOUINM), ONMHUCHIBAeMas CHCTeMa MOMKeT PacCcMaTpUBATHCH
Kak cuHXponHad. OIHAaKo, CTPOTO TOBODS, CHCTeMa sBseTcs
ACVHXPOHHOH, TaKk KaK paGoTa peaNbHBIX Kiouefl ¥ JTaMm 3aBu-
CUT OT MHTepBaia Mex1y IAByMs TMOC/TeN0BaTeNbHEMH BKIIOYe-
HUSMH, TAK KAK eC/l¥ 4acTOTa NepPeK/IOYeHUs CTAHOBUTCH CJULI-
KOM BBLICOKOH, TO yxe He MOXeT OblTb YBePEHHOCTH, Hampumep,
B TOM, YTO CBeT MMeeTCs BCerja, Korja BkJOueH Kiaou. Tem
He MeHee, KOIJa HM3BECTHO, YTO YACTOTA MePeK/II0UeHHs 10CTa-
TOYHO HH3Kas (3TO 3HAHHE MOKeT ObITb OCHOBAHO HA 3aJAHHHIX
XapaKTePUCTUKAX CHHXPOHH3UDYIOLIEr0 MCTOYHHKA), AOMYCTHUMO
paccMarpuBaTh CUCTEMY KaK CHHXPOHHYI. MOXHO OTMETHTb, UTO
aHaMM3 GOMbLINHCTBA LUU(POBBIX BBIUNC/IUTENbHEIX MALINH, BCTpe-
YaloUIMXCA HA MPAKTHKE, MOXeT GbITh COOTBETCTBYIOLWMM 00pa-
30M TMpOBeleH B NMPELMOMQKEHHH, YTO 9TH MALIMHB NPeICTaBASIOT
CO60it CHHXPOHHbBIE CHCTEMBI,
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Puc. 1.2 usoGpaxaer npencrasnenHyio Ha puc. 1.1 cucremy
¢ 0003HaUeHHSMH, WU3MEHEHHBIMU B COOTBETCTBUH C MPELNONONKe-
HHEM O ancKperHocTH Bpemenu. Cumomamn x\, i=1, 2, ..., «,
u z(vj): Jj=1, 2, ..., w, 00603Hau4eHE COOTBETCTBEHHO BXOJ-
HLle M BLIXONHBIE TIePEMEHHbe B MOMEHTHl BpEMEHH ..

1.4. Koneuynoctr aadabuta

Crenyioliee NMPeANoOIOKeHHe, KOTOPOE NOMKHO GBITh CIeNaHO
A7isi OCHOBHOM MOJENY C KOHEYHBIM YHCJIOM COCTOSIHME, 3aKJIIO-
YaeTcs B TOM, YTO KaXAaf MePEMEHHAss MOMET NMPUHUMATH TOJbK®
KOHEYHOe YHCJIO DA3IMUHBIX 3HAUYEHHHA (KOTODHIE MO CBOEH mpu-
poze MOryT GLITh YHCTOBEIMH W/IH HE YHCHOBHIMH).

MuoxecTBo!) sHauenuit, KOTOpEIE MepeMeHHas U MONeT npu-
HUMaTb, HA3HIBAETCA A.¢haBumoM TepeMeHHOR ¥ W 0603HAYAeTCS
uepes V; anemenT v andasura V uasmiBaeTcs cumB040.i. ITycts

K9, K®, ..., K™ — xoueunsie MHOXeCTBd C COOTBETCTBYIO-
1 2

LIVMH  3JIEMEHTAMU k(t). k‘l), kﬁ’"’ U INYCTb MHOXECTBO

KP®KP® ... ® K™ o6osuauaer muomectso scex ynopsno-

YeHHBIX M-3HAYHBIX HaGOpOB (k(il), P, ..., kﬁ-”’)). Ecnn Bxoz-

Hble mepeMennbie anHo# cuctemn cyt x, x@, ..., x® 10

8X00HOE aagpasum 9TOH CcHUCTeMB, 0603HAYaEMbIlt gepes X,
OMNpefe/seTcs BHPaXeHHeM

X=Xx"0X® ... @ X“, (1.1)

i
rie XP, i=1,2, ..., u, — andasur £, ’
AnanorudHo, eclM BBHIXOIHBIE TIePeMEeHHBIe CHCTEMBI CYyThb

20, 2%, ..., 2™, 10 snxodnoit anrpasum Z cucTeMHl OMpe-
IensieTcss BHIpaXeHHeM

z=7"72% ... ® 2™, (1.2)
rie Z9, j=1, 2, ..., w, —anpasur 2.

1) Tounstue MHOMCecmso, ecnn He GyNeT CHEUHANBLHO OrOBOPEHO,
Beerga Oy/ieT MPEAIONaraTb Heynopsoo4eHHOe MHOXeCTBO. MHOXECTBO
BIEMEHTOB &y, €y, ..., ¢, OYIET 3aMUCBIBATHCA TaK: (&, &g, ..., e,}.
Uuca0 3JeMEHTOB # HA3bIBAETC MOUJHOCMbSI0 MHOXKECTBA.

{’A&}N}faag 2

R i !

2 A. Tuna
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Ecin X® umeer mommocts P a Z9 mowmocts gj TO
MOWHOCTH p A1a X W g Ina Z BEPa3ATCd COOTBETCTBEHHO
dbopMynamMu:

p j 28 (1.3)

|
—

1

-
1

I
=

q

MOLIHOCTH p W ¢ KOHEUHHI.

W3 omnpezreneHuss BXOZHOrO andasura X BHUIHO, YTO OJHOTO
CMMBO/IAa BXOAHOTO ajidaBuTa — 8X00H020 CUMBOAA — NOCTA-
TOYHO JJIs OTMCAHWA BCEeX 4 BXONHHIX TMepeMeHHHX B JGOMH
3aJaHHBIF MOMEHT BpeMeHd f,. AHANOTHYHO U3 ONpedeNeHHS
BHIXOIHOTO aixdaBuTa Z BUIHO, YTO OJIHOrO CHMBOJIA BEIXOZHOTO
andasura — 860X00H020 CUMBOAQ — JOCTATOYHO I/ OMHUCAHHUA
BCEX W BBIXOAHHIX MepeMeHHHX B MOGOHK 3alaHHBII MOMEHT Bpe-

menu f,. CnenosarenbHO, BXONHEIE MePeMeHHbIe £, x®, L ™
MOTYT 6bITb 3aMeHeHbl OJHOH BXONHOH mepeMeHHOH X, andaBuT
koTopo#t X onpenensercs BeipaxenueM (1.1). Beixonnbie nepe-

mennnie 2, 2@, 2™ MOryT OBITb 3aMeHeHbl OIHON BBHI-
XOIHOH mnepeMeHHOH 2, an-
¢aBur xoropo#t Z ompezens-
Z Lucmena oz, ©rca Bopaxennem (1.2). Co-
OTBETCTBEHHO  #  BXOIHHIX
. KJIeMM MOXHO 3aMeHHTb OI-
Puc. 1.3. [IpencraBiaenne koHeuHoro HOH BXOIZHOH KJIeMMOHA H w
aBTOMATa B BHIE «YE€PHOrO SIIHKA». BBIXOJHBIX KJeMM — OJHOH
BEIXONHOR KaeMMo#. B pe-

3yJabTaTe MOJYYHMM CXeMaTH4YHOe u3o0paxeHue, HMelolliee BHIL
IBYXKJeMMHOro suuka (puc. 1.3), KoTopoe sBifieTcs CTaHIApT-
HBIM TpENCTaBJeHHeM OCHOBHOM MOJenH KOHEUYHOrO0 aBTOMATa.
1 uAMOCTpauy¥y PacCMOTPUM BEIYMC/IUTENbHOE YCTPOHCTBO,

2
KOTOpOe HMeeT IBE BXOIHBIE JINHWUH x(l) n x ): o JWUHHUHU x(l)

noznaiorcs cuMBoael O W 1, MO JHHMH x® — cumsonm 1, 2 u 3.
B npousBo/ibHBIE MOMEHTHl BPeMEHH t yCTpoﬂCTBo BHIIAET BeJH-

1 1)@ ) @ 1)@ @
YHUHBI zﬁ,) ﬁ,) v)+x£,l x(v)_1 u z —lx() @ xi,l x(v)_ l
TakuMm o6pasoM, MMeeM:

XY=qo0, 1), x®=11, 2, 3),
zZ"=10, 1,2 3, 4, 5, 6}, z@) [0, 1, 2, 3)

1c]]-. (1.4)

<.
I
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", CJaeaoBaTesbHO,
X=1{0, 1), (0, 2), (0, 3), (1, 1), (1, 2), (1, 3)},
Z ={(0, 0), 0, 1), (0, 2), (0, 3), (1, 0), (1, 1), (1, 2), (1, 3), (2, 0),
@0, (2,2), (2.3), 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. CocTosiHusA

B To BpeMs Kak B KauyecTBe BXOJOB M BBIXOIOB BLIOHpAIOTCH
TaKWe TepeMeHHble, KOTOPHe HCCAeLoBaTeNb MOKeT HabmolaTh
W U3MepAThb, NMPUPOJLA NPOMEXKYTOUHBLIX MEePEMEHHBIX 4aCTO MOXeET
OCTaBATbCS HEHM3BECTHOH, a M3MepeHHe UX — HEeBO3MOXKHBIM. 3Ha-
YyeHHWe TNPOMEXYTOUHBIX IIePEeMEeHHBIX, OLHAKO, 3aKJ/IYaeTcs He
B XapaxkTepe H3MeHEeHWs KaXJIOR M3 HHX, a CKOpee B HX KOM-
OVHUPOBAHHOM JeHCTBHM HAa 3aBHCUMOCTH MeXILYy BXOIHBIMH H
BEIXOLHEIMH TepeMeHHbBIMH. JTO KOMOGMHMpOBAaHHOe JeficTBue,
TaK e KaKk M IepeMeHHble, BHI3HIBAIOIIME ero, MOAUYHHEHO Mpen-
MOJIOMEHUAM O IMCKPETHOCTH BPEMEHM M KOHEeuHOCTH andaBUTa,
BeellenHbiM B §§ 1.3 u 1.4. YkasanHoe meficTBue HasblBaeTCs
cocmosnuen cucteMbl. COCTOsHME CHCTeMB B MOMeHT £, GyleM
0603HauaTh yepes s,. Habop Bcex BO3MOXKHEIX COCTOSHUH CHCTEMBI,
KOTOpble ef NPHUCYLUH, HA3HIBAETCH MHOINCECMBOM COCMOSAHUN
n oGosHauaercs uyepe3 S.

[TousiTue coCTOSHUS MOMXeT OBITh CTPOrO OINpeleNeHO, UCXOAf
U3 TOH PpOJM, KOTODYIO OHO MWrpaeT B ONpeleJeHHM OCHOBHOMH
MoIeny KOHEYHOTO aBToMaTa. dTa pOJib MOXeT OBITh BHIPa)eHa
CTeLyIOWUMH ABYMS TOJOXeHHAMH: (1) BEIXOAHON CHMBOJ B JaH-
HBIf MOMEHT BPEMEHH OJHO3HA4YHO OMNpeNesAeTCd BXOLHEIM CHM-
BOJIOM M COCTOSIHMEM B JAHHLIA MOMeHT; (2) cocTosiHue B Cle-
Iyl MOMEHT BPeMEeHM OLHO3HAYHO OINpeNeNseTCs BXOILHBIM
CUMBOJIOM ¥ COCTOSIHMEM B HACTOSIIMH MOMEHT BpeMEeHH.

Takum o6pasoM, rpy6o roBops, COCTOSHHE KOHEUHOTO aBTO-
mMata B Ji06O#t 3alaHHBIl TAKTOBEIf MOMEHT siB/sieTcs TO#t mepe-
MeHHOH, KOTOpas BMECTE C BXOAHBHIM CHMBOJIOM JiaeT BO3MOKHOCTD

DA
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ONpeNeanuTh BLIXOAHOH CHMBOJ B NAHHBIH TAKTOBHIE MOMEHT U
COCTOAIHME B C/IeAYIOWIMHA TaKTOBHIt MOMeHT!).

B kauecTBe mnpuMepa pPacCMOTPHUM HrpPy, B KOTOPOH MoHera
NOBTOPHO NOAGPACHIBAGTCA M NMPOU3BOAATCS OTMETKH NPH MOSBJIE-
HMM KQXIOTo NepBOro repba B cepuu rep6oB U KaxLOH., UCKIIO-
yas mepBble ABe, uudpel B cepun undp. B sToM mpumepe cucre-
MOH fIBJISeTCA Mrpa, CUHXPOHHMBUDPYIOUINM HCTOYHHKOM — HTPOK,
a CHHXPOHHM3HDPYIOWMM CHTHATOM — OMepaunss GPOCaHUS MOHETHI;
BXOIHOH TNepeMeHHOM sB/AfeTCA CTOPOHA MOHETH, BHIXOJHOMN
nepeMeHHoit — oTMeTka npu Opocke. Torna BxomHo# ancasut
6yner {uudpa, rep6}, a BrxonHo#t — {oTMeTKa, HeT OTMETKH].
Ilns onpereneHHs MHOXECTBA COCTOSHUH HAXOIAT TaKOe MHOXe-
CTBO yCJI0BHH (KOTOPHIe MOTYT OBITb BBIPaXieHbl CIOBECHO, CHMBO-
JIaMH, B YMCJIOBOM BHIe WM B Kakoi-uuOynb Apyro#t ynoOGHoOR
¢opme), uTOOB MO H3BECTHOMY B HACTOSLIKMH MOMEHT YCJ/OBHIO
W CTOPOHE MOHETH OJHO3HAUHO OMNpelens/NOCh HalUyue UM OT-
CYTCTBHE OTMETKM B HACTOALUMH MOMEHT M YC/IOBHE B Clelylo-
wuit. 13 omucaHMss WIpel MOXHO YCTaHOBUTb, 4TO JIJs TOrO,
4TOObl MPEACKA3aTh OTMETKY, HEOOXOIUMO 3HATh CTOPOHE MOHETHI
B HACTOfWIMH MOMEHT W B IBa NpeibAyuwux. BpemenHO mpumewm
cllellyioliee MHOXKECTBO COCTOHMH {MOsB/IeHHE TepBOH UG PEI,

) TlonsiTHe «COCTOSIHME», KAK OCHOBHOE IPH OIMCAHUU CHCTEM,
6b10 Brepseie BBeleHO B 1936 r. Toiopunrom (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). Iloswe sTO moHATHe OblAO HcHOAb30BaHO lllenHoHOM B ero
ocHoBonoJarawmeil pa6ore no teopuu uHpopmauuu (C. E. Shen-
non, A Mathematical Theory of Communication, Bell System Tech. J.,
vol. 27, pp. 379—423, 623—656, 1948). Ewme nosnHee MOHSATHE «COCTOA-
Hue» 6pli0 BHOBb BBeneHo Xapdmenom (D. A. Huffman, The Syn-
thesis of Sequential Switching Networks, J. Franklin Inst.,, vol. 257,
pp. 161—190, 275—303, 1954), Kaunu (S. C. Kleene, Representation
of Events in Nerve and Finite Automata, «Automata Studies», pp. 3—41,
Princeton University Press, Princeton, N. Y., 1956. Pyccku#i mepeBox:
C. K. Kaunuy, IlpencraBienue coGbiTuil B HEPBHBIX CETAX H KOHEU-
HBIX aBTOMarax. B c6opHuke «ABromarnl» mop penakuuedt K. . Illen-
wona u JIx. Makkaptu, MJI, M., 1956) u Mypom (E. F. Moore,
Gedanken — Experiments on Sequential Machines, «Automata Stu-
dies», pp. 129—153, Princeton University Press, Princeton, N. Y., 1956.
Pycckuit mepepon: 9. . My p, YMo3pureiabHbe SKCIEPUMEHTHI C IIO-
C/Ie]0BaTeIbHOCTHBIMY MallMHaMu. B c6opHuke « ABTOMAaThl» IOJ PelaK-
nueit K. . Ilennona u . Makkapru, WJI, M. 1956), nocae uero
OHO OBLIO INPHHATO KaK ONHO U3 OCHOBHBIX MOHSTHH Teopuu HUCKpeT-
HBIX CHCTEM.
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nosBJeHNe IBYX UM, MOABJIEHHe TMepBoro repbaj, rie «mnossie-
HHe TepBOH LU(PBI» — COCTO IHME CUCTeMBbI, Koraa uudpa Bbl-
fana MepBHH pas mocne repda, «nosBiaeHMe IBYX HUPP» — co-
CTOSIHMEe CHCTeMbl, Korla uudpa Bbinmama nociae uups, U «Io-
fiBleHUEe TepBOro repba» — COCTOAHME CHUCTEMBI, Koria repl
BEIMan nocnae rep6a uiau nociae uuppe. OTMETKa NPOU3BOIMUTCA
KaX b pas, KOrla CHCTeMa HAXOLWTCA B COCTOSHHM (MOsBJIEHNE
IBYX uudp» # BXOLOM fBJAfeTCs uudpa HIX KOTAa CHUCTeMA
HAXOIUTCS B COCTOSIHUM, OTJIMYHOM OT COCTOSIHMA «IOABJICHHe
nepsoro repba», M BxoloM sBJsferca rep6. Ecaum cocrosHue
B HACTOALIMA MOMEHT — «MOsiBJIeHMe MepBOf LU(PPH» HIN KMO--
sBJIeHHe ABYX UM(P», TO COCTOSIHME B ClelylOWiu# MOMeHT Oyner
«MnoABJeHUE IBYX UM(P», €Clu BXOLOM sBJIAeTCa uuppa, U «mno-
fiBJIeHHE MNepBOro repbay», ecam BxonoMm sBisercs repb. Eciu
COCTOSIHHE B HACTOSAILMH MOMEHT — «IOsIBJIEHHE NePBOro repbay,
TO COCTOAHME B CleNyIOIUMK MOMeHT OyIeT «NOfBJIeHHe IepBOH
uMppL», ecau BXONOM sABJdeTcs Ludpa, U «MNosABJeHHE MepBOro
rep6a», ecau BXONOM sBisercsd rep6. Takum o5pasoM, NMOATBep-
K[IAeTCs, YTO BHIOPAaHHO® MHOXECTBO COCTOSHHM OTBeYaeT Mpelb-
AB/NseMbIM TpPeOOBAHMAM, TAK KaK IO M3BECTHOMY COCTOSIHHIO
CHCTeMbl M BXOLY B HACTOAWIMH MOMEHT MOeT ObITb OMNpeieleH
BBIXOI B HACTOSWMH MOMEHT M COCTOSIHHE B ClelyIOLIH.

BriGop MHOMECTBAa COCTOSHMH B OOflLieM caydyae sBUsSeTCS
CI0XHOM 3amayelt, KOTOpas pemaercd He 00s3aTeNbHO OJHO3HAUHO.
Tak kak He cywecTByeT oOWMX MpaBua AJs BHOGOpPA MHOMXeCTBA
COCTOSIHUM, TO 4YaCTO MNpPUGEralnT K METONY TMOC/eN0BaTeILHOr0
NPHOMMKEHUS NyTeM MPos U OmKMGOK. 3aTPaThl BPEMEHN Ha BHIOOD
COCTOSHAH H HX YMCIO, BOOOLIE TOBODS, 3ABUCAT OT UHTYUUNH
U CTENeHM 3HAHWA HCClelyeMOR cHCTEMBI.

1.6. Onpenenenue OCHOBHONH Mopeau

Tenepb MOXHO 1aTh TOYHOE OMpellefeHre KJAacca CHUCTeM,
KOTOpHie MBI OyJeM Ha3blBaTb KOHeuHblMU asmomamand. Jlis
KPaTKOCTH B lajibHeHlleM NpeicTaBUTeNed 3TOro kjacca Oynem
Ha3blBaThb MPOCTO aBTOMATAMHU.

Onpenenenne 1.1. KoHeunrim aBromaToM M HaswbiBaercs
CHHXDOHHAs CHCT€Ma C KOHEYHBbIM BXOIHBIM anpaBuroM X =
=&, &, ..., &p}, C KOHEUHEIM BBIXOIHBIM andaButoM Z =
={Cp Lo . s Cq}, C KOHEYHbIM  MHOXECTBOM  COCTOSTHHH
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S={0y, 05, ..., 0,} ¥ 1BYMA xapakmepucmuneckumu @Pynr-
yuanu f, u fg

z,=f, (xv , Sv)’ (1.5)

i Syp1=Js (X, 8,), (1.6)

rune x,, 2, U §,— COOTBETCTBEHHO BXOIHOM CHMBOJ, BBHIXOIHOMH
CUMBOJ M CocTosHHe aBToMaTa M B MomentT £, (v=1, 2, ...)1).

B sro#t kHure npexgmosaraercd, uyto astoMatr M, kak 31O
crenyetr ua onpenenenus 1.1, sBiseTca demepmuHuposanHsiM,
T. €. er0 XapaxKTepUCTHYeCKHe (PYHKUMH MOJHOCTHIO OTpENeeHbl.
"3a uCK/I0YeHNeM IIaBbl 7, TaKXKe Mpeanoaaraercs, yto asromat M
6e3 ozpaHuvenuli Ha BXOZe, T.e. JM060# BXOZHOH CHMBOJ
MOXeT ObiTh MofaH Ha aBToMat M B moGO# MOMEHT BpeMeHM f..

OcoG6bift TUM KOHEYHOTO aBTOMATa MOJMY4YaeTcs NPH YCJIOBWH,

4TO
fe=(xy, 8y)= [, (xy). (1.7

Tako#t aBTOMAT HaskiBaeTcs mpusuasvHslm asroMaroM?). Ilpo-
MeXyTOYHEE MepeMeHHble B TDUBHMAJbHOM aBTOMAaTe He OKa3bl-
BAIOT JeHCTBMA Ha 3aBUCUMOCTb MexIy BXOIaMM M BHIXOZaMU
U, CIefOBaTelbHO, TMOHATHE COCTOSHMA B STOM CJydyae OKAa3Hl-
BaeTcsl JMIIHUM. Hempusuaisneim HasbBaeTCs aBTOMAT, [IJs

KOTOPOTO
fo(xy 8y) F £ (%) (1.8)

1.7. Ilpumeprsl KOHEUHBIX ABTOMATOB

Ina unmoctpauyun pasHooOpasus cUTyauu#, MOJLEnbl0 KOTO-
PBIX MOXeT CHAYXVTb KOHeYHBI aBTOMAT, NPUBENEM HECKOJbKO
npuMepoB. s kaxnoro mnpuMmepa OyLyT YyKasaHb: BXOJIHOM
ancdaBur X, BHXONHOM andaBuT Z W NOAXOLsllee MHOXECTBO
cocrossunit S. HasBanus cocTostHMH cucTeMbl GYAyT BHIOMpAThbCA
TaKuM 006pasoM, 4yTOOH MepelaTh YCJAOBHS, ONpeleNsAOLIMe 3TH
cocrosuusd. Jlns xaxnoro npumepa OyIeT ILaHO ero CJOBeCHOe
onucanue, KoTopoe GYyIeT CAYXKUTb OCHOBOH mpu BhHIOOpE MHO-
KECTBa COCTOSIHHH.

) Onpenenenne 1.1 samaer xoHeunoii aBromat Muau. ([Tpun.
nepes.)

?) Takue aBTOMAaTHl Ha3BIBAIOTCA TaKKe aBTOMaraMu G6e3 MaMaTH
I KOMOMHALMOHHBIMH yCTpoiicTBaMHu. ([Tpun. ped.)
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ITpumep 1. L ano. Opranusm, B0o36yxmaeTcd IBYyMS CTH-
MyJaMU: <«MOJIOXKUTENbHEIM® ¥ «OTPULATeNbHBIM». OpraHusM He
pearupyer Ha OTPHUATENbHBI CTHMYJ M pearupyeT Ha yepeno-
BaHME MOJOKUTENbHBIX CTHMYJIOB.

X = {nonoxurenbHE CTMMY/, OTPHiATeNbHBIH CTHMYyT],

Z = {peakuus, Her peaxuuu},

S = {peakuns Ha nNoCNeXHHH INONOKUTENbHLI# CTHUMYJ, HeT

peakuuy Ha nocaelHu# MOJTOXKUTENbHBIN c'mmyn}.

[Tpu cocTOsHUM B HACTOAUIMI MOMEHT — «peakuus Ha MoclaenHui
MOJNOKUTEJbHBIA CTUMY/M» M BXOJLE — KMOJNOXHUTENbHBIA CTUMY/I»
MOSB/SAETCA BBHIXON — HET PeakLHu» M Ccjelylollee COCTOSHHE —
«HET pe3aKUMM Ha MOCHeIHUH MNONOXHUTeNbHBIH cTumya». [lpu
COCTOIHMH CHCTEMBl B HACTOAIUMH MOMEHT «HeT peaKUuM Ha mo-
ClelHUH MOJOXHUTENbHBIH CTUMYI® W BXOLEe «IOJOXHTeNbHbIH
CTUMYI® TOABMSETCH BBHIXOL «PeaKuusy M Clelylollee COCTOSHUE
«peakuys Ha MOCJAeAHUMH MNOMOKHUTENbHBI# cTuMyna». IIpu Bxone
OTPHUUATENbHEI CTUMYJ» MOSBIAETCS BHIXOL <«HET peaKlHuuy,
He3aBUCHMO OT COCTOSIHMS B HACTOSIUMH MOMEHT, a COCTOSHHe
CUCTEMBl He M3MeHdercs.

ITpumep 2. Ilauo. AHITIHHCKME TEKCT, COCTABJIEHHHH U3
26 OykB andaBuTa ¥ MPONMYCKOB, HPOCMATPUBAETCA C LEAbIO
TOJCYeTa YHC/A CJIOB, HAYMHAIOIWMXCA C #n ¥ KOHYAWUXCA Ha d
(rakux, kaxk «understand», «united» wu T. 1.). IIn9 npocTOTH
nponycky o6osnaynm GyKBOH 7, a Bce Apyrue OYKBH, KpoMme d, n
u u, — GykBo#t A.

X=1{d, n, u, n A},

Z = {cunTaTh, HE CYHTATH},

S = {HoBoe clOBO, IHaTb HOBOTO CJIOBA, MOSBIEHHE X,

nosiBIEHUE 4-n, TOSBJIEHUE u-n-d}.
[lpn BXome T mOABIAAETCS COCTOSIHME B CJAEAYIOWMA MOMEHT
«HOBOE C/IOBO», HE3aBHCUMO OT CYLLeCTBYIOlero coctoanusd. Ilpu
CYWECTBYIOIEM B HAcTOSLIME MOMEHT COCTOSIHMH «IOsIBJIEHHe
u-n-d» ¥V BXOJe T MOSIBJSETCS BBIXOX «CUHTAaThb®; BO BCEX OCTalb-
HBIX C/y4asx MOSBJISETCS BBIXOL «He CUMTaThy. IIpm HactosileM
COCTOSIHMM «HOBOE CJIOBO» M BXOIE & HACTyMmaeT CJjelyiouiee
COCTOSIHME <«MOsIBJIEHHe 4», a INpu BXole d, n wWiM A — cne-
Iylollee COCTOSIHME <«X1aTh HOBOro cioBa». IIpu HacTosileMm
COCTOSHUM «TOSBJIEHME 4» W BXOIE N COCTOSIHME B Cljely-
IOWYA MOMeHT OyleT <«MOosBJNeHHe u-n», a Npu Bxole d, u
WM A — COCTOSHME B CJeAyloWuH MOMeHT OyIeT <«kIaTh
HOBOTO  ¢/oBa», Ecam cocTogHue B HacTOAWMA — MOMEHT
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«TOSIBJIEHUE #-N%» WIN <«MNOsiBJIeHUe u#-n-d» NpH Bxole d, TO
B CJelyIOIM} MOMEHT HACTYMAeT COCTOSIHUE «MOsIBIeHUe #-n-dy,
a TpY BXOIE 1, 4 WIM A COCTOsHHe «mosBieHue u-n». Cocrosd-
HHUE «KIATh HOBOTO CJOBa» MPH BXOZe, OTJAMYHOM OT IT, OCTAETCs
HEU3MEHHBIM,

IIpumep 3. Il aHo. Bpauenue koneca, npuBoAUMOro B JBU-
JKeHue JBUraTeseM, OIpeleNdeTcsd [IBYXMO3UIUOHHEIM KIIOUOM;
npaBoe MOJIOXKEHHe KJ/I4a COOTBETCTBYeT BpAlIEHMIO B Hampa-
BJIEHHU MO YacoBOH CTpeNKe, JiIeBOe — MPOTUB YACOBOH CTPENKHU.
B MOMeHT W3MEHeHWsl HANpaBJIeHWs BpAIEHMS BCTILIXMBAET MHIM-
KaTOpHag JaMna.

X = {cnpaBa, cnesa},

Z = {naMma BKJIOYEHA, JIAMNA BHIKJIOYEHa}),

S = {no yacoBo#t cTpenKe, MPOTUB YacOBOH CTpenKH}.

[Ipu COCTOSHUM B HACTOSLIUA MOMEHT «IIO 4acOBOH CTpelKe»
W BXOLE «CHpPaBa» WIM MPHU COCTOSHMM B HACTOSIIMH MOMEHT
«NPOTHUB YacCOBOM CTPEJKU» M BXOIE «CJeBa» COCTOSHUE OCTAeTCs
HEMSMEHHBIM ¥ MMeeTCsl BBIXOJ <«JIaMma BBHIKJIOYeHay. [Ipu co-
CTOSHHM B HACTOSLUMH MOMEHT «IIO 4YaCOBOH CTpeNKe» U BXOle
«CJIeBa» WJIM MPHU COCTOAHMM B HACTOALIME MOMEHT <«NpPOTUB ya-
COBOM CTpeNKH» M BXOL¢ «CMpPaBay COCTOAHME U3MEHseTCsd o
MOSBJIAETCS BBIXOJ «JIaMIMa BKJIOUEHA».

PaccMoTpenHble MPUMEPhl W MpPUMEPH, MPUBOIMMBIE B KOHLE
9TOH IJIaBhl, MOKA3LIBAIOT, YTO KOHEYHHIM aBTOMATOM MOXET Npel-
CTaBJIATHCS Wrpa, A3blK, alIrOPUTM, MepekJ/oyaTesb, XKUBOH opra-
HM3M, OpraHusauus ¥ T. A., T. €., MO CYILecTBY, M00as CucTeMa,
B KOTOPOH BEIXONHOH CHrHa/l B HACTOSALIMA MOMEHT 3aBUCHUT OT
COCTOSIHUSI (B €ro WHTYUTMBHOM CMBIC/e) B HACTOSAIMH MOMEHT
¥ BXONHOIO CHUTHAJa B HACTOAWMH MOMEHT, a COCTOsSIHHE B Clie-
LYIOLMA MOMEHT 3aBHCUT OT COCTOSIHHSI B HACTOSILLMH MOMEHT
W BXOJHOrO CHMIrHajia B HACTOSILLMHA MOMEHT.

1.8. OnpejejieHHe MHOXKECTBA COCTOSHMIA
Mo BHYTpPEHHEll CTpYyKType

[IpoMexyTOYHble ¥ BBIXOIHBIE INEPEMEHHbe B JadbHeflleM
M30OKeHUH OYIYT Ha3bIBATHCA 3QABUCUMBLMY TePEMEHHBIMHU.
B GonbimmHcTBE CciiyyaeB, NpeNCTaB/SIOLMX NPaKTHYeCKUH MHTe-
pec, uMeeTcsl IOCTaTOYHas WHpOpPMAaLKA O BHYTDeHHeR CTPYKType
CUCTEMBl IJIS OMNpeleleHUs] BCeX NepeMeHHBIX, KOTOPhle XapaKTe-
pusylOT TNOBeleHue CcucTeMel. bosee TOro, MOXHO oOmpenenuTsb
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3HaueHue 060! 3aBHCHMOH NepeMeHHOH B Mmo6GOH TAaKTOBHIH MO-
MeHT, eC/M WM3BECTHH B8HAueHWs BXOLHBIX MEPEMEHHHX B 3TOT
MOMEHT ¥ 3HAYeHUs B3aBUCHMBIX MepEeMEeHHHX B TNpPeNbULYIuk
TAKTOBHIH MOMEHT. B Takux cayuasx, Kak OyleT MOKa3aHo
HUXKe, CYLIECTBYET METOIMKA ONpeNeseHnsi MHOXKEeCTBA COCTOSHUM
CHCTEMBL.

IIycth 3amanbl BXOAHble Mepemennbie cuctemsl x(), x@, ...
..., x®, Brxomubie mepemennnie cucremn z(1), 2@, ..., z®)
u 3aBucumble mepemennbie cuctembr y, y@ ..y (mHo-
JECTBA 3aBMCUMBIX MEPEMEHHBIX BKJIOUaeT B Ce6A BCe BHIXOLHBIE
nepemenHsie). [Ipeanonoxum, uto 1as Kaxaoft 3aBUCHMOH Iepe-

MenHo#t y®) CTPYKTypa CHCTEMBl laeT ciefyioliee COOTHOLIEHHE:
) — D @ 1 2
YO =g, (xP, x@, ..., xB, Y0 y® L y(v')_l). (1.9)

Ha ocHoBannu § 1.4 BXonHBIE NMepeMeHHEHIE MOXHO NPENCTaBHTb
OllHO#t TMepeMeHHOR x c andaBuTOM

X=X0X2Q® ... @X®, (1.10)

rne X®, =1, 2, ..., u, ssnaserca andasutoMm xD; BrIXOA-
Hble TEPEMEHHEE MOMKHO TPEICTABMTb OJHOM MepeMeHHOR 2
¢ andaBuTOM

Z=720RZO ... @Z®, (1.11)

rae Z9, j=1, 2, ..., w, ssaercs angasurom 2. Amaino-
TMYHO 3aBUCHMbIE MePeMeHHble MOXHO INpPEeICTaBUTb OMHON mnepe-
MeHHO#t y C andaBuTOM

Y=v0@erog ... @r», (1.12)
rne Y®, k=1, 2, ..., r, ssaserca andasurom y®, Torxa
Beipaxkenue (1.9) MoxHO 3amucarbh Tak:

yv=gy(xv' yv-—l)' (1'13)

Tak kax Kaxnas BBIXOXHAs IepeMeHHasd fBJAETCA 3aBHCHMOH
nepeMeHHoﬂ, MBI TAKXXE HMEeM:

szgz(xv’ yv—l)' (1'14)

Jlng mepexola OT MNpUBENEHHHIX Bbllle (GOPMYJ K CTAHAAPTHHIM
XapaKTepUCTHUeCKUM GYHKUMAM f, M f, KOHeYHOro aBTOMAara
OnpejennM NepeMeHHYI0 § CIeLYIOWUM O0GpasoM:

Sy ==Yy_1- (1.15)
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Torma andasur s, oGo3HauaeMbli yepesd S, ompenendercs ¢op-
My o#

S=Y. (1.16)
Buipaxenns (1.13) u (1.14) MoxHO Temepb samucaTh TaK:
Yy=Fs(xy 8y), (1.17)
2= [, (% 5). (1.18)
Ws (1.15) u (1.17) nonyuaem:
Syp1=1F (%, $,): (1.19)

Kak renmepbr BunHo, ypasHenus (1.18) m (1.19) BeIpaxaioT
HCKOMBEIE XapaxTepuctuyeckue ¢yukumu, CnenosarenbHo, S co-
cTaBJ/seT Tpebyemoe I OMUCAHMA 3aNaHHON CHCTEMBI MHOXECTBO
COCTOSIHHA.

Ilna mpuMepa paccMOTPHM CXeMy, NOKa3aHHyl0 Ha puc. 1.4.
Ha BXol U,y OT MCTOYHMKA NMOCTYMAIOT UMNYJbCH cO 3Hauenuem 0

(7
0 4
v” lZ’y

zm

12

Puc. 1.4. CxeMa ¢ MaxXOpDUTapHBIM 3JIEMEHTOM.

m 1 co CKOPOCTBIO OIMH MMNYJbC B Kaxnele T cekyun. Tak-
TOBBIE MOMEHTBl BHIODAHBl COBMAJAOLIUMU C MOMEHTaMH MNOf-
BIEHNS WMMIYJAbCOB. IneMeHTH d;, dy dy— 3alepXKH, KO-
TOpble 3aMIOMHMHAIOT MOCTYMNAKOILKE HA HUX UMMYJbCH Ha T CeKyHI
W 3aTeM MNepelal0T HUX HA CJELYIOWHMH 32 HUMH SJeMeHT. Jie-
MEHT m TpPeLCTaBseT COO0H «MaxOpPUTAPHEIR OpraH», KOTOpLIH
BeLiaer umnysasc O wiam 1 B 3aBucuMocTy OT 3Hauenus (0 wmm 1
COOTBETCTBEHHO) OOJBLIIMHCTBA INOCTYMAIOWIMX HA €ro BXOIH
MMIyJIbCOB. Hac mHTepecyeT 3HayeHnme UMNY/NbCA HA BEIXOLE Upyx.
3HaueHue WMIY/IbCa HAa BXOLE CXEMbl Uy B MOMEHT £, MOXHO
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NPUHATD B KauecTBE BXONHOM mnepemMeHHOH xW, a 3nauenne um-
My/nbca Ha BLIXOJE Ugyyy B MOMEHT f, — B KauyecTBe BLIXOLHOH

nepemenno#t 2(1), 3HaueHMs HMIy/TbCOB, 3aMOMHEHHbIE BJEMeH-
TaMu dy, dy ¥ dy, B MOMEHT £, MOXHO NpPHHATb B KayecTBe 3a-

Bucumbix mepemennnix y(, y@ u y® coorserctsento. Torna
uMeeM:

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

D D) y@ — (1 3) — y® - apga-
Us cxembt Buano, uro Yy = x{), y& =20 u y&=y® ; sna
yenne 2{) paBHO 3HaueHuio GOMbIIMHCTBA mepemenHbix Y) . x¢

" ys') 1. Mcnonbsya sTh COOTHOIIEHHS, MOXHO ONpene/nTh 3Ha-
dyeHns QyHKuuH:

y(l) =g (x(l), y(l) s (2) ) 1o y(3) )’
y(z) =g, (x(l) y(l) (2) y(3) )
y\?) = gs (xg)’ ygl) y(g) (3 )

PesyabraTel BEuMCTeHu#t npencTasieHs B Tabauue 1.1. M3 ompe-
IeJleHus § C/IelyeT, YTO Kaxias CTPOKa 4acTé Tabuuubl, cOCTOS-
wett u3 croabuos y{I ,, y@ wu y& ., npencrasnser cobot co-
CTOHHE S, 4 KaxJAas CTPOKA 4YaCTH TaGMLB, COCTOsIUEeH u3
cronbuos y{, y@ n y& — cocrosuue Sy,q- YunTbiBas, dTO
xP=x, u y® =2z, MokHO crenaTh BHBOI, uTO Tabuuua 1.1

MOJMHOCTbIO ONMHUCHIBAET XapaKTePUCTHYECKHe (QYHKLHUM PaccMaTpy-
BaeMo# cxembl. Hanpumep, u3 TaGauuBl JIETKO ONMPENENHTb (CM.
YEeTBEPTYI0 CTPOKY), YTO MpPH COCTOSIHUM B HACTOALLMA MOMEHT
(001) m BXOIHOM CHMBOJIE B STOT )€ MOMeHT 1 BBIXOL B Ha-
crosuu#t MomeHT Oyzer 1, a crmenyiomee cocrosuue (110).

1.9. Apyras moaean

JlioOoft KOHEuHbI!t aBTOMAaT, COOTBETCTBYIOL(NH OCHOBHOH MO-
nenu, 3anaBaemot ompenenenueM 1.1, Moxer GuTh Npeo6pasoBaH
B aBTOMAaT, B KOTOPOM BHIXOJHOH CHMBOJ B HACTOSLIUH MOMEHT
ABJIAeTCd (QYHKUHEH TOMbKO COCTOSHMS B HACTOSLIMHA MOMEHT.
IIpeoOpasoBanye MOxeT OBITb BHINOJHEHO IyTeM ONpeleleHus
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Ta6auna 1.1
QYHKUMH g AJSA cucTeMbl puc. 1.4

v Syt
1 p
P YO0 v, yO 0 | a=yP | g=y@ | g3=y¥
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 YNOpsLOYeHHOW mapwl (x,, s,). Aadasur S

nepeMeHHOM ', ClIeIOBATeNbHO, ONpENENseTCs BhIpaXeHHneM

S'=X®S. ‘ (1.20)
Hcnonbays ypasuenue (1.5), mpencraBum 2, B BuIe
zv—_—f;(s";). (1.21)
Us ompeleeHus s’ u ypasuenus (1.6) momyuaeM BbipaxceHnue
s s, gt
S\’)+1:(xv+1' Sv+l):(xv+1’ s (xv, Sv)) (1.22)
i

s\”+1=f;(xv+l, Sy)- (1.23)

Ypasuenus (1.21) u (1.23) ompenensdioT BTOPYI MOIeab KO-
HEYHOrO0 aBTOMAaTa, B KOTOPOH COCTOSIHME ONHO3HAYHO OMpele-
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aseT BHIXOZHOW curHam!). Ecim MOIIHOCTHL BXOXHOro aJidasura
CHCTEMB! DdBHA P, a MOILIHOCTb MHOXECTBAa COCTOsHME S paBHa n,
TO MowwHocts S’ Gyxer pn.

Cucrema, COOTBETCTBYIOLIAas BTOPOH MOIeNH, ompelenseMas
ypaBHennsamu (1.21) u (1.23), moxer ObITb BCeraa MpencTaBlieHa
OCHOBHO! MoJenblo, omnperenseMoit ypaBHeHusmu Buza (1.5) u
(1.6), BxomawumMu B ompeneneHue 1.1,

OTO MOXHO cHenaTb, Mono¥us s =s, ;. Toraa u3 paBeH-

cra (1.21) nmoayuunm:
2= FL(s))=Fo(fa(®y so_))=TF (%, 5) (1.29)
s onpenenenns s, u ypasnenus (1.23) nmonyuaewm:
Syp1 =Sy =TI (%, s;_)=F, (%, 8)  (1.25)

HerpynHo BuneTs, 4To ypaBHeHus (1.24) u (1.25) BrpaxaioT Xapak-
TepucTHYecKkne QYHKUMY OCHOBHOH MOZenu KOHEYHOro aBTOMATa.

Tak kaxk mo6ad cucTeMa, INpelNcTaBuMas ONHOM MOIeJbIo,
npelcTaBUMa TaK:Ke [IPYroffi MOLenbld M TaK KaK MHOXKECTBO
Tpe6yeMBIX COCTOSHMH NI BTOPOH Molend 4acTO 3HaYUTENbHO
OosbLle, yYeM IJIS OCHOBHOH MOJAENM, TO MCHOJb30OBaHME BTOPOH
MoOIeNu He HMeeT KaKuX-/1ubo npeumyuiects. [1o3ToMy B KHure
Mbl OyleM BO3LEPXKUBATBbCS OT MCIOMb30BAHUS BTOPOH Monen,
1 xoria OyNyT AenaTbCA CCBUIKM Ha XapaKTepUCTHYeCKHue (QYyHK-
UMM KOHEYHOTO aBTOMAaTra, TO CJELyeT MMeTb B BULY (yHKuUuUY,
onpenensemble ypasHenusmu (1.5) u (1.6).

1.10. Ipeackasanue nopejeHHs aBTOMaTa

[TocnenosaTenbHOCTh BXOAHBIX CHMBOJIOB, B KOTOPOH 3a CuM-
BOJIOM §i| crenyer &, ..., gil, Ha3hIBAETCA 8X00HOU nocse-

008ameAbHOCMbI0 W 3aMUCHIBAETCS TaK: 81,8, -+ &y Anano-
THYHO TOC/EN0BATENbHOCTh BHIXONHBIX CHMBOJIOB leCjz le

Ha3bIBAETCS BbLX00HOL nociedosamerbrocmbio. YUcio CUMBOIOB
B MOC/IeN0BATENbHOCTH HA3LIBAETCH OAUHOH TOCIEN0BATENbHOCTH.,

Kak chenyer u3 Npeano/oXeHHs O IUCKPETHOCTH BpeMeHH,
BO30YKIeHNs MONAIOTCI Ha KOHeYHHH aBTOMAar BCeria B Buie
BXOJHBIX MOCJENLOBATENbHOCTEH, a peakuMH CHUMAIOTCH BCeria

1) Bropas Mozean coorserctByer aBromMaty Mypa. ([1pun. nepes.)
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B BHIE BBIXOJHHIX IIOCJEIOBaTENbHOCTeH, MpHUYeM BXO[Has HO-
C/1e10BATENbHOCTb NJIMHBI [ BCerna BHI3BIBAET BBLIXOIHYIO IOCIe-
nosarenbHocTh MuHbL [, CocTosrve aBromMata M B MOMEHT Bpe-
MeHU f; HasbBaeTCa Hawasbruiu cocrosHneM M. Tak kak f#;
MpOK3BOJLHO, TO B KaueCTBe HAYaJbHOIO COCTOSIHUA aBTOMaTa M
06BIYHO BHIGMpAeTCs TO COCTOSHME, B KOTODOM OH HAXOIHUTCH
nepel HayanoM paGoOTHL.

Teopema 1.1. ITycms dan nempusuarvrolii asmomam M
¢ xapaxmepucmuseckumu yuxyuany f, v f,. Tozda peax-
yuo asmomama M, Haxoosuezocsi 8 A000M HALQAALHOM
cocmosanut ©;, Ha 210610 8X00HYI0O NOCAe008amenbHOCMY

E,,-lgjz gjl: (a) npeocka3amb Heab3s, ecal Uu36eCMmHbL
mosvro f, u f,, (6) npedcxazamv MONCHO, eCAl U3BECHHbL
fz' fs u Gto'

Hoxaszameascmso. (a) Ecou M ne tpuBuanes, 1o us (1.8)
clielyeT, YTO HMeeTcs MO KpalHeit Mepe 1Ba COCTOSIHUA O, U O,
W no kpafiHe Mepe ONMH BXONHOH cuMBON §,, TaKOH, uTO

f2Ca 04) F [z Eps 00)- (1.26)

Torma peakums M Ha NOC/IENOBATENLHOCTD ghgj gfz npu
2

0;, =0, OTMIMYAETCS OT PEAKUMH NPU O; = Oy, ChrenoBarenbHo,

ec/M M3BECTHH TOMbKO f, W fg, TO peakuus no kpafine#t mepe
Ha OJHY U3 BXOIHBIX MOC/IeNOBATENbHOCTE! He MOMXeT ObITb NMpej-
ckazana. (6) PaccMOoTpuM MHAYKTHBHOE INpELNOJIOKEHNe: ecJH
fs M O; W3BECTHB, TO W3BECTHO COCTOSHUE Oy, B KOTOpOE

npurer M mox BO3AeHCTBMEM BXOLHOM MOC/HENOBATEIbHOCTH
§j1§j2 ce ’g’,jk. Ipn k= 0 npennonoxenne oyesunso. Ecau npen-
NOJIOKEHNE CIIPaBelMBO AN B, TO Oy, WBBECTHO, M TOTAA Of,
MoxeT ObTb HaiieHo 6naronapd sHaHuo f:

Oty = s (i O1y)- (1.27)

CunenoBarenbHO, 10 MHAYKUWM, Hallle MNPEeIrnoJoxeHue Crpase-
miBo ans moboro k> 0. Ecam B nomosHenue x fo u 0y u3-

BecTHAa (QyHKUMSA f,, TO k-# BLIXOIHOK CHMBOJ Qh MOXeT OBbITb
k
onpeleneH Mo ¢opmyJe

G, =12 (5, O1) (1.28)
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rie olk HaxoauTca pexypcuBHO mo dopmyne (1.27). [Ipunasas &

3Hauenua 1, 2, ..., [, nmpum u3BeCTHHX f,, f, 0j, MOXKHO
NpeacKasaTb BBIXOLHYIO TMOC/TeIOBAaTeIbHOCTD CthhZ Chl s
Ja060# BXOIHOH MOC/IeNOBaTeNbHOCTH g,-l§,2 gjl.

Teopema 1.1 mnoxasbiBaeT, 4TO 3HAHHE XapaKTePUCTHUECKUX
GyHKUMA HELOCTATOYHO [AJf TOJHONO ONHCaHWA TMOBEIeHHUS
aBroMara. C Ipyro#t CTOpOHBI, MONHOE OMMCAHHe BCeria BO3-
MOXHO, KOT'Ia, KpOMe 9THX (YHKIUMHA, W3BECTHO HaualbHOe
COCTOAHHE aBTOMAaTa. DTOT (aKT, MOKET GBHITb JIErKO IPOLEMOH-
CTpUpoBaH Ha npuMepax § 1.7, B KOTOPHIX Onpele/ieHUs] CUCTEM
He colepxaT CBeleHMH O HayambHBIX coCTOsHUsAX. B mpumepe 1
peaxuuIo Ha BXOAHYIO MOC/AeNOBaTeNbHOCTb, COLEPKALLYIO CUMBOJ
«TIOJIOXKUTENbHBI CTUMYJI», TNpPeICKa3aTbh Hemb3sd. B mpumepe 2
Hesb31 MpPeNCKa3aTh peakIHI0 Ha BXOLHYIO MOC/IELOBATENbHOCTD,
HAUMHAIOWLYIOCS CUMBOJOM «m». B npuMepe 3 Henb3s mpencka-
3aTh PeaKUMIo Ha JI0YI0 BXOIHYI0 MOCHeNOBaTe bHOCTh. OLHAKO
BCE peaklUuH B STUX NPHUMepax MOXKHO MpencKasaTh, eciu Gyner
onpelesieHO HaualbHOe COCTOSIHHE.

Ora cuTyauus NOX0Xa HA CHUTYAUMI, BCTPEYaAOLLYIOCSH MPH
aHammae nnHeliHbix cucTeM. CoorTHoweHns f; u f, B KOHeuHOM
aBTOMAaTe aHaJOTMYHbl YPAaBHEHMSIM PAaBHOBECHs, XapaKTepH3yIio-
IIMM JHHeHHOe YCTPOHCTBO, a HAualIbHOEe COCTOSIHHe aBTOMAaTa
AHAJIOTHYHO HAYaJbHOMY pachpeliefleHHI0 SHEPIUH B yCTPOUCTBE.
Peakius ycrpofictBa Ha mofoe 3amaHHOe BO3IEHCTBYE MONKeET
OLITb MpPeNCKa3aHa, KOrJa M3BECTHH M yPaBHEHWS PABHOBECHA U
HayaJpbHOe PACHpele/ieHNe SHePruM, HO peakuyst He MOXET ObiTh
TNpencKasaHa, eciy He 3alaHO HayalbHOe paclipelle/ieHVe SHEPruu.

3agaun

1.1. Onumute TPH CHCTEMBI, KOTOPHE MOFyT GHITh MPENCTaBJIEHH
KOHEUHBIMH aBTOMaTaMu. Ilepeunciaute BXONHOH a/iaBHT, BBIXOAHOI
andaBUT B MHOXECTBO COCTOSIHWH M HafiTe OGOCHOBaHHE BAIIEro BbI-
60pa MHOXECTBAa COCTOSHHH.

3anaun 1.2—1.9 conmepxar OmHcaHHe CHCTEM, KOTOPHIE MOTYT OHITh
TmpeNCTaBJAeHb KOHEUHHIMH aBTOMaTaMH. BXxopHad mnepeMeHHas x u
BBIXOJHAss 2 YKa3blBalOTCA B CKOOkax B KOHHE Kawnofl sagauu. [as
Kamnoﬁ W3 OMHCHIBAEMBIX CHCTEM HNEPEUHCIHTE BXOXHOH aiadaBHUT, BbI-
XOIHOH andaBUT W MHOXECTBO COCTOSHHMH, a Takke JaiiTe 060CHOBa-
Hue Balero BeI6Opa.

1.2, IBomuynbie nudps 0 u 1 momarwTcs Ha yCTPOHCTBO, KOTOpOE
CUMTaeT IO MOAYM0 3 HAKOMIEHHOE YHCIO eJWHHN (X — BXOZMbIE
nudpel, 2 — HaKOIIEHHOE YHCJIO).
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1.3. MoHera MHOrokpaTHO mnonbpachBaeTcs H JIelaeTcsi OTMETKa
OpH YETHBIX BBINAfieHHAX LUQPH B IOCJAENOBaTEJIbHOCTH LU(P U mpH
KaxJI0M BTOpPOM (He 00s3aTeabHO MOAPSAN) BbIMameHuu repba (x — cro-
POHa MOHEThHl, 2 — OTMeTKa IpH Opocke).

1.4. [lze muockue ¢uIIKH, Kaxgas H3 KOTOPHIX MMeeT Ha OJHOMH
cropode uudpy 1, a Ha Apyroit — nudpy 2, mon6pacsBalTCA OJNHOBpE-
MeHHO MHoro pas. Ilocie Kaxzoro mon6pachiBaHHS NMONCYMTHIBAETCA
CyMMa MO MOy 2 uuCeJ, BHINABIIMX IIPH JAaHHOM Opocke, YHceds,
BHINABINKUX B NPEJABIAYINHH pa3, H CyMMbl, IIOACYHTAHHOH B NpPENBILY-
mu#i pa3 (x — KOMOMHauus JBYX CTOPOH (QuiIex, 2 — CymMMa MOpH
6pocke).

1.5. T'py30B0#i au¢T, 06CTyKHBAIOMHKH TPEX3TaXHbIH MarasHH, AMEeT
KHOTKY BBI30Ba Ha KaXIOM 3Taxke H pa6oTaer N0 CIEAYIOIUM NpaBHIAM:
ecli HakaTa ONHA KHOMKA, TO JH(T IBIKETCH Ha 3Tax, Ha KOTOPOM
pacmoJioxeHa JaHHasd KHONKA; €CHH HAXaThl OJHOBPEMEHHO J[BE WU
TPH KHONKM, TO JaudT ABMXETCA Ha caMbli HIOKHUH M3 BceX aTaxeH,
Ha KOTODHIX Hawarbl KHONkH. Hu OfHa KkHONKa HE MOxeT ObITb HaxaTa
BO BpeMsl ABIXeHus Jaudra (x —asTax, Ha KOTOPOM Haxara KHOMKA,
2z — HanpaBAeHWE, B KOTOPOM OyIET ABUraThcs AM(T, H UHCIO 3Ta}ew,
KOTOpble OH mpy 3TOM mpoiiner 6e3 OCTaHOBKH).

1.6. Anramiickuit Tekct, coctosmui u3 26 GykB andaBuTa ¥ Npo-
MEXYTKOB MexJy OYKBaMH, MPOCMaTPHBAETCH C HEJbI0 MOACYETa YHCJIA
CJIOB, KOTOpbE pUPMYIOTC € «arty (x — OyKBa HJIM NMPOMENKYTOK, 2 —
yBeauueHue 06Iero cuera).

1.7. Ha puc. 3 1.1 usobpaxena cxeMa N, Ha KOTOPYI0 MOCTyHaioT
CHTHANBl OT JBYX WMMIOYJAbCHBIX FEHepaTOpoB HampskeHus Vi # V.

N 0 Burod

® (Z}—

Puc. 31.1.

Kaxnpiil reHepaTop reHEpHPYeT MOJOXHTENbHBIH HIM OTPHIATENbHbIH
HMIYJbC C MEpUONOM 1 MHKDOCEKyHAa. DIEMEHT d BHI3BIBAET 3aIEPKKY
umnyabca Ha 1 Mukpocekynny. Cxema N BblZaeT NOJMOXHTEIbHBIH
HMIyJbC, KOrZa 06a MOCTyMalIHX Ha ee BXOAbl WMMNYJbCA INOJOXH-
TeNbHBI, ¥ BbIJAET OTPHULATE]bHBIH HMIYJIbC BO BCEX OCTaJbHBIX CIy-
yaax (x — KOMOGMHAIWs 3HaYeHMH BXOJAHBIX HANPSKEHWUH, 2 — 3HauEHHe
BBIXOJHOTO HampsiKeHud).

1.8. Ha puc. 3 1.2 npeacraBieHa MOJenb HEPBHOK CETH, rlie HEpPB-
HOE BOJOKHO, 0003HaueHHOE Vg, COEIMHEHO C HCTOUHHKOM, KOTOPbIi
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renepupyer cruMyiast O wim 1 B MOMeHTH BpeMeHu f, '). Boabmoi
KPYOK TIpeCTaBaseT HeHpoH. Brixon HefipoHa B MOMEHT £, BO30YyxaeH
(1. e. IpHHUMaeT 3HaueHue 1) TOALKO B TOM Caydae, KOrja pasHOCTb
MEXIy YHCJIOM ero Bo3GYKIEHHBIX «BO36YKIAIOIMHIX BXOA0B> (OKAa3aHbI

Puc. 31.2.

3auepPHEHHBIMH MaJEeHbKUMH KPYXKaMH) M YHCJIOM BO3OYKIEHHBIX «TOp-
MO3SIIIMX BXONOB» (IIOKa3aHbI MAaNEHbKHMH KPYKKAMH) B MOMEHT fy_;
PaBHAa HJH NpEBHIIIAET ero «mopor» (4ucio, 3anHCaHHOe BHYTPHU 60.b-
moro Kpyxka) (x = Vgg, 2= Viux).

1.9, Pa6oTa BBIYHCAHTENLHOrO YCTPOHCTBA, HMEIOLIEr0 BXOJ X H
BBIXOJ 2, ONpeJeNseTcs CJAEAYIIHMU yPaBHEHHAMH:

Zy=Xy @ 2y_1 @ Wy_y,
Wy =Xy ® Wy_y,
rfe Kaxjuas nepeMeHHas TpHHHMaeT 3Hauenus O mwam 1, sHaKk ® 06o-

3HAYaeT CJHOXEHHe MO MOJAyJaio 2 (¥ M 2 OmpefeJeHb B yCJIOBHH 3a-
NayH).

') dra Mopeab BBeneHa B pab6ote ¢oH Heiimana (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. Pycckuit nepesox: [Ix. ¢ on
He#imaH, BeposATHOCTHasd JOrMKa M CHHTe3 HaJeXHBIX OPraHH3MOB
U3 HEeHaJeXHBIX sJeMeHTOB. B cGopHuke «ABTOMaTbhl», NMOI pejakimueH
K. 3. lllennona u Mx. Makkaptu, UJ1, M., 1956).



FNABA 2
TABJIULI, TPAd®bl U MATPHLbI NEPEXO/0B

2.1. BBenenue

[Tocse Toro kak IS NaHHOR CHCTeMBbl YCTAaHOBJIEHB BXOLHOMH
andaBuT, BLIXOAHOH an¢aBUT ¥ MHOXECTBO COCTOSIHHH, CJIOBECHOE
ONUCAaHKMEe CHUCTeMB MOxeT ObTb ()OPMa/U30BAHO NPH NOMOLLH
Tabauuel, rpaga wian MaTpuusl. Tabauupl, rpags ¥ MATPULB —
pasanyHble GOPMBI NMPEICTABIEHNS XaPAKTEPUCTHYECKHX (YHKLHH
KOHEYHOr0 aBTOMAaTa, KOTOPHIfi ONUChIBaeT MNAHHYIO CHCTEMY.
Takoe mnpelcraBjieHue COBepIUIeHHO HeoOX0LMMO I/ NpOBeleHus
M060r0 TOYHOrO aHalu3a WJIM CHHTe3d KOHEYHOro aBTOMATa, H
Mbl OyleM MM IIHPOKO TMOJb30BAaTbCH B Hacroduled kuure. Tlo-
CKOJIbKY OJHOH (opMOi MpencTaB/eHns aBTOMAaTa BEITOLHO TOJb-
30BaTbCA MNP OILHMX OOCTOATENbCTBAX, APYTof — Mpu INpyrux,
MOJIe3HO TO3HAKOMHUTbCA €O BCeMH (OpMaMM TNPENCTABIEHHS.
IMosToMy B 3TOH r/1aBe GYAYT BBENEHH BCe TPH IIPeNCTaBJIEHUS
n o6CyXIeHbl HeKOTOpble XapaKTepHHIE 3alaud, [IJd pelleHus
KOTOPBIX OIHO TpelcTaBJeHHe OKa3biBaeTcsi GoJjiee BHITONHBLIM,
yeM IpyToe.

2.2, Ta6auna mepexomoB

Xapakrepuctuueckue ¢yHkunn f, n f,, onpelenseMmbie ypas-
HenusamMu (1.5) u (1.6), Moryr OHITb mHpencTaBJeHH B (opMme
TaGMVIE, WSBECTHOW 1O HasBaHWEM malauys. hepexodos.
Tabnuua COLEePXKHUT NepeueHb 3HAueHHMH STHX PYHKUMH AJ9 BCex
BO3MOXHBEIX apryMeHTOB, T. €. IJIf BCeX BO3MOXHBIX YMOPSALO-
YeHHHX mnap (x,, §,), TAe X, NPHHANLJIENKHT BXOLHOMY anaga-
Bury X, a s, — MHOXeCTBY cocTosnuit S. OGpaseu TaGanLbl

TNepexon0B 1/Is aBTOMATa ¢ BXOAHbIM andpasutoM (&, &y ..., &y},
BEIXONHEM andasutoM ({§;, Lo, ..., §;} ¥ MHOKecTBOM cocTos-
Hutt {0, 0y, ..., 6,] npencraBnen tabmuue#t 2.1. Tabamuua

COCTOMT M3 [IBYX COCEeNHMX TOATa0IML 2,-no0mabauyb. W
Sy41-n00mab auysl, KOTOPHIE onpenenaoT Gyukuuun f, u f; coor-
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Ta6baunma 2.1
O6uwas Ta6auna nepexonoB
2y Sv+1

X

Y& az‘...lép glygz ‘%p
5\’
0y B kneTkax Tabauubl nome- B kaetkax Tabauipl no-
g, MAKTCd 3HaYEHHs M3 MHO- | MEINAIOTCA 3HAYEHHUS U3 MHO-
. HKeCTBa KEeCTBa
On {80 Lar «ves L) {01, Oy vvvy Op)

BETCTBEHHO. DTH noATabauibl uMeloT o6Wuit ocHOBHOH cTonbel !)
(neBbift Kpaituuit cronGel), B KOTOPOM IepevyUC]eHb BCe BO3-
MOXHBIE COCTOSIHHMSI B HACTOAWIMH MOMEHT §,; CTONOuB B ofeux
noATabauuax o3ar/aB/eHb OLMHAKOBO, IIPUYEM KaXIOMY BO3-
MOXXHOMY 8HAYEHHI0 BXONHOrO CHMBOJA B HACTOALLMH MOMEHT X,
COOTBETCTBYEeT B Kaxaoit moarabmuue cBo#t croabeu. Taxum
o6pasoM, CTPOKH O00O3HaueHbl CHMBOJAMH Oj, Oy, ..., O
a cronbubl cuMBonamu &y, &, ..., £, B kierke Ha mepeceve-
HHH CTPOKM O; M croabua §; B mnoarabiauue 2 mnoMeulaeTcs
3HaueHue f, (&, 0;) (310 3HaueHne OyneM Ha3bLIBATb 3HAUEHHEM Z.),
a B moxarabmuue S,,, noMewaercs suavenue f (§; 0;) (37O
3HaueHue OyleM Ha3bIBATb 3HaueHHeM S, ;). CHMBOJIEI, 3amucaH-
HEle B KJIeTKaX moiTabaull 2, W §,,;, MPHHANLJEKAT BHIXOAHOMY
angaButy Z M MHOXECTBY COCTOSIHWH S COOTBETCTBEHHO WM
MOAMHOXECTBAM 3TUX MHOxecTB. Ecim f, m f;— xapakrepn-
CTHYECKHe (PYHKUMUN AeTePMUHHPOBAHHOTO NMOJHOCTbIO ONpeneNeH-
HOTO aBTOMATa, TO 3TH (YHKUMM [IOKHB ObITb OLHO3HAYHO
onpeleseHbl I/ KaXIOok ynopanoyeHHo# mapwl (x,, S,), Tle
X, TIPHHALMEXAT MHOXecTBY X, a s, — muoxecrBy S. Cueno-
BAaTeNbHO, NMOATA0/MUA 2, [OJKHA CONEPXKAaTb B KaXIOH KJeTke

) OcHoBHOH crouaben npexcTaBaseT co6oii mepeyeHb HAHMEHOBa-
HuH, pacCHOJOXEHHHX B KpaHHeM JeBoM croabue Tabaums. CTpoky,
B KOTOPOH B OCHOBHOM CTOA6LE CTOHT «K>» (MJANW B KOTOPO#H COJNEPHHMOe
OCHOBHOI'0 cToa61a ecTb «K»), 06bIYHO OylAeM HasbiBaTb «CTPOKOH K».

L
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TOYHO OIMH SJeMeHT u3 Z, a moArabiuua S, ; — TOYHO OLMH
aneMent u3 S.

Xora onucartenbHbie 0003HayeHHsl COCTOSAHUMHA (BHIOMpaeMble
TaK, Kak B npuMepax § 1.7) ABIAOTCA MOJE3HLEIMH LIS MHTYH-
TUBHOTO TOHMM@HHMS POJH PAa3/JHYHBIX COCTOSIHMH Npu ompeje-
JIEHHW COOTHOIUEHUH BXOJ — BBHIXOL M I/ OINpeleleHns (yHK-
unt f, u f; MO CIOBECHOMY ONHCAHHIO CHCTEMBI, OHHM CT4HO-
BATCS GeCIOJNEe3HEIMH [OCAe TOrO, KaK 3TH (YHKUUM ONpeleleHbl.
ITostoMy B Tabjuue MepPexonoB MepBOHAUA/IbHBIE O0GO3HAYEHUS
MOXHO 3aMEeHUTb JIOOBLIMH APYTUMM, YAOOHBIMH LM HCCIeAOBa-
Tesisl. B 60/bIIMHCTBE TPUMEPOB, IPUBOAUMBIX B KHUTE, COCTOSHUS
6ynyT o6osHauathca TMpocto uudpamm 1, 2, 3 u 1. I

Jl1g wunoCcTpauMy TNOCTPOeHUs Tab/aMIbl NepPexomoB IpH-
BelleHa Tab6auua 2.2, kKoTtopas mpeicTaBaseT co6o#f Tabauuny
MepexoloB CHCTeMH, ONucaHHo# B mnpumepe 2 § 1.7. Ora
cucteMa HassaHa aBToMaToM Al, a COCTOSHUS «HOBOE CJIOBOY,
«KIATb HOBOTO CJIOBA», «IMOSIBJIEHUE Wy, <INOSBIEHHE U-N» U
«nosiBaenne u-n-d» o6o3Havenn umdpamu 1, 2, 3, 4 u 5
cootBercTBeHHO. ColepxkuMoe KJIeTOK Tabauubl HpesCcTaBiAsieT
co60ifl 4HCIOBOE OTpPa)KeHUe CJIOBECHBIX NOBOLOB, OOBACHAIOLLUX

Tabnuna 2.2
ABromar Al

v v+1

UL QO =
[=F=FeYeXe)
[=XeRe NN
(=XYoo Xo]
—OO00OO
[=XeXeYeXa)]
LU N DN
R R DO N
Y SRV
—
NN N

BLIGOP MHOXecTBa cocTosHu# B npumepe 2. CpaBHeHue cioBec-
HOTO OMWCAHMA C Tabjuuel TepexoLoB MO3BOJAET OUEHUTb TOY-
HOCTb M KPaTKOCTb NOCJeHe# [0 CPABHEHHIO C NePBbIM CrIOCO6OM
OnucaHud.
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2.3. IlepeunciieHHe aBTOMATOB

OnHUM ¥3 BaKHBLIX NMPUMEHeHHH TaGJaHub NePexonoB sSBJsSeTCS
UCMO/b30BAHNE ee /I TMepedyrcaeHns aBTOMATOB, MpPHUHAIJe)allnux
TOMY WM MHOMY Kihaaccy. Knacc aBTOMaToB uacTo MOxeT OBHITH
ompeleseH TNpH INOMOIIK pAAa OrpaHWYeHUH, HaKIaLbIBaeMBIX
Ha pacnpelieleHHe COCTOSHHMH M BHIXOLHHIX CHMBOJIOB B Tabjuue
nepexoloB. 3adaHHBI# KJIacC aBTOMATOB MOXeT ObITb NepeuncieH
NyTeM IOCTPOEHHS BCeX BO3MOXHEIX Tab/WL INepPexonoB, YIO-
BJETBOPSIOWIMX STHUM OrpaHuueHusM. YacTo MOIIHOCTbL KJacca
MOxeT OBITb Cpa3y oOlleHeHa MyTeM MOACYeTa ONpeLeNsieMoro
3aJaHHBIMH OT DAHMYEHMAMM uHCJIa creneHefi CBOGOAH INPH TO-
cTpoennn Tabaul mnepexofoB. Takoe WCHOJb30BaHUE TAOMML
6yner MPOLeMOHCTPHUPOBAHO MPHU OLlEHKE MOLIHOCTel HeKOTOPHIX
KJIacCOB aBTQMATOB, KOTOpDHe OYIYyT BCTpeuaTbCcs B MOCIELYIO-
KX TJaBax.

Kaace (n, p, g)-asmomamos. (n, p, g)-aBTOMAT — 3TO
4BTOMAT, MMeIOUIMH MHOXeCTBO cocTosHu# S = {0;, 0y, ..., 0,},
BXOZHON andaBut, onpenenseMel MHOxecTBoM X = {&;, &, ...
e gp}, M BHIXONHOM andaBuT, omnpelenseMbli MHOXECTBOM

Z=1L;, & ..., §;} nmm nexkoropum moamuoxecrsom Z. Jlio6as
TabnuLa MNepexoloB, HMeEKIlas B OCHOBHOM CTOJOLE CHMBOJBI
Oy, Oy ..., Op, 3aryaBust CTOAGUOB &, &y, ..., &, B3HaueHHs 2,
M3 MOXeCTBA Z WIM U3 TOIMHOXeCTBA Z W 3HAueHHd §,,; U3
MHOXecTBA S, Xapaktepusdyer (n, p, ¢)-aBTomMaT. MoluHOCTb
N 3TOT0 KJjacca aBTOMAaTOB OMNpelessercs (opMyJsoh

Nu, g, q=@n)". 2.1

Kaacc a8H0 munumarsuex (n, p, q)-a8momamos. Hazosem
(n, p, ¢)-aBTOMAT SBHO MHHHMAJbHBIM, €CJAM IJ KaxIoro
M KaxXIoro j=~=i nMeeTcss mo KpafiHefl Mepe OXHO R Takoe, yTO
f:Cp 0)F f; (& 0;). JhoGas Ttabimua nepexolioB, B KO-
TOpO#t BCe CTPOKM B MoATabaule 2, PasjnyHbl, XapaKTepuayer
ABHO MUHUMATbHBI aBToMar. MowHocts Ny , 4 3TOro Kiacca
paBHa

n, pq

n-1
N;u, p,qznlm ,l_—! (‘lp-")' (2.2)

- - ’
rIé OTpulaTe/]bHble 3HAUEHUA Np p , CUHTAIOTCS PABHBHIMU HYJIO.
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Kaacc asro cokpamumstx (n, p, q)-asmomamos. (n, p, q)-
aBTOMAaT Ha3bIBAeTC SBHO COKPATHUMBIM, ecaM B Tabmuue mepe-
XOJI0B BHINOJHAIOTCA CIEAYIOlINE YCAOBUSA: CYyLIeCTBYeT N0 KpakHen
Mepe OJHA Mapa CTPOK, HaNmpuMep O; ¥ O;, KOTOPhle OLUHAKOBHI
KaK B noArabiuue z,, TAK M S, WM CTAHOBATCS OJIMHAKOBLIMHU
TNpH 3aMeHe KaXIO0ro CHMBOJA O; Ha O; (WM O; Ha 0;). Ecm
ABTOMAT He OTHOCHTCS K KJIACCYy $BHO COKPATHMbIX aBTOMATOB,
TO €My COOTBeTCTByeT TabJula, B KOTOPOH Bce cTpoku (B 06enx
noatabmuuax 2, U S,,q) pasanudel.  Hucnao N;’,, p, ¢ He SBHO
COKPaTHMBbIX aBTOMAaTOB NO3STOMY ONpelelseTcsl BbIpaXKeHHeM

” n-1
Na 5o < I [(gm)" —r]. (2.3)
U3 (2.1) n (2.3) crnenyer, YTO HHXHAS T'paHULA YHCIA Nﬁ,'f,,,q
fBHO COKpaTuMblX (n, p, q)-aBTOMaToOB onpelensercd (o pMyioH

n—1
m

Nu, 5, ¢ > (qny” — [ [(gny” — r]. (2.4)

r=0

2.4, U3omopdHBIE aBTOMATHI

Kak ykaswiBanoch B § 2.2, o603HaueHHe COCTOAHUH He UMeeT
KaKoro-am6o ocoboro 3Hauerus 1 MOKeT BEIOK PaThCs MPOHU3BOJIBHO.
ABTOMATH], ¥ KOTODPHIX XapaKTepUCTHUeCKHe (PYHKUNH OLUHAKOBHI,
32 MCKJIOYEHHeM BO3MOXHBIX Pasjuuuft B 0003HAUEHUAX COCTOS-
Hul, HasbIBAIOTCA u30MOp@Pueimu 1pyr Apyry. Ecau 3sanan
aproMaT M, TMpenCTaBASIOWNA ONpele/leHHYI0 CHCTEMY, TO JT060#
aBTOMAr, H30OMOPGHEIH K M, TakxKe MOXeT CJIYXKUTb Npeicra-
BiieHHeM TOH cucteMbl. ClienoBaTeNbHO, NMPeLCTABIEHHE CHCTEMBI
4BTOMATOM HH B KOeM CJIyuYae He eIMHCTBEHHO.

[lycte M saBaserca (n, p, )-aBTOMaTOM, OIMpeNeJeHHBIM
tabavuelt mnepexonoB, Tako#, kak tab6auua 2.1. PaccMorpum
IpYryio Tabmuly HepeXOLOB, MOJYYeHHYI0 U3 TabJuubl mepe-
X010B aBTOMaTa M nyTeM NepecTaHOBKH CHMBOJOB Oj, Oy, ..., O,
C nocienyiowel 3aMUCbl0 CTPOK B TOM MOPAIKE, B KOTOPOM OHM
OLin BHIMMCAHE B MCXONHOH Tabmuue. B pesyabrare moyuurcs
Tab/ula, MpeiCTaB/siollas aBTOMAT, U3OMOp(pHHIA aBTOMaty M.
MHOXeCTBO BCeX Pa3NM4HbIX aBTOMATOB, NMOJYYaIOLUXCS B Pe3y b~
TaTe BCEX BO3MOXHBIX 7! TaKHX MepecTaHOBOK, HA3LIBAETCH
cemelicmsom nepecmanosox asromara M. flcHo, uTO He 004-
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3aTe/IbHO [BE pPa3/iMyHble MEPECTAHOBKM INPHUBOLAT K IMOJNYUYEHHIO
ABYX Da3iMuHBIX Ta0/HI NMEPexXONoB U, CJAeLOBATENbHO, MOLIHOCTD
ceMeHCTBa TMepeCTaHOBOK MOxeT ObTh MeHblie, ueM n!. Crenpyer
TaKXe 3aMeTUTb, UYTO [IBA aBTOMATa, NPHHALJekallve Pa3THYHbIM
CeMeliCTBaM MepecTaHOBOK, He MOTYyT ObITb HM30MOPGHEIMH ILpyT
npyry. B xauecrBe nmpumepa taGuuuedt 2.3 npeicTaBieH aBTOMAT,
nsomoppunifi aBromary Al, mnpencraBneHHomy Tabanuel 2.2,
OH movuyyeH 3aMEHOH NepBOHAYAJbHHIX O0GO3HAYEHHH COCTOAHMM
1, 2,3, 4nbHab, 4 3, 2 ul COOTBETCTBEHHO.

Ta6auua 2.3
ApTomar, usomopdHuii apromary Al

v v+1

UL 0o b —
coocoo
coocoo
coocoo
cooco~
cocococo
W
B RO N RO
Co B B DO RO
it en
TN CY Y

Jemma 2.1. Mownocms cemelicmsa nepecmanoB8ox fABHO
MUHUMAAbHO20 (N, p, q)-aémomama pasHa nl,

Hoxaszamesscmso. Crpoku B TaGiuue 2, ABHO MUHMMalb-
HOTO aBTOMAaTa PAa3JUYHEl MO OMNpeleNeH’I0 U OCTATCA Pas/ny-
HBIMH TOCJe TepecTaHOBKM oO0o3HaueHu#t cocrosuuit. ITostomy
Tabauupbl, MOJMyYaeMble B Pe3y/bTaTe PpAa3JUYHBIX MePeCTaHOBOK,
pasnmuyHel. Tak Kak YUCNO PasIMYHBLIX TEPeCTaHOBOK pPaBHO nl,
TO JieMMa [OKasaHa.

Teopema 2.1. Mownocmo N(;I ’,, Kaacca SIBHO MUHU-
ManrsHex (B, p, q)-a8momamos, He coaepolcamezo u30Mo pgh-
HOLX a8momamo8, onpedensemcs Popmyrol

n—-1
nen
N =" @ —n. (2.5)
o

20e ompuyamenbHble 3HAUEHUA Nﬁ,ﬂp,)q NPUHUMAIOMCA PaB-

HOLMIL HYAIO.
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HoxazameabcmBo. MHOXeCTBO IBHO MUHUMAJbHLIX (7, p, q)-
aBTOMAaToOB sBJAeTCs OO0belMHeHWeM 1) ceMeficTB mepecTaHOBOK
BCEX aBTOMAaTOB KJacca, ONpeleseHHOro B TeopeMme. ITocKOMbLKY
9TH CceMeHCTBA MepPEeCTAHOBOK SBJSIOTCS HerepeceKalouuMucs 2)
n mo memMme 2.1 Kaxaoe ceMeHCTBO COLEPXHT TOUYHO n ! pas-
JUYHBIX aBTOMAaTOB, HMMeeM:

nINYY =Ny oo (2.6)

’
rie Np p ¢— MOIIHOCTb KJAacca SIBHO MHUHHMAIbHBIX (%, P, q)-
aBTOMArOB, ompelensemas ypaBHeHuem (2.2). TeopeMy nokasbi-

Baer pellleHHe (2.6) OTHOCHTENbHO Nf,, D40

2.56. I'pagp mnepexonos

I'pap nepexonos mnpexncrasiaser co6oit CTPYKTYpy, COCTOfA-
Iy W3 Bepwur, U300paxkaeMblX B BHAE MAaNbIX KDPYXKKOB, H
opuenmupo8anHex 0yz, H300paxKaeMBIX B BHIe JUHUH MexIy
napaMM BepIUH M CHAaOXeHHBIX CTPeJKaMH, YKasbBalOLIUMH
Hanpas/ieHHe OT OJAHOH BepuwMHH K 1npyro#t. I'pad nepexonos,
OMUCHIBAIOWINIA aBTOMAT C 7 COCTOSIHMAIMH, COLEPXKHUT A BepIUUH,
npuueM KaxJias BepIIMHA COOTBETCTBYEeT ONHOMY COCTOSIHHIO
aBTOMAaTa; COCTOSHMe, H306pa)kaeMoe BepIIHHOH, CHabxaercs
0603HaueHHeM, COOTBETCTBYIOLIMM STOMY COCTOSHMIO. OpueHTH-
pOBaHHBIE [IYr¥M TPOBOAATCA W 06O03HAYAIOTCA MO CleLyIOLEMY
npasuny. Ilyers X, ={§kl, Eryr o gkr] npexcTaBaser

co6olf MHOXeCTBO 3HaueHu#t x,, 117 KoTopux f,(x,, 0;)=0;
u nycts  f, (&, 0)=¢g, ama k=12 ..., r. Ecm
X,; He mycroe3) MHOXeCTBO, TO Ayra MPOBOIUTCA H3 Bep-
IWIMHHL O0; B BePUINHY O;; CTpeJKa YKa3hBaeT HanpasieHne

U3 0; B O'j u o0603HayeHue Ayrn 3anucbiBaeTCdA B BHIE

1) O6benuHenne MHOMECTB R, R,, ..., R}, 3aNucbBaeMOe B BHIE
RUR,U ... UR,, SBISETCA MHOXECTBOM, KOTOPOE COIECDXHT BCE
9/IEMEeHTHI, cofepkamuecs B R;, R,, ..., Ry, ¥ HHKAKHX JIDYTHX 57e-

MEHTOB HE COJIEPXKHT.

2) MHoxecTBa Rv Ry ..o, RN—HenepeceKalomneca, eclIH He

CyWmECTByeT ABYX MHOXECTB R; u Rj(i =~ j), comepmamux o6muit
9JIEMEHT.

%) MHOXecTBO HA3BIBAE€TCS MNYCTHIM, €CIM OHO HE COAEPKHT
HU ofHoro sJaementa. Ilycroe MHOMecTBO 0603HauaeTcs HyaeM.
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(Ekt/clx) \ (E’k2/§l2) ViV (gkr/clr) . Kawnsift  unen B?ma
(gkh/glh), comepxauutica B 06O3HaYEHMHM IyT'M, Ha3bIBaeTCcs
napoii 8x00-86tx00. VI3noxeHHoe INpaBujlo YPWOCTPOEHUs rpada
nepexonoB aBTOMaTa W/IOCTpupyercs puc. 2.1. 1o mnpasuio

YCTAaHABIWBAET B3AMMHO Of-
Hosnaunoe cootsercteue me- Sk /ba )V /o) V Cr. /S,

XLy TrpagpoM IepexoioB WU
Tabavlelt nepexonoB A OL- @) @
HOrO ¥ TOFO Xe aBTOMAaTa,

TaK 4YTO, 3Has ONHO npel- Puc. 2.1. O6o3snauenve ayru.
CTaBJ/IeHHe, BCEria MOXHO MO-

ayuutb npyroe. Jad npumepa Ha puc. 2.2 usobpaxeH rpad
nepexonos astoMara Al, mnoctpoeHHsi#t mo tabanmue 2.2.

(m/0) @/ (n/ON lu/ONGLE)

w/7)

@ g

@/
Puc. 2.2. Astomar Al.

[To nocrpoenunio rpada Ayra, Hanpas/JeHHAad M3 BEPIUUHBI O;
K BepliMHe 0; 0003HAYaeTcs BXOLHHIMH CHMBOJIAMH, ' KOTODbLIE
BLIBIBAIOT NEPEXOA aBTOMATA W3 COCTOSIHMA O; B O;, M BHIXOA-
HBIMM CHMBOJIAMH, KOTOpBIE BEILAIOTCA aBTOMATOM IIPU STOM
nepexone. s neTepMUHHPOBAHHOrO, 6e3 OrpaHMYeHHH Ha BXOAe

1) \/ — cTaHAApTHbI CHMBOJ, OGO3HaYalUIUi JOrHYECKYl0 CBA3b
<HJIH>,



42 TABJIMLBI, TPA®BHl U MATPULIBI TTEPEXOJOB [TV, 2

aBTOMAaTa KaXIbilt BXOMHOR CHI'HaJ BHI3BIBAET MePeXOk U3 KaXIOro
COCTOSIHUA TOJMLKO B ONHO APYroe COCTOSHME; CJelOBaTelbHO,
Lyr¥, BHXOAAWME H3 /000K MNaHHOM BepLIMHB, COJEpIKAT
MOJHOE YHUCJO p Nap BXOA-BBHIXOM, Ille p — MOLIHOCTb BXOLHOTO
angasuta. HenocpelicTBeHHOe NpeUMYLLECTBO rpada Mepexonos
COCTOUT B TOM, YTO OH oOJerdaer omperejeHue peaKlWd aBTO-
MaTa Ha BXOLHYIO IOCJIENOBATeJNbHOCTb J06GoH AauHbl., [lpu
IaHHOM Ha4yalbHOM COCTOSHMM ©; aBTOMatra M W BXOXHOMH
MOC/IeL0BaTeNbHOCTH Eul, §u2, e gul peakuus M Jserko ompe-

IlensieTcss TNpoc/exusaHneM (B HanmpaBJeHUM CTPeNOK) Hempe-
pHIBHO}{  IOC/IeNOBaTeNIbHOCTHM [ Ayr, KOTOpas HauyuHaercs
B BepliuHe O; U k-4 ayra xotopo#t (=1, 2, ..., [) cooTBer-
CTByeT INape BXOL-BHIXOL (guk/ka). BrixonHas mnocienosa-

TENbHOCTb, KOTODYIO BHIZAeT aBTOMaT M NpH mojaye Ha Hero
BXOIHOR IOCJ/IEL0BATE/NbHOCTH gul, guz, cee gul, torna Oyner
;,,l, Cﬂz' Ce C”z; COCTOAHME, B KOTOPOE NpY 9TOM Nepexonur M,
onpezessercsd mMo 0003HAYEHMIO BepIUMHB, B KOTOPOH 3aKaHYM-
BaeTcs MocjenoBaTebHOCTh M3 [ nyr. Hanpumep, peaxuus aBTo-
mata Al Ha BXOIHYIO TOCJENOBATENbHOCTb munAl dm npu
HAa4YaJbHOM COCTOSHMM 3 JIeTKO omnpeneisercds no puc. 2.2 u
Gyzer 0000001. TIlocnenoBaTeNbHOCTb COCTOSIHMH INPH  3TOM
O6yzer 1, 3, 4, 4, 4, 5 un 1.

Poab rpada nepexonoB B TEOPUM KOHEYHbIX aBTOMATOB MO-
no6Ha poJM, KOTOPYIO MrpaeT rpaduyeckoe u3o0paxeHHe CXeMbl
B TeopuH 3JeKTpuieckux ueneft. I'pad nepexonoB mpeobpasyer
a6CTpaKTHYI0 Moleilb B (puanyeckoe u3oOpaxkeHue, yCHWIAMBalOLLee
VHTYMLUMIO HMCC/IEN0BATeNd, U 13eT BO3MOXHOCTb €My «OTYeTIHBO
NpPeICTaBUTb» PAas3/iMuHble TNPOUECCH M CBOHCTBA, KOTOphle 6e3
TAKOr 0 U306paXKeHUs1 OCTAMUCh Obl PALOM CYXHX MaTeMaTHYecKHX
¢axroB. Kak u B Teopunm uene#f, rpad nmepexonoB yno6GHO pac-
CMaTpHuBaTh KaK MoZe/ab caMy no cefe, a CUMBOJIB, HCIOJAb3ye-
Mble B Tpade, — Kak abCTpaKTHEIE KOMIOHeHTH Moneau. [TosaTomy
yacTo B nNaibHefmeM Mbl 6ydeM rpad, MpencTapfiouIME aBTo-
MaT M, HasbBaTb «aBTOMAaToM My, BeplINHY, HpPeLCTaBJ/SIOLLYIO
COCTOsIHHE 0;, — COCTOSHHEM O;» U, Ha060pOT, OTOXIECTBISAThH
a6CTpaKTHbIE NOHATHA C UX TeoMeTpHYeCKUMH IpeiCcTaBJeHUIMH,
uMeoluMucs B rpacde nepexonos.

[Nonatue wusoMOppu3aMa KOHEUHHIX aBTOMATOB, BBEeLEHHOE
B § 2.4, B TepMuHax rpadoB mNepexoloB [OMYCKaeT OYeHb
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NPOCTYI0 MHTEPNPETAlHI0: aBTOMaThl U30MOP(QHEI OLUH LPYromy,
ecli OHM HMEIOT OIMHaKOBHE rpadel, OTIHuYaloLKecs, ObITb
MOXeT, TOJNbKO 0603HaueHueM BepluuH. TakuM o6pasoM, L1 TOrO
uyTo6bl aBTOMaT M 3aMeHHTb U3OMOP(QHBLIM eMy aBTOMATOM, Halo
HPOCTO W3MeHHUTb 00O3Ha4YeHWe ONHOH MW HeCKONbKHX BEDPLIKH.
AHanoruyHo, 4TOOBI INOJYYUTh ceMe#CTBO MepecTaHOBOK aBTO-
mata M, NOCTATOYHO INepecTaBUTh OGO3HAUEHHS! BEPLUMH BCEMH
BO3MOXMHEIMH CIIOCOGaMHU.

2.6. Kanaccudpunkanus cOCTOAHHHA M NMOAABTOMATOB

Jlyra OTHOCHTe/IbHO JaHHOTO COCTOSIHUS, HANPUMED, O;, MOXET
6biTb 3ax00Au,ell B O;, €C/lM OHAa HampasJeHa K O; U3 APYroro
COCTOSHMA, WM ucxo0Auwjel W3 G;, eClyi OHA HAaNpaBJieHa OT O;
K JPYroMy COCTOSHHIO, WIH
nemaseil, ecClli OHA BBIXOLWT
us 0, u Bxoaur B 0;. Ha
puc. 2.3 nokasauwl stu Tpi ‘L
TMNa IyT.

CocrosiHie, B KOTOPOM OT-

CYTCTBYIOT 3aXONAIME U (HIH)
HCXOAALLYE NYTH, MOXeT OblTb
OIHHM M3 C/AEeNYIOUIMX THIOB:
(1) npexodsuee cocmosnue — COCTOSHHE, KOTOPOE HE HMeer
3aXOLsMX IYT, HO MMeeT, MO KpaiHe#i Mepe, OLHY HCXOISALLYIO
IyTy; M3 3TOTO COCTOSHUS MOXeT ObITb OCYILECTBJIEH Iepexorn,
no KpaWHe# Mepe, B OIHO APYyroe COCTOSIHWE, HO NOCJE BHIXOAA
U3 3TOrO COCTOSIHMS, B HEro Heab3d MONACTb HU M3 KaKoOro
npyroro; (2) mynurxos8oe cocmosiHue — COCTOSHUE, KOTOpOe He
COLEPXHUT MCXOAALIMX JNyr, HO COLEpKWUT, MO Kpakne# Mepe,
OIHy 3aXONALIYI0 AYTY; B TaKOe COCTOSHHE MOXeT ObTb OCy-
LIeCTBJIEH Tepexon, IO KpakHHeH Mepe, H3 ONHOrO APYroro
COCTOAHMA, HO IIOCJE Iepexola B TO COCTOSHUE U3 HEro HeJb3d
OCYIUIECTBUTb II€PEXOJd HHM B ONHO ApYyroe cocrosHue; (3) #30-
AUPOBAHHOE COCMOSAHIE — COCTOSIHUE, KOTOPOE He COLEPKHUT
HU 3aXOIAIIMX, HM MCXOALIMX JAYT; U3 TaKOTO COCTOSIHVA
HeJb3d MepeHTH HH B KakOe APYroe W B HEro HeJb3d MOMAcTb
HA M3 Kakoro napyroro cocrosHus. Ha puc. 2.4 npusenen
aBTOMaT A2, B KOTOpPOM cOCTOsHMA 1 M O ABJAAIOTCS Npexons-
LUMH, COCTOAHMA 2 W 4 — TYNHKOBHIMH, a COCTOSiHMe 6 — 130-
JI1POBaHHBIM,

Puc. 2.3. Tunst ayr.
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Jlio6oe pasbueHne MHOXeCTBa COCTOfAHMH aBTOMara Ha ABa
i 6osbliiee YHCIO TMOAMHOXKECTB MOXET GHTb, OYEBHAHO, BHI-
MOJHEHO NyTeM 3aKJIOUeHWs NPeiCTaBIeHHBIX rpadoM IepexonoB

(a/7)

@\ (BN (/7
i

o

7/7)

(/DN BV (2/7) &7 @/ 7))V (BN
Puc. 2.4. Astomar A2.

COCTOSIHUH KaXIOr0 MOIMHOXECTBA B OTHENbHEIH KIPAMOYTOJib-
HHK», paccmMaTpuBaeMblft kak nodasmomam. Ha puc. 2.5 u

Puc. 2.5. ABtomatr A3.

B Tabauue 2.4 npexncrasieH aBToMar A3, MHOXECTBO COCTOSHUH
koroporo S= {1, 2, 3, 4, 5, 6, 7, 8, 9} pasneneso Ha mnox-
mHoxectBa S;={1, 4, 7}, S§,=1{2, 5, 8} u S3={3, 6, 9};
TPH II0NaBTOMAara, H300paXKeHHHE B BHIE NPAMOYTOJIbHUKOB,
0603HaueHB Ha pHCyHKe cuMBojJamu S;, S, u Sj.
PaccmarpuBas KaxIbl#i MOLaBTOMAaT KaK ONHO «CBEPXCOCTOA-
HUE», NpexOolnallui, TYNMKOBHIH WJIM M30JHUPOBAHHBIK MONABTO-
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Ta6aunma 24
Ta6auua nepexonoB aBTomara A3
Zy Sy+1 Zy Sy+1
v o B o B v o B o B
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

MaThl MOTyT OBbITb ONpeleleHbl TOYHO TaK e, Kak Npexolsilee,
TYNHKOBOE M W30JMPOBAHHOE COCTOSHUE C 3aMeHOH cJaoBa
«COCTOSHHE» Ha CJIOBO «IOxaBTOMaT», uMeHHO: (1) npexods-
wuii no0a8moMam MOXHO IepeBecTH, 10 KpaliHe#t Mepe, B OLMH
JApyroi NOAaBTOMAT, HO OH He MOXeT GBITb LOCTHTHYT MOCJE TOrO,
KaKk oOcCTaBjleH; (2) mynuxo8slli nodasmomam MO¥KeT OHITb
NOCTHTHYT, IO KpalHe# Mepe, W3 ONHOrO APYroro nojaBTOMara,
HO He MOXeT OBITb IOKHHYT IOCJe TOro, KaK OH NOCTUTHYT;
(3) usoauposannbli nodasmomam He MONKeT OBITb HOCTUTHYT
HM U3 ONHOrO0 JPYroro MNOJaBTOMAaTa W He MOXET HpPHUBeCTH
HH B Kako# npyro#t monasromar. ['pad nepexonoB 4acTo IO3BO-
J7eT BHU3Ya/lbHO ONpPENeNHTb, COCTABJSET JM ONpeleseHHOE MOJ-
MHOXECTBO MHOXECTBa COCTOSIHWH mnpexoidiwu#t, TYNHKOBLIH
WIM UB0JMPOBAHHBHIA MONABTOMAaT, H, CJAeIOBAaTeNbHO, CHENaTh
3aK/oueHne 00 OTHOCHTeJIbHOH [OCTYNMHOCTH STOFO IOAMHO-
wectBa. Hanmpumep, u3 puc. 2.5 MOXHO JIerko 3aKJIOUYHUTb, YTO
S, — TynukoBHH noxzaBroMar, S, — npexonAlu# I10LABTOMAT,
a Sy — M30/IMPOBAHHEIH MOLABTOMAT.

ITyctb G, (S;) 0603HauaeT MHOXECTBO BCeX COCTOSIHHH aBTO-
mMaTa M, B KOTOpDble MOXHO IIONACTh U3 JIOOHX COCTOSHUE MHO-
wecta S;= {0;, 0;, ..., 0; ) TpH nonaie HA BXOL NOCHELO-
BaTeJbHOCTH LJMHE k unu Menble. B uwactHocru, Gy (S)=3S,.
MuoxectBo G, (S;) ectb oObenuHeHne S; W BCeX COCTOSHHH,

YKA3aHHBIX B  CTPOKAX O;, Oy, ..., 0;  TOLTACHHUBL S,

tabauusl nepexonos M. C apyro#t ctopousl, Gy (S;) Moxer
O6LiTb  onpeleJeHo NMyTeM NpocmMoTpa rpada  MepexoloB
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asromata M. Ecam sanano G,_;(S;), k> 1, to G,(S;) Moxer
6bITh ONMpeleNeHO W3 COOTHOUIEHHUS

Gk (Si)= 01 (Gk-—l (Si) ). (2-7)

Ecin G, (S)=0G,_1(S), 10 Gp ,(S)=0GC,_;(S;) nna Bcex
HEOTPHLATe/IbHEIX ULeMbIX u; caenoBarenbHo, G, (S;) cocrasiser
MHOXECTBO BCeX COCTOfIHMH, B KOTODHe MOXHO momacTb u3 S,
ecId Ha BXOJ TMNOKABATh MOCJENOBATeNbHOCTH A/000M IUHEL
OrmnpeneneHde TOr0 MHOXecTBa, oGoaxauaemoro mpocro G (S;),
MOMeT GbiTh TeMepb OMMCAHO INPU IOMOLIM CJAEAYIOLIEro ajiro-
pHTMa.

Anroputrm 2.1. Hauwo S;; Haditu G(S;). (1) Iycm
G,(S)=3S,. Tlonmaraem k=1. (2) Onmnpenensem G, (S,)=
=G, (Gp_1(Sy)). (B) (a) Ecimu G,(S;) = G,_1(S,), yseanuu-
BaeM k£ Ha 1 u Boaspawaemcs k (2). (6) Ecau G, (S;) =G,_;(S)).
10 G (S) =G (S).

Ecmu G, (S;) %+ Gp_1(S)), 10 G,(S;) m0omKHO cOLepKaThb,
1o KpaiHed Mepe, Ha oIMH sieMeHT Ooubuie, 4YeM G,_;(S;).
Tak kak MowHocTs G, (S;) He MOXeT mpeBHIIaTh OG6llee YHCIO 7

cocrosunft aBromara M, 1o G,(S))

Ta6auuna 25 pomkHo pasuarbes Gp_q(S;) 11

Anroputm 2.1 k<n—r-1, rone r — MOWHOCTb
ans aBTomarta A3 muoxectsa S;. CrenosatenbHo,

u paa S;= {5, 6}
G(Si)z Gﬂ—f (Si)' (2.8)
£ |G (8)=0, (Gp_;(Sp))| Oro sHauur, uro amroput™ 2.1

TpeGyer He GOJlee 4yeM n — r Wre-
pauu#t mynkra 2. Tabmuua 2.5 ua-

(1) ig 6.7 9 JIOCTPUPYET INpPHMEHeHHe aJropuT-
9 1.3 45679 Ma K astomary A3, usobpaxeH-
3 1,345 6,7, 9 HOMY Ha puc. 2.5, nas S; = {5, 6},

koropeift naer G (5, 6)={1, 3, 4,
5 6, 7, 9}.

Ecmn §; cocroutr u3 oaHoro cocrosiuus 0; 1o G (0;) Hashl-
BAETCA O;-~00CMUNCUMbLM MHOXNCECMBOM Y TIPENCTaBIAET COOOM
MHOXECTBO BCEX COCTOAHMH, B KOTODHIE MOMHO NONACTb W3 CO-
CTOSIHHSA O;.

Teopema 2.2. ITycms o, u 6;— 08a cOCMOAKUS 8 GBMO-
Mame ¢ n cocmosnusmu. Ecau o; 8006ue docmuscuno us o,

mo oxno docmudcumo npu nodaye 8X00HOH nocaedosamens-
Hocmu OAuHOl He Gosee n— 1.
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Loxazameascmso. Tlpu S; = {0;} MowHOCTL r-MHONKeCTBa S
paBHa elIMHMLlE M BhipaxeHue (2.8) mpuHuMaeT BUI

G(0)=G,-1(9). (2.9)

9TO0 03HayaeT, YTO O;-AOCTHXHMOE MHOXECTBO fBJAETCA MHO-
XeCTBOM BCeX COCTOsSHME aBToMaTta M, HOCTHXKHMBEIX U3 O; Npu
Hojaye BXOIHOW MOC/eNOBATENbHOCTYH IJHHHL 7 — | WM MeHbLie.

Ecnu 1¥3BECTHO, YTO HayajbHOe COCTOAHWe aBToMara M npu-
HalJIeKUT HEMyCTOMY MHOXECTBY S;, KOTODOe COCTaB/fAeT TYIH-
KOBHI WM W3O0JUPOBaHHBI MomaBTOMaT, TO M MOXHO YHpo-
CTUTb NyTeM HCKJ/IOUeHUs BCeX COCTOSHUM, KOTOPHE He TNpH-
HalJeXaT MHOXecTBY S;, M BCeX Ayr, HauMHAIOUIMXCA B 9TUX
cocTosHusAxX. TTony4yeHHBI aBTOMAT XOTS ¥ He 00S13aTEJIbHO ABJIAETCA
alleKBATHBLIM NPEeNCTaB/JAeHHEM MCXOLHOM CHCTEMEl BO BCE MOMEHTH
BpeMeHH, HO afeKBaTeH eH B CMbIC/IE NOBeleHHs B OyOoyujen.
10 BHITEKaeT U3 TOrO, YTO HCK/IOYEHHBle COCTOSHUA HHMKOria
He MOTYT OBITb NOCTHFHYTH M3 HayalbHOTO COCTOSHHMSA, H, Cle-
IOBaTeJbHO, OHM B JaHHOM ciayuae uamuwnu. Hampumep, eciu
W3BECTHO, YTO Haya/JbHbBIM COCTOsIHMeM aBToMaTta A3, u3o0pa-
WEHHOTO Ha puc. 2.5, aBiserca cocrosHue 1, TO TOYHBIH aHa/N3
noseseHus astomMara A3 B OynylleM MOxerT ObITb NPOBeleH,
HeCMOTpPS Ha TO, 4TO cocrosHud 2, 3, 5, 6, 8, 9 u HauuHaio-
mecds B HHUX Ayrd OYILYyT HCK/IOYeHBl M3 rpada nepexonos.

2.7. Pasioxenne aBTOMaToB M pacuienjseMbiii aBTomar

[ycte H,(S;) o603HauaeT MHOMECTBO BCeX COCTOSIHHI aBTO-
Mata M, COENMHEHHBIX C COCTOAHHAMH S;=={0;, ;) +.., 0}
NOCPeACTBOM R MJM MEHbIUEro Yucaa AYyT, NMPHUYeM HanpaslieHue
Ayr HecyllecTBeHHO. B wacrnoctn, H,(S;)=S;. Muoxectso
H{(S)) ectb oObenuHenne S;-cOCTOSHHMH, PAaCMOJNOXKEHHBIX
B CTPOKaX 0;, Oy, «.., O; 8, -NOATAGMMLL TAGIHIE nepe-
xonos aBToMata M, W COCTOSHMHl OCHOBHOTO €TOJOLA TalHIbL
TNepexo10B,  COOTBETCTBYIOUIUX CTPOKAM S, ;-NMOATAG/IMUL, B KO-
TOPHIX ecTb Kakoe-Ju6o cocrosHie uad Muoxectsa S;. C npyro#t
croponsl, FH;(S;) MOXHO cOCTaBuTh NyTeM NpOcMOTpa rpada
nepexonos asromatra M. Ecmm samawo H,_,(S,), k> 1, 10
H,(S;) Moxer GbITb ONpeNeneHo M3 COOTHOLIEHHS

H,(S)=H,(H,_,(S)). (2.10)
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Ecm H,(S)=H,_;(S)), 10 H,,,(S)=H,_{(S;) naa Bcex
HEOTPHUATE/IbHBIX LedblX # M, clexoBatenbHo, H,_(S;) cocra-
BJSET MHOXeCTBO BCeX COCTOSIHHH, CBSIBaHHBIX C S, Lenbio
peGep!) anbo0i Oaunbt. OnpeleneHue STOrO MHOXeCTBa, 060-
3Hauaemoro mnpocto H(S;), Moxer GbiTb Tenepb ONHCAHO NPH
NOMOIIM C/IeNYIOIero ajropuTMa.

Anropurm 2.2. [Jano S;; tpebyerca Haittn FH(S)).
(1) Oycre Hy(S;)=S,. Tlonaraem k=1. (2) Onpenensem
Hy(S)=H(H,_1(S))). (3) (a) Ecm H,(S)) # H,_(S)), 10
yBenuuuBaeM R Ha eIMHULY M Bo3Bpawaemcs kK (2). (6) Ecau
Hy(S)=H,_1(S), 10 Hy(S)=H(S).

[Tpn moMolM apryMeHTOB, aHAJOTHYHBIX TeM, KOTOpble GblIn
MCNO/b30BAHB 1Jis anroputMa 2.1, MOXHO NOKasaTb, YTO alro-

_ putd 2.2 tpebyer He Gonee n—r

Ta6auua 26 yrepauut nynxra 2, rae n — Mour-

Asroputm 2.2 HOCTb MHOXECTBAa COCTOHUH S aB-

nas A3 u S = {1,4) Tomara M, a r— MOWHOCTb MHO-
xkecrsa S;. Tabmua 2.6 wummo-
k |Hp (S)=H, (Hy_,(S;))| CTpPUPYeT NpHMeHEHHe 3TOro ajro-
puTMa Ig aBToMaTa A3, 300 paxeH-
Horo Ha puc. 2.5 mna S; = {1, 4},

(1) {3 4,57 H, 4y=1{1, 2, 4,5, 7, 8}.
2| 124578 ABTOMAT WM TOLABTOMAT, KO-
3 1,245738 TOPHIH comepxuT ABa HaH 60Jb-

IIee YUCMO M30JMPOBAHHBLIX MOAAB-
TOMaToB, OyIeM HasbBaTb pPa3./o-
ocumbli. PaHee YNOMUHAIOCH, YTO eCAM S; COLEPKUT eIHH-
CTBEHHOE COCTOsHME O;, TO [1(0;) cocTraBiseT MHOMECTBO
BCEX COCTOSIHMH, COGNMHEHHBIX C O, NOCPeICTBOM lienell pebep
moGo# e, CaegosatenbHo, ecin H (o)) + S, To H(0;) co-
CTaBJIfeT HEPA3JIOKMMBIR 130/IMPOBAHHbIH TogaBTOMAT aBTOMaTa M.
Ecmu H(0;)=3S, TO MOXHO 8akmounTh, 4TO aBTOMaT A He-
pasnoxum. Temepp MOXHO ONHCATb MeTOX HNOJNYYeHHS MaAKCU-
MQAbKOZO DAa3JOXEHMs aBTOMaTa, T. e. MeTON PasJoXeHusd
aBTOMAaTa Ha MaKCHMa/JbHO BO3MOXHOE€ YHC/IO H30JMPOBAHHBIX
NoJ4aBTOMAToB.

Anropurm 2.3. OnpeneieHne MaKCHMa/JbHOTO pasjoxe-
HUSl 3alaHHOrO aBTOMata M ¢ MHOXecTBOM cocToduu#i S.

) Jlyra — HanpaBJeHHOe COelnHeHue, pelpo — HeHalpaBieHHOe
coeJlnHeHKe IByX BepmuH rpada. (/Tpum. nepes.)
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(1) Mycrs S;=3S. Tlonaraem k=1. (2) BuiGupaem mo6oe
cocTosHue M3 Sp, HanpuMmep Oy, U onpenenseM H(o; ). Muoxe-
CTBO H(cl.k) — MHOXECTBO COCTOSIHUH K-r0 M30/MPOBAHHOTO MO/~
apromata asrtomara M. (3) (a) Ecmm H(oil)UH(foiz)U
... U H(Uzk) +#+ S, To monaraem, 4t0 S,,; COLEPXKHUT COCTOAHHS
MHOXeCTBa S, He colepialluecs B H(O’il) UH (0,2) U...u H(aik),

YBennunBaeM k Ha eIuHHLY M Bo3Bpaumaemcs K (2). (6) Ecmm
H(o,)UH (o, )U ... U H(o,,)=S, 710 mnoxasTomMaTh, ompe-

nensemsie MHOXectBaMu H(0;), H(0,) ..., H(a;,), npexn-

CTaBIIOT MAaKCHMaJbHOe pa3noxenne asToMata M. B wacr-
nocru, e H(0;)==S, 10 aBroMar M HepasnomuM.

Anroput™ 2.3, KOHeyHO, He oO0s3aresieH, eCJIH aBTOMar
3anaH B Bume rpada. ONHAKO OH HYXeH, KOrla MaKCUMalbHOoe
pasyoxeHde Hago NPOBeCTH Oe3 MCMOML30BaHAs Tpada, Hampu-
Mep MpH MOMOLIYM UU(PPOBOH BBHIUMC/IUTENHLHOH MallMHBL

JlBa unu OGosbliee YUCIO aABTOMATOB HABHIBAIOTCA CPABHU-
MblMU, eC/IA OHM HMEIOT OJMHAKOBble BXOHLHbIE al(DABUTH.

IMycrs My, M,, ..., My —cpaBHuMEIe aBTOMAaThl, NpencTa-
Basomie N DPas/IMYHbIX CHCTeM, M NMycTb M — aBTOMAT, KOTOPLIK
COCTOUT W3 H30JHMPOBaHHEIX MomasToMaToB My, My, ..., M.
M HasbBaeTCa  pacujenisemulym  Q8MOMAMOM  ABTOMATOB
My, My, ..., My u o6osnauaercs taxk: A(My, My, ..., My).
ITpu 3anaunbix tabanuax nepexonos M;, M,, ..., My Tabmuua
nepexono A (M, M,, ..., My) voxer ObITb IIOCTPOEHA Clie-

Aytowum o6pasom. (1) ITepeoGosnaunm cocTosiHus aBTOMaTa M;,
ec/m Heo0X0aMMO, TakK, 4TOOH He OBUIO B OJHOM M TOM e
aBTOMaTe WM B IBYX pa3NUYHbLIX aBTOMATaX IBYX COCTOSHHH,
0603HaYeHHBIX OJMHAKOBO. (2) 3amnuieM cTPoku BceX N Tabiui
TI0C/IeN0BATE/bHO B OAHY OOLLyl0 Tabsuily; 3Ta TabJuua ABasercs
Tabinuelt nepexonos asromata A(My, M, ..., My). Ecm
M, onpenenensirpadamu, To rpad nepexonos A (M, M, ..., My)
IBJIAETCA MNPOCTO OObeNMHEHHEM BCeX OTAeJbHHX T'pados, co-
CTOSIHUSI KOTOPHEIX MOTYT ObITb IIePeHyMepOBaHH B Clydyae Heof-
XOIMMOCTH B COOTBETCTBHUH C YKAa3aHHBIM BHIIIe MPABU/OM.

[louarHo, yto pacuwennsemuift aBTomar A(M;, My, ..., M)
M, Clef0BaTelbHO, KaXIHR aBTOMAT, colepxaluh pax mox-
aBTOMATOB, ONpelIe/NeHHbIX TaK Xe, kak M, M,, ..., My, Moxer

pacCMaTpuUBaTbCA KaK «CUCTeMa», KOTOpasd €CTb aBTOMAT Ml' )80

4 A. Tuaa
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apromar My, ..., nan aBromar M. Dra uMHTepnperanus OcHO-
BbiBaeTCs Ha TOM (akre, uto ecin A(M;, M, ..., My)
HAXOIUTCA B COCTOfIHMM O,, TpHHalJexalleM noaasromary M;,
0o A(My, My, ..., My) HAKOTIA He MOXeET INepedATH B Kakoe-
mm6o cocrosHue noxasromara M;, rie j =i, Tak Kak M; u

Mj—nBa M30/IMPOBAaHHBIX NoxaBToMara. IloBeneHne aBTOMara

A(M,;, M,, ..., My), Haxoxsulerocst B COCTOSIHUM G,, COBMNanaer
MOITOMY C MoOBeleHHeM aBToMara M;, Haxolsulerocs B COCTOs-
unn 0,. CrenosatensbHo, aBroMat A(M;, My, ..., My) moxer
ObiTh MpencTaBjeH aBromatroM M;, uau aBroMatoM M,, ..., uiu
aproMaToM My, B 3aBHCHMOCTH OT HAyaJbHOTO COCTOSIHHS.

B kauectBe mpuMepa puc. 2.6 M rtabiuua 2.7 npeacTaBisioT
apromat A4, a puc. 2.7 n Tabauua 2.8 — aBromar A5. Pac-
wienaseMbld  aBTOMAT, COCTaBJeHHbIH U3 astomatoB A4 u A5,
A (A4, A5), npencrasied Ha puc. 2.8 u B Tabanue 2.9.

Ta6bauna 2.7 Ta6baunma 2.8
ABToMaTt A4 ABTomaTt A5
Zy Sy+1 Zy Sy+1
Vg B |l al|p U B | al| B
Sy Sy
1 0 1 312 1 0|1 3|4
2 1 0f3]|2 9 1 1 112
3 0110 111 3 olo| 4l4
4 1(0]2]3
Ta6aunma 2.9
ABTomar A (A4, A5)
zv sv+1 zv sv+l
v a B a B v a B a B
SV SV

0O DD —
oco—o
—_— O
=W
N~ NN
No ot
— -
OO =
(S8 B
[o2Ra o))

4%
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2.8. MaTpuna mepexoaosl)

Matpuusl  nepexoNOB  fIBJAAIOTCS MaTeMaTHueCKOH Komuei
rpagoB MnepexonoB; OHM NAIOT BO3MOXHOCTb ()OpPMa/N30BATh DAL
omepauufi, KOTOpHE Ha rpade NnepexonoB MOryT ObITb BHINOJ-
HeHBl BM3yaJbHO. MaTpuubl nepexonoB MO3TOMY MMEIOT Npe-
HMYLLeCTBa B TeX CJyyasx, KOTIa 3TH ONepalud He MOTYT ObTh
BHIMOJIHEHBl 4EJOBEKOM-HCC/IefoBaTe/leM H, CJeloBaTelbHO, He
MOTyT OHITb BHINOJHEHb BH3yalbHO HJM KOria rpad nepexoioB
HACTOJIBKO CJIOXEH, YTO MCIO/Ab30BAHHE BHU3YaJbHOH METOIMKH
6ecrnosesHo.

Ins asromata M, umeioulero n cOCTOSHUH, Marpuua nepe-
XOLOB COCTOMT M3 7 CTPOK M n CTOJAOLOB M o6o3Hauaercs [M].
Iycts {0y, Oy ..., O,} — MHOXKeCTBO cocTOsHMH aBTOMaTa M
u nyctb b;; obGosHayaer Lyry rpada mepexonos asromara M,

HATpaB/eHHYI0 OT O; K 0; JueMeHT (f, j) (T. e. coaepxumoe

KJeTKH, pAacnojloXeHHOH Ha nepeceyeHUH [-H  CTPOKH W
J-ro cronbua wmatpuusl [M] oGosHauaetcs e;; W onpele-
JseTCs TaK:

0 — byj, ecmm b;; cywecrsyer, @11
i : '
/ 0, ecim b;; He cyuwecTsyer.
Il sicHocTH OOHIYHO 0603HAaueHHe R-TO COCTOSHUS Op MPHIH-
CHIBAIOT R-# CTPOKe U R-MY CTOJOLY M HasHIBAIOT HX «CTPOKA O,%»
1 «croibell O,» COOTBETCTBeHHO. Bripasenue (2.12) usobpa-
KaeT MaTpuLly nepexomoB aBToMara Al, 8alaHHOrO B BHIE
rpaga Ha puc. 2.2.

[Al] =
1 2 3 4 5
17 (at/0) (d/0)V (n/0)V (A/0) (1/0) 0 0
2| (w/0) (d/0)V (n/0)V (2/0)V (A/0) O 0 0
=3| (=/0) (d/0)V (u/0)V (A/0) 0 (n/0) 0
4| (n/0) 0 0 (n/0)V (#/0)V (A/0) (d/0)
5L (/1) 0 0 (n/0)V (z/0)V (A/0) (d/0)_t
(2.12)

') Marepuan, OTHOCAImMIiCA K MaTpullaM INEPeXOl0B, YaCTHYHO
6asupyercs Ha pa6ore Xouwa, Cemy, Aydenxamma (F. E. Hohn,
S. Seshu and D. D. Aufenkamp, The Theory of Nets, J. R. E.
Trans., vol. EC—6, pp. 154—161, 1957).
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Ecin p — MowHocTe BXo#Horo aidasura asromata M, TO
Kaxnas crpoka B [M] nmo/xHa conepxaTh TOYHO p MNap BXOA-
BHIXOJ, NpHYEeM Kaxas napa MMeeT BXOLHOH CHMBOJ, OTIMYHBIH
OT BXOIHOrO CHMBOJA M060# npyro#t maphl. JIlyru, saxonsuiue
B COCTOSIHHE Oy, NPEACTaB/IAIOTCS HelyaroHaMbHLIMU d/leMeHTaMu 1)
CTONOUA Op; AYTH, MCXOISAIIME M3 COCTOSIHHS O, NPEICTABJIAIOTCS
HelMaroHaMbHLIMU 3/IEMEHTAMH CTPOKH Op; NETJS COCTOSHUS O
NpeicTaBiseTcsl NHArOHANbHLIM 3JIEMEHTOM B CTDOKE O MWJH
cronbue o,. CnenoBaresbHO, eCilM O, — Iepexolsilee COCTOs-
HHe, TO BCE HEIMaroHaJbHBIE 3JEeMEeHTH B CTOAOLE O, (HO He
B CTpPOKE Op) paBHbB HY/IO; €ClH O, — TYINHKOBOE COCTOSIHHE,
TO BCe HeIMaroHaJbHble 3JIeMEHTH B CTPOKe O, (HO He
B CTONOLE Op) paBHBE HYJIO; €ClH O — M30JMPOBAHHOE COCTOS-
HUe, TO BCE HeJMarOHajlbHLIE 3JIEMEHTHl B CTPOKE Op U CTONOIE O,
paBHBI HYJIIO.

Ecm §;={0;, 0;, ..., 0; }, 10 onpenenennoe B § 2.6
muoxectBo G (S;) npexncrasiser co6oit o6benunenue S; u 06o-
3HauyeHU#t CTONOLOB, B KOTOPHIX SJeMEHTH, HNpHHALIeNallye
CTpOKaMm 0;, O;, ..., 0;, He pasHel Hymo. OnpereleHHoe
B § 2.7 mHoxectso H,(S;) npencrasiser coGo#t obbenyHe-
e S;, 0603HaueHu# CTOJNOLOB, B KOTOPHIX S/IEMEHTH, MNpH-

HalJIeXKalue CTPOKaM O;, Oy, ..., O; , HE DaBHBl HYWO, H
0603HaueHut CTPOK, B KOTOPHIX 3JEMeHTH, NpHHALIeKall1e
cronbuam 0;, Oy, ..., 0;, He papHb Hymo. Hanpumep, us

marpuubl [Al] acHo Buano, uto aas aBroMara Al Gy(l, 2)=
=1{1, 2, 3} u H,;(4, 5)=1{1, 3, 4, 5}. Takum obpasom, scHo,
YTO MATPHLA TNEePexonOB SABAAETCS YIOOHBIM MHCTPYMEHTOM st
BHINOJMIHEHUd aiaroputmos 2.1, 2.2 u 2.3.

IOns Toro uyto6H ONpelenuTb, COCTABJSET JH MHOXECTBO
S;(0:» Oy -+, 0;) TpeXonsiuui, TYNHKOBHHA WIN HM30JIMPO-
BaHHBIt MojaBTOMaT aBToMara M, Hano CTPOKH M CTOJOLE
maTpuubl [M] nepecraBuTb Tak, uTOOBI CTPOKM M CTOMOLH
O;, Opp -+ -» O; BAHAIM COCENHHE MNOJOKEHHS, HAUMHA C mep-
BOH CTPOKM M nepBoro cronbua coorBeTcTBeHHo. Kak nokasano
B (2.13), sra nepecraHoBka JAeaut Martpuny [M] Ha ueTwipe
noamarpuubl [My], [Myl, [My], [My], npudem cTpoxamu u

1) luaronanbHbIi 90€MEHT MaTPHIB — 3TO 3JeMeHT (i, j), rae i = j.
HenuaroHaabHbIH 9JE€MEHT MaTpHLbl — 3TO aJeMeHT (i, j), rae i == J.
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cronbuamu [My;] ABAAIOTCA CTPOKH M CTOAOUL! Oy, Typy .y Of .
0;, Oy +ov Oy
o, | ! 1
o,
. (My] [ My
[M]=" (2.13)
o, i
[My] F [ M)

OGosHayast MaTpHULy, BCE 3JeMeHTH KOTOpOH paBHBH HYJIO,
yepes [0], MOXHO celaTh BEHIBOL, YTO S; COCTaBJseT mNpexo-
oy noxpasroMar, ecin [My]=[0], a [My] # 0, TymukoBbi#
nonastoMar, ecmu [M) =|[0], a [My] 5= 0, u u30IMpPOBAHHBIA
nonasToMar, ecan [M,] = [My]=1[0]. B (2.14) npencrasiena
MaTpulia nepexonoB aBTomaTa A3, M306paxeHHOro Ha puc. 2.5,
B KOTOpPOW CTPOKHM H CTOJNOUH MNepecTaB/eHH TaK, YTOObl BHI-
IeNuTb TYNMKOBHH nonasromar (1, 4, 7}, mpexonswu#t mox-
asromar {2, 5, 8} u usomupoBanHm#t momaBToMaT {3, 6, 9}.

[A3] =
1 4 7 2 5 8 3 6 9

1= 0 ®/1) (@0i 0 0 0 0 0 0 7
4| B0)  (a/0) 0 i 0 00 0 0 0
71 0 ()V@E0) O 0 00 0 0 0
2| (a/0) 0 0 0 /1) 0 0 0 0
=5 0 B0 (@0 0 0 0 0 0 0
8| o 0 0 (B/0) (@/1) O 0 0 o
3l o 0 0i 0 00 0 ®/1) (o/1)

6| o 0 0 i 0 00 0 @/1) (B/0)
9 o 0 01 0 0 0i@OVE1 0 0

(2.18)

Ecin S; cocraBiser TYNHKOBHH WM HM30IMPOBAHHBIY MOL-
aBToMat, To [My]=1[0] u, caenosaTeqbHO, Kaxnias CTPOKa
B [M;] comepxuT Bce p nap BXOA-BBIXOA, Tle P — MOUHOCTb
BXOAHOTO andasuta. Ynamus [Mp), [My] u [My] us [M],
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nonyuuM Marpuuy [My;] pasmepoM r X r, KOTOPYIO MOXHO
TPaKTOBAaTh KaK MaTpPULY, MpPeICTaB/AfOIYI0 He3aBHCUMBbIH
aBToMaT M;; C r COCTOSHHAMH, HMEIOWMH TOT :Ke BXOIHOH
andgasur, yro ¥ M. Orciona cienyer TO e 3aK/IOYeHHE, KOTO-
poe Oblo moayyeHo B § 2.6: ecam aBTOMaT HaXOXUTCA B CO-
CTOAHUM, MpHHALJEXKAlleM TYNUKOBOMY WJIM H30/UPOBAHHOMY
NOoAaBTOMAaTy, TO BCE€ COCTOfAHHUS, KOTOpble He INpHHALJIexaT
S9TOMY TNOLABTOMAaTy, M BCe LYTH, HCXOIsLIYE M3 3THX COCTOs-
HUM, MOTYT OBITb HMCKJIOYEHHI.

2.9. MaTpHObl nepexoj0B BhICIIEr0 MOpsAAKa

[TocnenosarenbHOCTs R Ayr, KoTtopas B rpacde mepexonos
BelleT M3 ONHOTO COCTOSHHA B Jpyroe, Ha3bIBAETCH nymen;
k HasbiBaeTcss 04uUHOL TYTH. P(i’}) 0003HayaeT MHOXECTBO BCeX
nytefl AJauHBL R, KOTOpre BeIyT M3 COCTOAHMSA O; B COCTOfA-
Hue Gj. MHoxecTBO P j» KOTOpOE COCTOHT U3 om-xoﬁ LYyTH,
Benyuleh u3 o; B 0;, Oynem oGosnauarh ;. Eciu P;, nycro
(r. e. ecim HM ONHAa Ayra He BeleT M3 O; B 0;), TO eMy MpH-
naetcs sHadenue O (Hyub).

[Tyt nnunel kR, npeicraBasiowu#t co00# yMOpALOUEHHYIO
NOCNeN0BATeNBHOCTE  AYT Ty, T q, +v0s Ty, _,j (PHC. 2.9),
CHMBOJIMYECKH M300paxcaeTcs YMOPALOYEHHEIM MpPOU3BENEHHEM

7,
“L @ @O
(%) Sor

Puc. 2.9. Mytp Top gty e Ty
Ty, My, -+ Ty, j- [IOCKONbKY HecyllecTByioWwas Ayra mo
ONpele/eHNI0 COOTBETCTBYET HYJNEBOMY COMHOXMHTENIO, TO, eC/H
x0Ts 6Bl O1lHA AyTa HA NYTH, CMMBOJMYECKH M300paxaeMOM Bhilile-
IpHUBEeJeHHbIM NPOU3BENEHNEM, He CYLIECTBYeT, TO BCe NpOou3Bele-
HHe CTAaHOBMTCS PaBHBIM Hymo. MHOXeCTBO nyTe#t 3anuchiBaeTc
Kak HeynopsaouyenHas CyMMa NnpousBeleHnH; Kaxaoe NpousBeeHne
NpeACTaBIseT SJEMEHT 3TOro MHoxecrsa. TdkuM oGpasom,

k)
( [Zl Z . 2 nulnlllznl2l3 oo J'[lk j’ (2.15)
- £-1=
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rle Hy/neBble KOMIOHEHTH MHTEPIPETHPYIOTCS KAaK HECYLIEeCTBYIO-
1iye NyTH.
Jemma 2.2.

P = 2 TPl (2.16)
Hoxasameascmso. Ilpumensa (2.15), moayuum:

n ® n n n n
;lﬂ:iupuj = 2 niu{ 2 HE Z_ln’ullnlllz ce nlk._li}:

=1 !

1 2 kR—17
n n n n
=N 2 X X My T Ty, e (2.17)
= = = — | A k—1
a=1I=1 L,=1 I, =
3amensas WHIEKC & Ha I} w unjexcw [, h=1, 2, ..., k—1,

Ha [, TMONyYuM:

ﬂ

(k+1)
2 J"iuPuJ = 21 IZI u Ty gy - - Ty =Piy 7 (2.18)
i 4BTOMAaTOB C 7 COCTOSHMAMH MAmMpUya nepexodos

Fr1(k
k-20 nopsaoxa o6o3Hayaercs (MI® w cocrour us n CTPOK U
n croabuoB, 0003HAueHHBIX TaK e, Kak M B Marpuue [M].

nement (I, j) marpuum [M]® o6osuauaerca e(i’;) 1 onpene-
nseTcs Tak:

k k

eff) = P (2.19)
Ona k=1 umeem:

1

) =PV} =m;;. : (2.20)
[M]® sanuciBaercs Kak [M] # MOxeT GbITb nonydyesa us [M]
NyTeM 3aMeHbl KaxIOro HeHyJeBoro 3siementra (i, j) B Ma-
tpuue [M] Ha m;;

YMHOXKeHHe MaTpHL, INepeXonOB BHICIIEro NMOpPsAKa ompene-
MAETCA  CeNyIOUIMM o6pasoM. Ecmu [A] HMeeT 3JIEMEHT (l iR
paBHEI @, [B] — ssement (i, J), paBHblt b;; H [Cl=

[A] [B] — anement ({, j), paBHblH C;jy W eClIM Kaknas u3

STMX MaTpHl sABJsieTcs KBaapaTHO# (n X n)-marpulle#t mepexo-
JOB BHICIIErO0 MOpAAKAa, TO

n
c,,.=u§1 a1y (2.21)
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YMHOXKEHHE DJIeMEHTOB a;, W b,; (kawib#t u3 HuX B OOlleM
clyyae MpeACTaBJIseT cymmy npousseneﬂnﬁl)) 4CCOLMATHUBHO M
IMCTPUOYTHBHO MO OTHOLIEHHIO K CJOXEHHIO, HO He KOMMYTa-
TuBHO. TakuM 06pa3oM, YMHOXKeHWe MaTpHL, NepPexol0B BHICLIMX
NOPSIKOB aHAJTOTMYHO YMHOXEHWI0 OOBIYHBIX MATPHL, 3a MCKJIO-
yeHHEM TOrO, YTO MOPSAOK COMHOXMHTeNet B KauaOM NpOU3Be-
Lewun a;b,; ROMKeH ObHITb COXpaHeH, T. e. a,b,; He SKBHBa-
JIEHTHO b %
JIemma 2 3.
(R+1) __
(n**D = 1) () ® (2.22)
Lorxazameavcmso. V3 (2.19), (2.20) u (2.21) ClelyeT, uTo
anemeHT (i, j) npoussenenns matpun [M][M]® ssaserca cym-

Mo#t Z, 1Py uj. OmHako, cornacio (2.16) u (2.19), sto — sze-

MEHT e(kj“) YTO JOKa3HBAET JIEMMY.

Teopema 2.3. Auemenm (i, J) mampuyer [M]*, k=
=1, 2, ..., A84%emcs MHONCeCmBOM BCex nymeli Orutvl k,
8edyuyux U3 COCMOAHUSL O; 8 COCMOsHUe O; 8 asmomame M.

loxaszameascmso. Teopema 35KBHBAJEHTHA YTBEPKIEHHMIO,
yro [M]® = [M]*. Ilna k=1 3T0 paBeHCTBO CMPAaBEAANBO MO
nocrpoeHuo. Ecnu paBeHCTBO cnpaBenauBo 11 kR=£h, TO
u3 (2.22) nouayuaem:

(M) = () (AT = (M) (M) = (M (2.28)

[To MHAYKUMH CleLyeT, YTO YKa3aHHOe PaBeHCTBO CIPaBelJHNBO
qa mo6oro B> 1.

Teopema 2.3 NOKa3HBAET, YTO MHOXKECTBO BCEX MyTelt LMHH &,
BeIyLIMX 43 OIHOrO COCTOSHHA B 1pyroe, MoxeT OBITb IMO-

CTPOEHO CHCTEeMaTH4YeCcKH MyTeM BoO3BeleHHs Matpuusl [M]
B k-0 cremeHb. HuxHHMe HHIEKCH COXepXallMXCS B MaTpule
HyTeft COOTBETCTBYIOT AYraM, M3 KOTOPHIX COCTABJIEHbl 3TH MYTH.
O6paluasiceh K rpagy Wi MaTpuue MepexodOB, MOXHO ONpexe-
auTh 0003HAYeHHs STHX [OYyr, a CJAeloBaTeNbHO, U COOTBET-
CTByIOLIMe HYTAM BXOXHBIE M BEIXOIHHIE MOC/IEN0BATENbHOCTH.

Hanpumep, (2.24) sBasercs MaTpullefl nepexoldoB MNepBOro,
a (2.25) — maTpuue# nepexonoB BTOPOro nopsiaka astroMara Al,

1) Taxue npousBejeHus B RaibHeHIIeM Ha3blBAlOTCA YJIEHAMM 3Je-
MEHTOB MaTpuubl. ([Tpun. nepes.)
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3alaHHOTO MaTpHue#t mnepexonos (2.12). HMa (2.25) suaxo,
B Y4aCTHOCTH, YTO MMEIOTCS IBa NMYTH IJIHHOH 2 M3 COCTOAHMA 3
B COCTOsHHE 2, a MMEHHO Ty Ty M T3Mlyy, M HET NyTH LJIHHOH 2
U3 cocTosiHus 2 B cocrosuue 4 nm 5. M3 (2.25) n (2.12) takxe
MOXHO 3aKJIOYATh, YTO B COCTOSIHME 2 MOXHO MOMAacTb M3 CO-
CTOsIHMSI 5, eC/M MOLaBaTh BXOIHBIE MNOCJIENOBATebHOCTH Tid,

WIM TR, WId TA.
1 2 3 4 5

ITmy me my 0 O
2| My my 0 0 0
[Al]=3| my My O my O |. (2.24)
4| my 0 0 my, Ty
S5lmy 0 0 my gl
1 2
LT 50y = ToTlyy — MyaTlyy 7033700 — TypTlyg - 70570
2 o171 —+ TggTloy Ty1T0i9 + TgpTlyy
[AT]2 =3 | 1701 - TlgpTtyy — oty T3, Tyg - TgpTlyg
4| 1Tty Tty - Tt Tty 79
5 1 7570y — TsaTyy + 55705 517019
3 4 5
T T13Tl4 0 b
To17013 0 0
73 T3yT0yy Tl3y 45 . (2.25)

TyThg Tty TsTlsy  TaulTlys —+ T4sTlss
TsiTg  TsyTlyg —+ TssTlsy  TTssTl4s —+ TssTlss L

2.10. daemeHTapHbIe MYTH

Myt 7, 7 4, « .. 7y, j» BeAyWuH U3 0, B O; HasbBaerca
saeMeHmapHuiy  nymem (LIUHBL R), ecmd HHIEKCH I, [,
ly, ..., ly_y, j pasmmunsl. OH HA3LIBAETCA d4eMEHMA PHbLIM KOH-
mypom (AIMHB R), ecanm wupexcw i, [y, Iy, ..., l,_; pasauuHs,
a {=j. Taxum o00pasoM, 3JeMeHTapHHIf NMyTb (37eMeHTapHBI}
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KOHTYP) fIBJASeTCS DPa30MKHYTHIM (3aMKHYTBHIM) NyTeM, KOTOPbIH
He NPOXONUT HM Yepe3 OIHO COCTOsHMe OOJjlee OLHOrO pasa.
Orciona umeeM:

Jlemma 2.4. B asmomame ¢ n cOCMOAHUAMU OAUHG
JNeMEHMAPHO20 nymu He mMoxcem Ooimb Ooavuie n—1,
a OAUHG JAeMERMAPHO20 KOKMYpPQ He Moxcem Obimb
6oavuwe n.

IlyTb, He SBJAIOWMHCA 3/MeMEHTAPHLIM, Ha3bBAeTCA u30bi-
mounetm. B caenyoleM mnaparpage O6yLyT pacCMOTPEHH He-
KOTOpDHle 3alaid, B KOTODPHIX MNPENCTABJAIOT HHTEpPeC TOJMbKO
s/MeMeHTapHble NyTH. B ciyuyae, korza STO HMeeT MeCTO, Bce
IeHBl Ty 7 g, ... Ty, j» Y KOTOPEIX He BCe MHIEKCH I, 1,
ly, ..., l,_1, J pasmuuHel, MOT'yT ObITb MCKJIOYEHbl M3 MaTDHIbI
nepexonoB k-ro mopsaaka [M]*; nmonyuaemas mpu TaKkoM HCKJIO-
yennn MaTpuua obosuauaercs tak: [M’]®). Duemenr (i, j) ma-
tpuubl [M’]®) npencraBaser coGoft MHOMECTBO BCEX 3JEMEHTap-
HBHIX MyTe#t NJHHB k, BeAyllUX H3 O; B 3 0; B aBToMare M.
Marpuua [M](l’ 3amuchiBaercs B Buie [M’] u sBasercs Ma-
TpuLel [M], B KOTOpPOH BC€ IMaroHalbHBIE SJIEMEHTH HCKIIO-
yeHsl (T. €. BCe JMArOHA/bHbIE SJIEMEHTbl 3aMEHEHH HYJIAMH).

Jemma 2.5. [M[M® codepocum 8ce asemenmap-

Hble nymu, codepocauuecs 8 [M]kJr1

Horkazameascmso. Tlpouecc yMHOXeHHS [M] Ha [M]*, xak
crenyer u3 (2.21), sxBUBa/leHTeH yBeJWUeHHIO LJIHHBI B KaXIOTO

NyTH, NPeNCTaBJECHHOTO B [M]?, mo mauHbl k-1 nocpenctsom
NPHUCOEMHEHNs K KOHIY NyTH ONHOA M3 NyT, TNpenCTaBJeHHBIX
B Marpuue [M]. Ecm NyTb M3 R Iyr MaTpPHULEl [M]* wmn npu-
coelyHeHHass Ayra U3OLITOYHH, TO Pe3yAbTHPYIOIUA NYTh AJMHbI
k-1 rakxke pomxeH OuiThb u36niTOuHbM. CrenoBaTenbHO, NpO-
U3BeJeHue [M 1IM]%, rze [M’] obpasyercs nyTem _BLIYCDKUBA-
uus u3 [M] BCeX M3GHLITOUHBIX nyTeIz JJ.JIV[HbI 1 u[M ](k’ obpa-
3yeTcs NyTeM BBIYEDKHUBAHUA M3 [M] BCeX U3OLITOUHBIX NyTeH
IJIMHBL R, IO/KHO COLEPKATb BCE 3JeMeHTapHBle NYTH, COAep-
wammecss B [M] [M]*. Tax xax [M][M]F = [MI**, 10 nemma
JOKa3aHa.

JlemMa 2.5 o3Hayaer, 4TO B mpouecce nocrpoenus [M]
us [/W] BCe M3OLITOUHBIE IYTH MOXKHO HCKJIOYaTb MO MepPe MX

k+1
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HosiBJIeHUst B JI000% NpOMexyTOYHOH MaTpuue, TaKk Kak 3TO
UCKJIIOUeHWEe HHUKAKOr0 BJIMAHHS Ha 06pa3oBaHue 3JIEeMEeHTapHBIX
nyTeft He OKasbiBaeT. IJTOT pe3yJbTaT MO3BOJAET MPeLJIONKHTb

YIPOLIEHHH! METOL MOJyYeHHUs (mM®

3HAYUTENLHO MeHee TPY-
JNOeMKHi, YeM MeTOH, MO KOTOPOMY CIepBa IOJAy4YaioT [/T/I]k u
sareM uckuiouaor u3 [M]® Bce HaGLTOUHLIE nyTH.
Anroputrm 2.4, Jlaua [/1_4], HaLO0 MOCTPOHUTH [M’]m s
1> 1. (1) Crpoum [M’], saMeHsisi BCe IMArOHa/bHEle SJIEMEHTHI

B [M] wuynsmu. Tlomaraem k=1. (2) Crpoum [M’] [/l_/I’](k).
B npousBeneHHHM MaTpHL 3aMeHseM KauIbl# 4jeH, NMPeiCTaBJIsio-
WUt M3OHTOUHBIH NyTh, HysdeM. Ilycrtb pesyibtHpylOlLas Ma-
tpuua Gyzer [M]**D. (3) (a) Ecim k—1<1I, To yBennuu-
BaeM k£ Ha 1 u BosBpawaemcs k (2). (6) Ecom k4 1=, 10
[MI ](k+l) j— [M/](l)'

Marpuns (2.26) — (2.29) WTIOCTPUPYIOT NpPHMeHEHHe anaro-
putMa 2.4 aas nocrpoenns [Al7], [A1]®, [A1]® u (4119
no Marpuue [A1], NpenCcTaB/IeHHO! BhipaxeHueM (2.24).

170 my ms O 0 7
2 |my O 0 0 0
[A1)= 38 |my myp O my O | (2.26)
4 |mny 0 0 0 my
Slm; 0 0 mg, O |
1 2 3 4 5
17 0 Tsllgy 0 73, 0 7
2 0 ) 0 T091 703 0 0
(A1) =3 MgoTlay + TgaTlay Mg Typ O 0 mys | (2.27)
4 457051 Ty Ty 0y 0 0
S Tp47T41 T Ty Teyfyy O 0



2.11] ONPEOEJIEHUE MHHHMAJIbHBIX NYTEN 61

(417 =
1 2 3 4 5
17 0 0 0 0 Ty 37034045 |
2 0 0 0 9170130ty 0
= 3| Tg4Ty5T5; T34T041 701 g 0 0 0 .
4 0 T4y 701373z | TasTs1Typ T457051 713 0 0
5L 0 T51T 1370 —F TsaTl4 1Ty TyTUyyTyg s T013Tg4 o
(2.28)
1 2 3 4
170 0 0 0 0 T
210 0 0 0 77w 37,7,
A% =3 0 mmm, 0 0 0 . (2.29)
41 0 memomame, 00O 0
510 ey, 0 0 0 A

MoxHO 8aMeTHTb, YTO, B TO BpeMs KaK 4YHCJIO HEHYJIeBbIX
unenoB B [M]* nmeer Temnenumio pacTd 1O 9SKCIOHEHTe C pocC-

TOM kK, YHUCJIO YJEHOB B [M’]k HMeeT TEHIEHUHIO OCTaBaTbCA
MIOCTOSIHHBIM 1O ONpeleleHHOrO 3HAaueHHs BEJHUYMHB 2 U yMeHb-
waThCst A 6OMbIINX 3HAYeHHH R. JleHcTBUTENbHO, U3 JeMMHBI 2.4
MOXHO 3aKJIOYuTb, 4YTO ecau M sBJisieTcs aBTOMATOM C NI CO-

crosuamu, 0 [M']® nna Bcex k> n COCTOMT MOJHOCTHIO U3
HYJIeBBIX 4JIEHOB.

2.11. Onpenenenve MHHUMAJbHBIX NyTei
H MOJHBIX KOHTYPOB

Ilns MHOTMX 3ajad, NpPeICTaBJAAIOIUX NMPAKTHYECKUH HHTEpec,
C TeHepHPOBaHMEM KaXJOro BXOJHOIO CHMBOJIA CBSi3aHA HEKO-
TOpass CTOMMOCTb, ONpelessieMasl TeM, Y4TO Nepexol aBTOMAra M3
OHOTO COCTOSIHMS B JIpyroe BJjedeT 3a coOo# omnpeleseHHble
3aTparhl, NPONOPLUHOHANLHEIE YHCAY IYT, KOTOpble HeoOXOIHMO
npu 3ToM npofitu. s Toro 4To6bl YMeHbLUIUTb OOLIYI0 CTOMMOCTD,
B 3THX CJy4YasX XeJaTeJbHO ONpeleJHTb HauKpaTyalluuf uan
MUHUMQAbHOLE nymb MExAy NBYMS COCTOSHHAMH.

Jemma 2.6. Munumassroli nyms, 8edyuwuii u3 cocmos-
HUR O; 8 Oj, eCal OK cywecmsyem, 0040CeH Obimb 3/4eMeH-
MapHuM nymem.
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Loxaszamesrscmso. Tlyctb MUHUManbHBI NyTb BbIpaXaercs
TaK: Ty Ty g, Ty, j W AMeeT auHy k. Ecia s1oT myTh M3Ghi-

TOYHBIR, TO MMelOTCS IBa MHIeKca cpeld i, L, Ly, ..., l,_y, J,
KOTOpble OnMHaKOoBbl. Ilpexnonoxum, uro l,=1[,, rie h> g.
Torza MHHUManbHBIH NyTh MOXeT ObITb NpeACTaBJeH IpousBe-
ILeHHueM

J'l:,-llﬂ'[lll2 .. nlg_‘lgnlglg+l o .. nlh—llhnl/llh+l oo J‘I:lk_ljz

- n”lnlll2 PR nlg—llgnlg‘lg-Fl oo nl/l—llgnlgl/l-l-l PERE J'l:lk_]j.
Ecan atot nyTb CyLlecTByeT, TO B 3TOM IpPOMU3BENEHUH HET
MHOXUTe/eH, PaBHBIX HYJIO. CJIeIlOBaTeJIbHO, HET paBHBIX HY/IO

MHOXKHUTENEeH U B IPOU3BELEHUHU TT;; Iy ; ... T T I 1 s
i7", lg—-llg lglp+1 lp_1J

a 9TO O3HayaeT, 4TO TaKo# MNyTb Toxe cyluecTByeT. Tak Kak
NOCJAeIHHA MyTb KOpOYe, 4YeM MNpelblAyLUuH, M, TaK Ke Kak
npenbLylWn#, BeleT M3 O; B O; MNpeNbLYLHA NYThb HEe MOXET
ObiTh MuHUMadbHBIM. OTCIOLA Cielyer, YTO IpeANoJOKEHHUe,
CIe/aHHOe B Hauaje J0Kas3aTeJbCTBA, HEBEPHO, T. €. MUHUMAJb-
Hbff MyTb He MOXeT OBITb H3OBITOYHBIM.

Ha ocuoBanun nemm 2.4 u 2.6 MOxHO Temepb CpopMmynu-
poBaTh CJAELYIOILYIO TEOPEMY.

Teopema 2.4. Ecau cywecmsyem nyms, Komopu.i 8edem
u3 CcoOCMmoAHUA G, 8 cocmosHue 0; 8 asmomame M ¢ n co-
CMOAHUAMU, MO KPAMYaiuui makod nyms npeocmasisemcs

nekomopum saemenmom (i, j) o0Hod u3 mampuy (M5,
20e 1 LR —1.

Teopema 2.4 ykasbiBaeT CJeLYIOILYI0 NPOUENypy AJis ompe-
leNleHdss MUHMMabHbIX NyTelt.

Anropurtwm 2.5. Ilng toro uroObl ONpeNeuTb MHHHAMAJb-
HbI MNyTb, BeoyllU# M3 COCTOAHMA O; B O; B aBTOMare M
C n COCTOfHHSMM Han0 TPOMU3BECTH CJELYIOUIME ONepalku:
(1) Tonaraem k=1. (2) Crpoum [M']®. (3) (a) Ecau sne-
meHt (i, j) paBeH Hymo m k<n—1, To yBeiuuuBaeM k Ha
elnHALy M BosBpauiaemcs K (2). (6) Ecau anement (i, j) paseH
Hymo u k=n—1, 1O Nyt M3 O; B O; He CYyLIECTBYET.
(B) Ecnu snement (4, j) He paBeH HyJ/I0, TO OH MNpeNCTaBJsET
UCKOMBIt NMyTb (WAM OYTH).

Hanpumep, nans Ttoro uToOb HaliTW MUHMMA/bHBIA MOYTb,
Benywuit u3 cocrosuus 1 B cocrosHne 5 B asromare Al,

CTpoUTCd Marpuua [ﬁ’](k) ana k=1, 2, ... 0O Tex mop,
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noka MNepBbi pa3 3jeMeHT, PAaCHOJIOXEHHBH Ha NepeceyeHuu
crpokd 1 u cronbua 5, mnpuMeT 3HayeHUe, OTIMYHOE OT HYJd,
WIH TOKa k craHeT paBHHIM 5 (B TNOCHEIHEM CJydYae NYTb He
cywectsyer). Marpuuer (2.26) — (2.29) noxasbiBaioT, 4TO Hep-
BHIf OTVIMYHEIA OT HYJ/A SJEMEHT, pacloJIOXEeHHBI HAa Tepeceye-

HuM cTpokd 1 M cronbua 5, mosBAsSeTCSs B MATpHIe [74—1’]‘3).
rle STOT 3JIeMEHT DaBeH Ij3My,m,s. OOpailenue x rpady mnepe-
XO0LOB pHC. 2.2 miaM K MarTpuue nepexomoB (2.12) moxaskiBaer,
YTO MHUHMMAJbHBIM NYyTeM MOXHO NPOWHTH, €CIH NOLATh BXOLHYIO
NOC/eLOBATENbHOCTb 4nd.

B aBroMaTe ¢ n COCTOAHUAMH NOAHLIM KOHMYPOM Ha3bI-
Baercs MOGOH 3jeMeHTapHBIM KOHTyp AauHbl n. CrepoBareibHo,
MOMHBIA KOHTYP — 3TO 3aMKHYTHI# INyTh, KOTOPBI NPOXOLUT
yepe3 BCe COCTOSHUS B aBTOMATE TOYHO OIMH pa3. IlpobGiema
onmpelesieHUs1 SJEMEHTAPHLIX KOHTYPOB BO3HHMKaeT TOrLa, KOraa
KaXAbli BXOILHOH CHMBOJI MMeeT ONpeNeNeHHYI0 CTOMMOCTb W
KOrma :KemaTelbHO HauGo/Mee SKOHOMHBIM INyTeM IepeBecTH
aBTOMAT M3 HAYajJbHOrO COCTOSIHUS yepe3 BCe APYTHe COCTOSHUS
¥ BepHYTb €ro B HayaJbHOe COCTOsHUe (Hampumep, IJs uejeH
NPOBEPKH).

Jlemma 2.7. ra8Hasn duazonare mampuiyol [/W’][M’](”
codepoicum Bce noAHvie KOHmYpo. asmomama M.,

Horxaszamearscmso. Tak Kak TOMHEIH KOHTYpP SIBJSETCS 3Jie-
MEHTAPHEIM KOHTYDOM, TO JIo0ble n— 1 MOC/IenOBaTebHbIX AYT
COCTaBJAIOT B TOMHOM KOHTYpe LJHHBI 7 3JIEMEHTAPHHA MNYThb.
MHOXeCTBO BCex NyTe#, MOCTPOEHHLIX H0OaBJeHMEM K 3JIeMeH-
TAPHBIM NyTAM ILJHHBL 7 — | SjeMeHTapHBHIX NyTe# AauHbl 1,
CONEPXUT IMOITOMY BCe MNOJHBE KOHTYPH IJUHHE 7. 3Hauwur,
[/W'][M_’]("'l) COLEpPXKUT 3TO MHONKECTBO, M, CJelOBaTeNbLHO,
MOJIHble KOHTYPBl SIBJASIOTCS NYTIMH, BelyllMMHM M3 mo6oro co-
CTOSIHMST B TO Ke caMoe cocrosiHue. JleMMa KOKasaHa.

OueBunHO, n10Goe cocTosHue aBTOMata M MOMeT paccMa-
TPHUBATBCA KaK HayalbHOE COCTOAHMe B MoJHOM Koutype. Cie-
OBaTeNbHO, €C/IH OLMH LWAarOHanbHuf smement B [M'][M/1"~Y
paBeH HYJIO, YTO MMeeT MEeCTO NMpH OTCYTCTBUM MOJHBIX KOH-
TypoB B aBroMare M, TO BCe QuMaroHaslbHble 3JMEMEHTH B 3TOH
MaTpule LOMKHB GBITb paBHH Hymio. -JIl0GOH HeHyneBOH 1una-
. ronanbHbift snement (4, £) B [M'][M']""" npencraBaser cobo#
MHOXECTBO BCeX BO3MOXHHIX IOJHHEIX KOHTYpOB B aBToMare M;
OMaroHanbHbit  smement (f, j), Jj=~i, npeicraBaser coGo#t

-1
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LHMKJINYeCKUEe TMePecTaHOBKM COMHOXMUTeNel UJIeHOB, colepiKa-
uiuxca B sneMmente (I, f).

Hanpumep, B pesyabraTe mnocrpoerns [Al'] [ﬁ’](‘” noJsy-
Yyujacb MaTpHla, B KOTODOH BCe 3/eMeHTH paBHBl HYJIO; 3TO
3HauuT, 4yTo Al He COZEpKHUT NOJHEIX KOHTYpoB. Puc. 2.6 u
marpuua (2.30) npencrasisior asroMaTr A4, B KOTOpOM Cylle-
CTByeT noJHbi# KoHTyp. Marpuusr (2.31), (2.32) u (2.33)
WIMIOCTPUPYIOT POLEAYPY ONpeleseHus 3TOro Kourypa. Tak kKak

uucno cocrosHuit B A4 pasmo 3, To Marpuua [A4'][A4/]P,
npeincTaB/ieHHas BhpaxeHueM (2.33), IO/MKHA cOIepxkaTh BCe
NOJIHBIE KOHTypHl Ha cBOe# riaBHOH auaronann. MckombiM mou-
HbIM KOHTYDOM SBJSETCS KOHTYD T oMosTly; MMM JOGOH Apyrof,
MONy4YeHHHI! W3 Hero UMK/INYecKOH nepecraHoBkoif. OOpalieHue
K puc. 2.6 wm x Marpuue (2.30) moxasbiBaeT, YTO eCAU Ha-
yanpHOe cocrossHue A4 ecTb 1, TO NOMHBIR KOHTYp MOXHO
npo#TH, nojasas Ha BXOL Poo WUIH Pap.

1 2 3
1 0 B/1)  (a/0)
[A4] =2 0 ®/0) (a/1)]. (2.30)
3L(e/0)V (8/0) O 0
1 2 3
L[ 0 mp my
(A41=2| 0 0 myl. (2.31)
3Lmny;, 0 O
1 2 3
17 0 0 g
(447 = 2 | My, O 0 ] (2.32)
3L 0 mym, O
1 2 3
o D[ 7ygTlggTtyy 7133737y 0
[A4'][A4"1H =2 0 TlygTlg, T 0 . (2.33)

3 0 0 Tl317T19TTga
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2.12, Cxenernas martpuna

B psne samauy neraibHOE 3HAHHE 3JIEMEHTOB MAaTpPHULbl BEIC-
UIEro MOPsiiKa HECYLIECTBEHHO, M pelieHHe MOXeT ObITb I0JY-
YEeHO INpPU USYUeHHH CTeleHel Tak Has3hIBAEMOH CKesemHol
Mampuyp,, OTNUYAIOUIEHCS TeM, YTO OHA HMeeT CYLIECTBEHHO
60see mnpocrhie 3jeMeHTH. Jaa aBromMara M C 7 COCTOSHHSIMU
CKeJleTHas MAaTpHIA COCTaBJAeTC W3 n# CTPOK U 7 CTOJOLOB,

0003HauYaeMbIX TaK e, kKak B [M], u o6osnauaerca [M]. Die-

MeHt (i, j) marpuunt [M] oGosnauaerca e;;. Ecmu b;; oGosHa-
YaeT Lyry, BeAYLLyl0 U3 COCTOSHUA O; B COCTOSIHME O; B aBTO-

mate M, TO eij ONnpenensiltoTCsa Tak:

(2.34)

~ { 1, ecim b;; cywecrsyer,
eij':

0, ecmn b;; He cyuwectyer.

Torza Marpuua [M] moxerT Obitb mocrpoeda us [M] umu [M]
MOCPEACTBOM 3aMeHbl KaXIOTO HEHYJIEBOrO 9JIEMEHTA B 9THX
maTpuuax Ha 1.

Teopema 2.5. Szemenm (i, j) mampuye [M], 20e
k=1, 2, ..., pasen uucay nymei Orunvt Rk, 8edyuwjux u3
cocmoanus O; 8 cocmosinue 0; 8 asmomame M.

Loxazamesnvcm8o. Ina k=1 Tteopema cnpaBemnuBa mno
nocrpoeHuto. [IpeanosnoxuM, 4To Teopema CHpaBelMBa MM K;
Torfa sjemeHt (&, j) MaTpuubl [/17I]k o6o3HayaeMbift eﬁ,,’, npen-
CTaBJseT YMCIO NyTeH IMMHBL R, BeLyUHX W3 O, B 0; Oie-
ment (£, j) Marpuusl [/ﬁ][/ﬁ] [M]’“’Jrl onpenensercs ¢op-
My o

r ~
e(k+1) 2 e, el (2.35)

iu’uj

B Bmipawennn (2.35) ;g‘j) yMHOX@eTcs Ha 1, ecim B O, MOXHO
nomnacTb M3 0;, MPOHLA TOJNBKO ONHY AYTy, M YMHOMKaeTca Ha
Hynb B npotuBHoM cayyae. CrenoBarenbHO, 9J/eMeHT 7:([’;.“’
paBed vuuciay nyrte Amuuel k-1, Benywmux us o; B 0;. Ilo

5 A. Tumn
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WHAYKUHH TeopeMa BepHa Ajsa Bcex & > 0.

1 2 3 45
IT1 1 1 0 07
21 1 0 00

[Al]=3|1 1 0 1 0 (2.36)
41 0 0 1 1
511 0 0 1 1.

1 2 3 45
173 3 1 1 07
212 2 1 0 0

[Alp=3[3 2 1 1 1 (2.37)
43 1 1 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)
409 5 3 5 4
509 5 3 5 4|

Cxarasa uudposas ¢opma CKeJeTHOH MaTpPULUBEl MOXeT ObITb
UCNO/Mb30BAHA B 3ajayaX, I'le BaXHO 3HATb HaAuiue WIH 4UCAO
nyTel MexIy ONpereNeHHbIMM COCTOSHMSIMHM, HO He 0053aTelbHO
3HaThb, KaKue IYTd BXOLAT B KaxIbl myTb. MOXHO ompenemuTtb
YHCJIO MMHUMAJbHBIX NMyTeH, BELYUMX M3 O; B O, NMOCPENCTBOM
NOCTPOEHU [M]k s nocnenosaTeanux 3Haqe|-mﬁ RLn—1;
ecnu aneMeHT (I, j) paBeH HyJIO B [M] , HO He paBeH HYJI0
B [/ﬁ]k, TO 3JeMeHT (i, f) MaTpuubl [ M) npencrasnaser coboi
YMC/I0 MMHHMManbHBIX NyTeR IJUHB k; eciau snemeHT (I, j) paBeH
HyJIO B [/VT]”_I, TO NyTh MeXAy O; U O; He CYLIECTBYeT.

Marpuubr (2.36) — (2.38) MAMOCTPUPYIOT NMOCTPOEHHE CKe-
JeTHOH MaTpuubl A1d aBToMata Al, n3obpa)keHHOTro Ha puc. 2.2,
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W ITOCTPOEHHS8 II0 3TOH Marpuue MaTpull BTOPOH H TpeTbel

crenenu. Ma [A1]® BHIHO, HampuMep, YTO B COCTOSHHE 5 HeJb3sl
NONacTb M3 COCTOSIHUA 2 HHM ONHMUM NyTeM, HMelWUM LIAHY
MeHblle 4, ¥ Y4TO B COCTOSiHHE 1 MOXHO TOMAacTb M3 COCTOS-
HMS 4 [eBATbI0 DA3JMYHBIMU MYTIMH IJHHBL 3.

Crenyer 3aMeTHTb, YTO, NOCKOJbKY OJHA IYyra MOXeT COOT-
BETCTBOBaTb OOJiee YeM ONHOH Nape BXOA-BHIXOHL, TO HeHyJ/eBOH
saement (i, j) Marpuubl [M]* He 063aTenbHO mNpeACTaBASET
YKCJIO BCeX BXOIHBIX IMOCJeNOBaTeNbHOCTeH [IJUHBI R, KOTOpHIE
nepesonsat apromar M u3 cocrosuus o; B 0;. Ecau mpencra-
BJ/ifeT MHTepeC YUCJIO BXOLHBIX MOCJeIOBaTeNbHOCTER, NMepeBOIA-
wux M u3 0; B O; a He YHC/IO MyTeH, TO MOKHO ONpeNeHTH

MOOUPUYUPOBAHKYIO CKeAemHYI0 mampuyy, 00603HAYaEMYI0
yepes [M’], anement ({, j) xoropo#, 06o3HauaeMbiit e;j, onpe-
LeJiseTcsl TakK:

~ { YHCIy Nap BXOA-BbIXOXL, 0003HAYAKWMX LYTY b,

;71 0, ecn b;; He cyuiecTByer. (2.39)

[Ipy TakoM OMpeLeJeHHH MaTpuua [M'] Moxer GuiTh TIOCTpOeHa
us [ M] 3aMeHOH Kaxnoro HeHyneBOro sjemeHTa B [M] uuciom
Nap BXOL-BBIXOX, COIEPKALIUXCS B STOM 3JieMeHTe. MaTpuuy [/ﬁ’]
MOXHO pAaccMaTpuBaTh KaK CKeJeTHYI0 MaTpuuy aBToMaTta M,
rie kaxnas nyra, o603HaueHHas /. napaMu BXOHL-BBIXOH, 3aMe-
HeHa f napajienbHBIMH LYTaMHd, Kaxiaas U3 KOTOPhIX 0003Ha-
yeHa OJHOHM napo# BXOL-BHIXOL. Bnaromapsa Takod saMeHe 4HCJIO
Lyr, COZEePXKAWIMXCA B KaKOM-JMOO NyTH, CTAHOBUTCS PABHEIM
Yyuciy MHap BXON-BBIXOH, COLepXauluxcs B 00O3HaueHMAX BCex
ayr storo nyTu. Taxkum o6pasoM, sjeMeHT (I, j) MaTPHILL (M)
IOJDKEH ~COBNMAjaTh € OOLIMM YMCJIOM BXOIHBIX MOCJENOBaTeNb-
HoCTefl A/MHBL R, KOTOpBle mepesoxar M us o; B 0.
Marpuuer (2.40) u (2.41) unmOCTPUPYIOT NMOCTPOEHHE MOIM-
¢uurpoBaHHOM cKeserHO#t Marpuusl aBromata Al (puc. 2.2) u
NOCTpOEHHe MO 9TOM MaTpulle MaTpuubl BTOpO# cremexu. Hs

[A1']? BumHO, HampuMep. YTO KMeEIOTCA TPH KpaTuaktiuve BXOA-
Hble TMOCJAENOBaTeNbHOCTH, KOTOphle mnepesoast Al ©3 cocrod-
HUs 4 B cocrodHne 2. W 4TO eCThb 12 BXOAHLIX MOC/IeN0BaTe/b-
HOCTeH IJMHE 2, KOTOphIe HepeBonir Al u3 cocrosuud 5 B co-
croauue 4,

5*
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1 2 3 45
ITL 31 00
21 4 0 00
[A17=3]1 3 0 1 0 (2.40)
41 0 0 3 1
501 00 3 1]
1 23 45
175 18 1 1 07
2|5 191 00
[Al'2=3|5 15 1 3 1 (2.41)
45 3 1 12 4
515 3 1 12 4|

2.13. YacTHyHOE MOCTpPOEHHE MaTpHIY

XapakrepHas OCOOEHHOCTb PACCMOTPEHHBIX B IpeIbIAYLINX
naparpajax MaTpHlLL COCTOMT B TOM, YTO OHH ABJIAIOTCS KBaj-
parubiMu. CrenoBaTesbHO, OHM cofep:aT MHpopMalMio, Kacaio-
IYIOCd He TOMbKO IBYX ORpedeseHHb.X COCTOAHHH, HO TaKxke
nHpopmauuio o w60l mnape cocrosHuft. YacTo xemarenbHO
MMEThb TAaKYl0 HHGMOPMAUMIO, HO OHA MOMYYaeTcsl UEHOH BHIIOM-
HeHHUsl Hal MAaTpPULUAMH TPYLOEMKHX NpeoOpasoBaHui, CIOKHOCTD
KOTOPHIX BO3pacTaeT INPUMEPHO [PONOPUHOHANBHO KBaLpary
ypcna cocTosHuit aBToMara. B Tex ciyuasx, KOrAa NpeicTaBsioT
MHTEpeC TOJbKO Te NYTH, KOTOpble HAaYMHAIOTCA M3 OMNpeleleH-
HOFO HAYaJbHOrO COCTOSIHHS, HEKOTODPRIE 3aTPYAHEHHM:, CBA3aHHbIE
C 3TUMH TNpeoOpa3soBaHUAMH, MOryT OBITb OGOHIeHbl OJaromaps
YACTHYHOMY MOCTPOEHHIO MaTPHl, KaK 3TO GyleTr MoKasaHo HIXKe.

Jemma 2.8. ITycme [AT]:’ o6o3naiaem mMampuyy-cmpoxy,
ROCMPOEHHYIO U3 I-fi crmpoku mampuyst [/T/I_]k. Tozoa

(M1} = [M]] (M), (2.42)

Horxazameavcmgo. U3 onpenenenus Pfj U, u npeobpa-
30BaHM}t, aHAJOrMYHBIX NpoBeleHHBIM B (2.17), moayuum:

n n
Py = .‘% 7, PP = glpyfgnu s (2.43)
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I ¢UKCUPOBAHHOTO I MHOXECTBO P‘,’}“’ COCTOMUT W3 3JIEMEHTOB

{-} CTPOKM MaTpHLBI [M]k“. Takxe 1n (UKCHPOBAHHOTO I
n

7
MHOXECTBO ) P . COCTOMT M3 9/IeMEHTOB MATPHIbI-CTPOKH,
s iu"uj

MOJAYy4YEeHHOH YMHOXEHHEM [/VI]:e Ha [M]. CrenoBaTesbHO, paBeH-
cTBO (2.42) BhIMOJHsETCA.
Jlemma 2.8 osHauaert, uTO [M]f MOXeT OBITb MOCTPOEHA NMYTeM

MOC/e0BaTeNbHOrO yMHOXeHUs1 [M] Ha MaTpuuy-CTPOKY, 4 He
Ha KBaipaTHYI0 Martpuuy. Korza mpemcraBisiioT MHTEpeC TOJbKO
MyTH, HaYMHAIOILKECS B O;, TAKOE€ YaCTHYHOe MOCTPOEeHHEe MATPHIbI

OKa3bIBAaeTCA [NOCTATOYHBIM, TaK Kak [M]Ek) COLEPNKHUT Ty NKe

nHdopManuio 06 STHX MyTAX, YTO W BCA MaATpuua [M]F. B pe-
3yiabTate 0o6beM mnpeobpasoBaHuit Hal MATpPUUAMH COKPATHTCHA
NpUMEPHO B YHCJIO pa3, pPaBHOE YMCAY CTPOK B MaTpuue [M].
MoOXHO 3aMeTHTb, YTO OMNKCAHHAs CXeMa YaCTHYHOrO MOCTPOEHHA
HEMOCPENCTBEHHO IIPUMEHHMa K MOCTPOEHHIO MAaTpHuIl (M1®,
ONMCaHHOMY B aiaroputme 2.4.

Marpuunl (2.44) — (2.47) WUIOCTPUPYIOT CXeMy YaCTHYHOTO
MOCTPOEHUA MaTPHIB I/ ONpeNeeH!s BCeX 3/eMeHTAPHBIX MyTed
anusbl 1, 2, 3 u 4, HaunHawowuxcs B cocrosuun 1 asromara Al.

[zﬂ’]gk) 0603Ha4aeT {-10 CTPOKY MATPHLHI [A_l_'](k).
1 2 3 4 5

[A1],=[0 m, m; O O] (2.44)
1 2 3 4 5

[m,]?) == [0 n13ﬂ32 O ﬂ:13ﬂ:34 0]. (2.45)
1 2 3 4 5

[AUI®=[0 0 0 0 5yl (2.46)
1 2 3 4 5

(A= 0 0 0 0. (2.47)

MoXHO JerKo NoOKasaTb, Y4TO JeMMa 2.8 cmpasennuBa B Ciyuae
3aMeHbI [/T/I] Ha [/1711 WIn HA [/VI’]. [TosToMy wacTHYHOE MOCTpoOe-
HME MOXHO MPUMEHATb AJA ONpejle/ieHus CTPOK CKeleTHHX MATPHL,
H MOAMPUUMPOBAHHBIX CKENCTHBIX MATPHL, PASHLIX CTENMCHEH.
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3agayu

2.1. Tloctpoiite TaGauuy nepexonos, rpad mepexonoB H MaTPUIY
NMepexofioB JJs CaydaeB, copMyJHpOBaHHBIX B 3amadax 1.2—19. Jlas
KaXJOro Ciay4as pacCMOTDHTE YHCJIO BO3MOMKHBIX HauaJbHbIX COCTOSHHH
U BXOJHBIX NMOCAENOBATEIbHOCTEH U NMOATBEPAUTE, UTO BHIXOIHbBIE MOC/E-
JIOBAaTEJbHOCTH, IOAyYaeMbleé HA OCHOBAHHU PA3JHYHBIX NpeICTaBJEHHI,
COOTBETCTBYIOT T€M, KOTOPHIE UPENNOJaraauch COOTBETCTBYIOLUMH CJO-
BECHBIM OIHCAHHSM.

2.2. V3BECTHO, 4TO KOHEUHbI aBTOMAT HUMEET BXOZHOH andaBuT
{a, B}, Boixommo#t andasur {0, 1} u MHOMXecTBO cocrosnuii {1, 2, 3}.
Haueprtute rpad mepexonos, ynOBJETBOPAIOIHA STHM YCJIOBHSM.

2.3. MMoxcuuraiite yucao pa3nuuHnix: (a) (1, p, ¢)-aBTOMATOB, B KO-
TOpbIX peaKuus B HACTOALIMH MOMEHT 3aBHCHUT TOJBKO OT COCTOSHHS
B HAacTOALIMH MOMEHT M HE 3aBHCHT OT BXOZHOI'O CHrHajAa B HACTOALIMH
momenr; (6) (n, p, g)-aBTOMaToB, B KOTOPhIX M= p H HU3 KaXKIOTO
COCTOSIHMSL MOXHO NepeHTH B Ji06oe Ipyroe, MOAaB HA aBTOMAT OXHH
BXOZHOH cuMBOJ; (B) (7, p, §)-aBTOMATOB, B KOTOPbIX HET M30JHPOBaH-
HBIX coctosuuit; (r) (n, p, ¢)-aBTOMaToB, B KOTOPHIX KaXIbH H3 ¢
BBIXOIHBIX CHMBOJOB TNOsABAAETCH B TabJune NepexoioB, MO kpalnen
Mepe, ONHH pa3 (IOCTaTOYHO MOAYYHTb PEKYPPEHTHYIo GopMyay nas
MOJCYeTa 3TOTO YHCJAa aBTOMAaTOB).

2.4. Tloctpoitite aBToMaT, u30MOpDHBIA aBTOMATY, H306PAKEHHOMY
tabauueit 3 2.1, mocpenctBoM 3amenbl 06o3HaueHHH cocTosHui 1, 2, 3,

Ta6aunma 321

2y Sv+t Zy Sv+1
v a B a ) v a B a 8
Sv S,V
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

4,5u6 Ha 2,3, 4,5 6 ul coorBercTBenno. Bes moctpoenus Bcero
ceMefCTBa I€PECTAHOBOK aBTOMAaTa IIOKaXHTE, 4TO 5TO CEMEHCTBO HUMeeT
MOIIHOCTb, paBHYylo 6!.

2.5, [Tokaxure, uto ecau b o6osnauaeT yucaO IYT B rpade mepe-
xono0B (n, p, q)-aBToMaTa, TO n< b np.

2.6. (a) Ilocrpofite Tabauny mNepexofoB W MaTpULy MNepexOLOB
aBroMara, usobpaxenHoro Ha puc. 32.1 (6) Omnpeneaure mnpexonsinue,
TYMHKOBBE M H30JHMPOBaHHbIE cocrosuus B aBromare. (B) Omnpenesnnre
nas storo aBTomara G (1), G (2), ..., G (8).

2.7. [lyctb 0; — COCTOSHUE U3 MHOXECTBa COCTOAHUH S aBTOMaTa M.
[Tycts G (0;) — 0;-1OCTHIKUMOE MHOXECTBO U HYCTb MHOXecCTBO G’ (0;)
COCTQHT M3 9JCMEHTOB MHOMECTBA S, He coepxamuxca B U (0;).
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Mokaxute, uto: (a) ecam G’ (0;) =0 n G (0;)NG (G’ (0;))=01), t0
G (0;) u G’ (0;) npexcTaBaAAOT COGOH [BAa U30JUPOBAHHBIX N0JAaBTOMAaTa
asromata M; (6) ecau G’ (0;) =0 u G (0;)N G (G’ (0;)) =0, T0 G (0y)

@I\ @) (@)

@/INE) (/DN EY)
Puc. 32.1.

u G’ (0;) npencTaBAAIOT TYNHKOBBIH H MpEeXOgAliuii aBTOMAThl COOTBET-
cTBeHHO; (B) ecan G’ (0;) =0, T0 M ue COEEPKHMT HU30JMPOBAHHBIX
NOJaBTOMATOB.

2.8, Ta6auna 322 npencrasaser astroMmat A. (a) Haitnure G (5.6)
aas asTomata A. (6) Mcmoabsys pesyabraTel 3amauu 2.7, MOKaXHuTe,
yto G (6) npeincTaBiseT H30JHPOBAHHBIA MonaBTOMaT, a G (2) — TymuKo-
Belfi nmogasToMar. (B) Halizure makcumaabHoe pasnoxenue aBToMara A.

Ta6auuma 322

ZV S’V+l zrv sv-{-l
& a B a B v a B a B
Sy 5y

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

1) MuoxectBo R;[)R, 03HauaeT mepeceueHue MHOXKECTB R U R,
¥ COCTOHT U3 3JEMEHTOB, MPHHaNAexauux o6oumM MuoxectsaM, Hyanb (0)
0603HauaeT MyCTOE MHOMECTBO,
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2.9. Mocrpoiite Tabauy nepexofoB Aas pacllenaseMOro aBTOMara,
KOTOpHIA cocTouT U3 aBTOMaTOB A, 5 u B, uzo6paxceHHbix Ha puc. 3 2.2.
2.10. Mycts Fp(S;) — MHOXeCTBO Bcex cocroaduil asroMarta M,
U3 KOTODHIX MOXHO MONacTb B JMi060e COCTOSIHHE MHOXeCTBa S
OpH nojade BXONHBIX IOCJAENOBaTeNbHOCTEH MJHHBI & WJIH MEHbIIE.

@) wn

@GN VoY) /),

1%/} @)
a) 7, 8

Puc. 32.2.

(a) Cdopmyaupyitte aaroput™ jas onpenenenus F (S;)-MHOXecTBa
COCTOAHHH, 3 KOTOPHIX S; HOCTHXHMO NpH mOjade BXOAHOH mocueno-
BaTeNbHOCTH 470004 pauHul. (6) [Ipumenute anropurM k aBroMaty A
u3 3anauu 2.8 mpu S; = {3}. (B) Ioxaxure, uto G (S)UF (S;) = H (S)).

2.11. Astomat A onp:neneH Mmatpuueil nepexoxos [A]. (a) Ompe-
JeauTe NPEeXOoJsllue, TYNAKOBbie H H30JHPOBAHHbIE COCTOSHHS aBTO-
mata A. (6) Ompeneaure G, (5, 7) u H, (2, 3). (B) Ilyrem usMeHeHus
nopsAfKka CTPOK M CTOA6LHOB B [A] ompegeauTe, COCTaBJAAIOT JH MHO-
wecTBa cocrosHuil {1, 2, 4,7} u {3, 5, 6,8} mapy u3 mpexoismero u
TYHUKOBOrO II0JaBTOMATOB, [apy H30JHPOBAHHBIX IIOJABTOMATOB HJH
[apy aBTOMATOB, HE NPHHANJAEKAITUX HH K OJHOMY M3 YKAa3aHHBIX THIIOB.

1 2 3 4 5 6 7 8
17 (/1) V (B/0) 0 0 0 0 0 00
2 0 @0 0 B/1) © 0 00
3 0 0 @)VE/L) 0 0 0 00
[ A]=4 0 0 (/1) 0 (B/0) o 00|
5 0 0 @0 0 0 0 0@/
6 0 0 0 0 0 (@1)V (/00 0
7 0 0 0 0 (B/0) 0 0(a/l)
8 0 0 0 0 0 (¢O)V@E/NHO0 0 |

2,12, (a) [lokaxwure, uTo ecau &) — enuncTBeHHbI HeHyAeBOH
a1 "
saeMeHT B - cTpoke Marpuusl [M], To e(”)-—eIlHHCTBeHHbm HeHy.JIe-
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Bo# anement B i-ii ctpoke MatpHupl [M]* (nas moGoro menoro k> 1).
(6) Tlokaxure, uTO ecau €;j — CIMHCTBEHHbIH HEHy/IeBOH sJeMeHT

B j-M CcTOAGLE MAaTpHIBI [/T/f], T0 e(jk} — eIMHCTBEHHBIH HeHyJeBOH

3JIeMEHT B j-M CTOJOIE [M]k (nna mo6oro ueaoro k2> 1).

2.13. Moxaxure, uto [M)'~* [M]* = [M]' (nas Bcex £ 1)

2.14. Ina aBromata A u3 3amauu 2.11 moctpoiite: (a) [A4], [A]3
—3. pe g T, g oy b g
4% ) [4], [, ..., [AD; () [4], [AP, [AT () [A], [A'],

[A"13% (z) ycraHoBHuTe, uTO A He MMEET IHOJHBIX KOHTYPOB.

2.15. ITokaxwute, 4TO HEOGXOAMMbIM YCJIOBHEM CYIIECTBOBAHHS IOJI-
HOro KOHTypa B aBTOMarte M fBASETCH HAMHUHE B KaXJAOH CTPOKe H
B KaXJAOM cTOa6ue Mmatpuusl [M], mo xpafiHe#i Mepe, OZHOro HeJHaro-
HaJbHOTO HEHYNEBOrO ajeMeHTa. JIOKaxuTe C IOMOWIbIO NPUMEPA, 4TO
3TO YCJIOBHE HE fBJAAETCH AOCTATOUHBIM.

2.16. TToxcuuTafiTe YHCAO PAa3NMUHBIX CKEJNETHHIX MaTpHIl H CKeJeT-
HbIX MORHGHMIMPOBAHHBIX MaTpHL, KOTOPble OMMCHIBAIOT (7, p, ¢)-aBTO-
MaThl.

2.17. Tpe6yeTcs ompejeauth, CymECTBYeT Ju B aBTomMate M myTh,
KOTOpHH BeleT M3 0; B 0p 4epe3 0;, H e€CIH CYLIECTBYET, TO Ompeje-
JHTb JJHHY MHHHMAJbHOTO IYTH, COOTBETCTBYIOIIErO TAKOMY MEPEXOAY.
CoopmyaupyiiTe aaroputM Aas peulleHHs 3TOH 3alaud.

2.18. Ha aBromat M ¢ n cocrosiHuaMH TpeGyercs HOaTh TaKylo
BXOJIHYIO IOCJEJO0BAaTEJbHOCTb, YTOObI, HAYMHAS U3 COCTOAHHMSA O, aBTO-
MaT mepemieq B COCTOsIHHE O 4epe3 (kK — 1) 4 BXODHBIX CHMBOJIOB
(rne 2< k< n) u B cocTosHue 0, yepe3 nh cumpoaos. Ilonaras, uro
snemeHToM (Z, j) Matpuusl [M’]" aBasgeTcss aneMeHT d‘[}, Ha#IUTE YHCJIO

BO3MOXHEIX IIOCJAEIOBAaTEIbHOCTEH, KOTOPbIE OTBEYAIOT CHOPMYAHPOBaH-
HbIM Tpe6OBaHUAM.

2.19. T'pap mepexomoB aBTOMaTa M uMeeT n cOCTOsHHuH, 0603Ha-
YEHHHIX Oy, O, «.., Op, U M AYT, 0603HaUeHHBIX Py, By, - . ., Bm. (1 X m)-
matpuna [M,] ¢ saemenrtom (i, j), 0603HauEHHbIM uYepe3 a4;j, Ompele-
JseTcs Tak:

1, ecau P; apagerca ucxondmed nyrod wiu netael,
a;; =
i 0 BO BCex OCTaJbHBIX CJAy4asfx.

(n X m)-varpuna [Mp] ¢ snementom (i, j), o603HaUEHHBIM uepes b;j,
ompejeaseTcs Tak:

b { 1, ecaun bij ABASeTCH 3axojsueil 1yrod ‘uau meraed,
t =
i 0 BO BCeX OCTaABbHHIX CAyYasX.

Moxaxure, uto [M]=[M,] [Mp]s rae [M,]; aBASETCA TPAHCIOHHPO-
BaHHOH Matpuueit [M,].

2.20. Mcnoab3ysi MeTOZMKY 4YaCTHYHOrO MOCTPOEHHS MAaTpHI, OMH-
caHHyio B § 2.13, oTBeThTe Ha CJENyIOIIHE BONIPOCH, OTHOCSAMMMECS
K aBTOMAaTy, mpejcraBaeHHoMy Ttabmunelt 3 2.3: (a) Kakue kpatuaiimue
BXOJHBIE IIOC/IEJ0BATENbHOCTH IEPEBONAT aBTOMAT M3 COCTOAHHsS 3
B cocroanue 1? (6) Kaxue BXxoXHble MOC/AEAOBATENbHOCTH NJHHBI 4 WM
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MeHblile NepeBOAAT aBTOMAaT M3 COCTOAHHA 3 CHOBAa B COCrosHHe 37?
(8) VWimMeer nu aBTOMaTr moJHBIE KOHTYpH? Ecam mMeer, TO coctaBbTe
BXOMHYI0 MOC/AEI0BATENbHOCTb, KOTOPAsi COOTBETCTBYET IOJNHOMY KOH-
TYpY, HauiHAIOUIEMYCS B COCTOSHHH 3.

Ta6auma 323

v v+1 v v+1
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DO et
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rNABA 3
9KBUBAJNIEHTHOCTb W MUHMMHSALUA ABTOMATOB

3.1. Bpenenne

B npeablaywux riaaBax ObLIO MOLYEPKHYTO, YTO B KOHEYHBHIX
aBTOMaTaX He HYXKHO HM HAO/MIOAATb, HU MHTEPeCOBaTbCH (uanue-
ckolt mpupoldo#t cocroaHufl. EnvHcTBeHHas (YHKUMA COCTOAHUA
3aKJi04aeTcs B TOM, 4YTOOB y4acTBOBAaTb B ONpene/eHHH 3aBUCH-
MOCTe#l MeX1y BX0AaMH M Bbixonamu asromara. CilenoBaTesbHO,
NM06oe MHOXKECTBO COCTOSHHH, BHIMONHAIOWHNX 3Ty (GYHKUHUIO,
ABJISETC TpHEMJEMbIM HE33aBHCHMO OT TOTO, BHIPAXAT 3TH
COCTOAHNA KaKOH-uO0 HHTYWTHBHBI# CMBICA WJAM HeT. DTa CBO-
6ona BHIOOpa MHOXKECTBA COCTO1HUH BeCbMa BHITOAHA, MOCKOJBKY
OHAa TO03BOJSET 3aMeHATh ONHO MHOXeCTBO LPYIMM, YTO MOXeT
0Kas3arbCd yOOOHBIM 119 MHOrux ueref. B wuactHoctH, oHa
No3BOJIAET Hal{iTH ONTHUMaJbHOE WIM MHHUMAJbHOE, B TOM WIH
IPYTOM CMBIC/IE, MHOXECTBO cocCTosHu#t. [Ipum Bcex Takux pac-
CMOTpEHHSX MOHATHE «IKBUBANEHTHOCTH» HrpaeT TJIaBHYIO POJb.
Kak craHer BuiHO M3 JajibHefiliero, 3TO MOHATHE He TOJMbKO
apasercd (QyHLaMeHTanbHBIM 1 O6ojlee TOYHOrO ¥ KPATKOTO
onpelesNeHNsi KOHEUHBIX aBTOMAaTOB, HO MNpPOJHBaeT HOBBI CBeT
Ha BCIO Mpo6/eMy aHanu3a KOHeYHBIX aBTOMAaTOB (TaK e KakK U
cunTesa) ).

1) Marepuan sTOH raaBe uacTHUHO Gasupyercs Ha paGorax: Xad-
¢mena (D. A. Huffman, The Synthesis of Sequential Switching
Networks, J. Franclin Inst., vol. 257, pp. 161—190, 275—303, 1954),
Mypa (E.F. Moore, Gedanken — Experiments on Sequential Machines,
«Automata Studies», pp. 129—153, Princeton University Press, Prin-
ceton, N. Y. 1956. Pycckui nepesox: . . My p, ¥wmo3pureibHsie
SKCMEPHMEHTHl C [OCJIeI0BaTEJbHOCTHHIMH MamuHaMH. B c6opuuke
«Astomatei» noa penaknueit K. . lllennona u k. Makkaptu, UJI, M,,
1956), Muau (G. H. Mealy, Method for Synthesizing Sequential
Circuits, Bell System Tech. J., vol. 34, pp. 1054—1079, 1955) u Ayden-
kamna 1 XoHa (D. D. Aufenkamp and F. E. Hohn, Analysis of
Sequential Machines, IRE Trans., vol. EC —6, pp. 276—285, 1957).
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8.2. IKBMBAJEHTHOCTbh COCTOSIHM

B naneueftem OyneM npuMeHaTb o6osHauenue M |o naa
KpaTKO# 8anucH BHICKA3BIBAHHSA: «aBTOMar M B COCTOSHHM O».

Onpenenenue 3.1. Tosopar, 4ro COCTOAHHE O; aBTO-
mata M; u cocrosHue o; aBToMatra M, sK8usaseHmHbL, eCH
M;|0; n My|o; nox BosAeHCTBMEM MOGOH BXONHOM NMOCIEN0BATE b~
HOCTH BBIIAIOT OJMHAKOBEIE BEIXOAHBEIE MOC/IEL0BATENbHOCTH,
Ecin 0; u 0; He SKBUBAJEHTHEl, TO FOBOPAT, 4TO OHU pa3.Al-
yumst. OO6osHauenns M; um M, MOryT OTHOCHUTHCH K OILHOMY
M TOMY e aBTOMAry.

Taxum o6pasoM; O; W O; SKBUBAJEHTHB TOrAa U TOJBKO
TOrAa, Korja, Ha6molas BHeIUHHE BHIXOIB, He/b3d OTIMYHTD
asroMar M;, HaxoAAIMACA B HAYaJbHOM COCTOSHHH O;, OT daBTO-
Mara M,, Haxonsllerocs B HauanbHOM cocrosuuu o;!). Cocros-
HUS O; W O; Pas/MYMMbl TOTAA M TOJNBKO TOTAA, KOTLA HMeeTCs
xoTs OH OIHA BXOAHAdA IOC/ENOBAaTeNbHOCTb, T0JaYa KOTOPOH
kak Ha Mi|o;, Tax u Ha M,|0; HAaeT Ha BEIXONAX Das.UUHbIE
1N0C/e10BATENbHOCTH.

OKBHMBAJIEHTHOCTb 0; U 0; 0603HAYaeTCs PaBEHCTBOM O; = 0,
a pasIMuMMoOCTb O; M O;— HepaBeHCTBOM 0;#0;. [lonmbaysch
omnpelenedneM 3.1, MOXHO JIeTKO NOKa3aTh, YTO SKBHMBAJEHTHHIE
cocTosiHUs 006/1afaloT CBONUCTBOM pedieKCHBHOCTH (0; = 0;), CBOM-
CTBOM CHMMETPHYHOCTH (€C/IM O; =G, TO 0;==0;) U CBOHCTBOM
TPaHBUTUBHOCTH (EC/U O;=0; U 0;==0p, TO 0; = 0p). Cneno-
BaTeJlbHO, SKBMBAJIEHTHOCTb COCTOSHHH MOXET paccMaTpUBAThCH
KaKk OO6bIYHOE COOTHOLIeHHe SKBHBANEHTHOCTH, KOTOpOe IpHu-
MEHMMO K MHOXeCTBaM cocTofHuft Jo6oft MowHoctH. Pasmu-
4UMOCTb COCTOSHMH He o0sanaeT cBOACTBAMH DPed/IeKCHBHOCTH U
TPAH3UTUBHOCTH M, CJeLOBATeNbHO, MOXET OTHOCHTBCH TOJbKO
K Iapam COCTOfHHH.

B HeKOTOpHIX CHyuasX SKBUBANEHTHOCTb WM Pa3IHIMMOCTb
IBYX COCTOSHHH OIHOTO M TOTO XK€ aBTOMATa MOTYT OMITb yCTa-
HOBJIEHb HCC/leoBaHueM Ta0JMLbl MepexoLoB JaHHOTO aBTOMATa,

') Bmecto BhpaxeHHs «pa3nuuuMOCTb aBTOMaTOB M, [0; u M, |0)»
OyneT ynoTpe6aATbCA BHIPAXEHHE «PA3NHUMMOCTb COCTOSHHMI 0; M 0>
BO BCeX CayuasX, KOria no KOHTekcTy M; u M, moxpasymeBaioTcs.
AnanoruuHo BMeCTO BbIpaweHusi «peakuus asromMatra M|o» Gymer
yHnoTpe6asiThCsl BBIPAXKEHHE <«DPEaKLUHs COCTOSHHA O», KOTrAa IO KOH-
TEKCTy aBTOMAaT M moxpasyMeBaercs.



3.9) 5KBUBAJIEHTHOCTb COCTOSTHUM Vi

Hexoroprle ¥3 3THX c/yyaeB OIMCHIBAIOTCA C MOMOLUBIO Creny-
IOLIUX Tpex JeMM.

Jemma 3.1. ITycms 0; u 6;—cocmoanus asmonama M.
Ecau cmpoku o; u o; 8 noomab ruye 2z, asmomama M
pa3suvaomcs, mo oiq&ﬁj.

Joxasameavcmso. OueBuiHO, CyLlecTByeT Mo KpafiHe#t Mepe
OLMH BXOIHOH CUMBOJ, NpH MpPWIOXKEHHH Kotoporo k M|o, u
Kk M|o;, Ha BhXOome M MONYHAIOTCA PA3/MYHble BHIXOAHBIE CHM-
Bosnl. CienoBarenbHo, no ompenenenuio 3.1 0;50;.

Jlemma 3.2. ITycmy 0; v 65— cocmosnusn asmomama M.
Ecau cmpoku O; u 0; 8 noaHol mabiuye nepexodos asmo-
mama M o0dunarose, mo o;=0;.

Horasameasscmeo. Ilpu npunoxenun k M|o;, u x Mg,
M060r0 BXOLHOrO CHMBOJA BBIXOLHBIE CHMBOJIHI M Clelylolline
coctosiuuss B oboux caywasx OynyT OAMHAKOBHL. IloCKOJBKY
M|o; u M|o; MepexoaaT B ONHO M TO e COCTOfIHUe, HX peax-
MK HA BCe INOANOCHEIOBATENbKOCTH BXOJHBIX CHTHA/NOB JLOJIKHBI
cosnanats. CienosareibHo, Mo onpeneneduio 3.1 0, =0;.

Jlemma 3.3. ITycms o, u 6;—cocmoanus asmorama M.
Ecau cmpoxu o; u 0; noanod madﬂuuu nepexo008 a8mo-

mama M cmano8amcs 00UHAKOBLLMU NpU 3aMeHe KadxHdozo
o6o3natenusn o; Ha O; (uru Haobopom), mo 0;=0;.
loxazameavcmso. Tlpu npunoxeHud moOOro BXOIHOTO
cumBonma k¥ M|o, u Kk M|o; BHXONHbIE CHMBOJB OLUHAKOBHI
B JBYX Chydasx: Ju6o M|6 H M|G; mepexoniT B ONHO H
TO Ke COCTosHue, Au6O B COCTOSHMA O; U O; (He 06f3aTesbHO

cooTBeTCTBeHHO). Ecnu crenyioliiee coCTOSiHME OJHO M TO Ke,
TO PeaKIMH aBTOMAaTa Ha BXOIHbIE MOLNOC/eN0BATeNbHOCTH Oy LyT
coBnazath. EcaM clenyloWuMi COCTOSHMAMH SIBIAIOTCA O; H O,
TO BOCCTAHOBMTCS MCXOIHAsi CUTyauus, M TpHBeIeHHBle Bhlllle
cooBpaxceHuss MO¥HO OyIeT NOBTOPUTb, YTOOH MNOKAa3aTh, YTO
Cllefiyiollie BEIXOIHBIE CHMBOJBI OJMHAKOBH B OOOHX ClyuasXx.
3areM, MO HMHAYKUMH, TMOJYYHM, 4YTO peaKUMH MPU O; M O; Ha
MOGYI0 BXOIHYIO TOC/AENOBATENbHOCTh OyNyT OIMHAKOBEIMH,
OTKyJa ClelyeT, 4YTO 0;==0;.

IMapu cTpok, o6majaioliue CBOHCTBOM, NpPUBEXEHHLIM B JieM-
Me 3.1, HASHIBAOTCA fBHO pPA3AULUMBLMUE, A COCTOAHUA, CTO-
dlllie B OCHOBHOM CTOJ0Le B 9THX CTPOKAX, — S8HO pa3iu-
wumslmu cocrosHuaMHu. Ilapel cTpok, obaajaioline CBOHCTBaMH,
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yKasaHHbIMH B JeMMax 3.2 u 3.3, HasbIBAIOTCH ABHO IKBL-
8QAeHMHu MU, A COCTOSIHMA, CTOMAlIMEe B OCHOBHOM CTOJOle B
9THX CTPOKAaX, — SIBHO SKBUBAJEHTHHIMU COCTOSHHSAMH.

TaxuM oOpasoM, uMeeM:

Teopema 3.1. Ecau cocmosnus ©; u O; SA8HO pasziu-

wuMbl, MO O;50; @ eCcAu COCMOAHUA O; U O; fABHO IKBUBQ-
AEHMHBL, MO O;=0;.

CrefyeT OTMeTHTb, YTO yTBepxIeHHe, o6paTHoe Teopeme 3.1,
HeCNnpaBelJMBO, T. €. HEe KaXkIas Mapa pasjM4YUMBIX COCTOSHHH
AB/IAETCH HBHO DA3JMYMMOH M He KaxJad Mnapa SKBHMBAJNEHTHBIX
cocTOfHUlt fBHO 3KBHBaJdeHTHOH. Mcnonb3ys omnpenenenus, BBe-
JeHHble B § 2.3, MOXHO 3aK/MIOYNTb, YTO B SBHO MMHHMA/bHOM

Y

BN (3/7)

(2/7)
Puc. 3.1. ABTomar A6.

aBTOMaTe BCe Mapbl COCTOSIHMH DAasTUYMMBL, a B SIBHO COKPATH-
MOM aBTOMAaTe HUMeeTCs MO KpaliHe#t Mepe OlIHA nMapa SKBUBAJIEHT-
HbIX COCTOSHUH.

I wamoctpauun gemMMm 3.1—3.3 paccmorpuM aBtomat A6,
NpelCTaBJIeHHHI rpadomM nepexonoB, nao0paxKeHHbIM Ha puc. 3.1,
u rtabauueit nepexonos 3.1.

M3 Ttabmvubl MepexofoB BUAHO, YTO CTPOKH 1 M 5 OLMHAKOBH,
a CTPOKM 2 u 6 CTaHOBATCA OIMHAKOBBIMM, €CJHH KaXAYIO
uudpy 2 3ameHutb Ha uudpy 6 (wmu kamayio uuppy 6 same-
nuth Ha undpy 2). CrenosarenbHo, cocTosHus B mapax {1, 5}
n {2, 6} saBnrsoTcAa 9KBHBANEHTHBIMM, PaccmoTpenue noxTaG-
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Ta6auna 3.1
ABTOomar A6
Zy Sv+1 Zy Sv+1
X
ia| B |v|a|B v Soale[v]|al|s |y
S’V SV
1 10|12 ]|5]|5 5 1101125815
2 o(1|(1|6]|2]5 6 o|1]|]1[2]|6]|S5
3 o112 2|7 7 oO|1|1{6(|6]|3
4 1101|8371 8 1101|8715
JULBl 2, TOKAa3biBaeT TaKXe, YTO HM ONHO COCTOsSIHME U3 MHO-

v
wectsa (1, 4, 5, 8} He MoxeT GHTb SKBMBA/NEHTHBHIM KAKOMY-

b0 cocTosHMIO M3 MHOMecTBa (2, 3, 6, 7}.

3.3. k-9KBMBAJEHTHOCTH

Hns  manbHeHux 06CY)KILeHI/Iﬂ MO0Je3HO BBeCTU IMNOHATHE
«k-5KBUBAJIEHTHOCTHY .
Onpenenenne 3.2. Cocrosuue o; aBTomara M; u cocros-

HHe O; aBToMata M, Ha3HIBATCA R-9KBUBAACHMHbLML, ECH
npu npunoxennn Kk M [o; u x M,|0; BXOAHOH moc/ienoBaTeb-

HOCTU AJIUHBL B OHHU Bblpa6aTbIBaIOT OIVHAKOBbIE BBIXOIHBIE MO-

cienoBatenbHocTd. Ecau 0, H O'j He IBJSI0TCA R-3KBUBAJEHTHLIMH,

TO OHM HaswlBalOTCA R-passutumstamn. O603nauenna M; n M,
MOryT OTHOCHTbCS K OJNHOMY W TOMY e aBTOMAry.

Takum o6pasoM, 0; ¥ 0; ABAAIOTCA K-9KBHBANEHTHHIMU TOT LA
M TOJBKO TOrAa, KOTAa, MPUKJALbIBAA BXOMHHE IOC/AENOBAaTe/b=
HOCTH MJMHB R M Habmonas CUTHaibel Ha BHELIHWX BBIXOJAX,
HeBO3MOXHO OTJMYUTb aBTOMAaT AM; B COCTOSHMM O; OT aBTO-
mata M, B cocrosnnu ;. Cocrosinus o; u 0; ABAsOTCA K-pas-

JAUYAMBIME TOTAa M TOJBKO TOrAa, KOrAa HMeeTcd XOTda Obl
0llHa BXOIHas MOCJ/eLOBATe/IbHOCTb NJIMHBI £, KOTOpAas NpPH NpH-
nowenun Kk M;|o; u My|o; BbipaGaThiBaeT pasHble BBHIXOLHbIE
MoC/ef0BaTeNbHOCTH. JIBa 1-pas/quyuUMBIX COCTOSIHHS, COTJIACHO
ofpeneneHuio, NaHHOMY B § 3.2, ABJfIOTCS SBHO DPa3JMYUMBIMHU.

Ha ocHoBauun onpenenesns 3.2 Jerko Mox13aTh, 4TO
k-9KBHBA/ICHTHbIE COCTOAHMA 00/aLAT CBOMCTBAMA pPedJIeKCHB-
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HOCTH, CHMMETDHYHOCTH ¥ TpaH3utuBHocTH. CieloBaTebHO,
k-9KBUBA/NIEHTHOCTb MOXXHO TP4KTOBAaTh KaK OGLIYHOE OTHOILEHUE
3KBMBAJNIEHTHOCTH, KOTOPOE HENOCPeJCTBEHHO NMPUMEHUMO K MHO-
MecTBaM  COCTOAHMH mo6o#t MowHocTH. C  Ipyro#t CTOPOHH,
k-pasiuuuMoCTh He O06/alaeT CBOMCTBAMH pedJIeKCHBHOCTH U
TPaH3UTUBHOCTH, M, CJ/ielOBATeNIbHO, 9TO MOHATHE MPUMEHUMO
TOJILKO K MapaM COCTOSHHH.

Jlemma 3.4. (a) Ecau dsa cocmosanus a8asomcs k-axsusa-
ACHMHOLMU, MO OHU SABARIOMCA U [-9K8uBaseHMHBMU OAR
Kaocdozo | k. (6) Ecau 08a cocmosnnus asigiomcs k-pas-
AUMUMBLMU, MO OHU ABAKIOMCA U [-pasiuiumoimy 045 KaAdK-
dozo [ > k.

Hoxaszamenscmso. (a) Ilyctb 0; U 0; SBIATCS Kk-5KBUBA-
JIEHTHBIMH, HO Pa3/IMUMMBIMHU NPH HEKOTOPOM BXOOHO# mocaenosa-
Te/MbHOCTH, CKaxeM &, Amubl [ k. Toraa o; u 0; MOMKHDI

ObITh PA3MUYMMBL NPH  BXOAHOH MOCHENOBATENBHOCTH &8 5
rie &,_; mpeicTasiseT coGOR MOGYI0 BXOAHYIO MOCIENOBATENb-
HOCTb AauHH & ——[. CnenosatenbHo, 0; U 0; fBAd0TCA K-pas-

JUYUMBIMHM, 4TO TpoTHBOpeunt ycaosuw. (6) Ilycts o; u o

SBSIOTCA KR-pasMUYUMBIMH, HO [-3KBUBAMeHTHBHIMA IJ HEKOTO-
poro [> k. OuxHako, cornaco (a), ecim o; ¥ O; SBJIAIOTCA
[-5KBUBAJIEHTHBIMH, OHH JOJIKHEL OBITh K-9KBUBAJNEHTHBLIMH I/
kaxaoro k<. TlonyueHHOe mpoTHBOpeuMe NOKa3BBaeT Clpa-
BelJNBOCTb yTBepxIeHUs (6).

CocrosiHne, B KOTOpPOe NepexoNUT COCTOfHME O;, TMpu Molaue
BXOJHOR MOC/JeN0BaTeNbHOCTH IJMHB R HastiBaeTcs R-u npe-
eMHUKOM O; TO OTHOIIEHHI0 K 9TOH MOC/eNOBaTEbHOCTH.
Hy/eBbIM NpeeMHHKOM COCTOSIHMS SBJISETCA CAMO COCTOSHHUE.

Teopema 3.2. Ecau cocmosnus ©; #& O; A8AA0OMCA

k-axsusasenmubimu u ecau ux k-e npeemMHUKu no omuouie-
HUWO K 210606 8x00H0i nocaedoBamesrbHocmu OLUHBL R 845
IOMCS IKBUBANEHMABLAL, MO O;==0;.

Loraszameascmso. Eciu 0; M G; ABNSIOTCHA k-9KBUBAJIEHT-

HBIMHM, TO, COrJIacHo JemMe 3.4, OHH BhIPabaTLIBAIOT ONUHA-
KOBLIE PeaKuyy [pPU BCeX BXOLHLIX MOC/IeLOBaTeNbHOCTAX JUHbL B
nin MeHee, Eciu ux k-e NIpeeMHHKH NO OTHOLIEHWIO K J0GOH
BXONHOH# INOC/NeNOBaTeNbHOCTH [IJUHb R SBJIAIOTCS SKBUBAJIEHT-
HBLIMH, TO OHM BHPAGAaTHBAIOT OAMHAKOBHIE DEaKIUMM MPU BCeX
BXOIHBIX NOC/TEL0BATEbHOCTAX, KOTOPble C/ELYIOT 3 NMepPBbIMU R
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cuMBosamu. CiielloBaTesNbHO, o; " O'j BblpaﬁaTblBaIOT OIVHAKOBbLIE
BbIXOLbl NP BXOIHBIX MNOCJAE€AOBATENbHOCTAX 210608 IJUAHBL,

OTKYyla ClelyerT, 4To 0; =0;.
Teopema 3.3. Ecau cocmosnus o, u 0; A84S0MCA

JKBUBANCHMHLLMY, MO UX k- NpPeeMHUKUN NO OMHOUWEHWUO
K 410000 BX00HOL nOCAC008AMEAbHOCMU OAUHBL R 1 0AS
2106020 B ABASIOMCA 3KBUBQAACHMHbLMIU.

’

Lorxazameascmso. Tlycts 0; u 0 ABMAIOTCA k-MU npeeMHH-
KaMU COCTOAHMH O; M O; COOTBETCTBEHHO IO OTHOLIEHWIO K MpPO-
M3BOJILHOH BXOIHOH MOC/IeNO0BaTeMbHOCTH & . Ecau 01’#0},
TO HMeeTCs MOCHeN0BAaTeNbHOCTb, CKaxeM &, IAA KOTOpO# o
u 0} BbIpabaTEBalOT pasnuunbie peakuu. CleloBaTe/bHO, peak-
uMH AA8 O; M 0; Ha &8, NOMKHBL OBITb DPA3HBLIMH; STO
NPOTHBOPEUUT LOMYILEHHIO, UYTO O; == 0.

Bxoanyio mocnenosartenbHocTs, mnonaBaemyio Ha M;|o; u
M,|0;, MOXHO CDaBHUTb C IBYMS MNyTAMH, HAYMHAOLUMUCS

COCTOAHMAMH O; W O; Ha rpade mepexoloB A1s aBTOMaTros M,
u M, coorBerctBenHo. Teopema 3.3 o03Hauaer, uTO €CaH 1Ba

Puc. 3.2. lytu B aBromMarax M, u M, npu o; =g;.

Haua/JbHBIX COCTOSIHUSI HA 3TUX NYTAX SKBUBAMEHTHEHl, TO KaXIble
IIBA COOTBETCTBYIOLUMX COCTOAHMS HA 3THX MyTax (T. e. cOCTOA-
HUA, B KOTOPHE MEePeXOIAT dBTOMATH M3 HAYalbHBIX COCTOSHUH
nocje MNPOXOXIEHUS ONHOTO M TOTO Ke UHCAa AYT) SBJSIOTCS
TaKKe OSKBUBAJEHTHBIMM, OTO TNOJOXKeHHe WIIIOCTPUPYeTCA
puc. 3.2, riae INOKa3aHHbBIE NYTH SBAAIOTCA NYTAMH, KQTOpbIE

6 A Tuaa
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npoxonar M; m M, npu NPUIOKEHUH HEKOTOPOH BXOIHOH
NOC/Mef0BaTebHOCTH K M |0; U K My|o;. Ecm o; u 0; ABJIA-

IOTCA SKBUBA/JIEHTHHIMH, TO KR-e NpeeMHUKH O'ik u O'jk JOJAKHBI

ObITh SKBHUBAJNEHTHH I/ BCeX K.

H3n0xeHHble pe3y/abTaTbl MOTYT ObITb HCMOJ/Ib30BAHBI BO MHO-
TUX C/yYasxX JIJis YCTAaHOBJEHHMss SKBUBAJEHTHOCTH COCTOSHUH,
KOTJa SKBHUBAJEHTHOCTh NPYTHX COCTOSHMH YiKe YCTaHOBJIeHaA.
[Iycte, HanmpuMep, MH3BeCTHO, uTO Inaphl cocTosHu# {1, 5} u
{3, 7} asromata A6, usobpamennoro Ha puc. 3.1, sBasiorcs
SKBHMBa/MeHTHHIMH. Torna mapa {4, 8} nmomkHa GbiTh Takike napon
SKBUBJIEHTHBIX COCTOSHMH BC/ENACTBME TOTO, uTo 4 M 8 sABJA-
I0TCS1 1-3KBMBA/MEHTHBLIMH, 4 MX MePBbIMU MPEEMHUKAMH SBJIAIOTCA
maper {1,%} n {3, 7}. Ecinm u3BecTHO, YTO COCTOfHWA B Nape
{4, 8} okBuBaneutHH, TO coCTOsHHA B mapax {1, 5}, {2, 6} u
{3, 7} momxHbl ObITb TaKKe SKBUBANEHTHBIMH, MOCKOJIbKY OHM
06pasyloT Napel COOTBETCTBYIOLIMX COCTOSHMA Ha MyTAX, HAYH-
Hawuyxcs cocrosHusmu 4 u 8.

3.4. k-sKBUBAJEHTHbIE pa3SHeHHs

I ueneft, KOTOpble CTaHYT SICHBIMU M3 CJELYIOLIMX Mapar-
pacdoB, NpeicTaB/sfeT MHTepeC HelleHHe WIM «pa3OueHHe» COCTOs-
Hu#t aBTOMaTa Ha KJacChl MO cJjelylowuM mnpasuiaM: (1) Bce
COCTOSIHMSA, TNpHHALJeNalUne K OLHOMY KJacCy, ILOJKHH ObITh
k-9KBUBAJEHTHLIMY; (2) BCe COCTOSHHSA, NPHHALJIEKAUMe K pas-
HBHIM KJaccaM, LO/DKHBI ObiTb K-pasanuuMbiMu. Takoe pasGuenne
HA3blBAETCAd R-IKBUBANEHMHULM pa3bueruem aBroMata U 0060-
snauaerca P,. Knaccel Pj, HasmBalotcs xaaccamu k-3xsusa-
AeHmHocmy W 0603HAYAOTC Zp, D, 2, U T. A. Cocrosanus,
NpUHAalIe}aliye K OIHOMY M TOMY Xe KJAacCy, HasblBAlOTCA
CMEHCHOL ML COCMOAKUAMY; COCTOSHMS, NPHUHALJIeKAlVe K pas-
HBIM KJIaccaM, HasbBAOTCA PA300UeHHbLME COCMOAHUAMY.

Puc. 3.3 u rabmmua 3.2 npexncraBasior aBromar A7. Ilas
3TOT0 aBTOMaTa 2-3KBUBANEHTHOe pasfileHue UMeeT BHIL

Py %, ={1.3, 57, 8],
222= {2, 4, 6}, (3.1)
223:—“ {9} “ e

Jlerko mposepuTs 1O rpapy nepexonos asroMara ' A7,
YTO CMEXHbBIE COCTOSHMA B Py, 3ajanHble Bhipaxenuamu (3.1),
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ABSAIOTCS 2-3KBUBAJEHTHBIMH, @ Pa300lieHHBlE COCTOSHHS SBJII-
otcsl 2-padnmuuuMbiMu. Hu oxHo coctosHue aBtoMara A7 He
ABJIETCH 2-9KBUBAJIEHTHLIM COCTOAHMIO 9 (3a MCKJ/IIOUEHHEM CaMOro
cocTosiHud 9), M, ClenoBaTeNbHO, COCTOsHMe 9 06pasyeT Kiacc,
COCTOALLUR M3 OLHOrO COCTOSIHUSA, — 00HOIAeMEHMHBLE Kaacc.,

@)V (5/0)

/PN (y/7)
(9

©/7)

(/7 (6/7)
Puc. 3.3. Astomar A7.

SIcHO, YTO HHM OIHO COCTOSHHE He MOXET NPUHALIENKATh
ONHOBPEMEHHO IBYM Das/UYHHIM K-SKBHUBAJNEHTHLIM KJaccaM, Mo-
CKOJIbKY 3TO 03Ha4alo Obl, YTO 3TO COCTOSIHHE SBJISETCS R-pas-
JUYUMBIM TIO OTHOIIEHHIO K caMoMy ceGe. CienosaTe/nbHO, O6Ulee
uuca0 cOCTOsHHE B P, pasHQ 0O6lueMy uHCIy CCCTOSAHHMA
B aBTOMarTe.

Jlemma 3.5. k-axsusasenmnoe pasGuenue asmomama
e0UHCMBEHHO.

Lorasameascmso. Tlpennonoxum, uyro pasGuenue P,, co-
crosiiee U3 Ekl, 2’?2’ Zku, He §BJIIETC €IHHCTBEHHBIM.
Torza nans 3TOrO e aBTOMAaTa HOJKHO OBITb KPYroe R-3KBUBA-
NeHTHOe pasbuenme, ckaxeM P, cocTosuee H3 Z,;l, 2,;,,
ce 2”"0‘ [Tyctsb Zk’= {0,1, Orpr v v o,d}. [Tockonbky cocros-
HUSl U3 Zkr SBJIAIOTCS  R-9KBMBA/NeHTHEIMH M IOCKOJbKY He

6*
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Ta6aunma 3.2
Astomat A7
Zy Sv+1 Zy Sv+1
xV x'V
sy ol Bl v |a] B v 5y a| B | v]a]|B]|Y
1 1002|215 6 o111 /|8]9]6
2 o111 1141 4 7 1010|6218
3 1100|225 8 10|10 (4 (4]7
4 o(1(13}|2]2 9 01 117197
5 10[0]| 6|43

HMEETCAd HU OJHOr0 COCTOSHMA BHe Zkr, ABJAIOLLEr0CA SKBUBAJIEHT-
HBIM KaKOMY-/IH60 COCTOSIHHIO W3 Ekr’ T0 B Pp nomxeH OblTh

4
KJacC COCTOSHMH, CKAKeM Zp, COCTOAWMA M3 COCTOSAHMH Oy,

Ory --+» Ory, W He colepyalmi HUKAKWX JHPYrUX COCTOSAHHA.

[1pelnOOKUB, 4TO r NPUHUMAeT 3HaueHud 1, 2, ..., u, monyuum,

YyTO KAaXIOMY KJadaccy B P, COOTBETCTBYeT MIEHTHYHBEIR Kiacc
’ ’

B Pj. TlockoabKy ofliee YHCAO COCTOAHMH B Pp, NOMKHO ObITH

TakuM Xe, Kak B Py, 10 Pp u P,', JOMKHBE! GHITh OJNMHAKOBBLIMH
U, CNelOBaTeNbHO, P, SBIAETCS eIMHCTBEHHBIM.

JNemma 3.6. Cocmosinusn, asasouwuecs pas3olujeHHbolmu
6 Py, Ooaoicnbt 0bimb pa3obuennoim 8 Py, .

Hokazamenscmgo. CornacHo JjemMe 3.4 [Ba COCTOSIHUA,
ABJIIONINECS R-Pa3NYUMBIMU, ABJIOTCA U (R —+ 1)-pasimuuMbIMU.
Torma CnpaBelUBOCTb JOKAa3bIBAeMOH JeMMBI HENOCPeNCTBEHHO
BhHITeKaeT H3 onpenenenus P, u P, ;.

Hanpumep, P; aBromMata A7 He MOXeT COLepXaTb TaKue
kaacesl, kak {1, 3, 6} m {2, 5, 9}, mockoabKy STH KJacchl,
Kak ciaenyer u3 (3.1), comep:xaT COCTOSHHSA, KOTOpble B P,
ABJIAIOTCA Pa300LIEHHEIMHY.

Jevmma 3.7. Ecau asmomam M umeem 08a pa3iuiu-
MbLX, HO KR-3K8UBAALEHMHLLX COCMOARUSA, MO OH mMaKdie
00.101ceH umems 086a COCOSARUS, KOMOpbie ABARIOMCS R-3K8u-
sasenmuoiny, Ho (R—1)-passususmonn.

Horazameascmso. Tlycts G; u 0; OyAyT pasaudUMbLIMH

k-9KBUBAJNEHTHBIME COCTOSHHAMK aBToMata M u nyCcTb BXOAHAA
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MoCJ/Je10BaTe/NbHOCTb §h1§h2 B p Oyler Haumkparuafiutet BxonHOM

TNOC/IeN0BATeNbHOCTBIO, Pa3iuuaioliel cocTosnus o; u 0; 710
BHAYAT, YTO O; W O; BHIPAGATHIBAIOT Pa3/HyHble BEIXOLHblE CHM-
BOJBI He paHblle, d4eM OydeT MNpUIOKEH BXOLHOH CHMBOJI g,,l.
TToCKOMBKY O; W O; SBJAIOTCS R-SKBUBANEHTHBIMH, TO IOJ/DKHO
Obitb > k. Ilycts (I—k —1)-Mi mnpeeMHNKaMH O; W O; 1O
OTHOIIEHUIO K BXOAHOH MOC/IeN0BATENLHOCTH §h1 §,12 gh(l—k—l)

6ynyr o, u 0; COOTBETCTBEHHO; TaK KakK [ >k, 10 I —k—12>0,
W 5TH MpeeMHUKH BCeraa cyumectsyior. Torna o; u o, MOTyT Gbith

pasin4yuMbl NpH BXOIHOH MOC/en0BaTe/IbHOCTH Ehl P

..

Yéhl—la+1 :
.ghl, gnuHa KoTopo#t paBHa [ —(I—k—1)=k-}1. D

IBa COCTOSIHMSI He MOr'YT OBbITb Pa3JMUUME C MOMOIUBI0 HHUKAKOH
Ipyrofi 6ojee KOPOTKOH TOC/JeNOBAaTeTbHOCTH, TaK KakK 3TO
NPOTHBOPeYMo Obl YCJIOBHIO, Y4TO O; H O; SIBASIOTCS R-3KBHBa-

’

j
HBIMH, HO (R 1)-pasnnunmsiMu. JlemMa nokasana. PaccmoTpeH-
Hag CUTyauus WIIIOCTpUpyercda Ha puc. 3.4.

nenTHeIMU. Clie10BaTeNbHO, 0'; U O, SBJAAIOTCA KR-3KBHUBAJEHT-

Sr 60y Smupey ik Srioner” S
f};, g"z‘ h §”z—1r—7 §’7z -k 5"1—,%/. ’ 'St"z

Puc. 34. Mamocrpauus k aemme 3.7.

ITpennosioxuM Temepb, YTO CMEXHEIE COCTOSHHS B KamAOM
Kjlacce SKBUBANEGHTHOCTH pasbueHus P, ABISIOTCA SKBHBANEHT-
ueiMi. Torza scso, uro Pj,, coBnagaer ¢ P, Iad BCeX HeOT-
puuaTeNbHbIX Uedbix #. Ecau nBa cMmexHbix cocrosHus B P,
ABMAITCA PasiMYMMbIMH, TO OHH NpPeACTaBJAIOT coGOH 1Ba pas-
JMYUMBIX COCTOSIHHS, KOTOPH€ SIBIAIOTCS K-IKBHBAJIEHTHBIMU.
B stom cnyuae, cornacHo JemMme 3.7, aBTOMAT JOJDKEH HMEThb
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IIBA COCTOSHUS, KOTOPHIE ABIAIOTCS R-3KBUBANEHTHBIMY, HO (B - 1)-
pazmuuuMbiMu. CrienoBarenbHo, P, JOMKHO COLEPKaTh IBA CMeN-
HBIX COCTOSIHMA, KOTODHE CTAaHOBATCA Pa3OOILEeHHBIMH B P, ;.
TakuM o06pasoM, eciu CMexHble COCTOSHHS B KaKOM-HUOYIb
Kkaacce u3 P, SABAAIOTCA Pa3ANYMMBIMH, TO pasbuenue P,
LO/KHO OTIMYaThcsa oT pasbuenus P,. Ecan P,,, oTinuaercs
ot P,, To, cornacHo Jemme 3.6, HOMKHO CyLLeCTBOBATb «COGCT-
BeHHOe pasleseHue» P,, KOTOpOe NOKHO MOJAy4aTbCAd paclien-
JleHHeM OJHOT0 WM HEeCKOMbKHX KkJjaccoB P, Ha aBa miau Gouee
MOIKJIACCOB. B 3akmoueHue MOXHO YTBEepPXIaTh ClelyIOLlee.

Teopema 3.4. P,y 0osdcno Gbums cobcmBennbin pasoe-
aeHuenm P,, ecau He 80 8cex rwaaccax P, cmedxcnoe cocmo-
AKUA ABARIOMCS IKEUBANCHMALMU. B npomusnon cayiae P,
u P, ., cosnadaom.

Ilis aBromata A7, HanpuMep, uMeeM:

P3: 231=
(3.2)

5, 7), (3.3)

KOTOpOe sB/seTCs cOGCTBEHHbIM pasaesneHneM Py. OQHAKO BUAHO,

410
P5: 251={1, 3, 8},

Zp={2, 4}

S, = (5. 7}, (3.4)
2, = {6},

Zgs = {9}

coBMmanaer c P4 U, CJIelOoBaTelbHO, CMEXHble COCTOSIHUA B KaX-
AOM Knacce P4 ABJAAKOTCA 9KBHWBAJICHTHBIMU,
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3.5. dKBHUBAJCHTHbIE pa3GUeHHs

k-sxBuBaNeHTHOe pa3bueHne aBToMara M HasblBaeTCs IKBU-
saseHmuoim pasbuenuem M n obosHayaercs P, ecan BO Bcex
KJIaccaX 3TOr0 pa3bueHHs CMeKHble COCTOSHWS 3KBUBAJIEHTHBI.
JJIpn 2THX yCnOBMAX KaxIB# Kjaacc pasOueHHs HasbBaercd
KAQCCOM SKBUBALEHMHOCU. Wz wmarepuanoB § 3.4 cienyer,
uro P saBnserca HauGosee HeTanbHbIM pasbuenueM P,. Ilo Teo-
peme 3.4, 3KBHBaJeHTHOe pasbHeHHe P woxer Guth "MOJMYyUeHo,
ecan o6pasoBuiBaTh P, aaa k=1, 2, 3 ... 10 Tex mop, noka
nepsbift pas3 moayuurcd pasbueHHe, KOTOpOe COBMamaer c Ipe-
IbLyWUM pasOuenueM. IDTo pashHueHue U Oyner P. ITyctb pa-
BeHCTBO P; = P; o3nauaer, 410 P; u P; ABJISIOTCA OAUHAKOBBIMU
pas6uennsMu, U nycth |P,| oGosxauaer uucio KjaaccoB B P,
Hcnonbsya sto o603HaueHHe, MNpPeNbIAYLIMe pe3yAbTaThl MOryT
6T 0000LleHbl ClefyIoWuM 06pa3om:

[Pel <|Ppsal- (3.5)
Ecmu |P,|=|Py,q|, 10
Py=P, ,=P u=0 12 ... (3.6)

Ecan Bce n cocTosuuft aBTOMaTa ABAAIOTCA |-3KBUBAJEHT-
HbIMH, TO pasbueHue P COCTOMT M3 OLHOTO KJAaccd, COAepka-
wero n cocrosHu#t. OueBHIHO, 4YTO €CTM BCe N COCTOAHHMH
ABJIAIOTCS |-3KBUBAJIEHTHBIMHM, TO HMX IepBble NMPeeMHUKY 1O OT-
HOLIEHWIO K JI060#t BXOAHOR NMOC/e0BaTe/bHOCTH SABJSIOTCA TaKKe
1-skBuBaneHTHHIMU. Takum 006pasom, BCe n COCTOSHUH [OJIKHBI
6bITh 2-3KBUBAMEHTHBIMH M, cienoBareabHo, P;=P,. Torua,
no (3.6), P, = P 1 Bce 1 cOCTOAHUN ABATIOTCS SKBUBAIEHTHBIMH.
Ina apromara rtaxoro Ttuma f, (x,, §,) ABJAETCA ONMHAKOBOH
L9 BCeX §, M, cienoBatenbHo, f,(x,, §,)==f,(x,). Torna no
onpelenennio, BBeneHHOMY B § 1.6, MOXHO yTBepxaath, 4TO
aBTOMAaT, B KOTOPOM BCE€ COCTOSHHA SKBHBAJIeHTHHI, fABJIAeTCA
TPUBHMAJBHLIM aBTOMaroM. B nanbHefiiieM, ecam He Oyner cne-
IMaJIbHO OrOBOPeHO, OYIAYT PACCMaTPUBATHCA TOAbKO HETPUBHAMb-
Hble aBTOMATbl, T. €. aBTOMATH, B KOTODBIX MMeeTcd, Mo Kpai-
He#l Mepe, OIHA pas3nWyMUMas napa cocToaHu# uam B 1-9KBUBaA-
JeHTHbIX Pa3OMeHHAX KOTOPLIX uMeercd, MO KpalHe# mepe, nsa
KJjacca. ' :
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Jlemma 3.8. Ecau P, + P,_;, mo s
|Pel> k1. 3.7)

Horazameascmso. Ecom P, = P,_;, 10, no (3.5) u (3.6),
1P| >|P,—q| mna r=1, 2, ..., k. Ilockomeky |P;|>2,

T0 (3.7) caenyer MO MHAYKIMH.

Jemma 3.9. Ecau 048 a8momama ¢ n COCMOAHRUAMU
P, P,_;, mo uucao cocmofnuli 8 Kaxoom Kiacce pas-
Ouenus P, nHe npesnwaem n—k.

Lorxasameasvcmso. CorjacHo JjeMMe 3.8, HHCJIO KJaccOB
B P, pasHo, no kpaltueft mepe, k- 1. Tlpeamonoxum, urto
ONMH KJacc comepxut Oojblie yeM n— R, ckameM n—£k -1
cocrosnui. Toraa, nockombKy Kaxib#t npyro#t kmacc B P, non-
JeH COLepxarb, MO KpaliHelt Mepe, ONHO COCTOsiHMe, OOfLiee
yucno coctosiuutt B P, 6yner He MeHee R+ (n — k4 1)=n-1.
JleMMa 1OKasaHa, Tak Kak ofllee 4YHCIO COCTOSHUM He MOXeET
NpPEeBOCXOIUTh N.

Jlemmad.10. Arsn asmomamacncocmoanuanu P,=P,_,.

Horasamenscmso. Ecim P, <= P, _;, To, cornacHo nemme 3.8,
|P,|>n-+1. Tak KaK YHCIO KJIACCOB B K-3KBHBAJEHTHOM pas-
6ueHHH aBTOMAra C 7 COCTOSIHMAMHM He MOXeT NpeBHIUaTh H, TO
MOJIyUeHHOe MPOTUBOpPeYHe N0Ka3biBaeT JIeMMY.

W3 nemmbl 3.10 u ypaBHenus (3.6) MOXHO BLIBeCTH ClelylO-
Illee 3aKTIOYeHHE:

Teopema 3.5. Hua asmomama ¢ n coCmMOAHUAMU

pP,_,=h. (3.8)

Takum 0GpasoM, Mpouecc onpedelenns P iias aBromata c n
COCTOSHUAMH TMyTeM II0C/IeOBATeJbHOrO0 INOCTPOeHHs P, nis
k=1, 2, 3 TpebGyer He Gojsee n— 1 nmocTpoeHui.

IlpyruM BapuantoM (HOPMYIUPOBKH TeopeMbl 3.5 sBjsercs

CnencrBue 3.1. JlBa cocrosHud aBToMaTa C 7 COCTOfA-
HHSIMA SKBUBAJEHTHBI, eClM OHM (n — 1)-3KBUBANEHTHB, W pas-
JUYUMBI, eCIu OHM (n — 1)-PasanuuMHL.

Onpedesenue P,. P; MOXeT GHTb ONpeleNleHO C NMOMOLIbIO
CMelyIOlero NpaBuUIa: COCTOSHMUA SBJSIOTCH CMEXHBIMH B P
TOMJA M TOJMbKO TOTJa, KOTZa OHU JJI KaXIOTO BXOIHOTO CHM-
BOJMa NAlOT ONMHAKOBLIC BHLIXOIHbIE CHMBOJIBIL.

Onpedesenue Py, no P, (k> 1). Tlapbl CMeXHBIX COCTOA-
Huft B P,, xoroprie npu moGOM BXOAHOM CHMBOJE MePeXoisT
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B CMeXHble COCTOAHHS B Pj, mpeinctaBisior cobo# k-9KBUBaA/EHT-
Hble COCTOSIHMA, INepBble NPEeMHUKH KOTOPHX M0 OTHOLIEHHIO
K m0o6OMy BXOIHOMY CHUMBOMY SBJSIOTCS KR-3KBUBAaJEHTHBIMH.
TTo9TOMY TaKue CMexHble cOCTOSHMS sBasioTCS (k- 1)-9kBuBa-
MEHTHBIMM U JOJIKHBI OBITH CMexcHBIMH B Py Tlapel cMexHbix
cocrosiHu#t B Pj,, KOTOpble NPH HEKOTOPOM BXOLHOM CHMBOJIE
NepexoaaT B PasollleHHble COCTOAHHSA B P,, MPEICTaBJAAOT CO-
6ot k-3KBHUBa/NeHTHble COCTOSHHMS, NMepBble NMPEEMHHKH KOTOPBIX
MO OTHOWIEHMIO K HEKOTOPOMY BXOIHOMY CHMBOJY ABJSIOTCS
k-pasnnunMbIMH. [10S3TOMY Takue CMexHbBle COCTOSIHUS BJISIOTCA
(k 4 1)- pasnuuuMbIMK ¥ 1OMKHBI OBITH Pa3oOuieHHbMu B Py, , . JlBa
pasoOlUeHHEIX COCTOAHMA B P, NOMKHB OHTb Pa3oblieHHEIMH
rakxe B P, , ;. Takum o6pasom, P,,; MOxer OblThb ONpeleNeHo
no P, neneHueM COCTOAHHMH KaxIOro kjacca P, Ha NMOAKIACCH
TaKuM 06pasoM, uTOOBI JABa COCTOSIHMSA HAaXOIMIHCh B OLHOM H
TOM e MOAK/AAacCe TOr4a M TOJbKO TOrAa, KOT4a MX TepBbie
NpeeMHUKN N0 OTHOLIEHMIO K KaXIOMY BXONHOMY CHMBOJY sB-
JAIOTCS CMEXHBIMH COCTOSHMAMU B P,. IlonyueHHble IOIKIACCHI
aBasiorcs kmaccamu P ;. TToCKOJbKY OIHO3JIEMEHTHHIE KJACCH
He MOryT OLITb pasielieHbl HA MOJKJIACCH, TO TaKMe KJacch P,
MOryT OBITh aBTOMATMYECKM BKJIOUEHH B P, ;.

Paccmorpum, Hanpumep, pasbuenne P; nna asTomara A7,
npusenenHoe B (3.2). IlepBrle npeemHuku cocrosuuét 1, 3 u 8
SBNAIOTCA CMEXHHIMH B Zg) MpPH mofaue o WM B U B I mpu
nonade y. IlepBrie NpeeMHUKH COCTOSHUR 5 W 7 ABIAIOTCA CMex-
HBIMH B Xgs, €CJIM NPHUJIOXKEH BXOILHOH CUMBOI @, B g, €CIHH
IPHJIOKEH CUMBOJ f, M B I, eciu mnpuioxeH cumoa y. Cie-
nosatenbHo, {1, 3, 8} u {5, 6} sBasorca knaccamm P,. Ilepsbie
TNpeeMHUKH COCTOAHHH 2 ¥ 4 1O OTHOIIEHMIO K KaXAOMY BXO.-
HOMY CHMBOJY SIBJISIOTC CMEXHBIMH COCTOSHUAMH B Pg; MO3TOMY
{2, 4} sBasorca kmaccom P,. OnHosnemenTHsle KnaccH {6} u {9}
nepexonsr B P, 6e3 nameHenut. I[lonyuennoe pasbuenne P, 6y-
JeT TakuM, KakK MOKasaHo B (3.3).

Taxum o6pasoM, Mbl ONHCanM NMpaBHJa LI TMOCJeN0BaTeNb-
Horo mocrpoenus P, nna k=1, 2, 3, ... Ecau ana xaxnoro
BXOIHOrO CHMBOJIAa KaxIas Mapa CMexHHIX COCTOAHuE P, mepe-
XOIUT B CMexXHHe COCTOfHHA P,, TO HHKaKoe laljbHelilllee pas-
6uenne P, HeBOSMOXHO H, ClenoBarenbHo, P, = P. OnucanHble
NpaBu/a TO3TOMY HAKT CNOCO0 onpele/eHUd SKBUBAJIEGHTHOIO
pasbueHna 3aJaHHOTO aBTOMAara.
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3.6. Pas6uenne npu nomomu tabauy P,

3a ucKoYeHHeM MPOCTEHIINX CAyyaes, NMPOLECC ONpeleneHus
9KBHBAJIEHTHOTO Pa30ueHUst 3aJaHHOTO aBTOMAaTa MyTeM HCCHenO-
BaHusd Tab/ul NepexonoB, rpados HJIM MATPHUL, MO CYLIECTBY,
HEBO3MOXeH.

B srov naparpage Mbl omuuieM MeTOX, [0 KOTOPOMY pas-
6uenHne MOXeT ObITb BHIMOJHEHO CHCTEMaTHYeCKH MyTeM MOCTpoOe-
HUs cepUit TaK HasbBaeMblx mab.auy P,

Tabnuua P, 3alaHHOro aBTOMAra, MO CYLIeCTBY, MNpeicTa-
Basger cobo#t TO e, yTO M mnoxarabmuua §,,; AJd9 3TOrO aBTO-
mara co chaenytomumu orauuusamu: (1) Ecan {O'il, Ciyp v v s 0‘}}

NMpeiCTaBaAsOT COOOH Kimacc Py, TO CTPOKH Oy, Opp « ..y O

rpyNNUpyIOTCS BMeCTe, MPH STOM Kaxias rpymna CTPOK OTIe-
asetcs JUHWeH OT cocennux rpynn. Ilopanox rpymnn B Tabmuue
W TOPALOK CTPOK B KaxIOR rpymmne mnpousBo/bHb. CTpoky,
NpUHaLIexallie K OIHOW M TOH ke rpymme H, CHeLOBATENbHO,
npeicrasisioliye KJIacC k-3KBUBAJEHTHOCTH, OyleM Ha3bIBaTb
CMENCHBLMU CMPOKaMU; CTPOKH, NPUHALNENKALIME K DPa3JAUYHBIM
rpynmnaM, 6yleM HaseBaTb pa3obueruvimu cmporanu. (2) Io-
6aBngerca cromben 2, B KOTOPOM YyKasbiBaercs 0GO3HAueHHe
rpynn B Tabanue P,. O603HaueHne TPynn NpOM3BOJNLHO H MO-
keT BHIOMpAaTbCH HE3aBUCHMO B KaxAo# HoBOM Tabmuue P,
(3) Kaxunoe 3nauenne s, ; cHabaeTcs MHIEKCOM, YKa3bBAIOLIUM
rpynny, K KOTOpPOH [AdHHOe 3HaueHHe orTHocuTcs. Tak, ecian
CTPOKa 0; HAXOIMTCA B I'pymne, 0603HaYeHHOH «a», TO Kaxioe
3HaueHue 0; B moirabmuue S,,; CHaGKaeTcA MHIEKCOM «a».

Ta6muust 3.3—3.6 asasorcs tabmuuamu Py, Py, Py n P,
naa asromMara A7, u3o6pa)keHHOro Ha puc. 3.3.

Iocmpoenue mabauys Py. ViaMenuM nopsinok cTpok B T1ab-
Jule TepexoloB TakuM 06pasoM, 4TOOb OJMHAKOBBIE CTPOKH
B noirabmuile z, cranu coceninumu. Kawaas rpynna TaKuX CTPOK
COOTBETCTBYeT KJaccy |-3KBMBAJEHTHOCTH, M, CJeLOBaTelbHO,
ABJIAETCA TPYNION CMeXHBIX CTPOK B Tabmiue P;. Tenepb MOxHO
nocTpoutb TaGauuy P; nyTeM BblYepKMBAHHA TNoATAGAMUB Z,,
pasielleHHs TPYMN CTPOK JIMHHSAMH, N0GaBieHust cronbua = H
cHabXeHWs MHIEKCaMy 3HaueHu#t S, ., Kak ObIO OMMCAHO BHIIE,
B kauecTBe WAMOCTpauuu coiujemcss Ha Tabmuusl 3.2 u 3.3.

MMocmpoenue ma6auys P, no mabaune P,(k>1). Ise
CMexHble CTPOKM B Tabmuue Pj, uMeouine BO Bcex CT0AGUAX
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Ta6aunna 33 Ta6bauua 34
P, nas aBromata A7 P, nns aBTomarta A7
vt Svi1
X, X,
2 s Ul e B v 2 s V| e p v
v v
1 2 | 25 | 5 1 2, | 2, | 5
3 12| 2 |5 3 12 | 2|5
a 5 61, 4b 3a a 5 61, 4b 3a
7 6, | 2, | 84 7 6, | 2 a
8 4, | 4 | T, 8 4 | 4 | 7,
2 lao | 4 | 4
2 la 4[, 4[, b 4 3(1 21; Qb
4 3 | 2 6 a | 9 | 6
b 6 a | 9% | 6
9 7q 9% Tq 4 9 Ta 9, Ta
Ta6aunna 3.5 Ta6auna 3.6
P, pns aBromara A7 P, nns aBromata A7
Syt Sv+1
X X,
2 s e B v Z R Ul e 8 v
v v
1 2 | 2 | 5 1 2 | 25 | 5
3 12 |2 |5 a | 3 |2 |2]s
a 5 6; 45 | 3, 8 4 4 | Tc
7 6 | 25 | 8,
8 | 4 | 4| T 1 4, | 4
bl s o2 2
2 1 4, | 4 -
b o | 2 | 2 5 |64 4 | 3,
¢
7 6a | 25 | 8,
[4 6 8a 9d 60 d 6 | 8a 98 | Gd
d 9 Ta | 9% | 7a e 9 7. | 9 7,
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OJIMHAKOBLIE MHIEKCHI, ABJAIOTCA CMeXHBIMU B Tabmuue P ;. llse
CMexHble CTPOKH B Tabimue P),, MMeLide B HEKOTOPHX CTOMNG-
LaX pasiuyHble WHIEKCH, SBJAIOTCS pasoGuUieHHHMH B Tabuulle
Py, . Pasobmennsie cTpokn B Tabmiue P, SBIAIOTCS TaKke
pasoOuienHsiME B Tabmuue P, ;. T'pynna, cocroduias u3 OIHOK
cTpoku B Tabmuue P,, COCTOMT U3 OIHOH CTPOKM M B TabJule
Py .. Taxum o6pasoM, rpynmel Tabmuusl P, ; MOTyT GHITb BhHI-
IBJIEHH TPOBEPKOH wuHIAekcoB B Tabmuue P,. ITocie TOro kax
TPYNNB YCTaHOBJEHH, caMa Tabmiuia MoxeT ObTb MOCTPOEHa Mo
omucaHHOMY Bhile o6pasny. IIpuBeldeHHEle 3lech MpaBu/Ia MpPIMO
BHITEKAIOT U3 CMOCO6a NMPUMUCHIBAHUSA MHIEKCOB M U3 OMMCAHHBIX
B § 3.5 ycnosuit onpenenenus P, ; no P,.

B xavecTBe npumepa paccMoTpuM Tabmuuny P, aBromata A7,
npeicraBieHHylo Tabmuue#t 3.5. B rpymme «a» oXMHakoBhe
MHIEKCH BO BCeX CTON0LAax MMeloT CTpoku 1, 3 u 8 u crpoku 5
n 7. (MHzexcsl B cTpokax 5 W 7 OT/IMYAIOTCA OT WHIEKCOB
B cTpokax 1, 3 u 8.) CrnenmoBarenbHo, ctpoku 1, 3 u 8 u
crpoku 5 u 7 o0pasyloT ABe TIpymmel CTpoK B Tabmuue P,.
B rpynne «b» BCe CTPOKM HMMEIOT ONMHAKOBHIE MHIEKCH BO BCeX
cTo6uax, nosToMy rpynna 6es uaMeHeHui ocraerca B Tabmiue P,.
Ipynmer «c» ¥ «d», coIepxauiie MO OIHOM CTPOKe, MOryT
OLTh mepeHecenbl Oes uaMeHenus B Tabmuuy P,.

Ecnv usBecTHH cnocoOb mocTpoeHus Tabauubl P, a Takxe
rabmusl P, no tabmue P, (k> 1), To MOXHO CTPOUTL TaG-
miupl P, L1 mocieloBaTe/bHBIX 3HAueHHH K 4O TeX MOp, MoKa
He 6yner moayueHa Tabmuua, B KOTOPOH BCe CMEXHBIE CTPOKH
UMeIOT OIMHAKOBHe MHAEKCH BO Bcex cronbuax. B ocHoBHOM
cTonbue B STHX CMEXHBIX CTPOKax 0GO3HAYeHH SKBUBAJIEHTHHE
COCTOfIHUS, a C/IeNOBaTeNbHO, TPYNMH MOCTEIHMX NPeNCTaBJsIOT
co60M HCKOMBIE KJIACCH SKBMBaJieHTHOCTH. CornacHo TeopeMe 3.5,
9TO YCIOBHe NOMKHO MMETb MeCTO 41 HeKOTOPOro 3HAYEHWs
k<{n—1. Ina aBromata A7 9STOMY YC/IOBHIO YIOBJETBOpSET
tabmina P, (tabmmua 3.6).

OkBHBaNeHTHOe pasbuenne nias A7 mosaromy Oyrer

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

3.7. Pa36uenne mpu moMomd TaGJIMIBI map

Onpeﬂeneﬂne SKBUBAJEHTHOI' O paséueumx aBTOMaTa MOXeT
GHITh MPOM3BEAEHO TaKke C MOMOLIbIO TaK Ha3dhiBaeMoi ma(Muuu
nap. Pasbuenne BEHINOMHAETCA MNOC/TELOBATE/NbHEIM H3MeHEHHEM
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l

oTo#t Tabmmukl. B pesymbrate mosmyuaercda cepus Tabmauu, k-9 u3
KOTOPHIX HashiBaeTcs R-M 8apuanmor Tabmiusl nap. B mepso-
HayanbHOH Tabuuue (B MepBOM BapuaHTe TaOJMlBl NMap) OCHOBHOM
cTosibel, HashBaeMbli cmoa6yoM nap, COLEPKUT BCe HEymops-
IoueHHbIe Maphl 1-3KBUBaJIEHTHEIX cocTofuuit {0;, 0}, rae i j.

Kpome Toro, tabiuua uMeeT mo cTonbLy Ha KaxAb# CUMBOM E,
BXOIHOro aiadasuta. B kmerke Tabiuubl, Haxoxfuiefcs Ha mepe-
CeueHMU CTPOKM {0, O;} u cronbua &, 3anuCHBAIOTCA MepBHe

TpeeMHUK! O; ¥ O; TO OTHOWeHUI0 K E,. Ilopanox pacmoinoxe-

Hug nap B cTonbue map W MOPSIOK 3alMuCH COCTOAHMH B KJer-
Kax TaGauub MpousBOJbHE. Tabmuia map MoxeT OHTb MOCTPOeHa
HEMOCPEeNCTBEeHHO Mo Tabiule MepexonoB, B KOTOpo# 1-3kBuBa-
JIEHTHEIMM SIBJIIOTCS COCTOSIHMS, NpEeACTaB/AIIINE OIMHAKOBHE
crpoku B noarabauue 2,. Tabmuua 3.7 mpencraBasger cobo#t mep-
Buft BapuaHT Tabiuubl nap asromara A7 (cM. puc. 3.3).

B nanbHeftieM OyIeM HaswBaTh omaudaoujelics napos
Mapy HeONVHAKOBHX COCTOSIHMH, 3aNMMCAHHYI0 B KJIeTKe Tabul,
a Bol0CACHHULMU CMPOKAMU — TAKME CTPOKH, B KOTODHIX Napa
B KJIeTKE OCHOBHOrO CTOJIOUA BhleseHa XUPHEM LIPUDTOM.

ITocmpoenue (k- 1)-20 sapuanma mabauys nap no
k-ny sapuanmy (k> 1). PaccMoTpuM KaxIylo HeBHIeleHHYIO
CTPOKY B k-M BapHaHTe; clielldaeM CTPOKY BhlIeJeHHOH, ecin
B Helf MMeeTcs OTJIMYAIOLAACd Mapa, KoTopas JMub0 OTCYTCTBYeT
B OCHOBHOM CTO0JI611e nap, MM60 BhIIe/NeHa XU PHBIM IPUGDTOM B 3TOM
cronbue. Tabimua, nojyyeHHass Mocje pacCMOTPEHUs TOcCenHeH
HeBBIIENeHHON cTpOkH, O6yneT (R — 1)-m BapuanToMm Tabauusl nap.

Jemma 3.11. HesviO0ernennble napo 8 Kiemxax 0CHOBHO20
cmoabya 8 k-m Bapuanme mabauys nap asmomama M
obpasywm 8ce R-3KBuBALEeHMHbBIEe NAPb, COCMOAHWUI Q8MO-
nama M.

Hoxaszameavscmso. Ina k=1 nemma cnpaseliuBa 1o TIIO-
crpoenuto. IIpeamonoxuMm, yTo OHa cnpaBenauBa Ijsa k. Toraa
HeBbIIe/eHHas Mapa B KJeTKe OCHOBHOTO CTOJOLA MpeincTaBJiseT
co6oft mapy k-S5KBUBAJEHTHHIX COCTOSHMA. DTH COCTOfIHUSA fIB-
asiorcs (B 1)-pasnuuuMEBIMK TOJBKO TOrIa, KOrAa WX MepBhHe
NPEeeMHUKH MO OTHOIIEHWIO, MO KpaiiHe#i Mepe, K OIHOMY BXOI-
HOMY CUMBOJY SIBJISIOTCA KR-pasimuuMbiMu. Tak Kak TakuMu
NPEEeMHUKAMH SIBJISIOTCA JUOO BHIENeHHEIe NMaphl B KJETKax OC-
HOBHOro cT0J6ua, /160 OT/IMYAlOIMecs NapH, OTCYTCTBYIOLINe
B OCHOBHOM cTon0Le (9TH MOC/JeAHHe Maphl ABIAWTCA 1-pasianyu-
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MbIMH, 4 CJIeNOBATENbHO U R-DPAa3NMYMMbIMU), TO Maphl COCTOSHUH,
BbILEJNEHHEE B Mpouecce nocrpoenus (R—+ 1)-ro BapuaHta Mo
R-My BapuaHuty, NOMKHB OBITb (R —- 1)-pasmuuuMBIMM; Haphl
B KJeTKax OCHOBHOI'O CTOJIOLA, OCTaBLIMECS HEBbIIeJeHHEIMH,
IO/KHHE OBITh (R - 1)-9KBHBa/eHTHEIMH. [TOCKOJbKY HeBbIIEJEH-
Hble Mapsl B R-M BapuaHTe NpeiCTaBJdi0T coGoi Bce k-3KBHBA-
JIEHTHEIE NMaphl COCTOSAHMH aBTOMara M, TO HeBbLIEJEHHBIE MaPHl
B (# <+ 1)-M BapuanTe JOKHH NpeacTaBiath coGo#t Bce (k- 1)-
9KBUBa/IeHTHbIe napsl aBromara M. Torma, mo WHAYKLUWMH, JeMMa
cnpaBeanuBa AJS BceX R > 1.

Ecau k-# BapuaHT sBAseTcs MOC/AELHUM BapUAaHTOM TaGJMIbI
nap (T. e. BAPDMaHTOM, B KOTODOM BCe MapH B KJETKaX OCHOB-
HOT'O CTOJIOLA BBIIEJEHHl UM B KOTOPOM He MOXeT ObITb MOJMYYeHO
HOBBIX BELIEJEHHBIX Nap, TO HeBblIeJeHHBle Mmapsl B k-M BapuaHTe
NpPeICTaBASAI0T COOON BCe R-S5KBUBAJNEHTHblE Maphl, TAe £ MOXeT
ObITb CHENaHO CKOJb YroiHO GoabwiuM. ITU Naps MO3TOMY
ABSIOTCA BCEMU MapaMH SKBUBAJEHTHBIX COCTOSHUH 3aIaHHOrO
apromata. CorsnacHo TeopeMe 3.5, 3TO MOXeT MMeTb MeCTO IJis
HeKOTOpOoro aHauenust &< n — 1. Kmacce skBuBaneHTHOCTH MO-
I'yT OBITb COCTABJIEHH M3 SKBUBAJIEHTHBIX Nap HA OCHOBAHHU TOTO
¢akTa, yTO eciu {G"l’ Gy vvs Glr} ABJISIETCA KJIACCOM 3KBUBA-
JIEHTHOCTH, TO {011, 012}, {012, 0;3}, {O‘r-n’ Gir} ABJIAIOTCA
9KBMBAJEHTHHIMM mnapaMu. B 4YacTHOCTHM, COCTaB/IeHHE KJACCOB
9KBUBAJEHTHOCTH MOXeT GBITh BHIIOJHEHO C IOMOLIBIO ClIeNyio-
LIEr0 aJaropuTMa.

AnroputrM 3.1. JlaHO MHOXeCTBO BCeX SKBHBAJEHTHHIX
nap cocrosHu#t asromara M, {0y, 0.}, {01, 0}, ..., {00, 05}
TpeGyeTcs HAUTH SKBUBaJIeHTHOe pa36uenue apromMara M: (1) ITycts
k=1 u d=11). (2) HauneM paccMoTpeHne ¢ d-ro Kimacca
SKBMBAJEHTHOCTH, MNPUNNCAB K HeMy Hapy {oik, ij}. 3) (a).
Eciu & < I, To yBemuuuM £ Ha 1 u nepetineM k (4). (6). Ecan
k=1, To d K/1accOB SKBUBAJIEHTHOCTH ¥ OJIHO3/IEMEHTHHIE KJIACCHI,
colepxallMe COCTOSIHMA, He BKJIIOUeHHHle B Kako#-in6o us d
KJaccoB, 00pa3yloT SkBHUBaleHTHoe pasbuenne M. (4) (a) Ecan
06a cocTofHMs B {G,k, (r,-k} BXOIAT B Kako#f-nmu6o pasee pac-
CMOTpeHHHIH Kaacc, To BepHeMcs K (3). (6) Eciau Toibko oxHO
M3 COCTOSHHUH {O’k' ojk] BXOIUT B Kako#-HuGyIb paHee pac-

') & — HoMep naph, 4 — HOMEp KJacCa 9KBHBANEHTHOCTH. ([1pu.
nepes.)
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CMOTPeHHbIft Ky1acc, To L0GaBUM BTOPOe COCTOSIHHE MApbl B 3TOT
kmacc u BepHemcd K (3). (B) Ecium HUM omHO M3 coCTOSHuH
{0i,, 0j,) He BXOIMT HM B KaKO# u3 paHee PaCCMOTPEHHEIX

KJ1accoB, To yBeanuuM d Ha 1 u BepHeMmca K (2).

Tabmuuel 3.7 — 3.10 MIMOCTPHPYIOT MOCTPOEHHE MepBHIX
yeThHipex BapuaHtoB Tabuun nmap aBromara A7. Bce mocTpoeHite
MOxeT OBITb, KOHEYHO, BHIMOJHEHO Ha ONHOR mNepBOHAYaJbHOH
Tabnuie; psn Tabauu NpHUBeIeH TOJbKO I/ TOro, YTo0bl MOKa-
3aTh NMOCJeNOBaTeNbHO Iaru nocrpoenus. Tabmua 3.10 saBasercs
tabmule#i map B ee OKOHYaTedbHOR (opMe C SKBHBANEHTHHIMH
mapamu (1,3}, {1,8}, {2,4}, {3,8) u {5,7}, He BHIeNCHHBIMH
XKUPHBIM IIPUPTOM B OCHOBHOM cTonbue. Ilpumensa amropurm 3.1,

Ta6auuma 3.7

Ta6auna nap ana aBromarta A7 (nepsbifi BApHAHT)
MMapet a B v [Mapst a B Y

1,3 2,2 | 2.2 5,5 3,7 26 | 22 | 58
1,5 26 | 24 | 35 3,8 24 | 24 | 57
1,7 2,6 2,2 58 4,6 38 29 | 26
1,8 24 | 24 | 57 4,9 37 1 29 2,7
2,4 1,3 24 | 24 57 66 | 24 3,8
2,6 1,8 4,9 4,6 58 46 | 44 | 37
2,9 1,7 | 49 47 6,9 78 | 99 | 67
3,5 26 | 24 | 35 78 46 | 24 78

Ta6auma 38

Ta6auna nap nns asromata A7 (BTOpO# BapuaHT)
Mapbt a B Y Mapwbt a B Y

1,3 2,2 22 | 55 3,7 26 | 22 | 58
1,5 2,6 24 | 35 38 24 | 24 | 57
1,7 2,6 22 [ 58 4,6 38 | 29 | 26
18 24 | 24| 57| 4,9 37 | 29 | 27
2,4 13 ] 24| 24 5,7 66 | 24 | 38
2,6 18 49 | 46 5,8 46 | 44 | 37
2,9 1,7 49 | 47 || 6,9 78 | 99 | 67
3,5 26 | 24 35 7.8 46 | 24 | 78
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Ta6auna 39
Ta6auua nmap ana asromata A7 (TpeTHit BapHaHT)

Mapw o B v Mapet a B Y
1,3 2,2 2,2 5,5 3,7 2,6 2,2 5,8
1,5 2,6 2,4 3,5 3,8 2,4 2,4 5,7
1,7 2,6 2,2 58 4,6 3,8 2,9 2,6
18 2,4 2,4 57 4,9 3,7 2,9 2,7
24 1,3 2,4 2,4 5,7 6,6 2,4 3,8
2,6 1.8 49 4,6 58 4,6 4,4 3,7
2,9 1,7 4,9 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

Ta6auma 3.10

Ta6auua nap ans astomata A7 (4eTBepThlil BapHAHT)

Mapw a B Y IMapnt o B Yy
1,3 2,2 2,2 55 3,7 2,6 2,2 5,8
1,5 2,6 24 3,5 3,8 2,4 2,4 5,7
1,7 | 26| 22| 58| 48 | 38| 29 | 26
1,8 2,4 2,4 57 | 4,9 3,7 2,9 2,7
2,4 1,3 24 24 5,7 6,6 2,4 3,8

26 | 18| 49| 46| 5,8 | 46 | 44 | 37
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 24 7.8

nonyuaeM 9SKBHBalenTHoe pasbuenue {1, 3, 8}, {2, 4}, {5, 7},
{6} u {9}, coBmanaouee c npusenenusiM B (3.9).

Meron pa3GueHus C NOMOIIbI0 TabJuLB Map MO CPaBHEHHIO
¢ MeroxoM P, Tabmuu, onucaHusM B § 3.6, uMeeT TO NpeuMy-
LIECTBO, YTO HYXHO CTPOHTb TOMbKO ONHY Tabuuuy; Al aBTO-
MaTa C n COCTOSHHMSIMH MeToX P, Tabmuu Moxer noTpeGoBarth
10 n— 1 pasmuunnix Tabamu. C npyro#t CTopoHH, Kaxnas P,
1a6/MUa YACTO SHAYMTEJbHO MEHbIIE COOTBETCTBYMOLIER TaG/IHMLLEI
nap M UMeeT NOMOJNHUTEIbHOE MPeUMYILIeCTBO, COCTOsLEee B MOJY-
YeHUM K-3KBUBAJICHTHBIX PasOneHuil A4 Kaxa0ro K, 4TO MOJE3HO
IJs MHOTHX 3ajau.
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3.8. Matpuunniit metos pas3GHeHHs

Meron pasueHus, onuchiBaeMblf B HAacToslleM Haparpade,
MO CYLIECTBY, TaKO# e, Kak Merol, omucaHHuit B § 3.6; pas-
HHLIA COCTOMT B TOM, YTO ONepauuy NMPOUSBOLATCS Hal MaTpuueh
nepexonos, a He Haja moarabmuue#t s, ;. XOTd MeTol MaTpuy-
HOTO pasbueHNs He MMeeT MPEUMYLIECTB MO CPABHEHUIO C METo-
IaM{, OMMCAHHLIMM BHIIIE, OH JaeT HOBYIO M NOJE3HYI HHTep-
NpPeTauyio MOHATHA KJIACCOB SKBUBAJIEHTHOCTH.

Cummempuieckoli nepecmarosioli OTHOCUTENILHO MAaTpPULEL
Ha3hIBAETCHA MEePeCTaHOBKA CTPOK W CTOAOLOB MAaTpPHULL MO OLHOMY
v ToMy xe npasuny. CrenoBate/bHO, eciii 0603HaYeHHs, TPUCBOEH-
Hele CTpoKaM W cToabuaM Marpuubl [M], CUMMETPHUUYHBI OTHO-
CUTENIbHO TJIaBHOW OMaroHanu, To 3T 00O03HayeHus OYLYyT CUM-
METPUYHBIMM B JIOGOH CHMMeTpHUYeCcKOH MepecTaHOBKE STo#
marpuurl. Cummempuseckoe paszbuenue [M] npencrasiser
cobo#f pasieneHye TpPyNN CTPOK U CTOJOUOB IYHKTHPHBIMH
JAMHUAMA TAaKMM 00pa3oM, YTO ec/ii MMeeTcsl MYHKTHpHas JVHHS,
pasjendiomas CTPOKM O; M G;, TO MMeETCs TaKKe NMYyHKTHpPHAs
MHHWA, pasjensiomlas cToabub o; u 0; W Ha06OpOT.

Marpuua [M]® nns aBromara M sBasercs Matpuueit [M],
B KOTODOH CUMMeTpHuecKas IepecTaHOBKA M CHMMeTpPHUYECKOe
pasbueHue 061aalOT CleIYIOLIUMA CBOHCTBaMH: CTPOKH (M
CTOMOUEI), COOTBETCTBYIOIIYE CMEXHLIM COCTOSHHAM P,, crpyn-
NUPOBAHH BMECTE, 4 KAXIas Ipynna oTheseHa OT COCeIHUX rpymnn
NYHKTAPHBIMU JIMHUAMH; MOPSALOK TPYNN B MAaTPHLE M MOPALOK
CTPOK (cTon6LUOB) B KamIOR rpymme MPOM3BOJbHL; eciu P,
CONEDXHUT I, KJIACCOB, TO CUMMeTpHYecKoe pasueHne o6pa-
8yeT r, PALOB MOJAMATPUI C I, MOAMATPHIAMU B KaXIOM pALY.

Iocmpoenue mampuyee M (1). CrpynnupyeM CTpPOKH
marpuusl [M] Tak, uToGH JOBe CTPOKM MpHHAILNENKATH K OLHOH
W TOH e rpynme TOrAa W TOJBKO TOTIa, KOTAa OHM 00PasyioT
OIMHAKOBEE MHOXECTBAa NMap BXOA-BEIXOA. Kaxnada Takad rpynmna
npeactasiaser co6o#t kiacc 1-skBuBaseHTHOCTH. [1pOM3BOAS CHM-
METPHYECKYI0 IepPecTaHOBKY M CHMMeTpHyeckoe pasbuenue [M]
B COOTBETCTBUH C TPABU/IAMH, OMUCAHHHLIMK Bhille, nonyuum [ M]MD.
ITpuMepom MaTpuubl IepexonoB sBisercs marpuua (3.10) asTo-
mata A7 (puc. 3.3). Crpoku 1, 3, 5, 7 u 8 B [A7] npexncra-
Basior mape Bxox-Beixon (o/1), (B/0) m (y/0). Crpoku 2, 4,
6 m 9 npencraBagiorT mapel Bxox-Buxonx (a/0), (B/1) u (y/1).
Torxna marpuua [A7]() crpoutcs rpynnuposKo#t CTPoK (¥ cT0AGLOB)

7 A. Tuan
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1, 3, 5, 7 u 8 u crpox (u cronbuos) 2, 4, 6 u 9, npu
9TOM TpPYMNNBl pa3fesioTcss NYHKTUPHOR JuHuMe#t. Matpuuei
[A7]), nonyueHno# B pesyibTaTe STHX ONepalui, SBIAETCS
marpuua (3.11).

ITocmpoenue mampuys [M]UHI) no [M] (k) (B> HyCTb
0; 1 0;— /B CTPOKM B OJHOH W TO} xe Tpynme CTPOK [(M]By,
Ecnu B Kamnoﬁ M3 MOAMATPHUL, MepeceyeHHbX CTPOKAMH O; U 0,
CTPOKH O; U O; MMEIT OLMHAKOBEIE MHOXKECTBA Map BXOA-BHIXOL,
TO O; ¥ O; NpPENCTAaBAAT COOOH k-IKBUBANEHTHbIE COCTOSHUS,

NepBble TPEeMHUKH KOTOPBIX MO OTHOIIGHMIO K JI060MY BXOI-
HOMY CHUMBOJIY SBJSIOTCS KR-3KBHBaleHTHLIMU, IO3TOMY COCTOf-
Hug 0; u 0; sBasiorcs (k- 1)-sxBuaneHTHMU. Ecim st
YCTOBHs He MMEIOT MeCTa, TO O; M 0; sBasiorcs (k- 1)-pasiu-

yuUMbIMH. Takum 06pa30M Marpuua [M](k'“) MOXeT OBITb IHO-
crpoeda mo [M]®), ecau pasmenuTh Kawayiw TpPyNmy CTPOK

B [M]® wa moarpynmsl Tak, uToGbl ABe CTPOKM MPHHALIENKAIH
ooHOM W TOH Ke moArpymme TOrja M TOJbKO TOrAa, KOrAa OHH
UMeIT OJMHAKOBLIE Maphl BXON-BHIXON B KaxIO# u3 mepece-
KaeMblX MMH TNOAMAaTpul r,. Kaxnas Ttakas rpynna npeicra-
BasieT cobo#t (k- 1)-skBuBaneHTHHIt kmacc. IlpousBeas cum-
MeTPHYeCKYI0 TepeCTaHOBKY M CHMMeTpuueckoe pasbueHue Ma-
TPHLBI [M]®), monyunm B pesyabTaTe [M](k“). Hanpuwmep,
ctpoku 1, 3, 5,7 u 8 B [A7]) umeor onuHAKOBHE MHOXe-
CTBA Nap BXOL-BHIXOZ B KaXIOH mOAMATpULE, KOTOPYI0 OHU
nepecekalor. C gppyro#t cropons, cTpoku 2, 4 u 6 obpasywr
B IepeceKkaeMbX MOIMAaTPHLAX MHOXeCTBa Nap BXOI-BHIXOL, KO-
TOpbIE OTJIHYAIOTCS OT MHOX(eCTBA Nap BXOX-BHIXOHL, 006pasoBaH-
Horo crpoko#t 9. CrnemoBarenbHO, CTpOkM 2, 4 u 6 u crpoka 9
Ia0T IBe pasanunble rpynmu B [A7](?), kak nokasano B (3.12).

Marpuua [M]®) naer skBuBanenTHOe pasbueHue TOTAA, KOTIa
HMKaKOe JaaibHefilee pa36ueHve He MoOxeT OBITb NMPOU3BENEHO
(T. e. KOrja Kaxnaas IOIMAaTPULA HMMeeT OAHY CTPOKY M OIMH
CTOJNIGEN WX KOUAa CTPOKM BHYTPH KaxIOH MOAMATPULE HMEIOT
ONMHAKOBLIE MHOXECTBA Nap BXOXL-BhIXOX). IIpM 3TuUX YCIOBMAX
pasjuyHble TPYMNbl CTPOK (MIM CTOJNOLOB) ABJAIOTCA KJacCaMu
k-9KBUBAJIEHTHOCTH, Tle k MOxeT ObTb CHeNaHO CKOJb YTOAHO
60JIbILMM; MOITOMY STH TPYINBEl MPEACTABAAIOT COOOH KiaccCs
skBuBanenTHocTH aBToMata M. CornacHo Teopeme 3.5, 3TO MOXeT
HMeTb MeCTO [IJ HEeKOTOPOro 3HaueHus k< n— 1.
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[A7] =
1 2 3 4 5 6 7 8 9
~1 0 (/1)V B/0) 0 0 (v/0) 0 0 0 0
2 (a/0) 0 0 @DV o O 0 0 0
3 0 (V@O o 0 /0 0 0 0 0
4 0 @E/HV W1 (a/0) 0 0 0 0 0 0
=[5 0 0 (v/0) (8/0) 0 (o/1) 0 0 0
6 0 0 0 0 0 (y1) 0 (@/0) (B/1)
70 (B/0) 0 0 0 (a/1) 0 (voy O
8 0 0 0 (whv@o o0 o0 (v/0) 0 0
L9 o0 0 0 0 0 0 (vo)VHD o @1
(3.10)
[A7]() =
1 3 5 7 8 2 4 6 9
=0 0o (o 0 0 (@/1) V (B/0) 0 o 0
3 0 0o (o 0 0 (a/1) v (B/0) 0 0 0
5 0 (y/0) 0 0 0 (B/0) @1 o
71 0 0 0 (¥/0) (B/0) 0 (@1 o0
__8 o0 o (v/0) 0 0 (O)V B0 0 0
2| (@0 0 o 0 0 0 BV @ o 0
4] 0 (o/0) O 0 0 ®B/1) Vv (v/1) 0 0 Y
6] o o o 0 (a/0) 0 0 /1y (@)
9l 0 0 0 (al0)V(y1) O 0 0 o @/ |
(3.11)

Marpuuet (3.10)—(3.14) wamocTpupyoT ONHCHIBAEMEIH METO
9KBMBAJIEHTHOrO pasGueHus asroMara A7. Marpuna [A7]4) namb-
Helliuee pasGueHne KOTODO{ HEBOBMOKHO, OYEBHIHO, COILEPHHUT
9KBMBAJleHTHOe pasCuenve {1, 3, 8}, {2, 4}, {5, 7}, {6} u {9},
coBnanamuiee ¢ pasbuenueM (3.9).

[AT]® =
1 3 5 7 8 2 4 6 9
o0 0 (vo 0 0 (@/1) V (B/0) 0 0 0 —
3 0 0 (y/0) 0 0 (a/1) v (B/0) 0 0 0
5/ 0 (v o 0 0 0 (B/0) (@ 0
71 0 0 o 0 (v/0) (B/0) 0 (/1) 0
8 o o o (¥/0) 0 0 (a/l) V (B0) 0 0
T2l @) 0 o 0 0 0 @GV EH 0 0
4 0 (@O0 O 0 0 (B/1y V (v/1) 0 0 .0
6] o o0 o0 0 (/0) 0 0 /) @)
9l.o 0 0 (@ov(yl) O i 0 0 o @M
3.12)

T*
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[A7]®) =
1 38 5 7 8 2 4 6 9
1T 0 0 (v/o) 0 0 (@/l) vV B/0) 0 0 0 -
3] 0 0= (VO 0 0 (/1) v (B/0) 0 0 0
5/ 0 (y0) 0 0 0 0 (B/0) @1 0
770 0 0 0 (v/0) (B/0) 0 (@1 0
8] o o O (v/0) 0 0 (/1) Vv B/0) 0 0
2l @o) 0 0 0 0 0 @B V(v 0 0
4 0 (@0 o 0 0 B/1) v (v/1) 0 0 0
6/ 0 o o 0 @0 i 0 0 W @
ol o 0 o @V o I 0 0 T
(3.13)
[A7]®) =
1 3 8 2 . 4 5 7 6 9
=0 0 0 | (/)V BO) 0 (v/0) 0 0 0=
0 0 0 | (a/1)V (B0 0 (v/0) 0 0 0
0 o0 O 0 (/1) v B} 0 (v/0) 0 0
2| (@0) 0 0 0 B v @i oo 0 0 0
- 0 (@) 0 | (B/1)V (v/1) 0 0 0 0 0
5| 0 (v 0 0 ®0 |0 0 @ni o
71 0 0 (o ®/0) 0 0 0 @ni o
6] 0 0 (a/0) 0 0 0 0 (v/1) i (/1)
9l_o0o 0 o 0 0 0 (@) Vv (y/1): 0 /1)
3.14)

8.9. OKBHBAJEHTHOCTh aBTOMATOB

[MoHsATHe SKBHBAJIEHTHOCTH MOXHO pacHpOCTPaHMTh Ha BeCh
8BTOMAaT C MOMOIUBIO C/ENYIOUIMX ONpeleeHuit:

Onpenenenue 3.3. ['oBopsar, uro aBTomat M; u aBTO-
Mar M, 3KBuBasenmus., €CIM KaxIOMy COCTOSHHIO O; aBTO-
mata M; COOTBeTCTBYeT, IO KpaliHe#t Mepe, OJHO SKBUBAJEHTHOE
éMy cocrosHue B aBToMare M, M eClM KamaOMy COCTOSHHIO O
aBromMaTa M, COOTBETCTBYeT, MO KpaliHe#f Mepe, OIHO 3KBMBa-
JeHTHOe eMy cocToaHue B aBToMate M; Ecim astomatmt M
v M, He SKBHMBAJEHTHBEl, TO OHH Pa3AULUMbL.

Taxum o6pasoM, M; u M, ABAAIOTCA SKBUBAJIEHTHHIMH TOTHA
M TOJbKO TOrAa, Koria, Habmojas CHrHaisl Ha HMX BHIXOJaX,
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Helb3s OT/IMUMTE aBToMaT M, B /000M H3 ero COCTOSHHH OT
aproMata M, u astromar M, B mOGOM U3 ero COCTOAHHH OT
asromara M.

AstoMatel M 1 M, 9BANIOTCA PABIMYMMBIMU TOTAA U TOJLKO
TOr4a, KOrIa MMeeTcd, MO KpaHHe#t Mepe, onHo cocrosue B M,
KOTOPOE He SIBJISeTCS SKBMBAJEHTHBIM HHKAKOMY COCTOSIHHIO B M,
WM ecnu HMeeTcsl, NO KpaiHe#t Mepe, omHo cocTtosHue B M,,
KOTOpPOE He SIBJISeTCS SKBUBAIEHTHHIM HHKAKOMY COCTOSIHUIO B M.

DKBHBAJIEHTHOCTb aBTOMaToB M; u M, 0603Hauaercs paBeH-
crBoM M; = M,, a pasnauuuMocTb aBToMatoB M; u M, — Hepa-
BeHCTBOM M; 5= M,. Tloabsyscy onpereneHueM 3.3 Jerko nokxa-
3aThb, YTO SKBHBAJEHTHOCTb aBTOMAaTOB 006/alaeT CBOHCTBOM
pednekcuBHoCTH (M; = M;), CBOACTBOM CUMMETPHYHOCTH (&CIu
M;=M; 10 M;= M;) n cBOHCTBOM TPaH3UTUBHOCTH (€C/H
M;=M; n Mj=M,, 1o M;= M,). CierosareabHo, 9KBU-
BaJIEHTHOCTb dBTOMATOB MOXET pAacCMaTpUBATHCS KAaK OObIYHOE
OTHOLIEHHEe SKBHBAMEHTHOCTH M NPHMEHSTbCS HENOCPEeICTBEHHO
K MHOXecCTBaM aBTOMaToB mo6o#t MowHoctd. C npyro#t cro-

: POHBI, Pa3THYNMOCTb aBTOMATOB

/) He oO/aajaer CcBOHCTBaMu ped-
JIEKCUBHOCTH M TPaH3MTUBHOCTH
M TO3TOMY MOXeT OTHOCHTbCH
TOJIbKO K Mape aBTOMAaTOB.

OmnpeneneHne 3KBHBAJIEHTHO-
CTY aBTOMAaTOB O3HAYaeT, Y4To JBa

e/
@/7) @/ 6/0) @y
Puc. 3.5. Asromar A8. Puc. 3.6. AsromMar A9.

aBTOMAaTa, VMEIOUIMX ONMHAKOBLIE TaG/aNIbl MePeXon0B (UK T padsl
WIH MaTpUUBL), NOJ/KHB GHITh SKBHMBaIeHTHH. Kpome TOro, mo-
CKOJIbKY SKBHBAMEHTHOCTb WM DAasJMUYUMOCTb MAapbl COCTOSHHHA
He 3aBHCHUT OT 06O03HaueHH#t COCTOSHMH, TO [Ba H3OMODPHHIX
aBTOMATa TaKe NO/KHBl OBITb SKBUBAJEHTHBIMU.

AsroMatht A8 u A9, msobpaxeHHsle Ha puc. 3.5 u 3.6
COOTBETCTBEHHO, TpPelCTaBAAT Co0oit JBa 9KBUBANEHTHHIX
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aproMaTa. B 3TOM MOxHO yGeIuTbCs, eciu 06paTuTh BHUMaHHUE Ha
TO, 4T0 A9 craHoBuTca aBTOMaToM A8, eClM He YYHTHIBATh CO-
crosHue 3 aBromata A8. CrenoBaTenbHO, COCTOSIHMSA 1 W 2 aBTO-
mata A8 9KBUBANEHTHbl COOTBETCTBEHHO COCTOSHHAM 1 U 2 aBTO-
mata A9. Kpome roro, cocrosuus 1 u 3 astomara A8 sBHO
9KBHUBAJIEHTHE H, CJIe10BaTeNIbHO, SKBUBAJIEHTHH; TO9TOMY COCTOS~
HHe 3 A8 95KBHUBAMEHTHO CO-
crosuio 1 A9. Taxum 06-
pasoM, LJs KaxXIOro COCTOf-
Hust A8 MBI HaxoiuUM 3SKBH-
Ba/JeHTHOe coctosiHue A9 un
I8 Kawaoro cocroduus A9
HAaXOMUM OSKBHBa/JeHTHOE CO-
crosiHne A8. D10 o03Hauaer,
uro A8 u A9 sapnsoTca K-
Puc. 3.7. Asromar AlO. BUBAJNEHTHBIMU  ABTOMATaMH.
CpasuuBas astromar A9 c as-
TomatoM A10, uzoOpakeHHBIM Ha pHC. 3.7, MOXHO 3aMeTUTb, UYTO
A9 craHoButTcs onuHakoBbiM ¢ A10, ecau He YYHTHIBaTb CO-
crosuue 3 AlOQ; cienoBaTenbHO, [/ KaxXIoro cocrosHus A9
MBI HaXOJAHMM SKBHBaMeHTHOe cocTostHue A10. OnHako, MOCKOJbKY
napsl cocrosuu#t {1, 3} u {2, 3} ABIAOTCA ABHO PABIMUMMBIMU
U, CIeOBaTENbHO, Pa3/IHUMMbIMHU, YTBEPKIeHHe, 06paTHOE NoCaen -
HeMy, He BepHO. [lostomy A9 u AlO He ABJAIOTCH SKBUBA-
JIEHTHBIMH.

3.10. dxBuBajeHTHOe pa3CHeHHe MHOXECTB aBTOMAaTOB

Axsusarenmuoe pazbuenue a8MOMAmMa, COCTOSUIErO U3
MHOXecTBa aBToMaroB M= {M;, M,, ..., My}, npercrasmser
coboit pasbuenne I Ha KiaaccH TakuM 06pasoM, UTO 1Ba 4BTO-
MaTa NpHHALTekaT OIHOMY M TOMY e KJACCy TOTLd U TOJbKO
TOTJa, KOTLa OHH SBJASIOTCH SKBHUBAJeHTHhHIMHM. KaxImi#t Kiaacc
aBTOMaTOB B 3TOM Da30MeHMH HAa3bIBAETCA KAACCOM SKBUBA-
seHmHeLx  agmomamos. QueBHIHO, YTO aBTOMATHl He MOTYT
ObLITb SKBMBAMEHTHLIMM, e€ClU OHM HecpaBHuMHL. CienoBaTelbHO,
10 pa3OMEHHs Ha KJIACCH 9SKBHBA/MEHTHLIX aBTOMaTOB MHOXe-
crBo M crenyer cHauana pasGUTh HA MOAMHOXKECTBA TAaKUM 00 pa-
30M, 4TOOLI 1Ba aBTOMAaTa OTHOCH/IMCb K OXHOMY H TOMY e MOI-
MHOKECTBY TOTJa ¥ TOMbKO TOTIa, KOTIa OHU CPaBHUMH. Brocmen-
CTBHMH KaX10€ MOAMHOXECTBO MOXeT HHINBULYAJIEHO NMOJBEPraThCs
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nanbHefiemy pasbuenuio. [lockonbky pas0ueHne MHOXECTBa
aBTOMaTOB B COOTBETCTBMM C MX BXOAHBIM a/()aBUTOM ABJAETCH
TPUBHATLHOM 3amaueit, TO mnoTeps OOWHOCTH OyIeT HesHauu-
- TeJbHOM, eclu Mbl MPENNOJIOXKHM, YTO BCe aBTOMathl B IR cpas-
HuMBL, TIpH TakOM JONYLLEHHHM MONKHO NMOCTPOHTH paclUenageMbii
agromat A(M;, M,, ..., My) Tak, kak Obuto omucano B § 2.7,
Pas6uenve  aBromMara A(M;, M, ..., My) Ha oObuHLE
KNacChl 3KBMBAMEHTHOCTH JMIOObIM U3 onucaHHbix B §§ 3.6—3.8
crnoco6oB, BHIAB/IAET, ABAAIOTCA 1M JMoOble j1Ba aBToMata M;
u M; 13 MHOXECTBA IR sxBuBaneHTHHIMH. JleHCTBUTENBHO, IO

onpenenennio 3.3, M; u M; SBAAIOTCS SKBUBANEHTHHIMH, €C/TH

KaXIbI# KJaIacC 3KBUBAJEHTHOCTH, KOTOPLIH COLEPKUT COCTOAAHHE
aBToMara Mi’ TaKXe COHNEPXKUT COCTOSfIHHE aBTOMaTa Mj n ecau

KaXIBIH KJIaCC 9KBUBAJEHTHOCTH, KOTOPHIH COINEPXKHUT COCTOSIHUE
apromata M j COLEPXKHT TaKxke COCTOSHHE ABTOMATA M;; B mpo-

TuBHOM cayyae M; u M; sBasiorcs pasnnunmbiva. Korna ompe-

IefeHb Bce Mapbl SKBHBAJEHTHBIX aBTOMAaTOB M3 MHowxecTBa I,
SKBUMBAJEHTHOe pa3buenue asToMaroB U3 I MOMeET GhITb MpPOUs-
BeleHO C MOMOLIbI0 aIrOPUTMa, AHAJOTMYHOIO anropurmy 3.1
(B KOTOPOM TeNepb PacCMAaTPUBAIOTCH He COCTOAHMS, a aBTOMAThl).

B cayuasx, korza uucio aBToMaToB N BeNHKO, OMNpeleneHue
K/1aCCOB SKBUBAMEHTHOCTH aBTOMAaTOB OO6J/eryaercs MOCTPOeHHEM
TAK Ha3bIBaeMOW malbauys. 3KBUBAACHMHOCMY IJs pacliense-
moro asroMata A (M, My, ..., My). Dra Tabauua uMeeT CTPOKY
I KaXIOro KJjacca KBHMBaJeHTHOCTH aBTOMATa A(Ml, My, ...
..., My) um cronben MIs Kaxaoro asToMara M; M3 MHOXe-
cra M. OGuwui Bug TaGMHUbl SKBHBAJEHTHOCTH MOKasaH B Tal-
mane 3.11. Knerkn Tabauubl 9KBHBAJEHTHOCTH 3amOJHSAIOTCA
B COOTBETCTBMM CO C/AELYIOLIUM TpPaBUJIOM: B KJeTKe, I'le Mepe-

CeKalTCcs CTPOKa {0”1’ Ohy v s Gh’h} n cronxben M;, cra-
BUTCs 1, eciau kakoe-HMOYNb COCTOSIH @ B KJAacCe SKBHBAJEHT-
HOCTH {Ghl’ Ohy v Gh,h} npuHanaexur asromarty M;, u 0—

B nporuBHOM ciayuae. Takum oGpasom, M; u M; aBisiorcs

SKBHBAJIEHTHHIMH TOTJa M TOJAbKO TOTJAa, KOrga CTOJOLEBI Mi
H Mj SBJAAIOTCA OINWHAKOBBIMU BO BCEX CTPOKax TabJIUIB 5KBHU-

BaleHTHOCTH. [109TOMY SKBUBa/eHTHOe pa3bUeHHe aBTOMATOB N[ H-
BOIHUT K pPa3bueHuIo cTONOLOB Tabauibl S9KBUBAIEHTHOCTH Ha MOJ-
MHOXeCTBA TaKuM oO0pasoM, 4YTO MABa CTOoA6LA NpHHALJIEKAT
OIHOMY M TOMY K€ TNOIMHOXECTBY B TOM M TOJbKO B TOM
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cilyuae, eClIH OHH OJMHAKOBH BO BCeX CTpokax. Pas6uenve
CTOIOLOB MOXeT ObITb BBIMONHEHO BPYUYHYIO Aaxe I8 GOJbLIOro
yucaa N, NPU 3TOM CPas3y NOJNyyaeTcsl 9KBHBaJeHTHOe pasOueHue
aBTOMAaTOB 0e3 COCTaB/IeHHs [epeyHs BCeX MNap SKBHBaJIEHTHBIX

aBTOMATOB.
Ta6auma 3.11

Ta6auua 2KBHBAJEHTHOCTH AJd aBTOMaTa A (Ml, M2, ceey MN)

Apromar
Kaace
M, | M, . l My
Oy, 012y e0ey 0’1,1
O21y 092y« 1y 02r2 B kaetkax
NPOCTaBAAITCA
* e« + s e s . 0 HJIH l
071, Opay ’ Glrl

Ilng wnmoctpauwu, Ha puc. 3.8 mpusesedbl aBToMaTH All,
Al2, Al3 n Al4, ob6benuHeHHBe B OIMH pacLIelJisieMblt aBTO-
mat A(All, Al12, A13 u Al4).

Ta6auna 3.12

AstomMar A (All, Al2, Al13, Al4)

Zy Sv+1 2y Sv+1
x, £,
s o | B o B | s o | B ol B
v v
1 0 1 2 3 7 0 1 6 6
2 1 1] 2 4 8 110 91 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
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Tabmmua nepexoldoB AJIA 3TOr0 paclIeNIseMOro aBToMaTa Mpen-
craBieHa B Tabauue 3.12. IlpuMeHeHue mo6Oro M3 METONOB 3K-
BUBAJIEHTHOTO pasbueHus, onucauuux B §§ 3.6—3.8, mokasmiBaer,

(@/7) @/

w &

77)
' vyl V6w
woNEy 4, !

Puc. 3.8. ABromat A (All, Al2, Al13, Al4).

yro mia A(All, Al2, Al13, Al4) knaccaMm SKBHBAJEHTHO-
cru ssasmiores {1, 4, 5, 7,9, 12}, {2, 3, 6, 10, 11} u (8}.

Ta6auua 3.13 npexncrasaser coGot TaGMHIY SKBUBANCHTHOCTH
o A(All, Al12, Al13, Al4), xoropas TNOKaswlBaeT, uTO

Ta6aunma 3.13

Ta6auua aKBHBAJEHTHOCTH
aasa A (All, 412, Al13, Al4)

ABTOMar
Knace
All Al2 Al13 Al4
1,45,7,9,12] 1 1 1 1
2, 3, 6, 10, 11 1 1 1 1
8 0 0 1 0
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9KBUBAJIEHTHHIM pa30HeHNeM aBTOMATOB I/l MHOXECTBA aBTOMATOB
{All, Al2, Al3, Al4} spaserca {All, Al12, Al4} n {Al13}.

3aMeryuM, 4YTO B MpOLECCEe SKBUBAJEHTHOrO pa30HeHHd aBTO-
M4aTOB MBI TOJy4aeM TakXe OOBIUHOE SKBHBAJEHTHOe pasbueHHe
KaXI0ro aBToMaTa M3 3alaHHOro MHOxecTBa. Hampumep, skBu-
panentHoe pasbuenue A (All, Al2, Al3, Al4), xak BUIHO Hu3
tabaunpl 3.13, NOKaseiBaeT, YTO SKBUBAaMeHTHOe pa3bueHue All
ects {1, 4} n {2, 3}, sxBuBanentHoe pasbuenne A12 — (5, 7}
u {6}, sxBuBamzenTHoe pasbuenne Al3 — {8}, {9} u {10} n
9KBUBa/NeHTHOe pasbuenne Al4 — (11} n {12}.

3.11. MunumanbHas gopma

Mycts M — aBTOMar C 7 SKBHBAJEHTHHIMU Kiaccamm, 060-
sHauennbiMu %, 2, ..., X, U NmycTh o) npencrasnser co6olt
KaKoe-HuGyIb cocTofHue B X, Munumasvnan gopma asTo-
mara M, o6osHauaemas uepes M, npencTasaser coGoit aBTOMAT C 11
COCTOAHUAMHU, O0PAa3yIOLIMMH MHOXECTBO {0:, 0;, 0%}. Mu-

HUMaMbHEA aBTOMat ctpourcs usd M cienyomnm o6pasoM. O60-
BHAYMM XapaKTepUCTHYecKue ¢yHKUMH aBToMaTa M uepes f,

u f,, a aBTomata M uepes f, m f; Toraa, eciu

foG o)=L, n f (&, o)=0",

TO

Fe(o 0)=¢ w (8 o) =0, (3.15)

3ameTuM, UYTO eciu NMpU MPUIOKeHHH &; K M B Onpere/leHHOM
cocrosHn u3 X, BhipaGaThiBaeTCsi BHIXONHOM CHMBOM §; TO mpH

NPUIOXKEHUH §; B 2/000M COCTOSHMM U8 X, TaKxke BHIPaGaThi-
BaeTCsl BHIXOAHOM CMMBOM [;. AHAJIOTHYHO, €CIW MpPH TPUTONKE-
HiM §; K M B HeKOTOpOM coCTOsHMH u3 2, M mepexonut
B COCTOSIHHE, NPHHAIJIexallee X, TO NPH MPUIOKEHUH §; B £/0-
6om cocrosHnn u3 X, M mnepexoiut B CoCTOfiHUe, TpUHALTe-
xkaumee 3,. TakuM o6pasoM, npu nocrpoesnd M mo ycroBuio
(3.15) He BO3HHKaeT HHMKaKOM HEONMpeNeNeHHOCTH BCAENCTBUE

Toro, uro o'*) ABAfAETCA MPOM3BOMBHLIM COCTOSHHEM, MpHHAIIE-

KamuM Kaaccy 2, u uto o”) sBisieTcs NPOM3BOMbHBIM COCTOS-
HUEM, NPUHAAJENAKUM Kaaccy .
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[Tpouecc OTBICKaHMS MHUHHMalbHOM (OPMBI aBTOMAara Hasbi-
BaeTCs MuHumuiayueli asmomamae. MunuMusanus asromara M
COCTOMUT B ONpeleNeHUN SKBUBATEHTHOro pasbueHns M u B mno-

caenymolleM npuMeHeHun (3.15) 18 nocTpoeHus M. Tak xax
npu npumeHennn (3.15) Bce cocrosHus M, npuHaLIexallue
OIHOMY M TOMY )€ KJacCy SKBUBAJEHTHOCTH, [al0T OIMH H
TOT e pesy/abTaT, TO MHIMBHAYalbHOE DPAcClO3HAaBaHHE KaXAOTro
COCTOSIHHSI CTAHOBUTCS HEHYXKHBIM; ISl Lle/let MUHUMH3aLUH BaXHO
pacrosHaBaHMe KJacca, K KOTOPOMY MNpPHHAIJIEKHUT Kaxujoe CO-
croauue. [TostoMy BceM cocrosHuaM M, NpuHalIekalUM KJAACCy
SKBHBA/JEHTHOCTH Z;, MOXHO NpHUMHcaTh obliee 06O3HaueHHue,
HampuMep, 0;. Tlocne sroro (3.15) moxer GbITh UHTEPNPETHPO-

BaHO KaK (OPMYIMPOBKA TOrO, YTO aBTOMaT Al mouyuaerce
u3 apTomMata M nyTeM «o0belMHeHUs» OILMHAKOBO 00O3HaueH-
HBIX COCTOSHMH B 0IHO coctosHue. CnocoGr, KOTOPHIMH 3TO
00beIMHEHHEe TIPOM3BONUTCS, CYLIECTBEHHO 3aBUCAT OT TOrO,
KakuM o0pa3oM omnpeleneH aBTOMaT — TaGJaulleH, TpadoM Wi
MaTpuuell. DTH cnocoGH OYAYT omucaHbl Huke. XOT MOHMMa-
HHe 3THX Cnoco6oB obJeruyaercs O6maronaps MpeflIecTBYIOLLeH
HHTYWHTHUBHOR HMHTepnpeTauuu ycaoBus (3.15), uX cnpaBeiaUBOCTb
He 3aBHCHT OT STOH HHTepIpeTaluy U BHITEKAeT HeNocpeiCTBeHHO
U3 CaMoro ycCJOBHS.

Tab6auya nepexodos M. Ecnu saganbl Tabmuua nepexonos
U 3KBHBA/MeHTHOe pasOueHUe 21, 2y s 2;; asTromMata M, TO

Tabauna nepexonoB aBToMara M MoxeT OBITb NMOCTPOEHa Cie-
Lywowum ob6paszoM: (1) 3aMeHMM o0603HaueHHe KaxIOTO COCTOSI-
HUS, KOTOpOoe uMmeercs B Tabiauue mepexoloB M, Ha o603Haue-
HMe KJ/acca, KOTOPOMY NaHHO€ COCTOSIHME NMPHHAIIeXHuT; (2) us
Ka}IO# Ipynnel CTPOK € OLMHAKOBHIMH OGO3HaYeHHAMH B KJeET-
KaX OCHOBHOTO cTOJ0ua (BCe TaKue CTPOKHM SIBJIAIOTCSH OLMHAKO-
BHIMM B 00eux moAtabauuax 2, M S,.;) BblYePKHEM BCe CTPOKH,
kpoMe onHoit. Ilonyuennas mpu sToM Tabauua siasercd Tabiau-
neit nepexomnos M.

Hanpumep, asromatr A7, mnpencraBaeHHBH Tabmuue#t 3.2,
uMeeT Kjacchl sksuBalentHoctd {1, 3, 8}, {2, 4}, {5, 7}, {6}
u {9}. OGosnaumM ux mnpomssoisho 1, 2, 3, 4 u 5 coorser-
cTBeHHO. Jlenas mepBHIl Iuar TNpOLELypbl, B3aMEHUM KaxIoe
oGosHayenne «1», «3», U «8» B OCHOBHOM CTO/NOUE W B S, .,
noarabmuue Tabauusl 3.2 Ha «1», Kaxuoe «2» u «4»—Ha «2»,
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«B» M «7» —Ha «3», «6» —Ha «4», «9» —Ha «5». IloayueH-
Has B pesy/bTaTe Tabauua mepexonoB npuseneHa B TabGauue 3.14.
BriyepkuBanue Bcex MOBTOPSIOUWMXCSA CTPOK [aeT TaGJuuy nepe-
xon08 A7, nokasaHuyio B Tabauue 3.15.

Ta6bauna 314

Illar 1 npu mocTpoeHHH TaGAMUB MepeXoioB Nas aBToMaTta A7

Zy Sv+1 zy Sv+1
X X,

s, Ul a Bl vy|a]|B]|w¥w sy K Bl v]|a|B|v¥
1 1{0(0(|2]2]3 4 o|1]1]1]5(4
2 o1 (111212 3 110101421
1 1{0(0]2]2]3 1 110/0]2] 2|3
2 o1 1|1|2]2 5 of1{1({3]|5]3
3 1107014211

Ta6auma 3.15
Aptomar A7
%y Sy+1 %y Sv+1
X, X

sy Ve ‘ Bl v |oa ‘ B | v sy "la|B|v|als v
1 1/]0[0]2]2]3 4 011|151} 4
2 o1 ]|1)1|2]2 5 0(1]1]3]|5]3
3 11004 ]2]1

I'pag nepexodos M. Ecau 3sananHbl rpap mnepexonoB H
skBuBanenTHoe pasbmenue 2, X, ..., Z- asromara M, TO

rpa¢ mepexomoB aBTOMaTa M Moxer 6LITb NOCTPOeH Clenyio-
wuM o6pasom: (1) 3aMeHuM o0603HayeHHe KaXIOTO COCTOSIHHSA,
KOTOpOe uMeercsl B rpade nepexonos M, Ha o603HaueHHe KJacca,
K KOTODOMY OTHOCHTCSi JHaHHOe cocTosaHue; (2) o6belVHUM Bce
OJMHAKOBO O00O3HAaUeHHble COCTOSHMS (paccmaTpuBas ILyru rpada
KaKk «rubkue CBA3M») U NPEICTaBUM OODbEILHMHEHHEIE COCTOSTHHA
OIHHM COCTOSHHEM, MMelolMM oOuiee 0Go3HaueHue; (3) M3 Ka-
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KOO Tpynmel Ayr, HMeEOWHUX ofllee HCXOIHOe COCTOSIHHE U
ofliee KOHEYHOE COCTOsHME (BCe Takue NYyru OOO3HAUEHH! OJH-
HaKOBO), BbIYePKHeM Bce, KpoMe onHOH. IlolyyeHHEI B pe3yJb-
tate rpad Oyner rpadom M.

B xauectBe nmpumepa Ha puc. 3.9 mnpuBeleH rpag mepexo-
0B aBTOMara A7, MOJNyYeHHH# B pedy/bTaTe NpUMEHEHHs OIH-
CaHHOY BbIlIE MPOLENYPH K rpa- (m
¢y nepexonos, H306paxKeHHOMY
Ha puc. 3.3. McnonbsoBaHHble
31ecb 0603HaueHHsl KJIACCOB 9K-
BUBaJeHTHOCTH A7 Te e, uTO
ObllM  MCMONB30BAHB NMPH  HO-
CTpOeHHH TabmuUbl Mepexo/oB.

Mampuya nepexooos M.
Ecnn sanannl Marpuua nepexo-
JOB M KJACChl SKBUBAJEHTHOCTH
2, %, ..., Z; asromara M,
TO MaTpula NepexoNoB aBTOMa-
Ta M 'MOXer ObITb TOCTpOeHa
caenyowum obpasom: (1) mpo- (/7 77
U3BeleM CHMMETPHUECKyI0 Nepe-
CTaHOBKY ¥  CHMMeTpHYecKoe
pas0Ouenue [ M], Tak 4ToGH CcTpO-
KA (¥ CTONOUE) TPYNNHPOBAINCh COOTBETCTBEHHO KJIACCAM SKBUBA-
neHTHOCTM M (B pe3y/bTaTe MOMYYHM MATPHUIY TAKyl0 XKe, Kak
oxonuarenbHas MaTpuma [M]®, monyuaemas npm MaTpuuHOM
MeTOle SKBMBAleHTHOro pasbuenus); (2) 3ameHuM Bce 0GO3Ha-
YeHHs CTPOK (M CTONGUOB) KaxIOR TPyNmbl, MpelncTaBisioleH
KNacC SKBUBAJIEHTHOCTH, OIHMM OOO3HaYeHHeM STOro KJacca;
(3) saMenuM Kaxiyi0 NOIMaTpuuy B pas6buro MarTpuue OIHOK
KJIeTKOR, conepikallleft BCe maphl BXOL-BHIXOA, KOTOPhIE HMEIOTCS
B MoOOR cTpoke 9TOH MmoxMaTpuusl (Bce CTPOKHM B MOGO# Takoft
NOAMAaTpHIEe COAEPMKAT OLHO M TO K€ MHOMECTBO Map BXOI-Bbl-
xon). TMonyuennas B pesyibTare Marpuua GynerT MaTpHueit ne-

Puc. 3.9. Astomar A7.

pexoznos - M.
B kavectse mpumepa npuBesexa Marpuua (3.16), nmpencra-

Bisoas co6o# MaTpuuy nepexonoB A7, MOCTPOEHHYIO 1O MO-

kazanHo#t B (3.14) wmarpune [A7]“@. Hcnomb3oBaHHEEe 31ech
0003Ha4YeHns KNacCoB 3KBMBaMeHTHOCTH A7 Te e, 4YTO IpH
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HOCTPOEeHHH TabJ/HULbl Mepexon0B

1 2 3 4 5
17 0 (@) V (®/0) ¥/0) 0 07
21 (@0) @DV (D 0 0 0
=3[ (/0) (8/0) 0 (1) 0 [.3.16)
4| (¢/0) 0 0 (@D
50 0 @OV o @D

3.12. CpoiicTBa MHHMMAJbHOH (OPMBI

B nambheftniem OyzneM roBOpHTb, uTO aBToMaT M; mexsue
unn Oosviute M, B 3aBUCHMOCTH OT TOro, uMmeer M; coorser-
CTBEHHO MeHblllee WM OGoJiblllee YHUCJIO COCTOAHHH MO CpaBHe-
Huo ¢ M,. -

Teopema 3.6. Ecau M ssasemcs Murumarvrol gop-

Moli asmomama M, mo: (a) M ssasemcs eOurncm8enHol
MUHUMAABHOL HOPpMOL ¢ mMOUHOCMBIO 00 uaowtopgﬁua/ua 1y;

(6) M= M, (B) Huxaxue 08a cocmosHus 8 M ne ssasiomes
sxsugasenmuvimu; (T) He cyuecmsyem a8mMoMama, 3K8uBa-

aeumnozo M u menvuwezo, sen M.

Horxasamesvcmso. (a) Ilo nemme 3.5 P, ABifeTcA eIuH-
CTBEHHHIM J1Js Jo6oro k> 1 H, clenoBaTelbHo, P,,_lzﬁ
ABJISIETCS eIMHCTBEHHBIM. TaK Kak IpH ONpeleleHHOM pP nocrpoe-
nue M w3 M SBISeTCA eIMHCTBEHHEIM, He Y4YUTHIBas 0GO3Hade-

Husl, To M dBJfeTCS eIMHCTBEHHHIM C TOYHOCTHIO 1O HM30MOD-
¢usma. (6) PaccMoTpuM Kakyio-HUGYIb BXOAHYIO MOC/eLOBAaTeNlb-

HOCTb §i1§i2 . §Ll npunoxennyio k  M|o™.  TIycts
COOTBETCTBYIOIAs IOC/IEI0OBATENbHOCTb COCTOSHUR Gyxer o),
o), ..., o™ n coorsercTByIOmAsT BHXOLHAA MOC/IEIOBATED-

HOCTb Oyner C11€j2 -+« §j,- Temepp mycrs Ta xe BXOIHAA MO-
C/IeN0BATENILHOCTh TPHIONKEHA K /VI|0’ Mo ycaosuio (3.15),
HA OCHOBAHHU KOTOPOTO cTpourcs M mo M, COOTBETCTB YO
NOC/e0BaTeNbHOCTb COCTOAHUA NOMKHA OBITH O, 0;2, 0“1
1 COOTBETCTBYIOLIAsd BBHIXOLHas HOCJIeI[OBaTeJIbHOCTb JOJIXKHA

1) To ecTb ¢ TOYHOCTBbIO A0 0GO3HAUEHHS COCTOSHHIL.
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6biTh L Gy, - - le. [TockoabKy B NpPUBEINEHHBIX PACCYKIEHUAX

l v u SBasAOTCA NPpOU3BOJIbHBIMH, TO, CJAE€LOBATEIAbHO, moboe
cocrosiHue M, NpuHanaekKalee KaAacCy SKBUBANEHTHOCTH Zu’

, 9
SB/I€TCS SKBUBAJEHTHHIM COCTOSIHMIO O, aBToMata M. Takum
06pasoM, [IJs KaxXJIOoro CocTosiHus M MBl HAaXOAWM SKBUBAJIEHT-

Hoe cocTosHMe M ¥ 419 KaXIOro CocTosHus M HaxomuMm
9KBHBAJEHTHOE COCTOsiHHE M, uTO O3Hauaer, uto M= M. (8)
Iyctb O, W O, SABIAIOTCS [BYMS JMOGHIMH COCTOSHHSMH
M (u + 0).

M3 noxasarenncTBa yactu (6) clIeAyeT, YTO O, SKBHBAJICHTHO

cocTosHUAM A, NpPHHAIJIENAIMM KJIACCY SKBUBAJEHTHOCTH X,
a 0, 9KBMBAJIEHTHO COCTOSHHAM M, TNpHHAAMENKAIUM KJaCCy

SKBHUBAJICHTHOCTH E’l/‘ Tak xak HM OJHO COCTOSIHME M3 KJacca Eu
HE 3KBHUBA/JEeHTHO HHUKAKOMY COCTOfIHAI0 M3 KJ/acca Z,y, TO CO-

CTOSHHA C), W O, aBTOMara M IomKHB GHTb PasIHUKMBIMA.
) Hpeﬂnonomnm yTo MMeercst aBroMat M’, SxkBuUBaNEeHTHHIH M
u Menpmmh M. Tak kax M= M n M’ = M, To 510 3HauuT,
yro M'=M u uTO KakIoe COCTOsHHE M SIBIAETCS SKBHBA-
JEHTHHIM HekoTopoMy cocrosHuio M’. Tak Kkak M 6om>m§,

ueM M’, TO wuMewTCs, MO KpalHel Mepe, 1Ba cocrosHus M,
KOTODble SKBUBANEHTHH ONHOMY H TOMY e cocrosumio M’ u,
C/lel0BaTe/MbHO, SKBUBaJeHTHH Apyr Apyry. OIHako, COr/IacHO
yacTh (B) TeOPEMH, 3TO HEBO3MOXHO, YTO [IOKAa3hIBAeT OT MNPO-
THBHOTO TOT (DaKkT, YTO He CYIUEeCTBYeT aBTOMaTa, SKBHBA/eHT-

Horo M, u MmeHbluero, uyeM M.

ABTOMAT, KOTOpHI sBJAsETCS CBOEH MUHMMA/IbHOH ¢opmok
1 NMOTOMY He HMeeT JKBHUBAJNEHTHOro ce6e MeHblero aBTOMATa,
Ha3HIBACTCS MUHUMAAbHBLM ABMOMAMOM. ABTOMAT, HMeOUINHA n
COCTOSIHU/ M 7 KJACCOB SKBHBAJEHTHOCTH, B KOTOPOM, CJelO-
BaTENbHO, BCE MAPHl COCTOSHUH Pas3JMYUMBl, SBJIAETCH MHHHUMAJb-
HEM aBToMatoM. Y3 Teopemn 3.6 cieayer, uTo ecau 3aiaH
Kako#t-mi6o asroMaT M, TO MH MOXeM HaTH MUHHMaJbHbIH

aBTOMAT /171, SKBHBAJeHTHH! M u gaBagomuiics eINHCTBEHHBIM
C TOYHOCTBIO A0 M30MOP(U3MA. IDTOT BHIBOA SBJIACTCS HCKJIIQUU-
TEJMbHO BAaXHBIM, IIOCKOJBKY OH TOBOPHUT HaM, 4YTO Ka»Ibl#
aBTOMAT HMeeT HEeKOTOPOe «KAaHOHMYECKOe» MPeNCTaBJICHUE,
HesaBHcdllee OT crnocoBa 3alaHus HMCXoAHoro asromara. [Iefi-
CTBHTeJNbHO B OOlleM Clyyae CYLIeCTBYeT psl cnoco6os,
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KOTODEIMH aBTOMAaT MOXeT GHTb onucaH (0COGEHHO eclH 3TO
CHeNaHO YCTHO), W OKA3hIBAETCHA, YTO BCE TO MHOroolpasue
onyucaHu#t Moxer OHTb, B KOHIE KOHIOB, CBEIeHO K HEKOTO-
pOMy CTaHIAapTHOMY NpeAcCTaBleHHI0. Bosee Toro, w3 cuenaH-
HOTO BHIBOJA CHEAYEeT, YTO CTAHAAPTHOE MPEACTaBJICHUE ABMASETCA
Hanbosee KOMIAKTHHIM B CMBIC/IE YHC/IA HCIOMb3YEMBIX COCTOSA-
Hu#t. Ecnu BclencTBHE HENOCTaTKa OMBITA UM M306peTaTelb-
HOCTH Yy HUCCENOBAaTeNs HayanbHOE NpPelCTAB/ICHHE NOMY4aeTcs
CH/IbHO M3OBITOYHBIM, TO HMEETCS MPSIMO# CNOCO6 YMEHbIIUTh
¥3OHTOYHOCTD 1O Tpefena H
NONYYNTb MHUHUMAalbHOE Ipen-
CTaBJIeHNe,

YTo6H NpPOMIIIOCTPHPOBATH
CKa3aHHOE, pAcCMOTPUM  Clle-
LYY Urpy: MoHeTa moiGpa-
CbIBA€TC MHOTOKPATHO; OYKO
3aCUUTHIBAETCA NPH V-M NoxGpa-
CHIBAHMH, €Cau mnpu (V— 2)-M,
(v—1)-m u v-M noxa6pachiBa-
HAM BHINAZAl0T COOTBETCTBEHHO:

(/77 ~ uudpa, repb, rep6 wmam repo,

Puc. 3.10. Astomar Al5. repG, repG; B ApYrux cayyasx

Ouk0 He 3acuutnBaercd. O6o-

8HaunMB «rep6» OykBo#t «I'»,
a «uuppy» —OykBo#t «Ll», «ouko» — «1», a «orTcyrcTBHE
ouka» — «0», MBI MOxeM BHOpaThb CleAyIOLIHe BXOXHOW anda-
BUT, BHIXOJHOR andaBUT M MHOMNKECTBO COCTOSIHUM:

X ={T, 1},
z={0, 1),
§= {Ll, Ur, TL, IT},

rie yKasaHHBE YeThipe COCTOSIHMSI OTOXIECTBJSIOTCS CO BCEMU
BO3MOXHBIMM HcXoZaMu npu (Vv —2)-M u (v— 1)-M mnox6pacs-
paunu. ['pap mnepexosoB aBToMata Al5, CcOOTBETCTBYIOLIErO
9TOMY ONMCAHMIO WI'DHl, NOka3aH Ha puc. 3.10. OnHako GoJee
KOMIaKTHOE INpPeACTaBJeHHE MOJYYaeTcsd, eCHM 3aMeTUTh, 4YTO
CYeT OYKOB NpPH V-M NMOAOPACHIBAHWM He 3aBUCHT HAa CAMOM Jene
oT (V—2)-ro ucxona (XOTd 3TO MOXeT OHTb 3aMacKHUpOBa-
HO YCTHBIM omnucaHueM urpe). Torma Mb MoxXeM BHOpaTh
C/leNyIolWKMe BXOJHOM M BHIXOAHOR andasuThl W MHOXECTBO

w/
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COCTOSIHU}:
X ={r, 1},
Z={1, 0},
S={r, uj,

rie yKasaHHble JBa COCTOSHHA OTOMXIECTBJAIOTCS CO BCeMM BO3-
MOXHBIMH HCXOlaMu NpH (v— 1)-M noabpackiBanun. B pesynb-
TaTe MOJYyYuM rpad mnepexo-

noB nnsa aBromata Al6, mso- 4 e 7y
OpaxenHbit Ha puc. 3.11.
Merozowm, ONKUCAHHBIM
B § 3.10, nerko mpoBepurs, ez
yro A16 = A15. Takum 06-
pagoM, eClIu MBI He CYMeJIPI Puc. 3.11. ABtomar AlS6.

06HAPYKUTb UBOLITOYUHOCTH B

YCTHOM OIMCAaHHM, MBI BCe paBHO MoxeM noayuutb Al6 (c
TOYHOCTBIO 1O M30MOp¢duaMa) mpuMeHeHneM k Al5 mobo#t cTaH-
IapTHOM METOAMKM MHHHMH3ALUH aBTOMATOB.

[TonyTHO 3aMeTHM, YTO pPOJb, KOTOPYIO HIpaeT MUHHMAaJb-
Had ¢dopMa B TEOPHUM KOHEYHHIX ABTOMATOB, aHAJIOTHYHA POJIH,
KOTOPYIO WrpaeT «3KBHUBAJEHTHad cXemMa TeBeHeHa» B TEOPHHU
AuHeAHBIX uemelt. O6a NpenCTaB/NeHUs CUCTeMbl CHAYXKaT LJA
OMKCAHMs ee MOBelleHNs, Ha6/I0LaeMOro Ha JOCTYNHBIX BBIBOAAX,
HauboJiee KOMNAKTHHIM CHOCOGOM.

3.13. YMeHbIIeHHe YHCJA COCTOAHMH aBTOMaTa
nocJaegoBaTeJbHbBIM 00beIHHEeHHEeM

[Tycte M — aBTOMAT, O KOTOPOM HM3BECTHO, UYTO €r0 COCTOS-
HUAl O; W O; 9KBHBaMeHTHbl. OObelHHEHHeM COCTOAHHUH O; U O

N0 npaBu/iaM O0DbeIWHEHHS SKBUBAJIEHTHLIX COCTOSHHUH NpH M-
HAMM3AUMY, ONUCaHHbBIM B § 3.11, MBI MOXeM NOMY4YUTb ADPYro#
asromMar M;. TIpu 9TOM COCTOSIHHMA O; M O; B3aMEHSIOTCS OIHMM

COCTOSIHHEM, CKaXeM O;; KOTOPOe MEepeXONMT B TO Ke COCTOf-
HHe, YTO M O; (MMM O;), M BbPaGaThiBAeT TaKOH e BEIXOLHOH
CHMBOJI, KaK i 0; (M/Id 0;), TMPH NPHIOKEHHH OLHOTO W TOTO xe
BXOLHOTO CHMBOZA. OTO 8HAYMT, YTO Oy; SKBUBAJEHTHO O H g;

u, caenosarenbho, M;= M. [lanee, ecin usBecTHO, uTo B M,
UMEIOTCS 11Ba 9KBUBAJIEHTHLIX COCTOSAHMA, TO, MOBTOPSAA OMUCAHHYIO

8 A. Tuma



114 SKBUBAJIEHTHOCTb U MHWHHUMU3ALMS ABTOMATOB  [IVI. 3

onmepauio O0BbEIWHEHHS, MOxHO TNoayuurb M,== M,. Dra
NpoLeNypa MOXET NOBTOPATbCA A0 TeX MOp, MOKa He Gyler
nonyued M, = M,_;, He uUMewINH SKBUBATEHTHHIX COCTOSIHHMH.
O6o3nauas WCXONHYI0 ¢opMmy aBroMara M uepes M, MOMKHO
yCTaHOBUTb, 4TO My (kR 2> 1), moayueHHBI!t C MOMOIIbIO OMHKCAH-
HOW mpouenypH, Bcerja Menbuie M, _; H, cleloBaTelbHO, NMpes-
craBiaser cobo#t coxpauennyrn dopmy M.

CokpauleHue aBTOMaTa MOC/IeJOBaTeNbHEIM OO0bellHeHneM
0co6eHHO yINOGHO, KOria paccMaTpHBaeMb aBTOMAT HMeeT SBHO
SKBUBAJIEHTHBIE COCTOSIHHS, KOTODHE MOTYT OHITb OTMEYEHH MpH
paccMoTpeHHH Tab/auLEl NMepeXxoXoB. ITOCKOMbKY, COrIacHO Teo-
peMe 3.1, SBHO 9KBMBAJEHTHbIE COCTOSIHUSl SIBJISIOTCS IKBUBa-
JIEHTHBIMH, TO IJI1 COKpAlleHHs 3aNaHHOTO aBTOMATa OHH MOTYT
ObITh OOBENMHEHBl, KaK ONHCAaHO B mnpelblAylleM a6saie. O6b-
eIMHeHNe IBYX SIBHO SKBUBANEHTHBIX COCTOSIHHUM, CKakeM O; U 0,
HauGosiee yAOGHO BHIIOJHATb MO Tabiaulle NMepexoloB, BhHYEPKHU-
Basg CTPOKY O; W 3aMeHsss BClOAy B noxrabauue §,,; 0603Ha-
ueHHe «0;» Ha «0;».

B kauecTse npuMepa npuBeieHn Tabauus 3.16 — 3.19,
B KOTOPBIX [aHHl IMOCJAeNOBaTeJbHBE CTAAWd COKpAlleHHs aBTO-
mata A6, usobpaxeHHoro Ha puc. 3.1 u B Tabmmue 3.1. dus
yno6crea Tabimua 3.1 BOCHpOMSBENEHA 3MeCh elle pa3 Kak
tabnuua 3.16. B sroft Tabmuue nape cocrosmuit {1,5) u {2,6}
ABJAI0TCA ABHO SKBUBAJIEHTHBIMH; BblYEPKHBas CTPOKH 5 u 6 u

Ta6aunma 3.16 Ta6auna 3.17
ABToMar A6 ABTomar A6,
Zy Sy+1 2y Sv+t

x'V x'V

5y a|Bfv|alB]|v sy ol By |[afB]Y
1 1({0[1]2|5]5 1 101211
2 o(1(1]6]2]|5 2 of1f1]2]2]1
3 o|1|1|212(7 3 o|1|11]2(2]7
4 1(011]8(3]1 4 1101831
5 1101 2|55 7 of1y1]2(|2]3
6 0O|1| 1] 2|65 8 1101 8|71
7 0|1|1]6|6|3
8 1101 8|75
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3aMeHsa Kaxiaoe M3 0O0osHaueHu#t «5» Ha «I1» U Kaxnoe «6»
Ha «2», nonyunM asTomar A6, = A6, mnpencraBieHHHH Tabau-
net 3.17.

Ta6auma 3.18 Ta6auma 3.19
ABTomat A6, ABtomar A6,
2y Sv+1 2y Sv+1
X, X,
s "lalelv|alB]|w N a|Blv|als]w
v 2N
1 1{0]1]2]1]1 1 1101 2]|1]1
2 01| 1]2]2]|1 2 o(1|1]2|2]1
3 o|1(1]2|2]|3 3 0j1]1}1221|3
4 110 181311 4 1{0] 1] 4(3]1
8 1]0( 1] 8(3]1

B A6, mapa cocrosHu#t {3,7} ABisieTcs ABHO SKBUBANEHTHOM; BbI-
yepKHMBasi CTPOKY 7 M 3aMeHAs Kaxupoe o003HaueHHe «7» Ha «3»,

DNy @/)\@/) 3
7)

(@/7) /'y
Puc. 3.12. Astomatr A6.

nonyuaem apromar A6, = A6, mpeacrapieHnbi#t TaGmuuet 3.18.
B A6, BHO 3KBHBaJeHTHOM sBnserca mapa ({4,8}). Buiuepkusas
crpoky 8 u 3ameHas kaxayno uudpy «8» Ha «4», moayunm
asromar A6; = A6,, npencrabneHnbii Tabmuuelt 3.19. Tlockoabky

8*
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B A6; HeT SIBHO 9KBUBAJEHTHBIX COCTOSIHUH, COKpAIlleHHe MyTeM
o0belMHEHHd B TOM BMJE, B KaKOM OHO BBINOJHSJIOCH BbIIUE,
IOMKHO Ha 9TOM 3aKOHYHTbCA. OKashiBaeTCs, YTO MOJY4YeHHHIH
cokpaileHHut aBToMaT A6 AB/IseTCS B TO Xe BpPeMs MUHHMAJb-

N~
Ho#t ¢opmot A6. TI'padp nepexomnos Ab;= A6 nokasan Ha
puc. 3.12.

Crnenyer moayepKHyTb, 4TO, NMOCKOJbKY He BCSKHE JBa SKBH-
BaJIEHTHEIX COCTOSIHUS SIBJSIIOTCS SBHO SKBHBAMEHTHBLIMH, OTHCAH-
Hag Tpoueiypa COKpallleHus He BCerja [NaeT MHHUMalbHBIH
aBtomar. [Tocie TOro Kak MeTOLOM MOC/IeNOBaTeNbHOTO O6beLyHe-
HHSl TOJyYeH HAaWMEHbLUHH# aBTOMAT, ClelyeT TNMPHMEHATb CTaH-
JIApTHYI0 METOLMKY SKBHBAJEHTHOr0 pasOueHHs, 4TOOH MOJYYHTH
MUHMMa/JbHYyl0 ¢GOpMy aBTOMaTa WX 4YTOOGH YIOCTOBEPUTHCS
B TOM, YTO JandbHefillee COKpallleHHE HEBO3MOXHO.

8.14. Kaacc MUHHMAJbHBIX aBTOMAaTOB

Ucnoabays omnpeneneHus, BBeldeHHble B § 2.3, B KauecTe
crnencTBUA TeopeMbl 3.1 U onpenesneHus SKBHBATEHTHOCTH aBTO-
MaToB MOJIyuYaeM:

Jemma 3.12. Slsno munumarvueli (n, p, q)-asmomam
donoicer Goime MUHUMAAbHROM. SI8HO coxpamumeli (n, p, q)-
asmomam ue Modxcem Obimb MUHUMAAbHbLM.

JIOMOMHUTEIBHO TeNepb JOKAXeM CJELYIOLNEe JIeMMBL.

Jemma 3.13. Mouwnocme cemelicméa nepecmaro8ox
Munumarsnozo (n, p, q)-asmomama passa nl

Hoxazamesscmso. Ilyctb M; — MunuManeuut (n, p, q)-
aBTOMaT M nycrtb AM,— aBToMmar, noaydeHHn#t us AM; nepecra-
HOBKOI 0603HaueHU#t ero cocrosauuit. I1penmnonoxum, yTo mepe-
CTAaHOBKA, C MOMOWbI0 KoTOpo# M, nonyueH u3 AM;, BK/IOYaeT
B ce0 3aMeHy 00o3HaueHns cocrosuus o; u3 M; Ha «0;»
(/= 1i). Ecmm My u M, uMeloT ofMHaKOBbIe Ta6/MHIbl 1€ PEeXOLOB,
TO peakuuu Mlloj u M2loj Ha M0o0yi0 BXOIHYIO TOC/IEINOBA-

TEMbHOCTh LOJ/DKHBL GbITh ONUHAKOBHIMH M, CIELOBATENbHO, PedK-
win M;|o; n M;|o; Ha moGyi0 BXOAHYIO MOCIELOBATENLHOCTb

TaK:Ke JO/KHH ObITh OJMHAKOBHIMH. DTO O3HAYaeT, UTO COCTOA-
HAS O; M O; B M; SKBHBaZeHTHB M, CleloBaTenbHO, M; He

ABJIAETCS MHWHHUMAaNbHBIM aBTOMaTtoM. M3 MO/My4eHHOro IMpOTHUBO-
peunsa caelyer, UTO pasjaH4YHbIe NMEepeCTAaHOBKH AOJKHBI NaBaTh
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B pe3y/bTaTe pas/uuHble TabJullbl MepexonoB. Ync/I0 pasamuHbBIX
nepectaHoBok paBHo n!. JlemMa IokasaHa.

~

Jlemma 3.14. Mownocme N, , , KAGCCA MURUMAAbHOLX

(n, p, q)-asmomamo8, maxux, cpedu KOMOpux Hem 08YX
u3omopPHolx 0pyz opyzy asmomamos, onpedessiemcs 8bi-
paoicenuem

n—1

X7 1

Nup o < 77 I itgry? —r1. (3.17)
r=0

Loraszameascmgo. Ilycte uucmo (n, p, g)-aBTOMAaTOB, He

S
ABJIFIOIMXCA SBHO COKPAaTHMBIMH, paBHO Ny p g ¥ MyCTb UYHCIO
MHHUMAaJbHHX (7, p, ¢)-aBTOMAaTOB, W30MOP(HLEIX HJIM HEU30-

MODP(}HBIX APYT APYTY, PaBHO N,',’ p» g 1OTAE, COTNIACHO MeMMe 3.12,

N, e SN, L o (3.18)
Cornacuo nemme 3.13,
No o g=""Nu, g (3.19)
HIM
X7 1 > 1 "
moa =TT Nnpa <37 Nnp g (3.20)

n
Wcnonbays ypasuenne (2.3) ans onpenenenus Ny p g, MONYy-
yaeM JOKa3aTeJbCTBO JEMMBL.
Tockombky JBa MHHMMAJBHEIX HEHM3OMOpP(QHHIX aBTOMATa

~~
HOMKHBE! OHITh PAsMuuuME, TO N , 4 NPENCTaBJIAET cOGOR TaKKe
YHCJIO MUHHUMAJbHBIX (R, P, ¢)-aBTOMAaTOB, Cpeld KOTOPHIX HeT
HH OJNHOH Naphl SKBHUBAIEHTHEIX aBTOMATOB. JTO YHC/IO JOJKHO

BKJIOYaTh B Ce6sl YuCIO N"f“’q ABHO MHHHMalbHEIX (#, p, ¢)-

y

4BTOMATOB, CpelM KOTODHIX HeT HM ONHOM Maph M30MOpPOHBIX
apTomatos. Mcnombays teopemy 2.1 nnaa onpeleseHus N(,,’f“g, e

nosydaem:

~

Teopema 3.7. Mowynocme N, , , KiGcca MUHUMGARL-

rolx (n, p, q)-a8momamos, cpedu KOMOPLLX Hem Hu 00HOU
napel SK6UBANEHMHBLX QB8MOMQAMOS, onpedessemcs 8upa-
oHCeHueM

n-1 n-1
n X 1
2o TL@" =N <Ny o < 57 T 10" — 11 3.21)

r=0 r=0
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Hanpumep, ofiiee unCIO MUHUMAJbHHX (2,2,2)-aBTOMATOB,
Ccpeld KOTOPHIX HeT OSKBHUBAJNEHTHHX, 3aKMOYeHO Mexay 96
un 120.

3agaun

3.1. Iloxaxute, 4TO ecnu 0; =0}, & 0; 5= Of, TO O; 7= Op.
3.2, Mcnoab3ys cuMMeTpPUYHOCTb rpada mepexoioB, MOKa3aHHOTO
Ha puc. 3 3.1, moxaxure, 4TO 0y = 03, 03 =0, U 05 = Og.

o
Puc. 33.1.

3.3. B moxrabauue 2, aBromata M Bce CTPOKH ofuHakoBHL. [lo-
Kaxcure, 4To M mpencraBiseT coO00H TPUBHANbHBIA aBTOMAT.

3.4. Ilokaxure, uTo ecau i-1 U j-1 CTpoku MaTpuusl [M] oxuHa-
KOBBI, TO COCTOAHAS 0; U 0; aBTOMara M SBJIAKTCA SKBUBANEHTHHIMH.

3.5. CocTOsHUA 0; M O ABNAIOTCA A;-3KBHBAJACHTHHIMH, a HX k€

NpEeeMHUKYM IO OTHOIIEHHI0O K /060 BXOZHOH HOCHeNOBAaTENbHOCTH
IJMHBL By ABISIOTCS R,-9KBUBaneHTHbIMU. [lokawute, 9to ecau by + &y >
>n—1, 10 0;=0;.

3.6. CocrosHus 0; U O ABAAITCA k(-5KBUBAJNEHTHHIMH, a UX Ky-€

IpeeMHUKY [O OTHOLIEHHI0 K JI000H BXOIHOH IOCJENOBAaTENbHOCTH
IMuHbL  k; ABAAIOTCS k,-9KBHBAJEHTHBIMH, HO (Ry - 1)-pasnuuuMbIMH.
Tlokaxute, 4T0 ecnu 0; 7 07, T0 k4 ky < n+-2.

3.7. Apromat M umeeT 1-3KBUBAJEHTHHE KJIACCH Zqy, (g, « ..y Zqpy
roe 2y, i=1,2, ..., r, conepxur n; cocrosHud. CocuuTaiTe YuCIO
cTpok B Tabaune map aas M.

3.8. Pasbuenue P; aBTOMata € 7 COCTOSHUAMH HMEET r KJIacCOB.
(a) Ecau Pp == Pp_,, KaKOBO MHHHMMalbHOE UHCAO KJIaCCOB B Pj?
(6) Ecnu Pp 5= Pp_,, KaKOBO MaKCHMaJbHOE YHUCJO COCTOSIHMH B OJHOM
knacce Pp? (B) KakoBo HammeHbllee 3HaueHHe £k, IIpH KOTOPOM Fp
ABJASAETCA 3aBEJJOMO OJUHAKOBBIM € Pp(?

39. Ta6auua 3 3.1 mpexncraBaser COO0H YACTHYHO 3aNOJHEHHYIO
P, TaGauny aBToMara C weCThio cocrogHuamHu. Ompejenunte 2-3KBUBa-
JIEHTHOE pa30ueHHe 3TOro aBTOMATa.
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Ta6aunma 331 Ta6aunma 332
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3.10, Haitnure sxBuBaneHTHOS pasbueHnue aBTOMAra, OMPENENEHHOrO
rabaune# 3 3.2: (a) mocTpoenueM P, tabaul, (6) MeTonoM Tabauubl nap.

3.11. Onpenenure sxkBHBaJEHTHOS pa30HEHHE aBTOMATa, ONpENEaCH-
Horo rpadom Ha puc. 33.2: (a) moctpoenneM P, tabuum, (6) MeTonOM
Tabaunpl nap, (B) MaTpUUHLIM pa3GueHHEM.

3.12, Moxaxure, uto ecan M, = My, u My == Mz, 10 M{ 5= Ms.

3.13. Puc. 33.3 mpexncrasaser cofoii rpa¢ mepexonoB aBTOMara
¢ ueThpbMsl coCTosHmaMmu. [locTpoiite rpad nepexofoB aBTOMAaTa
C MATBIO COCTOSIHHSIMH, SKBUBAJNeHTHbI 3ajaHHOMy Ha puc. 3 3.3

3.14, Kawnoe cocrosinne aBromara M; SKBHBAJIEHTHO HEKOTOPOMY
coctosiHuMo aBTomMara M,, HO M, == M,. [lokaxure, uTo aBroMat M,
9KBHBAaJNeHTEH JHGO H30JMPOBAHHOMY, Ju6O TYMHKOBOMY TONABTO-
mary M,.

3.15, Ilycts cocrosnue o; aromara M; SKBUBAJEHTHO COCTOS-
Hulo O; aBToMata M, V3BecTHO, 4TO HMeeTCss HEKOTOpas BXOAHas MO-
CcleoBaTeAbHOCTb, KOTOpas mposomut M |0; depes Bce cocrosHust M
U B TO e BpeMs IPOBOLUT lecrj yepe3 Bce cocrosHua M,. [Toka-
xHuTE, uT0 M; = M,.

3.16. Ompenenute, Kakue J1Ba M3 TpPeXx aBTOMATOB, MOKa3aHHBIX
Ha puc. 3 3.4, SBAAOTCA IKBUBAJEHTHHIMA W Kakue pasaudumbiMu. Ko-
TOpPHIH U3 aBTOMAaTOB ABJASAETCS MWHHMAAbHBIM?

3.17. [Tokaxwure, uto ecad aBroMar M’ aBAAETCS TYMUKOBHIM HJIA

~~

H30JMPOBAaHHEIM MOZABTOMAaToM aBToMara M, TO M COIEPKUT mOX-
aBToMaT M”, KOTODHI# SBAETCS MHHHMAaAbHOH (OpMOH M’, nubo Ty-
~~ ~~

NEKOBBIM TOZaBTOMaTOM M, MM60 M30UPOBAHHBIM MoXaBTOMAatoM M-
an6o, Haxowen, asTomatom .

3.18. Iloxaxwure, 4TO ecau M1=M2= =MN’ TO Ml npex-
craBaser co60ft MuHEManbHylo dopmy aroMata A (M, My, ..., My,
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(/)N (/)

Al
Puc. 33.2.

w7 (/N 0/1)

W2,

/Al

Puc. 33.3.

[rJ1, 3
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3.19. IloxamxuTe Ha npuMepe, YTO JBa HEMHHHMAJbHBIX SKBHBA-
JIEHTHbIX aBTOMAaTa, HMEIOIHX OJNMHAKOBOE YHCJIO COCTOSHHH, He 06s-
3aTeJbHO SIBJIAIOTCS H30MOPGHBIMH.

3.20. lano nBa aBTOMara (He 06s73aTeJbHO MHHHMAaJbHBHIX); cop-
MYJAHPYHTE aJrOpuTM JJs OHpejefeHus, ABIAITC I OHH H30MOPOHBIMH
WM HeT.

Puc. 334.

3.21. Onpegneaute MuHuManbHbie (OPMBI aBTOMAaTOB, 3aaHHBIX
B 3ajavax 1.2—1.9 raaBm 1

3.22. Tocrpofite Tabauuy, rpad u MaTpHly NEepeXOXOB MHHUMaJb-
HO# (opmbl aBTOMaTa, NMOKa3aHHOrO Ha puc. 3 3.2

3.23. CoopmyanpyfiTe mnpaBuIO ONpefeleHHS BCEX fBHO 3KBHBa-
JIEHTHBIX 1IAp COCTOSIHMH 1O TabJuue mHap.

3.24. Tlonyuyute MuHUMaJbHy0 GOpMy aBTOMAaTa, H3006paKEHHOro
Ha§ %HICB 3 3.2, METOOM INOC/ENOBATENbHOrO OObEAUHEHHUS, ONMUCAHHBIM
B .10,



FTNABA 4
3KCMEPHMEHTbI NO PACMOSHABAHHIO COCTOAHHWHA

4.1, BBenenue

Kak Ob10 yKa3aHo B riaBe 1, peakuus HeTPUBHANLHOTO
aBToMaTa M Ha ompeleNeHHHe BO3IeHCTBHA He NpeACKasyema,
ecnu cocTosiHve M HewsBeCTHO; C APYTo#t CTOPOHE, 3Ta peakuus
Bcerja MOxeT OBITb NpeNCKasdaHa, ecJAHM HayaJbHOE COCTOsSHUE
usBecTHO. TakuM o06pa3oM, OJHA M3 OCHOBHBIX 3alay aHa/Iu3a
KOHEYHBIX aBTOMAaTOB COCTOMT B TOM, YTOOH pacnosHath CO-
CTOsIHMe MCCeLyeMoro asToMara. [locle TOrO Kak COCTOsSHHE
pacmosHaHO, MOXHO ONpeNe/UTb TOBEJeHHe aBTOMaTa NMpu BCEX
JanbHeHIINX YCAOBUSAX M MOTYT ObITb NPENNPHUHATHE LIAark IO
BBEJleHHIO aBTOMaTa B PAa3/UuHbIe PEXHUMBHl pabOTHl, KeJaTeqbHBIE
IJIf UCCrIefoBaTels.

B sroft rnaBe Mbl paccMOTpuM [Be HauboJee BaxHbIE 3anauu
pacrno3HaBaHUs COCTOSIHMA: 3afayy ONpeleseHHs HAyalbHOrO CO-
crosHust aBToMata (T. e. COCTOSHMA, B KOTODOM HaXOAUTCA
aBTOMAT, KOTJAa OH MpeACTaBJIeH HCC/efOBaTeNi0) M 3afauy pac-
MO3HABAHWA KOHEYHOr'O0 COCTOSIHMA aBToMaTa (T. €. COCTOsIHHuA,
B KOTOPOM HaXONMTCS aBTOMAaT, KOTJa 3aBeplleHbl HCIBITATE/b-
Hble OMepauyyu, MPOBOAMMEE HcCleloBareneMm). PelleHue m060#
M3 9TUX 3aJay COCTABJsieT pellleHHe OCHOBHOH 3alauu TpHUBele-
HUSl aBTOMAaTa K TNpelcKasyeMOMY IJs ucciaeloBatenas BuLy. Kak
6yner NMOKa3aHO B CJelyMOlledl rjiase, 3TO pelleHHe BCeraa Io-
Je3HO B IPYrUX 3adayaX, B KOTOPHX HUC/IO MPENCTaBJAIOUINX
HHTepeC HeM3BECTHBIX BeJUYMH CYyLIeCTBeHHO 60Jbllle, YeM UYHCJIO
BE/IMUMH, KOTODBIE HMEIOTCS B 3ajiaye PACMO3HaBaHUs COCTOAHHUA 1),

1) Martepuan 3TOH rJaaBBl YacTHUYHO OCHOBHIBaeTCd Ha paborax:
Mypa (E. F. Moor, Gedanken— Experiments on Sequential Ma-
chines, «Automata Studies», pp. 129—153, Princeton University Press,
Princeton, N. Y., 1956. Pyccxu% nepeeon: 3. . Myp, Ymospureanb-
Hble 9KCIIEPHMEHTHI C IIOCJEOBAaTENbHOCTHHIMYE MauruHaMu. B c6opHuke
«ABToMaThl» mop penakuued K. . Illlennona u JIx. Makxapru, WJI,
M., 1956), T'muabypra (S. Ginsburg, On the Length of the Smal-
lest Uniform Experiment Which Distinguishes the Terminal States.of
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4.2, Kanaccudukanns sKCHepuMeHTOB

ITpouecc npuaoxeHusl BXOAHBIX NOC/eN0BATeNbHOCTeH K aBTO-
MaTaM, HAaOJ/I0LeHNs MONYYaeMbIX BBIXONHHIX MOC/EN0BaTe/lbHOCTEH
W BHIBOJA B3aKJIOYeHWH, OCHOBAHHBIX Ha 5TUX HAOJIOLEHUSX,
Oyler HasLBaTbCA axcnepumenmom. Bo BCeX HalIMX paccMo-
TpeHusx, 6e3 HCKJIOYeHud, OyIeT npelAnonaratbCs, YTO aBTOMAT,
HaJl KOTOPHIM MPOBOJUTCA SKCIEPHMEHT, fBJIAETCA OlMe4YaTaHHLIM
«4YePHBLIM SALIMKOM», B KOTOPOM JOCTYNHBI TOJbKO BXOIHbIE U
BBIXOJHbBlE MOJIOCH. 3aK/IOUeHUs C/lelyeT HesaTb TOJbKO Ha OC-
HOBe MNPUJOXKeHHbIX BO3JeHcTBUI, HaOMmoJaeMEIX PeakLui U Tab-
muu, (uad rpadoB, WAM MaTpUl) NMepexOnoB, eClM OHU HMeIOTCH
B pacNopsXKEHUH NPU pelleHUH 3alauH.

Mur 6ynemM pasmuyaTb ABa THNA SKCIEePHMEHTOB.

1. Be3ycao8rbie axcnepumerme:, KOria TNpPUKJIALbIBagMas
BXOJHad TOCJeLOBaTeNbHOCTb MOJHOCTBIO OMNpeleleHa 3apanee.

2. Ycao8Hble axcnepumermsl, KOrna NPUKIaibiBaeMas BXOM-
Hag IO0C/el0BaTeJbHOCTb COCTOMT U3 IBYX MM 0oJiee MOANOC/eE-
IOBaTeNbHOCTel, mNpuyeM Kaxiasd MOANOCHeL0BATeNbHOCTb (UC-
K/Iouas NMepBYIO) ONpelelleHa Ha OCHOBAaHWM peaklui, BbI3blBae-
MBbIX MNPelbIAYLIMMA MOAMOCHEN0BATEbHOCTAMU.

BesycoBHEI} 9KCIePUMEHT, KaK NMPABUIO, Jerye OCYLIeCTBUT,
YeM YCIOBHHIA: moclelHu# TpeOyeT pala MPOMEXKYTOUHBLIX pe-
IleHWH Mepel NPUHATHEM OKOHYaTeJbHOTO, TOTAa Kak MNepBbIH
He TpeOyeT TakoBHIX. PaccmarpuBas uenoBeKa WM MeXaHMYeCKHH
«TeHePaTOp BXOLHOf IMOC/IeN0BATENbHOCTUY, YbS (QYHKLMA CO-
CTOMT B MOJaye Ha aBTOMAaT TpeOyeMbIX BXOIHBLIX MOCJ]eNOBa-
TeNIbHOCTeH, MOXHO BMAETb, YTO B 6e3yC/JOBHHIX 3KCIepPUMEHTaX
reHepaTop HOJ/KeH OO0ecneunTb eIMHCTBEHHYIO I10C/eN0BaTeNb-
HOCTb. B yC/IOBHBIX 9KCNepuMeHTax TIeHEpaTop, MOMMMO 3TOrO,
JO/MKeH ObITb CNOCOGHBIM BLIPaGaTHIBATH DAL MOANOC/EN0BATENb-
HOCTeH, MNpHyeM Kaxaas IMOANOC/AeN0BaTEeIbHOCTb OCHOBaHA Ha
MHpOPMaUMK, MOCTynamwlle#f B 06PaTHOM HaNpaB/eHNWH C BEIXOM-
HBHIX TOJIOCOB aBTOMaTa. Kaxk Mbl yBUINM, NpeMMyLIeCTBO He-
KOTOPBIX YC/AOBHBIX 3KCMePUMEHTOB COCTOMT B TOM, 4YTO OHH

a Machine, J. Assoc. Comput. Mach., vol. 5, pp. 266—280, 1958. Pyc-
ckuit nepesog: C. T'uu36ypr, O jpiuHe KpaTyafmero OZHOPOIHOro
9KCIIEPHMEHTA, YCTAHABJHBAWOIIET0 KOHEUHBIE  COCTOSHHS MAIIHHEI,
«KubepHetnueckusi cGopHuk» Ne 3, WJI, 1961) u T'mama (A. Gill,
State Identification Experiments in Finite Automata, Information and
Control, vol. 4, pp. 132—154, 1961).
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OTHOCHUTENbHO KOPOYe; KPOMe TOTO, B HEKOTOPBIX CIy4YasX yCJOB-
Hble SKCTIEPUMEHTH! JIerye MOCTPOHTb, 4eM OeadycioBHEe. Cxema-
THYECKOEe MpelCTaB/eHNe [ABYX TUIOB IKCIEPHMEHTOB IOKa3aHO
Ha puc. 4.1.

OnyuH aBTOMAT HasbiBaeTcs Konueli Apyroro, ecau oba aB-
TOMaTa WMEIOT ONMHAKOBble TaOJMUBI NMEepexXOJOB M eCJUd OHH

1ekepam0
ErOFWo Ty y 2,
”gmﬁpia. r ‘—+—0
mERHOCITIL

Q)
JEHEDGITIOD z z
srodwod v M g
nocredosa- > >
TERHOCTTIU

)

Puc. 4.1. a) BesycnoBHbI# akcnepuMeHT. 6) ¥ caOBHbIH
3KCIIEPHMEHT.

HAXOAATCA B ONHOM M TOM K€ COCTOSHHU Nepel HauaaoM 3KcC-
neprMeHTa. DKCIEPUMEHTBI MOTYT ObITb KJAaCCUPUUUPOBAHBI MO
yycay TpeGyeMbIX IJid MX NpOBeleHHs IK3eMIUIAPOB!) uccrenye-
MOrO aBTOMara.

1. ITpocmeie sxcnepumernmol, KOria Tpe6yercs eIUHCTBEH-
HBIf 9K3EMIIAD aBTOMAaTa.

2. Kpamuwe sxcnepumenmst, xorga tpebyerca 6osee ueM
-OIVH 9K3EMIISD aBTOMATa.

Tax kxak OGOJNBIUMHCTBO aBTOMATOB, BCTPeYaloLIMXCA B MpaK-
THKE, UMEIOTCAd B elIVHCTBEHHOM 3K3eMIIsApe, NMPOCThie SKCIEpHU-
MEeHThl NpeLNOYTHTe]bHee KPaTHBIX.

Jauna sxcnepuMenta NpUHEMaeTcd Kak obliee YHCIO BXO.-
HBHIX CHMBOJIOB, MPHUKJ/AJbiBaeMblX B Ipollecce NMPOBENeHUs IKC-
-nepuMmenta. [IopA00OKx SKCIEepUMEHTa INPHHUMAETCs KaK YUCJIO
BXOAHBIX MOJNOC/eN0BaTeJbHOCTEH (T. e. MOcCJ/eLOBaTeJbHOCTeH,

1) B tekcte opuruHana ynorpeGJieHO CIOBO «KOmHa». 37€Ch U Ja-
Jee 3TO CJOBO 3aMEHEHO CIOBOM «ak3eMmmasp». ([Tpum. nepes.)
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pasleNeHHEX OMNepalusMd NDUHATHSA pelleHu#t), U3 KOTOPHX CO-
CTOUT O9KCNepuMeHT. K pamrocms SKCNepHMEHTa eCTh YKCJIO
9K3eMIUIAPOB aBTOMATa, TpeOyIOLUXCA NpU HccaeloBaHud. Tak,
6e3yCTIOBHBII 3KCNIEDUMEHT ecTb SKCNepUMeHT mnopsika 1, a
YCJIOBHBIfl SKCHEPUMEHT eCTb 3KCIEPUMEeHT mopsika 2 umu 60-
nee, Ilpocro#t skcnepuMeHT ecTb SKCHEPUMEHT KpaTHocTd |,
a KPaTHBI SKCIEPUMEHT €eCThb SKCMEepPUMEHT KPAaTHOCTH 2 WIH
6onee. JlnWHa, MOPALOK M KPATHOCTb SKCIEPHMEHTa MOTYT pac-
CMaTpPUBaTbCA Kak rpy6Gble Mephl ero CTOMMOCTH.

4.3. JlnarHocTHYeCKHe M YCTAHOBOYHbIE 9KCHEpHUMEHTHI

Hama ocHoBHas uenab B 3TOff I'iaBe COCTOMT B pa3paGoTke
9KCNIEPUMEHTOB IJIfl pelleHus CAelYIOLMX IBYX 3akad.

1. JQuaenocmuneckan 3adaua. M3BecTHO, 4TO NaHHBIK aB-
tomMat M, Tabauna nepexomioB KOTOPOro MMeeTCs B HallleM pac-
NMOPSKEHUH, HAXOLUTCH B OLHOM M3 COCTOSIHMA Oy, Oy ..y O .

Hatitu 3710 cocrosiHue.

2. Yemanosounas 3adawa. VI3BecTHO, 4TO JaHHBIA aBTO-
MaT M, Ttabnuua nepexoloB KOTOPOro MMeeTcd B HallleM pac-
MO PsXKEHNH, HAXOAUTCS B OJHOM M3 COCTOSHUR iy Oiyy vovs 070

YcraHoBUTE M B U3BECTHOE COCTOSIHEE.

Ilmarnoctuueckas 3alauya, CJelOBaTelbHO, €CTb 3alaya Of-
peleseHUs HayalbHOTO COCTOsHUs M, a ycTaHOBOYHasd 3anaya
COCTOUT B OMNpEeIeNeHNH KOHEUYHOro cocTosiHus M. DKCIeprMeHT,
KOTOPHIH pelllaeT NWarHOCTUYECKYIO 3ajauyy, HasbBaeTcs duaz-
HOCMU4eCKUM JKCnepumesmon, SKCIEePUMEHT, KOTOPHI pe-
1aeT yYCTaHOBOYHYIO 3a1ayy, Ha3blBaeTCA YCMAHOBOLHbLM JKCNE-
pumenmom. SICHO, YTO KaxIuH NUArHOCTUYECKMH SKCIIEPUMEHT
eCTb TaKxe YCTaHOBOYHHIi 3KCNEPUMEHT, TaK KaK 3HAHWE Ha-
YaJbHOTO COCTOSHHA M ¥ NPUIOKEHHOH MNOCAeL0BaTENbHOCTH
03HayaeT 3HaHWEe KOHEYHOro cocrosHus. OO6parHOe, OLHAKO, He
0653aTeNbHO BEPHO.

Ecnn 0co6o He oropapuBaercs, TO BO Bce#t 3aTo# riaee Oy-
JeT mpexmoJaratbcst, 4To M — MuHuManbHBIA asTOMar. Eciau
aBToMaT M, mepBOHAuYaJbHO BalaHHBIH CcBOe#t Tabauuell mepe-
X0IO0B, He MHHMMaJeH, TO OH BCeria MOXeT GbITb MHUHUMH3U-
pOBaH MeTOJaMH, W3JOXeHHLIMH B riaBe 3. Tak Kak TOJbKO
BHelllHee TOBeleHue M TpeacTaBiasieT WHTepec, MOXHO 6e3
pUCKa 3aMEHHTb MNepBOHava/lbHYyl0 Tabjauuy ee MUHUMAIbHOR
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¢dopMo#t u, caenosarenbHO, 6e3 MOTepH OOIIHOCTH NMPeANoJararh,
yT0 M MuHHMaJeH.
MHOXecTBO COCTOsHuUM {O‘il, iy v o O'im}, OIIHO U3 KOTO-

PBIX, KaK K3BECTHO 3KCIEPUMEHTAaTOpPy, ecTb HayalbHOE COCTOs-
Hue M, Ha3BIBACTCA MHONHCECMBOM OONYCMUMBLX HAYAAbHBLX
cocmoarul n o6osHauyaercs A (M). Cocrosuus A (M) Hasbi-
BaloTCs donycmumsimu cocmoanugmu. Kak nuarnoctuueckas, Tax
¥ YCTAHOBOYHAs 3alauyM CTAHOBATCH TPUBUATbHBIMY, Koria A (M)
SIBJSETCd OJHO9JEMEHTHHIM MHOXECTBOM, T. e. Koria m =1,
Hamwe BHuMaHue, cienoBaTelbHO, OyAeT CKOHLEHTPUPOBAHO Ha
cnyvasx, Korma m > 2.

MoxHO 3aMeTHTb, 4TO O6e3yCHOBHHIl AHATHOCTUYECKUH WM
YCTaHOBOYHBI/ 9KCIEPUMEHTH HE B3aBUCAT OT WCTHHHOrO Ha-
yanbHOrO cocTostHust M. C npyroft CTOPOHBI, YCIOBHBIH Iuar-
HOCTUYECKU}l MM YCTAaHOBOYHBIM SKCMEePUMEHTH 3aBUCAT B 006-
1eM cIyyae OT MCTHHHOrO HAauyaJbHOTO COCTOsSHHS. DTO ciaelyer
u3 TOoro ¢axra, YTO HayaJlbHOE COCTOSIHME OIpelenseT peak-
nvio M Ha NepBYI0 BXOLHYIO INOLMNOC/IENOBATENbHOCTb; TaK KakK
COCTaBJ/IeHUe cJeAyollell BXOLHOH MOAMOCHEN0BATENbHOCTH OC-
HOBEHIBAETCA HAa PeaKUMH Ha TeKYIUYI0 NPHUKJAaIbIBAEMYI0 MOAIO-
C/IeJOBaTe/bHOCTb, TO HauyaJbHOE COCTOSHHE OmpelenseT Bce
BXOJAHBIE MOANOCJENOBATENbHOCTH, HCKIIOYas MepBYIO.

4.4, IlnarHoCTHYECKHE IKCHEPUMEHTHI
IJf ABYX COCTOSHMIA

3anaua oOmpeleseHUs] HAYaJbHOTO COCTOsAHWA asTomata M
B cayuvae, xorma A (M) vMeeT NpoOU3BOJNbHYIO MOLIHOCTb 17,
KOHEYHO, HaMHOTO CJIOXHee OTHOCUTeNbHO YacTHOro cjydas,
korma m=2. Uro6bl Dpa3IuuuThb MexAy cobo# obuwuit u 3TOT
YaCTHBI cayuyad, TepBHYf OyAeM HasbBaTb OUQ2ZHOCHMUYECKOL
3adaueli 0an m cocmoaruil, a BTOPOH -— JuazHocmuuecKol
3adaxeli 0an 08yx cOCMOSHUL.

B aToft rnaBe Mbl pacCMOTPHM AMAarHOCTUYECKYIO 3afady s
IBYX COCTOSIHWH, MpeamoJaras, yTo NaHHHIH aBTOMart M uMeer n
cocrosnuit, ¢ A(M)= {0y, 0;,}. Tax kak M MuUHUMaJeH, TO
Oi, U Oj, NOMKHH OBITb Pa3JMYMMBl M, ClefoBarenbHO, (n— 1)-
pa3nuuuMbl. 3HAUMT, CYLIECTBYET BXOHHAs IOCJeL0BATENbHOCTh
IIMHEL n— 1 wiau MeHee, KOTOpas, OYAyYM TPHIOKEHHOH K
M|o;, u M|0j,, BH3HBAaeT pas/iuuHble BHIXOLHBIE IOC/ELOBATE/b=
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Hoctd. Takad BXOo@HAad MOC/JTeNOBaTe/NLHOCTh Ha3hBaeTca duaz-
Hocmuueckoii nocaedosamensHocmsio 04s {0y, 0;}. Juarxo-
CTMYECKUH SKCIEepHMeHT NJd ABYX COCTOAHME nas aBTomMata M
npu  A(M)={o;, 0j,] cocrour, Cclei0OBaTeIbHO, B NPHIO-
KeHWH K M 1uarHocTHYeCKOR Mmoc/nenoBaTeIbHOCTH 1as {0, 0j,}
¥ B HaOJIONEHWM PeaKkUyy; Ha OCHOBAHHM 3TOH peakuud MoxeT
ObITh OMpeJeNieH0 MCTUHHOE HaualJbHOe COCTOAHMe. B ocraBuiefics
4acTM STOrO maparpaga Mbl MOKameM, KaK MOTYT ObITb IOCT-
pOeHbl IMarHOCTHYECKHe TOC/IeN0BaTebHOCTH AT 3alaHHBIX Map
CoCTOAHHUH,

Iycts 0;, u 0y Oyayr [-pasimuumbl u (I — 1)-3xBuBa-
JeHTHbl, 148 HekoToporo [, 1 Il <{n—11). Toraa nmmua kpar-
yafillet IMarHOCTMYECKOH IOC/IeN0BaTebHOCTH I {0z, Oj,}
ectb [ JlioGaa auarnocTuueckad IMOC/AENOBaTENbHOCTb IS
{04, 0j,}, nMMHA KOTOpOM paBHa oOmpeleNeHHOMY BEIE 3Haye-
Huo0 [, OyleT Ha3HBATLCH MUHUMAAbHOL OUAZHOCMULECKON
nocaedosamenvrocmeio 045 {0, 0.} 1 0603HauaThest & (04, 0j,).
Ecmu o0;, w 0j, [-pasmuunMel u (I — 1)-9KBHBa/JEHTHEl, TO
Oj, U Oj, NOMKHBI ObITb pa30CLIEHHBIMH COCTOSAHHAMM B P; 1
o6benunenHeMn B P;_;. Tlostromy [ moxer OLITh ONpeieseHo
nyTeM MOCTPOeHUs KR-IKBUBAJEHTHBIX pas3OueHu#t 1Jd NaHHOTO
apToMaTa M ¥ HaXOuIEHUs HauMeHbIleH BeNMUMHE R TaKOH,
urto P, CONePXUT O; M C; B JIBYX pPasMMuHEIX KJaccax; 3Ta
BeJMYMHA JO/KHA PaBHATbCA [

Korna &(0i, oj,) npuknanusaercs x M|o;, u M|oj, BEH-
XOIHbIE MOC/EN0BATENbHOCTH MONYYAIOTCS OJMHAKOBLIMM, 84 HCK-
JIOYeHHeM mocienHero l-ro cumsona. CnenoBatenbHo, k-e mpe-
eMHHKH O;, M O, OTHOCHTeNbHO & (0y, 0j,) aBasoTca (I — k)-

pasauyuMbiMu M ([—Fk—1)-sxBuBaneHTHoIMU 174 BceXx 0 <Lk <
LIl—1. 310 nomoxenne usobpamxeHo Ha puc. 4.2, rIe
& (0;,, 0j,) MpeICcTaB/eHa B BHIe MOC/IEI0BATENbHOCTH Euluy - -

...gul. ITocaenoBarebHOCTH COCTOSIHUE, KOTOpblE NPOXOMAT
ABTOMAThl M]oiou /l/1|0,‘o ecTb COOTBETCTBEHHO Oy, Oiy .« .., Oi
W 0j, Ojs ..., Oj. IIpn 3TOM BEHIXOMHEIE MOC/ENOBATENLHOCTH

1
t
HUMEIOT BUJ C,,ICZ,Z. . Cg; 079 aBToMaTa /VI|0,:o u C,,IC%. . .;‘Jl)

) Tak kak 0-sKBHBaJEHTHOCTb HE OmpejeJeHa, COCTOSHUS, KOTO-
peie 1-pasnuuanMel 1 0-9KBHBA/JCHTHBI, JOKHbl CIHTATbCHA NPOCTO 1-pas-
JUIUMBIMH,
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LJs aBToMata M|ojo, rle Cﬁ,‘l)aé?;(z,jl). Hcnonbayst 0603HaYeHHd

puc. 4.2, MOXHO YCTaHOBUTb, UTO €CIU Oy U Oj  [-pasinuuMebl
u (I — 1)-35KBUBANEHTHH M €CJU §u1§u2 - §ul eCTb MUHUMaJbHad

IMarHOCTHYECKas MOCJe10BaTeNbHOCTb LISt {0y, O}, TO: (1) mas

1, /%0)  (E,/00,) (S Cn /0
/- /IJI\L/W/A//A/ (¢-7)pasmesenmey 2 - pasmuvene

/-
(11 J~owsusanermm (L-2-nuazmemmmey  -snsusancsmmsy ' P oY

/(fu,/(u,) '/@/@)
@@ @

Puc. 4.2 MunumaJbHas  JAMarHOCTHYECKas IOCJeJ0BaTEIbHOCTh
nas {010» 010}.

/5”,_,/4;,_,) /@ Vs

1<rLI—1 guk ecTb BXOLHOH CHMBOJ, KOTODBIA MepeBOAUT
0y, , W 0j, B mapy (I — k)-pazmuunmbix U (I — kR — 1)-3k-
BUBA/IEHTHBIX COCTOAHUH O, U Oj,; 2) g”z ecTb BXOIHOH CHM-
BOJI, [1PU TNPHUJI0KEHUH KOTOPOro K aBTOMATaM M[(nl_l u MlGjl_l
noc/efHNe BbLIAIOT Pa3/IMYHbE BBHIXOLHBIE CHMBOJIBI.
Onpedensenue guk, O, U Oj, U3 0y, U c,-k_l(l<k<
< 1--1). Onpeznenenue Eup i, W 0j,, KOrja oy, W 0j,
W3BECTHH, MOXeT ObiTb Haubonee yAO0OHO MHPOM3BENEHO C MO-

Moupio Tabmuu P, nocTpoeHne KOTOPHIX AJIA SKBHBAJEHTHBIX
pasOuenu#t nauHoro apromara omucaso B § 3.6. 0;,  w 0j,

apasioTc (I — k- 1)-pasnuunMeiMu 1 (! — k)-9KBUBaJIEHTHBIMH
COCTOSIHMAIMH; CJICLOBATeNbHO, OHM COCTABJSIOT CMEXHBEIE CTPOKH
B rtabmiue P;_, u pasofuieHHbie cTpoku B Tabmaue Pj_p,;.
Ilostomy crpoku o;,  u 0;, B TaGmuue P;_, INOMKHEL CO-

! !
IepxaTb OBE KJIETKH, CKaxeM Ozk . Hu O'jk . COOTBETCTBEHHO,
KOTOphHIE MMEIOT pas/WyHble HWXKHHE MHAEKCH, IO MeHbllel Mepe

!
B OAHOM, CKaxem E,  -M cronGue. Ipn sToM ng H o}k
- -4 -1
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LO/KHBL  OBITh ([ — kB — 1)-3KBuUBa/EHTHBIMM, TaK KaK OHHU
IBAAIOTCS TIePBLIMU NpeeMHuKaMu ([ — &)-3KBUBANEHTHEIX COCTOf-

Hu#t 0; WM Oj,  OTHOCHTE/NbHO BXOIHONO CHMBOJIA &,  onn
- - k-1
LOMKHB OBITh Takxke ([—k)-pasnuuuMbIMH, TaK KaK O, U 0;.
k-1 k-1
MMEIOT pas/iuHble HMXKHHE MHieKcH B Tabauue P;_,. Cuenoa-

TeNbHO, O I/I 0}. SBJAIOTCS MCKOMBIMU COCTOSHHAMH Oj,
k-1 k—1

M Oj, COOTBETCTBEHHO, W BXONHOH CHMBOJ §; eCTb HCKOMbIH
k=1
BXOIHOH CHMBOJI guk. Takum o06pasow, §uk, 0;, ¥ 0j, MOryT

ObITh OmpeleneHb MyTeM NMpocMoTpa Tabauubl Pj_.

Onpedesenue Eu, w3 0;;_ u0j .0y  WUOj  ABIA0OTCA
1-pasnvuuMeIMu; TMOSTOMY LOJ/KEH CYLIECTBOBATb, TMO KpaHHef
Mepe, OJMH BXOJIHO# CHMBOJ, NPH NPHJIONKEHWH KOTOPOro K aB-
TOMAaTaMm M‘G‘z_l u M|oj, =~ mocnenHue BHIIAIOT PA3IMUHBIE
BEIXOAHBIE CHMBOJH. IDTOT CHMBON, KOTODBIH ABJIAETCA HCKOMBIM
CUMBOJIOM &/, MOXET GBITb JIETKO ONpeleleH MyTeM HaXoxie-
HUA B 2Z,-moAraGiilie CTONOLA, B KOTOPOM CTPOKM Oy M Oj
PasUYHBbI.

[lpusenennsie MeTOZbl MOTYT OHITb OODBENMHEHHl M Tpel-
CTaBJIEHBl B BHUJE CJEAYIOUIEro ajropuTMa.

Anropurm 4.1. o5, u 0j CyTb HBa COCTOSHHS aBTO-
mata M. YroGul onpeneanTh MHHEMAaAbHYH IMarHOCTHYECKYIO
nocnen0BaTeNbHOCTs 1as {0, 05 }: (1) [TocTpoum TaGmuupt P,
nna M. Hatinem [ Takoe, 4TO Oy, ¥ Oj, fIBIAIOTCS CMEXHBIMH
cTpokamu B Tabmuue P;_; u pasoflieHHBIMH CTPOKamu B Tab-
mue P,. TlpennonoxuM, urto k=1. (2) (a) Ecm | —k >0,
To mnepexoamm K mary 3. (6) Ecim [—£k=0, 10 &, coor-
BETCTBYeT JI0OOMY cTOJOLY B zv-nomamﬂue M, Takomy, 4TO
CTPOKH Gik_l " ij_l B 9TOM CTOJOLE pPAa3JIHYHHI, §u1§u2 guk
€CTb MMHWMa/ibHAasfd NHATHOCTHYECKAs [0C/IeI0BATeNbHOCTb I
{(no, Gjo]. 3) guk cootercTByer moGoMmy cronbuy B Tabauue
P;_p, TAKOMY, 4TO CTPOKHU i,  u Oj,  3TOr0 cronbua MMewT
KJETKH O;, W Oj, COOTBETCTBEHHO C Pa3MMYHBIMH HIKHUMH HH-
JeKcaMy. YBenuuuBaeM R Ha eIHMHULY M BO3BpallaeMcd K Iary (2).

Ilns wamoctpauun paccMorpuM asromat Al7, mpencras-
neHHbift TaGuuue#t 4.1 u nzoGpamennut Ha puc. 4.3. TaGmuusl
4.2 — 4.5 gsnsorcs rabmvuamu Py, Py, Py u P, aBromara Al7.
Hns mpumepa HafileM MHHMMAJbHYIO AMATHOCTHHECKYIO MOC/AENO-

9 A Tuma
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parenpHocTs Ias {1,2}, T

(/)

(/7

(e/0)
<
Y
@/7)
@/
g
5/7)

Puc. 4.3. Asromar Al7.
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e. & (1,2). Hauwem c paccmor-
peuus Tabuuubl P, TaKk KaK 3TO «HoCHelHss» Tabiauua, B KO-
Topo#t cTpoku 1 u 2 sBastorcs cMexHoiMu. Ctpoku 1 u 2 B
rabiuue P MMEIOT Pa3JMYHBIE HYKHHE MHIEKCH B KJIETKaX «4,»
M «5,», KOTOpHIE HAaXOIsTCd B croabue . 3HauuT, p ectb mnep-

@/

Buft cumBon B & (1,2). B
tabaune P, cTpokn 4 u 5
UMEIOT  pasMuHble  HIKHUE
MHIEKCB B KJETKax «3,» H
«2,», KOTOpHle Haxonsrcs B
cronbue o. 3HAYAT, O eCTb
BTOpO# cumBoa B & (1,2). B
Tabmine P; cTpokun 3 u 2
VMEIOT ~ Das/iuuHble HHIXHUE
VHIEKCEl B KJETKAaX «9,» u
«l,», KOTOpbIe HaxoIATCs B
cronue . 3HAUUT, O eCTb
tpetuft cumBon B & (1,2). B
TaKkKe MOxeT ObITb BEHIGDAH B
KauecTBe TPETbero CHUMBOIA,
TaK KaKk CTPOKH 3 M 2 uMe-
I0T pas/uuHble HIKHUE HH-
IeKCHl B KJeTKax «l,» u
«5,», KOTODHIE HAaXOHATCS B

cronbue f. B z,-moaradaumue CTPOKM 1 u 5 MMEKT pasiuyHble
knetkd (0 m 1) B crondue O. 3HAUWT, O eCThb YeTBepTHH H
nocnenuu#t cumson B & (1,2). Takum ob6pasom, & (1,2) umeer

Ta6auna 4.1

Asromat Al7

v+1

Ta6auma 4.2
Ta6anua P; gna A17

Sy+1

X x,
Sy ¢ B ¢ B Z Sy o B
1 0 1 1 4 1 I, | 4
2 0 1 1 5 a 2 lg | 5
3 0 1 5 1 3 S5 | 1g

4 1 1 3 4
5 1 1 2 5 b 4 3, | 4
5 24 | S
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Ta6anuna 4.3 Tab6anuna 44
Ta6nuua P, pas Al7 Ta6auua Py gna Al7
Sv+1 Sv+1
xV XV
DN | e |8 2N | o | 8
1 1 4 1 la | 4
al 2 | 1o|s a2 | 1, | 5
b ’ 3 l 5S¢ I 1o b I 54 1,
c g 3p 4510 ¢ 3 | 4
a ¢ d 5 2, | Sq
Tab6anuma 4.5 Ta6auuma 4.6
Ta6auna P, paa A7 MHHHMAJbHbIE JHATHOCTHYECKHE
P N0oCJeJ0BaTeJbHOCTH LS Map
cocTosiHHA Al7
Sy+1
(£) (/)
> N B % | %, |8 (a’o' Ufo) S, | 5
Sv
1 2 Pooon 1 0
1 3 o 0 1
a 1 1y | 44 1 4 a 0 1
a e 2 3 oo 0 1
c 3 5e 1, 2 g a 8 {
2 o
a4 3 |4 3| 1 o 0| 1
e 5 2 | 5 3 5 o 0 1
4 5 o 1 0

Bull poca uan popo. Korma Poco npuknanmBaercs k Al7 B co-
CTOSSHUM 1 ¥ B COCTOSHMM 2, MOC/TeNHUH BBHIXOZHOH CHMBOJ eCThb
1 1 0 COOTBETCTBEHHO, YTO JErKO MOXeT ObITb IPOBEPEHO IO
tabmuue 4.1 wm no puc. 4.3. Crenosaremsno, ecan (1,2} ss-
J5IeTC MHOXECTBOM NONYCTHMBbIX HAayaJbHBIX COCTOAHKH Al17,
TO JMATHOCTHYECKUH SKCHEepUMeHT MOxeT ObITb NpOBeleH MNy-
TEM INDHIOXKEHHA Poo ¥ HAOMOLEHHS MQCAELHErO BBHIXOLHOI'O

9*
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CHMBOJIA: €CJIM 3TOT CHUMBOJ — |, TO Haya/nbHOe COCTOsAHME — I,
ecan sToT cuMBoa — 0, TO HayajabHOe cOCTOsAHUME — 2. B TaG-
nuune 4.6 nepeuucieHnl BCe MHHUMANbHble JIHATHOCTHYECKHE
nOC/ef0BATeMLHOCTH LJsi BCeX map cocroanm# {0y, ;) Al7;
nociefHue 1Ba CTon0OLA B 9TOR Tabmuue YKA3LIBAIOT MNOCHeLHHUE

Ha6/MI00aeMble BLIXOLHBIE CUMBOJIBI Cifl) " Q(Jl), KOrJa MUHHMMAJb-

Hasg JMAarHOCTHYECKas MOC/IeLOBATENbHOCTh MPUK/IALBIBACTCA K Oy,
U 0j, COOTBETCTBEHHO. XOTA IJI NaHHOK Naphl COCTOAHUE MO-
ryT OBITb MOCTPOEHBI IBe UIM G0Jie€ MHHMMAJbHEIX JIHATHOCTH-
YeCKUX TOC/IeN0BaTe/NbHOCTEN, B Tab/aule NMpuBeleHa TOJbKO Of-
Ha TaKasg NOC/IeI0BaTeNbHOCTb.

4.5. Pa3HOBHIHOCTH JHATHOCTHYECKOH 3ajauu
C ABYMSI COCTOSIHHSAMM

Crenyowas TeopeMa CyMMUpPYeT PacCyKIeHus, NMpuBeleHHble
B NpelblnyllleM naparpade.

Teopema 4.1. Huaznocmuuweckasn 3adaia 048 a8MO-
Mama, codepicau,e2o n COCMOSHUL, ¢ 08YMA QORYCMUMbLMY
COCMOAKUAMY 8Ce20a MOdcem Oblmb peuleHa npocmulm 6e3y-
CAOBHBLM 3KCNepUMenmom OAsuHb I, 20e

1<n—1. (4.1)

Puc. 4.4, Ha xoTopoM uso6paxen aBromar Al8, nmokaseizaer,
YTO BEepXHAA TIpaHula B cooTHouleHwu (4.1) MoxeT OBITb HO-

(@/7)

(6/0) b/0) 5/0) 6/0)
Puc. 4.4. Astomar AlS.

cruriyra nas moGoro n. OueBuiHo, uto B Al8 Hukakme nBa
COCTOSIHHS He MOTYT BBHILATb PA3JIUYHBIE BHIXOJHBIE CHMBOJIBI
npexne, 4eM OGyIeT HOCTUTHYTO COCTOSHME 7 U3 OLHOTO M3 STHX
COCTOSIHMM ¥ INpPUJOXKEH BXOXHOM CHMBOJ Q) CJlIelOBATENbHO,
AHATHOCTHYeCK N dKCnepuMeHT 419 Al8 m A0mycTHMOro MHOXe-
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crea {1, 2} ne moxer GwmTb Kopoue, yeM n — 1. MuHuManbHas
IMarHoCcTUYecKas mocaenosaTenbHocts Anda {1, 2} cocrour us
NOC/IEN0BATENbHOCTH 1 — 1 CUMBOJIOB 0., BBHIXOZHAs NOCJIEIOBA-
TeJbHOCTb OKAHYMBAETCA HYJeM, ec/M HayaabHOe cocTosHie — 1,
U elMHHMLEH, eclu HavyalbHOe COCTOfIHME — 2,

Jlyarnoctuyeckass 3amada AJIs ABYX COCTOSIHHM NMPSIMO CBs3aHa
CO ciaenyiolle#t 3alaueil: M3BeCTHO, 4TO NaHHBIR aBTOMar M sB-
nserca 1u6o apromatoM M; B cocrosHuHM o;, 160 aBTOMaToM M,
B COCTOSIHMM O, NpHYEeM uMeloTca Tabauubl nepexonos M;, M,
u M;, M, sBifoTCa CpaBHUMBIMM aBroMaramu. emaTenbHO
pacnosHaTh aBTOMAaT ¥ ero HayadbHOe COCTOAHMe. [IpOCTBIM uc-
KYCCTBEHHBIM TNIPUEMOM paccMOTpeHus M Kak paclienseMoro
asroMara M; n M, a umenso A(M;, M,), ykasaHHasn 3anaua
MOoxeT OHTbL mnepedpasupoBaHa B CHAeLYIOWEM BHAE: M3BECTHO,
yro naHHE# asromat A (M;, M,), Tabauua Nnepexon0B KOTOPOro
LOCTYNHA, HAXOLMTCS B OLHOM W3 cOCTOsHuH 0;, ;. Haitru sTo
cocTosiHMe. DTa 3a1aya B TOYHOCTH IPEICTABJASET COOOH IHMArHO-
CTHYeCcKylo 3amauy nnas asromara A(M,;, M,) u momycrumoro
MHOXeCTBA HayalbHBIX cocrosHuit {0;, 0;}. Ilpu o; + 0; 3anaya
MoxeT OBITh pellleHa MeronoM, omnucaHHeiM B § 4.4. Tlo Teo-
peve 4.1, MBI uMeeM:

CnencrBue 4.1. VsBecTHO, 4TO LaHHBIH aBTOMAT IO/KeH
Obith u60 M B cocrosHuu 0;, au6o M, B COCTOSHMM Gj, Tle
0, #0; M; u M, cpaHuMbl u ux TaOnMUEl NMEPeXOLO0B KO-
crynubl. Ecim M; ectb aBTOMAaT c 1, cocrosHuamu, a My, —c n,
COCTOSIHUSIMH, TO NaHHBIH aBTOMAT M ero HayalbHOe COCTOSHHE
BCerla MOTYT OBITb YCTAHOBJIEHbl NMPOCTHIM 0e3yCJOBHLIM 3KCIIe-
PUMEHTOM IJMWHE [, TIe

< ni~+ny,—1. 4.2)

Kak noxasaHo Ha npumepe aBromaroB A19 u A20 (puc. 4.5),
BepXHssl TPAHUIA B COOTHOLIEHHH (4.2) MOxeT OBITb NOCTUTHYTa
B TOYHOCTH LI JIOOBIX 7, U 7y B npumepe mnpeamnoJsaraercs,
4TO0 Ny > n, (KOrna n;=n,, cocrosHue n; B A20 umeer enuH-
CTBEHHYIO UCXOLALLylo AyTy, orMeuenHyio (a/0) \/ (B/0), xoTopas
BeneT K cocrosHuio n; — 1). IIpexie BCEero sameTuM, 4TO HHU-
kakue nIBa cocrosHust [ B aBtromate Al9 m j B aBromare A20
He MOT'YT BBLIATb Da3JUYHBIX BBLIXOAHLIX CHMBOJIOB IO TeX MNOP,
noka He OyIeT HOCTUIHYTO cocTosHve 1 u3 [ u j 1 He 6yler
npuiroXeH BXOLHOH cumBon P. Hanee, BeuepkHeM B A20 mapy
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BXOA-BHIXOL (0/0) HCXOAslel u3 COCTOSIHMA i, AYTH, 0003Ha-
yennoft (0/0) \/ (B/0), moGasuM k n, nermo (&/0) H paccMOTpuM,

i /1)
le/o)\  MoE/) @)y A/
/o \pw l7/ASRN
(/1) 17/ 7] (6/0)
@\ Y6/ (@) 6/0)

(/1) (B/0) (@)

gonot
-~
K
S

(@/0)
A79 @/9)

AZd
Puc. 4.5. Asromatnt Al9 u A20.

kKak 310 nosiuser Ha A20. Kak To/1bKO 3TO cIenMaHO, COCTOAHHUA
n, U ny— 1 CTAHOBATCA SBHO SKBMBANEHTHHIMM U MOTyT OLITH
3aMeHEHB! ONHHM COCTOSHHEM, CKaXeM 7, — 1} cocTosnus n, — 1
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U 1y — 2 ABJIAIOTCA TeNepb ABHO SKBUBAJNEHTHBLIMH M TaK¥e MOLyT
6bITh 3aMeHEHBl OIHUM COCTOSHHEM, CKaweM ny—2; ...; CO-
crosHust n;—+1 u ny ABAAIOTCA Tenepb ABHO SKBUBANEHTHBHIMU
1 MOryT ObITb 3aMeHeHHl OJNHHM COCTOSIHHEM, CKaxeM n;. B csoelt
coxpaueHHo#t ¢opme asromar A20 omuHakos ¢ Al9 u, creno-
BaTeJbHO, cocrosHue [ Al9 skBuBaleHTHO coctoaHuo i A20
nna Beex i, 1 <{i<{n,. Ilo3TOMy MOXHO ClenaThb BHIBO., YTO
Kparyafiiiasg BXOJHas IOCJIeLOBaTeNbHOCTb, MOJ HeHCTBHEM KO-
Topo#t Al9 um A20 [QoMmKHBl BHIABATb DA3/UYHEE BBIXOLHBEIE
MOC/IeN0BaTeNLHOCTH, KOrja 06a aBTOMara HaxolATCd B Havalb-
HOM cocrosHuu 1, momkHa nepeBoautbh aBTomMat A20 us cocrod-
Hud 1 B COCTOSHUE N, U 3aTeM BXOXHBIM CHUMBOJIOM O, B COCTOf-
Hue n; — 1. Taxk kak cocrosHue 1 HOMKHO OBITH BHOBb 10-
CTUTHYTO Depen TeM, kak Jtu6o Al9, mb6o A20 Buaasyr
Pa3IMuUHBIE BBHIXOIHBIE CHMBOJEBI, Ta XKe caMas MOCJel0BaTeIbHOCThb
Io/kHa nepesonutb A20 M3 cOCTOSHHUS Ny B COCTOoAHME 1 M 3a-
Te€M OKAaHYMBATHLCA BXOLHHIM CuMBOJOM f. Ilo3TOoMy KpaTuadiuuit
SKCIePUMEHT, pas/juvamluit Mexnay co6oit A19 B cocrosHuu 1
n A20 B cocTosHUM 1, COCTOMT B NPUJIOXEHHH 1, CUMBOJOB O,
3a KOTODHIMM CJIeLyOT n; — 1 cuMBO/aOB P, ¢ o0we# AaMHOH
n,—n,— 1. Tlocnenxu#t Habmionaemblff CUMBOJ B STOM 3KCIle-
pumente ectb 0, ecam B cocrosHuu 1 Haxonutcst aBromar Al9,
-1 1, ecam B cocrosHun 1 Haxomurca A20.

Cnenyer OTMETHTb, 4YTO eNMHCTBEHHOe TpeGOBaHHE, MNpeldb-
SBIseMOE ¥ K M; uw M, B cnencreuu 4.1, COCTOMT B TOM, UTO
o, #+ 0;. OT0 TpefOBaHWE He B3aBUCAT OT Pa3JIUYUMOCTH HJH
skBuBaneHTHOCTH M; u M,y (0; u 0; MOryT OHIThb Pa3IMYMMBIMU
COCTOSHMSIMU B IBYX SKBUBa/eHTHHX aBToMaTax). CienoBaTenbHo,
HeT HeoOXOLMMOCTH PacHpOCTPaHATb Ha pacClIenseMbit aBToMaT
A (M, M,) npennoJioxeHne 0 TOM, YTO OTAE/IbHHE aBTOMATH M
u M, ABIAIOTCS MHHHUMAaJbHEIMY.

4.6, JlepeBo mpeeMHHKOB

B nanmbueiieM mon o-muoscecmsom asToMata M Oyaem
MOHUMATh JI060e KOHEYHOE MHOKECTBO COCTOSHUH M; 3JIEMEeH~
TH O-MHOXECTBAa He 0073aTe/bHO pasinuHBL!). O-MHOXeCTBO,

) XoTa 0-MHOXECTBO He SBASIETCH <MHOXECTBOM» B (OPManbHOM
cMbIce (TaK KaKk OHO COZEPKHUT IOBTOPSIOUIMECS 3JAEMEHTh), OHO 6y-
zeT 0603Havatbcs QUrypHbHIMH CKOOKAMH, KaK 9TO NPUHATO Adas OObIY«
HBIX MHOMECTB.
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colepxaulee eIMHCTBEHHBIH SJIEMEHT, HA3BIBAETCH N POCMbLM; O-
MHOKeCTBO, COlepialiee ABa WM 60Jee OAMHAKOBBIX 3JEMEHTOB,
HAa3LIBACTCA K PAMHbLM; O-MHOXECTBO 00HOPOOHO, €CIH BCe ero
37IeMEHTHl ONMHAKOBE! (MPOCTOE O-MHOMXECTBO ABJIACTCS YACTHEIM
clyuaeM OJIHODOZHOIO O-MHOXECTBA).

Ins aBTOMara, y KOTOPOrO MHOXECTBO AONYCTHMBIX Hayasb-
HBIX COCTOSIHUH MMeeT MOIIHOCTb m, A-rpymnma ecTb MHOXeCTBO
O-MHOXECTB, TpHuYeM m eCTb oOllee YUCIO 3/7EMEHTOB BO BCeX
BXOIAWMX B A-Tpynny o-MHOxecTBax. YucCI0 0-MHOXeCTB
B A-rpynne HasbiBaercs peuienuen rpynnsl. Pemenne A-rpynnsl
He MOJXeT NpeBHINaTh m. A-TPyNna HasbBaeTCd APOCMOL, ecin
BCe O-MHOXeCcTBa B HeH npocTe; A-rpynna 00xopodxa, eciu
BCE€ O-MHOXeCTBa B HeH ONHOPOJIHHI.

[Mpexnonoxum, 4ro G ectb A-rpynna, colepxalias o-MHO-
KECTBA L1, Ly s &y §ll§i2 gil-npeeMnux G ectb npy-

ras A-rpynna, NHOCTpPOeHHas COTJIACHO cienylowuM npasuiaam: (1)
Pas6uBaeM kax1oe MHOXECTBO &; HA MOAMHOXECTBA TAaKHE, UTO
IBa COCTOAHMA &, BKJIOYAIOTCS B ONHO M TO e MOIMHOXECTBO,
eClM W TOMbKO €CIM OHM BHIPAOATEHIBAIOT ONVHAKOBHIE DeaKLuu
Ha BXOIHYIO MOC/eNOBaTeJbHOCTb gilgiz gil. CuuraeM Kaxnuoe

MOLMHOXECTBO KaK O-MHOXeCTBO, a MHOXECTBO BCeX TaKux
O-MHOXECTB — Kak A-rpymnny, o6osHauennyio uepes G'. (2) B o-
MHOMeCTBaX M3 G’ 3aMeHsieM KawA0e COCTOAHHE €ro MpPeeMHHKOM
OTHOCHTENbHO BXOLHOA mocaenosarenbHoctd §, &, ... &, . Ilo-
1 72 !
nydaemas B pesyibTare A-rpynnaects §, &, ... &, -npeemuux G.
1 72 1

lepeso npeemHuxo8 eCTb CTPYKTypa, ONpeldeseHHAas MIJs
IaHHOTO aBTOMaTa M ¥ 3aJaHHOTO MHOXeCTBa INONYCTHMBIX Ha-
yanbHBIX coctosHuit A (M). CrpykTypa COCTOMT U3 BeTBelt,
PACNO/NOKEHHBIX B MOCACNOBATENbHLIX Y POBHAX, IPUUEM BHICIIUM
VDOBHEM SBJIAETCA «HYIEBOH» YpOBeHb, CAELYIOLIMM 33 BHICIIMM
ABJIIETCS1 «MepBLIfl» ypoBeHb M Tak nanee. Hyneso#t ypoBenb
JlepeBa COAEPKHUT ENMHCTBEHHYIO BEeTBb, HA3hIBAEMYI0 HaAXAAbHOL
semsvo. B IepeBe NpPEeMHMKOB, TOCTPOEHHOM JIJI1 aBTOMaTa

¢ BxomHbiM andasutom {&;, &y ..., E,}, Kawnas BerBb B k-M
ypoBHe (k> 0) pacwenasercs Ha p BerBeff, NpelCTaBAAOIIAX
& Egs - - +» Ep COOTBETCTBEHHO U ABAAIOMWIUXCA BeTBAMA B (k—1)-M

ypoBHe. Bersb,” mpexcraBisiollas BXONHOH CUMBOJ §;, HAasbl-
BaeTCA «BETBb &;». SICHO, uTo k-H ypoBeHb lepeBa COAepHUT p*
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perselt. TlocnenosaTensHOCTh W3 [ BeTBeH TakMX, UTO R-f1 BeTBo
HaxoluTcs B k-M yposHe (kR=1, 2, ..., [), u rtakmx, uTO
(k -+ 1)-s BeTBb MOpOXKIaerca k-# Betsblo (B =1, 2, ..., [ — 1),
Ha3kHBaeTCs nymem no Oepe8y; | HasbBaeTcss OAUKHOE TyTH
no nepesy. Ecmum k-1 BerBb 3TOro NyTH MO HepPeBY ecTh 'gik

(=1, 2, ..., I), TO roBopsAT, 4YTO 3TOT NYTb OnuUcCbLLBaem
BXONHYI0 nocaenoBarenbHocts &, &, ... §, . Takum obpasowu,
1 72 l

nepsrie £ 1 ypoBHelt mepeBa mpeeMHHKOB comepxar p® myred,
OMHCHIBAIOLMX BCE BO3MOXHBIE p* BXONHbE MOCHENOBATENLHOCTH
IJUHE R, KOTOpble MOTYT ObITb MOCTPOEHH U3 P BXONHBIX CHM-
BOJIOB.

Kaxnas BeTBb B lepeBe NPEEMHHKOB, MOCTPOeHHOM Iiaa M
u A(M), cBazana ¢ A-rpynnoit. A-rpymnna, ¢ KOTOpo# cBs3aHa
HavanbHaa BeTBb, ectb A(M). Eciu BerBb b cBs1sana ¢ A-rpyn-
noit G, To BeTBb §;, KOTOPYyI0 mopoxnaer b, cs3aHa C §;-mpe-
eMHukoM (. Takum o6pasoM, A-rpynnel, CBsI3aHHbIE C BETBSIMU
k-ro ypoBHa (k> 1), Moryr OnTb ompeleineHn u3 A-rpynm,
CBsI3aHHBIX C BeTBsIMM (R — 1)-ro ypoBHsa. B aTom Mmerone moboft
ypoBeHb JepeBa MOKeT ObITb MOCTPOEH Ha OCHOBAHMM NMOCTPOEH-
HOTO YPOBHS, KOTODBI} HENMOCpeICTBEHHO IpelllecTBYeT eMmy.
['oBopsaTr, 4ro nyTh mo IepeBy 8edem B A-rpynny G, eciu ero
NociefHss BeTBb cBfA3aHa ¢ Q.

Wposens |
g 2 (2.11{5} 5
r |
7 (75} {32 (57,45}
I3 1 Vi @ Vi
| |
Z iz s 7 “455(15) (2325 (1) 15445}
& z x| 7 a |8

l 1 r ]
(2 W5} {54) (52001423 14.5),(45) (157} (1) (515} (4 (2332} (5445

Puc. 4.6. JepeBo mnpeemHukoB pmas Al7 u MHOXecCTBa AONYCTHMBIX
HayaJbHHIX coctosHuit {2, 3, 4, 5}.

Puc. 4.6 nokasbiBaeT MepBhle YeTLIPEe YPOBHS JepeBa MpeeM-
HUKOB, TNOCTpOeHHOro A1 aBromara Al7 (puc. 4.3) m mHOXe-
CTBA NONMYCTHMBIX HauaAbHBHIX cocrosuuft {2, 3, 4, 5}. Kaxuas
BeTBb OTMEUeHa BXONHEIM CHMBOJIOM, KOTOPHIi OHa IpenCcTaB-
asget, u  A-rpyamo#f, ¢ KOropo#t oOHa cBasaHa. A-rpymna,
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CBSI3aHHAS C HAYaJbHOU BETBbIO, €CTb MHOXECTBO LONMYCTUMEIX Ha-
yanbHEX cocTostHu#t {2, 3, 4, 5}. OcranbHele A-rpynmel MOryT
ObiTh HafZieHBl C MOMOLIbIO TAOMMLEl MM JHAr paMMbl [EpPeX0A0B
nns Al17. HanpuMep, Korna @ NpPUKJIALBIBAETCH K COCTOSHUAM 2,
3, 4 u 5, Boixongusie cumBoan 6yayt 0, 0, 1 um 1 coorsercr-
BEHHO U cienywouye cocrosHus 6yanyt 1, 5, 3 u 2 coorsercr-
BeHHO; TOria a-mpeeMuuk A-rpymmsl {2, 3, 4, 5} cocrour us
o-muoxects {1, 5} n {3, 2}. CnenoBarenbHo, BeTBb O B MePBOM
ypOBHE lepeBa NMpeeMHHMKOB CBfidaHa ¢ A-rpymmo#t {1, 5}, {3, 2}.

Crenyiolye JeMMBl, KOTODble ONHUCHBAIOT HEKOTOPHE CBOM-
CTBA HepeBa NMpPEEeMHUKOB /s aBToMaTa M M MHOXeCTBa OMY-
CTHMBIX HAa4albHBIX COCTOSHUH A (M), SBIAIOTCA NMPSIMBIMA pe-
3y/bTAaTaMK BHILENPHUBENEHHLIX MPAaBUJ U ONpeneleHuM.

Jlemma 4.1. ITycmo wepes A(M) o6o3unauneno Gy u nycms
G, ecmb A-zpynna, céasannas ¢ k-ii 8emsvio nymu no de-
pesy. Toz0a: (a) Pewenue G, pasro uiu npessiuraem pe-
uwenue G,_q. (6) Ecau G,_y codepicum xpamuoe O-MHONCe-
cmgo, mo G, maroce 00AAHCHO CO0ePIHCAMd KPAMHOE G- MHO-
JHcecmaso.

Jemma 4.2. ITycmp A(M)={cf,~l, Oipp v no oim} u nycms
G ecmv A-epynna, K Komopoh 8edem nyms no Oepesy,
onucolBaouui 8x001yw0 nocaedosamensrocms &. I1ycms olf

o603Hataem npeemHuKa Oi, N0 OMHOWEHUIO K &. Tozoa:

4

(@ o;, 0, ..., 0, —amo m cocmosnuli, coleprcaumuxcs
1 2 m
8 o-muoxcecmsax Q. (6) crlfk u cr;l HAX00AMCS 8 PA3AULHOLX

o-muomcecmsax G moz0a u MoAbKO moz20a, Ko20a 0i, U O

soidaiom pas3suuHbie BbLXO0HbBLE NOCACO0BAMEAbHOCIU NpU
nodaue 8x00H0i nocaedosamesvrhocmu &.

Jemma 4.3. ITycms by u b, o6o3naranm 08e gemsu,
c8a3aHHble ¢ odunaxosumu A-zpynnanu. Tozda semss, c8s-
sannan ¢ A-epynnoi G, moscem Gums docmuzuyma u3 by
yepe3 | semseli moz0a u moavKo moz20e, K020a 8emBb, C8s-
sannan ¢ A-epynnoii G, mosicem Ovimb docmuznyma u3 by
uepe3 | semsed.

4,7. JMarHoctTuuyeckoe JaepeBo

JlepeBO NpeeMHHKOB, ONpeleleHHOe B NpPeAbLAYylIeM Napa-
rpaje, MO CBOEMY NPOTSIKEHHIO OeCKOHEUHO ¥ KAK TAKOBOE
He HMEET IMpPaKTHYeCKOro INpHMeHeHHs. B 3ToM pasfele Ml
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IaIuM OlpeleleHHe «YCeYeHHOrO» BapHaHTAa HepeBa NMPeeMHUKOB
nyTeM (OPMYNMPOBKM psila <«IpaBuJa 3aBeplieHusi». [IpaBuio
3aBepIllieHHs omnpelenseT, KOTAa BeTBb MOXeT ObITb OCTaB/IeHA
B KaueCTBe OKOMe4HOH BemBu, T.e. BETBH, KOTOpasd He MODPOX-
llaeT Kakux-aubo BeTBeH C/IefyIOIEr0 ypPOBHS.

Cnenywolune mnpasuia 3aBeplueHUs ONpENENOT CTPYKTYPY,
KOTOpPy10 OyneM HasbiBaTb OUAZHOCMUYECKUM Oepesoi.

Onpenenenue 4.1. [narHoctuyeckoe [epeBo ecTb Ie-
PEBO NpPEeMHHKOB, B KOTOPOM BeTBb O R-ro ypOBHA CTaHOBUTCH

Yposere |
aq (2345}
l a | & ]
7 (153, (32} 5145
' ¢ | & 14,9
2 (7). 12} {57} M.i),lfi,i}
a Vs a | B

G A2} (2) 15154} (320 (T} (2} 454 {45}

Puc. 4.7. luarHoctuueckoe aepeBo mia Al7 u MHOXeCTBa
IONMyCTUMBIX HadadbHBIX cocrosuuit {1, 2}.

OKOHEYHOM, eclu yAOBJIETBOPAETCH OILHO M3 C/IEAYIOLUX YCIO0-
Buft: (1) A-rpynna, cBd3aHHas C b, COLEPHHUT KpPATHOE O-MHO-
xecTBo. (2) A-rpynma, CBf3aHHas C b, CBA3aHa C HEKOTODOH
BETBbIO YDOBHs, MpenuecTByiouero k-my. (3) lmeercs BeTBb
k-ro ypoBHs (BO3MOXHO, CaMa BeTBb D), CBsid3aHHas# C TPOCTOR
A-rpynno#.

Ycnosue (3) noapasymeBaer, uTO MepBHIA YPOBeHb, KOTOPHIH
COLEPXUT BeTBb, CBSI3aHHYIO C MNpPOCTOH A-rpynmo#, sBasercs
TaKKe MOC/JeIHHM YDOBHeM B IMarHOCTHYeckoM nepese. [epeso,
NOCAeHU} YPOBEHb KOTOPOrO SBJAETCS R-M, Ha3hIBAETCS IePEBOM
8oicoms k. Puc. 4.7 mnoka3bBaeT, KaK CTPOMUTCS AMACHOCTHYE-
ckoe OepeBo Anas aBromara Al7, mpencraBieHHOTO Ha puc. 4.3,
M IS MHOXECTBA IOMYCTUMEIX HAauaJbHEIX cocTosHuft {2, 3, 4, 5.
Bersb nepBoro yposHs, cBsa3aHHas ¢ A-rpynno# {5, 1, 4, 5},
sBJseTCd OKOHeuHo# B cuay mnpaBuiaa (1). OueBumHo, 4TO Ha
TpetbeM yposHe A-rpymma {1}, {1}, {2}, {1} sBaserca npo-
CTOH; MO3TOMY B CHJy NpaBuia (3) BCe BETBU HA TPETbeM ypPOBHS
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SIBISIOTCS. OKOHEUHBIMH. B KauecTBe xpyroro nmpuMepa Ha puc. 4.8
TNOKa3aHO [IHAarHOCTHYecKoe JepeBo maid Al7 um MHOXKeCTBA I[0-
MyCTUMBIX HayalbHBIX cocTosHu# {1, 2}. BerBb mepsoro yposhs,
cBasanHas ¢ A-rpynno#t {1, 1}, sBiseTcs OKOHEUHOH B cuiy

Yooeews |
4 12}
a f | Vo4
I .
7 {17
77} » {45} F,
2 {32} (45}
@
J {57, 15
&% &'V

| | I |
4 (zh {1} Ag4) (1342} 45)
Puc. 4.8. Jnarnoctuueckoe pnepeso aas Al7 u
MHOKECTBA JOMYCTHMbIX HAYaAbHBIX COCTOSIHHIL

’

npasuaa (1). BerBp BTOPOro ypoOBHA, cBA3aHHas C A-rpyn-
no#t {4, 5}, sBAseTCA OKOHeuHOH B cuny mpaBuma (2), Tak Kak
sTa A-rpynma yxe CBs3aHa C BeTBbIO NepBoro ypoBHA. Oue-
BUIHO, YTO B uyerBeproM ypoBee A-rpynma {2}, {1} aBuiserca
NpOCTO#; NMOSTOMY B CMJIY mpaBusa (3) Bce BETBM Ha YETBEPTOM
yPOBHe SIBJISIOTCA OKOHEUHBIMH.

Jemma 4.4. Boicoma OuazrHocmudecxkozo Oepesa, no-
cmpoenno20 048 asmosmama M ¢ n COCMOAHUAMU U MHONHCE-
cm8a OORYCMUMBLX HAYAAbHOLX COCMOAHWE MOWHOCMU m,
onpedessemca Beaiudunoii h, 20e

L (m—1)n™. 4.3)

Hoxasameavcmso. Tlyctb A-rpynna G COCTOHT U3 O-MHO-
KECTB £, Lo -+ -» &p» TAE MOUIHOCTb &; €CTb ;. MHOKecTBO
uKcen m,, Mgy, ..., M, HAa3BIBAETCHA pacnpedeseruerm pasmeue-

nus G. Uucno pasauuHbix A-TPynm, MMeOLIMX TO e pachpe-
JefieHne pasMellleHus, 4To B (G, MOXeT AOCTHraTh

n™n™ .0 =n" (4.4)

Tenepn, ecmu A (M) o6osHaueno uepes Gy, a G, ectb A-rpynna,
CBfi3aHHAaA C k-H BeTBbI0 NyTH MO AepeBy, TO MuGO pacmpene-
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nenne pasMeuienus maa G, Ttakoe xe, kak ama G,_y, mu6o,
no nemMe 4.1, pemenue G, npesninaer pemenve G,_;. Cie-
IOBaTeNbHO, €eClu Gj, Gj+l’ G]._mm_l Pa3MYHBL U UMEIOT

onuHakoBoe peuenue r, 1o G j4n™ HOMKHO OHITH MUGO TOXNIe-

CTBEHHBHIM C ONHOH M3 npeldwlaymiux A-rpynm, gu60 MMeTh pe-
wenne r’ >r-+1. Tlo WHAYKUMH, 4YMCJAO TOC/IENOBATENbHBIX
A-rpynn c pellleHMeM 7 WM MEHbIIMM TaKuUX, 4TO HUKAKMe IBe
IPYNNBE HEe ONMHAKOBH, COCTaBJfeT, Kak MakcUMyM, rn™. B uacr-
HOCTH, YHCJIO MOCJeLOBaTeNbHBIX A-rpynnm ¢ pemtenunem m — 1
HIM MeHee TaKHX, YTO HHUKaKue IBe TIPYHNb He ONMHAKOBBHI,
nocruraer (m — 1)n™. Cnenosarensho, ectun Gy Gy, ...

G(m_l) ,M_q Da3MUUHBI U He MPOCTHI, TO G(m_l) ,m MOJIKHA
mi60 OBITb OJMHAKOBOHM C ONHOH U3 MpellleCTBYIOIHX A-rpym,
6o Owith npocroft. TakuM o6pasoM, myTb, KOTODHIH He 3a-
KaHuuBaercs Ha [(m — 1)n™]-it BerBU B cuny mpasuua (2), 00J-
AeH 3aKaHUMBATbLCA Ha STOR BetBU B cumy mpasuna (3). Cneno-
BaTe/IbHO, HEKaKOH MyTh B AMArHOCTMYECKOM [epeBe He MOMKeT
cocToATh U3 Gosee yeM (m — 1) ™ BeTBe#t, U TeM CaMbIM JieMMa
IOoKa3aHa.

Bo BCeX KOHKPETHBIX Ciydyasx A CYLIeCTBEHHO MeHbllle, YeM
rpaHuua, BhpaxeHHas ¢opmyioft (4.3), Tak kak B popmynay (4.3)
MBl He BKJIOYWIM BiusHue npasuna (1) Ha naMHY nyTH Hin
B/MAHHE HA IJIMHY NYyTH A-TPYNN, CBA3aHHBIX C LPYrUMH Ny-
tami. Jlemma 4.4 nokasbBaeT, MO KpafiHet Mepe, 4YTO 4YHCJIO
ypoBHE B [NUarHOCTHYECKOM JepeBe KOHEYHO U YTO MOITOMY
MOCTPOeHHE TaKOro AepeBa NpeACTaBAeT COGOH KOHEYHHH mpo-
1ecc.

Huaznocmuneckum nymem OydeM HasbiBaTh JI0060H mnyTh
B JMAarHOCTHYECKOM JepeBe, OKOHeYyHas BeTBb KOTOPOr'o CBA3aHA
¢ mnpocro#t A-rpymno#t. Juazrnocmuueckoli nocaedosamens-

Hocmyro 11 M n A(M)= {011, iy v s oim} 6yleM HasHBaTb
A006yI0 BXOLHYIO IOC/IENOBATENbHOCTh, KOTOpPas, OYLyYd TpH-
NOXKeHa K Mloil, M|0,~2, Ceoy M|01m, IaeT B pe3ynabrate m

pas/MYHBIX BEIXOIHBIX NocienoBarenbHocTelt. Torna us nemmer 4.2
clelyeT

Jlemma 4.5. Bxoonasn nociedo8amensHoCms, ORUCAHHAS
duaznocmudeckum nymem 8 OuazHocmuiecKom oOepese, no-
cmpoentom 0an M u A(M), ecmy duaznocmuveckas nocae-
dosameasrocmo 0as M u A(M).
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MuHnumarsnas OuazHocmutecKkas nocae008amesbHOCMb
ana M u A(M), o6osnauaemas depes & (A), ecTb Kparuaiiuas
IMarHocTHYecKas mnocienoBatenbHocts s M n A(M). Yce-
YenHble nymu  IHATHOCTUYECKOTO  JepeBa,  IMOCTPOEHHOTO
s M a A(M), npercraBiasioT co6ofl myTH, uMelolluecs B Je-
peBe IPEeeMHHKOB, HO OTCYTCTBYIOLHME B IHaCHOCTHYECKOM JepeBe
B cuny mnpasuna (1) wm (2).

Jlemma 4.6. Ycewennoie nymu duaznocmuueckozo depesa,
nocmpoennozo 04 M u A(M), He onucwl8aom MUHUMAALb-
Helx OuazrocmutecKux nociedos8amensrocmel,

lorxasamenscmso. Ecnu nytb yceueH B cuny npasuna (1),
TO OH OKaHUYMBaeTCi HeKOTOpOH BeTBbIO b, cBsidzaHHOH ¢ A-rpym-
noit, KoTopas COéepXUT KpaTHoe oO-MHOXecTBO. ITo nmemme 4.1,
KaXIBH NyTh, NPOXOLALIMM uepe3 b B JepeBe INPEeeMHUKOB,
LO/KEH NpUBOAUTH K A-rpynme, KoTopas COLEPXKUT KpaTHoe
o-MHoxectBo. CrenoBaTenbHO, Takof NyTh He MOXET BeCTH
K npocro#t A-rpynne ¥ motoMy He MoxeT OBITb JIHMarHocTuye-
ckuM nyreM. PaccMoTpuM Temeph yceueHHH#t B cuny mpasuna (2)
NyTb, OKAHYMBAWIKHACA HA j-M ypOBHe BetBU b;, KOTOpas CBs-
3ana ¢ A-rpymnnoit G. Toraa no/KHAa CYyLECTBOBATb BEeTBb b,
i-ro ypoBHd, rae i < j, Takxe cBsasaHHas ¢ G. Ilo nemme 4.3,
ecnd B JepeBe NPeeMHHUKOB Npoctas A-rpynmna Moxer ObITh
HOCTUrHYTA M3 b; dyepes [ BetBe#f, To mpocras A-rpynna Takwie
Moxer OBITh HOCTHIHYTa u3 b; uyepes [ BerBeit. CrenmoBarennHo,
eciy B JepeBe INPEeMHUKOB NMATHOCTHYECKHUH MNYyTb NpPOXOAUT
uepes b;, TO 4Yepes b; NOMKEH TAKKe MPOXOAUTH AUATHOCTHYE-
CKu#l MyTb; KPOME TOro, mocnenHu#t go/mkeH ObTh 6osee KOPOT-
KHUM, 4eM mnpenmnyumiuf, tak kak [ < j. CnemosarenbHo, eciu
IlepeBo NPEeeMHHKOB COLEPHKHUT IMUATHOCTHYECKUH MYTh, KOTOPHIH
NPOXOLUT 4Yepe3 b;, TO STOT MyTb He MOxeT OwITh oOmmcaH
MUHMMaJbHON IUAarHOCTUYECKON MOC/en0BaTeNbHOCTbIO.

Teopema 4.2. Mnoocecm8o nocaedosamesvrocmedi, onu-
ColBaeMblX OUQIHOCMULECKUMU NYMAMU 8 OUQ2ZHOCMULECKOM
Oepese, nocmpoenHom O0as asmomama M u mHOdUcecm8a
oonycmunbx Hauarsuulx cocmosnuii A(M), npedcmasasem
0608 MHOJCECMBO 8CeX MUHUMAALHBLX OUQA2HOCHMUMECKUX
nocaedosamensnocmeli oan M u ora A(M).

Horxazameascmso. Tlo nemme 4.6 MHOXECTBO AMATHOCTHU-
YeCKMX MyTeHt, MpencraBlIseMBIX [JUarHOCTUYECKUM JepPEBOM,
JOJKHO COJEpPkKaTh NMYTH, KOTOPHIE OMUCHIBAIOT BCE MHHUMAJb-
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Hble [IMarHOCTWYeCKHe IMociaefoBaTenbHoctd 1iaa M u A (M).
Tak kak B cuny mpaBuna (3) BCe AMArHOCTHUECKHE MYTH, TpPEld-
CTaBJIseMble NEPEBOM, HMEIOT OJMHAKOBYIO IJIMHY, TO BCE OHH
IO/KHBL OBITh MMHMMaabHBIMH. Eciu JIMardHocTuyeckoe Aepeso
He NPeICTaB/feT JMATHOCTUYECKHX NyTeH, TO Bce 9TH mNyTH
OKaH4YMBaIOTCA B cuay npasua (1) u (2), 4, ciaelOBaTeNbHO,
no nemme 4.6, m1a M u A(M) He cyllecTByeT AMArHOCTHYE-
CKOH TMOCen0BaTebHOCTH.

4.8. Ilpoctoie 6Ge3ycCJaOBHbIE JHATHOCTHYECKHE
9KCNEePUMEHTHI

PesynpraTel, nonyueHHble B HpeABYyLleM naparpade, HABOAAT
Ha MBICb O MeTOle peuleHUWs AMarHOCTMYeCKOH 3amauu nas m
COCTOSIHM#A C TMOMOLIbIO KpAaTyafulero MPOCTOro 6e3ycNOBHOrO
9KCMEpPUMEHTa BO BCeX CJAydYasdX, KOrjJa pelleHHe C MNOMOILbIO
TAKOT0 9KCIEPUMEHTA CYULIECTBYET.

Anropurm 4.2, Jaum aBtroMar M H ero MHOXECTBO
JOMYCTUMBIX HAYa/bHBIX COCTOSHUHA

A(M)={0’il, 0’12, o sey O'lm}‘

Tpebyerca HafiTi HayaldbHOe cocTOfHME A C MOMOLIBI Kpat-
yaitrero npocroro 6esycnoBHoro sxcrnepumenra. (1) IToctpoum
auargocruvyeckoe nepeso s M u A (M). (2) Hattnem mo6yio
JMarHOCTHYECKYI0 MOC/IeN0BaTelbHOCTL & (A), ONUCHBAEMYIO 3TUM
zepesoM. Ecnu HM oJHA Takas MOC/IeNOBaTeNbHOCTb [ePeBOM
He ONUCBIBAeTCs, TO He CYIULECTBYeT pellleHUs C MOMOLIbLI0 Mpo-
croro OedycnoBHoro skcnepumenta. (3) Ilepeurcaum peakuuu
Mlo;, Moy, ..., M|o; na &(A). (4) Iomammm & (A)
Ha M u 3aduxcupyeM peaxuuio. HauaJibHBIM COCTOSHUEM aBTO-
MaTa SBJAETCA COCTOSHUE Oy, i1 KOTOPOrO peaKuys, yrnoms-

HyTad B (3), coBmanaer ¢ 3adUKCHPOBAHHOM peakieft.
Anroput™ 4.2 MoxeT GBITh NpPONEMOHCTPUPOBAH HA MpHMe-
pe asroMara Al7, nokasaHHoro Ha puc. 4.3, ¥ MHOXecTBa
IONMYCTHMBIX ~ HayambHbHIX cocrosuui#t {2, 3, 4, 5}. B sartom
cly4yae IMAarHOCTHYECKOEe NepeBO, NpelcTaBieHHOe Ha puc. 4.7,
MOKA3EIBAET, UYTO MMHUMAaJbHOHN AMarHOCTMYECKOH MOC/enoBaTelb-
HOCTBIO fBJIAETCS NOCJAENOBATENbHOCTL aQ0. B Tabmauue 4.7
nepedyucaeHbl peakuuu coctosHu#t 2, 3, 4 u 5 Ha ooo. It
peakuud, KaK MOXKHO OblIO OXHMAATb, SABJAKNTCA PA3NHYHBLIMK
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W MOTYT CHYXWUTb B KauecTBE€ KDUTepHA [/ DPACNO3HABAHWS
HavyajdbHOro cocrosiukud Al7, Kkorza OHO NpPUHALMEKHUT 3a-
JAaHHOMY  MHOXECTBY  HOMYCTHMBIX

Tab6nuna 47 pavaneuwix cocrosHuid. JIpyro# mnpu-
Peakuuun Al17 Ha oo Mep npuBefied Ha puc. 4.8, BLIABIIAI-

IeM, YTO MHMHHMAJbHBLIMH JUAarHOCTH-
Hasatbhoe | po. g wa qoo|  UECKUMH  TIOCHEOBATENLHOCTAMH AN
Al7 u MHOXecTBa JIOMNYCTHMBIX Ha-

yanbHBIX cocroaHuft {1, 2} sBasorcs

2 000 NIOCJe/I0BATENLHOCTH  fO00. U BApO.

2 %(1) g m =2 nuarHocrtuyeckas 3anaua

5 100 CBOIUTCH K [AMAarHoCTHYeckod 3anaue
I IBYX COCTOSAHHH, NJd KOTOpOR mo

reopeme 4.1 Bcerna cyuiecTByer pelie-
Hpe C MOMOLUBI0 NPOCTOr0 Ge3yCHAOBHOTO SKCMepHUMeHTa. B srtom
ciryyae MUHMMaJbHas IMAaTHOCTHYECKAS MOC/AEN0BATENbHOCTD MOXET
Onith Gonee yno6HO ompegseneHa depes TaGmuusl P, Kak
onucao B § 4.4. Inqa m > 2 pellleHne NOCPEACTBOM MPOCTOrO
0e3yCJIOBHOT O 3KCMepUMeHTa CYLeCTBYeT He BCerna, Kak MoKa-
8aHO C MNOMOLIbI0 AMAaTHOCTHYeCKOro fepeBa and Al7 u MHO-
KecTBa IONMYCTUMBIX HayaldbHBHIX cocrosmnit {1, 2, 3, 4, 5},
n300paxeHHHX Ha puc. 4.9.

Hcnonbsys snemmy 4.4, MB Temepb MOXeM MOIBECTH Cile-
AyoLIMe HTOru.

Yposers |
aJ 12345}
a 1 V4
[ ]
7 {1754{32) {45146}

Puc. 4.9. uarHoctrueckoe nepeso pis Al7
M MHOXECTBA AONYCTHMBIX HauaJbHBIX CO-
_ crosnuit {1, 2, 3, 4, 5}.

Teopema 4.3. Ecau Ouazrocmuueckas 3adasa 048
asmomama ¢ N COCMOAHUAMU U m OORYCMUMbBLMU COCMOSA-
Husamu 8oo0ue moxcem Obimb peuwleHa nymem npodederus
npocmozo 0e3yCcA08HO20 BKCNEPUMEHRMA, MO OHA MONHCEm
Oolmb peuena nymem npocrozo 6e3yCcA08H020 KCNE PUMERMA
daunvi I, 20e

< (m —1)n™ (4.5)
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Pemrenne nuarHocTuyeckod sanauu LS m COCTOSIHMR Herno-
CPEINCTBEHHO MOXeT OBITb MPUMEHEHO K cienyioume# 3anaue:
W3BECTHO, UYTO JaHHHI} aBToMar M sdaBadgercd aBToMaToM M,
B COCTOSHHMH, NpUHainexaueM MHOoXectBy A (M;), wim asto-
mMatoM M, B COCTOSHUM, MpHHanIexalleM MHOXecTBY A (My), ...,
Wi aBToMatoM M, B COCTOSIHMM, MNpPHHAANeXalleM MHOXe-
ctBy A(Mp). Tpebyerca pacnosHaTh aBToMar M u ero Hauamb-
HOe cocTosHue. B mnpeamonomenuu, uro M;, M, ..., My
ABNAIOTCA CPAaBHAMBIMU U 1JIS1 HUX MMEIOTCS Tab/uibl Nepexolos,
BBLILIEYNIOMAHYTAs 3aJaya B TOYHOCTH MpeACTaB/deT coO0f nuarHo-
CTHUYECKYIO 3ajayy [IJs m COCTOSHMH AJd pacilenseMoro aBTO-
mata A (M, M,, ..., My) u MHOXeCTBA JONMYCTMMBIX Hauab-
Hbix  cocrosuuit A (MU A(MyU ... UA(My). OcuosHoe
NPeANoJIOXKeHHe O TOM, YTO HaHHH{ aBromar M ABJAAeTCA MHHH-
MalbHBIM, B JAQHHOM CJyyae O3HAauaeT, YyTO Kaxiasft aBtomar AM;
MUHHMAJIeH ¥ 4TO HM OJHO COCTOsiHMEe B aBTOMare M; He AB/IAeTCA
SKBMBAJEHTHBIM HM OLHOMY COCTOsHMIO B aBToMate M; (J # i).

4.9. MpocTeie ycaoOBHBIE RUATHOCTHYECKHE IKCHEPHMEHTHI

Paccmorpum B mmarHoctudeckoM jgepese aas M ou A (M)
nyTb, KOTODHt Bemner k A-rpymme (, cozepxallefi npocroe
0-MHOXECTBO, HalpuMmep {0;] (cama G He 0053aTeNbHO fABJIAETCHA

NpoCTOR, TaKk KAaKk OHa MOXeT CcolepKaTb APYTHe HempoCThie
o-MHOXecTBa). Ecau 3TOT nyTh OmnucHBaeT BXOLHYIO NOC/eNO-
BarenbHOCTh &, TO A (M) 10MKHO coiepkaTb COCTOSHUE, Ha-
npuMep 0;, NPEEMHUKOM KOTODOrO MO OTHOIUEHUI) K & ABJIAETCH
cocrosuue 0;. Tak Kak MHOXeCTBO {Glf} B G sBisieTcsl OXHO-

SMEMEHTHEIM, TO peakuus O; Ha &, 1O JdeMMe 4.2, He Moxer
ObITb NPHNHCAHA HUKAKOMY cocTosiHuio u3 A (M), 3a uckawoue-
HueM 0;. CrenoBaTenbHO, ecild CAyYyaliHO O, SIBJIAETCA HCTUHHBIM
HayaJbHEIM COCTOsHHeM M, TO ero MOMXHO pacno3HaTh BXOJIHOH
MOC/eN0BATENbHOCTEI0, KOTOpas He 0053aTelbHO ONUCHIBAETCA
IHarHocTHYeckuM mnyreM. lcmonsayst sTtor ¢akT, MOXHO mpu-
MEeHATb ~ MUHWMajbHble JHArHOCTHYECKUE MOCJENOBATEIbHOCTH
M0 YacTAM, 4 He LEJHKOM, B HalexiIe, YTO HayalbHOE COCTOA-
HHe TaKOBO, YTO €ro MOXHO PACINO3HAThb C MCMOJb3OBAHWEM JIKlb
yacTu Bcell MOCTeloBaTeNbHOCTH. JTa CXeMa COCTABJAET PellleHue
IMarHocTHyecko#t 3anaun NJf # COCTOSIHMM C TMOMOIUBIO IPOCTOrO
YCJIOBHOI'O SKCHepPUMEHTA,

10 A. Tung
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IleneHve MAHUMAaJIbHO# AMArHOCTHYECKOR MOCJENOBATENbHOCTH
Ha NOLNOC/IeNOBaTebHOCTH BBIMOJNHACTCA CJELYIOUIMM 06pasoM.
Mycte &, ectb k-s noamocsienoBaTe]bHOCTs M nycts G, mpen-
cTaBnsgeT cobofi A-rpynmy, K KOTOpOfl BeleT NyTb, OMHCHIBAE-
Mbit &€&, ... &, o6osuaumm A (M) uepes G, Torma &, ectb
MOLNOC/TEe0BATebHOCTh, ONNCHIBAeMas MOANYTeM, KOTODHH BeleT
or G,_; k mepso#t A-rpynne, KOTOpas COIEPXKHUT, MO KpaiiHel
mepe, olHo Gonee mpoctoe O-mHOMecTBO, ueM U,_;. Tax kax
pewenne G, paBHO 1 M TaK Kak YHCJIO O-MHOXECTB B A-rpymme
He MOXeT NpeBHIIATh MOILHOCTH m, CooTBeTcTBylole# A (M),
TO YMCJO NMOAMOC/ICLOBATENbHOCTEH, MOMYUEHHBX TaKUM 06pasom,
He MoxeT npesbiuars m — 1. Tak, Hanpumep, aBromar Al7
Ha puc. 4.3 ¥ MHOXECTBO JONYCTMMBIX HayalbHEIX COCTOTHUH
{2, 3, 4, 5} maor G,=1{2, 3, 4, 5}, G,= {1}, {2}, {5, 1},
Gy,= {1}, {1}, {2}, {1}; cnenoBarempno, & =oaa n & =ua
(cm. puc. 4.7). Tlocme Toro kak omnpefelNeHbl IOANOCHENOBA-
TeNbHOCTH, YCJOBHBIfl SKCNEPUMEHT MOXeT OBITb BHIIOJHEH Cle-
pyowuM 06pasoM.

Anroputrwm 4.3. Jlauet aBroMat M, ero MHOXecTBO LOMYy-
CTUMBIX HAYaJbHBIX COCTOSHMH A(M):{oil, Gy vv s oim}

W pasieiieHHas HAa Y4aCTH [AUATHOCTHYECKasl MOC/IeL0BaTENlbHOCTD
& &y ... &, Tpefyercs pacnosHaThb HayalbHOe cocTosHue M
C MOMOLLbI0 MpOCTOro ycjoBHoro skcnepumenta. (1) CocraBum

nepeyeHb peaxuui M|0il, Mloy, ... Mo, Ha&&,... &,

B cooTBeTcTBMM C pasjesNeHNeM BXOJHOR MNOCJ/IELOBaTebHOCTH
pasienuM Kaxaylo peakuuio Ha r noanocaenoBarespHoctelt. [1yctb
k=1. (2) Mpunoxum &, k M. (3) (a) Eciu peakuua M
Ha & &y ... &, ABIAETCA CBOMCTBEHHOH TONBKO OJHOMY COCTOSI-
HHIO B MepeuHe, cocTaBjJeHHOM B (1), To 3TO cocTosHHE eCTb
HayanbHoe coctosinue M. (6) Ecau peakuus M Ha & &, ... &,
ABJIAETCS CBOMCTBEHHOH! IBYM MM 0OJiee COCTOSIHUAM B NepeyHe,
cocraBneHHoM B (1), To yBenunuuM R Ha 1 u Bo3Bparumcs K (2).

Anroputm 4.3 MoxeT GhITh NPOIEMOHCTPUPOBAH Ha NpUMepe
aBTomara Al17 W MHOXeCTBa NONMYCTHMBIX HaYalbHBLIX COCTOSHUMH
{2, 3, 4, B}, 419 KOTOPHIX MBl HMeeM &;=00 H &y=a.
B ra6nuue 4.8 nau nepeveHs peaxiuit Ha MOCJHe10BATENbHOCTD Q.OC,
paszeneHHy0, kKak ckasaHo B 1are 1. Ecau oxasanoch, uTo
HavyaJbHBIM cocTosiHueM A17 sBnserca 2, To peakuuefl ssasercs 00,
4TO MOXeT ObITb CBOHCTBEHHO TOJILKO COCTOSHHIO 2; creloBa-
TE/IbHO, B JAHHOM C/lyyae OMarHOCTHYeCKu# sxcrepumeHtT Tpefyer
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TOJIKO [BYX BXOIHBIX CHMBOJIOB. Eciu okasanoch,” yTO Hayalnb-
HbHIM COCTOSIHMEM siBJseTcs O, TO peakuius Ha oo ectb 10, uto
He MOXeT ObITb CBOMCTBEHHO OJHOMY TOJIbKO COCTOAHHIO 5
(Ha OCHOBE STOTO OTBeTa HAyaJbHLIM COCTOSHHEM MOXET OBITh
wm 4, wm 5), ¥, CieloBaTelbHO, IS TOrO 4TOGH 3aBEPLIUThH
sKcrepuMeHT, Tpebyerca BTOpas No-

CJIeOBATENLHOCTD., Tab6numa 4.8
OueBHIHO, YTO BCeraa, Korna nua- PacuieHeHHble peaKuuH
THOCTUYECKad 3azavya LJas m CcOoCTos- Al7 na oo

HUR MOXeT OBITb pellleHa MPOCTHIM
6e3yC/NOBHBIM  SKCIEPHMEHTOM, OHA | Hayansmoe
BCErJda MOXET OBITb pellleHa TaKXKe cocrodnme
NPOCTBIM  YCJOBHBIM 3SKCIIEDUMEHTOM,
IUIMHA KOTOPOro HMKOrja He NpeBOC-

Peaknun Ha

aa

IS

XONWUT IUIMHY O6e3yClOBHOIO SKCMepHu- § 8(1) 8
MEHTd W NOPALOK KOTOPOrOo HHKOIAa 1 10 1
He npesnimaer m — 1. Ilpeumyue- 5 10 0

CTBO TaKOT'O YCJOBHOTO 3KCIEPUMEHTa
3aKJIOYaeTC B TOM, YTO OH MOXeT
3aKOHYUTbCA paHbllle, 4eM Oe3yc/oBHbM sxcnepument. KoHeuHo,
TOYHasd JJIMHA YCJIOBHOrO SKCIEepPUMEHTa He MOXeT ObIThb OleHeHa
3apaHee, TaK KaK OHA 3dBUCUT OT UCTHHHOTO HA4aJbHOTO COCTOS-
HMSl, KOTOPDOE OCTaeTCi HeW3BeCTHbIM N0 TeX NOp, MoKa 3KCIe-
PHMEHT He 3aKOHYHTCS.

XoTs U3 pellleHHs TMAaTHOCTUYECKOR 3anauu AMs M COCTOSHUMR
nyTeM NPOBeNEHUs] NMPOCTOro Oe3yC/IOBHOIO SKCHepUMeHTa ciie-
LyeT pellleHHe MNyTeM IPOBeIEHUs MPOCTOrO YCJIOBHOTO 9KCIie-
puMeHTa, o6paTHOe HeBepHO. VIMeloTca ciyyau, KOrja HadalbHoe
COCTOSIHUE He MOXeT OBITb PACNO3HAHO HUKAKMM HpPOCTHIM 6e3-
YCIIOBHEIM SKCIIEDHMEHTOM, HO MOXeT GHTb DaclO3HAHO MPOCTHIM
YCIOBHBEIM 3KCNepuMeHTOM. I[lpumepom cayxut aBromar A21
Ha puc. 4.10 ¥ MHOXeCTBO JIOMYCTHMBIX HAuaJbHBIX COCTOSHUH
{1, 2, 3, 4}. flcho, uTo moGast MMHMMAJNbHAS JMATHOCTHYECKas
NOC/eN0BATEeNLHOCT, I NaHHOH 3aJayd LOJDKHA HAYMHATBCA C Q.
Jlio6as moc/enoBaTe/bHOCTh, HAYMHAIOLIAACT C O, NaeT OLMHA-
KOBHE peakuuy, ecau A21 Haxonurcs B cocTosHMH 1 uam 2;
mobasi MOoCJeI0BATENbHOCTb, HAYMHAOUIAsCAd C Off, NaeT OJMHa-
KOBHe peakuyy, ecnmd A21 Haxoaurca B cocrosHuu 3 umm 4. Cre-
NOBaTeJbHO, He CYLIeCTBYeT MOC/NeOBAaTENbHOCTH, PpeaKiyH
Ha KOTOPYIO BCEX 4YeTbipeX [ONYCTUMBIX COCTOSIHUM SIBJIAIOTCA
pasmiunbiMu. OZHAKO ecay MPHKJAAbIBAaeTCsl O ¥ 3aTeM HaOJIO-

10*
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[AeTCs PeaKlus, TO UMeeTCs BOSMOXKHOCTb ONpeleNuTh, HAXOLUTCS
HauanbHOe cocrosuue B {1, 2} (xorma peakuus pasHa 0) wmu
B {3, 4} (xorma peaxkums pasHa 1). Ecau nafineHo, uTo Hauasb-
HOe COCTOsHMe Haxonurca B {1, 2}, To Moxer GHITb NpPUIOKeH
CUMBOJ f, KOTOpHIH naer O, eciu HavaslbHOE COCTOSIHME ecTb 1,
1 1, ecnu HauajJbHOE COCTOSHME eCTb 2; eClM HalleHo, uTo
HayalbHOE COCTOAHMe Haxomutcs B {3, 4}, To Moxer Gmth npu-
JIOXEH CMMBOJI @, KOTODHM naeT 1, ecianm HAayaibHOE COCTOSHMe

W iz #/0 @

@/ (/1) @/ 9N 51y
Puc. 4.10. Asromar A2l.

ectb 3, u 0, ecim HavandbHOE cocTodHue ecTb 4. Takum o6pasom,
HAYalbHOe COCTOSIHME MOXeT ObITh PacroO3HAHO C MOMOLUBID MpPO-
CTOr0 YCJIOBHOTO SKCMepPHUMeHTa Mopsika 2 M AMMHH 2. B sakiio-
yeHHe HMMeeM CJIeAYIOLIYI0 Teopemy.

Teopema 4.4. Kaowmoas Ouazrocmuteckas 3adaua
04l M COCMOAHUL, KOMOpas modcem Obimb peliena ¢ no-
MOUBIO Mpocmo20 6e3YCA0B8H020 3dKcnepumerma OAuHbl 1,
Mosicem Oblimb MAKJIHCE DEULena C NOMOUBIO NPOCMOZO YCAO0B-
HO20 3Kcnepumenma OAUHbL | usu menvue u nopaoxa m — 1
usn menvuie. Humeiomcs oOuaznocmuyeckue 3adadu 04 m
COCMOAHUL, KOmopble He MO2ym Gblmb peuLers. ¢ NOMOUb IO
npocmozo 0e3yCA08HO20 3dKchepumerma, HO mo2ym Golmb
pelens. ¢ NOMOWDBI0O NPOCHOZO YCAOBHO20 SKCNepumMerHma.

YcnoBHBIR  9KCNepUMEHT, OMNNMCaHHBIH anroputmom 4.3,
[0 CYLECTBY, €BJ1deTcd O6e3yCJOBHBIM SKCIEPHMMEHTOM CO CIo-
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COOHOCTbIO K paHHeMY 3aBeplUeHHIO, OCHOBaHHOM Ha Ha6JI0LeHUH
peakuuit. ITosToMy Tako#i YCJOBHBIfi SKCNEPHMEHT BaBHCHUT
OT CYylLeCTBOBaHWA O0e3yCJOBHOIO SKCNEPHMEHTa ¥ HH B KOEM
cnyuyae He sBJserTcs oOwuM. BoJsee o6LIMM YCJIOBHBIM SKCHEpH-
MEHTOM SIB/ISETCH SKCMEePHMeHT, B KOTOPOM MoOCJe MPHUI0KEHHS
mo6Goro BXOJHOTO CHMBOJA Ha OCHOBe Hab/onaeMo#t peakuuu
UCKJIIOYaeTCs KaK MOXHO G6O0Jbllle NONYCTHMBIX COCTOAHHHM, T. e.
paccMaTpuBalTC TONbKO Te NONYCTHUMBlE COCTOSIHHS, KOTOPBIM

Yposers |
0 {IZI ;4}.
@ | Vi
I |
7 56} (78} (1234}
@ 4

2 (49, (6}{7} (0} (7} (170}

Puc. 4.11. Jlumarnoctuueckoe jpepeso nas A21 wu
MHOXECTBAa JOMYCTHMBIX HAYalbHBIX COCTOSHHII
{1, 2, 3, 4}.

MOryT OBbITh NPUIKCAHB NMPOIIJIbE peakuuu. B TepmuHax AepeBa
NpeeMHUKOB 3TO O3HAyaeT, 4TO MyTh, KOTOPHIK BeleT K A-rpynrme,
colepxallel KpaTHOe O-MHOXECTBO, MOXeT ObITb elle MCHOJb-
30BaH JAJs TOCTPOEHHs IMarHOCTHYECKOrO SKCIepUMEeHTa, TaK
KaK KPAaTHOE O-MHOXECTBO MOXeT ObITb IOJYYeHO U3 JNONMYyCTH-
MBIX COCTOSIHMH, KOTOpHlEe OBIJIM paHee MCKJIOUYEHH. ITOT (akT
IEeMOHCTPUPYeTCS IMarHOCTUYECKHM JeDeBOM .IJs aBromata A21
¥ MHOXECTB4 JNOMYCTHMBIX HayaJbHEIX cocrosHufl {1, 2, 3, 4},
nokasaHHeIM Ha puc. 4.11. XoTs nyTH, onuchBamoliye 04 1 of,
BeAyT K A-rpymnaM, COIepXaliuM KpaTHHe O-MHOXecTBa {9, 9}
u {10, 10} cooTBercTBEHHO, STH O-MHOXECTBA MOTYT OHITb
HCKJII0OYeHbl Ha OCHOBe peakuud Ha MNepBHHI CHUMBOJ O; Mocne
TOrO KaK HPUJIONKEHO O, MOTYT ObITb HCKJIOYEHB WJIU COCTOA-
Hug 1 ¥ 2, xak JOMyCTHMBIE COCTOSHUS (B STOM CJydae MOXHO
npene6peur {9, 9}), mim cocrosuus 3 u 4 (B sTOM Ciyyae
MOxHO npeHeGpeur {10, 10}).

OGoObuias mnpenplaylive 3aMeyaHHs, MOXHO OTMETHTb, 4YTO
NPOCTOX YCIOBHHIN SKCNMepUMeHT AJi aBToMata M M ero MHo-
JKECTBa JNONMYCTUMBIX HayaJbHBIX COCTOSHUH

AM)y= {0, 0;pp .0, )

2
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MoxeT OBITb peanus3oBaH, eC/Jd Jepeso IMpeeMHUKoB mag M
n A(M) comepxutr m nyrtefl, THpUpoIa KOTODPHX yKasaHa
Ha puc. 4.12. Ha stoM pucynke 0; o0603Hayaer mpeeMHUKa O, ;

3 h

Mo0ON M3 m myTeH, MOKA3aHHBIX HA PUCYHKE, MOXET MOJHOCTHIO
nepeKpeBaTh Kako#-mmi60 wu3 ocTatbHBIX NyTell. B no6aBnenue

Yoosens A

/4

7

2

J

i {0i,}

b o

¢ i)} (a) {57 {0/, }

Puc. 4.12. IlyTh 148 OpoCTOro yCJOBHOTO JHArHO-
CTHYECKOr0 SKCIIePHMEHTa.

K TaKUM OYTAM TPOCTOH YCIOBHBEI SKCIeDUMeHT TpeOyeT psna
npasun: (1) mpaBuno g BbGOpa NEPBOrO BXOAHOTO CHMBOJA
B aKcmepuMmeHte; (2) npasuiao BhwGopa (k- 1)-ro BxozHOro
CUMBOJA B SKCNepHMeHTe MpU VCJIOBUH, YTO [HaHa peakLus
Ha NMpelbLYIIHe B CAMBOJIOB; (3) COBOKYMHOCTb NMPAaBUJI, KOTOPHIE
IO/DKHEL 1aBaTh B pe3y/bTaTe BXONHYIO I0C/eL0BATeNbHOCTD,
ONMCHIBAEMYIO NYTeM, 3aKaHUMBAIOUIUMCS B {ogh} (h=1, 2, ..., m),

€CIM UCTHHHOE HAYa/IbHOE COCTOSHUE eCTh COCTOAHME Oy, M3 AM).

[MocpencTBoM J10Ka3aTeJbCcTBa, MOLOOHOIO NOKas3aTeNbCTBY
nemMmbl 4.4, MoxceT ObITb IOKA3aHO, YTO €CJIM MHOXECTBO MyTe#
navHbl (m — 1) ™ ¥nn MeHblue# He MMeeT CBOMCTB, OTMEYEHHBIX
Ha puc. 4.12, TO HHKaKOe MHOXeCTBO NyTedl /MoOOR IJIMHBI
He uMeeT 5TUX cBoHctB. TakuM o6pasoM, MBl HMeeM CJIeLylo-
Y0 TeopeMy.

Teopema 4.5. Ecau duaznocmuieckue 3adaiu 0458 a8mo-
MAMA C N COCMOAHUAMU U M OORYCHUMBLMU COCMOAHUAMU
8000ue mozym Oblmb peuiens, nymem nposederuss nPoOCMO2o
YCAOBHOZ0 BKCNepUMERMQ, MmO OHW Mozym Obimb peuletbl
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C NOMOUYBIO NPOCMOZ0 YCAOBHOZ0 IKCHepUMerRma 0AuHu I, 20e
1 <<(m—1)n™ (4.6)

Insg Toro yto6bl OMpenesuTb, MOXET /I ObiTh peanu3oBaH
NpOCTO#t YCMOBHBI#I SKcnepuMeHT A 3alaHHeix M u A(M),
OTpeleNAIOT CHAyanla, CyLIecTByeT JH Tpe6yeMOe MHOXeCTBO
nyrett. Ecim 3T0 Tak, TO COCTaBJAIOT NepeuyeHb BCeX BO3MOXKHBIX
COBOKyMNHOCTe#l NpaBua A BeOOpPa BXOLHOH TOC/eLOBaTeNlb-
Hoct. Ecay cylecTByeT COBOKYMHOCTb MpPaBuJ/I, KOTOPHIE BLINOJI-
HAIOT OroBOpeHHble Bhie ycaoBua (1), (2) m (3), TO Takoi
SKCNMEPUMEHT CYILECTBYeT, M 3Ta COBOKYIHOCTb MOXeT ObITb
MCIOJ/Ib30BaHa I/ ero BhINOJHeHMs. EcayM cOBOKYMHOCTb mpaswud,
yIOBNETBOPAIOIAS STUM YCIOBHSM, HE CYLIECTBYeT, TO AHArHO-
ctuueckass sagada gias M u A(M) He Moxer ObiTh pelleHa
C TIOMOLIBI0 MPOCTOTO YCJAOBHOTO sKcnepuMeHTa. I1o Teopeme 4.4,
M3 9TOr0 CJAeAyeT, u4TO 3aiaya He MOXET OBbITb PellleHa HUKaKUM
MPOCTbIM 3KCNEPUMEHTOM — 0e3yC/NOBHBLIM HJH YCJIOBHELIM.

Yr106bl y6eINTbCS B TOM, YTO MMEIOTCS CJAyuyaW, KOrja Auar-
HOCTHYECKas 3allaya He MOXeT OHTb pelleHd HUKAKUM INPOCTHIM
SKCIIEPUMEHTOM — Ge3yC/IOBHBIM WM YCJIOBHBIM, PaccMOTPHUM
apromatr A21 Ha puc. 4.10 ¥ MHOXeCTBO LONMYCTHMBEIX Hayasb-
HbIX cocrosuu#t {5, 6, 7, 8}. JloGas mocnenoBaTeNbHOCTb WU
MOANOC/IeA0BATENLHOCTb, HAaUMHAIOWAACA C O, 3aCTABJAET COCTOSA-
Husg 5 u 6 mepeittm B cocTosiHme 9 C ONMHAKOBEIMH PeaKLMsMHU;
mo6asi MoC/eLoBaTeNbHOCTh MM TOANOCI]EL0BaTebHOCTb, HAuM-
Hawouascs ¢ B, 3acTaBiseT COCTOsHUA 7 M 8 mepeHTH B COCTOA-
uve 10 ¢ omuHakoBbiMH peakuusmu. CleloBaTesbHO, yake Iocie
MPUIONKEHNS TEePBOrO BXONHOTO CHMBOMA (A TOrO YTOGLI Ha-
yaTh 0e3yCIOBHBIH WM YCJIOBHEIH SKCNEPUMEHT) HET BO3MOX-
HOCTH KOrIa-nu60 pasiuuuTb COCTOsSHME 5 M 6 mau cocTosiHue
7 u 8. Takum 06pa3oMm, Mbl KMMeeM CJAeLYIOLUIYIO TeOPeMy.

Teopema 4.6. Huewomcsa duazrnocmudeckue 3a0auu 045
m cOCmosARul, Komopue He Mozym Oblmb peutersvl Hit ¢ No-
MOUBIO npocmelx 0e3YCAOBHbLX IKCNePUMeHmo8, Hu ¢ no-
MOUBIO NPOCMBLX YCAOBHBLX JKCNEepPUMEHMOs.

4.10. KpatHbie Ge3ycJOBHBIE JHATHOCTHYECKHE
9KCNEepPHUMEHThI

OueBUIHbIH HELOCTATOK NPOCTOro 3KCIEeprUMeHTa 3aK/I04YaeTcs
B TOM, UYTO OH MOXET OKa3aTbCf PaspyLINTEJbHBIM; nefcTBu-
TE€/IbHO, eC/NU HUMeeTCd TOJbKO OJMH 3SK3EMIIAP aBTOMaTa, TO,
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BOOOLIe TOBOPS, HeT Crnoco6a CO3HATeJNbHO BOCCTAHOBUTb HAayalb-
HOe COCTOSHMe [IJIs1 TOro, YTOObI NMPOBECTH HOBBI#l 9KCIEPUMEHT,
KOrjJa OKa3aJoCh, 4YTO MpPeIbIyLIKH# SKCIePHMEHT HeylLaueH.
TakuM 06pa3oM, NpPU NMPOBELEHUH NPOCTLHIX SKCIEPHMEHTOB MO-
Je3nas MHQOpMauus, KOTOPYIO NAeT HeyIAloWUHCA SKCIIePHUMEHT,
HUKOTIA He MOXeT ObiTb HCIIO/Nb30BaHA [AJS NpPOBelNeHHs Aajb-
HefIINX SKCIEepPHMEHTOB, TaK KaK B TO BpeMs, Korja MHQopMma-
IIMS1 CTAHOBUTCS NOCTYNHON, HAYa/lIbHOE COCTOSIHME GOJbllle HeJb3si
pacnosHate. Ecau uMeeTcss [10CTaTOYHOE YMCJIO JK3EMILIIPOB
IAHHO MAallWHBI, TO MOXHO TIPOBECTH psll 9KCIEePUMEHTOB,
KaXIbIH K3 KOTOPHIX caM Mo cefe HeLOCTaTOUeH IJsi TOTO,
yTOObl PeIIUTb [JHarHOCTHUYECKYI0 3alauy, HO B COBOKYNHOCTH
OHM [JaI0T JOCTaTOYHYI0 MHGOpPMALMIO LAd TOTO, YTOOH pacro-
3HaTh HauaJbHOe COCTOsHMe. Hampumep, Mbl NPHIIIM K 3aKIIO-
YeHWIO, 4YTO HeT IPOCTOrO0 IKCIePUMeHTa, KOTOPHIH peliaer
IMaTHOCTHYeCKY10 3aiauy Anas aBtoMata A21, mpencTaBlieHHOTO
Ha puc. 4.10, u MHOXeCTBA INOMYCTHMBLIX HayaJbHbIX COCTOSHUH
{5, 6, 7, 8}. Omnako ecnu wuMeloTCs IBa SK3emmispa A21, to
pelienne MOxeT OBITb JLOCTUTHYTO cienyiouwuM o6pasom. [1pu-
JOXHMM 00 K TnepBoMy 3k3emmaspy A21 u f—ko BTOpOMY
sk3eMnaapy. Ecam peakuus nepsoro sksemmaspa ectb 01, TO
HauaJbHOE COCTOsHME ecTb 8; ecau peakius ectb 10, TO Ha-
yalbHOE COCTOSIHME eCTb 7; ecid peakuusi ectb 00, TO Hayajb-
HOoe cocTodanue ecTb Jau6o 5, mub6o 6. B nocnennem cayuae
peaxkuust BTOPOro 3k3eMmisipa ectb 0, eciu HauajbHOE COCTOS-
HHe eCTb 5, W 1, eciu HauaibHOe cocTosHue — 6, TakuM o6pa-
30M, IMAarHOCTHYeCKas 3anaua Aas A2l M MHOXecTBa JOMYCTH-
MBIX HayaJbHBIX cocrosuu#t {5, 6, 7, 8] Moxer GbiThb pelleHa
KPaTHBIM 3SKCNEPUMEHTOM KPAaTHOCTH 2 M JJIMHHL 3.

B 1aHHOM MecTe NOJe3HO TNPeICTABUTL CIELYIOULYID Teo-
peMmy.

Teopema 4.7. B munumasvrHom as8momame ¢ n cO-
cmosrusmu #0060e MmHOYNcecm8o r cocmosarul (2-Lr<n)
codepoicum, noO MeHsweli Mepe, 08a COCMOSHUA, KOMOpPble
aganwomes (n—r—+1)-pasasusunsimu.

Hoxazameascmso. Tlo memme 3.9, uHCIO COCTOSIHMH
B KaXJIOM Knacce P, MHUHMMaJbHOTO aBTOMATa C A COCTOSHUAMH
He mpesblmaer 7 -—k. CrexoBaTenbHO, UHCIO  COCTOSHUH
B KawioM kmacce P, .., He npepnmaer #—(n—r-41)=
=r —1. CnenoBatenbHo, [0 MeHblie}t Mepe, IBa COCTOSHHS
B MHOXECTBE r COCTOAHMH NOJDKHBI HaXONUTbCHA B JABYX pasiuy-
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HBIX Knaccax P,_,,; W, Clei0BaTeNbHO, ABAIOTCS (1 — r — 1)-
PAa3IMUYAMBIMU.

[ycts ang asromata M W MHQKeCTBa IONMYCTHUMBIX Haualb-
HBiX coctosHuit A (M) momnoctn m G, sBasercs A-rpynmo#,
COCTOAIEH M3 O-MHOXECTB gps &hpr -+ +s &y, Ty COCTOMT
M3 MNPOCTOTO O-MHOXECTBA Lo, The Zo=AM). G,,., no-
ctpoeHo u3 (G, B COOTBETCTBHM CO CJELYIOLUMMM MDPaBUIAMH.
Ecnn g,; uMeeT MOUIHOCTb r > 2, TO OHO LOJDKHO COHEPHKaTh,
no MeHblleH Mepe, [Ba COCTOAHHUS, CKaXeM, O; U Oy KOTOpHIe
apasioTcsl (n — r -+ 1)-pasanuuMeiMu. Pazofbem g,; Ha Takue
MOIMHOXECTBA, YTO JBa COCTOSIHMS TpPHHANJIENKAT OLHOMY H
TOMY 2Ke IIOAMHOXeCTBY TOTIa M TOJbKO TOrAa, KOrjla OHH
IA0T ONMHAKOBHIE peakiuu Ha & (0;, 0;), T. €. HA MUHHUMAlb-

HyI0 JIMarHOCTHYECKYI0 MOC/IENOBATeMbHOCTy Ans {0, o). Peak-
wis Ha & (0;, O;) Tex COCTOSHHH, KOTOPbIe MPUHANJIEKAT IAH-

HOMY TNOJMHOXECTBY, HAasbIBaeTc Xapaxmepucmu4ecxkoll
peaxyuedl 3TOr0 NOAMHOXECTBA II0 OTHOLIEHHIO K é‘(cj. o).

o-MHoxecTBa G, ABASIOTCS OJHO3/MeMeHTHHIMH B G, M BO Bcex
NOIMHOXECTBAX, IMOJYUYeHHHX 110 MpelblIyIleMy IPaBHiy.
Ecmu g,; He BJsgeTCs ONHOSJEMEHTHBIM, TO OHO BCErld MOXET
ObiTh PasbuTO, MO KpalHe#i Mepe, HAa JIBa NMOIMHOXECTBA, TaK
KaK peakunu o; ¥ 0; Ha & (0 O;) SABISIOTCH DASTUUHBIML
Takum o6pasom, "ecn Tomko G, He siB/IsieTcst NpocThiM, TO U,
BCerza npeacTaBiaseT coSot coécmem—xoe pasnenenne G,. Tak kax
moiHocTe A (M) ectv m, T0 G,,_; LOMKHO OBITb MPOCTLIM.

OnucaHHBIN Bhllle MPOLECC MOXeT ObITh MOKa3aH Ha CTPYK-
Type, HasLIBAeMOH OepeBos KPAmMHO020 IKCHepuMerma, onpe-
ngensemoft nmg M u A(M)1l). B sToM mepeBe Kaxiasa BETBb
k-ro ypOBHf TpeICTaBlsfeT HEKOTOPOE Ly, a4 Haya/lbHas BETBb
NpeicTaBiseT gy. DBeTBp, NpeicTaBadiolias NpPOCTOE Lpj,
ABNseTCs OKOoHeuHo#t. Ecmu g,; He ABnseTcs NMPOCTHIM M MOXET
OLITh PasbUTO, CKaxeM, HAa A MOIMHOMeCTB (COCOGOM, ONMCaH-
HEIM B NpeabliylieM a63alie), TO BeTBb, MPEICTaBJAIOLIAs 3TO Ly,
pacuennserca Ha /s BeTBefl cJielyloullero ypoBHS, KOTOPBIA
npencTaBiseT £ MOIMHOXECTB, IOJNY4YalolIMXCA B IPOLECce pas-
Guenus. Vcnoab3ys STH NMPABUIA, MOXHO PasBePHYTb BCE LepPeBo

) TepMmuroaorus, koropas 6yieT HCIONb3OBAHA AAa NEPEBa Kpart-
HOrO B3KCIEeDUMEHTa, Takas Xe, KaK TEPMHHOJOrHus, MCIOJb30BaHHAd
IJst AHAarHOCTHYECKOro Jepesa.
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NyTeM [OCTPOEHHs R-TO YpOBHS HAa OCHOBE IOCTPOEHHOTO
(kR —1)-ro yposua. Tax KaK MHOXeCTBA gj;, NpelCTaBIeHHbIE
Ha k-M ypoBHe, fBJAIOTCA O-MHOxecTBamu (,, TO oTCiOAa Cle-
IyeT, UuTO BLICOTAa JepeBa He MOXeT MpeBHINaTh m — 1.
K Tomy me epeBo NOMKHO [aBath B TOYHOCTH M OKOHEYHBIX
BeTBeli — 10 OJHOMY Ha KaxJOe IOMyCTUMOE COCTOSHHE,

Ilns HarJIsgHOCTH BCe BETBU B JepeBe CJOMXHOTO SKCHEpPH-
MEeHTa, 8a HCKIIOYEHHEM OKOHEUHHX BeTBelf, H306paxanTcs

Yoosers
g G =112345)
E(74)=a
477,
Vi 7
7 Gy =1123) Fro=145}
(7)) =aa E(ts)=aaa

2 g={12}

E(12)=faaa

Tor=l9)  g3=l4)  goy={5)

7707 \ 7700

I =l G212}

Puc. 4.13. [epeBo kpaTHoro sxcmepumenrta nis Al7 u mHo-
WECTBA JOMYCTHMBIX HauaJbHBIX cocrosuuil {1, 2, 3, 4, 5.

B* popMe IBYXMOJIOCHEIX OJNOKOB, NPEACTaBIAOLIAX SK3EMIIAPHI
3ajanHoro asrtoMara. Kaxmas BerBb cHabxaercd 0603HayeHHEM
NpelCcTaBIseMOro e g,;. Ecmu g,; He ABASETCS OLHOPOIHBIM,
BeTBb TaKxke 0003HAYaeTCsi MOC/HeLOBATENbHOCTEIO & (0, 0)),
NpUMEHEHHO! NpHU pa3éuMeHUN g,;, U XapaKTePUCTHYECKOH peax-
uMe g,; MO OTHOILUEHWIO K JAMArHOCTHYECKOH MOcC/eNoBaTeb-
HOCTH, COOTBETCTBYIOLIEeH mpeabinyiue BETBHU.

B kauectBe npumepa Ha puc. 4.13 mokasaHo IepeBO Kpar-
HOTO 3KcmepuMeHTa A5 aBToMata Al7 (puc. 4.3) U MHOXeCTBa
IOMyCTHUMBEIX HayaJbHBIX cocTosnu#t {1, 2, 3, 4, 5}. Havanbnas
BeTBb NMpeiacTaBager go == {1, 2, 3, 4, 5}, xoropoe ecth 3anaH-
HOe MHOXECTBO [JONYCTHMBEIX HayaJbHBIX cocroanuit. [lapo#
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cocroguut {0, 0;}, uCnONb30BaHHOH Iast  pasbueHus Lo,

apaserca {1, 4}. B pamHOoM cayuae mapa cocTosHuit BHIGpaHa
TakuM o6pasoM, u4ToOBH OHa JajJa KpaTyaiiliee BO3MOXHOE
é’(o,—, 0;) (04HAaKO 3TO MpPaBWUJO BLIGOPA B IaHHOM MeTOJe Hecy-

1ecTBeHHO). Bbl6Op MOXHO NMPOK3BECTH C MOMOLIBI0 MEpeyHsd Mo-
clelloBaTeNbLHOCTEH, samucanHoro B tabmuue 4.6, rze & (1,4),
oueBHIHO, ecThb . Koraa o npunoxenHo x Al7, MOIMHOXECTBO
{1, 2, 3} mHOxecTBa gy oTBedaeT peakuuelt 0, a MOIMHOXKECTBO
{4, 5} — peaxume#t 1, uTO nerko MoxeT ObITh BBIBEAECHO M3
TaGMMLEl epexonoB Wiau auarpammel aias Al17. [TosToMy Hayasb-
Has BeTBb paclUel/iseTcs Ha JiBe BEeTBU: BeTBb, 0603HaueHHyl O,
YTO SBJAETCA XapaKTePUCTHUeCKOH peakumedt g = {1, 2, 3}
no orHoweHnw K & (1, 4) =0, u BerBb, 0603HAUeHHYIO 1, uTO

SIBJISIETCS XaPAKTePHCTHYECKOR peakuuedt g,= {4, 5] no oro-
wenno K & (1, 4)=oa. Tenepr us gy, BHOMpaerca napa co-
croauu#t {1, 3} Takum xe oGpasom, kak {1, 4} Gbira BHOpaHa
u3 go. Kormax Al17 npunoxero & (1, 3)= aa, N0IMHOXKeCTBO
{1, 2} wus gy; orBeyaer peakumet 00, a moxMHOKecTBO {3}
us g1, otseuaer peaxuveit 01. ITosToMy BerBb, NMpPeNCTaBIA0-
mas gy, pacuiensercs Ha JBe BeTBU: BeTBb, 0603HaueHHywo 00,
YTO ABJSETCH  XAPAaKTePHCTHUECKOH peakumedt go = {1, 2}
no orHowenuio Kk & (1, 3)=oaa, u BerBb, 0G6o3HauenHyw 01,
YTo ABJAETCS XaPAKTEPUCTHUECKOH peaxumell goo= {3} Ha
& (1, 3)=o0a. Tlocnemusia BeTBb ABJAETCA OKOHEUHOM, TaK
KaK gy ABJACTCH ONHODJMEMEHTHBIM MHOXecTBOM. OcCTaToK IepeBa
pa3BePTHIBAETCS AHAJNOTMUHEIM 00DPa3oM.

Kak Tombxo pnepeBo KkpatHOro skcnepuMenta mis M wu
A (M) nocTpoeHo, KpaTHbI# SKCIePUMEHT MOXeT ObITb NMPOBeLeH
IyTeM paccMOTpeHns Kaxaoro G/oKa Ha AepeBe KaK OTIENLHOTO
SK3eMIIApa M M NMPUIOKeHHs K KAXIOMY SK3eMIAPy ocoboit
IHarHOCTMYECKOH TMOC/Aen0BaTENbHOCTH, CBSI3aHHOH C COOTBET-
ctBylomiuM GnokoM. M3 mnpaBui, cOpPMyIMPOBaHHHIX A TO-
CTPOEHHs lepeBa, clelyer, 4TOo ecnu HabmonaeMas peakuus
BCeX 9K3eMIIApoB A, KOTOpHe DacnosoXeHb BLOJb HEKOTO-
poro myTH MO JEepeBy, YIOBJETBOPSET MePeyrCJeHHBM PeaKIusIM
I8 3TOTO MNYyTH, TO HayajibHOe cocTosinne M ecTb COCTOSIHHe,
npeliCTaB/eHHOe KOHEYHO! BeTBbI0 MyTH. Torxa HawsalbHOE CO-
CTOAHME MOX(eT ObITb NPOCTO PpACMNO3HAHO NyTeM CpaBHeHUd
IeHCTBUTE/bHbIX peaKUUi SK3eMIIAPOB C peakuusaMu, o6o3Ha-
YeHHBIMU BIOJIb M Pas/MYHLIX MyTel.



156 AKCIMMEPUMEHTHI MO PACITO3HABAHUIO COCTOSAHHUH [TJ1. 4

HOns Al7 u ero MHOxecTBa AOMYCTHMBEIX HAa4aJbHBIX COCTOS-
uuit {1, 2, 3, 4, 5} wucnonb3yTCH YeThpe SK3eMmaApa. OITH
SK3eMIIApH, obosHaueHHne Al7,, Al7, Al7,, Al7, noasep-
TaloTCsd BO3IEHCTBHIO [NUATHOCTUYECKHX TMOCJeNOBATeNbHOCTEH «,
a0, 000 M POOC COOTBETCTBEHHO, KaK IPelNUCHIBAeTCS LepeBOM
CJIOXHOT'O 9KclepuMeHTa Ha puc. 4.13. Ecam Ternepb OKashl-
Baercs, YTO HayambHOe cocrosiune A17 ectb 2, To Al7; Lo/keH
pats 0, Al7, nomxen natb 00 um A17, momxen mats 1100.
Tak Kak 9TH peaKuMU YIOBJETBOPSIOT peaKuusM, yKasaHHLIM
BLOJMb MYTH MO IepeBy, OKAHUMBAIOLIErocs B gg, = {2}, Hauamb-
HOe COCTOfHHe pacro3Haercsd Kak 2.

OueBuIHO, 4TO HeicTBHe dK3eMmaspa M, CBA3aHHOTO C MHO-
HeCTBOM g,; COCTOMT B TOM, YTOOB «PACUIEMUTb» 3TO MHO-
KeCTBO Ha JBa WM 0oJiee MNOIMHOMeCTB. Tak Kak 4HCJO pac-
[WEeMIMIOIKX onepauuit, TpeGyeMblX LAd TOTO, 4TOOBl Pa3leluThb
A(M) Ha m OIHODJEMEHTHHIX IIOAMHOXECTB, He IpeBHIIaeT
m—1, 4NCI0 9K3eMIIIPOB, BKJIOUEHHBIX B [ePeBO KPAaTHOTO
9KCnepuMeHTa, He mpeBhimiaer m — . Tak kak AJumHa 1Marso-
CTUYECKOH MNOCIeL0BaTeNbHOCTH JJd MAapel COCTOAHWMA B MallvHe
C 1 COCTOSIHUSIMU He MOXeT INpeBOCXOAUTb n— 1, oflas AJauHa
BCeX TMOC/IeI0BaTeNMbHOCTEN, BKJIIOYEHHHX B JepeBO, He MOMeT
npesuiwiatk (n— 1) (m —1). Takum o06pasoM, MH HMeeM
CeLyIOIYI0 TeopeMy.

Teopema 4.8. Huaznocmuueckas 3adaua 0458 a8mo-
MAMA € N COCMOARUAMUL U M OORYCHMUMbLMI COCMOAHUAMY
Moscem Bcez0a Gbuimb pewleH@ C NOMOUbIO KPAMHO20 6e3-
YCA0B8KO20 dKcnepumenma OAunbvt I u xpamnocmu c, 20e

1< (n—1)(m—1), (4.7
c<m—1. (4.8)

Fpanuua B (4.7) CylleCTBEHHO BHIUe, YeM BeJUuYMHA [,
BCTpeyaBiuascs B GOJbLIMHCTBe 3agad (XOTH OHa MOXeT ObITh
IOCTMrHyTa 118 m=—2), TaKk Kak, Mo TeopeMe 4.7, TOJbKO
YacTb TIPUMEHEHHBIX TOC/eN0BATeNbHOCTER NOMKHA OBITH IJUHBL
n—1. Opnako rpaunua B (4.8) MoxeT ObITb LOCTUTHYTa Npu
KaxuoM n ¥ m <7, KaK TNOKa3aHO Ha Npumepe aBTomMara A22
¢ n cocroguuaMu (tabmuua 4.9).

Tak Kak KaxIB# BXOLHOH CHMBOJ MEPEBOAMT BCe COCTOSTHHUS
A22 B cocrosiHue 1, BCe AMarHOCTHYeCKHe IIOCJEN0BATENbHOCTH
OTPaHMYMBAIOTCA OJHMM CHMBOJIOM. TaK KaK KaxIbll BXOLHOM
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Ta6aunma 49
ABTomart A22
2y Sv+1
x‘V
s By | S | Ba || Bn—2 |Bnm1 | 81| 82| Es || Bn—2| Sn—s
v
1 1104(0 0 0 1 1 1 1 1
2 0|10 0 0 1 1 1 1 1
3 0101 0 0 111 1 1 1
n—2l0]0]o0 1] o [1]1]1 1] 1
n—140]101|0 0 1 1 1 1 1 1
n 0(0]0 0 0 1 1 1 1 1

CHMBOJI CIIOCOGEH BHIIOJHUTL B TOYHOCTH OIHY ONeEpauuio «pac-
IIEMJIEHUs» MHOMKECTBA JOMYCTHMbIX HAYaJbHBIX COCTOSHUH (He-
33BHCHMO OT MOILHOCTH 3TOrO MHOXeCTBa), AMArHOCTHYeCKuH
SKCNEePUMEeHT 11 m cocTosHuit ana A22 TtpebyeT B TOYHOCTH
m — 1 sk3eMnnapoB. llepeBo KpaTHOrO SKcHepuMeHTa s A22
M MHOXeCTBa JONMYCTHMHIX Hauya/ibHEX cocrosuuit {1, 2, ..., m}
nokasaHo na puc. 4.14.

MoOXHO OTMeTHTb, YTO, XOT MeTOL IOCTPOEHUs KDAaTHOTO
SKCTEpUMEHTd MOXeT MUHMMHU3HPOBATb IJIMHY BXOIHOH mocCie-
LOBATENbHOCTH, INPUKJAAABIBAEMOH K KaXIOMY SK3eMIIAPY, OH,
BOOGLIE TOBOpPS, He MUHMMHUSMPYeT OGUIYIO IJIMHY SKCIepUMeHTa
WM ero KpaTHOCTb. Bo MHOTMX ciy4adX Kaxk [JuHa, TaK M
KPaTHOCTb SKCIEPHUMEHTa MOI'YT ObiTh COKpAllleHH IOCPEICTBOM
MCTIONb30BAHMS CIeLYIOLIEro OueBUAHOro ¢akta. Ecam naubl 1Be
BXOIHble MOC/IENOBATENbHOCTH &y U &1&p TO peakuus aBTO-
mata M Ha & Moxer GHTH ompeneneHa N0 peakunn M Ha &;&y.
Takum o6GpasoM, ecanm Kak &y, Tak M & &, SBITIOTCS IMArHO-
CTUYECKUMH TOC/IEeR0BATENLHOCTAMH, KOTOPble JOJDKHEI TpuMe-
HATBCS B KPATHOM 9KCIIEPUMEHTE, TO B JeHCTBUTENBHOCTH ILOKHA
MPUMEHATbCS TOMBKO & &, Hampumep, B KpaTHOM sKcCliepuMeHTe,
onucanHoM Ha puc. 4.13, peakuuu Al7, va @ u Al7, Ha aa
MOryT ObITb oNpeneleHsl No peakuuu A17; HAa oow; crenosa-
TeMbHO, 1A 9KCIEepPUMEeHTa B JeHcTBUTENbHOCTH Tpebyerca
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TOJbKO 1Ba Sk3emmiapa Al7. Kax Jlerko MOXHO yCTaHOBHTb,
IVarHOCTHYecKas 3afaya Anad Al7 u MHOXeCTBa ILONMYCTHMBIX

o6y s
g o ={12....m}
6’/52/=4t/
/ .0}2—_-'{2;‘2""/77}
57/7={7/ 5/2‘ J}=£2
2 Go2=034,..., m}
S(34) =¢&,
J
Gyr=15) \
\
\
. \ Gr-g2=tm=2, m~] m}
* 6077‘2, /77‘//:{”7_2
m=2 Gn-z2=Um=1,m}
gy = tm-2p L 67 =ds
m=7

Im=-171=U01} Gy 2={m}

Puc. 4.14. JlepeBo KpaTHOro akcmepuMenta nas A22 u
MHOKeCTBa JOMYCTHMbIX HaYaJbHHIX cOCTOsANMH {1,2,...,m}.

HauanbHBIX cocTosHmit {1, 2, 3, 4, B} He Moxer 6miThb peureHa
NPOCTHIM SKCHEPHMEHTOM, M, CJelOBATeNbHO, NMPUBEIEHHOE BEILIE
ynpouleHue o6eCneunBaeT NOCTHXKEHHE HAaHMeHble BOSMOMKHOH
KPaTHOCTH ILJ/isi 9TOH 3ajayu.
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4.11. KpaTHble yCJIOBHbIE JAHATHOCTHYECKHME OKCHEPHMEHTHI

BMecTo mnpuioxeHHs ONHOBPEMEHHO BCeX AHAarHOCTHYECKHX
NoC/ef0BaTeNbHOCTe, KOTOPHe TPeGyloTcs AJs KPAaTHOrO SKCIe-
pHUMEHTa, OHM MOTYT ObITb NMPUJIOXKEHL MO OQHOH, MpuYeM Kaxaas
MOC/IeN0BATENbHOCT (32 HCKJIOUeHMeM MepBoi) BhIOMpaeTcs Ha
OCHOBE MNpelBapuTeNbHO HabmolaeMblx peakuuid. Tako#t ycnos-
HBI/l SKCIIeDUMEHT MOXeT OBbITb BBINOJIHEH CleAyoUuM oOpasoM.

Anroputwm 4.4. Iaubl aBToMar M, ero MHOXeCTBO AONY-
CTHUMBIX HAYalbHEIX cocToaHu# A (M)= {011, iy voe Gim} u

IlepeBo KpaTHoro sKkcnepuMenta nias M u A (M); Tpebyercs HaliTu
HauanbHOE CcOCTOsSHHe A C TNOMOWIbIO KPaTHOTO YCJIOBHOTO
skcnepumenTta. (1) TIpuioxuM BXOZHYIO TNOCHENOBATENIbHOCTb,
VKa3aHHYI0 [1Js HayalbHOH BeTBH, K NepBOMY sk3emmaspy M.
IMycte B =2. (2) TlepeitneM K BeTBU, LJs KOTOPOH Nepeunc/eH-
Hasl BBIXOJHAs MOC/eNOBATENbHOCTh COBMNAnaeT C peakuuef, naH-
HOH mnocjenHed TpUMeHeHHONH BXOJHOH MOC/IENOBATENLHOCTLIO.
(3) (a) Ecau BeTBb He sBJsSeTCS OKOHEYHOH, TO MNPHIOKUM
BXOJHYIO IIOC/ENOBATENbHOCTb, YKa3aHHYIO IJIs 3TOH BeTBH,
K k-y sksemmispy M. VYeemuuum k Ha 1 u BepHeMcd k (2).
(6) Ecim BeTBb oOKOHeYHas, TO OIHO3JEMEHTHOE MHOXeCTBO
{O'zh}, CBA33HHOE C 3TOH BeTBbIO, COLEPKUT HAYANBHOE CO-

crosuune M.

HetictBue anroputma 4.4 cocTtouT B TOM, UYTOOH BECTH
SKCIMEPUMEHTATOPa BIOJb YACTHOT'O NYTH, KOTOPLI 3aBepluaercs
B {Gih}, rie O;, eCTb MCTHHHOE HayajbHOe COCTOsHHe M.

CrenoBatesibHO, ycTpaHseTcs HeOOXOLMMOCTb B TeX 3K3eMIsi-
pax M, KOTOpHe He NOSIBASIOTCS BLOJb 3TOTO NMYTH.

AnropuT™ MoxeT ObITb NPOJEMOHCTPHPOBAH AepeBOM Kpar-
HOTO 3KCmepuMeHTa Ha puc. 4.13. Ecau MCTHHHOe HayanbHOe
cocrosuue Al7 ecTb 3, TO NIpUJONKeHHe O K NEpPBOMY 35K3eM-
nasipy Al7 naer 0, korophiff BeleT K BeTBH, CBSI3aHHOMR
¢ {1, 2, 3}. CooTBeTCTBEHHO MOC/IELOBATENLHOCTb, MPUMEHEHHAS
KO BTODOMY 3K3eMIIapy, ecTb od, uto Jnaer 01 u, crerosa-
TeJbHO, BeleT K BeTBM, cBfI3aHHOH c (3). Torla MOXHO 3aKJio-
YuTh, YTO HauaJbHOe cocrosHue Al7 ects 3.

MakcuManbHOe YHCJIO SK3EMIJIIPOB, KOTOPOE MOXKeT OLITh
HYXHO IJI1 pellleHWs [NUarHOCTHYeCKOR sajauuM [Jd aBTOMaTa
C N COCTOAHHAMH M m [ONYCTUMBEIMH COCTOAHHMSMH, 3a1aeTcs
YHC/IOM 5K3eMILISIPOB, MOSBJSAIOLIMXCS B HanboJee IJIUHHOM NyTH
COOTBETCTBYIOWIETO JAepeBa CJIOKHOTO JKcIepuMeHTa. fcHO, uTQ
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TO UYHCJIO He MOXKeT IpeBbIIIATL OOLIEro Yuc/ia SK3eMIJIIPOB
B Iepese. Torza, no Teopeme 4.8, KPaTHOCTb KPATHOTO YCJOB-
HOI'O 3KCIepUMeHTa He mpepnimaer m — 1. Ecian HHIMBHAYAb-
Hble [JMarHOCTHYeCKHUEe MOC/IeJ0BATEIbHOCTH NOCTPOEHBl BO3MOXHO
6oJ/lee KOPOTKUMM, TO, MO Teopeme 4.7, IJMHA IKCIHEePUMEHTA
HE MOXKeT NPEeBOCXOIUTb

m m
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CrnenoBaTesbHO, MBI UMeeM TeOpeMy.

Teopema 4.9. uazhocmuueckas 3adaua 045 aB8mMO-
MAMa ¢ 1L COCMOAHUAMYE U M OONYCMUMBLMY COCMOAHUAMU
Mooicem 8ce20a Gvims peuleHa € NOMOWLIO KPAMHO20 YCA08-
H020 gKcnepumenma Osure, | u kpamuocmu c, 20e

1< 5 @n—m) (m—1), (4.10)
cL<m—1. 4.11)

Fpannua B (4.10) Moxer OBITb LOCTHTHYTa 1Jd m=2 U
mo6oro n > 2. I'pannna B (4.11) MOXeT ObITb NOCTUTHYTa IJIA
moboro n ¥ m-<n, KaK IMOKA3aHO HA NpuMepe aBTOMaTa A22
B TaGiuue 4.9 M IepeBa KpaTHOrO 3SKCmepuMeHnTta Ha puc. 4.14:
ec/iM HauajgbHOe coctosiHne A22 ectb mubo m— 1, nmubo m,
TO NLJg IMAaTHOCTMYeCKOR 3ajmaum 14 A22 W MHOXKeCTBa [LOMY-
CTHMBIX HaualbHBIX cocTosHu#t {1, 2, ..., m} TpeGyerca B TOU-
HOCTH m — 1 9K3eMIIpOB.

TTpeuMy1IeCTBO KPATHOTO YCJIOBHOT'O 9KCNepHMEHTA Hal KparT-
HbIM Ge3yCNOBHBIM SKCIMEPUMEHTOM MOXeT OBITh M3MEPEHO Belu-
YMHOH, Ha KOTOPYIO UHMCJIO SK3EeMIIIPOB B JIepeBe KPaTHOTO
9KCMepPUMEeHTa INpeBHLIaeT BLICOTY 3TOro Aepesa. Ta6muua 4.10
npencrasiaser aBToMar A23 ¢ n COCTOSHMAMH, LIS KOTODPOTO
NPEUMYILECTBO YCAOBHOTO SKCHePHUMEHTa Hal 6e3yC/NOBHBIM I
MoGOro MHOXeCTBa NONMYCTHUMBIX HAYaNbHBIX COCTOAHMH ABJAETCA
CyuiecTBeHHHM. JlepeBO KpAaTHOrO SKcmepuMeHra s A23 u
MHOXECTBA JONMYCTHMBIX HayaJbHHIX cocTosuu#t {1, 2, ..., m}
(rze 2 <m<n—1 urle KaK m, TaK ¥ A ABJAIOTCA YETHEIMH)
nokasaHo Ha puc. 4.15. OueBMIHO, YTO UMCJIO 3K3EMILISAPOB,

m
BKJIOYEHHOE B JEPeBO KPAaTHOTO 3KCHEePHMEHTA, €CTb —2-—|—1,
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Ta6aunma 4.10
ABToMat A23

2y Sv+1
X,
v
5 a B a §]
1 1 1 1 1
2 1 2 1 1
3 2 2 1 1
4 2 3 1 1
5 3 3 1 1
6 3 4 1 1
n n
n—3 ?-—1 7—1 1 1
n n
n n
n

m
a ero BblcOTa ecTh 2. Takum o6pasom, ——2—-—|—1 3K3eMI/ISIPOB

A23 rpebyeTcsl I pelLieHHs 3ajayd C MOMOLIbI0 Ge3yCJOBHOTO
9KCIlepUMEHTa M TOJBbKO 2 3K3eMm/Apa [ad pellleHus 3anaud
NyTeM YCJAOBHOTO 3KCHEPUMEHTa.

Crenyer OTMETHTb, YTO METOJL MOCTPOEHMS KPATHOTO YC/IOB-
HOTO 3KCIepHMEHTa, KaK H MeTOl NMOCTPOEHHS KPaTHOro Oes-
YCJIOBHOTO S3KCHEepUMeHTa, BOoOOlIe TOBOPA, HE MHHMMHUBHPYIOT
IMMHY WJAM KPaTHOCTh 9Kchepumenta, [JJimHa UM KpaTHOCTDb
BO MHOTHX 3a7a4YaX MOTYT GHITh yMeHbLIeHH C MOMOLIBIO METO/a,
omucanHoro B konue § 4.10.

4.12. YcTaHoBOYHOE nepeBo

Yemanosounoe depeso, Kak u JIMarHOCTHYECKOe Iepeso,
€CTb yCeYeHHBIHl BapUaHT NepeBa NPeeMHUKOB, NMOJYYeHHbIH MyTeM
NpUMeHeHUs psla NMpaBuJ 3aBepIUEHUd,

11 A Tuaa
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Onpenenenune 4.2. YcTaHOBOYHOE IEpeBO eCTb LepPeBO
NPEEeMHUKOB, B KOTOPOM BeTBb O k-TO YPOBHS CTaHOBHTCH OKO-
HEYyHOH, ec/ii BEINOJIHAETCH ONHO M3 CHeNYIOUHNX YCJIOBHH:
(1) A-rpynma, cBsizaHHas C b, fBJISeTCS CBS3aHHOHM C HEKOTOpOH
BETBbIO B YPOBHe, mpelruecTByiolieMm R-My. (2) Vimeercs BerBb
k-ro ypoBHsi (BO3MOXHO, cama b), CBA3aHHAd C OLHOPOLHOM
A-rpynnoft.

[MpaBuso (2) mnoapasyMeBaeT, 4YTO MepBbIH ypOBeHb, KOTO-
pHIt CONEPXHT BeTBb, CBA3AHHYI0 C OXHOPOAHOH A-rpymnmnof,
TaKxke fBJIAETCA IOCJAeJHAM YPOBHeM B YCTaHOBOYHOM JepeBe.
Puc. 4.16 nemoHCTpUpYeT, Kak CTPOUTCS YCTAHOBOYHOE LepPeBO
nns aBromata Al7, nmpencraBiieHHOro Ha puc. 4.3, U MHOXeCTBa
IONMYyCTHUMBIX HauaJbHbix cocrosnu#t {1, 2, 3, 4, 5}. OueBunno,
uTo B TpeTheM ypoBue A-rpymma {1, 1}, {1}, {2}, {1} sBuserca
OIHOPOJHO}; NOSTOMY B CMJY MpaBMJa 2 BCe BeTBU B TPeTbeM
yPOBHE SBJAIOTCS OKOHEUHBIMH.

[TocpencTBOM M0Ka3aTebCTBA, aHAJIOTUYHOTO 1OKA3aTENbCTBY,
NPUMeHEHHOMY B JleMMe 4.4, MOXHO MOKa3aThb, YTO IJIMHA JIIOGOro
NyTH B YCTAaHOBOYHOM JepeBe MIad asromata M c n cocros-
HUSIMM U . JONMYCTUMBIMM COCTOSHUSIMH He MOXET IpeBhIATh
(m — 1)n™. TlosToMy mnOCTpOeHHe YCTaHOBOYHOTO [IepeBa ecCThb
KOHeuHEI mHpouecc. B cienywowem mnaparpade OyneT mnosyueHa
IPaHALA, KOTOPAas CYLIECTBEHHO HUxe, uyeM (m — 1)n™.

Yemanosounom nymen 6yner moGOH MyTh B yCTaHOBOYHOM
JlepeBe, OKOHeYHas BeTBb KOTOPOro CBA3aHa C OJHOPOLHOM A-rpym-
noit. ¥Ycmanosournoii nocredosamesvriocmeio 1is M u A (M)
G6yzer moBas BXOIHAs MOCJNEIOBATENbHOCTb, KOTOpas, Gylyuu
npunoxenno#t k. M|o, u M|o;, Tae 0; M O; CyTh 1Ba COCTOS-
Husi B A(M), naer nBe pasiMuHbBe BBIXOAHBIE TOCJENOBATENb-
HOCTH, €CJM OHA NMEPEBOAUT O; U O; B [BA PABIMYHBIX COCTOA-
Hus. Torpa snemMa 4.2 naer ClIefyOLLYIO JieMMY.

Jlemma 4.7. Bxodnas nociredosamensrocmb, Oonucsgae-
MaSL YCMOAHOBOUHBLM nymem 8 YCMAHO8O4HOM Oepese, no-
cmpoerrom 028 M u A(M), ecmv ycmano8ounas nociedo-
sameasnocmy 0an M u A(M).

Munumarsnas Yemano804Ha s nocAe008amesbHOCHb Aag M
u A(M), obosnauaeMas uepes & (A), ecTb Kparyafimas ycra-
HOBOYHAs IMOCJenoBaTeNbHOCTs ans M u A(M). Ycewenusie
IyTH YCTAHOBOYHOTO JepeBa, MocrpoeHHoro uaa M u A (M),
CyTb IyTH, BKJIOYEHHbIe B J1ePeBO NMPEEeMHMKOB, HO OTCYTCTBYIO-
Lle B YCTAaHOBOYHOM JepeBe B cuiay npasmiaa 1. Chexyowuit

11*
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pe3yabTaT MOxeT ObITh IOKa3aH CHOCOOOM, UHENMKOM aHaioruy-
HbIM cNoco0y, mpuMeHeHHOMY B JeMMe 4.6.

Jlemma 4.8. YceuenHnsie nymu yYcmaro804H020 Oepesa,
nocmpoennozo 0x8 M u A(M), ne onucel8arom MURUMAAL-
HbLX OUAZHOCMUYECKUX NOCAed08amesbHOCHel.

Takum 06pasoM, Mbl HMeeM CHELYIOMIYI0 TeOpeMy — aHaJor
TeopeMH 4.2.

Teopema 4.10. Mnoocecmso nocaedosamensrocmeld,
ONUCHLBAEMULX YCMAHKOBOUHBLMY NYMAMU 8 YCHMAHOBOYHOM
Oepese, nocmpoesHHoMm O0as asmomama M u MmHOdCecm8a
donycmumslx Havasvrolx cocmosinuii A(M), ecmv mHOdNUCe-
CMB0 8CeX MUHUMAABHOLX YCMAHOBOUHOLX NROCAEO08AMmMesb-
wocmedi 028 M u A(M).

4.13.-IIpocTeie 6e3ycJOBHbEIE YCTAHOBOYHEIE 9KCIIEPHMEHTHI

Pe3yibTaTh, NOJyuYeHHBle B NpeIbLAyUleM pasjiele, HaBOAAT
Ha MBICIb O MeETOAe pelleHHs YCTAHOBOYHOR 3anauu IJd m
COCTOSIHM C TIOMOLIbI0 KpaTyafiiero mnpocToro 06e3yCaI0BHOTO

9KCNEePUMEHTa.
Anroputm 4.5. Haupr aBroMaT M H ero MHOXECTBO
AOMyCTUMBIX HAYa/bHbIX cocTosumtt A (M)= {0y, 0y, ..., 0, };

Tpebyercs HaltTH KOHeuyHOe cocTosHHe M C moMolupio KpaTyai-
wero mpoctoro GeaycaoBHoro skcmepumenta. (1) Crpoum ycra-
HOBOUHOe gHepeBo ans M u A(M). (2) Bubupaem mobyio ycra-
HOBQUHYIO NOCJIeN0BaTeNbHOCTb & (A), OmuCHBaeMylo AepeBom 1).

(3) Cocrapnsiem mepevenb peakuutt M|o;, Mlo,, ..., M|o
, , 4 2 im
Ha & (A) u cocrosHutt 0;, G;, ..., 0, , B KOTOPHEe COOTBET-
1 2 m
CTBEHHO MePeXOAar Oy, Oy, ..., O; ~1mpu moxade & (A).

(4) Tlpunaraem & (A) x M n dukcupyem peakuuio. Koneunoe
COCTOfIHME eCTb COCTOSIHME O, , I/ KOTOPOTO peaKius, BHeCeH-

Hasg B nepeyeHb B (3), copmanaer ¢ 3ahuKCUPOBAHHOR peaxuueft.

AsropurM 4.5 Moxer OHTb IPOJIEMOHCTPUPOBAH Ha HpUMepe
aBromMata A17 (puc. 4.3) U MHOXeCTBa NONYCTUMBIX Ha4aJbHEIX
cocrosnu#t {1, 2, 3, 4, 5]. B sToM ciyyae yCTaHOBOUHOE AepeBO
Ha puc. 4.16 BHIABJIfET, YTO MUHMMAJIbHAS YCTaHQpUYHAs IOC/e-
JOBAaTeNbHOCTb ecTb oaao. Tab6muna 4.11 conmepiut nepeueHb

1) B § 4.15 6yner nmokasaHo, 4TO Takas MOCJAELOBaTEAbHOCTb BCErjAa
CYIIECTBYET.
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peakuM# W KOHEYHBIX COCTOSIHMH JJI1 HAYaJbHBIX COCTOSHUM]
{1, 2, 3, 4, 5}, xorna mpumensercs ooc. Kak u caerosano
OXWJ1AaTh, Pa3/MYHbleé KOHeYHble COCTOSHUS COOTBETCTBYIOT pas-
JMYHBIM DEeaKUMAM M, C/lelOBATENbHO, PeaKUHH MOTYT CJIYXKHUTh
B KaueCTBe KPHTepHeB JJI DaclO3HaBaHUs KOHEYHOro COCTOs-
Hus Al7 npu ycioBud, 4YTO
ONpeleseH0 MHOXECTBO JOMYCTH- Ta6auna 411
MBIX HAYa/JbHEIX COCTOSIHMH, Peaxknus Al17 Ha aaa
Pemlenne ycranoBouHo# 3ana-
YM HeNnoCPeIdCTBEHHO MOKET 6LITh Hauaabroe | Peaknus Koneunoe
anMeHeHO K CJIeILYIOI.IJ.eH 3ama- COCTOSIHHE Ha aaa COCTOSIHHE
ye. HsBectHo, uTO B3aaHHHH

asroMmar M ectb asromar M, 1 000 1
B COCTOSHMM, NpHUHALJIeXalleM ;2; 8(1)8 %
mHoxectBy A (M,), nin aBto- 4 101 9
mMaT M, B coCTOSHMM, NPUHAlJIe- 5 100 1

xauleM MHOXecTBY A (My), ...,
uia aBToMat M, B COCTOAHMH,
npuHajsiexaiem MHoxectBy A (My). WKenatenbHo pacnosHath
aBTOMaT M €ro KOHeYHOe COCTOfHHe. EC/M NpeinosoxuTb, 4To
My, My, ..., My £BIAIOTCA CPABHUMBIMH M YTO HX TaGmMIbl
NepexoloB MMEIOTCd, TO YKa3aHHas BHIUE 3alaya ecTb B TOY-
HOCTH YCTaHOBOYHas 3alaya [Jf m COCTOSHMH 1Js pacluensge-
moro aBromata A (M;, My, ..., My) ¥ MHOXeCTBAa IOMYCTHMBIX
HayaabHBIX cocToanult A(M)U A(MHU ... UA(My). B stom
ciydyae B OCHOBHOM IPeNINOJIOXKEHUH, YTO 3alaHHbIlt aBTOMar M
ABJISeTCd MMHUMAJbHBIM, IOJAPa3yMeBaeTCd, 4YTO KaXIH{ aBTO-
MaT M; ABJSeTCS MUHUMAJbHBIM Y YTO HU OJHO COCTOsIHME JII060Tro
aBToMaTa M; He sBJSeTCS 9KBUBAJEHTHBIM KAaKOMY-HAGYIb CO-
crosHuio aBromara M; (j = 0).

4.14. IlpocTeie ycJOBHbIE YCTAHOBOYHLIE 9KCIEPHMEHTHI

PaccmoTpuM myTh B ycTanoBounoM nepeBe ands M u A (M),
KoTophift Beler k A-rpynne G, conepxalle#f 0IHOPOIHOE G-MHO-
HKECTBO, CKaMeM {O'i', O vn ey ai’}, Tie O; BCTpedaercs h pas

(rax kak G MOxer colepxaTb LPYrHe O-MHOXECTB3, KOTOPHIe
He SIBJAIOTCA OAHODOIHBIMHM, caMa G He o0s3aTenbHO fABJIAETCS
onHoponHott). Ecau 3TOT nmyTh onMcChIBaeT BXOLHYIO NOCJeNOBa-
TeMbHOCTb &, TO Toria A (M) KOMKHO COZepikKaTb HEKOTOpOe
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YHCHO ki COCTOSHMH, CKa¥eM O;, Oy, ..., O, BCe NPEeMHMKH
KOTOPHIX N0 OTHOWIEHMI0 K & cyTh 0. Tak Kak {oi', O +nes 0,
SBAAETCH OHOPOAHBIM B (G, TO peaKuus O; WM Oy, ..., WM Oy,

Ha &, no nemve 4.2, He MOMXeT ObITb IPUNHUCAHA HUKAKOMY
KOHEYHOMY COCTOfiHHMI0, 3a uckmiodenueM o;. CurenosarennHo,

ecinu o wm o;, ..., 11 O CAVYaHO SIBJSETCS MCTUHHBIM
iy iy ip

HayaJbHEIM cOCTOsiHMeM M, To KOHeyHOe cocTosHue M MoXer
OLITb PACHO3HAHO C IOMOLILIO BXONHON MOC/IeNOBaTeNbHOCTH,
KOTOpas He 00s3aTelbHO OMKUCHIBAETCS YCTAaHOBOYHEIM TNYTEM.
Hcnomnbays sToT ¢(akT, MOXHO NPHUMEHSTb MUHUMANbHYIO YCTa-
HOBOYHYIO [OCJeN0BaTeJbHOCTb He LEJMKOM, a IO YacTaM,
B HajexJe, YTO KOHeYHOe COCTOSIHMe SBJIAeTCS TaKHM, YTO OHO
MOXeT OBRITb Pacrno3HaHO C MOMOLIBIO TOJNbKO YacTH Bcel mocie-
JIOBATeJIbHOCTH. DTa CXeMa COCTABJISIET pellleHHe IHarHOCTHYeCKOR
8ajayd JIJia m COCTOSIHMM C TOMOLIBI0 MPOCTOTO YCJIOBHOTO
9KCNepUMeHTa.

Pacunenenne MuHuManbHOR yCTaHOBOYHO! MOC/IENOBATEIbHOCTH
Ha MOANOC/NeJOBAaTeJbHOCTH BHINOJHACTCA CHAeNYIOIUM 00pasoM.
Iycts &, sBaseTcs k- MOAMOCHENOBATENBbHOCTbI0 M MycTb G
aBaseTcd A-rpynmno#t, Kk KOTOpPO# BeleT NyTh, OMHUCHBaOLIUHCA
MOC/IEN0BATENBHOCTIO &1&y - . . &p; 0603HauuM A (M) uepes .
Torma &, ecTb NOCKEIOBATENbHOCTb, ONMKUCHIBAEMAs MOLIYTEM,
KOTOPEIK BefeT oT (,_; K nepsoft A-rpynne, KOTopas COIEPKHT,

Mo KpaliHet Mepe, Ha OIHO OJHOPOJHOE G-MHOXECTBO OBouiblle,
ueM G,_;. Tak kak pemenne G, ecTb 1 ¥ TaKk KaK 4UCJIO G-MHO-
XKeCTB B A-Tpymnme He MOXeT NpeBHINATh MoOIHOCTL A (M),
PaBHYIO 7, YHCJIO NMOANOC/IEN0BATEIbHOCTE], TPOU3BELeHHEIX TAKUM
06pasom, He MOxeT npeBbinath m — 1. Hanpumep, aBromatr A17,
NpeCTaBJeHHEI! Ha puc. 4.3, 1 MHOXeCTBO JIONYCTHMBIX Hayalb-
HEIX cocrosmu#t {1, 2, 3, 4, B} npaor: Gy={1, 2, 3, 4, 5};
G,={1, 1}, (2}, {5, 1} Go=1{1, 1}, {1}, {2}, (1], n, cze-
IOBaTeNbHO, & =00, a & =0 (cM. puc. 4.16). Ecau onpe-
JeeHEl TOINOCHEeN0BATEIbHOCTY, YCIOBHHN 3KCIEPUMEHT MOXET
OLITb BEINOJIHEH CJAELYIOLIMM 06pasoM.

Anroputrm 4.6. [lane aBromar M, ero MHOXeCTBO IOMY-
CTUMBIX Haya/JbHHX COCTOSHUI A(M)={oil, Oppp + oo Glm} "

paculieHeHHas yCTAHOBOYHAs MOC/ELOBATENbHOCTD &1& - .. &rs
PacrosHaTh KOHeYHOe CocTosiHue M C MOMOIIBIO YCAOBHOTO 9KCIIe-
pumenta. (1) Cocrapnsiem mepeuenb peakuut M|o;, M|o;, ...



4.14] MPOCTBIE YCJIOBHBIE YCTAHOBOUYHLIE 3KCITEPHMEH b 167

.- M|°1m Ha & &y ... &,. PacuieHseM KaxIyo peaknuio
Ha r TOANOCJI2IOBATeNbHOCTE! TaK, YTOGH OHH COOTBETCTBO-
BaJI¥ Pacu/IeHeHMI0 BXOAHOY mocienoBaTenbHOCTH. [locie xamno#
BEIXOLHOH TOMNOC/eN0BaTe/bHOCTH BHOCUM B IepeueHb COOTBET-
cTBymolee KoHeuHoe cocTosHue. [Tonaraem k£ ==1. (2) [Tpunaraem
&,k M. (3)(a) Eciu peakumio M Ha &1&; ... &, MOXHO TpH-
nHcaTh TOJBKO OJHOMY KOHEYHOMY COCTOSIHMIO B NepeyHe, COCTaB-
neHHoM B (1), TO 3TO cocrosiHMe eCcThb KOHeuHoe cocrosHue M.
(6) Ecn peakumio M Ha &8 ... &, MOXHO NMpUIUCATL ABYM
nnu 6osiee Pas/MUYHBIM KOHEYHBIM COCTOSHUSM B NMepeyHe, COCTaB-
aenHoM B (1), To yBenmmuuBaeM R Ha 1 u Bo3BpauiaeMcs K (2).

Anroput 4.6 Mmoxer ObTb HPOLEMOHCTPHPOBaH aBTOMa-
ToM Al7 ¥ MHOXeCTBOM IONYCTHMBIX HAaYaJbHBIX COCTOSHUH
{1, 2, 38, 4, 5}, naa KOTOPHIX MH uMeeM &;==00 U &y= d.
[Tepeuenb peakuu#h Ha ©QQ0, PpacuJeHeHHBX, KakK OIpeLeJeHO
B mare 1, ¥ COOTBETCTBYIOLUMX KOHEYHHX COCTOSIHMH 1aH B
tabiuue 4.12. Ecau okasanoch, 4To HayaJbHOE COCTOsIHUE eCThb 1

, Ta6auma 4.12
PacuneneHHme peaxkuun Al7 Ha aao

HauyaabHoe Peaxuus Koneunoe Peaknus Koneunoe
cocTosiHAE Ha Qo COCTOsIHHE Ha @ cocrosiHue
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

nm 2, To peakiuad Ha o ecTb 00, uto MoxeT OHITb HpPHUIH-
CaHO TOJBLKO KOHEYHOMY COCTOSIHMIO 1; c/leloBaTelbHO, B 3TOM
cly4yae YCTaHOBOYHHIY SKCIePHUMEHT TpeGyeT TOJbKO IBYX BXOI-
HHX cuMBOJIOB. Ecim oxasanoch, uTO HayanbHOE COCTOSIHHE
ecTb D, TO peakuus Ha oo ectb 10, uto He MOXeT OHITb OLHO-
8HAYHO NPUMNCAHO HUKAKOMY OJHOMY KOHEYHOMY COCTOSIHUIO
(Ha OCHOBe 9TOH peakLUy KOHEYHOe COCTOSHHE MOXeT OHIThb
nb6o 1, m6o 5), u, cienoBaTeNbHO, AJs TOrO0 YTOOH 3aKOH-
YUTh SKCHEPUMEHT, TpeGyercd BTOPass MOANOCHENOBATENbHOCTD.

B sak/oueHye MBI MOXeM CIeJaTh CleLYIOllee YTBEPKIEHHE.

Teopema 4.11. Kaxwcoas ycmanosotnas 3adava 048 m
COCmoAHU, KOmoOpas Mmodxcem Obimb peulena npocmoli
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0e3YCA08HBLM IKCREPUMEHRMOM OAURL |, MOJCem ObLMmb peulena .
npocmol M YCAOBHbLM IKCRepumenmom Oiuns | uin mervuteld
u nopsdxa m—1 uau mexsvuie.

Takum 06pasoM, HPEUMYILIECTBO YCAOBHOTO SKCIEPHMEHTa
COCTOMT B TOM, YTO OH MOXeT 3aKOHYMTbCH paHblle, 4YeM Ges-
YCIOBHEIH 9KcnepumeHT. TouHast AJMHA yCJIOBHOTO 3KCIIEePUMEHTa,
pasymeercd, He MOXeT OBITh OleHeHa 3apaHee, TaK KaK OHa
3aBMCHT OT HUCTMHHOTO HAa4aJbHOTO COCTOSIHMS, KOTOPOE OCTaeTcs
HEM3BECTHRIM 10 TeX NOp, [MOKa SKCIEePHMEeHT He 3aBepILINTCH.

4.16. PeryaspHupie Ge3ycJOBHLIE YCTAHOBOUHBIE
9KCIEePHUMEHTbI

MuHuManbHass [JaMHA YCTaHOBOYHOTO SKCMEPHUMeHTa NOCTH-
raercs 3a CcyeT MOCTPOEHHS YCTAaHOBOYHOIO [epeBa, KOTOpoe
B 3alayaXx, BKJIOYAOWUX O6OJbLIME MHOXECTBAa JONMYCTHMBIX
HayaJbHBIX COCTOSIHUMH, CTaHOBUTCS BecbMa Tpomo3ikuM. Ecmu
IOBOJIbCTBOBATLCA YCTAHOBOYHEIM 9KCIIEPUMEHTOM, LJIMHA KOTOPOTO
He 0093aTeJbHO MHHMMaJbHA, TO UMEIOTCS 6oJee MPOCThIe METOJbI
NOCTPOeHUA. YCTAHOBOYHBIH SKCIEpPUMEHT, INOCTPOEHHHI! C IOo-
MOLIBI0O MeTOJa, KOTOPHI! He TFapaHTUPyeT MUHMMAJbHOH IJIMHEI,
OyleT HA3HBATbCA peZYAAPHBLM  YCMAHOBOUHbLM  JKCHepU-
MEHMOM.

PaccMoTpuM IepeBo mpeemMHukoB Ajas aBtomata M ¢ n co-
CTOAHUAMH M MHOXECTBOM [NONYCTUMHIX HauaJbHEIX COCTOS-
Huit A(M). llyctb b ectb BerTBb, cBs3aHHag ¢ A-rpymnmo#t G,
COCTOALIEN U3 O-MHOXECTB &9, L9, ..., &, B KOTOPOH, Mo Kpaii-
Helt Mepe, ONHO O-MHOXECTBO, CKaxeM g,, He SBJAETCS OLHO-
poonniM. Ecam g, conmepxur r cocrosHu#t, TO OHO IOJKHO
ColepKaTh, MO KpalHe# Mepe, 1IBAa COCTOSIHUS, CKaxeM O; U O,
KoTopHe aBisiorc (n — r -+ 1)-pasnmnunmbivi. ClienoBaresbHO,
MOANYTh, HAYMHAKIOWIMKCA ¢ b U ONMUCHIBAIOWIMUACA MOCJeNOBATEb-
HoCTbi0 & (0, 0;), nomxen Bectu k A-rpymne G’, koropas
COCTOUT, MO MeHbllie#t Mepe, u3 (# -+ 1)-ro o-mHOoxectBa. Ciie-
noBarenbHo, ecan G sBAsSeTCS HEOLHOPOXHOM, TO BCErJa MOXeET
ObITh HalileH MOANYTb NJAMHE 7 — r -+ 1 MM MeHblue#f, KoTo-
pu#t Bemer or G k A-rpynme, peuieHde KOTOPOH MpeBHILIAET
pewenre G. OmuchiBaeMas Tak¥M MOIMYTEM MOANOCHEIOBATEND-
HOCTb HA3HIBAETCA pe2yAfpHOl nodnocsedosamesvrocmoeio Q.
TakuM 06pasoM, MBI HMeeM CNOCO6, C NOMOLIbID KOTOPOTro
MOXeM MPOCHeNuTb YCTAHOBOYHHIH NyTb B JIO60OM 3alaHHOM
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lepeBe MPEeMHUKOB H, Clief0BATebHO, IOCTPOUTh YCTAHOBOYHYIO
noc/nefoBaTeNbHOCTh s Jdo6oro M u A (M).

Anropurwm 4.7. 3ananb aBToMat M M ero MHOXeCTBO
JIONYCTUMBIX HayaslbHBIX cocTosgHult A (M); TpeByercs HaiTh ycra-
HOBOYHYIO noclenoBatesbHocTh 1 M u A (M). (1) Ilycts A (M)
asisercst G [Tonaraem k= 0. (2) (a) Ecan G, He sBAsteTcs ONHO-
POIHEIM, TO OIpeIeJNUM PpETryJIpPHYI0 IOINOCAELOBATENbHOCTD,
ckaxeM &, maa G,. Ilycrs &,-npeemunkoM G, ssiserca G, ;.
YBesnuuBaem k Ha 1 u BosBpamaemca k (2). (6) Eciu G, onno-
porHo, 10 &¢&; ... &p_; €CTh YCTAHOBOUHAHA NOCJENOBATENb-
HocTh Mg M u A(M).

Tax kak pemenve A (M) ectb 1 u Tak Kak pellleHue JMo6oh
A-TpyNOB HE MOXET NPEBHUIATh YUCAA NONYCTUMBIX COCTOSIHUH 1,
TO YHUCJIO0 MOAMOCAENOBATENbHOCTEH, NPOM3BOIUMEIX aJrOPUT-
MoM 4.7, He npesnmaer m— 1. Jlaa aBroMara ¢ n COCTOSI-
HUSMH LJIMHA MUHUMaJbHOW IMarHOCTHYECKOH MOC/IeN0BaTeNbHOCTH
ons mo00H mapsl COCTOSHHR He MOXET NpPeBOCXOIMTb #— I;
ClenoBaTeJbHO, NJAMHA KaXAOR MOLMNOC/IeNOBATEJbHOCTH B yCTa-
HOBOYHOH IIOCJIeIOBATEJbHOCTH, BblIaHHAas anroputMom 4.7,
He MoxeT npesocxonuth 7 — 1. Takum o6pasoM, MH NMeeM
Clelyolyl0 TeopeMy.

Teopema 4.12. Ycmarnosounas 3a0aua 0458 agmomama
C N COCMOSHUAMU U m OORYCMUMBLMY COCMOAKRUIMU BCe20a
Mooicem Oblmb pewlena ¢ NOMOWBIO nPocmozo 0e3yCA08HO20
sxcnepumenma Oaurvl I, 20e

1 <L (n—1)(m—1). (4.12)

B npuBeneHHOM HHXe CHIeJCTBHUH H370XKeHa Apyrasd ¢opMy-
nipoBKka Teopembl 4.12, xoropas GyZeT nojesHo#t B HanbHeHmUX
06CYKIEHUAX.

Cnencrsue 4.2. Ilycte M ecTb aBTOMaT, B KOTODOM
Kaxaas nmapa COCTOfHMH sBaserTcss L-pasnauuuMoft. YcTaHOBOYHas
3afava nag M M m JONYCTUMBIX COCTOSHMH MOXeT Bceraa ObITh
peileHa € MOMOLIBIO TNPOCTOro O6e3yCIOBHOTO 3SKCIEepHMEeHTa
LIMHBL [, The

ILL(m—1). (4.13)

AmaropurM 4.7, KOTOpHI mnpexncTaBasieT MeTON MOCTPOEHUs
perysapHbX 6e3yCTOBHHX YCTAHOBOYHBIX SKCNEPUMEHTOB, He Tpe-
6yeT nocTpoeHus Kakoro-nu6o IepeBa; OH NMPOCTO Tpe6GyeT Ompe-
IelleHus  Pas3/MYHBIX  MOAINOC/IEN0BATENbHOCTEH, OMMCHIBAEMBIX
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Pas3NMYHLIMA MOANYTAMH, COCTAB/IAIOUNMH YCTAHOBOYHHIH Y Th, 4TO
MOXeT OHITb BHINOJNHEHO PeKyPCHUBHBIM CHOCOOOM, KaK I10Ka3aHO
Beie. Meton nemonctpupyercs tabauuett 4.13, B xoTopo#t ans
aBromMata Al7, mokasaHHoro Ha puc. 4.3, M MHOXecCTBa HOmy-
CTHMBIX HayajJbHBHIX cocrosuuit {1, 2, 3, 4, 5] mocrpoen pery-
JAPHEI Ge3yC/HOBHBIl yCTaHOBOYHBIH SKCIIEPUMEHT.

Ta6aunma 4.13

Peryaspueiit 6esycioBHbIH 9KcnepHMeHT aias Al17
H MHOXeCTBa NONYCTHMBIX HAayaNbHBIX COCTOSTHHUMN

{1, 2, 8, 4, 5}
2 Gy Op 9y |8 (9 0y)
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, npencrasiser coGosi muoxectso {1, 2, 3, 4, 5}, a G,
ana k> 1 crpourcs Ha ocHoBe (,_;, T. €. Ha OCHOBe mpelBa-
pUTEbHO OIpelesNeHHOU MOJINOCHeN0BaTeIbHOCTU (TIOANOCTeN0-
BaTeNbHOCTH, NMPHBEJIEHHOYU B mocielnHeM cToJbue CTPoku R — 1)
n Tabiuuel uau rpada nepexosoB aias Al7. [lapa cocrosi-
nuit {0;, 0;} ecTb mobas mapa COCTOSHHA B MOGOM OIHOPOAHOM

O-MHOXeCTBe, conepxauemca B G, & (0;, 0;) ecTb MMHMMANbHAS
AUHATHOCTHYECKAs TOCMeNOBATENbHOCT A (0;, 0,}, KoTopas

MoxeT OHTb MOJydYeHa MO MeTOLy, onucanHoMy B § 4.4. Ilns
TOrO YTOGB MHUHUMHM3MPOBATb IJIMHY MHIMBUAYAJIbHBIX MOLMOCIHE-
LOBATEeNbHOCTER, O, M O, MOXHO BHIOpaTb Tak, 4YTOOH OHH
IaBany B peay/bTate kparyafiee & (0, 0;). ons aBromara A17
9TO MOXeT OLITb BHINOJHEHO C moMouibio Tabiuus 4.6, B KOTO-
pOH ' NpHBONMTCA mNepeuyeHb MHWHHMAJIBHBIX JMATHOCTHYECKHX
nocienoBatejbHOCTe! A Bcex map cocrosuuft B, A17. Cnenyer
OTMETHTb, YTO, BOOOLIe TOBOPS, 9TO MpaBMJIO BHOOpa He rapas-
THPYeT MUHMUMaJbHOCTH OOlie#l IJMHEl YCTaHOBOYHOTO 3KCMEepH-
MeHTa (XOT9 B HalleM NpHUMepe OKasanoch, YTO Pe3yJbTUPYIO-
112 yCTAaHOBOYHAS NOCJIEN0BATENbHOCTb SBISETCS MUHMMAMbHOMN).
Crpoka 3 B Tabiuue — nocjefHsas, TaK Kak G; aBnsercd OXHO-
poiHo# A-rpynmo#t. YcTaHOBOYHAsA NMOC/IEL0BATEbHOCTE CTPOUTCA
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NMyTeM BEIIHCHIBAHUS NMOCIHeN0BaTe/bHOCTe! & (0;, 0;) B mopsike,
B KOTOPOM OHM IOSBJAIOTCS B mocienHeM croadue. ITostomy
peryIspHEIR YCTaHOBOYHEIH SKCmepuMeHT Ansd Al17 u MHOXecTBa
IOMyCTUMBIX HayalbHBIX cocroanmit {1, 2, 3, 4, 5} cocrour
B nojaye o0 ¥ HaOMOLeHMd peakuud. Peaxuus cocrosHuft
1, 2, 3, 4 1 5 Ha A@® ¥ COOTBETCTBYIOLee KOHEYHOE COCTOS-
HMe NoKadaHe B Tabmuue 4.11.

Teopema 4.12 BHIAB/IAET OCHOBHYIO PAa3HMIY MeXAy AHATHO-
CTMYecKOoft 3amauefl M ycTaHOBOYHOH 3amauell. B To BpeMa kak
IMarHOCTHYeCKas 3aJaya, BooOle roBOPA, He MOXeT OBITh pellleHa
NyTeM NpPOBeJeHNs NPOCTOro SKCNepPUMeHTa, yCTaHOBOYHas 3ajaya
Bcerna Moxer OBITh pellleHa NpOBeNEHMEM IMPOCTOrO IKCHepu-
MeHTa. Eciau 3amaH enuHCTBeHHHR 9SK3emmiaap astomata M,
TO HayaJbHOE cocTodAHHe M He Bcersa MoxeT OHITb PaclO3HAHO;
OJIHAKO BCeria MOXHO NepeBecTd M B pacmosHaBaeMoe COCTOf-
nue. Kak TOMBKO pacrnosHaBaeMoe COCTOSIHWE NOCTHTHYTO, Halb-
Hedmaa peakuus M Ha moboe onpelefneHHOe BO30OyMkIeHUe CTa-
HOBUTCS, KOHeuHO, Tmpeiackasyemolt. Takum o6pasoM, Bcerza
¥MeeTCq Cnoco6 clenaTh NMPeiCcKasyeMbIM aBTOMAT, A/ KOTOPOTO
umeercd TabJuua TMepexoioB, HO KOTOPHI 10 NpoBeleHHs ycTa-
HOBOYHOT'O 3KCNePUMeHTa OB HeNpencKasyeM.

4.16. PeryaspHbie yCJOBHBIE yCTAHOBOYHbIE SKCHEPHMEHTHI

Perynapurie 6e3ycoBHble YCTAHOBOYHEIE SKCIIEPUMEHTHI, OMNH-
cauie B § 4.15, Moryr ObiThb mpeoOpasOBaHBl B peryJspHEE
YCJOBHBIE YCTAHOBOYHBIE IKCHEPUMEHTH NyTeM NDHUMEHEHHs MOJ-
nocnenoBaTeJbHOCTelt mo onHo#t m BeIGOpa caenylowleft mon-
MOC/IeI0BATENbHOCTH HA OCHOBE peaKUUd Ha MPeNbAYLUIYIo MOol-
noc/aenoBareabHOCTb. [Toaxon Takoft e, Kak B ciyyae 6e3yc/oB-
HOr0 9KCMepHMeHTa, 3a MCKJIOYeHHeM TOro, YTO Ha OCHOBaHHH
HabmonaeMON peakuMy Bce, KpOMe OIHOTO, O-MHOXeCTBa
u3 G, (k> 1) Moryr GuiTb ycTpaHeHH W3 IaJbHEHIUMX DPAcCMO-
TpeHult.

Anropurm 4.8, Haunm aBtroMaT M W ero MHOXeCTBO
IONYCTUMBIX HayaldbHeIX cocrosHu#t A (M); Tpebyerca ompene-
JUTb KOHEeuHOoe cocTostude M C TMOMOLIBLI0 MPOCTOr0 YCJIOBHOIO
sxcnepumenta. (1) Ilycts A(M) ectb g, Ilomaraem k=0.
(2) (a) Ecm g, HeonHOPOIHO, TO OMNpene/seM PeryJspHYIO
NMOANOC/ENOBATENbHOCT, CKaXeM &, WM g,. Ilpunaraem &,
K M m mnonaraeM, uto g, ABIAETCA NOIAMHOMECTBOM g,
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KOTOPOMY MOXeT ObITh CBOMicTBeHHa HaG/monaeMas peakuus. Ilycts
841 6CTH é‘k-npeeMHm( g,;. YBenuuuBaeM k£ Ha 1 v BosBpaulaemcs
K (2). (6) Ecim g, oaHOPOAHO, TO KOHeuHoe cocToanue M
eCcTb COCTOsSIHME, colepxalleecd B .

Eciu g, B amroputmMe 4.8 He aB/IfAeTCd ONHOPOIHEIM, TO
MOLHOCTb g4, LO/KHA OHITH MeHblle, YeM MOWIHOCTbL g,. Cie-
JIoBaTeNbHO, ecau MouHocTh A (M) ecTs m, TO YHUCJIO HOATNO-
clefoBare/bHOCTeR He mpeBbimaer m — 1. g g, MouHocty r
BCerza wuMeeTcsl PeryispHas MOAMOCHENOBATENbHOCTb &, LJIMHA
KOTOpO# He npeBnaer n—r—1, rae # ecrtb obliee yucjIO
cocrosunit B8 M. CuaenosareiabHo, oflas HAJIHHA YCTaHOBOYHOTO
9KCNEPHUMEHTA He MOXeT MPeBOCXOLUTb

No—rt=g@—m(m—1).  (4.14)

r=2

Taxum o6pa3oM, MH HUMeeM CJelYIOLIYI0 TeOpeMy.

Teopema 4.13. Yemanosounasn 3adasa 0r8 asmomama
C N COCMOAHUAMU U M OORYCMUMBLMU COCMOSHUAMU MONHCEMm
Obvlmb 8ce20a peuena ¢ NOMOUBIO NPOCHO20 YCAOBHOZ0 JKCne-
pumenma Oaunsl | u nopsoxa d, 20e

1< 5 @n—m)(m—1), (4.15)

dm—1. (4.16)

MOXHO OTMETUTb, YTO PeryJspHbIR YCIOBHHH yCTaHOBOYHBIH
9KCMePUMEHT, NMOCTPOEHHHIl ¢ MOMOlbI0 anrroput™a 4.8, Hukoraa

He OHIBaeT [JIMHHee, YeM peryJspHbfi Ge3yC/OBHEIf yCTaHOBOU-
HBI/f 3KCMEPUMEHT, NMOCTPOEeHHHH No amropurmy 4.7.

Ta6auma 414

Peryasipunifi ycnoBHslli 9KcnepumeHT paa Al7
M MHOXeCTBa JONYCTHMBIX HavyalbHbLIX cocTodHMi {1, 2, 3, 4, 5}

&g Op 05 |8 (9p 95) | Peaxnus

Hcrtunnoe &
cocTosiHAE

=

0 {1,2 34,5 14
1 (3,2 23 aa 01
2 {2}

N W
R
—
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Tabnuua 4.14 neMoHCTPUpPYyeT PeryJspHBIf yCIOBHHIH 3Kcme-
pument Aas Al7, mokasauHoro Ha puc. 4.3, ¥ MHOXecTBa IO-
MyCTHMBIX HaualbHbIX cocroanu#t {1, 2, 3, 4, 5}, korna ucTHu-
HOe HauadbHOe cOCTOsiHMe ecTb 4. IlepBEIt cTOMGeL COLEpMHUT
IJIs CIPABKH MepeyeHb COCTOsIHUM, yeped Kortopsie A17 mpoxo-
IAT TIO Mepe NPOBeJeHUs SKCIePUMeHTa (3TH COCTOSHNAS, KOHEUHO,
He W3BECTHH 9SKcmepuMeHtaropy). B stom npumepe g, ectb
{1, 2, 3, 4, 5}, a &, ecrv a. Korna o nonaerca na Al7, Ha-
6/r01aeMas peakuus ectb 1, M3 KOTOPOH MOxeT GhiTb BEHIBELEHO,
uro g, ectb {4, 5}. Torma g, ecTb a-npeeMHUK g;, a UMEHHO

{3, 2}. TMonava &;=a0 na A17 naer peakumo Ol, u3 KOTO-
po#t Moxer ObiTb BhBeneHo, 4To g; ectb {3}. Torma g, ectb

00-TpeeMHUK £, a uMenHo {2}. Tak kak g, OXHOPONHO, MOXHO

clesiaTh 3ak/IOyeHHe, 4TO KOHeuHoe coctosHue A17 ectb 2.
Puc. 4.17 nokasbiBaer aBroMar, 0Go3HayeHHui#t M*, B KoTO-
poM MOryT GHITh MOCTHUCHYTH TrpaHuubl Teopembl 4.131). Kakx
MOK43aHO HA DUCYHKE, MHOMXECTBOM cocTosHu#t M* saBasercs
{1, 2, ..., n}, Bxonmo#t andasur ecTb (&, & ..., E,_q}, 2
BHIXOZHOM andasur — {0, 1}. Brixonuo#t cumson 1 renepupyercs
TOJIbKO TOTAA, KOrla§,_; Mofaercd B COCTOAHHHU 1. M3 cTpyKTYypH
M* MOXHO YBUIETb, YTO €C/IM 3TOT aBTOMAT, HAXOLACh B COCTOSHUU
1, 2, ...,4, j (j> i), noasepraerca BO3Ae#CTBHIO 41060r0 BXO1-
HOTO CHMBOJIA, OTJIMYHOTO OT §;_;, TO COCTOAHUAMU- IPEEMHUKAMH,
COOTBETCTBEHHO, ABsAloTCa 1, 2, ..., 4, jwm 1,2, ..., j—1.
ITo OTHOIIEHUI0 K YCTAHOBOYHOMY AepeBy mist M* u MHOXKECTBY
IOMYCTUMBIX HavyadbHBIX cocTosuu#t {1, 2, ..., m} mox sTuM
MOHUMaeTcs, 4TO Kparyafmmit myts, Benymmst us {1, 2, ..., m}
g A-rpynne, coiepxauef, no kpafineit Mepe, IBa 0-MHOXECTBA,
ecTb MNyTb, ONUCHBAIOLIKHCS BXOLHOR MOC/IeLOBaTeAbHOCTHIO
Em—1&m ++ - Ep—1y A-rpymnma, K KOTOPOH BeleT 3TOT NyTb, €CTb
1,2, ..., m—1}, {n}. Torad no wuHIyKUMA KpaTyaHui
‘myte, Beaymui or {1, 2, ..., m} x oxHOoponHOK A-rpynme,
eCTb 1NyTb, ONKUCHIBAIOWIKMACA BXONHOH MMOC/IEN0BATENbHOCTHIO
En—1&m -+ Eu_q (@mmenl n—m 1), 8a KoTOpo#t cienyer
Em—obm—1 -+~ Ep—q (mmuHBl B— m - 2), ..., 32 KOTOPOH cie-
nyet && ... &,y (mauHp 7 — 1). JannHa sTo#t mocnenoBaTelnb-

) ABropom srtoro aBromata siBasercs Xu66apn (T. N. Hibbard,
Least Upper Bounds on Minimal Terminal State Experiments for Two
Classes of Sequential Machines, J. Assoc. Comput. Mach., vol. 8,
pp. 601—612, 1961).
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LY
HOCTH ecTb (2n — m)(m — 1)/2, T. e. COBNafaeT C BHIPAXeHHEM

(4.14). Iyt Beper k A-rpynne {1}, {#}, {n}, ..., {n}, xoro-
pas COIEPXHMT m TPOCTHIX (M, ClIEeIOBaTebHO, OJIHOPOLHBIX)

@) ey, m

(2] Yo viem e -,
AN

O I NS
@ &

(43 Yemvicm v -,
&\ 6w
O I e

E 0| | Eatt)
@D CURCR AN
(&0 ' res/)
() Y 60V AV, o /O]
st 18,010

(7)) YDV E NG 0) Vi)
Puc. 4.17. ABtomar M*

o-MuHoxectB. Pnc. 4.18 mnokasbiBaeT yCTaHOBOYHOE IepeBO IJisi
aproMara AM* 1 MHOXeCTBA [ONYCTHMBIX HAYANbHEIX COCTOSHHH
{1, 2, ..., m}; Ha 3TOM pHCYHKe BCe OKOHEUHEBIE BETBH OIy-
LIEeHbl, W EeNVNHCTBEHHHI{ IOKa3aHHBIA NyTb €CTb NYTb, ONUCHI-
BAIOIIMH MHUHUMAJIbHYIO0 YCTAHOBOYHYIO MOC/AELOBATENbHOCTb, YIO-
MAHYTYI0 Bblme. $SICHO, 4YTO eC/M HadyalbHBEIM COCTOsHHeM M*
0K4a34/10Cb COocrodHue 1, TO KpaTdaftiu#t yc/OBHEIH yCTaHOBOYHBIA
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Puc. 4.18. YcranoBounoe JnepeBo Iid M* u MHOMecTBa
JIOTYCTHMBIX HauadbHbIX cocrosmuil {1, 2,...,m}.
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oKcnepuMeHT Ias M® W MHOXeCTBA IONYCTHMBIX HayaJbHBIX
cocrosuutt {1, 2, ..., m} KomxeH cocTosTb us m — 1 momo-
c/le0BaTeLHOCTe!, COBOKYNHAadA AJNMHA KOTOPHIX 3alaHa BepxHeH
rpandued Bhipaxenus (4.15). Asromar M* moxasmiBaerT TaKxe,
yTo Kparuadmuft 6e3yCHOBHEI yCTaHOBOYHBI! SKCNEPHMEHT MO-
KeT uMeTb ILJUHY (2n— m)(m — 1)/2 cuMBOJIOB.

3aMeTHM, 4TO TaK Kak KOHeyHas A-rpynna Ha puc. 4.18
fBJfeTcd NpOCTO#f A-rpynmoH, NOKasaHHBI NyTb ONKCHIBAET
MUHMMAJbHYIO JHArHOCTHYECKYIO MOC/IENOBaTeNbHOCTh (TaK XKe
KaK MHHMMAaJbHYIO YCTaHOBOYHYIO NOC/AEN0BATeNbHOCTb). [TosTOMYy
aBtroMar M® nokaskiBaeT, 4TO MPOCTOH Ge3yCHOBHBIA MY YCIOB-
HBIl IMarHOCTHYECKHH SKCIePUMEHT MOXeT MMeTb ILJMHY, PaBHYIO
BepxHell rpanuue [ (4.15).

4.17. CnepcTBus, CBAI3aHHBIE C SKCIEPHUMEHTAMH
O pacno3HaBaHHMI0 COCTOSHMIA

Oco0bM cilyyaeM OHarHOCTHYECKOH MMM YCTaHOBOYHOM 3amaum
018 m  cocTosHuit 1A aBTOMata M sBAfercs AMarHOCTHYecKas
WM yCTAaHOBOYHAs 3ajava AJs 1 COCTOSIHUHM, THe n ecTh obliee
yucao coctosHu#t 3 M. Ira npobnema BO3HMKaeT, Korga aas M
He OmpeleseHH JOMYCTHMEIE COCTOSAHHS, W B STOM Clyuae cle-
ILyeT MpeanoJaratb, YTO HA4aJbHHIM COCTOSHHEM MOXeT OHITh
moboe w3 n cocrosuuit M. Jlna sTOrO CheuuaabHOro ciaydas
pesy/bTaThl, MOJYYeHHHE B MNpPeABIYLMX mnaparpadax, MOTYT
ObITb BUIOM3MEHEHH M 0000LIeHH ClelyIOWUM 06pPasoM.

Cnencrteue 4.3. Ilyctb M ecTb aBTOMAT C 7 COCTOSIHHAMU
1 u3BeCcTHOH Tabauuelt nepexonoB. Ecan HayaabHOe COCTOSHUE
aBToMarta M BooOlie MOXeT ObIThb ONpEeLeseHO TMyTeM NpOoBele-
HMf TPOCTOrO SKCNEPUMEHTa, TO OHO MOXeT OHTb OnpeneseHO
C TMOMOWBIO NPOCTOro 6e3yC/JOBHOTO WX MPOCTOTO YCJIOBHOTO
SKCIepUMeHTa IJIMHH [, rie

I<(n—DHn" (4.17)

HauanbHoe coctosiHne M Bcerna MoxeT GHITb ONpeeseHo ¢ Io-
MOIULBI0 KPaTHOro Ge3yCJOBHOTO SKCNepUMeHTa IJHHBI [ M Kpart-
HOCTH ¢, TIe

1< (n— 1), (4.18)
eLn—1, (4.19)
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M C MOMOWIbID CJIOKHOIO YCJIOBHOTO SKCNepHMeHTa AJMHH [ W
KPaTHOCTH ¢, TIe

l<7n(n—l) (4.20)
cn— (4.21)

Koneunoe cocrosiune M Bcerna MoxeT GhITb ONpeleneHO C MO-
MOILBIO NMPOCTOr0 Ge3yCHOBHOTO SKCNEepUMEeHTa IJWHH [, Tie

1< (n— 10, (4.22)

H C NOMOUIBLIO IMPOCTOro YCJAOBHOTO 3KCIEPUMEHTA IJUHEI ln

nopsanka d, rie
1

I<5nm—1, (4.23)

dn—1. (4.24)

IIycte M — apromar ¢ BXOAHEIM andasutoM (E;, &y, ..., E,}

¥ MHOXECTBOM COCTOSHuft {0;, Oy ..., 0,}. CocrosHusa o; n o,

(I# j) nasmBaorca §;-cosmecmumsimu, ecan peakunn M| o;
u M|o, Ha E; ONMHAKOBH M €CIH O; U O; MMEIOT OIHOTO U

TOrO Xe IpeeMHYKa MO OTHOLIe-
Huo K §;. IMapa E;-coBMecTHMBIX
cocroanu#t  M3oOpaxeHa Ha
puc. 4.19.

Teopema 4.14. Tycms M
ecmby asmomam ¢ N COCMOS-
HusMu U BXO00HBLM aada-
sumom X = (&, By ..., ).
(a) Ecau M codepacum napy
E,-cosmecmumbx  cOCMOAHUL Puc. 4.19. I
0458 Kaocdozo 8xodnozo cum- oo cggfogﬁgamecmmux
soaa &; u3 X, mo duaznocmu- ’
yeckasn 3a0a4a 04 N COCMOSA-
wuli 0an M Rurozda He Modicem Gvims peuena NPOCMbLM 3KC-
nepumenmon. (6) Ecau M He codepacum napst &,-cosmecmumv x
cocmonnull Hu 048 Kakoz0 8x00r020 cumsora §; u3 X, mo
OuazHocmuteckas 3adaua 048 n cocmosnuli 0ra M scezda
Mooicem Gbims peuLeHa NPOCIbLM SKCNEePUMEHMOM.

Horxasamervcmso. (a) Ilonaua mo6Oro BXOAHOro cUMBOJA &;
Ha M sacraBiser napy COCTOSHHH, CKameM 0; u 0y nepelty

(5,150

12 A. Tnag
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B OIHO M TO € COCTOsIHME C OIWHAKOBHIMH PeakLHUAMH U, TAKUM
o6pasom, 00ycC/0OB/JMBAeT TO, YTO 3TH COCTOSIHMS CTAHOBATCS HE
pasIMYUMbIMM HMKAKUMM MOC/AEAYIOUNMA BXOLHBIMH CHMBOJIAMH.
(6) Tlo Teopeme 4.12, M Bcerna moxer ObITb epeBeleH B U3BECT-
HOoe KOHeuHoe cocTosHue. [IycTh yCTaHOBOYHOH MOC/IENOBATEJb-
HOCTbIO, TIPUMEHEHHOR IJd 3TOH uead, ABIALTCHA §1l§i2 §ir;

MyCTb COOTBETCTBYIOLIAA BBIXOAHAS TOC/ELOBATEIbHOCTb OyLer
En,s Chyp + oo Chr, a COOTBETCTBYIOLIAs MOCAEAOBATENbHOCTD CO-

crosunit 0j, Oj, ..., 0j . [IpeAnonoxXuM Tenepb, 4ro 0j,,
glk " Chk M3BecTHH 1ad Hekoroporo R, 1<k <r; Tak Kak

0 NpeANoJOXEHHI0 HU ONHO cocrosnne B M He mnMeeT IBYX

3aXONALIAX AYT, HECYWWX OAHY M Ty Ke MNapy BXOL-BHIXOL

(gt /Z;h ) TO G, MOXeT ObITb OMpeleneH0 oaHO3HaYHO. OG03Ha-
PYA Jr—1

ynM HauaJbHOEe cocTosHue M uepes Gj, TOTIa Oj, MOXeT OBITh
onpefie/ieHO PeKyDPCHBHO HA OCHOBE B3HAHHS KOHEYHOTO COCTOf-
Husi M ¥ BXOZHOM M BHIXOLHOH MOC/IeNOBATENbHOCTEH, BKIIOYEH-
HHX B YCTAHOBOYHBI# SKCHEPHMEHT.

M3 Ta6auubl NEepexoioB 3aiaHHOTO aBToMaTa A MOXeT ObiTb
Nerko  ycraHoBieHo, oOmamaer M CBOHCTBOM, yHOMAHYTBIM
B uactd (a), WJaM CBOHCTBOM, YHOMAHYTHM B 4acTH (6) Teo-
pembi 4.14. TlostoMy 3Ta TeopeMa OKa3hIBaeTCA BO MHOTHUX CJay-
yasix T0Je3HOH 4Jd TOro, 4TOGHEl YCTAaHOBUTH, MOXET /M Hayajb-
HOe COCTOsIHYE 3aJlaHHOr'0 aBTOMAaTa OBITb ONpele/eHO C NOMOLIbIO
nmpocroro skcnepuMenta. Korza asroMar He uMeeT HM CBOHCTBA
yactu (a), HM cBoficTBa yactu (6), TO ero HayaibHOE COCTOsSHHE
60 MOXeT, au6O He MOxeT OBITb ONpeleseHO MPOCTBIM IKCIe-
PUMEHTOM.

3agaun

4.1, Onumiyte MaTPUYHBIH CrHOCO6 peureHus: AUarHOCTHYeCKOH 3a-
Jauu IJis ABYX cocrosHuil.

42, Ta6imnpl 34.1 1 34.2 COOTBETCTBEHHO NPEICTABJSAIOT aBTO-
matel A u B. Ilepeuncaure MuHHMaJbHble XHArHOCTUYECKHE MOCJENO-
BaTeNbHOCTH JJs BCEX [AP COCTOSHHH, B KOTOPHIX ONHO COCTOSHHE
BmbupaeTcs u3 A, a BTopoe cocTosiHHe — u3 B.

4.3, Puc. 34.1 noxasmBaetr rpad mepexonoB aBTOMaTOB A m B.
(a) MsBecTHO, 4TO 3anaHHBIH aBTOMAaT ecthb A B cocTosiHuM 3 wiu 4.
IMocrpoiite Kpatyaiiuii 6e3yCHIOBHBIH SKCIEPUMEHT AJIs PacHO3HABAHUS
HayalbHOro cocTosiHus. (6) V3BecTHO, UTO 3amaHHBI aBTOMAaT eCTh A
B cocrosnur 1 uau B B cocrosHuu 1. [locrpoiite kparuaiimuii Ges-
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Ta6aunma 34.1 Tabauma 342
2y Sv+1 2y Sv+1
Fy *y
sy a § a g 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

YCJIOBHBIA SKCHEPHUMEHT IJd pAacno3HaBaHUS aBTOMAaTa U €ro Haualb-
HOTO COCTOfIHUS.

4.4. 3apafite aBTOMaT C WIECTbIOY COCTOAHUAMH, B KOTOPOM JBa
COCTOSIHUSU MOTYT OBITb pasJuyYeHbl C MOMONIbIO BXOXHOH MOCJAENOBa-

(@/y)
o/ 7 @ @

/A 7/ 7).
A

“O ey e
(I X2 15
“7) (/)

£

@/ )/

(@/q)

Puc. 34.1.

TENbHOCTH NJUHBI 5, HO He MeHbme. [IpoBepbTe, uTO mpuBeneHHOE
Bhille TPeGOBAHUE yIOBJETBOPAETCA.

4.5. 3ajafiTe aBTOMAT C MIECTbIO COCTOAHHUSAMU H aBTOMAT C AEBATHIO
COCTOSIHUSIMH, B KOTOPBIX ZIBa COCTOSIHUA (IO ONHOMY B KaxXIOM aBTO-
Mate) MOryT OBITb pasiuueHbl C MOMOINbI0 BXOIHOH MOCJENO0BATEJb-
HOCTH NJUHBI 14, HO He MeHblne. YGenurech, 4TO yka3aHHoe TpeGoBa-
HHE YIOBJETBOPSIETCS.

4.6. Puc. 3 4.2 nokaspiBaer ypoBHE OT O 0o 3 wacTHUHO CHaGxeH-
Horo o0o3HaueHusiMu J[epeBa npeeMHukoB, rae G;, G, u G3 cyTh
A-rpynnsl. Ilokaxure, 4TO Tpu myTH, npoxonsmux uepes G, G, u Gj
yPOBHA 3, HE MOIYT NPEACTaBAATh MUHMMAJbHBIX JHAMHOCTHYECKUX I10-
crenoBatenbHocTen 1ags M u A (M).

4.7. Tokaxure, 4TO MHHHMajdbHasg JMAarHOCTHYECKAdA MOCJEN0Ba-
TEJbHOCTh IJd aBTOMAaTa C ¢ BBIXOJHBIMH CHMBOJAMH H MHOXECTBOM

12*
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JONYCTHUMBIX HAaYaJbHBIX COCTOSHHH MOINHOCTH m HE MOXEeT ObITb
xopoue, uem (log m)/(log g) cuMBOJIOB.

4.8. OnpernenuTe MHHEMAJbHYK JUarHOCTHUYECKYIO MOC/ENOBaTe b=
HOCTb JJIs aBTOMaTa, mpencTaBieHHOro rtabuuueit 3 4.3 © MHOXKECTBOM
JONyCTHMBIX HavaJdbHbIX coctosHu# {1, 2, 3, 4, 5.

Yposers |
a A
- i
|
7 5{;
I-——(————-»——' < >
2 & G2
| |
| ] o0 "1 ] ]
J 53 0) 6‘.7
Puc. 34.2.

4.9. M3BecTHO, 4TO 3aJaHHBIH aBTOMAaT €CThb AaBTOMAT, OMNpEJeeH-
abiit 6o Tabauuei 3 4.4, qubo tabaunedr 3 4.5. Iloctpoiite KpaTuaii-
muii 6e3yCNOBHBIL 3KCHEPUMEHT [Js PpaclO3HABaHWA aBTOMAaTa H €ro

HauaJbHOI'O COCTOSIHHS.
Ta6auma 343

2y Sv+1 2y Sv+1
£, £,
s

v a B o 8 sy o 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. Jns aBTOoMara, ompeneneHHoro Ttabauneit 34.6. (a) I[lo-
cTpofiTe 6e3yCAOBHBlE IHATHOCTHYECKHE OKCIEPHMEHTHI, €CJIH MHOXKE-
CTBa JONMyCTUMBIX HauaiabHbIX coctosiHuil TakoBel (I) {4,5}, (I) {1, 2,5},
amy {1,2,3,4,5}). (6) Hua cayuaes (II) n (IIT) omumute yCIOBHHIK
IMarHOCTHYECKHUH SKCIEPHMEHT, €CJIH MCTHHHOE HayadbHOE COCTOAHHE
ecTh 1 (4TO cHayana He WU3BECTHO).

4.11. 3anaHHBI aBTOMAT INpeNCTaBjeH TIpagoM MepexofoB Ha
puc. 3 4.3. (a) [ocrpoiite kparuaimuii Ge3yCaOBHBIH 3KCIEPUMEHT Aas
PaCIO3HaBaHHA HAaYaJbHOrO COCTOAHus aBroMaTta. (6) [locTpoiite kpat-
valimuii 6e3ycJOBHBIL SKCIEPHMEHT [ PACNO3HABAHHA KOHEUHOro
COCTOSIHHS aBTOMara.
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Ta6auna 344 Ta6auna 345
2y Sv+1 2y Sv+1
*y *y
sy o} B o B sy a B o 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
Ta6auna 346
z, Sy+1 z, Sy+1
x'V
Sy a|B|v|a|B]|¥V ol Blv|oa|B]Y
1 1 021213 4 0|1]|1]|1|5]|4
2 Oj1|1|1|2]2 5 0]1]11(3({5(3
3 1 014(2(3

4.12. Jlas aBTOMarta, 3ajaHHoro TtaGamued 3 4.6, 1 MHOXKeCTBa 10-
OyCTUMBIX HadagbHBIX cocrosuui {1, 2, 3, 4, 5}. (a) [Mocrpoiite kpar-
yafmuii 6esyCNOBHBIH yCTaHOBOYHBIH akcnepuMeHT. (6) Ilocrpoiite
peryJsipHEIEl 6e3yCJIOBHBIH yCTaHOBOUHBIH skcmepuMeHT. (B) Onumrure
perynspHBIH YCNOBHBIH yCTAaHOBOYHBIH 3KCHEDUMEHT, €CJHH HCTHHHOE
HauyalbHOE COCTOSIHHE eCTh & (UTO 3apaHee He HM3BECTHO).

4,13. Ina aBToMmara, nokasaHHoro Ha puc. 3 4.4. (a) ITocrpoiite
peryaspHblii 6e3yCJOBHBIIl yCTaHOBOUHBIH 3KCHEPHMEHT, €CIH HCTHHHOE
HaualbHOE COCTOsSIHHE eCTb 7 (UTO CHayajla He H3BECTHO).

4.14. HeusBecTHOe HayaabHOE COCTOSIHME aBTOMaTa Ha puc. 3 4.4
ecTp 1. Onumure yclOBHBIH SKCIEPUMEHT, KOTOPHI GyneT nepeBOIHTh
aBTOMAaT B COCTOsiHHE 7.

4.15. Vi3BecTHO, 4YTO B3ajaHHBI# aBTOMAT €CTh au6o A, nu6o B u3
sagauu 4.2. IlocTpoiite Ge3yc/OBHBIH 3KCIEPDUMEHT LA PAaCHO3HABAHHS
aBTOMAaTa U ONpPENEJUTE ero KOHEYHOEe COCTOSHHE.

4.16. P-pasbueHne MHUHMMAJbHOro aBTOMaTa M € n COCTOSHHAMH
umeer u kaacco. (a) IToxaxure, uTo Jo6as IMArHOCTHYECKAs 3ajzada
Inst OBYX COCTOsHHHM 1Js M MmoxeT O6b.Thb pemeHa € NOMOIIbIO Ipo-
CTOro Ge3yCNOBHOrO SKCIEDHUMEHTa, IJAHHA KOTOPOrO HE UpPEeBBIIIAEeT
n—u-+1. (6) INokaxure, uro mobas ycTaHOBOUHAs 3amava uas M
MOXeT OBITh pemeHa C MOMOIUbI0 NPOCTOro 06e3yCcACBHOTO 3KCHEpH-
MEeHTa, IJuHA KoToporo He npesbmaer (n— 1) (n—u—1). (8) Tloka-
®uTe, 4TO Mobas yCcTaHOBOYHAs 3afaua mas M Mmoxer ObITb pelreHa
C NOMOINBIO TNPOCTOrO YCJIOBHOI'O SKCIHEPHMEHTAa, HJHHA KOTOPOro He
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NpEeBLIIIAET

u— 24 [(n—u=42) (n—u-1)/2].

4.17. Moxer OHTb IIOKa3aHO, YTO aBTOMAT C N COCTOSIHUAMH H
MHOXECTBOM IONMyCTUMBIX HAaya/jbHBIX COCTOSIHHH MOIIHOCTH 7 BCErua
MoOxeT ObiThb NepeBelleH B H3BECTHOE COCTOSHHE C IMOMOINbI0 6e3yCJ0B-

HOro sKcnepuMenta auunbl [, rae l < (n—1) (m — 1) 24+ —2— ym,

@/)\N G/ @/

Puc. 34.3.

rae u ecTb aw0b0e nosoxureabHoe neJdaoe yucao ). (a) Haitnure u (kax
GyHKIMIO 7), KOTOPOE MHUHHMU3HDyeT BepxHiolo rpaHuny [. (6) Oue-
HMTE HAUMEHbIIYI0 BEPXHIOKW rpaHuny [ mas m =2, 4, 8, X

4.18. Tabauua nap aBromara M C n COCTOSHUAMY COLEPIKUT TOJBKO
pasauuHble napol. [lokawure, 4TO HauanbBOe coctosHue M Bcerza
MOXET GBITh OIpefeNeHO NPOCTHM 6e3yC/aOBHBIM 3KCIEPHMEHTOM, JIHHA
KOTOpOro He mpesnimaer (n— 1)2.

4.19. He cTpos xakux-nu60 TMarHOCTHYECKUX SKCIIEPHMEHTOB, MOKa~
JHTe, YTO NUArHOCTHYECKas 3ajauya Ajasd BOCbMH COCTOSIHUH IJs aBTO-
MaTa, mpencraBJeHHOro B Tabamne 3 4.3, Moxer GBITH pelIeHa € IO-
MOIIbI0 INPOCTOr'O JKCIEPUMEHTa M YTO AHATHOCTHYECKas 3ajada IJjs
HOSTH COCTOSHMH [Js aBTOMAaTta, npejcrasieHHoro Tabauned 3 4.6, ne
MOXeET OBITh pelleHa C NOMOIIbI0O NPOCTOrO 3KCIEPUMEHTA.

4.20. (a) Ilocrpoiite MunuManbHbH (3, 2, 2)-aBTOMAT C BXOXHHIM
angpasutom {a, B}, B KOTODOM HMeeTCs Iapa 0-COBMECTHMBIX COCTOS-

'y ABTopoM 3TOro pesyabrara spasercs [uusbypr (S. Gins-
burg, On the Length of the Smallest Uniform Experiment which
Distinguishes the Terminal States of a Machine, J. Assoc. Comput.
Mach., vol. 5, pp. 266—280, 1958. Pycckuit nepesox: C. Tuus6ypr,
O nauHe KpaT4aHIIEro OAHOPOIHOr'O SKCIEPHMEHTA, yCTAHABJIMBAIOIIErO
KOHEUHbIE COCTOsAHHMA Mamuubl, «<KubeprHernyeckuit cGopHux», Ne 3, WUJI,

1561).
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HUH M B KOTODOM IHarHOCTHUECKas 3a7ada IJd TPEeX COCTOSHUH MOXET
6bITh pemeHa C IOMOMIbI0O HPOCTOro skcmepumenta. (6) IToctpofite
MMHHMaIbHHIH (3, 2, 2)-aBTOMAaT € BXOIHHIM aidasuroM {a, f}, B KOTO-
POM HMeeTCsl [apa (-COBMECTHMBIX COCTOSHHUH, HO HET HH ONHOH mapbl
B-cOBMECTHMBIX COCTOSIHMH M B KOTOPOM IHarHOCTHUECKas 3amaya njas
TpPEeX COCTOSIHUE He MOxeT OBITh pElleHa MPOCTHIM 3KCIHEPUMEHTOM.

4.21. VisBecTHO, YTO B 3aJaHHOM aBTOMAaTe C N COCTOSAHHAMHU IJs
Kau/J0# BXOIHOH IIOC/IENOBaTENbHOCTH (HKCHPOBAHHOH HJAMHBI [ C)Ie-
CTByeT Iapa COCTOSHMH, KOTOpHIE NEPEeXOAAT B OXHO U TO XK€ KOHEY-
HO€ COCTOsSIHHE C ONMHAKOBBIMU peakuusMu. [Tokaxwure, 4TO HJsl 3TOrO
aBTOMAaTa JMarHocTHueckass 3ajaya HAJasi 7 COCTOSHUH MOXeT ObiTh
pelleHa ¢ NMOMOIIbI0 MPOCTOTO SKCIIEPUMEHTA.

4.22, Tloctpofite aBTOMaT C NATHIO COCTOSHUAMY, IJs KOTOPOrO
IMAarHOCTUYECKas M YCTaHOBOUHAS 3afayd JJA [ATH COCTOSHUH He
MOryT ObITb peImIeHbl HUKAKUM G6e3yCJOBHBIM 3KCIIEPHMEHTOM IJIHHBI,
menbme# uem 10. INTocTpoiiTe JHarHOCTHYECKOE NEPEBO H yCTAHOBOYHOE
JIepeBo IJs 3TOro aBTOMara.



FNABA 5
3KCNEPUMEHTbI N0 PACMOSHABAHUIO ABTOMATOB

5.1. BBenenue

B npenrinyuieft riaBe Hame OCHOBHOe IOMYLIEHHE COCTOSJIO
B TOM, YTO MCCJeLyeMBIf aBTOMAT MOJIHOCTbIO ONpeleleH Tabmau-
ueft (unmum rpadoM, uaM MaTpuuedl) nepexonoB. B paccmoTpeH-
HEIX 337a4aX HMeach Heonpene/leHHOCTb OTHOCHTENLHO Hauallb-
HOTO COCTOSIHMSl aBTOMara. B Hacrodiuefl riaBe Mbl OyleM 3aHH-
MaTbcs 60Jsiee IMPOKO# 3anauelt, a UMEHHO, 3aa4ell pacrosHaBaHus
HeN3BeCTHOTO aBTOMAaTa, T. €. TAaKOro aBToMara, Tabiuua nepe-
XO0IOB KOTOporo He 3azmasa!l). Eciaum paccMarpuBaTh KOHeYHBLIH
aBTOMAT KAK YepHHIH AlMK, TO 3afaya pACNO3HABAHMA aBTOMATa,
[0 CylecTBY, NpeAcTaBjaseT co0O# 3anauy onpeleneHus s
4YePHOro fIlMKAa XapaKTePUCTHK BXOJI-BLIXOMA IPH MOMOLIKM M3Me-
peHn#t Ha ero BHewWHuX BHBOAAX. IToCKOMBLKY A 9ddeKTHB-
HOTO YIpaBJIeHNS M BHITOJHOTO HMCHOJb30BaHUA JIOOOH CHCTEMH
HeOOXOLMMO S8HAThb ee TOYHble XapaKkTePUCTHKM, 9Ta 3alaua
ABJISeTCS ONHOH M3 BaxKHeHIUMX U HanboJiee YaCTO BO3HUKAIOUIUX
NpY aHaIu3e CUCTEM.

Yro6bl mpoM/MIOCTPUPOBATh Pa3HUUY MexIy 3ajauaMu pac-
NO3HABAHMA COCTOSIHMH, MOCTaBJEHHBIMH B raBe 4, M 3alayaMu
pacnosHaBaHMs aBTOMAaTa, PACCMOTPUM CJelylouufi rpyO6uiit npu-
mep. [lauveHT ¢ HeusBecTHOH GO0Je8HbI0 NPHHAT B OOJbHHULY
IJs IMAarHOCTUKM W JedeHusi. Jnd HAIMX neled NManyMeHtT MOXer
paccMaTpuBaThC KaK KOHEYHBIi aBTOMAT, BXOIHBIM aj(aBHTOM
KOTOPOro $BJSIETCS MHOXECTBO pPas/NuHLIX CNOCOGOB ero Jjeve-
- HUs. BeixonHBIM a/1¢)aBUTOM 5TOTO aBTOMATa fBJAETCS MHOXECTBO
BO3MOXHBIX peaklu# nalueHTa Ha JeyeHue. MHOXeCTBOM CO-

1) Marepuan sTO# riaBe wacTuyHO Gasupyercs Ha pa6ote Mypa

(E. F. Moore, Gedanken-Experiments on Sequential Machines,

«Automata Studies», pp. 129—153, Princeton University Press, Prin-

ceton, N. Y., 1956. Pycckuit nepesox: d. ®. My p, ¥YMo3pureabHbe

SKCIEPHMEHTHl € IOCJeNOBaTeJbHOCTHBIMH MamuHaMH. B cGopHuke

R/.;\Brlcénggm» nop perakumeii K. . [ennona u Jx. Makxaprtu, WJI,
. 1956).
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CTOSIHUH aBTOMaTta OyIeT MHOXECTBO BO3MOXHBIX (PU3HUECKHX
cocTosHu# mauvenra. B naHHOM npHMepe IMarHOCTHYecKas
3azaya COCTOMT B TOM, 4TOOH omnperenuTb 60/e3Hb, C KOTODOH
noctynua 60abHOR (T. e. ONpelelNuTb <«HA4albHOE COCTOSIHHE»).
Kak MBl ycraHoBumm paHee, 5Ta 3amaua He BCeria paspelnma:
BO3MOXHO, 4YTO mnpuposa O0e3HH TAaKOBa, 4YTO, HE3aBHCHMO
OT MNPeNNUCAaHHOTO JieyeHus, OO/Ne3Hb KCYE3HET paHbllle, YeM
OyleT ycTaHOBJeHa. YCTAaHOBOYHAs 3alaya B pacCMaTpUBAEMOM
npUMepe COCTOUT B TOM, 4TOGH! BbIJIEUHTH NMAalMeHTa, T. e. mepe-
BECTH €ro B .KM3BeCTHOe (U3NYeCKOe COCTOAHHE (T. €. KKOHeuyHOe
coctosinme»). Kax Mbl paHee YCTaHOBWJIM, 93Ta 3anaua Bceria
paspemnMa. Bcerpa umeercs nocienoBaTeJbHOCTb HasHaueHHH,
KOTOpas o006g3aTe/IbHO NepeBeleT MNalyeHTa B HM3BECTHOE (usu-
yeckOe cocTOosiHMe (KOHeuHO, He 00s3aTesbHO Kenaemoe). 3anaua
pacnosHaBaHWs aBTOMaTa B [aHHOM MpHUMepe COCTOMT B Ompe-
IeJIeHUHM TOrO, KaK HacTosuwas peaxkuus M Oynyuiee ¢usnueckoe
COCTOSIHME MAalLMeHTa CBA3aHbl C HA3HAYeHHHIM B HACTOsLiee BpeMd
JeueHUeM M HACTOALIMM (pU3NYECKUM COCTOsSHMEM (T. e. B Ompe-
IIeNIeHNH «Ta6/ulbl NMepexonoBy). $IcHO, 4TO 1O TeX MOp, MOKa
He OYLYT YCTaHOBJIEHH yKa3aHHbIe 3aBHCHMMOCTH, He MOryT OHITb
NpoBelleHbl Kakue-JMuO0 Cepbe3Hble NMAarHOCTHYeCKHe MPOLeNY Phl
WY HasHaueHo jedeHue. [10sTOMY onpeneseHne (hU3MOJIOTHUECKUX
XapaKTePUCTUK TAalHeHTa, KOTOPHE MOryT ObITb YCTaHOBJIEHH
Ha OCHOBAHMM CBeJeHUH O ero Bo3pacre, 1oJe, pole 3aHATHH,
nepeHeceHHHX 6OJIe3HAX, [LO/KHO NPellIeCTBOBATh JIOOBIM Iei-
CTBUSIM, MMeIOLIUM LieJIbi0 YTpaBjieHHe 3I0POBbeM NalMeHTa.

5.2. O6masa 3ajgaua pacno3HaBadus apTomara

ByzeM roBOpuTb, YTO aBTOMAT fBJAETC PACNO3HAHHBLM,
ecnmy ompeleneHa (C TOYHOCTbIO 10O H30MOP(HU3MA) ero MHHH-
ManbHasg ¢opMa nyTeM K3MepeHMH Ha ero BHEeUIHMX BBIBOLAX.
ByleM roBopuTh, YTO aBTOMAT PACMO3HABAEM, €CIM OH MOXKET
ObITh DPAcNO3HAaH HE3aBUCUMO OT €ro HayajbHOTO COCTOAHHS.
3amaua pacnosHaBaHWs aBTOMAara B ee Haubojee oOuie# dopme
COCTOMT TIOTMPOCTY B C/eLyIOlleM: PAacno3HaTh 3aJaHHEIR aBTO-
matr M. Huxe B sroM mnaparpage Mbl INOKaxeM, YTO ecC/u
06 aBtoMare M Her nocrarouHo#t uHdoOpManuu, TO oOwas
3ajlaua pacmo3HAaBaHMs aBTOMAaTa HepaspellnMa.

Teopema b5.1. Asmomam M Hepacnosnasaem, ecau
3apanee He u3Becmen NOAHOCMbIO €20 8X00HOU axghasum.,
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Loxasamesvcmso. I1peanonomuM, 4TO WCCJAeLOBATENTIO ¥3-
BECTHO TOJBKO TIOIMHOXeCTBO, Ckaxem X', BxomHoro anada-
sura X aBromara M. I[IpemmosioXuM TaKXke, 4TO HEKOTOPBHIH
9KCIePHUMEHT, HCNOJb3YIOIUNE BXOIHYIO MMOC/IEeI0BATENLHOCTD &,
€UMBOJIBI KOTOPOH BHIGHPAIOTCA M3 MOAMHOXeCTBA X', BHIABIAET,
uyto M nMeeT MMHHMalbHYIO popMy M,, nOkasaHHy0 Ha puc. 5.1.

@---- =L@ -0

My

G/ (5:/8)

@ ---- --—-@

Puc. 5.1. Apromatnt M, u M, k Teopeme 5.1.

Paccmorpum teneps aBromat M, (Takke NokasaHHbIR Ha puc. 5.1),
oruyaiomuiica or M; TOmBKO TeM, uto B M, K merae uiu
MCXOAsIeR Ayre BceX COCTOAHMH n06aB/eHa Mapa BXOX-BLIXOL
(¢,/C). rae E, npuHamiexur X, HO He mpuHamiexut X'. Tlo-
CKONbKY peakumn M; 1 M, Ha TOC/NENOBATENLHOCTL & OLMHA-
KOBBHl, TO B pe3y/]bTaTe YKa3aHHOI'O SKCMePUMEHTa MOeT OBITb
clelaH BHIBOL O TOM, uTO aBroMat M —sT0 apTomar M,,
C TaKo#t ke YBEPEeHHOCTbIO, KaK M BEIBOA, 4TO aBToMaTr M —
370 M;. Onnako, Tak kak aBroMaTel M; u M, He CpPaBHUMHI,
TO OHM, KOHEYHO, He OSKBUBAJEHTHH, M, CNeLOBAaTeNbHO, TMpel-
MOJOXEHHe O TOM, YTO JKCIEPUMEHT BHISBJIAET MHUHMMAJbHYIO
¢opMy, He MOxeT OHITb NOKasaHo. Torza oT NMPOTHBHOrO Cie-
IyeT, 4TO eCa¥ BXOAHOR andaBuT aBToMaTta M He MOJHOCTHIO
u3BecTeH, TO aBToMaT M He MOxeT OLITb pPACMO3HaH.
Teopema 5.2. Asmomam M Hepacno3na8aesm, ecau
npedsapumensno He U3BECMHO MAKCUMAABHOE HUCAO CO-
CMOAHUG MUHUMAABHOL DOPMBL IMO20 ABMOMAMA.
Loxasamesbcmgo. ITycTb HEKOTOPEIM SKCIEPHUMEHTOM IPO-
M3BOJILHON, HO KOHeYHOH IJMuHH L yCTaHOBJEHO, uto M, sBIgeTca
MUHHManbHOH ¢opMo#t aBTomMaTa M, nokasaHHOH Ha puc. 5.2.
[lycts aBTOMaT M, UMeeT MHOXKECTBO COCTOSHHUM {0y, Oy, ..., O,).
Paccmorpum aBromMar M, (Takxke MNOKa3aHHBH Ha puc. 9.2),



5.2] OBIIASl 3ANAYA PACIIO3SHABAHHS ABTOMATA 187

NOCTPOEHHBI B COOTBETCTBMH CO CJELYIOUIMMH TPaBHIAMH.
Asromar M, umeer n(L—-1) cocrosun#t o o, ..., G;(L+1)'
Ecin mapa Bxon-sexon (E,/;) o6osHauaer Ayry, Benyuymo
OT COCTOSIHMSI O; K COCTOfHMIO O; B aBTomare M;, TO B aBTO-

mate M, mapa (E,/C;) Takxke

0003HauaeT AYTY, BeLYLIYIO /)

M3 CcOCTOSHMA Oy .\ 4, B @“““--@
7

COCTOSIHHE oj sun A U= 1, M,

2, ..., L; ecim k aBToMma-

Ty M, B cocrosHun o,

NPHUI0XKEH BXOAHOH CUMBOI §,
TO BBHIXOZHOH cHMBOJ Oyler
g; = {, u crenyiomee cocTos-

7

uue M, Gyzer o, , . Toraa ____
no HOCTpOeHMIO Kaxnast BX0n1-

HAA TOCJIENOBATENbHOCTD LU~

He L wiav MeHblie#t Bhipaba-
THIBA€T OJMHAKOBHIE BHIXOJ-

OO ®O@

gble TOCJAENOBATEJIbHOCTH B N
, Gly)
M;|o; u B M,|o;. Omnaxo . @ @
ecay HNpPHUKJIanbiBaercs nobas 7 7 o
BXOIHAA IOC/HENOBATeNbHOCTH %
”,
pmesl L1 K Mlloi n 4
Kk M lcf’ T0 IIBE BBIXOLHBIE Puc. 5.2. ABromatet M, u M, K Teo-
217 peme 5.2.

N0C/1e10BATebHOCTH 9THX dB-
TOMA4TOB [OJIKHEL Pa3/MyaTh-
Ci MOCHeIHMMH cHMBOJaMu. TakuM 06pasoM, pe3y/bTaT Jio-
(GOro KOHEYHOTO SKCmepMMeHTa Hal aBToMaToM /Al Moxer
ObITh  ONMHAKOBO npucywuM kak M;, Tak u M, xora M; u
M, ne sxBuBaienTHH. CilefoBaTeNbHO, aBTOMaT M He MOxeT
ObITh PacroOSHAH HUKAaKMM KOHEUHBIM SKCIIEPUMEHTOM. 3aMeTuM,
YTO €C1¥ M3BECTHO MaKCHMajbHOE YHCIO COCTOSHHR 7 aBTO-
mara M, T0 aBroMaT M, MCKIIOUaeTCS SKCIEPUMEHTOM IJMMHH L
Takoft, 4TO (L+1)n>ﬁ. TakuM 06pasoM, eciu 7 HM3BECTHO,
TO C MOMOLILI JOCTATOYHO IJMHHOrO SKCmepuMeHTa aBroMar M
MOXeT OBIThb PACMNO3HAH.

MTaK, MOXHO CUMTaThb YCTAHOBJIEHHBIM, YTO HeOOXOLMMEIM
ycioBdeM pPAacno3HABAHMA 4aBTOMAaTa SBJAETCA NpelBapHTeNbHOE
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8HaHHE €ro BXOJHOrO ajdaBUTa M TPAHUYHOIO 3HAYEHHS YMCHA
COCTOsIHUM ero MuHuMaabHOR ¢opmel. IlpenBapuTenbHOe 3HaHHE
BBIXOLHOrO andaBuTa, KaK Mbl YBHOUM B JajabHedlleM, 1js pac-
NO3HaBaHUA aBTOMATa He ABJAeTCA 0053aTe/bHBIM.

5.3. PacnosnaBanne aBTOMAaTOB MSBECTHOTO KJacca

HauGonee uacro BosHuMKawolas Ha NpakTuke (opma 3anauu
pacrno3HaBaHMS ABTOMAaTa COCTOMT B pPAaCNO3HaBAHMM aBTOMATa,
0 KOTOPOM M3BECTHO, 4YTO OH NPHMHALJNENUT K ONpelelleHHOMY
KOHEUHOMY KJaccy asroMaToB !). B cBs3u ¢ 9TUM omperemum
ucKauumenvHyli  Kaacc, KAk  Takoff  KJacc — aBTOMATOB
{(My, My, ..., My}, B KOTOPOM HM OLHO COCTOSHME JIOGOrO
aBToMata AM; He SKBHUBAJeHTHO HHKAaKOMY COCTOSIHUIO aBTO-
mara M; (j + ).

Teopema b.3. Hzsecmuo, umo 3a0axHul asmo-
Mam M npunadsesncum KOHEUHOMY KAACCY GBMOMAMOS
M= (M, My, ..., My). Heo6xodumoe u Oocmamouroe
ycao8ue pacno3nasaHus asmomama M cocmoum 8 mon,
umo6o. W, Cvin uckaOUUMENbHOM KAACCOM,

Hoxasamesvscmso. Ecan M He sBisieTCS HCK/IIOUHTENbHBIM
KJaccoM, TO HMeeTCs, MO KpafiHeli Mepe, OJHA Mapa SKBMBA-

NeHTHHIX COCTOSHEH, ckaxeM o) B M; n o/ 8 M;. Torna,

ecim aBroMaT M saBisercs 6O aBTOMAaTOM M,Io(i), u6o

Mj]()'(j), TO HUKAKHUM 3SKCMNEePHMEHTOM He/b3 YCTAHOBUTb, KaAKUM

HMeHHO aBToMaroM OH fBisercs. CnenoBaTenbHO, 4TOOH aBTO-
mMaT M Bcerma Owa pacrmosHaBaeM, kmacc IU DOMKeH OBITh
HCKJIOUNTeNbHBIM. YTOGE 10K&3aTh LOCTATOYHOCTb YCJAOBHSA TeO-
pembl, paccmorpuM asromat A (M;, M, ..., Mpy), B KOTOpHIH
Kaxabli uieH MHOXecTBa PN BK/IIOYEH KAK HBOJNMPOBAHHBIH
nonasroMar. Ilockosbky I sABASETCH UCK/IIOUUTENBHBIM, TO
A(M;, My, ..., My) aBnseTcs MHHUMAJbHBIM H, CJI€I0BATE/IBbHO,
BCerja CyLIeCTBYeT YCTaHOBOUYHHIH SKCNepHMeHT, KOTOPH ompe-
IensieT ero KOHeuHoe COCTOsHHe. 3Has KOHEYHOe COCTOsHue
apromata A(M;, M,, ..., My), MOXHO HaHTM NOXABTOMAT,
UMeIOlIM} HavanbHOE COCTOAHME, IpHHALJexKallee aBTOMAaTy

1) Eciu He onpeneneHo uHaue, TO OyJeM cUMTaTh, YTO <KJIacc»
aBTOMAaTOB COCTOMT U3 CPaBHUMBIX MHHHMAJbHBIX aBTOMAaTOB TaKWHX,
Cpelld KOTOPbIX HUKAaKHe 1Ba aBTOMaTa He ABJAIOTCA SKBUBAJEHTHBIMH.
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A(My, My, ..., My), wu, crenoparenbHo, HaftTu aBToMaT M,,
C KOTOPHIM MOXeT OwiTb OTOXaecTBieH aBroMar M. Taxkum
o6pasom, ecau I — uckmounrenbHbLIA Kaace, T0 M pacnosHaBaem.

Teopema 5.3 nokaskciBaeT, YTO IBa «Pas3JNYUMBLIX» (COTJACHO
ompenenennio § 3.9) aBroMata He 0043aTeJbHO Pa3JMYUMEL
N0 KX BHelIHEeMY MOBeNeHHIO, INOCKOJbKY TaKue aBTOMATHl He
o6s3aTenbHO HCKMOunTenbubie. Hanpumep, aBromMatst A9 u Al0,
naobpaxeHHsie Ha puc. 3.6 u 3.7, pasiMYNMBI, HO HE SBJAIOTCH
UCK/IOUUTENbHBIMA (cocTOsiHNA 1 1 2 aBTOMara A9 3KBHBAa/NEHTHbI
cocrosnusaM | u 2 aBtromMata A10 COOTBETCTBEHHO), MOSTOMY He
BCEeria MOXHO ONpelenuTh, siBjseTcs aBTomMat M aBTomatom A9
umn A10 (MOXHO OmpenenuTh TOJBKO B TOM cayuae, korza M
sBasercs asroMatoM Al0 B cocrosHum 3), M, CAeNOBaTe/bHO,
aBToMaT M HepacmnosHaBaeM.

[Tycts n; 0603HayaeT yuca0 COCTOAHMHA aBToMaTa M, m mycThb
aBTOMaThl B HCK/0YMTeNbHOM Kiaacce M= {M;, My, ..., My}
nepeﬂymepol\n}aﬂbl TaK, 4To 1, < 1y Torna A(My, My, ..., My)

comepxur Xy n, cocrosumt. Cormacko TeopeMe 4.1, moGbie 1Ba
i=1

cocrosHus B aBTomate M; sBasioTca (n; — 1)-pasnuunuMBIMH.
ITo caencteuio 4.1, nwobOble 1Ba COCTOSHUS — OOHO u3 M,,
a npyroe n3 M; (j + i) — asasorcs (n;—n; — 1)-pasnnn-
mpivi. Tak Kak n,4-n;<ny—n, 710 MoGhe IBA COCTOAHUA
B A(My, My, ..., My) (HesaBUCUMO OT TOTrO, fBJAIOTCH OHH
COCTOSIHHSIMH OJHOTO M TOTO e aBTOMaTa MJM ABYX DPAa3HEIX
4BTOMATOB) NOJIXKHH OHTH (1 -} ny — 1)-pasmuunmeiMi. Mcnmob-
N

sys crencrsue 4.2, mpu L=n;~+n,—1 u m= X n, MoxHo
i=1

BaKJIOYNTb, YTO YCTaHOBOYHas 3agaya aias A(My, M,, ..., My)
BCerja paspelnMa npocThiM Ge3yCHOBHBHIM SKCIEPHMEHTOM AJIMHEL
; N

(ni+n,—1) [(izlnl> — l] U MeHee.

Tak kaxk peuleHne YCTAaHOBOYHOM 8ajaunm SIBJAETCH TaKKe
pelreHyeM 3anayu pacnoaHaBaHUs aBTOMara M, MBI HMEEM Cclie-
LYIOLLYI0 TEopeMy.

Teopema 5.4. O 3adanrnom asmomame M ussecmuo,
4Mmo OH NPUHAOAedHCUM UCKAOUUMEAbHOMY KAQCCY A8MO-
samos {My, My, ..., My}, 20e M; umeem n, cocmonnui,
npusen ny < n;. Tozda asmomam M mosucem Ovims
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PACRO3HAH npocmoim 6e3yCA08HbLM JKCREPUMeHRMOM OAUHL 1,
20e

N
l<(n1+n2——1)[<§1n1)—1]. (5.1)

BaxHBIM 4YacTHBIM ClyuaeM TeopeMsl 5.4 fBasercsa cayuai,
KOrla n; WIH BeDXHHWE T'DAHMYHBIE 3HAUEHHUS 71; ONMHAKOBLL I/
BCex i.

Cnencrtue 5.1. O sananHomM aBtoMate M usBeCTHO,
YTO OH MPHUHALIEKUT HCKIIOUMTENBHOMY KJAcCy aBTOMATOB
(M, My, ..., My}, rie xaxaeil aBTOMAaT uMeeT He Gojee 1
cocrosnu#t. Torma asromar M MoxeT OHITb PAacCNO3HAH NMPOCTHM
6e3yC/MOBHBIM SKCINEPUMEHTOM IJMHBI [, TIe

1< @n—1)(Nn—1). (5.2)

IlnvHa SKCIepuMeHTa, PpAaclosHAlOLIEro aBTOMAaT, M TPYA-
HOCTU ero NOCTPOEHMSI 3HAYMTEJbHO YMEHbINAIOTCS, €CJIU BMECTO
6e3yC/IOBHOrO YCTAHOBOYHOT'O 9KCNEPHMEeHTa TPOBOLUTCA Pl
peryJspHHX YCJIOBHBIX YCTAHOBOYHHIX 3KCIEPUMEHTOB. ITO
MOXeT OBITb CIENaHO CJIeLYIOINM 00pasoM.

AnroputwMm 5.1. UsBectHo, uTo aBToMart M NpPUHANJENKUT
K HCKJIOYHTENBHOMY Kjaccy aBroMmatoB (M, M,, ..., My}.
Yro6el pacrnosHath M mpu NMOMOIIM NMPOCTOrO YCJIOBHOrQ 3KCIHe-
pumenrta: (1) Ilonaraem k=1. (2) Ilposommm Ham M pery-
JAPHBIA YC/NOBHBI YCTAHOBOYHBIA SKCIEPHMEHT, TOCTPOEHHBIA
ona M, C MHOXeCTBOM JONYCTHMBIX HayajbHHIX COCTOSIHUH,
comepxaiyM Bce cocrosHus asromata M,. (3) (a) Ecimu & <N,
TO yBeJWYMBaeM k Ha eIMHMLY M BosBpaimaeMmcs k (2). (6) Ecan

k=N, TO mpuHUMaeM, YTO o?, i=1, 2, ..., N, oGosnauaer
Hacrosiee cocrosHue M, cumras, yro M —s10 M;, M nepe-
xonum k onepauun (4). (4) Ilposomum Han M perynspHbiit
YCHOBHBIA  YCTAHOBOYHBIH  SKCMEPUMEHT, MOCTPOEHHBIA  [MJs

A(My, My, ..., Mp) ¢ MHOXKECTBOM HOMYCTHMBIX HayaJbHBIX
: 1@

cocTOAHMH {0( Loo®, L, O‘(N)}. Ecau xoHeuHoe cocTosiHue
asromata A (My, M,, ..., My) npunagnexutr nonasromary M,,

T0 M sABAferca aBToMaToM M.

Ws Buipaxenna (4.23) caenyer, uTO BHINOJHEHHE Ornepa-
wun (2) anropurMa tpebyer mpu kE=1, 2, ..., N He GoJee
N

1
E7ni (n;— 1) BXOIHBIX CHMBOJIOB, Tl€ 72; — YMCJIO COCTOS-
i=1
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uutt B M,;. Eciu n, < 1y, TO, MO CHEACTBUIO 4.2, BHIIO/NHEHHE
onepauyuu (4) tpebyer He Goiee (n; —+ ny — 1) (N — 1) onepauuit.
U3 reopembr 4.13 crenyer, 4TO NMOPANOK 3KCMEPUMEHTa, ONU-
CaHHOTO aJrOPUTMOM, He MpeBhILIAeT

N N
Z(ni—l)—l—N—l:(lZlni)—l. (5.3)
i=1 =

Takum 06pas3oM MoJiyyaem:

Teopema B.5. Ecau 3adannwii asmomam M npu-
Hadaexcum UCKAIOMUMEAbHOMY Kaaccy asmomamos {M,
My, ..., My}, 20e M; umeem n; cocmoanul u n; <
mo asmomam M 8cezda modcem Ovims PACRO3IHAK NPOCMbLM
VCAOBHULM dKcnepumenmom Osunet | u nopadxa d, 2de

N

L< 5| Ym =) [ (bny— HV 1), (5.4)

i=1
N
d<<§ln1)—l. (5.5)

Crenyer 3aMeTuTh, 4YTO MpPH TPOBEIEHHH YCTAHOBOYHONO
SKCMepUMeHTa IJid Jo6oro dvactHoro astomata My, coriacHo
TpeboBanuio omnepauuu (2) anroputrma 5.1, HaGrionaemble peak-
UMM MOTYT OBITh MCIIOJNB30BAHBl LIS MCKJIOUEHUS OINHOTO WIM
HEeCKOJIbKMX aBTOMAaTOB (BO3MOXHO, camoro AM,) U3 naibHefiiuero
paccMoTpeHusi B KkauectBe aBtoMara AM. Korma BhonosHeHue
onepauun (2) CONPOBOXKAACTCA TAKUM HCKJIOYEHHEM, TO Kak
IJIMHA, TaK M NOPANOK SKCNePUMEHTa 3HAYUTE/IbHO COKpALlaloTCs.

Korna n; umy BepxHss rpaHuua rn; ONMHAKOBH I BCeX I,
TO U3 TeopeMbl 5.5 BHITeKaer

Crnencrteue 5.2. Ecium 3anadHHbif aBromar M NpHHazI -
JIeXUT UCKIOUMTENbHOMY Kiaccy aBroMatoB { My, My, ..., My},
B KOTODOM KaxIblfi aBTOMaT MMeeT, 1O KpakhHe# Mepe, n co-
crofHu#t, TO aBtToMat M MOXeT OBITb PAaCIO3HAH I1POCTHIM
YCNIOBHBIM 3KCIIEPUMEHTOM IJiMHH [ ¥ mopdanka d, rie

IS g N@4-3n—2) —20+1, (5.6)

d<<Nn—1. (6.7)
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5.4. 3apaua pacno3naBaHHS NOBpeKAEHHUI

3HauuTeNbHBI NPAaKTHYeCKUH HHTepeC NpelCcTaBisfeT 3alava
pacnosHaBaHUs MOBPEXKIEHUs, KOTODOe BHI3BAJO HEUCIPaBHOCTb
aBroMara. B cBsf3um ¢ 3TOR 3ajmaveft yno6HO paccMaTpuBaTh IO-
BpexIeHHH aBTOMaT KaK caMOCTOATeNbHHR aBToMar. IIpu stom
3ajaya DaclO3HaBaHUS [OBPEeXIEHHOrO aBTOMaTa, B KOTOPOM
NOBPEMXIeHUE IIPEeNoaraeTcss OTHOCAILMMCH K H3BECTHOMY KJacCy
MOBpexIeHu#l, CBOIMTCA K B3anaue paclno3HaBaHMA aBTOMATa,
OTHOCSLIEroCcsd K H3BECTHOMY KJiacCy aBTOMaToB. M3 peay/bTaToB
§ 5.3 cielyer, uTO MOBpexIeHHe BCerla MOxeT OLITb OIpe-
IeNieHO, €eCJM KJacC, K KOTOPOMY OTHOCHUTCH MOBPexIeHHbIH
aBTOMAT, fIBJIIETCS MCKIIOUHTENbHBIM KJaCCOM.

Y1068 NPOMLIIOCTPUPOBATH MPOLENYDPY PaclO3HABAHHA aBTO-
MaTa BOOOLIe M pACHO3HABAHUSA [OBPEXAEHUS B YaCTHOCTH,
paccmMoTpuM aBToMaT A24, mpencraBieHHm#t Tabiuueft 5.1

HaBecTHOo, uro aBTOMaT A24 HeucnpaBeH M YTO B pe3yiib-
TaTe MOBPeXIEHHUS TpPHU INPHIOXKEHUM K-aBTOMAaTy B OJHOM U3
ero COCTOSIHMM BXOLHOTO CHMBOJA O Ha ero Bhixoze BMecTOo 0
nossisgerca 1. TloBpexIeHHbt aBTOMaT A24 MOXeT OGbITb OJHHM

Ta6aunma 5.1 Ta6auma 52
ABTOomar A24 Astomar A24'
2y Sy+1 2y Sy41

xv xv
sy a B a p sy a B a ]

1 1 0 2 4 1’ 1 0 2| 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 | SO -

u3 asromaroB A24’, A24” w A24", upencraBiieHHHIX TaGJM-
namMu 5.2, 5.3 u 5.4 coorBercTBeHHo. Yro6H OmpenenuTbh, CO-
CTaBJAAIOT M aBToMathl A24’, A24” w A24" wuckiounTebHbIH
KJIacC, CjelyeT IPOUBBECTH OSKBMBANEeHTHOe pasbuenHne IS
aBtomata A (A24', A24” w A24”"), T. e. Ind paclIeNseMoro
aBTOMaTa, IOCTPOEHHOro0 M3 aBTomatoB A24', A24” u A24”,
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Ta6aunma 53 Ta6bauuma 54
Astomat A24” Astomart A24”
z, Syl 2y Sv+1
Fy Fy
sy o B o B sy o B [+ B
1”7 1 0 on 4" 17 1 0 om | am
2// O 1 3” 1” 2/// O 1 3//1 1///
3!/ 1 0 4/[ 2’/ 3/// O O 4/// 2///
4" 0 1 1”7 3” 4 1 1 17 3"

Pas6uenue MOxeT OBITh BHIMOJHEHO ¢ TMOMOLIbI0 TaBaULBL Tap,
KaKk MokasaHo B Tabauue 5.5. M3 stoff Tabauubl BUIHO, 4YTO
SKBUBANEHTHHMHM B aBTomMate A (A24’, A24", A24") apasworcs
tonpko napsl {17, 3”} u {2”, 4”}. CaenoBarenbso, asromar A24”

Ta6auma 53
Ta6auna nmap aast asromara A (4247, A24", A24™)

Mapst a B Mapnt a B
1, ;” 2, 2" 4” g, 87 4, 4m 2, 2m
, ” 2/ 4" 4/ on 4’ , o 1 roogmr 3/ 17
' ’ , 1/” 2 l 2/// 42j/l 41 , g/ll 1 / 1 V4 3/ 3//
v 3 2// ” 4// " /1) 3 V4
% KO 74 2// 121”/ 4// Q4 2// 4”7 3// 17 ?// 3”7
3” '/// 4// 2/// 2” 4/// 2” 2/// 3” 3/// l ” 1/”
4/[' 3 ’ 1 n 1 4 3/// 4” 2/” 1 4 3/// 3” 1///

He fBJAETCA MUHMMAJIbHBIM, ¥ HH OINHO COCTOSIHHE OIHOTO aBTO-
MaTta He SIBJSETCS SKBUBAJEHTHHIM HUKAKOMY COCTOSIHUIO ADYroro
aBtomata. Takum o6Gpasom, mocie TOro Kak asroMar A24”
Oyner npeicTaBleH cBoeft MuHHMasibHOR ¢OpMOH, aBTOMAT
A (A24', A24”, A24"") craHOBUTCS MUHUMAJIBHEIM M IPUTOM TaKHM,
yTo aBtoMathl A24’, A24” u A24" (Bce B CBOMX MHHHMAJbHBIX
¢dopmax) 06pasyioT UCKIOUMTENbHER Kaacc. Tabnuua mepexonos
u rpad nepexonos asromata A (A24', A24”, A24") npuseneHs
Ha puc. 5.3 u B Tabauue 5.6 (aBromMar A24” pan B cBoe#t
MUHHMaMbHOH (o pme),

13 A. Tuan
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Tenepp 3amaua omnpeleseHvss NOBpPexAeHUs B aBToMare A24
CBeleHa K 3alaye oONpelelieHHs KOHEYHOTO COCTOSIHHS HOBpe-
XIEHHOro aBTOMaTa A24 uau K 3amaye NMPOBeNeHUs YCTaHOBOY-
HOTO O9KCNepuMeHTa Hajn aBromatoM A (A247, A247, A24"7).

(2) @
@/
@) @7
@/I\N@E/)
(&) @)

A24”
Puc. 5.3. Astomar A (4247, A24”, A24™).

SKCHepHMeHT A1 pacrio3HaBaHUA TIOBPEXIEHHUd OIMCAH B Tab-
Juue 57, rae npennoJ/jaraercd, UYTO HAYaJbHBIM COCTOAHHEM

Ta6bauma 5.6
ABTomat A (A24', A24", A24")

%y Sv+1 2y Sy+1
*y Fy
5, o B a B sy a B a )
1/ 1 0| 2 | 4 2" 0 1 1”711
2/ 1 1 3’ 1’ 17 1 0 | 27| 4m
3’ 0 0|4 | 2 o 0 1137 17
4/ 0 1 171 3 3 0 0| 47| 2m
1”7 1 0| 2" 2" 4 1 1 17 37

apromara A24 sBisercd COCTOSIHME 2 M YTO B pesyibTaTe IO-
BpeXIEHUs MPU NPUMOKEHHH K aBTOMATy BXOLHOrO CHMBOJA @
B cocrosHun 4 Ha BhixoZe noJydyaercd 1. Toraa HCTHHHBIM
apTomatom sBisercss A24”, a MCTMHHBIM HayaJjbHHIM COCTOS-
HueM — 27 (370, KOHEUHO, SKCIIEPUMEHTATOPY CHayana He u3-
BecTHO). IlepBmift crtonbew Tabauubl 5.7 CONEPHUT B KauecTBe
PYKOBOJICTBA UMTAaTeTI0 MCTHHHOe cocTosHme A24” Ha pasiuy-
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Ta6auna 57
9KcnepHMEHT N0 pacNo3HaBaHHIO NMOBPEXAEHHS B aBToMaTe A24

Hcrnanoe g , Peaxuus
cocTosHme k &r v 9 |8 9| 4 BHIXOZe

Ycranosounn#t akcnepument aas A24” u {1’, 2’, 3’, 4}

o 0 [{1,2, 8,4}y {1,2 B 1
1" 1 {1, 3} 1, & o 1
om 2 {2}

YcranoBounnlit skcnmepuMent mas A24” u {17, 27}
o 4 " n ”"
§”I (1) {1{1’”? ) {1 2% @ 0

YcranoBounnii skcnepumenT nas A247 w {17, 27, 37, 4"}

3m 0 [{ym, om, 3m amy| 17, om a 0
am 1 '{3///' 4”}} g’ g o 1
1 ) {f m) ’

Ycranopounsiit skcnepument as A (A24', A24”, A247) u {1’, 17, 17"}

17 0 {17, 17, 1"} l, 1” ao 10
8//[ 1 {1”, 3///} lll’ 3/// o 0
4/// 2 {4”/}

HHIX CTaIMAX SKCIIEPUMEHTAa MO pAacmo3HaBaHWIO. B coorBercrBumM
c anroputmMoM 5.1 cHavana mnpoBeleM peryJspHBH YCIOBHHIA
YCTaHOBOUHHIt SKCNepUMeHT Ais aBroMata A24’ ¢ MHOXeCTBOM
JOTMYCTHMBIX HaualdbHEIX cocTosnmtt {17, 2/, 37, 4}, B koHue
9TOr0 SKCNEPHUMEHT4 OKa3bIBAETCs, YTO €CJIM UCHBITyeMbift aBTOMAT
ecTb aBTOMaT A24’, TO ero KOHeYHHIM COCTOSHHMEM LOJIKHO OBITh
cocrostHue 2/, Jlamee mMpOBOIMM pPerynspHbI YCJIOBHBIH ycTaHO-
BOuHBIH skcnepument Hiad A24” ¢ MHONKECTBOM JLONYCTHUMBIX
HauandbHBIX cocrosuuit {17, 2”}. B koHue 3TOro SKCHepumeHTa
MOXeT OHITb ClIeNaHO 3aK/IYeHHE O TOM, UTO eCJM HCILITYeMbli
aBToMaT ecTb A24”, TO ero KOHEYHHM COCTOSIHMEM JOJIKHO

13*
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6uitb 1”7. 3aTeM NPOBOIMM peryJisipHHIH YCJOBHBIH YCTaHOBOY-
HHIfl SKCTEPUMeHT M aBToMata A24” ¢ MHOXecTBOM IOMycTH-
MBIX HaualbHBIX cocrtosnuit {17, 27, 3", 4™}, kKoropm#i ycra-
HaB/IMBaeT, YTO KOHEYHOe COCTOSHME HO/MKHO Obith 17, ecnu
HCIIBITYeMBIM aBTOMAaTOM siBasercst A24”. Toria B KOHLE TpeThero
YCTaHOBOYHOTO SKCHEPUMEHTa 3aJaHHBIM aBTOMATOM MOMET OLITh
A24’ B cocrosuun 1’ (aaa mnepesomur 2° B 1°) nim A24”
B cocrosuuu 1” (ao nmepesomur 1”7 B 17), nmn A24” B cocros-
nuu 17, TIoaTOMy Hanee MPOBONUM DEryJspHBIH yCIOBHBIH ycTa-
HOBOUHBI SKcmepumeHT nis aBromata A (A247, 424", A24"7)
C MHOXECTBOM JIONYCTHMbIX coctosauit {1/, 17, 17}, xoropmt
BEISIBJISET, YTO KOHEYHBIM cocrosiHneM sBasercd 47, Tak kak
cocrosune 4” npuHagnexut nonastomaty A24”, skcnepumeHT
MOKA3HIBAET, YTO WCNHITyeMBIM 4BTOMAaroM sBiserca A24”,
Taxkum o006pasoM, MOXHO CHeJaTh B3aKJIOYeHWe, YTO HMelollee
MeCTO MOBpexIeHWe BH3EIBaeT nossieHue 1 BMecto O npwu npu-
JIOXEHHH BXONHOTO CHMBOJia O K aBToMmaty A24 B cocrosuuu 4.

3ameTnM, YTO yMeHbIUeHMe IJMHBl PACMO3HAIOLIETO SKCIEpH-
MeHTa [JOCTMTraeTcss B TOM Ciydae, €CIH [0C/e IPHJOKeHUs
KaXIO# mOAMOC/IeNOBATebHOCTH BO3MOXHO O60JIblie COCTOAHUH
apromata A (A24', 424", A24") wckmouaercss U8 paccMOTpeHus
B KayeCTBe KOHeyHbiX. Hanpumep, mocjie NPUIONKEHUS NEPBHIM
BXOJHOrO CHMBOJa B M mouaydenus 1 Ha BHIXO#e coctosHus 27,
2” u 4” (B nonouHenue K cocrosHusM 2’ m 4’) Moryt 6bTh
WCKJIOUEHE W3 YHCJa KOHEUHBIX COCTOSHHUH. B pesyibrate BTO-
po#t yCTaHOBOYHHIH SKCMEPUMEHT MOXeT OHITh ONyLIeH, a 'rpemﬂ
YCTaHOBOUYHBIH SKCIIEDPHMEHT YKOPOUEH.

5.56. CHIBHOCBA3HBEIE aBTOMAThI -

B srom mnaparpade paccMOoTpuM BaxHBIHl KJacC aBTOMAaTOB,
Ha3hlBaeMBIX «CUJIbHOCB3HBIME aBTOMAaTaMM».

Onpenemnenue 5.1. ABromar M c MHOXeCTBOM COCTOf-
Huit {0;, Oy, ..., O,) HA3HIBAETCA CUABHOCBASHHLM, ECTH Cylle-
CTBYeT BXOIHAs TOCJeNOBATeJbHOCTb, KOTOpas IepeBOLUT
aproMaT M u3 moGOro 3aLaHHOIO COCTOSAHMA O; B Joboe 3a-
JaHHOE COCTOsIHME O; (TAe i MOXeT DPaBHATLCA N.

V3 omnpenenenus ciaenyer, 4YTO CHIbHOCBA3HbIE ABTOMATHI
He MOT'YT coIepxaTh B cefe HUKAKUX NPeXONSIUMX, TYMUKOBHIX
Wil MBOMMPOBAHHHX moxasToMaroB. M HaoGopot, mobo#t aBTo-
MaT, KOTOPHIH COLEPHKHMT MNpPEeXOAsillui, TYNMUKOBHIH WA H30-
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JVPOBAHHEI! MOLABTOMAT, He MOMET OhIThb CUIbHOCBSIBHBIM aBTO-
martoM. Takum 06pasoM, CHIBHOCBA3HHIM ABJISIETCSA TAKOH aBTOMAT,
B KOTOPOM MOXHO mepefiTH B KaXI0e COCTOSIHME HEe3aBUCHUMO
OT MPeNBICTOPUH ABTOMATA.

Llera ¥ C/HOXKHOCTD MHOIMX aBTOMATOB, MPENCTABISIOUINX
co060H npaKTHYecKMe YCTPOHCTBA, BO3PACTAET C YBEJNUUEHHEM
yucsia uxX cocrosnuit. [Tostomy Bo MHOIMX aBTOMarax, KOHCTPYH-
PYeMBIX A/l NMPAKTHYECKOTO HCIOJb30BAHUS, U3GEraioT Haauuus
NPeXOIAUINX U U30JUPOBAHHBIX MOLABTOMATOB (OHU NPEACTABJSIOT
MOTEHIHA/IbHBIE YOBITKY, TaK KaK HX COCTOSHUS HEIZOCTIKUMEL).
Taxum 06pasoM, CHIBHOCBSIBHEIE aBTOMATHl MPEACTABIAIT COGOH
KJIacC aBTOMATOB, KOTOpHIe YaCTO BCTPEYAlOTCH HA IpPaKTHUKe.

Jlemma 5.1. Ecan asmomamwe M, u M, ssaswomcs
CUNbHOCBAZHbBIMU U DA3AUMUMbLMY, MO HU OOHO COCMOSHUE
8 M; He 3KBUBAAEHMHO KAKOMY-AUCO cOCMOSHUIO 8 M.

Horaszamesscmso. TIycTb MHOXECTBOM COCTOSHHA aBTO-
mara M; Oyner MHOXeCTBO {01, 02, O'nl}, a MHOXECTBOM

COCTOSIHUH  aBTOMaTa MQ—{O O v vy o;lz}. [pennoaoxum,
4TO B aBTOMate M; MMeeTcs COCTOSIHHE O;, KOTOPOE SKBUBa-

’
JEHTHO HEKOTOPOMY COCTOSHWIO O B M,. Tlycts &, Gyner

BXOLHOH MOC/IeNOBaTeIbHOCTbIO, KOTOPAs MepeBOIUT aBToMar M
U3 COCTOSHUA O; B Oy, 4 &, — BXOZHOH INOC/IELOBATEIbHOCTHIO,
nepeponsdulelt astomar M; M3 COCTOSHMA Oj_; B COCTOSHUE O

ana k=2, 3, ..., n; (Bce TaKWe IOC/IEL0BATENLHOCTH Cylle-
CTBYIOT, IOCKOJbKY aBTOoMaT M; cuibHOCBA3HBIH). [1puinoxum
nocienosatenbiocts &8, - Efn k Mo, u M 2| 0. Tlocne

MPHIOKEHNS MOCAeL0BATENBHOCTH &1&y ... & Ml OKAMKETCH
B COCTOAHMH O,, a M, — B HEKOTOPOM COCTOSHHH G}k. Tak xak
0'l=0;, TO WX MNpPEeMHHKH N0 OTHOILIEHHI0 K JI0GOR BXoAHOH
MOC/NEeN0BATENHOCTH JO/KHE GHTb OSKBUBAJEHTHBIMH, ClIe10OBa-
TeJbHO, 0k=0}k ana k=2, 3, ..., n;. Takum o6pasom, mis
KaX(IOTO COCTOSIHUA B M, CyLIeCTByeT SKBUBA/IEHTHOE COCTOSA-

7
Hue B M,. Temepp mnycts &; Oyzer BXoxHOMH noc/e10BaTe b=
HOCTbIO, KOTOPAs NMepeBOLUT aBTOMAT M, M3 COCTOAIHMA O B o/,

a &), — BXOLHOH I0OC/EI0OBATENLHOCTBIO, KOTOpAs nepeBonm‘ M2
W3 COCTOSIHUA O, ; B O, naa k=2, 3, ..., n, (Bce Takue

NOC/IeN0BATEIbHOCTH CYILECTBYIOT, TaK KaK M2 — CUJIbHOCBA3HEI}
7 7 ’
.aBToMar). [Tpu/IoNuM MOCAeNOBATENLHOCTD &182 - « » &p, K. M;|0;
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U K leog.. [ocne mpunoxenus &8, ... &, M, oxawerca B
coctosHuu O, a M; —B HeKOTOpOM cocTosHnu 0;,. ITockoabky

0,==0, TO MB JOIKHH TNOMyYMTb, KaK W Tpexie, 0, =0,
k
g k=1, 2, ..., ny TO eCTb LJA KAXIOTO COCTOAHUA B M,

CylIecTByeT 3KBUBaleHTHoe coctosHue B AM;. Taxum o6pasom
NOKa3aHO, YTO eCH 01=0;., 10 M;= M,. 310 npoTHBOpEUHT
YC/IOBHIO TeOpeMBl H, ClielOBaTe]bHO, HH OIHO COCTOsiHME B M1
He MOXeT ObITb SKBUMBAJIEHTHLIM KAKOMY-JMOO COCTOSHHMIO B M-

Teopema 5.6. Ecau M= (M, My, ..., My} sasasemcs
KOHEUHUM KAQCCOM CUABHOCBA3HLLX QBMOMAMOB MAKUX,
umo cpedu HUX HUKAGKUe 084 a8moMama He SBAKOMCS
ox8usasenmuuMm, mo Kaacc M A8.45eMCA UCKAIOUUMEAbHBLM,

Horaszameascmso. Tlpenmonoxum, uro I He sasagerca
UCKMIOYUTENbHEIM KjiaccoM. Torna B HEKOTOpPOM aBTOMaTe M,
JIOMKHO CYIIeCTBOBATh COCTOSIHHME, SKBUBAJICHTHOE HEKOTOPOMY
cocrosiHuio B Apyrom asromare M; (j = i). Ounnako, cornacho
nemme 5.1, 9TO HeBOBMOXKHO, MOCKONbKY M; u M; pasnuuumbl
U CHUIbHOCBA3HHL. [losydyeHHOe NpOTHBOpEYHE JNOKA3EHIBAET, YTO
kiaacc M no/mxeH ObITH MCKIIOUMTENbHEIM.

O6benunss TeopeMb 5.3 u 5.6, nomyuum

Cnencrteue 5.3. Eciu u3BeCTHO, YTO aBTOMAT MPHHAA-
JeXUT K OIpellefiecHHOMY KOHEUHOMY KJACCy CHJIbHOCBSISHBIX
aBTOMATOB, TO OH Bcerja MoxeT OHTb pacmosHaH. [Ipouenypa
pacmosHaBaHus CHJbHOCBSBHOrO aBTOMaTa M OLleHKa IJIMHH pac-
NO3HAIOIIET0 SKCMNEePUMEeHTa MIAEHTHYHH MNpOLEdype M OLEHKe,
NpeJCTaBJeHHbIM B NMpelIIecTBYIOWNX Naparpadax.

6.6. HexoTtopbie CBOiiCTBAa CHJbHOCBA3HEIX ABTOMATOB

O6pamunsim a8momamosm Ha3bBaeTCs aBTOMAT, KOTOPHIH
BCerla BO3MOXHO YCTaHOBUTh B HaualbHOe cocrosHue. $IcHo,
4TO KaXIH#i CHIbHOCBASHBIY aBTOMAT $IBJAAETCd O6PATUMBIM,
O6paTHoe yTBepxJAeHHe, ONHAKO, HENPABMIbHO: OO6paTUMbIK
aBTOMAT He 0053aTeJbHO CHIbHOCBA3HHIH.

Teopewma 5.7. Asmomam, 8 KOmMOpom KaxCObLl u3osu-
POBaRHBLE nO0aBMOMAM ABASEMCSA CUABHOCBAZHbM, LBASEMCS
oopamumsli.

LoxasamesvscmBo. Tlyctb umeercs astomMar M, KOTODHIH
COCTOWT W3 M3O/MPOBAHHHIX moZaBToMatoB M;, M, ..., My.
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Ecnu HavyanbHBIM COCTOSIHMEM aBTOMaTa M fBJSIeTCS COCTOsIHME g;
nonaBsTomara Mj, TO €ro KOHeyHOe COCTOdHUe 0'; s mo6o#

BXOIHOH MOC/IENOBATENbHOCTH TaKke NOJKHO NMpuHantexars M.
[Tockombky M; sBisieTCd CHJbHOCBA3HBIM, BCETAd BO3MOMNeH
nepexon B 6, us ;. Ilocnennee osnauaer, yto M — oGpaTu-

MBI aBTOMAT.

Teopema 5.8. O6pamumvi asmomam ABASEMCS
CUABHOCBAZHBLM mMO020a U MOALKO Mm020a, K020Q4 OH He CO-
oepcum u30AUPOBAHHLLX NOOAEMOMAMOS,

Hoxazameavcmso. $lcHo, uyto ecaun o6GpaTHMEIH aBTOMAT
COCTOMUT W3 IBYX U GoJlee M30/MPOBAHHHIX INOJABTOMATOB, TO
OH He MOXeT OBITh CHIBHOCBA3HBIM. Terepb HpPeINOOKUM, YTO
obpartuMeit aBToMaT M He CONEPKUT M30JUPOBAHHHIX TOLABTO-
MaTOB, HO COIEPXKHUT NpeXoLsdu# (a 3HAYUT, U TYNUKOBBHIH)
noxaBToMar. ITO o03Hayaer, uyto B aBromare M MoOXeT OLITh
HayajJbHOE COCTOSIHMEe, B KOTOpOE Helb3sl BepPHYThCH, M, ClIef0-
BaTeJbHO, YTO aBToMaT M He sBiserca ob6paTuMeiM. Torza us
MOYYeHHOTO MPOTUBOPEYUs CHeNyeT, YTO aBToMarT A He MoxeT
BKJ/IIOYaTb B ceOd MNpeXOAsUX TYNUKOBHIX I10JaBTOMATOB.
Tak Kak aBTOMAT SIBJISETCA CUJBHOCBS3HBIM TOTId, KOTJ4a OH He
COLEPHHUT NPexXONALUIMX, TYMHUKOBHIX, M30JUPOBAHHHX IOIABTO-
MaToOB, TO, CJeLOBaTeJbHO, ec/i¥ OOpaTUMBIH aBTOMAT He CO-
JEePXKUT U30JMPOBAHHBEIX MOAABTOMATOB, OH JOMKEH GbITh CHIbHO-
CBSIBHBIM,

BaxHBIM CBOHCTBOM CHJIbHOCBSI3BHOT'O aBTOMAaTa fBJAETCHd TO,
YTO OH BCeria MoxeT OBITb YCTaHOBJEH B J0060e 8alaHHOE
KOHeYHOe COCTOSIHME.

Teopema 5.9. ITycme M s6asemcs curbHOCBAIHbLM
asmomamom ¢ n cocmosnusmu. Tozda ox Modxcem Govims
yemanosaen 8 ai060e 3a0aKRHOE COCMOARUE RPOCMbLM YCA08-
HoLM axcnepumenmonm Oaunsl | u nopsadka d, zde

IS5 @+2)(—1, (5.8)
d<n. (5.9)

Lorxazamearvcmso. Vicnonedysa Buipaxenus (4.23) u (4.24),
aBTOMaT M BCeria MOXHO IepeBecTH B H3BeCTHoe (HO He 00s-
3aTeNbHO 3alJaHHOE) KOHEYHOe COCTOSHHE HPOCTHIM YCJIOBHBIM
SKCIEPUMEHTOM IJHMHH 7 (n— 1)/2 wiau MeHee u mopsinka n— 1
win menee. Ilocne Toro kxak asToMaT OyIeT TepeBeleH B
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M3BECTHOE COCTOSIHWE, MOMKET OBbITh MPHJIONeHA MOMOJNHHUTEe/bHAA
NOCJIe0BATeNbHOCTb, KOTODas NepeBeleT ero M3 3TOro CoCTos-
HUA B JM060e 3aJaHHOe COCTOfHMe (TaKas IOC/IeLOBATEIbHOCTD
BCerna CyliecTBYeT, NOCKOAbKY M, M0 NpPeaNoNOKeHuIo, ABIeTcs
cunbHOCBA3HEIM). CorsacHo TeopeMe 2.2, NJiMHA 5TOH NONOJHU-
TeJNbHOM MOC/HenoBaTeNbHOCTH He mpeBhiaer n — 1. Takum 06-
pasoM, oOias IJMHA 3KCHepUMeHTa OyIeT

l<—12—n(n—— H+4-n—1 =%(n+2)(n~ D). (5.10)

O6uwuit mopanok mnpu 5TOM OyneT ONpeneNaTbCs BHIPAaXEHHEM
d<n—1-+1=n. (5.11)

5.7. Pacno3HaBaHue CHJABHOCBA3HEIX (72, p, q)-aBTOMATOB

YacTuyHOoe 3HaHWEe BHYTPeHHeH CTPYKTYPH 3alaHHOrO aBTO-
MaTa BO MHOT'MX CJAy4afX II03BOJIeT BHIIBUTb €rO BXOIHOH H
BHIXONHON andaBUTEL W yucao ero cocrogHuii. Hampumep, ecimn
aBTOMAT INpelcTaBjseT co60# BBIYUC/MTEJbHHH NPUOOP, TO 3Ta
uHpopMauys MoxeT ObTb IOJNydeHa M3 3HAHMA BXOLHOTO
YCTPOHCTBA, BHIXOXZHOIO YCTPOHCTBA M UMCJA SJIEMEHTOB NaMATH
npu6opa. Eciu uncio BXOAHBIX CHMBOJIOB PaBHO p, UHUCJIO Bbl-
XOIHBIX CHMBOJIOB — ¢, @ YHUCJIO COCTOSHMH — 7, TO 3Ta MH(OP-
Mauusi PaBHOCHJIbHA YTBEPXIEHWIO, YTO 3alaHHBIR aBTOMAT
aBasierca (n, p, g)-aBromatoM. Ecam, kpome TOro, H3BeCTHO,
YTO aBTOMAT CHJbHOCBSI3HBIl, TO MOXHO YTBEP¥Iarb, YTO 3a-
JIaHHBIA aBTOMAT fABJISIETCS CUJBHOCBSI3HBIM (7, p, §)-aBTOMATOM.

Knacc cunbHOCBA3HBIX (7, p, ¢)-aBTOMaTOB TaKOH, 4YTO HHU-
KakyMe 1B4 aBTOMATa M3 3TOTO KJjacca He ABJAITCA SKBUBANEHT-
HEIMH, Gynem oGosuauatb uepes C, , .. Ouesuano, uro C, , .
ABJIAETC TMONKJIACCOM KJjacca MUHUMAJBHBIX (7, p, §)-aBTOMATOB
TaKuX, YTO HUKaK{e [Ba aBTOMaTa M3 3TOrO KJacca He 3KBUBa-
nedtusl Apyr anpyry. CormacHo TteopeMe 3.7, mocienHu#t kiacc
AB/IACTCA KOHEUHBIM M, ciaeposarenbio, C, , . IOmKeH ObTb
Takxe KOoHeuHhiM. Vcmoabsys Bepaxcenue (3.21), HaxonuM, 4TO
MmouwHoCTh Kiacca C o6osHauaemas |C onpesensercs
BHIDaXeHHeM

nop,q n, p,ql'

n—-1

ICn,p,ql<ni, I wgny — 1. (5.12)
r=0
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Mockonbky, coraacuo teopeme 5.6, C, , , npencrapnser coGo#

HCKJIOUHTEJbHEI Kjacc, moGO# ero umeH MOMET GHTb Onpe-
JesieH TMPOCThIM Ge3yCNOBHBLIM 9KCIEPUMEHTOM IJWHH [, The, 1O
caeacTeuio 5.1,

<@n—1(C, , ln— 1< 2=1 e 1)1 I[[(qn)"—-rl——

w'ﬁ[l_—'—K

a—nr M1 —gGap
2n—1) (gn)P? n(n—1)
<———(—m—ekp [* 'W—]. (5.13)

TakuMm 06pasom KMeeM:

Teopema 5.10. Ecau u3secmuo, umo asmomam M
ABASEMCA  CUALHOCBA3HLM (B, p, q)-asmomamonm, mo M
8cezda moscem OblMb PACROZHAH NPOCMbLM (e3yYCA08HbLM
sKcnepumenmom 0aunsl I, 20e

(2n —1) (qn)P" nn—1) '
A = bl FCR

Hanpumep, cunbHOCBA3HHIA (2, 2, 2)-aBTOMAaT MOXeT OLITh pac-
MO3HAH TPOCTHM Ge3yC/JIO0BHLIM KCNEPUMEHTOM, IJIHHA KOTOPOTQ
He GymeT mpeBHIUATh 725 CHMBOJIOB.

5.8. Apromatsl 6e3 morepu uHpopmanuu !)

B rnase 4 u mnpennaymux maparpadax Hacrosuiel riaaBbl
MBl H3y4an¥ BOMPOCH paclo3HaBaHWA HEW3BECTHHIX COCTOSHHUH
¥ HEW3BECTHHIX aBTOMAaTOB. B aroM maparpade MH paccMOTpHUM
3aJlayy pAacrnosHaBaHWs JLpYroro THIla — 3aJayy paclo3HaBaHUS
HEU3BECTHOH BXOJHOHM MOCHENOBATENbHOCTH, NMPHUIOKEHHON K 3a-~
JNAHHOMY KOHEYHOMY aBTOMaTty. B uwacTHocTH, 3Ta 3ajaya co-
CTOUT B CJIelyIOlleM: HeH3BeCTHad KOHeuHass BXOjJHad [OC/enO0-
BATENbHOCTh & MNpUKNAaAbBaeTcss K aBroMary M, Ta6muua
. IEPEX0J0B KOTOPOTO U HAYaJbHOE COCTOHHE O; (T. €. COCTOSHUE

) Marepuan storo maparpada uwacruuHo Oasupyercsi Ha paGote
Xapomena (D. A. Huffman, Canonical Forms for Information —
Lossless Finite — State Logical Machines, IRE Trans., vol. CT —86,
special supplement, pp. 41—59, 1959).
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nepen TMPUJOXKEHHEM BXOIHOH INOC/TENOBATEIbHOCTH &) H3-
BECTHbl, 4 peaKuus Ha BXOJHYIO MOCIEIOBATENbHOCTb & MOXKET
HAGM0AAThCA; MOCTPOUTL IKCNEPUMEHT, KOTOpPHH, Oyayuu mpo-
BEllEHHHIM Hal aBTOMaToM A, mnocne NPHIOKEHHUH MOoC/aIen0Ba-
TeNbHOCTH & pACMO3HAET 9Ty IMOC/NEI0BaTeJbHOCTb. ABTOMATHI,
IJs KOTOPBIX 9Ta 3anaya MOXeT OHTb pellleHa He3aBUCHMO
or & W 0;, HA3HBAKNTCA asmomamaru 6e3 nomepu uH@op-
Mayun, ABroMaTtel 6e3 moTepu MHPOPMAUMU B OTIUYHME OT BCeX
NPYTUX KOHEUYHHIX AaBTOMATOB, B KOTODHIX NPH M3BECTHHIX Ha-
YanbHOM COCTOAHHM W MPHUJIOKEHHOX BXONHOHM MOC/IenOBaTe/]b-
HOCTH BCerja MOXHO ONpeleNUTb BHXOAHYIO MOC/IeN0BaTelbHOCTD,
UMEIOT [OMOJHUTENbHOE CBOMCTBO: MNPHU B8aJAHHOM HAaYalbHOM
COCTOSIHMM MO BBIXOJAHON MOC/JENOBATENbHOCTH MOXHO BCEraa
ONpeleNuTh BXOJHYIO NOCHeI0BaTeNbHOCTb.

ByzeM roBoputb, 4TO cocTofHue o; asTomMarta M 8edem
8 cocmosanue o, uepe3 &/, ecnu TMPUIOKEHHE BXOAHOH TMO-

cnenosatenbHocTd & K M| o, AaeT BEIXOIHYIO MOCIHeLOBATelb-
HOCTh % W mepeBomuT aBromMar M B cocrosuue o;. Cocros-

Hie O; OyleM HasblBaTb COCMOSHUeM ¢ nomepelil), ecliu OHO
. BeleT B HEKOTOpOe COCTOS-
& /R Hue o; depes &/ u de-
pes &,/&, e & n & —
IBe pasJuYHble BXOJHbIE MO-
&/ cnepoBatenbHocTd. Ilocnen-
Hee OMNpeleseHre HITIOCTPH-
pyercs puc. 5.4.

Teopema B.11. s
moz0 umo6Gu. asmomam M
Gon asmomamonm Ge3 nomepu UHPOpMaAyUU, Heolxodumo u
docmamouno, 4molel SMOM QABMOMAM He UMes COCMOSHUY
¢ nomepei.

Horxazamesscmso. Tlpexnonoxum, urto asromar M co-
JePHKUT COCTOAHHE C TOTepel O; Takoe, Kak IOKA3aHO Ha
puc. 5.4, Tax Kak BHXOIHBE mOCHeROBaTenbHOCTH M |0,
npu &, u npu &, ONMHAKOBH M TaK KaK 00e MOCJeI0BaTENb-
HOCTH MepeBoiAT M B OZHO U TO e KOHedHOe COCTOSTHHE,
TO HE CYIIECTBYeT MNOCIeAYIOLIEro 3KCMepUMeHTa, KOTOPHIH Gbl
BBISIBWJI, BHI3BAHA BBIXOAHAS TOCHENOBATE/bHOCTh ¢F BXOIHON

Puc. 54. CocrosHue ¢ norepe#t un-
dopmanun.

1) Wmeerca B Bumy norteps undopmanuu. (/1pun. ped.)



5.8 ABTOMATHI BE3 ITOTEPH UH®OPMALIUN 203

0C/IEI0BATENbHOCTBIO &) MK &9 TakuM 06pa3oM, HeOGXOIM-
MOCTb VCJOBHS TeOpeMbl OdYeBHIHA. IIpenmosoxuM Temeps,
yTo M He CONEepPXHUT COCTOSHHM ¢ moTepeft u 4TO & HabuIo-
JaeTcd NMpH MPUJIOKEHUM HEU3BECTHOH BXOAHOU MOC/IENOBATENb=
Hoctd & K aBroMaty M B W3BECTHOM HAYaNbHOM COCTOSHHH 0.
[To Ttabnuie MNepexonOB OMNpeNeluM BCE pasluYHBIE BXOIHEIE
MOCNEN0BATENbHOCTH, CKaXeM &, &, .+ .., &y KOTODHIM TOUHO
COOTBETCTBYET o%; OAHON M3 ITHX MOCJEAOBATENbHOCTEH NOJKHA
6utb &, O6GO3HAuMM COCTOSIHHA, B KOTOpHE BeleT O; uepes

EVRE, EofFr ..., &K, 0ys Oy ovns O COOTBETCTBEHHO.
TTOCKONbKY, COTJACHO NONYILEHHIO, O; He SIBISAETCA COCTOSAHHEM
¢ morepet, O;, O;, ..., O; AOMKHH OLITb DasNHUHLIMA H,

CJIeL0BATENbHO, JOJXKHO CYILIeCTBOBaTb B3aWMHO OJHO3HAUYHOE
COOTBETCTBHE MEXNYy COCTOAHUAMHU le U BXOIHBIMHA IIOCJIENOBa-

TeNbHOCTAMU &,. Temepb MNPHUIOKUM YCTAHOBOUHYIO MOCJ]ENO-
BaTEJbHOCTb, CKaXeM &, NMOCTPOCHHYIO a1 M ¢ MHOXeCTBOM
JNONYCTHMBIX HayaJbHBIX COCTOAHMH {O'il, Ojpp v oo Gir}. O6o-
3HAYUM KOHEYHOE COCTOSIHHe, B KOTOpOe mepeieT aBTOMAT
nocie NPUIOXEHHS &, 4Yepes3 0;, a BHXOAHYIO MOCHELO0BATENb-
HOCTb, KOTODAas MOJNYYMUTCS NMpH 3TOM, uepe3d &Zy. Ilapa mocue-
I0BaTENbHOCTEH BXOL-BBIXOL & py/d%;; MOXET OTHOCHTbCA TOJBKO
K OIHOMY M8 COCTOSHHH O, O;, ..., 0; MO CIEAyOWHUM CO-
00paxeHnaM: IOMyCTUM, 4T0 & /% OTHOCHTCS K IBYM COCTOS-
HHAM, CK&XeM O; W O ; TOrla O; BEIeT B 0; uepes E1&E I RE
u ueped &o& py/H# Ry Onnaxo, Tak Kak & n &y — pasnuuHbie
MOC/IeNOBATEIbHOCTH, 3TO O3HAa4ano Obl, YTO O; sBJIAeTCA CO-
CTOSIHMEM C TOTepe#, YTO NPOTUBOPEUHT MPEANOJONKEHHIO, 10
KOTOpOMY aBToMar M He CONePXHT COCTOAHHH C moTepefi.
CrnenoBatenbHo, & /%y OINHO3HAYHO ONpeNeNdeT COCTOSIHHE,
B KOTOpPOE aBTOMAT MEPeXOIUT W3 O; NMPU NPUIOWeHHu &, H,
3HAYWT, OINHO3HAUYHO onpefenser &. DTO MOMONKEHHE WIIIOCTPH-
pyercs puc. 5.5, riae mpexnonaraercss, 4to &, sBJseTcd IeH-
CTBUTEJIbHOM BXOIHOH MOC/ENOBATENLHOCTHIO &

. Iycts Sj (0,) o603HauaeT MHOXECTBO COCTOSIHUH, B KOTOpOE
nepexoauT aBToMar A M3 COCTOAHHA O, C BHIXONHBIM CHMBO-
nom ;. Ecm M ssagercs apromarom Ges notepn HH(OpMALuH,

MMEIOWUM p BXOAHHIX U ¢ BHIXOIHHIX CHMBOJIOB, TO MHOXECTBa
S;(0,), S3(0,). ... S,(0,) nOMKHB COAEPKATh MOJHOE YUCIO

anementoB p. Tenépp mycTb «MHoxectBO D, (0,)» 06o3Hauaer
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HEKOTOpOe MHOXEeCTBO COCTOSIHMH, CKameM {oil, Oy v oo (’1,}'
NOCTHXUMHIX M3 COCTOSIHMA O; C BHOadelt omHo#t M TOH ke
BLIXOLHOH TOCJeN0BATeNbHOCTH IMUHBL k. Toraa MHOXeCTBO
S;(0:)US;(0:,)U ... US;(0;,) aBaserca muoxkectsom Dy, (0;).
Ecin M — aBtomar Ges noTepu HHQOpMAUMHM, TO YMCIO 3Je-
MeHTOB MHOXecTBa D, ;(0;) LOJ/XKHO pPaBHATHCA YHUCAY BCeX
snementon B muokectsax S;(0;), S;(0;), ..., S;(0;) ana
mogoro j. Taxkum oGpasowm,
COCTaB/IA PEKYPCHBHO BCe
mMHOXecTBa D), (0;) nna Bcex
kR ¥ i, MOXHO OmNpeneauth,
ABnsgerca apromatr M aBTOMa-
TOoM 0e3 moTtepu UHQOpMaUKH
UMM Her.

YkasaHHBIl KpuTepu#i mMo-
KeT OLITb Jerko MpUMeHeH
Npy TMOCTPOEHUN TaK HasblBae-
Mot mabauys.  nposepru
Puc. 5.5. [Toscnenue nokasaTeabcrsa nomeps. B aro#t TaGmuue

Teopemnl 5.11.

KaXJI0My CTOJOLY COOTBET-

CTBYeT CBOM, OTJMYHBIA OT
Lpyrux, BbixoxHO# cumson ;. Tabiuua menutcs Ha crelymoulxe
Apyr 3a IPyroM moATab/aulbl, mepBas M3 KOTOPHIX COIEPKUT
B OCHOBHOM CTOI0LE COCTOSHHA Oy, Oy, ..., O, aBTOMaTa M,
a COIEPXKUMBLIM KJIETKH, HAXOAdlleHics Ha ePeceyeHnt CTPOKH O, U
cronbua C;, umeeT MHOMKECTBO S i (0,). Knetku ocHoBHOro croJibua
(k- 1)-#t moaTabauLbl BaNOMHSIOTCS COLEPKUMBIM KJICTOK k-1 mox-
Talmulbl, TMPUTOM TAKMM, KOTOPOE He BCTpPedatoChb B OCHOBHBIX
croabiiax MpeaumecTBYOUX noaTabnuu. B kieTke Ha mepecede-
HHH CTPOKH (0, Oy, ..., 0;) u croabua §; B (K~ 1)-#t noxn-
Tab/Mle 3aMUCHIBAETCI MHOXKECTBO Sj (011) U Sj (0t2) Uu..uU Sj (O'i’),
KOTOPO€ MOXKeT ObITb COCTABJIEHO MO JAHHHIM MEPBOH MOATAOMHLbL.
IMocTpoeHne TabauuUBl 3aKaHYMBAETCS NP BBHITOJHEHHH OJHOLO
U3 CIeNYIOWUX ycaoBuit: (1) 4ncao 3JeMEHTOB HEKOTOPOTO MHO-
wectBa S;(0,) (B mepBoii MmoATaGAMUE) MeHbIIE MOUIHOCTH BXOI-
HOTO andasuTa; (2) YuCAO 3eMEHTOB HEKOTOPOrO MHOXeCTBa
S;(0:,)US;(01,)U ... US; (0;,) (8 k- moarabmnue, rae k> 1)
MeHble OGLIero 4uc/ia 3/MeMeHTOB MHOKeCTB S;(0; ). S;(0;,). ...
. Sj(oir); (3) Henb3s 106aBUTb HKM OXHOM HOBOHK CTPOKH
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B OCHOBHOM crouibue. Ecmu ycnosus (1) u (2) He uMeloT Mecra,
T0 M sBnsercs aBToMaToM Ge3 moTepu HMHopMauuu. OueBHIHO,
yT0 OOlliee YUCJAO CTPOK B TabJulle NMPOBEPKH MOTEPb He MOXKET

l'lpeBbIU.laTb
2(;’):2"—1. (5.15)

r=1

[Tosromy mnpoBepka mOTepb HHPOPMALUMH SBJIAETCH KOHEUHHIM
TNPOLLECCOM.

B kauectBe npumepa B Tabmuiue 5.9 npuBeneHa Tabauua mpo-
BepKu INOTepb 1Ja aBToMata A25, 3a1aHHOro rpadoM mepexo-
0B puc. 5.6 u rabmaueft 5.8. Tlepsaa noxrabauua CTpOUTCA

Puc. 5.6. ABTomat A25.

Ha OCHOBaHHM Tabmuubl 5.8. B ocHOBHO# cTonbel, BTOPOH moa-
Ta6MMLbl MepenuCchHBaOTCA U3 NepBoft Tabauub MHOXecTBa {1, 3},
{1, 5} u {2, 3}, He comepxaluinecs B OCHOBHOM CTOJIGLE MOC/IeL-
He#t. B ksetke BTOpO# moaTaGauLbl HA MepeceyeHny CTPokH {1, 5}
u cronbua 1, HampuMep, mpocTas/serca HabOp COCTOAHMH, CTOSI-
KX B KJeTKaXx NepBoff MOATaG/MIbI HA MepecedeHUH CTPOK 1
u 5 u croabua 1, a mmenno {2, 3, 4}. OcrambHble KJeTKH
TaOMMUBl 3aNMOJHSAIOTCS aHAJAOrM4HO. Tak Kak M3 pacCMOTPeHHd
rabmiupl 5.9 crenyer, yro ycaosua (1) u (2) He MMEOT MecTa,
aBTomMat A25 saBaserca aBTOMATOM 6e3 MOTepH MH(OpPMaLuH.
IpoummocTpupyem, Kak MOIyT ObITb ONpele/ieH BXOIHbLIe
Moc/ie0BaTeNbHOCTH aBToMara 0e3 moTepu mHbopMauuu. ITycrs
M3BECTHO, YTO aBTOMAaT A25 10 MPHUJIONKEHHS HEU3BECTHOH BXO.L-
HOH{t TMOC/IeN0BATE/LHOCTH HAXOJHJICA B COCTOSHUM 1, a B pe3yiib-
Tare NPHJIOXEHHS STOR MOCNELOBATENLHOCTH BBIIAT BHIXOAHYIO
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Ta6baunma 58 Ta6auna 59
ABTtomat A25 Ta6anua npoBepkH morepb
nas aBromatra A25
z, S,
v v+1 0 1
X
AN EEEE R
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| 1,3,5
1,35 1,35 234

nocnenosarenbHocTs 111. M3 rpacga nepexonos, u3o6paxeHHOr 0
Ha puc. 5.6, MOXHO B3aKJIOYUTb, 4YTO MOCIeNOBATeNbHOCT 111
MOXeT COOTBETCTBOBATb BXOIHEIM ITOCJENOBATENbHOCTAM 00, OfB
U aof, KOTOphHE NepeBOAAT aBTOMAT M3 COCTOAHuA 1 B cocTos-
Husl 2, 3 u 4 cooTBercTBeHHO. IlocnenoBarenbHOCTh Gff sIBJIAETCS
YCTaHOBOYHON IIOCJeN0BaTeNbHOCTbIO A1 aBroMara A25 c MHO-
KECTBOM JONYCTHMBIX cocrosuu#t {2, 3, 4}. Ilpu npunoxenun
MOC/NEIOBATeIbHOCTH Of B COCTOAHMAX 2, 3 U 4 BHIXOIHBIE
nocyenoBatenbHocTH 6ynyTt coortsercrsenHo 11, 01 u 10. Cne-
IOBaTeNbHO, HCTUHHOM BXOJHOU MOC/IeN0BaTENLHOCTbIO OyneT afa,
off uaM aof, B 3aBUCUMOCTH OT TOr0, Kakas OyleT peakuus
aBTOMaTa Ha MOCJeLOBATENbHOCTb Off (MPUTOKEHHYIO MNOCHe He-
n3BecTHO! BXoxHOR nocaenosatenabHocTH) — 11, 01 mmm 10 coor-
BeTCTBEHHO.

AstomMat M 6e3 notepu uMHGOPMAaUMKM MOXHO PACCMATPUBATDH
KaK KaHan CBA3H, B KOTOPOM cooflieHue, NepelaHHOe Ha BXOJ-
HOM KOHIle, MPUHATO B 3aKOIMPOBaHHOH QopMe Ha BHIXOJHOM
KOHLe. 3ajaua NeKOIUPOBaHUS MOJYy4aeMOro COOOLIEHHS MOMKeT
OLITh YCHEINHO paspellleHa, €ClTM TOJyuYaTelb 3HAaeT COCTOAHHE
KaHana nepen mNeperadeft Kaxaoro cOOOLIEHHS M eClId KaHal
MOXxeT ObITh NepeBejeH B H3BECTHOE KOHEUHOe COCTOAHME MOC/e
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nepelayd KawAaoro cooOueHus. Eciu nomyuarenb He MOXeT
KOHTPOJIKPOBATb Nepealolinii KoHell (KaK 9TO 4acTO HMEET MecTo),
TO BTOpOe Tpe6oBaHHe MOXeT OHTb YAOBJIETBOPEHO, €C/H OTIpa-
BUTEJb «COTJIACHTCSA» 3aKAHYMBATH KaxuI0e COOOLIeHHe MOC/TeNO0=
BATE/BHOCTBIO &, T. €. 3apaHee ONpeleleHHOH yCTAHOBOYHOH
[0CJIe10BaTeIbHOCTBIO AN aBToMata M ¥ 1/ MHOXeCTBa IONY-
CTUMHIX HAYaJbHBIX COCTOSHHH CcOZepXallero BCe COCTOSHHUA
aBTomara. Hanpumep, naa aBTomara A25 u AN MHOXECTBA IO-
nycTumelx cocrosuu#t {1, 2, 3, 4, 5} ycraHoBouHO#t mocienoBa-
TeJAbHOCTbI0 OyZeT aac. Ecmu oTmpaBuTenb CHCTeMAaTHYecKH 3a-
KaHYMBaeT Kaxnoe cooblieHne nepeaaye Nocae0BaTeIbHOCTH Q.0
(unu mepelaeT OQO. B TeYeHHe ONpeJeseHHHX, 3apaHee OroBO-
PEHHBIX HHTEPBANOB BPEMEHH), TO BCe MepelaHHbHE COOGIIeHHS
MOTyT OBITh pacliudpoBaHbl Ha NMPUEMHOM KOHIe 6e3 HeoOXOIH-
MOCTH HOCTYIAa K BXOIHEIM 3axXHMaM aBToMara. MOxHO Takxke
noKasaTh, YTO €CAH OTNPaBUTeNb COTJIAaceH MepelaBaTh MOCHe-
JIOBATELHOCTD & fleped KawIbIM COOOLIECHWEM, TO NMPHHUMAIO-
IeMy He HYXHO 3HaTh HaualbHOe cocTosHHe M (T. e. cocrosi-
nie M, B KOTOPOM K A Obl1 NPUNOXKEH NMepBH CHMBOJ CGOJ-
1eHHs), TaK KaK 9TO Ha4aJbHOE COCTOSTHUE MOXKeT OBITh ONpefieleHO
Mo peakuun aBroMara Ha &p. Takum 06pasoM, eciu 4O W mocie
KaXI0ro COOOuIeHNs MepefaeTcs NOoCAeloBaTebHOCTb &y, TO 3TO
coofuieHne MoxeT ObITb pPaCIIMGPOBAHO C MOMOLILIO TOJNbKO
tabmiup  nepexonos M. B

HallleM Cly4ae 5TO OBHAuYaer, @/

yToO TmMepefaya Kaxaoro co-
obuieHus O0OMKHA HAaYUHATHCA
W 3aKaHuYMBaTbCA Iepenaveit
BXOJHO} MOC/eL0BaTEIbHOCTH
aoa.

(B/ING/ G

3anaun
5.1. IocTpofiTe aBTOMAT, OT @/
KOTOPOTO HHKaKuM sKcmepuMeH- (7/7) @/INEYN (/)
TOM IJHHB 4 Heab3s OTJHYHTD
aBTOMaT, M300paxeHHHH  Ha Puc. 35.1.

puc. 35.1, HO KOTOPbHIH He 3KBH-
BaJIeHTEeH 3TOMy  aBTOMATY.

5.2. VlsBecTHO, uTO MHHMMaJbHBIH aBTOMaT M HMeeT IBa cOCTOs-
Hus, BxogHo# aadaBut {a, B} u Beixoguo# andasur {0, 1}. HssectHo
TaKxe, YTO HH OIHO M3 cocTOsHuil aBroMarta M Ha rpade nepexonoB
ne umeeT merenb. ONHMIIMTE SKCIEPHMEHT, PACMO3HAIOMHH 3TOT aBTO-
MaT, ecIH €ro HCTHHHOE TMpeJCTABICHHE TaKOe, KaK MOKa3aHO
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B tabauue 35.1, u ecau ero AeifCTBUTENbHOE HAaYadbHOE COCTosHHE 1
(KOTOpOE CHauyalja He H3BECTHO).

5.3. MasecTHo, uTO aBTOMaT, OmpeneieHHbl Tabauiedt 3 5.2, He-
UCTIPABEH Y YTO B pe3yabTaTe HEHCHOPABHOCTH, IO Kpalinel mepe, BMecTo
onHO# u3 «1» BhipaGaThiBaeTca «0». OnuIIMTE SKCHEPUMEHT, PacloO3HAI0-
MUK MOBpeXJEHHe, COCTosllee B TOM, 4TO B cOCTOsAHMH | BMecTo «I»
Ha BBIXOZie BhlpabGathiBaeTcst «0», M eCiau HavaJbHBIM COCTOSIHUEM aBTO-
MaTa gBJAeTCA COCTOsHHE 3 (U4TO CHAayajJa He H3BECTHO).

Ta6auma 35.1 Ta6auua 352
Zy Sv+1 2 Sw+1
L\ Fv Xy
sy a B a [ sy a B [+ [§
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. 35.2 nmokasaH HenoJHbelfi rpad mepexonoB aBTOMAaTa

¢ AByMs cocTosHuaMU. OmNuITuTEe SKCIEPUMEHT HaJ aBTOMAaTOM, C MO-
MOIIBI0 KOTODOT'O MOXHO 3aKOH-

(a/l) YUTh IOCTPOEHHE rpada Mepexonos.
Ilpexmonoxure, uTO MCKOMas Iyra
o6osnauaercsas (a/l) u Bemer B co-
@) CTOsiIHME 1 ¥ YTO HAaYaAbHBIM COCTO-

B/ sHUeM aBTOMara SBJSETCa COCTOs-
HHe 1 (xOTOpoe CcHAauana He H3-

Puc. 35.2. BECTHO).
5.5. [Toxaxwure, uto aBroMar M
C MHOXECTBOM COCTOSHHH S =
= {0y, Oy ..., 0,3} SIBJSIETCA CHUIbHOCBA3HBIM TOTAA M TOJbKO TOIAa,
korma G (0))=S naa i=1, 2,..., n. [Onpenenenne G (0;) maHO

B § 26.]

5.6. [Toxkaxure, 4T0 1A TOro, yToGbl aBTOMAT M C 7 COCTOSIHUSIMU
6b1  CHUNbHOCBASHBLIM, HEOOXOZMMO M JOCTAaTOYHO, UTOGHl MaTpuia
n
D) [M] He nvena HyaeBHIX saEMEHTOB.
k=1

5.7. ABromatel M; u M, ABAAIOTCA CHIBHOCBA3HBIMH H COCTOS-
Hue 0; aBToMata M; 3KBHBAJEHTHO COCTOSHHIO 0; aBroMata M,. [loxa-
wure, 4to My = M,.

5.8. [loctpofiTe aBTOMaT ¢ 7 COCTOAHMAMH, KOTOPHIE sABJASETCA
CHIbHOCBABHBEIM, HO HE COJNEPXHT HH OJHOT'O HOJHOrO KOHTYpa.

5.9. Asromar M uMeeT MHOXeCTBO cocTosHuH S = {0y, 0y, ..., Op}.
IMoxaxute, urto: (a) M sBAseTcs O6GPATHMBIM, ECAH B KaXAOM H30JH-
POBaHHOM NQJABTOMATe aBTOMaTa M HMEETCA COCTOSIHME Oj TAaKOE, UTQ
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G (0;) = F(0;); (6) M aBaseTcs CUJIbHOCBS3HLIM, €CAH OH MMEET CO-
CTOsiHHe 0; Takoe, uto G (0;) = F (0;) = S. [Onpenenenve G (0;) nauo
B § 2.6; onpenenenne F (0;) mano B 3amaue 2.10.]

5.10. INloxaxure, uTo ecad aBTOMaT M ABIASETCH CHAbHOCBSI3HBIM,

N~
TO M Takie sBAsieTCS CHJIbHOCBA3HBIM, YTO M OGpAaTHOE yTBepXKJICHUE
He 00653aTeqbHO CHPABENNHBO.

5.11. Jloxaxure cuaenyiouiee HepaBeHCTBO, HCIOJIb30BAHHOE B BEHIPA-

wenun (5.13): .
o r nn—1)
Il (1~ | <e [~ 5G]

5.12. UsBecTtHo, uTO aBTOMaT M sBAseTCS CUABHOCBA3HEIM (7, 2, 2)-
aBToMaToM. ITokaxure, uto M Bcerza MOXeT GhITh PacHO3HAH HPOCTHIM

6€e3yCIOBHEIM 9KCIIEPUMEHTOM
IauHBL [, roe

(2n)2n+l
n—11!

I<

Boluncaure BepxHee 3HaueHue [ Iz
npu n=3>.

5.13. MsBectHo, uto aBTO-
mar M saBasercs (n, p, ¢q)-aBTO-
MaTOM H COIEPMKHUT MOJHBIH KOH-

Typ. Halinure Bepxuee 3Haue-
HHe JJHHBI pacmnosHawoumero M
9KCIEPUMEHTa (MOXHO Npenrno- Puc. 353.
JOXHTb, 4TO n _>> 1).

5.14. Onpeneaure, sBaserca Jau asroMar Al17, uzo6paxeHHBIH Ha
puc. 3 5.3, aBTomaroM Ges moTepu HHPOPMALHUH.

5.15. [Mokaxure, uro aBToMaT, NpeicTaBleHHBH Ha puc. 3 5.3,
ABAseTCs aBTOMaToM 6e3 morepu HHGPOpMAauMH, U ONMHLIMTE PacloO3Ha-
BaHHe BXOIHOH NOCJIENOBATENbHOCTH G0f, MPHUIOXKEHHOH K 3TOMY aBTO-
Mary B COCTOSIHUH 2.

5.16. IMokawute, 4T0 aBTOMAT ABJAAETCS CHABHOCBSASHBIM, €CJIH OH
uMeeT J060e Hu3 CAeLyoWHX CBOHCTB: (a) HM B OXHOH CTpOKe mOX-
Ta6muIbl 2y HE CONEPKAUTCA IBYX OJMHAKOBBHIX BHIXOAHBIX CHMBOJOB;
(6) Hu B ofHOM CTONOHE MATPUUbl NMEPEXOZOB HE HMEeTCs JBYX HIH
Gosiee map BXOA-BBIXOJ C ONMHAKOBBIMH BbIXOJHBIMH CHMBOJAMH,




FTNABA 6
ABTOMATbI ¢ KOHEYHOH NAMATHIO

6.1. Beenenne

I'naBHOe mpeuMyLIecTBO NpPU UCNOJIb30BAHUKM MOJETH KOHedY-
HOTO aBTOMAaTa I/ HNpeNCTaBJeHUs 3aJaHHON CHCTEMBl 3aKJIIO-
4yaeTcsd B TOM, YTO MNpeiCKa3aHue BHIXOJHOU peaKuuu CHUCTEMH
He TpebyeT Kakux-nu60 NAHHLIX OTHOCHUTE/bHO MPOLIIOro NMOBe-
neHus cucrembl. g Toro 4toObl MpencKasaTh BHIXOOHYIO peak-
w0 B mo6O# 3aNaHHEIT MOMEHT BpeMeHH, NLOCTATOYHO 3HATH
BXOJHOE BO3JeiCTBHE U COCTOSHHE B 3TOT MOMEHT BpEMEeHH.
Torna, cOCTOsHMEe aBTOMATa B HACTOSILMH MOMEHT BPEMEHH MOXHO
paccMarpuBaTh KaK O0COOYI0 «BEJIHYMHY», KOTOpas B HeABHOH
¢dopme oObenuHseT Bce TNpoOLIeAWHe COOBITHS, OTHOCALIHECS
K ONpelesieHHI0 BHIXOAHOH peakUUH B HACTOAIUMA MOMEHT Bpe-
MeHH. 3Iech MOXET BOSHHKHYTb CJIELYIOLMit BOMPOC: BCeraa Jiu
MOXHO YCTAHOBUTb TOYHOE COOTHOLIEHHe MexXI1y BHIXOLHOH peak-
nred B HACTOALUMH MOMEHT BpEMEHH W BXOAHLIM BO3AEHCTBHEM
B HACTOSILIMA MOMEHT BpEeMeHM M KOHEYHBIM 4YHCJIOM BXOIHBIX
BO3IeHCTBUH M BHIXOIHBIX peakLU{t B mpellnecTBYIOLINE MOMEHTH
BpeMeHu? OTpUIATENbHEIH OTBET HA STOT BONPOC JErKO MOXKeT

ObITh NPOJEMOHCTDHPOBAH HA

@)\ 50 npocrom aBToMare A26, nokasaH-

HOM Ha puc. 6.1. B atom aBTOMa-

Te KOHEYHOEe COCTOSIHHE OCTaeTCs

7 (#/7) HEW3BECTHBM [0 TeX MOp, MOKa

Puc. 6.1. Apromar A26. He GyZET NMPUIOKEH BXOL 0 u
ompeleneHa  COOTBETCTBYIOLLAS

BHIXONHAs peakius. Tak, 3HaHue

TOrO, 4TO MNpOIJble [ BXOLHBIX CHMBOJIOB OHIM [} M TpoLLIbIE
! BHIXOIHBIX CHMBOJNOB Obuid O, HecnosiesHo A MpelCKa3aHus
BHIXONHO!M peakuuu AZ26 Ha NMpPUTOKEHHHIH BXOLHON CHMBOJ O,
He3aBUCUMO OT 3HaveHuss [. [losTomMy ans AaHHOrO aBTOMara
HCC/IeIOBaHME ero TpOLIJMOr0 IMOBeleHWs He Bcerja IOMOTaer
B NpEeACKa3aHMM BBHIXOJIHOW peakuMH Ha BXOJHOe BO3IeHCTBHE
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B HACTOAINMA MOMEHT BpeMeHH. 3HAuuT, B O0LieM Ciyuae He
CYIECTBYEeT ABHOH 3aBUCHMOCTH, KOTODast BHIpaxaja Gbl BHIXOM-
HYI0 peakuuio B HACTOALIMH MOMEHT BPEMEHM KaK (YHKUMIO
BXOAHOTO BO31eHCTBHA B HACTOALIMH MOMEHT BPEMEHH M BXOL-
HBIX BO3IeHCTBMH M BHXOHHHIX peakUuMH B INpelllecTBYIOLIMe
MOMEHTHl BpeMeHM. B B3 ¢ 3TMM MOXHO B3aKJ/IOYUTb, 4YTO
COCTOSIHME KOHEYHOrO aBTOMaTa OTpaXKaeT ero «OeCKOHEeYHYIo
NamMATb» B TOM CMHIC/Ie, YTO NpeObBaHME aBTOMAaTa B 3TOM CO-
CTOSIHMH fIBJIAETCS Pe3y/abTaTOM COOHITHS, KOTOPOE NPOUCXOANIO
CKOJIb YTOAHO Ha/eKko B mpowsaoM. Hanpumep, cocrosiHue, B KO-
TOpPOEe MNPHUXOAUT aBTOMaT A26 moc/ae NPUJIOKEHHUS MOC/Aen0Ba-
TeJbHOCTH OffP ... B NMPOM3BO/ILHOM NIMHE, OLHO3HAYHO ONpe-
IleNdeTcs BBIXOAHOH peakuuei Ha neps8uld CUMBOJ 3TOH mocie-
LOBaTeJbHOCTH.

B sro#t rnaBe wmbl 6yzemM paccMaTpUBATh KOHEYHHIE ABTO-
MaThl He oOLIero BuUIA, a JULIb Te, B KOTOPHX Moscem OHThb
YCTaHOBJ/IEHA SIBHAS 3aBUCUMOCTb MeXJY BXOJIHHLIMK BO3AEHCTBUAMH
W BHIXOIHBIMH PeaKUUAMH B MNPOIUEALINE M HACTOALINE MOMEHTH
BpeMeHH. XOTd TakMe aBTOMATHl INPEINCTABIAIOT COOOH H10BOJLHO
Y3KHH KJacc, OHM AB/AIOTCA LOCTATOYHO OOHIYHEIMH B npamm(e
yToOH ONpaBiaTh noxpobHOe ux obcyxieHuel).

6.2. IlpeacraBienne cucTeM C KOHEYHOH MaMATHIO

Cucmemoli ¢ KOHeYHON NAMAMLI0 HABHBAETCA CHUCTEMA,
NPEeICTaBUMasi KOHEYHEIM aBTOMATOM, B KOTODOM BBHIXOJHAs peak-
uus B JMIOGOH IMCKPETHBIE MOMEHT BPeMEeHM 3aBHCHT TOJNbKO OT
KOHEYHOTO HEHYJ/eBOr0 YMCJa MNMPOHLIBIX BXOXHHIX BO3IeHCTBHH
(1, BO3MOXHO, OT BXOJHOTO BO3LEHCTBHMS B HACTOSIIUH MOMEHT
BpeMeHH)?) ¥ OT KOHEYHOrO YKCJa NMPOLIJIHX BHIXOIHHX peak-
uui. 3HayuT, cUCTeMa C KOHEYHOM MaMATHI0 NMpeNCTABHMA KOHEY-
HBIM 4BTOMATOM, COOTHOLIEHHE BXOXL-BHIXOL KOTOPOrO MOKET

1) Martepuan 3TOH ruiaBol OCHOBHIBaeTc Ha pa6ore ~Cumona
(J. M. Simon, A note on the Memory Aspects of sequence Trans-
ducers, IRE Trans., vol. CT-6, pp. 26—29, 1959) u 3age (L. A. Z a-
deh, Unpublished notes on discrete — state systems and automata,
University of California, Berkeley, 1960).

2) ABTOMATH, y KOTODHIX BBIXOIHAasl DeaKUWsl HE 3aBHCHT OT BXO.-
HOTO BO31eHCTBHS, HASLIBAIOTCH A6MOHOMHELMY, ABTOHOMHbIE aBTOMATH
B KHHre HE PaccMaTpHBaKTICA,

14*
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6niTh 3amucaHo B (popMe

z‘v=g(xv—ll’ xv..iz, ceey Xy lu, zv_.jl, 2y~ 12, o0y zv_jw),
: (6.1)

rae npuHato, uto 0 i < Hh< ... <, n 1 Ji<Jy < 0
«.. < J, Ecin n06aBuTb pAl HeCYLIECTBEHHBIX IlepPeMEHHBbIX !)
M NpUHATbL [, =l U j, ==, TO ypaBHeHue (6.1) MoxHO 3a-
nucatb B BuIe

Zy=F(Xvs Xy-1, «evs Xy_pp Zy—1, Zy=2, ++., Zy_p,). (6.2)

HOns Toro uyro6n npeo6pasoBaTh INpHUBeLeHHOE XapaKTepPUCTH-
yecKOe YpaBHeHHEe B XapaKTePUCTHYeCKHe CTAHLAPTHEHE (YHK-
unu f, 1 f; KOHEYHOTO aBTOMATa, IEPEMEHHYI0 § OIpeLenuM
Tak, 4TOOH §, ABJAANACH YNOPANOYEHHHIM HABOPOM 3HaueHHH

(W1 Uy) MEPEMEHHBIX (Xy—_1, Xy—2, -+ vy Xy_p, Zy=1r Zy—2s -os
vy Zy—p,). PaBencrso (6.2) Torma npuMer BHUI
2y=f(%y 8. (6.3)

Us ompeneneHuss § CaAeLyeT, 4TO S,.; ONpeldelseTcs TaK:
(Xys Xy=1o evos Xvoprls 2y Zyols ooy Zyopp1) =
=(xv: xv—l: e e ey x’v—p,l+l) f(x\h xv—ls ooy xv-l—h'
Zy—1s Zy—2 o ves Zyop)s Zy—lr oo er Zy—pt1).  (6.4)
.

Clle,ﬂ.OBaTeJ'[bHO,
Sv+1=h(xv, xv_l, o eey xv_ul, ZV_I, zv_2, oo ay zv_uz) (6.5)
nin

Syr1=fs (%, Sy)- (6.6)

Ypasuenns (6.3) u (6.6) MOoryr paccmaTpuBaThCs KAaK XapakTe-
puctiyeckue (YHKUMHM KOHeyHoro asTomara. CJefoBaTelbHO,
MHOXeCTBO YNOPALOYEHHBIX HabopoB 3HaueHuH (W, -+ My) Mepe-
MEHHBIX (Xy—1, Xy—2, «++s Xy_pp Zv—1r Zy—2s «+ ., Zy_p,) A~
KBATHO MHOXECTBY COCTOSIHMH CHCTeMBbl, NpeICTaBJIEHHOH ypas-

) Hecywecmsennass nepemenHas saBiseTcs TaKOH NepPeMEHHOH,
KOTOpas ocTaBasgeT 6e3 H3MEHeHH 3HaueHHe QYHKIHH HE3aBHCHMO OT
3HaueHUs, IPUHUMAEMOro 3TOH mepeMeHHOH.
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HeHueM (6.2). Ecau uucio cuMBOJIOB BXOJHOTO M BHIXOLHOTO
anaBuTOB LJS CUCTEMBl COOTBETCTBEHHO DPAaBHO p U ¢, TO MOILU-
HOCTb MHOXXECTBA COCTOSIHMH Oyner

n= phghs, (67)

B kauecTBe npumepa paccmotpum ycrpo#ictBo A27. Ha
YCTPOHCTBO NEPHOLHUECKH MOCTYNalOT wuépsl O u 1, BHIXOX €ro
B MOMEHT f, PaBeH CyMMe MO MOAYMO 2 BbIXOJa B MOMEHT £, _,
M BXOa B MOMEHT f,_,. OO603HAauas cJOMKeHue MO MOAYIO 2

sHakoM (® 1), A27 Mmoxer ObiTb 0XapakTepPU30BAHO PaBEHCTBOM
2y=Xy @2, 1 =8 (¥y_p Zy_1)- (6.8)

Jlo6aB/Ast HeCylIeCTBEHHbe NEPEeMEHHbe X, U X, _;, BMecTo (6.8)
MOy YHM:

Z.v=f(xv, Xy-1 Xy—2» z'v—l)' (69)
Bxonuo#t andaBuT B STOM Ccayuae

X={0, 1},
a BHIXOIHOR andasur
Z=1{0, 1}.

MHoxecTBO COCTOSIHMit fAB/ASETCA MHOXECTBOM BCEX YMOPALOYeH-
HbIX Ha0OpOB 3HaueHH# TpeX MEePeMEeHHBIX (X,_1, Xy_g 2Zy_1):

S$=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}.

3aBHCHUMOCTb MeXLY Xy Sy Syiq M 2, MONET 6bITH TpencTa-
B/leHa B TabmuuHOH popme, kaK nokasano B Tabuuue 6.1. Cronbut
Tab/MUE MOA «S,» NMPCACTABIANT BCE YNOPSALOYEHHble HAGOPHI
3HAYEHUH TpeX MepeMeHHbX; KaxXAbA HA00Dp 3amucaH ABaXIbl
(Mo oxHOMy pasy .IJs KawIOro sHauenus x,). Cronbupi, 03a-
T/IaBJEHHBIE &S, %, MOTYT OBITb 3aNOJHEHBl NyTeM BOCIPOHM3BE-
IleHUs1 paHee B3aMO/HEHHBLIX CTONOLUOB (TAKHMX KaK X, M X, ;) "

1) CioxeHne no MOLYJII0 2 ONpenensercs caenyoliuM o6pasoM:
0900=0, 0®@1=1, 1®0=1,1®1=0. Ecau y npuaumaer sHa-
yeHue O uau 1, 7o y @ y = 0.
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Ta6auna 6.1
COOTHOIMEHHS MEXAY Xy, Syy Sy+q H 2y AAA A27
Sy Sv+1
£, 2y
Kot | Fyv—2 | Fv-1 *y Fy-1 2y
0 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 WCNOJb30BaHUA COOTHOWeHus (6.8) (ana cronbua z,).
INokasannyio Tab/auLy yA06HO HCIO/Ab30BATh L/ ONpele/]eHus Xa-
paktepucTuyeckux ¢yuxumit f, u f, apromara A27. Hanpuwmep,

Ta6aupma 6.2
ABtromar A27
2y Sy+1
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 (0,0, 1) | (1,0, 1)
©, 1, 1) 0 0 0,0,0 | (1,0,0)
{1, 0, 0) 0 0 ©, 1,0 | 1,1,0
(1, 0, 1) 1 1 0, 1,1 | (11,1
1, 1,0 1 1 o 1L @qQ,L1
(1, 1, 1) 0 0 01,0 | (1,1,0)
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M0 YeTBEpPTOH CTPOKE MOXHO CKasaTb, YTO €CJH BXOIHOH
cumBosn 1 nosBaserca mpu cocrosuuu (0, 0, 1), To BEIXOZHOMR
cuMBoa Oymer 1 u crenymolee

cocrosuue (1, 0, 1). Ilpumenss @/
NOofOGHEE PacCyXIEHUS MO OT-
HOIIEHHI0 K JPYTUM CTpPOKaM,
AOCTPOMM TabJuuy MepexonoB
A27 (cM. Tabauuy 6.2).

B o6uweM cayyae aBTOMAT,
MOJIYYEeHHHBI OMNMCAHHBIM CIOCO-
6oM, He MMHMMaabHHI{. OnHaKo,
MHHUMaJbHas (GOpMa BCEria Mo-
KeT OBITH ONpexnesieHa JIOOLIM
M3 METOLOB MHHHMH3ALMH, OMU-  (z7)

CaHHHIX B rjaBe 3. MuHuManb-

Has ¢opma asromata A27 mo- Puc. 6.2. Asromar A27.
kasaHa Ha puc. 6.2, rae co-
crosusgs 1, 2, 3 W 4 NpPeiCTaBAAIOT SKBUBAJNEHTHBIE KJACCHI
{1, 0,0, (1, 1, D}, {(0, 0, 1), (0, 1, 0)}, {(0, 0, 0), (0, 1, 1)}
u {(1, 0, 1), (1, 1, 0)} coorBeTcTBEHHO.

6.3. CBoiicTBa aBTOMAaTOB C KOHEYHOH NMaMATHIO

KoHeunnlfi aBTOMAT, NPEACTAaBJASIOWIMA CUCTEMY C KOHeYHOH
namsaTblo, 6yIeM Ha3blBaThb ABMOMAMOM C KOHEHHOE NAMAMbIO.
Takum 006pasoM, aBTOMaT C KOHeyHO#t mamateio M, sB/AseTcs
aBTOMAaTOM, B KOTOPOM :

Zy=[ Xy, Xy—1, vvvs Xy_pp Zv—1 Zy—2s -y Zy_p,) (6.10)

rae JMo6GOH W3 aprymMeHTOB (33 HCKJ/IOYEHHEM OIHOTO H3 X))
MOXKeT OBITb HEeCyIlieCTBeHHOH nepemenHoft. Uucma py u |, HasH-
BAIOTCA COOTBETCTBEHHO AAMAMBIO X W NAMAMbIO 2 aBTO-
mata M. Llenoe uucio

B=max (Uy, Uy) (6.11)

HashBaeTCd Maxcumansroli namamsrno M. Eciu B pomo/Henue
k (6.10) umeer MecTo

f(xv; x‘V—l’ v ey xv_u, z‘V—l’ zv-Qy LA ] zv-—u)#
F [ (X Xyopy vovs Xypitr Zympr Zy—gp oo s Zy—prr)s (6.12)
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T0 OyZeM roBOpHUTb, 4TO aBTOMaT M wumeer namams w. Takum
0o6pasoM, [ sB/SeTCS NaMATbI0O aBTOMATa B TOM Clyyae, eciu
npenckasaHde BLHIXOJHOR peakuuH, NMO KpaliHeit Mepe, Ha OIHO
BXOJHOE BO3JeficTBE B MOMEHT BpeMeHH £, TpebyeT 3HaHHA
BXOJNHOTO BO3AeiicTBUS M (MJM) BHIXOIHOR peaku¥#d B MOMEHT
BpeMeHHU tv—u (4, BO3MOXHO, BXOJHBIX BO3AEHCTBUH M BBHIXOIHBIX
peaxkuu#f, KOTOpHeE BO3HMKAIOT B 6ojiee MO3IHHE MOMEHTH Bpe-
MeHH), HO He TpeGyeT B3HaHUA KakuX-Jau0O BXOIHBIX BO3IeH-
CTBMHt M BHIXONHBIX peaklyff B MOMEHTH BpeMeHH OoJjlee paHHMe,
uem f,_,.

B nambHeftuienm (g,l/(:jl) (g,Q/C,-z) ... (84,/&;,) Oynem naswiBath
noc.redo8amesbHoCcmyI0 8x00-8b,X00, €ClIM BXOIHAA MOCAENO-

BATeJNbHOCTb gilglz . gll 3acTaBisieT aBTOMAT TeHEPHPOBAThb
BEIXOJHYIO NOC/IeLOBATENbHOCTD leCjz le. Byznem rosopurs,

YTO NyTh B JyarpaMme NMEPeXONOB Onucsi8aem MNOCAELOBATE/b-
HOCTb BXOI-BBIXOJL, (g,l/le) (§,2/Cj2). . .(ggl/(:,jl), €CJIM €r0 k-5 BETBb
g B==1, 2, ..., | 0603HaueHa Mapo#t BXOI-BHIXOL (gik/Cjk)
(1, BO3MOXHO, IpYruMM napamu BXOA-BHXxon). Ilytu Oyzem
Ha3LIBAThb (g,l/cjl) (512/(:12) . (g,l/(;jl)-coanadarou;uMu, ecau
KAXIBIH W3 HMX OIMCHIBAET MOCJENOBATENbHOCTb BXO.-BHIXOJ

(gil/cjl) (§12/§j2) e (gll/cfl)'

JNemma 6.1. B MuUHuUMaAbHOM ABMOMAME C NAMAMBIO b
Sv———g(xv_l, xv_2, oo ey x,v_u, zv_l, ZV_Q, ooy zv_u). (6.13)

Horazameascmso. Ilpennonoxum obpatHoe. Toraa asTo-
MaT JOJ/IKEH COAep:aTb MO KpaiHei#t Mepe nBa NYTH, KOTOpPHE
ABJIAIOTCA (gil/c,-l) (g,z/c,-z) - (giu/éju)-cosnanalomnmn I1d He-
xoTopo#t mocnenosarensHocrn Bxox-bxon (&r,/6; ) (8:,/55,) - - -
(giu/;,-u) ¥ KOTOpPble OKAHYMBAIOTCA IBYMS Pas3NUYUMBIMU CO-

crosiuusamu, ITycTh HavadbHBIE COCTOSIHMA STHUX NyTeH OYAYT Op,
W 0, ¥ KOHEYHbe COCTOAHMA —O, WU O, ; NMyCTh MHHHMA/bHAs
2]
" w

JAVarHocTuyeCcKkas I10C/He10BaTeNbHOCTL IJ4 O'k u 0"; €CTb
n n

g & Lk r>1). Torza ¢, ¥ O, NalOT ONHHAKOBLIE
p+1°"p+2 n+r = ko ko

BHIXOJHbIE peaKLuy Ha gllg,-z. - glug,- HO pas/{yHble

}L+1. . .g[u+r—1y
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peaxuuyu Ha §,l§,2 L& g,lm §u+ OnHaKkoO 3TO HEBO3MOXKHO,

TaK KaK MO MPeanoJOXKEHHWI0 aBTOMAaT HMEeT NaMATb U H, CJaelo-
BAaTEJ/IbHO,

2o=[ (X Xy_1s ovvs Xy_ps Zyops Zy_gr -een Zy_y)- (6.14)

ATO paBEHCTBO 03HAYaeT, YTO BHIXOAHAA peaKlUMss B HACTOSUIMHA
MOMEHT BpeMeHH MOeT GBITb OJHO3HAYHO ONpeNeaeHa C MOMOILbIO
npoutefied Nocjaef0BaTeNbHOCTH BXOJ-BHIXOM MLIMHON W. JlemMma,
TakuM 00pas3oM, cJeLyeT U3 IOJYYEHHOrO NPOTHBOPEUHS.

B nanbHeiimem Gynem roBOpuTb, YTO ABA MM 6osee myTeft
nepecexarmcs B COCTOSHUHU Oy, €CH O, («IEpeceyeHne») LOCTU-
XUMO M3 Haya/JbHHIX COCTOSIHMHM 3THUX NyTeHd npu OLHOH M TOH Ke

r;:,/:,,) . &/

@, /%)

Orrm ONA

Puc. 6.3. (§i1|§jl) (512]qulgju)-coana,ualomne nyTH.

MOCJeN0BATEbHOCTH BXOA-BHX04. JleMma 6.1 osHauvaer, uTO
MarpaMma Iepexoi0B aBTOMATA C NMaMATbIO L IO/MKHA 06/a1aTh
crenywomumMu cBoicteamu. I1yTH, KOTOpHIe ABJAIOTCA (g;l/C,I)X
X (81,/51,) + + - (81,/C,)-coBnanaomuMn, NOMKHE MePeceKarTsCca
B CBOHX KOHEYHBIX cOCTosHHAX. Kpome TOro, nomxHa ObiTb,
no KpaitHeit mepe, onna napa (&, /5; ) (8:,/55,) : - .(giu/gju)-co]ma-
AKX NyTe#, KOTOpPHEe MepeceKalTcss B CBOMX KOHEYHHIX CO-
CTOSIHMAIX, HO He MMeloT npyrux nepecedenu#t. Takas napa myreft

nokasasa Ha puc. 6.3.
Jemma 6.2. Ecau 8 3adannonm asmomame M

Sy =8 (Xy_1r Xy_gs -+ o» Xy_ps Zy1s By -+ Zy_y), (6.15)

mo M s8asemcss a8momamom ¢ MAKCUMAAbHOUL RAMAMbIO u.
Hokaszamesrvcmso. naa moOGOro KOHEYHOrO aBTOMATa

z,=f, (%, 8). (6.16)
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Torpa ana M

Z,v: fz (xv, g(x,v_l, x,v_2, “eey xv_u, zv_l, Z’V—Q’ “ ey Zv_u))=
=f(Xy Xy o s Xy Zyops Zyoge oo s Zyly)
(6.17)

CiienoBaTebHO, 1O OTpeneseHuio, M sB/sfeTCS aBTOMATOM C MaK-
CHMaJbHOH nNaMATLIO W.

B cBA3M ¢ mnpenlieCTBYIOIUMMU JIeMMaMH BaXHO OTMETHTb
CleLyolllee OCHOBHOE Pa3/inyie MeXAy IPOH3BOJNbHBIM KOHEUHBIM
aBTOMaTOM ¥ aBTOMATOM C KOHeYHOH mamsTbio. B mofoM KoHey-
HOM aBTOMATe uMeeTCsl, 1O KpafiHel Mepe, OlHA CneyuasbHO
cOCMmaBAeHHas BXOIHAs MOCHENOBATENbHOCTb (a4 MMEHHO, ycTa-
HOBOYHAS TOC/EI0BATENbHOCTb), KOTOpas, OYAYyYH NMPUIOKEHHOH
K aBTOMAaTy, OJHO3HAYHO ONpere/seT KOHEYHOE COCTOSHHE.
B aBromare ¢ KOHeuHOW maMATb0 L STO CHpaBelMBO  IJIA
Kaoic0oli BXOIHOW MOC/IeNOBAaTeNbHOCTH IJIMHEL (L UaM GoJblue
(He3aBuCHMO OT TOr'O, CMeLHaNbHO COCTABJ/ieHa TaKas MocjaenoBa-
TEJbHOCTb W/ HeT).

Teopema 6.1. ITycmv M — munumnarvroii asmomam
¢ namamsio W u qucaom cocmoaxui n. Toz0a

< g n(n—1). (6.18)

Horxasamesrscmso. Ecin aBromar M sBASETCS MUHUMAIbHEIM
M UMeeT maMaATh [, TO HOJ/DKHO CYIECTBOBATh IBA NYTH, KOTO-
phle TNepeceKalnTCs He paHblle, YeM B CBOMX KOHEYHBIX CO-
CTOAIHUAX, KaK MOKasaHo Ha puc. 6.3. Ilycts {okl, 0;1} ABJSAETCS
I-#t mapo#t cocrosnufl, a {0, G’,"t+h} apaserca ([ -+ A)-# napo#

I+h
cocrostuuit (I /2 <CW) stux nyred. I[IpeamonoxkuM, yto co-

BNafaioT (AB/AIOTCA ONHMMH M TeMH Ke COCTORHHAMH) O, C O,

L L+h

a Takxe 0, ¢ 0, . Torma 1IBa NyTH, HAYMHAIOWMXCA B Of, M
% Biin !

0’;1’ KaXIu u3 KOTOPBIX OMHUCHIBAET I10C/A€N0BATE/NbHOCTbL BXONI-

BBIXO ;

)i (Ex,/@,l)(gim/éjm) . (§[t+h—x/(:fz+h—x)’ NPeCTaBASIOT
€000 3aMKHYTHIE Ty TH, KOTOPhIE ABAAIOTCA (gil/le)(gil +1/le+l)...
(Eth_l/Cth_l)-coxsnana}oumMn, U, CJeIOBATEJNbHO, NYTH
GeCKOHeuyHOH IJMHBI, KOTOpble ONMHCHLIBAIOT OAHY M TY e HOC/e-
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IOBATENLHOCTh BXOI-BHIXOL, HO He mepecekaioTcs (puc. 6.4).

ITo aemme 6.1 TakMe MyTH He MOTYT CYLIECTBOBATH B aBTOMaTe

C KOHEYHOH mamsaTbio. Temepb NMPEINONONKUM, YTO O, COBNAAAET

co, ,ao, co, . Torna na-

- I+h 1 I+h

ypHapmuecs B O, U O, TyTH,
! l

/5,/5,//‘2.// G '(féxﬁ-// 42.«,9-;)

KaXIbi ¥3 KOTOPHX ONHUCHIBA-
eT nocaen0BaTe/bHOCTD BXOn-

BHIXOL (E’il/gjt) (gil+1/§jl+1) to
o CrppedfSipiny) EufSs) -
N (T th_]), npencTaBs-
10T OO0 3aMKHYTBIE Ty TH, KOTOPHIE

seasorea (8:,/87)) (81, /Ciy5y) e
WY (WA "'ﬁel*-[l*f
.. '(gil+h_1/§jl+h—1) (Ell/gjl) ce (NN LR l)l// b7

-Gty [Ciygp ) commardon- - Pr 64, Manocrpauta o
MU, U, CJeJ0BaTeNbHO, MyTH 6Gecko- peMEL O-%.
HEYHOH IJIMHBI, KOTOPhle OMUCHIBAIOT

OIHY U TY e NMOC/Ie0BATeIbHOCTb BXOL-BHIXO, HO HE e PeCeKaloT-
cq (puc. 6.5). CHoBa, mo jemMe 6.1, Takue myTH He MOTYT Cyle-
ctBoBaTh. TakuM 006pa3oM, HeymopsuoueHHas [-s mapa {le. G;I}

Puc. 6.5. MaaocTpanus noxasatenbcTBa TeopeMsl 6.1,

n HeymopazouenHas (/- %)-1 mapa {Gth, 0,;1 h} He MOryT
+

OBITb COBNANAIOIMMH HEYNOpPANOYeHHHIMH mnapamu. I[lostomy
oauHa [ mo6oro us myrtel, MOKasaHHBIX Ha puc. 6.3, He MOXKeT
NpEBHINATh YHUCJAO HEYMODPANOYEHHHX MNap COCTOAHUH, KOTOPHIE
MOryT ObiTb BHIODAHB B ABTOMAaTe C £ COCTOSHUAMH. DTO YHCIO
paBHO

(g):%n(n—l). (6.19)

Orcioza caexyer cootHoienue (6.18).
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6.4. OnpejeJenne mamMATH aBTOMarTa

B asrom mnaparpade ™Mb paccMOTPHM CJeLYIOILYIO 3agauy.
3ananel XapaxkTepucTueckue GyHkuuu f, u f, aBromara (B Ta6-
nMyHOU QopMme, B Buie rpada maum B MaTpUuHO# ¢opme). Ompe-
Ie/UTb, SABJIAETCA JM STOT aBTOMAT 4BTOMATOM C KOHEYHOH
NamaThio, M, €CAM ABJAETCA, TO, KAaK ONpPENeNHTb €ro MaMsaThb?

Paccmorpum  aBTomMaTr M ¢ MHOXeCTBOM COCTOSHMH {07,
Oy, ++ -y Oy} Ilycts Q) 0603HayaeT MHOXECTBO BCEX MOCJENO-
BATe/NbHOCTER BXOM-BEHIXOJ, OMUCHBAEMBIX MYTAMU IJHHLL B, KOTO-
prie 3aKaHYMBAITCA B cocTosgnuu o;. ITo nemme 6.1, ecmu M
ABJNAETCA ABTOMATOM C MAMATBIO W, TO

(1) N Q(” = 0 ana.HekoTOpHIX i M j== I,  (6.20)
U)nQU)=O ona Bcex i m j . (6.21)

ITo Teopeme 6.1, ecmn M He sBAsgeTcs aBTOMAaTOM C KOHEYHOH
NaMarblo, TO

fo%n_l)/gn ngn_l)/g # 0 nng Hekoropex I M j 1. (6.22)

CinenoBarenbHO, L4 ONpelesieHHs MNaMATH aBTOMATa MOKHO
COpMYyTHPOBATh CAELYIOUINHA aIrOPUTM.
Anropurm 6.1. 3anan aBromar M C MHOXECTBOM CO-

crosHuil {0}, Oy, ..., 0,}; Tpebyerca HaliTh maMsaTh aBTOMaTa M.
(1) Nonaraem k=1. (2) Cocrasagem mnocaenoBatebHOCTh QY
QP, ..., Q™. (3) (@ Ecm Q¥YnQY +0 AA5 HEKOTOPHIX I

n jséz, To nepexomuMm k (4). (6) Ecau Q%’)nQ},j)=0 IS
Bcex [ M j=£1I, 10 k saBagerca namatbio M. (4) (a) Ecmm
k<n(n—1)/2, to yBemvunBaem %k Ha 1 u BO3Bpamaemcs
K (2). (6) Ecu k=n(n—1)/2, To M He saBasgercs aBTO-
MaTOM C KOHEYHOH mnaMaTbio.

Brumonnenue aaroputmMa 6.1 o6aeryaercs mpu HCHOJIB30Ba-
HUHM MATPHULL IePeXOJ0B BHICOKOTO NMOPSAAKA, BBEIEHHHX B riase 2,

B kaetke (I, j) MaTpuunl HepexoloB k-ro nopsiika [/VT]” 3anu-
CaHBl BCE MyTH LJMHB k, BelylllHe U3 COCTOAHHUA O; B COCTOS-
Hue 0;. IlosTomy xkiaerkn j-ro croabua MarTpHilbl (M npen-
CTaBJIAIOT BCE MyTH JIMHEI k, 3akaHuMBAIOLIMECST B COCTOSHHU O;.
Takum o06pasom, IMOC/EN0BATENLHOCTH BXOL-BBIXOJH, IpercTa-
BJICHHbHIE MyTAMH, INEPEYHC/IEHHBIMH B CTOJOLE MaTPHIEL [/ﬁ]k.
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ABJNSIOTCA 9JEMEHTAMH MHOXECTBA Qg). [To wmarpuue [M]* u

JuarpaMme nepexonoB s aBTomata M MOxeT GBITb NMOCTPOeHa

Tabnuua, B KOTOpO# j-# cTonbeu ConepsKUT 3IEMEHTH Q%j ) ecom

HeT JBYX CTOJNOLOB, MMEIOIUX OOIUA YjeH, TO B JOKHO GHTb
namarbio aproMara M.

B xauecTBe npumepa paccMoTpuM aBTomaT A28, nokasau-
HHit Ha puc. 6.6. Marpuua nepexonoB aptomata A28 sanana

Ta6aunma 6.3
Muoxecrsa Q) nas A28

M | o® | QP | of % m///w/‘///
J
</
ao | oo | am | om) i) = @
o/1) | (/1) Puc. 6.6. Astomar A28.

BhipaxkeHueM (6.23), a MaTpuua nepexonoB NMEPBOro mopsnka —
BeIpaxenueM (6.24).

12 3 4
170 00 (11 0 7
[428]=2| 0 0 (0/1)\/ (I/1) 0 . (6.23)
3| (1/0) 0 0 (0/1)
41 0 o0 0 omvam!

1 2 3 4
1T 0 my my 07
[428]=2| 0 0 my O |[. (6.24)
3| my; 0 0 m,
4l 0 0 0 myl

IMo (6.24) u (6.23) MoxHO mocrpoutsh TaGmuuy 6.3, B KOTOpOH
MepeyCIeHEl QP, @b, Q(la) u QY.

Tak kak nocienoBatenvHocTd Bxoa-Bmxox (0/1) u (1/1)
NOAB/AAIOTCA B IBYX pas3gUyHLIX CcTONOLAX- 3TOH .Tabauubl, na-
MATb aBToMara A28 Oynser npessiwath 1. Brrpaxenue (6.25)
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npencraBisieT coGOH MAaTPULy NEpPexoloB BTOPOrO MOpPsIKA I
asTomMata A28.

1 2 3 4
- 1 Ty 0 Tpollyy  Tyafly, |
[A28]2 =2 | mygmy; 0 0 T3Tlyy [ (6.25)
3 0 TaTe  Ta1Thy  TaeTly
4 0 0 0 T4y Ty |

ITo (6.25) u (6.23) moxHO noctpouts Tabmuuy 6.4, B kKoTOpo#
nepeuncaens QF, QF, QY u Q.
] Ta6auna 64
Muoxecrsa QY) man A28

o) o o o
(11 (1/0) [ (1/0)(0/0) | (0/0) (O/1) | (1/1)(0/1)
(071) (1/0) (70) (1/1)  (0/1) (0/1)

(1/0) (171) | (0/1) (1/1)
/1) (A1)

Asromar A28 n0/KeH MMeThb NaMATh 2, TaK KaK HUKaKad 1ocrie-
IOBATENILHOCTh BXOJ-BHIXOJ He MOfABIACTCA B JIBYX PaslMUHBIX
cronb6uax sto#t Tabmuunl. Ecam 6w aBTomar A28 He Owin aBTO-
MaTOM C KOHEYHOR mnaMaTbio, TO 3TOT (haKT OOGHapyxmiIcs Obl

U3 TaGaMubl, Nepevynucasouen Q((;l), 2, Q¥ u le).

6.5. MunnmaJapHas X-2-pyHKOHA

Ecan msBecTHa mamaTth [L KOHeuHoro astomara M, To aBToMar
MOMT OHTb OXapaKTepU30BaH ypaBHEHHEM BHIA

Zy=J(Xy Xy_1s +or Xyops Zyots Zyoge -0 on Zyoy)- (6.26)

®dyHKUMIO f, COOTBEeTCTBYMOILYIO BhIpaxeHuio (6.26), Oynem
HaseBaTh Xx-2Z-ghyHryuel asromara M. Yacro x-z-dyHKuusa
COLEPKUT LeNMBIHl PAl HeCYILeCTBEHHBIX TNEPEMEHHBIX U MOXeT
ObiTh CBeleHa K BULY

zv-—'—f(xV_ily xV_12, e o0y xv_iu, Zy- jl’ Zy— j2' ooy zv_jt')’
(6.27)
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rie 0i << ov <iu,vl<j1<j2< < jaal,=p
v (umm) j,=u. PyHKUUS [ HASHIBACTCA MUHUMAAbHOL X-2Z=
dyuryued M, ecnmu u - v—MHUHMMAJILHOE YUC/IO aPTryMEHTOB X
M 2Z;, HeoOXOJIUMBIX I/ BhIpaXeHU 2, KaK (QYHKLUUM BXOLHBIX
BO3MeHCcTBUH ¥ BHIXOIHHIX peakuuii B dopme (6.27). Takum
00pa3oM, MUHHMAanNbHAsA X-Z-QYHKUMA NONYydaeTca U3 x-2Z-(pyHK-
UMM MyTeM BHUEPKMBAHWS M3 NOCAeIHEH MaKCUManbHO BO3MOXK-
HOTO UYHCJa apryMeHToB X; M 2;. IloidydeHue MUHMMAJIbHOR
X-2-OyHKUUH, UTH MUAUMU3AYUA X-Z-QYHKUMY NPeCTaBJserT
WHTepeC IJs UeJOro psAia 3aiay aHaqu3a ¥ CcuHTe3a, Korja LJd
3a]aHHOTO KOHEYHOro aBTOMAaTa MeJaTelbHa Haubosee KOMMAKT-
Has ¢opma ero omucauus, T. e. dopma (6.27).

3ajnaya MUHUMH3AUUM X-Z-(QYHKUUM MOXKeT ObITb CHOpPMYIIH-
poBana OoJsee TOYHO Ha fA3blKE X-2-Tabauubl, obmas ¢opma
KOTOpO# mokasaHa B Tabmuine 6.5.

TaG6aunma 6.5
O6mwas ¢dopmMa x-z-TaGaHILbI
2y Xy—p| fv—p [ Xv—p+t|fv-pt+t]+ « | Xy_1| By—1| Xy
&
&
&

Tabnuna pasgeleHa Ha ¢ TPYnNn CTPOK, MO OXHOW rpymme IJjd
KaXIOTO BEIXOJHOTO CHMBOJIA B BHIXOZHOM andasute {{;, Lo ...
..., &1 aromata M ¢ n cocrosuuamu. [pymny crpok, oGo-
3HAYEHHYIO B CTO/0UE 2, CUMBOJOM L, OyleM HaswBaTh {y-2pyn-
noi. Crombubl  Xy_., Zy_p Xy_pits Zy—pins v Xyop
z,_1, X, sanonusiorca caenyiomuM obpasom. Ilycrs (§;/C,)
AB/AETCS Mapod BXON-BBEIXOJ, CBSA3AHHOX C AYTrO#, KOTOpAas Hauu-

naercs B cocrostumn 0y, u nycts (& /Ce ) (81, /Cr,) - - (BnfCr,) —
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TI0C/IeI0BATEILHOCTb BXOJ -BEIXOJ B MHOXECTBE Qf,f) (Taxue mnocrne-
IOBATENLHOCTH MOTYT OHTh NOMyueHsl W3 Tabmuus aas QUL

Q(2) . (k), MOCTPOEHHO! AJsl OMpeNesieHus L 1O  anro-

pUTMY 6 ). Torna NOC/IeNI0BATENLHOCT CHMBOJIOB &/ , Sk . &1,

Loy« oo Bty Lry & (SAMHMCAHHAR B TAKOM MOPAIKE) ABISETCH

crpoko#t L, rpynnel. Cienyst 3TuM NMpaBuiaM B OTHOLUEHHH BCEX 7
COCTOSIHUH#, MOX(HO 3alOJIHUTb BCe KJeTKH Tabauusl. Ecnu uucio

NoC/e10BaTeNbHOCTEH B Q’ PaBHO 7; M YHCJIO CUMBOJIOB BXOX-
HOI‘O angasuta paBHO P, TO UUCIO CTpOK B x-2-Tabmiue paBHO

p2r Takum o6pasoM x-z-Tabiauua dasigercd TabGIMUYHBIM

BocnpousaeaeHHeM X-2-QyHKUMH, B KOTOPOM 3HAYeHUs 2, Mep2-
YUCHAIOTCS I8 KAXIOTO M3 TeX YMOPALOYEHHBIX HAOOPOB 3Ha-

Ta6auna 6.6
x-z-Tabauua gaa A28

2y Xy—2 | Zy—2 -1 Zy—1 *y

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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ueHnit (2u—-1) mepeMenHbIX (Xy_p, Zyops Xy_pits Zypits oo
<++s Xy_1, 2y_1 X,), KOTODHE MOTYT BCTPETHTbCH B JaHHOM
apromare. Hanpumep, taGauua 6.6 sasiderca x-z-rabauuedt aB1o-
mata A28, noxkasawHoro Ha puc. 6.6.

M3 marpuurt (6.23) BunHo, uTo nmapa Bxox-Beixox (0/0) cBs-
8aHa C Jnyro#f, KoTopasd HauuHaerca B cocrosHuu 1. Ks ra6-

maup 6.4 BuaHO, uto MHOxectBo QY cocromT W3 mocienoBa-
TeabHocTelt Bxox-Beixon (1/1) (1/0) m (0/1) (1/0). Crenosa-
TeabHO, O-rpynma B x-z-TaGiauue IOJMKHA COLEPKATb CTPOKH
1,1,1,0,0 u 0,1,1,0,0. Ocranbubie ctpokd B Tabauue 6.6 3a-
MOJIHAIOTCA aHAJOTMYHBIM 00pa3oM. UToOnl 06JeryuTh Nociaelsyio-
llee M3JI0XKEeHUe MaTepuana, NPHUAALUM CTPOKaM H cToabuam
9TO# TaBauubl NMOPAIKOBHE HOMeEpA.

3alaua MUHNMHU3AUUH X-2Z-QYHKUHH HA S3BIKEe X-2Z-TaGJMLbl
MOXeT OBTb CHOPMYIMPOBaHA CIELYIOLMM OOpPa3OM: BBHIUEPK-
HYTb MaKCUMa/lbHOE YHCIAO0 CTOJAGUOB M3 TaOMUUBl TaK, YTOOH
HH OJlHA CTpOKa JMI060H OIHOW TpyNMNH He CTalna OLMHAKOBOH
HA C Kakoit crtpoko#t mo6o#t npyro#t rpynmel. ITycts croua6-
1laMH, KOTOphle OCTaJHCh IOC/Je TaKOrO BbIYEPKVBAHUSA, ABJAOTCA
Kyt vty oons Xyiys Zvejis Zvejpo o oos Zvej, . ITockonbky

U u 0043aTeNbHO SIBJAETCA MUHMMAJbHBIM YHCJIOM apryMeHTOB
¥ TMOCKOJMbKY HM ONMH YNOPSALOYeHHHH HaGop BHaveHu#t u - v
MEPEMEHHBIX He TOSBAAETCS B [IBYX pAasMuuHBIX G,-Tpymnmnax
X-2-TabJulpbl, MBl HMeeM:

z»v =f(xv_1l, va_[2, c e ey xv_.[u, ZV..jl, zv_jz, oy Zv_jw),
(6.28)

rie f — MUHEManbHas X-2-QyHKIHA.

Taxum 06pasoM, yToOH HAWTH MUHUMAJBHYIO X-Z-QYHKUHMIO,
MOXXHO BOCIIOJIb30BATHCH CHCLYIOLUIUM aJr0pPUTMOM.

Anropurwm 6.2, 3anana x-z-rabmuua aBromata M. UroOwl
OnpeleNuTh MUHUMANBHY0 X-2-pyHKuuio M : (1) TTonaraem s =1.
(2) Ina kaxno# xkomGuHauuu U3 £ cTonbLOB NpoBepseM, AejaeT
JM BHIYEPKUBAHHE OCTAIOLIMXCA CTOJOLOB CTPOKHM M3 pas/uy-
HelX C, rpynn omuHaxkosbiMu. (3) (a) Ecaum kawnaa xoMGuHAuus
IeNaeT CTPOKHM B PAB3JUUHBIX (,-TPynnax OAMHAKOBHIMH, TO yBe-
auyuBaeM £ Ha enuHuuy u BosBpawaemcsa x (2). (6) Ecam ectsb
KOMOUHALKMA, KOTOpas He jeNaeT CTPOKH B Pa3IHUUHBIX ,-rpym-
Nax OJMHaKOBLIMH, TO GepeM 3Ty KOMOMHALMIO, COOTBETCTBYIOLLYIO

15 A. Tunn
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croabuam Xyt Xvoig voes Xvoiys Zyojis Zvejy wees Zvoj,

MuHuManbHas x-2-QyHKUMS ompeleldercd BeipaxceHueM (6.28).
BuinosnHenue anroputMa 6.2 CTaHOBHTCS 3HaUUTENBHO MPOLIe,
eciu yuectb ciaenylomue gaxte: (1) Kaxnas paccMmatpuBaemas
KOMOMHAauus u3 A~ cronbuoB JOMKHA BKIIOYAaTh JUGO CTOJ-
Gew x,_,, 6o cronbew z,_,. (2) Ecan 18e ctpoku, npuxaiie-
’Rampe ABYM pAas3/MYHBIM §,-TpYMNMaM, OTIMYAIOTCS CHMBOJIAMH
B eIVHCTBEHHOM CTOJOlE, TO 3TOT CTOJNGel BKJ/IOYaeTCs B Kax-
Lyl paccMaTpuBaeMyI0 KOMOMHauuo us i cronbuos. (3) Crou-
6ell, KOTOPEHI COLEPKUT OAMH U TOT Ke CHMBOJ B KaXIOH CTPOKe,
He IOJ/oKEH BKJIOYATbCA HU B KaKYIO DaccMaTpuUBaeMYI0 KOMGH-
Hauyio U3 A cronbuoB. (4) JIBa OXMHAKOBHIX CTOJGUA BMeCTe He
IOJIKHEL BKJIIOYATHC HHM B KAaKylo paccMaTpHMBaeMy0 KOMOWHa-
LMo U3 £ CToJOuOB.
Hanpumep, B Tabnuue 6.6 MOXHO 3aMeTHTb, YTO CTPOKHM 3
u 18 pasnuuaiorca TOJbKO 3HAYEHHEM NepeMeHHoi B cToabue 2.
Crpoku 1 u 16 pasmuuaoTca TONbKO 3HAYEHHEM IepeMEeHHOR
B cronbue 4, crpoku 1 u 6 —Ttoabko B crosnbue 5. Cneno-
BaTe/bHO, MpM TNpuMeHeHMH amropurma 6.2 cronbum 2, 4 u 5
LOMKHE BKJ/IIOUaThC B MIOGYI0 paccMaTpUBaeMylo KOMOUHALHUIO
u3 h cronbuos. I[TpoBepka cTpok
Ta6auna 67 B stMx Tpex croabuax MOKa-
MuHuMaJbHasA x-z-TaGauua 3bIBAET, YTO HET TaKOH CTPOKH
Ans A28 B O-rpynmne, koropas Owna GHl
OJIMHAKOBOMH ¢ Kako#-mbo crpo-
zy | zy_s | 2y xy, ko#f B l-rpymme. Taxum obpa-
3oM, Anas aBTomara A28 MoxHO
3amucathb:

2y=F (Xy Zy_1, Zy_p). (6.29)

B srom BHIpaxeHMH UHUCIO ap-
TYMEHTOB MHHUMAaJbHO.

MunuManbHasg  x-2z-GyHKUUA
MoxeT OHTb TNpeNcTaBjeHa B
tabanyHo#t ¢opmMe mnyrTeM BHI-
YepKUBAHUA U3  X-2Z-TabJULEl
HafileHHBHIX 1O anroputMy 6.2 croa6uOB M OObEIMHEHUs BCeX
ONMHAKOBLIX CTPOK. [TonyuaemMas B peayJbrare Tab/auua Ha3bBaeT-
cl MUHUMAAbHOB Xx-zZ-mabGauyed. MuHnManbHag x-2-Tal-
auua aas apromara A28 nokasana B Ttabauue 6.7.

O
—O
-0

—
—_-—_—o 0o
—_—_—_—O OO
—_-O O O -




6.6) JIMHEVHBIE IBOWYHLIE ABTOMATBL 227

6.6. JluneiiHple gBOMUYHBIE aBTOMATHI!)

B sTtoM um chenyowmux nByx mnaparpadax Mb Oyrem u3y-
YaTh CHeuuajbHBIH KJacC aBTOMAaTOB C KOHeYHOH MaMaAThio, Ha-
BLIBAEMBIX AUHEHHbBIMU OBOUMHBLMU QBMOMAMAMUE, KOTOpHE
BC/IeNICTBHE CBOMX MHTEPECHBIX M MOJE3HBIX CBOHCTB OMNpPAaBABI-
BalOT MOBHILEHHOE BHUMAaHHE K HUM. B JMHeRHEIX NBOWYHEIX
aBTOMaTax BXOIHHIM M BHIXOXHBIM aidasurtamu aBiasiorcs {0,1}
U BHIXOL B moG6o#t 3amaHHbIf MOMEHT BpPEMEHH paBeH CyMMe MO
MOLYJI0 2 3HaueHUu# BHIOPAHHBIX BXONHEIX CHMBOJIOB B NpoO-
meamye MOMEHTH BpeMeHH (U, BO3MOXHO, B HACTOALIUH MOMEHT
BpPEMEeHM) U BBIXOIHBIX CHMBOJIOB B MpPOIUENIIHE MOMEHTHl Bpe-
mMenu, OG603HAUMB CHOMEHHE N0 MOAYMO 2 3HaKOM @, JuHeH-
HEI IBOMYHBIK aBTOMAT MOXHO OXapakTepH3oBaTh COOTHOIe-
HHEM

zv=f(xv-ll, x"'iz' ceey x”'iu’ Zv..jl, z""fz' ey zv_jv)=
=xv—il@xv—12@ <o @xv—lu@)zv—jl @zv—j2@ e ® Zv—j»
(6.30)

rie 0L << ... <iyn 1K/ 1< o< oo < ]
OcHo8HOe cocmosnue JNUHEKHOTO JBOWYHOTO  aBTOMAaTa
ompenenseTcs KaK COCTOsIHME aBTOMATa, B KOTOpPOM

xv—ll =xv-—l2= e = xv_lu:_: z”'jx ==

=zv_j2= oo =Z»v_jr’=0.

DyneM roBopuTb, YTO aBTOMAT HAXOIUTCA B roOKOe, eClid OH
HaXOJUTCA B OCHOBHOM COCTOSIHUM.

Teopema 6.2. ITycms M ecmv suneilinod 08ouuruLil
asmomam, HAXO00AWUICA 8 nokoe 8 MOmeHRm Bpemenu [,
u nycms 8 momenm ty, x asmomamy M npurxaradssaemcs
8X00HAS NOCLEO0BAMENLROCE Xy Xy ... X, T020a peaxyus

1) Matepnaa o JuHe#HOM IBOMYHOM aBTOMaTe Gasupyercd ua-
cTHiHO Ha paborax Xabdmena (D. A. Huffman, The synthesis
of Linear Sequential Coding Networks, «Information Theory»,

. 77 —95, Academic Press, Inc. Neu York, 1956. Pycckuii nepesox:
ﬁ? A. Xadodmen, Cunres JguHeHHHIX MHOTOTAKTHHIX KORUPYIOLIUX
cxeM. B c6bopuuxe nepesonoB «Teopus nepenauu coobmenuit», MJI,
M, 1957, D. A. Huffman, 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 wmomeum t, (k> 0) onpedessemcs 8wpadxceHuem
2y =CpoXo @ Cp1 X1 ® . . . @ CppXps (6.31)

20e rosagppuyuenmo. cp; pasus aubo 0, sudo 1.
Hoxazamesvcmso. Ilycts aBroMaT M wuMeeT mnamarb M.
Torna M Moxer OBITb OXapaKTepH30BaH YyPaBHEHUEM

2,=8x,®dx,_1®...®Ox,_,®
®e2y 1 D2, o@D ... Deu2,_,. (6.32)

rie kosdduunents 6, u ¢; npunuMaioT 3Hadenus 0 uau 1. Ecom M
HAXONUTCH B COCTOSIHUM IOKOS B MOMEHT £;, TO

X 4=X_g=...=X_ =2 1=2_y=...=2_,=0.(6.33)
CrnenoBartenbHoO,
20 - Goxo. (6.34)
drto paBeHCTBO nOKaswmiBaeT Teopemy aias k=0. ITonoxum,
yTo Teopema cmpasennusa mas kE=0, 1, ..., I. Torna

211 =00% 11 DX, ® ... OO %, 11 DEZDE2Z;_ 1D ...
s @2y = P TIRIOL A C IR OL N 7RO
@e1(c, 00Dy, 1 X1 @ - .. By X)) D
@&y (Cro1,0X0 D C1og, 1 %1 @D - BCpoy, 11X )D - ..
voe @8 (11, 050D €41, 1%1D - - D Coprg gy r1Xiopr1)-
(6.35)

Tak xak mo (6.33) Bce mepemeHHble X; C OTPHUATENbHBIMU HH-
nekcaMu paBHel 0, To (6.35) MOXHO 3amucaTh B BHIE

Z141= 0% @D ;XD ... O X, D 1%y, (6.36)

rie kKo3¢d¢uIMeHTH @; NpUHUMalOT 3HadeHus qaubo 0, mubo 1.
CrienoBaTeNIbHO, €C/IM TeopeMa cnpaBemauBa i k=0, 1, ..., [,
TO OHa JNO/KHA ObITb cnpaBenauBoft mia B==1I[-}1. Ilo uHRyK-
MM, TeopeMa cnpasennuBa Ans Bcex k> 0.

TeopeMa 6.2, B CYLHOCTH, YTBEpXIdeT, YTO BBHIXOIHAs
peaxuys JIUHERHOTO IBOMYHOTO ABTOMATa, HaXOJAILErocs B CO-
CTOSIHMM TIOKOS, MOeT ObiThb BblpaxeHa Kak JuHeHHag KOMOu-
Halus BXOJIHBIX BO3JAEACTBMH B HACTOAILMA M Npoluenlne Mo-
MeHTH Bpemenu. Ilycts E/E/ ...%;, —BXomHas mociexoBa-

TEJbHOCTb, NMPHUJIOKEHHAA K JABOWUYHOMY aBTOMATY M, naxozns-
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meMycsd B COCTOSHMM IIOKOS, M NYyCTh C}k ABJISIETCS BHIXOLHOH
peakuvelt aBromata M Ha BXOLHOe BO3JeHCTBHE g;k. Tornaa

i = Crobio® €81 @ + - @ Cpplpe (6.37)

Ananormuno mycte EjE7 ... E7, —BXOAHaA TOCHeNOBATE/b-

HOCTb, TNPHUJIONKEHHAd K aBTOMaTy M, HaxoJIsleMycs B COCTOS-
HUM TOKOS, U NYCThb C’}k—peakuua apromata M na §j,. Torna

" " 4 ”
78 = Crobi0 ® €81 @ - - - D €pp80. (6.38)
Tenepb paccMOTpUM BXOIHYIO MOC/IELOBATEJIbHOCTD (g;o ® g;’o

Ea®Ey) - (8, @ Eiz) MOMYUEHHYIO CHOKEHUEM 1O MOAYTO 2
COOTBETCTBYIOIUX CHMBOJIOB MpEIBIAYIUX IBYX MOCHELOBaTElb-
Hocreft. ITycte £, oGosnauaer peakumio asromata M Ha

(8 ®Ef,) Torza mmeenm:
Cip=Cro(Ci0®@E) D¢ B @END - @64, (51, @ &) =
= (Crobio @ a1 ®.v - @€ 1) D
@ (ki@ it @ - - Dyl =01, ®L7,.  (6.39)

ITosToMy JMHeHHBI# NBOWYHEI aBTOMAT, BBIBEILEHHBI M3 IOKOA,
NOJYMHAETCA TNPHHUUNY CYNepnosulUMM: BHIXOJHAsA peakuus Ha
cymMmy (O MOAYJIO 2) BXOLHBIX BO3AefcTBUMR paBHa cymme (1o
MOLYMO 2) BBIXOIHBIX peakuu# Ha OTLeNbHEIE BXOIHHIE BO3-
necTus.

Tenepb BBeneM onepamop 3adepxcku D, omnpenenseMbiit

TaK:
Dry=)’y—r' r=0,1,2, ..., (6.40)

rle y Moxer o0603HauaTh KaK X, Tak U 2. Bmecro DO Gynem
nucath /. B TepMunax omneparopos 3amepixku Bripaxenue (6.30)
MOXeT OBITb 3amUCaHO TaK:

[z=D''x®D"x® ... ®Dsx@®D'1z®D"22@ ... ® D’vz.

(6.41)
Mpubasnas D'1z@®D22@ ... @D’z (no Molymo 2) k obeum
yacTaM paseHcTBa (6.41), moayumm:

[2z&D/12@D"22@ ... @D/ve =D"'x®D"*x® ... ®D'ex,
(6.42)
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Hiau

(D)v®...0D:®D®)z=(0D"®... @ D@ D") .
(6.43)

XapaKTepUCTHKHA BXOM-BHIXOJ JUHEHHOTO NBOMYHOrO aBTOMara M
MOTYT OLITb BLIPAXEHEHI nepedamourbuii omuoulenuenm, 0603Ha-
yaeMblM ueped T (M):

D's@..eD"2¢ D"
D've...@ D2 @ DI

T(M= . (6.44)

Ecan 3anaHo mepenaToyHoe OTHOIIEHWE aBTOMaTa, TO GyHKuus f
B TOM BHIe, KaKk OHa npencraBieHa paBeHcTBOM (6.30), Bceraa
MOXeT ObITh OnpeleleHa BHINONHEHWEM B OOGDAaTHOM mOpsiKe
onepauuit, OMUCHIBAEMBIX ypaBHeHusaMu (6.41) — (6.44).

Us onpenenenus D u pasenctBa (6.41) cienyer, uto

Dz=D (D'x®D"x@ ... ®Dex@®D'1z®
- @D"z®...@Dvz). (6.45)

W3 (6.45) u cBoHcTBAa Cymepmosuuud CJAeLyeT, YTO eC/]d aB-
TOMAaT, XapaxkrepuayeMei paBeHcTBoM (6.41), Haxomurcs B CO-
CTOSIHMK TOKOos, TO o6e wacTu (6.41) MOryT OBITh YMHOMNEHH
6e3 HapylleHMs] PABEHCTBA HA NPOUBBOJbHBEIA MOMMHOM OT D:

DO*@D* 1@ ...@N2=D*®D*'®...®])
(Dllx@Dl2x@ ...@Dux@®D"1z@D22@... @Djvz).
(6.46)

CnenoBatenbHO, eC/ld 3aJaHHBIN JUHe#HBI! NBOUYHEIH aBToMaT M
HAXOOWTCA B Haya/lbHBIf MOMEHT BpEeMEHHU B COCTOSHHM MOKOS,
TO YHUCAUTENb M 3HAMEHATeJ b €ro MNepeiaTOYHOTO OTHOLIEeHWs
MOryT ObIThb YMHOMNEHBH HAa NpOM3BOJbHHE moauHoM or D. Kpo-
Me TOro, ecau M HaxonuTCs B HayaldbHBIHA MOMEHT BpeMEHH B
COCTOSIHUY TOKOSl M TOJUHOMBl YUC/AUTENS M 3HAMeHarens ero
NMepefaTOyHOrO0 OTHOWIEHUS colepxkaT OOWHMH MHOXHUTENb, TO
STOT OGIIMA MHOXKHUTENb MOxeT OHTh Ge3 yuepba cokpalieH.
Cokpaluenne 0oOIero MHOXUTENSd, KOTOPOE MOXeT ObThb BHINOJI-
HEHO C NOMOLIBI0 aaroputMa EBK/nna, NMOHMXKAeT MOPALOK MO-
JMHOMOB YHCJIUTeIs W 3HaMeHaTeJsds B NepelaTOYHOM OTHOLIe-
HUHM, TeM CAMBIM YNpOllas KaK aHaiu3, TdK M CHHTE3 paccMar-
pyYBaeMoro aBTOMaTa.
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Ilns npuMepa paccMoTpuM JMHeRHBIR IBOMYHEIH aBToMaT A29,
OmnpeneseHHb PaBeHCTBOM

2y =X, 10X, 3D X, s DX, DX, _; ®
@ Xy @2, D2, ¢®D2z,_; (6.47)
70Vl
2,12, @2, ®z,=
=Xy gD Xy DXy D Xy DXy 3®Xxy_y. (6.48)

IMosToMy meperaTouHoe oTHOWeHWe a1 A29 umeer BHA

D@ D"® D*@® D5@® D*@ D

T (429)= Do D6 Do

(6.49)

Ing Toro 4toGH ompelenuTh OOWIMA HAMGOJBIIMH IeIUTENb NO-
JIMHOMOB YHCJIMTEJNIA U 3HaMeHaTeJs, IPUMeHuM anroput EBkiuna,
3aMeHHMB BbIYMTAHHE NMO MOLYJIO 2 cloXeHHeM (M 3aMeTHB, YTO
D'®D"=0):
D
D'@DODOI | D BD DO D d D@ D
0 ki
D@ Dvg D* g D? DEDBDGT
ID7®D°@D‘@D’902
obmuii Hauboabwul geauteab > DA@ DD @I | DsPHDsQDDD?
D@D D QD?
0.

(6.50)

[Tocnenuu#t nenutenp (NMOKA3aHHBLIA CTPeNAKOH) aBigeTcs oOLIUM
HauGOJBIIMM nesuTeneM. [l TOro 4TOOB MOHM3UTH MepenaTou-
HOe OTHOIIEeHHMe, pa3lejdM ero YHCIUTeIb ¥ 3HAMEHaTedb HA
STOT AeJNUTe/Nb:

D@ D*® D

D'eD'@DelD’eD’ @ D@ D@ D@D (6.51)

DB@_D7@DS@D4

Do D‘®D*®D

D¢ @ D5 ® D3 ® D2

Di@® D*®D*@® D

Dse®D*®@D>® D

0.
D@1
D'eD@eDo®I!I|De@D @ DI (6.52)
D7®DG®D4®D3
DieaD’®oD®I
DieD*eoD®/

0.
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Mz (6.51) u (6.52) nonyuaem:
T (429) = (D'e D*@D)(D*® D*0D®N)__ D*®D?*@® D
DiehD*eD*@D®I) Dol
(6.53)
[Tosromy pabora aBromMara A29, HAXOLALIETrOCA B HayaJbHbIH
MOMEHT BPEMEHH B COCTOSHMM MOKOS, MOXeT ObiTb OXapakre-
pHsoBaHa BbIpaXX€HUAMHU

zv—3@zv=xv—4@xv—2®xv—l) (6.54)

zv=xv-l®xv—2@xv—4@zv—3' (6-55)
Hanpumep, ecamn A29 HaxoauTcs B HadyaldbHLIH MOMEHT BpeMeHH
B COCTOSHMH TOKOSl, TO ero BHIXOJHAasd peaKlus Ha BXOIHYIO
nocienoBareabhocts 100111001010 no pasenctBy (6.55) 6yner
011011010001. MoxHO 1erko NpOBEPUTh, HYTO 3T BBIXOIHAs
peakLys COBNalaeT C peakluelf, KOTOpas NMOJAy4aeTcss NMPH Inep-
BOHauaabHOM (6osee IJMHHOM) cooTHoumeHuu (6.47).

B obmeM ciyyae He BCe COCTOSIHMS JIMHE#HOTO JIBOMYHOrO
aBTOMaTa NOCTHXUMBI M3 ero OCHOBHOrO cocrosHus. Koraa us-
BECTHO, YTO aBTOMAT HAXOIMTCS B OCHOBHOM COCTOSHHMH, TO BCe
COCTOSIHUS, KOTOpble HEIOCTHXXMMBl M3 STOIO COCTOSIHMS, MO-
IyT He YYUTBIBATbCHA, 4YTO NMPUBOAMT K YNPOLIEHUIO MPENCTaB-
JleHUst 3alaHHOTO aBTOMaTa M, CJeNOBaTe]bHO, ero aHajusa.
Coxpauenue o6liuero JeauTenss B NepelaTOYHOM OTHOLICHHH aB-
TOMaTa COOTBETECTBYeT MMEHHO TaKOMY YNpOLUEHMIO. ABTOMAT,
NpPeICTaBJACHHHH COKPAllEHHBIM OTHOLIEHHeM, COIEePXUT BCe CO-
CTOSIHMA, JOCTH)XHMMble M3 OCHOBHOTO COCTOSHHS IepBOHavalb-
Horo asToMaTa. IIOCKOAbKY OOJIBIIMHCTBO JHMHEHHBIX NBOMYHBIX
aBTOMAaTOB, BCTPEYaIOIUXCA Ha NMpPaKTHKe, HMEIOT OCHOBHOE CO-
CTOSIHME B KauecTBE HAyaJbHOrO COCTOSIHMS, TAKOE COKpalleHue
B GOJILIIMHCTBE CJydyaeB ONpPAaBLAHO M KeNAaTeJbHO.

WU

6.7. BpemeHHasa xapakTepuCTHKA JUHEHHOTO
JBOMYHOTO aBTOMAaTa

C80600HYI0 BBLXO0HYIO NOCAE008QMEALHOCIG JHHEHHOTO
IBOMYHOTO aBTOMaTa M omnpelejuM KaK BHIXOIHYIO peakuuio M
Ha GeCKOHeYHyI0 BXOIHYI0 nocienosatembHocts 000... Hasosem
BHIXOIHYIO NOCJENOBAaTeNbHOCTb ABTOMAaTa nepuoourecikoli, eciu
BLIXOJHOH CHMBOJ B MOMEHT BPeMeHH [, SABJSETCA TaKuM Xe,
KaK M B MOMEHT £ ., NI BCeX V; O — NOJOXUTEJIbHOE KOHed-

HOe 1Ie0e YHC/IO — HasblBaeTcss nepuodoir cBoBOIHOH BHIXOX-
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HO# mnocnienoBaTenbHOCTH. EcaM BBHIXOLHAs peakuUuss MOCTOSHHA,
TO €e IepHoL paBeH 1.

Teopema 6.3. ITycms M— sunelinoili O08ouunblii as-
momam ¢ namameo W u z-namamsio W. Tozda c80600-
HQA BULXOOHAS NOCAe008QAMEAbHOCb CMAHEem nepuoouye-
CKOI He 6oseec 4Yem Hepe3 2”'+u—l CUMBORO8 U ¢e ne-
puood

pL 2" —1. (6.56)

Horasameavcmso. M MOxeT ObITb OXapaKTepH3oBaH pa-
BEHCTBOM

z2,=0ux, ®dx,_1® ... ®0uxy_w®
@12y 1 D82y @ ... O Zy_y, (6.57)
rae kospduuuentsr 8; u €; paBuer O uam 1. Tlonoxum, uto

Habmonenne cBOGOIHOM BBHIXOZHOH TMOCAEIOBATENLHOCTH HAuyM-
HaeTca B MOMeHT #;_,, rae W=max(u’, u”). Torma mas Bcex

v>1
z,=¢gz, @ez, @ ... ez, (6.58)

Torza He Gosee ueM uyepes |L CHMBOJIOB KaXHbih BHIXONHOH
CUMBOJ OyZeT OJIHO3HAYHO ONPENeNATbCS MPeIleCTBYIOIMUMA U
BHIXOIHBIMH cumBOsamu. CirleloBaTe/bHO, BHIXOIHAS IMOCHEN0Ba-
TeJBHOCTb CTAHOBUTCS NMEPUOLUYECKOH C NMEPHOAOM O, eCiu AAs
mo6oro v_>1 ynopamouenHsle HaGOpH 3HaueHu#t W' mnepemeH-

HBIX (Zy_1s 2y g0 « - Z,_ )8 (2, 14 Zy gy zv_u,ﬂ))
copnanaor. Tak Kak cymectsyer Bcero 2" Ha6opoB 3Hauennit '
nepeMeHHbIX, MOCAeHHH OTPE3OK NMMHOMK W' B BHIXOOHOM HOCIen0-
BATENLHOCTH 2.2, . .. Zyp, > 3 HMEHHO, AT U 22”'+ur’
IOomkeH OBITh TAaKUM Ke, KaK HeKOTOPH NpelllecTBYOLIMH
orpe3ok niauHO# W', CliefoBatenbHO, NMEPUOL HE MOXET MpeBhl-
wars 2% Tenepb NOMOXUM, YTO MNEPHOL TOYHO paBeH ¥,
Torza mocnenoBaTeNbHOCTb IOJXHA COXEPkKaTh OTPE3OK, KOTO-
puit cocrour u3 U’ Hyne#h. OpHako u3 (6.58) MOKHO BaKiO-
YuTh, YTO 3d TaKMM OTPESKOM [JOJMKHA CJefoBaThb GecKOHeuHas
NOC/IeN0BATENbHOCT, M3 HyJedf, mnepuol KoOTopo# paseH 1,

a ne 2", Tax Kax 510 NPOTUBOPEUNT NPEITNON0KEHNIO, TO MEPUOL,
He MOXEeT IPeBhIAaTh ¥ 1. [TepronnyHOCTL HauMHaeTCH
B HEKOTODHIH MOMeHT f,, Tle 1<v<2”’, H, CJlel0BaTelNbHO,
ne Gonee ueM uepes U2 — 1 cumBoMOB.
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BeckoHeyHas 4acTb BHIXOIHOM M0OCAE10BATENLHOCTH, IPOSIBISAIO-
11as NePUOINYECKHEe CBORCTBA, HABLIBACTCS NePUOOULECKOL 4aCmbio
BEIXOJHOH TOC/eNOBATEbHOCTH; OTpPaHMYEHHAas YacTb, KOTOpas
NpeauecTByeT NepHONMYECKOR YacTH, HA3HIBAETC MNepexonHOH
4acmsi0 BHIXOOHOW ToOCHenoBaTenbHOCTH. Ecam  HaGmionexune
8a CBOGONHOH BHIXOIHOM TNOC/TENOBATENbHOCTbIO HAYMHAETCH
B MOMEHT £, W eC/li aBTOMAT MMeeT NaMaATh W, TO KaK MepHoIH-
yecKas, TaK W NepexolHas 4acTH BHIXOXHOH NOC/e10BaTeNbHOCTH
3aBUCAT OT BHAYEHUH Xy 1, Xy gy --er Xyopy B Zy_ps Zyg - on

ey Z,v_u, KOTODbIE COCTAB/SIIOT Ha4aLbHble YCL08Uu ABTOMATA.

Ilycts p — nmepuod CBOGOIHOR BHIXOIHOR MOCJIENOBATEIbHOCTH
U NyCTb C,ilC,2 . C,ip—HPOMSBOJleaﬂ NOC/eI0BaTeNbHOCTb U3 P

CHUMBOJIOB, COJEpXKalasca B MNepHOINYECKoM 4YacTH BHIXOZHOM
Moc/eJ0BaTeIbHOCTH. Toria M3 JHOKasaTeldbCTBa TeopeMbl 6.3
CleLyeT, 4TO O MOAMOCHexoBaTeNbHOCTEH aamHbl W (rae B/ — z-
namsTh), HAYUHAIOLIUXCA C CHMBOJIOB Cil, Ciz, ey Cip, JIOJIXKHBL

ObITb pasanyHbIMU. Ecn p UMeeT MakcuMalbHOe 3HaYEHHE ¥ 1,
TO STH IOCAENOBATENLHOCTH COAEPKAT BCe W'-DPa3psiiHBIE IBOHY-
Hble YMCJa, 33 WCKJIOYeHHeM [’-paspsamsoro uucaa 00 ... 0.

Jna npuMepa paccMOTpUM JMHeRHBI#t NBOMYHBI/ aBTOMaT A30
C maMaThio 5 M C 2z-MaMaThlo 3, ONpenenseMbit ,paBEHCTBOM

2, =X, s®2,_1® 2,3 (6.59)

3anuck (6.60) nokaskiBaeT CBOGOIHYI0 BHIXOAHYIO NOCHEIOBa-
TeNbHOCTb 3TOTO aBTOMATa, HAYMHAsA C MOMEHTA f,, KOTJa Hauyajb-
HBIE YCAOBHUS X, s =X\ 4= X, 3=X, =2, 1 =10 X, _o==
=2, 3=2y,_p=0. & u & 0603Ha4a0T COOTBETCTBEHHO BXOI-
HYI0 ¥ BHIXOIHYIO NMocjenoBarenbHocTd. Kak BuoHO, AJMHA nepe-
XomHOH wacTm B 9TOM caydae pasHa 2. [lepuon pasen 7,
T. €. MaKCHMaJbHOMY 3HAYeHHI0 JJad 3aJaHHOH Z-mamartu
(28 — 1=17). HaunHast c Tperbero BHIXOIHOTO CHMBOJa, HMEETCH
ceMmb moamocaenoBarenbHocTet namne 3: 111, 110, 101, 010, 100,
001, 011, cocraBasOIMX BCe TpexpaspslHbie NBOMYHbIE YHC/a
3a uckmioyenneM 000.

& 11101 00 0000000 0000000 ...
Z%: 001 01 1110100 1110100 ... (6.60)
—— — [ —— N,
Hauanpueie Ilepexox- Ilepmon 1 Iepuoxn 2

ycJaosusa Had 4acThb
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IMTosenenue nMHEHHOro INBOMYHOTO aBTOMATa, HAYHHAIOILETO
paboTaTh M3 CBOEr0 OCHOBHOI'O COCTOSIHHS, YINOGHO XapakTepH-
80BaTh IOCPEICTBOM €ro UMNYAbCHOL Xapaxmepucmuxy. Vim-
NyJbCHAs XapaKTePHUCTHKA aBToMaTa M onpenensercs Kak BHIXOI-
Hasg peakuus aBroMmara M, HaXoAfILErocs B COCTOSIHUM TOKOS,
Ha GeCKOHeuHYI0 BXOJIHYI0 nmociejnosatenbHoctb 1000 ... Taxas
NOC/Ne0BATENbHOCTb HA3BIBASETCH UMRYAbCOM. FICHO, UYTO WM-
Ny7AbCHas XapaKTepPUCTHKA AaBTOMAaTa, HauyuHag C MOMeHTa f,,
ABJIleTCA TaKOR e, Kak M ero cBOOOAHAs BEIXOLHAA XapakTe-
PHCTHKA, HayWHas C MoMeHTa f,,; M INPH HAYaAbHEIX YCJO-
Buax x,==1, 2,=0 uau 1 W npud Bcex NpelINECTBYIOLUX
BXOIHBIX W/M BHIXONHHIX CUMBOJaxX, paBHhix 0. Toraa, mo Teo-
peme 6.3, cmenyer, uTO HMNY/AbCHas XapaKTePUCTHKA CTaHET

nepuonuyecko#t He Gomee uem uepes 2% - U cuMBOMOB, ThE U
ecTb namath, a W — z-namarb asromara M. Ilepuon ummysbc-
HOM XapaKTepUCTHKH He Mosxer mpesbiuath 2% — 1. Tak, Hanpu-
Mep, HMMynbCHasg Xxapaktepuctuka astoMata A30, B3anaHHOTO
pasenctsoM (6.59), mokasana B (6.61).

& 100 0000000 0000000 ...

&: 000 0011101 oo11101 ... (6.61)
e D — N——
lepexonuas Ileprox 1 Iepron 2
4acTh

BxomHyo mnocaenoBaTenbHOCTb, KoTopas saBiaserca 0 BO Bce
MOMEHTH BpEMEHH, 33 HCKNIOYeHHeM MOMeHTa £,, 0G03HaYMM
yepes P,. Buxoauyio peaxkuuio aBtromata Ha P, Oynaem o6o-
3HayaTh &,. &, ABNSETCS MMNY/IbCHOM XapaKTePUCTHKOH aBTO-
Mara, ecli UMIYJbC NMPUJIOxKeH B MOMeHT £, Bynem rosoputs, uTo
IOC/IeNOBATENbHOCT & SBISETCS CyMMOH moc/eloBaTenbHOCTeR
&, &y ..., &,, sanucoBaeMolt Kak & D& @D ... @&, ecn

CHUMBOJI TOCJE€N0BATENbHOCTH %’ B MOMEHT tv paBeH CyMmMe Mo

MOLYMO 2 CHMBOJOB NOCJeNOBAaTeNbHOCTER &, &g ..., &
B TOT xe caMbifi MomeHT £, Takum o6pasom, ecau & ecTb 0
BO BCE MOMEHTEl BPEMEHH, 33 WCKJIOYCHHEM f;, f;, ..., t,l,
TO BhipaxeHHe & MOxeT OHITb 3aNHCAaHO Tak:
ép:gil@@h@ oo @@ll. (6.62)

B cmay cBoMictBa Cynepnosuuuu, €cnM & NPHKAafbLIBAeTCH
K JMHeRHOMY NBOMYHOMY aBTOMATy M, HaXOnAlEMYCS B HauaJIbHbIH
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MOMEHT BPEMeHHM B COCTOSHHMM IIOKOS, TO BHIXOIHAas peaxuus M,
oGosHayaeMast uepes &, paBHa:

A=&, OH,® ... DL, (6.63)

[TosToMy BEHIXOZHAf peakLHs MOXKeT OHIThb NOJYYeHa CIOKEeHUEM
O MOAYJIO 2 MMNYJAbCHEIX XapaKTepUCTUK aBToMata M, Hauu-
HAIOUIUXCA C MOMEHTOB f;, f;, ..., #;. SlcHO, uTO ecim BXOA-

HOe BO30YIeHHe CTaHOBUTCH NePHOLUYECKHM IOCHe Or paHHYEH-
HOTO 4YHWCJIa CHMBOJIOB, TO TaKOH e CTAHOBUTCSI BHIXOIHAs
peakuus. Hanpumep, (6.64) nokaseiBaer peakuuio aBroMata A30
Ha IOCJeNOBATeNbHOCTb, KOTOPAas CTAaHOBUTCA MepPHOLUYECKOH
(c nepuozoM 1) mocse 4eThIpex CHMBOJOB:

&: 101100 0000000 0000000 ...

&;: 000001 1101001 1101001 ...

&5: 000000 0111010 0111010 ... (6.64)

%, 000000 0011101 0011101 ...

&: 000001 1001110 1001110 ...

[, [ L ——
IMepexonunas  Ilepuon 1 [Tepuox 2
4acTh

Kaxas mocnenoBaTenbHOCTh of M3 eIMHHIL M HYJXeH, KOTO-
pasi CTAaHOBMTCSl NMEePHOJMYECKON C NMepHojoM O Tocjie T CHMBO-
70B, MOxeT OBITb 3amucaHa B Qopme

B =R, ®Eps (6.65)

rie &; — GeckoHeuHas NOC/IeNOBATeNbHOCTb, KOTOpas CTaHO-
surca 000 ... He mosgHee ueM uepe3 T CHMBOJIOB; & p — Gec-
KOHeuHas IepHOLMYecKas NOCTIeLOBaTeNbHOCTb C MEePHOIOM P H
Ges nepexOnHOH yacTH. Hp M Jp HasbLIBAIOTCA COOTBETCTBEHHO
nepexo0rol cocmasssouyeli U nepuoduseckol cocmasgasio-
weti &. & p obpasyerca cienyomnm o6pasom. Ecimm v =1 kp,
rae 0 <Cn<p, 1 B — HeoTpHULATEIbHOE LIeJ0€ YUCJIO, TO BEYEPK-
HeM TepeXOlHYI0 4YacTh M NepBble 0 — 1] CUMBOJIOB U3 MepHOIH-
ueckoit yactn . Ilonyuennas B pesyibrare GeCKOHEYHas mocije-
LOBaTeNbHOCTb €CTh Fp. Hp TOrAA ONpeleNseTc PaBeHCTBOM:

0%7‘20%@%}:- . (6.66)
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Hanpumep, nas &£ us (6.64) monyuyaem:
&#p: 0011101 0011101 ...

e S——
[Mepuox 1 [Mepuon 2 (6.67)
&K 001111 00000000 ...
e
[Nepexoxnas
4acTb

JIerk0 MOXHO TPOBEPHTH, YTO MOCHENOBaTeNbHOCTH (6.67) yno-
BIeTBOpsieT paBeHCTBY (6.65).

6.8. Pacno3naBanmne JMHEHAHOro ABOMYHOrO aBTOMAaTa

Kax Gbi1o oTMeueHo B mpenlecTBYyIOlEeM napar pade, o 3anaH-
HOH HMNYJbCHOH XapaKTepPUCTHKE JHHEHHOrO NBOMYHOIO AaBTO-
Mara, JIerKO MOXHO OMNpelelMuTb peakuuio aBTOMaTa, HAXons-
WIErocd B HAayaabHBIf MOMEHT BPEMEHH B COCTOSIHAM IIOKOS,
Ha mo6oe BO36GYxIeHue. [109TOMY B3HaHMe MMIYJIbCHOM Xapax-
TEPUCTUKH NMO3BOJISET XapaKTepPU30BaTh JOOONK HEM3BECTHHIN aBTO-
MaT, HaxXOIAlMicda B HaualbHHI{ MOMEHT B COCTOSIHUM IOKOS.
B sToM maparpade Mbl YBUIMM, KaK MOXHO MOJYUYUTb X-Z-XapaK-
TEPUCTUKY IO UMIYJIbCHON xapakTepucTuke. ITonyuuB x-2-(pyHK-
LIMI0, MOXHO 3aTeM NOCTPOMTb XapaKTepUCTHYecKHe QYHKLUuH f,
¥ f, 3a1aHHOTO aBTOMATa TaK, KaK OMHCaHO B § 6.2.

PaccmoTpum NMUHeHHBIN, HAaXOISWMHACS B HAaYaAbHBIX MOMEHT
"BpPEeMEHH B COCTOSIHMM TIOKOA [IBOWYHHIR aBroMar M, mnepena-
TOYHO€ OTHOLIEHKHE KOTOPOro 3alaHO DaBEeHCTBOM

T(M)=In@Dn, @D, @ ... @Dt (6.68)

rae kosdouuuents 1, pasubl au6o 0, im6o 1. Torma mis asTo-
Mata M, Haxoglsulerocs B HayaJbHBIY MOMEHT BPEMEHH B COCTOS-
HUH TIOKOf,

2, =MXy D MXy 1 OMNXy_ g ® ... @NXy_yyq. (6.69)

[TpelnonoxuM Tenepb, 4TO GeCKOHeuHas BXOIHA IOCJENO0Ba-

teabHocth 1000 ... (1. e. umnyasc) npuknaneiBaetrca k M
B MmomeHT £, llpu sTOM MH noayumm x; =1, a x,=0 nasa
Bcex k #= 1. 13 (6.69) Torna umeem: z; =1, 2,=",, ..., Z;=1;

u 2,=0 nna Bcex k> /. [lo9TOMYy MMIy/bCHAA XapaKTepH-
CTHKa aBTOMaTa, XapaKTepu3yeMoro paBeHCTBOM (6.68), ompe-
zensiowum T (M), umeer Bux 1M1, ... 1,000 ... Hao6opor,
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€C/M dBTOMAT UMeeT WUMIYJbCHYI0O XapaKTePUCTHKY MMy ...
... mM000 ..., To oH MOxeT OHTb OXapaKTepU3OBaH Mepela-
TOYHBIM OoTHOWeHueM T (M), koTopoe 3a1aHo BhipaxcenueM (6.68).
[Monyuennsift pesynbTaT IHaeT BO3MOXHOCTb HaiiTH mepena-
TOYHOE OTHOLIEHHe aBTOMATa, 3aJdHHOTO NPOM3BOJBHON MMIY/bC-
Ho#t xapakTepuctukoit. Kak 6bls10 ycranosneHo B § 6.7, umnyiisc-
Hasd XapaKTePUCTHKA Jf JUHEHHOTO IBOMYHOTO ABTOMATd MOXET
ObiTh BhHIpaX(eHAa KaK CyMMa IepeXxOJHOH M mepHOIMYecKO# co-
cTaBnAoUMX &y U Zp COOTBETCTBEHHO.
ITycts
Hr=1060,...0.000..., (6.70)

Fp==818 ... E,E €y 0. Ep . (6.71)

ABroMar, KOTOpHIf peanusdyeT Fp, HMeeT NepelaTOYHOE OTHO-
IueHue

Tr=1I1,®D%® ... ®D"8.. (6.72)

ABrtoMar, KOTOpH#t peanusyer Fp, HMeeT NepelaTOyHOe OTHO-
IeHne:

Tp=1Ie,®De,® ... ®D" e, ®
@ D% @D 'e,® ... ®D* e, ®
®D¥,® D" e, ® ... ®D* e, ®
® ...
=(/e;®De,® ... @D e )| @D’ ®D*® ...)=

-1 1
=([81®DB2® ces @Dp ED)W.

(6.73)

MpuknmMas BO BHHMAaHWe CBOHCTBO Cyneprnosuuud, asromar M,
KOTODBIft peauayeT UMIYJIbCHYIO XapakTepUCTHKY & = #r @ & p,
nMeeT NepelaTOYHOe OTHOLIEHHe

T(M=T;®Tp=15,®D5,® ... ®D"8,®
Ie, ® De, ® ... @Dp"lsp
DPo I

. (6.74)

Bripaxenne T (M) moxeT ObITb 3aNHCAHO KAK OTHOLUEHME IBYX
nomiHoMoB OT D, y KOTOPHIX MOXeTr ObITb COKpaiueH o6mui
Ienutenb, Kak Obo o6bscHeno B § 6.6, Takum oGpasowm,
N0 UMIYJAbCHOM XapakTepHCTHKe aBToMata M Bcerma MOXer
6LITb ONpele/NeHO ero IepelaToyHOe oOTHOueHue. [locTpoeHue
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X-2-QYHKUMH N0 NepelaTOYHOMY OTHOIIEHHIO U XapaKTepHCTH-
yecKuX QyHKuMit f, u f, N0 X-z-OYyHKIUMM £B/ISeTCH NPOCTOH
3anaueH.

B kavectBe npuMepa NpPENNOJOXKHM, YTO JHHEHHBIX NBOMY-
Hbiff aBTOMar A31 BHIAeT UMNYJAbCHYIO XapaKTepHUCTHKY

& =111011101001110100111 ... (6.75)
CurenoBartesbHoO,
#p=010011101001110100111 ..., (6.76)
& =101000000000000000000 ... (6.77)
Io (6.72), (6.73) u (6.74) nonyuaem:
Tr=1I1+4D? (6.78)
Tp=(D®D*® D5 ® D) D%,, (6.79)
D@ D*® D@ Db —

— 2
TAY=I®D*® D el
_DoD'oD'@D'@D‘@D*@D@®!
= D oj
[Tpumenenne amroputMa Eskiauna k (6.80) mnokasbiBaer, 4TO

MOMIMHOMEl YUCJIMTENss W 3HAMeHaTelds WMelT oOIu# IenuTens
D*@®D*@D@I) u uto T (A31) Moxer ObITb 3aMMCAHO B BULE

T3y —=_PeDeDe (D)) Dsel

D*eoeD:eDol(DP’eoDe®l)  D3@eDoIl*
~ (6.81)
AptoMar A31, Haxozswui#cs B HavyalbHBIf MOMEHT BpeMeHH
B COCTOSIHMH NOKOSl, MOTOMY XapaKTepu3yeTcsi PaBeHCTBOM
2, =%, D x,_sD2y_1 D 2,_s (6.82)
MoOXHO Jerko NpoBepUTb, YTO aBTOMAT, onperenseMbift (6.82),
IeHCTBUTENbHO 06JafaeT WMIYJIbCHOM XapakTepucTHkoit (6.75).
Cnenyer oTMeTuTb, YTO PAaCNO3HABAHHE JTMHEHHOrO XBOMYHOIO
aBTOMaTa IIOCPEeNCTBOM ero MMIYJbCHOH XapaKTepUCTHKH, Kak
ONMKMCAHO BHIILE, 3aBUCHT OT CNOCOOGHOCTH MCCIENOBATENS Bhblle-
JUTb NeEePeXONHYI0 M IepPUOIMYECKYI0 YaCTH BBHIXOJIHOH peakluH
nocje KOHEeYHOro yucia HabmoJaeMbiXx CHMBOJIOB. JTa crnoco6-
HOCTb, B CBOIO O4Yepellb, TpPeGyeT NpelBapPUTENLHOIO BHAHUA MaK-
CUMaNbHOM HAMATH aBTOMATa, YTO IO3BOJIAET ONPENETUTh BEPXHIOI
FPaHULy NJMHEl MepexoiHO# yacTd M mepuok (cM. Teopemy 6.3).
C Ipyro#f CTOpOHB, [OCTATOYHO B3HATb MAKCHMaJIbHOE YHCJIO

. (6.80)
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cocrofinult B aBTOMaTe, 4TOGH MO TeopeMe 6.1 onpeleiuTb Mak-
CHMa/bHYI0 NaMaTh. 3aMeTHM TaKxe, 4YTO HYHCJO COCTOSIHUH 7
B JIMHEHHOM IBOMYHOM aBTOMaTe C MaMATbIO [ HE MOXET Ipe-
Boimars 4", T105TOMY 3HaHWe | SKBHBAJEHTHO 3HAHHIO BepXHeh
TPaHULB JJS1 7, YTO MOXHO OBIIO MpPeLNoJaraTh BBULY TeO-
peMer 5.2,

6.9. He 3aBucsamue OT BBHIX0Ja aBTOMATHI

ABTOMAT C KOHEYHOH NMaMATbIO, B KOTOPOM Z-NaMiTbh paBHa 0,
Ha3bIBAETCA He 3QB8UCAUUM OMm 86lx00a asmomamom. Takoro
THNA aBTOMAaT OIpelNessfeTcs COOTHOILIEHHEM

zvzf(xvs xv—l» ceey x\’—ﬂ')’ (6.83)

rie moOol W3 apryMeHTOB MOxeT GbITb HecyllecTBeHHbIM. He 3a-
BHCSIILIME OT BHIXOJA aBTOMAThl, COCTABJSAOLIME MOIKIACC KJacca
4BTOMATOB C KOHEYHOH maMsiTbio, NpPOSIBASIOT BCe CBOMCTBA, MO-
JyueHHBle PaHee I/ KJacca aBTOMaTOB C KOHEYHOH NaMATbIO.
B uwactHocTH, u3 nemMbl 6.1 umeem:

Teopema 6.4. B MUHUMQALHOM He 3Q8UCAULeM OM Bbl-
xo00a asmomame ¢ NAMAMbIO U

Sy =8 (Xy_1s Xy_gs =+ or Xy_p) (6.84)

3HAYUT, COCTOSHME He B3aBHCALIEro OT BHIXOAA AaBTOMATa
IIOJHOCTBIO ONPeJiesisieTcsl BXOAHO! NOC/Ie 0BaTeIbHOCTbIO A/IUHH! |4,
H, C/IeJ0BATENbHO, TAKOK aBTOMAT MOMKET HENOCPENCTBEHHO YIPaB-
JATHCS MCTOYHHKOM BXOLHOro B036yxuIenus. Ecmu B aBromate M

Ui=g(§jl’ gjz’ cees %I-u), (6.85)

TO Bce, 4T0 Tpebyercs, uroObl mnepeBecTH aBToMatr M B cOCTOS-
HHE O, —9TO N0JaTh BXOJHYI0 0C/Ie]0BaTENLHOCTD gjlgjz . gju.
Tax Kak TaKas NOCNeNOBATENbHOCTb MOXeT GBITb MOJAaHA Ha aB-
TOMAT, HaxXOIAWMHCA B MOGOM COCTOSHHH, TO M3 STOTO CJELYyeT,
4T0 MI060e COCTOSHHE B He B3aBHUCHLUEM OT BLIXOLA aBTOMare
MOxeT OBITb IOCTUTHYTO M3 JI060ro APYroro COCTOSHHS, a 3TO
3HAYMT, YTO He 3aBUCHALIMA OT BEHIXOLA ABTOMAT JKBHBAaJEHTEH
CUJIbHOCBSIBHOMY aBTOMATY.

[TycTs 3anaH He 3aBUCAWMH OT BhIXOHa aBromar M c ma-
MATBIO W M BXOZHEM andasurom (&), &y, ..., §,); x-z-dyHK-

uua (6.83) aBromaTa M Bcerja Moxer OHIThb IOJyYeHa MOxauedt
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Ha BXOJ aBTOMara MOC/eNOBAaTeNbHO BCeX p!' BO3MOXKHBIX MO-
clieloBaTe/bHOCTe g}. gj ce §j . ITocue onpenesnenys x-2-¢pyHK-
1 /2 w

UMM MOXeT OBITb mocTpoeHa Tabmuua (WK rpag, WIn MaTpuua)
nepexonos astoMata M. Takum o006pasoM, He 3aBHUCAWHUH OT
BHIX0OJa aBTOMAaT C OMpeJeNeHHOH NMaMaATbl0 M BXOLHBIM ajidaBu-
TOM BCeria MOXeT ObITh PaclO3HaH C MOMOIIBIO MPOCTOTO 3a-
panee O6e3yCJOBHOIO SKCNEpPUMEeHTAa. 3aMeTHM, YTO BHIXOLHOH
andaBuT He HYXeH I/ 3alaHKS SKCNEPUMEHTa, U, C/EeLOBATE/bHO,
0 3KCMEepHMEHTa pacno3HaBaeMbi aBTOMaT NpuHanjIexur Gec-
KOHEYHOMY KJaaccy aBtoMartoB. OJHAKO, Tak KaK KaxIb# He 3a-
BUCALINHA OT BHIXOJA ABTOMAT SIBJSIETCS CUIABHOCBS3HBIM, TO 3TOT
K/IacC ABJIAETCS MCKJIOYHTEJNbHBIM U YIOBJIETBOPSET YCJIOBHIO
PasanuMMOCTH MO TeopeMe 5.3.

ITocnenoBaTenbHOCTb, KOTOpas COLEPKUT BCe pY BO3MOXKHbLIE
MOANOC/IeL0BATENbHOCTH gj’ §j2... gl.u U3 U CHUMBOJIOB, Hasbl-

Baerca (p, W)-nocaedosamesvrocmoio. CaMmas kopotkas (p, W)-
MOC/IEN0BATE/IbHOCTb SIBJISIETCSl MOC/eN0BaTe/NbHOCTbIO, B KOTOPO#H
KaxcIbii CUMBOJI, 32 WCKJ/IOYeHMeM MNOcJAeIHUX L — 1 CHMBOJOB,
HAYUHAET DPA3JIMYHYI0 MOIMOC/AeNOBaTeNbHOCTh MMHOH WM. Takas
NOC/IeN0BaTeNbHOCT, IJMHA KOTOpO# o6sa3arenbHo pt—-p—1,
HasBIBaeTCAd KoMnaKmHuoli (p, W)-nocaedosamesbHoCmbIo0.
Cnenyomnit Meton, koTophifi Gyner IaH Ges3 10Ka3aTelbCTB,
MOXeT ObITb HCMOJ/Ib30BaH 1/ MOCTPOEHHS KOMIAKTHHIX (p, [L)-10-
ClienoBaTeIbHOCTER [/ KaXIOro samaHHoro p u ub).
Anropurwm 6.3. Hag Toro 4ro6h MOCTPOUTh KOMIIAKTHYIO
(p, W)-noC/NenoBaTeNLHOCTb JIS He 3aBHCALIErO0 OT BHIXOAA aB-
TOMaTa C NaMartbio | B BXOIHHIM andasutoM (&g, &y ..., Ep),
HYXHO npousBect# ciaenyiowue onepauuu: (1) Iycts §j1 = §j2=

=...=§, = . Tlonaraem k=p—+1. (2) Paccmarpusas
n

BXOIHOH a/ihaBUT KaK yMOpPSAOYEHHOe MHOXKeCTBO (§; — IepBbIi
cumosI, & —BTOpO# cumBOd, ..., §,— p-#i cuMBOM), NONa-

raeM, uTO CUMBON £, HMeeT HAWMEHbIIMH MHAEKC, TaK YTO NOA-
k

MOC/IeI0BATe/NLHOCTD § §; W8 j, HHTIIE HE CONEPXKNATCA
7 k—p+1 ' k—p+2 k

. (3) (@) Eciu B < p*—+4
-1

B IOC/IeOBATENbHOCTH & jlgj2 o & T

1) Meron mpennoxen Jlunnesom u dumreitnom (B. Lippel and
I.J. Epstein, A Method for Obtaining Complete Digital Coding
Chains, IRE Trans., vol. EC-6, p. 121, 1957).

16 A. l'uan
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—u — 1, To yBenuuuBaeM k& Ha 1 u Bo3BpauaeMca kK (2). (6) Ecau
k=p*+pn—1, 10 §j §j cee gl.k ABJgeTCAd KOMNaKkTHOH (p, IU)-
172

NOCJIeJ0BATEIBHOCTHIO.

B xauyectBe npumepa (6.86) mnokaseiBaeT IOCTpPOEHHE KOM-
nakTHO# (3,3)-mocnenoBaTeNbHOCTH IJs He 3aBHUCALErO0 OT BhI-
X0Za aBTOMara C MNaMAThI0O 3 M BXOAHHIM andaButoM (C, B, V).
ITocnenoBaTesbHBle CTPOKM MOKAa3bIBAIOT MOJINOCHELOBATENLHOCTH
nuHbl 3 (MmeeTcss 27 Takux MOANOC/IenoBaTenbHOcTedt). Iociex-
HA9 CTPOKAa IOKAa3bIBAeT CYMMAapHYIO NMOC/IeL0BaTe/NbHOCTD, AJMHA
koropo#t 3% +3 —1=29,

YYY
Yyoa
yaa
oo
oaoap
apfa
poa
aay
aya
yap
afp
ppoa
pop
apy (6.86)
pyoa
yay
ayp
Yypa
pay
Yy
yve
YBB
BpB
[ Y
Byp
YyBYy
Byy

yyvoeoaafaoavyaBpapyaypayypppyByY

[TocsenoBareIbHOCTH, TOJydeHHBle no aiaroputmy 6.3, 06-
AajaeT caenywowuM csoficteom. Ecam nepseie  p¥ CHMMBOJIOB
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pasMecTuTb 1O OKDPYXKHOCTH, TO KaxAas IOCJIeLOBaTeNbHOCTD,
MOCTPOEHHAA CYMTHIBaHUeM pW - P — 1 mocnenoBaTeNbHBIX CHUM-
BOJIOB, 00pa3yeT KOMIAKTHYI (p, W)-NOCNeNOBaTeNbHOCTh (He-
34BHCHMO OT HAya/bHOTO CHMBOJA M HE3aBHCHMO OT TOrO, CYH-
THIBAIOTCA CHMBOJIBI 110 4YacoBOH cTpenke uau mnpotus). Ilo-
CKOJIbKY TOCJeNOBaTeJbHOCTH, TOCTDOeHHHE MyTeM BHGOpa
Pa3/MYHLIX HayaJbHBIX CHMBOJIOB Ha OKPYXHOCTH (HO MpPOLOJ-
KAIOLIMeCd B OIHOM M TOM e HanpaB/eHuHu), 063aTe/bHO pas-
JMYHBL, TO KaXJoe NMpHUMeHeHHe aiaroputva 6.3 Moxer xaTh pyu
PasnuuHbIX KOMNAKTHEIX (P, W)-TiocAen0BaTenbroCTel. Yucno W, |,

P&3/IMYHBIX KOMMAaKTHRIX (p, W)-MOchenoBaTelbHOCTEH Jnaetcdl)
BEIPAXEHUEM

W= (p)" . (6.87)

B sakmoueHne npuseleM CIeLYIOUYI0 TEOPEMY.

Teopema 6.5. He 3sasucawuii om swxoda asmomam
C U3BeCMHOL namamvio L & BXOOHWM QAHABUMOM MOU-
Hocmu p 8cezda moscem Ovimo

pacno3wan  npocmuim  Gesy- Ta6anna 361

CAOBHYIM IKCHEPUMEHRMOM OAl-

Ho I, 20e %y Sy+1
I<Kpr+pn—1. (6.88) x,

3agaun v ¢ g ¢ P

[ 6.1. Kakue u3 cucrteM, omucaH- 1 1 1 1 9
HEIX B 3ajavax 1.2—1.9, npencras- 2 0 0 3 5
JSI0T CHCTEMBl C KOHEYHOH NaMAThIO? 3 1 1 1
IpencraBbTe B BHIE X-Z-TaGJHubl
(GyHKIUM TEX cHCTEM, KOTOpHE HMe-
I0T KOHEYHYI0 IaMSTh.

6.2, IToxkaxwuTe, 470 aBTOMAT C HYJIECBOH NAMATHIO SABJASETCS TPH-
BHAJbHBIM 2BTOMATOM.

6.3. IlocTpoiite Ta6auuy mepexofoB (B MHHHMaabHOH dopme) Aast
aBToMaTta C KOHEYHOH NaMsATblo, BXOXHOH M BHIXONHOH andaBUT KOTO-
poro {0, 111 H KOTOPHIH XapaKTePU3yeTcs PABEHCTBOM 2y = Xy_g X Zy_1.

6.4. ABromat, onpeneneHHbH Tabaune#i 3 6.1, uMmeer mamsaTh .
(a) Haiinure BepxHiolo rpanuny K. (6) Omnpeneaute p.

6.5. Jlns aBTOMata, MOkasaHHOro Ha puc. 3 6.1: (a) onpeneaurte ma-
MATb; (6) mOCTPOiiTe MHHHUMAJbHYIO X-2-TaGJauuy.

') drtor pesyabrar noayueH BaH AaprenHoM-dpendectoM
ne Bpioumnom (T. van Aardenne-Ehrenfest and N. G. de
Bruijn, Circuits and Trees in Oriented Linear Graphs, Simon
Stevin, vol. 28, pp. 203—217, 1950—1951.)

16*
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6.6. MMoxaxure, 4TO MaMATh MUHHMAJBHOTO (7, p, ¢)-aBTOMATa C KO-
HeuHOH maMsiThbio He MoxeT 6niTh Goanmre, ueM (log n)/(log pq).

6.7. MsBectHo, uTo aBToMaT M HMeeT p BXOIHBIX CHMBOJOB, N CO-
cTosiHH# M maMaTh Q. Hafimure HUXKHIOO rpaHHLY MOIMHOCTH BBIXOLHOIO
axdanura.

6.8. Ilokaxure, 4TO AaMHA 3aJAHHOTO YCTAaHOBOUHOrO SKCIEPUMEHTA
JUIl aBTOMATa C NMaMsThI0 | HE NPEBBILAET |i

Puc. 36.1.

6.9. JluneHHbIfl IBOMYHBIA aBTOMAaT A ONpeRe/seTcs COOTHOIIEHHEM
Zy =Xy @ Xy-1 @ Zy_i.

(a) CoctaBbTe IMarpaMMy HepexOlOB MHHHMAJbHOrO aBToMaTa A
M ompejlienuTe OCHOBHOe coctosiHue. (6) Halinure mepemarouHoe oTHo-
LIeHue aBTOMAaTa A M YOPOCTHTE €ro COKpauieHueM ofmero AenuTels
IMONMHOMOB UHCJAHTEJs W 3HaMeHarteas. (B) [lokaxwure, uTO aBTOMAT A4,
HaxXONAIMHCA B HAavYaJbHBIf MOMEHT BPEMEHH B COCTOSIHHH IIOKOS,
MOXHO OIIHCaTh COOTHOIUIEHHEM 2, = X, D 2y_;. (r) CocraBbTe Aua-
rpaMMy IIE€PEXOJ0B NPEJCTaBIEHHOrO B NYHKTE (B) aBTOMata A, Haxo-
JIAMErocsl B HAayaabHBIH MOMEHT BPEMEHH B COCTOSHHM MOKOS. ¥ 1OCTO-
BepbTeCh, UYTO 3TOT aBTOMAT COCTABJSET MHOXECTBO COCTOSIHHI
aBToMata A, KOTOpBIE NOCTHXHUMBI H3 OCHOBHOTO cocTosHH#A. (X) Haii-
JuTe BHIXOIHYIO DeakIHi aBToMara A, HaxoIAImerocs B HayaJbHbIH
MOMEHT BPEMEHH B COCTOSHHH IIOKOSl, Ha BXOJHYI0 MOCAEIOBAaTENb-
Hocth 101100011100. .

6.10. Jlunefinblfi NBOMYHBIE aBTOMAT ONpPENENSETCH BHIPaXEHHEM

Zy=Xy DXy 1@ ... DXy D2y 1 D 2y_2®D ... @ 2Zy_.

Toxkaxute, YTO aBTOMAT, HaYMHAIOLIHH PaGOTy H3 CBOEr0 OCHOBHOIO
COCTOSIHHS, ABASIETCH TPHBHAJIbHBIM aBTOMAaTOM.

6.11. (a) [Mokaxure, utro D @ [ aBasercsa neaureneM D” @ I nas
ao6oro r > 1. (6) INoxaxute, uto Jio6oH moauHoM oT D mo Momyso 2
C UEeTHBIM uKMCJOM 4ieHOB umeeT jeauteab D @ I. (B) Ilokawxwure, 4to

2
p""eDp"g..0D*=(D1e D @...® D'F

6.12, ITano
Do D@ Di@®D'"®D
DieD*eD*@DoI ’

T (M)=

Hafinure x-z-¢ynkuuo nas asromMata M, Haxomsiierocs B HauaabHbIH
MOMEHT BPEMEHHU B COCTOSIHHH IIOKOf.
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6.13. Ilano )
D'v@ D'u-1g ... @ D"

T =5 7
D'v@ D ®...9D

rie Iy >i, 1> ...>i U jp> jyp—1> ... > Jji. (a) Tokaxure, yro
T (M) xapakTepuayeT JMHEHHBIH JBOMYHBIH aBTOMAaT, TOJbKO e€cJu
Ji1<i,. (6) IToxawxmure, urto ecaum i; = j; =0, TO CymecTByer aBTO-
mat M~!, taxoi, uto T (M)T(M~1)=1 (r.e. ecnu M u M~ co-
eIUHEHB! B KaCKajl, TO BXOA M BHIXOI OGbEIMHEHHOrO aBTOMara ONH-
HakoBbl B J1060# MoMeHT BpeMenu)'). (B) Ompenennre x-z-QyHxuuio

aBromata M~!, ecin M ompenensercs BHpaxeHHEM

Zy=Xy @D Xy_1 @ Xy_2@ Xy_y D 2y_1 @ 2y_3.

6.14. ITokaxure, 4TO mepuon CBOGOIHOM BHIXOTHOH MOC.IEN0BaTEMb-
HOCTH JMHEHHOrO JBOWUYHOrO aBTOMAaTa, UMeKINero 4 CocTosnus, He MO-
WeT mnpeBHImaTth 63.

6.15. Ha snunedinniit nBowuHelit aBroMar M ¢ mamsaTtbio | mojaercs
EXOJHas IOCJEeJIOBaTeNbHOCTh IEpHoja po. [loKaxwure, YTO BHIXOAHAS
peakuus CTaHeT HEepHOJHUYECKOH mnocle KOHEYHOro YHCJaa CHMBOJIOB H
yTO ee mepuon He Gyner mpesbimath P (2% —1).

6.16. VMnyabcHas XxapaKTePHCTHKA JHHEHHOrO JBOMYHOrO aBTOMATa,
u3 cocrostHus nokos, ects 1011001001001 ... Haiinure BHIXOZHYIO peak-
IMI0 aBTOMAaTa, M3 COCTOSHHS NMOKOS, HAa BXOJHEIE NMOCJAEIOBATEJIbHOCTH:
(a) 110101000000000 ..., (6) 101101101101101 ... Pa3s6eiite pesyabTH-
PYIOLIYI0 BBIXOJHYI0O PeakKIui0 Ha IEPeXONHYI0 H IEepPHOIUUYEcKyl CO-
CTaBJII0IHE.

6.17. iMnyabcHas XxapaKTePHCTHKA JHHEHHOTO JBOMYHOIO aBTOMara,
HaXOJSIIErocss B COCTOSHHM IOKOSI, €CThb

101010011101001110100111010011 ...

Omnpejnenure x-2-QYHKIHIO 3TOTO aBTOMArTa.
6.18. Jlune#inbli JBOMYHBIH aBTOMAaT ONpENENsieTCs BhIPaMEHHEM

Zy=Xy @ Xy 1 D Xy @ 2y_2 D 2y_3.

HauanbHble YCIOBHS B MOMEHT £yt Xy_| = Xy_p = Xoy_g=Zy_|=2Zy_g=
= 2,_3= 1. TlocTpoiiTe moc.iexoBaTebHOCTb, KOTOpas, OYAy4H IHpH-
JIOXEHHOH K aBTOMATy B MOMEHT BDEMEHH f., JaeT MOCTOSHHBIH BBIXOJ,
paBubiii 0.

6.19. M3BecTHO, 4TO He 3aBHUCSAIIUH OT BHIXOJAa aBTOMAT HMEET MNa-
MaThb 5 u BxoaHOH aadasutr {0, 1}. INocrpofite cambii KOpOTKHI Ges-
YCHOBHBIH SKCIIEPHMEHT IS PAacnoO3HABAHHA ABTOMATa.

6.20. V3BecTHO, uTO 3ajaHHBIH aBTOMAT M ABAsIETCA HE 3aBHUCSILUM
or Bhixoja (n, p, g)-aBromatoM. [lokaxure, uto M Mmoxer OHITh

1) Kak asromatr M, tak u aBromaT M~! aBasioTcs aBToMaTaMu
6es morepu uHdopmanuu (cM. § 5.8).
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pPacno3HaH ¢ IIOMOIIbI0 MPOCTOro 663yCJIOBHOI‘0 9KCIEePUMEHTA JAJUHbI I,
rie

l<p”(”'l)/2+%n2——21—n -1

6.21. ITocTpolire aBTOMAaT C ABYMS COCTOSHHSMH, OTBEUAIOIIUH Cae-
IylomuM Tpe6oBaHusM: (a) 4TOGHI OH HE GBI aBTOMAaTOM C KOHEUHOH
naMaThio, (6) uTOGH OH GBI aBTOMAaTOM C KOHEYHOH MaMAThIO, HO He
3aBHCAIIMM OT BBHIXOAA, (B) YTOOBI OH OblI HE 3aBUCSIIMM OT BBIXOJA
aBTOMAaTOM.

6.22. Iloxkasath, 4TO cJEIyIOIHE XapaKTEPHCTHUECCKHE (YHKIHU
NpeJCTaBIsioT He 3aBUCALMA OT BBIXOJAa aBTOMAT C MaMsAThbio 1:

2y = fz (X, Sy)s
Sy+1=Ss (%y)



FrNABA T
ABTOMATbI C OFPAHWHEHHAMHU HA BXOAE

7.1. BBenenue

Ilpy u3yueHMHM KOHEYHBIX ABTOMAaTOB MHl OOpallamy BHHUMa-
HHE Ha CBOHCTBa CaMMX aBTOMAaTOB M He KacalucCb CBOHCTB
HCTOYHHKOB BXOZHHIX MOCJENOBaTebHOCTeH, BO3OYKAAIONX STH
aBTOMaThl. MBI JIOTHMYHO TpeLNOJaraid, YTO paccMarpuBaeMble
aBTOMATEl MOT'YT MOLBEPraThCH BO3AEHCTBUAM CO CTOPOHH JIOOBIX
HCTOYHMKOB CHTHAJ0B, JUlIb Obl reHepHMpyeMble BXOJAHBIE CHM-
BOJIB MPHHALMENKand BXOIHOMY andaBuTy aBToMara. B aToit riase
MB OTKQXeMCS OT 9STOTO MNpENNOJIOKEHUS M paccMOTpuM Oolee
o6uuit KaacC aBTOMAaroB, B KOTOPOM Ha MCTOYHHKM MOTYT ObITh
HaJI0XKeHB! OnpeeseHHbe orpannuenus. Oco60 Mbl OyleM Hccie-
.I0BaTh KJACC aBTOMAaTOB, H3BECTHHIX KaK asmomams ¢ 02pa-
HuveHuamMu Ha 8xode, B KOTODPHX He KaXIb# BXONHOH CHMMBOJ
MOXeT ObiTh NOJAH Ha ABTOMAT, HAXOALUHCA B ONpPeleseHHOM
cocrosanHun. Taxoe orpaHnyeHHe HEM3MEHHO BO3HUKAET, MOCKOJBKY
CYLIECTBYET HEKOTOPAsh B3aMOCBS3b MEXAY BHYTPEHHEeR CTPYKTY-
poft aBTOMara ¥ MCTOYHMKOM BXOIHBEIX CMMBOJIOB. Jlis uamoctpa-
umMu paccMoTpuM mnpuMep 2 u3 § 1.7, rme anramficku#f Tekcr,
cocrosiuuit U3 26 GykB ajadaBura U NPOMEKYTKOB, MpOCMaTpu-
BaeTcd C LeJblo NMOJCYETa YHC/AAa CJIOB, HAUMHAIOLIUXCA C KUY
M OKaHuuBamuuxcad Ha «d». Korma aBromaT Haxoaurcs, Hanpu-
Mep, B COCTOSIHHH <«MOsBJeHHE u#-n-d», BXOIHONR CHUMBOM «p»
He MoxeT ObTb MOJaH, TAK KaK He CYLIECTBYeT aHrIMHCKHUX
CJIOB, CONepxalUlUX MOC/AeLOBATeNbHOCTh OYKB «undp» (nwiu
BEPOATHOCTb NMOABJIEHUS! TAaKOR MOC/IeLOBaTENbHOCTH 4pe3BHIYaHHO
Mana).

ITosToMy naa8 BceX MNPaKTUYECKUX LeJe#t CUMBOJI <& p»
(TaK K€ KaK W MHOTMe IPYrue CHMBOJIbI) MOXKeT OLITb MCKJIOYEH
U3 MHOXECTBa BXOJHHIX CHMBOJIOB, KOTja aBTOMAr, KOTODHIH
ONKCHIBAET CHCTEMY, NMPOCMATPUBAIOLLYI0 TEKCT, HAXOAUTCA B CO-
CTOSIHMH «MOfABJICHUE U-n-d»,
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B caenymowwux mnaparpagax MbB YBHIMM, KaK HEKOTOpEHIe
MOHATHA M METONB, pasBUTHE B NpelbAyWIMX naparpadax,
MOTyT OBIT PaCmpOCTpaHeHbl Ha KJacC aBTOMaTOB C OrpaHuye-
HUSIMH Ha Bxozel),

7.2. CoBMeCTHMOCTb COCTOSIHHH

ITpu omnpeneneHMH OCHOBHOM MOIENM C KOHEUHHIM YHCJOM
cocrosnuft (cM. § 1.6) MoJyanmMBO Npenmo/arajgoch, Yyro Xapak-
Tepuctuyeckue Qynkuun f, u f; KOHEuHOro aBTOMara OMpe-
IeJIeHBl I Kaxao# mapwl (X, S,). IIpu nsyueHun aBTOMAaToB
C OTpaHWYEHHSIMA Ha BXOZe yAOOHO BUIOWU3MEHHTb 3Ty MOJe/b
W LOMYyCTHTh Hanauyue map (x,, §,), AT KOTOPHX 06e (yHK-
und f, M f; OCTalOTCA HeompeleseHHHIMH. B uyacTHOCTH, MHI
MOXeM MpednoJarath, 4To f, W f, y aBTOMata He OMpeleseHbl
ana napsl (§;, 0;), rie §; — BXOLHOH# CHMBOJ, a G; — COCTOAHUE
aBToMara M, ecinm HM NPH KaKUX YCIOBHAX §; He MOXeT OHITb
npunoxed Kk M]|o;; npu 3TOM roBopar, uyto aBroMaT M uMeer
ozpaHutenue Ha 8xode B COCTOSAHMM O;. B Tabnuue mepexonos
aBToMata M Taxkoe OrpaHHYeHMe OTMeYaeTCs TeM, YTO KIETKH
B o0enx mnoxrabiuuax 2, 4 S,,;, PacnoJoxeHHbe Ha mepeceye-
HUM CTPOKH [ u cTonbua g,, OCTalTCd NYCTHIMU (WM 3amoJ-
HAIOTCA Npouepkamu). BxoJHas noc/neloBaTeIbHOCTb HA3BIBAETCH
oonycmumofi B COCTOSHMH O;, €ClIH NpH npunaoxennun x M|o;
OHa He HapylllaeT OrP3aHHYEHHMS HA BXOJE HM B KaKOM COCTOSIHMH
apromata M. B kauectBe npumepa ua puc. 7.1 n B tabmuue 7.1
npencrasieH asToMat A32 ¢ orpaHuueHMAMH Ha BXOZeE.

Cocrosnus 0; u 0; aromMara M ¢ OrpaHuyeHMsIMHM Ha BXOZLe

Ha3bIBAIOTCA coBMecmumbimy, ecmi i1 M|o; n M|0j npu
nojaye Ha BXOA MoGo# HomycTuMo# s O; M O; BXOIHOR
NOC/Ie0BaTe/IbHOCTH Ha BHIXOJLE MNOSBJAETCA OJHA H T4 XKe

1) Matepuaa sT10# raaBbl yacTHuHO Gasupyercd Ha Fa6orax Ayden-
kamma (P. D. Aufenkamp, Analysis of Sequential Machines, IRE
Trans., vol. EC —7, pp. 299—306, 1358), Fuusbypra (S. Ginsburg,
A Technique for the Reduction of a Given 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
ITayna u Anrepa (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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noc/en0BarenbHoCTb. COCTOSIHUSL O; W O; KECOBMecmumsl, eciu
CyLIecTByeT, MO KpaHHeli Mepe, OIHAa BXOZLHas MOC/aelOBaTeNb-
HOCTb, JOMyCTHMas Kak Ijad O; TaKk W a4 O, NpH nojpaye
koropo#t Ha Mo, u M |0j aBTOMAT BBHIJAET Pas3JNYHBIE BHIXOI-
HBEIE TIOC/IeOBATEbHOCTH. BHIHO, YTO COBMECTMMOCTb 00/Janaer

@

)
Puc. 7.1. ABromar A32.

cBoficTBaMu pedIeKCHBHOCTY M CHUMMETPHYHOCTH, HO He o6namaer
CBOMCTBOM TpPaH3UTHBHOCTH, TaK KaK IOCJeNOBaTeIbHOCTH, LO-
NyCTHMblEe L/ O; ¥ O;, He 00s3aTeJbHO LONYCTUMBL 414 O; U O.

Ta6aunma 7.1
ABTOMaT A32
v Sv+1
1 X,
sS\U| @ B v 6 a B v 5
v
1 — 1 1 1 —_ 3 4 2
2 0 — — — 4 — — —
3 0 1 — — 6 6 — -
4 —_ 0 0 1 —_ 6 1 5
5 — — 1 — — — 9 —
6 0 — 0 1 3 — 2 3

CoBMeCTUMOCTb MMO3TOMY HeJ/b341 MOHUMATb KakK OOBIYHOE OTHO-
ieHHe SKBUBAJEHTHOCTH, a CJA€LyeT OTHOCHTb TOJIbKO K IapaMm

COCTOAHNH,
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Crenyer 8aMeTHTh, YTO ONpelejeHHe COBMECTHMHIX Iap
COCTOSIHMI COBManaeT c onpeleseHHeM SKBUBAJEHTHHIX Nap COCTOS -
HU#t, eclu Ha BXOJHHIE MOCJENO0BATENbHOCTH PAacCMaTPUBAEMOro
aBTOMara He HAakKJalblBalOTCA HUKaKue oOrpaHudeHus. Takum
o6pasom, omnpeleseHHe COBMECTHMOCTH INap COCTOSIHUE MoOxer
OLITb MOJYYeHO M3 ONpelesieHNs SKBUBAJEHTHOCTH NMap COCTOSHUA,
ecid B mnocaeiHeM (cM. ompelenenue 3.1) BHIpaxeHue <«mo6Goi
BXOJHO# MOC/eNOBATe/NMbHOCTHY 3AMEHUTb BHIPAXEHHEM «JI0GOR
BXOIHOH! MOC/IeIOBATENbHOCTH, JNOMYCTHMON A/ 060MX COCTOS-
Hufl» (9TO H3MeHeHHe He OTPAa3UTCAd HA MpPaBUILHOCTH ONpenele-
Hus 3.1, Tak Kak B aBroMmare 6e3 OrpaHMYeHMH HA BXOLE MHO-
ECTBO LOMYCTUMBIX MOC/IeLOBATEIbHOCTE! COCTABMSET MHOXKECTBO
scex mocnenoBarenbHOCTeR). ITlosTOMy oOnpeleneHve mape co-
BMECTUMBIX COCTOSHU# TNPOUBBOIMTCA TaK Xe, KaK ONpelefeHue
napel 3KBUBAJNEHTHBIX COCTOfHMH, € TOf J/ulllb pasHuue#t, 4To
BCe TOC/IeI0BaTebHOCTH, HEIONMyCTHMble 118 060UX COCTOAHMH
nape, He YYUTHIBAIOTCA.

B § 3.7 6mun omucaH MeTON, Ha3BaHHEIM MeTOIOM mal.auybl
nap, 1A ONpeleNeHuss BCeX OSKBUBAJIEHTHBHIX MNap COCTOSHUR
B IaHHOM aBTOMaTe. B COOTBeTCTBHMH C NpUBeleHHBLIMH 3aMeua-
HUSIMH STOT MeTOJ MOXeT OBITb HCMOJb30BAH [IJIs1 ONpeneseHus
BCEX COBMECTHUMHIX Iap COCTOIHMH INpPH YCJIOBUM, YTO MNEPBHIHK
BapuaHT TabmuuE Nap BUIOM3MEHseTCA ChaelylolyuM o6Gpasom:
(1) sneMenTH B cTOJ0LE NMap NpeicTaBAAI0T cOGOR mape cocTos-
HUH, MPH KOTOPHIX BBHIAAETCA OAMH M TOT Ke BHIXOLHOH CHMBOJ
npu nopaye JMo60ro BXOIHOTO CHMBOJA, ZOMYCTUMOro ajs o6oux
cocTosnu#t mapel; (2) ecam BXOAHOH CHMBOJ §, HeNOMYCTHM ILJIf
060X COCTOSIHUA O; M O;, TO KJETKa, PAcMo/OKeHHad HA mepe-

ceyeHun CTpoku {0, 0;} u cronbua &, B Tabmuue nap ocraercs

Ta6auma 7.2
Ta6auna nap gjas aBromara A32
Mapu a ] v 8 Mapu e B v [
1,2 — — — — 2,5 —_ — —_ —
13 | — 36 | — — 2,6 34 | — —
1,5 — —_ 24 — 3,5 — — — —
28 | 46| — | — | — | 36 | 36| — | — | —
2,4 — — — — 4,6 — — 1,2 3,5
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nyctoft (uam 3anoJHsercs npouepkom). Torza mocrpoeHue no-
CIeLyIOIMX BapHaHTOB Tabaull nap CcoOCTOAHUH MoxeT OwThb
BHIMIOJIHEHO TakuM ke o0pa3oM, kak 9To onucaHo B § 3.7.
He BhineneHHble KUpPHBIM WIPUGTOM 3/eMeHTH cTOAOLA Nap B KO-
HEeYHOM BapuaHTe TabJuUB NMAap MPeACTABIAIOT BCE COBMECTHMBIE
napbl COCTOSIHMA NS JAHHOrO aBTOMATa.

Hanpumep, tabnuua 7.2 mnpeicraBiseT KOHeUHBI# BapuaHt
Tabnuupl nap Ana asromara A32, usobpaxeHdHoro Ha puc. 7.1.
VI3 Tabauusl clefyer, 4TO COBMECTHMBEIMM NapaMu B aBtoMate A32
ssnmotes: (1,2}, (1,3}, {1,5}, {2.3}, (2.4}, (2.5}, (3.5},
{3.6} n {4,6}.

7.3. KBa3H9KBHBaJEHTHBIE ABTOMATHI

Fosopar, uto cocrosuue o; asromata M’ wsasusxsusa-

AeHMHO COCTOSHUIO ©; aBromMara M, ecnu nwbas BXOxHas
MOC/Ie/0BATENBHOCT, NONYCTAMAs A1 O;, BHI3BHIBAET OJMHAKOBHIE
peakuus npu npunowenwn ee k M|o, u M’|o;. Tosopar, uro

asromaTr M’ «k8a3usisusasenmen aBroMatry M, ecam i
KaXIOro COCTOSHUS O; aBToMara /M MMeeTcs, 1O KpalHe#t Mepe,
OmHO cocTosHue O aBToMata M’, Takoe, 4TO O; KBa3UIKBUBA-

neHTHO 0;. Ha ocHoBe storo ompenenenus aBromMatr M’ moxer
O6LITh HHTEpNpeTHPOBaH cheldyioumuM ob6pasoM. Ecau ngan He-
M3BECTHHIL aBTOMAaT, KOTOPHHE Moxer Owte M uauw M, u
M3BECTHA peaKLHUs 3TOr0 aBTOMAaTa Ha /MoOY0 BXOXHYIO Mocle-
IOBaTe/bHOCTb, OOnRYCMUMYIO OAS HeKOMmOpPo2o COCMOAHUSA
asmomama M, To Her cmocoba ONpelelUTb, SBAAETCH Heus-
BecTHEIR aBToMar aBromatoM M umu M’. Taxum o6pasow,
M’ xBasuskBuBanenTeH M, eciu He CYLIECTBYeT Coco6a OTMH-
yute M oT M’ npu noMouy BHEWIHMX SKCIEPHUMEHTOB, KOTOPble
HCNOMb3YIOT TOJbKO Te BXOJLHBIE MOCHeNOBATENbHOCTH, KOTOpHIE
JONYCTHMBl A/l cocTosiHuit aBToMara M. 3aMeruM, uTO OTHOILe-
HHe KBa3WIKBUBAJIEHTHOCTH He SABISETCAd CHMMETPHYHBIM OTHO-
meHneM; TOT ¢dakt, yto M’ KBasuskBuBaldeHTeH M, He O3HAyaer,
yro M xBasuskBuBajienteH M’.

Mycte %, %, ..., X, — MHOXeCTBA COCTOAHUN aBTOMata M
TaKHe, YTO Kax10e COCTOsIHHe aBToMara M BKJIOUEHO, 1O KpahHeR
Mepe, B OJIHO MHOXeCTBO X;. MHOXeCTBO MHOXecCTB %y, 3, ..., 2,
Ha3bIBAETCA 2PYNNUPOBKOL; N HA3LIBAETCH MOW,HOCMBIO TpyM-
nupoBkH. JIBa CoCTOAHUA, KOTOPbIe HAXOIATCA BMeCTe, MO KpatHei
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Mepe, B OJHOM MHOXECTBE X, COCTAaBJSIOT COMPANCEHHYIO NAPY;
napa CcoCTOAHMH, KOTOpag He fABJAeTCA COINPSAKEHHOH, Ha3bI-
BaeTcs pa3obu,ennol napoli. [pynnupoBka HasbIBaeTCs npa-
8U/bHOL, eCl OHA YIOBAETBODPSAET NBYM CJELYIOLIUM YCIOBHAM:
(1) peakuuu aBTOMaTa Mloi. " Ml“z,’ rie 0, u 0, COCTABIAIOT
mo0ylo COMpSXKEHHYI0 Napy, Ha J/OGOH BXOAHOM cuMBOM §,
AOMYCTUMbIA A G, M O, ONMHAKOBBI; (2) nepBble NMpeeMHUKH
COCTOSHUH O, M 0, TMO OTHOMIEHHIO K §; ONMHAKOBLI WM CO-
CTaBJIAIOT CONPSKEHHYIO napy.

ITycTs aBTOMAaT M MMeeT MHOXECTBO COCTOAHUH {0y, Oy, ..., G,).

[lycts aBToMaT M’ KkBa3usKBHBa/NeHTeH aBTOMATy M U MMeeT MHO-
HeCTBO COCTOsHMMA {0}, Oy, ..., 0,}. Ilo ompenesneHnio KBasu-

9KBHBA/JEHTHOCTH KaXIOMY COCTOSHHIO O; aBToMara M I0/mkHO
COOTBETCTBOBATh, MO KpaliHe# Mepe, OZHO COCTOSIHME aBTO-
mata M’, KOTOpOe KBa3WSKBUBAJIEHTHO 0;. PacmpeneanM cocros-
HUs aBToMara M MO MHOXeCTBaM Xy, X, ..., X, TAKHM, YTO
3, — MHOXeCTBO BCeX COCTOSHUH, TO OTHOLIEHHIO K KOTOPHIM

0, KBa3M3KBUBANEHTHO. DT MHOXECTBA COCTABJAIOT I PYNNAPOBKY,

TAaK KaK OHM BK/IOYAOT Kaxnaoe cocTosHue A, no kpalineh
Mepe, oaun pas. Ilycts o, u 0, — NMpOMBBOJbHAS MApa COCTOA-
Hu#t us X; M NMycThb §;— moGoit cMMBOJ, LOMYCTHUMBIR AJst o,
u 0,. Peaxuus Mloi] u M|o, na §; nomkHa GHITH TAaKOH e,
Kak u peakuns M’|o; Ha §;- Tostomy peakumn Ml“z, u Mo,
Ha §; JNO/KHBE ObiTb OAMHAKOBH. IIPENNO/OKUM, YTO IMePBHIMH
NpeeMHUKAMH COCTOSHUM O, H O, TO OTHOWIEHUIO K §; ABAAOTCA
0, W O, H UTO MepBhiff NPEEMHUK COCTOAHUSA 0, MO OTHOLIe-
HUIO K §; ecTp o;. Tak kak 0, KBa3MIKBUBANEHTHO 0, 10,

TO O), NO/KHO OLITb KBASHIKBUBAIEHTHO O, H O, . [lostomy o)
W O, He MOryT OHTb PasOCLIEHHBIMH M JOJKHEI IIDHHAL/NEKATH

OLHOMY ¥ TOMY e MHOXKeCTBy X,. B 3ak/i0ueHue MOXHO
clenaTh BHIBOA, YTO FPYNNMpOBKA %y, Xy, ..., 3, aBTOMara M,

MOCTPOEHHAs OMHCAHHBIM Bhllle CNOCO60OM, AOMKHA GHITH Mpa-
BWJILHOHW TI'DPYNIHPOBKOH.

Eciu nan asroMatr M c npaBwibHOH TrpynmupoBkoRt X,
%, ..., %, To aBroMar M’ MoxeT OHITb NMOCTPOEH MO Cie-
Lyowuy npaBuiaM. M’ uMeeT £ cocTosHu#, 0003HaYaeMbiX
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0., Oy ..., 0,. Ecau cocrosnue A, npuHannexauiee MHO-

XKecTBy X, NepeXOAWT B COCTOSHME, NpHHANJIexkallee MHO-
KeCTBYy 2, M NPH 9TOM BBIAeTCS BHIXOAHOH cuMmBon {, mpwu
BXOLHOM cumBone E;, To B M’ cocrosnue O, NepexoiuT B O

¥ TPH 9TOM BBHIJAETCS BLIXOLHOH CHMBOJ §, NpPH NPUIOKEHUH
BXOLHOro cumBona §;. Hukako#t HEONHO3HAYHOCTH TNpPH TAKOM
NOCTPOEHHH He MOJyyaercd, TaK KakK, eC/ld HEKOTOPOe COCTOf-
Hue aBTomMara M, mpuHaljexauiee X, NEPEXOAUT B HEKOTOpOE
COCTOsIHMe, TpPHHaLIexalee 2, , W MPH STOM BbIIAETCS BEIXOLHOM
cUMBOJ [, Ha BXOIHOM CUMBOI g,., TO Kaodcdoe cocrosiHue M,

KOTOpOe NPHHANIENKUT %, M LMl KOTOPOrO IOMYCTHM CUMBOT Ej,

MePexXoNUT B COCTOSIHHE, KOTOpPOe MPHHALMEKHUT X, U NPH ITOM
BhlaeTcss CUMBOJ G, Ha BXOAHOM cumBoa ;. M3 nocrpoenus M’

clienyer, 4TO COCTOAHME O, aBToMaTa A’ KBasMIKBUBANEHTHO

KIO0MYy COCTOfHHI0O M, mpuHaatexaumeMy MHOXecTBY X,. ITo-
atomy aBtomMaT M’ KBasuskBuBaJeHTeH aBToMary M. Takum
06pasoM, HMMeeM CleLYIOWMH pe3yabTar.

Teopema 7.1. Kaocoomy asmomamy M’ ¢ n cocmos-
Huamu, Komopoull rxgasusxsusasenmern asmomamy M, coom-
semcmsyem 8 M npasusvHas 2pPYRNUPOBKA MOULHOCHL N.
Kaocoold npasusvroii zpynnuposke MOUHOCHE N 8 QBMO-
nmame M coomsemcmsyem asmomam M’, komopwii xeasu-
axsugasenmen asmomamy M.

ITocTpoenne mnpaBuAbHOR TpynmupoBKM aBToMara M mnpu
sananHom M’ wu mnocrpoenre M’ 1npMm B3ajaHHOH MNpaBUMBLHOH
rpynnupoBke aBTOMaTa A MOXHO OCYILECTBUTb TaK, KaK 3TO
omucaHo Boime. Ecam M — aBTOMAaT C r COCTOSHHUAMH M eCHH
n<r, to ropopar, uro M’ — cokpauennan gopua M. Eciu
He CYIIecTByeT COKpalueHHO# ¢opMbl M, uMelowefl MeHblie
YeM n  COCTOsHMH, TO roBopsar, uro M’ — munumassnas
gopma M, xkoropas oGosHauaercas M. MunuManbHas ¢opma M
JNaHHOro aBTOMaTta M uMeeT Takoe e 3HayeHHe [/ aBTOMaTOB
C OrpaHMueHMsIMM Ha BXOJe, Kak M I/ aBTOMAaroB Ge3 orpa-
HMYEHUR Ha BXxone: M — HanMenbmmi aBTOMAT, KOTOPHIA BeJeTr
cebf Tak ke, Kak sananHeit aBTomMar M. OjaHako cienyer
uMeTb B BHAY, YTO B CJAydYae aBTOMaTa C OTrpaHMYEeHHAMH HA
BXOJe TOBejeHHe aBTOMaTOR M 1 M CPaBHHMO TO/NBKO B OTHO-
IIeHWH BXOJHBIX IOC/eL0BaTe/NbHOCTeH, NONMYCTHMBIX MJf CO-
cTosiHui ucxogHoro asromara M.
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Teopema 7.1 npennonaraer, uro aBTomMat M MoxeT OHITH
ompeneneH M3 aBToMaTa M C I COCTOSHUSMH TOCPEICTBOM
nepevyncleHns BCeX NpPaBWIbHBIX TpPYNNUPOBOK aBromara M,
HMeIOWMX MOIMHOCTb F WM MeHblle, W BHOOPa W3 HUX HaHMEHb-
me#i. Ecnm sazaHa HauMeHblias NpasuJbHAas TPYNNHPOBKA, WU
MUHUMQABHAS NPABUAbHAS TPYNINHPOBKA, TO aBTOMAaT, KBa3u-
9KBUBaJeHTHbIR aBTOoMaTy M, MoxeT Bcersa ObITh HOCTPOeH
ONKCaHHBIM DPaHee COCOOGOM; 3TOT aBTOMAT ABJAETCH MUHHMAJb-
Ho#t ¢opmoit aBromara M. XoTd ITOT MeTOA M [JAeT pelieHHe,
OH OuYeHb TPYILOEMOK BO BCeX C/Iyuyasx, KpoMe HauboJjee Tpu-
BHAJbHBIX, MOCKOJbKY TpeOyeT NepeuyuclieHus NPaBUIbHEIX T'PYII-
nupoBoK. B caenylowem naparpade 6yner nmonyuyeH psn pe3yJb-
TATOB, KOTODHE MO3BOJAT OTYaCTH OOJEryuTh 3afayy TaKoro
NepeyncIeHus.

7.4. Onpepesenre MHHHMAJbEBEIX ¢opm

MuoxectBo 2, BXOAdliee B NPABUIbHYID TPYNNHPOBKY
2, 2y, ..., Z,, OyleM Ha3LBaTh COBMECIMUMbLLIM MHONCECMBOM.

Jlemma 7.1. Kaocoas napa cocmosinuili 8 co8mecmumon
MHOJCECmBe OOANCHA Cbimb COBMECMUMOL.

Hoxasamerscmso. PacCMOTPHM COCTOSHUA O, U O, U3 MHO-

KeCTBa X, MPABWIBHOR TpymmupoBkd 2y, %, ..., 2,. Ilo Teo-

peme 7.1 cymecrByer aBromar M’, B KOTOPOM OIHO COCTOSIHHE,

0603HaYeHHOE O;, KBA3UIKBUBANEHTHO O, H 0, Torna peakuun
1

aBTOMAaTa, HaxoAduerocd B COCTOAHMUAX 01 niu 0',.2, Ha JHO6YIO
1

BXOIHYI0O NOC/HeNO0BATeNbHOCTb &, NOMYCTHMYIO Anas O0GOMX CO-
CTOSIHUR, NO/MKHBL OBITH OJMHAKOBBIMM, TaK KaK Kaxlas U3 9THUX
peaxuuit 10/KkHa ObiTh TakO# e, Kak peaxuus asromara M’'|o;
Ha BXOJHYIO MOC/eNOBaTeNbHOCTL &. ClenoBaresbHO, MO onpe-
AeIeHHI0 O; W O MOJDKHEL OBITH COBMECTHMBIL.

B namvHefimem C-srodcecmson asromara M OyneM Ha3bl-
BATb MHOXECTBO COCTOSHMH aBtoMara M, KOTOpOe YIOBIETBO-
psgeT AByM ciaenylomuM ycioBuaMm: (1) kaxaas mapa cocTosHui
u3 C-MHOXecTBa coBMecTHMAa; (2) 9TO MHOMECTBO He ABJIAETCH
TIOAMHOXeCTBOM JApyroro C-MHOXeCTBa, COIepiKalero Gosbliee
4ucno cocroguuit. Jlemma 7.1 Toria mossosifieT COPMYIHPOBATH
CIEAYIOUYI0 TeopeMy.
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Teopema 7.2, Kaocdoe mHONMCeCmB0 8 npasusbHoll
epynnuposke asmomama M dorscno Gumsy usu C-muosrce-
cmeom, uau nodmuoscecmgom C-Muoducecmsa asmoma-
ma M.

TakuM o06pa3oM, NOCTPOEHHE MHUHHMMAMbHOR (OPMBI MOXET
ObITh BLIMOJIHEHO NMYTeM NEPeyyC/IeHNs BCeX BO3MOXHHIX C-MHO-
KECTB C NOCAeLyOIUM (GOPMUPOBAHHEM BCEeX BO3MOXHHIX IpPyI-
NUPOBOK K3 MNepeyrCHAeHHEX C-MHOXECTB WM M3 IOAMHOMECTB
atux C-MHOXecTB. HauMeHbllas rpynnupoBka, KOTOpas OKashl-
BAeTCS NPABUJbHOM, AB/IAETCA MUHMMAaJIbHOM MPABUJILHOM I'DyNNH-
poBKOR M mpenctaBaser cOOOR MUHHMaMbHYI0 (OPMY IaHHOTO
aBTOMara.

Iepeuenb Bcex BO3MOMHBIX C-MHOXECTB MOXET OBITb JIErKO
COCTaBJIeH, KOrja 8ajaH IlepedeHb BCeX COBMECTHMBIX Map.
[TepeueHb BceX COBMECTHMHIX Nap B CBOIO OYepelb MOXeT OHITH
nonyued u3 Tabmuubl nap, kak onucaHo B § 7.2. Ipouexnypa
nonyueHnss BceX C-MHOXeCTB N3 COBMECTHMBIX MNap COCTOHUT
B CJIELYIOLIEM. )

Anropurtwm 7.1. JlaHH BCe COBMeCTHMBIE NapH aBToMata M;
TpeGyercs onpenenuth Bce C-MHOxecTBa aBtroMara M. (1) Ilyctb
nepBhift MepeueHb MHOMKECTB COCTOSHHUH COCTOMT M3 BCeX COBMe-
CTHUMHIX nap aBToMaTa M ¥ 43 OTHENbHBIX COCTOSHMH, He MNpHU-
HaI/IeXalkX HA K OLHOH M3 COBMeCTUMHX nap. [lomaraem k=2.
(2) Iona kaxiaoro MHOXeCTBA COCTOSHHUH {0'[1, Oy v Uih}'
conepxaumuxcss B (B — 1)-M mnepeuHe, BLIMOJHSAEM CleLylolIye
omepauuu. OnpenenseM ! cocrosHuit aBromata M, ckaxem
j» Oj, - Oj, Takux, uto 0; (d=1, 2, ..., [) He BKJo-

YeHO B JAaHHOe MHOXECTBO, M TdKHMX, UYTO Kaxinoe O'jd o6pa3ye1‘
COBMECTUMYIO0 Mapy C KAXALIM COCTOSIHHEM M3 ITOr0 MHOKECTBA.

3aMeHsIeM MHOXECTBO {011, Oty vves Olh} | MHOXecTBaMH {0;1,
Oty - vs Oy, ojd}, d=1, 2, ..., l. Ecu [ =0, T0 3amMeHUM
MHOX€ECTBO {cnl, iy oo Gih} camuM coGoit. (3) UckiouaeM

U3 HOBOTO TepeuHs MHOXECTB BCe OJMHAKOBHIE MHOXECTBA,
OCTaB/sisl MO OJZHOMY NpEICTaBUTENI0 OT KaxXIOH TIpynmsl OIU-
HAKOBBIX MHOXECTB, M BCe MHOXECTBA, fBJIAIOILMECH MOIMHOXE-
cTBaMM ADYTuUX MHOxecTB. IIycTh mosMyuyeHHHI TakuM 0O6pasoM
nepeueHb 6yner k-M nepeuneM. (4) (a) Eciu R-#i nepeuenp OT-
nnyaercsl OT (B — 1)-ro mepeuHs, TO yBeaMyHWBaeM & Ha elM-
HULy ¥ BosBpamaeMca k (2). (6) Eciu k-# nepeuenn cosmanaer
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¢ (B —1)-M, TO oH sBasercs mepeuHeM BceX C-MHOXECTB aBTO-
mata M.

Brinonnenune aaropurma 7.1 o6ieruaerca NOCTPOeHHEM Mam-
puys cosmecmumocmu, obosHauaemott [Cyl, snement (I, J)
xoropott pasen 1, ecmu {0;, o;} wm {0; 0,} — coBmecruubie

mapbl cocrosHu#t, 1 0 B npoTuBHOM ciayuae. Ilo mocrpoeHuo,
ecin B Kawuo#t cTpoke 0;, i, ..., O; couepxkurca 1 B Ka-

KOM-1H00 NaHHOM cTOAbUE O, TO Gj, o6pa3yeT COBMeCTHMbIe
napel ¢ KOKIBIM COCTOSIHHEM M3 MHOXECTBA {0"1' iy veos Gih}'
Cnel0BaTENbHO, €CIH {011, Gy vons O'ih}—MHO)KeCTBO B(R—1)-M
NMepeuyHe M €CH CTPOKH O;, Oy, ..., O, MATDHUb COBMelle-
HEH COJEpKAT eNMHHMLY B CTOJOUE O , MHOKECTBO {0"1’ iy von
cees G‘h] IO/KHO OBbITh 3aMEHEHO MHOXECTBOM {0‘1’ Oipp vee
BRI Gih, do}.

B kauecTBe mpuMepa paccmoTpum aBTomar A32, nsobpaxeH-
HHM HAa puc. 7.1. B rabnuue 7.2 monyueHsl BCe COBMECTHMLIE

napel aBroMara A32, U3 KOTOPHIX MOXeT OBITb COCTaBJeH Mep-
BHI{l TNepeueHb:

{1.2}, {1,3}, {1,5}, {2,8}, {2. 4]}, {2, 5}, {3, 5], {3. 6}, {4, 6].
Marpuua coBMeleHu#t 1 A32, KoTOpas MOXxeT ObTh MOCTPOEHA

HENoCpeJCTBEeHHO MO NMepBOMY INepeuHio, NpelcTaBleHa Bhipaxe-
Huem (7.1):

1 2 3 45 6
If0 1 1 0 1 07
21 01 110
[Capl=3|1 1 0 0 1 (7.1)
40 1 0 0 0 1|
51 1 1 0 0 0
6lo0 0 1 1 0 0.

W3 sroit Marpuubl M NepBOro INepeyHd MOXKHO HaHTH BTOpOH
nepeyeHb:

(1,2 3}, {1,258}, {1,3,5}, {2.3,5), (2 4], {3 6], [4 6}.
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Hanpumep, o6e crpoxu 1 m 2 B (7.1) colepxar emvHULL
B cronbuax 3 u 5; nosromy MHoxectBo {1, 2} mepsoro me-
peuns 3amenserca MuoxecrBamu {1, 2, 3} m {1, 2, 5}. Tax
KaK B MaTrpuie HeT CTOJOIOB, B KOTOPHX 06Ge CTpoku 2 u 4
COMepKaT eNMHMLY, TO MHOXeCTBO {2, 4} u3 mepBoro mepeuHs
3amensercs MHOxectBoM (2, 4}. M3 (7.1) um BrOoporo mnepeuns
MOXHO HalTH Tpernit mepeuenn: {1, 2, 3, 5}, (2, 4}, {3, 6},
{4, 6}. Tak kax sTOT mepedyeHb TaKOR ke, KaK M uYeTBepTHIH,
TO OH cozepxutT Bce C-MHOXecTBa aBTOMara A32.

Munumanbuas ¢gopma A32, a uMeHHO A32 COOTBETCTBYET
HanMeHbLIe NPaBUALHOR TpPYMNMPOBKe, NMOCTPOCHHOH wH3 mepe-
uucneHHEX C-MHOXECTB MM M3 NMOIMHOXECTB 3THX C-MHOXKeCTB.
Tak Kak Kaxjgas TpyNMUpOBKAa INOJKHA CONEPXKATh BCe IIECTb
COCTOSTHUH, MUHNMAa/IbHAs MPaBUJIbHAS TPYNMUPOBKA 10/KHA UMETh
MowHocTs 2 uanm Goabme. OIHAaKO, TaK Kak TIpYNNHPOBKA
{1, 2, 3, 5}, {4, 6] mHe sBidgercd nNpaBUIbHOH, HIKHAA Tpa-
HULA MOILMHOCTHM, paBHas 2, HelocTHxuMa. [lpu mnoMouu
Tabauupl 7.2 MOXHO Jjerko. mposeputh, uto {1, 2}, {3, 5},
{4, 6} cocTaBMgOT NpaBUIbHYIO TPYNNMPOBKY; NOSTOMY 5Ta
rPYNNHPOBKA M €CTb MUHMMAJbHAas MpaBHJbHAS TPYNMUPOBKA.
MoxHo merko mposeputs, yto {1, 5}, {2, 4} n {3, 6} cocra-
BJISIIOT APYTYI0 MMHHMA/IbHYIO NPAaBUIBHYIO Ipynnuposky. Orciona
clelyeT, YTO MUHMManbHag NpaBHJbHAsd TPYNNUPOBKAa aBTOMATa
C OrpaHMYeHHAMH Ha BXOJe He BCeria ONHO3HAuyHAa. 3HAUYMT, 3a-
IaHHBIl aBTOMA4T C OTPAHMYEHHSMM Ha BXOIE MOMXET HMeTh He-
CKOJIbKO MHHHMalAbHbIX (OpPM, KOTOphe He O00s3aTelbHO H30-
MODPHb IPYT APYry.

Kak To/bKO mostyueHa MHHMMAaJbHas NPaBHIbHAs T PYNMHPOBKA
aBTOMaTa M, MoxeT OBHITb MosydyeHa Tab/uLA NEepeXoLOB COOT-

BETCTBYIOIEH MUHUMaNbHOH ¢popMbl M us Tabauier nepexonos M
cleLyolKuM 06pas3oM.

Anroputws 7.2. JlaHa MyHUManbHasd NpaBu/bHas I pyNIU-
poBka apromMata M, a umenHo X, %, ..., Z,, rie Z; ecTh

[ml, iy s O }; Ha10 MOCTPOMTh MHUHHMalbHyl0 dopmy M
i

€ MHOXECTBOM COCTOSIHHH {01', Ggs + e es 0;}. (1) Tlonaraem k=1.

(2) (a) Ecmu Bce xietkn B noprabimuuax 2, M S,,; asTomara M,
PACTIONOKEHHbIE HA TepeCeYeHHH CTPOK O, Op, «..s Op, W
k

cronbua §;, colepxar MpOdYepK, TO B KJETKAX MNOATA0MML 2,

17 A. Tua
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M S,.q aBTOMata M, pacnosoxXeHHbHX Ha MepeceyeHud CTPOKH O,
u croxabua g, Toxe mpocraBuM npoyepk. (6) Ecam, mo xpait-

Held Mepe, OOHA M3 KJeTOK B mnoaraGiadue 2z, asTomata M,

PACTMO/IOXKEHHBIX HA MePECeueHH: CTPOK Op, O, - .., Op M
*

cronbua §;, He COAEPKHMT MPOYEPKA, TO MPOCTABMM CONEPKHMOE

TaKUX KJETOK B K/IETKE, PACMONOKEHHO! Ha lepeceyeHut CTPOKH O,

u cronbua §; B noxrabauue 2z, aBromara M. (8) Ecau B moxn-

tabmuue §,,; aBromata M ecTb KieTku 6e3 npouepka, pacnoJo-

EHHDIC Ha TIePeCeYeHnu CTPOK O s Oy, .., Op W cTONCUA §j
k

TO HaXOINM COBMECTHMOE MHOXECTBO X, B KOTODPOE BKJIOYeHHl
BCE 3/eMeHThl, COOTBETCTBYlOLIMe TMM KiaeTkaM. Ilyctb o, 6y-

1

IeT CONEPXHMBIM KIeTKM, oOlie#t 1ad CTpOKM o, u croabua gj

B moirabJinue S,,; aBTOMAra M. (3) (@) Ecim & < n, TO yBe-
avuuBaeM k£ Ha 1 u Bosspawaemcs K (2). (6) Ecu k=n, 10

rabnuua nepexonoB Aas M mocrpoeHa.
Ta6anua 7.3 npexcrasiser co6o#t TabauLy MepexonoB aBTO-

Mata A32;, KOTOpHIfi AB/ISETCS MUHUMAaIbHOR dopmolt aBToMara A32.

Ta6auna 73 Ta6bauna 74
ABTomat A32, ABToMat A32,
%y Sv+1 2y Sy+1

*y Xy
s afB|v|(do|la|B|v]|o s alB|v|o|la|B|v|d
v v
1 o[ 1]1(1}]3]2]3]|1 1 —| 1] 1{1[—] 3] 2]|2
2 0] 1| 1|—|3]3]1|— 2 0/]0]0|1]2]3|1}|1
3 010{0|1]2]3]1]|2 3 o[1[{0}1]|3|3|2]|3

dra rabaMua NOCTPOEHAa HA OCHOBE MHMHHMMAJbHOH NpPaBHIbHOM
rpynnuposku {1, 2}, {3, 5}, {4, 6}. Muoxecrsa rpynnupoBKu
NpeNCTaB/IeHbl B A§21 cocrossHuamMu 1, 2, 3 COOTBETCTBEHHO.
Tabauna 7.4 npencraiaser co6oft TaGmuly MepexonoB aBTO-
mara A32,, sBasiowmerocs MuHuManbHo# ¢opmoit A32. Tabnmua
TOCTPOEHAa HAa OCHOBE MHHHMa/JbHOM NPaBHUILHON TpYyNMHPOBKH
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{1,5}, {2,4}, {3,6]}, mMHONecTBa KOTOpOH npenctasieHs B A32,
cocrosHuaAMH 1, 2, 3 COOTBETCTBEHHO.
Ha puc. 7.2 u 7.3 npuseieHb rpade NepexonoB aBTOMAaTOB

A32; u A32, coorBercTBeHHO. JlJ MAMIOCTPAalUM KBa3HUIKBHBA-
NIEHTHOCTH aBTOMaTOB A32;, A32, N0 OTHOIIEHUIO K aBTOMATy, A32

[722/]

(@/\@/)

. 0
v @ 7 iy

Puc. 7.2. Atomat A32,. N Puc. 7.3. Apromar A32,,

/vy

paccMOTPHM BXOIHYI0 TMocienoBaresbHOCTh Yydodyapyayppod, ko-
TOpas NOMycTHMa Anad coctosuus 1 aBromata A32. Korna sra
NOC/1eI0BaTeIbHOCTh MpHUKAansiBaeTcs Kk A32 B cocTosHuu 1 nin

K A32; B cocrosHun 1, nan k A32, B cocrosumu 1 (1Ba mocaen-
HUX COCTOSIHMS KBa3MSKBHBAJIEHTHb MEPBOMY), BHIHO, YTO peak-
uus aBTOMAaTOB HA STY MNOC/AeI0BATENbHOCTb OAMHAKOBA Yy BCeX
aBTOMaToOB 4 BhIpaxaerca Tak: 10101100000111.

7.5. MeTon ymeHbDIEHHMs YHCJA COCTOSIHHI aBTOMAaTOB
C OrpaHHYeHNAMH HAa BXOJe

Kak crano ficHoO us mpenslaywux maparpacgoB, OmNpeleeHHe
MVHHManbHOM ()OPMBI aBTOMaTa C OrpaHHYEHHSAMH Ha BXOIe —
npouecc ouyeHb TPyloeMku#h. B Tex caywasx, korma He o0s3a-
TeJqbHO Tpebyercs MUHMMaibHas GOPMa, HO yMeHbLIEHHe 4YKCia
COCTOsIHUH BCe e KenarenbHO, MOXeT OBITh HCIOJIb30BaH YIIPO-
LIeHHBII MeTOH, KOTOPHIf 4acTO JaeT 3HAUMTENbHO COKPAIUEHHYIO
¢opmMy (a MHOrIA M MHHMMalbHYI0 (OpPMY) MO CPaBHEHUIO
¢ 3anaHHbLIM aBroMaroM. [lpensaraeMbif MeTOH, MO CYLIECTBY,
sBaseTca MeToaoM Tabamu P, MuHMMH3auMM aBTOMAaToOB 6e3 orpa-
HuueHu# Ha BXole, onucauHbiM B § 3.6. ExuHcTBeHHOE pasinuue

17
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Mex1y MpUMEHeHHeM 3TOrO0 MeTOJa IJs aBTOMaToB 6e3 OrpaHu-
yeHHH Ha BXOJe W IDUMEHEHHEM ero LI aBTOMAaTOB C O paHH-
YeHHAMM Ha BXOZe COCTOMT B TOM, YTO B NOC/HENHEM Cilyuae
COIEPXKUMOE He3aNOJHEHHHX KJETOK TaGauubl, COXepPKALIKX
MpPOYEPK, MOXKHO WHTEpIpPETHPOBATH MPOU3BOJIBHO.

B xauectBe mpumepa B Ttabuuuax 7.5 u 7.6 mnpencrtasiieH:l
coorsercTBeHHO Tabmuua P; n tabanua P, nna asromata A32,
sagandoro tabnuueit 7.1. Tabanua P; monayyeHa myTeM 3aMeHH
NPOYEPKOB B KJAeTKaX NMOATAOMMUB 2, TakuM 006pasoM, 4TOOHI

Ta6auma 7.5 Ta6baunma 7.6
Tabanna P, pas A32 Ta6anua P, gaa A32
Sv+1 Sv+1
xv X,v
E Sy a | B| v]| o Z 5, al| B v| 6
1 —1 3p | 4
1| —| 3] 4| 2 a | o |2 |21 %
I 2 el :
38 165} 6p) =1 — 3 |66
—] =12, — b c| B | —| —
5 a 5 | =] ={2|—
4 | —]6,]1.]5 4 | —|6. | 1,]5
b 3.| —| 24| 34 €| 6 |3 —|2]3

muoxecta {1, 2, 3, 6} u {4, 6} cramm 1-S5KBMBAJEHTHEIM pa3-
OueHueM. 3aMeTHM, YTO BO3MOXHBI TaKKe [APyrue 3aMeHH Mpo-
YepKOB B KJeTKax, HO Npu BLIOpaHHON 3aMeHe moOJyyaercs
HauMeHbIllee 4YHCJIO KJaccoB l-skBuBaneHTHOCTH. Tabmuua P,
nojsyyeHa 3aMeHOM NpPOYEpKOB B KJeTKax Tabmunbl P; TakuM
o6pasom, uro wmuoxectsa {l, 2}, {3, 5} u ({4, 6} cra-
HOBSTCA 2-3KBUBaJeHTHHIM pasbuenreM. Tax Kak 3TO — KOHeuHas
tabauua P, To P, SBIfeTcd SKBHBAJEHTHHIM Da3bMeHueM, U3
KOTOpOro COKpauieHHas ¢opMa MOxkeT OBITh IMOCTPOEHA MO ain-
roput™My 7.2. CayuafiHo moayumioch, 4To MHOxectsa {1, 2},
{3, 5} u {4, 6} Takxe COCTABAMIOT MUHMMAJbLHYI0 TNDPABHIbHYIO
TPYNNNPOBKY, TaK YTO COKPAICHHBI aBTOMAT, MOJNyYeHHbIH Ha
ocHoBe P,, sBasercs Takke MHHHMaibHOR dopmofi aBToMaTa A32

(me#tictBuTeNbHO, 9TO aBroMat A32, puc. 7.2). 3ameTtuM, OIHaKo,
YTO Apyras 3aMeHa MPOYEPKOB KJAETOK B Tabauue P; Moxer
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B pesy/bTaTe NaTh 2-3KBUBajNeHTHoe pasbuenne {1}, {2, 3, 5},
4, 6}, sarem 3-skBuBanmenTHoe pasGuenne {1}, {2, 3, 5}, {4},
6} u, nakowen, skeuBamentHoe pasbuenme {1}, {2}, {3, 5},
{4}, {6}. flcno, uro mocmenHee pasOuenue NAaeT MeHee yIOBIE-
TBOPHUTE/IbHYI0 MUHMMu3aumio aromata A32, wem {1, 2}, {3, 5},
{4, 6}. B ofwen cayuae uenecoo6pasHo MPo6OBaTH HECKOJBKO
Pas/MUHBIX 3aMeH Ha KaxJOM IlIare rpouecca pasbueHus u usy-
4aTh, KaK B/MAIT PA3/UYHBIE 3aMeHBl HAa YMUC/IO KJACCOB, MOJYy-
4aeMbIX NMPU OKOHYaTeJbHOM pa3bueHHMM MM, MO KpafiHe#l Mepe,
npyv pasOMeHUH, HEMOCPEACTBEHHO CAeNyIOLIEM 3a JaHHBLIM, 3aMeHa
MPOYEPKOB NO/kHA ObITh BHIGPaHA TaK, YTOOH JaTh HanMeHbliee
YUCIO KJIACCOB.

ITpeuMyIecTBO OMMCAHHOrO METOLA COCTOMT B TOM, YTO OH
N03BOJIAET KCMO/Mb30BATh JHYHYIO H306PETATENBHOCT M ONBIT
AN TMOJYYeHHA COKpAallleHHHIX (OPM 34 OTHOCHTENLHO Malloe
BpeMs. HenocraTkoM ero sB/sercs To, 4TO OH He IapaHTHPYeT
YMEHbIIEHHs 4YuCaa COCTOSIHHH M, KOHEYHO, He TrapaHTHpyeT

Puc. 7.4. Asromar A33.

MUHMMM3AlIMK 33IaHHOTO aBTOMara. BaXXHO OTMETHTb, YTO MHUHH-
ManbHasg ¢GopMa He TapaHTHPYeTCsd STHM MeTOLOM JHaxe B TOM
cydae, ecnu nepenpo6OBaHbI BCe BO3MOXHBIE 3dMeHBI MpOYEp-
KOB B KJ/IETKaX Ha KaXIOM LIare ONMMCAHHOM mpouexypsl. Ilpu-
YyyHd COCTOMT B TOM, YTO Ka¥10€ SKBUBA/NEHTHOEe pasbueHue
Hen3Oe:KHO  COCTaBJSieTCS U3  HEMePEeCeKalolUXcss  KJaccoB
9KBUBaNEHTHOCTH, B TO BPeMs KaK MHHUMA/lbHad MNpPaBUJbHAS
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rPYNNUPOBKA MOXeT GbiTh 06pa3oBaHa U3 NePeceKalolnXCs COBMe-
cTUMBIX MHOxecTB. Hampumep, paccmMorpum aBToMaT A33, npen-
cTaBJIeHHH) rpadoM Ha puc. 7.4 u tabmmuett 7.7. P, B sToM cay-
vae Gyner {1, 2}, {3}, mm {1,3}, {2}. B xaxnom u3 stux cay-
yaes P, 6yner {1}, {2}, {3}, a ato oasHauaer, uTo A33 He MOxkeT
GbITh MHHUMHBHPOBAH M pe.Jio-

Ta6auna 7.7 yeunum meronom. C apyrof cro-
AsTtomat A33 POHBI, €C/iM MPHUMEHUTb OOuuh

METON MMHHMMHU3ALMH, TO OKa-

2 s xercd, uro {1, 2} u {1, 3} sBas-

v v+1

iorca C-Muoxectsamu gas A33
X,
o\l efv]ale ]y e
1 —| 00| —] 12
2 lojJojlo|1|3]2 @) (2/1)
5 [1]|0lo]3|2|1| @V
Puc. 7.5. ABtomatr A33.

M yTo 3TH 1Ba C-MHOXECTBa COCTAaB/AIOT NPAaBUJBHYIO TPYNMH-
poBky. ITostomy A33 umeer mMuHuMaibHylo dopmy A33, koro-
pas cocTouT u3 ABYX cocrosHuit. Ha puc. 7.5 npusemena sra
MHHUMaJbHasA ¢opMa, B KOTOPOH coctosuus 1 um 2 mpexncrasasior
cooTBeTCTBeHHO MHOxecTBa {1, 2} m {1, 3} aBromara A33.

Bapaun

7.1. Tokamure, 4TO He CYIIECTBYET MHOXECTBA B MHHHMAaJbHOMR
NPaBHJIbHOH IPYNIHPOBKE, KOTOPOE MOXHO Obla0 6bl BKJIOYHTH B Ka-
Koe-au60 Apyroe MHOXKECTBO 3TOH rpPYMIHMPOBKH.

Ta6auma 371

TMapst a B Y [|] Mapu o B Y [
1,2 1,4 1,6 — — 2,6 1,5 — —_ 4,6
13| 15| — | 35| — || 34| 36| 25| 36| —
1,5 2,6 — — 3,6 3,5 2,3 — — 1,3
16| — | 46| — | — | 36 | — | 26| 46 | —
231 13135 — | — [ 45 | — | — | = | 12
2,5 4,5 — 1,5 — 4,6 — — 1,5 1,3
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72. C, C,, ..., Cp, npencraBaswT coGoit Bce C-MHOXECTBA aB-
Tomata M c orpaHuueHusmu Ha Bxoze. [lokaxure, uto C;, C,, ..., Cp
COCTaBJSIOT IPABMIbHYI0 TPYNNHPOBKY H, CJELOBATENbHO, YTO HUHCJIO

cocTosiHuil B M He MOweT mpeBHmaTh A.

7.3. IlepBoifi BapuaHT Tabuauubl map AJsg aBTOMara C IIECTBIO CO-
cTosiHMAMHY npepcTaBien tabauueit 3 7.1. Halinute Bce C-MHOXecTBa H
MHHHMMaJbHYI0 NPAaBHIAbHYI0 TPYNIHPOBKY JJf STOrO aBTOMATa.

@/

w1

Puc. 37.1.

7.4. Halinure mMuunmanbHyio ¢opMy aBTOMaTa, 3ajaHHOroO Ttabau-
ueit 37.2.

Ta6auma 372

%y Sy+1 %y Sy+1
x x
svaﬁ Yﬁaﬁvbsvaﬁvoaﬁvb
v v
1 0|0 |—|1[2]3|—|4|| 4 110[—(1]5[3]—|1
2 0|0 |—|—[3|B|—|—| & [—|O0|—]|—|—|6|——
3 1/o|1]|—|4|6|3|— 6 |—{—|1]0[—|—| 4|2

7.5. OmpejennTe MHHEMaJbHYI0 OPMY aBTOMaTa C OrPaHHYCHHAMH
Ha Bxoje, u3obpaxensoro Ha puc. 37.1

7.6. YMeHbIIMTE YHCJIO COCTOSHME aBTOMaTa, 3ajadHHOrO TaGJH-
et 37.3, uCnoJb3ys METON COKPAILEHHsA, OmHcaHubli B § 7.5.
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Ta6aunma 373
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