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[TocTpoena cepust rpyIIIOBBIX ABTOMATOB KOHEYHBIX ITOPSIKOB
Buma 2". st aBTomMaToB ¢ abesileBOil BHY TPEHHEH IPYIIION IpuBe-
JIEH KPUTEPUIl OIIpeIe/IeHNs] TIOPSIIKA 110 CTPOeHHIO Tpymibl. [loka-
3aHa HEBO3MOXKHOCTb TAKOT'O KPUTEPHs JJjisl IPOU3BOJILHON BHYT-
PeHHEell IPYIIIBL.

KirouyeBbie ci10Ba: aBTOMATHBIE [TOICTAHOBKH, IPYIIIIOBHIE aB-
TOMAaTBhl, BHYTPEHHA MOJIyTPYIIIa, TOPSJI0K aBTOMaTa.

1. BBeaenue

OpHolt M3 IEHTPaAJBHBIX MIPOOJIEM TEOPUHM aBTOMATOB SBJISIETCS 3a-
Jlada OlpeJie/IeHnsT MOPsijIka aBTOMaTa Kak sjieMeHTa rpyminbl ASs aBTo-
MaTHBIX TO/cTanoBoK |1, 3|. Ha cerojusimumii jgeHb He M3BECTHO OBIIETO
aJroOpuUTMa HAXOXKIEHUS TOPSAIKa, Dojee TOro, maxke st (pUKCHpoBaH-
HBIX aBTOMATOB C HEOOJIBIIIUM YHCIOM COCTOSHHUI OIpeieeHne MOPsIKa
OKa3bIBAETCsI OYUEHb CJIOYKHOI BBIYUCINTENBHON 3amadeit. B manHoit pabo-
Te MBI OyJIEM pacCMaTpUBaTh BayKHBIA IOIKJ/IACC TPYIIIOBBIX aBTOMATOB
B AS5. MBI OKaxKeM, 4TO B 3TOM KJIACCE KOHEYHOCTD IOPSIIKa HAKJIAIbI-
BaeT JIOMOJHUTE/bHbIE OTPAHUYEHUS Ha CTPOEHHE aBTOMAaTOB, 9TO II03-
BOJISIET B OTIEIbHBIX CJIydasX ONPEIe/UTh MOPAHLOK IO IMOPOXKIAIONINM
BHYTpPeHHe TpyIibl. Takyke MBI IIOCTPOUM JIJIsT KayKJIOTO IMOPSIIKA, J0-
IyCTUMOIO JIs aBroMaTra u3 ASo, IPYIIIOBO# aBTOMAT TAKOIO IOPSIKA.
Tem caMbIM, MBI ITPOJEMOHCTPUPYEM, UTO BBIOPAHHBIN IOJIKJIACC TAK YKE
foraT sjeMeHTaMU Pa3JIMYHBIX IIOPSIKOB, KaK U Bcs rpyimna ASs.
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2. OcHoBHBIE ornpeaeJieHnd U pe3yJibTaTbl

[Tox, TepMUHOM aBTOMAT MBI OyJIeM MOApPa3yMeBaThb WHUIUAILHBIN
CBSI3HBII TIPUBEJIEHHBIN aBTOMAT 0 = ({O,l},Q,{O,l},(;g,@ZA),qo) ¢ BXOJI-
HBIM U BbIXOJAHbIM ajdasuramu {0,1}, peanusyrommii B KaxKIOM CO-
CTOSIHUY (DYHKIMIO HE BBINYCKAIOILYIO 3HAYEHUH. YCIOBUMCS 0OO3HA-
JaTh MHOXKECTBO COCTOsTHWIT aBTOMaTa a 3a (), GyHKIuo mepexosa mo 0
3a g = (;Aﬁ(q,O), mo 1 3a 1 = qg(q,l) 1 (DYHKIINIO BBIXOJA COCTOSTHUS ¢
sa h(q) = (g, z), ¥(g) € {x,T}. B KadecTBe BHYTpEHHEH MOIYTPYIIIbI
aBToMaTa OyJIeM pacCMaTpPUBATL IIOJIYTPYIILY IOJCTAHOBOK Ha MHOMKE-
cTBe (), TOPOXKIEHHYIO Tp, T1. ODO3HAYMM KJIACC IPYIIIOBBIX aBTOMATOB
B ASy, TO €cTh TaKMX, JIJIsi KOTOPBIX BHYTPEHHSA HOJIYIPYIIIA SBJISACTCS
rpymnoii, 3a A. Byjgem ropoputh, 9To aBToMar @ peasjusyer rpyminy G,
ecin G(a) = G, rae nox G(a) HOHUMAETCsT BHYTPEHHsISI OJTyTPYIIIA d.

B rpymme ASs Jyist KaXk0r0 aBTOMaTa (1 CYyIIECTBYEeT OOPATHBIN, KO-
TOpBIA 0603HaUNM uepe3 a~'. B MHOXeCTBe I'DYIIIOBBIX aBTOMATOB A
pPaccMOTPUM HOAMHOXKECTBO H Tex aBTOMAaTOB, JJIsi KOTOPBIX 0OpaTHDII
TakzKe rpynnosoii. Muoxkecrso H sBisiercst noarpynnoit B ASs, nokasza-
TEJILCTBO 9TOTO YTBEPXKJICHUS CBOJNTCA K MPOBEPKE, YTO MPOU3BEICHNE
JIBYX I'PYIIOBBIX aBTOMATOB JaeT TPYIIOBOil aBromar, cM. [1].

Jlyist Harero uccieloBaHusl BaXKHO, UTO BCE TPYIIIOBBIE aBTOMATI
KOHEYHOTO TIOPSIIKA HeOOXOAMMO JiezkaT B H | a 11t aBTOMATOB 3TOi 110/1-
IPYIIIBI BBITOJHEHO CJIEyIONIee orpanndenne Ha (hbyHKINU BBIXO/IA.

YrBepxkaenune 1. Ecaua € A, moa € H pagnocusvrio momy, ¥mo oas
2106020 cocmosnua q asmomama o evnoanero (1 *(q)) = ¥ (m *(q))-

KiroueBBIM MOMEHTOM SIBJISIETCSI PACCMOTPEHHE JIEHCTBUSA IUKJIAYIE-
CKOIl rpymibl < 7, 1'r1 > Ha MHOXKECTBE COCTOfHMII aBTomara. U3 yTs. 1
CJIeyeT, 9TO JJIs KaxKJIoro aBTomara u3 H Bce COCTOSHUS IPON3BOJIb-
HOIl OpPOUTHI YKA3aHHOTO JEHCTBUS PEATU3YIOT OJIHY U Ty 2Ke (PYyHKIIHIO
BBIXOJIQ.

Onpenenenue. Opburoit O cocrosaust ¢ € () aBTOMaTa 0 HA30BEM MHO-
wectso { (75 '11)"(q), k € N}, o ects opbury jeiicrsust <75 "1 > 1 Q.

YrBepxkaenue 2. FEcaua € A, moa € H pasHocusvbHo momy, 4mo 0is
Kaotcdott opbumovr O asmomama a: qi1,q2 € O = ¥(q1) = ¥(q2).
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[Ipu mokazaTebLCTBE OCHOBHBIX PE3YJILTATOB MBI Oy/IeM aKTHBHO WC-
[0JIb30BaTh CTPOEHWE OPOWT, a TaK K€ WX B3aUMHOE <«DACIIOJIOKEHUE,
JUTsT HATJISITHOCTY TTOSICHEHUN YCJIOBUMCST HA3BIBATH MHOXKECTBO COCTOSI-
HUIi, JTOCTHZKUMBIX U3 OPOUTHI 3a OJINH TaKT BPEMEHHU, CA0eM HaJl opOu-
roit. U 6osee dpopmasbro, ¢ yaerom Toro, uro 71(0) = 7(0):
Onpenenenne. CinoeM Hal opouToil O HA30BEM MHOXKECTBO COCTOSIHIIA
71(0) = {g € Q| 7' (q) € O}.

st aBroMaToB ¢ abesieBoil BHyTpEHHEH IpyIIIoi cjoit Has opouToit

BCErJIa CaM sIBJISI€TCS OPOUTOMN, OTCIONA MOXKHO U3BJIEYb MIPOCTON KpUTE-
puil oupeneneHud IOpAJIKa 10 I'PYIIIIE.

Teopema 1. Asmomam a, peasusyrowutdl abeaesy 2pynny 6 KaA4ECMGE
guympennet, umeem Oeckoneunsll NopadoK 0AA NPOUBOALHOU He UUK-
auneckots epynnol. Jas yukauneckoti 2pynnst, npu yeaosuu, wmo G(a~l)
AsAAEMCA 2pynnot, — nopadox 2, unave — GECKOHEUHOCTND.

B HekoTOpOM CMBIC/IE 3aBepIIaeT UCCJIEJOBAHIE aBTOMATOB C abeJie-
BOII BHYyTpEHHEIl I'DYIIION ciiejiyIoniee yTBepK/IeHue.

Teopema 2. Jhobas nempusuasvhaa abesesa 2pynna ¢ He boaee “em
J6YMA NOPOAHCOWIOULUMU MONHCEM, OBIMD PEAAUSOBAHA KAK SHYMPEHHAL
epynna asmomama u3 A\ H .

HeobxomumocTs paccMoTpenust G(a_l), BO3HUKIIIAA B CIydae C IUK-
JITYECKOH T'PYIIIOi, XapakTepHa s JiIoOOi IpyIIibl, KOTOPas PeaIn3y-
€TCs aBTOMATOM KOHEYHOI'O HOPAIKA.

Teopema 3. Jlobas nempusuaivhas 2pynna, UMENOWAR PEAAU3AUUIO
6 H, umeem pearusayuro ¢ A\H.

Kax ciefcrsue TeopeMbl 3 MBI IOy YaeM, 9To JI00ast HeTPUBUATIbLHAST
IpyIia, UMEIIas PeATu3auio aBTOMATOM KOHEYHOTO HOpsijika (KOTO-
poiil Hem36exkHO monajer B H), UMeeT Tak Ke peajin3aliio aBTOMATOM
u3 A\H, 10 ecThb 3aBeJIOMO HECKOHETHOIO MOPSIIKA.

Dror dakT He MO3BOJAET HAM TOJBLKO 110 BHyTpeHHeil rpymme G(a)
OTIpeJIeNTUThL TOPsJIOK aBroMarta. C Jpyroifi cCTOPOHBI, TPOBEPKA, YCIOBHS
OPUHAJIEKHOCTH agToMaTa K H He TpebyeT BBIYUCIUTENLHBIX 3aTpar,
Tak Kak mmporieypa obparrenust aromara B ASe ouensb mpocra. OcHoBHAS
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Puc. 1.

CJIOZKHOCTD 3aKJI0YaeTCs B TOM, YTO 3JIeMEHThI OECKOHEYHOI'O HOPS KA
cojieprKarcs Tak:ke U B H.

To ecTb Jijisi KOHEYHOCTH HOPSIJIKA O HE JIOCTATOYHO Toro, 4Tobbl G(a)
u G(a~!) 6pwm rpymmavm. Bosee Toro, naske ecim Mbl bUKCHPYeM KOH-
KpeTHbIe IIpeJACTaBJICHU 9TUX prHH B Sn 1 KOHKPETHBIC ITapbl UX ITOPO2K-
JAIOMINX, BCE PABHO 3TO HE IO3BOJIAT OJHOZHAYHO OIPEIC/JIUTE HOPSAIOK d.
[Ipumep Takoro aBroMaTta IIpejiCTaBIeH Ha puc. 1.

st m300pazkKeHHOro aBTOMATa @ IOPSJIO0K 3aBUCUT OT HAYAILHOIO
COCTOAHUL:

ord(a;) = ord(az) =2, ord(az) = ord(ay) = oo,

XOTsI COBEPIIIEHHO SICHO, YTO HUKAKHe BHYTPEHHUE IPYIIIOBbIE CTPYKTYPhI
HE U3MEHSAIOTCS IIPU CMeHe HAa4YaJIbHOI'O COCTOSHUS.

B mesom rpynma H, a ¢ Hefl m IpynmoBble aBTOMATHI, HE YCTYyIIa-
er obbemiorneit ASy 1o pasHoOOPA3UIO BO3MOXKHBIX TOPSIIKOB JIEMEH-
ToB. U3BecTHbIM pe3dyibratoM st ASo siBiistercst TOT (akT, 9TO B ITOM
TpyIIe eCTb aBTOMAT MOPsIKa 2™ IS MPOU3BOJILHOTO TIEJI0T0 HEOTPHUIIA-
TeJILHOTO 1, U JIPyTUe KOHEYHBbIe HOPsIKU HexomycTuMbl, cM. |1]. Jus H
BBIIIOJIHEHO aHAJIOTMYHOE YTBEPIKJICHHE.

Teopema 4. Jlaa npouseosvHozo HaAMypasbHoz0 N CYU,eCmeyem epyn-

2n—1

noeot asmomam a, nopadka 2" cn - COCTNOAHUAMU,
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3. Crpoenme aBroMaToB u3 H

B nepByio odepeib HAC UHTEPECYeT CTPOEHHE aBTOMATOB KOHEYHOI'O
nopsijika. Bee onu Jiexkar B H (1 Hac/eyloT 0COGEHHOCTH CTPYKTYDBI),

Tak Kak aBroMar a9l xak KOMIO3WIHSI IPYIIOBBIX CaM T'PYIIIOBO

u Cl01rdc171 o~ lel.

Crpoenne aBromaToB u3 H ommcano B yTB. 1 n 2. HamomuuMm mpo-
neypy obparenusi apromara B ASs, KOTOPYIO MBI OyJIeM HCIIOJIB30BaThH
B JIOKA3aTEeIHLCTBAX: U3MEHSIIOTCS TOJIBKO MEPEXO/bl U3 COCTOSHUN, pea-
JIM3YIOMWX Ha BBIXOJIE OTPUIAHUS, TlepeXos, 1o ) CTAHOBUTCS TEPEXO0JIOM
mo 1 u HaobopoT. PYyHKINN TEPEXOIOB U BBIXOJA, & TaK YKe€ COCTOSTHUS
II0JTy YEHHOT'O aBTOMATa 4~ ', Gy/eM 0603HAMATH IITPIXAMU.

JokazaTeabcTBo yTBepkaAeHUs 1. HeobxoquMocTh T0KazKeM OT Mpo-
TuBHOTO. [IpeamonokuM, 4To HANYyTCA COCTOSAHUSA o, (1 ABTOMATa (1 Ta-
kue, 9To 70(qo) = 71(q1), HO ¥(qo) # ¥ (q1). Ilycrs (qo) = Z, a ¢ (q1) = =.
IIpu obparmennn uzmensaTcs (QYHKINNA MEPEXOIOB U3 (o, HO IMEPEXOIbI
W3 g1 OCTAHyTCsT MPEKHUME. 3HAMHT, JIJI COCTOANMI qf), ¢) aBToMaTa a~ !
Gyser sbinosmeno 1 (qy) = 71(q}), To ectb B a”!
no 1. Bamernm, uto ecim @ € H, To mo onpexenenmio a~! € A, rie
CKJIEHKM HEJIOMyCTUMBI. TakuM 00pa3oM, MbI MOJIYUUJIM IIPOTUBOPEUNE C
TeM, 9To 6! rpyIIIoBOi.

IIPOUCXOAUT CKJICHKA

B obparuyio cTopomHy, IIpy BBINOJHEHUN YKA3aHHOTO YCJIOBHS JIETKO
BUJIETH, UTO IIPU OOPAIIIEHUU HE BOSHUKAET CKJIEEK — 9TO U O3HAYAET, UTO
II0JIyY€HHBINA aBTOMAaT I'PYIIIOBOI.

JokazaTenbcTBo yTBepkKaeHust 2. [lokakem, 9To yTB. 2 9KBUBAJIEHT-
Ho ytB. 1. Cocrosiaust qg,q1, Juist KoTopwix 79(qo) = 71(q1), J1exkar B oJ1-
HOW opbuTe, MO3TOMY BBINOJHEHUE YCJIOBUsS YTB. 2 BJEYET BBINOJHEHHIE
yesopust yTB. 1. O6paTHO, pacCMOTPUM MPOU3BOJIBHOE ¢ U3 HEKOTOPOU
opoursl O. Toryma BeIOIHEHNE ycsioBust yTB. 1 Jaer paBeHCTBO 1(q) =
W(y t11(q)), npumensis ero k pas, momyuum (q) = ¥((r5 1)k (q)),
rae k — HOpAJOK IUKINYECKOH Tpynmnbl < 7q Lri >. Takum o6pasoM Mbl
oboitaem Bcio opouty O U MOIYIUM, ITO BO BCEX €€ COCTOSHUIX peaJiu-

gyercst dyHkius ¥(q).
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4. CrpoeHune aBToMarta c abejieBoii BHyTpeHHeIl
rpynron

B sToMm pazmesie MBI mTOKaXkeM CIenuuKy CTPOEHUs aBTOMAaTa, pea-
Jmzymoniero abeseBy rpyuny (G, u JiokazxkeMm TeopeMbl 1 u 2. Besze nox
abeJieBoli rpyIIoil Oy/ieM MOHUMAThL abesieBy IpyNILy ¢ He OoJiee YeM JIBY-
M$I TOPOXKTAIOTIIMI.

4.1. Ilopsaok aBToMara c abejieBOil BHyTpeHHell rpym-
o

HOK&)KGM, 9T0 U3 abesIeBbhIX TPYIIII TOJIBKO IMUKJIMYECKNE NMEIOT pea-
JIN3allUI0 aBTOMATaMM KOHEYIHOI'O ITOPsJIKA.

Jlemma 1. Jlasa w060t opbumove O agmomama, peasudyrowezo abene-
sy G, svnoanerno, wmo caoti Had O cam asasemcs opoumod.

HoxkazaresnbcTBo. Paccmorpum nponssosbaoe ¢ € O. U3 ycrosust Kom-
MyTaTusHOCTH onepariu B G cienyer, uto (15 71)70(q) = T1(q), 3HauwT,
70(q) m T1(q) — «cocenumes 3yeMeHTHI cj10s Hat opburoit O — Jsrexkar B
onHO opbuTe. JIBurasick mo opbure O, MbI 000iiIeM 1 BeCh CJIOH HAI Hell
¥ [IOJIy MM, 9TO BCE €r0 COCTOSIHUS COCTABIISIIOT OpOuTy (He 00s13aTeIbHO
ormmanyio or O).

Jlemma 2. Jlasa w0606 pearudayuy o € H yurxauveckotd epynno G 6vi-
noaneno ord(a) = 2, das 0CMANLHOIT AOEAEBVT 2PYNN HEM DEaAUSAUUL
6 epynne H.

HoxkazareabctBo. llycts aBromar a € H peasusyer abeseBy rpyumy G.
Paccmorpum npoussosbayo opbury O(a). ITokaxkem, uTo Bce coCTOSI-
s O neormmanmsl. IlyceTs g1, g2 € O. Bamernm, 9To 11715t J1I0O0H BXOHOI
[I0CJI€JIOBATEIBHOCTH (¢ BBIIOJIHEHO, 9TO (g1 ), a(g2) MOIALYT B OJHY Op-
6ury (npumenum k pa3 semmy 1, rme k — jymnHa «). Tak xkak a € H,
o ytB. 2 Y(a(q1)) = ¥(a(gz)) i TPOU3BOILHON KOHEIHON (v, ITO U
03HAYAET HEOTIUINMOCTD ¢ U ¢o. TakuMm obpaszoM, KaxKaast opOuTa a co-
CTOUT POBHO U3 OJTHOTO COCTOSTHHUsI, TAK KaK MBI PACCMATPUBAEM TOJBKO
npuBejieHHbIe aBToMaThl. Pasencrso ¢ = 0, 03HaUaeT, 4TO U3 ¢ OCYIIECTB-
JisieTcst 6e3yc/IoBHBIN Tiepexo. [Ipusenennnrii aBTomar u3 A ¢ 6osee dem
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OJIHUM COCTOSTHHEM, CO BCEMHU OE3yCJIOBHBIMU II€PEXO/IAMU HUMEET ITOPSsi-
JIOK 2. 3aMeTHM, UTO JjIsi TAKOTO aBTOMAaTa Ty = T1, TO €CTb BHYTPEHHsIsI
Ipy1ia G(a) =< 79, T1 >=< 19 > nurIndeckad. VTak, ecam mpemanoJio-
KUTh, 9TO JJIsl He MUKJIMIecKoil abejieBoit (G ectb peanmsarust B H, Mbl
IIpAJEM K IIPOTUBOPEYUIO, TaK KaK B HE IMKJINYCCKON I'PyIIIC 3aBEIOMO
BBITIOJIHEHO T 7# T1, 9TO 3aBEPINACT JTOKA3ATEIHLCTBO JIEMMBbI.

okazareabcTtBo Teopembl 1. [lo jemMmMe 2 He MUKINYIECKHE T'PYIIIIHI
He UMeIOT peaym3aruu B H, 9To o3HavaeT, ITo Jjirodast peajn3alns TaKoi
rpymnbl okaxkercss B A\H u Gyuer uMerh GeCKOHeUYHbIH 10opsioK. st
peanu3anny IUKJITIeCKON TPYIIIIBI, JiexKaleir B H, o Toii »Ke JeMMe T10-
psioK paBeH jiByM. OCTaIoCh 3aMETHTH, UTO B (POPMYJIUPOBKE TEOPEMBI
B SBHOM BHJE yKA3aHO ycjoBHe mpuHajyexknoctn K H, to ectb G(a™!)
ABJIACTCA I'PYIIION.

4.2. Peamuzaiiusa abeJjieBoil TpyIibl aBTOMaTOM OeCcKO-
HEYHOT'O IOPsIIKa

lokazareabcTBo TeopeMbl 2. /s NMUKINIEeCKON rpynnb! Z, MOCTPO-
UM aBTOMAT C 7, COCTOSTHUSIMU: JOCTATOYHO B3sITh IUKJI JJIMHBI 1 33 Ty,
MOJIOKUTh T] = € U IPHUINCATH OTPUIIAHUE POBHO OJHOMY COCTOSIHUIO.
st abestepoit rpymmbl G ¢ JBYMsT TOPOXKJIAMOMIMMEA T, 0 BBITOJTHEHO
G 21>, @ <0 >, e 3a k, m 0603HaUEHbl HOPaKA 7,0 B (G COOT-
BercTBeHHO. JloKazarebecTBO 91T0ro dhakra MoxKHO Hafitu B [2|. Hasubine
MBI PACCMOTPUM MHOMKecTBa (Q;, i = 1,k 10 M COCTOSHUI B KasKJIOM 1
COEIMHUM UX TaK, YTOOBbI OHU CTAJJIH OPOUTAMHU U UTOOBI CJIOW HaJ OpOu-
Toit O; coBnaman ¢ O;41 npu ¢ < k u cuoit nay O coBnayan ¢ Op. Tak
2Ke TPUITHAIIEM OJIHOMY IIPOU3BOJIBHOMY COCTOSHUIO OTPUTIAHIE. 3AMETUM,
YTO MOJIYUYEHHBI aBTOMAT (I HEIIPUBOJIUM, TAK KaK JJIsl TPYIIIOBBIX aBTO-
MaTOB MPUBOJUMOCTH O3HAYAET, UTO Yy KAXKJIOI'O COCTOSIHUS €CTh XOTsi ObI
0/IHO HeoTImIuMoe OT Hero. [TockoJibKy y HacC TOJIBKO OJHO COCTOsTHEE,
KOTOPOMY IPHUIIUCAHO OTPUIAHKUE, HEOTJIMIUMBIX OT HErO B (I HET.
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5. CBsi3b peajm3anuii Ipylnbl aBTOMaTaMy u3
Hwu A\H

Ha npumepe abeseBbix He IUKIMYECKUX TPYII MBI YBUIEIU, HGTO
rpyIia MoKeT uMmeThb peanusaimio B A\ H, Ho He umers peasmsanuu B H.
ITokaxkem, uT0o OOpaTHas cUTyallns HEBO3MOKHA. Kak yke oTrmMevaioch,
9TO O3HAYAET, UTO BHYTPEHHSIS IPYIIa ITPOU3BOJIBHOIO aBTOMATa KOHEU-
HOT'O TIOPSIJIKA, €CJIU OHA HETPUBHAJbHA, UMEET Peanu3allii0 aBTOMAaTOM
OECKOHETHOrO TIOPSIJIKA.

lokazareabcTtBo Teopembl 3. Paccmorpum aBromar a € H, peaju-
3yronuii HeKoTopyto rpynny G ¢ MOPOXKIAMIIUMA Tg, T1. lIpoHyMEpy-
eM cocTosiHus U 3aduKcupyeM (OYHKIUH BBIXOJIA, JAJbIIE OYIeM MEHSATH
TOJIbKO (DYHKITHH IIepexojia MeXKIy cocTosuusaMu. 1lycTb ag — aBToMar ¢
dbynknusavum nepexona og = T, 17'0_ 1, o1 =T L 3amMeTum, 9TO Iy HEIPU-
BotM. JleficTBUTeIBHO, TIYCTh ¢Y, g3 — MPOM3BOILHBIE JIBa COCTOSHUST (.
[IpeabsaBumM pa3Indaionyio MMocaeI0BATEILHOCTL. PacCMOTPUM COOTBET-
CTBYIOIIIME COCTOSHUS (1,@2 B UCXOJAHOM aBromare . OH HENPUBOIHMM,
MIO3TOMY JJIsI (1, (2 CYIIECTBYET pa3IMvaloNasl IOCIeJ0BaTeIbHOCTh

o= 7‘(;617'{1 .. .Tng{m, ]{)“lz ~ NU {0}, m € N, 1= l,m_

1 Iyl 1y—1.—1 _ -1
Ucxonst u3 Toro, uro o, o1 = (1, ) (1y )71y = Tou oy = Ti,
TOJTY MM PA3IMYAIONTYIO TIOC/Te/I0BATeLHOCT (v VIS Gt , 3

ar = (g o))" (o7 )" (g ton) o (o )

[Tonmy4ennniit aBToMaT ag peaausyeT Ty ke rpymiy (G, 9TO U d, Tak
KaK MbI BbIpasuiiu nopozxkatoriue rpyui G(a) u G(ag) apyr yepes Jpyra.
Ecim ag € A\H, 1o Haie yrBep:jeHue Jokazano. uade ag € H u 1o
YTB. 2 BCE COCTOSIHUS KAXKIOM 13 OPOUT (g PEATU3IYIOT OIMHAKOBBIE (PYHK-
. [Tokaxkem, uro opbuta Oy cocTosHus ¢° B ag coBIaIaET ¢ IUKIOM
B a 1o 0, comepxamuMm q. [leficTBUTE/IHHO, <0'0_ 101 >=<Tp>, 3HAYUT, U
JeMCTBHSA 9TUX TPy Ha () coBnagaroT. Tormga moJIyduM, 9T0 B HCXOIHOM
aBTOMaTe @ BCe MUKJBI 10 ) COCTOAT U3 COCTOSHUN C OJUHAKOBBIM BLIXO-
JIOM. AHAJIOrTYHO MOXKHO IOCTPOUTL aBTOMAT (1 ¢ PYHKIHUAMHU IIePEX0a,
Ky = 70_171_1, K1 = 'ro_l. Ecnu a; € H, To B NCXOIHOM aBTOMAaTe @ BCe
IIAKJIBI 110 1 COCTOAT M3 COCTOSIHUN C OJMHAKOBBIM BBIXOJIOM.
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Vcxomublit aBTOMAT @ CBSI3HBI U IPYIIIOBOIl, 3HAYAT, JI060€ €ro co-
CTOSIHUE JJOCTHUKMMO U3 HAUAJIBbHOIO 10 HEKOTOPOIl 110C/Ie0BATEIbHOCTH
cuvBosioB. Ecit 06a aBromara g, a; Jjexar B H, mepexof 1o Jo6oMy
CHUMBOJIY B @ HEC U3MEHACT d)yHKH‘I/H/I BbIXO/1a. I_IO.HyLH/H\J7 9TO B @ BCE CO-
CTOSIHUS! PEAJIU3YIOT OJIHY U TY YK€ BBLIXOAHYIO (DYHKIIHIO M HEOTJIMINMEIL,
3Ha4nT, cocrosiaue posHO oguo u G(a) = e. Ilo ycimoBuio G # e u MbI
IIOJIyYM/IM [IPOTHBOPEYHE C TeM, 4TO dg,d; € H. SHaunr, oqun u3 mo-
CTPOCHHBIX aBTOMATOB 0, 1 JacT peasmsaiuio G asromarom u3 A\H.

6. IIocTpoeHue rpynmoBoro aBTromaTra KOHE4YHO-
ro mopsijaKa

B namnom pasmesie MblI 18/ IMM KOHCTPYKTUBHOE JTIOKA3aTEILCTBO TEO-
PeMBI 4 U IOCTPOUM T'PYHIOBOI aBTOMAT MOPSIAKa 2™ JJIsl MPON3BOJIBLHOIO
HaTYPaJIbHOI'O N.

6.1. IIponeaypa nmocrpoenus
ApTomaTsl a, OyayT 00J1a1aTh CJIETYIOIIMMI CBORCTBAMU:

1) MHOXKecTBO cocTosiHuil () aBTOMAaTa @, pasduBaeTCs Ha N HOJIMHO-
JKECTB — YPOBHEH — TAKUX, YTO B MOMEHT BpeMeHH ¢ aBTOMAT 00si-
3aTeJIHO HAXOAUTCA B COCTOSHUU ypoBHs t(modn) (s yrobersa
Oy/leM CYuTAaTh, YTO yKasaHHAst (DYHKIUs IPUHIMAET 3HAYEHUS OT
1 10 n).

2n—1

2) B kaxKJi0M ypOBHE TI0 COCTOSTHUI.

3) YpoBeHb, COOTBETCTBYIOIIMI MOMEHTY BpemeHu m, rie 1 < m < n,
cocrouT u3 2™ opbur mo 2"~ cocTosiHMIT B KAXK IO

Bce mepeunciiennbie ¢BOMCTBA OTHOCATCS K CTPYKTYPE IIEPEXO/IOB aBTO-
Mara. [losicHuM cHadasia MHIYKTHUBHYIO IPOIEAYPY ITOCTPOEHUS] TaKOM
CTPYKTYPbI OE30THOCUTEIHLHO (DYHKIINHI BBIXOIA.
B xadecTBe 0] BO3bMEM aBTOMAT C OJIHUM COCTOSIHUEM, C OE3yCIOBHBIM
[IepexoJIoM U3 Hero B cebsi. Bece Tpu ycimoBust it HEro BBIIOJTHEHBI.
Samaanm Ha 6aze a, Tepexoibl I (,41. BO3bMEM J1Ba 9K3EMILISIPa
CTPYKTYPBI aBTOMATa @, 00JaIaI0NIIero yKa3aHHbBIMI CBONCTBAMU, BTO-
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poit sK3eMILIsp 0bo3HaunM d),. Takzke Bo3bMeM 2" cocTosiHUil, U3 KOTO-
pPBbIX cOpPMUPYEM <«HYJIEBOI» YPOBEHb aBTOMAaTA (1.

[lepBblit ypoBeHDb KaXKIOT0 U3 aBTOMATOB (1, U aﬁl COCTOUT U3 OJHON
opOuTHI ¢ 2"~1 cocrosmusyu. Tax Kak MbI paccMaTpuBaeM OpOUTHI Jeii-
CTBUS UKJIMYECKON IpymIbl <7, 171 > TO BCE COCTOSIHUSI OJIHON OPOUTHI
MOTYT OBITH €CTECTBEHHBIM 00PA30M <«YIIOPsi/IOUEHBI» B MOPsiIKe 00X0/1a,
TO €CTh MOYKHO CYHTATH CJIEILYIONINM IO OpOUTe 3a ¢ djeMeHT (7 Lr)(q).
Banymepyem umcsamu ot 1 10 2"=1 cocrosHns opOuT MEPBBIX yPOBHEIN
aBTOMAaTOB ay,, Cl;l B COOTBETCTBUU C 9TUM <«ITOPAJIKOM», HAUYMHAA C IIPOU3-
BOJILHOI'O COCTOSTHUSI B KaXKJI0i opbute.

MbI XOTUM TOJKJIIOYUTH MEXKJy YPOBHAMH 1 U 1 aBTOMATOB O, a;l
HOBBIE COCTOAHUA, II03TOMY Pa30pBEM IIEPEXObl, BEAYIIUE C IIOCIEIHErO
ypoBHs Ha mepBbiii. HoBbIe mepexo/ibl Ha HepBblil YPOBEHDL U3 J100ABJICH-
HBIX COCTOSIHUII YCTAHOBUM, KaK M300parKEHO Ha, pHC. 2.

( |
oRoNoNO
0 1 0 1 0 1 0 1) 0 1 0

\ /

\ /
\ /
\ s

Puc. 2.

Teneps Bce jjo6aB/IEHHBIE COCTOsIHUS 00pPA3yIOT OJHY OPOUTY JIJIMHBI
2™ a B cjloe HaJ| HEll JieyKaT JBe OPOUTHI NIEPBBIX YPOBHEH aBTOMATOB O,
/
ua,,
KOe COeJIMHeHNe, KaK [TI0KA3aHO Ha PHUC. 3, YKa3bIBas KOJUIECTBO COCTOSI-

HUl B OpOUTAX.

OpUIEM UX COCTOSIHUSA B CJIOE depeayioTcs. Bymem mzobpakaTh Ta-

OmpeiesuM 1epexoJibl U3 MOCJIEIHEr0 YPOBHsI ABTOMATOB (y,, (), B HO-
Byto opburty. [losioxkum 6e3yC/IOBHBIN TIepexo/] U3 KaxKJI0r0 COCTOSHUS ¢
YPOBHSI 1 B cocrosiine Tq '(q). DTO IeHCTBUTEIBLHO COCTOSIHIE HOBOTO,
<«HYJIEBOTO», YPOBHsI, TaK KaK KayKJIbIil IIar IMPOTUB HAIIPABJIEHUS IIepe-
XOJ[a TIEPEBOJIUT HAC HA YPOBEHBb HIKE. B KavyecTBe HAYAJIbHOIO BhIOEpEM
[IPOU3BOJILHOE COCTOSIHUE «HYJIEBOTO» YPOBHsA. MbI 3aBepIIMIM MOCTPOE-
HUE aBTOMAaTa (4] U JIEI'KO BUJIETH, YTO JJIsd HEI'O BCe yKa3aHHbIE yCJIO-
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ED) (€T

Puc. 3.

BUsl BbINIOJIHEHBI. HavuaB ¢ a1 ¢ OJIHUM COCTOSTHHEM, JIJIsI (1, MBI ITOJTYIHM
CTPYKTYPy, N300parkeHHyI0 Ha puc. 4 crpasa.

st aBTOMaTa @, OCTAJ0Ch OIPEIeJTUTh (PYHKIUN BBIXOJA /s KarK-
JI0i OpOUTHI 1 3aPUKCUPOBATEH B KAUEeCTBE HAYATIBHOTO O/THO U3 COCTOSTHUM
nepBoro yposHsi. CresraeM 3TO CJIEAYIOINMM 00pa3oM: pacCMOTPUM IIyTh
110 TO)KI[GCTBGHHOI'?I C€IUHUIIEC JIJIMHBI T U3 HAYAJIBHOI'O COCTOAHMNA U IIPpU-
[UIIEM OTPUIAHUST TOJBKO TeM OpOHUTaM, Yepe3 KOTOPbIE IMPOWIET 3TOT
nyTh. Ha xaxxmom yposue Toria OyneT poBHO O/iHa OpOuTa, peajin3yolast
orpunanue. [Tosmyuennpiit aBromar m3obpaken Ha puc. 4 cieBa (3aKpa-
IIeHbl OPOUTHI, peasusyomue orpunanue). Hizke Mbl OKaXKeM, 4TO €ro
OpsAI0K paBeH 2.

27171

Puc. 4.
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6.2. /IokazaTejbCTBO KOPPEKTHOCTHU ITOCTPOEHHOT'O IIPU-
Mepa

JlokazkeM, 4TO CTelleHb aBToMaTa @, jeficrsurenbho 2. ITokaxkem
CHauaJIa, 4TO BBIIOJIHEHO HepaBeHCcTBO ord(a,) < 2", a 3arTeMm, 4TO CTe-
IIeHU @, MeHbIme 2™ He JlajlyT TOXK/JIECTBEHHYIO (DYHKIMIO BBIXOJIA.

Jlemma 3. Jlas w060t opoumu O yposhs m asmomama @, 20e 1 <
m < n, HG Kasrcdom bosee HUSKOM YPOGHE eCmb POEHO 00Ha opbuma, u3
KOMOPOt MO2HCHO NoduambeA 6 O, He 0CYWECmBAan NePerodos ¢ Ypos-
HA N HA Yposerd 1.

Joka3aTesabCcTBO. Y TBEPXK/JIEHNE COBEPIIEHHO sICHO U3 CIOCO0a IIOCTPO-
€HUSI: BCE IEePEXOJIbl, KOTOPhIE BEIYT B MPOU3BOJILHYIO OPOUTY, UCXOMISAT
TOJBKO M3 OTHON OPOUTHI NpeAbLIYIIEro ypPOBHsI. Sive) IIpaBuUJIO HapyIlla-
€TCsI TOJILKO [IJIsi OPOUTHI IIEPBOIO YPOBHS, HO MBI 3AIPETUIN IEPEXO/IbI
II0CJIEIHEer0 YPOBHHA Ha IIEPBLIN.

Jlemma 4. Ecau 0as nekomopotl nocaedogamesvhocmu LOOHT CUMBO-
206 O QAUHYL M U 08YT COCTNOANUL q1, g 6binoaneno, wmo a(q1), a(qe)
nonadatom 6 o0dny opbumy O (npu mom, wmo mov. He cosepuiaem ne-
pexoda ¢ nocaednezo YpoeHsa Gy, Ha Nepevidl), mozda 0as NPou3cosLHOU
nocaedosamenvrocmu, B Oaunve He mpesviwarousett m o0pasv. cOCMoA-
nutlt B(q1), B(g2) nonadym e 0dny opbumy.

HokazaTeabcTBo. COCTOSIHUS (1, 2 HAXOJATCS HA OHOM YPOBHE k, MHA-
e I10 MMOCJIe/IOBATEIbHOCTH (v OHU OBI ITOTIAJIAJIN HA PA3HbIE YPOBHU, & 3HA-
9UT, 1 B pasHbie opouThl. [lo jemMe 3 MBI MOKEM 3aKJIIOUUTH, UTO (1, (2
JIe’KaT B OJIHOM opOuTe, a TakKe, 4TO 110 HAYAJIBHOMY YUYACTKY ( JIJIH-
HBl [ < m OyIer OCYIIeCTBJIEH IIepexXo/i B HEKOTOPYIO opOuTy, OOIIyIo
JUIst q1, G2, BeJIb Ha ypoBHE k + [ TOXKe TOJILKO OjiHa OpOmTa, U3 KOTOPOit
MOXKHO mronacTb B O, yinbo xe 310 u ecth 0.

Paccrosinue mo opbuTe MeXKIy COCTOSHUSIMU 1, @2 HA KayKJIOM IIare
(moka ux 06pasbl MPOJIOJIZKAIOT MOMAJIATh B OJHY OPOUTY) yMEHBINAETCS
BjiBoe. JlocTaTouHO BEPHYTHCSI K PHUC. 2, TJIe MMOKAa3aH CIIOCOD COeIMHEHUSI
opouT B a,. MBI MO2XKEM COBEPIIUTH M IEPEXOJ0B BBEPX, 0€3 PaCX0oxkK-
JIeHUsI B pPa3Hble OPOUTLI, 3HAYUT, PACCTOSIHUE MEXKIY 1, G2 KpaTHo 2™.
Ocrajioch 3aMeTUTD, IYTO BEPHO U 0OPATHOE: €CJIU PACCTOsIHUE 110 OpouTe
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MEKJIy COCTOSIHUSIMU YETHO, TO IIPH II€PEXOJie 10 JIOOMY CHMBOJIY (HO
obIIeMy JIJIst JIByX COCTOSIHUIL) OHH OCTAIOTCsl B OJ[HOI opbuTe.

Takum obpazom, Ham 6e3Pa3TNIHO, KAKYIO TOCIEI0BATEIbHOCTD [3 MbI
OyeM CUHXPOHHO I10/IaBaTh HA HAIIM COCTOMHUS: ITOKA €€ IJINHA He Ipe-
BBIIIAET M, PACCTOSTHUE MEXK/Iy 00pa3aMu UCXOIHBIX COCTOSHUN OCTAETCS
YeTHBIM U HET PACXOXKJEHUs B JBE€ OPOUTHI, JIeMMA JIOKA3aHA.

Jlemma 5. Jlas xaorcdozo cocmosnus ¢ a8momama G, cAedys no npous-
BONBHOMY NYMU U3 ¢ N0 HANPABACHUIO NEPETO00E, NPOTOOA 6 Nepevili pas
yepes NePevill Yposens, Mol OKANCEMCA 6 COCTOAHUL (1, U3 KOMOPO2O NO
mootcdecmeenHotl eQUHUYUE MOHCHO Nodrambvea 6 opbumy O, codeporca-

wyio q.

HoxkazareabcTBo. OTcTynuM Ha IMar Hasaj, U3 COCTOSTHUS IIEPBOIO
YPOBHS @1, Ha YPOBEHb 7, OOO3HAYUM COCTOsTHHE, B KOTOPOE MBI ITOIa~
Jau 3a ¢p. Pa3 Mbl monamm B ¢, U3 ¢, 3HAYUUT, B ¢,, MOYKHO IOJIHATHCI W3
opbutsl Q. [To memme 3 J11060i Iy TH € IEPBOrO YPOBHS B ¢y, IPOIIET uepe3
o1y opbuty. C Jpyroit CTOPOHBI, U3 (¢, MbI IO OIPEJIEJIEHUIO (i, TEPEXO-
JIIM B TAKOE COCTOSIHUE IIEPBOT0 YPOBHS, U3 KOTOPOT'O IO TOXK/IECTBEHHOMN
€JIMHUIE MOXKEM MOJHSITHCH B (n, TO €CTh U3 ] BEJET IYTb IO TOXKJIE-
CTBEHHON €JINHUIIE B ¢ ¥ OH HEM30EXKHO IPOXoauT depe3 opbury O, 3o
U yTBEPXKIAeT JeMMa.

Ilepeiigem Teneps K pacCMOTPEHUIO CTEIEHE aBTOMAaTa, (. 3aMETUM,
YTO IMPOM3BOJIbHAS CTENEHb @, COXPaHseT YPOBHEBYIO CTPYKTYpy. leii-
CTBUTEJIBHO, KaXKJI0e COCTOsIHHE aBTOMAaTa a)' MOKeT OBITh IIpescTaBile-
HO KakK II0CJIeJIOBATEJIBHOCTb U3 11 COCTOAHUNA @, IIPU 3TOM B MOMEHT
BpeMeHH ¢ BCe 9T m cocTostHuii OyyT u3 yposHs t(modn).

k .
Jlemma 6 (ocHoBHas). V asmomama a2 , k < n, nem ompuyanuti na

yposuax 1,... k.

HokazareabcTBo. [IpoBeem jToKa3aTeIbCTBO MHIYKIMEH IO mapamMeT-
py k. Byzem 3ajaBaTh cocrostHEE ¢ aBTOMATA a,%k [IOCJIEIOBATEIHHOCTHIO
COCTOSHUE 1, . .. ,Gor aBTOMaTa @, ipuueM ' (q) = ¥(q1) - -+ - ¥(qor ),
rae ¢ — dbyHknusa BuIxOIA a%k.

Baza unaykium: k = 2. JTioboe cocTosiHme a2 MepBoro ypoBHsI Peasi-
3yeT KOMIIO3UIUIO JIBYX OTPUIAHUIA, TO €CTh TOXKIECTBEHHYIO (PYHKITHIO,
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TaK KaK Ha IIEPBOM YPOBHE (1, 110 TOCTPOEHUIO BCE COCTOSIHUST PEAN3YIOT
OTpUIIAHNE.

IIycrs Halme yTBep:KjeHHE IOKa3aHO it kK = 1, IOKayKeM, 9UTO

a™tl mer orpurammit Ha mepBbIx M + 1 ypoBHSAX. 3aMeTHM, UTO
,%mﬂ = (a2™)?, 3HaunT, Ha MEPBLIX M YPOBHAX ABTOMATA a,%mﬂ peamn3y-
FOTCsT KOMIIO3UITUU JIBYX TOXKJECTBEHHBIX (pyHKImit. OcTajgoch mokasarh,
YTO HEeT OTpULIaHMl Ha ypoBHe m + 1.

HagasbHOe cocrosiHume aBTOMAaTa, a%mﬂ 3a/1aeTCs CJIEIYIONIIM 00pa-

30M:

4o0---490 40 --- 40 -

—— N——

2m 2m

[Ipu npoxok/IeHUU MMEPBBIX M yPOBHEH Ha BXOJ| BTOPOTO MHOXKECTBA, U3
2™ cocrogHUil OyIEeT 0/IABATHLCS TOT K€ CUMBOJI, UTO M HAa BXOJ] IIEPBOTO,
OIISITH 7K€ 110 TOH HPUYHHE, 9T0 y a2 HeT OTPUIAHMI Ha TIEPBBIX 71 YPOB-
uax. /IBe mosoBunbl HabOpa COCTOSIHUI B HAYAJILHBIN MOMEHT BPEMEHH
uieHTrIHbl. [lo yKazaHHOMY CBONCTBY OHU OCTaHYTCH HICHTUIHBI U JIO
MOMEHTa BpeMeHU 1M+ 1 BKIIIOUUTEIbHO. SHAYUT, IIPU IIEPBOM IOMAIAHUT
Ha ypOBeHb M + 1 peasu3yeTcs TOXKJIeCTBEHHAsS (PYHKIUS BBLIXOIA:

Ulgem) (@) Ulgam) - o dlar) = (Wlaen))® - - (@) =

Oj1HakKO JTasIbiiie BOSMOXKHO PACXOXKJIEHUE U TIPHU CJIELYIONEM ITPOXOK, 16~
HUU Yepe3 ypoBeHb M+ 1 MoJI0BUHBI cocTosinui He OyayT coBnagarh. Jls
HAC CYIIECTBEHHO, YTOOBI KaxK/asi (DYHKITUS BbIXOJIA, BXOJSINAs B KOMIIO-
3UNWIO, BCTpevasach B Hell aBazkibl. 1lokakem, uTo Ha ypoBHE M+ 1 11
JIBYX TIOJIOBUH COCTOSTHUIA:

/ /
qi...4q2m qqp...qom
om om

BCEIJIa BBIIOJIHEHO, 4TO ¢; U ¢}, tae 1 < ¢ < 2™, jiexkar B ool op6ure.
D10 obecneunt paBeHcTso ¥(g;) = 1¥(g;), a BMeCTe ¢ TEM U TOXKIECTBEH-
HBIH OOIINIT BBIXOJ] aBTOMATA a,%mﬂ Ha yposHe m + 1.

IIpocneaum 3a mapoit COCTOSTHUI, PACIOJJIOKEHHBIX Ha MO3UIUU ¢ B
0benx MoJIOBMHAX. B MOMEHT mepBOro MoMaIaHust Ha YPOBeHb m + 1 oTn
COCTOSIHUS UJCHTUIHBI, 3HAYUT, JIeXKaT B OJHOM opbuTte, obo3uadum eé 0.

[Tpu nmpoxoxkaeHnn Ha IepBbIil yPOBEHB 10 JIeMMe 5 MbI IOIaJIeM B G5, g
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TaKue, 9TO U3 KarKJIOr0 MOXKHO MOJIHSITHLCA IO TOXKIECTBEHHON eIMHUIEe
B 0. K mosyuyennoit mape cocTosHUN MOXKHO HPUMEHHUTDL JieMMy 4, B34B
B KadecTBe (v IOCJIEIOBATEJHLHOCTDL 17, DTO o3HavaeT, ITO I JIFOOOI
IOCTIeZIOBATEILHOCTH 3 JUIMHDLI He IPEeBBIIAomeil m U3 ¢j, ¢s MBI IOIHH-
MEMCs B OJIHY OpOUTY.

[TokaxkeMm, 4TO Ha yPOBHE HE BBIIIE 1M HA BXOJ -I'0 COCTOSHUS 0DEnX
ITOJIOBUH TIONAJIaeT OJUH M TOT »Ke CUMBOJ. [IpejicraBum a%mH B BHJIE
af;l . a,%m . a,%m*”l. Orcroma BUIHO, YTO CUMBOJI, TIOCTYIAIOIINNA Ha BXOJ]
1-TO COCTOSIHUS TIEPBOM MOJIOBUHBI ITPOXOJIAT TIepeJ] MONaJaHueM Ha BXO]T
1-TO COCTOSIHUSI JIPYTOil IOJIOBUHBI Y€pe3 aBTOMAaT aflm, Y KOTOPOT'O HET
OTPUIIAHNN HA HUXKHHUX 777 YPOBHSIX. SHAYNT, IPHU JIOO0H BXOIHON mOCTE-
JIOBATEJILHOCTH 7y HA BXOJL $-X COCTOSTHUI 00EMX MOJIOBUH OyJIeT 110/ 1aBaTh-
cst ab 1(v), u gi, g}, B KOTOpBIE MBI HO/HUMEMCSL U3 (j, s, OY/IYT JIeXKaTh
B ojiHOI opbute yposHs m + 1. Takum obpazom,

U(gom) (@) Ulgam) - (@) = (Wlaem))® - (@) =

SaMeTuM, 9TO HAIIN PACCYKIEHUsI MOXKHO ITOBTOPHUTD JJIsi HOBBIX COCTOSI-
HU q;, q,f U TIOJIYYUTh, YTO U3 HUX MBI Uepe3 n IIaroB IepeiijieM B JBa CO-
CTOSTHHSI, CHOBa IO IaI0IINe B OJHY OpOUTY. SHAYMUT, IPU KaXKIOM IIPO-
XOXKJIEHUM Iepe3 yPOBeHb M + 1 Oy/1eT peain30BbIBATHCS TOXKIECTBEHHAS
dyukus Beixoga. Ilar nHayKIun, a BMecTe ¢ HUM JIEMMa, JTOKa3aHbI.

Caencreue 1. a2" = id.

CiejicrBue 0o3HA4aEeT, YTO LOPSIOK @, genut 2. ITokazkeM Teneps,

k
9TO JjIsI JIIOOOTO TOpSIIKa BHUIA 2’“, rae k < n, aBToMar a,% He SKBUBa-

JICHTEH TO2K/IECTBECHHOMY.

Jlemma 7. ITycmv a=ay, ...a1=0...0, moeda a2 (2)=0...010...0.
— — T N
n n—k—1 k

okazarenbcTBo. [lokarkem, 910 11151 J1I0O0 TBOMIHOM ITOCTIETOBATE b=
HOCTHU BXOJQ (1, ..., y, HE PABHON TOXKJICCTBECHHON €IUHUIIEC, U COOTBET-
CTBYyIOIIEi eif ToC/IeI0BaTeIbHOCTH BbIXoAa (1, ..., 3, aBTOMara d, BbI-
IIOJIHEHO COOTHOIIICHUE:

Bn...01=Qn...a1+1,

rae 1Mo CJIOKEHUEM MbI ITOJIpa3yMeBaeM CJIOZKEHNE JIBOUITHLIX YIHUCEJI.
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HeiicTBuTesibHO, TIOKa a;; = 1, B KadecTBe (DYHKITUU BBIXOJA PEATU3Y-
erca oTpunanue u Ha Beixoge [; = 0. Ilycts o — mepsrrit 0, mocTymnms-
I Ha BXOJI, COOTBETCTBEHHO (3; = 1, M 1O Tp MBI IEPEXOM B OpOUTY,
PeaU3yIONLYI0 TOXKIECTBEHHYIO (DyHKIIO. Jlasbiie, Mo MOCTPOEHUIO a,,
MBI TIEPEMEITIAEMCsT y2Ke TOJBKO MO TaKUM OpOUTaM JO0 MOMEHTa BpeMe-
v t = n + 1. 3HauuT, npu ¢ > j BbIIOJHSIETCS ; = ;. PakTudeckn
HAMU OIHUCAH AJTOPUTM HPUOABJICHUS €IMHUIBI K JIBOUIHOMY YUCTY.

[Tomas Ha BXOJ IepBOro u3 2 aBTOMATOB @, TOMKJECTBEHHBIH HOJIb,
MBI TIPU TTPOXOKJICHUN Yepe3 KayKJblii aBTOMAT OyaeM MpUOABIATE €7~
HUIY K HAIIEMY 9HC/Ty U IOJTyHnM Ha BhIXOIe 2F B IBOMYHON 3aIicH, 4To
U YTBEPKIAET JIEMMA.

Taxum 06pa3oM, MBI ITOKa3aJId, YTO CTEIEHb aBTOMAaTa (1, B TOYHOCTH
pasua 2". Jljis1 3aBepiiieHns J0Ka3aTe/ILCTBA TeOPeMbl 4 HaJI0 yOeInThesd,
YTO KOJMYECTBO COCTOSTHMUIA MOJTyIeHHOro aBToMaTa 1n-2" 1. D1o neifcTBu-
TEJBHO TaK IO IMOCTPOEHUIO: COCTOSHUSA (, Pa30UBAIOTCS HA 71 yPOBHEMH
o 2"~ ! cocrosiHmii B KasKIOM.

B zak/rouenue aBTOp BbIpaXkaeT UCKPEHHIOI 0JIaroapHOCTh CBOEMY
HaygnoMmy pykosoaureaio C.B. Asémuny 3a HOMOIIL U ITOAJIEPKKY Ha
BCeX 3TallaX BBIMOJHEHUS PabOTHI.
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