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I'maBa 1

AOcTpaKTHBIII cUHTE3

1.1. /IuckpeTHbIi aBTOMAT

Kak mnpaBuio, TepMUH «@8MOMGIM» UCIOJIb3yeTCsl B JIBYX ac-
MEKTaX: YCTPOWCTBO, BBIMOJHSIONEE HEKOTOpble (GyHKIUH 06e3
HEIIPEPBIBHOIO YUYACTHUSI Y€JIOBEKA, WU MATNEMAMULECKAS MOOEAD
peasvrozo mexHuveckozo asmomama. Hac Oyner mnrepecoBaThb
MMEHHO BTOpOE olpejiesieHne. PaccMoTpuM, KaK OCYIIEeCTBIISETCS
IOCTPOEHUE TAKOU MOJICJIN.

[ToBeeHne TH0H60I0 TEXHUIECKOTO YCTPONCTBA MOXKHO OIUCATH
B TEPMHUHAX HEKOTOPBIX PUUUECKUL NEPEMEHHBLL:

— 8r00HbLE TIEPEMEHHbIE — UX 3HAYECHUS 33aI0TCSA U3BHE, OHHI
He OIIPEEJIAIOTCA CAMUAM YCTPOHCTBOM, HO BJIMAIOT HA €r0 HOBe-
JleHue;

— 8bLLOdHbIE TIEPEMEHHBIE — JIJIsI [IOJIyYeHUs UX 3HAYEHUN 110-
CTPOEHO CaMO YCTPOHCTBO, 9TU 3HAYCHUS OIIPE/ICJIAIOTCA KaK HEKO-
TOpble (DYHKITNU, 3ABUCSIIUE OT BXOJTHBIX ITEPEMEHHBIX;

— BHYMpPEeHHUE IICPEMECHHBIC — HE ABJIAI0TCA HA BXOJHBIMU, HU
BBIXOJHBIMU, HO HEOOXOMMMBI JIJIsi OIUCAHUS TIOBEJIEHUs] YCTPOii-
CTBA.

Bynem paccMarpuBaTh TaKue TEXHUYECKHE YCTPOWCTBA, B KO-
TOPBIX 3HAYECHUSI MIEPEMEHHBIX NPOKBAHMOBAH L. ITO OZHATALT,
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9TO W3 00JIACTU 3HAYEHUN KaXKIO0M MepeMEHHON BBIIEICHBI Helre-
peceKkarolecss NHTEPBAJIbl, a 3HaUEeHUs caMOU IepeMeHHOI y4u-
TBIBAIOTCS C TOYHOCTBIO JI0 nHTepBaJa. 11ogobHbIe yeTpoiicTBa Ha-
3BIBAIOTCS QUCKPEMHBIMU YCMPOTUCTNEAMU.
IIpokBaHTOBAaHHOCTH TIEPEMEHHBIX IO3BOJISIET U3yYaTh JTUC-
KpeTHBIE YCTPOMCTBA ¢ eIMHON TOUKM 3peHus. VX HemocpeicTBEH-
HOE PACCMOTPEHNE 3aMEHSIeTCsT aHAJIM30M abCTPAKTHONW MO,
Ha3bIBaeMoil duckpemtvim asmomamom (cMm. puc. 1.1).

» ~
JuckperHoe » JluckpeTHsbIit
YCTPOHCTBO Ilepexon aBTOMAT

Kaxxnas pusmueckas nepeMeHHas, B 001IeM ciydae
¢ OECKOHEYHBIM YHCIIOM 3HAYCHUH, 3aMEHSIETCS Ha
AUCKPETHYIO MepPeMeHHYI0

Puc. 1.1. Ilepexo/ K IMCKPETHOMY aBTOMATY

Yuco 3nadennit duckpemtoti nepemerHHoti KOHeIHO U PaB-
HO YHCJTy BBIJEJIEHHBIX WHTEPBAJIOB B 00JIACTH 3HaYeHU (husmde-
CKOI IepeMEeHHO.

[Iycthb uncsio uaTepBasioB (BDU3NIECKON MEPEeMEHHON paBHO 2.
Toryta eit COOTBETCTBYET JUCKPETHAS TIepeMeHHAasT, TPUHIMAIOIIAST
snavenns «0» mwm «l» — 3ro deounnas (aozuueckas nmm 6y-
A€6a) TepeMeHHasl.

JlBonuHbIe TIEpEMEHHBIE JUCKPETHOIO aBTOMATa, COOTBETCTBY-
OITE BXOJHBIM U BBIXOIHBIM (PU3UIECKUM TIEPEMEHHBIM JUCKPET-
HOT'O yCTPOMCTBA, HA3BIBAIOTCS 8LOOHBIMU U BbLLOOHBIMU TLO-
a0camu auckpernoro aromarta. CocmosHue noaroca — 1o
3HA4YEHUE COOTBETCTBYIONICH JIBOMYHON IIEPEMEHHON.

Bxo0 aBrOMaTa — 3TO COBOKYIIHOCTH BXOIHBIX IIOJIIOCOB. Bbi-
T0d aBTOMATA — 3TO COBOKYITHOCTD BBIXOIHBIX OJTI0COB. C'ocmo-
anue 8roda (6v1x0da) — STO BEKTODP COCTOSIHUN BXOMHBIX (BBI-
XOJIHBIX) MOJIIOCOB.

KomburauuoHHbli a8momam — 3T0 IUCKPETHBI aBTOMAT,
VJIOBJIETBOPSIIOINUI CJIEIYIOINEMY YCJIOBUIO: KarKJIOMY COCTOSIHUIO
BXOJIa JTIOJIZKHO COOTBETCTBOBATH 8NOAHE ONpedeseHHOe COCTOSTHUE
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Beixoga. OTcioga cieayer, 4To JBOUYHAA IIEPEMEHHA Y;, OIUCHI-
BAIOIIasi COCTOSHUE ¢-TO BBIXOHOTO IOJIOCA, MOYXKET OBITH Mpe/I-
cTaBjieHa KaK JIOIMYecKas (DYHKIWS ; JBOUYHBIX IEPEMEHHBIX
T1,T2,...,Tn, KOTOPbIE OMUCHLIBAIOT COCTOTHUS BXOIHBIX ITOJIIO-
coB. CiremoBaTE/IbHO, KOMOMHAIIMOHHBIN aBTOMAT peaIn3yeT HeKO-
TOPYIO CUCTEMY JIOTHIECKUX (DYHKITHIA:

Y1 = 801(3917 cee ,xn),
(1.1)

Ym = (Pm(xla v ,Lﬂn);
1M B BEKTOPHOM BHUJE:
Y = &(X). (1.2)

Hannas cucreMa JIOTHYECKUX (DYyHKIUI Ha3bIBAETCS HYHK-
UUOHAALHOU MO0eAD0 KOMOUHALIMOHHOIO aBromMara (CM.
puc. 1.2).

X1 — P11 y1
>:(2—) P2 —){2 % Y
Xo —>] P> Vi

1 2

Puc. 1.2. Kombunanmonusrit asromar: 1 — coorBercrByeT mogenn (1.1),
2 — coorsercrByer Mogenn (1.2)

SaMeruM, YTO HAMU JOIYCKAETCs HEKOTOpas WJieaIin3aIus
JUCKPETHBIX ycTpoiicTB. Ha mpakTuke peasibHble ycTpoiicTBa 00-
JIATAI0T UHEPUUOHHOCTIDIO: U3MEHEHNEe COCTOSHUS BXO/a aBTOMa-
Ta He IPUBOJUT K MTHOBEHHOMY ODPA30BAHUIO HOBOI'O COCTOSTHIS
BBIXO/Ia — JJIs 9TOro TpedyeTcsi HEKOTOpoe BpeMs:. B psine ciydaes
THUM fBJIEHHEM MOXKHO IIPEHeOpPEeUb.

Ilycts m 1 m — 3TO YUCJIO BXOJHBIX M BBIXOJIHBIX IIOJIIOCOB,
TOTrJIa, OYEBUJIHO, CYIIECTBYET 2" Pa3JIMIHbIX COCTOSHUN BXOJA U
2™ pPa3IUYIHBIX COCTOSHUN BBIXOa. TeM He MeHee, I 3aJaHHOTO



6 T'naBa 1. AGcTpakTHBIR CHHTE3

KOM6HH&HHOHHOFO aBTOMaTa HEKOTOPbIE COCTOAHUA BBIXO/a MOTYT
OKa3aTbCA HEPEAANU3YEMDBIMU HU IIPU KaKOM N3 COCTOSTHU BXO/1a.

IIpumep 1.1. B kaugecTBe mpmmepa IpocTelniero KoMOUHa-
[IMOHHOTO aBTOMATa MOYKHO PACCMOTPETH AAEMEHMAPHBLT Npe-
obpazosamens. ITO JUCKPETHOE YCTPOICTBO, KOTOPOMY COOT-
BETCTBYET KOMOMHAIIMOHHBIN aBTOMAT, MMEIOIIN OIUH BXOIHON
IIOJIIOC, OJIMH BBIXOJHOM IOJIIOC, U COCTOSIHHS 9THUX IOJIIOCOB BCE-
raa coBmagaot. Ha mpakTuke 310 paziaudnbie garanku. OyHKIH-
OHAJIbHAS MOJIEJIb JIEMEHTAPHOIO IPe00PA30BATE/IS MMEET BUI:

y=p(r) ==

Paccmorpum pabory JUCKPETHOrO aBTOMAaTa B TEYEHHE HEKO-
TOPOr0 OTpe3Ka BpeMeHu. V3MeHsist BO BpeMEHU COCTOSTHHST BXO/I-
HBIX TIOJIIOCOB, MbI TIOJIy9aeM HOCJIeI0BATEIbHOCTH COCTOSTHUHN BXO-
na. B aToM ciydae Ha BBIXOIE aBTOMaTa 00pa3yeTcs IOCJIeI0Ba-
TEeJIbHOCTh COCTOSIHUN BBIXOA!

DG ¢l Xt vyl vtk Lyt

geeey

Aesmomamom b6e3 namamu Ha3LIBACTCST aBTOMAT, ITOBEJIE-
HHE KOTOPOI'0 HE€ 3aBHCHUT OT IIPOILJIOrO, a IIOJIHOCTBIO OIIPpEIeJsId-
€TCA TEeKYIIUM COCTOAHHEM BXOIA. @yHKHI/IOHaHBHaH MOIeJIb aB-
TOMaTa 663 IIaMATH UMeeT BUL:

Y= o(X?). (1.3)

IIpumep 1.2. Eciim 3naugenuro (1011) Bekropa X coorser-
crByer 3uauenue (101) Bektopa Y, To 910 coorBercTBHE GyIET
PeaIM30BLIBATHCA aBTOMATOM BCETJIa, BHE 3aBUCHMOCTH OT ITIPE]I-
HIECTBYIONMX 3HAYEHUN BeKTOpa X .

Wcxons u3 onpeesiennii, moryvaeM, 9T0 KOMOMHAITMOHHBII aB-
TOMAT U aBTOMAT 0€3 MaMsITH — SKBUBAJEHTHBIE TIOHSITUS.

Aemomam ¢ namamovio (nm nocaedosamesvmvili a6-
momam) peanusyer GOYHKIHOHAIBHYIO 3aBUCAMOCTDH HE MEXKILY
OTAENBHBIMHI COCTOSHHUSME BXOJa W BBIXOJA, & MEXIY UX IIOCTe-
JIOBATETbHOCTSIMHU:

Yi=9o(Xt X X, (1.4)
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Jlist 9TOr0 TOC/IEI0BATEBHBI ABTOMAT HAJIESIETCs] HEKOTOPHIM
MHOYKECTBOM 8HYMPEHHUL COCMOAHUY. B KaxK1oM n3 3Tux co-
CTOSTHUI TIOC/IEJIOBATEJIBHBIN aBTOMAT BeeT cebsi TI0J00HO HEKOTO-
pOMy KOMOWHAIIMOHHOMY aBTOMATY, TO €CTh PeajIn3yeT OJHO3HAU-
HYI0 (QYHKIIMOHAJIBHYIO 3aBUCUMOCTDb MEXKJIy COCTOSHUSIMU BXOJIA
u BbIXOZa. HO peakyus mocsie1oBATEIHHOTO aBTOMATA HA OUepel-
HOE COCTOSTHUE BXOJIA MOYKET BBIPA3UTHCS TAKIKE B CMEHE BHYTPEH-
HEI'0 COCTOSIHUSI.

o cux mop MbI OI'PaHUYIUBAJINCH PACCMOTPEHUEM JIOTUIECKUX
MEPEMEHHBIX, TO €CTh COCTOSTHUS BXOJA W BBIXOJa aBTOMATA OIU-
CBIBAJINCH JIBOWYHBIME BeKTopamu X u Y. B obmewm ciayaae mpu-
pPOJIa COCTOSTHWIT BXO/Ia M BBIXOJA, & TAKXKe BHYTPEHHHUX COCTOSI-
HHUIT aBTOMAaTa MOXKET 6I>ITI) IIpOI/ISBOJIbHOfI. By}leM CUUTaTh, 9TO
9TH COCTOSIHUsI OIHCHIBAIOTCSI HEKOTOPBIMU CHMBOJIAME, KOTOPBIE
BBIOMPAIOTCH U3 COOTBETCTBYOIINX MHOYKECTB:

1) Z = {z1,29,...,2r} — abcmpaxmnoti 6xodHoll aaga-
eum;

2) W = {wy,ws,...,wg} — abecmpaxmuvili 6utx00HOY an-
Pasum;

3) A={ay,a2,...,ap} — MHOIHCECMBO BHYMPEHHUL CO-
cmoarul;

1.2. Omnpeneseane adbCTPAKTHOTO aBTO-
MaTa

AbcmparmHbit a8MOMaAIM — 3TO MATEMATHIECKAT MO JINC-
KPETHOTO YCTPOHCTBA, KOTOPas 33IaeTCsI MHOYKECTBOM u3 6 3Jte-
MEHTOB:

S ={A,Z,W,5,\ a1}, (1.5)

e A = {a1,...,Gm,...,0N} — MHOXKECTBO S8HYMPEHHUL CO-
cmoanut (andasur cocrosuuii); Z = {z1,...,2f,...,2p} — MHO-
JKECTBO BLOOHBIT CUZHAAO8 WIH BXOAHBIX COCTOAHUN (BXOJI-
Hoit andasur); W = {wi,...,wy,...,wg} — MHOXKECTBO 6bLL00-
HBUL CUZHAA08 WU BBIXOJHBIX COCTOSHU (BBIXOIHOI andasur);
0:Ds CAxXZ — A- pynryua nepexodos: a; = 6(am, 2f);
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A: Dy CAXZ— W - Ppynryua evxodos: wy = Aam, 2y);
a; € A — HaYaIBHOE COCTOSHME aBTOMaTa’.

ABTOMAT HA3BIBAETCS KOHEWHBLM, €CJIH KOHEIHBI MHOYKECTBA,
A, Z u F. B gajbaeiimem OyaeM paccCMaTpPUBATh TOJIBKO KOHEYHbBIE
aBTOMATBI.

BamernmM, 94TO aOCTPAKTHBI aBTOMAT — TO CTPOTOE MaTeMa-
THYECKOE OIPE/IEJIEHNe aBTOMATA C MAMSITHIO WU TOCJIEI0BATE b
HOI'O aBTOMATA.

Boobiie roBopsi, abcTpakTHBIN aBTOMAaT 3aJaeTca (DyHKIIAEH
® rakoit, aro P(z(t), z(t —1),...,2(t — k)) = w(t). Yrobs ycTpa-
HUTH BpeMsl, KaK sIBHYIO IIEPDEMEHHY0, BBOIUTCS IIOHSITHE «COCTO-
sHUE aBTOMaTa». Tenephb BBIXOMHON CUTHAJ W €CTh (DYHKIUS A,
3aBUCSINAs OT BXOJHOTO CUTHAJA Z U COCTOSTHUS .

1.3. AsBtomarbel Mypa u Munan
Kak ormegasnoch paHee, apToOMaT UMeeT OJIUH BXOJ/ U OJUH BbIXO/L
WJIU BXOJTHOM M BBIXOJIHON KaHaAAblL. B KaXKIplil MOMEHT JUCKPET-

HOro BpeMeHH ¢ = 1,2,... aBTOMAT HAXOJUTCS B OIPEJIEJEHHOM
cocrosiunu a(t) muoxecrBa A (cm. puc. 1.3).

Z={Z1,...,ZF} W={W1,...,WG}

Puc. 1.3. A6cTpakTHBIN aBTOMAT

B magaibHBIT MOMeHT, Koria t = 1, aBTOMAaT BCEria HaXOUTCS
B cocrostanm a(1) = a;. B MOMEHT BpeMmeHU ¢ aBTOMAT, HAXOJSACH
B cocrostHuN a(t), CriocobeH:

1) BoCIpHHUMATBH HA BXOJHOM KaHaJsie curHad z(t) € Z;

2) BbIIaBaTh Ha BBIXOJAHOM KaHase curaaia w(t) € W :w(t) =
Ma(t), 2(1));

3) nepeiitu B cocrosinme a(t+1) € A:a(t +1) = §(a(t), 2(t)).

1 aJjiee, €CJIM He OrOBOPEHO IIPOTUBHOE, II0J] CJIOBOM «aBTOMAT» Oy/eM I10-
) )
HUMaTb a6CTpaKTHbeI aBTOMaT, a IIOHATUE «BHYTPEHHEE COCTOAHHNE» COKpPa-
THUM 0 TEPMHUHA «COCTOAHHUE».
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Crpykrypa aBromara mpejcrasieHa na pucyuke 1.4. ITepexosn
OT MOMEHTa& BpeMeHU ¢ K MOMeHTY (¢ + 1) Ha3bIBaeTCst MaKmom.
IMamsiTe aBTOMaTa (MM 3aIIOMHUHAIOIIEE YCTPOHCTBO) 3a/epiKu-
BacT Ha OJWH TAaKT BBIYUC/IACMOC B TEKyIIWII MOMEHT ¢ 3HaYCHUE
dyukuuu 6. B moment Bpemenu (t+ 1) 0HO HOABJIAETCS HA BBIXOJE
3aIIOMUAHAIOIIET0 yCTPOICTBA.

U A wh o

— 5
a(t) a(t+1)

e

1

Puc. 1.4. Crpykrypa aBromMara ¢ maMsaTbio; 1 — HaMsATb aBTOMAaTa,

CMBICT TIOHATHS A0CTPAKTHOIO aBTOMATa COCTOUT B TOM, UTO
OH peajim3yeT 0TOOParKEHNEe MHOXKECTBA €108 BXOJHOTO ajihaBuTa
Z BO MHOXKECTBO CJIOB BbixomHoro asdasuta W. pyrumu cio-
BaMH, aBTOMAT HHAyIUpyeT orobpakenne P, KOTOpoe CTABUT B
coorBercTBue 8rodHOMY cao8y (z(1),2(2),2(3),...) 8birodnoe
cno060 (w(l),w(2),w(3),...) (cm. puc. 1.5).

o)
I Bxoanoe cioBo |—>| BrixogHoe cioBo |

Puc. 1.5. Orobparkenue, MHIyIIUPOBAHHOE aBTOMATOM

Hcxons u3 BBIIECKA3aHHOIO, aBTOMAT MOXKHO OIIUCATH OJHOM
n3 cIeLyomux QyHKINOHAIBHBIX MOZeJIei:
1. Modeav Muau (aemomam Muau):

at +1) = d(a(t), 2(1));
{ w(t) = Aa(t), 2(t)). (1.6)
2. Modeav Mypa (aemomam Mypa):

a(t+ 1) = d(a(t), z(t));
{ww—xmm. (17)
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B oboux ciyuasx t = 1,2,3, ... ITapa (a(t), 2(t)) nasbiBaercs nos-
HBIM COCTOSIHIEM aBTOMATA.

B saBucumocT or crmocoba 3amaHus QYHKIUH TIE€PEXOIOB §
1 QYHKIH BBIXOJOB A BBIIEJSIIOT JIBA KAGCCQ S3BIKOB OIUCAHMSI
ABTOMATOB:

1. HavasbHble S3bIKH.

2. Asromaruble (CTaHIAPTHBIE) SA3bIKU.

1.4. HavaJjbHbIe 93BbIKI

B HavabHBIX sI3BIKAX ABTOMAT ONMCHIBAETCS Ha IOBEJIEHYECKOM
ypoBae. B arom ciydae dyHKIME § U A SBHO HE 3aJIaHbI.

1.4.1. 43bIK peryisipHbIX BbIpa*KeHuii ajaredopbl
coObITHUiA

Ilycth 3aJaHO KOHEYHOE MHOXKECTBO BXOJHBIX 6Oyke 72 =
{z1,...,2r}. Kaxmaa OykBa 3r0oro asdaButa COOTBETCTBYET
HEKOTOPOMY AAEMEeHMAPHOMY cobvimuro. Han cobbrmusamu
Pa3pEIIEHbl CIEYIONINE ONEPAUUL:

1) z; V zj — cioxkeHne (U3 bIOHKILHS);

2) z; - zj — yMHOXKeHne (KOHBIOHKILHS);

3) {z;} (wm z) — urepanus; (mepsble aBe oneparyu — GUHAD-
HbIE, TOCJIEIHSAS] — YHAPHAS ).

Pezyaaproe evipasicerue B andasure Z — 3TO BHIPAsKeHUE,
TOCTpOeHHOe 13 OYKB aydaBuTa Z, CHMBOJIOB OIEPAIAil CJTOXKE-
HUSI, YMHOYKEHUsI, UTEPAIIAN, ¢ UCIOIH30BAHNEM, €CJTH 9TO HEOOXO-
JIIMO, KpPYTJIBIX CKOOOK. Besikoe perysisipHoe BeIpazkenue R ompe-
JIeJISIET pe2yaaproe cobvimue S, oIy IeHHOE U3 3JIeMeHTaPHBIX
cOOBITUIT IPUMEHEHNEM KOHEYHOIO YHCja pa3 omepanuii 1) — 3).

IIpumep 1.3. lycrs Z = {z,y,2}, R=a2{zVyVz}HyV 2).
PerynspaoMy BbIpakeHHI0 R COOTBETCTBYET PETYJIAPHOE COOBITHE
S, cocrosiiiee U3 BCEX CJIOB, KOTOPble HAUMHAIOTCH OyKBOil = U
3aKAHYIMBAIOTCS OYyKBOW Y M 2.
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Perynsapubie coObITHS MPEACTABISIOT OCOOBI MHTEpEC, Tak
KaK JIJIsl HAX CHPAeJINBO HIKECJIeyIoNIee.

YrBepxkaenue 1.1. Pezyasaphnvie cobbimus U MoOAbKO OHU
npedcmasumss 6 KoHeuHux asmomamaz [6].

IIpumep 1.4. Ilyctb Tpebyercsi onmucarb aBTOMAT, KOTOPBIH
BBIJAET CUTHAJ W1 KAaXKIBI pa3, KOra Ha BXOJIE MIPOUCXOIUT CMe-
Ha CATHAJIOB C z] HA 23.

W3 ycaoBus cireryer, 9TO CHUTHAN Wi JOJKEH BBIIABATHCA HA
JII00YIO BXOJIHYIO IIOCJIEIOBATEIBHOCTb, KOTOPas 3aKAHIUBAETCS
Ha «z122». CobbITHE «J1t00asi BXOJHAS IOC/IEI0BATEIBHOCTEY 3a-
mcbiBaercst Kak {z1 V z2}. Takum o6pasom, cobeitue S1, B OTBET
Ha KOTOPOE JIOJ’KEH BBIJABATHCS CUTHAJ W1, ONMUACHIBAETCS CIIEITY-
IOIIUM PEryJisipHbIM Bbipazkenuem: S1|w; = {21 V 22}2129.

1.4.2. 43pIK JOrMYeCKNX CXeM aJIrOPUTMOB

SI3BIK JIOrmUecKux cxeMm ajaropuTMoB Obut npejyoxed A A. Jlsimy-
noBeIM B 1953 1. Ilpum mannom momxome PyHKIIMOHAJLHAS CXEMa,
aBTOMATa OIMCBHIBAETCA KOHEYHOII CTPOKOI, KOTOPad COCTOUT U3:

1) cuMBOJIOB O1EPATOPOB;

2) JIOTMYECKUX YCJIOBUIA;

3) BEPXHHMX U HUXKHHUX CTDPEJIOK, KOTOPBIM IPHUIMCAHBI HATY-

1 1
pasbable ucaa (T |).

ITycrs Y = {Y1,Y5,...,Yr} — MHO)KecTBO oneparopos, X =
{z1,xa,...,o} — MHOXKECTBO JIOTMYECKUX ycjoBuil (moapobuee
cM. § 4.2).

Jlozuueckasn crema anzopumma (JICA)? ynosnersopsier
CJIEJYFOIIAM YCJIOBUSIM:

1) comep:KuT OIMH HAYAJBHBINA Y; M OIUH KOHEYHBI Yy ole-
paTopsi;

2) mepeJ; onepaTopoM Yy W IIOCje oneparopa Yy CTPEJIKH OT-
CYyTCTBYIOT;

2B ryaBe 2 MO JIOTMHYECKOI CXEMOM MbI Gy/IeM TIOHHMATh JPYTYIO CTPYK-
TYpY, & HMEHHO, CTPYKTYPHYIO cxeMy aBroMara (cM. § 2.2).
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3) 1ocJie KarKI0ro JIOrn9IecKoro YCJIOBUsl BCEr A CTOUT BEPXHsIs
crpenka T;

4) He CymIecTBYeT JABYX OJUHAKOBBLIX (C OIMHAKOBBIMU Iudpa-
MU) HUKHUX CTPEJIOK |;

5) mJis KaxKJ0# HUKHEH CTPEesIKM JIOJKHA ObITh 110 KpahHeil
Mepe OJ[HA COOTBETCTBYIONIA eif (¢ o/MHAKOBOM 1 POit) BepXHSist
CTPEJIKA;

6) M KasKJI0f BEpXHEH CTPeSKH JIOJKHA ObITh POBHO OJIHA,
COOTBETCTBYIOIad eil (c OIMHAKOBO# nudPOIi), HIXKHSAS CTPEJIKA.

IIpumep 1.5. Onuinem moBejieHHe aBTOMAaTa C IIOMOIIBIO

JICA:
1 1 2 2 2
Yir: TY1 | 22 T YoYaz3 T Yy | YV5Yi (1~8)

Hamnas JICA BriouaeT B cebsi omepaTophbl Havaja U KOHIA,
MISAThb OMEPATOPOB Y71, ..., Y5, TPU JIOTUIECKUX YCJIOBHUS T1, L2, L3.
HawaasaoMy omepaTopy COOTBETCTBYET HAYAILHOE COCTOSHIE aB-
TOMATA.

Ecan B HaYaIbHOM COCTOSHUU JIOTUYECKOE yCaoBuMe r1 = 1,
TO BBIIIOJIHSIEM OIlepaTop Y] — MEepBBIil clipaBa Mocje JIOTUIECKOTrO

YCIOBHUS T1, & 3aTeM IIPOBEPsieM JIOTMIECKOEe yCJIOBHE To. Hcmm
1
21 = 0, TO BBIXOJUM IO BepxHEll cTpeske | M BXOIUM IO HIKHEMH

cTpeJike ¢ Toi ke Tudpoit. 3/1eCh MPOBEPSEM JIOTHIECKOE YCIOBUE
xo (MHHY$ BBIIOJIHEHUE oliepaTopa Y7).

Ecmu xo = 0, To mepexoauM K BBIIOJHEHUIO OTepaTopa Ys.
Ecm zo = 1, To BhIMOJIHAEM OmepaTopnl Ys, Y3 u ecou x3 = 1,
TO BBITIOJIHAEM omlepaTopYy, a 3aTeM Ys; ecaun x3 = (0, To cpady
IEPEXOINM K OIEpPaTopy Ys.

Jlastee BBITIOJIHSIEM OIlEpaToOp Yy — paboTa aBTOMAaTa 3aBepIie-
HA.

1.4.3. 4A3bIK rpad-cxemM aJIropuTMOB

I'pagp-cxema anzopumma (I'CA) — 310 OpHEHTUPOBAHHBII
cBsI3HBI rpad, cofieprKaIuil BepITHHBL YeThIpex THIOB (puc. 1.6):
1) HauaabHYO (BXOJOB HET, OJIUH BBIXOI);
2) koHeUHYIO (OJMH BXOJI, BBIXOJIOB HET);
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3) OlLepAIMOHHYIO WM ONEePATOPHYIO (OAUH BXOJ, OIUH BbI-

XO7);
4) ycmoBHy0 (OMWH BXOM, JBA BBIXONA, MOMedeHHBIE «0» U
«1»).

Lo i |
[Faamo | [Toven | | |
! v

Puc. 1.6. Bepmuanr I'CA

I'CA yjioBiieTBOpSIET CJIEYIONIUM YCIOBUSIM:

1) comepKuT KOHEYHOE MHOYKECTBO BEDIINH, KaXK1asl U3 KOTO-
PBIX TPUHAIJIEIKUT ITEPEYNCIEHHBIM BBIIIE TUIIAM;

2) uMeeT OJ[HY HAYAJIBHYIO ¥ OJHY KOHEUYHYIO BEDIIUHbI;

3) BXOJbI U BBIXOJIbI BEPIIMH COEJIUHEHBI JIPYT C JPYIOM C IIO-
MOIIBIO JIyT, HAIPABJIEHHBIX OT BBIXOJA K BXOiy (3T0 00ias Ha-
IpaBJ€HHOCTb, HO JIOKaJIbHO MOTYT 6]31Tb n IIeTJ'II/I);

4) KaKIIblil BBIXOJI COIMHEH TOJIBKO C OJHUM BXOZIOM;

5) r060ii BXOJI COEJMHEH 110 KpajiHeil Mepe ¢ OIHUM BBIXOJIOM;

6) mus jo6oil BepmHbl rpada CyIecTByeT no Kpaiineil mepe
OJIMH IIyTh U3 3TOU BEPIIUHbI K KOHEYHOII BEPIINHE;

7) OJMH U3 BBIXOJOB YCJIOBHON BEPIIUHBI MOYXKET COEIUHITHCS
C ee BXOJIOM, YTO HEJOIIyCTHUMO JIjIsl OIIePATOPHON BEPIIUHBIL;

8) B KaKJIO# YCJIOBHO# BepIInHe 3allUCLIBACTCA OLUH U3 JJIe-
menToB muoxecrBa X = {x1,...,2}, TaK HA3bIBAEMOIO MHOXKE-
CTBa JIOTUYECKUX YJIOBUIl; pa3peliaeTcd B Pa3/IMYHbIX YCIOBHBIX
BEPIINHAX 3aIUCh OJMHAKOBBIX JIEMEHTOB MHOXKeCTBa X ;

9) B KaxKI0ii OIIepaTOPHOIl BEPIIMHE 3allUCHIBACTCS OLEPATOD,

To ecTh 3emenT MHOKectBa Y = {Y7,Ys, ..., Yr}; paspemaercs
B PA3IMYHBLIX OIEPATOPHBIX BEPHIMHAX 3allUCh OJMHAKOBLIX OIIe-
PATOPOB.

Codepotcamenvrnass I'CA — T'CA, B KOTOpOIi Jorudeckue
ycioBud W OlepaToOpbl OIMUCHIBAIOTCA B COAEPzKATEJILHbIX TE€PMU-
HaX.
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IIpumep 1.6. B kagecTBe JJOTMIECKOrO YCIOBUS X; MOYKET BbI-
cTynarh, K nupumepy, soipaxkenue (A =1V B = 0). lna nekoro-
poro omeparopa Y; B comepxkareibuoit 'CA momycruma 3amuck
(A:=A+1).

OcuoBable mpasuia BoeinosHenuss I'CA mpeacrasiieHbl B CO-
orBercrByonmx ['OCTax. CymiecTByoT aJrOpuTMbI II€PEX0/Ia OT
I'CA x JICA u or JICA x I'CA [1].

ITpumep 1.7. Ha pucynke 1.7 npesegena 'CA, coorBercTBYy-
folrast jjornaeckoit cxeme (1.8).

Ha4vano

Ys

L
nl

Puc. 1.7. I'pad-cxema agaropurma

3ameuanue 1.1. dspik ['CA ucrosib3yercss He TOJIBKO JIJIst
onucanust cxeM (PyHKIMOHUPOBAHUS aBTOMATA Ha IIOBEIEHYECCKOM
YPOBHE, HO ¥ JIjIsl 3allMCU MUKPOIPOIrpaMM paboThl JIUCKPETHBIX
ycrpoiicts (eMm. § 4.2).
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1.5. ABromarHble (CTaHJAPTHBIE) SI3BIKU

Iyt cTpororo 3aJaHus aBToMara S HeoOXOIUMO OIIUCATh BCe dJIe-
MeHThl MHOXKecTBa S = {A, Z, W, 0, A\, a1 }.

1.5.1. Tabaumunblii MeTO,

st mogeneit Muim u Mypa npaBujia moCTpOeHusi TabJIuI] U3J10-
KUAM Pa3JIeIbHO.

Tabruuws nepexodos u evirodos asmomama Muau. O6e
TabJIAIIBI CTPOSTCS IO CJIEYIONIEH CXeMe: CTPOKH — BXOJHBIE CHUT-
HAJIBI, CTOJIOIIBI — COCTOSTHUSA aBTOMaTa. KpaitHeMmy JeBoMy CTOJO-
Iy COOTBETCTBYET HAYAJbHOE COCTOSHME aBToMara. Tabsura e-
PEXOJI0B OIUCHIBAET BHYTPEHHHME COCTOSIHUSI aBTOMAaTa, TabJIUIA
BBIXOJIOB — BBIXOJIHBIE curHaJjbl (cM. Tabu. 1.1, 1.2).

Tabsmia 1.1. O6mumit Buj TabIUILI Iepexo10B apToMaTa Mun

aq apnr
z1 | 0(ar,z1) | ... | 0(an,21)
ZF 6((1172:5‘) 6(@]V[,ZF)

Tabaumna 1.2. O6mmit B TabJmIbl BBIXOJA0B aBroMaTa Muau

aq anr
z1 | Mar,z1) | ... | AMaw,21)
zr | May,zp) | ... | Maar, zr)

Yacro 911 e TabauIbl 00beInHsII0TCst B oaHy. [Ipu aT0M HO-
Boe cocTosuue (Ccocmoanue neperoda) u BLIXOIHOW CUTHAJ, CTOs-
e B OMHON KJIeTKe, Pa3JesaioTca KOCOM 4epTOoi.

ITpumep 1.8. Aromar Mwmm S7 3ajaH TabJIAIIAME [T€PEXO-
JI0B 1 BBIXOJI0B (cM. Tabu. 1.3, 1.4).

Omwmeuennas mabauua nepexodos asmomama Mypa.
Tabsmria cTponTCst AHATOTHIHO TabJINIIE TEPEX0I0B aBToMaTa M-
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Tabsmma 1.3. Tabauna nepexo- Tabmauna 1.4. Tabmmia BHIXOA0B

noB aBromara Mwuan S1 aBromara Muan Sy
ai a9 as al as as

21 | a3 | a1 | a1 21 | Wy | W1 | W2
22 | a1 | az | a9 Zo | W1 | W2 | W1

si. B mepBoit cTpoke TabJIHIhI KazKJOMY COCTOSIHUIO IPUINCHIBA-
eTCsA BBIXOJHON curuas aBromara (cM. tabi. 1.5).

Tabsma 1.5. O6mmii By TabIHIBI Tepexo1oB aromaTa Mypa

)\(a1> /\(GM)
al anr
z1 | 0(ar,2z1) | ... | d(an, 21)
zZF é(al,zF) 5(aM,zF)

ITpumep 1.9. Asromar Mypa So 3aman orMetdeHol Tabmteit
nepexozos (cM. tabi. 1.6).

Tabsmma 1.6. OTMmedennast Tabuia mepexooB apromara Mypa So
wp; | Wy | W3 | W2 | W3
aq a2 | az | a4 | 45
Z1 | a2 as as as ag
22 | Q4 a2 a2 ai a1

1.5.2. TI'padoBbIiii MeTOI

I'padp asmomama — 310 OpUEeHTUPOBAHHbII CBsI3HBIN rpad, Bep-
IIIUHBI KOTOPOI'O COOTBETCTBYIOT COCTOSIHUSIM, & JIyT'U — IIEPEX0/IaM
Mexry HuMmu. ['pad aBTOMaTa CTPOUTCS IO CJIEYIONUM IIPABU-
Jram:
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1. JIBe Bepiiunbl rpada aBTOMaTa G, (HCXOIHOE COCTOSHNE) U
Qg (COCTOﬂHI/Ie nepexoga) COCIMHSAIOTCH JyTOil, HAIIpaBJIEHHON OT
Gy, K Gg, €CTM B aBTOMATE UMEETCs MePexoll OT Uy, K g, TO €CTh,
ecau Jzy Takoe, ITO as = O(Gm, 27 )-

2. Oyre (am,as) rpada aBroMaTa NPUIKMCHIBAETCS BXOIHOMN
CUTHAJ Zf W, IJls aBToMara Mmnim, BBIXOZHON CHTHAT w, =
A(@m, z¢). Ilpn onucannn asromara Mypa B Buzme rpada BBIXOI-
HOIT CHTHAI Wy = A(Gy,) 3aIMCBIBAETCS BHYTPHU BEPIIUHBL (yy, WA
pAIoM ¢ Heil.

3. Ecim niepexoji aBTOMaTa U3 COCTOSIHUS d,, B COCTOSHUE (g
MIPOUCXOJAT TIOJ JEACTBHEM HECKOJBKUX BXOMHBIX CUTHAJOB, TO
nyre (G, as) TPUIUCHIBAIOTCA BCE 9TU BXOJHBIE CUTHAJBI M, JJIst
aBromara Mujm, cOOTBETCBEHHBIE BBIXOHBIE CUTHAJIBI.

IIpumep 1.10. Ha pucynke 1.8 mpezcraBiensl rpadbl aBTo-
maToB Mwan u Mypa.

Puc. 1.8. I'padsr aBromaros Muiu (S1) u Mypa (S2)

1.5.3. Marpud4Hblii MeTOJ,

Mampuua coeduneruti a8momama — KBajpaTHas MaTpPHIA
C = ||¢ij||, cTpoKE KOTOPOi# COOTBETCTBYIOT MCXOMHLIM COCTOSIHI-
sIM, & CTOJIOIBI — COCTOSTHUSIM TEPEXOIA.
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Hns aemomama Musu smeMenT ¢;; = z¢|wg, CTOSMUiL Ha IIe-
pecevdenun i-#i CTPOKW U j-TO CTOJOIA, COOTBETCTBYET BXOIHOMY
CUT'HAJLY Zf, BBI3BIBAIOIIEMY IIEPeX0]] U3 COCTOSHUA (; B COCTOSHUE
@, 1 BBIXOJTHOMY CHUT'HAJIy Wgq, BBIJABAEMOMY Ha 3TOM IIepexojie.

Ecu nepexoi u3 a; B a; IPOUCXOIUT 1IOJ JleficTBIEM HECKOJIb-
KHUX CHTHAJIOB, TO 3JE€MEHT C;; IPeJCTaBIAeT OO0l MHOXKECTBO
map, COeIMHEHHBIX 3HAKOM U3 bIOHKIIHAM.

ITpumep 1.11. Marpuia coepunenuit apromara Mumau Sy
mpejcraBjeHa B rabsume 1.7.

Tabauma 1.7. Marpuna coegunennit aBromara Muau Sy

a1 a9 as
aq Z9 \wl — z1 |’LU1
as || z1|wy — za|we

as Zl\wz Zz|w1 -

s modeau, Mypa smeMeHT c;; paBeH MHOXKECTBY BCEX BXOJI-
HBIX CUTHAJIOB Ha Iepexofe (a;, G;), & BBIXOJ ONUCHIBACTCS BEKTO-
poMm BbIXOsI0B W (cM. Tabi. 1.8).

Tabnuma 1.8. O6mmit Buj BekTOpa BuIXOI0B W
ail A (a1 )

anr )\(QM)

IIpumep 1.12. Marpurna coeuHennit 1 BEKTOP BBIXO/IOB aB-
Tomara Mypa S npescrasienbl B Tabsmmax 1.9, 1.10.

3ameuanue 1.2. Jlasee OyieM paccMaTpuUBaTh TOJBKO de-
MEPMUHUPOBAHHDBLE ABTOMATHI, § KOTOPBHIX BBIMOJHEHO YCJIO-
BH€ OJHO3HAYHOCTH IIEPEXOJI0B: ABTOMAT, HAXOISIINICI B HEKOTO-
POM COCTOSIHUH, I10J1, JefiCTBAEM JIFOOOI0 BXOJHOI'O CUTHAJIA HE MO-
XKeT nepeiitu 6osiee eMm B 0jHO cocrostaue. OTCIoa Ciie/iyer, ITo
1) B rpade aBromMaTa U3 OJHON BEPIIUHBI HE MOTYT BLIXOJUTDH JIBE
u OoJiee IyTU, OTMEIEHHBIE OJHIUM W TE€M K€ BXOIHBIM CUTHAJIOM;
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Tabsuma 1.9. Marpuna coemu- Tabauna 1.10. BekTop BBIXOT0B

HeHmit aBTomara Mypa S aBToMmara Mypa S
ayp a2 a3 G4 Gas
a - z1 — R — ai w1
a2 2 — — 2 a2 w1
as Z92 — — zZ1 as w3
a4 || 22 — 21 — a4 || W2
as || =2 — 21— as || w3

2) B MaTPHUIE COEIMHEHNI B KaXKI0fl CTPOKE JII00OM BXOIHON CHUT-
HaJI He JIOJI?KEH BCTpedaThbcst 0oJjiee OJIHOTO pa3a.

3ameuanue 1.3. Ecim aBromMaT 06/18/1a€T JUIIH OTHAM BHYT-
PEHHUM COCTOSTHUEM, CJIEJI0BATEILHO OH JOJI2KEH B HEM BCE BpeMs
0CTaBATLCS — TAKO aBTOMAaT MOYKHO PacCMaTpHUBaTh KakK KOMOU-
IIUOHHBINA.

3ameuanue 1.4. Ecin apromar 06/1a1aeT JIUIIIL OJHAM BXOI-
HBIM CUTHAJIOM, TO OH HA3BIBATCS A8MOHOMHBLM.

YopaxkHeHue 1.1. Kax BbITJIsS ST TaOJIUIIBI IEPEXO/IOB U BbI-
XOJIOB, T'padbl U MATPUITHI COEIMHEHNT KOMOMHAIMOHHOTO U ABTO-
HoMHOTO aBToMaToB? IlpuBenuTe TpUMeEpHI.

Yupaxkaenue 1.2. [lpuseaure npumepst (rpadbl 1 MATPUIBI
COeIMHEHNUIT) HeJeTePMUHUPOBAHHBIX aBTOMATOB.

1.6. IlosHOCTBIO 1 YACTUYHO OIpeIeIeH-
HbIe aBTOMAaThI

ABTOMAT Ha3BLIBAETCI TOAHOCTBIO ONPEICAECHHBIM WU TO0/-
Howm, ectd Ds = Dy = A x Z. upiMu cioBaMu, Jjis 110600
HAYAJILHOIO COCTOSIHUS U JIFO0O0I BXOJHOM IIOC/IEI0BATEIbHOCTH (B
npefiesiax ajadaBuTa Z) OJHO3HAYHO OIPEesIeHa BBIXOIHAS I0-
CJIEJIOBATE/ILHOCTD.

ABTOMAT HA3LIBAETCA YACMUYHO ONPEOENECHHBIM WIA -
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cmuyHbM, eciad QYHKIUA § U A\ OIPEIe]eHbl He IJIsd BCeX Iap
(@m, 2¢) € Ax Z. B TabiuaHOM 3a1aHIN TAKKX aBTOMATOB Ha Me-
CTe HeOIPEIEIEHHBIX COCTOSHUN U BBIXOJHBIX CHUTHAJIOB CTABUTCS
npodepk. Ha rpade aBromara Heolpe1e IeHHOMY COCTOSTHHIIO MOK-
HO IIOCTaBHTHb B COOTBETCTBHUE IOIOIHUTEIHHYIO BEPIIUHY.

Heonpenesrennoe cocrogHue aBTOMaTa HA3BIBACTCA 2PAHUN-
Hotm. JlaspHeiiinee IOBeIeHIe aBTOMATA, IIONABIIEr0 B TPAHNTHOE
COCTOsIHUE, HE OIIPe/ielisieTCsl. BbIXOIHASI I0C/IEI0BATEIbHOCTD, CO-
JieprKalias Heollpe/eJIeHHbIe CUI'HAJIBI, HA3bIBAETCHA 4aACTUYHOU.

SamMeTuM, 4TO MOJEIb YACTUYHOI'O aBTOMATA sIBJIeTCs OoJlee
abCTPaKTHOM’, 4eM MOJEJb IIOJTHOIO aBTOMATa: OHA 3alaeT LeJIoe
MHOKECTBO [JUCKPETHBIX yCTPOICTB.

IIpumep 1.13. Ilycrs yacrwunsiii apromar Muau S3 3a1aH
TabJIMIaAMI 1epexo/IoB U BbIxoyoB (cM. Taba. 1.11, 1.12). Ha pu-
cyake 1.9 mpescraBieH rpad 3TOr0 YaCTHIHOIO aBTOMATA.

Tabnuma 1.11. Tabnuna nepexo- Tabmuna 1.12. Tabauna BbIXO-
JIOB 9aCTUYHOIO aBromMara Mwu- 0B 9acTudHOro aBromara Mu-

aua Ss aua Ss
aj | az | az | a4 ap | az | az | a4
21 | G2 | a3 | a4 | — 21 | w1 | w3 | W3 | —
Zg | ag | — | G2 | a2 Zo | W | — | W1 | W2

1.7. CuHXpOHHBIE 1 ACUHXPOHHbBbIE aBTO-
MAaThbI

Cunrpormoili a6mMomam — aBTOMAT, IIOBEIeHNe KOTOPOro paccMaTr-
pUBAETCS B JUCKPETHOM BPEMEHHU, IIPEICTABJISIONIEM CODO TTocIe-
JI0BaTEeJIbHOCTh TAKTOB t1, to, t3, ... IIpu aTOM mpemosaraercs: no-
CMOARHBIT UHMEPEaA UCKPEMHOCTNU, TO €CTh N3MEHEHUE COCTOsI-
HUil aBTOMaTa (PUKCUPYETCs Yepe3 paBHbBIE TTPOMEXKYTKHA BPMEHH.
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Puc. 1.9. I'pad gacTuynoro asromara Mwuiu Ss3

SameTnmM, 9TO JI0 CHX TOP MBI PACCMATPUBAJIN CHHXPOHHBIE
aBTOMATBI.

Acunzponnoili agmomam — aBTOMAT, JJIsI KOTOPOI'O HHTEP-
BaJl JIUCKPETHOCTHU SIBJIAETCS Nepemennvim. BHyTpeHHee cocTosi-
HUEe ACHHXPOHHOIO aBTOMATA MOYKET MEHATHCS JIUIIb IIPU U3MEHe-
HUU BXOJIHOTO curHaja. TakuM o0pa3oM TepsieT CMBIC PACCMOT-
peHIe BXOIHBIX [TOCJIe0BATEILHOCTEH, KOTOPBIE COJIEPIKAT OJINHA~
KOBBIE COCEJIHAE CUMBOJIBI.

Ilajium cTporoe OIpeJie/ieHne ACHHXPOHHOI'O aBTOMATA, WC-
[IOJIB3YsI MIOHATHE ycToiumBoro cocrosiuus. CocrosHue as aBTO-
MaTa S Ha3BIBAETCA YCMoOUUUBbLM, eCIn Vzp € Z TaKOro, UTO
d(am, z¢) = as uMeeT MecTO §(as, 25) = as. ABTOMAT S Ha3LIBAECT-
Csl ACUHTPOHHBLM, €CITU KaXKJI0e ero cocrosinne as € A ycroiran-
BO. ABTOMaT S Ha3BIBACTCS CUHTPOHHBLM, €CIIU OH HE SIBJISETCS
ACUHXPOHHBIM.

OueBujHO, 4TO €Ciu B epage aCHHXPOHHOI'O aBTOMAaTa B CO-
CTOSIHUE (g €CTh IEPEeXOJ] U3 JAPYroro COCTOSHUSI TOJ, JefiCTBIEeM
CUTHAJIA Zf, TO B BEPUINHE Qg JOJIKHA OBITDH II€TJIsl, OTMEYECHHASI
cumBoJioM zy. Eciu B mabauye nepexrodos acHHXPOHHOI'O aBTOMA-
Ta, COCTOSHHE Gy CTOHT HA IEPECCUCHHU CTPOKH 2y U CTOJIONA
(m # 8), TO 3TO COCTOAHUE A5 OOABATEIHLHO JIOJIKHO BCTPETUTHCS
B 9TOM K€ CTPOKe B CTOJIOIE .

[MocTpoennbie Ha TPAKTUKE ABTOMATHI KAK TPABHUIIO SBJISIOTCS
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acuHXpoHHBIMU. Ha ypoBHE abCcTpakTHOI Teopuu yao0Hee Omepu-
pOBaTh CHHXPOHHBIME ABTOMATAMHU.

IIpumep 1.14. Paccmorpum asromar Mypa Sy (puc. 1.10,
tabi. 1.13). Bee ero cocrognust yCcrolImBbI, CJIEIOBATEIBHO, TOT
aBTOMAT SABJISIETCH ACHHXPOHHBIM.

Puc. 1.10. I'pad acunxponnoro aBromara Mypa Sy

Tabmua 1.13. Tabauna mepexo0B acCMHXPOHHOTO aBTOMaTa Mypa S4
wy | W3 | W2
a1 az | as
Z1 | a2 az az
Z2 | as az as
23 | a1 a as

1.8. CoBmemienHasi Mo/eJib aBTOMAaTa
(C-aBTOoMar)

Abcmpaxmnuuiti C-aemomam — 3170 MaTeMaTudecKasl MOJIEIIb
JINCKPETHOT'O yCTPOMCTBA, OIpeJIesisieMasi MHOXKECTBOM U3 8 3Jie-
MEHTOB:

S:{A,Z,W, U,§, /\1,)\2,(11}, (19)
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rme W ={wn,...,wy,..., WG} — MHOKECTBO BBIXONHBIX CHI'HAJIOB
1-ro tumna; U = {uq,...,up,. .., UH } — MHOYKECTBO BBIXOJHBIX CHI-
HaJIOB 2-ro THHA; A1 @ Dy, € AXZ — W — dyskius Beixonos 1-ro
tuna; Ag : Dy, € A — U — dyukiua Beixoos 2-ro tuna. Tax xe
KaK 1 panee, A — MHOXK€CTBO COCTOAHNM, Z — MHOXKECTBO BXOIHBLIX
CUT'HAJIOB, @1 — HAYAJIBHOE COCTOSHUE, § — (PYHKIMS IEPEXOI0B.

A6crpakTabiii C-aBromMar (He IIyTATh CO CTPYKTYPHBIM, 371€Ch
«C» 03HaYaeT COBMEIIEHHBIN) UMEET OJUH BXOJ, HA KOTOPBIH 110
CTYIAIOT CUTHAJIBI U3 BXOAHOrO ajdaBura Z, U JBa BBIXOAA (CM.
puc. 1.11).

W={wy,...,wg}

vYvY

Z={z,,...,ZF} A={ay,...,am} I

Puc. 1.11. C-aBromar

U={U1, .. .,UH}

Omwmune C-aBromara or Mojeneii Mumu u Mypa cocrour B
TOM, YTO OH OJIHOBPEMEHHO pPeajin3yeT JiBe (DYHKIUU BBIXOJOB:
A1 M Ao, KaxKJas U3 KOTOPBIX XapaKTepHa JJIsd 3THX Mojejeil B
OT/IEJIbHOCTH.

BoixonHoit curaast up, = A2(a,,) BbLIAETCS BCe BPEMsl, II0Ka, aB-
TOMAT HAXOANUTCA B HEKOTOPOM COCTOSTHUY (i, . BBIXOIHON CHTHAJI
wy = A (am, zf) BbLIACTCS BO BpeMs JeHCTBUS BXOJHOIO CUTHA-
Ja zZy NP HAXOXKIEHUN aBTOMATA B COCTOSHUH Gp,. (JTO U eCcTb
orianune B QyHKIMOHUPOBaHUK aBToMaTOB Mypa u Muu.)

Oyukimonaabuas Momenab C-aBTomMaTa HUMeeT CJIeIyIONIHin
BT
a(t+ 1) = d(a(t), z(t));

t

w(t) = M (alt), =(1)); (1.10)
ult) = Ao(a(t)),

rmet =1,2,... — TaKTbl BpEMEHU.

IIpu 3amanun C-aBroMara B Buie rpada COBMEIAIOTCA Ipadbl
aromaroB Muu u Mypa — BOJIM3U «KPYKKa»-COCTOSTHUST 3AIIH-
CBIBAETCST BBIXOI Uj, .
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ITpumep 1.15. I'pad C-aBromara Sy mpejicTaB/I€H HA PUCYH-
ke 1.12.

Puc. 1.12. T'pad C-aBromara S5

1.9. CBas3b Mexkay aBromaTtamMu Mwuam n
Mypa

1.9.1. DkBuUBaJIEHTHBIE aBTOMATbI

IIpumep 1.16. Bepuemcs xk aBromary Mwuaum S; u3 upumepa
1.8 (cm. Ta6u. 1.14). Ilycre Ha BXOZ, 9TONO ABTOMATA HOCTYIIA-
er BxogHOe CJ0BO & = (212122212222). Torja BBIXOIHOE CJIOBO
w = Ala, &) = (wywawiwiwiws) (eMm. Taba. 1.15).

Tabmuna 1.14. Tabaua mepexogoB U BbIXOI0B aBroMara Mumm Sq
aq a2 as

z1 | aslwy | ar|wy | a1|ws
z2 | a1|lwy | azlwy | aslw
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Tabsmma 1.15. Beranciienne peaknuu aBroMara S1 Ha BXOJHOE CJIOBO &
21 21 2 21 2Z2 2
ap | ag | ay | ay | az | az | ag
Wy | W2 | W | W1 | W1 | W2

IIpumep 1.17. Paccmorpum aBromar Mypa Sg (tabm. 1.16).
IIycts mo-mipeskHEMY Ha BXOJ aBTOMATa IOJAETCS CJIOBO & =
(212122212222) (M. Tabu. 1.17). 3ameTnm, 9TO BBIXOIHON CUTHAJ
w1 = A(a1) (mosyvaemblii B MOMEHT BpeMeHH t = 1) He 3aBUCHT OT
BXOJIHOIO curtaja zi. CjenoBarejbHO, OH He CBA3aH CO CJIOBOM,
IIOCTYIAIONIMM Ha BXOI aBTOMATa, HAYHMHAS C MOMEHTA BPEMEHHI
t = 1. IToxy4gaem, uTo peakiuu aBTOMaTOB S1 U Sg, HAXOMAIIUX-
¢ B HAYAJIbHBIX COCTOSIHUSAX, HA BXOIHOE CJIOBO & COBIIAZAIOT C
TOYHOCTBLIO JIO0 CABUra Ha 1 TakT.

Tabauma 1.16. Ormevennas tabiauna nepexonoB aBromara Mypa S
Wi | W2 | W1 | W1 | W2
ay | az | az | a4 | Qs
21 | Q4 Gy ay az az
Z2 | a1 a as | az | as

Tabsmma 1.17. Berauciienne peaknum aBromMara S Ha BXOJTHOE CJIOBO &
21 21 2] 21 22 22
ai as | a2 | ai a4 | a3 | G5

[wi] | wy | we | wy | wy | wr | we

Takum 06pa3oM, B OTBET Ha BXO/HOE CJOBO JJIMHBI k aBTOMAT
Mun BeIZaeT BBIXOJHOE CJIOBO jytuHbl k. Aromar Mypa B Toi
K€ CHTYAIUU BBIIAET BBIXOJHOE CJIOBO IJIMHBI K CO CIBUIOM HA
OIWH TAKT.

IlBa aBromara S4 u Sp C OJJMHAKOBBIMH BXOJIHBIMU U BBIXOJI-
HBIMHI aJI(paBATAMK HA3BIBAIOTCSA IKEUBAMAEHIMHBLMU, €CIIU II0-
cjie yCTaHOBJIEHWSI UX B HAYAJbHBIE COCTOSHUS WX PEAKIINUA Ha
JII000€ BXOIHOE CJIOBO COBIIAIAIOT.
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Teopema 1.1. Jlaa arwbozo asmomama Muau cywecmeyem
axeusasenmuut emy asmomam Mypa u, obpamno, Ois 4106020
asmomama Mypa cywecmeyem sK6UBAACHMHOIT eMY ABMOMAM
Muau.

OrmuriieM aJaropuTMbl B3anMHOM Tpancdopmaryn Mogesteit Mu-
qau u Mypa. IIpu sTom B aBromarax Mypa Oynem mpenebperaTnb
BBIXOJIHBIM CUI'HAJIOM A(a1), CBSI3AHHBIM C HAYAJIBHBIM COCTOSIHU-
eM.

1.9.2. IIpeobpazoBanue aBromata Mypa B 9KBU-
BaJIEHTHBIIA aBTOMaT Munjin

IIycts 3aman aBromar Mypa
Sa={Aa,Z4,Wa,04, 4,01}
Tpebyercst mosyunTh apromMar Muju
Sp ={AB,ZB,WB,0B,AB, 015},

SKBHUBAJIEHTHBINA UCXOIHOMY.

HyCTb AB = AA, ZB = ZA, WB = WA, (53 = 6A; alB = alA =
aq.

OyHKIWIO AR ONPEIeTUM CIEAYIONINM 00Pa30M: €CJIN B aBTO-
mare Mypa d4(am,2f) = as, Aa(as) = wg, To B aBToMare Mum

AB(Gm, 25) = wg = Aa(da(am, 2f)). (1.11)

Ha npakrtuke mist mocrpoenusi aBromara Muiu Oymem pyko-
BOZICTBOBATDHCS CJIEIYIOIIMMI [TPABUJIAME:

1. Ilpu epaguveckom cnocobe 3adarus COOTBETCTBUE MEXKLY
COCETHUMU BepITUHAMY IPAdOB aBTOMATOB IIPEICTABJIEHO HA, PU-
cyuke 1.13.

2. [Ipu mabauurom cnocobe 3adarus TabIUIA IEPEXOIO0B aBTO-
MaTta Muyin Sp coBnajiaer ¢ TabiuIeii nmepexonos aBromara Mypa
S 4. Tabauna BEIXOHMOB aBTOMaTa Sp MOLydaeTcs U3 TabJIAIBL TIe-
PEXO/IOB 3aMEHOIl CUMBOJIA (g, CTOSIIETO HA MEPECeICHUN CTPOKU
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O => =50

Puc. 1.13. Ilepexon or aBromara Mypa x aBromary Muin

Z§ U CTOJONA Gy, CHMBOJIOM BBIXOJHOIO CHUTHAJId W4, OTMEYaIo-
LIEro CTOJIOEI 4y B TAOJIUIE IIEPEXOIOB aBTOMATA, S 4.

JokazaresbcTBO 3KBUBaJIeHTHOCTU. 1lycTh cuMBogI 2 110-
cTymaeT Ha BXoj aBToMaTa Mypa S, KOTOPBI HAXOAUTCS B CO-
CTOSIHUU @.,,. CiemoBarenbHo, S4 Tepeiiier B COCTOSHUE Ay =
d4(am, zy) u BolmacT curHal wy = Aa(as). CooTBeTcTBYyIOMIMIt
aBromar Mwuan Sp W3 COCTOSHUS a,, TaKKe IMepeiier B COCTO-
saHne 4y = 0B(am,2f) = 04(@m,2f) U BBIIACT TOT K€ CHIHAJ
wg = Ag(am,2f) = Aa(0a(am,2f)) = Aa(as) = wy. Takum 06-
Pa30M, JJIs BLIXOJHOI I10CJIEI0BATEILHOCTH JJINHBL 1 [OBEJICHHE
aBToMaToB S7 u Sp MOJIHOCTBIO coBmajiaer. Jlajiee 1Mo WHAYKIUU
[IOJIy9aeM 3KBUBAJIEHTHOCTh aBTOMATOB.

Yupaxkuenue 1.3. [loctpoitire apromar Musn, SKBUBaJIEHT-
wvbIll apromary Mypa S; u3 npumepa 1.9.

1.9.3. IIpeobpazoBanme aBromata Mwiam B 3K-
BUBAJIEHTHBIT aBTOoMaT Mypa

Omnpesiesium npexrodauwee cOCmMosHUE KaK COCTOSTHUE, B KOTO-
poe, TIpH IIpeJCTaB/IEHNN aBToOMaTa B Buje rpada, He BXOIUT HU
OJIHA, JTyTa, HO KOTOPOe UMEET, 10 KpailHell Mepe, OJIHY BBIXOISIILY O
nyry. Jlajiee, Ioka He OrOBOPEHO ITPOTUBHOE, OY/IEM CIUTATDH, ITO
B aBTOoMaTe Muwmm nem nperodauur cocmosnu.

IIycrs 3aman aBromar Mumn

Sa={A4a,Za,Wa,64, 4,01},
npu stoMm |A 4| = M. Tpebyercst nomyants asromar Mypa

Sp ={AB,Zp,Wg,dB,Ap,a1,},
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SKBUBAJIEHTHBIN UCXOHOMY.

Ilycty Zp = Za, W = Wy.

Jnst onpenenennss Ap KaxKJIOMy COCTOSIHUIO 4y € A 10-
CTaBUM B COOTBETCTBHE MHOXKECTBO Ay BCEBO3MOXKHBIX AP BHJIA
(as,wy), THE Wy — BLIXONHON CHIHAJ, IPHUINCAHHLIN BXOAAIIEH B
as ayre. Takum obpasom,

As = {(asvw9)|5A(avaf) =as & )‘A(am7zf) - U/g}, (112)

pU STOM MOIMIHOCTH MHOXKeCTBa A paBHA YHCIY pPa3jind-
HBIX BBIXOJIHBIX CHIHAJOB HAa JIyrax aBToMaTa S,4, BXOJd-
MAX B COCTOSHWE Gg. Hampumep, COCTOSHHUIO, IIPEICTABJICH-
HOMY Ha pucyHke 1.14, coorBercrByer MHOXKeCTBO Ay =

{(aSa wl)v (a87w2)7 (a87w3)}'

Wi

2] e w3

Wi

Puc. 1.14. Bepmuna rpada aBromara Muan

Onpenenum Apg ciepyionmum o6pa3oMm:
M
Ap = A.. (1.13)
s=1

Kazxnomy cocrostamio af = (a,, wy) aBromara Mypa Sp mocra-
BHM B COOTBETCTBHE BBIXOJIHOI CHI'HAJ Wy, TO €CTh Ag(ad) = wy.

Hanee, mycts B aromare Mutu S 4 6611 epexor 6.4 (am, 25) =
(s ¥ IIPH STOM BLIJABAJICS CUTHAI A A (G, 2f) = Wy, TOLTA B ABTO-
mare Mypa Sp Oy/er mepexo/i u3 MHOXKECTBa cOoCTogHul A, , mo-
POZKIAeMBIX COCTOSIHHEM Gy, B COCTOSIHEE (a5, Wy) = af mom, meit-
CTBHEM BXOIHOTO curHana zy. Takum obpaszoM, 6g(Am,zf) = af
(em. puc. 1.15).

Tak Kak Ipyu CpaBHEHUH peakiuii aBToMaTos S 4 1 Sp Ha BXOJI-
HBIE CJIOBA, HE JOJDKEH YUUTBIBATHCS BBIXOJHON CUTHAJ B MOMEHT
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Wx

Ox

Puc. 1.15. Ilepexox or aBromara Mumu k aBromary Mypa

BpeMeHHu ¢ = 1, CBsI3AHHBIN C COCTOSIHMEM a1, asromara Mypa
SpB, TO B Ka4eCTBe HAYAJIBHOIO COCTOSIHUS (1, MOXKHO B3ATH JIIO-
60€e COCTOSTHIE MHOXKECTBa A1, KOTOpOE MOPOKIAeTCsl HadaJbHbIM
COCTOSIHUEM @1, aBTOMATa Sj4.

Jloka3aTembCcTBO 9KBUBAJEHTHOCTH aBTOMATOB S4 W Sp aHa-
JIOTUIHO TPEIBIIYIIEMY CJIyYalo.

IIpumep 1.18. Paccmorpum aBromar Mumwmm S7 = S4 u3 npu-
mepa 1.8: Z4 = {z1,22}, Wa = {wi, w2}, Ax = {a1,a2,as},
a1, = a1. Iloctpoum sxBuBajeHTHBI eMy aBToMaTr Mypa.

A= {(a1,w1), (G1,w2)} = {51752},

Az = {(az,w1)} = {bs},

Az = {(az,w1), (a3, wa2)} = {ba, b5},

A=A, UAy U A3 = {bl, bg, bg, b47 b5},

AB(b1) = Ap(b3) = Ap(bs) = w1,

)\B(bg) = )\B(bg)) = Wa2.

I'pad mosyuennoro apromara Mypa mpejcraBiieH Ha PHUCYH-
ke 1.16.

[Iycte Temepsr B aBromare Musu donyckaemcs nasuvue npe-
rodsuwuxr cocmosnul. Ilepexos or aBromara Mmianm K aBToMaTy
Mypa paccMOTpUM Ha CJIEIYIONIEM IIPIMEDE.

IIpumep 1.19. Asromar Mwim Sy, comepKariuii Ipexo-
JISIee COCTOSTHWE a1, W SKBUBAJEHTHBIH emy aBromar My-
pa upeiacraBienbl Ha pucynke 1.17. Ilpm srom Ap =
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Puc. 1.16. Asromar Mypa, skBuBajieHTHbBIN aBToMaTy Muan Sy

Puc. 1.17. Asromar Munu S7 u SKBUBaJIeHTHBIA emy aBromar Mypa
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{(az,w1), (az,wz), (a3, w1), (a3, w2), (a1, )} = {b1, b2, b3, bs, bs}.

3ameuanue 1.5. Bozmoxen nepexon or C-aBromara K 9KBU-
BasleHTHBIM aroMaraM Mwum mwin Mypa (¢ y4eTroM BO3MOXKHBIX
CIIBUT'OB CUI'HAJIOB BO BpeMeHHU Ha 1 Taxr).

3ameuanmne 1.6. [Ipu nepexose or aBromara Mypa K S5KBUBa-
JIEHTHOMY aBToMary Mmuju 9ucjio BHYTPEHHUX COCTOSIHUN HE Me-
usgercsa. OOpaTHBIN mepexo oT aBTomMara Muin K SKBUBAJIEHTHO-
My aBToMaTy Mypa MOKET IPUBECTU K yBEJIUYCHUIO UNCJIA BHYT-
peHHuX cocrosgauil. B nrore nosiyuaeM jBa SKBUBAJEHTHBIX aBTO-
MaTa Mypa, 9uC/I0 COCTOSIHUIT KOTOPBIX B OOIEM CJIydae HE COB-
najiaer. AHAJIOTUYHBIA BBIBOJL CIIPABEJINB U Jiist Mojeaun Muu.

Taxmm 00pa3oM, SKBUBAJIEHTHBIE MEXKTy COOO# aBTOMATBI MO-
IyT UMETh PA3JINIHOHOE YUCJIO COCTOsSHUil. B cBaA3M ¢ 3THM BO3-
HUKaeT 3a0a4a: HAUMUu MUHUMAAOHHLT NO YUCAY COCTNOAHUT a6~
MOMAM 8 KAGCCE IKBUBAACHMHBIL MedHcdY cob0T a8MOoMamos.

Teopema 1.2 (Myp). Jas a060z20 abcmparmiozo agmoma-
ma S cyuwecmeyem sKEUBANEHMHVIT emy abCmparmmvill a8mo-
MAM Sppin € MUHUMAADHBIM YUCAOM GHYMPEHHUL COCTNOAHUL.

1.10. MwuHUMH3alug MOOJIHOCTHIO oOmpe-
JeJIeHHbIX aBTOMATOB

ABTOMAT IIpH CBOEM IMEPBOHAYAIBHOM MOCTPOEHUU MOXKET ObIThH
WU3JIAIIHE CI0KeH. Ecin aBToMaT sABjIsgeTcs mpoodpa3oM TeXHUdIe-
CKOTr'O yCTDPOMCTBA, TO IEeJeCOOOPA3HO MUHIMHU3UPOBATH KOJIIIe-
CTBO COCTOSHUM WJIA, YTO TO K€ CaMO€, YNCJI0 TEXHUYECKUX KOM-
MIOHEHT, U3 KOTOPBIX OyJIET COCTOATH MPOEKTUPYEMOE YCTPOUCTBO.

1.10.1. Metoa nmocJie10BaTeJIbHbIX pa30ueHunii

Pacemorpum munumusayuto noanvix asmomamos Muau.

Hoes memoda TakoBa: pa3zodbeM BCe COCTOSIHUSI aBTOMAaTa Ha,
MOMAapHO HEeIMepeceKaronunecs: KJIacChl SKBUBAJEHTHBIX COCTOSTHUMN
¥ 3aMEHNM KaXKIbIil KJIacC SKBUBAJTEHTHOCTU OIHUM COCTOSTHHUEM.
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JlBa COCTOSHMSA Gy, W (s HA3BIBAIOTC IKEUBAAEHNMIHBLMU
(am ~ as), ecma A(am, &) = M as, &) 11st H0GOTO BXOJHOTO CJIOBA
. JlBa COCTOSIHUSL Gy, U G5 PA3AUNUMDL, €CII OHH He SKBHUBA-
JICHTHBI, TO €CTb Uy, % (.

HBa cocrosiHust a,, u as k-akeusaseHmmwvt (an, g as), eciu
Mam, &) = M as, &) 7u1st JIIOOBIX BXOMHBIX CJIOB &, JuinHbL k. [IBa
COCTOSIHUA k-Pa3AusuMbt, €CJIN OHU He k-3KBUBAJEHTHBI, TO €CTh
am % as.

To, uro onpejenenus ~ u J 3a/IAI0T OTHOIIEHUS SKBUBAJICHT-
HOCTH, TO €CTh BBIMOJIHIETCS PEMDIEKCUBHOCTD, TPAH3UTUBHOCTD U
CUMMETPUIHOCTD, IIPOBEPSITECS HEeIocpeIcTBeHHO. [loaromy MHO-
YKECTBO COCTOSTHUI aBToMaTa A MOXKHO pa30buTh Ha MOMApHO Helle-
PECEKAIOIINECs KJIACChI 9KBUBAJEHTHOCTH. PasbueHust Ha KJIACCHI
S9KBUBAJIEHTHLIX U Kk-9KBUBAJIEHTHBIX COCTOSHHI OyjieM 00o3HAa-
9aTh T, M), COOTBETCTBEHHO.

Pasbuenne m O3BOJISIET ONPEIETUTD USOVMOYHHLE COCTOSTHIUST
B A. Eciim nBa cocrosinust a,, U a5 SKBUBAJEHTHBI, TO HEBAXKHO
HAXOJIUTCS] ABTOMAT B COCTOSIHUY Oy, WU (g — HA BBIXOJL ITOJIAETCS
OJINH U TOT K€ CUTHAJI. BoJiee TOro, peakius aBTOMaTa, Ha BXOHOE
CJI0BO He MeHgeTcst. TakuMm 06pa3oM, ¢ TOUKU 3PEHUST PEe3yIbTaTa
paboThl aBTOMATA JAHHBIE COCTOSHUS HEPA3JIMYUMbI, U OJHO U3
HUX U3OBITOYHO, TO €CTh MOXKET OBITH YJAJEHO U3 aBTOMATA.

3aMeTHM, YTO eCJId KaXKJbI KJIacC SKBUBAJEHTHOCTH COJEP-
JKUT TOJIBKO OJIUH 9JIEMEHT, TO MHOXKeCTBO A — Hecoxpamumo.

[epeiiseM Tenepb HEMOCPEJICTBEHHO K AJTOPUTMY MUHUMU3A-
[UU, B OCHOBE KOTOPOTO JIEZKUT TIOCJIEI0BATEILHOCTh pa30reHui.
Aneopumm Aydenxamna — Xowna (nmu memod nocaedosa-
MeabHbLT pa3buenuss):

1. Haiitu mocsie1oBaTelbHOCTD Pa3dbMeHuit 7y, Wa, .. Tk, Th+1
MHOXKecTBa A Ha Kiaccwl 1-, 2-...., k-, (k + 1)-5KBUBAJEHTHBIX
cocrostamil. Pasbuenust crposiTcs 10 TeX IOP, IIOKa HA KAKOM-TO
(k + 1)-M mare He OKayKeTCs, 4TO ki1 = 7. B amom cayuae
MOIICHO MOKA3AMDb, YMO T, = T, MO eCMb, K-9K6UBAAEHMHBIE CO-
cmoanus oydym sxsusasernmuvimy. OTMETHM, ITO YUCIIO ITATOB
k me upessbimaer (M —1), tne M = | A| — obiiee 9uciio coCTOSTHMIA.

2. B kaxx10M KJtacce 9KBUBAJEHTHOCTH PA30MEHNs T BHIOPATH
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110 OJTHOMY 3JjieMeHTy. /I3 9Tux 3/:eMeHTOB 00pa30BaTh HOBOE MHO-
!
JKECTBO COCTOSTHUN A MUHUMAaJHLHOTO aBTOMATA

S ={A,Z,W,8 XN ,a}~85. (1.14)

B kauectBe a; BBIOpPATh OIHO M3 COCTOSIHWMN, SKBUBAJIEHTHBIX (]
(kak npaBmIO, HGepercs a; = a1). DyHKIWMIO IIEPEXOIOB § ‘u PyHK-
IO BBIXOIOB )y OIIPEIEIUTD HA MHOXKECTBE A’ x Z 1o CITETyTO-
[MeMy TPaBUJIY: B TabJIAIAX IEPEXOJI0B U BBIXOJOB BBIYEPKHYTD
CTOJIOIBI, COOTBETCYIOIINE COCTOSIHUSIM, HE BOIIEINNAM B A

IIpumep 1.20. Paccmorpum HeMUHMMAIBHBIN aBTOMAT Mumn
Sg (rabu. 1.18). ITocrpouMm SKBUBaJIEHTHBIA €My MUHUMAJIbHBILI
aBToMaT Muin, UCTIOJIB3YsT METO/, TIOCJIEIOBATEIbHBIX pa3OUeHMIA.

Tabsnna 1.18. O6beauHeHHAS TAOIUIA TIEPEXOI0B U BHIXOJ0B aBTOMAaTa
Muwuau Sg

ai as asz a4 as ae

21 | Gio | Q12 | G5 ar as a7

%) as ar ag aii ag aii

21 | w1 wyp | w2 | w2 | W1 | W2
22 w2 w2 w1 wq w2 wq

ay as ag | 1o | G11 | @12
as | aip | ay ai as az Z1
a6 Gy a6 asg ag as 22

wi w1 | w2 | w2 w2 w2 | 21
Wy | W2 | W1 | W1 w1 w1 | 22

Tak Kak JiBa COCTOsSIHUsSI aBTOMAaTa 1-3KBUBAJIEHTHBI, €C-
JIM WX PEAKIUU Ha BCEBO3MOXKHBIE BXOJHBIE CJIOBA JJIUHBI 1
COBITQIAIOT, TO COOTBETCTBYIOIINE STUM COCTOSTHUSM CIMOAO-
ub, 6 mabsuye 6vTr0dos doadcHbL Obimb  odunarosvimu. Ta-
KUM 06pa3oM, 1o TabJUIEe BBIXOJIOB IOJIyYaeM, 9TO B aBTOMA-
Te eCTb JBa KJjacca 1-5KBUBaJIEHTHBIX cocTosiHuit Bi, Bs. To-
rna pasbumenue m = {Bi,Bs}, tne By = {a1,a2,as5,a7,as},
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By = {as, a4, ag, a9, a10, 011, a12}. Tabavya pasbuernus w1 cmpo-
umesa no mabauye neperodos, B KOTOPOil COCTOSTHUS 3aMEeHAIOTCs
COOTBETCTBYIOIIMMH KJIACCAMU KBUBaJieHTHOCTH (cM. Tabi. 1.19).

Tabsma 1.19. Tabauna pasbuenust mq
By

aq as ag ar as

21 | B2 | B2 | By | B2 | Bo

20 | B1 | B1 | Ba | Bs | By

By
as | a4 | G | Q9 | G10 | @11 | Q12
131 131 131 131 l?l 131 131 21
132 132 132 132 131 lgg 131 Z9

Samemum, wmo ecau an, A s, MO Ay, 2 as 6 MOM CcAYuae,
%0200 M0OBLM BTOOHBIM CULHANOM IMU COCMOAHUA NEPECOOAMCA
6 1-9K6UBAAEHMHDBIE.

IIpoBepuM, HampuMep, 9YTO COCTOAHHAA a1 H  ag 2-
S9KBHUBAJCHTHBL. ABTOMAT B COCTOSHUM @i IIOJ, JeiicTBAEM
BXOZHOT'O CUTHAJIA 2] BBIJAET BBIXOJHONW CHIHAJ W U HEPEXOIUT
B COCTOAHUE (1p, U3 3TOI'O COCTOSIHHUSI II0J] JeHCTBHEM CHUIHAJIA,
HaIIpUMEp 21, BbIIATeCs CUTHAJ ws. ajee, mon aeficTBUEM CHUI-
HaJla 21 AaBTOMAT B COCTOSHHUH o BBLIACT W{ U IEPEXOIUT B G132, 4
Ha CJIeAYIOMEeM TaKTe, OIATh YKe IO JeHCTBHEeM CUTHAJA, 21, MBI
IIOJIy9MM BBIXOJHON CUTHAJ Wg. AHAJOTMYHO MOYKHO IIOJYYHTD,
YTO JIJIA BCEX OCTAJIBHBIX JIBYXOYKBEHHBIX CJIOB, COCTABJICHHBIX
u3 21,22, OYJAYT HOJydaTbCs OJUHKOBBLIE JNBYXOYKBEHHBIE CJIOBA,
COCTaBJICHHLIE U3 W1, Ws.

Hrax, no mabauuye pasdbuenus m nosyuaem pazdbuenue mo =
{C1,C5,C3,C4}, tme C; = {ay,a2}, Cy = {as,ar,as8}, C3 =
{as, a4, a6, a9,a11}, Cy = {a10, a12}. Tabauya pasbuenus o cmpo-
umes maxoice no mabauye nepexodos (cm. tabi. 1.20).

Hanee, 1o aHaJoruy, CTPOUM pasbueHue 73 =
{D1,Ds, D3, Dy, D5}, tne D1 = {ai,az}, D2 = {as,ar},
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Tabauma 1.20. Tabsmna pazouenus ms
Ch Cs

ay | ax | as | ar | ag

Z1 04 04 03 03 04

20 | Oy | Cy | C3 | C3 | C3

C3 C(4

ag Qa4 g ag | G11 | G10 | @12
Cy | Cy | Cy | Cy | Co | Cy | Cr | 2
C3 | C3|C3 | C3| Cs | Cy | Oy | 2

D3 = {a8}a D4 = {a37a47a67a97a11}3 D5 == {alﬂaalQ}a u ero
rabiuiy (cM. Tabu. 1.21).

Tabsma 1.21. Tabauna pasbuenust 73
D, Dy D3

aj ag as ar | as

zZ1 D5 D5 D4 D4 D5

20 | Do | Dy | Dy | Dy | Dy

Dy Dy
as a4 ag ag | @11 | 1o | A12
D2 D2 DQ D2 D2 Dl D1 21
Dy | Dy | Dy | Dy | Dy | D3 | D3 | 20

OxkaszbIBaeTcs, 9TO T4 OyJeT COBIAJATh C T3, YTO B OOIIEM-TO
y2Ke BUIHO 110 Tabsuie 3. OTciona cieayer, 94To T3 = 7.

BriGepeM NMPOM3BOILHO U3 KaXKJO0TO KJIACCA PA3OHEHUS T II0
ooMy cocrostamio: A = {a1,as5,as,as,ao}. Obbeaunennas Tab-
JIAIA TIEPEXOJ0B U BLIXOJ0B MUHIMAJILHOrO apToMara Mumm npu-
MeT BU/I, IPEJICTABJACHHBIN B Tabymie 1.22.

Murumuzayus noarsr asmomamos Mypa TpOBOIUTCS aHAIIO-
ruaro. OTandne 3aKII09aeTCs JTUITbL B TOM, ITO HA IEPBOM IITare
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Tabsmma 1.22. O6beauHeHHass TabIUIA TEPEXOJOB U BBIXOIOB MUHU-
MaJILHOrO aproMaTa Muiau

aj as as as aio
Z1 | aipo | a3 | aio | Qs a
Z2 | Q5 as as as asg

21 | wp | wy | wy waz | W2
Zg | W2 | W2 | W2 | W1 | W1

crpoutcst pazbuenne my Ha 0-3kBUBajeHTHBIE cocTosiHUA. CoCTOs-
0

HUSL G ¥ a5 0-9K68UBANEHMHYBL (G, ~ Gg), €CITU ITU COCTOSTHMUSI

OZIMHAKOBO OTMEYEHBL: () = A(as).

IIpumep 1.21. PaccmorpuMm HeMuHUMAJIBHBII aBTOMaT Mypa
Sy (Tabu. 1.23). OueBnHO, YTO, K IIPUMEDY, COCTOSIHUS G1, A2, Ay

Tabauma 1.23. Ormedennas tabauna nepexonoB aromara Mypa Sg
Wy | Wy | w3 | w3 | w3 | W2

a1 a2 asg Gy as Qg

Z1 | @10 | @12 | as ar as ar

2 as ar ae | @11 | G9 | G11

w3 | Wy | W2 | W2 | W2 | W2
arz as ag | aip | a1l | A12
as | aio | ar ai as a2 Z1
ae 21 ae as a9 ag | 22

0-sKBUBaJIeHTHEL. B cooTBeTcTBHM ¢ ajropuTMoM Aydenkamia-
XoHa mo/ydaeM II0CIeI0BATeILHOCTL PAa3OUeHHii:

1. Pas6uenue w9 = {B1, B, B3}, tne By = {a1,a2,as}, Ba =
{ae, a9, a10,a11,a12}, By = {a3,as,as,ar}.

2. Paszbuenne T = {01,62703704}, riae Cl = {al,aQ,ag},
Cy = {ag, a9,a11}, Cs3 = {a10,a12}, Cs = {as, a4, a5, a7}.

3. Jlasiee, HECTIOZKHO TIOKA3aTh, UTO Ty = TT1.

Munumannabii apromar Mypa DpuHEMaeT BUI, IpeIcTaBIeH-
HBIH Tabauneit 1.24.



1.10. MuHnMHU3a1Ms TOJHOCTBIO OIIPEIEJIEHHBIX aBTOMAaTOB 37

Tabmuna 1.24. OrMevyenHas TabaUIa TEPEXOIOB

MUHHMAaJIBHOI'O aBTO-

mara Mypa
Wy | W2 | w2 | W3
a1 as | @10 | a3
21 | aio | a3 ay as
22 | as ag ay ag

OrnucaHHbIN AJTOPUTM TOCTIEIOBATEIbHBIX PA3OUeHU MOXKHO
MPUMEHUATH ¥ IS MUHUMU3auuy noanozo C-aemomama. B sTom
cIydae T0JT OJHOIKBUBAJIECHTHBIMU OyIeM IOHUMATH COCTOSHUSI,
KOTOpBIE OJIMHAKOBO OTMEUYEHBI U UMEIOT OJIMHAKOBBIE CTOJIONBI B

TabJIUIE BHIXOIOB.

IIpumep 1.22. Paccmorpum HemuHuMa bHbI C-aBroMar Stg
(Tabu. 1.25). IlocienoBaTesbHOCTD PA30UEHNIl IIPY MUHUMUZAINN:

Tabmuma 1.25. OrmevyenHast TabauIa TEPEXOJOB W BbIXOmoB C-
aBToMaTa Sio

Ui a1 Uz | Uz | Uz | U2
ay a2 az 42} as ae
21 | @10 | Q12 | G5 ar as ar
2 as ar ag | @11 | Q9 | G11
21 | Wy wyp | W2 | W2 | W1 | W2
22 | W2 | w2 | W1 | W1 | W2 | Wy
U3 Ui U2 U2 U2 U2
ar as ag | 1o | A11 | A12
asz | aip | ar a as az | 21
ag a4 ag as ag as | 22
w1 w1 w29 w2 w2 w2 z1
wao w2 w1 w1 w1 w1 zZ9

1. Pasbuenne 7, = {Bj, Ba, B3, B4}, tie By = {a1,a9,as},
BZ - {a37a4}a B3 = {a5)a7}a B4 = {aﬁaa93a107a11)a12}-
2. Pazbuenue mo = {C1,Cy, C3,C4, Cs,Cg}, e C1 = {a1,as},
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Cy = {ag}, C3 = {az,as}, Cy = {as,a7}, Cs = {as,a9,a11},
Cs = {a10,a12}.

3. Hanee, m3 = mo.

Muanmaibabiii C-apToMaT OyIeT UMETh BUJL, IIPEICTABICHHBIH
TabJymneit 1.26.

Tabsmma 1.26. OTMedyeHHas TabIUIA TEPEXOAO0B U BBIXOI0B MUHUMAIb-
Horo C-aBTOMara

Ui Ui Uz | uz | U2 U2

ai as as as 45} aio

Z1 | Q10 | @10 | G5 | G3 | G5 a

Z2 | G5 as ag | Qg | Qg as

21 w1 w1 w2 | W1 | W2 w2
22 w2 w2 wp | W2 | W1 wq

1.10.2. Tabismma map coCTOSHUI

Paccmorpum Jipyroit criocob mocTpoeHns MUHUMAJIBHOTO aBTOMAa-
Ta. CocToAHus a; U a; AGHO PA3AUMUMDL, CCIU PAIHTIAIOTCA
COOTBETCTBYIOIINE UM CTOJIOIBI B TAOJIUIE BBIXOJIOB.

IIpumep 1.23. B aBromare Mwim Ss w3 npumepa 1.20
cocrosiaust {aj,as,as,ar,ag} SABHO DPA3JIUYAMBI C COCTOSTHUSIMU
{as, a4, a6, a9, a19,a11, ar2}. Bynem o603HaIAT TaKME TTOAMHONKE-
cTBa MHOXKecTBa cocrosnmit A kak A, , A,, u 1. 1.

Hoes anzopumma 3aKI049aeTcs B IIOCJIEIOBATEILHOM Pac-
CMOTPEHUH BCEBO3MOXKHBIX 1P COCTOSHUN M MCKJIIOUYEHUN TeX U3
HUX, B KOTOPBIX COCTOSIHUSI He sIBJISFOTCS SKBUBAJIEHTHBIME. [1apbl
(a;,a;) He pACCMATPUBAIOTCS.

B kadecTBe OCHOBBI AJINOPUTMa CTPOUTCS MABAUUA NAP CO-
cmosinudi. IlpuHnun nocrpoerust TabJIUIbI CJIe Ly oI

1) Tak Kak sIBHO Pa3jM9uMble COCTOSIHHSI HE IKBHUBAJIEHTHBI,
TO TaKWe Tapbl B TAO/IUILY HE BKJIIOYAIOTC;

2) g KaxkJoii mapbl OTBOAUTCS CTPOKA, JJIS KAXKIOr0 BXOJI-
HOTO CHTHaJIa — cTojiber. B KieTkax TabJIuIbl, B COOTBETCTBUAN C
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TaOIUIEN TIEPEXOI0B, YKA3BIBAETCS Iapa COCTOSHUM, B KOTOPYIO
[IePEXOJIUT ABTOMAT U3 JAHHOM maphl cOCTOAHUH (110 CTpOKe) mpu
JIAHHOM BXOJIHOM BO3/eficTBrn (10 cTOJIOIy ).

Jajee IpU3BOIUTCS MTOCJIEIOBATEILHOE NCKITIOUEHIE TTap HEIK-
BUBAJIEHTHBIX COCTOSHUI, IIPU 3TOM HUCKJIOYaeMble IIapbl OTMeYa-
orcd. [IpaBuiio MCKIIIOUEHNs Map OCHOBBIBAETCS Ha CJIEYIOIIEM
daxre: ecau a; ~ aj, mo u 6(a;, zp) ~ d(aj, z5). Taxum obpasom,
ecau 6(a;, z¢) = 0(aj, zf), mo u a; = a;.

Ha nepBom mare ormedarorcss mapbl, KOTOPBIE IIOJT JeiiCTBH-
€M HEKOTOPOI'0 BXOJHOI'O CUTHAaJIa IepeXoddaT B Hapy SBHO pa3-
JIMYUMBIX COCTOSIHUM, TO €CTh B IIapy, OTCYTCTBYIOILYIO B II€PBOM
cT0JI01Ie TAOJIHIIBI U COCTOSIIYIO U3 PA3IUIHBIX COCTOSHUMN.

OTl\queHHbIe ITapbl COCTOAT U3 HEIKBHUBAJIEHTHBIX COCTOS{HI/Iﬁ,
U Ha CJIEJYIOIIEM IIare OTMEYarOTCsl BCE Te Napbl, KOTOPBIE IIepe-
XOJAT B HApbl, OTMEYEHHbIEe Ha IIPEJBbILYIIEM Iare u T.I.

[Iporece 3akaHIMBaETCS TOTZA, KOTJA CPEIH HEOTMEUEHHBIX
map y»Ke HeT TAKUX, KOTOPBbIe MOYKHO OTMETUTDH B COOTBETCTBHUH C
BBIOPAHHBIM IIPABUJIOM.

Heormedennble mapbl MpeCTaBIIsiOT COOOH MONAPHO SKBUBA-
JIEHTHBIE COCTOSTHUS.

O06beuHsst SKBUBAJIEHTHBIE COCTASIHNAS B KJIACCHI 9KBUBAJIECHT-
HOCTH W BBIOMpAasi M3 KaXKJOT0 KJIACCa MO OJHOMY IPEJCTABHUTE-
JIF0, CTPOUTCST MUHUMAJIBHBIH aBTOMAT (aHAJIOTHYHO TIPEIbIITyIIie-
My crocoby MuHHME3anun). HeoGXoammMo 0OTMeTATh, ITO KazKI0e
COCTOsIHHE, He IIPEJICTABICHHOE HU B OJIHOM U3 HEOTMEUEHHBIX I1ap,
obpasyeT OT/JeJIbHBIN KJIacc.

IIpumep 1.24. Haiinem Kitacchl SKBUBAJEHTHBIX COCTOSIHUM
aBromaTa Mmmm Sg n3 npumepa 1.20 npu momorru TabJIuIel map
cocrosiunit (cMm. Tabur. 1.27).

OTMeTHM, ITO 715 3aIIOTHEHNS TIEPBOTO CTOJIOMA TaOIHITEL [T0-
CTaTOYHO I1epebpaTh BCEBO3MOXKHBIE ITaPhl COCTOSTHUI N3 KaXKI0T'0
HOAMHOXKeCTBa A, .

PaCCl\IanI/IBaH HEOTMEYCHHbIC IIapbl COCTOﬂHHfI, noJryda-
eM CJeJyIolue KJAcChl SKBuBajleHTHocTH: {ai,as}, {as,ar},
{as, a4, a6,a9,a11}, {aio, a12}, {as}
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Tabumma 1.27. Tabauna map cocrosinnit aBromara Muan Ss
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VYuopaxknenane 1.4. OneHure TPYJIOEMKOCTH AJITOPUTMA
Aydenkamma-XoHa.

VYupakneune 1.5. OueHure TPYJI0EMKOCTb AJINOPUTMA MHU-
HUMU3AIUH [TOJJHOI'O aBTOMATa, MCIOJIB3YIONEro TabnIly map co-
CTOAHUM.

1.11. MuHuMu3aiusa 4YacTUIHO ompeje-
JIEHHBIX aBTOMATOB

3a1aua MIHIMHA3AIUA YACTUIHOIO0 aBTOMATA 3HAYUTEIHHO CJIOK-
Hee 33891 MUHUMU3AILINAN I0JIHOTO aBTOMATA U CTABATCS HECKOJIb-
KO TIO-JIPYTOMY.

B stom maparpade Oymem paccMarpuBarh aproMarbl Muu.
Bcee pesyabraThl HECTOXKHO TTEPpEHECTH W Ha Moaeab Mypa.

Bynem rosoputh, 4ro mocaedosamenvHocmsd ; peasudy-
em II0CJIeI0BATEILHOCTD 0, €CJIH §; MOXKHO JIOONIPEJICTIUTD TaK,
YTO OHA COBIAJIET C 0;.

IIpumep 1.25. Ilocnenosarenbuocts 0; = (54 — 4 — 62) pea-
JIM3yeT IIOCJ/IeNOBATENBHOCTD §; = (54 — — — 6—).

Bxoamnast 1mocJieoBaTeIbHOCT HA3BIBAETCA  AONYcmumot
JUIA BHYTPEHHEr'0 COCTOAHUSA aBTOMaTa a;, €CJIMN MOXKHO HaWUTH IO-
POXK/IaeMYIO €10 BBIXOJHYIO IOCJIeJ0BATEIbHOCTh, TO €CTh CYIIle-
CTBYeT MOCJIEI0BATEILHOCTh BHYTPEHHUX cocrosuuii. Ormerum,
YTO JJId IIOJIHOI'O aBTOMaTa J'IIO6&5{ BXO/IHad I10CJIe/I0BATCJIbHOCTD
ABJIAETCHA ,HOHyCTHMOﬁ.

Cocmosnue a; aBToMara Si peaau3yem COCTOSHHE G 1a-
CTUYHOTO aBTOMATa Sy, €CJau Jisi JIFOOOU IOIyCTUMON BXOIHON
II0CJIEOBATEC/JIBHOCTH, OTBEYIaIOIIaA el BBIXOJHAaA IIOC/ICJOBATEIb-
HOCTH aBTOMAaTa S7 OyJeT peain30BbIBATH BBIXOIHYIO MOCTIEI0BA-
TEJILHOCTH aBTOMATa, So, OTBEYAIOIILYIO ITOMY K€ BXOJIHOMY CJIOBY
(puc. 1.18).

Asmomam S| peaau3yem UYaCTUUHBIA aBTOMAT So, €C/iH
JJIsT JTIOOOTO COCTOsIHUST aBTOMATa So HAIETCs pean3yIolnee ero
cocrostnne apromara Si. B cBoro odepennb, OymeM roBOpuTh, 9TO
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peanusyet

Puc. 1.18. CocrosiHue a; peajusyeT COCTOSTHHE @ ;

YACTUYHBI agmomam Sy peaiudyemcs aBToOMaToM S.

3adaua: nis 3aaHHOrO YACTUYHOrO aBTOMaTa S HAWTH pe-
AJIM3YIONIUI €ro aBTOMAT Sy,in, 00JIALAIONUIA MUHUMAJILHO BO3-
MOKHBIM YUCJIOM COCTOSTHUIA.

Hpe}ng qeM HepeﬁTI/I K OIIMCaHMHIO MEeTO/la MUHUMU3AIUN Ya-
CTUYHBIX aBTOMATOB, JaJUM €Illle HECKOJIbLKO OHpe,HeJIeHI/II';I.

llBe mnocaedosamenvHocmu COBMECTMUMDBL, €CIU CYIIe-
CTBYET TPEThbsl IOCJIEI0BATEILHOCTD, PEAJU3YIONAst KaXKIylo U3
HUX.

IIpumep 1.26. Ilocrenosarensroctu (122 —3 — —5) u (—2 —
435 — —) COBMECTHMBI, TaK KakK, K IIPUMEPY, [OCJIe[I0BATEIHbHOCTD
(122435 — 5) peasmsyer KaxKIyro U3 HUX.

Cocmosanusa a; 1 a; HEKOTOPOI'O YaCTUYIHOI'O aBTOMATa CO6-
MECTNUMDL, €CIIU JIJIsi JTI00O0N JOIyCTUMOM BXOJHON II0C/Ie/10Ba-
TEJLHOCTH COOTBETCTBYIOIINE STUM COCTOSTHUSIM BBIXOHBIE TIOCIe-
JIOBATEJILHOCTH OYJIyT COBMECTHMBI.

3ameuanue 1.5. CoBMeCTUMBIE COCTOSTHUAST — 9TO HEKOTOPBII
AHAJIOT 9KBUBAJICHTHBIX COCTOSTHUI B MOJIHOM aBToMare. OTHOIIIe-
HHE COBMECTUMOCTH pedIIeKCUBHO, CHMMETPUIHO, HO HE 00si3a-
TeJIbHO TPAH3UTHUBHO, TO €CTh ITO OTHOIIEHUE TNOAEPAHIMHOCTNU.
Orciofa citeyeT, ITO BCE COBMECTUMBIE MEXKJIY CODOIl COCTOSTHUS
O00BEJMHAIOTCS B KJIACCHI TOJEPAHTHOCTH HJIH KAGCCH, COBMe-
cmumocmu: Ay, Ao, ..., A, Kitacesr coBmecTuMocT 06pa3yior
HOKpBITHE MHOXKecTBa cocrosaumit: |J-, A; = A.

3ameuanue 1.6. Kiaccbl cOBMECTUMOCTH — 9TO HEKOTODBII
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AHAJIOT KJIACCOB 3KBUBAJIEHTHBIX COCTOSIHUI B ITOJHOM aBTOMATE,
HO A; () A; He 00s3aT€IbHO PABHO IIyCTOMY MHOYKECTBY.

3ameuanmne 1.7. Apromar S*, peaymu3yromuii YaCTUIHBIN aB-
ToMaT S, Ha3bIBAETCH K8A3UIKEUBAAECHMHBIM aToMaTy S. OT1-
HOINIEHNE KBA3UIKBUBAJIEHTHOCTH PE(JIEKCUBHO, TPAH3UTUBHO, HO
He cumMerpudHo. Jlomycruma 3anuck Bujga: S C S*.

Paccemorpum asroputM MUHMME3AIUIN YACTHIHBIX aBTOMATOB,
OCHOBAaHHBIM HA IMOCTPOCHUH MaAbAUUBL NAP COCTMOAHUYU U
MAMPUUDBL, COBMECTNUMOCTU.

Tabaumna map coCTOsTHUIT CTPOUTCHA MO AHAJOIHH C TabJuIeit
Juist 1osiHbIX aproMaros (cM. § 1.10). Ilepssblit crosber conepuT
Hapbl TAKUX COCTOAHUMN, JJIsI KOTOPBIX IIPH JIFOOOM BXOJITHOM CHATHA-
Jie OTCYTCTBYIOT PA3JIMYHBIE BBIXOJbI, TO €CTh COOTBETCTBYIOIIHE
3TOM TIape COCTOSTHUI CTOJIOIBI B TaOJIHUIE BBIXOIOB COBMECTUMBI
(1-coBMecTHMOCTD ).

B ocraspHBIX CTOIOIAX 3aIIUCHIBAIOTCS [TAPhI COCTOSIHUN, B KO-
TOpBIE TEPEiieT aBTOMAT I0JT BO3IEHCTBUEM 33JaHHOTO BXOIIHO-
ro curuasia. IIpu 9TOM KJIeTKH, COOTBETCTBYIONINE 3aIIPEIIEHHBIM
BXOJIAM JIJId JIAHHOM IIapbl COCTOSHUN (He OIIpeJIeJICHO HOBOE CO-
CTOsIHUE XOTsI OBl JIJIsl OJHOTO COCTOSIHUSI U3 TAPBI), 3aI0JHSIFOTCSI
MIpOYepKaMU U IIPU UCKJIIOYEHNN T1ap He yuIuThiBaroTcs. Vckoue-
HUE T1ap TPOU3BOIUTCS 110 TOMY K€ IIPUHITUILY, 9TO U JIJIs TIOJTHBIX
aBTOMATOB.

Heormeuennbie mapbl mpefcTaBisioT coOOi MOMapHO COBMe-
CTUMBIE COCTOSHUS.

IIpumep 1.27. Ilycts 3aman dacTuaHblii aBroMar Muin
Sll' ,H.HS{ IIPOCTOTHI, BHYTPEHHHUE COCTOAHUA U BbBIXOJHbIC CHUTI-
HaJbl aBroMara OyjeM ofo3HadaTh apabckumu Iudpamu (CM.

Tab. 1.28, 1.29).

Tabsuma 1.28. Tabauna mepexogoB YacTUIHOro aBromMara Mumm S11
0|1 12345
all|—13]5]|5|—
b|—4]1|5|5]|—
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Ta6smma 1.29. Tabauna BBIXOIOB YaCTUYHOTO aBTomMaTa Muau S11

O(12]|3]|4]5
alO0|—=]0|—=1]10]-—
bl -1 11010 —-]|-

Tabmuma 1.30. Tabiua map cocTosiHUT YacTUYHOrO aBromMara Si1

a b

(07 1) — —

v](0,2) | (1,3) -

0,3) | (1,5) -

(0,4) | (1,5) -

(07 5) — —
(L4) | - |45

(17 5) — —
(2,3) | (3,5) | (1,5)
(2,4) | (3,5) | (1,5)

(27 5) — —
(3,4) | (5.5) | (5,5)

(37 5) — —

(47 5) — —

Tabauna map coCTOSHUMN I YJACTUIHOIO aBToMaTa S11 Ipej-
crapjena B TabJmie 1.30.

Hasee oupenemum muoorcecmeo coemecmumocmuy (C-
MHOHCECTMEB0) KaK HEKOTOPOE MHOYKECTBO COCTOSHUIA 4aCTHIHO-
ro aBpromara S, Ha KOTOPOe HAJIaratoTCsl CJIeJLyIOIIHe yCJIOBUSL:

1) xaxknas napa cocrostauii 3 C-MHOKECTBA COBMECTUMA;

2) 9TO MHOXKECTBO He fABJISETCs HMOAMHOXKECTBOM Apyroro C-
MHOXKECTBA, COAEPKAIIEro OOJIbIee YUCIO COCTOSHUIA.

Haiinem Bce C-MHOXKecTBa 9acTuaHoro apromara S. B kadge-
CTBE UCXOJHBIX JAHHBIX PACCMATPUBAIOTCS IIAPbl COBMECTUMBIX CO-
CTOSIHUIA, MTOJIydeHHble 10 Tabjmie nap cocrosaumit. Ha kaxkjom
mare CTPOUTCA HEKOTOPOE CeMEMCTBO MHOXKECTB COCTOSAHUMA.

1. Tomoxxkum k& = 1. IlepBoe ceMeiicTBO MHOXKECTB COCTOSTHHIA
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COCTOWT U3 BCEX Tap COBMECTUMBIX COCTOSTHUN aBToMaTa S U U3 OT-
JIEJIHBIX COCTOSTHWIA, He TPUHA/JIEYKAIINX HUA OJIHOM U3 9TUX Hap;
k.= 2.

2. JIyist KaxKJI0ro MHOXKecTBa cocrostHuit A; = {a;,,...,ai, },
couepxarerocs B (k — 1)-M ceMelicTBe, BBIIOJHAEM CJIeLyIOIIUe
OTIepAIIHN:

2.1. Onpenensiem | cocrognuii aj,,...,a; TaKUX, 9TO ITH [
COCTOSIHU# He MIPUHAJJIEXKAT JJAHHOMY MHOXKeCTBY A; u 00pa3yor
COBMECTHUMYIO TIAPY C KAXKIBIM COCTOSTHUEM U3 3TOIO MHOXKECTBA.

2.2 3BamensieM MHOXeCTBO {aj,,...,a;, } | MHOXKeCTBaMU
{aiy, ... ai,,a;,t,_, (ecim I = 0, To 3amena He IPOUCXOIUT).

3. UckiiouaeM 3 HOBOTO ceMefiCTBA MHOYKECTB BCE OJIMHAKO-
BbIE MHOYKECTBa (KPOME OJIHOTO TIPEJICTABUTESI) M BCE MHOYKECTBA,
SIBJISTFOITIMECST TIOJIMHOYKECTBAMU JIPYTUX MHOXKecTB. [lomyuaem k-e
CEeMeiCTBO MHOXKECTB.

4. Ecin k-e cemeiictBo ormmuaaercst ot (k—1)-ro, o k :=k+1
¥ TIepexo/InM Ha Iar 2, HHade — aJIFOPUTM 3aBEPIIEH.

YT0o6bI BBIMOJHUTL 3TOT AJTOPUTM, IMTOCTPOUM MAMPULY
coemecmumocmu Cg:

1, ecmu (a;,a;) um (a;,a;) — Tapa
[Csli; = COBMECTHMBIX COCTOAHMIT U3 Tab/IMIpbl Iap;
0, wmHaue.

ITo mocTpoenunio, eciam B KaXKJI0# U3 CTPOK, OTBEYAIONINX COCTO-
SIHUSIM U3 MHOXKeCTBa {d;,, ..., a;, }, Comep:KuTcs «l» B KaKOM-
HHUOYZb CTOJIONE aj,, TO Gj, 0Opa3yeT Mapbl COBMECTUMBIX COCTOS-
HUIE ¢ KaXKIBIM 3JIEMEHTOM U3 3TOro MHOXKecTBa. Cliel0BaTe/IbHO,

JTAHHOE MHOXKECTBO 3aMEHIETCsI MHOXKECTBOM {a;,, ..., a4, , Gj, }-
Wrak, mMbl mosyunin Bce C-MHOXKECTBA 9ACTUIHOTO aBTOMATA,
S: Aq, ..., Ay BamernM, uro MHOXKecTBa A; (1 =1,...,m) — 3ro

HEe 9TO MHOE, KaK PpaCCMOTpEHHbIEC paHee KJIaCCbl COBMECTUMOCTU.

ITpumep 1.28. Haiinem Bce C-MHOXKECTBA YACTUIHOTO aB-
Tomara Syi. Mcmosb3syss TabJnily map COCTOSIHMIA, IIOJIyYEeH-
HyI0 B IpuMepe 1.27, 3alOJHUM MATPHUIYy COBMECTHMOCTH (CM.
Tabut. 1.31) u BoinumieM ceMefCcTBO MHOYKECTB COCTOSIHUI Ha mep-
BOM IIIare.
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Tabmuma 1.31. Marpuna coBMECTUMOCTH YaCTUYHOTO aBTOMATa S11

| Jo[1]2]3]4]5

oOjjoj1r{o|1]1]1
1)1]1]0]0(0|1]1
2100|0111
3101 ]0]1]1
4111|1011
5111110

Hna k = 1 moaydaeMm cieayioliee CeMefCTBO MHOMKECTB:

{{07 1}7 {07 3}7 {0’ 4}, {Oa 5}a {]-v 4}7 {17 5}7 {27 3}a {Qa 4}’ {27 5}’
{3,4},{3,5},{4,5}}.

Iycte £ = 2. Crpoku 0 u 1 comepxkar «1» B 4-M u 5-m
crosbriax, cienoarenabHo, MHOXKecTBy {0,1} coorseTcTBYIOT
muoxkecTsa {0,1,4}, {0,1,5}, npu arom camo muoKecTBO {0,1} 1
muoxkectsa {0,4}, {0,5}, {1,4}, {1,5} 6yayr ucksogenst. I[Tosro-
Ppsist HOIOOHBIE PACCY XK IEHUs JIJIsI BCEX MHOYKECTB 1IepBOro mara (¢
YUETOM HCKJIIOYAEMbIX ), HOJIydaeM HOBOE CeMEHCTBO MHOXKECTB:
{{0,1,4},{0,1,5}, {0, 3,4}, {0,3,5}, {0,4,5}, {1,4,5}, {2, 3,4},
{2,4,5},{3,4,5}}.

Hus k = 3 ceMefiCTBO MHOYKECTB HWMe€eT  BUJIL:
{{07 1? 4’ 5}’ {0’ 3’ 47 5}’ {23 3’ 47 5}}'
Ha cuenyromem mare (k = 4) cemeiicTBO MHOMKECTB He H3-

MEHUTCSI, CJIEJ0BATE/ILHO, TOJydeHbl Bee C-MHOXKECTBA aBTOMAa-
ta. Obosnaunm ux: A; = {0,1,4,5}, As = {0,3,4,5}, A; =
(2,3,4,5).

3aBepiaroT MUHUMU3AIMUIO CJeyome paccyxkaenus. [ycrs
Ay, As, ..., A, — MHOXKECTBA COCTOSIHWIT aBTOMaTa S TaKue, 9To
KazkKJI0e COCTOAHNE aBTOMAaTa BKJIIOYEHO, 10 KpaliHell Mepe, B Of-
Ho MHOXKecTBO A; (I =1,...,n), 10 ectb | J;—; A; = A. MHOXKeCTBO
{A1,...,A,} HazsoBeM 2pynnupoerol (IOKPHITHEM), N — MOII-
HOCTb TPYIIIUPOBKH.

ITapa cocrosmmit (a;,a;) HA3BLIBACTCI COMPAHCEHHOU, eCIIH
00a COCTOSTHUST IPUHAJIEKAT, TT0 KpaiiHel Mepe, OJHOMY U3 MHO-
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xects A;. Ecin mapa (a;, ;) He sIBJISIeTCsT COMPSIZKEHHOMN, TO OHA
Ha3bIBAETC Pa3oduLeHHou.

ITpasuavras 2pynnupo8Kra — 3To rpyIIUPOBKA, YIOBIETBO-
PSAIOMIAS JBYM yCIOBHAM:

1) st J1060# CONPsIzKEeHHOM Hapbl (a;, (;) PEAKIUH aBTOMATa
S, KOTODBIil HAXOIUTCS B OJHOM U3 3THX COCTOSIHUI, Ha JH00OI
JIOITyCTUMBIi BXOIHOMN CHIHA 2 ONUHAKOBBL A(a;, z5) = A(aj, 2f)
(ecom oyH MM 06a BBIXOAHBIX CHTHAJIA HE ONPEIETEHBI, TO 9TO
YCJIOBUE HECYIIECTBEHHO JIJIsT TAHHOM TTaphl);

2) COCTOSTHWS, B KOTOPBIE TIEPEXONT ABTOMAT U3 COCTOSTHUI a7,
a; 1O, IeficTBUEM CHIHAJIA 2 f, JTN0O0 OJMHAKOBBI, OO COCTABIISIOT
COIPSIZKEHHYIO I1apy; MHBIME CJIOBaMU, eCln ap = 0(a;, 2f), s =
d(aj, z5), T0 MUbO ap = as, MO0 mapa (ay,as) — CONpsIZKEHHAL
(ecor omHO MM 06a COCTOSIHUS TIEPEXO/Ia He OTPEIETIEHBI, TO 3TO
YCJIOBUE HECYIIECTBEHHO JIJIST TAHHOMN TTaphI).

MOKHO TIOKa3aTh, YTO CIPABEIJIUBBI CJIELYIONIAE YTBEPKIE-
HUS.

VYreepxkaenue 1.2. Bee C-mHooicecmea 4acmuumozo asmo-
mama S 06pasyom npasuAbLHYIO 2PYNNUPOSKY.

YTBepKaAeHUE 1.3. /U3 npasusvhotli  2pynnupoeru

{A1,..., A} noayuaemcea asmomam, peasudyrouud ucrooHvil,
ecau mmootcecmeam Ai, ..., A, mocmasums 6 coomeemcmeue
BHYMPEHHUEC COCTNOAHUA A1, . . ., Gy HOB020 ABMOMAMG.

YrBepxkaenue 1.4. Aemomam S,,;, coomeemcmeyem HaU-
menvweld (N0 MOWHOCTU) NPAsUALHOT 2pynneposke.

Takum obpazoMm, aBTOMAT Sy, COOTBETCTBYET HAWMEHD-
el IpaBUJIBHON I'PYIIIEPOBKE, IIOCTPOEHHON 13 moJydeHHbIX C-
MHOYXKecTB. HbIME c/ioBaMu, HEOOXOIUMO OTOOPATH MIHUMAJILHOE
qncyio C-MHOXKECTB, KOTOpble 00pa3yoT MOKPBITHE MHOXKecTBa A
U ABJIAIOTCA IIPABUJILHONA I'PYIIUPOBKOMA.

Boobrie roBopst, aBroMaT, peasm3yIOnuil UCXOIHBINA, MOXKHO
oIy 9uTh, ecu BceM C-muOXKecTBaM Aq, . . ., A,, TOCTAaBUTH B CO-
OTBETCTBHE COCTOSIHUS @1, ..., C0n,. IO TAKOH aBTOMAT HE BCETIA
6y)leT MHNWHUMAaJIbHBIM.

IIpumep 1.29. IIpoBeeM MHHUMUBAIUIO TaCTUIHOTO ABTO-
marta S11. Tak Kak MOITHOCTH MHOYKECTBa cocTostHuil A paBHa 6, a
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MortHOCTH C-MHOYXKECTB, MOy YeHHbIX B ipuMepe 1.28, coBnaaioT
U paBHBI 4, TO MOIIHOCTH MUHUMAJIBHOM MTPABUIILHOM I'PYIITHPOB-
KU JIOJIZKHA OBITH He MeHee 2.

Bosemem C-muoxkectsa A; = {0,1,4,5} m A = {2,3,4,5}.
Tak kax A U A3 = {0,1,2,3,4,5} = A, 10 {41, A3} — nokpsI-
tne mMHOXkectBa A. IIpoepum, uro rpynnuposka {Ap, Az} npa-
BUJIbHAsI. PaccMOTpUM, B KaKue MHOXKECTBA COCTOAHMN (MHOXKe-
CTBa «IIEPEXO/0B» ) IepeiiayT MuoKecTBa A1 u Ag 1oy meiicrBuem
PAa3JINIHBIX BXOJHBIX CUTHAJIOB U KAKOBBI OYIyT COOTBETCTBYIO-
IMe MHOYKECTBA BBIXOJHBIX CUTHAJIOB (cM. Tabu. 1.32, 1.33).

Tabsmma 1.32. MuOXKECTBa «II€PEXOT0B»
Al = {O, 1,4,5} Az = {2,3,4,5}
a {1,5} {3,5}
b {4,5} {1,5}

Tabsmia 1.33. MHO>KecTBa BBIXOIHBIX CUTHAJIOB
Al = {O, 1,4,5} As = {2,3,4,5}
a {0} {0}
b {1} {0}

Tax Kax cocrogHust U3 MHOXKeCTB A m A3 mepexoidar B CO-
CTOSTHUSI, KOTOPBIE 0OPA3yIOT TOJAMHOKECTBA, 3THX YK€ MHOYXKECTB:
{1,5} C A1, {3,5} C A3, {4,5} C A1NA;, {1,5} C A, To BBITION-
HEHO BTOPOE YCJIOBUE NPABUIILHON TPYIIIUPOBKY (BCEBO3MOYKHBIE
Hapbl COCTOSTHUIT BO MHOXKECTBaX <«IIEPEXOJIOB» OYIyT CONPSIZKEH-
HbIME, 60Jiee TOrO, OHU OyJyT COBMECTUMBIME, TaK Kak A; u As
apysaoTca C-MHOXKeCTBaMH ). AHAIM3 MHOXKECTB BBIXOIHBIX CUTHA~
JIOB MTOKA3BIBAET, UTO BBINOJHEHO U IIEPBOE YCJIOBUE MPABUILHOM
IPYIIUPOBKY (BCE MHOXKECTBA BBIXOJHBIX CUTHAJIOB COMEPKAT TIO
OJ[HOMY 9JIEMEHTY ).

Takum obpazom, {A1, A3} — MUHEMAJIbHAS [IPABUJIbHAS IPYI-
mupoBKa. IlocTaBUM B COOTBETCTBHE MHOXKECTBY Aj COCTOSIHUE
«0» MUHUMAJBLHOIO aBTOMaTa, MHOXKECTBY Az — cocrosiHue «1».
Toryia MOXKHO BBIITCATH TADJIUIBI IEPEXOIOB U BBIXOJIOB UCKOMO-
ro aBromMaTa Sy, (cM. Tabu. 1.34, 1.35).
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Ta6suia 1.34. Tabauna nepexo- Tabauma 1.35. Tabsmma BbIXO-

JOB aBTOMATA Spmin JOB aBTOMATA Spmin
011 011
a|0]1 a |0
b|10]|0 b|1]0

BameruM, 9TO, €CaIM aBTOMAT HAXOAMTCA B cocTognun «0» u
Ha BXOJI [IOJIAeTCs CUTHaJ «b», TO B KadecTBe HOBOI'O COCTOSIHUSI
MOXKHO BbIOpaTh He «0», a «1» (Tak kak {4,5} C A1 N As).

Yupaxkxuenue 1.6. [lokaxxure, ITO OTHOIIEHNE COBMECTUMO-
CTH COCTOSIHUU JJIsI JaCTUIHBIX aBTOMATOB HE SBJISIETCS TPAH3U-
TUBHBIM (IIPUBEJUATE IPUMEDDI).

VYpaxkneune 1.7. Onennre TPYI0EMKOCTh OIMMUCAHHOIO AJIN0-
pUTMa MUHAMHU3AIUH 9aCTUIHOTO ABTOMATA.

1.12. Omnepanuu HaJ aBTOMAaTaMU

1.12.1. Pas36uenue aBromara (JIEKOMIIO3UIISI)

Bce cocrosiHusi aBToMara MOXKHO pa3le/IiTh Ha TPU I'PYIIbI, B
coorercTBun ¢ ux munom (cMm. puc. 1.19):

ITpexodswee cocmosnue. Kak ObLIO OIpesesieHO paHee,
9TO COCTOSIHME, B KOTOPOE, IIPU IIPEJICTABJIEHUN ABTOMATa B BUJE
rpada, He BXOJIUT HU OJHA Jyra, HO KOTOPOE MMEET, 10 KpaiiHeii
Mepe, OIHY BBIXOISIILYIO JTyTY.

Tynuxosoe cocmoaHue. B 3T0 cocTOsTHIE MOXKHO TIEPENTH,
0 Kpaiineil Mepe, U3 OJHOIO APYIOrO COCTOSAHUA, HO BBLIATU U3
HEro HeJIb3sl.

H3oauposarroe cocmoarue. B 310 cocTosiHIE HENIB34 TTe-
peiiTH HM U3 KAKOTO JAPYTOr0 COCTOSIHUSI, U U3 ITOIO COCTOSHUS
HeJIb3s TePeiTH HU B KAKOe JIPYToe.

ITodaemomam — 3T0 aBTOMAT, OIPEIEJIEHHBII HEKOTO-
PBIM TIOIMHOYXKECTBOM MHOXKECTBA COCTOSIHHII MCXOIHOTO aBTOMa~
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Puc. 1.19. Tunsr cocrosinumit aBromara: 1 — mpexopsiiee, 2 — TYIIMKOBOE,
3 — U30JIMPOBAHHOE

Ta. Tynukosesiti, U30AUPOBAHHBIT, NPexrodswuli nodasmo-
MAMBL OLPEEIISIOTCA AHAJIOTUYHO OJTHOMMEHHBIM COCTOSTHUSIM
(cm. pue. 1.20).

Puc. 1.20. [lomaBroMaTser: 1 — npexoasmuii, 2 — TYIUKOBBIN, 3 — U301~
POBaHHBII

OueBUIHO, YTO €CJIU HAYAJIBHOE COCTOsHUE aBToMaTa S Mpu-
HaJIJTE’KUT TIOMHOXKECTBY COCTOSTHUI A;, KOTOpOEe 3a/]aeT TYyIIHKO-
BBIfl WJIM M30JUPOBAHHBIA IOJABTOMAT, TO S MOXKHO YIPOCTUTD
UCKJIIOYEHUEM BCEX COCTOSIHUI, KOTOPbIE HE MPUHAJJIEXKAT MHO-
KeCTBY A;, U BCeX IyT, HAYUHAIOIIUXCS B 9TUX COCTOSHUSAX.

IIycrs S', S2, S3 - npexomamuii, TYINKOBBIH U H30IMPOBAH-
HBI HoaBTOMATHl aBToMaTa S (cM. puc. 1.21). tu nmogaBromaTst
XapaKTEePU3YIOTCA TpeMs MHOXKeCcTBaMu cocTosHuil Ay, Ay, Az u
COOTBETCTBYIOIIMMHA MaTpuramu coeuuernit (em. § 1.5) pyy, paa,
133. MaTpuna coeIMHEHUN [11o XapaKTepU3yeT MepPexo/ibl U3 CO-
CTOSHEIT TPEXOIAIIEro IoJaBTOMATa S’ K COCTOSHHSM TYIIIKOBO-
ro mojaBToOMaTa S2.
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Ok
0 M2 @’ Loz
s s

Puc. 1.21. I[lomaBromMarsl aBTOoMaTa, S

HecitoxxHO m0Ka3aTh, 9TO BBIJIEJEHUE TPEXOMANINX, TYIAKO-
BBIX, U U30JIMPOBAHHBIX TIOJIABTOMATOB COOTBTECTYET PA3OUEHUIO
MHOKECTBa COCTOsTHUI A Ha HemepeceKaromnmecs: MoIMHOKECTBA.
B namem ciyqae A = Ay |JAs | JAsu A;(A; = @, upui # j. To-
I8 MaTPUIA COeIMHEHN aBToMAaTa S MOXKET OBITh IIPEJICTABIIEHA
B Bujie Tabsmip! 1.36. OTciona ciieryer, 9To pasbueHue aemomama
S na nodasmomamut S modtcHO ocyULLCMEUMD NPE0bPA30EaANUEM
€20 MAMPUYDL COCOUHERUT NYMEM NEPECTNAHOBKU COOMEEMCMEY-
0WUT CMPOK U CMOAOU0S.

Tabmuna 1.36. MaTpuna coequnenuii aBromara S, pa3dUTOro Ha Ipe-
XOJISIIMIA, TYIHMKOBBIA U M30JIMPOBAHHBINA mojaBroMarsl S, §%, 63
A Ay Aj
Ar || p1 iz O
Ay || 0 p2 O
As || O 0 ps3

1.12.2. CoenmHeHue aBTOMATOB (KOMIIO3UIHS)

1. Hapa./b/be./L’bHoe coedunenue
HyCTb JIaHBI JIBa aBTOMAaTa:
Sl = {Al, Z7 Wl, 51, )\17 (11},

SQ = {AQa Z7 W27 527 )\2,(12}.
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Bxommoit andasur Z y 3TUX aBTOMATOB OO 1 TMEETCsT HEKOTO-
pO€ YCTPOHCTBO ¢ (aBTOMAT 63 AMSATH ), O0HEIMHSOIIEE BBIXOIbI
aBTOMATOB:

¢ W1 x Wy — W.

B pesysbrare mapasuieIbHOTO COEJAUHEHUs MOJy9IaeM HOBBIH aB-
romar (cM. puc. 1.22)

S = {A,Z,W(S,)\Jl},

JIJIsT KOTOPOTO 3aJ[aHbl CJIeAyIOIMUe MapaMeTphbL:
1) A= A; X A3, TO €CTb 9TO BCEBO3MOXKHbBIE HAPHI COCTOSIHUIA
aBroMaToB S1 1 So: A = {am = (@m,, Gmy)|Am, € AL, am, € Aa};
2) BxomHoit andasur Z;
3) BeixomHoi andasur W = ¢(Wy x Wa);
4) dyuxuus nepexonos 6(am, zj) = (01(am,, 25), 02(Am,, 25));
5) dyHKIHS BBIXOTOB (G, 2j) = (A1 (@my; 25)s A2(@my, 25))-

W,

» S

Sz

Y

W,

Puc. 1.22. IlapasiespHOE coelMHEHNE aBTOMATOB

2. ITocaedosamenvroe coedunerue

HpI/I I10CJIe/1I0BaTeJIbHOM COCJMHEHNUN BBIXOJ/IbI II€EPBOTI'O aBTOMAaTa
ABJIAIOTCA BXOJaMHU BTOPOI'O aBTOMAaTa. ,HaHbI JBa aBTOMaTa:

S1=1{A1,Z,W1,61,1,a1},
So = {Ag, W1, W, 02, X2, a2}

B pesynbrare 1m0CIeA0BATEIBHOTO COEUMHEHUS Oy IaeM HOBBIH
apromatr (cMm. puc. 1.23)

S ={A,Z,W,8,\ al,
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JIJIsT KOTOPOT'O OCHOBHBIE TIAPAMETPhI 3aaHbI CJIeIyIONUM 00pa-
30M:

1) A=Ay x Ao = {am = (amy, Gmy )| @my € A1, Qmy € Ao}

2) BxomHOI andasur Z;

3) Boixopmoit andasur W

4) 5(ama Zj) = (51 (aml ; Zj)a 52 (amg s Al(ann ) ZJ))) B dDYHKIJ;I/IH
IEPEXOJIOB;

5) Mam, 2zj) = Aa(@my, A1 (@my, 2j)) — GYHKIHS BBIXOIOB.

s s -

Puc. 1.23. IlocienoBaresibHOe COeMHEHNE aBTOMATOB

3. Coedumnenue ¢ 0bpammotl c6a3vio
IIycrh maHbl ABa aBTOMATA:
Sl — {Ala Zh W17 517 )‘17 al}v

Sy = { Az, W1, W3, 02, Az, a2}.

UNmeercst HEKOTOPDLIN  (PYHKITMOHAIBLHBIN Mpeobpa3oBaTesb 7,
[IPEJICTABJISIIOIIIT cODO aBTOMAaT 663 IMaMSITH. DTOT aBTOMAT pe-
ajm3yeT oTobparKeHue:

’YZZXWQ—>Z1.

3aMeTuM, 9TO B CJIy4yae COeIMHEHNUs C 0OPaTHO CBSA3BIO, 110 Kpaii-
Hell Mepe, OJIMH M3 aBTOMATOB S WM Sy JOJKEH ObITH aBTOMA-
rom Mypa. Ilycrs Sy — aBromar Mypa: Wy = Aa(As). B pesyin-
TaTe COEIMHEHUsI C OOPATHOI CBA3BIO MOJIYYIAEM HOBBI aBTOMAT
(cM. puc. 1.24)

S={A,Z,W,§ )\ a},

JIJIS KOTOPOI'O 3a/IaHbI IIAPAMETPBIL:
1) A=Ay X Ay = {am = (amy, Gmy ) |@my € A1, Gy € Ao}
2) BxomHOIl andasur Z;
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3) Boixopuoit andasur W = Why;
4) byHKIUS 1€PexosoB 6 (A, 2j) =
(61 (aml ) ’Y(Zj’ AQ(amz)))? 62(0'1%27 )‘l(aﬂh ’ ,Y(Z]ﬁ )‘2(0’7712)))));
5) AM@m, 2j) = A (@m,y, (25, A2(@m,))) — OYHKIHS BHIXOIOB.

z
~ Z o IR

wW>

S, |«

Puc. 1.24. Coequuenne aBToMaTOB ¢ 0OPATHOM CBSI3BIO

1.13. Kuaaccudukanns

B zakarouenun riiaBbr IICPEYUCJIUM OCHOBHBIE IIapaMeTpPBI, II0 KO-
TOPBIM OCYIIECTBJIACTCA KJI&CCI/I(bI/IKaHI/IH aBTOMATOB:

1. ITo 3aKkoHY (DYyHKIITMOHUDOBAHWSI:
— aBToMaT Mypa;
— aBromMaT Mwun.

2. ITo xoneunocTu muoxkects A, Z, W:
— KOHEYHBIC aBTOMATEI;
— GECKOHEYHDIE ABTOMATDI.

3. Ilo obbemy mamsiTu:
— aBTOMAT C NAMATHIO (II0CIIEe0BATE/IbHBII);
— aBTOMAT 0€3 maMsATH (KOMOMHAIIMOHHBII).

4. Tlo crenenn pacKpbITHS CTPYKTYPHI:
— abcTpaKTHBIE aBTOMATHI (CTPYKTYpa He PACKDPBITA);
~ CTPYKTYPHBIE aBTOMATHI (PACKPBITBL JIETAJIU CTPYKTYPHI).

5. Ilo mostHOTE TIEPEXOIOB:
— IOJTHOCTBIO OIPEJIeJIeHHbIE ABTOMATHI;
— YACTUYIHO OIPEJICJIEHHBIE aBTOMATHI.
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6. ITo cTabHIIBHOCTH [IEPHO/ia CJIEJOBAHUS BXOJHBIX CHIHAJIOB:

— CHHXPOHHBIE aBTOMATHI (LEPUOJ| CIIeIOBAHUA BXOJHBIX CHI-
HAJIOB TIOCTOSIHEH );

— aCHMHXPOHHBIE ABTOMATHI ([IEPHOJL CJIeI0BAHNS BXOJHBIX CUT-
HAJIOB — I€PEMEHHAasT BEJIMINHA).

7. Ilo 0/ITHOBHAYHOCTH MIEPEXOJIOB:
— JIeTepMUHUPOBAHHBIE aBTOMATHI;
— HEJIETEPMUHUPOBAHHBIE ABTOMATHI.

8. ITo OTHOIIIEHNIO MEXK/Iy aBTOMAaTAMU:
— IOJABTOMATHI;
— HaJJaBTOMATHI.

nr g



I'maBa 2

CTpyKTYypHBIil CUHTE3

2.1. SDaemeHTHI U Da3uC

[TepBoiit Tam NPOEKTUPOBAHUSI TEXHUYECKOTO YCTPOMCTBA — 3TO
abcrpakTHbIl cuaTe3. Ha 3TOM 3Tame aBromar 3ajaercs TabJim-
neit, rpadom b0 MaTpureil. 3aKaHIMBACTCsT ADCTPAKTHBIN CHH-
T€3 MAHUMA3AIEH YnCiia COCTOAHUN aBTOMATA.

BropbiM 3TaioM mpOEKTUPOBAHUS SIBJISIETCS CTPYKTYPHBIN
cuaTes. Ileab 3TOro stana — MOCTPOEHHE CXEMbI, Peasn3yoniei
aBTOMAT, HA OCHOBE KOMIIO3UIIUU ABTOMATHBIX JIEMEHTOB, IIPH-
HA/IJIEXKAINNAX 33JAHHOMY KOHETHOMY MHOXKeCTBY. B crpykTypHOM
aBTOMATE YUUTHIBAETCH CTPYKTYPa BXOJHBIX U BBIXOJHBIX CATHA-
JIOB aBTOMAaTa, a TaK»Ke €ro BHYTPEHHee YCTPOICTBO Ha ypOBHE
JIOTHIECKUX CXEM.

B meficTBUTEIBHOCTH TEXHUYECKHE YCTPOWCTBA COCTOAT W3
KOHCTPYKTHUBHBIX €IMHHUI] — TaK HA3bIBAEMBIX PeEaAJIbHBIX 3Je-
MeHTOB. B ocHOBe ux (YHKIMOHUPOBAHUSI JIEXKUT HEIOCPEe]I-
CTBEHHOE HCIIOJIb30BAHNE HEKOTOPHIX (DU3NIECKUX SIBJICHUIA.

Aemomamnuii aaemernm (WU IPOCTO IAEMEHITL) — ITO
abCTpaKTHAS MOJIEJb PEAJIHHOIO JJIEMEHTA.

Aaemernmubili 6as3uc (wm 1pocTo 6a3uc) — 3TO KOHEUHOEe
MHOXKECTBO JIEMEHTOB (MHOYKECTBO THUIIOB 3JIEMEHTOB), U3 KOTO-

56
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PBIX MOXKHO CUHTE3UPOBATH ABTOMAT TI0 38IaHHON (DYHKITHOHAIb-
Hoit Mojiesin. O9YEeBUIHO, ITO B ABTOMAT MOYKET BXOJUTH HECKOJIHKO
3JIEMEHTOB OJ[HOT'O THIIA.

OcHoBHbIe Mmpebosarus, HaIaraeMble Ha 0a3UC — ITO HMOJHOTA
1 9P PEKTUBHOCTD.

Basuc nasbiBaercs cmpykmypHo mnoanbim (WIM 1pOCTO
NOAHBLM) OTHOCUTEJILHO HEKOTOPOI'O KJIACCA ABTOMATOB, €CJIU B
HEM MOXKeT OBITh CHHTE3UPOBAH JIFOOOI aBTOMAT 3TOrO KJIACCA.
HamomawmM, 94T0 MBI paccMaTpuBaeM KJIacC JUCKPETHBIX aBTOMAa-
TOB.

3ameuanune 2.1. B owmune ot smementHoro 6a3uca, GyHK-
[IMOHAJIBHBIM HA3MCOM HA3BIBAETCSI CUCTEMA JIOTMYECKUX (DYHK-
nuit, Tepe3 KOTOpble MOXKET OBIThH BhIpasKeHa, Jiobast (pyHKITUS aJl-
rebpbl Jioruku. Takasi cucTeMa JIOTUIeCKUX (DYHKIUI HA3bIBaeTCs
dynruyuorarvro noanoti. Hamomuamm, aro npumepamu QyHK-
[MOHAJLHO TOJHBIX cucreM spisitorca {«U», «AJIU», «<HE» },
{«»,«HE»}, {«WJIl», «<HE>}, {«I-HE» }, {«JIU-HE>}.

Bojiee agppexmuervim Gyger Tor 6asuc, CHHTE3UPYEMbBIE B
KOTOPOM aBTOMATBI SIBJISTFOTCS JIyYIIMMHU B KAKOM-JIMOO CMBICJIE:
[IPOIIE, JIeIIeBje, HadeXKHee U T. 1. DPHEPEKTUBHOCTL Ha3uca 3aBH-
CUT U OT IPUMEHSIEMBIX METOIOB CHHTE3A.

PaccmorpuM Temepp BOIpPOC O TOM, KaKHe JIEMEHTBI MOLYT
BXOJIUTh B Oa3uc. BBIIEISIOT JBe TPYIIIILL:

1) noruveckue 3JeMEHTHI;

2) 9JIEMEHTBI TAMSTH.

Jlo2uveckuili anemeHM — ITO SJIEMEHTAPHDBIN KOMONHAIIMOH-
HBII1 aBTOMAT, (DYHKIIMOHAJIBHBIE CBOWCTBA KOTOPOTO IPEJICTABIIS-
IOTCSI JOCTATOYHO TPOCTOH Jrormdeckoit dbyukimeir. Jlormdaeckuit
3JIEMEHT UMeEeT KOJIMYEeCTBO BXOIOB, PABHOE UYUCJy apryMeHTOB
byHKIMA, U TOJIHKO OAUH BbIXOA. OTMETHM, 9TO 37eCh U Jajee
110, 6L000OM WU 8blLOdOM OydeM NOHMMATh BXOIHON MJIM BbI-
XOJIHOII IIOJIIOC 3JIEMEHTA.

OcrosHbLMU A02UMECKUMU INEMEHMAMU ABAANOMCA
(cm. puc. 2.1):

1) snement «HE» (umBepTop);

2) snement «U» (KOHBIOHKTOD);
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3) suement «MJIW» (nusboskTOp);
4) snement «V-HE»;
5) snement «AJIN-HE».

3 1 3 31 F

1 2 3 4 5

Puc. 2.1. Jlormueckue snementst: (1) — «HE», (2) — «W», (3) — «AJIW»,
(4) — «UI-HE», (5) — «1JI-HE>»

Ha pucyrke 2.1 Bce Jiormdeckue 3j1eMEeHTHI, 38 UCKJIIOUEHUEM
MHBEpPTOpa, UMEIOT JBa BXoa. Eie pa3 oTMeTHM, YTO KOJUIECTBO
BXO/IOB 9TUX 3JIEMEHTOB MOYKET OBITH yBEJIUIEHO.

Aaemernm namamu (3aMOMUHAIONN JIEMEHT) — 9TO 3JIe-
MEHTAPHBIA IIOCIEA0BATE/IbHBII aBTOMAT.

OCHOBHBIMU FAEMERNAMYU NAMAMU A6AA0MCA (CM. puC. 2.2):

1) anemenm 3adeporcru — UMeeT OJUH BXOJ, OJMH BBIXOJ U
OCYIIECTBJISIET 3aI€PXKKY [TOCTYIHUBIIErO HA BXO/I CUT'HAJIA HA OJIUH
takT. Hike mpuBeieHa oTMedeHHAS TabIUIA TEPEXOI0B SJIEMEHTA,
sazepxkku (cM. tabi. 2.1).

2) mpuezep. Pasmmuaior cieayromume THIIBI TPUITEPOB:

2.1) mpueeep co cuemHbvIM 8LOJOM — UMEET OJMH BXOJ U
OVH BBIXOJ W 3ajaeTcs Tadbaurneit 2.2. Vlcxonas u3 3Toit TabIuIb!,
MoJIy9aeM, ITO €CJIU Ha BXOI TPHUITEPa CO CIETHHIM BXOIOM IIO-
narb «0», TO cocTosiHUE TPUITEPA, & CAeJOBATEHHO, U BBIXOIHOM
CUTHAJI, He U3MEHSITCsI; €CJIN K€ Ha BXOJ, TMOJaTh «1», TO COCTOsI-
HU€ TPUTTEPA CMEHUTCS Ha IIPOTUBOIIOJIOXKHOE, W Ha, CJIeIYONIeM
TaKTe M3MEHUTCS BBIXOIHON CUTHAJ.

2.2) Tpurrep ¢ pa3aejabHbIMU BBIXOAAMU — UMEET JIBa BXO-
J1a ¥ OJIMH BBIXOJ M 3aaeTcst Tadaureit 2.3. Takum obpazom, eciin
Ha oba BXOJa TPUTTEpPA C Pa3/IeJbHBIMU BXOJAMHU IOJATH HYJIH,
TO COCTOSTHHE TPUITEpa, & CJIeOBATEIbHO, U BBIXOJHONW CHUTHAJI,
He m3MeHdATcsA. Ecam ma mepsblii Bxon nogatrh «0», a Ha BTOpOIt
— «1l», TO TpuUrrep m3 JIOOOrO COCTOSHUS TEPEHIET B COCTOSTHUE
«1», W Ha CIEIYIONEM TaKTe BBIIACT BBIXOIHON CUTHAJ, PABHBII
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Tabsmma 2.1. Ormedennas: Tadb- Tabmauna 2.2. OTrMmedennass Tab-
JIUIIa TIEPEXOJ0B 3JIEMEHTa 3a- JIMIA IIePEeXOI0B TpUITepa CO

JIEPIKKU CYETHBIM BXOJIOM
011 0|1
011 0|1

0]0|0 0]0]|1

11111 11110

«1». Ecim ke curyarust oopaTHast: Ha MEPBbIil BXOJ, MoJaHa «1»,
a Ha BTOpOil — «0», TO TpuUrrep m3 JIOOOINO COCTOSHUS IIEpEHIeT
B cocrosiame «0», 1 Ha ciaemyromeM TakTe BbimacT «0». Hakomerr,
CUTYyaIusi, KOrJaa Ha 0068 BXOa MOJAIOTCS €INHUITHI, ABISTETCS 3a-
IPEIICHHON — B 9TOM Cjly4ae IIOBeJeHUe TPUrrepa He OlIPe/IesIeHO.
Peakrtuto Tpurrepa ¢ pa3ielbHBIMEA BXOJaMU Ha pa3/IMIHbIE BXO/I-
HbIE CUTHAJIBI MOYKHO IPEJICTABUTh B BUIe TAOJUIEI 2.4.

Tabnumna 2.3. Ormeuennas tab- Tabsmna 2.4. Peaknusi Tpurre-
JINIa TEPEXOJ0B TPUITEPA C pa C PasleJbHBIMUA BXOJaMU Ha

pa3ae/IbHbIMU BbIXOJlaMU Pa3JanIHbI€ BXO/HbIE CUT'HAJIbI
0|1 Bxon | Bexon,
011 00 ov1
0010 |1 01 1
01|11 10 0
101010 11 ?
11— —

3ameuanne 2.2. OueBHHO, YTO JJIsI TPABUIBHON PabOTHI
aBTOMAaTa HeJIb3sl PA3PEIUTh, YTOObI CUI'HAJIBI HA BXOJE 3alI0MU-
HAIONUX 3JIEMEHTOB HEIOCPE/ICTBEHHO YYacTBOBAJIM B 00pa3oBa-
HUW BBIXOJIHBIX CHUT'HAJIOB, KOTOPBIE 110 IENsiM 0O0PATHON CBS3U I10-
IaBajanch Obl B TOT K€ CAMblii MOMEHT BPEMEHU Ha ITU BXOIBI.
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D¥Q
1 P,
1 2 3

Puc. 2.2. Dnements! namsatu: (1) — agemeHtT 3amepxkku, (2) — Tpurrep
CO CYETHBIM BXOJIOM, (3) — TpUITEp ¢ Pa3eabHBIMA BXOJAME

Cite1oBaTeILHO, 3GNOMUHAIOWUE INEMEHMDBL DONNHCHDL OBIMD A6~
momamamu Mypa.

Boiee TOro, MOKHO ITOKa3aTb, 9TO ONA CUHME3A ABMOMAMO8
C MUHUMAADHBIM YUCAOM INEMEHTINOE NAMATNU, 1eo0LodUMO 6 Ka-
wecmee maxuxr INEMEHT 06 6?)L5up0,mb asmomaimast Mypa, ABAAN0-
wuecsa NoOAHBIMU, TO €CTh NMCIOIIHE:

1) noanyro cucmemy nepexrodos: njas JOOONH MApbl CO-
croguuil (@, as) CYLIECTBYeT BXONHOM CHUTHAJ 2y TaKoOif, 9TO
0(am, 2f) = as, NHBIMHI CJIOBAMH, B KazKIOM CTOJIOIE TabJIHIbI
Hepexo/I0B BCTPEYaloTCsl BCe COCTOSIHUSI aBTOMATa;

2) noanylo cucmemy 6bir0d08: KAXKIOMY COCTOSHUIO II0-
CTaBJIeH B COOTBETCTBHUE CBOI BBIXO/IHOM CUTHAJ, OTJIUYHBINA OT BbI-
XOJHBIX CATHAJIOB JPYTUX COCTOSTHUIT == YNCJIO BBIXO/IHBIX CUTHA-
JIOB PaBHO YHUCJIY COCTOSTHUIT == COCTOSHUSI MO?KHO OTOXKJI€CTBUTH
C BBIXOJHBIMU CUTHAQJIAMHA = 6 IAEMEHMAT NAMAMNY UCTLOAL3Y-
OMCA 00HU U Me dHce 0003HAUEHUS OAA GBILOOHBLL CULHAAOE U
cocmoAarul.

Teopema 2.1 (o crpykrypHoit noauore). Ecau saemernmmoiti
6asuc codepotcum anemerm namamuy (asmomam Mypa ¢ nempueu-
anvrol namamoio (6oaee 00Ho20 cocmoanus), 064a0a10UWul NoA-
HOT cucmemoti nepexodos u NoAHoG cucmemot 6uxrod08) u KaKyo-
AUO0 PYHKUUOHANDHO NOANYIO CUCTIEMY AOLUMECKUT INEMEHTNOE,
MO 0K AGAAEMCA CIMPYKMYPHO NOAHBIM [2].
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2.2. CxeMbl

PaccMoTpuM HEKOTOPYIO COBOKYITHOCTH aBTOMATHBIX JIEMEHTOB
(s71€MEHTBI MOTYT OBTOPSTHCH ). IlycTh P — MHOXKECTBO BCEX BXO-
J10B (BXOJJHBIX IOJIIOCOB), () — MHOXKECTBO BCEX BBIXOJOB (BBIXO/I-
ubix noJocos). Jdanee, nyers X C P, Y C Q. 3amaaum orobpa-
xkenwe () : P\X — @, KOTOpOe oupezie/isger CBA3U MeKJLy JIeMeH-
Tamu MHOKecTB P u . TlosydyerHyo Takum 06pa3oM CTPYKTYPY
Oy/eM HA3bIBATH CEMBIO, IPU ITOM X — BXOJIHBIE ITOJIIOCHI CETH,
Y - Boixogublie nosmocer cetu. Jlo2uueckas cxrema (Wim npocTo
cxrema) — 310 rpadudecKoe MpeJcTaBieHne cetu. Tem cambim,
TEPMUHBI «CETh» M «CXEMay B HAIIEM TOHUMAHUHU TOXKJECTBEHHDI.

MOKHO TOKa3aTOb, YTO CMpykmypa 4100020 JuCKkpemmo2o a6-
momama modxcem 6oims npedcmasaena Hexkomopol cremot [4].

Obpammnoe, 6 obuwem cayuae, Heeepro. Jas obpaTHOrO COOT-
BETCTBUS HEOOXOIUMO, YTOOBI 110 CXeMEe MOXKHO OBLJIO OTHO3HAYTHO
OTIPEJIETIUTE (DYHKIIMOHAJBHBIE CBOMCTBA ABTOMATA.

IIpumep 2.1. Ha pucynke 2.3 (1) uzobpaxkeHa cxema, KOTO-
pas He gBysieTcs aBromaroM. efictBurensho, mycts © = 0. Ecin
y=0,toy=1wuecmny =1, oy = 0. CiaegoBarejibHO, HEBO3-
MOZKHO OIIP€/IEIUTD 3HAUEHNEe BBIXO/IHOM IIepEMEHHO#T Y. DTO 1po-
THBODEYNE MOYKHO PA3PEIINTh, €CIN JO0ABATD B CXEMY IJIEMEHT
[aMsITH, HATIPAMED, JIEMEHT 3aJepKKu (cm. puc. 2.3 (2)).

v

X X
{1y . S ]vy

[T

1 2

Puc. 2.3. Ilpumepsr cxem: 1 — cxema, HO He aBTOMAT; 2 — CXeMa, KOTOPOit
COOTBETCTBYET aBTOMAT

ITpasuabvHoli cxemot Ha30BEM CXeMy, KOTOPYIO MOYKHO WH-
TEPHPETUPOBATD, KAK CTPYKTYPY JUCKPETHOrO aBToMara. Jasee
6yd€.M, pacemampueaimd moavbrko NpasuaAbHbLE CTEMDL.
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JTuretino-ynopadoueHHas CTema — 3TO CXeMa, KOTOpast He
UMeEEeT KOHMYPOSs.

K-apycras crema — 3TO cXeMa, 3JEMEHTBI KOTOPOH MOTYT
ObITh pasbuThl HA Kiacchl (sApychl) ¢ HoMepamu 1,2, ...,k Tak,
9TO JII00AA MEXKIJIEMEHTHAs CBA3b CBS3bIBAET BBIXOIHON IIOJIIOC
9JIEMEHTa -I'0 sIpyCa C BXOJHBIM IOJIOCOM 3jieMeHTa (i + 1)-ro
apyca.

KoMbUHAUUOHHAA CTeMa — 3TO JIMHEHHO-yIIOPsIJI0YeHHAST
cXeMa, COCTABJICHHAS TOJBKO U3 JIOTMYECKUX 3J1eMeHTOB. Crmpyk-
MYPa KOMOUHAUUOHHOZ0 ABTNOMAMA NPEOCTNABAAENCA KOMOUHA-
yuonnol cxemol [4]. Kombunanuonnas cxema peajmsyer CTOJIbKO
JIOTUIECKUX (PYHKIHUH, CKOJBKO UMEET BBIXOJHBIX MOJIIOCOB.

B obmem ciygae storndeckasi cxema JIOIYCKAET HAJIMINE KOH-
TYPOB M 3JIEMEHTOB TaMATH. [IpocTefinuii mpuMep cxembl, coep-
2Kareil KOHTypbI, TipejicTaBjieH Ha pucynke 2.4. Herpymao yoe-
JINTHCSI, 9TO 3Ta CXeMa OKa3bIBAETCS TPUITEPOM C pa3IebHBIMU
BxogaMu. OTMETHM, 9TO OJMH B TOT K€ TUI TPUTTEPa MOXKET OBIThH
NIPEJICTABJIEH PA3JIMIHBIMU CXEMaMH, B 3aBUCUMOCTH OT 3JIEMEHT-
HOrO Gasuca [5).

-~ Ar—

Q

FEILH,

Puc. 2.4. Cxema Tpurrepa ¢ pa3aesbHBIMA BXOJAMU

2.3. KanoHuyeckuii MeToOJ; CTPYKTYPHO-
ro CUHTE3a
HyCTB JdaH HeKOTOprI}’I 3JIEMEHTHBIN 6&31/IC7 KOTOprfI COCTOUT U3

ABTOMATHBIX 3JIeMeHTOB: {51, .. .,S,} = B. PaccMorpuM coBOKyII-
HOCTb ABTOMATHBIX 9JIEMEHTOB S1, . .., Si Takyio, ato Vi S; € B.



2.3. Kanonnyecknii MeTo] CTPYKTYPHOTO CHHTE3a 63

Ob6beHIM aBTOMATHL ST, . . ., S B CHCTEMY COBMECTHO pabo-
TAIOIUX aBTOMATOB, T€M CAMBIM HOJIyYUM cXeMy (CeThb) Takylo,
YTO B KaXKJ[blii MOMEHT aBTOMATHOI'O BPEMEHHU:

1) Ha BCe BXOJHBIE TIOJIOCHI CXEMBI MIOJIAETCS HAOOD BXOJHBIX
CUT'HAJIOB — CTPYKTYPHBII BXOJHOI CUT'HAJI CXEMBbI;

2) €O BCEX BBIXOAHBIX IOJIIOCOB CXEMbI CHUMAETCsd HAOOD Bb-
XOJIHBIX CUTHAJIOB — CTPYKTYPHBIN BBIXOIHON CUTHAJ CXEMBI.

ITosmoxkum, dYTO B KaXKIbIi MOMEHT aBTOMAaTHOTO Bpe-
MEHU CTPYKTYPHBIA BBIXOJHOW CHTHAJ CXEMbI  OJHO3ZHAYTHO
OTIPEJIETIAETCS

1) mocrynusieil K 3ToOMy BpeMeHU KOHEYHOM I10CJIe0BATEI b
HOCTBIO CTPYKTYPHBIX BXOJIHBIX CHUTHAJIOB;

2) HAYAJILHBIMYU COCTOSIHUSIMU BXOJISIIUX B CXEMY aBTOMATOB.

[MocTpoennyio cxeMy MOYKHO pacCMATPHBATH KAK HEKOTOPBIH
cmpykmyprolli aBToMaT S, IIPU 3TOM JAHHYIO cxeMy OyzeM Ha-
3bIBATH JIOTMYECKOI cxeMoil aBromaTa S. IHbIMU cioBaMu, CTPYK-
TYPHBII aBTOMAT S MpeICTaBIsieT cOO0M KOMITO3UINIO ABTOMATOB
Sty Sk

st nasbHEHIUX MOCTPOEHU ONUIIEM OCHOBHBIE [TAPAMETPBI
abCTPAKTHOIO M CTPYKTYPHOrO aBroMaTos (cM. tabu. 2.5).

B a6cmparxmmom C-asmomame:

— OJIMH BXOJIHO¥ KaHAaJ, HA KOTOPBI MOCTYIAIOT CUTHAJBI U3

andasura Z = {z1,...,2r};

— JIBa BBIXO/IHBIX KaHaJia, Ha KOTOPbIE IMOCTYIAT CUTHAJIBI U3
andasuro W = {wy,...,wgt n U = {uy,...,ug}.

B cmpyxmyprom aemomame:

— L BXOIHBIX KaHAJOB T1,...,T[;

— N + D BBIXOJTHBIX KAHAJOB Y1, ..., YN U T1,...,TD.

Ha sTu xaHaJIbI OCTYIIAIOT CUTHAJIBI U3 CTPYKTYPHOIO ajida-
BHUTa aBTOMaTa. Bbydem paccmampusamdv dsouyunbil cmpykmyp-
noul asgasum {0, 1}

Tak Kax 9uCI0 Pa3IMIHbIX OYJIEBBIX BEKTOPOB JJINHBI L, pABHO
2L, 10 18 KOMWPOBAHUSA BCEX BXOIHBIX CHIHAJIOB aOCTPAKTHOIO
asidpaBUTa HEOBXOIMMO, UTOOBI BLITOIHAIOCH HEpPaBeHCTBO: 20 >
F. CnenosareabHO

L >]log, FI , (2.1)
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Tabnuma 2.5. BxogHble 1 BBIXOIHBIE CUTHAJIBI B aOCTPAKTHOM U CTPYK-
TYPHOM aBTOMAaTaX

Curnai B Bunapubrit
abCTPAKTHOM | BEKTOP — KOJ, KommenTapuit
asaBuTe 3TOr0 CHTHAJIA
zf (efyy--vep) | er €{0,1}, fe{l,...,F}
ey, — CUTHAJI Ha KaHAJe T;
Wg (€grs---r€gn) | €g, €10,1}, g€ {1,...,G}
€g, — CHTHAJI Ha KaHAJE Y,
Up, (€hys--y€hp) €hd€{0,1},h€{1,...,H}
€h, — CUTHAJI HA KAHAJIE T4
rJe CKOOKH | ...[ 0603HAYAIOT OKPYTJIEHHE JI0 GOJIBINEro IEJIOro.
Amnajiornyno:
N >]log, G (2.2)
D >]log, H| . (2.3)

Kanonuueckuti memod cmpyxmypHoz20 cunmesa 3a-
KJTIOYAETCS B CJIEIYIOIIEM:

1. B kagecTBe 6a3mca BBIOUPAIOTCS IAEMEHMbL NAMAMU T AO-
2uneckue snemermot (TeOpEeTUIeCKU, CTPYKTYPHBIA aBTOMAT MOXK-
HO TIOJIyYUTH W KAaK KOMIO3HUIMIO JPYTUX JEMEHTAPHBIX aBTO-
MmaToB). Tem cambiM, 0OGOCHOBAHHUEM METOJA CJIYKHUT TEOPEMa O
CTPYKTYPHOI TIOJTHOTE.

2. Jlormueckasi cxema (C-aBromara IPEJICTABJISIETCS B BU-
e cmpykmyproti cremsl, cocroduieii uz Tpex dacreil (M.
puc. 2.5):

1) mamsTb;

2) kombuHarmonHast cxema KC1;

3) xomGunarmonHas cxema KC2.

[TamsaTh aBTOMATAa COCTOUT U3 MPEJABAPUTEIHHO BBIOPAHHBIX
9JIEMEHTOB TaMsTH — 3JEeMEHTpaHblXx aBToMaroB Mypa. Ilycrb
{IIy, ..., I} — BIOpanHble 31eMeHTHl namsaTh. CoCcTOsTHUE Gy, a0-
CTPAKTHOrO aBroMara (a, € {ai,...,ap }) KOIUPYETCst BEKTOPOM



2.3. Kanonnyecknii MeTo] CTPYKTYPHOTO CHHTE3a 65

1
KC2

A A A

/A

B P o TN e i

My |-ea| T |--a] 1T, KC1
T(01 \pi AP | ilﬂl
v ya¥ y

Puc. 2.5. Crpyxrypnas cxema C-aBroMaTa

N

COCTOSTHUI CTPYKTYPHOTO aBTOMATA (Eppy s+ -« €y )y THE €y, — CO-
crostHue teMenTa namsaTy 1I; (em. Tabu. 2.6). OgueBugHO, 9TO

I >]loge M , (2.4)
rie @ — YHCJIO COCTOSIHUII 3djIeMeHTa HIaMATH. By,aeM CUYUTaECTDh,

9TO BCE Hi OJMHAKOBBI. 3aMeTI/IM7 4TO B OOJILIIUHCTBE CJIyvJaeB
aJKbaBI/IT COCTOSIHUI 3JIEMEHTOB ITaMITH ,ILBOI/I‘{HI)II;'I.

Tabsmia 2.6. Cocrosinusi B aOCTPAKTHOM ¥ CTPYKTYPHOM aBTOMAaTaX

Cocrosiane B | BekTop — kop
abCTPaKTHOM 3TOTO Kowmmemnrapmii
aadaBuTe COCTOSTHUS
Qm (emys---semy) | em; €{0,1,...,(© =1)},
me{l,...,M}

Taxum ob6pazom, nepexony C-aBromMara U3 COCTOSHUS Gy, B CO-
CTOSIHHE (5 TIOZ JIefiCTBUEM BXOJHOIO CUIHAJIA Zf C BBIIATEil BbI-
XOJ[HOTO CHTHaJIa THIa Mujm wy oTBedaer 1mepexoj CrpyKTypPHOTO
ABTOMATA U3 COCTOSTHUS (€, - - - 5 €m, ) B COCTOSIHUE (€5, ..., €5, )
mof, meficTBHeM BXOTHOIO CHrHAla (€f,,...,€ef, ) C Bblgadeill BbI-
XOIHOTO curHaia (eg,, ..., €gy)-
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W3menenve cocTosiHuii 9J1eMEHTOB MAMSTH HA TAKOM IIE€PEXO-
Jle IIPOUCXOJUT II0J, IeWCTBUEM CUTHAJIOB (1, ..., Q, CHIMAEMbBIX
¢ Beixoa KC1. Ilocse mepexosa B COCTOSIHME (g ABTOMAT BbI-
maer curnaa tuna Mypa up, WM B CTPYKTYPHOM aBTOMATe —
(€hys---»€np), BCE BPEMsl, TIOKA HAXOJAUTCHA B ITOM COCTOSHUM.

Kombunanuonnast cxema KC1 ciyxur st dhopMuUpOBaHUst
BBIXOJHBIX CUT'HAJIOB TUla MUIN U BXOIHBIX CUI'HAJIOB JIEMEHTOB
namsitu, cxema KC2 — s popMUpOBaHUST BBIXOJHBIX CUTHAJIOB
Tuna Mypa.

Ecmu cunresupyerca aBromar Munm, To nogcxembr KC2 B aB-
Tomare HeT. Kcim cunresupyerca aBromar Mypa, TO HET BBIXOI-
HBIX KAHAJIOB Y1, ..., YN

CoorBeTcTBIE MEXKIY KAHAJIAME A0CTPAKTHOI'O U CTPYKTYPHO-
r0 aBTOMATOB IIPE/ICTABJIEHO B Tabsure 2.7.

Tabsuma 2.7. Bxompr u BBIXOABI aOCTPAKTHOTO W CTPYKTYPHOTO aBTO-

MaTOB
Abcrpakrabiit | CTpyKTYpHBI
aBTOMAT aBTOMAT
Buyrpennee Boixosbl (OHE 2Ke COCTOSIHMSA) 9JIEMEHTOB
cocrosinme (a) | mamsaru — Bxoasl KC1 u KC2 (7, ..., 77)

Bxozpl 371eMeHTOB ITaMsaTH —
seixogpl KC1 (¢1, ..., 01)

Bxog (2) L BxonHBIX KaHAIOB (Z71,...,2]L)
Boixos, 1-ro N BBIXOJIHBIX KaHAJIOB 1-T0 THUIa
Tuna (w) (Y1, YN)
Brixox 2-ro D BBIXOIHBIX KQHAJIOB 2-I'0 THUII
tuma (u) (ri,...,rp)

Hamomaum, uro abcrpakrabiii C-aBTOMAT ONUCHIBAETCS CJIe-
AytomuMu PyHKITUSIMUA:

a=0(a,z);
w = A (a, 2); (2.5)
u = Az(a),

Bozsparrasich K KAHOHIIECKOMY METOY IOJIYyIaeM, ITO NOCAE
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6’bL60pa INEMEHMOE NAMAMU U no&upoecmwz COCMOAHUT U CU2-
HAN08, CUHME3 CMPYKMYPHO20 aABIMOMAMG ceodumces ¥ cunme-
3Y N02UMECKOT] CTEMDBL, KOMOPGAA PEAAUIYEM, CUCTNEMY N02UHECKUT

pyrryu:

©1 :@1(7’1,...77'[,151,--.,37[,);
0
01 =@r(T1y ooy T1, 1, XL);
Y1 :yl(Tla"wTI?xl?"'a‘rL);
A (2.6)
YN = YN(T1, oo, T1, X1, -, TL);
r = 7'1(7'1,...77'[);
.. A2
rp =rp(T1,...,71).

Ora cucrema yHKIWIA (cucreMa ypaBHEHMIl) HA3BIBAETCH K-
nonuveckot [1, 2|. B crpykrypHom aBroMare byHKIUS @ =
(@1, ..., ¢r) Ha3BIBAETCH PyHKUUET 8036YIHCIEHUS TIAMSITH aB-
romara, a byukiysa T = (71,...,77) — Pynrkyueld obpammol
cea3u or namaTu apromara K KC.

ITogsoas uror, emme pas3 MepeduciuM OCHOBHbBLE INANDL Ka-
HOHUYECKO20 MEMOIA CMPYKMYPHO20 CUHMESA:

1. Bribop 6a3muca.

2. Komuposanue cOCTOSHMIA M CUTHAJIOB aBTOMATA.

3. [TocTpoeHne KAHOHNYIECKOM CUCTEMBI JIOTUIECKHUX (DYHKITHIA.

4. TlocTpoeHne JIOTMIECKOH CXEMbBI ABTOMATA.

2.4. ®DyHKIUA BXOJI0B 3JIeMEHTa IIaMATU

Boutee mogpobro pazbepem crrocobbI OMUCAHNS SJIEMEHTOB ITaAMSTH.

DJIeMeHT TAMATH MOXKHO PacCMATPUBATL Ha aOCTAPKTHOM H
Ha CTPYKTYPHOM ypoBHsIX. IlycTh JJaH HEKOTOpDBIl JIEMEHT Ia-
maTu 11, abcTpakTHast MOJIE/Ib KOTOPOTO IIPEJ/ICTABICHA HA PUCYH-
ke 2.6(1). HammoMuuM, 9T0 3J1€MEHT IaMSTH — TO IOJIHBIA aBTO-
maT Mypa, B KOTOPOM BBIXOJ/IBI OTOXKJIECTBJIEHBI C COCTOSHUSIMU.
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Q={q1,92,93} - B={b1,bsbs} —Llp T
i @2 L T2

Puc. 2.6. Dnement namsaTu: 1 — aGCTPaKTHBINA, 2 — CTPYKTYPHBII

IIycTh, K mpuMepy, abCTpaKTHBIN 31eMeHT mamaTh 11 3amaercs
TabJnrelt mepexooB 2.8.

OnpenenuM it abCTPAKTHOTO JIEMEHTA MAMATH BYHKUUIO
810008. D1a DYHKIUS MIPEJCTABIISIET CODOM 3aBUCUMOCTD BXOJIHO-
IO CHTHAJIa B MOMEHT BPEMEHU ¢ OT BBIXOJIHBIX CUTHAJIOB B MOMEH-
o1 Bpemenn t u (t+1): q(t) = p(b(t),b(t+1)). Hanuyto dyHKImMIO
sagannM tabnuano (gr = p(bm, bs)), ucnons3ys Tabuily nepexo-
JoB (cM. Tabu. 2.9).

Tabmuma 2.8. Tabauma mepexo- Tabauma 2.9. Tabmuma dyHK-
JIOB aOCTPAKTHOrO 3JIEMEHTA a- I[IUU BXOJA0B abCTPAKTHOTO 3JIe-

maru 11 MeHTa naMsaTi 11
’ H b1 | bo | b3 ‘ b qf b
q1 bl b2 bg bl q1 bl
g2 || b2 | b3 | 0 bi | a2 | b2
gz || bz | b1 | b2 bi | g3 | bs
by | g3 | b
by | q1 | b2
by | g2 | b3
bs | g2 | b
bz | q3 | b2
bs | 1 | b3

Wrak, abcrpakTHbIl aBroMar Il mMeeT Tpu BXOIHBIX M TPU
BBIXOJHBIX CUTHAJIA. DTU CUTHAJBI JOJIXKHBI ObITH 3aKOINPOBAHBIL.
IIpu aBowwHOM CTPYKTYpHOM ajidaBUTe CTPYKTYPHBIH aBTOMAT



2.4. OyHKIUA BXOAOB 3JIEMEHTA HaMITH 69

IT Gyger uMeTh jJBa BXOIHBIX W JIBA BBIXOJHBIX KAHAJA, TAK KK
TPU PA3JUYHBIX CATHAJA MOXKHO 3aKOJAUPOBATh JBYMsl OUTAMU
(cm. puc. 2.6(2)). 3akomupyeM BXOJIHBIE U BBIXOJIHBIE CUTHAJBI a0-
cTpakTHOro 3jeMenta mamaru (em. tabs. 2.10). Torna dyuknus
BXOJIOB CTPYKTYPHOTO 3JIEMEHTA IIAMATH OYJIeT OIPeIeIaAThCs Tab-
guneit 2.11.

Tabmuma 2.10. KomumpoBaHrne BXOIHBIX U BBIXOJHBIX CHUTHAJIOB ab-
CTPaKTHOTO 3jeMeHTa namaru 11

2 T T2
q1 0 0 by | O 0
q2 0 1 by | O 1
qs3 1 0 bg 1 0

Tabmuma 2.11. Tabauna GYHKINNT BXOJO0B CTPYKTYPHOTO SJIEMEHTa, Ia-

msity 11
T T2 | P11 P2 | T1 T2
0 O 0 0 0 O
0 0 0 1 0 1
0 0 1 0 1 0
0 1 1 0 0 O
0 1 0 0 0 1
0 1 0 1 1 0
1 0 0 1 0 0
1 0 1 0 0 1
1 0 0 0 1 0

B nanbneiiniem mogobnbie (pyHKIMH BXOJOB 3JEMEHTOB IIaMs-
TH TOHAJI00SATCST JIJTst TOCTPOeHUsT (DYHKIMI BO30YXKIEHUsT TTaMsi-
TH, BXOAANNX B KAHOHUYECKYIO CHCTEMY yDPABHEHMIA.

OrMernuM, 9TO B OOLIEM CIy4ae, €Cu abCTPAKTHBINA 3JIeMEHT
[AMSTH MMEET P BXOAHBIX CUTHAJIOB {q1,...,(Jp} U h BBIXOIHBIX
curnasios (mau cocrostauii) {by, ..., by}, TO YNCIO €T0 BXOJHBIX U
BBIXOJIHBIX KAHAJIOB J0JKHO ObiTh K >]log, p[, T' >]log, hl, Tie
OCHOBAHUS JIOTapH(PMOB COMAJAIOT C YUCJIOM Pa3JIMYHLIX OYKB B
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CTPYKTYPHBIX ajadaBuTax BXOJA U BBIXOMA. Jalle BCEro nCIoIb3y-
€TCsl JBOMYHBIN CTPYKTYDPHBIH ajdaBUT U B Ka4eCTBE JIEMEHTOB
maMsTu OepyTCsl aBTOMATHI C JIBYMSI COCTOSTHUSIMU.

2.5. llpumep KaHOHUYECKOTO MeETOJIa
CTPYKTYPHOT'O CUHTE3a

ycTs HEOBXOAMMO CHHTE3NPOBATEL YacTIHIHLI C-aBToMaT S, 3a-
JaHHBIH Tabuamu 2.12, 2.13.

Tabsmma 2.12. Tabauna nepexo- Tabauna 2.13.  OTmeuenHast

nos C-aBromara Tabsura BexoaoB C-aBroMaTa
al ag as uy ug U1
21 a2 — ay ap as as
22 | a3 | a1 - 21 | w3 - w2
%3 | G2 | ag | as 22 | Wq | W3 -
23 | w2 | W1 | W3

1. Bwibop 6a3uca. B kadecrBe OGasuca Bo3bMeM (QYHKIIUO-
HaJbHO TIOJIHYIO CHCTEMY JIOTHYecKuX 3jeMeHTOB <«U», «WUJIM»
«HE» u smement mamaru 11, 3amanmbiit Tadbaureit mepexonon 2.14.

Tabauma 2.14. Tabymma repexogoB abCTPAKTHOrO 3jeMeHTa maMat 11

by | by
g1 | by | b2
g2 | b2 | O

2. Koduposarue. Ucnonb3yem CTPYKTYpPHBII aJjiaBuT
{0,1}. Pe3yabrarsl KOJAUPOBAHWS CUIHAJIOB JEMEHTA IaMsSTH U
C-aBTomaTa mpeIcTaBAeHbl B Tabaumax 2.15 — 2.22.

1310t U pss APYTUX TPUMEPOB B3ATH U3 [1].
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C-aBTOMaT HACYUTBHIBAET 3 COCTOSIHUS. DJeMeHT mamsti 11
nMeeT JiBa cocrostaust. CIeoBaTe/bHO, YIUTHIBas HEPABEHCTBO
I >]log, 3], mosygaem I = 2. Takum 06pa3oM, CTPYKTYDPHBIH aB-
Tomar S Oyzmer uMmerh aBa daemenTa namaTtu 11; u Ils.

Jnsg kopupoBanust 3-X BXOAHBIX curHayioB C-aBromara moTpe-
Gyercst L = 2 (L >]log, 3[) BXOJAHBIX KAHAJIOB T1 U Ta.

g komupoBanusi 4-X BBIXOAHBIX cuUrHajoB 1-ro tuma C-
apromara HeoOxomumo N = 2 (N >]log, 4[) BBIXOAHBIX KAHAJIOB
1-ro Tuna y; u ys. [y KogupoBaHUsi 2-X BBIXOJIHBIX CUTHAJIOB 2-
ro tuma C-aBromara Heobxomumo D =1 (D >]log, 2[) BBIXOJHBIX
KaHAJIOB 2-TO THUIIA 7.

Tabnuna 1epexofoB CTPyKTypHOro asromara S (oM.
Tabn. 2.23, 2.24) mnosdydaercs W3 TaOJIMIBI IIE€PEXOJOB  ab-
crpakTHOrO C-aBTOMAaTa IIyTEM 3aMEHbI COCTOSHUII W CUTHAJIOB
nx kojmamu. OTmedeHHasi TAaOJUIA BBIXOJIOB CTPYKTYPHOTO aB-
romaTta S (cM. Tabsm. 2.25, 2.26) moaydaercs aHAJOTHYHO W3
coOTBeTCTBYIOMEH Tabuinl abcrpakTHOro C-aBromMara.

Tabnuma 2.15. KomampoBanme Tabsmma 2.16. KomgupoBanwue
BXOJHBIX CHUTHAJIOB 9JIEMEHTa BBIXOAHBIX CUTHAJIOB 3JIEMEHTa

namMsaTa 11 mamsaT 11
%) T
q1 0 by | O
g2 | 1 by | 1

Tabnuma 2.17. Tabauna nepexo- Tabmuna 2.18. Tabiumna dyHK-

JOB dJIEMEHTa IIaMATH IT I BXO/I0B 3JIEMEHTA ITaMATH 11
01 Tucxonuoe | ¥ | Tnepexoma
0101 0 0 0
11110 0 1 1
1 1 0
1 0 1
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Tabmmma 2.19. Komuposanue co- Tabmma  2.20.  Kopmposanue

croganii C-aBToMara BXOJHBIX curHaJiop C-aBromara
T1 | T2 xr1 | o
ar | 0] 0 211 0] 0
a | 0 ] 1 | 0|1
az | 1 | 1 zz| 110

Tabmuma 2.21. Komuposanme Tabmauna 2.22. Komuposanue
BBIXOJHBIX CHUTHAJIOB 1-TO THUI& BBIXOAHBIX CUTHAJIOB 2-TO TUMA

C-aBTomara C-aBTomara
Y1 | Y2 r
w1 1 0 Uy 1
w2 0 0 u2 0
ws 1 1
Wy 0 1

Tabnuma 2.23. Tabauma mnepexomos Tabmuma 2.24. «DrTajoH-

CTPYKTYPHOTO aBTOMAaTa S Has» TabJIUIA TEPEXO0B
0 0 0 1 1 1 T1 T2
0 0 0 1 — — 0 0 T T2 T1 T2
o 1(1 1|0 O0]—- -—
1 0|0 1|1 1|1 1

Tabmma 2.25. OTrMmedennas Tabiauna Tabmmma 2.26. «DTajaoH-

BBIXOJIOB CTPYKTYPHOrO aBTOMaTa S Hasl» TaOJIUIA BBIXOJIOB
1 0 1 r
0 0 0 1 1 1 T1 T2
O 0|1 1|— —10 O T1 T2 | Y1 Y2
o 1(0 1|1 1]|—- -—
1 0|0 Of1 O 1 1
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CrpykrypHas cxema aBTroMarta S m3o0pakena Ha pUCyHKe 2.7.

Tr

KC2
A A
T X1 X2
T ] V¥ l l
I r, KC1
2% 2% S i l
14 Y2

Puc. 2.7. CrpykrypHas cxema aBromara S

3. Kanonuueckasn cucmema. Vtak, mocje mocjie BbIOOPa
QJIEMEHTOB IIaMATH WU KOAUPOBaHUA COCTOSIHUII M CUTHAJIOB MbI
CBEJIM CUHTE3 C—aBTOMaTa K CHUHTE3Yy ABYX KOM6I/IH3J_[I/IOHHI)IX CXeM
KC1 u KC2, koropbre peayu3yoT dbyHKITIH:

01 = p1(T1, T2, T1, T2); 5
P2 :@2(7-177-27'7:177;2);

Y1 :yl(TlvTanlva); )\1 (27)
Y2 = y2(71, T2, T1, T2);

r=r(m,72); } Ao

OYHKIUN y; IOJIYYAIOTCA HEIOCPEJICTBEHHO II0 OTMEeYeH-
HOU TabJinile BBIXOJOB CTPYKTYPHOro aBromMara S KakK JU3b-
FOHKIIMY KOH'BIOHKITUI, COOTBETCTBYIOMMX HAOOPAM IT€PEMEHHBIX
TlyeeeysTI, L1y, L[, HA KOTOPBIX 9TU (DYHKIUU IPUHAMAIOT 3HA~
YeHue eJIMHUIBL:

Y1 =T1T2T1T2 V T1T2Z1%2 V T1T2X1T2 V T1 2212 2; (2.8)
Yo = ?1?2?152 V ?1?2511‘2 V ?17’2?1.’52 V T1T2.’£1T2. '
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@yHKHI/II/I T; TOJIYYIaIOTCAd aHaJIOTHIHO — HCIIOJIb3yeTCd OTMeEe-
YeHHas TabJHMIA BBIXOJOB CTPYKTYpHOro asromara S. Bepyrcs
JIN3LIOHKIINY KOH'BIOHKIIUI, COOTBETCTBYIOIIUE HAbOpaM IepeMeH-
HBIX T1,...,7T[, HA KOTOPHIX 3TH (PYHKINU TPUHUMAIOT 3HAYCHUE
€ IMHATIBL:

r=T1To V T1T2. (29)

Dynkuun @; (byHKIUM BO30YXKICHUS MAMSATH) CTPOSTCSI TIO
TabJIUIIE [IEPEXOI0B CTPYKTYPHOrO aBToMaTa S ¢ UCIOIH30BAHUEM
TabJuIbl (PYHKIUE BXOJOB CTPYKTYpHOro asromara II (semenTa
[AMSTH).

Pazbepem mporecc mocrpoenust OyHKIHH (; Ha IpPUMEpE.
[Iycrs aBromar S Haxomurces B cocrosiuun «01» u Ha BXOJ MOCTY-
nu curaan «10». B coorBercrBum ¢ Tabiurei mepexooB aBTOMAT
nepeiizier B cocrostaue «11». DTOT mepexo/1 CKIaIbIBAeTC U3 IBYX
IIEPEXO/IOB SJIEMEHTOB ITaMSITH:

I, : 0 — 1, II,: 1 — 1.

IIepexompl antementToB namsitu 117 u 1y mpoucxonsT mox Jieii-
CTBHEM CHUIHAJIOB (PYHKIINN BO3OYKIEHUS (] U (2, KOTOPHIE I0-
CTYMAIOT Ha WX BXOJ/bl. BoCmosb30BaBmUCh Tabuieil GyHKIIN
BXOJIOB 3JjieMeHTa, ramsitu 11, mojrydaem:

I : 0 250 1, L : 1271

Takum 00pa30M, IPH TOCTPOECHUH MabAUUb, PYHKUUT 603-
byorcdenus namMAmMU B TADJIUIE TIEPEXOI0B CTPYKTYPHOIO aBTOMA~
Ta S BMECTO KOJIa COCTOSTHHSA TEPEX0/Ia CTABATCS KOJIBI CUTHAJIOB,
HOCTYIUBIINAX Ha BXOIBI JIEMEHTOB IIAMSATH U IPUBE/IINX K ITOMY
cocrosiHmIO (cM. Tabur. 2.27, 2.28).

Ucnonib3ys nosyuenuyio tTabmuity 2.27, GYHKIUT ©; CTPOSTCS
KaK JIN3BIOHKINH KOHBIOHKIIUI, COOTBETCTBYIOIINX HAabOpaM Iie-
PEMEHHBIX T1,...,T[,&1,...,LL, HA KOTOPBIX 3TH (DYHKIUA TPU-
HIMAIOT 3HAYEHNE €IMHUITBL:

$1 =T1T2T1X2 V T1TeT1%2 V T1T2T1T2;
Y2 = ?1?25152 \Y Fngflxg V ?1?21‘152\/ (210)
Fngfl"EQ \Y TlTQElTQ.
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Tabunma 2.27. Tabmuna yaknuit Bo3- Tabauma 2.28. «DTajoH-

Oy K IeHUSI TaMsITH Hasi» Tabiuna QGyHKIIT
0O 0|0 1|1 1 BO30YXKIEHUS ITaMATH
o 0jo0 1|—-— —1]1 1 T T2
0 1 1 1 0 1 — — T i) ®1 (25)
1 00 1|1 O0]0 O

o
R
— 1
s

T

=1 1,

Puc. 2.8. Jlornyeckas cxema aproMara, S
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4. Iocmpoerue ao2uveckoti cxemst. Ha ocnoBe mosryden-
HBIX bopMyst st hyHKIUR Y1, Yo, T, 01, P2 CTPOUTCS JIOTHIECKAST
cxeMa aBToMara S (cM. puc. 2.8).

SameTnM, 9T0 DYHKIUN U3 KAHOHUYECKOH CHUCTEMbI IIPeiBa-
PUTETHEHO MOXKHO MUHUMHU3UPOBATH, BOCIOJB30BABIIUCH JIIOOBIM
METOJOM MUHUMU3AIMU B KJIACCE HOPMaJIbHBIX hopM [3].

2.6. BpIOOp 37IeMeHTOB MaMSITH

Paccmorpum cunTes aBroMaTta He Ha aOCTPAKTHOM JIEMEHTE Ta-
Mot I, a Ha peasibHBIX yCTpPOMCTBAX: 3JIEMEHTAX 3aJIePyKKH,
TPUITEPAX CO CYETHBIM BXOIOM M TPHUITEPAX C Pa3lebHBIMU BXO-
mamu. B kadecTBe nmpumepa OysieM MO-IIPEKHEMY PACCMATPUBATH
C-aBromat S u3 § 2.5.

OueBnHO, 9TO DYHKIUH BBIXOAOB Y1, ..., YN U T'1,...,Tp HE
3aBHUCST OT KOHKPETHOTO BHJIA 3JIEMEHTA MAMSTH U IO9TOMY OyJIyT
COBIIQIATh C TEMHU, YTO IMOJIYUUINCH B IPEIBLIYIEM naparpade
(cm. bopmyisr 2.8, 2.9).

Uamensitest hyHKIUU BO3OYXKICHUS TAMSITH P17, - - . 5 Q] -

2.6.1. CunHTe3 aBTOMAaTa Ha 3aJIepPXKKax

HamomamMm, 49TO 3JIeMEHT 3aJepKKH HMEeT OJUH BXOJ U
OJIMH BBIXOJ, U OCYIIECTBJISIET 3aJEepPXKKy HA OJUH TakT (CM.
Tabir. 2.29, 2.30).

OyHKIMS BXOAOB 3JIEMEHTa 3aJE€PKKHU IIPOCTa: TO, YTO IIO-
CTyIIAeT Ha BXOJ 3JIEMEHTa, TO U CTAHOBUTCH 3HAUYEHUEM IaMSITU
(¢ = Thepexona). Takum 06pa3oM, cOCTOsIHME, B KOTOPOe Iepeii-
JIeT 3JIEMEHT 3aJEPYKKHU, IIOJHOCTHIO COBIAJIAET € IOCTYIIMBIINM
Ha ero Bxog curHayioM. OTcCroa Clemyer, 9To madauya GyHKyut
68030YHCIEHUA NAMAMU CMPYKMYDHOZ0 ABMOMAMA S NOAHOCTNDIO
cosenadem ¢ mabauueti nepexodos amozo asmomama. Torma

$1 =T1T2T1%2 V T1T2Z122 V T1T2Z1T2,
P2 =T1T2X1T2 V T1T2ZT1X2 V T1T2X1T2V (211)
Fngxlfg \Y 7'17'21‘1?2.
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Tabmuma 2.29. Tabmuna Tabmmma 2.30. Tabauna dyHKIMT BXO-

IIepexoJ0B dJIEMEHTa 3a- 0B dJIEMEHTa 3a/JIC€PXKKHU
ACPKKA Tucxopnoe | ¥ | Tuepexona
011 0 0 0
0]0 0 1 1
1111 1 0 0
1 1 1

Tabsmma 2.31. Tabmuna Tabsmna 2.32. Tabauna GyHKIUT BXO-

IIepexo0B TPUITEPa CO JIOB TPHUITepa CO CYETHBIM BXOIOM
CYETHBIM BXOJIOM Tucxomnoe | P | Tuepexona
01 0 0 0
0]0]1 0 1 1
11110 1 1 0
1 0 1

2.6.2. CuHTe3 aBTOMAaTa HA TPUITEPAX CO CUET-
HBIM BXOJIOM

Tpurrep co cYeTHBIM BXOIOM WMEET OJUH BXOJ W OIUH BBIXOJ U
xapakTepusyercd Tabsmnamu 2.31, 2.32.

Anamuzupyst GYHKIUIO BXOJOB, MOJIyYaeM, 9TO TPULTED CO
CYETHBIM BXOJOM paboTaeT KaK CyMMaTOp 10 MOJLYJIO 2:

SD = T!/ICXO,ZLIIOE EB Tnepexo;[a~

Orcrona cieayer CpaBeJInBOCTD yTBEPKICHUT: mabauya GyHk-
YUt 8036YatcIenUAs NAMAMY CMPYKMYPHO20 AETMOMAMA S NOAYYaA-
emes u3 e2o0 mabauybl neperodos No CAeOYOWEMY NPAGUNY: IAe-
MeRM mabauyb, GYHKUULT 6030Ydclenus Paser NOKOMNOHEHMHOU
CYMME 10 MOOYM0 2 K0008 UCTO0H020 COCNOAHUA U COCTNOAHUA
nepexoda (cMm. Tabi. 2.33, 2.34).

3ameTnM, 9TO B MpEIbIIyIIeM maparpade B KA4ecTBe 3JIeMEH-
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Tabmuna 2.33. ®parment Tab- Tabmuna 2.34. @parment Tab-
JINTBI TIEPEXOI0B CTPYKTYPHOTO — JIMIBI (DYHKIUN BO30YKICHUA

aBTOMaTa naMATHI
7 J j
i , 7_1 T2 Tl T2
T, oxh | m T o x| THen Toen

Ta maMsATA ObLI BBIOPAH MMEHHO TPHUITED CO CUYETHBIM BXOIOM.
Wcxost m3 3T0TO, MTOJTydaeM, 9T0O PYHKITUN BO3OYKIACHUS TAMATH
onpeJiesisaoTcs ypapHeHusmu 2.10.

2.6.3. CuHTe3 aBTOMaTa Ha TPUITEPAX C pa3-
JAeJIbHBIMU BXO/IaMU

OTauuue OT HpeabIyIIuX 3JEMEHTOB IMaMATH 3aKJII0YaeTcs B
TOM, 9TO y JAHHOTO TPUITEpa MMEETCs JBa BXOJA U, COOTBET-
CTBEHHO, YeThIPEe PA3JIUIHbIE KOMOMHAIMU BXOIHBIX CATHAJIOB (CM.
tabur. 2.35, 2.36). (Ho Beixon no-npexkuemy oiuu!) Hanomuum, aro
OJ1Ha M3 KOMOMHAINI BXOHBIX CUTHAJIOB CIMTAETCS 3aIPEIEHHOM
U TI09TOMY B TaOJIAIE TIEPEXOJIOB BCETO TPH CTPOKH (MOXKHO OBIIIO
Obl yKa3aTh 1 9eThIpe, HO Ha curHase «11» Bee nmepexoinbl ObuIn Gbl
He onpegesiensl). IIpouepk B Tabiune HGYHKIME BXOJIOB 03HAYALT,
9TO COOTBETCTBYIOMAS MEPEMEHHAs MOYKET TPUHUMATDH 3HAYEHUST
Kak «0», Tak um «1».

Tabsmma 2.35. Tabmuua Tabuwuma 2.36. Tabauna dyHKIMHT BXO-
MEePEXOJI0OB TPUTTEPA C JIOB TPUTTEPA C PA3AETbHBIMEI BXOIAMHI

Pa3/IeIbHBIMHA BXOJaMU Tucxomuoe v p Thepexona
0]1 0 - 0 0
0001 0 0 1 1
0111 1 1 0 0
101010 1 0 - 1




2.6. Beibop 3/1eMEeHTOB IaMsITH 79

W3 tabnuisl QyHKIMT BXOIOB CJAEIYeT, 9TO IPUA MOCTYILIEHNN
«1» Ha Hy/IeBOI BXOJ 1 TPUITep IepexoauT B cocrosguue «0» BHe
3aBUCUMOCTH OT TOI'O, B KAKOM COCTOSIHMM OH HAXOJUJICs. AHaJio-
TUYHO, TIPU TOTCYIUIEHUU «1» Ha €IMHUYHBINA BXOJH, (p TPULTEDP B
JIFOOOM CJTydae TEePEeXOIUT B COCTOAHUE «1».

Paccmorpum Tabmmiry mepexomoB CTPYKTYPHOTO aBToMaTa S
u TOIPOoOHO pasbepeM ciydail, KOAraa MojT AeHCTBUEM BXOIHOTO
currajia «00» cocrostaue «00» mepexonut B cocrosinue «01». Dror
[epexoJl, CKJIAIbIBAETCSI U3 IIEePeXO0B JBYX TpuUrrepos. Ilepsbiii
Tpurrep u3 cocrosguus «0» mepexoaut B coctosuue «0». Torma ma
BXO/T TPUITEPA JIOJKEH MMOCTYIUTh CUTHAJI «-(0», ITO JIETKO ycTa-
HaBJIUBaETCs U3 TaOJUITLI (PYHKIMH BXOI0B. BTOpoit Tpurrep me-
pexoaut u3 cocrosinust «0» B cocTosinue «ly». B aTtom ciydae Ha
BXOJ[ TPUITEPa JOJIzKeH ocTynuTh curtast «01». Curunas Bos30yx-
JIeHUsT TaMaTh OyZeT ciaeryiommuii: 1 1aps = (—001).

Ecan xe nepexon npoucxonut u3 cocrosuus «00» B cocTosinue
<<].1>>7 TO ’l/)ltplwg@g = (0101)

IloxcraBnsis Takue deTBepKH B TaOJIUILY IIEPEXOJIOB CTPYKTYP-
HOI'O aBTOMAaTa S, MBI HOJyYUM TaOJIUILy (DYHKINN BO30Y K IEHMS
namsita (cMm. Tabu. 2.37).

Tabmuma 2.37. Tabauna dyuknnit BO30YXKIEHNs TaMITH IPUA CUHTE3E
aBTOMATa HA TPUTTEPaX C Pa3/eJIbHBIMUA BXOAMHU

00 01 11

00 | -001 — | 1010
01 | 0101 | -010 | —
10 | -001 | 010- | O-0-

Wcxonst uz 9Toit Tabsiuiibl, GyHKIME BO30YXKEHUS TAMSITH ITPH-
HUMAIOT BUJIL:

Y1 = T1T2T1 T2,

Y1 =T1T2T1%2 V T1T22122,

Yo = T1TeT1Z2 V T1ToT1 T2,

(pg = ?1?25152 V ?1?2?1:62 Vv ?1?21‘1?2.

(2.12)



80 T'naBa 2. CrpyKTypHBIil CHHTE3

3ameuyanune 2.3. Bo Bcex Tpex caydasdx JIOTHIECKas CXEMa
aBTOMAaTa CTPOUTCS aHAJOTUYHO CXeMe Ha pPUCyHKe 2.8.

3ameuanue 2.4. PaccCMOTpeHHBII METOJ CHHTE3a MOYKET
OBITH UCIIOJB30BAH U JJIsI IIOCTPOEHUsI aBTOMATa, C PA3JIUIHBIMU
3JIEMEHTAaMM IMaMsTH, TO €CThb B ciiydae, Korja JjuHeiika 11 #He om-
HOTHUIIHA.

IIycTs, HanpuMmep, CTPYKTYpPHBIH aBTOMAT MMEET 2 BXOIHBIX
curnaja u 6 sgementoB mamaru: Ily, Iy — syieMeHTH 3aepK-
ku, II3, II4 — Tpurrepsr co cuetrnbiM Bx0JIOM, Il5, Ilg — TpuUrrepnt
C paszesIbHBIMU BXOZaMu. 1orma mocrpoeHne Tabauibl pyHKITAH
BO30YXKIEHUS [TAMSITH UJIIOCTPUPYIOT Tadaumsl 2.38, 2.39.

Tabnauma 2.38. Cronbern, Tab- Tabmuna 2.39. Crosber; Tabu-
JIAIBI TIEPEXO/IOB CTPYKTYPHOrO bl (DYHKIUH BO3OYXKIEHUS Ia-

ABTOMATa MSTH
0 1 1 0 1 O 0 1 1 0 1 0
1 1 0 0 O 1 0 0 0 10 -0
0 1 0 1 1 1 0 1 1 1 0 01

3ameuanue 2.5. B zakiouenunn maparpada OTMETHM, UTO
BbIpaXkeHue (PyHKIUI MbI TOJIY YMJIN B BAJIE U3 HIOHKTUBHBIX HOP-
MaabHbIx opm. Bosmoxkuo nosyunts u KH®, nposesns sxBuBa-
JIEHTHBIE TIpeoOpa30BaHMSI.

2.7. TI'pacdmyeckass mHTepIIpeTaIds Ka-
HOHMYECKOT'0 MEeTOo/Ia

Kanonndeckuit MeTos1 CTPYKTYPHOIO CHHE3a MOXKHO IIPOBECTH U
rpacdudecku. B aToM ciydae cTpyKTypHBIT aBTOMAT IIPE/ICTABIIS-
ercs B Buje rpada. IlpenBapuTenbHo CTPOSTCS TaOIUAIIBI TEPEX0-
JIOB ¥ BBIXOJIOB CTPYKTYPHOTO ABTOMATA.

ITo-ipexxknemy 6ymem paccmarpubark C-apromar S u3 § 2.5.
st yiiobeTBa elie pas3 IPUBEIEM ero CTPyKTYPHbIE Ta0Iuibl (CM.
tabi. 2.40, 2.41).
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Tabmuma 2.40. Tabnuua nepexo/ioB CTpyKTypHOro aBromMara S

0 0j0 1 1 1
0O 0j0 1|— =10 0
o 1(1 1|0 O0]—-— -—
1 00 1|1 1 1 1

Tabmuma 2.41. Ormedyennas Tab/nia BHIXOIOB CTPYKTYPHOIO aBTOMAa-
Ta S
1 0 1

0 0]0 1 1 1
o o1 1|—- -
0O 1]0 1|1 1
1 00 O0]1 O0]1 1

I'pad aBTOMaTa CTpOWTCS B COOTBETCTBUU C OOIUME TTPABU-
sgamu. OTmdane 3aKJII09aeTCsl B TOM, 9TO BCE CHUTHAJIBI Ha rpade
3aMEHSIIOTCSI COOTBETCTBYIONIMME IIEDEMEHHBIMU WJIU UX OTPHUIA-
HusiMu (cM. puc. 2.9).

Puc. 2.9. I'pad crpykryproro asromara S

2.7.1. Cunte3 Ha 3ajiep>KKax

W3 Tabuibl GyHKIME BXOAOB 3JIEMEHTA 33/ IePXKKH IOy IaeM, ITO
ect (Tyepexopa = 1), To 1 (¢ = 1). OTcioma ciemyer, ITO eciu
Jyra rpada BXOIUT B COCTOSIHUAE, B KOTOPOM 3JIeMEHT mamsitu 11;
MPUHUMAET 3HAYEHUE «1», TO 9Ta JAyra OTMEYAeTCsT CUMBOJIOM ;.
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WNubivu citioBamu, KaykI0# Ayre MPUIHACAHO CTOJIBKO (0;, CKOJIBKO
eJIMHUIL B KOJIE COCTOSTHUSI, B KOTOPOEe BXOMUT jyTa (cM. puc. 2.10).

o))

Puc. 2.10. ®yukimn Bo3OyKAeHIS TaMSITHA IPU CHHTE3€ HA 3aePKKAX

2.7.2. CuHTe3 Ha TpUITEepaX CO CYETHBIM BXO-
J0M

N3 tabnutisl HYHKINNA BXOJIOB TPUTTEPA CO CIETHBIM BXOJIOM CJIe-
ayer, 910 (p = 1) <= (Tucxomuoe F Tuepexoma). LaKUM 06pa-
30M, €CJIU Ha HEKOTOPOM Ie€pexojie M3 OJHOTO COCTOSHUS B JPY-
roe Tpurrep II; menser cocrosuue (¢ «0» ma «1l» wam ¢ «1» Ha
«0»), TO coorBeTCTBYIONIAs Jyra rpada 0TMeYaeTCsl CUMBOJIOM ©;
(eMm. puc. 2.11).

Puc. 2.11. Oyukiun Bo30yKJeHNs TaMATH IPU CHHTE3€ HA TPUITEPAX
CO CYETHBIM BXOJIOM
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2.7.3. CunHTe3 Ha Tpurrepax c pa3aejJbHbIMU
BXO/IaMU

ITo Tabuie pyHKINN BXOIOB TPUITEPA C PA3IETLHBIMU BXOIAMUI
[IOJTy JaeM:

Y=1
—

0£=31 1500

Takum obpazoM, KaxK 1011 ayre rpada MPUITACHIBAETCST HAOOp CUM-
BOJIOB W3 MHOKeCTBa {p;,¥; }1_| 1o ciemytomenmy mpasmy: ecom
II; mensier cocrosinme ¢ «0» Ha «1», TO Jiyra OTMEYaeTCs CHMBOJIOM
;; ecau II; mensier cocrosiame ¢ <1y uHa «0», TO Iyra oTMevaeTcs
cuMBoJIoM ¥; (cM. puc. 2.12).

Puc. 2.12. Oyuximn Bo30yKAHUS TAMATH IPU CHHTE3€ HA TPUTTEPAX
C pa3Je/IbHBIMU BXOIAMU

ITocne mocTpoeHUsi COOTBETCTBYIOIIErO TI'pada BBIIHCHIBAEM
KAHOHUYIECKYIO0 CUCTEMY YPABHEHUII:

1. Ona dynkuuit Bo3byxKuenus naMatu @; (1;) — 910 I1u3b-
IOHKIMSA KOH'BIOHKITNI; KarKIasi KOHBIOHKINS COOTBETCTBYET KO-
JIy COCTOSIHHSI, U3 KOTOPOI'O BBIXOJUT JIyra, U BXOJHOMY CHI'HAJY,
[PUIIUCAHHOMY 3TOi jyre. [Ipu 3TOM paccMaTpuUBarOTCs TOJIBKO
Te JyTH, KOTOPBIE OTMEYEHBbI CUMBOJIOM ¢; (1);). Hanpumep, npu
CHHTE3€¢ Ha TPUITepax ¢ Pa3le/IbHbIMUA BXOJAMU @1 = T172L1X2 V
T1ToZ1Z2.

2. Hna dyuknmit y; — amajormdno. Hampumep, y; =
T1T2X1T2 V T1T2XT1X2 V T1ToX1Zo V T1ToL1 L.

3. @yHKIMU 7; — 5TO JUIBIOHKIMU KOHBIOHKIIUN; KarXKIasi
KOHBIOHKITHSI COOTBETCTBYET KOJIy COCTOSHUSI, OTMEYEHHOTO CHM-
BOJIOM 7;. B Harmmem mpuMepe r = 7172 V T1To.



I'maBa 3

KoaupoBanne cocrossHuii
aBTOMATa

3.1. Toumku B aBTOMATE

ITycrs 3aaH HeKOTOPHBIH abcTpakTHBIN aTromMar u {aj,...,an}
— COCTOSTHUST aBTOMaTa. HATOMHMM, UTO Ka¥KJ10€ COCTOSTHUE ABTO-
MaTa OyieT KoJupoBaThcs BeKTopoM Jymubl I, tae I >]logg M],
© — 9HUCIIO COCTOSTHMIA 3JIeMeHTa aMsTu. Kpome Toro, auciio aJre-
MEHTOB ITaMATU TaK2Ke PaBHO I

Eciu mpu mepexosie aBromara w3 OJHOTO COCTOSIHUSI B JIPY-
roe JIOJIKHBI U3MEHUTD CBOU COCTOSIHUSI HECKOJIBKO JIEMEHTOB I1a-
MSITH, TO MeXK/Iy HUMU HAYUHAIOTCA COCMA3AHUS. Boiurpoisaer
COCTSI3aHME TOT JIEMEHT MaMsITU, KOTOPBI U3MEHUJ CBOE COCTO-
sHU€ IIEPBBIM. depe3 Ieb 00PATHOW CBS3M OH MOXKET M3MEHUTH
BXO/IHbIE CUTHAJIBI JIPYTUX JIEMEHTOB IAMSTHU JIO TOIO, KAK OHU
W3MEHSIT CBOM COCTOsIHUS. B MTOre aBTOMAaT MOYKET [IepeiT B CO-
CTOsTHEE, He TPELyCMOTPEHHOE 3aKOHOM ero (DyHKIIMOHUDOBAHUSI.

Hpununs, cocTstzanii cye Tty romme:

— 3JIEMEHTHI [TAMSITA UMEIOT Pa3JIMYHbIE, XOTS U JOCTATOYHO
O/IM3KMe, BpeMeHa CpabaThIBAHUS;

— Pa3/IMIHBI 33I€PKKHU CUTHAJIOB BO30Y 2K IEHUs, TIOCTY A0

84
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Ha BXOJAHBIE KaHAJIbI 3JIEMEHTOB IIaMATH II0 JIOTUICCKHUM IEIIAM,
UMEIoNIUM HE€ OJIMHAKOBYIO JIJINHY.

IIpumep 3.1. IIycTs aBTOMAT TON IEfiCTBIEM CUTHAJA 2 JIOT-
2KEH TIepedTH U3 COCTOSHUSA ay, ¢ KojoM «0101» B cocTostHuE a4 C
kogoM «1001». DTo o3HAUAET, YTO IJIEMEHT IIAMATH

II; mepexoyut u3 cocrosinust «0» B cocTosinue «1»,

II; — u3 «1» B «0»,

II3 me mensier cocrosameE,

II4 me meHseT cocTosTHEE.

B ciieicTBre COCTSI3aHUN ABTOMAT MOYKET OKA3aThCsl B HEKO-
TOPOM IPOMEXKYTOUHOM cocToanuu ay. Ecmm d(ag,zf) = as, TO
TaKWe COCTA3aHUS Ha3bBAIOTCH donycmumbimy (cM. puc. 3.1).
Ecnu é(ag, z¢) # as, TO TaKme COCTS3aHUS HA3BIBAIOTCI 20HKAMU

(cm. puc. 3.2).
am ak as
@ - @ - @

Puc. 3.1. lonmycTumMble COCTS3aHUS MEXKLY JIEMEHTAMU HAMITU

am ax a#as
@ - @ - @
Puc. 3.2. l'orku Mexxny sjleMeHTaMM ITaMATH

Cy1ecTByOT CJIEYIOIIE CNOCOOBL AUKBUIAGUUYU 20HOK:
1. AumapaTHble METO/IHI.
1.1. TCL’K?TTL’U,])OSG,’H,UB SIOdH’bLI cu2ranos asmomama UmMnYyibca-

mu. IlycTs 21, ...,27 — BXOJHBbIE KAHAJBI, P — BXOJIHOI KaHAJ OT
refHepaTopa CUHXPOUMILYJIbCA!
1, B MOMEHT IIPHUXO/Ia UMITYIbCA;

P=1 0, nmaue.
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B srom citydae BXOJHOI CHTHAJ Ha TIEPEXOJIE U3 COCTOSTHUS Gy, B
cocrosinue as Gyner He zf, a (p - zf). JJIUTeIBHOCTD UMILYJIbCA t,
JIOJI2KHA OBITh MEHBINE BPEMEHHM IPOXOXKIEHUs CAMOIO KOPOTKO-
ro ImyTH CUTHAJa OOpaTHOlN CBsi3u. Torna K MOMEHTY TEepPEXoJa B
MIPOMEKYTOYHOE COCTOSTHUE @y CUTHAJ p Oyaer pased «0», ciemno-
BaTEJIBHO, P - 2y = 0 U TOHKU OyJyT HCKJIIOUEHBIL.

1.2. J[sotinas namamos — KaXK bl 3JIEMEHT MaMATH JyOupy-
ercs. [lepesanuch u3 HUKHEH MAMSITH B BEPXHIOIO IIPOMCXO/IUT B
MOMEHT OTCYTCTBUSI TAKTHPYIONIETO CUTHAJIA.

2. CrenuajibHble METOJIbl ITPOTUBOTOHOYHOTO KOJIUPOBAHUS CO-
crosgHmii. IIpm TakoM KOAMPOBAHUU COCTOAHUN 20HKU 0OANCHDL
OvIMB YCMPAHEHDL.

2.1. AroputM pasessviearus nap neperodos.

2.2. Cocednee xoduposarue.

3.2. IIpoTuBOoroHOYHOE KOJAMPOBAHUE
COCTOSAHUMN

3.2.1. Pa3sBa3piBaHue IIap NepexoaoB

Iycrs (o, B) u (7,0) — mBe mapbl JBOUYHBIX KOJOB JJIMHBI I, TO
eer [a] = |8] = 1| = |§] = .

Hee naper (o, 3) u (v, ) HA3BIBAIOTCS PA3BAIAHHBIMU, ECIIN
i (1 < i < 1) rakoe, uro «; = B, v; = 85, a; # v;. B mporusHOM
cIyvae Tmapbl HA3BIBAIOTCS C8A3AGHHBLMU.

Teopema 3.1. B asmomame, coCmosarua KOmopozo 3ak00upo-
6aHBL J8OUNHVMU KOOGMU KOHEUHOT OAUHDL, 20HKU OMCYMCMEY-
10m moz2da u Mmoavko mozda, k0204 0Af MOOLIT I8YT neperodos
(am,as) u (ag,a;) (maxuz, wmo as # a;), npoucrodswuxr nod
deticmeuem 001020 U MO20 HCE BLOOHOZ0 CULHAAG, COOMBEMCMEY-
owue napvl k0dos cocmoanud pazsazans [1].

3ameuanne 3.1. DTa Teopema JI0Ka3aHA MPUMEHUTEIHHO K
ACHHXPOHHBIM aBTOMaTaM. ECu aBToMAT CMHXPOHHBIH, TO yCJI0-
BUE (g # G MOXKET ObITh 3aMEHEHO 00JIee CUJIBHBIM: DA3BA3BIBATE
HEeOOXOIMMO [IAPbI I€PEXOJIOB, JIJIsl KOTOPBIX {am, as} N {ak, a1} =
@.
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IIpumep 3.2. Ilycrs B aBrOMaTe ecTh JBa 1nepexona (am,, as)
u (ak, a;), IPOUCXOJIAIITE IO AeHCTBUEM OJJHOTO U TOIO Ke BXOJI-
HOI'O CHTHAJIA:

am = [1p01 2L [1i10 = a (3.1)

ar, = [0001 L Jofi1o = g (3.2)

Sru nBa mepexona (WK ABE MapbI COCTOSHUI) pas36A3aiivl, TaK KaK
3i = 1 Takoe, 410 Ay, = a5, = 1, ag, = a;, = 0.

Teopema 3.1 j1€2KUT B OCHOBE AJrOPUTMA IIPOTUBOIOHOYHOI'O
KOJMPOBaHUsI, udes KOTOPOTO 3aKJIIOUAETCSI B CJIEJIYIONEM: TTOCIe-
JI0BaTEJIbHO IIPOCMATPUBATL BCE IAPBI IMEPEX0JIOB, JJIsi KOTOPBIX
MMeeTCsI XOTsT ObI OJIMH OO BXOIHOI CUTHAJ, U BRIOUPATH KOJIBI
Tak, 9TOOBI KaXK/1as TaKas Imapa Iepexo0B OblIa pa3Ba3aHa.

Ha npomexyToO9HBIX STamax aaropurMa COCTOSHUASM aBTOMa-
Ta OYIyT COOTBETCTBOBATH KOJIbI, 3HAYEHNST HEKOTOPBIX Pa3PsI0B
KOTOPBIX MOI'YT OBITH HEOIPEJETIEHBI — HENOAHDLE KOJIBI.

IIycrs (G, as), (ag, a;) — napa nepexonos, («, ) u (vy,d) — ux
KOJIbI, 1 — TeKyIlasl JIJINHA, KOJIOB.

Anzopumm pa3easdviearus Napsv. Nepexrodos:

1. ITomoxkutsk ¢ = 0, nepefiTu Ha mar 2.

2. Eciiu ¢ = 0, To nepefiTu Ha mmar 8, nHade mepeiTu Ha Imar 3.

3. Eciim 3r (1 < r < i) Takoe, 94TO 3HAYEHUsI T-THIX Pa3psi-
JIOB 9eTBEPKU v, 3,7, § 0bpazyior nabop (0011) wiu nadop (1100),
WHBIMH CJIOBAMU:

(atr, Br, e, 60) = (0011) v (1100), (3.3)

TO TepeiiTH Ha mar 9, nHaue HepeiTH Ha, mar 4.
4. Ecimm 3r (1 < r < i) rakoe, uro (., Br,Vr,0r) 0Opasyer
OJIH U3 HaDOPOB:
(-011) (0-11) (00-1) (001-) (-01-)
(-11) (0--1) (00--) (-0-1) (0-1-)
1) (0--9) (0- (-1 (--9)

TO TIepeUTH Ha IMar 5, mHade nepeiiTu Ha mar 6.
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5. Jlootipeie/inTh HEOpe e/ IeHHbIE 3HAYEHUsI I'-ThIX Pa3PsIOB
4YerBepKu «, 3,7, TaK, 9robsl (e, Br, Vr, 0r) = (0011), mepeiitu
Ha mmar 9.
6. Ecom Ir (1 < r < i) rakoe, uro (a,., By, v, d,) 0Opasyer
OIMH U3 HaDOPOB:
(-100) (1-00) (11-0) (110-) (-10-)
(-00) (1--0) (11--) (-1-0) (1-0-)
(--0) (1---) (-1--) (--0-)

TO IIepelTH Ha Iar 7, mHave IepeiiTu Ha Imar 8.

7. Jloonpeie/inTh HeOpe Ie/IeHHbIE 3HAYEHUsI 7'-ThIX Pa3psiJIOB
uerBepKu «, 3,7,0 TaK, 9100sl (v, By, Vi, 0r) = (1100), nepeittu
Ha mar 9.

8. JloonpeneuThb KOJIBI v, 3,7y, & OIMHUM HEOIPeIeJIeHHBIM pas3-
PSIOM, YBEJIUYUTD 4 HA €IUHUILY, TepeiiTu Ha mar 4.

9. IMapa 1epexonos (am,, as), (ak, a;) passsa3ana.

3ameuanue 3.2. /{yimnaa Ko/1a B GOJIBITAHCTBE CIIy9a€B OKA3bI-
BaeTCsl HEMUHUMAJTBHOM, TaK KaK C KarKJIbIM HOBBIM Pa3PsJIOM MO-
I'YT Pa3BS3bIBATHCS HAPBI [I€PEXOI0B, KOTOPbIE yKe ObLIH pa3Bsi-
3anbl panee. Cjie0BaTe/IbHO, HEOOXOIUMA MUHUMUIGUUS OAU-
Hbt Koda. st sToro:

1. Uckmoaaem ofuH U3 pa3psiioB Ko/oB. 1lpu aTom HEKOTOpDBIE
[apbl IEPEXO0B MOI'YT OKa3aThes CBA3aHHBIMU. CJie0BATEIbHO,
[PUMEHSIEM aJITOPUTM PA3BA3LIBAHUSI MIAD IEPEXOJIOB.

2. Uckrovaem erie OJWH pa3psiji U BHOBb IIPUMEHSIEM aJIro-
putMm. U Tak j0 Tex 1mop, moka JJIMHA KO/ HE TePECTAHET YMEHb-
MATHCST WM ee yKe Hesb3st yMeHbmuTh (I >]logg M).

3. Eciin 3naveHns HEKOTOPBIX Pa3psiJIoB OKaXKyTCsl HEOIpeJie-
JIEHBI, TO UX MOYKHO JIOOIPEIEUTh TTPOU3BOJIBHO.

IIpumep 3.3. Ilycts gama Tabsuia mepexo/ioB HEKOTOPOTO
JACTUYHOTO aCHHXPOHHOrO apromara (cM. tabu. 3.1). 3akomupy-
€M COCTOSIHUSI AaBTOMATa, UCIIOJIb3Ys AJITOPUTM PA3BSI3bIBAHUS AP
IEPEXOI0B.

OueBUIHO, 9TO HOJKHBI OBITH PA3BA3aHbl BCEBO3MOYKHbBIE T1a-
PBI IEPEXOJIOB B KAXKJIOM U3 TPEX MHOYXKECTB Z1, Z3, Z3, B KOTOPBIX
[IEePEXO0/Ibl IPYIIUPYIOTCA B COOTBETCTBUY C BXOJHBIMU CUTHAJIAMHU
(em. Tabi. 3.2).
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Tab6muma 3.1. Tabiuia mepexoa0B 9acTUIHONO AaCHHXPOHHOT'O aBTOMAaTa
aq as as a4 as Qg ar
Z1 ag as ayq a4 ae Qg —
z9 aq as as aq as — -

23| —|as | ay | — | a5 | — | 47

Tabmuna 3.2. MHOXKeCcTBa ITepeXo/0B, MPOUCXOIAIINX MO JIeCTBUEM
06IIEr0 BXOJIHOT'O CUTHAJIA,

Zy Z3 Z3
(ar,a2) | (a1,a1) | (az,as)
(az,az) | (az,a3) | (as,ar)
(az,aq) | (a3, a3) | (as,as)
(as,a4) | (a4,a1) | (a7,a7)
(as,a6) | (as,as3)

(aﬁa aﬁ)

PazpasbiBaHne Iap IepexooB B IePBOM CTOJIONE HAYHEM C IIe-
pexoza (a1, az). CoraacHo Teopeme, napy (a1, as) u (az, as) passs-
3LIBATh HE HAJI0, TaK KaK COCTOSHHA IIepexoia coblaaalor. [leppas
napa HepexoJioB, KOTOPYIO HeoOXOAUMO pa3Bsa3bIBaTh — 3TO IIapa
(a1,a2) u (as, aq). dus stux cocroguuii (a1, as, as,as) 0O HEPBOI
nepeMeHHOl 71 o6pasyem derBepky (0011) (cm. crombern «12[34»
B Tabu. 3.3).

ITape mepexonos (ai,az) u (aq,a4) COOTBETCTBYET UeTBEPKA
(0011) o mepemennoii 71 (cMm. crosbern, «12|34» B Taba. 3.3), ToO
€CTb 9Ta [1apa TOXKE Pa3BA3aHa.

IMapa nepexonos (a1, az2) u (as, ag) obpazyer gersepky (00 - -)
1o nepeMeHHoi 71 JIjis pa3Bs3bIBAHUA 3TOH Haphl JI00IPEIeTIM
o1y yerBepky 10 (0011) (em. cronbern «12|56» B Tabu. 3.3).

W3 storo xe cronbia BugHO, 9TO Mapa (a1, as) u (ag, ag) pas-
Bs3ana (uersepka (0011)). TouHo TakKe pa3Bsi3aHBI MAPbI, 0Opa-
30BaHHBIE TIEPEXOJIOM (@2, A2) U BCEMH MOC/IEIYIONUMHI MePexoa-
MH B MHO>KECTBE /7.

Paccvorpum napy (as,aq), (as,ag). U3 cronbua «12|56» (cm.
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Tabit. 3.3) nosydaem uyerBepky (1111), To ecth mapa He pa3Bs3a-
Ha. 3aBOJMM HOBYIO IIEPEMEHHYIO To M OIpEJeJisieM ee 3HadYeHUe
JUUISL COCTOSIHU a3, (4 PABHBIM HYJIO, JJIs 5, Gg — eIuHUIE (CM.
crousbery «34|56» B Tabu. 3.3).

[Tocste aTOrO OCTAIBLHBIE TAPHI [IEPEXOI0B B MHOXKECTBE ] TaK-
Ke OyJIyT pa3Bsi3aHbl.

JleiicTBysI aHAJIOTMYHO, PA3BsI3bIBAEM HAPBI [IEPEXOI0B B MHO-
KeCTBaX Lo W 3 W 3amoTHsgeM Tabauiy 3.3.

Tabsnmna 3.3. Koauposanue cocTosiHMi aJrOpUTMOM PA3BA3BIBAHUAS IIAD

IIepexo10B

12|34 12|56 34|56 11|23 23|41 41\53 25|37

a 0 0 0 - 01 011 011 011-
as 0 0 0 - 00 000 000 0000
as 1 1 10 10 100 100 1001
ay 1 1 10 10 101 101 101 -
as - 1 11 11 11— 110 1100
ag — 1 11 11 11— 11— 11—-
ar — - - - - - -——1
1 T1 T172 7172 T1T2T3 | T1T273 | T17273T4

Tenepnp mepexomum K MUHAMH3aIuu. VICK/odaeMm IepeMeH-
HYIO 71 W [IOBTOPSIEM IPOIECC Pa3BA3bIBAHMS Hap IIEPEXOJ0B (CM.
tabi. 3.4, 3.5). Ilepemennas 75 j06aBiaeHa, 9T00bI Pa3BA3aTh Ia-
py mepexonos (a1, az), (as,ag). Bee ocranbHble TApbI OCTAINCH
pa3Bs3aHbI.

JlaJtee UCKIIIOIaEM TIEPEMEHHYO To U TOJIyYaeM TabJIUIly KOJIOB
C TpeMsl IIepeMEeHHBIME, B KOTOPOIA, IIOCJIe TPOBEPKY, OKA3BIBAIOT-
sl pa3BA3AHHBIMU BCe Hapbl nepexonos(cm. tabi. 3.6). danbheii-
asi MUHUMHA3aIus HEBO3MOXKHA, TaK KaK JJIsi KOAUPOBAHUS CEMU
COCTOSTHMI HEOOXOIMMO He MeHee Tpex mepeMeHHbix. Jloompese-
JIsisl IIPOYEPKH, [TOJIydaeM TabJIuIly MPOTUBOIOHOYHOIO KOJIMPOBar-
HUsl cocrosHuil aBromara (cMm. Tab. 3.7).

3ameuanue 3.3. PaccMoTpenHbIil criocod KOIUpOBaHUS HE UC-
KJTIOYAET COCTS3aHUsI, OH JJUKBUIAPYET TOJHKO TOHKH.
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Tabnuna 3.4. Uckmodyenune ne- Tabsmua 3.5. PasessbiBanue

PEMEHHOI T1 nap

] T273T4 ] T2T3T4T5
al 11— al 11-0
az | 000 az | 0000
as 001 as 001-
ag | 01— ag | 011~
as | 100 as | 1001
Qg 1—- ag 1-—-1
ar -—1 ar 0-1-

Tabnuma 3.6. Uckmodyenune me- Tabsmna 3.7. [IporuBoronodynoe

PEMEHHO Ta KOAUPpOBaHUE
RS [
aq 1-0 aq 100
az | 000 az | 000
as 01— as 010
ay 11— ay 110
as | 001 as | 001
ag -—1 ag 101
ar -1- ay 011

3.2.2. Cocennee KoaupoBaHUe

[Ipu cocempeM KOAMPOBAHUU COCTOSTHUN ABTOMATA, YCJIOBHUE OTCYT-
CTBUSI TOHOK (M COCTSI3aHUIA BOOOIIE) BCETIA BBIIOJIHEHO.

Hoes anropurMa 3aK/I0YAETCS B CJIEYIONIEM: JTIFOObIE JIBA CO-
CTOSIHUS, CBSI3aHHBIE JIyTo#l Ha rpade aBToMaTa, KOJUPYIOTCS Ha-
GopaMu, OTIHYAIONIUMUCS COCTOSTHUSIMU JIUIIb OJHOTO JIEMEHTA,
namsita (cm. puc. 3.3) [1].

K coxasnennio, cocejiHee KOJMPOBAaHUE HE BCETJ@ BO3MOXKHO
(cm. puc. 3.4).

TpeboBanust K rpady aBTOMaTa, JIOMYCKAIOIIETO COCETHEE KO-
JIUPOBAHUE:
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Puc. 3.3. Cocennee komuposanue

Puc. 3.4. I'padsr aBTOMaTOB, KOTOpPbBIE HE JOMYCKAIOT COCEIHEee KOIIU-
poBaHUe

1. B rpade aBromaTa He CymeCcTByeT MUKJIOB ¢ HEYETHBIM UUC-
JIOM BEpIIHUH.

2. JIBa coceiHUX COCTOsIHHSI BTOPOrO HOPsifiKa (IyTh MEXKIY
HEMHI COCTOUT M3 JBYX pebep, He3aBUCHMO OT HAIIPABJICHHs) He
JIOJIZKHBI IMETh 00JIee JIBYX COCTOSIHUIA, JIEXKAIUX MEXKJY HUMU.

3.3. KoampoBaHme COCTOSHHUII M CJIOXK-
HOCTbh JIOTUYECKOI CXeMBbI

B sTom maparpacde nomnbiraemMcsi OTBETUTB Ha BOIIPOC O TOM, KaK
MUHAMU3UPOBATH YHUCJIO YCTPOUCTB, HEOOXOIUMBIX JIJIsi PEAIA3a-
myn bYHKIANA aBTOMATA.
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3.3.1. OnrumajbHOEe KOAWPOBAaHUE IIPU CUHTE3€
Ha 3ajiepkeax

OsmH U3 crroco60B MUHUMUBAIUE — 3TO ONIMUMAALHOE KOOUPOSG-
nue. PaccmaTpuBas KaHOHUYIECKUN METOJ, CTPYKTYPHOTO CUHTE-
3a, IIOJIy4aeM, YTO Pa3IndHble BAPUAHTHI KOAUPOBAHUS COCTOTHUN
aBTOMATa MPUBOIAT K PA3IUIHLIM BBIPpaXKEHUIM (PYHKITHI BBHIXO-
10B 1 PYHKIME Bo30y K aeHns namstu. OTCrona HEOCPEICTBEHHO
CJIEJTYET, ITO OT Crocoba KOJTMPOBAHUS 3aBUCHUT CJIOKHOCTH JIOTH-
YeCKOIl CXeMbl aBTOMATA.

ITpumep 3.4. Bepremcs K npumepy, pazobpaHHomy B § 2.5.
Hanmomumm, 910 MBI BBIOPAJIH CJIEIYIONYI0 KOIUPOBKY COCTOSTHUIL:

a1:00 CL2:01 a3:11

B pesysibrare, npu cuHTe3€ Ha 33/1€PXKKAX, MBI IOy YUIH JOBOJIb-
HO cJI0XKHYI0 dopMmy st DYHKIUE BO3OYXKIEHUs] TAMATH (CM.
dopmyser (2.11)). Bakoaupyem Ternepb COCTOSHUS 110 MHOMY:

a1201 a2:10 CL3:OO
B sTom CJIy4qae IOJIyIuM:

p1 =T1T2X1T2 V T1T2T1T2,

_T S 3.4
P2 = T1T2X1X2 V T1T2T1T2. (34)

DyHKIMY BO30YXKJIEHUs] TAMATH CYIIIECTBEHHO YIIPOCTHINCH. 11o-
qeMy Tak mojryamiock? Jleao B TOM, 94TO MBI BBIOpAJId B KAYECTBE
«00» cocrostnme, HaMbOOJIEE TACTO BCTpEUAIOIIEecs B TabJIUIE TIe-
PEXOJIOB — KaK-Obl «OCHOBHOE» COCTOSTHUE.

B obmiem cityyae UCIONB3yeTCs CJIEAYIONUI AA20PUMM OT1-
MUMAALHO20 KOOUPOBAHUA NPU CUHME3E AB8MOMAMG HA
3adepoicrax:

1. Kaxxiomy cocrosinuio aBromMaTa a., (1 < m < M) conocra-
BUM T11ieJ10€ 9ucjao N, — 9UCIO0 MEPEXOJ0B B COCTOSIHUE G, WJIH,
9TO TO 2Ke CAMOe, YHCJIO TOSIBJIEHUI (G, B TAOJIUIE TIePEX00B, WIH
9HCJIO BXOJSIIUX JIyT Ha rpade aBroMaTa.

2. Ymopsimounm aucya Ny, ..., Ny 10 HEBO3PACTAHUIO.
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3. Cocrosinune a; ¢ HanboOJbIIUM N; 3aKOAUPYEM OJHUMU Hy-
asamu: (00...0).

4. Cnenyromme I cocrostanit (I paBHO dYHCITY 3J€MeH-
TOB NAMATH WM JUIMHE KOJa) B YIODPSJOYEHHOM II0 IIyHK-
Ty 2 CIHCKe 3aKOAupyeM HaDOpaMu, COAEp:KAIUMU OMHY <«1»:
(00...01), (00...10),...,(10...00).

5. 3aTeM MCIOIb3yeM KOJIbI, COIEPIKAINNE JIBE eJUHUIBI U T.]1.

B pesysibraTe nosrydaem takoe KOJUPOBAHUE, TPU KOTOPOM UeM
6O0JIbIIIE CYIIECTBYET IIEPEXO0B B HEKOTOPOE COCTOSTHIE, TEM MEHb-
e eJINHUI] COJEPIKUTCA B €ro Kojie. A Tak Kak IpU CUHTE3€e Ha
3aIepKKax (DYHKIUU BO30OYKICHUS MAMSITH CTPOSITCS HEIOCPE/I-
CTBEHHO TIO TabJIUIE TTEPEXO0B, MBI MOJIyIaeM UX ONTUMAJILHBIE,
C TOYKU 3PEHUs KOJIMIECTBA JIOTHIECKUX JIEMEHTOB, BHIPAYKEHUSI.

Ananozununvie coobpastcenus mo2ym Ouimov UCTOAL30GANDBL U
npu K0OUPOBAHUU BVLOOHDIL CULHANOE OAS MUHUMUSAUUY GYHK-
YU 6vL0006.

ITpumep 3.5. Buosb Bepuemcst K apromary u3 § 2.5. B orme-
YeHHOI Tab/mIle BBIXOZ0B (CM. Tabur. (2.13)) BBIXOZHOI CHIHAT W3
BCTpedaeTcd 3 pasa, we — 2 pa3a, wy — 1 pa3, wy — 1 pa3, u; — 2
pasa, ug — 1 pa3. 3aKoupyeM BbIXOHbIE CUTHAJIBI B COOTBETCTBUH
¢ ynopsiiounsanueM (cM. tabi. 3.8, 3.9).

Tabsma 3.8. Koguposanue Bei- Tabmuna 3.9. Koguposanue BbI-

XOJIHBIX CUTHAJIOB 1-TO THIa XOJIHBIX CUTHAJIOB 2-TO THIIA
Y1 | Y2 r
w3 0 0 Ul 0
Wo 0 1 ('5) 1
110
1 1

ITocne Takoif KOAMPOBKU MBI IIOJIyYMM OTMEUEHHYIO TaGJIUILy
BBIXOJIOB, B KOTOPOIt Oyer ma.no equnnt (eM. tabi. 3.10).
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Tabsmma 3.10. OTeyennas Tabyniia BHIXOIOB

0 1 0
0O 00 1)1 1
0 00 O|—- - 1
0 1|1 1]0 O —
1 0j0 11 0|0 O

B urore Boipazkenus gy QyHKIINI BBIXOIOB IIPUMYT CJIETYIO-
MUl BUJT:

Y1 = T1T2ZT1%2 V T1T2%1T2;
Yo = T1T2X1X2 V T1T2X1T2 V T1T2T1T2; (35)
r=T1T2

HecomueHHO, €CTh BBIUTDHINI, IO CPABHEHUIO C (DOPMYyJIaMu
(2.8), (2.9).

3ameuanme 3.4. PaccMOTpEHHBII aJIOPUTM ONTUMAJIBHOTO
KOJINPOBAHMS COCTOSTHUN aBTOMATa JJIsi MUHUMU3AIUU (DYHKIHIA
BO30OYK/I€HUS TIAMSITH IPUMEHUM TOJIBKO IIPYU CUHTE3€ Ha 3a/1€PXK-
KaX, TaK KaK B 00IIeM ciydae Tadaura byHKInit BO30YKICHUS He
COBITQ IaeT ¢ TabJIuIeil TIepexo/IOB aBTOMATA.

3.3.2. IBpuUCTHYECKUIl aJITOPUTM KO/IMPOBAHUS,
YMEHBIIAIOIUNA CJI0XKHOCTh JIOTMYEeCKOM
CXeMBI

Ecyin B KauecTBe 3/IeMEHTOB IAMATH BHIOPAHBI IIPOU3BOJILHBIE 316
MEHTBI, UCTIOJIb3YETCS 98PUCTNUMECKUT GA20PpUMM KOOUPOBa-
HUA COCTOAHUM.

Hoes anropurMa 3aKJII0YAETCS B IOMCKE TAKOTO KOJMPBOAHUS,
IpU KOTOPOM MHUHUMU3HUPYETCs CyMMAPHOE KOJIMYECTBO U3MEHEe-
HUI COCTOSHMI 3JIEMEHTOB NAMATH HA BCEX MEPEXOIaX ABTOMATA.

Beenem BecoByrwo dyakumioo W = > W, e Wy, =
| K., — K| — paccrosinue MexKly KOJAMU COCTOAHUN Gy, U Gg, PAB-
HOE YHUCJIy JEMEHTOB IIaMsTH, U3MEHAIONINX CBOE COCTOSHME Ha
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nepexolie (m,as). CyMMUpOBaHUE [IPOM3BOAUTCH 10 BCEM II€pe-
XO/IaM aBToMara. BeeieHHast PyHKIUS MOYKET CJIYKUTh OJHON U3
OIIEHOK CJIO?KHOCTH JIOTHYECKOH CXEMBI.

Hasee paszbepem paboTy ajropurma 10 maraM. Ilycrs 3a1am
aBToMaT S.

1. IToctpouts MmaTpuity M, KoTopast COCTO- a B
UT U3 BCEX PA3JIMYHBIX 1ap (i, Or) TAKUX, o
9TO B aBTOMaTe S eCThb Iepexos (aq, ,ag, ). ar b
IIpu sTOM TIET/IN HE PACCMATPUBAIOTCS. o
ar  Br

2. IlepecTaBuTh B MATPHUIlE CTPOKH TaK, YTOOBI BBITOTHSIIOCH
ycaoBHe:

{a’l“ﬂ/B’l‘}ﬂ{a17ﬂ17"°7ar71767’71} #® |7I"%:2 (36)

OTO yCJI0BUE O3HAYAET, YTO XOTsI ObI OJUH JIEMEHT U3 CTPOKU T
COZIEPKUTCHA B KAKOH-HUOY/b U3 MPEIbIAYInX CTPoK. [Ipemmosa-
raercsd, 4YTo aBTOMAT He MMeeT M30JIMPOBAHHBIX I110JJaBTOMATOB —
TOTJIa TaKasl IIePeCTAaHOBKA BCEIJIa CYIIECTBYET.

3. 3aK0IMpPOBATH COCTOSIHUSI U3 ITEPBOI CTPOKU MATpHUIlbl M:

Kq, =(00...00) Kz, =(00...01)

4. BeraepkuyTh u3 MaTpuilbl M TepByIO CTPOKY U BCE IMOCJTe-
JIyIoIue, B KOTOPBIX 00a 3j1eMeHTa 3aK0aupoBaHbl. [lomydeHmyto
MaTpuIly 0003HaINTL M "

5. B cuny yciuoBus (3.6), B nepBoii crpoke marpuisl M " 3a-
KOJIUPOBaH OJIMH 3JjieMeHT. [[ycTh BTOpPOil HE3aKOMPOBaHHBIH 3J1e-
MEHT — 9TO 7.

6. Ilocrponts Marpumy M., myTeMm BBIOOpa mM3 MaTpuiel M '

CTPOK, comepzKamux seMent 7. Ilycts By = {y1,...,yr} — MHO-
JKECTBO JIEMEHTOB U3 MATPHILI M., KOTOPbIE y2Ke 3aKOUPOBAHBL
(ux xompt K.y, ..., K, , COOTBETCTBEHHO).

. 1

7. dna xaxyoro K, (1 < f < F) naiitn C’W — MHOXKECTBO
KOZIOB, cocequux ¢ K, U elme He 3aHATHIX JJis KOJAMPOBAHHS CO-
crosmmii apromara. Ilocrponts MuOKecTBO D] = U?:IC% ;- Ecm



3.3. KogupoBaHue COCTOSTHUIT U CJIOYKHOCTB JIOTUYECKOM CXeMBbI 97

1 _ 2 _(F 2 2 .
D, = @, ro nocrpours Dy = Uy, C3 ;> Lae s ; — MHOXECTBO KO

JIOB, Y KOTOPBIX KOjIoBOe paccroanue ¢ K., pasuo 2. U tak j0 Tex
nop, noxa ne Haityerca DI # @. llycrs DI = {K,, ..., Ks }.

8. s xazxoro K, (1 < g < G) naitru Wi, ., = |Ks, — K|
~ KOJIOBBIE PACCTOAHUA MeK1y K5, M BCEMHU MCIOJIB30BAHHBIMU
komamu K, (1< f < F)us B,.

o _ yF

9. Haitru W5, = X5_ W5 4, (1 < g < G). Ilpu stom, ecom
B aBTOMATe MMEIOTCH TePeXOAbl (dy, Gy, ) U (G, ,ay), TO B CyMMe
cinaraemoe Ws .. TOBTOPSETCA JBAK/IBI.

n o .
10. Us D7 seibpars kon K., y xoroporo W, = min, Ws, .
OjteMeHTY 7y (COCTOSIHHIO @) HOCTABUTb B COOTBETCTBHE KOx [,.

’
11. 3 maTpurpt M BBIMEPKHYTH CTPOKH, B KOTOPBIX 00a dJIe-
’
MEHTa 3aKOJIMPOBAHBI — MOJYYUTh HOBYIO MaTpuity M . Eciu ona
IycTa, TO IepeiTn Ha mar 12, naade — Ha Iar o.

12. Berauciaure W u olleHUTh Ka4€CTBO KOAUPOBaHUS k =
W/p, tne p — amcyio nepexofoB B aBroMare (6e3 ydera IeTesb).
Hecnoxkno mokazaTs cipaBejInBOCTD CAEIYIONMUX YTBEPIKICHMIT.

VYreepxkaeure 3.1. IIpu cocednem xoduposaruu k = 1.

VYrBepxkaenre 3.2. Ecau I — dauna xoda, mo 1 < k < I (rax
kak 1 < W,,s < I u B cymme qyist paciuera W Bcero p ciaraeMbix).

IIpumep 3.6. [Iycrb man aBromar A, u300paskeHHbIH Ha pH-

CcyHKe 3.5.

Puc. 3.5. I'pad aBromara A
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1 2
2 4
2 5
3 2
M= 4 3
4 5
5 4
5 1
OueBnjiHo, uro ycsiosue (3.6) woimosHeHo. imua xoma I = 3

(I >]log, 5]). Torma K7 = (000), K5 = (001). Koguposauue Gy-
JIeM HJUTIOCTPUpOBaTh Kaproit Kapuo (mo ropmsonTamm — 71, 10
BEPTUKAJIN — T2T3, B KJIETKAX 3AllMCAHBI HOMEPa COCTOSIHHIT) (CM.
tabm. 3.11).

Tabmuna 3.11. Kapra Kapmo (1)
| JJooJo1]11]10]

0 1 2
1
2 4
2 5
3 2
Mo~ |4 3 Cocrosnue as 3aKOIIPOBAHO,
i 5 TaKuM 06pazoM v = 4.
5 4
5 1
2 4
4 3 B, = {2} — nomepa cocrosi-
My = 4 5 uuit u3 My, XoTopble yxKe 3a-
5 4 KOJIIPOBAHBI

Cy ={(101),(011)};  Dj = G5 = {(101), (011)} # @
Wior = [(101) — (001)| = 1;  Woi1 = [(011) — (001) = 1.
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Tabsnua 3.12. Kapra Kapuo (2)
| _JooJo1]11]10]|]
0 1] 2
1 4

Bei6upaem K4 = (101) (cm. Tabu. 3.12).
BuoBb cTpomm marpuiy M :

5

I
LT S W N
— s Ot W N

2

I

ot

M5 = B5 = {274a 1}

T O = N
= s Ot Ot

Cy ={(011)};  Cp = {(100),(111)}; O = {(100), (010)};
D} =3 ucC;uCt ={(011),(100), (111), (010)} # @;
Woi1 = |(011) — (001)| + |(011) — (101)| + |(011) — (101)|+

+](011) — (000)| =14+2+2+2=T;

Wigo = |(100) — (001)] + |(100) — (101)| + |(100) — (101)|+
+/(100) — (000)| =2+ 1+1+1=5;

W11 = [(111) — (001)] + [(111) — (101)] + [(111) — (101)|+

(

)

0
Wo1io = [(010) — (001)| + |(010) — (101)| + |(010) — (101)|+
+/(010) — (000)| =2+3+3+1=09.
Beibupaem K5 = (100) (cm. Tabi. 3.13).

(
)
+[(111) — (000)| =2+ 1+1+3=T;
)
(



100 I'masa 3. KoaupoBanue cocTossHHiT aBTOMAaTa

Tabmuna 3.13. Kapra Kapso (3)
| _Joofo1]11]1o0)|
1 2
1] 5| 4

Crpoum HOByI0 MaTpuity M "

/ 3 2
M = ’ i 3 ’ v =3.
3 2

Cl= {01} ¢l = {11}
D} = C3UC = {(011), (111)} # 0
Woir = [(011) — (001)] 4 |(011) — (101)] = 1 + 2 = 3;
Wipr = [(111) — (001)| + |(111) — (101)| =2+ 1 = 3.
Beibupaem K3 = (011) (cm. Tabim. 3.14).

Ta6muua 3.14. Kapra Kapuo (4)
| JJooJo1]11]10]
11213
11 5| 4

B zaksrouenun OII€HUM Ka4deCTBO KOIUPOBaHMA:

k=W/p=(1+14+2+1+24+1+1+1)/8=10/8=1,25.



I'1aBa 4

Cunres
MUKPOITPOrPaMMHBIX
aBTOMATOB

4.1. CrpykTypa AUCKPETHOIO YCTPOIi-
CTBa

ITycrs MCKpeTHOE YCTPONCTBO BBIIOJHSIET KoMandb: (onepayu)
u3 Habopa K = {k1,ka,...,ks} HaJ omepanmaMu U3 MHOXKeCTBa
D ¢ 1espio 1osIyYeHnsl Pe3yIbTaToB, OTHOCIIIUXCA K MHOXKECTBY
R. Tlpu 9T0M B KazKJblil MOMEHT BDEMEHU YCTPONUCTBO BBIIOJIHSIET
TOJIBKO OJIHY KOMaH/Ly, KOTOPasl, KaK [IPABUJIO, 3aHIUMAET HECKOJIb-
KO TAKTOB MAIIUHHOI'O BPEMEHU.

Cnenyst B.M. I'itymkoBy, JucKpeTHoe ycTpoitcTBO OyieM mpe/i-
CTaBJIATH B BUJE JABYX 9acTell WU HOICUCTEeM:

1) onepayuonrnoe yecmpoticmeo (OY ) win oneparyoHHbIil
ABTOMAT;

2) yempoticmeo ynpasaerus (Y'Y ) win yupasisionuil as-
TOMAT.

3aMernM, 94To Ha IPAKTUKE 9aCTO UCIIOJIb3YeTC s MHOIOCTY IIEH-

101
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YaTOe IIPECTABICHAE JUCKPETHOl CHCTeMBL. TaK, 1Py IPOEKTHPO-
BAHUM IIPOIeCcopa, apudmerndeckoe yerpoiictso (AY) paccmat-
pHBaeTCsl KaK 9acTh OllepalmoHHoro yerpoficrsa. Ho BayTpu AY
eCThb CBOIl aBTOMAT YIIPABJIEHHUs], & K OIEPAIMOHHON yacTn AY or-
HOCAT €ro PEruCTPbl, CyMMATOPBI U T. II.

PaccMoTpuM CTPYKTYpY JAUCKPETHOrO ycTpoiicta 6ojee Io-
npobuo (cm. puc. 4.1).

o] et

K

Puc. 4.1. CrpykTypa AUCKPETHOrO yCTPOHCTBA

OV upuHMMaeT U3 BHEIIHEH Cpejbl, XpaHUT U Ipeobpasyer
BHEIHVE JIaHHBbIe U3 MHOXKeCTBa D (BXOJHBIE CJIOBA); BBIJAET BO
BHEIITHIO CPEJly PEe3YJIbTATHI IIPeodpa30BaHuUil, TPUHAIIEXKAIIAE
MHOXKecTBY R (BbIXOzHBIE CJIoBa); mepegaer B YV oceedomu-
meavnwvle cuenaawvt ; € X = {x1,...,xr}. OcBegomuresnbube
CUTHAJIBI TIPEJICTABIIAIOT COOOI 3HAYEHUS A02UHECKUT YCA0BU.
Camu Jiornyeckue ycJjioBUsl Takzke OyiaemM 0003Ha4YaTh CUMBOJIAMEI
MHOYXKECTBa X .

OrnpesiesiuM  MUKPOONEPAUUIO KAK IJIEMEHTAPHBINA IIPOIECC
nepepaborku naopmanuuu B OV, IPOUCXOISIIII 38 BpeMs O
HOro TakTa. [ljIs BBITOHEHNsS KOHKPETHOI MHUKpooeparuun ¥ Y
JIOJIZKHO BBIPAbOTATh Ynpasasouwul cueHaa (cusHaa Muk-
poonepavuu) y; € {y1,...,ynt = Y. Mukpoonepanuto 6y-
eM 0DO3HAYATh TEM K€ CHMBOJIOM MHOXKeCTBa Y, YTO W CO-
OTBETCTBYIONMI curHaJ. Kciaum ke B yCTPOICTBE OIHOBPEMEH-
HO PEAN3yeTcs HECKOJIBKO MUKDOOIEPAIHH Yy, , . . ., Yt , TO STOT
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HabOp HA30BEM MUKPOKOMAHOOT, KOTOPYIO OymeM 0003HAYATDH
Y: ={yt,,- -, Yty }. lIpn U = 1 MUKPOKOMAHIa COCTOUT U3 OFHOI
MUKpooIepaiui. Bo3aMoykeH u ciiydail HyJIs — 9TO 03HAYAET, YTO
3a JAHHBI TaKT BpeMeHH Y Y He BLIIAET HUKAKHX MHKDPOKOMAH]
(n BBIIAET MUKPOKOMAHJLY <IIay3as ).

YV 3a/iaeT HOPsIOK BBIIOJIHEHNs] MUKPOOIEpaInii (MUKPOKO-
manrg) B OY 0pu moMony ynpaBJsOIUX CATHAJIOB y; € Y =
{y1,...,yn}. TocienoBaTesbHOCTL YIPABISIIOMAX CUTHAJIOB (&
3HAYUT U HOPSJIOK CJICJIOBAHUS MUKDOOIEDAIHA) OIPEeIesaeTcs
romauo# k € K, mocrynatomeit B YY uU3BHE, U OCBEIOMUTE/b-
HBIMH CUTHAJIAMHU U3 MHOXKeCTBa X .

Takum obpazom, OV cayorcum 0as TpareHus ur@OpMayuU,
BHINOAHEHUA MUKPOONEPAUUTL U BBIUUCAEHUA LORUMECKUL YCAOBUL.
3adava YV — evipabomra pacnpedesennoti 60 epemenu nocaedosa-
MEALHOCTNU YNPASAAOWUTL CULHAA0E, M0 603delicmeuem Komo-
poiz 6 OV ocyw,ecmseasomes MuKpoonepayul.

Ornucanue komauipl k € K B TepMUHAX MUKDPOOIIEPAITUIT U JIO-
TUYECKUX YCJIOBHH Oy/IeM HAa3bIBATH MUKpOnpozpammot. Torma
MOXKHO CKa3aTh, 4T0 YV obecneuusaem mpebyemuiti nopadox cie-
0068aHUA MUKPOONEPAUUT, HA OCHOBE 3A0AHHBIT MUKPONDOLPAMM.

Bamerum, 4To ¢ o3unuu Teopun aroMaroB u OV, u YV MoxK-
HO PacCMATPUBATh KAK HEKOTOPDIE ITOC/IEI0BATEIbHBIE ABTOMATHI.
OcHOBHOE WX pa3judne — B KOJUYECTBE BHYTPEHHUX COCTOSTHUI
(102 — 103 B8 YV u 10'° — 10! 5 OV). Kosuuecrsennas pasnu-
a4 BJICEYET KAYECTBEHHO PA3JIMYHBIN IOAXOJ] K PEIIeHUIO 3a0a9h
CHHTE3a JAHHBIX aBTOMATOB.

SBajady cuHTe3a ONEePAIOHHBIX YCTPONHCTB OCTABUM 33 DaM-
KaMH HaIlero PacCMOTPeHMsl. 3aMHTEPECOBAHHbBIN YUTATEb MO-
JKeT 00paTUThCs, HaupuMep, K [5]. Mbl ocraHOBUMCS HA CHHTE3€e
YCTPOMCTB yIpaBJeHU:A. JTa 337a4a IIPEICTABIISIET HAMOOJIBIITYIO
CJIOZKHOCTB IIPU IIPOCKTUPOBAHUU JUCKPETHON CUCTEMBI, B 9aCT-
HOCTH M3-3& TOI'O, YTO YCTPONCTBO YIIPaBJICHUA HE IOBTOPAETCH
IIpU IIepexone OT OLHOI CUCTEMBI K JAPYIOi.

Urak, YY OymeM OTOXIECTBJISITH C IOCJIEIOBATEIHHBIM aB-
TOMATOM, KOTOPBIN pean3yeT MHUKPOIPOTpPaMMy pPabOTHI TUC-
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KperHoro ycrpoiictsal. Takoil aBToMAT Ha3LIBAETCS MUKPONPO-
epammubim. s 3ammcu caMux MUKPOIPOrpaMM  YI0OHO HC-
0JIb30BaTh s13bIK rpad-cxem anropurmos (I'CA). Mcexosst u3 BbI-
IIeCKa3aHHoOro, cunmesd Y Y pa3buBaercd Ha TPU dTAIa:

1. TTonyaenne 'CA MUKpPOIPOrpamMMbL.

2. Tlocrpoenne rpada (Wiu cuucKa IE€PEXOI0B) MHUKDOIPO-
IPAMMHOTO aBTOMATA.

3. IloctpoeHne Jjormdeckoil cxeMbl (CTPYKTYDHBIN CHHTE3)
MUKPOIIPOIPAMMHOIO aBTOMATA.

B zakmrouennn naparpada ocraHoBuMCH Ha TPEOOBAHUAX, KO-
TOpBIE HAJIATAIOTCS Ha HAOOP MUKPOOIIEPAITUI 1 JIOTUIECKUX YCIIO-
suit W = {y1,...,yn,21,...,21}. Kax u B ciydae anemeHTHOrO
6a3uca, 3T0 OJHOTA U 3PDDEKTUBHOCTD.

1. Habop mukpoomnepanuii u jorudeckux ycjaosuii W HasbiBa-
eTCS TOAHBLM, €CITH U3 €r0 JIEMEHTOB MOXKHO COCTABUTH MUKPO-
porpaMmy Jjist JioHoit orepanun k U3 CUCTeMbI KOMAH/T JTUCKPET-
HOI'0 yCTPOHCTBA.

2. 9ggdexmusrocmsb TOHIMAETCS B TOM CMBICJIE, YTO HAOOD
W MUHUMH3HDYET BpeMsl BBIIIOJTHEHST OIIEPAIIHIA IPU CODJTIOICHIT
OorpaHuveHuii Ha 06OPYIOBAHUE U T. II.

Kak 3T 3agaun pemieHn?

1. Cy1ecTByoT HEOOXOAMMBIE U JOCTATOYHBIE YCIOBUSI TIOJTHO-
b1 Habopa W [2].

2. st onenku 3¢ heKTUBHOCTH BBeAeM CJIeyrolnne 0b03Ha-
genus. Ilycts kq,...,ks — 3amannbii HabOp KOMAHI; Pi, ..., DS
— BepogTHOCTH Hcnosb3oBanus kKomang; C(W) — uena obopyuo-
BaHWs, peanusyiomiero Habop W. OueBumHo, 91O 7151 JIIOHOH KO-
MaHJIBI k; MOYKHO IIOCTPOUTH MUKPOIporpammy M;, ONTHMAIbHY O
B CMBICJIe MUHUMYMa CPEJIHEr0 BpeMeHU ee BbinosiHeHust t;(W).
CiieioBaTeIbHO, CpeJIHee BPeMsl BBIIIOJTHEHUST KOMAH/IbI:

S
() = pits(W). (1)

LCrporo rosops, YV peanusyer Habop Mukpomporpamm. Ho odeBumso,
9TO JOCTATOYHO PACCMOTPETH AJITOPUTM CHUHTE3a JIJISI CJIydasi OJHON MUKPO-
[IPOTPAMMBIL.
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ObIcTpOoeiicTBHE:

V(W) = 1/T(W), (4.2)

[IeHa eIUHUIIBI OBICTPOAECHCTBHS:
(W) =CW)/V(W) =C(W)T(W). (4.3)

Ha6op W agperusen, ecim on muranmmsupyer g(W). Iouck ra-
Koro Habopa — 3aJlada BecbMa mpydoemkasd. Kax mpaBujio, Ha
IPaKTHKe HAOOp MUKPOONEpPAIii M JOTUYCCKUX YCJIOBUil BLIOU-
PaeTcs 26PUCTUNECKU.

4.2. T'CA mukponporpaMmbl

[Ipenmonoxum, aro B oneparopubix BepmmHax ['CA zamucanb
MHUKPOKOMAHbI WIH ONepamopwvt Yi,..., Y, Pa3INIaioNirnecs
XOTsl OBbI HOMepaMu. Toraa BepUITHbI MOYKHO OTOKIECTBUTD C 3a-
MUCAHHBIME B HUX MHUKPOKOMaHjaMu-orneparopaMu. HadajabHoi
BepIIIHE TOCTABUM B COOTBETCTBHUE OMEPATOpP Y), & KOHEYHON —
Y71, B aToM cityyae myTh U3 BEpIINHBI ¢ B BEPINUHY j MOXKHO
3aIUCATH B BUJIE:

Y;'p'h < Piy-- 'piR)/j7 (44)
IIPOXOIAIINN TOJBKO Yepe3 YCJIOBHBIE BEPINUHBL Dy, . .. Pi,. Kax-
JIOMY TaKOMY IIYTH COOTBETCTBYET KOHBLIOHKITHS:

A €iyq €ip €ig

ij =xot xR (4.5)
rae x;, € X — Jormieckoe ycjaoBHe, 3allICAHHOE B yCJIOBHOH Bep-
mmee p; ;5 e;, € {0,1} — cuMBOJI, NIPUINCAHHBINA BBIXOJY YCJIOB-
HOW BEPIIMHBI ;. , 9€pe3 KOTOPLIA IPOXOAUT PACCMaTPUBACMBbIN
el 0 _ =

yTh; T; = Z; U T; = T;. Ecim mexuy sepmmuamn Y;,Y; ectnb
HECKOJIBKO IIyTell, IPOXOISINNX Yepe3 pa3Hble YCJIOBHBIE BEPIIU-
HBI, TO (¢j; PABHO JIUZBIOHKIIUE KOHBLIOHKIIUI, COOTBETCTBYIOIIUX
BCEM IIyTdAM OT BEPIIUHBI ¢ K BepIINHE j:

Q5 = \/ O[Zhj, (46)
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riue a?j — KOH'BIOHKITHSI, COOTBETCTBYIOIIAas h-TOMY MIyTH U3 Y; B

Y;.

Qynknua «;; HaseiBaeTca Pynryueli neperoda OT BEpIIH-
HBEI ¢ K BepIIMHE j WX Om onepamopa Y; ¥ onepamopy Y.
Ouesnmno, 910 o, = 0 (Tak Kax x;,T;, = 0), 9T0 yciaoBue Ho-
CUT Ha3BaHHUE YCAOBUE OPIMO20HAADHOCTNU. TaKKe HECTIOKHO

T+1
MOKA3aTh, UTO BHINOJIHSIETCS YCAOBUE NOAHOMDBL: \/ j:+1 a;; =1
(rak kak x; VT;, = 1). [TosHOE OPTOrOHAIBLHOE MHOKECTBO DyHK-

U HA3BIBAETCS HOPMAABHBIM MHOKECTBOM.

BceeBosMmokHbIE HAOOPHI 3HAYEHUIl JBOMYHBIX TEPEMEHHBIX
xq,...,xy obosmaumm uepes Aq,. .., Ag, rue © = 2L, Oupenemrum
npouecc svinoarernus I'C A, HaunHast ¢ HEKOTOPOT'O OLIEPATOPA,
Yy, Ha TPOU3BOILHOM, BO3MOYXKHO OECKOHETHOM, ITOCIE0BATETHHO-

et HAb0POB Ay .oy Ay s .

LLar 0: BeimuckiBaeM orepaTop Yp.

Llar 1: mepeMeHHBIM Z1,...,T  3aJaeM 3HaYeHUs U3 HaOO-
pa A,,,. B muoxecrse dbynkmit mepexona o1, ..., or4+1 BHION-

paeM (GYHKIWIO, MPUHUMAIONIYIO 3HaUYeHne «l» Ha 3ToM Habope:
api; (Am,) = 1. B crpoky psimom ¢ Y, sanuceiBaem Y;, :

YoV, .

LLlar 2: Ha cemytoreM 1mare mpugaeM MePEMEHHBIM X1, . . . , L[,
3HadeHudA u3 Habopa A,,,. AHAJIOTUYIHO IPEIBIAYINEMY LIAry, U3
MHOKeCTBa (DYHKIUN IIePeX0Na v, 1, - - - , O, T+1 BbIOMpaeM QyHK-
IO (4, (A, ) = 1 1 3anmcbiBaem:

YoYi,Yi,.

[Ipu mepexojie K Y41 alropuT™M 3aKaHINBAETCS.

3amernM, YTO BO BpeMsl BBINOJHEHHs! oneparopa Y: (t =
1,...,T 4+ 1) MOryT U3MEHAThLCs 3ABUCSIIUE OT HErO JIOTHIECKHIE
yCJIOBHs, KOTOPbIe 00Pa3yioT MOAMHOXKeCTBO B;. B srom ciyqae
TOBOPSIT, 9TO 33/IaHO0 pacnpedeseHue c08u208, sBIISIONEecs J0-
MTOJTHATEIbHON mH(pOpMaIyeil 0 Jornke paboThl YCTPOMCTBA.

[TocreoBaTebHOCTD HAOOPOB 3HAYEHUHN JIOTUIECKUX YCIIOBUI
Amyse o5 Amy,, - - Ha3BIBaeTC donycmumot das I'CA nipu 3a-
JAHHOM PACIpPeeTeHIN CIBUTOB, eCIH A,  , coBHagaeT ¢ A,
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WA OTJIMYAeTCs OT HEero 3HAUEeHUSAMN IIePEMEHHBIX M3 MHOKe-
CTBa CJIBUIOB B;_ , TO €CThb «BHENIHUX» U3MEHEHWi NepeMeHHbIe
Z1,...,T] HE UCIBITHIBAIOT.

IIpumep 4.1. Paccmorpum rpad-cxemy ajiropuTMa, IIpeji-
CTaBJICHHYIO Ha pUCyHKe 4.2.

Cxema umeer 16 ycimoBHbIX u 11 oneparopHbIX BepriuH. X =
{z1,...,28}, Y ={y1,...,¥9}, TO €CTb COOTBETCTBYIONIHUII TTOCTIE-
JIOBATEJIbHBI aBTOMAT JOJPKEH UMETh 8 BXOIHBIX KAHAJOB U 9
BBIXOJIHBIX. DTO O3HAYAET, UYTO 048 KasHcd020 A02UMECK020 YCAOBUSM
uMeemcs ¢80l 8LOOHOU KaAHAN, G OAA KAHCOOT MUKPOONEPAUUY, —
€801 8HITOOHOT KAHAA.

B obmmem cioyvae, ecim 9mcao Mukpooreparnit pasao N, TO
KasKJIOMY OIepaTopy Yy = {Yt,,. .., Yt } OTBEIAET BEKTOD BBIXO-
108 (Y1,...,YN) C HEHYJIEBBIMU KOMIIOHEHTAMH, BXOJAIAMA B Y;.
B wacrHOCTH, BXOTHOMY OmepaTopy Y(; OTBeYaeT HYJIEBOIl BEKTOD.
ByneM roBopuTh, 9TO npu 6uinosnenul Yy 6uirodnvle cueHaAbl He
66L0a10Mmes, a NPU BHNOAHEHUL IPpY2uT onepamopos Yy eudaomcs
CULHANADL Yty s - - - Yty -

OyHKIHUS (g1 = T1 TPUHUMAET 3HAYEHUE PABHOE eIMHUIIE TTPH
21 = 1 — 5T0 KOH'BIOHKITUST COAEPIKIMOr0O BCEX YCJIOBHBIX BEPITUH
Ha Iy T oT Yy 710 Y7. Jlasee, ago = T126T2, pq = T12X6T2VT1T6L4,
Qo9 = T1T6T4T7, Qog = T1TeT4T7, & Qo3 = Qo5 = Qg = Qo7 = 0,
TO €CThb COOTBETCTBYIOINIUX IIyTeil HET, U T.II.

Ob6parum BHUMAaHME Ha J[BA CJIYYAs:

1. 3a Y5 cpasy ciemyer Y7, TOraa, 04€BHIHO, (5 19 = 1, HO 3TO
PaBEHCTBO IOJIYYAeTCsl U (POPMAJIBHO, KAK KOHBIOHKIIUSI IIyTCOIO
MHOXKECTBA JIOTUYECKHUX IIePEMEHHbIX.

2. YciioBHas BEpIUHA, OJIMH U3 BBIXOJOB KOTOPOIl COEMHEH C
ee BXOZIOM (KakK B CJIyuae BEPIIVHBI T3, UILYIIEil mocse oneparopa
Y10), HasbiBaerca 6038pammoti. B ueM CMBICJ BO3BPATHON Bep-
muHabl! BepmmHaa Kak-ObI «XKIeT» MPUXoHa Tz = 1 W HA3hIBAETCA
enne orcoyw,eti BEPIITMHOM.

IIyte or Y19 Kk Y11 — 9TO 0OBEIUHEHUE ABYX MyTeil: (r1p.11 =
0‘%0.11 \ 04%0.11 = T3x4 V T3r324 = x3x4. OOpaTHM BHUMAHZE HA
TO, 9TO OmepaTop Y11 cpaboTaeT TOJIHKO TOTIA, Korma 3 = 1.
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KoHeL|

Ye

Puc. 4.2. IIpumep I'CA
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4.3. CuHTe3 MUKPONpPOrpaMMHOIO aBTO-
marTa Mwnian o I'CA

ITycry mana 'CA mukpomnporpammbl. Kak mocrpouts rpad MHK-
pomnporpamMmHOro apromara Musu, orBedarormuit JaHHON Trpad-
cxeMe? Pemenne aToit 3a1a4un pa3odbeM Ha IBe JaCTH:

1. TTonyuaenne ormeduennoit 'CA.

2. IlocTpoenne rpada MUKPOIIPOrPAMMHOIO aBToMaTa Mun.

ITocmpoerue ommevennoti 'CA npu cunmese muxpo-
npozpammHozo asmomama Muau 3aKTI0O9a€TCI B TOM, UTO
BXO/IBI BEPIINH, CJIEIYIOMNX 38 OMEPATOPHBIMY, OTMEIAIOTCS CHM-
BOJIAMH A1, G2, . . . 10 TIPABUIAM:

1) cuMBOJIOM a1 OTMEYaEeTCs BXOJ| [IEPBOl BEPIIUHBI, CJIE/LyTO-
el 3a Ha4YaJIbHOM, a TaKzKe BXOJ, KOHEYHOU BEepIINUHDL;

2) BXOJIbI BEPIINH, CJIEJIYIONIIX 38 OIEPATOPHBIMU BEPIINHAMH,
OTMEUYAIOTCS CUMBOJIAMU (3, A3, - - -

3) BXOZBI JIByX Pa3/JUYHBIX BEPIIMH, 33 UCKJIOYEHUEM KOHEY-
HOIi, He MOTYT OBITH OTMEYEHbI OJUHAKOBBIMU CHMBOJIAMU;

4) BXOJ BEPIIMHBI MOXKET OTMEYATHCS TOJBKO OJHUM CHMBO-
JIOM.

ITpumep 4.2. I'CA, ormedeHHast 10 9TUM TPABUJIAM, IPE/I-
cTaBJIeHa Ha pucyHke 4.3.

OdeBUIHO, YTO MOIIHOCTH MHOXKECTBA METOK {ai,as,...} <
oo. Ilycre umeercs M merok: {aq,...,ap }, L sorugeckux ycso-
Buil {x1,...,21} u N Mukpokpoonepaiwii {y1,...,Yyn }-

Hocmpoerue epaga murxponpozpammnozo asmomama Muau
nposogurca 1m0 ormedennoit I'CA. Byzem asurarbest oT OgHOM
METKHU Gy, K JIPYroii MeTKe G5 B HAIPABJIEHUUA OPUEHTAI[UU JIyT
I'CA. Eciu Mexk 1y JByMsI METKAMU PACIIOJIOXKEHA OJ[HA OIIepaTOp-
Hast BepuuHa Y (G, as), TO TAKHE METKU ABJISIOTCH COCEOHUMU
(BO3MOKEH M CJIydail OTCYTCTBUSI OIIEPATOPHON BEPIINHBI, HO TO-
rJa MeTKa G JOJIKHA COBIAJATH C a1). [IyTh MeXIy COCeIHUMU
merkamu Ha ['CA HaswiBaeTcss nymem nepexoda. Kaxomy my-
TH TI€PeXo/ia MOXKHO TIOCTABUTH B COOTBETCTBUE KOHBHIOHKITUIO

X(am,as) = xml A LA xfﬁ'}f, (4.7)
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a

Y

| KOHeL, I

Puc. 4.3. Ormeuennas 'CA npu cuHTE3€ MUKPOIPOTPAMMHOIO aBTO-
maTa Mumu
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KOTOpass 6Gepercda IO BCEM JIOTUYECKUM YCJIOBUSM, BXOIAIIAM
B paccMmarpuBaeMblii mepexox (cm. puc. 4.4). Hamomuuwm, [ro
em, € {0,1} —9T0 CUMBOJI, IPUNMCAHHBII TOMY BBIXOJLY YCJIOBHOIL

BEPIINHBI, KOTOPHIA MPUHA/JIE?KUT PACCMaTPUBAEMOMY IIEPEXO/LY,

) 0 _ =,
Lo, = T U Ty = T

am
MyTb
Yepes
yCNoBHblE
BEpLUMHbI

X(am,as)

Puc. 4.4. CxemarnyHoe nzobparkeHne MyTH MEePexoia

ITosrywaem, 9T0 KazK/Iblil MIyTh IIEPEX0/Ia MOYKHO ITPEJICTABATD
B BUJIE:

amX(a'rmas)Y(a'rmas)as; (48)

LHE G, as € {a1,...,ay} win
amX (am,a1)as, (4.9)
e am € {ag, ..., ap}. Kpome roro, B myrn suja (4.8) pomycrum

caydait R = 0 (0TCyTCTBHE JIOTHIECKOTO YCIOBHS):
amY (am, as)as. (4.10)

Ecin Mexnmy a,, U as; CyllecTByeT HECKOJLKO IIyTeil Iepexona,
MIPOXOAANINX 9€Pe3 OHY U Ty K€ OIEPATOPHYIO BepHINHY, OyIeMm
cautarh, 910 X (A, as) = \/hH=1 Xn(am,as).

Aanzopumm nocmpoenus 2pada MUKPONPOPaMMHO20
aemomama Muau S COCTOUT U3 CJIEYIONIUX [IATOB:

1. B kauecTBe COCTOSIHMiI aBTOMAaTa BLIOpaTh METKH
{a1,...,ap}, a1 — HAYAJIBHOE COCTOSIHUE.

2. Haiitu Bce myTu mepexoma Ha ormedennoit ['CA.
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X1

YoYaYays

Puc. 4.5. I'pad mukponporpamMmmuoro aBromara Mmim

2.1. Ecitm HEKOTODPBIN MyTh COJAEPIKUT HECKOJIHBKO CHMBOJIOB
ZTET, TO B3ATb TOJIBKO OIUH CHMBOJI.

2.2. Ecin HEKOTODBI IIyTh COMEPKUT KAK Ty, TAK U Ty, TO
9TOT IIyTh HE PacCMATPUBATD.

3. Kaxmomy nyru nepexofa ap,X (Gm, as)Y (am, as)as mocra-
BUTbL B COOTBETCTBHE IIePexojl aBToMaTa S U3 COCTOSHUS (G, B
COCTOsIHUE a5 TOJ JieHcTBUEM BXOJHOIO curHasa X (am,as) ¢ Bbl-
Jadeil BBIXOMHOrO curHaia Y (ty,, as).

4. Kaxjomy 1yt nepexoua .Y (am, as)as IOCTaBUTh B CO-
OTBETCTBHE IIEPEXOJ, aBTOMAaTa S U3 COCTOSHHA @,, B COCTOS-
HUE Qg O] JeHCTBUEM BXOJIHOIO CHI'HAJa «1» (KOHDIOHKIUS ILy-
CTOI'O MHOZKeCTBa IIepel\/IeHHbIX) C Bblﬂaqef/’l BbIXO/IHOI'O CHUI'HaJIa
Y(am,as).

5. Kaxgomy 1yt nepexona ap, X (am,, a1)a1 IOCTaBUTL B CO-
OTBETCTBHE TIEPEX0JT aBTOMATa, S U3 COCTOAHUSA @y, B COCTOSTHUE (]
oz, geficreueM BxogHoro curtana X (am,,a;) ¢ BblIadell BbIXOJ-
HOTO cUrHaJa Yo miam «—» (IycToit omepaTop).

IIpumep 4.3. I'pacd Murpomporpammuoro asromara Mun,
nocrpoennbiii 10 ormevennoii [CA (puc. 4.3), npencrasien Ha
pucynke 4.5.



4.3. Cunres MmukponporpaMmmuoro asromara Mwuan no 'CA 113

3ameuanne 4.1. CocTosiHUS MUKPOIPOIrPAMMHOTO aBTOMATA,
3a/1aHbl B aOCTPAKTHOM ajidaBuTe, TOr/Ia KaK BXOHBIE U BBIXOJ-
HBIE CUTHAJIBI ONIPE/IeIeHbl B CTpyKTYpHOM asdasute {0, 1}. IIpu
9TOM BXOJ[HBIE KAaHAJBI aBTOMATa — 3TO MHOXKECTBO JIOTHIECKUX
yeaoBuit {21, ..., 21}, BIXOJHbIE KAHAJIBI — 3TO MHOYKECTBO MUK-
poorteparit {y1, ..., yn}-

3ameuanue 4.2. Kak npasuio, pabota MUKPOIPOTPAMMHOTO
aBTOMATa TAKTUPYETCS CUTHAJIAMU OT TeHepaTopa CHHXPOMMITYJIb-
ca — B 9TOM CJIydae pelnieHa mpodjieMa roHOK.

3ameuanmue 4.3. /15 3anycka MEKPOIPOrPAMMHOTO aBTOMA~
Ta UCIOJIB3YETCS €Ille OIWH CIeNUaIbHBIA CUTHAJI B, KOTOpPBIit 0T-
HOCHUTCA K I'PYIIIIEe BXOJBIX CUTHAJIOB U UMEET JJIUTEIbHOCTD, PaB-
HYIO TaKTy. DTOT 3aNYCcKaowuli CATHAJ HEOOXOIUM, YTOOBI HC-
KJIFOUYATh BO3MOXKHOCTB IIOSIBJIEHUSI BBIXOJHBIX CUI'HAJIOB, B MO-
MEHTBI, KOIJ/[a AaBTOMAT HAXOJUTCS B COCTOSIHUM (1 W HE paboTaer.
[Ipu B = 0 aBTOMAT COXPAHSITE HAYAJIHHOE COCTOSTHAE (] U BBIXOJI-
Hble CHUTHAJBI OTCyTCTBYIOT. [Ipn B = 1 renepupyercss BBIXOIHOIM
CUT'HAJI M aBTOMAT IIEPEXOUT B HOBOE COCTOSIHUE.

Beenenne curaana B B 3aKOH (DYHKIMOHMPOBAHUS aBTOMATA,
COOTBETCTBYET BKJIIOYEHHIO XK IyIeil yesioBHOi Bepiuabl B 8 'CA
Mukponporpammbl (eMm. puc. 4.6). Ha rpade aBromara gyram, uc-

| Ha4yano I

Puc. 4.6. obasnenne 3amyckaromero curiana B B ['CA mukpomnpo-
rpaMMBbI

XOJSAIMM W3 (1, JOIOJHUTENHHO IPHUIINCHIBAETCS 3AILYCKAIOIHIT
curnas B (cMm. puc. 4.7).
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Puc. 4.7. Jobasnenne 3amyckaroiero curaajia B Ha rpade aBromara

3amevanue 4.4. Heobxoanmo yInThIBaThH, 9TO aBTOMaT Mu-
JII MHTEIpeTHpPyeT MUKPOIPOIPaMMy KOPPEKTHO TOJLKO B TOM
ciIydae, KOTJa JJisl BCeX IyTeil Iepexoja BBIIOJIHSETCS yCIOBUE
HE3aBUCUMOCTH JIOTUIECKUX YCJIOBUH Ty OT PE3YJILTATOB BBITIOJI-
HEeHUsI MUKPOOIIepauuii y3.

YenoBue HE3ABUCHMOCTH HAPYIIIAETCS, €CITH CYIIECTBYET (hyHK-
[IMOHAJIbHAS 3aBUCHMOCTB Zo, = f(y3). B aTOM cityuae BbInONHE-
HI€ MIKPOOIIEPAIIUN Y3 MOXKeT IPUBECTH K U3MEHEHUIO 3HAYCHUS
yCJIOBHS To. B CBOIO 0OYepesb, aBTOMAT, pearupysl Ha HOBBI Ha-
60D BXOJHBIX CUTHAJIOB, MOXKET BBLIATH OTBET (HAOOD BBIXOJHBIX
CHI'HAJIOB), HE IIPEeJLyCMOTPEHHbI MuKpornporpammoii. ITosromy
HEOOXOIMMO TIIATEILHO PACCMOTPETH BCE IIYTH IIEPEXOJA U BbI-
SIBUTh BXOJIHBIE CUTHAJIBI, 3aBUCAIIME OT MUKpoornepamwmii. Jlasee,
CTPYKTYPHBIMH CPEJICTBAMU MCKJIIOUUTEL BJIUSHUE 3TUX CUTHAJIOB
Ha TPOIECC BBINOJHEHUA MUKpoorepanyid. ns stux nemeit we-
MOJIB3YIOTCS CJIEAYIOIINE CIIOCOOBI:

1. BamoMunanwe 3HAYEHWI BXOJHBIX CUTHAJIOB HA OJWH TAKT.
BanmoMuHAHEE TPOBOJUTCS ¢ TOMOMNIBIO TPATTEPOB, KOTOPBIE TIEpe-
KJTFOUAIOTCST HA KPUTUIECKHUE 3HAYEHUsI BXOJHBIX CUI'HAJIOB B KOH-
Ile TaKTa, OJJHOBPEMEHHO C MEPEXOJOM aBTOMAaTa B HOBOE COCTOsI-
HHeE.

2. Besenue B aBTOMAT JONOJHUTEILHBLIX cocTosHUi. IlycTh
To = f(Ya,ys)- Kax Bugno uz pucynka 4.8, JIOMOJHATEILHBIE CO-
CTOSTHUSI HCKJTIOYAIOT BO3MOKHOCTD MEPEKTIOYEHNs CATHAJIOB Y, W
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Yp IIPU U3MECHCHUU SHAYCHUA Ty .

Puc. 4.8. Criocob BBeeHUs JTOMOIHATEIBHBIX COCTOSTHUM

3. Hakomner, camoe pajiukajabHOE CPEICTBO — CHHTE3 MUKPOIIPO-
rpaMMHOro aBroMara 1o cxeme Mypa. B saTom cirydae BbIxosHbBIE
CUTHAJIBI 3aBUCAT TOJIBKO OT COCTOSTHUS aBTOMATA.

4.4. CuHTE3 MUKPOIIPOTPAMMHOI'O aBTO-
mata Mypa o I'CA

[Iycrs, kak u upexe, mana 'CA mukporporpavmsr. Tloctpoe-
HHEe MUKPOIIPOrPaMMHOr0 aBromMaTa Mypa, 0TBEJaloIero TanHoii
rpad-cxeMe, KaK U B CjIydae Mojesn Mujam cocTOUT U3 JABYX 9Ta-
IOB:

1. TTonyuenune ormeuennoit 'CA.

2. TlocTpoenme rpada MUKpPOIIPOrpaMMHOro aBromara Mypa.

ITocmpoenue ommeuernnotli I'CA npu cunmese muxpo-
npozpammmrozo asmomama Mypa cOCTOUT B TOM, UTO HAYAb-
Hasl, KOHEYHasl ¥ OllePaTOPHbIE BEPIIUHBI OTMEYAIOTCsT CHMBOJIAMHU
a1,0asz, . .. IO IPABUJIAM:

1) cumBoOJIOM @1 OTMEYaeTCsl HAYa/IbHASL U KOHEUHAs! BEPIIUHBI
aBTOMATAa;

2) KaXKJ1as1 OIEPATOPHAsI BEPIIMHA OTMEYAETCs €JMHCTBEHHBIM
CHUMBOJIOM @;, TO €CTh PA3JIMYHBIE OIEPATOPHBIE BEPIIMHBI OTMe-
9ar0TCs PA3JIMIHBIMYU CUMBOJIAMY;

3) Bce onepaTopHble BEPINUHDI JOJZKHBI ObITH OTMEYEHDI.



116 I'maBa 4. CuHTE3 MHUKPOIPOrPAMMHBIX aBTOMATOB

Bamernm, 9To mpu cuHTE3e aBroMara Mypa, B OTJIHYNe OT aB-
TomaTa Musm, oTMeIaroTcs He BXO/IbI BEPIINH, CJIE/LYIONIIE 32 Olle-
PATOPHBIMHU, & CAME OIIEPATOPHBIE BEPIIUHBI. UHCJIO TAKUX METOK
Ha eJIMHUILy OOJIbIle YHUCIa onepaTopHbix BeprmH B ['CA.

Anzopumm nocmpoerus epaga MUKPONPO2PAMMHO20
asmomama Mypa S:

1. B xkagecTtBe cocTogHHUiT aBTOMaTa BBIOPATH METKHU
{a1,...,apm}, a1 — HAYAIBHOE COCTOSIHUE.

2. Haiitu Bce myTu nepexosa Ha ormedennoit ['CA. Ormerum,
9TO IpHU CHHTe3e aBToMara Mypa myTh mepexojia uMeeT BUIL:

AT AL A xf&ﬁ as = amX (A, as)as. (4.11)

3. Kaxomy nyTu nepexoia @, X (G, as)as HOCTABUTb B CO-
OTBETCTBUE MIEPEXO/T ABTOMATA S U3 COCTOSTHUS Uy, B COCTOSIHUE (g
OJT JIeHCTBHEM BXOJHOTO curHania X (am, as). Ecim R = 0 (1oru-
YeCKOoe yCJIOBHE OTCYTCTBYET), TO BXOJHOI CUTHAJ paBeH «1».

4. KaxX/IoMy COCTOSTHUIO MPHUINCATHL BBIXOJHON CHUTHAJ, CO-
OTBETCTBYIOIIUI MUKPOOIEPAINSM, 3AIMCAHHBIM B OIIepaTOPHON
BepIIHHE, KOTOPasi OTMEYEHA CUMBOJIOM 9TOI'O COCTOSIHUSI.

3ameuanune 4.5. [Ipu moctpoernn rpada MEKPOIPOrpaMM-
HOro aBTOoMara Mypa He pacCMATPHUBAIOTCS ITyTH HEPEX0/a BUIA
X (Qmy Gy )Gy, TAK KAK IPU TAKOM II€PEXOJIE HU COCTOSIHUE, HU
BBIXOJIHOI cuUTHAJ He MeHsiforcst (eM. puc. 4.9).

Puc. 4.9. ITyrs nepexona amX (Gm, Gm)am
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a

Ha4arno

X2 Ye as

\ 4 ag

| KOHel |a1

Puc. 4.10. Ormeuennas 'CA npu cunTE3€ MUKPOIPOrPAMMHOIO ABTO-
mata Mypa
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Ocratorcsa B cute 3amedanust 4.1, 4.2, 4.3.

3ameuanue 4.6. B obmem ciaygae aBromar Mypa mmeer
6oJIbITIee YUCI0 COCTOSTHUM, YeM aBToMaT MWMJm, coOOTBETCTBYIO-
muii Toii >xke I'CA. Crnenosarenbno, apromar Muau 6ojee 3KOHO-
MUYEH, U JJIg yCTPOHCTBa yIPaBICHUS MPEAIIOUYTHTEIbHEE CXeMa
Muwuti, KpoMe Tex CIydaeB, KOTOpble OTMEeYeHbl B 3aMedanuu 4.4.

ITpumep 4.4. Ormeuennas ['CA u coorBercrByonmii eit
rpad MEUKpOIporpaMMHOro aBroMmara Mypa mpejcrajgeHsl Ha PH-
cynkax 4.10, 4.11.

Puc. 4.11. I'pad mukponporpammuoro asromara Mypa
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4.5. Crmckm  1IepexoJioB  MHUKPOIIPO-
rpaMMHBIX aBTOMATOB

Ha mpaxTuke MUKpPOIpPOrpaMMHBIE aBTOMATbhI, UCIOJb3yeMble B
YIIPABJIAIOMNAX YCTPONCTBAX, MMEIOT HECKOJIBKO JIECATKOB COCTO-
aunii. B cBs3u ¢ 3TuM rpadbl aBTOMATOB TEPSIIOT CBOIO HATJISII-
HOCTh. BMECTO HUX HUCHOJL3YIOTCS CNUCKU NEePEeT0do8 MUKPO-
NPOZPAMMHBIT A8MOMAMOS6. BUIbl TAKUX CIIUCKOB MJIs MOJIe-
seit Munun u Mypa paccMoTpuM Ha IpUMepax.

OrMmeTnM, 9TO CHHMCKH IEPEXOJ0B MUKPOIIPOIPAMMHBIX aBTO-
MaTOB MOYKHO CTPOUTH HemocpeacTeenno mo 'CA Mukporporpam-
MBI TI0 T€M K€ IMPUHIIUAIIAM, 9TO U rpadbl aBTOMATOB.

IIpumep 4.5. IIpamoti cnucox neperodos MuKponpopammHo-
20 asmomama Muau u3 npuMmepa 4.3 npeacrapiaeH B Tadbsure 4.1.

1 KaxKIoro «MCXOIHOTO COCTOSTHUST» B KOJIOHKE «COCTOSTHIE
mepexoiay MEePEIUC/IAIOTCS BCe COCTOSHUSI, B KOTOPHIE BO3MOXKEH
13 HEro MEePEexO/T.

Tabmuna 4.1. IIpsMoii cnucoK mepexoloB MUKPOIIPOrPAMMHOIO aBTO-
mara Muin

Ncxonuoe | Cocrosiune | Bxouamoit | Boixommoit
COCTOSTHHE | TIEPEeXOma CUTHAJI CHUT'HAJI
a1 az T Y1
asz Z1 Y2Y3YaYs
aso as 1 Y2Y3YaYs
as Gy Z2 Ye
a4 EQ yr
a4 ai Tax3 Y12
as T3 Y8
Qg i) Y9
as ag 1 Yo
ag ay Ty -
as Ty Y10Y11
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ITpumep 4.6. O6pamnuviii cnucok neperodos MuKpoOnpo2paMM-
noz20 asmomama Muasu u3 mpumepa 4.3 mpejcTaBiieH B TabJ/IH-
ne 4.2.

JLy1st KaxKJI0r0 «COCTOSIHUSI ITEPEX0/ia» B KOJIOHKE «HCXOHOE CO-
CTOSTHUE» TIEPEUUCIISAIOTCS BCE COCTOSIHUSI, M3 KOTOPBIX BO3MOXKEH
B HErO IePEXO/I.

Tabsuia 4.2. O6paTHBIi CIIUCOK MEPEXOI0B MUKPOIPOTPAMMHOIO aB-
ToMaTa Mum

Ncxonnoe | Cocrostnue | Bxomgmoit | Boeixomgmoit
COCTOSIHEE | IIepexoJia CUTHAJI CHATHAJI
a4 ay Tox3 Y12
ag T4 -

IIpumep 4.7. [Ipamoti cnucok neperodos Muxponpo2pammHo-
20 asmomama Mypa n3 mpumepa 4.4 npeacrapieH B Tabuie 4.3.

Tabsmma 4.3. Ilpssmoit cimcok mepexoqoB MUKPOIPOTPAMMHOTO aBTO-

mata Mypa
Ucxomnoe | Cocrostnue | Bxomgmoit
COCTOSIHHE | IIepexojia CHUTHAJI
a; (-) az Ty
as T
a9 (yl) as 1

IIpumep 4.8. Obpammuiti cnucox neperodos MUKpOnNpoO2PaMM-
Hnozo aemomama Mypa u3 npumepa 4.4 upencraBjeH B TabJu-
e 4.4.

Orimane TIPsIMOOTO W OOPATHOTO CIIMCKOB TIEPEXOJI0B MUKPO-
nmporpaMMuoro apromara Mypa oT ciaydas cxeMbl Mum 3aKitio-
YaeTCsd B TOM, UTO BBIXOJHOW CHT'HAJI MPUIUCHIBAETCS HEIOCPE/I-
CTBEHHO JIMOO UCXOJHOMY COCTOSIHUIO (IIPSIMOii CUCOK ), Jinbo co-
CTOAHMIO Tiepexosa (0OPATHBIN CIHMCOK).
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Tabsuna 4.4. O6paTHbBIi CIHUCOK MEPEXOI0B MUKPOIPOTPAMMHOIO aB-
TomaTa Mypa
Ucxonnoe | Cocrostaue | Bxommoit

COCTOSHUE | TIepexo/ia CUTHAJT
ar ar () T4
ag 1
ay az (y1) T

VYupaxkueunue 4.1. JlocTpoiiTe 0OpaTHBIN CIIUCOK TTEPEX0I0B
MUKpOIporpaMMHoro apromata Muimm u3 npumepa 4.6.

VYupaxkaeume 4.2. JlocTpoiiTe npsMOil CIHCOK IIEPEXOJIOB
MUKPOIPOrpaMMHOro apromara Mypa u3 mpumepa 4.7.

VYupaxueune 4.3. Jlocrpoiite 0oOpaTHBIi CIIUCOK MIEPEXOIOB
MHUKPOIpPOrpaMMHOTO aBToMaTa Mypa u3 mpumepa 4.8.

VYupakuenmne 4.4. [logemy 1j19 MEKPOIIPOrPaMMHOIO aBTO-
Mata, nmocrpoernoro mo I'CA, Bceryia BBITOJIHEHO YCJIOBUE JeTep-
MUHUPOBAHHOCTHU !

4.6. Cunre3z wmukpomnporpamMmuoro C-
aBTOMATA

PaccmoTpuM  yeTpoiicTBO, MOZEIBIO KoTOporo spisierca C-
apTomart. [loBesenne Takoro ycrpoiictsa omuceisaercss I'CA, BayT-
PH OIIEPATOPHBIX BEPIIUH KOTOPOHl HAPSALY ¢ KOPOTKHMH MHUKPO-
onepanusamMu {yi, ..., YN} MOTYT IPUCYTCTBOBATH JJIMHHBIE MUK-
poomneparu {71, ...,7p}. Torma Kaxkmoil onepaTopHOil BepIuHe
coorBercTByer mapa Mukpokomanin Y;R; (Yi = {vi,,...,Yi, ),
R; = {rj,,....7jw}). IIpu sToM MukporoMamnga Y; BBLIAaETCA HA
HepexoJie aBTOMATa, U3 OJHOTO COCTOAHHSA B JIPYToe, MUKPOKOMAH-
Ja Rj BbIIaeTcst B T€UEHHE BCEIO BPEMEHN HAXOXKIEHHsI aBTOMATa
B COOTBETCTBYIOIIEM COCTOSTHUM.

IIpumep 4.9. Cxemaruano nocrpoenue rpada C-aBromara 1mo
I'CA mukpomnporpammel mpejcraBjieno Ha pucyrke 4.12. ITycrs B
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Puc. 4.12. TTepexon or 'CA x C-aBromary

COCTOAHHUM @1 Ha BXOJ aBTOMaTa Ipumes curaaj rp = 1. Torma
(ecom 3amyckatommii curnan B = 1) aBroMar mepeisieT B cocTost-
HHE 2 U BBLIACT BBIXOJIHOMI CUI'HAJI Y4, KOTOPBIHA 110 JIJINTEJIbHOCTH
COBIIQJIET C CHHXPOUMILYJIBCOM; B COCTOSAHUM (1 aBTOMAT OyIeT BbI-
JAaBaTh CUTHAJ T'2.

B obmem ciaydae mnocrpoenue wmukpomnporpammuoro C-
aBTOMAaTa COCTOUT M3 JIBYX ITAIIOB:

1. ITocmpoerue muxponpozpammrnozo asmomama Muau S ' Ha
9TOM 3Talle BXObI BCEX BEPIIINH, CJIEIYIONIX 38 HAYaIbHOM 1 OT1e-
PATOPHBIMHU, & TaKKe BXOJ, KoHedHoil Bepmunbl Ha ['CA ormeya-
IOTCsI CUMBOJIAMHY {d1, . . ., apf }. DTH OTMETKH OTOXKIECTBIAIOTCSI C
cocrosiamsvu asromara Mum S . CTpOnTest MEKDPOIIPOrpAMMHbIi
aBroMaT Muim, B KOTOPOM He JIEJIAI0TCS OTIINIUS MEXKLy MUKPO-
olepaIusiMi Y, U Tq. Takoil aBTOMaT IpeICcTaBIIsieTcsi 0OpaTHBIM
CITICKOM TIEPEXOJIOB.

2. Ilocmpoerue murponpoepammmozo C-aemomama S. DTOT
9Tall COCTOUT M3 HECKOJLKUX IIaroB.

2.1. KaxoMy COCTOSIHMIO TIepexojia (s W3 BTOPOrO CTOJIOIA
CIIICKA CTABUTCS B COOTBETCTBHE MHOKecTBO By = {(as, R;)|R;j —
JUTMHHAST MUKPDOKOMAH/IA U3 CIIMCKA BBIXOJHBIX CUTHAJIOB }.

2.2. Ompepenserca MHOXKecTBO B = Ui\il Bs — MHOXecTBO
cocrosinmit C-aBTOoMara S.

2.3. Kaxmomy cocrosmmio by, = (as, Rj) € B IpunucsBaercs



4.6. Cunres mukponporpammuoro C-aBromara 123

JIJIMHHBIN BBIXOJTHON CUTHAJ Rj.

2.4. Kaxmoif cTpoKe CIHCKA An, Gs X (Am,as) Yi R; by cra-
BATCSI B COOTBETCTBUE IIEPEXOJIBI aBTOMAaTa S M3 BCEX COCTOSIHUMN
bm, € By, B cocrognue by 1oz JelicTBHEM BXOIHOIO CHIHAJIA
X (am,as) ¢ BbLIageil KOPOTKOTO BBIXOJHOIO CUrHAJA Yj.

B urore mosydaem oOpaTHBIN CIUCOK MEPEXOJIOB MUKPOIIPO-
rpammuoro C-aBromara S.

IIpumep 4.10. IToctpoum 1m0 06paTHOMY CIHUCKY II€PEXOJIOB
MIKDOTIPOrPAMMHOT0 apToMata Muim S, CofeprKaero JumHHbIe
1 KOPOTKHE MEKDPOOIEPAIUY, MEKponporpaMMustii C-apromar S.

Buawase ompenesum cocrosinust C-aBromata (cM. Tabir. 4.5).

Tabmuna 4.5. Pacmupenne o6paTHOro CIIMCKa IIepexoaoB aBromara Mu-
’

anm S

Ucx. | Cocr. | Bxoan. | Beixo. Cocrosinus

COCT. | mepex. | Ccurs. CUTH. C-aBToMaTa
as ay 3T Y1 by = (a1, —)
ay 4T Y1 b1 = (a1, —)
ai a2 x1 YaT2 by = (a2,7“2)
ay T1T2 yar173 || b3 = (ag,7173)
ay 1T Ys by = (a2, —)
a2 T3 Y1YaT2 by = (az,12)

B,ZLGCB Bl = {(al, 7)} = {bl},
By = {(G’Q’ TZ)’ (a’27 7’17"3)7 (a27 _)} = {b27 bs, b4}

Crieflyst BBIIEIIPHBEJICHHOMY AJTOPUTMY, ITOCTPOUM O0paT-
HBIII CIIICOK IIepexo0B MUKPOIIPOrpaMMHOI'O C—aBTOMaTa (CM.
tabi. 4.6).

B zakmogennn maparpada chopMmysupyem psz 3aMedaHui,
KACAIOIIIXCsT BOITPOCOB MUHUMUBAIUN W KOJUPOBAHUS COCTOSTHUH
MHUKPOIPOIPAMMHBIX aBTOMATOB.

3ameuanne 4.7. Murumudaiyus MOJHOCTIO OIPeIeIEHHBIX
MHUKPOIPOIPAMMHBIX aBTOMATOB IPOBOJUTCH MEMOJoM Nnocaedo-
samenvhoix pazbuenut. IIpu 3roM aBTOMAT yI00HO IPEACTABISTD
MPSIMBIM CIIUCKOM TTEPEXOJIOB.
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Tabauna 4.6. Obparublit crincok nepexoznos C-aBromara S

Ucx. Cocr. Bxoxn. | Beixomn.
COCT. mepex. CUT'H. CUTH.
ba bi(—) T3 Y1
b3 T3T2 Y1
by T3T2 Y1
by T4T2 Y1
by ba(r2) x Y4
ba Z3 Y1y2
b3 T3 Y1Y2
by T3 Y1y2
by | ba(rirs) | Tixo Y2
by by ( —) T1To Ys

3ameuanune 4.8. K MukponporpaMMHBIM aBTOMATaM ITPUMeE-
HUMa MOIU(DUKAIIS AA20PUMMA PA3EAZBIEAHUA NAP NEPETO00S
(MeTo71 IPOTUBOTOHOYHOTO KOJMpoBaHust cocrosiamit). I[lycrs B aB-
TOMATe eCTh Hapa NePexXoioB (Gm,as) U (ak,a;), 1 3TH Iepexo-
JIbI TIPOUCXOMSAT IO, JIEfiCTBUEM BXOIHBIX CUTHAIOB X (G, ds) U
X(ag,a;). DTa napa mepexoioB JOJKHA ObITh pPa3BI3aHA, €CJIH
X(am,as) AN X(ag,a;) # @ (10 ecTb, cymecrByer XoTs 6bl OJUMH
Ha0Op BXOIHBIX NEPEMEHHBIX, HA KOTOPOM X (G, as) 1 X (ag, a;)
paBHbI equHNNE) U {Gp, a5} N {ak, a1} = @.

3ameuanne 4.9. K MukponporpaMMHBIM aBTOMATaM ITPUMeE-
HUM 26PUCTIUMECKUT] AA20PUMM KOOUPOSAHUA COCTNOAHAUT, yMEHb-
MIAIOIIUI CJIO2KHOCTH JIOTTYECKON CXEMBI.

4.7. IlocTtpoeHue JIOTUYECKOl CXEMBI
MUKPOIPOrpaMMHOTO aBToOMaTa

CunTe3 JIOIMYECKO CXeMbl MUKPOIIPOIPAMMHOI'O aBTOMATa pPas-
00bEM Ha JBa Talla.

1. TlocTpoenue cmpyxmypro2o CRUCKA MUKPONPOZPAMMHOZO
asmomama. CTPYKTYPHBIN CIIICOK TPEICTABIISET CODOI pacIiImpe-
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HU€ TIPSIMOTO WM OOPATHOTO CIUCKA TIEPEXOI0B MUKPOIIPOrPAMM-
HOro aBromata (cM. Tabu. 4.7). st KaxKI0ro my T nepexona (ma-

Tabsuna 4.7. CTpYKTYypHBIN CIUCOK MUKPOIPOIPAMMHOTO aBTOMATa,

Ucx. Kog, Cocr. Kog,
COCT. | WCX.COCT. | IepeX. | COCT.Iepex.
am K(am) ag K(as)
Bxoum. Brixo, O-1un
CUTH. CHTH. BO30.

X(am,as) | Y(am,as) | Flam,as)

K€ €CJIU BBIXOJIbI COBIAIAIOT ) OTBOJUTCS OJ[HA CTPOKA B CTPYKTYP-
HOM criucke. TakuMm obpasom, crosider, « BxoaHolt curaa > B KaxK-
JIOH CTPOKE COJIEPKUT OJIHY KOHBIOHKINIO. CTPYKTYPHBIH CIIUCOK
MOKeT OBITh KaK MPsMbIM, TaK U obpaTHbiM. g momenn Muin
OH COCTOWT U3 7-MHM cTOI610B. /L1 aBToMara Mypa CTpyKTYPHBIH
CIIUCOK COZEPKUT Ha OJUH CTOJI6El MeHbIIe (OTCyTCTBYET CTOJIOEL]
«BBIXoHOl curHaJ» ).

ITpumep 4.11. CTpyKTYypHBI CIUCOK, IIOCTPOEHHBII 110 TIPsi-
MOMY CITACKY TIEPEXOJ0B MUKPOIIPOrPAMMHOT0 aBToMmaTa Muin u3
npuMepa 4.5 Ipu CUHTEe3€e HA TPUTTEPAX C PA3JICIbHBIMUI BXOJIAMU,
npeacTaBeH B Tabsmie 4.8.

Tabmumna 4.8. IIpsiMoit CTPYKTYPHBIN CIIMCOK MUKPOIIPOTPAMMHOIO aB-
TomaTa Musun
Ncx. Kom | Cocr. Kox | Bxomn. | Boixon. (OB517111

COCT. repex. CHUTH. CHUTH. BO30.
ay 001 az 010 T Y1 213
as 011 1 Y2Y3YaYs 02
as 010 ag 011 1 Y2Y3Y4Ys ¥3

ag 110 a 001 T4 - 1923
as 011 T4 Y10Y11 P13
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3ameTnM, YTO MpPaBUJIA 3AMOJHEHUS CTOJIOIA, COOTBETCTBYIO-
1mero GyHKIUsIM Bo30Y K IeHNs, COBIIAIAIOT C AaHAJIOTTIHBIMHE [IPa-
BWJIAMH TToiucH iy rpada upu rpadudeckoil WHTepIpeTaIi
KaHOHMYecKoro Meroja (cM. § 2.6).

2. Hocmpoerue n02uneckoti Cremos o CMpYyKmypHomy CRUCKy.
Hamomamm, uTo jorndeckas cxemMa aBTOMATa CTPOUTCS IO KaHO-
Huveckol cucmeme ypasuenud. Tlocae cocraBieHns CTPYKTYPHO-
r'0 CIUCKA, TOoCTpoeHne (pyHKITUH BBIXOJ0B U (DYHKIINH BO30Y K16~
HUSI IAMSITH, COCTABJISIIONINX 9Ty CUCTEMY, AHAJOTUIHO rpadude-
CKOMY METOJLy CHHTE3a CTPYKTYPHBIX aBTOMaToOB (CM. § 2.6).

IIpumep 4.12. Ucnonb3yst CTPYKTYPHBIH CIIMCOK ITPUMEPA
4.11, HETPY/HO BBINMUCATH KAHOHHYECKYIO CUCTEMY ypaBHeHwmii. B
YaCTHOCTH:

§03 = ?17’2?3 Vv T1T2?3£L'4 \/7'17'2?354 V...= Tg?g V...

Yo = T1T273L1 V T1T2T3 V...

K coxasienuto, [ijist BCTpEUYAIOMIMXCS HA TPAKTUKE MUKPOIIPO-
IPaMMHBIX ABTOMATOB yPABHEHUsI KAHOHUYECKOI CUCTEeMbI (cucre-
Mbl JTH®) o4eHb CJIOKHBI KAk 110 YUCIY YDABHEHWI, TaK U IO
KOJIMYECTBY IIEPEMEHHBIX. A CJIeI0BATEIbHO, HEelpueMIeMbl W3-
BECTHbBIE METO/[bI MUHUMU3aIuu OyJIeBbIX (DYHKIUI B Kjacce HOP-
MajbHBIX dopM. [IpakTnka mokasaJia, 9TO OCHOBHOE COKpAIleHre
o0beMa JIOTMIECKO CXeMbl IIPOUCXO/IUT HE 33 CYET MUHUMUAIUN
B HOPMAJILHBIX (DOpMax, a B pe3yJbrare BblaeaeHust DYHKIIA 1
o/IpyHKIMM, JTOMYCKAIONIMX COBMECTHYIO MUHUMU3AINIO; TPE/I-
CTaBJIEHUSI CUCTEMbI (DYHKIUI B BUJIE JIEKOMIIO3UIMH U T. .

Meros, cuHTe3a CTPYKTYpPhl aBTOMaTa, OCHOBAHHBIN Ha HEIO-
CPEJICTBEHHOI MHTEPIIPETAINY CTPYKTYPHOTO CIUCKA MUKPOIIPO-
rPAMMHOTO ABTOMATA, JIEMEHTAME JIOTUIECKON CXeMbI, HA3bIBACT-
cs UHMEPNPEMAUUOHHBIM MeModom. Kak mpaBumio, ncnosn-
3yI0TCS OOpATHBIE CIMCKH.

VYupaxkxnenue 4.5. /[719 MEUKPOIIpOrpaMMHOTo aBToMaTa Mu-
s (u3 npumepa 4.3) 1 MuKponporpaMmmuoro aBromara Mypa (u3
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npumepa 4.4) mocTpoiire upsMbie 1 06paTHbIE CTPYKTYPHBIE CIIIC-
K. BeIO0Op 3/1eMeHTOB maMsATH — ITpou3BoJjIeH. 1 KaK10T0 crmc-
K& BBINUIINTE KAHOHUYECKYIO CUCTEMY YpaBHEHUIA.

4.8. UaTepripeTalluOHHbI# METO/ CTPYK-
TYPHOT'O CUHTE3a

NHTepnpeTallioOHHbI METO/, CTPYKTYPHOIO CHHTE3a MHKPOIIPO-
rPAMMHOTO aBTOMATA IIPEJICTABIISIET CODON COBOKYITHOCTD PAa3JIHI-
HBIX CIIOCODOB IOCTPOEHUSI U MUHUMHU3AIUH JIOTHIECKON CXEeMBI.
[Ipu sTOM KpUMEPUEM MUHUMAABHOCTNU CTEMBL OyIeM CUU-
TaTh MUHUMYM CYMMAapHOTO YHCJIa BXOJIOB HA BCEX JIOTMYECKHUX
3JIEMEHTAX.

4.8.1. OOBeaMHEHHOE MOCTPOEHNE KOMIIOHEHT
dbyukIuii BO30y>K1eHnd MaMaTu U (PyHK-
Ui BBIXOJOB

[TepBbIM mIATOM IPY MUHUMEI3AIUHT JIOTTIECKOM CXEMbI MUK POIIPO-
rPAMMHOIO aBTOMATA SBJISIETCHS OObEIMHEHHOE MMOCTPOEHUE KOM-
MOHEHT (PYHKINI BO3OYKIACHUST W (DYHKIINIA BBIXOIOB, 3aINCAH-
HBIX B OJIHOM CTPOKE CTPYKTYPHOTO CIIHCKA.

IIpumep 4.13. PaccMorpuM OJHY CTPOKY CTPYKTYPHOTO
CIIICKA MUKPOIIPOrPAMMHOTO aBroMara (Tabu. 4.9).

Tabmuma 4.9. CTpoka CTPYKTYPHOTO CIIUCKA
T1T273
a 001 ai 000 T1T4T¢ Yays ’(ﬁg

Ecau o6beauuuTh mocTpoeHne KOMIIOHEHT it (PYHKITUI BbI-
XOJIOB U (DyHKIMIT BO3OYKIEHUS [TAMSITH, TO 9TOI CTpOKe Oyjer
COOTBETCTBOBATH (DPATMEHT JIOTUIECKON CXEMBbI, IIPeCTaBIEHHBII
Ha pucynke 4.13.
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[ & l—) 8
73 2= }1 W3
X1 X4~ =
Xe

Puc. 4.13. O61mast komnonenTa GyHKIUH BHIXOI0B U (DYHKIUI BO30Y K-
JIEHUST TaMsATH

YdeT TOOJTBKO 3TOTO OOCTOSTE/HCTBA ITO3BOJISIET COKPATUTD
JIOTMYECKYIO0 CXEMY [0 CPaBHEHUIO C KAHOHUYECKON IPUMEPHO B
& paz, rie £ paBHO CPEJIHEMY YUCJTY BBIXOIHBIX CUTHAJIOB U (DyHK-
umit BO30yKIAeHUsI B OIHOI CTPOKE CTPYKTYPHOI'O CIIMCKA.

4.8.2. PaznenbHbIii CcUHTE3 /IJs II€PeXOJ0B B
Ka>KJI0€ COCTOSIHUE

Bynem paccmarpuBaTh 0OpaTHBIN CTPYKTYPHBIN CIIMCOK MHUKPO-
mporpaMMHOro asromara. CHHTE3 cXeMbl MOYKHO ITPOBOJIUTH Pa3-
JeJIbHO 1714 IIepeX0/0B B KazKJ/0€e COCTOSHUE.

B npenenax nepexoioB B OMHO COCTOSHIE CTPOUTCS CXEMAa, JIJIs
KaKJIOf MUKPOKOMAaH/IbI.

KoHbIoHKITNN, COOTBETCTBYIOIINE OJHON MUKDPOKOMAH/IE, 3aBO-
narcst Ha vmemerT «JIW». C aToro ajgemMenTa CHUMAIOTCS COOT-
BETCTBYIOIIIE€ MUKPOKOMAaH/€ BBIXOAHbIEC CUTI'HAJIBI. ECJII/I mepece-
JeHue MUKPOKOMAaH/ He ITyCTO, MOKHO IIOCTaBUTL €1Ie OJUH 3JIe-

meHT «UJIN>.

IIpumep 4.14. Paccmorpum bparmMenT 06paTHOrO CTPYKTYP-
HOTO CITHCKA MUKPOIPOTPAMMHOIO aBTOMATa, COOTBETCTBYIONINI
epexoiy B onHo cocrosume (Tadir. 4.10).

Ciemysi BbIIIENIPUBEIEHHBIMU IIPABUJIAMHU, IIOCTPOUM (par-
MEHT JIOTHIECKOH CXeMbl JJIsl JIByX MUKpPOKOMaH: Y1 = {y7,ys} 1
Y2 = {ys}. CoorBercrByommast jornueckasi mojcxema n3o00paxKeHa
Ha pucyHnke 4.14.
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Tabmuma 4.10. dparmenT 06paTHOrO CTPYKTYPHOI'O CIHCKA, COOTBET-
CTBYIOUUII IIEPEXOLy B COCTOSIHUE a5

ay | 000 | a5 | 010 | Tyxe™2 | Yrys P2
a; | 000 T1TeT4 | Y7Ys P2
as | 001 T3TaTy | Y7ys | P293
as | 101 TeTa | Y7Ys | Y123
a7 | 110 T3Ty4 Y8 U1
}’ST
;
Y7t AW
1
1
P2 A — AY192y3
@2 * ?fpzll/s
& & & & &
l l OT4
OT>
Xo X4 X4 X4 X4 O
Xe Xe X2 X8 X

Puc. 4.14. Jloruyeckas 1mojicxema, COOTBETCTBYIOIIAsI IIEPEXOLY B COCTO-
AHUE a5
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4.8.3. JlekoMno3uius

Paccmorpum renepb dexomnozuuuto Konstonkyud (1w mep-
M08). DTy METOIUKY pa3bepeM Ha [IPUMEpe.

IIpumep 4.15. Pacemorpum pparMenT o6paTHOTO CTPYKTYP-
HOT'O CIIMCKa MUKPOIPOTPAMMHOIO aBTOMATa, IIPEJ/ICTaBIeHHbI B
Tabsare 4.11. Tlogcxema, MHTEPIIPETUPYIOIIAS STOT CIIUCOK U OT-

Tabsuna 4.11. @parmMesT 06PATHOrO CTPYKTYPHOTO CIIHUCKA

a; | 0011 | az | 0101 | 21@3%4 | 11 213
a; | 0011 T1T3T4 | Y1y2 | P23
as | 0100 T2T3T4 | Y1 P4
as | 0100 ToT3Tq | Y1Y2 P4
a; | 0011 | ay | 1101 | 212374 | y1ys | ©1902¢3
a; | 0011 T1T3T4 | Y2U3 | L1293
as | 0100 T2X3T4 | Y1Y3 P1P4
as | 0100 T2T3T4 | Y2U3 P1P4

BedaoIas 3a GopMUPOBaHUe KOHBIOHKIIUN (T€PMOB), 13 KOTOPBIX
B JaJbHEHIIeM cTposaTcs (OYHKIINNA BBIXO/IOB U (DYHKITUN BO3OY K-
JleHus1, npejcTasieHa Ha pucyake 4.15 (1).

IIpouecc dexomnosuyuu 3aKa0IaeTcst B caemyromeM. O6o3Ha-
9UM KaXKJIbIil TepM cumBoJioM T

T) = a121T3T4 = t1t3, 15 = a121203%T4 = t1l5,
Ty = a111T3wy = t1ty, T = a1717314 = t1t6,
T3 = agxoT3Ty = tatz, T7 = asxow3T4 = tats,
T4 = a2x253$4 = t2t4, TS = A2X2X3T4 — tgt(;.

Sal\leTI/IIVI, 9TO TE€pMbI MOT'YT COJAEP2KaTb OJUMHAKOBBIE Ha60pr. B
HalneM CJaydvae:

ty = ai1ry, t3 =7T3Ty, 5= T3Ty,
to = agx2, t4 =7T3r4, tg= T3T4.

VYrBepxkaenue 4.1. ITycmv wabop t; codeporcum n ssemer-

moe U ucCnoAvb3yemcs 6 1M 1Mepmax. Ecau m > #, mo evivuc-

aenue nabopa t; na omadeavrnom asemenme <My ymenvuwum yeny
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I
x; 81] & Qa3 h— &
— T | | P=>T
X3 X4 Y1 I
xi 8l & | |lai— & | ¢, t—] &
— » T, —— —> T.
Gl |yve 2| Xi— b — ’
X 2] = (2} | ag—oy & b h—g &
— =l t_] >0
X3 F Y1 I 2 — 3
X, 82| & (0N T I X3—q & ts Lh—3 & T
o B IR e b— >0
I
x 2l s |ppaps_ gL 2 1y, t— =
— Ts | 4 L > 7.
X3 X ] Viys ° | Xg4— ts — 3
x1 &l e oo I Xxs— & | ¢ th—] &
P2 5 > T,
X3 X | yays ° : Xa— fo— ®
X2 221 = |14 | Xs— * | ¢ Lh—d &
X3 3 ] viys | X4— ts — —> T
X2 &2« |14 | t,—| &
— T: L T,
X % ] YVoys® ' ° : f — 8
1 | 2

Puc. 4.15. Jlormyeckue mo/icxeMbl, COOTBETCTBYIONHE (POPMUPOBAHUIO
TepMOB: 1 — rojicxeMa, MoJIy YeHHasl HETIOCPEACTBEHHO 110 CTPYKTYPHOMY
CIINCKY; 2 — MOJICXeMa, IOJIydeHHasT MeTOJIOM JIEKOMIIO3UINN
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Habopa (8 CMBICAE CYMMAPHOR0 HUCAA BTO006 HA AO2UKECKUT dAe-
MEHMAZT).

HokazaresbcTBo. U3 JQHHONO HEPABEHCTBA CJICILYET, UTO
(m-n) > (m+n). Ho (m - n) — ar0 obimee 4ucj0 BXOIOB IIpU
KAHOHUYECKOM cuHTede (m sjieMeHToB «V» 10 n BXOJOB Ha KaxK-
JIOM), B CBOIO 0o4epejib, (m + n) — CyMMapHOe YUCJIO BXOJOB IIPU
JIEKOMIIO3UINY (Ha KaXK bl 13 m 3j1eMeHTOB «/» 1o ojHoMy BXO-
Jly OT HOBOI'O 9JIEMEHTA -+ 7 BXO/IOB Ha& 3TOT HOBBIM 3J’[eMeHT).

IIpumep 4.15 (upomoskenue). OparMeHT JIOrMIECKONH Cxe-
MBI, TTOJIyIE€HHBIA METOIOM JIEKOMIIO3HIINY, TI€JCTABIEH Ha PUCYH-
ke 4.15 (2). lena Taxoit mojicxembr pasHa 28. B To Bpems Kak 1ieHa
nogcxemer 4.15 (1) pasua 32.

4.8.4. Joonpejnesienue pyHKIMI BO30YyKIeHUS

Meron, moonpenenernst pyHKIUi BO30yXKIEHNST TaKKe pasdbepeM
Ha npumepe. OTMeTUM, YTO JAHHBIN MOXO/T IIPUMEHUM IIPU CHH-
Te3e aBTOMATA HA MPULLEPAT € PA3CADHBMU BTOOAMU.

IIpumep 4.16. Paccmorpum dpparMeHT aBTOMaTa, CHHTE3W-
pyeMoro Ha TpuUrrepax ¢ pasiesbHbiMu Bxofgamu (puc. 4.16).
IMycrs F(am,as) — MEHOXKecTBO (DyHKIMI BO30YXKIEHUS Ha II€pe-

Puc. 4.16. ®parment rpacda aBToMaTa Npu CHHTE3€ HA TPUITEPAX C
pa3/IeJIbHBIMU BXO/IaMU

xogie (am,as). B vamem npumepe F(ay,as) = {p1}, F(az,a4) =

{o1,¥3}, Flas,as) = {p12}.
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OyHKIE BO30YXK/IEHUsI HOCTYIAIOT HA BXOJbI 3IJIEMEHTOB
mamaTu depe3 sneMenThl «WJIW». Ywucno BXOMOB 3/1eMEHTOB
«WJI», cOOTBETCTBYIONMNX IE€pEX0JiaM B COCTOSIHUE (g, PABHO
qnciay hyHKnui Bo30yKIeHNs, MePEUNCACHHBIX BO MHOXKECTBAX
F(am,,as),...,F(am,,as). C 11ejbi0 yMEHbIEHHUs [[EHBI JIOIHYe-
CKOM TIofcXeMBbl, obpabaThIBaroeil (pyHKIuN BO30YKICHUS, HA
BCEX IIEPEXO/IaX B KaXKJI0€ COCTOSIHHE (g MOYKHO (POPMUPOBATH
€/INHCTBEHHBIN HAOOp (PYHKINI BO30YKIEHUA:

k

F(as) = | F(am, as). (4.12)
i=1

B uacruocru, F(ay) = {¢1, 12,13}

ITonyyenHoe MHOXKECTBO Ha3bIBaeTcsd doonpedeseHuem
dynruyuld 6036yscdenus asromarta. OHO U3OBITOYHO JJIst
KazKJ0r0 OTJIEALHOrO IIEPEX0/Ia, HO MUHUMAJBHO 110 OTHOIICHUIO
KO BCEMY MHOYKECTBY IE€PEXOIOB.

OueBuHO, YTO B pe3yJibTaTe J00NpeiesieHus (MYHKIUN BO3-
Oy»kIeHns (DYHKIIMOHNPOBAHIE aBTOMAaTa He Hapyinaercs. Hanpu-
Mep, ecyi ipu ntepexo/ie n3 coctogaus «0001» B coctosgame «1001»
BMeCTO o1 hopmupoBaTh byHKIME Bo30yKAeHusT {p1, P2, 13}, TO
COCTOSIHUSI BTOPOI'O U TPETHLErO TPUITEPOB IMO-IPEXKHEMY HE W3-
MenaTcs. To ecTb, Ha KayKJIOM Iepexoje KpoMme 00s3aTesbHBIX,
MOXKHO BBIPA0ATHIBATH (DYHKIIUU BO30YXKIEHUsI, TOATBEPIKIAI0-
[ye COCTOSIHUSI 3JIEMEHTOB MaMSTH, HE MEHSIOIINEeCs] HA JIAHHOM
epexoJie.

IIpumep 4.17. Bepuemcs K 10JIaBTOMATY, ITPEJICTABICHHOMY
B Tabsmie 4.11. I[HocTpoum mopcxemy, obpabarsiBaONIyo (hyHK-
U BO30Y K ICHUS.

IIpu crammapTHOM TOIXOE MOIYyYIaeM IOICXEeMY, N300parKeH-
uyio Ha pucyske 4.17 (1). Ee uena pasua 16. Tak kak Bxo1p! hyHK-
Ui (o U 13 COBIAIAIOT, TO OYEBUIHBIM 00PA30M IEHY MOXKHO
MMOHU3UTH J10 12.

Teneps TpuMeHUM METOJ JOOIpee/ieHnst (PYHKIUH BO30Y K-
nenus K Tadbmaure 4.11:
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F(az) = p2tp304, F(as) = 120304,
F(ad) =T VT3 VT3V Ty, F(a4) =Ts5VvIsVT;VTg.

B urore mosydaeM IOJCXEMY, [PEJICTABJICHHYIO HA DPHCYH-
ke 4.17 (2). Lena s1oit moxcxems! paaa 10.

T Is [

I
@
= |
7 Tg |
Iz T—1 ! P2 | T2 T—1 T P23 Pa
T E L e
P2
, T Ws : Te Is [ s
—> — %
5 T, | Tr T, P1P2Y3P4
T4 T_3 1 P4 |
T |
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Puc. 4.17. Jlormyeckue mnoacxeMbl, oOpadaTbIBaronie (pyHKIUM BO3-

Oyx)aeHusi: 1 — TmoJCXeMa, HENOCPEJICTBEHHO WHTEPIPETUPYOIIast

CTPYKTYPHBII CIUCOK; 2 — MOJACXEMa, TOTyIeHHAs METO/IOM JTOOPE Ie-
JeHust PYHKIMN BO30Y K IEHMS

3ameuanue 4.10. CymecTByOT U Apyrue CrocoObl MUHUMU-
3aIMU JIOPMYECKO cxeMbl (HalpuMmep, npejjeniedparop obpar-
HOIi cBsi3u [1], yuer y3ios I'CA MUKpPOIPOrpaMMbl U COKPAIIEHNE
CTpYKTYpHOro crmcka [1, 5], daxropusanus [1]), Koropsie BMecTe
C BBINIETIEPEYUCTECHHBIMUA COCTABJISIIOT WHTEPIPETAIIMOHHBIA Me-
TOJI.
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4.9. VYcTpoiicTBO ymnpaBJIeHUS C TPO-
rpaMMUPyeMOil JIOTUKOM

BosBpainasich K CTpyKType JUCKPETHOTO YCTPONCTBA, HAIIOMHIIM,
YTO OHO COCTOUT U3 JIBYX 4acTeil: ycrpoiicTsa yupasierus (YY)
u onepaionnoro ycrpoiicrsa (OVY).

B crpykryproMm orHomenun OV COCTOUT U3 ONEPAUUOHHBLL
INEMEHMOB, KAXKJIBI U3 KOTOPBIX IIPEJICTABJIsIeT COOOM mocen0-
BaTENbHBI WM KOMOMHAIMOHHBII aBTOMAT.

B cBoto ouepenb, co CTPYKTYpHOI TOYKHU 3peHust, Y Y MOKHO
pa3zeuTDh Ha JBA THUIIA:

1. YV ¢ orcecmroti aoeurxoti — nyist popMupOBaHUs [OCJIEI0-
BATEJILHOCTH MHUKPOKOMAH/I, KOTOPasi COOTBETCTBYET MOCJIEI0Ba-
TeJILHOCTH JIOTUYECKUX YCJIOBUil (TO eCThb Jist 3a/IaHUsT MUKPOIIPO-
IPaMMBI), UCIIOJIB3YETCs TIOCIIEI0BATENbHBIN aBToMaT (cM. §§ 4.3—
4.8).

2. YV ¢ npoepammupyemoti no2ukoti IMOCTPOEHO HA OCHOBE
[IPUHIMIE IPOIPAMMHOTO yIIPABJICHUSA: YIOPIIOUCHHAS IIOCTIC-
JIOBATEIHLHOCTh MUKPOKOMAHJ[ XPAHUTCA B HEKOTOPOM MAaCCHBE
(I13Y).

OupeseiuM  IPOCTEAINIYIO CTPYKTYPY YNPAGAAOUUL  CAO0G
(YUpaBJsOmuX CUIHAJIOB UM MHUKpOKoMaHi). Ilycrb, kKak u
upexye, ¥ = {y1,...,YN} — MHOXKECTBO BBIXOJIHBIX CUTHAJIOB,
KOTOPBIE BO30YKJIAI0OT MUKPOOIIEPAIINH, Pean3yeMble 3aTeM Olle-
PAIMOHHBIM yCTPOHCTBOM. TaKzKe IPEIoIoKIM, 9TO HA KayKJIOM
TaKTEe COBMECTHO BBINOJIHgAETCs HE Gostee, yeM H Mukpooreparmii.
X ={z1,...,2L} — MHOXKeCTBO OCBEJIOMHUTEJIbHBIX CUIHAJIOB (JI0-
PHYECKUX YCJIOBHUIA).

Torpa MUKpPOOTIIEpAITMY WM, TOYHEE, BO30YKIAIONIIE UX CHUT-
HAJIbI, MOYKHO 3aKOJMPOBATH JBOMIHBIME UUCJIAMHU, KOJUIECTBO
PaspsiZIoB KOTOPBIX ONpejieisieTcst aucjaom n =|logy N.

Pazobbem ympasJistioniee CJIOBO Ha JBe YaCTU: ONEPAUUOHHYIO
wacmo (OY), rae GymyT IpeaCcTaBIeHbl OJHOBPEMEHHO BBITIOJIHSI-
eMble MUKpoorepanun, 1 adpeckyto wacms (AY), rie 3a1an agpec
CJIOBA, OIHUCKHIBAIOIIEIO CJIELYIONLYI0 MUKPOKOMAHY — TaK HA3bI-
BaeMmas npunydumenvras adpecayus (cum. puc. 4.18).
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Puc. 4.18. CrpykTypa MUKPOKOMAaHIbI

OY cocrour u3 H moJieii 110 n paspsiJioB Kazkioe. B kazkiom
HoJIe CTOUT 3HA4YeHHe Yjj,, paBHOE HOMEPY Mmuxpoonepayuu. Kc-
g ke Yj, = 0 To HMKaKas MHKPOOIEpalus JAHHBIM IIOJeM He
BO30YXKIA€TCs.

Anpec crenyromeii MUKpOKOMAHIbI MOYKET 3aJIaBaThCsl 0e3-
YCJIOBHO, & MOKET 3aBHCETH OT TEKYIUX 3HAYEHUN OCBEIOMUTEI b~
HBIX CUT'HAJIOB &;. [IpuMeM, 94TO B KaXK/10il MUKPOKOMAH 1€ MOXKHO
3a/laBaTh 3HAYEHUE TOJILKO ojHOro ycyoBust u3 X. Tornma AY na-
YUHAETCA € MOJIA X| — HOMED ONOSEWawW,ez0 cuehara (3To moje
conepxkut |log, L[ paspsznos). Eciau Bce paspsiyibl JaHHOTO MO
YUCTBIE, TO CJIEAYIONMIEN BLITOJIHAETCS MUKPOKOMAH/IA C aIPECOM,
KOTODBIit crouT B mosie Ag. B mporuBHOM citydae mpoBepsieTcs
3HAYEHUEe YKA3aHHOI'O OIOBENIAIIIero CUuruaja ;. Ecau x; = 0,
TO CJIEIYIOIIEH BBITOJIHIETCS MUKPOKOMAHIA C aJpecoM U3 IOJIs
Ag. Ecnu ke x; = 1, To ciieyronieii Oyaer BhITIOTHIAEThCST MUKPO-
KOMAaH/1a, aJpec KOTopoii mpomnucad B noje A;. Jljunsr moseit Ag,
Aj onpeessIioTes 9UCIOM MUKPOKOMAH/T, COCTABJISIIONIIX MUKPO-
[IPOrPpaMMy, TO €CTb JIOTaPUMMOM OT YUCIa MUKPOKOMaHT P.

st XpaHeHUsT MUKPOKOMAH][ MCIIOJIb3YeTCsl NOCMOAHHOE 30~
nomunarowee yempoticmeo (II3Y). Tloxpobuo crpykrypa I3V u
0COBEHHOCTU XPAaHEHUsT MUKPOKOMAHJI OIIUCAHbL B [5].

Takum 060azoM, ycmpolicmeo YnpasAeHUus ¢ NPoPaMMUPYe-
M0U A02uKkol peasiu3yeT aJrOPUTM YIpaBJIEeHHWS Ha OCHOBE Xpa-
uuMoii B [I3Y MukponporpamMmsl.

B zaksrouenun maparpada oTMeTuM, 9TO YyCTPOICTBa, yIpaB-
JIEHUsI C YKECTKOI JIOTUKOI ObICTpee YCTPONCTB YIIPABJIECHUS C IIPO-
rPAMMHUPYEMO#l JIOTWKO, HO HAPSIy C STHM OHU MeHee IMOKHU U
6oJiee 3aTpaTHBI 110 0060OPYAOBAHUIO (OCOOEHHO IIPU PEaIU3aI[INN
CJIOXKHBIX MUKPOIIPOTPAMM ).



I'maBa 5

KCIIEPIMEHTBHI C
aBTOMaTaMN’

5.1. Kunaccudukanusa 3KCIIepuMeHTOB

Peakmust mocremoBaTeibHOTO aBTOMaTa S HA OMPEIEIEHHOE BO3-
JeiicTBUE HEIpe/CcKasyeMa, eCJIi He U3BECTHO COCTOSIHUE aBTOMa-
Ta. B ¢BsI3u ¢ 9TUM BO3HUKaET Ciieylomias 3ada4a aHaAU3a a6-
MOMAMG: PACIIO3HATH COCTOSIHIE ABTOMATA,

a) HAYAJIbHOE;

6) KoHe4HOe.

st perieHnst 9T0i MPoOJIEMBI ¢ aBTOMATOM IIPOBOIUTCI dKC-
nepuUMeHIM — IPOIECC IPUJIOKEHUsT BXOHBIX IIOCJIEI0BaTE/IbHO-
creil K aBTOMATy, HAOJIIOIEHUS [I0JIYIaeMbIX BBIXOIHBIX TOCJIEI0-
BATEJILHOCTEN U BBIBOJA 3aK/IFOUEHMIA. 3aK/II0UeHns 00 aBToMaTe
MOXKHO CEJIaTh TOJIBKO Ha OCHOBE

a) [PUJIOYKEHHBIX BO3JIEiCTBUIl;

6) HabJIIOAEMbIX PeaKIIHii;

B) TabJIMI] [IEPEXOJIOB U BBIXOZI0B (Tpada, MaTpHILI) aBTOMATA.

DKCIIEPUMEHTBI KJIACCUMPUIIUPYIOTCS 110 CJIEAYIOMUM TPU3HA-
KaM:

137
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1. Besycroshvie 1 Yycao6Hble FIKCTIEPUMEHTEHI. B 6e3ycaosHblr
9KCIIEPUMEHTAX BXOJHAS IOCIEI0BATEILHOCTD MOJHOCTHIO OIIpe-
JlesieHa 3apaHee (TaKue SKCIEPUMEHTHI Jierde OCyIeCTBUTh, HO B
HEKOTOPBIX CJIydasix OHU He MO3BOJIAIOT PENIUTh 3aady AHAJIM-
3a). B yca06HbLx IKCIIEpUMEHTAaX BXOJHAS [IOC/IEI0BATEILHOCTD
COCTOUT U3 HECKOJIbKUX IOIIOCIEI0BATEHLHOCTEN; BCE TOMIIIOCTe-
JIOBATEJILHOCTH, KPOME ITEPBOIA, OIIPEJIEIISIIOTCST Ha OCHOBE PEAKINN
Ha [PEeJIbIYIINE TOAIOCIEI0BATEIbHOCTH.

2. IIpocmuie 1 xpammvie sxcuepuMeHTh. st npocmuvir dKc-
LEePUMEHTOB Tpedyercs eMHCTBEHHBIN 9K3eMIUIAp aBromMaTa (Ta-
KM€ 9KCIIEPUMEHTHI Ipejaiodrureibaee). s kpammubir sKcie-
PUMEHTOB HEOOXOJMMO 0OJIee OJTHOTO IK3EMILISAPA aBTOMATA.

3. Juaznocmuveckud u ycmarosouHsil SkcriepuMentsl. Jua-
2HOCMUYecKul IKCIIEPUMEHT PeIaeT 3aJ1ady OIpeIeJIeHIsT Ha-
JaJBHOTO COCTOSIHUSA (QuazHocmueckyo 3ada4y): N3BeCTHA 00b-
ejuHeHHas Tab/MIa mepexogoB aBromara S (Tabiuia mepexo-
JIOB U BBIXOJIOB); U3BECTHO, YTO ABTOMAT HAXOIUTCHA B OJHOM U3
COCTOAHUH @, , . .., Q;,, ; HAUTH 3TO COCTOAHUE. YCmMaAHO80UHBIU
SKCIIEPUMEHT PeIaeT 3a/1a9y OIPEe/IeIeHNs] KOHETHOTO COCTOSTHUS
(yemanosounyro 3ada4y): B OTIAYAE OT MPEIBLIYIIETO CIIydast
TpebyeTcst HATH COCTOSTHIE, B KOTOPOM OKa3aJICsl aBTOMAT ITOCJIE
IIPOBEJIEHNUs] SKCIIEPUMEHTa, WA YCTAHOBUTH aBTOMAT B 3a[aHHOE
COCTOSTHYIE.

Ncxons u3 kiaaccuuKaIM, BBIICISIOT PAJl KPUMEPUES CMo-
UMOCTU FKCNEPUMEHMA:

1. JIuma sKcmepuMeHTa — 00I1ee INC/I0 BXOTHBIX CMBOJIOB.

2. Ilopsiiok 3KCIEepUMEHTa — YUCJIO0 BXOJHBIX IIO/IIOCTIEIOBA-
TEJILHOCTEMN, N3 KOTOPBIX COCTOUT SKCIIEPUMEHT.

3. KpaTHOCTb JKCIIEepUMeHTa — YUCJIO Tpe6yeMLIX IK3EMILJIAPOB
aBTOMaTa.

Janee mam moHamObATCS ciemyiomne obo3Hadenus. llycTb
A(S) = {ai,...,a;, } — HEKOTOPOE MOJMHOKEMTBO MHOXKECTBA
cocTosiHU# aBroMaTa S Takoe, UYTO HAYAJIBHOE COCTOSIHUE (g €
A(S). A(S) nasoseM mHoHCECMBOM JONYCNMUMDBIE HAUAAD-
HBLT cocmoarut. Bynem cantarsh, aTo m > 2.
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5.2. lIpocroii 6e3ycjOBHBII JUATrHOCTU-
YeCKU 3KCHEePUMEHT

B sTom maparpade paccMOTpUM METOJ TIOUCKA, TUATHOCTHUIECKOTT
[IOCJIEIOBATEJILHOCTH JIJIsI IPOBEJIEHIST IIPOCTOrO 6e3yCJIOBHOI'O /iU~
arHOCTUYIECKOro 3KcrepuMenTa. IIpexk e Bcero Jiaum psiji ompe-
JleJICHU.

o-MHOHCECMB0 aBTOMaTa S — 3TO JI000e KOHEYHOE MHO-
JKECTBO COCTOsHUiT aBTOMaTa (IPUYEM COCTOSHUS He 00A3aTelb-
HO PA3JIMYHBI, TO €CTh B OOINEM CJIy4ae O-MHOXKECTBO SIBJISIET-
csl HEKOTOPOii COBOKYIIHOCTBIO cocrosinmil). Ecsm momzoCcTh O-
MHOKECTBa PaBHA €JIMHUIIE, TO OHO HA3BIBACTCS TPOCTNBLM; €CITH
O-MHOYKECTBO COJIEPXKHUT HECKOJBKO OJIMHAKOBBIX 3JIEMEHTOB, TO
OHO HA3BIBAETCS KPATNHBLM.

A-epynna — 370 MHOXKECTBO 0-MHOXKECTB aBTOMATa S TaKoe,
9TO YUCJIO BCEX JIEMEHTOB U3 O-MHOXKECTB A-TPYIIIbLI PABHO 1,
e m = |A(S)| — MOIIHOCTH MHOXKECTBA JIOIYCTHMBIX HAYATBHBIX
cocTostHUit. A-IpyIilia Ha3bIBAETCS NPOCMOT, €CIIN BCe BXOIIAIINE
B Hee 0-MHOXKECTBA MPOCTHIE.

Iycts {21,...,2r} — BxomuON andasut; z; Zi, ... 2i; = § —
HEKOTOpas BXOJIHAS IOCIe0BATeILHOCTD; G — A-rpyima, KoTopast
COJIEPYKUT O-MHOYKECTBA, 01, . . . , Op.

£-npeemrur G — 310 Jpyras A-rpyriia, moCTPOEHHA 10 CJIe-
JIyIOIINM IIpaBUJIaAM:

1. Kaxj0e 0-MHOXKECTBO 0 (j =1,...,r) pasbusaercs Ha Ta-
KHe TOJIMHOXKECTBA, YTO J[Ba COCTOSTHUS 1011 Ial0T B OJTHO ITOJIMHO-
2KECTBO, €CJIA OHU 8bLpabamovi6aom OIMHAKOBLIE PEaKITNU Ha BXOJI-
HYIO [I0CJIEIOBATENBHOCTD & (UCHOIIb3yeTcst TabIuIa BBIXOIOB aB-
TOMAaTa S). U3 nosryueHHBIX TIOJMHOXKECTB IoJIydaeTcs A-rpymma

2. B o-muokecTBax u3 G KasK0e COCTOSHIE 3aMEHSETCS ero
NPEEMHUKOM OTHOCUTEJILHO TIOCIEI0BATENILHOCTH & (MCIIO/Ib3yeT-
cs1 Tabsinia nepexoyos asromara S). [lonyuennas A-rpynmna u Gy-
et £-npeeMHUKOM G.

Zlepeso npeemHUK08 — CTPYKTYPA, ONpeIeJIeHHAsT JJIsl JTaH-
HOrO aBTOMaTa S M3 33TAHHOTO MHOYKECTBA JOITYCTUMBIX HAYAJb-
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HbIX cocrostauit A(S). lepeBo NIpeeMHUKOB COCTOUT U3 y3JI0B, Pac-
[IpeJIeJIEHHBIX [0 YPOBHSIM. BbICINil ypOBEHb — HYJIEBOIA, OH CO-
JIEPXKUT €IUHCTBEHHBIA HAYAJbHBIA y3€J1.

B jiepese npeeMHUKOB KaxKplil y3es (k — 1)-ro ypoBHst pac-
mierisiercs Ha F' y3J10B (110 9UC/Iy BXOJHBIX CUIHAJIOB) k-I'O YPOB-
HeA. Y3€JI, COOTBETCTBYIOMINII BXOIHOMY CUTHAJLy Zf Ha ypoBHE K,
HA3BIBAETCS Y3JIOM «z’f“».

Kazkapiii y3es B jiepeBe IPEEMHUKOB CBsI3aH C A-IpyIIIOi.
HauanpHOMy y3i1y npummicsiBaercst MHOKecTBO A(S). A-rpymmsr,
CBsI3aHHBIE C y3jaMu k-TO YPOBHsI, OIpEIeNSoTcs u3 A-rpyrmmn
(k — 1)-ro ypoBHsI KaK IIPEEMHUKHU: €CJIH y3eJl «zf_l» CBsI3aH C
A-rpynmoit G, To y3en <<zj’.c », KOTOPBII MOPOXKIAeTCd U3 <<zf_1
CBA3BIBAETCH C Z;-TIIpeeMHHKOM G.

Q)

OueBUIHO, ITO JIEPEBO MPEEMHHUKOB 110 CBOEMY OIPEJICJICHIIO
b6eckoHeuHO. B cBsizu ¢ 3TuUM OylileM pacCMaTpuBaTh YCEueHHOE
depeso, NCIOJIb3Ys NPABUAL 3ABEPULEHUSL. DTU IPABUIIA OIIPE-
JIEJISTIOT, KOTJIa MOYKHO OCTAHOBHUTH IOCTPOEHHUE OYEPEIHON BeTBU
nepeBa. Yaenm «zF» k-ro yposHs cTaHOBHTCS HCTOM (TIOCTIETHIM
Y3JIOM), €CJIM BBILOJIHEHO OJIHO U3 YCJIOBUIL:

1. A-rpynma, cA3aHHas C y3J0M «zF», comepxur KparHoe o-
MHOXKECTBO.

2. A-rpyrmia, cBI3aHHAS C Y3JI0M «2F», coBmaaer ¢ A-rpymmoit
HEKOTOPOTO y3Jia, PACIOJJOKEHHOINO HA OJHOM U3 MPEbIIYIINX
YPOBHSIX.

3. Nmeercs ysen k-ro ypoBHs (BO3MOMKHO cam «zF»), ceasan-
HBIl ¢ IpocToil A-rpyIoii.

VceueHHOE J1€PEBO, IOCTPOEHHOE C HCIIOJIB30BAHUEM JIAHHBIX
[paBUJI 3aBEpIIEHNsI, Ha3bIBaeTCss dua2Hocmudeckum depe-
80oM.

Juaenocmuyveckudi nyms — 310 1000# IIyTh B JUATHOCTHU-
YeCKOM JIepeBe, COSJMHAIONNN HaYaJIbHBII y3€JI 1 KOHEYHBIHN y3el,
CBSI3QHHBII C IIPOCTOM A-T'PYIIIONA.

Hecnoxku0 10Ka3aTh, 9TO 10 JIHATHOCTUYECKOMY IIyTH MOYKHO
BBIIIUCATH QUAZHOCTNUYECKYIO TOCAEI08aMEABHOCTD (TIepe-
YUCJIAs y3JIbl, BOLIE/INNE B ITOT IIyTh ), KOTOPas XapaKTepU3yercs
CJTEIYIONINM CBOMCTBOM: e€cAl Ha 6x00 asmomama S nodamv ou-
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A2HOCTMUNECKYI0 NOCALIOBAMEABHOCTG, GHOUPAS 68 KA%ECMEE Ha-
YAADHYE COCMOARUT COCTNOANUSA Qi , - . ., ;. u3 A(S), mo na évi-
T00e aA8MOMAMA NOAYHUM M PA3AUNHBOIL BBLLOOHBIT NOCAEI06A-
meabrocmet.

Orciofa cieyer 661600 MOCTPOEHUE JIMATHOCTUYIECKOTO Jiepe-
Ba U BBIOOD JUATHOCTUYIECKOI TIOC/Ie0BATE/IbHOCTY J1aeT BO3MOXK-
HOCTB IIPOBECTHU IMIPOCTOM OE3yCJIOBHBIN NMArHOCTUIECKUI IKCIIe-
puMeHT ([IPU YCJIOBUM, YTO TAKas II0CIEI0BATEIbHOCTD CYIIIECTBY-
er).

IIpumep 5.1. Paccmorpum apromar .S, 3a1aHHbIi TabJIMIIAMA
[1epexoIoB U BBIXOJOB (Tabu. 5.1, 5.2).

Tabsmma 5.1. Tabiuna nepexonos aBromara S

1123456789
a|1]1]5]3]2]7|8|5]2
b|4]5|1]4]6|3[4(9]|8

Tabusnia 5.2. Tabiuia BEIXO0B aBTOMATa S

1123456789
a|0|0OjO0O 1T ]1]1|0]1|0
b(1|1y1j1|1170]|1(1]0

1. IIycrs A(S) = {4,5,6,7,9}. Juarnocruueckoe aepeso 1
n306pasuM B BHJe Tabuuipl (eM. Tabri. 5.3). B wacrrocTH, uro-
OBl IIOJIyYUTh [EPBOro a-IpeeMHunKa MHOKecTBa A(S), mo Tabiu-
e BeIXO0B crponM MuoxkectBo G = {{4,5,6},{7,9}}, a 3arem
110 TabJInIle EPEXOI0B MOJIYYaeM HOBYIO A-IPyIILy, IPUIIUCAHHYIO
yany «at»: {{3,2,7},{8,2}}.

A-MHOXKeCTBa, COJEPKAIIMe O-TPYIbl, BbIJEIEHHbIE B Tab-
JIIIE YKUPHBIM HIPUQTOM, YIAOBJIETBOPSIOT IIPABUJIAM 3aBepIIe-
Hust: o-rpyrmel {4,6,4} u {4,4,6} — kparHble, A-MHOXKECTBO
{{1},{2},{1},{1},{1}} - wmpocroe. Hammume mpocroro A-
MHOXKECTBA, B JUATHOCTUYIECKOM JIEPEBE IMO3BOJJISET TOCTPOUTD
JIUATHOCTHYECKYIO [OCJIEI0BATEIBHOCTD: «Aaady.
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Tabmuna 5.3. uarnocrudeckoe nepeso T

0 {4,5,6,7,9}

b

1 {3,2, 7a}{8, 2} {4,6,4}{3,8}

a b
{1,5,8H{5{1} {5,1,4}{5,9}
b b

3 {2,53{1} {4,6,9} {1}53»2} {4,4,6}
{2 {12 {6}{41 {2}{22 {8}{6}

AL} {5,6}1 {3, 7} [{3,8}] {1} | {4}
{2}] {4} | {2} | {4} [{L,5}{L,5}
{1} {51 | {7} | 3} | {1} | {5}
Ei% {4y | 31 | {43 | {1} | {5}

[\

Tabmuna 5.4. OupeesieHne HAYAJIBLHOIO COCTOSIHUAS aBTOMATa, S

Hauasnnoe cocrosinue | Peaknus ma «aaaa»
4 1010
5 1000
6 1011
7 0110
9 0000

AHam3upysl peakuio aBToMaTa Ha JUArHOCTUIECKYIO MOCIe-
JIOBATEJIBHOCTD, MOXKHO OIIPEJIEJIUTh B KAKOM MMEHHO COCTOSIHUU
HAXOJIMJICS aBTOMAT HA MOMEHT Hadaja paGoTel (cM. Tabi. 5.4).

2. ITycrs Teneps A(S) = {1,2,3,4,5}. Juarnocruaeckoe Jie-
peso T, npencrasieno Tabiureii 5.5. Oba A-MHOXKeCTBa IEPBOTO
YPOBHSI SIBIAIOTCA KpaTHbIMU. OQUEBHJIHO, 9TO B ITOM CJIydae Jie-
PEBO HE COJEPIKUT JIMATHOCTHUECKYIO MOCJIEIOBATENBHOCTD, TEM
caMbIM, JUIst 3a7aHHOr0 A(S) He CymecTByeT peleHus JUArHO-
CTUYECKON 3aJ]a91 € TOMOIIBIO MMPOCTOrO GE3YCIOBHOTO SKCIEpPH-
MEHTA.
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Tabmuna 5.5. Iuarnocrudeckoe aepeBo Th

0 {1,2,3,4,5}

a b
1] {1,1,5}{3,2} | {1,5,1,4,6}

IIpemioxkennbIii B 3T0M maparpade MeToJ MTOHCKa JUArHO-
CTUYIECKON IIOCJIEI0OBATEIBHOCTH JIJISI IPOBEJIEHUSI [IPOCTOTO Oe3-
YCJIOBHOT'O JUATHOCTHYIECKOTO IKCIIEPUMEHTa HA3BIBACTCH METNOo-
dom depesa NpeemMHUKOS.

5.3. HewucmnpaBHOCTHI

HeucnpasHrocms — 5T0 u3MeHEHNe 3aKOHa (PYHKITMOHIPOBAHIS
aBTOMATa, 8 UMEHHO, (DYHKITUH BBIXOJIOB.

IIpumep 5.2. Ilycres aBromar S 3aman tabaunavu 5.6 u 5.7.

Tabmuma 5.6. Tabauma nepexo- Tabmuma 5.7. Tabaua BEIXOIOB

JI0B aBTOMAaTa S aBTOMara S
L [[1[2]3] L [[t[2]3]
1231 11212
213 [1]2 2121111

BosMoxKHBIE HEUCIIPABHOCTU IIOPXKAI0T HOBbIE aBTOMATHI, Ha-
npumep S u Sy (eM. Taba. 5.8, 5.9). B Tabuunax BBIXOIOB KUD-
HBIM IIPU(TOM 0003HaYEHELI HEUCIIPABHOCTH.

st pemrenust 3adadu aHAAU3E HEUCTIPABHOCMET HAIO
YCTAHOBUTD, SBJIAETCS JIA HCILITYEeMbI aBTOMAaT aBTOMAaToM S,
S1 mm Ss.

Paccmorpum  oObemuHenune — aBromaroB S, Sy, So:
S = A(S,51,8) (em. mabn. 5.10, 5.11). Iyers A(S) =
{1,2,3,11,21,31,12,22,32} — MHOMXKECTBO JOIYCTUMBIX HAUAIb-
HBIX cocrosgumit. IIpoBenemM ycmano6ounvili sKCNEPUMEHM C
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Tabnuma 5.8. Tabnuna Beixogos  Tabsmuna 5.9. Tabauia BEIX0I0B

aBTOMAaTa S1 aBTOMAaTa So
[t [2]3] _ [[t[2]3]
1112 1121
2121111 2121111

Tabmuma 5.10. Tabuia mepexosoB aBTOMAaTa S
L1123 [ 123 ]1:]2 [3]
1231231 11] 2] 32 1o
3111121311121 3] 1z | 29

Tabymua 5.11. Tabsimia BEIXOLOB aBTOMATA S
L D723 [ L2312 [3]
1112121 1 2 1 2 1

21211111 2 1 1 2 1 1

aBromarom S: 10 BBIXOTHOM ITOCJIEI0BATEIHLHOCTH HEOOXOINMO
OTIPEJIESIUTEH COCTOSIHNE, B KOTOPOM OKAa3aJICsS aBTOMAT.

3ameuanune 5.1. O4eBUIHO, YTO AUATHOCTUIECKUN IKCIIEPU-
MEHT MOYKHO JIOBECTH JI0 YCTAHOBOYIHOTO, OIIPEJIESINB KOHETHOE CO-
CTOsTHHE TIOCJIE TOTO, KaK HaWJEHbl JTUATHOCTHYECKAs] MTOCJIEI0Ba~
TeJIbHOCTh, PEaKInsg aBTOMAaTa Ha Hee W HAadaJbHOE COCTOSHUE.
Takum obpazom, jis MPOBEIEHUS MIPOCTOrO OE3yCJIOBHOIO YCTa-
HOBOYHOTO 9KCIIEPUMEHTA IMPUMEHUM METOJ, JepeBa TPEEeMHUKOB,
pa3obpaHHbBIi B IpeJbIyIeM Haparpade.

PaccmoTpum BxOHYIO TTOCIE0BATEMBHOCTD «11122%. Pegymn-
TaThl IPUMEHEHHS TOH MOC/IeI0BATETLHOCTH K aBTOMATY S peJi-
craByiensl B Tabmuie 5.12. Tak Kak pa3judHbl BCE BBIXOIHDLIE
II0CJIE/IOBATEJILHOCTH, TO MOCJIE€I0BATE/ILHOCTE «11122» sBiigercs
YCMaHOBOYWHOU: TIO PEAKITUN aBTOMATa Ha Ty IOCIEIOBATE b
HOCTH MOYKHO OJTHO3HAYHO yCTAHOBUTL HAYAJIHHOE U KOHEUHOE CO-
CTOSTHUSI.
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Tabsuna 5.12. Onpenenenne HAYAJIBLHOTO W KOHEYHOI'O COCTOSIHUI aB-

ToMara S

Hagambaoe | Peaknusa va | Koneunoe
COCTOSHIE «11122» COCTOSIHIIE

1 12221 2

2 22112 3

3 21211 1

14 11221 21

24 12112 31

31 21111 14

15 12121 29

29 21112 32

39 11211 1,

Kpowme Toro, eciim KoHETHOE COCTOSIHUE TTPUHAJIEIKUT MHOYKE-
crBy {1,2,3}, TO aBTOMAT HCHOPABEH, B IPOTUBHOM CJIYYAE — MUMEET
MEeCTO HEUCIIPABHOCT.

Buoi600: njist pelieHust 3aa9u aHAJIN3a HEUCIPABHOCTENH HEOO-
XOJIUMO IIPOBECTH YCTAHOBOYHON IKCIEPUMEHT C aBTOMATOM, IIO-
JIYIEHHBIM U3 UCXOJHOI'O U BCEX HEHMCIIPABHBIX, IIyTeM UX 00beu-
HEHUsI.
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