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BBEOEHUE

CoBpemeHHbIe TPUOOPHI U YCTPOICTBA CEpBHCA MPEACTABIIAIOT COOON CIIOKHbBIE
TEXHUYECKUE CHUCTEMBI, PEAIM30BaHHbIE HA 0a3€ CPEJICTB BHIYUCIUTEIBHON TEXHUKHU.
[udpoBbie ycTpoiicTBa U MUKPOIPOIIECCOPHI SBISIOTCS Ba)KHEHIIEH COCTaBHOW Ya-
CTBIO Pa3JMYHBIX OOBEKTOB OBITOBOM TEXHHUKH: PATMOIECKTPOHHOM ammaparyphl,
CTUPAJIBHBIX U IOCYIOMOEYHBIX MAIINH, XOJOAUIBHUKOB U KIIMMAT-CUCTEM, U3EITUN
OPITEXHUKH U APYTUX YCTPOMCTB.

Taxoil mupokuii AUana3oH NPUMEHEHUs LHU(QPOBBIX YCTPOMCTB OIpeneseTCs
MX BBICOKMMHM TEXHUYECKHMH MMapaMeTpaMu U TEXHUKO-3KOHOMUYECKUMHM MOKa3aTe-
JMU. B 4acTHOCTH - 3TO HHU3KOE >HEPronoTpedieHue, BBICOKOE OBICTPOAEICTBUE,
BBICOKAsl HAJEXKHOCTb M MOMEXO3aUIUIIEHHOCTh, BO3MOKHOCTh pEaU3ali aJro-
PUTMOB yIpaBjieHUs U 0OpabOTKH CUTHAJIOB JIFOOOW CII0KHOCTH, Majble rabapuThl,
TEXHOJIOTHYHOCTh U HU3Kasi CTOUMOCTb.

VYrpapinsitonyge aBTOMaThl peaau3yloTcss B BUje "THOKOU" WM mporpaMMupye-
MOW JIOTHUKH, HA OCHOBE MUKPOIIPOLIECCOPOB, & TAKXKE B BUJIE 'KECTKOM JIOTUKHU' - Ha
OCHOBE TIOCJIEI0BATEILHOCTHBIX HU(PPOBBIX YCTPOUCTB. MaTeMaTH4eCKUMHU MOJIEIIS-
MU, UCIOJIb3YEMBIMU TIPU aHAIU3€ U CUHTE3€ MOCJIEIOBATEIIbHOCTHBIX YCTPOMCTB,
SBJISIFOTCS. KOHEUHBIE aBTOMAThI, UMEIOIIME KOHEYHOE KOJIMYECTBO JIEMEHTOB MaMsi-
TU. B nocnegHee BpeMsi MHTEpeC K KOHEYHBIM aBTOMATaM BO3pPOC, YTO CBA3aHO C pas-
BUTHUEM HHTErPATIBHONW MNPOrpaMMUPYEMOM 3JIEKTPOHHUKU: MPOrPaMMHUPYEMBIX JIOTH-
YECKUX CTPYKTYp; MPOrPAMMHUPYEMBIX JIOTMYECKUX MATPUIL]; HTPOrpaMMHUpPyEeMOM
MaTPUYHOM JIOTUKH; 0a30BBIX MAaTPUYHBIX KPUCTA/LUIOB U Ap. [1, 2]. B ocHOBe cuHTe-
32 TaKUX YCTPOUCTB JIEKAT METOJIBI a0CTPAKTHOTO (JIOTMYECKOI0) U CTPYKTYPHOTO
CHUHTE3a KOHEYHBIX aBTOMATOB. DTO OOCTOSITENLCTBO JIETAET HEOOXOAUMBIM TTPHOO-
peTeHus] 3HAaHUM U HABBIKOB MPUMEHEHUs] dTUX METOJOB /I aHajlv3a M CHUHTE3a
IU(PPOBBIX YCTPOUCTB yNpaBICHUS 00BEKTAMHU U YCTPOUCTBAMU CEpPBHCA CTYICHTaMU
crienuanbHOCTEeR "BhITOBAst pagnosnekTpoHHas annapatypa', a Takxe "CepBUC KOM-
MBIOTEPHON U MUKpOMpoLeccopHOr TeXxHUKU" U "CepBUC CIYTHUKOBOTO U KaOeIbHO-
IO TEJIEBUIECHUA" .



1. OCHOBHbIE NOHATUSA Teopun aBTomMmaTtoB

Tepmun asmomam (OT TPEYECKOrO OOTOUOTOG, - CAMOICHCTBYIONINI) Kak Ipa-
BUJIO, UCIIOJB3YyETCs B JIBYX acnektax. C OJHOW CTOPOHBI, aBTOMAaT — YCTPOICTBO,
BBITIOJTHSOITEE HEKOTOphIe QYHKIIMK 0€3 HEeTOCPEACTBEHHOTO Yy4acTus 4denoBeka. B
ATOM CMBICJIE MBI TOBOpUM, 4yTo DOBM — aBTOMAaT, Tak Kak MOCIle 3arpy3Kd Mpo-
rpaMMBbl U UCXOJHBIX JaHHbIX OBM pemaer 3amannyio 3agauy 0e3 y4acTus 4eaoBe-
ka. C apyroi CTOPOHBI, TEPMHUH «aBTOMAT» KaK MaTeMaTUYECKOe MOHATHE 0003HaYa-
€T MaTEeMaTHYECKYIO MOJIC]Tb PeaIbHbIX TEXHUUECKUX aBTOMATOB [3].

[udposbie ycTpoilcTBa C TOUKH 3pEHUS] TEOPUU TUCKPETHBIX YCTPOMCTB MpE.I-
CTaBIJIAETCS JUCKPETHBIMU aBTOMAaTaMH. PacCMOTpMM OCHOBHBIE IOHATHS, OTHOCS-
mMecss K JUCKPETHBIM aBTOMAaTaM — MAaTE€MaTUYECKUM MOJEISIM  LU(PPOBBIX
YCTPOWCTB.

Aemomamom Koneunvim (OUCKpemHbiM) HA3BIBACTCS MaTeMaTHUeCKas MOJIENb
YCTpOMCTBa, 00JaJaIONIET0 KOHEYHBIM YHCJIOM YCTOWYMBBIX COCTOSIHUH MU OCY-
IIECTBIISIONIETO MPeoOpa3zoBaHUe AUCKPETHON HHPOpMALII

Tak xak auckpeTHas WHMOpPMAIUS MOXET OBbITh MPEJCTABICHA B TOW WJIA UHOU
cucTteMe cuucieHus (mpejacraBieHa IUdpamMu), TO YaCTO JUCKPETHBIE aBTOMATHI
Ha3bIBAIOT YUPDPOBLIMU ABMOMAMAMU.

C ToukM 3peHHs] B3aUMOJAECHCTBHS C BHEUI- JIMCKDETHBIA
HEW cCpenod JUCKPETHBIA aBTOMAT MOXHO > N
pea JHCKD " " BxopHoit ABTOMAT B 1 X0 aHOM
MIPEACTABUTh B BHUJIE "UEPHOTO SIIUKA'", KOTO- KaHall KaHal
phIii oOMeHuBaeTcst MHGoOpMaleil ¢ BHEUIHEN

Cpefoii uepe3 BXOIHBIC M BBIXOAHBIE KAHAIbL
(puc.1).

PeanbHble ycTpoiicTBa pabOTAOT MO mMak-
mam. Ha K@ 0M U3 TaKTOB 110 OKOHYAHHIO MTEPEXOIHOTO MPOIecca yCTaHABIUBACT-
Csl OTIpeIeIEHHOE BHYTPEHHEE COCTOSIHUE aBTOMATa U COOTBETCTBYIOIIHE ATOMY CO-
CTOSTHUIO BBIXOHBIC CUTHAJIBL.

Puc. 1 CtpykTypHas cxema 1ucKper-
HOT'O aBTOMaTa

B Teopum aBTOMAaTOB BBOIST AOMYIIEHUS, KOTOPBIE YMPOIIAET PACCMOTPEHUE
MPOLIECCOB, MMPOUCXOAIINX B peaIbHBIX YCTPONCTBAX:

" BXOJIHbIC CUTHAJIbl HE UMEIOT JJIUTEIILHOCTH;

" BBIXOJHBIC CUTHAJIBI U3MEHSIOTCSI MTHOBEHHO;

" [epexo]l B HOBOE GHYMpeHHee COCMOsiHUe TIPOUCXOAUT CKauKooOpas3Hoe, nepe-
XOJHBIE TPOLECCHI HE YUUTBHIBAKOTCA

" ¢ MFHOBCHHBIM U3MEHEHUEM COCTOSIHHMSI aBTOMATA CBSI3aHO U MTHOBEHHOE W3-
MEHEHHE BBIXOJHOTO CUTHAJA.

OTH JOMYUIEHUS] 03HAYAIOT, YTO BCE U3MEHEHUS B JUCKPETHBIX aBTOMAaTax Mpo-
UCXOIAT B JUCKPETHBIE MOMEHTHI Bpemenn — t=0, 1, 2, ---, | , HyMmepyromue rpa-

HUIBI MEXKAY TakTaMu. [Ipu 3TOM roBopsT, 4TO (PYHKIIMOHHPOBAHHE aBTOMAaTa CBS-
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3aHO C MOCJICO0OBATCIIBHBIM M3MCHCHUCM €TI0 COCTOSIHMH B AUCKPCTHBIC MHTCPBAJIbI
BpPCMCHH KOHCUYHOU MIUTCIBbHOCTH, HA3bIBACMBIMU UHIMeEpBeaiamMu auCerl’HHOCI’I’lu.

[lonsiTne cocmoanus asmomama MUCIOIB3YETCS ISl ONIMCAHUS CUCTEM, BBIXObI
KOTOPBIX 3aBUCAT HE TOJIBKO OT BXOAHBIX CUTHAJIOB B JAHHBII MOMEHT BPEMEHH, HO
U OT HEKOTOPOW MNPENBICTOPUH, T. €. CUTHAJIOB, KOTOPHIE IMOCTYNIMUIN HA BXOJABI CHU-
crembl paHee. COCTOSIHME aBTOMAaTa COOTBETCTBYET HEKOTOPOM MaMATH O MPOIIIIOM,
[IO3BOJISISL YCTPAHUTh BPEMsI KaK SIBHYIO IIEPEMEHHYIO U BBIPA3UTh BBIXOJHBIC CUTHA-
JIbl KaK (PYHKIIMIO COCTOSIHUNA U BXOJHBIX CUTHAJIOB.

BxonHas u BeIXo/1Has UH(OpMalLKs B TEOPUU aBTOMATOB IPEICTABIISIETCS CUTHA-
JJaMH, UIMEIOLIUMU HECKOJIBKO YpOBHEW. Kak1oMy YpOBHIO COIIOCTABIIIETCSI HEKOTO-
pBIl CHMBOJI, KOTOPBII B 3aBUCUMOCTH OT CMBbICIIa IiepepadaTbiBaeMoil HHpOpMaluuy,
MOKET MHTEPHPETUPOBAThCS Kak 1u(pa, OykBa, npusHak. [I[poMexyTouHsie 3Haye-
HUS pEAbHBIX CHTHAJIOB 3aMEHAIOTCS OJHUM W3 Onrbkaiimumx ypoBHeil. Takas uH-
(dbopmarus SBISETCA JUCKPETHOM.

[Ipu onucannu UKU(POBBIX aBTOMATOB BHEIIHUE BO3ACHCTBUS, BBIXOAHAS peak-
LU U COCTOSIHUS pacCMaTPUBAIOTCS KaK OYKBBI TpeX ai()aBUTOB, HA3bIBAEMBIX COOT-

BCTCTBCHHO BXOIHBIM aﬂ(l)aBHTOM X = {Xl ) X2 Yoo ,Xn} , BBIXOJHBIM aﬂ(i)aBI/ITOM

Y ={¥,.Y, ...y 1 andasurom cocrosrus Q={0,,d,....,q,}.
[IpuMepoM BXOJIHOTO U BBIXOAHOTO aji()aBUTOB SIBISETCA OMHAPHBIN (ABOMYHBIN)
andaBuT, COACPIKAIIMKN TOIBKO JIBE OYKBBI - Q = {0,1}, Y = {O,l} X = {0,1} Paznnu-

Hble KOMOMHaNMu OyKB ali(paBUTOB MOMXHO MHTEPIPETUPOBATH KAK BXOAHbBIE (BbI-
XOJIHBIE) CJIOBA WJIM JUCKPETHBIE CUTHAJIBI M, COOTBETCTBEHHO, CII0BA COCTOSIHUS. 3a-
KOH (DYHKITMOHMPOBAHUS aBTOMAaTa MOKET OBbITh 3aJlaH NBYMs (YHKIUAMH — (PyHK-
e nepexosoB 0 :Qx X — Q, cBs3bBarolieil mapy "BXOJHON CUTHAI — COCTOSI-

Hue" m orobOpaxaromeii MHOKecTBo QX X B Q, a Takke (yHKIHMEH BBIXOIOB
A Qx X —Y, cBa3piBaroiield mapy "BbIxojHas OyKBa — COCTOSIHUE" U OTOOpaXKaro-
e MHOKeCcTBO QX X B Y, COOTBETCTBEHHO.

Takum 00pa3om, xapakTepHOW OCOOEHHOCTHIO MATEMATHYECKOTO OMHCAHUS KO-
HEYHOI0 aBTOMATa SIBIIICTCS OUCKDEMHOCMb MAMeMamuyeckux mooenei, a TaKKe
KOHeYHOCmb 0bacmell 3HAYeHUll 6X0OHbIX, BbIXOOHBIX CUSHANO08 U COCMOAHU.

OO6miast Teopusi aBTOMATOB TIPU CJEIAHHBIX BBIIIC JOMYIIEHUSIX pa30uBaeTCs Ha
JB€ OOJIBIIINE YaCTH — aOCTPAKTHYIO TEOPUI0 aBTOMATOB U CTPYKTYPHYIO TEOPHIO
aBTOMaTOB. Paznuure Mexmny HUMH 3aKITI0YAETCS B TOM, YTO B aOCTPAKTHOUW Teopuu
MBI OTBJIEKAEMCS OT CTPYKTYpPBI, KAK CAMOI'0 aBTOMATa, TaK U €r0 BXOJHBIX U BBIXO-
HBIX cuTHaJoB. He nHTepecysch cnmocoboM mocTpoeHus aBTomaTa, abCTpakTHas TeOo-
pHUs U3y4aeT JIMIIb T€ MEPEXO0IbI, KOTOPBIE MTPETEPIIEBAET ABTOMAT MO BO3JCUCTBU-
€M BXOJHBIX CUTHAJIOB, U T€ BBIXOJHBIC CUTHAJIbI, KOTOPHIC OH MPH 3TOM BBIJIAET.
AOcTpakTHas Teopus aBTOMATOB OJM3Ka TEOPHH aJTOPUTMOB, SIBIIICTCS €€ Jallb-
HEHIlIen aeTajn3aiuei.

B o6miem ciyuae mMaremMaTH4ecKOW MOJACNBIO ITU(PPOBOro YCTPOMCTBA SBISIETCS
JTMCKPETHBIM aBTOMAT, 33/ITaHHBIM COBOKYITHOCTBIO IIECTH OOBEKTOB:

1) xoHEYHOE MHOKECTBO X BXO/JHBIX CUTHAJIOB:



X =000, %,(0)..... %, (1)}

2) KOHEYHOE MHOXECTBO Y BBIXOJHBIX CUTHAJIOB:

Y =010, Y, Y (O}

3)MHOkecTBO Q COCTOSIHMIA aBTOMATA:
Q={q,(®),a,(),....q,(O}

4) Ha4daJIbHOC COCTOJAHHC aBTOMATAa qO , KaK OJICMCHT MHOXCCTBa Q:
do (t) €Q;

5) ¢pyukuus o6(, X) (GyHKIMs Iepexo/ia aBToMara U3 0JHOr0 COCTOSHHS B JAPY-
roe);
6) pyuxuus A(Q,X) (QyHKLIHUSA BEIXOJOB aBTOMATA).

B HavanbHBIN MOMEHT BpeMeHH ty; aBTOMAT HaXOJUTCS B HaYaJIbHOM COCTOSIHUH
Jo- B AuckpeTrHble MOMEHTHI BpeMEHHU t Ha aBTOMAT MOCTYIAOT BXOJIHBIE CUTHAJIbI
X(t), aBTOMAT MOCIIE0BATEIEHO MEHSIET BHYTPEHHUE COCTOSIHUS U TCHEPUPYET COOT-
BETCTBYIOIIHME BBIXOJIHbIC CUTHABI Y(t).

2. Knaccudmkaumsa auckpeTHbIX aBTOMaToB

Ilo cnocoby gpopmuposanusi unmepeanog ouckpemuocmu AUCKPETHBIE aBTOMATHI
JENAT Ha JBA KJAcCa — CUHXPOHHblIe aBTOMATBl U ACUHXpOHHble. B cunxpounvix as-
MomMamax MOMEHTBI BPEMEHH, B KOTOPBIX (PUKCUPYIOTCS W3MEHEHUsI COCTOSHHMI aB-
TOMAaTa, 3aJal0TCsl CHEUUAbHBIM YCTPOMCTBOM — TE€HEPAaTOPOM CHHXPOCUTHAJIOB,
BBIJIAIONUM UMITYJIbCHI YEPE3 PaBHBIC MPOMEKYTKH BpeMeHH (TTOCTOSIHHBIN MHTEPBaJ
IUCKPETHOCTH). B acunxpounnvix asmomamax MOMEHTHI Iepexo/ia aBToMaTa U3 OJI-
HOT'O COCTOSIHUS B JIpYyro€ 3apaHee He ONpeesIeHbl U 3aBUCSIT OT KaKUX-TO COOBITUH,
HalpuMep, OT TeMINa MOCTYIUIEHUs BXOJHBIX CUTHAJOB. B Takux aBTrOMarax WHTEp-
BAJI TUCKPETHOCTH SIBJIIETCS IEPEMEHHBIM.

[To 06beMy maMsITH TUCKPETHBIE aBTOMATHI TMTOAPA3ISIISIFOTCS Ha:
1) AuMCKpeTHBIC aBTOMATHI C OOJIBIITUM 00BEMOM MAMSITH;
2) IUCKpPETHBIC aBTOMATHI C MAJIBIM 00EMOM TaMSITH;

3) IMCKPETHBIC aBTOMATBI C OJHHUM COCTOSHHEM (KOMOWHAIIMOHHBIC WM (DYHK-
IIMOHATHHBIC ABTOMATHI).

K AUCKPCTHBIC aBTOMATaM C 00IBIIMM 00BEMOM MaMATH OTHOCSTCS MOACIIN pa3-
JIMYHBIX 3aNnNOMUHAIOWUX ycmpodcme.

K nuckperHble aBTOMaTaM HUQPPOBBIM YCTPOHUCTBAM C MaJIbIM 00BEMOM MaMSTH
OTHOCSITCSL MOJIETIN TPUITEPOB, CYETYUKOB, PETUCTPOB, PACIIPEACIUTEIEN UMITYJIBCOB,
YIPaBISIONIMX aBTOMATOB U .

Kombunayuonnvim asmomamom Ha3bIBA€TCS JUCKPETHBIM aBTOMAT, UMEIOIIUN
OJIHO BHYTPEHHEE COCTOSIHHE, OMPEJCIICHHOE THUIIAMU U XapaKTepOM COCAUHEHUS
DJIEMEHTOB CXEMBI aBTOMATA.



7

Oto vactHbId ciaydai JIA. JIs KoMOMHAIIMOHHBIX aBTOMATOB XapaKkTepHa OJTHO-
3Ha4YHasl 3aBUCUMOCTb MEXKIY BXOJIHBIMH M BBIXOAHBIMU CHUTHAJIAMH B Ka)KIbIi MO-
MEHT BPEMEHU.

K xoMOWHAIIMOHHBIM aBTOMATOM OTHOCSTCS TIpeoOpa3oBaTein KOI0B, mudpa-
TOPBI, TeIH(PPaTOPBI, MYJIbTUILICKCOPBI, KOMOMHAIIMOHHBIC CYMMATOPHI U JIp.

B 0co0bIii KITacc BRIIETSIOT OeCKOHeuHble agmomamsl, Y KOTOPBIX MHOKECTBA U
Q, X,u Y Moryt ObITh O€CKOHEUHBIMH. Takue aBTOMAThI SBJISIIOTCS MOJEISIMU BbI-

YUCIUTEIBHBIX MAIlIMH, TOBEJECHUE KOTOPBIX OINPEIEISACTCS HE TOJIBKO BHYTPEHHEN
CTPYKTYPOH, HO U 3aIIUCAHHOU ITPOrPAMMOM.

[To xapakTepy (pyHKIMOHHUPOBAHUS aBTOMAThl MOTYT OBITb OemepMUHUPOBAH-
HulMU U 8eposamuocmubimy. OyHKINN NEPeX0J0B U BbIXOJI0B BEPOATHOCTHBIX aBTO-
MAaTOB, a TaKXKe UX CTPYKTYypa 3aBUCAT OT CIIy4ailHOro BbIOODA.

ITo dbopMupoBaHMIO BBIXOJHOTO CUTHAJIA JTUCKPETHBIE aBTOMATHI MOAPA3IEIs-
10TCA Ha agmomambsl Munu n asmomamsl Mypa.

JIMCKpETHBIM aBTOMAT, JJISI KOTOPOTO BBIXOJHOW CHUTHAJ 3aBUCHUT OT BXOJHOTO
CHUTHAJIa B COCTOSHHUS, TO €CTh A:Qx X —Y , Ha3siBaetcsa asmomamom Munu.

JIMCKpEeTHBIM aBTOMAT, JUIsl KOTOPOT'O BBIXOJHOW CUTHAJ 3aBUCHUT TOJBKO OT CO-
CTOSIHUSI U HE 3aBUCHUT OT BXOJIHOTO CUTHaja, TO ecTh A:Q —Y | Ha3zpIBaeTcs asmo-
mamom Mypa.

KpOMe TOIro, B 3aBUCHUMOCTH OT criocoba OIIPpCACICHUA BBIXOOAHOI'O CHI'HAJIa B
CHHXPOHHBIX aBTOMAaTax CYMICCTBYIOT IBC BO3MOXXHOCTH .

1) BeixoaHOM curHa Y(t) omHO3HAYHO OMpeaeseTcs BXOAHbIM curHamoM X(t) u
cocrostureM ((t-1) aBTomMara B HpEAIICCTBYIONIMI MOMEHT — 3TO aBTOMAT NEpPE020
pooa;

2) BeixogHoi curnan Y(f) omHO3HAYHO ompezensercs BXOaHbIM curramoMm X(t) u
cocrosiaueM ((t) B 1aHHBI MOMEHT BPEMEHH — 3TO aBTOMAT 6/MOpP020 pood.

CrnenoBaTenbHO, 3aKOH (PYHKIMOHUPOBAHUS JUCKPETHOTO CUHXPOHHOIO aBTOMa-
Ta MOKET OBITh 3a/1aH CJIEIYIOIHUM 00pazoM:

IJIs aBTOMATa MEPBOTo pojia

q(t) = 5(a(t - 1),x(),

y(t)=Aq(t—1),x(¥), t=12,.., 1)
JJIs1 aBTOMAaTa BTOpOFO pOI{a
t) = 5(q(t - 1), x(t)),
q(t) =o(q(t-1),x(1) 2

y(0) =Aq@®).x@), t=12,..,

Mexy aBTOMaTamM NEPBOTO U BTOPOrO POAOB CYLIECTBYET OJJHO3HAYHOE COOT-
BeTcTBHE. [Ipenmnonokum, 9To MPOU3BOIBHBIA aBTOMAT S BTOPOTO pOja 3aJlaH ypaB-
HeHUSAMU (2). DYHKITHIO BBIX0/1a MOKHO MPEACTABUTH B CICIYIONIEM BHJIC

Q). x() = A(5(alt —1),x(®)), x(t)) = 4 (at = 1), x(t)).



Torma BeixogHou curaan (2) y(t) MOXHO IpeaCTaBUTh B BUC

y(t) =4 (a(t—1),x(t)) (3)

[Tonyunnu HOBBIM aBTOMAT R 1mepBoro pona, 3alaHHbIi TOH ke QyHKIMEH mepe-
xoa 6(Q,x), 4To ¥ aBTOMaT S, a Takke (PyHKIUEH BBIX010B A,(Q,X) .

TakuMm 00pa3oM, 1 KaXJIO0ro aBTomMaTa S BTOPOIO poja CYILIECTBYET 3KBUBA-
JICHTHBIN eMy aOCTpakTHBINA aBTOMaT R mepBoro poaa, GyHKIUS BBIXOOB KOTOPOTO
MOJIy4aeTcsi B pe3yjbTaTe MOACTAaHOBKM (DYHKIHMM TMEPEXOJ0B aBTOMAaTra S B €ro
CABUHYTYIO (DYHKITHIO BBIXO/IOB:

A (a.:x) = A(5(9,x), X).

Mexny momensmMu Munm m Mypa CymiecTByeT COOTBETCTBHE, IO3BOJISIOLIEE
npeoOpa3oBaTh 3aKOH (PYHKLIMOHUPOBAHUS OJHOTO U3 HUX B JIPYro WM OOpaTHO.
Taxoe mpeoOpa3oBaHHe MOPOXKAAET Mapy ONUCAHMHA 3aKOHOB (PYHKIIMOHHUPOBAHUS,
DKBUBAJICHTHBIX B TOM CMBICJIE, YTO UM COOTBETCTBYET OJMHAKOBAas 3aBUCUMOCTH
MeX 1y BXOAHOM X U BBIXOAHOMU Y MOCIIEI0BaTEIbHOCTIMHU.

Coemewennas mooenv asmomama (C-asmomam) [4]. AdctpaktHeiii C-aBTOMAT
— MaTeMaTH4ecKas MOJIeJb JUCKPETHOTO YCTPOMCTBA, JUIsi KOTOPOTrO 3aJaHbl Clie-
TYIOITHE TTapaMeTpBhl:

Q={q,(1),q,(t),...,q,()} - MmrOXKECTBO COCTOSIHMIA;

X ={X,(t), %, (1),..., X, (1)} - Bxoxuoi andasut;

Y ={y,(®),y,(®),..., ¥, ()} - BeIxomHOI1 andasut aBToMmara Muu;

U ={u,(t),u,(t),...,u_ ()} - BerxogHOI andasur aBTromara Mypa;

0 :Qx X — Q- dpyukius nepexonos, peanusyroras oroopaxkenne D; cQx X B
Q;

4 1Qx X =Y - hynkims BbIX0/10B, peanusyromas otoopaxenne D, cQxX BY ;

4, :Q > U — dynxims Bbixon0B, peanusyromas orobpaxenne D, <Q na U ;

0, € Q — HayankHOE COCTOSIHUE aBTOMATA.

AOGcTpakTHbIii C-aBTOMAaT MOKHO
MPEACTaBUTh B BHUJC YCTPOWCTBA C X={x. (1), ... x ()}
1Y Ay

Y={,(0), ... 30}

b Q={, (0. .. 4}
> U={u,(1), ..

OJHUM BXOJOM, Ha KOTOPBIM MOCTY-
MAIOT CUTHAJIBI U3 BXOJHOTO alipaBuTa

u(t

A v 4

X, U ABYMs BbIXOAAaMH, Ha KOTOPBIX

HOABJIAOTCA CUTHAJIBI W3 BBIXOHHBIX Prc. 2. CoBMelIeHHAs MOJIEIbL aBTOMAaTa C OJHUM

andasuros Y u U (puc. 2). BXOJIOM U JIByM$ BBIXOJIaMU
Otnnune C-aBTOMAaTa OT MOJEJIEN

Munu 1 Mypa COCTOUT B TOM, YTO OH OJTHOBPEMEHHO pealin3yeT JiBe (YHKIIUU BbI-

XOIIOB A, U A,, KaKJas U3 KOTOPBIX XapaKTepHa ISl 3TUX MOJIETEN B OTIEIbHOCTH.

DTOT aBTOMAT MOKHO ONKUCATH CJIEYIONIEH CUCTEMON YpaBHEHHUIA:



q(t+1) = 6(a(t), x(1)),

y(t) = 4,(a(t), x()), (4)
u(t) = 4,(q(r)).
Brixognoii curnan U= 4,(q.), i =1,5, BBUTeNseTCS Bee BpEMSI, TIOKa aBTOMAT

HAaxXoAMTCst B cocTosiHuu 0, . Boixopnoii curnan y=71,(q;,X;) BblIAETCA BO BPEMs

HeﬁCTBHH BXOAHOI'O CMIr1Hajia Xj IIpU HaXOXJACHUU aBTOMAaTa B COCTOAHNU (; .

Ot C-aBTOoMmara Jerko nepeutu k apromaram Mwuiu uim Mypa (¢ ydeToMm BO3-
MO>KHBIX CIBUTOB BO BPEMEHHM Ha OJIMH TaKT), TaK K€ KaK BO3MOXKHA TpaHchopmarms
aBTomata Munu B aBTomatr Mypa.

Takum 00pa3oM, TUCKPETHBIN aBTOMAT MOJHOCTHIO OMKUCHIBACTCS MHOXKECTBAMHU
BXOJHOTO U BBIXOJIHOT'O aJIaBUTOB U aJIpaBUTOM COCTOSIHUM, QYHKIIUSIMU MEPEXO-
noB 1 Beixo0B (Q,X,Y, &, A). B kax1plii ©3 MOMEHTOB TUCKPETHOT'O BPEMCHH |

aBTOMAT, HAXOSIIUIACS B OMPEICIICHHOM COCTOSIHUN, BOCIPUHUMACT BXOTHON CHT-
HaJl - OykBY BXozaHoro andasuta X(i) € X , Beigaet BbixoaHou curHan Y(i) €Y - Oyk-

BY BBIXOJIHOTO ajihaBUTa, onpeneasiemyro Gpyukmnuei Berxogos Y(i) = A(q(i), x(1)), u
NIEPEXOIUT B HOBOE COCTOSIHHE, OTpeieliieMoe (pyHKIMel mepexo10B

q(i+1)=4(q(1), x(1)).

C ToukM 3peHUs CTPYKTYpPHOH Teopuu aBTOMaroB (C-aBTOMaT MMeEeT 00O0OIIeH-
HYIO CTPYKTYPHYIO CXEMY, IPEACTABICHHYIO Ha pHUC. 3.

Cxema Cxema
hopmmrpoBaHus Brok anemeHToB Q cpopmmposaHMﬂY:{yl(t)’ yk(t)}‘
X={x,(1), ... xn('[)' (yHKLMI BO3BYXaEHNS ¢ namstn (53M) > BLIXOHbIX g
3NEMEHTOB NamsTy Q={0,(1), ... g(0)} chyHKLUA U={u,, ... um('[)>
#(6 QX)) 2,0.%), 2,(x)

Q
Puc. 3. Ctpykrypa C-aBTOMaTa

ABTOMAT COIEPKUT TpU OJIOKA — BE KOMOMHAITMOHHBIE CXEMBI U OJIOK JIEMEH-
TOB TIAMSITH.

[TepBas komOuHaMOHHAs cxemMa (OPMHUPYET CUTHAIIBI BO3OYXKICHUS JIEMEHTOB
HaMSITH, 4TO sBJIsICTCS oToOpakenueM Qynkiuu nepexoaos q(t +1) = o(q(t),x(t)) na

KOHKPETHYIO CTPYKTYPY AMCKPETHOIO aBTOMATA.

Bropas cxema popmupyer Berxonusie pyHkimu aBromara Y(t) = 4 (q(t), x(t)) u
u(t) = 4,(q(t)), kak BeIXOaHBIE JOrUYECKHE (PYHKIIMA KOMOMHAIMOHHOTO aBTOMATa,
CHUHTE3MPOBAHHBIC C YYETOM HCIOJIb3yEeMbIX JIOTUYCCKHUX 3JICMCHTOB.

CocrosiHMEe aBTOMAaTa onpecaACisICTCA COCTOAHUCM 3JICMCHTOB ITaMATH (TpI/IFFepOB
Ppa3INYHbIX TI/IHOB). M3MEeHEeHHIO COCTOSIHUS aBTOMaTa COOTBCTCTBYCT N3MCHCHHUC CO-
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CTOSIHUM TpUrTepoB. [lepexintouenre TpurrepoB NPOUCXOAUT IO BO3ACHCTBUEM
(GyHKIMI BO30yXIeHUSI TAKUM 00pa30M, YTO COCTOSIHUSI aBTOMAaTa MEHSIOTCS B COOT-
BeTCTBHHU ¢ QpyHKIuei nmepexoaoB q(t +1) =o(q(t),x(t)).

3. A3bikun onncaHna unMdpoBbLIX aBTOMATOB

B 3aBucumMocTu ot crioco0a 3a1anust GyHKIMEH epexoa0B U BHIXOJIOB (6 U 1) B
HACTOSIIIIEE BPEMsI BBIICIISIOT JIBa KJIAccCa SI3bIKOB — HAUAIbHble SI3BIKU U CIAHOapm-
Hble, WA agmomamuble A3bIKU. B HauanbHBIX S3bIKaX aBTOMAT OMUCHIBAETCS HA I10-
BEJICHUECKOM YpPOBHE, T. €. PYHKIIMH NEPEXOJ0B U BBIXOJ0B OOBIYHO B SIBHOM BHUJIE
He 3a7aHbl. [loBeneHre aBTOMaTa ONMKUCHIBAETCA B TEPMHUHAX BXOJHBIX U BBIXOJHBIX
MOCJIEA0BATEILHOCTEN, peaIu3yeMbIX ONEpPaTopoB (OTOOPAKEHUM) WU BBIXOHBIX
YOPaBISAIONIMX MOCJIEI0BATEIBHOCTEN CUTHAIOB. B aBTOMATHBIX SI3bIKaX MOBEICHUE
aBTOMAaTa 3aJ]aeTCs IMyTeM SBHOTO 3aJjaHusl (DYHKIIHMI Tepexo/I0B U BBIXOJIOB.

3.1 HavyanbHbIe AA3bIKU ONnuUcaHus

Cpe):[H HaYaJIbHBIX S3BbIKOB CJIICAYCT BBIACIUTL d8MOMAMHOe 0m06pa9fceHue, T.C.
COOTBCTCTBHUC MCXKAY IIOCIICAOBATCIbHOCTAMM BXOJHBIX MW BBIXOJHBIX CHIHAJIOB,
A3BIK pecylAPHbIX 8bzpa9fceﬂu12 (1]12€6pr CO6blmu1/7, A3BbIK Jlo2UYeCKux cxem dajlecopum-
MO8, A3blK ZPCIQb'CXQM anieopummaos.

PaCCMOTpI/IM KpaTKO ICPCUHHUCICHHBIC HAYAJIbHBIC A3BIKK OIIMCAHUA I_II/I(l)pOBBIX
ABTOMATOB.

ABTOMaTHOE oTOoOpaxeHue [5] peanusyercs MOCPEACTBOM ABMOMANMHO2O
onepamopa T, mepepabdaThIBAIOIIETO CIOBA BO BXOAHOM alipaBuTe X B CIOBA B BBI-
xoaHoM andasure Y

yv=1x;, x=x(1)..x(n)..., x=x(1)..x(n)....
ABTOMATHBIN ONIEPATOP OMPEAEIACTCS PEKYPPEHTHBIM COOTHOIIIEHUEM:
a1) =d,;
q(t+1)=5(q(t), x(1));
y(®) = A(q(t), x(t)).
Ecmu aBromarneii omneparop T ompenesieH Ha BCEM MHOYECTBE BXOJIHBIX CIIOB
X', TO COOTBETCTBYIOIIUN HU(PPOBON aBTOMAT SIBISICTCA BCIOAY OMpPENEICHHBIM, a

€CJI — Ha HEKOTOPOM IOJAMHOKECTBE BXOJHBIX CIOB X , TO U(PpOBOH ammapar —
YACMUYHbBIU.

Har[pHMep, q)YHKHI/IOHI/IpOBaHI/Ie aBTOMaTa 3aJaHO B BHJAC T3.6J'II/IIII>I COOTBCT-

cTBU (Tabi1. 1), oTpaxkaroiiei BX0/1-BbIXOHYIO TTOCJIEI0BATEIbHOCTD:
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Xor %01 %31 %50 X1, X3 = Yo Y1, Y10 Yoo Yor Yo . ()

B TeueHue miecTy TaKTOB HAa aBTOMAT MOCTYMHAET MOCIEAOBATEILHOCTh BXOAHBIX
CUTHAJIOB X, X, X3, X,, X, X;. Peaknueir aBToMaTa Ha BXOJHYIO IIOCIJIEOBAaTEIBHOCTD

JIOJKHA OBITH BBIXOJHASI MOCIIENOBATENBHOCTE Y, Yy, Vi, Vo) Yor Yo, POpMUpYyEMas Ha
€ro BBIXOJIE B ATOM K€ MHTEPBaJIC BPEMEHH.

Tadomuma 1 — CooTBeTCTBME BXOAHBIX U BHIXOIHBIX CUTHAJIOB

WHTepBabl TUCKPETHOCTH
1 2 3 4 5 6
Bxon. curnaner X Xo X1 X3 Xo X1 X3
Beixon. curaansr Y Yo Y1 Y1 Yo Yo Yo

SI3bIK peryJasspHBIX BbhIpaXeHUU anreOpbl coOwiTu# [6]. st 3aman-
HOTO KOHEYHOTO MHO)KECTBA BXOAHBIX OYKB X ={X,,X,,...,X } pPeryispHoe BeIpaxe-

HUE 3a7aeTcsl cleayromuM obpazom. s mocTpoeHus S3bIKa PEryJsipHBIX BBIpaKe-
HUM UCHOJIB3YIOTCS TP ONEpaIMK HaJl COOBITUSMH (IBE€ OMHAPHBIC U OJIHA YHAPHAS):

1) Av B —oObeauHeHHE (TU3BIOHKITNSA );

2) AB — yMHOXeHHUE (KOHBIOHKIIHS);

3) {4} — utepanus (o6o3HavaeTcs Takxke 4 *).

Bripaxkenue, noctpoeHHoe U3 OykB andaButra X M W3 CUMBOJIOB OoNepauuid 00b-
€IMHEHUs, YMHOKEHHUS ¥ UTEPALUU C UCIOJIb30BAHUEM COOTBETCTBYIOLIUM 00pa3oM
KPYTJIBIX CKOOOK, Ha3bIBACTCS PEryJISipHBIM BhIpakeHHeM B andasute X. Beskoe pe-
ryJIsipHOE BhIpaxkeHue R ompenersier HekoTopoe cobbithe S (S moaydaercs B pe3ylib-
TaTe BBIMOJIHEHUS BCEX ONepaluil, BXoAsAmuX B BeipaxeHue R). CoObiTus, onpenens-
€MbI€ TaKUM 00pa30M, Ha3bIBAIOTCA PETYISPHBIMH COOBITHSIMHU Haj andaButom X.
JIpyTUMHU CIIOBaMU, pe2yiapHuiM cobObimuem Ha3bIBaeTCsl COOBITHE, MOJIyYEHHOE U3
AJIEMEHTApHBIX COOBITUH (0JHOOYKBEHHBIX CJIOB X;j), IPUMEHEHHEM KOHEYHOTO Yucia
pa3 omepanuili IU3BIOHKIIMU, YMHOXKEHUs W uTepauuu. Hampumep, B andasute u3
TpexX OYKB X, y, Z PEryJspHOE BBIPAKCHHE X{Xv yv Z}(y\/ Z) 3a7aeT peryispHoe

COOBITHE, COCTOSAIIEE U3 BCEX CIIOB, KOTOPhIE HAYMHAIOTCS OYKBOM X M 3aKaHUMBAIOT-
cst OyKBOU y WiH Z. PerymnsipHbie COOBITHS, M TOJIBKO OHH, TIPEICTaBUMbI B KOHEUHBIX
aBTOMAaTax.

[TycTs HEOOXOAMMO ONKcaTh aBTOMAT, BBIJAIOIININ CUTHANI @, , BCAKUH pa3, Kornaa
IPOUCXOIUT U3MEHEHHE BXOAHOM OYKBBI C X1 Ha X,. J[pyruMu cioBamu, CUTHAI @, ,

JIOJDKEH BBIJIAaBaThCSl B OTBET Ha JIFOObIE BXOHBIC MOCIEA0BATEILHOCTH, KOHYAOIIIH-
€csl TIOCJIeIOBATEILHOCTRIO X1Xp. Dpaza «Iro0bie BXOTHBIE MOCIEAOBATEIBHOCTI
dbopmanm3yeTcst BCEOOITUM, WM YHHUBEPCAIBHBIM, COOBITHEM, COCTOSIIINM M3 BCEX
BO3MOXHBIX CJIOB B alipaBUTE X1Xp. Takoe cOObITHE 3alMCHIBACTCS KaK {X1 Y XZ}. To-

raa COOBITHE Sl, B OTBET HA KOTOPOC NOJIKCH BbIAABATHCA CUT'HAIl @), 6y,Z[eT OITNCBI-

BaThCsI PETYISPHBIM BBIpaKeHHEM: S /@, = {X1 % Xz} XX, .
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SA3bIk moTuYeckuXx cxem anroputmoB [7]. B 50-x r. IIpomnutoro Beka
coBeTckuii Mmarematuk SHoB FO.U. mpeanoxun 3amuceiBaTh alTOPUTMBI B BUJE KO-
HCYHOW CTPOYKH, COCTOSIICH W3 CHMBOJIOB OIEPAaTOPOB, JOTMYSCKUX YCIOBUU H
BEPXHHUX M HUKHHUX CTPEJIOK, KOTOPBIM MPUIKCAHBI HATypaJIbHbIC YHCIIA.

[TopsiioK BBIMOJHEHUS ONEpaluii B aBTOMATE ONPENENSETCS npozpammou (Win
MUKPONPO2PAMMOLL), TIPEICTABIIAIONICH cO00M COBOKYITHOCTh MUKPOOIEpAIil U J10-
TMYECKUX YCIOBUH.

[Tox mukpoonepayueti OOBIYHO TTOHUMACTCS DJIEMEHTAPHBIN TIPoIIecC epepadoT-
K MHGOPMAIMK B OJTHOM W3 YacTell aBTOMaTa, IPOUCXOISIINN 3a BpeMs TaKTa pado-
Thl aBTOMAaTa. [Ipr 3TOM yCTpOMCTBO yIipaBieHUs BbIpaOATHIBAET YIIPABJISIONINE CUT-
HaJbl, KOTopble 0003HaunM cumBosioM V ={V,,V,,...,V. }. Xox BBIIOIHEHUS MUKPO-

orepanuii MOKET HapyIIaThCsd B 3aBHCHMOCTH OT YCJIOBHH, 3aJaBacMbIX MHOXE-
ctBoM Z ={z,,2,,...,Z, }.

3anuch aNropuTMa, BHITIOJHEHHAS C YYETOM BBHIIICH3I0’)KEHHOTO, Ha3bIBACTCS JI0-
rudyeckon cxemon anroputrma (JICA).

Jlornyeckue cXeMbl aITOPUTMOB YJIOBJIETBOPSIIOT CJIECIYIOUTUM YCIOBUSIM:
1)conepkar o MH HAYaabHbBIHN (V4 ) ¥ OJMH KOHEUHBIN orepatop (V);
2)1iepe1 omepaTopoM Vy U TIOCIIe oepaTopa Vi CTPENIOK ObITh HE JTOJIKHO;
3)Bcrien 3a KaKIbIM JIOTHYECKUM YCIIOBHEM BCET/Ia CTOMT BEPXHSIS CTPEIIKA;

4)He CyIIeCTBYET JABYX OJMHAKOBBIX (C OJMHAKOBBIMHU ITU(PPaMHU) HUKHUX CTPE-
JIOK;

5)1u1s Kax 10 HUKHEH CTPENIKK J0JDKHA OBITh, 110 KpalHEe# Mepe, 0/IHa COOTBET-
CTByIOIIas e¥ (C 0JuHAKOBOM ITU(POIT) BEpXHSS CTPEIIKA;

6) 17151 KaK101 BEPXHEH CTPEJIKH TOJKHA OBITh TOUYHO OJIHA COOTBETCTBYIOIIAS i
(c omuHaKOBOM 1TU(GPOIT) HUKHSIA CTPEIIKA.

PaccMoTpuM ClieAyIONIyIO JIOTHYECKYIO CXEMY aJrOpUTMa!
My Lz 72 22y 2
vz, T'v, v 2, TP v,v,z, TP v, v° vy, (6)

Ota cxkema UMeeT onepaTopsl Hadasia u koHna (Vy U V), STk onepaTtopoB (Vi ...
Vs5) U TPU JIOTUUECKUX YCIOBUS (Z1, Zp, Z3). HauanbHOMY omepaTopy COOTBETCTBYET
HEKOTOPOE HAaYaJIbHOE COCTOSIHUE aBTOMAaTa, P KOTOPOM HUKAKHUE MUKPOOIEpALNU
HE BBINOJIHAIOTCA. ECM B HAYQJIbHOM COCTOSIHUM Ha IIEPBBIM BXOJ YCTPOMCTBA IPHU-
JIeT CUTHAJI, paBHbIN equHulle (Z;=1), TO yCTpOKUCTBO MEPENIET B HOBOE COCTOSIHUE, B
KOTOPOM BBITIOJIHSIETCS ONEepaTop Vi; — MEPBBIM CIIpaBa MOCIIE JIOTMYECKOTO YCIOBHUS
Z;, a 3aTeM MPOBEPSETCS JIOTHYECKOe ycioBue Z,. Ecim ke z;=0, To BeIXOAMM TIO
BEPXHEU CTPEIIKE ™ ¥ BXOIMM 110 HEKHEH CTpPEJIKE ¢ TOM e muGpoi ! Ha IPOBEP-
Ky JIOTUYECKOI0 YCIIOBUS Zy, MUHYS BbINIOJHEHHE oneparopa Vi. Eciu 2,=0, To nepe-
XOJIUM K BBITIOJIHEHUIO onieparopa Vs. Ecnu e z,=1, TO BBINOMHSIOTCS ONepaTopsl Vs,
U V3 U TIpoBepseTcs ornepaTtop Zz; ecnu Z3=0, To ornepaTop V, HE BBIOJIHSIETCS, MPO-
UCXOIUT mepexof K omepartopy Vs. Ilocie BwimonmHeHus omneparopa Vs NPOUCXOAUT
nepexoj K KOHeYHOMY OIepaTopy, T. €. paboTa TUCKPETHOTO YCTPOMUCTBA 3aKaHYMBA-
€TCH.
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I'pad-cxembr anroputrmoB [8]. Jpyroii pasHOBHIHOCTBIO SI3bIKA, TIO3BO-
JISIFOIIEH ONHMCHIBATH JJOTMYECKUAE CXEMBI alTOPUTMOB, SIBISICTCS SI3BIK 2pagh-cxem a-
eopummos. I'pad-cxema anropurmMa — OpPUEHTUPOBAHHBIN CBSI3HBIN Tpad, comepika-
WA OHY HaYaJbHYIO BEPIUIMHY, MPOU3BOJIBHOE YHCIIO YCIOBHBIX U ONEPATOPHBIX
BEPIIMH M OJTHY KOHCYHYIO BEPIIUHY.

KOHe‘IHaH, oricparopHasd M YCJIOBHas BCPIIMHBI HMMCHOT IIO OJHOMY BXOAY,
Ha4daJIbHAasgd BCPpIOIMHA BXOA0OB HE UMCCT. HauvanpHas u OIICpaTopHas BEPIINHBI UMCIOT
II0 OAHOMY BBIXOAY, KOHCYHAA BCPIINMHA BBIXOAOB HC HMMCCT, YCJIOBHAA BCPIIMHA
HNMCCT JBa BbIXOJ4, IIOMCUYCHHLIX CMMBOJIaMH 1 uo0. Fpa@—cxeMa aJIropuTMa yaoBJIC-
TBOPACT CICAYIOIUM YCIIOBUAM:

1) BXOZBI ¥ BEIXOJIBI BEPIIUH COSAUHSIOTCS IPYT C APYTOM C TIOMOIIBIO JIVT,
HaIIPaBJICHHBIX BCETIa OT BBIXOJ1a K BXONY;

2) Kbl BBIXO/I COSTMHEH TOJBKO C OJJHAM BXOJIOM;

3) mr000¥ BXOJ COCAMHSETCS, IT0 KpalHe Mepe, C OJTHUM BBIXOJIOM;

4) mo0Oas BepinHa rpada JIeKHUT, 10 KpaiHel Mepe, Ha OJHOM IyTH U3 Hadallb-
HOW BEPIIMHBI K KOHEYHOM;

5) B KaXKI0H YCIIOBHOW BEPIIMHE 3aITMCHIBACTCS OJMH U3 3JIEMCHTOB MHOYKECTBA
norudeckux ycnosuit Z ={z,,7,,...,2, }, ipuueM BO3MOKHA 3aIIMCh OJNHAKOBBIX
AJIEMEHTOB MHOKECTBA Z B PA3JIMUHbIC YCIOBHBIE BEPIIUHBI;

6) B ka0 onepaTOPHOI BepIIMHE 3a-
MHUCBHIBAETCS OAUH U3 AJIEMEHTOB MHO>KECTBA
onepatopoB V ={V,,V,,...,V. }, npuyeM Bo3-
MOYKHA 3allUCh OJMHAKOBBIX 3JIEMEHTOB MHO-

&KecTBa V B pa3iInyHbIE ONEPATOPHBIE BEPIIU-
HBI.

Ha puc. 3 npencrasiena rpad-cxema ai-
ropuT™Ma, omnucaHHas BbipaxkeHueM (6). SI3bik
I'CA wucnonb3yercs OYEHb 4acTO NPH OIHUCA-
HUU QJITOPUTMOB (PYHKIIMOHUPOBAHUS Kak ca-
MOro 1ppoBOro aBTomMara, Tak M Mporpamwm,

BBITIOJIHAOIIMX TO UM UHOE IEUCTBHE. Uy

IIpn IIPOEKTUPOBAHUH Pa3JIMYHbBIX
ycTpoiictB OBM 00BIUHO HCHOJB3YIOTCS CO- Zg
JepxaTelibHble Ipad-cXeMbl aJrOpUTMOB, KO- v,

TOpbIE OMMCHIBAIOT HE TOJBKO (popMasibHbIE
AJIIEMEHTBI, HO U JIOTUYECKHE YCIOBUS U MHK-
pooriepanuu B COAEpPKATEIbHBIX TEPMHUHAX.
OcHOBHBIE TMpaBUJia BBIMOJHEHUS COJEpXKa-
TEJBHBIX Tpad-cxXeM airopuTMOB U MPOTPaMM ( Uk )
npezcrasieHsl B cootBercTByomux 'OCTax. Pyc. 3. I'pap-cxema anropurma
B kauectBe wiutocTpanuu Ha puc. 4 mpen-

L
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CTaBJiCHA COJEpXaTelbHas Tpad-cxemMa anropuTMa ONEpAIMH CIIOXKEHUS YHUCE,
IPEe/ICTaBICHHBIX B (popMe ¢ (PUKCUPOBAHHOM 3aISITOM.

3.2 AemomMammHbIe AA3bIKU onucaHus

Cpenu aBTOMAaTHBIX S3BIKOB HanOOJIee pacpOCTPAHEHBI TaOIUIIBL, Tpadbl U MaT-
PHIIBI IEPEXO0I0B U BBIXOOB.

Tabauya nepexo0os (8bix0008) TPENCTaBIACT COO0N TAOMUILy C JBOWHBIM BXO-
JIOM, CTPOKH KOTOPOW HyMEpOBaHBI BXOJHBIMU OYKBaMH, a CTOJOIBI — COCTOSHUS-
mu. Ha mepeceueHun ykasbIBaeTCsi COCTOSIHHE, B KOTOPOE MEPEXOAUT aBTOMAT (B
TabJIMLE IEPEXOI0B) UM BBIXOHOW CUTHAJ, BbIJABAEMBbIN UM (B TaOJIMIIE BHIXO/IOB).

Omnucanue paboTel aBTOMata Mwin TabiuMUIaMu NEPEX0I0B U BBIXOJOB WILIIO-
CTpUpYETCSl Ha MpUMEpe aBTOMaTa S;, 3a1laHHOro MHOXecTBamu Q, X uY , a taxxke

byuknmeii mepexoga — O0:Qx X —>Q u ¢dyukumeinr Beixoma — A:Qx X =Y [4]
(tabu. 2 u Tabi. 3).

Tabnuma 2 - TaGauia nepexo10B aBTo-
maTa S; (0:Qx X —>Q)

Tabmauma 3 - TaOnua BEIXO40B aB-
tomara S; (A:Qx X =Y )

of1 02 Qs of1 d2 ds
X1 02 Os d2 X1 Y1 Y3 Y3
X2 ds d2 01 X2 Yo Y1 Y1

Ha nepeceuennn cronbua 0, u CTpOKM X; B TaOJIHMIIE NMEPEXOTOB CTABUTCS CO-
crosHue (, = 5(qm, Xj), B KOTOPOE aBTOMAT NEPEXOIUT U3 COCTOSHUA (, IOX ACH-
CTBHEM CHIHana X;, a B TaOJHIE BBIXOJOB — COOTBETCTBYIOLIMI 3TOMY MEPEXOAY
BBIXOJIHOM curHan Y, = A(d,,X;).

Nuorpa npu 3a1aHuu aBTOMaToB MUJIM MCIOJIB3YIOT OJHY COBMEIICHHYIO Ta0-
JIMIY TIEPEXOJIOB M BBIXOJOB, B KOTOPO# Ha mepeceyeHnn crondua g, u CTPOKH X;
3aIIACBIBAIOTCS CIICIYIOIIEEC COCTOSHUE W BBIIABAECMbIM BBIXOJHOW CHUTHAJ1 B BHJE

ds /'y, - Tak, st aBromata S; coBMelieHHast TabnuIa mpeacTaBieHa Tadauiei 4.

B aBromare Mypa BBIXOZHOW CHUTHAJ 3aBUCHUT TOJBKO OT COCTOSIHUS, aBTOMAT
Mypa 3amaercs OogHOM OTMEUEHHOW TalMIel MEepexo/I0B, B KOTOPOU KaKIOMy €€
CTOJIOLY MIPUIMCAH KPOME COCTOSTHUS (|, €IIe M BBIXOJHOM CHUTHaI Y, = A(Q,,), cOOT-

BETCTBYIOIIUN 3TOMY cocTosiHuto. [Ipumep TabmnuHoro onucanus aTromata Mypa S,
IPE/ICTaBIICH B TaOJIUIIE O.

JIJ1st 9aCTHYHBIX aBTOMATOB, Y KOTOPHIX QYHKIIUA & WM A, OMPEJEICHBI HE IS
BCex map (g, X;) €Qx X, Ha MeCTe HEONPEICTEHHBIX COCTOSIHMUN U BBIXOJHBIX CHT-

HaJIOB CTABUTCS MPOYEPK.

I'pagh asmomama — OpPUEHTUPOBAHHBIN Ipad, BEPIIMHBI KOTOPOTO COOTBET-
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CTBYIOT COCTOSIHUSIM, a IyTH — IEPeXoJaM MExay HUMHU. J[Be BepInuHbl rpada as-
tomaTa (., u (, (MCXOIHOE COCTOSIHHME M COCTOSHHE MEPEX0/1a) COCIUHSIIOTCS TyTOi,
HapaBJIeHHOM OT (, K (,, €CIIH B aBTOMATe UMEeTCs epexoa u3 (, B (, T. €. eCIH

d, = 5(d,,X;) npu Hekotopom X € X . lyre (d,,d,) rpada aBTOMaTa NPUIUCHIBA-
eTcs BXO/IHOM CHTHAJ X; M BBIXOAHOM curHan Y, = A(d,,X;).

Taomuna 4 — CoBmerennas tadnuia
MEPEX0I0B ¥ BHIXO/IOB aB-
TomMaTa Muiu S;

Taomuma 5 — CoBmernennas tadau-
I1a IIePEX0I0B U BBIXO-
10B aBTOMaTa Mypa S,

0:Q0xX —>Q, 0:QxX —-Q, 41:Q->Y
A:QxX Y Yi| Yi| Ya| Y2 | Vs

d1 gz ds d1 g2 ds Js Js

X1 02/Y1 0alYs PN X1 g2 Js Js ds Js
X2 0s/yo d2/ys 1/Y1 X2 | G4 | Q2 | 92 | Qs | O

IIpu onucannyu aBTomMara Mypa B Bujie Tpada BeIxoaHOM curHan Y, = A(q,,) 3a-

IIUCBIBAETCS BHYTPHU BEpIIUHBI (|, Win psangoM c¢ Heill. Ha puc. 5, a, 6 npueneHsl
rpadbl aBTOMATOB S; U Sy, ONMMMCAHHBIX paHee TAaOJUIHBIM CIIOCOO0OM.

Puc. 5. I'padst aBTOMaTOB S1 U1 S)

JIroboi aBTOMAT MOKET OBITh 3a/laH C MOMOIIbIO rpada, HO HEe BCAKHM rpad B
andasurax Q, X, Y 3amaer aBTomar. B rpade aBTOMaTa HE JOKHO CYyIIECTBOBATH
IBYX IyT C OJMHAKOBBIMHM BXOJHBIMU CHUTHAJaMH, BBIXOJSALIUX M3 OJHOW M TOM XKe
BEpPUIMHBI (YCIOBUE OHO3HAYHOCTH).
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WNHorna npumensieTcs cnoco0 3aaHusi aBToMara ¢ MOMOUIbI0 MaTPHULBI IEPEXO-
T0B ¥ BbIXOJ0B. CTPOKM MU CTOJIOIBI TaOJIUIBI OTMEUEHBI COCTOSIHUAMM. Eciu cyme-
CTBYCT MEPEXOJT U3 COCTOSIHUS (, IO ICHCTBUEM BXOAHOIO CHTHAJA X; B COCTOSTHUE
0, C BbLAAYEH BXOAHOIO CUTHAJIA Y,, TO HA IEPECEUEHUH CTPOKH (, M cToiOma (,
3aMUChIBACTCS mapa X;/ ;.

s aBromata Mypa HCIONIB3yeTCs MaTpuUla, CTOJIOIBI KOTOPOH OTMEYEHBI BBI-
XOAHBIMM CHUTHAJlaMH Y;, a Ha INEPECEYCHHUU €€ CTPOK M CTOJIOLOB YKa3bIBAIOTCS
TOJIBKO BXOJTHBIC CUTHAIIBI X; .

Hwxe npuBeIeHBI MaTPHUILI TIEPEXO0B U BBIXOJIOB JIJII PACCMOTPCHHBIX paHEe
aBTOMAaTOB S; U Sy.

Y. Y1 Y3 Y, Vs
O 0, s G 9 09; 45 G
G| O X1y, %1y, %0 x 0 x 0
Mo =0 0  X/y, x/y;|, 9,0 x, 0 0 X
A X/ Ys %Y, 0 Mg,=0, 0 X, 0 0 x
q,| X; 0 X, 0 O
g5\ x, 0 x, 0 0]

Paccmotpum npumep coctaieHus rpada apromara. [lycTs 3a1aH0 HEKOTOpOE
YCTPOMCTBO B BUJIE BXO-BBIXOHOM MOCIIEA0BAaTEILHOCTH (Ta01. 6).

B tabnuie 6 Tpu mocienHue Habopa HE UMEIOT BBIXOJHOTO 3HAUCHHS, T. €. BBI-
XOJIbl HE OIPEICIICHBI.

Tabnuma 6 — BXoa-BbIX0IHAs MOCIIEI0BATEIBHOCTh KOAUPOBAHHBIX

CMTHAJIOB
Cocmos- Bxoowl Buixoowl
Hug X1 X2 Xa V1 Vo Va
Jo 0 0 0 0 0 0
of1 0 0 1 1 0 0
J2 0 1 0 0 1 0
03 0 1 1 1 1 0
1 0 0 1 1 1*
1 0 1 — — —
1 1 0 — — —
1 1 1 — — —

PaccMmoTpuM nociieoBaTeNnbHO BXOAHBIE HA0OPHI (pHC. 6). B mpaByto KOJOHKY
3alAIIEM COCTOSIHHSL, COOTBETCTBYIOIIHE MTapaM BXOIHOM - BBIXOJAHON CUTHAJIBIL.
1) X,X,%X, =000 . DToMy HabOpy COOTBETCTBYET Ha4aIbHOE COCTOSHUE (g, KOTO-
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pO€ HE JOJDKHO U3MEHATHCS, UTO OTOOpa)aeTCs TyTOM, BRIXOISIIEH U BXOIAIIEH B

Jo-

2) X, X,X; =001. CocrosiHHE yCcTpOHCTBA MEHSETCS HA (, . 3HAYUT, IPOBOAUTCS
Jyra OT COCTOSIHUSI (, K COCTOSIHUIO ¢, U momeuaetcst Habopom 001.
3) X,X,X; =010 . HoBoe cocTosiHue 0003HaUUM (2, AJIsI YETO COSUHUM (o U (, AY-

roif u 06o3HaunM ee Habopom 010.
4) X, X, X, =011. ITepexon B cocTOsIHHE (;, KOTOPOE TAKXKE OTJIMIACTCS OT BCEX

npeapirynmx. CoenuHuM (o 1 g, TyTOH,
oTMeueHHol Habopom 011, oo
5) X, X, X, =100 . B Tabmuue sTomy "[;0
BXOJJHOMY HA0OpY COOTBETCTBYIOT JIBa @ﬁ ! 2p
Habopa: mu60o 111, mu6o 000, gyTo momede-
HO 3Be3/104KOM *. {1 onpeeieHHOCTH 000 000
MOKHO YTOYHHUTH, 4TO BEIOpaH Habop 000,
T. €. BO3BPAT B HAYAJILHOE COCTOSIHUE. 3Ha-
9HUT, HAJ0 OTMETHUTh JYTY, BXOIAIIYIO U
BBIXOJIAIIYIO U3 (, euie Habopom 100.

AHanornyHpIM 00pa3oM IOCTYNAeM C 9,
OCTaJIbHBIMU BHYTPEHHHMH COCTOSIHUSIMU

B pe3ylbTaTe 4ero MONIydaeM
b G2 G Py Puc. 6 I'pad nepexonos aBTomMara
OKOHYATeJIbHBII Ipad) MepexooB Ul pac-

cMaTpHBaeMoOro aBTomara (puc. 6).

Ha ocnoBanuu rpada aBTomMaTa MOXHO COCTaBUThH TAaOJUIly Mepexoa0B (TadJ.
7) unu TabJIUIly BBIXOJIOB.

Tabnuna 7 — Tabauma nepexoaoB aBToMaTa

CocrostHus Bxonp1
000 001 010 011 100
do do 0 Q. s Qo
4 o O 4, s O
a, Qo 0 . s 02
s Qo 0 Q; s s

CocTosinue aBTOMaTa, BepurrHa rpada s KOTOPOro UMEET TOJIbKO UCXO s -
Iue IyTv, HO HE UMEET BXOSIIUX YT, Ha3bIBACTCA nepexoosawum. B Takoe co-
CTOSIHME MONACTh HEJB3sl, U3 HEFO MOKHO TOJIBKO BBIMTH.

CocTosiHHE aBTOMAaTa HA3BIBACTCS MYNUKOEbIM, €CIIA COOTBETCTBYIOIAS BEPIINHA
rpada He COAECPIKUT UCXOASIINX AYT, HO UMEET XOTS Obl OJTHY BXOSILYIO TYTY.

HS’O]ZMpO@CZHHblM COCTOSAHHUEM HA3bIBACTCA TAKOC COCTOSHHC, KOTOPOMY COOT-
BCTCTBYCT BCPIINHA rpa(l)a, HC NMCIOIIIAsA KaK BXOAAIIUX, TdK 1 UCXOAAIIUX AYT.

Takum 06pa30M, C IIOMOIIIBIO Fpa(bOB a6CTpaKTHa}I MOJEJIb aBTOMATa 3aIIhCbI-
BacTCA B BUAC HCKOTOPOTO IIPOCTPAHCTBECHHOI'O I/1306pa)KGHI/I}I, KOTOpPOEC nmomMoraeT
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JIroboe pa3bueHHe MHOKECTBa COCTOSHUN aBTOMaTa Ha psj MOJMHOKECTB,

06’BGI{I/IH$[IOI]_[I/IX HCKOTOPBIC COCTOAHMS, IPUBOJANUT K ITOHATHIO nooasmomama.

3.3 OnucaHue KoOM6uHaUUOHHbLIX a8MomMamoas

KOM6I/IHaHI/IOHHBI€ ABTOMATHI 3aJar0TCA TpEMA JJICMCHTAMU:. BXO/JIHBIM aﬂ(l)aBI/I-

ToM X = {Xl Xy pens ,Xn} ,  BBIXOJOHBIM  andasu-

TomMY :{yl,yz,...,yk}, (GyHKIMEH BBIXOJIOB, KOTO-

pasi, YIMTBIBasi ¢AMHCTBEHHOCTh COCTOSIHUS KOMOU-
HAI[HOHHOI'O aBTOMAaTa, BBIPOXKIAETCS B OJHO3HAY-
HYIO 3aBUCHMOCTh MEKY BXOJHBIMH M BBIXOIHBIMU
nepeMeHHBIMU A X —Y wmmm Yy = A(X). Takas 3a-

BUCUMOCTb ITOJIHOCTBIO ONPEAEIAETCS JOTMUECKUMU

byHKIUAMU.
Oynkmus A(X,

CKOM (OyJIeBOI1), €CIIM apTyMEHTHI X, ... ,X, H

) Xn) Ha3bIBACTCA JIOTHYC-

3HauYeHUS (PYHKIIMU MPUHUMAIOT TOJBKO J[BA 3HAYE-

Hust — 0w 1.

Cnocobwv 3a0aHus JOTHIECKUX
hyHKIUI;

= (CJIOBECHBIII.

» Tabnuunbiii. TaGMUIIBI UCTUHHOCTH.

* [ludposoii. Habopsl 1ornuyeckux nepeMeHHbIX,
Ha KOTOPBIX 3HAYCHUS JIOTHYECKOU (PYHKITUH
MPUHUMAIOT €IMHUYHBIE (HYJIEBbIC) 3HAUYEHUS
IIPEICTABIIFOTCS YKMCIIaM B IBOWYHOM HMJTH B Jie-
CATUYHOU CUCTEMAX CUUCIIEHHUS.

*  AHammtnuecknid. OCHOBaAH Ha MPEACTABICHUU
JoThYecKor (yHKIMH B BUAEC POPMYII, CBSI3bI-
BAIOLIUX MEXIY COOO0M MepeMeHHbIE C TOMOIIBIO
AJIEMEHTAPHBIX OTepaIuii 1 CKOOOK.

Cunres
KOMOMHAIIMOHHBIX
aBTOMATOB

CII0BECTHOE OIUCAHUE
1 Yy

A

ITocTpoenne
CTPYKTYPHOU CXEMBI

ITocTpoenne TabaHIIbI
UCTUHHOCTH

;

4 Tlonmyuyenune CJH®

;

S5  Munumuzarms
BBIXOJHBIX (YYHKITHIA

!

6 [lepeBon B 0azuc JID

!

7 BbruepunBanu ®IC

Cunres
KOMOMHAIIMOHHBIX
aBTOMAaTOB

Puc. 7. Anroputm cuHTE3a KOM-
OMHAIIMOHHBIX ABTOMATOB
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4. ANropuTMbl CUHTE3a AUCKPETHbIX aBTOMATOB

3ajaya CHHTE3a CBOJUTCA K MOCTPOEHUIO ONTUMAJIbHOM 3IEKTPUYECKON CXEMBI
(GYHKIIMOHATBFHO YCTOMYUBOTO YCTPOMCTBA MO 3aJaHHBIM YCIOBHUSIM (DYHKIIMOHHUPO-
BaHUS C yYE€TOM OTPAaHUYEHHI HA MCIIOIb3yEMbIE JIEMEHTHI MAMATH U 0a3uc JIoTuYe-
CKMX DJIEMEHTOB.

B kadecTBe kpuTepHs KauecTBa (ONTUMAIBLHOCTH) YACTO BHIOMPAETCS MUHUMAIIb-
Has CJIOXKHOCTHh (DYHKITMOHAJIBHOW 3jeKTpuueckoil cxembl (DPOC), ompenensemas
yrciaoM 3eMeHToB mamsatu (DI1), morumdeckux snemeHToB (JID) M cBs3el Mexay
HUM.

4.1 CuHme3 KOM6UHaUUOHHbIX a8MoOMamos

3agaya 3Tanma JOTHMYECKOTO CHUHTE3A 3aKIIOYAETCS B OCTPOCHUH
(OYHKIIMOHATBLHOM 3JIEKTPUUYECKON CXEMbl YCTPOWCTBA, PEATU3YIOIIETO 3aJaHHBIC
ycinoBusl GyHKIIMOHUPOBAHMS, ONTHUMAIBHONW C TOYKH 3PCHUS KOJIMYECTBA JIOTHYC-
CKHX DJICMEHTOB U C y4€TOM OTPaHWYCHUI Ha WX THII.

Aneopumm no2uyecko20 cunmesza KOMOUHAYUOHHBIX A8MOMAMO8 BKIIOYAET M0-
CJIEIOBATENILHOE PEIIeHNE YaCTHBIX 3aj1ad Mo MPeoOpa3oBaHUIO HCXOIHOW nH(pOpMa-
MU, AJTOPUTM CHHTE3a IPUBEACH Ha pUC /. B HEKOTOPBIX clyyasx OoT/eIbHbIC 3a-
a4l 00bEeTUHSIFOTCS.

[Tomydyennast GyHKIIMOHATBHAS JIEKTPUUECKask CXeMa MOoCIe PelIeHUs 3a1a9n
aHaM3a Mo YCTPAHEHUIO COOEB, BKIIIOUEHUS PE3EPBUPOBAHUS, TEXHUUECKON JUATHO-
CTUKU CTAHOBUTCS MCXOJIHBIM MaTEPHAIIOM JIJIS TOCTPOCHUS MIPUHITUTTUATIBHBIX U
MOHTQKHBIX CXEM.

VYcnoBubie rpadguueckue 0003HaYEHUs 3IEMEHTOB LIU(PPOBON TEXHUKH BBITOJ-
HsroTces B coorBeTcTBun ¢ 'OCT 2.743-91.

4.1.2 ®DyHKUMOHAJBHO MOJIHbIE CHCTEMBI JIOTHYECKUX (PYHKIIMA.
AJIropuTMBI MOJTydeHusi GpopmyJi B 3aIaHHBIX 0a3ucax

Cucrema norudecknx (YHKIIMH HA3BIBACTCS HYHKYUOHATbHO-NOHOU WIH Oa3u-
com, eciv JTr00ast jorudeckast QyHKIHS mpecTaBuMa yepe3 QYHKIIMH 3TON CUCTEMBI.

Eciun ¢dyHkuMoHaneHO-ONHAs cucteMa (GYHKUANA SBISETCS MUHUMAIbHOU
(Hem30BITOYHOIT), TO TaKasi CUCTEMa HAa3bIBACTCS MUHUMATLHBIM OA3ZUCOM.

Jlokazano [9], 4To Ha MHOKECTBE JTOrHYECKUX (DYHKIMI IBYX MEPEMEHHBIX MOXK-
HO BBIJIEIUTH 17 pa3nuuHbIX 0a3HCOB.

HawnOouiee pacnpocTpaHEHHBIMHU SIBJISIFOTCS CIEAYIOIINE:
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U, NJIN, HE (ocHOBHO# 0a3uc — HE SBIIICTCS MUHUMAIIBHBIM);
U, HE;
NJIN, HE.

4,1.2.1 AITOPUTM npeAcCTaBJeHHUS CJHOXKHOHW PYHKIUUHU B
OCHOBHOM 0a3muce

3akiroyaeTcs B rocieioBareabHoi 3aMene Beex popmyn tuna UMITVINKALIN A,
PABHO3HAYHOCTD, 3AIIPET u Tha. uX 3KBUBAJICHTHBIM MPEACTABICHUEM YEpe3
onepaunu U, NJIN, HE:

A~B=ABv AB; A~B=ABv AB, A—>B=AvB, AS B=AV B.

4.1.2.2 AnTopuTM™M npeacTaBJeHUNA CHOKHOW GpyHKUMM B Oa-
3uce U-HE

1. IlpencraBienue 1oruaecko (GyHKIMH B TU3bIOHKTUBHOM HOpMaJbHOU (hopme

(IHD).
2. I[TocranoBka Han JIH® nBoMHOTO OTpHUIIaHHMS.

3. IIpeo6GpaszoBaHue OJTHOTO OTPHUIIAHUSI B COOTBETCTBHH ¢ (popMysoit oe Mopea-
na AvB=A-B.

Paccmotpum crnenyrontuit mpumep. Tpedyercs mpeactaButh B 6aszuce U-HE
GbyHKIHIO:

F 0%, %) = (% DX, ) v (XX, = X,).
1-# orarm:
f(Xl,Xz,X3)=(X1@X2)V(X1X2 —>X :(Xi_z V)_(1X2)VX1X2X3 =
:(Xlizvflxz)vilvxzvxsle , VXX, VXV

2-11 - 3-i1 ATanbI:

S(x,%5,X3) =X, VX, VX; =X,X,X;5. X & |y
TosTydeHHOE BHIPaXKEHHE COOTBETCTBYET JIOTHUECKOMY aneMenTy  x. | @~
3 1DD1
3U-HE (puc. 8).
Puc. 8

4.1.2.3 AITOPUTM NpeaACTABIEeHHUSA CJIO0KHONH PyYHKUMM B
0azuce UJIN-HE

AHaNoruyueH mnpeplayeMy alropuTMy, HO Ha TIEPBOM 3Tare He0OXOAUMO IMPE-
CTaBHTH JIOTUYECKYIO (DYHKIIMIO B KOHBIOHKTHBHOIN HOpManbHO# popme (KHD).
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1. IToryuenne KHO.
2. [TocranoBka Hag KH® nBoiiHOTO OTpHUIIaHMS.
3. IIpeoGpa3zoBaHue OJTHOTO OTPHUIIAHUSI B COOTBETCTBHH C (popmysioit e Mopea-

Ha A-B=Av B.

PaccmoTpum cienyromuit mpumep. Tpebyercs npencraButh B 6azuce NJIM-HE
(YHKITHIO

f(X1’X2’X3) :(X1 ® Xz)xs

1-1i oTam:

F (X% %) :(Xl ® Xz)xs (Xiyz v X1X2)X —(X1 v XX ( v 71X2)X3 =

=(X% VR (X VX ) (R VR (K v %)% = (% V% ) (% v X)X,
2-1 - 3-1 DTaIbl:

(X1’X2’X3):(X1VX2)(X2 V71)X3 =
:(Xl\/XZ)\/(Y2 \/Yl)v)_(s.

[TomyueHHOMY BBIpaXEHHIO COOTBETCTBYET CXEMa, IpeCTaBIeHHas Ha puc. 9.

T

DD3

4.2 CuHme3 cxeMbl 20/10cO08aHUsI «08a U3 mpex»

[Ipn co3maHMM BBICOKOHAACKHBIX YCTPOWCTB YacTO HWCHOJB3YETCS (DYHKIIMO-
HaJTbHAsT U30BITOYHOCTh — OJJHOBPEMEHHOE (PYHKIIMOHMPOBAHUE HECKOJIBKHUX OJUHA-
KOBBIX YCTpOMCTB. Tak mpu napamieabHoi paboTe TpeX YCTPOMCTB MyTeM rojIocoBa-
HUS BBIXOJHBIX CUTHAJIOB MOKHO OOE€CrednTh 0€30TKa3HyI0 paboTy MpHU OTKa3e JIto-
00ro 0JIHOr0 YCTPOMCTBA.

Ilocmanoeka 3a0aqu

1CnoBecHnoe omnucanue. CuaTe3supoBarh KOMOUHAIIMOHHBIN aB-
TOMAaT TOJIOCOBAHUS TPEX JABOMYHBIX MEPEMEHHBIX, MO MPABUIY — HYJIb Ha BBIXOJE
dbopmupyeTcsi pu ABYX WM TpeX HYJISAX Ha BXOJe, UHaue (HOPMHUPYETCS €IUHHIIA.
ba3uc noruueckoro snementoB M-HE.

2. CTpyKTypHasi cxema yCTpoucTBa mpesacrasieHa Ha puc. 10.
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Puc. 10 CtpykTypHas cxema ycTpoiicTBa

3. B coOTBEeTCTBUM CO CIIOBECHBIM ONMCAHUEM CTPOUM TaOIHUIy HCTUHHOCTH 8. ).

4. MUHUMHU3HPYEM JIOTHYECKYIO (yHKIHIo kKapToi Kapro (puc. 11).

Taomura 8 — Tabnuma UCTUHHOCTH

A|B|C|Y
0]0(0]O0
0|]0(1]0
0|1]0]O0
o111
1({0[0] 0
1(0]1]1
1(1]0]|1
11111

BC
A |00 01 11 10
010 0 /1.0
. AL

0 1 (1) 1D

Puc. 11 MunuM#3amnus J0ru4ecKoim
dbyukiuu kaproi Kapuo

B Marpuiie 00BouM Tpu MaKCUMaJIbHBIX TPaBUIIBHBIX KOHTYpOB. MIM cooTBET-
CTBYIOT TPH NPOCTHIE UMIUTUKAHTEL: Y = AB v BC v AC.

5. OcymectBisieM niepeBo; B 6azuc M-HE B cooTBeTCTBHM ¢ aTOpUTMOM

y=ABv BCv AC=A4B-BC- AC.
7. BeruepurBaeM (yHKIIMOHAIBHYIO CXeMY YCTpoicTBa (puc. 12).

DD1

DD4

Puc. 12 Cxema royiocoBaHus «JiBa U3 TPEX»
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4.3 CuHme3 OucKpemHbIX a8momMamoe ¢ namsimbio

HCXOI[HLIMI/I JaHHBIMH I CHHTC3a ABJIAIOTCA OIIMCAaHHC (1)}’HKHI/IOHPIPOB3HI’I5[
dBTOMaTa OOHUM M3 IIPHUBCICHHBIX BLIIIC CHOCO6OM, d TaK)KC OI'paHHUYCHHUSA Ha UC-
IMOJIb3YCMBIC JDJICMCHTLI ITIaMATHU U 0a3uc JIOTHYECKUX DJICMEHTOB.

AJNTOpPUTM CHUHTE3a BKJIIOYAET B ceOsl JBa dTara — aman abcmpaxkmHo20 CUHme3sa
U 9man cmpyKmypHo2o CUHmesa.

3amayeii mepBOro 3Tana sSBIsSETCs, BO-TIEPBBIX, onucanue GyHKIIMOHUPOBAHUS aB-
TOMaTa, M3HAYaJIbHO TPEJICTABIICHHOTO OJIHUM W3 S3BIKOB HAYaJbHOTO OITMCAHWSI,
ABMOMAMHBIM A3bIKOM B BUEC TaOJIHI] IEPEX0I0B-BbIX0I0B, W/WjK B BHE rpada as-
ToMaTa, M/WiaM MaTpHUIlAMH IEPEXO[0B M BBIXOAOB. JIpyrHMHU CJIOBaMH, Ha OCHOBE
HayaJbHOT'O ONKMCAHUS aBTOMAaTa TPEOYyeTCs IMOJIYyYUTh €ro ONHUCAHHUE, IPEACTaBIICH-
Hoe MHOkecTBamu Q, X,Y , a Taxke QyHKIMAMU O U A .

Bropoii 3agaueil aOCTpaKTHOrO CUHTE3a SIBISCTCS MUHUMUSAYUSL YUCTA COCMOS-
nuti aBromata. g Hekotopsix CBUC mporpamMMmupyemMoil JIOTHMKH, CHA0KEHHBIX
OOJBIIMM KOJMYECTBOM TPUITEPOB, HEOOXOAUMOCTh PEIIEHUS 3TOM 3aJauyu OTIaja-
€T, TaK KaK SKOHOMHS YUCJIa TPUITEPOB IPH MOCTPOCHUH aBTOMATa HECYIIECTBEHHA.

OCHOBHBIM COJIEpP’)KaHHUEM 3Tala CTPYKTYpPHOTO CHUHTE3a SIBIISIETCSI OTOOpa)KeHHE
ABTOMATHOI'O OIKCAaHUs YCTPOMCTBA B CTPYKTYPY CBSI3aHHBIX HEOOXOIMMBIM 0Opa-
30M KOMOWHAIIMOHHBIX YCTPOMCTB, 3JIEMEHTOB MaMSTH, T.€. MOJy4YeHHE (PYHKLIHUO-
HaJIbHOW CXEMBI yCTPOUCTBA.

B xone cTpyKTYypHOrO CMHTE3a BBITIOJHACTCS

" KOJAMPOBaHHUE IeMEHTOB MHOXkecTB Q, X,Y ;

" IIOJIYYCHHC CTPYKTYPHBIX Ta6J'II/I]_I IICPCXO0a0B U BBIXOJ0B,

" TOJIydyeHUE TaOJUIBl BO3OYXKICHUS DJIEMEHTOB MaMsiITH (YUUTHIBAIOTCSI Orpa-
HUYCHHUS HA TUI UCITOIB3YEMBIX DJIEMEHTOB TTaMSTH);

* ¢opmupoBaHue (QYHKIUA BO3OYXKIECHUSI DJIEMEHTOB MAaMSTA U BBIXOJHBIX
GyHKIMIA UX MUHUMUA3AIUS ¥ TIEPEBO/] B 33/IaHHBIN 0a3UC JIIEMEHTOB;

" [OCTPOCHHE CXEM aBTOMATA.
KonnpoBanue cocTOsIHUN 3aKII0YAEeTCs B TOM, YTO KaXIOMY COCTOSHUIO (f;, € Q

OJIHO3HAYHBIM 00pa30M CTaBUTCS B COOTBETCTBHE HAOOP BHYTPEHHUX IIEPEMEHHBIX
V1rVo1-+-7y, - COCTOSIHASA M COOTBETCTBYIOLIME UM KOJIbI OOBIYHO MPEACTABISAIOT B BUJIE

Ta6J'II/II_IBI, KOTOpasa Ha3bIBACTCs T8.6J'IHLI€I71 KOIAUPOBAaHMA COCTOSITHMM aBTOMATA.

Ecnu aBTOMAaT uMeeT S COCTOSTHUM, TO, AJI TOTO, YTOOBI MTOJTYIUTh OJTHO3HAYHOE
COOTBETCTBHE, HCOOXOMMO UMETh HE MEHEE S Pa3IMUYHBIX JBOMYHBIX KOJIOB. I10-

CJeIHEE YCIIOBHE MOXKHO 3alucaTh B BUJE S < 2", OTtkyna HaxoquMm
h=]log,(s)[, (7)
rae ]a[ O3HayvaeT OMKalilee 1ejioe, He MEHbIIIEE a.

N3 nepasenctna (1) cneayet, 4To MUHUMAIBHOE YHCIIO 3JIEMEHTOB MMaMSITH, He-
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00X0MMOE€ IS MOJTyYeHHUs OJTHO3HAYHOI0 KOAupoBanus, h= ]Iog2 (S)[ :

KOI[PIpOBaHI/Ie COCTOSIHUM CYmCCTBCHHO BJIMACT Ha CJIOKXHOCTDH KOM6I/IHaHI/IOH—
HOM 4acCTH CXE€MbI aBTOMATA. I[JIH TOT'O YTOOBI YIIPOCTUTD KOM6I/IHaHI/IOHHYIO CXCMY,
4aCTO UCIIOJIBb3YIOT M30BITOYHOE KOOIUPOBAHUC, BBI6I/Ipa$I h 6OJIBHII/IM, YeM 3TO HE00-
XO0OAUMO IJIA IMOJYYCHHA OAHO3HAYHOI'O KOAJUPOBAHUA.

HpI/I CHUHTC3C ACHMHXPOHHBIX AHCKPCTHBLIX aABTOMATOB C IIAMSTBIO H606XOI[I/IMO
YUYHUTBIBATH CIICAYIOIINC OCOOCHHOCTH IMCPCXOIHBIX IIPOLUCCCOB PCAJIBHBIX YCTPOﬁCTB:

" JUIUTEIBHOCTh BXOJIHBIX CUTHAJIOB HAMHOTO MPEBBIIAIOT JIUTEIBHOCTh U3ME-
HEHUsI COCTOSIHUHM JIEMEHTOB MaMSITH, YTO MOXKET IPUBECTU K HEJIOMYCTUMOM IMOCIe-
JIOBaTEJIbHOM CMEHE COCTOSIHMI aBTOMaTa I0J BO3ACHCTBUEM OJHOTO BXOJHOTO CHT-
Haja;

" BO3HMKHOBEHME SIBJICHUS COCTA3aHMs 211eMEeHTOB namaTtH (OI1).
JU1st MCKITIoYeHnsT HEYCTOHYMBOCTH mepexona [, = (), X;) K ero KOHEYHOMY
COCTOSIHHIO (|, MOOABISIOT HUKIUYECKUA nepexon G, =0(0,,,,X;), NepEBOAAIIMNA

aBTOMAT M3 COCTOSHHA qu B OTO K€ COCTOSAHHC qul'IOI[ BOBI[CI‘/IICTBI/IGM BXOAHOI'O
CUrHaja X it

Ilon cocmsazanuem snemenmos namamu TOHUMAETCS HEOJHOBPEMEHHOE U3MeE-
HEHHUE COCTOSIHUS HECKOJIbKMX AJIEMEHTOB MaMsATH B OJHOM TakTe pabOThl aBTOMaTa
TP BBINIOJHEHUH NIEPEXO0/1A U3 OJTHOTO COCTOSIHHS aBTOMATA B IPYroe. ITO NPUBOJIUT
K IOSIBJICHUIO ITPOMEXYTOUYHBIX ITAPA3UTHBIX COCTOSTHUN M, COOTBETCTBEHHO, K IOSIB-
JICHUIO "JIOKHBIX" BBIXOJIHBIX CUTHAJIOB, HE COOTBETCTBYIOUIMX (DYHKIUU BBIXO/A aB-
TOMATa.

[IpruriHaMM COCTSA3aHUS HIIEMEHTOB ITAMSTHU SABJISFOTCS:
" KOHCTPYKTHBHBIE, TEXHOJIOTHUECKHE pa3nuuus JlI;

" 33JICP’KKU CUTHAJIOB B KOMOWHAIIMOHHOM cxeMe (pOpMUPOBAHUS CUTHAIOB BO3-
oyxnenus OI1.

st ycrpanenust coctsizanus DIl HeoOxonumo, 4TOOBI MPU CMEHE COCTOSHHUS
aBTOMAaTa MEHSJIOCh COCTOSIHME TOJIBKO OJHOTO AJIEMEHTa MaMsTH. DTO MOXKET J0-
CTUTAThCSI U30BITOYHBIM KOJUPOBAHUEM, KOTJIa CMEXHbIE BEpIIUMHBI rpada aBTomara
KOJIUPYIOTCSI KOJIOBBIMU KOMOWHAIIMSIMU C €UHUYHBIM KOJOBBIM PacCTOsTHUEM (OT-
JUYAIOIIUMUCS TOJBKO OJHUM Pa3psaoM). B HEKOTOPBIX ciaydasx s yCTpaHEHUs
COCTSI3aHUN M HEYCTOMYHMBOCTH TEPEXOJIOB TPEOYeTCS BBEICHUS TOMOJHUTEIHHBIX
BepInH rpada (IOMOTHUTEIBHBIX COCTOSTHUN aBTOMATa).

KoaupoBanue cocTOsSTHUN Ka)keTcsl 1e1ecO00pa3HbIM BBIMIOJHATh COBMECTHO C
KOJMPOBAHUEM BXOAHBIX U BBIXOJHBIX CUTHAJIOB, OHAKO TaKas 3a7aya OKa3bIBACTCS
BECHbMa CJI0O)KHOW U MTPAKTUYECKH HE PEATU3YETCS

I[J'IH CUHXPOHHBIX aBTOMATOB npo6neMa COCTSI3aHUM DJIEMEHTOB MaMATH U KOM-
6I/IHaHI/IOHHBIX CXEM pCIIACTCA IIYTEM BBI60pa Iepuoga TaKTOBBIX CHUI'HAJIOB (I[J'II/I-
TCJIbHOCTH HHTCpBAJIa ,Z[I/ICKpCTHOCTI/I) M3 YCJIOBHA 3aBCPHICHHA BCEX IICPCXOJHBIX
ITpoIeCCOB B aBTOMATC.
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4.4 lMpumep cuHmMe3a OUCKpemMHbIX asmomamos

4.4.1 Dran abCTPAKTHOI0 CHHTE3a

PaccMoTpumM conmepikanne U 0COOCHHOCTH OTACIbHBIX ATAlOB CHHTE3a Ha MpUMe-
pe.

[Tycth TpeOyeTcsi CHHTE3MPOBaTh aCHHXPOHHBIM aBTOMaT Mypa, HauajabHOE OIH-
caHHe KOTOPOI'0 IPEACTaBICHO BXOJ-BbIXOJHOM MOCIEIOBATCIILHOCTRIO U TaOIHUIICH
cooTBeTCTBHSA (TAbII.1):

Xor X3 Xg, X5, X0 X3 = Yor Y11 Y10 Yor Yoo Yo

OmnpenensieM MOIIHOCTb BXOJAHOTO U BBIXOJHOrO MHOXkecTB M, =4, M, =2.

CtpouM nepsuunylo mabauyy nepexodos-vixo0os aBromMata Mypa (Ta61.9).
Ona umeeT 4 CTPOKU IO YUCITY BXOJHBIX CUTHAJIOB U 6 cTosOoB. [Ipu sTom cuuta-
€M, YTO KaXXJIOMy TaKTy COOTBETCTBYET HOBOE COCTOSIHHE aBTOMaTa Sj, KOTOPOMY
CTaBUTCS B COOTBETCTBUE BBIXOJTHOM CUTHAT Y.

C‘{I/ITaeM, qTO aBTOMAT Mypa nepeca HOI[&‘-ICﬁ BXOHHOﬁ IIOCJIICAOBATCIBbHOCTH
HaxXo4uTCs B HA4YaJIbHOM COCTOAHUU §,, B KOTOPOM BI)IXO,ZIHOﬁ CHUI'HaJl HC q)OpMI/Ipy-

eTcs. PeanpHOE yCTPOHCTBO MOKET MEPEXOANTHh B TAKOE COCTOSIHUE MPHU TOIKITIOYE-
HUW UCTOYHMKA mUTaHusA. OTCYTCTBHE CHUTHajla BBIXOAHOTO aj)aBUTa HA BBIXOJAX
YCTPOMCTBA, KOTJ]a aBTOMAT HaXOAUTCS B HAYaIbHOM COCTOSIHUW, 0003HAYMM CUMBO-
aoM Y *.

Tabnuna 9 — [lepBuunas Tabiuiia nepexo0B-BbIXOA0B aBToMara Mypa

CocTosTHHSI S ¥ BEIXOAHBIC CUTHANIBI Y
X y* Yo Yy Y Yo Yo Yo
Sy s, s, S5 s, S Se
X, s (s,) S,
X, S5 (S,) Ss (S5)
X, Sy (54)
X; S5 (S3) S (Sg)

ITpu nmomavye BXOIHOMW MOCIIEAOBATEILHOCTH aBTOMAT IOCIEA0BATENBHO IIEPEXO-
IWUT B HIECTh COCTOSHHUH, OOO3HAYEHHBIX S,...Sg. YacTh SUEEK OCTAETCS HE3aroJl-

HeHHOU. [lst obecrnieueHnst yCTOWYMBON pabOTHI TOOMpEEsieM aBTOMAT JOTOTHU-
TEJIbHBIMHM MEPEX0JIaMH, B KOTOPBIX HAYAJIBHOE U KOHEYHOE COCTOSIHUS INEPEXO0JI0B
coBmanaoT (coctosHus B ckoOkax). IlepBuunsbiii rpad mnepexonos-BbixoqoB (I'TIB)
npencraBieH Ha puc. 13.

Jlns aBromata Munu nepBuYHas TabJIUIa MEPEeX00B-BbIXOI0B BBITISAUT IIO-
apyromy (tabma. 10). Tak kak BbIXOAHBIE CUTHANIBI (POPMUPYIOTCA aBTOMaTaMu Mumu
TOJIbKO TPU HAJIWYUHM BXOJHOTO CHUTHANA, TO KOJWYECTBO COCTOSIHHM B MEPBHUYHOMN
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Ta0JuUIle MNEPEXOJ0B-BBIXOJIOB OMNPENEIACTCS KOJUYECTBOM BXOAHBIX (BBIXOJHBIX
CUTHAJIOB) B 3a/IaHHOW BXOJ-BBIXOJHOW MOCJIEIOBATEILHOCTH. AHAIOTUYHO, KaK U
st aBToMata Mypa, foorpejensieM aBToMaT JOMOJHUTEIBHBIMU Tepexoaamu (co-
CTOSIHUSI U BBIXOJIHBIE CHUTHaJBlI B CKOOKax). [lepBuuHbIid rpad mnepexo10B-BbIXOIOB
aBromaTta Mwu ripeicTaBieH Ha puc. 14.

Ta6muma 10 — [NepBuunas Tabiuila mepexo0B-BHIX0/I0B aBTOMaTa Muiu

CocTOsIHUSL S ¥ BBIXOJHBIE CUTHAJIBI Y
X Sy s, S5 S3 Sy Ss
X S/ Y, (8;/7Y,)
X; S,/ Y, (8,/Y;) Ss/ Yo (85/Yy)
X, Sy/ Yo (847 Y9)
X5 (Sy/ Yo) S3/Yy | (S3/Y) S/ Yo

XO
%o A/ -
Xl
XQ X3
@ :I; ;

Puc. 13 [lepBuunslii rpad nepexomaos-
BBIXOJI0B aBToMara Mypa

Puc. 14 IlepBuunslii rpad nepexo-
JI0B-BBIX0J10B aBTOMaTa Mypa

4.4.2 MuHMMHM3aIMsi BHYyTPEHHHUX COCTOSIHUH

3agaya MUHMMH3AIMK aBTOMAaTa CBOJMTCS K BO3MOXKHO MaKCUMAJIbHOMY YMEHb-
IIEHUIO YKMCJla BHYTPEHHUX COCTOSIHUM 0€3 M3MEHEHMs 3aKOoHa UX (DYHKIIMOHHUPOBA-
HUSL.

Pemenune 3Toif 3a1aun BBITTOJTHUM MeTOJI0M Ayderkamma u XoHa, OCHOBAaHOTO
HATIOHATHAX D KBUBAJIEHTHB X COCTOSHHUH.

IKEUBANEHMHBIMU COCMOAHUAMU HA3BIBAIOTCA S, U S, TAaKHE COCTOSHUS, KOTO-
pBIM, BO-TICPBBIX, COOTBETCTBYIOT OJMHAKOBBIC BbIXOaHbIe curHambl Y(t), a, BO-
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BTOPBIX, NEPEXO U3 COCTOSHUM s, W s, IOJ BO3JAEHCTBHEM JII0OOr0 CUMBOJIA MpU-

BOJIUT K OJTHOMY M TOMY e (MJIM SKBUBAJICHTHOMY COCTOSTHUIO)

DTO 03HAYAET, YTO aBTOMAT, HAXOISAIIUINCSI B dTUX COCTOSHMSX I10]] BO3ICHCTBHU-
eM JTF000M TOCJIeA0BATEILHOCTH (OPMHUPYET OJIMHAKOBBIC BBIXOJHBIE TOCIIEI0OBA-
TEIBHOCTH.

ANTOPUTM ONTUMHU3AIMK OCHOBAH Ha pa30MEHUN MHOKECTBA COCTOSTHUI Ha He-
MEPECEKAIOIINECA MTOAMHOKECTBA SKBHUBAJCHTHBIX COCTOSHUM M 3aME€HA KaxKJIO0ro
MMOJIMHOKECTBA IKBUBAICHTHBIX COCTOSSHUN OJHUM M3 €TO MPEICTAaBUTENEH.

AJIFOpI/ITM MHWHHMMU3AIIUH

1) MeTOJTIOM TOCJIEIOBATEIBHOIO pa30MEHUsT BBIACISCM BCE IOMApHO SKBUBA-
JICHTHBIE COCTOSIHUS,

2) 00benuHsIeM SKBHUBAICHTHBIE COCTOSIHUS B OJWHAKOBBIE KIIACCHI J,,7,,... H
BBIJICJISIEM B KOXXJOM KJIACCE MO OJJHOMY COCTOSIHUIO JJIS1 BBIITOJTHEHHS MTOCIETYIOIINX
ATAIOB, MPHU Pa30UEHUU Ha KJIACCHI ITYCThIE KJIETKU BO BHUMaHUE HE MPUHUMAIOTCS;

3) cTpoMM BTOPHUYHYIO TAOJIHMILYy TEPEXOA0B-BBIXOI0B, B KOTOPOH KaXKIbIH KJIACC
COCTOSIHUM MPECTABIISEM TOJIBKO OJTHUM 3KBUBAJIEHTHBIM COCTOSIHUEM.

IlepBoe pa3OueHnEe COCTOSIHMI Ha KJIACCHI BBIIOJIHSAEM I10 BBIXOJHBIM CHTHAllaM
(tabut. 11). Ananu3 tabmunsl 10 MOKa3bIBaeT, YTO B KIACCE ¥, COCTOSHUE S, HE SBIIA-

CTCA OKBUBAJICHTHBIM OCTAJIBHBIM COCTOSIHUAM 3TOTO KJIaCCa, TaK KaK ITPH IMOCTYILIC-
HUHU CHMTI'HAJIa X; aBTOMAT HEPEXOAUT U3 COCTOAHUA Sl B KJIACC COCTOSIHUU V>, B OT-

JINYME OT IPYTUX COCTOSIHUM KJlacca, MePEBOISIIMX aBTOMAT IMOJ1 ICHCTBUEM CUTHAJIA
X, B COCTOSIHMA Kitacca ;. [looToMy cocTosiHue S, BBIACIAEM B OTAEIBHBIN KIIACC ),

(Tabmn. 12).

Tabnuua 11 — IlepBoe pa3OueHne Ha KJ1acchl COCTOSIHUN aBToMara Mypa

CocTosIHUA S ¥ BBIXOJIHBIE CUTrHAJBI Y

X y* Yo Yo Yo Yo Y, Y,

Sy Sy Sy Ss S SH S3
Xy SAVIRIRIAY SR, S (7)

)
X S, (ya) | Ss () | S5 (Yp) S, (73)
) Sy (7/]) Sy (7/1)
X3 Se (V1) | Se (V) | S3(¥5) | S3(72)

Kiaccer 7o 7 75

Ha ocHoBanumu tabmuupl 12 cTpouM BTOPUYHYIO TaOIMILy MEPEX00B-BbIXOOB
aBromata Mypa, SKBHBaJEHTHOIO HCXOJHOMY aBTOMAaTy, HO COJEpXallell TOJIbKO
YeThIPE COCTOSHUS BMecTO ceMu (Tabi. 13).

Bropuunsiii rpad nepexo10B-BeIX010B aBTOMaTa Mypa npezcTasiieH Ha puc. 15.



Tabnuma 12 — Bropoe pa3bueHne Ha KJlacChl COCTOSTHUI aBTOMaTa Mypa
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CocTostHUS S ¥ BBIXOJHBIC CUTHAJBI Y
X y* Yo Yo Yo Yo A Vi
So S; Sy Ss Se S, S3
Xy Sp(Y3)| S;()3) S (73)
X Sy (V) | S5 (yy) S5 (V) Sy (V3)
X Sy (V1) Sq (V)
X3 Se (V1) | Se (Vy) | S3 (Vo) | S3()5)
Kitacesl Yo V3 V1 V2
Ta6numa 13 — Bropuynas tabuiia mepexo10B-BbIX010B aBToMara Mypa
CocrostHusg [ ¥ BBIXOJHBIC CUTHAIBI Y
X y * yo yO y1
Yo V3 Vi V2
X9 V3 V3 V3
Xy V2 Vi V>
) Vi Vi
X3 Vi )

Jns aBromara Muiu nipouenypa aHajaoTM4Ha.
bynem cuurare, 4TO HaYaJIbHBIM COCTOSTHUEM aBTOMaTa MUIM IpU BKIIFOUEHUH [TU-
TaHUsI ABIsETCS cocTosiHME S, . [Ipu popMupoBaHuM Kilacca SKBUBAJICHTHOCTU yUH-

THIBA€M BBIXOJIHBIC CHTHAJIBI B KaXI01 cTpoke Tabauiel 10. Pazouenune Ha Kiaccel
SKBUBAJICHTHBIX COCTOSTHUN aBTOMaTa Mumu nipejicTaBiieHo B Tabaute 14.

Taomuna 14 —Pa30Ouenne Ha Ki1acChbl COCTOSIHUI aBTOMaTta Muim

CocTostHHSL S ¥ BEIXOAHBIC CUTHAIBI Y
X So Sy S2 S3 Sy Ss
Xo S (r) /Yo |81 () /Y
X S, () /Yy |S: () /Y S5 (¥2) / Yo| S5 (¥2) /Yo
X Sq (V2 /) Yo |Sa (V2)/ Yo
X3 (S (7o) / Yo S; (y)) /Yy [ S5 () /Y So (70)/ Yo
Knaccer 70 7 7,

Tabnuna 16 sBnsieTcss BTOPUUHOM TabnuIel mepexooB-BbIX0JJ0B aBToMaTa Mu-

JIN.

Bropuunsiii rpad nepexo10B-BbIX010B aBTOMaTa Muuu npeictTaBieH Ha puc. 16.
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Ta6muma 15 — Bropoe pa3zdouenne Ha KiIacChl COCTOSIHUI aBToMaTta Muu

CocrosiHusa S n BBIXOAHBIC CUTHAJIbBI Y
X Yo 4 Y2
X0 71/ Yo 71/ Yo
X 71/ Y 72/ Yo
X2 72/ Yo 72/ Yo
X3 Yo/ Yo Y/ Y 7o/ Yo
on ol ol

Tabnuua 16 — BropuuHas Tabnuiia nepexo/10B-BbIX0JJ0B aBTOMAaTa

Munu
CocrostHusa A ¥ BBIXOJHBIE CUTHAJEI Y
X Bo i
X B/ Y, B/ Y,
Xy Bo/ Yo B/ Yy
X Bo/ Yo B/ Yo
X3 ,30/ yo ,31/ yl

Puc. 15 Bropuunsiii rpad nepexonos- Puc. 16 Bropuunsiii rpad nepexo-
BBIXOJIOB aBTOMaTa Mypa JIOB-BBIXOJ0B aBTOMaTa Musu

4.4.3 CTPpYKTYpPHbIii CHHTE3 IUCKPETHBIX ABTOMATOB

CTpYKTYpHBIH CHHTE3 HAUMHACTCSA ¢ KOJUPOBAHUSA BXOJIHOTO M BBIXOJIHOTO ada-
BHUTOB M COCTOSIHHI aBTOMATOB.

KomnmuaecTBo pa3psioB A1 BXOAHBIX, BBIXOHBIX CUTHAJIOB U COCTOSTHUH OTIpeie-
JISIETCS B COOTBETCTBHUE C (hOPMYIIONA:

n= Iogz(]M [) (8)

rae M — MOIIHOCTb MHOKECTBA COOTBETCTBYyIoulero andasura, |X|[ - osHauaer
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MHWHHMAJIBHOC LICJIOC, HC MCHBIIICC YHCJIa X.
Jst asromata Mypa: n, =log,(]4[)=2, n,=log,(]3[)=2, n, =log,(]4[)=2.
Jnst aBromaTa Mummi: N, = Ing(]4[)= 2,n, = |ng(]2[)= 1,n,= Iogz(]3[)= 2.

KonupoBanue BXOJIHBIX U BBIXOJHBIX CUTHAJIOB aBTOMATOB IPEJCTABICHO B Ta0-
e 17.

Ta6muna 17 — KogupoBaHue BXOHBIX M BRIXOJIHBIX alipaBUTOB

Bxonnnie Konsr Brixon. cur- Konsr Brixon. cur- Konpl
CUrHaJIBI X a, ao Hasibl Mypa d, do HaJIel Mun do
Xy 0] 0 y* 0 | o0 Yo
X 0 1 Yo 0 1 Yi 1
X3 1 0 Y1 1
X3 1 1

OnuH 13 BO3MOYKHBIX BapHAHTOB KOJIHWPOBAaHMS COCTOSIHMKA aBTOMAaToB Mypa u
Mumu npencrasned B Tabmune 18. J{ns koaupoBaHusi aBTOMAaTOB B COOTBETCTBUU C
Tabn. 18 Tpebyercs nBa Tpurrepa.

Ta6muma 18 — KogupoBanue coctosiHuil aBToMaToB (puc. 9, puc. 10)
CocTosIHHA aBTO- Konan! CocTosiHUS aBTO- Konanl
mata Mypa Q (o} Jdo Mata Muium Jdo

Yo 0 0 Py 0
71 0 1 B 1
V2 1 0
7/3 1 1

Opnnako AByXpaspsaHOe KOAUPOBAHUE YETHIPEX COCTOSIHUM aBToMaTta Mypa (puc.
9) He obecnieunBaeT MOJyYCHUE SAMHUYHOTO KOJIOBOTO PACCTOSIHUS MEXIY KOJaMu
CMEXHBIX y3710B rpada apromara. Ciae1oBaTenbHO, PU CMEHE COCTOSIHMM aBTOMAara
BO3MOKHBI JIOTUYECKUE COCTSI3aHMS DJIEMEHTOB MaMsTH. [ UCKIIIOUEeHHs HEXela-
TEJIbHBIX TPOSIBJICHUSI COCTSA3aHUN DJIEMEHTOB MaMSTH YBEIMYUM Pa3psSaHOCTh KoJia
cocTosiHus aBToMaTa Mypa 10 Tpex (tabdnuima 19) u BBeaeM OJWH JTOMOTHUTEIbHBIN
nepexo i 0OeCIEeUeHUs] €IUHUYHOTO KOJOBOTO PACCTOSHUS MEXAY CMEXHBIMU
BepIlIMHAMU rpada B COOTBETCTBUU C PUCYHKOM 15 BBeIEeM OAHO MPOMEKYTOUHOE

HEyCTOHYMBOE COCTOSIHHE J, s Hepexofa ¥, =oO(¥,,X,), KaK 9T0 MOKa3aHO Ha PH-
cynke 17. Tabmuna 20 sBiseTcst CTpyKTypHO# Tabnuiielr aBromata Mypa.
CrpyktypHbii Tpad aBTomMata Mypa mpencraBieH Ha puc. 18. Bce cmexHbie

BepIIKHbI Tpada 0003HAYEHBI KOJOBBIMH KOMOMHALIUAMU C KOJOBBIM PACCTOSHUEM,
pPaBHBIM €UHUIIE.

JIBa cocrosinust aBTomara Munu (puc. 16) BO3BMOXKHO MpeACTaBUTh KOMOWHAIIU -
MU C KOJIOBBIMU PACCTOSIHHSIMU, OTIUYAIONIUMUCS HA €IMHUITY U TEM CaMbIM 00ec-
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MMCYNBAOIMUMHA OTCYTCTBHC COCTSI3aHUM AJIEMEHTOB ITaMSITH.

%o %o

7Y, 7Yo

A
- ) Lo
a) @ 6) k-

A0

a) mepexont ¥, = 6(7,, %) ; 6) mepexon 7, =38(y1,%,), THE 13 =5(71,%)

Puc. 17 BejieHue JOMONHUTENBHOTO cOCTOSHUS ), = (), X,) JUIS aB-
tomarta Mypa

Tabmuupr 21 u 22 SBISIOTCS COOTBETCTBEHHO CTPYKTYPHBIMHU TaOJMIIAMH Tiepe-
XOJIOB U BbIXOJI0B aBToMaTa Mwuiu. CTpyKTypHbI# Tpad aBTomMara Muiu mpencras-
JieH Ha puc. 19.

Ta6muma 19 —KogupoBaHne COCTOSIHHIT aBTOMAaTOB

Cocrosanus aBto- | Konbl Cocrostaus aBTo-| Kogbl
mara Mypa Q J2 | 01 | Qo Mata M 01
Yo 0|1]0 Py 0
2 1 ]0]1 By 1
V2 1 0 0
73 0 0 0
" 0 |0 1

010/00

»
@

Puc. 18 CtpykrypHblii rpad aBTomata Mypa

uc. 19 CrpykrypHbiii Tpad aBTOMaTa
Mwunu



Tabnuma 20 — Ctpykty
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Hasl TaOJIMIIa TePEX0I0B-BBIXOJ0B aBTOMaTa Mypa

y* Yo Yo Y, Yo
d; do d; do d, do d; do d; do
0 0 0 1 0 1 1 0 0 1
X Yo 73 7 72 %
2 Q1 Go 192 91 Qo[ 92 O Qo | Q2 Gs Co | 92 Qi Qo
@ al|9|1}]0y)0j0}j0 1012, 1(0j0 0|01
o olO|]O0O]O0O|O]O0O]O0O|O0|O0]1 00
0o 1 11001 ]0|1]21|0]O0
1 0 1,01 ]1]0]1
1 1 1701 ,1]0]|0

Tabmuma 21 — CtpykTypHas Tabiuma

Mepexo0B aBToMara Mumnu

X Bo B
a, ao 0 1
0 0 1 1
0 1 0 1
1 0 0 0
1 1 0 1

Tabmuma 22 — CtpykTypHas Tabiuma
BBIXOJIOB aBTOMaTa Mwun

Bo

23}

P O O

_ O = O

o O O O |o

R O Rk Ok

4.4.4 Onpenenenue pyHKIUI BO30Y:KIeHUSI U BLIXOAHBIX QyHKIMA

CrenyromumM 3TarnoM CTPYKTYPHOT'O CHHTE3a SIBJISICTCS OmpeaesieHue (DyHKIMi
BO30YKJICHUSI DJIEMEHTOB NaMSITH M BBIXOJIHBIX ()YHKIIMI aBTOMATA.

[Tycts aBTOMaT Mypa TpeOyeTcsi peanu3oBath Ha RS-tpurrepax, a aBromatr Mu-

mu Ha T-Tpurrepax (puc. 20).

DD1

DD1

C

)_

Puc. 20 YcnoBubie rpaduueckue o6o3HaueHus RS-
TpUrrepa U [-TpUITEpa CO BXOJaMH Ipej-
BAPUTEJIBHOW YCTAaHOBKHU

Tabnuiry Bo30yXAeHHS SJIEMEHTOB IMAMSTH CTPOSIT HA OCHOBE CTPYKTYPHBIX Ta0-
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JIMI] TIEPEX0JI0B aBTOMATOB M TAOJHMII BXOJOB HCIOJB3YEMBIX TPUITEpoB (Tabdm. 23,
Tadi. 24).

brnox mamsTu cuHTe3upyemoro aBromara Mypa AOJKeH coaepxkarh Tpu RS-
TPUITEPA, BBIXOJHBIE CUTHAIIBI KOTOPBIX KOAUPYIOT COCTOSIHAE aBTOMATA = J/,...J;.

Crpoku TaOauIpl BO30YKIEHHUS AJIIEMEHTOB MamsTH (Tala. 26) oTMedaroTcsl Ko-
JOBBIMU KOMOMHAIUSIMU BXOJHBIX CUTHAJIOB, a CTOJIOLBI — KOJOBBIMU KOMOWHAIMS-
MU COCTOSIHUI TPUITEPOB, KOJUPYIOUIMX COCTOSIHUS aBTOMaTa B COOTBETCTBUHU CO
CTPYKTYPHO# TaOIuIbI mepexonoB. Ha nepeceyeHusx j-if cTpoku u i-ro crondua cra-
BSATCSI BXOJHBIE CUTHAJIBI TPUITEPOB, COCTOSHUS KOTOPBIX COOTBETCTBYIOT MEPEXOTY

5(4,%,).

Ha ocHoBanuu Tabmuiel Bo30ykaeHust GopMupyeM mectb GyHKIUNA BO30yx1e-
ost: Ry, Sp, R, S, R, S,.

Tabnuua Bo30yXI€HHs TOKA3bIBAET, YTO (PYHKUIUU BO30YKICHHS 3aBUCST OT I151-
TH JIOTHYECKUX TIEPEMEHHBIX U SBIIAIOTCS YACTHYHO OMPEICICHHBIMU. Tak KaK Kax-

nast QyHKIUY BO30YXKIEHUS, 3a HCKIIOYEHUEM S, MIMEET TOIBKO OJHO HYJIEBOE 3Ha-
YeHHE, U aKTUBHBIM CUTHAJIOM BO30YKIICHUS TPHUITEPOB ABJIACTCSA CHIHAJI JIOTHYe-
ckoro Hymns (HyJeBble 3Hauenus pynxuuit R, S,, R, S,, R,, S,), T0 nenecoo6pasuo

JOOTIPEACIUTD 3T QYHKIIUUA STUHUIHBIMUA 3HAYCHUSIMU. B pe3ynbrare noiaydum, 4To
KaKJas U3 9TUX QYHKIUN SBISIETCS KOHCTUTYEHTOM HyJs (MakcutepMoM). [TosTomy
GbyHKIMHA BO30OYXKACHUS YTOOHO MPEACTaBUTh B KOHBIOHKTUBHON HOpMaIbHOU (op-
M€ B BUJI€ JJOTUYECKUX CYMM IISITU IEPEMEHBI:

=a,va, v, Ve v,
§ =a,va Vv,V Q V0,
R=2ava,va,v{vVa,
Ry=a,va,va,va v,
Sy =8,V a, VT,V VQ,.

HeobxoaumocTh pereHus 3a7a4yil MAHAMU3AIUN TTOTYYEHHBIX JIOTHUYECKUX BHI-
pPaXXEHUU OTCYTCTBYET.

;UI

Crnemnyer OTMETUTh, YTO B HAYaJIbHOE COCTOSIHHE aBTOMAT OOBIYHO TIEPEBOIUTCS
Mpy BKJIIOYCHWHM THUTaHUS CUTHAJIOM OJHOBHOparopa. B HavambHOE cocTosiHUE,
onpeneneHHoe kogoM 010, aBTomatr MOKHO TIepeBeCTH Mojadeii curuana copoca (re-

set) Ha BXOJIbI Ro, Sl, R TPUTTEPOB. DTO COOTBETCTBYET JIOTUUECKOMY YMHOKEHUIO

BeIpakenuil R, S;, R, Ha mepeMeHHYI0, 0TOOPAKAIONIYI0 CUTHAJ OJHOBUOpATOpa:

R :(alvaoquvqlvqo)-reset,

S, = reset,

Ro=(a,va,va,va, v{,)-reset.
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Beixonneie ¢ynkmuum d; u dy aBromata Mypa, sBisisiCh (YHKIUSIME COCTOSIHUIA,
3aBUCST TOJIbKO OT TpeX MEPEMEHHBIX (,, 0, ,. [loap3ysack cTpyKkTypHOU Tabauuen

IIEpEX0I0B-BEIX00B aBToMara Mypa (Taba. 20), mOCTPOMM TaONHIbl MCTHHHOCTH
JUTS BBIXOAHBIX (pyHKmnii d; u dg.

Brixognsle pyHKIMM TaKkKe SBISIOTCS YaCTUYHO OMpeeseHHbIME. Jloonpenens-
€M BBIXO/HbIC (DYHKIIMH, OCHOBBIBAsACh Ha yJ00CTBE MUHMMM3alUU. JloomnpeneneH-
Hble 3HaYeHUs QyHkiuii d; u dy B TabaMIe ykazaHsl B CKOOKax. B pe3ysibrare MUHU-
MU3aLUHU [TOJTYyYHUM CIIEIYIOIINE BIPAKECHUS:

d1 =0,0,
do =0,0; v 0,0, -

HepeBOIII/IM IMOJIYUYCHHBIC JIOTHYCCKHUC BBIPAKCHUA B SaHaHHBIﬁ 0a3uc Jjoruue-
CKHX 3JICMCHTOB M BBIYCPUYHMBACM Q)YHKHHOHaHBHYI-O CXCMYy aBTOMaArta.

Tabnuua 25 — Tabnuua UCTUHHOCTH BBIXOJHBIX PYHKIMI aBToMaTa Mypa

Cocrosnaus | COCTOSHMS TPUTTEPOB Brixogneie  cur- | BeixogHeie
aBTOMara HaJIbI byHKIHAN
Q, 0 Qo Y dy do.
Vs 0 0 0 Yo 0 1
v *1 0 0 1 Yo 0
7o 0 1 0 y* 0 0
- 0 1 1 - 0) 0)
75 1 0 0 Y1 1 0
71 1 0 1 Yo 0 1
- 1 1 0 - (1) (0)
- 1 1 1 - (0) (1)

Jns 6azuca UJIM-HE u ayist TpeXBXOMOBBIX JIOTMUECKUX DJIEMEHTOB IMOJIYYHUM
CJICYIOLHUE BBIPAKEHUSA:

R,=(a,va,vT,va v) reset=a va,v{,va v,V reset;

S;=ava, v, v Vv, =aVvaVvd,Vag vV,
R=ava,vg,viVvg,=aVva,vd, VvV,
S, = reset;

Ro=(a,va,va,vav,) reset=a,va,va,vava,vreset

Se=qva,vi,vg Vv, =ava, v, Vg Vv



36

d; =0,0, =T, v Go;

do:qququqo:qzvqlquvqo:qZVCthquo-

4.4.5 ®yHKUMOHAJbHbIE CXeMbI ABTOMATOB.
MoaesupoBanue PyHKIMOHUPOBAHUS

OyHKIMOHANIBHAS cxema aBToMara Mypa Ha RS-Tpurrepax m TpexXBXOIOBBIX
anemenTax MJIN-HE, peann3yromero BXOI-BbIXOJHYIO MOCJIEA0BATEIBHOCTD, IPEI-
ctaBieHa B [Ipunosxxenuu 2.

JJ1st IpoBEpPKU COOTBETCTBUSI CHHTE3UPOBAHHOM CXEMBI 33JJAaHHBIM YCIIOBUSIM
(YHKIMOHUPOBAHUS aBTOMATa BRIMOIHUM (QYHKIIMOHATIFHOE MOJIEITUPOBAHUE MTOTY-
YCHHOM CXEMBI IPH MOMOIIX IPOTrpaMMbl (PyHKITMOHATIBHOTO MoeaupoBanus Elec-
tronics Workbench [10].

Moaens aBTOMaTa, coOpanHas Ha pabodem mosie Electronics Workbench, npen-
ctaBjeHa Ha puc. 21. ICTOUHUKOM BXOJHBIX CUTHAJIOB SIBJISIETCSA T€HEPATOP JIBOUY-
HBIX CJIOB, a BBIXOJIHBIC CUTHAJIBI MOJICIM aBTOMAaTa HHIUIUPYIOTCS TIPH TIOMOIITH JIO-
THYECKOro aHanu3aropa. HacTpoiika reneparopa cjoB MpeacTaBieHa Ha U BpeMeH-
HBIC TUarpamMMbl (PYHKITMOHHPOBAHUS aBTOMATA, TIOJYICHHBIC TIPH IIOMOIIH JIOTHY -
CKOTO aHaJM3aTopa, MPEACTABICHBI Ha PHC. 22.

%2

* D:’_:D * dd

T_D_P.'_‘.:V\ T,
. .
* e " >>_|;‘3“:' I
.o RO
® ¢ ] >= 5 o
*
* Y — Q1
. .. " = ollle
—" 5 0
0000 KERE | * |
7 | Ay L
» 1 >= R oLe 2=
TI‘ 5 Qe i
al b E \ >>I I
—— " o — 3=
al s o=
L » > o ——
.Il o=
eset : a| =]
.
. . *
L ] ' ]
. .
. . *
L ' ]

Puc. 21 Monens aBTomara Mypa (Electronics Workbench)



37

Ananuz BXOJAHBIX N BBIXOJIHBIX CHUTHAJIOB IIO3BOJIICT CACIIATh BBIBO/J, YTO CUHTC-
3UpyeMasd CXCM COOTBCTCTBYCT 3aJaHHBIM YCIIOBHUAM q)YHKHI/IOHI/IpOBaHI/ISI — IIoJIy4ce-
Ha Tpe6yeMa51 BXO-BbIXOJHAsA ITOCIICAOBATCIIBHOCTD.

M Losic Analyzer, %]

B Yord Generator J

Pddrezs

Edir  [0007 Cycle]

Currert (0001 Burst

Initial 0004 Step

Final |000& Breakpaint
Pattem...

-

=
=
=

D D R D R
D D R D PO

Trigger
Extemal E
Frequency

= = Data
[10o0 B [Hz B ready
ASCH.. . Clocks per division :E

«| | Binary [D0D0O000000000000 | Stop TH| o.oooo s 00000 oy, Trigger
Reset | | T2-T1 Set... Set...

.@. External Qualifier Qualifier

Puc. 22 Hactpoiika reHeparopa cjioB U BpeMEHHBIE TUarpaMmbl (DYHKIITMOHUPOBAHUS
aBTomata Mypa

@O00688088000000

D D R D D D
D D R D D D

biiok namsATH cuHTE3NpYyEMOro aBTomata Mumnum conepkut oauH T-Tpurrep, Bbl-
XOJHOM CUTHAJI KOTOPOTO KOJUPYET COCTOSIHUA aBTOMATa - f3,, f3, .

Ha ocHoBanuu Tabmuiiel Bo30yxaeHust hopmupyemM QyHKIHIO BO30y1eHus 1-
T=a3QvaaQ,
rae Q - cocrosiHue T-TpUTTEpAa.

Beixoganyto ¢ynkmnuio dy aBTomaTta M yIo0HO MPEACTaBUTh B TU3BIOHKTHB-
HOU (hopMme, Tak Kak, SABJSACH (DYHKLMEH Tpex NMepeMeHHbIX a,a, U Q, (yHKuus
ompesereHa eTMHUYHBIM 3HaY€HUEM TOJIKO Ha JIBYX Ta4KaxX CBOETO OMPEIEICHUS.
do =a3a,QvaaQ=3a.0.

[IpencraBum GyHKINIO BO30YKIECHUS TPUTTEPA U BHIXOIHYIO (DYHKITHIO B Oa3u-
ce IBYXBXO0/J10BbIX 3neMeHTOB M-HE.

T=8a,0vaaQ=830 330Q=a30Q 830
d, =a,Q
dyHKIIMOHATBHAS CXeMa aBToMaTa rmpuBeacHa B [Ipunoxennn 3.

Monens aBTOMara, coopanHas Ha padodyem mose Electronics Workbench, npen-
cTraBiieHa Ha puc. 23. ICTOYHHKOM BXOIHBIX CUTHAJIOB SBJISCTCS T€HEPATOp ABOMY-
HBIX CJIOB, @ BBIXO/IHBIE CUTHAJIBI MOICITH aBTOMATa HHANIIUPYIOTCS IIPH TOMOIIIN JIO-
ruyeckoro aHanusaropa. B kauectse T-tpurrepa ucnonssyercs JK-Tpurrep, BKIIrO-

YEHHBIM 110 CXEME CYETHOTO pexkuMa. Hactpoiika reneparopa CiioB npeacTaBieHa Ha
Y BPEMEHHBIE TarpaMMbl (PYHKIIMOHUPOBAHUS aBTOMATA, MOJTYYSHHBIE TIPU MTOMOIIU
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JIOTHYECKOTr0 aHAIM3aTopa, MPeICTaBICHbI Ha puc. 24.

0000 HHHH g ®al

' i) Suib,

al >c-a1 -
reset

.- {>c .

Puc. 23 Monens aBTomara M (Electronics Workbench)

+V

OO0 O00000 0000000

ﬁ
|
el

Ananuz BXOAHBIX N BBIXOJIHBIX CUTHAJIOB IIO3BOJIICT CACIATh BBIBOJ, YTO CUHTC-
3UpyCMasd CXCM COOTBCTCTBYCT 3aJaHHBIM YCIIOBHUAM (I)YHKHHOHI/IpOBaHI/IH — IIOJIy4c-
Ha Tpe6yeMa;I BXOA-BbIXOJHAs ITOCIICAOBATCIIBHOCTD.

Fddrass

BEEd4 [ «

BEEE Edit ajululu} | Tyl |

S S S é Current (D000 Burst

BEEZ iti

BEE1 Initial Q000 Step

BEES Final  [D00G Braakpaint

BEEE

BEEGE ] Pattem...

BEBER Trigger

BEEE

AEEE Extemal =

g S S S Frequency 0

AEEa = = ata

SSSS [1o0 B [z B ready 1 v

A =]

BEEE RECI. Stap T [Goooe = o] | I13In:-cks per division

BEEE " T2 ' o

ga@a | | | Binans 0000000000000 100 | Raset || TZTI Sat et
Estemal Cualifier Oualifier

CHCHCHEHEHCHENIEY

Puc. 24 Hacrpoiika reHeparopa CJIOB U BpEMEHHbIE JUarpaMMbl (DYHKITMOHHPOBA-
HUs aBToMarta Mumnu
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5. Peanu3auunsa AUCKPETHbIX aBTOMaTOB Ha COBPEMEHHOMN
3rieMeHTHOM ba3e

JUtst peanu3anyy TUCKPETHBIX YIPABIIOMIMX aBTOMAaTOB TPAAUIIMOHHO HCIIOJb-
30BAJIMCh MUKPOCXEMBI MAJIOM M CPEIHEN CTEIEHU MHTErpaunu. M3BecTHoO, 4To npu-
Menenue MUC u CUC Bneuer 3a coboil poct uucna koprnycoB MC, ycrmoxHeHue
MOHTaKa, CHIDKEHUE HAJIS)KHOCTH CHUCTEMBI. M30ekaTh 3TUX HEJJOCTATKOB MO3BOJISET
HCIIOJIb30BAHUE  IPOTPAMMHUPYEMBIX  JIOTUYECKUX  HMHTETPAIBHBIX  MHUKPOCXEM
(IUIAC), xotopeie mpencrabisitor coboit BUC ¢ mporpammupyemMoil U mnepenpo-
rpaMMHUpyeMoil cTpykTypoil. C uX MOMOIIBI0O BO3MOXKHO CO3/JaHuE IUPPOBOTO aBTO-
Mara Ha OJTHOM KpHUCTalIe.

bazoBas ctpykrypa [IJIMC noka3ana Ha puc. 25. Ee 0CHOBOM CITy>KUT MOCIEn0-
BAaTEJIBbHOCTh MPOrPAMMHUPYEMBIX MATPULL 3JIEMEHTOB M u snementoB MJ/IM. B mar-
pULAX UMEIOTCS CHCTEMBI TOPU30HTANIBHBIX U BEPTUKAJIBHBIX CBA3EH, B y3/ax Iepe-
CEYEHMSI KOTOPBIX B IPOILECCE MPOrpaMMHUPOBAHUS CO3JAKOTCS WIN Pa3pyLIatOTCs
AJIEMEHTHI CBs3U. B cTpykTypy Bxonar Takxke Ojoku BXoAHBIX (BBX) u BBIXOAHBIX
(bBbIx) OydepHbIX KackaaoB.

[Tepemennsnie X;... X, nogatotcs yepe3 bBx Ha Bxojbl anemMeHTOB /1 (KOHBIOHK-
TOpOB), U B Marpuiie M odpasytorcs K TepmoB. [Tox TepMOM MOHMMAETCs] KOHBIOHK-
1151, CBSI3BIBAOIIAS BXO/IHBIC IIEPEMEHHBIE, KOTOPhIE MOTYT OBITh MPEACTaBICHbI KaK
B MPSAMOM, TaK U B MHBEpCHOU dopme. Huciao GopMupyeMbIx TEPMOB PABHO HHCITY
KOHBIOHKTOPOB WJIM, YTO TO K€ CaMO€, YUCITY BBIXOJ0B MaTpUIlbI /1.

TepMmbl mogarOTCA fanee Ha BXOJbl MaTpullsl MJ/IH, T. €. Ha BXOJbl AU3BIOHKTO-
poB, GOpMUPYIOMINX BBHIXOAHBIC GYHKIHH. YHUCIIO JU3BIOHKTOPOB PABHO YHCITY BbI-
pabaTbiBaeMbIX QYHKITUHN N.

Takum obpazom, IIJIMC peanusyeT AM3bIOHKTUBHYIO HOpMaJbHYIO (hopMy BOC-
MpOU3BOANMBIX (YHKIMKA (AByXypoBHEBYIO JIoruKy). [IJIM cnocobGHa peanusoBath
cucTeMy N JIorndeckux (YHKIMHA OT M apryMeHTOB, cojaepikaiiyio He Oosee K Tep-
MOB. BocnipousBoumblie (PyHKITMH SBISIOTCS KOMOMHAIMSIMU U3 JIFOOOTO YKCia Tep-
MOB, (hopmupyembix matpuiiein M. Kakue nmMeHHO TepMbl OyayT BhIpaOOTaHBI U Ka-
KHe KOMOWHAIIMKM 3TUX TEPMOB COCTaBAT BBIXOJHBIE (YHKIIMHU, OMPEACISICTCS MPO-
rpammupoBanrem [IJIMC. B mukpocxeme [IJIMC MokHO 3anmporpaMMHpOBaTh KOM-
OMHAITMOHHYIO YaCTh JUCKPETHOTO aBTOMATA.

CymectByroT u 6osee cioxHabie cxembl [IJIMC, nanpumep, cxeMbl ¢ AByHAMNpaB-
JICHHBIMH BBIBOJIAMH, a TaK)Ke CXeMBbI C TamMAThio. [locnennue Hanboee y1oOHbI Jist
MOCTPOEHUSI aBTOMATOB, T. K. TOMUMO KOMOWHAITMOHHOW YacTH COAEpKaT Ha KpH-
cTayuie Tpurrepsl 00619HO D THMa, coOpanubie B peructpsl. Ctpykrypa [IJIMC ¢ na-
MSTBIO [TOKa3aHa Ha puc. 26. Kpome Tpex oObIYHBIX mapameTpoB (M, N, K), ona umeer
U TapaMmeTp S — YKCIO 3JIEMEHTOB namsTu (paspsgoB peructpa). Crpykrypa BUC
COBIAJAET C KAHOHMYECKOU cxeMoil aBTomata. Pe3ynbrar Tekyiero mara o0padboTku
uH(pOpMAIIMU 3aBUCUT OT PE3YyJIbTAaTOB MPEABIAYIIUX IIaroB, YTO OOeCleYyuBaeTCs
oOpaTHOM CBs3BIO C peructpa Ha Bxoj [IJIM. MakcumanbHOE YUCI0 BHYTPEHHUX CO-
CTOSIHH} aBTOMaTa — 2°. ABTOMAT PacCMATPHBACTCS KAK CHHXPOHHBIH, T. K. TETIIS
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0OpaTHOM CBSI3U aKTUBU3ZHPYETCS TOJBKO IO PAa3PEIICHUIO TAKTOBBIX CUTHAIOB TC.

| X1 ] _
X1 X1 t1 F1 F1 v F1
. . Matpuua . Matpuua .
. BBx . U t'k Y F. 5
Xm —— ] | Xm - 5! BBbix
Xm Fn vnun Fn
OE » OE
Puc. 25 basoBas cTpyktypa NJ1I1NC
MINC c namaTtbto
XIT ———» p F1
Xm Nornyeckue ) ——® Fn
. MaTpuubl .
Peructp |

Puc. 26 Ctpyktypa MNINC c namaTsio
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[MpunoxeHue 1
3anaHMe Ha CUHTEe3 OUCKPEeTHOro aBTomMmarta

Ba| Bxomnas mocaemoBa- | BeixomHas mociiemoBa- Tum aB- |Tun  »me-| Peamu3anms

pu- TEJIbHOCThH TEJIbHOCThH TOMAaTa |MCHTOB byHKUIMMA

aHT naMsTHu BO3OYKICHUS

U BBIXOJHBIX
byHKIMIA

1. Xor X Xo 0 Xy Xy X5 X5 X0 Xo Yoo Y10 Y21 Yoo Yir Y2u Y3 Y1 Yo Mypa RS- U-HE
TPUITEPHI

2' XO’Xl’XZ’XS’X4’X1’X2’X4’X1 yO’yl’yZ’yo1y11y21y31ylay2 MI/UH/I D' H.HI/I‘HE
TPUITEPHI

3. Ko Xp Xo 0 Xy Xy X5 X Xy Xg Yoo Y10 Y21 Yoo Yir Yor Y30 Y1 Yo Mypa JK- N-NIN-HE
TPUITEPHI

4' XO’Xl’XZ’XS’X4’X3’X1’X4’X3 yO’y1’y2’y01y11y21y31y1ay2 MI/UH/I T‘ H'HE
TPUITEPHI

S. Xy X0y Xo s Xy Xy, Xpy X0 s Xau X | Yoo Vi Yoo Yo Yor Yoo Vi Vs Yo Mypa | RS- MYJIbTUILICK-
TPUITEPHL | COPBI

6. | X1 X400 Xg1 Xg, Xo X0 X0, X X You Yiu Yoo Yii Yoo Yoo Y Vao Y| Mumi | D- U-HE
TPUITEPHI

1o X0 X0, X, Xg0 X0, X0, Xa5 Xy X Yo 1o Yoo Y1 Yoo Yoo Y1 Yo Y9 Mypa | K- WJIM-HE
TPUITEPHI

8. | X0 X0 X0 Xgy X0, X0, Xg, Xy X | Yoo Vir Yoo Yo Yo Yoo Yio Vo Yo Mumu | 7- N-NJIN-HE
TPUITEPHI

9. Xos X3 Xy Xy X0 Xo 0 X33 Xg s X5 You Y11 Y21 Yoo Y1 Yo Yor Yii Y3 Mypa RS- U-HE
TPUITEPHI

103 Xg 1 X3 %o, Xg3 X0 Xo 5 Xg, X5 Xg | Yoo Yir You Yor Yis ¥ Yoo Vi, Yy Muimm | D- MYJIbTHILICK-
TPUITEPHL | COPBI

11 Xos X3 Xy Xy X3 Xo 0 X33 X Xl You Y11 Y21 Yoo Yir Yo Yor Y1i Y3 Mypa JK- N-HE
TPUITEPHI

128Xy, X3 Xy s Xgs Xp5 Xa5 X3 X0 Xs| Yoo Yo Yoo Yoo Yir Yoo Yoo Yar Y4 Mumu | 7+ NJIN-HE
TPUITEPHI

130 %0, X0 %oy X3, Xg s %oy X, Xy X Yo Vs Yo Yoo Y11 Yo Yoo ¥au Y Mypa | RS- W-NJIN-HE
TPUITEPHI

14 Ko X Xo s Xay Xy X Xgs Xgn X4 Yoo Y1i Y20 Y30 Y10 Y2u Yoo Yo Vi Mumn | D- U-HE
TPUITEPHI

150Xy, X0 X5 s Xg5 X4 Xa s %55 X4, X Yo Yir Yoo Yar Yo Yoo You Yoo Y Mypa | JK- MYJIbTHILICK-

TPUITEPHI

COpBI
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