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1. KOHEYHBIE ABTOMATbBI

1.1. BBEJIEHUE
Bce undpoBbie ycTpoiicTBa MOXKHO pa3ieluTh Ha ABa Kiacca:
— JIOTUYECKHE CXEMBI,
— CXEMBbI C TaMSIThIO.

Jlornyeckue u KOMOMHAIMOHHBIE CXeMbl (QOPMUPYIOT 3HAUYECHUS
BBIXO/IHBIX CHUTHAJOB B 3aBUCHUMOCTH OT 3HAUY€HUH BXOJHBIX CHUTHAJIOB,
M0/1aBaeMbIX B IaHHBIII MOMEHT HE3aBHUCUMO OT 3HAYCHHI BXOJIHBIX CHTHAJIOB,
nojJaBaeMbIX Ha BXOHAbl paHee. Jlisl omucaHusl TUX CXeM HCIOIB3YIOTCS
nepekyoyaTeabHbie (0yeBbl) QYHKINN.

B npyrom knacce cxeM 3HaueHHE BBIXOJHBIX CUTHAJIOB 3aBUCST HE TOJIBKO
OT 3HAUEHWI BXOJHBIX CHTHAJOB, MOCTYNAIOIINX B JaHHBIH MOMEHT, HO eIlle U
OT 3HAYCeHWI CHUTHAJIOB, TOJaBaeMbIX Ha 3TH BXOJbl paHee, T.€. 3TU CXEMbI
YUUTBHIBAIOT ~ MPEeAbICTOPUIO BXOJHBIX CUTHAJNOB. JTHU CXEMbl Ha3bIBAIOTCS
CXeMaMHu C MaMsIThlO WM TOCIEAO0BATEIbHOCTHBIMU CXeMaMHd, TaK KakK OHH
MOCIe10BaTeIbHOCTh BXOJTHBIX CUTHAJIOB nepepadaThIBalOT B
MOCJIeI0BATEeIbHOCTh BBIXOAHBIX CUTHAJIOB.

JI7isl onMcaHust TAKUX CXEM UCIOJIb3YEeTCsl TeOPHsl KOHEUHBIX aBTOMATOB.

1.2. TEOPUS KOHEYUHBIX ABTOMATOB

OcCHOBHBIE OTIpe/IeIICHUS:

- KOHEYHAass COBOKYITHOCTh pa3UYHBIX CHMBOJIOB Ha3bIBaeTCs
angasumon,

- KaKJIBI OTACIbHBIN CUMBOII alipaBUTa — OYKEO1L,

- IIOCJIeIOBATEILHOCTh OYKB, HMEOIas KOHEUYHYIO JUIHHY — CI080M,

- YuCIio OYKB B CIIOBE — ONIUHOIL,

- nBa anipaBUTa HA3BIBAIOTCS PAGHOZHAYHLIMU, €CITA MEXIy OyKBaMH
3THX a(h)aBUTOB MOYKHO YCTAaHOBUTH B3aUMHO-O/IHO3HAYHOE COOTBETCTBHE.

[Ipumep KOHEYHOI'0 aBTOMATa:

[Tyctb: P = {p1, p2, ps} — Bxoauoii andasut, W = {W1, W2} — BEIXOAHOM
andaBwuT.

Bynem paccmarpuBaTh aOCTpakTHBIA KOHEYHBIH aBTOMAT B BHJE
«YepHOTO SIIHKa» ¢ OJHUM BXOJAOM W OJHMM BbIXOJgOM (puc. 2.1), T.e.
aHAJIM3UPyEeMOe YCTPOMCTBO OIUCHIBACTCS HA YPOBHE 3a/JlaHUS 3aBUCHMOCTH
3HaYeHUN Ha ero BLIXOE OT 3HAaUYEeHUM Ha ero BXOJeE.

I3 2 t1 to 3 o t1 to
P2 P3 pP1ps3 W2 W2 W1 W2
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Puc. 1.1



PabGoTa aBTOMara paccmarpuBaeTcs B JUCKPETHbIE MOMEHTHI BpeMeHU {;
Ha3bIBaeMble aBTOMAaTHBIMH TakTamu (I MeHsiercs oT 0 mo N, Toe N — ayuMHA
BXOJHOro cioBa). B mpumepe Ha puc.l.] B HavdaibHBI#E MOMEHT BpeMeHH to
aBTOMAaT BXOJHYIO OyKBY p3 MepepadaThiBaeT B BBIXOJHYIO OykBy W2. B
pesyibTaTe paboThl aBTOMAT BXOJHOE CIJIOBO pP3PiPsPz mepepadaThiBaeT B
BBIXOJHOE CJIIOBO W2W1W2oWo,

B oOmeM ciyuyae KOHE4HbI aBTOMAT OMpeJelseT yCTPOHCTBO, KOTOpOe
peanu3yeT oTOOpakeHHe MHOKECTBA CJIOB BXOJHOTO alihaBhTa BO MHOXECTBO
CJIOB BBIXOJIHOT'O ayipaBUTA.

PaznuuaroT 1Ba kinacca abCTpakTHbIX aBTOMATOB:

— aBToMmart 0e3 BBIXOJHOTO Ipeodpa3zoBaTes;
— aBTOMAT C BBIXOJHBIM Ipe0Opa3oBaTesieM.

1.3. ABTOMAT BE3 BBIXOJAHOT'O IPEOBPA3OBATEJISL

ABTomMaT 0e3 BBIXOZHOTO IIpeoOpaszoBaTelss — OTO CleayroIas
COBOKYITHOCTbH UeThIpex 00bekToB: A = <P, S, S, 0>, rie

P={p1, pz ..., P} — BXO1HOM al(aBuT;

S = {So, S, S, ..., Sk} — MHOXECTBO COCTOSIHUM, B KOTOPBIX MOXKET
HaXOJIUTHCS aBTOMAT;

SO — HaYaJIbHOE COCTOSHHE aBToMara, SoE S;

¢ — ¢yHKIUA Tepexola aBToMara, KoTopas TMpeacTaBiseT coboi
oToOpakeHHe JeKapToBa Mpou3BeAeHus MHOKecTB P u S Ha MHOXecTBO S, T.e.
PxS—S.

DTO 3HAYUT, YTO KaXKIOW Mape BXOJHOW CHUMBOJ i U COCTOSIHUE S
CTaBUTCSI B COOTBETCTBUE HOBOE COCTOssHHME S. DPyHKUUsA mepexona
3aMrChIBAETCs CIEAYIOMUM 00pa3oMm:

= o(pi , S), rae

Pi — BXOOHOW CUMBOI;

§ — TeKyllee COCTOsIHAE aBTOMaTa,;

S — HOBOE COCTOSIHME aBTOMATA.

AOCTpaKTHBIM aBTOMAT Ha3bIBAeTCS KOHEYHBIM, €CJId BCe ero aj(haBUThI
KOHEYHBI.

ABTOMAT Ha3bIBaeTCS WHHUIIMAIBLHBIM, €CIIH Iepell HadaJioM paboThl OH
JOJKEH OBITh YCTAaHOBJIEH B HaYaJIbHOE COCTOSIHUE So,

Tak kak paboTa aBTOMara paccMaTphUBaeTCs B IUCKPETHbIE MOMEHTHI
BpeMeHH, TO QYHKIIHIO ITepexoaa MOKHO MPe/ICTaBUTh B BUJIE:

S(t+1) = o(pi(t) , (1)), rae

Pi(t) u S() — BXOOHOW CHUMBOJ M COCTOSSHHME aBTOMara B TEKYyLIEM
aBTomMatHOM TakTe (1);

S (t+1) — HOBOE COCTOSIHME aBTOMAaTa B CJIEAYIOLIEM aBTOMATHOM TaKTe
(t+1).



Teopus KOHEUHBIX aBTOMATOB HE ONEPUPYET C TAKON BETMUMHON KaK
BpeMsi ¥ cCUMBOJI t, B mpuBefieHHON hopMyie GyHKIMHU Iepexona o003HavyaeT
TEeKYLINH aBTOMATHBIN TakT, a t+1 o0o03HavaeT cleayronnii aBTOMaTHBIN TaKT.

OOBIYHO B TEOPUHU aBTOMATOB 0003HAUEHUS aBTOMATHBIX TAKTOB TIPH
3anucu PyHKIUN HE yKa3bIBAIOTCS.

Cnocobul 3a0anusa asmomama 6e3 8bi1X00HO20 NPeobpazo8amens.

[Tyctp 3anansl: P — BxogHO# andaBuT, S — MHOXKECTBO COCTOSIHUNA U So —
HavyaJIbHOE COCTOSIHME aBTOMATa.

CyuiecTByeT Tpu crioco0a 3aanust QyHKIUN nepexoza:

— TepeurcieHueM;

— TaOJMYHBI;

— Tpaduyeckuii.

lIpu nepeuucnernuu npuBOASATCS Bce QyHKUMH Mepexoaa:

S1=0(So, pa),

S =0(st, p1),

S = 0(S-1, Pn).

B mabnuunom cnocobe ctpouTcs TabnMIla IEPeXo010B, CTOIOIBI KOTOPOit
MOMEYAIOTCS BXOJHBIMU CHUMBOJIaMHU, a CTPOKA — CHUMBOJAMH COCTOSHUN W3
KOTOPBIX OCYIIECTBIISICTCS Mepexoll. BHYTpH TaONuWIBI Ha TepecedeHuu |-Toi
CTPOKM H |-TOTO CTOJIOIIAa YKa3bIBaeTCS COCTOSHUE, B KOTOpOE MEPeXOIUT
aBTOMAT U3 COCTOSIHUS S MO BO3/AeMCTBUEM BXOJHOI'O CUMBOJIA [Jj.

Tabnuma 1.1
S & P1 P2 ceeee | Pn
So S1 S S1
S1 S S ceeee | S
Sk

B epaghuueckom cnocobe xaxmomy COCTOSHHUIO aBTOMara CTaBUTCS B
COOTBETCTBHE BepIIMHA rpada, KOTOpas MOMEYaeTcss CHMBOIOM 3TOTO
coctosiHus. Ecnu M3 cocTosiHus S cyllecTByeT Nepexoja B COCTOSHUE § MOoJ
BO3/IEICTBHEM BXOIHOT'O CUMBOJIA [k, TO BEPIIMHBI S U § COCTUHSIOTCS YO,
UCXOJIIel U3 S, a caMa Jyra rmomMedaeTcssi CMHMBOJIOM Pk, TOJ BO3/IelicTBAEM
KOTOpPOTO OCYIIeCTBIseTCS JaHHbIH mepexon (puc.l.2). Hampamienuwe myru
yKa3pIBaeT HalpaBlieHWe Iepexoaa, ModToMy rpad aBToMaTa SIBIISIETCS
OPUEHTUPOBAHHBIM I'padoM.



Puc. 1.2

[Tpumep 3aganus aBTomMarta 6e3 BBIXOJHOIO Mpeodpa3oBaTes:

[Tycte P={p1, p2}, S={%0, S1, S}

OyHKIMIO Tepexoja 3agaguM TpeMsl pa3IMYHbIMH PacCMOTPEHHBIMU
crocobamu:

Ilepevucnenuem:. S = o(So , P, St = o(So , P2), St = o(st , Py,
S2=0(StL, P2), 2=0(S2, P1), o= 9(S2, P2)-

Tabnuyeii nepexooos. (tabdn. 1.2).

Tabnuna 1.2
. Pi 1 p1 p1 p1
S) Sl p2

S1 S1 S S0 > s
S S S

P2
I'paghom nepexooos. (puc. 1.3). 02

p1
Puc. 1.3

B Ta6n.l.3 npuBomuTcs ~ MonenupoBaHWEe  pabOThl  aBTOMATa,
IPHUBEJICHHOTO B TpUMepe Mo TepepaboTKe BXOTHOTO cloBa PiP2p2pipz. B
mporecce paboOThl MPOUCXOIUT CIEIyIOIIasi CMeHa COCTOSIHUM aBToMara: So — So
- S 2 S - -, T.e. paboTa aBToMara 0e3 BBIXOJHOTO MpeoOpa3oBaTes
COCTOUT B MOJYUYEHUU MOCIEI0BATEIbHOCTH COCTOSIHUN.

Tadbmuma 1.3

ABTOMAaTHBIN TakT fk o |1 | |t3 [t4 |15

Cocrosnue aBToMaras | S S1 | |2 |
o 7

BxonHolt cuMBOII Pr P2 [P2 |P1 [P2




1.4. ABTOMAT C BBIXOJHBIM ITIPEOBPA3OBATEJIEM
ABTOMAT ¢ BBIXOIHBIM IIpeoOpa3oBaTelieM 3TO €CTh COBOKYITHOCTh
CIeAYIOIINX MEeCTH 00BEKTOB:
A=<P,S,s,0,W,y>rae
P={py, p2 ..., pn} — BX0oaHOI andaBur;
S={s, S, S, ..., Sk} — MHOKECTBO COCTOSHMIA;
So — HAaYaJIbHOE COCTOSIHUE aBTOMaTa, SHE S

¢ — GyHKIUA ITepexoaa aBTOMATa;

W ={w1, W2, ..., Wm}— BBIXOJIHO#1 apaBuUT;

\ — GYHKIIUS BBIXOA.

Onpenenenue o0bekToB P, S, S, ¢ coBmamaeT ¢ onpeaesieHUEM TeX kKe
00BEKTOB B aBTOMaTe 0€3 BBIXOJIHOT'O NpeoOdpa3oBaTes.

CylecTByeT aBe MareMaTH4YeCKHe MOJIeNId aBTOMaTa C BBIXOJIHBIM
npeobpazoBareneM: aBTomaT Mypa u aBTomatr Munu. Onpenenenre QyHKIUH
BBIXOJa \ pa3IMyHO B KaXI0M W3 3TuX Mmoaeneil. Oba aBTOMaTa MOXKHO
IpeACTaBUTh B BHJE KOMIIO3WIIMH aBTOMaTa 0e3 BBIXOJIHOI'0 MpeoOpa3oBaTelis
A* u BeIXOAHOTO TIpeobpazoBarerns L.

Aemomam Mypa npuBenen Ha puc. 1.4, rne P, S, W —cinoBa wu3
COOTBETCTBYIOIIHMX aj(haBUTOB.

v
>
*
v
—
v

Puc.1.4

B aBromare Mypa QyHKIHS BbIXOJAa Y OCYIIECTBIISIET OTOOpaKeHHE
MHOXecTBa S Ha MHO)kecTBO W, T.e. S — W. DTo o03HayaeT 4To KaxXIoMy

COCTOSIHUIO S CTaBUTCA B COOTBETCTBUE BBIXOAHOW CUMBOJ Wi. DyHKIUS
nepexo/ia 3aMuchiBaeTCs CIAEIYIOIUM 00pa3oM:

wi = y(s), rae

S — TeKyllee COCTOsIHAE aBTOMATa;

Wi — BIXOJHOM CHMBOJI.

CyuiecTBeHHBIM B omnpejeneHud (QYHKIMM BbIxoda aBTomata Mypa
SIBJISIETCS TO, YTO HOBBIM BbIXOHOM cuMBoiI Wi(t+1) B TakTe (t+1) onpenensiercs
cnenyrommM coctossaueM S(t+1)) B koTopoe nmepexoaut aBTomar. T.e.

wi(t+1)= y(s(t+1)).

Aemomam Munu npuBeieH Ha puUC.
npeoOpazoBarens, L — npeodbpaszoBatelnsb,
an¢aBUTOB.

5, rme A" —aBTOMAT 0e3 BBIXOIHOTO
S,

1.
P, S, W, — cjioBa U3 cCOOTBETCTBYIOIINX
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Puc.1.5

B aBTromare Mumu (yHKIHS BBIXOJA Y OCYIIECTBISET OTOOpakeHHe
JeKapToBa Mpou3BeIeHnss MHOXecTB Pu S Ha mHOXKecTBO W, T.€. PxS-—=W.

DTO 3HAYMUT, YTO KaKJOM Mape BXOJHON CHMMBOJ i M COCTOSHHE § CTAaBUTCS B
COOTBETCTBUE BBIXOAHOW CHMBOI Wk. OYHKIUS BBIXOJA 3alMCHIBAETCS
CIeAYIOIIIM 00pa3oMm:

Wk = y(pi, §), ), rae

Pi — BXOITHOW CUMBOJI;

S— TeKyllee COCTOSIHIE aBTOMATa,

Wk — BBIXOJHOU CUMBOIJI.

B ¢yHkimy Beixoaa aBTomata Muin HOBBIHM BbIXOAHOM cuMBoI Wk(t+1) B
takte (t+1) ompenmensercs BXoaHbIM cuMBoJoM Pi(t) u cocrosHueMm S(t) B
TekyineM Takre (t).

Wi(t+1) = w(pi(t) , 5(1)-

Cnocobul 3a0anus aemomama Mypa.
ITycth 3amanbl: P — BxomHOU andaBUT, S — MHOXKECTBO COCTOSHUMN, So —
HavyajgbHOE cocTosiHue aBTomMaTa U W — BBIXOHOH a¢aBuT.
®OyHKIMU Tepexona W (QYHKIMU BBIXOAA MOTYT OBITh IPEeCTaBICHBI
TpeMs CIIOCO0aMH

— TepedYrcieHUuEM;
— TaOJHWYHBI;

— TrpaduyecKuil.

IIpu nepevucnenuu TpUBOAATCS Bce HYHKIIMH Iepexo/aa U BBIX0Ia:
S1=¢ (S, Py, W1 =y (s1),

=0 (Sl’ pl)’ W2:W(82)’

So=¢ (S, Pn). Wo =y (So).

B mabnuunom cnocobe ctpoutTcs TadiuWIla MepexojoB, KOTopas cieBa
JIOTIOJIHSIETCS CTOJIOLIOM, B KOTOPOM [JIsl KaKJIOTO COCTOSIHUSL § yKa3bIBaeTcs
COOTBETCTBYIOIINN €My BBIXOJHOW cUMBOJ Wi (Tadi.1.4).

B epaguueckom cnocobe KaxaoMmy COCTOSHHUIO aBTOMaTa CTaBUTCS B
COOTBETCTBHE BeplIMHA rpada, KOTOopas I[OMEYaeTcs CHUMBOJOM 3TOTO
COCTOSIHHSI S U BBIXOJIHBIM CUMBOJIOM Wi, COOTBETCTBYIOIIUM 3TOMY COCTOSIHUIO.
Ecnu u3 cocTosiHUSI S CyIIecTBYeT Mepexo/ B COCTOSIHUE S MOJI BO3/AelCTBHEM
BXOJ/IHOT'O CHUMBOJIA Pk, TO BEPIIUHBI S U § COSAUHSIOTCS Ayroi ucxoasiue us S,
a cama Jyra mnomedaeTcsi CHMBOJIOM [Pk TOJ BO3JeHCTBHEM, KOTOPOTO
OCyIIeCTBIIsIeTCS JaHHbBIN Tiepexo (puc.1.6).



Tabmuua 1.4

W |s P pr P2 | ..... |Pn
Wo |So S1 S e | S2
W1 S1 S ) veeee | S
Wk | & ceeee | SO
Pk
s/wi > S/w;
Puc. 1.6

IIpumep aBTOMara Mypa.
[Tycte P={p1,p2}, W={wo, w1}, S={%, s1,%, S}

OyHKINU NTepexoa : OyHKIWY BBIXOAA :
So=¢ (S0, pa), Wo =y (o),
S1= ¢ (S0, P2), W1 = (S1),
S2= ¢ (St, ), Wo =y (S2),
S2= ¢ (S2,P), Wo =y (S3).
Ss= 0 (s1,p2),
=0 (2, p2),
3= ¢ (s, P).

Tabnuia mepexo0B U BBIXOJa 3aJlaHHOT0 aBToMara Mypa (1a61.1.5).

Tabmuua 1.5

Wi Pi
S
Wo | So S S1

P1 P2

W1 S1 S 3

Wo | & S

Wo |S3 S3 So




['pad 3aganHOro aBTomMaTa Mypa (puc.1.7).
p1

P2
S/ Wo

st/ w1

) 4

P1
Puc.1.7

B Ta6:1.1.6 npuBoauTcs MonenupoBaHue padboThl aBTOMara Mypa,
MPHUBEICHHOTO B NIpUMepe, 10 MPpeoO0pa30BaHUIO BXOJHOTO clioBa PiPzp2pip2. B
mporecce padboThl MPOUCXOIUT CIEyolIasi CMeHa COCTOsIHUM aBToMara: So — So
->S 2SS —S—>% u ¢dopMupyercs cleAyrolas I0CIeI0BaTeIbHOCTb
BBIXOJITHBIX CHUMBOJIOB WoW1WoWoWo, T.e. paboTa aBToMara Mypa cOCTOUT B
npeoOpa3oBaHNUU BXOJHOTO CJIOBA B BBIXOJIHOE.

Tabnuua 1.6

tk to 11 o {3 [/ i5
S o TS S1 S S S
Pi P1 P2 P2 P1 P2
Wq |Wo* [Wo Y| Ws Wo Wo Wo

B MomeHT to 3HaueHMe Wo* He Y4UMThIBAaeTCs, TaK KaK He SIBJseTcs
peakuueil Ha BXOAHOW CHUMBOJI, a ompeaenseTcs So - HadallbHbIM COCTOSIHUEM

aBToMara Mypa emie 10 MOJayd Ha BXOJ MEPBOrO0 CHMBOJA BXOIHOMN
MOCe0BaTeIbHOCTH.

Cnocobwl 3a0anus aemomama Munu

[Tyctp 3amanbl: P — BxoaHol andaBuT, S — MHOKECTBO COCTOSHUHM, So —
HavyajgbHOe cocTosiHue aBTomaTta 1 W — BBIXOAHOM andaBurt.



OyHKIMM Tepexoga W (QYHKIHUH BBIXOJA MOTYT OBITh IpPEICTaBIICHBI
TpeMsi crioco0aMu, KaK U B aBTomare Mypa:
1. mepeunciaeHueM;

2. TaOJIMYHBIN;

3. rpaduyeckui.
IIpu nepevucnenuu MpuBOAATCS Bce PYHKIMH Mepexoa U BEIXOA!

S1=0¢ (S, p),
=0 (s, p),
% =0 (S, o).

W1 =V (S, P1),
W2 =y (St, P1),
Wo =V (S, pn).

q)YHKHI/HI nmepexoaa 3aacTcCsa Kak B aBTOMATC Mypa OTanune COCTOHT B

3a1aHUU QYHKIIMH BBIXOJA.

B mabnuunom cnocobe ctpoutcs Tabnuna mnepexonoB (tabmn.1l.7) um
aHaJIOTWMYHAas el Tabyuia Bexoa0B (Ta6:1.1.8), Ha mepecedeHuu | — TON CTPOKHU
M | — TOro CTOJIOIla KOTOPO#M YKa3bIBaeTCsl BBIXOJHOW CHUMBOJ Wk KOTOPBIH
BbIJIa€T aBTOMAT IPH TMEPeXoj/ie U3 COCTOSHUS S IMOJ BO3JCHCTBUEM BXOHOIO

cuMBoJIa ;.
Tabnuua 1.7
ANERE pr
So S1 S S3
S1 S 3
Sk S Sk

Tabnuua 1.8
. Ploe | pa Dn
S Wo W1 Wq
S1 W1 | W2
S< WO Wq

OTH Ta6J'II/II_IBI AHAJIOTUYHBI, IMO3TOMY OOBIYHO OHH 06’56):[I/IHHIOTCH, u

MOJTy4aeTcsl COBMeIlleHHas TabJnIa epexo10B U Beixoaa (Tab:1.1.9).

Taomuna 1.9
. Ploe | pe Pn
S Si/Wo | So/wi Sa/wq
S1 S/w1 | Se/wo
S So/Wo Sd/Wyq




B epaguueckom cnocobe KaxaoMmy COCTOSHHUIO aBTOMaTa CTaBUTCS B
COOTBETCTBHE BepllMHa rpada, KOTOpas MOMeYaeTcsi CHUMBOJOM 3TOrO
cocTosiHUS S. Ecim U3 COCTOSIHUSL S CYIIECTBYET MePeXo]l B COCTOSIHUE § MOJ
BO3JIeiCTBUEM BXOJIHOTO CHMBOJIA [Pk, TO BEPIINHBI S U § COSTUHSIOTCS YO,
UCXOJAIIEeH U3 S, a cama Jyra NoMedaeTrcss CUMBOJIOM [Pk, IO BO3JEHCTBUEM
KOTOPOr0 OCYUIECTBJISICTCS JTaHHBIA MEPeXO0J, U BBIXOIHBIM CHMBOJOM Wq,
KOTOPBIH BhIpabaThIBaeTCs MPHU 3TOM mepexoje (puc.1.8).

Pk / Wq

Puc.1.8

[Ipumep aBToOmMatr Mumu.
[Tycte P={p1, p2}, W={wo,w1}, S={%, 51, S}.

DyHKIUY epexoa: DyHKIUY BBIXOAA:
SOZ(P(SOlpl)’ WO:W(SO’p1)1
S0=9( S, P2), W1=v (S, P2),
s1=9( o, P2), Wo =y (St, pa),
S1=9( S, p1), Wo =V (So, P2),
S=0(S1, P2), Wo = vy (S2, P1),
S=0(S, p1). Wo=v (92, p2).

Tabnuia mepexoa0B U BbIXOa /s 3aJaHHOr0 aBToMaTa Muiu (ta6:1.1.10).
Taomuna 1.10

Pi 1/Wo
P1 P
P2 p1/Wo

S0 So/Wo | sy/wy

p2/w1
St S1/Wo | sp/wig = =@

) S/Wo | so/wo

p2/Wo

p2/wo

I'pad 3amanHoro aBTomara M (puc.1.9).

p1/wo

Puc.1.9



B T1a6n.1.11 npuBomuTcs MoJeaMpoBaHHEe pabOThl aBTOMara Muun,
NpPUBEJEHHOTO B MpUMepe, 1Mo NMpeodpa3oBaHUIO0 BXOAHOTO clioBa PiPz2PzPiPz. B
npouecce paboThl MPOUCXOIUT CJeAyIollasi CMeHa COCTOSIHMI aBToMara: S = So
S =% —->$-S U GdopMmupyercs cleayiolias IMocieqoBaTelbHOCTD
BBIXOJIHBIX CHUMBOJIOB WoW1WoWoWo, T.e. paboTa aBToMara MuiM COCTOUT B
npeoOpa3oBaHUM BXOJHOTO CJIOBA B BBIXOIHOE.

Tabmauna 1.11
tk to t1 to i3 t4 t5
S S So Sil S S S
Pi P1 P2 P2 P1 p2
Wq Wo W1 Wo Wo Wo

IIpu cpaBHeHun padboThl aBTOMara Mypa (Ta6:.1.5) u paboThl aBTOMaTa
Munu (1a61.1.10) BUAHO, YTO OJHO U TO K€ BXOJHOE CIIOBO P1P2P2pip2 00a
aBToMara rnepepadaThIBAIOT B OJHO U TO € BBIXOAHOE CJIOBO WoW1WoWoWo.
Pasnuna B pabote aBTomata Mypa u aBTomMara Muiu B TOM, YTO B aBTOMaTe
Mypa BBIXOIHONH CHMBOJ MOKHO CUMTHIBATh Cpa3zy MOCJE€ YCTAaHOBKH €ro B
HayalbHOE COCTOSIHME, HO MpPU 3TOM HAA0 YUYUTHIBATh, YTO 3TOT CHMBOJI HE
SBJISIETCSl peaKleil Ha BXOJHOW CHUMBOJI, a ONpeeNsieTcsl TOJIbKO HadyallbHbIM
cocTtositHueM aBTomara Mypa.

B aBromMare Munu BBIXOAHOW CHUMBOJ MOXHO CUMTHIBATH TOCIE
YCTAaHOBKM €r0 B HaudallbHOE COCTOSHUE U IOJa4l Ha €ro BXOJl TEepBOro
BXOJ/IHOT'O CUMBOJIA.

1.5, DKBHUBAJIEHTHOCTbh ABTOMATOB MWJIU U MYPA

JIBa aBTOMAaTa, y KOTOPHIX BXOJHbIC U BBIXOAHbIC an(aBUThI COBMAAAIOT
WM PaBHO3HAYHBI, HA3bIBAIOT 3KEUBANCHMHbIMU, €CIIA JTH000e BXOIHOE CIIOBO
o0a aBTomara mepepadaThIBAlOT B COBMAJAIOIINE BBIXOJIHBIE CJIOBA, IMPH
YCJIOBWH, YTO Tepe]l HadajaoM paboThl 00a aBToMaTa HaXOAWJIMCh B HAYaIHbHOM
COCTOSIHUH.

Ilocmpoenue asmomama Munu, sK8U8aIeHMHO20 3A0AHHOMY ABMOMANY
Mypa.

[TycTb 3aman aBTomar Mypa: A°=<P°, S, 5%, 0°, W, y>.

Haiitn aBToMar Muma: A = <P, S, S, 0, W, y>.

N3 onpenenenns skBuBalieHTHOCTH cienyeT: P = P°, W =W°, 5= °.

Kak B aBTOMaTe Mypa, Tak 1 B aBTOMaTe Muiu ciienyroliee COCTOSHUE
3aBUCHT OT TEKYIIETO COCTOSHUS U TEKYIIIEro BXOHOTO CUMBOJIA!

B aBTOMaTe Mypa — S° (t+1) = 0°(s°(t) , pi°(t));

B aBTOoMaTe M — & (t+1) = o (s (t) , pj (1)).



N3 sToro cnemyer, uTo QyHKIHS Iepexoaa aBTomata MUy coBmaaaeT C
dyHKIIMEeH Tepexoaa aBToMaTa Mypa Mnmpu OJHOM U TOM e BXOJTHOM CHMBOJIE.
[Tpy 5TOM YHMCIIO COCTOSIHUM M (YHKITUH TTepex010B HE U3MEHUTCS T.€. -

S=S8"un ¢ (s.p) = 9%s°P°).

B aBTomaTe Munm BeixogHoOM cuMBON Wik(t+1) ompenensercs TeKymum
cocrosiHreM S(t) u BxoaHbiM cumBosioM Pj(t):

Wi(t+1) = w(s(t) , pi(t)

B aBromare Mypa BeixogHo#i cumBon  W(t+1) ompenensiercs
crenyrommmM coctosaneM SC(t+1):

wi°(t+1) = wo(sP (t+1)), a ato cocrostame: SC(t+1) = ¢° (s°(t) , pi°(t)).

Ecnu moacraButh 310 Bbipakenue it S°(t+1) B GyHKIUIO BbIXOIA
aBTOMaTa Mypa, oJIy4nuM ero onpejesieHre Yepe3 cTapoe COCTOsHUE:

wie(t+1) = (s (t+1)) = yXe(s® () , p°(Y), a Tak kak ¢ (S,p) =
0°(s%pi°), TO nna obOecrieyeHHMS YCIIOBUM 5SKBHBAJIEHTHOCTH HEOOXOIUMO
BBIXOJHbIE CHMBOJIBI aBTOMara MuJiM, mojiydaeMble Ha Iepexo/lax B HOBBIE
COCTOSIHUSI, CJleJlaThb PaBHBIMM BBIXOJHBIM CHMBOJIAaM aBToMara Mypa 3TUX
COCTOSIHUH ¥ B pe3yibTare moiaydaem: Wi(t+1) = y(s(t) , pi(t)).

IIpeoOpazoBanne aBTomata Mypa B aBToMaT Mujn y00HO TPOU3BOIUTH
B rpauuecKoM IMpeJICTaBIIeHUH aBTOMATOB. [|Jisl 3TOro He0OXOAMMO BBIXOIHBIE
CHUMBOJIBI, KOTOPBIMH ITOMEYEeHBI BEPIIUHEI Tpada aBTOMAaTa, IEPEeHECTH Ha BCe
IyTH, BXOJAIINE B KAKIYIO BEPIINHY.

Hanpumep, mycth 3anan rpag aBromara Mypa (puc.1.10).

0

" m
SO/* SlO/WZO
Puc.1.10

[Tocne mepeHoca BBIXOJHOTO CMMBOJIA U3 KaXIOW BEPUIMHBI HA KaXIyHO
AYTY, BXOJASIIYIO B 3Ty BEPIIUHY, MOTy4YuM rpad aBTomata Muium (puc.1.11).

p2/ w2 p2/ w1
S S1
p1/ w2
p1/ w2
p2 / w1

Puc.1.11




Ilocmpoenue asmomama Mypa, 3K8u8anIeHMHO20 3A0AHHOMY ABMOMANTY
Munu.

[Tycth 3agan aBTomatr Mumn: A = <P, S, S, 0, W, y>.

Haiiti aBTomatr Mypa: A°=<P°, S, 5%, ¢°, W° , y°>.

N3 onpenenenus sxkBuBajieHTHOCTH cienyeT: P° = P, We=W, s°= s,.

Kak B aBTOMaTre Munu, Tak 1 B apTomare Mypa cliienyroliee COCTOSHUE
3aBUCUT OT TEKYIIEro COCTOSHUS U TEKYIIIEro BXOJHOT0 CUMBOJIA!

B aBTOoMare Mun — & (t+1) = o (s (1) , p; (1);

B aBTOMaTe Mypa — S° (t+1) = 0°(s°(t) , pi°(t)).

N3 sroro cienyet, 4To QyHKIUS Mepexoja aBTomaTta Mypa aHalormyHa
GbyHKIIMY Tiepexoia aBToMaTa Muju py OJJHOM U TOM J>K€ BXOJHOM CHMBOJIE.
OpHako Tak Kak B aBToMare Mypa BbIxoaHou cumBoi Wk°(t+1) ompenensieTcs
cnenymommM — coctosiHueM  SO(t+1l), To  KakIOMy  COCTOSIHMIO  MOJXKET
COOTBETCTBOBATh TOJBKO OJWH BBIXOAHOW CHUMBOJI. TakuM oOpa3oM, eclid B
UCXOJHOM aBTOMare MU CYIIECTBYIOT IEePEeXO0Jbl B OJTHO U TO )K€ COCTOSIHHE
C BblIJauell pa3IMYHBIX BBIXOJHBIX CHMBOJIOB, TO B SKBHUBAJICHTHOM €MY
aBromMate Mypa 4YHCIO COCTOSHHW W COOTBETCTBEHHO 4YHCIO (YHKIIHA
MepPex0/I0B YBEIMYUTCH T.€.:

[S°]=[S] u ¢%(s°p°) # ¢ (s.p).

IIpeoOpazoBanme aBToMara Muii B aBToMaT Mypa MOKHO TTPOM3BOJIUTH
npu rpaduuecKkoM TpEACTaBIIeHWH aBToMaToB. Jlms 3Toro HeoOXoauMo
BBITIOJIHUTH JeHCTBUsI, oOpaTHbIE NEHCTBUSIM INPU TPeoOpa3oBaHUU aBTOMATa
Mypa B aBTOMaT MmJIH, T.€. BBIXOJAHOW CHMBOJI, KOTOPBIM IIOMEYeHa Jyra rpada
aBTOMarTa, IEPEHECTH B BEPIIUHY, B KOTOPYIO 3Ta Iyra BXOIUT.

Hanpuwmep, nis dparmenta rpada aBromara Muiu (puc.1.12), cnenas
Tako# mepeHoc, monyunM pparmMent rpada aBromata Mypa (puc.1.13).

e —_———-
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Jlns ¢parmenta rpada aBTomata Munm Ha puc.l.14 Takoii mepeHoc
OCYILIECTBUTh HeNb3sl, TaK KaK Ha KaXIOM IMepexoje IPOUCXOIUT BblIaua
Pa3IMYHBIX BBIXOAHBIX CUMBOJIOB. B 3TOM ciydae cocTosiHue Sm HE0OXOIUMO
paciienuTh (MpoayOfMpoBaTh) Ha TaKoe KOJHWYECTBO COCTOSHUM, CKOJBKO
Pa3IMYHBIX BXOJHBIX CHMBOJIOB HMMEETCS Ha BCeX BXOAHBIX pedpax dTOro

COCTOSIHHSI, W COIOCTaBUTh KaKJAOMY W3 HHX CBOW BBIXOJAHON CHMBOJI
(puc.1.15).

pi / wi

pi
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Puc.1.15

B olOmem cnydae mpu mepexoie K aBToMaTy Mypa 4YHCIO COCTOSHMMA
MOYET YBEJIMYMBATHCS U €CIIM OJTHO U TO K€ YCTPOMCTBO ONKCHIBAETCS PA3HBIMU
MOJENISIMA aBTOMAaToB, TO B MOJENIH aBToMara Mypa MOXeT OBbITh OOJbIIe
YUCJIO COCTOSIHUU.

Paccmorpum mnepexonm ot aBromara Mwuim, NOpenCcTaBIEHHOIO paHee
(puc. 1.9), k monenu aBToMmata Mypa (puc. 1.16).



ABTOoMar Muiu

pl/WO p2/W1 pl/WO
S » S1
p2 / Wo
p2/ Wo
p1/ Wo
ABTtomar Mypa :
p1
p2

p1

Puc. 1.16

CocTosiHne S1 aBToMarta Munu B mpoliecce nepexoja ObLIO pacllerieHo
Ha Si' u $12 aBromata Mypa. U3 cpaBHenus aBTomara Mypa (puc. 1.9) c



aBromMaToMm Ha puc. 1.16 BUIHO, UTO 3TO OJUH TOT K€ aBTOMAT, AJII KOTOPOTO
paHee OBbLIO TPOBEJACHO MOJEIUpPOBaHHME, W pe3ylbTaT paboThl (Tadn. 1.6)
COBIAZiaeT ¢ pe3ynbTaToM paboThl aBToMaTa Mwmm (tabm. 1.11), T.e. aTH
AaBTOMATHI 3KBUBAJICHTHBI.
Yacmuunvle unu He NOTHOCMbIO ONpedeieHHble a8MOMambl.
[Tycte P={po, p1, ... , Pn} — BXoHO# anhaBuT;
P" - MHOXecTBO Bcex ciioB B andasure P;

~.

P"y — MHOXecTBO fomycTuMbIX clioB (P'g € P*). DTo MHOXecTBO
BXOJHBIX CIIOB, ISl KOTOPBIX OMPEe]eH0 MHOYKECTBO BBIXOJHBIX CIIOB;
P', = P\ P’y — MHOKecCTBO 3ampeleHHbIX CIO0B.

Aemomam nazvleaemcs YacmuyHblM UL He NOTHOCMbIO ONPeOeNeHHbIM,
eCll MHOKECTBO 3alpeleHHbIX CJI0B He MycTo. P g# (@ .

B Tabnuie mepexomoB M BHIXOAA TAKOrO aBTOMAaTa OYAyT MPOYEPKH,
03HAYaroLIMe OTCYTCTBUE IEPEXOOB.

[Tpumep: Tabnuia nepexoaoB u Bbixoaa (tadi. 1.12) u rpad (puc. 1.17)
4aCTMYHOIrO aBToMara MuJu.

Tabnuma 1.12
AN
S Swy | ---
S1 - | /w1 | SIwo
S -- | So/ws | ss’wi p1/W1
S3 --- So/W1 | So/w

p2/w1

Puc. 1.17
B rpade dactmuHoro aBToMara Mmim OyAyT OTCYTCTBOBATb IYTH,
COOTBETCTBYIOIINE OTCYTCTBYIOIIUM IIE€PEX0IaM.



2. KAHOHHYECKHH METO/J CHHTE34A KOHEYHBbIX
ABTOMATOB

Kanonuueckuit MeToJ CMHTe3a KOHEYHBIX aBTOMAaTOB COCTOMUT M3 ABYX
ITAIOB!
— 3Tam aOCTPaKTHOTO CUHTE3a;
— 3Tal CTPYKTYpPHOTO CHHTE3A.

2.1. ABCTPAKTHBIN CUHTE3 KOHEUHBIX ABTOMATOB
McxXoMHBIMU TaHHBIMU B KAHOHMYECKOM METOJIe CHHTe3a Ha a0CTPaKTHOM
dTame SBJISIETCA TaOJWIla COOTBETCTBHS MEXIYy BXOJHBIMH M BBIXOJHBIMU
CJIOBaAMH.
PesynpTaTom abOcTpakTHOro »3Tama SBJsSeTCS aOCTPaKTHBIM aBTOMaT,
MpeCTaBJICHHBIN B BUjIe rpada Wiy TaOJIuIlbl IePeX0/I0B U BBIXO/IA.
Dtam abCcTpaKTHOTO CHHTE3a COCTOUT M3 ABYX MMOJITAIOB!
1. TloctpoeHnue no andaBUTHOMY OIlepaTopy adCTPaKTHOI'O aBTOMATa.
2. MuHuMH3a1Ks Yuciia COCTOSSHUI a0CTPaKTHOTO aBTOMATA.
Tabnuia, ycTaHaBIWBAIOMIAss COOTBETCTBHE MEXAY BXOJHBIMH U
BBIXOJHBIMH  CJIOBaMH, KOTOpbIE TIiepepadaTbiBaeT aBTOMAaT, Ha3bIBAeTCS
a’1aBUTHBIM OMEPATOPOM.

3211 to I3 t2 t1 to

P3 P2 P1 Po W3 W2 W1 Wo
A

\ 4
v

Puc. 2.1

Nupekcel (puc. 2.1) yKa3pIBatlOT HA COOTBETCTBHE BXOIHBIX M BBIXOIHBIX
CHMBOJIOB aBTOMATHBIM TaKTaM, a He Ha pa3lindne MEXIY OYKBaMH.

[Tycts P={0, 1}, W={0, 1}.

B Taba. 2.1 npuBenen npumep andaBUTHOI'O OIEpaTopa, /i€ MHIEKCHI
COOTBETCTBYIOT aBTOMATHBIM TakTaM M  3aJal0T  I10CJIeI0BaTeIbHOCTh
CUNTBHIBAHHUS U BBIAAYU CHMBOJIOB.

Tabnuma 2.1
Po P1 P2 Ps Wo W1 W2 W3
O 0 O O 0 O O 1
O 0 1 1 0 0 1 O
O 1 0 O 0 1 0 O
O 0 1 O 1 O O O




Angasumnoviii  onepamop  Hazvleaemcs — ABMOMAMHLIM, €CIIA  OH
YIOBJIETBOPSIET CIAEAYIOLIUM YCIOBUSIM:
1) ogHO3HAYHO OTOOpakaeT BXOHBIE CJIOBA B BBIXOIHBIE;
2) YIOBJIETBOPSIET YCIOBHIO MOJHOTHI, T.e. JIIOOOW HaYaIbHBIA OTPE30K
P momycTEMoOro ciosa Takxke gonyctuM (P € Py);

3) coxpaHsieT JUIMHY MpeodpazyeMoro ClioBa;

4) ocymecTBIseT IPeoOpa3oBaHNue COBMAAIONINX HAYaIbHBIX OTPE3KOB
BXOAHBIX  CJIOB B  COBMNaJalolllie  HaYaJlbHble  OTPE3KH
COOTBETCTBYIOIIMX BBIXOJHBIX CJIOB.

Ecnu anghasumnolrii onepamop sensemcs asmomamHolM, mo MONCHO
NOCmMpouUms peanu3yruuli e2o KOHeUHblll agmoman.

Jlng mnpeoOpa3oBaHUs HeEaBTOMATHOro aji¢paBHTHOrO oOIeparopa K
ABTOMATHOMY BHUJIy HCIIOJB3YIOTCS JBE Olepaliu: BbIpaBHUBAaHUE W
MIOTIOJTHEH U .

Onepanus svipasHusanue UCTONb3yeTCs, €CIIA HAPYIIIEHO TPEThE YCIOBHE
ABTOMATHOCTH OIl€paTopa M COCTOUT B NMPUIKMCHIBAHMM CIEIUAIBHOrO IIyCTOrO
CUMBOJIa « € » CIIpaBa K BXOJHOMY MJIM CJieBa K BBIXOJHOMY CJIOBY, NP 3TOM
3TOT ITyCTOM CHMBOJI JOOABIISIETCS] BO BXOTHOMW M BBIXOJHOW aji()aBHUTHI.

B Tabn. 2.2 npuBeneH mpuMep NpUMEHEHUs OIEPALMS 6blPABHUBAHUE K
a’ndaBUTHOMY oOIlepaTopy, IpeoOpasyiomeMy ABYXOYKBeHHbIE CJIOBa B
0THOOYKBEHHBIE.

Tabmuna 2. 2

P~ OOoD
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Onepauust nononmnenue WCHOJNb3YETCS, €CIW HAPYIIEHO YeTBEPTOE
yCJIOBME aBTOMAaTHOCTH, U COCTOMT B NPHUIHUCHIBAHUU IIyCTOTO CUMBOJIA « € »
CIpaBa K BXOAHOMY CJIOBY U OJJHOBPEMEHHO CJIeBa K BBIXOJHOMY CIJIOBY.

B Tabn. 2.3 npuBeneH mpumep MpUMEHEHUS OTEpalUs 8blPA6HUBAHUE K
anaBUTHOMY oIeparopy, mpeoOpasyrolieMy [IBYyXOyKBEHHbIE CJIOBa B
IBYyXOyKBEHHbBIE.

Tabmnuia 2. 3
Po P1 P1 Wo W1 W2
0 0 e e 0 1
0 1 e e 1 0
1 0 e e 1 1
1 1 e e 0 1




[TepBoHayaIbHO OJIMHAKOBBIE HayalbHBIE OTPE3KU U3 OAHOU OYKBHI O B
epBOM U BTOPOM BXOJHOM clioBe mHpeoOpasyrorcsi B 0 B mepBoM U B 1 BO
BTOPOM BBIXOJHOM CJIOBE, T.€. HapyIIeHO YETBEPTOE YCIOBHE aBTOMATHOCTH,
MO3TOMY K ATHUM BXOJHBIM CJIOBaM CIIpaBa M K COOTBETCTBYIOIIMM BBIXOIHBIM
CJIOBaM cClieBa JIOMUCHIBAETCS MYyCTOM CUMBOJ « € ». [lociie 3Toro onuHakoBbie
HayajlbHble OTPE3KH MEepBOr0 M BTOPOTrO BXOJHOIO clioBa IpeoOpasyroTcs B
OJIMHAKOBBIE HaUaJIbHbIE OTPE3KU BBIXOJHBIX CJIOB U3 OYKBHI « €». To ke camoe
He00XO0MMO MPOoJIeNIaTh C TPETHUM M YeTBEPTHIM CJIIOBOM.
AndaBuTHBIE oOmepaTopbl MOTYT OBITH 3aJaHbl ABYMS CIIOCOOAMU:
TaOJIMYHBIM U TpapUUECKUM.
TabnuuHplil coco0 ycTaHaBIMBAaeT COOTBETCTBUE MEXAY BXOIAHBIMU U
BBIXOJIHBIMH CJIOBaMH B (popMe TaOJIHUIIBI.
B rpaduyeckom cmnocobe omnepaTop MpeicTaBiseTrcs B BHUAe JepeBa
Harpy>Ke€HHOTO BXOJHBIMU M BBIXOJAHBIMU clioBaMu. [lepeBo 3T0 rpad 0Oe3
nuKIoB. [TyTh OT KOpHs (HayaibHOM BepIIWHBI) K JUCTY (KOHEUHON BepIIMHE)
JiepeBa COOTBETCTBYET OJHOMY BXOAHOMY cJIOBY. Yucio spycoB JaepeBa
COOTBETCTBYET JJIMHE BXOJIHOI'O CJIOBa.
Ilocmpoenue Oepesa 6x00HbIX NOCIE008AMETLHOCTE.
[Tycte P={po, p1, ... , Pn} — BXOJHO#1 anhaBuT.
ANTOPUTM TNOCTPOEHUSI JepeBa COCTOUT W3 BBIMOJHEHUS CJeAYOLINX
I1aroB:
1) dukcupyercs HavanbHas BepIIMHA, KOTOpas Ha3bIBaeTCS
KOpHeM JIepeBa;
2) W3 BepIIWHBI TPOBOIATCS N JAyr, Kaxnaas W3 KOTOPBIX
nomeydaercsi OyKBoil BXOAHOTo ayipaBuTa;
3) Ha KOHIaX AYT CTPOUTCS N BEpIIWH;
4) u3 KaxIoW MOCTPOSHHOW BEPIIMHBI MPOBOAATCS N Iyr U TaK
nanee;
5) mocnenHss BUCsSYas BepinuHa (ucm) — Ha3bIBaeTCS KOHEYHOMN
BEPLUUHOW.
s nocmpoenus asmomama N0 AGMOMAMHOMY  ANPABUMHOMY
onepamopy HeoOXOIUMO BBITIOTHUTH CIISYIOITUE TSHCTBUS
1)  TOCTPOUTH IEepPeBO BXOIHBIX MOCIEIOBATEILHOCTEH;
2)  OTMETUTh BCEe BEpIIMHBI JIepeBa CHMBOJIAMH COCTOSIHUW aBTOMATa
S, MpU 3TOM KOPEHb MOMETUTh CUMBOJIOM HAauaJbHOTO COCTOSHUS
S, a BCe BHUCAYME BEPIIMHBI (JUCThS) CHUMBOJIAMH KOHEUYHOTO
COCTOSIHUSA S«.,

3.1) nans momydyeHus rpada aBromara Mypa BepIIMHBI IepeBa OTMETHTD
CUMBOJIaMH COOTBETCTBYIOIINX BBIXOHBIX CJIOB;

3.2) st monydenus rpada aBTomata MUIM OTMETUTh AYTHM CHMBOJAMHM
COOTBETCTBYIOIINX BBIXOJIHBIX CIIOB,;

4)  Bce KOHEYHBIE BEPITUHBI COBMECTHUTH B OJHY.

B pe3ynbTaTe BbINOJHEHHUS 3TOTO MOA3Tara MoxyyaeTcs rpad moaHoCTbIO
ofpeJie]IeHHOro abCcTpaKTHOTO aBToOMarTa.



Munumuzayus uucia cocmosHuli abcmpakmuo2o aemomama, 3a0aHHO20
epaghom nepexo0os .

VYMeHbllIeHue  4Yuclia  COCTOSHUW ~ TIOJIHOCTBIO  OMpelelIeHHOTO
a0CTpaKTHOTO aBTOMAaTa MOXHO OCYIIECTBUTh 3a CYeT OObeIUHEHUs
SKBUBAJICHTHBIX COCTOSIHUIA.

JIBa coCTOsIHMSI aBTOMaTa Ha3bIBAIOTCS SKBUBAJEHTHBIMH, €CIIU MpHU
nepexo/ie U3 HUX IO OJMHAKOBBIM BXOJHBIM CHMBOJIAM B OJHO U TO XK€
COCTOSIHME MPOUCXOUT Bbl1aua OJMHAKOBBIX BBIXOJHBIX CUMBOJIOB.

Ha puc. 2.2 npeacraBnen ¢parmeHT rpada aBTomMara Muim ¢ AByMs
SKBUBAJIEHTHLIMU COCTOSSHUSIMH S U § ,9TO 0003HA4YaeTcs. § = S.

: =®W\Wk
Pi
S Pk / Wk

Puc. 2.2
[Tocie oObenMHEHNS ITUX SKBUBAJIEHTHBIX COCTOSIHUI B OJIHO,
0003HauYeHHOE CUMBOJIOM Sj ,[T0JTy4aeTcs pparMent rpaga apromata Muu
(puc. 2.3) c MEHBIITUM YHCIIOM COCTOSIHUM.

Pi
Pk / Wk
Si
Pi

Puc. 2.3
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Aemomamom mHo2OKpamHo2co NEUCTBUS Ha3bIBAETCS aBTOMAT, KOTOPBIN
mocJje nepepadoTKu BXOJHOTO CJI0BA OyIeT rOTOB K MPUEMY CJIeIYIOIIETO.

JIiisi mosiyueHusi aBTOMara MHOTOKPATHOTO JEHCTBUS HEOOXOAMMO €ro
HadyaJIbHYIO BEPIIMHY COBMECTUTh C KOHEUHOM.



[Ipumep mocTpoeHUsi aOCTPaKTHOTO aBToMara MUIU MO aBTOMAaTHOMY
andaBUTHOMY olepaTopy, 3aJaHHOro Tadnulei (Tadmn. 2.4).

Tab6nuia 2. 4
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N3 Tabnusl onpezensieTcsi BXOJHON M BBIXOAHOMN andaBuT:
P={0,1},Ww={0,1}.

CTpouTcst JepeBo BXOIHBIX MOCIe0oBaTeIbHOCTEl (puc. 2.4).

0

[EEN

Puc.2.4



I[epeBo BXOJHBIX ITOCJICAOBATEIbHOCTEH C BEpminHaMHu, pasMCYCHHBIMU

CUMBOJIaMU cocTosHUE (puc. 2.5), dopMupyer cieayroliee MHOXECTBO
cocrostHuit: S={%, %1, 9, S, %, S5,S, X }-

Puc.2.5 1

I[epeBo C AayraMv, pasMC€YCHHbBIMU COOTBETCTBYIOIOIMMHU BbIXOJHBIMH

cumBoJiamu (puc. 2.6).
0/0 e

0/1

1/0

() 011 (3
0 V()
o)
e 0/1 6
o0 ()
1/0
(=) o

0/1

TR0

1/0
Puc.2.6



[Tocne oObeaHEHUs B OJHY BCEX BEPIIMH, TOMEYEHHBIX CUMBOJIOM S ,
nosrydaercs rpad aBromara Musu (puc. 2.7).

Puc.2.7

BTopbiM »TamoM aOCTpakTHOTO CHHTe3a SBIISIETCS MUHUMU3AIMS dYrcia
coctosiHuii. M3 aHanmm3a mepexoloB B KOHEUHOE COCTOSIHUE Sk BUIIHO, YTO
CYILECTBYIOT JIB€ Mapbl 3KBUBAJICHTHBIX COCTOSHUN S3 = 4 U S5 = S6. [locne
00beIMHEHUS STUX COCTOSHUI TosrydaeTcs rpad aBromara Muu (puc. 2.8).

1/0

Puc.2.8



N3 ananuza nepexofoB B KOHEYHOE COCTOSIHME Sk Ha pHUC.2.8 BUIHO, YTO
HOBBIC COCTOSIHUSI Sg4 U Ss6 TAK)Ke DKBUBAJICHTHHI, T.e. S34 = Ss6. llocne mx
o0beIMHeHus nosty4aercs rpad aBromata Mumu (puc. 2.9).

1/0
Puc.2.9

N3 ananuza nepexoqoB B COCTOSTHUE Sz4s6 BUIHO, YTO S1 = S U MOCIIE UX
o0bearHeHus mony4aeTcs rpad aBTomara Munu (puc. 2.10).

0/0 0/0 0/1
1/0 1/0 1/0
Puc.2.10

JIns monydeHuss aBTOMAara MHOTIOKPATHOTO JEWCTBHUS COBMELIAKOTCS
COCTOSIHUSI So M Sk M TOCJIe UX Nepeodo3HavueHus moiiydaercs rpad aBTomara

Muu (puc. 2.11).
0/1
’m
/0
1/0

e

Puc. 2.11



['pady aBTomMaTa Munu (puc. 2.11) cooTBeTcTBYeT TabiuIa NepexoaoB U
BbIxoja (Tadi. 2.5).

Tabnuua 2.5
Pilo |1
S
s/0 | s1/0
St 0 |0
S sol | S0

Jlns mpoBepku pabOThl MOJYYEHHOrO aBTOMaTa MPOMOJEINpPYEM €ero

paboTty mo nepepadbotke BxoaHoro cioBa: 1 1 0. Pe3ynbpTaT paGoThl puBeneH B
Tabu. 2.6.

Taomuma 2.6
tk to t1 to
S S S1 S S
p |1 1 0
Wm 0 0 1

Takum oOpaszom, BxoaHoe cioBo. 1 1 0 mepepabarsiBaeTcsi B BHIXOJHOE
cioBa: 0 0 1, 9TO COOTBETCTBYET 3aJJaHHOMY ali(paBUTHOMY OIIEpaToOpy.

2.2. MHUHUMHM3ALIMSA YNCJIA COCTOSIHUH ITOJTHOCTBIO
OITPEJIEJIEHHOI'O ABTOMATA

B mpumepe Oblia paccMoTpeHa MHUHUMM3alMs aBTOMara Muim Ha ero
rpade, HO 3TO TPYHO MPOENATh MPU OOJIBIIOM YKCIIE COCTOSIHUM.

[TycTh MOJIHOCTBIO ONpeNeeHHbIH aBToMaT A, UMeroIHi K cocTosHuM,
3aaH Tabnuiel mepexonoB M Bbixona. Tpedyercs MOCTPOUTh SKBUBAIICHTHBIN
emy aBroMaT A" C unciiom cocrosuuii K, mpuuem K™ < K.

MuHuMU3aIUS Yrclia COCTOSIHUM TOJHOCTBIO OIpeelIeHHOr0 aBToMarta
OCYILIECTBJISIETCS 3a CUET 00bEeIMHEHUS SKBUBAJIEHTHBIX COCTOSIHUA.

JIBa cocTOsiHMS S U S HA3bIBAIOTCS O9KEUBANEHMHbIMIU, ECIH IHO0YIO
BXOJHYIO TMOCIE0BaTeIbHOCTh aBTOMAT IepepadaThiBaeT B OJMHAKOBbIE
BBIXOJ/IHBIE TOCTE0BATEILHOCTHA, HE3aBUCHUMO OT TOTO, KaKOW W3 3TUX ABYX
COCTOSIHUM S UM S BBIOPAHBI B KAUeCTBE HAYalbHOIO T.e. S= S .

OTHomIeHNEe SKBUBAJIEHTHOCTH 00J1a/laeT CleIyIOIUMHI CBOHCTBAMU

1) pedbaeKkCUBHOCTD, T.€. S8’ =5’;

2) CUMMETPUYHOCTbD, T.€. €CJIH S’= s, TO U3 3TOTO ClIeyeT S"=s’;

3) TPaH3UTUBHOCTb, T.€. €CIH S= SKH S = S, TO U3 3TOrO CIEAYeT, UTO
S=S.



OTHollleHHe SKBUBAJIEHTHOCTH Pa30MBaeT BCe MHOXKECTBO COCTOSHHHA S
Ha kyaccel 3kBuBajgeHTHocTH: S=C1U C2 U C3U...U Cq,.
Knacc skeusanenmuocmu Ci € S — 3TO MOJAMHOXKECTBO COCTOSHUH,

MIOMTapHO AKBUBAJIEHTHBIX MeXIy coboif, mpuuem Ci N Cj= O, ecnu | # |, T.e.
nepecevyeHue JOObIX NIBYX KJIACCOB 3KBHMBAJIEHTHOCTU MpPeACTaBIseT COO0Oii
MyCTO€ MHOXXECTBO U CJIeIOBATEeNIbHO KaXJ0€ COCTOSHHE MOXET BXOIUTh
TOJILKO B OJTUH KJIACC SKBUBAJICHTHOCTH.

Ha puc. 212 npuBeneH TpuBHAIbHBI TpUMep SKBHUBAJIEHTHBIX
COCTOSIHUM S’= s” M WX OObEIMHEHUs, KOTOPbI ObLI MCIOJb30BaH paHee MpuU
nepexozie oT ajapaBUTHOrO oneparopa K rpady aBromara.

p1/ w1

Il
()
v
Q0

Puc. 2.12
Ha puc. 2.13 npusenen npuMep ¢parmenTa rpada aBToMara, B KOTOPOM
SKBHBAJIEHTHOCTh COCTOSHUN S U S He ABIISETCS CTONb OUEBUIHOL.

P2/ w2

p1/ w1 e

@ p1/W1 p1/ wi

P2/ w2
Puc. 2.13
Ha puc. 2.14 npuseseH ¢pparMeHT rpada mocie o0beIHHEHHI S U S .
p1/ w1

p2 / w2

p1/ w1

T~

(2]

p2 / w2
P2 / w2

Puc. 2.14



Jlea HeobxoO0umvlx YCi08us 3KEUBALEHMHOCMU COCMOAHUL ABMOMAMA
Munu

JIBa COCTOSIHUS S U S SIBJISFOTCS SKBUBAJIEHTHBIMH, €CITH

— TpU Tepexojie W3 JITUX COCTOSHUW T0J BO3ICUCTBHEM JIFOOOTO
OJIMHAKOBOT'O BXOJHOTO CHMBOJIa [k BBIpAaOATHIBAIOTCS OJMHAKOBBIE
BBIXOJ(HbIE CUMBOJIBL, T.€: W (S,Pk) = W (S ,k);

— TpU Tepexojie M3 JOTUX COCTOSHUH 07 BO3ACUCTBUEM JIFOOOTO
OJINHAKOBOT'0 BXOJIHOI'O CHUMBOJIa Pk MEPexo0]i OCYIIECTBJISETCS B OJHO U
TO Ke WM B SKBHUBAJICHTHBIE COCTOSIHHS, T.€. eciu
S=0¢(S,) u §=¢ (S,pk), To cleayer, uTo S =S,

Anzopumm muHuMUzaYUU YUCIA COCMOAHUL NOJHOCHbIO ONPEOEIeHHO20
asmomama ¢ NOMOUubo0 mpey201bHOU MAmpUybl.

3amaH TaOnMIed TEepexolOoB M BBIXOJA IMOJHOCTHIO OIpeIelIeHHBIN
aBToMaT Mwun, uMeroiuii K —coctostauii.

AJITOPUTM COCTOMT U3 BBIMTOJHEHUS CIIEAYIOIIUX [1aroB:

1. Ctpoutcs TpeyroyibHass Matpuiia 6e3 JuaroHajdbHBIX 3JIEMEHTOB,
CTOJIOLIBI KOTOPOM HyMepyIOTCs clieBa HalpaBO WHIAEKCAMH COCTOSHHMM ¢ 1 10
k -1, a cTpoku MaTpuIIbl CBepXy BHM3 ¢ 2 110 K.

2. JIro00# KJIeTKe MaTpHIbl ¢ KOOPAMHATAMHU i M | COOTBETCTBYET
napa coctosauit S u §. IlociaenoBarenbHO MpocMaTpuBas TAONHILy MEePEexX0I0B
MaTpuIla 3aI0JTHSIIOTCS CIEAYIOIKUM 00pa3oM:

Qecnun AId THapbl S WS HEBBIIOJHHMO I€PBOE YCIOBHE

SKBUBAJICHTHOCTH, TO B KJIETKY CTaBAT « X», 3TO 03HAYaeT, YTO
3TU COCTOSIHUS 3aBEIOMO HEeIKBUBAJIEHTHBI;

b) ecru 11t mapbl COCTOSIHUM Si M S BBIIIOJIHIETCS ITEPBOE YCIOBHE,
HO eIllé HEeW3BECTHO, BBIMOJHICTCS JU BTOpPOE, TaK Kak
IepPEX0/Ibl OCYILIECTBIISAETCS B pa3Hble COCTOSHHS, TO B KJIETKY
3aMKiChIBAIOT Mapbl HOMEPOB COCTOSIHUM, OT SKBHUBAJIEHTHOCTHU
KOTOPBIX 3aBUCHUT 3KBUBAJICHTHOCTb paccMaTpUBAeMOM Maphl;

C) eciy I Mapbhl COCTOSIHMM Si M § Cpa3y BBIMOJHSIOTCS 00a
yCJIOBHS, TO KJIeTKa OCTaBJISIETCS MyCTOW, U 3TO O3HA4YaeT, 4YTO
9TH COCTOSTHUS 3aBEIOMO SKBHBAJICHTHBI.

3. 3amosiHEHHAss ~ TpeyrojbHas  MaTpuila,  IOCAeA0BaTEIbHO
IpocMaTpUBaeTCs MO KJIETKaM, CoJiepKallluM HoMepa Iap COCTOSHHM, U, €CIH
W3BECTHO, YTO 3TH HOMEpPA COOTBETCTBYIOT HEAKBUBAJICHTHBIM COCTOSHUSIM, TO B

5TOM KJIETKe CTaBAT « X». [IpoCMOTp MaTpHI[Bl IPOIOIIKAETCS 10 TEX MOp, OKa
HE NIePeCTaHyT MOSBIATLCS HOBBIE ITapbl HEIKBUBAJIEHTHBIX COCTOSIHUM;
4, N3  TpeyronbHOMl  MaTpulbl BBINIUCBIBAIOTCA  BCE  Mapbl

SKBUBAJICHTHBIX COCTOSIHUM (rz[e HC COICPIKHUTCA ((x») 1 U3 HUX o6pa3y10Tc;1
KJIaCCBhI OKBHUBAJICHTHOCTH.



5. Kaxnomy kiaccy SKBHUBaJe€HTHOCTH CTaBUTCS B COOTBETCTBUE
CHMBOJI HOBOT'O COCTOSIHMSI U MepenuCchIBaeTCsl UCXOAHAs TaOJUIa Mepexo 0B U
BBIXO/IA.

[Tpumep MUHUMU3AIMY aBTOMAaTa MUK, 3aJaHHOTO Ta0JIHUIIeH Mepexo/I0B
U BeIxoa (Tabm. 2.7).

P={ab,c,W={12},S={s, & % % S5, S, S7, S} .

B Tabnune nmepexonoB u Bbixona (Tabn. 2.7) IJs HarJISIAHOCTA BMECTO
CHUMBOJIOB COCTOSIHUH yKa3aHbl TOJIBKO X UH]IEKCHI.

Tabmuua 2.7
P a b C 2
S
1 |4/1 [2/2 |5/1 3
2 |5/2 |1/1 |4/2 4
3 |3/2 |5/1 |4/2
5 4,7
4 |5/1 |8/2 |4/2 15
5 [7/1 |2/2 |1/1 6 ég
6 |1/1 [3/2 |4/2 - 38 1N¢| 15
7 |5/1 |3/2 |7/2 & 4.7 4.7
8 [3/2 |5/1 |6/2 8 PR
1 2 3 4 5 6 7
Puc. 2.15

Ha puc. 2.15 mnpuBeneHa TpeyrojibHas MaTpulla, 3aloJHEHHAs 10

W3JI0)KEHHOMY BhILIE anroputMy. Kietku, He comepxkaiiue « X» cOOTBETCTBYIOT
CJIEIYIOIINM MapaM SKBUBAJIEHTHBIX cocTosiHuil: 1 =5,3=8,4=6,4=7,6=7
U U3 HUX MOKHO 00pa30BaTh ClIeIyIOIINe KJIAcChl SKBUBAIGHTHOCTH:

Ci={1,5},C={2},C3={3,8},Cs ={4,6,7}.

Kax oMy kitaccy conocTtaBisieTcsi CHMBOJI HOBOT'O COCTOSIHUS:

C1—S1, Co—S2, C3—S3, Cs— Sa. Jlanee B MCXOAHOM TabNHIIe TIEPEXOI0B
CUMBOJI CTAapOro0 COCTOSIHUSI 3aMEHSIETCSI Ha CHUMBOJI HOBOI'O COCTOSIHUS,
KOTOPBI COOTBETCTBYET KJIAcCy, B KOTOPBIA 3TO CTapoe COCTOSTHME BXOIUT. B
pe3yibTaTe mojydaercs TabjuIa Iepexoa0B B Beixoaa (tadu. 2.8).

[Tocne oObenvHeHWss B Hel OAMHAKOBBIX CTPOK TMojydaercss Tabiuiia
Mepexo/IoB M BbIXOJa MUHHUMaIbHOTO aBTomMarta Mwmmm (Tabn. 2.9), ¢ 4uciom
cocrostamit K* = 4 BMecto K = 8 B ncxoHOM aBTOMATE.



Tabnuua 2.8

k
S § a b ¢ Taomuma 2.9
1 411 |2/2 |1/1 |
> /2 |11 |42 | b .
3 3/2 |11 |42 S
& /1 |32 |42 v 411 |2/2 |11
x 21 |2/2 |11 2 viz |1/1 |4/2
e /1 |3/2 |42 3 /2 |T/1 |4/2
¥  |vi1 (372 |42 4 1171|372 412
3 3/2 |1/l | 472

2.3. MHUHUMHM3ALMS YNCJIA COCTOSIHUN YACTHYHOI'O
ABTOMATA

Hea uacmuunvix asmomama Haszwviearomcs coemecmumovivu  (crabo
OKEUBANICHMHBIMIL), ECIIH .

1) OHU UMEIOT OJJUHAKOBOE MHOXECTBO JOMYCTHUMBIX BXOHBIX CJIOB;

2) moboe  JOMyCcTHMOE  BXOJHOE  CJIOBO  oba  aBTOMara
nepepadaThIBalOT B HENPOTUBOPEUMBHIC BBIXOJIHBIC CIIOBA IIpH
YCIIOBUH, YTO Mepej HayajaoM paboThl 00a aBTOMaTa HaXOJMUIUCH B
HaYaJIbHOM COCTOSIHHUH.

Jlsa 6vixo0nvix cnoea 06yx yacmuunvix aemomamos A u A" nazviearomes
HenpoOmuBoOpe UbLMU, €CIIA BCE CUMBOJIbI, KOTOPbIe ONpeNeeHbl B BIXOJIHOM
clioBe aBToMara A COBIAJalOT CO BCEMH COOTBETCTBYIOIIMMH CHMBOJIAMH,
KOTOpBIE ONpe/Ie/ieHbl B BEIXOJHOM CJIOBe apTomara A,

Ha puc. 2.16 npuBeneH npuMep HEMPOTUBOPEUUBBIX BHIXOIHBIX CJIOB.

P2 p3 pP1 P2 W2 W2 * W1
A .
P2 P3 P1 P2 . W2 * W1W1
> A >
Puc. 2.16

9

JIBa cocTosHMS S M S4YAaCTMYHOTO  aBTOMAaTa  HA3bIBAIOTCH
coemecmumbiMu, €CIM JO00e JOMYyCTUMOE BXOJHOE CJIOBO aBTOMAaT
nepepabaTbiBaeT B HEMPOTUBOPEUHMBBIE BBIXOJHBIE CJIOBA HE3aBUCHMO OT TOTO,
KaKoe 13 3TUX JIBYX COCTOSHUH OBIIO BRIOPAHO B KauecTBE HAUadbHOro (S ~S).



OTHollleHne COBMECTUMOCTHU 00J1ajaeT CleIyIOIUMU CBOHCTBAMHU:
1) pedbiaekcuBHOCTB, T.€. s’ ~S’;
2) CHUMMETPUYHOCTD, T.€. €CJIM S’ ~ S, TO U3 3TOrO CleAyeT: s”~ s’;
3) oTcyTCTBUE TPAH3UTUBHOCTH, T.€. ECTM S~ S U S ~ Sk, TO U3 ITOTO
He Clle[lyeT, 4To S ~ S
OTHollleHre COBMECTUMOCTH pa30MBaeT Bce MHOXKECTBO COCTOSIHMM S Ha
kiaccel coBMectuMocTr: S= Q11U Q2 U Qs U...U Q.
Knacc cosmecmumocmu Qi € S — 3TO MOIAMHOMXKECTBO COCTOSHUI

MIOMIaPHO COBMECTHMBIX MeXay coboil, mpuuem Qi N Qj # O, ecim | # |, T.e.
nepeceyeHre JHOOBIX JABYX KJIACCOB COBMECTHMMOCTU He 0053aTeIbHO SBISETCS
IYCTHIM MHOXKECTBOM M CJIEJIOBaTEIbHO OJHO M TO JKE€ COCTOSHHE MOMKET
BXOJIUTh B pa3HbIe KJIACChl COBMECTHMOCTH.

B o0rmiem ciydyae 4mcio KiaaccoB COBMECTUMOCTH OOJIbIIIE, YeM YHCIIO
KJIACCOB AKBHMBAJIEHTHOCTH M Jake MOXXET M IPEBBIIIATh HCXOTHBIX YHUCIIO
coctostHuii. Kitacchl COBMECTUMOCTH OBIBAIOT IIPOCThIE M MaKCUMaJIbHEIE.

IIpocmoim  knaccom — coémecmumocmu  Ha3bIBalOT — MOJAMHOXECTBO
COCTOSIHH, TOIIAPHO COBMECTUMBIX MEXIY COOOIA.

Makcumanvuvivm Kiaccom cosmecmumocmuy Ha3bIBAIOT KIIACC, KOTOPBIMA
He SBJISETCS MOAMHOYKECTBOM KaKOI'o — K00 APYroro kjaacca COBMECTUMOCTH.

Jlsa Heobx0O0uMbLX YC06UsL cOBMecmUMOCmu COCTOSHUN aBToMaTta MuJy.

JIBa COCTOSIHHUS S U S SIBIISFOTCSI COBMECTHMBIMH, €CIIH

1) Ipu Mepexoje W3 ITUX COCTOSHWH MMOJ BO3JAeHCTBUEM JIFOOOTO

OJIMHAKOBOT'O BXOJHOI'O CHMBOJIA Pk QYHKIIUU BBIXOA, €CJIH OHH
oIpeiesieHbl, IOMKHbBI COBIAAATh, T.€: V¥ (S,Pk) = y”(S ,pK);

2) IpHU Tepexoje W3 ITUX COCTOSHHWU IMOJ BO3JAEHCTBUEM JIFOOOTO

OJMHAKOBOTO BXOJHOI'O CHMBOJA [Pk IIEPEXO], €CId OH
OIpeJie/ieH, MOJDKEH OCYIIECTBISATHCS B OJHO U TO JK€ WU B
COBMECTUMEIE COCTOSIHHUSI, T.€. ECIIH

S=0(S,) u §=¢ (S,pk), T0 cremyer, 9To S ~ .

Ha pwuc. 2.17 npuBeneH mNpuMep COBMECTHMBIX COCTOSHUH H X
oobenunenus. CoctosHusS S ~ S°, TaKk Kak W3 S He OMNpelesieH Mepexo] o
CUMBOITY P1, @ U3 COCTOSIHUA S’ TI0 CUMBOJTY 2.

p1/ w1

Puc. 2.17



Aneopumm  mMuHuMUZAYUU ~ YUCAA ~ COCMOAHUU, He  NONIHOCMbIO

ONnpedeneHHo20 (YacmuuHo20) ¢ NOMOULbI0 MPeEY2OTIbHOU MAMPUYbL.

MuHuMHA3aMS Y4iciia COCTOSSHUM  3aKJII0YaeTCs B YMEHBIIECHUU 4YHWCia

COCTOSIHHH 3a cYeT 00bEINHEHNS COBMECTUMBIX COCTOSTHHUMA.

Ilyctp 3amaH  Tabnuiledl mepexoloB M BbIXOJa HE IOJHOCTHIO
orpejieNieHHbINH aBTOMaT MuJi, UMeroIuii K —cocTosHuiA.
AJITOPUTM COCTOMT U3 BBITIOJHEHUS CJIEIYIOUUX 1aroB:

1. Ctpoutcst TpeyrojpHass MaTpulla MW  aHAJOTMYHO, KaKk B
NPeNbIAYIIEM allfOPUTME Ui IOJHOCTBIO — ONPENEJIEHHOTO
aBTOMATa, ONPEENSAIOTCS apbl COBMECTUMBIX COCTOSIHUM .
OopMUPYIOTCI MAKCUMAJIbHBIE KIIACCHI COBMECTUMOCTH.
BriOupaercss MUHMMAajabHO HEOOXOJMMOE YHCIO MaKCUMaJIbHBIX
KJIACCOB COBMECTHMOCTH, IJISI KOTOPBIX BBIMOIHSIOTCS YCIOBHS
MOJIHOTHI U 3aMKHYTOCTH.

4, Ecnu ycJIOBUS TIOJHOTBI W 3aMKHYTOCTH  BBIMOJIHSIOTCS IS
BBIOPAHHOTO MOJAMHOXECTBA KJIACCOB COBMECTUMOCTH, TO KaXKIOMY
KJIACCY COBMECTHUMOCTH MPUCBANBAETCS CUMBOJI HOBOT'O COCTOSIHUS,
a eCIM He BBIMOJHSIOTCS, TO BhIOpAaHHOE MOJMHOXKECTBa KJIaCCOB
COBMECTUMOCTHU KOPPEKTUPYETCH.

5. TlepenuceiBaeTcs McxomHas TabiMila MEepPexoJ0B TakK, YTOOBI MpHU
3aMEHE CMMBOJIA CTAPOT0 COCTOSIHUAS HA CUMBOJI HOBOT'O COCTOSIHUSA
HE HaApYIIWJIOCh YCJIOBHE 3aMKHYTOCTH, JHajiee OObEeIUHSIOTCS
CTPOKH TaOJMI[bl, COOTBETCTBYIOIINE COBMECTUMBIM COCTOSTHUSIM.

w N

Iloomnuoorcecmeo knaccog coemecmumocmiu HA3bI8AECMCA NOJIHbIM, €CIU
KaXXJI0€ COCTOSHHE MCXOOHOTO aBTOMaTa BXOOUT XOTS OBl B OIWH U3
BBIOpAHHBIX KJIACCOB COBMECTHMOCTH 3TOTO MOIMHOXKECTBA.

IloomHooicecmeo Knacco8 coemecmumMocmu HA3vb18AEMCcs 3AMKHYMbIM,
ecau JuIs Tr000ro ero Kiacca MoJAMHOXKECTBO COCTOSIHUH, ClIeayrollee 3a 3TUM
KJIaCCOM, LIEJIMKOM COJIEPKHUTCS XOTS Obl B OJTHOM M3 BBIOpAHHBIX KJIACCOB
COBMECTUMOCTH ATOT'0 MOJMHOXKECTBA.

IIpoBepka ycCIIOBHS TOJHOTHI IPOU3ZBOJMUTCA C ITOMOIIBIO TAOJHIIGI
MOKPBITHNA, B KOTOPOH CTOJNONBI COOTBETCTBYIOT COCTOSIHUSIM WCXOJIHOTO
aBTOMaTa, a CTPOKH — BRIOPAHHBIM KJIacCaM COBMECTHMOCTH.

IIpoBepka ycrmoBus 3aMKHYTOCTH TPOU3BOJUTCSA IOCJIE HAXOXJICHUS
IOMHOKECTBA COCTOSIHUM, CIEAYIOIIUX 3a KaKJbIM M3 BBIOPAHHBIX KJIACCOB
COBMeCTUMOCTH. [l HaXOoXJIeHHs IOAMHOXECTBA cocTtosHui E € S |

cienyrollee 3a MOAMHOXKeCTBOM coctosinuit D € S, HeoOxoaumo onpenenuThb

0 WCXOJHOH TaONWIle TEPeXOoJIoB IOIMHOXECTBA COCTOSHHN, B KOTOpPBIE
MepexoJUT aBTOMAT 110 OJHOMY M TOMY K€ BXOJHOMY CHMBOJIY M3 COCTOSHHMA
nmoaMHoxkectBa D.

Ecnu ycrnoBue 3aMKHYTOCTH HE BBITIOJHSACTCS, TO MOXHO CY3UTh KaKOM
aM00 KJIacC COBMECTUMOCTH, He HapyImias IMpH 3TOM YCJIOBHE TIOJHOTHI,
VIQIATh W3 HEro COCTOSIHHE, KOTOpOEe HapyllaeT yCJIOBHE 3aMKHYTOCTH, WIU



PacIIMPUTh YHCIIO BRIOPAHHBIX KJIACCOB COBMECTHUMOCTH, J0OABUB HOBBIN Kjacc
COBMECTHUMOCTH, HEOOXOIUMBIN JJIsi BBIMOJTHEHUS YCIOBUSA 3aMKHYTOCTH. JlJis
HOBOT'O BBIOPAHHOTO KJlacca COBMECTHMOCTH HEOOXOIWMO TaKXKe IMPOBEPUTH
BBITTOJIHEHUS YCIIOBUS 3aMKHYTOCTH.

[lpumep MUHMMH3ALMK YAaCTUYHOTO aBToMara Muju, 3aJaHHOro
TabnuIEeil mepexo10B U Beixoja (Tadiu. 2.10).

P={a,b,c,d,e},W={00,01,10, 11}, S={s1, &, S8, 4 S5, S5, S7} -

B tabmuie nmepexonoB u Bbixoaa (tabdn. 2.10) mis HarlIsgHOCTH BMECTO
CHMBOJIOB COCTOSIHMH yKa3aHbl TOJbKO UX UHACKCHI.

Tabmuua 2.10
S & a b C d e
1 |1/00 (5/*1 |--- --- 6/**
2 |5/*0 [4/0* |--- - —
3 |(4/11 |--- --- —-- 6/00
4 |6/*1 |{6/00 |--- 2/0% | ---
5 |--- 710 |--- 41*0 | ---
6 |- 3/*0 |- 2/10
7 |- 2/** [1/00 |--- ---
2 15
45
3
4 4,6
5 77| 47 6,7
24
6 2,6
7 |25|24 26| 27| 1.

1 2 3 4 5 6
Puc. 2.18

Ha puc. 2.18 mnpuBemeHa TpeyroyibHas MaTpulla, 3alloJIHEHHAs 10

W3JI00KEHHOMY  BhIIe  anroput™my. Kierku, He comepxamue  « Xy,
COOTBETCTBYIOT CIIEIyIOIIUM MapaM COBMECTHUMBIX cocTosiHuii: 1 ~6,1~7, 2 ~
5,2~6,3~4,3~53~7,4~6,4~7,5~ 6 u u3 HUX MOXXHO 00pazoBaTh
MaKCHMaJIbHbIE KJIACCHI COBMECTUMOCTH HaIllpUMep, ¢ TOMOIIBIO AepeBa.



JIist 3TOTO CTpOMM JiepeBO KJaccoB, pa30uBas Ha KaKJIOM IIare
MHOXECTBO COCTOSIHMM Ha [Ba, OJHO U3 KOTOPhIX 0€3 COCTOAHMUIHA,

HECOBMECTHMBIX C I—TBIM, Jpyroe He COJIEPXXHUT CaMO I—TO€ COCTOSIHHE
(puc.2.19):

\!
/:

142345 {1,6,7} {2,3,4,5,6,7}

2434 {1,6,7 {2,5,6}/ }4,5,6,7}

346 {1,6,7} {2,5,6} {3,4,5,7} >5,6,7}
\

4~ 5 {1.6,77 {2,5,6} {3,4,7}/ {3.5, 74 {4,6,7} >6,7}

AN

{1,e6} {1,7 {2,5,6} {3,4,74{3,5 {3,774 {46} ({5,6}
Puc. 2.19

[Tony4datoTcst cneayromue MakcuMaibHble kimacchl Q1 = {1 , 6 },
Q2={117}1Q3={21516}1Q4={31417}’Q5={3’5}’Q6:{416}'

JI7is BBITIOJIHEHHUS YCJIOBHS TOJHOTHI JOCTATOYHO BBIOpATh ClEAyIOIIee
MHUHHMAaJIbHOE YUCJI0 MAaKCHUMAaJIbHBIX KJ1accoB coBMecTUMOCTH :Q1, Qz, Qs .

JIns  TpOBepKH yCIIOBUS 3aMKHYTOCTH [0 TaOJHIle TepexoJ0B
ONpEeNIEIAIOTCS  TOJMHOXECTBA COCTOSHHUM, CIIEAYIONIMX 3a BBIOpaAaHHBIMH
Kjaccamu coBMectumoctu (puc. 2.20).

a, {1-} a, {5--}
b, {5-} b, {47-}
Q1:{116}—>L> {_13} Q3:{21516}_>L>{_1_13}
4 (-} . {-4,-)
Le, {62 e, {--.2
a_>{4161_}
b_>{ _’612}
Qi={3,4,7}_,Jc {--.1}
d ,{-.2-}
e_>{61_’_}




N3 puc. 2.20 BuaHO, 4TO MOoAMHOXKeCTBO {4, 7}, clleayrolee MO0 CUMBOJIY
«b» 3a kmaccom Qs , BXOAWT B BBIOPAaHHBIA KIACC COBMECTHMOCTH Q4 — 3TO
SIBIIIETCSL COOJIIOZICHHEM YCIIOBUS 3aMKHYTOCTH.

[ToaxmuoxecTBO {4, 6}, cienyrolee MO CUMBONY «a» 3a KiaccoM Qa, He
BXOJUT HM B OJWH U3 BBHIOPAHHBIX KJIACCOB COBMECTUMOCTH — 3TO SIBJISETCS
HapyIIeHHEM YCIIOBHS 3aMKHYTOCTH.

JInsg  BBIMOJHEHHMS] OTOrO YCIOBUS HeOoOX0auMO J00aBHUTh KJAccC
coBMectuMocTd Qs = {4 , 6} W MPOBEPHUTH IS HErO BBHIMOJHEHHE YCIIOBHS
3aMKHYTOCTH (puc.2.21).

Q6:{4’6}_>_C> {'1?:

Puc.2.21

JloOaBiieHne K BBIOpaHHBIM KilaccaM HOBOro kiacca Qs He Hapyluaer
ycioBus 3aMKHyTOCTH (puc.2.21). Jlns ympolneHHs mepexoja OT CTapbIx
COCTOSIHUM K HOBBIM MOXKHO CY3UTh Kiiacc Q1, yAaJIUB U3 HErO COCTOSIHUE Se, HE
Hapylllas yCJIOBHM MOJHOTHI U 3aMKHYTOCTU. B pe3ynbTaTe monyuaercs :

Qi={1},Q={2,5,6},Q={3,4,7},Q={4,6}.

KaxxnoMy kiaccy comocTaBisieTcsi CHMBOJI HOBOTO COCTOSIHHUSI:

Q1—S1, Q3—S2 Q14— S3, Qs — S4. Jlanee B HCXOHOI TabHUIIE TEPEXOIOB
CUMBOIl CTaporo COCTOSHUSI 3aMEHSeTCs Ha CHMBOJ HOBOTO COCTOSHUS,
KOTOPBIH COOTBETCTBYET KJIacCy, B KOTOPBIA 3TO cTapoe COCTOSTHUE BXOJUT, HO C
y4eTOM BBITIOJIHEHHS YCIIOBUS 3aMKHYTOCTH. B pe3ynbrare mosydaercs tadnuia
nepexoioB U Beixona (Tadm. 2.11).

Tabnuma 2.11
Nla b | e | d | e
1 [1/00|2/*1|--- 2 [ *x
2 [2/*0|3/0* |--- |-
3 |4/11[2/00 |- |- 2/ 00
4 |4/*1|4/00 |- |2/0* |-
2 |- 3/0* |- |4/*0 |-
4 |- |- |3/*0|- ]2/10
3 |- 2 /** [1/00 |-

ITocne COBMeEIlleHUsI B Hel CTPOK, COOTBCTCTBYIOIIUX COBMCCTUMBIM
COCTOSHUAM, IIOJIYHaCTCA Ta6n1/1ua Iepexoa0oB MW BbIXOAa MHWHHMAJIBHOT'O



aBTomara Muma (1abn. 2.12) ¢ umcnom coctosuuii K- = 4 Bmecto K = 7 B

HCXOJHOM aBTOMATE.

Tadonuma 2.12

. Pl g b C d e
1 1/00 (2 /*1 |--- --- 2 [ **
2 2/*0|3/0* |3/*0|4/*0|2 /10
3 |4/11|2/* |[1/00|2/0* |4/00
4 4/*14/00|3/*0|2/0% |2/10

JIist TIpOBEPKH IPaBUIILHOCTH MHHHMH3AIMK [IPOMOJEIUpPYeM paboTy
000MX aBTOMATOB 110 MepepaboTKe BXOIHOTro cjioBa ecadabb.

Tabnuma 2.13
tk to 1 to t3 ta ts te t7
S St Ss S3 S S S5 Sy S
P |e ¢ a d a b b
Wm * % * O 11 O* * 0 O* * *

Tabnuua 2.14
tk to t1 to t3 {4 ts te t7
S 1 S2 S3 S4 S S S3 S»
Pi |e ¢ a d a b b

W m ** *Q 11 O* *0O O 00

Pe3ynpTaT paboThl HMCXOIHOTO aBTOMara MpHBeleH B Tabn. 2.13, a
pe3yibTaT paboThl MUHUMAIBLHOTO aBTOMaTa npuBeneH B Tao. 2.14. [lomydenst

HCIIPOTUBOPCYUBLIC BBIXOJHBIC CJIOBa, CJICOO0BATCIIbHO, MHHHMU3aluA
IIpoB€ACHA ITPaBUJIbHO.



3. CTPYKTYPHBIH ITAIl CHHTE3A KOHE4YHOI' O
ABTOMATA

HcxXoMHBIMU JaHHBIMU JIJISE CTPYKTYPHOTO dTara sSBIISIOTCS:
— a0CTpakTHBIH aBTOMAaT, 3aJaHHbIH B Buae rpada WU TaOIHIIBI
NepeXoI0B ¥ BBIXO/IA,;
— CcHCTeMa JIOTHYECKMX »JJEMEHTOB, Ha KOTOPHIX HEOOXOJMMO
peaan3oBaTh aBTOMAT;
— THI JIEMEHTa MaMsITH, KOTOPbIH UCIIOJIb3yEeTCSl B aBTOMATE;
— TpebOoBaHUS K CXeMe aBToMaTa 1o CJIOKHOCTH U OBICTPOICHCTBUIO.
PesynpraTom »srama sBnseTcs (QYHKIHMOHAIbHAs cXeMa aBToMaTa U3
3alaHHBIX JOCUMYECKUX DJIEMEHTOB.
Ha ctpykTypHOM 3Tare aBTOMaT paccMaTpuBaeTcsi B BHUIE CieayIoeil
cxembl (puc. 3.1), rae:
KC — xoMmOumHaInmoHHasi cxeMa, peanu3yiomas QyHKIHH BO30YKICHUS
9JIEMEHTOB IMaMATH ¥ GYHKIIUN BBIXOJIOB CTPYKTYPHOTO aBTOMATa;
BIT — 6ok maMsATH 1151 XpaHeHUs Ko/ia TEKYIIETo COCTOSIHUS aBTOMATa,
OIl — snemMeHT maMsATH I XpaHEHUs OJHOTO pa3psia KojJa COCTOSHHUS;

X1 > Z1
X2 » 72
Xn > KC > Zm
BII
V1 ’
Ol1|« y
K
Yk DTk < y
Puc. 3.1
— X1, X2, ... Xn — BXOJIHbI€ TI€pEMEHHbIE CTPYKTYPHOI'O aBTOMAaTa, KOTOPbIE
0003HaYaroT pa3psiabl KoJia CHMBOJIOB BXOAHOTO aji(haBuTa,;
— 71,22, ... Zm — BBIXOJIHbIE TTIEPEMEHHbIE CTPYKTYPHOTO aBTOMAaTa, KOTOpPbIE
0003HAYarOT pa3psiabl KoJla CAMBOJIOB BEIXOIHOTO al(aBHTa,
— VY1, Y2, ... Yk — BHYTpPEHHHE IepeMeHHble CTPYKTYpPHOrO aBTOMAaTa,

KOTOPEBIC 0003HaYaIoT pa3psaabl KoJa CUHMBOJIOB COCTOSIHUM,



— Y1,Y2 ... Yk— QOYHKIUN BO3OYkKIEHUS dIEMEHTOB NaMATH CTPYKTYPHOTO
aBTOMAaTa.
Mexny oObekTaMu aOCTpPaKTHOTO M CTPYKTYpPHOTO  aBTOMATOB
CYIIECTBYET Cileyrollee OJJHO3HaYHOe cooTBeTcTBUE (Tabdi. 3.1).

Tabnmuua 3.1
AOCTpaKTHBII aBTOMAT CTpyKTypHbIii aBTOMAT

P={p1, pz, ...,pn} X:{Otl, a2, ..., On}
W ={wi, wo, ...,Wm} z:{Bl, Bo,..., Pm}
S={Sl, SZ,...,Sq} ?:{Yl,YZ,---,'Yq}

yi=0¢1( Y X)
S = o(S,Px)

Ye=0q(Y, X)
GbyHKIMS BbIX01a aBToMaTa Mypa: z1=vy ( Y)
Wi = y(S)

Zm = ym (Y)
GYHKIUS BbIXOIa aBTOMaTa MuJu: z1=vy1 (Y, X)
Wi = (S, Px)

Zm = \Ifm’ (?; Xv)

ai , Bj , Ok — IBOMYHBbIE HAOOPBI, SBJISIOUIMECS KOJaMH CHMBOJIOB
COOTBETCTBYIOLIMX aJi(haBUTOB.

X, Z, Y — MHOXeCTBa JBOMYHBIX HAOOPOB, COOTBETCTBYIOIINE ali(paBUTaM
aOCTpaKkTHOrO aBTOMAarta.

Y1, ..., Yq — OyneBbl (YHKIMU BO30YXKIEHHUS 3JIEMEHTOB MaMSsTH,
peanuzyrouue GyHKIUH epexo 0B a0CTpaKTHOIO aBToMaTa.
Z1 ,..., Zm — OyneBbl (YHKUMM BBIXOAOB CTPYKTYPHOTO aBTOMAra,

peannzyromue GyHKIUU BbIX0/1a aOCTPAKTHOTO aBTOMATA.

[Tepexoq  oT abOcTpakTHOrO aBTOMaTa K CTPYKTYpHOMY aBTOMATy
00yCJIOBIIEH ABOMYHON CTPYKTYPOU 3JIEKTPUUECKUX JIOTUUECKUX DJIEMEHTOB, U3
KOTOPBIX OH OYyJIeT pean30BaH.

OcHosHbie 5manvl cMpyKmMypHO2O CUHME3A.

1) KomMpoBaHHWE CHMBOJIOB BXOJHOTO M BBIXOJIHOTO all(haBUTOB,;
2) KoAMpOBaHUE COCTOSIHHI aOCTPaKTHOIO aBTOMATa;



3) mocie 3aMeHbl CHMBOJIOB aOCTPaKTHOIO aBTOMAaTa B MCXOJHOM TaOiuIe
NepexoJ0B U BhIXOJA Ha WX KOJIBI MOJydaeTcs KOAMpOBaHHAs TaOuIla
MIePEX0JI0B M BBIXOJI0B, KOTOpas OMUCHIBACT YK€ CTPYKTYPHBIN aBTOMAT;

4) Ha OCHOBE TOJyYEeHHOW KOIUPOBAHHOW TaONMIIBI CTPOUTCS CHCTEMA
OyneBbIX (QYHKIMHM BO3OYXKIEHHUS OJJIEMEHTOB TMaMATH M BBIXOJOB
aBTOMATa,

5) coBMecCTHass MUHUMM3AIKS MOJIYYEHHOM CUCTEMBI OYIEBbIX QYHKIIUII;

6) peanuszanus MHUHHUMAJIbHOM CHUCTEeMbI OYJIEBBIX (GYHKUMA W3 3aJaHHBIX
JIOTHYECKHUX BJIEMEHTOB;

7) mocTpoeHue 0JIOKa MaMsATH aBTOMATa,;

8) moctpoeHue HyHKIMOHAIBHOM CXEMbI BCETO aBTOMATA.

3.1. Tumnel SJEMEHTOB HAMSITH

B kauecTBe 3/IeMEHTOB MaMsTU CTPYKTYPHOIO aBTOMAT HCIOJb3YeTCs
JIBOMYHBINA 3JIEMEHT — TPUTTeP, KOTOPbIA MOXKET HAXOAUTHCA B OJJHOM M3 JIBYX
yCTOMUUBBIX cocTossHUM «1» nnmu «Oy.

DneMeHTOM mMaMsATH OylIeM Ha3blBaTh aBTOMaT Mypa, o0manaromuii
[IOJIHOM CUCTEMOM MEePEeX0a0B U BbIXOIOB.

ABTOMaT 00J1a7aeT MOJHON CUCTEMOU MepeXo 0B, eClIn I 000U Tapsl
COCTOSIHUM S ¥ § MOKHO yKa3aTh CUTHaJl, BbI3bIBAIOIINI MTepexo]l u3 S B §.

ABTOMaT o0O0JlagaeT TMOJHOM CHCTEeMOM BBIXOJOB, €CIIM KaXIOMY
COCTOSIHHIO aBTOMaTa MOKHO MpPUMKCATh BBIXOAHOW CHUTHAJ, OTJIMYHBIA OT
BBIXOJIHBIX CUTHAJIOB IPYTUX COCTOSIHUM.

Tpurrep oObIYHO UMeEET J1Ba BbIXO/A: MPSIMON U UHBEPCHBIH.

CocTosiHME TpUTTepa onpeaesercs 3HadeHHUeM Ha €ro IpsiIMOM BBIXOJE.

OcHogHble munvl mpuz2epos.

Cy1iecTByeT YeThIpe OCHOBHBIX JIOTUYECKUX TUIIOB TPUTTEPOB:

— 71Ba 0HOBX0M10BbIX: D —Tpurrep u T —tpurrep;
— 7Ba IBYXBXOA0BBIX: RS —tpurrep u JK-tpurrep.

D — mpueeep unu mpueeep — 3a0epacxa (delay).

Ha BbIXOJIe TpHUrTepa MOBTOPSIETCS 3HAUeHHUE Ha ero BXOJE.

I'pad aBTomaT Mypa, 3anatommit D — Tpurrep (puc. 3.2). Hyru rpacda
noMeveHbl 3HaueHusiMHu Bxoja D.

b Tabmuma 3.2
0 1
; D 0 1
g
0/0
0 0 1
\_O/
1 0 1

Puc. 3.2



[Ipu 3amanuu Tpurrepa rpadpom aBromara Mypa oOo3HaueHHe BbIxona (
coBnagaer ¢ 00O3HAUEHHWEM COCTOSIHMSI aBTOMaTa U MMeeT TO e 3HaueHue,
MO3TOMY TaliWila TEepeXoiOB TpUITEpa HE CONEPNKHUT BBIXOJHON CHUMBOJ

(Tabm. 3.2).

q(t) —q(t+1) | D

T q
0 — 0 0 —
0 — 1 1 —I D q
1 - 0 0 O—
1 — 1 1

Puc. 3.4
Puc. 3.3

JlpyruM criocoOoM 3amaHusi pabOThl TpUTTepa SIBJISIETCS MaTpuila
nepexonoB (puc. 3.3), riae ((t) — cocrosiHre Tpurrepa B Tekyiem Takte; ((t+1) —
B CJIEIyOIIeM TPH ToJlade Ha BXOJl COOTBETCTBYIOIIero 3HadeHus D.

Ha puc. 3.4 npuBeneno ycioBHoe obo3Hauenue D — Tpurrepa.

T- mpuezep unu cuemnoiii mpueeep (toggle — kysvipkamocs).

[Ipy monmaye Ha BXOJA EAWHHUIBI TPUITEp MEHsIET CBOE COCTOSHUE Ha
MPOTUBOTIOJIOKHOE.

I'pad aBTOMara Mypa, 3anatommii T — tpurrep (puc. 3.5). yru rpada
nmoMeueHbl 3HaYeHUsAMHU Bxojaa 1. Tabmuna nepexoaos — (tabi. 3.3).

Tabnuua 3.3
-
0 1 0 o1
q
C\G)/—\@ 0| 0| 1
\1/ 1 1 0
Puc. 3.5

Marpuna nepexonoB T — Tpurrepa mpuBeneHa Ha puc. 3.6, a yCIOBHOE
o0o3HayeHue Ha puc. 3.7.

q(t) —qt+tl) | T T _q
0 — 0 0 — T 3
0 — 1 1
1 — 0 1 (ID_
1 — 1 0

Puc. 3.7
Puc. 3.6

RS— mpueeep.



S — Bxox ycraHoBkH «1» (set), T.e. nmpu nmogade «1» Ha BXop S, Tpurrep
nepexoauT B cocTosiHue «1» (ycrtaHoBka 1).

R — Bxox ycranoBku «0» (reset), T.e. mpu nogave «1» Ha Bxox R, Tpurrep
nepexoauT B coctosiare «0» (copoc B 0).

[Tomaua Ha Bxoabl S U R 1BYX enuHUIl OJHOBPEMEHHO 3ampelieHa.

[Togaya Ha Bxombl S m R nByX Hyleli OJHOBpEMEHHO HE MeEHSET
COCTOSIHHE TpUITepa.

I'pad aBTOMar Mypa, 3anarouuit RS — tpurrep (puc. 3.8). Hyru rpada
noMeueHbl 3HaueHUsAMHU Bxoq0B S R. Tabiuia nepexonos — (tadiu. 3.4).

Tadonuna 3.4
01 SR 10

00 10 00 | Rloo |01 |11 |10

q
@000--1

~._* 7 1 (1 o |- |1

Puc.3.8
Martpuna nepexonoB RS — tpurrepa npusenena Ha puc. 3.9, a ycioBHOe
ob0o3Hauenue Ha puc. 3.10. CumBos «*» ompenenser q000e 3HAaUSHHE.

Q) SR q
q(t+1) —1S T —
0 — 0 0* q
0 — 1 10 IR (‘)*
1 — 0 01
1 — 1 * 0
Puc. 3.10
Puc. 3.9
JK mpuceep.

J— Bxox ycrtanoBku «1» (jump), T.e. mpu nojaye «1» Ha Bxop J, Tpurrep
IEePEXOJIUT B cocTosiHUE «1» (ycTaHoBKa 1).

K — Bxon ycranoBku «0» (kill), T.e. mpu momaue «1» Ha Bxon K, tpurrep
nepexoauT B cocTosiare «0» (copoc B 0).

ITomaya Ha Bxoael J 1 K [BYyX eqMHHUIl OTHOBPEMEHHO MEHSET COCTOSIHUE
TpPUTTEpa Ha MPOTHUBOIIOJIOKHOE.

Ilomgawa Ha BxOompl J m K  1ByX HyJieil OJNHOBPEMEHHO HE MEHSET
COCTOSIHHE TPHUTTEpA.

I'pad aBTomaT Mypa, 3anatommii JK — tpurrep (puc. 3.11). yru rpada
noMmeueHbl 3HaueHUsIMHU Bxo0B J K. Tabnuna nepexonos — (Tadi. 3.5).



Tadomuna 3.5
JK
10,11

01
00

10 K
00 00 | 01 | 11 | 10

q
0 0 0 1 1

W 1110|021

Puc. 3.11
Marpuua nepexonos JK — tpurrepa npuBenena Ha puc. 3.12, a ycioBHOe
o0o3Hauenue Ha puc. 3.13. CumBon «*» omnpenesnsier Jr000e 3HaUCHHE.

Q) JK q
q(t+1) —J T —
0 — 0 0* 3
0 — 1 1* — K
1 — 0 * 1 ?_
1 — 1 *0
Puc. 3.13
Puc. 3.12

3.2. TIPUMEP CTPYKTYPHOI'O CUHTE3A CUHXPOHHOI'O
ABTOMATA

ABTOMAT Ha3bIBAETCS CHUHXPOHHBIM, €CJId €ro COCTOSIHHUS MEHSIOTCS B
CTpOr0 ONpeJlieJIeHHbIE MOMEHTbl BpPEMEHHM, 3aJaBaeéMble C [OMOIIbIO
CIIeIMaJIbHBIX CUTHAJIOB CHHXPOHU3AIN Y.

ITycth 3aman abcTpakTHBIM aBTOMaT Muu B Buze rpada (puc. 3.14) wnm
TAOJIUIIBI MTEPEX00B M BhIxo1a (Tabi. 3.6). DTOT aBTOMAT ObLI MOJIyYeH paHee B
pe3yJibTaTe BBIMOJHEHHUS a0CTPAKTHOTO dTana KaHOHUYECKOT0 MeToa CHHTe3a.

0/1 Taomuma 3.6

0/0 0/0 w 0o | 1
s
6 a &) S | s/0 | s1/0

1/0
1/0 St $/0 | /0

1/0
Puc. 3.14

S /1 | $/0




TpeOyeTcss mMOCTPOUTh (YHKIMOHAIBHO — JIOTHYECKYIO CXeMy aBTOMaTa
U3 JIorudyeckux »sieMeHToB Tuna «M» (koHbtoHkTopoB) u Tuna «HE»
(vHBepTOpOB). B KauecTBe seMeHTa TaMsATH 3a1aH RS — Tpurrep.

Jlorndeckas cxemMa aBTOMara JOJDKHA HMETh MHHHUMAJbHOE YHCIIO
JIOTUYECKUX DJIEMEHTOB.

HcxonHbIit  aOCTpaKTHBIM aBTOMAT MMeEeT Cleaylomue ajapaBHTHI:
P ={0,1}, W = {0,1} u ux xoaumpoBaHUE MPOBOAUTL HE HAI0 TaK KaK OHH
JBOMYHEIE.

MHuoxectBo coctosHuii S = {Sy, S1, S}. s koampoBaHHS Tpex
COCTOSIHMM JOCTaTOYHO ABa paspsna. [Ipon3BoJIbHO 3aKOaupyeM COCTOSIHHS
cieayromM oopazom (Tabs. 3.7) U 3aMEeHUM B UCXOJHOHN TabJuIle IEPeXo0/10B U
BbiXxoja (Ta0i. 3.6) abcTpakTHBIE CUMBOJIbI COCTOSIHUI HA COOTBETCTBYIOIIHME UM
kozpbl. [TonydenHas koaupoBaHHas TabJIKIIa TEPEX0A0B U BbIX0a0B (Tadi. 3.8).

Tabnuua 3.7 Tab6mauna 3.8
yi1y2 \ 0 1
S 01 y1y2
St 11 01 | 11/0 | 11/0
7 10

11 | 10/0 | 10/0

10 | 01/2 | 01/0

CrpykTypHas cxema JjIsl ICXOJHOTO aBTOMaTa IpeacTaBiieHa Ha puc. 3.15.

X » Z
KC
y1 |T1 y'st
S [
—<|> R <
y1 Y'RL
y2 y's2
T2 S <
R
y2 kf YR

Puc. 3.15



N3 crpykTypHOW cXxembl aBTomMara Ha puc. 3.15 BugHO, dTO
KOMOHMHAIIMOHHAs ~ CXeMa pealu3yeT CHCTeMYy CIeAYIOUINX ISTH OYJeBBIX
byHKUMNA: Z — GYHKIMS BBIXOJA, y’st, Y’ R1— GYHKIMHM BO30YXAEHUS TpUTTEpa
T1, Y2, YrRe — QYHKIME BO30OYKIEHHMS TpUTTepa o 3aBHCALIIAX OT Tpex
nepeMeHHbIX: X, Y1, y2. s ompeneneHuss (yHKIUU BbIXOAA Z JOCTATOYHO
KOJIMPOBAHHOM TaOIMIbI epex010B U BbIX0A0B (Tadn. 3.8), a s onpeneneHus
dGyHkuil Bo3OyxkaeHUS Y’si, Y'Rl, Ys2, YRe HeoOXoauma elle MaTpula
MIepexoJI0B UCIojb3yemoro Tpurrepa (puc. 3.9).

Jlnst  ympoleHusT HaxOXIEeHHUS JTUX OyleBbIX (YHKUMA YIO0OHO
UCIIONIb30BaTh mMabauyy QyHkyuil 6030ysicoenus u 86ix0006 (Tadi. 3.9), kotopas
CTPOUTCS MpeIBAPUTEIbHO HA OCHOBAHWU KOJAMPOBAHHOW TaOJUIbI MEPEeX00B
¥ BbIX0/10B (Tabis. 3.8), u MaTpuIlbl Tepexoa0B TpUIrepa (B paccMaTpuBaeMOM
npumepe puc. 3.9). [[ist 3Toro B KoAUPOBaHHOMN TaOJIKIIE MTEPEXO0B M BBIXOI0B
aHAIM3UPYIOTCS TMapbl KOJIOB COCTOSHUW TPUTTEpOB (0 Mepexona M IMocie
nepexo/ia) U B COOTBETCTBYIONIEH KiieTke TaOiauubl (yHKIUHA HEOOXOAMMO
BMECTO KOJIOB COCTOSIHUI 3anmucarh 3HaUeHus GyHKIMM BO30YKIEHUS TPUTTEpa,
KOTOpbIe TIPUBENYT TPUITEp B TpedyeMoe cocTosHWE. 3HadeHue (yHKIUH
BBIXOJIa MEPENUCHIBAETCS U3 KOAMPOBAHHOW TaOJMIIbI MEPEXO0JI0B U BBIXOJIOB.
3HayeHuss 3TUX (QYHKUWH 3alUChIBAIOTCA B KJETKax TaOiauubl (QYyHKIUN
cIIeIy oMM 00paszoM: Y’ siy Ry, Y oY r2 / Z.

Hanpumep, ayis peanuzanuu nepexoja aBToMara U3 COCTOSIHHUS C KOJIOM
01 B cocTosinue ¢ kogom 11 mo X = O HeoOxoauMmo nepeBect Tpurrep T1u3 0 B
1 u coxpaHuTh eMHUYHOE cocTosiHue Tpurrepa T2 [lns atoro, cienys MaTpuie
nepexonoB RS — tpurrepa (puc. 3.9), HeOOXOMMMBI CIeNyrOIINE 3HAYCHHUS
dyuxiuit Bo3Oyxkaenns ys1=1,yr=0,Ys =%, Yr =0u ecnu npu 31ToM
z =0, To B BEpXHIOI0, JIeBYIO KjeTKy Taou. 3.9 3anuceiBaetcs: 10, *0/ 0.

Tab6aura 3.9 Taomuma 3.10

X
y1y> 0 1 . _ Y2

01 | 10,*0/0 | 10,*0/0

11 | *0,01/0 | *0,01/0 EE 010

— 10, 01| 0

10 | 01,10/1 | 10,01/0

X
Jlanee s ompenelieHHs CUCTEMbl OyJieBbIX (YHKIIUN BO3OYXIEHUS U
BBIXOJIOB HEOOXOJIMMO MOCTPOUTH NATh KapT KapHo nisi Tpex mepeMeHHbIX W,
MocIeI0BaTeIbHO MPOCMATPUBas MO KJIETKaM TOJy4YeHHYI0 Tabnuiy (GyHKUIuR
BO30YXJIeHUs U BBIX0J0B (Ta0. 3.9), 0IHOBpEeMEHHO 3aIlOJHHUTh BCE MATh KapT
Kapno. Hanpumep, 3HaueHust U3 BepxHeH, JIeBOW KIETKH TaOIHUIbl (QYHKIIHA
MEePEenuChIBAIOTCS B BEPXHIOK, TPaBYIO KJIETKY COOTBETCTBYIOIIUX KapT KapHo.



Kapra Kapno nns ¢ynkiuu Beixona — 1adin. 3.10, a kaptel Kapro mis dyHkmit
BO30YyxaeHus — taon. 3.11, 3.12, 3.13, 3.14.

Tadomuma 3.11 Tadbmumna 3.12
y’st V2 y'R1 y2
Y1 —_— Y1

}0*1 Fﬂoo
ol BB

Taomuma 3.13 Tao6muua 3.14
y2 , — Y2

y,SZ - yl Y rR2 - yl

SRk SRk
SOE o[l

X X
[Tocne coBMecTHONH MHHMMHU3ALUM TMOJYYEHHOW CHUCTEMbl OyJeBbIX
¢yHkuuii ¢ momoineio kapt KapHo monydaercs ciemyromiasi cucteMa OyJeBbIX

GbyHKIUI:

Z=XYyz
y’'st=y1, Y RL=Y2;
V2=V2, YrR=Y1Y2
Jlanee TPOUCXOOUT peaiu3alisi MUHUMAIbHOW CHCTEMBbl OyJeBBIX
(QYHKIMI 13 3aJaHHBIX JIOTHYECKHUX AJIEMEHTOB, T.€. CTPOUTCS KOMOMHAIIMOHHAS
cxema aBToMara. K BbIXOJlaM JIOTHYECKHUX CXEM, pean3yromunX (yHKIUH
BO30YKJEHUS, TOIKIIOYAIOTCS 3a/laHHble 3JIEMEHTBI MaMSTH, COCTABIISIIOIINE
OJIOK MaMsITH aBTOMaTa.
B pe3ynbrare nmomyuaercs cienytoias pyHKIIMOHAIbHAS CXeMa aBTOMaTa
(puc. 3.16). [lns mpoBepkH NpPaBHIBHOCTH €€ MOCTPOEHUS HEeOoO0XOIUMO
MPOTECTUPOBATh ero paboTy Ha KOHKpeTHOM BxoaHoMm cioBe. Ha puc. 3.16
nokaszaHa paboTa aBTomaTa Mo mnepepadoTke BxonHoro cioBa 1— 1 —0. Or1o
cioBo mepepabaThiBaeTcsi B BbixonHoe ciioBo 0—0—-1. VkaswiBaeTcs Takxke
MOCJIeIOBATEeILHOCTh 3HAYEHWH Ha BBIXOJIe KaXKIOTO JIOTMYECKOTO dSJIEMEHTa,
npUYeM Ha BbBIXOJIE TPUITEPOB YKa3aHO Ha OJHO 3HaueHue OoJblne. ITO
3HauYeHNe COOTBETCTBYeT KOAYy HadaJbHOro cOocTosHUsS aBTomata S = 01, B
KOTOpOE OH TpeABapUTENIbHO JOJDKEH ObITh ycTaHOBIeH (puc. 3.16).



C X 1-1-0
y2 0-0-1
y1 1-0-0 Vst
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Puc. 3.16

Jlnst  obecredeHusi yCTOWYMBOWM pabOThI aBTOMaTa B €ro CcxeMme
UCIIOJIb3YeTCsl CUTHAI CcUHXpoHM3anuu — c. Ilpu ¢ = 0 3HaueHus QyHKu
BO30YXKICHHSI HEMOCPEeICTBEHHO Ha BXOJaxX TpurrepoB paBHel 0 . DT1o0
COOTBETCTBYET pEXHMY XpaHEHHUS TPUITEPOB W CIEAOBATEILHO aBTOMAT
ocTaeTcsi B TOM ke coctossHud. [Ipu ¢ = 1 BeUMCIeHHbIe B KOMOWHAIMOHHOM
cxeMme 3HaueHHUs (YHKIMH BO3OYXIEHUS HEMOCPEIACTBEHHO IOCTYNAalOT Ha
BXOJIbI TPUITEPOB T.€.: S =Y’s;, Ri=Y'r1, S = Ve, Re=Yr 1 TPUTTEPBI
MEPEeKITIOYAI0TCS U TAKUM 00pa3oM aBTOMAT MEPEXOIUT B HOBOE COCTOSHUE.

JlmutensHOCT, ¢ = 1 moKHA OBITH JOCTATOYHOM, YTOOBI cpaboTai
KOHBIOHKTOD Ha BXOJIe TPUTTEpa U MEePEKIFOUYIINCh CAMHU TPUTTEPHI.



B MoOMeHT BpemeHH, KOrjga IMepeKIFOYaroTCd TPUITEpPbl, 3HAYECHUS
¢GyHKUMN BO30YXIEeHHUs] He JOJIKHBI MEHSThCS, UHauUe TPUTTep MOXKET IepelTu
B HE3AIUIAaHUPOBAHHOE COCTOSHUE. B 3TO e Bpems MEHSIOTCS 3HA4YEeHUs Ha
BBIXOJIe TPUTTEPOB Y1, Y2. 1 OHM TO JWMHWUM OOpaTHON CBSI3U MOCTYMAIOT Ha
BXO/Ibl KOMOWHAIIMOHHON CXEMbl U MOTYT MPUBECTH K U3MEHEHUIO 3HAYeHUU
¢byHKUMd BO30OyXaeHus U BbIxoJ0B. CrenoBarelbHO, IIUTENbHOCTh CUTHaNa
¢ = 1 nomkHa OBITH OrpaHHWYeHa TaK, YTOObI HOBbIE 3HAYEHUS Y1, Y2 HE yCHelu
NOCTYIIUTh HA BXOJbl TPUITEPA B ITOM K€ aBTOMAaTHOM TaKTe.

[Tycth: At — BpeMs 3alepXKu B cpadaThbIBaHMM OJHOTO JIOTHYECKOIO

3lIeMeHTa U eclii BpeMsl cpabaThiBaHusl Tpurrepa 2At, TO JUIMTENbHOCTH |1,
Korja 3HaueHue ¢ = | HaxoauTcsi B uHTepBayie: 3AT < T1 < 3,5At

CuuThiBaTh 3HaUeHUEe (DYHKIIMU BBIXOJa Z MOKHO JIMIIb TOT/a, KOraa Yi,
Y2 ¥ X HE MEHSIIOTCS M Z MMeeT YCTaHOBHUBILEeeCs 3HaUeHHe M0ce 3aBepllIeHHs
BCeX IMEPeXOAHBIX MPOLECCOB B cxeMe. JTO MPOUCXOAUT mpu ¢ = 1, T.e.
GbyHKIMU BO30YXKIEHUS W BBIXOJIOB HEOOXOIWMO CYHUTHIBATh IO (POHTY
CUTHAJIa CHHXPOHU3AIUH.

BxoaHoii curHan X HeoOXOIMMO MEHATh [0 CHaay CUrHaia
CUHXpOHU3auu#, T.e. nmpu ¢ = 0, KaK TOJBKO aBTOMAT MepeiileT B HOBOE
cocrosinue. J{mutenbHOCTh To, KOraa 3HaueHue ¢ = ( ompenensieTcss BpeMeHeM
dbopmupoBaHusi  3HAuYeHUH  (QyHKIUH  BO3OYXIEHHUS] U  BBIXOJOB B
KOMOWHALIMOHHON cXeMe, ONpenessieTcs 4YHUCIOM JIOTUYECKHX 3JIEMEHTOB B
CaMOW JJIMHHOM LENOYKE ITOU CXEMBI.

llocmpoenue 8pemenHotl duazpammsi pabomuvl cxemvi A8MOMamda

Bpemennas nmarpamma oToOpaxkaeT paOOTy cXeMbl BO BpEeMEHH U
CTPOUTCS OJHOBPEMEHHO C €€ JIOTUYECKUM MOJEIUPOBAHUEM.

[TocTpoenne BpeMeHHO# nuarpaMMbl HAUMHAETCS C pacdyeTa mapameTpoB
CUTHAJIa CUHXPOHM3AIUU T.C. OMpeleSieHUs BeJMYUH 11, To U TMOCTPOCHHE
CUTHaJIa CHHXPOHU3AI[MU Ha TIEPBOH OCH BPEMEHHU B BHJIE MOCJIEI0BATEIIBHOCTH
OPSIMOYTOJIBHBIX HMMITYJIbCOB, BBICOTA KOTOPBIX COOTBETCTBYET JIOTHYECKOM
eIWHHLle, a IIMpUHA — BeluynHe T11. PaccTosHuMe Mexay UMIyJIbcaMu
COOTBETCTBYeT BenWuuHe [o. IMIMyIbChI MMEIOT MPaBMIIBHYIO (OpPMY, TaK Kak
(GopMUpPYIOTCS TeHEPaTOPOM CHHXPOCUTHAJIOB.

B MomeHT Bpemenu to aBTOMAaT JOJKEH ObITh YCTaHOBJIEH B HaudajbHOE
coctosinue S = 01, T.e. y1 = 0, y2 = 1. Jlunuu, onpenenstoniye 3Tu 3HaYEHUs,
MOXXHO TMPOJOJDKUTh HA COOTBETCTBYIOIIUX OCSIX IO MOMEHTa BpeMmeHH 1, Tak
Kak Tipu ¢ = O TpUrrep He MOXET U3MEHHUTh CBOE COCTOSTHUE.

Jlanee 3amaercs BXONHas MOCIeNOBAaTeNbHOCTL Mo X: 1- 1 =0, npuuem
M3MEHeHHUe CHTHaja MPOUCXOIUT IO CMaay CHTHaja CHHXPOHU3allMd B MOMEHT
BpeMeHH la.

[Tocne HaHeceHWs Ha OUArpaMMy BXOJHBIX BO3JEHCTBUN BBIYMCISIFOTCS
no KomOuHanmoHHo cxeme miuss X = 1, y1 = 0, y2 = 1 3naueHus QyHKuui
BO30Y)KJIeHUSI W BbIXOAa B MOMEHT BpeMeHH lo. DTH 3HaAUEHUS:
Vsa=1yr=0Y52=0¥Yr =0, z=0 paccrapnsiorcs Ha cxeme (puc. 3.16).
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HI/IHI/IH, OIIPCACIICHHBIC 3TUMH 3HAUYCHUSIMU, HaHOCUM Ha

COOTBETCTBYIOIIINE OCH BpeMeHHON nmarpamMmbl (puc. 3.17) g0 MoMeHTa
BpemeHu 1. Jlanee mo ppoHTY cUrHalla CHHXPOHHU3AIMKA B MOMEHT 1 QyHKIHH
BO30YKJICHHS TIOCTYMAIOT Ha BXOABI TPUITEPOB M TaK KakK y’s1t = 1, TO MepBBIiA
TPUTTEp Y1 YCTAaHOBUTCS B 1, T.e. aBTOMAT M3 HAYaAJIbHOTO COCTOSIHUS C KOJAOM
01 mepeiimer B HOBoe coctosiHue ¢ komoM 11. Ha puarpamme ctpenkamu
yKa3bIBaeTCsl  IOCJIeIOBATeIbHOCTh ~ M3MEHEHUs  3HAYeHUH  CUTHAJIOB.
OnHOBpeMEHHO CO CYHTHIBAHHEM 3Ha4YeHHH (QYHKIHUA  BO3OYXICHUU
CUMThIBaeTCs 3HaueHue GyHKIMU Bbixona Z = 0.

DTH e CTBUS MOBTOPSIOTCS 10 MOMEHTa i, KOrja mepecTaroT MOCTyNaTh
CUTHAJIBI CHUHXpOHHU3alMK C = 1 Ha BXOJ CXeMbl, aBTOMaT BO3BpalllaeTcs B
HavaJbHOE COCTOSIHHE So M MMpeKpalaeT padboTy 1o nepepadoTKe CIIoBa.

Ha Bpemennoii nuarpamme (puc. 3.17) He MoOKa3aHbl COBMaJarolINe
CUTHAIBI, TaK Kak: Y’s1 = V1, YRI= Y 52 = 2.

Henocratkom paccMOTPEHHONM CXEMHOW peain3alid CUHXPOHHOTO
aBToMara SIBJISIETCS TO, UTO JIOCTATOYHO CJIOKHO JJIsl HErO MOCTPOUTh FreHepaTop
CHHXPOCHUTHAJIOB C TAKUMHM >KECTKUMH TPeOOBAHUAMH K UX JTUTEIbHOCTH.



3.3. KOAMPOBAHUE COCTOSIHUNA CUHXPOHHOI'O ABTOMATA
OCHOBHOI TIeJIbI0 KOAWPOBAaHWE COCTOSSHHUH CHHXPOHHOTO aBTOMATa
SIBJISIETCS MOJyYeHNe MUHUMAIbHOHN 10 CIIO)KHOCTA KOMOMHAIIMOHHON CXEMBI.

CIIOKHOCTh CXEeMBbI OIEHHMBAETCS YHCJIOM JIOTUYECKUX DJIEMEHTOB WIIH
CyMMapHBIM YHCJIOM BXOJIOB €€ JIOTHYECKUX JIEMEHTOB.

3ajaya KOIMPOBAHMUS COCTOUT B TMPUCBOCHHE KaXKIOMY COCTOSHUIO
YHUKaJIbHOTO IBOMYHOTO Koja. Yncio pa3psioB 3TOro Koja ( 3aBUCUT OT Yucia
cocTosiHU# aBToMara K 1 HaXoauTCsl B UHTEpBaJIe:

11002k - <q<k, rme-qp - 6anxaiiee nenoe He MeHbIee .

CyIIecTBYIOT pa3IMdHble CIOCOOBI KOJMPOBAHUS COCTOSIHUH M BBIOOD
3TOTO croco0a CYILIECTBEHHO BIMSIET Ha CJIOXHOCTh aBToMara. (CrnocoOsl
KOJMPOBAHUS Ppa3IMYAIOTCS MO YUCIY MCIOJIb3yEeMbIX 3JEMEHTOB MaMsTh
(urciy pa3psaoB Kona).

Cnocob koouposanus ¢ MUHUMANbHLIM YUCTIOM 31EeMEeHmMOo8 NAMAMU,
yuumelgaowull “‘cocedcmea’’ cocmoaHull Ha epaghe asmomama.

Jlea cocmosnua asmomama S’ u S’ Hazwiearomcesa “‘coceoamu | pooa”,
€CJIM IO/ BO3JIEMCTBUEM XOTS ObI OJHOT'O U TOTO K€ BXOJHOT'O CHMBOJIA U3 HUX
OCYIIIECTBJISIETCS MePeXo B OAHO U TO K€ COCTOSHUE.

Ilea cocmosanus aemomama S u § Hazviearomces ‘“‘cocedamu |l pooa”,
€CJIM B 3TH COCTOSIHHMS OCYIIECTBIISICTCS IMepexoJ IMOJ BO3ICUCTBUEM XOTS Obl
OJTHOTO M TOr0 K€ BXOJHOI'0 CHMBOJIOB M3 COCTOSIHMH, KOTOpbBIE€ SIBJISIOTCS
“cocensmu | pona”.

CyTb crmoco0a KOIUPOBAHHS COCTOUT B TOM, YTO COCTOSIHUS, SIBJISFOIIHECS
cocensmu | pona u |l pona, konupyroTcs COCETHUMH KOAAMHU.

Jlea 080uYHLIX KOOA OOHOU ONUHBLL HA3LIBAIOMCA COCEOHUMU, €CIIM OHU
pa3InyaroTCs 3HaYeHUEeM TOJIbKO B OJTHOM pa3psje.

®parmeHdT rpada ¢ COCTOSHUSIMH, SBISOmMUMUCS cocensmu | poma u 1l
pona npencrasieH, Ha puc. 3.18.

>

cocenu Il pona

010

cocenu | poma a

001

cocenn | poma

W cocemu |l pona
X

Puc. 3.18



PaccmarpuBaemblii crioco® KOAMPOBAHUS SIBJISETCS 3BPUCTHUYSCKHM, TaK
KaKk OH OCHOBaH Ha HEKOTOpPOM  3JIpaBOM pacCyXIeHWU, U  TOITOMY
NpUOIMKEHHBIM, HE TapaHTUPYIOMIUM  ONTHUMAaJbHOE  pelleHue. ITo
paccykaeHrne MOXHO TTOSICHUTH CJIeAYIOITUM ITPUMEPOM.

ITycts Bo ¢parmente rpada (puc. 3.18) cocTosHUA S u S , ABIAIOLIUECS
cocegsiMu | poma, 3aKogUpOBAHbI CIHEAYIOIIMUMH COCEIHUMHU KOJAMU:

S — 000 us — 100, a cocrosiane S — 001, Toraa, eciu B KayecTBE dJIEeMEHTA
maMaTd 3amad D- -TpHUrTep, (byHKuHﬂ BO30YXKJIEHHS TPEThEero TpHUITepa IS
nepexona u3 COCTOSHUI S' M S B cOCTOSHUE Sk OY/IET:

YD3=Xy1y2YV3V XY1V2YV3=X V2Vs3.

ITepBas KOHBIOHKIIMS OIpe/eNseT Mepexos U3 COCTOSHUS S B COCTOSHME
S, a BTOpasi U3 COCTOSHUS S B COCTOSIHME Sk, YCTaHABIMBAs TPETUil TpUITEp B
eINHUILY.

N3 »Toro mpumepa BHUIHO, 4YTO KOJAMPOBAHUE COCEIHUMH KOJaMHU
COCTOSTHUH, SABISIONINXCS cocensiMu | pojia, mMo3BOJISET MOJYYUTh B (PYHKIIHSIX
BO30OYXKJEHHS CKJICUBAIOIeCs MEXIY COO0OW KOHBIOHKIMA M 3a CYET 3TOro
YIOPOCTUTH KOMOMHAIIMOHHYIO CXeMY.

B sTom xe gparmeHTe cocTosiHUS S u § , sBIstoIuecs cocensimu |l pona,
3aKOAUpPOBaHbI cieayromumMu cocequumu kogamu: S — 010 u § — 011, torma
GyHKIUM BO30YXKIE€HUS BTOPOTO U TPEThEro TpUrrepa:

Y2 =Xy1YV2Y3V XY1Y2¥3 =X Y2 V3,

Yp3=Xy2y3V XY1¥2Vs

IlepBas KOHBIOHKIUS QYHKIHHU Y D2 OTIPE/IENIACT MEPEXONT U3 COCTOSTHUS s
B COCTOSHHUE S, @ BTOPAsi U3 COCTOSIHUSA S B COCTOSHHUE S, yCTaHaBIHMBas BTOpOI
TPUITEp B CTMHHILLY. BTopasi KOHBIOHKIMSA (GYHKIMH Y b3 OIpeaensieT mepexo
13 COCTOSIHMSA S B COCTOSHME S, yCTAHABAMBAs TPETUH TPUITep B eAUHULLY.

Takum 00pa3oMm, KOIWpPOBAHWE COCEAHUMH KOJAaMH  COCTOSHHM,
apisitoluxcst  cocensimu |l poma, mo3BoiseT mMOMyuYHTh B (PYHKIMSIX
BO30YXKJIEHHS CKJICHMBAOIIUECS MEXIy cO00i KOHBIOHKIUHM B OOJbIIIEM YHCIIE
GyHKIUH, 9eM TIpH ApyrOM KOJIUPOBAHUH.

OOBIUHO He XBaTaeT COCeAHUX KOJOB IMpU Ha3zHadeHUW ux cocensm | u |l
pola W TIOATOMY COCeAHWE KOIBl HaJo0 B TIEPBYIO ouepelb Ha3HaAYaTh
COCTOSIHUSIM, SIBIIIIOLIUXCS cocelsiMu | pojia, a 3aTeM Ha3HayaTh COCEIHUE KOIbI
COCTOSTHUSIM, SABISrOITUXCs cocensimu || pona. Ecnu cocemnux kooB He XBaTaet
yxe Ui cocefiedt | pona, To B epBYIO ouepe/ib UX HaJl0 Ha3HAYaTh COCTOSHUSIM,
y KOTOpbIX ‘“cremneHb cocenctBa” Oounbine. [log “cremenpto cocencTBa”
MOHUMAETCsl KOJUYECTBO OJUWHAKOBbIX BXOJHBIX CHMBOJIOB, IO KOTOPBIM
OCYIIIECTBIISCTCS MePeXo ] B OAHO U TO K€ COCTOSHHUE.

[TpuMep KOTMPOBAHUS COCTOSTHUM C YIETOM COCEACTBA COCTOSTHHM.

[TycTh 3amana TabmuIa nepexo1oB apTomara (tadi. 3.15).

Onpenenenue coctossHui, siBasrouuxcs cocensmu | u |l pona, ynobno
OCYIIIECTBJISATH 110 MHBEPCHOM TaOIHIle MTepexoa0B. JTa Tabauia OTIuYaeTcs OT
W3BECTHOU (NIPsSMOM) TaOIHIILI IEPEXOJ0B TeM, UYTO B €€ KIIeTKaxX YKa3bIBaIOTCS



COCTOSIHUSI, U3 KOTOPBIX OCYIIECTBISIETCS Mepexo]l M0 BXOJIHOMY CUMBOJY Pj B
COCTOSIHUE S, KOTOPBIM OTMe4eHa cTpoka (Tadi. 3.16).

Tabmuma 3.15 Tabnuma 3.16
SN 0 | 1 ol B e
So St S --- 2, % S
S1 S3 S S S St
7] S S ¢ o, St 7]
S3 S S1 S1 --- 3
S S S S| - S

B nHBepcHO# Tabnuile mepexoJ0B COCTOSHHUS, SBISIOIIMECS coceasmu |
pona, pacrojiokeHbl B OJHOM KieTke: 3T0 Sy, St U S | S4. CocrosHus,
sBisromuecss cocensmu |l poma, 3T0 Te cocTOsSHUS, B KOTOpbIE CYIIECTBYIOT
nepexo]] U3 COCTOSHUM, SBJISIFOIIMXCS cocelsMHu | popa, pacrolioXKeHHBIX B
OJIHOM cToJiO1e. B mpuMepe 3To cocTosiHUS S1 U S3, IOTOMY YTO B Si CYIIECTBYET
nepexon 1o 0 U3 cocTosHUS So, @ B 3 CyIeCcTBYeT nepexosi 1mo 0 U3 COCTOSIHUS
S1, ABNSIOIITUXCS coceqsamMu | pona.

JIist Ha3HaYeHHWsI COCeNHMX KOJIOB HaWJIeHHBIM cocensiM | pona: S, S u
S2, 4, a Takke cocensaM |l pona: Si 1 S3 ynoOHO MCIOIB30BaTh TaOUIY, KJISTKH
KOTOpPOH 3aKOIMPOBaHbI 3epKaIbHBIM KojoM I'pes, kak B kapTe KapHo, HO B
KJIETKax YKa3bIBAIOTCS CHUMBOJIBI cocTosiHUK. COCTOSHHS, SBIISIFOIINAECS
coceqsmu | m Il poma, 3ammchIBarOTCS B COCETHUX KJETKAaX 3TOW TaOJHIIBI
(tabn. 3.17).

Taomuma 3.17 Taomuma 3.18
Y3

V2 S |[V1 Y2 Y3

S 0 1 1
S S S S1

S 0 0 1
3 S 0 0 0
Y1 S8 1 0 1
S 0 1 0

PesyibTaT KOOUpOBaHUS IpeICTaBICH B KOJI0BOM Tadywie (Tadm. 3.18).



Cnocob  kOOUpoBaHUs,  MUHUMUSUDVIOWUL  YUCIO  NEepPeKIIOYeHUll
NEeMEHMO8 NAMAMU.

B »ToM cmocobe KoAMpOBaHMS WCMOJIb3YeTCS MHUHUMAIBHOE YHUCIIO
pa3psAI0oB Kolla W OH HalNpaBJieH Ha yMEHBIIeHWE 4YHhCiIa TepeKITIoUeHui
TPUITEPOB TPHU KaXKIOM Iepexonie, TaK KaK KaxJoe H3MEHEHHs Tpurrepa
TpeOyeT BKIIIOUeHNE KOHBIOHKIIMY B ()YHKIIMIO BO30YKIEHUS 3TOTO TPUITEpa.

Paccrosane mexay komamu Ki u Ky mo XSMMHHHHTY — 3TO 4HCIO
pa3psIoB, B KOTOPHIX 3HAYEHHUSI COOTBETCTBYIOIIMX Pa3psiioB HE COBMAIAIOT.
J11st BBIUMCIIEHUS 3TOTO PACCTOSIHUS UCIOJIb3YyeTCs onepaius CyMMUPOBaHUS 10
monymo nBa. ITycts ki = 11001, k3= 01100 Torna:

ki 11001
* k; 01100
10101

Yucio equHMII B pe3ysibTaTe CIOXKeHHs 1Mo Moayito nea: dij = 3.

YroObl ompenenuTh o0OINee 4YKWCIO HM3MEHEHUsS 3HAYEeHHUM DIIEMEHTOB
MaMsTH, HAJ0 BEIYUCIUTh CyMMY PAacCTOSIHUM IO BCEM MepexX0IaM.

AJITOPUTM KOJUPOBAHUS:

1.

2.

N o

OnpenensTcss MHOXECTBO Map COCTOSIHUA M, MexXAy KOTOPbIMHU
CyLIECTBYET Mepexol.

[TpousBonbHO BeIOMpaeTcs u3 M mobast mapa COCTOSIHUH Si U Sj, OJTHO
W3 HUX Si KOOUPYETCS] BCEMU HYJISIMU, a APYTroe€ Sj — HYJSIMA U OJHOMU
eauHuLe B camoM npaBoMm pazpsiae (00...01).

3aKoIMpOBaHHbIE Mapbl COCTOSIHUM YHaNSIOTCA W3 MHOXecTBa M u
€cIi  BCe Tapbl 3aKOJMPOBaHbI, TO TMPOLECC KOIAUPOBAHUSA
3aBepIIaeTCs.

N3 MHOXkecTBa M NpOM3BOJIBHO BBIOMpAeTCs Mapa, B KOTOPOH OIHO
COCTOSIHHE YK€ 3aKOJAMpOBaHO, a JApyroe HeT. HezakomupoBaHHOe
COCTOSTHHE 0003HavaeTcs Sq.

N3 mHO)kecTBa M BbIOMpaAIOTCS Maphl, B KOTOPbIe BXOAUT COCTOSIHUE
Sq. IlomMHOXecTBO Takux map oOo3HadaeTcss Mg MHOXeCTBO yike
3aKOJIMPOBAHHBIX cOCTOSIHUM U3 Mg, 0003HauaeTcs Bg.

Ecnu Bq = @, To ocyiecTBisieTcs nepexoi K MyHKTY 4.

Ins moboro coctosiHus U3 Bg CTpOUTCS MHOXECTBO KOJIOB qu,
HAXOJIAIIUXCS Ha PacCTOSHUHM d OT KoJa COCTOSIHUS Sy, T1ie BHavane d
= 1. Ecin Takux xomoB HeT, To d yBenmnuuBaeTcs Ha 1, U Tak 10 TeX
mop, Moka He OyJeT HalIeHO MHOXXECTBO KOJOB, HaXOISIIUXCS Ha
MHUHUMAaJIbHOM PaCCTOSTHUM.

Jlns kaxmoro koja MHoxectBa CY ompesesnsercss cyMMa paccTOsHUIA
no XeMMUHTY, ¢ KaXIbIM KOoJOM U3 Bg, BeIOUpaeTcss Ko, UMEIOIINii
MUHUMAJBHYIO CYMMY, U 9TOT KOJ IIpUIUChIBaeTcs Sy Janmee mepexon
K IyHKTY 3.



[Tpumep KoaMpoOBaHUs cOCcTOSTHUI aBToMara (puc. 3.19):

Puc. 3.19

1. ITapwr coctosiauit M = {(1,2),(2,5),(2,4),(3,2),(4,3),(4,5),(5,1)} .

2. Beioupaem {1,2} — s =000, s = 001.

3. M ={(24),25), (3,2 (4,3),(45),(51)}.

4. Beioupaem { 2,4} - s4, g=4.

.M4={(2,4),(4,3),(4,5)}, Ba={2}.

. s xoma 001 — CY4={101,011}.

.101 + 001 = 100 - d101 = 1,
011+001=010->do11 =1, »s»=101.

.M={(25), (32, (4,3),4)5),51}.

. Beioupaem {2,5} - s5, g=5.

.Ms={(2,5), (4,5), (51)},Bs={2,4,1}.

. Ina xoma 001 — Cls ={011}.

Jlna xoma 101 — Cls = {(111),(100)} .
Jina xoma 000 — Cls = {(100),(010)}.

8. 011 + 001 = 010, 011 + 101 = 110, 011 + 000 = 110 - do11 = 5.
111 + 001 = 110, 111 + 101 =010, 111 + 000 = 111 - ch11 = 6.
100 + 001 = 101, 100 + 101 = 001, 100 + 000 = 100 — d100 = 4.
010 + 001 =011, 010 + 101 =111, 010 + 000 = 010 — do1o = 6.
Muuumym dioo=4. - = 100.

.M ={(3,2),4,3) }.

. Beibupaem {3,2} - s3, =3.

.M3={(3,2),(4,3}, Bs={2,4}.

Jlns koma 001 — Cl3 = {011}.
Jlns koma 101 — Cl3 = {111}.

8.011 + 001 =010,011 + 101 =110 - dou1 = 3.

111 +001=110,111+101=010- din=3, - s = 011.

3. M = @ — koHer uKiIA.

Pesynprat: s1 = 000, s = 001, ss =011, 54 = 101, ss = 100.

0 N O1

~N o~ w

g b~ w



Vuusepcanohoii  cnocob  KoOupoeaHus — COCMOAHUN — CUHXPOHHO2O
asmomama.

IIpn nanHOM cHocoOe KOAWMPOBAHUS HCIOJB3yeTCs YHUTAPHBIN KOJI.
Yuumapueim Hazvieaemcs ko0, KOTOPBIA CONEPXKHUT TOJBKO OAHY €IUHUILY, a
OCTaJlbHbIE HYJU. DTO CHOCO0 KOJUWPOBAHUS C MaKCUMAaJbHBIM YHCJIOM
paspsimoB. Uwmcio pa3psanoB Koja paBHO YHCIY COCTOSHUK aBToMara, T.e.
COCTOSIHHE S KOJIUPYETCS KOJOM, COIEP KAIMM eIMHHILY B | — TOM paspsie.

[lycte 3aman dparmenT rpada (puc. 3.20), B KOTOPOM COCTOSIHUE St
konupyetcsa konoM 100, a S, — konom 010. Ecnu B kauecTBe 3jeMeHTa aMsITH
3agad D-Tpurrep, To 1 peaju3aliy 3TOro mnepexona (GyHKIUs BO3OYKISHUS
BTOPOTO TpHUITepa: Y’p2 =X Y1 Y2 V3.

y1y2y3 X
() ———()
>
100 010
Puc. 3.20

B konbroHKIINH, oOecrnednBaroieil ATOT Mepexo], MepeMeHHble Yo U Y3
SBIISIIOTCS HECYIIECTBEHHBIMH, TaK KakK MPU3HAKOM TOr0, HYTO aBTOMAT
HAXOJIUTCS B COCTOSIHUHU S1, SIBJISIETCS] €IMHULIA B MIEPBOM pazpsiie, TO3TOMY 3Ty
KOHBIOHKIIHIO MOXXHO YIPOCTHTH: Y’p2 = X Y1. DTO SBISETCS JOCTOMHCTBOM
3TOro crnoco0a KOIMPOBaHMS, TaK KaK IMO3BOJSET cpaszy mo rpady aBTomara
CTpOUTh (QYHKUUHU BO30OYXKIEHHUs, KOTOpble OOBIYHO He Tpedyercs
MUHUMHU3HAPOBATh, HO HHOT/Ia MOKHO YIIPOCTHUTb.

[Tpumep yHUBepcanbHOTO criocoba koaupoBanus (puc. 3.21):

y1y2yayays
10000

00001

Puc. 3.21
Ecnm B kadecTBe 35ieMeHTa MaMsTH 3a1aH D-Tpurrep, To Mpu MOCTPpOSHUN
ero pyHKIMI BO30YKIeHUsI He0OX0IMMO obecneunTsb ero nepexonnl: 0 — 1 u 1
— 1, KOTOpbIe MOTYT OBITh PeaM30BaHbI OCTYINICHHEM €IUHHUIIBI Ha €T0 BXO/I.
Hanpumep, nns peanusanuu neporo mnepexona (puc. 3.21) U3 COCTOSHHS: Si B
COCTOSIHHE Sp, HEOOXOJAMMO BTOPOM TPUITEP YCTAHOBUTH B €IUHUILY, JJII 3TOTO



B (YHKIHIO BO30YXKIEHHUS BTOPOr0 TPUITEpPa HAI0 BKIIOYUTH KOHBIOHKIIMIO,
KOTOpasi UMeeT 3HaueHue eMHUIbI, KOTJa aBTOMAaT HaXOUTCSA B COCTOSIHUU S1 U
X = 0. Ilpu3HakoM TOro, 4TO aBTOMAT HAXOAUTCS B COCTOSIHMM Si, SBJISIETCS TO,
910 Y1 = 1, mo3TOMy 3Ta KOHBIOHKIUS mMeeT BuI: X Yi1. llocnemoBarenbHO
npocMatpuBas Bce nepexobl B rpade (puc. 3.21), popMupyroTcs KOHBIOHKIIHH,
KOTOpbI€ BKJIFOYAIOTCS B COOTBETCTBYIOLIME (DYHKIIMHM BO30YKICHUS:
Y1 =XYs5 V XVY3;
@ O
Y’'D2 =X VY1,
@
Y'p3=XYy1V XYy2V XVYa,
® ©® O
Y'oa=XYy2 V XVa
@ ©®
Y’Ds = X V3.
®

[Ton kaX10i KOHBIOHKIIMEW yKa3aH HoMep Tepexonaa B rpade (puc. 3.21),
KOTOPBIH OHa o0ecreynBaer.

Ecin B kadecTBe »ieMeHTa mnamMsTh 3aiaH RS-tpurrep, To mnpu
MOCTPOEHUU  ero (QyHKUWH BoO30YyXIeHUsI HEoOXOAUMO OOeCHeyuTh ero
nepexonsl: 0> 1 u 1 — 0. Ilepexon 0— 1 peanusyercs MNOCTyIUIEHHEM
eanHUIBI Ha ero Bxoa S. [lepexon 1 — 0 peanusyercs mocTyIIeHUEM €IUHUIBI
Ha ero Bxon R. Hampumep, mis peanusanuu nepsoro nepexona (puc. 3.21) u3
COCTOSIHUSI S1 B COCTOSIHME Sp, HEOOXOJUMO BTOPOM TpHUITEpP YCTAaHOBHUThH B
eIUHUILY, I 3TOro B (YHKIMIO BO3OYXIEHHUs BX0Aa S BTOPOro TpUrrepa Hajo
BKJIFOUMTh KOHBIOHKIMIO, KOTOpasi UMeeT 3HaueHue eAMHUIIbI, KOorjga aBToMaT
HaxonuTcss B coctossHuM Sy U X = 0, oIHOBpeMEHHO HEOOXOIUMO IepBbIi
TPUTTEp COPOCHUTH B HOJIb, JJIsi 3TOro B (YHKIHIO BO30YyXIeHus Bxoma R
MEepBOTO TPUTTEpa HAllO BKJIIOYUTH Ty K€ caMyl0 KOHBIOHKIHUIO. [Ipuznakom
TOT0, YTO aBTOMAT HAaXOJUTCS B COCTOSIHUU S1, IBNIAETCA TO, 4TO Y1 = 1, moatomy
3Ta KOHBIOHKIMS HMeeT BuI X Yi1. [lociemoBarensHO mpocMarpuBas Bce
nepexonbl B rpade (puc. 3.21), dopMHpYIOTCS KOHBIOHKIIMH, KOTOpBIE
BKJIFOUAIOTCS B COOTBETCTBYIOIINE (PYHKIIMU BO3OYKICHUS:

Y’'st=XYsV Xys; YrR=XY1V XYy1=Vyiy;
@ O @ ©
Y’'s2 =X Y1; Y’rR2=XY2V XY2=Y5
@ @ ©
y’sgzxy;v Xy27V X'Ya, Y'rRs=XY3VXys
® ©® O @ G
‘=X Y2, 'Ra =X Y4,
) TR
Y’ss =X Y3; Y’Rs =X Y5,

® ©)



3.4. CTPYKTYPA ABTOMATA C JEHIU®PATOPOM

JIOCTOMHCTBOM CHOCOOOB KOJAMPOBAaHUS C€ MHUHUMAJIbHBIM UHCIOM
3JIEMEHTOB MaMSTHU SIBJISIETCS MUHUMYM OOOpYAOBaHUS JUIsl pealu3alu O0ioka
naMsTH, a HeAOCTaTKOM — HeoOXOAMMOCTb MUHUMMU3AIMU CUCTEMbl OyJeBbIX
byHKUUMi, onpenenstomeld GyHKIIMOHUPOBaHNEe KOMOUHAIIMOHHON CXEMBbl.

JIOCTOMHCTBOM  YHHUBEPCAJIBHOIO Ccrnoco0a KOAMPOBAHMS  SIBJISIETCS
BO3MOXKHOCTh IOCTPOUTH 3Ty CHCTeMYy cpa3dy Mno rpady aBTomaTa 0e3 eé
MUHUMM3aMU. HemoctatkoM — MakcuMyM oOOpYyIOBaHUS ISl pealiu3aliu
0JI0Ka MaMsITH.

Ctpyktypa c¢ pemugpparopom (puc. 3.22) TMO3BOJISIET COBMECTHUTh
JIOCTOMHCTBA O00OMX PACCMOTPEHHBIX PaHee CIOCOOOB KOAUPOBAHUS, T.e. MPU
MUHUMAJIbHOM YKCJI€ 3JIEMEHTOB MaMSTH CTPOUTh CUCTEMBbI OyJIeBbIX (DYHKIIM
BO30Y>KJIeHHSI M BBIXOJIOB MO rpady aBToMarta 0e3 fanbHellleldd MUHUMU3ALNH,
HO C [JIONOJIHUTENbHBIMU 3aTpaTaMd OOOpYyNOBaHHMS Ha peaau3aluio
nemmdparopa — DC. B cxeme Ha puc. 3.22 : ( — YKCIIO COCTOSIHUN aBTOMAaTa
(uncio BBIXOMOB nemudparopa), K — MUHHUMaNbHOE YHCIO pa3psaoOB Koja
cocTosiHUM (umcio BXonoB nemudparopa). Ha Bxoae memudparopa 1BOUUHBIN
xoz (K paspsoB), a Ha BLIXOJe YHUTapHbIH Kof (0 pa3psaos), T.e. g = 2K,

X1 - .21
Xn i KC > Zm
Y1 ... qu
DC
Y1 1Yk
BbII
Y’k T Y1
Puc. 3.22

Jlng  moctpoeHust  (QYHKIUHA  BO3OYXKICHHS  DJIEMEHTOB  IMaMSTH
HE00X0IUMO:

KaKJIOMY COCTOSIHUIO COMOCTaBUTH JiBa KOJa, MEepBbIi ¢ MUHUMAaJIbHBIM
YICJIOM pa3psaoB, @ BTOPOH ¢ MaKCUMaJIbHBIM YUCIOM pa3psinoB. COOTBETCTBHE
MEXIy MUHUMAJIbHBIM U MaKCUMaIbHBIM KOJOM JJIsi KQXKJI0T'0 COCTOSHUS OyaeT
3aaBaTh PyHKINIO Aenudparopa;

MOCTPOUTh (DYHKIIMA BO30OYXKIEHHUS KaK B CIOCOOE KOJIWPOBAHHS C
MUHHUMaIbHON JJIMHOW KOJa COCTOSIHUM, a KOHBIOHKIMU, BXOISIIUME B 3TU
byHkuu, GopMupoBaTh Kak B croco0e KOAUPOBAHUS ¢ MAKCUMATbHOUN JITUHOMN
KOJla COCTOSIHUM.



[lpumep mocTpoeHus (yHKIUN BO30YXKIEHUS I aBTOMara C
nemudpaTopom, 3aaHHoro rpagom mnepexoaos (puc. 3.23).

y1y2ysya
1000

0O 0
Y1

0010
10

Puc. 3.23

Pe3ynbTaT KogupoBaHUs COCTOSIHUM npuBeaeH B Tad. 3.19.

Tab6aumna 3.19
S | Y1 Y2 |Yy1 Y2 VY3 Va
st |0 0 1 0 0 O | — YN
Yl > y2
s |0 1 0O 1 0 O DC
— Y3
s |1 0 |0 0 1 O Y2 — > ya
s |1 1 |0 0 0 1
Puc. 3.24

PaccmatpuBas Tabnuily KonupoBaHus Kak TaOJIUIy KCTUHHOCTH CHCTEMBI
OyJeBbIX (QYHKIUH, Mody4daeMm Iemudparop ¢ ABYMs BXOAAMH U YeTbIPbMS
BbIxogamu (puc. 3.24), Tak Kak B OJIOKe MaMsITH XpaHUTCS ABYXpa3psSaHbIN KO
COCTOSIHMSI, @ Ha BXOJbl KOMOMHAIIMOHHOW CXEMbI MOCTyHaeT YeTbIpex —
pa3psAHBIN KOJ COCTOSHUS.

Ecnu B kauecTBe s5ieMeHTa naMsTH 3a1aH D-Tpurrep, To Mpu NOCTpOSHUU
ero GyHKIIMI BO30YKIeHUSI HEOOXO0IMMO o0ecreunTh ero nepexonapl: 0 = 1 u 1
— 1. Hanpumep, mis peanuzanuu  nepexona (puc. 3.23) U3 cocTosHUSA: Si B
COCTOsSIHME Sz, HEOOXOIUMO BTOPOW Tpurrep Y2 yCTAaHOBUTH B €IUHUILY, IS
3TOT0 B (YHKIUIO BO30YXIEHUS BTOPOrO0 TPUITEpa HAIO BKIOUYUTH
KOHBIOHKI[MIO, KOTOpasi UMEET 3HAUeHHe eAMHUIIbI, KOT/1a aBTOMAT HAXOJIUTCS B
coctosiauu S 1 X = 0. [Ipu3Hakom Toro, 4To aBTOMaT HAXOAUTCS B COCTOSIHUH



S1, sBIsSeTcsl TO, 4To Y1 = 1, mosToMy 3Ta KOHBIOHKIUS WMeEeT BUA X Yi.
[TocnenoBarenbHO TpocMaTpuBasi Bce mepexoabsl B rpade (puc. 3.23),
GopMHUPYIOTCS KOHBIOHKIIMH, KOTOpPble BKIIIOYAIOTCS B COOTBETCTBYIOINKE
GbyHKIIUU BO3OYKICHHUS:

Yo1=XYy1VXY2VXY2VXYysVxys
@ & @& O ¢
Y’o2=XYy1V Xy1VXxyVXysVXxys
o @ & & O

Ecnu B kadectBe »dieMeHTa mnamsaTH 3anaH RS-tpurrep, T0 mpHM
NOCTPOeHUM  ero (yHKUUM BO30YXkKAEHUS HEOOXOAMMO OOeCleuuTh ero
nepexonsl: 0 » 1 u 1 —» 0. Hanpumep, nns peanuszanuu BTOPOro mepexoja
(puc. 3.23) u3 cocTosiHUSA SI B COCTOsSHUE S4, HeoOXoauMo oba Tpurrepa
YCTAaHOBUTH B €IMHUILY, JUISl 3TOTO B DYHKIIUK BO30YXKICHHS BXOAa S KaXKIO0Tro
TpUTrTepa HaJ0 BKIIOUYUTh KOHBIOHKIWIO, KOTOpas WMeeT 3Ha4YeHHe eIUHUIIBI,
KOrJla aBToMarT HaxomauTcs B coctosHuu S1 m X = 1. Ilpusnakom Toro, 4To
aBTOMAT HAaXOJHUTCS B COCTOSHHM Si, SBJISETCS TO, 4To Y1 = 1, mo3ToMmy 3Ta
KOHBIOHKIIUSI UMeeT BU X Y1.

[TocnenoBatenbHO MpocMaTpuBas Bce mepexoibl B rpade (puc. 3.23),
(GopMUpPYIOTCSI KOHBIOHKIIMH, KOTOpPBIE BKIIOYAIOTCS B COOTBETCTBYIOIIME
(GYHKIHUU BO3OYXKACHUS:

Ysi=Xy1VXxy2VXxyz YRI=XY3V XY
@ & & ®

V2=xYy1V Xy1V XVy3 YrRe=XY2V XVYa
o & © @ ®

3.5. IIOCTPOEHUE KOMBUHAIIMOHHOMN CXEMbI ABTOMATA HA

3y u lHJIM

Jng peanuzanuu  KOMOMHAMOHHOM CXeMbl aBTOMara Hapsay C
JOTUYECKAMH D3JIEMEHTaMH MaJlod CTeleHW WHTerpalud MOryT OBITh
UCTIOJIb30BaHbI TOCTOSTHHO-3amoMuHarome ycrpoiictea (I13Y, ROM) u
nporpamMmupyemMble Jorudeckue wmatpuiel (ITJIM, PLA), oTHocsmuecs
cXeMmaM CpeJlHel CTeleHU UHTerpaly.

X1

f1

§

fm

;

Puc. 3.25



IIJIM u II3Y »3TO a1eMeHThl, KOTOpble NMpeaHa3HaueHbl JJIs peali3aiuu
cucteMbl U3 M OyneBbIX GYHKIUH, 3aBUCSIINX OT N IepeMeHHbIX.

Oba siemMeHTa MOXHO paccMaTpuBaTh KaK YCTPOMCTBO, COCTOsIIee W3
nByx matpult M1u M2 (puc. 3.25):

Marpuna M1 npegHasHayeHa sl peanud3auudd  (  pa3iIMUYHBIX
KOHBIOHKIMK. MaTpunia M2 npeaHasHayueHa s peanu3alui IU3bIOHKINT dTUX
KoHbIOHKIMKA. Ha Bxoxm marpunpi M:1 mocTynmatoT mnpsiMble W WHBEpPCHBIE
3HAUEHUsI BXOJHBIX MEpPeMEHHBIX, Ha BBIXOJE MOJY4YalOTCs KOHBIOHKIIUU OT N
TUX TMepeMeHHBIX. Bbixompl maTpuilbl M1 Ha3bIBalOTCS MPOMEXKYTOUHBIMU
IMHAMU U SBIISIFOTCSI BXogaMu Matpulibl M2. Beixoasl Mmatpuiibl M2 peanuzyrot
OyJnieBbl GYHKUHUU CUCTEMBI.

B TI3Y marpunia M1 mnpencrasisier coboii nemudpatop, T.e. q = 2" u
BXOAHOW HaboOp 3HA4YeHWW  JBOMYHBIX TIEPEMEHHBIX X1, X2,... Xn
paccMaTpuBaeTcsl Kak aJpec SYedKH MamsTh, B KOTOPOW XpaHSTCS 3HAYEHUs
OyJnieBbIX (PYHKUUN cUCTeMBI f1, f2, ... fm,

HcxonHbIM 3alaHMeM CUCTeMBbI OyJeBbIX (YHKIUW IJIs peanu3aluu Ha
[13Y sBasercs Tabnuua MCTUHHOCTH CHUCTeMbl OyJieBbIX (GYHKUMA uiu
npeAcTaBiieHre 3TOW cuctembl OyleBbix (yHKuuii B Bunue kapt Kapuo no e€
MuHUMU3aluu. Eciam OyneBbl (YHKIMHM HCXOAHOM CHCTEMBbI SIBIISIFOTCS He
MOJHOCTBIO OMpeJeJIeHHBIMUA, TO HJIS TOCTPOSHUS TaOJUIbl “HIPOIIUBKH’
(mporpammupoBanusi) [13Y HeoOxonuMo moompenenuts cucteMy (GyHKIUN Ha
TeX HabopaX, Ha KOTOPBIX oOIpejeneHa XOTs Obl OfgHa (YHKUUS CUCTEMBI.
Hanpumep, mis cucteMbl GyHKIMH, MpencTtaBieHHON paHee kapTamu KapHo
(tabn. 3.10 — 3.14), nannble 11 “npowuBKU” (mporpammupoBanus) mis 113V
npuBeneHsl B Tabm. 3.20.

IUIM, B otomume ot I3V, mo3BossieT peanu3oBaTh cHCTEMY H3 M
OyneBpIX QYHKIMHA OT N TepeMeHHBIX, coJepKailylo He Oolee (
HETIOBTOPSIOIIMXCSI KOHBIOHKIUH. B MaTpuiie M1 MoxxeT OBITh peann3oBaHO (
KOHBIOHKIIUH OT N BXOIHBIX MEepEeMEHHBIX, B MaTpuile M2 — M IU3bIOHKIUNA OT
KOHBIOHKIIUH, TTOJTYyUYEeHHBIX B MaTpuile M.

Taomuna 3.20
X VY1 Y2|yst YR ys2 yR Z
O 0 0] 1 1 1 0 1
O 0 1|1 0 0 O O
O 1 0] O 1 1 0O 1
0O 1 1|0 0 0 1 0
1 0 0| 1 1 1 O O
1 0 1| 1 0 0 O O
1 1 0| O 1 1 O O
1 1 1|0 0 0 1 0




[Ipu peanuszamuu cucrembl OyneBbix (yHknuit Ha [IJIM ee ymoOHO
NpeACTaBUTh B 00001IeHHON TabnuyHoi popme. Dta TabnuyHas Gpopma MOXKET,
OBITh HETOCPEACTBEHHO MCIOJIb30BaHa ISl “IPOLIUBKHU (ITPOrpaMMHUPOBAHMS)
[TJIM. B tabmuiie “mpommuBKu” TOJKHO OBITH He Oojiee ( CTPOK, ee JieBas 4acTh
UCIIOJIb3YyeTCs Il HaCTPOMKK MaTpulbl M1, mpaBast — Jy1sl HACTPOUKU MaTpPULLbI
M2. Hanpumep, nans cuctembl (YHKIME, TOJYy4YeHHOH B pe3yJbTaTe
MUHUMH3AIKAK ¢ omMoinsio kapT Kapro (tadn. 3.10 — 3.14) , eé o6061eHHas
tabnuuHas Qopma, mpuBeaeHHas B Tabn.3.21 sBisercs uHbopmanuend s
“npommBku’ (mporpammupoBanus) [1JIM.

Z=X Yy
Y’'s1=Vy1, YRL=Y2
Y=V2, Yr=Y1Y2

Tabnuua 3.21
X VY1 Y2|yst YRl ys2 YR Z
0O -0 1
-0 -1
- -0 1 1
-1 1 1

Pacnonaras II3Y c S ampecHbiMM BXoJamMu W t BBIXOJaMHU, CHCTEMY
GyHKIUH ¢ N BXOAHBIMY TIEpEMEHHBIMHA ¥ M QYHKIIUSAMH B cIydae n <s um >,
T.e. eclu uucio ¢GyHKIuiA Oonbine yuciaa BbixonoB [I3Y, To MoxHO s
peain3alii 3TOM CHCTEeMbl HCIOJb30BaTh Heckoybko II3Y mo cxeme Ha
puc.3.26. Kaxnoe [13V B 3Ol cxeme peasiu3yeT «CBOIO» Ipynny QyHKIUH.

AnanoruyHo, pacnojaras I[IJIM c¢ S Bxogamu, t BbIXomgamMu Hu (
MPOMEXYTOUYHBIMH IIIMHAMH, CUCTEMY M OyJIeBbIX (GYHKIUH OT N apryMeHTOB C
I HETOBTOPSIFOIIUMUCS KOHBIOHKIIUSAMM ISl ciiydast N < S, M > t, r < ( MOXHO
peanu3oBath 1o cxeme Ha puc.3.26. Bee [1JIM B aT0it cxeMe popMUPYIOT OJTHU
U Te K€ KOHbIOHKITUH, OHAKO KaKaas peaqn3yeT CBOIO Ipymnny GyHKIUH.

X1 Xn

ROM, PLA ROM, PLA

f1 l lft fee1 l lfm

Puc. 3.26




Hnga cnyqas N < s, m <1t r > (Q, T.e. KOrga CylueCTBEHHbIM SIBJISETCS
OrpaHUYeHHE MO0 YHCIY MPOMEXKYTOUYHBIX IIHWH, cCXemMa MpUoOpeTaeT BUI Ha
puc. 3.27. Kaxnas u3z [IJIM B aToli cXeme peanusyeT CBOI IHU3BIOHKIIUIO
TPYIIBl KOHBIOHKIHMH OT OOIMMX BXOJHBIX IEPEMEHHBIX. DJIEKTPHYECKUM
coenquHeHueM BbixonoB [IJIM peanusyercs Tak Ha3blBaeMoe ‘‘3NEKTPUYECKOE
NJIN” kaxaod Takoil IOHU3BIOHKIMU, KoTopoe pomyctumo mist [IJIM u
HEeJIOMYCTUMO JIJIsl TOTUYECKUX AJIEMEHTOB.

X1 Xn

PLA PLA

A

f1 f fm
Puc. 3.27

Ecnu uucno mepeMeHHBIX, pealn3yeMoi cHCTeMbl OyleBbIX (DYHKIHH,
npesbimaet ynciio BxoaoB [1JIM unu 13V, To HE0OX0aMMO UCXOIHYIO CHCTEMY
JEKOMITO3UPOBATh HA MOJACUCTEMBI, KaX/1asi U3 KOTOPBIX 3aBUCUT OT MEHBIIIETrO,
YyeM MCXOJIHAsl, YUCiia MepeMeHHbBIX.

VYcnosHoe rpapuyeckoe odo3zHauenue 113V u [1JIM B QpyHKIMOHANTBHBIX
cxemax MpuBeieHo Ha puc. 3.28:

X0 | roMm | fo X0 \'pLa | fo
X1 - Ixa

i —— f1
L Xn — | Xn
B fn —— P fm

Puc. 3.28



4. CHHTE3 MUHKPOIIPOI'PAMMHOI' O ABTOMATA

[TocTtpoeHne  MHUKpONMpPOTpaMMHOTO  aBTOMara  SIBISETCS  MpUMEpOM
HEKaHOHMWYECKOro METOJla CUHTE3a KOHEYHOI0 aBTOMATa.

Muxponpocpammuvim Ha3bIBAETCA aBTOMar, pean3yomuni
Mukponporpammy. OH sBJSeTCS TeM YOPaBISAIOMIMM aBTOMATOM, KOTOPBIH,
B3aMOJICCTBYSI ¢ ONEPALlMOHHBIM aBTOMaTOM U OOMEHHMBAsACh C HUM JBOMYHBIMU
KOJIaMH, BMECTE COCTABJISIIOT ONEpPalMOHHOE YCTPOMCTBO. BcienctBue Takoro
WCIIOJb30BaHUsl MHUKPONPOrpaMMHBIA aBTOMAaT MOXHO paccMaTpuBaTh Kak
aOCTpaKkTHBIH aBTOMAT C YXe€ 3aKOAUPOBAHHBIMU BXOJIHBIMU U BBIXOJHBIMU
andaBuTamMu, HO elle C A0CTPAKTHBIMU COCTOSIHUSIMH.

4.1. IIOCTPOEHUE I'PA®A ABTOMATA MYPA IO I'CA

Aneopumm  nepexooa om epaguueckoii cxemou ancopumma (I'CA)
MUKponpozpammul k cpagy asmomama Mypa.

1. HavaneHas n xoHeuHast BepmnHbl [ CA momevaroTcsi CUMBOJIOM
HAYJIBHOTO COCTOSIHUS 0.

2. Bce omneparopubie BepmnHbl ['CA momeuaroTcss MNpPOU3BOJIBHO
YHUKQJIBHBIMA CHMBOJIaMH cocTosiHMM S, 1 < 1 < N, He3aBHUCHMO OT
MHUKpPOOIIEpaLil, COAEPKALLUXCS B 3TUX BEPLIMHAX.

3. Ctpoutcsi n+1 BepmmHa rpada u Kaxzaas BeplUIMHA MOMeYaeTcs
CHMBOJIOM COCTOSIHUS ¥ MUKpOOIIepaluen, coaeprkalieiicss B COOTBETCTBYIOLIEN
OIEepaTOPHOM BEPLINHE WK €€ KOJIOM.

4, Bepmuna rpada S coeauHsieTcs ¢ § Ayroil, OTMETHB 3Ty AYTY
HAa0OpOM 3HAYEHWW JIOTUYECKUX YCJIOBUM, KOTOPBIM MOIMyCKaeT Mepexon W3
OIepaTOPHOM BEPILIWHBI, IOMEYEHHON CUMBOJIOM S B OIIEPATOPHYIO BEPIIUHY S.

y1
|
1 0
1 0 0
Tadomuna 4.1
4 1 Yi X1 X2
y2 LYy2 y2 Yo 0
4, yl b | Z
1 0
Y2 1
< Vo > Uo |1 1

Puc. 4.1



[Tpumep noctpoenus rpada apromara Mypa nmo ['CA mukpomporpamMmbl
(puc. 4.1).

[IycTp KpoMe MHKpOMpoOrpaMMmbl 3ajaHa TaOnuila, OINpeaesstomas
BIIMSTHUE MUKPOOTIEpalluii Ha 3HAaYeHHe JIOTHYeCKUX ycloBuii (Tabm. 4.1).

B cooTBeTCTBUM C MPUBEAEHHBIM AJTOPUTMOM HAYaJIbHOW U KOHEYHOMU
BepuinHaM ['CA comnocTaBisieTcs HayallbHOe COCTOSIHME aBTOMaTa, OTMEUYEHHOe
CUMBOJIOM So U MHKpoonepauueid yo. OcCTaqbHBIM ONEpPAaTOPHBIM BEpLIMHAM,
HE3aBUCHUMO OT COJAEpXKallluXcsi B HUX MHUKpOOIepaluil, MTPOU3BOJIBHO
COIMOCTAaBIIIOTCS HEMOBTOPSIOLIMECS] CUMBOJIBI COCTOSIHUM S1, S, 3, S
Heobxoaumo o00paTuTh BHUMaHu€ Ha TO, 4YTO OIEpPATOPHbIE BEPLIUHBI,
OTMEUYEHHBIE CUMBOJIAMU S U S4, COJlepKaT OJHY M Ty XK€ MUKPOOIIEPALUIO Y2,
HO MM COIOCTaBJICHbI J]Ba PA3JIMYHbIX COCTOSHUS.

['pad mnonHocThIO ompeneneHHoro apToMara Mypa, peanu3yroLero
ucxonnyro I'CA, npencrasiex Ha puc.4.2.

1

01

Z0

X1X2

Puc.4.2

Hyru storo rpada oTMeydeHbl TPOMUYHBIMU KOAaMH HaOOpOB 3HAUYEHMIA
JIOTUYECKUX YCIIOBHUM, MpPHU KOTOPBIX OCYIIECTBISETCS COOTBETCTBYIOLIHMA
nepexon. Eciau mepexol BO3MOXKEH HE3aBUCUMO OT 3HA4Y€HUs JIOTMYECKOIO
yCIOBUA Xi , TO B TPOUYHOM KOJE OTOMY JIOTHHYECKOMY YCJIOBHIO
CONOCTaBJsIeTCS CHMBOJ Z. Ecin nepexol NPOUCXOAUT HE3aBUCUMO OT
3HAQYeHUN BCEX JIOTMYECKUX YCJIOBUH, TO OH OTMEYAeTCs TPOUYHBIM KOJOM
ZZ...Z v 9icio pa3psaoB 3TOr0 KOJla paBHO YUCIY JIOTHYECKUX YCIOBUH. JTOMY
KOJy COOTBETCTBYIOT Bce 2" HaOOpOB 3HAYEHUW JIOTUYECKUX YCIOBUH W MO
KakaoMy u3 2" HaOOpoB MOJDKEH CYIIEeCTBOBATh MEPeXo] W3 KaKIOro
cocTosHus. BepummHbel rpada OTMeUEeHBl CHMBOJIOM COCTOSIHUS M KOJIOM,
pa3psbl KOTOPOro COOTBETCTBYIOT MUKpOOIIepanusaM: Yo Y1 Y.



CootBetcTBytomas rpady (puc.4.2) Tabmuina ImepexoaoB U BBIXOIOB
MOCTpOeHHOTo aBToMaTa Mypa npencraBieHa B 1a0i.4.2.

Tabnuua 4.2
1 X2

YoY1Y2 S 00| 011110
100 |s S S S S
010 |s S1 Y S S3
001 | St St St S1
011 |ss So So S S
001 |s S1 So So S1

Hcnonb3oBaHue  MUKPOINPOrPaMMHOIO  aBToMara B HUQPOBBIX
YCTPOMCTBAaX  OMpPEAENsieT €ero CHHXPOHHYK  pealu3aluio, IMO3TOMY
1enecoodpa3Ho mepeTd K Mojenu aBroMar Mwunu. s 3TOro xoj BXOIHOTO

CHMBOJIA U3 Ka)KI0M BEPIIMHBI IEPEHOCUTCS Ha AYT'H BXOSMIINE, B 3Ty BEPIIHHY
(puc.4.3).

Z1/100

X1X2/yoy1y2
Z7/010

00/010 10/011

ZZ7/100

Puc.4.3

B IMOJIYHYCHHOM aBTOMATC Munu cocTosiHUS SH U S O9KBUBAJICHTHBI, T.C.
S = S HonquBmeec;I B pe3yJibTare O6’I>CHI/IHCHI/I}I OTHUX JSKBHBAJICHTHBIX
COCTOSIHUM HOBOE COCTOsIHHE 0003HAYaeTC ! So.



Z0/010

10/011

ZZ/100

Puc.4.4
B pe3ynbrare nosyyaercss MUHUMaNbHBIN aBToMatT Munu (puc.4.4).

4.2. TIOCTPOEHUE HE NOJHOCTBIO OIIPEAEJIEHHOI'O ABTOMATA

VYyer B3aMMOACHCTBHS OINEPAIIMOHHOTO M YIPABJISIONIET0 aBTOMATOB
MTO3BOJISIET MOJIYYHUTh HE TIOJTHOCTBIO ONPeAe/ICHHBIN (YaCTUYHBIN aBTOMAT), YTO
naeT 00JIbIlIe BO3MOXKHOCTEH JIsl YIIPOIIIEHHUS CXeMbl aBTOMaTa.

[Ipu mocTpoeHHm rpaga aBtomara mo ['CA MuKponporpamMmsl
MOJTy4aeTcsl TIOJIHOCTBIO ONpefelIeHHBIH aBTOMAT, T.e. M3 KaXKIOro COCTOSHUS
CYIIECTBYIOT MepPeXOJIbl M0 KaXAO0My HaOOpYy 3HAYEeHHH JOTUYECKUX YCIOBHIA.
N3 paccMoTpeHusi paOOThI peajbHBIX ONEPANMOHHBIX YCTPOWCTB (HampuMmep,
JUISL CTIOKEHHWS NIBYX II€JIBIX JBOWYHBIX HYHCEI) MOXKHO CHeNaTh BBIBOJ, UTO
HEKOTOpbIe HAOOPHI 3HAYEHUW JIOTMYECKHUX YCIIOBHM HHMKOIJA HE IMOCTYISAT Ha
BXOJIBl YIPABJISFOIIETO aBTOMAara M CJeAO0BaTelIbHO, MEPeXOAbl IO ATHM
HabopaM MOXXHO MCKIIFOUMTH W3 3aJlaHMs aBToMaTta. M3 ydeTa B3amMoIeiCTBUS
OTIePallMOHHOTO W YIIPABJISIONIETO aBTOMATOB HYXXHO ONPENeNUTh Il KaXKI0To
COCTOSTHUS S MHOXKECTBO HAOOPOB 3HAUEHHUI Joruueckux ycioBuit Ui, KOTopbie
MOTYT TIOCTYIUTH Ha BXOJBI YIPABISIOIIETO aBTOMaTa, KOrJla OH HaXOJHUTCS B
COCTOSIHHH S..

Jlms 5TOr0 HEOOXOAUMO 3HATH:
- MHOXecTBO HabopoB Uo, KOTOpble MOTYT TMOCTYIHUTh Ha BXOJIbI
YIPaBJIAIOIIETO aBTOMaTa, KOrja OH HaXOUTCSI B COCTOSTHUU So;
- KaKuM 00pa3oM BIIMSIET KaXJas MHUKpooIlepalus Yj Ha 3Ha4deHue
JIOTUYECKOTO YCIOBUS Xi B pe3yibTaTe BBHINOJHEHHUS JTOU
MUKPOOTIEpAIH B OITepallMOHHOM aBTOMaTe.



Jlna omnpenenenus: Bcex MHOkecTB Ui HE0OXOaUMO MPOCMOTPETh BCe
nepexojpl aBToMara B BUJE JepeBa ero nepexoioB, OJHOBPEMEHHO OINpeessis
IUISL KaXJOTO0 COCTOSIHUS Si  MHOXECTBO HaOOpOB 3HAYEHWH JIOTMYECKUX
ycnoBuii Ui. [IpocMoTp mepexonoB aBToMaTa HEOOXOIUMO MPOJIOJDKATh IO TeX
nop, noka Bce Uj He CTaHyT yCTOMYMBBIMU MHOXECTBaMH, T.€.IOKA B HUX HE
NepecTaHyT MOSABIATHCS HOBble HA0OPHI B MHOKecTBax Ui.

[Tocne monyuenus Bcex MHOXecTB Ui B UCXOQHOU TaOuIle MepexoaoB U
BBIXO0JIOB MIOJIHOCTBIO OINPEIeIeHHOr0 aBTOMaTa Ha/l0 UCKIIIOUUTh TepeXobl U3
Ka)XJI0T0 COCTOSIHUS Si 0 HabopaM, He comepkarumcs B ero U;.

[Tpumep nonyyeHuss 4aCTUYHOro aBTomMara Muiu.

Panee mno wucxomgnoii ['CA Obu1 mocTpoeH rpad MUHHUMAIBLHOIO
TIOJTHOCTBIO ompeiesieHHoro apromata Mwiu (puc.4.4). Tabnuma nepexonoB u

BBIXOJIOB 3TOI'0 aBTOMATa npuBejeHa B Tad. 4.3.
Tadomuna 4.3

1 X1X21 00 01 11 10

So $1/010 | s1/010 | s1/010 | s1/ 010
S1 s1/010 | s4/001 | so/001 | s3/ 011
S3 S/ 100 | s/ 100 | s/ 100 | s/ 100
4 $1/010 | s/ 100 | s/ 100 | s1/ 010

N3 ucxomanoro 3ananus (tadm. 4.1) u3BeCTHO, YTO Iepe] HadyajaoM paboThl
aBToMaTa Ha ero BXOJbl IMoJaeTcs HaOOp 3HAYCHWH JIOTHMYECKUX YCIIOBHU
X1 X= 11, 1.e. Up = {11}. U3 Tabn. 4.1 crnemyer, 4To MOCIe BBITOJHESHUS
MUKpPOOTIepallnii 3HAYEeHHS JIOTHYECKUX YCJIOBHH MEHSIOTCS CISAYIOIINM
obpazom:

Yo: X1:=X1;  X2:=0;

Yi: X1:=X1;  X2:=Z, T.e.3HaUEHHUE X2 MOXKET OBbITh JII0OBIM (0 mitu 1);

y2: X1:=X1; Xz2:=1

[IpocMoTp TepexodoB mjisl ompeneieHUuss MHOXecTB Ui HadyMHaeTCsS W3
COCTOSIHHS So ITO BXOJIHOMY Habopy 11 . B pe3yibTate mepexoja B Sy ¢ Belgadei
Y1 ONpedeNsfoTCs TepBble 3ieMeHThl MHokectBa Ui = {00, 01} , Tak Kak
X1 = X1; , a X2 := Z Ilo Habopy 00 aBTOMAT OCTaHeTcs B Si C IOBTOPHOM
Bbiauelt y1. B pesynprare k Ui nobassites eie aBa Habopa, T.e. 11 u 10. Uy =
{00, 01, 11, 10}. Tanee u3 Si, BO3MOXKHBI TPH Pa3IMYHBIX Ty TH.

[TepBEbIit TyTh U3 S1 COOTBETCTBYET HaOopy 10, MPOUCXOAMT Mepexo U3 St
B S C BbIgauell Y1 Yo . B pe3ynbTaTe BAUSHUS Y1 HA X1 3Ta IepeMeHHas H3MEHUT
CBOE 3HaUeHWe Ha MPOTUBOMOJIOKHOe. Ha X2 BIustOT 00e MHKpoomepaluu,
MOATOMY ee 3HadeHHue MoXKeT ObITh JtoObIM. [lomydaercsas Uz = {01, 00}. Jlanee
nepexon U3 8 B S C Bbinaueit yo no6aBut k Uo Habop 00, t.e. Uo= {11, 00} .
Btopoit myTs u3 S mo Habopy 01: S =S4 — S onpenenser Us = {01} u He



nobasnser HOoBbIX HaOopoB K Uo . Tperuit myts u3 S1 mo Habopy 11 B S ¢
BblJauell y2 Tak)Ke He MPUBOJUT K IMOSBJIEHHIO HOBBIX BXOJHBIX HaOOpPOB.
OkoHuaTenbHO CHOPMUPOBAHHBIE MHOXXECTBA BXOIHBIX HAOOPOB KOMITAKTHO
MPEICTABIAIOTCS CIEAYIOMNMA TPOUYHBIMU BEKTOPAMM:

Uo={11, 00} , U1 ={ZZ}, Us={0Z}, Us ={01}.

CxeMa NMpoCMOTpPEHHBIX IIyTeH B BUJE JAepeBa NEPexol0B NPHUBEIEHA HA
puc. 4.5.

U.={01} @

Yo
01 - 00

(s) Us={11.00) (%) Uo={11,00}

Puc. 4.5

[Tocne ynanenus u3z tadin. 4.3 nepexo70B o HabopaM, He COAePKAIIUXCS
B HailgeHHbIXx MHOxecTBax Ui, momydaeTcss TaOnula mepexoJoB U BbLIXOJIOB
YaCcTHYHOro aBToMara (tabdin. 4.4).

B monydeHHOM He TOJIHOCTBIO OMpPENEICHHOM aBTOMAaTe COCTOSIHUE S3
COBMECTUMO C cocTosHHeM $S4. [locne oObegMHEHHUS 3THX COCTOSHUNA U
OPUCBOCHUSI 3TOMY OOBEJUHEHHOMY COCTOSIHUIO CHUMBOJ S TOJIy4yaeTcs
MUHUMAaJbHBIN YacTUYHBINA aBTOMaT Musu (tadi. 4.5).



Tabonuua 4.4

. X210 01 11 10
S | s1/ 010 s/ 010
St | s1/010 | s4/001 | s/ 001 | ss/ 011
B S/ 100 | so/ 100 --- -
S S0/ 100

Taonuna 4.5
1X2
S 00 01 11 10
S | s/ 010 s,/ 010
St | ©1/010 | s2/001 | /001 | 2/ 011
S | S/100 | s/ 100

N3 paccMOTpeHHOro mpuMepa cjeayeT, 4YTO aOCTpakTHBIH CHHTe3
MUKPOIIPOIrPAMMHOTO aBTOMATa COCTOUT U3 BBINOJIHEHUS CIEAYIOIINUX dTAOB:
1) moctpoenue Tpada aBToMaTa IO MUKpOMpOTpamme, 3aJaHHON
rpaguyecKoil cxemMoi alropuTma;
2) MUHUMU3AIUS YUCIIa COCTOSHUM MOJTHOCTBIO OMPE/IEICHHOTO aBTOMATa;
3) moay4eHHe He MOJHOCTHIO ONpeesIeHHOTO aBTOMATa;
4) MAHUMU3AIMS YUCJIA COCTOSHUN HE TMOJIHOCTHIO  OIpeesIEHHOTO
aBTOMarTa.
CTpyKTypHBI d3Tal CHHTE3a MHUKpPONPOTPAaMMHOrO aBTOMara He
OTJINYAETCs OT CTPYKTYPHOIO 3Tana KAHOHUYECKOT0 METOa CUHTE3A.



5. ACHHXPOHHbBIU ABTOMAT

AcunxporHuIM asmomamom Ha3bIBae€TCsS aBTOMAT, U3MEHEHUE COCTOSIHUS
KOTOPOTO MOJKET IMPOUCXOIUTh B MPOU3BOJBHBII MOMEHT BPEMEHH, U STOT
MOMEHT BpEMEHU OMpeieNsieTCs TOJIbKO N3MEHEeHHEeM BXOIHOTO CUTHAIA.

Bri0op criocoba peanuzaiuu aBTomMarta (CHHXPOHHBIA MJIM ACHHXPOHHBIN )
ofpeessieTCs CHOCOO0M MpPeICTaBIeHUs] BXOJHOTO CUTHAA.

[Tpumepbl OCHOBHBIX CITOCOOOB MPeACTABICHHS BXOIHBIX CUTHAJIOB:

1) moTeHIMAIbHBIN ¢ CHHXPOHHU3AIUEN;

A

\Y,
_| .
C
t
X1
1 0 0 1

2) WMITYJIbCHBINA CUTHAI

VA _

X2 7 M M t

3) noTeHIHANbHBINA CUTHAI

A

\Y,

X3

[Ipy nDoTeHIManbHOM CUTHaje BBICOKMH YPOBEHb IIOTEHLHAIA
COOTBETCTBYET JIOTUMYECKOM €IWHMIE, HU3KAM — JIOTUYECKOMY HYIJIIO,
muTenbHOCTH 1 1 0 MOTYT OBITh Pa3HBIMU.

ITepBbie nBa crioco0a MpeacTaBleHUs CUTHANIA ONPEeNstOT CHHXPOHHYIO
peanu3aluoo aBToMara, a TPETUNH — aCHHXPOHHYIO.

X1...Xn C

X1...xn C X1...xn C

v

Puc. 5.1



B cunxponHom aBToMare curHan cunxponmzanuu C oOecneunBaer
yCTOWUMBYIO paboTy aBTOMaTa W y4duThiBaeTcsl HesaBHO. Ha puc. 5.1 mpuBenen
npumep ¢parmeHTa rpada ¢ SBHBIM y4eTOM CHUTHAja CHUHXPOHHU3AINHU, HA HEM
npu C = 0 He MPOUCXOIUT U3MEHEHUS TEKYIIIETO COCTOSIHHS aBTOMATa.

Ilpy acuHXpPOHHOM peanu3aluyd aBTOMAaTa CUTHAJ CUHXPOHU3ALHUHU
OTCYTCTBYET, IO3TOMY [JIsi oOecleyeHus YCTOWUMBOW pabOThl Bce €ro
COCTOSIHUSI IOJKHBI OBITh YCTOMUMBBIMU yKe Ha aDCTPaKTHOM 3Tarne CUHTe3a.

Cocmosanue S Hazvieaemcs YCmMOUuUbIM, €CIH IpU Tepexoae B 3TO
COCTOSIHME IOJ] BO3/IEMCTBUEM BXOJHOIO CUMBOJIA Pk aBTOMAT OCTAETCS B 3TOM

COCTOSHHHM JI0 TEX IMOp, MOKa Ha €ro BXO/[ He MOCTYIUT CUMBOJI, OTJMYHBIN OT Pk
(puc. 5.1).

Px

P pi

v

o(s)
N

Puc. 5.2
ACUHXDOHHBIM — A8MOMAMOM  HA3bl8AemMCs asmomam, ecld YyXe Ha
aOCTpaKTHOM 3Tarle Bce ero COCTOSHUS YCTONYNBHI.
[Tpumep acuaXxpoHHOrO aBTomara (puc. 5.3):

—~ 01
00 11 11
01 10

11
01

Puc. 5.3

JIns mpencTaBlieHUsT ACMHXPOHHOIO aBTOMAaTa HCHOJIb3YETCS MOJENb
aBToMata Mypa. ['pady aBTomata Mypa (puc. 5.3) cOOTBETCTBYeT clieayromast
TabNHIla TEePeXOoJ0B M BBIXOJIOB aBToMarta Mypa (ta6mn.5.1). B kmetkax srtoit
Ta0JIUIBI B CKOOKaX 3aKJIFOYEHBbI YCTOWYMBBIE COCTOSHUS U VIS aCHHXPOHHOTO
aBTOMaTa BaXKHO, B KAKOM U3 YCTOMYUBBIX COCTOSIHUM HaXOJIUTCS aBTOMAT.

IIlycTp aBTOMAT HaXOAUTCS B YCTOMYMBOM COCTOSIHUH S1 BO3JEMCTBUEM
BxojgHoro curHana 00 u eciaum BXOAHOM cHTHalI u3MeHuJica Ha 10, To 1A
OTpeNieJICHHs] COCTOSTHUS, B KOTOPOE MepexXOoaUT aBTOMAT HEOOXOAUMO:



— JBHUTATBCA 110 CTPOKE COOTBGTCTB}/IOHICI\/'I TCKymIeMy COCTOSHHIO 10
CTOJ'I6I_Ia, OTMCYCHHOI'O HOBBIM BXOIHBIM CHUTHAJIOM, B PE3YJbTATC
onpeacICTCA COCTOSIHUE, B KOTOPOC NOJI’KCH HGprITH aBTOMaAT,

— JBHUTATHCA IO 3TOMY CTOJ'I6Hy a0 YCTOIZHHBOFO HOBOT'O COCTOsSIHUA.

Tabnuua 5.1

Wi X2100 |01 |11 |10

0 S1 (s) | (1) | & 753

0 S s |(2) | (2 | (2

1 S3 St S 7] ()

JIBUTasch 1Mo CTpoke OTMEYEHHON CHMBOJIOM TEKYIIIETO COCTOSHUS St OT
cTonbIa, OoTMEeYeHHOro TeKymuMm curaaioMm 00, 1o crondma, OTMEYeHHOTO
HOBBIM BXOMHBIM curHamoMm 10, ompenensieM HoBoe cocrosHMe Ss. /[lamee
JABUTaThCS IO CTOJIOIY, OTMEYEHHOrO0 HOBBIM BXOJHBIM cHrHajsiom 10, 10
YCTOHYMBOTO HOBOTO COCTOSIHUS (S3).

5.1. CHHTE3 ACHHXPOHHOI'O ABTOMATA
CI/IHTC3 aCHHXpOHHOFO aBToOMaTa OTJIMYaACTCsId OT CHUHTE3a CI/IHXpOHHOFO
aBTOMaATa.
Ha Clﬁcmpak‘n’ZHOM amane cuHmesa ACUHXpPOHHO20 asmomanida OTJINYHUC
COCTOUT B BBITIOJIHEHUU CIIEAYIOLUIUX AOMOJHUATEIBHBIX IEHCTBUM:
— HepeKOILI/IpOBaHI/IeM BXOOHBIX H BBIXOJHBIX CHUMBOJIOB I
O6CCHC‘IGHI/IH paCHOBHaBaHI/ISI COCCIHUX OAMHAKOBBIX CUMBOJIOB,
— TpW Tepexoje OT al(aBUTHOTO oleparopa K TIpady aBToMara
H€O6XO,D;I/IMO caeJlaTb BCE€ COCTOSAHUA aBTOMATa yCTOP'IQPIBBIMI/I.

[IpuMep HeOOXOOMMOCTH IEPEKOJUPOBAHMS BXOIHBIX M BBIXOJHBIX
CHUMBOJIOB a0CTpakTHOTO aBToMaTa A.

[lyetre P = W = {a b, c}. Bxomnoe cimoBo a a b b asromar
nepepabaTbiBaeT B BeIxoHOe ciioBo b € ¢ a Ilpu mepexone Kk CTPyKTYpHOMY
aBTOMaTy CHUMBOJIbI Kogupyrotes: a= 00, b =11, c = 10.

bbaa acch 1100 _1_, ﬁ,0111
A 1100 X | Ay
N Y2, 0001

Puc.5.4



Ha puc. 5.4 BuaHO, 94TO Ha YPOBHE CUTHAJIOB CTPYKTYpPHOI'O aBTOMAra JBa
OJIMHAKOBBIX, TOAPS CIEAYIOMIMX CAMBOJIA, HEPA3INIMMEBI.

HeobOxomumo pacmuputh andasutel. PP = W’ = {a, a, b, b’, c, C’}.
Teneps BxoxHoe ciaoBo aa b b’ aBromar mepepabaTeiBaeT B BBIXOJHOE CIIOBO

b cc a (puc. 55). [Ipu mepexone K CTPYKTypHOMY aBTOMATy CHMBOJIBI
koaupytores: a= 000, @ = 001, b =110, b’ = 111, ¢ = 100, ¢’ = 101.

X1 Y1
b’ba a a’cch 1100 ;’ y—2>0111
A, 1100 — A 22,0001

X3 Y3
1010 = Y3, 1100
Puc. 5.5

Pacmmmpenne andaButa TpeOyeT BBeIeHHE TPEThero paspsaa B KOJ
CHUMBOJIa, HO IIO3BOJIAET pa3jiMyarbh JBa OAWHAKOBBIX, MOAPsA CJIEAYIOLIUX
CUMBOJIA.

Ha cmpykmypuom smane cunmesza acuHXpoHHO20 asmomama OTIInYUe
COCTOUT B CJIEIYIOLIEM:

— IpYrO# LIEeJIbI0 KOOAUPOBAHUS COCTOSIHUM aBTOMATa,
— APYTOM 11eJIbI0 CHHTE3a KOMOWHAIIMOHHOW CXEeMBI,
—3JIEMEHTOM IaMSTH, UCIIOJIb3YEMbIM B aBTOMATE.

3aoaua kooupoeanus cOCMOAHUU ACUHXPOHHO20 ABMOMAMA COCTOUT B
obecriedeHUN YCTOWYMBOM pabOThl aBTOMaTa 3a CYET YCTPaHCHHSs, Tak
Ha3bIBAEMOT'O SIBJIEHUS COCTSA3aHUS JIESMEHTOB ITaMSTH.

5.2. COCTS3AHUE SJIEMEHTOB [TAMSITH

PeanbHble 35ieMeHTHI maMsTH 00JIaTal0T OMpeaesIeHHON 3allepKKOi BO
BpeMeHHU cpabaTbiBaHUs, TpUYeM BEJIMYMHA 3aJePXKKH 3apaHee HeW3BeCTHA W
3aBHUCHT OT TEXHOJIOTMH W3TOTOBIIEHHS W OT BHEITHUX (DAaKTOPOB B IMpoliecce
JKCIUTyaTalliu, I[O3TOMY OIPEAEIIUTh COOTHOLIEHHUE 3aJEPKEK pPa3IuUHbIX
AJIEMEHTOB MTaMATH 3apaHee HEBO3MOXKHO.

X

—

() ()

y1y2 y1y2
01 01
Puc. 5.6
[TycTth Bo (parmente rpada (puc. 5.6) mpu nepexoje U3 S B § AIeMEHThI
NaMsTH Y1 ¥ Y2 UMEIOT 3aJepKKU A1 1 A2 , M@Ky HUMHU BO3MOXHBI ClIeTyIOLIIe
COOTHOLUEHMUS, T.€. eClIu:



— A1=A2,10 01-10;

— A1> A2, 10 01-00-10;

— A1<A2,710 01-11-10.

Takum o0OpazoM, HalIUUWEe Pa3IUYHBIX 3allepKeK MPUBOIUT K TOMY, UTO
Opu TMepexole W3 S B § aBTOMar MOXET OKa3aTbCsi B HEKOTOPOM
IPOMEXYTOUHBIM He3alUIaHUPOBAaHHOM COCTOSIHUM, YTO MOXET INPUBECTH K
HETNPaBWJILHOM paboTe aBTOMATA.

DTO sIBIIeHUE HA3bIBACTCS COCMA3AHUEM DNEMEHNO8 NAMAMU.

B nmpumepe (puc. 5.6) moryT ObITh TpU BapuaHTa cooTHoleHui. [lepBbiii
BapuMaHT HepeasieH. Bo BTOpoM W TpeTbeM BapuaHTe MOSBISIOTCS
npoMexyTounble coctossHuS 00 u 11, UMeHHO TepeXxobl Yepe3 3TU COCTOSHUS
Ha3bIBAIOTCS COCMAZAHUEM DNIEMEHMO8 NAMAMU.

CocTtsi3aHusi MOTYT OBITh KPUTHYECKUMU W HeKpuThdeckumu. Ecnm
COCTsI3aHWE TMPUBOAUT K TMepexoay B He3alllIAHUPOBAaHHOE YCTOHYHMBOE
COCTOSIHHE, TO TAKOE COCTSA3aHUE HA3BIBACTCS KPUMUUECKUM.

Eciu ke cocTsizaHMe NPUBOAUT K TEpexoly B He3alIaHUPOBAHHOE
HEYCTOMYMBOE COCTOSIHWME, a 3aTeM M K Nepexoly B HYXHOE YCTOHYHMBOE
COCTOSIHUE, TO TaKO€ COCTSI3aHUE HA3bIBACTCSI HEKPUMUUECKUM.

[IprMep BOZHUKHOBEHHUS COCTSI3aHUI B aBTOMAaTe, KOTOPHI 3a1aH rpadom
(puc.5.3) u Tabmuieii nepexoaos (Tadi. 5.1).

[lycTh cocTosiHUS 3aKOAMPOBAHBI CleAyrOIUM obOpa3om (Tabdn. 5.2) u
TOTJIa 3aKOIMpPOBaHHAs Ta0JIHIIa TepeXxoa0B uMeeT BU (Tadi. 5.3):

Tabmumna 5.2 Taomuna 5.3
2z | X2 00 | 01 | 11 | 10
V1
S Y1 Y2 >
0| 00 |(00)|(00)| 01 | 11
S 0 0
N 0| 01 | 00 | (01) | (01) | (O1)
v
Ss 1 1 1| 11 | 00 | 01 | 01 | (11)

ITIycTh B aBTOMAaTE JOJKEH IMPOU30UTH Mepexo/1 M0 BXOHOMY curHamy 10
13 YCTOMYMBOro cocTosiHUuA ¢ KogoM 00 B ycToHUHMBOE COCTOSIHUE ¢ KOAOM 11.

Ecm A1 > A2, 0 00— 01-11.

CocTs3aHne KpUTHYECKOe, TaK KaK HM3-3a TaKOTO COOTHOIIEHUS] MEXIY
3a/Iep’)KKaMid  aBTOMAT OKa3bIBaeTCs B MPOMEXXKYTOdHOM cocTtosinuu 01, koTopoe
IUIT aBTOMaTa SIBISEeTCS YCTOMYMBBIM U Tiepexola B cocTosHue 11 He
MPOM3OMJIET U 3TO MPUBOIUT K HEMIPABUIBLHON padoTe aBTOMATA.

Ecm A1< A2, 10 00> 10-11.

CocTs3aHne HEKPUTHUECKOE, TaK KaK M3-3a TAKOT'O0 COOTHOIIECHUS MEXTY
3a/iep>)KKaMi Koj B OJIoKe mamsATh cTaHOBUTCS paBHbIM 10, a Takoil kom s



KOJINPOBAHMS COCTOSHUI aBTOMaTa He MCIIOJb3yeTCsl U aBTOMaT Jajiee mepenaeT
B YCTOMYHMBOE cOCTOsiHUE ¢ KojgoM 11.

Tak Kak HEW3BECTHO COOTHOIICHWE MEXIY 3aJepXKaMH DJIIEMEHTOB
MaMSITH W HEBO3MOXHO ONpPENeNIUTh THI COCTSA3aHUS: KPUTHUYECKOE WIIH
HEKPUTUYECKOE, TO HaJ0 BOOOIIE HCKIIOUYNTh COCTI3aHMS DIIEMEHTOB ITaMSITH.

5.3. KOJAUPOBAHUE COCTOSIHUII ACHXPOHHOT'O ABTOMATA

VIcKitoYeHne COCTS3aHUM SBJISETCS OCHOBHOM IEJNBI0O KOIUPOBAHHUS
COCTOSIHMM aCHMHXPOHHOrO aBToMaTa. I 3TOro HeoOXOAMMO COCTOSHHS,
MEXYy KOTOPBIMH IMPOMCXOAUT MEPEXOJI, 3aKOJUPOBATh TaK, YTOOBI IIPH TOM
Hepexo/ie MEHSIICS TOJIBKO OMH 3JIEMEHT ITaMSITH.

HeoOxoauMoe 4mcio paspsioB Kofa (| ONpeesseTcsl TakkKe Kak Ipu
KOJUPOBAaHUHM CHHXPOHHOIO aBTOMara, T.€. Omin = 71002K -, Omax = K, rme k —
YHCIIO COCTOSIHAM aBTOMATa.

Cnocob xooupoeaHnus coceOHUMU KOOAMU

OTOT cmocod mpeAnosiaraeT MCMNOJIb30BaHHE MHUHUMAIbHOIO YHucia
3JIEMEHTOB NaMATA M COCTOUT B TOM, YTO COCTOSIHUS, MEXAY KOTOPBIMH
CYILLeCTBYeT Mepexol, KOAUPYIOTCSI COCETHUMU KOJaMU.

OnHako, faxe UCIOJb3ys KOJ 000! AMHBI, He BCerja yaaercs Ha Bcex
nepexoaax 3aK0IMpPOBaTh COCTOSIHUS COCEAHUMU Konamu (puc. 5.7).

Puc. 5.7

B sTom cilydac H€O6XOI[I/IMO BBOJUTL JOITOJIHHUTCIIBHBIC IIPOMECIKYTOYHBIC
COCTOAHHS, KOTOPBIC ABJIAIOTCA HGYCTOﬁQHBBIM N Ha3bIBAIOTCA TPAaH3UTHBIMMU.
Yucno TPaH3UTHBIX COCTOSIHUM Ha Iepexoaec MOXKET OBITH MFOOBIM. OHHI CIIyXartT
JUISl ACKJIFOYCHUS COCTS3aHUM U 3aJaHMs OUCpE€AHOCT U3MCHCHHA SJICMCHTOB



namstu. Ha puc. 5.8 Mmexay cocrosuueM ¢ kogom 00 u coctosiHreM ¢ Kojaom 11
BBEJICHO TPAH3UTHOE COCTOsIHUE ¢ KoaoMm 10.

01
11
10

11/ 1)

10

Puc. 5.8
Ecau 4ucino mepexonoB BEIMKO W IPH MUHUMAJIbLHOM YHUCJIE 3JIEMEHTOB
HaMsATH He YJIaeTcsl COCEIHUMH KOAaMH 3aKOJAMPOBATh COCTOSIHHS, TO
HEOOXOAMMO YBEJIHMYNTh Ha EIUHUILY YHUCJIO pa3psioB KoJa U IOBTOPHTH
poleaypy KOTUPOBaHHUS, HPH 3TOM HAI0 CTPEMHUTHCS TPU MHUHUMAIBHO
BO3MOYKHOM JJIMHE KOJIa BBECTH MUHUMAIBLHOE YHCIIO TPAH3UTHBIX COCTOSIHHIA.

Yuueepcanvhwiii cnocob koouposanus

DTO KOAUPOBAHUE COCTOSHUN YHUTAPHBIM KOJOM.

B nmaHHOM crmocobGe KOAWMPOBAHUS COCTOSHHE S KOAUPYETCS KOIOM,
COJIEPIKAIIIM OJHY €HUHHILY B | — TOM paspse.

JI1sl HCKITFOUEHHSI COCTSI3aHUM 3JIEMEHTOB NaMsTH NPU NEepexode U3 S B S
Ha OTOM INIepexOo/ie BBOJUTCS TPAH3UTHOE COCTOSIHHE, KOTOPOE KOIMPYETCS
KOJIOM, COZIepIKallliM JBe €AUHUIIBI B | ¥ | pa3psaax (puc. 5.9).

()

100 101 001
y1y2ys

Puc. 5.9



VYHuBepcanbHblid CIOCOO KOAUPOBAHHS IMO3BOJISET MOJIYYUTh (PYHKIUU
BO30YKJIeHHsI M BbIxoJa MpsiMo 1o rpady aBTomaTa, KOTOpble He TpebOyercs
MUHUMHU3APOBATH, HO HHOT/1a MOYKHO YTIPOCTHTb.

[Tpumep yHUBEpCATLHOTO CcITOco0a KOTUPOBAHUS.

[Tocne xoaupoBaHUsI YHUTAPHBIM KOJOM COCTOSIHMI aBTOMAaTa, 3aJJaHHOTO
rpapom Ha puc. 5.3:51 = 100, s, = 010, s3 = O01 u BBeneHUs TPaH3UTHBIX
cocTosiHM, momy4aercs rpad Ha puc. 5.10.

11

/@\‘
00

10

Puc. 5.10

Ecnu B kadecTBe 31eMeHTa MaMATH 3a1aH D-Tpurrep, To mpu MOCTpOSHUH
ero pyHKIMI BO30YKIeHUSI He0OX0IMMO obecneunThb ero nepexonnl: 0 —» 1 u 1
— 1. Hanmpumep, Ui peanuzaiuy ABeHAIIATOTO Niepexoa (Homep nepexoja Ha
puc. 5.10 o6Bemen) Hamo B (YHKIHIO BO30YKIEHHUS TIEPBOr0 TpUITEpa
BKJIFOYMTh KOHBIOHKIHIO Y1y2ys3, a IS peaju3aldd IIEpBOro Iepexoja H3
coctosius S1 = 100 B Tpan3uTHOE cocTosiHue ¢ konoM 110, HeoOxoaruMo BTOPOi
TPUTTEp YCTAaHOBUTH B €IMHUILY, VIS 3TOTO B (PYHKIHIO BO3OYXIEHUS BTOPOTO
TpUTTepa HAAO BKIIOYNTH KOHBIOHKIIMIO Xi1X2y1, Kak Toibko Yo = 1,
KOHBIOHKIIHS Y1 Y2 Y3 TPUMET 3Ha4YeHWe HOJb U 3TUM COPOCHUT TEepBBIA TPUTTEP
B HOJIb — TaK OyJIeT peaqnu30BaH BTOPOW MepeXo, T.€. U3 TPAH3UTHOTO C KOJIOM
110 aBTomar nepeiinet B coctosiaue S = 010. [TocnenoBarensHoO mpocMaTpuBas
Bce mepexonpl B rpade (puc. 5.10), bopMupyroTcss KOHBIOHKIIUH, KOTOpPBIE
BKJIFOYAIOTCS B COOTBETCTByroIMe GyHKUUU Bo30yxaenus. [lom kaxmoii
KOHBIOHKI[MEH yKa3aH HOMep Mepexojia, KOTOpbIi oHa oOecreunBaeT:

Y'oi=X1X2y2 VXix2YsV y1y2Ys;
©) @) (12
Y'o2=X1Xey1VxaXeysV XiXaysV yiy2ys;
@ ©, © (11)



Y'ps=X1X2y1Vyi1y2ys
€ (13)
Z=Ys.

Ha puc. 5.11 npencraBieHa BpeMeHHAS IuarpamMma IepBOro U BTOPOIO
nepexona:

Y1

Y2

Y3

X1

X2

Y’p1

Y’ D2

to b bt s
Puc. 5.11

IIycTth B MOMEHT BpeMeHH o aBTOMAT HaXOIUTCS B COCTOSIHHH S1 , Y1Y2Y3
= 100, a Bxomuble curHaibl X1X2 = Ol. @yHKIUU BO30YXIEHHUS TPUTTEPOB
uMeroT cienyromue 3HadeHus Y’p1 = 1, Y’p2 = 0, Y’p3 = O u 370 moaATBEp)KAaET
coctosguue 100, mo MmoMmeHTa t3.

B MoMeHT t1 MeHsieTcs X1 M K MOMeHTY 1o ctaHOBUTCS Y’p2 = 1, a 3TO K
MOMEHTY BpeMeHM 13 yctaHaBiuBaeT tpurrep Y2 = 1; B unTepBaie {3 u 14
nojyyaercsl TpaH3uTHoe coctosiHue 110. M3meHeHue Y2 MeHsieT 3HaYeHue Y’ p1:
1 - 0, xoTopoe B CBOIO ouepellb ycTaHaBIUWBaeT B MOMeHT ts Tpurrep y1 = 0,
nocie ts aBToMaT HaxoAUTCs B ycTouuBoM coctosiuuu 010, T.e. B S.



IIpu nepexone U3 St B S NOCIEA0BATEIBLHO MEHSIETCSl BHAYaje Y2 U 3aTeM
Y1. DT0 obecneunBaeT OTCYTCTBUE COCTI3aHUN MeXy HUMHU.

Ecim B kadecTBe oyieMeHTa maMsiTH 3agaH RS-tpurrep, To mnpu
MOCTPOCHUU  ero (QYHKIWH BO3OYXIeHUS HEOOXOAMMO OOECIeYUTh €ro
nepexoasl: 0 > 1 u 1 — 0. Hanpumep, mis peanuzauuu nepBoro mnepexona
(puc. 5.10) u3 cocrosus: St = 100 B Tpan3utHOe coctostare 110, HeoOxoauMo
BTOPO# TPUTTEP YCTAaHOBUTH B €AMHUILY, IJISl 3TOr0 B (YHKIIMIO BO3OYXKIEHUS
BXOJIa S BTOPOro TpUTTepa HAJI0 BKIIOUYUTH KOHBIOHKIHIO X1X2Yy1. Jlanee mist
peanuzalu BTOporo mnepexoaa u3 TpaH3uTHoro 110 B cocrosuue S, = 010
HEOOXOAMMO TMepBbI TpUITep COPOCUTH B HOJb, ISl 3TOTO B (YHKIHIO
BO30YKJIeHHs Bxojaa R mepBoro Tpurrepa Hajao BKJIFOYUTh KOHBIOHKITUIO X1X2 V2.
[TocnenoBarenbHo TmpocMaTpuBasi Bce mepexoabsl B rpade (puc. 5.10),
bopMUPYIOTCS KOHBIOHKIIMHM, KOTOpble BKJIIOYAIOTCS B COOTBETCTBYIOIIME
(GYHKUIMU BO3OYXKACHUS:

'st=X1X2Y2 V X1X2 Y3
SRR
Ys2=X1X2Y1V X1 X2 Y3V X1 X2 Y3;

@ © ©
Y’s3 = X1 X2 Y1,
®
Y’R1=X1X2Y2V X1X2Ys3;
@ ®
Y’R2 = X1 X2 Y2
@
Y’R3 = X1 iz%a VxiX2y3V X1 X2 Vs;
8) (10) (10)

Z=Ys.

Ha puc. 5.12 npeacraBneHa BpeMeHHAsl [uarpaMMma IepBOTO W BTOPOTO
nepexoJa:

IIlycth B MOMEHT BpeMeHM {o aBTOMAaT HaXOOUTCS B YCTOHYMBOM
coctossHUM St , Yiy2ys = 100, a Bxomuble curHaibl XiXe = 01. ®yHkuuu
BO30Y KJIEHHS TPUITEPOB UMEIOT cleayroriue 3HaueHus: Y'r1 =0, y’s1 = 0, Y’r2 =
0, y’s2 =0 u 3T0o monrBepxkmaeT coctossare 100, 1o MomeHTa t1.

B momenT t1 Mmensiercst X1: 0 = 1 u k MomeHTy t2 m3MensieT Y’p2 = 1, a 3TO
K MOMEHTY BpeMeHHu 3 ycraHaBimBaer Tpurrep Y2 = 1; B uHTepBaie {3 u t4
noJiydaetcs Tpan3uTHoe coctosinue 110. /lanee n3amenenre Y2 MeHsIET 3HAYEHHUE
y’p1: 1 = 0, KoTopoe B CBOIO ouepellb yCTaHABIMBAeT B MOMEHT {5 Tpurrep yi =
0, mocne ts aBToMat HaxoauTcs B cocTossHUM 010 , T.e. B COCTOSIHUU Sp.



y1

Y2

X1

X2

[EPUPUURIPE SR S R D —————

to t1 to t3 ita ts ite

Puc. 5.12
[Ipu mepexojie 3 S1 B S MOC/IeNOBATEILHO MEHIETCS BHaYaJle Y2 U 3aTeM
Y1. DT0 o0ecrneuynBaeT OTCYTCTBUE COCTSI3aHUN MEXIy HUMHU.

5.4. CHHTE3 CXEM DJIEMEHTOB [TAMSITH
Mertoabl Teopusi aBTOMAaTOB MO3BOJISIIOT OMUCHIBATh (YHKIIMOHUPOBAHUE
Y CUHTE3UPOBATh JJOTUUECKUE CXEMbI 3JIEMEHTOB MaMSITH.
[To normueckoMy (QYHKIMOHMPOBAHUIO 3JIEMEHThI MaMsTH (TPUITEpHI)
nensaTes Ha cienyromue Tiel: RS, JK, Du T.
[To mpuHUMIY 3alMCH ¥ CUUTHIBAHWIO MH(GOPMALUU CXEMbl TPHUITEPOB
JeNsITCS:
- 68 3aBUCUMOCINU OM HANUYUS UTU OMCYMCMBUSL CUSHANA CUHXPOHUSAYUU'
a) aCMHXPOHHBIE;
0) CHHXpPOHHBIE;
- 8 3A8UCUMOCIU OM 8pEeMeHU PeaKyuu mpuzeepa Ha UsMeHeHUue 8X00HO20
cucHana:
a) TpUTTEpHI 0e3 JIOTHUECKOU 3aTePIKKH;
0) TpUTTEpHI C TOTUUYECKOU 3aIePKKOH.



Tpuecepom ¢ noeuneckou 3a0epickoli Ha3bIBaeTCsl TPUTTEP, KOTOPBIN
MeHsSIeT CBOE COCTOSIHHE 110 OKOHYaHWH CUTHAJIA, BEI3BABIIIETO 3TO U3MEHEHHeE.

Ha puc. 5.13 -5.16 npuBengeHsl BpeMeHHBbIE AMarpaMMbl pabOTHI Bcex
YeThIpeX BapUAHTOB JIOTUUECKHX cxeM RS-Ttpurrepa.

B Tpurrepax ©0e3 Jjoruyeckod 3alep>KKM HU3MEHEHUE COCTOSHUS
OPOUCXOIUT MO (GPOHTY HHPOpMAIMOHHOro curHaina (puc. 5.13) umm no
¢poHTy cunxpocurHana (puc. 5.14), a B Tpurrepax c JOru4eckoil 3aepxKoit mo
“criamy” mHMDopManroHHoro currana (puc. 5.15) wnmm “cmagy” cUHXpOCHTHaIa
(puc. 5.16).

Acunxponnuiii RSmpuezep Cunxponunsiii RS-mpueeep
be3 102uieckoll 3a0epiHcKu be3 no2uueckoll 3a0epiHcKu

A

R A

|

%

Puc. 5.13 Puc. 5.14

Cunxponnwviii RSmpueeep

Acunxponnolii RSmpueeep ‘ .
C JI02UYECKOLL 3A0ePAHCKOI

C 102UYECKOU 3A0ePIHCKOT

A

A

R

Puc. 5.15 Puc. 5.16



llocmpoenue acunxponnoco RSmpueeepa 6e3 nocuueckoui 3a0epicku u3
JIO2UYECKUX 2]IEMEHMO8 NOMEHYUATIbHO20 MUN.

RS-mpueeep uz noeuneckux snemenmos HJ/IH-HE.

Ha puc. 5.17 npuBeneHa cxema Tak Ha3bIBaeMOU “OMCTaOMIBLHON SYeHKN”
u3 snementoB WIIM-HE, koropas MoOXeT HaxoguTbCs B OJHOM M3 JBYX
coctosHuii. I[lycTh Ha OAHOM M3 BBIXOJOB CXEMbl, KOTOPbIA 0003HAYUM — (,
3Ha4YeHHe JOrMYeCKUil HOlb, a Ha JPYroM, KOTOpPbIii 0003HaYuM — (, 3HauYeHue
gornueckoil emuHuubl. Ilocme mnomaunm Ha BXOABI CXEMBI  TECTOBBIX
nocJieZIoBaTeNIbHOCTed W TMOCTPOEHUsT BpeMeHHoW nuarpamMmbl (puc. 5.18)
BUJIHO, YTO 3TO cxeMma siBngercss RS-tpurrepom, tak kak nojgaya 0 0 Ha BXOnbl
CXeMbl He MEHsIET 3HaueHus Ha e€ BbIXOJax, a rmojada Ha BxoAel 1 1 gaer Ha
Bbixogax 0 0, T.e. cxeMa mepectaer ObITb TPUITEPOM U CIl€OBATEIbHO HAOOpP
1 1 ve nomyctum. Bepxuuii BXoj siBisieTcss R-BXOJOM, a HIKHUI S-BXOJIOM.
YcnoBHoe o0o3HaueHue Tpurrepa (puc. 5.19).
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RS mpueeep uz nocuveckux snemenmos H-HE

Ha puc. 5.20 npuBenena cxema “OucTaOUIBHON sTUEHKH’ U3 3IIEMEHTOB
N-HE, xoTopas MOXeT HaXOIWUThCS B OJHOM U3 NIBYX cocTosHuid. I[lycTe Ha
OJIHOM M3 BBIXOJIOB CXEMbI, KOTOPbIi 0003HaUUM — (], 3HAUYEHHE JIOTUYECKUI
HOJIb, @ Ha IPYTOM, KOTOPBIN 0003HAYUM — (, 3HAYEHUE JIOTUYECKOU eIUHUIIBI.
[Tociie mogaun Ha BXOIbl CXE€MbI TECTOBBIX MOCJIEI0BATEILHOCTEN U MOCTPOCHUS
BpeMeHHOI nuarpammbl (puc. 5.21) BuaHO, 4TO 3TO cxema sBiseTcss RS-
TPUTTEPOM C MHBEPCHBIMU BXojamMu? Tak kak nonaya 0 0 Ha BXOJbI CXEMBI JaeT
Ha BeIXojax 1 1, T.e. cxema nmepecraeT ObITh TPUTTEPOM M CJIeAOBATEIHLHO HAOOD
0 0 HepmomycTuM, a BXxoAHOU Habop 1 1 He MeHseT 3HaueHUs Ha e€ BBIXOJaX.

Bepxuuii Bxopn sBisieTcss S-BXoaoM, a HWXKHMH R-Bxomom. YcioBHOe
obo3HadeHne Tpurrepa (puc. 5.22).
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InemeHmuvl NAMAMU ¢ YCMAHOBOYHBIMU 8X00AMU
Jliist Toro uToOBI Mepen HavyalloM padOThl cxeMa TpUrrepa Haxoaulach B
HY>)XHOM COCTOSIHUM, B CXE€MYy BBOJSTCS JOINOJHUTENIbHbIE TaK Ha3blBaeMble

yCTaHOBOYHBIE BX0bI Ro 1 So st anementos MJIM-HE (puc. 5.23), Sou Ro TS
anemenToB M-HE (puc. 5.24). Onn ornmyaroTcss oT WH(GOPMAIIMOHHBIX BXOJIOB
TOJIBKO T€M, YTO HYXKHbIe 3HAaUeHUs TOIAI0TCSl Ha BXO/IbI TOJBKO Mepe HaualoM
pabotel Tpurrepa. Ilocie yctaHoBku Tpurrepa B TpeOyemoe COCTOSIHHE OHU
MEHSIOTCS Ha 3Ha4YeHHe, He BJIUSIONINE Ha NajbHellnyr padoTy Tpurrepa. Ha
puc. 525 u puc. 526 ykazaHbl CUTHaJbl, yCTaHaBJIMBAIOUIME TPUITEPHl B
HyneBo€ coctosinue, T.e. = 0. Ha puc. 527 u puc. 5.28 naHbl ycioBHbIe
0003HaueHUs TPUTTEPOB C YCTAHOBOYHBIMH BXOJIaMHU.
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CuHXPOHHble NIEMEHM bl NAMAMU.
CI/IHXpOHI/I3aI_II/IH IIO3BOJISCT.
— HCKIIIOYUTD BJIIMAHUEC BPEMEHHbIX CMEILCHUM CUTHAJIOB TpUITEPA HA
€TI0 pa3HbIX I/IH(bOpMaHI/IOHHBIX BXOoO4ax,
— TI03BOJISIET OOECIEYUTH OJHOBPCMCHHOC HW3MCHCHUC COCTOSIHUM

Pa3JINYHBIX 3JICMCHTOB ITaMATH.
A

|I I:
A

Puc. 5.29
Ha puc. 5.29 npuBeneH npumep HCKIIOYEHHUE BPEMEHHOI'O CMEIIeHUS
BXOJ/IHBIX CUTHAJIOB Ha BEIMUMHY A. J[Jis aCHHXpOHHOTO TpUTTepa 3TO MPUBEIIO
Obl K HEJJOMyCTUMOM CUTyalluH — MOJa4l Ha BXojAbl RS-Tpurrepa nByx eanHuIl
OJIHOBpeMeHHO. BBeseHne curnana CHHXpOHU3ALUH TT03BOJISIET 3TO UCKIIOYUTh.
TpeOoBaHusl, npeabsBIsieMble K CUTHALY CUHXPOHU3AIUY:

— CHUTHAJI CHMHXPOHHW3allUU MO JIUTEIBHOCTH TOJDKEH OBITh KOpode
UH()OPMAIIMOHHOTO CUTHANIA;

— CHUTHQJl CHHXPOHM3AIUMU JOJKEH OBbITh BO BPEMEHU CIABUHYT OT
U3MEeHEeHHs] HWH()OPMAIMOHHOTO CHUTHAJla Ha BEJIHYUHY A,
o0ecIeuynBaroIIyI0 YCTOMYMBYIO padoTy Tpurrepa (puc. 5.30).

NudopmarmonHbiit curHai He JoJDKeH MeHsThes pu C = 1.

A

I
c s s
L A1 Lo A2 :
A1, A2>0
Puc. 5.30

Cunmes cunxponnozo D-mpuzeepa 6e3 nocuueckoii 3a0eparcku

[Ipu cuHTE3e BCeX TPUITEPHBIX CXEM CHHTE3UPYyeMOe YCTPOHCTBO
paccMmaTpuBaeTcs KaKk aCHHXPOHHBINH aBToMaT Mypa, KOTOPBIH pealn3yercs u3
3aJIaHHBIX JIOTHYECKUX JJIEMEHTOB C HCIOJH30BAaHMEM B KadecTBE JJIEMEHTa
naMsATH acUHXPOHHBIH RS-Tpurrep 0e3 mormueckoit 3amepxku (0a3oBbiii RS-
TPUTTEP) U3 33J]aHHBIX JIOTHYECKUX DIIEMEHTOB.



Ha puc. 5. 31 rpad u Tabmuna nepexomoB aBroMara Mypa (tadn. 5.4),
3aJIaI0IUX CUHXPOHHBIN D-Tpurrep

Tabmuua 5.4
DC DC
10 1 01 %100 |o1 |11 |10
00 00 9
01 11 0 O]l 0] 1] 0

1 1 0 1 1

01

Puc. 5.31
Ha puc. 5. 32 uzo0OpaxeHa cTpyKTypHasi cxema cuHTe3upyemoro D-tpurrepa.
B xauecTBe 35ieMeHTa MaMsITH aBTOMaTa UCIoJb3yeTcs 0a30BbIil RS-Tpurrep.
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0 — 1 10 q 00 (01 11 10
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1 — 1 * O *O 01 *0 *O
Puc. 5.33

ITo Tabnue nepexonoB (Tabdiu. 5.4), uconb3ys MaTpUIly MepexogoB RS
tpurrepa (puc. 5. 33), crpoutcs Tabauia GyHKIUH Bo30yxaeHus (Tadi. 5.5).

Jlanee mo otoii Tabnuue cTposAtcs kKapThl KapHo s dyHKui
BO30OykaeHus: Y’s (taba. 5.6) m y’r (taba. 5.7). Ilocne MuHUMU3ANKAK
MOJIyYarOTCs CleAYIOIIre BhIpaKeHUsl 1 QyHKIUN Bo30y)aeHuss RS-tpurrepa
B 6azuce NJIM-HE:

y’s=DC=DC=DV C;

y’rR=DC=DC=DV C.




Tabnuma 5.6 Tabnuua 5.7
yY's D Y'R - D
C _ C

oo |l |lo *mo*
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q q
Ha puc. 534 npuBeneHa cxema CHHTE€3UPOBAHHOIO CHHXpOHHOro D-
tpurrepa u3 snementoB MJIM-HE, a Ha puc. 5.35 ero ycioBHoe o003HaUeHHE:
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Puc. 5.34 Puc. 5.35

Ha puc. 536 mpuBeneHa cxema CHHTE3UPOBAHHOIO CHHXpOHHOro D-
tpurrepa u3 snemenToB M-HE, a na puc. 5.37 ero ycioBHoe o6o3HadeHMe:
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Ha puc. 5.38 npuBenena BpeMeHHasi nuarpamma padoThl CHHXpoHHOTO D-
tpurrepa u3 sneMentoB MJIM-HE (puc. 5.34).
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Puc. 5.38

B moment Bpemenu to curnan Ro, panee ycraHoBuBInii B RS-tpurrep B
0, cranoButrcs Ro = 0 m RS-Tpurrep HaumHaeT pearupoBaTh Ha CHUTHAJbI,
nojaBaeMble Ha UHPOPMALMOHHBIE BXOIBI.

B momenT t1 mosiBisieTcst curan R = 1, ognako Tpurrep B coctossauu 0 u
ClieloBaTeIbHO CMEHBI COCTOSIHUSL HE TPOUCXO/IUT.

B mMomeHT t2 mosiBnisieTcst curHan S = 1, koTopslit ycTanaBnuBaet = 0, a
3ateM ( = 1. IloBTopHbIif curHas S = 1 B MOMeHT {3 JHIlb MOATBEpP)KIAET
coctosiHue ( =1.

B MomenT Bpemenu ts4 nosiBuBImiics curnan R = 1 ycranaBnusaer ( = O,
a3ateMm q = 1, T.e. cOpacwiBaeT Tpurrep B 0.

Cunmes acunxponnozo T- mpuezepa c¢ 3a0epicKoil.

Tpucecepom c¢ noeuueckoil 3a0epiHckoli HaA3bIBACTCS TPUTTEP, KOTOPBIN
MEHSET CBOE COCTOSIHME MO0 OKOHUYAaHWU CHUTHaJa, BBI3BABIIETO 3TO M3MEHEHUE,
T.e. TPUITEP MEHSIET COCTOSHUE MO chagy WHGOPMAIMOHHOTO CHUTHaja

(puc. 5.39).



\
q K,/ =\
Puc. 5.39
[TosiBiieHHe BXOAHOIO MHGOPMAIMOHHOTO CUrHama 1 = 1 ycTaHaBIUBaeT
HOBOE COCTOSIHHE Tpurrepa g = 1 , OHaKO Ha BBIXOJIE 3TO 3HAYCHUE MOSBIISIETCS
JWIIb TOCJIe HCYe3HoBeHWs curHama 1 = 1. Dddexr Takoil orudeckoit
3aIepKKA MOXKHO OpraHHM30BaTh, MCIOJIB3YS [Ba 3JIeMEHTa MaMSTH, T.€. I

3alaHUsl TAKOTO TpUITEpa MCHONb3yeTcss aBToMar Mypa, KOTOpbIA HMeeT
YeThIpe COCTOSIHUAS U COOTBETCTBEHHO I'pad — "eThipe BepimuHsI (puc. 5.40):

Puc. 5.40
Tabnuma mnepexomoB aBTomaTa (Tabi.5.8) M ero cTpykTypHas cxema

(puc.5.41):
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ITo Tabnuie nepexomnoB (Tadmn. 5.8), ucmonb3ys MaTpuiy nepexogoB RS
tpurrepa (puc. 5. 42), ctpoutcs Tabiuna GyHkuuii Bo30yxaeHus (tadi. 5.9).
Hainee mo aTo#t Tabnuie ctpositcs kKapTel KapHo dyHKIMi Bo30yXIeHUS

y’s1 (Tadm. 5.10), y’r1 (Tadmn. 5.11) u y’s (Tadmn. 5.12) , y’r2 (Tabma. 5.13).

Tab6mauua 5.9

T
q(t) —q(t+1) | SR q \ 0 1
Yiy2

0 — 0 0 *

P 10 0 00 |0*,0* |0, 10

1 — 0 01 0 01 |10,*0|0*,*0
1 — 1 * 0

1 11 |*0,*0|*0,01

Puc. 5. 42 1 10 |o1 0|0 o

Jlanee mo »Toit Tabnuie crpositcst kapThl KapHo QpyHKIMNA BO30YXKISHUS:
y’s1 (Tab6m. 5.10), y’r1 (Tabma. 5.11) u y’s2 (Tadin. 5.12) , y’ro (Tabma. 5.13).

Ta6auna 5.10 Tabmuma 5.11 Tabmuma 5.12 Ta6muma 5.13
y’st —T VYR — T Y= — T VYR —T
0|0 NG 0 |f1) =10
[1]| o 0| * < | 0o|o
u * 0|0 * 10 0 1)

0| * /1Y 0 0|0 o |
yiy2 yiy2 yiy2 yiy2

[Tocne MHUHMMHU3ALUKM TOJY4YalOTCS CJENYIOIIUWE BbIPOKEHUS s
byHKIMH Bo30y)neHus RS-tpurrepos:

Vsa=VY2T, Yr=%2T, Yo=y1T, Yr=V1T.

Jlnst moctpoenus cxembl T-Tpurrepa B 6asuce M-HE B kauecTBe anemeHTa
naMsaTH HCMOJb3yeTcs 0a3oBbli  RS-Tpurrep C HMHBEpPCHBIMH BXOJaMHU.
BripaxxeHust ”HBepcHbIX (DYHKIMI BO30YXIeHUsI RS-TpUrrepoB MMerOT BU:

Y’s=VY2T, y’R1=?zT, Y=y1T, )TRZ:le-



Cxema T-tpurrepa Ha norndeckux anementax M-HE (puc. 5. 43):

So
i
y’st y1 — Yy | g | Y2 q
] “o— %o fo—— %0
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Ro
Puc. 5. 43
Takast cxema TpurTepa Ha3bIBaeTCs ABYXCTymeH4aroi wiu MS — cxemoit
(Master — Slave). KomOunHanmoHHas cxema, peau3yrolias MoJlydeHHbIe

(GYHKIMM BO30OYXXIEHWS, pachpeneleHa MeXIy BXOIHOM ¥  BBIXOJAHON
CTYTIEHSIMU TPUTTEPA, YTO OOIIESTIPUHATO MTPH U300paKEHUU TPUTTEPHBIX CXEM.

VYcnoBHoe o6o3HaueHue takoro T-tpurrepa (puc. 5. 44). JIse OykBbol T
O3HAQYalT, YTO CXeMa COCTOUT M3 JBYX I[OCIEN0BaTeIbHO COEIUHEHHBIX
TPUTTEPOB.

—O0 S | 7T q
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Puc. 5. 44

Ha puc. 5.45 npuBenena BpeMeHHas AuarpamMmma padoThl aCHHXPOHHOTO
T-Tpurrepa c JOru4eckoi 3aj1ep>KKou.

B momenT Bpemenu to curnan Ro, panee ycranouBiuii 06a RS-tpurrepa

B 0, cranoButca Ro = 1 wm T-tpurrep MoxeT pearupoBaTh Ha CUTHAaJ,
Mo/1aBaeMblii HAa HMHPOPMAIIMOHHBIN BXO/I.
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Puc. 5. 45

B MomeHT t1 mosiBnisieTcst curHan T = 1, KOTOpbIN MeHsIeT 3HaUYeHne Y’ s1 C
1 va 0 u sT0 ycraHaBiauBaeT RS-Tpurrep mnepBoil (BXOJHON) CTYNEeHH B
eAMHUYHOe cocTosiHue, T.e. Y1 = 1, a 3atemM y1 = 0. RS-tpurrep BTOpOIi

(BBIXOJIHOIT) CTYIICHH IIPH TOM He MeHsieTcs, Tak Kak T = 0u Y're = Y's2 = 1.
___ B mowmenr t2 nossnserca Bxoguoit curnan T = 0 u MeHseTcs QyHKUHUS:
Y’s2 = 0. Dro 3HadeHue ycraHaBmuBaeT RS-Tpurrep BTOpo# (BBIXOIHO¥)
CTYIIEHU B €JIMHUYHOE COCTOsiHWE, T.e. Y2 = 1, a 3ateM y2 = (. DTH BBIXOMbI
OTIPEeIENISIOT COCTOSsIHNE T—TpHUrrepa, KOTopoe H3MEHUIIOCH 110 craay curuana T,
peann3ys TeM caMbIM JIOTUUYECKYIO 3a/Iep’KKy Ha BpeMsi curHana 1 = 1.



Cunmes cunxponnoco RS-mpueeepa ¢ nocuuecxoii 3a0epicKoil.

B cHHXpOHHOM TpUTTepe C JJOTUYECKON 3aep)KKOM TPUTTEep MEHSET CBOE
COCTOSTHHE TI0 OKOHYAaHWH CHTHAaJIa, BBI3BABIIIETO 3TO M3MEHEHHE, T.€. TPUTTEP
MEHSIET COCTOSIHHUE TI0 CITaay CHTHajla CHHXpoHu3anuu (puc. 5.46).
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Puc. 5.46

Jliist peanu3zanuu JTOrM4ecKor 3aJepiKKU MCIONb3yeTcsl ABYXCTyleHvaTas
cxema, a JUIsl 3aJlaHus MCHoJIb3yeTcsl aBToMar Mypa, KOTOpbI HMeeT deThipe
COCTOSTHUSI 1 COOTBETCTBEHHO Tpad) — ueThIpe BepiuHsI (puc. 5.47):
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Puc. 5.47
Tab6muua 5.14
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Tabnuua mepexonoB aBTomara (Tabm.5.14) U ero cTpykTypHas cxema
(puc.5.48):
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Puc.5.48 Puc.5.49

[To Tabnuue nepexonos (Tadia. 5.14), ucnonb3ys MaTpuily nepexoaos RS
tpurrepa (puc. 5. 49), ctpostcs kaptel KapHo dynkuuii Bo3Oyxnenus (06e3
MOCTPOEeHUs TaOIUIbI (YHKIIUN BO3OYKIeHUS):

y’s1 (Tabum. 5.15), y’r1 (Tadi. 5.16) u y’s (Tabmn. 5.17) , y’r2 (Tabi. 5.18)

Tabmnuma 5.15
Y’s1 2
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[Tocie MUHMMU3ALNUY TTOTYYalOTCS CJIeTYIOLINE BEIpKeHUsI 17151 QYHKIIH

BO30yKIeHus RS-tpurrepos:

Vss=SC, VYrm=RC, Vye=VviC, Yr=71C.

JUist mocTpoeHHst cxembl CHHXpOHHOro RS-tpurrepa ¢ norudeckoi
3anepxkkoit B Oaszuce M-HE B kauecTBe »yneMeHTa MmaMmsTH HUCIHOJb3yeTCs
0a30Bblii RS-Tpurrep C wuHBepcHbiMU Bxoaamu wu3 3nemeHtoB U-HE.
Boipakenus uHBepcHbIX QyHKIMH BO30YyX1eHUsI RS-TpurrepoB uMeroT BU:

Y’'si=SC, VYr=RC, VYe=v1(C, VYr=y1C.

OyHKIMOHANBHAS cXeMa CHHTe3UPOBAHHOTO MABYXCTyleHudaToro RS-
TpUITEpa U ero yCJIOBHOE 0003HaueHue mpuBeneHsl Ha puc.D. 50, 5.51
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Puc.5. 50

YcnoBHOe 0003HaUeHHE IBYXCTYIeHUYaToro RS-Tpurrepa ¢ MHBepCHBIMU

Bxonamu u3 anementoB NJIM-HE npueneno Ha puc.5. 52.
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Puc.5. 51 Puc.5. 52

Ha ycnoBHoM oGo3HaueHnu Bxonbl S M Ro oTheneHbl ropu3oHTanbHOR
YepTOi OT OCTaJbHBIX BXOJOB. DTO O3HAYAET, UTO BIMSHUE CUHXPOCUTHAA Ha
HUX He paclpoCTpaHseTcs.



Bpemennass nuarpamma paboThl JABYXCTYNEHYATOTO RS-tpurrepa
sanemenToB M-HE npuBenena na puc. 5.53.
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BpeMeHHaSI AuarpamMma CTpPOUTCSA € YYUYCTOM BPCMCHHBIX 3aJCPKEK A,
BHOCHUMBIX JTOI'MYCCKHMMH ODJIICMCHTaAMU. CTpeHKaMI/I IMOKa3bIBACTCA IMPHUYUHHO-
CJICACTBCHHAA CBA3b MCXKIAY USMCHCHUAMHA COCTOSIHUM JIOTUYECKUX BJIECMEHTOB.

B momeHT Bpemenu to curnan Ro, panee ycranoBuBmuii o6a RS-tpurrepa

B 0, cranoBuTcsi Ro = 1 W TpHUITep MOXKET peardpoBaTh Ha CHIHAIIBI,
nojaBaeMble Ha ero BxoJbl. B MomeHT t1 mosiBnsiercst curnan C = 1, kotopblit
OTKpBIBaeT BXOJbI TpUrTepa, Ho Tak kak S = 0 u R = 0, To Hy/neBbie 3HAUCHUS
GbyHKIUH BO30YKIeHUS HE MEHSIIOTCS o

B momenT t2 mpu S =1 o ¢pponty curnana C mensieTcst 3Hauenue y'sic 1
Ha 0 wu 910 ycranaBnuBaer RS-Tpurrep mnepBoii (BXOAHOW) CTyNeHH B
eAMHUYHOe cocTosiHue, T.e. Y1 = 1, a 3atem y1 = 0. RS-Tpurrep BTOpOIii
(BBIXOAHOI) CTYNIEHH MpPHU 3TOM He MeHsieTcsl, Tak kak C = 0, a 3To onpenensieT
3HaveHre GyHKIUN Bo30Oyx aeHus Y r2 =Y sz = 1.

B moment t3 mpu S = 1 mo cnagy curHaina C MeHsieTCs 3HaueHUe
byaknus: YV's2 1 mHa 0. DT0 3HaYeHWe ycraHaBiauBaeT RS-Tpurrep BTOpOI
(BBIXOIHOIi) CTYIIEHH B €IUHUYHOE COCTOsIHUE, T.€. Y2 = 1, a 3atem y2 = 0. DT
BBIXO/Ibl ONpeNeNstoT cocTosiHue RS —Tpurrepa, KoTopoe U3MEHUIOCH O crany
curnana C, peanu3sys JOTMYECKYIO 3a/1epKKy Ha Bpems curHana C = 1.

MuHuManeHO HeoOXoaumasi JJIMTEIbHOCTh CHUTHAlla CUHXPOHU3ALUU
C = 1 momkHa ObITh 1 = 3 A, a MUHMMAaJIbHO HeoOXoauMas UINTEIbHOCTh
curtania cuaxponnsanuu C = 0 nomkHa ObITh To =4 A, rae A - BpeMs 3a7ep>KKH
OJIHOTO JIOTUYECKOT'0 HJIEMEHTA.

CUHXpOHHBIE TPHUITEPhl C JIOTUYECKOH 3alepKKOH HCIOIb3YIOTCS IS
peanu3aiuy “IBOWHON maMsaTh aBTOMaTa, 0OecleunBarolleil ero yCcTolnuruByO
paborty.

5.5. UCKJIIOYEHUME COCTS3AHUN DJIEMEHTOB ITAMSITH
B CHUHXPOHHOM ABTOMATE

SIBneHne cocCTsA3aHUS SJIEMEHTOB TMaMsITH paccMaTpuUBajoch B padoTe
aCI/IHXpOHHOFO aBTOMaATa. yCTpaHeHI/Ie JAHHOI'0O JsBJICHUA B CI/IHXPOHHOM
aBTOMAaTe€ MOXKHO celaTh CIeAYIOMUMU ABYMS criocodoaMu:

1) 3a CUCT BBI60pa MHWHHUMAJIIBHO H606XOI[I/IMOI71 JJIATECJIBHOCTU CHI'HAJIa

CHHXpOHI/ISaIII/II/I;

2) WCIMOJIb30BAaHUEM CTPYKTYPhI aBTOMATa C IBOMHOMN MaMsThIO.

ITepBebIit ctoco0O OBLT paccMOTpPEeH paHee B IMIpUMeEpe CTPYKTYpPHOIO dTara
KaHOHHYECKOIo MCETOAa CHHTC3a CHHXPOHHOI'O aBTOMAaTa, HO O6BI‘IHO Ha
MpPaKTUKE 3TOT CMIOCOO HE MCMOJIb3YEeTCs, TaK KaK CJIOKHO IMTOCTPOUThH FeHepaTop
CUTHaJIa CHHXPOHHU3AIIUU C TaKuMHU JKCECTKHUMU Tpe6OBaHI/I$IMI/I K €ro
AJIUTCIIBHOCTHU.

OObIYHO HCMOJNIB3yeTCs CTPYKTypa aBTOMaTa C JIBOWHOW MNaMAThIO.
CTpyKkTypHas cxeMa TaKoro aBTomMara npejcTaBjieHa Ha puc. 5.54. biiok namstu
COCTOUT M3 JABYX CTYNEHEW NMaMsiTH, KaXIasd U3 KOTOPBIX TAKTUPYETCS CBOUM
CUTHAJIOM CHHXPOHHM3alWH: IepBas (BxomHas) — curHagom Ci, BTOpag
(BeIXOOHAsA) — curHajgom Co.



BXOI[Ha}I CTYIICHb OJ0Ka MHaMATH CIIYKUT I 3allOMHMHAHUA HOBOTO
COCTOsIHUA aBTOMaTa, B TO BpPEM:A, KOI'Ja BbIXOJHAsA CTYIICHBL, OIIPpCACIIAroLIas
COCTOSAAHHE aBTOMATa, COXpaHACT KO CTApOro CoOCTOSAHMUA.
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Ha puc. 5.55 npuBeneHa BpeMeHHas auarpamMma paOOThl aBTOMara ¢
JIBOMHOMU MMaMSITBIO.

o | [1 1 I
«

fo Ih otz ta ts

Puc. 5.55

K HauansHOMYy MOMeHTY BpeMeHH to 00e cTyreHu OJioKa MaMsiTh JOJKHBI
OBITh yCTAaHOBJIEHBI B HayaJbHOE COCTOSHHWE W Ha BXOJbl aBTOMAaTa TMOJAHBI
HY>KHOE 3HAUY€HHUS BXOJIHBIX CUTHAJIOB X;.



B untepBane Bpemenu to — {1 B KOMOMHAIIMOHHOW cXeMe aBTOMara
npoucxoautT ¢GopMuUpoBaHUE 3HauYeHWH (YHKIUNA BO30YXKIEHUS M BbIXOAA
aBToOMarTa.

K MomenTy t1 3T 3HaueHUs JOJKHBI OBITh cHOPMUPOBAHBI U IO GPOHTY
cUrHasia cuHxponu3saiuu Ci = 1 B TeueHue uHTepBaia t1 — t> mporucxoauT 3anuch
HOBOI'0 3HaueHMs KOJa COCTOSHHUS B TMepBYylO (BXOAHYIO) CTyNeHb OJioka
naMsTH, MPU 3TOM B 3TO BpeMsi MOXKET BO3SHUKHYTh COCTS3aHHE 3JEMEHTOB
naMsATd TEepPBOW CTYNEeHH, HO 3TO COCTsA3aHWe He OyJeT BIUATh Ha pabdoTy
aBTOMaTa, TaK Kak 3alKch BO BTOPYIO CTyIEeHb 3ampellneHa, noromy uro C2 =0 u
Ha BbIXOJaxX OJIOKa MaMsITH COXpaHsieTCsl KOJ CTaporo cocTosiHus. Takum
o0pa3oM, COCTsi3aHHME DJEMEHTOB MaMsTH TMepBOW CTYNEHU SBISETCS He
KputudeckuM. [nutenbHocts curHana Ci 10mKHa ObITh JOCTAaTOYHA JIJISl 3alUCH
KOJIa HOBOT'O COCTOSIHUSI BO BCe TPUTTEPhI IEPBOH CTyMEHHU.

K momeHnTy t3 cocTsizanue 37eMeHTOB NMaMATU MEepPBON CTYMEHU JOJKHBI
OBITh 3aKOHUEHbl U Ha BXO0JaX BTOPOH CTymeHU OJioKa MamsTh JOJDKHBI OBITh
YCTaHOBJICHbl 3HauY€HUs KoJla HOBOro cocrosiHusa. [lo ¢poHTy curnana
cUHXpoHu3auun Cz = 1 B TeueHHe MHTepBana {3 — {4 IPOUCXONUT Mepe3anuch
3HAUEHHUs KOJa HOBOTO COCTOSIHUSI U3 MEPBOU (BXOJHOI) CTYyNeHH BO BTOPYIO
(BBIXOJIHYIO) CTyleHb Ojoka maMsT. [Ipu 3ToM MOTYT BOBHUKHYTh COCTSI3aHUE
3JIEMEHTOB MaMsITHU BTOPOU CTyNEeHHU, HO 3TO COCTS3aHHE He OyJeT BIMATh Ha
paboTy aBTOMara, TaK KaK 3aliCh BO3HUKIIUX  HENPaBUIBHBIX 3HAYEHUU
byHKUMI BO30YK/IeHUsI B MepBYIO (BXOJIHYIO) CTYIIEHb 3alpelieHa, IOTOMY YTO
C1 = 0. Takum 00pa3oM, cocTs3aHKMe IEeMEHTOB NaMsATU BTOPOH CTyrneHHu Oyoka
naMsTu Takxke Oyner HekpuThueckuM. [[nurenbHocTs curnana Cz 1oKHa ObITh
J0CTaTO4YHa JUIsl 3aliCH KOoJa HOBOTO COCTOSIHMSI BO BCE€ TPHUITEPhl BTOPOM
CTyTIeHU OJI0Ka MaMsTH.

B wuntepBane ts3 — ts, mpu Co = 1 MeHstOTCS 3HAUEHUs] Ha BBIXOAAX
3JIEMEHTOB 0JIOKa MaMsTH Yj, KOTOPbIe MOCTYMAIOT Ha BXOAbl KOMOWHAIMOHHOM
CXeMbl, CIIeJIOBaTeNIbHO, 11eJ1ecO00pa3HO B ATO K€ BpeMs MEHSTh U BXOJHBIC
CHUTHAJIBI Xi.

B unTepBan t4 — ts B KOMOMHAIIMOHHOW cxeMe aBToMaTa (OPMHUPYIOTCS
GyHKIMM BbIXOAa M (DYHKIWHM BO30YyXaeHus. J[JTMTEeTbHOCTh 3TOTO MHTEpBaIa
BBIOMpaeTcss MUHHMMAJbHO HeoOXoguMmol niiss  GopMUpOBaHUS  (PYHKIHUH
BO30YyXIeHNs U (QYHKIIMHU BBIXOJIa U ONpeleNisieTcs riIyOnHO# KOMOUHAIIMOHHON
CXEMBl.

K wmomenty Bpemenn ts mpu Ci = 1 3HayeHus Ha BbIXOAAX
KOMOUWHALMOHHON CXeMbl yKe cTaOuibHbl, 1 Ipd C1 = 1 MOXHO CUUTHIBATh
3HauYeHUsI PYHKIUU BBIXOJA Zj.

CTpykTypHasi cxema aBTOMara C JBOWHOW MaMSThIO M JIBYMS CEepUSIMU
CUTHAJIOB CHHXPOHM3ALMU HCIONB3YeTCS B YIPABISIIOUINX YCTPOMCTBAX,
KOTOpPBIE JKCILUTyaTUPYIOTCS B HEOJIArompHsATHBIX YCJIOBUSX MPU OOJBIIUX
KOJIeOaHUSX TeMIlepaTypbl BHEIIHEH CpeIbl.

B HOpManbpHBIX YCHOBHSIX OOBIYHO BMECTO [JIBYX CEpHUil CHUTHaIOB
CUHXPOHU3ALNK UCIONb3YIOT MPsIMOE€ M MHBEPCHOE 3HA4YeHHe OJHOr0 CHTHaja



cuaxpormuzanuu. [Ipu C = 1 cpabarpiBaeT mepBas (BxoaHas) CTymneHb, a npu C
= (0 BTOpas (BbIXOAHAsI) CTyNEeHb OJOKa MaMsTH.

I[Ipu cuHXpOHWM3aMKA ABOWHONW MaMsATA OJHOW CEpUEell CHUTHAIIOB
CHUHXPOHHW3AllMM B KaudyeCTBE 3JIEMEHTOB MaMSTH HCHOJL3YIOTCS CHHXPOHHBIE
TPUTTEPbl C JIOTHYECKOW 3aJep)KKOW, T.€. JBYXCTyIlEHYaTble TPUITEPHI,
nocTpoeHHble o cxeme Master-Slave.

Ilpumep peanuzayuu cuHXpoHHO2O asmomama cCmMpYKmypou ¢ O080UHOU
NaMAMbI0 U OOHOU cepuetl CUSHANA CUHXPOHU3AYUU

[Iycte 3aman rpad aBTomMara Munu, pacCMOTpeHHBI paHee B
KaHOHMYECKOM METOJE CUHTE3a U PEeaIN30BAHHbINA paHee CTPYKTYpOil ¢ OAHOM
cTyneHbto namstu (puc. 5.56).

0/1

Tabnuua 5.19

0/0 0/0 ”

Yiy> 0 1
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01 11/0 | 11/0
1/0 1/0 11 10/0 | 10/0
1/0 10 01/1 | 01/0
Puc. 5.56

ITocnme mMpOWM3BOIBLHOIO KOJUPOBAHUS TPeX COCTOSHUN aBTOMaTa
cienyromuM obpazom: So = 01, st = 11, S = 10 Gbuta mossydeHa KoAWpOBaHHAS
TabJuIa TMepexoJ0oB M BbIXOA0OB (Tabin. 5.19) u mo sToit Tabiuie Obuia
MOCTpPOCHa CleAyromIas cucremMa OyJieBbIX (DYHKIIUNA BO30YXXKICHHUS SJIEMEHTOB
[IaMATH ¥ BBIXOA aBTOMATAa:

Z=X y2
y'st=y1, Y RL=Y2
Yo=y2, Yre=Y1Y2

CTpyKTypHas cxeMa CHUHTE3MpPyeMOro aBTOMaTa C JIBOWHON NaMsThbIO
npejacTaBiieHa Ha puc. 5.54, TOJIbKO B KaueCcTBe 3JIEMEHTa NMaMsITH UCIOJIb3yeTCs
RS-Tpurrep. KomOunanronHnasi cxema peajiu3yeT CUCTeMY CIEAYIOIUX TSTH
OynieBbIX QYHKUMHA: Z — QYHKIIMUS BBIXOMA, Y's1, Y RL — QYHKIUHA BO3OYXKIEHUS
TpUrrepa MepBoil cTymeHu T11, y's2, Y'R2 — GYHKUHUHM BO30YXXIEHUS TpUTTEpa
NepBOM cTymeHu T 12, 3aBUCSIINE OT TPEX MePEMEHHBIX: X, V1, V2.



y2
x |5 & z z
P e
< - 0 ;
y1 & |— T & l— S0 Ta1 i
- ys + ['L+s — [ s
yi
I - _ | R IR
y2 — & || 1 & | y1
R ), R —]
y2 | VR 0 Q r ° Q
y2
- - L
F \ & S T2 & i To | Y2
S y's2 [ S - S
Y1 R _— R —
— & | &L I 1— y2
& N\
y2 + Ro r Ro CR
Y’R2 |7 <|/ E
0
. B
F

Puc. 5.57

K BbIXOJaM JIOTMYECKUX CXeM, pealu3yrolux (QYHKIUH BO30YXISHUS,
MOJIKJIIOYAOTCS 3JIEMEHTHI TaMsTH, 00pa3ytolue ABOIHYI0 NaMsATh aBTOMATa.

B pesynbrare nomyuaercs cienyromias GyHKIIMOHAIbHAS cXeMa aBToMaTa
¢ IBOMHON mamMsAThI0 (puc. 5.57). [y mpoBepku MPaBUWILHOCTH €€ MOCTPOSHUS
HEOOXOAMMO MPOTECTUPOBATH €ro padoTy HAa KOHKPETHOM BXOJHOM cioBe. Ha
puc. 5.58 mpeacTaBieHa BpeMeHHas uMarpaMMma padoThl aBTOMara 1o
nepepaboTke BxomHoro cijoBa 1— 1 —0. Dto crnoBo mnepepabaTbiBaeTcs B
BbIXOHOE ciioBo 0—»0-1.

[To curnany P = 1 x MmomeHTy Bpemenu o o0e cTymeHu Ojioka mamsTu
JOJIKHBI OBITh YCTAaHOBJIGHBI B HaudalibHOe cocTosHue So = 01 u Ha BXO.IbI
aBTOMaTa MOJIaHbl HY)KHbIE 3HaUEHUs BXOJHOr0 CUTHama X.

B wuwnTepBasie Bpemenu to — t1 B KOMOWHAIMOHHOW cXeMe aBTOMaTta
MPOUCXONUT (GOPMUpPOBaHWE 3HAYCHHWH GYHKIHUA BO30YXIEHUS M BBIXOZAA
aBToOMara.

K MomenTy t1 3T 3HaueHUsI JOJKHBI OBITh cHOPMUPOBAHBI U O (GPOHTY
cUrHaia cuHxponuzauuu C = 1 B TeueHue UHTepBaiia i1 — t2 MpoUcXoAUT 3amnuch
HOBOTO 3Ha4YeHUs KOJla COCTOSIHMSI B  TepBYIO (BXOJIHYIO) CTyleHb OJioka
naMsTH, MPU 3TOM B 3TO BpeMsl MOKET BO3SHUKHYTh COCTS3aHHE 3JeMEHTOB



naMsaTl TEepBOM CTyNeHW, HO 3TO COCTA3aHUE He OyIeT BIUATH Ha padboTy
aBTOMaTa, TaKk KakK 3alKch BO BTOPYIO CTyleHb 3amnpelleHa, noromy uro C =0 u
Ha BBIXOJaX OJOKa MaMSITH COXpaHsSeTCsl KOJ CTaporo COCTOsSHUS. Takum
o0pazoM, cocTs3aHWE DJJIEMEHTOB TMaMsTH TEPBOM  CTYNEHU  SBISIETCS
HeKkputuueckuM. JnurenbHocTh curnana C = 1 gomxkHa ObITH 1OCTATOYHA JIJIs
3aMKuCcH KOJia HOBOT'O COCTOSIHMSI BO BCE TPUITEPHI NEPBOIl CTyIEHHU.

K momeHnTy t2 cocTsizanue 37eMeHTOB MaMATU MEepPBON CTYyMEHU JOJKHBI
ObITh 3aKOHYEHBI M Ha BXOJIaX BTOPOH CTYINEHU OJIOKA MaMSITH JOJDKHBI OBITH
YCTaHOBJIEHbl 3HAueHUsI Koaa HoBoro coctosiHus. Ilo cmagy curnana
cuHxpoHu3auun C = 1 B TeyeHUe MHTepBaja tz — t3 MPOUCXOOUT Mepe3anuch
3HAUEHHUs KOJa HOBOTO COCTOSIHUSI U3 MEPBOM (BXOIHOI) CTYyNeHU BO BTOPYIO
(BBIXOAHYIO) CTyleHb OJioka mamsiTu. [Ipu 3TOM MOTYyT BO3HUKHYTh COCTSI3aHME
3JIEMEHTOB MaMsTH BTOPOM CTyNeHHU, HO 3TO COCTs3aHHE He OyJeT BIMATh Ha
paboTy aBTOMara, TaK KaK 3aliCh BO3HUKIIUX  HEMNPaBUJIbHBIX 3HAYEHUU
GbyHKIMH BO30YyXAeHUs B NMEepBYIO (BXOJAHYIO) CTyIeHb 3alpelleHa, TOTOMY 4TO
C = 0. Takum oOpazoM, cocTs3aHuE JIEMEHTOB NaMsTH BTOPOW CTYIEHH OJioKa
naMsTUTaKXke OylerT HekputuueckuM. JlnrensbHocTh curHana C JoiKHA OBbITh
J0CTaTo4YHa JUIsl 3aliCH KoJa HOBOTO COCTOSIHMSI BO BCE€ TPUITEPhl BTOPOM
CTYIIeHH OJIOKA MaMSTH.

B unrtepBane t> — t3 mpu C = O MeHsitoTCcs 3HA4YeHUs] Ha BBIXOAAX
JJIEMEHTOB OJloKa mMaMsATH Y1 W Y2, KOTOpble TMOCTYyHalOT Ha BXOJIbI
KOMOWHAIIMOHHON CXEeMbl, CJIeJ0BaTeNIbHO, 1eJIeCOO0pa3HO B 3TO K€ BpeMs
MEHATb W BXOAHOM curHan X. [lamee B 3TOM Xe uHTepBaie t2 — 13 B
KOMOWHAIMOHHON cXeMme aBToMara (OpMUPYIOTCS 3HA4YeHHUs (YHKIMH BBIXO/Ia
u (yHKUU BO3OYx AeHUS. J[MUTENbHOCT, S5TOrO0 HHTEpBalia BbIOMpaeTCs
MUHUMaJIbHO HeoOxoaumou s GopmupoBaHus GYHKIUU BO30YXACHUS WU
(GyHKUMM BBIXOJAa TIOCNe W3MEHEeHHs 3HAYeHUW BXOJHBIX CHUTHAJIOB U
orpeesieTcs TIIyOnHONH KOMOWHAIMOHHON CXEMBI.

K w™momenty Bpemenu 13 mpu C = 1 3HaueHHss Ha BBIXOAAX
KOMOWHALIMOHHON cXeMbl yke cTabuibHbl M 1o ¢poHty C = 1 MoOXHO
CUMTHIBATh 3HAUCHUs] (PYHKIMHU BbIXOJA Z U 3HA4YeHUs (YyHKUUHU BO3OYKIACHUS
3JIeMEeHTOB MaMsTh. Jlasiee 3TOT mpoliecc MOBTOpSIeTCs] 10 TepepaboTKH BCero
BXOJIHOTO CJI0OBa ¥ BO3BpaTa aBTOMaTa B HayallbHOE COCTOSTHUE.

Pacuem napamempoes cuenana cunxponuzayuu

JUIMTeTbHOCTh CUTHaJla CHHXPOHU3ALMM BBIOMpaeTcsl  ClEAYIOUINM
o0pa3oM: BHayaje ONPEeNessSIOTCs JOTMYECKHUEe 3JIEMEHTHI, KOTOpble MEHSIOT
CBOE COCTOSIHUE MPU 3TOM 3HAYEHUU CUHXPOCHUTHAJA U OMpPEeeNsieTCss UX YUCIIO
B CaMOl JIJIMHOM IIeToYKe U3 3TUX AJIeMEHTOB. JJINTeTbHOCTh ONpeaeseTcs U3
YCJIOBHSI, YTO BCE 3JIEMEHTbI, KOTOpbIe HOJKHBI MU3MEHUTb CBOE COCTOSIHUE,
yCHENH 3TO CeNaTh.

Torga ti — nmuTenbHOCTH curHaNa cuHXpoHu3zanuu C = 1 ompenensiercs
BpeMeHeM cpalaThIBaHUs TPUTTEPOB nepBoi ctyneHu t1 = At + 2 At = 3 At, rae
2At — Bpems cpabaTeiBaHus 6azoBoro RS-tpurrepa. [[nurensHocTs to — curHana
cunxponuzanuu C = 0 onpenensercs cyMMoil BpeMEH cpabaThiBaHUSI TPUTTEPOB



U BpeMeHU (QOpPMUPOBAHUS B

2 At + 2 At =4 At

t1+to=3At+5 At =8 At

T

(V)

BTOPOW CTYIICHU:
KOMOUHAIIMOHHON cXeMme 3HaueHH QyHKuui - AT, Tak Kak JJMHa IEMOYKU B

KOMOWHAITMOHHOW cXeMe paBHa equHuIle, uToro: to =4 At + At =5 A,
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5.6. TMOCTPOEHUE KOMBUHAIIMOHHON CXEMbI ACUHXPOHHOT O
ABTOMATA

CyliecTBEHHbIM  OTIMYHMEM CTPYKTYpPHOI'O CHHTE€3a aCHHXPOHHOTO
aBToMara OT CHHTe3a CHHXPOHHOI'O aBTOMaTa SBJISIETCS HEOOXOIMMOCTh
MOCTPOEHUsI KOMOWHAIIMOHHON CXeMbl 0e3 Tak Ha3blBaeMOro “‘siBJIEHUs pucka’.
[IprunHa 3TOrO SIBIEHUSI COCTOUT B TOM, YTO pealibHble TIOTUYECKUE 3IIeMEHThI
o0JamaroT oOmpeAesieHHOW 3aepKKOH BO BpeMeHH CpalaThIBaHWs, TpHUYEM
BeJIMUMHA 3aJepKKU  3apaHee He U3BeCTHA M 3aBUCUT OT TEXHOJOTUU
W3TOTOBJIEHHUS W OT BHEIIHWX ()aKTOPOB B MpoIlecce SKCIIyaTaluH, MO3TOMY
ONpeNe]INTh COOTHOILIEHUE 3aJep’KeK pazIUYHBIX JIOTHYECKUX JJIeMEHTOB
3apaHee HEBO3MOXKHO.

Jlns  aHanmu3a 3TOro SBJIEHUS MCHOJb3yeTcsl cleAyiolas MoJelb
pearbHOTO  JIOTMYECKOTO JJIEMEHTa, KOTOpas COCTOUT U3 HUJeaNbHOI0
noruyeckoro 3iementa (MJI1D) u anementa 3anepxku At (puc.5.59). 3anepikkoit
o0JanalT Tak)Xe JIMHUU CBSI3U, HO JTH 3aJepKKH OTHOCIT K 3alepikKKam
JTOTUYECKHUX DIIEMEHTOB.

Puc.5.59

BennuuHna 3amepxku AT 3aBUCUT OT TeMIIepaTypbl, OT PacMOJIOKEHUs B
cXeMme, Harpy3kH, BJII&XXHOCTH W JApyrux (akTopoB. BenmnumHa 3amepXKu MO
TEXHUYECKOMY MaclopTy MOXKET MEHSATHCA B CIEAYIOUINX Mpeenax:

AT min < AT < AT max

N3-3a pazOpoca 3HaueHHit AT pa3HbIX JOTHYECKUX JIEMEHTOB B CXeMe U3
3TUX 3JIEMEHTOB BO3HHMKAeT TaK Ha3blBaeMoe SIBJICHHE pHUCKa (Jajiee MpocTo
puck). Puck BO3HUKAIOT MNpH CMEHEe OJHOr0 Habopa 3HAUYEHHH BXOIHBIX
NMepeMeHHbIX Ha JpYyroil HaOop 3HAaYeHUW M MPOSBISETCS B MOSBICHUU Ha
BBIXOJIE CXEeMbl KpPaTKOBPEMEHHOI'O HEMpPaBWJIBHOI'O 3HAYEHUS pealn3yeMoil
GYHKIIUN.

Ha puc. 5.60 mpuBenena joruueckas cxema, peanusyromas (yHKIUIO
Tpex nmepeMeHHBIX: f (X1X2X3) = X1X3 V X2X3'
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[Tycth cymecTByeT ABa Habopa 3HAYCHUH BXOJHBIX TMEPEMEHHBIX X1X2X3:
o1 = 010 u 62 = 011, takux urto f (61) = f (02) =1. IlycTh 3amepikka mepBOro
anemMeHTa A1 OOJbIIIe 3aeP’KKH BTOPOTro 3jieMeHTa A2, T.e. A1 > A2 ¥ IyCTh A
npoctoThl Az = 0.

Bpemennas aunarpamma paboTbl cXeMbl IpH cMeHe Habopa 61 Ha Habop G2
npuBejeHa Ha puc. 5.61.
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Puc. 5.61

Ha puc. 5.61 BuaHO, 4TO Ha BBIXOJIe CXEMBbI HEHAIOJTO MosBisercs 0 -
3TO HA3bIBACTCH SIBJICHUEM PHCKa.

Cmamuueckuii puck.

Omnpenenenne: mycth cymectByeT QyHknus f(X) m cymecTtByror nBa
HaOopa 3HaueHW! BXOIHBIX MEPEMEHHBIX 61 U G2, Takux 4to f (01) = f (02),
TOrJa, €CIM NMPH CMeHe Habopa G 1 HAa G 2 Ha BBIXOJE CXEMbI MOSBJISETCS
3HaYeHue, oTim4yHoe OT f (81 ) , TO TOBOPAT YTO B CXeMe HMeEET MECTO
cmamuyeckuil puck.

CraTudeckre pUCKU OBIBAOT:

a)  crarmueckuii puck B «1» (puc. 5.62).

|_| t

Puc. 5.62



0)  crarudeckuit puck B «O» (puc. 5.63).

[ t

Puc. 5.63

Cnenyer oTMeTuTh, 4TO eciau A1 < A2, TO CTaTUYECKUN PUCK B «1» B
cxeMme (puc. 5.61) oTcyTcTBYeT.

Jlunamuueckuui puck.

Omnpenenenne: mycth cymectByeT QyHkous f(X) m cymecTByroT aBa
HaOopa 3HaYeHM BXOIHBIX TMEPEMEHHBIX G1 M Oz, Takux, 4to f (61) # f (02),
TOT/Ia, €Ccl MpH CMeHe Habopa G 1 Ha G 2 Ha BBIXOJE CXEMBbI TOSBISETCS
cienyrolnas nociaenopaTenbHocTh 3Hadenuii: f (o1) —f (02) —f (01) —f (62),
TO TOBOPAT, YTO B CXEME UMEET MECTO OUHAMUYECKUU PUCK.

Ha puc. 5.64 npuBenena norudeckass cxeMma, peajau3yromnas (QYHKIHIO
st iepeMeHHbIX: f (X) = (X1X2V X1X3) (X1XaV Xs):

X1 10
— &
e a1 | 10
1 11
4
X1 01
— & |o1 & |10
X3 11 - f
1 |10
X1 L & |10 5
“ 11,
X5 —OO
Puc. 5.64

[lycTp cymiecTByeT nBa Habopa 3HAaYeHUN TMEPEeMEeHHBIX X1X2X3X4Xs:
o1 = 01110 u o> = 11110, Takux, uto f (61) = 1, f (o2 ) =0. [Iyctp MexIy
3a/lepKKaMU MepPBbIX TPeX JIEMEHTOB CYUIECTBYET CJEeNYIOlINe COOTHOLIEHUS:
A1<A2< A3 unycTh ansg npocToThl As = As = Ae = 0.

Bpemennasi nuarpamma paboThl CXeMbl TP CMeHe Habopa 61 Ha Habop G2
npuBeeHa Ha puc. 5.65.



X3

A1

A3

N

Puc. 5.65
N3 BpeMeHHOI quarpaMMbl BUJIHO, YTO IPU TAKOM COOTHOILLIEHUH MEXIY
3a/iep’KKaMH JIOTUYECKHUX 3JIEMEHTOB B CXeMe HMeeT MeCTO JMHaMHYeCKHii
PHCK.
CymectByer OUHAMUYECKMH pHCK npu nepekmouernun 0 — 1 m
nuHamudeckuii puck 1 — O (puc. 5.66).

[ | 0-1
J_— =0

Puc. 5.66

Hannune pucka B KOMOMHAIIMOHHOHM CXeMe aBTOMAara MPUBOAHWT K €ro
HelMpaBUJILHOM padoTe.

B cuHXpoHHOM aBTOMAaTe sIBJIEHHWE pUCKA MCKIFOYaeTcsl 3a cueT BhIOOpa
nepuora W JUINTEIbHOCTH  CUTHAJa  CHHXpOHM3anuu. JIUTenbHOCTh
CUHXPOCHUTHAJIA TOJDKEeH OBITh OOJIbIlle BpeMeHHU cpadaThlBaHMs caMO ITTMHHOM
[EMOYKHU IJIEMEHTOB B CXeMe. 3a 3TO BpeMs Bce Mpoliecchl Mo (GOPMHUPOBAHUIO
3HaYeHUH (PYHKIUNA TOHKHBI ObITh 3aBEpIIEHBI.

Jlis mocTpoeHus: aCHHXPOHHOI'O aBTOMaTa HEOOXOAMMO HCHOJIb30BaTh
KOMOHHAITMOHHBIE CXeMBbI 0e3 pHucKa.

Ilocmpoenue cxem be3 pucka.

B paccmarpuBaemMoMm crocoOe HCKIIOYEHUs SIBICHHS pHCKa Ha
KOMOWHAIMOHHBIE CXeMbl HAKJIAJbIBAIOT CJIeAYIOIINE OTPaHUYEHUS !

— mpu cMeHe Habopa 3HAYeHHWN BXOJHBIX TEepPEeMEHHBIX HE MOXeT

OJTHOBPEMEHHO MEHSThCS 3HAUCHHEe 0oJiee UeM OJTHOH MmepeMeHHOi;

A




— IIyOMHa KOMOWHAIIMOHHOW CXeMbI He OJDKHa ObITh OoJjiee IBYX, T.e.
cxema J0JDKHa UMETh He OoJiee IBYX SPYCOB.
Hanuuwe >THX OBYX OrpaHHYEHUil O3HAYAET, YTO HCIOJB30BAHHE ATOTO

croco6a Mo3BoJIsIeT YCTPAHUTh TOIBKO CTATHYECKHM PHCK.

B ABYXBSIpYCHO#M cxeMe BO3MOXKHO /IBAa BApUAHTa CXEM:

1) CxemMa MOCTpOEHHAs MO IU3BIOHKTHBHOW HOpMaybHO#i (opme (JJHD).
f o =K1V kaV ... V km, rie ki — konbronkius (puc. 5.67);

2) cxeMa TOCTPOEHHasl M0 KOHBIOHKTHBHOW HopMasibHO#M (opme (KHD).
fkno =d1 Ad2 A ... A Oh, rae di — nu3sronknus (puc. 5.68).

& 100 1111
& 100 1100 1111 &I[11
& 100 1111

Puc. 5.67 Puc. 5.68

N3 aHanm3a 3TUX CXEM MOKHO c/iesiaTh ClIeIyIoUIue YTBEPKASHHUS:

1)

2)

3)

4)

5)

B IBYXBSIPYCHOU cxeme, nmoctpoeHHou no JJH®, cratmyeckuii puck B
«0» OTCyTCTBYET;

B JBYXbApyCHOU cxeme, nmoctpoeHHod no KH® cratmueckunii puck B
«1» oTcyTCcTBYET;

MyCTh €CcTh cxeMa, noctpoeHHas no JIH® u nmycTh mepeMeHHas X
BXoauT B 3Ty JJH® TONBKO B MPSMOM WM TOJBKO MHBEPCHOM BUIE,
TOr1a IPU U3MEHEHUM 3HAYEHUS ITOW NMEPEMEHHONW CTATUYECKUI PUCK
B CXEME OTCYTCTBYET;

€clu ecTb cxeMa, noctpoeHHas mo KH® u ecniu nepemenHas Xi BXOAUT
B 3Ty KH® TO/NBKO B IPsIMOM UJIM TOJIBKO HUHBEPCHOM BHU/JIE, TOTAA IIPH
W3MEHEHUH 3HAYEHUs 3TOW NEpPEMEHHON CTAaTUYECKHM PUCK B CXEeMe
OTCYTCTBYET;

eclii ecThb cxeMa, nmoctpoeHHas mo JH®, u ecnu nepemeHHas X
BXoauT B 3Ty JIH® kak B npsIMOM, Tak U B UHBEPCHOM BHJE, TOTAA B
CXeMe€ MOXXET BO3HHUKHYTb CTaTUYECKUN PUCK B «1» Npu M3MEeHEHHUH
3HAYEHHUS ATON MePEMEHHOM.

Insa  nokaszarenbctBa wucxonHas JIH® npencraBimsieTcss B BUAE:
fime = A V B(X) vV C(Xi), tme A — rpynma KOHBIOHKIIUW, HEe COJepKaImX Xi;
B(Xi) — rpynmna KOHBIOHKIHM, cofepkaimux X; B npsimom Buzae; C(Xi) — rpymma
KOHBIOHKIIHH, COZIepKaIUX Xi B HHBEPCHOM BHe (puc. 5.69).
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Puc. 5.69

[Iycth 61 W G2 nBa Habopa 3HAUEHUN TEPEeMEHHBIX, OTJIMYAIOIIUXCS
3HaYeHHEM TOJIBKO IO TIepeMeHHoit X;, npuueM f(o1) = f(o2) = 1.
Bo3MO0XHBI pa3TudHbIe CUTYyaIUN:
Ecnu Alo1) = Alo2) = 1, mo 6 smom ciyuae pucka Hem, maxk Kaxk 3HAYEHUe
«1» Ha evixo0e epynnvl A obecneuum 3nauenue «1» Ha evixo0e 8celi cxemul.
Ecnu A(or) = A(o2) = 0, mo 6 smom cnyuae 3nauenue « 1» na evixode cell
cxemol obecneuusaenmcs KOHbIOHKYyuAmMu epynnol B unu konvioukyuamu epynnot
C, m.e. 6o3modicHbI 08a 6apuarma:
1. B(c1)=1 C(o1)=0;
B(c2) =0, C(o2) =1.
[1pu 3TOM BO3MOKHBI CJIEIYIOLIUE CUTYaIINH:
a) Ag = Ac — puCKa HeT, HO 3TO HepeaJibHasl CUTyaLus;
0) A <Ac— puck ecth (puc. 5.70);
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Puc. 5.70

B) A > Ac— pucka Het (puc. 5.71)
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Puc. 5.71

2. B(c1)) =0 C(oy) =1,
B(c2) =1, C(o2) =0.
ITpr 3TOM BO3MOXKHBI CIIEAYIOIINE CUTYALMH:
a) A= Ac— pHCKa HET, HO 3TO HepeaJlbHasl CUTYaIlKs;
0)  As<Ac- pucka HeT (puc. 5.72);

A

Xi

AB

pHUCKa HCT

Puc. 5.72

B) A > Ac— puck ecTh (puc. 5.73).
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Puc. 5.73



6) ecnu ecTh cxema, moctpoerHas nmo KH®, u ecnm mepeMeHHas Xi
BxoauT B 3Ty KH®, kak B mpsIMOM, Tak ¥ B MHBEPCHOM BHJIe, TOT1a
B CXeMe MOXET BO3HHUKHYTh CTAaTHUeCKHH pUCK B «0» mpwm
W3MEHEeHHUH 3HAUYCHHS 3TOU IMMepeMeHHOM.
Jlnsa noxazarenscrBa ucxogHass KH® npencrasisieTcs B BUe:

f koo = A A B(Xi) A C(Xi), rme A — rpynna Iu3bIOHKIUN, HE COlepKaIIuX Xi;

B(Xi) — rpynma qu3bIoHKIH#, cogepkaimux X; B mpsimoM Buje; C(xi) — rpymnmna

IU3BIOHKIINM, COMEPIKAIIUX Xi B UHBEpCHOM Bue (puc. 5.74).

N
x|B & |9
X C
Puc. 5.74

Ilyctb 61 M o2 nBa Habopa 3HAYCHUM MEPEMEHHBIX OTIUYAIOIIUXCS
3HaYeHUEM TOJIBKO IO TiepeMeHHoit X;, npuueM f(o1) = f(o2) = 0.

B03MOXHBI pa3IM4HbIe CUTYaIlNH:

A(o1) = A(o2) = 0 — mo 6 smom cnyuae pucka nem, mak kax «0» Ha
svixooe epynnol A obecneyum 3nauenue «0» Ha vlxooe 8cell cxemol.

A(o1) = A(o2) = 1 — mo 6 smom cnyuae 3nauenue «0» Ha 8vixode 8ceii
cxemol obecneuusaemcs Ou3bIOHKYusMu spynnol B uiu ouzvionkyusmu epynnot
C, m.e. 6o3mooicHbl 08a 6apuanma:

1. B(oi)=0 C(oi) =1;
B(c)=1 C(oi) =0.
[Tpr 5TOM BO3MOXKHBI CIIeTyIOIIAE CUTYaIUH:
a) As = Ac — puCKa HeT, HO 3TO HepeaJlbHas CUTYaIlns;
0) Ar < Ac— puck ectb (puc. 5.75);
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Puc. 5.75
B) A > Ac— pucka HeT (puc. 5.76).
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Puc. 5.76
2. B(ci)=1 C(oi)=0;
B(c)=0 C(oi) =1.
a) Ap = Ac — pHCKa HET, HO 3TO HepeajbHasi CUTYyall}s;
0) As < Ac — pucka HeT (puc. 5.77);

A
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Puc. 5.77
B) A > Ac— puck ecTh (puc. 5.78).
A
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Puc. 5.78



X1
X3

X2
X3

X1
X2

W3 npuBeneHHBIX BhIIe yTBepKaeHU# 1) — 6) BUIHO, 9TO B HEKOTOPBIX
CIIy4astX PHUCK, KOTOPbIA MOKET BO3HUKHYTh U3 3a HAJMYMs Pa3HbIX 3HAYEHUU
Ha BBIXOJIax 3JieMeHToB rpymnnbl B u C, “myHTHpyeTcs” HanudueMm HYXHOTO
3Ha4YeHUsT Ha BbIXojax djeMeHToB rpynnbl A. I[lostoMy wumess mocTpoeHus
cXeMmbl 0e3 pHcKa 3aKJI04YaeTcs B BbISBIEHUM HAOOPOB 3HAYEHUU MEepEeMEHHbIX
G1 U G2, IPU CMEHE KOTOPBIX MOKET BOZHUKHYTh PUCK, U I00ABIEHUHN K CXeMe
3JIeMeHTa Tpynibl A, KOTOpBI 00eceuuT OTCYTCTBHE PUCKa B CXeMe JUIsl 3TOH
KOHKpPETHOH napsl HAOOPOB G1 U G2.

Aneopumm nocmpoenus cxemoi 6e3 pucka no J[H®D.
[Tycts 3anana B ITH® bynkuus f(X1X2...Xn) OT N IepeMeHHBIX.

1)
2)

3)
4)

5)

6)

3amaetcs | := 1 — MHIEKC epeMeHHOH Xi;

OTHOCHUTEIIbHO TeKylled rmnepeMeHHOW Xi wucxoxHas JIHO®
npencrasisercs B Buae fineo = A v B (X) v C (xi) ;

Uil Xi OMNpeeNsitoTCs Mapbl HAaOOpPOB G1 M G2 COCEIHHUX IO
nepeMeHHo# X; u as kKotopseix f(o1) = f(o2) = 1;

JUIsL KaXJIOM TakoW mapbl 61 U G2 ONPEHENSIOTCA 3HAYCHUS
KOHBIOHKIIUH Tpynmbl A.

Ecimu A(o1) = A(o2) = 0, TO prCK BO3MOXEH, U JUIS BBISABICHHOM
napsl 61 U G2 oOpa3yeTcss KOHBIOHKLHS, KOTOpas COXpaHsieT
3HaueHue | Ha oOoux Habopax Gi1 M G2 U HE CONEPKUT Xi.
ITonygyennass koHblOHKIUsA pobapmsercs k JIHD, a B cxemy
BKJTFOYAETCS] KOHBIOHKTOP, PeIU3YIOLIUNA 3Ty KOHBIOHKIIHUIO;
WHIEKC MepeMeHHOoM yBenuuuBaercs; 1:=1 + 1 u, ecmu 1 < N, To
OCYILECTBIISIETCS Mepexo/ K 1.2, HHaye KOHell paboThl aJirOpUTMa.

Ilpumep nocmpoenus cxemol 6e3 pucka no JJHD:

ITycts frne(XiX2X3) = X1X3 V X2X3.

Puck BO3MOXeEH 10 nepeMeHHON X3, TaK KaK TOJIbKO OHa BxoauT B JIH®
KaK B MPSIMOM, TaK ¥ B HHBEpCHOM BHJe. B = XoX3, C = X1Xa.

CornacHo anroputmy omnpeaenstorcss Habopsl: 61 = 010, 62 = 011 u s
3TOM Mapsl HA0OPOB 0OPa3yeTCss KOHBIOHKITUS TPyIIbI A = X1Xo.

OxonuarenpHo ucxoanas JIH® npumer Bua: frue(XiXoXs) = Xi1X3 V XoX3 V
X1X2. Peanuzyromas sty JIH® cxema nmpuBenena Ha puc. 5.79.
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Ha puc. 5.80 moka3zana BpeMeHHas AuarpaMmma paboThl CXeMbI JIJIs CTyvast
A1 < A2 ¥ ¢ KOHBIOHKTOPOM 3, 0OABJIEHHBIM JJISI UCKIIIOUEHHS] CTaTUYECKOro

PHUCKA B «1)), 0003HAYEHHOTO ITYHKTHUPOM.
A

X3

A1

A2
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Puc. 5.80

CymectByeT J1Ba cmocoba  Jiss  ONpedelieHUusT  KOHBIOHKIUH,
UCKJTIOYAIOIINX SIBIEHUE pUCKa:

- c NOMOWBIO onepayuu 0600ujenHo20 CKIeUBAHUS,

RxivVSxi=RSVRX V Sxi, rae R, S— npou3BosibHble KOHBIOHKITUHY.

Jst pacemoTpenHoro npumMepa fane (X1XoX3) = X1 X3 V X2 X3, R = X2, S=X1

U cieqoBarelibHO RS = X2 X1;

- ¢ nomowwio kapm Kapno.

B xapre KapHo cocemHMM KiIeTKaM COOTBETCTBYIOT HaOODHI,
OTIIMYAOIINECs 3HAYeHUEM TOJIBKO B OJTHOM pa3psizie Xi, ¥ €ClIh 3TU COCeIHue
KJIETKU BXOJISIT B pa3Hbie MOKPBITHS, TO UM COOTBETCTBYIOT JBOMYHBIC HAOOPHI,
IpU CMEHE KOTOPBIX, Ha BXOJE CXeMbl BO3MOXEH PUCK MO IepeMeHHo# Xi .Jlis
UCKITIOYEHHS] 3TOTO PHCKA HAIO TOCTPOUTH OMOJHUTEIHHOE MOKPBITHE IS
THX KJIETOK, KOTOpOe OYIeT ONpedeliiTh KOHBIOHKIUIO, HE COAepXkaIlylo X;
(puc. 5.81). dnsa mpumepa frno(XiX2Xs) = X1X3 V X2 X3 MepBOi KOHBIOHKITUH
COOTBETCTBYET BepXHee JIeBOe TOKPBITHE, a BTOPOIl — BepTHUKAIbHOE MOKPBITHE.
Hckombie Habopel 61 = 010 u 62 = 011 COOTBETCTBYIOT COCEIHHMM KJETKaM,
BXOJISAIIMM B pa3lIMYHbIC MOKPBITUS. J[OMOTHUTENFHOE TTOKPBITHE THX KJIETOK
orpezieisieT KOHBIOHKIIUIO X1 X2, UCKITFOYAFOIIYIO PUCK IO TEPEMEHHON Xa.
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‘oo_lJo

X1

Puc. 5.81



Aneopumm nocmpoenrus cxemoi 6e3 pucka no KH®.
[Tycts 3agana B KH® gynknus f(X1X2...Xn) OT N IepeMeHHBIX.

1) 3amaetcs i := 1 — uHAECKC TIepeMEHHOM X;;

2) OTHOCHTEIbHO TeKylleld mepeMeHHOW Xi wucxogHas KH®
npencrasisercs B Bujae: A A B (xi) A C (i) ;

3) s Xi ompeAeNstoTcs Mapbl HAOOpPOB G1 M G2 COCEIHUX IO
nepeMeHHo# X u s kotopsix f(o1) = f(o2) =0;

4) nns KaKIOoW TakoW mapel G1 M G2 ONPEIENSIOTCS 3HAYeHUs
TU3BIOHKIUN Tpynmsl A;

5) Ecnu A(o1) = A(c2) = 1, To prcK BO3MOXKEH, M JIJIsl BBIIBJICHHOM Mapbl
C1 M G2 00pa3yeTcs TU3BIOHKIIMS, KOTOopas coxpaHser 3HavyeHue O Ha
o0oux Habopax 61 M G2 ¥ He colepkuT Xi. [lomydeHHass qU3BIOHKIIHS
nobasnsiercss k KH®, a B cxemy BKIOYaeTcs AU3IBIOHKTOP,
peanu3yIoNuii 3Ty TU3bIOHKITHIO;

6) MHOeKC MepeMeHHOM yBenawumBaeTcsa I:=1 + 1 u, ecnmu 1 < N, TO
OCYIIECTBIISIETCA Mepexo/ K 1.2, nHaye KoHell padoThl aJITOpPUTMA.

Ipumep nocmpoenus cxemol be3 pucka no KH®:

ITyctb fruo (XaXoX3) = (X1V X3) A (X2V X3).
Puck BO3MOXeH MO MepeMeHHOM X3, TaK Kak ToJIbKO oHa BXoauT B KH®,

KaK B IPSIMOM, TaK U B MHBEpCHOM BHuJie. B = X1 v X3, C = X2 v Xa.

CornacHo anroputmy omnpeaenstorcss Habopel: 61 = 100, 62 = 101 u qis

3TOM Tapbl HA00POB 00pa3yeTcsl MU3BIOHKITUS TPYMITBI A = X1V X2.

OxonyatenbHo ucxonnas KH® npumert Bu:
fino (XaXoX3) = (X1 V X3) A (X2 V X3) A ( X1v X2). Peanmsyromas sty KH®

cxema mpuBejieHa Ha puc. 5.82.
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Puc. 5.82

Ha puc. 5.83 noka3zana BpeMeHHas quarpaMmma paboThl CXeMBbI JJIsl Cityvast

A1 < A2 ¥ ¢ TU3BIOHKTOPOM 3, NOOABJICHHBIM [IJII UCKIIOYEHUS] CTAaTHYECKOTO
pucka B «0» 1 0003HaYeHHOT'0 TYHKTHPOM.



X3

Puc. 5.83
JList onpeneneHuss IM3bIOHKINHI, HCKITIOYAIOINX SBJICHUE PUCKA B CXEME,
noctpoeHHoit mo KH® nenecoobpaszno ot ¢pynknuu 3aganHoit B KH®, nepeiitu
K 3ananHoii B JIH® e€ maBepcHOM QyHKIWH.
Jlns npuenenHoro mpumepa fxno (XiXoXz) = ( X1V X3) A (X2 VX3) eé
uHBepcHass GyHKIUA fruo(X1XoX3) = X1 X3 V X2 X3. C IOMOIIBIO Onepamuu

0000LIEHHOr0 CKJIEUBAHHUS I10JIyYaETC: o (X1X2X3) = X1 X3 V X2 X3V X1X2.
Ha puc. 5.84 npuBenena xapra KapHo njis nHBepcHON HyHKIUU:
fro(X1X2X3) = X1 X3 V X2 X3. [1epBOil KOHBIOHKIINA COOTBETCTBYET HIDKHEE
JieBO€ TIOKPBITHE, a BTOPO — BepTHUKAJIbHOE MOKphITHE. MIckoMble HAOOpHI G1 =
100 1 62 = 101 cCOOTBETCTBYIOT COCEAHUM KJI€TKaM, BXOJSIIUM B pa3IudHbIC
MOKPBITHS. JlOTTOTHUTEIbHOE MMOKPBITHE ITUX KIIETOK ONpeneisieT KOHbIOHKITHIO
X1X2, ICKITIOYAIOIIYIO PUCK 10 TIEpPEMEHHOM Xa.
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Puc. 5.84

X1

OxonuarenbHo JITH® unBepcHON QyHKIMH: frHe(X1X2X3) = X1 X3 V X2 X3V
X1X2.

[Tocne mepexoga k KH® mnpsamoit QyHKuMM Tmodydaercs TOT Ke
pe3yJbTar:
fkno (X1X2X3) = (Xx1V X3) A (X2V X3) A ( X1V X2).



