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BBegeHune

IIpn nocTpoeHUM HAAECKHBIX M OE30MACHBIX CHUCTEM ABTOMATHYECKOIO
YIPABJICHHUS] HA TPAHCIIOPTE U B MPOMBILIIEHHOCTH IIUPOKO MPUMEHSAIOTCS Me-
TOJABl PE3EPBUPOBAHUS W TEXHHUUYECKOro auarHoctupoBanus [10, 14]. Otwu
YCTPOMCTBAa KOHTPOJICIIPUTOJIHBI, HEUCTIPABHOCTU B UX 3JIEMEHTaX WACHTU(U-
HUPYIOTCS TUOO0 B MPOIECCe HOPMAIBLHOTO (DYHKIIMOHUPOBAHUSI, TUOO B CIICIU-
JIbHO OTBEJEHHBIE MPOMEKXYTKH BPEMEHU IPHU 0Jlaye TECTOBBIX BO3JIEUCTBUIA
[9]. Takum 00pa3om, CBOMCTBO HACHTU(UKAIIMM HEUCIPABHOCTEN, BO3HUKAIO-
IMX B OJIOKax M KOMIIOHEHTaxX yCTPOMCTBA, 3aKJIa/IbIBACTCS B HUX €Il Ha dTare
IIPOEKTUPOBAHMUSL.

Hanenenne ycTtpoiicTBa CBOMCTBOM OOHapyKEHHUS HEHCIPABHOCTEH Tpe-
OyeT oT pa3paboTyrKa BHECEHHsS B €T0 CTPYKTYPY JIEMEHTOB, U30BITOYHBIX TIO
OTHOIIEHHIO K MUHUMAJIBHO HEOOXOJAUMBIM JUIsl BHIIOJHEHUSI UM CBOMX OCHOB-
HBIX QYHKIUH. DTO MOXKET BBIPAKaThCs KAK BO BHECEHUH M30BITOUHBIX AJIEMEH-
TOB B OCHOBHOE YCTPOICTBO, TaK U B HUCIIOJIb30BAHUU CIELUATBHBIX KOHTPOJIb-
HBIX YCTPOWCTB, OOECIEUYHBAIOMIMX «HAOIIOACHHE» 3a paboTON OTAETHHBIX
KOMITIOHEHTOB U 1enbIX noacxeM. [IIupokoe pacnpocTpaHeHHe MOIyYHIH CaMo-
IPOBEPSAEMbIE JTOTUYECKHUE CXEMBI, IPU KOTOPHIX HEHCIPABHOCTU OOHAPY KHBa-
I0TCA B IIPOLIECCE HOPMAJIBHOTO (PyHKUMOHUpPOBaHMs cxeM [12, 13]. Takue cxe-
Mbl OCHOBaHbl Ha KCIOJb30BAaHUU M30BITOYHOIO KOJAMPOBAHUA, 0a30BbIE MPUH-
IUIIBI KOTOPOT'O MCTOJIB3YIOTCS NPU NIPUMEHEHUHU B anmaparHbX (M Mporpamm-
HBIX) peaIM3alUsaX JOTMUYECKUX YCTpoucTB [7, 9, 15]. Hanenenue ycrtpoiictBa
«CTIOCOOHOCTHIO» OOHAPYKEHUSI HEUCIPABHOCTEW COMPSIKEHO C MCMHOJIb30BAHM-
€M KOJIOB, OPUEHTHPOBAHHBIX HA OOHapYy’KeHUE OMIMOOK (a2 HE Ha UX UCIpaBiie-
Hue). Takas 0COOCHHOCTh CBfA3aHA C TE€M, YTO OOHApY)KEHHE OIIMOOK KOJaMHU
TpeOyeT MeHbIlel H30bITOYHOCTH, YEM HCIpPAaBICHHUE, a CIEeJ0BATEIbHO, alla-
paTHasi peaju3alnus yCTPOWCTBAa KOJUPOBAHUS/JEKOJAUPOBAHMS OKAXKETCS 3HA-
YUTEJIBHO Tpouie. B peanbHBIX cUCTEMax aBTOMAaTUYECKOIO YINpAaBIEHUS HC-
MOJIB3YIOTCSl CJIOKHBIE CTPYKTYPbl BBIYMCIHMTEIBHBIX KOMIUIEKCOB, TIE, Kak
IPaBUJIO, PUMEHSAIOTCS PE3EPBUPOBAHHBIE OJIOKH, KaXIbld U3 KOTOPBIX HaJe-
JSIeTCS CBOMCTBOM OOHapyXeHus HeucrnpaBHocTel. OTka3aBLIMI B Ipoliecce
(GyHKUMOHUPOBaHUS OJOK MACHTUPUIUPYETCSA, a pe3ybTaThl BBHIYMCICHUNA B
JaNbHEHIINX ONepalusIX He UCHOIb3YoTCs. Takoil 00beKT Ojaokupyercs u JInbo
nepe3anyckaeTcs B aBTOMAaTHYECKOM PEXHUME, JIMOO HAXOJIUTCA B Hepabouem
pexXUME 10 3aMEHBI Ha UCTIPABHBIN OJIOK.

Hacrosimee yyebHoe mocoOue packpbiBaeT OCOOEHHOCTH CHUHTE3a JIHC-
KPETHBIX YCTPONCTB, CHA0KEHHBIX KOMIIOHEHTAMH, MTO3BOJIIOIIUMU OOHAPYKU-
BaTh HEHCIIPABHOCTHU B MIPOLIECCE HOPMAJIBHOTO (PYHKIIMOHUPOBAHUS.



1. DyHKUMM anrebpbl JIOrNKuN

1.1. ®yHKUMM anrebpbl IOrMKKN U YCTPOINCTBA aBTOMAaTUKMU

OCHOBHBIM MaT€MaTUYECKUM armnapaToM TEOPUU JUCKPETHBIX YCTPOICTB
sBisieTcs OyseBa anredpa. IMEeHHO MCTIONIb30BAaHUE JIAHHOTO pasjiena JUCKPET-
HOM MaTeMaTUKH JaeT BO3MOXXHOCTh OMHUCAHUS JIOTUKH (DYHKIIMOHUPOBAHUS
YCTPOMCTB ¥ CHCTEM aBTOMATHUKHU M BEIYUCITUTEIILHON TCXHUKH.

Dyuxyuetl aneedpovl 102uKU HA3BIBACTCS OTOOPAKCHUE MHOXKECTBA BXO/I-
HBIX JIBOMYHBIX HA0OOPOB <X| X2...X/> HA MHOXeCTBe 3HaueHn 0 u 1.

COBOKYITHOCTBIO (D)YHKITUH aiareOpbl JOTUKH OMUCHIBAIOTCS JIIOOBIC B3aH-
MO3aBHCHUMOCTUA MEXJy OOBEKTaMHU aBTOMATHUKH, B TOM YHCIIE YKEJIE3HOIOPOXK-
Hou. PaccMoTpum, HarpumMep, CIEAYIOLIYIO 3a/1a4y.

Nmeetcs cBetodop, paboTtaromuii B COCTaBe

| 1y ’ 2y Tpex3HayHOW aBTOOIOKHpOBKHU (puc. 1.1), Tpedyercs
— @2 pa3paboTaTh yCTPOWCTBO BKJIIOYEHHS OTHEH CBETO-
K 3K (dopa B 3aBUCMMOCTH OT COCTOSIHMS BIEpeIusIexKa-

HIMX YYaCTKOB KOHTPOJIS (OJIOK-y4aCTKOB).

Kaxxnoe curnaiabHoe mokKa3aHue cBeTodopa
NepenaeTcs OTACIbHBIM JIMH30BbIM KOMILIEKTOM, U B
OJIUH U TOT K€ MOMEHT BPEMEHH MOXET TOPETh TOJBKO OJHO MOKa3aHHE: Kpac-
HBIM, XKENTHIA WM 3elieHbI orHU cBeTodopa. KpacHblil oronp 3aropaercs Ha
cBerodope B TOM Cilyyae, €CIM BIEpEAWICKAINIUN y4acTOK JIOTMUECKH 3aHST
(3TO MOXET OBITh KaK HaJUYHE HA YYaCTKE MOJBM)KHOWU €TUHUIIBI, TAK M HEHC-
PaBHOCTh, IPUBOAIIAS K BKIOUEHHIO 3aMPEIICHHOT0 MMOKa3aHus Ha cBeTo(do-
pe). XKentelif orons Ha cBeTo(ope BKIIOYAECTCS MPU CBOOOAHOCTH ydacTKa 3a
cBETO(OPOM U 3aHATOCTH BTOPOTO y4acTKa MO yAAJIEHUIO OT cBeTodopa. 3erne-
HBI OIOHb BKJIKOYAETCS NPH JIBYX M 0ojiee CBOOOJHBIX Y4acTKax Mepe] CBETO-
dopom. JlarHast moruka paboThI MOTHOCTHIO COOTBETCTBYET Tabnmie 1.1.

Puc. 1.1. Pactionoxenue
MPOXOJHOTO cBeTO(opa

Tadauua 1.1. Onucanue paboThl MPOXOTHOTO

cBerodopa
1y 2y K X 3
! ! T ! !
! 1 1 ! !
T ! ! T !
T T ! ! T

3aHATHIA Yy4acTOK 3a cBEeTOPopoM OyleM OTMeuYaTh JIOTHYECKUM HYJIEM,
CBOOOJIHBIN — JIOTHYECKON enuHullel. B peaslbHOCTH Tak U €CTh, MOCKOJBKY
OJIOK-y4acTOK aBTOOJOKUPOBKUA OOOpPYAYyeTCS HOPMAJIbHO 3aMKHYTOW PEIbCO-
BOU IIETIBbIO, MTyTEBOM MPUEMHUK KOTOPOH MPHU JTOTUYECKON CBOOOIHOCTH Y4acT-
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Ka HaXOJUTCS IOJ] TOKOM M BBIKIIOUAETCS TMPHU JIOTHYSCKOM 3aHITHH y4acTKa.
['opeHue kakoro-iamdo orus Ha cBeToope 0003HAUUM JIOTUYECKON eAUHULICH, a
HETOpEHUE — JIOTHYEeCKUM HyJieM. Torma tabnuiy 1.1 MOXXHO TpHBECTH K Taod-
aune 1.2, sBiusromecs Tabauneii KCTHHHOCTH TpeX (YHKIHHA aareOphl JOrH-
KM — (YHKIMA BKJIIOUCHHUS KPACHOTO, JKEJITOTO M 3€JCHOro orueil cBerodopa

(byHkumii fk, fix ¥ f3).

Taoauna 1.2. Tadnuia HCTHHHOCTH
JU1s1 pabOTHI MPOXOAHOTO CBETOdopa

x1=1Y | x2=2¥ | =K | x=XK | =3
0 0

—_ =
— D |
S| IO |
(el Bl Ren)
— oo | O

N3 tabn. 1.2 cnenyer, uto

S = X%, VXX, =x;
S = XX,
o =xx,.

Jlornueckas cxema, COOTBETCTBYIOIIASl MPHUBEICHHBIM BBIIIE (PYHKIHSIM
ayreOpbl JIOTMKU, U300pakeHa Ha puc. 1.2.

X1 >_.'>

YcunurensHbIN
3JIEMEHT

X2

Puc. 1.2. Jlornyeckasi cxema ynpaBieHHs IPOXOIHBIM CBETO(HOPOM
(ymporeHHast)



Cnenyer OTMETHUTh, YTO peajibHas cXeMa IMPOXOJHOro cBeTodopa ropaso
CJIOKHEE IMPEICTAaBICHHON Ha puC. 1.2, Tak KaK yYUTBIBAE€T ropa3fo OoJbIlIe JIO-
TMYECKUX (paKTOPOB (HAIpUMeEp, HATMYKME ABYXHUTEBBIX JIAMIT B JIMH30BBIX KOM-
IUIEKTaX WM BO3MOXHOCTb IEPEHOCA MOKa3aHUs BIIEpeIuIekallero ceeropopa
Ipy OTKa3€ JIAMIIOBOTO KOMILJIEKTA), a TAKXKE CIJIOKHBIE YCJIOBHUSA 00ecreueHus
0e3onacHOCTH (PyHKUMOHUPOBaHUs. TeM He MeHee MpeICTaBIeHHbINA TpUMEp MO-
Ka3bIBACT 3HAYMMOCTH OyJIeBOU anreOphl 1715l COBPEMEHHBIX CUCTEM aBTOMATHKH.

1.2. dneMeHTapHble (PYHKLUUM anrebpbl TOrMku

Jlis onucaHusi paboThl YCTPOMCTB aBTOMATHUKHM HCIIONB3YETCS KOHEUHOE
MHO>KECTBO 3JIEMEHTAPHBIX (DYHKIMMA anreOpbl JIOTUKU — QYHKIUNA OT OJHOM U
JBYX nepeMeHHbIX. Onucanue 3Tux QyHKIui gaHo B tadm. 1.3.

Taoauna 1.3. DnemenTapHble GYyHKIHUN anreOpbl IOTUKU

Hasanue ¢ynkimm | O6o3HaueHue ‘ Tabnuita ICTUHHOCTH
OyHKINH, HE 3aBUCAIINE OT MEPEMEHHBIX
Koucranta HyJ1st f=0 -
KoHCTaHTa eqUHHIIbI f=1 —
DyHKINHU, 3aBUCSALIUE OT OAHOU ITEPEMEHHOMN

x| f

[ToBTOpEHUE f=x (1) (1)

x| f

NuBepcus f=x 01

=X
(Jlornyeckoe oTpunanue, onepauus «HE») 110
@OyHKIMH, 3aBUCAIIUE OT ABYX MEPEMEHHBIX

x| x| f
01010
KoubroHKIus f=x &x,=xx, o110
(;moruyeckoe ymHOKeHUe, PyHKIms «») 11010
1[1]1
x| x| f
01010
3amper nepeMeHHOH X1 f=x>x, 0]17]0
1101
11110




[Tponomxenue tabdm. 1.3

HasBanwne pynkumu O6o3HaueHue Tabnuia HCTUHHOCTH
xi|x2| f
0[0]0
. 0 ]1]1
3anper nepeMeHHO# x2 f=x,px T Tolo
1110
x| x| f
0/0]0
CnoxxeHue no MOIYJI0 J1Ba o111
(HEepaBHO3HAYHOCTH, f=x ®x, T ol
uckiovaroriee « JIN») BERD

cI)yHKI_II/II/I, HC 3aBUCAIIHNEC OT ICPECMCHHBIX

xi|x|f

01010

JIN3BbIOHKIIHS 0111
(Jtormueckoe CI0KECHHE, f=xvVvux, ol
onepauus «1JIN») BERE
xi|x2| f

Oynknus Beb66a 8 (1) (1)
(ctpenka ITupca, f=x \2 X, 110 o
¢bynkius «JIN-HE») 11 o
xi|x2| f

010]1

OKBUBaJCHTHOCTD F=x ~% 0[11(0
(paBHO3HAYHOCTbD) b2 110(0
1|11

x| x| f

01011

Mmmoukanus x2 B x1 f=x, >x O|1110
1 0|1

1|11




OxkoHuanue Tadm. 1.3

HasBanwue pynkunu O06o03HaueHne Tabnuma UCTUHHOCTH
xi| x| f
0101
WMrutakaius x1 B x2 f=x —x, 0]1]1
110]0
111
x1| x| f
0/0]0
Oyuknus [leddepa (urpux eddepa, f=x/x ol1l1
byukiust «1-HE») 1 11017
111

1.3. AKCMOMBbI MU 3aKOHbI asirebpbl STIOrMKn

OCHOBHBIE aKCMOMBI W 3aKOHBI aireOpbl JIOTMKA TEPEUYUCIICHBI B
Tabia. 1.4. IX oObsicHEHUE U JOKA3aTeIHCTBO IPUBEICHBI B yueOHuKe [13].

Tabauua 1.4. AKCHOMBI ¥ 3aKOHBI QJIT€OPHI JIOTHKH

AKCHOMEI anre6pbl JIOTNKH

=1
Il 1l
S =

0-:0=0-1=1-0=0;

1-1=1

ov0o=0;
Ovi=1v0=1vl=1

3aKOHBI ANTeOPHI JIOTHKU

3aK0H HYJIEBOTO 0-x=0; CoueraTenbHbIN X (xzxa) = (xlxz )x3;
MHOMECTBA Ovx=x 3aKOH x v, viry)=(x vx,)vx,
KOH €TMHUYHOT 1-x=x; Pacn UTEIlb-
3aKoH ef oro ; acmpesienuTen X, (x2 v x3): XX, VX,
MHOECTBA Ivx=1 HBII 3aKOH
X-X=X; X VXX, =X,
3aKOH MOBTOPEHUS 3aKOH NOTJIOMIEHUS
rvr=x xl(xlvxZ):xl
. 3aKOH MOTJIOLIEHUS -
3aKoH JBOIHOTO = m XXy V X[ Xy = X;;
J—— X=X (ckyenBaHus, ( _)
P 00BeAMHEHMUST) (v, o vix, )= x,
3aKOH JIOTUYECKO- =0 IIpaBuna XX =X VX,
r0 HYJISI o= ne Moprana X VX =X X,
3aKOH JIOTHYECKOI - 3akoH brnelika — X)Xy VX X3 = XX, VX X5 VXX,
xvx=l1
€IMHUIIBI [Topernkoro
XX, = X,X;; 5 x(xv)=x;
[lepemecturens- OO000IICHHBIH XV Qx =x,
HBIii 32KOH M1V =0 VA sakon ynpomens ¢ — M000€ JTOTUIECKOE
BBIpa)KCHUE




1.4. KoHeuyHble aBTOMAaTbI

Jlornyeckue ycTpoMCTBa AaBTOMATUKU W BBIYUCIUTEIBHON TEXHUKHU JIE-
JSATCA HA JIBa OOJBIIMX KJacca — YCTPOMCTBA, HE 00ajarolye naMsThio (KoM-
OMHAIIMOHHBIE CXEMBI), M YCTPOMCTBA, 00JaMaloIIKie MaMAThI0 (MHOTOTaKTHBIC
CXEMbI, WJIM KOHEYHBIC aBTOMAThl). KOMOMHAIITMOHHBIE CXEMBbI OTTUCHIBAFOTCS T'O-
pasio mpole, YeM KOHEYHBIE aBTOMAThl — C MOMOINBIO TAaOJIWIl UCTUHHOCTH.
OnrcaHneM e KOHEUHOI'0 aBTOMAaTa SIBJISIETCS TaOJuIla MEepexoJ0B WIH allb-
TepHaTUBHas (hopma — rpad nepexoioB.

[Ipu3HakoM HaM4YMs TAMATH Y YCTPOMCTBA aBTOMATUKH SIBJIICTCS HaJIU-
yue 00paTHbIX CBsi3ei. KoMOMHAIIMOHHBIE CXEMBI TAKOBBIX HE UMEIOT.

Koneunble aBTOMAThl MOTYT UMETh ACUHXPOHHYIO U CUHXPOHHYIO peau-
3a1ui. B aCHMHXpOHHOM KOHEYHOM aBTOMAaT€ HET TAaKTOBBIX I'€HEPaTOpPOB, a
KPUTHUYECKUE COCTA3aHUS YCTPAHAIOTCS IMYTEM CIIeHMaIbHOTO KOAUPOBAHUS CO-
CTOSHUU. B CUMHXpPOHHON peanu3anuu i1 UCKIIOYEHHUSI COCTSA3aHUM 3JIEMEHTOB
MaMsITH UCITOJIb3YIOTCSl TAKTOBBIE T€HEPATOPHI, BRIPA0ATHIBAIOIINE CIICIIHATBHBIC
CUHXPOHU3UPYIOIINE UMITYJIbCHI.

PaccmoTpum peanuzaiyio CHHXPOHHOTO KOHEYHOTO aBTOMAaTa B BHUJIE aB-
tomara Munu I pona (puc. 1.3).

C1 &)
¢00.
xq(f BII
f(t) —> o ys 0
. . ‘ s|r »(ED) R
oy — P 0 L o1 A
I I . I I S H I
. ys(®) 2(7)
yi(=1) . S|t y(t-1) R —>
: : w0 |1l e
(’, e

Puc. 1.3. CrpyxrypHas cxema aBromara Munu I pona



ci B MomenThl Bpemenu £ = 1, 2, 3, ... 1o
‘ neperHeMy (QpPOHTY CHUHXPOUMITYJIBCOB Ci
x B S|T x(r) ~ cpabarbiBaroT cxeMbl cuHxpoHumsanuu (CC)
L 1 ¢ — U Ha BXOJ JIOTMYECKOr0 IpeoOpa3oBaTels

R x(?)
(JIIT) mocrymator curHanbl x(f) u y(t-1).
B kauecTBe cXxeMbl CUHXPOHHU3aLUH UCIOJIb-

Puc. 1.4. Cxema CHHXpOHH3aLUU 3yCeTCsl TCXHMYCCKOC PCHICHHUC, NPUBCICH-
BXOJHBIX BO3JCUCTBUI HOe Ha puc. 1.4.

Jlornueckuil mpeodpa3zoBaTesb BbIYKC-
JIIeT HOBbIC 3HaueHUst QpyHKIuiA Vs(f) u Yr(f). 3aTeM, KOra BCe MepexoaHbIe Mpo-
LIECCHI B JIOTUYECKOM MPEe0Opa3oBaTesie 3aKOHUYEHBI, CITYCTS BpeMS T MOCTYMAET
CUHXPOUMITYJIC C2 M IMPOUCXOJUT NepekiIodeHrue Tpurrepos (puc. 1.5). ®op-

MHUPYIOTCSI HOBBIE 3HAUECHUS CUTHAJIOB y(t — 1) uy (t - 1). Ha Bxox norunuecko-

ro npeoOpa3oBarTessi 3TH CUTHAJIBI TIOCTYIISAT TOJIBKO B CJICIYIONIUN MOMEHT Bpe-
MEHH, KOT/Ia MPUJCT HOBBIM CHHXPOUMIYJILC €. JJaHHBIC CUTHAJIBI TIOCTYIIAIOT
Ha BXOJbI BBIXOAHOTO TipeoOpazoBarens (BII).

C1

v

(65}

\ 4

T t

Puc. 1.5. Bpemennas auarpamma paboTsl
CHUHXPOUMITYJIbCOB

3a Bpemsl T Bce MEpEeXOoIHbIE MPOLIECChl B JIOTHYECKOM IIpeoOpa3oBarere
3aKOHYATCA M BCE TPUITEPHI OJIOKA NaMATHU (J1aXke camblid MEUIEHHO JIEUCTBYIO-
M) mepeldIyT B HOBOE COCTOSIHUE. DTHUM HCKJIIOYAKOTCS KPUTUUECKUE COCTS-
3aHMs DJIIEMEHTOB naMATH. Kpome Toro, ynpomaercs caM Ipouecc CUHTe3a, I0-
CKOJIbKY KOJUPOBAHHE COCTOSIHUNA MOXET OBbITh MPOU3BOJBHBIM U HET HEOOXO-
JUMOCTH aHAJIM3UPOBATh CXEMY ISl BBISBICHUS KPUTUUECKUX COCTS3aHMM dJie-
MEHTOB ITAMSTH.

PaccMoTpuM 0COOEHHOCTH CHHTE3a KOHEYHBIX aBTOMATOB C BO3MOXKHO-
CTbIO OOHAPYKEHMSI HEUCIIPAaBHOCTEHN B IPOLIECCE IKCILTyaTalllu.
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2. CMHTEe3 CMHXPOHHbIX aBTOMAaTtoB C MMHMMU3aUUNen
KOJInyecTBa COCTOSSHUM

2.1. Cnoco6bl 3agaHNA KOHEeYHbIX aBTOMaTOB

Koneunsrii aBTOMar 3aaeTcsi allfOPUTMOM CBOEHM pabOThl. DTO MOXKET
ObITh MO0 CJIOBECHOE OMHCAaHUE OCOOEHHOCTEW (PYHKIIMOHUPOBAHMS, JTHOO
(opMaTM30BaHHOE ONTMCAHUE B BUJIE:

— CICIMAJIBHBIX BXOJI-BBIXOJHBIX BPEMCHHBIX ITOCJIECIOBATEILHOCTEH

(puc. 2.1);

— TaOJIUIIBI TIEPEX0/I0B M BBIXOI0B (Tadm. 2.1);

— rpada nepexoaoB (puc. 2.2).

Bce atu criocoObI 3a71aHusl KOHEYHOTO aBTOMAaTa PaBHO3HAYHBI.

a) A,
Too@ 3 &

11J |—>OO—>1O—>OO—>11J

00 11 00 10

|—>00—>10—>OO—>
0

0 11 00 10 N i . .
SISV (O N )

> 00 > 01 - 11 - 10 — . 10 —
00 ol 10 10 L 00 > 01 = 11 10

00 01 10 10

s 00 > 01 = 10 — 11 — L 8
0

0 01 10 11 |_>

OO—>01—>10—>11J
00 01 10 11

Puc. 2.1. BXon-BbIXOAHBIE BPEMEHHBIE I10CIIEJ0BATEIBHOCTH:
@ — UCXOMHBIE; 6 — IPOHYMEPOBAHHBIE

Bce cnocoObl 3ajaHusi KOHEYHBIX aBTOMATOB IOAPAa3yMEBAIOT OMMCAHUE
BCEX BO3MOKHBIX UX COCTOSIHUM M NEPEXOA0B MEXKIY COCTOAHUSIMU. [lepexopl
MEXAY COCTOSIHUSIMM OCYLUECTBJISIIOTCS ITyTEM H3MEHEHHUS BXOJHBIX BO3ZCil-
CTBUH.

Ha puc. 2.1 uzo0pakeHbl BXOJ-BBIXOIHBIE MOCIEIOBATEILHOCTH, 33/1a10-
e paboTy KOHeYHOro aBromara. Kaxmas u3 Tpex mocieoBaTelbHOCTEN Co-
JEPKUT UHPOpPMALIMIO O 3HAYEHMSIX BXOAOB X M X2 aBTOMaTa (BEpXHee JBY-
3HAYHOE YHUCJI0) W 3HAYEHUSIX BBIXOJOB zZ| U Z» (HUXKHEE JBY3HAUYHOE YMCIIO).
Kaxxnas rpymma yucen onpeaeser MojaHoe YCTOMYUBOE COCTOSIHUE KOHEYHOTO
aBTOMAaTa — TaKOro COCTOSIHUSA, B KOTOPOM aBTOMAT HAXOAMUTCS CKOJIb YTOJIHO J0
U3MEHEHHS BXOJHBIX BO3JEHCTBUNA, COOTBETCTBYIOUIUX IOIYCTUMOMY MEPEXOTY
B Jipyroe coctostnue. CTpeskamMu yKa3aHbl BO3MOKHBIE [TEPEX0/Ibl ABTOMATA.
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Tabauna 2.1. Vicxognas Tabiuiia nmepexo10B U BHIXOI0B

Croinbern

I II 11 v

S 3Ha4YeHMS BXOIHBIX MTEPEMEHHBIX
X1x2

00 01 10 11
1 (1), 00 5,01 2,11 ~
2 3,00 ~ (2), 11 ~
3 (3), 00 ~ ~ 4,10
4 1,00 ~ ~ (4), 10
5 ~ (5), 01 8, 10 6, 10
6 ~ ~ 7,10 (6), 10
7 1,00 ~ (7), 10 ~
8 ~ ~ (8), 10 9,11
9 1,00 ~ ~ ), 11

Puc. 2.2. Vcxoanslii Tpad nepexoos

OT BXOJ-BBIXOJHOM MOCJIEI0BATEILHOCTH HETPYAHO NEPEUTH K JIBYM
npyrum ¢hopmam 3aJaHusi KOHEYHOTO aBToMaTa — K TabiuIie nepexooB u rpady
nepexoaoB. JJist 3Toro He06X0UMMO MPOHYMEPOBATh COCTOSIHUSI KOHEYHOTO aB-
TOMAaTa Mo CIEAYIOUIUM MIPABUIIAM:

12



1. BBoauTcs HavyalbHOE COCTOSIHHME, COOTBETCTBYIOLIEE NEPBOMY YCTOM-
YUBOMY COCTOSIHUIO — cocTosiHue Ne 1.

2. Jlanee nis KaXJa0ro HOBOTO COCTOSIHUSI BBOJUTCS HOBBIA HOMED.

3. Ecnm HEKOTOPOE HOBOE COCTOSIHUE B HOBOM BXOJI-BBIXOJHOW MOCIENO-
BAaTEJIBHOCTH COBMNAJAET C YK€ BBEJICHHBIM paHEE B HHOW BXOJ-
BBIXOJIHOW IOCIENOBATEIBbHOCTA U BCE MPEABIIYLIUE COCTOSIHUSA COB-
[IaJJAI0T C paHee BBEIACHHBIMU, TO HOBOE COCTOSIHUE HE BBOIUTCSH, a
paccMaTpuBaEeMOe COCTOSTHUE HYMEPYETCs YK€ U3BECTHBIM HOMEPOM.

4. Tlpu Hymepauuu B OJHOW MOCJIEIOBATEIbHOCTH HE JOJKHO OBITH IO-
BTOPSAIOIIMXCSI HOMEPOB, B IIPOTUBHOM CIly4ae IpU IOCTPOCHUU aBTO-
MaTa OyJeT HapylIeHa MOCIeI0BATEIbHOCTh CMEHBI COCTOSIHHM U 00-
pa3oBaH LMKJ MEPEKIOYEHUW, HApYIIAIOUIMN 3aJaHHBIA AJTOPUTM
(yHKIHOHUPOBAHMUS.

Homepa cocTossHMI COOTBETCTBYIOT TEM BO3MOXKHBIM COCTOSIHUSIM, B KO-
TOpBIE MOXKET MEPEXOJUTh KOHEUHBIM aBTOMAT IpHu cBoeil padote. Ilepexon k
TaONMMYHON (popMme 3a7aHusl OT BXOJ-BBIXOJHBIX IMOCJIEI0BATEILHOCTEN MPOU3-
BOJST CIIETYIOIIUM 00pa3oMm.

Tabnuua 2.1 3anonHseTcs, UCXOs U3 aHAJIM3a BXOJA-BBIXOJIHON MOCIEA0-
BarenbHOCTH. Kaxmass cTpoka TaOJauIbl COOTBETCTBYET YCTOMYMBOMY COCTOSI-
HUIO MPOEKTUPYEMOro KOHEYHOro aBToMara. B cronluax TabauIbl yKa3aHbI
BO3MOXXHBIE BXOJHBIE BO3ACHCTBUSA X1 U X2 (U1 JAHHOIO IpPHUMEpPa OHU pasfe-
aensl Ha yetbipe rpymmsl: [ — 00, IT — 01, III — 10, IV — 11). 3anonnenue tabiau-
bl OCYLIECTBIAETCS IIyT€M IIOCIEJOBAaTEIbHOIO aHajuu3a KaXIAOW BXOJ-
BBIXOJIHOU ITOCIIEJOBATEIBHOCTH

1. Ha nepeceyenuu mepBod CTPOKM M MEPBOTO CTOJOLA CTABUTCS YHUCIIO,
COOTBETCTBYIOIIEE HOMEPY JAHHOTO YCTOMYMBOTO COCTOSIHUSA. JTO YHCIIO
3aKJIFOYAETCs B CKOOKH, YTO COOTBETCTBYET MOJHOMY yCTOWYMBOMY CO-
CTOSIHUIO. Uepes 3aITy 0 YKa3bIBatOTCS 3HAYEHMSI BBIXOIOB Z1 U 2).

2. Amnanusupyercs nepexoj U3 NepBOr0 COCTOSHMS CO 3HAYEHUSIMU BXO-
n0B/Beixo10B 00/00 K COCTOSIHMIO CO 3HAUYEHUSIMH BXOJIOB/BBIXOJIOB
10/11. Haxogutcs kieTka TaOdHIIbI, PaclOOKEHHAs Ha MEePeCceueHUun
CTPOKH MEPBOr0 COCTOSHUSA U CTOJIO1IA, COOTBETCTBYIOLIETO 3HAUCHUSIM
BXOZ0B. B NaHHYIO0 KJIETKY 3aHOCUTCS HOMEDP COCTOSIHUS, B KOTOPOE
JIOJDKEH MeperTH aBTomart. J[aHHBIM HOMEp B CKOOKH HE 3aKJII04YaeTcs,
TaK KaK COOTBETCTBYET HEYCTOMUYMBOMY COCTOSIHHMIO IIEPEXOJ]a B Cle-
Aayrolee cocTtosiHue. Yepe3 3amsaTyr0 TaKKe YKa3blBalOTCS 3HAYCHUS
BBIXOJIOB aBTOMATa, HO Y’K€ B HOBOM COCTOSIHUHU.

3. B tabnune HaxoAuTCs CTPOKA, COOTBETCTBYIOLIAS HOMEPY BHECEHHOTO
paHee B KJIETKY COCTOsIHUSA. B 3Ty cTpOKy B TOM ke cTOJIONE, KOTOPBIN
COOTBETCTBYET BXOJHBIM 3HAYCHUSAM IIEPEX0OJa B JAHHOE COCTOSIHHUE,
3aIlMChIBAETCSI HOMEP JTaHHOTO cocTOosiHUA. OH 3aKiII04aeTcsi B CKOOKH,
YTO YKa3bIBAET HA MOJHOE YCTOMYMBOE COCTOSIHUE.
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4. Tlpouenypa 1. 2 TOBTOPSAETCS, HO YK€ C YUETOM CIIETYIOILIErO MEPEXO/Ia.

5. Tlocne BHeceHMs] JaHHBIX U3 BCEX BXOJ-BBIXOJHBIX MOCIEI0BATEIBLHO-
CTel BCe KIJIETKM TaOJMIbl NMEPEXOAO0B, KOTOPHIE OCTAJIUCh HE3AIOJI-
HEHHBIMH, 3aMOJHAIOTCS Oe3pa3NIuYHbIMU COCTOSIHUSMU. B nanHbIe co-
CTOSIHUS aBTOMAT HUKOTJA HE ONaJacT.

3ananue aBToMara B BUje rpada okasblBaeTcs eile 0oJiee MpoCThIM, a caMm
nepexo/i OT BXO/A-BBIXOJHOM MOCIIEI0BATEIIbBHOCTH PEAIU3YETCS TaK:

1. Jlng KaXaoro COCTOSIHUSI BXOJA-BBIXOJHOM MOCIIEI0BATEIbHOCTH BBO-

nuTcs y3en rpada (BepiirHa) ¢ HOMEPOM JaHHOTO COCTOSHUA.

2. Kaxaomy y3my rpada COOTBETCTBYET MOJHOE YCTONYHBOE COCTOSHUE,
9TO 0003HAYACTCS METICH — AYTOW MCXOAIIEH W BXOJSINCH B TaHHBIN
y3en. Hax nyroil ykaspIBalOTCsl yepe3 KOCYI0 4epTy 3HAau€HUs BXO-
JIOB/BBIX0OJIOB, COOTBETCTBYIOIIUX TAHHOMY COCTOSHHUIO.

3. Jlamee y3ibl COEOUHAIOTCA IyraMd COTJIACHO HMMEIOLIEHCS BO BXOJ-
BBIXOJIHOM TMOCJEA0BaTEeIbHOCTU HHQOpMaIuu o mnepexonax. [yra
MEXIy JABYMS COCTOSIHUSIMU H300pa)kaeTcsi B TOM Ciydyae, €Cclid BO
BXOJ-BbIXOJJHOM MOCJIEIOBATEIIBHOCTH UMEETCS COOTBETCTBYIOIIUI I1e-
pexon. Han mayroit 3ammchiBaroTCS 3HAUYE€HMsI BXOJIOB/BBIXOJIOB, KOTO-
pble 00eceYrBaIOT JAHHBIN MePexo0/i B COOTBETCTBYIOLIEE COCTOSIHUE.

Hcxonubie Tabmuiia nepexoaoB u rpad mepexoaoB MpuBeIeHb B Ta0. 2.1
U Ha puc. 2.2.

[TockonbKy rpad mepexogoB HE SBISETCS MOJHBIM (HE Bce y3ibl Tpada
MOTIAPHO CBSI3aHbI JAyraMu MEXIy co0oi), a B TaOJHUIlE MEPEXOJ0B UMEIOTCS
0e3pa3InuHble COCTOSIHUSA, BO3MOXXHO COKPAIIIEHUE YKCIIAa COCTOSHUN KOHEYHO-
ro aBTOMaTa — €ro MUHUMU3AIUSL.

MuHuMuU3aIus Yuciia COCTOSIHUN aBTOMATa MO3BOJISIET YMEHBIIUTh CIIOXK-
HOCTb €r0 TEXHMUYECKOHN peanu3aliuy Mo CPaBHEHHUIO C UCXOJAHBIM BapUAHTOM 3a
CYET COKpAICHUs YKCiia HEOOXOAUMBIX JJIsSl peaau3aiuu 3JieMeHToB namsatu. K
npuMepy, ISl peain3alii aBTOMara MO UCXOJHBIM TaOJIUIE MEPEXO0JI0B HWIH
rpady nepexonoB moTpeOyeTcss Kak MUHUMYM YEThIpe JJIEMEHTa MaMsatu (ze-
BATb COCTOSTHUHN KOAUPYIOTCS MUHUMYM YEThIPbMsI IEPEMEHHBIMU).

PaccMmoTpum mpouienypy MUHUMHU3ALUKA TaOIUIBI IEPEXOA0B MO M3BECT-
HOMY ainroputmy [11].

2.2. MMHMMu3auusa Tabnuy nepexonos

JIJisi MUHUMU3a1IMK UCTIOIb3YETCS MOHSATHE MAKCUMAJIbHBIX TTOJIMHOKECTB
COBMECTUMBIX CTPOK TaOJHUIIbI MEPEXO0JIOB.

Ctpoku TabauIkl MOTYT OBITH OOBEIMHEHBI C YIETOM HEMPOTHUBOPEUUBO-
CTH 3allOJHEHUs] COOTBETCTBYIOIMMX cTOONOB. Hampumep, crpoku Ne 1 u No 4
MCXOJHOM TaOJuUIbl IEPEXOI0B MOTYT ObITh 00benuHeHbl (Tadn. 2.2). [IpaBuna
00bEeIMHEHUS CTPOK CIETYIOIINE:
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1. Eciu B cTonOuax 3amvcaHbl OJMHAKOBBIC COCTOSIHUS, HO OJHO U3 HUX
YCTOMYMBOE, a4 OAHO — HEYCTOWYMBOE, TO B PE3YJBTUPYIOLIEH CTPOKE,
00BEIMHSIOUINX 00a COCTOSTHUSL, 3aITUChIBAETCS] YCTOMYHUBOE COCTOSTHHE.

2. Ecnu B cTonb1ax 3amucanbl Kakoe-ITu00 MOJIHOE COCTOsIHUE (YCTONYH-
BOE€ WJIM HEYCTOMUYMBOE) M O€3pa3IM4HOE COCTOSHUE, TO B PE3yJIbTH-
PYIOLLIEN CTPOKE 3alIMCHIBAETCS HOMEP MOJIHOTO COCTOSIHUS.

3. Ilpu oObeauMHEHUU NBYX CTPOK, B CTOJOIAX KOTOPBIX 3amucaHbl Oe3-
pa3UYHbIE COCTOSIHUS, 3aITUCHIBACTCS O€3pa3IMYHOE COCTOSIHHE.

CTpokH, y KOTOPBIX B OJMHAKOBBIX CTOJIOLIAX 3allKMCaHbl HOMEpa Pa3jiny-

HBIX MTOJIHBIX COCTOSTHUM, 00BEAUHUTH HEBO3MOKHO.
OObeUHATh MOXKHO HE TOJIBKO JBE CTPOKH, HO M OOJIBIIIEE UX YUCTIO.

Ta6auua 2.2. Ucxognas Tabnuia nepexoaon

1 BBIXOJIOB
Cromnberg

I 11 11 v

S 3HaueHUs! BXOJHBIX MEPEMEHHBIX
X1X2

00 01 10 11

1 (1),00 | 5,01 | 2,11 ~
4 1,00 ~ ~ (4), 10
1,4 (1),00 | 501 | 2,11 | (4),10

AHanu3 Tabnuipbl 2.1 MOKa3bIBAE€T, YTO YUCIO BAPUAHTOB OOBEIUHEHUS
CTpOK Besko. Hammyummii BapuanT 0ObeIMHEHNUS] HaXOAUTCA MTyTEM MUHUMHU-
3aLlUH.

C 9TOi1 1IEeNBI0 HAaXOATCS BCE BApUAHTBI OOBEIUHEHUSI CTPOK IO CTOJIO-
nam TaOIMIbl MEPEXOJ0B — HAXOAATCA MOJMHOXKECTBA CTPOK, B KOTOPBIX B
CTOJIOLE I IPOCTABJIEHO COCTOSIHUE j WJIM 3HAK 0€3pa3IMyHOro COCTOSHUS (T10A-

mHoxectBa E):

E; ={1;4;5,6;7;8;9}; Ej =1{3;4;,6,7,9);
E; ={2;3;5;68;9}; Ep =1{1;2;3:4;7};
Ep ={1;2;3;4;5;6,7:8;9}; Ep ={1;2;5;6,7};
Ep =1{1;,2;3;4;9}; Epn =1{1;2:7;8;9}.
Ey ={3:4:5:89};
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CH@IIYIOH_[I/IM maro™M MHHHUMHU3AIWUHN SBJIAIOTCA IMOJYYCHHUC HGpCCG‘ICHI/Iﬁ
ITIOAMHOXECTB COBMCCTUMBIX IIO CTOJ'I6I_IaM CTPOK M IMOWCK OIITHUMAJIbHOI'O 00Bb-

enuHenus. Haxomsrest Bce MHOKecTBa EjLI/V | gppsromuecst nepeceveHus-

MU BCEX BBEJCHHBIX paHee MOJAMHOXKECTB MO CTOJO0IAaM TabJWILbI MEPEeXo0B
(puc. 2.3). He nepecekatorcs MeKy cO00M TOIBKO MOJMHOXKECTBA, BXOAIINE B
OJIH M TOT K€ CTOJ0eI] TaOJIUIIBI TePEX0/I0B.

Yucno nepeceyeHUi! MOAMHOXKECTB COBMECTHMBIX IO CTOJOLAM CTPOK
paBHo 2-1-3-3=18. IlpuHIMN mnepecedyeHus IMOJMHOXKECTB IIOKa3aH Ha
puc. 2.4. @akTUYECKH TPHU IEPECEUCHUU YETHIPEX IOIMHOKECTB TpedyeTcs
HaWTH NOBTOPSIOIINAECS B KAXIOM U3 IIEPECEKAEMBIX IOJIMHOKECTB HOMEPA CO-
CTOSIHU M.

Pesynbrat nepecedyenus cienyrommi:

EW* ={1;4} - a; E¥* ={23} - g;
EW0 ={1}(-); E>* ={2}(-);
EY* =11,9}(-); E> =12,9) — k;
ERY ={4} () B2 = {31 (-);
EWP0 ={5} b, EPH ={5}(-);
EW® ={8,9} —c; E>* ={8,9}(-);
EWT ={4;7) —d; E>T4 =131,
EPT0 =167} —e; E>T ={6,7}(-);
EWT ={9}; EX7 ={7,9}(-)
I cronGer 11 cronGert 11l cronGer IV cronbert
=:j; El = {1;4;5;6;7;8;9};} £y ={6234567890 | Eq = {12349} J|{ By = {1;2;3;4;7}

[ B} =235:689) \v ES = 34,589} \%

L Ej ={3:4:679} LBy ={27:89)

Puc. 2.3. Bapuantsl nepecedeHuii MoAMHOKECTB COBMECTUMBIX 110 CTOJIOLIaM CTPOK
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E.|l1]2]3|¢4 9
Eff1]2]3]|4 7
E1,5,2,4 1 4

Puc. 2.4. [Ipunuun onpeneneHus nepeceueHuit

N3 monydeHHBIX MHOXKECTB MCKJIIOYAIOTCS T€, KOTOPHIC MOJHOCTHIO BXO-
JT B IPYTHE MHOXKECTBA, a OCTABIIUECS MHOXKECTBA 0003HAYAIOTCS JIATHHCKU-
MU OyKBaMHU.

Crnenyrommii 3Tan Mmojpa3yMeBaeT COCTABJICHHE TaOJIUIBI TMOKPHITUI
(Tabn. 2.3). B manHOi Tabnuiie Mo CTPOKaM IMEPEUUCIISIOTCS BCE BO3MOXKHBIC
COCTOSIHMSI KOHEYHOTO aBTOMAaTa, a B CTOJIOIaX — BCE BapHUAHTHI OOBEIUHECHHUS
ctpok. Ha mepeceuenun cTpoku u cToi0Ia CTaBUTCA 3HAK MOKPHITHS (HAIPU-
MEp, «x»), €CIU JAHHOE COCTOSIHUE BXOJHUT B COOTBETCTBYIOLIEE CTOJIOIY OO0B-
CIMHCHHE.

Taoauna 2.3. Tabnua moKpsITHIA

g a b c d e g h
{4y | {5 | {89 | 47 | {67 | {23} | {29}

1 X

2 X x

3 X

4 X X

5 x

6 X

7 X x

8

9 x

ITocne cocTaBieHust TAOJUIIBI TTOKPHITHS BBIMHCHIBACTCS JTOTHUYECKOE BHI-
paXkeHHE BUJIa KKOHBIOHKIINS JU3BIOHKIINN OyKB, ITO3BOJISIONIUX MTOKPHITH KaX-
JIO€ U3 COCTOSTHUI:

0= a(gv h)g(avd)be(d Vv e)c(cv h) = abceg.

Bripaxxenne () COKpallleHO 3a CUeT MCIIOJIb30BaHUSI U3BECTHHIX 3aKOHOB
anreOps! Jjoruku [13].
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N3 xoHeyHOoro BbipakeHusi ) BHIOMPAETCS] KOHBIOHKLIHS C MUHUMAJIbHBIM
KOJIMYECTBOM OYKB (KOHBIOHKIIMS MUHUMAIbHOW JUIMHBI). OHA COOTBETCTBYET
ONTUMAJILHOMY ITOKPBITHIO:

W =abceg ={1;4}{5}{8;9}{6;7}{2;3}.

Vnanss TONbKO TOBTOpSIOMIMECS Homepa (OCTaBiisii TOJBKO OJUH W3
HUX), TIOJIy4a€M OKOHYATEJIbHBIM BapUAHT OOBEIUHEHUS] CTPOK TaOIUIbI TIepe-
XOJI0B:

W'={1,4}{5}{8;9}{6;7}{2:;3}.

PesynbraT 00beuHEHUs: CTPOK MOKa3aH B Tad. 2.4.

Tabéanua 2.4. MunuMu3upoBaHHas TabJIMIa IEPEXO0B U BHIXOJOB
JI0 IEPEHYMEPALIUH COCTOSTHUI

I'pynma
I II I v
S S 3Ha4YeHUs BXOJIHBIX IEPEMEHHBIX
X1x2

00 01 10 11
1,4 S1 (1), 00 5,01 2,11 (4), 10
2,3 52 (3), 00 ~ (2), 11 4,10
5 53 ~ (5), 01 8, 10 6, 10
6,7 S4 1,00 ~ (7),10 | (6), 10
8,9 S5 1,00 ~ (8),10 | (9),11

B Ta61. 2.4 nmpucyTcTBYeT NATh COCTOSIHUM, OJTHAKO HOMEpPa COCTOSIHU B
KJIeTKkax u3Menstores ot 1 1o 9. Tpebyercst nepenymepoBath coctostHus. Kaxk-
JIOMY COCTOSIHHIO, COOTBETCTBYIOUIEMY KaXI0H OOBEAMHEHHOW CTpOKE, IMpH-
CcBaMBAeTCs HOBBIH HOMEp, MM HOBOE 06O3HaueHHme — s; (cM. cromber S B
Tabia. 2.4). Hanpumep, Bce COCTOSIHUS, COOTBETCTBYIOIIUE MEPBOM CTpOKE (CO-
crosiHust 1 u 4 B Tabin. 2.4), 3aMEHSIOTCS COCTOSIHUEM S1; BCE COCTOSHUSI, COOT-
BETCTBYIOILIME BTOPOM CTpoke (cocTosiHus 2 U 3 B Ta0n. 2.4), 3aMEHAIOTCS CO-
CTOSIHUEM S2, U T. [I.

KoHeuHblil BapyaHT MUHUMH3AUU TaOJUIbI MEPEXOJ0B MPEJICTABIEH B
Tabs. 2.5, a COOTBETCTBYIOUIMI TaKOM TaOJIMIIE MEPEX0/I0B KOHEUHBII aBTOMAT
IIPEACTABIIEH Ha puc. 2.6.

Cnenyer OTMETUTB, YTO B HACTOSIIIEE BPEMS M3BECTHBI CUCTEMBI aBTOMa-
TUYECKOM MHMHHUMM3AIMM KOHEYHBIX aBTOMAToB. K mpumepy, MUHUMHU3UPOBATH
KOHEUYHBIE aBTOMATHI MTO3BOJISIET U3BECTHBIN MTpOrpaMMHbIN MOy b SIS (A System
for Sequential Circuit Synthesis), pazpabotannbiii B yauBepcutete Kanndopuun
(Berkeley) B konte 1980-x — nauane 1990-x [23, 24].
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Tabauua 2.5. MuHUMU3HpOBaHHAS Ta0IUIA TIEPEXOI0B

U BBIXOJIOB I10CJIE NIEPEHYMEPALIMY COCTOSTHUN

['pynna

I I III v

S* 3Ha4YCHUST BXOAHBIX TIEPEMEHHBIX
X1X2

00 01 10 11
S1 (s1), 00 s3, 01 s2, 11 (s1), 10
52 (s2), 00 ~ (s2), 11 | s1,10
53 ~ (s3), 01 ss5, 10 s4, 10
54 s1, 00 ~ (s4), 10 | (s4), 10
S5 s1, 00 ~ (s5), 10 | (s5), 11

Puc. 2.6. MunMMH3HpOBaHHBIN Tpad Mepexo 0B

2.3. CMHTEe3 Hen36bITOYHbIX CUHXPOHHbIX aBTOMATOB

2.3.1. KogupoBanue Ta0ulbI IEPEX0/10B

KoHeuHbIii aBTOMAaT CHHTE3UPYETCS] HEMOCPEACTBEHHO TT0 MUHUMH3UPO-
BaHHOM Ta0nuIe nepexojoB (cM. Tabid. 2.5) win ke M0 MUHUMHU3UPOBAHHOMY
rpady nepexoqoB (cM. puc. 2.6). JIns cuHTe3a HEM30BITOYHOTO KOHEYHOTO aB-
TOMaTa BEIOMPAETCsI CIOCO0 KOAUPOBAHMS KaXKIOTO COCTOSTHUS.

MuHMMalIbHOE YHCIIO DJIEMEHTOB MaMAITH, HEOOXOAMMOE JIsl CHHTE3a KO-
HEYHOT'O aBTOMATa, ONpeessieTcs mo Gopmyie
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Ny = |—10g2 NS—|7
rae  Ng —9HCIIO COCTOSIHUM KOHEYHOTO aBTOMATa;

3aIInucChb Ir—l 0003HayaeT OeJIoC CBCPXY OT BBIYUCIEKICMOI'O 3HAYCHHA

(6bmkaiiiiee 1esnoe, MPeBOCXOISIIEe TaHHOE).
[Tonw3ysck 3ToM GopmysoH, morydaem:

N,y =[log,5]=[2,321]=3.

Takum oOpa3om, mJIs CHHTE3a KOHEYHOTO aBTOMAara IMOTpeOyeTcs Tpu
sJeMeHTa namsatv — Y, Yo u Y.

CymiecTByeT OOJBIIOE YUCIO BAPUAHTOB KOJWPOBAHUS TSTH COCTOSTHUI
Tpems nepeMeHHbIMU. CToco0 KOAMPOBAHMS OTPEISIICT pa3IuvIHbIC XapaKTe-
PUCTUKH PEaIM3yeMOro JUCKPETHOTO YCTPOWCTBA M BIUSET HA CIOKHOCThH TEX-
HUYECKOHN peau3amuy JJOTHUYECKOT0 W BBIXOJIHOTO MpeoOpa3oBaTeieii, Koinye-
CTBO TEPEKITIOYCHUI JIOTMYECKUX DJEMEHTOB (HETIOCPEJACTBEHHO BIMICT HaA
DHEPromoTPeOICHHE YCTPOMCTBA), OBICTPOACHCTBHE KOMOMHAIITMOHHBIX COCTaB-
JAIOIIMNX U T. 1.

B tabn. 2.6 npencraBieHa KOaupoBaHHas TaOJIMIIA MTEPEX0JI0B, T/ KakK-
JI0€ COCTOSIHHEC 3aKOAMPOBAHO IOCJICIOBATEILHO BO3PACTAIONIUMHU JIBOMYHBIMH
YHUCIAMHU.

Taoauna 2.6. KonupoBanHas Tabnuiia nepexoaon

I'pynna
I I 1 v
S* 3HaueHUs1 BXOJHBIX IEPEMEHHBIX
X1x2

00 01 10 11
51=000 || (000),00 | 010,01 | 001,11 | (000), 10
52=001 || (001), 00 ~ (001), 11 | 000, 10
53=010 ~ (010),01 | 100,10 | 011,10
s4=011 | 000, 00 ~ (011), 10 | (011), 10
s5=100 | 000, 00 ~ (100), 10 | (100), 11

ITo xonmpoBaHHOM Ta0IMIIE IEPEXOA0B CHHTE3UPYETCSI KOHEUHBIN aBTOMAT.

JUIs MCKITIOYEHHS] KPUTHUECKUX COCTSA3aHUNA MOTYT OBITh BBIOpDAHBI JBE
OCHOBHBIE PEAIN3ALNY — ACHHXPOHHAsA U CHHXPOHHAs.

ACUHXpOHHAsI peann3anus NoTpedyeT yBEIMUEHHUsI KOJINYECTBA IJIEMEH-
TOB MaMATH M HMCIOJb30BAHMS CHEUUATBHOTO KOAUPOBAHMS JJI TOTO, YTOOBI
OJIHOBPEMEHHO MOT MEPEKIIOYATHCS TOJIBKO OJMH 3JIEMEHT NaMATH INpU IEpe-
XOJI€ B K&XKJ10€ COCTOSIHHUE.
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CuHXpoHHas peanu3anus NoTpedyeT CUHXPOHU3AMU PadOThI 3JIEMEHTOB
NaMsATH C TOMOLIBIO TAKTOBBIX '€HEPATOPOB. DTO CBSI3aHO C BHIOOPOM KOHKPET-
HBIX 3JIEMEHTOB IIaMSATH.

PaccMOTpUM CUHXPOHHYIO peAJIM3aLUI0 KOHEYHOIO aBTOMATa.

2.3.2. Bb100p 3j1eMEHTOB NAMATH U MOJYYeHHE 3HAYCHU PyHKUMH
UX BKJIIOYEHHUSA

Jlnist peanu3anuy KOHEYHOTO0 aBTOMAaTa MOKET ObITh BbIOpaH Jt000# TUT
aneMeHTa naMsaTu (tpurrepa). OCHOBHBIMM THIAMU TPUITEPOB SIBIAOTCA RS-,
JK-, E-, R-, §-, D-, T-tpurrepsl [12]. Tabmumusl 2.7 u 2.8 npeactaBisioT coO0M
TaOJIMIIBI IEPEXO0B TPUTTEPOB PA3THMUHBIX TUIIOB.

Tab6amua 2.7. Tabnuua nepexo 0B TPUITEPOB C ABYMs YIPABISIOIUMU BXOAAMHU

p tn+l
Yn+1
R K" S Jn RS-tpurrep | JK-tpurrep | E-tpurrep | R-tpurrep | S-Tpurrep
0 0 y" " r v Y
0 ! ! 1 ! 1 1
1 0 0 0 0 0 0
1 1 ~ y" r 0 I

Ta6auua 2.8. Tabnuiia nepexo0B TPUTTEPOB
C OJTHUM YIIPABJISIIOIIUM BXOJIOM

M tn+1
Yn+1
DT
D-tpurrep T-Tpurrep
0 0 Y
! v

Bce Tpurrepsl XxapakTepu3yrTCsl YUCIOM YNPABISAIOMIMX BXOJIOB (OIHO-
WIA JBYXBXOJIOBble TpHrrepbl). [IpuHumnel o0o3HauY€HUsS BXOJIOB TPUITEPOB
ClIeIyIoIIue.

RS-, E-, R-, S-Tpurrepbl UMEIOT YIpaBJSAOLIKME BXOJbl S (set — ycraHo-
BUTH) U R (reset — cOpOCUTH).

JK-Tpurrep umeet ynpasistomue Bxoas! J (jump — BxmrounTh) u K (kill —
BBIKJIFOUUTH ).

AHanornyHo 0003HAYalOTCA CUTHAJIbl HAa YHpaBJsSoWUX Bxonax D- u T-
TPUTTEPOB, COOTBETCTBEHHO BxoAax D (delay — 3aaepxkars) u T (toggle — nepe-
KIIFOYHTH).

B Ta6n. 2.6 u 2.7 Hax 0003HaYEHUSIMU BXOJIOB TPUITEPOB YKA3aHbI Mepe-
MEHHBIE /1, 0003HAYAIOIIME 3HAYCHNE HA BXOJE TPUITEPa B HACTOSIIIUNA MOMEHT
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BpeMeHu . B ocTanpHBIX cTONOAX TaOIUIl yKa3aHbl COCTOSIHUS BBIXOJIOB TPUT-
repos Y"'! B mocnexyrommii Moment Bpemenu ¢!

PaccmoTpum peanusanuio KOHEYHOro aBTOMara Oosiee MOAPOOHO st
JIBYX THUIIOB TPUITEPOB — RS- n JK-TUNOB.

Chopmynupyem npasuna 3anonneruss TaOMAIBI ICTUHHOCTH QyHKIUH Y
U Yr BKITIOYCHHS RS-TpUTTEPOB.

1. Hycts B kietke (X', )], 5, 3) KoAMpoBaHHOH TaGmuip! (oM. Tab1. 2.6)
3allMCaH KOX )|, ),,); Ha TIepecedeHuH cronbua x' W CTPOKH
V>V, V;. 3HaueHHE ). yKa3blBacT HAa COCTOSHUE TPHUITEpa B MpE/Lie-
CTBYIOLIMI MOMEHT BPeMEHH f — 1, a 3HaueHHe ), ONpeIelseT COCTOs-

HHE, B KOTOPOE TPUTTEP JOJKEH MEPEKIIIOYUTHCSI B MOMEHT BPEMEHH .
2. st onpenenenus GyHKIud Ys v Y UCTIONB3YIOTCS TaKUE TIPaBHJIA;
—ecmu Y(t—1)=0,y(f)=1, 10 Y =1, Yr= 0, Tak KaK TpuUrrep JA0JKEH
MEPEKITIOUUTHCS U3 cocTosiHUs O B cocTosiHUE 1]

— ecm Y(t— 1) =0, y(£) = 0, To Ys= 0, Yr= «~», Tak KaK Tpurrep ObL1 B

cocTostHUM 0 ¥ TOJIKEH COXPAHUTh 3TO COCTOSIHUE;

—ecmn Y(t— 1) =1, y(¢) =0, To Ys= 0, Yr= 1, Tak Kak Tpurrep J0JKECH

MEePEKITIOUUTHCS U3 cocTosiHUS 1 B cocTosiHue 0;
— ecau Y(t 1) =1, y(t) = 1, o Ys = «~», Yr= 0, Tak kak Tpurrep ObLI1 B
COCTOSIHMH | M TOJIKEH COXPAHUTh 3TO COCTOSIHUE.

VYka3aHHble TpaBuiia HETPYAHO CBECTH B enuHYyI0 Tabmuiy (tabm. 2.9),
KOTOpasi MO3BOJSET HATJISIIHO OTPAa3UTh MPaBUiIa BHIYMCICHUS BXOAHBIX 3HAue-
HUW TpUITEpa B 3aBUCHUMOCTH OT COCTOSHUM BBIXOJOB B IPEABIAYLIMA U B
HACTOSIIUI MOMEHTHI BpeMeHH (coctostaus Y(1— 1) u Y(7)).

AHaniornynyro tadauie 2.9 tabnuily onpeereHus BXOJIOB TpUrrepa He-
TPYJHO MOJYYUTh U3 aHAIU3a JIOTUKU pabOThl KaXKJ10ro Tpurrepa (cM. tadm. 2.7
u 2.8). Hanpumep, nns JK-tpurrepa ona umeet Bujl Tadbiuibl 2.10.

Taoauua 2.9. [TpaBuiia onpeneneHus
3Ha4eHUH PYHKLIUH MEePeKITIOUCHHS

Taoauna 2.10. [TpaBuiia onpeneneHus
3HaYeHUN PYHKUIUN MEePeKITIOUCHHS

RS-Tpurrepa JK-Tpurrepa
(1) (1)
Y1 Y(+-1
(1) 0 " (1) 0 "
0 0~ 10 0 0~ 1~
1 01 ~0 1 ~1 ~0

Boei6op Tpurrepa s peaquszalid KOHEYHOrO aBTOMAaTa OMpeesseTcs
UCXOMsl U3 PA3IMYHBIX cooOpaxeHuil. Hampumep, Ha BBIOOp MOXKET BIMSATH
HaJIMYK€ WIM OTCYTCTBHE TPUITEPOB B AIEMEHTHOU 0a3e pa3paboTuMKa WIH XKe
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pasiinyHas CJIOKHOCTh pPealn3aliy JIOTHYECKOro npeodpa3oBarelis ¢ npuMeHe-
HUEM Pa3JIUYHBIX THIIOB TPUTTEPOB U T. .

B tab6un. 2.11 npencrariensl 3HaueHus GYHKIUNA BKIFOUEHUST RS-TpUrrepoB
U BBIXOJIOB, MOJIYYEHHBIC MyTeM aHAlM3a KOJUPOBAHHOM TaOIMIIBI MEPEXOIOB
(cM. Tabm. 2.6). JlanHas Tabnwiia O3BOJISIET IEPEUTH K HETIOCPEACTBEHHOM pea-
JU3aluU KOMOMHAIIMOHHBIX COCTABJISIONIMX KOHEUYHOT'O0 aBTOMAaTa — JIOTMYECKO-
IO ¥ BBIXOJHOTO MpeoOpa3oBaTeliei.

Taoauna 2.11. 3nauenus QyHKIuU BKIItoUeHUs RS-TPUTTEPOB U BBIXO0B

B

Y, Yy, Y, Yy, Y, 2 -

~ 0 ~ 0 ~

X1X2)1)2)3
00000

(=]
(=]

o|o

00001 ~ 0 ~ ~ 0

(=]
(=]

00010

l
l
l
l
l
l
l
l

00011

S| O

00100

00101 ~ ~ ~ ~ ~ ~ ~ ~

00110 ~ ~ ~ ~ ~ ~ ~ ~

00111 ~ ~ ~ ~ ~ ~ ~ ~

01000 0 ~ 1 0 0 ~ 0 1

01001 ~ ~ ~ ~ ~ ~ ~ ~

01010 0 ~ ~ 0 0 ~ 0 1

01011 ~ ~ ~ ~ ~ ~ ~ ~

01100 ~ ~ ~ ~ ~ ~ ~ ~

01101 ~ ~ ~ ~ ~ ~ ~ ~

01110 ~ ~ ~ ~ ~ ~ ~ ~

01111 ~ ~ ~ ~ ~ ~ ~ ~

10000

10010

0 0

10001 0 ~ 0 ~ ~
1 0
0

10011

10100 ~ 0 0 ~ 0 ~

10101 ~ ~ ~ ~ ~ ~ ~ ~

10110 ~ ~ ~ ~ ~ ~ ~ ~

10111 ~ ~ ~ ~ ~ ~ ~ ~

11000

11010

0

11001 0 ~
0
0

11011

11100 ~ 0 0 ~ 0 ~

11101 ~ ~ ~ ~ ~ ~ ~ ~

11110 ~ ~ ~ ~ ~ ~ ~ ~

11111 ~ ~ ~ ~ ~ ~ ~ ~
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2.3.3. Muanmusanus QyHKIUA BKIOYEHUS 3J1eMEHTOB aMATH
U BBIXO/I0B C HCNO/b30BaHUeM KapT KapHo

st moJiydeHus: JIOTMYECKUX BBIPAKEHUN, OMUCHIBAIOIIUX (YHKIIMU
BKJIFOUEHHS DJIEMEHTOB MAMSTH M BBIXOJIOB, HEOOXOJUMO IMPOAHAIU3UPOBATH
Ta0IUIy UCTUHHOCTH (CcM. Tabi. 2.8). MunumMusupys (yHKIIUH, MOXKHO TOJTY-
YUTh (POPMAJIbHBIE BBIPAXKEHHUS, [0 KOTOPHIM YK€ CHHTE3UPYIOTCS JIOTUYECKUIl
Y BBIXOJIHOU MPpeoOpa3oBaTeid JUCKPETHOTO YCTPOUCTRA.

[Ipu MamoMm yucie BXOAHBIX MEPEMEHHBIX (KaK MPaBUIIO, 10 MATH BKIIO-
YUTEJBHO) yAOOHBIM CIOCOOOM SIBJISIETCS PYYHOM CIOCOO MUHHUMM3AIUH, UC-
nosb3yromuii kaptel Kapno [13].

Kak wu3BectHo, kapra KapHo sBisieTcss OJHMM W3 CIOCOOOB 3aJlaHMs
¢yHKuni anredpsl joruku. Kaxknas kieTka Takod KapTbl COOTBETCTBYET CTPOKE
TaOMUIBI UCTUHHOCTHU, a KJIETKaM, pa3JelIieHHbIM O0IKUM peOpoM, CTaBsITCS B
COOTBETCTBHE COCEJHUE KOHBIOHKIIMH, OTIMYAIOIIMECS 3HAKOM TOJIBKO OJHOM
nepeMeHHOMU. [Ipu 3TOM KJIETKH, COOTBETCTBYIOLIME KPAHUM I'PaHsAM B OJTHOU U
TOM e CTPOKE, HO MO Pa3HbIE CTOPOHBI TAOIUIBI, TAKKE SBIIAIOTCS COCEIHUMMU.
bonee toro, mis kapt KapHo oT 607bII0r0 YKciIa NEPEMEHHBIX BAaXKHBIM SIBJISI-
€TCS M PaCIIOJ0KEHUE KOHTYpa OTHOCUTEIBHO LIEHTPAIbHBIX OCEN — KOHTYPBI
JOJIKHBI OBITh CHMMETPUYHBI. YKa3aHHbIe ocoOeHHOCTH kapT KapHo nexat B
OCHOBE BU3YaJIbHOTO METOJIa MUHUMU3AINHN QYHKIIUNA anreOphl JOTUKH.

[IpaBuna muHMUMU3anMK (QYHKIUE anreOpbl JOrWKUW 1o kKaptam Kapno
caenyromue [13]:

1. HeoOxomuMoO B COOTBETCTBHHM C TaOJIMIEH HCTUHHOCTH TPOCTABUTH

3HaYeHMs PYHKIHH B KieTku KapTel KapHo.

2. Ecau npu MHUHUMH3AUUUA TONYYalOT JU3bIOHKTUBHYI0 HOPMAJIbHYIO
dbopMy (QYHKITHUH, TO METBIO SBIACTCS 00BETUHEHNE B MIPSIMOYTOIHHBIC
KOHTYPBI BCEX KJIETOK, B KOTOPBIX MPOCTABJICHBI €IUHUIIBI.

3. Yucno KIETOK B TAKOM KOHTYPE SABJISETCS CTEIEHBIO YMCIA «IBa» — 2F
(k=0, 1, ..., n, Tae n — YNUCIO BXOMHBIX IMEPEMEHHBIX), 3a CUET YECTO
BO3MOXKHO HCKJIFOUCHHE kK OYKB B 3alTUCH KOHBIOHKIIUH, COOTBETCTBY-
IOIEN KaXIOMYy KOHTYpY.

4. Hanuuue O€3pa3iMuYHbIX COCTOSHUW TMO3BOJIAET YNPOILATh 3aIUCh
KOHBIOHKI[MU 3a CYET BKIIIOUEHHS] B KOHTYpP, COAEPKAUIUN KIETKY C
eAUHUIIECH, TaKKe U MONapHO COCEIHUX KJIETOK C 3alMCaHHbIMHU O€3-
Pa3JIMYHBIMU COCTOSIHUSIMU.

5. KoHTypbl, pacronokeHHbIE CUMMETPUYHO OTHOCHTEIBHO LIEHTPAJIbHBIX
ocelt pazouenus kaptbl KapHo, COOTBETCTBYIOT OIHOM KOHBIOHKITUH.

6. BpiOupaeTcss MUHHUMAJIBHOE YHCIO KOHTYpPOB, COJAEpKAIIMX MAaKCH-
MaJibHOE€ YMCJIO KJIETOK. KOHTYpbI, BCE KIIETKHM KOTOPBIX MPUHAJIEKAT
JIPYTUM KOHTYpPaM, SIBISIOTCS JTUITHUMU.

7. BO3MOXHO HaJlOKEHUE KOHTYPOB APYT HA ApPYyra.
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8. Kaxmomy KOHTYpy CTaBUTCSI B COOTBETCTBHE KOHBIOHKLIHS, COCTaB-
JIEHHAs! U3 NMEPEMEHHBIX, 3HAUEHHS] KOTOPbIX HEM3MEHHBI BO BCEX KJIET-
KaX KOHTypa (paHr YKa3aHHOW KOHBIOHKIIUU paBeH 1 — k).
9. KOHBIOHKIMU KaKJ0r0 KOHTYpa O0BEIMHSIOTCS 3HAKAMH JU3BIOHKIIUH.
Pacnionarasi HyneBble, €TMHUYHbIE U O€3pa3IMUHbIe COCTOSHUS KaKIOH U3
(byHKIUI BKIIOUEHHS 3JIEMEHTOB MaMSITH U BBIXOJIOB B COOTBETCTBYIOIINX KapTax
Kapho, noixydaem Jiorndeckue BbIpaKEHUS, TOKa3aHHbIE HA puc. 2.7 u 2.8.
Camu koHeuHble (HOPMYIIbI, OMMCHIBAIOLIUE BBIXO/bI JOIMUYECKOIO U BbI-
XOJHOTO MpeoOpa3oBareseil, UMEIT BU:

YS1 =X )3
YRl =X;
Yo = XX

Yo =X, 03V X )35
Yo =XX,0, VXX, )1 Vs

Yo =X,0, VX ),;

Zy =X X VXNV XXV Y,

ITo yxa3aHHBIM JIOTUYECKUM BBIPAKEHUAM CUHTE3UPYIOTCS JIOTUUECKUUN U
BBIXO/JIHOM MpeoOpa3oBaTelu.

OtmeTnM, 4TO HEJOCTATKOM KapT KapHo, Hapsity ¢ py4HbIM aHAJIM30M, SIBIIS-
€TCsl €CJTU HE HEBO3MOXKHOCTb, TO CIIOKHOCTh MUHMMU3AIMU CUCTEM (DYHKLIMH all-
reOpbl JJOrMKU. MUHUMU3ALMs CUCTEM (DYHKIMIA TO3BOJIIET COKPAIATh HE TOJIBKO
KXyl U3 (PyHKIMIA, HO M B LIEJIOM KOHEYHOE YCTPOWMCTBO 32 CUET BbIICICHUS
OJTMHAKOBBIX YaCTEH BBHIPAKEHUIA, COACPIKAIUXCS B KAKIOU U3 (DYHKITHIA CUCTEMBI.

2.3.4. ABTOMATH3HPOBAHHAAl CHCTEeMA MUHUMHU3AUNH PYHKIMI
aJre0pbl JIOTUKHU

B nacrosiiiee BpemMsi MHOTHE alTOPUTMbl MUHUMM3AIUU KaK OTIEIbHBIX
byHKIMA U cucteM (QYHKIHA, TAK ¥ CAMUX KOHEYHBIX aBTOMAaTOB IO pasiind-
HBIM KpUTEpUSIM (HampuMmep, Mo YKMCIy COCTOSIHUM) aBTOMAaTU3UpOBaHbl. boiee
TOTO0, aBTOMATU3UPOBAHBI U MPOLEAYPHI 110 CUHTE3Y IUCKPETHBIX YCTPOMCTB —
MOJIB30BATEINI0 JIOCTATOYHO 33JaTh KOHEUHBIN aBTOMAT B BUJE Tpada mepexo-
JIOB, a peaju3aluio ero B BRIOpAaHHOM 0a3nce JacT CreluaibHas CHCTeMa aBTO-
MaTU3UPOBAHHOIO MPOEKTUpOoBaHuUs. Tak, Hampumep, pemaer 3agaqdy MpoeKTH-
pPOBaHUS HA MPOTPAMMHUPYEMBIX JIOTHUECKUX MHTETPAIBHBIX CXEMaX M3BECTHAs
nporpamma Quartus [18].

25



X1

Y3

—_——— -

Y2

X22)3

Vi

X2

X1

o
=
O I
Lo |
vl |
I N IR B
A N A
| |
T T
| |
AR I O RO
| |
| |
| |
I R N I A O
| |
1 1
“ “
L R

Wi

X2

M1

X1

o
=
!
! ! !
! ! !
! !
{ ! ! L
I I
1 1
| |
SRR RN
! ! !
! /N
o
N ,
o
=
I=

Vi

X2

o
~
17! =
- | | |
[—L L
| |
AP R B ST
L )
)
/ ! ! !
! !

N[
I I
| |
v //_ l
“ I
— |! | —_—
_\MN M ! “z_MN ,_
Lo o
| HE 1 |
I I (RE
N [ ] [
o
N
=
x

X2

1

2

Puc. 2.7. Munumusanust GQyHKIui Y. s Yrs Y, Y

26



X1

X1x
P 2Y1)2

Y3

S~

»

X1X2)2

X2
Y1
X1

Vi

V3

,1__-________-__-

!

»

X2 2

X2
Y1

Vi

X1

2

X1

Y1

X2

Vi

X1X2)1)2

V3

X1

N
X

‘___
|
|

=

(
I
|

X2 )1

X2
Y1

Vi

X1X2

, Z1, 22

3

Y,

39

Puc. 2.8. Munumusanust GyHKIui Y

27



PaccmoTpyM MpoCTyr0 KOHCOJIBHYIO IIPOrpaMmy OTKpBITOro goctyma SIS [23,
24]. OKHO JaHHOM MPOrpaMMBbI C MEPEUYHEM BCEX KOMaH]I MPEICTaBIeHO Ha puc. 2.9.
SIS 1o3BOJIAET BBITOIHATH MIUPOKUI CIIEKTP 33]1a4, CBA3AHHBIX C JIOTUYECKHUM MPO-
EKTHPOBaHHEM U TecTHpoBaHueM. OJIHAKO HA CTpaHUIAX JAHHOTO Y4eOHOIro Mmoco-
OUst MBI PACCMOTPUM TOJIBKO OJIHY €€ (PYHKIIHIO — BOBMOXXHOCTh aBTOMAaTu3UpOBaTh
polecc MUHUMH3AMU QYHKIHUN U cucTeM (DYHKIMI areOpbl JIOTHKU.

| | C:\Users\efanov\Desktop\sis12.exe

UC Berkeley, SIS 1.2 {(compiled May 21 2002 09:23:42)

sis> help
add_inverter
astg_current

astg_print_statastg_slow astg_state_min astg_stg_scr

astg_to_f
chng_clock
decomp
equiv_nets

f anout_paranm
gcx
invert_io
phase
print_factor
print_level
print_value

read_kiss
reduce_depth
resub
short_tests
speed_up
stg_extract
time

usage
write_bhdnet
write_pla
x1l _coll_ck
x1_merge

BDS—-2 Commands:

File Edit 5earch View Encoding
Language Settings Macre Run
Plugins Window 7

AT
'l rample_1pla |
1.4 3
.0 2
000
001
010
011
100
101
110
111

2
3
4
5
6
7
8
9
0

'_I.

Dos\Wind UTF-8 w/o BOM

Puc. 2.10. ®aiin
B ¢opmare *.pla

28

alias astg_add_state astg_contract
astg_lockgraph astg_marking astg_persist

astg_to_stg atpg hdsyn
chng_name collapse constraints
echo eliminate env_seq_dc
espresso extract_seq_dc factor
force_init_0 free_dc full_simplify
gkx help history
ite_map latch_output map

print print_altname print_clock
print_gate print_io print_kernel
print_library print_map_statsprint_state
quit read_astg read_blif
read_library read_pla read_slif
remove_dep remove_latches replace
retime set set_delay
sim_verify simplify simulate
speedup_alg state_assign state_minimize
stg_to_astg stg_to_network sweep
timeout unalias undo

verify verify fsm wd
write_blif write_eqn write_kiss
write_slif write_xnf x1_absorb
x1_cover x1_decomp_two x1_imp
x1_part_coll x1_partition x1_»1

Puc. 2.9. Komaugsr SIS

[Tockonbky (DyHKLIMH BKJIFOUEHUS JIEMEHTOB
NaMATH, 3HAYEHHUsS] KOTOPBIX MOJYyYalOT B MPOLECCE
aHanm3a paboThl MCXOJHOTO TUCKPETHOTO YCTPOMAi-
CTBa, B KOHEUHOM UTOTE 3a/1al0TCS B BHJIE€ TaOJIMIIbI
MCTUHHOCTH, MPU MHUHUMHU3AUUU (PYHKUUN CIETyeT
MCTIOJIb30BaTh TabIMuHyto GopMy ux 3amanus. Takas
dopma I JIOTMYECKOTO YCTPOMCTBA 3a/JaerTcs B
(daiine c¢ pacmmpenuem *.pla. Hampumep, Ha
puc. 2.10 MU300pakeHO OKHO TIPHIIOKEHUS
«notepad++», B KOTOPOM pPacKphIT IPUMEP CXEMBI,
3amanHol B popmate *.pla. Cxema uMeeT TpH BXOJa
U JIBa BBIXOJA, YTO 00O3HAYAETCs B MEPBOM M BTO-
poii cTpokax (paiisia, COOTBETCTBEHHO: 3aMKCh «.1 3»
YKa3bIBaeT Ha TO, YTO YCTPOMCTBO UMEET TPHU BXOAA,
a 3alHCh «.0 2» — TO, YTO OHO MMEET JIBa BBIXOJA.
B nocnenyromux crpokax (aiina nepeduciasiorcs



BCE BXOJHbIE KOMOMHALMU OT TPEX MEPEMEHHBIX M 4epe3 MpoOen B KaxKIou
CTPOKE YKa3bIBAIOTCS COOTBETCTBYIOIIME 3HAUEHHUS BBIXOJOB YCTPONCTBA Ha
KaXJ10M BX0AHOM Habope. CumBoiibl «0» u «1» 0003Ha4YaIOT 3HAYEHMSI JIOTUYE-
CKOTI'O HYJISI M JIOTUYECKOW €JUHULBI, & CUMBOJOM «—» 0003Hadaercs Oe3pas-
JUYHOE COCTOSIHME Ha JaHHOM BXOJHOM Habope (MbI )K€ MPUBBIKINA K 0003HaUe-
HUO «~»).

YtoObl uCHOIL30BaTh JUIsl aHallM3a JaHHOM cxeMbl nporpammy SIS, Tpe-
Oyercst 3arpy3uth (aitn B ¢opmare *.pla. Jlyst 3TOro B CTpOKE 3alMChIBACTCS
koMmaHaa «read play, a 3aTem, yepe3 mpoOes, TOUHOe Ha3BaHue (hailyia CXEMBI C
yKazaHueM pacuimpenus: «example 1.play (mpu 3tom ctpouHast 310 OykBa WU
IpONUCHasl — HE UMEET 3HaueHus ). 3arpy3ka ¢aiiia BO3MOXKHA TOJIBKO U3 TOTO
KaTajora, B KOTOPOM PacrojioxKeH caM (ailn npuinoxenus sisl2.exe.

[Ipu KOppekTHOI 3amMcu Ha3BaHWS WM KOMaHIbl B MPUJIOKEHUH (aiin
OyZAeT mpouYnTaH, O YeM CBHUJIETEIIbCTBYET NEPEX0]I OKHA KOMaH/Ibl PUIIOKEHHUS
Ha HOBYIO, yCTYI0 CTpOKY. [Ipu Hanuuuu ommbKku B KoMaHzAe OyJieT BhIBEACHA
3anmuch «unknown command» ¢ yka3aHHeM HEBEPHOTO HANHCAHHS KOMAaHIbI;
IpY HATMYUU ONTMOKY B Ha3BaHUM (aiiyia — Ha3BaHue (pailyia u 3amuch «no such
file or directory».

JUiss MUHMMM3alMMd YaCTHUYHO OIpPEAENIEHHbIX (YHKIMI HCIONb3yeTCs
komanga «full simplify». UToObl mpoCMOTPETH MOTYUYEHHBIN pe3ysbTar, HEOO-
XOJIMMO BOCTIOJIb30BAThCS KOMAHIOM «printy.

Jlist 3anucu pe3ynbrara MUHUMU3ALMKU W MOTYYEHUs 3HaueHUs! (HopmyIl,
OMHCHIBAIOIINX (PYHKIMH, YIOOHO MCIONH30BaTh KOMaHIy «Write eqny, M03BO-
JISOLIYIO BBITPY’KaTh pe3yJibTaT MUHUMU3AIMK B IU3bIOHKTUBHONW HOPMaJIbHOM
dbopme. Hanpumep, Ha puc. 2.11 mokazaHbl IepeueHb KOMaH/ U UX TMOCIEI0Ba-
TEJIBLHOCTh MPU PEUICHUHU 33a/1a4d MUHUMU3AILNK, a Ha puc. 2.12 nu3obpaxeH pe-
3yJIBTaT MUHUMU3AUU QYHKIUK puMepa, 3ajaanHoro Ha puc. 2.10. Camo auc-
KPETHOE YCTPOMCTBO C 00OO3HAYEHUSIMU BXOJOB M BBIXOJOB MPEJCTABICHO Ha
puc. 2.13.

Puc. 2.11. ®aiin B popmaTe *.eqn ¢ MUHUMU3UPOBAHHBIMH (DYHKITHUSIMH

B nepBoii crpoke ¢ Haamucbio «INORDER = v0 v1 v2;» npuBoAsTCS HOBBIE
HAaMMEHOBAHUS BXOJOB YCTPOWCTBA, a BO BTOpoH, ¢ Haanucbio «OUTORDER =
v3.0 v3.1;», — HOBBIE Ha3BaHMS BBIXOJOB. B mocienyromux cTpokax nepeyncis-
IOTCSI JIOTUYECKUE BBIPAXKEHUSI, ONKCHIBAIOIINE BBIXOJbI CXEMbl. Jlormueckue
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onepauun ocHoBHoro Oasuca ({M; MJIN; HE}) onuceiBatoTcs cnenuaibHbIMU
3HaKaMu «*», «+» U «!» — COOTBETCTBEHHO KOHBIOHKLIMS, AUIBIOHKIUS U UH-
BEpCHsl.

Takum o6pa3zom, 3anucek «v3.0 = !v3.1» Tpaktyercs xak v3.0=v3.1, a

3anuch «v3.1 = v0» — kak v3.1=v0. [lo ananoruu ¢ oOUIENPUHATHIMH 0003HA-

YCHHUAMU IOTTyYaCM: z, = X,, Z; = Z,.

File Edit Search Miew Encoding Language Settings Macre Run  Plugins Window F
o = oolg]| [3| |iﬁ'-£:é£4|“§ =>"~—'I.C-I.|_=_«' LJ@|EE|EHE-D|@
[=] example_1_opt.eqn tﬂ}
1 [INORDER = v0 vl v2;
2 OUTORDER = v3.0 v3.1;
32 wv3.0 = 'v3.1;
v3.1l = 'v0;

Don't care:

INORDER = w0 wvl wv2;
2 OQUTORDER = v3.0 v3.1;
9 wv3.0 = vO0*vl1*lv2 + vwvO0*v1*lv2 + vO*lvl*v2 + Iv0*vl*vZ + v0*vl*v2;
10 v3.1 = v0*vl*!v2 + wO*vl*lv2 + vO*lyl*v2 + Iv0*vl*v2 + wv0*vl*v2;

MNormal text file length : 267 lines: 12 Ln:1 Col:1 Sel:0|0 Dos\Windows UTF-8 w/o BOM INS

Puc. 2.12. ®aiin B popmare *.eqn ¢ MUHUMHU3UPOBAHHBIMU (DYHKITUSIMHU

x1 =v0 — — v3.0=z,
x=vl— VY
X3 =V2 — — v3.1=2,

Puc. 2.13. JluckpeTHoe yCTpOMCTBO

Crnenyer OTMETUTh, YTO AHAJOTUYHBIM pPE3yJIbTaT MOIY4aeTcs W MpH HC-
NOJIb30BaHMUHU JJ11 MUHUMUK3auuu kapt Kapao (puc. 2.14).

Yepes ctpoky B daitne popmara *.eqn (cM. puc. 2.12) 3anucanbl JaHHbBIE O
TOM, Ha KaKUX BXOJHBIX Ha0Opax Kaxaas (PyHKIMS IPUHUMAET HEOIPEIETICHHbIE
3HAYECHMUS.

Takum 00pa3oM, BMECTO pyYHOIO METOJa MUHUMHU3ALMKU (PYHKUMN aire0-
PBI JIOTUKH MOKET OBbITh MCIIOJIb30BaH aBTOMAaTU3WPOBAHHBIN METOJ C IPUMEHE-
HueMm SIS. Jlanee B onucaHuu MpoUEAyp MO CHUHTE3Y IUCKPETHBIX YCTPOUCTB C
0o0OHapy>XeHHEeM HEHCHPaBHOCTEH MUHMMH3ALUsA OyIeT MPOU3BOAUTHCS UMEHHO
B aBTOMaTU3UPOBAaHHOM pexume. [Ipu cuHTe3e ke TUCKPETHOTO YCTpOWCTBa
0e3 cBoiicTBa OOHApyXEHHUs HEUCIPABHOCTEN PEKOMEHIYETCS MCIOIb30BaTh
kapTsl KapHo (7151 3aKperuieHns MaTepuana).
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MunuMu3upys ¢ noMouibio SIS GyHKUKK BKIOYEHUS 3J1€MEHTOB NaMsTH
Y BBIXOJIOB, ITOJYYaeM:

YS1 = 3YR29
YR1 =X
Yo =xx);

YR2 =XV YR3;

s :xlxzylyzvxz)QYSz;
Yo =x,0, Y5 VX, 9,155

Zy =X X VI VX X )1 Y,

@ ox

¥
X3 ~ ~ ~
77777777777777 X1

X2

: X1

X|  [r—

)
al

X3 1 ~ ~ ~

X2

Puc. 2.14. Munumuzanust QyHKIIHA
¢ mpuMeHeHueM kapt Kapno

Ha puc. 2.15 u 2.16 u3o0pakeHbl peaiIn30BaHHBIC IO MPEICTABICHHBIM
GYHKIUSAM JTIOTUYECKHU M BBIXOIHOW TTpeoOpa3oBaTeiu.

2.3.5. Cxema CHHXPOHHOT0 KOHEYHOI0 aBTOMATAa

Cxema CUHXpOHHOT'O KOHEYHOTO aBTOMATa MpuBejieHa Ha puc. 2.17.
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Puc. 2.15. Cxema noruyeckoro npeoOpa3oBaTeis

XI_@_ZI

X1
_@ X
X1 @ ‘zz_ &
2g n—
XQQ yz_
A
—_J
Jﬂ @ Xo—| & 1
yZQ —— z,
Y1—]
x—|&
Xy~

Puc. 2.16. Cxema BBIXOJTHOTO TIpeoOpa3oBaTes

&
_q_ Y51
Y52 H
g_ YS2
] &
Yo 1
e g— Tr,
X1 ] YRz
—1 &
Xo— |
)Zl_
) —
— Y,
- ]
X2 ——
2 PO s
Yo
Y3 7
— Y
\;&
—
Y2
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Puc. 2.17. CtpykTypHasi cxeMa KOHEUYHOTO aBTOMaTa 0e3 W30bITOUHOCTH

D




2.4. CMHTEe3 CUHXPOHHbIX aBTOMaTOB C O6Hapy)>XeHMeM HencnpaBHOCTel

2.4.1. lIpuHuUNbI O0HAPYKEHHUS] HEUCIIPABHOCTEN B IMCKPETHBIX
yCTPOMCTBAX

Jliist oOOHapy KeHUs HEMCIPABHOCTEN B JIOTMUECKUX YCTPOUMCTBaX TpedyeT-
Csl MCIOJB30BAHHME NpPH3HAKA HAJIM4YMs HeucnpaBHocTeil. Hampumep, npu uc-
MOJIb30BAaHUU B KayecTBE pab0o4YnX KOMOWHAIWUN 3HAUYCHUN <JIOTHUYECKUN HOJIbY
U «JIOTHYecKasi equHuIay uaeHtTuguimponars omuoky (0—1 umu 1—0) okasbl-
BaeTCS HEBO3MOXHBIM, MOCKOJIBKY HE SICHO, ICTUHHO HAOJI0JaeMO€ 3HAUYCHHE
uiu HeT. [ oOHapykeHus: omuOOK TpeOyeTcs pacuIiupeHrue MHOXECTBa HC-
MOJIb3YEMBIX KOMOMHALIUN W JOIMOJHEHHE UX 3aIIUTHBIMA KOMOWHAIMSIMHU, IO~
SBJICHHE KOTOPBIX OyJeT CBUJIETEIbCTBOBATh O HAIW4YMK OMMOKU. B Tabn. 2.12
[0Ka3aH BapUaHT MHTEPIPETALUU CUTHAJIOB, TJI€ BbIIEJICHBI KaK paboyue, Tak 1
3aIIUTHBIE KOMOUHAIUY.

Ta6auua 2.12. KogupoBanue CUTHANIOB 7151 OOHAPYKEHHSI OIITHOOK

Tun xoMOUHANMHA Tpaauumonnsiii BapuanT | KogupoBanue ¢ n30bITOYHOCTHIO
0 01
Paboune xoMOuHaIIMH
1 10
3 00
3amuTHeIe KOMOWHAIIUN 11
3

Pa6oune komOunaruu 01 u 10 oTmyaroTcs B 00oux paspsaax (KOJOBOE
paccTOosiHUE MEX]ly HUMHU paBHO ABYM). JIt000€ 0JJMHOYHOE HCKAXKEHUE KAKOTO-
aubo0 pazpsga paboueid KOMOMHAIIMKM TIEPEBOJIUT €€ B 3AIUTHYH0 KOMOMHAIUIO
00 wm 11. IIpu 3TOM TI0 HaOMIOACHUIO CHOPMHUPOBAHHOTO CUTHAJIA HEBO3MOXK-
HO OTIPEJICNINTh, KaKasi UMEHHO paboyasi KOMOUWHAIIMS IPUCYTCTBOBAJIA JIO0 TIOSIB-
JeHus uckaxenus (puc. 2.18).

MHO0k€eCTBO 3aLLUTHBIX
KOMOUWHALIH I

01

PaGoune
KOMOHWHALIUNA

\ 10 [Iepexon npy 0AMHOYHBIX

omunbKax HEBO3MOXKEH !

Puc. 2.18. Vckaxenust pabounx KOMOMHAIIHIA
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PaGoune xoMOuHaIMU TPEACTaBISAIOT COOOM Tak Ha3biBaeMble mapadas-
Hble KOMOMHAUK (KOMOUHAIIMU paBHOBECHOTO Kojia «1 u3 2»). YacTo roBopsT,
YTO CUTHAJIbI 3aKOIMPOBaHbI napada3ubiM kojoM (two-rail code). 3amuTHbIe e
KOMOUMHAIIMK COOTBETCTBYIOT Henapada3zHbIM CUTHAJIAM.

JIns HazeneHus: MPOEKTUPYEMOT'0 YCTPOMCTBA CBOMCTBOM OOHApY>KEHHS
omuOOK ¢ OOoJbIIEH KPAaTHOCTHIO Tpedyercst 00bInas u30bITouHOCTh. OMHAKO,
KaK TMPaBUJIO, YCTPONCTBA CTPOSITCS C y4eToM Oojiee BEPOSITHBIX OJIMHOYHBIX
VCKa)XEHUI, YEM MEHEE BEPOSITHBIX — MHOT'OKPATHBIX UCKaKEeHU [2, 8].

C ToukM 3peHus peuieHus 3ajayu OOHapyKEHUsS HEUCIPABHOCTEH BaX-
HBIM CBOMCTBOM IPOEKTUPYEMOI'0 YCTPOMCTBA aBTOMATUKH SIBJISIETCSI CaMOTPO-
BEPSEMOCTb.

VYCTpoiCTBO HA3BIBACTCS MOJHOCHbIO CAMONPOGEPSeMbIM, UHAYE TOBOPS,
MMEET MOJHOCTBIO CaMOIIPOBEPSEMYIO CTPYKTYPY B TOM CIIy4ae, €CJId OHO SIBJISCT-
Csl CAMOTECTUPYEMBIM U 3aIUIIEHHBIM OT BHYTPEHHUX HEUCIPABHOCTEH.

Ilon camomecmupyemvim yCTPOMCTBOM MOHUMAETCA YCTPOMUCTBO, JIs KO-
TOPOro MpH JH000I HEUCIPABHOCTU U3 33JIaHHOTO KJIAcCa CYIIECTBYET XOTS Obl
OJINH BXOJHOUW HaOOp, HA KOTOPOM HCKaXXaeTCsl 3HAaUEHUE XOTsI Obl OJHOTO €ro
BBIXO/IA.

VY cTpoiicTBO Ha3bIBACTCS 3auULyeHHbIM OT BHYTPEHHUX HEUCIPABHOCTEH
B TOM CJly4ae, €Ciu Py BOZHUKHOBEHUU JIFOOOW HEUCIPABHOCTU U3 3aJ]aHHOTO
KJIacCa Ha €ro BBIXOJaX BBIYMCIISIIOTCS MPAaBWIbHBIC 3HAYEHHUS CUTHAJIOB JIMOO
HEUCTPABHOCTH MPOSIBISETCS B BUJIC 3AIIUTHON KOMOUHAIIMU ATUX CUTHAJIOB.

[Mox 3awyumnoui kombuHayueli cueHanio8 MOHUMACTCS 3aMPENICHHOE BbI-
XOJIHOE KOZOBOE CJOBO.

Teopun cuHTE3a CaMONPOBEPSIEMBIX IUCKPETHBIX YCTPOMCTB U CUCTEM
MOCBSIICHBl MHOTHE HAy4YHbIC MMyOJIMKAIIMU, B TOM YHUCJI€ W3BECTHBIE MOHOTpa-
bun [12, 15, 19].

PaccmoTpum 3amady cuUHTE3a JIUCKPETHOTO YCTPOMCTBA, HAJIEIEHHOTO
CBOMCTBOM OOHAapYKEHHsI HEHCTIPABHOCTEH.

2.4.2. CTpyKTypHBIE CXeMbl OPraHU3AlMHA KOHTPOJIA aBTOMATOB

Jlyist TOro 4ToOBl HAJEUTh KOHEYHBI aBTOMAT CBOMCTBOM OOHapyKEHUS
HEUCTIPABHOCTEH, HEOOXOJUMO BHECTH B €ro CTPYKTYpPYy H30BITOYHOCTH IO
OTpe/IeJICHHbIM MpaBuiiaM. DTy W30BITOUHOCTh MOKHO BHOCHUTD, HallpUMeEp, Ha
ATane KOAUPOBAHUS COCTOSIHUM MUHUMHM3UPOBAHHOW TAOJIMIIBI TIEPEXOJI0OB WIIH
MUHHMHU3HPOBAHHOTO Tpada nepexoaoB (cMm. Tada. 2.3 u puc. 2.6). [lockonabky
KOJIMYECTBO COCTOSIHUM YCTPOMCTBAa paBHO MSTH, TO JUISl €r0 MOCTPOCHUS IO-
TpeOyeTcst Tpu demMeHTa namsaTu. Ecinu 3akoaupoBaTh COCTOSTHUSI UMEHHO Tpe-
Ms TIEPEMEHHBIMU, OyIeT PeaTM30BaHO CBOMCTBO BBHITIOJHEHUS 3aJaHHOTO aJro-
putMa (YHKIIMOHUPOBAHUS, OJIHAKO MPHU ITOM HE OyAyT YUYTEHBI BO3MOXKHbBIE
BO3HUKHOBEHHS HEHCIIPABHOCTEH B X0JI¢ PaOOTHI yCTPOUCTRA.
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PeanuzoBarh qUCKpeTHOE YCTPOHUCTBO C OOHAPYKEHUEM HEHCIPAaBHOCTEN
MO>KHO 3a CYET KCIOJIb30BaHUS U30BITOYHOIO KOJUPOBAHUS COCTOSIHUM, HAIIPH-
Mep, KOJOM C KOHTPOJIEM YETHOCTU (KOJOM MapUTETa) UM PAaBHOBECHBIM KO-
noMm [1, 22]. Ha puc. 2.19 uzoOpaxeHa opraHu3allMOHHAs CTPYKTYpa CXEMBI
KOHTPOJIS 110 MPU3HAKY YETHOCTU KOJIOBOM KoMOuMHaIuu, a Ha puc. 2.20 — opra-
HU3AIMOHHAA CTPYKTYpa CXEMbl KOHTPOJISi MO PaBHOBECHOMY KOAY (B JaHHOM
cily4yae yAOOHBIM OKa3bIBA€TCSl MPUMEHEHHE KoAa «2 U3 4», UMEIOIIEro 1IEeCTh
pa3peleHHbIX KOAOBbIX KOoMOMHaiuii). B o6oux ciydasx 4uciio BHYTPEHHHX
IEPEMEHHBIX, TAKUM 00pa3oM, yBeJn4yuBaeTcsi Ha eAuHuIly. COOTBETCTBEHHO
U3MEHSETCS YUCIIO (QYHKUMN BKIIOUYEHHUS 3JIEMEHTOB MaMSITH U UX BUJ IO CpaB-
HEHHIO C KOJUPOBaHUEM 0e3 U30BITKA.

C
Y. st |
5 C N
Tr d <|>_)’1
Y Slt | V2
% C Y2
Y, 3 R <|>_y2
Y. sl | V3
> C Y3
Y pr———
R, R <|>_y3
Y. S{Tt | Va
5 L Y4
Y —
R, R <|>_y A
C—B 0

CaepTka 10 MOJIYJIIO J1Ba

Puc. 2.19. OpranusanoHHas CTPyKTypa CXeMbl KOHTPOJIS
Ha OCHOBE K0JIa C KOHTPOJIEM YETHOCTH
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P

Puc. 2.20. OpranuzaimoHHas CTpyKTypa CXeMbl KOHTPOJIA
Ha OCHOBE PaBHOBECHOTO KOJa

[Ipu mocTpoeHUU CXeMbl KOHTPOJISI IO KOAY MapuTeTa HEOOXOAUMO KOH-
TPOJIUPOBATH YETHOCTH (HOPMHUPYEMOI Ha BhIXOZE OJIOKA MaMATH KOJAOBOU KOM-
OouHaMK <y V2 V3 V4>, DTO JenaeTcs MyTeM BBIIEICHUS ABYX TPy BBIXOJOB
(Mo ABa BBIXOJA B KaXKJIOM) U YCTAHOBKH JABYX CXEM CBEPTKU MO MOAYJIIO JBa
3HAQYEHUM KakJAOW Tpynibl BbIXOJAOB. /[Ba BhIXOJA MOJYYEHHOW CXEMBbI MpEN-
CTAaBIAIOT CO0OM JBa KOHTPONBHBIX BBIXOJA — z° M z! — CHHTE3Mpyemoro
ycTpoiicTBa. Ha HUX mipu HOpMalibHOM paboTe aBTomara (6€3 0TKa30B) dhopmu-
pyetcs napadaszupiii curnan <01> unu <10>,

[Ipyn HAMMYUKU OJMHOYHBIX HEHCIPABHOCTEH 3JIEMEHTOB HaMmsTH (B TOM
YKCJie BBI3BAHHBIX OTKAa3aMU CXE€M HX BKJIIOYEHUS) OyJET MCKAKATbCS TOJIBKO
OJHO 3HAYE€HUE B BEKTOPE <)1 V2 V3 V4>. IIpu 3TOM HApyMIUTCA YETHOCTH KOM-
ounamuu. IapadasHocTs curnanos z° u z! Gyner Hapymena, uto GyaeT ABJIATH-
Csl CUTHAQJIOM OIIUOKH.

Boigenenue nByx rpymni Mmpu TakoM COco0e KOHTPOJISI HEOOXOUMO st
TOTO, YTOOBI OOHAPYKUBAIUCH €IIE U HEUCIPABHOCTU CaMOM CXEMbI KOHTPOJIS:
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IpU OJMHOYHBIX HEUCIPABHOCTSAX CXEMbl KOHTPOJS TaKKe HapyILIMTCS Mapa-
($ha3HOCTh Ha €€ BBIXO0/1aX.

Hcnonb3oBaHrne paBHOBECHOIO KOJla MPHU OpraHU3ALMKU KOHTPOJIs OJI0Ka
NaMSATH SABJISIETCS] AIbTEPHATUBHBIM BAPUAHTOM 110 OTHOLIEHHUIO K MCIOJIb30Ba-
HUIO JUUIS OTUX LeJIel KoJa napurera. B aToM ciydae KaXa0e COCTOSIHUE KOHEU-
HOT'0 aBTOMaTa KOAUPYETCs 3apaHee BHIOPaHHBIM PaBHOBECHBIM KOJIOM. BbIOOD
KOHKPETHOI'O KOJIa OTIPEAEIAeTCS HECKOJIBKUMU (aKTOpaMH, B TOM YHCIIe HE0O-
XOJIMMBIM ISl KOJUPOBAHUS BCEX COCTOSIHMM YMCIIOM Pa3pelIEHHBIX KOJOBBIX
KOMOMHALIUKA U CIOXHOCTBIO TecTepa BbIOpaHHOTO Kojaa. B paccmaTtpuBaeMom
npuMepe Ui KOJUPOBAHUSA IISITU COCTOSIHUN BBIOpAH paBHOBECHBIM KOJ «2 W3
4» (kaK OTMEYaJoCh BBIIIE, TAKOH KOJ MMEET LIECTh Pa3pelIeHHBIX KOJOBBIX
CJOB). B 1enmsax KOHTpOIIsI NpUHAMIEKHOCTH (POPMUPYEMOIO Ha BBIXOJAX OJ0Ka
naMsATH KOJIOBOTO BEKTOpa <1 )2 V3 V4> s KoJa «2 u3 4» ycTaHaBIMBAETCA
camornpoBepsieMblii Tectep 2/4-TSC, mpenHa3Haue€HHUE KOTOPOrO — (PHUKCAIUS
HEUCIIPAaBHOCTEN — MpU MX HaJIM4YMM BbIpaOaTbiBaeTcs HenapagasHblii KOH-
TpodbHBIN curHan. Hanbomnee mpocTast cTpykTypa Tectepa kona «2 u3 4» m300-
paxeHa Ha puc. 2.21 [12].

Vi &
2 1
0
z
V3 &
Ya
1
&
1
z
1

Puc. 2.21. Haubonee npocrtas cTpykTypHas cxema 2/4-7SC

Hcrnonp30Banne paBHOBECHBIX KOAOB IPH CUHTE3€ JUCKPETHBIX yCTPOWCTB
¢ 0OOHapy’)KEHHUEM HEUCIIPABHOCTEH — BECbMa PaclpOCTPaHEHHBIN crocol pea-
JU3alUUd JUCKPETHBIX yCTpoHcTB [22]. [IpuMeHeHne paBHOBECHBIX KOJOB (-
(EeKTUBHO B TOM YHCJIE U MOTOMY, YTO OHU OOHApY>KHUBAIOT JHOOBIE OJHOHA-
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npaBJieHHbIE (MOHOTOHHBIC) UCKAXKEHHUS B KOJOBBIX BEKTOpaX — TaKue, MPHU KO-
TOPBIX UCKAXKAIOTCS JTUOO TOJIBKO HYJEBbIE, IMOO TOJBKO €IUHUYHBIC Pa3psiibl.
Ha »TOoM CBOICTBE pPaBHOBECHBIX KOJIOB OCHOBAHbI KaK METOJIbI MOCTPOEHUS
JUCKPETHBIX YCTPOUCTB ¢ OOHAPYKEHUEM HEUCIIPABHOCTEH, TaK U METObI IO-
CTPOEHHUS KOHTPOJICTIPUTOJHBIX IUCKPETHBIX YCTPOMCTB. AJIbTEpHATUBOW UC-
M0JIb30BaHUSI PABHOBECHBIX KOJIOB SIBJISIETCS MCIIOJIb30BAHUE KIIACCUYECKUX KO-
JIOB ¢ cyMMHpoBaHueM (Ko7oB beprepa) u ux HeKOTOpbIX Moaudukaiuii [3—6].

2.4.3. CuHTE3 KOHEYHBIX ABTOMATOB C 00HAPYKEHHEM
HEUCNPABHOCTEH

B Tabn. 2.13 u 2.14 npuBeaeHbl 3aKOAUPOBAHHBIE COCTOSIHHS ¥ TIEPEXObI
MEXKJy HUMU MNP UCIOJIb30BAHUU KOJla MAPUTETAa U PAaBHOBECHOTO KOJia «2 U3
4%» COOTBETCTBEHHO.

Tabauna 2.13. Tabnuiia nepexo10B
MPH KOJAUPOBAHUM COCTOSIHHI KOJIOM MapHuTeTa

I'pynma
I II I v
S* 3HayeHUs BXOJAHBIX TEPEMEHHBIX
X1x2
00 01 10 11
s1=0001 || (0001), 00 | 0100,01 | 0010,11 | (0001), 10
s2=0010 || (0010), 00 ~ (0010), 11 | 0001, 10
53=0100 ~ (0100), 01 | 1011,10 | 1000, 10
s4=1000 || 0001, 00 ~ (1000), 10 | (1000), 10
ss=1011 | 0001, 00 ~ (1011), 10 | (1011), 11

Tabauna 2.14. Tabnuia nmepexo10B
IIPY KOAUPOBAHUU COCTOSIHUN PABHOBECHBIM KOJOM

I'pynma
I II III v
S* 3HaueHUs1 BXOJHBIX MIEPEMEHHBIX
X1X2

00 01 10 11
s1=0011 || (0011),00 | 0110,01 | O101,11 | (0011),10
s2=0101 | (0101), 00 ~ (0101), 11 | 0011, 10
53=0110 ~ (0110), 01 | 1010,10 | 1001, 10
s4=1001 || 0011, 00 ~ (1001), 10 | (1001), 10
s5=1010 || 0011, 00 ~ (1010), 10 | (1010), 11
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Jlns o6eux Tabmui (2.13 u 2.14) noonpeneneHue aHaioruyHo. B kaue-
CTBE TIpUMEpPA MPHUBEIEM PACIIMPCHHYIO KOJIUPOBAHHYIO TaOJIUILy TPH HUCIIONb-

30BaHUU ISl KOHTPOJISI KoAa naputeta (Taou. 2.15).

Ta6auna 2.15. PacimpenHnas tTadnuia nepexoioB
MPU KOAUPOBAHUH COCTOSTHUM KOJIOM IMapUTETa

I'pynma
I II II v
S 3HaueHUs BXOJHBIX MIEPEMEHHBIX
X1x2
00 01 10 11
51=0001 || (0001), 00 | 0100,01 | 0010,11 | (0001), 10
52=0010 | (0010), 00 ~ (0010), 11 | 0001, 10
53=0100 ~ (0100), 01 | 1011,10 | 1000, 10
s4=1000 | 0001, 00 ~ (1000), 10 | (1000), 10
ss=1011 | 0001, 00 ~ (1011), 10 | (1011), 11
0000 | (0000), ~~ | (0000), ~~ | (0000), ~~ | (0000), ~~
0011 | (0011),~~ | (0011),~~ | (0011), ~~ | (0011), ~~
0101 | (0101),~~ | (0101),~~ | (0101), ~~ | (0101), ~~
0110 | (0110), ~~ | (0110), ~~ | (0110), ~~ | (0110), ~~
0111 | (0111),~~ | (O111),~~ | (OI11),~~ | (O111), ~~
1001 | (1001), ~~ | (1001), ~~ | (1001), ~~ | (1001), ~~
1010 | (1010), ~~ | (1010), ~~ | (1010), ~~ | (1010), ~~
1100 | (1100), ~~ | (1100), ~~ | (1100), ~~ | (1100), ~~
1101 | (1101),~~ | (1101), ~~ | (1101), ~~ | (1101), ~~
1110 | (1110), ~~ | (1110), ~~ | (1110), ~~ | (1110), ~~
1111 (1111), ~~ | (1111), ~~ | (1111), ~~ | (1111), ~~

Crnenyroumm 11aroM CHHTE3a aBTOMara ¢ OOHApY>KEHHWEM HEUCIPaBHO-
CTEH ABJIETCS NMOJIy4eHHE (DYHKIMI BKIFOUEHHS 3JIEMEHTOB NaMATH (110 aHAJIO-
UM C MPEACTABICHHBIMHU paHee BBIUUCICHUAMHU). Takas Tabmuia, HampsMyro
nojyuyeHHas u3 Tabmuubl 2.15 mpu MCHoOIB30BaHUU B KaueCTBE SJIEMEHTOB Iia-
MATH RS-TpUrrepoB, npeacrasiieHa HUxke (Tadi. 2.16). B Hell B ka0l KileTKe
3alMCcaHbl BOCEMb 3HAUYEHHM, COOTBETCTBYIOIIMX (PYHKUHMSM BKIIOUEHHS 3Jie-
MEHTOB MaMSTH: YSI, YRI, YSz’ YRz, YS3, YR3, YS4, YR4.

Onucas nosiyueHHble GyHKUUU B popmare *.pla U IpUMEHUB POLELYPY
X MMUHUMU3aUuu B nporpamme SIS, nmomydaem pe3yabTar, OIpeAcTaBICHHbBIA HA
puc. 2.22. Ilpu nepexoae K HCIOJIB30BAHHBIM HaMU 0003HaueHUsIM (Vo = X1,
Vi=X2, V2= V1, V3= V2, V4= V3, V5= y4) Iojrydacm CJICAYIOIIHC BbIPAKCHUSA IJI
aBTOMATa, COCTOSHUSI KOTOPOI'O 3aKOJIUPOBAHbI KOJIOM ITApUTETA:
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v6.0 =Yy =Y, ;

vo.l=Y, = »,Y5 VY

v6.2=Ys =x,Y; ;

VO.3=Yp =X 10,2V Vs

v6.4 = YS3 = szR4 vV YR2Y545

V6.5 =Yy =Xy, 1,304V ¥3Yy,;

V6.6 =Yg = ;1y1Y2 Y3y vV xzyly_2y3y_4vx_2YR2 = y_zy_4(;1J/1y_3V x2;1y3)v %Y s

VO.T=Yp =XX, 11 Y, V3Va VXX Yy V3 V3Vy = V1 V2 V3V (xl Xy VXX )

Ta6auua 2.16. Tabnuma GyHKIMIA BKIIIOUYEHUS JIEMEHTOB ITAMSTH

IIpU UCIOJIb30BAHUH KOJa MMApUTCTA

I'pynna
I II I v
S* 3Ha4YeHMS BXOJHBIX TEPEMEHHBIX
X1x2
00 01 10 11
s1=0001 || 0~ 0~ 0~~0 | 0~100~01 | 0~0~1001 | O~ 0~ 0~~0
52=0010 || 0~ 0~ ~0 O~ ~ 0~0~~00~|0~0~0110
53=0100 ~ 0~~00~0~| 10011010 | 1001 0O~ O~
s4=1000 || 01 0~ 0~ 10 ~ ~0 0~ 0~ 0~ | ~0 0~ 0~ O~
ss=1011 | 01 0~ 01 ~0 ~ ~00~~0~0 | ~0 0~~0~0
0000 | O0~0~0~0~|0~0~0~0~|0~0~0~0~]|0~0~0~0~
oo1r1 [ 0~0~~0~0|0~0~~0~0 | O~0~~0~0 | O~ 0~~0~0
0101 [ 0~~00~~0| 0~~00~~0 | 0~~0 0~~0 | O~~0 0~ ~0
0110 | 0~~0~0 0~ | 0~~0~00~ | 0~~0~0 0~ | 0~~0~0 O~
0111 [ 0~~0~0~0| 0~~0~0~0 | O~~0~0~0 | O~ ~0~0 ~0
1001 {~00~0~~0|~00~0~~0 |~00~0~~0|~00~0~~0
1010 {~00~~00~|~00~~00~ | ~00~~00~ | ~00~~0 0~
1100 || ~0~00~0~ | ~0~00~0~|~0~00~0~|~0~00~0~
1101 {~0~00~~0|~0~00~~0 [ ~0~0 0~~0 | ~0 ~0 0~ ~0
1110 {~0~0~00~|~0~0~00~ | ~0~0~00~ | ~0~0~0 0~
i {~0~0~0~0|{~0~0~0~0 [ ~0~0~0~0 | ~0 ~0~0 ~0

2
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"g’ E:\_new_today 18.11.01\Books\_2_Ha stane cosaanna\ 50% 2018_.. — O X

Qaiin [paeka [ouck Bua Koawpoekm CuHTakcucel Onumu WHctpymeHTtel Makpockl

3anyck [lnarudel Brknagkm 2 X
o [ Y= (] g% EH=T1EE2E ”
=] opt_ex5_pareqn Ed \E opt_ex6_cw.eqgn ‘

1 [INORDER = v0 vl v2 v3 v4 v5; A

2 OQUTORDER = v6.0 v6.l v6.2 v6.3 v6.4 v6.5 v6.6 ve.7;

3 v6.0 = v6.3;

4 ve.l = 'v3*ve.6 + v6.5;

5 wve.2 = vl*ve.7;

6 v6.3 vO*lv2*v3*lvd*lvh;

T ove.d = 'vl*ve.] + v6.3*Vv6.6;

5 ve.5 = 'wOFy2*!\y3*tvyd*vE + v4*v6.6;
9 ve.6 = lwv0Fy2*ly3*lyd*lyh + v1*!v2*!y3*vd*!lv5 + lvl*ve.3;
10 wve.7 = wOxlyl*ly2*xly3*lyd*xyh + lyQ*yl*ly2*xly3*lyd*yh; >
< >
In:1 Col:1 Sel:0]0 Windows (CR LF) UTF-8 IN

Puc. 2.22. @aiin B popmaTe *.eqn ¢ MUHUMU3UPOBAHHBIMH (DYHKIUSIMU BKIIIOUESHUS
3JIEMEHTOB IaMATH NPU KOHTPOJIE aBTOMATa Ha OCHOBE KOJla apuTeTa

Ha puc. 2.23 u3o0paxeHn noruyeckuii mpeoopa3zoBaTeib KOHEYHOTO aBTO-
MaTa ¢ OOHapy>KeHHEeM HEUCIPABHOCTEH MPH €ro KOHTPOJE HA OCHOBE KOJa TMa-
puTera.

AHaIOTUYHO BBIMOJIHAETCS MpoIeaypa NnojdydeHust GyHKIUNA BKIIOUYCHUS
AJIEMEHTOB MaMATH aBTOMAaTa MpPU KOJAMPOBAHUHU €0 COCTOSHUNM PaBHOBECHBIM
koqoM. ITonydaercs cHadana tabmi. 2.15, 3ateM 2.16 U BBITIOTHSACTCS MUHUMHU-
3aius B SIS (aHHBIE IIArW YUTATENb MOXKET IPOJENaTh M0 aHAJIOTUH CaMOCTO-
SITeNIbHO). Pe3ynbTaT MUHUMU3ALMU IPEACTABIIEH Ha puc. 2.24.

[Ipu mepexome K HMCHOIB30BAHHBIM OOO3HAYCHHSIM TIOMyYaeM CHCTEMY
GyHKIUN BKIIFOYEHUS AJIEMEHTOB MaMSITH aBTOMAaTa, 3aKOJIUPOBAHHOTO PaBHO-
BECHBIM KOJIOM «2 U3 4»:

v6.0 =Yy =y, ;

v6.1=Y, =y_2YS4 v Y

v6.2=Y; =y, Y, VY

V6.3 = YR2 = xly_1y2y3y_4v YS3;

v6.4 = Y33 = x_1J’1y_2y_3Y4 2 xzy_lJ’2y_3Y4 = y_3Y4 (x_lyly_zv xzzyz);

VOS5 =Yy = XX, Vi V. 03Va v WY =, (xlxz N Y3Ya VY, );
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V6.6 =Yg =X X V3 Va Y XV V2 V3 Vs = V3 Vs (xlxzylyZ v x1y1J’2)§

v6.7 = YR4 = XX V1 Vo V3 )y

é_ YS]
— yi— &
X2 {
g0 —— Yp
Ny [—
: Xo—] &
V2 ] (— Y,
Y4 n—« £
Y1
Vi— —|— 1 —|— 1
>5_ YS3
& &
cn Ol s
Y3 Xo—]
Yo— Vi—1 &
J74_ _|_ 1 YS4 —|_
1
.E v E_ & z (— YR3
n_& R —<« [
Yo %:
Y3 V3—
Y4 x—z Y4
— >5_ YS4
X2 1
— &
x— & Y1 {— YR4
1 |— Y y
V3| Ry
Xr— Ya

Puc. 2.23. Cxema JIOTHYECKOTO TIpeoOdpa3oBaTessi KOHEYHOTO aBTOMAaTa
¢ 00Hapy>KeHHEeM HEUCTIPABHOCTEH Ha OCHOBE KOJa MapuTeTa
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“5? E\_new today 18.11.01\Books\_2_Ha stane cospanua\_50% 2018 .. — O X

@aiin [Ipaexka [lomck Bua Koaupoekn CuHTakcucel Onuwmu  VIHcTpymeHTel Makpockl

3anyck [lnarvHel Brnaakw ? X
2] ; a = Ea | = = .
o s e B | iy ex EESTEZE
B opt_ex5_pareqn =] opt_ex6_cw.eqn Lﬂ‘
1 INORDER = w0 vl v2 v3 vd4 wb; A
2 QUTORDER = v6.0 ve.l ve.2 v6.3 ve6.4 ve.5 ve.6 ve.7;
3 ve.0 = l'vb*ve.3;
4 wve.l = lv3*ve.6 + ve.4;
5 wv6.2 = vh*ve.5h + ve.7;
6 ve.3 = vO0*!lv2*y3*vd*lv5 + v6.4;
T ve.d = 'yO*v2*1y3*xlyvld*yh + v1i*!v2*v3*!vd*v5;
5 ve.h = vO0*F!vl*!yv2*Iy3*vd*vh + v3*v6.6;
9 vo.6 = vO*vl*!v2*yv3*vad*!vh + 'vO*v2*!y3*xvd*!vy5;
10 wve.7 = 'WwO*yl*1y2* 1 y3*yd*yh; v
L4 >
ln:1 Col:1 Sel:0]0 Windows (CR LF) UTF-8 IN

Puc. 2.24. ®aiin B popmare *.eqn ¢ MUHUMHU3HUPOBAHHBIMU (DYHKITUSMU BKITFOUCHUS
AJIEMEHTOB MAMSTH IIPH KOHTPOJIE aBTOMAaTa Ha OCHOBE KoJia «2 U3 4»

Ha puc. 2.25 uzo6paxeH Jorudeckuii mpeodpa3oBaTeb KOHEYHOTO aBTO-
MaTa ¢ OOHapy>KEHHEM HEUCIPABHOCTEW MpPHU €ro KOHTPOJE Ha OCHOBE PaBHO-
BECHOT0 KoJia «2 u3 4». Ecnu olleHUBaTh CIOXHOCTh CXEM MO YUCIY BXOOB JIO-
IMYECKUX JJIEMEHTOB, TO MOKHO OTMETUTH 00Jiee IPOCTYIO PEaTUu3aAlMI0 CXEMBI
Ha puc. 2.23 (40 BX0J0B) B CpPaBHEHHH CO cXeMoi Ha puc. 2.25 (47 BX0O10B).

Cxembl Ha puc. 2.23 u puc. 2.25 He UMEIOT B CBOUX CTPYKTypax HU OJHOU
MHBEpPCUU (BCE MHBEPCUM PEATM30BAHbI HA BXOJAaX KaXJA0W U3 CxeM). DTa 0co-
OEHHOCTb pealii3allii yCTPOMCTBA MO3BOJISET MpHU JII0O0H HEUCIIPaBHOCTHU HJie-
MEHTOB €r0 BHYTPEHHEH CTPYKTYPBhI BBI3BIBATH TOJIBKO MOHOTOHHYIO OIITUOKY Ha
BbIX0/1aX [6]. IToCKONBKY TOIBKO ISl BTOPOM CXEMBI MCIIOJI30BaH KO/ ¢ OOHa-
py>kKeHueM J1to0ObIX MOHOTOHHBIX OIIMOOK, B HEM OyayT OOHapyKUBAaThCA JTHOObIE
OJIMHOYHbIE HEMCIPABHOCTHU, TOT/1a KaK B IEPBOM CXEME CYLIECTBYET HEKOTOPAs
BEPOSITHOCTh HEOOHAPYKEHUS OIMMOKH (YaCTh JIOTUYECKUX DJIEMEHTOB BHYT-
PEHHEUN CTPYKTYphl CBSI3aHA YETHBIM KOJIMYECTBOM IYyTE€H C BBIXOJAMHU CaMOTO
JIOTUYECKOTO TIpeodpazoBaTers).

C wucnonp3oBanueM SIS MOTy4arOTCs TaKXE JIOTUYECKHUE BBIPAXKEHUS,
onuchiBatronMe (QYHKIUU Z; U Zz — (PYHKIUMU BBIXOJAHOTO MpPeoOpazoBaTes
(puc. 2.26 u 2.27).

J{nst cimyvyast KOAUpPOBaHUS COCTOSIHUMA KOJOM MAapUTETa UMEEM

Zy =X Xy N Vo VX N Vs VX )
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Puc. 2.25. Cxema noruyeckoro npeoOpas3oBaTeliss KOHEYHOTO aBTOMATa
¢ oOHapy’>XKeHHEM HEUCITPABHOCTEH Ha OCHOBE KOJa «2 U3 4»

Texnuueckas peanu3aiys BIXOAHOTO MpeoOpa3oBatelnis Mpu KOAUPOBa-
HUU COCTOSIHUM KOJOM MapuTeTa MoKa3aHa Ha puc. 2.28, a.

[Ipu ucmonp30BaHWM PABHOBECHOTO KOma «2 W3 4» (PYHKIIMU BBIXOJIOB
MPUHUMAIOT BU]I

2y =X5X Ve VX1 VeV X))

TexHudeckas peain3alnusi BBIXOJHOTO MpeoOpa3oBarTelis Mpu KOJAUPOBaA-
HUW COCTOSTHUM KOJOM «2 U3 4» ToKa3aHa Ha puc. 2.28, 6.
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[ C:\Users\Dmitry Efanov\Desktop\opt_sxdpar_outs.e..  — = *

Paidn  [Mpaeka [Odowvck Bug Kogwpoeka CuHTakcwe Hacrpobfikw

Makpocer  Janyck  MoarvHer Okwa 7 X
[= '_,' B o
o &= s s & & M | | 88 B | & X |
E opt_exdcw_outeqn = opt_exdpar_outs.eqgn ]
1 IINC-RDER = wl vl w2 w3 v4 wv5; ~

2 OUTCORDER = wE.0 w&E.1;
] vEe.0 = wi;

4 vE.l = wOFIgl*ly2® iyl 4+ wl*v2*v5 + 'wO*vl;

C, L
Ln:1 Col:1 Sel:0 Deos\Windows ANSI INS

Puc. 2.26. MunumMu3upoBaHHbIe (DYHKIIMH BBIXOIO0B
IIPpU KOAUPOBAHUM COCTOSTHUM KOJOM IIApUTETa

[ C:\Users\Dmitry Efancvi\Desktop\opt_sxdcw_out.eq... - O >
Paiin  [lMpaeka Nowck Buag Kogwpoeka CwHTakcwe HacTpodikn
Makpocer  3anyck  [Noarvder  Owna I X

a = s e @ & M | | &8 bg | & X | v
= opt_exdow_out eqn IE opt_exdpar_outs .eqn ]

1 ITHORDER = w0 wl w2 w3 vd v5; ~

2 CUTCRDER = wo.0 wa.l;

] ve.0 = wi;

4 vE.l = wO*Iygl®lyg2éys 4+ wl®*v2*ly5 + 1w0*vyl;

5 L
Ln:1 Col:1 Sel:0 Dos\Windows ANSI IMS

Puc. 2.27. MunnmMu3upoBaHHble ()YHKIIMH BBIXOI0B IPH KOJIUPOBAHUHI
COCTOSIHUI KOJOM «2 U3 4»

a) 0)
xl—@— Z] Xl_é_ Z]
il o} X1 il @ X1
X1 & 22_ & X1 & 22_ &
T TEE
2 & Y2 2 &
iy’ ay
)i]é)Q_& 1 ylé)Q—& 1
yzQSyr—- —— z; Xféf%ﬁ__ —— 2,
Y4 @ Ya—] Y4 @ Ya—]
x— & x— &
i—] Y1

Puc. 2.28. BeixoaHo# mpeodpa3zoBaTellb yCTPOMCTBRA:
a — TIpY KOAMPOBAHUH €T0 COCTOSIHUN KOJIOM NapuTeTa;
6 — TIpY KOJAMPOBAHUH €TI0 COCTOSHUHN KOJIOM «2 U3 4%



2.4.4. CunTe3 cXeM BCTPOCHHOI'0 KOHTPOJIS

Peanu3oBars KOHEUHBI aBTOMAT ¢ OOHAPYKEHUEM HEUCTIPABHOCTEH MOYKHO
U APYTUM CcIIocoOOM — 0€3 BHECEHHUsI U3MEHEHUI B CTPYKTYpY aBTOMAaTa Mo CpaBHE-
HUIO C MCXO/HBIM BapHaHTOM, HE (DUKCHPYIOLIMM HEUCHPABHOCTH (cM. puc. 2.17).
OTy 331a4y MO>KHO PELIUTh ITyTEM CHUHTE3a CXEM BCTPOEHHOTO KOHTPOJISL.

Haubonee npocTtoii BapuaHT OpraHu3aliyd CXeMbl KOHTPOJIS — KOHTPOJIb
BBIYKCIICHUI Ha ocHOBe kona maputera [10]. brnok F(x) sBiseTcs 10ru4eckum
npeoOpa3zoBareeM KOHEYHOro apromara (cM. puc. 2.17). C uenpto opraHu3anuu
KOHTPOJISI HEUCIIPABHOCTEN KOCBEHHO, IO pE3yJIbTaTaM BBIUMCIEHHUH, JOrHYe-
CKU TpeoOpa3oBareib CHaOXKaeTcsl CXEMOMl KOHTpOJIL B COCTaBe I'eHepaTopa
KOJIa MmapuTeTa U 0JI0Ka KOHTPOJBHOU JIOTHKH. biiok koHTposbHOM joruku G(x)
UMEET BCETO OAMH BBIXOJ] M BBIYUCIISAET (PYHKIMIO TAPUTETA:

g=f0LD.0f,.

Takum 00pazom, cxema KOHTpOJIS MO naputeTy (puc. 2.29) ocHoBaHa Ha
HCIOJIb30BAaHUU HaMMEHee U30BITOYHOI0 KOJ/Ia — KOJIa C KOHTPOJIEM Ha YETHOCTh
(HedeTHOCTH), WK Koda maputeta (P(m,l)-xoma). JlaHHBII KOO MMEET BCEro
OJIMH KOHTPOJBHBIN pa3psij,, NIPUHUMAIOUIUA €IUHUYHOE 3HAYECHHE B TOM CITy-
yae, €ClId YUCJIO €JUHUI] B MH()OPMAIIMOHHOM BEKTOPE HEUYETHO, U 3HAUYCHHE
HYJISL — B TOM CITy4ae, eCIi YUCIIO €IMHUIl B UHPOPMAIIMOHHOM BEKTOPE YETHO.

X1 ?j > ﬁ
2 >
e . . " fz Pa6oune
: ] Fx) | Y :
m-1 o BBIXO/IbI
X1 I > foei
X; z > 1,
[l s Ei it o
I'eneparto : jk :
patop D
P(m,1)-xona : :
| |
N |
|
| |
Y |
|
 O— |
I A
_’
7 > 7 KonTpoabHubiit
G(x) g > 7! CUTHA

Cxema KOHTpoJIs

Puc. 2.29. CtpykTypHas cxeMa CUCTEMbI KOHTPOJIS TI0 TTAPUTETY
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CuHTe3 cXeMbl KOHTPOJISI TIO TIAPUTETY COCTOUT B clieayroriem. J[iis BbI-
X0JIOB JIOTHYECKOTo npeodpazoBareis (Y, s> Yr» Ys» Yoo Y55 Y, R}) BBIUHC-

nsiercst pyukmus napurera. CocraBisercss TaOIuIla MCTUHHOCTH, B KOTOPOM
PACCUUTHIBAIOTCS 3HAYEHUS! (PYHKIIMNA BKIIOUEHHUS DJIEMEHTOB MaMATH Ha HUC-
XOJHBIX ABOWYHBIX HAOOpax <xi X2 ¥1 }2 y3>. OT0 aHanor tadu. 2.11, B koropom
OJIHO3HAYHO JIOOTPEACIICHbI 0e3pa3inyHble 3HaueHUs (OHU JIOOTPEEISIIOTCS Ha
OCHOBaHMHM MUHUMH3ALUHU B COOTBETCTBUH C puC. 2.7 U puc. 2.8 Wiau 1o noiy-
YeHHBIM (OpMyJIaM, OMTUCHIBAIOIIUM (DYHKITMN BKJIFOUECHHS JIEMEHTOB TIaMSITH).
[Tonywaercs Tabnuna 2.17.

Tabauna 2.17. 3nayeHus GyHKIMA BKIIOYEHUsT RS-TPUTTEPOB U BBIXOI0B

X1X2)1)2)3 Y Yy, Y, Yy, Y, Ye,
00000 0
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111
10000
10001
10010
10011
10100
10101
10110
10111
11000
11001
11010

[e)
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[e)
(e
[e)

(=Nl el el =l =Rl el el fel fe il el fel Fe i Ferll Rl Nl Feoll B Feo il Faoll Raoll ) Ren]
Sl|lo|oc|o|Io|c|o|Ic|Io|O|O|=|mmm|EmmlEm === = ==
(=N el fel el el el el el ol el el o bl Ll ol Rl Rl Bl Bl Reell Ren )il el Han il Ranl) Han i N e
=N == lelieliel i Slel el el el ===kl Rl LNl Kl Ra i 1l 1 K]
el k=l =R el el el el el el Tl Pl el Fol Fall fa il Fal ol Fol Fa il ol ol Fo i Fall el Rl K]
(=Rl =l el el fel fe il el fel Fe i Herll Rl Feo i 1l Rl Feo il el B R B L o i K= E=N E_ N Nl K@)
— O |||l || |Oo|=|—|O|lC|Co|C|C|C |||~ |O|m|m =IO |—]|— |0

48



OxoHnuanue Tadm. 2.17

X1X2)1)2)3 Y Yy, Y, Yy, Y, Yy, g
11011 0 0 0 0 1 0 1
11100 0 0 0 0 0 0 0
11101 0 0 0 1 0 1 0
11110 0 0 0 0 1 0 1
11111 0 0 0 0 1 0 1

OyHKIUs ¢ MUHUMU3UpYeTCcs. [lo momyyeHHOMY BBIPaXKCHHIO CUHTE3U-
pyercs 010k G(x). OcTanpHbIC AIEMEHTHI B CXEME KOHTPOJIS SIBJISIIOTCS CTaH-
JTapTHEIMA. MUHAMH3UPYS QYHKIHIO g JIIOOBIM W3 OMMCAHHBIX BBIIIE METOJIOB,
MOJTy4aeM:

=X X3 VX Xy Vo VXy Vi Vo VXX ).

Nuble criocoObl cuHTe3a cxeM KOoHTpoJs onucanbl B [10]. B ToM uucne
MOIPOOHO OMHCAHBI CIIOCOOBI MPUMEHEHHS IOMEXO03ANTUTHBIX OJIOYHBIX PAaBHO-
MEPHBIX KOJIOB JIJIS PEIICHUS 3aJa4il OpraHU3allid TUArHOCTUYECKOTo oOecte-
YeHUS KOMOMHAITMOHHBIX COCTABJISIFOIINX KOHEUHBIX aBTOMATOB.

3. AHanu3 pab6oTbl aBTOMaTa B cpeae MmoaenmpoBaHuUs
Multisim

3.1. Pa6oTta B cpeae moaenmpoBaHus Multisim

st cumynsiuuu paboThl JJIOTUYECKOM CXeMbl MOXKHO HCIOJIB30BaTh MPO-
rpaMMHBIN KomIuiekc Multisim. J[anHoe nmporpaMMHoe obecrieueHne Mo3BOJISIET
CUMYJIUPOBATh Pa0dOTY PA3IUUHBIX DJIEKTPUUECKUX U JJOTUUECKUX CXEM.

Bnauane pazbepem unrepgeiic. Ha puc. 3.1 mpencraBieHo HadalbHOE
okHO Multisim. B 1meHTpe 3KpaHa pacrojoKeHO ToJie, B KOTOPOM HaXOIATCS
AJIEMEHTHI cXeMbl. [Ipu moMoly Kojaeca MBI MOYXHO OCYIIECTBIATh MacIlITa-
OupoBaHue AaHHOTO Mojs. Takxke, BpallleHWEM KOJeca MBI TPH 3a)KaTou
knaBuie Ctrl, ocyimecTBisercst mpoKpyTKa MO BEPTUKAIH, & TIPU OJTHOBPEMEHHO
3akaThix kiaBuimax Ctrl u Shift — mpokpyTka o ropuzonTtanu. B nenTpanbpHOiM
BEPXHEH YaCTH OKHA PaCIOJ0KEHBbl KHOIMKHU 3aIyCKa CUMYJISIUU, TOCTAHOBKH
CUMYJISILIUM Ha May3y U OCTAHOBKU CUMYJISIIIUU. 3aMyCK U TOCTAHOBKY Ha May3y
TAKK€ MOYKHO OCYILIECTBIATh MO HaxatusM Ha kinaBumm F5 m F6 coorBer-
CTBEHHO. B JIeBOM BEpXHEN YaCTH OKHA HAXOJWUTCS MAHENb C Pa3JIMYHBIMU JJie-
MEHTaMu cxeM. B paboTe pekoMeHIyeTCs MCIOJIb30BaTh UCTOYHUKHA TUTAHUS
(Source) u muxpocxemsr TTJI (TTL).
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E Design1 - Multisim - [Design1 7] - X

File Edit View Place MCU Simulste Transfer Tools Reports Options Window Help Jﬂﬂ
DESFLE SR Y EEEE-B % nwsew- [ an- |02
Tk PRSI EomemyY N0 F T 2 §R08

BT COOT N A

G L e o

e LN N

L

NF 8 BN 2B

<
Design ™ L

Multisim - & gekaGpa 2017 r, 10:33:02

eads| - |x |

& Results |Nets | Components | Copper layers | Simuiation

For Help, press F1 = Tran: 0.274 5

Puc. 3.1. Oxgo Multisim

OxHo Ha puc. 3.1 MOKHO HACTPOUTH. [[J1s1 3TOro HaAO MIEIKHYTh MIPaBO
KHOIIKOW MBI HAa CBOOOJHOM MPOCTPAHCTBE B TOJIE PACTIOIOKEHUS 00bEKTOB
CXeM M B TOSIBUBIIEMCSl CIUCKE BBIOpaTh Properties. OTKpoeTcss OKHO C He-
CKOJIbKUMHU BKJIajkaMu. Bo Bkitagke Sheet visibility MokHO HacTpouTh oTOOpa-
KEHHE Pa3IMYHbIX HAAMUCEH, TAKMX KaK Ha3BaHHs 3JE€MEHTOB, 3HAUCHUS, TIPU-
CBOEHHBIE UM, U T. 1. JJig ynoOcTBa BOCIPUSITHSI CXEMBbI pEKOMEHAyeTCs yOu-
paTb BCE HAINHNCH, HEHYXXHbIE MPH MOCTPOECHUH MOJeNupyeMoil cxembl. Bo
BKiasike Colors MOXHO TIOMEHSITh LIBETa MOJIA, 3JIEMEHTOB CXEMBbI, PacnoJio-
KEHHOW Ha HeM, U Haamuceil. LIBeT B maHHOM cilydyae He HeceT OOJBIION WH-
dbopmaiyu, T03TOMY PEKOMEHAYETCS MCIOJIb30BaTh MPEAYCTaHOBIECHHYIO IIBE-
ToByto cxeMy White & black. Bo3MoxkHO HMCTONB30BaHHE IIBETOBBIX CXEM C
TemMHbIM (hoHOM. Bo BKiangke Workspace MOKHO HACTPOUTH pa3MeEphI MO, Ha
KOTOpOM pacnojaraercsi cxema. [1oCkosbKy O MOCTPOEHHsSI CXEMBbI CIIOKHO
CIPOTHO3MPOBATh pa3Mephl 3aHMMAEMOTO €l0 MPOCTPAHCTBA, PEKOMEHAYETCS
BBIOMPATh MaKCUMaIbLHO BO3MOKHBIN pa3mMep MmoJsl.

B Hauane mocTpoeHHs CXeMbl CIIEAyeT Pa3sMEeCTUTh Ha TI0JIe NCTOYHHUKH CHUT-
HasoB. /[y aToro Heobxomumo Haxarb KHONKY Place Sources. OTkpoeTcst OKHO ¢
pa3MYHbIMU UCTOYHUKAMM CUTHAJIOB M muTaHus (puc. 3.2). Ilpocreiimune nucrou-
HUKM JIoTMueckux curHajioB Haxonarcs Bo Bkiaake DIGITAL SOURCES. Bo
Bkiagke POWER SOURCES HaxoasTcsi MICTOYHUKHU AJIEKTPUUYECKUX CUTHAJIOB
U 3a3€MJIUTEIIN, KOTOPbIE MOTYT OBITh UCIIOJIB30BaHbI, B TOM YHUCIE, KaK UCTOY-
HUKH JIOTUYECKUX CUTHAJIOB.
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Select a Component O *

Database: Component: Symbol (AMSI ¥32.2)

ABM_CURRENT]
VaterDatabase ° = =
Group: ABM_CURREMT -
Search...
= Sources « | | ABM_VOLTAGE
Family: AC_CURRENT Detail report
. <All families= AC_POWER View model

AC_VOLTAGE

AM_VOLTAGE
AREITRARY_LAPLACE_FUNCTION
BIFOLAR _CURRENT
BIPOLAR_VOLTAGE FEE

CHIRP_CURRENT A!'nalo_g behavioral modeling current source, ~
Crodt ki (vloge arnt, st
CLOCK_CURRENT logical functions and operators can be used to
CLOCK_VOLTAGE
CONTROLLED_OME_SHOT
CURRENT_CONTROLLED_CURRENT _S
CURRENT_CONTROLLED_VOLTAGE_5t
CURRENT _LIMITER _BLOCK
DC_CURRENT Package manufacturer,type:
DC_INTERACTIVE_CURRENT
DC_INTERACTIVE_VOLTAGE

DC_POWER -
DELAY v Hyperlink:

=) POWER _SOURCES

(&) SIGNAL_VOLTAGE_SOURCES
(&) SIGNAL_CURRENT_SOURCES
[i¢* CONTROLLED _VOLTAGE_SCUR
4% CONTROLLED_CURRENT _SOLF
I CoMTROL_FUNCTION_BLOCKS
{3 DIGITAL_SOURCES

Help

Model manufacturer/ID:

Mational Instruments / ABM_CURRENT

£ > £ >

Components: 83 Searching: Filter: off

Puc. 3.2. OKHO UCTOYHUKOB CUTHAJIOB

Bo Briaake DIGITAL SOURCES naxoasTcs Tpu BUJla UICTOYHUKOB JIO-
rudeckux curHanoB (puc. 3.3). Ha pucynke Ul — 3T0 reHepaTop TaKTOBBIX UM-
nysibcoB (DIGITAL CLOCK). ITox HUM yka3aHa 4acTOTa F€HEPUPYEMBIX UM-
nyJibCOB. [Ipu IBOMHOM IIE€TYKe MO Te€HEpaToOpy OTKPBHIBAETCS OKHO HACTPOEK
JTAHHOTO AJIEMEHTAa C HECKOJIbKUMH BKJajaKkamu. Hambonbpmwii mHTEpEeC mpen-
craBisitoT BkIangku Label m Value. Bo Bknaake Label, B ctpoke RefDes, MmoxHO
MOMEHSTh Ha3BaHWE JTAHHOTO djemMeHTa. Bo Bkmaake Value MoxHO 3anaTh 4a-
CTOTY UMITYJILCOB B CTpoke Frequency u ux casur no (asze B crpoke Delay time.
U2 — s1o uctounuk yormdecko koHcTaHThl (DIGITAL CONSTANT). Ilox
HUM HaIlMCaHO, KaKOW JIOTMUECKUI CUTHAJI TeHEPUPYET AaHHBINA 31eMeHT. [Ipu
JBOMHOM HaaTUW Ha TE€HEPATOp JIOTUYECKOW KOHCTAHThl OTKPBIBAETCS OKHO
napaMeTpoB, aHAJIOTUYHOE OKHY MapaMeTpOB T'€HEepaTopa TAKTOBBIX UMITYJIbCOB
C OJIHAM OTJIMYHEM, a UMEHHO: BO BKJIajgke Value BhIOMpaeTCs TeHEPUPYEMBIid
nornueckuid curHai. U3 — 3TO MCTOYHUK MEPEMEHHOI0 JIOTMYECKOTO CUTHaja
(INTARACRIVE DIGITAL CONSTANT). B nienTpe 3TOro uCTOYHMKa Haru-
CaHO, KaKoil CUTHAJI B JJaHHBbIK MOMEHT reHepupyercs. CUrHall MOXHO TOMe-
HSTh, IIEJIKHYB OJMH pa3 MO T'eHepaTopy WU Ha)KaB MPUBS3AHHYIO K HEMY KJia-
BUIIY, KOTOpasi ykazaHa noJi HuM. [Ipu JBOITHOM Ha)KaTUU Tak>Ke OTKPbIBAETCS
OKHO TMapaMeTpPOB, aHAJIOTMYHOE OKHY MapaMeTPOB MPEAbIAYIINX BYX T'e€Hepa-
TOPOB, 3a MCKJIIOUYeHHEM BKIaaku Value. B 3Toil BkJIajke MOXKHO BBIOpaTh, K
KaKOM KJIaBUIIIE MPUBSA3ATh JAHHBIA HCTOYHUK CUTHAJIA.
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Kpome MCTOYHMKOB, HEOOXOAMMBI TAK)KE€ WHIUKATOPHI CUTHANOB. OHuU
pacnosioxkeHsl Bo BkIaake Place indicator. J{ns mpoBepku Haau4us JTOTUYECKO-
ro CUTHaJIa JOCTaTOYHO OOBIYHBIX JIAMIIOYEK, PACIHOJIOKEHHBIX BO BKJIAJKE
PROBE (puc. 3.4). Ilpu nBOWHOM Ha)kaTUH OTKPBIBAETCS OKHO IapaMeTpOB
JAHHOTO 3JIEMEHTA, B KOTOPOM MOKHO ITIOMEHSTh €r0 Ha3BaHUE.

ui X1 X2

I

TkHz O 25v 2.5V
uz u1
1 Key = Space
u3 U2
0 I~ [ 1]

Key = Space Key = Space

Puc. 3.3. ICTOYHUKHN JIOTUYECKUX
CUTHAJIOB

Puc. 3.4. I'opsias 1 Heropsiast 3eJeHbIe
JJaMITIOYKN

s MozenupoBaHus pa3IMYHBIX JIOTHUYECKHUX CXEM HEOOXOAUMBI pa3iny-
HBIE JIOTUYECKHE DJIEMEHTHI. X MOXHO HalTH, HaxkaB Ha kHOonKy TTL. Otkpo-
eTcsi OKHO (puc. 3.5), B KOTOPOM OyayT pacroiaratrbcsi JIOTHUECKHe 3JIEMEHTHI,
paszMyHbIe MO peaju3yeMbiM (QYHKIUSAM U 1o ceMmeiicTBam. [Ipu mocTpoeHun
CXEM PEKOMEHAYETCS MOJIb30BAThCS AJIEMEHTAMU OJHOTO CEMEINCTBA, TaK Kak
AJIEMEHTHI PA3IUYHBIX CEMEUCTB MOTYT UMETh Pa3JIMUHbIC AIEKTPUUYECKHUE Ta-
pameTpsl. B manHOM ciydae yJ00HO KCIIONB30BaTh 3JIEMEHTHI cemericTBa 74LS.
Jlist moricka HEOOXOUMOTO 3JIEMEHTa Clie[yeT HakaTh HAa KHOMKY Search u B
OTKpBIBIIEMCSI OKHE, B cTpoke Function, BBecTu peanuzyeMmyro (GyHKIHIO dJe-
MeHTa, a B cTpoke Family BeIOpare HEOOXOMMMOE CEMEMCTBO AMeMEHTOB. BBoj
(GYHKIIMM IPOU3BOJUTCS HA aHIIIMKMCKOM si3blke. HarMeHOBaHUSI HEKOTOPBIX JIOTH-
YECKHUX 2JIEMEHTOB Ha aHIIMIMCKOM si3blke mpuBeneHbl B Ta0Om. 3.1. Ilocne BBoma
HEOOXOMMBIX MapaMEeTPOB UCKOMBIX JIEMEHTOB CJIEIYeT HaXaTh KHOMKY Search —
MOSIBUTCA OKHO CO CIIMCKOM 3JIEMEHTOB, YAOBJIETBOPSIOIIMX YCJIOBUSM TOHMCKA
(puc. 3.6). Ilouck ocyiecTBisieTcs MO HA3BaHUIO (YHKIMHU, TMOITOMY, KPOME
HCKOMBIX AJIEMEHTOB, B JIJAHHOM CIIUCKE MOTYT ObITh U Apyrue. Hampumep, npu
noucke snemenTa MJIN (OR) BeiBoasiTcs Takoke anemeHTsl MJIM-HE (NOR).
OKHO CO CIIMCKOM 3JIEMEHTOB, YJOBJIETBOPSIOIINX YCIOBUSM MOUCKA, CO-
JEP>KUT HECKOJIBKO pa3aeioB. B 1aHHOM ciydae Hac MHTEPECYIOT TPU U3 HUX —
ato pasaen Components, pasaen Function u pasgen Symbol. Ilepsiii paznen
COJICPKUT CIUCOK HAWJEHHBIX 37eMeHTOB. B pasmene Function 3ammcansl pea-
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au3yemMble PYHKIUU BRIOPAHHOTO M3 CIUCKa AyieMeHTa. JlaHHBIN pa3aen MOXeT
coziepKaTh TaKKe MH()OPMAIUIO O KOJIMYECTBE BXOAOB M BBIXOJOB WM O KOJIU-
YECTBE AJIEMEHTOB Ha ogHOM kpuctamie. Hanpumep, 3amncs QUAD 2-INPUT
NOR o3Hayaer, 4TO OJJUH KPUCTAII COIEpKUT ueTbipe anementa MJIM-HE, u

KX U3 HUX ¢ IByMs Bxojamu. B pasznene Symbol oTobpakaercs 0603Haye-
HUE Ha CXeéM€ BBIOPAHHOTO JIEMEHTA.

Select a Component O *

Database: Component: Symbol (ANSI ¥32.2)
Master Databaze w | [7400M] | w Close
Group: F400N o comrch
B m | |7402N earc. .
Family: 7403N :]:)0—‘/ Detail report
. <All families > 74040 View model
& 745D 74050
7406M
& 745TD_IC o Help
745 a_Je Je g
M 7408N -
G 745.1C 74090 Funiction:
7410 QUAD 2-INPUT MAND

74109N
740N

74116N
74125N
74126N
TH2N

74132N
74145M

Model manufacturer/ID:
IIT / 7400

Package manufacturer ftype:

7414 IPC-2221A/2222 [ NO14
74148N

74140
74150 Hyperlink:

74151N W | |

Components: 522 Searching: Filter: off

Puc. 3.5. Oxuo jgorunueckux anmemMentos TTL

Taoauua 3.1. Ha3zBanusa JOrm4ecKux 3JI€MEHTOB Ha aHTJIMICKOM SA3BIKE

HasBanwue 21eMeHTa Ha PyCCKOM SI3BIKE Haspanwue 21eMeHTa Ha aHTJIMICKOM SI3BIKE
)41 And
NJIn Or
N-HE Nand
NJIM-HE Nor
HE Inverter
MynpTHILIEKCOD Mux
Konep Coder
Hexonep Decoder

[Tocne BbIOOpa HEOOXOAMMOTO 3IeMeHTa HY»KHO HaxkaTh kHOnKy OK. He-
KOTOpBIE CXEMBI MOTYT COJIEpKaTh HECKOJIBKO AJIEMEHTOB. B 3ToM ciyuae, mocine
Haxkatusi OK, BrICBeurBaeTcss OKHO BbIOOpa aneMenTa (puc. 3.7). B qaHHOM okHe
oToOpaxkaeTcsl Ha3BaHWE MUKPOCXEM U Ha3BaHMA JIEMEHTOB B HUX. HeakTuBHBIE
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KHOIIKM O3HA4aroT, 4TO I[&HHBIIZ QJIECMCHT YK€ HMCIIOJIB3YCTCA Ha CXEMC, 4 aKTHB-
HBIC KHOIIKM O3Ha4Yar0T, 4TO I[&HHBIIZ JJICMCHT CBO6OI[€H 1 MOXKET OBITh KCITOJIb-
30BaH.

Search Results *

Family:
745 w Searching: Master Database

Components (42):

745020 N Function: Symbol:

74L502M QUAD 2-INPUT NOR
7451510
74L5151N
7451530

7451530
745157 zi>o—w
FAS157N
7451560
745156
7452510

TAS251M
7452530

74L5253N A I8 Jc o |
74.5256D :
745255M Model manufacturer fID: Footprint:
745270 TIT\74.502
7452
FAL5280D
FALSZ280N
FH528D Package manufacturertype:
7A528N IPC-7351D014
7452980
FAL5298N
745320
FALS532N
745330
FALS33N )
7453520 User fields:
T45352M
74.5353D Title value
74L5353N Vendor
7453990 Status
FAL5399N ]
745510 Price
FAS51IN Hyperlink
745540
74y 550 Manufacturer
745550 Manufacturer Part MNo.
74555 Vender Part No.
7AL5860 o
74 SAAN
< Modify search Help Cancel

Puc. 3.6. OxkHO CO CITMICKOM 3JI€MEHTOB,
yIIOBJICTBOpHIOIJ_II/IX yCJIOBI/IHM IIOHUCKa

Mew Ale]|] c]| | [Tocne BeIOOpa A1€MEHTa HEOOXOTUMO
U1 | 8 | c| o | IIOMECTUTh €r0 Ha cxeme. PasMeleHHblil Ha
u2 | &8 | | b | cxeMe 3JMeMEHT MO YyMOJNYAaHUIO OyaeT co-

Cancel MIPOBOXKJICH BEPXHEW M HUKHEU HAANUCHIO

(puc. 3.8). Ilognmuck COOTBETCTBYET Mapke
MHUKPOCXEMBI JAHHOTO AJIEMEHTA, 8 Ha IIHCh —
9TO 0003HAYEHHUE eMeHTa Ha cxeMe. CMBICIT MOAMHICEN MOXKET OTJIMYAThCS B 3a-
BHCHUMOCTH OT MCIOJIb3yeMOro 3JieMeHTa. Hanpumep, moanuch moj KIr04oM Co-
OTBETCTBYET «TOpsYei» KIaBuIe As 3Toro kimoda. CieayeT OTMETUTh, YTO
MOJIMTHACH TI0J] BCEMHU JIOTHYCCKUMHU DJIEMEHTAMU COOTBETCTBYIOT MapKe MHUKPO-
cxembl. HeoOxomnumo oOpaTuTh BHUMAaHKUE, YTO OCTaBJICHHE BXOJIOB JIEMEHTOB
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0e3 curHaiza MOKET MPHUBECTH K OLIMOKAM B CXEME.
[ToaToMy Ha J1t0ObIE HEUCTIONB3YEMBIE BXOBI CIEIY-
€T MOJaBaTh CUTHAJIBI C HCTOYHUKOB JIOTMYECKUX
CUTHAJIOB HYJSl WIA €IUHMUIBI B 3aBUCUMOCTM OT =~ 7

npuHIMna pabotel 31eMeHTa. Hanpumep, Ha Heuc- Puc. 3.8. Buz snementa
noJib3yeMbIil Bxoj aneMenTa AND crneayer rnojgaBaTh Ha cxeme
JIOTUYECKYIO €IMHMILY, TaK KaK €CJIA M0J1aBaTh HOJIb,

Ha BBIXOJIE 3TOT'0 3JIeMeHTa Oy/IeT BCeryia HoJlb. u1

BONBIIMHCTBO CIOKHBIX JTOTUYECKUX 3JIEMEH-
TOB, TaKUX KaK TPUITEPbl WA MYJIbTHUILIEKCOPBI,
KpoMe pabounx BXOJOB, MMEIOT €IIIe U BXOJbI pa3-
penieHus, cOpoca B HOJIb WJIM YCTAHOBKHU B €IMHUILY.

Pazbepem paboTy HEKOTOPHIX CIIOKHBIX JIOTH-
YeCKUX OdieMeHToB. HauyHem ¢ MyJbTHIUIEKCOpa
74LS151D (puc. 3.9). Myrvmuniexcopst — 3TO yCTPOMt-
CTBa, UMEIOIIKE JBE IPYMIbl BX0JI0B — HHGOPMAIIU-
OHHbIE U ynpasistonye. [IpuHuun paboTbl MyJIbTH-
IJIEKCOpa 3aKJII0YAeTCsl B CIEAYIOIIEM: Ha BBIXOJ 74LS151D
yCTpOMCTBa mepenaercss MHGOpMALMs C TOrO HH-

(GhOpMaIOHHOTO BXOJa, HOMEpP KOTOPOTO B JBOMY-
HOM CHCTEME CUHMCIIEHHUS MMOAAaeTCs Ha yrpasisomue  Puc. 3.9. Mynsrumiekcop
BXOJIBL. 74LS151D

Mynprumnekcop 74LS151D umeer BoceMb MH(POPMAIIMOHHBIX BXOJOB,
TPU yIPaBJISIOMINX, BXOJl Pa3pelICHHs] U JBa BhIXOJA — NPSIMOM U MHBEPCHBIM.
JlaHHBIN MYJBTHIUIEKCOp pabOTaeT B TOM CiIydae, €CIM Ha BXOJ pa3pelieHus
MOAAETCSl CUTHAJI JIOTUYECKOTO HYJIsl. MyIbTUILIEKCOP MOKHO TaK»Ke HCIOJIb30-
BaTh B KAaYECTBE KAKOrO-TMOO Pa3IMYHOIO JIOTHYECKOro 3nemeHTa. Jljis 3Toro
YIOPABJISIIOIIME BXOJbl UCIONB3YIOTCA KaK BXOJbl JJOTUYECKOIO JIEMEHTA, a Ha
MH(POPMAIIMOHHBIE BXO/IbI TIOJIAIOTCS MOCTOSIHHBIE CUTHAJIBI HYJICH WU €IUHUIIL
B 3aBUCUMOCTH OT JIOTUKH (DYHKIIMOHMPOBAHUS MOIECIUPYEMOTO JIOTHUYECKOTO
AIIEMEHTA.

JIJisi MOJIENMpPOBaHUS CXEM C MaMSThIO MOTYT MOHAAOOUTHCS TPUITEPHI.
Paccmotpum JK-tpurrep 74LS107D (puc. 3.10), MOCKOJIBKY €ro MOKHO HC-
noJib30BaTh U Kak RS-, u kak D-, u kak T-tpurrep. Bxonsl J u K sBasitoTcs un-
dbopmanoHHBIMU BXOoAamMu jaHHoro tpurrepa. Bxox CLK sBisiercs Bxomom
cUHXpoHM3aluu. Tpurrep OyAeT MEHSTh CBOE€ COCTOSIHUE TOJIbKO TOT/a, KOrjaa
Ha JaHHOM BXO/Ie M3MeHUTCs 3HaueHue ¢ 1 Ha 0. OOBIYHO Ha ATOT BXOJ MOJAIOT
TakToBBIM curHai. Bxog ~CLR sBisieTcst Bxogom cOpoca. [Ipu nonaue Ha gan-
HBII BXOJ] CUTHAJIa JIOTUYECKOTO HYJISl TPUITEp cOpachiBaeTcsl B HaYaJIbHOE CO-
cTOsiHUE (MPU KOTOPOM Ha MpSIMOM BbIxoje curHai 0, a Ha MHBEPCHOM — 1)
HE3aBUCHUMO OT TOr0, KaKue CUTHaJbl OyIyT MPUXOAWTh HA JPYTrue BXOJIBI.
Kpome toro, uro6sl Tpurrep padoran, Ha Bxoa ~CLR HeoOXxonumo mojaaBath
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CUTHAJ JIOTMYECKOM €IWHHULBL. Tpurrep mmeer ABa BbIXOAA: NpsMoul Q U HH-
BEPCHBIN ~Q).

Paccmotpum konep 74L.S147D (puc. 3.11). JlanHblid KOAEp UMEET YEThIpe
BBIXO/Ia U JAEBATH BXOJIOB. Bce BXOIbI M BBIXOABI SBJISIIOTCS HHBEPCHBIMU. J[aH-
HBIN KoZep pabdoTaeTr cieayronM o0pa3oM: Ha BBIXOAAX MOSBISETCS HOMEP TO-
ro BX0/1a, HA KOTOPOM MOSIBISIETCS CUTHAJ JIOTUYECKOTO HYJS B IBOMYHOU CH-
CTEME CUMCIIEHHUs], C MHBEPCHUEHN BCeX pa3psanoB. Ha manHbIM Konep ciaeayer no-
JABaTh CUTHAJ HYJISI TOJBKO HA OJIMH U3 BXOJOB.

Pacemorpum nexonep 74LS138D (puc. 3.12). JlanHblii gexoiep MMeeT
TpU MH(QOPMAIMOHHBIX BXO0Ja, TPU BXOJAa pa3pellieHus, JBa U3 KOTOPHIX HH-
BEPCHbIE, 1 BOCEMb MHBEPCHBIX BBIXOJO0B. IIpuHIIMIT pabOThl TaHHOTO YCTPOM-
CTBa CIEAYIOLIUI: B ClIy4ae, €CId Ha HE MHBEPCHOM BXOJE paspelieHus OyaeT
CUTHAJ JIOTMYECKOM E€IMHMIbI, & HA WHBEPCHBIX BXOAAaX Pa3pelICHUsl CUTHAJIBI
JIOTUYECKOTO HYJsI, TO CUTHAJ JIOTUYECKON €TMHUIIBI OYJIET Ha TOM BBIXOJIE, HO-
Mep KOTOPOro B ABOMYHOM BHUJE MPUXOIUT HA MH(OpPMAMOHHBIE BXObl. Ecnu
UCII0JIb30BaTh HEMHBEPCHBIM BXOJ pa3pelieHus Kak WH()OpMalMOHHBIM, a MH-
dbopMalMOHHbBIE BXOJbl KaK YIPaBJISIONIME, TO JAHHBIA JEKOAEP MOXKHO HC-
MI0JIb30BATh B KAYECTBE JEMYJIbTUILIEKCOPA.

U1A U1 U1
1o L2 =q 1 2 fi— Ll o R
-1 Zq: 5 —:
12 = 3 C O 3 C Y2 SE
=» 1CLK = 4 . Y3 fod
4 ¥ o b s B £ 1l Y4 SE
T o Eg - | ~G2a ¥s qi“_
i(:I =1 E. I:’Eg g = ~GZB E'CJI él.:
74L8107D 74LS147D 74LS138D
Puc. 3.10. JK-tpurrep Puc. 3.11. Konep 74LS147D Puc. 3.12. Jlexonep
74LS107D 74LS138D

HekoTtopsle moanucu 1 HaaMUCH MOXKHO yOpaTh win 100aBUTh. [l 3TO-
ro CIIEyeT B OKHE CXEMBbI IIEIKHYTh MPaBOW KHOMKON MBIIINA U B MTOSBUBIIEMCSI
CIIMCKe BBIOpaTh CTPOKY Properties. B oTkpeIBIIeMcst okHe, BO BKjaake Sheet
visibility, MoxxHO yOMparh wiaM q00aBIATH pa3juvHbIe HAAMHUCH. B 3TOM ke
OKHE, B JIPYTMX BKJIaJKaX, MOHO BBIOpaTh I[BETOBYIO raMMy OKHa CO CXEMOM
U3 YK€ 3arOTOBJIEHHBIX WJIHM CO3/]aTh CBOIO, & TAKXKE pa3Mep M OPUCHTAIIMIO JU-
CTa, TOJIIMHY MTPOBOJIOB U IIMH U MIPUQPT HAAMHCEH.

Paznuunbie neMeHThI Ha cxeMe COoeAuHsIoTCs mpoBogamu. [lo ymonda-
HUIO TIPOBOJIa UMEIOT KPACHBIN IBET U HE MMEIOT MMEH. [[BeT mpoBoma u ero
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HAaUMEHOBAaHUE MOXHO W3MEHUTh. [
9TOro cCJjaeayeTr BBIACINTHE IIPOBOM, IICIIK- Bus Entry Connection >
HYTh 110 HEMY IIPAaBOM KHOIIKOW MBIIIU U
BbIOpaTh CTPOKY BO BKJIaake Properties. B
OTKpbIBIIEMCSI OKHe, Net name, MOYXHO
MOMEHATh KaK I[BET, TaK U UMs MPOBO/IA.

[Ipr GOJBIIOM KOJIMYECTBE MPOBO- Avaliable bus iines:
IOB YIOOHO HCITOJIB30BaTh INIHMHBEL B omHy Bus Line Net Hame
HIMHY MOET BXOJUTh MHOECTBO MPOBO-
noB. Jlns pa3MellieHds IIMHBI Ha CXeMe
HEOOXOMMO Ha TAHETW HWHCTPYMEHTOB B
BEPXHEN YacTM OKHA HaXXaTb KHONKY Bus.
[Ipu moxakIrOYEHWM MPOBOAA K IIWHE BBI-
CBEUMBAETCSI OKHO CO CIMCKOM IIPOBOJIOB B
mmHe (puc. 3.13). M3HauanbHO JaHHBIN
cncok myct. B ctpoke Bus line BBomuTCs
UMs TIPOBOJIa B IIMHE, K KOTOPOMY HEO00XO-
JUMO TIOJIKJTIOUUTh BXOJSIIUMNA B HEE MPO- Cancel Help
BoJ. Ecnu B crircke mpoBojia ¢ BBEJEHHBIM
B 9TY CTPOKY Ha3BaHHEM HET, TO CO3ACTCH  pye, 3.13. OKHO CO CIHCKOM TPOBOJIOB
HOBBIM MPOBOJ C TaKUM Ha3BaHueM. Bxo- B IITHHE
JSIIUE U UCXOMSIINE U3 IIMHBI IPOBOJA C
OJIMHAKOBBIMHM HA3BAHUSIMU OTOXKIECTBIISIFOTCS C OJIHUM MPOBOJOM, TaK Kak IO
HUM TPOXOJIUT OJMHAKOBBIM CUTHaI. TakuM 00pa3oM, 4ToObl N30eKaTh HArpo-
MOXAEHUS MPOBOJOB, MOKHO MCIOJIb30BATh IIUHBI.

CnpaBa Ha maHelIM MHCTPYMEHTOB HaxXojsaTcs aBa ocuuiuiorpada. Ilep-
B (oscilloscope) — nByxkananpHBIN, a BTopoi (four channel oscilloscope) —
yeThipexkaHaiabHbi. K Bxomam A, B, C, D mannoro ocumiorpada moakiitoya-
I0TCS TIPOBOJIA, CUTHAIIBI B KOTOPHIX HEOOXOAMMO aHaIU3UpOBaTh. J[Jis BEIBOAA
Ha 9KpaH okHa ociuiuiorpada (puc. 3.14) HeoOXOAUMO JTBAXKBI IIEIKHYTH IO
HEMY JIEBOM KHOIIKOU MBIIIH.

Bonpuyro yacte OKHa 3aHMMaeT 3KpaH ociuuiorpada. B HkHel yactu
OKHA HaXOJSTCS MOJISl HACTPOMKH LIEHBI JAEJIeHUs IIKaIbl BPEMEHH, YKa3aHbl I10-
3UIMHM OCIIUJUIOTPAMM OTHOCHUTENBHO OCH Y, 1I€HA JIeJIEHUs OCH Y U TOJIOKEHHE
OCIIIJIJIOrpaMM OTHOCHUTENIbHO ocu X. L[BeT ocuumorpamMmel Ha 3KpaHe OyaeT
aHAJIOTMYEH IBETY MPOBOJA, MOJKIIOYEHHOIO0 K COOTBETCTBYIOIIEMY KaHaly.
HaxxaB kHOTIKY Reverse, MOXXHO TOMEHSTH IIBET (POHA ¢ UepHOTO HA OEIbIil.

[Tone3nsiM Ha MPaKTUKE JJISI CUMYJIAIMKA PAOOTHI CXEM MOXKET OKa3aThCs
reHeparop kojoBbix cioB (Word generator). OH HaxoIUTCA B MPABOM MaHEH
WHCTPYMEHTOB. Ero 3amada — dopMmupoBaHue 3apaHee 3aJaHHONU TOCIE0Ba-
TEIHPHOCTH KOJOBBIX CJIOB. JIyisi ympaBiieHHWs T€HEpaTopoM HEOOXOIUMO OT-
KPBITh OKHO (puc. 3.15) ABOMHBIM MIETYKOM JIEBOM KHOIKHU MBIIIU 10 CaMOMY
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reaepaTopy. B mpaBoii yacTi okHa n300pakeHa MOCIeI0BATEIBHOCTh KOJIOBBIX
cioB. OHa MOXET 3a/1aBaThCsl B JBOMYHOM, JIECATUYHOM, MECTHAAUATCPUIHOMN
cucremax cuucienuss win B kojge ASCII. BpiGop cucTeMbl CUMCIEHUS OCY-
HIECTBIISIETCS. B 00JIACTH JIeBee U300paKeHUS MOCIIeI0BaTeIbHOCTH KO10B. [Ipu
HIeJTYKE JIEBOM KHOMKOW MBIIIM 10 KBaApaTy JieBee M300paxeHusi KaKoro-imodo
KOJIOBOT'O CJIOBA OTKPBIBAETCS CIIUCOK, MPHU IMOMOIIHM KOTOPOTO MOXHO 33]1aBaTh
HavYaJIbHOE CJIOBO ToclefoBaTenbHOCTH (Set initial position), KOHEUYHOE CIIOBO
(Set final position), Touky octaHoBkH (Set breakpoint) min nmomecTuts Kypcop
Ha ngaHHyto nosunuio (Set Cursor). B neBoil wacTu OkHAa HaxXOIATCS KHOIKH
ynpasienus renepatopom. Haxatuem knonku Cycle 3amyckaercs HenpepbiBHAS
pabota cxembl. B 3TOM pekrMe 0CTaHOBKA CXEMBI MMPOUCXOAUT TOJIBKO TIPH J0-
CTHYKCHUH TEHEPATOPOM TOUYKH OCTAHOBKH.

Oscilloscope-XSC1 5%

.
(]
.
"
"
4
"
"
"
"

- -

Time Channel_A Channel_B
T1 [« [+] - - e
Ti K Il 180.008 ms 0.000 V 0.000 V Reverse
. Eli! 180.008 ms 0.000V 0.000V
T2-T1 0.000 s 0.000 ¥ 0.000 V Save Ext. trigger (
Timebase Channel A Channel B Trigger

Scale: | 10 ms/Div Scale: Scale: | 5 V/Div Edge: E B E\t
X pos.(Div): | 0 Y pos.(Div): E Y pos.(Div): | O Level: | 0 I v ]
[v/r][add] [e/a][a%] |[ac][o]][oc] @ [ac][lo]][oc][Z] @ [single HNormal”Auto”NcneJ::

Puc. 3.14. OxHo ocummorpada

IIpn Haxxatny KHONKHM Burst cxema 3amycKaeTcss 1 OCTaHABIMBAETCS MPU
JOCTUKEHUH T€HEPaTOPOM (PMHAJIBHOI'O CJIOBA MOCJIEN0BATEIBHOCTH WM TOUYKU
OCTaHOBKHU. [Ipy HaxaTuM KHONKHU Step cxema 3aIlyCKaeTCs U OCTaHABIMBACTCS
IIPU JOCTHIKEHUH T€HEPATOPOM CIIEAYIOIIEro KoxoBoro ciosa. Kuonkon Reset
OCYLIECTBJISIETCS IIEPEBOJ FEHEPATOpa B HAYAJIbHOE COCTOSIHUE, ITIPU KOTOPOM OH
(dopMupyeT HauaIbHOE KOJI0BOE c10BO. [Ipn Ha)kaTuu KHONKU Set OTKphIBaeTCs
OKHO HAaCTpPOMKHM reHeparopa. B HEM MOKHO HAacCTpPOUThH HAIPSHKEHUS JIOTMYe-
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CKOWM €IMHULbBI U HYyJSA, COXPAHUTH TEKYIIYIO KOJOBYIO MOCIJIEIOBATEIBHOCTD,
3arpys3uTh paHee COXPAHEHHYIO, OTYHUCTUTH KOAOBYIO IOCJIEIOBAaTEIBHOCTH U
3aJ1aTh KOJIMYECTBO CJIOB MocieaoBarenbHocTu. Haxkatuem kHomku Internal re-
HEPaTop NEPEBOJUTCS B PEXKUM pabOThI 3a CUET BHYTPEHHETO TaKTOBOI'O I'€HE-
patopa. Knomkoit External reneparop mepeBoauTcsi Ha pexuM pabOTBHI OT
BHEIIIHETO TAaKTOBOI'O I'€HEparopa, MmojkitodyaemMoro Kk Bxoay T. Hwke kHOmkm
External 3amaercst yactoTa BHyTpEHHEI0 TAKTOBOT'O F€HepaTopa.

Word generator-XWG1 x
Controls Display ¥ 20000000 -
(®) Hex 40000000
— (Dec 20000000
Step O Binary 10000000
Reset O ascl 0000000
Set... C0000000
Trigger e
[ Internal | 00000000
External * 00000000
Frequency 00000000
: L2 ke | 00000000
nnnnnnnn N
Ready Trigger

31 1]

Puc. 3.15. I'eHepaTop KOJIOBBIX CIIOB

3.2. CUHTE3 CMHXPOHHOIr0o aBTOMaTa, CHa6)XeHHOro BCTPOEHHON CXeMOoM
KOHTpoOns

[Tonb3ysice Multisim, peanu3yeM cxeMy KOHEYHOI'O aBTOMAaTa, MOJy4YeH-
HYIO0 B pe3yibTaTe cuHTe3a (cM. puc. 2.17). M3o0paxenHas B cpene Multisim
cXeMa IpuBeieHa Ha puc. 3.16.

MoaenupoBaHrue UCXOAHOM TMOCIEIOBATEILHOCTH BXOAHBIX BO3IACHCTBUN
(cM. puc. 2.1) mo3BoJseT MOATBEPAUTh KOPPEKTHOCTD MPOBEACHHOM MPOUEAYPHI
CUHTE3A.

CHa0auM Joruyeckuil mpeodpa3oBaTesib CXeMOW KOHTPOJISI IO TapUTETy
(puc. 3.17).

AHaJIOTUYHO CHHTE3UPYIOTCS MU CXEMbl aBTOMATOB, COCTOSIHUSI KOTOPBIX
3aKOAMPOBAHBI KAKUM-JINOO OJIOYHBIM TOMEXO03aIUTHBIM KOJIOM.
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3.3. MogenupoBaHue paboTbl aBTOMaTa NMpyU HEUCNPABHOCTSAX 3J/IEMEHTOB

3.3.1. KoHe4yHbIii aBTOMAT KAK 00bEKT JUATHOCTHUPOBAHUSA

Kak oTmedanocs paHee, KOHEUHBIM aBTOMAT COCTOUT W3 psna (HyHKIIHO-
HaJbHbIX OJ0KOB (puc. 3.18). Cxembl cunxponuzanuu (CC) u 0610k mamsatu
(bIT) mpencraBisitoT co00il cxembl, 00Iaar0NIUe MaMsAThIO, TOT/Ia KaK JIOru4e-
ckuil u BeixoHoU npeoOpaszoBatenu (JIIT u BII) sBastoTcss kKoMOMHAIIMOHHBIMU
cXxemMamu.
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Puc. 3.18. Pacnpoctpanenue omubOOK B KOHEYHOM aBTOMATE

Ecnu npu TecTupoBaHUM KOMOWHAIIMOHHOW CXEMBI JIJIs1 KaKOU-I1M00 0O/1U-
HOYHOM KOHCTAHTHOW HEUCHPABHOCTH JOCTATOYHO TOJBKO OJHOTO TE€CTOBOTO
HaOopa (Takoro Habopa, mojaya KOTOPOro Ha BXOJAbl OOECIEUUT IMPOSIBICHHUE
HEUCIIPAaBHOCTH HA COOTBETCTBYIOIIEH JIMHUM CXEMbl, & TaKXe TPAHCIALHUIO
omuOKH Ha BBIXOJIBI cxeMbl [10]), To mpolenypa TeCTUPOBAHUS KOHEYHOTO aB-
TOMAaTa 3HAYUTEIBHO CIOXKHEE.

PaccmoTprM HEUCHpaBHOCTb, BO3HUKAIOIIYIO B CTPYKTYPE JIOTUYECKOTO
npeoOpazoBarens (cMm. puc. 3.18). Heo6xoammo, 4TOOB HEHUCIIPABHOCTH MPO-
SBIJIACh Ha BBIXOJAaX JIOTHYECKOTo TpeoOpazoBatens. J[ms sToro cama cxema
KOHEUHOI'0 aBTOMAara JIOJKHA MEpPEeUTH B OMPEACIICHHOE COCTOSIHUE, Mpellie-
CTBYIOIIIEE MTPOSIBJIEHUIO OTKa3a B BUJE OIMIMOKM (3a/71a4a YCTAHOBKH COCTOSIHUS).
3aTeM HY>XHO, YTOOBI OIIMOKA, BhI3BAHHAS HEUCIIPABHOCTHIO JIOTUUECKOTO TIpe-
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oOpazoBaresi, paclpocTpaHuiIach yepe3 OJOK MaMsATH U BBIXOAHOU mpeoOpa3zo-
BaTeJib HA BBIXOJbl KOHEYHOI'O aBTOMATa (3aja4a TpaHCasuuu omuoku). B atom
CJIy4ae Mo HECOBIMAICHUIO BBIXOAHBIX 3HAYEHUH C 05KMJIa€MbIMU 3HAYECHUSIMH Ha
COOTBETCTBYIOIIEM TaKTE pabOThl KOHEYHOTO aBTOMaTa MOXKHO 3a(pUKCHUPOBAThH
HaJIM4KUe HEeUcnpaBHOCTU. [Ipu 3TOM pe3ynbTaT TEXHUYECKOIO JTUArHOCTUPOBA-
HuUsl OyJZIeT BBIBEJIEH B BUJIE «HUCIIPABEH/HEUCTPABEH», a KOHKPETHOE MECTO BO3-
HUKHOBEHHS JedekTa ykazaHo He Oyxaer. Jpyrumu cioBamu, OyJeT perieHa 3a-
Java MPOBEPKU UCIPABHOCTH KOHEYHOT'O aBTOMara (IpoBelieHa Mpolierypa mo-
Jlayy MOCIIEI0BATEIbHOCTH BXOAHBIX BO3/ICMCTBUI HA KOHEYHBII aBTOMAT B BU-
JIe TIPOBEPSIOIIETO TECTA).

[Ipouenypy pacnpocTpaHEHUSI HEHUCIIPABHOCTH B KOHEYHOM aBTOMATe
yI0OHO MOJENUPOBATh C HMCIONb30BaHHEM Tpada mepexonoB. ns sToro pac-
CMaTPUBAETCSl BXOJHAs MOCJIEAOBATEIbHOCTh CUTHAJIOB (HAapUMEp, M0 MUHU-
MHU3HPOBAHHOMY Tpady nepexo10B, M300paxKeHHOMY Ha puc. 2.6) U 0TMeYaeTcs
NOCJIEIOBATENBHOCTh NEPEXOAOB MEXAY COCTOSHUAMHM Tpada nepexonos. Ilpu
ONPEICIICHHBIX YCIOBUAX, MPU HATUYUHU HEUCTIPABHOCTU BO BHYTPEHHEN CTPYK-
Type KOHEUHOI0 aBToMara (eciii, KOHEYHO, CXeMa He M30BITOYHA), MOCIIEI0Ba-
TEIbHOCTh CMEHBI €r0 COCTOSIHUM HAPYIIUTCS WM K€ MOSBATCS HEKOPPEKTHBIE
BBIXOJIHbIE 3HAUCHHSI.

3.3.2. MoaeaupoBanue padoTbl KOHEYHOT0 ABTOMATA

[Ipouecc MoaenupoBaHus pealbHOro 00BbEKTa HEMOCPEACTBEHHO 1O Ipa-
Gy nepexo/10B OKa3bIBaeTCs 3aTPYAHUTEIbHBIM, TaK KaK TpeOyeTcs mnepepacyer
¢GyHKIMI B Tabiule Mepexoa0B MPU BHECEHWU KOHKPETHOW HEUCIIPaBHOCTU B
TEXHUYECKUH OOBEKT, a 3aTeM IMOIydeHHe HOBOro rpada nepexonon. ['opazno
IPOIIIe MOJIEINPOBATH pabOTy KOHEUHOTO aBTOMaTa C HEUCIPABHOCTSAMU ITyTEM
UCIIOJIb30BAaHUSI MOJENIM JTUCKPETHOIO YCTPOWCTBA, CHHTE3UPOBAHHOW, HaIpH-
Mep, B Multisim, ¥ UCXOIHBIX BXOJ-BbIXOAHBIX BPEMEHHBIX MOCIEI0BATEIBHO-
creil. [Ipu ux Hapymenuu Oyaet 3adukcupoBaHa HEMCIPABHOCTb.

PaccMmoTpum mpouecc MoaenrpoBaHusi padOThl aBTOMAaTa ¢ HEMCHPAaBHO-
CTBbIO Ha MpUMEpPE aHaJIn3a pabOThl KOHEYHOI'O aBTOMAaTa CO CXeMOM OOHapyke-
HUSl HEHCIPABHOCTEH MO Koay napurera. J[JI1 3TOro BHECEM HEHUCIIPABHOCTH B
JIOTMYECKU TpeoOpa3zoBarenb U 3a()UKCUPYEM YCTAHOBOUHYIO M TPAHCISLUOH-
HYIO TOCJIeIoBaTeNbHOCTH Ui Hee. Kpome Toro, onpenenum, GpUKCUpyeTcs U
JTAHHAs1 HEUCIIPABHOCTh CXEMOW KOHTPOJIS.

Jl1si BHECEHUST HEMCIIPABHOCTH KaKOTro-IMOO AJeMeHTa 000pBEM IPOBOI,
UAYIIMI ¢ BbIXOAA 3TOro anieMeHTta. [logcoemmuuM Ko BXOAy 3JIEMEHTA, Ha KO-
TOPBIN LIEJ CUTHAJ, UICTOYHHUK MTEPEMEHHOTO JIOTUYECKOT0 curHaia. Curuan Jo-
THYECKON €TUHUIIBI WM HYJSI HA BBIXOJE 3TOr0 UCTOYHHKA OyIeT MOAEIUpO-
BaTh COOTBETCTBYIOILIYI0 HEHUCIIPABHOCTH 3JIEMEHTA, BMECTO KOTOPOIrO MPHUCO-
eIMHEH. 3areM OyJleM MOJaBaTh MOCIEI0BATEIbHOCTH BXOJIHBIX CUTHAJIOB, 3a-
naHHble Ha puc. 2.1 unm 2.2, u pukcupoBaTh HenapadaszHbli CUTHAJI HAa KOH-
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TPOJIBHBIX BbIXOJax. Ecim mocie mogauu BCEX IMOCIEAOBATEIBHOCTEN HEmapa-
(da3Hblil CUTHAN TaK W HE MOSBWJICS, TO HEUCIPABHOCTh CUMUTAETCA HEOOHapy-
*eHHOU. B Ta0n. 3.2 npuBeneHbl HEMCIPABHOCTH HEKOTOPBIX 3JIEMEHTOB JIOTH-
yecKoro npeodpazoBatens U nHdopmanus o0 ux ooHapyxeHuu. Hazpanus aie-
MEHTOB COOTBETCTBYIOT Ha3BaHUsAM Ha puc. 3.17. Ecnu ommnbka oOHapy»xkeHa, TO
YKa3bIBAETCsl COCTOSTHUE UCXOAHOIO rpada nepexo 0B, Ha KOTOPOM 3Ta OLINOKa
ObL1a OOHApyKEHa.

Taoauua 3.2. Ha3zBanusa JOrHYeCKUX YJIEMEHTOB HA aHTJIMHUCKOM S3BIKE

IlocmenoBaTeIbHOCTD,
®daxT 0OHapyKEHUS o
Ha3zBanue snemenTa B KOHIIE KOTOPOH
Bun ommb6ku Ha BBIXO/IaX CXEMBbI
Ha CXeMme omKOKa IposIBISETCS
KOHTPOJISI
B aBTOMAaTe

U4B Koncranra 0 OO6Hapy>xeHa 1-5
Koncranra 1 OG6Hapy>xeHa 1

UIA KoncranTa 0 He o6HapyxeHa 1-5-8
Koncranra 1 Ob6napysxeHa 1-2

U7D KoncranTa 0 He o6HapyxeHa 1-5-6-7-1
Koncranra 1 OG6Hapy>xeHa 1-2

UlC KoncranTa 0 He o6HapyxeHa 1-2-3-4
KoHcranra 1 OOHapyxeHa 1-2

USA Koncranra 0 He obnapyxena 1-2-3-4
KoHcranra 1 OOHapyxeHa 1

U2A Koncranra 0 He obnapyxena 1-5-6-7-1
Koncranra 1 OObHapyxeHa 1

U6B Koncranra 0 He obnapyxena 1-5-6-7-1
Koncranra 1 OObHapy:xeHa 1-5

64




3aknroueHue

Pa3BuTHEe TEXHUKM M TEXHOJIOTMM IEpBOW NMONOBUHBI XXI B. OTKpBIBAET
LIMPOKUE MEPCHEKTUBBI Ul PEATU3ALMN CUCTEM aBTOMATUYECKOTO yIIPaBICHUS
Ha OCHOBE MHUKPOXJIEKTPOHHOW M MUKPOIIPOLIECCOPHOU TEXHUKH, B TOM YHUCJIE B
00J1aCTH KeNe3HOJOPOKHON aBTOMAaTUKH. C YCIO)KHEHUEM MaTepualibHOW 0a3bl U
NOSIBJIEHUEM HOBOM TEXHUKH YCIIOKHSIOTCS M TOAXOMABI K 00€CIEUEHHIO MPaBUIIb-
HOCTU (PYHKIIMOHUPOBAHUSI OJIOKOB M KOMIIOHEHTOB pa3padarbiBA€MbIX CUCTEM aB-
TOMATUYECKOTO yrpaBieHusi. OCHOBHbBIE K€ METO/bl OOECIIeYeHUsI HaIeKHOCTH
1 0€30MaCHOCTH OPUEHTUPOBAHBI HA BHECEHHE alnapaTHOW U MPOrpaMMHON H3-
OBITOYHOCTU B COOTBETCTBYIOIINE KOMIOHEHThI CUCTEM YIIPABJICHUS.

3HaHUs B 00JIACTH CHHTE3a TUCKPETHBIX YCTPOMCTB C OOHAPYKEHUEM OT-
Ka30B IMO3BOJISIIOT OyIyllieMy UHXXEHEpY, padoTaronieMy B 00JacTH aBTOMATHUKH
Y BBIYMCIIMTENBHON TEXHHMKH, UMETH IPEIACTABICHUE O METOAAX BHECEHHUs W3-
OBITOYHOCTH B CTPYKTYpPbl YCTPOMCTB /ISl HAJIEJIEHUSI UX CBOMCTBOM KOHTpOJIE-
IPUTOTHOCTH U HAEHTU(UKALNKA HEUCIPABHOCTEW B MPOIECCEe SKCILTyaTalluu.
Br16op coco6a KOHTPOJIsI TEXHUYECKOTO COCTOSHUSA UMeeT (hyHAaMeHTalIbHOe
3HAYEHUE U OIPEIENSIET BCE KIFOUEBBIE XaPAKTEPUCTUKH KOHEYHOTO THCKPET-
HOTO YCTPOMCTBA, BKJIFOYasi T€ U3 HUX, KOTOPbIE HEMOCPEICTBEHHO BIIMSIOT HA
CTOMMOCTD €ro pa3padOTKHU U SKCIUTyaTallUu.

[IpencraBneHHble B y4eOHOM MOCOOMHM CHOCOOBI CHHTE3a JUCKPETHBIX
YCTPOMCTB C OOHApYKEHUEM HEHUCIPABHOCTEW YHHMBEPCAJIbHBI U HE OrpaHUYU-
BAIOT YUTATEJNsI TOJIBKO 3J€MEHTHOW 0a30i B BUjE HAOOpa MUKPOCXEMHBIX pea-
JU3alNNA JJOTUYECKHUX AJ1eMEHTOB. CBeeHUs, OJIyYeHHbIE YUTATEIEM HA CTpa-
HUIAX JTAHHOW KHUTH, MOTYT OBITh HCIIOJIb30BAHbI JJI1 PUMEHEHHs IIpOrpam-
MHUPYEMBIX JIOTMYECKUX HMHTETPAIBHBIX CXEM I pealu3alydyd JUCKPETHBIX
YCTPOMCTB. Takne CXeMbl MOJYUYWIA B HACTOAIIEE BPEMS HIMPOKOE PaCIpOCTpa-
HEHHE BO BCEX OOJACTSIX HAYKU U TEXHHUKH, B TOM UYHCJIE B TPAHCIIOPTHOU OT-
paciu [16, 17, 20, 21].
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NMPUOXXEHUE A. BAPUAHTbI 3A0AHUN

I. Bapuanmul 3a0anuti HebOOILWIONU CIONCHOCMU: 8 KAuecmee UCXOOHBIX
OaHHbIX 0aemcsi 2pag nepexo008 KOHEUHO20 A8MOoMAamd.

Tabauya I1.A1

Bapuant I'pad nepexonoB
1 2
1
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[Tponomxenne tadn. I1.A1
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[Tponomxenne tadn. I1.A1
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[Tponomxenne tadn. I1.A1
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[Tponomxenne tadn. I1.A1

10
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[Tponomxenne tadn. I1.A1

11

12
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[Tponomxenne tadn. I1.A1

13

14
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[Tponomxenne tadn. I1.A1

15

16
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[Tponomxenne tadn. I1.A1

17

18
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Oxonuanue tadm. I1.A1

19

20
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II. Bapuanmul ycnosxcnenHvlx 3a0anuii: paboma ycmpoucmea 3a0aemcs
C/IOBECHBIM ONUCAHUEM.

Tabnuya I1.A2

Bapuant

CrnoBecHoe onucaHue yciaoBUH QyHKIMOHUPOBAHUS

1

YCTpONCTBO UMEET [1Ba BXOJA — X1, X2, YIIPAB/Is€Mble KHONKAMU, U JBa BBIXO-
J1a — z1, 22, HA KOTOPBIX YCTAaHOBJIEHBI HHIUKATOPHI (K IPUMEpPY, JaMIIbl).
OpnHOBpeMEHHOE 3a/1aHue 3HAYCHUI Ha 000MX BXOAaX UCKIIOYEHO.

Anroput™ paOoThI: JaMIla zi BKJIIOYAETCS HMPHU KaKJOM HEYETHOM HaXKaTUHU
KHOIIKH X1, JaMIIa z2 BKJIIKOYACTCS MPU KaXKJI0M YETHOM HAYKaTUU KHOIIKH X2.

VYeTpoiicTBO HMEET J1Ba BXOAA — X1, X2, YIIPaBIs€Mble KHOIIKAMM, U JBA BBIXO-
Jla — z1, z2, HA KOTOPBIX YCTaHOBJEHbI MHAMKATOPHI (K mpumepy, damisl). On-
HOBPEMEHHOE 3aJlaHKe 3Ha4eHUI Ha 000X BX0J1aX UCKIFOUEHO.

Anroput™m paboThl: J1aMIa zi BKIIOYAETCS NPU KaXIOM TPETbeM HaKaTUU
KHOIIKM X1, JJaMIIad Z2 BKIIIOYACTCA MPHU KAXKAOM YCTHOM HAKATUH KHOIIKH X2.

YCeTpolCTBO UMEET [Ba BXOJA — X1, X2, YIPABJISAEMbIC KHOIIKAMHU, U J1BA BBIXO-
Jla — Z1, Z2, Ha KOTOPBIX YCTAaHOBJICHBI UHAMKATOPHI (K mpuMepy, jJamiibl). On-
HOBPEMEHHOE 33/IaHHe 3HaYeHHUI Ha 000MX BX0OJaX UCKIIOYEHO.

Anroput™m paboThI: JIaMIia z1 BKIIOYAETCS MPU KakJIOM HEUYETHOM Ha)KaTUu
KHOIIKH X1, JJaMIIa z2 BKJIFOYAETCS IPU KaXKJIOM TPEThEM HaKaTHUH KHOIKH X2.

VY CTpoiCTBO UMEET 1Ba BXOAA — X1, X2, YIPABJIseMbIC KHOIIKAMH, U [1Ba BBIXO-
Jla — z1, 2, HA KOTOPBIX YCTAHOBJIEHbI MHJUKATOPHI (K mpuMmepy, Jamisbl). Ox-
HOBPEMEHHOE 3aJlaHKe 3Ha4eHUI Ha 000X BXO0J1aX UCKIFOUEHO.

ANropuT™M pabOTHL: JIaMIa z1 BKJIIOYACTCS HPU KaKIOM UYETHOM HAKaTUU
KHOIIKHM X1, JJAMIIA Z2 BKJIIOYAECTCs MIPHU Ka)KIOM HEUETHOM Ha)KaTUW KHOIIKM X1;
IpY KaXKJIOM YETHOM HA)KaTUHU KHOIIKHU X2 BKIIIOYAIOTCS 00€ JIaMIIbI.

VY CTpolCTBO UMEET 1Ba BXOAA — X1, X2, YIPABJIsA€MbIC KHOIIKAMH, U [1Ba BBIXO-
Jla — z1, 2, HA KOTOPBIX YCTAHOBJIEHbI MHJUKATOPHI (K MpuMepy, Jamisbl). Ox-
HOBPEMEHHOE 3aJlaHKe 3Ha4eHUI Ha 000X BX0J1aX UCKIFOUEHO.

Anroput™ paOoThL: JIaMIla zi BKJIIOYAETCS NPH KaXKJAOM HEUYETHOM HaXaTUH
KHOIIKM X1, JIAMIIA Z2 BKJIIOYAETCSl IIPHU Ka)KIOM TPEThEM HaXaTHM KHOIKH X1;
IpY KaXJIOM YEeTHOM Ha)KaTUHM KHOIIKHU X2 00€ JIaMIIbl TaCHYT.
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NMPUTOXXEHUE B. COCTAB KYPCOBOM PABOTbI

TuTyBHBIA TUCT
3ananue
Beeneunue
1. Onucanue UCXOIHBIX JaHHBIX.
2. IlocTpoenue ucxoaHON TabIUIIBI IEPEXO0B U rpada nepexo10B.
3. MunuMu3anus TabauIbl IEPEXOI0B.
4. DTanbl cHHTE3a HEN30BITOYHOTO KOHEYHOTO aBTOMATA.
4.1. Bo16op crnocoba KoAMpOBaHUSI COCTOSIHUIM aBTOMATA.
4.2. CocTaBieHUE KOIUPOBAHHOM TaOIUIIBI TIEPEX0JIOB.
4.3. Be1bop THIa 3I€MEHTOB MaMATH IS peaTn3aliii KOHEYHOTO aBTOMATa.
4.4. Bouucienue 3Ha4eHUH (PyHKIMI BKITIOUYCHHUS SIEMEHTOB IaMSITH U BBIXOJIOB.
4.5. Munumu3zanusi QyHKIUN BKIIOUEHHS 3JIEMEHTOB MaMATH M BBIXOJOB C IO-
Mouipio kapt KapHo.
4.6. Muanmu3aiust QyHKIMI BKIIFOUEHUS JIEMEHTOB MaMATH M BBIXOAOB C TO-
Moibio SIS.
4.7. CuHTe3 cXeMbl KOHEYHOTO aBTOMAaTa B BEIOPAHHOM 3JIEMEHTHOM Oazuce.
5. DTanel CHHTE3a aBTOMAaTa CO CXEMOM BCTPOEHHOTO KOHTPOJIA.
5.1.Pacuer KOHTPOJIBHON (YHKIIMH ITPH KOHTPOJIE TIO KOAY MapuTeTa.
5.2. MuHuMU3aIus: KOHTPOJIbHOU PYHKIIMU € TTOMOIIBIO SIS.
5.3.CuHTE3 CXeMbl KOHEUHOTO aBTOMATa CO BCTPOCHHOM CXEMOM KOHTPOJIS.
6. DTarbl CHHTE3a aBTOMaTa ¢ 0OHAPYKECHHEM OJJMHOYHBIX HEHCIIPABHOCTEH Ha BBIXO-
Jax O1oKa MmamsITH.
6.1. Beibop crocoba KOIUpPOBaHUSI COCTOSHUM KOHEYHOTO aBTOMaTa ¢ HE0OXo-
JUMBIM MTPU3HAKOM ISl KOHTPOJISL.
6.2. CocraBineHue KOJUPOBAHHON TaOIMIIbI IEPEXOI0B € IOONPEEICHUEM HEUC-
MOJIb3YEMBIX COCTOSTHUM.
6.3. BeiOop Tumna 31eMEHTOB MaMsTH JIJIsl peaanu3alii KOHEYHOTO0 aBTOMAaTa.
6.4. Berarcnenue 3Ha4eHU (PYHKIWI BKITIOYEHHS 3JIEMEHTOB MAaMATH 1 BBIXOJIOB.
6.5. Munumuzarusi GyHKIMN BKIIOUYEHUS JIEMEHTOB NMaMATH U BBIXOJOB C TIO-
Momibio SIS.
6.6.CuHTE3 CXeMbl KOHEYHOT0 aBTOMAaTa ¢ OOHAapyKEHHEM HEHCIPAaBHOCTEH B
BBIOPAHHOM 3JIEMEHTHOM Oa3zuce.
7. Peanu3zanus KOHEUHOTO aBTOMaTa ¢ OOHapYy’KEHUEM OJMHOYHBIX HEMCIIPABHOCTEN B
Multisim.
7.1. Peanu3anusa cxeMbl KOHEYHOT'O aBTOMATa.
7.2. Pe3ynpTaThl MOACIMPOBAHMS IITATHOM pabOThI (0€3 HEMCIIPABHOCTEN ).
7.3. Peanu3anusi cXeMbl KOHEYHOTO aBTOMATa CO BCTPOCHHOM CXEMOW KOHTPOJIS.
7.4.Pe3ynapTaThl MOAEIMPOBAHUS OJMHOYHBIX HEUCIPABHOCTEW BBIXOJOB 3Je-
MEHTOB JIOTHUECKOI0 TPeo0pa3zoBaTes.
3aKiaroYeHue
CHOmcoK UCIOb30BAHHBIX UCTOYHUKOB
[Ipunoxenus
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