BOPOHEXCKWI MHCTUTYT BbICOKHUX TEXHOJIOI'M — AHOO BIIO
METOINYECKTHUE YKA3ZAHUA 1A KYPCOBBIX PABOT

o mucuuninne «Mudpopmaruka

Teoperuyeckoe BBeieHHE JJI1 KYPCOBOl padoThI
«Pa3padoTka resepaTopa JOru4ecKoi mocjae10BaTeJJbHOCTH 32IaHHOM
popmMbD)

IlonsiTue AUCKPETHOT0 aBTOMATa

B TexHuKe TEpMUHOM «asmomanmy TOIb3YIOTCS JJIsi 0003HAYEHUS] CUCTEMBbI
MEXaHU3MOB U YCTPOWCTB, B KOTOPOM MPOIECCHl TOJYYCHHsS MpeoOpa3zoBaHus,
nepe1adn v UCIOJIb30BaHUs YHEPTUHU, MaTEPUAIOB U UH(POPMAIIUU, HEOOXOTUMBIE
JUTSL BBITIOJTHEHUA €€ (PYHKIUH, OCYIIECTBISIOTCS 0€3 HEeMOCPEICTBEHHOTO Y4acTHsl
yenoBeka. K cucreMaMm Takoro THIa OTHOCSTCS: CTaHKM-aBTOMAThI, (haCOBOYHbBIE
aBTOMAaThl, aBTOMAThl JJII ChEMKH M U3roToBIeHUs (ororpaduii, TOprosbie
aBTOMAaThl U MHOTOE JIp.

B kubOepHeTHKy, OJHAKO, BOIICT M MPOYHO B HEW YKpENMWJCS TEPMHH
«OUCKpemHbIll asmomamy WIA KpPaTKO TPOCTO «asmomamy s 0003HAUCHUS
ropazio 0OoJsiee aOCTPAKTHOrO MOHSTHS, a MMEHHO - MOJENH, O0JaJarolen
CJICAYIOIIMMU OCOOCHHOCTSIMU:

a) Ha BXOJbI MOJICJTH B KaXbI U3 TUCKPETHBIX MOMEHTOB BpEMEHH 1y, ty,...
MOCTYMAlOT M BXOMHBIX BEIMYHH X1,X2,...Xym. KaKIas W3 KOTOPBIX MOMKET
MPUHUMATh KOHEYHOE YHCIIO (PUKCUPOBAHHBIX 3HAYEHUW M3 BXOJHOTO andaBuTa
X,

0) Ha BBIXOJaX MOJEIN MOXKHO HaOJ0/aTh N BBIXOJHBIX BEIUYHH Y4i,...Yn
KOKJasi M3 KOTOPHIX MOXKET NPUHUMATh KOHEUYHOE YHCI0 (DUKCUPOBAHHBIX
3HA4YCHUH 13 BBIXOAHOTO ajdaBura Y;

B) B K&XIbIi MOMEHT BPEMEHHU MOJIEIb MOXKET HAaXOJIUTHCSA B OJHOM W3
COCTOSIHUH Z1,Z5,...Zn;

I') COCTOSTHUE MOJCIIM B KaXIbIi MOMEHT BPEMEHH OIPEACISICTCS BXOIHOM
BEJIMYMHOM X B 3TOT MOMEHT U COCTOSTHHEM Z B TIPESABIAYIINNA MOMEHT BPEMCHU;

) MOJEeIb OCYIIECTBISET TMpeoOpa3oBaHUE CHUTyalldd Ha BXOJE
X={X1,Xo,....Xm} B curyanuio Ha BbIXOAC Y={Y1,Y2,...,Yn} 3aBUCUMOCTH OT €€
COCTOSIHUS B MPEIBIIYIIIHA MOMEHT BPEMCHH.

Xy —» —> V1

Xo —— A —> Y2

----’ ---*-.-
Zq, 2o, ...

Xm —» — Yy

Pucynok 3.1 — JluckpeTHbIi aBTOMAT



Takast momens (puc. 3.1) ymoOHa njsi omucaHusi MHOTHX KHOEPHETHIECKUX
CHCTEM.

ABTOMATBI, Y KOTOPBIX CUTYyallUsl Y Ha BBIXOJAX OJHO3HAYHO OIPEAEIAETCS
CUTyallMeil X Ha BXOJaX, Mbl OyJIeM OTHOCUTb K KJIacCy aBTOMAaTOB 6e3 namsmu.
ABTOMaTHI, y KOTOPBIX ¥ 3aBUCUT HE TOJIBKO OT 3HAUECHUS X B JTaHHBI MOMEHT, HO
U OT COCTOSHHUA MOJEIM Z, ONPEAENIAEMOr0 3HAUYE€HUSMU X B IpEabLAyIIHE
MOMEHTHI BPEMEHH, OTHOCSTCS K KIIACCY a8MmoMamos ¢ KOHeUHOU Namsamuylio.

Mgl orpaHM4MMCs PacCMOTPEHUEM JIMIIb MPOCTEUIINX W3 JUCKPETHBIX
aBTOMATOB, BXOJHOW M BBIXOAHOW ani()aBUTHI KOTOPBIX COCTOSIT BCETO U3 JIBYX
OykB: 0 u 1. D10 onmpaBABIBAETCS TEM UTO, KAK OKA3bIBAETCS B TEOPUHU aBTOMATOB,
aBTOMATHI C TaKUMH "OenHbIMH" andaBUTaMH CIIOCOOHBI pelIaTh TaKHe Ke 3aauu,
KaK ¥ aBTOMAThI C JTIOOBIMH JIPYTUMU aji(haBUTAMH.

Teopus HNHCKPETHBIX aBTOMATOB IMpuoOpena OOJbLIIOE 3HAYEHUE IS
pelIeHHsT HEKOTOPhIX (PYHIAMEHTAJIbHBIX MpoOJeM HHPOPMATHKH, KOTOpHIE
CBSI3aHbI C IPUHIUIHAIBHBIMHA BO3MOXKHOCTSIMU NiepepaboTku nHpopmanuu B UC.

Jlornueckuii aBTromMart

[TpeoOpa3oBaHuss BXOJHBIX BEJIMYMH B BBIXOJHBIC, OCYIIECTBISEMBbIE
JUCKPETHBIMU aBTOMAaTaMHu 0e€3 MaMsTH, paboTaloUMMH B JABYXOYKBEHHOM
andaBuTe, SKBUBAJICHTHBI NPEOOPa30BaHUSIM, COBEPIIAEMBIM B (POpMaiIbHOM
goruke. IloaTomy ™Mbl OyaeM Ha3bIBaTh UX JI02UYECKUMU ABMOMAMAamu, a
(GyHKUMH, ONKCHIBAIOIIME MPEeOOpa30BAHUS, BBINOIHIEMbIE  JIOTUYECKUMHU
aBTOMaTaMu, - Jo2udecKumu @yHkyuamu. MaTemMaTH4ecKuM anmnaparom,
UCIIOJIB3YEMbIM ISl PEIICHHs 3a/1ad aHaJlu3a U CUHTE3a JIOTMYECKUX aBTOMATOB,
ABIeTCs aneeopa noeuxu. llepBblii BapuaHT anreOpbl JOTUKH ObLI pa3paboTaH
anrmiickuMm ydeHbiM J[xopmxkem bynem B 1843 r., BciiencTBue 4ero oHa 4acTo
Ha3bIBACTCS O)1e80U aneedOpoll.

Kaxxaplit BBIXOJ] U3 JIOTHYECKOT0 aBTOMATa MOXET MpUHUMAaTh 3HaueHue 0
Wik | B 3aBUCMMOCTH OT 3HAYEHUH BXOAHBIX MEpEMEHHBbIX X. OnpenenuMm 4ucio
BCEX BO3MOJKHBIX JIOTMUECKHMX (YHKUIMH NpeoOpa3oBaHUs Xi B Yi, €CIM YUCIIO
BXOJIHBIX BEJIMUMH PaBHO M, KaXKJash U3 HUX MOKET NpUHUMaTh 3HaueHue 0 umm 1.
Jljis 3TOro pacmojio’KMM BCE BXOJIHBIE BEJIMYHMHBI B PsA Xi, Xp, ..., Xm U Oyaem
paccMaTpuBaTh UX KakK pa3psjibl ABOUYHOIO YKcia. SICHO, YTO YHUCIIO I pa3IMYHbIX
COUETAaHMU 3HAYEHUN BXOJHBIX BEJIMYMH PABHO YMCIY pa3JIMYHBIX JABOWYHBIX
yhceN, CoAepKAIMX I pa3panoB, oTKyaa ciepyer, uro r=2". Ho kaxjoi us r
CUTYyallui Ha BXOJE MOXET COOTBETCTBOBATh OJHO W3 ABYX 3HaueHuM Bbixonaa 0
wi 1. Tlostomy oOmiee unciio N Bcex pas3MyHBIX JIOTHYECKUX (DYHKIUI [7st
JIOTUYECKOT0 aBTOMaTa ¢ M ABOMYHBIMU BXOJIaMH PAaBHO

N=2"=2%) (3.1)
Jlornyeckue GyHKIMM O00pa3ylOTCs ©3 HEKOTOPBIX  DJIEMEHTapHBIX

jgorudeckux (QyHkumidi. Mpbl OyaemM TMONIb30BAaTbCA TpEMsS BJIEMEHTAPHBIMU
JOTUYECKUMU (PYHKIHUAMHU:



1. X - ompuyanue, unsepcus X (uurtaerca «He X»). DyHKUUA OTpUIIAHUS
o3Hauaert, 4To X=0, ecinu X=1; u X=1, ecimm X=0.

2. X1 A Xp (X1 & Xp) - 10cuueckoe ymmodicenue Wi KOHbIOHKYUS (AATACTCS «Xg
U Xp»). OYHKIUS JOTMYECKOTO YMHOXEHHUSI O3HA4YaeT, YTO €ro pe3ysbTaT paBeH
SIUHUIIC TOJILKO TOorda, Korjaa X;=1 u Xp;=1, U paBeH HYJI0 BO BCEX OCTAIbHBIX
ClTyvasx.

3. X1 V Xo (Xy + Xp) - 02uueckoe cuodicenue WM Ousvionkyus (AATACTC «Xg
WU Xp»). OYyHKIUS JTOTUYECKOTO CIIOKEHHUSI 03HAYaeT, YTO €ro pe3yjibTaT paBeH
HYJIIO TOJBKO TOraa, koraa X;=0 u X,=0 , ¥ paBeH €IMHUIIE BO BCEX OCTAIbHBIX
ClIyvasx.

Jlornyeckne (QyHKOMM MOTYT 3aJaBaThCs TaOMUIAMU, B KOTOPBIX
yKa3bpIBaeTCsl 3HaueHWe QYHKIMKM y (WMHAEKC | OyaeM OmyckaTh) Ui BceX
coueTaHuil apryMeHToB x. B Tabn.3.1 mpuBeneHbl 3HaYEHUS ABYX 3JIEMEHTAPHBIX
JOTUYECKUX (DYHKIIUH OT JABYX apryMEHTOB: X; U Xp. DTy TaOJIUIly HY>KHO YHTATh
M0 CTPOKAM: «E€CJIU X1 = ..., d X3 = ..., TO X1 M Xp =..., @ X1 WK X, = ...». Jlornueckue
(GYHKIIUK ITUPOKO HCIOJB3YIOTCS B TEOPUU HEHPOHHBIX CETed W BXOMIT B
MaTE€MaTUYECKUN amnmapaT, HNPUMEHSEMbIM TpPU HCCIEIOBAaHUSIX MPOIIECCOB
nepepadoTKu HH(OPMAITUU MO3TOM.

Tab6nuna 3.1 — 3aganue norudeckux GyHKIUN TaOauIen

OyHKIUA X1X2 [TIpumeuanue
0001|1011
fo 0| 0| 0| O |fy—abcomxroTHast T0XKb
f; 00| 0|1 |x "X, (KOHBIOHKITNSA)
f, 00|10 |x x(zamperx,)
fs 00|11 |x XVxiX, (mEpeMEHHas X,)
fs 01|00 xux(3amperx;)
fs 0| 1|0 1] x4xpVx4Xo(IIEpEeMEHHAS X;)
fg 01|10 |x®ux,(cnoxkenue o MOIyIro 2)
f; O 1|11 |xVx;(IU3bIOHKIIHA)
fg 10|00 |x+x, (byskuus upca)
fq 1 10| 0| 1 |x=x(paBHO3HAYHOCTB)
f1o 110|210/ x; X2VX; Xp(IIepeMeHHas X)
fi1 110|111 |x—>x(umumukanms)
f1o 1110 |0 x; XV x¢Xp (IepeMeHHast X;)
f13 11101 |x— x (ummmkanus)
f14 1111 |0 |xix (byuxuus Hleddepa)
fis 1 (1|11 |f—abcomorHas ucruaa

N3 QJICMCHTAPHBIX JTOTHYCCKHX (pYHKLII/II\/’I MOXXHO COCTaBJIATH JOTHMYCCKHE
q)YHKHI/II/I, OIINCBhIBAIOIIINEC CBOMCTBA Pa3INYHBIX JIOTHYCCKUX aBTOMATOB.




ABTOMAT ¢ KOHCYHON MAMATHIO

[Ipy m3ydeHWH aBTOMATOB C KOHEUHOW MaMSThIO OOBIYHO HHTEPECYHOTCS
TOJBKO YCTAHOBUBIIMMUCS COCTOSIHUSAMH, KOTOPbIE OHHM NPUHUMAIOT 4Yepes
JIOCTATOYHO OOJIBIIIOE BpeMsl MTOCIe U3MEHEHHS BXOJHBIX BO3IecTBUM. [Iporecch
nepexoja CUCTEMbl W3 OJHOTO YCTAHOBHUBIIEIOCS COCTOSHHUS B JAPYroe 37eCh
MOJIararoTCs MPOTEKAIOIIUMH JOCTaTOYHO OBICTPO MO CPAaBHEHHMIO C MHTEpPBaJIaMHU
BPEMEHH MEXIYy HU3MEHCHUSIMU BXOAHBIX BO3AeuCTBUU. [losTOMy moBencHue
aBTOMaTa C KOHEYHOU MaMsIThIO yIOOHO pacCMaTpUBATh B JUCKPETHHIC MOMEHTHI
BpeMeHH 1y, 1o, ..., oTnenenneie apyr ot apyra uHrepBanamu At. IIpu 3TOM MBI
OyleM moJiaraTh, YTO M BBIXOJIHBIC BO3JACHCTBHS MOTYT HU3MEHSITHCA TOJBKO B
MOMEHTHI 11, 1o, ..., KOTOpBbIE HA3BIBAKOTCA MAKMAMU.

B cootBercTBUH € ONpENEICHUEM BBIXOJ] ABTOMATa ¢ KOHEYHOM MaMsThIO B
J-# TaKT 3aBHCUT OT COCTOSIHHUS aBTOMara B (j-1)-# TakT U COCTOSHUSA BXOJOB B J-if
TakT. [loaTOMYy TIepexoibl TakOro aBTOMara M3 OJHOIO COCTOSHUS B JIpyroe, B
o0111eM BHUJIE, OMMMCHIBAIOTCS BBIPAKEHUSIMHU

Y =F(@" %),
2! =Gz, xD),
e Y- BEIXOJ aBTOMATa B j-i TaKT 3aBHCHMT OT COCTOSIHHUS aBToMaTa B (j-1)-i TaxT,
) A
2" - cocrosnue asromara B (j-1)-ii TaxT.
i Ay oy j
| x) = {xl ,xz,...,xm} (3.3)
X' - Bxom aBTomara B j-ii Takt, F u G - HekoTOpBle JOTMYECKHME (QYHKIMU
COCTOSIHMSI BBIXOJIa M BXO/1A.
Jnst  toro, d4roObl aBTOMAT OCYIIECTBIsLT  TipeoOpasoBanue (3.2),
HE0OXOAMMO, YTOOBI OH, KPOME AJIEMEHTOB, PEAIU3YIOIIMNX JIOTHYECKUE (PYHKIUH,
COJZIEPIKaI TAKKE IMeMEeHM 3A0epIHCKY, BBIXOA KOTOPOTO OMPEAEIeTCsl 3HAaUeHUEM

€ro COCTOAHUA B Hpezu;myumﬁ TaKT, T. €. 3JICMCHT, BbIXOJA KOTOPOI'0 ) CBA3AH C
BXOJ0OM X BBIPpA)KCHHUEM

(3.2)

y'=1@") (34)
WJIU, B YaCTHOCTH,
yl =z, (3.5)

DneMeHT 3aJep>KKU JOJKEH o0JajaTh MaMaThio, B HEM JOJDKEH
COXPAHATHCA CIIE]] MPEAbIAYIIET0 COCTOSTHUS, OO MHAUE €r0 COCTOSTHUE HE MOTJIO
ObI 3aBUCETH OT MPEBIIYILETO COCTOSHUSI.

OnHMM U3 pacHpOCTPAHEHHBIX JAHUCKPETHBIX DSJIEMEHTOB, O0JIaJaI0UINX
NaMsThIO, SIBIISIETCS mpuezep, TPEACTABISAIOUINI COO00M YCTPONCTBO € JBYMS
YCTOWYUBBIMUA COCTOSIHUSIMH. OJTO YCTPOMCTBO MOXKET IMEPEXOJUTh U3 OJIHOTO
COCTOSIHUSA B IpyTO€ 110 BO3AECUCTBUEM CUTHAJIA YIIPABIICHHUS.

PaccmoTpum B KadecTBe NMpuMepa aBTOMaTa ¢ KOHEUYHOW IMAMSATBIO CXEMY
ANIEKTPOHHOTO  CYETYMKA, TMPUMEHAEMOr0 B UUMPPOBBIX BBIUUCIUTEIBHBIX
ycrpoiictBax (puc. 3.2). 3amada 3TOW CXEMbl COCTOMT B IOJICUETE KOJIMYECTBA
UMIYJbCOB, INOCTYNMBIIMX Ha €€ BXOJA, T.6. B IPeoOpa30BaHUU KOJIMYECTBA
VMITYJIBCOB B JIBOMYHBIN KOJI YUCIIA, BBIPAXKAOLIETO 3TO KOJIUYECTBO.



Jlst oTOM TIenmmu o0Opa3yeMm Ielb M3 TPUTTEPOB, MOKAa3aHHYI Ha PUCYHKE.
374€Ch  BBIXOJ  KaXZOTO NPEABIAYIIETO TPUITEPA COEOUHEH C  BXOJOM
nocaeaywomero. [lycTe cHadaia Bce TpUITEpPhl HAXOJATCS B HYJIEBOM COCTOSIHUU,
T.€. HalpsKEHUE Ha UX BbIxojax paBHO Ug. [Ipu mocTymieHnu nepBoro MMmyJsibca
Ha BXOJl Tpurrepa 7; Ha €ro BBIXOJE MOSABUTCS Hampsbkenue U, W Ha BXxojne
Tpurrepa T,, TOJIOXXHUTEIbHBIA WMIYJIbC HAIPSKEHUSI, Ha KOTOPBIA OH HE
pearupyetr. BTopoii umnynbc 3acTaBUT T; BEpHYThCS B HYJIEBOE COCTOSHHE, B
pe3yJbTaTe Yero HanpsyKEHWE Ha €ro BhIXOAe U3MEHUT cBoe 3HaueHue ¢ U; Ha Uy,
YTO BBI30OBET OTPHULIATEIIbHBIA UMITYJIbC HA BXOJAE [, U €ro mepexoj] B €IUHUYHOE
cocrostaue. TakuM oOpa3om, T, OyJaeT U3MEHSATh CBOE COCTOSIHUE TIOCTIE KaXKJIOTO
BXOJIHOI'O MMITYJIbCA, |, MOCIE KaXXI0r0 BTOPOrO UMIYJIbCA, I3 - MOCIE Ka)I0ro
YETBEPTOrO U T.J., [k - MOCIE KaxJaoro P MMITyJIbCA Ha BXOJ€ cxembl. Ecium
Ternepb Mbl OyJ€M COCTOSIHME KaXXJIOro TPUITEpa paccMaTpUBaTh KaK 3HAYCHUE
COOTBETCTBYIOLIEIO pas3psia IBOMYHOIO YHCIA, TO COCTOSHUE BCEH LEenu U3 I
TPUITEPOB OyJeT MPECTaBIATh COO0N Yncio (B JIBOUYHOM CHCTEME CUMCIICHUSA)
VMMIIYJIbCOB, IOCTYIMBIINX HA BXOJ CXEMBI.

U BBIX T U BbIX (r-1) U BBIX 2 U BBIX 1 U BX
O—o

T, [ ccoe— T, T, [—0

Pucynok 3.2 — CueT4nk UMITYJIbCOB Ha TpUITEpax

EMKOCTB 3T0i1 CXeMBI - MAKCUMAJIbHOE YUCIIO R UMITYIbCOB, KOTOPBIE MOTYT
OBITh €10 COCUMTAHbI, OMPEEISAETCS YUCIOM I TPUITEPOB U PABHO MAKCUMAJIbHOMY
JIBOMYHOMY YHCIIy, COCTOSIIEMY U3 I pa3psioB, a iMeHHO R=2",

Bce coBpemenHbIie ceprr HU(POBBIX MUKPOCXEM, KaK MPABWIIO BKIIOYAIOT
paznuyHble TUMBl TPUITEPOB, MPEICTABISAIOIMIMX YCTPOWCTBO C  JBYMS
YCTOMYMBBIMU  COCTOSIHUSIMH, COJEpiKaliee OMCTAaOMIbHBIA  3allOMHUHAIOIIUN
AJIeMEHT (COOCTBEHHO TPUITEP) M CXEeMy YIpaBlieHUs. BXOJbl, Kak U CHUTHAJbI,
noJlaBaeMble Ha HHUX JeJITcd Ha MH(QOPMAIMOHHBIE M BCIOMOTAaTEIbHbIE.
NupopMallmoHHbIE CUTHANBI 4Y€pe3 COOTBETCTBYIOIIME BXOJABI  YIPABISIOT
coctosiHueM Tpurrepa. CurHanbl Ha BCIIOMOTATEIbHBIX BXOAAX CIYyXKaT Ui
NPENABAPUTEIBHON YCTAHOBKM TpUITE€pa B 33JaHHOE COCTOSHHE M  €ro
CUHXpOHHM3alMU. BcnomorarenbHble BXOAbl MOTYT TMPH  HEOOXOAUMOCTH
BBITNIOJIHUTD POJIb HH(PpOopMalMOHHBIX. [1o ciocoOy npuema nHGOpMaLK TPUTTEPHI
NOJIPA3JIETSIOT TAKTUPYEMbIE U HETAKTUPYEMbIE TPUTTEPhl. MI3MEeHEeHnEe COCTOSIHUS
HETAaKTUPYeMOro (aCMHXPOHHOT0) TpUITEpa MPOUCXOJUT Cpa3y Ke Tocie
COOTBETCTBYIOILIETO U3MEHEHHUS MOTEHI[MATIOB Ha €0 YIPaBJISIOIUX BXOJaX.

B TakTMpyeMOM (CMHXPOHHOM) TpPUITEPE H3MEHEHUE COCTOSHUS MOXKET
MPOU30OUTH TOJBKO B MOMEHT MPUCYTCTBUS COOTBETCTBYIOIIETO CHUIHajla Ha
TaKTOBOM BXO/IE.

TakTrpoBaHME MOMKET OCYILIECTBISTHCA HMITYJIbCOM (ITOTEHUMATIOM) WA
¢bponTOM (TIEepenan oM MoTeHIrana). B mepBoM ciiyyae CUTHAIBI HA YIPABIISIOMINX
BXO/IaX OKa3bIBAIOT BIMSHHUE HA COCTOSHUE TPUITEpA TOJBKO MPHU pazpeniaroniemMm
NOTEHIIMAJIE Ha TAKTOBOM BXoji€. Bo BTOpOM ciiyyae BO3/IE€HCTBHE YIPaBIISIOMIMX



CUTHAJIOB IPOSIBIIAETCS TOJBKO B MOMEHT IIEpEXoja €IWHHIA - HYyJb WIU HYJb -
€IMHULIA HA TAKTOBOM BXOJE.

CylIecTBYIOT Take yHHBEPCAJIbHbIE TPUITEPHI, KOTOPhIE MOTYT paboTaTrh
KaK B TAKTUPYEMOM, TaK U B HETAKTUPYEMOM pexuMe. OCHOBHBIE TUITBI TPUTTEPOB
B HMHTErPAJIBHOM HCIIOJHEHUU HOCAT CileAyromue Ha3aHus: D-tpurrepsi, T-
Tpurrepsl, RS-tpurrepsr u JK-Tpurrepsr.

D-mpueeep vinu Tpurrep 3aaep>xku (0T aHruickoro delay - 3ajepikka), Ipu
pa3pelamnieM CUrHajle Ha TAaKTOBOM BXOJE YCTAaHABIMBACTCSA B COCTOSHHE,
COOTBETCTBYIOIIEE MOTEHITMATY Ha Bxojae D. Eciu 0603HadaTh BBIXOIHOM CHUTHAT
Tpurrepa 6ykBoit Q, To 1y1st D-Tpurrepa MOKHO HamucaTh CIEAYIOLIEE PABEHCTBO:
Qn=Dy.1. UHOEKCHI U .1 YKA3BIBAIOT HA TO, YTO BBIXOJHOM cUTHAN Q U3MEHSETCS
HE cpa3y IOCJIE HW3MEHEHHMS BXOJHOTO CHrHama D, a TOmbKO C IpPUXO0I0M
pa3pelIarniero TaKTOBOIO CUrHaja. TakTupoBaHue D-Tpurrepa MOXKET o0
OCYILECTBIATHCS HMITyJIbcOM WU (poHTOoM. B Taktupyemom ¢pontom D-
TPUITEpPE HU3MEHEHHE INOTeHIMana Ha BXxoAe D, CHHXPOHHOE C TaKTOBBIMU
UMITYJIbCAMH, ITOBTOPSAETCS Ha BbIXoze Q ¢ 3a7€pKKOW Ha OJMH NEPHUOJ TAKTOBBIX
UMITYJIECOB (OTCIOa U Ha3BaHUE-TPUTTEP 3aTCPHKKH).

Dn Qn+1 D R T Q b Q
0 |0 1 cHC _

1 % Q
1 1 S —C

Pucynok 3.3 — D-tpurrep: a - Tabauia HICTUHHOCTH, 6 - CTPYKTYpHas CXema,
68 - YCJIOBHOE 0003HAYEHNUE

Ol

OH coctouT u3 cUHXpOHHOTO RS-Tpurrepa u wuHBeptopa. bnaromaps
WHBEPTOPY HEBO3MOKHO 3aIIPEIICHHOE COOTHOIIEHHE CUTHAJIOB Ha BXoAax S U R.
D-tpurrep ocymiecTBiIsET 3aepKKy YCTaHOBKH Q Ha BpeMsl, OTAEIISIIOIIEE MOMEHT
M3MEHEHHs] cUTHasia D oT Hayajma o4yepegHOro TaKTOBOIO HMIMYJIbCA, MPUYEM
BBIXOJIHOU cUTHAJ Q COXpaHseTCs 10 MPUX0/1a OUEPEIHOrO0 TAKTOBOIO UMITYJIbCA.

T-mpuecep, WM  CYETHBIA  TPUITEp, CpabaThIBA€T TOJBKO  IIO
COOTBETCTBYIOIIEMY (POHTY Ha TaKTOBOM BXOJie, T. €. T-TpuUrrepbl OBIBAIOT
TOJIBKO TakTUpyeMble ppoHTOM. Kpome TakTOBOTO BXOAA, T-TpUTTEp MOKET UMETH
ONUH ympaBistomuil Bxoa - T-Bxon. CurHaim Ha 3TOM BXOJIe pa3pemiaeT (eciu
T=1) wumu 3ampemaer (ecau T=0) cpabaTbiBaHue TpUrrepa OT (POHTOB
UMITYJIbCOB, TMPUXOIAIIMX Ha TakTOBbIM BxoiA. Jlis Takoro tpurrepa Q,=
(QT+QT),.1. U3 storo ypaBHeHHs ciemyer, 4uro mpu T=1 COOTBETCTBYIOIIHIi
(GpOHT cHurHaja Ha TAKTOBOM BXOJI€ MEPEBOAUT TPUITEP B MPOTHUBOIOIOKHOE
COCTOSIHUE (M3 HYJISI B €AMHUITY M Ha000poT). YacToTa M3MEeHEHUs MOTEHITMala Ha
BbIxojie T-Tpurrepa B JiBa pa3a MEHbIIE YAaCTOThl UMITYJILCOB HA €ro TaKTOBOM
Bxoze (mpu T=1). Ot0 cBoiicTBO T-TpUITEpOB MO3BOJISAET CTPOUTh HA UX OCHOBE
JIBOUYHBIE CYETYUKHU. [103TOMY 3TH TpUTTEPHI U HA3BIBAIOTCSI CYETHHIMU.
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Pucynox 3.4 — T-tpurrep: a - Tabnuna UCTUHHOCTH, 6 - CTPYKTYpHas CXeMa,
6 - YCIIOBHOE 0003HAUCHUE

Ecnu B T-Tpurrepe OTCyTCTBYET YHPABIISIIOLIMI BXOA, TO OH CpadaThIBAET
Ha Ka)/bIii COOTBETCTBYIOIMH Tepernaj Ha TAKTOBOM BXOJE, T.€. BeleT ceOs Kak
T-Tpurrep ¢ ynpasistomumM BxoaoM mpu T=1.

RS-mpueeep. ACUHXPOHHBIN TPUTTEP RS-tuna AMEET JIBa
uH(popmarmonusix Bxoaa: R u S. Ilpu S=1 (emunununbiii Bxox) u R=0 (HyneBoii
BXO/Jl) Ha BBIXOJIaX TPUITEpa MOSBISAIOTCS CUTHAJIBL: Ha HpsAMoM Bbixoae Q=1, Ha
uaBepcHoM Q=0. Ilpu S=0 u R=1 BbIXOJHBIE CHUTHAJBI TPUITEpPa MPUHUMAIOT
MPOTUBOIONOKHBIE cocTosiHusa (Q=0, Q=1). DTOT TpuUrrep He UMEET TaKTOBOTO
Bxona. [Ipu ogHOBpeMEHHOM nOCTyIUIEHMH curHana | Ha Bxoasl R u S BbIXOHBIE
CUTHAJIBI TPUITEpPa HE ONPEIECICHBI, MO3TOMY B YCTPOMCTBaXx Ha OCHOBE RS-
TpUITepa HEOOXOAMMO HCKIIIOYaTh PEXUM, NMpU KOTOpoM o00a curHama R u S
PaBHBI €IMHMUIIE.

Tpurrep RS wucnone3dyercs Kak yCTpOMCTBO IaMITH B APYTMX THIAX
TpurrepoB. Bxoael S 1 R Ha3BaHbl MO nepBbIM OyKBaM aHIVIMMCKUX CIIOB set -
yCTaHOBKa U reset - copoc.

Oynkunonupoanue RS-tpurrepa ompenenserca ypaBHeHHs MU  Qp=
(S+RQ)n.; mpu RS=0.

st tpurrepa RS xomOunamus S=1 u R=1 gBnsercs 3anpemienHoit. [locne
TaKOM KOMOMHAIMM YIPaBJSIIOIIMX CUTHAJIOB COCTOSIHUE TpuUrrepa Oyner
HEONPEEICHHBIM: OH MOXET OKa3aTbCsl WIM B HyJle, WIM B E€JUHULE.
CymecTBYIOT pasHOBUIHOCTH RS-Tpurrepa, Hocsmme Ha3Banme E-, R- u S-
TPUITEPOB, AJisl KOTOPbIX coueTaHue S=1 u R=1 He sBnsgercs 3anpenieHHbIM. E-
TPUITEpP MPHU COUYETAHUU BXOJHBIX CUTHAIOB S;=1 u R,=1 He u3meHser cpoero
coctostiust (Qn=Qn.1). R- m S-Tpurrepsl npuM HAIUYUK EIUHHMIBI Ha OOOHMX
YIOPABJISIIOUIMX BXOJAX YCTaHABIMBAIOTCA B HYJb win eauHuiyy. ns E-, S- u R-
TPUITEPOB CHpaBeUIMBHI ciaeaytomire ypaBHeHUS: Qn = (SeRe + SeQ +R:Q)n1; Qn =
(Ss +RsQ)n-1, Qn= (SIR+R/Q)n1

CUHXpOHHBIN OJHOCTYHEHYAThI RS-Tpurrep ormmyaercs oT aCHHXPOHHOTO
HannureMm C-BXoJia JUisi CAHXPOHU3UPYIOIIMX TaKTOBBIX UMIYJIbCOB. CUHXPOHHBIN
TPUITEP COCTOUT U3 ACHMHXPOHHOTO RS-Tpurrepa m AByX JIOTMUECKUX IJIEMEHTOB
Ha €ro BXO/IE.
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Pucynok 3.5 — RS-tpurrep: a - Tabimia ICTUHHOCTH acUHXpOoHHOTO RS-Tpurrepa,
0 - CTpyKTypHasi CX€Ma, g - YCIIOBHOE 0003Ha4YEHUE

JK-mpuezep nmeet Takxe aBa ynpasistomux Bxoga J u K. ITogo6no RS-
tpurrepy, B JK-tpurrepe J m K-3T0 BXOABI yCTAaHOBKM TpPUITEPA B E€AWHULY U
Hynb. B ormnmmume ot RS-tpurrepa B JK-Tpurrepe nHanmume nByX €IMHUYHBIX
ynpapisiomux curHanoB (J=K=1) mnpuBoguT K mepexoay Tpurrepa B
IPOTUBOIOJIOXKHOE COCTOSIHUE, T. €. B 1aHHOM ciy4yae JK-Tpurrep padoraer kak T-
Tpurrep. JK-Tpurrepsl TaKTUPYIOTCS TOJIBKO MEPENAAOM MOTEHIMAIA HA TAKTOBOM
Bxone. Haxomar npumeneHue taxxke JK-Tpurrepel, KOTOpbIE H3MEHSIOT CBOM
COCTOSIHUSA I10J] BO3/ICMCTBUEM IIEPENANOB CUTHAIOB Ha BXxonax J u K. YpaBHeHue
st JK-tpurrepa BeInISIUT cieayrommm oopazom: Qn=(JQ + KQ ),.1. Ha puc.3.6
yKa3aHbl OCHOBHBIE€ MNPUHILMIBI TOCTpPOEHUsT W 0003HaueHus JK-Tpurrepos.
[IpakTHyeckne MHKPOCXEMbl TPUITEPOB OOBIYHO  COAEpPKAT  pPa3IUYHbIE
BCIIOMOTATeNIbHBIE BXOJBI. B KauecTBe mpmMmepa Ha puc. 3.60 mokazaHa cxema
tpurrepa KI55TB1. 3aece kpome Taktupyemsix BxonoB J u K mmerorcs takxke
HETAKTUpyeMble HWHBEpCHbIe BXxoabl S u R. Jlng Toro 4rtoObl yHmpOCTHUTH
IIOCTPOEHUE CUETYMKOB, B 3TUX TPUITEpaxX MpEeAycMOTpeHo no Tpu Bxoxa J u K,
o0benuHeHHBIX nocpeacTsoM sueek U (J=J1J2J3. K=K1K2K3).

a) B) 1)
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Pucynok 3.6 — [Ipunanumnet noctpoenus (a, 8, 2) u 00o3HadeHus (6, 0) JK-
TPUTTEPOB.
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3anaHne HA KYpCOBYIO padoTy
«IIpoekTHpOBaHME JIOTHYECKOT0 FTEHEPATOPA MOCIEI0BATEIbHOCTEN»

1. Onucatp TEOPETUYECKUE OCHOBBI IUCKPETHBIX U JIOTUYECKHX aBTOMATOB

2. Tlo 3amanHOW 1M(POBON  MOCIEIOBATEILHOCTH  CPOPMUPOBATH
JIOTUYECKYIO CXEMY, KOTOpas Ha BBIXOJI€ PEAIU3YET JAHHYIO MOCIIEI0BATEIBHOCT,
UCIIOJIB3YS

a) Tobko Joruyeckue snementsl U, NJIW, HE

0) komOuHanuu nanHex nementoB (U-HE, MJIW-HE u 1.1.)

B) Pa3JIM4HbIEC TPUTTEPHI

4. Ilpennoxuth NaJbHEUIINE ITyTH YCOBEPLICHCTBOBAHUS IPEII0KEHHBIX

JJOTHYCCKHUX CXCM.

BapI/IaHTBI JIOTUYECKHUX II0CJIE€A0BATCIbHOCTEH:

CryneHr IlocsienoBaTeJIbHOCTD

10100000010110010001

10111000100101110000

11101100100010010001

10011111101001100010

00001011111010110100

11100011110010001110

10101101011110010000

01110111000100110010

00000000011010010010




