BegepanbHOE FOCYIEaPCTBEEHRDE GHIHETHOR
0OpA30BATENEHUE YSPEH AEHHE BhICIIE] UOpd 30BAHHA
aMOCKOBCRHA TOCY LAPCTEERHEA TEXHUMECHMA YHHEBEDCHTET Haenn H.3. baymana
(HALMOHANbHBIA MCCNEQOBATENBCHIMA YHREBEDCHTET )%

B.A. Cobones

CMHTE3 CMHXPOHHOTO aBTOMaTa
Ha YHUBepcanbHbIX JK- n D-Tpurrepax

Vyehro-memoduveckoe nocobue

B,

Mockia
HMEOATENBCTEO

MITY ke H. 3. BaymMaKa

2022

ViK
bbk

P

ISBN

6213
32973
54

Hasamie 10cyiHo B CK TPOHHOM BHIC 110 4upecy
hitps: / bmstu.press/catalog/item 7392/

Dayawrer «PyimamenTanLiLE AV
Kadeapa « IIeKTPpOTENITHEL H TIPOMEBIILCTENIEN VIEKTROIHKL»

Pexomenidosann
Hayuno-semoduweckao cosemone MITY we. B3, baypwana
o KAYECTHAE VP REBHO-MEMOESECac acodun

Coboaes, B, A.

CHNTES CHIXPOIHONO ABTOMATA 1A YUHDEPCATRINXY JK- w D-Tpur-
repay  yuefno-smeromnieckoe nocodne. — Mockna @ Manarermetoo MITTY
v H. 30 baymaua, 2002 — 34, [2] c.: wo.

[SBN 978-3-TO38-5790-8

[peacTamieno METOINYSCKOE PYKOBOOCTES K BEINOINSIHIOD IOMILIE
ro 3amanua «CHimes CHIXpoINIors aRTOMAT HE VITHEEPCaTeiIe JK- 1
Ll-Tpurmepaxs nNo KYpoy JUCHNIUTHHE « eKTROTEXINKD W VISETPOHHKD:,
MPeI AR IAYSTHOTC JTTA TOITANIOrD NPOSKTHROGA TN ABTOMATI YTIPRETEIHA
TEXHOIOrHMECKIM npoeccos. Lanmu apuaimTi i TIPHME D BRI TN
noMANETo 3Tanna. ChopuyTHpPoEa MPeTLARTACMEE K 20 ofopaie-
o Tpebonaid. Manome i KpaTkie TEOPpeTIMECKHE CREIeHHA O CHIITE
@ CHITNPOITITRIN anToMaton. [lpuseten npusep sepudi Kaumy padoTocno
CODIIOCTH CHNTE3HPOGANNOND THPPOROTO WTPONCTED B TIPOrpasesimod
cpene Multisim 10.1.

Mg eTyaenmon haxyIETeTon «MamnnocTpoUTeILITRE TEXTIIOTHT= I
sryimamermansinie mavids MITY . H.3. bayaana, ofvaaoimned no
MpOrpaMMe CISIMATHTETD W WIVHAREINL THCHHILTHITY « e KTROTEXITHER
W ICKTPOITH KR,

YK 621.3
BEK 32.973

Meawcaeswe wirmanes .I'.'a.w.mm.m. JFJJFCETD.WHHH. o PRGOS COOMIEHIN 0 T MCE RN
DREHETIREY (i eriesae iy s ee a0 RpOCn aieR ST A0 KRR RoTe:
infodthmsie vest

£ MITY wn. H3. baywmana, 2022
£ Oepopmnenme. ManatenneToo

7% 5-T03%- 37005 MITY wm. H. 3 Bavsana, 2022



Mpegucnosne

[MocoOne ApIASTCH MACTRID VIeDHO-METOINYeCKOID KoMILIEKcd
ANCUHTLIHHL « DMEKTPOTEXHHKR H 3MEKTPOHHKA» 1 MOCBALLIEHD CHH-
Te3y CHHXPOHHOTO KOHEYMHOTo UH(POBOro aEToMATA, BRMOTHEHHOTO
Ha Baze JE- » D-tpurrepor, Mazauwe npeactasnasT coboll MeToaH e -
CKOE PYKOBOICTRO B MOMOLIL CTVISHTAM, BRINOMHAIOWINM IOMALITHES
JadaHHe Mo KVPCy «C HHTe3 CHHXPOHHOTD ABTOMATA HA VHHBE PCATRHEIX
JE- 1 D-Tpurrepaxs,

Llens naganna — npuobpeTeHe CTVISHTAMH CaMOCTOATETLHOTO
HaBbLIKa CHHT23a CHHXPOHHOTO aBTCMATA Ha VHHBepCATbHEX JR- 1
D-tpurrepax. oBIAISHHE YMEHHEM HCTIOIBI0EETE KOMITBIITSPHYIO TPO-
rpanny Multisim [0 ana seprdmxamim paboTocnioceOHOCTI B HATAT-
KW TAKHX VCTPOIICTE, 03HAKOMISHHE ¢ TeMeHTHOI Da30i. MacCcoBo M3~
TOTORAASMOIT MPOMBIULTSHHOCTRIO B BUAS HHTETPATBHEIX MIKPOCXEM.

B coBpeMeHHBIX CPeICTBAX ABTOMATHIAUMH MPONIBOACTED LIHPOKD
HCTIOARIVIOTCA UHHIOBLIE VCTPOIICTRA, KOTOPEIE HAZKIBAKT ABTOMATA-
M C TIAMATEIO M TIOCASI0BATSTEHOCTHRIMH UHPOBEIMEI YCTPOoii-
CTBAMIL, TO NOIMePKHBAET aKTVATEHOCTE U nayueHud. Llndposke
VETPOICTRA HEMOMB3VIOTCA B CXEMAX ARTOMATHIAUHH TeXHOMOTINMECKHX
MPOUECCOB, B YACTHOCTH, B TEXHOAOTHAX MAcCOBOTO TPOHIBOICTRA
OIHOTHTIHEIX deTaneill Wian B THHHAX HX cOOpKH Mo onpeleisHHOMY
unkay, CHHXPOHHBIE ABTOMATH NPOHIBOIAT Ha Base YHHBEPCATBHBEIX
JE- 1 D-tpurrepoB, MACCOBD H3TOTORTAEGMBIY B BHIE WHTETPATBHBIX
MHKPOCXEM. B CXEMAX ABTOMATHIAUNH BRINOTHARKT (WHKLIHH CHHXPOH-
HOTO HMAVILCHOTO YeTpoiicTea, nMetomero M (0, @, _.(\) pazmi-
HEIX cocToaHH (mod M), KoTophle UMETIMECKH HIMEHAKTCA Mol
AeCTRUEM CHHXPOCHTIHANA,

JHAHNE OCHOB CHHTE3a CHHXPOHHOTO ABTOMATA ABRIAESTCA OOHOI
13 OCHOBHEIX KOMMEeTeHUH B KBaTidhHKaUHoHHOIT XxapaKTepHCTIEE
INMIOMUPOBAHHEIX CASUNATHCTOR M0 NPOSKTHPOBAHHID M IKCTLTVA-
TRLUHH ABTOMATHINPOBAHHEX ABTOMATHMECKHY KOMIIIEKCOR B paiii-
HBIX OTPAcIAX MPOMBILILIEHHOCTH,

CTpyvKTypHO NMocofie coCToNT W3 npakTiieckoil (rmaewt |, 2) o
TeopeTHUECKOll (r1aea 3) nacTed, cHCKa THTEpaTVPRE! MO VKAIAHHOI
TEME H IBVX MPHICKEHNH, B KOTOPGIX COOTEETCTREHHO TaHLE 3a0aHHA
Mo BAPHAHTAM [ TEXHUKA cOOPKH MOO2TH KOHeUHOTO CHHXPOHHOTO
agToMaTa. CHavana NpHBOIATCA MOPSOOK BRITOAHEHNS JOMAITHETO
3AIAHUA C NPETEARIASMEIMI K HEMY TpeDoBaHNAME LT4 obAereHNs
CAMOCTOATETRHON padoThl, a 2aTeM NpIMep ¢ HeoDXOIHMEMI NOIpoh-
HEIMH NogcHeHuayMu. Tlepen BrMoTHeHWEM 3a1aAN CASIVET H3YIHTh
COOTBETCTEVIOIIHE PA3IeNkl JEKUNOHHOTO KYPCa H CeMHHAPCKMX 3a-
HATHIT.



1. BbinonHeHne AOMAaWHero 3agaHua u TpebosBaHus
K ero othopmneHunio

1.1. CoiepMaHue AoMallHero 3afgaHua

CrnpoexTHpyiiTe CHHXPOHHEI KoHeUHbH undmpoeoil aptonar (KLLA)
Ha VHHBepcATbHEN JK- 1 D-Tpurrepax, JecATHIHEIE KOIbl BBIXOIHBIX
CHTHATOR KOTOPEIX JATaHB MOCTEI0BATETEHOCTRIO ncem: 7, 4, 3, 5. 1,
0, 2, 6. [Neproe 1HCT0 308Ch YKA3BIBAET HATATEHOR (HCXOOHOE) COCTO-
SHIE BRIXOAHRIX CHTHATOR cHHXpoHHoTo KA.

HaueprHTe GAOK-CXeMY NPOSKTHRVEMOTo cHBEXporHoro KIUA, no-
ITAMHO BEITIONHHTE 210 PACHeT.

MporeanTe Bepudukaino paboTOCMOCOBHOCTH CIPOSKTHPOBAH-
Horo cuHxporHern KA s kovmsoTepHoni nporpasse Multisim 101,
[Mo pesyvakrataM BepHgHKALIAN HASEPTHTE TEKTPHUSCKYIO CXEMY €ro
VHKIHOHHPOBAHHA ¢ NCIOABIORAHHEM HHTETPATEHEIX MUKPOCNEM
{ HMC pvaccororo mpoH3BoIcTREL

1.2. MocnefoBaTenbHOCTh BoINONHEHWA
NoMallHero 3afaHua

JosalHes 3agaHHe BRITIOMHAKT CTVASHTH caMocToaTe sHo. B co-
OTEETCTEMN ¢ BHIOPAHHEIM BAPHAHTOM JOMALIHETD 3A0aHHA (CM. TpH-
noeHue 1) paboTy HAZ HHM CIEAVET MOCTPONTE TAKM obpasom:

I} HAYEPTHTE DIACK-CXEMY MPOSKTHPYEMOTO CHHXpOoHHOTO KLLA
C MPEIBapHTETEHOT VCTAHOBKOH HATATEHOTO YCIOBHA, VEA3aTh BXOI-
HEIZ, BRIXOIHBIC CHTHATEL, MOCTPOHTE rpady WHEIHOHHPOBaHHA TIpo-
EKTHpVeMOTo cHHxpoHHOro K1LA:

2) CHHTEINpORaTE CHHXpOHHERE KA Ha vEnBepcateHRx JK-
D-tpurrepax (mod 81, JeCATIMHBE KOIB BRINOIHEIX CHTHATOE KOTO-
PBIX 3A0aHbB! MOCTE10RATETEHOCTERY ISCATHHHBIX WHCET, MyTeM BRINOI-
HEHHA MO3TANHOTO TPOeKTHPOBAHNA;

LA

3) pagpadoTaTh U OMHCATE KOHTPOIRHEIE CHTHATEL 178 TIPOBEISHIA
OTJATKH MPOSKTHRVEMOTD YCTPoicTEa, yKazaTh MX TaDMTMIHEIC 1 rpa-
ipiriecKie BpeMeHHEIR XAPAKTePHUCTHEN,

4) BEIMOAHUTE BepudUKaAUND padocnocobHOCTH CHHXPOHHOTO
KUA & nporpavsaoii cpexe Multisim 1001 B creaviowesM nopaike:

* M0 MOKa3aHNAM HHINKATOPOR,

* [0 oCUHIorpavyan yHKUHOHHPOBAHINA CHHXpoHHOTO KILA,
MOAVIEHHEIM © TIOMOLBIO A0 eckoro aHannzatopa Logic Analyzer.

Mooens apToMara B cpeae Multisim 10.] coxpadiTe B BHIE OTIEL-
HOMO hafita 1 HCIONR30BATE eT0 NPH 3AI0NHTe IoMAIIHETO 330aHWR
B L2 IOKA3ATETRCTRE pPaboTOCTOCOOHOCTH,

3) HAMEPTHTE MO Pe3VTETATAM . BepHHEALIHN IASKTPINECKYIO CXe-
sy crxpoRHoTe KLUA ¢ nenoaszosannes MMC smaccororo npona-
BOIOCTEA ATH HIrOTORTIEHHA medaTHol miatel KILLA:;

&) NpoBeCTH ANarHOCTHEY paboTel crAxporHoro KLUA ¢ novourso
KOHTPOTEHEN CHIHATOR.

Mpu anardocTike cuHxpodHoro KLLA Heobxoauyo ocyvIIecTRHTE
CHenVIOIIHE AeHCTBHA:

* Ha TIPABMIBHO (IWHEKLHOHHPYRIOISH MOoIenl cuHxporHoro KLLA
B cpene Multisim {1 v Tpurrepa Oh 0TcoOeINHUTE BXOD R3]

* MOJaTh HAa Bxox K Mool 3apedoMo HenpaBWIEHBIH CHIHAT,

* COCTABNTE TabaHUY MOKAFAHHA HHANKATOPOE I8 3TOM0 CayvHasn
(ca. . 3.4

* ¢ MOMOUIBID CpaBHEHMA TabaHLb KOHTPOIBHBIX CHTHATOE 1 Tah-
THUIE MTOKAIAHTT HHARKATOPOR 00HAPYRHTE OIIHGKY W HCTTPABHTE e8!

* VvOEaANTLCA B NMPABWIEHOCTH WHKIHOHHPOBAHIA CHHXPOHHOIO
K1IA.

MMyHKT 6 BHNOAHASTCA TP TOMOIIN NPenoIaBatens Wi caMo-
CTOATEARHO NMPH OTIATKS MOIETH cHHXpoHHoro KA B caviae ero
OHDOTHOTO (WHKLHOHHPOBAHTIA,

7) o pe3vasETaTaM BRIMOAHEHHA JOMALIHETO 3a0aHnd cpopMyiTH-
POBATE BRIBOIEL,

BeinmonHeHHOS I0MAIIHES 3ATaHHe CAeIveT oopMiTh B COOTBET-
CTEHMH ¢ VEAZAHHRIME HIDKe TpeDoBaHNAMM.



1.3. OchopmneHue pacueTHo-rpadiM4ecKoR YacTu

PacueTHo-rpadurmeckyio MacTe IoMAWIHETD 3a0aHNA CTYISHTH
JOMUAHE! BHNOTHATE Ha AicTtax gopMara A4 ¢ HCRoTBI0BIHHEM KOM-
MBIOTEPA B TAKOH NMOCIeI0BATETRHOCTH:

) BAPHAHT JIOMAMIHETO 3ATaHMA BROPATE U3 NpHIcEeHns | He-
MOCPEICTREHHO BAPHAHT Ha TPYNNY BLLIAST NMPenolaBatenhk, a HOMED
3A0aHUA B BAPHAHTE COOTBETCTEVET HOMEPY, MO KOTOPLIM CTVISHT
JATHCAH B HYPHANE CTAPOCTHl TPYVTITIRG;

2) nepea BHMNOTHEHNEM OMEPeIHOMO 3TAna paboThl Had JOMALIHIM
3A0aHie™ HeoDXOINMO 3amiIcaTs ero HoMep 13 Npelio#eHHol nocae-
JOBATENEHOCTH 1 NOACHUTE JATLH2HIUNE IefiCTRHS:

3) obo3xa'ieHuA B (pOpMYIAX M Ha PHCVHKAX MIPHBECTH B COOTBET-
cteun ¢ NOCT 2.743-9].

MNocne zapepmierya paboTHl HAT TOMATIHWM 3AIaHNEM ero chueay-
€T CAaTh HA MpoBEpKY npenoasatents. Cpox caauw — |5-a Hemens
ceMecTpa.

1.4. Mposepka, 3alMTa U OLEHKA OMAaLLIHero 3afaHua

BremonHeHHOE J0MAITHEE 3ATaHNE CTVICHTEl CIAWT HA TIPOBEPKY
MpeNOIaBATETH, KOTOPEI NPOROINT ceMPHapckie sarsaTie. Tpu atom
MPENOIABaTeTh MOMKET J2T4Th MOMETEN B TEKCTE JOMALITHETO 3a0aHHA
M 3AMHCHIBATE 3aMedaHna Ha nonsx. Mo pe3yakTataM ero nposepEH
MPENOIaBATETh HA THTVIBHOM JTHCTE TIPOCTARTACT OLUeHKY. CTVISHTRI,
MOIYTHBLIHE DICHKY «3aMTeHO», I0TIVCKAKTCH K 3AIIHTE 0MALTHETO
JATAHMA. B CIVIAE NOIVIEHIA OLUEHKH «HE 3AUTeHDs I0MAlIHEe 3a0a-
HIE BOIBPALIAeTCA Ha JopaboTry WIH BRIMOTHASTCA 3aH0BO,

He npysHUMaoTes K 3a10HTe W BOIBPAILAKTCS 118 MOBTOPHOTO BEI-
MOTHEHNA TOMALTHHE 3ATaHiA, KOTOPEE He COOTBETCTEYIOT CEBOEMY
BAPHAHTY, BRIMOIHEHE! He MOTHOCTEIO WK B 3HAMHTETLHOH CTEneHn
HECAMOCTOATENRHO ANDO ¢ MOMOILBK CKAHNPOBAHNA, KCEPOKOTIIPO-
BAHHA. MEXAHITIECKOTO NEPeNHCHBAHNS JAHHOTD MeTOIHIECKOTO Mo-
CODMA WAN MATEPHATOE N3 IPYTHX THTePaTYPHEIY HCTOMHHKOR,

K saimmTe Takke He NPHHIMAKTCA HebpekHo othopsTeH R paboThL

Mocae 3alNTE I0MATHETD 3ATaHIA OLeHKY B 0AUIax CTABHT npe-
MOIABATENE B VCTAHOBIEHHLIE Cpoki. CTVISHT, He BRIMOTHHBILING I0-

MallHee 3A0aHNE B CPOK MTH He JAWWTHRIONT ero, He IOMyCKAeTCA
K COaue 3aMeTa WIH 3K3aMeHa To IHCUHHNINHE « JIeKTPOTeXHIKa 1
WEKTPOHHEA=.

I'Ipn JAUNTE JOMAITHETD 3a0aHPA CTVICHT JOMEKeH KPaTKO H2M0-
ANTE €T0 COISPRAHHE, C[l?ﬁpﬁ.'[}’f!l!pﬂﬂﬂ'!’!: OCHOBHBIC BREIBOOLRI, OTBETHTDL
B MOTHOM O0LEME HA BCE 3aMEaHud MPenOIaABATENA. I'I;:m TICGTVHEHHN
HE}'EOB.T!E'I'BGpi-HﬂThHGﬂ OLEHEH JOMAITHEE 3aTaHHE CICIYET HCMPasiTh.
YUHTRIBEA 3aME[aHNA NMPETOIdBATEEA ., MPEICTABNTE €70 Ha MOBTOPHYEO
TPOBEPKY H SaIHTHTE B CPOKH, YCTAHORTECHHBIE NMPENOIABATETCM.

(LeHKA 33 JoMalllHee 3aTaHie B 0anmax. BeiCTARTeHHAM Ha THTYIIb-
HOM THCTE JOMAITHETD 3IATaHNA, BHOCHTCH B KapTOUKY TEKVIISH yCTe-
BAEMOCTH CTVIEHTA.

1.5. MeToguuec ke YKA3aHWA K BbINONHEHWIO AOMaALWIHErD
3afaHnA

B aomamHes 3azaHin paccMaTpHUBASTCH JA0a°a CHHTE3a CHHXPOH-
Horo KLLA, dhWHKUHOHIPYVIOWETO N0 3AIaHHOMY AITOPHTMY, T. €. He-
KOTOPOTO MOCISI0BaTeNEHOCTHOTO JOTHMSCKOTO VCTPOIiCcTRA, colep-
WALWETO 3IeMeHTH maMar (Tpurrepst). CuHxpoHdsii KLILA nveer
OTPAHIMEHHOS KOMHYMECTED BHVTPEHHHY COCTOAHWIN { MO3TOMY OH 1 Ha-
IWBACTCA KOHETHRIM ), ONpeIeaaesos ero paspaiHocTeio (mod M) —
KOTHMECTEOM TpHITepoRs. Takoil cHeExpoHHBlT KLA Mo#HO HCcnionk-
30BATE I05 VIPARTISHHA KakUMH-THD0 YaTaMy WIH aKTHBHIaUHN npo-
LECCOR B IPYTHX MOIVIAX M0 3apaHes JA1aHHOMY ATTopuTMY paboTsl.
Cuxxpodssil KLLA dwHEDOHHPYET Nod yOparieHHeM TAKTOBRIX (1LTH
CHHEPOHIIRPYIOINX ) cHrHanok CLA ¢ NocToARHON LTHTETEHOCTHES |
H MOCTOAHHOIL MacToTeil f, KoTopele MOEHO peryanpoeats. [lepnoa
credoBannA curHanoe CLK nomked OuITh DOMBLIE BREMEHN, KOTOPOE
Heobxogmvo L1 nepexoda KLLA 13 0aHOro cocToaHusA B IpyToe, Wik
paseH esy. Tak, TpexpaspaaHeiil cuHxpoHHEi KLA uveeT Tpn Tpur-
Tepa v BOCeMb YCTOMMBLIX BHYTPEHHUX cocToaHit (mod 8), Mog geii-
CTEHEM cHHXpoHMMyTIECoB CLA undposoe veTpoilcTEO NepeXoIuT 13
QIHOTD COCTOAHNA B IPYIOE M BHIIAST BRIXOIHEE cHTHATRL B obwmew
CAViae CTPYKTYPHYID cxemy cHHXpoHHOre KLLA MomHO mpeicTasnTe
B BHIE TPEX OCHOBHBIX vanoe (puc. 1.1

* MaMsTTH. (hHKCHPYIOLWRH BHVTPeHHEe CcocTosHNE cHHxpoHHoro KLLA;

* KOMONHALUNOHHOI CXeMEI VIIPABTeH A TTaMATR,

* KOMOHHAUNOHHOI cXeMEl (hOPMEPOBAHIA BRIXOIHEIX CHTHATOR.
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Pue. 1.1, Ofuan cTpyETYRITES CReMa CHINPONHIIOND KONEUor ponors anToMaTa

CHTHATE COCTOSHIA NaMATH HANPARIARTCA Ha 0bDe KoMDHHAaUN-
OHHEIE CXEMEL

KovonsaunosHan cxeMa opMIpoBaHia BRIXOIHEIX CHTHATOR
NPUMEHASTCH B CTV'IAe CNeUHATEHOTO NPendpaioBaHisa IBOHTHOIT -
CTEMEI CUHCAeHNA (DVHKUNOHNPOBAHNA ciHxpoHHOoTO KUA B cneun-
ATEHENT KOd, B TacTHOCTH & koI [ped.

Paznwuasor aga Bnaa ciiHxporHoro KLUA — astovar Mypa i ae-
ToMat Muaan. B asTomate Mypa BEINOIHBIE CHTHATE 3ABUCAT TOTBKO
OT COCTOAHHUA NaMATH 1 aramoTeA X divHkunavi. B aeromare Muna
BLINOIHEIE CHTHATH 1 CHTHATE YIPABTIEHHA TAMATLE 3ABNCAT OT CO-
CTOAHNS MaMATH W BXOIHEIX CHTHANOE. B CHHT2IMpYEMOM CHHXPOH-
HoM KLLA aoMammHero 3a1aHia BXOIHEIE CHTHATEL «X» OTCYTCTEVIOT,
HMEHITCA TobkKe cHHXpocHTHATE CLA. 1. €. 3ToT cHHXpoHHENT KLA
oTHOCHTCA K aproMaty Mypa. B kauectse 3neMeHTOB NaMATH B TAKHX
cuHXpoHHBN KLLA mwmpoko npruveHa0Tea VHEBepCcaTeHEe JA=- 1o
D-tpurrepsr (puc. 1.2},

Tpurrep WMeeT IBd BRXOZA — NPAMEeH 1 WHBSPCHEI, HA KOTOPRIX
MoTyT hopunporarsea curHanel (| o 1. O cocToaHit TpHITEPa Cy-
IAT MO CHTHAMY HA €70 OPAMOM BeIXOZe. Bxoaw! TpHITEpa moapaiie-
nfoTeda Ha HHbwopyaunoHHsie (D u J, K) n yopaeasomne (5. R).
B 3apHcHMOCTH OT THITR TPUTTEPE] MOTVT HMETE OINH HHPOPMALTHOH-
HBIi BXOT, BYacTHOCTH D-TpHTTepkl, TN IBa BYOIA. KAk JR-TpHTTEDEL
HuopMauHoHHEE BXOIE HCTIOTBAVERTCA A5 TEKVIIETO YIIPaBIeHNs
COCTOSTHUEM TPHITEPA. & VIPARTALINE — L8 NPeIRapiTeTLHO veTa-
HOBKH TPUTTEPA B UCNOIHOE COCTOAHME W CHHXPOHN AN ero paboTh!
C IpVTHMH yeTpoicTeaMil (ov. puc, 1.2).

Yﬂpﬂﬂﬂﬂll‘rlul!u
I _ yeTpoicTEa 0
- S

Yeramopka | _ — —— Yetanopwa 1
i NTs S
3 Q Q 5
g8 ,—J — — D —  [Ipamaii
% E" BEIXODO
E s ¢ i —C TPHITEp:
2N 0 0
& K o— — Huseperpii
= i BLIXOM
8 s | e, R TPHITEpa
/ e 7
s i \..\_\H
Yeraworka () = 1 0 - Weramorka ()

Puc. 1.2, ¥onoonoe rpadwaeckos oGo3agenine VIIHnEPCaILl iy & - n L-tpurrepon

l3')'}"!-!1:'.’.[!If!T'EI' MEPEXQIOE TRPHTTEPOE OTPAEACT XaPpaKTEPHCTHIECKOS

VpaBHEHNE!
Q4= F(X1)., O], (L.1)

KOTOPOE VCTAHARTHEAST CEA3EL MEHIY MPeIblIVILHM 3HAIEHHEM npa-
MOTO BRIXOZA (N{) TpUTTEpA B MOMEHT BPEMEHH [ 1 ONpeIenseT ero
caemviolice sHaeHHE (3, + | B MOMEHT BpeMeHnt £+ |, OHO Mo®eT OBITE
HOBRIM 1M COXPAHNTE NpeiblIvilies IHATSHHE CPpazy Mo OKoHAHITH
MOMeHTa BpeMenn § + | 1 o MoMeHTa BpeMeHn 1 + 2 B COOTBETCTBIN
C KOHKPETHOI (hvHKIHOHATEHON 3aMicsio 3Toro ypasHeHua. [Ina seex
TPHUITEPOR €CThE COCTOAHNE BXOIOR, MOI IeHCTBHEM KOTOPERIX MpoHc-
XOINT H3MEeHeHHe COCTOAHNA TpHTTepa:

=0, 0=, | =0, | =1L (1.2)

Mpasnna gpyvHKUNGHNPOBAHHA TPHITEPOB MOTYT ObiTh 3a0aHB!
B CIEAYHILEM BHIE:

* CAOBECHOTO OMTHCAHWA;

= TalIHUB] NepeXxoIos TPHITEPA — XapakTepicTHIeckoil TaluHUkL;

* XApPaKTEePHCTHISCKITX VPaBHEH T

* MIIKPOTPOTRAMMHPYEMOTD ABTOMATA (B TEQPHI KOHE'THEIX ABTO-
MATOR )

= rpatcha.

PaccmatpiiBaemble THUITEPE! HMEIOT CeIVIOLLe XapaKTepHcTIre-
CKIIE VPaBHEHHA!
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JE-Tparrep:
0., =10 + KO (1.3)

D-Tpurrep:
g, =D (1.4)

C MOMOLLEK XapakTepHCTIHISCKNX VPABHEHIIT MOMKHO OTIPEIeTHTE
coctostHie (0., , TPUTTEpa, B KOTOPOE OH MepeiiIeT B MOMEHT BPpeMeHn
f+ 1, ecan W3BeCTHBI KOMOHHALMN BXOJIHBEIX CHIHATOR H NPeIblIvILes
cocTosHue (), TpUrTEpa.

[pady TprTTEpa COCTONT M3 KOMIMECTRA BEPLINH, COOTRETCTEYHOLIE-
IO BOIMOKHBIM COCTOSHIAM TPHTTEPA € YIETOM BHYTPEHHNX COCTOAHNI
aneMeHToB navath (mod M) 1 HanparIeHHBIX BETOK, KOTOPLIE HAMI-
HAKTCA M 3aKAHMMBAIOTCA HA BEPUIMHAX. TIPH 3TOM BaXeH Halop CHr-
HATOB, KOTOPBIE MPHBOIAT K JAHHOMY MEPexoay TPUITEpa M3 OIHOTO
COCTOAHNA B IPVIOE WIH COXPaHAKT JaHHOE cocTosHue (puc. 1.3).

D-rpurrep
i
'\-\.\_\_\KH-

I e il .,
i ]

0
Puc. 1.3 Tpady O-tpirrepa

Bepimmte: rpadsa oBo3HATAKT KPYTAMH, BHYTPH KOTOPEIX 3ATHCE -
BAKITCA COCTOAHNA TRPHITEpa (MHOTIA KpoMe Hidp BHYTPH KPYTOB HIH
PAOOM © HHMW 3AMHCHBASTCA CHMBOTEHOS oDo3HAMEHHE COCTOAHNIT).
Ecnw nyvra HaumHAeTCH B KaKOH-HUOYVIL BepUIMHE 1 3AKAHTHEAETCH
B HEll ®e, TO OHa HaselRaeTcd merneii. Jyvri n neTan XapakTepHiIvior
Nepexonsl TPHTTEPE, KOTOPEIE OH J874eT Mo AeiicTEHEM BXOTHBIX CHI-
HATOR, MPHYEM [HIIOM ¢ IVTO HIH NeTaeil 3amicelBamnTed KoMOnHa-
LM BXOIHBIX CHTHANOR.

[Mpi cHHTE3E NOCNEIOBATETEHBIX CXeM (CAOMHBIY TRHITEPOB, CHET-
HHKOB, PEFHCTROB M T, 4.) pelactca obpatHad sa1aa; onpeiensercs
KOMONHALNA BXOIHLIN CHTHANOE TIPH 3a0aHHOM TIEpexnde TPHTTepa 1l
DIHOFD COCTOAHMA B apyroe, Hanpiep, 0 — L. B peavasrate peieHin
3T 330201 DYIVT MOTYMEHE! JaHHBIE T XAPAKTEPHCTIMECKOTT TabIHLIEL

1

NaApakTepHCTIMECKIE TabmHIE VHWES PCATEHEIX TPHITEPOE, B 'ACT-
HOCTH VHIEEpcaTeHEX JR- 1 D-Tpurrepor, KoTopsle padoTawT B CHH-
XPOHHOM PesIMEe, HCIOAB3VIOTCS TIPH CHHTE3E TTPOM3BOIEHBIN UNd-
POBBI VeTpolicTE (Tadn. |.1).

Torna {0

XapaKTepncTHIECKAA TATINIE VIMBEPCATLILIY JR- i D-TpHrTepon, KoTopie
HCTOILIVIOTCS LT CHITTERA MPOEEOILILTY MHOBLY YCTPOleTn

JEK-TpuTTep ferpurrep
Nepexon &5k J K [epexon O o Ok fa]
in—0 il X =il ]
h—1 | X ih— |
| — 0 X | 1—=0 1]
| —1 X i 1= 1

VHusepcanwHuie JA- 1 D-Tpurreps! MoryT paboTaTk ACHHXPOHHO,
ECH HCMOMB3ORATE ACHHXPOHHEBIE BXOORI R 0 8, HEIARMCHMO OT KOM-
DHHAUNI CHTHATOE Ha MHGOPMAUNOHHBIX M TAKTOBOM BXOZax. Do
OZHAYAST, YTO ACHHXPOHHEC BXOIH 0OIAIA0T MPHOPHTETOM MO cpas-
HEHWID € HHPOPMALUNOHHEIMHE 1 TAKTORLIM BXOIAMIL.

AaropuT™ GVHKUNOHIPpOBaHIA ciHxpoHdore KLLA yoxHo ommi-
CATE C MOMOLILE TADANUE COCTOAHIIL, B KOTOPYIO 3aMICHIBAOT TEKY-
HIiee COCTOAHHE Kaxaoro (), TPHTTEpa 1 er0 NMOCAeIVIomes COCTORHHE
+: pu moaarte cuHxporvnynsca CLE. Hanpivep, cocTOAHMA TPHT-
repok cirpoHHoro KLLA | KoTophii 10mseH BRIIAEITE TOCTEI0BATE TEHOCTE
ripced 7.4, 3, 5, 1, 0. 2, 6, sanmcaHHVIO B IBOMMHOM kKooe (tatm. 1.2).
Yucno 7 ApAgeTcd HAMATOM IAZAHHOTO UHERA paboTeL,

T 4.2

CocToANNA TPHITEROE CHITNPOIMIDED KONETHOT0 MHpPOBOTDe ABTOAMATI
T BUTAIEOT0 W €rn panoTe

locnegonaTeny CoCTOHITNE TPHITEPOE

FOCTL HHTE Che o Che e Chei o s
7 1 | I | 1] 1]
4 1 { ] 1] 1 1
3 ] | | | { 1
3 1 1] | 1] 0 1
| 1] 1] | 1] 0 {l
i ] 1] i 1] 1 {)
2 1] 1 { | 1 1]
by 1 | i | 1 1




Cunres cunaxporHoro KLILA MOXHO OCYIIECTBIATE IBYMSA COOCO-
DamMit. OCHOBAHHBIMH Ha MCMONL30BAHNN TaDANUR NMEPeNOIOE CHH-
xpodHore KLLA.

[Tpi MemoaB3OBaHIN MEPBOTO COCODA ONPEIEIeHNA BXOTIHEIX CHT-
HATOR, KOTOPEIE HeoOXOIHMO TTOIATE HA YOPARTAIOWNe Bxoasl, Tabm. 1.2
DOMOMHAKT elIE WEeCThIO CTONDUAMH, KyIa 3anickBaoT JaHHBIE 13
XApaKTe PHCTIECKOIT TabaiEl AT OCYILIECTRICHNA 3A1aHHOTO Mepe-
XOIa Kawmoro Tpurrepa (tabn. 1.3).

Fevurnone £.3

Bee cocTomma TRMITEPOE CHITYPOIITOND KONeYnors Mpponorts anToMaTa
JLTA HUTANTOTD UHETA €T paboTe

llocaenona- COCTORNKE TRRITEPOD VIIpanaAGHIE HMITY BRI
TENHIIDCTE

WHCET Oy | On | O |Ouin | Qi [ | & B | K& A| &

7 | 1 I | 1] 0 X0l X]11]Xx]|1

4 1 1] ] 1] 1 1 X1 1| X] 1| X

3 ] l l | 1] | LA A ) | X | @

5 I 1] | 1] 1] I X110 X]1X]0

1 ] a I ] 1] 1] alx|o|xX]XxX]1

1] ] 0 ] 1] 1 1] OlX| 1 ]|X]0]| X

2 ] | ] 1 | 1] | X | X010 ]| X

[§] | 1 ] | | | Xla|lx|o]1l|x

Paccuarpuean Habopwe 3HaveHni O On O B Tabn, 1.3 Kak Joru-
HecKHe TepeMeHHble 1N 0TI ecKTy (hVHELNTT VIIPa RIS M-
maecok Jy, Ks Joo Ro S, K, nposedes MHHHMHZALHE KaKIol (vHE-
LIHH ¢ Mook kapT Kapro, B vactHocTi, KapTa KapHo qorimeckoi
thvHRLIN J3 OVAST WMeTh BHA. NpelcTarTeHHEN Ha puc. 1.4,

";"Er Qh
(s, ) il 11 10
i ] ] I 1

Jy=0s

| X X X X

Pue. 1.4. Kapra Kapno wma aorusckoii dwimkimm S

MMomyrreHABIT Pe3VALTAT NOKAIREBALT, YITO 1714 OCVILSCTRISHIA Me-
pexonos Oy, B (. HA Bxox Jy TprrTepa (O HeoDXOINMO MOJATE CHTHAT
C MpAMOTO BEXNGTa TPpHTTepa (b, Taxcke ¢ noMolrsio KapTsl KapHo Mom-
HO OTIPEISTHTE, Kakoil CHTHAT CAeayeT MoIaTs Ha exol K Tpurrepa O
{pnc. L.5)

-, Oy
Oy 00 | o | n| 10
_ T {} &
el EAE: A
1 1 I ] X

Prc. 1.5, Kapra Kapno oog onpeiesciigd cHriaa.
KOTOPEIT FFe0BNOIHMO NOT8TE 11 BT K

[MomyrieHH R Pe3VIALTAT MOKATEIBACT, MTO LTH OCYILECTRISHIS ne-
pexodos Oy, B 04+ Ha BXOI A Tpurrepa 4 HeoOX0INMO NMOJATE CHT-
Hall ¢ HHBEPCHOTO BhIXoda Tpurrepa (4. Takus obpaszoM noayviasM
ACTh KOMDIHAUHOHHOH cXeMBl MPpeodpazoBaHig Nepexoles 1na TpHr-
repa O AHATOTHUIHO HANOIWM BRIPAKCHNS I8 IPVIHY JOTIMECKHN
ceA3elf LA sxodos Jo. K: w J. K M BCe BHYTpeHHHE JOTHISCKHE
CBAIN KOMONHALUMOHHOIH cxeMbl NpeodpasoBaHl Mepexoios Kamkioro
TpMTTEpa (CcM. puic. 1.1).

B cryiae npaMeHeHNA ETOPOro cnocoda IpH CHHTEE CHHXPOHHO-
ro KHA HcnonesvioTes xapakTepHcTHIECKHE YpaBHeHIA paccMaTpi-
BAEMBIX TPHITEpoB Toakko Tabm. 1.1, 8 koTopoill Habope! 3HatmeHnil Oy,
0, ), paccMaTPHBAKTCA KaK JOTHYSCKHE NepeMeHHEIE 1T JoTHYe-
CRHX pyHKUII O+ 1, Qo1 Q. TpriveHaa KapTel KapHo 178 MHHI-
sMuzaunn pyHRUH Ossi, Ot Qe HAXOIRM WX MHHIMISHPOBAH-
HEIE BEIpaskeHu# (prc. L6).

ergia
o, | oo | ol 1 10
0 0 i I 1
Oy 1= Oy
1 L] 1 I 1

Puc. 1.6. Kapra Kapno maa dwicomne Oy



B qwactHOCTH, o0 chvHEUHH 5+ 13 KapTel KapHo Haijizes, vTo
G =G, (1.5)

Janee nposeaeM CPABHEHIE ITOTO BEIPAKEHNS C XapaKTepicTine-
CKMM ypaeHeHneM JK-Tpurrepa:

Q. =50, +K.0,. (1.6)

B momyuenHoM no kapte KapHo (ev. pre. 1.6) supaskennn Oy, =

=0, ger'medos O n @, s Toro TToOB! CPABHHTE BREIpaKeHs (1.3)
1 1.6), YMHO®TM TIPAEVIO MAacTh BRIpakeHus (1.3) Ha seIpaxeHNe

(@, + 0, ). Toroa
£ '—Q;-'[':j_u "'Q!.:;Q;-Eu +0,0,. (1.7

CpapsHiBan BeipaeHie (1.7) ¢ xapaxTepHcTIFECKIN ypasHeHeM (1.3)
JE-TPHTTEPA, HaXoIus, Mmoo

S =0, ﬁ’;—Q__,,. (1.8)

Taxwm obpazom, Ha Bxox J, Tpurrepa ( Halo MOZATeE CHTHAN
¢ TIPAMOTO BRIXOAA TpuTrepa Ch, a Ha Bxoa AS Hano NMoJaTh CHTHAT ¢
HHEBEPCHOTD BRINOIA TpUTTepa (04

(}3a MeTOIa JaKT OIWHAKOBRIC PEIVTETATEL

Hna gepudmiranny padorocnocobHOCTH NIOMYVISHHON CXeMBI ee
MOIETHPVIOT B mporpaMyioi cpede Multisim 101, Texunka choprkn
Modeny cuHxpoHHoro KUA npueeaeHa 8 npitoxennn 2. 1o vanag-
KM MOJ2TH HCTNOME3VIOT KOHTPOIBHER CHTHATH, MOZBOMAILINE OCY-
WECTBUTE NOMHEITT KOHTPOTE padboTocnocobHoCTH cxeMel. PaspaboTra
KOHTPOABHEX CHIHATOB BEINOIHASTCA © YIETOM (PVHKUHOHATEHEIX
DCODEHHOCTEH MpoeKTHPYeEMOro veTpoiicTea. ([MpoBeieHne Inardo-
CTHEH C MOMOUIBK KOHTPOMBHBIN CHIHATOR PACCMATPUBAETCH B NPH-
MEDe BRITIOTHEHNA DOMAITHETO 3AIaHiea. )

[Mocne onpengieHud BHVTPEHHIK JOTHYMECKHX CBAIEH A1a VTIpas-
JHIMNY BXOIOE M MPOBEISHHA BepHgHKaunin paboTocnocoiHOCTH
crHxpoHHoro KA Heobxoaimio HaMepTHTE 8T0 AMeKTPIMECKYI0 CXe-
My ¢ uenomslosaHem MO saccosoro nponzeoactea. B oateHeiimey
WIEKTPITIECKAA CXEMA MCTITBEIVRTCH UTA HETOTORISHNS NMeTaTHOM [UTATR
undipororo veTpoiicTea. Muxpocie Myl NOIOHPAKDT MO CIIPABOMTHITKAM.
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HoHTponkHele BONPOCL M 3303HWA

[ i KEKAK UEIeH HENOIBSVETCH CHHAPOHHEI KOHCYUHEG Lnfposoil
asromar?

2. Kaxkme napaMerpsl Moryt m3MeHAaTses 8 rakos apromare? Yesm onpe-
aensercs coctoddne (mod M) cueranka?

3, Kakvio ivHKUNE B CHHXPOHHOM KOHEUHOM SETOMATC BRIUIHAKI]
rpHITepE?

4. CocTanbre XapakiCpUCTHUCCROE YRaBHeHNE Aan JK-Tpriiepa, npu-
BEITE IIPHMCP C10 HEHOIBIOBAHNH.

5. Jim wero UpCAHE3HAYCHEL QCHHAPOHHEBIC BXOABL B YHHBCPCLIBHEIX
rpHiTepax?

B COCTaBERS XEPAKTCPHCTHYCCKOS YPABHCHUE LhH D-1pHirepid, 1pH-
BEAHEC ITPHMEP CI0 WCTONIBIOBAHMUA,

7. Yro rakoe xapakrepuernyeckan rabanng nepexonos rprimepa’?

B Menosssys xsapakreprornicckoe ypasdeHne JK-1puimepa, cocrabs-
TC CIO XAPAKFCPHCTHYICCKY K TaduHiLy,

9. Monoassys xapaxiepHecTHUcckor vpasHeHHe D-TpHimepd, coCTaseEm
CI0 XEPEKTCPHC THHCUKYRY TE0IMILY,

1. HYro rakoe rpal vprrrepa’

1. Hapueyiore rpady JK-TpHITCRR.

12. Hapuoyvitte BpeMCHHY K IHATPAMMY, NOHCHIOLIVIO paboTy CHH-
xporaore JA-purrepa.

[3. OGpMCHNTE METOA NPOCKTHPOBIHHE CHHAPOHHOIO KOHEYHOID
UHGPOBOED. A8 TOMATE YEPES XAPAKTEPHUTHYCCKOL YPUBHCHHE TPHITCPY.

14, O0RuCcHUTE METON DPOCKTHPOBIHHA CHHNPOHHOIO KOHEYHOIO
UHIPOBOIO AETOMATE. HCHOABIYA CI0 SAPaKTCPUCTHHCCRYID Taliiny

5. Mast wero paspalan siBores TECTOBEIC CHIHAIR TIPH NPOCK THPOB--
HHH CueTinka’



2. T03TanHblil CUHTE3 CMHXPOHHOTO KOHEYHOTO
uudposoro asTomara

2.1. BNOK-CXemMa CHHXPOHHOIo KoHeuHoro undpororo
aBToMarta u ero rpag

Cunxpoudui KLLA cocTonT HenocpeAcTEEHHO W3 THPOBOTD
VCTPOICTEA, COTepaaaniero Habop TPHITEPOR, GNOK TeHa patIity VTIPaRT-
UMY CHIHATIOR, OI0K YCTAHOBKHE HauaATkHEX Vouosmi (puc, 2.1).

8]
Baok resepupoRanis —|_|—|—|- 5

TIPARNAMIIIHY CHTHATTOR B
¥upa CLK

Cunxponnsiii | Oy
ROHEHHBH 2
unipoBoei

(bpo e s,
ABTOMIT

(mod §)

bnok vetanossn
ALY YCmonmil

Pac. 2.1, baok-cxema cHITXpOUIoro Koiresiioro [rhponoro apToMaTa:

Oy — seaaumed pazpan: §y — cpeasnit paipan; {y— cTapuni pazpan

Brnok reHepupoBaHNa VIPARTADILINY CHTHATOR SRIETCH TeHepa-
TOPOM MPSIMOVTOIEHRX cHHXporvMnvIbeos CLK, no nepeaHemy dpoH-
Ty KOTOPBIX cHHXPOHHBI KLLA naveHaeT cBoe BHYTPEHHEE COCTORHNE
W Mo®eT paboTaTh B ABTOHOMHOM W B ORMIALUIEM pPexuMax wi s
peKHME CHHXPOHH3ALNH 0T BHSWHNX CHTHATOB, “ITO NO3BOIAET Hi-
MEHATE BREMEHHTIO MOCT2I0BATENEHOCTE NOSBISHIA CHHXPONMITYTE-
cos CLK B COOTBETCTEUN C TEXHOTOTHYMECKNM npoueccod. biaok veta-
HOBKH HAMATRHBIY VCAORHIT — 3T0 HCTOMHWK HATHEES HITA BRICOKOTD
vposHa {+3 B). Ha pue. 2.2 npueenes rpad (pWHEUHOHHPOBAHHA CHH-
xpoHHoro apToMara KLLA.
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Hamanemoe
COCTONTHE
LIFEa

FOHeTHO
COCTOHHHe
THEJR

Bockaoii
IHET

& 2 i} 1

Pue. 2.2, Ipady iy KImo i posaiis mpoe KTHPYVEMOTS CHITKPONITONG
KONZ9I0r IIhPOGOTD A6TOMATa

2.2. ITanbl CHHTE3a

Iman 1. Cocmaanexdue maGauyst nepexodos

Tabanua nepexonos KA ¢ soceMbi VCTOIMIHBEMH COCTOAHIAMH
npoeKTHpyeMoro ciHxpoHHoro KLA (mod 8) (tabn. 2.1), B KoTopoi
IWTA KAWA0TO TPUITEPA NPeayeMoTpessl cTotous & n 0. . cocTarns-
eTes cneavionmy obpazos. B Hell oToDpaxaTCa TeKVIIee 1 nocne-

Teaosicgn 2.1

COCToMmA TPHITEPDE CHITXPOIIOTG KONednore mndiposoro asTomata (mod §)
I8 JATANNONG IHEIA erd patoTi

[oeagzona- CoCToAINE TRHITEPOE
TENLIOCTE _
YHCEN (43 O i [ ey Oy

7 | | ] ] { 1]
4 | 1] 1] ] I I
3 1] | | 1 { I
5 i ] | 0 1] |
1 i ] | L] 1] 1]
1] ] ] 1] ] ] 1]
2 1] | 1] | I {
(§] | | 1] | 1 1




IyIOLee COCTOAHMA TPUITEPOR NPH MoJatie Ha HUX KaKIoro CHHXpO-
mmyakea. B katecTre Bynepoil hyHKINT A08CE BRICTYIIAT NepeMeHHELE,
MpeIcTARTeHHEE B cTonauay Oy, Gti. O+ 1. APTYMEHTAMI KOTOPRIX
SIRIAKOTCA HABOPH IHA'IEHHH NepeMeHHBIX., MPeIcTARIeHHBIX B CTOND-
oax Oy, O 1 Oy, COOTRETCTREHHO.

Hananwaoe coctossie cunypodHoro KILLA 11| otobpaxero B nep-
BOIT cTpoKe Tadm. 2.1 ana MoMmenTa BpeMeHn . [Toche monaun neproro
cuHxponmmyakea CLA B MomeHT BpeMern (| cnixponneil KLLA non-
#eH nepeiti B coctosrie 100, [MTocae nooaun BockMOro CHHXPOHM-
NyALCA CHHXPOHHBIF KA J0m&eH BepHYTECH B HCXODHOE COCTOSHHE,
T. €. K OKOH'IaHHI0 UHKTa paboThl ciHxpoHHoro KLLA, 3atem unkn pa-
DOTHI apToMaTa mopTopAeTe. Cronduel Q-1 Oy O+ thopMvupyoTCH
Mo IHAMEHHAM cTOmoUoE Oy, Ox 1 Oy COOTBETCTBEHHO TIVTEM 3ammich
TPeDVEMOro CASIVIOILIETD IHATEHNA B Ka®IOM CcTondue. 3anogHeHHan
Tadn. 2 | ooHO3HAMHO ONpeaenaeT TpedveMvio IVHKLIHK CHHXPOHHOIO
KLlA. BocnonbaveMmcd BTOPLIM MeTOdoM CHHTE3a ciHxpoHHoro KLA.

Fman 2. CocmasneHue no2U4eckux ypasHeHul

Januies TOTHIeCKHE YPaBHeH A (hYHKLIHOHNPOBAHTA CHHXPOH-
Horo KA, coctartenHeie no 1abn. 1.2 cocToRHMil TPHTTEPOE © HC-
NOALIOBAHIEM BTOPONO cnocoda cHHTea:

Q_u..| '—'Q_UQJ.'QL- +§_|JQ_',.'QI.' +f§;-g_:,-é|. "Q*rgj'ﬂl:
0., =0,0,0,+0,0.0,+0,0,0,+0,0.0,: (2.1)
O = G-Qa@a +(j_4.-'@;rg|_,- i Qz,-@_*,.ggl +Q:,Q:I-'§h-

Munnoanpven nonmeckye dyvaim (2.1) ¢ novoirkio kapT Kapho.
Coctapnym kapty Kapuo ona dwarkunn Oy (puc. 2.3),

QZIQI: 4

Oy | 00 01 11 10

0 0 o[ —1'|

HIEEENIE 1]
Oz =0y

Pue. 2.3, Kapra Kapuo wes dwrsanm 4+
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Coctapum kapty KapHo 1aa dwHkumn 0w (puc. 2.4).

sz Q!.' Q‘lr-l |
Oy | 00 | o1 1l 10
ol i_l 0 i |_I_
| 1] o o |]1

rn= ‘:’ It
Puc. 2.4. Eapra Kapuo ma domsmm =

Coctapus kapty Kapro oas dwvawomn Oy, (puc. 2.3).

O3 01 Ou=
o] 00 | o ] u | 1w
1] ] ] 1 ]
LT 1) | o |

Oppr= 03,0y + 03,0y, + 03,02,0y,

Puec. 2.5. Kapma Kapro nna dwisano 0+

B peavieTare momywaeM CHCTEMY MIUHHMHIHPOBAHHEIX TOTHMECKHX
VPaBHe RN (PYHKUHOHHPOBAHHA cHHEXpoHHOTD K1LA:

0y =0
Oy =0 (2.2)
O _Q.'-f@'b 'E'erﬁr ‘-'Q‘-;Q_‘:Qa-

Cﬂf‘,ﬂ,f!m'LTC.-[hHﬂ, MOFEHO TIPHCTYTIHTE K CHHTE3Y CITHXPOHHOTO K]_EA

Ha PA3HLY THNAX VHIESPCATEHEIX TPHITE POB, HCMOML3YHE CHCTEMY JI0-
THHECKMX YpapHeHNH (2.2) dyHKUNOHHPORAHHA aBTOMATA.



JIman 3. lMpoekmuposaHUE CUHXPOHHO20 KOHEYHO20
uuhposozo asmMoMama, cCUHMEIUPOSaHHO20
HO YHUBEDPCONBHbIX MpU22epax

CHHXPOHHBII KoHeTHBIT TR(POBOIT ABTOMAT, CHHTCIHPOBAHHLIN Ha
YHHECPCAMLHBIX JK-TpHrrepax. XapakTepHCTINIECKOE YPABHEHNE 1714
JR-TpurTepa nMeeT BUA

0., =J0,+ KO, (2.3)

Taxi oGpazoM, I8 TREX TPUITEPOE NOIVIASM TPH XapaKTe prHcTi-
HECKHX YPABHEHHA:

O, = j:'ig:.‘in' - E,:Q_;,—Z
Oy =410y +Ky0u: (2.4)
0., =40 +K0,.

Onpenendes JOTHMECKIE CRAIN MyTeM cpaBHeHns Koadwhumies-
TOBR CHCTEME] TOTHHMECKHX ypasHeHHH (2.2) 1 {2.4) B BRIDAKSHIAY 104
@+ kaxaoro Tpurrepa. Hanpusep, saniiiey YpaBHeHe CHHXPOHHO-
ro KLLA 1na TpeThero TPHTTEpa W3 CHCTeMEl VpapHeHHI (2.2):

0. =0, (2.5)
H CPABHHM €70 ¢ XapakTepUCTIHNECKHM YPaRHEHHEM M3 CHCTEMEI YPaB-
Henni (2.4):

Q_‘J—| B -’.IGIJ + f_—'.(}_l_l . {'Eﬁ}

[Mpasoe cpasHeHe vpapHeHnil (2.3) u (2.6) He no3eoadaeT cpazy

HATH COOTHOLEHMS MEXIY KoMupuLIHeHTaM . TAK KaK B VPABHEHHN
(2.5} HeT nepeMeHHOI (s, KOTOpas ecTh B XapakTe pHCcTIECKOM Vpas-
Hewny (2.4) Tparrepa

Ina yoobeTea HAXOKISHUA TOTHISCKOH CRAIN Meday koathdiun-
eHTaMI YpaeHeHNI (2.4) n (2.3) yMHOXIM VPABHEHI CHHXPOHHOTO

KLLA Ha Bripakerne (3, + 0, ). KOTOPOS HE WIMEHAET HCNOIHOTO Bhi-
PAKEHNA, MOCKOTBKY OHO TOXIECTECHHO PABHO eIWHHLE, 3aTeM pac-
KpOeM CKODKH 1 MPOBEIeM TIEPeTpYIIMHPOBKY WISHOR TaK, TTODE TT0-
TMYUHTE BEIPAKEHNE, MOI0DHOE XapakTepHCTHISCKOMY YPaBHEHHD
TPHITEpa;

0., =00, +0,Q,. (2.7)

OTcinga MOKHO TETHC HANTH CRASE MedIy KoahthHIHeHTaMN YPas-
Henmil (2.6) mw (2.7):

Ji=0: K5 =0,. {2.5)
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AHATOTHTHO HAXOINM BREIPEAKEHNIA 119 BXOIA BTOPOTO TPHITEP,
yMHO®NB 3, Wa Beipawenne (G, + Q) X

Iy —fjl.-l Ky =0, (2.9)
Taxke HAXOIHM BBT;JE}KEHHE A BXOJd4 MEpROTD T!JHTFEPE:
0,1 =0,0.0, +0.,0, +0.0,. (2.10)

VAHOKIM BTOpON wieH ypasHerns (2.10) Ha swpaxenne (@, + O, L
NpoBedeM npeobpazoBaHmu
W TIOUTYRTHM

J, =0 K,=0,0,+0,0,. (2.11)

Januuesm HalileHHRe SHATEHIA 1A Beex TPHITEPOE B BHIC CHCTES-
MBI VPaBHL HIIT

jjl_.Q_'.": K“'J_Qﬂ:
Jy —Q_u: =0 (2.12)
J, =0 K, —eréir T Q’_-Qh —'Q:.-Qu QE.-Q%."

MomyieHHan cucTesMa ToTHISCKHY vpasHeHwi (2.12) nozeonser
NPUCTYIINTL K cOOpKe MoIenn CHHXPOHHOTO CUETHIHKA B KOMTIRKTED-
Hoil nporpavye Multisim 10,1 ana paspaboTky KOHTPOIBHBIX CHTHA-
OB M ¥X BPEMEHHBIX XApakKTepHCTHR M MPOBEISHNA Bepihuraliim
PatoToCTIOCODHOCTH CHETEINPORAHHOTO cHHXpoHHoTo KLLA.

CHHXPOHHBIH KOHCYHBHD THGPOBO ABTOMAT, CHHTE3HPOBAHALIN Ha
YHUBCPCATBHBIX D-Tpirrepax. NapakTepicTHiIeckoes vpasHeHe D-TpHr-
Tepa HMEST BHI

Q.,=D. (2.13)

B cooTBeTCTENN © cHCTEMOH YpABHeHN il (2.2) ypaRHeHNS Npoek-
THpyeMoro caHExpodHoro KLILA (2.13) oma sxoddoil JoriKn YIpasie-
HHS TRPUTTEPAMIT MOKHO 3aMHCATE B BHIE

O =D —Q_
Oy =D=0,; - (2.14)
Q=0 =00y +0,0, + 0,0, (-

CunTtes cnaxporHoro KLUA Ha D-TpiTrepe NpoBOIATC 0 VPas-
HeHuaM (2. 14).
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3. CHHTE3 CUHXPOHHOMO KOHEYHOTo qu]'[}ﬂ'BGfﬂ
dBTOMATa U Ero BEqu]HHEIU,HH

3.1. Pa3spaboTia KOHTPONbHBIX CHFHANOB W NOCTPOEHKe
BPEMEHHBIX XapaKTEPUCTUK CMHXPOHHOMO KOHEYHOro
undposoro asTomata

CHHXPOHHBI KoHe'THBHT UH(POBOI ABTOMAT, CHHTCINPORBAHHLIT HA
yHHBe peanbHbiX JK-Tpirrepax. [Tpy seprpikanny paboTocnocoOHOCTH
CHHTEIHPOBAHHOTO cHHXpoHHOoro KLLA wan npr nposeTeHIE IHATHO-
CTHKH HEeHCNPaBHOCTH Ve padoTapuero veTpoilcTea Heobxoauvo
HMETE KOHTPOABHBIE CHIHATEL, KOTOPEE TTOMOTH Ob1 OBICTPO obHApY-
MHTh OWHOKY WIN HEHCTIPABHOCTE W, COOTBETCTEEHHO, OBICTPO ee
VCTpaHuTh. B cHexporHOM asTomarte Ha JA-TpUTTepax K TakMM CHT-
HaTaM MOXHO OTHECTH CHTHANLI Ha VITPARTAIWINY BXOIAX TPHTTEPOR:
J- 1 K-mxogax. Mna 310r0 cnedyeT COCTABHTL TADIHUY KOHTPOABHBIX
CHTHATOR W MO Hell MOCTPOHTE BPEeMEHHEIE XApakTepHCTHEN padoThl
ciuxporHoTro KA, xapakTepHoil 0coBeHHOCTER KOTOPOID ABIASTCA
MPapiILHAA OCTeI0BATETEHOCTE YTIPARTAKLINE CHIHATOE Ha BXOIax
J 1 K Bcex TpurTepoB. 3Ha'leHHA CHTHATOB J U K KaxIoro Tpurrepa
NocTe YWTAHOBKEH HAUATRHOTO IHAMEHHS M CHTHATOE Nepexolos ac-
CHHTASM € MOMOLLEK YpapHeHNT (2.1 2) hvHEUNOHNpOBAHIA aBToMaTa!

Jy, =0y Ky, —Q._'.:
Jy=0,1 K, =0, (3.1)

5 =0; K,=0.0, 0.0,

CocTodHUS TPUTTEPOE M YITPARTAIOIINY CHTHATOE B COOTBEETCTRI
¢ cucTeMoil ypasHeHHIT (3.1) ceeaensl B Tabn. 3.1. INo cueteme vpae-
veruil (3.1 cuATesnposad cuaxporHent KLIA (puc. 3.1), #a puc. 3.2
NpeIcTaARIEHB COOTEETCTEVIOWNE BpeMeHHbIe ANarpaMMel paboThl

23

Wi

@ Function gammll_-ﬁﬂ_:r

VO TAHCIHRA, [1aHamE THOH
@ HIC A B HCE
IFHEBRA T

MOKAIAHKA
CHETULS0A

YT inE AN COOTOERE A dedna T

SET

[l

PR

W ={Co T ) [T 7 ok )

10
SRR

&5
AP

=0

BEFADHKALIAAR CHTHANCE
HA K BRXDIAX TPWITEFDE

voo

S32N

= Sl L R o et g e g

Fik. BB A TP EROS

Pae. 3.1 Cxenma cHEXPONEIOTD Kotie 1Horo nrfposoro aproaars s JE-Tprrrepa s nporpasion epete Multisim 10,1



=1}

Hopmansiinie
YCIOBIA | |

'

i
-

_ & = ]
% 5§ = B = B 8 %
& f= == Er: B Do dz g
52 FZ 2E BE ZE sg #3322
=2 @2 £ £§ £8 H& J& 2=
CLK! T T T _'-{_'r—l T T T | SR T
& Q| ™ —% [ |
E;‘ i H | T 1 | | P
BE wrt— | ol | o=
Sn. K i H i i i i i P
| | A — (N i |
L : i | | [ I I I
& Slr—/—— ) L L g
=8 | I | I |
S ETRE e =
2T \ i ! | 1 I | T
R I s O ¢ S S S | S
: T A T Y T
- O ] iyttt
S o ; i i g i i i i
BE Ml L
S8 : ! : : 1 : ! :
e e s | T I E e |
F: -]
S8 00 7 4 3 5 | 00 2 f
%E --"Ur_:---"u 3 i 4 | ] 2 6 .
28 pink 3 ¥ 3 & T O3 B

Prc. 3.2, BpeMennibia narpasvsa padoTsl curpoimoro.S-Tprmepa.
TIOCTPOSITHAS M0 AR Ta6m. 1.3

cuHxporHoro KUA. 3anoawenne tadn 3.1 ocvillecTaaseTeA CAeIvio-
wEM oDpazon: I78 BeeX TPHITEPOR 3AMNCHIBASM TEKVILNE IHAMEHHA
VPOBHA HanpsaeHa Ha Bxodax J w K B TeeHHe MOIa'TH CHHXPOHM-
myabca CLA. Hanprisep, 1ma BEToporo OUKIa (oM. pHuc. 2.2) cHHXpo-
uvmyasca CLE Texyiune 3HaseHIA TMEloT Bl

0, =1 0,=0, @ =0{l00). (3.2)

TOTCAd HA BYXOQOIES ﬁ}",II.E'T

Jy =0y =1 Ky =0y =1
Jy=0 =l Ky=0,=0; (3.3)

=0 =L K, =0,0, 0.0,=0.

Tadnnya 3.1

Kum-pcmmae CHTTELTED LA MPaniainoroe :h}mmpﬂmm CHID PRI
ROneunor rmd:pmnm ADTOMATA

CocTomme COCTOAIME BXOIITRIY CocToanne

I-Em.jep oy | tpurrepon CHITIATOD HILIHKATOPOR

e 0000, | sk | wke | sk | b | ke
| = L 1 1 to]o 1 |1d 3 3
2 ] O 0 1 | O 1 0 3 4
3 0 1 1 IO 0 1 00 4 2
4 I @& 1 i 1 | 10 | i
5 "-]- 1 0 0 1 | 0 1 01 ( 7
& G a4 o] 01 1 O 01 2 B
¥ 0 1 0 I | 0 0o i1 L]
b 1 1 0 1 O | ) | 1 7 1

Mz tabn. 3.1 chaeaver, uTo ecnil paccMaTPHEATE CHTHATE HA BXOTAX
Jodody n KRR kax pazpadsl IBOHMHOTO MICHa, To OHY Takse OvayT
00pPaZ0BRIEATE HEKOTOPYIO MOCASIOBATENEHOCTE THeeT. B wacTHoCoTH,
S 0DpasvIoT MoCTeI0BATeT HOCTE ZECATHIHE Hean 3, 3, 4. 1, 0,
26 7. a KK —3.4,. 2, 6.7, 5 0, |. MosroMy ecan NOCTABHTE HA
3TH BXOIW HHINKATOPREL (prc. 3.2), TO OHH JOTKHE MOKA3EBATE 3TH
NOCAEA0BATEIEHOCTH MHCE TIPH NPaRiIbHOM (PWHRKUNOHHPORAHNT
cHuxponHoro KLLA (cwm. abm. 3.1).

KoHTpONEHEIE BpeMEHHEE XapaKTePHCTHEN paboTel CHHXPOHHOTD
KA Mo®HO 0OTYINTE © NOMOIIER JOTHTECKOTO aHanniatopa Logic
Analyzer XLA |. koTopEIil, N0 CYUIECTRY, ARIAETCS MHOTOTIVIEBEIM OC-
mtorpadoy (prc. 3.3). CpasHHEAs KOHTPONBHEE CHIHAME! © TOTY-
UEHHBIMH CHIHATAMU, MOMHO ONPEIsTHTE OUIHEKY, JONYILEHHVIG TIPH
cHHTese ciuxpodHoro KLLA, man HencnpasHocTE paboTaBlIero ciiH-
xpoHHore KLLA.

il
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Puc, 3.3, Cxowa wiMepeiiis Bpeveiiiug QUarpamst CHINpoITIono Koeione MUl ponoro anToMarm ¢ NoMolise npuiopa
Logic Analveer o oporpasaiodi cpeac Mualtisim 10,1

CHEXpOHHBI KoHeHBIH nHdPoBOil ABTOMAT, CHHTCIHPOBAHHLIL HA
VHHECPCATBHBIY. D-TpHrmepax. B cooTBETCTRINE C CHCTEMOT VPaBHEHI
(2.14) BRIpa%2HIA 118 BEXOTHOH TOTHEN YIIPABIEH A TPHTTEPAMI MOX-
HO MPEICcTABNTE B BHIE

Q.. =D =0,
Oz '—'ﬂz'—'jﬁ (3.4}
.. =D, —Q;,ﬁy + Qs.-ﬂ; +§.LQ1.-Q|.-'

B cooTeeTcTBIM © cHeTeMOIT ypasHeHHI (3.4) cocToaHNA TpHUTTE-
POBE 1 YIIPAATAWILNX CHIHATOR npueedeHsl B Tabn. 3.2, Hampiasep,
1A BTOPOTO LKA

D=0,=0 D=0 =1

Q.. =D —erfj'_'.' +Qu‘:§r +(§,qu;@; = (011, =3;).

Teimiga 3.2
lecTonEE CHIMIATE CHITXPOIIONG KOHESonD MH{posoro ARTOMATa na [=Tpurrepax

CocToanme COCTOMITHE BXOTIILIN )
Homep takta | CLA TPHITEPOE CHTIILTOR lokazanms
00, | Du [ bu [ b | MO
(IIOPMATEIEIE
YOIOnHA} — | I R 1 0 L] 4
1
2 1 0 0 ] l | 3
3 o1 1 I 0 | 5
4 1 O 1 ] U 1 l
5 ﬂ.l" 1 oo ] U 0 1]
(<] 0 0 0 ] 1 0 Z
7 o 1 0 l 1 0 i}
H | | l 1 7

Ha puc. 3.4 npeacTarneHsl COOTBETCTEVIOLINE PaceTHBIE BPeMeH-
Hble gparpaMvet pabotsl citHxpodHoro KUA. cusTesnposaHHoro
Ha D-tpurrepax.
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Mokaanma unankaropa CpLnonon
4 3 5 [ 0 2 6

Puc. 3.4, Bpesennin anarpamma padoms cHUXPOINIOTD KOUZSYIOTD HGPOGOTD
ARTOMATA 1A - TPUImepay. NoCTpoSINasA 1o Zmn s tagn. 3.2

MomrrerHbE TARTHLE TECTOREX CHTHATOR MO#HO HCTIOMLIOBATE 174
seprdmkaim cuxaxpodsoro KLIA B nporpasssoii cpeae Multisim 1001,

3.2. Bepuipukayma pabotocnocobHOCTH CUHXPOHHOTO
KOHeYHOoro unpoBoro asTomara

CuHXpoHHBIE KoHeHbI DR poBoil ABTOMAT, CHHTEINPOBAHHbIH HA
JEK-Tpurrepax. BHYTpeHHAA J0THEL KOMDHHALHOHHOIO VCTPOICTRA me-
PEXOIOE TPUTTEPOE CHHTEIWPVETCA MO cHeTeMe ypapHeHNit (2.12) u

NPCICTARTICHA Ha PHC, 3.1 Texunxa COOPKH 1 MPOBCICHHC MOICTHPO-

29

BAHMA CHHTEIUPOBAHHOIO ABTOMATA B KOMMOLIOTEPHOI Tporpave
Multisim 0.1 npueenexda & npivioskesn 2, HeTomHEK nocToAHHOTD
Hanpakerus VDD 3 B ucnoab3veTea LA VCTAHOBKH CHHXPOHHOTO
KLA p HAUATEHEI] KO MVTEM MOIATH 3TOFO HAMPSDAEHNA HA AcHH-
NPOHHEIE BXOARE S-Tpurrepor: O — Maammnit paspam, O — cpeaHnit
paspan, v — cTapwmil paspas B paccvatpHBagMoM CTY'IAS CIEIVeT
VCTAHOBHTE HAMATEHEN Kod cuHxpoHHoro KOA — 111 = Ty, T. 2. Ha
BCE ACHHXPOHHBIE BXOIE S-Tpurrepos Oy (. 0 noxaeTca NOCTOSH-
HOS HampsAKeHWe oT HeTouTHHKE HanpskeHna VDD, i tem cambiv
VCTAHABTHEASM TRHITEPH B «eINHNTHOS» cocToadne. TToaata Hanpa-
HEHIA HA ACHHXPOHHEIZ BXOIE S-TPHITEPORE OT HCTOMHIKA HATPATHE -
HuA VDD ocviecteaseTes nyTeM 3aMeikanua kawoua SET. MMocae
VCTAHOBKH HCXOIHOMO cOCTOAHNA cuHXpoHHoro KLA gawsn SET pas-
sMEIEAeTCH. DYVHKINoHATEHEIT redepatop XFG L cavauT HeTomHHKGM
CHHXPOCHTHATOE € PETVINPYEMON MACTOTON HX caeloBarns. Tpebye-
MBI TEAPAMETPBl CHHXPOMMITYITECA VCTAHARTHBAKNTCA B €70 JHATOTOROM
OKHE. KOTOPOE NOABTASTCA TIOCTE IROITHOTD WEMKA TeR0H KHOMKON
MBI 0o ero n3ohpazednwn. Huanxkatope JuJuJ. KKK, 1 nokasa-
Hitst cexpoHHoro KUA nenoneaviotes 10a nposepkn ero paboTocno-
CODHOCTH 1 NPOB2ISHIE eTo HATAIKN B cavHiae owrbok npi ero chbop-
ke. MNocne choprn Modean B pabovey okHe nporpamsel Multisim 1001
HEODOXOINMO NPOBECTH BEPH(MKALNID €ro padoToCcnocoDHOCTH.

CornacHo cxeme (e, prc. 3. 1), cunxponHsil KHA pabotaet nocne
BRITTOMHSHNS CIEIVEOUINY JefiCTRIH:

s pAzOMEHYVTE KTt SET 1 CLK 1 3anveTiTs Npotece MOTeTipo-
BAH N,

* JAMEHVTE K100 SETH YCTaHORNTE HAMATEHOE JHAEHHE CHHYPOH-
Horo KLLA, a 3aTeM ero pazoMKHYTh!

= 1718 HaTana paboTel cHHyporHoro K LA sasisyvTe ket CLKS

* 175 OCTAHOBKH OTICTHOMHTE TIPOLIECC MOIETHPOBAHNA I PA3I0M-
KHVTE Kot CLK.

[Mocne Tore kKak cobpada MoZenk cHHxpoHHoro KHA B cpene
Multisim 0.1, Heobxoamyvo npoeecTy BepiiKaLND ero paboTocno-
CODHOCTH B CASIVIOWEM MOPLIKe.

[. [ eepHdiIKALIE TPOBSPANOT MPaBHILHOCTE WWHKIHOHNPO-
paHuA crHxpoHHoro KA mo nHInkaTopy NOKazaHmil CHHXPOHHOTO
KUA :2:0 8 cootheTcTBuM ¢ Tabn. 3.1 1 no uHankatopas Jubiod, 1
ﬂr.'l’\r;_ﬂ] 1?3!1’!. 3.3)

Ecnn nokazaHns MHAWKATOPA He COBMATANT ¢ PACTETHREIMH, TO
HEODXOIHMO MPOBECTH AMATHOCTHEY €10 (IVHKUHOHHPOBIHHA B COOT-

e



fatning 3.3
CocToanma TPIITEPD B TOKAIANNA HITTIRATOR0S 110 GCEX HKI0E CHIT PO
RONEIOr0 THHPOROTD ARTOMATA, CHITEINPORATIION B JA-TpHrmepax

Coctosimea Homep mixaa
nep- | oo TpE qeT- | mATLi| mec- | cean- | poch:
BEOT | poil THIT BEP TOT AOiT | Mol
TLAHE
ool 7| a | 3| s | 1| o] 216
FCpkl e B -
Ma- | rnn| 5 | 3 4 | i 2 6 7
K-
ropht | KRR | 3 4 2 f 7 5 i I

BETCTBHH ¢ KOHTPOIBHBIMI CHTHATAMN 1 BPEMEHHO T IHATpaMyoil
(PYHKIHOHMPOBAHNA aETOMATA.

Bepudmkauns cnHxporHoro KA Ha padoTocnocodHOCTE B KoM-
MLIOTEPHOT TPOTPAMME NOKAZATA, MTO OH (WHEUHOHHPYET B COOTBET-
CTEWMH C 3AIaHISM.

2. Bepudiraumis ¢ NoMoUIBR HENMOCPEICTEREHHOTO H3MePeHIT oc-
UILLIOTPAMM Ha 3THX BRIXOIAX OCVIISCTRAASTCA ¢ noMowkn Logic
Analyzer, npeactasieHHOTO Ha puc. 3.3,

BpevieHHRR AHArpayMel, NTOIVISHHBIE C TOMOWBK T0THHECKOTO
aHaTH3aTOPa, NPHBEIEHE! Ha pic. 3.5

Bepudmrauna pabotocnocobHocTh ciexpordoro KLA, npoee-
IeHHAA MO MOKAIAHHAM HHINKATOPOR H OCLHIIOMPAMMAM 270 (hvHK-
UHOHHPOBIHIS, MOTVISHHENM ¢ TOMOLIBI TOTHMECKOTO AHATHIATOPA,
NOKAZLIBIET, 1TO @BTOMAT padoTaeT NPaBiLTEH.

B cayiae ecan sepudmkanma paboTocnocobHOCTH CHEXPOHHOTO
KLUA He noarsepanna npasiibHOCTE €70 (WHKLHOHMPOBAHWA, Cle-
IYET MPOBECTH INATHOCTHRY @10 paboThL.

CuHxponHbiil KoHe bl tndpoeoil ABTOMAT, CHHTC3NPOBAHHLIN HA
D-Tpwrrepax. XapakTepHucTHIecKoe VpaeHeHe D-Tpurrepa MveeT Bua

0., =D (3.3)

B coOTRETCTBHMN C CHCTeMON VpaBHeHWIT (3.2) BRIPAKEHUSA LI
BXOTHOH TOTHKH YTIPARTEHHA TPHTTEPaMH MOGHO 3armicaTh B BHIE
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Puc. 3.5, OCumsmmorpas st (d) Foriteckoro aiannsatopa Logic Analveer XLALL
napameTpll veranowskn Logic Analvzer () o dyIEUHONEILIOTD TellepaTopa
XFGT (a)
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Q,..,.=D=0,:
G =D=0; (3.6)
Q“_I =] = Q,«.rﬁ_u oy anj +|:j,<.'":_-'l_-,-g|,u

Cxema ymodenn cuHxpoHHoro KLUA. cudTesnposaHHan B cpede
Multisim [ | no HalizeHHBIM TOTHISCKHM CEA3AM A1 D-TpHrrepos.,
npueeeHa Ha puc. 3.6. Mozens paboTaeT caeIviLme obpaiom:

= pazoMEHYTE ka1 SET n CLK 1 23anyveTiTe Opousce MOIeTnpo-
BAHNA

* IAMKHVTE KT SET 1 VCTaHOBHTE HAMATBHOS JHAMEHHE CHeTHHED,
a 3aTeM ero paIoMEHVTE]

* 718 HATATA TIPOIIecca C'IeTa HyAHO 3aMKHVTE kmion CLKS

* 10 OCTAHOBKH MPOUECca MOTeTHPORAHHA OTETIONASTCA MPOUECC
MOIeTHPOBAHNAL

Bepuchukauns paborocnocodHocTi cHHxpoHHOoro KLUA nposoanT-
Cil IBYMA cnocobaMu:

[} ¢ noMOWEBK HHIWKATOPA paboThl cHHXpoHHOTO KLUA o wHan-
KATOpa, TPHKPETUIEHHOTO K D-Bx0aaM KasIoro Tpurrepa (oM. pHc. 3.6);
MOKAZEHAA 3ITHX HHINKATOPOB JamichEamTea B Tabm. 3.4;

2) NocpeIcTBOM OCLITLIOTPAMM, NOAVIEHHEX ¢ MOMOLIBIO J0TH-
yeckoro aHamnsatopa Logic Analvzer (puc. 3.7).

Bepudmkauna pabotocnocobHocTi cnHxporHoro KLA, npose-
IEHHAS TI0 TIOKAIAHUANM HHINKATOPOR W OCUHLIOTPAMMAM ero divHK-
UHOHHPOBAHNA, NOIYMEHHEM ¢ NOMOLIBKD JOMHHMSCKOTD AHATH3ATOPA,
MOKA3LIBAeT. 0 CHHXPOHHENT KLLA paboTaet npasuneHo (prc. 3.8).

fafia 3:4

COCToanuA TPHImEpa i NOKATNNA MITHEITOPE U0 BOeX K00
CHITXPOMIONG KOREore MHGponoro aaToMaTta., cCHuTeInposainore na H-rpumepax

CocToaima Howsep makna
nep- | 6T Tpe YeT- | mATHIi| 1mee- | cedk- | DOCh-
DL | ot THH B T AMOT 15 ]
T

Tpur- ; = =
rCps 0 Y _-’E_-}: 7 4 3 ) | il 2 &

Hn-
amka- | Dsihiy] 4 3
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HHIHKATOP PABOTHI CHETYHEA
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Pue. 3.6, Cxentis MOme SOTponmons KOmeu oo LRponoro aurosam, e sHpoma e i Derpurmepes,

o nporpassiol cpene Multisim 1,1
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Pue. 3.7, Cxema Moneian cHIXpOiors Koiemions HHponero aRToMaTn ¢ TpHeoeTHHeins npabopos XA
( Logic Anilveer)
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Pue, 3.8, Ocinuriorpassl TorHecKoTo MATHETOPA (4} ¢ YeTAH0 RIS LMK
napaseTpasiy dyiKnoHaTLIoro retepatopa XEG1 (@) v Logic Analyzer (a)




B cayuae ecan sepnprkauns padoTocnocoGHOCTH agToMara He
NOOTESPINIA TPABMIBHOCTE €ro (PYHKUHOHHPOBAHWA, CTSIVET Npo-
BECTH IMATHOCTHKY ero paboTsl

[Mocae npoeeaerna Beprihnxkaunn cunxpoddoro KLA nprctvimim
K COCTABAEHIED ET0 ASKTPIMECKO CXEMEL

3.3, INeKTpHYEeCKaA CXeMa CHHXPOHHOTO KOHEYHOT O
UM poeoro aeToMaTta

Mocne nposeaeHia epihHEILHH paboTOCNOCOEHOCTH CTIPOSKTH-
POBAHHOTO CHHXpoHHOTO KLA npHcTVRaiT K BRMOTHEHHKD €70 78K
TPHMECKOIT CxeMBl, KOTopas noToM §VIeT HCNOTh3IoBaTECH MPH CO3a4-
HHI NevaTHOI NIaThl 118 A3roToRIeHds astoMara. Ha puc. 3.9
npeacTaneHsl npuvepsl UMC, koTopeie MOKHO HCTIOOB30BATE 174
H3IrOTORISHWA aBTOMATAL

[Mpimiep anexTpiMeckoll cxemsl ciHxpoHHoro KLLA, cuHTeanpo-
BAaHHOTO Ha [D-Tpurrepax, npueeieH Ha puc. 310,

[Tpasiia BEIMOIHEHUA ITEKTPHICCKHN cxeM undposoli 3aeKTpo-
HIKHA W MX pa3HORHIHOCTH WatoxeHsl B FOCT 2.702—2011 w T'OCT
2.708—%1.

Cxema sdenmpuyecias — DOKYMEHT, COIepMANDTi B BIIS YCIOBHBEIX
H300pEKe HITIT T 0Bo3HATEHHIT COCTARHEIE MACcTH UNpOBOTo VCTpoii-
CTEA I 1X B3AHMOCEBI3IN,

CxeMbl JMEKTPHYSCKHE NOIpasIenaoTes Ha CTPVETVPHELE, (fyHK-
UHOHATEHEE, TPUHUNTHATEHEE, CXeMb] COeIMHEHHIT, CNeMBl MOIKT0-
eHHA, ODLUINE B CXeMbl pacnoaoxers; OHE MOTyT OBITE BEIMOIHEHE
B OVMLEHOM W (M1} 37eKTPOHHOM BHIE.

CxeMa 3neKTpHYecKad MPHHUHTHATBHAA — 3T0 Haubomes noapob-
Haa cxeMa. OHa MO3BOASET MOOHOCTRIO BOCTPOHIBECTH Udposos
verpoiicteo. Ha Heit n3o0paxatoT Bce MeKTPHUYSCKHE INSMEHTERL HITH
VCTROICTEA. HeoOXOATMEBIE 110 HITOTORISHIA H KOHTPOAA B H3TSTIH
JANAHHBIX 3MSKTPIIECKIX TIPOLECCOB, BCE IMeKTPINMSCKHE CBAIN MEk-
Y HITMH, 4 TAKKE ATEKTPHYECKHE IMEMEHTET (COSINHHTETH, PazbeMBl,
IAWUMEL M T. 1), KOTOPBIMI 3aKAHTHBAKTCA BXOIHBIE 1 BEIXOIHEE
uerni, Bee vans, GnoKH, 37eMEHTE, MHKPOCKEMEl H300PakaoT B RIS
MPAMOYTOABHHKOE C COOTRETCTEVIOLINMI HATMHCAMI, BCE CRATH ME#-
I¥ HUMH, BCE MepelaBasMble CHTHATEL — B BHIE THHHI, COSTHHIK-
unx 3T npaMoyroasHuEH. [Tpi HeobxoanMocTH Ha NofTe CXeMEl No-
MELLUAKT COOTESTCTEYIOWINE NOACHEHHA.
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3.4. NMpumep AMATHOCTHKKW PaboThl CHHXPOHHOIO KOHEYHOTD
uuthbpoBoro asTomarta

Ha smozenn (puc. 3.11) otcoeanxaes exoa K tpurrepa T koTo-
PELT paHee OBLT MPHCOSINHEH K BRIXOIV @ Tpurrepa T,

MoacocoiHmny ero k eexoay O, tpurrepa T (pue. 3.12).

Coctagnm tabmnuy (tadn. 3.3) HHINKATOPOE paldoThl CHHXPOHHO-
To ABTOMATA I CXeMbl, TTpeIcTaRTeH ol Ha pic. 3.12.

Mz tabn. 3.5 suaso, uto v cuHxposHoro KA onxa coxpatincs
oo aeyx ungp 7, 4 emecto 7. 4, 3, 5, 1, 0. 2. 6 no 3azaHmo.

Mposedes aHATHI: Ha KAKOI M3 BXOIOB KAKOTO TPHITEPA NOCTY-
naeT omHdouHLI curHan. s 3toro cpasHiay Tabn. 3.3 ¢ taba. 3.6,
CHoll npoHcxXOINT HA BTOPOM LIHETE CHHXPOHMIVIECA.

CparHNEAEMEIE TaHHBE Mepexonon 13 Tabm. 3.5 1 3.6 274 NpasiTEHO
iyHKIHOHUpYIoWers cHHypoHHoro KLLA 1 oumbotso dwHKInoHNpY-
wiero cuHxporHoro KLILA npezctasis B aporTHoM Kode (tabn. 3.7).

B npapuntHo dwHKIHOHUpYIOWEM cHHXpoHHOM KILA 1omaHb
CASA0BATE TIEPEXOIE CO BTOPOTO KA Ha TpeTit: (s 1—=0). Q:(0—1),
0,(0—1), mpy 3TOoM cHUTHATE HA JK-BXOZaX TPUTTEPOE IOMEHE] BLITh
S Ly, SRS X)L J KL A ooHako wsetoTes Oy 1—1), @A0—1),
C0—=1) m JR0X, 0), JARG(LL X)), DR, X)) H3 cpasHen s monyieH-
HEIX PeIVALTATOR CISIVET, YITO Ha BTOPOM UHKIS OWHDOMHENT CHIHAT
noJaeTcda Ha Buiod K; Tpurrepa 7h.

Mposepaen, OTKVIA MOIASTCA CATHAT (. 0 HCTPaRTaeM OLIHDKY.
ABTOMAT HA'HHAET NPABNILHO QVHKUHOHHPORATE.

CrnenopateTbHO, MPEATOKEHHEN NO3TAMHEI METOI CHHTE3A CHH-
xpoHHoro KLA nospoasgeT coziapaTe apToOMAT, paboTarommil no sa-
JaHHOoMY atropuTsy. PacueT KOHTPOTBHEIN CUTHATOE M NOCTPOSHHE
BPEMEHHRIK XAPAKTEPHCTHE TaK0T BOIMOKHOCTE CVILECTREHHD COKPALLIATE
BpeMs HATAIKN NpH HITITHH OHDOK, JONVILEHHEX TTPH cOOpKe,




