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Co3flaHue KkoMnbioTEPa CNegyeT CYATaTb HaUBLICLUIUM [OCTUKE-
HUEM YeNnoBevecTBa 3a Npowepawee Bpema, NOCKONLKY HET HU OOHON
chepbl geATENLHOCTA OT NOOro NPOU3BOACTBA 40 PasHOOOpPa3HOro
TBOpPHECTSA, rae Obl ¢ ero noOMOoWbIO HE NPOUCXOAMNa HAaCcTosLan
pesonouun B nepsyio odepeab C HapacTaiowen WHTEHCUBHOCTbIO
NPOAONKAETCA KTEHEPUPOBAHUE» CaMUX KOMNLIOTEPOB W, C NOsBAe-
HUEM MX HOBLIX NOKONEHWUI, CNOBHO rPUGHLI NOCNEe XOPOLWero TENNOro
AOXAWKa NPOUCXOAAT OTKPLITUA B reHeTuke u duamke, €o34aTca
MHTENNeKTyanbHLIe NPOU3BOACTBA U «YMHbIEY AOMa B ocHose 3TOM
UHPOPMAUUOHHO-UHTENNEKTYANLHON PEBONIOUWMA NEXUT Nporpecc
B UM(PPOBOIA MUKPOINEKTPOHUKE

B aaHHOW KHUre nONyNSpHO U3NOXKEHLI METOALI KOMNLIOTEPHOrO
MOAENUPOBaHMA OCHOBHBLIX UUpPOoBLIX ycTpoincTs KHura ssnsercs,
NPOAOMXEHUEM NPEAbIAYIIENA, NOCBALEHHOW MOAENUPOBAHMWIO aHa-
noroasix ycrpoincTts (cMm Kappawes I A «BupTyansHas aneKkrpoHu-
Ka») WianoxeHue segevca OT «NPOCTOro — K CNOXHOMY», U B nocne-
aylowmx pasgenax akTUBHO UCMONL3YOTCA npeasiaywe llocnego-
8aTENbHO C U3NOXKEHWEM HOBOr0 Marepuana NOACHAETCA CMbICA OC-
HOBHbIX HAYYHO-TEXHUYECKUX TEPMUHOB W NOHATUI uKUcpPOBON 3nNex-
TpoHukn OAHAKO HacTosWee U3gaHue He ABNRETCA HA cucTemarTuve-
CKAM Y4eOHUKOM NO UMPPOBOA INEKTPOHUKE, HU CNPABOYHUKOM NO
KOMNLIOTEPHBIM NPOrpamMmaM, a nNullb NPakTUYECKUM BBeAEHUEM
B AaHHyl0 0bnacrs.

PaccMaTtpusaemasl B KHUMEe KOMNbLIOTEPHAA CXEMOTEXHUKA, Kak
OCHOBA BUPTYanbHOW 3NEKTPOHUKMA, B NpOrpaMMHOM obecnedeHuu
asnAeTcs  pasHosuaHocTbio CAMP (Cuctem ABTOMAaTU3MPOBAHHOIO
MPoekTUpOBaHUA) 3NEKTPOHHLIX YCTpOMCTS. B HacToauee Bpems
pa3paboraHo MHOro nNoaobHbIx nporpamMm «EctecTseHHsbiit 0T6OpY»
cpean Hux npusen Kk BuiIGOpy AByx Haubonee NONYNApHbLIX W «ner-
Kux», HO A0CTaToqHO abgexTusHeix Electronics Workbench («3Onek-
TpoHHaa naGopartopua») u Micro-Cap (Microcomputer Circuit Analysis
Program — «[porpamma aHanu3a CxeM Ha MUKPOKOMNbIOTEPAX»)



HNanee mbl Bygem Has3wIBaTL WX COKpaWEHHO nporpamma EWB
1 MC cOOTBETCTBEHHO, BbIAENAA MONYXMPHLIM WphdTOM ang Gonee
ObicTpol Hasurayun 8 TekcTe OCHOBY KHUMM COCTaBARAIOT 3KPaHHbIE
CHUMKW OTNAXEHHBLIX CXEM, OKOH HAcTpoeK BupTyanbHbix npubopos
ANns ux UCcneqoBaHua u pesynsTatos paboThl uMdpPOBLIX YCTPOIACTB
B cBfA3u C 0COBEHHOCTAMYU WUCNONL3yeMbiX Nporpamm HabniogaeTcs
HEKOTOpOE, HE BAMAIOLlee HA codepXaHue, pasnuuue B rpadwuke
npuseneHHbix cxem fpusogumbie npumMeps), Kak npasuno, 3afybnu-
poBaHLI B8 06Eux nNporpammax

Mpu nposegeHuu MOAENUMPOBAHWA HE MPUMEHSAETCA kakas-nubo
«CNOXHAA MaTEMATUKa», a8 WUPOKO WCMONL3YIOTCA CEPBUCHLIE BO3-
MOXXHOCTY CaMux KOMMNLIOTEPHBLIX MporpammM [INA OCMbICAIEHHOMO npu-
MEHEHUSA MPOrpamMM o MEpe HeobBx0AuMOCTW [al0TCA asbl Bynesown
anrebpol ¥ HEKOTOPLIE CMEXHBLIE BOMPOCH! U3 Kypca uHhopMaTuku

fMpeanonaraeTtcs, 4T0 uuTateny 06NANAIOT HEKOTOPLIMY HaBbI-
kamu pabotel Ha MK 8 Windows, u SygyT pabotaTb ¢ KkHurom He
«BCYXyIO», @ napannenbHo ¢ HabopoMm CxeM Ha KoMmmnbioTepe Toraa
OHW 0GHapyXar 8 nporpammax kHonku Color (WeeT) u CMOryT Ha CBOiA
BKYC pPacKpacuTb fpoBOAHUKY, Ny4u ocuunnorpamm, GOH u WpudThi,
ucrnonbays GoraTyio UBETOBYIO NanNUTRy BMPTYaNbHOro Mupa

TexHuka uCNONL30BaHWA npPOrpaMm nNpMBOAUTCA HErnocpeacT-
BEHHO MpU €€ NPUMEHEHUN K KOHKPETHLIM cxemam Wanoxexue co-
fpOBOXARAETCA COBETaMY, MO3BONAIOWUMY YCMEWHO UCMONbL30BaTh
NpOrpamMmsl ¥ U30EXaTb BO3MOXHLIX OWKOOK Ha co3faHHbIX KOMML-
I0TEPHLIX MOAENAX MOXHO, U3MEHATL B WWPOKUX flpeaenax kak co-
CTas 1 NapameTpbl KOMMOHEHTOB, TaK W COGCTBEHHO CXEMOTEXHUKY,
oTbupas [N MpaKkTU4ECKOro W3roTOBNEHWUA Haunyqwue sapuaHTbl
370, Be3ycnosHO, ByaeT NpoAyKTUBHO BO BCEX OTHOWEHWAX OT MU-
HAMKU3aUMK BPEMEHHbLIX 1 DUHAHCOBbLIX 3aTPaT, 4O PA3BUTUAR 3HAHUN,
YMEHUIW U HABLIKOB, COCTABNAOLUX OCHOBY npodeccuoHanuama

Liens kHurv 3aKnio4aeTcs HE TONbKO B TOM, 4TOBbI MO3HAKOMNTL
yuTarteneit ¢ ocHosamu YudPOBON INEKTPOHUKKA I HOBLIM 3 eKTUB-
HbIM METOAOM MO3HAHUA — KOMMLIOTEPHLIM MOAENUPOBAHUEM, HO U B
ToM, 4TOOLI NPOBYAUTL ¥ HUX ropavee xenauue nobbiIcTpee yCTaHo-
BUTb Ha KOMMLIOTEPE MOAEMPYIOWME NPOrpaMmMbl U NOMPY3UTLCA
8 NPeKpacHbIn Mup UMdPOBOW INEKTPOHUKY C MOMOLILIO €€ OCHOBHO-
ro 4eTuiya — KOMnbIoTepa

1. OCHOBbI UN®POBOW 3NEKTPOHUKU

1.1. MopenwpoBaHue normku NnpocTenwnx uenei

Bbimb unu He 6bime 8om @ Yem aonpoc
B Wekcnup

BeaycnosHbim ¢hasoputom umcposoit ANEKTPOHUKK RBNAETCA
komneioTep Kak v yenoseuectso, KOMMLIOTEPLI UMEIOT CBOKO UCTO-
pvi0 ¥ pPOJOCNOBHYIO MEXaHWU4YECKUE, INEKTPOMEXaHUYECKME, 3NEK-
TPCHHbIE, onTUYeckue, buonoruveckue

KomnbioTep obnagaet ceepxdeHOMEHaNbHOM NamaTbio, HEOTpa-
3UMOI  3CTETUYECKOR KPAaCOTOW MONb30BATENLCKOrO wHTepdelca
v SoratelfiluuMy BO3MOXHOCTAMY OnHaKo, HECMOTPA Ha BCIO CNOX-
HOCTb COBPEMEHHBIX KOMILIOTEPOB, OHW B CBOEN OCHOBE MPO3auYHO
«nepemanuiBaioT» 3TW ramneTosckne «bbiTb uNK He GbiITb» B8 BUAE
SNEKTPUHECKUX CUTHaN0B — «eAUHUL W HyNeh», Npaeaa, 8 rPOMaHOM
KonuuecTee, C GELIEHO! CKOPOCTHIO U B HEOBX0AMMOM nopAAKe

B 3NeKTPUYECKUX KOHTAKTHLIX CXEMAX MOXHO ACHO yeuaeTh re-
HETu4eCKkue OCHOBBI, U3 KOTOPLIX Npousownu 3BM

Y uTanbsHCKkoro nucatens [PKaHHu Ponapu cpeau ckasok ¢ He-
CKONbKUMU KOHUAMU eCTb Ckaska 0 BonwebHuke Brnio-Yy Momuure,
Kak OH npuwen BEYEpPOM B rocTu K OAHOW CUHLOPE U XxOTen npoge-
MOHCTPUpOBaTL eit Yy4eca ¢ NOMOLIbIO CBOEM BONWEGHON Nanoyku
He TyT-To 6b1n0! CuHbOpPa, 06bIREHHBIMY AencTeuAMY, BKNIOYUB CBET,
Ténéeusop v norosopus no TenedoHy, OykeanbHo obeckypaxuna
BeaHoro sonwebHuka HeTpygHo 8000pasuThb, 4TO BCE 3T «dyaeca»
nomepkny Obi, €cnu Obl ONUCaHHbIE COBLITUA NPOUCXOAUNY B Hawe
Bpemsa, a cuHbOopa NPOAEMOHCTPUpOBana BONWEGHUKY fepcoHans-
HbI KOMNLIOTED, YKOMANEKTOBAHHLIR MyNbTUMEQWE U BLIXOAOM B MH-
TepHeT CKaska UMEET HECKONBLKO OKOHYaHWA

B «fepsom koHue» k 3Ton ckaske «BonwebHuk pewnn noHaTs,
KaKk ycTpoeH 3T0T Mup  » [loxeanbHoe xenauve FMocrasum cebs Ha
€ro MecTo, u Ang Toro 4Tobw pasobpartbca B UMdpPOBOM Mupe, 0bpa-
TUMCA K NPOCTLIM NPUMEDPEM, BLIMONHAA VX C MOMOLLLIO KOMbIOTEPA
Haunem c anemeHTapHOro 8 BupTyansHom KOMMbIOTEPHOM Mpo-
CTpaHcTee cmoaenupyem 3To 3aseTHoe aeinctene «Bknio-Uy»



Pa3spaboTtka mogenu 8 nporpamme Electronics Workbench

AnexTpuyeckan uenb oBLIKHOBEHHOW NaMmnbl COCTOUT U3 UCTOM-
HUKa NUTAHWA, COEAUHWTENbHBLIX NPOBOJOB, BbIKMKOYATENA W CaMoW
namnbl MockonbKy B MOZENW HAaC WHTEPECYKT TOMbKO akTbl BKMIO-
4eHUs u BblkNYeHnn, To abcTparnpyemcn (oTBreyYeMmcn) oT Beex
BTOPOCTENEHHbLIX, C TONKM 3PEHWA NOCTaBNEHHOW Lenu mogennposa-
HWA, XapaKTepuUCTUK peanbHoro obbekTa

Bbibepem B KayecTBE KOMMOHEHTOB MOAEMNbHOW Lenn WCTOYHUK
NUTaHWA — WaeanbHbl UCTOYHWK NOCTOAHHOrO HaNpAXEHWUs C Heus-
meHHoW JAC wn BHYTPEHHWM CONPOTUBNEHWEM paBHbIM HYMO, uae-
anbHbie COeaUHUTENbHbIE NPOBOAA, TAKKE C CONPOTUBIIEHWEM pab-
HbIM HYAI0, NaMny HakanueaHuna C HEM3MEHHbIM CONPOTUBREHUEM i,
HaKkoHeU, WaeanbHbll BblilOYaTENb (MAeanbHbi koy) [log no-
cnegHuM 6yaem nogpasyMesath yCTpOUCTBO ¢ BeCckoHe4HO Bonbmm
CONPOTUBAEHWEM B BbLIKNIOYEHHOM K HYNEBbIM BO BKOYEHHOM CO-
CTOSIHWM, UMetouiee BeCKOHeYHO Manoe BpeMa NepeknioveHna u3 oa-
HOro cocTonHua B gpyroe OTobpasuM MogenbHY 3IMEKTPUYECKyio
uenb B BWAE CXEMbl Ha KOMNbWTEpe, BOCNOMbL308aBLWNCL Nporpam-
vov EWB

B aTol nporpamMme peanuaosad CTaHAAPTHLI MHOTOOKOHHLIA WH-
Tepgeiic ¢ HUCNagaLWWMin U pa3sopayunsaoLmMmMnca mexilo Mpu ye-
TaHoBKe (MHCTannsauuu) nporpammb! (Setup) B okHe Bhbibopa koMno-
HeHToB (Select Components) xenaTtenbHo BbiDpaTb e€BpONENCKUiA
ctaHgapT DIN (Deutsche Ingenieuring Normen — HeMeUKuid UHXeHep-
HbIA cTaHaapT), kK koTopoMy 6avke poccuiickue TOCTbI (puc 1)

gg!zguonics Woskbench Setwp

Electronics

i
Choose the schematic symbols that you want to‘fuco:i

i

O ANS| (Nath Ameticen Standard)
@ DIN [Ewopean Standard]

Puc 1 OxkHo yctaHoBku ctaHaapTa YO (EWB)

6

B npoTusHom cny4yae psg KOMNOHEHTOB OKaXeTCs C Hey3HaBae-
MbiMi YO (ycnosHo rpaduueckumin 0DO3HA4YEHWAMMW), Hanpumep,
pe3ncTop ByneT noxox Ha ocTpo3ybyo nuny Ecnu nporpamma yxe
yCcTaHoBNEHa, TO Nepexos OT OAHWUX CTaHAApPTO8 K APYIMM MOXHO Bbl-
nonHWTL B8 okHe «CsoiicTea». «HApnbik»y, paree «O6bvekT» U B KO-
maHgHoW cTpoke goneyartaTs nocne EXE yepea npoben \DIN MoxHo
TaKKe co3aaTth Asa spnbika u AnA ogHoro caenath agpec \DIN, a gna
apyroro \ANSI| [locneghwih npeacrasnsieT coboit amepuKkaHCKuii
ctaHgapt (ANSI — Amernican National Standard Institute), yawe uc-
NOMb3yemblii B aHINOA3bIYHOW W NepeBOAHOI NuTepaType

Ha puc 2 nokasax obwwuii ug paboyero oxia EWB ¢ psgom oT-
KPbITbIX B8 NE€BOW NONOBWHE 3KpaHa naHenen ans sbibopa GubnuoTey-
HbIX KOMMNOHEHTOB W HEKOTOPbIMA KOMMNOHEHTaMU U3 HUX 8 npaBoW
NOnoBWHE aKpaHa

OTkpoem Ha naHenu KOMNOHEHTOB NUKTOrpamMMmy rpynnbl Source

(MCTOYHUKN) @ n sbibepem 8 HeM Battery (6aTapen) Yaepxuean
JNIKM (neByro KHONKY MbIWW) B HAXaTOM COCTOSHWW, NepeTackisaem
nukTorpammy ¢ YO 6atapeu Ha ceobogHylo YacTk paGoyeit obnactu
akpaHa u otnyckaem JIKM (puc 2) 3Ty npouenypy, aHanormuyHyo
nepeMeLleHuto npu pegaktuposanun B Word BoligeneHHbiX goparMeH-
TOB TEKCTa UMW U3oBpaXeHWin, NPUHATO Ha3blBaTbL BYKCUPOBKON.

-
AHanorn4yHo, NepeHocUM Ha 3kpaH U3 pasgenal—~_ Basic (oc-

T
HOBHbIe KOMNOHEHTbI) Switch (nepekniouartens) L=l u Ground (sa-

- ={
3aeMnexHue) , @ 3ateM, u3 pasgena_¥ | Indicators (uHgunkaTopsl)

xoMnoHeHT Bulb @ (namna HakanueaHwa) Ha aTom nepsas 4actb
«CTpOWTENbLCTBAa» CXeMbl 3aKoHYyeHa: «paboyne martepuanb! gocTaBs-
fieHbl Ha CTpOWNNOLWAaaKy»

Tenepb HAQO COOTHECTU 3TU KOMNOHEHTL! C Heobxoaumoh cxemoi
ux coeanHeHwsl. batapes u namna SBASKOTCS INEKTPUNECKUMU OBYX-
NoMCHUKamMi, a BOT Nepeknio4aTens UMEeT TPy BbiBOAa W Apyrue
ocobeHHocTn B uensx ypnobctea ofbAcHeHua ero paboThl u ganb-
HEMLWEero «MoHTaXa» pa3MeTuM ero BblBogdbl. [N 3TOro eHOBbL 0bpa-

-
TUMCRA K naHenn Y Basic n uasneyem u3 Hee Ha pabouee none

L ]
Connector (coegnHuTens), npeacrasnsAWwmniA Ha cxemax YO

7
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HepalbeMHOE coefivHeHue (yaen) 3Ty npoueaypy NOBTOPUM ewe Asa
pa3a, paaMewas y3nol Ha HEKOTOPOM PaccTOsiHUK OT BLIBOAOB nNepe-
knovatens (puc 3)

[Space)
2
-
12V 10WHM2V

Puc 3 Cxema-mopens namnsl C suiknovarenem (EWB)

B kaxpom yane moryT coeguHaTbca He Bonee JeTwipex OpToro-
HanebHbIX NPOBOAHUKOB Ha MeCcTax 3TUX BO3MOXHLIX COSAUHEHWUA NP
nonagaHuu Ha HUX OCTPUA CTPENKU Kypcopa BO3HUKAET [ONOANHU-
TEeNbHOE yTONWEHNE, HANOMUHAKOWEE KanenbKy onosa nNpu 0bei4HOM
nanke paguogeTanei 3TOT 3Tan Hawero «obwEeHns» C BUPTYanLHLIM
NpoCcTpaHcTBOM Kak Obl conpoeoxaaetcss curHanammn «CoeauHu-
noco? — Hert, He coeawHunoce!» unu, HakoHey, «CoeanHUNOCL? —
Oa, coeguHunocel» M3 mecta Bo3HMKWErO coeguHeHus, Haxas JIKM
" NEPEMELIAR KyPCOP NO JKPaHy B HYXKHOM HaNPaBNEHNN, MOXHO Bbl-
TAHYTb NPOBOAHUK U 4OBECTU €ro 40 HeobxoAWMOro BeIBOAA APYroro
KOMMNOHEHTA

3aech TaKe BO3HUKHET MOHTaXHLIR y3aen Mocne atoro JIKM Ha-
[0 oTAycTuTe Ha 3kpaHe AOMKHO BO3HNUKHYTL n3obpaxexmne nposoa-
Huka Ecnu nzobpaxeHne npoeogHNKa HE OCTanNOCh Ha 3KpaHe, nocne
TOro Kak Kypcop 6ein ceobogHo nepeMewieH 8 NPOM3BONBLHOE MECTO
3KpaHa, Npouegypy NpUAETCA nNoBTOpuTb CoeauHEHUE MOXHO Bbi-
NONHUTL U3 NIGOro BLIBOAA KAXAOMO CXEMHOr0 KOMMOHEHTA, HE 3a-
Buiean npw 3TOM, YTO BCEMO B OAHOM Y3NE BOIMONHO OCYLWIECTBNEHNE
TONLKO uyeTbIPEX ONPEAENEHHBbIX COEOUHEHWUW, NPUYEM OAHO N3 HuX
YK€ MOXET ObITb 3aHATO CAMUM KOMIQHEHTOM

Mpaduuecknis penaktop EWB nossonsieT BHeCTM 8 Cxemy HEOO-
xofumble W3MeHeHus, ecnu 310 notpebyeTtcss Hanpumep, koraa Bbl-
OpaHHOe MEeCTO «Nalku» OKa3anocb HEYAA4YHbIM, NPOBOAHNK MOXHO
yaanuTb nocne ero oAHokpatHoro evigeneHus NIKM MoxHo Taioke,
BbigeNus 0BNacTb coeanHeHns Kypcopom, HaxxaTe NIKM u, yaepxueas

9



KOHEL, NPOBOAHNKE, NEPEHECTU ero A0 COeAVHEHUs B HOBOM MecTe
Ecnu Ha BLIAENEHHOM NPOBOARMKE HaxkaTh JIKM, TO nocne BO3HWKHO-
BEHUS ABOWHON CTPEfKU 3Ty YaCTb NPOBOAHVMKA MOXHO OTByKCMpO-
BaTh B YKa3aHHbIX HanpaeneHvax Ans npuaaHus cxeme neobxoamumo-
o BUAA

Cosem [ns ycnewHOro FO3UUMOHNUPOBAHUA MECT CcOeAuHERUIA

(EWB) ynobuee pabotarb npu Gonblumx macwrabax nsobpaxe-
Hus, nanpumep 100% HauepTus YacTb Cxembl, MOXKHO BO3-
BpawaTtecs B Gonee ynobHuin pexwm ckaxem 80% He
CTapaiiTech pacnonarate COSAUHNTENbHLIE Y3nbl BIM3Ko K
komnoHeHTam [ocne Toro Kak COeAuMHEHWE BLINONHEHO,
y3es, KOMNOHEHT UM NPOBOAHUK MOXHO BbiAENUTL W Nepe-
MECTUTL CTPENKaMU Ha KNaBUaType B HYXHOE MECTO

[iBOiiHOM WENYOK NO y3ny BuidLIBaeT okno Connector Properties
(cBoicTea npoBoAHMKa) 1 no3sonseT cuabauTs ero Label — Tekcro-
BOW METKO#M 13 20 CUMBONOB (K COXANEHNIO, AHFNOR3BINHBIX)

Connector Properties
31 Label ?z’l»FauIt | | Node
S =X

ke
4,

(Vg

Puc. 4. OkHa YCTSHOBKW MBTKV Y3Na 1 UMEHM YNIPaBNAIoLLENR KnaBuwu (EWB)

Ha puc 4 nokasaHa wHhOpMaTMBHaA YacTe OKHa Npu NpuCBOe-
HUM METKM U BLIBOP ee oTobpaenus Ha aucnnee (Show labels). Ha-
npumep, Ha puc 2 BbIBOAAM NEepeKkntoyaTens NpUCBOEHb LMbpoBbie
metiv 1, 2, 3 Ecnm kakas-nwbo meTka Ha 3KpaHe HaknaabiBaeTCca Ha
APYFYE 3NEMEHTH CXEMB, TO CreayeT npuberdyTs K onucaHHeIM Bol-

10

we npuemam rpacuyecKoro peaakTupoBavun. [aHHbie METKU He
chneqyeT NyTath CO CKBO3HOM pacyeTHoW Hymepauuen yanoe (Node),
HaunHalowerica ¢ 0 — 3azemneHue. 3Ta HyMepauus npyu MOAeNMpo-
BaHuU BbINONHAETCA NPOrpamMmMoN aBTOMATUHMECKN U €8 MOXHO Bbl-
ABUTL, aKTUBUPYS COOTBETCTBYIOWMI Y3EN U HAXaB B NOSIBUBLIEMCSH
okHe Connector Properties va kvonky Node MawwuHHbe Homepa wuc-
NONbL3YTCA BHYTPU NPOrpaMMbl NpY MOASNUPOBAHUWM NOBEAEHUS
uenef B onyuu Analysis.

Tenepe noapobuee paccmotpum paboTy nepekniovatens (cm.
puc. 3), NnpeacTaenAowEero coboit MexaHuuecku ynpasnsemyo KHon-
Ky 6e3 aBTomaTuueckoro BO3Bpata B MCXOAHOE NONOXeHue (B OTNKU-
yue, Hanpumep, OT ODLIMHON 3BOHKOBONH KHOMKKM), C ABYMS OAQHOBPE-
MeHHO cpabartuiBaowmumn Knouamm (KoHTaKTamun), UMewuMmn OauH
obuwumin BLIBOA. B OTCYTCTBUE BHEWHEFO BO3ASWCTBUS OAUH KIMOM
3aMKHYT, @ APYrOi — pa3oMKHYT B BUpTYyanbHOW aNeKTpUYeckol Lenm
3TOT NEpekNouaTesNib AAeT BO3MOXHOCTL NYTEM HaXATUS Ha KnaBua-
Type no Knaeuwe, ums KOTOpoi 3akmoueHo B YO B KBappatHbie
ckabku, nepesectn coequHenve ot 1-2 K 1-3, wnu HaoGoport. Mpu
3TOM Ha 3KpaHE BO3HMKAET KapTuHa avvmaumu paboTttl nepekntova-
Tens. Mo ymonuanmo ums ynpaensowein knaevwu [Space], 4Tobbl
€ro 3amMeHUTb, Hafo BLINONHUTL ABorHOW wen4wok JIKM no YIO nepe-
knoNatens wiu ogHokpatheil NMKM u 3atem Bbibpate Component
Properties. [lanee B noseuBwemcs okie Switch Properties (ceoictea
nepeknoyarens) B noavwumm Value (3naueHue) eneqatare (Npu aMr-
nniAcKon packnaake knaewartyph) Hanpotue Key (knapuwa) BoibpaH-
HB cumBon, Hanpumep X (cv. puc. 4). KeappatHoie ckobku nevyartatb
HE cnepyeT: OHY BO3HUKHYT Ha 3KpaMe aBromartuyecku (cm. puc. 3).
Mepexmovatens ByaeTr ynpaBnaTLCA BbIGPaHHON KnaBullei He3aBu-
cumo Ot peructpa Bykeb 3arfiaBHas unu NPONUCHaR, T.. AONOMHU-
TensHasn knaeuwa Ctrl He agecTeyeT.

Ynopaaounum pacnofioXeHue BuiBpaHHbIX KOMMOHEHTOB Ha aKpa-
HE, ECAN OHO He cooTBeTCTBYET BOOGpaXkaemolr cxeme [Ins atoro
NKM Bblgensiem HeoBXoAMMbIA KOMROHEHT (NPY 3TOM OH NPUMET aK-
TUBHBLIA KPACHBIA BUA, @ KYPCOP — BUA PyKu) U nepemetaem (Bykou-
pyem) efo B HYXHOE€ NofnoXeHue Bo3moxHO, Ha 3TOM atane, noTpe-
ByeTcA u3MEHUTL NPOCTPaHCTBEHHYI0 OPUEHTAUMIO KOMROHEHTOR
B naHHOM KOHKpETHOM cnyvyae yaobHee noeepryTh namny Ha 90°
NPOTUB 4YacoBOM CTPESikU BbIASNUM Namny (OAHOKPAaTHHIM HaXXaTuem

£
NIKM) u naxxmem Ha kHONKy (nuktorpammy) Rotate (BpalieHue)

B FOPU3CHTANEHOM pRAY MHCTPYMEHTOB 3Ty Xe Oonepauuld MOXHO
NPOBECTN C KNasuaTtypw), BHAENUB namny n Haxae Control+R (pasy-

1"



MeeTCs, HaxOAsACb NPW aHrAMIACKON packnagke inasmaTtypel) MOXHO
TaioKe NOCNe BblAENeHNs KOMNOHENHTA, Boitas B menio Circuit (cxema),
BOCNONL30BaTLCH kKoMangoi Rotate

[anee BbINOAHAEM COEAUHEHNA KOMNOHEHTOB [lydlue BCEro, Kak
" npu cbopke peanbHbiX LENer, HavaTh C NCMOXKUTENLHOrO NonKca
«+» BaTapen YcTaHaBAMBaeM CTPENKy Kypcopa B BEPXHIOK 4acTb
Bb/BOAa TaM NOABASETCA XWPHAs YepHas TOYKa —~ CUMBOSN Hepasb-
eMHoro coeguHenus Haxumaem JIKM u kpatvainmm nytem segem
NNHWIO-PE3NHKY K KpahHeMmy BbiBody 1 Nepekmodartens [locne Toro
Kak TaM BO3HUKHET CUMBON coefuHenns, otnyckaem JIKM (puc 3)

Ha akpaHe Bo3HMKaeT U3chpaxeHue coeguHUTENBHOrO NPoBOA-
HMKa B Buge [AByX OPTOroHanmHblX oTpeskoB [lockofsky B yenu
ynpaBneHua NaMnoi Ham QOCTATOYHO UMETL PEXUM 33MbIKAHNS UNK
pasmbikanns O4HON napbl BHIBOAOB (OQHOFO KNO4a), TO Bbibepem,
HanpuMep, BuIBoAbl, 0003Ha4YeHHble KaK 1 — 2 AHanorM4yHo coeavHs-
€M BbIBOJ 2 nepeknio4aTens ¢ BEPXHUM BbIBOACM Namnbl ¥ €€ HUXK-
HW BbIBOZ  C OTpMUATENLHbIM NOMAKCOM «—» DaTapen BeiBog 3 ne-
peknioyaTens ocTaBfseM He3afeincTBOBaHHbIM (Npu NepekniYeHini
B 3Ty NO3NLMIO NAMNa BbIKNKIYAETCA)

Mpu MOHTaXE CxeM 4acTo BO3HWUKAKT pa3nuuHsie rpaduyeckue
OWNBKN HACcTOsWME W KaXyulMecs #3-3a HecoBepuleHcTsa npo-
fPamMMHOrO rpadpmyeckoro pefakropa, OCOOEHHO Npu U3MEHEHuM
mMacwTtaba, BLIBOAMMOrC Ha akpaH m3obpaxeHnus Haunbonee cnoxHo
OTbiCKaTh MoAobHble OWNDKW Npu COEAUHEHUN ABYX KOMMNOHEHTOB,
TakK Kak npu Tpex 1 4eToipex oba3aTenbHo O0MKEH BO3HUKHYTb MOH-
TaXHbIA y3en, a ero orcyTcTBue cpaldy 3ameTHe [ns obHapyXeHus
nodobHbIx apTedakTos (oT nar arte — uckyccreernHo + factus — cge-
NaHHeI) Heobxogumo npoBecTi NpobHbie DykcupoBKku 04HOFO U3 CO-
eANHAEMbIX KOMNOHEHTOB OH AOMKEH «TaHYTby 3a coboi coeannu-
TentHbie Nposoda MOXHO Takke NepenTi K oyeHb DoNbWKUM yBenu-
YEHUSIM, HO A5 CACKHLIX CXEM 3TO HE O4YeHb yA0OHO

Cosemnm He noiTaliTeck CoeanHATb BbIBOALI KOMNOHEHTOB HENO-

(EWB) cpegcraeHHo Apyr ¢ ApyroM 6e3 “cnoNs3oBalns coegnhHun-
TENbHLIX NPOBOAHUKOB WM MOHTAMHLIX Y3M10B BO3HUKHET
NOXHasA BUOUMOCTbE COEQUHEHUN, NPUBOAALLANA K ownbkam
MoAenuposaxung unu HepaborTocnocobHbIM CXeMaM

Mocne Toro kak obu it YepTeX NPUHLMNNANLHOR CxeMbl BbINOS-

HeH (cM puc 3), Hafo OTpeaKTUpoBaTb NapameTpbl (CBOWCTBA) KOM-
NOHEHTOB
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Hauunaem c 6artapen [Isawabl wienkaem va Heit JIKM Ha ok-
PaHe (puc S) nosisnaetca noamexo Battery Properties (ceoiicTsa
BaTapen)

Battery Properties HER
Label ] Value ] Faut  Display ]Analysm Setup]

[~ Use Schematic Options global setting

W Show labels
WV Show values

.

€

Puc 5 Oxno ycraHosku ceoticts Gatapen (EWB)

Beibupaem 8 otom nogmetio Label (06osHadenns) u neuataem
Byksennbit cumson 3AC E, 3atem Value (3HaueHue) n Habupaewm B
COOTBETCTBYIOWIEM OKOWKe UndpPy 5, oCTaBNas eAnHNLY naMepenuns
V, Te Bonbt [lanee s noauuuu Display (aucnneit) oTMeyaem ranou-
kot Show labels n Show values (nokasate Ha gucnnee METKy 1 Benu-
Y/HY), NOATBEPXAAEM COENaHHbii BLIBOP CBOWCTB HaXaTWeM Ha
kHonky OK

Mepexogum « namne [JeficTBys aHanNOM4HO NPedbiaylLemy, Bbi-
AenseM namny, BbI3bIBas 4WANOrOBOE OKHO ANA PEAaKTUpOBaHUS ee
napameTpos (puc 6)

Habupaem B okowke Label «Lamp» Yctanwaesnusaem s no3unyuu
Value PMAX (makcumansHas mowmocts) 10 W (BaTtT) 3gech xe na-
Bupaem B okowke VMAX (mMakcumanbHoe Hanpshkexue) 5

Cosem Cnegnte 3a pasgenutenem uenon u ApobHon yactu gecs-
TU4HOTO Yucna B obeux nporpammax — aTo Touka Obpa-
WanTe BHUMaHUE Ha eUHULILI NIMEPEHU U npu Heobxo-
?ug)ocm nepexoaure Kk kparHeiM, Hanpumep kW (xBr), mVv
MB)uTn

Beibop 4ACNEHHOro 3HaueHns NapaMeTpoB MOXHO CaenaTh Ans
Apyron KOHKpeTHoN unu BooGpakaemoln 6arapeu u namnouku OTtpe-
AaKTUpoBaHHasA cxeMa-Mofenb NaMnbl NoKasana Ha puc 7
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Bulb Properties

Label lValue ] Fault ] Dlsplay]

Label [Lamp

Reterence ID Iiﬁ

Bulb Properties

Label Value ]Fault ]Dlsplay]

Maxmum power (PMAX)  [10 fw
Maximum voltage [VMAX] [5 [V

ankan

Bulb Properties

-~
L}

Label ] Value ] Faut Dwolay l
i (on
inHhyiUse Schematic Options global selting

[V Show labels

¥ Show values
[~ Show reference 1D

Puc 6 OKkHO YCTaHOBKU cBOiCTB namnu (EWB)

M
1 ok 2

_j,r-—.—————
3
E ® ® Lamp
/ sy 10WI5 v

Puc 7 OtpeaakTmpoBaHHas cxema-Moaent namnst (EWB)
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lposepxa pabomocnocobHocmu cobpaHHOU CXembi

YcraHasnueaem B BupTyansHOM Bbikioyatene Activate simulation

(BRIMOUEHUE MOAENUPOBAHUA) , pasMewieHHoM B8 npaBoW

BEpXHEW yacTu NAHeNu MHCTPYMEHRTOB, ykasaTtens Ha | (In — BKMKYEHO),
uw genaem wenyok J[IKM Knaswwa 3atoro ebiiiouatenn nepexoaut
B NOAOXEHUe «BKMOYEHO» [IpepuiBaHne MONENUPOBAHWA NPOU3BO-

OUTCA HAXKATMEM HA pPACNONOKEHHYI0 HUXKe |<H0m(y Pause
(nayaa), NOBTOPHOE HaXaTUE OTMEHAET 3Ty KOMaHgy BoiknioueHue
MOOENMPoBaHMA Npon3eoanTcA Haxatuem Ha O (Out — BbIKMIOYEHO)
311 Xe npoueaypsbl MOXHO OCywecTBuTb n U3 MeHIo Analysis Activate,
Pause, Stop unu ¢ knaenatypul Control+G, F9, Control+T

Mocne 3anycka MoaeNupPOBaHUA NepeBoauM BulkNyaTens [X] Ha
cxeme (puc 7) B NONOMEHNE «BKNIOYEHO» (HaXae Ha knasuwy Oykewbl
X npu aHravinckon packnagke knasuatypbl) U Habnionaem, Kak nam-
NOYKa OKPAaWNBAETCA B YepHbIl UBET (UMUTaUmA ee ropenmna) Haxm-
Man HeCKONbKO pas Ha [X], kak Dbl BkNKOYaem 1 BLIKMIOHaeM namny

Paccmatpusaeman uenb, KOHEYHO, AIBASIETCA @HAnoroBow, HO
Hanuuue B8 HeW KMNIOYEBOrO, 3NEMEHTA, C KOTOPOrO Mbl Ha4yanu Haw
pacckas, N03BONNT NO3XeE NEpPeiTU K LMD POBLIM YCTPONCTBAM

Jlocuyeckue coCmosHUSA

PaanuyaloT aHanorosyio 1 AUCKpeTHYIO HOPMbLI ONNUCAHUA NoBe-
OEHNA cucTem n npeacrasneHna nudopmaunn AHanorosbie CUrHanNL!
NMEIOT HENPEPLIBHYIO 32BUCUMOCTL HaNpMKeHua (Unu Toxa) BO Bpe-
MEHU, aHanoruyHylo cooTeeTcTByIOWMM Pranyeckum makponpouec-
cam, undposbie — ABNAIOTCA AWUCKPETHEIMIU N0 BPEMEHU, a TakKe
KBAHTOBAHHLIMIA N0 YPOBHIO

OCHOBHBIM  ¢KMPNUYUKOM» UUPPOBLIX CUIHANOB W «NOpynen»
nHopmMaumun O COCTORHUM CUCTEM, B KOTOPbLIX OHW HabnwgawTcs,
ABnAeTCA BUT (no-anrnuiicku bit — binary digit — asouyHas uudpa)
B komnbioTepax BcA uHdopmauun nepepaetca, obpabatniBaeTca
1 xpaHnTcA NoBuTHO BoT, nouctuHe, «BUT unu He BuT»

Tak y)x 10Ny4nnoch, YTo UMEHHO Ha poauHe Wekcnupa aBa eeka
Hasag pogwuNcA rexnanbHbil MatemaTuk-camoydka [xopax byns
WkonbHbie yyebHUKKW N0 Matematuke npusenu Howy OyKBanbHO
B Y)Kac CBOen HEeCTPOrocTbLid W HEmMorMyHOCTbK, M OH obpatuncs
K TpyAam knaccukos [lannaca un larpanxa [lepeocmbicNnmean OCHO-
Bbl MaTeMaTMKW, OH cosgan anrebpy noruky, HasbiBaemyld Tenepb
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Gyneeoi anrebpoit CoBpemeHHbIe WKONLHUKY 3HAKOMATCA C ee a3a-
Mu B Kypce «HopmaTukan BO3MONHO, 4TO Cpeau HUX HangeTcs
W TOT, KTO OBHapYXUT B ee CTpYKTYpe OCOOEHHOCTH, KOTOpbLIE NO3Bo-
NAT eMy TaKkke CKa3aTb HOBOE CNOBO B Hayke

Mpumenum Bynesy anrebpy K KOHTAKTHLIM Lenam, COCTOALLUM U3
uaeansHLIX ABYXNONIOCHUKOB floruyeckoe coctosHne ntoboro Takoro
OBYXNONIOCHUKA MOXHO NpeACTaBUTbL OAHOK NepeMeHHOM, KoTopas
MOXeT NPWUHATL TOMNbKO ABA BO3MOXHBLIX 3HAYEHUS «UCTUHHO» WNn
«NOXHON»

BuiGepem B kavecTee napameTpa 3NeKTpuveckon uenu, ¢ nomo-
WbI0 KOTOPOro MOXHO ONpefenuTb 3TU COCTOAHWUA, YPOBEHb Hanps-
KeHna OH Talke MOXET NPUHATL TONLKO ABA 3HAMEHUS 6bICOKUU
YpOoBeHb W HU3KUU yposeHs COKpaWeHHO Ha PYCCKOM A3LIKe 8 U H, Ha
aHrnuitckoM A3bike, cooreetcTeerHo, High (H) u Low (L)

MycTb B 3neKTpuyeckon uenu 3amMkHymoe COCMOAHUE KI4Ya —
«UCMUHHO», TOrAA PA3OMKHYMOe COCMOAHUE KoYa — «fIOXHO», CO-
KpalieHHO Ha pycCKOM aA3bike U 1 1 Ha awrnuitckom a3bike, cooTeeT-
cteenHo, Truth (T) u False (F) TMpu npuHATEIX COrnaleHUAX B cxeme
Ha pUC 7 COCTOAHUIO KUCTUHHO» COOTBETCTBYET 3aMKHYTLIR Kntoy 1-2
¥ BLICOKWI ypOBEHb HaNPAXEHUs Ha namne (OHa ropuT), a pa3oMKHy-
TOMY KNIOYY 1—3 COCTOSHUE — «NOXKHO» HU3KUIt YPOBEHL HANPAXEHUA
Ha namne (OHa He ropur)

MokaweM 3TW COCTOAHWA Ha ocuunnockone (ocuunnorpade),
umetowum B8 nporpamme EWB cneuwancHyto nukrorpammy Oscillo-
scope L_°°] B rpynne unctpymeHToB (Instruments) Orvbykcuposas
ero nukrorpammy Ha paboyee none, nonyyaem ceepHyToe usobpaxe-
HWe BUPTYyanbHOro cxemHozo npubopa, cnyxawero Ana BKNYEHUs
8 cxemy (puc 8)

30ecb aKTUBHLIMU ABNAKDTCA YeTbIpe KNeMMbl ABE HIKHUE — BXO-
bl kawanos A u B, u aee BepxHue — 3a3eMneHne U BHELWHAN CUHXPO-
Hu3auua passepTku [nNs BbI30BA KApPTUHLI MNOMNHOW NUUEBOW NaHenu
ocyunnockona Heobxoaumo asaxasl wenkHyTe SIKM no ero ceepHyTo-
My usoGpakenuto Ha nuueeoi naHenu eupTyanbHOro ocUMNockona
(puc 8) ¢ nomowbio JIKM mMoxHO npoeecTu Heobxogumele nNpepycra-
HOBKM pexumor paGorel npubopa, a Tawke Habnioaate Ha 3JkpaHe
BPEMEHHbIE 3aBUCUMOCTU nNpoueccoe B cobpaHHbix cxemax. bonee
noapofbHoe onucanue ocuunnockona (Npasaa, Ha aHIMUWCKOM A3bIKE)
MOXHO nonyuutb, wenkHys MNMKM no ero cxemHomy usoGpaxeHuio
u Aanee souana B Help unu us nurepatypbl Haww xe UHCTpykuun no
ucnons3oeanuio Npubopos GyayT AaBaTLCA B COOTBETCTRYIOWIEM KOH-
TEKCTE NO Mepe HeOBX0AUMOCTU NX KOHKPETHOrO NPUMEHEHUA
16

C Lamp
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| [050 s7div

% position [E
.............................................. (B AL AT
- Channel A e i
[z vow E ([ viow E
{ Y position \ 0.00 |2 Yposition [0.00 (=]
| ACIOTE @ | ACjofTT: @

Puc 8 HabniogeHue nosegeHus Mogenu Ha ocuunnockone (EWB)

Cosem He nuiTaitTech BKNIOYUTL B CXEMY pa3BepHyToe usobpaxe-

(EWB) Hue ocuymunnockona, Tak kak NepevyucneHHbIe Bolille KNeMMbi
(exopbl kananos. 3asemneHue (Ground) u CUHXpPOHU3aALUR)
Ha 3TOM u3obpaxeHun He aKTUBHLI, HO eCN B Cxeme He
coeuHeHbl HEOBXoAUMLIE KNeMMbl CBEpHYTOro usobpaxe-
HUS BUPTYaANLHOrO CXeMHOro ocuunnockona, TO 3TO paBHO-
LIEHHO HEe BKNIOYEHHOMY peansHomy npubopy.

Mocne yCcTaHOBOK pexuMoB ocuunnockona obasarenstHo
Hapo wenkHytb JIKM Ha ceobogHom none, uHave nporpam-
Ma Oyner HaxoguTbCA B peXxuMe OXWMAAHWA AanbHemwmx
KOMaH4 ANA OCUMNNOCKONA, KOTOpbie AONYCKAETCA BLINOM-
HATL W B Npouecce ero paboTel, HO KNaBULLA Nepekniovare-
na (Switch) npu 3tom He ByaeT ynpaenaTLCA C KNaenaTypbl.

CoeauHum BXoA kaHana A C BEPXHUM BbIBOAOM namnbi u ans
ofpeaeneHHoCTW OTCYETa ypoBHeW 3azemnum ocuunnockon (puc. 8).
Yeenuuum uyBCTBUTENLHOCTL BEpPTUKANbLHOM pa3BepTkM KaHana A
Ana 6onee NONHOTO UCNONL30BAHWUA JKPAHA, YCTAHOBUB ee paBHOW 2
V/Div (BonbTa Ha genexnune) OcTanbHble NpeaycTaHOBKU NpUHUMaEM
no ymonyaHuio Wenkaem fIKM Ha csobogHom none u nepexoaum K
MOAENnUpoBaHWI0 paGoTbl CXeMbI

17



[Ana HabniAenns KapTuHbl Ha 9KpaHe ocymnnockona ycradas-
nuBaeM B BUPTyanbHOM BblikiodaTene Activate simulation (Bkmoue-

I

HWe MOAennpoBaHus) @;D , ykasatenb Ha | (In — Bkn4eHo) n
aenaem wenvox JIKM Haxumas Ha xnasuwy [X], Habnogaem 3a co-
OTBETCTBMEM MOMOXEHWA KNHOYa W pa3BopaqMBalOL|eroCs fyya Ha
OCLMNAOCKONe, 8 TaKkKe FOPeHMEM namnbl BbICOKUA YpOBEHb COBNa-
A3ET C 3aMKHYTbIM KITIOHOM 1t TOpsuleR namnoit, HU3Knit — C Pa3oMK-
HYTbIM KITHOMOM W He ropswlein namnoi (puc 8) Boeiiaem u3 pexunma
aManuaa noseaenuna mogenn, Haxas J1IKM Ha O (Out)

Cogem  He 3abbiBaiite octaHasnuBaTtb pexum aHanusa nph nepe-

(EWB) xope K gpyrum atanam paboTbl ¢ NporpamMmoi, B NpoTue-
HOM Cllyyae MPOUECC cyeTa NPoACIKAEeTCH, 0 YeM ceuie-
TenbcTByOT «Beryuine» undpbl B OKOWKe ykasaTens Teky-
Lero BpemeHu cueta, pacnofioKEHHOro B HWKHEN UHgop-
MaLMOHHOR CTPOKE TeKylMX KoMaMg u coctoasHua Ecnn
pe3ynbraT nonyyYeH, To ganee tonbko «3abusaercs» one-
paTtuBHas NamsaThb

MlameHum nonspHocTb curdana (nutanmna namnel) Caenaem BHa-
yane Konuw UCxogHoM yenn [ns aToro Npou3BoAUM €e BbieneHue,
Haxumas Ha JIKM n 06eoas ee BbigensoLen Damkon, nmbo 13 meHo
Edit>Select All n ganee, nonb3yscb cTavAapTHbiMK kKoManaamu Win-
dows — Copy 1 Past 3aeck Hago umMeTb B BUAY, YTO NpK TAKOM KOMK-
poOBaHWK HE cneayeT BKNYaTb BOBHYTPb BblAENEHWA CXEMHbIA OC-
UMANOCKON €ro KonupoeaHue B npejenax oAdoro ¢anna He gonyc-
kaetca (Ecnn Tpebyerca nonHas Konws, TO HaAO COXPaHWTbL 3TOT
dann noa HoBbIM MMEHEM K paboTaTb C 3TUM HOBbIM hainom)

[Mocne Toro Kak Konusa BO3HWKHET Ha 3KpaHe, HaBoAUM Kypcop Ha
nioboit ee akTUBHbIR (BbIZENEHHbIR KDACHLIM LBETOM 3MeMEHT) yKa-
3artenb — OHM npeepaTurcs B wn3obpaxeHune pykun, Haxmem JIKM
n Bykcupyem cxemy BHM3 [1py [OCTMKEHUU HYXHOFC NONOXEHUSA
(cxembl HE AOMKHbI NepecekaTsesi) Hago otnycTute JIKM MpuabiuHasn
onepauua otmeHsbl (Undo) 3aeck, yabi, oTCyTcTByeT [1pasaa, B MEHIO
File ectb onyna Revert Save (Bo3Bpar K COXpaHEHHOMY), HO OHa Tpe-
6yeT NOCTOSHHOIO COXPaHeHUA pefaKTUPYEMBIX CXEM, @ 3TO He BCe-
roa yacbuo [llpouie nepesg BCTaBKOW KONWKM «NPOKPYTUTb» 3KPaH,
wenkHytb JIKM Ha ceobogHOM none u ToNbKo NOoCne 3Toro genartb
BcTaeky Kpowme Toro, B nporpamme EVWB nposoanmukn, coegmnHsowme
CXEMHbIE KOMMOHEHTbI, BbINOAHENEI CBOBOAHO pacTsKUMBIMIK K CXU-
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Maembimmn npwn 3akpenneHHbIX KOHyax Stum MOXXHO NONb30BAaTLCA
ANA NpuAaHUA Tpa ke CXeM HYKHOI KOHburypaymm

Cosem O6s3artensHo ocBoboxaaiite LUEeHTpanbHy0 4actb 3KpaHa

(EWB) ans nonydenns konuw, a Taioke Bykcupyirte cxemy Ha Hosoe
MECTO cpasy nocne xonupoeauus (Moka OHa aKTMBMas —
«KpacHas»), nHave, 0COBEHHO B CROXKHBIX cxemax, NoBTOpPHO
BbIIENUTL HANOXEHHbIe APyl Ha Apyra Cxembl M «pacra-
WAUTby UX NPaKTUYECKN HE yAacTCA

Ha skpaHe umetotcs aBe cxembl OB03HEYUM B HUX namnsl
Lamp1 v Lamp2, a 6arapen E1 u E2, COOTBETCTBEHHO, W BO BTOPOW
(NpaBoit) cxeme oTcoeanHM BaTapero OT Len

Cosem [lns yctpanenus KaKoro-nubyab coefMHeHMA A0CTATOMHO

(EWB) Bbigenuts nobyio ero KOHEYHYIO TOuKY, OTBECTU ee BMecTe
C NpOBOAHMKOM B CBODOAHOE MECTO U OTNYCTUTH JIKM, T e
kak Bkl 0aMH koMey Nposoga Bpocuts B8 nyctoty MoxHo
TaKkKe BbIQENUTb NPOBOAMWUK OAHOKPaTHbIM HaxaTtuhem KM
W 3ateM yaannte ero niobniM CTaHASPTHLIM NPUEMOM, Ha-
npumep, Bocnonb3obaBluuch knaeuiuer «Deleten Anano-
FMYHO yaansaeTca noboi HEHYXHbLI KOMMOHEHT wan naxe
48CTb CxeMbl, HO MoCne €e CTaHASPTHOIO PaMOYHOIO
BblAENEHNR

3atem sbigennm 6artaper E2 W, BOCNONbL30BABWNCH KHOMKaMu
BPallenna, noBepHem ee BOKDYr BEPTUKANbHOM OCM, a Aanee BbIBoa
«+» barapen coefiHum c 3emnelt, a «—» C nepexniovarenem (puc 9)

Kpowme Toro, coequumm BEPXHWIA BbIBOA NaMIbl 2 C KNeMMO BXO-
Aa KaHana B cxemHoro ocyunnockona Ans Toro uytobel nyun He
coBNajani Ha aKpaue, CMECTUM ux Hynesbie NuHWM pa3BepTku
(Y position) ans nyua A seepx Ha 0 20 n ansa B BHu3 Ha -0 20 MoxHo
TaKKe pacKkpacuTe nNyun B pasHble LBeTa, 3aAae COOTBETCTBYIOU|UE
uBeTa NoABOASIYMM NPOBOAaM

Bxniouns npoueaypy ananuaa knasuisei In u Bwuouas [X], npo-
Habriogaem 3a coctosHuAMM B cxeme (pc 9) Buamo, uto npu oTpu-
UATENLHOM NTaHUK HNYETD B noruke pabBoTel HE W3MEHSeTCH, ecnu
TOMNBKO AO0rOBOPUTLCA BLICOTY YPOBHA OTCHMTLIBATH MO Moayfnio Ha-
NPSHXKEHUA (BO3MOXHbI It MHBIE KOHBEHUWW) TOFAa HMKHAR 4acThb nyua
B, cooteetcTBytowas thusuueckn nanpskenmio -5 V {nonoxwuTensrbIi
BoiBOA 6atapen E2 3azemnen n umeer notexunan 0 V), wumeer no
NPUHATOMY YyCNOBUWIO «BbLICOKWIA» YPOBEHS, PaBHbIA MO mMoayno 5V
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Lamp1
10WIs V | SV

Expand | Ground

Timebase —— — - Tngger T
i [0 50 stdiv S Edge . e [
| X position [0.00 5] Level [000 [ \
............................... T Sty I B/A AB ( AB Ent |
| Channel & ——————| Channel B —- —l
[ 2 vipiv 2] [2 vow 4,
Y position | 0.20 S [ Y position [-0.20 =K

AC 0 . Ac;o.B® -

Puc 9 HabniwopeHnne noseaeHWA MOAENK Ha OCUMNNOCKONE NPW NONOXW-
TenbLHOM K OTpuuaTenbHoM curHane (EWB)

B, cooTBeTCcTBYOWAA (PUINYECKM HaNpsxeHu =5 V (nonoxmu-
TenbHbln Bbieod Gatapen E2 3azemneH n umeeT notedHuman 0 V),
UMeeT No NPUHATOMY YCNOBUK «BLICOKMIA» YPOBEHb, PaBHbIA No MO-
aynw 5V

Beegem ganee cnegyoulee cornaweHne 0 NorM4eckux ypoBHsX
ANA pacCMaTpuMBaAEMON MONOKUMENLHOU NN02UKU BEPXHEMY YDOBHIO
cooTeeTCTBYET s102UMecKkan eduHuya (nor. 1), a HUKHEMY — nozudve-
ckul Hyns (nor Q) [pu ycnosun nor 1 — KNKOY 3aMKHYT (3TO UCTWH-
HOE 3HauveHne COCTOSHWA B MONOXUTENBLHON NOrMKE HEe3aBUCUMO OT
3HaKka curHana). [Toxoxas CuTyauusa BO3HMKAET NpW YTEHWU Haneva-
TAHHOro «4epHbIM NO BeNoMy» KHUWXKHOrO TeKCTa UNK C 3KpaHa MOHW-
Topa JepHble OykBbl Ha nUCcTe BGymaru He OTpaxaloT, a Ha MOHUTOpe
He U3Ny4alT CBET — OTpULATENbHBIA curHan [lposedn cTaHgapTHoe
BolgeneHue Tekcta B pepaktope Word, nonyynm Genele Bykebi Ha
YepHOM (POHE — NMONOXUTENbLHLIA CUrHAN — CBET Tenepb U3Ny4aeTcs
sbigenexHHbiMn Gykeamu, OgHako B8 0boux cny4asx aecreyeT cBoe-
obpa3Has nonoxuTensHas noruka
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PaspaboTka mogenu B nporpamme Micro-Cap

[Tpoeegem mogenvposanue paboTbl npocTedwed uenu B npo-
rpamme MC

OTkpblBaeM OcHoBHOe pabodee okHo nporpammebl (puc 10} n B
HEM HaxumaeMm Ha KHonky New (HOBBIR) wnM C  Knasmatypbl
Control+N 3aTem, B nosiBMBLUEMCA HMCNAZAUWEM MEHK, Beibupaem
onuuto cxemsl — Schematic (puc 11).

Hasogum Kypcop Ha KHOMKY C U300pameHnem CTpenku |—\— Se-
lect Mode (Bbibop obbekta) u Haxumaem JIKM [logsoanm cTpenky-
kypcop Kk Hagnucu Component (seibop KOMNOHEHTa) U ganee B OT-
KpbiBLUEMCA MeHI0 Bbibupaem Animation (aHmmaums), a 3atem Digital
Switch (undpposon knwu) Mocne wenuka IKM nepesoaum Kypcop Ha
ceobogHoe none un Tam, nocne euje ogHoro wenyka JIKM, nonyvyaem
n3obpaxenve iwya (puc  10) 3atem noetopsem  Compo-
nent>Animation v sbibmpaem LED (Light-Emitting Diode — ceeTounany-
Yyawowmuin grog — CA), nmerowmnn naobpaxenne B popme keagpara
C BbIBOAOM ANA €ro npucoeamHenns (cm puc 11)

Cosem  He 3abbiBaiiTe kaxablit pas nocne selbopa u pepakTupo-

(MC) BaHWs 0YEpPEAHOro KOMMOHEHTA NEPEKNYATLCA B PEXUM
Select Mode (3710ro He Hago Aenatb TOMLKG B OAHOM Cny-
Yae cnegymouwans npouegypa 3awnwyaerca B8 Bolbope oa-
HOTMNHOrO C npeabliAyuMM KOMNOHeHTa). Ecnn atoro He
cAenartb, To MOXHO BCe paboyee none NoKpbiTe OAMHAKO-
BbIMW KOMMOHEHTaMK, OT KOTOPbIX TPYAHO «OTBA3aTLCAN.
[pasna, B oTnnyne ot EWB, B nporpamme MC ecTb one-
paumns Undo (oTMeHa), no3sonawulas BHOCUTL MCnpasne-
HMS Ha xogy Kpome TOro, 3TOT PEXMM MOXHO U3MEHUTb,
Boas B Meno Options (onumu) oBuux HacTpoek npo-
rpammbl Preferences (npeanouTeHns), HO 3aTO nyywe Bel-
NOMHATB, YXXe NPMBLIKHYB K NporpaMme

B naHHOM cnyvae 3Tnx gByx CXeMHbIX KOMNOHEHTOB 4OCTATO4YHO
Ans Toro, 4Tobbl cMopenupoeate noruky paborel namnel OcraeTcs
UX TONbLKO coeanHWUTb nposodHmkamm CHopka cxem M ux rpagpuye-
cKoe pepaktuposaHue B nporpamme MC nmeer csou 0COBEHHOCTM

Haxumaem KypcopoM Ha nukTorpammy Il‘. Orthogonal Wire (opTo-
rOHanbHble NPOBOAHWUKN) U COEAMHAEM NPOBOAHUKOM COOTBETCTBYIO-
wme BblBoabl KOMMOHeHToB Boaspawaemcs B pexum Select Mode.

21



v2

™~
o)
o u
= Q
=
3 g
5| © G = T
- S| = W 5 >
Q
o1 | e m. _I - ]
E R | o ° -
g
L% o~
RS g o s u
5 8 3 | & [ B 2 >
IS o 8 s .
[72) 7] = W ~—~ Py
CXriy t 3 ® ®
Q.
a
g S ! =
2 - x |- o
@
[o] - o
: - o
0]
[$]
s
o
HOLHIHOUWOY Bd0gIaE MINEBHXO0 3 DN 1I9nwWediodu OHAO B0HBOHSQ () oUd
w2 W PolZIMEeA ~a)- 529 degorn || [woRulE
! Yaums [eyBiq| " _8PON138jg)
= ¢ =) gl I CaN IR |
a
_ ]
Al JoisisaY ¥
punoin §
yoUMS [*1610 Z
=, ou._ﬂ
uawbag usAag . =1
usuodwo) pul
_ _ B R Uu 4
- « deiq g
‘ » _ J[@ | ¢ serauug RIS .
¢  Aeigr Goeuy'
_.l_unl—m_ .I; :_ ﬁ_ _lw_ _E__ 4 sanu fopuy _ _ ||_
[X 8]~ d@eH ubisag  sisfleuy mco_ﬁo SMOpUAR Weuodwoy | ypT ad @

(HIDZLINJHIDAYLVANIIWY al - 529 de)-010 ¥ |

a)

£)

[ns npoBepku LUEeNOCTHOCTV LeNnu eCTb HECKONbKO BapuaHToB

Puc 12. Mpagpueckoe pepakTvpoBaHre cxem B nporpamme MC

I['Z}\'- Node Numbers (Hymepauusn

y3NOB): Ha Cxeme BO3HUKHYT HOMepa y3nos (puc 12,a)
OtcyTtcrBue Heobxoanmoro coefvHenns cpasy obHapyxvusaeTcs

MOXHO Ha)@are Ha nNuKTorpammy
3@ cHeT NORBNERURA «NULLHUXY Y3NOB
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—
MoxHo Taxke HaxaTtb JIKM no nukrorpamme I_’ Pin Connec-
tions (coeauHUTeNbHbIE BbIBOADI), TOrAA BbIBOALI ByAYT OTMeueHbl
3a4epHeHHbIMK Toukamu (M puc 12,6) 3T1a e komaHaa No3sonset
«yBUAETb» BCE BLIBOAB) (pUc 12,8) MoCne 3TOr0 NUWHWUA NPOBOAHNK
Hao BbIAENUTL, @ 3aTeM, Haxas Ha Delete, ynanuts (puc 12,r)

Cogem O6szatensHo NpoBoAuTE NPOBEPKY LENOCTHOCTU CXxeMm
(MC) nepen TeM, Kak NPOBOAUTL aHanNn3 ux paboTbl, UHa4e aHa-
noroBbie Cxembl BynyT HepaboTocnocobHbl, a ugpposblie

[aBaTb NPOU3BOMbHbIE PE3yNbTaTb
Rl
MepeumeHyem TEKCTOBble waenm‘“’V (Attribute Text) no3nyMoH-

HOrO 0B03HaueHusa komnoHenTos U1 u U2 Ha X 1 Y, COOTBETCTBEHHO
3T0 MOXHO caenaTb NUBO B OKHE CBOWCTB, Bbi3bIBAEMOM ABOWHbIM
wenykom NIKM no YO KoMnoHeHTa Ha paboyem none (v panee, Ha-
neuatas TekcT B Part), nu6o HenocpeacTBeHHO B Camoii meTke 3a-
OQHO METKW MOXHO GykcupoBaTb B Apyrue mecta (puc 12,4) MMo-

|| —|
BTOPHOE HaXaTue Ha NUKTOrpamMmbl
CTBYIOLME HAANUCK C 3KpaHa (puc 12.e)

ybupaet cooteer-

Cosem Ecnn Heo6x0anMMO OTbiCKaTb Kakoi-NUBo HOBbIA KOMNOHEHT,

(Mc) ?
TO MOXHO 0BpaTUTLCA K NOMOLLU (Help Mode), a mox-
HO, He OTKpbIBas (Hannos, BOCNO/L3OBATHCA NPOCMOTOPLLU-
KOM 6uBNUOTEUHbIX PaNNoB W [OCTATOMHO BbICTPO HAWTK
TaM Hy)XXHbIii KOMNOHEHT UK CXeMy W CkonuposaTtb ux Ecnn
XE KOMMOHEHT CIOXHbIA, TO NONe3Ho CKONMPOBAaTb W ero
TEeKCTOBOE ONUCAHWEe U yCTaHOBKU aHanusa

HakoHel, nepeitnem OT rpaduyeckux aKaepcucon (ynpaxHeHuit)
K OCMbICNEHUI0 mMoaenuposaHus [loruueckuid nepexkntoyatens X Ha
cxeMe (puc 12,4) paer BO3MOXHOCTb 3anaTb OAUH U3 ABYX ypOBHel
nor 0 (HWKHEee NONOXeHUe HaKNOHHOR KNaBULKM-NEPembluki) u nor 1
(BepxHee NONOXeHue HaKNOHHOW Knasuwn-nepemMbiykn) CooTeercT-
BEHHO NOrMYecKun uHaukatop Y no3Bonser onpeaenatb 3TM COCTORA-
HUA B UMbpoBbix yanax O6a komnoHeHTa paboTalT B pexume aHu-
mayuu TONbKO Npu aHanuse cxem [lpuBeneHHbie «noruyeckne cxe-
Mbl» OTNUYAOTCA OT OBbIMHBIX NPUHUWNWANbHbIX, SKBUBANEHTHbLIX U
TR CXeM B HWUX HET NPUBLIYHON 3aMKHYTOW uenu ana toka K atomy
Hano NpuBbIKHYTL Ha caMom aene uenb umeer APYrO# BUA, HO uUC-

24

TOMHWUK W 3a3eMrieHue He nokasbiBalTca BcnomHum kak, Hanpumep,
BLIABNAKOTCA «3eMns» U «pa3a» B 0ObIYHOW 3neKTpU4ecKkon po3eTke ¢
NOMOLLbIO OTBEPTKM-MHANKATOPA, COAEpXalleh BHYTpU Kopnyca He-
OHOBYIO Nlamny C nocrnenoBaTenbHO BKTHOYEHHbIM TOKOOrpaHu4uBato-
LM pesanctopom BOT Mbi (OCTOPOXHO!) BCTABNAEM KAN0 UHAUKATOpa
B OQVWH U3 BbIBOAOB PO3ETKN U AOTparuBaeMcs ykasartenbHbiM nanbuem
A0 METannuMuyeckoro BbiBOAA Ha Konnayke Ecnv mHankaTop ucnpaeeH
W eCTb HanpsKeHUe, TO OH 3aropuTCst NPU KOHTaKTe ¢ (Hhas3oBbIM BbIBO-
AoM Kazanocb 6bl, 4TO 30€Ch TOXe HeT 3amMkHyTOW uenu PeanbHo xe
Npy KacaHuu nanbuem Mbl CO30aemM 3aMKHYTbIA KOHTYP, B KOTOPOM Wr-
paem ponb 06KNagku KOHAEHCaTopa 3aMbikaloulero uenb uHaukaTopa
Ha semnio He 6owTeck, npu cobnogeHuu npasun anexkrpobeaonacHo-
CTW, NPOTEKaloLWUA TOK COCTABUT aecaTbie Aonu munnuamnepa B sup-
TyanbHOM Xe 3KCnepwmeHTe Het u aToro B paccmarpusaemon noru-
4ecKOW Lenu WHOMKATOP UMEET OAWH YCNOBHbIW BbIBOA (KaK xano or-
BEPTKW-UHOWUKATOPA) W OH 3aropaeTcs NpWU HanW4UW BbICOKOrO YPOBHS
HanpshkeHus 3aect HW3kuA ypoBeHb O COOTBETCTBYET «CUrHarbHOM
3eMne», a 1 — 370 BbICOKWA ypOBEHb HanpsbkeHus Jloruka — nonoxwu-
TenbHas U curHanbl nonoxutencHbie ([ogobHble «0AHONPOBOAHbLIEY
CxeMbl MOXXHO BbINOMHUTL WU cpeacTBaMu nporpammbl EWB, HO ato
Byner caenaHo B creayoux pasaenax )

Ans npoeBeaeHua aHanusa BbidbiBaem B OkHe Analysis onpepge-
NeHHbI TUN MoaenupoBanue nepexoaHbix npoyeccos (Transient Ha
puc 13)

Cornawaemcs ¢ yCTaHOBKaMu, npeanaraembiMi B HEM N0 ymor-
YaHWIO, U AaemM KOMaHay Ha MOAEnVpPOBaHuWe, HAKUMAas Ha KHOMKY
Run (nyck) B NeBOM yrny 3T0ro okHa Ha akpaHe BO3HUKHET OKHO
ananusa (Transient) c rpacukom (OCUUNNOrpaMMOiR) COCTORHUA

Bl Transient Analysis Limits [ (]
Run | Ade | | Stepping ‘ Properties Help I
Time Range [1 u Bun Options Narmal -
Maximum Time Step [0 Slate Variables  [zei0 v

Number of Points [

Temperature |Linear ¥ [27

W Operating Point

[ Operating Point Only
™ Auto Scale Aanges
P X Expression Y Expression % Range Y Range

m=EmEr [am Te 006 [N/A

Pue 13 OxHo ycTaHOBKM NapameTpoB aHanvaa nepexofHblX Npoueccos
B nporpamme MC
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uucpposoro yana 1 (d1) 3aeck d — ot digit (uudpposoit) Haxae Tawke
Shift+F4, moxHo cosmMecTuTb Ha OQHOM 3KpaHe aBa OkHa Transient
n cxemHoe (puc 14)

lNoruyeckoe cocTosiHME y3na Ha CXeMe NONyyYaeM, «yTonuB»

KHONKY l@j Node Voltages (yanoBbie noteHuyvans) flanee, Haxumas
kypcopom JIKM e obnactv nepekntouartens, aHumupyem ero paboty
NO KaJOMy LIENYKy €0 COCTOSHUE U3MEHSIETCH, NPUYEM U3MEHSAET-
CA U ypOBEHb BbIXOAHOIMO curHana He cnepgyer, ofHaKo, Cpasy OXM-
AaTthb, YTO OAHOBPEMEHHO U3MEHUTCH M rOPEHVE uHAMKatTopa wnu oT-
MeYEHHbI noTeHuvan ysna [leno 8 ToMm, yto B nporpamme MC,
e otnuyue ot EWB Hapo 3aHoeo Aath koMaHfly Ha MofienupoeaHue
Run wnu Haxatb B OkHe Transtent Ha kHonky P. MoxHo Takke Boc-
NONb30BaThCcA Knasuwen F2 B pesynbtate atux Manunynayvii MOX-
HO NpoHabniogaTh ABa BO3MOXHbLIX NOMYECKUX COCTOSTHUA NPOCTER-
wei cxembl Bxog X=0, sbixog Y=0, CU[ He roput (puc 15,a), exog
X=1, sbixog Y=1, CU[] roput (puc 15,6)

Bo usbexaHue Hefiopa3yMeHWUi, 3aMETUM, YTO B CBSA3W C UCNONb-
30BaHvem YyepHo-Benow kKHKHON rpaduky Bua CBEYEHUA MHAVKATOPAa
Ha 3KPaHe U3MEHEH NO CPaBHEHWIO C NPUHATHIM NO YMONYaHWI0

B naHHOM TekcTe, Kak u B nporpamme EWB, cseuyenue cooteeT-
CTBYET 3aYepPHEHWIO uHaukaTopa (puc 15,6), a He ropAwwii UHAKKa-
TOp BLINONHEH B BUAE paMku C npoceetom (puc 15,a)

B wcxogHoi nporpamme He FopALwui MHAVKATOP — YEPHbIW, a ro-
psAwwmit — KpacHoik MNoaobHoe naMeHeHe BLINONHAETCA CneAyowen
nocneaosaTenbHOCTbIO  KOMaHg — BbigeneHuwe  (PaMO4yHOEe  unu
Edit>Select All), Edit>Change>Properties>Digital 0>Color (6enbii)
Digital 1>Color (4epHbiit)

MokazaHus noruyeckux coctosiHum yanoe 0 unu 1 u, cooteeTcT-
BEHHO, BUf CBEYEHUS UMEIKOT CMbICH TONBKO NPV BKNKOYEHHOM OKHE
Transient

Cosem
(MC)

He nuitartecb npousBecTy Kakue-nubo coeanHeHus C ro-
pu3oHTanbHuiMM NuHusaMy yposHen 0 u 1 Ha YT'O nepe-
wovarens Digital Switch — 310 He BbiBOgbI 346Cb TONLKO
oAvH sbiBOA — OT ywdposoro yana Heobxogumo Takke
MMETL B8 BMAY, YTO €CNN HE 3aKPbITO OKHO aHanuvsa, TO
60NbWWHCTBO KOMaHf BHE 3TOr0 OKHa NporpaMma He Boc-
NpUHUMaeT v QelCTBYET KaK CTOSIHOYHBLIM TOPMO3 Ha aBTo-
mobune «He aepranTect noHanpacHy!»
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Puc 15 INMoruyeckne cocTosHUsA npocTteriwen cxemol (MC)

3adawa 06 oxpaHHOU CuzHanuiayuu

[Mpexae yem ABuraTbCA Aanble, peluM 3femMeHTapHylo 3anady
Ha coobpasnTenbHOCTb [lycTb HeobxoAuMO co3gaTb MPOCTEWWYIO
CUCTEMY OXPaHHON CUrHanmu3auun, COCTOALYIO W3 UCTOYHWUKA nuTa-
HWA, CUrHanbHOW Namnbl U NPOBOAA, Oropaxusanwero obbekT oT
HecaHKLMOHWpOBaHHOro goctyna B peanbHol 3apade pa3pblB npo-
BOAA, HanpuMmep HakneeHHoro Ha no6osoe CTeK1o asToMaluHbl Uu
pa3pblB KOHTAKTHbIX WNeidos B ABepHbIX Npoemax AOMKeH npueec-
TU K NOABMIEHWUIO CBETOBOrO CUrHana

Ka3anocb Bbl, 3pecb HET HMYero cnoxHoro bBepem Ty xe cxemy
(puc 7), B KOTOPOA KIHOHOM MOAENUPYEM PaspblB OXPaHHOro MpoBo-
Aa BoT Tonbko oaHa «3akasbika» NpW pa3MbiKaHuU KOHTaKTa namna
AOMXHa He racHyTb, a aaropatbca! ABcypa? Her, pelleHue, u KpanHe
npocToe, XOTA WU opurMHanbHoe, cyuwectsyeT Mbl npeanaraem sHa-
4yane nonbITaTbCA HANTW ero CamMOCTOATENbHO, OTMOKUB KHWXKY
B CTOpOHY HaxoxaeHue pelleHus, kak OTKpblTWE, NpuHeceT rpomag-
Hoe ypnosneTeBopeHne He 3ps Befb No nNpefaHuio, cosepLlnB OTKPbI-
TMe, Apxumen ronbiM BbICKOUMN M3 BaHHOW, a Nugarop Ha pagocTax
oTAan Ha 3aknaxHue mysam 100 6bikos TyT, KOHEWYHO, crny4ai no-
ckpomHee | Bce-Taku, U Bce-Taku

MocoBeToBaB 4WTaTENIAM HAaXoQUTb pelweHue 3IBPUCTUYECKH,
npumeHnm cneayowin meton [lockonbky UCKOMaA uenb ABnNAeTCA
Kak Obl 3epkanbHON NO OTHOWEHUIO K Lenw oBbl4HOW namnbl, TO Hai-
AeM ee No M3BeCTHbIM NpasuiaM, OCHOBAaHHbLIM Ha creayoLWwnux ceon-
cteax cxem [1posoaHuKM, coeanHAIOWNE HA Cxemax OABYXNOMKCHbIE
KOMMOHEHTb!, NPUHUMAIOTCA MaeanbHbIMW, T € CBEPXNPOBOAALLMMAY,
B OTNIM4ME OT BCel OCTanNbHOMN, He 3aHATON KOMMOHEHTamMu NNOCKOCTH
4yepTexa cxembl, KOTopas TOXe npegnonaraeTcs uaeanbHOW, HO M30-
natTopoMm B BooBGpaxaemMom 3epKanbHOM NpOCTpaHcTsee, rpybo roeo-
ps, HAAO NOMEHATb NPOBOAHUKWA W M3onNATopbl A 3TOro Ha NNocKo-

28

CTU YepTena BHYTPW 1 BHE KOHTYPa CXeMbl MOCTaBuM no yany (a u b)
U COBAUHUM ux Mexay coboi BeTBAMU (NYHKTUP) C OAHOKPATHbLIM Ne-
pecedeHuem no scem ABYXNONIOCHMKAM (puc. 16,a).

Lamp
10WWIS V
1 a
R
010
" Lamp
g N
e E X 10WI5 v
/ 5y i—] 2 b
6)
B 1
R
016
Lamp
E 10WI5V ~~IN
1AY b 2 3

e)

Puc. 16, Pewenue 3aaauvm 06 oxpaHHoi curHanuaumm (EWB)
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Bo BHOBb NONYYEHHON CxeMme 3aMEeHUM ABYXNONOCHUKM aHano-
[MYHbIMK, HO C ODpaTHbiMW XapaKTepucTukamu HanomHum, 4TO no-
DOOHbIM NPUEeMOM B @aHanoroBbiX LEensX U3 NocneaosaTenbHoro pe-
30HAHCHOro KOHTypa NoNyYaercs napannensHeliil B gaHHom cnyvae
naeanbHbIi pa3OMKHYTbIA KOHTAKT 3aMeHUTCS 3aMKHYTbIM (1, Haobo-
pPOT) W Pa3mMecTUTCs HE NocnedoBaTENbHO, a napanjiensHo namne
Tonbko # BCero [lpu 3aMKHYTOM Krlo4e Namna «3aKopodeHa» W He
ropuT, a Npv pa3pbiBe OHa 3aropaerca [pu peanuaauun Takoi nNoru-
4eCcKu NpasBWNLHON CxeMbl B ObiTOBOW anekTpoceTu BygeT ocyulecrs-
NEH PEXNM KOPOTKOro 3ambiKaHUsi NCTOUHMKA NuTaHua (aBapus!) Mbi
€ HaxoaMmcs B BMPTyanbHOM NpPOCTpaHcTBe, rde nodobHbie Npo-
bnembt oTcyTcTByHOT [lepexoa K peanbHbiM Lensam Tpebyer Brnloue-
HWS HEe TONbKO peanbHblX UCTOYHWUKOB, HO W rONOBbLI° NEpes Tem Kak
YTO-TO AenaTb, Hado NoAyMaTb O BO3MOXHbIX nocneacTsusax Komnb-
10TEPHOE MOAENUPOBaHKE Kak pa3 v NO3BONsAET UX «YBUACTLY

Bnpoyem, npyv nefaHTUYHOM WCNONb3OBAHWUM ONUCHLIBAEMOro
npuema, cnegosano Obl 3aMeHWUTb naeanbHbI UCTOMHUK NOCTOSIHHOTO
HanpshkeHns ¢ 3C 5 B Ha ngeanbHblid UCTOYHKUK TOKA 2 A, u Toraa
cxema octanace Obl paboTtocnocobHowt [ns gaHHo# 3adaun cxemy
MOXHO NPOCTO Cnerka noanpaeBwuTb, BBEOs nocnegosatensHo c Ga-
Tapeen Hebonbwoin BGannacTHbid peanctop R=01 Om B peanbHom
ycTpoicTse npuwnoce bel nogusTe 30C n cooTBeTcTBEHHO BbIOPATH
conpoTusnexnne ¢ 60NbWMM HOMUHANOM, HO BCE 3TO He CyUWEeCTBEHHO
ana norukv OKoH4YarenbHO NonyyaeM CXemy, NOKa3aHHYK Ha puc
16,6 3ambikas v paambikas KN4 B 3TON cxeme, ybexaaemcs, uTo
OHa oOTBEvYaeT NOCTaBneHHoi 3agadye Ha pwuc. 16,8 npeavl\ayuias
Cxema NPOoCTO NepeyepdeHa TaK, YTO UCTOUHWMK NUTaHWUS W CUrHanb-
Has namna gns HarnsgHoCTU NOKanW3oBaHbl B NEBOW 4acTu JKpaHa,
a oxpaHHas nertns a-1-2-b BbiHeceHa Aaneko snpaso Jlamna He ro-
pWT 40 TeX NOP, NOKA HeT pa3pbiBa a Nbom mMecTe 3Toi neTnu

MNpoBeaeHHYO onepauuio nepexoaa OT CXeMbl C NONOKNTENbHON
NOrUKOMN K cxeme C OTpULATENBHON NOTUKOWA Ha3oBEeM uHeepcued

B 3TOM npumepe Mbl BCTPETUNUCH CO Cly4Yyaem WCNoNb3oBaHus
oTpuuaTtensHoin normkn W geno 3geck He B NONAPHOCTW curHana
CMEHAa NONAPHOCTU Ha OOPAaTHYIO, HEe N3MEHUT NOrukn paboTbl Cxembl

3a ompuyamensHyr N02UKY B SNEKTPUYMECKUX UENSX npuMem
npasuno obpaTtHoe, chHOPMYyNUPOBAHHOMY Bblwe ANS NONOXUTENb-
HOW NOrnMKW, a UMEHHO BepxHemy (NO MOAYNIO) YPOBHK COOTBETCTBY-
et nor 0, a HuxkHemy — nor 1 [lpwu ycnoesuv nor 1 — knwoy ByaeT
3aMKHYT (3TO WCTWHHOE 3HaYeHWe COCTOSHUSA HEe3aBMCUMO OT 3Haka
curHana), a curnan byaeT MMeTb HU3KUM ypoBeHb. B oTpuuatensHokh
noruke Bce kak Obl «BBEPX HOramuy
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BepHemcs k paccmorpeHHomy npumepy (puc 16,6) 3pecb «uc-
TUHY» OTODpa@xaer 3aMKHYTBIA KoY, COOTBETCTBEHHO Nornyeckas 1
(nor 1) n Hu3kMA (No moaynio) YPOBEHb HanpskeHus (3gechb
0 BonbT) Pa3oMkHyTbIA Xe K1Y 0TOBPaXKaeT «1oXby, noruyeckuy,
HO He dunanuecknit 0, (He «BonbTbi» paBHbl HyMio, @ COCTOSHUE 0)
Co0TBETCTBEHHO YPOBEHbL HANpsikeHUs ByaeT BLICOKUM Mo Moayno
(3pecb 5 B)

PaccmoTpeHHble [Ba BapuaHTa MCHEpNbIBAKT BCE BO3MOXKHbIE
cnyyan NOrn4ecknx Cxem € oaHuM Kloyom CO CXEeMOTEeXHUYECKOMN
TOYKM 3peHVs nornyeckas 4acTb CxeMbl NpeacTaenser coboit oaHo-
SNEMEHTHbIA (BbIPONAGHHBIN) YETBIDEXNONKCHUK, Ha BXOaE KoToporo
noacoeavHena barapes, a Ha BbixoAe — namna ocKoNbKy KKy sB-
NAGTCA NBYXNONIOCHBIM SNEMEHTOM Leny, TO CYWeCTBYIOT TONLKO ABa
Pa3nnyHbix Cnocoba ero BKIIOYEHUS B NOCNESOBATeNbHYI0 BETBb
wan B napannenbHylo (pa3sopoThl kiloua Ha 180°, nepecraHoBku
SNEMEHTOB B OAHO BETBU, APyroe HayepTaHue napannenbHbiX BeT-
BEM U TN He NPUBOASAT K HOBbIM forudecknM sapuaHTam) Boamox-
HOCTM NOTWKW CyUIECTBEHHO MEHSIOTCS, ecnu B CXeMy BBECTU Apa
Ktoua

Beenem B HavanbHylo cxemy namnsl (puc 7) nocnepoBarensHo
éwe oguH wWitod 1 Bbibepem gns ynpaBneHwus UMK Knasiuwm A n B
(puc 17,a), Bbixog 0603HaUUM yepea Y (No3nunoHHoe 06o3aHaveHue
MCTOYHMKA E 1 NapameTpbl namnbl He 0TOBpaXeHb! Ha 3KpaHe).

Cogem  Qbs3atenbHo 3agasaiite pa3Hble WMeHa ynpasBnAKWUM
(EWB) wnaBuwam ans obecneueHus HeaaBMCHMOIH paboTbl He-
CKOMbKWUX KNOUel B OOHON CXEMe

Mpunuwem bykeam A, B, Y cmbicn Bynesbix nepemeHHbIx, oTpa-
KAKUINX NOrMUecKoe COCTORHUE KOHTAKTHON CXeMbl, TOraa Kaxaas n3a
HUX MOXET NPUHATL TONbKO ABA 3HaueHus nor 0 u nor 1 Opwako,
COCTORHUAMU A 1 B Mbl MOXEM pacnopsavTCs NPOWU3BONBHO — 3TO
HE3aBUCUMbIE NepeMeHHbIe, COCTORHME Xe Bbixoga Y BygeT DYyHKUM-
en ot HUX Urak, Y sABnseTcs dyHKumen 4Byx NepemMeHHbix A 1 B, ka-
XAas U3 KOTOPbIX MOXET NPUHATL HE3aBUCUMO ABa 3HauYeHus: Nor 0
nnor 1. Nepebop BCeX BOIMOXHbIX nap sHavenun A n B gaer yetbl-
pe cayyas nor 0, nor 0, nor. 0, nor. 1; nor 1, nor. 0, nor. 1, nor. 1.

3KCnepuMeHTanbHO 3aaaauM STU BapUaHThi, ynpaenss Kio4amm
A 1 B, peructpupys coctosHue Bbixoaa Y Peaynbrarol Gyaem 3aHo-
CuTb B CneumnanbHyto Tabnuuy B Buge noruuecknx 0 U 1, NoMHS, 4To 1
COOTBETCTBYET 30€Ch 3aMKHYTOMY Kkouy, @ O — PAa3oMKHYTOMY (CNoBo
«nor » onycTum Ans kpaTkocTw). MNogo6Hbie Tabnuub! HA3LIBAOT Ta6-
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Puc 17. KoHTakTHble cXembl C AByMs Knodamu (EWB)
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nuyamu ucturHocTu (TU) 3anuck coctosnui B Tabnuye BLINONHAEM
YNOpsAAOYEHHO CTpoku GOKOBUKA NPEACTABNAIOT pa3psabl ABOUYHBLIX
uncen BA Takum oBpa3zom, A — mnagwmy 3Haqauwin paspsa, B —
CTaplunit 3Havawwi paspsg yucna Toraa umcna C ykasaHueM B HMX-
HEM NOACTPOMHOM MHOEKCE CUCTEMbI CUMCNeHus (2 - aeonunas, 10 —
[ECATUYHARA) cBepXy BHU3 umeloT cnegytoume anavenun (00),=(0)1o;
(01)2=(1o, (10)2=(2)10, (11)2=(3)10 Bcero 3pect BO3MOXHBI 4eTHIpE
COCTOSIHUA

Onsa nevatabmsa Tabnuubl nctuHHOCTKU Haxkmem JIKM no Hapgnmuen
Window B BepxHel cTpoke pabouero okHa (MeH0 komaHa) u pnanee
Descniption (onucanue) wnn cpasy ¢ knasmnaTypsl Ctri+D lNomecTtus
KypCOp B NOSBUBLUYIOCR TEKCTOBYIO obnacTe, nevataem Tabnuuy, 3a-
NONHRA €€ pe3ynsTaramu BUPTYansHOro akcnepumerTa (puc. 17,6)

M3 akcnepumeHTa BUAHO, YTO NOrMMECKUIA 3NEMEHT U3 Nocneao-
BaTenbHLIX KNOYeh aaet nor 1 Ha CBOEM BbiIXO4E TONLKO B OOHOM
cnyvae, korga o6a knoua A M B umetot anavenue nor 1. Nlloruueckoi
onepaumeit, KOTOPYK BLINONHAOT B AAHHOM CNyJae KNoumn, ABNRETCA
yMHOXEHUEe aprymeHToB, T.e. Y=AB [lopgobHas onepauus v noruve-
CKMiA aNeMeHT HasbiBaeTcs M, cooTBETCTBEHHO, Ha aHrnuickom AND

WHBepTtupyem 3ty Cxemy aHanorMyHO ONUCaHHOMY Bbllie Ans
cxemsl Ha puc 16,2 B cxeme obpa3yeTca eile ogHa napannentHas
BeTBb C Kntowom Cobepem Tenepb HOBYIO CXEMY, COEAUHUB KITHOuUM
napannencHo (puc. 17,8) MOBTOpUB 3KCNEPUMEHT aHANOMMYHO Npe-
Abiaywiemy, BuanuMm, 4YTo B OTpUyaTentHON noruke B Tabnuuye uctub-
HOCTW TpU HYNA NOSBATCA Ha MECTE NPEXHUX TPEX €OUHUL B HWKHER
cTpouke (puc 17,6) 3tor cnyyan 6yper COOTBETCTBOBATL 30ECH
ABYM pa3oMKHYTbiM Kntouam (A=nor 0, B=nor 0) u Y=nor O - Bbico-
KWi1 ypoBEHL B OTPULEATENbHON NOTMKE Namna roput

[anee o1 cxembl, nokasaHHoW Ha puc 17,a, nepergem K cxeme
C napannentHbiM COeAUHEHUEM KIOYEN, HO 06pa3sylwuM BMECTE
nocneposarentHoe coeguHeHue Gatapen, 3TON «CBR3KU» KNKYEN
u namntl (puc 17,r) Cocrasum Tabnuny ucrunnoctu (puc 17,40)

Ons atol cxembl nor 1 Ha BbLIXOAE NONYYaeTCR €cnu XOTs Obl
oauH kntoy A MM B Gyper umets 3HaveHue nor 1 (3amkHyT) Jloru-
YEeCKOI onepaumeil, KOTOpYK BHINOMHAIOT B AAHHOM Cnydae Kioum,
SABNAETCA CNOXEHUe aprymeHTos, T€ Y=A+B lNonobHas onepauus u
NOMMYECKUIA aNEMEHT HasbiBaeTcs M/, COOTBETCTBEHHO Ha aHImuii-
ckom OR (Obpatute BHUMaAHWE Ha OTAKYUE CNOXEHUS NOTUYECKUX
equHuy 3pecs 1+1=1)

OTmMeTUM elye HeKoTopble OCOGEHHOCTH WCCNEeayEMLIX CXEM
Cxembl u norudeckue onepauun Ha puc 17,a u puc 17,r aoBOICTBEH-
HYl (QBOWMCTBEHHLI Mexay coboil u cxembl Ha puc 17,8 u puc 17,€)
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Mpu wHBepTMpoBaHuM Cxembl M NONOXWTENbHOW NOrnKM (puc
17,a), nonyvyaem B oTpuLaTENLHON NOMKE (pUC 17,B) ANS UHBEPCHbIX
nepemeHHbIX, OTMEYeHHbIX WTpnxamu, Y = A'+B’, yro cooTBeTCcTBYET
onepaunv U1/ 31oT peaynbrtat BuaeH u B Tabnuue (puc 17,6), aoc-
TATOMHO TONLKO B Hel BCe 0 noMeHAaTb Ha 1, u HaobopoT

AHaNOrNMYHO, NPY NHBEPTUPOBAHUU CXembl M/TH nONOXUTENbLHOR
norvkn (puc 17,r), nonyyaem B oTpuuaTensHoih noruke (puc 17.e)
ANA UHBEPCHBIX NEpPEMEHHBIX, OTMEUEHHbIX LWTpuxamu, Y = A'B’, uro
cooteercTByeT onepauwu M 3aech B Tabnuue (puc 17,n) Byayr tpu
efiMHUUb! HA MEeCTe NPEeXHUX Hyler, N TONbKO B 3TOM Cryyae namna
He ropMT, TaK KaK B OTpMUaTENbHON NOrnke 1 — 3TO HN3KUIA YyPOBEHL

MposeaeHHbie conocTaBneHust NO3BONAIOT CAenaTtb onpeaeneH-
Hble BbIBOflbl OTHOCUTENbHO NPUMEHEHUA ABOWCTBEHHbIX U UHBEpTH-
pOBaHHbLIX hyHKUMIt N CXeM, B 3aBUCUMOCTV OT TUNOB UCNONb3YeMOon
nOrMKY (NONOXNUTENLHOM UNW OTPULATENLHOW)

PaccMoTpeHHblie CXeMbl He UCYEPNBIBAIOT BCEX BOIMOXHLIX Chy-
vyaes ¢ AByMA Knioyamu Vicnonb3ys Kak 6bl cMelaHHoe CoefuHenne,
NpUXoaAMM K Cxeme, nokasaHHoW Ha puc 17,k Tabnuua nCTMHHOCTH
ANS Hee noka3aHa Ha puc 17,3 Jloruveckon cyHkumen Beixona bBy-
aetr Y=AB’, T e Bbixoa paBeH 1 TONbKO, KOraa kY A 3aMKHYT, npw
pasomkHyToM B ®dyHkuma Y noBTOpsAeT curHan, nogasaembin Ha BXOA
A, ecnu Het «3anpeta» no BxoAy B WuBepTupoBanue aton cxembt
AaeT nocneaHWn BapuaHT, npeAcraBneHHbin Ha puc 17, B aaHHom
cnyyae, B oTnMume ot npeabigyumux (puc 17,a, B, r, €), BaXHO, npu
CpaBHEHWUW, COOTBETCTBUE HAWMEHOBAaHWA KNoYeh UX NOMOXKEHUD
B Cxeme

He yrnyBnaacb fganee B NOrMKy KOHTAKTHbIX CXeMm, nepewnaem
K Apyro# 3anemeHTHO# 6a3e, a UMEHHO K NOrMYeckuM anementTam
(N3), BbINONHEHHbIM HA AMOAAX, TPAH3UCTOPAX Y UHTErpanbHLIX MUK-
pocxemax
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1.2. KomnoHeHTbl LU poBOK INEKTPOHUKU

«A meneps camoe epemsa nonsimameca Hadmu
KOy K pa3zadKa acax ucmopudy, — ckasan
Wanmai-Gonmad

P M. Cmannuan. Anuca s Ctpave Cmexkanku

AvckpeTHble nornyeckne KOMMNOHEHTbI
HuodHo-peaucmueHas nozuka

Uneanbhbii anof npepctasnset coboih  nonynpoBOAHUKOBBIGA
npubop, uMerowmin aABa BbiBOAA (ABYXNONIOCHUK) daKTUdecku 310
TOTOBbLIA KJIOY, HO HEe UMEeKLMA MEeXaHNYeckux KoHTakTos CocTos-
HWe AWOAHOrO KNiowa 3aBUCUT OT 3HAKa NPUNOXEHHOro K Hemy Ha-
NPAXEHUA ero ConpoTUBNEHUE NPU NPAMOM BKAOYEHWH 6nuako
K HyNio, a npu obpatHom — 6nu3ko k GeckoHeyHocTn [oaava Ha Auopa,
COOTBETCTBYIOWNX CUrHANOB OTKpbiBaeT ero unu ocraenseT 3anep-
TbiM

MycTb y Hac ecTb ABa AuoAa, cobepem n3 HUX cxemy, aHanorny-
Hyl0 KOHTaKTHOW cxeme USIM (puc 17,r) [ns 3aganva curHanos nor
11 nor 0 Ha BXoab! paccMaTpUBaeMbIX HUXE NOrMYECcKUX cxem cobe-
pem cBoeobpa3Hbii reHepatop (3aaaTymK) yeTbipex ABOUYHLIX yucen
OT HyNA A0 Tpex

B 3anatunke nporpammbl EWB ucnonbayem fsa nepekniouarens
A B, pasBepHyTble BOKpyr BepTuKanbHo# ocu, Batapeto n 3asemne-
Hue (puc 18,a) B nporpamme MC HyXHO NpoCTO B3ATL ABa UMDPO-
BbIX Kniova (puc 18,6)
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Puc 18 3apatumk AsowuHbix ynucen
a - 8 nporpamme EWB, 6 — s nporpamme MC
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3anucas 3TOT hann, MOXXHO HAYUHATL C Hero c6OpPKY MHOrMX nNo-
cnegylownx Cxem, Bbi3biBan efo U COXpaHAA NOJ HOBbIM UMEHEM
MoxHo Takke 06ONTUCL U KONUPOBAHUEM 3TON HACTU CXEM

Cosemn  [pu cucrematuyeckon paboTe C nporpammamu ueneco-
o6pa3Ho NOMUMO Npunaraembix K HUM KaTanoros Cxem-
HbiX (hannoe 3asBecTn ynopRao4eHHbie GubnuoTeku ¢ 3a-
NMCAMn COBCTBEHHBIX Cxem

B nporpamme EWB ucnonbsyem 3apatuuk n asa pabounx guoga,

9’.

KoTopble «aoctaem» u3 Habopa Diodes (guoabl) 7 ¥ |, Bocnonb3o-

BaBwUCh nukTorpammoir ¢ YO anona ——. BbixogHon curHan cHu-

mMaeMm C Harpy3oqHoro pesuctopa R1 B kauectse uHaukaTopa Bbixo-

Aa ucnonb3yem ceeTousnyvatowmn anog (CHQ), no-anrnuincku Light-

Emitted Diode (LED) 3t0T gvog HaxoauTCa HA TOW Xe QUOAHOW na-
A

Henu v umeer xapakrepxoe YO . Mpu nposeaexnn mogenupo-
BaHUA B PEXMUME U3NYyYeHWNn CBeTa ABE BepXHUe CTPEeSiku, CUMBONU-
apylowue Nyyu, 3a4epHeHbl, B OTCYTCTBUE CUTHANa OHU NMEIOT NPo-
ceer

MopobHble CUA WMPOKO MCNONL3YIOTCA ANA CUFHANW3auWv o pa-
6oTe KOMNbITEepPOoB, NPUHTEPOB, Tak HA3bIBAGMbIX CeTeBbix aganTe-
poB U T N yCTPONCTE

BrnioueHne guona Npon3BoaUTCA B COOTBETCTBWUA C ero Nonsp-
HOCTbIO Kak M y 06bl4HOro guoaa oCHOBHAA CTpenka B ero YO Ha-
npasneHa oT nnca k munycy [ns CU[ esegem metky OUT (Bbixoa)
1 NOCNEeAoBaTeNbHO C HUM BKNOHUM TOKOOrpaHUYUBaKWUA pEe3NCTOp
R2 OkoHvaTenbHo Cxema AMOQHO-PE3UCTUBHOFO NOrUYECKOro ane-
menTa U/IM npuobpeTaert Bua, noka3aHHbin Ha puc 19,a

Mpu ynpaenenun knasuwamu A v B nonyyaem BO3MOXHOCTL
nonHoro nepebopa aprfyMeHTOB B8 3TOM NOrMHYECKoM anemeHTe U ybe-
Xaaemcs, 4TO OH (DyHKUMOHUpYeT B COOTBETCTBUM ¢ Tabnuuen co-
cToAHWIA anemexTa M/ Mpu nsmeHeHun 3Haka curHana Ha NpoTU-
BONONOXKHBIN B 3TON Cxeme HeOBXOAMMO pa3BepHyTb Anoabl Ha 180°
(puc 19,6)
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Puc 19 [AuogHo-pesnctusHbiil NI
a — NpY NONOXKUTENLHOM, 6 — NPU OTPULATENLHOM CUrHane (EwWB)

Coeem [pu cbopke cxem oBpaTute BHUMaHWe Ha NONAPHOCTU

(EWB)  eknio4eHns ucTouHuKoB, pafounx u CBETOU3NYYaLWNX
AUOA0B, @ Taloke HA HOMUHANbI NCNONL3OBAHHbLIX PE3UCTO-
pos Ecnu cxembl He paBoTaioT npasunbHo, To NposepbTe
BCe COeaNHEHNA, Cpean HUX MOTYT OKa3aTLCA U «NOXHLIE),
B KOTOPbIX BLIBOAbI Kak Gbl kKAaCaOTCA y3NoB, HO coeguHeHue
orcytcTeyer Yacto nogobHas cuTyayua Bo3HukaeT C 3a-
3eMneHueM unu BbIBOAAMU ABYX KOMNOHEHTOB Mexay COo-
Bon He crecuaiitech, «nogepraiite unu nowesenute» Ka-
)K’nf"ﬁ ANEeMeHT BUpTyanbHon uenu (Gykcuposkown) Kak npu
nanke peanbHoro yCTpowucTea

37



B obBoux paccMOTpeHHbIX Cnydasx OercTByeT NonoXuTenbHas
norvika CyLleCTBEHHO Taloke OTMETWUTb, YTO POfb MEXAHUYECKUX ne-
peknovaTenet 3aecb CUWNbHO OTNWYAETCA OT TOW, KOTOPYIO OHW Bbi-
NONHANW B KOHTAKTHbIX cxemax Tenepb OHW NWWb 3aAal0T Heobxo-
AMMble BXOAHbIE CUrHanbl, a COBCTBEHHO norudeckyto yHkuuo (11d)
«oTpabaTbiBaloTy ANOAbl, HE UMEILWMe MEeXaHNYECKu MOABWIIKHbBIX
KOHTaKTOB

CoBepem aHanornuHyio cxemy B nporpamme MC Kcnonbayem
3agatyuk 18,6 MocneposaTtenbHo Npoxogum No nosvumam Compo-
nent>Analog>Prmitives>Passives Primitives>Diode u B oTKpbiBLIEM-
CA OKHe BbIOWpaem nepseblii Anoa, npeanaraemMbii N0 YMONYaHuo

AHanorvwyHo, nocnenoeaTenbHO Npogem no nosuywam Compo-
nent>Analog Primitives>Passives Prnimitives>Resistor u Compo-
nent>Analog Primitives>Passives Primitives>Ground, Bbibupaem pe-
3UCTOP 1 3a3eMneHne

Cosem B otnuume ot nporpammel EWB, rge 3aszeMnenve pegkocTb

(MC) W 3a4acTyio He 0DOsi3aTenbHO, B AHANOroBOW 4YacTu Npo-
rpammbl MC x0T Gbl 0gHa «3eMNs» B CXEMe A0NXHA Npw-
CYTCTBOBATb 06A3aTENBLHO

3atem no komangam Component>Animation seibripaem cseTo-
wanyvaowwn gauog LED TMocne atoro HeoBxoaumo Npow3BecTu rpa-
thndeckoe pegpakTupoeadue [nA npwAaHua KOMNOHeHTam Heobxo-
AVIMOR NpOCTpaHCTBEHHOW opueHTaumyu B MC npegycmoTpeHbl aBa
BapuanTa [lpocTble nocnegoeartenbHble NOBOPOTHI Ha 90° ocyliecT-
BNAOTCA NOCNE NO3ULMOHUPOBAHWS Kypcopa Ha 3nemMeHTe v Lenykos
MKM npu HaxaTon JIKM [oBOpPOTHI BOKPYF rOpU3OHTANbHOM OCU
W BEPTMKANbHOW OCU OCYLLEeCTBNAITCA Nocne CTaHAapTHOrO pamou-
HOFO BbiA€NeHUs 3NemMeHTa Unu ux rpynnbl U Boibopa COOTBETCTBYIO-
wmux komMaHg 8 metio” Edit>Box>Flip X unu Flip Y, 3aecb MOXHO Bbi-
NONHWTL NpocToe BpaleHue, BbiGpae Rotate wunu ¢ KnaswaTypbl
Ctrl+R Tposens Heobxogumble coeanHeHus v eeeas Heobxoaumbie
NO3MUNOHHbIe 0B03HaYeHUss 3NeMEHTOB, NONyYaeM CXemy, NoKa3aH-

Hy10 Ha puc 20,a ]
B

Ecnu Tenepb akTveuanposaTth («yTonuTb») KHONKY —— Node
Numbers (Hymepauus y3nos), TO Ha8 CXeMe NOSBATCH W3oBpaxeHns
HOMEpPOB aHanoroBbiX y3noB B NPAMOYTOMbHBIX pamMkax CO cpe3aH-
HbIMW Yrnamu W HOMEpOB CMELWAaHHbIX NpOrpaMmHbIX Lugpo-
aHanoroBbIX W aHanoro-undpoBbIX Y3NOB-WHTEPdENCOB, 3aK/ioHeH-
HbiX B NPSAMOYroNbHble pamku (puc 20,6) [Mocnegnwe otgensior
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Puc 20 [OvopHo-pesncTueHbii 13 M/TM (MC)

aHanorosyio 4acTb CxeMbl! (B 4aHHOM Crydvae, Cogepxaluylo auoab
VD1, VD2 n pesuctop R1) oT undposoi B ungpo-aHanorosblx uH-
Tepceiicax ocyuwecTenseTcs npeobpasoBaHne NorMYeckux ypoBHew
CWrHanoB B aHaNOroBble HanPAXXeHUs, a B aHaANOro-ungpPOBbIX WH-
Tepgeiicax npoucxoaut obpatHoe npeobpasosaHue 3TU AONOAHW-
TenbHble NpOrpaMMHbie KOMNOHEHTLI MMetoT dopmaT PSpice (Simula-
tion Program with Integrated Circuit Emphasis — nporpamma mMogenu-
POBAHWUA WHTErpanbHbIX CXem) «ums yana uHtepdeiica, cumson $,
cydppukc ATOD wnu DTOA», rae A npoucxogut ot Analog (aHanoro-
ebi), D o1 Digital (undbposon), TO no-aHrnuiicku npeanor «k». Ha
Hawe cyacTbe, NporpamMma BbINONHAET Npoueaypy NPWCBOEHWS ab-
TOMaTUYECKN 1 OCTAETCA TONbKO NPUHATL ee K ceefeHntio Takum ob-
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pa3om, Bcero Ha cxemax no komanae Node Numbers mMOryT BO3HMK-
HYTb TPU TUMNA Y3N0B aHanorosbie, UMMpPOBLIE U CMEWaHHbIE

Cosem  Ecnu meTKu ¢ Hymepauven y3noB OKa3biBalOTCA Haneva-

(MC) TaHHbIMU Apyr Ha apyra wnu nosepx YO cxembl, TO ux
MOXHO OTOByKCupoBaTbL B bonee ynobHuie mecta unu noa-
BEprHYTb  CXEMy  AONONHUTENLHOMY  rpacguyeckomy
penakTMpoBaHuio

Ana sbinonHeHus MOAENWPOBaHWA A3aeM KomaHAbl Analysis>
Transient>Run v B cxemHom okHe aktusuaupyem Node Voltages E
ANA 0TCYETA Y3M0BLIX NOTEHUWAN0B aHANOIOBLIX Y3/10B U NOTMYECKNX
coctoaHun uudposbix y3nos (puc 20,8) Wckombie noTeHuwnans
M COCTOAHUA YKa3biBAIOTCA B COOTBETCTBYIOLMX paMKax Yepes3 Asoe-
Toune nocne Homepa y3na [lockonbky cxema oka3biBaeTca nepeHa-
CbilleHHOW uHdOopMauuen, To €CnAu No pPacnoNOMEHUID MOHATHO,
K Kakomy y3fy OHa OTHOCWUTCA, TO CODCTBEHHO HyMepauulo MOXHO
CKPbLITL C 3KpaHa, NOBTOPHO HAXAB HA KHONKY @ Tenepb Mbl Bu-
Aum (cm puc 20,r) B NPAMOYTOfbLHLIX PaMKax forudeckue cocrTon-
HwA 1 —ana Ac Homepom 1, 0 —gna BcHomepom 2 u 1 —pna Y
C HOMepOoM 3, a TaKKe NoTeHuManol, OTCYUTAHHLIE OTHOCUTENLHO
3emnu (0 V) 305V ansa A ¢ Homepom 1, 200 45 mV ana B ¢ Home-
pom 2 u 239 mV anaY c Homepom 3

Cosem He 3abuiBaitte, 4To npu Habope AecATUYHLIX Apobeit
@ paboyeM none Npo2paMm UCNONL3YETCA pa3nenuTencHan
Touka, B He 3anatan, Hanpumep 3.05 u 200.45 OcHoBsHbie
eAvHuUb u3MepeHus (Hanpumep, V) MOryT He yKka3biBaTbCH,
a npuctasku aAnA 0603HaYeHUA AONbHLIX U KPATHLIX €AuHULY
U3MEPEHUA NUWYTCA COKPALEHHO, HAanpUMep, M — MuNu,
k — kuno

CoxpaHas Ha 3KpaHe KomnbloTepa oaHoBpemeHHo W obnacTe
(cTpanuuy) c nzobpaxennem cxembr (Page 1), u okHo ananu3a (Tran-
sient Analysis) no Tvny, noka3aHHOMYy Ha puC 14, ocywecTBnsem ne-
pebop BxOAOHLIX MOMMYECKUX NEPEMEHHbIX, MEHAR COCTOSHWE nepe-
knoyatenen A u B Kaxao pa3 nepesanyckas moaenvposaHue
(Run), dukcupyem COOTBETCTBUE NOMOKEHWIA KNIOYEW U FOPEHUA UH-
AUKATOpa UNU 3HAYEHUA NOTUYECKUX COCTOAHWW uudpoBLIX Y3N08
Ona cxembl Ha puc 20 ybexnaemcs, 4yto ee TU cooTeeTCTBYET pUC
17,4 Takum o6pazom, npuxoAum K BbiBoAy, YTO 3T0 cxema Ji3 M/l
40

U3 npoBeneHHOro aHanwu3a Takke BUAHO, YTO YPOBEHbL MOTEH-
uvana, npuHumaemoro 3a nor 0, Heckonoko suiwe 0 B, a ans nor 1
HWKe noTeHuuana soobpaxaemoro UCToMHuKa nuTanua PeanoHole
MUKpPOCXeMbl, Kak Byaer ykazaHo panblwe, B 3aBUCMMOCTU OT TUNa
AENCTBUTENLHO UMEIOT HEKOTOPLIE Y3KME 30HBI CHU3Y U CBEPXY, NpW-
HUMaemble COOTBETCTBEHHO 3a for O u nor 1 Mexay aTuMu 30HamMu
“mMeeTca Wupokan 06nacTb, COCTOAHUE B KOTOPON He OnpeaeneHo

3pecb ymecTHa HeKoTopaa aHanorus C noBeAeHUEM 3NeKTpoHa
B aTOMe COrnacHo KBaHTOBOW MEXaHWKEe OH Haxoawtca nnbo Ha on-
HOM 3HEpreTU4ECKoM yposHe (3oHe), nubo Ha Apyrom, BONPOC Xe O
TOM «rAe HAaXOAWTCA INEKTPOH NP NEpPEXOAe C YPOBHA HA YpOBEHLY
ABNAETCA HE KOPPEKTHLIM

lanbeaHuyeckan ceBA3b Mexay AMOAaMM HE NO3BONSET NOCTPO-
UTb CXeMy M, aHanoruyHylo KOHTaKTHOW, T e nyTeM ux nocnenosa-
TenbHOro coeanHenna B nonobHol cxeme He ypnactcs 3apasars Co-
CTOSHWUA AMOAHLIX KNIOYEW He3asucumo Apyr oT apyra OaHako, Kak
370 cnepyet u3 npeabiayulero, MoXHo cobpato U3 AMoaoB Cxemy
11 pna otpuuatentHoin norvku (puc 11,8), a MCNONL30BaTL € Kak
M 8 nonoxutensHoin normke COOTBETCTBYIOWME CXEMbI NOKA3aHLI HA
puc 21,a,6 s nporpamme EWB v puc 22 8 nporpamme MC

B nocnegHem cnyyae MCTOYHWK NUTAHWS aHANOroBOW YACTU Bbi-
Bupaetca no nuktorpamme c u3obpaxeHuem ranbBaHuyeckon Harta-

-
peu J—}_|- Battery unu komannamn Component (komnoHeHT)>Analog
Primitives (aHanoroebie komnoHeHTw)>Waveform Sources (MCToYHMKN
curHanos)>Battery [lanee nsowHbiM wenykom no YIO Gartapew Ha
3KpaHe BbI3LIBAEM OKHO PEAAKTUPOBAHUA €€ CBOWCTB WU B OKOWNKE
Value (3sHauenwve) HaGupaem 5, a B okowke Part (yacts) E1

ouT

R3
150

a)

Puc 21 (Hayano)
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Puc 21 (okoHuanue) OuoaHo-pesunctuBHbii N0 U
a — nNpy NONoOXUTeNsHOM, 6 — Npu oTpuuatersHom curHane (EWB)

E1

R1
vD1 U150

Puc 22 [vopHo-peaunctuBHeiin N3 1 (MC)

PesucmusHo—mpaHsucmopHaﬂ 1ocuka

WcnonbaoBaHne OuUnNoNapHOro TPaH3UCTOPa, BKIKOYEHHOTO NOo
cxeme ¢ 0DWMM 3MUTTEPOM, NO3BOMsSET, nogasas curHan Ha Hasy,
nNepeBoaNTb Er0 U3 3aKPbITOTO COCTOAHUS (BonblUoe conpoTUBNEHUE
MEeXAy KONNeKTopoM U IMATTEPOM) B OTKPbITOE (HacbilleHHOE, ¢ Ma-
NbiM conpoTuUBreHnem) B 3TOM OTHOLUEHWUU TPaH3NCTOP HanoOMWHaeT
KIHoY, Y KOTOPOro porb MEXaHWYECKON ynpasnAlLen Knasuln urpa-
eT ANeKTpUYecKUin curHan, nogasaemMblii Ha ero 6asy TpaHaucTopsl,
HeNnoCpeACTBEHHO COEAMHEHHbIE B LieNb, Kak U OMO0Abl, 0Ka3biBAOTCH

42

TAKE TranbBaHWUECKM CBA3AHHLIMW, HO Hanuuue TpeTbero BbiBOAA
no3sonseT Tak nofobpartb Napamertpbl CXem, YTO OHW YyNpasnalTCcH
HEe3aBUCUMO
HauHem ¢ paccMoTpeHns paboTbl OAMHOYHOTO TpaHaucTopa [ins
cBopku cxembl B nporpamme EWB (puc 23,a) He06X0aNUMO LWENKHYTL
%

JIKM no nukTorpamme c n3obpaxeHuwem TpaHaucTopa N Bbl-

bpatb NPN Tpaxauctop .{LJ ONS NONOXUTENBHOTO curHana

Ha6nioneHue 3a paboToil cxeMbl NPOBEAEM C NOMOLLbIO OCLMWII-
nockona (puc 23,6), nogas Ha kaHan A BXOAHON curHan (BepxHwi
ny4), a Ha kaHan B BLIXOAHOW CUrHan (HWKHWIA nyd), Ana oboux ny-
yeit Ha 9KpaHe BBEAEHO CMELLEHME NO BEPTUKANN, N4l MOXHO TaKKe
JONOMNHUTENbBHO BbIAENUTL LUBeTamu

~Time base

i

' [0.50 sidiv
| % position [ 0.00
7T BIA] BIB) s TRGRT

i

P«vaWj Ext

:| 5 ViDiv

’ - -LChannsl P. ;—MW»;ChannelB

1D h

Y posmon [0.20

['5 WviDiv

¥ position [1.20

| acioyTT

@

- i@

Puc 23 Pe3ncTUBHO-TPaH3UCTOPHbINA

N3 HE (EWB)
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Cosem  Ewe pa3 obpatute sBHUMaAHUE Ha TO, YTO OCUMNNOCKON B

(EWB) nporpamme EWB 8 Cxemy BKNIOYAIOT, UCNONL3YA YMEHbL-
WweHHoe cxemHoe u3obpaxenne npubopa, Ha KOTOpPOM
€CTb aKTMBHbie BbIBoAbl (puc 23,a) Mokazaunsa xe CHu-
MAIOTCA C BUPTYaNbHOro U306paxenHna NMUEesoi naHenw,
coaepXawen opraHbl ynpasnNeHus, HO HA 3KpaHe He CBRA-
3auHOl nposoaamu co cxemon (puc 23,6) UsoGpaxewue
NUUEBOIN NAHENN BLIZLIBAETCA ABOWHLIM WENYKoM JIKM na
YMEHLWEHHOM CXeMHOM n3obpaxenun npubopa Bupty-
anbHoe un3obpaxenne pa3sepHyTOW NUUEBOW nNaHeNU
MOXHO ceoboano Gykcupoeate B moboe ynobuwoe mecto
3KpaHa, B TOM YWCNE NOBEpX CXEeMmbl, pacnonaras Kax
0bbIyHOE AONONHUTENLHOE OKHO BriBOAL HA 3TOM K30-
BpaxeHun He aKTMBHLI HE NLITANTECh K HUM YTO-NUGO
NOACOEANHUTL, 3aTO  AKTUBHLI YCTAHOBOMHLIE  KHONKW,
“ UMK HANO NPaBUNbLHO NONL30BATLCA ANA paboTo!

N3 ocunnnorpamm va puc 23,6 emaHo, YTO NpPU HA3KOM ypoBHE
B8X0AHOrO HanpRXeuua (nor () curHan Ha BbiIXole UMEET BLICOKUN
yposeHb (nor 1), n, vaobopot

Cosem BuumatenbHo cONOCTaBbTE NONOXKEHWE NYYEN HA 3KkpaHe C

(EWB) macwrtabubimu ko3dhduuneHtaMn nNO KaHanam u esefeH-
HbIM BEPTUKANLHLIM CMEWeHneM ana nydein va puc 23,6
Ona nyya kawana A (exoa J13) sepxHee NNATO COOTBETCT-
syer +5 V (nor 1), nuxwee 0 V (nor 0) Ons nyya kavana B
(sbixon JIO) BepxHee nNATo TaKKe COOTBETCTBYeT +5 V
(nor 1), vuxnee 0V (nor 0)

Takum 06pa3som, AAHHLIR INEMEHT OCYLIECTBNAET HAL CUTHANOM
normyeckyo onepauuto MHBEPCHS nwade wasoisaemyio HE, wa awr-
nuickom — NOT Onepauua uHBepcumn He UMEET awanormm 8 00bIMHON
anrebpe 3anucas uxeepcuio B BUuAE WTPUXA, NONYHAEM OYEBUAHLIE
Toxaectea 0°=1 n 1°=0, KOTOpPbLIE U BLINOAHAET UHBEPTOP

Ana cxemel nueepTopa B8 nporpamme MC swibupaem Tpan3nucTop
NO €ro NUKTOrpamMmme M NOCNEAOBATENLHOCTLIO komann Component
>Analog Pnmitives>Active Devices (aktueHbie koMnoHeHTobl)>NPN
OTKpbiB Aanee OKHO PeAaKTUPOBAHWA CBOWCTB TPaAH3UCTOPA, BbiGu-
paem nepestin npeanoxeHHbiit s GubnuoteuHoro cnucka n 3atem 8
okne Part Bsoaum nosuunonnoe obosnavenne VT1 PesynoTtathl uc-
cneposanuna paboTel MHBepTOpa NOKa3auol HA puc 24, npu 0 Ha
exofe — Ha abixofle 1, u Ha puc 24,6 npu 1 Ha sxoae — Ha sbixoge 0
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Puc 24 PeauctuBMO-TpaHancTopHbii N3 HE (MC)

U3menana Tun tpansuctopa (NPN u PNP) u cooTBETCTBEHHO NO-
NAPHOCTL NUTAHWA, MOXHO CO3AaTb €WE TPU AHANOMMYHLIE CXEMbI
Opnnako BO BCex CNyvanx, HE3aBUCUMO OT 3HAKA CUrHaNa u Tuna No-
mkn, N3 HE GyneT ucnpasHo BLINONHATL OJHO U TO Xe U3MEHSTL
nor 1 wa nor 0, n HaobopoT [ByKpaTHOE NPUMEHEHWE MHBEPCUW
B03BPAWAET NCXOAHOE 3HAYEHNE, B YeM nerko yGeantocn, coenuHne
nOCNenosBaTeNtHO ABa MHBEPTOPA

Onement HE asnaeTtca oAHOBXOA0BLIM (UMEET TONLKO OAHY He-
32BUCUMYIO NEPEMEHHYIO) U NPUHUMNNANBHO HE MOXET GbiTb peanu-
308aH B YUCTO KOHTAKTHOW wNW AUOAHOW NOrUKe, ANIN peanu3aunu
3TOM chyHKuMM B HUX NPUWNOCE Gbl BBECTU pene, TpanchopmaTop
UM UHOE YCTPOWCTBO, CNOCOGHOE U3MEHATL HA NPOTUBONONOXHYIO
ha3y BLIXOAHOTO CUrHANA NO OTHOWEHNIO K BXOAHOMY

Mepectpons cxembl NI HE TaK, 4TO BLIXOAOM CTAHET IMUTTEp
(puc. 25,a u 26), nonyuum nosToputens curianos umm Gydep, cny-
Kawmn ANA COrNacoBaHUA BLIXOAHLIX Kackanos. W3 npueeneHHom
ocuunnorpammel (puc. 25,6) unu 3nayeHnin NOMMYECKMX YpoBHeN Ha
puc 26 Buawno, 4TO Npn NOr 1 Ha BxoAe, Ha BbIXOAE TaKke ByneT nor.
1, anpu nor 0 Ha exope, Ha BbiIxoae Takke Bynet nor. 0
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~Time base Toiggor —
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_—I_I——|—_ K position [0.00 |5 | Level
e e | [TTT BAA] A8 | [AUTE A) B Ext |
__|_|_—| - Channel A 5. Channel B - il
5 V/Dw 5 V/Dw
Ypositon [p20 5] | Ypositon[120 [
AT @ | AT @ |
6)
Puc 25 Pe3uctneHo-TpaH3ucTopHsii GydepHuiin 13 (EWB)
E1 5V
N @y L
R1 Y
o [ 100

Puc 26 Pe3nucTneHo-TpaH3aucTopHuii 6ydepHoii N3 (MC)

YHukanoHble CBOMCTBA TPaH3UCTOPa NO3BONAIOT BLINOMNHUTL CXe-
Mbl PE3UCTUBHO-TPAH3UCTOPHLIX Norudeckux anementos U w WA
aHaNOrMYHO COOTBETCTBYIOWMM KOHTAKTHBIM CXEMAM, NOKa3aHHLIM HA
puc 11,a n 11,r NposeaeM cbopky CXEM aHANOTMYHO NpEALIAYLLUM
M NONyYuM CXEMbI, NokasawHblie Ha puc 27, 28 8 nporpamme EWB
u Ha puc 29 B nporpamme MC
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6)

Puc 27 Pe3ncTiBHO-TpaHIUCTOPHLIA 13 M
a — NpK NONOXMTENsHOM, 6 — NpU oTpuuaTensHom curHane (EWB)

Cogem
(EWB)

QObpatute BHUMAHUE HA TO, UTO NPW OTpUUATENLHLIX Cur-
Hanax y 6atapen 3azeMneH «+», COOTBETCTBEHHO W3Me-
HeH Tun Tpansuctopa Ha PNP u uamenena wa obpatnyio
NONAPHOCTL BKNOueHun CUQ
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T 5 1000

R2

T 5 1000
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C) E1 R3
LSV 300 O

6)

Puc 28 Pe3ncTueHO-TPaH3uCTOpHLIA N3 U/TN
a — npu NonoxuTensHom, 6 — npu oTpuyaTensHomM curiane (EWB)

3nemeHTol M 1 UIN, B oTnudue ot N3 HE, TeopeTudecku MoryT
umeTb noboe uncno exogoe Tpu anemeHTta Y, UM w HE, obpasyiot
NOMMYECKU NONHYK CUCTEMY, NO3IBONAOULYIO NONyunTb Nobbie apyrve
norvyeckue MyHKUNA
[aHHblt BEIOOp He sBNsSeTca eAMHCTBEHHbIM. Hanpumep, co-
eauHNAA nocnegoBaTtenbHo 3neMeHTol ¥ u HE, nonyuvwm anemeHt U-
HE, no-anrnuiickn: Not AND, oBoanadaemeit NAND. Yacro avor
3NEeMEeHT Has3blBaoT NO hamMunum amepukaHckoro norvka XX s Nexnpu
Moppuca Wedtepa anemeHTom Weddepa N3 U-HE Taroke obpa-
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6)
Puc 29 PeaucTusHo-TpaHaucTopheli 193: a - 1, 6 — UV (MC)

3yeT norudecku nonHywo cucremy. CoeavHNAA NOCNea0BaTeNsHO 3ne-
MeHTbl USTU w HE; nonyuum anemedT UIN-HE, no-avrnuiicku Not
OR, obosHauaemuiit NOR. 3T0T anemeHT HasbliBawT no damunuu
amepukaHckoro yyeroro Yapneaa CaHgepca Mupca anemeHtom Mup-
ca NO UJIN-HE Taioke oBpasyeT nonHyw cuctemy. StuMu CBONCTBA-
My J13 nonk3yoTcs Npyu paspaboTtke MUKpOCXeM

PesuctueHo-TpaHaucTopHbie 13 Weddgepa v Mupca B nporpam-
me EWB MOXHO nonyuntb 13 npeastaywmx cxem puc. 27 v 28, ecnu
BBIXOAHOW CUrHan CHATbL He C 3aMUTTepa (NOBTOPEHVe), a C KONneKTo-
pa (wHBepcua) B pesynbTarte Nonyyatcs CxemMbl NOrMYECKUX 3NeMeH-
TOB, NOKa3aHHble Ha puc 30 n 31.

Tam e nokasaHbl NONYYEHHLIE Ha NPUBEAEHHBIX MOAENAX COOT-
BeTcTBYylOWWe Tabnuubl nctuHHocTu. CpaBHueas ase Tabnuubl Ha
puc 30,a u 31,a c coorseTCTBYWUMU Tabnuuamum Ha puc.11,6 u
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11,4, BUAMM, 4TO Ha Tex ke Habopax nepemMeHHbIX WHBEPTUPYETCH
TONbKO (PYHKUWRA BbixoAa Y (B OTIMYMME OT nNepexoAa Kakoro-nubo
aneMmeHTa K OTpuuaTeNbHOW NOMMKe, conpoBoXaawuwlerocs ewe
U UHBEPCUENA BCEX apryMEHTOB, T € Bcel Tabnuubi)
OnucanHblie 11O B nporpamme MC noka3aaHbt Ha puc 32
[S) R2

r?awon

—_ -1

6)
Puc. 30. Pe3sucTuBHO-TpaH3nCcTopHbll J13 U-HE: a — npu nonoxuTensHom;
6 — npu oTpuyatensHom curHane (EWB)

50

, [A] R1 VvT1
E1 | T A 100 R
5V i

-‘-J!Z\\ ouT

R3
300 Q

6)

Puc. 31 Pe3ncTuBHO-TpaH3nCTOpHbli J13 M/IN-HE a — npu nonoXutensHom,
6 — npu oTpuyaTensHom curHane (EWB)
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6)

Puc 32 Peaucrusno-Tpanauctopubie N3 a— U-HE, 6 — WTN-HE (MC)

[uodHo-mpaH3ucmopHas nozuka

CoctaBHble (koMGUHaUMOHHBLIE) JT3 MOXHO BbINONHWTL, COYETan
BXOAHOW Kackap Ha Auogax C BLIXOAHLIM Ha TpaH3aucTopax. 3To
n ByaeT TaK HasbiBaeman QUOAHO-TPAH3UCTOPHANA Noruka.

B kayectBe npumepoB QUOAHO-TPAHIUCTOPHOR NOrMKM NpUBEAEM
cxembl arnemeHToB Mupca n leddepa [na atoro Bochonb3ayeMmcs
COXpaHeHHbiMW paHee ¢dainamu QUOQHO-PE3UCTUBHON NOrWMKW 3ne-
MenToB U1 u U (cMm puc 23) Ckonupyem nepevMCcneHHsle Kackaabl
Ha HOBbIA nuct no komaHgam. New>Schematic>Save As...>Open>
Select All>Copy>Open>Past [anee cxeMbl penakTupyloTca B COOT-
BeTcTBUM C puc. 33. PaymeeTcs, MOXHO W3bpaTe WHble BApWaHTLl
KOMaHA, BuibpaTe ApyrWe HOMWHanNb! UMW TWNbLI KOMMNOHEHTOB, HaKo-
52

Hel, WHble CXEMHble pellenus. YTo XK, Kak ckasan noaT. «...TBOpH,
BblAyMbIBaR, Npobyil».
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6)
Puc 33 AunogHo-tpaHauctopHuie 13 a — U/IN-HE; 6 — U-HE (EWB)

BkntouuMm Mopenuposanue Haxatvem JIKM Ha | (In — exmioueHo)

], W HaXuMaem Ha YnpaenAliiMe KNasulin (NpU aHMUACKOW
packiagke KnasuaTtypsl). Yoexgaemcs, 4To cxema Ha puc, 33,a otpu-
Laet norudeckyio onepauuio M/I4, ecnn xota 661 HAa 0QUH BXOA Noaa-
etca nor 1 (+5 V), to CU[ He roput: CTpEnkM OCTalOTCA He 3avep-
HEHHbIMW,

Takum obpasom, ato IO UIN-HE. Cxema Ha puc. 33,6 oTpuuaer
normyeckyro onepauuio M, ecnu xots 6bl Ha 0AWH BXOA4 NoAaeTca nor
0 (0 B), To CUA ropuT (cTpenkn 6yayT 3ayepHeHHbiMKW). Takum obpa-
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aom, 370 f13 U-HE Hanuuue AONONHWTENLHOTO Auoaa VD3 B 3TON
cxeme HeoBxoaMMO ANs BbiBoAa paboyen TOUKW TPAH3NCTOPA vT1
B peXvM Hacoiwenwns B nporpamme MC ananornyubie 113 U/TN-HE
u U-HE amoaHO-TPAH3UCTOPHOMA NOTUKN NOKa3aHbl HA pUC 34

E1 5V

T ,gW R2 v
) B

199 33m m
199 33m) L1

— R1

6)

Puc 34 [ogHo-TpaHancTopHeie N3 a— M/IM-HE, 6 — M-HE (MC)

VHTerpanbHbie fIOrMieckue KOMNOHEHTHI
TPaH3UCMOPHO-MPaH3UCMIOPHBIE MUKDOCXEMbI

TTN MUKpOCXEMbl — OAUH 13 Hanbonee pacnpPOCTPAHEHHBIX Tu-
NOB MWUKPOCXEM (NOTMYECKUX WHTEFPanbHbIX CxeM) PaccmoTpuM He-
xoTopbie 13 Ha ypOBHE MUKPOCXEMOTEXHUKU

Bo exoaHoM kackane 6asosoro TTN anementa M-HE ucnonbay-
€TCA MHOrO3MUTTEPHLIA TpauanucTop (puc 35,a). B noaobHom NPN
TPAH3UCTOPE NO WHTErPANLHOW TEXHONOrMU BLINONHAIOT OT ABYX AO
BOCbMU 3MWTTEPOB, 4TO NO3BOMNAET CO3AATL MHorosxoaosbin J13
C OAHOBPEMEHHBLIM COKpaLIEHUEM OBWero Yucna KOMNOHEHTOB Cur-
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HaN NOAAETCA HA 3MUTTEPLI, UrPaOWVE PONb BXOAHBLIX AWOA0B MHOTO-
3MUTTEPHOrO TpaHaucTopa (puc 35,a) VD1 u VD2 8 cxeme N3 U
KonnekTopHbld nepexoa Taioke MOXHO npeactasute avoaom VD3, wr-
palowmM poNb CMEWaloWEero B TOM e cxeme B peaynbrate npuxoaum
K AMOAHOW MOAENN MHOTO3MUTTEPHOTO TpaHaucTopa (puc 35,6)

YTia

B VTib

a) 6) B)
Puc 35 MHOroamMuTTEpHLIA TpaH3UCTOP
a-Yro, 6 — guoaHas mogenb, B8 — TpPaH3UCTOpHan moaens (EWB)

Mogenb AByxBX0A0BOr0O MHOFO3IMUTTEPHOTO TPAH3UCTOPA MOXHO
Taloke BLINONHUTE B BUAE COCTABHOTO TPAH3UCTOPa U3 ABYX TPaH3W-
cropoe VT1a u VT1b (puc 358) 3Tu ynpouieHHoie MOAENW He OT-
PaXaT MHOTUE NPOLECCHI B MUKPOCXEME, HO NO3BONAIOT B NPUHUMUNE
paccMoTpeTb cxemMoTexuudeckue peluenns JI9 Wcnonbayr ykasaw-
HblE MOAENW N WHBEPTOP HA OHOM TPAH3UCTOpE, MPUXOAWM K YNpo-
weHHelM Moaenam 13 U-HE tana TTH (puc 36)

d

Puc 36 (Hauano)
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ouT

R3
150 Q

Puc 36 (okoHuyaHue) YNpOWeHHbIe MoASN dneMeHTa U-HE Tvna TTN (EWB)

Peanuhuiin 13 umeer 6onee CNOXMYID CTPYKTYpPY n COCTOUT U3
TPEX XAckanoB BXOAHOW HA MHOTOIMUTTEPHOM TpaHaucTope }/T1
(VT1a n VT1b), peanuayioumii yrkumio M, pasopasnenurentchbiit Ha
TpaHaucTope VT2 C BO3MOXHOCTLIO PEANU3AUUM HA HEM thyvxuun V1N
U BLIXOAHON YCUAMTENL Ha ABYX TPaHaUCTopax VT3 u VT4 (puc 37)

Puc 37 Mogens 6a3oeoro anemenTa M-HE mukpocxemel Tuna TTN (EWB)
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JanHuin 6azosbit anement (N0 AHINOA3LIMHOW TEPMUHONOrUA
TTN-8enTUNL) RBNRETCA (DYHKUMOHANLHLIM KUPNUYUKOM», UCNONb-
3yEMbLIM NPYU NOCTPOEHUN BONLWNHCTBA NOMUYECKUX CXEM PSAA CEpUi
mukpocxem TT/1  Hanuume ¢asopaspemmrTencHOro «ackana Ha
Tpanauctope VT2 no3soNserT HapawmeaTtb BXOAHbLIE Kackaawl,
BbINONHAR pacwumpenne no cxeme UM [loGaens s npegbinyusen
cxeme ewe OoauH BXOAHOW kackan, noayuum mopens 13,
suinonuaowero gyukuute U-UIN-HE (puc 38)

OR

V16
=6
RS 150 0
VT3d 1kQ

‘Ne|DjciBiAlY N D|clBiaAa'yYy
ojoloflo]o]1 8]1,0]0]o0o]n
trlojoioj1l1 9 . 1]0lo0o 111
2 ,0lo0[1]0 1 10170, 1[0 1
3Jo'olt 110} IBENEERERE
4 "0 l1]0][0° " 211701070
5| 0l1]lof1]1 B31131]0[1]0
61011 011 141111 l170'lo0
rJol1l1T170 1151 ;1 (1 [1]0"

6)

Puc 38 3nement U-UTN-HE mukpocxembl Tuna TTA
a — cxema mopenu, 6 — Tabnuua uctusHocTu (EWB)
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Cosem Tpu cBopke cXeMm He NbiITaTeCh BOCNPOU3BOAUTL NNOTHbI
MOHTaX, NOKAa3aHHLIA Ha pUCYHKAaX: peanbHO 3T CXEeMbl
NONy4EHbl 3HAYUTENBHO NpYU MEHEE NNOTHON COOpPKeE, @ yxe
3aTEM YNNOTHEHbI rpaPUYECKUM PEAGKTUPOBAHUEM.

Tenepb BbIXOAHOW CurHan OyaeT 3aBuceTb OT YEeTbipex nepe-
meHHbix A, B, C, D. CneaoeatensHo, f1® Gyaet umeTb YeTbipe apry-
MeHTa, T e. Y=(A,B,C,D). nsa nccnepoeaHus moaenu 3arotoesum TU,
OHa A0MKHA cCoaepxaTb BCe Habopbl 3TUX YeTbipex NepeMEHHbIX, Ka-
XOasn U3 KOTOpbIX NpUHUMAET 3HaueHns 0 u 1 Bcero 2*=16 cocros-
Huit CyeT HavuHaeTcs C Hynsa. Ecnu no-npexHeMy npuaepxuBaTbes
YNOPSACYEHHOra BbiGopa HabopoB apryMeHToB Kak ABOMYHbLIX CroB,
TO TV npumeT BUA, nokasaxHbld Ha puc 38,6 [Ons ynobcrea paGotbl
TW nabpana B nporpamme Excel MoscHum ee cTpykTypy Jleebiit 6o-
koBuk noa N2 npeacTaenseT HOMepa COCTOSHUM U OQHOBPEMEHHO
AecsaTnunbie yucna ot 0 Ao 15 (Bcerc 16 yucen). Qanee B ronoske T
CrnegfywT pa3psAbl ABOUMHOrO yucna camblid crtapwuid D(8),3aTem
C(4), B(2) u, raxkoHel, cambiit Mnagwwuit A(1) HeTpyaHO 3ameTuts, 4To
Npu Takol 3anuci B Konowke A cBepxy BHU3 uepeaytotes 0 u 1,
B konoHke B 0,0 u 1,1, u T A. Noatomy B nporpamme Excel MOXHO Gbl-
CTpPO 3anNONHUTL 3Ty YacTb TW, ucnonbays CEpBUCHYI (DYHKLMIO KONU-
poBaHus rpynn sveex. JecatudHbiM yucnam Ne B CTpoke cnpaea OT HUX
noa DCBA cooTeeTcTBYET ABOUMHOE ynucne [ns Toro 4Tobbl 3anon-
HWUTb KOMOHKY Y, Heobxoaumo nocne cOopku CXEMbl BKNIOYUTbL MOAE-
NupoBaHne 1 «4ecTHo» Nepeburpas kitoyamu 16 BapmaHTOB PUKCUPO-
BaTb cooTBeTCTBYIOWME Nokasanus CL e Buae He ropuT — 0, roput —
1. Llenecoobpa3to Taioke npoussecT nposepky no gpopmyne J1® Ons
N3 U-NINU-HE npu YeTbipex NEpEMEHHbIX GHa UMEET BUA.

Y=(AB + CDY

Heo6XxoauMo onsaTb-Taku «4ECTHO» NOACTABNATL COOTBETCTBYK-
wre Hynu u eauHuubl U, nepebupas Bce 16 BapuaHTOB, NOACYUTLI-
BaTb B ymMe pesynbTaT [pu 3TOM Haao NoMHUTL, YyTo B Gyneeoin an-
reGpe, kak u 8 o6biMKHoR, 0*1=1"0=0, 0*0=0, 1*1=1, Ho 14+1=1 1 0'= 1,
a 1"=0 (3aecb, KaK U paHee, 3HAYKOM WTPUX ~ OTMEYEHA UHBEPCUSA).

C yBenuuyeHuem Yucna KOMMNOHEHTOB B OTAENbHOH MUKpOCXEME
unu c ysenuyeHuem ducna 13 B cxeme, BLINOGMHAKLWEN CIOXHYIO
tbyHKuuUIO, BbICTpOAEACTBUE CUNBLHO yMeHbwaeTcs. Ha guandeckom
YPOBHE BPEMS NEPEKNIOYeHUs U3 OQHOI0 COCTOSHMA B ApYyroe onpe-
AENAETCA BPEMEHEM paccacblBaHus HOCUTENER 3apsaa, KoTopoe
MOXET OblTb CUNbHO YMEHLLIEHO C UCNOMNb3OBAHWEM TaK Ha3blpae-
Mbix anoaocs LWoTTku
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Banbtep WotTkm (Schottky) — Hemeuxmin cusmk, poausLuMiics
B LWWBeiuapuu, BLINONMHWUI MHOTOMMCNEHHKBIE UCCnefoBakus B obnactu
(pu3anku TBEPAOro Tena, TepMoaAWHaMUKE W anekTpoxuke Emy npu-
HapneXuT M300OpeTEHNE SKPAHHON CETKW B 3MEKTPOBAaKyyMHbIX nam-
nax, oTkpbiTue Bapbepa LWoTTku, B 1929 r OH BBEN B Hay4HO-
TEXHUMECKMA OBUXOQ NOHATUE O «Ablpkax» B NONynpoBOAHMKaX
MpumepHo A0 B80-x roaoB B PYCCKOA3bIMHON NuUTepaType damunuio
Schottky nucann ¢ geyms GykBamu «T», cnegys HEMELUKOMY Opuru-
Hany WotTrkn Komy B3Openc B ronosBy 3KOHOMWTbL Ha OAHOW Bykse
HEMNOHATHO, HO CEMYac HEKOTOpbie aBTOpbl WU AaXe 3IHUMKNoneauu
pamunuio Schottky Ha pycckoMm sidbike NULIYT C OAHUM «T» Ham xe
npeacraensercs, 4to Oonee npaswibHa npsmas nobyKBEHHas
TpaHcnuTepauus ¢ Apyms «TT» OB6paluasch K oHoMacTuke (OT rpey
Onoma — UMS, Ha3BaHWE) — Hayke, Uaydarwen uMeHa cobCTBEHHbIE,
HeTpyAHo obHapywuTb B pamunuu Schottky nekcuueckoe 3HadeHue,
CBA3aHHOE C ee npoucxoxaexnnem B Hemeukom fA3bike Schotte -
wotnaHaey, Ecnu y6pate oaHy Gykay «t», To B oGpaTHoM nepesoae
NPUAETCA CYMTATb, YTO €0 hamunus NpoucxoauT oT cnoea Schote,
o3Havawulero crpy4ok! K Takoi KOHBEHLMW Mbl NPUCOEAUHUTLCSA HU-
Kak HE MOJXEM: HENb3S e ObiTb «MBaHaMK pOACTBA HE NOMHALUMUNY,

OOGbIMHG KOHTAKT MeTann — NonynpoBOAHUK SBNAETCA HE Bbl-
NpAMNAKWUM (NOITOMY €ro 4acTo Ha3biBatloT omudeckum). OaHaka,
kak yctaHosun LoTTkK, B 06€QHEHHOM OCHOBHbLIMKU HOCUTENSMU NpU-
KOHTAKTHOM CNoe NonynpoBOAHUKa BO3HUKAET 3HEpreTudeckuin Gapb-
ep, KOTOpblA MOXET urpaTb ponb BbINPSMNSIOWErc YCTPONUCTBA.
B auoae, c 6apbepom WoTTkk, B oTnuure ot auoaoe ¢ P-N nepexo-
AOM, TOK 0DycnoBneH ToNbKO OCHOBHbIMKU HocuTensmu OTcoAa ans
ANOACB C ManoW nNNowanbio BpeMsi NEPEKNIOMEHUA UMEET NOpAACK
COTbIX AONEN HAHOCEKYHADLI, U COOTBETCTBEHHO pabodune 4acToThl Co-
CTaBNsOT AECATKM rurarepu.

B YIO auopa WoTtTku kaToa u3cbpaxaloT B BUAe BLITAHYTOU na-
TUHCKO ByKBbl S — 3arnaeHo% OykBeb! hamitnium y4eHora.,

B muxpocxemax ucnonbayloT TpaHauctopbl LLoTTkM, npeacrae-
nsawwme coboit kak Gbl 0ObIYHLIA TpaH3UCTop, Mexay 6a3ci u kon-
NeKTopoM KoToporo sriodeH Auoa WotTkn. B uHTerpanbHow TexHo-
norun 3atoT «rubpua» U3AWHO Nony4aeTca NpOCTbiM NPOACGINKEHUEM
HanbINAEMON NONOCKK antoMUHKUSA. BCE reHuanbHoe npocto! Boobwe
Xe cnocob NoAcGHOro BKNIOYEHNUA AUMCAOB KaK 3NEMEHTOB HENUHEN-
HoW 0DpaTHON CBSA3N, YCTpaHAWEN Hacbilerne TpaHaucTopoe, Bbin
npeanoxex b. H. KoHoHoBbIM ewe B 1955T.

YcnoeHylo cxemy TpaHanctopa LoTTkv nokaxem B nporpammve MC.
3apae komaHabl: Component>Analog  Library>Diode>Schottky
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>1N571, poieegem Ha pabouee none anog VD1, n panee goctponm
CXeMy COrnacHo npneeaeHHoOMy pUCyHky (puc. 39).

1
- Y
R1
1k
w1 °

Puc. 39 3nement HE ¢ guogom LotTikn (MC)

B wnTerpancHom TpaHauctope WotTkn poieoabl C, B, E umelor
cMbicn Konnektopa, 6asbl M 3muTTepa COOTBETCTBeHHO. [ononHu-
TeNbHO B UACNO CUMBONOB TPaH3UCTOPHO-TPAH3NCTOPHbIX NOMMYECKUX
MWKpOCXeM, BbINONHEHHbIX Ha NopobHon anemeHTHow Gase, pnobGae-
nsaoT Bykey W: TTIIUI (Ra anrnunckom — S-TTL).

B aHrnonsbivHOW 1 COOTBETCTBEHHO B NEpeBogHON NuTepartype
Ha3sy Tpanauctopor WoTTkn, Tak xe kak u katoa B agnoaax lWoTTkn,
B pa3sBepHyTbIX Cxemax mukpocxem nsobpaxalor B Buae 3Haka, Ha-

NOMWHAKOWEro 3HaK maTtemaTuyeckoro WHTerpana: I 3T0T CcUmMBON,
KakK W3BecTHo, Tawke npeacTaBnfeT BLITAHYTYIO Bykey S, Tak kak npo-
ucxoauT ot adrnuickoro Square — nnowanb (Beab reomeTpudeckuii
CMbICN WHTEerpana cobCTBEHHO W 3aKiouyaeTcs B HaxoXaeHwu nno-
Wwaawn noA Kpueoi). B paHHom xe cnyyae nonyuuncs csoeoBpasHbivi
rpachuyeckuii kanambyp: nHterpanom nsobpaxaerca anemeHT, nony-
YyaeMblil N0 UHTErpanbHoi TexHonoruu. K coxaneHuio, B cTUnUCTUKe
¥YI'O otevecteennbix TOCToR BCA 3Ta NMpUKa UcyesaeT, Tak Kak Cum-
BON BLINOMHAKT C NPAMOYFONbHLIMUA OKOHYAHUAMMW, NO OYMepTaHUAM
KoTopbix BcnoMmHuTb Schottky unu npeacraentb cebe uHTerpan pecob-
Ma 3aTpyAHUTENBHO.

Avoabl WoTTkn necnonb3yloT B pasnuyHbix MUKpocxemax. B kave-
ctee npumepa Ha puc. 40 nokasaHa cxema TT[1L, sbinonHsaiowan
dyHkuuio U-HE [ns nHgukaumm Normveckoro CoCcTosHuA Bbixoaa Y
B NaHHOW CXeme MCNOoNb30BaH ChneunanbHblil YyBCTBUTENbHbIA UHAN-
kaTop Tuna I0_STD_ST, Buibupaemblii 13 6UBNAMOTEKN KOMNOHEHTOB.
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Puc. 40 N3 TTNLI A-HE ¢ otkpbiTbiMm konnektopom (MC)

OcobeHHOCTLIO 3ToM Cxembl ABNAETCH TO, YTO Tpax3aucTop VT2
UMeeT «OTKpbITbI KonnekTop» — Todka C. 310 nossonser obveaun-
HATb Mexay cobon J13 no npurunny «MmoHTaxHoe M/1». Bo3HWMKHO-
BeHWe 3TOro TEPMMHA CBA3AHO C TeMm, YTO noruveckas yHkums ob-
pasyetcs He B oaHoMm J13, a npu coeauHeHum (MoHTaxe) rpynnel N13
BHavane nopobHble Cxembl WCNONbL30BanNUCb ANA BKAKOYEHWS pas-
NNYHBIX UCNONHUTENbHBLIX INEMEHTOB Yepes pene U MHOTOYNCNEHHbIe
CUCTEMBI UHAUKATOPHLIX Namnovek, oTcnexweanowmx paboTy Komnb-
toTepa. be3aycnoBHo, 310 ObiNo 3axeaTbiBatollee 3penuwe, Hanomu-
Hawuwee NpasgHUYHYIO UNNIOMUHAUWIO, HO NO3XKE WX cTanu npume-
HATE AnA Bonee BaxHOM Uenu: noakntoveHns K «obuien WuHe» ae-
CATKOB pa3nn4HbiX YyCTPONCTB.

Mpyu ncnonb3oBaHWM CUCTEMHOW MarucTpany Komnbilotepa He-
CKONbKUMW NepepaTynKkaMn U NpUeMHUKaMu curHana BO3HUKAeT He-
0o6xoaMMOCTL Ux nepeeoaa B HeakTUBHOE COCTOAHME. DTO COCTORHWNE
MUWKpPOCXEM Ha3blBalT «BbICOKOMMNEAAHCHbIMY (OT aHrn. impedance
— NOMHOE WNU KaXyleecs CONpOoTUBNEHUE Lenn Ha NepeMeHHoM To-
ke) OpHako no MOCTy 3toT TepmuH Bbin He pexomeHOoBaH K ynot-
pebneHnto. Micnonb3yloT Takcke TepMuH 13 C© «Tpems COCTOAHUAMNUY
(Ha aHrn. TRI-STATE, 4To fiBnfieTcA 0QHOBPEMEHHO TOBapPHbLIM 3Ha-
kom amepukaHckow coupmbl National Semiconductors Corp., co3pgae-
wewn ux). ATO TOXe He OYeHb YAayHO, TaK Kak NIOFMYECKNX COCTOSIHWN
KOHEYHO ABa, a AaHHbliA Cryyan ABNAETCA APYIMM pexumom paboTbl.
3a HeumeHnem NyyLWwnx, NPMAETCA NONbL30BATLCA ITUMMN OOUXOAHBIMU

61



TepMuHaMn WTaK, Ha Bbixoge mukpocxembl, nmbo 0, nubo 1, nubo
3TOT BbIXOA BbIKNIOYEH B nocneprem cnyuvae pexim Bbixoga — «06-
pbiB», NPWU 3TOM CONPOTUBNEHUE MEXAY BLIXOAOM W OBLWER WWHOM
(curHanbHas 3emns), a TakKe U MeXOY BbIXOAOM W WWHOW NNTaHUs
focTuraer eamHny MOm [ns unnocTpaunn paboTel NOROBHLIX yCT-
poicTs cobepem ycnoeHyw cxemy J1I3 HE no exogy X u pobasum B
Hee BxoA Z, paspelanowmii Wnv, COOTBETCTBEHHOD, 3anpelujaluvn
BbIXxog4 curHana Y (cm puc 41).

X] VT V12 d o000y A 2500 V]|
. Y
— |
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S vo ! VT4 VT8 [ —soooy_A]|2500_V]|
VD1

\ E
C) s1v R R7
- 1k 900 Q)

Puc. 41. TN «TRI-STATE» (EWB)

[ns BbIABNEHUA BHICOKOMMNEAAHCHOO PEeXUMa, B Pa3pbiB BbIXO-
[Aa BKMIOYEHb! Ba amnepMeTpa, a Mexay BbiXOA0M U COOTBETCTBYIO-
WAMK WWAHAMKN BONbTMETpbl ITn npubopel B nporpamme EWB u3-
Bnekaem u3 naHenu Indicators. Kak BMaHO 13 npuBeREHHOr0 pUCyHKa,
npn Z=1 ansa nobbix X, TOK paBeH Hynto, @ HaNPsHKEHNS COCTaBNAT
nonoBeuHy E1, yro gOCTUraeTcn NEpeBofoM B PEXAM OTCEYKA U KO-
YEeBOro, W BbIXOQHbLIX TPAH3UGTOPOB.

AMummepHo-ces3aHHasn noauxa

LincdpoBble MWUKPOCXEMbI SMWUTTEPHO-CBA3AHHOW TPaH3UWCTOPHOM
normkn npegcTaensioT coboli NepewovaTensHbie cXxembl ¢ obbeau-
HEHHbIMK aMUTTEpPamMin. MexayKackagHbIe CBSI3N B MUKPOCXEMaX IMIAT-
TEPHO-CBA3AHHOW NOTMKN ABMSIOTCA HENOCPEACTBEHHbIMU. [Toa06HbIE
cxembl Taoke obnapatot 6onblunm BeICTpoaecTBUEM, TaK KaK TpaH3u-
CTOPbI B HUX paboTaloT B HEHACHIWEHHOM (JIMHENHOM) peXuMe
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Puc 42 3nemeHT UMNAMTA-HE MuKpOCXeMbl SMUTTEPHO-CBA3AHHON NOrvKku
(EWB)

Cobepem cxemy J13 B nporpamme EWB (puc. 42) B Heli BxogHble
TpaHavcTopsl VT1 u VT2 u tpansuctop VT3 obpasyor guddepeHuu-
anbHbin kackan, R3 n RS urpalot ponb BCTPOEHHOIO UCTOMHWKA B pe-
XAME 3MUTTEPHbIX noBTopuTenel Takum o0Dpa3om, cxema UMeeT Bbi-
COKO€ BXOQHOE W HM3KOE BLIXOQHOE COnpoTUBNEHME. [oNOXKUTENbHbIN
NoNC UCTOMHUKA nuTaHuA E1 3asemned [aHHbiih J1Q BbINONHAET NO-
rUyeckyto yHkumno MJ/11 na euixope Y1 w UJTN-HE Ha Boixoge Y2.

AHanormyHylo cxemy mMoxHo cobpate u B nporpamme MC, Beeas
HeBonblune U He NPUHUNRNANLHBIE U3MEHEHUS, CBAI3aHHbIE CO Che-
LUNUKON OTCHETA YPOBHER 1 UX MHAKUKAUNER (puc. 43).

PeanbHble ycTpOACTBA OTNMYAIOTCA OT 3TMX MOgenern no napa-
METpam KOMNOHEHTOB, KPOME TOr0, €CTb U CXEMOTEXHUYECKWE pa3nu-
yuA. Tak, Hanpumep, OHW umeloT Bonbluee yucno Bxonoe (4 unu 8).
NCTOMHMK OMNOPHOro HanpseHus obbl4HO BLIMOMHAIT NO cXeme na-
pameTpuyeckoro crabunusatopa. BbixOogHble Kackagbl NogknovaloT
K cneumanbHbIM CTOYHUKAM CMELWEHUA YpoBHSA, obecneunsas manoe
BLIXOQHOE COMPOTUBMNEHME WM COINAcCOBaHWe BbIXOAHBIX W BXOAHbBIX
yposHei J19 npn ux COBMECTHON paboTe W BO3MOXHOCTb Henocpea-
CTBEHHO NoAaBaTh C HUX CurHanbl Ha kabenb ¢ BONHOBbLIM COMPOTUB-
nenunem 50 Om. Ains ynyuwenns paboumnx XxapakTepucTk MCNone3yoT
CNOXHbIe APEBOBUAHLIE CTPYKTYPbI, BbINOMNHEHHBIE NO WUHTErpanbHo
TEXHOMOMMK (CM. Hanpumep, BubnuoTeuneilt cann Ecigate.CIR B npo-
rpamme MC)

Bcakoe mMogenvpoBaHue YCNOBHO W 3R€Chk, €CNK CheunansHo He
OroBapuBaeTCsl MHOE, [MaBHOE BHWUMaHWE YOENnseTcs NOFU4YecKoMy
noBeAeHUIO UNPOBLIX YCTPOWCTB,
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Puc. 43. dnement UM / UTN-HE MyKpoCXemMbl SMUTTEPHO-CBA3AHHON
norvku (MC)

HnmeepanbHaa UHXeKYUOHHasa noauka

flornueckne MUKPOCXEMbI C MHKEKUWOHHBLIM NUTAHUEM RBNRIOTCH
AancHenwen MoauduUKaLveid TpaH3UuCTOPHOA NOoruku ¢ HenocpeacTt-
BeHHbIMU cBA3AMU. CpeacTBamu UHTErpanbHOW TEXHONOrUU U3 HKUX
HE TONbKO Kak Obl yaaneHo BCe nuwHee, yxyawatowee paboune xa-
PaKTEPUCTUKA, HO N NPOUIBEAESHO CPALWUBAHUE 3NEMEHTOB OTAESb-
HbiX BUnNONApHLIX Tpax3ucTopos. B Kpuctanne tak HasbiBaeMblie ro-
puU30oHTanbHbie TpaHaucTopbl VT1 (p-n-p Tuna) U Beptukanbhble VT2
(n-p-n TUNA) COBMELLAIOTCA NPU U3rOTOBNEHUM TaK, YTo obnacTe 6asbl
n1 Nepeoro TpawauctTopa VI1 ABNAETCA OQHOBPEMEHHO 3MUTTEPOM
Tpax3ucTopa VT2, obnactb 6a3bl KOTOPOro p2 B CBOIO OMEPEAb Cny-
XUT KoNnekTopoM ans VT1 (puc. 44,a).

Tpaunauctop VT 1, BkaloueHHblA no cxeme ¢ obweit 6a3oi, urpaer
PONb MHOUBUAYANLHOrO reHepaTopa Toka Kackana u paboraer B pe-
XUMe ABOMHON MHXEKLMU (HaCbIWEHUs), TakK Kak ero KONneKTop ume-
€T noteHuuan 6onbwe Hyns.

AmuTTepHas obnacte p1, NOAKMIOYEHHAR K NONOXUTENLHOMY NO-
nocy ucrounuka nuranus E1, esoaut B 3ty obnactb HEOCHOBHLIE
HEPaBHOBECHbLIE HOCUTENU U Ha3bIBAeTCA WUHKEKTOPOM. CnoBo «uk-
XeKTop» Npuwno K HaM u3 paHuy3cKoro asbika: «injecteur», rae Gol-
No B CBOK OMEpPEAb 3auMCTBOBAHO W3 NATUHCKOrO — «injicio», O3Ha-
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a) 6)
Puc 44 Cxema TpaH3uCTOpa C MHKEKUMOHHLIM NuTaHuem (MC)

vatowero «BbpaceiBato». (CeAvac 310 CNOBO aKTUBHO BXOQUT B Haw
06uUxoq B CBA3U C WUPOKUM pacnpocTpaHeHueM asTOMOBGUNBHBIX UH-
XeKTOpHbIX asuratenei. B nocnenHux, pasyMeeTcs, BRpLiCKUBAOTCH
HEe HocuTenu 3apsaa, a 6eHsun).

Hanuuve Ttakoro cneuuduyeckoro UCTOMHUKa NUTARUR U onpe-
Aenuno Haseaxue 3TOro xnacca Mukpocxem: Uxterpanohas WHxek-
uvontas fMoruka — UM (wa aurnuiickom [njection-Logic Circuitry — 12L)
B peanbhbix N3 W BEPTUKANbHLIN N-p-N TPAH3UCTOP UMEET He-
CKONbKO KONNEKTOPOB, ABNAIOLMUXCR NOrMMECKUMU BblBOgaAMU ane-
MeHTa.

Pa6oTta TpaH3uCTOpa C UHXEKLUUOHHLIM NUTAHUEM NPOAEMOHCTPU-
poBaKa Ha nNpumepe 3KBUBANEHTHOW CxeMbl B nporpamme MC Ha puc.
44.6. 3pecb NOKasaH pexum uxBepcun curdana: A=0, Y=1. B cxeme
UCNOMb30BaH WUCTOMHUK NUTAHUR C NOHWKEHHBLIM  HanpsXeHUeM
(E1=0.5 V) u B cBA3U C 3TUM CneLUanbHbiil YYBCTBUTENbHLIA WHAWKA-
Top Y (tuna IO_STD_ST), bibupaembiii u3 6uGnuorexu KOMNOHEHTOB.

Hanuyue MHOrokONNEeKToOpHOro BeixoAa B TpaH3ucTopax Mo3Bo-
NAeT BbiNONKATE HA UX OCHOBE pasnuuHbie f13. Ha puc 45 nokasana
CxeMa C ABYMs Kackafamu, COEOUHEeHHbIMU BbIBOQAMW KONMEKTOPOB
B Touke C Takoe coeguHeHWe B CXEMOTEXHUKEe HOCUT HasBaHue
«MOHTaXHOE Mn
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Puc 45 flornuecknin anemeHT M/ - HE nHxekumoHHoro Tyna (MC)

HeicTBUTENbHO, €CMIM B CXeMax TPaH3UCTOPHO-TPaH3NCTOPHOM
W ANOOHO-TPAH3UCTOPHOW NOrUKM onepauvs M BLINOMHAETCA C NOMO-
Wbi0 MHOrO3MUTTEPHOTO TPaH3UCTopa unn aoaHoh cbopku, To 3necsL
OHa BLINO/HAETCS NYTEM COEAVHEHUS MHBEPTOPOB MeTannmyeckumu
nposogHukamu. B pesynorate Ha Bbixoge obpasyerca curHan
Y=A'B'. B atom MOxHO yBeanTbCs, NO3KCNepuMeHTUpoBaB CO CXxe-
MOW, NOKa3aHHOW Ha puc. 45

Wcnone3ays auoabt WoTtTku Ha Bbixoae 13 UHXEKUMOHHOro Tvna,
MOXHO OrpaHuuMTbL aMnaWTYaY BbLIXOAHOrO CUrHana Ha 3afiaHHOM

ypoBHe (puc 46)
—<—n
VD1 Y1

_A/'_ ‘ jvoz —Y.z
. »——sz

Puc 46 Cxema ukcaunn ¢ gnogamm Wottim (MC)
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OT1CcyTCTBUE PE3UCTMBHLIX 3NIEMEHTOB U coBMeuieHue obnacrten
BunonspHeIx TpaHauctopos B 13 U no3sonuno cyliecTeeHHo yse-
NIUYUTb NAOTHOCTb KOMMOHOBKU MUKPOCXEM, YMEHbLUIMTL BpeMs nepe-
KloueHus 1 aHepronoTpebnenue [1o3ToMy noaoBHbLIE MUKPOCXEMbI
Haluv LWMpoKoe NpUMEHeHWe Kak B pasHooOpa3Hon GbiTOBOM, Tak U B
NPOMBLILNIEHHON 3NEKTPOHUKE. 3TO W 3NEKTPOHHBIE Yackl, N LMPpo-
Bble 6/I0KM HacTPorki pagvo- U TeneBU3MOHHLIX NPUEMHUKOB, a Tak-
Xe MHorovucneHHole uudposble ycrpowuctsa (LY) komnbiotepHon
TexHukn OcobeHHo BaxHO, YTO nogobHbie cxembl 0b6nagaldT BbICO-
KO! NOMEXQYCTOW4MBOCTLIO

Jlozuveckue snemerHmsi Ha MOfl-mpan3ucmopax

Lnpokoe pacnpocTpaHeHue B UMpOBLIX YCTPOUCTBAX NOAYYMNU
MUKPOCXEMb! Ha NOMEBLIX TPAH3UCTOpaxX B 3TUX TpaH3UCTOpax B HEKO-
Topon obnactu nonynposoAHuKa (kaHane P-tuna unu N-tuna) npote-
KaeT TOK OCHOBHbIX HOcUTenewn 3apsiga ofHoro aHaka [pu uarotosne-
HWW TPaH3MCTOPOB BO3MOXHbLI ABA TMNA NerMpoBaHvs KaHana obegHe-
Hue v oborauwerve Ynpaenesve BenvM4uMHOM TOKa OCyulecTBhsercs
nonepeYHbiM 3MIEKTPUYECKUM NOMeM OTCloAa HasBaHWe — nonesble
TPaH3UCTOpPGLI (Ha aHrn. ~ Field Effect Transistor, cokpaweHrHo FET).

Monesbie TPaH3UCTOPLI C U30MMPOBAHHLIM 3aTBOPOM — Insulated
(v3onuposaHHbin) Gate (3ateop), Te Insulated Gate FET wnu co-
kpawenHo IJFET, comepkatr B cBOEW CTPYKTYpe MeTarif-okCcua-
nonynposogHuk OTCi0Aa NPOMCXOAMT CoKpauieHHoe HassaHue MOM
unu, Ha anrnuinckoM, Metall-Oxide-Semiconductor FET (MOSFET).

CxemotexHuueckue pellenus 13 Ha MOTM-TpaHaucTopax cyuie-
CTBEHHO HEe OT/IMYaKTCH OT CxeM Ha OuMNoNsApHbLIX TPaH3UCTopax
B nporpamme MC BuinonHum komanabi: Component>Analog Primi-
tives> Analog Devices>NMOS B pesynbrate Ha 3KpaHe NOSBUTCA
YO nonesoro TpaHauctopa MOS c kananom N-tuna (puc. 47,a).

B cumBOnuke ycnoBHbix rpaduyeckux 0003HaUYeHU noneBbiX
TPaH3MCTOpPOB 3MEeKTpoAbl WUMET credyowne Ha3BaHUA: 3aTBOp
(Gate) — ananor 6asbl, UCTOK (Source) — aHanor amuTTepa, CTOK
(Drain) — aHanor konnektopa, kpoMe TOro, MMeeTcs BblBOg OT Noj-
noxkwn kpuctranna (Body). CobGpar Ha Nonesbix TPaH3MCTOPpaxX CXeMbl
vHusepTtopa (puc. 47,6) n 6ydepa (puc. 47,8), ybexagaemcs, YTO OHU
PYHKUNOHNDYIOT aHanorMyHO COOTBETCTBYIOWMM YCTPOWCTBAM Ha
BunonapHbIX TpadHauctopax (CM. puc. 24 u 26).

B nporpamme EWB, HaxaB Ha nuktorpaMmy c u3obpaxeHuem

TpaH3ucTopa (Transistors) J ¥, BbibvpaeM nonesoi TpaHaucTop
67



<

Drai
Gﬂti_l a::d';
R1
Source 100
a) 6) 8)

Puc 47 N3 na MOM-TpaHaucTope
a - YO NMOS-tpan3ucropa; 6 — uisepTop; 8 — 6ydep (MC)

Tuna 4-Terminal Depletion N-MOSFET (4eTbipexsbieogHoi ¢ obe-

AeHHbim N-kaHanowm) JEI B aton nporpamme YO Heckonoko OT-
nuyaetcA wu3obpaxenuem 3arteopa. [AnNA WMHAMKAUMM  NOTUYECKMX
YPOBHEN BbIXOAA TENEPb UCMNONL3yeM NOrMyYeckui NpPoOHUK (TOT Xe

cvA vinu LED). Haxas Ha nuxtorpammy ¥ | Indicators {(uHamkarto-
pbl), BbIGUpaem KOMNOHEHT, Ha3sbiBaembll Red Probe (aocnosHo —

KpPacHbif NpOGHMUK) IEJ 3TOT NPOGHUK UMEET HECKONbKO CBOEo6-
pa3Hoe u3obpaxeHwe, HanoMMHalowWwee HanyBHOW APUK HAa Bepe-
BOYKE, KOTOpbI ocnuk WMa-Wa nopapun Bunuu-NMyxy. «OT Benukoro
DO CMEWHOro OAMH wWar», HoO Ha CaMoOM Aene 3TO BECbMA NONE3HbIN
BUPTYanbHbIA WHAMKATOP, KOTOpLIM Mbl Aanee 6yaem tWMpoKO Nonb-
30BaTbCA. MHAMKATOp UMEET OAWH BbIBOA, KOTOPLIM W BKNKYAETCA
B KOHTPONUPYEMYIO TOUKY CXEeMbI (TaK Xe, Kak cooTeeTcTaytowmi LED
B BUAE TpaHcnapaxTa e nporpamme MC). LiseT nnaukaTtopa no ymon-
YaHUIO NPUHAT KPaCHLIM, €CNU YPOBEHb HANPSUKEHUA BbLICOKuA U Ge-
nbIM — NPU HU3KOM. LIBET MHAMKAUMKM MOXHO COENnaTb 3eNeHbIM UNU
CUHUM, BOWAR B MEHIO ero CBOWCTB. Tak 4To U3 NoaoGHbLIX MHAMKATO-
pOB NPU XENaHUWU MOXHO CO3AaTh HA JKPaHe KPaCoYHOoe AMHAMUYHOE
NaHHO.

CooteeTrcTBylOWME CXEMbI UHBEPTOpPa W Bydepa B nporpamme
EWB noka3aHbl Ha puc. 48
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a) 6)
Puc 48 N3 na MOMN-TpaHancTope a — uuseptop, 6 — 6ydep (EWB)

Nanee, coeauHana nonesble TpaH3UCTOPbl NOCNEAOBATENBLHO
¥ napannentHo, nony4aem cxemsl f13 U u U1, nokaszaHHble Ha puc
49 u 50. B nporpamme MC Tpebyetca cneuwanbHbiii BoiGop Tuna
TPaH3UCTOpa ¥ UHAWKaTOpa U3 COOTBETCTBYIOWUX EUENUOTEK, OTKPLI-
BaembIx NpU peAaKTUPOBAHWU CBOWCTB 3TUX KOMMNOHEHTOB. BbibpaH-
HbI€ TUMNbI YKA3aHbl Ha cxeme (CM puc. 50)

(8]
—32 . ;
LA |
T
_E VT1 VT2

OF N M ||

a) 6)

Puc 49 N3 na MON-TpaHaucTopax: a — U, 6 — U/I1 (EWB)
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a) 6)

Puc 50 113 na MON-TpanHaucropax a— #, 6 — 1/ (MC)

MpuseneHHbe Bbiwe cxembl (puc 47-50) conepxanu Harpyaou-
Hble peaucTopbl. B Mukpocxemax wa MOI-TpaH3UCTOpax peancTopbl
HE UCMONb3YIOTCA, Tak kak npusenyt Obl K yXyALEHWO BCEX XapaKTe-
pucTux MecTo 3TOro Harpy3ouHoro pesucropa aHumaer COOTBETCT-
BYIOWWIA NONEBO TPAHIUCTOP, NONYYAEMbI N0 TOR Xe MHTErpaneHoW
TexHonoruy CONOCTaBNRA CXembl UHBEPTOPOB Ha puc 47,a u 48,a
C aHanoruHbIMK Ha pUc 51, BUOUM, H4TO H3 HUX BMECTO pe3ncTopa
R1 BKNiO4eH TPaH3UCTOP VT2

VT2
E1, 4

. T 10_STD

Y

. Y VT2
E1 2NG6568 J
CD. 5V [A] VT}—O - 148

N3 /e

ING568 |

W

a) 6)

Puc 51 119 HE na MOMN-tpaHauctopax a - EWB; 6~ MC
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a) 6)

Puc 52 N3 U-HE va MON-TpaH3sucTopax a— EWB; 6 - MC

TOYHO TaK Xe BbinonHaem cxembl 13 U-HE v UTIN-HE v nposo-
avM MoaenupoBsaHue nx paborbl (cm. puc. 52 u 53) Bupum, 4Tto BCe
3TW CXeMbl NO Cyw|ecTBy NPeACTaBNAIOT Te e KoMBUHaLMuU npocTen-
LMX KNIOYEit, C KOTOPbIX HAYMHANOCb paccmoTpenue paboTel Nomye-
cKux ueneit

Coeem [Mocne cbopku cxem ANA NPOBEAEHUS MOOENUPOBAHUA UX
pabortel B nporpamme EWB Hano Haxate Ha knasuwy /0,
a B nporpamme MC soitu 8 pexum Transient>Run>Node
Numbers He 3abbisaitte BbIXOQUTb U3 3TUX PEXUMOB No-
cne nonyyexus pes3ynbtatos. Ecnu xe cxembl He pabora-
10T QOMKHbIM 00pa3oM, TO npoBepbTE NPaBUIbHOCTbL
C«MOHTaXKA», TUMBbI UCNONBIOBAHHLIX KOMNOHEHTOB W UX
HOMUHAINbI, @ TAKKE PEXMMbI aHanuaa. Hakouel, 3arnsuu-
Te B onunio «Help». O HekoTOpbIx owubkax MoOryT nocry-
natb cooBuieHns OT CepBUCHOW YACTU NPOrpamMm.

MNMocne rpaduyeckoro penakTMpoBaHus CXem NoNe3Ho npousse-
CTU OYUCTKY IKpaHa OT pa3nUYHOro «Mycopa»:. yaanutb BCE NULIHUE
KOMMOHEHTB! U BHINONHUTL Komanae!: Window>Arrange wnu ¢ knasua-
Typb! Ctrl+W.
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Puc 53. N3 UMN-HE na MOI-Tpansuctopax. a - EWB, 6 - MC

JToeuveckue anemerHms! Ha KMO[I-mpan3ucmopax

WcnonbaoBaHne KOMNNEMEHTapHbLIX CTPYKTYp gobaenser B pyc-
cKoii abbpesmatype ux HaasaHus npecdwnxc «K»: KMOM wnu B aHr-
nuitckom «C» (ot Complementary): CMOS. WmeHHO nocnefHwi ak-
POHUM UcnonbayeTtca Ans 0603Ha4YeHUA IHEPrOHEe3aBUCALLIEN NAMATH
KOMNbOTEPA, BLINONHEHHOW B BUAE MHTErpanbHOW MUKPOCXeMbl NO
coortBeTCcTBYlOUWEH TexHonoruu [lpunaratenbHoe «komnnEmeHTap-
Hbli1» NPOMCXOAUT OT aHrnuWikckoro cnosa complement, xoTopoe
B CBOWO odepefb NPOUCXOAUT OT NaTUHCKOro complementum, o3Ha-
Yawuwero nononHeHve, gononHeHve. (He nytaWte 31o CRoBo C €ro
nNapoHUMOM, 6nuaxMm no 3By4yaHuto (OMOOHOM)  «KOMNAMMEHTY,
KOTOpOe NpoucxoauT oT paHuy3ckoro compliment n umeeT coscem
WHON CMbich )
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CosmMelyan ABa KOMNnemMeHTapHbiX (QONONHUTENBHBIX) ApYr APY-
ry MOM-rpaHanctopa, Hanpumep, ¢ xauwanamu N-tuna v P-tuna,
MOXHo coctaeute KMOM-unBepTop.

B nporpamme EWB BbiGupaem, Kak u npexge, NoNeson TpaHau-
crop Ttuna 4-Terminal Depletion N-MOSFET (4eTbipexeniBogHOM
c obeaeHHbiM N-kananom) u, ByksanbHO pAAOM C HUM, KOMNIIEMEH-
TapHbli emy noneson TpaHauctop Ttuna 4-Terminal Depletion P-
MOSFET (ueTbipexebiBOogHOW C oGeaeHHbiM P-xaHanom). YO no-
cnegHero OTNMYaeTCA HanpaBneHueM CTpenku B 3ateope (CM TpaH-
auctop VT2 Ha puc 54,a)

Y12

a) 6)

Puc 54 113 HE Ha KMOM-TpaHsucTopax: a— EWB; 6 - MC

Mockonbky 3TV TPAH3UCTOPb! 4BOMCTBEHHBI (3epKanbHbl) N0 TUNY
XaHana, ux nuTaHue TawKe 3epxancHo. NS NpuaaHna HyXHOW OpUEH-
Tauuu (y P-TpaH3ucTopa UCTOK NOQKSIOYAETCA K «NOCY») TPAH3UCTOP
NoBOpaYMBaeM BOKDYr rOPM3OHTaNLHON OCK NOCNE ero BblAeNeHns ¢
nomoLbio kHonku Flip Vertical. 3ameHnss B cxeme no puc. 51,a VT2 Ha
KoMnnemeHTapHblid, nonyyaem KMOI-nHeepTop (cM. puc. 54,a)

B nporpamme MC P-kaHanbHbiil TpaH3UCTOp BbiGUpaeM no Ko-
maHgam: Component>Analog Primitives>Analog Devices>PMOS. fla-
nee, aHanoruyHo npeablayuwiemy, cobvpaem cxemy KMO[-wHeepTopa
(cm. puc. 54,6). 3apasan B aTMX CXeMax Ha BXOAHOM Nepexnovarene
0, Ha BbIXoae nony4yaem 1, u HaobopoT.

CosepltleHHo aHanoruyHo cobupaem KMO[-cxemut 19 U-HE,
a rawke U/TN-HE (cm puc 55 u 56) v, nepebupas BapuaHTbli BX0A-
HbIX curHanos kmouamu A un B, ceepsiem nx paboTty ¢ cooTBeTcTByHO-
wumu Tabnuyamm uctuHHoctu (cm puc 30,a u 30,0)
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a) 6)

Puc 55 N3 U-HE na KMOMM-TpaHaucTopax: a — EWB, 6 - MC

PaccmaTtpuBas reoMeTpuio (a npaBuiibHee, BBUAY OTCYTCTBUSA
METPUKKU, TONONOTUID, Te «Oe3pa3MepHy0 reoMETPUION) 3NEeKTPOH-
HbIX CXEM, MOXHO 00OpaTUTb BHUMAHWE HA TO, YTO 3TW CXEMbI MOFYT
npeobpa3oBbiBaThCA APYr B ApYra B COOTBETCTBUM C paHee onucax-
HbiMK npaeunamin Hanpumep, cxema Ha KMOTI-TpaH3ucrTopax nono-
xutenvHon noruku UJIN-HE, B koTopoi N-kaHanbHble TpaH3uncTopbl
BKNIOYEHHLI NapannenbHo, a P-kananbHble nocnefoBatenbHo (Cm
puc. 56), npeoGpasyercs B cxemy Ha KMOTM-tpaH3aucTopax otpuya-
TenbHon noruku UJ/TM-HE, ecnu P-kananbHble TpaH3uCTopbl BKNIOYUTL
napanneneHo, a N-kaHanbHble NOCNeaoBaTenbHO.

Wicnonb3ys  nonobnoe  spyckoe  coenuneHue  KMOM-
TPaH3UCTOPOB, NONY4alT MHOrOBXOA0BLIE MUKPOCXEMBI C OYEHL Ma-
neim 3HepronoTpebnennem. Obnagas paccMOTPEHHbLIMU Bblle Npo-
creitwmmu 6a30BLIMM 3NEMEHTaMKW, MOXHO CO34aTb CXeMbl, BbINON-
HaLWKWe Gonee CnoxHble 3agaxHHble norudeckne hyHkuuM U peanu-
30BaTb UX B TON UNW MHOW UHTErpanbHO CTPYKTYpe.

KMOM-TexHonorua uHTerpanbibix MUKPOCXeM NO3BONRET paspa-
GarbiBatb MHOrogyHkunoraneksle 13, ornuyaLMecs BLICOKOW rb-
KOCTbIO B BbIGOpE BapManToB NOCTPOEHUA komnonewtoB LY, nony-
YaIOLLMXCA Ha OQHUX W TEX Xe CTpyKTypax.
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6)

Puc. 56. N3 UIN-HE na KMOM-TpanancTopax: a — EWB; 6 —~ MC

Cosem

Mpexae 4em MOAEPHU3NPOBATL NPEANOXEHHBIE CXEeMbl
WAM Npuaymbieatb Hoeble, pobelitecs, uToBbl paboTanu
ananormuHble TUNoBbie Llenute CBOW TpyA: coxpaHsiTe
thaitnbl ¢ OCHOBHbLIMU OTPaboTaHHbIMKU CXeMamK B OTAENb-
HOI Nanke, CUCTEMATU3UPYS WX Ha CBOW BKyc. OHu moryT
6bITb MHOTOKPATHO WCNONL30BaHLI, B TOM YUCHE W KaK Yac-
TU OpYruX CXem.

75



MpuHUMNNaNLHO CYWECTBYIOT ABa PasNUYHbIX Knacca uudposbIx
CUCTEM KOMBUHAUWOHHbIE, HE 3aBUCAWMUE OT BPEMEHU U NpeawecT-
BYIOWUX COCTOAHUA, W NOCNeaoBaTefibHOCTHbIE (WNW nocnegosa-
TenbHbie), o6nagawwue namaTold florMka paboTbl COOTBETCTBYIOWUX
CUCTEM NOKa3bliBAETCA Aanee C NOMOWBI cneuuanbHbiX BUPTYanb-
HbIX UHCTPYMEHTOB KOMNLIOTEPHLIX Nporpamm EWB u MC

1.3. floruyecknnt KOHCTPYKTOP UNGPPOBLIX CXEM

OmpbickueaHua 3aK0H08 (husuKu —
amo epoda damckold uepbl e Kybuku
U3 KOMOPbIX HYXHO coBpamb yenyio
KapmuHKy

P. ®enmen

B obeux nporpammax UMEKTCA cneyuancHbie Habopol 6a308bix
NOrUYECKUX INEMEHTOB

B nporpamme EWB 6a3osbie noruvyeckue anemento (B13) soi-
6UpaloTCA U3 NOAMEHIO, OTKPLIBAKWErOCA NPU HaXaTUWM Ha MUKTO-

®

rpammy Logic Gales (noruueckue anemenTsl) cO 3HaukoMm & :
(Tax Hasbisaembin ampersand) 3ToT cumeon Gbin BBEAEH B NWUCHL-
MEHHOCTL CEeKpeTapeMm 3HaMEeHWTOro ApesHepuMckoro opartopa Liu-
uepona Mapkom Tynnuem TupoHom [MocnegHui sensetca usobpe-
Tatenem ckoponucu (ctenorpacduun), 3vakom & TUPOH 3ameHsn na-
TuHCKoe «ET», obosHaualowee M (no-anrnuicku And) Habop B3
COCTOUT U3 PAAA KOMNOHEHTOB, HANOMUHAIOWMUX ACTCKUE KyBuKn (Cm
puc 57,a) BepxHuii pag coaepxut B3, a HUXHUA MUKPOCXEMLI ANA
Ux peanusauuu

Cosem WmeiiTe B BUAY, YTO 3TW AB8A pAaa HE CBA3aHbI Mexady Cobow

(EWB)  HuueMm, KpoMe COOTBETCTBUA 0GO3HAYSHNIA OAHOTURHBLIX f13,
NO3TOMY 4acTU4HOE CooTeeTCTBUE Mexay YIO sepxuero
U HWKHErO pAfa, HAYUHAn C TPETLEro CeBa KOMNOHEHTa,
HapywaeTtca [pu sbibope BN3 Hano nonbaosaTecs ux YIO,
a He HafiNUCAMM, NPEAHA3HAYEHHbIMU ANA BbIGopa MUKPO-
cxem

KaptuHa GygeT uHoM (cm puc 57,6), ecnu npu ycraHoske npo-
rpaMmel, No ymonyaHuo 6eno otmeveHo ne DIN, kak Ha puc 1, a -
ANSI Torpa s pabote okaxerca uutepdenc craHgaprta ANSI (North
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Puc 57 Habopsl B3 B paasix craupaptax a - DIN, 6 — ANSI (EWB)

Amencan Standart — cesepoaMepuKkaHCKWid CTaHaapT, Tounee Amer-
can National Standart Institule — AMEPUKAHCKWIA HALMOHANbHBIN UHCTU-
TYT cTaHaapTos) B HeM cBA3b C APEBHAMU PUMNAHEMU HANDOUL UCHE-
aaer, n YO BJ13 M cxopee HanomunaeT spepHyio Goeronoexy cospe-
MEHHOW 6aNNNCTUMECKON pakeTb (aa W 06o3HaueHus octanbubix f13,
KpOME ONePaUUOHHOro YCUNUTENA, HE MEHEE 3aMbICNOBaTbI)

Nepeuncnum B3 (cnesa nanpaso)

2-Input AND Gate — asyxexogosbii 113 4,

2-Input OR Gate — asyxexonossiit 13 U/,

NOT Gate - uuseptop (/13 HE),

2-Input NOR Gate - gsyxexoaosbii J13 Un-HE,

2-Input NAND Gate - A8yx8Xx0A08bti n3 n-HE,

2-Input XOR Gate — psyxsxoaosbii 139 UCKITOYAKOLLEE Wi,
2-Input XNOR Gate - asyxexonosbiii [13 UCKITHOYAIOLEE
nin-He,

Tristate Buffer — 6ycep ¢ TpeMs cOcTORHUAMM BbIX0AA

(cm sbiwe puc 41),

Buffer — 6ycdep,

Schmitte-Triggerred Inverter — uHBepPTUPYIOWNA TPUITED WmurTa
(cMm panee B pasgene «3 1 Tpumrepbi»)
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PaccmoTpuM cBolicTBa OCHOBHBIX TUNOBLIX B3, U3 meuto Logic
Gates 6ykcupyem Ha paGouee none 2-Input AND Gate — aByxexono-
Bbiti 13 U (puc. 58,a).

4] T,

A|B|Y
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a) 6) B)

Puc 58 B3 M (EWB)

Wenkaem MNMKM Ha ero YIO u 3aTeM 8 OTKPLIBWIEMCS NOAMEHIO
NKM no noauumnmn Help. Ha akpaHe BO3HWKHET OKHO NPeaMETHOW Mo-
MOWMW. B AaHHOM cny4ae Hagnuck AND gate, conposoxaaemas YIQ
9T0ro anemeHTa B craHgapte ANSI, u cootBeTcTBYOWan Tabnuua
WCTUHHOCTU. Bblgenus kypcopom TU u sbibpas 8 atom okHe [lpas-
ka>KonuposaTtb, 3aKkpbiBaem 3Ty aMepukanckylo NOMouWb W, OTKpbLIS
B OcHoBHOM okHe Window u pganee Description, BcTasnsem Tyoa
(Past) TW. Mocne cxaTtus aToro OKOWKa «BLIBEWWBAEM» €r0 B yAaob6-
HOM MecTe pabouero nons (cM pwuc. 58,a).

Coeem OnucaHHylo Bbille NPoUEAYPY yAOGHO BLINOMAHATL ANs 03-
(EWB) HakomneHus co BCEMU HOBbIMWU KOMNOHEHTaMU CXEM.

Mposeaem akcnepumehT ¢ 13 M (no-gpyromy: &, And). Bowas
B rpynny Sources, BbiIGepeM UCTOYHUK NOCTOAHHOTO HaNPSKEHUs +5

+
V (+Vcce Voltage Sources) . OTOT UCTOYHUK, KaK U MHOTWe Apy-
rMe CxeMmHble BUPTYasibHble fIOrMYEeckMe KOMNOHEHTLbI, UMEeeT OauH
BbIBOA (BTOPOW — «3EMNA» NPEANONAraeTcs YKe COeANHEHHBIM npo-
rpammHeiM nytem) [lanee suibupaem gsa nepeknoyaTens, norude-
CKMI UHANKATOP K coBUpaem Cxemy, NoKasaHHylo Ha puc. 58,6.
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Cosem He 3abyabTe NEpeMMeHOBaTh ynpasnslowme KNasuwu ne-

(EWB) pekniwoyaTtenen, 3amenus Space Ha A u B cOOTBETCTBEHHO
(vHaye oHu ByayT cpabaTbiBaTb OQHOBPEMEHHO W TOMLKO
Npu HaxaTuu Ha Space)

Bknouus mMoaenupoBaHue u HaxxmMas Ha knasuwu A u B, 3apa-
€M Ha CoOTBETCTBYWUWMX Bxoadax /1D BCe BO3IMOXHbLIE KOMBUHaUMK
NOTMYECKUX COCTOAHWIA BXOOHBLIX curHanos Habnwopas 3a peakuuen
BbIXOQHOIO MHOMKaTopa u csepssack ¢ TU, ybexgaemes, yto J19 &
OaeT Ha sbixoge nor 1 (Y=1 — WHAMKATOpP ropuTt) TONLKO 8 OQHOM
eOWHCTBEHHOM cfyyae: Ha Bxoge A=1 M Ha Bxoge B=1 (3pecb M ur-
paeT ponb COEAMHWTENBHOrO COH33, PAaCKPLIBAOLWErO NOrMYECKUM
cmbicn atoro [13) BHyTtpu BJ13 M moxeT npeanonaratecs nwbas us
KOHKPETHbIX CXEM, OCYWECTBNSIOWMX 3Ty ONepaumio: KIo4YeBas —
puc. 17,a, AKOOQHO-PENCTUBHAA NOMMKa — puc. 21,a u T1.n. PeanbHble
yCTpOWCTBa, pa3yMeeTcs, No pagy napameTpos ByayT oTnuyaTtees oT
3TUX nAaeanbHbIX MOAENEN.

B nporpamme MC BJ19 s8biBupaloTcs nocnenosaTtenbHOCTBIO KO-
mana Component >Digital Primitives>Standard Gates u nanee 8 071-
kpbiBwemcs cnucke Tin J13 Bobibupaem And Gates (JIO M), a 3atem
And2 (agsyxexopgosblii J13) Ha akpaHe nossnsetcs YIO J13 &, Ho
B ctaHgaprte ANSI (cm puc 59,a)

KoHeuyHo, MoxHO 6bino 6bi nepepucosats 310 YIO. B nporpamme
MC ecTb Takas BO3MOXHOCTb, U Mbl MCNONL30BANK €€ ANR NPUAAHUS
HEKOTOPBLIM KOMNOHEHTam Bonee ynobHoro suaa (Hanpumep, ans pe-
3UCTOpa), HO B 4AHHOM Cnyyae COYnn 31O HeuenecoobpasHuiM. [eno
B8 TOM, 4TO 3TK YO cnnowb U pAOOM UCNONL3YIOTCA B8 NEPEBOAHON
NUTEPATYPE W WHLIX UCTOYHWKAX, NOITOMY NYYWE K HUM NPUBLIKATb
3apaHee. JTO TaKas e HanacTb HaWero speMeHun (unu Gpemenn),
Kak aHrnuickuii a3bik unu $: nobuwb, He Mobuwb, a NpuxoauTCa uc-
NONb30BaTb.

Mocne BbIGOpa KOMNOHEHTa, €ro CBOICTBA PEAaKTUPYIOTCA B COOT-
BETCTBYIOWEM OkHE (CM. puc. 59,8). 3aecb orpaHuyMsaeMcs BbIBOPOM
mogenu DO_GATE nozuuyuoHHoro oboaHavexuns DD1. [lanee sbibupaem
Asa undpoBbIX KIKOYa M NOMMYECKAN WHOUKATOP, U3 KOTOPbLIX CTPOUM
cxeMy ucnbitanuin 13 (puc. 59,6). Kak u npu UCNbITaHUAX TPaH3WCTOpR-
HbIX NIOMMYECKUX CXEM, ONA BLINONHEHUA MOAENVPOBAHUA O3EM KOMaH-
Abl: Analysis>Transient>Run v 8 cxemHoM okHe aktuBuaupyem Node
Voltages L@_ Mepebupan BapuaHThl KkoYamu A u B, ybexgaemes, 4to
Ha sbixoge Byaet nor 1 (Y=1 — MHOMKATOD rOPWUT) TONMLKO B OOHOM
€0MHCTBEHHOM CnyJae, koraa Ha sxoge A=1 M Ha sxone B=1
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a) 6)
And2
[~ Display Pin Names
Name [TIMING MODEL e e
" ™ D98 I~ iy P Numbery
Value |EU_GL\TE j [~ Display  Expand _<J _d

PART=DD1

TIMING MODEL=D0_GATE DO_GATE
1/0 MODEL=I0_STD DLY_TTL
MNTYMXDLY=0 B
I0_LEVEL-0

POWER NODE=$G_DPWR

GRGUND NODE=$G_DGND

PACKAGE =

oK Qancelj Font.. J Add ‘ l Help l Edit ‘

Puc 59 BN3 ¥ (MC)

Cosemn  [ns Toro 4toBbl NONy4uTb HOBLIE 3HAYEHUS NOTUHECKMX
(MC) COCTOSIHUA UWPOBBLIX Y3N0B NOCMNE W3MEHEHUS BXOLHLIX
CUrHasoB, Hago Kaxawbli pa3 3aHOBO gasaTb KoMaHay Run

=

1 B CXeMHOM OKHe akTusu3upoeaTst Node Voltages L -

Cneagywowun 13 M/ tarke soibupaeTtcs 8 nporpamme EWB u3

21
MeHio Logic Gates [nsa atoro Ha pabodee none GykcupyeTcs D
2-Input OR Gate — asyxsxogosuli 19 M1 (puc 60,a)
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Puc 60 BN U/ a, 6 — EWB, B — MC

___Ero TW nokasaHa Ha 9TOM ke pucyHke CxemHoe obosHaueHue
[>=_1103;133Ho c TeM, 4To 1 Ha BbIXOAe nony4aeTcsa TOrAa, korAa Ha
BX0Aax eCTb XOTa 66l ogHa 1 Ckonupoeas npedsiaywnit ann u 3a-
MeHus B HeM /19 AND na OR, nony4aemM cxeMmy, nokaszaHHyr Ha puc
60,6 lMposeas ucnsiTaHue 3TON cxemsl, ybexgaemes 8 COOTBETCTBUM
ee pabotsl TW gna N3 UMIN

B nporpamme MC 13 M/ embBupatotcs KomaHgamu Component
>Digital Primitives>Standard Gates>OR Gates>OR2 (ABYXBX040B0M
N3 UM) Ha akpaHe sHosb nosiensetca YIO f10 B cTaHAapTe ANSI
(cm puc 60,8) 3aeck No NoBogy aMepukaHCKUux dopm YIO, Kak ro-
Boputcs, «bBe3 KoMMeHTapues» CocraBnsieM CxXeMy, KOTOpYH
B 9TOW NPOrpaMMe TakKe MOXHO NONY4UTs W3 Npeabiaywen 3amMmeHon
119 AND Ha OR, u nposoguM ee mogenuposaHue (puc 60, 8)

[anee BuiGupaem uHeepTop B nporpamme EWB Ha pabouee no-

1P
ne BykcupyeTcs NUKTOrpamma NOT Gate — 1O HE (puc 61,a)
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Puc 61 BN3 HE (EWB)

3107 N3 UMeeT TONLKO oavH Bxo4 Ero cxemHoe 0603HaveHue
Ha BbIXOAE WMEET XapaKTepHbIA KPYXKOK — CUMBON UHBEPCUW. Ha Bbl-
xopne 0 (kpyxok), korna Ha Bxoae 1{eauHuua), u3obpaxeHHan BHYTPW
nons N3 [MMpucoeguHUM K BbIXOAQY 3TOr0 BUPTYanbHOrO WHBEPTOPA
WHAUKATOP W BKNOYMM moaenupoBanue O, 4yao — namna roput! (cm
puc 61,6), xoTA kakne-nubo curHanbl OTCYTCTBYIOT BCce neno B Tom,
4TO B AAHHOA NporpamMmme OTCYTCTBUE BXOAHLIX CUrHANOB aBTOMATU-
4ecKu cuuTaeTca 3a curHan nor O

[AnA peanbHbIX MUKPOCXEM 3TO COBCEM He Tak (XOTA U Tam BO3-
HUKalT npobnembl), noatomy cobepem HOpPManbHylo cxemy (puc.
61,8) U, npoBeas ee ucnoiTawue, nony4um T uHBepTOopa, nokasan-
Hylo Ha puc 61,r /3 npeabigyuiero cny4as Haao u3Bneyb TOT YPOK,
4TO crnyvaiHble OTCYTCTBUA coeavuHeHuid Bxoaos 10 nporpamma EWB
DyneT cuuTaTh Kak Hiu B Yem He ObiBano 1 BblaaBaTb OWWBOYHbIE pe-
3ynbTaTthl 3@ A0CTOBepHble [103TOMY Hano ObiTb BHUMATENbHbIMU
npu BUPTyanbHbIX 3KCNEPUMEHTAX

B nporpamme MC 113 HE Bbibupaiotca komanaamu: Component
>Digital Primitives>Standard Gates>Inverters>Inverter (unBepTOp).

a) 6) B) r)

Puc 62 BJI3 HE (MC)
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YIO atoro N B crannapte ANSI (cm puc. 62,8) — ycunutens
C WHBEPCHBLIM BLIXOAOM (KpYXoK). PasymHoe obo3HayeHne AocTaTou-
HO BCMOMHUTb, YTO OAMHOMYHBIN YCUNIMTENbHBIA Kackaq Ha TpaH3UCTO-
pe [aeT Ha BbIXOAE WHBEPCHBIA curHan (puc. 23,a 1 49,6) Mpucoe-
OVHAEM K BbIXOAY WUHAWKATOP M NbITaeMCA MOBTOPUTL npexHui ¢o-
KyC: Ha BXOA HWYEro He aaBaTb [1poBOAUM MOAENUpoBaHue u nony-
yaem Ha Bxoge X u Ha Bbixoae X, Te HeonpeaeneHHoMmy BXOAY —
COOTBETCTBYET HEONpeneneHHbit Boixoq 370 KOPpEKTHbIA pesynk-
Tat CocTaBnsem Cxemy C K/1I04OM Ha Bxoae W NpoBoAUM €e Moaenu-
poBanue npu A=0,Y=1 (puc 62, B) Ecnu xe nponycTute curHan ye-
pe3 ABa nocrenoBaTenbHO BKIKOYEHHBIX UHBEPTOPA (unu nioboe ux
YyeTHOe YMCNOo, BKIIOYas, €CTEeCTBEHHO, Hynb, Kak 4Yucno 4eTHoe no
COrnatLeHnIo), TO OH HE U3MEHUT CBOJ TOTUYECKUA YPOBEHb (cm puc
62,r) 3TUM CBOWCTBOM ABOAHOW WHBEPCUW LMPOKO NONb3YKOTCA MPU
TOXAECTBEHHbIX Npeabpa3sosanuax 10

KomOGuHaUuMOHHaR Noruka

O6nagan tpems BN3 (U, U/TH, HE) MOXHO, COeanHAR ux Mexuy
coboii N0 onpeneneHHLIM NpaBunaM, NONy4WTb COCTaBHbIE {komMBu-
HauvoHHble) 13, Beinonxswwue Gonee cnoxHele N¢. Ecnu npu aToM
He ucnonb3oBaTh 0BpaTHLIX CBA3EN U BPEMEHHLIX 334epXeK, TO no-
Ny4aTcA pasnuuHble KOMGMHALNOHHbIE YCTPOUCTBa

HauHem ¢ npoctedwux komBuHauui, KOTOpbie yxe 6binu pac-
CMOTpEHbI BbILE B PA3NUYHON anemMeHTHOM 6ase.

Ha Bbixoge N3 U nocraBum uxBeptop HE Cobupaem B npo-
rpamme EWB cxemy u3 asyx BN DD1 AND w DD2 NOT (cMm. puc
63,a).

MpoBeas aKCNEPUMEHTbI C 3TOM CXEMOW, BUAUM, HTO Y=0 TONbKO
B 0AHOM cnyyae: A=1, B=1 [onobHbIi anemeHT, kak yXe ykasblba-
nocsk, HasbiBaetca M-HE, Ha aHrnuiickom — NAND. 370t N3 B «cob-
paHHOM» Buge umeetcs B Habope B3 u BbIGUpaeTca No nuKTorpaMme

cero YO 2-Input NAND Gate — aByxsxonosbiii 13 U-HE (puc
60,6) 3neck k BbIxaay 13 & [OPUCOBAH KPYKOK, 0603Ha4AIOWINIA UH-
Bepcuio curHana 3amenus B cxeme puc 63,a N3 DD1 AND u DD2
NOT na DD1 NAND, nonyyaem cxeMy, nokadaHHyio Ha puc 63,6 Wc-
NbITaHUs 3TOrO anemeHTa AawT TY, nokasanHyo Ha puc 63, B Conoc-
TaBnas aTy Tabnuuy c Tabnuueir ana NO AND, noka3aHHOlh Ha puc
60,3, BUQWUM, YTO OHU CBA3aHbI UHBEPCUEH BbIXOAHOrO cTonbua .
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Puc. 63. B3 U-HE (EWB)

CoctasHoi 13 U-HE u ero cxemHbli 3kBUBaneHT u3 6ubnuorexku

undposeix npumutusoB Nand2 B nporpamme MC noka3saHbl Ha puc
64,a,6.

a) 6)

Puc 64 BI3 U-HE (MC)
84

3pecb ans 0603HaYeHUs UHBEPCUU BbIXOOQHOTO CUrHana UCnonb-
30BaHa Ta e CUMBOMNUKA — KPYXKOK Ha Bbixoge J13. YT0 X, 370 yaob-
Has M 3KOHOMHaA rpaduyeckan ¢opma, ogHa 6ega — CIIUWKOM OHU
Manbl U He Bceraa BUOHbI

Cosem bBynbTe BHUMATENbHbl K 3TUM «MUHBEPCUOHHBIMY» KpPYXKaM
nponycTuB Ux unu oGaBuB NUWHWE, MOXHO NONy4uTb 06-
paTHbIf (OLWWOOYHLIR) pedynbTaT

Tenepb npogenaem aHanoruyHble onepaluu, TONbKO UCNONMb3yA
N3 U/ Ans atoro B npeabigywux cxemax (puc 63,a u 64,a) aame-
HuM 13 DD1 AND Ha 13 DD1 OR u cooTeeTCTBEHHO Ha puc. 63,6
1 64,6 N3 DD1 NAND Ha 13 DD1 NOR. B peaynbraTe nony4sm cxe-
mbl gna 13 U-HE, no-anrnuiickn NOR (cMm puc 65,66)

a) 6) 8)

Puc 65 BN3 U/IU-HE (EWB)
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a) 6)
Puc 66 BN3 UMU-HE (MC)

TW aroro N3 (cm puc 65,8) aaet Y=1 TONLKO Npu HyNeBbIX Cur-
Hanax Ha sxoge (A=0, B=0) u sensetcs uHBEPCHOW NO BLIXOAHOMY
cronbuy Y k TW, nokasanHon Ha puc 60,a B nporpamme EWB 13
NOR, 6yato 6u1 He BrNIOYEHHLIH NO BXOAaM, 4acT Ha CBOEM Buixoae 1,
4YTO MOXET npueecty k cbosm B paboTte mogenen ycTporcTs

Cosem Tpu cbopke cxem, ocobenHo 8 nporpamme EWB, othens-
HbIe KOMMOHEHTHI MOrYT KacaTeCs Apyr Apyra suiBoaamu,
a coeauHeHne (BupTyanoHas «cnaikan) Gyaer ortcyrcTeo-
BaTb, NOITOMY cTapawTect uaberato HenocpeacTBEHHLIX
coeguHeHuii v ucnonb3ynte AONONHWUTENLHLIE COeaUHMU-
TeNbHbIe NPOBOAA UMK MOHTaXHbIE Y3nbl B nporpamme MC
MCNONL3YATE KOHTPONL UENOCTHOCTU COeaANHEHU

Paccmatpusas TU I3 NAND u NOR wunu, Kak yxe roBopunocs,
anemenTos Weddepa n Mupca, euaum, uto npu A=B, Te 8 aeyx
CNy4asx (HyneeoiX unu eguHWMuHbIX curdanos), oba 3t anemeHTa
npeepawanTcs B 0OLIKHOBEHHLIN UHBEPTOP J3TO MOXHO NErko Npo-
B8EpuTL B BUPTYANLHOM IKCNEPUMEHTE, NOKA3aHHOM Ha puc 67

315
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Puc 67 (Havano)
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Puc 67 (okoHuanue) WneepTop u3 bN3 Weddepa u MNMupca
a, 6- EWB,s r- MC

Tenepb pewuM 0aHY NPaKTUYECKYIO 3aQadvy, Ha KOTOPOW Moka-
XKEM NOCNEAOBATENLHOCTL pa3paboTku KOMBUHAYMOHHBIX NOrUYECKUX
CXEM W, 320QHO, NO3IHAKOMUMCH eLue C OAHWM NONE3HLIM BUPTYanb-
Hoim npubopom

3adava 0 MaxcopumapHoM anemenme (Hayano)

1 CnosecHoe onucaHue 3agadm

Yacro npu 8uibope anuTepHatuBHLIX PEeweHuid WCnonwLayertes
npoueaypa ronocoeaHus, npu KOTopoin «nobexpaet GoNLWUHCTBON
Mockonsuky ponxeH GuiTe nepesec xots Bbl B 0guH ronoc, 1o, oTbpa-
CblBas asToOpPUTapHLIN Cnyuyan (eAuHONWYHLIE PELeHus) W cuuTas
rONOCYIoWMX PaBHONPaBHLIMK, NONYYAEM, 4TO MUHUMANLHOE YUCNO
NUY, NPUHUMAIOLLMX peweHne, HanpuMep cyaen B Konnerun, JONXHO
ObiTe paeHo Tpem B noruke cooTtseTtcTayiOwas YHKUMS, NpuHu-
MaloWas UCTUHHOE 3HaueHue TONLKO TOrAa, koraa BonbwKuHCTBO (ANs
Tpex — 310 ABa unu TPu) NPUHUMAET UCTUHHO® 3HA4eHue, HasuiBaeT-
cs pyHKumel GONLLIMHCTBA, UNU MaXOopUTapHoOA (OT nat major —
Bonblunin, cTaplnit, 8 apMun Malop — BOWHCKOE 3BaHue Crapwero
oduyepckoro cocrasa)

Heobxoaumo pa3pabotats Takoh J13, koTopuii gasan 6ol curHan
Ha BbiIXxoae, ecnu asa unNu Tpu apbutpa HaXMyT Ha KHonku «Jda»

2 dopmanuiauus 3agauv

Mpuceoum Tpem cyabsm norudeckue nepemedHsie A, B, C (no-
pRAoOK He AaeT npuoputeta) Kaxpas nepeMeHHas MOXET NpUuHRTL
TONLKO ABa 3Hauenns O wnu 1 Bcero eoamoxHo 2° =8 sapvaHToB
unn pa3nuunbix Habopoe aprymentos 8 uckomoin N1 Y=F(A, B, C)
Y=1, ecnu niobuie asa unu ece Tpu aprymenta pasHiol 1 Heobxogumo
HanTW Bua 3TOW hYHKLUMM 1 ee CXEMHYIO peanv3auvio
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3 PeweHune

a) Coctaeum Tabnuuy UCTUHHOCTW B COOTBETCTBUM C MPUHATOWN
copmanusauuevi Bugouamenum TU no puc 38,6, oTcekan BoceMb
sapuaHTos, ybpae nuwHIo nepemenHyto D v nomerss nopsnok cne-
Aosanus nepemenHbix CtonBey Y 3anonHuMm 3aHOBO, MUCXoas U3
cMbicna 3afauu Tak, Hynesas CTpoka (CHeT BEAEM C Hyns) o3Hadaer,
4To BCe Tpoe cyaen npotus (0, 0, 0), 8 aTom cnyyae n Y=0 [lepsas
1 8TOpas CTPOKW. 4Ba CyAbW «NpoTuB», oamnd «3a» (0,0, 1)1 (0, 1, 0),
3Ha4uT onaTb Y=0 HakoHeu, B TpeThbeR CTPOKE OAUH — «NPOTUBY, [Ba
- «3a» (0, 1, 1), 3HaumT Y=1 3T0T pe3ynbTaT NOBTOPUTCA B NATOH
1 LUECTO CTpOKax, a TaKke B CebMOW, r4e Bce Tpoe «3a»

Okon4aTtenbHO NOnyYMm Tabnuuy WMCTUHHOCTU, OTpaxalowyto
CYWHOCTb AaHHOR 3aaadyu, 8 BUAE, NoKasaHHOM Ha puc 68
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Puc 88 Tabnuya MCTUHHOCTA MAXKOPUTAPHOrO INemMenTa

6) Mo Tabnuue uctuHHocTK coctasum NP Uckomas @yHkuus Oy-
AET pasHa cymMMe Npou3seaeHun aprymenTos B cTpokax TU, rae Y=1,
npuM4yeM COOTBETCTBYIOWME COMHOXuTENU Bepytca 6e3 uHBepcuy,
Koraa nepeMeHHas pasHa 1, U C MHBepcHel (0TMEYAEMON LWTPUXOM )
npu 0 Mepeas 1 nosensetcs 8 cTpoke Ne3. 3geck A=0, B=1 n C=1,
cnegosaTtenbHo, NEpBOE crnaraeMoe COCTOUT M3 COMHOXWUTENEen
A'BC, ctpoku Ne5, 6, 7 patoT cooTeeTcTBeHHo Bknag AB'C, ABC',
ABC OkoHuaTentHo, IO npumMmeT Bug;

Y=A'BC+ AB'C+ ABC +ABC
(CnenyeT oTmeTuTh, 4TO B T AonyckaeTtcs npocTaHoeka Heonpeae-
NEHHbLIX COCTOSHWUIA 3HAKOM KpecTa X 3TU COCTOSHUS ABNAITCA Npo-
MEXYTOUHbIMYU U HecTabunbHbIMU: B HUX JI® MOXET NpuHATL 3Hade-
Hue O unu 1)
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8) lNpeoGpazosaHne U MuHumusauus Nd. Npexpge Yem HaxoauTb
HeoBXoQuMOe CXEMOTEXHUYECKOe pelueHWe 3ajaudn, XenartenbHo
npeobpasosate 1O K onpegeneHHoMy norudeckomy 6asucy, Hanpu-
Mep, 4To6bl OHa BbiNoONHANAck Tonbko aneMeHtamu Wedpgepa. Kpo-
M€ TOro, €e Hago MWHVMWU3UPOBATb, T€ CBECTU K MUHUMYMYy no
HEKOTOPOMY KPWUTEPUID, Hanpumep 4ucny BXOOSWMX KOMNOHEHTOB
3T npoueaypbl OOMKHbI BbINOAHATLCA No npasunam Byneson
anrebpbl, C coxpaHeHnem TOXOECTBEHHOCTY pesynbTaTa

CyuwecTsyioT pasnuuHble cnocobbl pelieHus nofobHbix 3agaq
aHanuUTMYeCKuin, ¢ NoMOLLbLK cneuuancHelx kapt KapHo u 14 [lo-
CKONbKY Mbl paBoTaem Ha KOMNbiOTEPE, TO M BOCNONb3yEMCH €ro Bo3-
MOXHOCTAMU [nsa 3Tux uenen s nporpamme EWB paspaboTau cneuu-
anbHbIA YHUKaNbHbIA UHCTPYMEHTAPWUIA, NO3TOMY NPEPBEMCH HA HEKO-
TOpPOE BPEMS B PELUEHWIA KOHKPETHOM 3a4a4W 1 O3HAKOMUMCS C HUM.

Jlozuveckul koH8epmop

B nporpamme EWB soiigemM 8 naHenb Instruments (uamepvitene-

-

0000
Hble npubopbl) ' _— 1 B Hel BbiBepeM J——]@ Logic Analyzer unu
Logic Converter (norudeckuin konseptop — JIK). Ha paGoueM none
00000000 -]

BO3HUKHET cBepHyToe u3obpaxenne npubopa ‘ , koTo-
poe cNyXWT ANs NOAITTIHEHUSA K HEMY UCnbITyemblx cxem J13 Wenk-
HyB no Hemy asaxasbl JIKM, BbiBegeM Ha pabodee none passepHyTyio
nuuesyto nanens JK (cM. puc. 69).

3TOT BMpTYanbHbIN NpUMBOP, Kak HU CTPaHHO, NPaKTUYECKN He UMeeT
aHanoroB cpedu peanbHbiX usmdeckux npubopos. Ha passepHyTon
nuUEBo# Naxenn nokasadbl BOCEMb BO3MOXHbLIX aprymeHTos J1P (Bxo-
aos J13) ot A no H un Bbixog Out. 3Tn n3obpaxeHus He aKTUBHbI B CXEM-
HOM OTHOLLEHUMW, HO OHW COOTBETCTBYIOT KIIEMMaM, K KOTOPbIM NOAKTIO-
4aTcA BXOObl M BbIXOA HA CXEMHOM U30BpaxeHuun, camu e BykBbl
BXoAsT B JIO OAHOBPEMEHHO KPYXKM Han BykBamu CRyKaT SKpaHHbIMU
KHONKamu, npy HaxaTtum Ha kotopble JIKM bibupaioTcs nepeMeHHble
N®. BapuaHnTbl, nNpoussoauMMbix npeobpasosaHuit (Conversions) u3o-
BpaxeHbl B BULE CUMBONMYECKUX NUKTOrPAMM-KNaBuLL B NpaBoi 4actu
JK (cm puc 69) Komawga Ha aTu npeoBpasoBaHus JaeTcs LWEN4KOM
NIKM no cooTtsetcTeytowen knaeuwe PesynbtaTel oTobpaawoTcs
B ABYX CneuvarnbHblX OKOLIKAX. B rMaBHOM — Tabnuua WCTUHHOCTMW,
a B HWKHeM — matemaTu4eckoe soipaxenue J1d. Kpome Toro, ans seoga
1 BblBoAa cxeM J13 ncnone3yeTcs ocHosHoe pabodee none
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0000 out s
B C D

A E F G H
- Conversions
= -+ Tolv |

10]1 —- AlB |
101 SIpP MB-_J

g L 2

AlBE - T[T |

AlE > |
_.J _AlB — NAND |

Puec 69 llnuesas naHensb nornyeckoro KoHsepTopa (EWB)

3adaua o0 MaxopumapHoMm anemerme (OKoHuaHue)

BeprHeMcs k pelieHuio Halwen 3agayu

XN -
|-j~“ Logic Converter

oJololololelele) out (s
A BCDETFGH
ooo o 0o o o il { Conversions
001 0 O 1 o
00z| o 1 3 T = ol |
cos| 1 0 3 T ioli -+ AlB |
006 1 1 0 1
o007 1 1 1 (84} 101 51:1? MB I
AB Tl |
AlB > |
| AlB — NAND |

Puc 70 Nuuesas naHens f1K ¢ eBeaeHHon TU (EWB)

Haxmem JIKM nocnegosatensHo Ha kHonku A, B, C Ha naxenu
JK (puc 70) (MosTopHOe HaxaTue, kak OBLINHO, OTMEHSET BBELEH-
Hylo komaHady ) Tenepb ycraHasnusaem KypCop B BLIXOAHON (Camoii
90

NpaBoit) KONOHKE U UIMEHSEM TaM HYAWU HA euHULbI B COOTBETCTBUE
¢ T na puc 68 Tabnuua UCTUHHOCTU HAWEN 3aQadqn OKa3LIBAETCA
ssefeHHot B8 fIK (puc 70) Haxas fIKM Ha s8TOpyio cBEpXY Knasuwy
o]t —» AlB |, ocyuiectensem nepexoqd o1 TWU k N®, kotopas
oTobpakaetcs 8 HWKHeN aKkpaHHoK cTpoke Npubopa (cM puc 71,a)

Iﬁ'BC+ﬁB‘C+ﬁBC‘+ﬁ8C |

a)

[AC+AB+BC |

6)
Puc 71 3xpanHan cTpoka a — ¢ nepBudHOi J1®, 6 — ¢ ynpoweHHoi 1o (EWB)

Conocrasnssn 3Ty 3aNUCt C NPUBEAEHHON BbIWeE, BUAUM, 4TO OHU
NOAHOCTLIO COBRAAAIT
Ona ynpowenus f1O gaem komanay (Simplify — ynpoctuTts), Ha-

xae fTIKM Ha cneayowyio knasuwy JIK Toli SN A8
Tare nony4daem ynpoweHnyio 1o (cm puc 71,6) B Buge
Y=AC+AB+BC
Mo aromy BuipaxeHwio HaxxaTuem fIKM no npegnocnegHein cHu3y
AB > |

—. B peayns-

nasuwe NIK CcTpouTCa Uckoman cxema Ona BO3-
HUKHET (PUC 72,a) HA OCHOBHOM 3KpaHe B NPOM3BONLHOM MecTe (BO3-
MOXHO 1 No3agu nadenu JIK) Maxens JIK Hano BpeMeHHo ceepHyTL

A B C
®

Puc 72 (navano)
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5)

Puc 72 (okoHyaHue) [MpoekTuposaHue maxoputapHoro J13 (EWB)

Cosem Tloka cxema akTUBHA (BbideNneHa KpacHbiM LBETOM), NoOMec-

(EWB) TuTe Ha Hee Kypcop (OH NnpeBpaTUTCA B W3obpaxeHue pyku)
u BykcupyitTe ee Ha cBobogHoe mecTo ITO Hago cdenatb
obsi3aTenbHO, ecny HOBas CXeMa HAanoXwnacb Ha Kakue-
nubo crapbie «PacTawuTb» nocne 3TW «3aBanbl» NPaKTU-
4YEeCKW HeBO3MOXHO, U ecnu npouaowen cbol, nyywe Bce
HayaTb cHayana He co3gaBaWTe MHOMO CXeM Ha OAHOM
3kpaHe (B ogHom cpaiine), pabota ¢ JIK TpebyeT mHOro one-
paTUBHOM NamsATU W MOTYT Ha4vaTbCs cbou

lNMpoBegem pefakTUpOBaHUE MOMYyYeHHOW cxembl 3ameHum 4Ba
AByXBX0A0BbLIX MJI Ha ogvH TpexBxodoBkii J13, 4To cooTBETCTBYET
CTPYKType ynpoujeHHo# JI® cnoxeHuto Tpex npouasegeHunii [saxasl
wenkaem no nNwbomy JI3 OR 1 B NOABUBLUEMCH OKHE OTKpbLIBAEM MO-
auyuio Number of Inputs (yucno Bxoaos) u otmeyaem 3 Ha akpaHe
BO3HUKHeT Tpexexogoebid [13 OR JluwHuia gsyxexogoseiid JI3 OR
yaansem u nposoduMm Heobxogumoe pefdakTupoBaHue (puc 72.6)
Kpowme Toro, Ansa npoBepku NpaBUMBHOCTW CXEMbl NOAKNIOHNUM ee K
cxeMHoMy koMnoHeHTy JIK (cm puc 72,6) OTKpoem nNUUeByio naHenb
JIK n ecnu oHa umeeT cTapoe 3anonHeHue, To, Haxumaa Ha A, B, C u
yAanue J1® ¢ 3kpaHHOW CTpOKWU, nogroTaBnueaem npubop k pabore

L - T |
Mocne 3Toro, HaXuMas Ha nepeylo knapuwy | — ——— =S

Aaem KOmanay Ha npeobpasoBaHue «cxema» — «Tabnuua UCTUHHO-
ctu» B peaynbrare gomkHa noseBuTbCcA Ta Xe camas TW, a nocne
HaXaTus Ha cneaylowue ABe KNasuWwn Te xe popmynsbl
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Takum 0Bpaaom, JIK no3sonset BBOAUTE UCXOAHYIO uHpopMaunio
yepea TW unu cxemy, TpeTuii BapuaHT 3aknioNaeTcs BO BBOAE o
Yepea aKpaHHYI0 CTPOKY C KnaBUaTyphl komnsrioTepa (MpaBaa, TyT Mo-
FYT BO3HUKHYTb HEOONbME NPOBNemMbl C HanevyaTaHuem Wrpuxa kak

3HAKa WHBEPCHM, HO OHW NPEOAONUMLI) C NOCNEAYIOWUM HaXaTUEM
AlB — l !
KnaBuWN — —* t°lt J Bce tpu cnocoba npeacrasnenus LIY

TU, cxema u J1O B3aUMOCBSIaaHbl U XKENATeNbLHO YMETb NepexoanThb
OT OQHOrO K Apyromy

Y6epem teneps JIK u cobepem, HakoHeEL, CXemy MaKOopUTapHOro
J13 c kNNamMy Ha BXOAe M WHAMKATOpOM Ha BhbiXoAe ANA ee uccne-
[oBaHus (puc 73,a) AHanoruuHylo cxemy cTpoum u B nporpamme MC
(puc 73,6) Mpoeepus paboTy aTux cxem, yoexaaemcs B NpaBUNbHO-
CTU pELUEHNs 3a4a4u

&
I S
EE— -

6)
Puc 73 Wccnepoeanve maxopurapHoro J19 a— EWB, 6 — MC
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3apagvmca Tenepb Uenbio cOOpPKU BUPTYANbLHOW MOAENN Maxo-
putapHoro 113 Ha Mukpocxemax. nA 3T0ro uenecooBGpasHo nepenTn
K ogHoTUNHOMyY 6asucy BN3, Hanpumep NAND.

B nporpamme EWB Ha nuuesoi naHenu normyeckoro KOHBepTo-

TUF/9911-2

QEEEE
M XD, NC B,

TUF/9911-3

pa nocne Habopa N® (T wnu noaknioYeHUs npeablaywen cxemsol) E
Amgn;,_. . NANQ,.@%» £ o .fE]
HAXUMaeM Ha HWXHIO KnasuLlly U nonyyaem 59 =_
COOTBETCTBYIOLLYIO NOrUYECKYIO CTPYKTYPYy. 3Ta CTPyKTypa Ha puc 74 25 §
pononHeHa no3vunoHHbiMu 0603HaveHusimu 6N3 DD1...DD6 v 060- 2] ‘é"‘ & @
3HayeHuem Bbixoaa Y. g o
B
o
A EC &
DD1 (o]
DD4
.7 DD5 c
X DD6 v o
X T —
bD2 Q
.7 g BrsS DS
c ) =] o =] o] o] o
DD3 8 BJ
X

Puc 74 Norunveckas cTpykTypa maxoputapHoro J13 Ha BII3 NAND (EWB)

Pin Assignment for
DIP, Flatpak, SOIC, and TSSOP
-/

WTak, Ham TpebyeTca MUKpOCXema C LIECTbi ABYXBXOOOBbLIMU
snemeHtamm NAND Ob6pauwiasce K cnpaBodHukam u Hubnmnoteke
KOMMOHEHTOB, BUAUM, YTO ceputo Mukpocxem TTI1 OTKpbiBAET MUKPO-
cxeMma 7400, copepxalias B O4HOM KOpRyce 4YeTbipe HeobXoaAWMbIX
BN3 3Haunt Ham noTpebyeTcs ABa Takux komnoHeHTa Ha puc. 75
npuBeaeHa KOMUA KaTanoXXHbiX 4aHHLIX MO 3TON MUKPOCXEME B 4acTw, - .
Kacalolenca CXeMOTEXHUKN. A T

Bce yeTbipe OTAEnbHbIX nornmuyeckux snementa 2M-HE paHHOW ) J J

TUF/9911-1

Description

Inputs
Outputs

MMKpOCXEeMbl MOXHO MCMONbL30BaTh HE3ABUCUMO APYr OT Apyra. Tpu —_ o

nogadve HanpsXKeHUS HU3KOro YPOBHA HaA 0AMH unu 06a Bxoaa Kaxgo- _8 S e

ro 3NeMeHTa Ha BbiXOA4e YCTaHaBNUBAETCA HaMpshHKeHWe BbiCOKOro = w

yposHa Ecnu Ha 00a Bxoga nogaeTcs HanpshkeHWe BbICOKOro ypos- = =

Hf, TO Ha BbixoAe HOpMUPYETCA HaNpsHKEHNE HU3KOTO YPOBHSA 1)) TTTTTTT
o PETITISD
o
o
-]
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Pin Names

An- Bn

Puc 75 WnterpanbHas mukpocxema 7400 dmpmel National Semiconductor



B nporpamme EWB mukpocxemy 7400 mMoxHO Bbibpath, BoWas
%
yepes ukoHky *_— (undposble) B 6ubnuotexy uMppoBoIX MUKPO-
Tdxx

cxem Digital ICs n panee Haxas Ha UKOHKY

. v -
BecTu BbiBop Yepes MKoHKy Logic Gates . .- (oruyeckue anemex-

=
Tbl), MOTOM UKOHKY n nanee . OkoHyaTencHbI% BoIGOp No-

cne 3TUX Npoueayp NPOW3BOAMTCA NO OTKPbIBLUEMYCH CMWUCOYHOMY
meHi Pacnonoxwus Ha pabouem none ase MUKPOCXEMbl HeobxoaumMo
NPOBECTW MOHTaX B COOTBETCTBUNA CO CXEMOW, MOKA3aHHOW Ha puc
74 [inA aToro Hapgo pasobpaTbCA ¢ MapkupoBkoi sbisofos. Ob6oaHa-
YyeHus BoiBogos anemeHToB NAND cnegywouwme A w B — Bxoabl, Y —
BbIXOf, MPUYEM KaXabIA 3NEMEHT ellie MeeT CBOK UM poBy MeTKy
Beenem ofo3HayeHUs KOMMOHEHTOB U WX BLIBOAOB Ha NpUHUMNUanL-
HYK CXemy, Tak KaK 3To 0DbIMHO feNawT NpU MOHTaXe peanbHblx pa-
AWNO3NEKTPOHHbBIX YCTpO#NCTse (cm puc. 76,a).

. MoxHo Takke npo-

Cosem [lockonbky rpacuyeckuii peaakTop QaHHOW nporpammel

(EWB) naeT BO3MOXHOCTb pacnonarate TEKCTOBbIE METKM Y3NnoB
TONbKO CTPOrO Hap HWMW, TO ANs Toro YTobol usbexarto nmx
HanoXeHWA Ha apyrvwe rpacguyueckne aNeMeHTbl CXEM, Haxo-
AnTe COOTBETCTBYKLIEE pacnonoXeHue camux y3anoe, npo-
BOOHWKOB, COBQUHEHHbIX C HUMUW, U, HaKOHel, BbINOMHARTE
npw nNevyaTtw MeTkn HeobxoanMelit OTCTYN 3a cYeT BBedeHus
npobenos

COopky cxembl HauyHem ¢ nuTanmua k VCC (14) nogrnouaem «+» uc-
TO4HWKA NOCTORHHOrO HanpskeHus, a GND (7) 3asemnsem YuuTblsas
CXeMy, NOKas3aHHyK Ha puc 74, npoeoauM HeobXoOWMbBIE BHYTPUCXEM-
Hble COeiMHeHns, HanoMuHaKLWWe MOHTaX Ha nnate (cm puc. 76,6)
fononHue cxemy knouamiu (A, B, C) 1 BeixogHbIM MHaMKaTopoMm Y, npo-
BOAWM ee ucnbiTaHkre. [nA Toro Ytobbl NpubnuanuTe BUPTYasnbHYK MO-
Aenb K peanbHbiM YCTPOWCTBaM, 3aMEHUM OAQHOMONIOCHBIE 3MEMEHTbI
WCTOMHMK NUTaHUA — Ha BaTapeto E1 1 noruyeckunt nHamukartop — Ha cee-
Touanyvawowmin auon VD1 ¢ tokoorpaHuumsaowmm peauctopom R1 (oM
puc. 76,8) [TpuBedeHHas cxema yxe MoweT OblTb Mcnonb3oBaHa Ana
pa3paboTky COOTBETCTBYIOUER NEYaTHO) NNaTebl yCTporRCTBa
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Puc. 76. C6opka maxoputapHoro J13 Ha mukpocxeme 7400 (EWB)
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Cosem [poBoanTe BUPTYanbHbIR MOHTaX MUKpPOCXeM 8 GONbWOM

(EWB) wmacwrabe u3obpaxenus [1oNb3ydTeCh MOHTaXHLIMUA Y3-
namu ana NPUAAHWA TpaccuposKke NPOBOAHUKOB HeoBxoAau-
MOro pacnonoxehun Mcnonb3yiTe pacKkpawusaHue npo-
BOAHWKOB ANA YNYHLWEHUA WX Pacno3HaBaHus

Mporpamma EWB He Hwke 5- Bepcun umeeT 4ONONHUTENBHLIN
6nok EWB Layout, 8 KOTOpOM N0 NONYYEHHOR BUPTYaNbLHONW MOHTaXK-
HOW CXeme MOXHO NpoBecTu pa3paboTKy BCel NevaTtHOW nNNaTbl YCT-
poictea OaHaKO U3NOXEHWUE 3TUX BONPOCOB AaNEeko BbIXOAWT 33
paMKn AaHHOW KHUIK

B nporpamme MC oTcyTcreyeT rpachuqeckan KopnycHas 3amyns-
uua MUKPOCXEM ManNoi UHTErpauun, XoTA B HeN U UMeeTCa oBWwupHan
KOMNOHEHTHaA GubnuoTeKa ANa WCNONb3OBAHWUA WX B CXEMOTEXHUYE-
Ckux Moaensx

CnoxeHue ABOUYHLIX Yucen

MMeHHO 3Ta mateMatuyeckas onepauun No Cyulectey NexuT
8 OCHOBe paboTol OBM nepebie MawWHbL U Ha3biBanu apudmeTuye-
CkuMu, a rNaBHbBIM MO3roM npoueccopa sisnsetca ATY (apucmeTuve-
cko-noruvueckoe yctpoicteo) OObIMHO WKONbHUKAM BOWBAIOT B rono-
sy Tabnuuy ymHOXeHua 3a4ecb e ee MecTo No npasy 3aHumaeT
«Tabnuua cnoxeHusa»

CnoxeHue Npou3soauTCA NOPaspsaHo (NOGUTHO) #, NOCKONLKY
MaWWHA 3HaeT TONbKO HYNW W eauHWUbI, TO PEe3yNbLTaTOM CROXEHUA
asyx eauHuy sisnsietca 0 8 AaHHOM pa3psage u 3HaK ™, KOTopbiM 060-
3HaueH nepeHoc B cneaylowuin pa3paa lNepeHoc *(no-aHrnuinckn —
Carry) B cOOTBETCTBYIOWIEM pa3paae CKNaAbIBAETCs Hapaay ¢ uud-
pamu, crosiwumu B8 aTom paspsge Takum oGpa3om, Tabnuua cnoxe-
HUA ABOUMHbIX YUCEN TaKoBa

0+0=0 * +0+0=1

0+1=1 “+0+1=0n"
1+0=1 *+1+1=0n"
1+#1=0u " { *+1+1=11n" ]

lonycymmamop

Mocrtpoum cxemy nonycymmatopa — LY ¢ asyma sxogamu ans
CNOXeHus ABOUYHbIX ducen Ge3 y4eTa nepeHoca u3 npeabiaywero
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paspsaa (pa3ymeeTcsi, NepeHoC B cneaylowmwih pa3paa Aonxe dop-
MUPOBaTLCA) 3HAuUT, MOMYCYMMATOp peanu3yeT Nepsyio KOMNOHKY
aToi Tabnuubl, U OH UMEeT ABa BbIXOAA CYMMY B AaHHOM pa3psaae
“ NepeHoc B cneaylowui pa3psa 310 GbINO CNoOBECHOE onucaHue
3afauun Tenepb ee copmanu3auun 0GO3HAYUM CkNaabIBaEMbie BU-
Tol vepe3 A u B, cymmy — S (o1 nat Summa) u nepeHoc C (0T aHrn
Carry) Torga TW nonycymmaropa, uMerowero 4sa Bxoaa u A8a Bbi-
xoaa, 6yaer Takosa

>
|

(9}
1

= Ol=|O|®
Ol=aa|0OWm

BECE
ele

HeTtpyaHo sugeTs, 4T nepeHoc opmupyetca IO M, Te C=AB
Ana cocrasnenun NP S koHewHo MOXHO ofpaTuTbes k JIK, HO 3aech
Tako# NPOCTOW Cnyvaid, YTO Pe3ynbTaT, Kak roBopAT, HA NUUO U ero
HaAo NUWb yBUAETL

Cocraensaem, kak Gbino oNMCaHo soiwe, SI® no BLIXOAHLIM eau-
Huuam ux aee CnegosatencHo, Gyaert Asa cnaraembix

S=A'B+AB'

Mony4enHan ¢yHKUMA OYeHb BaXHA U UMEET CneunanbHoe Ha-
asanue Uckmovarowee MMM, wa avrnuinckom — XOR (0T eXclusive
OR) O6biuHoe U/1 MOXHO B NPOTMBOBEC HA3BaThb «BKNIOHAIOWINMY
Uckmoqvarowee U/IA ocywecTsnsieT MareMaTUyecKylo onepauuio
CNoxeHwe ABYx 6UT NO MoAyNIO 2, NOITOMY WHOrAa B 06O3HAYEHUAX
nonycymMartopa MoXHo yeuaete M, Matematuku yacto o603HaqaloT
3Ty Onepauuio cneuuanbHbiM 3HAKOM @ «ncesaonnocy, T e

S=A®B

Ana coctaBneHus NOrudieckoi CTPYKTYpH CXEeMbl CYMMUPOBAHUA
8 cooTeeTCTBMU C hopmynon S=A'B+AB’ Hano HauuHaTh ¢ nocneaHe-
ro AencTena 3HaKy «+» COOTBETCTBYET norudeckas onepauus MM
3HauuT, Ha Bbixoae cTasum 1O OR YMHOXeHW0 cOOTBETCTBYET no-
rudeckan onepauun 4 3aeco ABe Takux onepauuwn, Aa ewe oauH N3
TpeGyetca ans nepenoca Bcero Tpu 13 AND HakoHeu, kaxayio ne-
PEMEeHHYI0 Hano NPouHBEPTUPOBaTL HYXHbI ABa JIO NOT Buisoaum
3™W wecTb JIO Ha pabouyee none u cobupaem cxemy, AONONHARA ee
UCTOYHUKaMKU CUrHanNoB8 W uHAaukaTopamu (puc 77,a), 1 aHaNOrM4YHO
8 nporpamme MC (puc 77,6)
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[A]
T a DD3

B) r

Puc. 77. llorndeckne CTpyKTypbl nonycymmaTtopa:
a- EWB;6- MC:8-EWB;r- MC

100

Pe3synetatel Mogenvposakus ceepsem ¢ anrebpon byns, Tak
cka3atk «nposepsem anrebpoi rapMoHKIO» BUPTYanbHbIX CXEM.

B paccMOTpeHHbIX Cxemax nonycymmaropa nogcxema (4actb
Bcen cxemsul) Ha /I3 DD1 DDS npegcrasnser cbopky I3 Uckmo-
qawouwee NN, 10T 3NEeMEHT UMEETCA B HAlEM KOMNLIOTEPHOM KOH-
cTpykTope B Buae uenoro J13 Ero Tekctosoe o6osHauveHue XOR,
a YO 8 EWB umeeT Ha cBoem none 3Hak Gynesa (nonyxupHoiM

=1

wpudTOM) paseHcrsa eguHuue &l . 310 ceBA3aHo c Tem, yto J1®
Uckmovarowee /TN pasHa 1 TonbkO TOraa, Koraa kakon-nmbo oguH
aprymeHT paseH 1 Cneuunanuctbl ebipaxaioT 3ty JI® dpason: «Hro-
Hubyap, HO He Bcer. B nporpamme MC (CesepoamepukaHcKuin craH-
AapT ANSI) YI'O He nopaaeTcs HW onucaHuio, HU Kakomy-nubo pa-
LUuoHanbHoOMy 06bscHeHU0. PUCKHEM NpegnofioXuUTL UM NOWYTUTD,
YTO 34€eCb cKa3anacb reHeTuka TOTEMHbIX 3HAKOB ceBepoamepukaH-
CKuUX uxgeiues [loatomy nyywe oauH pa3 ysuaeTe . Boibepem N3
XOR u, nepegenas npegbigywime daiinbl, NOCTPOUM Ha Hem nony-
cymmarop u3 asyx 13 (cm puc. 78, a, 6)

Ecnu Ha Boixog 13 Uckmovarowee NI nocTaBuTb UHBEPTOP, TO
nonyyutcs Mckmovarowee MITN-HE, no-anrnuinicku eXclusive Not OR
(XNOR) TW anemeHta XNOR umeer Ha Bbixoge ¥ 1, 0,0, 1 YIO
otnuyaetca oT XOR B 0603HaveHmax ANSI Hanuymem Kpyxka uHeep-
cuu Ha Bbixoge, B 06o3HayeHusx DIN nporpammel EWB KpyxKka HeT,
a B ocHosHOM none YIO N3 ybpaHa 1. 3toT /I3 umeeTtcs B 0benx
nporpammax

B nporpamme EWB umeetcs cneuuanbHbiil MHCTPYMeEHTapui
Ans sblgenexns yHKUMOHanbHbLIX 6nokoB 13 60NbLLWKUX CXEM, HO ero
MOXHO TalkoKe MCnonb3oBaTb ANA cOo34aHus gononHutenbHon 6ub-
nuotexku uyudposbix y3nos. Nposegem noctpoeHue cybbnoka nony-
cymmaTopa no cxeme Ha puc. 77,a. [pexae scero, nyteMm npoctoro
pacTaXeHUs BbigeneHHbIX YacTel, NpuaaguM Cxeme Takoin Bug, YTo-
6bl OKOHYaTENEHO BHYTPL BblAENSIOWEN PaMKU BXOAUN TOMNLKO Nony-
cymmarop (cm puc. 78,a). 310 n Byget cyb6nok (cybuensb, nogcxema,
noguens) MposogHuku, nepecekarwme KoHTyp cybbnoka, snocneg-
cteun 06pa3yioT ero BbIBOAbI, NOSTOMY WX YUCNO M pacrnonoxeHue
Hapo CTporo KOHTponuposate. Nocne sbigeneHus cy6bnoka, noka ero
3NeMeHTLI UMEeIOT aKTUBHbIA KpacHbIi useT, Bxogum B MeHo Circuit
(uenb) n Bbibupaem Create Subcircuit (cosgaHme cybuenu). B nos-
suBwemcs meHo Subcircuit (cm. puc 78,6) BneuarbisBaem B CTpOke
Name Ha3saHue, Hanpumep HA (ot — Half-Adder), u sbibupaem Copy
from Circuit (konuposaHue u3 uenw). Ha paboyem none nossutcs go-
NoNHUTENbLHOE OKHO C passepHyTol cxemoll cybbnoka (puc 78,8)
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OD1

DOD3

DDS

av|

DD4

0D2 \__l

DD6

[~

DOD3
DD
B 1 i DD4
0D2

Subcitcuit

Am

Name IHN

’ Copy from Circut |

Move from Circuit ‘

Replace in Circuit ‘

Cancel

av|

OD6

B)

Choose SUB

A)

Puc 78 Co3spanue cy66noka nonycymmaropa (EWB)
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e)

Mpu HeoBXOAMMOCTU 3TY NOACXEMY MOXHO OTPEA2KTUPOEETb
CTe2HA2pTHbIMK Npuemamu Kpome TOro, MOXHO A0628UTb BbIBOAbI,
BbITAHYB NPOBOA U3 HYXXHOIR TOYKM [0 KPaR BHYTPEHHEro Nona okHa
Mocne ornyckaHua JIKM BO3HWKHET [ONOMAHUTENBHEA KOHTaKTHas
nnouwlaaka Hanpotus, eciu KOHTaKTHYI NAoWanky BbiTAHYTbL 32
npeAensl OkHa, TO COOTBETCTBYIOWMIA BbiBOA OyAeT yaaneH [locne
peakTUPOBZHAA W NPOBEPKU NPaBUNLHOCTK BolDpaHHOR NOACXEMb!
3TO OKHO MOXHO 32KpbIThb

Cosemn [loka nogcxema aKkTWBHZ, NPOBEPLTE, Kaxkhe INeMeHTH!

(EWB) sbigeneHbl kpacHeim UsetoMm OO6a3aTenbHo nposepbTe
NPaBUNbLHOCTL PE3BEPHYTOR CXeMbl Nony4yeHHoro cybbnoka
Ecnu nocne KonMpoBzaHKA B UCXOAHOW CxeMe Uik Konuu ee
cy6bnoka nossaTca rpaduyeckie UCKEXEHUA, TO “x Heob-
XOAMMO UCNPaBTL CTEZHASPTHLIMI NPUEMamMu

[nsi sbibopa cxemMHoro n3obpaxeHus cybbiioka 8 cBepHYTOM BU-
€, Hafo HaxaTb 8 psay 8bibopa KOMNOHEHTOB Ha MKowky Favorites
Be
(n3bpaHHbie) ¥ | B pesynbTaTe nonyuYnM UKOHKY C nsobpaxeHuem
cybbnokos (cm puc 78,r) K BOIMOXHOCTb AanbHelwero seibopa
Choose SUB (cm puc 78,4) Haxas 8 nocnegnem oxre JIKM Accept
(cornacuTbCs), NONYYNM UCKOMOE CXEMHOE U3obpaxerue cybbnoka
B cBEpHYTOM BUae (puc 78, €) K «BHYTpeHHEMY copepXaHuto» cyb-
fnoxa Bcerfa MOXHO 8epHyTbea ABOWHbIM wenukom JIKM no ero
CXEMHOMY u3obpaxenuto
MonyTHO oTMEeTMM, 4TO BubnuoTeky pasgena Favorites MOXHO
[OKOMMNAEKTOBaTL  YXKe cywectsywouwumm 1 Haubonee 4acTo
WCNONb3YEMbIMKU  KOMMOHEHTEMW, HEXKaB Ha COOTBETCTBYIOWLYIO
nkoHky KM 1 sbibpas onuuto Add to favorntes (nodasutb «
130paHHbIM) CospnzaHue TaKoh cneysanusanposad ol
NONb30BETENLCKON MaHEenNU Ans1 KOHKPETHOW CxeMbl viHoraa Gbisaer
yaofHo [ns “cnonb3osaHWA nonydeHHoro cybBnoka 8 HOBOM OKHE,
HeobXxoAWMOo CKOMUPOBETL CxeMHoe u3obpaxeHue cybbnoka 8
csepHyTOM Buae (puc 78, e€) B 6ydep obmeHa OTKpb!B HOBOE OKHO
B
(New) 1 Haxas Ha WKkoHky Favortes ¥ | yBuAUM, YTO BHYTpU HeT
HUukakmx 3nemeHTos Heaxvem JIKM Past Ha 3kpaHe BO3HuUKHET
CXeMHoe U3obpaxeHue cybbnoka, 2 8 OTKPLITOM OKOLIKe — Favorites
WKOHKa 4NnA ero sbibopa (kak paHee Ha puc 78, 1)
B nporpamme MC Taoke NpefycMoTpeHa BO3MOXKHOCTL Kak No-
NONHEeHUR BUDNNOTEK HOBbIMWA UNW HECTEHAZPTHLIMU KOMNOHEHTEMMU,
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Tak v pa3paboTku Makpomogenen pa3nuuHbix yctponcts. OaHako atn
npoueaypb! 3HaYUTENBHO CNOXHee 1 TpebyloT AONONHUTENBLHOro 3Ha-
HUA cneynanbHbIX A3LIKOB ANA ux onucaHua, 3Tu npoueaypbl
ONUCAaHbI B NUTEPATYpe 1 31e€Cb HE PAcCMaTPUBAIOTCA.

B undposom Habope Digital _V_l nporpammbl EWB cyulectsy-
€T cneyuancHbil OUONUOTEYHLIA KOMMOHEHT: nofycyMmarop (no-

anrnuickn — Half-Adder) . [I3HHbIA KOMMNOHEHT 3KBUBANEHTEH
co3paHHoMy HamMu cyb6noky, HO umeeT uHoe rpacuveckoe ocopMm-
nenune (M300paXXeHne 3Haka CyMMUPOBAHUA Z, @ TalkKke [Ba BXoAa U
[Ba BbIXOA3, 0AMH 13 KOTOpbiX cHabweH nometoi: CO — Carry Out
{sbixot nepenoca). Kpome Toro, AaHHbI CXEMHBIA KOMNOHEHT pacno-
naraeTca 8 OCHOBHOW BubnuoTteke, Y4To, KOHEUHO Xe, yaobHee [lpu-
BEAEHHbLIA NpumMep co3faHua cybonoka Gbin BLINONHEH NO AByM CO-
0DpaXeHUAM: BO-NEepPBbIX, MOKA3aTL CaMy TEXHUKY CO3QaHUA HOBbLIX
MO OTHOWEHNID K BubnuoTeyHbiMm cybONoKoB 1, BO-BTOPLIX, PACKPbITL
BO3MOXHOE «cofepxaHue» bubnuorteyHoro nonycymmaropa B otnu-
Yne 0T BHOBb CO3Aa@HHbIX CyBONOKOB rotoBbie BUBNUTEYHbLIE KOMMO-
HEHTbl HE PacKpPbLIBAIOT CBOUX CXEM W HE AAKT BO3MOXHOCTU WX pe-
OaKTMpoBaTb (B DONbLWMUHCTBE KOMNOHEHTOB PEAAKTUPYIOTCA TONLKO
UX NapaMmeTpb!).

[A]

a) 6)
Puc. 79. Cxema sriorMenna nonycymmaropa (EWB)

Cxembl, B KOTOPbIX UCNONbL30BAH BHOBL CO3AaHHbLIR U CTaHAAPT-
HbIft NONYCYMMAaTOpbl NokasaHbl Ha puc. 79,a,6. B nporpamme MC
noaobHbI KOMMOHEHT oTcyTCTBYET. Ero npu HeobxoammocTu, KoHeu-
HO, MOXHO «caenaTtb» u3 UMEIOWEHCA 3aroToBKK NOrMYECKOro YeTbl-
pexnoniocHuka (Logic2:2), npeaHasHavyeHHoro ANs 3anucu noruve-
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CKUX BbIP@XEHWIA, HO 3TO TpebyeT 03HaKOMNEHUA C AOCTATOYHO cne-
UManbHLIMA (hopMaTamv BeaeHus NOAODHbIX 3anucei.

NocnenoBaTteNnbHOCTHAA NOTHKA

Tenepb HapywWM TO OCHOBHOE NpaBuio B cOopke KOMOMHAUNOH-
HOIt CxeMbl 13 BJ13, cornacHo KOTOPOMY €€ BbixoA He Mor ObiTb 0A-
HOBPEMEHHO CBR3aH C KaKMm-NubO BXOAOM, COCTaBNAloWMUX ee na
B aToM CNly4ae BLIXOQHON CUrHan so3spawianca 6bl 06paTHO Ha BXoA,
Te B cxeme obpasosanach Gbl uenb obpaTHoW CBA3U Tenepb xe
HanpasneHHo BBeaemM nofobHbie yenu obpaTHoi cBA3N

B nporpamme EWB BO3bmem ABa aneMeHTa WUnn-He (NOB
Gate) n cobepeM Ha Hux npocTeiiwyto cxemy (puc. 80,a), B KOTOPOU
curHan ¢ ebixoga Out1 O DD1 nopaeTca Ha oAuH U3 BXOADB na
DD2 Kak 0Bbl4HO, nccneayem coctosHue Bbixoaa Outl B 3aBUCKAMO-
CTU OT COCTOsHUA BXoaos A n B.

1A]
FF DD1 g4
[B]

a)

2 5

Puc 80 (navano)
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DDt

Out 1

e)

r)

a)

Puc 80 (okoHuaHue). Cxema c o6paTHol cBa3bio (EWB)
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Ecnu npu A=0, B=0 BKniounTb MOAENNPOBaHNE, TO MHAWUKATOP Ha
Bbixoge OyaeT murartb, YTO COOTBETCTBYET HeonpeaeneHHOMy Cco-
CTOSHUIO Cxembl B 9Toh nporpamme. fogagwm B=1, octasue A=0,
1 BKIIOYMM MogenupoBanue: nonyyum Out1=1 (puc. 80,6) 3arem, He
BbIK/IOYan moaenuposaHue, BepHemMcs K B=0. O, uygol — niaukatop
npogomxkaeT ropeTb, T.e no-npexHemy Out1=1 (puc. 80,8) [pea-
cTaBbTe Ce0Sl Ha MWUHYTY Ha MecTe anekTpuka, cobpasllero oceeTu-
TENbHYIO INEKTPONPOBOAKY C ABYMS BbIKIIOUATENSAMU Y NAMNOMKOW
BoT oH BbIIIOUMN yXXe 062 BbIKNOUYATENS, @ NaMNOYKa, Kak HU B Yem
He GblBano, npogonxaet ropetb! Haxumas MHOrokpatHo Ha Kiou B
(He BbIKIIOYAn MogenupoBaHue), BUAUM, YTO 3Ta Knasuwa kak bbl
noTepsna cBOM ynpasnsioLiMe CBOMCTBA NOCNE NEepBOro BKIOYEHUS.
Ho aT10 ewe He Bce. He suikniouas mogenuposanue, nocne B=0 ne-
pesegem A n3 Hyns B eanHudy, T.e. BbinonHUM A=1. Toraa uHAuKa-
Top noracHer, T.e. Qut1=0 (puc. 80,r). K, HakoHeu (He BbIKNKYas MO-
Aenvposanue), sbinonHUB A=0, BEPHEMCS K UCXOOQHOMY COCTOSIHMIO,
koraa A=0, B=0 u Out1=0 (puc 80,a) Tenepb, BOOGpaxaemblit 3nek-
Tpuk Gbin Bb! BNONHE QOBONEH, HO, MOBTOPWB BCE CHauana, oH Obl
CHOBA NOpasnNcs, NonNyyYns Te Me pesynbTaTthl: NPU ABYX BbIKNIOYEH-
HbIX BbIKNouaTensx (A=0, B=0) namna moxeT kak ropetb (puc 80,8),
Tak u He ropeTb (puc. 80,4).

Tenepb obpatumcs K nporpamme MC. BuiGpas asa B/1O NOR,
Apa knova Switch U nornueckmit npobHuk-uHavkatop LED, cobepem
13 HUX @aHanorM4YHyIo cxemy ¢ o6paTHoit CBA3LIO (puc. 81,2).

3apas A=0 n B=0, nocne aHanusa Transient, nony4y1m Ha BbIXO-
Ae Out1=x — HeonpeaeneHHoe coctosiHue (puc. 81,6). 3apas A=0 u
B=1, nocne ananusa Transient, nonyuum Ha Buixoge Out1=1 (puc
81,8) 3agas A=1 n B=0, nocne aHanusa Transient, nony4ynm Ha

A pp1 [J

[
-
—_

qQes92 BeHiedgO O

a)
Pvc. 81 (Hauano)
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6)

N

Puc 81 Cxema c obparHoin cer3bio (MC)

Bbixoge Out1=0 (puc. 81,r). Hukakve «uyaeca» noka He Habniopator-
cA [eno B TOM, 4TO B AaHHOW hporpaMme MOAENUpoBaHUe NPOBO-
AUWTCA B aHUMaAUWOHHOM DEXWME KIoMell W3 HYNeBOro HavanbHoro
COCTOSIHUS, N HET BO3MOXHOCTM WX NEPEKNIONEHUA B Npolecce cyeTa.
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MoaTtomy 3amenum IKHOUM cReynanbHbiMK FeHepaTopamu LMpPoBLIX
curnanos (Stimulus Generators).

BuiGop reHepaTopoB nhpoW3BOAWM, NOCNEAOBATENLHO HAXUMASR
JIKM: Component>Digital Primitives>Stimulus Generators>Stim1. Mo-
cnegHss uugppa 1 o3HavaeT, MTO 3TO reHepaTop OAHOPAa3PAAHOro
uugpoBoro curHana. B nosBuBLLUEMCS OKHE peaakTUpoBaHUst CBOWCTB
(puc 82) npucsansaem COMMAND=B, Bnewatas B BHyTpu okoluka
Value u psaom oTmevwaem Show (cM. puc 82).

 Name = -
[ chJMMAND

lprlqvw:.

™ Pin Markersp

I" PnNames T~ PinNurbers W Curent (

R
e

: b  en X ?
¥ Power ;. Condtion _ 1.
AR Fh I ey R

<

PART=U1
FORMAT =]

1/0 MODEL=I0_STD
TIMESTEP=0
|0_LEVEL=0
POWER NODE=$G_DPWR
GROUNO NODE=$G_DGND
PACKAGE =

NS et

s \Souoe Local nm wea o( o \oATA\uu\nso oR-

.define B

+0NS 1 2
+100NS 1 -
+ 200NS —

N
4 3]

Puc 82 PepaxkTnposaHue CBOICTB freHepaTtopa Umdposoro curHana (MC)

3pecb Xe, B CaMOM HWKHEM OKHE, B CneuwanbHoM gpopmate
onpefenseM uCToMHUK B. IMycTb nonHoe Bpems MogenupoBaHus
pasHo 200 Hc (NS wnu ns) Pa3obbem ero Ha gBa wWHTepBana nho
100NS Ha nepsoM uHTepsane (ot ONS go 100NS) B=1, a #a BTopom
(ot 100NS pgo 200NS) B=0 Takum obpasom, B HWXKHEM OKOLKe (CM.
pvc. 82) HaneyaTaeM Takoe onpeaeneHue:
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.define B
+0NS 1
+100NS 0
+200NS 0
AHanNOrM4HO onpefenuM UCTOMHUK curHana A, KOTOpbIW NyCTb
Gynet BCe Bpems Ha HyneBOM YpOBHe, W B COOTBETCTBYIOWEM OKOLLKE
HanevaTtaem:
.define A
+0NS 0
+100NS 0
+200NS 0
CmeHuB uudpoBbie KNIYU HA HOBbIe UCTOMHUKW, NONY4YUM CXe-
My, NOKa3aHHYI0 Ha puc. 83, rae B NPAMOYrofnbHbIX pamkax nokasaHa
Hymepauus LngppoBsbix yanoB d1—d4 (cocTonaHue uHaMkaTopa Bbixoaa
NoKa HEUHHOPMATUBHO).

Puc. 83. Cxema c reHepaTopamu undpposoro curHana (MC)

_hansuenl Analysis Limits .
A | add | Deete | Expand. | Stepping. | Piopeties | Heb. |
Tima Aange W_— Bun Opbons Normal =]
Maximum Time Step ]0—' Stale Varizbles  [Zerg ~]
Number of Paints ]51_—' ¥ Operating Point
Temperalure m ]27———— T~ Operaling Port Orly
M Auto Scale Ranges
P X Enpression L Y Enpression X Range ] Y Range
mWEME] | [a) 2070408 |20
WEmET e e
mEmE T @ [ee704e6 20
E=El T Joa [ee70%08 [

Puc. 84. YctaHosku pexmmos aHanuaa (MC)
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Bxogum B pexwum aHanusa u genaem cootBeTcTBYyIOWME ycTta-
HOBKW, nokasaHHble Ha puc. 84. Bkniouus KOMaHAy Ha MoaenupoBa-
Hue (Run), nonyuum Ha cxeme (nocne Haxatus Ha Node Voltages
._l) COCTOfHWe LUMdPOoBLIX Y3nos d1-d4 k KOHUY MoaenupoBaHus
W wHAukaTopa Bbixoaa (puc. 85,a).

a)

RSO CIR

L L ¥ L]

(] ] 1 1

dn ' ' ' !
1 ] ' ]

@) : M ' ‘
L] T L)

] ] L] ]

@) N . . :
: L] [} [}

G ' : ] ]
X X X X

] 1 ] 1

1 t 1 ]

) ] ] [}

1 ] 1 t

] ! ] i

] t ] ]

) ) ] ]

[} L] 1] 1

(] ] ] 1

1 ] 1 ]

] ] 1 1

1 1 1 [}

1 1 ] !

1 1 1 ]

] ] ] ]

1 L] ) 1

] ] 1 )

] [] [] 1

] [} [] [}

: ] [] )

0.n 40.n 80.n 120.n 160.n 200.n
T
6)

Puc. 85 (Havano)
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RSO.CIR
U 1 T T
[} [} 1 1
an .' R :
1 1 [} 1
T 1 1
d@) | ) l ' '
1 ] T T
1 1 ] ]
1 ! [] []
43) . 1 . ,
] ] i 1
b " ] ]
4@ ! [ !
] ] ) ]
1 ] 1 ]
] 1 ] 1
1 ] ] |
1 ] 1 ]
] 1 1] ]
] 1 i 1
1 1 1 ]
] 1 1 1
| 1 1 1
1 1 ] 1
1 1 ] 1
] 1 ] 1
] 1 ] 1
1 1 ] |
1 ] ] ]
1 ] 1 1
] ] 1 1
] ] 1 ]
1 ] 1 1
] i ] i
Qn 40.n 80 n 120 n 160.n 200 n
T

B)
Puc 85 (npogonxexue)

Kpome T0ro, pesynbTartel aHanu3a 6yayT u Ha rpadukax (puc.
85,6), Ha koTopble Mbl 40 CUx NOP He obpawanu BHUMaHUA Kak He-
TPyAHO BUAETL, 3TA KAPTMHA COBNAAAET C Pe3yNnbTaToM, NOKa3aHHbIM
Ha puc. 80,8 BOT 1 nosBUNOCL nEPBOE «4yao» YCTPOWCTBO BpOAE
6bl BLIKITIOYEHO, @ MHAUKATOp ropuT!

Tenepb nocMoTpum, 4to Byader, ecnu nocne coctoauun A=0 n
B=0, koraa vsaukaTop ropen, caenartb A=1 [ns 3T0ro M3MEHUM 3Ha-
YEeHUSA BXOAHbIX LW(POBLIX CUIHANOB BO BPEMEHW 3TO MOXHO Bbl-
NOSIHUTL, OTKPLIBAA OKHA WX CBOICTB, HO Npowe, nepenas U3 OCHOB-
HOIO CXEMHOro OkHa (Page) B TEKCTOBOe OKHO (Text), aybnupyrowee
OKHO cBolicTe COOTBETCTBYIOLME KHONKW PA3MELLEHLI B NIEBOM HUX-
HEM YNy CXeMHOro OkHa
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RS0.CIR

an

4@

4@

4@

On 40.n 80.n 120 n 160.n 200.n

n
Puc. B5 (okonyanue). MogenupopaHue cxembl ¢ obpaTHoi cessbio (MC)

BbicTaBuM B TEKCTOBOM OKHE CNeAYoWMNe 3Ha4YeHNs CUrHarnoe:
define A
+0ONS 0
+100NS 1
+ 200NS 1

define B
+0ONS 1
+100NS 0
+ 200NS 0

BepHyBWUCL B OCHOBHOE OKHO, NPOBEAEM MOAENUPOBAHUE U NO-
ny4um peaynbrar (cM puc. 85,8), KOTOPLIA NO CywecTBy coBnajaer
C peaynbTaTom, NoKasaHHbIM Ha puc. 80,r W, HakoHeu, 3agaB HOBblE
3HaYeHus cUrHanoe:;

113



.define A
+0ONS 1
+100NS 0
+200NS O

.define B
+ONS O
+100NS O
+200NS 0
U BLINOSIHMB MOAenuposaHue (cm puc 85,r), BEpHEMCA K UCXOQHOMY
COCTOSIHMIO, aHanoruyHo puc 80,4
OCHOBHbLIM OTIIUMMEM NOBELEHUA PACCMOTPEHHOW CxeMbl C 06-
paTHOW CBA3LI0 ABNAETCA TO, YTO OHA 3aNOMUHAET npedslaywiue co-
CTOSHUA U pearupyet Ha HOBble KOMAHAb! HE TOSIbKO N0 UX 3HAYEHU-
AM, HO U C y4eTOM 3T0ro Takum o6pas’oM, yausutenLHoe nosegeHue
CBA3aHO C BpeMEHHOW NOCNEeA0BaTeNbHOCTLIO KOMaHg U NaMATbIO
Ecnu 8 aHanoroBbiX 3NeKTPOHHLIX YCTPOMCTBAX npuMeHeHue o6-
paTHOMN CBA3K NO3BONANO B 3aBUCUMOCTU OT €€ 3HaKa, rnyGuHbl U Tu-
na perynupoBaTb aMNIWTYGHO-4acCTOTHbIE XapakTepUCTUKW, NpPOBO-
AWTb TemMnepaTypHY0 CTabunusauuio, NepesogquTt CUCTEMY B PEXUM
asTokonebaHui U 7.0, 70 B UUAIPOBLIX YCTPOWUCTBAX Mbl BCTpEyaeM-
CA C KayecTBeHHO HoBbiM 3tdekToM obpaTHOM CBA3W — NAMATLIO
cucTem.
Moapo6Hee 37K BONpOCHI ByayT pacCMOTpeHbl B rn 3
Mocne pgaHHoro obilero BBeAeHUA B ULWUPOBYIO 3MEKTPOHUKY
W MOLENUpoBaHWE ee NpOCTENWUX 3INEMEHTOoB, nepeiaem k Gonee
NOMHOMY PacCMOTPEHMWIO OCHOBHbIX LMHPOBLIX Y3108 U YCTPOWUCTB
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2. Y3Jibl KOMBUHALIUOHHOIoO TUNA

2.1. Uudpparopsbl u aewndgparopsbl

Jlezpan pasozpen nepzamenm u dan €20 MHe.
Mexdy yeperoMm u KO3NEHKOM, 2pybo HavyepmaH-
HbIM 4YEM-IMO KPacHbIM, CMOSNU MaKue 3HaKu
53 4HL+305)6°,4826)44L.)4 4+),806°,48+ 8])))..
Sarap Mo. 3onoToi xyk

B undpoBbIX yCcTpoACTBaX UCNONL3YIOT CneunantHble cnocobbl
CUCTEMATU4ECKOro NpeacTasrneHun uHdopmauuu ~ KoAUpoBaHUe
Passutue TexHuku nepegaqu uHdopmauun, ee o6paborku u xpaHe-
HWUA NpuBeno k paspaboTke cambiX pa3nuyHbiX kogos. MNpumepamu
KOA4OB ABNAIOTCA: 3HAMEHUTanA «Mop3AHka» (a3byka Mop3ae), paguo-
nobutenscxun Q-kod, wrpux-kod. Mo cyTu, npedcrasneHue yucen
B PasnuUyHbIX CUCTEMaX CHUCNEeHUn (QBOWYHON, BOCLMEPUYHONW, gecs-
TUW4HONR, WECTHaAUATEPUYHOA U Ap.) ABNAETCA NPOCTENWWM YUC/IO-
8biM koguposaHueM. Kool UCNONb3YIOTCA AN Okatua uHdopmauuu,
obecneyveHus NOMeX0YCTONYUBOCTY, 3aLLUUTLI U T.N.

A CKONbKUM CNeNornyxXoHeMbIM MIOAAM NOMOr YATaTb U3BECTHLINA
wpudT Bpanna, ABNAIOWMWIACA NO CBOEW CyTU ABOUYHbLIM KOQOM, TaK
kak noban To4ka TekcTa B HEM UMeeT TONLKO A4Ba COCTOAHUA: BbINyK-
noe unu nnockoe. LUMpoko pacnpocTpaHeHHbIM KOAOM ABNSAETCA Kog
ASCII (American Standard Code for Information Interchange — cran-
NapTHLIA amepukaHckul koA AnA obmeHa uHdopmauuen). MIMeHHo B
3TOM KOZe NPUHATO COXPaHATb WH(OPMauU0 B NAMATW NepCoHanb-
HbIX KOMNbIOTEpOB. B ABOUYHOM KOAge NPOU3BOAATCA BbIYUCNEHUA Ha
Komnblotepe. KpoMe nepeyucneHHbiX, Ha NPakTUKe UCNONb3YIOT KO-
Abl: NO3UUUOHHBLIA, ABOUYHO-OECATUYHLIM K Ap. OTCioAa BO3HUKaET
3anada npeobpa3oBaHuWA KOAOB.

dyHKUMoHansHble uudpoBbIe Y3nbl KOMOUWHAUMOHHOTO TUNA, ne-
pesogAwue Koabl U3 OQHOrO BUAA B APYrOM, OTHOCATCA K npeobpa-
3oBaTenAM KoAoB. PaccMOTpUM Tpu Tuna NoAOGHBLIX YCTPOWCTE:
wudparopsl, npeobpa3oBaTtent koAa ANA CEMUCErMEHTHOro WHAUKa-
Topa u gewndparTopbl.
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WucppaTopb!

Wndpatopsl, HasbiBaeMbIe Talke Kogepamu (B aHrnNosi3blMHON
nuTtepatype — encoder, coder, cipherer), MOryT oCywecTBnTs npeob-
pasoBaHne AeCATUYHbLIX Yncen (NO3MUNOHHLIA KOA) B ABOMYHYIO CUC-
Temy cuucnenus B YO wunpaTtopos Ha pabouem none AenarT no-
meTy ENC ot anrn ENCODER.

MocTpoum cxeMy wugpaTopa, KOTOPLIA NpU HaXUMe Ha Knasuwy
C COOTBETCTBYIOLMM HOMEPOM (NO3uuMen, paspsRaoM) AaeT Ha CBOEM
BbIXOAE ABONYHbIN KOA 3TOro uncna. MycTb BXOAHOW NO3ULMOHHLIA KOO
MMeeT BoCeMb pa3psaoe X, rae x=0...7 — Homep paspsaa Toraa Bbl-
XOAQHOW ABOWYHBLIN KOA Yk AOMKEH UMETb Tpu paspsaa. Yy, Y, Yz Co-
oTBeTCTBUE MeXAY Xk U Y BolpakaeTcs cneayoei T

Tabnuya
Ne Mo3anumoHHLIN Kog \ [eouvHbii Kog
X7 Xs X X4 X ! X, X4 Xo Y2 Y4 ! Yo
0 0 0 0 0 0 0 0 1 0 0 0
1 0 0 0 0 0 0 1 0 0 0 1
2 0 0 ., 0 0 0 1 0 0 0 1 0
13 0 0 0 0 1 0 0 0 0 1 1
4 0 0 0 1 0 0 0 0 1 0 0
5 0 0 1 0 0 0 0 0 1 0 1
6 0 1 0 ; 0 0 0 0 0 1 1 0 |
7] 1][o0]lo]ololofoJoi{ 1 1] 1]

W3 ananu3a aton tabnuubl (cm. Tabn. 1), HanomnHatowen Typ-
HUpHLie Tabnuuel CNOPTUBHBLIX YEMNMOHATOB, BWAHO, UTO Kagbi
paspsif BeIX0Aa B ABONYHOM KOAE MOXET GbiTb NONYYEH 4YeTbipexBxo-
fosbim BI1O U/1M (OR), npudeM Ha ero Bxoabl AOMKHbI NOAaBaTbLCA
CuUrHanbl B COOTBETCTBUM C NOCTPOYHOM CBA3LIO eanHuL B Xk W Yk.
Hanpumep, ANs camoro Mnagwero 3Hayallero paspsaa B ABONYHOM
Kode Yy, COOTBETCTBYIOWEND 2°, wa sxopbl BN3 Hago nogaTe cvrHa-
nbl C nMHVA X4, X3, Xs 1 X7. N0 aHanormm HETpyaHO onpeaenvTs Tak-
Xe CBA3N YU Y.

Iepenaem K NOCTPOGHUIO CXeMb! windpartopa.

B nporpamme EWB BuiGepeM BOCEMb KNOMEN, NCTOMHUK +5 V,
3asemneHune, Tpn veTbipexsxoaosbix BI1I3 OR u Tpn normyeckux uk-
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Avxaropa LED. Nposeas HeoBxoguMele COERUHEHUNR W peaaKkTupoea-
HWe, nonyuum cxemy wmdpartopa ¢ BOCEMbIO BXOQAMW U TPEMS Bbl-
xoaamu (cMm. puc. 86).

7]
I_F X7 DD3 Y2 Y1 Y0

b e g0n

T X4 | DDf

(1] DD1

>

X1 .

Puc. 86. Nloruyeckan cTpykTypa Widpatopa 8x3 (EWB)

MoaoGHeIn unposoii y3en HasbiBaeTcs wngpaTopom 8x3. Ha-
XKUMasi Ha OAHY U3 KNaBWW, BUAWM, KaK Ha BbIXOAHOM WHAWKATOPE U3
TPeX namn, pacnonoXeHHbIX YNOPSAOYEHHO NO pa3psaam ABOUUHLIX
4ucen, MOXHO MpoYMTaTb COOTBETCTBYIOU/EE ABOUMHOE YMCNO (He
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ropawwmih uHaukatop — 0, ropswwmi — 1). Tak, nockonbky Ha puc. 86
HaXar KNy 5, To kapTuHa Ha uHaukaropax takoea: Ys=1, Y2=0, Yp=1,
4YTO cooTseTcTByer ABowdHOMYy uucny 101 Hynesown Beisog (Xo)
afiecb ABNAETCA BbIPOXKAEHHbIM.

B } DD1
°—/)f | bo2
- >
T\E ] oD3

5 -

o
>
-~

Puc. 87 Nornyeckan cTpykTypa wndpatopa 8x3 (MC)

B nporpamMe MC cTpouM ananorudHbiii wudgparop (cM puc
87). 3aecb HaxarT KoY 4, W kKapTUHA Ha wHAWKaTopax Takoea: Yi=1,
Y2=0, Yo=0, 4TO cooTBETCTBYET ABOUYHOMY Yucny 100

OaHoBpemeHHOe HaxaTtwue Oonee Yem Ha OAQWUH KNIOY B 3TUX
wugpaTtopax He AONYCKAeTCA (He y4uuTbiBas HyneBOro Kkniwo4a, AB-
NAWEroca XonocTbIM).
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Peanu3sayus wugpamopos Ha MUKpoCXemax

PaccmaTtpusan cxeMbl WuWpaTopoB, COCTaBAEHHble HaMn W3
otgenbHbix BJ13, u obparuBlumuch K 6ubNUOTEeKe KOMNOHEHTOB Npo-
rpamMm, MOXHO noaobpaTb UudpoBble MUKPOCXEMbl, coaepxallve
HeobxoauMbie 3nNeMeHTLl, U NpoBecTu U3 Hux cbopky BupTyansHbIX
Mogeneil. OaQHako 3TO He AacT HaM HWYEro HOBOrO w BpAQ Nu uene-
cooBpa3Ho, Tak Kak B 3Tux xe 6ubnuoTekax cogepxarca rorosble
MoAenu BbinyckaeMbix MukpocxeM. IMocneaHue obnapatot Take Ao-
NONHUTENBHLIMWU BO3MOXHOCTAMWU NO CPaBHEHUIO C PaCCMOTPEHHbIMU
Hamu yNpoLleHHLIMW MoAensMu. B MuKpocxeMHOM  ucnonHeHsuvu
MMEeIOTCA Tak Ha3biBaeMele MpuopuMemHsie W paTopel, B KOTOPbLIX
NpY HKATWK HA HECKONbLKO KNaBulll Ha Bbixoa ByaeT BbiBeaeH HoMep
Bonbluein U3 HUX [NA 3TOro MUKpPOCXeMa BHYTPWU AONOSHAETCA Noru-
Ko BoiBopa npuoputera.

B nporpamme EWB BbiGop Heobxoaumoin Mukpocxemel BbINON-

l‘ ENC
HReTcA u3 naHenu Digital nukrorpammon D OTKpbIBAKOLWER MEeHI0
6mbnuoTevHbix Wndgppatopos (cM pyc 88,a).

Mpumepom npuoputeTHoro wudpartopa 10x4 MOXET CAYyKUTb
Mukpocxema TTJ1 74147, KOTOPYIO MOXHO MCNONb30BaTb B KNaBuary-
pe Ha puc. 88,6 noka3aHa TU 3aToint MUKPOCXEMbI, BIATAN 13 palgena
npeaMeTHoW noMowm nporpammel EWB. Hynesaa nuHua (Bxog) oT-
CYTCTBYET Kak B Tabnuye, Tak U B nocneayoLLein cxeMe: ee ponb Bbl-
nonHAeT uHgopMauuoHHOR 3asemneHwe. HecMoTpA Ha 310 cyer
3gecb (Kak, BnpouyeM, W Be3ge B UM(POBOI 3NeKTPOHUKe) BeAETCR,
HaunHaa c 0 [loaToMy, HecmoTpa Ha 0603HAYEHHbIE AEBATL BXOAOB
wudppatop HadbiBaeTcA 10x4 OcoBeHHOCTLIO AAHHOW MUKPOCXEMbI B
TOM, 4TO ANA Hee aKTUBHLIM ABAAETCA HWU3KUK YPOBEHL BXOAHOMO
curHana. [1oaromy ecnu Ha BXxoAbl HE NOAAETCA HANPAXEHWUE HU3KOro
YPOBHS, TO Ha BCeX BbIXOAAX YCTAHABNUBAGTCA HaNPAXEHWE BbICOKO-
ro YpoOBHA, COOTBeTCTBYIOWee AecATUMHOMY 4ucny 0. Korga xe Ha
oauH u3 Bxogos nopaetca 0, TO Ha BbIXOAe POPMUPYETCA ABOUYHbBIN
koA Homepa Bxofa. [1pu nogave Hyna Ha HECKONbKO BXOAOB NpUOpU-
TET OTAAGTCA BXOAY C BbICLUIMM HOMEPOM, a OCTanbHbIE BXOAbLI UIHO-
pupyioTca. JT0 06CTOATENLCTBO NogyepkHyTo B TU Tem, yto B ee
NneBOIl NONOBWHE Bbile HYNEBOW AuAroHanW NPOCTaBNeHbl KOCble
kpecTbl (6e3pasnuuHo 0 unwn 1). Tak, Hanpumep, nogaya 0 Ha Bxog 9
NPUBOAUT K MTHOPUPOBAHWUIO BCEX OCTaNbHbIX BXOAOB, a BbiX04 Npu-
MeT 3HayeHue 0110, YTO cooTBeTCTBYET B OTpuULaTEeNnbHOW NOruke
AecaATudHOW uudppe 9. Ecnu npoBecTu NOpaspaaHyd WHBEPCHIO Bbl-
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e | Accept
:Genenc 3-to-3 Enc

4532 (8-bit Priorty Enc) Cancel
7417 [Hex BUFFER [HC-OD)) ——‘
74147 [10-to-4 Priority Enc)

74148 [8-to-3 Priority Enc)

a)

74147 (10-to-4 Priority Enc)

10-Line to 4-Line Priority Encoder truth table:

Inputs Outputs
123456789 | DCBA
__________________ I —_————————————
111111111 1111
XXXXXXXZX0| 0110
XXXXXXX01] 0111
XXXZXXxx011]| 1000
XXXXZX0111]| 1001
XXXXx01111] 1010
XXXx011111) 1011
XX0111111] 1100
X01111111] 1101
011111111 1110

6)

Puc. 88 (Hayano)
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DD1

4  VCC H&-
5 NG

6 D 14
7 3 -
8 2 H&
C 1 1
B 9
GND A2
74147

8)

Puc. 88 (okoH4aHuwe) MNpuoputeTHbih wudpatop 10x4 Ha Mukpocxeme 74147
(EWB)

X0aHoro curHdana (c yyetom voro, yto 0'=1 u 1°=0), To nony4yum
0°1°1°0'=(1001),, Te 94,. CHopka wudpaTopa Ha AAHHON MUKPOCXE-
Me nokasaHa Ha puc 88,6 Kax u paxee k sbisogy VCC nogkntowaem
nutaHue, GND - 3azemnsiem, NC (No Connection — He coeguHeH) —
aTo xonocton BeiBog, 1-9 — Bxogbl; A,B,C,D — sbixoagbl Mockonbky
BbIXOAbl SIBNAIOTCA UHBEPCHbIMW, TO ONSA 3aKUraHwsA BbIXOAQHLIX CBE-
TOoU3NyYarowmux AMOA0B UX aHoAdbl NOAKTIOYEHb! K NNKCY UCTOYHUKA
MOCTOSAIHHOIO HaNPSXEHUS, @ KaToAbl K COOTBETCTBYIOWNWM BbIBOAAM
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mukpocxemsl. osenexnue 0 Ha Bbixoae, Takum obpasom, CooTBeTCT-
ByeT 3aaaemnexuio CUJ, n oH 3aropaetcs. Ha puc. 88,8 nokaaaHa pa-
60Ta npuopuTeTHOrO WudpaTtopa, KOrAa Haxarbl, T.e. noAaHbLl Hynu
Ha knaBuwm 3 u 5. [Noka3zaHue uHgukaTopa B ABouuHOM koge 0101,
Te. 510 UMcno 3 NpoUrHopUpoBaHo, MHave Bo BTOPOM pa3dpsae Obina
661 1, a He 0.

ToT Xe KnaBuaTypHuiii Wugpatop nokasaHd B nporpamme MC
(cm puc 89). B otnuume ot nporpammsl EWB 3aech pa3soaka BbiBoO-
[OB He COOTBETCTBYET TOiW, YTO UMEETCR Ha peanbHOi MUKpocxeme,
3aTo B ABHOM BuAE NOKA3aHO, 4TO BXOAbI U BLIXOALI UHBEPCHLI Ha
puc 89 HaxaTs! knaeBuwm 5 u 9. Buixoa umeert Bua 0110, T.e 9y, eC-
nu yvecTb uuBepcuto (1001).

L2 X3
[s]u)}
’ 4147 Y3 Y2 Y1 YD
it CD
2. X4 —3F @
o L —du A|O——
A BlO—
o/ X5 -Or ¢|o—
—-ar p|o—
[ _'da
\ o -0
2. X6
o X7
o X8

S

Puc. 89. MpuopuTeTHbIii wndpatop 10x4 Ha Mukpocxeme 74147 (MC)
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Mpu ucnons3aosaHuu wudparopos B LY 4acto GeiBaeT Heobxo-
AUMO Ux kackaguposaHue [lpumepom nogobHoro wudparopa sens-
eTCA npuopuTeTHblA wucpaTtop 8x3 Ha mukpocxeme TTJ1 74148
B cxemy BBOAST ofuH fononHutensHuih Bxog El (Enable Input) -
pa3spewieHne BxoAa W [Ba AONONHUTENbHLIX Buixoga GS (Group
Signal) — rpynnoeoi curian u EO (Enable Out) - pa3pewseHune Bbixo-
Aa CornacHo TW, nokasaHHoW Ha puc 90,a, Ha Bbixofe GS dopmu-
pYeTca HanpsXeHUe HM3KOro YPOBHA, €CNU Takoe HanpskeHue noaa-
eTCcs Ha O4UH U3 Bxoaoe Ha Bbixoae EO cdopMupyeTcs HanpsxeHue
HWU3KOro YpOBHSA, KOTAA HA BCE BXOAb! NOAAETCH HanpsXeHue BbICOKO-
ro ypoeHa Ha Bxog El npu HopmansHoi paBoTe nofaerca Hanpsxe-
HUe HU3KOro ypoBHS [lprmMepb! BKNIOYEHUS NPUOPUTETHLIX WngpaTo-
poB 8x3 mukpocxemsl TTJ1 74148 noka3aHbl Ha puc. 90,6 1 91.

74148 (8-to-3 Priority Enc)
8-Line to 3-Line Priority Encoder truth table:
Inputs | Outputs

EI | 0123 45 67| AZ A1 AO | GS EO
il Bttt | =====m——-- |=======
1 /] X¥XXXXXxXxXx]|] 1 1 1] 1 1
0JjJ]11111111] 1 1 1] 1 0
0] XXXXXxXx0)| 0 0 0] 0 1
0l XXXXxx01)|] 0 0 1] 0 1
0] xXxxXxxx011] 0 1 0} 0 1
0l XxxXx0111] 0 1 1| 0 1
0 xxx01111]|] 1 0 0] 0 1
0l]xx011111)] 1 0 1] 0 1
6)jxo0111111] 1 1 0] 0 1
0oj]o1111111] 1 1 1] 0 1

Puc 90 (Hawano)
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6)

Puc 90 (okoH4aHue). MpuopuTeTHLIA Wngpatop 8x3 Ha MUKpocxeme 74148
(EWB)

A3 npuBeAeHHbLIX PUCYHKOB BUBEH CMbICN (byHKUMM NpuopuTeTa:
aKTWBHbIA HW3KUA YpOBEHL 34eChb NOSAH OQHOBPEMEHHO Ha BXOAbI 1
u 2, a Ha BbIXOZe B ABOWYHOM KOZe 3aKuraerca MHAWKaTop Y1 (cm
puc 90,a), npu 3TOM CurHan ¢ Bxoga 1 urHopupyerca (e nporpamme
MC Ha puc 91 uHAUKauua naHa B UHBEPCHOM koae)
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e X3
2 X4
Ng—
2. X5 —
I_\(3———
2/ B
o X6
T\.m_—_
o X7

Puc. 91. ﬂ;;V_IOpVITeTHbIﬁ wudppaTtop 8x3 Ha mukpocxeme 74148 (MC)

Dewwudpartopbl

Aewwndparop, unu gexogep (aHrn. — Decoder, cokpaweHHO —
DC), ebinonHAeT 06paTHYI0 NO OTHOWEHUIO K WNpPOoBaHNIO Onepa-
uuio, T.e. npeobpasyeT ABOUYHbLIA KOA B AECATUYHbLIA. Bxoabl Ae-
wudcparopa cnyxart Ana Nojaun ABOUYHBIX YMCEN, a BbIXOAbI nocne-
AOBATENbHO HYMEPYIOTCA REeCATUYHbIMKU Yucnamu. [pu nogaye Ha
BXOAb! ABOWYHOMO YWUCNA BLIXOQHOM CUrHan NOABNAETCA Ha BbIXOAE,
KOTOpbI UMEeeT HOMep COOTBETCTBYIOWEro AeCATUYHOrO yucna.

Cyuwecteyet gea Tuna Aewwudpartopos: normdeckne aewwugpa-
TOpbl U AucnneinHble Aewwndpatopbi/dopmuposartenn. Jloruyeckne
Aewwudpartopbl npeactasnalT coboi CxeMbl CpefHEeR WHTerpaunv
(MuKpocxembl, MMelowme B cBoeM coctase 40 100 13), ynpaense-
Mble agpecom OHu BblBUpaOT M NPUBOAAT B AKTUBHOE COCTOSHWE
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KOHKpeTHbIA Bbixog, onpeaensemblid agpecom. fewundpartopbl nNpu-
MEHSIIOTCS B CTPYKTypax BbIOOpKU agpeca 3anoMnHaloWwmx yCTPOWUCTB,
pasynNoTHEHUA MaplpyTM3auun 4aHHbIX 1 T.N

Tabnuua npeobpa3ocBaHus gns AewwudpaTopa NONy4aeTcA U3
npegbiaylen (WudpaTtopa), ecnu B HEN NOMEHATb MecTammn YHK-
uno u aprymeHT Torga Tabnuua gexkoaupoBaHus NPUMET cNegyio-
Wi sug,.

Tabnuya 2

Na [Bou4HbIR KOG Mo3NUMOHHEIN KOg

Xa X | X | Yo | Y| Yo | Yo Vs | Yalvi| Y
0 0 0 0 0 0 0 0 0 0 0 1
1 0o 0! 1 0 0 0 0 0 0 1 0
20 1 0 0 |o |00 ][00 0|0
3 0 ! 1 1 0 0 0 0 1 0 0 0
4] 110 0 0| o] o] 1 ol oo o
5 1 ' 0 1 0 0 1 0 0 0 0 0
6 1 1 0 0 1 0 0 0 0 0 0
7 1,1 1 1 0 0 0 0 | 0 0 0

Kak cnegyet u3 gaHHoh Tabnuubl, COOTBETCTBYIOUMIA BLIXOA NO-
3anumoHHoro koga ana 1° (X2) (X)X, ana 2 (X2)'X4(Xe)', ana7:
X 2X 1Xo Mpumem Xg=A, X 1=B 1 X ;=C U NnocTpouM COOTBETCTBYIO-
LKA 3a8aTUYUK ABOUYHBIX YACEN Ha KKoYax, CHabaue ero nHaukauuei
Kaxaoro ABOWYHOrO pa3psaa (CMm. puc. 92).

Bosbmem cemb BJ1IO DDO-DD7 (Homep aneMeHTa COOTBETCTBY-
eT AeCATUMHOW undpe NO3MUMOHHOro Kopa), Tpu uHeeptopa DD8-
DD10 v npoBegem COeAMHEHNA B COOTBETCTBUM C NOTMKOR Npeobpa-
3oBaHua (cm. puc. 92). [ina nposepkn pabotocnocobHOCTU NonyyeH-
HOW CxeMbl Ha BbIXOZaX pacnonoXeHbl UHAMKATOopPbI.

BxogHble n BbixogHble CUrHanbl Ha puc. 92 nHTepnpeTUpyloTCA
cnegyrowmm obpasom. Mpu C=1, B=1 n A=0, T.e. Nnpu curHane Ha
Bxoge (110)z, cMrHan Ha BbIXOQEe COOTBETCTBYET 649, YTO M COOTBET-
CTBYeT onepaumn SeKkOaNpOBaHUS.

lanee nonyveHHblid AewwndpaTtop odopmum B Buae cybbnoka
DC1 (puc. 93).
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I | DDO

DD1

)

f@'

:

:

-

® o O ? . _j%—o
boe " DD

T ._ig—o

:

.
DD10 l DD7

ST

Puc. 92 Jlorudeckas cTpykTypa gewwdpaTtopa (EWB)

AHanornyHas cxema gewudpartopa MOXeT ObiTb CO3faHa WU B
nporpamme MC (cm puc 94). 3agasas agech BOWYHbIE YNCNA KO-
Yamu Xo, X1 Xz U 3anyckan MOReNMpoBaHNe, MOXHO NpoHabniogatb
COOTBETCTBUE ABOWYHbLIX YWUCEN Ha BXOAE M HOMEpa «K» Bbixoga Y,
B KOTOPOM BO3HWKaEeT CUrHan BbICOKOro YPOBHSA
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ODO

- -

=

i l 1%
T |
DD1

[ %]

—

— |
DD2

1 &

——1 |
DD3

oD8

— &
DD4

—~ &]

— |

DDS

0OD9

— &

—_ |
DD6

DD10

B

oo7

W=

a)

DC1

TY YT T T Ty

6)
Puc. 93. Cy66nok aewundpatopa (EWB)
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DD Y5
D09

[ooha-M e
pD10

‘o4

Puc. 94. Norvyeckan cTpykTypa Aewvdparopa (MC)

lMpeobpasoeamens Koda 0ns cemuceameHmHo20 uHOUKamopa

Jewundpatopsl n gucnneitble Aelwudpatopsl/dopMuposaTeni
dhopmupyoT undpoBbie Koabl ANA 7-CEerMEeHTHOro MHAUKaTopa, U 3a-
TeM obecneuyusaloT nepepavy koaa Ha gopmupoBaTenb WK Heno-
CPEeACTBEHHO Ha gucnneit. B ceMucerMeHTHOM MHAMKATOpe [eCATUY-
HbIX UMdp Kaxablh cerMeHT Yk, rae Kk = 1 7, npeacrasnser cobow
OTAENbHLIA CBETOU3Ny4aloWwmii anemMeHT (Mcnonb3yeTca Tawke Oyk-
BEHHAaA WUAEHTM(MKALUA CErMeHTOB, COOTBETCTBEHHO OT a A0 g)
CeeTAweecs naobpaxeHne undp WNu 3HAKOB NONYYAEeTCA Npu noaa-
ue HanNpsXeHMA Ha onpeaeneHHble CerMeHThbl.

PabGoTy uhaukaTopa MOXHO NOoCMOTpeTL B nporpaMMe MC. Ans
aToro Hago BblGpaTb MHAMKATOP KoMaHaamu: Component>Animation>
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Seven Segment. B pesynbtate Ha pabouem none nNosBUTCA cemu-
CEerMeHTHbI uHaukaTop (cM. puc. 95,a, Ha KOTOPOM AONOMHUTENLHO
noka3saHbl GykBeHHble MeTku cermeHToB). loaxkniouns cemb uugpo-
BbiX KNIOYEH HA BXOAbl MHAMKATOPA W 3aA4aBas Ha HUX BbLICOKWIA Ypo-
BEHb, MOXHO MOMY4YUTb HA UHAUKATOPE pa3nuuHble unudpbl U Gykebl

Cosem He 3abbigaiiTe, 4TO NOCAE KaXaoi CMEeHbI NONOXEHUIA unud-
(MC) poBbix knioueit HeobBxoauMo 3aHOBO NoaaTb KOMaHAy Ha
npoeeaeHue moaenuposaHua (Run).

15713

L)

2 Y8

ajfw
a) 6)

Puc. 95. CemucermeHTHbI nHgukatop: a— MC; 6 - EWB
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AHanoruuHyo cxemy cobepem B nporpamme EWB (puc. 95,6),
B KOTOPOW CEMUCErMEHTHbiW WHAukaTop (no-aHrnwiticku — Seven-
Segment Display), sbiGupaerca B naHenu komnoHeHTos Indicators

¥ . no ero nukrorpamme .

Kak cneayeT u3 sbilweonucaHHoro, npeobpasosaTenb BXOAHOMO
asoudHoro koaa Xk (Xs, Xz, X4, Xo) B BbIXOAHO KOA ynpasneHun ce-
MUCErMEeHTHLIM MHAKUKaTopom Yk AOMKeEH yaosneTeopaTb TU, npea-
CTaBAEHHOW HUXE ANA NOMOXUTENLHOR NOMUKK

Tabnuya 3
Xk Yk

Ne % | % | x| x LYl Ys [ Yo ! Ys | Yo | Vs

a b c d e f g
0| o0 0 0 0 1 1 1 1 1 1 0
11 0 0 0 1 0 1 1 0 00 0
21 0 0 1 0 1 1 ) 1 1 ) 1
3/ 0 0 1 1 1 1 1 1 0 :0 1
4| 0 1 0 0 0 1 1 0 0 1 1
5| 0 1 0 1 1 0 1 1 0 1 1
6| o 1 1 0 o| o 1 1 1 1 1
7| o 1 1 1 1 1 1 0 0 0 0
8 [ 1 0 0 0 1 1 1 1 1 1 1
91+ ool 11T+ 170o]o0of[1]1,
Al 1 0 1 0 1 1 1 0 1 1 1
B 1 0 1 1 0 0 1 1 1 1 1
cC| 1 1 0 0 1 ) 1 1 1 0
D| 1 1 0 1 0 1 1 1 1 0 1
E| 1 1 1 0 1 0| o0 1 1 1 1
F| 1 1 1 1 1 /00| o0 1 1 1

3aech uucna ot 10 go 15 npeacTaeneHbl HavYanbHbLIMK 3arnas-
HbiMW GykBaMu naTuHCKoro andaemta CoOTBETCTBEHHO OT A Ao F,
TaK KaK 3TO NPUHATO B WecTHaguaTepuyHoMm koae. Koaupoeka oT-
AenbHbiXx yucen B npeobpasoBaTennx koaa KOHKPETHbIX MUKPOCXEM
MoXeT 6biTb 1 uHOW. Ecnu nHavkatop paboTtaeT Npu akTUBHOM HW3-
KOM ypoBHe (B oTpuuatentHoW fnoruke), To npasas vactb TWU (Yk)

AomkHa 6biTb UHBEPTUPOBaHA.
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3agauya npeobpasoBarus ABOUYHOrO KO4A B KOA4 ynpasneHus
CeMUCErMEHTHbIM UHAUKATOPOM MOXET ObiTb pelweHa pasnuyHbIMU
cnocobamu. Ons Gonblwen HarnAAHOCTU pedynbTaTta OrpasuvMMmcs
TpeMs paspsgamu ABOWYHOrO Koaa u pa3obbem ucxoaHyto 3agady Ha
Ase. BHauyane npeobpasyem ABOWYHBLIA KOA B NO3UUUOHHLIA, a 3aTem
NO3MUUOHHDbINA — B XO4 YNpaBneHus CEMUCEIMEHTHBIM MHAUKATOPOM

MNMepeas yacTb 3agauu Gbina TONLKO YTO peuleHa: ee BbINONHAET
Aewudpartop. [Mpu peweHuu BTOPONA YacTu 3anayuu obpaTum BHUMA-
HUE Ha TO, YTO T uMeeT B BbIXOAHBLIX NEPEMEHHbBIX ropa3go MeHbLUe
Hynewn, yem eguHuy B 3ToM cnyyae GypeT pauvoHanbhee COcTaB-
NATL NOrMYECKY (PYHKUMIO BOCMONL3OBABWKCH oOnepauven Aun3b-
IOHKUMU TTOCKONBKY CXEMHbIH CEMUCErMEHTHbLIA MHOUKATOP 3aXura-
€TCA NPU BLICOKOM NOTEHUUane, TO NONYYEHHY (DYHKLUMIO HARo MH-
BepTupoeaTb B pesynbraTe mbl npuxogum K BbIBOAY, YTO HAOO uUC-
nonb3oeatb Bf13 Mupca, T.e. NOR. Takux anemeHToB Ham noTpeby-
€TCA CTOMbKO, CKONMbKO CErmMeHTOB Ha uHaukaTtope, T €. cemMb O60-
3HaYMM UX ManbiMu naTuHckumu BykeaMu OT @ 4O g, KOTOPbIMU 060-
3HaJEHbl CErmMeHTbl Konuuecteo BXOAOB KaXQaoro 3nemeHTa paBHO
yucny Hynem B COOTBETCTBYHOWEM BbIXOAHOM cTonbue (cm. Taén. 3)
Ona a-3, ana b -2 u 1.a. Hauboneuwee uncno Bxogos — 6 — umeer
anemenT e. Ha sxone ¢ Boobuye oauH 0, 3Ha4YuT Tam MOXHO 060ATUCH
MHBEPTOPOM, HO, UMEs B BUAY [aNbHElLLYI0 MUKPOCXEMHYIO peanu-
3ayuio, 3TOT uHBepTOp obpadyem u3 asyxsxoposoro /13 NOR. Uc-
Nonb3ys paHee BbiNONHEHHbLIA 3aAaTYMK ABOMYHOIO koda u aewud-
paTtop, nposegem c6opxy cxembl, pykosoacTteysce TW. Ha ebixoge
YCTPOWUCTBA NOAKNIOMUM CEMUCErMEHTHbIN uHaukaTtop. B pesynbrate
nony4um cxemy, noxasaHHylo Ha puc  96,a.

YacTb 3TOW Cxembl, copepxallyo npeobpasosaTtent NO3ULUOH-
HOro K0aa B KOO CEMUCErMEHTHOTO MHAUKaTOpa, Talkke OdopMum
B Bufe otaensHoro cybbnoka, npucsous emy metky DC2 (puc. 96,6).
NocTpoum cxemy ¢ pewundpatopamu DC1 u DC2 (puc. 97, a). 3atem
obveaunum aea cy6bnoka DC1 u DC2 8 ogun 6nox DC3 (cm. puc.
97,6,8) — 310 n GyaeT gewudpartop-gpaneep AN CEMUCENMEHTHOMO
uHgukatopa (puc. 97,r).

B nporpamme EWB nopo6Hoe yCTpOWMCTBO UMEETCA B FOTOBOM
BMAE, HO OHO YXEe Kak Obl «3aWuTO» BHYTPb BUPTYanbHOrO CEMUCET-
MEeHTHOro uHaukatopa. B 3Tom cnydyae nocnegHun UMeeT 4YeTblpe
BXOAA, a He ceMb. [loNoNHUTENbHBIA YeTBEPTLIN BXOA (N0 CPAaBHEHUIO
C TPEMA pacCMOTPEHHbIMU) AaeT eile OQUH pa3psg ANs BXOJHOrO
ABOUYHOroO KoAa. B pesynbraTte Ha BbIXOAE MOXHO NONYYUTb MaKCu-
ManbHOE uucno He 7, a — 15 (F). JaHHOe yCTpoicTBO, Ha3eaHHoe
8 nporpamme Decoded Seven-Segment Display (aexoaupytowmi ce-
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MUCETMEHTHBIN UHAWKATOP), HAXOAUTCA B NaHenu WHANKATOPOR

n BblﬁlﬂpaeTCﬂ no ero nuKkrorpamme . fononuHue 3ajaTtyuk neo-

U4HOro KoAa eule oagHuMM pa3spsgom (D) u nogknoume ero Ha sxoa

MH{IMKaTOpa, ybexaaemca 8 paboTocnoCOGHOCTU CXeMbl, noKa3aH-
HOW Ha puc. 98,

E

e ———
(1]

Puc 96 (Hayano)
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L1 13t
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B)
Pwc. 96 (okoHyaHwe). Jelwmbparop nosMUvoHHOro Ko4a B Ko CEMUCErMeHTHoOraQ
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Pwc. 97. [ewwnthpatop 4BOMHHOMC KOAA B KOL CEMUCErMEHTHOro MHAMKATopa
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Puc 98 [exopgupyroLuit CEMUCErMEHTHBIN MHAUKaTop (EWB)
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Puc. 99. lelundpparop no3MUMOHHOO KOAA B KOA CEMUCETMEHTHOMO MHAWKA-
Topa (MC)
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B nporpamme MC Taioke cobepem cxemy BbIXOQHOW YacTu Apaii-
Bepa uiaukatopa (cm. puc. 99) n, npoeepus ee paGoToCNOCOGHOCTD,
COCTaBUM NOSIHYIO CXeMy YCTPORCTBa. [Nns 3T0r0 CKONUpyem U3 coot-
BETCTBYIOWMX DaitnoB B OAHO pabodee OKHO CXEMbI, NOKasaHHbIe Ha
puc. 94 n 99. 3arem ycTpaHum NUWHWE 3NEMEHTLI U NPOBEeAEM CO-
eQUHEHUs BbIXOAOB NepBOro aewwudparopa C BXOAamMu BTOpPOro
U OKOH4YATENbHO NONy4um AewndpaTop-apaiBep ANA CEMUCErMEHT-
Horo usaukatopa (puc. 100).
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Puc. 100. Torudeckas cTpykTypa gelumdparopa 4BOUHHOIO Koga B Kog
CceMucermMeHTHoro nHgukaTtopa (MC)

CeepTka aToi cxembl B nporpamme MC Tak, 4tobbl nonyuuncs
aHanor cxemeol, NOKa3aHHON Ha puc. 97 B nporpamme EWB, B npuH-
uune BO3MOXHA, HO TpebyeT NpUBNEYEHUA CNEeLUanbHbIX NPUEMOB
NporpaMmmMupoBaHus

B 6ubnuotekax oGenx nporpamm COAEPXATCA MOAEenU KOMNo-
HEHTOB CTaHAAPTHbIX MUKPOCXEM, Chnyxawmx Aewudpatopamu.
Mpumepom MOryT CRyXuMTe AcwWMPaATOPLI ANS YNPABNEHUR CemMu-
CErMeHTHbIM NHAUKATOPOM Ha MUKpocxemax TTJ1 7447 n 7448. Ha
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puc. 101,a nokazaHa TW mukpocxembl 7447, umeowen Ha BbIXxoae
OTKPbITbIA KONNEKTOP 1 BKNIOYEHUE MUKpOCXEMbl 7448, umeowen Ha
BbIXOZax BbICOKUK noteHuman (cm. puc. 101,6,r). OaHHbii gewugdpa-
TOp npeobpa3syer ABOUYHO-AECATUMHLIA KOA, COOTBETCTBEHHO Ha
aHrauickom a3bike — Binary-Decimal Code (BCD), nogasaemblit ‘Ha
Bxoabl A, B, C, D, B k0o ynpasneHus 7-CerMeHTHbIM UHAUKATOPOM.

[BOUYHO-AECATUYHDINA KOA NnpeacTasnAeT cobon YynopAao4EHHbIi
no paspsigam Habop ABOUYHBLIX YUcen, B KOTOPOM pa3spagam npunu-
CaHbl creayume «seca» B NOpAAKe YMEHbWEHUA cTaplunHcTea. D —
8,C-4,B-2, A-1 [lMo3tomy gaHHbIA KO Ha3bIBaAKOT TaKKE KOAOM
8-4-2-1 Qakrtuyeckun B 3TOM KOAE 3anucaHbl AECATUYHLIE Yucna oT
0 Ao 15 8o BXxOAHLIX NepemeHHbix TW (cm. puc. 101,a).

7447 (BCD-to-Seven-Segment Dec)

No LT RBI DCBA BI/RBO | abcde fg
e RO B |-o=mmmom e === | -=m=m =
o {1 { 1 | 0000 | 1 ] 1111110
1 |1 | x | 0001 | 1 |] 0110000
2 |1 | x | o010 | 1 ] 1101101
3 |1 | x | 0011 ) 1 11111001
IR EEEEE | -=mmmm oo oo R |-mmmmmmm e
4 |1 | x | 0100 | 1 |] 0110011
5 |1 | x | 0101 | 1 l]11 011011
6 |1 | x | 0110 | 1 | 0011110
7 11 ] x } 0111 | 1 1110000
el Rl Bt |-m-mmmsmee |--m-m R
8 |1 | x | 1000 | 1 j1111111
9 |1 | x | 1001 | 1 |l 1110011
10 |1 | x | 1010 | 1 |] 0001101 < I
11 |1 | x | 1011 | 1 ] 0011001 < N
e B R |- -mmmme e | ---mmm e | mmmmmmm oo mms < v
12 |1 | x | 1100 | 1 | 0100011 < A
13 |1 | ¥ | 1101 | 1 |]1 001011 < L
14 |1 | x | 1110 | 1 | 0001111 < I
15 1T | % | 1111 | 1 | 0000000 < D
el et Rt e e e
BI | X | X | XXXX | O looO0OO0OO0O0O
RBI |1 | O | 0000 | O l0000O0O0O
LT 0 | x | xXXxx | 1 1111111
a)

Puc. 101 (Hayano)
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r)

Puc. 101 (okoHuyaHue). flewmdpaTop ABOUNHONO KOAA B KOQ CEMUCEMMEHTHOro
UHAUKATOpa Ha MUKpocxeme 7448.
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Paccmatpueaemuii geluncbpatop B oTnuume OT npeablaylinx
nmeeT AocnonHUTenbHble nHeepcHole Bxoabl: (LT) — Lamp Test —
koHTPONb nuaukatopa; (BI/RBO) - Blanking Inpul/ Ripple Blanking
Output — BXO0OA raleHNs/BLIXCAHOR CUrHAN CXEMBI NOCNE/0BATENLHO-
ro rawexuns; (RBI) — Ripple Blanking Input — BxoaHOR curHan cxembl
nocnefoBaTensHOro raweHus. Ha Bce aTu BbIBOALI MUKPOCXEMbI NpU
HopmanbHoi paboTe HagO NoAaTh BLICOKUIA YpPOBEHL HAMpPSIKEHUN.
AKTMBHBbIN ypOBEHb HA BbIXOAE — BLICOKWA. pacuka n3cbpameHus
0TAEnbHLIX ASCATAYHBLIX UMDP U Yucen, BbIBOAMMBIX Ha MHAMKaTOP,
MSIrKO roeopsi, OTfnMyaeTca OT TPaauUMOHHOA apabcko-uHANACKORA
(cM. pag akpaHHbIX CHUMKOB C uHgukatopa Ha puc 101,B) Tak,
y uncp 6 n 9 OTCYTCTBYIOT COOTBETCTBEHHO BEPXHSAR U HAXKHAA «ne-
peknaguHbl». HaynHas ¢ yncna 10, kommeHTUpoeaTh BoobLue Criox-
Ho Korpa Takas abpakagabpa nosBnsieTcs Ha aKpaHe, HaumHaellb
uckaTb owmbku B cxeme. MOXHO, KOHEYHO, MOMbLITATLCA pasragaTb
3ToT pebyc Yucno 10 B npeacTaeneHHOM Buge — 3ITC KOMBUHauuMA
efnHNULl (Nepan BepTWKanbHas «CTOMKa») U «ywepbHoro» Hyns
(y HEro HeT NpaBoi BEPTUKANLHON «CTOMKM»), B 11 TO e camoe, HO 1
eCTb Cnpaea, a He cnepa; aanbHelwne yucna 12...14 ato kak 6ot 7o,
Y70 Haao AobaenTb K BOCbMU, 4TODLI NONYYANOCL COCTBETCTBYIOWEE
YuCno, NpU4EeM ero Hago Aoragartbes B3sTb U3 4acTu NpeablayLnx
n3obpaxeHuin, T.e. 12=8+4, N y 4yeTBEepKM HAA0 B3ATbL TOMNbLKO BEPX-
HIOlo YacTb U T A HakoHeu, 15 — nycToi gucnnei (B OTAMYME OT HY-
ns, n30bpaxeHHOro B NonHyo cuny). BoT n goragbiBancs, 4To 3T0
nokasaHue, a He BblKoYeHHbIA akpaH. OcTtaeTca Tonbko nobnaroaa-
pUTb HEW3BECTHLIX Ham u3obpetaTteneid 3a Takuwe «nogapku», a TO
Beab Mornu Obl ele MCNonb3oBaTb erurneTckyro UK KUTancKyl Hy-
mepauuto Tenepb BO BCeX CNpaBOYHMKaX MO MUKPOCXEMaM neyartaloT
aTtn n3cbpaxenus, a B TU crtpokn ¢ 10 no 15 ebigensoT cepbiM UBe-
TOM (NOMHUTe, ToBapuwm!) Wnu, Kak OCTPOYMHO MOCTynunu paspa-
BoTunkmn nporpammbl EWB, nomecTue cripaea 0T aTUX CTPOK rnyboko-
MbICNEHHYIO BepTukanbuyto nomety: INVALID (cm. puc 101, a)
BrnipoyeM, cywecTByloT n apyrve cnocobbi kogupoBku, korga 10¢gHa
nHAMKaTope BbiceeyuBaeTcs Kak A, 1145 M306paxaeTcs CTpoYHONA na-
TuHCKoi Bykeoi b (Torga uncbpa 6 nsobpaxaercs NONHOCTLIO), 1246~
nubo 3arnaeHoi C, nubGo ctpouyHolt ¢, 1345 — D unn d, 144=E,
a 15.=F. 3gecb paboTaloT NPoCTbie 3pUTENbHLIE accoumaumm, 1 310
npeacTaBnsaeTcA BecbMa paunoHanbHbiM - (Kctatn, ucTopuyecky,
MMeHHO ByKBeHHbIR cnocob ncnonb3osancs ewe B ApeBHEapMSAHCKON
Hymepauun. MNMogobHas «koanpoeKa» W N0 CEA AeHb NMPUMEHAETCSH
ansa 06o3navenns rnae kHur, opmyn u T. n.)
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B nporpamme MC paboTa Takoi e MUKpOCXeMbl NnokasaHa Ha
puc. 101,r. lNo cywecrTey, eauHCTBEHHOE pasnuuue — aTo Aobaenexue
B obo3HavyeHusix Bxogoe cnoea BAR (cToika, nonocka; BO3MOXHO,
KoHTakTHas nnowaaka): LTBAR, RBIBAR. Uxoraa aToT TepMuH nu-
WyT, ycekan Ao ofHoi Bykebi, Hanpumep, PREB (PresetBar) — exoa
npeaycTaHoBKM

2.2. MynbeTUNneKkcopbl 1 AeMyNbTUNNEKCOPbI

Mokynaime 0ea a 00HOM hnakoHe! —
3Mo abl200HO U yBO6HO.
Peknama

MynbTunnekcopbl

B npakTuke ucnonb3oBaHus pas3nuyHbiX paauoanNekTPOHHbIX YCT-
POKCTB YacTo BO3HMKaeT HeobxoaumocTb Bbibopa (cenekuun) curya-
noB, NOCTynawLwmux Ha AaHHbiA BXoA (NUHUID) OT OQHOMO M3 HECKONb-
Kux gpyrux. Tak, B cTapbiX paguonpueMHukax u Teneeusopax nonob-
Hyto cyHxumio (ebibopa AuanasoHa wnu KaHana) oCyWwecTBnAnyu npu
NOMOLLM MHOrONO3ULIMOHHOrC MexaHudeckoro nepeknoyarens. B Te-
necdoHun 3Ty ke Pponb  BLINONHANM  BHavyane 6GapbiwHu-
TenedOHUCTKM, a 3aTeM — CneuuanbHoe 3NEeKTPOMEXaHUYeCcKoe yCT-
pPOMCTBO — wWarcBbiin Uckatens. Manas HagexHocTb nogobHbIX ycT-
poiAcTe oueBuaHa. Kpome Toro, ux rabapuTbl Takoesi, 4TO TpyAHO Aa-
Xe NpeAcTaBuTb X COBMECTUMOCTL C MAKPO3NEKTPOHUKOW: Ha HaLLmX
cronax AomkHbl Obiny Obl OKasaTLCA rpyabl Xenesa. aKTUYECKM
ABYXMNO3ULMNOHHBLIA Kntoy (Switch), KOTOPBIA Mbl 40 CUX NOP MHOrO-
KpaTHO ucnons3osanu Ans ebibopa nor. 0 unu nor. 1, Ha exoae LY
ABNAETCA NPOCTEALWAM KOHTAKTHBIM MYNbTUNNEKCOPOM (TaK cKasaTb
— «AYynNneKkcopom»)

MynbTnNNeKkcop — aTo ynpaensaeMbiil neperntoyaTenb UMdpoBbIX
curHanoe, obecneuynparoWwnin Nepeaadyy OAHOIO U3 MHOTUX BXOAHLIX
CWArHance, Yei HOMep 33daH ABOMYHLIM KOAOM, H3 €4WHCTBEHHbLIN
Bbixog Cnoeo «mynbTunnexkcop» (aHrn. — Multiplexer, cokpaweHHo —
MUX) poacTeeHHO cregyowmmM naTHCKAM cnoeam multum — MHoro,
multiplicatio — ymHOXaTh (MynbTUNAMKALMA — MHOXECTBO PUCYHKOB-
kagpos), multiplex — cnoxHbiiA. Mockonbky Ha BXOAHLIE NUHUKA MYNb-
TUNNEeKcopa NOAATCA ABOUYHLIE AAHHBLIE, TO €ro TaKKe HAa3bIBaloT
CEeneKTopoM AaHHbix Onepauus nepersiodeHns U3 MHOXeCTBa NUHNM
AaHHbIX Ha OAHY HOCWT HalBanue MynNbTUNNEKCUPOBAHMNA
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PaccmoTpyuM MynbTUNREKCOP, MMEKLWWA ABa BxoAa AaHHbIX Dg
u D1, ogHy ynpaBnsioLLy0 NUHUIO WX agpecaunn (T €. ykalaHuA gso-
WYHOro koda Bblbupaemoin nuHWKM) A 1 Bbixod Y. 3TOT A4BYXBXOA0BbLIN
MyNbTUNNEKCOP MOXHO Ha3BaTb 2x1. CocToAHMA NOAOGHOro MynbTU-
nnexkcopa onMCbLIBAeTCA cneayowen Tabnuueit:

Y
0 Do
1 D+

BugHo, uto Y=A Dy+AD,, a noruueckas CTpykTypa, peanuayio-
Wwas MynbTUNREKCop, AomkHa umeTb Asa BJ13 tuna AND, oguH uH-
Beptop M oauH 3nemeHt OR Otkyga HeTpygHo cobpatb
COOTBETCTBYIOWYIO CXEMY

MOXHO TaloKe BOCNONbaOBATLCA ONWUCAHHLIM paHee Noru4eckum
KoHBepTepoMm nporpammbl EWB. Ons atoro, npasga, npuaeTtca npe-
o6pa3oBatb Tabnuuy coctosnHui B 6onee nogpobHyiw TU ¢ yyetom
BCEX BO3IMONHbIX BapuaHToB KOMOWHAUWA curHanos, Npusegs B CO-
oTBETCTBME 0D0O3HaueHWs BXOAOB C pernameHTUpoBaHHOW B EWB.
Mycto A — nepBbil agpecHbid Bxo4 (ANs nocneayrowux dapesepsn-
pyem B un C), D — nepsasn nuHus gaHHbix (cootBetctByeT Dy), BbioU-
paeman agpecom A=0, E — BTopas nuHWA faHHbIX, KOTOpas cooTBeT-
creyet D,, BbiGupaeman agpecom A=1 (ans Gonee CnoxHbIX MynbTuU-
nnekcopoB 3apeaepBupyeM 0603HauYeHus Bx0o4oB AaHHbix F u G).
Mepennwem B 3TMX NEPEMEHHbBIX TONMYECKYO PYHKUMUIO:

Y=AD+AE
W BBEAeM ee B JIOTMMECKUI KOHBEpTEp, HaxaB KnaBuwy

AlB I
B__—» oK l‘(cm. puc. 102,a).
Takum obpaaom, TU mynbTUnnekcopa 2x1 npumeT cnegyowmn
Bvg’

P-4
o

~Nion|alwinda|lo

e e Bl et k= K= E=d k= ]
alalolo|alajo|lol o
DO |O|=|O|=|O|m
alo|la|lolalalOolof| <
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Puc 102 (Hayano)
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]
Puc 102 (oxoH4yawue) MyneTunnekcop 2x1

Haxae Aanee Ha knasuwy - =* DJ’ nonyYum co-
orBeTcTByloWyo cxemy (cmorpu puc 102,6, rae npuseaeH HeoTpe-
AAKTUPOBaHHbIA CHUMOK CXEMbI, BbIBEAEHHOW Ha 3kpaH). OTpeaakTu-
poBaB 3TY CXEMY U AONONHUB €€ UCTOYHUKAMU CUrHANOB U BbIXOAHbIM
UHAMKATOPOM, NONYy4YUM BUPTYanbHyl MOgenb MynbTunnekcopa 2x1
(puc 102,8). Bxnouus mogenuposammne U 3agae A=0, BUAUM, 4TO Bbi-
X0A noBTOpAET curHan Ha D, a npu A=1 - Y=E.

B nporpamme MC mynbrunnekcop 2x1 nokasaH Ha puc 1027
3aecb agpecHblit Bxoa obo3aHaueH yepes ABAR/B 1 BxOgbl AaHHbiX
1A 1 1B, Kak 3710 NpUHATO B OBO3HAYEHUAX MYNbTUNNEKCOPA MUKPO-
cxembl TTI1 74157 B aaHHoi nporpamme (CM. HWxke). PachpegeneHue
curHanos (cocrosuua Uudposbix yanoe B suae 0 unu 1 B npamo-
YronbHbIX pamMoykax OKOMO COOTBETCTBYIOLUMX Y3NOB) BUAHO M3
puc 102,r

Peanuaayuio MynbTunnekcopa 2x1 B BUAE MUKPOCXEM pac-
cmoTpum Ha npumepe TTJ1 74157, kotopaa npeacraenser coboi ve-
Tolpe No4o6HbIX MynbTUNNEkcopa, cobpaHHbiX B O4HOM Kopnyce. Bobi-
Gpas 3Ty Mukpocxemy B nporpamme EWB u3 6ubnuoreku, otkpoiae-

MUX

)
MG NUKTOrpammoi , cobepeMm Ha nNepBOM MYNbTUNNEKCOPE
(1A, 1B, 1Y) cooreercTByiowyto cxemy (puc. 103,a)
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1 1A 1Y
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XH2a  2vHX]
XHz2s
XHsa  avHX]
XHHs3B
— (XHaa  avHX]
XHas
o_/:\_gpme 74157
6)

Puc. 103. MynsTtunnekcop 2x1 Ha Mukpocxeme TTN 74157:
a- EWB,6- MC

Ana npeemcTeeHHOCTU C npeAblaywen cxeMow (cm. puc. 102,8)
Ha KoYax CoxpaHeHbl npexHue GYKBEHHbIE METKM. Ha MUMKpocxeme
DD1 kopnycHow BbIBOA 1 ABNAETCA 84pECHbIM BXOAOM, 4TO 0603Ha-
ueHo Ha none YI'O mukpocxembl kak A/B'. [lononHutensHblit Bxoa G',
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cnyXXWT ans nogauyv curdana Strobe CTpobom Ha3bIBAKOT TakTOBbLIN
uMnynsc oT rped Strobes — euxpb, Bxoasiero 8 cnoac crpoBockon
(rpew  Scopeo ~ cMOTpIO) — Npubop AN NPEPLIBUCTOrC HabnaeHWA
8 KpaTKOBpEMEHHbIE MOMEHTbI ocBelleHuns (cTtpobuposaHun) obbex-
Ta Bxoa ctpoba AENSETCH NPWOPUTETHLIM YNPasnsIOWMM BXOA0M
pa3pelleHVa ecnu Ha HeMm YCTaHOBWTbL 1, TO Ha BCex sbixoaax byaer
0 HEe3aBUCKUMO OT COCTORHURA APYrMX BXOAOB

B nporpamme MC mynbTunnekcop Ha mukpocxeme TTI 74157
noka3saH Ha puc. 103,6 3pgecb paspewarowuin exoa o603aHaveH yepes
GBAR v Ha Hero Haao noaaTb HW3KMA yposeHb HanpskeHus [lo-
CKONbKY OCTanbHbIe BbIBOAbI Mbl HE 3aAeNCTBORaNK, TO HA HUX NOSB-
nseTcA HeonpeaeneHHbld curHan, obo3HaueHHbln Kak X (cM  puc
103, 6) Ons myneTunnekcopa 4-1 cocTosHue (8 0603HAUYEHUSAX MUK-
pocxeMbl 74153) onucbiBaeTcs Tabnuuei:

BIA|Y

0(0]|c
0(1]c
110|c,
111 ¢

W, COOTBETCTBEHHO, ypaBHEHUEM:
Y= C,A'B'+C1AB +C,A'B+C3AB.

Orcioga, no aHanorvy ¢ npeabliaywum, HeTpYAHO NOCTPOUTL No-
FUMECKYIO CTPYKTYPY MynbTunnekcopa 4x1 (cm. puc. 104,a)

Wcnonb3ys cTaHaapTHyo mukpocxemy TTJ1 74153, coaepxalyto
B KOpnyce gga MynbTunnekcopa 4x1, Takke MOXHO NPOAEMOHCTpW-
posaTb ero pabory (cM. puc. 104,6,8). Tak, Ha puc 104,6 Ha agpec-
HbIX BXoaax HabpaHo 8 ABOWMHOM KOAE YMCNO 3 1 CUrHasn c BXOQHOro
kaHana 3 (pasHbii 1) nonagaeT Ha BbIXOA — BbLIXOAHOW UHAWKATOP
roput

Mockonbky ANS CO3AaHUA MyNbTUNNEKCOPOB C 6ONbLWUM YMCNOM
exogoe TpebytotcA w BN3 UJIA ¢ 6onblwum yucnom Bxoaos, To WX
CO3AaI0T KAacKagMpOBaHWEM

Ons co3ganvs mynbTunnekcopa 16x1 ucnonb3ayem MynbTunnek-
copb! 4x1, koTOpble NomecTum 8 cy66noku. Mcnonbays ¢aitn cxemol
Ha puc. 104,a, cosgagum cy60noKk, KOTOpbIA nocne rpacwuyeckoro
peaakTuposaHus nokasaH 8 pasBepHyToM Buge Ha puc. 105, a u B
cBEepHYTOM — Ha puc. 105,0.
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Puc 104 (Havano)

M3 naTtu Takwx MynbTUNNEKCOPOB, WUCNONL3ys NupaMuganbHoe
KackaguposaHue, MOXHO co3fgaTb MynbTunnekcop 16x1 (cm puc.
106, a). MNoaobHbI MyNbTUNNEKCOP UMEETCH 8 BMAE MUKPOCXEMbI
TTN 74150 (cm. puc. 106,6). DyHKUMOHMPOBaHME 3TOr0 MyNbTUNNEK-
copa onucbisaeTca TU, nokasaHHon Ha puc 106,8. 3aecb npw Hop-
ManbHoi paboTe Ha BXOA paspelleHus Haao NoAaTb HW3KUA YpOBEHb
(L — ot aurn. Low — Hu3kwi). Mpu nogave Ha exoabl A .D veTbipex-
paspsAgHOro ABOUYHOIC aapeca Ha BbIXOAE NOABUTCA CUrHan C 04HOro
w3 sxonose EO-E15 B uHeepcHol dpopme
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Puc 104 (okoH4anue) Mynbrunnexcop 4x1
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Puc 105 Co3spaHue cy66noka mynstunnekcopa 4x1 (EWB)

149



FEEFRERRFREE

EO
é MUXdx1 L1 E7 VCC
—— E6 ES
— —2FS  E9
— 1 E4 E10
MUX4x1
) 3 1F3 El
s —& 51 F2 EI2
—/ E1 ElL3
’_IMUX4><1 '_. W —E EO Elg
—24 @ 1
MUX4x1 | el A
E MUX4xA 1 D B
E15 12 |
.j 5 e GND C
74130
a) 6)
74150 (1-of-16 Data Sel/MUX)
Inputs Qutput
D B[ C A |G w
X X X X H H
0 0 0 0 L (EOY
00 0] 1]¢L EN
0|0 1 0o [ L (E2)
00 | 1] 1]¢L (E3Y
0 1 0 0 L (E4)
0 1 0 1 L (ES)
0 1 1110 ¢L (E6)
0 1 1 1 L (E7)
1 0 0 0 L (E8)
1 o]0/ 1] ¢C (E9)
170 1 0 L (E10)
1 0 1 1 L (E11)
T 1] 00 L | (E1Q
1 1 0 1 L (E13)
1T 1110 L [ €9
B 1 1 1 L | (E15) |

Puc 106 MynwsTtunnekcop 16x1 (EWB)
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e)

OemynbTUnnekcopsl

31 DyHKUMOHaANbLHLIE Y3Nbl BLINONHAT 06paTHyio No oTHowe-
HUIO K MyNbTURNEKCOpPamM Ofepauwio Hag curHanamv’ uudposas uH-
cdopmaums, npuxoanLLas No OAHOW NUHUK, NnepeaaeTca no Belbopy Ha
OHY 13 HECKOMbKUX BbIXOAHLIX NUHWUA. TOT Xe ABYXNO3ULUOHHLINA
Kniov (Switch), ucnonsayemeoiit Tak, YToObl OH UMEN OAUH BXOd, KOTO-
PbIA MOXHO GbIN0 Obl COEAUHATL C OOHUM U3 [BYX BLIXOAOB ABNAETCA
NPOCTEAWUM KOHTaKTHBIM AeMynsTUNNEeKkcopoM. BuiBop BbIXOAHbLIX
NUHUA B AeMyNbTUNNEKCOopax OCYLUECTBNAETCH COOTBETCTBYIOWEN
agpecauveli B asouyHoM koge PabGota pemynbTunnekcopa, Takum
06pazomM, Toxe aHanoru4Ha paboTe nepekniodaTens, TONbKO Tenepb
OH U3 OIHOrc BxoAa KOMMYTUPYET curHan Ha nioboi u3 MHorMxX CBOMX
BbIXOA0B B xuTECcKoM CMbICNe, MyNnbTUNNEKCOp AenaeT Boibop: «oT-
Kyaa B3ATb», @ AeMynbTunnekcop — «xyga oTtaaTob». Ha pabouem
none ¥I'O Mukpocxembl geMynbTunnekcopa cokpawenHo nuwyt DE-
MUX (ot anrn. DEMULTIPLEXOR) unu DMX.

CocTosiHMA NpocTerwero geMynsTunnekcopa 1x2, 1 e uUMeio-
Wero Ha oauH MHopmaumonkbii Bxoa D u gBa Bhixoaa Yo U Y,
C agpecauuei no exoay A, onuchLIBaOTCS cnedyiowen Tabnuuei

!

Yo | Ys
0| D] O
1 0| D

A3 nanHoi Tabnuybi:

Yo=A'D u Y4=AD.

3TH ypaBHEHWUA peanuayioTcsa AByms anemenTamu AND u ogHum
uHBepTOpoM (cMm puc 107)

HOemynstunnekcop 1-4, umeiowun Ha oauH WHEGOPMAaUMUCOHHLIA

Bxog D veTwipe Bbixoga Yy ...Y; € agpecamu A u B, onucbiBaioTca
cneayioujen Tabnuuen:

BIA Y|V |Y|Ys
0|0 |D|O |0 |O
0|10 |DjO O
1 10|00 DJ|O
T 1 ]0]o oD

Mo aToit Tabnuue cocTaBnAeM ypaBHEHUA AeMyNbLTUNNEKCOPA:
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Yo=A'B'D; 0]

Y=A'BD;

' ]

Y,=A B'D; rg_' Yo
Ys=A B D. . — *+-O
Otciona BMAHO, 4TO ANA peanusauyum AemynbTUnnekcopa 1x4 v

HeobXxoauMoO UMeTb YeTbipe Tpexexonosuix BJI3 AND u asa wHBep- .

Topa (cM. puc. 108).

Y2
=Hkina®
(D]
5v T Y3
~ ° Y0 (Al ¢ I !‘ }"’—.
— @ T A
,T—“"—* 1
—
{8
7 ol |
_“"\ 1 [y
a)
'_\._D 0
’ -
DD1
- D 1 Y1
'—
P02~ ,
003
Y3
@E
DD5
Puc. 107. florwyeckan cTpykTypa Aemynstunnekcopa 1x2: a— EWB; 6 - MC 1 0
1
JNloruyeckue yHKUUM AEeMYNbTUNNEKCOpa OTNIUYAOTCA OT Noru-
Yeckux YyHKUMIA aHanormyHoro Aewundparopa TONbKO MHOXUTENEM T !
D: npu D=1, pemynbTunnexkcop (yHKUMOHUPYET Kak Aaewwwudpatop
Noatomy BXOA pa3pelleHns MUKPOCXeM aelndpaTopoB MOXET CRy- O_/.B@
XuUTb uHPOPMaUVOHHbIM BXOAOM aAeMmynbTunnekcopa [pvmepom 5
MOXeT CNyXuUTb Mukpocxema TTJ1 74139, umetowan B 0qHOM Kopnyce )
ABa AewwudppaTtopa/aemMynbTunnexkcopa. Tabnuua WCTUHHOCTU 3TO Puc. 108 flormveckan cTpyKTypa AeMynsTunnexcopa 1x4: a — EWB; 6 — MC
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74139 (Dual 2-to-4 Dec/DEMUX)
2-t0-4 decoder/demuitiplexer truth table
_ Select | Outputs
Enable G B A | YO vl v2 Y3
___________________ l_______________
1 X X |1 1 1 1
] ] 0] 0 1 1 1
0 0 111 0 1 1
0 1 o1l 1 1 0 1
0 1 1] 1 1 1 0
a)

DDt
Al L
T 1" vee
g _,—L 1A G
— 1B 24

(8] 1110 23
r;' 311y1 2Y0
T E11y2 vl
21 1Y3 2ye

_E— GND 2Y3
74139

6)
Pvc 109 (Hayano)

MUKpocxemsbl nokasaHa Ha puc 109,a [Tpu nogaue Ha paspeluaroLyui
Bxoa (Enable G’) nor. 1 BbiGpaHHbLIM BbIXOA TakKe NepesoANnTCS
B cocTosiHue 1, v HaobopoTt

C6opka cxem Ha Mukpocxeme 74139 nokasawa va puc 109, 6, 8
B cBAsu ¢ TeM, 4YTO BbIXOALI 3TOW MUKPOCXEMbl UHBEPCHLI, B Npo-
rpamme EWB B Kauectse BbIXOAHLIX MHAMKATOPOB (KaK U paHee B no-
A0BHLIX cnyyasx) MCnonb3oBaHb! CBETOM3NyualouwmMe avoabl, cHab-
XEHHble 3Aecb euwe TOKOOrpaHuuuBawwmMKU pesuctopamm R1-R4
ONA KOPPEKTHOCTU MOAENUPOBAHUA.
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8)
Puc 109 (okoH4yaHue) [emynbtunnekcop 1x4 Ha mukpocxeme 74139
a- TN, 6- EWB,e- MC

2.3. KomnapaTtopbl

Bonpoc Mol npocm u Kpamok, —
[Mpomoneun Hocopoe, —
Ymo nyJwe — co pok ns'mok
Unu ns’mok copo 'k? —
Yebi, HUKMO Ha 3Mo
Omseema
Hame He mozg!
A.A. Munn.
BuHHu-Nyx u sce-Bce-ace

Mpu o6paboTke MHpopmaumm B UMpposoi popme 4acTo BCTpe-
YaKTCA ONepaunn CpaBHEHUA YUCEN NO PasfiMyHbIM NPU3HAKaM: No
MOAYNIO, CPaBHEHME C YYeTOM 3HAKOB YUCES, CPaBHEHUE NOPRAKOB
U MaHTUCC YKCes, NpeacTaBNeHHbIx B (popme C Nnaealoweit 3anaToi.
3TH onepauunn UCNOMbL3YIOTCA B CHETHYUKAX, AewndppaTopax u cymma-
TOpax, B 6nokax MMKpONPOrpamMHOro ynpasnenus, crabunusaropax,
B K3W-NaMATW U T.N.

Lingpposeble Kkomnapatope! BblpabaTbiBaloT CUrHanNbL! OTHOLIEHWUH
TUNA «MEHLLUEY, «MEHbLLUE USW PABHOY», «paBHOY, «Bosblue Unn pae-
Hoy, «Bonbluie» Mexay AByMA YucnaMu (kogamm).

Haseanne «komnapaTop» NPOUCXOAUT OT RNATUHCKOro crioBa
comparator, o3Havalowero «cpaBH1BaIOWMAY. 3HavanbHo KoMnapa-
TOpbl Kak cusnyeckue npubopel UCNONL30BANUCL ANA CpPaBHEHUA
LUTPMUXOBbIX U KOHUEBLIX MEP ONUHLI C 3TANIOHOM (HanpuMep, 3Hame-
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HUTbIM NapWXCKUM 3TanoHOM meTpa) BnocneacTeBun TEPpMUH «KOM-
napaTop» 3aKpenuncA M 3a 3NeKTPOHHbIMU npubopamu, OCywecTs-
NAOWUMK DYHKLWIO CPABHEHUS pa3fIMYHbIX BENTUYUH.

PaccmoTpum mpocTeidlunin KomnapaTop, ¢ NOMOLULID KOTOPOro
MOXHO CpaBHUTL ABa yicna A u B oguHaKosoi pa3pagHOCTH, 3agaH-
HbIX B ABOWYHOM WUMU OBOMYHO-AECATUMHOM koge. B 3aBucumocTu ot
NocTaBNeHHOW 3adadu KommnapaTopbl MOryT onpegenATb Tpu pas-
nuyHbIx yHkuuKn® Fs, ecnn A=B, F., ecnn A<B u F,, ecnu A>B B co-
OTBETCTBMM C 3TUM Tabnuua UCTUHHOCTW KOMNapaTopa ogHopaspsaa-
HalX KOAOB UMEET BuA.

AlBrR[Fr|[F
oloJ110]o0
0l1,0]0]1
1lolofl1'0
1 ]1]1]oj0

AHanua aToi Tabnuubl NoKasbiBaeT, MTO AN onpeaeneHus pa-
BEHCTBA ABYyX BenuuuH (F.) HaQo MCNoNb3oBaTb PacCMOTPEHHYIO pa-
Hee N® Tuna Hckmovarwwee UIN-HE (XNOR) [esa apyrux cnyvas
COOTBETCTBYIOT M3BECTHLIM JI® TUNa «A, HO He B» (aHTUCOBNaaeHue)
u «He A, HOo B» (oBpaTHoe aHTucoBnageHwe) [nA NonyvyeHus noru-
YeCcKOW CTPYKTypbl KOmnapatopa BOCNONbL3YeMCH MOrMYECKUM KOH-
BepTepoM. Beoas B JIK Tpu pasa T (oTnuyarolumecs BbIXO4HbLIM
cTon6uom), mony4um cooTBeTCTBYOWME hopmynbl u cxemsl Ha puc
110,2 nokasaHa packpoiTas nuueBas naHenb NOrMYeckoro KoHeepTe-
pa Cc ycTaHOBKamu ans nepeoro cnyyas [anee Ha puc. 110,6,8,r, no-
Ka3aHbi COOTBETCTBEHHO CXEMbl ANs BCEX Tpex cnyyaes. 3aMeHuB
cxemy Ha puc. 110,6 Ha B3 XNOR 1 gononHue cxemamu, NOKasaH-
HblMK Ha puc. 110,8,r, NONYYUM NOrMYECKYIO CTPYKTYPY koMnapatopa
8 nporpamme EWB (cm. puc. 111,a) u 8 nporpamme MC (cm. puc.
111,6). 3apaBan B 3TUX CXE€Max pasfyHble CUrHanbt U BKOYas Mo-
AenupoBaHue, MOXHO ybeauTbCsl, YTO OHU paboTalT B COOTBETCTBUM
¢ T komnapaTopa, NpMBEAEHHOI Bbille

B nporpamme MC nposegem ucnbiTauue mukpocxembl 74520,
KOTOpas ABNAETCA BOCbMWUPA3psAHbIM KOMMApaToOpoOM C WHBEPCHbLIM
Bbixogom (puc. 112). Ecnu Ha Bxog paspewenus GBAR nogaTb Hua-
kui yposerb (EN=0), To npu paseHcTBe Cnos, NnO4aBaemMbiX Ha BXOAb!
PO-P7 n QO...Q7, Ha BbIxoae yCTaHOBUTCA HU3KWIA ypoBeHb F- =0.
Tak Ha puc. 112 nokasaHo, 4TO Np1 eguHULE HA BCeX MHOPMALIMOH-
HbIX BXofax, kpome P4=Q4=0, suixon paseH 0 (cnosa pasHebl). [locTa-
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TOYHO NOMeHATb oauH 6WUT B curHanax, 4Tobel OHU pa3nUyanuchb,
W nepesanycTuTb MOAEnupoBaHue, Kak Ha Bbixoae NoAsMTCA 1, 4TO
NPN WHBEPCHOM BbLIXOAE O3HAYAET HEpPaBEeHCTBO BXOAHLIX CNoB Xa-
pakTep 3TOro HepaBeHCTBa 4aHHO MUKPOCXEMOI HE onpeaensieTcs
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Puc. 110. PaspaboTka cTpykTypbl komnaparopa (EWB)
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Puc 111. Normueckan cTpykTypa komnapatopa: 2 — EWB: 6 - MC

2.4. Cymmaropbl

= Bceezo, — sosznsecun Ocman, -
qemsipecma 80CceMbOeCAM 60COMb
pybnel Ix! Qeexaduemu pybneii
He xaemaem OnA poeHo20 cyema
WU. Unbg, E. NeTpos.
Asenanyats cTynwen

MonHbin cymmarop

PaccMoTpeHHbIl Bbile NONYCYyMMaTop NPUMEHWM NUWb ANS
CNOXEHU 0AHOPa3pAAHbLIX OABOUYHLIX KOAOB WM CaMbiX MNAAWMX
3Havalux paspanos MHOTOPaspAaHLIX CNOB. MNpu CRoXeHUn cTapLunx
Pa3panoe MHOropaspaaHbIX ABOUYHBLIX CNOB HeobxoguMo B cxeme
Y4ecTb NnepeHoc w3 npegsigywero (Mnagwero) paspsaa. Takoe ycr-
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Puc. 112. Komnapatop Ha mukpocxeme 74520 (MC)

pPOACTBO ABNAETCA NOMHbLIM CyMMaTOpOM: OHO AOMKHO UMETb Tpu
exoaa (A, B u C,,— Bxog nepeHoca) u Aea Bbixofa: S — CyMMbl U Coyt
— nepeHoca

Cocrasum TU ans S u C,,x NONHOrO CymMMarTopa COrnacHo noru-
Ke ero paboTbl U NpaBunNam CNOXeHWA ABOUYHLIX uncen. 3tu TU 3a-
HeceM Ha naHenb 1K u TaM xe Haiiem ux N (puc. 113,a,6).

MepenuweM 1O c 3kpaHHOW CTPOKW, BBEAR NPUHATLIE Bbiwe
0603HaueHus:

S=A'B'C;,+A'BC\,+ABCin+’ in

Cout=A'BCjy+AB' C;,+ABC;,’+ABC,,..
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a) 6)
Puc 113. TV 1 /1® nonHoro cymmaropa: a — S, 6 — Cout (EWB)

Mocne ToxpecTBeHHbIX npeobpasosannii atu IO npuHumatoT
sva’

S=(A ® B) ® Cin;
Cou=AB+C(A @ B).

AHanuanpys nocneaHue BolpaXeHus, Buavm, 4To Haa A v B Ha-
Ao npoussecTty onepauvio XOR v nonyyeHHe® pesyneTar ucnoneso-
BaTL Asa pasa: eule pa3 XOR ¢ C;, — ato gact S, noToMm onepauus
AND ¢ Cn, @ Cc ee pesyneTtatoM onepauyvo OR ¢ AB (koTopoe no-
nyyaetcs Kak nepeHoc W3 Nepeoro nonycymmaropa), v 3To aact ne-
peHoc Cou. Takum oOpa3som, ANS NOCTPOEHWA MNOMIHOFO CymMmaTopa
Tpebyetca 513 2 tuna XOR, 2 tuna AND v 1 Tuna OR. BeiBegem vx
Ha paboyee nofie N COeaNHUM B COOTBETCTBUUN C npuBeAeHHeIMK J1O
(pwc. 114,3,0).

3aaasan pas’nuyHbie 3Ha4YEeHWs BXOAHLIM CUrHanam, MOXHO Ha-
Bnoparte 3a paboton cymmaropa. B nporpamme MC npu moaenwpo-
BaHWW NOKasbIBAKOTCA Mormyeckre CoCTosHWA Bcex ungpoBLIX Y3nos
Ha cxeMe, YTo nossonsieT rnybxe no3HakoMuTecsa ¢ paboTon ycTpou-
crea. J13 DD1,DD2 v DD3,DD4 Ha atux cxemax npeacTasnawT Asa
nonycymmatopa (HA1 n HA2), a yepes /13 DD5 ocyuiectensercs sbl-
804 UTOroBOro nepexoca. Takum o6pasoM, UCnonb3ys ABa NOMYCYM-
matopa u J1I3 OR, MOXHO NOCTPOWTL NOMHBIAN cyMMarop. 3To npoae-
MOHCTpVpOBaHHO B nporpamme EWB Ha puc. 115,a. B aton ke npo-
rpaMmme umeetcs w rotosas GubnuoteyHana mogens Takoro Tvna Full
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Adder (FA - nonHbil cymmarop), v ee MOXHO Bbifpare nNo nNWKTO-

rpamme 8 nanenyu Digital. YO aTtoro anemexTa (8 oTiMymne ot
NUKTOrpamMmMbl) UMEET, KaK W NOMOXKEHO, Tpn BXoAa U ABa BbIXOAa
3amenus nonycymmartopbl HA1, HA2 1 J13 OR Ha nonHelt cymmarop
FA, nonyyaem CoOTBETCTBYIOWLYIO CXEMY, NOKa3aHHyK Ha puc. 115,6.

(€]
T Cin

w

Cout

6)

Puc 114 lornyeckas cTpykTypa nonHoro cymMmaropa: a— EWB, 6 — MC
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a) 6)
Puc 115 Mogens nonHoro cymmartopa (EWB)

CyMMamopb! Ha UHMezpanbHbIX MUKpOCXemax

HekoTopble TMNbI CymMMaTtopoe BbINYCKAIOTCA B WHTErpasibHOM
WCNOAHEHWN W KBNRIOTCR OAHOKPUCTaNbHLIMU YCTpoicTBamn B kave-
cTBe npumepa paccmoTpum pabory KMOIM mukpocxemsl 4008, se-
NAIWENRCs YeTbipexpaspsaHbiM NOMHLIM cymmaTtopom OHa cocTouT
M3 YeTblpex 0QHOPa3pRgHLIX CYMMATOPOB U CXEMbl YCKOPEHHOro na-
pannensHoro nepeHoca.

B nporpamme EWB cobepem Ha OCHOBE 3TON MUKPOCXEMbBI Cym-
matop (cm. puc. 116). 3aHeceHne B AaHHbLIN CymMaTOp OBYX YeTbl-
pexpa3psaHbiX cnaraembix AsA.AAq n B3B8,848¢ npomnseoantes knio-
vamum [1]...[8]. Ans yaobecTea oTcHeTa BBOANUMbIX M BLIBOAMMBIX 080~
WYHbBIX YMCEN MCNONb30BAHLI CEMUCENMEHTHbIE MHAMKATOPLI C AEKO-
aepamm (A, B n SUM).

Ha exoage nepeHoca n3 npeabigywero paspsga CIN gobasneH
kntou [l]. 31ot 8xon 1 BbIXoA NepeHoca COUT KoHTPONMPYIOTCR noru-
yeckumu npobHukamn. Ha puc. 116 sapukcnpoBaHo cnoxeHne:

A=3, B=6, CIN=1.

Ha sbixope cymmatopa SUM=A, 1 e. uncno 10 npu COUT=0.
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001

A3 VDD & couT
B2 B3 A2
Az cout H+—O
Bl s3 P

5 Al s2 12 SUM
BO s1 R A
A0 so F—HH D)

_E—L VSs CIN R

4008

0 CIN

5v T .

el |

Puc 116. MonHbIli cymmaTop Ha Mukpocxeme 4008 (EWB)

Cosem [pexae 4em NPOBOAUTL CYMMMpOBAHME yncerl, NposepbTe
paboty cxembi, noAasas BHayane TOrbKo Ha BXoAab!
AA2AAq nocnefosatensHo BCe ABOMYHbIE Yncna ot 0 ao
15, 3aTem, aHanormiHo, Ha Bxogbl B3B2B1By Mpu Habno-
[eHUN Yncen Ha CeMUCErMEHTHOM UHAUKaTope ceepsanTecs
¢ puc. 101,8 n 0603Ha4EHNAMMN YMCEN B PA3HBIX KOAAX

CymmaTopsl Ha MUKPOCXEMaX MOXHO COEAMHATL ApYr C APYroMm,
noaknioyas 8uixon COUT npeapiaytiei MUKPOCXeMbl K BXOAY CIN -
nocneaywuweit Tak, U3 ABYX MUKPOCXEM 4008 MOXHO COCTaBuUTb
BOCbMM PA3PAAHbLIA QBOUUHbBIA CyMMaTOP 5

B nporpamme MC Taioke paccmoTpum YeTbipexpaspsgHelM non-
Hblii QBOWYHLIA CyMMaTop, HO Ha ocHoBe Mukpocxem TTII 74283
Bocnons3ayemca ans atoro 6ubnmotedHsim daiinom 283 cir, 3ameHvs
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Puc 118. MNonHblid cymmatop Ha mukpocxeme 74283 (MC)

WCTOYHUKM BXOOHBLIX CUrHaroB Ha UM(PPOBLIE KIOYM W OOMNOSHUB
CXEMY CEMUCErMEHTHbIM WHOUKATOPOM C paHee pacCMOTPEHHLIM
apansepom Ha mukpocxeme 7448 (cm. puc. 117)

3peck npeacraeneHa passepHyTas Noruyeckas CTpyKTypa uHTe-
rpansHOi MUKpPOCXeMbl cymmatopa B aToi crpykType BugHb! (Kak Ha
3TaXepKe) YeTblpe 0QHOPa3pARHbLIX NOSHLIX OBOUYHLIX cymmaropa U
BrOK YCKOPEHHOrO napannensHoro nepeHoca (8 camoin BEpPXHeNn yac-
™ cxembl) [lpu pabote cymmaropa nepBbiit onepaHd (KOMNOHEHT
nNpoBOAMMOl Onepauuu B OaHHOM Criy4ae criaraeMoe) nogaeTcs Ha
Bxodwt A1 — A4 mnagwui paspsg Ha A1, cTapwmi — Ha A4. Bropoi
onepaHa mnopgaevcsa Ha exogbl B1 — B4 mnagwwi paspag Ha B,
cTapuwmii — Ha B4 Cymma oboux yucen popMupyeTcs Ha Bbixoaax
SIGMA1 — SIGMA4, mnagwwuii paspsag Ha SIGMA1, crapwuii — Ha
SIGMA4 Korpa pesynbyar CyMMUpOBaHUA NPEBLICUT B AECATUYHOMN
cucteme yucno 15 (B OBOMYHON cucTeme cCoOTBETCTBEHHO — 1111), Ha
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Bbixoge C4 nosBUTCA HanpsieHWe BbICOKOrO ypoBHA. Bxoa curHana
neperoca CO npu ncnons30BaHUK TOMLKO YeThIpexXpa3spagHbIX YUcen
coeguHaeTcA ¢ obwmum npoBogoMm. Ecnn e Mcnonb3yercs BOCbMU-
paspagHoe Yucro (4eTsipe cTapliunx paspaga), 1o sxoa CO coeguHs-
ercs ¢ sbixogom C4 npegwecTeyowei cTynedu (Mnagwue paspsgsl)
Metkamn Pin1... Pin13 o6o3HayeHbl BLIBOALI HA KOpNyce pearnbHON
MUKpOCXeMbl. Ha nokasaHHOM puCyHKe BBEREHbI ABOUYHLIE 4uchna
0101 n 0100 (5 n 4 B pECATUYHOI CUCTEME) Y NOMNy4YeH pe3ynbTaT 9

3TOT Xe cyMMaTop, HO C MUKPOCXEMOli B CBEPHYTOM Buae, Noka-
3aH Ha puc 118
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3. Y3I1bl NOCNEAOBATENIbHOCTHOIO TUNA

3.1. Tpurrepbli

AHanulickoe cnoeo «mpuzeepy 03Havyaem CrycK
3emaeopa opyxus ¢ 60e8020 83800a CrycK esiabieaem
esicmpen, U 8 3MOM 3HaYeHUU (KaK «CrycKamensy)
NOHAMUE Mpuzeepa Nepewno 8 3NeXmMpoHUKY
Tpuezep ecez0a yem-mo ynpaensem Ha cmapme,
Ymo-mo 3anycxkaem

W.AAncen. Kypc undpoeoi 3nextpoHuku

AcuHxpoHHLI RS-Tpurrep

Ecnu BHumaTenoHee npucmoTpeTbcs Kk cxemam (puc. 80,a
n 81,a), TO HETPYQHO YBUASTbL B HUX TO, YTO NO OTHOLWEHMIO KO BTO-
pomy Bbixogy (Out2) Taioke geiicTeyeT obpatHas caa3b MepeuepTum
Cxemy Ha puc 81,a ¢ y4eTom 3toro oberosTenscrea (cm puc 119,a).
Kpome Toro, B cxeMe MOXHO yBUAETL U CUMMETPUIO, ecnin ee n3obpa-
3UTb TaK, KaK NokasaHo Ha cneaytowem pucyHke (cm puc. 119,6)

‘A oot M
Out 1

a) 6)
Punc. 119 Cxema RS-tpurrepa (MC)
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30echb OTY4ETNUBO BUAHbLI NepekpecTHble NonoXutensHole ob-
paTHble CBA3W, a BLIXOAbl ¥ BXOAb! NOMAYYMN cBoe 3akoHHoe oble-
npuHstoe oBo3HadeHue R — Reset (c6poc 8 0), S — Set (ycraHoska
B 1), Q — Quit (Bbixog) n Q" — MHBEpCHbLIA Bbixoa [lockonbky cxema
CUMMETPUYHA, TO MOXHO NOMEHSATh Mectamu obo3HayeHus BXoAoB,
HO TOrga OAHOBPEMEHHO Hago NOMEeHsTb Mectami v o6o3HaveHus
Bbixogos EAuHOro pacnonoxeHust MHOOPMALMOHHLIX BbIBOOB U UX
BykseHHbiXx MeTok (R nnu S, ceepxy unu cHuay), a Taioke nocnegosa-
TenbHocT Oyks B Ha3saHuu (RS unu SR) He ycTaHosnewo Onucan-
Hoe UWUdpoBOE YCTPOWCTBO OTHOCUTCSt K OQHOMY M3 OCHOBHbIX Lud-
poBsbix anemexTos 3BM — k Tpurrepam

Kak yxe 6bino ykasaHo, CNoBO «Tpurrep», No-aHrNuickin trigger,
03Ha4YaeT CnyckoBoe YCTPOMCTBO, Kypok, cobadka, 3awenka B awr-
NOS3bIYHOW TEXHUYECKOW nutepaTtype 3T0T Tepmud oBbiMHO “cnonb-
3ylOT B 3HAYeHWM rnarona «3anyckartby», a cOBCTBEHHO YCTPORCTBO
B 3aBUCUMOCTW OT ero Bmaa HasbiBalT no-uHomy. Hanpumep, Flip —
Flop (Wwen4yok — XNonok), 1 MHOrAa UMEHHO 3TOT TePMWH B aHrNos-
3bl4HON NuTepaType BoobLWe CNyXuT CUHOHMMOM CoBa «Tpurrep»

WUctopus Tpurrepos Havanack ¢ 1918 r. B 1o Bpems oH# Bbinon-
HANUCb Ha 3NEeKTPOHHLIX namnax. M.A BoHy-bpyesuy onucan cxemy
«KaToAHOro pene» ¢ paspbiBHbIMKA xapakrepuctukamu. MNpakruyeckas
cxeMa C AByMs YyCTOMYuMBbIMU cocToAHuAMK Bbina onybnukosaHa amr-
NUACKUM bn3nkom Yunbamom Mewpu Ukknsom (W H. Eccles) u Hekum
®.B. [OxoppaHom (FW Jordan). MocnegHiold cxemy Hasbisalot
Tpurrepom Wkkn3a — xopgana.

Tpurrep, unu Gucrabunbubii MynbTusubpatop, — o4HOpa3psa-
HbIlA aNeMeHT NamsTW, NpegHasHa4YeHHbIA ANs XpaHeHWst Noruyeckon
nepemeHHow Tpurrep OTHOCUTCH K yCTpoWCTBaM nocnegosatenbHo-
CTHOrO TNa, B KOTOPOM BbIXOQHOW CUrHan 3asucuT OT CUrHanoBs Ha
BXOAE KaK B TeKyLWiA, TaK U B Npeablaylinii MOMEHT BpeMeHin

Paccmotpum RS-tpurrep B nporpamme EWB (puc 120,a) Co-
CTOsiHMe Tpurrepa oBbl4HO OTOXAECTBASAIOT C CUMrHANOM Ha NPAMOM
Bbixoge npu Q=1 — eguHuyHoe coctosHue (Q'=0) n npu Q=0 - Hyne-
Boe coctosiHne (Q'=1) 3apasas BxogaM pasnuyHble 3HaAYeHWs, Npo-
cnegum 3a COCTORHWAMU Tpurrepa, yvuTbiBas TalKe COCTORHUSA
B npeabiagywne MOMeHThl BpemeHu (gns atoro B nporpamme EWB He
Hago BbIKNOYaTL mogenuposaHue). Haylem ¢ R=0, S=1 - Q=1, Q'=0,
370 yCTaHoBKa eAWHUYHOrO COCTOsHWUs, 3aTem neperigem k R=0, S=0
- Q=1, Q'=0, 370 pexum XpaHeHWs npegblayLiero CoCTOsHUA, danee
Bo3bMeM R=1, S=0 - Q=0, Q'=1, ato c6poc B Hynesoe COCTOsHUE,
npu R=0, S=0 — Q=0, Q'=1, 370 ONATbL PeXUM XpaHeHus npeabiayLue-
ro COCTOsfHUs. Ha 3ToM ucyepnbiBaloTcs BO3MOXHble paboyue co-
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Puc. 120. RS-Tpurrep (EWB)
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CTORHUA, TaK Kak komBuHaums BxogHbiX curdHanoe R=1, S=1 npusogut
K HEONpPEedEeneHHOCTu u senseTcs ana RS-Tpurrepa s3anpeweHHon
Monyyentbie pesynbuTaThl 3aHeceMm B Tabnuuy cocTosHwil (nepexo-
A0B), aHaNorMuHyto Tabnuue UCTUHHOCTY NS KOMBUHALKUOHHLIX CXEM
(cm puc 120,6) Nepebpoc Tpurrepa W3 €OWHWMHOTO COCTORHWA
8 Hynesoe, u HaobopoT, HANOMWHAET NOBEAEHUE AETCKUX Kavenen u3
AOCKU C ONOPOV NocepeaviHe TO 0avH, To Apyrow pebexok aanvumaeT
BbICOKUI ypoBeHb. Kavenu, oCTaHOBUBLUVECH B NONOXEHUU «OQWH U3
OETENR CBEPXY, A APYroi — CHU3Y» COOTBETCTBYIOT PEXUMY XpaHeHus.
Ha npuHUMNUanbHLIX CXEeMax, a B HaWeMm CAy4Yae u Ha BUPTY-
anbHbIX CXeMHbIX Moaensax, RS-Tpurrep 0603Haual0T NPAMOYronbLHU-
KOM C COOTBETCTBYIOLLEN PaA3METKON BbLIBOAOB B nporpamme EWB,

Haxae Ha nukrorpammy Digital , MOXHO 8bibpaTh Tpurrep (cm
puc 120,8), KOTOpLIA B AaHHOW nporpamme HaseaH RS Flip-Flop
B YO paccmarpusaemoro RS-tpurrepa (cm. puc 120,8) VHBEPCHbIN
BbiIXOA, KaK W NONOXEHO, OTMeYeH Kpyxkkom C gaHHoW moaenbi
MOXXHO NPOBECTU BCE ONUCAHHLIE BLILWE 3KCNEPUMEHTLI, cobpas cxe-
MYy B COOTBETCTBUW C pUC. 120,r.

PaccMoTpeHHbin Bhile RS-Tpurrep nepexntovancs cvrHanamv
nor 1 v NO3TOMY OTHOCWTCS K YCTPOMCTBAM C NpAMbIM YNpasneHuem
ViU aKTUBHLIM BLICOKMM ypOBHEM. Tpurrep Ha aByX anemeHTax U-HE
uMeEeT uHBepcHble Bxoabl R', S° (cM puc 121,a) u ero nepexnioueHus
OCYWECTBNAIOTCA Npu nogaye Ha exoabl nor. 0 (cm puc. 121,6)
B aToM cnyvae akTvBHLIM ABNAETCA HU3KWI YPOBEHb, a ynpaenexHue
ABNAETCA wHBEPCHbIM floruyeckas cTpyktypa R'S’-Tpurrepa 8 npo-
rpamme MC nokasana Ha puc 122

a)

Puc 121 (Havano)
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Puc. 121 (oxoHuaHue) R'S’-tpurrep (EWB)
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Puc. 122 R'S’-tpurrep (MC)
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Puc 123 (Ha4ano)
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DD1

DD2

6)

i 8 DD3
O o]0

R DD2 o

Puc 123 (okoHuaHue) [loruyeckue cTpykTypbl RS U RS -Tpurrepoa
¢ uHBepTOpamMu
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Jo6asnenne MHBEPTOPOB BO BXOOHbIE LENU PACCMOTPEHHbIX
TPUITEPOB MEHSBT XapaKkTep ynpasrieHUs Ha NPOTUBOMOMNOXHbIA (CM
puc 123,a-r) Mockoneky N3 U-HE (NAND) w U/IN-HE (NOR) nerko
NpespallanTCa 8 MHBEPTOPDLI, TO COOTBETCTBYIOWMUE TPUITEPHI MOXHO
cobpaTb Ha oaHoN aneMeHTHow Ba3e, HanpuMep, Ha puc 124,a,6 no-
KasaHbl norudeckue CTpyKTypbl RS-Tpurrepos Ha 13 NAND

(1]

- T S bos DD1

6)

Puc 124 Norudyeckue cTpyiTypbl RS-Tpurrepos Ha 13 NAND

PaccmoTpenHble TpUrrepbl OTHOCSTCS K aCUHXPOHHOMY Tuny, no-
CKOMNbKY MOMEHTbI NEPEKIMNIOYEHUS HUKAK HE CBA3aHLI C TaKTUPYOLW|K-
MU curHanamu ynpaenexus B GonblvHCTBE Cepwii MUKPOCXEM no-
A0GHbBIE TPUITEPLI KaK CAMOCTOSTENLHBIE U3AENUA OTCYTCTBYIOT, TaK
Kak oHu nerko cobupatotcsa us BJ19.
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CUHXPOHHbIN RS-Tpurrep

Otnu4uTenbHon 0COGEHHOCTBIO NOCNEA0BaTENbHOCTHBLIX J1oru-
YECKKX YCTPOWCTB SBNSETCA BO3MOXHOCTb CUHXPOHW3aLUWu wx nepe-
X0O0B C TaKTUPYHOWMMK uMmnynbcamu. B oTCyTCTBUE 3TUX UMMNYNLCOB
wHPOpPMaLMOHHbIE BXOAB! Kak Obl OTKOYEHBl PasnuyaloT CUHXPOH-
Hbl€ TPUITEPLI C YrIpaBNeHUEM YPOBHEM U C AUHaAMUYECKUM ynpasne-
HVEM

CuHXpoHHbI# RS-Tpurrep ¢ ynpaenNEHUEM ypPOBHEM MOXHO nony-
YuTb U3 NPEeAbIAYLMX CXEM CNErka BUAOW3MEHUB WX BXOAHYHO NOruKy
W OONOMNHWB €8 CUHXPOHU3UPYIOWWUM BXoAoM, oBbl4HO 0Bo3Havae-
meim Bykeoi C (oT Clock Puise — TakToBbI uMnynee).

Ha puc 125,a,6 nokadaHbl CXeMbl CUHXPOHHbIX TPUIrepoe, nony-
YeHHble COOTBETCTBEHHO w3 cxem puc 124,26 B cxeme Ha puc
125,8 ucnonebaosaHa 6ubnuoteyHas mogene RS-tpurrepa (anemMexT
DD3) MNMpueedeHHbIE CXEMbBI TUNNYHBI C TOYKW 3PEHUA KX CocTaea AN
NocnenoBaTeflbHOCTHBIX YCTPOWCTB. B HUX NPUCYTCTBYKOT 3NEMEHTHI
KOMBVHaLMOHHON NOrvKV U sYelkn namsaty. Jns Toro 4tobbl Gonee
nogpobHo wccnefosaTe paboTy CWMHXPOHHOrO Tpwurrepa, 3amMeHuMm
B CXEME Ha puC 124,56 KHYM HA UCTOYHUKK curHanoe Stim1 (cm puc
124,r), 3agae wx B cnegyowem opmaTe.
define IN1 +ONS 0 +250NS 1 +650NS 0
define IN2 +ONS 0 +100NS 1 +200NS 0 +300NS 1 +400NS 0
+500NS 1 +600NS 0
+700NS 1 +800NS 0 +900NS 1 +1000NS 0 +1100NS 1 +1200NS O
+1300NS 1 +1400NS 0
define IN3 +ONS 0 +850NS 1

3aece IN1 cootBeTcTBYET BXOAY S, IN2 CooTBETCTBYET BXOAY C
n IN3 cootsetcteyeT Bxogdy R PesynbTaT aHanusa nokasaH Ha rpa-
tukax puc 125, BugHo, 4to pesynbraT cooTBeTCTBYET Tabnwue,
nokasaHHoun Ha puc 120,6 ¢ Toi 0COBEHHOCTBLIO, YTO Nepexoabl Tpur-
repa NPouCXoAnT Tonbko npu C=1.

[obBasnexne B 0CHOBHYIO TpurrepHyto suerky DD1-DD2 pgonon-
HUTENbHbIX aCUHXPOHHBIX Bxodos S° u R’, o6nagatowux npuopute-
TOM, NMO3BONSIET NPOU3BOAUTL NPEABAPUTENLHYHK) YCTAHOBKY COCTOS-
Hus Tpurrepa 8 1 unu copaceisate ero 8 0 (cM puc. 126,a,6)

Mocneanue cxemel NErKo BbINONHAKOTCA U3 NpPedblaywnx 3ame-
HoW apyxexofosuix 13 U-HE Ha 3-sxopoeble (3-Input NAND Gate
unu 3- NAND) u goBasneHvem ycTaHOBOYHBIX KoMen S° u R’, kak
370 nokasaHo Ha puc 126,a,6
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Puc 126 CuHXpOHHbIA RS-TpUrrep ¢ npegycraHoBOYHBIMU BXOZaMK

178

HeyxcmyneHyambil CUHXPOHHbIL RS-mpueaep

PaccmoTtpeHnHble 30 cux nop Tpurrepst UMENn oaHy siNerky na-
MATU (OQHOCTYNeHYaThid Tpurrep) B AsyxCTyneHuatbiX Tpurrepax,
COCTOAWMX M3 OBYX fYeek, Nepeas sdelika (seaywasn) sensercs
8X04HON, a eTopasn (seaomas) — BbIXOQHOW. [TOSTOMY TaKylo CTPYKTY-
py Ha3biealoT MS-cTpykTypon (o1 aHrn. Master — Slave, oanavarowero
X035IUH — cnyra).

Ona nocTpoeHus ABYXCTYNEHYaTOro CUHXpPOHHOro RS-Tpurrepa
MOXHO CHSITb KOMUU C OQHOCTYNEHYATLIX TPUITEPOB U COEQUHUTL UX
HeobxogumbiM o6pa3om. B nporpamme EWB eHoeb ucnonsayem ans
371010 cnocob cosgaHusa GyHKUUOHaNLHLIX Cy66nokos.

BepHemMmcs k cxeme RS-tpurrepa, nokasaHHol Ha puc. 126,a. MNy-
TeM NPOCTOrO PacTAXEHUA BblZeNEeHHbIX YacTel NpuaaauM el Takow
eua, YTobbl OKOHYaATeNbHO BHYTPL BLIAENSAIOWEA paMKu BXOAMN TONb-
KO OAUH Tpurrep (CM puc. 127,a)
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Name: IHS_SLIB

[ Copy trom Circuit ]

Move from Circuit |

Replace in Circuit I

Cancel ’

Kl | vl

6)

Choose SUB

| Cancel

Puc 127 (okoHuyarue) Coaganue cyGbnoka RS-Tpurrepa (EWB)

i

MNocne suinenenns cy66noka, Noka ero anemeHTsl UMeKT aKTUB-
HeIR KpacHeId UBeT, Bxoaum B MeHto Circuit (uens) n suibupaem Cre-
ate Subcircuit (cospanne cybuenn). B nossmsluemcs meHo Subcircult
(cm puc 127,6) BneyaTsiBaem B CTPoke Name Hassanue, Hanpumep,
RS_SUB n seibupaem Copy from Circuit (konuposaxue us uenu) Ha
pabouem none NOABATCA AONONHUTENBHOE OKHO C pa3BepHYTON Cxe-
mon cybbnoka (puc 127,8).

Ans suibopa cxemHoro n3obpaxexus cyb66noka B CBEPHYTOM BU-
Ae, Hano HaxaTb B pAay Boibopa KOMNOHEHTOB Ha UKOHKY Favontes

—
(13bpanHbie) = | B peaynstate nonyumm MKOHKY C n3oBpaxernem
180

cy6bnokos (cM puc. 127,r) 1 BO3MOXHOCTbL AanbHenwero swuibopa
Choose SUB (cm. puc. 127 a). Haxas B nocneaxHem okue fIKM Accept
(cornacuTecs), nony4yum UCKOMOoe cxemHoe usobpaxeHue cybbnoxa
B CBEPHYTOM BuAae (puc. 127,e)

Ckonupyem Tenepb cxemHoe usobpaxenue cybbnoka B CBEPHY-
Tom Buae (puc 127,e) B Oydep obmera. OTKpoeM HoBOE OKHO (New),

A«

HaXxaB Ha WKOHKy Favorites ~w_l yBuamm, 4To BHYTDU HET HUKAKMX
anemeHToB Haxmem JIKM Past: Ha axpaHe BO3HMKHET CXeMHoe n30-
Bpaxenune cybbnoka, a B 0TKPLITOM OkowKe Favorites nkorka ans ero
BbiBopa (kak panee Ha puc 127,r) CkonupoBsas eLle OANH CXEMHbIN
cybbnok (unn sbibpae ero u3 paspena Favorites), cobepem cxemy
AByxcTynenyatoro RS-tpurrepa co crpyktypoi MS (cm. puc. 128,a)
3nece TakTUpoBaHue Beaomol CTyneHu (Slave) BbINONHAGTCA aHTH-
CUMHXDOHHO MO OTHOWeRno k nepeoi (Master) 3a cyeT nopauw TakTo-
BOro MMnyneca yepes uxeseptop OTCOAa ApYroe Hassanne nogobHo-
ro TpuUrrepa — ABYXTaKTHbIA
Bocnons3oBaBwucs, ONUCAHHOW Bbille NPOUEAYPON cospaHua cyb-
Bnokos, cosnagum Ha ocHoBe cxembl no puc. 128,.a cybbnok Asyx-
TakTHoro Tpurrepa (cMm puc. 128,6,8). Hassaxnue atoro Tpurrepa
RSFF o3navaer, uto ato RS Flip-Flop (wenyok — xnonok) Tpurrep
Cobepem cxemy ans uccneaosaxmns paboTel 3TOr0 Tpurrepa (Cm puc
128,r). Ha npenyCTaHOBOYHbLIE ACMHXPOHHbLIE BXOALI NCAAANM Heak-
TUBHbIE noruyeckue yposuu (S'=R'=1). [TycTb BHadane C=0, S=1,
R=0. BrounMm mMoaenmpoBanne” Ha BbiXxOAax YCTAHOBUTCA HEyCToin-
ynsoe coctosHue. Meperegem C=1 u 3atem C=0: nony4ynm Q=1 n
Q’'=0. Neperepem S=0, R=1, notom C=1 n 3atem C=0 nony4um Q=0
n Q' =1. Habnwopasn 3a pabotoi aToro Tpurrepa, BuAWM, Y4T0 MHOP-

s

Puc 128 (Havano)
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Puc 128 (okoHuanue) [syxcTynenyaThiin CWHXPOHHWIA RS-Tpurrep (EWB)
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Puc. 129. lloruyeckan ctpyktypa RSFF-tpurrepa (EWB)

Mauua 3aHOCMTCH B NEPBYID CTYNeHb Ha (OpOHTE CUHXPOMMNYNbCa (Kax
Gbl nepebin TakT — Flip), a 3aTem nocne BHYTpeHHEN 3afepxKu, oby-
CNOBNEHHOM BNOKUPOBKOH MHBEPTOPOM BTOPOI CTYNEHMU, NpKU OKOHYaHNH
“MNynNbCca BO BTOPYIO CTyneHb (kak Gbl BTOPOIA TakT — Flop). B 3aknioye-
Hue npveeaeM MNosnHy NOrMYecKyio CTpykTypy Tpurrepa RSFF (cm. puc
129), KoTOpas MoxeT BbiTb NoNyYeHa Kak NPsamoi noanemeHTHoW coop-
KOW, Tak 1 obpaTHOl pexOHCTpykumeit us cybbnokos RSFF u RS_SUB.
ConocraeneHne cxem Ha puc 128,r n 129 gemoHcTpupyeT achbchexTue-
HOCTb MCNONb30BaHWA «TeXHUKM CybBnokoB» AfnA co3naHws BUPTYanb-
HbIX Mogenei. 3Ta adhheKTMBHOCTL GyAET pacTi No Mepe pocTa CNoX-
HOCTH CXeM ¥ NOBTOPAEMOCTM TUNOBLIX CyB610K0B.

B nporpamme MC umeeTcs COOTBETCTBYHOLLMIA FOTOBLIA KOMMO-
HeHT, 0603HayeHHbl kak SRFF. [ina ero sbibopa noaagum komaHaw!:
Component>Digital Primitives>Gated Flip-Flop/Latches>SRFF. Ha
pabouem none BosHukHeT YIO Tpurrepa M OKHO AnsA 3agaHus ero
aTpubyTtoB u xapaxrepuctuk (puc. 130,a). BneuateiBaeM B OKOLUKe
PART nosuunoHHoe o6o03HayeHue, Hanpumep DD1, v Buibupaem Bpe-
MeHHyo Mogene (TIMING MODEL) upeaneHoro tpurrepa DO_GFF,
OCTaBNASA NpoyvMe XapakTepuCTUKW HeusmeHHotmu. [loaTBepxaaem
caenaHHblin  BoibOop (OK) wu nonyyaem Ha paGoyem none
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COOTBETCTBYIOWMI CXEMHbLIW KOMNOHEHT, B KOTOPOM OTCYTCTBYET

pa3MeTKa BbIBOAOB, 33 UCKITIOYEHWEM YKa3aHWA WX UHBEPCHOCTK (CM.

pyc 130,6) OpnHako, pa3MeTKa BLIBOAOB COBNAAAET C TOW, KOTOPYHO

Mbl UCNONL3OBANK paHee B COOTBETCTBYIOWEM CyE6n0Ke Nporpammb!

EWB (cm puc 128,r). Moaromy, sovas B pasgen Component>Analog

Primitives>Miscellaneous>Bubble1, BbiBupaem KoHTakTHbIA y3aen

W, 3anaB eMy HeOBXOaUMYIO TEKCTOBYIO METKY B NOABUBLUEMCA OKHE,

pasmeliaeM ee COOTBETCTBEHHO Ha3dHauvenwwio Ha YO (cm. puc. d

130,6). u
[na vwccneposanust paboTel 3T0ro Tpurrepa cobepem cxemy, no-

Ka3aHHylo Ha pyc. 130,r, UCNONbL3YA UCTOYHWKW CUTHANOB U3 CXEMbI Ha

puc. 125,8. Ha npeaycTtaHOBOYHLIX BXOAax BbiCTaBuM HeWTpanbHble - P

ypoeHu S'=R’=1. B pedyneTaTe aHanusa nony4alorca rpadukn (cm. 7

puc 130,a), manc oTnuyaowmecs, Npy BbiBpaHHLIX NapameTpax, oT

noKkasaHHbIx Ha puc 125, rae Ha HavanbLHOM yyactke snnoTb Ao 0,3 6)

MKC BWUAHa HekoppeKTHas paboTa (u3-3a OTCYTCTBUS NpeayCTaHoBKY).
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CepbesHbiM HepocTaTkoM RS-Tpurrepa sBnsevcs Hanuuwe B
HeM HeonpeaeneHHbIX COCTOsHWA. JTOro MOXHO u3bexatb pasnuu-
HbIMW cnocobamu. B Tak HasbiBaeMom D-tpurrepe (cM puc 131,a),
sxoaut R u S 06veannetbl yepes niseptop DD1 B oguH uigopmMaum-
OHHbIR BXOA AaHHbix D (ot Date — panHbie unu Delay — 3agepixa)
[aHHbI TPUITep UMEET CTaTMYeCcKOe ynpasfiieHne ' ABa YCTORYUBbIX
COCTOSHUA. MHOraa 3ToT TUN TpUrrepa Ha3biBalT MNPO3paqHoil 3a-
uienkoll, NOCKONbKY Bbixog Q nosropsieT sxopHow curHan D, noka
C=1, 1 3aNOMUHAET NOrNYECKNiH ypoBeHb BXOOHOro curHana npu C=0
O6pasosae u3 JIQ DD2-DD4 cy66nok RS_C, 3ty cxemy MOXHO
npeacTaBuTs B Apyrom suge (cM puc. 131,6)

Q
@
DD4
R
S Q
QNﬂ
0 (reset)
1 (sat) |
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187



B 6ubnuoteke mogenein nporpaMmmbi EWB wumelotca gsa D-
Tpurrepa. MNepebiit npeactasnset coboi D-Tpurrep 6e3 npeaycraHo-
BOYHbLIX BXOAOB M C AUHAMUYECKUM ynpaenexuem (cM. puc. 131,6)
Nocneanee B YIO Tpurrepa 0TMEYEHO TPEyrofibHbIM KOHLOM CTPenku
Y TaKTOBOro Bxofa. 3Ta NoMeTa 03Ha4aeT, 4To Tpurrep cpabatoiBaeT
Ha NOMOXUTENbLHOM (PPOHTE TAKTOBOro UMNysnbca; o6paTHoe Hanpas-
neHue 03Hauvano bel cpabaTtuiBaHne Ha cpese uMnynsca. B nutepa-
Type 4acTo ucnonb3yoT Bonee nakoHWYHbIE NOMETbI B BUAE KOCOM
4YEepTOYKM Ha 3TOM BXOAE, HAKMOHEHHON BNpPaBO ANA (PpPOHTa unU
Bneso Ans cpesa (Noao6Ho 60KoBLIM CTOpOHAM BOODpaKaemoro Tpa-
neuenaancHOro UNU TpeyronbHoro umnynsca) B nporpammax EWB
n MC CUHXpOHM3auUua Ha cpese UMNyNbca OTMEYaeTCA AONOSMHU-
TeNbHbIM KPYXXKOM OKOJIO CTPESIKU TaKTUpYIOWeEro Bxoaa TpurrepHas
Tabnuua B COKaTOM BMAE NOKa3aHa Ha puc. 98,8. B Helt Qg — 3Ha-
YeHue BLIXoaa Ha Takte N+1 Bocnosnb3oBaBwMCh paHeB CO3AaHHLIM
cy66nokom RSFF unu 6ubnuoteuHoin mogensio D-Tpurrepa, MOXHO
Take cobpaTb CxeMbl ANS uccneaosaHus paboTbl TpUrrepoe € Npe-
DyCTaHOBOYHLIMU BXoAaMu (cM puc. 131,r,0)

B nporpamme MC ans uccneaoeanus pabotel D-Tpurrepa Bo3b-
MeM Bubnuoteurylo Modens LATCH (awrn. - 3awenka), npeacTae-
nawouylo cobol 0aHOTaKTHLIA CUHXPOHHLIA D-Tpurrep ¢ acUHXpOH-
HbIMU UHBEPCHLIMU YCTAHOBOYHLIMY BXxogaMu R'u S™ (cM puc 132,a)

Bocnonb3yeMcs Talke TakTOBbiM curHanoMm C CO Cxembl puc
126,6 1 C Hee e BO3bMEM curHan S, ucnone3sys ero kak D Mpoeeas
aHanus3, nonyyum rpacuky, nokasawHbie Ha puc. 132,6 [lMomense
curHansl C u D mectamu, nonyqum rpacpuku, NOKasaHHbIe Ha puc. 99,8
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Pvuc 133 DFF-tpurrep (MC)
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3ameHue 8 cxeme Ha puc 132,a tpurrep LATCH Ha 6ubnuoteu-
Hylo mogenb Tpurrepa DFF, ebibupaemyio komangamu: Compo-
nent>Digital Primitives>Edged-Trggered Flip-Flops (Tpurrepnl ynpas-
nAemble ¢ppoHToM)>DFF, nonyuMm B0O3MOXHOCTL UCCNeaoBaHWA
Tpurrepa ¢ guHamu4eckum ynpasneHumem (cm puc. 133,a). Ucnonb3ays
Te XE€ WUCTOMHWUKM CUrHanoe, NONMY4MM COOTBeTCTBYIoWME rpanku,
nokasaHHble Ha puc. 133,6.

M3 npueefeHHbIX rpagukos eugHol ocobeHHocTu pabotbl D-
u DFF-tpurrepoe B nocnegHem cnyvyae uHOpmMauus 3aHOCUTCA
8 NaMATb NO NONOXUTENLHOMY (PPOHTY TAKTOBOrO MMNYnNLCa U Co-
XpaHAETCA Tam 40 CNeAylowero umnynsca

T-rpurrep

Ha ocHose gByx CMHXPOHHLIX RS-Tpurrepos moxHo cobparb cxe-
My Tak HasbiBaemoro cueTtHoro unu T-Tpurrepa (ot anrn. Toggle —
4YeKa, KpUBOLIMM), MMEIOWEro OAWH BX0A (CMm. puc. 134,a).

Texkyuwee coctosiHue T-Tpurrepa onpegensieTcs ero xe CoCTos-
Huem B Tekywem Takte. D-Tpurrep, nokasaHHbIi Ha puc. 133,a, Tawke
moxeT BObiTe npeobpasosaH 8 T-Tpurrep (cMm. puc. 134,8). CueTHbIR
pexmm 8 D-Tpurrepe opraHusyeTcs 3a cyeT oOpaTHOM CBA3U: curHan,
NOAAIWMIACA C MHBEPCHOTO BbIXOAA Tpurrepa Ha ero exoa D, npueo-
AWT K CMEHe ero cocToaHuiA. U3 rpacukos (cm. puc. 134,r) eMaHo, 4To

RS Q
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T re S Q
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Puc 134 (Havano)

191



T.CIR

-'

10

e —

N

:

—_—
ﬁ

T

Puc 134 (oxonuaHue) T-Tpurrepes

192

0.900u 1.200u

N

1.500u

CMeHa COCTOAHWUA 30eCb NPOUCXOAUT BCAKUA pas, Koraa BXOOQHOW Cur-
Han U3MeHAeT CBOe 3HaYeHue B OQHOM HanpasneHuu. B aaHHom cny-
yae CMEeHa COCTOSIHUIA NPOUCXOAUT Ha KaxAoM hpoHTe (nonoxuTens-
HOM Nepenage HanNpPMKEHUR) TEKyWEro umnynsca T-Tpurrep, uame-
HMBWUA CBOE COCTOAHME HA POHTE NepBoro umnynesca (¢ 0 Ha 1),
HaxoauTCA B pexume xpaHeHun (1) 2o npuxoaa ¢poHTa BTOPOFO UM-
nynbca, KOTOPbIA BHOBbL MEHAET ero coctosinne (¢ 1 Ha 0), Hacrynaer
pexum xpaHenus (0) u T4 lockonbky ANUTENBHOCTb HaXOXAEHUA
B Ka)XOOM COCTOAHWM OKa3blBAeTCA PABHOK NEpuoay cneaoBaHun
TaKTOBbIX UMNYNbLCOB, TO YACTOTa CMEHbI COCTORHURR Tpurrepa oKasbl-
BAeTCA B OBa pasa MEHblUeR, YEeMm YacToTa cnefoBaHUA TaKToB
B pe3ynbrarte NpoucxoauT AeneHue 4acToTel Ha ABa: YacToTa cneno-
BaHWUA BbLIXOAHBIX UMNYNbCOB paBHA NOMOBMHE YACTOTbl CNEAOBaHUA
BXOAHbIX UMNYNbCOB

YHusepcanbHol#t JK-Tpurrep

Kak yxe oTMeyanoce BblWe, OCHOBHbIM HepocTaTkom RS-
TPUrrepos ABMAETCA HEoNpeaeneHHOCTb 3anOMUHaEMOro COCTOAHUA
npu S=R=1 B D- u T-tpurrepax 3ta HEONpeaeneHHOCTb CHATA, HO U
nx PYHKUMOHANbHBIE BO3MOXHOCTU YMEeHbWwunucs JK-Tpurrep sens-
eTca, noxanyn, Hawbonee ynayHelM ycosepweHcrBoBaHuem RS-
Tpurrepa  [lononnas RS-Tpurrep onpegeneHHol Noru4eckon crpyxk-
TYpoO ynpaeneHus, MOXHO CO3A4aTb YCMOBMA, NpU KOTOPbIX BbIXOA
Tpurrepa 6yaet Bceraa Hanepen u3eBecteH Npu NGLIX COYETAHUAX
BXOAHbIX CUrHANoB

(K]
n

Q)

h J K Q
i)
a 0 Qo
r? c 0 1 0
1 0 1
1 1 Qo
a) 6)
Puc 135 (Hayano)
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sv rp K Q B cxeme Ha puc 135 CUHXPOHHLI RS-Tpurrep AoNOnHeH
4 ) BxogHou norukoin Ha Asyx [13 AND Tak, 4to obpasytotca obpaTHbie

JK JK a CBA3N MexZy NpPOTMBONOMOXHLIMY BXOAamu W Bbixogamu: R-Q v

) S-Q' B pesynbTate nosensalTcA ABa HOBbIX BXoga. cbpoca ~ K

T J po1 (o1 anrn. — Killer — ybvitua) v yctaHoeku — J (o1 aurn. Jerk — TOM4OK,

~ 1 pes3koe aOBWXKeHwe). 3Tu BXOAObl CUHXPOHUIUPYIOTCA TaKTUPYIOWMUM

@] exonom C. 3anasas pasnuuHbie 3Hauenus exogam J u K B aToi cxe-

r';l c mMe v Habnopas 3a cocTosHWeM Bbixoga Q, MOXHO COCTaBWUTb Tpwr-

repryto Tabnuuy coctosiHnit (cm puc. 135,6). 3gecb Qg 1 Qy’ cocTon-
HMe Bbixoga B npeabigywiem Taxkte. Knasuwwy C Hafo HaxymaTth Ha
KOPOTKUIA NPOMEXYTOK BpeMeHu, BbinonHaAs C=1, v Bo3epawaTte 06-

8) paTHo B C=0 Obpa3zorar cybbnok JK 13 3TOW Cxembl, MOXHO cocTa-

“ K] BUTb ABYXCTynewnuatbit JK-Tpurrep no tvny M-S (cm puc 135,8)
Sv aQ HakoHeu, Boiiaa B pasaen Tpurrepos Bubnnorekn KOMNOHEHTOB NPo-
_:E K -® rpammbl EWB, MOXHO cocTaeuTb elle ABE CXeMbl AN VUCNbiTaHWk

JK-Tpurrepoe ¢ npegyctaHoOBKamu ¥ AWHAMMYECKUM yNpasneHnem
(cM puc 135,r,4) 30€Chb KPYXKKOM OKOMO TakTUpYyIOWEro Bxoqa oTme-
4YeHa CUHXPOHM3AUUA HA Cpe3e umnynbea.

~-
[,
_A:
2

o~
~ B nporpamme MC JK-tpurrep BoibvpaeTtca komangamu: Compo-
[C] nent>Digital Primitives>Edged-Triggered  Flip-Flops  (Tpurrepsl,
'";' c ynpasnsemble ¢poHTOM)>JKFF. C 3TUM KOMNOHEHTOM NOCTPOUM

CxeMmy, noKasaHHyto Ha puc. 136,a. MIcnonb3ysa Te XKe UCTOMHUKYN CUr-
HanoB, NOMy4¥M COOTBETCTBYIOWME rpacyKky, NOKA3AHHbLIE HA PUC
136,6

Cosem He 3abbiaiite ycTaHasnvMBaTb BUPTyanbHbIE KNIOMW acyiH-
(MC) XPOHHON NPefycTaHOBKW TPUITEPOB nepeq Havanom moae-
NMpoBaHua B HeakTveHOE nonoxexve (S'=R'=1).

JK-Tpurrep Ha3biBaeTCA yHMBEPCANbHLIM HE TOMLKO NOTOMY, YTO
r[ OH oTpabaTbiBaeT BCE BO3MOXHbLIE COMETAHUA BXOAHLIX CUFHAMNO0B, HO
K NOTOMY, 4TO Ha €ro OCHOBE MOXHO peanu3osaTb Apyrve TUnbl Tpur-
repoe Tax, 0bbeauHye Bce BXOALI, KPOME TaKTOBOro, B 0OAVH W Noaas
Ha HUX 107 1, NONYYUM CHETHBLIN, Mnu T-Tpurrep (CM. CXemy B Npo-
rpamme EWB Ha puc 137,a) [ns Bonee geTanbHOro nccneaosaHvs
paboTsl 3TOrO TpUrrepa noAanvM Ha ero BX04 CUHXPOUMNYNLCbl OT
=
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(bYHKUMOHANLHOrO reHepaTtopa (Function Generator), a co-
) CTOAHWE BXOOOB ¥ BbixoAoB Byaem KOHTPONWpOBATL chneumanbHbiM
A

Puc 135 (okonuanme) JK-Tpurreph (EWB) |8@
194 NOrMYECKUM aHanM3aTopoMm (Logic Analyzer), oTMeuYeHHbLIM
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Puc. 137 (oxoHyanue). T-Tpurrep Ha ocHose JK-Tpurrepa

meTkamn FG u LA, cooTBETCTBEHHO, Ha puc. 137,a. OTh BupTyanb-
Hble NpuBOpLI HAXOQATCA B NaHenu [t::mlnshmnens (MHCTpY-
MEHTHI).

Hagnm HekoTopble NOSICHEHWS K NOKasaHHOW cxeme. Ha acuh-
XPOHHbLIE YCTAHOBOYHbIE BXOAbI NOAAH BLICOKUA (HEAKTWBHBLIA) YpO-
BEHb HanpsxeHus S'=R’=1. Ha wHdopMauucHHble BXCAbl NopaHa
norndeckan eguHuua, 1.e. J=K=1, K Bxogy C noaknwoyeH reHepaTop
TakToBbIX MmnynbcoB. Ha cxemHom YIO reHepatopa FG umetorcs
BLIXOAHLIE Knemmbl «+», «Common» (06wan) n «—». Mcnonb3osaHsl
KNeMMbl: «+», coeauHeHHbiin ¢ C n «Common», KOTOpasa 3a3eMneHa.
37K Xe KnemMbl BUAHbI HA BUpTyanbHOW NaHenwu (cM. puc. 137,6), HoO
30EeCb OHU «He paboTalnT» U HEe HAQO NLITATLCA K HUM NOKNIOYATLCA.
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3Ta nuueBan NaHenb CNYXUT ANA 3aaHuA peXuma reHeparopa. Bol-
Oupaem nNocneaoBaTenNbHOCTL NPAMOYTONbHBLIX UMAYNLCOB C 4YacTo-
Toi cnegosanma (Frequency) 1 Hz, koadpuumeHTom 3anonHenuns
(Duty cycle) 50%, amnnutygoi (Amplitude) 2.5 V n cmewennem (Off-
set) Taioke 2 5 V (310 faeT NONOXUTENBHBIE YHUNONAPHBIE UMAYNLCHI
C MaKCUManbHbIM 3Ha4yeHnem 5 V).

Ha cxemHom n3obpaXeHun nornyeckoro aHanusartopa LA sepmu-
KanbHbiA pAag KNemMm CNYXUT ANA NOAKNIOYEHMA uccneayembix Und-
poBbiX curHanos. Pa3ssepHys ABOAHbIM wenykom [IKM no cxemuomy
n3oBpaxennto LA oTkpoem ero nuuesyto naiens (puc. 137,8). Ha Heit
Ha)XMeM KHOMKy Set yCTaHOBKM pexuma pa3sBepTKn Normyeckoro asa-
nu3atopa Ha oTkpbiBwenca nadenu Clock setup (cm puc 137, 1)
3aeck Boibupaem pexum BHyTpeHHeln pa3sepTku (Internal clock rate)
2 Hz C octanbHbiMM napameTpamun, 3agaHHbIMn NO YMONYaHUIo, COo-
rnawaemcs. Bknwouns mogenuposanne, nonyuum cnegylowme rpa-
dukn Uunpposbix curHanos Ha puc. 137,8 cBepxy BHW3. nor. 1 Ha BXO-
aax S, J, K, R; yepegytowmecs ¢ yactotoir 1 'y nor 1 n nor 0 Ha
Bxoae C wu aHanoruyHblie NOCNEAOBaTENbHOCTY Ha Bbixogax Q v Q,
HO C BABOE MeHblel yacToTolh, Te 05 Ny NopobHoe genexue yac-
TOTbl Ha 2 NPOM3OWNC ¥3-3a TOro, YTo Tpurrep nepebpacbiBaeTca B
HOBOE COCTOSHUE Ha KaXAOM Cnafe TakTOBbIX UMNYNbCOB, YTO XOPO-
IO 3aMEeTHO Ha rpacukax. JTO NoBefeHne MOXHO Gbino Bbt Npegcka-
3aTb, ecnu oBpaTmThca K nocneaHen crpoxe Tabnuywl puc 1356
3aech Bugum, 4To Npn J=K=1 npamon Bbixoq Tpurrepa Gyaet noeTo-
pATb 3Ha4YeHWe MHBEPCHOro BbIXOAA B npeAblaywlem Takte [1ockonb-
Ky CUHXpOHW3NPYIOWNA BXOA 3AEChb AUHAMWUYECKUA N NHBEPCHbLIA, TO
nepeknoyeHns ByayT npoucxoguTh Ha cpese (Cnage) Kaxaoro TakTo-
BOrC UMAyNbca.

Mb! ynopHO He nonb3yemca BeCcbMa pacnpoCTpaHeHHbIM TepMu-
HOM «3agHuii bpoHT», cunTan ero BesrpamoTHbiM Begb camo cnoso
«hpOoHT» npoucxoguT u3 Hem Front ot c¢hpany. Front, GykeanbHo 03-
Havalowero nob. «3agHuii OPOHT», KOHEYHO, NOXOX Ha OKCIOMOPOH
TMNa «TOPAYMA CHEr», HO ECNWN 4YyTb-4yyTb BAYMATLCA, TO 3BYuYMT
yxacHo. Bce-Takn no6 y yenoseka Aymalowero HaxoauTca Brnepeau.
KoHeyHO, Heckonbko nydylle 3BYYUT «OTpuUATEnbHbI (PPOHT», HO
KaKoW-TO 0CafoK ocTaeTcs.

Cobepem aanee cxemy, aHanormynylo puc. 137,a, nonb3ysach
cpegcrsamun nporpammet MC (cm. puc. 137,4). Ha nonyyenubix rpa-
¢dukax (puc. 137,e) Hymepaums d1-d5 cooTseTcTByeT Hymepaumun
uMgpoBbIX Y3NoB Ha cxeme puc. 137,4. 3AeCb Take XOpOWO BUAHO
AeneHne TakToBOW YacToThl Ha 2. Cxembl D-Tpurrepoe Ha ocHoee JK-
Tpurrepa nokasaxbl Ha puc. 138,a,6.
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Puc. 138. D-tpurrepst Ha ocHoee JK-Tpurrepa

Tpurrep lWmutTa

PaccmotpenHbie Bbilwe pa3sHOBWAHOCTY TPUITEPOB OTHOCWUNUCH
K rpynne CUMMETPUYHBIX, HO HapRgy ¢ nocnegHumn B U poBsbIX yCT-
POACTBAxX UCNONb3YIOTCA Taloke U HeCUMMETpuYHble Tpurrepsl OAuH
u3 TUNOB NOAOGHBLIX TPUITEPOB TPaAUUMNOHHO HAa3bIBAIOT TPUITEpoMm
Wmurra no cpamunun O. I'. WmutTa, koTopuin B 1938 r. npeanoxun
COOTBETCTBYIOLLYIO NaMnNoOBYIO CXeMy Ha ABOWHOM TpUOAe, OXBaYEH-
Hom cnaboih nonoXuTensHON 06paTHOR CBA3LIO. IHOrga BCTpevaeTca
W WHOE Hanucanwue Haseauusa: «Tpurrep Wmugrar, XoTa B anrnos-
3bIMHOW  NUTEpaType COOTBETCTBYKOWEEe YCTPOACTBO Ha3blBaeTCA
«Schmitt trigger».

OCHOBY HECUMMETPUYHBIX TPUITEPOB, KaK U CUMMETPUYHBIX, CO-
CTaBnAeT AByXKacKkaaHbi yCUNUTENb NOCTOAHHOIO TOKA, OXBAYEHHbIA
NONOXMTENbHON O0BpaTHON CBA3bID. OAHAKO Kackagbl 34eCb YXe He
WAEHTUYHBI NO CBOUM NapameTpam W CBA3AM MeXAy HUMW, HO rnae-
HOE OTNUYME 3aKNIOYAETCA B TOM, NTO BbIXOAHOW CUTHan B OTCYTCT-
BME BXOAHOTO 04HO3HAYHO onpegeneH. MoaToMmy nogobHble Tpurrepb!
He obnagalT NamMATLIO U NCNONL3YIOTCA Kak CYCKOBbie YCTPOMCTBA
nnbo ana copMnpoBaHNA NOCNEA0BATENBHOCTY NPAMOYTONbHbLIX UM-
NyNbCOB U3 CUTHaANOB NPOW3BONBLHOW (POPMbI, HANPUMEpP CUHYCOU-
AanbHbix. Boobue gaHHbii TR Tpurrepos Onuxe K UMNYNbCHLIM, He-
xenn Kk uuchposbim ycTpoincTeam. MNpu knaccudukaumm unpoBbix
MWKPOCXEM OHW 1 BOBCE NONagalroT «Mexgy AByX CTYNbEB» U WX Ha-
abiBaloT: «floruyeckne anemenTol — Tpurrepsl Wmutrta» Bbinagator
OHW N N3 HaWEero KOHTEKCTa, TaK KaKk AnNA pacCMOTPeHUsa ux paboTbl
NPYAETCA BEPHYTLCA K 3NEMEHTHON 6a3e HWU3KOro YPOBHA: TPaH3u-
cTopam
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Puc. 139 (okoH4anue). Tpurrep lmurta (EWB)

Paccmotpum B nporpamme EWB paboTy knaccuyeckovt cxembl
Tpurrepa WWmutTa Ha AByx TpaHauctopax (VT1 un VT2) ¢ aMuTTepHbI-
MU cBf3AMMK (CM. puc. 139,a). BxoaHoi curian ot yHKUMOHANbLHOro
resveparopa FG nopaercs Ha exog In (6asa VT1) u kanan A ocuunno-
ckona OSC, a BbixogHOlW cHumaeTca ¢ sbisoga Out (konnektop VT2)
W nofaeTcA Ha kaHan B. [inA cHATMA nepenaToYHOW XapaKTepucTku
TpUrrepa BLICTAaBMM Ha reHepaTope peXuMm CUrHanoB TpPeyronsHOW
thopmMbl C NnapameTpamu, NokasaHHbiMK Ha puc. 139,6. Aina Toro yto-
6bl NONY4UTL 3ABUCMMOCTL BLIXOAHOrG HANPAXEHUA OT BXOAHOTO, Ha
ocyunnockone ebibepem pexum passeptku Tuna B/A (cm puc 139,8)
Mockonbky panee, AN cpaBHeHWA, ByaeT BbINONHATECA MOAENUPO-
BaHue Tpurrepa WmutTa Ha tunoseix BN3 (DD1 u DD2), To cxema
NpefycmaTtpuBaeT kommyTaumio npubopos kmovamu [Space] un [C].
B AaHHOM Xe cnyyae knioumn [Space] A0MKHbI HAXOAUTLCA B BEPXHEM
nonoxexun, a kmoy [C] — B nio6om.

Bkniouns MoaenupoBaHve, NoNyunuM Ha 3KpaHe XapakTepHyio net-
nio rucrepesunca (puc. 139,8). TepMuH «rmcrepeanc» bbin BBEAEH B Ha-
yuHblA 06uxon B 1900 r. aHrNuinckum yyeHbim J.A KOuHrom (Ewing J.A.)
NPUMEHUTENBHO K HamarHuuusaHuio peppomarHeTukos. [JoCnoBHBIM
NEepeBOAOM 3TOrO0 TEPMUHA, UMEIOUIErO rpeyeckyio ocHoBy (hysterésis),
ABNAETCH «HEeAOCTATOK», «HEXBATKa». B Hayke u TexHWKe noa ABNeHUEM
rucrepesnca NOApa3yMeBaloT OTCTaBaHWe CNeACTBUA OT Npou3BoasLel
ero npuinHbl Vimerno Gnaroaaps MarHuTHOMY ructepesncy «pabortaer»
MarHuTHas NamATb (Tax 4To nobonble 6bl TaKUX «HEAOCTaTKoB»). B 3a-
BMCUMOCTU OT CBOICTB MaTepuasios U BUAA paccMaTpUBaeMbIx ABNEHWIA
Habnopaemas ¢opMa MCTEpe3nNCHOR 3aBUCUMOCTIA MOXET ObITh Camon
pa3HooBpa3Hoi: 0T 3NAUNTUYECKON A0 NPAMOYTONbHON
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B vpurrepe LUmutra HabniopaetcA oTcrasaHWe BeNW4YUHL! Bbl-
XOZIHOrO HanpshXeHUA OT BXOAHOro. Ecnu yactoty cneposaHua wUm-
MynNbCOB YMEHbLUUTL B ASCATL Pa3 (ANA 3TOro Haao0 BOCNONL30BATLCA
YCTaHOBOYHLIMUA KHOMKaMn B Okowke Frequency dyHKUnOHanLHoro
reHepaTopa), TO MOXHO BU3yanbHo npoHabnioaats, kak no mepe poc-
Ta HanpsHKeHMA BblYepUYMBAETCA BCA KPUBAsA, NPOXOAA (urypy npoTus
yacoBoit cTpenkn Takoi cBoeoBpasHbiil BUA NepeAaTodHomn (yHKUMK
Tpurrepa o6GycnoBneH nepeknioYeHueM noj AeiCTBUEM BXOAHOrO
HanpsXeHUA, perynupyeMoro ABymMA OOpaTHbIMW CBA3AMW' NONOXW-
TenbHol 06paTHON CBA3bIO CO BTOPOrO Kackafa Ha nepebid 3a c4er
oblero peauctopa R4 u otpuuaTensHoii o6patHo# CBA3bI0 NO TOKY
yepe3s 3TOT Xe pe3ncTop, Koraa OTKpLIT TpaHaucTop VT1 Ecnu Te-
nepb NEpPeKNiounTb reHepaTop Ha CuHycouaanbHble konebaHus,
a OCUMNMOCKON Ha pa3pepTky curHanos Bo BpemeHu (Y/T), To
CUHyconaanbHble koneGaHnsa Ha BXOAE NpespaLyaloTca B CHH(asHbie
(MO OCHOBHOW rapMOHWKe) NpAMOYronbHble KonebaHua Ha BbiXOAe
Tpurrepa (cM. puc. 139,r), nockonbky B AaHHOM cnyyae peanu3oBaH
HeuHBepTupylLWui Tpurrep LLimMuTTa

B komnnekte BN3 nporpammbl EWB MMeeTcs WHBEPTUPYIOLLN/
Tpurrep WWmutra, Ha YO KoToporo npoctaBneHa «poaoBas Metka»
B BUAe netnu ructepeanuca (cm. komnoHeHT DD1 Ha cxeme puc
139,a) [N CHATUA nepeaatoqHOW XapaKTepucTuku aToro Tpurrepa
Hafo nepeBecTn nepekniouatenn [Space] B HuxHee, a knioy [C] —
B NEBOE NONOXeHWe YCTaHOBUB PEXWUM passepTku B nonoxeHue BIA,
a reHepatop Ha TpeyronbHyio (opmy konebGaHuii, nony4um xapakre-
pUCTUKY, NOKa3aHHyio Ha puc. 139,4. B Helt o6xoa neTnu rucTepesuca
HabNio[aeTca no Yacoso crpenke. Moaas Ha BxoA Tpurrepa LUMuTTa
DD1 cuHyconaansHbie konebaHus, Ha ero Beixoae (B Touke C) nony-
4MM NpoTMBOGa3HbIE (N0 OCHOBHOI rapMoHuke) konebaHus npsmo-
yronbHol dopMmbl (cMm. puc. 139,e). HakoHey, CHAB curtan ¢ uHeep-
Topa DD2 (nepeseas kniod [C] B npaBoe NonoxeHwe), BEPHEMCA K
HenHBepTupylowemy Tpurrepy Lmurra (cm puc 139,%). B coctas
MWKPOCXEM BXOAAT UHBEPTUpYlOLME Tpurrepb! LUMnTTa, HanpuMep B
TTN mukpocxemsl 7414 BxoaaT WecTb NOA0OHbLIX UHBEPTOPOB

B nporpamme MC tpurrep LmutTa nomeujeH B pasgen aHanoro-
BbIX TWUNOBLIX KOMMOHEHTOB WU BbibMpaeTca nocneaoBaTenbHOCTLIO
komana: Components>Analog Primitives>Macros>Schmitt omecTus
BbIGpaHHbI KOMNOHEHT Ha paboyee none (cm. puc. 140,a), oTpeaak-
TMpyeM ero CBOWCTBa B COOTBETCTBYiowem okHe (puc. 140,6) Coso-
KyNHOCTb NapameTpoB, ONWUCLIBAIOWMX NPAMOYronbHyio NeTNo rucrte-
peanca, 3afafWM BXOAHbIMKM HanpskeHuamu (B BOnbTax) nopora
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otnyckanua (Vmin=X1=0.9) n cpabarbiBanus (Vmax=X2=1.7) u, co-
OTBETCTBEHHO, BbLIXOAHLIMW HANPSXEHUAMU HU3KOIO W  BBLICOKOro
yposHei (Y1=0.3 n Y2=3.4), xapakrepHbiXx ANs pacnpocTpaHeHHbIX
cepuit TTJ1 mukpocxem (cMm. puc. 139,6). flanee Buibepem B KayecTee
NCTOYHMKA BXOAHOrO CHrHana reHepartop cuHycomaanbHbIX koneba-
HW ¢ amnanTyaoi A=2.5 V u vactoton 60 Hz (cm. puc. 140,8). Co-
6pas cxemy no puc. 140,8, nepeiinemM K ee anannay. MoxHo nposectu
aHann3 Ha NOCTOSAHHOM TOKe, HO Bonee uHopmaTueHbiM Byaer ana-
nu3 nepexoaHbix npoueccos (Transient). YcTaHOBKM peXXumoB ananu-
3a NpoBOAWUM B COOTBETCTBYIOLEM OKHE, NOKa3aHHOM Ha puc. 140,r.
3aech nepsblit rpauk NpeacTaBnAeT NepeaaToqHylo yHKUumMio (3a-
sucumocTb V(2) or V(1)), a ABa Apyrux, BLIBOAUMbBIE B OAHON KOOP-
AVHATHOW CUCTEeMe, OTpaXaloT BPEMEHHbIEe 3aBUCUMOCTU 3TUX Ha-
npsxkennn. Pesynbrathl MoaenuwposaHua nokasawbl Ha puc 140,a
Conocraensia 3T pe3ynbTatbl C NpeabiAyWWMK, RONYYEHHLIMU
8 nporpamme EWB (cm. puc. 139,a,6), Buaum, 4to ato MHBEPTMPYIO-
wuin Tpurrep. HetpyaHo Taike BuAeTb, YTO 30HA rucrepesnca CuM-
METPUYHA OTHOCUTENLHO CpeaHero BXOAHOrC NOPOroBOro Hanpsxe-
Hna Uswilch=(1.3 £0 4) V.

Tpurrepbl WMntra nossonsiioT 3peKTUBHO OTHMNLTPOBATL
WyMbl Ha NONorux PoHTax CUrHaNoOB, a TaloKe AABNAINTCA He3aMeHn-
MbIMW ANA CTLIKOBKM CXEM C MEASIEHHO MEHRAIOWWMNCA cUrHanammy
(<1 'u) ¢ norMyeckMmm yCTponcTBamm TUNa CHETYUKOB W pErucTpos.

Tpurrep UiMurra, avanoryubiil TOMy, KOTOpLIA NOKa3aH Ha puc
139,2 u BbLINONHEH Ha BUNONAPHLIX TPaH3aMcTopax, MOXHO cobpaTb
1 Ha nonesbIxX TpaH3ucTopax B coctaB MUKPOCXeM BXOAAT MHBEPTU-
pylowme Tpurrepbl Wimutra, Hanpumep TTJ1 7414 copepxuT wecTb
noaoGHbIX Tpurrepos, a Mukpocxema KMOT 4093 (aHanor K561TN1)
COCTOMT U3 YeTbipex Tpurrepos LimuTTa, Ha BXOAE KAXAOIO M3 KOTO-
pbIX CTOUT ABYXBXOA0BON anement U-HE.

Tpurrepbl WLIMUTTa MCNONL3YIOTCA Talkke B aHaNOrosbixX
yCTpOiACTBaX NpY NOCTPOEHMA pa3HoobpasHbix reHepaTopoB MMNYNb-
€OB, Hanpumep TPeyrosibHOA uNu NPAMOYronbHoi opmbl. MNpocreit-
wuii  NOAOBHLIA reHepaTop COCTOMT M3 NOCNEAOBATENLHO BKNIOYEH-
HOro uHTerpaTtopa un Tpurrepa Wmnurra. Paguonioburenn wnpoko unc-
nonb3ytot Tpurrepst UiMutTa 8 kadecree reHepaTopoe B camonenkax
TUNa CUPEH, F'YAKOB 1 APYrvX 3B8YKOBLIX YCTPOUCTB
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3.2. Perucrpbl
Bam npo ybio mebens? Kynua nepesoil 2unbouu
Anzenoea? lNloxa-anyicma. CMompume Ha
Gyxsy A. bywsa A, Ak, Am, Aveenos... Homep?
Bom! 82 742.
W. Unud, E. NeTpoe. flBeHaguats CTYNLeB

MNoa perncrpamu (OT Nar. registrum — CNUCOK, yKasatenb) B und-
POBOIA 3NEKTPOHMKE U TEXHUKE NOApPa3yMEBaloT y3nbl W YCTPOACTBa,
ocywectensilowme psa onepauuii ¢ nHpopmauuen, npeacTaBNeHHoN
B BUAE MHOIOpa3psAaHOro ABOUYHOro koaa. K.atum onepaunsam OTHO-
CATCA: Npuem, XpaHeHWe, CABUr B pa3psifHON CeTke, NOpaspsAHble
noruyeckue onepaumm W Bbigadya YMCNOBLIX CNOB B ONPEeAENEHHOM
Koae Yke oaHO nepevncneHne yHKUMA perncTpoB NOKasbIBaeT, YTo
3TO CaMble pacnpoCTpaHeHHbIE y3nbl LMPOBLIX YCTPOWCTB.

PervicTpbl COCTOAT U3 CXEM, B KOTOPbIX WMEIOTCA TPUITEPbl U nomde-
cKMe aneMeHTH o KoNUHECTBY NMHUIA NEpeaAaYN NEPEMEHHBIX perCTpLl Ae-
nATCA Ha oaHodasHble W napadasHble (AByxa3sHbie), N0 cucTeme CUHXPO-
HW3aUMW — Ha OHOTAKTHbIE, ABYXTAKTHLIE W MHOroTakTHbie. OaHaKo rnae-
HbIM KNACCU(UKALIMOHHLIM NPU3HAKOM PErUCcTPOB, HECOMHEHHO, SIBNRAETCA
cnocob npuema 1 ebigaum AaHHbIX o aTOMYy NpM3HaKy paanuualoT napan-
nenbHbie (CTatvHecime), nocneaoBeaTenbHbie (GasMraloue) 1 napannenbHo-
fOCNenoBaTeNbHLIE PEVCTPLI.

MocnepoBsarenbHbie perucTphbl

B nocnenosaTtentHbIX perucrpax cnoea NpUHUMAaleTCA M BbIAAKDT-
CAl pa3psaA 3a paspsaaoMm. VX HasbiBaloT CABMraloWMMK, TaK KaK TakTu-
pylowme curHansl Npyw BBOAE W BbIBOAE CNOB fiepemeLlaroT ux 8 pas-
psaHoi cetke. Casuralowmii permctp MoxeTr ObiTb HepesepCHUBHBIM
(c ogHOHanpaBNEeHHLIM CABUIOM) MNWU PEBEPCUBHLIM (C BO3MOXHOCTLIO
casura B 060Mx HanpaeneHnusx).
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Puc. 141 (okoHuaHue). [loruueckas cTpykTypa yeTblpexpaspraHOro perucrpa
casvra (EWB)

B nporpamme EWB cobepem Cxemy 1pocTeiLuerd ¢snroBor pervcT-
pa CoeauHim veTbipe D-Tpuirepa nocneaosaTensHo Apyr 3a APYroM TaK, 4To
cuHan cebixoga Q nepsoro Gyaet nopaeareest Ha exog Dy BToporo TpuiTepa
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n T4 (puc. 141,a); ganHbie, T.e. 1 wm 0 8 cooTBETCTBYIOLLIEM paspaae, By-
aeM ssoauTb Knasuweit [D]; Ha BbIBOALI CUHXPOHU3aUMKM Boex Tpurrepos C1
oaHospemMeHHo Bygem noaaBaTh TakToBbie UMMYNLCHE OT Knasvwm [Space]
Cnens 3a COCTOSHMAMKU Nopa3pAaHbIX uHaukaTopos YO-Y3, Gyaem cyaurs
o pabote pervctpa [lMyctb TpebyeTca BBECTM B percTp uncno 5 = 0101;
Haurem ¢ Hynesoro coctosHun (YO=Y1=Y2=Y3=0). MNogagum Ha Bxoa Nepsoro
Tpumepa D=1 u [Space] =1 n sxniourm Mogenmposaxue; nonysum YO=1. Ecnn
ABaXObl TpY pasa HaxaTb Ha [Space], To Bce paspsigbl NOCTENEHHO 3anNoNHAT-
csl eauHULEMK, Ho 310 Byget 1111;= 159, a He To, uTo TpeboBasiocs. Oun-
CTUM PEMCTP. 3TO MOXMHO BBINOAHUTL PasHBbIMK CNocoBamMn, U3 KOTOPBIX Mbl
BbiDEpeM, noxanyv, Haubonee 3kaoTudecivin. He Boiioyas MogenvposaHme,
caenaem D=0 u [Space] =0 1, Haxmmas MHorokpaTHO [Space] , «NpoasuHeEM»
0 no Bcem paspanam Tak e, kak go atoro «asuranv» 1. Mo Habnopaemoi
KapTUHe 1 AanW Ha3saHWe 37O YCTPONCTBA: GABMIOBLIA percTp Ha kakaoM
HOBOM TAKTOBOM UMINYNEOE OH NPUHUMAET OHY HOBYIO Lndbpy, casurast paHee
3anoMHeHHbIE (B TOM YMCNE M Hyn) Ha OaWH paspag, YToObI NOMECTUTL HOBYO
OBwkeHne B pemcTpe Ldbp HanoMMHaET ABWKEHNE NKOReI vYepes TYPHUKET
(TaKTbl) HA 3CKANATOP METPO N0 0AHOMY (1) ApyT 3a ApYyrom ¢ uHTepeanamu (0)
He cnyvaiiHo noaobHble cxembl HasbiBaloT Ha aHrmnuinckom FIFO (First-In-First-
Out, Te. nepsbim BoLWEN — NepebiM Boiwen). O4eBUaHO, YTO NaNyveHHble pe-
3ynsTaTthl 0ByCNoBMeHbl onucanHon panee pabotoi D-Tpuirepa, Buixog Q
KOTOpPOro nosTopseT BxogHon curHan D, noka C=1, n 3anomuHaet
nornyeckuih yposeHb BxoAHoro curiana npu C=0 («npospayHas 3a-
wenka»). OToo[a NOHSITHO, YTO  ANA peLUeHUs NOCTaBMeHHOM 334a4n Haao,
MaHunynupyst knasuwamu D n [Space], aHanom4Ho onMcaHHOMYy, «Npoasi-
ratb» B pevcIp Ty NOCNEROBATENBbHOCTL, koTopas 3aaana; 0101, Ecrm uc-
nonb3oeats B nogobHom pervctpe D-tpumepsl ¢ npeaycTaHoskamm no S u R,
TO NONL3YACH UM MOXHO YCTAHOBUTL EMHULBI BO BCE paspadbl cpasy
ouucTUTL BeCh perucTp. CooTBeTCTBYIOWaN Cxema nokasaHa Ha puc. 1418
Ana yaoberea Habnogerus aanee BMECTO JIOMMYECKNX MHONKATOPOB BKMKOMUM
CEMUCEMMEHTHIN MHaukaTop ¢ aelwmdpatopom HL1 (puc 141,8) Mpu corna-
COBaHHOM BKIMKOYEHM BXORHbIX Pa3psaos MHOVKATOPA U BbIXOAHLIX Pa3paacs
pervcTpa, 3anecenue 8 pevetp uuena 01010, aact Ha aucnnee uudpy 5 (cm
puc. 141,8)

B nporpamme MC nostopum cxemy, aHanomyHyio puc 141,6, ¢ TeM nuwbs
OTAWYMEM, 4TO B KAYECTBE UCTOYHWKOB cUrHana AaHHbix D u Taktosoro C, uc-
NonNb3yeM reHepaTopsl 0gHopa3pAaHoro Wdbposoro curiana Stim1 (cm puc
142,a), 3agas ux B cnegyrowem copmare;

.define C +ONS 1 +50NS O +100NS 1 +150NS 0 +200NS 1
+250NS 0 +300NS 1 +350NS 0 +400NS 1

.define D +ONS 0 +50NS 1 +100NS 0 +150NS 1 +200NS 0
+250NS 1 +300NS 0 +350NS 1 +400NS 0
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B pesynsTate NpOBEAEHHOID aHanM3a Ha ocuunorpammax (CM. puc.
142,6), npv 3a0aHHbIX curHanax (d3, d4), BWAHO 3anoNHeHWe paspRaos pev-
cTpa «BonHol» eauHuy, (d5, d7, d, d11).

Puc. 142 (rHavano)
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Puc. 142 (okoHuaHue). YeTbipexpaapaaHbii CABUIOBbIA pérmcm (MC)

[nsa Toro YyToBbl 3aHECTV B PEMCTP ONPEASNEHHOE YUCSIO0, Hanpumep 5q,
3a0aMM BXOOHbIE CUMHANLI OT reHeparopa AByxpasprRaHoro UMdpoBoro cur-
Hana G1 (cMm puc 142,8), KOTOpPLIN 3303AKUM B Criegytollem dopmare:
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DEFINE G1

+ label=begin

++0NS 00

++5NS 01

++5NS 10

++5NS 11

+ +5NS golo begin -1 times
1 orpaHuuMmM Bpems Habniogenns uitepsanom 40NS. Peaynstar Mogenupo-
BaHWA BWIEH Ha puc. 1428 Ha uHaukaTtopax (0101) n rpadomkax puc. 1421

B paccmMOTpeHHOM perucTpe daHHbie BBOASTCA NOCNEA0saTerbHo Yepes
€[MHCTBEHHbIV BXOf, @ BbIBOLSTCA B NaparnnensHoM BUAE Ha BbIXOAAX pasps-
Joe peructpa Takas npoueaypa LUMPOKO UCIOMNb3YETCR, Hanpumep, Ans npe-
oBpasoeanna BUTOB NporpamMMbl, CHUTaHHLIX C QUCKa KOMMLIOTEPa, B Napan-
NenbHbI KOO ANs BBO4A B OCHOBHYIO NAMATL.

Mpy HeOBXoAMMOCTU C pPerCTpa MOXHO BbIBECTU MHCGOPMALMIO U B UH-
BEPCHON hopMe, ecnik BOCNONb30BATHCS MHBEPCHBIMW BbIXO4AMW TPUITEPOB.

Beegs B cxeMy pervcTpa QONOMHUATENBHYIO KOMOWHALIMOHHYIO MOMKY,
MOXHO C03AaTh PEBEPCUBHLIN PEMCTP C YTIPaBNsEeMbIM HanpasneHueM GaBu-
ra [Jns 3TOro B pa3psagHbIe CXeMbl BBOASITCA aneMeHTbl 2x2 M-AS-HE, koTto-
pble BbINOMHAS PONb MyNBTUNNEKCOPa, WIMEHAIOT HanpaBnenue nepefaqn
curHana. CooTeeTCTBytolLMiA CyBBnok nokasan B passepHyTOM BUAE Ha puC.
143,a v B BUge cxemHoro komnoHerTa MUX na puc 143, 6 Ha ocHose atmx
KOMNOHEHTOB 1 D-TpuimepoB coGpaH YeTblipexpaspsaHbIi peBePCUBHBIA CABK-
ralowmn pervetp (cm puc 143, B)

Mpu S=1 BbinonHseTCA caBur MHGOpMauun Bnpaso (OT perucTpos
MNaaWKX paspsiaos K craplumm), a npu S=0 — aneso (OT craplmx — K Miag-
Ww1m). Hapo MMeTb B BUAY, HTO NOHATUA «1EBO» U «NPABO» OTHOCATCA 34eCh
He K oBWenpuHATON cnctTeme YropsaoHeHHON 3anck Yncen, a K cxemMe ige,
KaK npaBwrio, Criesa Bxog, a cnpasa — Bbxod [MoaroMy, paspsigbl pervcTpa
pacnonoXeHb! UHBEPCHO NO OTHOLLIEHWIO K 3anucy yucen. Mitaxk, ecrv 3aaasath
M3 YKa3aHHOMO Ha puc 1438 COCTOAHWA TaKTOBble UMNYNbLCHI (KNasvwen
Space), To eauHuubl ByayT ABMraTECA Hasag K BXody, NOKa He 3anonHsT BCe
paspsaabl. Ecnv xxe B 3ToM COCTOAHUM BKNKOYATL S=1, TO Hynu ByayT ABvraTs-
CA OT BX0OAa, Noka He OuUCTHT BeCe pemvictp s yaobcTea oTcYeToB ABOWM-
HbIX YUCEST MOXHO MHBEPTUPOBATL IEOMETPHUHECKOE PaCIONOMERNE NHANKATO-
OB, HE U3MEHAA CYLLIECTBA CXeMbl UX coeauHEHUA. Mpu MHBEPCHOM pacnono-
eHUU UHAUKATOPOoB (cM. puc. -143,r) Habmonaeman kaptHa kak Obl BxoguT
B NPOTVBOPEMME C NOHATUAIMU «1EBO» W «npaBo». OfHAKO NpU MapKUpoBKe
MUKPOCXEM NPUHSTA UMEHHO Takasi HyMepaUUs, XOTA B nUTepaType, 0oobeH-
HO OTEHECTBEHHOW, BCTPEYAIOTCA 1 UHbIE BapUaHTLI.
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MNapannenbHbie permcTpbl XpaHeHus!

B napannenkHbix (CTatMyecknx) permvcTpax cxemsl paspsyioB He obme-
HMBAIOTCS OaHHLIMKM Mexay coboi, OBLMM AN pa3psaoB 0BLMHO SEMAKTCA
Lenv TaKMpoBaHus, cOpoCalyCTaHoBIM, pa3peLLeHUs BbIXoda WM Npuema,
T € uenu ynpasneHus B atnx pemmcTpax NnpveMm M Bbigaya CroB Npou3so-
DOATCA NO BCEM paspafaM OaHOBPEMEHHO. B HWUX XpaHsiTCA CrioBa, KoTopble
MoryT BbITb NoABEPrHYTH! NOPA3PSAIHLIM NOMMHECKUM NpecBpa3sosaHsIM

Ans Toro YTobk! 3anoMHATL B periCTpe N-PaspsaHoe 4BOUYHOE CrioBo,
notpebyetcs N D-TpUrepoB, NOCKONEKY KKOBIA M3 HUX MOKET 3aroMHUTL
oanH 6uT Ha hpoHTE TaKTOBOMD CyrHanNa. ECnn orpaHuHuMTECA YeTbipexpaspsa-
HbLIM CrOBOM, TO CxeMa peructpa B nporpamme EWB npyvmer Takoii Bua (cv
puc. 144). 3anas HEKOTOPOE YMCrOo KIKoHamMKn 1—4 1 BINIOMMB MOAGNNPOBAHNE,
nocne nepesoaa Kasuwmn Space B BepXHEE NONOXEHNE (Nepexoa OT HM3KOM
YPOBHSA K BBICOKOMY — (DPOHT TaKTOBOIO MMMYNLCA) NOMyYMM 3TO YMCIo B per-
ctpe. Ecnn Tenepb elwle pas Haxats Ha Kiasuwwy Space, nepeseas ee B nomno-
JEHME HM3KOro YPOBHSA (CNag TaKTOBOM MMMYNLCA), TO HAMEID HE M3MEHUTCS:
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Puc. 144. Nlornyeckasn CTpyKTypa YeTbipexpa3pRgHOro perucTpa XpaHeHus
(EWB)
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3aHECEHHOe YNCno coxpanuTcs B perucTpe OHO OCTaHeTcs! Tam, eciv aanee
nepeBeCTv KNaesnwn 1 1 3 Ha HA3KAIA YPOBEHb. 3aHECEHHOE YMCIO MOXET Xpa-
HUTBLCH B 3TOM PEMUCTPE CKOIMb YTOAHO A0MIO (Npy Kanuyun nuTanmus). MNoatomy
NopobHbIE PErMCTpbl OTHOCHT K PEMCTPaM XPaHeHUs. VI3MeHeHne COCTORHUA
pEemMCTpa MOXHO BbINONHUTL, M3MEHUB BXOAHbIE CUMHAMBL! M NOOAB HOBbIA TakK-
TOBbIA UMNYNbC.

B nporpamme MC cobepem norueckylo CTpYKTYPY pervicTpa XpaHeHus ha
D-tpuirepax ¢ npeaycraHoekamu (cM. puc. 145,a). Vicnonsayem creupanbHbie

reHepaTopb! Ldpoebix curHanos (Stim) G1, G2 u G3, 3anas ux 8 hopmare:
.DEFINE G1
++0ONS 0
+ label=begin
++5NS 1
++5NS 0
+ +5NS goto begin -1 tmes

DEFINE G2
+ |label=begin
++0NS 00
++5NS 01
++5NS 10
++5NS 11
+ +5NS goto begin -1 times

DEFINEG3

+ label=begin

++0NS 00

++5NS 01

++5NS 10

++5NS 11

+ +5NS goto begin -1 tmes

B pesyncTate mogenvpoBaHus nonydartca rpaduky, NoKasaHHble Ha
puc 1456

Cosemn  ®opmaTbl 3a0aHuil Ha MogenupoBaKue reHepaTopos Lud-
(MC) pOBbIX CMFHANOB TUNA Stim MOXHO NONY4YUTb, CKONUpOBaB
noAxoaswWuiA reHepatop n3 dainos TUNOBLIX NPUMEPOB,
npunaraembix K nporpaMmMe, W OTpeAaKTMpOBaB WX napa-
meTpbl. [Ins paccmaTpusBaeMbiX CXeM UX MOXHO HabpaTe
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U3 KHUMM B OKHO peaaKTUpoBaHWs CBOWCTB reHepaTtopa nnu
B TeKcToBY obnacTb co3gasaemoii cxembl. Mpu 3Tom Ha-
A0 4eTKO MaeHTUdULMpoBaTb NO3MUMOHHbIe 0603HaYeHUR
1 aTpubyTbl KOMaHAbl ONWCAHUA CUrHana.

MapannenbHble perMcTpbl cABUra

MocnenoBatenbHbiil pervcTp capvra obnagaer AByMA HedoCTaTKaMn: OH
NO3BONSIET BBOAUTL TONBKO NO OQHOMY BUTY MHPOPMALIMM HA KEDKAOM TaKTO-
BOM WMNYNLCE U KedkAbWl pa3 Npu ¢Aewre uHGOPMaLM BNpaBo TepseTcs
KpanHWiA NpaBblil MHOPMALMOHHEIN BT 3TV HEAOCTATKM YCTPAHSIOTCA B Na-
panrenbHo 3arpy»KaemMbiX pemcTpax GOBura Konbuesoro Twna. Konbuesoe
nepemetllere MHdopMaumi NpeaycMaTpyueagT BO3BPAT AaHHbIX C BbIxoda
pericTpa o6paTtHo Ha ero BXog, HTO UCKKOYAET NOTEPHO AaRHbIX NPU CABUre.

MoCTPOMM NOMMHECKYIO CTPYKTYPY YEThIPEXPaspsiaHoro NaparuiensHoro
KONbLUEBOro peryctpa casura 8 nporpamme EWB. [Ins atoro ncnonssyem JK-
TpWITEpPEI ¢ NpeaycTaHoBkamm (M. puc. 146). OCcoBeHHOCTLIO 3ToM CxemMbl No-
MWMO NapannenbHoA 3arpy3kv ganHbix ABCD siensietcn opranusaums uenn
obpatHoi cesian: Beixon Q Tpumepa DD4 coeguHseTen ¢ Bxogom 1J Tpurrepa
DD1 v Boixog Q" Tpurrepa DD4 coeamusieTcs ¢ Bxogom 1K Tpumepa DD1 (om
puc 146)

Mpy BKNIOYEHWM NUTaHUA (PEXUM HaYana MOOENMPOBAHMA) HA BbIXxogax
MOXET YCTaHOBUTLCA NPOM3BONbHaA KoMBuHaLms, 8 YactHocTy 1111, Ouuctka
pervcTpa (ycraHoeka eeixogoe 8 coctosHue 0000) ocyuecTenReTcs nogadent
nor. 0 Ha BxoAb! R. Mockonbky 3arpy3ka AaHHbIX NPOV3IBOAUTCH Yepes MHBepCc-
Hble Bxodbl S, TO Npu KpaTKoBpPEMEHHON nogave nor. 0 Ha Bxodbl B COOTBETCT-
BytolMe paspadpl Oyger 3aHeceHa nor. 1 (oM. puc. 146). Mopgaya TaKToBbLIX
MMNYNeCoB (KNaeuwweid Space) NpuBoaUT K KOMbUEBOMY NepemellieHno un-
chopmauuu HetpyaHo ybeamTees, YT BO3BpAT B UCXOAHOE COCTORHME nocne
3arpy3tm Gynet B obuiem cnyvae npoucxoauThb 3a YeTbipe TakTa. Paapbie KoH-
Typa o6paTHoi Castan NpespaLLaeT KoMbLEeBoi percTp 8 o6bIuHbIN CABUIOBLIA
PETUCTP C NaparuieneHON 3arpy3Koii AaHHbIX.

TMoMUMO OnMCaHHBIX Bbille PEMVICTPOB UMEIOTCR Takke Nocnenosaresb-
HO-NapannenbHble PerMcTpbl, UMSIOLME BXOObHBLIXOAL! OAHOBPEMEHHO NO-
cnefoBaTenbHOro U napannensHoro Tuna. CywecTsyioT Taioke BapuaHTbl
pervcTpoB C BO3MOXHOCTBLIO Ntoboro coyeTanust cnocotos npuema u abl-
Aaun cnos. [inis coBpeMERHON CXEMOTEXHUKU XapakKTepHO NOCTPOEeHWe perv-
cTpoB Ha D-Tpurmepax npeuMyLECTBEHHO C AMHAMWYECKM YNPABNEHWEM.
MHorve U3 HUX UMEIOT BbiIXOAb! C TPETHMM COCTOSIHWEM, HEKOTOPbIE perucT-
pbl OTHOCATCS K yncny Bydeprbix, T. e. paccduTanbl Ha patoTty ¢ Gonblum-
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MW EMKOCTHBIMIU WM HU3KOOMHLIMM aKTUBHLIMM Harpy3kamu. 310 obecne-
yuBaeT ux paboTy HenocpeacTBeHHO Ha MarucTpans (6e3 AONONHUTENBHLIX

cxem nHtepdeirca).
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Puc. 146. eTbipexpa3pagHbii NapannenbHbIn KonbUesol perucTp casura
(EWB)

Perncrpui Ha mukpocxemax

HauHem c paccMOTpeHnA 4YeTbipexpasphaHoOro perucrpa Ha
mukpocxeme TTJ1 74173. B nporpamme EWB Boiiaem B MeHio Bbi6O-
pa undposbix mukpocxem (Digital ICs) u ganee 8 6ubnuoteky moae-
ne c Homepamu 741xx. Haigs uHyxHyl0 MuKpocxemy (CMm. pwuc.
147,a), sbiBOguM ee B UeHTp paboyero akpaHa u wWenkaem no ee
YIO MNKM, a 3atem — JIKM no noauuyuu Help B nossueLuemca nogme-
HI0. Ha akpaHe noseuTcA Tabnuua WCTMHHOCTU AAHHON MUKPOCXEMb!
(cMm. puc. 147,6). Kak cneayet u3 ee TWU u uokonesku (CM. puc.
147,a), ata mukpocxema npeacrasnAeT coboit YeTbipexpaspaaHbli
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CTatMHeCiuin pevcTp, NOCTPOSHHbIK Ha D-Tpumepax ¢ NpsMbIMM AuHaMu4e-
cammn exogamu 1D...4D, exogom cOpoca Clear u Beixogamu 1Q...4Q
C TpeTbiM (Z) cocTosHUEM, YripaansembiM curkanom G1° n G2'. Mpu oBbMHob
pabote Ha ynpasnAoLULKX BolBOGAX HAOO 334aTb HU3KMIA YPOBEHD HANPSHKEHNS,
aHANOMMYHO HU3KWA YPOBEHb HANPFKEHUS MOAAETCH HAa BXOAbl paspeLeHnn
3anucn M u N. Bxoa cGpoca umeer BbiCOKMIA aKTMBHBIA ypoBeHb. CTORLLMIA
B Tabnuue cumeon POS — yceuenHoe ot POSITIVE — nonoxuTentHbIN, 03Ha-
YaeT, YTO CMEHa COCTORHMIA D-TPUITEPOB NPOUCXOAMT, KOTAA HaNPSDKEHWE TaK-
TOBOO MMNYNbCA HapacTaeT oT nor. 0 fo nor. 1. Taimm 06pa3om, gaHHble no-
CTynaloT B pemCTp Ha (pPOHTE KKOOMM TakToeoro umnynsca CLC.

—LaM  wvCe e
e /N CLRHE
2 1Q 1p 4
4 oq  2p
S 13 3pHe

—£ 140 4p U
L 50K Gep2—
8 1 GND GI'p2—

74173

a)
74173 (4-bit D-type Reg w/3-state Out)
D-type Register Truth table:

| DATA ENABLE | DATA | OUTPUT

CLEAR | CLK | G6'1 G'2 | D | Q
—————— R B R s

1 | X | X X | X | 0

0 | 0 | X X | X | Q0

0 | POS | 1 X | X | Q0

0 | POS | X 1 | X | Q0

0 | POS | O 0 | O | 0

0 | POS | O 0 | 1 | 1

6)

Puc. 147. Mukpocxema 74173 ((EWB)
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OnAa uccnenosaHuA perucTpa cobepem CXeMy, B KOTOpOW B KadyecTse

XX : BbIX0A TakToBbIX

| 0000° 5 x:( 5 | MMnyﬁbcos VCTOMHUKA AanHbX Oypem uenons3osats rewepatop cnos (Word  Generator).

BobixoAbl 16-pa3psigHbIX Cros
a) 3107 NpuGop  BLIBUPAETCS B Nanerny Instruments no ero nuKTorPaMme ——
o Mocne asoiioro wenyka JIKM no cxemuomy usobpaxenuio reHepa-
|~ Woid Banatat LEEGe ?’%'%éjr ”?:ll Topa (puc. 148,a) OTKPOETCA ero NMUeBsan naHenb ¢ yCTaHOBOYHLIMU U
= = PP T —— ynpasnaowumn kHonkamu (cM. puc. 148,6). Ha Bbixogax reHeparopa
0000 _;-I 1 (pnc. 148,3) MOXHO MOMYYUTb KOGbl WECTHAAUATMPA3pAAHbLIX ABOWY-
ggg ! Edt 0000 | | Cydle] HbIX Cl0B, BbLIGUPAEMbIX Ha NOMNbL30BaTENLCKON navenu. [ns wabopa
8603 Current [0005 Burst | cnosa Hago wenkvyTb JIKM B cooTBETCTBYIOWEM Pa3paae 3KpaHHoro
Initial 000D {Step | Gydepa (3anonHeHHOro Hynsamu) U HabpaTb C KNaBuaTypbl COOTBET-
8666 Final [0OOF Breakpoint | creylouwyo undpy G vnu 1, ctoawyio 8 AaKHoM pa3page. [Janswe,
gggg ' Pattem... | KaK npu neyatn Tabnuu, nydwe nonb3oBaThCA KnasuaTypon Bce
8609 Trigger S komMbuHauun 3aalnTCca B WeCcTHaguaTtepuyHoM koge. Homep pepak-
gggg Hemd Esemal ! [F % @ TUPYEMOW Aueiku nokasbiBaeTcA B okowke Edit 6noka Address, npw
880C o T - 3TOM BepxHAA AYenka cyutaeTca Hyneson. Cnegyioulee okowko Cur-
2000 Frequency _ | paa - rent noKasbiBaeT HOMEp TeKyllei sueiiku, Koosas KoMGuHauws
GOOF |1 I kHz 15] | ready 73 C KOTOPOil B AaHHbIl MOMEHT MOCTynaeT Ha BbIXOL reHeparopa
gg}? ascul. ] B okowkax Initial u Final yka3blBaioTcs COOTBETCTBEHHO HOMEp Ha-
8012 ) 0000010001000 | YanbHOW N KOHEYHOW AYeeK, B KOTOpble 3aHOCUTCA uHdopmauyua. 3a-
2013 ~| | Binary — HECEeHME AAHHLIX B BbIOENEHHYID AYeliKy MOXHO BbINOAHUTL B KOGE
@@@@ ASCIl unu 6unapHom Kope (okowko Binary). Mpu neyartu cnos B aThX
KoAax nporpamma aBTomMaruyecku npeobpa3syer ux B rekcaroHasbHbii
KOO W 3aHOCWT B peaaKkTUpyeMmyio AYeiky. 3TUM MOXHO BOCMONb3O-
6) BaTbCA ANA 3aHeceHuA uup WecTHaguaTepuyHoro koga ot A go F.
Mpu Habope cnos B8 sAvelkax B WeECTHAAUATEPUYHOM KOAE, MOXHO
Presaved patterns  x] yBUAETL UX GUHApHOE MpeacTaBneHune. 16 HUKHUX OKOLLIEK Ha nuue-
BOV MaHenu cnyXat Ana UHAVKauun COCTOAHUI Pa3paAaos Ha BbIXoae
(" Clear buffer reHepaTtopa B npouecce ero paboTtbl. B CXEMHOM KOMMOHEHTE reHe-
" Open patopa (puc. 148,a) 3TUM NOKa3aHWAM COOTBETCTBYIOT YPOBHU Ha-
Cancel NPsAXEHUn Ha 16 Knemmax. C 3TUX KNEMM NnopaspaaHble CUrHanbt no
NOAKNIOYEHHBIM K HUM MpPOBOAAM MOAAIOTCA Ha COOTBETCTBYOWMWE
& et uncpoBble y3fnbl. B NpaBoi 4actyn 3TOT0 CXEMHOTO KOMIMOHEHTa Mbl
" Down counter OyAemM 1CrnonNb3oBaTh TAIOKE HWKHIOI M3 ABYX KNEeMM Ans NonydYeHus
™~ Shift right TaKTOBbIX UMMNyNbCOB. HacTora cnefoBaHnA TakTOB 3a0aeTcs Ha nu-
 Shift left LUeBOW NaHenu B OKoWkKe Frequency (C y4eToM eauHuy W3MepeHus
Hz, kHz, MHz). F'enepatop moxer paboTtatb C 3TON 4acToTOW npu
HaxaTuu Ha kHonKy Cycle nnu ¢ 3apaHee BbIGpaHHOro €NoBa A0 KOH-
8) ua Npu HaxaTwm Ha KHonky Burst. Ouenb yaoGHbIM ABNsAETCA Takke
nowarosblii pexxum (Step), 3amexsiowuic undposble KN4, KHonka
Puc 148 enepatop cnos (EWE) Breskpolnt; (n0CNOBHO — TOuKa pa3pbiBa) NO3BOMAET OCTAHABAMBATH
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paboTy reHepaTopa Ha 3apaHee sbibpaHHON svenke. HakoHew, kHoN-
ka Pattern..| (kapTuHa) npu Haxatum Ha Hee JIKM ssogut psa
AONCNHUTENbHBIX BO3MOXHOCTEN, NOKA3aHHbIX HA OTKpbiBalOWEACs
navenu Presaved pattern (npeasapWTenbHoO coxpaHeHHas KapTuHa).
34ech Mbl NOKA BOCNONL3yEMCH BO3MOXHOCTLIO Up counter (npsimoro
cyeTa), aBTOMATWYECKM 3aHoCALied B 3KpaHHbIn Bydep koaosbie
koMBuHauum, HaunHas ¢ 0000 go FFFF (6553540).

Cogem [pw nposeaeHn MOAENMPOBaHUs ¢ UMdposbiMM ycTpon-
cTeaMy NoneaHo MMeTb nepeqd rnasamun Tabnuuy CooTHO-
WEHNA MeXay AECATUYHLIMW, ABOMYHBIMU W WecTHaaua-
TepuuHbIMK Yucnamm 8 npegenax 0-154o, Hanpumep, Ans
3TOro MOXHO BOCNONb30BaTLCH NEesoi nonosuHoh Tabnu-
ubl 3. B cnysae ucnonb3osanus Gonblwnx yucen ueneco-
06pa3Ho BLINONHATL NEpPeBOAbl U3 0AHMX KoAoB B Apyrue
Ha KOMNbloTEpe, 0OpaTMBLUNCH K KanbKyNATOpY, BXOAsALIE-
My B NaKeT cTaHAapTHbIx Nporpamm Microsoft Office.

s Rl
| 1 | 16 m
M VCC < ™ 0000 ook 13
2 N CLR 15 ! 90000000 0000 Q
3 1@ 10 34
i o 2p ¥
>+ 30 3D
& 14 4D B
7z LoLK Ge'p2
8 {GND GI'P2 }
74173

Puc. 149. 4-pa3paaHbIi CTATUNECKWA PErucTp Ha Mukpocxeme 74173 (EWB)

Cobpas cxeMy no puc. 149, nposeaem ucnbiTanns pernctpa. OT-
Kpblg NWLIEBYI0 NaHenb reHepatopa CNos, CAENAeM Ha Hew Heobxo-
AMMbIE YCTaHOBKM M BbIGEPEM NOWAroBbid PEXUM (CM. puC. 148,6).
BKNIO4aeM MOAENUPOBAHWE W, HAXWMasi MHorokpaTHo JIKM knasuwy
Step, war 3a warom 3arpyxaem 8 peructp sblbpaHHble cnosa, 4To
COOTBETCTBYET ABYM HWXHUM cTpokam TU (puc. 147,6). O4mncTky pe-
rMCTpa MOXHO npou3secTn kniouoM [R], kpaTkoBpeMeHHO noaas Ha
sxoq CLC nor. 1 (cMm. sepxHioo cTpoky TW Ha puc. 147,6). Ecnu
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8 cxemy AgobasuTe ynpasneHue no exogam paapeweHuns aanuncu M, N
u sbixoga G1°, G2', sseas AgononHUTENLHLIE KMNIOYWM WNKM cheunans-
Hble Ko0Bble CUrHanbl OT reHeparopa, TO MOXHO uccnedoBaTh U Apy-
rve pexxumel paboTbl peructpa
Uccneayem paboTy aToi e MHTerpanbHOW CXeMbl B Nporpamme

MC. Boibepem n3 undposoit GUOGNMOTEKM KOMNOHEHTOB MUKPOCXEMY
74173 n Gygem ucnonb3oBaTb cregylouMe reHepartopsbl UMdposbix
curHanos: Tuna Stim1 — reHepaTtop ogHopa3psigHoOro UWdpoBoro cur-
Hana Kak TakTosbii M Stim4 — reHepaTop 4eTblpexpa3psgHoro
uudpoBOro curHana B8 KayecTBe reHepaTopa fAaHHbIX, 3adas WUx
8 cneayowem opmare;

.DEFINE G1

++0NS O

+ label=begin

+ +250NS 1

+ +250NS 0

+ +250NS goto begin -1 times

.DEFINE G2

+0NS 0

+label=start

+500NS incr by 1

+1000NS goto start until GE F

Ans uHAMkauuu BbiIxodos perucTpa no-npexHemy Gyaem uc-
nonb3oBaTtb gewwudpartop AsoudHoro koga 7448 s cbopke c cemu-
CermMeHTHbIM uHaukatopom (cm. puc. 101). CobpaHHas cxema noka-
3aHa Ha puc. 150,a n, cooTBeTcTBEHHO, Ha puc. 150,6 — rpacukm co-
cTosHMA ee undposbix yanos. 3gecb HaRo OTMETUTb, YTO KaK co-
CTOSHUS LdpoBbIX Y3N0B, Tak U NoKazaHWe WHOUKATOpPHOro gucnnes
COOTBETCTBYIOT COCTORHMWIO PErucTpa 8 KOHEYHbIA MOMEHT BpPEMEHU
mogenuposanuns. Ha puc. 150 — ato 5.0u = 5 mukpocekyHg. (Hanom-
HUM, 4To B nporpamme MC gonbHas npucTaska «MUMKpo» o6o3Haya-
eTcA NnaTtuHckol Oykeol «u», @ OCHOBHas eauHWUA U3MepeHus (s —
ceKkyHfa) onyckaeTcs; AeCATUYHbIM pasdenuTenem CNyXuT He 3ans-
Tas, a Touka.) Mpadmkn asomuHbIX curHanos Ha puc. 150,6 ceepxy
BHW3 Takosbl: d(18) — TakTosble UMnynbebl; d(16)...d(13) — sxoabl pe-
rucTpa; d(9)...d(12) — sbixogel peructpa Ecnu caenatb OTCHET no
rpaduky 4NS BXOGHbLIX U BbIXOOHbLIX CUrHaNo8 8 MoMeHT 5.0u (no ero
opAvHaTe), To C YYeTOM pacnonoXeHus paspsgos 8 oboux cnyyasx
nonysum 1001(9 — Ha uHankaTope nocne aekoaupoeanus) Ecnu xe
8 MEHI0 aHanuaa Transient sblbpaTb Apyroe BpeMA OKOH4YaHUS Moge-
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AIMPOBAHKA, TO, KaK 3TO CrieayeT U3 NpuBEAEHHbIX rpadukos, oTcHeT
GyneT uHbiM, Hanpumep Ans 3.0u nonyaum 0101;=54o.

8:1
o BI
DD2 HU
BIFRBO OA{1:1
RBIBAROBH 2:1
LTBAR 0CH 31
16.1{10 1Q A oDH 4.0
62 o 14.0|2p 2cH10:0f{B 0EH 5.0
L Fe 15015p aal{11:.0lic orH B4
o e 2913140 ac|[121}{o o7
74173 7448
a)
T T T T T aseR
d(18)|||l|||l|||l|||l||l
d(16)  —f — 1—1
{ } 1 1
4(15)
d(14)

'.fi
s |
4(0) I_':_I I_‘:_l |_E_| LI
wo |1 LT L

a(11)

4(12)

0.0u 1

6)
Puc. 150. YeTbipexpa3apsaHbiit CTaTUMeCKui perucTp Ha Mukpocxeme 74173 (MC)
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(MpuMepoM yeTbipexpa3psgHoro CTaTuYeckoro CABUIOBOMO peru-
ctpa Ha Mukpocxeme KMOIM moxeT cnyxute Mukpocxema 40185.
B nporpamme EWB unmeetcs noabopka MUKpPOCXeM CABUrOBbIX peru-

SRG

CTpoB, Haxogswanaca B bubnuorteke Digital no nukTorpamme gj
(SRG — cokpawenue ot Shift REGister — cgsuroseiit peructp) OT-
KpbiBawLancs 6ubnuoTteka perncTpos nokasaHa Ha puc. 151 Bbibe-
pem HeoBxogumyro MukpocxeMy. OHa umeeT B 0OHOM Kopnyce ABa
YeTbipexpas3pRaHbIX PerncTpa, OTMapKupOBaHHbIX COOTBETCTBEHHO
Byksamn A u B. Bce Tpurrepbl B 4aHHOW MUKpOCXeme ABYXCTyneH4a-
Toie D-Tuna. Cobepem cxemy Ha peructpe B (cm. puc. 152,a). Ans
yao6CcTBa MHTepnpeTaymn peaynbTaToB BbIXOA perucTpa Gyaem KoH-
TponupoBatb U B UudpOoBOA opMe ¥ NOpa3psgHO NOTUYECKUMM
npobHukamu. B KayecTse AaHHbLIX GyaeM McnonbL3oBaTh BbIXOA CaMo-
ro Mnaglwero paspsga reHeparopa cnos, Nogas CurHan ¢ COOTBETCT-
ByloLWen KnieMMbl Ha nocnegoeartensHbll Bxoa DB (Data B) Takto-
Bble UMNYNbCHI C reHepaTopa NoAaauM Ha Bxod CUHxpoHu3auun CPB
(Clock Pulse B). Peructp umeeTt Bxoa acunHxpoHHoro cbpoca MRB
{(Mode control Reset BO), gercraytowero npu nor. 1. Mbl coeguHunu
ero C BbIXOAOM BTOPOrc paspsaga reHeparopa, No3ToMmy, 3agasas
B ONpeAeneHHon faYenke ABOMYHLIA Bbixoa B 3TOM paspsge nor 1,
Gyaem aBsToMaTmyecku nonydatb cBpoc peructpa. Habepem cne-
ayowme kogosble nocnegopartensHocTtu: 0000, 0001, 0000, 0001,
0000, 0003. Haxmem knaeuwy Step. Bknouum mogenuposaHue Ha
aucnnee 3aroputca 0, nHankaTopel He ropat. Haxmem Step agucnnen
-1, uHgukatopsl — 0001. Ewe paa Step: aucnnen — 2, nHgukaTopsl —
0010 fdanee, Step: aucnnei — 5, uuaukatopsl — 0101. Mpogonxaem,
Step gucnnen — A, wngunkatopul — 1010. [locneguwin paa —Step
aucnnen — 0, Bce pa3psabl 06HyneHbl u nhankaTopbl — 0000

Shift Registers '

Cancel l

‘Generic 4-bit Univ Shit Req
4014 (8-bi Static Shit Reg)
4015 (Dual 4-bit Static Shit Reg)

7491 (8bit Shift Reg)

74164 (8-bit Parallel-Out Serial Shift Reg)
74165 [Parallelload 8-bit Shift Real hd

Puc. 151. OkHo Buibopa GubnuoTeyHbIx mogenen pernctpoa (EWB)
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| 0000 XXXX [;J
90009000 ©000QQ000¢C
.
L{cPB VDD [ Y3 v2 v
21 03B DB OQO
—3- 02A MRB U
—4-01A 00B H4 —9
—300A OIB R
—5 MR 02B & o
—— DA 03 - T ,
81 VSS CPA 2 ;F%
— 4015

0000 | - I )
3 g 3 é Edt [0008 Cycle
Current (0004 Burst
Initial [0000 [Step ‘
g g g g Final |00OF Breakpoint |
0000 | Pattem... |
T —
legge | | Themsl  Entemsl | [F i @)
{ooo 2 Frequency = | Dat ‘
2955 h B [kHz 5 | mady &
8660 S
0000 | AscII|..
0600 _‘j | Binary [0000000000000000 | J
PPOPPPOE POV

6)

Puc. 152. YeTbipexpa3pagHbiili CABMIOBbLIA PErMCTP Ha MUKpocxeme 4015
(EWB)

Cpeau pasnuuHbIX perucTpoB B WHTENPANbHOM UCMONHEHUK Bbl-
AenneTcA OAHOKOpnycHan mMukpocxema 74194, npepcrasnsiowasn
coboit veTblpexpa3pAaHbii ABYHANPaBNeEHHbI YHUBEpPCANbHLIA pe-
rucTp casura. OTOT perucTp NO3BONAET cABuraTb WHGOPMaLUIo
228

U BNEBO, W BNpaBo, 3arpyXaTb AaHHble KaKk NOCNeaoBaTenbHo, Tak
U napannenbHo. PerucTp MOXHO KackagupoBaTb U UCNONb30BaTL ANA
KONbUEBOro NepemelLeHun nHdopMaumu.

—

0)
Puc. 153. YHusepcanbHbiih perncTp casura Ha mukpocxeme 74194 (EWB)

74194 (4-bit Bidirectional Univ. Shift Reg)
]
| MODE | | SERTAL | PARALLEL | ouTPUTS3 -J
CLEAR | 81 S0 | CLK | LEPT RIGHT | A B C D | QA QB QC QD
—————— R ] Lt T B B
0 | X X | X | I X | X X X X | 1] 0 0 0
1 /| x | O | X X | T X X X | QM0 QB0 QCO QDO
1 I 1 1 | PO3 | X X | &« b ¢ d| [ b < d
1 | 0 1 | POS | X 1 (T x X XT{ 1 QAN QBn QCn
1 | O 1 | POS | X 0 I T X X X | 0 QAn QBn QCn
1 {1 0 | pPOs | 1 I | X X X X | QBn QCn QDn 1
1 ]1 0 | PpOS| O X ] X X X X | Qn Qn Qn 0
i |0 o0 | x | X xlxxXXIQAUQBUQCUQDU:J
a)
| ©o00 XXXX |
0900080 0©0O00COCQOOOD
+
® vav2vivo
5v
LH CLR VCG HE 0 Q
¢—=SR al 14
3 A QB 14
1B RC (4 .
hi C QD 12 -',
54D ClkeH A
ZiSL  Si ’g HL -
81 GND SO
{0]
74194
N
—
(1]
[ ® T
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B nporpamme EWB, Boiiaa B 6ubnuoteky peructpos, suibnpaem
MUKpocxemy 74194 n, obpaTuBluMCb K NPEAMETHON NOMOWM, OTKpbI-
Baem TU atoro peructpa (cm. puc. 153,a). AHanu3 3toii Tabnmuel no-
Ka3biBaerT, 4To ecnu Ha Bxoa (CLEAR) nocTtynaer Hanps)XeHne HU3Ko-
ro yposHsi, TO Ha Bbixogax QA...QD Talke ycTaHaBnmeaeTca HU3KUiA
YPOBEHb HE3aBMCUMO OT COCTORHMWIA BCEX APYrUX BXOAOB (OHW nome-
yeHbl MeTKol Ge3pasnuuHoro coctosnus x). Mpu nopadve Ha BXOA
(CLEAR)" HanpseHUs HW3KOro ypoBHs, pexum pabotbr peructpa
onpeaenaeTca coctosHuamu exoaos S1 u S0. [laHHuie, nocrynato-
wue nocnenosaTensHo Ha Bxog SL (Serial Left — nocnegosaTensHo
BNneBo), Koraa Ha Bxogq SO noAaeTcA HaNPMKEHWE HU3KOTO YpOBHS,
a Ha Bxof S1 — HanpsXeHue Bbicokoro ypoBHsa (S1=1,50=0), casura-
10TCA BreBo (B COOTBETCTBUM C NPUHATLIM BbilWe onpeaeneHuem no-
HATUIA «NEeBO» W «NpaBO») HA KaxAOM (hpOHTE TaKTOBOrO uMmnyneca
CLC (na nepexoge — POS). Casur aaHHLIX BNpaBo NpoUCxoauT, KO-
roa Ha Bxoa SO nogaeTca HanpAXeHWe BbICOKOro YpOBHA, a Ha BXOA
S1 — HanpspkeHue Huskoro yposHa (S1=0, SO=1), np4 3TOM AaHHbIe
nocTynalnT nocneposaTenbHo Ha Bxoa SR (Serial Right — nocneaosa-
TENLHO BNpaBo). CMHXPOHHaA napannenbHas 3arpy3ka AaHHbIX Yepes
Bxoast A D npoussogutca npu S1=S0=1. B 3T0 BpeMA nocnenosa-
TENbHLIE BBOAL! M CABUMM 3anpeLUeHbl (COOTBETCTBYIOWNE NMOPTLI 3a-
nepTobt). 3akaHumMBan paccMoTperne Tabnuubl, yKaxem, 4To AONOMNHK-
TeNnbHLIE UHAEKCH 0 M N, KOTOpPLIMU NOMEYEHbI BbIxoAb Q, 03Ha4awT
MX COCTOAHUA COOTBETCTBEHHO A0 W NOCNE MPOXOXASHUA TaKTOBbIX
MMNyNbCOB.

B cxaTtom Buae Tabnuua onepauuii Takosa:

8118 ! Onepauun

XpaHeHue

Cpeur Bneeo

alalo|lo

0
1 Caeur enpaso
0
1

MapannensHan
| | 3arpyake

CobpaHHan cxema (cMm. puc 153,6) He uMeeT no CylwecTsy HUKa-
KX 0cOGEHHOCTEN, KPOME TOro, YTO AaHHLIMU, KOTOPLIE 3arpyXaTca
yepes NOCNEeAOBaTENbHLIE BXOAb!, ABMNAIOTCA CaMU TaKTOBLIE WUM-
nynbebl. JTO CAENaHO ANA YNPOLIEHNN CXeMb! U aHanu3a ee paboTu!
n MOXET 6biTb U3MEHEHO NPOM3BONbHLIM OOpasom. Mepen Havanom
MOAENUPOBaHMA OTKPOEM NULEBYIO NaHenb reHepaTopa Cros u, BOC-
nonb3osaswuce onuuei Up counter, 3aHecem B 3KkpaHHbii Gydep
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Kogosble KOMBUHauum npamoro cueta (cm puc. 148,6), orpaHnuum
npeaens! koaoBbix kombuHayuin ot 0000 go 000F v BwIGepem nowa-
roebit pexxum pabotul. Tenepe, 3agasan knodamu [0] w [1] pasnuu-
Hble COCTOAHMA ynpasnsaowmx Bxogos SO n S1, nposepsem no Tab-
NUUEe UCTUHHOCTU BCE Cly4aun 3arpy3ku u casura fpakTuka noxasbi-
BaET, YTO 3TO 3aHATME (C YY4ETOM MCNONb30BaHUA ABOWUYHOW U LWECT-
HaauaTepU4YHOW CUCTEM U BbiBpaHHbLIX ONPEASNEHNUA NOHATUN «NEBOY
¥ «NpPaBO») He MEHEe 3aHWMAaTENbHO, YEM pa3radbiBaHWE rONOBOJO-
MOK, KPOCCBOPAOB U WwaxmaTHbIX 3T0A0B. OCOBEHHO UHTEPECHO npe-
ayragaTte HOBOE COCTOAHWE PErMcTpa npu CMeHe pexuma ero pabots!
6e3 ouncTku pa3paaos. MimeiiTe B Buay, YTO BLIKNIOYEHWE MOASNVPO-
BaHUA NPUBOAUT K OMMCTKE PErucrpa, a €ro BKOYEHWe B AAHHOW
CxeMe, Npu NOAKMIOYEHHbIX NocneaoBaTenbHbIX BxoAax, cpasy Aaet
©AMHULY B COOTBETCTBYIOWEM pa3psae cnesa wnu cnpaea. Ha npu-
BEASHHOM pucyHke (puc. 153,6) S0=0 u S1=1, T.e. BKNIOYEH PEXUM
casura Bneso [10 BKNIOMEHUA MOASNUPOBAHUA PErMCTP NYCT: UHAW-
kaTopb! — 0000, aucnnewn — 0. Mpu BKNIOYEHUM MOAENUPOBAHUA NOKa-
3anua ByayT Takosu: uHaukaTtope! — 1000, aucnnen - 8; Step1 uHaw-
katopbt — 1100, aucnnen — C, Step2 wHaukatopel — 1110, aucnnen —
E, Step3. ungukatopet — 1111, gucnnew — F. Peructp 3anonHuncs 3a
4ETLIPE TaKTa (CYUTan BIMNOYEHWUE) W AANLHEWLLUME WArn He U3MEHN-
10T €ro COCTOAHMA, TaK KaK Ha CMEHY yxoaawen eauHuue npuxoauTt
Hoeas. Ecnu nocne wara Step1: wHaukatope! — 1100, aucnnen — C
(cM. puc. 153,6), He BbIKNIOHAN MOASNUPOBAHUE, NOMEHATL NONOXE-
Hue kntouen u 3aaate S0=1 n S1=0, TO nocne ouepeaHoro wara eau-
HUULa CaMOoro CTapliero paspsana UCYE3HET, HO €8 MECTO TyT Xe 3ait-
MET eAnHuua 13 npeablaywero paspsana, OAQHOBPEMEHHO B CaMOM
Maawem paspsge noasBuTCA eAuHuua. B pesyneraTte nonyuyum: uH-
aukatopet — 1001, aucnnen — 9. Ecnu nocne 310ro, He BbiIKNKOYan Mo-
AenuposaHue, NOMEHATL NonoXeHue Knya 1, caenas S0=1 n S1=1,
a Aanee oCyWeCcTBUTL 3arpy3Ky, TO pesynbTaTt Oyaer Takum: uHauka-
Topbl — 0011, aucnnein — 3. Mockonbky Mbl HAXOAUNUCL B AYENKe
0002 reHepaTopa cnos, a Nepewsu Ha AaHHOM Ware v 3arpysvnu
cneayowyo ayenky 0003.

Cobepem awnanoruyHyio cxemy B nporpamme MC, socnonb3o-
BaBLWMCL NpeabAYWHUMK 3aroToBKammn U3 danna, cxema us KoToporo
nokasaHa Ha puc. 150,a, 3ameHus B Hem mukpocxemy DD1 w gonon-
HUB Kkntovamu (cMm. puc. 154,6). Mpu 3agaHHOM Ha pUCYHKE NOMOXe-
Hun Koven (S0=1, S1=0, R=1, L=0), npoucxoauT casur uHdopma-
UMM OT MNagWKX paspaaos K CTapwnM U 32 OTMEUYEHHOE BPEMSA «Ha-
GeraeT» aBa Mnaawux paspaaa: 0011,=34,.
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Momenns nonoxexune knioven (S0=0, S1=1, R=0, L=1), nony4yum
nsuxeHue uHgpopmauun 8 obpatHom Hanpasnexsun. Ha puc.154.8
XOPOLWO BUAOHO, KaK HA HWXHUX rpagmkax (BbIXOAHLIE CUrHANbI) «BON-
Ha» eAMHUY NepPeMEWaeTCca OT CTapwux pa3panoe K mpnagwum. Quc-
nnen B KOHUE moaennMposaHun Byner TemMHbIM, YTO COOTBETCTBYET B
NaHHON Nporpamme Koauposke ungpol F. HakoHew MOXHO BbICTaBUTb
pexum napannenoHon 3arpy3ku (S0=1 u S1=1) u ysupertsb, 4TO 3a
spemA 4 Qu 3arpy3utca yucno 0111,=7,;(cm rpaguku Ha puc. 154,r)

3.3. CyeTunkmu

Boz coadan HamypaneHbil pso,
ocmanbHoe — 0eno pyK 4enoeeyecKux
N. Kpoxexep (Hem. matemaTtuk XIX .)

CuyeTunk — 3T0 YCTPOWCTBO, KOTOPOE NOACYUTLIBAET YUCNO UM-
NyNbCcos, NOCTYNUBLUMX Ha €ro BxoA 3a onpepeneHHoe spems. Oc-
HOBHOW CTATM4ECKON XapaKTEPUCTUKOW CYETYUKA ABNAETCA MOAyNb
cyeta M (eMKOCTb), KOTOPbLIN ONPEAENAET YUCNO €r0 BO3IMOXHbLIX CO-
croaHuin. Mocne noctynneHuAa Ha cyeTynk M BxogHbIX curHanos
06bIYHO HauMHAETCA HOBLIM UMK, NosTOpAIOWMA npeabiaywun Oc-
HOBHOW AMHAMUYECKOW XapaKTEPUCTUKOW CYETYUKA ABNAETCA €ro
6bicTpoaencraune.

CueTunku KnaccugpuumpyloT: no cnocoby KOAUPOBKWU BHYTPEHHUX
COCTOAHUI (NBOUYHBIE, CHETHUKU [IKOHCOHA 1 Ap.); N0 HaNpasNEeHWIO
cyera (cymmupylowme — npamoro cyeta (Up-counter), sbluutaowue —
obpartHoro cyerta (Down-counter) u pesepcusHbie (Up/Down counter),
no NpuHUMNY ASNCTBUA (CUMHXPOHHLIE W aCUHXPOHHLIE), No cnocoby
OpraHu3auumn mexpaspaaHbix CBA3en (C nocnenosartentHbIM, napan-
NeNbHLIM U KOMOUHUPOBAHHLIM NEPEHOCOM).

ACMHXPOH HbIe CHeTHUKN

Bo3MOXHOCTb NoAcHETa YUCNA UMNYNLCOB YXe Kak Obl «reHetu-
4YeCKu» 3aN0XeHa B YCTPOWCTBO Tpurrepa. B npuuuune cam T-tpurrep
YK€ ABNAETCA CHETYUKOM MO MOAYNIO 2, TaK KaKk OH UMeeT nsa pas-
NUYHBIX COCTOAHUA K cuuTaeT o aAsyx: 0,1. Mo3aTomy npocrenwun
OBOUYHLIA CYMMUDYIOWUA CHETYMK MOXHO peann3osaTtsb nocnenosa-
TENbHOW  UENOYKON CYETHbIX T-Tpurrepos  (BLINONHEHHLIX Ha
D-Tpurrepax, kak 6b1n0 nokasaHo Ha puc.135,a). fina 3TOro coeauHum
ux TaK, 4ToObl CYETHLIN BXOA OYEPEAHOro Tpurrepa nNoaKNioYanca
K uHBEPCHOMY BbIXOAy Npeabiayulero (cm puc 155,a)

234

B kauyecTtse 3apawouwero reHeparopa MMNYNbLCO8 NPUMEHUM pa-
HEE MCNONL3VBAHHLIA PYHKUMOHANBHBLIN FEHEPaTOP, COXPaHUB NPEX-
Hue ycraHosku (cm. puc. 136,6). Bkouns monenuposaHue, Habnio-
DaeM 3a COCTOAHMEM uHAUKATOpOB cyeta. NdeepTuposas ux pacno-
noXeHue, nenaem oTcyeT MMNYNbLCOB B ABOMYHOM koae (puc. 155,6),
a, AONONHWB CXeMmy aucnNeem, — B WeEeCTHaauaTepuyHom Kone (8 Ko-
TOPOM UM@PLI COBNARAOT C AECATUMYHBbIMU N0 9). HakoHew, BpemeH-
Hble 0COBEHHOCTN CYETa MOXHO yBUAETL Ha rpadukax, perucrpupye-
MbIX NOrUYECKMM aHaNu3aTopom (cM. puc. 155,8,r) YcraHoeku aHanu-
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Puc. 155 (okoruarue). CyMMUDYIOLUIA ABOUHHLIA CHETHMK (EWB)
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' Exemal /s Qualiber 3 | Qualiher 3 |

3atopa BbINONHAEM cornacHo puc. 138,r, yeenuume TONbLKO BpeMmA
paseeptku (Clocks per division) go 2 Ha rpacdumkax (puc. 155,r) ena-
HO, KaK nepBbld TpuUrrep QenwuT 4actoTy BXOAQHOro CurHana Ha Aea,
cnegylowmid AenuT Taloke Ha 4Ba 3Ty HOBYIO 4acToTy v 1.4. B pesyne-
Tare, 4robut o6pa3oeanace egvHvuua B NOCnNegHem paspsge 3Toro
CYeTYMKa Ha BbIXOAE NEepBOro Tpurrepa NponAaeT 8 nmnynLCos, BTOPO-
ro — 4, Tpetbero — 2, yeteeptoro — 1. launbiii cueTumk umeeT 16 eo3-
MOXHBIX cocTonHuin: ot 0000 no 1111. 3HayuT 3TO CYETYMK NO MOAY-
no 16 On ueTbipexpaspaaHbii NO YMCNY ABOWMHbLIX Pa3psaos U
aCUHXPOHHbI NO 3anycky Tpurrepoe B 3atux pa3spsaax. Mockonbky
nMNynNbChbl NEPeRaloTCA NOCNeaOBaTeNbHO OT OQHOrO Tpurrepa K apy-
romy, 1o noaobHbIe CHETUMKM HA3LIBAIOT TalOKe CYETYUKaMKU CO CKBO3-
HbIM NEPEHOCOM, MK ACUHXPOHHBIMKW, TaK KaK C NPUXOQ0M KaWaoro
MMNYNbCa C 3aQepPXKON OTHOCUTENbLHO APYr Apyra NepeKknioYaloTCA
Cpa3y HECKONbKO TpUITepos.

B paccmarpueaemoit NPOCTON CTPYKType BO3MOXHA Apyras cxe-
Ma NOCTPOEHUA CYMMUPYIOWIEro CHeTHMKA: U3 npeabiaywero Tpurrepa
NEPEHOCHBIR CUrHan K CYETHOMY BXOAY nocnegywuiero Tpurrepa Ge-
peTca He C MHBEPCHOro BbiIXOAA, a C NpAMOro. B aTom cnydyae BbiBOALI
K MHANKaumn coctonil Take Hano NOoMeHATL n BpaTte yke He € npAa-
MbIX BbIXOAO0B, @ C UHBEPCHbIX (CM. puc. 156).

DBa nocnegHux BO3IMOXHLIX BapuaHTa MEXpa3psAAHbIX CBA3EN
ABYX cCOCeaHuX TpUrrepoB W BLIBOROB WHAWKAUMW B 3TOW CTPYKType
NPMBOARAT K BbIMUTAIOWMM cYeTYnKam (cMm. puc. 157,a,6).
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Puc. 158. leonuHblin cueTunk (EWB)

MOXHO TaKKe BbIBECTW cpasdy ABa Aucnnen 0T O4HOro cHeTyuka,
HO C npomeononox(uux sbleofos. Toraa Ha ogHom ByaeT ukvauumpo-
BaTbCA NPAMON CHET, @ Ha Apyrom obpaTHbii Cymma xe noxkasaHuin
ANA paccMaTtpuBaEMOro YeTHIPEXPa3PAAHOro cuerynka no Moaynto
16, Bcerna pasHa 15. [ina npumepa B3IAT BLIYUTAOWNA CHETHUK
c puc. 157 n k Hemy pobaeneH BTOpo# aucnnen HL2 (cm puc 158),
H3 KOTOPOM UM psl HAPACcTaT No Mepe BBOAA MNYNLCOB, TOMAA Kak
Ha HL1 onu y6uiBaoT Takum 06pa3om, ans AaHHOW NPOCTON CTPYk-
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TYPbl MHAWKAUWA BLINONHEHHOW NEPEHOCHOW CBA3W [aeT BblNUTal0-
L{WI CHETYUK, @ NPOTUBONONOXHOR — CYMMUPYIOLURA.
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Puc. 159. Cymmupyrowmia asonunbid cuetumnk (MC)
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Cxemy CymMMUpYIOUIEro CYeTYuka, aHanoruyHyo puc. 155,a, co-
6epem B nporpamme MC (cM. puc. 159,a). Vicnonbayem Tpurrepbl U3
¢ainna, nokasanHoro Ha puc. 135,a. Nenepatop umnynscos G1, Bbl-
Gepem TakoW xe, kak Ha puc. 154,a, namenus opmMar ero 3agaHua
Tak, YyTobbl MOXHO BbINO CpasHMBaTL peaynbTaTbl 06enx nporpamm:

.DEFINE G1

++0S 0

+ label=begin

++0.58

++0580

+ +0.58 goto begin -1 times

Takum 06pa3om, Mbl 3aaanu NOCNeAoBaTENbHOCTL TAKTOBLIX UM-
nynbcoB anutensHocteld 0S5 cekyHAbl M nepuodoM CnefoBaHus
1cekyHpa, T.e. vyactoton cnepgosanunn 1y 3aech ymMecTHO OTMeTUTD,
4TO ANUTENbHOCTb TakTa — 3TO Nepuoqd CNefoBaHust UMNYNLCOB, @ He
ANUTENbHOCTb CaMoro UMNynbca (BPeMs, B TEYeHWEe KOTOpOro 3Have-
HWEe HanpsXeHWUs Ha BbibpaHHOM ypoBHe Bonblue eAuHuubl) Kak npa-
BMNO, UCNONL3YIT 3HAYyUTENbLHO Gonee KOpOTKME NO ANUTENbLHOCTU
uMnynbCbl, metowme Gonee kpytbie hpoHTLI. KOppeKkTHO Taioke roso-
pWUTb UMEHHO O YacToTe CNeAOBaHWRA UMNYNLCOB, @ He O «4acToTe UM-
nynscosy». [ocnegHee NWUWEHO CMbICNA, TaK KAk OAWHOYHBIA MMNYNbLC
COAEpXUT CNNOWHOW CNEKTP rapMOHWK, @ Nepuogvyeckans nocnenosa-
TeNbHOCTb — HE 0AHY, @ Uenblil psif rapMOHUK (Ha XapProHe «4acToT»).

PesynbTat MogenuposaHus B pexume Transient 3a spemst 16 ¢
npeacTasneH Ha rpadukax (cM. puc. 159,6) ans cneayowmx uugpo-
Bbix yanos: d(5) — exopq; d(3) - ebixoa QO, d(4) — sbiXog Q1, d(5) -
sbixog Q2, d(11) — ebixoq Q3. CpasHueas rpacuki, NONyYeHHble Ha
norvyeckoM aHanuaarope (puc. 155,r) 8 nporpamme EWB v npu axa-
nuae Transient 8 nporpamme MC (puc. 159,6), Buanm, 4TO OHU OAHO-
TUNHO OTPaXalT NPOUECC NOCNefO0BaTeNbHOro AEeneHuWs 4acToTbl
nononaM Npu NPOXOXAEHWUU KAKAOro paapsaa cyetyunka. VIHTepecHo
CONOCTaBUTb 3TOT pelynbTar C Tabnuuei WecTHaAUATEPUYHbIX Yu-
cen, BMOHTUPOBAHHOW B HWXHEW vactu rpagukoe Ha puc. 159,6.
BugHo, 4To oaHOMY TakTy (13 8 Hyneih 1 8 eaquHUL) cCamoro cTapliero
paspsina X3, COOTBETCTBYeT ABA TakTa pa3psaa X2 (w3 4 Hynei v 4
eavHuy), yetbipe Takta (no 2 Hynst U 2 eauHuubl) paspsaa X1 u Bo-
CeMb TakTOB NO OAHOMY HYNIO W OAHON eAuHWLEe B CAMOM Mnaglwem
paapage X0. (CobcTeeHHO 3Ta 0CODEHHOCTL U MCNONbAYeTCH Npu 3a-
nonHeHuu Tabnuybl Ha NaMATb.)

CxeMbl KaKk CyMMWpYIOUWEro, Tak U BblYMTAKOWEro CYETYUKOB
MOXHO nocTpoutb Ha JK-Tpurrepax, 3afas Ha WHGOPMALMOHHBIX
Bxofax pexum nepeknoveHus (J=K=1) u BbINONHMB COOTBETCTBYHO-
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uwue nepeHocHble cBA3u (cM puc 160,a,161,a u 162,a). Conocrasnsa
rpacduku UIMEHEHWS COCTOSHWA pa3psaos Ha puc. 160,6, 161,6 u
162,6 Bugum, YTO NPOLUECC eCTeCTBEHHOro CYeTa BBEpX HaywHaeTtcs
c yucna 0 B CymmupylowleM cyetyuke u ¢ yucna Fy=1111,215,; —
B BblyuTawem. B nocnegHem cnyyae npegycMoTpeHa cneunansHas
npeaycTaHoBka BCeX paspraose B eguHULY KIoYom [S].
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Coeem  Ecnu npu npoBeAeHUU MOAENMUPOBAHWUA OKAXETCR, 4To pe-

(EWB) 3ynbTaTbl cYeTa, BbiIBOAUMbIE HA NOKa3blBaOWMUe yCTponCT-
Ba, He COOTBETCTBYIOT HEOOXOAWMBIM NGO ero KOHCTPYKUWK,
TO, Npexae BCero, Haao NPCBEPUTL NPABUNbHOCTbL MOHTAXa
NWHWA BbIBOAA W nepeHoca. [lone3Ho Talke CONOCTaBUTb
NOKa3aHWA Pa3HblX WHAWKATOPOB: NOrMYECKUX UHQUKATOPOB,
AMCNNeR W NOrv4eckoro aHanuaarvopa. He 3abbiBaitte, 4TO
rpacuyeckuit peaakTop NporpaMmmbl MOXET CKPbiTb OTCYT-
CTBMe peanbHOro KOHTaKTa KOMNOHeHTOoB. pu HanoxeHwuu
APYr Ha apyra ABYX NPOBOAHWKOB OHU MOTYT Ka3aTbCs uay-
WMMM coBCEeM NO ApyroMy nytu [lo3ToMy xenaTenbHo ne-
peATn K 6onbwuM macwrabam wu3obpaxeHUs U MeHee
NNOTHOMY MOHTaxy, a TalKe UCNONb3CBaTbh UBETHYIO UHAW-
Kauuo coequHUTerbHbIX Y3N0B U NPOBOAHUKOB

Yacto paboty cyetyuka TpebyeTca OrpaHuymMTb c4eTOM A0
BNONHe onpefeneHHorc yncna. Hanpwumep, Tpebyetcs, 4T06bI No-
cnenHel uudpon, BbLIBOAUMOR Ha aucnnel, 6bina uugpa 9. Takon
cyeTyMK [onxeH cyutatb o1 0 go 9, scero 10 umMnynbLCOB (CynTan ¢
HyneBoro). CnegosatenbHo, 3TO c4eT4uk No mogynio 10 unu asowy-
HO-AeCATUYHbIA cHeTYuK OH AOMKEH UMETb, KAk MUHUMYM, YeTbipe
OBOWMHBIX pa3psifa (MHayYe Henb3f  cocyutatb 4ucno 9,,=1001,).
OueBulHO, Y10 ANA BbINCNTHEHUA NOCTABNEHHLIX YCNOBWA AOCTaTOM-
HO NpeaycmoTpeTb COPOC CYeTYUMKa B HyNb UMNYNbLCOM, MAYLLMM NO-
cne 9, T.e npu A=1010,. OTcrona BUAHO, YTO Ha BXOAb cBpoca R
Bcex Tpurrepos Hago nogate nor 1 nocne npuxoga uvgpbl 9. 3Ta
onepauus nerko peanu3yeTcs aBTOMaTWYecku 3a CYeT OpraHu3auuu
0obpaTHO CBR3M C BbLIXOAOB cYeTyuka Ha Bxofdbl cbpoca. OnsA Toro
9y106bI cOpOC npoucxoaun Ha sucne 1010, noctasum JIQ DDS tuna
NAND, noakniouus ero k Bbixogam D u B (Tam, rae nosensiotcs eau-
HUUbl), @ BbIXOA — NOAKNIOYMM K nuHuM cBpoca R (cm puc. 163,a).
JT0T Npuem «ynpaBnReMoro cbpoca» MOXHO UCNONbL3OBaTb ANA Op-
raHusaumu paboTbl CHETYUKOB NO NPOU3BONBLHOMY MOAYNIO.

MNpUMEHRS NPUHUMN NOrMYecKon 0BpaTHOR CBA3W K BbI4UTAIO-
Wemy CYeTHUKY, MOXHO NOCTPOUTb CaMOOCTaHaBNUBAKWMUACA cyeT-
YUK Hanpumep, ANS TOro, YToObl 3aKOHYUTL cyeT Ha uugpe 0. Ans
370ro Ha Bxoabt J v K nepsoro Tpurrepa, ynpasnsiowme erg nepe-
KAKYeHWEeM U 3anyckaroujue aanee 3a CYeT NepeHOCHbIX CBR3el ne-
peknioyeHMeM BCen UenoYku, Hago nodate nor 0 npu nosBneHUu Ha
cyetyuke curdana 0000 310 HeTpyaHO BbINOMHUTL, coBpas curHansi
Cc Bbixoaos BCex paspsgos /13 DDS tuna OR v nogas BbIXOA
€ Herc Ha Bxoabl J u K nepsoro Tpurrepa (cm. puc 164,a)
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Pa6oTta cyeTynkos B pexvmax c6poca U OCTaHOBKW XOPOLWOo Bua-
Ha Ha rpacukax noruyeckoro aHanusatopa (cm puc 163,6 u 164,6)
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Puc 163 CueTuuk no mogynio 10 (EWB)
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Puc. 164. CamoocTaHasnmealowmincs cuetunk (EWB)
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CHHXPOHHbIE CHETYUKIN

B cueTumkax ¢ nocneposatensHbiM nepeHocom BuicTpogencrTane
OfPaHVNEHO BPEMEHHLIMI 33QEPXKAMW NEPEHECEHUR WHOpMaunn
BHYTpu cuetumnka. Mpu napannensHoh 3arpyske WHOPMaUUa noaa-
€TCA OAQHOBPEMEHHO HA BCE TPUITEPbI CHETHWKA CUHXPOHHO NO KO-
MaHae, NOCTYNAKLWEN C TAKTOBLIM MMNYNLCOM. [TO3TOMY AaHHbLIR TUN
CYETUMKOB COCTOUT U3 CUHXPOHHBIX TPUITEpoB, W 33AEpXKa NepekNto-
YEHUA BCEro CHETYNKA ONPEAENRETCR 3a4epPXKOW OAHOro Tpurrepa.
a He BCel uenoukn. B CXeMOTEeXHUHECKOM OTHOLIEHWUN LIENOYKa TpUr-
repos B CTPYKTYpPe CHETHWKA OCTAeTCR AnNA nepegayy uHopmaunoH-
HbIX CUFHANOB, HO 8 AONONHEHWE K Hel elle nosenaeTca kombuHauw-
OHHaRA NOrvka

B cxemax CUHXPOHHBLIX CHETHMKOB CUHXPOHUIUpYOWUE BXOAbl
COEAVHRIOTCA NAPANNENbHO W HA HWX OQHOBPEMEHHO NOAQAETCR NO-
CNenosaTenbHOCTL TakTOoBLIX UMNyNscos (Cm. puc. 165.a v 166,a).
Boeixopg Q nepewxoca c tpurrepa DD1 noctynaet va Tpurrep DD2. MNe-
peHoc B8 cneayowmin paspaa Ha Tpurrep DD3 cdopmupyetcs 13 DDS
NAND. flanee ananorwyHo — Ha Tpurrep DD4 — 13 DD6 NAND.
PesynsTat paboTbl cHETUMKOB NOKA3aH Ha rpagukax, nNpeacTasneH-
HbIX Ha puc 165,6 n 166,6

Cxema CUHXPOHHOrO ABOUNMHO-AECATUMHONO CHETHWKA NOKA3aHa
Ha puc. 167 ,a

Onsa ynpasnaemoro cOpoca cuetumka nNpu Npuxoae curHana, co-
oTteetcTaytowero wucny 1010, sgecy ucnonssosan 13 DD7 Tuna
4-Input NAND, asa sxoQa KOTOPOro CoeauHEHbl C NPAMbLIMU BbIXOAa-
mu Tpurrepos DD1 v DD4, a gsa apyrux — C UHBEPCHLIMW BbIXOAAMU
DD2 uw DD3 KapTuHa cuyeTa nokasaHa Ha 3KpaHe NOru4eckoro aHanu-
3atopa (cm puc 167,6)

PasHOBWAHOCTBLIO CUHXPOHHBIX CHETHUKOB RBNRKOTCA KONbLEBLIE
cueTUUKY, BoINONHREMbIE HA Base peructpos casura. B npoctenwem
KOMNbUEBOM CuETYUKE NPAMON BbIXOA PerucTpa 3ambiKawT Ha ero
BXO0A.

Ans yeTbipexpa3prRAHOro perucTpa-cyeTyuka KoQosan eanHuya,
NORAHHAS HA BXOA B NEPBOM TaKTe, NPOWAR BCE paspAAbl CHETUWKA,
CNYCTR YETLIPE TAKTa CHOBA NONAAET HA €ro 8xoQ, ¥ Aanee Npouece
OyneT NOBTOPARTLES.

MoaobHbie yCTpoNCTBA LUMPOKO UCNONBLIYIOTCR ANR ONPEAEneH-
HOrO NOAKNIONEHUR BXOROB NPOrPAMMHO-BPEMEHHbBIX YCTPOWCTS vnn
namaTy

247



[Je3 [Jez [Jo1[Je0
(61) (53 [31]

2.4

a)

‘o NPT

| R R

XXXX

0000

B
&
0D4
i
[
X
B

DOS

DCOUNTER4.CIR

I

42)

43)
4(5)
d(©)

a)

‘ﬁliqic Analyzer

©00000OO©O000000

)

6

6)

Puc. 166 CuMxpOHHbIN YeTbipexpa3pRaHbIf CHeTUMK (MC)

Puc. 165. CrHxpoHHbIn YeTbipexpa3pagHbiin cuetunk (EWB)

249

248



5v
DD1

0000

XXXX

29000900 009900022

o

DD3

:

ey —

DD2

U

K p-

<I|

cocoocccscobeces
R ¢ be hag pdd gl

Logic Analyzer

qlx

QOOOO0Ee@e 000

Puc

250

167 CWHXPOHHBIA 4BONYHO-AECATUYHBIA cHeTYmK (EWB)
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Puc. 168. MpocTerwni konbueson cHetdunk (EWB)
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Puc 169 (hadano)
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Puc. 169 (okoHuaHwe). Konbuesoti cueTyuk (EWB)

Cxema npocTedwero konbuesoro cuetunka (puc. 168,a) anano-
rM4YHa cxeme, rnokalaHHon Ha puc. 146. B naHHOM cnyyae npuMeHeHsl
JK-TpUrrepbl C NpAMbIMU yCTaHOBOUHbIMU Bxoaamu RS (4acTb koto-
PbiX 3AECh UCNONbAYeTCA ANA HAauanbHOW YCTaHOBKW cyeTyuka) Kna-
BuWa [Space] ucnonbayetcs ANs HayanbHoW 3arpyaku 0001 npu Ha-
uane cuyeta [lanee, C NPUXOAOM WMNYNbCOB, CYETYMK DyaEeT DyHK-
UMOHNPOBATL B KOAOBOWA NOCNeAoBaTeNbHOCTU Npu nepesoae B ae-
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cATUYHbIE yucna cnegyrowum obpasom: 1, 2, 4, 8, 1, 2,4, 8 . Egu-
Huua OyaeT aBuraTbCs OT MIagWwWX pa3psaoB K CTapwuvM v, Aonas
[0 CaMoro CTapwero, HayMHaTb BeCb UMK CHavana, noka He npexpa-
TUTCA nogaua TakToBbiXx umnynbcoB. CnegoBaTenbHO, 3TOT CHETYMK
uMmeeT Moaynb, pasHbii 4. Ha puc. 168,6 nokasana t1a xe cxema,
peanu3oBaHHas Ha D-Tpurrepax. 3gecb knasuwe#l [Space] BHauane
ycTaHaBnuBaeTCA Npou3BONbHLIA kod (B AanHom cnydae 1001), aa-
Tem nocneayer 2, 4, 8, u ganee ByaeT noBTOPATLCA KOQOBas nocne-
posatensHocTb 1, 2, 4, 8. Hepoctatkamu nogoBHbIX npocTenmnx
CXEM NpKu UX NpaKTU4ECKOM NpuMeHeHUn SBnsTcs cbou, BblaBaHHbIE
NORBNEHUEM NIUWHUX UMW UCHEIHOBEHUEM HYXHBbIX KOAOBLIX eauHuy
B8 Konbye. OT NUWHUX eauHUL MOXHO M3BaBUTLCA, BBEAR AONONHK-
TENbHYIO NOrMYecKylo Uenb, paspelwwaowylo nepegavy eauHuubl U3
NOCNeaHero Tpurrepa B nepsbii TONLKO NPW HanNWuuKW Hynew B oOC-
TanbHbix paapsaax B cxeme Ha puc. 169,a ans aTtol yenu UcnonbLIo-
saH 13 DD4 tuna 3U/TN-HE, BbixoaHOW CUrHan ¢ KOTOpOro noaaeTcs
Ha Bxoa 1D Tpurrepa DD1. 3TOT e NOrMYecKkuid aNeMeHT 34echb Bbl-
NOMHAET OA4HOBPEMEHHO pOfb NocneaHero CYeTHoro paapsga OBbiy-
HO B CXeMaXxX KOMbUEBbLIX CHETYMKOB, UMEIOWUX MUHUMANbHOE YMCNOo
Tpurrepos, AoBaBNsOT ewe OAUH Tpurrep, ANA caeura nocnegHero
pa3psga. CooTBeTCTByIOLME CXEeMb! NokasaHbl Ha puc. 169,68, npu-
4YeMm B HUX ucnonsaosa J13 DDS 34 tuna LS. NoaobHbie TTJ1 Mukpo-
cxembt UloTTku (S) umerot manoe anepronotpebnenve (L — Low -
HWU3KMiA) U Bpems 3agepxkn nopsgka 10 He.

NHTepecHON pa3HOBUAHOCTLIO CXEM KOMbUEBLIX CYETYMKOB, NO-
CTPOEHHbIX Ha OCHOBE perucTpa casura, SBNRETCA UX 3IamblKaHwe
nepekpecTHoun obpaTtHoi cBRabid B aTtoM cnyyae curHanom obpaTtHou
CBA3Kn, KoTopbii BepeTca C nocneaHero Tpurrepa B Ka4ecTBe BbIXOA-
HOro, ABMRETCA He NpsMOW, a WHBEpPCHbIA CurHan, noaasaemMbli Ha
CYeTHbI BXOA NEpBOro Tpurrepa.

MopobHble CYeTYMKU HA3LIBAKT «cyeTyMkaMu [PkoHcoHa». CyeT-
yuk [xoHcoHa wa D-tpurrepax nokasax Ha puc. 170,a. Mocnepopa-
TENbHOCTb COCTORHWA CuYeTYMKa COOTBETCTBYET psay AECATUMHBLIX
yucen: 1, 3,7, 15,14, 12, 8,0, 1, 3, 7, 15, 14, 12, 8, 0... 3a oauH
UUKIT CYHETYUK NPOXOAMUT 8 COCTOSHUA, T.€. 3TO CYETYUK No Moaynio 8,
4TO B ABa pasa bonbwe, NO CPAaBHEHUK C AHANOTUYHbLIM CHETYMKOM,
HO € npamoin oBpaTHoi cBR3bIO. NepBble YeThipe TakTa CYEeTYUK 3a-
NONHAETCH BONHOW eAWHWY, @ BTOpble YeTbipe TakTa — ouyvwaeTcs
BONHON Hynew. CueTunk Ha JK-Tpurrepax, nokaaHHbii Ha puc. 170,6,
B CXEMOTEXHUMECKOM OTHOWEHWUW BLIFMSAUT ewe WaswHee: ¢ oboux
€70 BbIXOA0B CUrHanNbi UAyT nepekpecTHo obpatHo Ha Bxoabl (Q—1K
nQ —1J). He cnyyainHo, noatomy noAobHble CHETYMKWU Ha3bieanu
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Puc. 170. Cuetquk dxoHcoHa (EWB)

Takke cyetynkamm MEbuyca, npoBoaA aHanoru ¢ M3BECTHOW B Mma-
Tematuke neHTon (nuctom) Mébuyca (no pamMmnun HemMeukoro reo-
metpa XIX B.). B Tononorun (pasgen reometpuun) nenta Méduyca
CNYXWT NpUMEPOM OOHOCTOPOHHEN nosepxHocTu. [edcTBuUTENbHO,
ecnu B3aTb NeHTy (npAmoyronsHuK KIQQ') M cCOBMECTUTL (CKNENTb)
ee NpoTUBONONOXHbIE Kpasa (coBmelan Toukn K c Q, a J ¢ Q'), 10
obpasyercsa obbl4HOE KONbUO, UMEIOWEE ABE NOBEPXHOCTH: BELWHIOKW
N BHYTPEHHiow. [surasce BAONb CpeaHeil NUHWMA 3TOW 3aMKHYTOW
NEHTbl, Mbl HUKOrAa HE NONagem C HapyXHOW CTOPOHbLI HA BHYTPEH-
HI010, U HaoBopoT. [MpocTpaHcTBEHHbIA nepuoa obpauieHns 3aeco
paBeH UCXOOHOM ANWHE NEHTbl. Tenepb, B3SB TY e NEHTY, Npu co-
BMELWEHNN NPOTUBONOMNOXHbLIX CTOPOH NepeBepHEM ee NOMNOBUHY Ha
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180° (coBMmectum Toukn K c Q', a J c Q) Obxopsa B BuIODpaHHOM Ha-
npasneHun Baonb 3TOro ceoeobpas3Horo Konbua, Mbl C HensbexHo-
cTbio nNpovpem no obeum eroc ctopoHam, v nepuod Byner paseH ya-
BOEHHOW Ha4yanbHOW ANWHE NEHTLl. BEpHEMCA K 3NEeKTPOHWUKE U No-
CMOTPUM TFeOMETPUYECKM Ha paboTy KONbUEBOrO CYETYMKA Ha puc
146 370 noruyeckoe 3NeKTPOHHOE KONbUO COAENaHo U3 «TPUITEPHON
NEHTLI» Tak, 4TO BXO4 HanpsMylo cBa3aH C Boixogom (Q—1J
n Q —1K). Mogynbe cyera paseH uucny tpurrepos (M=4). B cyetuunke
xe [xoHcoHa, nokazaHHoM Ha puc. 170,86, cea3u BbIXONOB M BXOA0B
«TPUITEPHON NEHTLI» nepexkpecTHble, a uMenHo: Q—1K n Q' —1J
B pesynbTate v mogynb cueta cTaHoBMTCA B ABa pasa Oonbwe
(M=8). [deAcTBUTENBHO, BCE 3TO OYEHb Aa¥e HanoMUHaeT NeHTy
Mebuyca.

CyYyeTYMKM Ha MUKpOCXemax

BbinyckaeTc HECKONbKO AECATKOB TWUMNOB MWKPOCXEM CambiX
pa3Hoobpa3sHblX CYETUMKOB Kak B cepumn TTJ1, Tak n 8 cepun KMOIT.
B kadyecTtBe npuMepa cocTaBuMm CXeMbl MOAENEA Ans HEeKoTOpbIX
N3 HUX.

B nporpamme EWB goiipnem 8 mento Digital, otkyna Gykcupyem
Ha paboyee none NUKTOrpammy c M3obpaxeHneM Kopryca MUKpoCXe-

CNT

Mbl - (CNT ot aurn. COUNTERS - cuetuuku). B oTkpbiBLUEiACS
oubnuoteke mogeneih solbepem mukpocxemy TTJ1 7493 CornacHo
Tabnuue COCTOAHUA cyeTuuKa, MOMyYeHHOoN M3 NMpeaMeTHON NMoMOoWn
nporpammsl (CM. puc. 171,a), OH 4YeTbIpexpa3paaHbii (N0 Yucny ABo-
WYHBIX Pa3panos), cynTarwnii B oBoM4HOM Koge ot 0 oo 15 (M=16).
Mukpocxema COCTONT U3 YeTbIpEX TPUITEPOB, BHYTPEHHE CBA3AHHbIX

| 7493 (4-bit Binary Counter)
'i The 7493 counts from
0to 15 in binary
Reset in i Output i
RO1 RO2 | QdQcab Qa |
1 1 0 0 0 O
0 X Count
P X 0 Count

a)
Pwc. 171 (navano)
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Puc. 171 (okoH4YaHwe). CUHXPOHHbIA HeTbipeXxpaspaaHbiil CHETUUK Ha MUKPO-
cxeme 7493 (EWB)
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mMexay cobon Tak, 4To 0bpasylTca ABa cHETYUKA-AeNuTens: OauH Ha
OBa M Opyrod — Ha Bocemb. Bece Tpurrepsl umeroT obwmin cbpoc
(BEpPXHAA CTpOKa COCTORHWWA B nNpuBeAeHHOW Tabnuue), KOTOpbIA
OCyLLeCTBNAETCA noaadei BblCOKOro ypoBHSA Ha BbiBoabl RO1(Hoxka
2 mukpocxembl) 1 RO2 (Hoxka 3). B HopmanbHoM pexume paboTbl
xoTA Obl HA OAWMH U3 3TUX BXOAOB AOMKHO NoAaBaTbCA HanpsXKeHue
HW3KOrO ypOBHSA; B 3ToW Tabrnuue He NOKasaHO, HO CHETHbIN PEXUM
bynet v npu RO1= RO2=0. Mockonbky nepsbIi TPUrrep He CBA3aH C
TPEMA APYrUMKU, TO BO3MOXKHbI Pa3fiMYHbIE BAPWAHTLI NPUMEHEHUN
MUKpocxeMbl. Cobepem CTaHOApPTHbIN CUHXPOHHbLIN CyMMUPYIOWMWA
cyeTunk ¢ M=16. [ina aToro Hago nNoaath CTAaHAAPTHOE NUTAHWE, CO-
eanHUTL mexay coboin cUHXpoHM3npyrowmne BeiBoasl QA n CKB 1 no-
AaTtb cyeTHble umnynbekl Ha Bxog CKA, COOTBETCTBEHHO, MHAWKAUMNA
nposoguTcs Ha Bbixogax QA...QD (cm. puc. 171,6). HanomuHaem,
yto BykBamu NC (Not Connection) o603Ha4eHbl XONOCTbie BbiBOAbI
MUKpOCXxeMbl B KayectBe€ WCTOMHMKA NOCTOAHHOrO HanpsXeHus
k Bxoay VCC, 30eck n fganee npMMeEHUTENLHO K MUKpocxemam, Byaet
MCNonb30BaTbLCA UCTOYHMK C HanpsxeHuem 5 B, nocneposartensHo
C KOTOpbIM BKKOYeH peanctop 1kOm (Tak HaswiBaemeid Pull-Up Resis-
tor — OOCNOBHO — BLITArMBAKOLWMIA, @ N0 CMbICNY — DannacTHLIA pe3u-
ctop). BenuunHa Hanps»keHWA NCTOYHMKA U COMpPOTUBIIEHWE Pe3NCTo-
pa MOryT BbiThk YCTAHOBNEHBI APYTMMWU NYTEM PEAAKTUPOBAHWUA B OKHE
CBOMCTB. HetpyaHo BUAETHL, 4TO NpuBeAEHHbIE rpadmnkn (puc. 171,8)
COBMNagaoT C NONyYeHHbIMU paHee AnA NoAobHOro e cYeTynka, Ho
cobpaHHOro U3 oTAeNbHBIX KOMNOHEHTOB (CcM. puc. 165,6). AHanorny-
Ho pabortaeT U Mogenb cHeTyMka Ha mukpocxeme 7493A B nporpam-
me MC (cm. puc. 172). Ewe pa3 obpatute BHMUMaHue Ha Heabxoau-
MOCTb BHELLHEN nepeMbidkn Mexay Beixogom QA n exogom CKB (cm
puc. 171,81 172,6)

Tenepb no3nakomvmcs C Oonee yHuBepCanbHbIM, @ 3HAYNUT
n Bonee CrnoXHbIM UHTErparnbHbIM CHEeTYUMKOM 74192, Kak ToMbKo 4TO
BbIN0 0NUCaHO Bhile (NPUMEHUTENBHO K MUKpocxeme 7493), Bbibe-
pemM ero u3 6ubnuotekn Mogernien KOMMOHEHTOB nporpammel EWB
n U3yanm Tabnuuy ero coctoanni (cm. puc 173,a).

310 CHHXpOHHLIN (Sync) pesepcuBHbIl (Up/Down) ABOMYHO-
pecatnunein (BCD) cuetunk (Counter), mmerowmin Bxoa cbpoca
(Clear) n otgentHble BxoAbl A4nNA cdeTa umnynbcos B npsmom (Up)
v obpatHom (Dawn) Hanpasnexuax. B pexvme cyeta Ha Bxod 3arpys-
Kn aaHHbix (LOAD) nopaeTcs Hanps»keHWe BbICOKOro, a Bxog cbpoca
CLEAR — HW3KOro ypoBHS (CM. ABE HWKHWE CTPOKM B Tabnnue Ha puc.
173,a). 3HauyeHune, xpaHALWEeeca B CHETYNKE, yBENMYMBAETCA Ha 1 npu
npuxoge dpoHTa umnynsca (POS) ana cyeta B NnpAMOM Hanpasne-
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HumM (Count Up) u ymeHbliaeTcs Ha 1 COOTBETCTBEHHO Npu 0GpaTHOM
cyete (Count Down). B 3TUX cnyyasx Ha OAWMH W3 BXOAOB AOMNKHO NO-
[aBaTbCA HaNps>XeHWe BbICOKOMO YPOBHSI.

' CLR
14.0
/ DD1
° RO1 QA g1]A
RO2 QB 10:0l{®
11 9130k~cka Qc 11:0l{c
G1 {>CKB QD 11214 D
74383A 7448
a)
raga o T -
T T T T
a | ML ML LT
da@) | I | I | | | | |
1 ] 1 1]
d(10)
1 ] 1 ]
(1) ' | T ]
[} ] 1 1
d(12) I : |——
] 1 1 1
| I \ X
] 1 1 ]
1 1 ] 1
] 1 ] ]
] 1 ! )
] 1 ] ]
1 1 ] 1
\ | | Z
1 1 ] 1
1 1 1 1
0.0u 1.0u 2.0u 3.0u 4.0u 5.0u
T

)

Puc. 172. CUHXPOHHBII YETLIPEeXPA3PALHBIA CHETHUK HA MUKpocxeme 7493A
(MC)
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Mpn nporpaMMupoBaHuMn cHeTyMka HeoBxoAuMble AOaHHblE
B ABOWYHO-AECATUYHOM KoAe noAaateTcs Ha Bxoabl A...D npu kpatko-
BpEMEHHOI NoJayYe HW3KOrO YPOBHSA Hanpsixenust Ha BxoAd (LOAD).
Cobpas cooteBeTcTBylOWYl0 cxemy (cM. puc. 173,6), npeaycmoTpum
B HEN BO3MOXHOCTW yKa3aHHbIX pexumoB paboTbl 3a cHeT nporpam-
MUPOBaHUs YCTAHOBKOM knkoyen: C — ouncTka, U — HanpasneHue cue-
Ta, T — TakTOBbLIE MMNYNbCHI, L — 3arpy3ka.

! 74192 (Sync BCD up/down Counter)
Up/Down Counter truth table:

i CLEAR | UP ! DOWN | (LOAD) | PARALLEL OUTPUTS (coy (BOy !
ABCD | QAQBQC QD i

1 X X X X X X X 0 0 0 O 1 1
0 X X 0 X X X X | A B C D 1 1
0 POS 1 1 X X XX Count UP .
0 1 POS 1 X X XX Count Down * N
L i
a)
i 1TkQYsSV
= [IC——F Y
» - [11
—
» [ /2
oy -~
| = S vee [ ]
o] 2 GB A 4 7
)= 5 2 QA CLR \q
e DOWN BO' p-12
HEw IKa WP co p-% I
o[ >4 ' | LOAD’
i T~ 24 QD C LT,.
X1 H -
GND D

Pwvc. 173 (Havano)
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Puc. 173 (okoH4aHue) CUHXPOHHBLIA PEBEPCUBHEIA NPOrpaMMUpyeMbilit

OCO0000O@OOOLORO®

2
5
&
3

B)

YyeTblpexpa3pagHeliA CHETHUK Ha MuKkpocxeme 74192 (EWB)

Mporpammuposarve Byaem nposoauTs no Tabnuue:

Ne Pexum YcTaHoBKM KNnioyewn
c4yeT4yuka
c u o, T L
1 Ouuctka 1 X X X
2 3arpy3ka 0 X X 0
3 OGpaTHbIA cHeT 0 UP DOWN | 1
4 Mpsmoir cuet 0 DOWN UP 1

Pabota cyetyrka B COOTBETCTBMM ¢ 3TOW Tabnuuein nokasaHa Ha
puc 173,8 Ha rpadwkax BWOHO, 4TO cHaYana Mpou3oLINa OYucTkKa
cyeTuyuka, 3atem 3arpyska 0111 o1 renHepatopa cnos. Ha atom takte
koY L gomked HaxoQUTBCA B HWXKHEM NONOXeHuu u toraa 0 «npwm-
AeT» K HeMy OT reHepaTtopa cnos [anee npoucxoaut obpaTtHblin cyet
260
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Puc 174. CuHXpOHHBIA peBepCcuBHbIA NPOrpaMMUPyeMelii HeToipexpaspsaa-
HbIA CHeTHUK Ha MUuKpocxeme 74192 (MC)
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no 0001 n 3atem npamon c4et Ao 1001. Ha asyx HWKHUX rpadukax
NOKa3aHbl CUrHaNbI, CHUMaemble ¢ BuIxoaos CO™ u BO', koTopsle mo-
YT NCNONB30BATLCA NPU KACKAAUPOBAHUN CHETHUKOB. 3710 BbLIXOALI
nepeHoca NepenonHeHUA Npu NPAMOM CYeTe u 3aéma — npu obpar-
HOM.

Paccmotpum paboTty 3TOW xe MUKPOCXembl B Nporpamme MC
B paxHOMm cnyuae, 4Tobbl NPOAEMOHCTPUPOBATL HA OAHOM rpacduke
BCE Cny4an, NPUWNOCL Gbl BMECTO KN1OYel NOCTaBUTL FEeHepPaTopsb!
uudpoBbIX CUFHANO0B U CNeunanbHbiM 06pa3om 3aaaTtb COFNACcoBaH-
Holli pexum ux paboTel. MoaTomy orpaHuuumMca Habnioaennem pexn-
ma o6paTHoro cueta. Cxema U pe3ynbTaTtbl NOKa3aHol HA puc
174,3,6.
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4. UNOPOBLIE YCTPOUCTBA

4.1. ApudmeTuyecko-noruyeckue ycTponcrTaa

Apya Mod! 3Haewe me! ywe
Bervumarnse u cnoxe-,
YmHOWe-Hbe U deneHbe

lpocmo ecem Ha youeneHoe.

Tak dep3ad! Mycme cnaest 3X0

O meoux zpemum ycnexex,
Cmareuws mb!, X0Mb CKpOMeH 8ud
3namernumeld vem Jeknud!
Nuiouc Kappon.

WUcTopun ¢ yienkamu

AprudMeTUIECKO-NOrnieckoe ycTponcTao — AJTY, Ha aHrnuiickom
A3blke, COOTBETCTBEHHO, Arithmetic-Logic Unit — ALU, npeacrasnset
cob0oi cnoxHyio uMdPOBYIO MUKPOCXEMY, KOTOPAA MOXET BLINONHATL
8Ce KOMBUHAUUOHHbIE MYHKUUW, @ TaKKe BLINONHATL PAR APYrux
onepauuin. He cnydyawHo no3atomy, Gonbwan vacTb uHdopmauvn 8
KomnbloTepax obpabartviBaeTchd UMeHHO 8 AJTY, KOTOpPOE BXOAWUT CO-
CTaBHON 4acCTbio B CNEUUANLHYIO UHTETPANbLHYI0 CXEMY, UMEHYEMYIO
ueHTpanbHbiM npoueccopom (Central Processor Unit — CPU). B nep-
B8OHa4anbLHOM kKomnbioTepe IBM PC mukpocxema CPU 6bina u3roros-
neHa Intel Corporation u Ha3saHa 8080 LleHTpanbHbii npoueccop
cobereenHo u onpeaennet tun NK: Hanpumep, npu 486- CPU n ma-
WUHY Ha3bIBAOT 486-a («yeTsepkar), npu CPU tuna Pentium u NK
Ha3biBawT Pentium (0T rpey Pente — nato). Ecnu ynopobuto 3T0T
MuKponpoueccop ronoee, 1o AJTY — 310 Aymaiowan 4acTb ee Mo3ra
(apyrumMmn YacTAMK ABNAIOTCA NAMATL U YCTPOICTBO YNPaBneHns).

AJTY BbINONHAET OAHY U3 rMasHbIX PYHKUWA MUKponpoueccopa —
06paboTtky aaHHbix O6biMHO AJTY umeeT ABa BXOAHLIX NOPTa U OAQUH
BLIXOAQHON, CNYXAwMnX, COOTBETCTBEHHO, ANA BBOAA W BbIBOAA CNOB
BxoaHble NopTel cHabxatTca OydepHbiMu perucTtpamiu ana xpaHe-
HWA OQHOFO CNOBA A3HHbLIX. MNocneaHue 30eCb He PacCMaTpPUBAIOTCHA,
KaK, BNpOYEM, U OCTanbHbIE, CONpPsXEHHbIe ¢ AJTY: akkymynaTop, pe-
FUCTP COCTOAHWA U wuHbl OHn Bmecte ¢ AJ1Y 6yayT paccMOTpeHb! B
nocnegHem pasnene, NOCBAWEHHOM NpUMEpPY MOAenW NpPOCTERWwei
3BM MepeveHb dyHKuun coBCTBEHHO AJTY 3aBUCAT OT apXUTEKTYPbI
MMKPONPOUECCOpa ¥ PA3NUYeH ANA MAWUH Pa3HbIX TUNOB
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AlTY 74381

Paccmotpum AJTY Ha mukpocxeme 74381, C NOMOLLbLIO KOTOPOro
MOXHO BbINONHATL TPU apupMETUYECKNE U TPU NOrUYEcKue onepa-
UMK Hapg deToipexpaspsfaHbiMu onepangamu. Jloruyeckas crpyktypa
atoro AJTY npepncraenena Ha puc. 175 lNokazaHHas cxema B3sTa u3
tubnuoteyHoro daitna nporpammsl MC, KOTOpbIA 66N 4ACTUYHO OT-
penaKTMpoBaH U AONONHEH KOMNOHEHTaMK, HeobxoaumbIMKU Ans UC-
cnefosanuin noeegeHna Moaenu

B ofuwwux yeptax paboTta gaHHOW CXEMbl NPOUCXOQUT cCnegyo-
wum obpasom. Onepangb A0-A3 n BO-B3 noctynarot nobutHo Ha
cooTteeTCTRYIOWME BXOAb! Input. B mogenun Ha puc 175 ana aton ye-
nu “Ucnonb3oBanbl undgposbie Koy Y1-Y8. Tabnuua ucTUHHOCTU
AMNY nokazaHa Ha puc. 176, B BepxHeln NONOBMHE KOTOPOW cobpaHbl
apudMeETUYECKME, a B HUXKHEN — NOrMYECKWUE onepauuu.

Koq onepaum ApudmeTtuiecko-
s st[ o] e
L L L C6poc
L L H B munyc A
L | H | L A munyc B
L H | H A nnioc B
H L L A«+»B
HooL | oH ] A+B
H|H | L AB
i H H H YcraHoska |

Puc. 176. Tabnuua KCTUHHOCTU YeTbipexpa3psaHoro AfY 74381

Cosem  [1pn YTEHWUW NOTMYECKMX U apUPMETUYECKUX BLIPAXKEHUN He
nyTanTe noruyeckyio onepaumio /1M, o6o3navaemyto ageco
3HaKoM +, C apudMETUYECKUM CNOXEHUEM, UMEIoWNUM Ta-
koe e obo3Havenme, a 34ech BbIAENSemMoe CNOBOM
«nnoc» (plus) AHanoruuyHas npobnema MOXET BO3HUKHYTb
C NOrMyecKkon onepauuein M, KOTOpylo MOXHO nepenyTaTtb C
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apugmeTUYecKum yMmHoXeHuem. Moatomy ofpaliaiite BHU-
MaHue Ha KOHTeKCT. Hcknovaowee UM (XOR) ageck 06o-
3HaY€HO 3HAKOM NNIOC, B3ATLIM B KaBblukK «+». Jlornyeckue
ypoBHU 0603HaueHb!: HU3KKiA — L (0T Low), Bricokui — H (o1
High). MNocneaHee He npumute 3a pycckoe H (o1 Huakun),
TaKkKe UCNONL3yemMoe B ONUCAHUSX.

' B3 o/ s2
e
il —
' B2
( OFiNTS %
o 2 {
0 —E—C GRAA
B1 01 las
Y] PN THaq
o [1] 3PN
; OHa Ry
BO 110
PING 1Hg9 9.
= [0He
a3 {oHe __r
o] FINT2 745381
i
.Y —
_/ o] PINI4 Co
2 /oI
i Al o/ vp
Y Ti
o JiI PING

' A0
O_/'Yl:lr)-] PINS

Puc 177. Yetbipexpaspaaroe AlY Ha mukpocxeme 74S381 (MC)

CornacHo paHHoit Tabnuue Habopom S2, S1, SO swiGupaeTcs
(Select) kon onepaumn Ans BLINONHEHUS HEOBXOAUMON YHKUNN pa-
6ot AJTY, peaynbTaT KOTOPOM CHUMaeTcs ¢ BbIBoAoB FO—-F3. Ouuct-
ka AJlY npoussBoanTCs noaayell HU3KOIO YPoBHA Ha BXxoabl S0-S2,
a npu nogaye Ha ATU BXOAb! BLICOKOTO YPOBHS Ha BCeX Bbixoaax F
yctaHasnueaetcs nor. 1. B npusegeHHon Mogenu B nepsom cnyvae
nocne ananu3a Transient Ha 6yKBEHHO-UMPOBOM MHAWKATOPE 3aro-
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putcsa 0, a BO BTOPOM — Ha HEM He ByaeT HMKAKOro U3obpaeHust, Yto
cootseTcTByeT (1111), = F1s (CM. paHee puc. 101,8). Ha npusegeH-
HOM puc. 175 knioun BbiGopa UMEIOT cneaylowlyio ycraHosky: S0=1,
S$1=1, $2=0, uto B cootBeTcTBUKU C TV naeT onepauuio apucdmeTuye-
CKOro cnoxeHus. BxogHuie onepaHabl, BbiOpaHHbIe Kiowamu Y1-Y8,
Takosbl. A=(0010), =240 # B=(0011), =34, . Ux nopa3psgHoe cnoxeHue
¢ yueTom nepeHoca aaet C=(0101), = 549 = 51¢. IMEHHO 3TO yucno
3aropaeTCcsA Ha BbLIXOAHOM aucnnee (cm. puc. 175). Mockonbky npo-
rpaMMa OfHOBPEMEHHO MOKa3biBAET U COCTOAHUA BCEX UWPPOBLIX
Y3n0B, TO N0 HUM MOXHO MPOCMOTPETb BCIO NOFUKY COBEPLIAEMBIX
onepauuit, 4yTo Becbma yaobHo npu Hanagke cxem. PaGota aHano-
ruyHoro AllY «3anakoBaHHOro» B KOpnyc, nokalaHa Ha puc. 177.

ARy 74181

PaccmoTtpum AJTY Ha Mukpocxeme cpeaneit uiTerpaumn 74181,
KOTOpOe SABNAETCA NapannenbHbiM JeTbIpeXpa3paaHbIM npuGopom,
CHOCOGHBIM BLINONHATL 16 apudmeTUyeckux U Bce 16 BOIMOXHbIX
NOrMYECKUX ornepaumii Hag ABYMA nNapannenbHbIMU YeTbipexpaspaa-
HbiMu cnosamu-onepangamu A0-A3 u B0-B3. BaxHbiMu apudmetu-
4YeCKUMU OnepauuaMu ABNAIOTCA CNOXEHWe, BbluMTaHUe, nepegava
AaHHbIX, anddepeHuupoBanne, NONOKUTENLHOE NpupauieHue, oTpu-
uaTensHoe npupaweHue, UMHBEPTUpPOBaHUe U yaBoeHue. Cuctema
0603HaueHuit, NPUHATLIX B AaHHOM AflY, TakoBa:

A0-A3, B0-B3 - Bxogbl orepaHaoB (akTUBHbLIX HU3KUX);
SO S1, 82, S3 - dyHKuum BLIGOpa PEXUMOB;
- BXOA KOHTPONA pexuma;
CO - BXOA NepeHoca;

FO, F1,F2, F3 - Bbixogbl hyHKUMIA (AKTUBHBIX HU3KUX);

A=B — BbIXOf KOMnaparopa;

G - BbIx0og hopMupoBaHus nepeHoca
(aKTUBHbIA HU3KKRA);

P — BbIXOA pacnpocTpaHeHUn nepeHoca
(aKTUBHbIIA HU3KKIA);

C4 — BbIXOA Nepexoca.

Heobxoguman onepauua BLIOMpaeTca NO YETLIPEM NUHUAM Bbl-
6opku S0...S3 u nuHuuM ynpasneHusa pexumom M, koTopasa umeeT
HU3KUIA YpOBEHL ANA apudMETUYECKMX Onepauunit K BLICOKKIA o4nA no-
rMyeckux onepauuit. ITo HENOCPEACTBEHHO CneayeT U3 paccMoTpe-
Hua TW, 3aumcTeOBaHHOIA 13 pa3gena Help nporpammel EWB 1 noka-
3aHHOW Ha puc. 178.
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74181 (Alu/Function Generator)
ALU/Function Generator truth table. Active-low Data
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Puc. 178. Tabnuua MCTVHHOCTY YeTuipexpaspaaHore AfY Ha mukpocxeme 74181
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YCTPOWNCTBO MMEeT «BXOA fNepeHoca», «BbiXog fiepeHoca» Ans
CKBO3HOrO nepeHoca npy kackaguposaHwu yanos u aBe BChnomora-
TenbHble YHKUMN YCKOPEHHOro nepeHoca («cdopMupoBaHue nepeHo-
ca» U «pacnpocTpaHeHue nepeHocay) Ans Mcnosib3oBaHUs YCKOPEH-
HOro nepeHoca Mukpocxembl 74182, Mukpocxema obecneunsaet Bbi-
xof ycnosusi A=B C OTKpbiTbIM KONMEKTOPOM, KOTOPbIt MOXHO CBR-
3aTb cxemoil M c Buixogamu A=B apyrux ANTY ans soigeneHus ycno-
BUS1 BCEX BbICOKMX YPOBHEN BbIXOA0B HECKOMbKUX YCTPOWCTS.

B noruyeckott yactu ANY 74181(kak 1 B Bbilue pacCMOTPEHHOMN
Mukpocxeme 74381, nokasaHHoW Ha puc. 175) yeTbipe MAEHTUYHEbIE
noruyeckue cxembl /U oTKpbiBaloT BXOAHbIE onepanabl A n B ye-
ThlpbMsi NviHVsMYU BbiIGOpKM SO0-S3 ans dopmupoBaHus Tpebyembix
BCcnomoratenbHbix dyHkumit M n U1 nepsoro ypoBHS 3atem OHu
Mcnonb3ylTcs ANA dopmMupoBaHus (YHKUUI CyMMbl W nepeHoca
BHyTpeHHui* yckopeHHbit nepeHoc obecneyuBaeT Bbicokoe BbICTpo-
Aencrtene. Boixog A=B cdopmupyeTtca nytem BocnpusiTus BCex eau-
HWUYHbIX COCTOSIHWI Ha F-Bbixoaax. Koraa ynpasnsiowmi Bxoa M Bbi-
COKWIA, TO pacnpocTpaHeHwe NepeHOCoB 3JanpelleHo W Ha Bbixoaax
BblpabaTbiBaloTCA norudeckue dyHkumn. Umetowmecs B ANY dyHk-
uvu 06pa3yloT 3aKpblTbid HABOP, TakoW, YTO WUHBEPCURA NOMMUYECKUX
BXOA0B AaeT UMELWYOCA B 3ToM Habope cyHkuuo. [Toatomy 3ato
YCTPOWCTBO BLINOMHSET Te Xe foruyeckMe u apudgmeTudeckue dyHk-
UMy B aKTUBHOM BbICOKOM NPEACTABNEHUW, KaK W B akTWBHOM HU3KOM
npeacraBnenuun, HO nNpu OTAMYHOM KoAe BbiBopku. Mukpocxema no-
nyckaet TaloKke CMelWaHHOe KOAUPOBaHUE COCTOSHUIA.

MpeacTtasneHHan 3gech Mukpocxema (cm. puc. 179) cooTeeTcTBy-
eT pexumy cymmartopa Ge3 nepeHoca. 3HayYeHus YeTbipexpa3psaHbix
onepaHaos A v B Ha Bxoae 3a4aloTcs ¢ nomMoLbio kntovyel [1] — [8] u e
LiecTHaguaTepuyHoM Kode oTobpaxalTcs OgHOMMEHHLIMM andasuT-
Ho-uudposbiMu UHAuKaTopamu. Ha Bbixogax FO—F3 pesynbrar cym-
MupoBaHua oTobpaxaercs uHaukatopom C. 3MeHss cOCTOsHUA cur-
Hanos Ha ynpasnsowmMx BXOAaX, MOXHO NpoMoaenuposaTts GonblwnH-
CTB0 chyHKUMiF ANTY, ncnonb3yembix B MUKpONpoOLECCOpPE.

B xauecTtBe npumepa paccmoTpum paboty AJTY ans BbINONHEHUN
noruyeckon dyHkummn Ucknrovarowee W/ (XOR), wWnpoko vcnonb-
3yemoil B MuKponpoleccope ANnAs OCyLWecTBneHus pa3HoobpasHbix
nposepoxk. B TW Ha puc. 178 ara onepauus gns yaobcrea Habopa
C KnaBuaTypbl 0603HayeHa 3HAKOM NMKOC, B3ATLIM B KaBblUKU «+».
MockonbKy aTa noruyeckas onepaumsa OCYWECTBNSETCS Npu Tex Xe
NOMOXEHWUAX KOYeR, 4TO U NPU PacCMOTPEeHHOM Bbile apudmeTu-
YECKOM CIIOXEHUW, TO OCTaBuUM ux Be3 M3MeHeHus 3a UCKMIYEeHUeM
M, KoTopblid nepesenem Ha BbLICOKMIA ypoBeHb [lns nocneayouied
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NpoBEpKN pesynbTaTta BbiIXO4 WHBEPTUPYEM, co3fas cheuuvanbHbii
cy66nok 4xNOT (cm. puc. 180,a,6).

OkoHuaTtenbHO cxema u peaynbrart ee paboTbl Noka3aHbl Ha puc
180,8 [Ins npoBepky aTOro pesynbTaTa MOXHO cOOpaTh NPOCTERYIO
cxemy Ha BocbMuBxoaoasoM BJ13 tuna XOR unu noacuutarth ero an-
rebpanyecku

F=AB"+A B=(0010)(1100)+(1101)0011)= 0001.

Taxo# pesynbrar nonyyaeTcsi npu NOpas’pALHOM BbINOTHEHWUM
COOTBETCTBYIOLWMUX ByneBbix Normyeckux onepaumii Hag onepaHgamu
M OH xe BuAeH Ha BbixoaHom aucnnee C (cm. puc. 180,8).

Pabota toro xe AJlY B pexume cymmaTtopa nokasaHa Ha puc
181 B nporpamme MC Tpu apudmeTnyeckom crnoxeHun apyx «nsarte-
poK» noflyqyaeTcs WecTHaguatepuyHas «4ecaTkay, uMmerowana Ha byk-
BEHHO-L U poBbLIX AMCnnenx o4eHb CBOeobpasHblit BUA
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Puc. 179. Cymmatop Ha YeToipexpaapsagHom AJTY 74181 (EWB)
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Pwc. 180. Onepauus HMcknrovarowee UMTN Ha yeTbipexpaspsgHom AlTY
74181 (EWB)
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Puc. 181. CymmaTop Ha ueTblpexpaapsgHom AlY 74181 (MC)

Kak ykasbiBanoCb Bbllie, MUKpocxema 74181 naer Takke BO3-
MOXHOCTb OCYLLECTBNATL BCROMOratenbHble yHKUMM («opMupo-
BaHUe NepeHoca» U «PacnpoCTpaHeHWe NEpeHOCcan»), KOTopble MOryT
ObITb MICNONbL30BaHLI BMECTE ¢ MUKpocxXeMol 74182 ana sbigaymn o6-
Lero YCKOPEHHOro nepeHoca mnu 6noka CKBO3HOrO YCKOPEHHOro ne-
peHoca. B nocnegHem pexume nonHoe AITY pasbuTto Ha wecTHagua-
TUpaspagHble 6Noku, Kaxablii 3 KOTOpbIX CHabeH cBouM cobcTBeH-
HbIM YCKOPEHHbIM NEPEHOCOM, QONYCKAKLUM CKBO3HOA NEpeHoC me-
XAy TaKkToBbiMM curHanamun. Mukpocxema 74182 no3sonseT nONy4uTbL
1o yeTbipex Habopos «Bxoda nepeHoca» U yHKUMA «dopMmupoBa-
HUA NepeHoca» u «pacnpocTpaHeHus nepeHoca» u obecneuyusaet
TPU cUrHana sbixoga nepeHoca, Tpebyemuie AllY, a Takke BCNOMOra-
TENbHLIMU PYHKUWAMU CNEQYIOLLErO YPOBHS.
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BcnomoratenbHble  yHkUMM,  BblpabaThiBaemble  CXeMoi
YCKOPEHHOro  nepeHoca, AONycKawT  nocnegylolue  ypoBHU rgl
YCKOPEHHOro nepeHaoca. BcnomoratensHbimu noruyeckuMu §
byHKUMAMKM B CNyyae aKTUBHOMO BLICOKOrO YPOBHA SBNSIOTCH
«oTpuuaHve GQOPMUPOBAHUA NepeHoca» W «pacnpocTpaHeHwe
nepeHoca» OHu 0003HayYeHbl Yeped X u Y COOTBETCTBEHHO U
coefuHeHb! Takum xe o6pa3om, Kak B Cnyvyae C aKTUBHbIM HU3KUM
ypoBHeM B paHHO# NorvyeckoW KOHCTPYKUWW BCNOMOraTenbHble
GYHKUMY UCNONBL3YIOTCA ANA QOPMUPOBAHUA TPeX CUrHanoB «BbLIXOA
nepeHoca» ¥ ABYX BCnOMOratenbHbIX hyHKUMY, Tpebyembix Ans
[00aBOYHbBIX YPOBHEW YCKOPEHHOIO NepeHoca.

Mukpocxema 74181 He Tonbko 06ecneunBaeT 32 pexuma pabo-
Tol AJTY B 3aBUCMMOCTM OT COCTORHUA YNpaBnAOWWX CUrHanoB Ha
Bxogax M,S0...83, HO Takke AonNyCkaeT HapauvBaHwe pa3psgHOCTH
(exog CN v Bbixog CN<4 ans nepeHocos).

CooTBeTcTBYIOWIAA CXeMa CKBO3HOMO NepeHoca, WMewllas 4e-
Tolpe WHAMUMPYEMBbIX pa3pRga, C UCNONb3OBAHUEM MUKPOCXEMb
74182 noxa3saHa Ha puc.182. (ObbiMHO, XOraa roBOPAT O MWUKpOCXe-
Max, OnyckalT aBe nNepBble UWdpbl, XapakTepuaylowue Cepuio unu
nevartawT anoctpod. Takum o6pasom, gBe paccMOTpeHHble Bbllle
MUKpoCXeMb! umetoT Homepa 181 u 182. B ceaau ¢ aTum Heobxoawmo
OTMETUTL, YTO COBNAgeHWe HOMepOoB MUKPOCXEM C HOMepamu aByX
nocnegHUxX PUCYHKOB Cny4aiHoe BeposTHOCTb 3TOr0 CNOXHOro Co- B 3153328 TR
BbITUA MOXHO OLUEHMTbL NO U3BecCTHOW ¢opmyne BepHynnu: oHa Hu- - = b
YTOXHO Mara, HO (pakT, kaKk rOBOPUTCHA, HA NULO W NPOTUB HEro He
«nonpewsy — wyTkal)

B cBA3M CO CNOXHOCTbIO OoToGpaXeHus Ha ogHOM 3kpade Ges
NPOKPYTKK Bonbliux CXxem 3geck peXxuMsl paboTel AJTY cneuuansHo
noaobpanbl Tak, 4To6bl Npoucxoauno nocnegoBaTensHoe nepenon-
HEHWe pa3psaos. B pesyneTate npu cymmupoBaHuu eauHuLa Kak Obl
«npoberaeT» ot nepeoro AJTY go YeTeepToro (cMm. puc. 182). 3agaHue —
onepaHaoB Ha nepeoM AJTY BLINOMHEHO KNOYaMu, @ Ha OCTanbHbBIX C
nomouibto  3asemnenus  (nor. 0) ¥ CXEMHOro  KOMMNOHEHTa

R (nor.- 1). Mocnegnu# BLIBupaeTcA komangamu. Compo-
nent>Didital Primitives> Stimulus Generators>Fixed Digital, a senu- -
yuna (Value) ero Hanpsixxenust BoiGupaeTca pasHow 1 B,

Boobuje e MOXHO cmogenupoBaTh paboty AlTY B gauHamuke, ~
3a0aB BXOAHble CnoBa Ha Bce pas3paabl reHepatopamu UngpoBbIX
curHanos Tuna Stim wnu FStim (UCcToYHUK, 3anucanHbii B daine), Ho
3T0 noTpebyeT ux cneuuansHoOro ONUCaHUs,
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Puc. 182. Cxema ckBosHoro neperoca ANNY Ha Mukoocxeme 74182
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4.2. 3anoMuHaloLWme yCTPOUCTBA

[Mamame — 3mo makoe ycmpodcmeo 8 Mo3zy
npu NoMoWju KomMopoeo Mol ece 3atbleaem
A. Yena

Liudposble 3anomuHaowme ycrponctea (3Y), COKpaleHHO Ha-
3blBaeMble TalKe NaMATLIO, CAYXAT ANA XpaHeHuA WHdgopmauuu u
obmeHa el ¢ gpyrumun yctpoictsamu. 370, Be3ycnoBHo, 04HO W3
saxHenwux LY, onpegensiowunx MHorue xapakrepuctukn MK, Ons
KpaTKOBPEMEHHOIO XpaHEHUA KOAOBbLIX CNOB UCNONbL3YIOT PErUCTpLI, a
ONs ANUTENBLHOrO XpaHeHua u ana GonbWwux 06veMos UHgpopmauuu
cnyxaTt cneunannauposaHHble MUKpocxemsbl. MNocKkonbKy ganee peus
nonaeT TONbKO O NONYNPOBOAHUKOBOW NAMATK, TO OTMETUM, YTO MUK-
pocxeMbl NaMATH 3aHumMatoT A0 40% oT obLero BeINyCka MUKPOCXEM.

BaxHenwumu xapakrepuctukamu 3Y ABnA0TCA Ux uHdopmauu-
OHHas eMKOCTb, OpraHu3auus u BoicTpogencTaue.

OCHOBHBLIM KNaccu@UKaUUOHHLIM Npu3Hakom 3Y asnseTca cno-
cob pgoctyna K AaHHbIM (cnocob obpalleHusi K MaccuBy NeMeHToB
NaMATK), N0 KOTOPOMY OHWU NOAPA3AENAITCA Ha agpecHsble, Nocneao-
BaTeNbHLIE U aCCoUMaTUBHbIE.

AgpecHble 3Y B CBOI oYepeabL nogpa3gensioTcs Ha RAM (Ran-
dom Access Memory — namaTb C NpoU3BONbHbLIM A0CTYNOM) U ROM
(Read-Only Memory — naMATs TONLKO Ans 4YTeHuns). B otevecTeeHHoOM
nuTtepartype 3T Tunbl 3Y HasblBalOTCA cooTBeTcTBeHHo OnepaTtus-
HbiM 3anomuHaowmm Yctporctaom (O3Y) u MNocTtosiHHbIM 3anomu-
Hatowum Yctpoicteom (N3Y) Mepesle, kak npasuno, 3HEpPro3asucu-
Mbl, @ BTOpble, HaNnpoTB — 3HeproHe3asucumel. Cpeagn O3Y pasnu-
yalT ycTpoictea ctatudeckne — Static RAM (SRAM) u guHamuye-
ckue — Dynamic RAM (DRAM).

CraTtuueckue N3y

B 3Y c npousBonbHbIM 4OCTYNOM ONs XpaHeHus kawgoro buta
UHpopMauMKU UCNONL3YETCA OTAENbHLIA 3aNOMUHAIOLWNIA INEMEHT —
Averika namaTtu (AN). OBLIMHO B 3TOM KavecTse UCNONL3YITCA pas-
NWYHOro poaa Tpurrepbl. JBOUYHAA MHGOPMaAUMA, 3aHECEHHasA B NO-
A0BHy0 A, xpaHUTCA Tam CKonb YrogHo A0Nro, Noka He byaet 3a-
MeHeHa ApYrow unu He GyaeT OTKIOYEHO NUTaHWe (3Hepro3asmcumas
NaMATb).

B 3asucumoctu oT cnocoba, koTopbiM Haxogutca kaxgasa Al
B Maccuee, pa3nnyaioT CTPYKTYPbl C OAHOMEPHOW (NMUHENHOW) n ABy-
MEpHOI agpecauuent.
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Puc. 183. Jlornueckan crpykrypa O3Y ¢ ogHomepHo# agpecaunen (EWB)
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Ha puc. 183 B nporpamme EWB npeacraeneHa moaerns SRAM
C nuHenHoh (nocnosHoW) agpecayuneit. 3aeck 16 AN u3 D-tpurrepos
obpa3yoT KkBagpaTHyo maTpuly 4x4. Yepes cooteeTcTByioWuiA BXOA
D B AN eBOAUTCS MH(POPMayns, No KomaHae Ha Bxoge C MHgpopma-
uMA XpaHUTCA Ha Bbixode Q MNWU CYUTLIBAETCA C HErC NO aHanorny-
Ho KomaHge. Agpecauunsa K AN npoussoautca koyamu A n B, u paa-
nee pekoaepom DC_2x4, 3aHocumble B KOHKpETHbie A4eikn GuUTbl
uHopmauun Habupartca Ha reHeparope cnos. TakToBbIA CUrHan c
3TOrO e reHeparopa UCNonb3yeTcs 41N CUHXPOHU3AUMKU TPUITepos,
aekogepa U MyrnbTUNNEKCOPOB, a BbIXOA 5-r0 paspaga — ans popmu-
pOBaHUS cCuUrHana Tuna paspeleHne 3anucu/yteHus. 3anucu cooT-
BercTByeT nor. 0, a yteHno — nor. 1. BeiBog MHpopMauyun (4teHue)
npoussoanuTca no cronbuam depes myneTunnekcopsl MUX4x1 Ons
HarnaaHoCcTH paboTbl MOgenn OHa CHabXeHa TpeMs gucnnesMu, Ko-
Topble (cBepxy BHu3) oTobpawanT. BBORMMOE cnoso, aapec Al n
yntaemoe cnoso. Kpome Toro, B Kawgon Al noctaBneH nHaukatop
ee CoCcTosHUA. Pasymeetcs, 310 BCEro Nuilb WNMIOCTPATUMBHANA, HO
pabotawwas moaens. Ha puc. 183 nokasaHo, 4to Koy A=B=0, 1.
NPOU3BEAEHO CYNTLIBAHWE U3 BepxHero paaa All, 3aHeceHHoro Tyaa
paHee cnoea (1100),=As= 1010. B AaHHOU cucTteme cuuTaHHan WH-
opmauma ucuesaer u3 namatn: Kak Obl Henb3s asa pasa BOWTK
B OfHY U TY XK€ peKy.

Mpu HeobxoaumMocT NOBUTOBON 3anucu/cHnTLIBAHUK UHGOPMA-
UMM UCNONBL3YIOT CTPYKTYPHYIO OpraHu3auuio namsaTu B BUAE AByMEp-
HOro maccusa-matpuuybl AxB ¢ Al, koTopble MOXHO BbiBUpaTth Ha
nepecedeHUn COOTBETCTBYIOWMX CTPOK W cTonbuoce. [lpocTerwni
D-Tpurrep He no3sonseT caenatb Takoro yeneHanpaeBneHHoro Bblbo-
pa. lloruky pabotel AN Hapo BMAOU3IMEHWUTL Tak, 4TOBLI OHA NO3BO-
nana nposoAUTL HE3ABUCKUMO 3TW onepaunum

Ha puc. 184 nokasaH BapuaHT opraHu3auum nogobHon AM, Bbi-
NONHEHHBLIA cpeacTBaMn nporpammbl EWB. Momumo norukn Boibopa
AYENKM cHabXeHb! WHAMBUMAYArIbHOM MHAMKAUWEN UX COCTOAHWA W
BbIBOAUMON H(popMaun. AQpecC KOHKPETHOM s4eikn 8 maccuse 4x4
sapaetca knovamu [0],[1] — ana ewibopa Homepa cTpoku (0T AD ao
A3) Yepe3s pewncppatop DCA u kmoyamn [2] n [3] -~ ans eeibopa Ho-
mepa ctonbua (o1 BO ao B3) uepea gewndgpatop DCB. CurHan pas-
peweHna 3anucu/uteHna (W/R — Write/Read) nopaetcs knodom
[Space]. Ha puc. 184,a nokasaHa opraHu3auuMs COOTBETCTBYIOWMX
nuHnia n AN ¢ Homepom 0. ITy ayerky odopMmum kak Gasosyio Al
n Ha3oeem no-aHrnuickn BSC (Bit Storage Cell — gponyHas 3anomm-
Halowas adyewnka), npeactasuB ee 8 Buae cybbnoka (puc 184,6)
Nonb3aysack 3TUMKM 3aroToBkamu, cobepem SRAM ¢ ABymepHoiA aape-
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Delete I
Rename
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Subcircuit "BSC_00"
Subcircuit "BSC_11"

..
o1
ow
2]
()
9

Subcircuit "BSC_10" Close | EN D
Subcircuit "DC_2x4" —r—
Subcircuit "BSC_01" ]

Subcircuit "RAM4x4" ] r
Subciicut 'EN D" ] 1 ramaxa L

a)

Puc 186 (okoHuaHne) Cyb66noku xomnoHeHTos O3Y ans mukponpoueccopa
(EWB)

cauvewn (cm puc 185). 3peck Ha aucNnNee NOKa3bLIBAETCH HOMEP Bbl-
Oupaemon avenkn. B nanHom cnydae avo 7 (cyev maer C Hyns), T.€
npu BbiGpanHoi cucteme Hymepauum ato AN ¢ agpecom A3B1 lo-
pPSWME HA 3TON SYENKEe UHOUKATOPLI NOKA3LIBAKT, YTO B AYENKe Xpa-
HUTCA eauHuLa, U oHa Bbina BLiIBEAEHA ANA YTEHUA.

MoNb3yack ONUCAHHLIMKM  NpUeMaMu U KOMNOHEeHTaMu, co3aa-
oM moaent O3Y ana pantHeawero UCNONL30BaHUA B MOAENU MUK-
ponpoueccopa. OrpaHu4MMcs naMaTbio 4x4 ¢ NOCNOBHON OpraHuaa-
uuen, HO BLINONHUM ee Tak, 4Tobbl MHopMauMs He pa3pywanack
nocne ee cyutbiBaHus M Gbina obecneyena pa3ps3ka C COOTBETCT-
sylowumu nuHuamun. OtaencHas syenka namaTu B Buae cybbnoka
BSC (cm. puc. 186,a). lanee 13 yeTuipex NoAoGHbIX SYeek co3gaaum
YETbIPE «CTPOYHLIX» INEMEHTOB C COOTBETCTBYIOUWMMU NOpa3psaHbI-
mu agpecamu: BSC_00, BSC_01, BSC_10 n BSC_11 (Ha puc. 186,6
noka3aHn anemeHT BSC_00). Cobpap U3 3TMX KOMNOHEHTOB C NOMO-
Wbl NUHUK Tpebyemylo NOruyeckyilo CTpYKTYpy M AONONHUB ee Ae-
wupaTopom agpeca, nonyuum RAM4x4 (cm. puc. 186,8). Ansa pabo-
Thl Ha O0wWylo WKHY AaMHBIX co3aaaum Taioke cyb6nok EN_D ¢ ve-
Tolpbma Bydepamu WUHLI, UMEIOWMMKU TP COCTOAHUS BbixoAa (CM
puc. 186,r). Bce co3panHble KOMNOHEHTLI NOKa3aMbli HA NONbL30Ba-
TeNbLCKON naHenu Buibopa cy66nokos (Choose SUB) u 8 Buae coor-
seTcTByloWMX cxemHbix YO (cm. puc. 186,4). PaGora mogenn O3Y
M3 yKa3aHHbIX KOMNOHEHTOB NOKa3aHa Ha puc. 187.
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Puc 188 O3Y Ha mukpocxeme 74170 (MC)
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OIX{IX| X[ <

gagus=c

HL2

B 6ubnuoteke uudposbix kOMNOHEHTOB nporpamMMbl MC umeeT-
ca mogenb O3Y Ha mukpocxeme 74170. Jannan Mukpocxema coaep-
xuT O3Y c npoussonbHoi Bbibopko o6vemom 16 GuT (4 cnosa no
4 6uTta kaxgoe: 4x4), KoTopoe NO3BONAET OAHOBPEMEHHO 3anuChbl-
8aTb U cuuTbiBaTb UHGOPMauu. PaboTa aToN MUKpOCXeMbl NOKasa-
Ha Ha puc. 188. 3anucbiBaeMoe yeTbipexpa3psgHoe CnoBo NoaaeTcs
Ha uHdopMayuoHbie Bxognl D1-D4. Buifop sieek npounssoanTcs
nogadqein coOTBETCTBYIOLUMX yPOBHEN Ha aapecHble Bxoabl WA u WB,
a JyTeHue, cooTeeTcTBeHHO, HA RA 1 RB. Pa3pelieHne 4TeHusa u 3a-
nucu npoucxoaut npu GWBAR=GRBAR=0. B paccmaTpusaemoin Mo-
Aenu (cMm. puc. 188) cnosa reHepupyloTca B ABOUMHOM KOAe (DYHK-
UMOHanNbHLIM reHepaTopom G1 v nokaswiBawTCA Ha uHgukaTope HL1,
a BbIBOOATCA U3 NnamsTu ¢ Bbixogos Q1-Q4 Ha ungukatop HL2. Mpu
CYUTbIBAHUW XpaHALWAACH UHOpMaUUA 3geck He cTupaeTca. OgHako
Hanuuue OTKPLITOro Konnektopa u cnoco6 MogenuposaHua 8 AaHHON
nporpamMmme NpusoaAT K HEKOTOPbIM OCOBEHHOCTAM noseaeHua Moae-
nu. Ha npaktuke nogoBHyl MUKpPOCXEMY UCNONL3YIOT B kayecTee Obl-
cTpoaeincTayowero (spems BbiGopku 20 Hc) GydepHoro 3anomu-
Hawwero ycTponcraa.

4.3. Nporpammupyembie yCTpoucraa

Mui monbko 3aidem croda, Ymobbl mMbi MOz
cKa3amsb, 4mo nobuiean e nabupuHme, HO 3mo
coeceM He croxHo. Mbr noxodum 30ecs MuHym
decAms, a NOMOM OMAPasuUMCS 3asmpaKams.

Dxepom K. Jokepom
Tpoe B noake, He cuMTan cobaku

Pa3sutue undpoBON TEXHUKM WUCTOPUYECKU NPOUCXOAUNO Tak,
4yTO B cuctemax o6paboTkM wHopMauuu nokanu3oBbIBANMUCL OT-
AenbHble MYHKUMOHANbHLIE YacTu, KOTOpble uHTerpuposanu 8 cebe
fGonbwoe 4ucno KomnoHenToB. Korga ypoBeHb WHTerpauuu OocTur
3HaYeHUn, NO3BONAIOLWMX peanu3oBaTb HA OQHOM UMM HECKONbKUX
Kpuctannax Tpebyembie nporpaMMHble anropuTMbl, NOABUNUCE MUK-
ponpoueccopbl U UX yNpoLUEHHbIE BapUaHTbl A1 CUCTEM ynpasneHus
— MUKDOKOHTponnepbl. 3Tu ycTpoiicTea OblinM CTaHAApTU30BaHbI
W pasMewanicb Ha OAHOW WUNW HECKONbkUx GOMbLIMX WUNKN CBepx-
GonbLNX UHTErpanbHbIX MUKPOCXEMaX.

Hapsagy ¢ nogobHelMu cTanaapTU30BaHHBIMUA U CNeuUanu3upo-
B8aHHbIMW MUKpOCXemMamu B NOOW AOCTATOMHO CNOXHOW cUcTeme
C Heo6Xx0AUMOCTBIO NPUCYTCTBYIOT U HECTAHLAPTHLIE MEHEE UHTErpu-
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pPOBaHHblE KOMMNOHEHTL!, TAKMEe KaK CxeMbl ynpaBneHus, untepdeinc-
Hble YCTpoicTBa U T.n. Peanuaauus 3ITOW «HECTAHAAPTHOW» 4acTu
cUCTeM NPOBOAUNACH HA MUKPOCXEMAax Manoro U CpedHero ypoBHen
uHTerpauuu. B pesynbtate ¢ yBenuyeHUeM CNOXHOCTU CUCTEM, He-
CMOTpPSA Ha BONbLUYIO MHTErpaUuio UX OCHOBHbLIX YacTen, pocno obulee
YUCNO KOPNYCOB MUKPOCXEM, yXyAwWwanucb BbiCTpogencTaue, Hagex-
HOCTb M Apyrue xapakrepuctuku. Hanuyue HecTtaHQapTHbIX KOMMO-
HEHTOB YBENUYMBASO TaKKEe U CTOUMOCTb KOMNNEKTOB.

PelueHue BO3HUKLLEH aUNeMMbt MeXOy cneuuanusauvei u yHu-
BEpPCanbHOCTbIO NpUBENo K paspabotke Gonblwwux u ceepxBonbllnx
MUKPOCXEM C NPOrpaMMUpyemMoin U penporpamMupyemon CTpyKTypon
Heobxoaumo nog4yepKHYTb, YTO CMbICN TEPMUHA «Nporpammuposa-
HUE» NPUMEHUTENbLHO K AaHHbIM YCTPOWCTBAM, B OTIMYME OT MUKPO-
NpoOLIECCOPOB U MUKPOKOHTPONNEPOB, rae OH akTuyecku o3Hayaer
peanu3auuio  3agaHHoOro anroputma obpaboTKu BXOAHbIX KOAOB,
UMeeT UHOoe coaepxaHue. 34ech peyb uaeT O NporpamMmupoBaHuK Ha
annapaTHOM YPOBHE, @ UMEHHO, O BO3MOXHOCTU NPOrpammHOro ua-
MEHEHUA BHYTPEHHEW CTPYKTYPbl MUKPOCXEM, TaK, 4Tobbl oHO obec-
neyvsBano peanu3auvio Hanepeqd 3agaHHbIX NOrMyeckux YHKUURA.
CTpyKTYpHO-Nnporpammupyemoe YCTpoicTeo, Takum obpasom, craHo-
BUTCA U yHUBEpPCanbHbLIM ¥ CneuvanvauposaHHbiM. He cnegyer, Ko-
HeYHo, 3abnywaartbes, 4To 6yaTo 661 ITOT KOMNpoMUCC Bbin AOCTUr-
HyT GecnnaTtHo: «... CKONbKO Y OAHOro Tena OTHUMAaETCSs, CTOMbKO
NPUCOBOKYNUTCA K APYromy», — rosopun myapbid Muxaiano Bacunbe-
Buy JlomoHocoB. LieHon, sannayeHHon 3a pelteHue npobnemsbt, ABNs-
eTcs annapaTtHas UabbiTOYHOCTb HA BHYTPEHHEM YPOBHE MUKDOCXEM.

MN3BeCTHb! pasnuYHbIe TUMbI CTPYKTYPHO-NPOrpaMMUPYeMbiX YCT-
poicte. BHavane Hago Ha3BaTb NOCTOsIHHbIE 3anoMuHalowue ycr-
porictea Maco4Horo tuna (M3Y — ROM) U ux npoussogHble: npo-
rpammupyembte (MMN3Y — PROM) u penporpammupyembie (PMN3Y).
XoT1a 06bI4HO UX U HE OTHOCAT K AAHHOMY KNaccy yCTPOWCTB, OAHAKO,
npu Bnuxalwem paccCMOTpPEHuUM Cpasy BUAHO: 4YTO U OT Yero
npou3oLWno.

MNepBbiMU XEe B NPAMOM CMbICNE NPEACTaBUTENAMU  [AHHOrO
Knacca ycTporcTs, Gnarogaps KOTOpbiM UX BblAenunu B OTAENbHOE
HanpasneHwe, ABUNUCb NPOrpaMMupyemMble NOrMyeckue MaTpuubl
(NJIM) — coOTBETCTBEHHO HAa aHrMUACKOM siabike — Programmable
Logic Array (PLA). Kctamm, B aHrmMMIACKOM A3biKe npunarartenbHoe
programmable coctaBHoe. program+able, 4T0 4OCNOBHO O3Ha4aeT —
cnocobHbiit (able) Kk nporpammupoBaHuio. 3gecb, B OTNMYUE OT pyc-
CKOro f13blka, UCXOQHOE CNOBO «Nporpamma» — program — MUILETCA C
oaHon m. B pycckom siablke NOABNSETCA NUWHAS M, @ OTTEHOK Cno-
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COBHOCTM K BO3MOXHOCTU NPOU3IBOAUTL NPOrpaMMUpPOBaHUE ATUX
YCTPOWCTB, Npu nepesoge noYTh ucyelaer.

[anee nocnepgosana nporpaMMupyemas MaTpudHas noruka
(MMIT) — cooTBeTCTBEHHO HAa AHIMUIACKOM siablke — Programmable
Array Logic (PAL) u 6asosble mMaTpuyHble KpUcTannbl. Paymeetcs,
B AAHHOM KoHTekcTte PAL — ato oTHIOOb He Phase Alternation Line
(cTpoka ¢ nepemeHHOW ha3oi), KOTOpasa ABNAETCA OAHUM U3 obwie-
U3BECTHbIX CTAHQAPTOB LBETHOrO TENeBUaEHUA.

Yctpoiictea PLA u PAL B aHrnuiAckoid TepmuHonoruu obbweau-
HAI0TCA oadHUM TepmuHom PLD (Programmable Logic Devices) — npo-
rpammupyembie norudeckue yctponcTea. ockonbKy atu ycTpoicTea
peanuayioTcs no UWHTErpanbHON TEeXHONOruM, T0 B OTEYECTBEHHOW
nutepatype oHu wumenyiotca «lporpammupyembimu  Jlormyeckumu
MHTerpanbHbiMu Cxemamu» — MJIUC. Mo cytu aena, ceiivac cgop-
MWPOBAaNOChb N aKTUBHO Pa3BUBAETCS HOBOE HAYYHO-TEXHUYECKOE Ha-
npaBneHue: NPoeKTUPOBaHWE U CO3aaHue LUPOBbLIX CUCTEM Ha OC-
Hoee MJINC, B pamkax KOTOPOro peLLaloTCA 3a4ayqu CUHTE3a CNOXHbIX
KOMBUHALMOHHBIX CXEM, KOHEYHBIX 1 MUKPONPOrpamMMHbIX aBTOMAaToB.

MNonynposogHukoBkie M3Y

B macoyHbix 3Y Tuna ROM (M) uHdopmauus 3anucbisaeTcs Npu
U3roToBNEHUN MUKPOCXEM HA MPOMBIWNIEHHbLIX NPEeanpUATASX C No-
MOLLbIO cneuuansHoro wabnoHa — MackM, Ha UHUILHOM cTaguu
npouecca. B 3Y tuna PROM nogo6Has 3anucb ocyuliectensercs
notpebutenem usgenuii (nonycgabpukaTtoB) ¢ NOMOLWbIO cneuynanb-
HbIX nporpammaTopos. Cob6cTeeHHO nporpammuposaHue M3Y saknio-
4YaeTcs B ONPEAENEeHHOM pa3sMeLleHUU 3INEMEHTOB ANEKTPUHECKON
CBAI3U MEXAY rOpU3OHTanbHbIMU U BEPTUKANbHBLIMA NUHUSAMU (NpO-
BOAHUKAMUW) MATPULIbl 3aNOMUHAIOLLIMX ANEMEHTOB.

JnemeHTamn CBA3W B MacouHbix 3Y cnyxaTt Auoawt, Gunonsip-
Hble u KMOM TpanaucTops: u ap.

Paccmotpum mogens npocreriwero quogHoro N3Y, cobpaHuyto
B nporpamme EWB (cMm. puc. 189). Matpuua B neBoit YacTu cxembi 1
ABnAeTcA  nodobHbIM yCTpONCTBOM. Tononorus («Geapa3MmepHas»
reometpus) 3Y npeacraenseT coboit 4 BepTUKANbHLIX NPOBOAHMKA
A, B, C, D n 16 ropuaoHTanbHbIX (cBepxy BHu3 ot 0 go 15 unu B gso-
uyHoi cucteme ot 0000 go 1111), cBsAisaHHbLIX B ONPeAEeneHHbIX Mec-
Tax guoaaMu [lMoabl pacnonoXeHbl He NO CNy4YaiHOMY 3aKOHy, a Tak,
4YTO €CNM ropu3oHTanNbHbIE NIUHUWA CYUTATb BXOA4AMW ITOro0 norude-
CKOro yCTPOWCTBa, @ BepTUKanbHble — BbIXOAAMU, TO OHO CTAHOBUTCS
csoeobpa3sHbiM Npeobpasosatenem koga Bcsa octanbHan yacTb cxe-
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Mbl K [13Y oTHOWeHUSt He UMeeT, a CNYXAT ANs AEMOHCTpauuu ero
paboTbl. Takim obpaaom, ¢ nomoulblo auoaxoi noruku 8 M3Y «3awwu-
Ta» onpeaeneHHan Tabnuua UCTUHHOCTY.

Mockonbky nony4aembid Ha BbIXOAE KOA NpeAcTaBnseT Camo-
CTOATENbHBIA UHTEPEC, TO A3OUM KOPOTKUA KOMMEHTapUA NO 3TOMY
nosoay. Kak 6bino oTMeuyeHo paHee, B LIY BCTpevyaeTcs U HegBOUY-
HOe KOOUpOBaHUE COCTOAHUIA (XOTR U BbiPaXXaeMOe ABOUYHLIMU YUC-
namu), HanpuMep B cyeTYrKax [PKoHCOHaA.

Mpeacrasum cebe HekoTopoe OTO3INEKTPUYECKOE YCTPOUCTBO,
BbipabarbiBaloliee KoAoOBYIO NOCNEAOBATENLHOCTL NpU Nepexoaax
44 TUNa oceelleH — 3aTeMHed. COOTBETCTBEHHO, OCBELLEHHOMY YCTpOit-
ERE CTBYy cooTBeTcTByeT Koaosas 1, a 3aTeMHeHHoMmy — 0. Mocneposa-
QemOM &y 5N TenbHoCTb NoAoBHLIX Nepexoqos A4aCT ABOUYHbIE yucna. MNpobnema
S BO3HUKaET NpuU Nepexofe OT OAHOro yucna k apyromy. Ecnu cyer
BECTU B HATYPanbHOM ABOUYHOM KOAE, TO, HanpuMep, Npu nepexoae
oT 0111,=74¢ K 1000,=84, AOMXHLI NOMEHATLCA UuUdpbl BO BCEX pa3l-
pRAax, U BEpOATHOCTb OWUOKU 34eck KpaiiHe Benvka. Tenepb 3aKo-
avpyem  undopmauyuio Tak, 4tobbl nocnepyoue ¥ npeabigylme
4YUCNa OTNUYENUCH TONBLKO B O4HOM CaMOM cTapweM paspsae. B pac-
cmatpusaemom npumepe: 01005=740 K 11005=84o . Toraa, Npu Haxox-
AeHuu dotonpeobpasosatens Mexay 7 4 8 (T.e. mMexay CBETOM
¥ TEMHOTOi1), NocneaHas uMdpa cTapwero pa3psaa MoxeT ObITb on-
peaeneHa c NOrpelwHoCcTbO He Bonee NONOBUHLI UHTEPBANA KBAHTO-
BaHWA. B utore Ha Bbixode MOXHO nony4utb nu6o 01005, nubo
1100s. 31y owmbky B CBOIO OuUEpedb MOXHO CAENaTb CKONb YrogHO
MasIof (B TEXHUYECKOM CMbICNE) 33 CHET YMEHBLLUEHUS WAEra KBaHTo-
BaHua. Mockonbky B LY ucknioyaeTcs HeobxoaMmMocTb oaHOBpEeMEH-
HOro NEpPeKNIOYEHUSs MHOTUX pa3psAoB, TO AaHHBIA Koa ABNSRETCA NO-
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Tabnuua4d

| Koa |
| [eCATUMHLIR [BOWMMHLIA [ Tpes ‘
L e d c b | a D c | B A
! 0 0 0 0 0 0 0 0 0
{ 1 0 0 0 1 0 0 0 1
2 o | o 1 0 0 0 1 1
3 0 0 1 1 o | o 1 0
4 0 1 0 0 0 1 1 0
[ 5 0 1 0 1 0 1 1 1 |
| 6 I 0 1 1 0o "o | 1 0 1 1
7 0 1 1 1 [ 0 | 1 0 0
| 8 1 0 0 0 1 1 0 0
.9 1 0 0 1 1 1 0 1
10 1 0 1 0 1 1 1 1
11 1 0 1 1 1 1 1 0
12 1 1 0 0 1 0 1 0
13 1 1 0 1 1 0 1 1
[ 14 1 1 1 0 1 0 0 1
L 15 1 1 1 1 1 0 ol o

AHann3npya npuefeHHylo Tabnudy, MOXHO oBHapyXuTtb pas-
NWYHbIE CUMMETPUK, CBOWCTBEHHbIE Koay pen. OTMeTUM TONbLKO oa-
HY W3 HWX. €CNW CKNEenTb HWXHWA PAR Yynucen C BepXHWUM B KONbLO
(4WNUHAP), TO 3aKOHOMEPHOCTb, CBA3aHHaA C U3MEHeHUeM CTapuero
pa3pafa, OCTaHeTCA B CUe, T.e. 3TO NOSHbIA LUKNUYECKUi KoA.

BepHemcsa Tenepb k paccMmoTpenunio pabothl M3Y, nokasanHoro
Ha puc.189. Heobxoaumble yucna 3aaaloTcs B yeTbipexpa3psaHoM
ABOUYHOM KOAe C BbIXOAa reHeparopa CNoB Ha YeTbipexpa3pAgHbId
aewmdpartop/aemynstunnekcop 4x16. Ha ogHom u3 16 Bbixogos
MWKPOCXEeMbl, COOTBETCTBYIOWEM AECATUMHOMY NpeaCTaBAEHUIO 3To-
ro yucna, BO3HUKaEeT CUrHan HW3koro ypoBHsa. K coxanenuio, B YTO
74174 nporpammbl EWB Bbixogbl noka3aHnbl npAMbIMKA. [1N8 nHBEpcun
BbIXOQHbIX CUrHanoB ucnonb3ayem 16 uneepropos (NOT), obpa3sosas
13 HUX noaxoasuine cybonoku. C BbIXOQOB WHBEPTOPOB CUrHan no-
[aeTcA Ha OQHOWMEHHbLIE N0 HOMepaMm ropu3oHTanbHble NPOBOAHWUKW
O3Y »n oaHoBpeMeHHO ana HarnNsgHocTW Ha nesbit pag CHUA v Bbi-
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XOAHLIMY AUHUAMIW NPUBOAUT K TOMY, YTO CUrHas, NPOXOAR NO HEKO-
TOpbIM (NPAMOBKNIOYEHHBLIM) AuodaM, NOCTynaeT Ha onpegeneHHble
BbixoAHble Nuhuk, B nopoGhom cnyvae 3aropaloTCa COOTBETCTBYIO-
wue CN[ sepxHero psga. Tak, Ha puc. 189 noka3san cnydvan, korga
yucno Ha reHepartope cootBetcTByeT 0101, ropuT B BEpPTUKANLHOM
psay CNL Ne5 (cambiii BepxHuwint CU[] npuHAT 3@ HyneBow), T.€. AeKo-
AWpoBaHWe B OQECATEPUYHYIO CUCTEMY OaeT 4ucno 5., W B BepxHeM
(BbixoA M3Y) untaem B koge Ipen wncno 0111;.

MonyyYeHHbI pe3ynbTaT NONHOCTLIO COOTBETCTBYeT npuBeaeH-
HOi Bble Tabnuue Kak yxe oTMevyanocb, BbINONHEHHOE B Buae
MukpocxeM nogobHoe YCTPOWCTBO MOXET WCNoNb3oBaTbCsA, Hanpu-
Mep B aHanoroso-unpoBbiX npeobpasoBatensx Ho Mbl noka He oT-
BETWNW HA BOMNPOC, @8 B Y4eM Xe COOCTBEHHO 3aKNi4anoch nporpam-
muposaHue O3Y?

na 3toro Hapo paccMoTpeTb obpartHylo 3agady. Tak BOT nycTb
HeobxoauMo co3nate nogoGHoe O3Y. B cootBetcTBUM ¢ TU MOXHO
COCTaBUTbL CXEMYy MeXCoeauHeHuit B maTpuue — CXeMy ee «NpoLlnB-
ku». [locnegunic Tepmun gocranca Ham B Hacneactso ot [13Y Ha
deppuTOBbLIX KONbUaX, B KOTOPLIX NPOUECC NPOrpaMMUpOBaHNA  Ha-
noMuHan BbiWBaHWE, NOCKONbLKY NpoBoAa NPONyCcKanucb Yyepes on-
peaeneHHble Konbla, Aa W BbiNoNHANW 3Ty paboTy XeHUWHbI.

Ansa Toro 4yTobbl Kak B paCCMOTPEHHOM NpuUMepe Npu BXoae Ha
rOPU3OHTaNbHYIO NUHWIO NeS curHan BeIXOAMN HA BEpTUKANbHLIX M-
Husx A, B, C, Heobxoaumo, ytobbl Mexay aTuMu niuHuaMu Gbinw npa-
MO BKNIOYeHbl COOTBETCTBEHHO Tpu Auoaa 3TO COOTBETCTBYET Anoa-
HoW noruke UJIA. B TO Xe BpeMs curHan B 3TOM cnyyae He AOMKEH
nonafaartb Ha nuHnio D

Mpu macoyHom cnocoGe Avoabl BbIPaWMBAKT HA HYHMHbLIX MEC-
Tax no cneywanbHoit macke [lpw nporpammupoBanun O3Y B uU3Ha-
YanbHO NOMHOCTLIO 3aNONHEHHOW mMatpuue (koraa Bce BXOAHbIE Nitd-
HWK CBA3aHb! AM0AaMK CO BCEMMW BbIXOQHbIMKW) P CBA3ERA HAQ0 NK-
BWOWpPOBaTb, TONbKO U Bcero. Takum obpa3om, kak Gbl BCA namaTb
6bina 3abuta eguHULaMK W HEKOTOpbIE M3 HWX Haao ctepeTte. OgHako
He cnepyet ocobenHo obonbiartben Kaxyuencs npoctotoi. Ckopee
cneayeT BCNOMHWTL, Y4TO W Camana pacnpeKkpacHaa cKynbnTypa, no
BoipaxeHuuio Mukenangkeno, — 310 BCero NuLb rnbiba mpamopa, U3
KoTOpoi ckynbntop ybpan Bce nuwHee. Ecnn xxe Bam nokaxetcs, uto
CpaBHEHWE C UCKYCCTBOM 3eCb HEyMeCTHO, TO 3amedy Nullb, 4TO
04Ha W3 NyYWwunX NPAKTUMECKUX KHUI MO IMEeKTPOHWKE, KOTOPYID Mbl
HEOAHOKPAaTHO UMTUPOBaNK, Ha3biBaeTCA «/ICKYCCTBO CXEMOTEXHUKU»
(a B opurunane ewe 6onee u3AwHo: «The Art of Electronics»).
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Cwmogenvpyem npouecc nporpammmpoBaHusi, Boidenus OTAENb-
HbIi hparMeHT MaTpuuHoi CTpykTypbl MfIA (cm. puc. 190,a) us asyx
anonos DD1 u DD2, nocneposartentHO C KOTOPLIMYM BKITIOYEHDI NNae-
kme Bctaskm FS1 u FS2 (ot FUSE - nnaskuil npegoxpaHutens).
MycTe HOMUHANLHLIA TOK BCTABOK HA NOPSAOK MEHbLUEe MAKCUMANbHO
AONYyCTUMOro ANsA AUOAOB (T.€. OHU AO/MKHBLI «NeperopeTb» paHblue,
4YeM AMoA BbINAET U3 CTPOS NPYU NPAMOM BKITIOYEHUM).

BxogHble ropusoHTanbHbieé Nposoda martpuubl B 3TOM He6Gonb-
wom cparmeHTe npeacTtaeneHsl Bxogamu X1 u X2, a BbIxogHble
BepTukansHble — npoogom F. Uctouwuk E2 npepactasnsetr coboi
WTaTHOE NUTaHWe MUKPOCXeM, 8 UCTOYHUK E1 C noBbIWEHHLIM Ha-
npskeHVeM u knwoyamu [Space] 3aece mogenupyet nporpammartop.
Mpeanonoxum, 4To B 3TOM hparMeHTe UMEHHO CBA3b, Obpasyemas
avonom DD1, sisnsietca nuwwei. MNepekniouus knouu [Space] B Hux-
Hee MNONoXeHue, nogaem Ha 3Ty CBA3b MNOBLILEHHOE HanpskeHue
U nepexuvraem nepembliuky. [JedCTBYS aHanorMyHo no 3apaHee pas-
pa6oTtaHHoi nporpamme, nony4aem Heobxoaumoe M3Y.

Bo3spawanch kK NOHATUIO U30ObITOYHOCTU, BUAUM, YTO @ AAHHOM
cny4ae u3 64 AMo40B HaM NPULINOCH Gbl YCTPaHUTL POBHO NONOAUHY

O6bI4HO B KayecTBe AMOAOB B maTtpuue MCNonbayloT Bunonap-
Hble (cm. puc. 190,6) u MOI-TpaH3UCTOpbl B AUOAHOM BKITHOYEHUM.
OGbIYHO 3TO B MACo4Hble unu nporpammupyemsle MN3Y «npowusaroT»
ancasuTbl U CTaHAApTHbIE YHKUMK. [epembluki U3roTaBNuealoT U3
BbICOKOOMHbIX CMAaBoOB MNU NONUKPUCTANNOB. MCNonb3yloTCs Taloke
BCTPEYHO-BKIIOYEHHbIE NOCNeAcBaTeNnbHO COeAMHEHHble AunoAabl U
Apyrue anemeHTbl. bonee cosepuweHHble TexXHoNoruu npegycmarpu-
BaOT NPOWMUBKU YNbLTPAUONETOBLIM CBETOM WU 3NEKTPUYECKUMMU
nonsiMu.

Nporpammupyemasn normka

OcHOBOW NporpammupyembiX NOrMYeckux Matpuy U nporpaMmmu-
pyemoit matpuuHon norukn (MIM v MMN) cnyxur nocnegosartens-
HOCTb ABYX martpuu: u3 anemeHToB ¥ Ha Bxoae U UJIN Ha Bbixoae,
a rawke cooTeeTcTBylowme GydepHble kackagbl.

Takum oGpasom, B NEpeoit MaTpuue OCYLECTBNNAIOTCA Heobxoau-
Mble onepauum ¥ Hag BXOAHLIMU NEPEeMEHHLIMU B NPAMON U UHBEPC-
HOi popme, a 3aTeM 3T pe3ynbTaTthi B HYXHOM COMETaHUM BbIBOAATCH
BTOPOW MaTtpuuei 3a cuet onepauuu U/ Otciopa cneayert, yto MM
peanu3yioT AW3IBLIOHKTUBHYIO HOPMantHyilo GhopMy B ABYXYPOBHEBOW
noruke. 310 COOTBETCTBYET OGLIYHOMY BbIBOAY NOTUYECKUX DYHKLMNA
«no eauHuuam» B Tabnuue nctuHHocTn KomBuHauun nepevncneHHbixX
onepauuin u onpegenstoTca NporpaMmupoBsaHuem
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BxoaHble 6ydepbl npeobpasyloT oaHOMA3HbIR CUrHan B napa-
hasHblit, T.€. 4AIOT Ha FOPU3OHTANbHbLIE NUHUM MaTpUUbl nNpAMoN n
UHBEPCHbIA CUrHanNbl, 3TU CUrHaNbLI NOCTYNAlOT Ha AVIOAHbIE AHEKA,
cobpaHnHble no cxeme M (B OTNMYME OT pacCMOTPEHHOW Bbiwe AuoAa-
Hon Matpuubl f13Y), B KOTOPbIX NpU NpPOWMUBKE OCTaBNEHbl Heobxo-
AuMble CBA3M, a 3aTeM cobupaloTca B maTtpuue U/,

B MMIT matpuua A/IM nMeeT XecTKylo Noruky, a NporpaMmmupy-
erca Tonbko maTtpuua M. 310, 6e3ycnoBHO, CyXaeT BO3MOXHOCTM
yctpoicte. B TI/IM — nporpammupyiotca obe MaTtpuubl, 4TO0 aaer
BO3MOXHOCTb COEAUHUTL NOOO0A KOHBIOHKTOP € NOOLIM AUIBIOHKTO-
pom. [TporpammupoBaHue MarTpuusl M/I1 Moxer GbiTe BLINOMHEHO,
Hanpumep, aHanorU4HO NokasaHHoMy Ha puc. 190,6.

CyuiecrseHHoe pacwupeHue CXEMOTEXHUYECKVX BapuaHTop M
COOTBETCTBEHHO BO3MOXXHOCTEN NPOrpamMupyeMon NOruku AocTura-
€TCS BBeAEeHMEeM BHELWHUX cCoeauHeHUun mexay matpuuamu M u VNN
1 opraHusauueil o6paTHbIX CBA3E.

1kYSV
y
0
VT1
R1
J 500kQ F
VT2 O
? : 2404
DD1
7 Y L
S P

Puc. 191. Mogenb pparmerta NNUC ¢ ynpasnsiembim Bbixogom (EWB)
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B unTerpanshoit TexHonoruu AINNC, KpoMme Toro, B orgensHble
AHEVKN BBOASAT AONONHUTENbHBLIE 3NEMEHTSI, Hanpumep Tpurrepbl
Moaene dparmenTa MNNC, B AYENKy KOTOpON BBEAEH Tpurrep, noka-
3aHa Ha puc. 191. 3apecsh BONLTMETP NOCTaBNEH AMA OTNAAKU pexi-
ma. (BoobLue xe ata mopenb secbma KanpuaHa v, ckaxem, cobuparb
Ha ee oCHoBe Kakue-nubo ycTponcTBa He OuYeHb yaob6Ho.) Ynpasne-
HUe Tpurrepom no nuHuaM R,S paspewaet wnu 3anpelyaeT cBA3b
MaTpuiHbix sueek M u UM Takum o6pasom, MANC ¢ noao6HbIMY
fYerikamn nossonseT rubKo U3MEeHsTb (nepenporpammuposarts)
CTpyKTypy yCTpoicTBa B npouecce paboTsi.

B nporpamme MC umetorcs npocrewue mogenu NAM u MM
YCTPOWCTB, Ha KOTOPbIX MOXHO NO3HAKOMUTLCS C HEeKOTOpbIMU 0OCO-
GeHHocTaMn ux ceoitcTe. 3agagum komaHabl Components>Digital
Primitives>Programmable Logic Array, nocne 4ero otkpoercs BbIGOp.
PLAND33 - nporpammupyembie noruyeckue Matpuust Tuna AND
C Tpems Bxopamu u Tpems BbIxoAaMu (pasmepom 3x3), PLOR33 -
NporpaMmupyemble noruyeckue marpuubl TMna OR pasmepom 3x3
n PLANDC33 — nporpammupyembie noruveckue maTtpuust Tuna AND
pasmepom 3x3, Ho coaepxaluue Takke BHYTPU Hapsaay co ctonbuyamu
NpsMoro koAaa u ctonbusl o6paTHOro koaa.

Haunem c matpuusl PLAND33, KOTOpas aanee AnNA CoKpawleHUs
3anucen o6osHavaeTca kak PLA u gonontsetcs NO3ULUMUOHHLIM HOMe-
pom, Hanpumep, PLA1 (cm. puc. 192,a). Floacoeannum k Bxoaam In0—
In2 uudposbie Kouu, a k BbIXOAAM — UHAUKaTOpLl. CTpyKTypa mart-
PUUbI B NaHHOM cnydae aHanorudHa crpyktype TU. 3aech TOnbKo
HaA0 OTMETUTb, YTO B NaHHOW Nporpamme Hymepaums BX0OAO0B WUH-
BEpPCHA NO OTHOLEHUIO K NPUHATOR HaMn paHee B TU nopaspaaHon
YACNOBOW HymepaLuu.

o c A
0
OutD
.DEFINE PLAL B¢ —oH ] vo
0l 01 1o Out1 Y1
01 10 01 PLA1 o iy |
10 ol o1 42 5Ty

a)
Puc. 192 (Havano)
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Test lPallemsl Qiientation | Fort |

|
i
l
.DEFINE PLAL B§ -] |
0l 01 10 |
01 10 01 |
10 01 01 .
i
|
|
ul
0K Otmena J ﬂpumenmb‘ CnpaBka H
6)

Name - — — rValuo —_— =

|TIMING MODEL r Show ] I~ Show Change ]

erplay -
| T~ PnMakeis ¥ PinNames l" Pin Numbers I" Cunient I_ Power ¥ Condlion

POWER NODE=$G_DPWR
GROUND NODE=$G_DGND |
nACV ACr

0K | Carcel | Font. | add | oeer | Help... | _A_l

New | Syntax... l Fiu! | Expand.,l Help Bar l HfrrmrxJ —‘—l_v_l—b—l

Source Globat Bbrary located at D:\UBRARY\DIGIO.LIB

TPLHMN |1 TPLHTY |1 TPLHMX |1
TPHLMN {1 TPHLTY |1 TPHLMX|-1
OFFSET [0 COMPOFFSET |1 {NSCALE |0
OUTSCALE |0
B)

Puc 192 (okoH4aHue) MM tuna AND (MC)
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o X2 o X1
InO {In1 In2
Out0
.DEFINE PLORl B$
001 PLOR1 Out1 Y4

010
100 0 v

Puc. 193. NNIM tuna OR (MC)

Ana nporpaMMUpoBaHKUA MaTpuubl Haao Kak Bbl 3anonHuTL Co-
oTeeTcTayowyo TW suaa:

CocToaHuA
coeauHeHUN Bbixoab! CoCToRHUA BbIXOA0B
In2 In1 In0
Outo Y0=In2& In1& In0
Out1 Y1=1n2& In1& In0
Out2 Y2=1n2& In1& In0

M3HavyanbHO BCE BbIXOAbI MMEKT 3HadeHust nor. 1, u ecnu TU
ByneT nycToi, To Ha BCcex Bbixoaax byayT eaunuubl. Kak npasuno —
3TO BEpHbIW Mpu3HaKk TOro, YTO BBOAMMbLIE AdHHbie He nonajaT
B pacyeT. A3sbiK, NPUMEHAEMbIR AN ONMCaHUst COCTORHUIA coeavnHe-
HUK NO OTHOLUEHUIO K BXOAHBLIM CUrHaNaMm, UMeeT HeKoTopbie 0CobeH-
HocTu. flor. 1, T.e. Hanuyue coeauHeHus, koaupyetcs kak 1 unu 10,
OTCYTCTBME coeAuHeHus koaupyeTcs yepe3 0 wunu 00, u, HakoHew,
UHBEPCUS NO OTHOWEHUIO K BXOAHOMY curHany kak 01. B nocneaHem
cnyyae 0 nepen 1 3aMEHSET WTPUXU B BEPXHUX MHAEKCAX unu 4YepTy
cBepxy, 0ObiMHO npuMeHsieMble ansi 0603HadeHus uHBepcuu. [o-
CKOMbKY BbIXOAHOW curHan copMmupyeTcs onepauuen Y, To npu 3a-
nonHeHwuu Tabnuubl HaAo Tak 3aaaTb COCTOAHUSA, 4ToDObI, ecnu Tpeby-
eTCcA, NoNyyuTb eArHUUY ANA onpedeneHHoro COCTOAHKUA BX0A0B, TO
¥ COOTBETCTBYIOLLAs Onepauus no CTpOKe AOMXKHa AaTb eAuHuly.
Hanpumep, ecnu  Tpebyetca, ytobbl Y1=1 Tonbko npu eauHKuUe Ha
Bbixoge Y1=A'BC'=1 Camy nporpamMmMy KOAMPOBKW MaTpulbl MOXKHO
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HanevaTaTb B TEKCTOBOM OkHe, OTKpbis ero komanpow Ctrl+G unu
wenkHys JIKM no cootsercTeylowen Haanucu 8 NesoM HIWXKHeM yrny

ocHoBHOTO okHa LINTextAPage 1/ Bosgpar wa pabouyio CTpaHuuy
ocyulecTBnaeTca NOBTOpHOW koMarnaon Ctri+G unu wenykom JIKM no
coceaHen Hagnucu Page [ns oTnapgku cxeMm Matpuuy yao6Ho pep-
XaTb nepej rnasaMu BMeCTe CO CXEeMOW, YTO MOXHO BbINONHUTL, Ha-
neyaTas ee B peXuMe HaHEeCeHMa Haanucein Ha cxeMy. 3TOT pexum

BbIbMpaeTca KHONKON T wan  komaHgon Ctri+T B nossusluemcn
okHe (cMm puc. 192,6) neyataetcs nporpaMMa 8 chopmMate

DEFINE [DATA=<dinar cucrteMbl cuucnenua>$<paHHble npo-
rpamMmbl>$)

B Hawewm cnyvae Kak dnar cucteMbl CYUCNEHUs UCNONb3yeTCs
naTtuHckan Gyksa B (ot Binary — aosovyHasn), 3HakoM gonnapa $ 8bl-
Aensetca paboyasn 4acTb nporpaMmel. (AMepukaHubl Tak nioGaT aTor
3HaK, 4TO CTaBAT €ro r4e Hago U He Hapo; C NepBbIM A0NNAPOM Npu-
nerca cmupuTecs, a 6e3 BToporo nporpamMMa paboTaert, Tak 4To CaKo-
HOMMUM W nevataTb ero He BGyaem) OueHb BaxHO, 4TOObI B OKHe
CBOWCTB KOMNOHeHTa (CMm. puc. 192,8) meTka AaHHbIX cosBragana ¢
NPUHATON B TEKCTOBOM OkHe. B paccmarpusaemom cnydae — 310
PLA1. Hano uMeTb B Buay, 4TO HE AONYCKAETCA HanNuuusa B OQHOM
daiine konuin NporpamMmm KOAWPOBKWU OOHOTO U TOrO e ycTpolictea B
nogo6Hom cnyyae soiaaerca coobuienue 06 owmnbke (Error) Tuna Ha-
nuauna ay6nukara (Duplicate. Define...).

Bropoit nporpamMmupyemoin MaTpuuen ssnaetcs M1, kotopylo
Mbl 0603HauumM kak PLOR1 (cm. puc. 193). B aToil MaTpuue ucxoaHo
BCE COEAMHEHUA OTCYTCTBYIOT, U NPYU OTCYTCTBUY NPOrPaMMUPOBaHUs
Ha Bbixoae 6yayT Hu3Kkue yposHu. IMockonebxy npu onepauun ASIA nor.
1 6yner Ha Bbixoae, ecnu xoTa 6bl 0ANH BXOA 6yaeT coefUHeH C Bbi-
xonoM, To Heobxoaumo B cooTBETCTBYIOWMX yanax o6pa3osaTb no-
AobHble coeauHenus. Hanpumep, ecnu no sbixogy Out1 Hapo uMeTb
anemeHT 3UJIA, TO B BEpXHEN CTPOKE HY)KHO NPOCTABUTL TPU €AUHU-
ubt (cm. puc. 193).

PaccMoTpeHHble MaTpuuybl 40NYCKaT B NpUHUUNE pacluupeHune,
Kak no BxoAam, Tak U No Bbixogam. Ha ocHoBe aTUX MaTpuy MOXHO
NOCTPOUTL pasnundHblie KOMOUHaUWOHHbIE YCTPONCTBA.

Ha puc. 194 nokasaH aekoaep 3x8 Ha MJIM Ttuna PLAND33.
3necb Tpu MaTpuubl PLAT-PLA3 umeloT uHansmayanbHele Nporpam-
Mbl COEAUHEHWUI 1 BKNIOYEHbI NapannensHo no sBxoay. Pabora atoro
Aewwndpatopa NONHOCTLIO aHanorM4yHa paHee pacCMOTPEHHOMY Ha
puc. 194,
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[=] =] m 0—
X2| Xt X0
DEFINE PLAL B f ol
. $
01 01 01 L HOH ] vo
Ol 01 10 PUnt | HOH 1
01 10 0L

—[0H ]v2
.DEFINE PLA2 Bjf§

0L 10 10 —OH_Jv3
10 01 01 puUa2 | HOH Jva

10 01 10

11l Y5
.DEFINE PLA3 Bj§
10 10 01 0 Ye
10 10 10 PLA3 HoH_Jv7
00 00 00

Puc 194 fewwudpatop 3x8 Ha NNM (MC)

Ha puc 195 nokasaHa ctpykrypa MynbTUNNEKcopa 4x1, sbinon-
HeHHOro Ha mMatpuuax Tuna PLAND33 u PLOR33. 310T MynbTunnek-
COp Talke aHanoruyeH paHee pacCMOTpeHHoMy Ha puc. 104,a. 3pech
Ha MaTpuuax M/IM sbinonHeHo pacwmpenne no Bbixoay. DaKkTUIEcK
NpuBeaeHHasn CTpykTypa nokasbiBaeT moaens Tuna MIM: MaTpuusl
PLA1-PLA4 cooTsetcTByloT nporpamMmupyemoi MaTpuue M, a mart-
puubl PLOR1 u 2 — nporpammupyemoin matpuue M.

N3 npuseneHHbIX Cxem MOXET CROXUTLCA BREYaTneHWe, uTo
MaTpU4HbIE YCTPOWCTBA CNOXHEE aHANOrMYHLIX, BLINOMNHEHHbIX Ha
OTARENbHbIX UHTErpanbHbiX KOMMOHeHTax. Ha camMom Aene 3To He Tak
Bo-nepsbix, Hano 3ameTuTs, YTO NPorpaMMHylo Moaens 3x3 BpAn nu
MOXHO Ha3BaTb YAAYHOM NO KONW4ECTBY BXOAOB W Bbixodos. Bo-
BTOpbIX, C POCTOM CMOXHOCTU YCTpolicTBa oHu 6yayT sce Gonble
NPEBOCX0AUTL CBON aHANOMM N0 MHOMUM XapaKTePUCTUKaM
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.DEFINE PLAl B#
10 01 0l PLA1T
00 00 00
00 00 00

Sty

[1

H1] H-ll

PLOR! | H@] PLORZ HD]
~0]

2l

.DEFINE PLA2 B§
10 01 10 PLAZ
00 00 00
00 00 00

glsle

.DEFINE PLA3 B¢
10 10 01 PLA3
00 00 00
00 00 00

.DEFINE PLA4 B¢
10 10 10 PLAS
00 00 00
00 00 00

ééT éé%

Puc. 195. Mynbtunnekcop 4x1 Ha /1M (MC)

B 3aknioyeHne npueegem Mofens BOCbMMPA3PSAAHOTo Komnapa-
vopa Ha MNUC yuna PAL16C1 (cm. puc.196,a). 3vor komnapavop
CpaBHMBaeT fBa BOCbMMpa3pAAHbLIX cnoea. Ecnu oHu pasHbl, 10 1
BLIBOAUTCA Ha Bbixog EQ, a ecnu He paeHbl, T0 — HA NE. Mporpam-
MMpOBaHWe KomMnaparvopa OCYWEeCTBNAeTCA B cCneuuwanbHOM TEeKCTo-
BoM daiine JEDFILE, nmeiowiem pacwmvpenune .JED: «PAL16C1.JED»
(cm. puc. 196,6).

MNNC B HacToAWEe BPEMA WUPOKO WCNONL3YITCA B KayecTee
MHTEpP@ENCHBIX CXEM, a Taloke B MUKPONPOLIECCOPHbIX CMCTeMax Npu
opraHusaumu obmeHa UHGopMaUUed 1 CTLIKOBKU Pa3nuyHbIX MUKpPO-
cxeM Mexay coboi u ycTpoiicTBaMmn BBOAA-BLIBOAA.
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a)
8-Bit Equality Comparator*
QP20* QF512* FO*

LOOO
01101111111111111111111111111111
10011111111111111111111111111111
11110110111111111111111111111111
11111001111111111111111111111111
11111111011011111111111111111111
11111111100111111111111111111111
11111111111101101111111111111111
11111111111110011111111111111111
11111111111111110110111111111111
11111111111111111001111111111111
11111111111111111111011011111111
11111111111111111111100111111111
11111111111111111111111101101111
11111111111111111111111110011111
1M1111111111111111111111111110110
1M1111111111111111111111114111001*
C3BC4* 85E5
6)

B0 =
e
Bl =
Pﬂ?g NEIF 0
18C1
D
£ B A
Y 9] 3 14 gg )
B s 0\ e
- s ® g B3 N\ o
% 6 18 Bg _-
26 ? 1e 3
A : g 56 B4 o
B7 _/_«
- 1
B5 =
Ea[] -
BN

Puc. 196. BocbMupa3apaaHbIin komnapatop Ha NANC PAL16C1 (MC)
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4.4. Mukponpoueccopbl

«A He n1opa nu Ham 3amMaxHymsca
Ha Buneama Hawezo Wekcnupa?!y
K/ «Beperncb aBTomobunan.

[Aa, HacTynuno Bpema «cobwpaTtb kamHuy». Becbma OCTPOYMHO
«KamHem» paguoniotutenyu HasbIBaOT MWKPONPOUECCOp, NOCKOMbKY
OH BbINOMNHEH W3 KpUCTANNa KPeMHus. ..

3a ncTekwmne Tpu AecaTUNEeTA MWKPONPOLECCOpLl NPOWNN MW-
raHTCKWiA NyTb OT nepBoro yuna Intel 4004, conepxawero 2300 Tpax-
ancropos, pabortaswero Ha vacrore 750 k'Y » BbLINOAHNBLUErO
60 TbiCAY onepauni B CEKyHAY, A0 COBPEMEHHbLIX MMKpPONpOLEeCCOpOB
Intel, AMD, DEC v gpyrnx Begylumx KOMNaHWA, CogepXalLmx QecCATKn
MWUNNMOHOB TPaH3UCTOPOB, paboTalowmx Ha rurarepueBbix 4acToTax
1 BLINOMHAICWMX MUNNMEPAbBI ONepaumnin B CeKyHAay.

Mpocreiiwan 3BM, paccmatpuBaeman Ha annapaTtHOM ypoBHe,
COCTOWUT M3 NATU DYHKUMOHANbHLIX BNOKOB YCTPOWCTBA BBOAA, MWK-
ponpoueccopa (Bkntouatowero AJTY n ycTpoiAcTBO ynpaBneHus), na-
MATU 1 YCTPOWCTBaA BbiBOoga Camo coboi pasymeeTcs, 4To NpuUcyTcT-
ByeT u 6nok Heobxogumoro nutaHua CBA3b Mexdy OTAeNnbHbIMU
6nokamun oCylwecTBNAETCA € NOMOLLBLIO COOTBETCTBYIOWNX LWNH

Noa TepMMHOM «wWwuHa» Gyaem NOHMMAaTL COBOKYNHOCTb NUHMWIA
(NpOBOAHMKOB), NO KOTOPbIM NepefaeTca MHPOPMaUNR UNn IHEPrus
OT NoB0Oro 3 HECKONBbKNX NCTOYHNKOB K NMIOBOMY M3 HECKONbKMX Npw-
emMHunkoB [loCKONbKy BOKPYr 3TOro TepMuHa B fiutepaTtype He OauH
OECATOK NeT NPOAONKAETCA MArKas QUCKYCCUA, TO, He BCTyNas B Hee,
OrpaHUYMMCA MWL HEKOTOPbIMW NCTOPMKO-ANHIBUCTUYECKUMKW 3ame-
YaHwAaMK. B pycckom asbike camo CnoBO «twnHa» 6bino ynotpebneHo
ewe M.B. [lomoHOCOBBLIM NPEANONOXUTENBHO K «KENEe3HOMy 06py4y
Ha obope koneca». 3710 6bINO NpAMOE 3aNMCTBOBaHNE N3 HEMELKOro
- Schiene, nmetowero sHaYeHnn: WWHa, pense, NyGOoK; B aHrMMACKOM
A3blke nogobHoe 3aumcTBOBaHWE NpuBENo K CnoBy Sheen — ronesb,
npubnnxatolwemy Hac K He oyeHb NPUATHON MeaununHe. B otevect-
BEHHOW nuTepaType NO BLIYUCNNTENBHOW TEXHUKE 3ITO HemeuKo-
pycckoe cnoBo 6bino NCNoONb30BaHO Kak nepeBog aHrAminckoro —Bus
NocnepHee ABRAETCA yceveHHbIM OT «omnibusy, NPeaCTaBANOWNM B
NaTUHCKOM A3bIKe CNoBO OMNiS — «BeCb, BCAKWY, UMEIOLLLEM BO MHO-
XECTBEHHOM 4WCne AaTenbHOro nagexa OKoHuaHue ibus. Tak pum-
CKne KonecHuubl M noBO3kM umnepatopa Knaeaus, 3aBoesaswero
IOXHYIO 4acTb TymMaHHoro Anb6uoHa, NpeBpaTnnnCb B aHrMWACKWE
OMHWBYyCbl — 06LlecTBeHHbIN TpaHcnopT. He 3Has natbiHn, abopure-
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Hbl, OTGPOCMB OCHOBY CMOBa, CTanu Ha3biBaTh MX NAKOHWYHO — Bus,
¥ NO3Xe nepeHecnu 3To CNoBO Ha Ha3BaHwe aBTobyca.

MHorosHayHocTe (nonncemMnsa) A3bIKOB MWPa W WCNONb3OBaHME
meTacgop Ana 00pasoBaHuA TEpMUHOB B HOBLIX OBMACTAX Haykw
U TeXHWKW HMKOraa He ocTaBAT Ge3 Tpyaa NMWHIBUCTOB, NEPEeBOAuM-
KOB, peQakTopoB W pa3nuuHbie KOMUTETb W KOMUCCUMKM NO BbipaboTke
CTaHgapTos. Hanpumep, B aHrMMNCKOM A3bIKE MOXHO YKa3aThb elwe Ha
PAR CNoB, MMEIoLWX B PYCCKOM A3bike 4OCTaTOMHO Bnnskne (B yHk-
LUMOHaNbHOM OTHOLWEHWN) K CMOBY «WMWHA» NOHATUA: channel, magis-
tral, path, route, trace, track, tract, trunk. Tak 4To BCe geno B 4oroBo-
PEHHOCTU U NCNOMb3YEMOM KOHTEKCTE.

B cuny paga ocobeHHoCTel MOAEnVPYIOWNX NPOrpaMm OrpaHi-
4MMCA 3aeCb NuWb COOPKON rMNOTETUNECKON MOAENN YCTPONCTBa ANA
AEMOHCTpaunu npuHUWNa aencTswa npocTedwent 3BM npu Bbinon-
HeHu HeKoTopbix yHKuuiA. NocTpoerHHas Mogens npeacrasnexa Ha
puc. 197.

B nesow yacTu cxembi (cm. puc. 197,a) pacnonaraloTca ycTpon-
CTBa BBOAA U ynpaBneHna B BUAe KNI04Yen n reHepaTtopa cnos. [lanee
CnenyioT YeTbipexpaspagHbie peructpsl DD1-DD4 Ha nHTerpanbHbix
cxemax 74175. B npaBoi yactu cxembl (cm. puc. 197,6) pacnonara-
to1ca: AllY — DDS Ha wHTerpanbHoi cxeme 74181, nHsepTopbl — DD6
Ha8 wHTerpanbHoW cxeme 7404, CWHXPOHHbIA  pEeBepCUBHbIN
NpOrpaMmMupyembld gecaTudHbin cyeTunk — DD7 Ha wHTerpanbHom
cCxeme 74192, yeTbipe ABYyxKaHANbHLIX MynbTUnnekcopa — DD8 Ha
WHTerpanbHoW cxeme 74257 n O3Y B BUAe PaCCMOTPEHHON Bbiwe
RAM4x4. BbiBog NpOMEXYTOUHON MHOPMauMn U peaynbTaTa npouns-
BOANTCA Ha nHgukaTopbl HG1-HG7. YeTbipexpaspagHan wuka, npea-
CTaBrneHHan Ha puc. 197 B pasHeceHHOM Buge, CBA3bIBaET reHeparop
cnos, perncrpbl, MynostTunnekcop, O3Y u BbLIxogHOR WHankatop HGS
Kniowamu 3aga10T Heobxoanmble pexumsl paboTs 0TaenbHbIX 6rokos
peructpos, AJTY, O3Y. leHepaTop CROB BLINOMHAET OQHOBPEMEHHO
ponk MN3Y, TakToBOrO reHepaTopa v NPOrpaMMHOro CYeTYMKa

Mpuseaem npocToi npumep paboTel 3TOM BUPTYanbHO! Mogenm
3BM TNycrtb TpebyeTca cnoxnTe asa uicna 2 v 3 BbinONHWM crie-
Aylowure warn (KomaHaot).

1 BbiCTaBuM BCe KNKOYM B BEpXHEE NONOXEHNE

2 OtKpoem reHepaTop CrnoB, yCTAHOBMM Ha HEM NOWAroBbIN pe-
Xxum paboTbl 1 3apgagum nepseble cnosa: 0000, 0009, 0002, 0003,
0000, 0000, 0000,

3 NepeBegem kN4 S B HWKHEE NOMOXEHNE, BKNIOYMM KNABULY
MOQENnUpoBaHuA N HaXMeM Ha reHepaTtope CroB KHONKYy Step: Ha
wuHe paxHbix (gucnnen HGS) noseutca ungpa 9. Ewe pas Haxmem
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Puc. 197 (navano) Puc. 197 (okondanue). Moaens npoctenwen IBM (EWB)

Step: Ha aucnnee HG1 noseutca undpa 9, Ha aucnnee HGS -
undpa 2.

4 [lepesegem kN4 S B BEpXHEE NONOXEHWE, KNHOY A — B HUX-
Hee nonoxeHne M HaxmeMm KHonky Step: Ha gucnnesax HG2, HG6
n HG7 noasuTcA undpa 2, Ha gncnnee HG5 — yndgpa 3.
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5. Nepesenem kNoy A B BepxHee Nonoxexwne, Ky B — B Hux-
Hee NONOXeHue u Haxmem KHONKy Step: Ha aucnnee HG3 nossutca
uudpa 3, Ha gucnnee HGS — uudgppa 1.

6 Mepesenem KOy B B BepxHee nonoxeune, KNy M — B Hux-
HEe NoNOXEeHue n Haxmem kHonky Step: Ha aucnnesx HG6 u HG7
nossurca ungpa 5

7 MNepesenem kNoy C B HUXKHEE NONOKEHUE, HAKMEM KHONKY
Step Ha aucnnee HG4 nossurcs ungpa 0.

8. MNepeseagem Koy C B BEpPXHEE NONOXeHue, Koum E n W —
B HWXHEE NONOXEHWE U HaxMmem KHONky Step: wa aucnnee HGS
nossutca uudpa 5.

MpokommenTupyem 3Tu warn. Ha ware 2 nporpammupyoTca
3HAYeHUA, BbIBOAUMbBIE HA WWMHY [IaHHbIX HA Nnocneaywwux warax Ha
ware 3 npou3soAMTCA HavanbHoe obHyneHue perncTpos v ycraHas-
nusaerca pexum pabotbl ANTY: ungpe 9,0 = 945 = 1001, coorsercTBy-
€T pexum apudMeTYEcKoro cnoxexHusa onepanaos npu M=0. Ha wa-
rax 4 u 5 8 perucTpbl 3aHocaTca onepanabl: A=2 n B=3. Ha ware 6 8
AJTY npou3soauTCA onepauma cnoxenua. Ha ware 7 sbibupaloTtca
Averiku O3Y ¢ agpecom 00 1 B HUX 3aHOCUTCA PE3yNLTAT CNOXEHUA
Hakoneu, Ha ware 8 npoussoauTca yTeune u3 O3Y pesynbTata u €ro
BbIBOA Ha AUCNNen.

Cosem He BbIKNIOYANTE peXuMm MOAENUPOBAHUA 0 OKOHYaHUA NoN-
(EWB) Horo uukna pabortel nporpammsl. B cnyvyae owunbok 8 npome-
XKYTOMHbLIX Warax BepHUTECb K HavYany wu, BbIKNKYUB pPexum

MoAenupoBaHuA, 3aH0BO NEepeyCTaHOBUTE KNIQ4W.

Ha npuseneHHOM MOAENN MOXHO U3YUUTb U ApYyrve peXxumbl pa-
60Tb) 3BM MoxHOo Takke TpaHchopMmpoBaTh 3Ty MoAent ANA u3y-
4YeHuAa n bonee CNOXHbLIX NPorpamMm.

- W

Bot v npoiigeH nNyrtb KOMNLIOTEPHOIO MOAENUPOBAHUA OT NPO-
cTenwux nornyeckux anementTos A0 IBM 3710, KOHEYHO, MOXeT no-
cnyxuTb yHaamMeHToM aAnA AanbHenwen paboTtel, Beab HECMOTPA
Ha BCe BO3pacTalowylo CNOXHOCTL KOMNLIOTEPOB OCHOBHBLIE UX NPUH-
uunbl OCTaKTCA NOKa Heu3MeHHbimM. OAHAKO HUKOraa He cneayer
YCNOKaUBaTLCA HA AOCTUIHYTOM B CBA3M C 3TUM BCNOMMHaeTCa cne-
Oyuwan NoyuynuTtenbHan UCTopuA u3 Xu3du (¢uankos Ha pybexe me-
x4y XIX n XX 88.
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Makc Mnank nocne okowdanna ynusepcuteta obparuncs 3a co-
BETOM K OAHOMY MacCTUTOMY NPOgeCccopy M ckasan emy, uTo pewwn
3aHATLCA TEOPeTUYECKON PU3NKoN

«Monopon yenosek, — oTeeTUN npogeccop, — 3a4em Bbl XOTUTE
ucnopTute cebe xu3Hb, BeAb TEOPETUHECKan (U3NKA B OCHOBHOM
3a|;?uqeua Crout nn Gpatbca 3a Takoe BecnepcnekTusHoe Ae-
nosty,

B 10 Bpema Ha acHom HeBocknoHe u3uKu NOABUNUCE Asa He-
Bonbwux obnauka, U3 KOTOpLIX CNYCTA HEcKoNbKo net poaunuce
KBAHTOBAan TEOPUA, OCHOBbLI KOTOPOW OblNK 3anoxeHbl COBCTBEHHO
Mnaukom, u Teopun oTHocuTenbHOCTW, Co3naHHan HUKOMY He u3-
BECTHbIM MONOALIM TeXHU4ECKUM IkcnepTtom Ill knacca, paboTaswmnm
8 Beprckom 610po nateHToB, AnbBepTom JiAHwTERHOM.

Bo3amoxHO, Takumu oBnaukamu B aansHenwem pa3ssuTUM Kom-

NbIOTEPOB ABNANTCA: (PYHKUMOHANLHAR 3NEKTPOHUKE W, OCOBEHHO,
HaHO- U BUOINEKTPOHUKA.
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NPUNOXEHNE

Cnncok cokpaweHnn

ANY - apudpmerudecko-noru4eckoe yCTponcTao

BN3 - 6a30Bblin NOrU4ECKUA 3nemeHT

3Y - sanomuHalouee ycTpoicTao

NKM - neBan KHONKA MbIWK

N® - nornvyeckan pyHkUMA

N3 - norMyeckuii anemenHT

O3Y - onepaTneHoe 3anomMHalowee yCTponcTeo

N3Y - nocTonHHoe 3anomuHalowee yCTponcTeo

MNKM - npaBas kHONKa Mbilm

NNUC - nporpammupyemsie NOrMHecKne NHTerpanbHble cxemel
NNM — nporpammupyemeie norudeckme MarTpuyb

AMN - nporpammupyeman maTpudHas noruka

CunQ - ceetonsnyvaowmin guog

TWU - Tabnuya UCTUHHOCTH

TTN - TPaH3UCTOPHO-TPAH3UCTOPHANA NOrNKa

YIO - ycnosHoe rpacuyeckoe ob6o3HaveHne

LY - undpossie ycrponcTea

AN - svenka namaTu

ANSI (Amencan National Standard Institute) - ctangapr CLUA
BSC (Bit Storage Cell) — gponyHan 3anomuHalowWan a4eka

DIN (Deutsche Ingenieuring Normen) — HEMEUKMA MHXEHEPHLIN

cTangapr

GND (Ground) — 3azemnexue

H (High) = BbiCOoKuiA norndeckuii yposeHs

L (Low) = HU3KuiA NOrMyMeckuin ypoBeHb

LED (Light-Emitting Diode) - cBeTonanyvaowmin gnon
EWB - Electronics Workbench (HazeaHue nporpammel)
MC - Micro-Cap (Ha3saHne KOMMbIOTEPHON NPOrpamMmbl)
RAM (Random Access Memory) — namaTb C NPOV3BONbHLIM
RocTynom

ROM (Read-Only Memory) — namaTb TONLKO ANA YTEHUA
PAL (Programmable Array Logic) — nporpammupyemas
MaTPUYHAR Noruka

PLA (Programmable Logic Array) — nporpammmpyemas
noruvyeckan marpuua

Pecypcbt UHTepHeT

V  http:/fwww.softline.ru - ouymansHbin caiT AUCTPUBLIOTOPOB NPOrPaMMbl

Electronics Workbench

¥ http:/l workbench.online.kg/ — daiin pycucuumposanHoi cnpasku

Electronics Workbench 5.12
http:// www. rodnlk.ru — opuumansHui caint AncTpubbIOTOPOB Nporpammet
Micro-Cap
http:// www. csoft.ru — opuyuansHLii cauT AUCTPUESHIOTOPOB PaNUUHLIX
nporpaMm HanpssneHus CANP
hitp:/f www. chipnews.ru — caliT HayuHO-TBXHUYBCKOrO XypHana, B KOTOPOM
NPUBOAATCA HOBOCTU INBKTPOHUKM U CNPABOMHBIE MaTepuans!
http:/ www.padio .ru - caiT HayNHO-NONYNAPHOro XypHana «Paguo»
http:// rl.qrz.ru — caiT HayuHO-NONYNAPHOro XypHana «Paguoniobutens»
http:// www. dian.ru - caifT HayMHO-T@XHUYBCKOrO XypHana «CxeMoTexHUKar»
http:// www. masterkit.ru — cailT paspaboruukos u AUCTPUGLIOTOPOB
3NEKTPOHHLIX HaGOPOB U MOAYNEN ANA CAMOABATBNLHOIO TBOPUeCcTaa
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